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Preconditionig based on Calderon’s formulae for the periodic FMM for elastodynamics in

3D is investigated. Two different formulations are proposed. The first one is a precon-

ditioning by just appropriately ordering the coefficient matrix without multiplying the

preconditioner. The second one uses the preconditioner constructed using the matrices

which are also used in the FMM algorithm. We also make several numerical exeperiments

with proposed preconditioners. Through the numerical results, we confirm the efficiency

of the proposed methods. We also conclude that the preconditioning by just ordering the

coefficient matrix is faster in respect to the computational time than other preconditioning

methods discussed in this article.
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Table 1 Material parameters used in analyses

Inclusion Exterior matrix
(steel) (polyester)
Density p 6.393 1.000
Lamé’s constant A 1.496 2.453
Lamé’s constant 47.02 1.000

a = 0.15¢ DHE O RERIE, FHERH % Fig. 12, Fig. 13



18
S = Y
16 g \E--——JJ
B
=14 E /
2 lu
ERE _-a
S | P:g
st g o Q...
- i:::18 O Qe @ @
S 8
Z @ P
Tera 2
k) e rog -©-Calderon A
— 4
-8 Calderon A
2
% 1 2 3 4 6 7 8 9 10

5
A2

Fig.6 Iteration number v.s.

Lamé’s constant

A® of the inclusion in the case of w = 8.0,

a = 0.31¢.
300
250 e SO |
[«5]
BB
° 3 @3-
g 200 Qg B----EFT
+ 0 e
) o _g-—H
A, 150 s
© 2
E 100 ~©- Calderon A
=} -B- Calderon A
=
50
0
0 1 2 3 4 5 6 7 8 9 10

A2
Fig.7 CPU time v.s. Lamé’s constant A? of the

inclusion in the case of w = 8.0, a = 0.31(.

m\azomgw%Awﬁﬁﬁﬁ FHER % Fig. 14, Fig
VBRI, WTNOBED | FEREIC AR TR
WHELAKELTWE I ENRTENS, £/, Calderon D
HicHO K SEEOMMIICHEH T2 £, TA2 B0, &
O TAM BIRGALEL ) o J5hs TABIETLEL ) X b 7% wK
BRI TIH L T 523, TA? BIGTAEE ) SO TA% M RUFG
UBR ) T 1 B R ICEBEIOTIIR 7 b OVETE R A4
Pk 2720, FHERMRZ RS & TARFLE, ©F35%
THCPHEL TR B I EBTL B, Ioic, A2 RIGTAHE,
& TAZM BIFTALE, o EMBUIFARETHE, ok
26, X (20) FREZEEZGEATH L2 ST, T4
WCHEEDORWITITH S Z L3ah 5,

4. &8

PERIEZICHAR T, Calderon DR % EJE L 72 HiETld, IX
HHENE L SWET L2 Enbor, R 2 FHIREI
DV, REBATHIA B osisi 7o L K B k9 Al &
OB 2 57210 TR 2 5 2 & & < IR % KR
ICHETDZIENTEDL I LMol

SHOMEE LTk, Maxwell HER%Z XELARAE T2
Rz % L T, Calderon ® R HE-D WAL % MGk § %
LEPZE TSNS,
SR ADITE IR, RHEATTR B (RIITHE B &
207, ZZICHEezET 5,

%) Dl

600

500

w N
S S
IS} 1<)

Tteration number
n
o
o

100

’_..' L4

0“‘./

g ’....

e_w

-0- Calderon A?
- Calderon A

-o- direct

HEH6.

25882600°
E%ssgg gg ga%

Yol

0
0

Fig. 8

2.5

p(2)

3 3.5

) of the

Iteration number v.s. density p

inclusion in the case of w = 8.0, a = 0.31¢.

20000

18000 |

16000 |

14000 [

12000 |

Total C];:’U time

Fig.9 CPU time v.s. Lamé’s density p

...'.0’ ~©- Calderon A2
.. -B- Calderon A
-o- direct

3.5

) of the

inclusion in the case of w = 8.0, a = 0.31(.

140

—
N
o

i
Q
S

@
=]

Tteration number
8 3

N
o

g

kY

H [ o _od
p ¢9‘~°‘..‘Q°
b .
)

~©- Calderon A?

-B Calderon A

" is s

: s

S \

o.ooh PE: g
okl Eﬂﬂeo

58‘300

Fig. 10 Iteration number v.s. density p

0.5 15 2 25 3 3.5

2
p( )
) of the
inclusion in the case of w = 8.0, a =

0.31¢.

2500

2000

a
=3
S

o
S
S

Total CPU time

o
I=3
S

O 2 ;
©- Calderon A 0

-g Calderon A

Fig.11 CPU time v.s.

0 0.5 1 1.5 2 25 3 3.5

p(2)
Lamé’s density p® of

the inclusion in the case of w = 8.0, a =

0.31¢.



[

.5_‘;

i
e

® (21X
T & [ Xg -0'\ o %%
270 g 2 ¢
g o o -0~ Calderon A?
g -0 Calderon A
50 - Calderon A*M

g -o- direct

2

<

~

3]

=

Fig. 12 Iteration number v.s. frequency w in the

case of a = 0.15¢

4000
3500 | b
lq
g 3000 | f .‘
P 4 ..S
5 2500 | SERAINY "
O~ Calderon A?
A 2000} -0~ Calderon A,
O —*-Calderon A>M
1500 b -@-direct
—
<
"S 1000
E-4 500
0
0 1 2 3 4 5 6 7 8 9
w
Fig.13 CPU time v.s. frequency w in the case
of a = 0.15¢
SE B

(1) /PRI —Ath. BeBIARAT & BB HUER R 22240 HY R
4%, 2000.
(2) Rokhlin V. Rapid solution of intergral equations of

classical potential theory. Journal of Computational

Physics, Vol. 60, pp. 187-207, 1985.

(3) Nishimura N. Fast multipole accelerated boundary in-
tegral equation methods. Applied Mechanics Reviews,
Vol. 55, pp. 299-322, 2004.

(4) Otani Y, Nishimura N. An FMM for periodic boundary
value problems for clacs for Helmholtz’ equation in 2D.
International Journal for Numerical Methods in Engi-

neering, Vol. 74, pp. 381-406, 2007.

(5) Otani Y, Nishimura N. A periodic FMM for Maxwell’s
equations in 3D and its applications to problems related
to photonic crystals. Journal of Computational Physics,
Vol. 227, pp. 4630-4652, 2008.

(6) SEEVER], M, ENIER. 3 ROUEIMIEEICE T 5
W% Efm: & 2 0T 2 R I X 2 BELRE A~ 0
WL 6 255 S5, Vol. 13, pp. 169-178, 8 2010.

(7) REFEIL, FENEE. Wood ®RERIYFRAICE T 2 M
IR % B E D 2R BT D T RO T U,
Vol. 7-2, pp. 303-308, 2008.

300

-0 Calderon A2 ?
250 -0~ Calderon A it
-%-Calderon A?M ."0
-o- direct @)

N
=
S

Tteration number
g g

50

Fig.14 Iteration number v.s. frequency w in the

case of a = 0.31¢

10000

'

9000 rrorgaldcron A2 ’\\

-0 Calderon A it

8000 —Calderon A*M .lO

7000 -@-direct . !
®

6000

5000

4000

3000

2000

Total CPU time

1000

Fig.15 CPU time v.s. frequency w in the case
of a = 0.31¢

(8) O. Steinbach and WL Wendland. The construction
of some efficient preconditioners in the boundary ele-
ment method. Advances in Computational Mathemat-
ics, Vol. 9, No. 1, pp. 191-216, 1998.

(9) S.H. Christiansen and J.C. Nédélec. A preconditioner
for the electric field integral equation based on Calderon
formulas. SIAM journal on numerical analysis, Vol. 40,

No. 3, pp. 1100-1135, 2003.

(10) X. Antoine and Y. Boubendir. An integral precondi-
tioner for solving the two-dimensional scattering trans-
mission problem using integral equations. International
Journal of Computer Mathematics, Vol. 85, No. 10, pp.
1473-1490, 2008.

(11) Hrufnms, PEATE R, 2 Xt Helmholtz A D 1 FH
BRI X9 % Calderon DX FH-D < BiaLE iz >
VT FFERE T AR SCEE, Vol. 9, pp. 1-6, 2009.

(12) S. Kobayashi and N. Nishimura. Green’s tensors for
elastic half spaces —An application of boundary integral
equation method—. Mem. Fac. Eng. Kyoto Univ, pp.
228-241, 1980.

(13) Y. Saad. Iterative Methods for Sparse Linear Sys-
tems. Society for Industrial and Applied Mathematics,
Philadelphia, PA, USA, 2003.



