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Technical Contributions 

Primary Ingredients: 

1.  Geometry-aware discontinuous Galerkin BEM 

2.  Geometry-based IE domain decomposition method 

3.  Optimized matrix compression 

4.  Local direct solver 

5.  Adaptive, paralel IE algorithms 

Methods 

Computer simulation of electromagnetic phenomena is an 
indispensable tool for engineering applications. The solution of 
many high-fidelity, large-scale, real-world problems is beyond the 
capabilities of conventional methods. The evolution of high- 
performance computing provides a natural set of tools with which to 
solve many physical problems. 
In this work, we address the solution of real-world electromagnetic 
problems that face three unique challenges: geometrical complexity 
for high-fidelity modeling, computational complexity in multi-scale 
simulation, and time complexity for extreme-scale computing. 

Introduction 

Fig. 1) Aircraft carrier model 

Fig. 3) Parallel Framework 
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We have presented a scalable, convergent geometry-aware domain 
decomposition method for real-world electromagnetic problems. 
This method is capable of solving complex, from a materials, multi-, 
and extreme-scale standpoints, real-world engineering problems. 
 

Furthermore, the framework presented has been designed from start 
to finish with parallelism in mind. Future work will involve the 
following items: 

•  In-situ load balancing 

•  Cloud computing 

•  Real-world engineering problem with 4 billion DOFs 

Conclusions & Future Work 
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UAV – Materials Problem 

Carrier – Large-Scale Problem 

Fig. 5) Carrier partitioning 

Fig. 6) Carrier surface current at f = 2 GHz 

Fig. 7) Antenna deck 

a. Subdomain partitioning b. Surface current 
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Overew & Contribution

Contribution & Overview

Technical Ingredients
1)  High-performance DD method for parallel computing	 7 GHz, 5 subdomains;    10 GHz, 10 subdomains;    14 GHz, 10 subdomains;    20 GHz, 40 subdomains   

Numerical Results

2) Multi-resolution discontinuous Galerkin approximation 

3) Optimized additive Schwarz preconditioning 
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Overview of the Method

Challenges:

1 Geometrical complexity for high-fidelity modeling

2 Computational complexity in multi-scale simulation

3 Time complexity for very large-scale computing

Proposed ingredients:

1 Geometry-adaptive discontinuous Galerkin boundary
element method

2 Geometry-based IE domain decomposition method

3 Optimized matrix compression for non-uniform
discretization

4 Hybrid solution strategy with local direct solver

5 Adaptive, parallel IE algorithms with HPC
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 Proposed method
 Linear speedup

Module I
Components

Core 1 Core 2 Core N

Step 2: Concurrent and parallel mesh generation 

Ø  Geometry-adaptive meshing 

Ø  Component-oriented discretization

Ø  Non-conformal & non-matching grids

Keep the sub-domain size, kd, constant, and increase 
problem size, kD. (M: number of sub-domains)	
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after writing (24) as a much more compact form as Ax = b,
the preconditioned matrix equation can be written as:

M�1Ax = M�1b (25)

Explicitly, the preconditioner M�1 in (25) is:

M�1 =

0

@
A

1

0 0
0 A

2

0
0 0 A

3

1

A
�1

(26)

It is clear that the application of the preconditioner only
requires the inversion of each diagonal block CFIE matrices,
namely, A

m

. In practical computations, these CFIE matrices
can be either factorized in a pre-processing step or solved via
another preconditioned Krylov method at each DDM iteration
(inner-loop iteration). Moreover, in many applications, there
might exist different types of repetitions and periodicities
within the the cavity, where the partitions can be wrought to
exploit local repetitions.

A few remarks are needed regarding (22), and they are:
• From the mathematical aspect, we enlarge the function

spaces of trial and test functions to allow the use of
the combined field integral equation without any con-
tinuity requirement at the boundaries of the elements.
As a Fredholm integral equation of the second kind, the
MFIE naturally has such a desired property. However, the
extension to the EFIE formulation is significantly more
involved. We introduce an error residual whose physical
interpretation is the electric potential generated by these
charges accumulated at the contour boundaries (due to
the normal discontinuity of the currents). Following the
proper duality pairing, the error electric potential should
be paired with the charge to ensure that there is no mea-
surable energy. Evidently, the proposed interior penalty
DG formulation is directly applicable to EFIE alone. The
inclusion of the MFIE surface penalty terms in Galerkin
weak statement (22) is to guarantee the removal of the
resonance solution.

• For a given discretization, approximation order can be
adapted at the element level. This gives flexibility in
the mesh preparations for wide band simulations. At
low frequencies, the mesh size is mainly determined
by the geometrical features, which usually results in
distinct mesh sizes for different sub-domains. At high
frequencies, the mesh size is mostly determined by the
wavelength of the operating frequency.

• repartitioning
• integration between different sub-domains.

IV. NUMERICAL RESULTS

In this section, we study the performance of the proposed
GA-IE-DDM via numerical experiments. We first present
eigenvalue distributions of the preconditioned DD system
equation using both spherical and cubical PEC objects. It
is followed by the convergence study and the analysis of
the scalability of the GA-IE-DDM with respect to a few
parameters of interest. Afterward, we validate the solution

accuracy of the proposed DDM. Numerical results are com-
pared with analytic solutions as well as numerical solutions
using conventional single domain Galerkin CFIE method.
Finally, several examples of practical interest are included to
demonstrate the capability of the proposed method.

We solve the preconditioned DDM matrix equation (25)
via a Krylov subspace iterative method, Generalized Conjugate
Residual (GCR) [65] with truncation as suggested in [66]. The
convergence criteria for the GCR(20) solver is defined as

✏ =
kM�1 (Ax� b)k

2

kM�1yk
2

. (27)

The dense matrix vector multiplication is expedited via the
multilevel fast multipole method [67]. All computational statis-
tics are reported using a workstation with two Intel Xeon
processor E5-2600 and 96 GB of memory. Moreover, in
studying the scalability of the proposed method with respect
to different parameters of interest, we introduce the following
notations. k denotes the wave number, d is the size of the
subdomain, D is the size of the entire problem domain and
h is the mesh size. The number of subdomains is denoted by
M , which is proportional to O(kD

kd

)2.

A. Eigenspectrum
1) PEC Sphere: We first examine the eigenvalue distri-

bution and condition number of the GA-IE-DDM system
matrix. To do so, we use a PEC spherical target with radius
0.5m at 300MHz. The surface of PEC sphere is partitioned
by a transverse plane into two equally sized subdomains.
Each subdomain is meshed quasi-uniformly with mesh size
h = �

0

/10. Fig. 3 gives the eigenvalue distribution for the
preconditioned DDM matrix in (25) in which we use complete
factorizations of the subdomain problems, A

m

. We notice
that all the eigenvalues are within the shifted unit circle,
which indicates the effectiveness of the proposed transmission
conditions at subdomain boundaries. The DDM system matrix
is very well conditioned with a condition number of 5.40.

(a) Domain partitioning
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(b) Eigenvalue distribution

Fig. 3. Eigenvalue distribution for a PEC sphere with planar subdomain
boundaries

Next, we study the eigenvalue distributions of the PEC
sphere in the case of irregular subdomain interfaces. As
illustrated in Fig. 4, the subdomains are formed by a direct
partitioning of the triangular mesh, which leads to jagged
boundaries between adjacent subdomains. It has been recog-
nized in the past that most DD methods show a noticeable

Convergence shows logarithmic dependence on the problem size	
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 f = 0.6 GHz,  N = 2
 f = 1.2 GHz,  N = 8
 f = 2.4 GHz,  N = 32
 f = 4.8 GHz,  N = 128
 f = 9.6 GHz,  N = 512
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Eigenspectrum of Preconditioned System

Robust preconditioning for both irregular interfaces and non-matching grids

0 0.5 1 1.5 2−1

−0.5

0

0.5

1

Real(h)

Im
ag
(h
)

0 0.5 1 1.5 2−1

−0.5

0

0.5

1

Real(h)

Im
ag
(h
) Conditioning number: 

5.39 

IE-DDM – Analysis ETI—IE-DDM 12/20

Matrix Solution

After discretization, we obtain the matrix equation: (M � N )
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With a block splitting A = M � N and a block-Jacobi preconditioner is employed and
the preconditioned matrix equation can be written as:

M�1 (M � N ) x = M�1b
�
I � M�1N

�
x = M�1b

Conditioning number: 
5.56 

4) Separate coupling between multiple regions 
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Separable Radiation Coupling

(a) A semi-regular partitioning. A set of independent quadtrees are formed within each
domain. It is required that each indepedent tree have a regular partitioning, and that
the set of nodes for one partition are identical in size to those of another. Furthermore,
each independent tree is permitted to overlap another.

(b) Quad-tree Representation of the partitioned domains

Figure 3.1: Depiction of the “Physical” quad-tree based on the grouping of geometric
DDM regions.
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Near-field region: circuit physics; 
Skeletonalized representation 

Mid-field region: wave physics; fast 
multipole representation 

Far-field region: ray physics; fast far-
field approximation representation 

C. Parallelization Strategy
The mathematical advancements of the proposed work

enable an adaptive, parallel and scalable SIE-based analysis
framework well-suited for advanced distributed computing
systems. The basic units of the parallel analysis frame-
work consist of pre-processing, parallel computing and post-
processing, all of which are formulated with proposed mathe-
matical ingredients towards scalable parallelism. This section
provides an overview of the parallel implementation of the
proposed algorithms. The major steps of the parallel comput-
ing methodology can be described in Fig. 4.

Fig. 4. Overview of the parallel computing methodology

1) Pre-processing: The simulation flowchart begins with
a decomposition of the CAD-generated surface model into a
collection of components based on simulation-aided design
aspects. Each component has its own geometric representation,
and all components in the modeling and simulation processes
are interchangeable. Subsequently, the virtual prototyping
of the entire product is obtained by assembly of multiple
components. Such a component-oriented analysis framework
provides flexibility and convenience for design and parameter
studies (antenna in-situ analysis, microwave hardware design,
etc.), since it is possible to only update the portion of the
geometry that has changed during the design process.

Next, individual components are further decomposed into
a number of non-overlapping material sub-regions. Each sub-
region is homogeneous with constant material properties and
described by a closed surface. Individual sub-regions are dis-
cretized independently and concurrently into a tessellation of
triangular elements. The largest discretization size employed
in the computation is determined by the wavelength of the
operating frequency. Fine surface discretizations are generated
locally to accurately represent complex geometries. Each tri-
angulated sub-region contains its own collection of triangles,
edges, and vertices. As a result, it enables a trivially parallel
mesh generation and allows engineers to rapidly generate high-
fidelity models of complex geometries.

We have employed an adaptive spatial decomposition to
balance the computation among the processors in the HPC
system. Namely, we first employ an algorithmic graph par-
titioning algorithm, METIS [48], to partition the triangular
discretizations associated with each sub-region into modular

work units based on an a-priori complexity analysis and HPC
architectural parameters. Subsequently, work units are then
aggregated into balanced computational sub-domains based on
the number of processors available and the local memory each
processor can access.

2) Parallel Computing: To fully exploit the recent suc-
cess of multi-core processors and massively parallel dis-
tributed memory supercomputers, we have considered a hybrid
MPI/OpenMP implementation of proposed algorithms. The
computation in solving the preconditioned DD matrix equation
can be divided into two parts: (i) the application of the additive
Schwarz preconditioner involving local sub-domain solutions;
and (ii) the coupling among sub-domains corresponding to
off-diagonal matrices, Cmn in (5) and Nmn in (14).

As illustrated in the previous section, the application of
the additive Schwarz preconditioner requires the solution of
individual sub-domain problems. One advantage of the pro-
posed preconditioner is the ability to solve all the sub-domain
problems simultaneously in each DD iteration. In the parallel
implementation, we have employed a task-based parallelism
for sub-domain solutions. Namely, those sub-domain solutions
are considered as independent tasks in an MPI programming
model. Individual MPI processes will execute different tasks
simultaneously. The parallelization within each task is attained
using OpenMP, which exploits the fast memory access in the
shared-memory multi-core processors. Therefore, each sub-
domain is allowed to choose its own appropriate sub-domain
solver based on local EM wave characteristics and geometrical
features. Furthermore, we have developed a queue-based task
balancing strategy. The time spent for individual tasks in the
previous DD iteration is measured, and the tasks are sorted and
recorded into a task queue. Each MPI process will be assigned
with a group of tasks based on the timing data, leading to a
dynamic load balancing environment.

The second part in the parallel computing is the coupling
among multiple sub-domains. It can be divided into two
categories: (i) interface coupling referring to sparse matrices
Nmn in (14). As alluded earlier, the local multi-trace IE
formulation requires only communications between adjacent
material sub-regions through touching interfaces, which is
particularly suitable for distributed memory supercomputers;
(ii) radiation coupling regarding to dense matrices Cmn in
(5). It requires that the surface currents in each independent
sub-domain be radiated to all other sub-domains.

To achieve low computational costs, we have adopted sep-
arate representations based on the relative spatial positions of
two sub-domains. To illustrate, we consider a one-level algo-
rithm, and the coupling between sub-domains are classified
into three types:

• Near-field region, in which the interactions are dominated
by circuit physics and the skeletonalized representation
[49], [50] is used. The coupling matrix can be decom-
posed as:

Cmn � VmSmnVT
n (16)

where VT
n denotes the mapping matrix that projects the

nth sub-domain’s original DOFs to its skeletons, and Smn

is the dense coupling matrix between the skeletons of two
corresponding sub-domains.

• Mid-field region, in which the interactions are dominated
by wave physics and the fast multipole method (FMM)
[51], [52] representation is used. The coupling matrix is
written as:

Cmn �
�
XH

� XH
�

�
m

�
Tmn 0

0 Tmn

� �
X�

X�

�

n

(17)

where the X�,� is the aggregation matrices that project
the original DOFs to the plane wave expansions, and the
translation matrix Tmn is a diagonal matrix.

• Far-field region, in which the interactions are prevailed
by ray physics and the fast far-field approximation [53]
representation is used:

Cmn �
�
XH

� XH
�

�
m

RT

�
T̄mn 0

0 T̄mn

� �
RX�

RX�

�

n

(18)

where the translation matrix has been modified to man-
ifest the ray physics. Only a small fraction of the plane
waves are used for the interaction between the two sub-
domains.

Furthermore, to achieve high parallelization efficiency, we
have utilized a primal-dual octree partitioning algorithm aim-
ing for separable sub-domain couplings. Namely, instead of
partitioning the entire computational domain into a single
octree as in the traditional FMM, we first create independent
octrees for all sub-domains. Those octrees are allowed to
be overlapping or intersecting. Both the skeletonization and
aggregration/disaggregration can be computed locally per sub-
domain and in parallel.

In summary, the appealing parallel simulation capabilities
including: (i) high data locality property, which consists of
embarrassingly parallel model preparation, concurrent mesh
generation and trivially parallel sub-domain solutions. Essen-
tially, all large-scale data structures will be distributed among
processors; (ii) dynamic workload distribution strategy, where
the geometry-adaptive DG discretizations will be partitioned
into a balanced computational partitioning based on the num-
ber of processors available and the local memory size; (iii) The
proposed transmission conditions at interface and boundaries
results in scalable convergence in the iterative solution of
the preconditioned systems, where the iteration counts depend
logarithmically on the electrical size of the object, the number
of sub-domains and the mesh density for multi-scale composite
objects.

III. NUMERICAL EXPERIMENTS

In this section, we present the parallel performance experi-
ments of the parallel implementation of proposed algorithms.
Results were obtained at a HPC System with 460 compute
nodes, each of which has two sixteen-core processors (32
cores per node) that operate under a Cray Linux Environment
(CLE) sharing 64 GBytes of DDR3 memory. In the following

experiments, the speedup and efficiency are displayed in terms
of number of cores. All the elapsed time are obtained using
the MPI routine MPI Wtime().

A. EM Scattering from a PEC UAV

We consider first a plane wave scattering from a mockup
UAV made of a non-penetrable PEC material. The dimensions
of the geometry, as illustrated in Fig. 1, are approximately
14.4m wide, 8.2m long, and 2.5m high. The plane wave
incidents upon the UAV from the nose (radome) direction.
The electric field is perpendicular to the wing span.

In the weak scalability experiment, the performance of
the method is evaluated at four different frequencies, 7GHz,
10GHz, 14GHz and 20GHz. The electrical size of the UAV
increase from 336�0 to 960�0. The average mesh size is kept
fixed at h = �0/12 for individual operating frequencies. The
surface discretization at each frequency is then partitioned into
a number of sub-domains with a nearly constant number of
DOFs, 2 million, per sub-domain. The number of sub-domains
increases from 5 sub-domains at 7GHz to 40 sub-domains at
20GHz, correspondingly. The resulting partitions are displayed
in Fig. 5.

(a) 7 GHz, 5 sub-domains (b) 10 GHz, 10 sub-domains

(c) 14 GHz, 20 sub-domains (d) 20 GHz, 40 sub-domains

Fig. 5. Domain partitioning for jet aircraft simulations

0 200 400 600 800 1000 1200

Num. of cores

80

90

100

E
ff

ic
ie

n
cy

 r
e

la
tiv

e
 t

o
 3

2
 c

o
re

s

0

50

100

N
u

m
. 

o
f 

D
O

F
s 

(u
n

it:
 M

ill
io

n
)

Fig. 6. Parallelization efficiency in various simulations

where VT
n denotes the mapping matrix that projects the

nth sub-domain’s original DOFs to its skeletons, and Smn

is the dense coupling matrix between the skeletons of two
corresponding sub-domains.

• Mid-field region, in which the interactions are dominated
by wave physics and the fast multipole method (FMM)
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where the X�,� is the aggregation matrices that project
the original DOFs to the plane wave expansions, and the
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where the translation matrix has been modified to man-
ifest the ray physics. Only a small fraction of the plane
waves are used for the interaction between the two sub-
domains.

Furthermore, to achieve high parallelization efficiency, we
have utilized a primal-dual octree partitioning algorithm aim-
ing for separable sub-domain couplings. Namely, instead of
partitioning the entire computational domain into a single
octree as in the traditional FMM, we first create independent
octrees for all sub-domains. Those octrees are allowed to
be overlapping or intersecting. Both the skeletonization and
aggregration/disaggregration can be computed locally per sub-
domain and in parallel.

In summary, the appealing parallel simulation capabilities
including: (i) high data locality property, which consists of
embarrassingly parallel model preparation, concurrent mesh
generation and trivially parallel sub-domain solutions. Essen-
tially, all large-scale data structures will be distributed among
processors; (ii) dynamic workload distribution strategy, where
the geometry-adaptive DG discretizations will be partitioned
into a balanced computational partitioning based on the num-
ber of processors available and the local memory size; (iii) The
proposed transmission conditions at interface and boundaries
results in scalable convergence in the iterative solution of
the preconditioned systems, where the iteration counts depend
logarithmically on the electrical size of the object, the number
of sub-domains and the mesh density for multi-scale composite
objects.
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ments of the parallel implementation of proposed algorithms.
Results were obtained at a HPC System with 460 compute
nodes, each of which has two sixteen-core processors (32
cores per node) that operate under a Cray Linux Environment
(CLE) sharing 64 GBytes of DDR3 memory. In the following

experiments, the speedup and efficiency are displayed in terms
of number of cores. All the elapsed time are obtained using
the MPI routine MPI Wtime().

A. EM Scattering from a PEC UAV

We consider first a plane wave scattering from a mockup
UAV made of a non-penetrable PEC material. The dimensions
of the geometry, as illustrated in Fig. 1, are approximately
14.4m wide, 8.2m long, and 2.5m high. The plane wave
incidents upon the UAV from the nose (radome) direction.
The electric field is perpendicular to the wing span.

In the weak scalability experiment, the performance of
the method is evaluated at four different frequencies, 7GHz,
10GHz, 14GHz and 20GHz. The electrical size of the UAV
increase from 336�0 to 960�0. The average mesh size is kept
fixed at h = �0/12 for individual operating frequencies. The
surface discretization at each frequency is then partitioned into
a number of sub-domains with a nearly constant number of
DOFs, 2 million, per sub-domain. The number of sub-domains
increases from 5 sub-domains at 7GHz to 40 sub-domains at
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Fig. 6. Parallelization efficiency in various simulations
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Additive Schwarz DD Preconditioning

The matrix equation for the decomposed problem is given by:

2

6664

A1 C12 · · · C1N

C21 A2 · · · C2N

...
...

. . .
...

CN1 CN2 · · · AN

3

7775

2

6664

x1

x2

...
xN

3

7775
=

2

6664

b1

b2

...
bN

3

7775

The subdomain matrix Ai can be written as: Ai = RiART
i . The one-level

additive Schwarz preconditioner P�1 can be expressed as the following:

P�1 =
NX

i=1

RiA
�1
i RT

i

The matrix equation can then be solved with a right preconditioned form,�
AP�1

�
Px = b. The preconditioned matrix equation can be formulated as:
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Weak Scaling Test Strong Scaling Test 

Surface current on PEC UAV Surface current on Composite UAV 
Keep the sub-domain size, kd, constant, and increase 
problem size, kD. (M: number of sub-domains)	
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after writing (24) as a much more compact form as Ax = b,
the preconditioned matrix equation can be written as:

M�1Ax = M�1b (25)

Explicitly, the preconditioner M�1 in (25) is:

M�1 =

0

@
A

1

0 0
0 A

2

0
0 0 A

3

1

A
�1

(26)

It is clear that the application of the preconditioner only
requires the inversion of each diagonal block CFIE matrices,
namely, A

m

. In practical computations, these CFIE matrices
can be either factorized in a pre-processing step or solved via
another preconditioned Krylov method at each DDM iteration
(inner-loop iteration). Moreover, in many applications, there
might exist different types of repetitions and periodicities
within the the cavity, where the partitions can be wrought to
exploit local repetitions.

A few remarks are needed regarding (22), and they are:
• From the mathematical aspect, we enlarge the function

spaces of trial and test functions to allow the use of
the combined field integral equation without any con-
tinuity requirement at the boundaries of the elements.
As a Fredholm integral equation of the second kind, the
MFIE naturally has such a desired property. However, the
extension to the EFIE formulation is significantly more
involved. We introduce an error residual whose physical
interpretation is the electric potential generated by these
charges accumulated at the contour boundaries (due to
the normal discontinuity of the currents). Following the
proper duality pairing, the error electric potential should
be paired with the charge to ensure that there is no mea-
surable energy. Evidently, the proposed interior penalty
DG formulation is directly applicable to EFIE alone. The
inclusion of the MFIE surface penalty terms in Galerkin
weak statement (22) is to guarantee the removal of the
resonance solution.

• For a given discretization, approximation order can be
adapted at the element level. This gives flexibility in
the mesh preparations for wide band simulations. At
low frequencies, the mesh size is mainly determined
by the geometrical features, which usually results in
distinct mesh sizes for different sub-domains. At high
frequencies, the mesh size is mostly determined by the
wavelength of the operating frequency.

• repartitioning
• integration between different sub-domains.

IV. NUMERICAL RESULTS

In this section, we study the performance of the proposed
GA-IE-DDM via numerical experiments. We first present
eigenvalue distributions of the preconditioned DD system
equation using both spherical and cubical PEC objects. It
is followed by the convergence study and the analysis of
the scalability of the GA-IE-DDM with respect to a few
parameters of interest. Afterward, we validate the solution

accuracy of the proposed DDM. Numerical results are com-
pared with analytic solutions as well as numerical solutions
using conventional single domain Galerkin CFIE method.
Finally, several examples of practical interest are included to
demonstrate the capability of the proposed method.

We solve the preconditioned DDM matrix equation (25)
via a Krylov subspace iterative method, Generalized Conjugate
Residual (GCR) [65] with truncation as suggested in [66]. The
convergence criteria for the GCR(20) solver is defined as

✏ =
kM�1 (Ax� b)k

2

kM�1yk
2

. (27)

The dense matrix vector multiplication is expedited via the
multilevel fast multipole method [67]. All computational statis-
tics are reported using a workstation with two Intel Xeon
processor E5-2600 and 96 GB of memory. Moreover, in
studying the scalability of the proposed method with respect
to different parameters of interest, we introduce the following
notations. k denotes the wave number, d is the size of the
subdomain, D is the size of the entire problem domain and
h is the mesh size. The number of subdomains is denoted by
M , which is proportional to O(kD

kd

)2.

A. Eigenspectrum
1) PEC Sphere: We first examine the eigenvalue distri-

bution and condition number of the GA-IE-DDM system
matrix. To do so, we use a PEC spherical target with radius
0.5m at 300MHz. The surface of PEC sphere is partitioned
by a transverse plane into two equally sized subdomains.
Each subdomain is meshed quasi-uniformly with mesh size
h = �

0

/10. Fig. 3 gives the eigenvalue distribution for the
preconditioned DDM matrix in (25) in which we use complete
factorizations of the subdomain problems, A

m

. We notice
that all the eigenvalues are within the shifted unit circle,
which indicates the effectiveness of the proposed transmission
conditions at subdomain boundaries. The DDM system matrix
is very well conditioned with a condition number of 5.40.

(a) Domain partitioning
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(b) Eigenvalue distribution

Fig. 3. Eigenvalue distribution for a PEC sphere with planar subdomain
boundaries

Next, we study the eigenvalue distributions of the PEC
sphere in the case of irregular subdomain interfaces. As
illustrated in Fig. 4, the subdomains are formed by a direct
partitioning of the triangular mesh, which leads to jagged
boundaries between adjacent subdomains. It has been recog-
nized in the past that most DD methods show a noticeable

Convergence shows logarithmic dependence on the problem size	
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 f = 0.6 GHz,  N = 2
 f = 1.2 GHz,  N = 8
 f = 2.4 GHz,  N = 32
 f = 4.8 GHz,  N = 128
 f = 9.6 GHz,  N = 512

Fig. 4a. UAV surface current Fig. 4b. Composite wing 

Fig. 4c. Weak Scaling Test Fig. 4d. Strong Scaling Test 

 
 	 

	 

MT-CFIE: 

IP-DDM: 

Fig. 2) UAV model 


