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Graph data

A graph consists of nodes connected by links, with possible
attributes on both.
Examples include social networks, the Web, knowledge bases,
documents, commerce, and biology.



Graphs

Karate club graph

Adjacency matrix A:

Aij =

{︃
1 if i ∼ j
0 otherwise



Directed graphs

Pablo Picasso

Claude Monet

Michel Angelo

Edouard Manet

Peter Paul Rubens

Rembrandt

Gustav Klimt

Edgar Degas

Vincent van Gogh

Leonardo da Vinci

Henri Matisse

Paul Cezanne

Pierre-Auguste Renoir

Egon Schiele

Links between some Wikipedia articles

Adjacency matrix A:

Aij =

{︃
1 if i → j
0 otherwise



Weighted graphs

Valjean
TholomyesListolier

Fameuil

Blacheville

Favourite

DahliaZephine

Fantine
Mme Thenardier

ThenardierCosette
Javert

Bamatabois
Judge

Champmathieu
Brevet

Chenildieu

Cochepaille

Eponine

Gavroche

Marius

Mabeuf

Enjolras

Combeferre

Prouvaire
Feuilly

Courfeyrac

Bahorel

Bossuet

JolyGrantaire

Gueulemer

Babet

Claquesous

Montparnasse

Brujon

Mme Hucheloup

Co-occurence of some characters of the novel Les Misérables

(Weighted) adjacency matrix A:

Aij =

{︃
wij if i ∼ j
0 otherwise



Bipartite graphs

Inception

The Dark Knight Rises

The Big Short

Drive

The Great Gatsby

La La Land

Crazy Stupid Love

Vice

The Grand Budapest Hotel

Aviator

007 Spectre

Inglourious Basterds

Midnight In Paris

Murder on the Orient Express

Fantastic Beasts 2

Leonardo DiCaprio

Marion Cotillard

Joseph Gordon Lewitt

Christian Bale

Ryan Gosling

Brad Pitt

Carey Mulligan

Emma Stone

Steve Carell

Lea Seydoux

Ralph Fiennes

Jude Law

Willem Dafoe

Christophe Waltz

Johnny Depp

Owen Wilson

Actors starring in movies

Biadjacency matrix B:

Bij =

{︃
1 if i ∼ j
0 otherwise



Tabular data
Source: Adult income dataset (Kaggle)



Tabular data as bipartite graph

> pd.get dummies(dataframe) # one-hot encoding



Attributed graphs



Large graphs are sparse

Dataset #nodes #edges Density

Flights 2,939 30,500 ≈ 10−3

Amazon products 335k 925k ≈ 10−5

Actors 382k 33M ≈ 10−4

Wikipedia 12M 378M ≈ 10−6

Twitter 42M 1.5G ≈ 10−6

Friendster 68M 2.5G ≈ 10−7



Machine learning on graphs

Supervised learning

▶ Classification

▶ Regression

Unsupervised learning

▶ Ranking

▶ Clustering

▶ Embedding

▶ Link prediction

▶ Anomaly detection



Outline of the course

1. Sparse matrices
Graph structure

2. PageRank

3. Clustering

4. Hierarchical clustering

5. Heat diffusion

6. Spectral embedding

7. Graph neural networks

Each course = lecture + quiz + lab
The quiz must be done in class
The lab is due in 3 working days



Information & Grading

▶ Moodle
https:

//moodle.ip-paris.fr/course/view.php?id=15816

For general information, slides, notebooks, etc.

▶ Grading
Exam (on Moodle, 50%)
Quizzes⋆ (25%)
Labs⋆ (25%)

⋆ Starting next week

https://moodle.ip-paris.fr/course/view.php?id=15816
https://moodle.ip-paris.fr/course/view.php?id=15816


Code of conduct

▶ Academic integrity
Do not copy-paste the code / text of another student
Do not use the Moodle account of another student
Do not communicate during the exam

▶ Learning spirit
Be active and curious
Ask questions
Work in teams during quizzes and labs

▶ Learning with AI
Use AI as a tool, not as a solver
AI is strictly forbidden during the exam
Write your own (concise) code and text in the labs



Labs

A Python library for graph analysis

▶ easy to install pip install scikit-network

▶ easy to use algorithm.fit(data)

▶ fast and memory-efficient

Relies on NumPy and SciPy only
BSD license



Why scikit-network?

Test on the Orkut graph (3M nodes, 117M edges)

Memory

NetworkX iGraph graph-tool scikit-network

� 18G 10G 1G

Running time

iGraph graph-tool scikit-network

PageRank 3 min 56 s 45 s 48 s
Louvain 33 min / 2 min



The NetSet collection

A collection of network datasets maintained by Télécom Paris
https://netset.telecom-paris.fr

Easy to import with scikit-network!

https://netset.telecom-paris.fr

