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On the cover time of random walks on graphs
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How long does it take for a random walk to cover all the vertices of a graph? And
what is the structure of the uncovered set (the set of points not yet visited by the
walk) close to the cover time? We show that on vertex-transitive graphs of bounded
degree, this set is decorrelated (it is close to a product measure) if and only if a simple
geometric condition on the diameter of the graph holds. In this case, the cover time
has universal fluctuations: properly scaled, the cover time converges to a Gumbel
distribution. To prove this result we rely on recent breakthroughs in geometric group
theory which give a quantitative form of Gromov’s theorem on groups of polynomial
growth. We also prove refined quantitative estimates showing that the hitting time
of any set of vertices is (irrespective of its geometry) approximately an exponential
random variable.
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