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On Decreasing the Calculation Time in Three-Dimensional
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Numerical analysis for sound wave propagation in time domain has been investigated widely as
a result of computer development. The finite difference time domain (FDTD) method is the
most popular scheme used in acoustics. In the past study, the authors have proposed an acoustic
simulation technique using generalized constrained interpolation profile method (GCIP method).

When we analyze large-scale sound wave propagation, the reduction of the calculation time is a

necessary requirement. Recently, GPU (Graphic Processing Unit) is used as an acceleration tool

for the calculation in various study fields. This study makes an examination on decreasing the

calculation time in three-dimensional acoustic field numerical analysis using GPU.
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1. [FLC&HIC

FHEMSERIROM E & & BT, IRk BB R A
YIalb—varOgE - B - ERNEA TS,
MsEI Tk & L CiE, Staggered grid % A% FDTD
T[] DIESFHESN TS, £z, FEHEDLIIINE
TRHEMFED 1 > TH 5 CIP Ik 2] 2 HV 7= 585k
I ab—varoiifEzitED, W OroWE %
iT>TW5% [3]. F£7z, CIPiEZ—M(k L, generalized
CIP & (GCIP(l,m) %) %R LT [4].

—%, #ROEEREE WD AT, ERA—/ =3
Ea—H00 7 AL 0 EORBOFFEEAFIH T
%H, Ut Tlix GPU(Graphics Processing Unit) %
WCIHA R BEF T 2174 5 & 75 GPGPU(General
Purpose computing on GPUs) 23k~ 72 38 CiEH &
T 5 [5)[6].

AW TIE, /T GPU Z## L7-FH 52 AV
T EnE SR RIC LD 3 WL F B I 2 L — s
YEITV, TORRE®RETD.

2. FDTD & GCIP A
FDTD 1% Staggered grid & VT X H XA H
AT DFIETHDH. RFIECBONTEE LR

Three-Dimensional Acoustic Numerical Simulation, GPGPU, GCIP method,

WX 1/2 77V v REEN 7 SICEDE S D . AR T,
o &b IR ZMRETH DI - 220 2 K O
DAEGIEEIC L » TS FE 1] 2 VTN 5.
GCIP (I, m) BT - Bl E & VWO R L L
2, FAOOZEREZ R WS 2 & TR E %
12FETH S [3]. TITHRIREEOREERL, m+1
FHRIAT 28— A2 FOEZERT. FDTDIEE TR
v, Collocated grid Z AW TR Y, FE &R HE K
OEDZEMBMEILR— 27V v K EICEEE SIS,
WO TE SRR T FIETH Y, K7V v
N EDEIZZENENMSI L TRDDZENTEDHED
WHHEATRE T o 5.

3. CUDAIZ&BGPUTRTFIVY

A, GPGPU Mt 7m 77 I 7 5iEE LT
CUDA (Compute Unined Device Architecture) 72 & ®

EOEWERMAHE SN2 &IZXY, CHE
RIS CHEHFRIC e /7 I SRR o T
[7].

WHHEIZIE OpenMP Z M L, CPUMID 15D A
Ly RIZ 120 GPU 2% Fl-8 5 2 &L TvF GPU
2R LS 21T .



4. FHEHER

LUF Cld 3 ot &4l FDTD 1 & GCIP 34122
WCEHRZATY, FHERROLEZTT 5. LUF, By
D72\ WNIGE LB BV B NIUR R OB R AV CRHR
EiToTC05. iD= d CPU OFHHRERSIIX CPU:
Intel Core i7 920 2.67GHz 2 M\ T3F179 5. Core i7
X4 27 %% L, Hyper-Threading Technology % 4%
LTEY, KT8 ALy FOWSLHEAHETHS.
AFg > CPU OFE L4 T OpenMP % A= 8 AL v
RWFHEZAT > T D ARFHE TIXEBIES TR OTE
WE LT, WINBERGEIBR e il D 4 CRHI 217>
TW5s. F7o, MhaErHiiofEtE & L TFLOPS(Floating
point number Operations Per Second) & FUPS(Fields
Update Per Second) % Jv 5. FLOPS i% 1 BoICi#
B/ NICREE MR T2y, FUPS I 1 AR
ROBERD T SN a2 RT.

Iz, H— GPU &AW O ER & 777
GPU % GeForce GTX 285 #fffl L7-. 3£ 1 1ZFH5HHE
o> 7 U REAE 256 X 256 X 256, FHEEKE 1024
& EE L72RED FDTD T OFHRREH 2~ 3. AR K
b, 8 ALy KO CPU O 14.5 (5D & b 23 £ BLH
EKTWB.

2, 3IZRHAEGEIR O 7Y » REA 128 X 128 X 128,
FHEEE A 1024 & [EE L 72K GCIP g o His
g, [FFEREY, GCIP(3,1) #1X8 ALy R CPU
D#I 25 15, GCIP(7,1) &34 41.5 {50 mis b8 F2 8,
HR T 5.

B%\Z, Yee-FDTD {£% ~/LF GPU % HV T4l
B L7=56 0 ER R 279, GPU X GeForce GTX
205 2 L7z, &K 4 (SRIAEBEMO 7Y v Nz 256
X 256 X 256, FHEIEEE 1024 & [HE L2 RFOFHHE R
Mazrd. ARLY, RLFERERDZ2VOE, 81
@D GPU (GTX 295) Z#WFHL L7=fERTHY, Yee-
FDTD £ TIE 8 AL R CPU DK 42.6 15D mnikfb
NEBTETND,

5. &

AWFFETIL, Bi— - v /LF GPU WHIEHEIC L AR
FEM D 3 RTTHEEIME Y 2 2 L — 3 U RO EE LD
Bata1T-o72. T OfE%, FDTD £ Tl 8o GPU %
A2 Z & T CPU I TE AL E o mEnd b s Hisk
LT NStz T2, GPU 25 & Yee-FDTD
1EIZEH AT GCIP {EDF A A RIEIC D+ 5 2 &
D030, GCIP 0 GPU FHEDAHIMENRI S i
ol A%k, FEICFHE LA ALy RET
NS HITHTL, REEIEINDTETHD.

#£-1 Yee-FDTD ZD:tHEKRE (E— GPU)

RIABREE FHEEER [s] | GFLOPS | GFUPS

8 AL v RiT 115.22 2.684 0.149

GTX 285 7.97 38.776 2.154
£-2 GCIP(3,1) ZOFHHEERH

RIABREE FHEEER [s] | GFLOPS | GFUPS

8 AL v RiT 415.26 2.399 0.005

GTX 285 16.45 60.555 0.130
£-3 GCIP(7,1) O HEEH

RIABREE FHEEER] [s] | GFLOPS | GFUPS

8 AL v RiT 689.01 2.843 0.003

GTX 285 16.57 | 118.189 0.130

&4 Yee-FDTD Dt EEM (Y/ILF GPU)

AR FHEEER [s] | GFLOPS | GFUPS

8§ AL v FiT 115.22 2.684 0.149

GTX 295 X 1 9.14 33.833 1.880

GTX 295 X 2 5.15 60.046 3.336

CGTX 295 X 4 3.38 91.490 5.083

GTX 295 X 8 2.70 | 114.533 6.363
& XHk
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