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Abstract 
Large networks of inexpensive devices such as sensors, actuators and smart RFIDs deployed 
over complex 2D and 3D physical spaces will be an integral part of the emerging Internet of 
Things.  Networking operations such as self-organization, localization and routing depend on 
some coordinate system. While geographic coordinates fit well with our intuitions into physical 
spaces, their use is not feasible in harsh environments and in complex deployments. Virtual 
coordinate systems are able to better capture the network topology and thus provide a more 
natural network representation. Yet their theoretical foundations are not well developed and 
relating them to physical network characteristics is difficult.  Derivatives of virtual coordinates, 
such as topology coordinates and directional virtual coordinates, mimic geographic coordinates 
but without the need for distance measurements. Using the theory of low-rank matrix completion, 
now it is possible to extract topology preserving maps even with partial virtual coordinate 
information or random pairwise distances.  We propose a coordinate based paradigm that 
facilitates seamless integration of geographic and virtual coordinate information. The approach 
functions even with incomplete information, thus facilitating evolving systems whose 
performance improve over time as new information becomes available.  A self-learning 
algorithm is presented for individual nodes to achieve network awareness, which we argue is a 
key step toward developing massive evolving intelligent sensor networks mimicking natural 
systems that get better and smarter over time.   
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