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Performance Evaluation of Programs to Calculate Gauss Quadrature Rules

by Using Parallelized Classsical Error Estimation

Tomonor1 Kouyat

Gauss quadrature rules are defined by the corresponding orthogonal polynomials and its abscissas are the
zero points of these polynomials. The zero points must be accurate because their accuracy affects one of
the definite integrals computed by the Gauss quadrature rules. Two methods to obtain the abscissas have
been proposed in the 1960°s. One is proposed by Yamashita, based on the Newton method and multiple
precision arithmetic. The other is proposed by Golub and Welsch, based on the eigenvalue problem of real
symmetric matrix. In this paper, we apply the so-called “classical error estimation” to the two methods, and
demonstrate that our proposed method can obtain the abscissas with the user-required precision. Finally, we

evaluate the performance of two methods by using the parallelized classical error estimation.
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Table I Legendre, Laguerre and Hermite Orthogonal Polynomials

Name p-1(x) | po(x) aj; b; cj w(x) a b Type of T
Legendre 0 I 2j-0/j 0 G-D/j 1 -1 1 Unsymmetric
Laguerre 0 1 -1/ Q2i-D/j | G=1j exp(~x) 0 +00 Symmetric
Hermite 0 1 2 0 2j-2 exp(-x%) | —o0 | +oo | Unsymmetric
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Table 2 Maximum and Mimimum values of Abscissas

x2 JROEK

fiti & M

Gauss-Legendre Gauss-Laguerre Gauss-Hermite
N Maximun Minimum Maximun Minimum Maximun Minimum
128 +9.99824887% — 1 +1.222369896e -2 | 4.846155439e +2 | 1.125138826e~2 | +1.529181976e+1 | +9.798382195e~2
256 +9.999560500¢ — 1 +6.123912375e —3 | 9.888402671e +2 | 5.636640244e -3 | +2.199169337e+ 1 | +6.935239452¢ -2
512 +9.999889909¢ — 1 | +3.064962185¢—3 | 2.003068830c+3 | 2.82106716%9¢ -3 | +3.143011738e+1 | *4.906344183e~-2
1024 | £9.999972450e — 1 +1.533231356e —3 | 4.038778564e +3 1.411221668e —3 | +4.474456851¢ + 1 +3.470155326e -2
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Table 3 Verification of Gauss Quadrature Rule (log,,(Relative Error)): Yamashita Method

Gauss-Legendre Gauss-Laguerre Gauss-Hermite
N U=50 100 1000 2000 50 100 1000 2000 50 100 1000 2000
128 -50.4 ~99.8 ~610.6 —610.6 =51.1 —-101.6 | —-1000.8 | -2001.1 | ~52.2 | -100.9 | =329.9 | =329.9
256 -50.8 -100.4 | -1001.5 | —1374.1 =511 -102.0 | -1000.6 | -2001.5 | -50.8 | -101.4 | =736.7 | =736.7
512 -50.7 -100.8 | -1002.6 | —19999 | -512 | ~101.5 | ~1001.8 | —2001.6
1024 -50.7 -100.6 | —-1000.1 | -2000.3 | -51.6 | —102.3 | -1001.1 -2001.4
&4 Gauss MR DRKORRIL (log,o(# I131147): Golub & Welsch D)5k
Table 4 Verification of Gauss Quadrature Rule (log,o(Relative Error)): Golub & Welsch method
Gauss-Legendre Gauss-Laguerre Gauss-Hermite
N U =50 100 1000 2000 50 100 1000 2000 50 100 1000 2000
128 -52.0 -102.5 —610.6 —610.6 -50.6 | —-101.2 | -1001.0 | -2001.3 | -50.4 | -101.3 -329.9 -329.9
256 -52.0 -1014 | -1001.2 | ~1374. ~51.1 -101.5 | -1001.1 { -2000.6 | -50.7 | —100.8 ~736.7 =736.7
512 -51.7 -101.7 | -~1002.2 | -2002.6 | -S1.5 | -101.8 | —1000.7 | —2001.3 | -50.5 | —101.1 —1000.6 | -1627.4
1024 -51.9 ~101.7 | -1002.0 | -2001.8 | -51.0 | —101.2 | -1001.1 -2001.6 § —50.3 | —101.3 | -1000.5 | -2000.6
Legendre. 128 deg, Yamashita Legendre, 1024 deg, Yamashita
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Fig.1 Computational Times and Parallel Efficiencies for 128th(left) and 1024th(right) degree Legen-

dre Orthogonal Polynomials: Yamashita method(uppper), Golub & Welsch method(lower)

systems. SIAM, 2001.

6) EEIEX, BREFANE. BEFE RS, 7 Hik,
1985.

7) Tomonori Kouya. BNCpack. http://na-inet.
jp/na/bne/.

8) MPFR Project. The MPFR library. http://www.
mpfr.org/.

9) IWIFE—ER. Gauss DHEED ARDT L ER

—24

DPRGE. TEERILIE, Vol.5, pp. 206-215, 1964.

10) ILTNE—BR, E/THt. Hermite-gauss DEEFE
DRRDOTREEBRORE. BRI, Vol.5, pp.
266-270, 1965.

11) W FE—ER, (EMT#th. Laguerre-gauss DB
DREDTREEROWRE. HRNE, Vol.4, pp.
216-220, 1965.





