	Networked Knowledge
	Before 2010
	2010-2015
	2015-2020
	Beyond 2020

	
	Today
	Incremental
	Incremental-Visionary
	Visionary

	Interoperability (IoS)
	· Sensor middleware

· Sensor ontologies
	· cross-layer integration and optimization (intra-network)

· Sensor Internet
	· cross-layer integration and optimization (inter-network)

· Internet of Things
	· Internet of services and Internet of Things unification

	Information/Context
	· Relational database integration

· Sensor network data warehouses (GSN)
	· Stream aggregation/Fusion

· Query processing and reasoning on sensor networks

· Privacy-aware processing
	· Database-stream integration

· Sensor actuation and feedback (In-network processing)

· Planning
	· QoS-based information integration of DB and streams

	Discovery/Rendezvous
	· Sensor network ontologies
	· Distributed registries and discovery mechanisms

· Sensor network location transparency

· Semantic discovery of sensors and sensor data
	
	

	Composition/Orchestration
	· Specific services based on sensor data (location as a service, etc.)
	· Self-aware and self-organizing networks
	· Vertical integration of business processes

· sensors and sensor data as a service

· Problem solving through self-awareness and self-organization
	· 

	Identity/Trust
	· RFID, tags
	· URIs

· User-centric privacy and policies
	· Virtual sensor networks through dynamic policies
	

	Provenance
	· Data provenance (where, what and who)
	· Data transformation processes (how)
	· Process and problem solving understanding (why)
	· Process and problem solving interpretation and explanation

· User support for problem solving

	SW management tools
	· Design and deployment of sensor networks data
	· Large-scale, open semantic infrastructures for design, deployment and integration
	· Goal-oriented software development support (what not how)
	· 
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	Networked Knowledge
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	Today
	Incremental
	Incremental-Visionary
	Visionary

	Services
	· 
	· Services as glue (IoS for IoT)
· Service aware content and context
	· 
	· 

	Data/Information/Knowledge

Representation/Modelling
	· Heterogeneous modeling of sensor data
· Content based representation (?)
	· Grounding
· Common Sensor Information Ontologies

· Model development (validation/adoption)

· Context gathering optimization (implicit – explicit tagging) through social networking

· Light weight management
	· Evolution (?)
	· Realized Layering Data Knowledge-Application
· Well integrated sensor knowledge in network of knowledge

· Full interoperability

	Discovery/Rendezvous
	· Simple ID based object look-up (ONS)
· Local registries

· Sensor/sensor network based access to information
	· Semantic resolution of real world objects
· Goal based access to information

· Semitic discoveries and search

· Data “Googles”

· Different distributed registries

· Automatic data (?)
	· Integrated distributed registries
	· 

	Composition/Orchestration
	· “hand built” information/knowledge building blocks
	· Automatic Knowledge aggregation and derivation/creation

· In network (edge) knowledge generation + fusion

· Light weight reasoning engines (embedded)
	· Collaborative sense making

· Ontology Orchestration

· Autonomous networks for location based services
	· Creating self organizing knowledge/information
· Self organizing objects generating knowledge

	Identity/Trust
	· Certificates/Signatures

· Content based identification

· Page Rank/DNS
	· Network Trust Recommendation

· Trusted Adhoc networks

· Embedded security/security form design

· Trust Recommendation Systems (Data + Sources)

· Context Centric Privacy
	· 
	· Identity Driven

	Provenance/Tractability 
	· Simple Provenance Information (Where, What, Who)
	· Quality of Information

· Quality of Knowledge Services
	· Automatic Route Tagging (Automation)

· Provenance information includes info on Transformation Processes (How)
	· 

	SW management tools
	· 
	· Management of Distributed Services
	· Self Management of Services
	· 

	Visualization (Visual Analytics)
	· 
	· 
	· 
	· 


