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Abstract

Complex networks are an important class of models used to describe the
behaviour of a very broad category of systems which appear in different fields
of science ranging from physics, biology and statistics to computer science
and other disciplines. This set of models includes spin systems on a graph,
neural networks, decision networks, spreading disease, financial trade, social
networks and all systems which can be represented as interacting agents on
some sort of graph architecture.

In this thesis, by using the theoretical framework of statistical mechanics,
the equilibrium and the dynamical behaviour of such systems is studied.

For the equilibrium case, after presenting the region graph free energy
approximation, the Survey Propagation method, previously used to investi-
gate the low temperature phase of complex systems on tree-like topologies, is
extended to the case of loopy graph architectures.

For time-dependent behaviour, both discrete-time and continuous-time
dynamics are considered. It is shown how to extend the cavity method ap-
proach from a tool used to study equilibrium properties of complex systems
to the discrete-time dynamical scenario. A closure scheme of the dynamic
message-passing equation based on a Markovian approximations is presented.
This allows to estimate non-equilibrium marginals of spin models on a graph
with reversible dynamics. As an alternative to this approach, an extension of
region graph variational free energy approximations to the non-equilibrium
case is also presented. Non-equilibrium functionals that, when minimized with
constraints, lead to approximate equations for out-of-equilibrium marginals of
general spin models are introduced and discussed.

For the continuous-time dynamics a novel approach that extends the cav-
ity method also to this case is discussed. The main result of this part is a Cavity
Master Equation which, together with an approximate version of the Master
Equation, constitutes a closure scheme to estimate non-equilibrium marginals
of continuous-time spin models. The investigation of dynamics of spin systems
is concluded by applying a quasi-equilibrium approach to a sim- ple case. A way
to test self-consistently the assumptions of the method as well as its limits is
discussed.

In the final part of the thesis, analogies and differences between the graph-
ical model approaches discussed in the manuscript and causal analysis in
statistics are presented.
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