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#include <random>
#include <iostream>
#include <cmath>

using namespace std;

bool isInside(double x, double y, double radius)
{
return (x * x + y * y <= radius * radius);
}

int main(int argc, char const *argv[])
{
int trials = 1e3; // number of trials
int inside = 0; // number of points inside the circle
double radius = .5;

random_device rd;
mt19937 gen(rd());
uniform_real_distribution<> distr(-radius, radius);
for (size_t i = 0; i < trials; i++)
{
double x = distr(gen);
double y = distr(gen);
inside += isInside(x, y, radius);
}
double res = 4.0 * inside / trials;
cout << "Pi is approximately: " << res << endl;
cout << "Error: " << 100 * abs(M_PI - res) / M_PI << "%" << endl;
return 0;
}

$ ./output
Pi is approximately: 3.168
Error: 0.840572%
$ ./output
Pi is approximately: 3.184
Error: 1.34987%
$ ./output
Pi is approximately: 3.196
Error: 1.73184%

Nice and concise

Computes error on pi, not 
the area



int main(){
int ndraws;
cout << "Number of draws: ";
cin >> ndraws;
cout << endl;

double radius = 0.5;
const double range_from_x = -radius;
const double range_to_x = radius;
const double range_from_y = -radius;
const double range_to_y = radius;

double in = 0;
double out = 0;
for (int i=0; i<ndraws; i++){
auto x_draw = draw(range_from_x,range_to_x);
auto y_draw = draw(range_from_y,range_to_y);

if (pow(x_draw,2)+pow(y_draw,2) <= pow(radius,2)){
in += 1;
}
else {out += 1;}

}
double ratio = in/ndraws;
double area = ratio*pow(2*radius,2);

cout << "Area: " << area << endl;

double error = abs((area -
M_PI*pow(radius,2))/(M_PI*pow(radius,2)))*100;

cout << "Error: " << error << endl;

return 0;
}}



$ ./output
Number of  draws: 100000

Area: 0.78429
Error: 0.141096

$ ./output
Number of  draws: 10000

Area: 0.7802
Error: 0.661851
$ ./output
Number of  draws: 1000

Area: 0.806
Error: 2.62311



// Function to estimate the area 
double estimate_circle_area(int num_samples, double square_area) {

int count_inside_circle = 0;
double square_side = std::sqrt(square_area);
double radius = square_side/2;

// Generate random no's
std::random_device rd; 
std::mt19937 gen(rd()); 
std::uniform_real_distribution<double> dis(-square_side/2, square_side/2); // Uniform 
distribution between -0.5 and 0.5

for (int i = 0; i < num_samples; ++i) {
double x = dis(gen);
double y = dis(gen);

if (x * x + y * y <= radius*radius) { // Check if the point is inside the circle
count_inside_circle++;
}
}

// Circle area calculation with respect to the square area
double circle_area_estimate = (static_cast<double>(count_inside_circle) / num_samples) *
square_area;

return circle_area_estimate;
}

$ ./output
Estimated area of  the circle: 0.78339
Actual area of  the circle: 0.785398

Converts integer to a float



$ ./output
Fraction inside the circle: 0.764
True area =0.785398#include <iostream>

#include <vector>
#include <random>
using namespace std;

bool area(double x, double y){
return (x * x + y * y) < 0.5 * 0.5;
}

int main() {
// Number of random values you want to generate
int numValuesToGenerate = 1000;
int numValuesInsideCircle = 0;

double range_from = -0.5;
double range_to = 0.5;

for (int i = 0; i < numValuesToGenerate; i++) {
random_device rand_dev;
mt19937 generator(rand_dev());
uniform_real_distribution<double> distr(-0.5, 0.5);

double x = distr(generator);
double y = distr(generator);

if (area(x, y)) {
numValuesInsideCircle++;
}
}

// Compute the fraction of draws that satisfy x^2 + y^2 < 0.5^2
double fractionInsideCircle = static_cast<double>(numValuesInsideCircle) /
numValuesToGenerate;

cout << "Fraction inside the circle: " << fractionInsideCircle << endl;

double TrueArea = M_PI * 0.5 * 0.5;
cout << "True area =" << TrueArea << "\n";

return 0;
}Nice and concise, good 

job!



int main(){
vector <int>
n_values={100,1000,10000,100000,1000000,10000000};
vector <double> pi_values;
vector <double> error_pi_value;
for(int j: n_values)
{
double pi_value = pi(j);
pi_values.push_back(pi_value);
double error = 100*(1-(pi_value/M_PI));
error_pi_value.push_back(error);
cout << "The value for pi with n = " << j << " is " <<
pi_value << " The error on this is : " << error << " % 
" << endl;
}
return 0;
}

$ ./output
The value for pi with n = 100 is 3.16 The error 
on this is : -0.585924 %
The value for pi with n = 1000 is 3.228 The 
error on this is : -2.75043 %
The value for pi with n = 10000 is 3.142 The 
error on this is : -0.0129662 %
The value for pi with n = 100000 is 3.13148 
The error on this is : 0.321896 %
The value for pi with n = 1000000 is 3.14173 
The error on this is : -0.00430821 %

Looks good, error trend is 
strange though, is there a 
bug?



$ ./output
How many draws should be done? 100
Area of  circle is: 0.1925
Actual area is: 0.19635
Error is: -1.99976
Draw count: 77

float fraction = static_cast<float>(draw) / k; // Use k as the 
total count, not a hardcoded number
//cout << fraction << endl;
double area = fraction * pow(0.5, 2); // Change 0.5 to 1.0 for 
the full circle
double real_area = M_PI * pow(0.25, 2);
double error = (1-real_area/area) *100;

cout << "Area of circle is: " << area << endl;
cout << "Actual area is: " << real_area << endl;
cout << "Error is: " << error << endl;
// need approx 1000 draws to get error of ~ 1% on the area 

cout << "Draw count: " << draw << endl;

using namespace std;

vector<double> x;
vector<double> y;
int i;
int j;
int k;
int draw = 0; // Initialize 'draw' to 0
float fraction;
double area;



#include <iostream>
#include <vector>
#include <random>
#include <cmath>
using namespace std;

int main(){
// Set up random number generator
const double range_from = -0.5;
const double range_to = 0.5;
random_device rand_dev;
mt19937 generator(rand_dev());
uniform_real_distribution<double> distr(range_from, 
range_to);

// Define tolerance
double tolerance = 1e-2;
// Set up counts
double count = 0;
double totalCount = 0;
// Define each loop's estimate for pi and its error, 
initialised as a nonzero value 
double piGuess;
double absoluteError = 1;
// Initialise values for x and y of each loop
double thisX;
double thisY;

while( absoluteError > tolerance){
// Generate random values for x and y 
thisX = distr(generator);
thisY = distr(generator);
// If point is inside the circle, x^2 + y^2 <= r^2, and r 
= 0.5
if (thisX*thisX + thisY*thisY <= 0.25){
// If point is in circle, tick the count up by 1
count++;
}
// Either way, tick up the total count by 1
totalCount++;
// Use count/totalCount = pi r^2 / Area of square
piGuess = 4*(count/totalCount);
// Calculate error based on cmath's value of pi
absoluteError = abs(piGuess - M_PI);
// Print results of each loop
cout << "Trial " << totalCount <<", count is " << count 
<< ", piGuess = " << piGuess << endl;
}
return 0;
}

Nice adaptive approach



Trial 4.61009e+06, count is 3.62076e+06, piGuess = 3.14159
Trial 4.6101e+06, count is 3.62076e+06, piGuess = 3.14159
Trial 4.6101e+06, count is 3.62076e+06, piGuess = 3.14159
Trial 4.6101e+06, count is 3.62076e+06, piGuess = 3.14159
Trial 4.6101e+06, count is 3.62076e+06, piGuess = 3.14159
Trial 4.6101e+06, count is 3.62076e+06, piGuess = 3.14159
Trial 4.6101e+06, count is 3.62076e+06, piGuess = 3.14159
Trial 4.6101e+06, count is 3.62076e+06, piGuess = 3.14159
Trial 4.6101e+06, count is 3.62077e+06, piGuess = 3.14159
Trial 4.6101e+06, count is 3.62077e+06, piGuess = 3.14159
Trial 4.6101e+06, count is 3.62077e+06, piGuess = 3.14159
Trial 4.61010e+06, count is 3.62077e+06, piGuess = 3.14159

$ ./output
Trial 1, count is 1, piGuess = 4
Trial 2, count is 2, piGuess = 4
Trial 3, count is 3, piGuess = 4
Trial 4, count is 3, piGuess = 3
Trial 5, count is 4, piGuess = 3.2
Trial 6, count is 5, piGuess = 3.33333
Trial 7, count is 6, piGuess = 3.42857



int in = 0;
int out = 0;

for(int i =0; i < n_data_points; ++i)
{
if (circle(x_values.at(i), y_values.at(i)) < pow(0.5, 2))
{ in++;
}
else{out++;
}
}

double area = in / n_data_points; 
double pi = area / pow(0.5, 2);

cout << in << "\n";
cout << out << "\n";
cout << area << "\n";
cout << pi << "\n";

$ ./output
100
0
1
4



#include <iostream>
#include <vector>
#include <random>
using namespace std;
int main() {
const float range_from = -0.5;
const float range_to = 0.5;
float x, y, fractionn = 1, area, errorr = 0.1;
area = 3.141592 * 0.25;
for (int kk = 10; kk < 100; kk = kk + 10) {
int i = 0, j = 0;
for (int k = 0; k < kk; k++) {
i = i + 1;
random_device rand_dev;
mt19937 generator(rand_dev());
uniform_real_distribution<float> distr(range_from, range_to);
x = distr(generator);
y = distr(generator);
double distance_sq = pow(x, 2) + pow(y, 2);
if (distance_sq < 0.25) {
j = j + 1;
}
};
fractionn = (float)j / (float)i; //fraction is area (mult factor is area of square, here 
1)
errorr = (area - fractionn) / area;
cout << "The area of circle by Monte Carlo methode is " << fractionn << " with 
fractional error " << errorr << " with sample size of " << i << '\n';
};
return 0;
}

$ ./output
The area of circle by Monte Carlo methode is 0.6 with fractional error 0.236056 
with sample size of 10
The area of circle by Monte Carlo methode is 0.65 with fractional error 0.172394 
with sample size of 20
The area of circle by Monte Carlo methode is 0.866667 with fractional error -
0.103475 with sample size of 30
The area of circle by Monte Carlo methode is 0.8 with fractional error -0.0185919 
with sample size of 40
The area of circle by Monte Carlo methode is 0.8 with fractional error -0.0185919 
with sample size of 50
The area of circle by Monte Carlo methode is 0.766667 with fractional error 
0.0238495 with sample size of 60
The area of circle by Monte Carlo methode is 0.785714 with fractional error -
0.000402678 with sample size of 70
The area of circle by Monte Carlo methode is 0.7625 with fractional error 
0.0291547 with sample size of 80
The area of circle by Monte Carlo methode is 0.766667 with fractional error 
0.0238495 with sample size of 90



Andrey Markov
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𝜃! is sampled from a 
normal distribution 



𝜃 = 𝜃! + 𝜃"
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