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Abstract

We consider random graphs on the set of N2 vertices placed on the
discrete 2-dimentional torus. The edges between pairs of vertices are
independent, and their probabilities decay with the distance between
the vertices. The probabilities of connections are scaled with the total
number of vertices via distance in such a way that the graph has a finite
expectation of degree when N → ∞, and model becomes an example
of inhomogeneous random graphs, notably not of rank 1. The reported
results on the sub- and the super-critical phases show that this model
exhibits phase transition in change of the size of the largest connected
component strikingly similar to the one in the classical Erdős-Rényi
random graph model.

While the sub- and super-critical cases of the model are well under-
stood (and moreover in any dimension), we treat the critical phase for
the first time. We derive a diffusion approximation for the scaled size
of the largest connected component in the critical case, discovering
again similarities with the classical random graph.

It can be noticed that the critical phase in the graphs beyond rank
1 is still practically not explored. It also remains a challenge to treat
the considered model in higher dimensions.
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