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Scalable, finite element analysis of

electromagnetic scattering and radiation.

Tom Cwik*, John Lou & Daniel S. Katz
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In this paper a method for simulating electromagnetic fields scattered from complex
objects is reviewed; namely, an unstructured finite element code that does not use
traditional mesh partitioning algorithms. The complete software package is
implemented on the Cray T3D massively parallel processor using both Cray Adaptive
FORTRAN (CRAFT) compiler constructs to simplify portions of the code that operate
on the irregular data, and optimized message passing constructs on portions of the
code that operate on regular data and require optimum machine performance. The
above finite element solution package is then integrated into an error estimation and
adaptive mesh refinement algorithm. An ervor for the fields over the mesh is estimated
and used to drive an adaptive mesh refinement algorithm that refines the mesh where
errors are above a given tolerance. This refined mesh is then used once again for a
finite element solution of the fields. After estimating the error a second time, the mesh
is again refined as needed. This process continues until the error is reduced to an
allowable level. © 1998 Published by Elsevier Science Ltd. All rights reserved.
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1 PARALLEL FINITE ELEMENT ANALYSIS FOR
ELECTROMAGNETICS

Large scale parallel computation can be an enabling
resource in many areas of engineering and science. The
available memory capacity and computational speed on
large distributed memory machines can allow the simulation
of complicated engineering components if the simulation
algorithm attains an appreciable fraction of the machine
peak performance, and if undue cost in porting the code
or in developing the code for the parallel machine is not
incurred. The issue of code parallelization is especially
significant when considering unstructured mesh simula-
tions. The unstructured mesh models considered in this
paper result from a finite element simulation of electromag-
netic fields scattered from geometrically complex objects
(either penetrable or impenetrable.) The finite element
model is used to capture the complex materials involved
in the simulation, and to maintain fidelity of the structure’s
geometry. The unstructured mesh must be distributed
among the processors, as must the resultant sparse system
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of linear equations. Since a distributed memory architecture
does not allow direct access to the irregularly distributed
unstructured mesh and sparse matrix data, partitioning
algorithms which are not needed in the sequential software
have traditionally been used to efficiently spread the data
among the processors. In this paper, an alternate method for
simulating electromagnetic fields scattered from complex
objects is reviewed: namely, an unstructured finite element
code that does not use traditional mesh partitioning
algorithms. The complete software package is implemented
on the Cray T3D massively parallel processor using both
Cray Adaptive FORTRAN (CRAFT) compiler constructs to
simplify portions of the code that operate on the irregular
data, and optimized message passing constructs on portions
of the code that operate on regular data and require optimum
machine performance.

The finite element modeling software begins with mesh
data constructed on a workstation using a commercially
available CAD meshing package. Because the electromag-
netic scattering simulation is an open region problem
(scattered fields exist in all space to infinity), the mesh
must be truncated at a surface that maintains accuracy in
the modeled fields and limits the volume of free space that is






