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Abstract: Many important network design problems are fundamentally combinatorial optimization
problems. A large number of such problems, however, cannot readily be tackled by distributed
algorithms. We develop a Markov approximation technique for synthesizing distributed algorithms for
network combinatorial problems with near-optimal performance. We show that when using the logsum-exp function to approximate the optimal value of any combinatorial problem, we end up with a
solution that can be interpreted as the stationary probability distribution of a class of time-reversible
Markov chains. Selected Markov chains among this class, or their carefully-perturbed versions, yield
distributed algorithms that solve the log-sum-exp approximated problem. The Markov Approximation
technique allows one to leverage the rich theories of Markov chains to design distributed schemes with
performance guarantees. It not only can provide fresh perspective to existing distributed solutions, but
also can help us generate new distributed algorithms in other problem domains with provable
performance, including cloud computing, edge computing, and IoT scheduling.
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