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A Hardware Acceleration of the Method of Moments
for the Electromagnetic Scattering Problems in Three Dimensions

TORU TAKAHASHIt and TOSHIKAZU EBISUZAKIt

In the past few years, the present authors have proposed a technique to vectorise and
parallelise the boundary-type solver, such as the method of moments (MoM) and the bound-
ary element method, using the special-purpose computer MDGRAPE-2, which is a hardware
accelerator for molecular dynamics simulations. The purpose of this study is to apply the
hardware accelerating technique to the MoM for the electromagnetic scattering problems in
three dimensions. To this end, it is shown that the boundary integral terms in the electric and
magnetic field integral equations, which require the highest computational cost in the MoM,
are rewritten in the form which MDGRAPE-2 can vectorise and parallelise. The implemented
code herein was tested on a PC with three MDGRAPE-2s boards. The results demonstrated
that the present code was nearly 100 times faster than the conventional code in the scattering
problems discretised with 5,000 or more boundary elements.
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Fig.1 Electromagnetic scattering problems due to a dielec-
tric scatterer D; with the boundary S surrounded
by the infinite domain Ds.
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Left-hand side of Eq. (10) routine:

forv=1or 2
foro=Jor M
call LY ¢ and K" ¢ routines;
end
end
L” ¢ routine:
invoke MDGRAPE-2 in potential-mode;
for g(a) = Re[[(v)] or Im[['(v/a)
send g(z), a =k, and {y.} = {n.};
for {b.} = {(Re[¢"*#]} or {Im[¢"*]}
send {b.};
drive to compute a part of ®>¥ in Eq. (20);
end
fori=1,2,0or3
for {b.} = {Rel(@”*#)]} or {Im{(a®*),]}
send {b.};
drive to compute a part of (A”¥);
in Eq. (21);
end
end
end
KV ¢ routine:
invoke MDGRAPE-2 in force-mode;
for g(z) = Re[¥(y/)] or Im[¥(v/z)
send g(z), a = k7, and {y.} = {n.};
fori=1,2,0or3
for {b.} = {Re[(5 )]} or {Im[(5"*),]}
send {b.};
drive to compute a part of C**#!,
thus B”¥ in Eq. (22);
end
end

end

05 0 (10)00000000000D0D0O0OO drive00O0O

Fig.5 Order of data-transfers and drives to compute the
left-hand side of Eq. (10).
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Fig.7 Computational time per iteration.
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Table 1 Number of iterations to convergence of GMRES

method.

N 80 320 1,280 5,120 20,480 81,920
MD2 31 65 130 226 393 736
conv 31 65 130 224 — —

112 X taree = 112 x L NG
Npipe : fpipe
N-1-N-1 8112
=112 x ———— ~23x1 N
18100 x 100 ° 2310 5]

OO0O0000ooooon0 “Theory’” N OOOO
gobooooooooboobooooooooboooon
goooobooooboobooo 8sboooooooo
gooobooobooooooooooooooooon
JOOUO MOOOOOOOOOOOOOO (10)0
000 ®UoUooooooooooooooon
ooooooboooobooboooooooooo
gboobolooboooobooobo 2000000
jooboboooobooooooooobooonoom2
0000000000 N>2x10° 00000300
00000000 N>8x10'000000000
goooobo9bOobOoDbDOoDODODbDODOOn

Fig.9 Speedup for 2 and 3 boards against 1 board.
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