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I. INTRODUCTION 
The scalability of functions existing in a network is one of 

the most important challenges for large inter-networks. The 
quality of service (QoS) use-case with its IntServ and 
DiffServ solutions was the most prominent of the discussed 
features in the past. IntServ stores state information for 
each connection on all nodes along the path of the 
connection. The states are managed by using a signaling 
protocol, like e.g. RSVP. In inter-networks, routers suffer 
from the large amount of states needed for handling the 
high number of connections. In order to deal with this 
scalability problem, DiffServ maps several connections 
traversing an autonomous system (AS) to a smaller number 
of internal traffic classes. For example, all VoIP 
connections are mapped to a delay optimized traffic class. 
If this mapping is done, based on deep packet inspection, 
no connection oriented state information is needed. As 
drawback the application loses its possibility to inform the 
network about its specific needs. In special, that hampers 
the deployment of new applications because they are not 
considered in the mapping. This is important for the 
flexible and open end host concept which is the main driver 
of innovations for the Internet. By using signaling with a 
DiffServ approach, the network would be enabled to react 
to the specific needs of an application. But a scalability 
problem occurs at the ingress nodes of each AS. These 
nodes have to handle the signaling and store the necessary 
mapping states. 

This scalability problem gets more severe in Future 
Internet architectures, providing functionality by 
dynamically constructing stacks based on functional blocks 
[1, 2]. The scalability problem arises in these systems not 
only for QoS but also for all other functions requiring 
states. In addition to classical network based functions, like 
multicast or mobility support, more application 
requirements will likely appear in the future. Examples are 
an integrated network-based virus scan for incoming data or 
or video re-coding for small mobile devices. Regarding the 
scalability challenges for a network, the main questions, 
which have to be answered, are where to place functions 
and the required state information, and how to re-use them 
for multiple connections. 

The key contribution of this work is a demonstration of a 
scaling inter-network system, based on dynamic 
composition of functional blocks. New function instances 
are created, depending on application requirements. 
Furthermore, and more important, the system is able to re-
use existing functions and their states for multiple 
connections in order to improve scalability. The simulator 
shows that the re-use is possible without per-connection 
state information on the hosts which provide the functions. 

II. FORWARDING ON GATES 
The demonstration uses the inter-network protocol 

“Forwarding on Gates” [3] (FoG). It uses index-based 
forwarding, which was adapted for networks consisting of 
functional blocks. The index-based forwarding concept [4, 
5] separates forwarding from routing of packets by using 
lists of indices as routes. Such lists represent the decision of 
of the routing and are used by the forwarding to relay data 
without doing routing. In general, they are stored in the 
packet. Typically, the lists are calculated by the routing at 
the start of a communication. FoG differs from known 
systems by the following two main points: 

a.) FoG is based on functional blocks. These blocks are 
called “gates” in the context of FoG. An index 
represents the next functional block to which the data 
has to be transferred to. Known systems, like Pathlet 
[5], encode only the next hops with these indices. 
Using functional blocks as the base for networking let 
the routing operate on graphs of blocks, too.  

b.) FoG uses an incremental routing process. In contrast to 
source routing based systems, the routes in FoG are 
created incrementally by concatenating partial routes. 
During this process, FoG packets include only parts of 
the whole route. Therefore, the routing process is 
neither source routing nor hop-by-hop routing; it is in 
between these two extreme cases. 

The first point enables functional blocks (“gates”) to be 
part of the routing. Therefore, the routing can decide to 
reuse gates for multiple connections. In general, gates can 
be reused if their function does not depend on the 
communication data itself and if parameters used for the 
gates are identical. The second point enables scalable 
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