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Abstract: Modeling, i.e., building a simplified quantitative representation of reality, is essential to better
understand how a system behaves with respect to key parameters, identify its limitations, and
determine ways in which it can be made to operate more efficiently. We present the descriptive and
prescriptive uses of modeling in the context of wireless sensor networks, via case studies from ongoing
research that span a wide spectrum from bottom-up empirical observation-based modeling to top-down
analysis and optimization, from the link layer up to applications.

We begin by addressing modeling issues pertaining to wireless link quality. We present an analytical
model that explains many recent empirical observations pertaining to the existence of a large
gray/transitional region, and some observations regarding concurrent transmissions suggesting that
current wireless MAC protocols are overly conservative in suppressing simultaneous communications.

We then present two studies pertaining to higher layers. We derive scaling laws for unstructured and
structured data-centric querying protocols, characterizing the application conditions that can be
supported by arbitrarily large sensor network deployments, so long as the per-node energy resources
are kept bounded. We also present an optimization framework to design a fair and efficient rate-control
scheme for data gathering.
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