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1 Introduction

Let P be a complex n×n matrix. An analytic perturbation of P is a power

series
P (ε) = P +A(ε) = P + εA1 + ε2A2 + · · ·

in which A1, A2, . . . are all complex n× n matrices as well. I am interested
in investigating the Cesaro limit

lim
ε↓0

1

N(ε)

N(ε)∑

k=1

P k(ε),

where N(ε) takes on positive integral values and satisfies N(ε) → ∞ as

ε ↓ 0, when P is a stochastic matrix and the perturbation P (ε) remains
stochastic for all sufficiently small positive ε.

2 Proposed Research

In [4], Filar, Krieger, and Syed characterize the above Cesaro limit in the
case that P , the unperturbed stochastic matrix, has no eigenvalues on the

unit circle other than 1 (note that all eigenvalues λ of a stochastic matrix
satisfy |λ| ≤ 1—see [1], Chapter 2). I would like to explore how the Cesaro

limit may be affected if P does have such eigenvalues (for example, −1
or i) —in particular, whether the Cesaro limit still necessarily exists, and

if so how the eigenvalues on the unit circle other than 1 may contribute
to the limit. This will involve both computation, carried out on carefully

constructed examples, and gaining a better understanding of results relating
to perturbation theory, especially from [3] and [5].
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3 Prior Research

During the summer of 2004, I worked with Professor Hank Krieger on this
problem, acquainting myself with some of the matrix theoretic and per-

turbation theoretic background necessary to understand [4], and obtaining
some preliminary results. Additionally, two prior courses in real analysis

(Analysis I, Math 131, and Analysis II, Math 132) and some independent
reading in complex analysis (primarily from [2]) may prove useful to my

understanding of the material I will encounter.
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