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M.Sc. Thesis Description

Main issues / Brief Description [Mandatory]:

Study of the dynamic correlations found in epidemic processes in complex networks, which make
Monte Carlo simulations deviate from the expected outputs from our Microscopic Markov-Chain
Approach.
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Detailed Description including a task planning [Mandatory]:

Complex weblike structures describe a wide variety of systems of high technological and
intellectual importance [1,2]. For example, the cell is best described as a complex network of
chemicals connected by chemical reactions; the Internet is a complex network of routers and
computers linked by various physical or wireless links; fads and ideas spread on the social network,
whose nodes are human beings and whose edges represent various social relationships; the World
Wide Web is an enormous virtual network of Web pages connected by hyperlinks. These systems
represent just a few of the many examples that have recently prompted the scientific community to
investigate the relationship between the topology of complex networks and the dynamics that take
place on them.

A complex network is just a graph with several non-trivial topological properties, not present in
simple models of networks. Some of them are: scale-free degree distributions, high clustering
coefficients (i.e. more triangles than expected in a random network), assortativity (correlations
between connected nodes’ degrees), and community structure. On the contrary, simple graphs such
as random networks or grids show a homogeneous structure in which all nodes are almost
indistinguishable, unlike what is observed in real networks.

Our research group has been studying complex networks for a long time, and one of the topics we
are more interested now is in the spreading of epidemics in complex networks. For example, taking
the standard epidemiological susceptible-infected-susceptible (SIS) model [3], and running it in
complex networks, it is possible to show, from theory and from Monte Carlo (MC) simulations, the
existence of an epidemic threshold [4,5], i.e. a value of the infection rate above which the disease
becomes pandemic.

In [6,7] we introduce a new mathematical framework, the Microscopic Markov-Chain Approach
(MMCA), which is able to predict with high accuracy the total SIS epidemic spreading in a
complex network, and even the probabilities of being infected of all the individual nodes, in almost
perfect agreement with the corresponding MC simulations.

However, there are cases in which MMCA and MC show a non-negligible deviation, which need to
be studied. The objective of this project is the study of the dynamic correlations between infected
nodes in epidemic spreading processes, in order to extend the MMCA equations and to obtain more
accurate predictions.

The working plan is the following:

1. Introduction to the problem: study of the basic bibliography on complex networks, structural
parameters, and epidemic spreading dynamics.

2. Study of our implementations of MC and MMCA.

3. Analysis of the dynamic correlations in MC simulations of SIS epidemic spreading in different

complex network structures, and near the epidemic threshold.

Extension of MMCA equations to take into account these dynamic correlations.

Numeric solution of the extended MMCA equations, and comparison with MC.
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