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2.1.1 Leibniz 2%

o (-
Wﬁ4f; m+ 1
2.1.2 CH+

#include <iostream>

#include <iomanip>

3 #include <cmath>

18

double calculatePileibniz(int iterations) {
double pi = 0.0;
for (int i = 0; i < iteratioms; i++) {
double term = (i % 2 == 0) ? 1.0 : -1.0;
pi += term / (2 * i + 1);
}
return pi * 4;
}
int main() {
int iterations;
std::cin >> iterations;
double pi = calculatePileibniz(iterations);
std::cout << std::fixed << std::setprecision(20) << pi << std::endl;
return O;

i
Listing 1: Leibniz 24 T5H
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2.1.3 Haskell

module Main where

import Text.Printf

3 calculatePileibniz :: Int -> Double
calculatePileibniz iterations = 4 * sum [term i | i <- [0..iterations-1]]
where
term i = if even i then 1 / fromIntegral (2*i + 1) else -1 /

fromIntegral (2*i + 1)

5 main :: I0 ()

7 main = do

let iterations = 1000000
let pi = calculatePilLeibniz iterations

printf "%.20f\n" pi

Listing 2: Leibniz 2% %145

2.1.4 PR SN LE

SERFAFS D WAL C++ R EA T4 062F, £FAE 9 Haskell
XTI IX ] [0, iterations — 1] FACZS, B BN .

SAA DI : XFT (=)™, ZLEWT n AN, C++ RTRAEA 4
{35845, Haskell TTPAff ] if then else iEA], JERA[H, SLFAHH.

% 1: Leibniz ZROTH  {HAR AN GE L

[ Bk EL W dodioz iR (FY)
C++ 100000  3.14158265358971977577  1.00e-5  0.015132
Haskell 100000  3.14158265358971980000  1.00e-5  0.042757
C++ 1000000  3.14159165358977432447  1.00e-6  0.016325

Haskell 1000000  3.14159165358977430000 1.00e-6  0.181700
C++ 10000000  3.14159255358979150330 1.00e-7  0.037844
Haskell ~ 10000000 3.14159255358979150000 1.00e-7  1.605598
C++ 100000000  3.14159264358932599492 1.00e-8  0.256115
Haskell 100000000 3.14159264358932600000 1.00e-8  16.436355




2.2 Machin 23,

2.2.1 Machin 23

™ 1 1
— = 4arctan — — arctan —
4 5 239

2.2.2 CH+

#include <boost/multiprecision/cpp_dec_float.hpp>
#include <iostream>
#include <iomanip>
using namespace boost::multiprecision;
using mp_type = number<cpp_dec_£float<1000>>;
mp_type arctan_taylor(const mp_type& x, int terms) {
mp_type result = 0;
mp_type X_power = X;
mp_type x_squared = X * X;
for (int n = 0; n < terms; ++n) {
mp_type term = x_power / (2 * n + 1);
if (n % 2 == 0) result += term;
else result -= term;
X_power *= x_squared;
}

return result;

7}

mp_type calculate_pi_machin(int terms) {
mp_type one = 1;
mp_type arctan_1_5 = arctan_taylor(one / 5, terms);
mp_type arctan_1_239 = arctan_taylor(one / 239, terms);

return 4 * (4 * arctan_1_5 - arctan_1_239);

int main() {
int terms;
std::cin >> terms;
mp_type pi = calculate_pi_machin(terms);
std::cout << std::fixed << std::setprecision(1000) << pi << "\n";

return O0;

Listing 3: Machin A 3315

2.2.3 Haskell
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{-# LANGUAGE OverloadedStrings #-}
import Data.Number.CReal

3 import Text.Printf

arctanTaylorHP :: CReal -> Int -> CReal
5 arctanTaylorHP x iterations = sum [term n | n <- [0..iterations-1]] where
term n = let coefficient = if even n then 1 else -1

in coefficient * (x~(2*%n+1)) / fromIntegral (2*n+1)
calculatePiMachinHP :: Int -> CReal
calculatePiMachinHP iterations = 4 * (4 * arctan_1_5 - arctan_1_239) where
arctan_1_5 = arctanTaylorHP (1/5) iterations
arctan_1_239 = arctanTaylorHP (1/239) iterations
main :: I0 ()

3 main = do

input <- getLine

let iterations = read input

let piHP = calculatePiMachinHP iterations
putStrLn $§ showCReal 1000 piHP

Listing 4: Machin A i18E

2.2.4  PIFhGREI S AR L

2% 2: Machin A8 © HIKSE ERMHE L

e BB VB oz R (FY)
C++ 200 3.14159265358979323846  1.98e-282  0.038422
Haskell 200 3.14159265358979323846  1.98e-282  3.082227
C++ 500 3.14159265358979323846  3.29e-702  0.077586
Haskell 500  3.14159265358979323846  3.29e-702  22.373403
C++ 800 3.14159265358979323846  0.00e-998"  0.115542
Haskell 800 3.14159265358979323846  0.00e-998"  64.167978
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