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Network Theory

Network Science / Complex Systems Science

I The study of how things connect / interact

Graph Theory

I Nodes: Individuals

I Edges: Links / Connections



Infrastructure Networks



Online/Offline Social Networks



Networks are everywhere. . .

http://en.wikipedia.org/wiki/Internet_map

http://en.wikipedia.org/wiki/Internet_map


Interconnected Urban Networks

Figure: c© Leonardo Dueãs–Osorio.
From: https://simonsfoundation.org/features/science-news/
treading-softly-in-a-connected-world/
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A Brief History of Network Theory

By Merian-Erben [Public domain], via Wikimedia Commons



The Königsberg Bridge Problem

By Bogdan Giuşcă (Public domain (PD)) [GFDL (http://www.gnu.org/copyleft/fdl.html)], via Wikimedia Commons



The Seven Bridges of Königsberg

https://en.wikipedia.org/wiki/Seven Bridges of Königsberg



Resolution by Leonhard Euler in 1736

https://en.wikipedia.org/wiki/Seven Bridges of Königsberg



Modern day Kaliningrad





“Braess’ paradox”

Modified from: http://en.wikipedia.org/wiki/Braess’s_paradox
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Cities are Important

I Cities are expanding:
I Over 50% people living in cities,
I by 2050: 60%–80%

I Buildings consume 20%–40% of total energy.
I Commuting alone accounts for 5%–10%. . .
I Total transport ≈50%

‡: Osório, McCullen, Walker & Coley. Sustainable Cities and Society (2017)

“Integrating the energy costs of urban transport and buildings.”
c©Jasvipul Chawla
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Cities are Complex Systems

Duvigneaud, P., Denayeyer-De Smet, S., 1977. L’Ecosystéme Urbs, in L’Ecosystéme Urbain Bruxellois, in

Productivité en Belgique. In: Duvigneaud, P., Kestemont, P. (Eds.), Traveaux de la Section Belge du Programme

Biologique International, Bruxelles, pp. 581–597.



Is there a Science of Cities?

[Lúıs M. A. Bettencourt, José Lobo “Urban scaling in Europe”, Journal of the Royal Society Interface (2016)]



Developing a Scientific Theory













Automated Data Extraction



Automated Data Extraction



Spatial Analysis



Spatial Analysis



Data/Spatial Analysis



Data/Spatial Analysis



Data/Spatial Analysis



Data/Spatial Analysis



“Space Syntax”

[Batty, M., Predicting where we walk. Nature, 388(6637), 19-20, (1997)]



“Space Syntax”

[Hillier, Bill. ”Space is the machine: a configurational theory of architecture.” (2007)]



“Space Syntax”

Integration vs traffic flow

[Hillier, Bill. ”The common language of space: a way of looking at the social, economic and environmental
functioning of cities on a common basis.”

JOURNAL OF ENVIRONMENTAL SCIENCES-BEIJING- 11 (1999): 344-349.]



Connectivity and Traffic in Bath



Traffic Flow in Bath





Modelling the Spread of Innovation

I Perceived usefulness of innovation: u = αp + βs + γm



(a) (b)

(c) (d)



t1 t2

t3 t4



Simulating and comparing scenarios



For More Information



Thanks for listening
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