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In recent years it has become apparent that a funda-
mental aspect of many complex systems is the structure
of the underlying network of interactions between the el-
ements. The origins and effects of statistical properties
such as degree distributions, short paths, clustering or
community structure have been analysed in great detail.
One such feature of empirical networks is the existence of
correlations between the degrees of neighbouring nodes
– a node’s degree being the number of neighbours it has.
Networks with positive correlations are assortative, since
nodes of a kind tend to group together, or assort, whereas
negatively correlated ones are disassortative. This prop-
erty has been shown to be highly relevant for their be-
haviour. For instance, assortative networks have lower
percolation thresholds and are more robust to targeted
attack, while disassortative ones make for more stable
ecosystems and are more “synchronizable”.

A striking characteristic of empirical networks is that
they are seldom uncorrelated. Rather, social networks –
in which the nodes are people and the edges represent
professional, sexual or any other form of interaction –
are usually assortative. Conversely, almost all other net-
works, whether biological (genetic, ecological, neural...),
information-related (linguistic, the Web...), or technolog-
ical (the internet, power-grids...), are significantly disas-
sortative.

Whence these non-trivial correlations? Do they, in
each case, serve some functional purpose? Or do they
share a common origin? The positive correlations of so-
cial networks are perhaps to be expected, since humans
seem to group together deliberately according to all kinds
of features. In other words, the elements themselves put
energy into the system, driving it from equilibrium. On
the other hand, negative correlations have been shown
to appear in highly heterogeneous networks when only
one edge per pair of nodes is allowed – but this effect
alone does not account for the degree of disassortativity
observed.

We show that there is a general reason for the “nat-
ural” (i.e., equilibrium) state of heterogeneous networks
not to be neutral but, in general, disassortative1. To
do this, we develop an analytical method to partition
the phase space of networks compatible with given con-
straints into equally correlated regions. We obtain the
Shannon entropy (which coincides, asymptotically, with
the Gibbs entropy for intensive constraints) for each par-
tition, and determine the degree of assortativity that

maximizes this magnitude. At equilibrium – i.e., in the
absence of correlating mechanisms – the system can be
expected to find itself in this largest volume of phase
space. Contrasting our predictions against empirical da-
ta, it turns out that the correlations of many networks
can indeed be explained in this way (for example, the
metabolic, Web page and protein networks in Fig. 1).
On the other hand, some networks with identifiable an-
ticorrelating mechanisms (such as the P2P network or
the internet) are more disassortative than if they were
at equilibrium, while social networks (the actors graph)
are far more assortative – indicating that there are ho-
mophilic processes at work.
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Figura 1. (Color online) Level of assortativity that maxi-
mizes the entropy, r∗, for various real-world, scale-free net-
works, as predicted theoretically against scale-free exponent
γ. Bar ends show the empirical values.

We go on to show how our method can be used to
study the effects of correlations in any kind of network.
In particular, we apply it to a neural-network model and
find that assortativity greatly enhances the robustness to
noise of such a system2.
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