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Fast Quad Precision Iterative Solver Library Lis using SSE2

HisAasHI KOTAKEMORI , AKIHIRO FuJil , HIDEHIKO HASEGAWA
and AKIRA NISHIDA

The convergence of Krylov subspace methods, include CG method etc., is much influenced
by the rounding errors. The high precision operation is effective for the improvement of
convergence, however the arithmetic operations are costly. We implemented the quadruple
precision operations for itaretive solver library Lis, and we accelated by using the Intel SSE2
instruction. We assumed the vector in the iterative method to be quadruple precision. Be-
cause the quadruple precision operations can be used by the same interface as current version
of Lis. The caluculation time of our implemented quadruple operation is almost 4.5 times
form that of the current Lis double precision operations.
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t = 134217729.0 * a
h=t-(t-a
l=a-h}’
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TWO_PROD(a,b) {
p=ax*xb
SPLIT(a,ah,al)
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050 ADD0 400000 ea=b4+c00000000
0 Oa=(a.hi,a.lo),b=(b.hi,b.]o),c=(c.hi,c.lo) DO OO
ADD(a,b,c) {
TWO_SUM(b.hi,c.hi,sh,eh)
TWO_SUM(b.lo,c.1l0,sl,el)

eh = eh + sl
FAST_TWO_SUM(sh,eh,sh,eh)
eh = eh + el

FAST_TWO_SUM(sh,eh,a.hi,a.l0) }
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MUL(a,b,c) {
TWO_PROD(b.hi,c.hi,pl,p2)
p2 = p2 + (b.hi * c.lo)
p2 = p2 + (b.lo * c.hi)
FAST_TWO_SUM(p1,p2,a.hi,a.lo) }
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p2 = p2 + (b.hi * c.lo)
p2 = p2 + (b.lo * c.hi)
FAST_TWO_SUM(p1,p2,p1,p2)
TWO_SUM(a.hi,pl,sh,eh)
TWO_SUM(a.lo,p2,sl,el)
eh = eh + sl
FAST_TWO_SUM(sh,eh, sh,eh)
eh = eh + el
FAST_TWO_SUM(sh,eh,a.hi,a.1lo) }
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O80 axpy_fma2 0 40000 y=y+aex U000

ooo
axpy_fma2(a,x,y) {
for(i=0;i<n-1;i+=2)
FMA2_SSE2(a,&x[i],&y[il);
if(i!=n) FMA_SSE2(a,x[i],y[il); }

090 dot_fma2 0 40000 dot =2y 000000
dot_fma2(x,y,dot) {
for(i=0;i<n-1;i+=2)
FMA2_SSE2 (tmp,&x[i],&y[i]1);
ADD_SSE2(dot ,tmp [0] ,tmp[1]);
if(i!=n) FMA_SSE2(dot,x[i],y[il); }

0100 matvec_fma2 000000 y=Az000000
matvec_fma2(A,x,y) {
for(i=0;i<n;i++) {
t[0] = t[1] = 0O;
for(j=A.ptr[il;j<A.ptr[i+1]-1;j+=2) {
xx[0] = x[A.index[jl];
xx[1] = x[A.index[j+11];
FMAD2_SSE2(t,xx,&A.value[jl1); }
ADD_SSE2(t,t[0],t[1]1);
for(;j<A.ptr[i+1];j++)
FMAD_SSE2(t,x[A.index[j]1],A.valuel[jl);
y[i]l = t[0]; } }
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Table 4 Evaluation platforms.
CPU Xeon Opteron
Clock 2.8GHz 2.0GHz

L1D Cache 8KB 64KB

L2 Cache 512KB 1MB

Memory 1GB 1GB

oS Linux Linux
2.4.20smp 2.6.4smp
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Fig.1 Execution time (Sec.) of 50 BiCG iterations for
matrix Al on Xeon.
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Table 5 Execution time (Sec.) of 50 BiCG iterations for matrix Al on Xeon.
oo ooo FORTRAN FMA FMA_SSE2 FMA2_SSE2
100 | 0.00034 0.02141 0.00646 0.00492 0.00312
1,000 | 0.00279 0.20786 0.06356 0.04818 0.03032
10,000 | 0.05717 2.01729 0.66783 0.52825 0.33641
100,000 | 0.82734 20.09851 6.81664 5.29807 3.46160
1,000,000 | 8.44022 199.23818 | 68.93871 | 53.41777 34.91778
oo 1.86557 44.31665 | 15.29864 | 11.85944 7.74985

06 XeonOO A10000 BiCGUO 500000000000000FORTRANDO

FMAOOOOOOOOOOO0O0O.

Table 6 Relative performance to execution time of double precision, FORTRAN
and FMA of 50 BiCG iterations for matrix Al on Xeon.

ooo FORTRAN FMA
oo FORTRAN FMA FMA_SSE2 FMA2_SSE2 FMA FMA_SSE2 FMA2_SSE2 FMA_SSE2 FMA2_SSE2
100 0.02  0.05 0.07 0.11 | 3.32 4.36 6.86 1.31 2.07
1,000 0.01  0.04 0.06 0.09 | 3.27 4.31 6.86 1.32 2.10
10,000 0.03  0.09 0.11 0.17 | 3.02 3.82 6.00 1.26 1.99
100,000 0.04 0.12 0.16 0.24 | 2.95 3.79 5.81 1.29 1.97
1,000,000 0.04 0.12 0.16 0.24 2.89 3.73 5.71 1.29 1.97
oo 0.03 0.09 0.11 0.17 3.09 4.00 6.24 1.29 2.02
07 Opteron00 A1 0000 BiCGODO 500000000000000000.
Table 7 Execution time (Sec.) of 50 BiCG iterations for matrix Al on Opteron.
oo ooo FORTRAN FMA FMA_SSE2 FMA2_SSE2
100 | 0.00037 0.00826 0.00669 0.00457 0.00316
1,000 | 0.00357 0.08037 0.06687 0.04561 0.03171
10,000 | 0.04402 0.78882 0.68794 0.47166 0.33072
100,000 | 0.67599 7.95484 7.03384 4.84892 3.47609
1,000,000 | 7.19525 79.85377 | 70.19153 | 48.42959 34.90340
oo 1.58384 17.73721 | 15.59738 | 10.76007 7.74901
08 Opteron 00 A1 0000 BiCG OO 500000000000000FORTRANO
FMAOOOODDDDDODODOO.
Table 8 Relative performance to execution time of double precision, FORTRAN
and FMA of 50 BiCG iterations for matrix Al on Opteron.
ooo FORTRAN FMA
oo FORTRAN FMA FMA_SSE2 FMA2_SSE2 FMA FMA_SSE2 FMA2_SSE2 FMA_SSE2 FMA2_SSE2
100 0.05  0.06 0.08 0.12 | 1.23 1.81 2.61 1.47 2.12
1,000 0.04 0.05 0.08 0.11 | 1.20 1.76 2.53 1.47 2.11
10,000 0.06  0.06 0.09 0.13 | 1.15 1.67 2.39 1.46 2.08
100,000 0.08 0.10 0.14 0.19 1.13 1.64 2.29 1.45 2.02
1,000,000 0.09 0.10 0.15 0.21 | 1.14 1.65 2.29 1.45 2.01
oo 0.06  0.07 0.11 0.15 | 1.17 1.71 2.42 1.46 2.07
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Table 9 Result of BiCG method when size of matrix A2 is 100,000 on Xeon.

ogoo FORTRAN FMA2_SSE2

vy gooo oooo oo gooo gooo ooo oooo goooo oo

1.0 0.78266 58 1.84E-10 18.60900 58 1.84E-10 3.78737 58 1.84E-10

1.1 0.94361 70 2.23E-10 22.70676 70 2.23E-10 4.58301 70 2.23E-10

1.2 1.17442 86 3.03E-10 27.97903 86 3.03E-10 5.61647 86 3.03E-10

1.3 - — — 36.25341 113 2.47E-10 7.40245 113 2.47E-10
1.4 - - — 70.18287 155 2.85E-10 10.11311 155 2.85E-10
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Fig.2 Residual history (v = 1.3).
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