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double f = func(xl);
double fmid = func(xr);
if(f*fmid > 0) return;
double dx = fabs(xr-xl), xmid;
int k;
for(k = 0; k < max_iter; ++k){

xmid = 0.5*(xl+xr);// 
dx *= 0.5; // 1/2
fmid = func(xmid); // 

// 
if(dx < eps || fmid == 0.0) break;

// 
if(f*fmid < 0){ xr = xmid;}
else{ xl = xmid; f = fmid;}

}
x = xmid;

0 : [-1, 1],                 fmid =  1
1 : [-1, 0],                 fmid = -1.1875
2 : [-0.5, 0],               fmid =  0.169922
3 : [-0.5, -0.25],           fmid = -0.403503
4 : [-0.375, -0.25],         fmid = -0.0960484
5 : [-0.3125, -0.25],        fmid =  0.0414938
6 : [-0.3125, -0.28125],     fmid = -0.0260621

( )
16 : [-0.290924, -0.290894], fmid =  1.15822e-05
17 : [-0.290924, -0.290909], fmid = -2.15376e-05
18 : [-0.290916, -0.290909], fmid = -4.97764e-06
19 : [-0.290913, -0.290909], fmid =  3.30229e-06
20 : [-0.290913, -0.290911], fmid = -8.37673e-07
x = -0.290912



0 : [3, 4], fmid = -0.178246
1 : [3, 3.5], fmid = -0.0541771
2 : [3, 3.25], fmid = 0.00829623
3 : [3.125, 3.25], fmid = -0.0229517
4 : [3.125, 3.1875], fmid = -0.00732861
5 : [3.125, 3.15625], fmid = 0.000483827

( )
15 : [3.14157, 3.1416], fmid = 3.17494e-06
16 : [3.14159, 3.1416], fmid = -6.39758e-07
17 : [3.14159, 3.14159], fmid = 1.26759e-06
18 : [3.14159, 3.14159], fmid = 3.13916e-07
19 : [3.14159, 3.14159], fmid = -1.62921e-07
x = 3.14159
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int k;
for(k = 0; k < max_iter; ++k){

// x
f = func(x);
df = dfunc(x);

// 
x = x-f/df;

// 
dx = fabs(f/df);
if(dx < eps || fabs(f) < eps){

break;
}

}

0 : f(-1) = -9
1 : f(-0.678571) = -2.88573
2 : f(-0.438636) = -0.770354
3 : f(-0.315502) = -0.109784
4 : f(-0.291595) = -0.00296924
5 : f(-0.290912) = -2.26919e-06
x = -0.290911
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int k;
for(k = 0; k < max_iter; ++k){

// x
for(int i = 0; i < n; ++i) f[i] = -funcs[i].func(x);
// 
for(int i = 0; i < n; ++i){

df = funcs[i].dfunc(x);
for(int j = 0; j < n; ++j) J[i][j] = df[j];

}
// δ
for(int i = 0; i < n; ++i) J[i][n] = f[i];
GaussEliminationWithPivoting(J, n);
// x
for(int i = 0; i < n; ++i) x[i] += J[i][n];

// 
d = 0.0;
for(int i = 0; i < n; ++i) d += fabs(f[i]);
if(d < eps) break;

}

func[i].func(x)
func[i].dfunc(x)

0 : f0(1,      0)        = -1,          f1(1,      0)        = 1
1 : f0(1.5,    0.5)      = 0.5,         f1(1.5,    0.5)      = -0.5
2 : f0(1.375,  0.375)    = 0.03125,     f1(1.375,  0.375)    = -0.03125
3 : f0(1.36607,0.366071) = 0.000159439, f1(1.36607,0.366071) = -0.000159439
4 : f0(1.36603,0.366025) = 4.23634e-09, f1(1.36603,0.366025) = -4.23634e-09
(x1,x2) = (1.36603, 0.366025)

( ,  )



0 : f0(0, 1)       = -1,          f1(0,       1)       = 1
1 : f0(0.5,     1.5)     = 0.5,         f1(0.5,     1.5)     = -0.5
2 : f0(0.375,   1.375)   = 0.03125,     f1(0.375,   1.375)   = -0.03125
3 : f0(0.366071,1.36607) = 0.000159439, f1(0.366071,1.36607) = -0.000159439
4 : f0(0.366025,1.36603) = 4.23634e-09, f1(0.366025,1.36603) = -4.23634e-09

(x1,x2) = (0.366025, 1.36603)

0 : f0(-1,      0)         = -1,          f1(-1,       0)        = 1
1 : f0(-1.5,    -0.5)      = 0.5,         f1(-1.5,    -0.5)      = -0.5
2 : f0(-1.375,  -0.375)    = 0.03125,     f1(-1.375,  -0.375)    = -0.03125
3 : f0(-1.36607,-0.366071) = 0.000159439, f1(-1.36607,-0.366071) = -0.000159439
4 : f0(-1.36603,-0.366025) = 4.23634e-09, f1(-1.36603,-0.366025) = -4.23634e-09

(x1,x2) = (-1.36603, -0.366025)

0 : f0(0,        -1)       = -1,          f1(0,        -1)       = 1
1 : f0(-0.5,     -1.5)     = 0.5,         f1(-0.5,     -1.5)     = -0.5
2 : f0(-0.375,   -1.375)   = 0.03125,     f1(-0.375,   -1.375)   = -0.03125
3 : f0(-0.366071,-1.36607) = 0.000159439, f1(-0.366071,-1.36607) = -0.000159439
4 : f0(-0.366025,-1.36603) = 4.23634e-09, f1(-0.366025,-1.36603) = -4.23634e-09

(x1,x2) = (-0.366025, -1.36603)

•
•
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double func(double x, vector<double> a, int n){
double f = a[0];
for(int i = 1; i <= n; ++i){

f = a[i]+f*x;
}
return f

}



•
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// 
(Appendix )
// S(w)
vector<double> b(cd.size());
b[0] = abs(cd[0]);
for(int i = 1; i <= n; ++i) b[i] = -abs(cd[i]);

// Aberth
double r = r0;
newton(b, n, r, max_iter, eps);

// Aberth
complexf zc = -c[1]/(c[0]*(double)n);
for(int j = 0; j < n; ++j){

double theta = (2*RX_PI/(double)n)*j+RX_PI/(2.0*n);
z[j] = zc+r*complexf(cos(theta), sin(theta));

}

vector<complexf> zp;
complexf f, df;
int k;
for(k = 0; k < max_iter; ++k){

zp = z;

// DK
for(int j = 0; j < n; ++j){

f = func(z[j], c, n);
df = c[0];
for(int i = 0; i < n; ++i){

if(i != j) df *= zp[j]-zp[i];
}
z[j] = zp[j]-f/df;

}

// 
( )

}



r = 1.75488
x0(0) = 1.66899 + 0.542287i, 
x1(0) = 1.07455e-16 + 1.75488i, 
x2(0) = -1.66899 + 0.542287i, 
x3(0) = -1.03149 + -1.41973i, 
x4(0) = 1.03149 + -1.41973i

solutions :
x0 = 0.287248 + 0.938484i
x1 = -0.141792 + 1.32822i
x2 = -0.290911
x3 = -0.141792 + -1.32822i
x4 = 0.287248 + -0.938484i

iter = 7, eps = 2.05905e-12

r = 3.87418
x0(0) = 4.28456 + 1.19719i, 
x1(0) = 0.6 + 3.87418i, 
x2(0) = -3.08456 + 1.19719i, 
x3(0) = -1.67719 + -3.13428i, 
x4(0) = 2.87719 + -3.13428i

solutions :
x0 = 2 + 1i  --> f = -8.94573e-12 (OK)
x1 = -1 + 3i  --> f = 0 (OK)
x2 = 1  --> f = -2.42739e-12 (OK)
x3 = -1 + -3i --> f = 1.7053e-13 (OK)
x4 = 2 + -1i  --> f = -1.63425e-13 (OK)

iter = 9, eps = 1.18566e-11

r = 3.87418



#include <complex>// 

complex<double> x;
x = complex<double>(1, 2); // 1+2i
cout << x.real() << " + " << x.imag() << "i" << endl;
complex<double> y, z;
y = complex<double>(2, 3)
z = x + y; // 

typedef complex<double> complexf; // double

void horner(const vector<double> &a, double b, vector<double> &c, double &rm, int n)
{

rm = a[0]; // 
c.resize(n);
for(int i = 1; i < n+1; ++i){

c[i-1] = rm;         // 
rm *= b; rm += a[i]; // 

}
}

// 
vector<complexf> cd(n+1, 1.0); // c'
double c1n = -c[1].real()/n; cd[0] = c[0];
double rm; // 
vector<double> a(n+1), tmp(n); // 
for(int i = 0; i <= n; ++i) a[i] = c[i].real();
// z z+c1/n w
for(int i = n; i > 1; --i){

horner(a, c1n, tmp, rm, i);
cd[i] = rm; a = tmp;

}
cd[1] = a[1]+c1n;

a[]


