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Experimental study on technical issues of porting real-use CFD code to FPGA circuit
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With a progress of computer technology, HPC (High Performance Computing) system becomes fast and large.
Without using HPC system, some research activities may be progress. But very large numerical simulation, e.g.
analyzing combustion and turbulence mechanism, should be activated using HPC system. Parallel processing
technology has improved HPC system so long time, but the technology is going to reach the ceiling. So this research
proposes one of the new technologies which progress the performance. In this paper real-used CFD FORTRAN
program is ported to HDL. In the porting process, some technical issues on FPGA based computer will be extracted.

1. [XL®HIC

SEHEAR ORIV, HPC (High Performance Computing)
AT AhEEE. BEREL TS, HPC AT L&A L
HIFEEEIMTZ D DB LA TE CWDDITFEFETH L, 4
b, HPC TRITIULTERVEFES I 2 L—r a3y @lxE
PREECELIRD A J1 = X M) ZWFFeBRss s st 2 = &%
RAREEZ TG, HPC AT AT, WHNKIC & 2B Ea
ToTETNEN, EAHZEAWFNEAFRZE OFIFAHANAEEFT S
1272022510 | H LWFRORENLIEL 725 TN D,

AIFED BHIL, Z O LW R O—> & LTPD FPGA(Field
Programmable Gate Array)FHASOFEHAREM MRS HZ LT
b5, AFE TR, A—S—a B a—F FTERH STV S CFD
@ FORTRAN ~'&1 7' F A % FZEZIZ HDL (Hardware Description
Language) ~EHET 2 HIC, FPGA [RIRELDHRRREE % FEHRII
a2 L 2AMETD,

WFFED 5 (2 F5) | A CHUE % FPGA 45 27 1 (3 ) |
FARRREORBETFNA(4 5) R oxtge L L= CFD 7'm 7' A (5
) IR, 6 FECHIH ST 8 sSOHARR-E oW Tl

/\“60
(1) KEDOFT—H AHH
(2) [l A & 52t
(B) ATV ATV a—T D

(@) IR PR DA v —T = — R
6) VBl NS SRR DT 2 — =
(6) CFD BF42312 . % FORTRAN —7°12 275 D FPGA [EI#A L,
) FATE A B L= — AT 0 75 ADF a—=
(8) ~ 7 1 DM NP

El=A=N
2. 8=

RO HPC VAT M, FHRBEHAROMEARCT 7Y r— 3 v
T 7T APEOERIZEVERMEL TS, —fFlE LTI
TSI (LUT, JAXA EFRS) (21T 5 1960 4EhD
2009 £EF TORRBGERES 2T ADISEZ R, Mt LEEMRE
E[FLOPS] . HElIENTH D, 2009 4 4 ABIEZBIE L
727 JSS” 1%, AFt 140TFLOPS OBFRAE 4R, TOPGEHE T
VUMY AT L 1E 3, 008 HDBEE ) — RITAEr 12,032 =
T EFOWSEREETH DY, X 2 127 IS OMERLE R
9, 7 JSS” TiE, KR SSotEER R R B T Q0 D, R

W OFHERIE A TN o0 DfsiEE R T, K3ITiE, #£ 1
DY I ab—ray 1REIBERLTE) D> X a2 b—3a UfER

DOl AU O G R CHEA TV, ks
FOVEHAERGERE A IE L<HE A D 2 & & B Thor =k X

2 b—a T, JHUS K Y ELATERE Tl Z > TV D EREE A
R L, e~ A% BRI L7ZMEEE LES ~OET /U bDF
RAEEDLZ LA SN TS Y,

8 HITACs020F
[ —

HITACS020

NEC
itsu VPPS00/12

Fuji
mm Fujitsu VPP§00,/7

Fig. 1  “JSS” Configuration
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Fig. 3 Liquid Fuel Primary Breakup

T, 7 JSS” OROMROFEME(LUT, WRIHAEH R &
) TOVR 2 b— 2 VAR E X THD, X 3 OFFIIHER
OFEN A AE OGS EFEA LD Z EDn, kIHRGE
FHECOT I 2 b—y 3 VHIIRD 10~100 {52725 ERET D,
CPU OB ERIEEDS T T HIZ 72> TV D 2 & CPU DF—& A
PEREDS CPU 2 BELY 2 BV BCHIBR XL TN D Z L0,
At CPU BAOPEREM LI £ W WHFCE Az, 51RO
AT L& L TOMREZ A ESWHI2IE, L0250 CPU 2~z
VAT LEREET L LI D EBESND, E1LIZHDH LD
12,7 JSS” TOY I ab— g9 VO, 5, 760 fHD = 7 i
A5t 153TBytes D7 7 A VEHFI L TCND Z &b, WIHRGHEL
HETHY I 2 L—3 3135 J5~50 527 T 1. 5P~15PBytes D
T ANMBAEITOHEIIR D L PRTE D, ORI
B 2T ML, —HOEFR T =7 MERETIUE, Bk
FHEMHAOR A L, EAEL, R CRHOLMEN TR S
Nd, ZIT RIOZHIDV I 2 b—va VOFETREE, OF
D= KT =7 O ERENT RT3 D TN U7
DOEEITAUEETH D, HIRa 7 TOELTRIERIT—HIINT 10%H1]
BThHDHZLEEZDHE, 5,000 2T ZEBZHENWHEHEOIAT
BhERE L CAMNTEL 7V I TH D MBSENEEZN DRI TS
bB, £ T, 5ETOHEM AT MEERT L1382 58 L
WHRAHRE L, A - FIHAREREIC 2037 (e (0E D &
WEITIER A R50) VAT L ADOERNLIE L 22> TD,

CPU LIS DS AT & LTIE, GPGPU ( General Purpose
computation on Graphic Processor Unit) “Cell/B.E.” .
“ClearSpeed” ZEDT 7T L—X h— K& A= O M5
BRZE SAUTUWB DS ABFZE Tl FPGA % FHV V= E1BES 2T L %A
FERIGITT D, LIT, fEHICERE 2185, X412 JAXA DRER
TV g LT OREATT O, BE g, BLRE. T
RINSRD EODT T ir— g L OREAR, AETIE
A, T B EARTOMERIBRZ R LTS, KT ERIC
NES BT 7 r—3 a AT — 2 @R OEIE R E L,
EEIANET DT AV r—a URAE Y T 7 B RAOEIEHK
NI LEERL NG, ENALBET DT ) r—ya dEE
BRINRENZ L ERT, ZO70, K77V r— a ORI
L LU TIEPL & PAITERARAKRENWT U r— 3 2 P2 & P
WEATY T 7B AERBRENT ) r— a2 PRy MU
— BRI RENT SV r—2a ThdD I ENDhDd,

Nk, JINATOT TV r— 3 VBT, BREOREE R
MOEAETITRL . BEMRE. ATV 77 AMHE, HEMEEL
WO REXR Tl A o7 7 r—3 3 UINRIEL TV A EREE CH
DZEWDIND, ZDX T T r— 3 VERIZEWLTL
T—XT I F xRV AT MMESAEE Sz v— R = 7 Tl
BCOT TV r—a VERERFRTEITSE L Z &L TERNE
EZ T TV = a AR o THBEMERE A ) T 7 B A,
TEFMREA PRI C& BN— R = TEEOFEHRTREM: ORI W
BThDHEEX, LV, ZOXHE LTy FT+—
I UCFPGAZ V=3 1R S AT L AAIFFE 5 & L CRRE LT,

%23 EHMERAAZES VRIS L
E2-3
28, X4 OHOMIUETIEZ S AMPL & 1%, Message Passing
LibraryZfli~7- 7 0w ARREFIOTEE, XPFEL, &l iR
W5 — Z W H| S35 TdH D XPFortran % i » 7= W FI4k % |
VisIMPACT & 1%, & il D#E"EJ % Virtual Single Processor
by Integrated Multi-core Parallel Architecture @ Zffi-~7=
WHULFEARL TV D,

High Data transfer intensive
AP3
5 P4
g
. P1L® P5
P2 A
@
Low | CPU intensive Memolry actess|intgnsije
Low Memory access ratio High
. . . Parallelization
Name | Application | Numerical Method
Method
P1 Combustion FDM+Chemistry MPI+VisIMPACT
P2 Aeronautics FW (Structured) MPI+VisIMPACT
P3 Turbulence FDMHFET XPF+VisIMPACT
P4 Plasma PIC MPI+VisIMPACT
P5 Aeronautics | FWM(Unstructured) MPI+VisIMPACT

Fig. 4 JAXA benchmark program and its characteristics
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Fig. 6 Procedure of experimental study
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Fig. 7 Example of P2 result
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Fig. 8 P2 program fluid dynamics flow chart
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Fig. 12 Circuit and timing adjustment

Apart of this area is
shownin Fig. 12.
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Block7,Block8

Fig. 13 Full program level pipeline circuit

Thl. 3 Circuit size

Block i/ % - s Ideal # Actual #
# of FPGAs of FPGAs
1 22 41 0 0 1.8 5.5
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5 32 60 5 1 3.2 9.6
6 238 229 61 0 17.7 53. 1
7 384 380 98 3 29.1 87.5
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Total | 968 1109 | 247 9 78.9 236. 7

Tbl. 4 Circuit size

Operation Logic Cell Usage
+/- 1577. 25
X 2785.5
= 6831
J 6831
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