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ldea: Given recent iterates (approximate zeroes)

x(k) x(k=1) xtk=m+1) 4 e N
(1] replace F with a k-dependent model function fk
(based on function values F(x(K)), F(xk=1)), . . F(xk=m+1)) and,
possibly, derivative values F’(x¥)), F'(xk=1)), ..., F! (xlk=m+1)))
(2} x4 .= zero of F: F (x*+1)) =0

(has to be readily available <+ analytic formula)
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C++11-code 8.4.2.2: Newton method in the scalarcasen = 1

@ N O 00 & W N =

3% 23 o

template <typename FuncType,typename DervType,typename Scalar>
Scalar newton1D (FuncType &&F, DervType &&DF,
const Scalar &x0, double rtol ,

{

double atol)

L—-—; indh ?M@%
Scalar s, x = x0;
do {
s = F(x)/DF(x); // compute Newton correction
X —= §; // compute next iterate

}

// correction based termination (relative and absolute)
while ((std::abs(s) > rtolxstd::abs(x)) & (std::abs(s) > atol));
return (x);
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Lemma 8.3.2.15. Higher order local convergence of fixed point iterations

If®: U C R — Rism+1 times continuously differentiable, ®(x*) = x* for some x* in the
interior of U, and @) (x*) = 0 forl = 1,..., m, m > 1, then the fixed point iteration (8.3.1.2)
converges locally to x* with order > m + 1 (— Def. 8.2.2.10).
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Convergence of Newton’s method in 1D

Newton’s method locally quadratically converges (— Def. 8.2.2.10) to a zero x* of F, if F'(x*) # 0
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Convergence recorded for x(?) = 0:
k x(k) F(x(k)) x(k) — x(k_]) x(k) —x*
1 0.91312431341979 0.24747993091128 0.91312431341979 -0.13307818147469
2 1.04517022155323 0.00161402574513 0.13204590813344 -0.00103227334125
3 1.04620244004116 0.00000008565847 0.00103221848793 -0.00000005485332
4 1.04620249489448 (0.00000000000000 0.00000005485332 -0.00000000000000
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