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Fine Grain Parallel Implementation of Sparse Matrix Algorithms
on Hardware Distributed Shared Memory Architectures

AKIRA NISHIDA, AKIRA NUKADA t and YOSHIO OYANAGIt

In this study, we target a commodity NUMA computing environment which enables users
to realize high performance scalable scientific computing without thinking the details of its ar-
chitecture. As a preliminary evaluation, we discuss in this paper the implementation of sparse
matrix algorithms and its optimization on Linux environment implemented on an NEC Ita-
nium based ccNUMA server. The comparative study with SGI Origin 2000 shows that we
have to be aware of sustained memory bandwidth to construct high performance commodity

NUMA environments.
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!$0MP PARALLEL
do j=1, innerreps
1$0MP DO
do i=1,omp_get_num_threads()
call delay(delaylength)
end do
!$0MP END DO
end do
!$0MP END PARALLEL

'$0MP PARALLEL

do j=1, innerreps/omp_get_num_threads()

!$0MP CRITICAL
call delay(delaylength)



1$0MP END CRITICAL
end do
1$0MP END PARALLEL

® X 51z, PARALLEL directive 231 T & %[04 D
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1$0MP PARALLEL
do j=1, innerreps
!$0MP DO SCHEDULE (schedtype,chunksize)

do i=1,itersperthr*omp_get_num_threads()

call delay(delaylength)
end do
end do
!$0MP END PARALLEL
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Function | Serial Parallel | Serial Parallel
zaxpy 259.1 138.7 334.0 328.2
zdotc 118.1 21.6 285.2 278.7
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zgemv 113.2 52.2 147.0 206.5
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#include <sys/types.h>

#include <unistd.h>

#include <stdlib.h>

#include <stdio.h>

#include ‘‘/opt/intel/compiler60/ia64/
include/omp.h’’

#include ¢‘/usr/local/include/kit.h’’

void pin_cpu_() {
int i;
pid_t *pid;
unsigned long mask=1;
pid = (pid_t *)malloc(omp_get_max_threads()
xsizeof (pid_t));
#pragma omp parallel
{
pidlomp_get_thread_num()] = getpid();
}
kit_open();
for (i=0; i<omp_get_max_threads(); i++) {
if (kit_set_cpumask(pid[i],mask)!=0) {
printf (¢ ‘kit_set_cpumask faild for
thread:%d\n’’,1i);
}
mask <<= 1;
}
}

11 A subroutine to implement processor affinity.
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% 2 STREAM benchmark types

Benchmark  Operation Bytes per iteration
Copy ali] = bl[i] 16
Scale ali] = q * bli] 16
Add ali] = b[i] + c[i] 24
Triad alil = bli] + q *c[i] 24
RETRT.
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13 STREAM benchmark performance (MB/s) with ar-
ray size 20,000,000 on NEC AzusA (without memory
affinity).
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14 STREAM benchmark performance (MB/s) with ar-
ray size 20,000,000 on NEC AzusA (with memory
affinity).
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array size 80,000,000 on SGI Origin 2000.
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