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A proposal of mixture type iterative method
of double precision and quadruple precision

HisasHi KOTAKEMORI , AKIHIRO FuJit , HIDEHIKO HASEGAWA
and AKIRA NISHIDA

The convergence of Krylov subspace methods, including CG method etc., is much influ-
enced 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 accelated by using the Intel SSE2
instruction. The caluculation time of our implemented quadruple operation is almost 4.5
times as long as of the current Lis double precision operations. In this paper, we propose
the mixture type iterative method of double precision and quadruple precision that efficiently
uses the quadruple precision operations in order to reduce the calculation time. The proposed
method is shown to dramatically reduce calculation times than the iterative method of the
quadruple precision operations by numerical experiments. We also showed that the proposed
method might be faster than the double precision iterative method in the MPI environment.
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typedef struct {
double hi;
double 1lo;

} LIS_QDOUBLE;

int lis_initialize(int argc, char* argv[]) {

MPI_Type_contiguous( 2, MPI_DOUBLE,
&LIS_MPI_QDOUBLE ) ;

MPI_Type_commit ( &LIS_MPI_QDOUBLE );

MPI_Op_create((MPI_User_function *)
lis_mpi_gsum, LIS_TRUE, &LIS_MPI_QSUM);

}

void 1is_mpi_qsum(LIS_QDOUBLE *xinvec,
LIS_QDOUBLE *inoutvec, int *len,
MPI_Datatype *datatype) {

for(i=0;i<*len;i++)
ADD (inoutvec[i] ,inoutvec[i],invec[i]);
}
01 40000000000.

Fig.1 Code of summation for quadruple precision.
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Fig.2 Algorithm for SWITCH.
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Fig.3 Algorithm for PERIODIC.
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Table 1 Evaluation platforms.
Machine PC Cluster
CPU Xeon
Clock 2.8GHz
L1D Cache 8KB
L2 Cache 512KB
Memory 1GB
Network Gigabit Ethernet
(O] Linux
Compiler Intel C/C++7.0
Options -03
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method for Toeplitz matrix.
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Table 2 Convergence of BiCG and BiCGSTAB methods for Toeplitz matrix.

BiCG BiCGSTAB
iter. iter.
total (double) sec. ||b — Az|| total (double) sec. [1b — Ax||
QUAD 113 6.60 2.47E-10 95 6.61 1.80E-10
SWITCH 0O e=10""Y 95 (74) 2.33 2.53E-10 73 (63) 1.71 1.71E-10
e=10"10 95 (86)  1.82 2.51E-10 82 (76)  1.63 1.06E-10
e=10"11 103 (100)  1.67 9.34E-11 102 (100) 1.78 3.01E-10
PERIODIC num = 1 - 172 (154) 3.90 2.71E-10
num = 2 - 126 (100) 3.47 2.96E-10
num = 3 - 114 (78) 3.82 2.35E-10
num = 4 - 113 (66) 4.35 2.54E-10
num = 5 107 (52) 3.98 3.16E-10 105 (50) 4.66 1.72E-10
0 3 ToeplitzJOON =10°0~ =1.400000 BiCG 00 BiCGSTABOOOOO.
Table 3 Convergence of BiCG and BiCGSTAB methods for Toeplitz matrix.
BiCG BiCGSTAB
iter. iter.
total (double) sec. [|b — Az|| total (double) sec. |[|b — Az||
QUAD 155 8.77 2.85E-10 135 9.40 2.69E-10
SWITCH e=10"% 115 (83) 3.06 3.04E-10 89 (66) 2.67 2.45E-10
e=10"9 - 103 (93)  2.20 1.23E-10
e=10"10 - 120 (115) 2.18 3.00E-10
e=10"11 - 124 (122)  2.09 1.92E-10
PERIODIC num = 3 - -
num = 4 — —
num = 5 - 175 (85)  7.79 2.09E-10
04 00 airfoil2d J0O00O0 BiCG OO BIiCGSTABUUOOOO.
Table 4 Convergence of BiCG and BiCGSTAB methods for airfoil_2d matrix.
BiCG BiCGSTAB
iter. iter.
total (double) sec. [|b — Ax|| total (double) sec. |[|b — Az||
DOUBLE 4567 (4567) 18.64 3.25E-08 3410 (3410) 12.82 3.51E-08
QUAD 3838 69.39 5.36E-10 2835 58.07 4.42E-10
SWITCH e=10"10 4402 (4091) 24.25 3.15E-10 3488 (3060) 21.58 4.28E-10
e=10"11 4331 (4176) 21.66 3.13E-10 3405 (3150) 18.46 4.42E-10
e=10"12 4709 (4567) 22.87 3.56E-10 3504 (3410) 15.98 3.96E-10
PERIODIC inter = 40 4567 (4452) 21.81 3.11E-08 3324 (3240) 15.21 3.44E-08
inter = 50 4093 (4011) 21.91 3.10E-08 3036 (2975) 13.63 3.37E-08
inter = 60 4260 (4189) 22.17 3.05E-08 3772 (3709) 16.64 3.76E-08
05 00 wang3 0OODO BiCG OO BICGSTABOOODOO.
Table 5 Convergence of BiCG and BiCGSTAB methods for wang3 matrix.
BiCG BiCGSTAB
iter. iter.
total (double) sec. [|b — Ax|| total (double) sec. |[|b — Ax||
DOUBLE 476 (476) 2.03 3.52E-10 234 (234) 0.98 2.26E-10
QUAD 372 7.31 1.49E-10 228 5.25 1.44E-10
SWITCH e=10"1! 459 (444)  2.42 9.22E-11 229 (226)  1.15 1.45E-10
e=10"12 479 (476)  2.32 1.46E-10 235 (234) 113 1.38E-10
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Table 6 Convergence of BiCG and BICGSTAB methods for language matrix.

BiCG BiCGSTAB
iter. iter.
total (double) sec. [|b — Ax|| total (double) sec. |[|b — Az||
DOUBLE 39 (39) 3.42 2.96E-09 32 (32) 2.86 2.54E-09
QUAD 36 10.53 4.25E-11 29 9.52 1.99E-10
SWITCH e=10"1! 37 (35) 4.07  4.20E-10 34 (31) 411 3.81E-10
e=10"12 40 (39) 418  4.47E-10 34 (32) 3.89  3.34E-10
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Table 7 Convergence of double precision BiCG and BiCGSTAB methods for airfoil_2d matrix.

BiCG BiCGSTAB
tol iterations sec. ||b— Az|| | iterations sec. ||b— Az||
10712 | 4567 18.64  3.25E-08 | 3410 12.82 3.51E-08
1071 | 4897 20.02  3.28E-08 | 3779 14.30  3.58E-08

0 8 DOUBLE 0O QUAD 000000 Toeplitz 000BICG OO 100 0000

Table 8 Parallel performance of DOUBLE and QUAD (Toeplitz matrix, 100

iterations for BiCG method).

PE 1 2 4 8

sec. sec. speed-up | sec. speed-up | sec. speed-up
DOUBLE 1.31 | 0.74 1.78 | 0.46 2.84 | 0.30 4.41
QUAD 5.77 | 2.92 1.97 | 1.50 3.83 | 0.91 6.36
ratiod QUAD/DOUBLED | 4.39 | 3.95 3.25 3.04

o9 TOEplitZDDDN:lOSD’y: 1.300000 BiCG OO BIiCGSTABOOOOO
00000 BiCGOD OO BiCGSTABOO
Table 9 Parallel performance of BiCG(up) and BiCGSTAB(bottom) methods for

Toeplitz matrix.

PE 1 2 4 8

iter. sec. iter. sec. iter. sec. iter. sec.

QUAD 113 6.60 | 113 3.30 | 113 1.70 | 113 1.00
SWITCH e=10"1'" | 103 1.67 | 103 0.97 | 103 0.48 | 103 0.33
PERIODIC num = 4 - 113 1.95 | 114 1.04 | 113 0.63
QUAD 95 6.61 98  3.50 96 1.76 95 1.05
SWITCH e=10"10 82 1.63 91  1.00 84 0.50 82 0.39
PERIODIC num = 3 114 3.82 | 121 2.13 | 103 0.94 99  0.62
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Table 10 Parallel performance of BiCG(up) and BiCGSTAB(bottom) methods
for airfoil_2d matrix.

PE 1 2 4 8

iter. sec. iter. sec. iter. sec. iter. sec.
DOUBLE 4567 18.64 4398 10.81 | 4572 7.07 | 4399 5.70
QUAD 3838 69.39 3839 36.30 | 3839 19.62 | 3837 12.08
SWITCH e=10"12 | 4709 22.87 5029 17.47 | 4985 9.44 | 5039 7.72
PERIODIC inter = 60 | 4260 22.17 4090 11.09 | 4361 7.20 | 4092 5.45
DOUBLE 3410 12.82 | break 3612 6.60 | 3330 6.55
QUAD 2835 58.07 2643 29.20 | 3016 18.62 | 2998 12.78
SWITCH e=10"10 | 3488 21.58 | break 3928 9.98 | 3222 6.74
PERIODIC inter = 40 | 3324 15.21 3054 8.87 | 3607 7.20 | 3025 6.18




