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double h = (b-a)/n; // 
double f1, f2;// ( )
f2 = func(a);
S = 0;
for(int i = 0; i < n; ++i){

f1 = f2;
f2 = func(a+(i+1)*h);
S += (f1+f2)*h/2;

}

double h = (b-a)/n; // 
S = 0;
for(int i = 0; i < n; ++i){

double f = func(a+(i+1)*h);
S += f*h;

}

segment int f(x) = 1.805627583,  error = 0.08734575435
trapezoidal int f(x) = 1.719713491,  error = 0.00143166293
ground truth = 1.718281828

segment int f(x) = 1.726887557,  error = 0.008605728134
trapezoidal int f(x) = 1.718296147,  error = 1.431899137e-05
ground truth = 1.718281828
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double h = (b-a)/(2*n); // 
double f;// 
S = func(a)+func(b);

// 
for(int i = 1; i <= n; ++i){

f = func(a+(2*i-1)*h);
S += 4*f;

}
// 
for(int i = 1; i <= n-1; ++i){

f = func(a+(2*i)*h);
S += 2*f;

}
S *= h/3;



trapezoidal int f(x) = 1.719276089,  error = 0.0009942609873
simpson int f(x) = 1.718282288,  error = 4.599789756e-07
simpson(3/8) int f(x) = 1.718282863,  error = 1.034098449e-06
ground truth = 1.718281828

trapezoidal int f(x) = 1.718291772,  error = 9.943749073e-06
simpson int f(x) = 1.718281829,  error = 4.603517567e-11
simpson(3/8) int f(x) = 1.718281829,  error = 1.035782571e-10
ground truth = 1.718281828
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double h = b-a; // ( n=1 )
vector<double> I(k_max+1, 0.0);
I[0] = (h/2)*(func(a)+func(b)); // I_0,0
int k, n = 1, l;
for(k = 1; k <= k_max; ++k){

h = h/2; n *= 2; // 1/2
// I_k,0
I[k] = trapezoidal_integration(func, a, b, n);
// 
if((e = fabs(I[k]-I[k-1])) < eps) return I[k];

// 
int m, m4 = 4; // 4^m
for(m = 1; m <= k; ++m){

int i = k-m; // I_k,m
I[i] = (m4*I[i+1]-I[i])/(m4-1); // I_k,m
m4 *= 4;
// 2
if(i >= 1 && (e = fabs(I[i]-I[i-1])) < eps) return I[i];

}
}

1.859140914
1.753931092   1.718861152
1.727221905   1.718318842   1.718282688
1.720518592   1.718284155   1.718281842
romberg int f(x) = 1.718281842,  error = 1.375939518e-08
n = 8, eps = 8.457063168e-07
ground truth = 1.718281828

trapezoidal int f(x) = 1.720518592,  error = 0.002236763705
simpson int f(x) = 1.718284155,  error = 2.326240852e-06

trapezoidal int f(x) =  3.123253038,  error = 0.01833961576
simpson int f(x) = 3.139052218,  error = 0.002540435696
ground truth = 3.141592654

romberg int f(x) = 3.135517095,  error = 0.006075558516
ground truth = 3.141592654
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// (n=3)
double x[3], w[3];
x[0] = -sqrt(3.0/5.0);
x[1] = 0;
x[2] = -x[0];
w[0] = w[2] = 5.0/9.0;
w[1] = 8.0/9.0;

// Σ wi f(xi) ([a,b] [-1,1] )
S = 0.0;
for(int i = 0; i < 3; ++i){

S += w[i]*func((b-a)*x[i]/2+(a+b)/2);
}
S *= (b-a)/2;



gauss2 int f(x) = 2.306612746,  error = 0.5883309177
gauss3 int f(x) = 1.718281004,  error = 8.240865232e-07
gauss4 int f(x) = 1.718281828,  error = 9.32967037e-10
ground truth = 1.718281828

trapezoidal int f(x) = 1.720518592,  error = 0.002236763705
simpson int f(x) = 1.718284155,  error = 2.326240852e-06

romberg int f(x) = 1.718281842,  error = 1.375939518e-08
n = 8, eps = 8.457063168e-07

double h1 = (b-a)/n; // x
double S = 0.0;
for(int i = 0; i <= n; ++i){

double xi = a+i*h1;
double h2 = (y2f(xi)-y1f(xi))/m; // y
double y1 = y1f(xi);

// y (Fi )
double f1, f2;
f2 = func(xi, y1);
double Fi = 0.0;
for(int j = 0; j < n; ++j){

f1 = f2;
f2 = func(xi, y1+(j+1)*h2);
Fi += (f1+f2)*h2/2;

}

if(i == 0 || i == n) S += Fi;
else S += 2*Fi;

}
S *= h1/2;

trapezoidal int2 f(x) = 4.129009375,  error = 0.05978082995
ground truth = 4.188790205

trapezoidal int2 f(x) = 4.183939579,  error = 0.004850625572
ground truth = 4.188790205



) 1

n=        10 : area of circle = 3.6,       error = 0.4584073464
n=       100 : area of circle = 3.28,      error = 0.1384073464
n=      1000 : area of circle = 3.168,     error = 0.02640734641
n=     10000 : area of circle = 3.1348,    error = 0.00679265359
n=    100000 : area of circle = 3.1414,    error = 0.0001926535898
n=   1000000 : area of circle = 3.140884,  error = 0.0007086535898
n=  10000000 : area of circle = 3.1415684, error = 2.425358979e-05
ground truth = 3.141592654

n=        10 : avg. error = 0.5476613408
n=       100 : avg. error = 0.1956508459
n=      1000 : avg. error = 0.07714285714
n=     10000 : avg. error = 0.01799580205
n=    100000 : avg. error = 0.007057142857
n=   1000000 : avg. error = 0.002798845934
n=  10000000 : avg. error = 0.000332883663
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