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A Trial Approach to Accelerated Numerical Solutions of Linear Equations Combined with
Quadruple Precision Floating-point Arithmetic

SENER
Tomonori KOUYA*

Abstract: As current numerical computations applied to various scientific simulations are larger, the number of these

computations which must require more precise floating-point arithmetic over IEEE754 double precision are increasing.

We have already proposed two kinds of accelerated multiple precison numerical storategies based on direct method to

obtain more precise approximation of the linear system of equation to be solved: one is the application of mixed pre-
cision iterative refinement method for well-conditioned linear equations, the other is LU decomposition with Strassen’s
matrix multiplication algorithms to ill-conditioned problems. In this paper, we implemented these two storategies with

Bailey’s qd library and our BNCpack based on MPFR library, and then show that our codes are effective in the different

conditioned linear equations.
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Table 1: qd, MPFR/GMP DR Tt D~ v F < — 7 #5R (H
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dd MPFR(106) qd MPFR(212)
X+y 0.000010 0.000026 0.000159 0.000031
x*y 0.000022 0.000047 0.000290 0.000065
x/y 0.000049 0.000076 0.001190 0.000198
sqrt(x) | 0.000053 0.000127 0.003624 0.000201
exp(x) | 0.001199 0.003397 0.013123 0.004547
log(x) | 0.001278 0.003452 0.043458 0.006378
sin(x) | 0.001172 0.002811 0.013092 0.004040
cos(x) | 0.001180 0.001991 0.013100 0.002930
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n: I
K 256 | 512 | 1024 | 2048 4096
32 027 | 22 | 174 | 1384 | 1124.0
64 025 | 2.0 | 158 | 1249 | 1003.8
96 026 | 1.9 | 14.6 | 114.1 | 905.7
128 027 | 2.0 | 149 | 1141 | 9284
160 028 | 2.0 | 14.1 | 106.3 | 836.6
192 029 | 2.0 | 143 | 1063 | 829.2
224 03 | 21 144 | 1059 | 831.3
256 03 | 22 | 147 | 107.2 | 861.2
288 029 | 22 | 14.6 | 103.5 | 870.3
320 029 | 23 | 148 | 1034 | 914.6
Normal LU | 0.29 | 2.4 | 18.6 | 148.9 | 1249.8
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o n=1024 RICDORE DR K 24.2% D RIS L AT
TEEH, LYV EREOEA L 30%% A 2 B A=
KTE/.

KRB 7z ERE IS X L T ld dd #%0C X % Strassen, Winograd
TAITY)XLFHENEL ZEBRINEEFTR 5.
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DEoRvF~—rfRIY, qd 7477 ViCBWT, FF
I 4 fEHEFE (dd) 1 MPFR/GMP B X W ghdich v, B
EREE RSB EICE VT, Strassen, Winograd DTS 7
AT Y X L%V LU SfRICEWTd, KREBRIE I L
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L Ladis, XHThali_7580, 5 [E 05138 72
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Table 2: R ANERE M IH R % O FHERE (A7 second)(BUIESE O e AMEN ERZE © H AN, FAERIE)(n = 512)

L(bits)

256 (1g(relerr), #Iter.)

512 (Ig(relerr), #lter.)

1024 (1g(relerr), #lter.)

2048 (lg(relerr), #lter.)

double-MPFR
dd-MPFR
MPFR LU

0.76(-73.32, 3)
4.19(-75.59, 1)
6.94(-74.55)

1.29(-152.6,9)
4.43(-151.9, 3)
10.23 (-151.4)

3.95(-306.7, 19)
5.79(-306.7, 8)
21.05(-305.5)

15.18(-615.67, 39)
11.87(-614.40, 18)
48.78(-613.44)

Table 3: dd ¥ X " MPFR/GMP {#Hi#&ic X 2 IEJ5{758& @ HE RN (HAZ ¢ second)

dd MPFR(106 bits)

n Simple | Block | Strassen | Winograd || Simple | Block | Strassen | Winograd
127 0.10 0.11 0.09 0.08 0.22 0.25 0.19 0.19
128 0.11 0.11 0.08 0.08 0.25 0.25 0.18 0.18
129 0.10 0.20 0.09 0.09 0.22 0.28 0.20 0.20
191 0.33 0.36 0.27 0.26 0.76 0.84 0.59 0.59
192 0.35 0.35 0.26 0.26 0.87 0.85 0.57 0.58
193 0.34 0.56 0.27 0.26 0.78 0.91 0.61 0.62
255 0.79 0.84 0.61 0.59 1.85 1.99 1.27 1.29
256 0.95 0.84 0.61 0.59 2.15 2.00 1.23 1.23
257 0.82 1.19 0.61 0.61 1.89 2.14 1.30 1.29
383 2.78 2.80 1.86 1.85 6.71 6.75 4.11 4.06
384 3.06 2.83 1.86 1.81 7.82 6.78 4.05 3.98
385 2.82 3.59 1.87 1.87 6.93 7.05 4.13 4.12
511 6.53 6.66 4.27 433 17.44 15.99 8.35 8.34
512 7.64 6.68 4.23 4.26 19.05 16.06 8.34 8.21
513 6.81 8.01 4.26 4.36 17.30 16.45 8.59 8.42
767 22.35 22.39 13.06 13.20 64.98 54.19 28.33 28.35
768 25.26 22.71 13.21 13.12 64.50 54.32 27.99 28.25
769 22.50 25.29 13.53 13.14 67.51 55.30 28.36 28.33
1023 | 53.43 53.15 30.46 29.83 167.13 | 128.16 56.13 57.01
1024 | 68.31 53.11 30.25 29.48 312.80 | 128.63 55.98 55.39
1025 | 54.69 58.38 30.08 29.65 136.70 | 130.05 57.11 56.49
1535 | 179.77 | 179.33 91.95 90.72 561.01 | 435.31 | 195.30 195.22
1536 | 236.99 | 180.79 91.82 92.99 1017.75 | 436.73 | 191.74 194.03
1537 | 180.84 | 191.22 92.15 91.67 494.37 | 446.05 | 19533 194.86
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