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« Musique et mathématiques »: a pedagogical film



Maths/music: a (very) recent perspective
• 1999: 4e Forum Diderot (Paris, Vienne, Lisbonne), Mathematics and Music             
(G. Assayag, H.G. Feichtinger, J.F. Rodrigues, Springer, 2001) 

• 2000-2003: International Seminar on MaMuTh (Perspectives in Mathematical 
and Computational Music Theory (Mazzola, Noll, Luis-Puebla eds, epOs, 2004)

• 2001-2016: MaMuX Seminar at Ircam and mamuphi Seminar at the ENS

• 2007: Journal of Mathematics and Music (Taylor & Francis) and SMCM 
• 2006: ‘Musique/Sciences’ Series (Ircam/Delatour France)

• 2011: MCM at Ircam, Paris 

• 2009: MCM at Yale University
• 2010: Mathematics Subject Classification : 00A65 Mathematics and music

• 2009: Computational Music Science (eds: G. Mazzola, M. Andreatta, Springer)

• 2007: First MCM at the TU-Berlin and first Proceedings by Springer

• 2013: MCM at McGill University, Canada
• 2015: MCM at Queen Mary University, London

• 2003: The Topos of Music (G. Mazzola et al.)

• 2017: MCM at UNAM, Mexico City 
• 2019: MCM 2019 at Universidad Complutense, Madrid 
• 2022: MCM at Atlanta State University



Future events: music&maths at the TU-Dresden

è https://www.diejungeakademie.de/aktivitaeten/projekte/music-mathematics/



Future events: music&maths at the University of Pavia
Preliminary list of speakers:

• Giovanni Albini
• Emmanuel Amiot 
• Mattia Bergomi
• Anthony Coniglio
• Isaac Del Pozo
• Julio Estrada
• Riccardo Gilblas
• Saba Goodarzi
• James Hughes
• Jeremy Kastine
• Mihalis Kolountzakis
• Greta Lanzarotto
• Jordan Lenchitz
• Maria Mannone
• Mariana Montiel
• Robert W Peck
• Alexandre Popoff
• William Sethares
• Dmitri Tymoczko
• Jason Yust
• …



A PhD program in Mathematics & Music

Two doctoral courses (36h, May-June 2021):

Moreno Andreatta: An overview of some research axes in Mathemusical Research
Emmanuel Amiot: Discrete Fourier Transform in music analysis: from tilings to musical scales
Greta Lanzarotto: Tiling Canons and Fuglede Spectral Conjecture 
Franck Jedrzejewski: Homometry and neo-Riemannian Theory 
Thomas Noll: Word theory and its application to scales, modes, chords and rhythms 
Alexandre Popoff: Category-Theory formalization of transformational music analysis 
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C. Agon, G. Assayag and J. Bresson, The OM Composer’s Book (3 volumes) 
“Musique/Sciences” Series, Ircam/Delatour, 2006, 2007 and 2016

OpenMusic, a Visual Programming Language
for computer-aided composition
www.repmus.ircam.fr/openmusic/home



Set Theory, andTransformation Theory

Finite Difference Calculus

Diatonic Theory and ME-Sets Block-designs

Rhythmic Tiling
Canons

Z-Relation and  
Homometric Sets

Some examples of ‘mathemusical’ problems

Neo-Riemannian Theory
and Spatial Computing

- The construction of Tiling Rhythmic Canons
- The Z relation and the theory of homometric sets
- Set Theory and Transformational Theory
- Neo-Riemannian Theory, Spatial Computing and FCA
- Diatonic Theory and Maximally-Even Sets
- Periodic sequences and finite difference calculus
- Block-designs and algorithmic composition

M. Andreatta : Mathematica est exercitium musicae, Habilitation Thesis, IRMA University of Strasbourg, 2010



Aperiodic Rhythmic Tiling Canons (Vuza Canons) 

Dan Vuza

Anatol Vieru

è ‘Tiling Problems in Music and Fuglede's Spectral Conjecture’, ongoing PhD, University of Pavia/Unistra



The SMIR Project: advanced maths for the working musicologist

Symbolic Music Information Research

Categorical
models

Algebraic
models

Topological
models

Computational models
Cognitive models

Signal-based
Music 

Information
Retrieval
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AF

è Andreatta, M. (2018), « From music to mathematics and backwards: introducing algebra, topology and category
theory into computational musicology », in M. Emmer and M. Abate (eds.), Imagine Math 6 - Springer, pp. 77-88
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https://imaginary.org/

• Current research. The latest trends of 
research in the connection of maths and 
music. Artificial Intelligence, theoretical and 
new instruments, classification and 
composition tools.

• Art and entertainment. A joyful display of 
artworks from artists and mathematicians in 
the field. Talks/concerts at scheduled events

May. 17, 2019 to Dec. 2020

La.La.Lab brings the visitor to an interactive exploration and discovery of music 
from a mathematical perspective. The exhibition pivots over three axis:

• Music theory. Learning what tools build music, and how these tools are used
to create art. Basic concepts and historical comments.

The Tonnetz web environment (developer: C. Guichaoua)



è https://guichaoua.gitlab.io/web-hexachord/
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The circular representation of the pitch space
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Marin Mersenne, Harmonicorum Libri XII, 1648

Six Bagatelles 
(G. Ligeti, 1953)

do

mib

mi

sol

Permutational melodies in contemporary (art) music



Se telefonando, 1966 (Maurizio 
Costanzo/Ennio Morricone) / Mina do#

fa
sol#

Ennio Morricone 
(1928-2020)

Chord progression

F# B Bbm Ebm B C#

fa#

do#

sol#

fa#

sib

Chord progression

F# B Bbm Ebm B C#
F# Ebm Bbm B C# F#

do

la

fa

sib

Chord progression

F# B Bbm Ebm B C#
F# Ebm Bbm B C# F#
Bb Eb Dm Gm Eb F

do

la

fa

sib

sol

Chord progression

F# B Bbm Ebm B C#
F# Ebm Bbm B C# F#
Bb Eb Dm Gm Eb F
Bb Gm Dm Gm Eb F Bb
Db = (C#)

Permutational melodies in song writing
The harmonic space



Major
thirds axis 

Speculum Musicum
(Euler, 1773)

The Tonnetz
(or ‘honeycomb’ hexagonal tiling)
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The three main symmetries in the Tonnetz



From the Tonnetz to the dual one (and vice-versa)
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[Sonia Cannas, 2018]



!

Lab Reb Sib Mib Si Mi Reb Fa# Re Sol Mi La Re Lab Reb Do Mib

Symmetries in Paolo Conte’s Madeleine

Almost total covering of the major-chords space



Gilles Baroin



Reading Beethoven backwards

time



From poetry to song writing: 
hamiltonian compositional strategies

A part (Andrée Chedid, poème tiré du recueil  Rhymes Collection Poésie/Gallimard (n. 527), Gallimard, 2018) 

À part le temps
Et ses rouages
À part la terre
En éruptions
À part le ciel
Pétrisseur de nuages
À part l’ennemi
Qui génère l’ennemi

À part le désamour
Qui ronge l’illusion
À part la durée
Qui moisit nos visages

À part les fléaux
À part la tyrannie
À part l’ombre et le crime
Nos batailles nos outrages

Je te célèbre ô Vie
Entre cavités et songes
Intervalle convoité
Entre le vide et le rien

Intro

Couplet 1

Refrain

Couplet 2

RefrainRiff Refrain Refrain

Instrumentale Coda



Exploring Hamiltonian trajectories in song writing



Exploring Hamiltonian trajectories in song writing
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The topological structure of the Tonnetz



The topological structure of the Tonnetz

è Source : https://upload.wikimedia.org/wikipedia/commons/6/67/TonnetzTorus.gif



• Assembling chords related by some equivalence relation
– Transposition/inversion: Dihedral group action on P(Zn)

…
C

E

G

B

B♭
F#

C#

AF

KTI[3,4,5]

The Tonnetz as a simplicial complex
L. Bigo, Représentation symboliques musicales et calcul spatial, PhD, Ircam / LACL, 2013

Intervallic 
structure major/minor triads

Louis Bigo



The panoply of Tonnetze at the service of the analyst

(1,1,10)
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P. Lascabettes, Homologie Persistante Appliquée à la Reconnaissance de Genres Musicaux, Master 1, ENS Saclay

Classifying Tonnetze as Simplicial Chord Complexes

Paul Lascabettes



è https://guichaoua.gitlab.io/web-hexachord/



Spatial music analysis via Hexachord

èhttp://www.lacl.fr/~lbigo/hexachord



The geometric character of musical style
Johann Sebastian Bach - BWV 328

Johann Sebastian Bach - BWV 328 random chords
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Schönberg - Pierrot Lunaire - Parodie

Schönberg - Pierrot Lunaire - Parodie random chords
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Claude Debussy - Voiles

Claude Debussy - Voiles random chords
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(2,3,7) (3,4,5)

2 3
3 4

è Bigo L., M. Andreatta, "Musical analysis with simplicial chord spaces", in D. Meredith (ed.), 
Computational Music Analysis, Springer, 2015 

(3,4,5)

(2,4,6)



3 2
The style...is the space!



The Tonnetz Environment: A Web Environment for Computer- Aided “Mathemusical” Learning 
and Research (paper to be presented at Computer Supported Music Education 2021, online)

Neurosciences and Mathemusical Learning: ProAppMaMu

J.-L. BesadaE. Bisesi C. Guichaoua



èhttp://www.lacl.fr/~lbigo/hexachord

Rotation of the trajectory and Negative Harmony



Twelve possible 
rotations! 



Thank you for your attention!


