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Acceleration of Astrophysical Simulations Using a FPGA Board

NAOHITO NAKASATO? and T'SUYOSHI HAMADA®

In astrophysical simulations, GRAPE system has been widely used by many researchers.
However, in the GRAPE systems, its function is completely fixed because a specially devel-
oped LSI is used as a computing engine. Instead of using such LSI, we are developing a
special purpose computing system using Field Programmable Gate Array (FPGA) chips as
a computing engine. Using our developed programming system PGR, we have implemented
computing pipelines for gravity and the Smoothed Particle Hydrodynamics (SPH) method on
our PROGRAPE-3 system. For the first time, we have shown that SPH simulations can be

May 2006

accelerated using our system.
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Fig.1 A schematic view of PROGRAPE-3 system. It
consists of a host PC and the Bioler-3 board.
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/NPIPE 16;
/NVMP 1;

/MEM xj[3] <= x[1[]
/MEM mj <=m[]

/REG xi[3] <= x[1[]
/REG ieps2 <= eps2
/REG sx[3] => a[l[]

: £ix(NPOS) ;
: log(NLOG,NMAN) ;
: £ix(NPOS) ;
: 1log(NLOG,NMAN) ;
: £ix(NACC);

0N OO AW N

[
o ©

/SCALE sx[3] : fscale;

o
N e

pe_fix_addsub(SUB,xi,xj,xij,NPOS,D_FSU);
pg_conv_ftol(xij,dx,NPOS,NLOG,NMAN,D_FTL);
pg_log_shift(1,dx,x2,NLOG) ;

o e e
o v W

pg_log_unsigned_add_itp(x2[0],x2[1],x2y2,NLOG,NMAN,D_LAD,NCUT) ;
pg_log_unsigned_add_itp(x2[2],ieps2,z2e2,NLOG,NMAN,D_LAD,NCUT) ;
pg_log_unsigned_add_itp(x2y2,z2e2,r2, NLOG,NMAN,D_LAD,NCUT);

N R e e
S 0 o~

pg_log_shift(-1,r2,r1,NLOG) ;
pg_log_muldiv(MUL,r2,r1,r3,NLOG,D_LMU) ;
pg_log_muldiv(SDIV,mj,r3,mf,NLOG,D_LMU);
pg-log_muldiv (MUL ,mf ,dx,fx,NLOG,D_LMU) ;
pg_log_expadd(fx,fxs,NEXAD,NLOG,NMAN,D_LMU) ;

NN N NN
[ R I NI R

pg_conv_ltof (fxs,ffx,NLOG,NMAN,NFOR,D_LTF) ;
pg_fix_accum(£ffx,sx,NFOR,NACC,D_FAC) ;

02 000000000 PGDLOOOOOO
Fig.2 PGDL source code example for a gravitational

N
3

pipeline.
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Fig.3 A schematic view of the Bioler-3 board. It has four
FPGA chips for computation and one FPGA chip
for PCI interface.
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Fig.4 The performance of the GRAPE-5 pipeline as a
function of N. The upper squares show the per-
formance with PROGRAPE-3 system. Also, lower
circles show the results with a different FPGA sys-
tem (CRAY XD1).
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Fig.5 Density snapshots at t = 0.15 for the Sod’s shock tube test. The left panel
shows a result with double double precision calculation on the host com-

puter. The center and right panels show results with mantissa bit width of

16-bit, and 8-bit, respectively.
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Fig.6 Obtained performance (in GFLOPS) of SPH first
stage pipelines as a function of N is shown in the
solid line (clock speed at 66.6 MHz) and the dashed

line (133.33 MHz).
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