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Abstract

We live in a highly-connected world and find networks wherever we look: social networks, public
transport networks, telecommunication networks, financial networks, and more. These networks
can be immensely complex, comprising potentially millions or even billions of inter-connected
objects. Answering questions such as how to control disease spreading in contact networks, how to
optimise public transport networks, or how to diversify investment portfolios requires
understanding each network's function and working principles.

Network scientists analyse the structure of networks in search of communities: groups of objects
that form clusters and are more connected to each other than the rest. Communities form the
building blocks of networks, corresponding to their sub-systems, and allow us to represent networks
with coarse-grained models. Analysing communities and their interactions helps us unravel how
networks function.

In this thesis, we use the so-called map equation framework, an information-theoretic community-
detection approach. The map equation follows the minimum description length principle and
assumes complete data in networks with one node type. We challenge these assumptions and adapt
the map equation for community detection in networks with two node types and incomplete
networks where some data is missing. We move beyond detecting communities and derive
approaches for how, based on communities, we can identify influential objects in networks, and
predict links that do not (yet) exist.
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