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double Ln = 0.0;
for(int i = 0; i <= n; ++i){

// (Π(x-xj)/(xi-xj) (j!=i) )
double l = 1;
for(int j = 0; j <= n; ++j){

if(j == i) continue;
l *= (x-xi[j])/(xi[i]-xi[j]);

}
// 
Ln += fi[i]*l;

}

sampling points : (0, 1), (1, 2.718281)
f_lagrangian(0.5) = 1.859140914,  error = 0.2104196435
ground truth = 1.648721271

sampling points : (0, 1), (1, 2.718281), (0.33, 1.390968), (0.66, 
1.934792)
f_lagrangian(0.5) = 1.648250737,  error = 0.0004705340683
ground truth = 1.648721271
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vector<double> a(n), b(n), c(n), d(n); // 
vector<double> h(n); // 
for(int i = 0; i < n; ++i){

h[i] = xi[i+1]-xi[i];
}

// x_i 2 u_i
// H b
vector< vector<double> > H(n-1);
vector<double> tmp(n-1, 0.0), v(n-1, 0.0);
for(int i = 0; i < n-1; ++i){

H[i].resize(n-1, 0.0); // 0
// 
if(i != 0) H[i][i-1] = h[i];
H[i][i] = 2*(h[i]+h[i+1]);
if(i != n-2) H[i][i+1] = h[i+1];
v[i] = 6*((f[i+2]-f[i+1])/h[i+1]-(f[i+1]-f[i])/h[i]);

}
// CG (H )
int max_iter = 100;
double eps = 1e-6;
cg_solver(H, v, tmp, n-1, max_iter, eps);

// a,b,c,d
vector<double> u(n+1, 0.0);
for(int i = 0; i < n-1; ++i) u[i+1] = tmp[i];
for(int i = 0; i < n; ++i){

a[i] = (u[i+1]-u[i])/(6.0*h[i]);
b[i] = u[i]/2.0;
c[i] = (f[i+1]-f[i])/h[i]-h[i]*(2*u[i]+u[i+1])/6.0;
d[i] = f[i];

}

// x ( int(x/h) )
int k = 0;
for(int i = 0; i < n; ++i){

if(x >= xi[i] && x < xi[i+1]){ k = i; break; }
}

// 3
double dx = x-xi[k];
ans = a[k]*dx*dx*dx + b[k]*dx*dx + c[k]*dx + d[k];

sampling points : (0, 1),  (0.2, 1.2214),  (0.4, 1.49182),  (0.6, 
1.82212),  (0.8, 2.22554),  (1, 2.71828)
f_spline(0.5) = 1.649202088,  error = 0.0004808177638
ground truth = 1.648721271
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// (= )
int dim_b = m+1; // 1

// Ac=y, b
c.resize(dim_b, 0.0);// 
vector<double> b(dim_b, 0.0), y(dim_b, 0.0);
vector< vector<double> > A(dim_b, b);
for(int k = 0; k < n; ++k){ // 

// 
double xb = 1;
for(int i = 0; i < dim_b; ++i){

b[i] = xb; xb *= xi[k];
}
// A b
for(int i = 0; i < dim_b; ++i){

for(int j = 0; j < dim_b; ++j){
A[i][j] += b[i]*b[j];

}
y[i] += b[i]*fi[k];

}
}



// Ac=y LU ( CG )
LUDecomp(A, dim_b);
LUSolver(A, y, c, dim_b);

// x y
double fx = 0;
double xb = 1;
for(int i = 0; i < dim_b; ++i){

fx += c[i]*xb; xb *= x;
}

sampling points : (0, 1),  (0.2, 1.2214),  (0.4, 1.49182),  (0.6, 
1.82212),  (0.8, 2.22554),  (1, 2.71828)
f_ls3(0.5) = 1.64816,  error = 0.000562449
ground truth = 1.64872
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*Least Median of Squares
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