
9th homework
Due date: 5/19

Exercise 1. Let

A =

2 1 −1
1 −2 1
1 3 −2

 ∈ M3(R).

Let b = (3,−2, 1)t ∈ R3. Find the minimum

min
x∈R3
‖Ax− b‖.

For any matrix A ∈ Mn(R), denote by ρA the spectral radius of A.
Exercise 2. Let A ∈ Mn(R) be an irreducible matrix. Suppose that
u ∈ (R≥0)

n with
Au− ρAu ∈ (R≥0)

n.

Prove that Au = ρAu.
(Hint: consider w = (A+In)

n−1u and show that Aw−ρAw ∈ (R>0)
n.

Exercise 3. Let A ∈ Mn(R) be an irreducible matrix. Show that if
u ∈ (R≥0)

n is an eigenvector of A, then u ∈ (R>0)
n.

Exercise 4. Let A = (aij) ∈ Mn(R) be an irreducible matrix such
that a11 > 0. Show that A is regular.
Exercise 5. Consider the following miniature web:

C

A

B D

E

(1) Take the damping factor α = 0.9. Find the Google matrix

G = αP +
1− α
5
· E ∈ M5(R)

associated with the above web, where P is the transition matrix
of the web and E = ete with e = (1, 1, 1, 1, 1).

(2) Compute the Perron vector of G. You may need to use matrix
calculator for this problem.
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