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Motivation and objectives

Solving real-life problems involving g Na) R A
complicated assembilies, including S g ‘ '.

multiscale geometrical features and 4 - R A
multiple materials. KL = : 2 ¥
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Fast & accurate solution of large multiscale problems

Multilevel fast multipole algorithm — fast
Fourier transform (MLFMA - FFT)

Highly scalable paralelization
Domain decomposition method (DDM)

Discontinuous Galerkin (DG)
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Surface Integral Equations (SIE) based Method of Moments
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Parallel-prone MLFMA-FFT

Ice?/aerlse“ DISTRIBUTED FMM-FFT MVP
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field translation
Computing node (rank) Forward communication

0 1 2 3 4 5 6 7 i .
FMM-FFT: 3D-FFT far-field translation

A ~N
3 Backward communication
% © <
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(1)) © I E— . . .
L 2 o 2 Communication of noncontiguous data
< 0 = . .
X . 3 layout, because of the distributed
~ § transposition.
- Nonuniform communication volumes,
o because the size of the actual transferred
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oxes

J. M. Taboada, M. G. Aradujo, F. Obelleiro, J. L. Rodriguez, L. Landesa, “MLFMA-FFT parallel algorithm for the solution of extremely large problems in
electromagnetics,” Proceedings of the IEEE, vol. 101, no. 2, pp. 350-363, Feb. 2013.
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Highly scalable parallelization

Hybrid parallel programming

@ Message passing interface (MPI) for distributed computations
(FMM-FFT)

@ OpenMP standard for shared-memory computations (MLFMA)
@ Optimal scheme for mixed-memory architectures

MPI
Ice‘zlirlse“ < DISTRIBUTED FMM-FFT >
'/_c\\ ,/é\ /R\
Alllowey’| INTRA-NODE I INTRA-NODE < INTRA-NODE >
levels MLFMA MLFMA | MLFVA
~—_ _— ~—__— ~—__ ——
OpenMP OpenMP OpenMP

J. M. Taboada, M. G. Aradujo, F. Obelleiro, J. L. Rodriguez, L. Landesa, “MLFMA-FFT parallel algorithm for the solution of extremely large problems in
electromagnetics,” Proceedings of the IEEE, vol. 101, no. 2, pp. 350-363, Feb. 2013.
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Domain Decomposition Method (DDM)

Domain 1
+ Divide and conquer approach ﬁ\mm
* Excellent preconditioner for multi-scale problems N i) domain
(isolating different scales in different smaller :«:M R~ kR
subdomains) e / ot?;::;
- 14 subdomains, 121 surfaces & junctions. MLFWA o o2
» Superstructure subdomains: MLFMA CFIE a1 domains
* Antenna subdomains: MoM CFIE (ground) / EFIE —
(patch & patch-ground junctions) MLFMA Flap 2 domain 3

Flap 2 domain 5

Domain 10
Domain 6 MLEMA

MLFMA ,
lap 1 domain 10
o Flap 2 domain 9

Domain 9
MLFMA

Flap 1 domain 8

Domain 7 Flap 1 domain 9

MLFMA Flap 2 domain 8

Domain 8
MLFMA

lap 1 domain 7

D. M. Solis, V. F. Martin, M. G. Aradjo, D. Larios, F. Obelleiro, and J. M. Taboada, “Accurate EMC Engineering on Realistic Platforms Using an Integral Equation
Domain Decomposition Approach,” IEEE Trans. Antennas Propag., vol. 68, no.4, pp. 3002 — 3015, Apr. 2020,
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Domain Decomposition (DDM)

Z-1=V
P-Z-1=P-V

D. M. Solis, V. F. Martin, M. G. Aradjo, D. Larios, F. Obelleiro, and J. M. Taboada, “Accurate EMC Engineering on Realistic Platforms Using an Integral Equation
Domain Decomposition Approach,” IEEE Trans. Antennas Propag., vol. 68, no.4, pp. 3002 — 3015, Apr. 2020,
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Solving a multiscale radiation problem
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Solving a multiscale radiation problem. Speeding-up convergence.

——DDM/MLFMA
N = = Jacobi/MLFMA
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- — -

Residual
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4 Intel Xeon E7-8867v3 microprocessors, with a total of 64 cores (no hyperthreading) and 1 TB RAM.

Residual error up to 106 in 10 hours

DDM is not parallelized, but the MLFMA-FFT solver of the local sub-domains
The speed-up is only due to the improvement of convergence posed by DDM, not due to the DDM parallel

propensity.
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Discontinuous Galerking (DG)

* We apply DG to the collection of surfaces composing the entire problem.
* Nonconformal meses are allowed across the tear lines and junctions between different surfaces.

Half-RWG

Ty
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Discontinuous Galerking (DG)

« Product rule for divergence .
_ 9 £i(Xi) = ki | Xila!)ygu(r,x')as’
« Divergence Gauss theorem
* half-RWG normal component does not vanish at the V/X V'gi(r.x")ds’
boundary contour (non-div-conforming basis/testing
function)
Al — f £, L;(f,)dS = N-RWG Al = ] £, - iy % £;(£,)dS =
A, terms
/ fmf f.g:(r,r")dS’'dS ] (£, x nm}] f,0:(r.r")dS'dS
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— [ f V-t [ V' £,0:(r,v")dS"dS Q1 ! [ f V- (£ X 1) ] V' f,0:(r.v)dS"dS
Jki [ A, A, ) Jki [Ja,, A,
- f V-f, }( ity - £ugs(r,0)dos'as [ (SLI) - f V- (£ X i) j{ i - ngs(rx)dos'as|  (SLI)
Am as, Ay, 4s,,
- j[ Hign - £ / V' - f,g:(r,r')dS'dOS (|_S|) - }{ Tt - (B X ) f V' f,:(r,v')dS'dOS
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89S a5, 9Sm 5.

[11 V. F. Martin, L. Landesa, F. Obelleiro, and J. M. Taboada, “A Discontinuous Galerkin Combined Field Integral Equation Formulation for Electromagnetic Modeling
of Piecewise Homogeneous Objects of Arbitrary Shape,” IEEE Trans. Antennas Propag., vol 70, no 1, pp. 487 - 498 Jan. 2022
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Interior Penalty (IP)

jﬁ o - £ f{ ; (r.1/)d0S'ddS = Result
My~ By My - L,0;(r. T (
b5, 7 Unbounded!

0 = 03
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[11V. F. Martin, L. Landesa, F. Obelleiro, and J. M. Taboada, “A Discontinuous Galerkin Combined Field Integral Equation Formulation for Electromagnetic Modeling
of Piecewise Homogeneous Objects of Arbitrary Shape,” IEEE Trans. Antennas Propag., vol 70, no 1, pp. 487 - 498 Jan. 2022
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Plasmonic Au nanocubes with Ag depositions over dielectric substrate

Equivalent electric currents induced on the external boundary surfaces.
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Convergence
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Multiresolution (MR) Preconditioner

1.

Generalized basis functions.

Reproduce behavior of input RWG.
Lineal combination of RWG or gRWG.

fi(r) = 2:511 fin f‘[i%—(ln) ()
V - operator [Q}][f}] = [4}]

And the generalized coefficients are obtained

[Of]‘ ’ =[[a£]]
[[Ui] 1= 1o

[1] V. F. Martin, J. M. Taboada and F. Vipiana, "A Multi-Resolution Preconditioner for Non-Conformal Meshes in the MoM Solution of Large Multi-Scale
Structures," in IEEE Transactions on Antennas and Propagation, 2023
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Multiresolution (MR) Preconditioner

3. Multiresolution basis functions.

* Non-solenoidal.
« Solenoidal (1).
« Solenoidal (2).

[1] V. F. Martin, J. M. Taboada and F. Vipiana, "A Multi-Resolution Preconditioner for Non-Conformal Meshes in the MoM Solution of Large Multi-Scale
Structures," in IEEE Transactions on Antennas and Propagation, 2023
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— Diagonal =107
= =*MR-LU =103
—©—Diagonal ¢=5 107
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Wall-clock time (h)

[1] V. F. Martin, J. M. Taboada and F. Vipiana, "A Multi-Resolution Preconditioner for Non-Conformal Meshes in the MoM Solution of Large Multi-Scale
Structures," in IEEE Transactions on Antennas and Propagation, 2023
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RCS

RCS@10 GHz
Fuselage
Nose radome
Nose radar
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Plasmonic systems for optical biosensors

Surface enhanced Raman spectroscopy (SERS): single-molecule detection

Inelastic (non-linear) Raman scattering: Laser interaction with the molecular vibrational modes —
energy shift to blue and red (Raman shift)

Raman spectrum is like a molecule fingerprint
Plasmonic substrates can enhance the Raman scattering (SERS) by factors up to 1010

| o

A e 1 1 107 (nm)
wlem™ ) =\ 2 om ~ hom ) 0 e
a
Rayleigh
Stokes
T Anti-Stokes
4 >
«—> :
Aw(cm™1) frecuencia
Raman shift

[1]1D. M. Solis, J. M. Taboada, F. Obelleiro, L. M. Liz-Marzan, and F. J. Garcia de Abajo, “Toward ultimate nanoplasmonics modeling”, ACS Nano, vol. 8, no. 8,
pp. 7559-7570, August 2014.
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Chryral nanocrystals
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Wavelength (nm)

==

450 600 750 900 1050 1200 1350
Wavelength (nm)

G. Gonzalez-Rubio, J. Mosquera, V. Kumar, A. Pedrazo-Tardajos, P. Llombart, D. M. Solis, I. Lobato, E. G. Noya, A. Guerrero-Martinez, J. M. Taboada, F.
Obelleiro, L. G. MacDowell, S. Bals, L. M. Liz-Marzan, “Micelle-directed chiral seeded-growth on anisotropic gold nanocrystals,” Science, vol. 368, no.
6498, pp. 1472-1477, June 2020.
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DNA pogrammed superlattices
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Anisotropic optical response: birefringence
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Anisotropic optical response: birefringence
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