HEEA ERNEES PHRERE
IPSJ SIG Technical Report

2004—SLDM-113 (19)
2004123

FPGA |Z X % Divergence ELFTEBEZR DI L HRGE

EA 42 WO RN A BB B Bt ek # NG et
t BRI TSR T223-8522 SERAHIEIX A 5 3-14-1

1T VA A 7 AT AR T223-850 HRrHdLX A & 3-14-1
E-mail: 1 suikoa@mmm-keio.net, taka@tana mech keio.acjp | {mizo,arakiishibashisasaki}(@a-priori.cojp
HHE L ARSTRET R RED 1 5T D GSMACFEM OERI B OV TR 5. HEEHIT GSMACFEM IZ
5\ VT i Poisson #725%0) Divergence B SAERKLICE L - BH TH B L 52, FOHAERERETL FPGA HIEEL
7o, XBICFPGA LU CPU 2%k L7-F— F B\ T, SAEREFIA L7 GSMACFEM VAT LA FEL, TOHE
FERORIER{T-o T
*¥—U—F FPGA, GSMACFEM, Divergence

Implementation and Evaluation of the Dedicated Circuit for Divergence Calculation
Using FPGA

Sumie AOKI" Daisuke MIZOGUCHI® Kengo ARAKI® Masaichi ISHIBASHI® Tohru SASAKI®  and
Takahiko TANAHASHI"

t Graduate School of Science and Technology, Keio University  3-14-1 Hiyoshi, Kohoku-ku, Yokohama-shi, 233-8522  Japan
1 A Priori Microsystems, Inc.  3-14-1, Hiyoshi, Kohoku-ku, Yokohama, 223-8522, JAPAN
E-mail: 1 suikoa@mmm-keionet, { info@a-priori.cojp

Abstract In this paper, we discuss acceleration GSMACFEM, which is one of the computational analysis methods, by a special-purpose
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the dedicated computer for GSMAC-FEM as the calculation of divergence is processed by special circuits. We developed the special hardware
for the cakulation of divergence and its IO circuits and implemented GSMAC-FEM on the EHPC platform chassis, which consists of FPGA
boards. We also discuss the method for the acceleration of data transfer
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Fig.1 The algorithm of GSMACFEM.
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Tablel. Number of data and operations.

@ Poisson (not @

including divergence) Divergence
Number of input data 4 4
Number of output data 25 1
Number of operations 30 95

AHFGE Tl Divergence SR AL HERMNIRE LA, [FRF
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t 512MB 512MB
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18 C FPGA board block diagram.
5. GSMAC-FEM FHFH O
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@ Z 587 bk Divergence % EH.
3 (Cohu, +C v, +CyAw,)
V=2
Q¢
D 2 OB WY MU R R & R L TR,
SR A TTINE 71 [, R 24 BooAEF9S [, FHEHIEB I
41, FE13E08 M4 ET, HESEB OHIEREST
MR, LERoT, FPGA HZEET A3 A TEE L FIA
UI-3EEB & L.

=1~4)

8
G =-C, \ 7 ¢, =-C,
C,=-C, S c,=-C,
C, |4 3C,

C, 2 C
Fig4 Syxmﬂryofgradiaﬁvedmbased&ﬂmmm&mehxﬂm
VHDL I=CEBR L, FPGA hiz32# 1 7= Divergence SRIRERD
Ty 7k Fig5 o7, BYHERREE SOMHz T, 10cycle ST 1

BE3R0D Divergence ARERENEGONS. Latency 1 42cycle ThHD.
BTROREER AV S & 1 EHRY72Y O Divergence FHRITIT 54
Bl Ry SRR ET SN BT, IRRMEREE 270MFlops & 72
A, iUl B 194 ZMTHIT S Peak Performance CI3fE<,

EEICYERT— 2 HSREIN G . L < 5.2 HIE 0 Sustained
Peformance T&h Y, FNITHELRDIANT—F L —hid
680MBlsec 729, FOBDHAT—F L— M 20MBlsec £725.

Frequency 50 [MHz}
The number of operation 54
The ideal performance 270 Mflops)
Register
Multiplexer
Fig.5 The dedicated hardware for divergence

5.2. FENEURBRELER

Divergence AHERN CHEAT 228 MUUIR Y'Y FTED
74— b Fig6 lo73. IEEETS TED bhi- FBON,
RS, EERES, EEIAnEER EEf-anraisyt
R— R LTV,

T g
NP VI
Fig 6 Floating-point data format.

GSMAC-FEM “CI3368517 Poisson HEEAZ ML DCid/e<, [FRg
FREZ L VARNTEY, Vv I HBREDITEIV BEL SN D
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IZ& 522 By b (Guard bit, Sticky bit #3238, Round bit 25#) %
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ADOHEFE L. T2 CTE S ITE~OND L ITEREECHE
LAERERIZ L IR NESITHDDHET, £hatbx 5 YHEich
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Divergence SFia—SHA o7 —¥ AHADRERIE IS %,
FRAEBET A ANAERFe NEER L. IR S 7
T EHIND.

Input Buffer .
SH4 [ Controlflag | Dedicated circut
0 Buffer for Divergence

< [ Controlig_||~

Fig 7 Data transfer between SH4 and dedicated cirouit.
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¥ EF ¢ PR IRRRRAFig 8)%, LA /A A 1000, BRI 1.0
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Fig. 9 Velocity profile on the center axes(Re=1000,t=100)

6. GSMAC-FEM FLHI3HEIORITE
6.1. Divergence S RITTRES R FOEE
6.1.1. SH4 32 (X Pentiumd & ODL#E

Divergence FARABOMERIEN %, Divergence K %
CPentiumd, @SH4, @Divergence KA 3 HETHERE LIk
BEHET S, RT3 RTES % EF 4 PRRERINEEZ Lo
7 VZEK 100, B 1.0X10°, BRI 10° R TETL, B
#10 Divergence ¥ 2% BT 5. ZOHA, Fig 10 O Layerl Layer2
DEEFRO Divergence 30 TRUVMEE 25, 7, EoolmEiEx
B8, ZOLE2BOERIZNNT, 3 HFTEHE L Divergence
KEID, HaDESORREOTLHEL, HBZESOWSEY
Table2 IR L. S BT BEET 27207, Figl0 D Layerl
Dér H—F10> Divergence OIEIZISH 5, FARAR L T OO
5% Figll 12, BED7-% SH4 L Pentiumd OFEXIZES % Fig 12
15T, BT Pentiumd [ I HUREED T — & Tdh-> T HEROZEY
FEAVOAYTIL 0 By MOWERPRETRIL L Tikbh, SH4
X TEEE754 BOBRA 28 LTV 5. Pertiumd,SHA OFLDOITT
FB~ORDOOLIGE L TR AR T

The values of
divergence at
the elements

0 on this line are
Z compared.

Fig 10 The elements compared in Table. 3 and Fig 15.
Table.2 Absolute and relative difference of divergence.

Absohtte Relative
difference difference

Pentiumd4-Dedicated circuit™ 1L11x107 120x10°

SH4-Dedicated circuit 1.89%107 130%10°

Pentiumd-SH4™ 121 %107 123%10°

*1: The base value of relative difference is Pentiumd.
*2: The base vakue of relative difference is SH4.
*3: The base value of relative difference is Pertiumd.
o 1.20E-04
§ 1 00E-04 ODedfcated orcuut—SH4
£ B8 Dedicated circuit-Pentium4
S 8.00E-05
[
§ 6.00€-05
o 400605 +
§2OOE—05 e & o & 06 ¢ o O
g ' E 8 s @ g 8 @
000E+00 Lo — bt
1 2 3 4 5 6 71 8 9 10
The number of element

Fig, 11 Comparison of the absotute relative differences.
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The number of element

Fig 12 The relative difference between SH4 and Pentiumd.

Table2 OFEERAH S Divergence BEAELS LthEDOESH SHA L
Pentim¥ & DESFERUA—F—THHI L0 n5. R E
v MNEBYINECSER ISR 23 By B TBFERAS L By b T
HHEHD, 1EIOEEYNCREREICITE LT 2Y BEOADIZL
HEENMBERCSENSD. EHIT Table2 DEERIE Pentiumd DA
BT — 5380 'y hOLIRRE CHAIELEXEDED L,
Divergence BARRSNRC X ARERI1H DEHORERBFEPNINE -
TVWA, ELIZMA < BIFS B/, Figll XV, 10 BBEOERIC
BUTHBREINC L AEL SHA 2 X BIEORRZES S, thomER
DENLDBEFARELR-oTWAHZ LIZER L, KEFCRIET 5.
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HRARERL SHe OEOFRZWMRE, V7 by=T THH
BRBRT I 2 L— R L, Divergence AHE XN E TOFMH
EY SH4 L HABERE THRRLE. BECENELTODR
HizoWT, R L E W Fig 13 10T

Input data
%[ 1J0110001{00110011001100110011010] (-2:235174e-09)

a3 [0fo1110110f01000111101011100001001 } (2.500000-03)
Result: 4% -d3

SH4

[olo1110110{01000111101011011111111 | (2.49999703)

[ofo1110110§01000111101011100000000 | (2.499998e-03)
Fig.13 Input and output data of calculation.

Fig13 /5 SH4 & HAIRAROEROM IEER RN TEY,
FOEIIZPTHBT Lrb, ADITIBBRETH B LH0h5.
HARAR TN TADDT-DEHER 23 vy FO(IZ Guard bit,
Sticky bit #{8F L TV 5. Guard bit & i3{E3ERAHE LT BB
DELDOYy MAEL TR HE Y FTHY, Stckybitid K
SEE~ONYD] EET AT, PRHETH DR A0,
FNETITHEL LIty M2 RbolohEMmRfFL T ¥
v NChB. [EEEI4 GINMEOHRSITIIZO 2 vy Moz,
Guard bit & [ U#% R/ Rond bit A7 5. L7cdioTZZ
TA U2 S L FRRERONLDOIEREN RS T LI
BERTHLOTHD LELHND.

63. GSMAC-FEM B3B3 A0EEE

6. 112 CREE L7 Divergence HARASLAVC, 3RTES
¥ ¥ UF 4 PEAKETREFig 12)% L1 / V23K 100, B4
1.0x10°, EEFRM 203 A58 DAh THERTTRTH] 10(10000 27
7T, ODivergence $AEE - SHA, @Pentiumd D7, @SHA O
HAAEALTETLE. Figldlokd e 3ETHELAERIZEE
REFREERSITINGS X DA CRER S N ALHIC & 285 33
BERIIIIRE B RITER. &BIZ, 100 A7y ETO
HEROLES Table3 (7. SHA O#4 & SH4 L AR TH
BULEBS LR L, SRAERERV-HANL D E< OHAR
MAHD> TG, ZIUTT—HF 73 FRAH-5 TRy s SHA
HLERAERRICT — ¥ Rk T OB A>T LEY, HE
BT BT F A TRV LICEET .

Table.3 Comparison of calculation time
Total calculation time (Poisson eq.)
Dedicated circuit+SH4 5244718 [ms] ( 5044644 [ms] )
Pertiumd 244283 [ms] (235407 [ms])
St 4740039 fms] ( 4539946 [ms])

—a— Dedicated circuit
et Pontiumd
— SHA
05
2
<
>
>
00 i X velocity 0 1
Fig 14 Velocity profile on the center axes.
7. GSMAC-FEM B A ORSE

7.1. Divergence FRIARROD 7 —HHET OV T

GSMACFEM (RHI0AHBIHBA T Y 7 7 £ ADFERITEL
FT7Y br—ia s Thh. I TH Divergence BRSO T—5
BRIV TER L, GSMAC-FEM HAHBMOm#E LI 7R
BERT

Divergence SREBEROBENSEITREINT, 10/ 2L T8IC
Divergence 233N HRIBH R LI THS., OREEIHT
27T B CAMINETR 34 T—% % SHA M AEY A
H— KL, &5iZ Divergence SARBICETUENDHD. HUT
TRF—FEEAY FEEZHPTHECOWTEET S,
Divergence BT SER AN T—F 13 Tabled 173 & 512 2 AT
#£3%. Divergence IIEREN CHASH 20T, HAICEBSHh
TWBF—Fu—F3F3DIUIAT VLTIV F LT 7
AERTHIEITRY, AFSEG. —F, ERCERINTST
—HZONVTHY, I AT ) IR IR TV A, BIETE
BEANTVBEF—¥ L0 o— FTABROARAHUE .

Table.4 The number of data for calculation of divergence.

The mumber of data
Data which defined at a node 4
Data which defined at an element 10

LERoT, Figls iIOrTX51Z, BBICT 7 EATEIERE
BEOF—F R RO A TV IIERL, TUF AT T EAPES
A EROT — ¥ [ZBA LTI, HRE R B2 7o I CPU A%
B2 A VICRET S I LT, BENICF—¥ 5 Mg

I EHHBES.
ot :> ;
Dedicate circuit
of divergence
P :>
CPU

<Element data>
Main memory
<Node data>
Fig 15 Memory for nodes data and elements data.
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GSMACFEM TR D L5175y v a7 A NRT S
Uhr—alThad T, HENEFIRIBSIE-3< (E & Poisson
FEEo v iR LEBVPR< 20, BROICTFRF 7 =—X
DFERRREEAIML T B, LEB->THFRIF 7 =— X0
HEIZOWT b — Ry = 7L 52085 5. &5iC
BEAT v TOTFFT =X, EEFT 2—XFNCNOERS
EERFOICEET A 2 L Ol 7 2 — A0 E AR T AT
EHAERETH B.

P )
. N
vml=v_v¢

Fig 16 GSMAC-FEM using dynamic reconfigurable systern.
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&
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