FHH B EFIEE 2 HALE & 282 EFfFRES (2013.07.17)
BERES 2829

GPU * FPGAZ 7 €S L—9%2FIBINTOI_FARAHET
YR 7A—LLETD2RTLFDTD SR OEEL

Acceleration of 2D-FDTD Computation on a Heterogeneous
Platform with GPU and FPGA accelerators

ORILEBH*, N"No¥ LAbro=5 942 F4 A=V ¥* RH EE- AILFTRE-

O Masanori Hariyama*, Hasitha Muthumala Waidyasooriya*, Yasuhiro Takei*,
Michitaka Kameyama*

FRILRZERFRERBE 7R

*Graduate School of Information Sciences, Tohoku University

F—7—-K:

ANFB Y7 AT —%F 27 F ¥ (Heterogeneous architecture), EitE#EFH (high-performance

computing), A —/3—2 ¥ ¥ a2 —7F ¢ ~ 7 (supercomputing), Rz 57 (FDTD), FPGA(FPGA)

B -

T 980-8579 (AT HRERXRAEFHERE 6-6-05

pEN ST
RILEF, Tel.: (022)795-7153, Fax.: (022)263-9167, E-mail: hariyama@ecei.tohoku.ac. jp

—RIT TSI - a3 TF— 94 TV
STtavira—AALrFryTnLkHiIciig
ZHEBDOIRAIMBEENTVSE, ~Fuyd=7
AREHABICDEICERRE YA TDI A
7R BHHRICNET I -DICREIN T
3, ~"FuoraAklukyrrricii, B
1DEHICCPU LT 7T L—FXHICER
sfEFo7ueydrAvLNTVS, 77V
—vavpdRreRER 7ok y FIcElh
WTBIlickh, 2600BERELZRE(E
EXRBILNTES, ~NFTOY=TALEK
HBEAE (HPC)AW 79y b 74 —20fE LT
13, Intel @ CPU & NVDIA @ GPU (graphic
processing unit) T 12 “Tianhe-1A” 1)
ZEBETSN B, GPU BELFICHAING T
B/MEURREICE L T2 hs, 2hBStofEE
DY R EEENMT 2 DIE GPU T TIXEL

v, ZOMEORRREL L TIX, FPGA(Field-
Programmable Gate Arrays) ZH 3 3 Z &8
HIFoNB FPGAR7u /S L0EROY Y 7
Tuy 2, A4 yF7uv7, AEVEZ 2,
DSP ®¥a—NZAVWTEER, *®Y, 8k
B 2EEORE, BRTT—F 3 RA2E8RK
TRILMNTES, 2D7Y, GPU L FPGA %
Hadbegal tickh, 3EFELRIATO
HEZERLT 2 LNTES, HEDFPGA
Tiz30 AU EDT Yy 72 AR 5MB ML ED X
Y, BELBFBAVI—7 2 —ADATE
3DT, 1D2DFPGAERHD 7uky> vy
IV AV (PE)2&¥5IEMTES, L
L, FPGARES DYV —R%2HL, 2k
WEMBENTH S LI b 6T, HPC
77y b 73—LicAVWLENTWE I LR
Pz, EREFERELTE, FPGABAG 70/

-1-



SIUUBEBECRB L, GPU LERTiE
/NS EEOERBEL LR b ITohn
3., F@|X T, FEh@ERoERELER
{tTEB3GPULFPGA7 72 7L—3 %87
EANTFOUY_TARERS 7y b 74a—0%R
RL, HEREHIBL BENL 7Yy Fi22-D
FDTD #iEIEA L -5 &ic 2T 3,

1. 2-D FDTD &
1.1 B|E

FDTD?) BB E RN THB I L
5, BRI HAZNR TV HBR I 2L —
YavFED1DTH5, FDTDIEwLF27
CPU® T, 8 X J % GPU ik X 2 EHELF
EBECREENTVS, M2 FDTD DX
BYAVERT, UK, BERLERODHN
ELSBAIDI A LAT Y 7 TOEBROERD
Bond, 2otk FAUMLEREGNERZ
3, zhds, BAROEHORS LIEREM
DFEAETI. oMM ESEZONIIA LR
Ty TEEGETT 3. N(Q) KEROFHER
%, RQ)Q) CHADHERETT, z,9,2z5
HOER, BREZOWFNE L H, §44
AR5y T n, QRTCOEEE i L jTROX
3 ERLEACOERICEI3HBEERL
BZ3ZEICEETAFDITDDFELWVLZAITY X
23 ickoTELZLNT VS,

CPU | o CPU
| |
< Interconnection network >
1 |
Accelerator [ ===*» Accelerator

Fig.1 ~FRYZ7A7—%77F~

Start
n=0

—‘l Electric field computation |

| Periodic boundary conditi@

| Magnetic field computation |

| Periodic boundary condition |

Fig. 2 FDTD®»7a—F%—}

EZ*Y(4,5) = E}(3,5)
~Py(id) {H;’%(i,j +1/2) - HiV 3 (i, - 1/2)}

+Py (i, 5) {H;”%(z' +1/2,7) - Hy R (i - 1/2,j)}
()

1

n+%.. n—§..
Hy 2(i,j+1/2)=H; 2(i,j +1/2)

—Qy(i,j) {E?(i’j + 1) - EQ(Z,J)}
(2)

Hy 2 (i +1/2,5) = Hy 2(+1/2,5)
—Qu(i,7) {EZ (i + 1, §) — EZ(4, )}
(3)
B 2 EE LD DIc, KRB0 7 Y —
v avd) osiconTEET, Nicks e,
FAIRBOIMU O LT D ERHRIZNEN AR T
FlzoTv3, M3WCFDID X 3BBTH
TOHEKERE2RT. Ihdh, FaA»SE:
BFRTOEBRDIAFI v 7L Jid/h&L
BoTWBEI b s, ARk, BRICEW
THUAE L) BREBBREIhTHS, 8o
DEMERERED, FA4F v 7L Iaud
BMTRHERKEEZBOTILNTERLEZXS

na,

-9



Cocet Ve (e mep 20ty

Fig. 3 BROVAFIvrL vy
1.2 (SRR BEETRIAEEs S DY
- GPU it & 3E5E(L ¢

4339y 7Ly ONREOEBTIRERE
BEVNESEE, Y4 F Iy 2Ly IHhEWE
BTRBEEZES/NIURERAVTVLE, K40
kIic, 2EDOERE area 1 IS BV TR EHFE
FEVNIUAEE %, —H Tarea 2ICBWTIXE
BERHNMEERZ2T>TVwS, JOFED
RIRES D 1 2 & LT float & double DEHRIC X
BA—stm~y FRBITFONS, R(1) DL
2, B (k) KB 2ERDOFHHEICBLWIE
HOEEILB Y 2HAOEMNERI NG, Rk
I, EERE (i, k+1/2) KB ARROFHEICE L
THEADERIIBY2EROENERINSG,
M4l THEEn-BRICE T 2BHEAT
BD-HIZ, areal & area IKEFNFTNHBFEE L
{EREDHEBLEL 3. R, float L double
DEFMBHEE LD, A —X—~y FOFET
5. B5ICHEE/FREENA 7Y v b 2EEi
BREED 70 —F v — 27T,

1.3 ESHEIHMNIREERMNIRERIS
bt FPGA I & 3E#{L 5)

£ ISR & BEADBRIC X 5 FDTD
DEEBER2TYT, SEEZIINEZAV
FH1lI7oWT, COF—FZ2ERINBHER
LLTRET 3, FEIL4DT—F kD, BEE
INEEZRAWEBRICBIZEEORKIZER

ingle precision;

floating point:
i (area2)

S S
Doubtle precision floating point

Fig. 4 BREE/fEREBE~D0H
(Ustertinz0_) l

Jotalidétatrangfed

Data conversion
double = single precision
[ ]

Electric field Computation
Single/double precision
L ]

I Periodic boundary condition |
]

Data conversion
double **single precision
[ ]

Magnetic field computation
single/double precision
(_Fon ) .

I Periodic boundary condition |
J

Fig. 5 BEE/EHEEN 7Yy MER
N W b3, MAT, HEEIREM
BE2AVEFE2 LD LBEENEL ZoTw
3. FDTD 7 A3 ) ZhlkeB0T, BRAD
BRNHEDT—FDTAF Iy 7Ly PiEE
ICREL B2 TWB D, ZOXY 7 TIHER
B/ ENEREINSE, IR T, $
BSOS F I v 7Ly PRFEFINEI VR
&, 32bit BE/NMEEBBIRELSE, ThoD
BRI, 2F0BEHEDIB%ICOWT, FPGA
Fo 32bit BRI RS ALUZAVE I EIC K
D, HEENZ 20WHUTLIERCHELTS
ZLENTES,

2. GPUFPGA77t35L—%
EBTBIANTAVYZFPRATIY
cZA—A4A

2.1 #WE

EHFE Tk LF 27 CPU,GPUFPGA»5

BB~TRS 7 ALBEEER L, R6ic~

FOLoPRTIv b7 4—LDEE)—-F%

~T. FPGA & GPU I3 F1 PCI Express

-3-



Table 1 HEMHEL 7 — DBk
Maximum absolute error
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2 . -
floating point
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1. “711.92x1077
. 95% 32bit 50 x 10 92 x 10
fixed-point
25% DPFP _8 _8
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CcPU:
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Table3 FPGAEERO)Y—RFERARNA
#mbh

394503 Logic blocks (92.8%)
Resources | 417140 Registers (98.1 %)
(191 PEs) | 1020 DSP units (99.6%)
20M bits (98.87%)
Frequency | 50 MHz
Power Less than 20W
(estimated)
Table 4  ¥EEKRFE
Method Processing time (s)
CPU + GPU 10.08 (measured)
CPU + FPGA | 11.26 (estimated)

DEETIE, CPU/GPU DEEFKR LR TD
THICHEEREINE 2oT\228, HEREND
100D 1 MTIRIMZAZZ L TE B, HER
D B EBERTF—FDTa—rOL X EY
Poa—ANRXE)OFEEREITHE I LI
EET3L, F—YEME EOBET— Y HIE
FHEZERATILENHILEZONS,

3. BIUV

HABEZ2TE3 YR L ST ICEELET
I 7z, BWHEBESLELEIREEHEE
T, DT HEEHESHEL L LEREH
FEEE ¥ 7= 3B MUR TRALT RN 7Y v
P77 u—F2RELE Z6iC, BENT
Yy F770—%% GPU, FPGA #H\WwTHE
¥, GEICEATHE Z LR2EIEL L.,

e
APE I MEXT BHFE 12020735 DB %
b0 ThH B,

253

1)
2)

3)

4)

6)

7)

9)

10)

http:/ /www.top500.org/system,/10587

H. S. Yee, “Numerical Solution of Ini-
tial Boundary Value Problems Involving
Maxwell’s Equations in Isotropic Media”,
IEEE Transactions on Antennas and Propa-
gation, Vol.14, No.3, pp.302-307, 1966.

Y. Ohtera, S. Iijima and H. Yamada, “Cylin-
drical Resonator Utilizing a Curved Resonant
Grating as a Cavity Wall“, micromachines,
pp.101-113, 2012.

Hasitha Muthumala Waidyasooriya, Yasuhiro
Takei, Masanori Hariyama and Michitaka
Kameyama “Hybrid Single/Double Precision
Floating-Point Computation on GPU Accel-
erators for 2-D FDTD”, International Confer-
ence on Parallel and Distributed Processing
Techniques and Applications(PDPTA) (to be
appeared).

Hasitha Muthumala Waidyasooriya, Yasuhiro
Takei, Masanori Hariyama and Michitaka
Kameyama, “Low-Power Heterogeneous Plat-
form for High Performance Computing and
Its Application to 2D-FDTD Computa-
tion”, International Conference on Engineer-
ing of Reconfigurable Systems and Algorithms
(ERSA)(to be appeared).

http://www.altera.com/education/univ/
materials/ boards/de4 /unv-ded-board.html

Z. Bo, X. Zheng-hui, R. Wu, L. Wei-ming, S.
Xin-qing, “Accelerating FDTD algorithm us-
ing GPU computing”, International Confer-
ence on Microwave Technology & Computa-
tional Electromagnetics (ICMTCE), pp.410-
413, 2011.

T. Nagaoka and S. Watanabe, “A GPU-
based calculation using the three-dimensional
FDTD method for electromagnetic field anal-
ysis”, International Conference on Engineer-
ing in Medicine and Biology Society (EMBC),
pp.327-330, 2010.

H. M. Waidyasooriya, M. Hariyama and
M. Kameyama, “Architecture of an FPGA-
Oriented Heterogeneous Multi-core Processor
with SIMD-Accelerator Cores”, International
Conference on Engineering of Reconfigurable
Systems and Algorithms (ERSA), pp.179-186,
2010.

A. Taflove and M. E. Brodwin, “Numerical So-
lution of Steady-State Electromagnetic Scat-
tering Problems Using the Time-Dependent
Maxwell’'s Equations”, IEEE Transactions on
Microwave Theory and Techniques, Vo0l23. Is-
sue 8, pp.623-630, 1975.



