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Performance Evaluation of a Parallel Iterative Method Library using OpenMP

H. KoTtakeEMorIO JST, UNiv. oF TokyoOd H. HASEGAWAO UN1v. OF TSUKUBA[O
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We show the outline of the iterative method library that can be used by combining two
or more iterative methods, preconditioners, and the storage formats. A kernel operation the
iterative methods is a matrix—vector product. The performance of a matrix—vector product

strongly depends on the data storage formats and the computer environments.

Then, we

examine the performance of the parallel matrix—vector products using OpenMP for three
storage formats (CRS, BSR and DIA) on the shared memory parallel computers. As a result,
we found that in some cases we should use an optimal storage format with data conversion.
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int ssi_solve(SSI_MATRIX *A, SSI_SCALAR bl[],
SSI_SCALAR x[], SSI_SCALAR params[],
int options[], SSI_SCALAR status[])
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params [SSI_PARAMS_RESID] = 1.0e-12;

options [SSI_OPTIONS_MAXITER] = 1000;

options [SSI_OPTIONS_SOLVER] = SSI_SOLVER_BICGSTAB;
options [SSI_OPTIONS_PRECON] = SSI_PRECON_TYPE_NONE;
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3.1 CRS (Compressed Row Storage)
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#pragma omp parallel for private(i,j,t)

for(i=0; i<n; i++) {
t = 0.0;
for(j=A.ptr[il;j<A.ptr[i+1];j++)
t += A.value[j] * x[A.index[jl];
ylil = ¢;
}
3.2 BSR (Block Sparse Row)
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#pragma omp parallel for private(i,j,jj,t0,tl1)
for(i=0; i<nr; i++) {
t0 = t1 = 0.0;
for(j=A.bptr[il;j<A.bptr[i+1];j++) {
jj = A.bindex[j];

t0 += A.value[j*4+0] * x[jj*2+0]
t1l += A.value[j*4+1] * x[jj*2+0]
t0 += A.value[j*4+2] * x[jj*2+1];
t1 += A.value[j*4+3] * x[jj*2+1];
}
y[2*i+0] = t0; y[2*i+1] = t1;

}

3.3 DIA (Diagonal Storage)

DIAO 20000 (index, value) DOOOODO
O0nndxnO00000 valueOODO ADCO
gooooooooOnmdO0ODOOOOOOODODDO
O0nnd 00000 indexOOOODOOODOOO
OO0ooooooooooblIADOOOOOOoono
oooooooogoooo

#pragma omp parallel for private(i)
for(i=0; i<m; i++)
y[i]l = 0.0;
#pragma omp parallel for
00 private(i,j,k,is,ie,n1,n2,jj,ii)
for (k=0;k<threads;k++) {

nl = n/threads; n2 = nYthreads;
is = k<n2 7 (ni1+1)*k : nilxk+n2;
ie = k<n2 ? is+nl+l : is+nil;

for(j=0;j<nnd;j++) {
jj = A.index[j];
ii = _max(is,-jj)-_min(ie,n-jj);
for(i=_max(is,-jj);i<_min(ie,n-jj);i++)

y[i] += A.value[nn*k*nnd + j*nn + ii++]
* X[jj+i];
}
}
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06 U000 CRSUOOOOODODDOOODODOOOOOOOOODOO(DOOOO Speed-up).

# of threads 1 2 4 8 16 32
oooag ite.
CG 395 61.46  (1.00) | 30.96  (1.99) 15.60  (3.94) 7.47  (8.22) | 3.83 (16.05) | 2.38  (25.78)
BiCG 395 | 119.18 (1.00) | 60.12  (1.98) | 30.37 (3.92) 15.12  (7.88) | 7.77  (15.33) | 4.92 (24.24)
CGS 287 90.77  (1.00) | 45.82  (1.98) | 22.76  (3.99) 11.33  (8.01) | 5.43 (16.73) | 3.39  (26.79)
BiCGSTAB 254 75.16  (1.00) | 38.07 (1.97) 19.74  (3.81) 8.99 (8.36) | 4.83 (15.57) | 2.93  (25.61)
BiCGSTAB(2) | 256 | 79.40 (1.00) | 42.70  (1.86) | 21.38 (3.71) | 10.00 (7.94) | 5.21 (15.24) | 3.22  (24.68)
GPBiCG 254 95.33  (1.00) | 47.07 (2.03) | 24.10 (3.95) 11.37  (8.39) | 5.68 (16.79) | 3.85  (24.75)
QMR 287 95.39  (1.00) | 47.52  (2.01) | 23.85 (4.00) 11.51 (8.29) | 5.60 (17.03) | 3.53  (27.02)
Orthomin(6) 364 | 101.79  (1.00) | 51.65 (1.97) | 26.45 (3.85) 13.03  (7.81) | 6.30 (16.15) | 3.72  (27.36)
07 0000000 1,000000000 (0)(00000 Speed-up).
# of threads 1 2 4 8 16 32
CRS 149.50 (1.00) 74.96 (1.99) 37.43 (3.99) 18.76 (7.97) 9.51 (15.72) 4.97 (30.07)
BSR_31 85.60 (1.00) | 43.25 (1.98) | 21.53 (3.97) | 10.92 (7.84) | 5.63  (15.20) | 4.87  (17.58)
DIA 178.50 (1.00) 89.19 (2.00) 44.34 (4.03) 16.40 (10.88) 4.72 (37.84) 2.81 (63.51)
08 CRSUDUDUOOOOOODDD (00O )OOOODODOOOOOOO Nep).

# of threads 1 2 4 8 16 32

BSR.31 3370.8  (53) | 1720.3  (55) | 1073.5  (68) | 478.6  (61) | 303.8  (79) | 439.2  (4306)

DIA 907.4 =) 485.6 =) 270.3 =) | 178.0  (76) | 165.7  (35) | 178.8 (83)
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