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Abstract:

In this talk, we show how fundamental questions in large-scale wireless networks can be addressed by
applying methods of information theory and electromagnetism. We focus on ad-hoc wireless networks in
which nodes communicate without using any pre-existing infrastructure. We generalize the classic
troughput scaling result of Gupta and Kumar using electromagnetic theory techniques. Departing from
stochastic fading channel models of propagation and combining Maxwell's physics with Shannon's theory
of information, we derive outer bounds to the scaling law of the bit-rate with the population size, and
show that the scaling achieved by multi-hop operation is optimal in any constant density of nodes
network with a total power constraint. The outer bound leads to the notion of "cut-set integral," measuring
the diversity on the cut separating sources and destinations, induced by the possible richness of the
scattering environment. The achievability scheme is based on a percolation argument, showing that the
optimal network operation strategy is in the transition region between order and disorder of an underlying
statistical physics system. Our results are information-theoretic, and also take into account physical
limitations due to the limited spatial resource available in the network.
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