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Map Functionality 
to devices 

From Sensor Networks to Internet of Things: 
       -A Paradigm for Empowering an Infrastructure Technology 

Wireless Sensor Networks are limited to dedicated test-beds 

Intuitive Programming 
Abstraction 
•  Split job assignment and data 

collection 
•  Selective filtering of nodes 

participating in an application 
•  Explicit control over the 

aggregation strategies 

Support for Multiple Applications 
from Independent Users 

Programming Framework Programming Abstraction 

FCOMP-01-0124-FEDER-022701, CT- CMU-PT/0012/2006; FP7-ICT-224053  

From an Operating System to 
a Co-operating System 

Vikram Gupta, Eduardo Tovar, Nuno Pereira, Raj Rajkumar (CMU) 

Empowering Sensors as an 
Infrastructure Technology   

Internet 

API: nanoCL code 

Dispatcher 

nanoCL Layer 

Aggregator 

Integration Layer 

Forwarder 

Runtime Layer 

 FireFly 

WSN 

PC 

Gateway Node 

End Node WSNs 

… 

Parser: nclC 

Receiver 

Integration Layer 

Runtime Layer 

 FireFly 

Multi-layered Software Infrastructure to 
support multiple independent 
applications 
•  Independent layers to conduct various 

responsibilities 
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Aggregate data 
through the network 
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Multiple applications on Networked Embedded System require 
ground-up building of software architecture 
•  A network level compiler 
•  Over the air programming support 
•  Network manager 
•  Network and node-level Application Manager 
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Traditional operating systems like TinyOS, NanoRK were built for 
individual devices 
•  A new paradigm of OS is required to inherently support networked devices 
•  The delegation of applications, network management is distributed 
•  Modular design of OS for adding functionalities at the runtime 

The goal is to enable them to be an infrastructure technology, for 
independent users 


