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Design Study of Domain Decomposition Operation
in Dataflow Architecture FDTD/FIT Dedicated Computer

Hideki KAWAGUCHI

Muroran Institute of Technology 27-1 Mizumoto-cho, Muroran, 050-8585 Japan

E-mail: kawa@mmm.muroran-it.ac.jp

Abstract To aim to achieve a high-performance computation for microwave simulations with low cost, small size machine
and low energy consumption, author has been working in development of the FDTD method dedicated computer with dataflow
architecture. It was shown by VHDL logical circuit simulations of the FDTD machine that the designed architecture has
much higher performance than that of high-end PC and GPU. However it was also found that microwave simulation for only
25 x 25 grid space in x-y plane can be executed in a single FPGA at most. To treat much larger numerical model size for
practical applications, this paper considers implementation of a domain decomposition method operation of the FDTD

dedicated computer in single FPGA.

Keywords Microwave simulation, FDTD method, FIT, Dedicated computer, High-performance computing, Dataflow

architecture, Domain-decomposition method

LITIU®IC
A 70 Ial—agrE g —Fy LT
NANRT = RAArya—TF 4 7 HPOHMKFD
—5 X & LT, FDTD (/FIT SR EE OB RENITD
hToE I v A4 70 Iab—v 3 ik, T
WELKOBBR - FARTBEINTHBI b0

MHIIICERIESHOB TORMABFEFTICZVLOD,

500 x 500x 500 7 U v FH¥ A XBEODLLRKEDHOM
BCTH, ik PC#AWVEHETCIIEEMM»S 18
VARADOHERBZELTLEY, BWnWF—0 T 57
VREALANBERINAMEBEF R EOHR TIILT
LY BENTHERTERZVEVWIBEL S S, b
i, CADBREXREHFET IRERF ORI TR, «
Ar7BHEYIalb—raryEfTICEL, KBokRAE

BHY Y —Z%Fy P —ZVRETHALEZLELTYH,

STEEMEECTETL, BEETAT—FRHER
ROT7TyTun—F, Foro—-RLE0ne4—07
TGO REALEELSTEDLFELITIELT, BaH
SR L HPC HEfff & LTk, = > %2 h TEA
TTCE, BRI OHEBEEANOLRWI AT ANKHEL
W, EEOGIX, O XS F—4 7 HPC Hilfo —
DOREEMRELT, v /70 Ial— 3 Th
SELFRE 2T —IZHWLR TWS FDTD &0 K16 L
FTEAHABERVA FEEBRE L T & - RIBLLEL
LY biF, FDTD kO HELBEBEMOIT LAY 25D
HZAV)T IR HKNBLAL—-Ty FELTD
EHREEREZBRL, F—¥7u—7 —FF 7 Fy &
HLEEET —%7 7 F v 2R LI 20 T,

173 -

This article is a technical report without peer review, and its polished and/or extended version may be published elsewhere.

Copyright ©2016 by IEICE




HERAHEBOT 4 VAN AIKENA— RV = T RKEE
VHDL {Z CaRFH L, TO@ELZRARIR S I 2 L—
aVICIVRAEEITHDZ&EICEY, TORAEETL
TE7=., HHHBEHBORFFCELUL, bLb i
HHEfEAEESH, FEE, LiELIE CPU AR
GPU L DEBIZBITHBEMBEIFTINDHOD, £O
—5T, ERAMAZERTL L,

cN— RN 2T HEEZDHI LR FRICHE 2 LEKE

ETNEMBRDLINE D>,

CERIICW D D HPCH ML E L 2D b0 REEE

ETNVERPZDNE D »
EWVWH RELDBENDD. bhbhizihnEz T, F
PTLRITEICH L CHEL, EEDO 3 RIIEKOEEE TV,
FEOBREEHRO S, LEDO PML BUNEROERE,
o, a—LUYEFTAOSBBEOMLESICHE
LT, HERCEE>TEAF PCHLFDya—F
ShryIRERBELEZLDET T, n—Fv=7[H
BEFPZAZERLYIalb—rarTEsrRBER
H, BEL, REARK Iz L—Ta LV EED
UM AR LY. —F, %#FICx LT, FDTD
22X —AEETTI0RYEHHETERL ATRERR
DORIBOR/NMLERD, FRAFORWERERE KRS
ERMET M o T REIRATHD b o0, TR
B EMOFPGAZR T HLE A, 25x25x2 (Z:z K4
mMoZ Yy RE) o7 )y FEMLIPRBE L WD &
NoOhroTEY, KEABEMBELZRES FDOKREMAZ
XA, BEFPGA R LD EFIHEEBEL AT 2%
HME L L CFDTID 2k EI L THEITT DLEM
b5, LALZARNs, Z0XL5 78 FPGA VAT
AT, 2 1E 500 x 500 x 500 BEOCS Y v KEM %
B4R 212, a0k LML FPGARKLETH Y, &
HDTEMEZ>TLENHEVBENTR. )}

(a) (b)
K1 F—4%7u—7—%527F % FDID £ EHFHERE
(a) FDTD # 1§ B E ¥ (Ex,Bx), (b) Bz 7 U » FEIK, (c) BEHAM 7 Y v FEK, d) 2FHEE S 27 288

FHAREELL, KBTI, v 7 FPGA O &M T,
LR EM S FDTD 2 £ T 5 X e B L0 T
wmET 5.

2. 75— 7u—7—%77F % FDID v
FDTD BB T DI2ERKOA—1RN"—~y R THDH AE
V7 72 AEFERBY 2L, AXF—AIKFET D
WHtE xRk RKBICFIH T OO F—F 7a—7T —F7
JF 4y _X—ADO FDTD IEHAHER (w2 ) v A
FAEEAR 1 I2RTEL A¥, RAMIZE#HEN S
BHRBOBEPPEEEE R ZIIT AT Yee 7 v FA®D
MEBELRUMEIC GREMIK) BEEIhZLYAZC
BMsh, ToLkT, ThboL YR ZE% FDTD i
AFx—AN17uy I TEFTENDILIRERERKT
B+ 5 (® 1(a) I2IX FDTD 3D E, k%, B, R5 D
LOFHBERBEBFRESNTHE A, EEIE, Lo x,y
KOoORKESELEEINTWS)., F7/2, FDTD &0
BB 7Y v FOBOBELLEROT, z JRAIZ
BMLTHR,BIb) OLS CLETEEERKDOZVWED
EEBHTEHILSAZOLDOS) vy REREL, Th
PHEA ) v FEERBKET . iz, B i)
DrXHcky EMBIZYL, HoEEEHRTLILIRS
OHDOTY) v FE zFAO7Y vy K Z H"BEEL, z
FA1kTsO7) v FRIE##ERT 5. &#&IC,
IOzFAIRTSOTY v FRIKE x,y FEO7Y
v FEXXY 5y 2 IRTEWIZ (FDTD 5 R F — AN EIT T
ELIHO9BRTRB CHERKLE I LE) 2hEAEDZ
LITEY, 2EMOFDTDHEAF— A2 ETT HEE
EHRTE(E IER). Thbb, EFEIZT x-y
FM 2T @ FDTD i(REE R ET &, 0k, L
MBEBPL 1BYTHOLIYALNOERBEOEL Y 7 b
ST HEERRVIRTZ LT, B, MBEADLYE

X ~ .;_ =
/_é,/,
. A
FHL T > - /
¢ ! ¢
C | — Y
S| + e
C = — (L0
C J— 2l 2
s | x| ey o
o
C®®®@9®®®®9,
¢
(i | A =t -

(c) (d)

-174 -




1
T2
C
=2 PEC (0)
/ vacuum (1)
®
y. . 1
i+, j k+—
e
L 1 .
:,j,k+E rpl j,k+5
D ﬁ I b normal (0)
- % Y leel 7PMLQY
: k=] 2 2
: 2z
: 07 R
: : R C]
E f""'@ and
:""G:----é RassEasssEwnn C:Z)I2 e
H adder
ezyi e i mmsrensianaas ezy' o
\.® I,M+5 ®
Resisasiaanii C multiplexer

2 k@b FDTD i 8 & 5540 B B
T, 4XzED I 1 v T1H¥ALAT v 745 FDTD
EHEANRETFEINDIZEICRE.,  F£i, ® 1) ©
FDTD #AX% -2 2 ETT20EDO E, o0
229 . PEC/vacuum & W) 1 E v FIFIZ, 1
DAL ERERERZTOTIHEIEN, 0 WAL L
BH¥os ) 7&nsk), Z0fETHDIY v FE

LYR4A
Tk
LA

EEER m.
TJUwE

L1¥ ______}
(a)

Mg 7))y FTEIZHESICRET A - Licky,
FEEROBRICE CTEBMRRERLZENRES L
3. [T, C, D FDTD ERA X — A DFEK %
YV RZLICHEHYIZRET DI LICLY, FEOK
BofibABMICHECTMEL I LN TED. )
{2, normal/PML &5 1By bV F—H¥2ES
DEFIZ, 0 BADLEEROEIDBE D FDTD i X
F—LAPETEN, | BABLERBEET V7T 47 L
720 PMLOAX— LANETEINIEELR->TED,
IV y Rl o1 0oEDREEREL THEL
Zlltky, BH O FDTD A F— 4L PML X ¥ —
AHLZOFUNAN— Ry =27 THBEIZERE D Z L BT
5.
IOT—*%7 7 F x TOFEMEE P[P,
sy 7 EEREFELT, P=XYf/4 [N /B]
ED. Tk ZiE, &kRLEALFPGA #HWVWT x-y FRA
25 x 25 O ) v FEBMOFEEEERL, %
50MHz CEBMECEET5E, MG /TBonE
WE LAY, ZThATHL GPUZ 10ZRER 2 DML
5. LirLZens, Bk Hiz x-y 5 25x25
OTY y FEMTREAVRLRHEITARVWOT, &
DIEWEREZRBZD TRPLEERD.

3. FDTD < ¥ ~DFEIR oy HIEEE

&7V v KEW%E x-y 2 Konw THEIKSE U FDTD
EEWINNET BHE, — 20O FPGAIZ—D2 D% 7 F
WEEE LIRS ZESETHE, VUHEEE, Teb
H FPGA IO 5 — # ZZ BB TR TRT 2043
R BBMIZITLR, YU, o, BVWARY —

. . S z f."" 5 y | %
Fa iR e  RE N R R RN Y f..y.,s_.r / g ! I
7 W v aan el B\
. ‘.." : //’ /,C: // il i) %
= i e
B 3 4l A
"Eiba--ilvllr v--g:é ) .E.' "‘! -:_..IL-..:I )
B S z
] )
[ o) <

BRAVA—Tz—R
u9x97u4-\$

(b)

3 V7 AVFPGAIZ X % FDTD {£5 5 B oo fg i 4y B Eh 1
(a) BWEZ YV vy FLAYOBELFA, b) BRA VI —Txz—ALIRET LAICL DY 7TEBARE

- 175 -

—




FEVT 4 CEFNLBETE B Z LT, 1 DOT7—F%7
JFXBENOLRFICEBRTESL. LLR2NRBE,
EdRokric, ZToFETKAEBEKOME L ERT
BICIEEEA— A —DFPGAZ*ELHEICHEMA T A

FThEoTLED. DY, T IZTE, U
JV FPGA LT FDTD A2 S A EIHE T 2 iz
TR+ 5. — M2z, FPGA D — R = 7 O

BHROFTELRLOILE, HEBELEEST L ZaTRY
y&&%%%%%%”f%f%ujuyﬁﬁﬁb %
BEMRICE > TR 1 OEE % FPGA I EET 58
BETEBOBEEZ) vy FLA4¥xi3arTad v s, J:ﬁL
BoOLI2FZ 7Y v FEAFY 7oy 7 iBHENn5
EMBRBHIZLM ST WS, Tihbb, %% FPGA
I x-y A ERLSBEWT Y v RY A ANKBHTE S
MEIE, ERa7Tual v oA Xtk TRE
2TLED. L7EMR-T, K3) RT LI, #’
Wohd A X1 >O0EETY) v KL 4 ¥ioxL,
(AEYV T2y silBaNd) EAEOL RS Y
Dy FLA Y EBEEICHEESE L, R, #4005
25T &I, Behfza7uly s Y —AT
IV REREMOFENEERSD., L, V7T
N 2T RBTOFEESBEOSEAEREE, oY
THEROT - S RBEBEYICITOLENH DN, &
Dbt HAMEEXHRETAILDICE R R vy
FAINEBSFTIZIOF—IRHBEiThlntdo
MCOFERAN—FUzT7ToOMAREBERZbRLTLE)
IOy, ZITE, BRyF—FsoNy 77T H
WH3DEHIBREBRASA VX =T == AL I RAEZT LA
FEMMICAZL, ZhaY7HEHEMO T — % Rt %
TWAaRnORRIZFDITDE Y I ab—Ya vy ERIBL
TEEYY FEIEE®DZ &Y, MW s oy
7#47»®L@&<£ﬁ“ﬂ@¢%£ﬁéﬁéﬁﬁ
LL7=. Zhic OB SEIREEXT T ST
—#70?¥T®ﬁm#§ﬁmﬁﬂtw/ﬂ] T, 18
W EH A Np & LT, Pro=XYf/4N, (A /] &
s (2L, Zo%mse, XYixes )y FEMO x,y
FHro s )y K.

4. F¢D
F—HT7u—7—%75 7 F v FDTD LB RHFFE#IC
LA RBEHEERZBERL, ATHFE#R~0BEM
NEEBEOEREERFI L. L 0biF, WBEMEE
AL WS DL /L FPGA THItE %k % EH
TR, BETROBEERIBLAYEZBRELAATEH
KOBEELITo7Z. THETTTILZIOHER Y =
FAHO VHDL =2 —F 4 V352 TLTEREY, 5%
BRI 2 —va I DEERREIT oD
AT, ZOMEESICEVCENMIZLELRSE N —F

O T A XOFAM R & KR ) RO H I E R A
LTWSFETHD.

X B
[1] Schneider,R.N, Okoniewski,M.M. Turner,L.E,
“Finite- difference time-domain method in custom
hardware”, Microwave and Wireless Components
Letters, IEEE, Vol:12, Issue:1, pp.488-490, 2002.

[2] H.Kawaguchi, K.Takahara, D.Yamauchi, “Design
Study of Ultra-high Speed Microwave Simulator
Engine”, IEEE Transactions on Magnetics, Vol:38,
Issue:2, pp.689-692, 2002.

[3] P.Placidi, L.Verducci, G.Matrella, L.Roselli,
P.Ciampolini, "A Custom VLSI Architecture for the
Solution of FDTD Equations", IEICE Trans.
Electron., Vol.E85-C, No.3, pp.572-577, March,
2002.

[4] J.P.Durbano, et al., "Hardware Implementation of a
Three- Dimensional Finite-Difference Time-Domain
Algorithm", IEEE  Antennas and  Wireless
Propagation Letters, Vol.2, pp.54-57, 2003.

[5] H.Kawaguchi, Y.Fujita, Y.Fujishima and S.Matsuoka,

"Improved Architecture of FDTD/FIT Dedicated
Computer for Higher Performance Computation",
IEEE Trans. Magn., Vol.44, No.6, pp.1226-1229,
2008.

[6] K.Sano, Y.Hatsuda, L.Wang, S.Yamamoto,
“Performance Evaluation of Finite-Difference
Time-Domain (FDTD) Computation Accelerated by
FPGA-based Custom Computing Machine”,
Interdisciplinary Information Sciences, Vol:15,
Issue:l, pp.67-78, 2009.

[7] Y.Fujita and H.Kawaguchi, "Full Custom PCB
Implementation of FDTD/FIT Dedicated Computer”,
IEEE Trans. Magn., Vol.45, No.3, pp.1100-1103,
2009.

[8] Y.Fujita and H.Kawaguchi, "Development of
Improved Memory Architecture FDTD/FIT Dedicated
Computer Based on SDRAM for Large Scale
Microwave Simulation", International Journal of
Applied Electromagnetics and Mechanics, Vol.32,
No.3, pp.145-157, 2010.

[9] H. Kawaguchi, S. Matsuoka, "Conceptual Design of
3D FDTD Dedicated Computer with Dataflow
Architecture for High Performance Microwave
Simulation", IEEE Transactions on Magnetics,
Vol.51, Issue 3, 7202404, 2015.

[10]H. Kawaguchi, Improved Architecture of FDTD
Dataflow  Machine for Higher Performance

Electromagnetic Wave Simulation, IEEE Tran. Magn.,

Vol.52, Issue 3 (2016), Article#:7206604.

- 176 -




