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Internet is the largest synthetic complex system ever
built, with a collection of more than 30,000 networks,
each one known as an Autonomous System. In the last
few years, Internet is experiencing an explosive growth
that is compromising its navigation scalability1,2 due to
its dependence on the Border Gateway Protocol (BGP).
The BGP routing protocol requires to maintain an up-
dated view of the network topology, involving a huge
amount of data exchange and significant convergence
times. The scale-free topology of Internet makes the
complex network theory the natural framework to an-
alyze its problems. Here, we propose a local alternative
to this routing protocol based on complex networks. Our
approach guarantees a high reliability over time and the
simulation results show that we are in high percentage
close to optimal paths.
In many strongly clustered networks, without a global

view of the topology, a message can be routed efficiently.
Assuming the hypothesis that the mesoscopic structure
provides meaningful insights on this routing property, we
analyze the contribution of each node of a network to
modules using the projection technique introduced by
Arenas et al.3. This projection is based on a rank 2
TSVD and constructs a plane U2 where each node has
a coordinate pair. For each pair we calculate the polar
coordinates (R, θ) and the values Rint and Rext. R and
θ enlighten about the degree and connectivity pattern
of each node, Rint informs about the internal contribu-
tion of nodes to their corresponding modules, and Rext

reflects the boundary structure of modules.
Using these values, we propose a greedy routing algo-

rithm that at each step chooses the neighbor that mini-
mizes the function

costk = β(λ+ |∆θk→j |)/Rintk if k ∈ αj ,

= |∆θk→j |/Rextk if k ̸∈ αj ∧Rextk > 0,

= (λ+ |∆θk→j |)/Rintk otherwise;

where |∆θk→j | is the angular distance between the neigh-
bor k and destination j; αj is the destination community;
and λ and β are constants. For more details see 3,4.
This study is also concerned about the reliability of

this projection: if data is continuously changing the pro-
jection might become obsolete. In our earlier work5 we
defined two measures to quantify the differences between
two projections. The first measure is of global reliabil-
ity and indicates the amount of change in the position of
nodes in U2. It is computed by the relative error between
the U2 coordinates of the initial network and the grown
network. Nonetheless, the neighborhood of each node in
the U2 plane may differ and be hardly reflected by the
measure defined above. Thus, we proposed a norm that
reflects these local changes using the weighted distances

between nodes. First, we construct the matrices Dz with
the N × N distances between any pair of nodes of the
network at stage z. Then, we compute the matrices of
weighted distances Sz using a gaussian distribution that
prioritizes the stability of closer nodes over the distant
ones,
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where R0
i is the module of the node i, and σ is a constant.

Finally, the local measure of reliability is computed as
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where S0 and Sz represent the matrices of weighted dis-
tances of the initial network and the grown network.

We have selected two snapshots of the AS network6,
June and December 2009, as our test set. With them we
construct two undirected and unweighted networks. We
have simulated 106 paths with a success rate of 93% and
an average path of 6 steps (due to the long tail of the
distribution). The global error between both projected
networks is 18%, however, the local error is only 0.007%.
This reinforces the idea that our projection is very ro-
bust against evolving data. Likewise, the Figure below
shows that the distribution of path length of our greedy
algorithm does not significantly degrade.
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