
Math 5316, Spring 2019
Due February 8

Homework 1 – Mathematical Background & Matrix Arithmetic

1. Use contradiction to prove the following. Let A ∈ Cn×n and B ∈ Cn×n be upper-triangular
matrices, i.e., ai,j = bi,j = 0 for all i > j. Then the matrix C = AB is also upper triangular.
Hint: this should use the definition of matrix-matrix product from class, i.e., ci,j =

∑n
k=1 ai,kbk,j.

2. Use induction to prove the following. Let A ∈ Cn×n and B ∈ Cn×n be lower-triangular
matrices, i.e., ai,j = bi,j = 0 for all i < j. Then the matrix C = AB is also lower triangular.
Hint: you should use induction on the matrix size n. For the inductive step, this will require use

of block matrices, e.g., A =

[
a1,1 0T

c Â

]
, where each piece is appropriately-sized.

3. Using Theorem 1.2.3 from the book (page 13), directly prove that for A ∈ Rn×n, A is
nonsingular if and only if the columns of A form a basis for Rn. Hint: if you have forgotten the
definition of “basis” from your introductory Linear Algebra class, it is defined again at the top
of page 227 of our book.

4. Write a single Matlab/Python function with interface

function [A, b] = bvp(c, d, m, f)

or the Python equivalent,

def bvp(c, d, m, f):

...

return [A, b]

in a file named bvp.m or bvp.py, that constructs the matrix A and right-hand side vector b
corresponding to the linear system in Example 1.2.12 from the book (pp. 18–19). Here, the
inputs should be:

• c ∈ R and d ∈ R are real-valued scalar coefficients, corresponding to the strength of
convection and decay in the differential equation,

• m ∈ N is the number of subintervals to use in approximating the solution to the differential
equation, and

• f : R→ R is a function that takes scalar-valued inputs and returns scalar-valued outputs,
corresponding to the source terms applied over the spatial domain.

And the outputs should be

• A ∈ R(m−1)×(m−1) contains the matrix for the linear system; this may be either a standard
[dense] matrix, or a sparse matrix (we’ll discuss these further in Section 1.6).



• b ∈ Rm−1 contains the right-hand side for the linear system. In Matlab this must be a
column vector; in Python this must be a 1-dimensional Numpy array.

Use the provided testing script, prob4.m or prob4.py, to test your function. If your bvp function
is correct, the final line when running prob4 should be “Success!”


