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A numerical examples for the parallelization efficiency of the fast direct boundary
element method
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The fast direct boundary element method proposed by Martinsson and Rokhlin allows the algorithm to
be executed independently for each node of the tree structure in each level. It is considered to exhibit
excellent parallelization efficiency, especially at the leaf level of the tree. However, this algorithm is rarely
implemented for high-performance computing platforms such as supercomputers. This presentation aims to

verify its parallelization efficiency on supercomputers.
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1. ZL®IC

WRERER LU N fRE O ERREECREIKES
26, RHBOBE N £ LT, ON®) OFtHER %
P ¥ 3 5. Martinsson and Rokhlin &, Z D EE% (&
ROBEIDOW) ITHL % 2 e HTE % Ef BIRfREE
2005 FEIIRE L2 [1]. T OEHEHEREZ, AHEE
AW 2EHE 713 XL THS. KEEDFR—D
FEEICIES 5 7 — FITH§ 2 L x, o /7 — ikt
A RTFRARD R K, MALICEITTE S, 20
72, /) — FHEMATT7 ALY X L20T 5 &Ik
WEWIEFIREZ B S5 e E X 6L 5.

—HT, A—=R—arVPa—REDOGMHREEIEHLE
TOMHNEITHEE 2 RTEICBWT Z O EREERER
FKELHNIFEEOH BRI ARV, EE,
D7) XLl Matlab HEXINE Z 220 (B2
W [2] 72 ¥). 723, Martinsson and Rokhlin D /57L& 1
MOT7NLTY XLTH S, ULV SRICED Gl ERE
FRRICIE R o a AT SR D 5 [3].

ABFFETIE, Martinsson and Rokhlin 12 X % B E
FEEDNHULERE 2B & 23 25— LT, OpneMP
DOHTH IR T4 L7 7 1 7% FW, Helmholtz
JiE D transmission & % g < BXD strong 27— 1)
VIMRERMRET 5.

2. Helmholtz 52X D transmission &

HHEDOZDH—DFRERQ, cR2ZEX 5. £/
BRI =00 32D 00 oHOREZLRZWVWHDE T
2. AR Y LT o 2SHERER Q) = R2\ O, 12
HBLTH IDOLE, ROKMF

Au(x) + Ku(x) = 0 in Q;, (1)
ut(x)=u"(x) onT, )

1 ou* 1 ou”
ga—n(x) = S—ZE(.X) on F, (3)

the outgoing radiation condition for u — u’, “)

%l 72 SR u % SR 2 S Helmholtz 2D trans-
mission I TH 5. T I kj = wAE, €, uj (T ZH
ZRNER, HGEAEE, HEMETH 5. o I SMIRERLT
HY,n T L5 Q) icld S BAERRY b, L
BIERBTOETHD, EFTED +(9) 13 Q) (Q) 25
I NOMRBITEET.

3. ERBSAER

&t (D-@) HIET A2 EAE S AERNE LT,
Burton-Miller ¥ [4] & W/-F0 HERE2HWS. B
BULICIZIX D — B BERIC X 23& E2 WS,
[5] D 22 fiFEESRI NI W.

4. Martinsson and Rokhlin @ 53X EEf#:%
Martinsson and Rokhlin O &R BRI F I 5
fi#2 (6] & proxy i£ [1] A EDLE S Z 2 IC X D EHX
N TW3%. Burton-Miller DS HEXEZHWLIGE
Dl fE & proxy IEDBA LI [5] @ 3 HifE 2 SR
Iz,
ZZTIEMEERR 7 L3 ) X LDV TIAR 5. Mar-
tinsson and Rokhlin (Z & 2 S EREAFRIIRDED | init,
upward, downward DJEIZETEX N 3.
1. init:
(a) WAREE, HISFEEERL, 2 9REEICX
DEIT 5.
(b) HARZ MLEHRT 5.
2. upward: KO Z457E $ 2 KRS OFEEIC B 1T
LR ZE 2 £ THDIRT.
(a) (KHEIED leaf JEH DIHE D &) FREATHI DN £
Tuy 70Ty M) OEEFEEZITS.
(b) zhrhoxtray 7 (KiEDF e
RT3/ — R)IIX L, proxy ¥ & fifE 77 f#
ZHW, 17« FIRT L b 2 e RS B RS
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BNRIRA—RBEETSE, A7
FENRIRA—RZHWTHETER 2 XA
HBDONZ 12 ZNUANEHT 5.

() MLH/ —FITET22200F /) — Kb D
ATy OEHRERE L, Bl — FTHM
I BEAER, BRFOREERS. 20
HimBEEHF IO, BB ERXD
REBUTHNDIT « B X HARZ MLz
Bz, 1 BLOKRBSEICBT 2 (EBHETD) (7
BGRERXEWRT 5.

3. downward: RDULIE % RIS D leaf DFEEIZHB LT
LR (b OB EROM) 2152 T THDIRT.
(a) FBET 2 AR EOR ENFEEDHEDA) B

FEfEIc B 2R R E, e85,

(b) fR% 1 @ FOAREICBT 2 AL 5.

5. LEIHELDER

OpenMP T3 k&A R EEN D 2 23, AW TlXLL
RO HE R for 4L 27 747 F721& single +
task/taskloop 7 4 L 27 T 4 7 DA% Wil
HEr Lz EEEOTRE LT, Aiffid upward DEIT
I3 OpenMP D A L v R OEHARIKZ S 3 & 5,
upward @ (a), (b), (c) &% Z D F FDIETIZFHEEET

1: for level « leafLev,leafLev—1,--- ,stopLev do
2: for all i « nodes of level do

3: if level = lea fLevel then

4: Do (a) for i

5: else

6: Do (c) for i

7: end if

8: Do (b) for i

9: end for
10: end for

DESIWCEHELS. FEET7ALITY XL 29THD for all
DD IR UILFHAS OpenMP @ taskloop 12 & & WALyt
RTH2. ZDXSICTBZ LT, taskloop KT HD
H A 22 B BRI EIHE 1 B A TAREE D& FEE & L off
DIRLUMBEAFEITTES. 2212, ©RBHZH/ —F
WHIBET 2 TNTDT/ — KD (b) DIE TIRIC U 1FELT
T&9, AWIZED taskloop 74 L7 T 4 7O TE
DEE (b), (c) DIEICFEITT 5121d (b) DK T Z2FFO 72
DOFRIMIZHEL T2 2L ICHEEIVETHS. £-,
1 1TH D for \3FEATIEHF DMAFEIRA D D W HULT =72
W, OpenMP DR L v RAEMRDA —N—~v FZHEHT 2
72812, single + taskloop 7 4 L 27 T 4 7IZ & B
S & FEML 7.

6. HIEHEHER

BUEFHEIIEXNIE KD R0 > Pegasus ¥ AT L%
w7z (1 7 — RKH 7= D5 4 4 Intel Xeon CPU 48 2
7). HHa 722X 8206, mRERERER
B Wt 2 0FHERME, WFHERhERZHIE Uk
Rezhzehl-1, B-21R77F. FHESME, SEERK
ZIEM, BROpEEER 10 5 R 20 1), A
REECE 1.0, SEOLLAEERZ 1.0, NEOLLEAER
230 L7 %7z, B2 L7z strong A7 — 1 >~
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-2 A7 D strong R7—1) VIR

TR X, 1 a7 2o THEEZR Wz DR
T 2Lz & marzfo THERZRN-2Z2D
FHERE T, 12X o T,

LEFELT. DFED0<a<1THD, a=1DL Zi
Ro strong 27—V 78R LIz 5.

-1 225, 2ARDOFIEEFRDIZ L A % upward 235
DTWVWBZ b5, init & downward 1348 27D &
X, 32a70L 2R UCEHERRDEM L T\ 3
2, EROFHERREAXIZE A THENRV. £2E-2
M5, 16 27 F Tl 100%I23E\W strong A7 — VY > 2
IEMEFLNTNDE Z 2D 5. 32 37T I%FEFE,
48 27 T SORIEE DR TH o 7=, REEEICHEET S
= FREFR—TH2DH L TCa7BeEms 8
72, J — RO WARREED root 12T WREEICZE
WCHHHEIRBIRA KR T LbDeEZ NS, X
o7 ) X LARERDRNF L upward DRIFRIFIFIEFE U
THot.

AEHICBWTIE, FEEOT AT Y PITRA I
OB TIITTE R o7z, &H CPUaATHIZVE
T 3ERY TSUBAME4.0 % L < 15K Camphor3
WK ABUEGH B R 2 RRT 2 TETH 5.
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7. #&E

Helmholtz 77F2 XD transmission [ O BUEMRIE &
L T Burton-Miller BUIEARE D HEAXEZHVW I 5ED
Martinsson-Rokhlin % D &3 (8 2 fi# 75 D W AL sh 3 %
BEEL7z. CPU48 a7 D> VIZBWT, £ 80%D
strong 27—V ¥ 7R MR L7z,

BEE ARIHZTIE JSPS BHFE JP23K19972, 24K20783
DB 7% & N2 JTHPCN B &K O HPCL I2 & 2 i EHR S
jh240031 DB Z 21T 7=.
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