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Comparison of Newton’s and Broyden’s algorithms

Find a zero of F : R2 → R2 defined at x ∈ R2 by

F (x) =

(

x1 + x2
2

x2 + x3
1

)

,

which has two zeros, (0, 0) and (−1, 1).
Starting at x0 = (1, 1), the Newton and Broyden algorithms generate sequences of iter-

ates {xk} with the following values of F (xk).

Newton iterations (quadratic convergence)
^^^^^^^^^^^^^^^^^
it |F(x)| |F(x)|/|F(x_)|^2
0 2.000000e+00
1 6.400000e-01 1.600000e-01
2 6.717265e-01 1.639957e+00
3 6.667554e-01 1.477684e+00
4 3.956913e-01 8.900686e-01
5 1.578483e-01 1.008154e+00
6 7.859331e-03 3.154321e-01
7 6.176909e-05 1.000000e+00
8 4.713501e-13 1.235382e-04
9 2.221709e-25 1.000000e+00
Solution found

Quasi-Newton iterations (superlinear convervence)
^^^^^^^^^^^^^^^^^^^^^^^
it |F(x)| |F(x)|/|F(x_)| |F(x)|/|F(x_)|^2
0 2.000000e+00
1 2.000000e+00 1.000000e+00 5.000000e-01
2 8.888889e-01 4.444444e-01 2.222222e-01
3 5.000000e-01 5.625000e-01 6.328125e-01
4 2.825471e-01 5.650943e-01 1.130189e+00
5 2.428675e-01 8.595644e-01 3.042198e+00
6 1.347208e-01 5.547093e-01 2.284000e+00
7 2.128868e-02 1.580207e-01 1.172949e+00
8 6.544300e-03 3.074074e-01 1.443995e+01
9 6.469757e-04 9.886095e-02 1.510642e+01
10 2.175462e-05 3.362509e-02 5.197273e+01
11 1.790352e-07 8.229758e-03 3.782994e+02
12 1.019739e-10 5.695746e-04 3.181355e+03
13 7.146168e-14 7.007838e-04 6.872187e+06
14 1.382865e-17 1.935114e-04 2.707904e+09
15 1.751731e-23 1.266741e-06 9.160264e+10
Solution found

One observes the quadratic convergence of the Newton algorithm and the superlinear (but
not quadratic) convergence of the Broyden algorithm.
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