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Abstract

This project links well-researched basic modelling approaches for infection spread to the latest attempts in incorporating complexity for small networks. This connection can create
opportunities for easier property inference and further refinements in epidemiology, including extensions to large populations. There is some recent research on the topic but the linear
connection assumed in it between infectious individuals and the occurrence of new cases cannot capture the dynamics for all network configurations.

We look into the case of a non-linear relationship which can overcome this problem. We use computer-generated populations controlling for modularity (i.e. existence of communities
within the network) to simulate disease propagation for different sets of transmissibility and recovery parameters corresponding to different types of diseases.

A fitting procedure is then run for the obtained epidemics to find the equivalent infections (characterised by their parameters) over the simple population in which everyone
communicates with everyone else at random and these are analysed to elicit useful patterns.
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Fitting a homogeneous linear model to results from simulations of epidemics on networks (the parameters are fitted to minimise the least squares difference between the two curves).
Three real small network datasets are used (workplace, school and conference).
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mixed ones.

While promising, these results suggested that clustered networks influence disease propagation in a way which makes the fit to a linear well-mixed models poor. So, we decided
to consider such networks and to introduce non-linearity in the model before fitting to realistic simulated scenarios.
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Interactions so this research is still limited to the synthetic scenarios until more conclusive evidence is found regarding the
structure of real-world networks.

The results from simulations and consequent fitting for the networks and epidemic parameters which we have examined,
show a slightly better fit of the non-linear model. This is assessed in the observed fit in peak times as well as overall

least squares fit. Nevertheless, the average difference (between a fit and the simulated samples) can still exceed 10% This project was completed thanks to the
(for the example printed here it is 11.6% excluding the times with very little infected numbers). Laidlaw Scholars Programme at the University
of Oxford.

We have done optimisations in 3 dimensions only since we always had one of the non-linearity constants fixed. Further
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research can look into the interaction between the two non-linearity constants and whether one of them leads to (\\|
evidently better results in most cases. /'
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