BRANCHING PROCESSES

Program: University of Memphis, Summer Math Program in Budapest Hungary
Summer 2009
Prerequisite: Advanced mathematical interest and experience. 

The aim of this course is to give a basic, but rigorous, treatment of branching processes, and the probabilistic tools needed to describe them. We shall start with an introduction to measure theory and rigorous probability theory, including the convergence theorems and inequalities that will be needed later on in the course. Then we shall introduce and study Galton-Watson processes. In addition to the basic theory, we shall prove fairly detailed results on the limiting behavior of these processes in the subcritical, critical, and supercritical cases. We shall also derive corresponding results for multi-type branching process, and give some elegant connections to branching numbers of trees, random walks, and queuing theory.

Students will be graded on weekly problem sets (75%) and a final exam or project (25%).

Topics:

Introduction to measure theory. Making length and area rigorous. Properties of measures. Constructing measures. Integrals and convergence theorems.

Introduction to probability. The probabilistic language. Properties of probability. Distributions. Expectation and Variance. Limits and counterexamples. Conditional expectation. Independence. Markov and Cauchy-Schwarz inequalities.

Galton Watson branching processes. Basic properties proved qualitatively. Subcritical, critical and supercritical cases. Quantitative properties using generating functions.

Decomposing a supercritical process. Limit laws in the subcritical, critical and supercritical cases.

Counting nodes in a Galton Watson process. Counting trees. Trees and branching numbers. Multi-type branching processes. Perron-Frobenius theorem.

Additional topics (if time allows). Connections to properties of random walks, Markov chains. Queuing theory.  

Required Readings:

Williams, David. Probability with Martingales. Cambridge Mathematical Textbooks.  Cambridge University Press: Cambridge, 1991.  ISBN 0-521-40455-X; 0-521-40605-6

Extensive notes from a summer workshop entitled  “Branching Processes” conducted by Paul Balister at the National University of Singapore, 2005.

