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A Song for π
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Le Tonnetz

(2022)
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Marin Mersenne, the father of combinatorics
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do# re# fa# sol# la#re mi fa sol la si
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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)

do

mib

mi

sol

Permutational melodies in contemporary (art) music
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Una volta soltanto una storia d’amore finisce (M. Andreatta)

Una volta una storia d’amore
soltanto una storia

Una storia d’amore
soltanto una storia d’amore

Una storia
soltanto una storia

Una storia d’amore
soltanto

Una volta soltanto
una storia d’amore soltanto

Un amore soltanto una volta
soltanto una storia d’amore soltanto

Una storia d’amore
soltanto una volta una storia

Un amore
una volta soltanto

Un amore finisce
soltanto

Una volta una storia d’amore finisce
Un amore soltanto

Una volta soltanto una storia d’amore finisce

A permutational song: one sentence, one note (one note left!)
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6https://morenoandreatta.com/musicmaths/



Rules and constraints in the artistic process

Raymond Queneau
Il castello dei destini
incrociati, 1969

Cent mille milliards de poèmes, 1961

Italo Calvino

La vie mode d’emploi, 

Georges Perrec

OuLiPo (Ouvroir de 
Littérature Potentielle)

7



Valentin Villenave Mike Solomon Jean-François 
Piette

Martin 
Granger

Joseph Boisseau Moreno Andreatta Tom Johnson 

http://oumupo.org/

From the OuLiPo to the OuMuPo (ouvroir de musique potentielle) 

• M. Andreatta et al., « Music, mathematics and language: chronicles from the 
Oumupo sandbox », in Kapoula, Z., Volle, E., Renoult, J., Andreatta, M. 
(Eds.), Exploring Transdisciplinarity in Art and Sciences, Springer, 2018
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A personal contribution to the history of algorithmic music

P. Barbaud (1911-1990) 9

Andreatta M., ‘Musique algorithmique’, 
In N. Donin et L. Feneyrou (dir.), Théorie 
de la composition musicale au XXe siècle, 
Symétrie, p. 1239-1268, 2013

M. Philippot (1925-1996)

L. Hiller (1924-1994)



Algorithmic processes vs algorithmic music

(http://sunsite.univie.ac.at/Mozart/dice/) 10



Algorithmic processes vs algorithmic music
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https://www.imaginary.org/exhibition/la-la-lab-the-mathematics-of-music

May. 17, 2019 to Dec. 2020
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ŤóŃŦơ�ƭľĞ�ơóŤĞɐ� Ƶƭ�ĞóĐľ�ơƭĞƖ�ơŲƵŦėơ�śŃŘĞ�ó�
ėĞơĐĞŦėŃŦķ�ƭŲŦĞɐ�¾ľŃơ�ĞėŃĐƭ�Ńơ�ĐóśśĞė�ó�±ľĞƖóƙė�
ƭŲŦĞɐ

The Music:�Uƭ�Ńơ�ĞǓƭƙĞŤĞśǔ�ėŃȅĐƵśƭ�ƭŲ�Ɩśóǔ�ó�
ĐŲŦǍŃŦĐŃŦķ�±ľĞƖóƙė�ƭŲŦĞ�ĞȄĞĐƭ�ŲŦ�ó�ĐśóơơŃĐóś�
ŦŲŦɮĞśĞĐƭƙŲŦŃĐ�ŃŦơƭƙƵŤĞŦƭɐ�Uƭ�ƙĞƘƵŃƙĞơ�ŃŦĐƙĞėŃďśĞ�
ĐŲŦƭƙŲś�ŲĶ�ƭľĞ�ǍŲśƵŤĞ�óŦė�ŃŦƭĞŦơŃƭǔ�ŲĶ�ƭľĞ�ŦŲƭĞơ�
ƖśóǔĞėɐ�vĞǍĞƙƭľĞśĞơơɋ�Ńƭ�ǎóơ�ƵơĞė�ďǔ�ŤŲėĞƙŦ�
ĐŲŤƖŲơĞƙơ�ŃŦ�ơĞǍĞƙóś�ŤƵơŃĐóś�ƖŃĞĐĞơɊ�jŃķĞƭǔɼơ�
¦ŃóŦŲ�ĞƭƵėĞơɋ�Ųƙ�ŃŦ�ƭľĞ�ƭĞŦơŃŲŦ�ƙŃĐľ�ơŲƵŦėƭƙóĐŘ�
ďǔ�PóŦơ�îŃŤŤĞƙ�ƭŲ�ƭľĞ�ȇśŤ�(ƵŦŘŃƙŘɋ�ƭľĞ�ĞŦė�ŲĶ�
¦ŃŦŘ�HśŲǔėɼơ�1ĐľŲĞơ�Ųƙ�ĞǍĞŦ�ŃŦ�ƭľĞ�ơŲƵŦėƭƙóĐŘ�ŲĶ�
ƭľĞ�±ƵƖĞƙ�tóƙŃŲ�IóŤĞ�ǎľĞŦ�ƭľĞ�ƖƙŲƭóķŲŦŃơƭ�Ńơ�
ƙƵŦŦŃŦķ�óŦ�ĞŦėśĞơơ�ơƭóŃƙɐ

The Math:�!ƙĞóƭŃŦķ�±ľĞƖóƙė�ƭŲŦĞơ�ƙĞƘƵŃƙĞơ�ó�
śŃƭƭśĞ�ȇŦĞ�ƭƵŦŃŦķɐ�¾ŲŦĞơ�ŤƵơƭ�ĞŦƭĞƙ�óŦė�śĞóǍĞ�ƭľĞ�
ơƖĞĐƭƙƵŤ�óśŤŲơƭ�ǎŃƭľŲƵƭ�ķĞƭƭŃŦķ�ŦŲƭŃĐĞėɐ���ķŲŲė�
ǎóǔ�ƭŲ�ŤŲėĞś�ƭľŃơ�Ńơ�ƭŲ�ƵơĞ�ó�ďĞśś�ơľóƖĞė�IóƵơơ-
ŃóŦ�ėŃơƭƙŃďƵƭŃŲŦ�ƭľóƭ�ĐŲŦƭƙŲśơ�ƭľĞ�ŃŦƭĞŦơŃƭǔ�ŲĶ�
ƭľĞ�ƭŲŦĞơ�ƖśóǔĞėɐ�ÞŃƭľ�ƭľŃơɋ�ĞǍĞŦ�ó�ǍĞƙǔ�ŦóƙƙŲǎ�
ƙóŦķĞ�ŲĶ�ĶƙĞƘƵĞŦĐŃĞơ�ƖƙŲėƵĐĞơ�ó�ķŲŲė�ĞȄĞĐƭɐ�
PŲǎĞǍĞƙɋ�ƭľĞ�ďƙŲóėĞƙ�óŦė�ŤŲƙĞ�ŲǍĞƙƭŲŦĞɮƙŃĐľ�
ƭľĞ�ĐľŲơĞŦ�ơƖĞĐƭƙƵŤ�Ńơɋ�ƭľĞ�ŤŲƙĞ�ĐŲŦǍŃŦĐŃŦķ�
ƭľĞ�ĞȄĞĐƭɐ�¾ľĞ�ƖŃĐƭƵƙĞ�ơľŲǎơ�ƭľĞ�ơŲŦŲķƙóŤ�ŲĶ�ó�
±ľĞƖóƙė�ƭŲŦĞɐ

The Exhibit:�ÞŃƭľ�ŲƵƙ�ĞǓľŃďŃƭ�ǔŲƵ�ĐóŦ�ƭƵŦĞ�ǍóƙŃ-
ŲƵơ�ƖóƙóŤĞƭĞƙơ�ŲĶ�ƭľĞ�±ľĞƖóƙė�ƭŲŦĞ�ďǔ�ơŃŤƖśǔ�
ĐľóŦķŃŦķ�ƭľĞ�ơľóƖĞ�óŦė�ƖŲơŃƭŃŲŦ�ŲĶ�ƭľĞ�IóƵơơ-
ŃóŦ�ĐƵƙǍĞ�ŃŦǍŲśǍĞėɐ�1ǓƖśŲƙĞ�ľŲǎ�ŤƵĐľ�ĶƙĞĞėŲŤ�
ƭľĞƙĞ�Ńơ�ǎľĞŦ�ĐƙĞóƭŃŦķ�ƭľŃơ�óĐŲƵơƭŃĐ�ŃśśƵơŃŲŦɐ

�Å¾P�©��H�¾PU±�1ãPU U¾Ɋ�fË©I1v�©U!P¾1©ɳI1 1©¾ɋ�¾1!PvUɳ
!�j�ÅvUÝ1©±U¾ä��H�tÅvU!P�ɜ�±�Åv(�1vIUv1Ɋ�¦�¾©U!h�ÞUj±�v�
�v(���©�v�t�v¾�I�ɜ� �±1(��v�!Uv(äf±ɐ�©I
¾1ã¾Ɋ�fË©I1v�©U!P¾1©ɳI1 1©¾�ɨ¾Å�tÅvU!Pɩ

THE SPACE OF PENTATONIC SCALES
�Ƶƙ�ƵơƵóś�ƭŲŦóś�ơǔơƭĞŤ�ĐŲŦơŃơƭơ�ŲĶ�ȍȎ�ľóśĶƭŲŦĞ�ơƭĞƖơ�!ɫ!ɏɫ(ɫ1ďɫɌɐ�
1óĐľ�ƭŲŦĞ�ŲĐĐƵƙơ�ĞǓóĐƭśǔ�ŲŦĐĞ�ŃŦ�ĞǍĞƙǔ�ŲĐƭóǍĞɐ���ŦŃĐĞ�ǎóǔ�ŲĶ�ǍŃơƵóś-
ŃǞŃŦķ�ƭľŃơ�ĐŲśśĞĐƭŃŲŦ�ŲĶ�ƭŲŦĞơ�Ńơ�ƭŲ�óƙƙóŦķĞ�ƭľĞŤ�ŃŦ�ó�ĐŃƙĐśĞ�óŦė�ŦĞķśĞĐƭ�
ƭľĞ�ŲĐƭóǍĞ�ŃŦĶŲƙŤóƭŃŲŦɐ�¾ľĞ�ŃŤóķĞ�ŲŦ�ƭľĞ�śĞĶƭ�ơľŲǎơ�ƭľĞ�ƭǎĞśǍĞ�ŦŲƭĞơ�
ǎŃƭľ�ƭľĞ�ƵơƵóś�ėŃơƭƙŃďƵƭŃŲŦ�ŲĶ�ďśóĐŘ�óŦė�ǎľŃƭĞ�ŘĞǔơ�ŲĶ�ó�ƖŃóŦŲɐ�¾ľĞ�
ǎľŃƭĞ�ĐŃƙĐśĞơ�ĶŲƙŤ�ƭľĞ�ŤóƭĞƙŃóś�ŲĶ�ƭľĞ�ǎĞśśɮŘŦŲǎŦ�!ɮŤóŕŲƙ�ơĐóśĞɐ� Ƶƭ�
ŕƵơƭ�ƖśóǔŃŦķ�ƭľĞ�ďśóĐŘ�ŦŲƭĞơ�óśơŲ�ơŲƵŦėơ�ŃŦƭĞƙĞơƭŃŦķɐ�¾ľĞǔ�ĶŲƙŤ�ó�ơŲ�
ĐóśśĞė�ƖĞŦƭóƭŲŦŃĐ�ơĐóśĞɊ�ó�ĐŲśśĞĐƭŃŲŦ�ŲĶ�ȇǍĞ�ŦŲƭĞơ�ǎŃƭľŃŦ�óŦ�ŲĐƭóǍĞɐ�
HŲƙŤŃŦķ�ŤĞśŲėŃĞơ�ǎŃƭľ�ƭľĞŤ�ơŲƵŦėơ�ó�ďŃƭ�śŃŘĞ�ŤŲėóś�ŤƵơŃĐ�ĶƙŲŤ�ƭľĞ�
Hóƙ�1óơƭɐ�©ŲƭóƭŃŦķ�ƭľĞ�ƖóƭƭĞƙŦ�ĐǔĐśŃĐóśśǔ�ĐƙĞóƭĞơ�ȍȎ�ơŃŤŃśóƙ�ơŲƵŦėŃŦķ�
ƖĞŦƭóƭŲŦŃĐ�ơĐóśĞơɐ

¾ľĞƙĞ�óƙĞ�ƖśĞŦƭǔ�ŲĶ�ŲƭľĞƙ�ǎóǔơ�ƭŲ�ơĞśĞĐƭ�ĞǓóĐƭśǔ�ȑ�ŦŲƭĞơ�ŲƵƭ�ŲĶ�ƭľĞ�ȍȎ�
ŦŲƭĞơ�ŃŦ�ŲƵƙ�ƭŲŦóś�ơǔơƭĞŤɐ�PŲǎĞǍĞƙɋ�ŃĶ�ǎĞ�ǎóŦƭ�ƭŲ�ƙĞơƭƙŃĐƭ�ŲƵƙơĞśǍĞơ�
ƭŲ�ŤŲƙĞ�Ųƙ�śĞơơ�ĞƘƵóśśǔ�ėŃơƭƙŃďƵƭĞė�ơĞśĞĐƭŃŲŦơ�ǎĞ�ĐóŦ�ŃŦ�óėėŃƭŃŲŦ�
ƙĞƘƵŃƙĞ�ƭľóƭ�ŦŲ�ƭǎŲ�ŦĞŃķľďŲƙŃŦķ�ŦŲƭĞơ�óƙĞ�ơĞśĞĐƭĞėɐ�ÅŦėĞƙ�ƭľĞơĞ�
ĐŲŦėŃƭŃŲŦơ�ƭľĞƙĞ�óƙĞɋ�ėĞƖĞŦėŃŦķ�ŲŦ�ƙŲƭóƭŃŲŦɋ�ĞǓóĐƭśǔ�ƭǎŲ�ŤŲƙĞ�ơƵĐľ�
óƙƙóŦķĞŤĞŦƭơ�ŲĶ�ȇǍĞ�ƭŲŦĞơɐ�1óĐľ�ŲĶ�ƭľĞŤ�ĐóŦ�ŲĐĐƵƙ�ŃŦ�ȍȎ�ėŃȄĞƙĞŦƭ�
ƙŲƭóƭŃŲŦơ�ɢơĞĞ�ƖŃĐƭƵƙĞɣɐ�

The Music:�¾ľĞ�ƖĞŦƭóƭŲŦŃĐ�ơĐóśĞơ�óďŲǍĞ�ľóǍĞ�ó�ŘŃŦė�ŲĶ�ĶƙĞĞ�ȈŲóƭ-
ŃŦķ�ơŲƵŦė�ƭľóƭ�ľóơ�ŦŲ�ơƖĞĐŃȇĐ�óƖƖĞóś�ŲĶ�ŤóŕŲƙ�Ųƙ�ŤŃŦŲƙɐ�±ŲŤĞ�ŲĶ�
ƭľĞŤ�ơŲƵŦė�ǍĞƙǔ�ƖĞóĐĞĶƵś�ɢƭľĞ�ǔĞśśŲǎ�ŲŦĞɣɋ�ơŲŤĞ�ŲĶ�ƭľĞŤ�óƙĞ�ĶƵśś�ŲĶ�
ƭĞŦơŃŲŦɐ�¾ľĞơĞ�ơĐóśĞơ�ǎĞƙĞ�ĞǓƭĞŦơŃǍĞśǔ�ƵơĞė�ďǔ�ƭľĞ�ĐŲŤƖŲơĞƙơ�ŲĶ�ƭľĞ�
ŃŤƖƙĞơơŃŲŦŃơƭŃĐ�ĞƖŲĐľ�ơƵĐľ�óơ�(ĞďƵơơǔɐ�¾ľĞǔ�óƙĞ�ƵơĞė�ƭŲ�ĐƙĞóƭĞ�ǍĞƙǔ�

88 89

SHOW ME MUSIC SHOW ME MUSIC
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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

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

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

Antes, despues

A permutation song based on a permutational poem

14



A permutation song based on a permutational poem

Like the games to crying,
like the shadow to the column,
the perfume draws the jasmine,
the lover precedes love,
like the caress to the hand,
love survives the lover,
but inevitably
even if there is no trace or omen

Even if there is no trace or omen
like the caress to the hand,
the perfume draws the jasmine,
the lover precedes love,
but inevitably
love survives the lover,
like the games to crying,
like the shadow to the column,

Like the caress to the hand,
even if there is no trace or omen
the lover precedes love,
the perfume draws the jasmine,
Like the games to crying,
like the shadow to the column,
love survives the lover,
but inevitably

Julio Cortazar

Before, after
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© Math'n Pop / W. Drenckhan

Leonhard Euler, the father of graph theory
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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
17



The Tonnetz web environment (© SMIR Project) 

https://morenoandreatta.com/software/ 818



From the Tonnetz to the dual one 

duality

19



Hamiltonian Cycles in the Tonnetz and Hamiltonian Songs

20



Hamiltonian Cycles in the Tonnetz and Hamiltonian Songs
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Gilles Baroin

Hamiltonian Cycles in the Tonnetz and Hamiltonian Music

http://www.mathemusic.net



Hamiltonian Cycles in the Tonnetz and Hamiltonian Songs

23http://repmus.ircam.fr/_media/moreno/prix_chedid_2018_moreno.mp3



Less trivial Hamiltonian Cycles
L P L P L R ...

P L P L R L ...
L P L R L P ...

P L R L P L ...
L R L P L P ...

R L P L P L ...

R
L

P

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.

https://morenoandreatta.com/musicmaths/

min.  1’02’’

Music: M. Andreatta
Arrangement and mix: M. Bergomi & S. Geravini
(Perfect Music Production)
Mastering: A. Cutolo (Massive Arts Studio, Milan) 24
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M. Andreatta, « Math’n pop : symétries et cycles 
hamiltoniens en chanson », Tangente, 2014

https://morenoandreatta.com/musicmaths/
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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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https://morenoandreatta.com/musicmaths/



Thank you for your attention!


