
Exam 1 Review

Math 3316, Fall 2015

1. Fix the following Python code to properly implement the Newton method for already-
existing functions f = f(x) and df = f ′(x), starting with initial guess x0 = −2 and allowing up
to 20 iterations, where the method stops at the solution tolerance 10−2.

x = 2.0

for i in range(1000):

fx = f(x)

dfx = df(x)

h = fx/dfx

if (abs(dfx) > 10e-2):

print ’converged to x =’, x, ’ in ’, i, ’ iterations’

break

2. The quotient f(x) = sin(x)
x is undefined for x = 0. Approximate sin(x) using Taylor

polynomials of degrees 1, 3 and 5, constructed around a = 0. Plug each of these into the
numerator and simplify to write three approximations of f(x). Evaluate these approximations
at x = 0; with these values can you determine a natural definition for f(0)?

3. Let pn(x) be the Taylor polynomial of degree n for the function f(x) = e−x around
a = 0. What is the minimum value of n so that the error |f(x)−pn(x)| is less than 1

500 for every
x ∈ [0, 1]?

4. You have two algorithms for solving a given type of problem. For a problem with size n,
algorithm A requires 1

5n
3 operations, while algorithm B requires 25n2 operations.

(a) For n = 50, which algorithm requires fewer operations?

(b) For n = 200, which algorithm requires fewer operations?

(c) At what value(s) of n do the two algorithms require the same number of operations?

5. Many linear systems have a special structure that may be exploited to achieve extra
efficiency. Of particular importance are sparse systems, where most of the entries are zero.



Consider lower-triangular matrices comprised of only the diagonal and subdiagonal, e.g.

A =


A0,0

A1,0 A1,1

. . .
. . .

An−1,n−2 An−1,n−1


Rewrite the following code for the basic Forward Substitution algorithm to take advantage of
this nonzero structure.

Forward Substitution Algorithm:

for (i = 0; i < n; i++) {
for (j = 0; j < i; j++)

b(i) -= A(i, j) ∗ x(j);
x(i) = b(i)/A(i, i);

}

6. [20 points] Consider the root-finding problem e−x/2 − 2 = 0, that has root x∗ somewhere
between -2 and -1. If Newton’s method has initial guess x0 ∈ [−2,−1], can you guarantee
whether it will converge for this problem? [Hint: the following plot of ex/2 below may be of use]
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