C++ code 8.18.4: Implementation of eignewton ()
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std :: pair<double, Eigen::VectorXd> eignewton(const Eigen:: MatrixXd& A,
double rtol 1.0E-6,
double atol = 1.0E-8,
unsigned int maxit = 20) {

const unsigned int n = A.cols();
assert(A.rows() == n);
if ((A - A.transpose()).norm() > 1.0E-16 » A.norm()) {
throw std ::runtime_error ("Matrix A must be symmetric") ;
}
// Vector storing the iterates, (z);, < X, (Z),4 < A
Eigen ::VectorXd z = Eigen::VectorXd::Zero(n + 1);
// Determine initial guess from maximal modulus diagonal element
Eigen ::Index max_idx;
z[n] = A.diagonal () . maxCoeff(&max_idx) ;
z[max_idx] = std::sqrt(2);
// Variables for use within the main Newton loop

Eigen :: VectorXd Fz(n + 1); // For storing F(z®)
Eigen :: VectorXd s(n + 1); // Newton correction
Eigen::MatrixXd DF(n + 1, n + 1); // Jacobi matrix

double s norm; // Norm of Newton correction
unsigned int it_cnt = 0; // Iteration counter

// Main Newton iteration loop

do {

// Assemble the Jacobi matrix DF(z®) from its blocks
DF.block(0, 0, n, n) = A — z[n] = Eigen::MatrixXd:: ldentity (n, n);
DF.block(0, n, n, 1) -z .head(n) ;

DF.block(n, 0, 1, n) = —z.head(n) .transpose () ;

DF(n, n) = 0.0;

// Evaluate F(z(®)

Fz.head(n) = A = z.head(n) - z[n] * z.head(n);

Fz[n] =1 - 0.5 = z.head(n).squaredNorm () ;

// Compute Newton correction s:=DF(z®)=1F(z®) by Gaussian

elimination
s = DF.lu() .solve(Fz);

s_norm = s.norm() ;

// Next iterate zlk+1)

z —=s;
} while ((s_norm > rtol = z.norm()) && (s_norm > atol) && (++it_cnt < maxit));
return {z[n], z.head(n)};

}




