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Antecedents

» 20 years of experience on numerical methods for EM.

» Curl-conforming basis functions.

» Non-standard mesh truncation technique (FE-IIEE).
> Adaptivity: h and hp.

» Hybridization with MoM, PO/PTD and GTD/UTD.
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Motivation

» User-friendly.
» Efficient use of HPC in electromagnetics.
» Based on FEM.

— kg, V = —jkoHoP+V x [7'G LHSg; — RHS ?:Z” v

&P
rcs

GREMA-UC3M HOFEM for HPC environments 5/40




Introduction

Antecedents
Motivation
Outline

Outline

» Electromagnetic modeling features.
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» Electromagnetic modeling features.
» Computational features and implementation.

» Numerical results.
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Wave equation

Electromagnetic Features
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Electromagnetic Features .
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Features

Variational formulat

Find V € H(curl) such that

c(F,V)=I(F), VYF € H(curl)

c(F,V) = [, (V xF) - (Fflv x v) dQ — K o (F-&V)dQ + 7 fr_ (A x F)- (A x V)dc
I(F) = —jkoho [uF -PdQ — [ F-Wydly— [ F-Wcdlc — [,F-V x (E_IL) dQ
H(curl)o = {W € H(curl), i x W =0 on Ip}

H(cur) = {W € [?, V xW ¢ [?}
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EM features

» Periodic Boundary Conditions.

» Systematic approach for basis functions.
» h adaptivity.

» FE-IIEE.
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Mesh Truncation

[width=angle=0] Images/FEMImplemen,uise4 — eps — converted — to
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Computational Features q
Implementation

Computational Fea

» FORTRAN 2003.

» Set of automatic tests.

» GUI based on GiD.

» MPI and OpenMP directives.
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Design by blocks
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Posidonia: In-house

» Features: » Design:
» Remote job sumission. > User friendliness.
» Repository. > Efficiency.
> Notifications. > Generality.
> Profiles > Security.
> Mobility.

A. Amor-Martin, |. Martinez-Fernandez, L. E. Garcia-Castillo. “Posidonia: A Tool for
HPC and Remote Scientific Simulations”. |IEEE Antennas and Propagation Magazine,
6:166—177, Dec. 2015.
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Speedup (i)
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Speedup (ii)
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Speedup (and
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Speedup
Real problems

HPC Environment
(XDHPC)

» 140 compute nodes

» Two twelve-core Intel Xeon 2690 V2 2.2 GHz CPUs
> 64 GB of RAM
» 1.8 TB of hard disk

» 56 Gbps InfiniBand network.
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Speedup
Real problems

Waveguide proble

» Analysis of harmonic low pass » Simulation time: 7.3 min per
filter with higher-order mode frequency.
suppresion.

» Analysis between 10 and 16

GHz.
» Total length: 218 mm.

» Total mesh elements: 324,532
tetrahedra.

» Total unknowns: 2,204,894.

I. Arregui et al, “High-power low-pass harmonic filters with higher-order TE,g and
non-TE,p mode suppresion: design method and multipactor characterization”. IEEE
Transactions on Microwave Theory and Techniques, vol. 61, no. 12, pp. 4376-4386,

I.EES Dec. 2013.
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Waveguide proble

Speedup
Real problems
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I. Arregui et al, “High-power low-pass harmonic filters with higher-order TE,g and
non-TE,p mode suppresion: design method and multipactor characterization”. |IEEE
Transactions on Microwave Theory and Techniques, vol. 61, no. 12, pp. 4376-4386,
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Speedup
Real problems

Scattering probl

» RCS calculation at 1.5 GHz.
» Tyres modeled as dielectric material (¢, = 40).

» Several incident planewaves around the car.
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Speedup
Real problems

Scattering problem:

» Simulation time: 59 min with 46 compute nodes.
» Total mesh elements: 2,651,970 tetrahedra.
» Total unknowns: 17,277,620.
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Speedup
Real problems

Scattering problem

» 3D representation of total E-field over the car at 1.5 GHz.
» Incident planewave from the trunk of the car.

[E-Field|
I 44.444
38.889
33333
27.778
22222
16.667

11111
5.5556
3.9004e-05
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Speedup
Real problems

Scattering proble

» 3D representation of RCS in dB at 1.5 GHz.

» Incident planewave in front of the car.

| RCS-dB

68.06
64.727
61.394
58.06
-54.727
-51.393
-48.06

44.727
41.393
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Speedup

Real problems

Radiation problem

» Analysis between 2 and 3 GHz.

» Total length: 1.6 m.

» Total mesh elements: 6,861,740 tetrahedra.

» Total unknowns: 45

121,862.
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Speedup
Real problems

Radiation problem:

» Simulation time: 5.5 hours per frequency.
» Using 48 compute nodes and 1,152 CPU cores.
» Out-of-core simulation using 1.89 TB RAM.
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Speedup
Real problems

Radiation problem:

» 3D representation of directivity at 2.6 GHz when every element is

excited.

Directivity-dB

26.729
l 23.396
20.063

\\ N 16.729
13.396
10.063
6.7294
4 i 3.3961
0.062767
-3.2706
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Conclusions

» HPC EM simulator.

» Several tens of millions of unknowns.
» More than one thousand cores used.
» 70% scalability.
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Future Work

» Work in Progress:
> Hierarchical basis functions of variable order p.
» h-adaptivity = support for hp meshes.

» Future Work:

» Conformal and non-conformal DDM.
» Hybrid (direct + iterative) solver.
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Conclusions
Future Work

Thank you for your

Higher-Order Finite Element Electromagnetics Code for HPC
Environments

HOFEM

HIGHER ORDER
FINITE ELEMENT METHOD

Adridn Amor-Martin, aamor@tsc.uc3m.es
University Carlos Il of Madrid
Radiofrequency, Electromagnetics, Microwaves and Antennas
Group
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