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The three main datasets we will consider are: IP exchanges, local views of
the Internet’s topology, and P2P exchanges. Since the writing of this project, we
have gained the opportunity to study other datasets: contact networks between
individuals, acquired with sensors, and brain activity. We describe below these
new datasets, and present the existing work concerning the dynamics of all these
networks.

1 IP exchanges

Internet traffic at the IP level has been widely studied with motivations ranging
from quality of service and security issues, to monitoring of applications and
of usage of the Internet, to anomaly detection in order to detect attacks [45,
35, 41, 27, 4, 26, 56, 44, 24, 31, 14, 6, 17]. Well-known aspects of IP traffic
are its variability and the multiplicity of traffic, be it legitimate or not, and its
non-trivial statistical properties (lack of unique relevant time-scales, long range
dependance, non-gaussianity) [37, 23]. These characteristics have been often
studied through methods from time-series analysis [1, 8, 43].

Our approach is different, since we consider IP traffic as a graph, in which
two IP addresses are linked if they exchange packets. Some work have used this
approach, but have considered that the graph is static, i.e. does not evolve with
time [29, 22].

2 Internet Topology

The Internet’s physical topology consists of routers and computers present on
the Internet, joined by wires. A good knowledge of this topology is fundamental
for understanding the workings of the Internet, designing relevant and efficient
protocols on this topology, and know where intervention is needed in case of
problems (congestions caused by an increase of traffic with time for instance).

However, the Internet has evolved in a decentralised way, and acquiring data
on its topology is a difficult task. In the last ten years, a large body of research
has been devoted to measure and analyse this topology [53, 16, 15, 46], and very
important advances have been made. Since obtaining a map of the Internet is a
heavy and very time-consuming task, most efforts in this domain have therefore
been devoted to collect and analyse static views of this map.
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Some works have begun to study the dynamics of this topology [28, 33, 34,
39, 36, 25, 38], to which participants of this project have contributed, but these
works remain preliminary. Their main outcome is that the dynamics under
concern is intense and much more complex than previously expected.

3 P2P exchanges

File exchanges on Peer-to-Peer (P2P) systems have received much attention in
the last few years. Because of their distributed nature, collecting information
on these systems is a challenging task. Some works have however managed to
collect and study datasets about P2P exchanges, in particular in the eDonkey
system, with the main goal of designing efficient protocols for these systems, see
for instance [21, 18, 20, 51, 32, 55, 50].

The papers which studied the dynamics of P2P networks have mainly been
concerned with the study of churn, i.e. the rate at which users join or leave
the system. See for instance [50, 47, 32, 5] and references within. These works
have studied different properties related to churn, in particular session lengths,
inter-session time, and correlations between consecutive session lengths.

[30] also studies churn, in order to identify nodes which are connected to
the system with the same temporal patterns, the aim being to design protocols
that take this into account when nodes look for other nodes to connect to in the
network.

[49] addresses the question of obtaining a representative sample of a P2P
networks, through random walk techniques, in the case where the nodes join or
leave the system, possibly at a high frequency.

4 Contact Networks

Proximity between individuals can be detected with wireless sensors carried by
people, that are able to detect when they are close to each other. The result is
a dynamic network contact, with, at each time step, the information of who is
close to whom.

This object has received much attention in the recent years. The main
property that has been studied is the characterization of the times of contact
and inter-contact [7, 9, 12, 42, 52, 13].

[19] studied the bias on the observed contact duration caused by the fact
that some sensors may fail to detect each other at some times.

5 Biological networks

Some authors have studied the dynamical nature of different types of biological
networks [2, 3, 40, 54, 48].

We have the opportunity to study a dataset recording the brain activity mea-
sured via electroencephalography techniques (EEG). The object under study is
an evolving graph in which nodes stand for different brain areas and links for
the evidence of an electrical activity between two distinct areas [11, 10]. One
of the key question in this context is to identify pertinent statistical properties
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in order to anticipate specific events in the brain activity (such as seizures for
epileptic patients for instance).
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