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Algebraic Multigrid Methods for Solving Two-Dimensional
Diffusion Equation
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Department of Mechanical Engineering, Isfahan University of Technology

Abstract: Abstract: Multigrid methods, such as the Algebraic MultiGrid methods (AMG), are among the most efficient
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methods for solving discrete linear equations resulting from elliptic PDEs. In this paper, some classic AMG techniques are used
for solving a typical two dimensional diffusion equation. The present work focuses on different coarsening techniques such as the
standard and aggressive coarsening based on the RS algorithm. Results indicate that the standard coarsening technique together
with direct interpolation minimizes the CPU-time and the computational work. Regarding the memory requirement, using a
variant of aggressive coarsening with direct interpolation minimizes the size of memory usage. In addition, the setup phase time
(coarsening process) is minimum in this technique. Nevertheless, the increase in convergence factor results in higher overall time
for the solution phase. Analysis of the aspect ratio of the computational cells shows that the convergence rate is affected little by
this parameter. However, the coarsening process work and the total CPU-time are slightly increased when cells with high aspect
ratios are used for the numerical simulations. Overall, the standard-coarsening method with direct interpolation is found to be
appropriate for two-dimensional diffusion problems..

Keywords: Algebraic multigrid, AMG, Coarsening, Diffusion, Strong negative coupling, Smoothing.
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Two-grid method:

Three-grid methods:
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Four-grid methods:
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A five-grid method:
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algebraic multigrid
coarse levels

black-box

coarsening

setup phase
Ruge-Stiiben coarsening process
diagonally dominate

i strongly n-coupled to j
. C/F splitting

10. Ruge-Stiiben

11. standard coarsening
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