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Course Overview

Ⓒ 2022
T. Erseghe
tomaso.erseghe@unipd.it



Lecturer

Tomaso Erseghe
tomaso.erseghe@unipd.it
room 217, DEI/A

lectures: mon 8:30-10:00 & tue 16:30-18:00 @ 
www.dei.unipd.it

office hours: contact me by email
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https://www.dei.unipd.it/en/department/how-reach-us


In this course you’ll meet

Lejla Dzanko
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Prof. Caterina Suitner



Prerequisites

Basic requirements (that you already satisfy)

Calculus and linear algebra
Familiarity with a programming language 

(Python, R, MatLab, C, Java, etc.)
Probability theory / Statistics

Other useful knowledge
Networking processes in economics, 
telecommunications, semantics, etc …
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Textbooks ?
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No textbook! J

Slides/videos & additional material 
available

@ stem.elearning.unipd.it



Project based exam

q Project 
written report
extract network analytics using your 
preferred programming language(s)

q Oral presentation 
10 min presentation (slides)
5 min for questions

Final grade: 60% report, 40% presentation
+2 bonus (up to) if an interdisciplinary project (IP) 
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This course is about Networks
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q Network = anything that interconnects            
e.g., people sharing friendship in a social network platform 



Network examples
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2019 hashtag network related to #climatechange (from Twitter, after #gretathunberg)



Network examples … cont’d

9

2018 nouns network related to @UN_Women pages on Twitter
(after #metoo)



Network examples … cont’d
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April-May 2016 political network (votes at the EU parliament)

5star 
movement

Neil Farage’s UKIP



Network examples … cont’d
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2007 food web (Core Sound, NC, USA after the shrimping season)



Network examples … cont’d
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The brain network (functional connectivity network)



What is then network science?
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And how do we study networks?

With a holistic character
(the whole is greater than the sum of its parts)

With mathematical rigour

The approach is
empirical (driven by concrete data),
precise (requires a proper formalism),
interdisciplinary (can be applied to several fields), and
challenging (in data size and in objectives)
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And what do we study?
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>  Communities, countries  
and some key players

United states  28,3%
Unknown  18,24%
United Kingdom  10,69%
Netherlands  10,06%
Germany  9,43%
Spain  7,55%
France   5,03%

Mexico  4,4%
Canada  2,52%
Australia  1,89%
Austria  0,63%
Italy  0,63%
New Zealand  0,63%

The Museum ecosystem on Twitter
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many network analytics
e.g., centrality

q degree, PageRank, HITS, betweenness, etc. 



And what do we study? … cont’d
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scale-free 
network

random 
network

degree distributions
q power-law, scale-free,         

hubs, natural cut-off  
(because networks are not organized at random)

network   
models
q preferential 

attachment, 
fitness, aging, 
accelerated 
growth



And what do we study? … cont’d
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community detection
q modularity, Louvain algorithm,         

conductance, spectral clustering, 
overlapping communities
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structural 
disassortativity

my neighbours’ 
(average) degree

my degree

homophily
q assortativity (degree 

homophily), echo 
chambers, polarization

robustness
q how robust is a 

network to node 
removal?

And what do we study? … cont’d

link prediction
q which is the next 

link to activate?



Origin of network science
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q Many ideas around for a while  
graph theory (Euler 1735)
ecological networks (Elton 1927)
social networks (Moreno 1934)
economic networks (Leontief 1941)
Internet (Cerf and Kahn 1973)

q Effort to finding a common language only 
started around the 2000s

convergence of disciplines
availability of data collections and archives
the Internet itself as an instrument to gain 
access to big data



What about the project ?

choose your dataset (possibly create
your own dataset)

apply the ideas learned during the course

show that you can do clever things

try extracting meaningful measures/analytics 
that describe an interesting aspect of your 
network
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What about interdisciplinary projects ?
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in collaboration with the twin course of
Social Network Analysis @ Communication 
Strategies

SNA students suggest research questions

NS students conceive appropriate algorithmic 
solutions

in brainstorming sessions
the instructor will help/give feedback J

revise



Interdisciplinary projects 2019

22



Interdisciplinary projects 2019
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networks from words in tweets

networks from recipes, food colours 

network of social connections

networks from words in tweets



Is IPs dirty work?
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q scraping with APIs,
downloading, 
PoS tagging, 
data storing,
etc.

… but can get better if you use Phython, and, in any case,

q the reward is 
worth the effort



Calendar (tentative)
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IPs kickoff

centrality
network models

Twitter labs

community 
detection

Gephi lab

igraph lab

layout

homophily

link prediction

seminar

robustness

intro polarization

2 x project 
discussion in Jan



Exam sessions (starting dates)

q Feb 1, 2023 (Wed) - 9:00, Le
q IP day Feb 6, 2023 (Mon) - 9:00 - tbc
q Feb 21, 2023 (Tue) - 9:00, Le
q Jul 5, 2023 (Wed) - 9:00, Le
q Sep 11, 2023 (Tue) - 9:00, Ce

PS: You will be asked to enrol in 
www.uniweb.unipd.it
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Useful books/material

q A.L. Barabási, «Network science»
http://barabasi.com/networksciencebook

(these slides = Ch.1 “Introduction”)

q J. Lescovec, «Machine learning with graphs»
http://web.stanford.edu/class/cs224w

q M. Newman, «Networks: an introduction»
Oxford University Press, 2010

q R. van der Hofstad, «Random graphs and complex
networks» 

http://www.win.tue.nl/~rhofstad/NotesRGCN.html
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http://barabasi.com/networksciencebook
http://web.stanford.edu/class/cs224w
http://www.win.tue.nl/~rhofstad/NotesRGCN.html


Useful programming languages

q Python

very good at scraping data (e.g., via Twitter APIs), polishing data (POS 
tagger), plotting graphs, implementing algorithms

q R
very good for memory storage, plotting graphs, implementing 
algorithms

q MatLab
An alternative for algorithms and graph plotting

University license available
https://www.ict.unipd.it/servizi/servizi-utenti-istituzionali/contratti-software-e-

licenze/matlab
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https://www.ict.unipd.it/servizi/servizi-utenti-istituzionali/contratti-software-e-licenze/matlab


What about you?
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Which is your background?

Do you know Python?

Do you have a laptop?

Why did you pick the course?

What do you expect 
from this course?

Are you interested in an 
interdisciplinary work?



Questions ?
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