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Charles De Paiva, Systemes complexes et informatique musicale, thése de doctorat, Programme Doctoral International « .,
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UNICAMP, Brésil, 2016. UNICAMP

Louis Bigo, Représentation symboliques musicales et calcul spatial, PhD in computer science, University of Paris Est
Créteil / IRCAM, 2013 (with Olivier Michel and Antoine Spicher)

Emmanuel Amiot, Modeéles algébriques et algorithmiques pour la formalisation mathématique de structures musicales,
PhD in, Sorbonne University / IRCAM, 2010 (cosupervised with Carlos Agon) computer science
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The SMIR Project: Structural Music Information Research
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The double movement of a ‘mathemusical’ activity
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The double movement of a ‘mathemusical’ activity
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The double movement of a ‘mathemusical’ activity
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The double movement of a ‘mathemusical’ activity
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The galaxy of mathematical models at the service of music
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Marin Mersenne, the father of combinatorics
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The circular representation of the pitch space
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The circular representation

https://thetonnetz.com/
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Milton Babbitt

Which is the relation between these two chords?



Milton Babbitt

Interval 0 4 5 6 7 8 9 10 1 Interval 0
Content 6 2 3 2 3 2 3 3 3 Content 6



Milton Babbitt

Interval 0 4 5 6 7 8 9 10 1 Interval 0
Content 6 2 3 2 3 2 3 3 3 Content 6



A generalization of Babbitt’s Hexachord Theorem

MATHEMATICS

Mathematical

generalisation

uoyedidde

formalisation

M. Babbitt

4 Composition |
RENDICONTI pEL
SEMINARIO MATEMATICO
pELLA UNIVERSITA p1 PADOVA
THE MATHEMATICAL JOURNAL OF THE UNIVERSITY OF PADUA
Interval 01 2 3 456 78 9 10N Interval 0 1 2 3 4 5 6 7 8 9 10 N
Content 00 00 O0O0OOOO 0 0 Content 12 12 12 12 12 12 12 12 12 12 12 12

=>https://guichaoua.gitlab.io/web-hexachord/hexachordTheorem
=> M. Andreatta et al., "New hexachordal theorems in metric spaces
with a probability measure", Rendiconti Univ Padova, 2023




Algebraic Combinatorics and Music Enumeration
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Algebraic Combinatorics and Music Enumeration
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Algebraic Combinatorics and Music Enumeration
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The galaxy of mathematical models at the service of music




Leonhard Euler, the father of graph theory

© Math'n Pop / W. Drenckhan



The Tonnetz
(or ‘honeycomb’ hexagonal tiling)

KONINGSBERGA

Speculum Musicum (1773)




The Tonnetz
(or ‘honeycomb’ hexagonal tiling)

A Minor thirds
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The Tonnetz
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The Tonnetz
(or ‘honeycomb’ hexagonal tiling)
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The three main major-minor symmetries

R as RELATIVE  Pas PARALLEL ~ Las LEADING-TONE
(EXCHANGE)

C major C major C major

A minor C minor E minor



The Tonnetz and the three main major-minor symmetries




The Tonnetz as a simplicial complex

L. Bigo, Représentation symboliques musicales et calcul spatial, PhD, Ircam / LACL, 2013
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The topological structure of the Tonnet;
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The topological structure of the Tonnet;




The topological structure of the Tonnetz




The topological structure of the Tonnet;




The topological structure of the Tonnet;
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(Source: www.wikimedia.org/)



The generalized Tonnetz
environment

www.thetonnetz.com
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From the Tonnetz to the dual one

duality




Musical zig-zag in Paolo Conte’s Il regno del tango

Non son neanche del

ho una valigia di

paese

PAOLO
CONTE

carton

sono Vestlto, si

Y

in borghese,

ma dentro c'é

[Sonia Cannas, PhD, 2019]

] E’l bandoneon...
‘)

potrei sembrare in borghese,

3G

; sono vestito, si un ragioniere,
4 =
G (c)
| ot anche un geometra
Ib lf /yj >

clegia

=

potrei,

L P ma un tango sento io

gridare

- y

in fondo ai sentimenti
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A song based on Hamiltonian Cycles in the Tonnetz

41. C-Em-E-Abm-Ab-Cm-Eb-Ebm-B-Bm-G-Gm-Bb-Bbm-F#-F#m-D-Dm-F-Fm-C#-C#m-A-Am--
LPLPLRPLPLPRPLPLPRPLPLPR

42. C-Em-E-Abm-Ab-Cm-Eb-Gm-G-Bm-B-Ebm-F#-Bbm-Bb-Dm-D-F#m-A-C#m-C#-Fm-F-Am-- a
LPLPLR

43. C-Em-E-Abm-Ab-Fm-F-Am-A-C#m-C#-Bbm-Bb-Dm-D-F#m-F#-Ebm-B-Bm-G-Gm-Eb-Cm--
LPLPRPLPLPRPLPLPRLPLPLRP

Music: M. Andreatta
Arrangement and mix: M. Bergomi & S. Geravini
(Perfect Music Production)

/—\ Mastering: A. Cutolo (Massive Arts Studio, Milan)

LPLPLR..
PLPLRL..
LPLRLP..

PLRLPL..

«—|LRLPLP..

RLPLPL..

La sera non ¢ piu la tua canzone
(Mario Luzi, 1945, in Poesie sparse)

La sera non ¢ piu la tua canzone,
¢ questa roccia d’ombra traforata
dai lumi e dalle voci senza fine,

la quiete d’una cosa gia pensata.

Ah questa luce viva e chiara viene
solo da te, sei tu cosi vicina

al vero d’una cosa conosciuta,

per nome hai una parola ch’¢ passata
nell’intimo del cuore e s’¢ perduta.

Caduto ¢ piu che un segno della vita,
riposi, dal viaggio sei tornata

dentro di te, sei scesa in questa pura
sostanza cosi tua, cosi 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.




Rules and constraints in the artistic process
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The circular representation for rhythmic structures

CLAPPING  MUSIC

FOR Two PERFORMERS
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The circular representation for rhythmic structures

CLAPPING  MUSIC

FOR Two PERFORMERS
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' THE RHYTHM CIRCLE

Play

Tempo;(mpm):| 20 Tresillo Ca| |

Son Oofo0d
Reset rhythms Shiko ooo
Soukous  [I[I[]
Rumba aofoo
Bossa Nova [I[][]]
Gahu oo
Samba aoo
Fume-fume [1[C1[]

l J Bembé [ ||
( Steve Reich [I[1[¥]
Changer Basic1  [ICIC]

Basic 2 [
Basic 3 Oofa
Basic 4 O

Ia subdlwsnon ‘\m ) A
uz\ |

= www . youtube . com/@mathemusique Export

Hﬁ 1/’/’ )

Snare Drum % Kick Drum @ Hi Hat I
Subdivisions: 8 Subdivisions: 8 Subdivisions: 12
Rotation: - + Rotation: - + Rotation: - +

= https://rhythm-circle.com

Paul Lascabettes
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Bembé

Subdivisions: 8 Subdivisions: 8 Subdivisions: 12

Rotation: - + Rotation: - + Rotation: - +

https://www.mathemusique. fr/

THE TONNETZ
(C. Guichaoua & M. Andreatta)

= https://thetonnetz.com

THE RHYTHM CIRCLE
(P. Lascabettes & C. Guichaoua)

= https://rhythm-circle.com
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Large public events
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(8 novembre)

* MATEMATICA E MUSICA

* Qualche parola per cominciare

* Quando la musica precede la
matematica...

* Formalizzazione algebrica delle
strutture musicali

* |l Tonnetz e le sue generalizzazioni

* Da Minkowski a Fuglede: canoni
ritmici @ mosaico e congetture
aperte

* | MAESTRI DELLA STORIA DELLA
MATEMATICA

* Babbage e Lovelace

* GIOCHI MATEMATICI

* Matemusica
e Soluzioni

* ESERCIZI

e Soluzioni







