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Fig. 7. Duration of a search as a function of the overlay size

trustability or latency. Thus, achieving trade-off between
reliability or speed.

4. Low periodic traffic: Kademlia uses almost no periodic
overhead traffic. Configuration information spreads auto-
matically as a side-effect of key lookups.

Performance of the Architecture. The performance of
the DNA overlay is outlined by the scalability of the search
times with regard to the network size and churn times,
cf. Figure 7. A comprehensive investigation of the archi-
tecture is available in [26]. Figure 7 depicts the simulation
of an overlay of 1000 peers assuming a exponential dis-
tributed network transmission time with a mean of 50 ms
per hop. The concave curves shows that the system does
indeed scale. In an overlay without churn, the average
search time stays below 200 ms. If churn is present then
the search times increases but the overlay still scales.

Measurement Concept. While the DNA overlay facilitates
mainly the maintaining of the virtual infrastructure, mea-
surement mechanisms for assessing the end-to-end qual-
ity are needed. These mechanisms can be used as plug-
ins to the DNA. Such a plug-in may be the proposed
Network Utility Function (NUF) [27]. The NUF combines
the observed network utility at the inlet and the outlet.
It captures the damping effect of the network onto user-
perceived quality from an end-to-end perspective. The
NUF is highly intuitive due to its mapping to a simple value
between 0 and 1. Hence, it is first step toward efficiently
evaluating the QoE of future applications.

Possibilities for Managing the Future Internet. Major
possibilities for managing the Future Internet are based
in the self-organization capabilities of a P2P-based ser-
vice monitoring overlay. The automatic operation reduces
operational expenses and may adapt to the heterogene-
ity of peers, i.e. manage the roaming of users. By us-
ing P2P mechanisms, monitoring overlays can be set up
on-demand by communities of edge nodes for specific
applications. Thus, permitting managed and surveyed
communities services. The coordinated edge-based ap-
proach can inform third parties, such as operators. Thus, it

may bridge the gap between pure end-to-end control and
network control when edge systems experience service
degradations. Ideally, the support of service monitoring
overlays should be included into the edge and core of the
Future Internet, e.g. the node should directly be placed in
overlays.

VIl. CONCLUSION

The Future Internet is no longer a collection of links,
routers, and protocols. It will be viewed as a network of ap-
plications, information, and contents and becomes an ar-
chitecture for participation. Hence, intelligent edge-based
applications and services will dominate the Future Inter-
net. These applications and services will be typically im-
plemented in an abstract way as overlays. Additional chal-
lenges come from recent advances in networking technol-
ogy such as high speed optical networking, wireless trans-
mission, or virtualization of links and routers.

In order to address these challenges new methodolo-
gies for implementing and operating overlays are needed.
In particular, new mechanisms are required which permit
edge-based overlays to structure their topology, to define
their routing scheme, and to manage their resources inde-
pendently.

The capabilities of P2P-based overlays for solving some
of the control tasks of the Future Internet and its applica-
tions have been demonstrated by two examples: a Mo-
bile P2P participation architecture and a P2P-based ser-
vice monitoring infrastructure. The examples underline
that application-specific structuring and routing of the P2P
overlays should be supported directly by the future net-
work nodes.

Moreover, the pressures from the efficiencies of over-
lays on the conventional layering model of IP and OSI cur-
rently initiate a rethinking of these models. A thinning of
the layers and a more basic separation of the layers ap-
pears to be needed. This separation should focus on a
split into three layers: a) the application layer (for address-
ing the application needs), b) the mediation layer (for net-
work structuring, naming, and routing), and c) the trans-
port layer (for reliable and cost-efficient transport).

Different international and national research initiatives
and projects for evolving today’s system into the Future In-
ternet, such as GENI [28], IKT 2020 [29], or VINI [16], have
been started lately. Hence, it can be expected that specific
parts of the architecture of the Future Internet, such the
virtualization of router and links, will soon be available in
real world networks. Thus, the question whether an evolu-
tionary or a clean-slate design is necessary for the Future
Internet might be answered quickly by operating networks
which absorb the future traffic.
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