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Music&maths: parallel destiny or mutual influences? 

Euler and the 
Speculum 
musicum, 1773

Mersenne and 
the ‘musical 
clock’, 1648

Pythagoras and the monochord, 
VIth-Vth Century B.C.

I. Xenakis
(1922-2001)



The galaxy of geometrical models at the service of music     



The galaxy of geometrical models at the service of music     



The galaxy of geometrical models at the service of music     



© Math'n Pop / W. Drenckhan

Marin Mersenne, the father of combinatorics
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Harmonicorum Libri XII, 1648

The circular representation of the pitch space
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Marin Mersenne, Harmonicorum Libri XII, 1648

Six Bagatelles 
(G. Ligeti, 1953)
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Permutational melodies in contemporary music



Una volta soltanto una storia d’amore finisce (M. Andreatta)
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A permutational song: one sentence, one note…
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A permutational song: one sentence, one note (one note left!)
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Como los juegos al llanto
como la sombra a la columna
el perfume dibuja el jazmín
el amante precede al amor
como la caricia a la mano
el amor sobrevive al amante
pero inevitablemente
aunque no haya huella ni presagio
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Come i giochi le lacrime
come l'ombra la colonna
il profumo disegna il gelsomino
l'amante precede l’amore
come la carezza la mano
l’amore fa durare l'amante
ma allora inevitabilmente
Anche in assenza di traccia o di presagio
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come la carezza la mano
anche in assenza di traccia o di presagio
l'amante precede l’amore
il profumo disegna il gelsomino
come i giochi le lacrime
come l'ombra la colonna
l’amore fa durare l'amante
ma allora inevitabilmente

Julio Cortazar

A permutation song based on a permutational poem
Antes, despues (J. Cortazar / M. Andreatta)



[Instrumental introduction]

Como los juegos al llanto
como la sombra a la columna
el perfume dibuja el jazmín
el amante precede al amor
como la caricia a la mano
el amor sobrevive al amante
pero inevitablemente
aunque no haya huella ni presagio

…

Antes, despues (J. Cortazar / M. Andreatta)

A double rhythmic constraints

n=16

?

G. Toussaint, The geometry of musical rhythm. What makes a “Good” Rhythm Good? CRC Press, 2013  
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pero inevitablemente
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…
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A double rhythmic constraints

(3 3 4 3 3)

G. Toussaint, The geometry of musical rhythm. What makes a “Good” Rhythm Good? CRC Press, 2013  



El trecillo

(3 3 2)

A double rhythmic constraints

[Instrumental introduction]

Como los juegos al llanto
como la sombra a la columna
el perfume dibuja el jazmín
el amante precede al amor
como la caricia a la mano
el amor sobrevive al amante
pero inevitablemente
aunque no haya huella ni presagio

…

Antes, despues (J. Cortazar / M. Andreatta)

G. Toussaint, The geometry of musical rhythm. What makes a “Good” Rhythm Good? CRC Press, 2013  



Bembé

Abadja ou Bembé 
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Maximally-Even rhythms and the Dinner Table Problem

Bossa



Asse delle quinte
The three main major-minor symmetries

R as RELATIVE P as PARALLEL L as LEADING-TONE
(EXCHANGE)

C major

A minor

C major C major

C minor E minor
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Leonhard Euler, the father of graph theory



A pedagogical film available at :

• AuDiMAT (CNRS)
• Youtube, …

« Musique et mathématiques : histoire d’une rencontre »



The Tonnetz web environment (© SMIR Project) 

https://morenoandreatta.com/software/



From the Tonnetz to the dual one 

duality



The topological structure of the Tonnetz
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The topological structure of the Tonnetz

(Source: www.wikimedia.org/)



Harmonic progressions as spatial trajectories



è www.mathemusic.net 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



Less trivial Hamiltonian Cycles
L P L P L R ...
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La sera non è più la tua canzone 
(Mario Luzi, 1945, in Poesie sparse)

La sera non è più la tua canzone,
è questa roccia d’ombra traforata
dai lumi e dalle voci senza fine,
la quiete d’una cosa già pensata.

Ah questa luce viva e chiara viene
solo da te, sei tu così vicina
al vero d’una cosa conosciuta,
per nome hai una parola ch’è passata
nell’intimo del cuore e s’è perduta.

Caduto è più che un segno della vita,
riposi, dal viaggio sei tornata
dentro di te, sei scesa in questa pura
sostanza così tua, così romita
nel silenzio dell’essere, (compiuta).

L’aria tace ed il tempo dietro a te
si leva come un’arida montagna
dove vaga il tuo spirito e si perde,
un vento raro scivola e ristagna.

http://www.mathemusic.net

min.  1’02’’

Music: M. Andreatta
Arrangement and mix: M. Bergomi & S. Geravini
(Perfect Music Production)
Mastering: A. Cutolo (Massive Arts Studio, Milan) 

Base



Exploring Hamiltonian trajectories in song writing

LPLPLR…
PLPLRL…

LPLRLP…
PLRLPL…

LRLPLP…



Renzo Sicco
(Assemblea Teatro)

Hamiltonial Cycles without inner periodicity
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M. Andreatta, « Math’n pop : symétries et cycles 
hamiltoniens en chanson », Tangente, 2014

http://www.mathemusic.net



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

C
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Musical style and space trajectories

Towards a geometry-based automatic musical style analysis
Bigo L., M. Andreatta (2015), Topological Structures in Computer-Aided Music Analysis, in D. Meredith (ed.), Computational Music Analysis, Springer

43 32

T [2,3,7]T [3,4,5]



The Gunner’s Hamiltonian Dream (a OuMuPo experience around Pink-Floyd)

The three Hamiltonian Cycles (CM = C, Cm = Cm, Caug = C+) 
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The Gunner’s Hamiltonian Dream (a OuMuPo experience around Pink-Floyd)



è http://mathemusic.net/ 





Thank you for your attention!


