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High Precision Numerical Integration Method by Taylor
Seires

Hiroshi Hirayama, Takahiro Kaneko and Keisuke Hanai
Kanagawa Institute of Technology

The arithmetic operations and functions of Taylor series can be defined by Fortran 90 and C++
language. The functions which consist of arithmetic operations, pre-defined functions and
conditional statements can be expanded in Taylor series quickly. Using this, Taylor series of the
integral can be expanded up to arbitrary order easily. Evaluating the Taylor series gives an effective,
arbitrary and high precision numerical integration method for the integrals. In addition, it is shown
that this integration method can be applied to multiple-precison evaluation of the integral.
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Table 1 Comparison of performance of the quadrature routine based on Taylor series

Error Requirement 1.0E-09

No. | a b Integrand Taylor | AQE11D Ratio
1 0.0 1.0 | g* 0.60 3.09 3.4
4 -1.0 1.0 | 0.92cosh x—cos x 2.07 7.50 24
5 -1.0 1.0 | 1/(x*+x*+0.9) 3.35 8.54 1.7
8 0.0 1.0 | 1/(x*+1) 2.69 6.25 1.5
9 0.0 1.0 | 2/(2+sin(31.4159x)) 58.59 86.7 0.98
10 0.0 1.0 | 1/(1+x) 0.94 3.12 2.2
11 0.0 1.0 | 1/(e*+1) 1.04 4.23 2.7
12 0.0 1.0 | x/(e*-1) 0.85 7.53 5.9
13 0.1 1.0 | sin(314.1592x)/(3.141592x) 109.3 255. 1.6
14 0.0 100 /50e 50814159 386 59.6 0.10
15 0.0 100 25e 2 37.59 26.2 0.47
16 0.0 10.0 50/(3.14159(2500x* +1)) 13.67 29.8 1.4
17 1001 1.0 | 50(sin(50-3.14159x)/(50-3.14159x))* 61.03 227 24
18 0.0 7z | coSs(CosX+3sin X+ 2Cc0s2x 91.81 81.8 0.59
+3sin 2x + 3c0s3x)
20 |-1.0 1.0 | 1/(x?®+1.005) 1.40 9.06 4.3
21 0.0 1.0 1 N 1 960 (170)
cosh?(10(x—0.2)) cosh*(100(x —0.4))
N 1
cosh®(1000(x - 0.6))
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Table 2 : Computational Results

No. Result

1.71828182845904523536028747135266249775725

0.47942822668880166735857796183530750064139

1.58223296372967293311746894902616906792432

0.86697298733991103757399516388287071365218

©| 0| O |

1.15470066904371304340692220985602814029856

10 0.69314718055994530941723212145817656807550

11 0.37988549304172247536823662649032092616022

12 0.77750463411224827641758654542571050719248

13 0.00909864525656929706983298722619104660580

14 0.50000021116610003934100467729486317552691

15 1.00000000000000000000000000000000000000000

16 0.49936380287101655082817109034069680855194

17 0.11213956962670946083985814506709948563241

18 0.83867634269442961454255469958585619238767

20 1.56439644406904977309149301580847281308846

21 0.21080273550054927737564325570572915436091
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