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Complex systems and

Complex networks



Complex systems
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Complex systems

Answers

• Complex systems contain many constituents interacting

nonlinearly (i.e. non-predictable);

• The constituents of a complex system are interdependent;

• A complex system possesses a structure spanning several

scales;

• A complex system is capable of emerging behavior.
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Complex networks in a nutshell

Once upon a time . . .

In 173x a mathematical puzzle

based on the city of

Königsberg was posed.
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Complex networks in a nutshell

The puzzle

Can we �nd a path that makes

us explore the city passing

from each bridge just once?

https://en.wikipedia.org/wiki/Seven_Bridges_of_K%C3%B6nigsberg
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Complex networks in a nutshell

The solution

In 1736 Leonard Euler found

the answer and gave birth to

graph theory.
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Complex networks in a nutshell
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Complex networks in a nutshell

Advantages

• Easy mathematical formalism

• Ability to go beyond visual inspection

• Possibility to adopt many techniques from statistical

physics/nonlinear dynamics.
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A world of networks
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Nodes: People

Edges: Friendiship



A world of networks

4/10

Nodes: Computers (IPs)

Edges: Cable connections



A world of networks
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Nodes: Junctions

Edges: Venations



A world of networks
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Nodes: Crossings

(locations)

Edges: Streets



A world of networks

A. Collar et al. Journal of Archaeological Method and Theory 22, 1�32 (2015).
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Terrestrial communication

networks



Previous work

ORBIS project homepage http://orbis.stanford.edu/
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Cases of study: Etruria & Latium Vetus during Iron Age

• Two regions:

Etruria and

Latium Vetus

• Five time snapshots

between (approx.)

950 � 509 BC.

• Nodes: settlements

Edges: direct routes

• Nr. of nodes

N ∈ [80, 180]

(approx.).
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Cases of study: Etruria & Latium Vetus during Iron Age

Question 1

Is it possible to understand power balances by
analysing regional transportation networks?
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Cases of study: Etruria & Latium Vetus during Iron Age

Question 1

Is it possible to understand power balances by
analysing regional transportation networks?

Question 2

Can we compare processes across regions?
(using formal network science methods)
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Cases of study: Etruria & Latium Vetus during Iron Age

F. Fulminante et al. Frontiers in Digital Humanities, 4, 1�12. (2017)
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Cases of study: Etruria & Latium Vetus during Iron Age

Etruria (EIA1L)

L. Prignano et al. arXiv e-print archive (2016). Available at: https://arxiv.org/abs/1612.09321

6/10

https://arxiv.org/abs/1612.09321


Cases of study: Etruria & Latium Vetus during Iron Age

Latium Vetus (EIA1L)

F. Fulminante et al. Frontiers in Digital Humanities, 4, 1�12. (2017)
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Comparison with other models

Questions:

1. What is the relation between the empirical model

and those available in the literature?

2. Which factors in�uence the �nal outcome?
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Comparison with other models

Models compared:

1. Minimum Spanning Tree

(MST)

2. Delaunay Triangulation

(DT)

3. Greedy Triangulation

(GT)

4. Gabriel Graph (GG)

5. Model 3 (M3)

• M. Barthélemy, Spatial networks. Physics Reports, 499, 1�101. (2011)

• B. Delaunay, �Sur la sphère vide�. Bulletin de l'Académie des Sciences de l'URSS, Classe des sciences

mathématiques et naturelles. 6: 793�800 (1934).

• K. R., Gabriel, et al. �A new statistical approach to geographic variation analysis�, Systematic Zoology,

Society of Systematic Biologists, 18(3): 259�270 (1969), 7/10



Comparison with other models
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Comparison with other models
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Quantities considered:

We compare 7 di�erent

topological indicators.
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Results
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Results

uniform vs circle
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Results

Questions:

Are Greedy and Delaunay Triangulations the same?
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Results

Jaccard score

J =
|A ∩ B |
|A ∪ B |

J ∈ [0, 1]
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Results
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Conclusions



Take home messages
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Networks as a tool to explore
complex systems



Take home messages
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Study of trail networks of Latium
Vetus and Etruria during

Iron Age.



Take home messages
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Studying a problem from another perspective may help
us to unveil hidden truths.
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