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Raw Data are often not networks
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How to Construct Networks?
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Bi-partite and K-partite Networks
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One-Mode Projections: Example
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Constructing One Mode Projections

● Construct network projections by applying 
node similarity measures

● Two example similarity measures:
– Common neighbors: #(shared neighbors of nodes)

● Student network: i and j and are linked if they work 
together in k or more projects

● Project network: i and j are linked if k or more 
students work on both projects

– Jaccard index:
● Ratio of shared neighbors in the complete set of 

neighbors for 2 nodes
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Constructing One Mode Projections

● Construct network projections by applying node 
similarity measures

● Two example similarity measures:
– Common neighbors: #(shared neighbors of nodes)

● Student network: i and j and are linked if they work together 
in k or more projects

● Project network: i and j are linked if k or more students work 
on both projects

– Jaccard index:
● Ratio of shared neighbors in the complete set of neighbors 

for 2 nodes

● Many possible variations, such as:
– Weight representing strength of similarity
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Example: Human Disease Network
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Sets of Objects as a Network
● Even in a dataset with no explicit graph structure, 

we can use similarity measures to produce a 
network:
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Times Series as Networks
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Times Series as Networks
● Ex: Visibility Graphs
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Times Series as Networks
● Ex: Quantile Graphs
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Times Series as Networks
● Ex: Correlation Networks
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Example Application
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Example Application



  

Network Analysis
(programming) Toolkits



Pedro Ribeiro – Introduction to the Analysis and Visualisation of Complex Networks

igraph
● Igraph - https://igraph.org/ 

– igraph is a collection of network analysis tools with the 
emphasis on efficiency, portability and ease of use

– Open source and free, can be programmed in R, Python and 
C/C++

– Runs on Windows, Linux and MacOS

– Relies on other libraries for visualization

https://igraph.org/
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igraph Documentation
● Official documentation:

– R: https://igraph.org/r/doc/
– Python: https://igraph.org/python/doc
– C: https://igraph.org/c/doc/

● Tutorials:
– R: https://kateto.net/netscix2016 

– Python: https://igraph.org/python/versions/latest/tutorial.html 
   https://igraph.org/python/versions/latest/gallery.html 

– C: https://igraph.org/c/doc/igraph-Tutorial.html 

https://igraph.org/r/doc/
https://igraph.org/python/doc
https://igraph.org/c/doc/
https://kateto.net/netscix2016
https://igraph.org/python/versions/latest/tutorial.html
https://igraph.org/python/versions/latest/gallery.html
https://igraph.org/c/doc/igraph-Tutorial.html
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igraph demo
● Tutorial from NetSciX 2016

(Katherine Ognyanova)
https://kateto.net/netscix2016

DEMO
!

https://kateto.net/netscix2016
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NetworkX
● NetworkX - https://networkx.org/ 

– Python library, relies on other libraries for visualization

– Runs on Windows, Linux and MacOS

– Can handle “large” networks

– Supports the main file formats for networks

– Supports all kinds of networks and complex systems, 
dynamic and hierarchical graphs

https://networkx.org/
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NetworkX Documentation
● NetworkX

– https://networkx.org/documentation/stable/
● Includes tutorial, reference and gallery

 

https://networkx.org/documentation/stable/
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NetworkX
● Tutorial from NetSci class

(Pedro Ribeiro)
https://www.dcc.fc.up.pt/~pribeiro/clad2022/networkx.html 

DEMO
!

https://www.dcc.fc.up.pt/~pribeiro/clad2022/networkx.html
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Scientific Websites
● Authenticus: https://www.authenticus.pt/

https://www.authenticus.pt/
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Scientific Websites
● Connected Papers: https://www.connectedpapers.com/ 

https://www.connectedpapers.com/
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Other Subjects
● Network Comparison and Network Dynamics

War Story - A paper on Network Dynamics and PatternsWar Story - A paper on Network Dynamics and Patterns

    David Aparicio, Pedro Ribeiro and Fernando Silva.
Graphlet-orbit Transitions (GoT): A fingerprint for temporal network comparison.

In PloS One, Vol. 13(10), e0205497, October, 2018.
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Other Subjects
● Network Comparison and Network Dynamics

War Story - A paper on Network Dynamics and PatternsWar Story - A paper on Network Dynamics and Patterns

    David Aparicio, Pedro Ribeiro and Fernando Silva.
Graphlet-orbit Transitions (GoT): A fingerprint for temporal network comparison.

In PloS One, Vol. 13(10), e0205497, October, 2018.
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Other Subjects
● Link Prediction

War Story A paper on Link PredictionWar Story A paper on Link Prediction

    Miguel Araújo, Pedro Ribeiro and Christos Faloutsos
TensorCast: Forecasting with Context using Coupled Tensors (Best Paper Award)

IEEE International Conference on Data Mining (ICDM), pp. 71-80, IEEE, New Orleans, USA, November, 2017.
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(Free) Book Sugestions

http://networksciencebook.com/ https://www.cs.cornell.edu/home/kleinber/networks-book/

http://networksciencebook.com/
https://www.cs.cornell.edu/home/kleinber/networks-book/
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Intersections with many areas
● For instance, “deep learning meets network science”

https://graph-neural-networks.github.io/

https://graph-neural-networks.github.io/
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Networks are everywhere!
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