
User Programmable Virtualized Networks 
Figure 1 shows User Programmable Virtualized Networks 
(UPVN), an architectural framework that facilitates programming 
of  network services and automatic network configuration from 
the application domain. Special identifiers, e.g. URLs,    in data 
streams are used to bind application programs to application-
specific packet processing. This architectural framework enables 
never before seen solutions. 

Results 
We have developed an Interactive Networks prototype that 
illustrates fine-grained, manual network control and the 
advantages of  the UPVN approach. In this prototype humans 
become an integral part of  the programmable network control 
system (Figure 2). The implementation gives multiple users 
simultaneously the ability to construct and manipulate paths with 
an interactive visualization on a multi-touch table (Figure 3). The 
implementation supports end-to-end and multicast paths as well 
as paths that contain loops. In addition, the prototype allows users 
to change path characteristics on the fly. 

Programmable Networks 
Traditionally, network users get end-to-end, best-effort or 
constant-effort network service. In some cases, however, 
applications require specific network services that are possible 
only with more control over network resources. 

In our research, we consider the extreme case in which nodes in a 
network are fully programmable. Our challenge is to define and 
structure primary architectural components that enable 
programming of  the network as a whole. Then it becomes 
possible to develop tools and technologies that support 
programmable network services. 
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Ongoing Research 
o  Include semantic information in the network model 

describing infrastructure resources (e.g. network, storage, 
displays) 

o  Apply UPVN to multi-domain hybrid/optical networks 
o  Dynamic optimization of  network resources and applications 
o  Programming framework for automated decision making 

Node 

Application Application 

Node 

AC AC 

NC 

Node 

AC 

NC 

Users can analyze and manage a programmable 
network with an interactive visualization of the 
current state of the network infrastructure. 

Figure 2. 
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Virtualized Network Components (NC) provide 
applications an interface to program (a part of) the 
network. Programmable nodes allow specific 
Application Components (AC) to be uploaded that 
facilitate the application. 
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Using a multi-touch table (a), users can control paths (b) and stream characteristics (c) of a programmable network simply by 
the touch of a finger. In addition, the current state of a node can be displayed graphically (d). 
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