
MATH 6140 Exercises
Alex Townsend

These questions are not designed to be easy or difficult, but to aid our understanding during class.

1. The web consists of billions of pages, many with outgoing links. Imagine drawing a graph
where the vertices are webpages and vertex i has a directed edge to vertex j if page i has an
outgoing hyperlink to page j. This graph will not be connected (there are millions of webpages
without outgoing links). If your task is write down an universal ranking of every webpage,
then what serious problem arises if the graph is not connected? Brain storm: How would you
go about overcoming this serious issue without drastically changing the graph?

2. Let A be an n×n matrix with strictly positive entries. Show that there is a positive eigenvalue
r > 0 of A such that if λ 6= r is another eigenvalue, then |λ| < r. (This shows that matrices with
strictly positive entries are ideal for the power method for finding the eigenvalue of maximum
absolute value.)

3. Reminder yourself about Richardson’s iteration to solve Ax = b.

4. Read enough about Markov chains so that you answer the following question: It rains a lot in
the UK (assume that at any particular time it rains with probability p, independent of earlier
and later times). So, you buy 4 rain coats and put 2 in your office and 2 at home. If it’s raining
as you leave to work, then you will take a rain coat (assuming you have one left at home). If
it’s raining as you return home, then you will take a rain coat (assuming you have one left at
work). You never carry a rain coat if it is not raining. What proportion of time will you have
2 rain coats at work and 2 at home? Show that this proportion is independent of the initial
distribution of rain coats.

(Hint: Your Markov state space could be S = {j : j = 0, 1, 2, 3, 4}, where j represents the
number of rain coats in your current location (home or work).)


