
Accepted Manuscript

A parallel library for boundary element discretization of engineering
problems

M. Merta, J. Zapletal

PII: S0378-4754(16)30144-6
DOI: http://dx.doi.org/10.1016/j.matcom.2016.05.013
Reference: MATCOM 4362

To appear in: Mathematics and Computers in Simulation

Received date: 15 October 2014
Revised date: 14 December 2015
Accepted date: 4 May 2016

Please cite this article as: M. Merta, J. Zapletal, A parallel library for boundary element
discretization of engineering problems, Math. Comput. Simulation (2016),
http://dx.doi.org/10.1016/j.matcom.2016.05.013

This is a PDF file of an unedited manuscript that has been accepted for publication. As a
service to our customers we are providing this early version of the manuscript. The manuscript
will undergo copyediting, typesetting, and review of the resulting proof before it is published in
its final form. Please note that during the production process errors may be discovered which
could affect the content, and all legal disclaimers that apply to the journal pertain.

http://dx.doi.org/10.1016/j.matcom.2016.05.013


A parallel library for boundary element discretization of
engineering problems

M. Mertaa, J. Zapletala,∗
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Abstract

In this paper we present a software for parallel solution of engineering problems
based on the boundary element method. The library is written in C++ and
utilizes OpenMP and MPI for parallelization in both shared and distributed
memory. We give an overview of the structure of the library and present nu-
merical results related to 3D sound-hard scattering in an unbounded domain
represented by the the boundary value problem for the Helmholtz equation.
Scalability results for the assembly of system matrices sparsified by the adap-
tive cross approximation are also presented.
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1. Introduction

The boundary element method (BEM) is a counterpart to the finite element
method often used for the solution of engineering problems. The basic idea of
BEM is to reduce the problem to the boundary of the computational domain.
Thus, there is no need for volume meshing and the method is well suited for
problems in unbounded domains (e.g., sound scattering problems) or shape op-
timization problems. On the other hand, the classical BEM approach results in
dense system matrices, which leads to quadratic time and memory complexity
with respect to the number of degrees of freedom on the boundary. Due to
singular kernels of the boundary integral operators one also has to pay a special
attention when assembling the matrices. We mention several ways of dealing
with these issues. A detailed mathematical background of BEM is beyond the
scope of this text; an interested reader should consult, e.g., [9, 10, 13].

The main part of the paper is devoted to BEM4I, a new library of parallel
solvers based on BEM. The software is written in C++ and uses OpenMP
and MPI for parallelization in shared and distributed memory, respectively.
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