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Numerical integration method by variable transformation by

polynomial functions
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Abstract:

Euler-Maclaurin’s formula can be regarded as an error evaluation between the integral and the value cal-
culated using the trapezoidal rule. This error evaluation formula includes the differential coefficient of the
integrand at both ends of the integration interval. If the function value or derivative of the integrand can be
zero at both ends of the integration interval It can be expected that the integral can be calculated accurately
by the trapezoidal rule. Numerical integration formulas that use this property include the DE formula and
the IMT formula. These formulas use change of variables using transcendental functions.

In this paper, we proposed that variable transformation is performed using polynomials and numerical inte-
gration is performed, and its effectiveness was investigated. We also used this method to calculate Kahaner’s
problems and investigate these performance and properties.
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1: void setcof( const int n, const int m )

L7z E hs) BLTQ

2: {

3: taylor x, fd, f, fdl, fr, f1, ft ;
4. double one=1, zero=0, half=0.5 ;
5: double Q, s, t, h ;

6: //

7: n0 = n ;

8: nl =m ;
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9: x = taylor( zero, zero, one ) ;
10: fd = gr( x ) ;

11: for( int i=0 ; i<=nl1 ; i++ )
12: {

13: fd[i] = £d[i]/(i+n0+1) ;
14:

15: = fd(one) ;

16: s=1.0/Q;

17: fd *= s ;

18: np = fd.cur_deg ;

19: aa = s ;

20: cof = fd ;

21: }

22: double h( const double x )

23: {

24 : double ret ;

25: ret = 0.0 ;

26: for( int i=n1 ; i>=0 ; i-—- )
27: {

28: ret = ret * x + cof[i] ;
29: }

30: ret *= pow(x,n0+1) ;

31: return ret ;

32: }
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33: template< typename T>

34: T g( const T& x )

35: {
36: T r = pow(T(1.0)-x,nl1 ) ;
37: return r ;
38: }
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No. Integral N PL N DE
1 ) e*dz 62 | 2.0e-15 | 33 | 3.6e-13
3 JV/(@)da 62 | 6.7e-16 | 33 | 9.7e-14
4 fil 0.92 cosh z — cos zdx 62 1.3e-15 67 1.8e-13
5 S o 126 | 7.8¢-15 | 65 | 9.7e-13
6 [ xy/(z)dzx 62 | 6.1e-16 | 33 | 9.7e-14
7 s \/tx) dx 30 | 1.6e-07 | 39 | 1.8e-11
8 Jy Fde 62 | 2.3e-10 | 65 | 1.le-12
9 Jo s de 1022 | 7.0e-14 | 519 | 2.1e-12
10 Jy dw 62 | 1.4e-15 | 33 | 1.5e-13
11 Jy Fgde 62 | 5.0e-16 | 33 | 7.de-14
12 J) =iyda 62 | 8.9¢-16 | 33 | 1.5e-13
13 [, SnBAL0n) gy 1022 | 2.0e-16 | 451 | 9.5e-13
14 % /50 exp(—50 x 3.1415922)dx 254 | 1.9e-10 | 279 | 9.le-14
15 025 exp(—25z) d 126 | 4.9e-10 | 141 | 9.3e-14
16 Jo" st 4o 254 | 1.0e-12 | 141 | 2.9e-14
17 S on (5omB022) )2 5 50da 1022 | 2.9e-14 | 555 | 4.6e-14
18 Jo cos(cos x + 3sinx + 2 cos 2z 4 3sin 2z + 3 cos 3z )dx 254 | 2.2e-16 | 131 | 7.7e-13
19 [, log(x)dzx 62 | 1.5e-14 | 33 | 3.1e-12
20 S i de 126 | 1.3e-15 | 65 | 1.4e-12
22 fol 005112(101(z70.2)) + cosh‘l(loé(szA)) + coshG(looltl(sz.G))dI 2046 | 1.1e-03 | 2009 | 7.7e-04
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