Computing Over Communication Networks

Abstract

Sensor networks have put new life into computing functions of distributed data over
communication networks. Nodes can compute and links can introduce errors. The problem
essentially exploits the former to negate the latter and is a fascinating confluence of networking,
information theory, probability theory and algorithms. One approach is to take the classical
information theoretic view, links have rate constraints, sources are possibly correlated, the
network topology is assumed known and simplistic and the interest is in determining the rate
region of the link rates for computing the function at a certain rate. Another approach is in using
network coding techniques to either design suitable topologies or to analyze specific topologies.
A third approach, especially useful in wireless networks, is to consider the spatial distribution of
the nodes and account for the possible spatial reuse. Random graph and coverage process
analyzes are used to design transmission schedules that “achieve capacity”. Algorithm analysis
techniques provide lower bounding arguments. A fourth approach assumes that the computation
algorithm is provided as a directed acyclic graph. The links of this graph are to be optimally
mapped to paths in the communication graph and a schedule respecting the transmission
constraints needs to be constructed.

In this tutorial we will briefly explain all the four approaches above.
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