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Approximating dependent rare events.

Abstract: The Poisson limit theorem for the binomial distribution was implicitly
proved by Abraham de Moivre (1712) in his solution to the problem of finding the
number of trials that gives an even chance of getting k successes. However, it was
Siméon-Denis Poisson (1837) who first gave an explicit form of the Poisson distri-
bution and proved the limit theorem. The Poisson limit theorem suggests that the
binomial distribution can be approximated by the Poisson distribution with the
same mean if the success probability p is small and the number of trials n is large.
It took more than 100 years before Prohorov (1953) proved that the total varia-
tion distance between the binomial distribution and the Poisson distribution with
the same mean is of the order of p regardless of the values of n (or equivalently,
regardless of the value of the mean np). Le Cam (1960) generalized Prohorov’s
result to sums of independent Bernoulli random variables with unequal success
probabilities. Using Stein’s method, Chen (1975) generalized and improved Le
Cam’s result to sums of dependent Bernoulli random variables. Since then Poisson
approximation has been extensively studied, developed further and generalized. It
has also been applied to a large number of problems in many different fields, which
include computational biology, random graphs and large-scale networks, computer
science, statistical physics, epidemiology, reliability theory, game theory, and finan-
cial mathematics. In this talk, we will give a historical account of the development
of Poisson approximation using Stein’s method, present two recent applications,



one on maximal arithmetic progressions and the other on bootstrap percolation,
and discuss generalizations to compound Poisson approximation, Poisson process
approximation and multivariate Poisson approximation. We will also touch on ap-
proximation by polynomial birth-death distributions and Poisson approximation
for functionals of general Poisson random measures. This talk is based on a joint
paper with Adrian Roellin.


