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Application Examples: Photonics
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Antennas Mounted on Platforms Simulation Environment
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Maxwell’ s Equations

V x B(F, 1) = —%E(r, )

V x A(F, 1) = %5(7, £+ T (1)
V-B(F,t)=0

V- D(F,t) = p(T,t)
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Surface Integral Equations

* Electric-Field Integral Equation (EFIE):
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* Magnetic-Field Integral Equation (MFIE):

I(r) = i(r) x [[dr'T(r') x V'g(r.r') = A(r) x H™(r)
1%
« Combined-Field Integral Equation (CFIE):

CFIE = aEFIE + (1 — a)MFIE

HFIE = o(r)EFIE + [1 — o(r) | MFIE
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Number of unknowns

J(r) = Za b, (r)
* Matrix equations:
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Matrix Elements...

...are electromagnetic interactions

fdr tm(r)-fdr' é’(r,’r’)-bn(r’)
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System of Linear Equations

A-x=>b

Z-a="v
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Two Equations with Two Unknowns

r+y=12
2r—3y =14
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Three Equations with Three Unknowns

(a)3x—8y+2z=-14
b)z—y+2z=-5
(c)z—-3y=-4
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Three Equations with Three Unknowns
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Solution
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Matrix Equation

System of Linear Equations

Z-a=v
Algorithmic Complexity
e Gaussian Elimination: O(N?®)

e Iterative Methods: O(kN?)
e Fast Algorithms: O(NlogN), O(N)
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Multilevel Fast Multipole Algorithm
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Fast Multipole Methods

Electrodynamics Electrostatics
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Acoustics and Elastics

e Y. H. Chen, W. C. Chew, and S. Zeroug, “Fast multipole method as
an efficient solver for 2D elastic wave surface integral equations,”
Computational Mechanics, vol. 20, pp. 495-506, 1997.

e M.S. Tong, W. C. Chew, and M. ]. White, “Multilevel fast multipole
algorithm for acoustic wave scattering by truncated ground with
trenches,” Journal of Acoustic Society of America, vol. 123, no. 5,
pp. 2513-2521, 2008.

¢ M.S. Tong and W. C. Chew, “Multilevel fast multipole algorithm for
elastic wave scattering by large 3D objects,” Journal of
Computational Physics, vol. 228, no. 3, pp. 921-932, 2009.
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Acoustics

Noise Control

This is an exteri problem. 541,152, solved on a desktop PC
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Seismic Wave Propagation

S Chaillat, J.F. Semblat, M. B
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Communications in Computational Physics (specialissue WAVES 2009), Vol. 11, 504-609, 2012
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Molecular Electrostatics

AN EFFICIENT HIGHER-ORDER FAST MULTIPOLE BOUNDARY ELEMENT SOLUTION

TZMANN BASED MOLECULAR EL

an 4% stoms).
SIAM J Sci Comput. Jan 1, 2011; 33(2): 826-848. rioce

#ABAKUS

e

s ecimata s Cotains 1050 ingies. 9T ageba spi oloclr sce (RSHS) o  siooh surfss over 6 angar mosh
(6]t potntal compuied ing e ,000plch ASS () Elocostate potonil 053 an ASS i 74,61 plcrs.

o uface n () ad 1) a1 coore oy 1 ek poanil,ange fom -3 8 KoTIo o) 013 oTI (e}

www.abakus.

Levent Giirel
P, o, pin

#ABAKUS

Schrédinger’s Equation

Volumetric fast multipole method for modeling Schrodinger’s
equation
Zhigin Zhao, Narayan Kovvali, Wenbin Lin, Chang-Hoi Ahn, Luise Couchman, Lawrence Carin

Department of Electrical and Computer Engineering, Duke University, Durham, NC 27708-0291, USA; Naval Research
Laboratory, Washington, DC, USA; School of Electronic Engineering, University of Electronic Science and Technology of China,
Chengdu, China, Journal of Computational Physics (Impact Factor: 2.14). 06/2007; DOI: 10.1016/}.jcp.2006.11.003
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Biomolecular Electrostatics

Surface charge plot on a lysozyme molecule
Validation of the PyGBe code for Poisson-Boltzmann.
‘equation with boundary element methods

Ghristopher D. Cooper, Lorena . Barba

‘George Washington University
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Fuel Cells
There are 9,000 smal side holes i ths model!
‘Total DOFs = 530,000, solved on a desktop PC)
. CAE Research Lab, University of Cincinnat
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MEMS

Stokes Flow
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Fiber Composites
Up to 16,000 CNT fib 8,800,000, solved on
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Constructing a Parallel Computer Cluster
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What is the Main Source of Efficiency?
N oV%) o) O(N*2) | O(NlogN)

Iterative MOM

Unknowns Gaussian Elimination Single-Level FMM Multi-Level FMM

(MVM)
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108 32 M years 630 years 4 years 46 days

10° 326G 63K 127 1.5 years
cars ears ears
J J J (555 days)
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January 2008

Sphere with radius of 150A and diameter of 300A

Scattering results are compared to analytical values to demonstrat®
the accuracy of the numerical solution.
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135 Million Unknowns

August 2008
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307 Million Unknowns

December 2009

ing results are
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Sphere with radius of 340A and diameter of 680A
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December 2009

ing results are p: to ytical values to the y of the ical solution.
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How Large are Large Matrix Equations?

Each element of the matrix is a complex
number with real and imaginary parts

1cm
>

7.654321E+02
+j 1.234567E-03

If we could fit each element of the matrix
in a square of 1 cm by 1 cm...
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850 Million Unknowns

2014

Sphere with radius of 440A and diameter of 880A

ing results are to ical values to the y of the ical solution.
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670 Million Unknowns

2013

ing results are p: to ytical values to the y of the ical solution.
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1.1 Billion Unknowns

2014

Sphere with radius of 500A and diameter of 1000A .

ing results are to ical values to the of the ical solution.
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Split-Ring Resonators

Nanomaterials: Metamaterials
Special Configurations

Closed-Ring Resonators (CRRs)
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Flow Cytometry

l Blood sample

Backscattering

&= -

i g w—

/ Side scattering

«wp Forward scattering
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Red Blood Cells (RBCs)
Ordinary (Healthy) Macrocyte Microcyte
Red Blood Cell (Macrocytosis) (Microcytosis)
B85um o A2dum So2um
5 Spherocyte
Sickle Cell (Spherocytosis)
(Sickle Cell Anemia) 268um
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Scattering from and Imaging of
Red Blood Cells

¥ 8 8 5 8 8

www.abaku:

17



IEEE AP .'é'.BAKUS

Forward Scattering
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Forward Scattering
An extra-ordinary cell can be detected for all orientations
47 —
< 46 An extra-ordinary cell " o
& s may have “normal” Detection” of an
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;e 57 @ 1
“No Detection”
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Multi-Disciplinary Approach

Multicore Processors

Computer Engineering Physics
Parallel Architectures Electromagnetic Theory

Mathematics
Integral Equations
Numerical Analysis

Geometry Modellin
3-D CAD Modelling

Meshing
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Radiation and Scattering

Linear Algebra

Iterative Solvers
Preconditioners

Fast Algorithms
Parallel Programming
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