How connected are you?

Putting some network science in your life

Hugo Touchette
National Institute for Theoretical Physics (NITheP)

Stellenbosch
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Other networks

HIGHEST CAPACITY
POWER LINES (kilovolts)

~—— 34510 450

___‘ —— 500 to 525
—— 735t0 765

- Direct current [ Note: Smaller-capacity lines and some BN Source: Platts
direct-current lines are omitted for clarity. The Wall Street Journal




Other networks
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Other networks
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Facebook
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Football graphs
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* With Javier Lopez Pena (now at kickdex)
 http://www.maths.gmul.ac.uk/~ht/footballgraphs/




Bits of graph theory

o Adjacency matrix
) =— Node or vertex L

1:2 3i4 5
1J0 1 0 0 O
211 01 10
4]0 1 0 0 1
510 01 1 0
Degree distribution
3
Degree: d.= # links from | >
Degree sequence i -
d=(1,3,2,22) ;




Degree distribution
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Types of graphs

Random

Small world

Social networks
Electricity grid
Gene networks
Between ordered
and random

Scale free

Internet

Sexual partners
Alirline connections
Scientific citations
Highly connected
nodes (hubs)



Small world networks

Regular Small-world
p=0 _ > p=1

Increasing randomness
B
al * 0/ Co)
* Re-wire link with probability o - L -
* Create bridges | ' o
0.4 - . .
o Small distance b Lgie e :
. . 0.2 - ° -
* High clustering | e .. LB,
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Watts & Strogatz, Nature 1998



Kevin Bacon game

Kevin Bacon is the centre of the entertainment world!

https://oracleofbacon.org



Kevin Bacon game

Kevin Bacon is the centre of the entertainment world!

https://oracleofbacon.org



Centrality

 Most connected = highest degree
 Most central = most effect if removed
* Centrality = Link to many connections

e Different centrality measures C = F(A)
 Betweenness
 Pagerank
 Degree centrality



Examples

©25-80%
e > 80%

« Communication servers (39 stars)
 Power grid (310 circles)

* [ailure probability with 14 servers down
Schneider et al., Sci. Rep. 2013



e |eft: Betweenness centrality
* Right: Correlation of centrality-activity

Porta et al., Environ. & Planning 2009



Current research

Maths + physics + computer science + social sciences

 Community detection
e [dentification
e Recommendations
(Facebook, Amazon, etc.)

e Evolving networks

* City growth
* Urban planning

* Dynamics on networks
* Disease spreading
 (Google search
* Daily commute




LONDON IN MOTION

One day of public transit travel for 3.1 million Londoners,
inferred using complete sets of data from the Oyster farecard
and the iBus vehicle-location system

NN Massschune™s Tnmport
|l|“ - for London

Iperdenet 3:004™



