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Balancing domain decomposition method of solving PDE

for massively parallel computing
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Abstract: This study investigates the numerical solution efficiency and memory consumption of
Poisson equation, heat conduction equation, and wave equation, using a non-overlapping domain
decomposition method (DDM). To address the large-scale and singular nature of interface problems
between subdomains generated by DDM, the balanced domain decomposition (BDD) method was
employed. This method integrates conjugate gradient iteration with preconditioning techniques. The
parallel algorithm is based on a symmetric multiprocessing (SMP) architecture, where all processor
units are equal in status and share memory. First, the implementation of DDM and BDD based on the
Poisson equation is introduced. Next, the finite element discretization processes and corresponding
discrete matrix forms for the three PDEs are presented.Then, by increasing the total degrees of freedom
while maintaining H/h ratio, the variation in iteration counts under different conditions is compared.
Additionally, the iterative efficiency and memory consumption of DDM and BDD when solving these
three PDEs are analyzed and contrasted under 1000 X 1000 and 2000 X 2000 mesh partitions.
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Finally, the diffusion-reaction equation is used to verify that BDD is more efficient than DDM in

numerical solutions.

Key words: balancing domain decomposition; numerical efficiency; parallel processing; numerical

scalability
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Fig.4 Numerical simulation results for a single heat source
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Fig. 5 Numerical simulation results of multiple heat sources
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