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The BEM++ Library

• Core library in C++, complete interface via Python

• Support for Laplace, Helmholtz, Maxwell

• Shared-Memory parallelisation

• Integration of AHMED for H-Matrix assembly and 

algebra

• Extensive support for iterative solvers via 

interfaces to Trilinos (C++) and PyTrilinos

(Python)

• BSD style open source license

• Currently, Mac and Linux supported
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Layer Potentials

Single Layer Potential:

Double Layer Potential:



Green’s function

Laplace Helmholtz



Green’s representation theorem and the 

Calderon projector

Calderon

projection



Boundary Potential Operators

Single Layer Boundary Potential:

Double Layer Boundary Potential:

Adjoint Double Layer Boundary Potential

Hypersingular Boundary Potential:



Traces and mapping properties

Mapping properties:Traces:

Calderon projection in terms of boundary potentials 



Operators in BEM++



Boundary element spaces

Assume triangular surface elements.

Nodes:         Elements:  

Space of piecewise constant functions:

Space of continuous piecewise linear functions:



Spaces in BEM++



Formulating a Dirichlet problem

Inner product:

Note:

Need to take pairings of dual spaces!



A more complex geometry.

Charge density (in nC/m^2) on the surface of a 13 mm long bolt 

held at the potential u= 1V.

154,076 elements, 369 seconds in total for computation (12 core 

workstation)



Performance of Laplace Dirichlet Problems



A perforated sound-hard plate

Blocking of acoustic energy Transmission of acoustic energy

31,966 elements

(490s) (450s)



Operator algebra

BEM++ allows constructs such as:

Galerkin formulation:

BEM++ automatically maps between spaces and their duals.

(Internal BEM++ computation)

Mass matrices:



H-Matrix Assembly of Operators

Global Assembly: Evaluate directly the weak form, dofs are vertices of mesh.

Local Assembly: Use representation in terms of sums of single layer potentials.

Hybrid assembly: 

1. For admissible blocks assemble elementwise the strong form to obtain

2. Coalesce each block to obtain H-Matrix representation.



Performance

Equation Operator ACA mode Storage (MB) Time (s)

Laplace DLP Global 120 8.0

Hybrid 132 6.0

Local 410 6.2

Hyp Global 94 29.0

Hybrid 107 15.0

Local 729 9.9

Helmholtz DLP Global 396 20.5

Hybrid 438 15.2

Local 1356 15.5

Hyp Global 282 73.0

Hybrid 306 34.5

Local 2246 26.4

Maxwell SLP Global 1698 56.3

Hybrid (unsupported)

Local 2246 26.2

Maxwell DLP Global 1659 50.7

Hybrid (unsupported)

Local (unsupported)



BIE for Maxwell

Boundary operator relations for exterior problems

[Buffa/Hiptmair ’03]



Scattering from an electromagnetic screen

• Electric Field Integral Equation

• Automatic handling of edge dofs

on boundary

• 12 Core Workstation

• 3.6s for operator assembly

• 5.9s for HLU preconditioner

• 0.1s solve time

• 7 GMRES iterations



An open horn antenna
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• 82,393 dofs

• 160s for operator assembly

• 198s for HLU preconditioner

• 56s solve time

• 198GMRES iterations



Simulating photonic jets

[Devilez et. al., 2008]



Scattering from an ice crystal

• Maxwell transmission

• H-Matrix compression

• HLU preconditioner



Maxwell – Crossing the Scales

• Loop-tree/Loop-star decompositions to overcome low-frequency 

instabilities [Andriulli ‘12]

• Advanced preconditioning techniques: Calderon preconditioners

[Andriulli et al. 2008], OSRC [Bouajaji, Antoine, Geuzaine ‘14]

• High-Frequency Fast Multipole Methods [Darve, Greengard, 

Rohklin, Ying, …]

• High-Frequency fast direct solvers [Michielssen ‘13]



Convolution Quadrature for Time-Domain

[Banjai/Sauter ‘08]

Forward transform data boundary data (FFT):

Solve in Laplace domain:

Inverse transform solution (IFFT):



Laplace domain wavenumbers
• Wavenumbers away 

from resonances

• Exponential decay of 

the kernel

• Discard wavenumbers 

associated with small 

boundary data 

(Banjai/Sauter ‘08)

• Wavenumbers away 

from resonances

• Exponential decay of 

the kernel

• Discard wavenumbers 

associated with small 

boundary data 

(Banjai/Sauter ‘08)

Scattering poles

and resonances



Time-Domain diffraction from a screen

Frequency Domain

Time Domain




