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The Software Distributed Shared Memory System
by Using the Access Pattern Analysis of Applications

HIROYA MATSUBAt and YUTAKA ISHIKAWAT

This paper proposes a new software distributed shared memory system called FDSM. FDSM
analyzes the access pattern of the application at the first iteration of a loop and obtains the
communication set. This communication set is used in the rest of the iterations and this
results in the elimination of the overhead to keep the coherency of the shared memory. A
single-byte granularity is required to get the precise communication set. The instruction
emulation method is introduced to achieve this granularity. FDSM is evaluated by using the
benchmark applications: Himeno Benchmarks and CG in the NAS Parallel Benchmarks. This
shows that FDSM is 36% and 38% faster than another software distributed shared memory
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called SCASH, respectively.
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/% SMUDIN—THNTT 72 AN —E—E */
for (i = 0; i < IMAX; i++) {
#pragma omp for
for (j=1; j<=lastcol-firstcol+l; j++){
z[j1 = z[j] + alpha*p[j];
r[jl = r[jl - alpha*q[j]l;
}
}

01 OpenMP ODOOO
Fig.1 OpenMP source.

/% SMUDIN—THNTT IEANY —E—E */
for (i = 0; i < IMAX; i++) {
{
auto int j_41;
auto int j_42;
auto int j_43;
(j_4a=(1);
(j_42)=((((*__G_lastcol)-
(x__G_firstcol))+(1))+(1));
(j_43)=(1);
_ompc_default_sched(&j_41,&j_42,&j_43);
for ((§)=(3_41);(3)<(5_42); (1) +=(3_43)){
x((2)+(3)N)=((x((2)+(§I N+
((*__G__L_alpha_4)*(x((p)+(3)))));
U+ (EN =)+~
((*__G__L_alpha_4)*(x((q)+(j)))));

}
_ompc_barrier();

} /* end i loop */

02 0000000
Fig.2 Converted OpenMP program.
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Table 2 Specification of the PC cluster.
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Fig.3 Bandwidth.
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Table 5 Overhead in Himeno Benchmark.
1,000 O | # of PE 1 2 4 8
Total 310.4 (sec) | 179.39 (sec) 98.49 (sec) 68.35 (sec)
oooooog ooooo - 8.53 (4.75%) 4.44 (4.51%) 2.59 (3.79%)
goooog | - 1.27 (0.71%) 1.12 (1.14%) 1.3 (1.9%)
ooooo oo - 163.57 (91.18%) | 80.84 (82.08%) | 51.5 (75.35%)
oo - 6.03 (3.36%) 12.1 (12.28%) 12.96 (18.96%)
100 O Total 30.93 (sec) | 26.29 (sec) 15.07 (sec) 10.39 (sec)
ooooooo ooooo - 8.58 (32.63%) 4.46 (29.59%) 2.61 (25.1%)
goooog | - 1.26 (4.81%) 1.12 (7.41%) 1.29 (12.46%)
ooooo oo - 15.7 (59.72%) 8.22 (54.57%) 5.11 (49.15%)
oo - 0.75 (2.84%) 1.27 (8.43%) 1.38 (13.3%)
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Table 6 Results of Himeno Benchmark.

(MFLOPS)
1 2 4 8
FDSMO 1,000 0O 441.7 764.3 1392 2005
SCASHO 1,000 OO 441.7 577.2 1023 1647
MPIO 1,000 OO 441.7 | 942.2 1760 3040
FDSMO 100 OO 441.5 521.5 910.0 1319
SCASHO 100 OO 441.5 522.7 | 848.9 1298
MPIO 100 OO 441.5 942.3 1759 3038
8| — Fpem
------ SCASH
— — MPI °

1 2 4 8
# of PE

04 0OO0OD0OOOOOOODOOO1L,00000
Fig.4 Speedup of Himeno Benchmark (1,000 iterations).
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Table 7 Overhead in CG.

Oct. 2004

# of PE 1 2 4 8
Total 798.4 (sec) | 425.6 (sec) 233.0 (sec) 140.2 (sec)
0000000 | ooooo - 3.208 (0.75%) | 1.948 (0.84%) | 0.937 (0.67%)
oooooo | - 2.772 (0.65%) | 2.652 (1.13%) | 3.103 (2.21%)
ooooo oo - 405.4 (95.3%) | 204.7 (87.8%) | 102.8 (73.3%)
oo - 14.22 (3.34%) | 23.70 (10.2%) | 33.36 (23.8%)
8 08 CcGOOO
______ g]g;PSIIH Table 8 Results of CG.
S . (Mop/s)
. - 1 2 4 8
é _ . FDSM 68.38 128.51 234.72 389.86
g _ SCASH 68.38 114.72 195.68 281.72
D, s MPI 73.91 290.25 480.12 948.23
2 15 FDSM ) /®

# of PE
0565 ODOO0O0O0OO0O0O0O0O0OOO10000
Fig.5 Speedup of Himeno Benchmark (100 iterations).
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Table 9 Cache miss ratio on CG.

oooooo ooo oooooo ooo
0 %0 0 %0
SerialJ C OO0 25.6 Seriall FortranO 25.8
FDSM 2CPU 26.63 MPI 2CPU 2.86
FDSM 4CPU 25.82 MPI 4CPU 3.09
FDSM 8CPU 24.86 MPI 8CPU 1.16

010 000000000 L1000

Table 10 Number of L1 miss on Himeno Benchmark.

0oooooo 000 000000 | 00O
(x10%) (x10%)

Serial0C OO0 | 41.13

FDSM 2CPU 31.33 MPI 2CPU | 5.109

FDSM 4CPU 16.40 MPI 4CPU | 2.534

FDSM 8CPU 7.488 MPI 8CPU | 2.093
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