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What is a complex network? - 1

Vaguely speaking: a network is a structure composed by individual
elements, or actors, and by interactions, or connections, between these
elements.

Example 1. The world wide web is a network: the elements are the
web pages and the connections are the hyperlinks that point from one
web page to another.
Example 2. The network made by the behaviour of the reindeer in a
herd in a given day. Each reindeer is an actor, and we place a
weighted interaction between any two reindeer: the weight is n if they
come closer than a given threshold (say, 1 meter) n times in a day.
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What is a complex network? - 2

Vaguely speaking: the adjective complex refers to a topology that is
neither too simple (e.g. complete graph, tree) nor too statistically
regular (random model of graphs)

Example of question addressed by network science: which elements of
the network are the most important?
Example of question addressed by network science: are there any
naturally identified subnetworks that emerge from the main network?
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A note on handwaving

The questions on the previous slides were admittedly vaguely formulated.
One goal of network analysis is to mathematize them so that they can be
precisely formulated (and hopefully answered). In doing so one takes into
account various aspects:

The underlying application – the mathematical model should be as
realistic as possible;
Mathematical issues – it should be complex enough to capture as
much as possible of the reality, but also simple enough that
mathematicians can do something with it;
Computational issues – real-life networks are often huge; they may
evolve with time; practitioners may want very quick answers on them.
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Where can networks come from?

Edges = physical links. Streets in a city; network of roads or railways;
synapses in a brain.
Edges = physical interactions. Chemical, physical, or biological
networks (interactions between atoms, crystals, proteins, cells...);
disease spreading
Edges = abstract connections. Information spreading among a group
of people; airports linked by airline routes.
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Where can networks come from?

Edges = social links. Social network (friends, followers...); network of
family relations or work collaborations; herd of animals (social
hierarchy structure).
Edges = conceptual links. Hierarchy of chapters in a book; world wide
web (hyperlinks).
Edges = other kinds of relations. Exchange of goods/services in an
economic network; correlation between stocks in the market exchange.
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Some real-world examples

CHAPTER 1. INTRODUCTION

(a) (b)

(c) (d)

Figure 1.1: Examples of different classes of networks. (a) An airline transportation network in Europe;
(b) An urban street network; (c) Relational network of concepts in network theory; (d) A network of
reactions in the Earth’s atmosphere.

You may have noticed that these concepts are not completely disjoint and it is certainly the case that
we may want to interpret one network from many different points of view. Some examples of these
classes of networks are illustrated in Figure 1.1.

1.2 History

We present a brief history of graphs and highlight the emergence of some of the key concepts which
will prove useful in our analysis of networks.

1.2.1 Euler and the Königsberg bridge

Our story starts (as many in mathematics do) with Leonhard Euler. He had heard of a problem that
the people of eighteenth century Königsberg amused themselves with.2 The main river through the
city, the Pregel, surrounds an island and branches as it flows towards the Baltic Sea. At the time, seven

2The city is now known as Kaliningrad and is in Russia.

3
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