
Math 651, Assignment 5
Due Friday, November 17

Overview

In this assignment, you will program the quasi-Newton algorithm devel-
oped in class and then use your program to explore a series of test problems.
Your program should have the option of using a global line search strategy
or pure Newton iteration (both using an approximate finite difference Jaco-
bian) and should provide an estimate of the accuracy of the last iterate as
well as details of the convergence of the algorithm. You should compare the
behavior of the quasi-Newton and full Newton iterations on each problem.

Assignment Report

Your solution for this assignment should be written in the style of a
laboratory report with an introduction that explains the program you use
(a well-commented listing of your program would suffice); and then sections
on each test problem giving the results and any explanation/analysis of the
results you can make. Your report should include a summary that explains
why and how you feel your algorithm works based on the results of the
test problem. To be convincing, the summary should include at least one
convergence analysis in which you demonstrate that the iterates converge at
a second order rate.

Test Problems

1. This is an exploration of the effect of the difference step in the approx-
imate Jacobian on the accuracy of the computed root. Apply your
algorithm to compute the root of f(x) = x2 − 2 starting with x0 = 1
(x̄ =

√
2) using a sequence of step sizes in the computation of the ap-

proximate Jacobian equal to hi = 10−i×max{|xm−1|, 1}×sign(xm−1),
where xm−1 is the previous iterate in the mth step, for i = 1, · · · , 15.
(This will require a temporary modification of your program.) Report
on the convergence behavior of the algorithm and the accuracy of the
computed roots as hi varies.

2. f =
(
x2

1 + x2
2 − 2, ex1−1 + x3

2 − 2
)>, x0 = (2, .5)>, and x̄ = (1, 1)>.

3. f =
(
10(x2−x2

1), 1−x1

)>, x0 = (−1.2/α, α)> for α = .01, .1, 1, 10, 100,
x̄ = (1, 1)>.
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4. Given integer n, fi(x) = n−
∑n

j=1

(
cos(xj) + i(1− cos(xi))− sin(xi)

)
,

x0 = (1/n, 1/n, · · · , 1/n)>, and the desired root is x̄ = (0, · · · , 0)>.
Use n = 5.

5. f =
(
10(x3 − 10Θ(x1, x2)), 10((x2

1 +x2
2)

1/2 − 1), x3

)> with Θ(x1, x2) =
1
2π tan−1(x2/x1) if x1 > 0 and Θ(x1, x2) = 1

2π tan−1(x2/x1) + .5 if
x1 < 0, x0 = (−1, 0, 0)>, x̄ = (1, 0, 0)>

6. f = x((x− 4)2 + 1)1/2, x0 = 4.1, x̄ = 0.

7. f = cos(x) + sin2(50x), x0 = π/2− .1
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