RIS/ NEE O

v

Ea1—7+1>72X7L Vol.b No.1 56-65 (Jan. 2013)

TUREET R ZED & n
3XICFDTD =Dz 2 4 ) v 28

FoatE AT aby) g
1 201267A48, 828 20124108108

BE | AR CTIEEREEESENT O —~TFETH D 3 RIEFDTD EICBIT2F v v 22 XE) 2 E[EL
7oVEREGE T OIRE L MEREREMI 2 479 . 3 K0T FDTD #:0RMEH — A VISR ICHE T 2 v — 712 X
NH26N, £5A4LAT v TIZBWTES LGOI HIZER SN b, 3K FDTD oat&E s —
ANVRFHEBEH2) DU = F/APTEPIREL, RICAFTVFBORELZIRLTVERETH L. Frv
VARARE)DOL Y NREMESEAL Y RAEYADT 7L A X BWREDET 28§ 2 Mkt T kL
LT, fNTHEIEE & AV EIPS/NEBIZDE L&Y A VN THEED 7 4 2 AT v 71 5 0LEE % i L
T Z AN v ZEMEN D FEDPIFAET S, L, HAMAEESY 1 VL 5FETIE, 14 V0li%
SIS A IUEAFENT — NNy FEhoTWnie, £2T, KHLTIEY A ) Y VR HEICBWT, ¥
A NVONEZEF AT v 72 L1220 & EHEEOBME B CFEEZIRET 5. ﬁ%%&%%%ttﬁ%
AMDﬁ&TyF:TOmam7mk/%;%%@¢% IZBWT A4 ALy FIZX BN %47 5 7285
e 7 3 00 FDTD ihoosEde & i U CREBIFI & 49 50% MM S5 2 LI L7z,

*—7J—K:FDTD#¥, ¥vyviaFa—=r7, #4007, wVvFarTr7utyi, AL v Ry

Temporal and Spatial Tiling Method without Redundant
Calculations for Three-dimensional FDTD Method

TAKESHI MINAMI!  TAKESHI IWASHITAY®  HIROSHI NAKASHIMA®

Received: July 4, 2012, Accepted: October 10, 2012

Abstract: This paper deals with performance improvement of three dimensional FDTD kernel for high fre-
quency electromagnetic field analyses. The FDTD method is one of explicit time stepping methods. The
electric and magnetic fields are updated alternately in each time step. Since the calculation of the FDTD
method has a large byte/flop ratio, its performance is limited by memory throughput. For a remedy of it,
there is a technique called tiling, in which the analyzed domain is divided into multiple small domains, or
tile. By updating electrical and magnetic fields in each tile in multiple time steps, we can utilize cache data
efficiently. However, when we implement tiling based on simple fixed size tiles, redundant calculations are re-
quired for overlapped tile peripheries. In this paper, we propose a new tiling technique for three dimensional
FDTD method without redundant calculations. This method prevents an increase in the amount of calcula-
tions by changing the position of the tile at each time step. Numerical tests on a quad-core AMD Opteron
processor show that the proposed three dimensional FDTD method attains up to 50 percent reduction in the
calculation time compared with an ordinary implementation of the three dimensional FDTD method.
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for(t=0;t<nt;t++){
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i33;
for(i=1;i<=nx;i++){
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for (k=1;k<=nz;k++){
m=id[i] [j] [k];

31}
}

Ex[i][j]1[k] = Ce[m] * Ex[i][j] (k]
+ Cery[m] * (Hz[i][j][k]
+ Cerz[m] * (Hy[il[j][k]
Ey[i][j1[k] = Ce[m] * Ey[il[j][k]
+ Cerz[m] * (Hx[i][j][k]
+ Cerx[m] * (Hz[il [j][k]
Ez[i][j]1[k] = Celm] * Ez[i][j] [k]
+ Cerx[m] * (Hy[i][j] [k]
+ Cery[m] * (Hx[il[j] [k]

Hx[i] [j] (k] = Hx[i] [j] [k]
+ Chry[m] * (Ez[il[j+1][k] - Ez[i][j][k])
+ Chrz[m] * (Ey[il[j][k+1] - Ey[il[j]1[k]);
Hy[i] [j]1 [k] = Hy[il [j] [k]
+ Chrz[m] * (Ex[i][j] [k+1]
+ Chrx[m] * (Ez[i+1][j] [k]
Hz[i] [j][k] = Hz[i] [j] [k]
+ Chrx[m] * (Ey[i+1][j] [k]
+ Chry[m] * (Ex[il[j+1][k]

- Hz[i][j-1][k])
- Hy[i1[j] [k-11);

- Hx[i1[3] [k-11)
- Hz[i-11[j]1[k1);

- Hy[i-11[3] [k])
- Hx[i]1[j-11[k1);

- Ex[i] [j1[k])
- Ez[i]1[j1[k1);

- Ey[i] [j] k1)
- Ex[i1[j1[k1);

2 3 KL FDTD {#® Naive %9285 BT 5 0 — Tk & BT H

Fig. 2 Loop structure of three-dimensional FDTD kernel based on naive

implementation method.
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Fig. 4 Computational time per grid point in one time step in

serial computing.
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Fig. 5 Computational time per grid point in one time step in
parallel computing with 2 threads.
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Fig. 6 Computational time per grid point in one time step in

parallel computing with 4 threads.
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Fig. 7 Parallel speedup (effective memory bandwidth, naive

implementation, proposed method).
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