The Schur complement method and solution of large-scale geophysical problems
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Motivation
The main purpose of our work is to develop a program for solution of large sparse systems, arising in elliptic PDE treated by finite differences. The presented method proves to be a simple and efficient approach to the problem while pertaining many advantages. One of
these is the parallelism of the algorithm and its robustness (compared to iterative methods). Another advantage is the possibility to solve the problem with less allocated memory while still relatively fast compared to the best direct solvers.
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Numerical results
The three dimensional Laplace equation is used to test the performance of the Schur domain decomposition method. The Schur complement for each subdomain is computed with the MUMPS library on distributed memory
computer. The Schur interface equation is solved by ScaLAPACK and its benchmark is presented. The solution time for the problem with our program is compared to the time required for MUMPS to solve the global problem.
Four subdomains are used to demonstrate results for the speed-up and the timing on 80° domain. Test cases with two and three subdomains were also performed but their timings are worse.
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The program can be improved by the use of iterative methods to solve
the equation for the interface unknowns. Simple test shows that on one
processor the conjugate gradient method solves the Schur system 3 times
faster than Scalapack on 80° grid. Reordering with eight subdomains will

allow to solve larger problems.
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