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... at the interface between art and popular music
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The Society for Mathematics and Computation in Music

Conferences:

* 2007 Technische Universitit (Berlin, Allemagne)
* 2009 Yale University (New Haven, USA)

2011 IRCAM (Paris, France)

* 2013 McGill University (Canada)

* 2015 Queen Mary University (Londres)

* 2017 UNAM (Mexico City)

Official Journal and MC code (00A65: Mathematics and Music)
* Journal of Mathematics and Music, Taylor & Francis
(Editors: Th. Fiore, C. Callender | Associate eds.: E. Amiot, J. Yust)

Books Series:

*  Computational Music Sciences Series, Springer (G. Mazzola & M.
Andreatta eds. — 12 books published (since 2009)

* Collection Musique/Sciences, Ircam-Delatour France (J.-M. Bardez
& M. Andreatta dir. — 16 books published (since 2006)

European Training Network on Computational and

Mathematical Music Analysis and Generation (“InForMusic”)
(Aalborg Universitet, City, University of London, Universiteit Utrecht,
Aristotelio Panepistimio Thessalonikis, IRISA (UMR 6074),

IRMA (UMR 7501), STMS (UMR 9912), Vrije Universiteit Brussel

+ Sony Europe Ltd, Chordify, Melodrive, Steinberg)

Under reviewing...

I P ———

ot v T i
ot Rl
Mathematics

“ and Computation
Zin Musi

Computation

Mathematics
&Music

Tiscrete Fouriet Trasionn
i Msc heory



‘Mathemusical’ research at the interface of three disciplines
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A historical example of ‘“mathemusical’’ problem
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Aperiodic Rhythmic Tiling Canons (Vuza Canons)
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A short catalogue of mathemusical problems

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

MATHEMATICS

* Tiling Rhythmic Canons

* Zrelation and homometry

* Transformational Theory

* Music Analysis, SC and FCA
* Diatonic Theory and ME-Sets
* Periodic sequences and FDC
* Block-designs in composition
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A short catalogue of mathemusical problems

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

MATHEMATICS

* Tiling Rhythmic Canons

* Zrelation and homometry

* Transformational Theory

* Music Analysis, SC and FCA
* Diatonic Theory and ME-Sets
* Periodic sequences and FDC
* Block-designs in composition
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Finite Difference Calculus

UNIVERSITA DEGLI STUDI DI PADOVA

Tesi di Laurea

ON SOME ALGEBRAIC ASPECTS OF
ANATOL VIERU PERIODIC SEQUENCES

APPLIED TO MUSIC CANONS
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The interplay between algebra and geometry in music

Creativity in Music and Mathematics
Plerre Boulez & Alain Connes

“Concerning music, it takes place in time, like algebra.
In mathematics, there is this fundamental duality
between, on the one hand, geometry — which
corresponds to the visual arts, an immediate intuition —
and on the other hand algebra. This is not visual, it has a
temporality. This fits in time, it is a computation,
something that is very close to the language, and which
has its diabolical precision. [...| And one only perceives
the development of algebra through music”
(A. Connes).

= http://videotheque.cnrs. fr,
Société
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The galaxy of geometrical models at the service of music




The galaxy of geometrical models at the service of music
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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




Music and mathematics: « prima la musica »!

MUSIC MATHS
S00 B.C. Plitches and lengehs of strings are related. | Discovery of the fundamental |
Here music gives a marvelous thrust to number importance of natural numbers |
heory sod peometry. and the invention of fractions.
No correspondence in music Positive irrational sumbers {..]

300 B.C. |...] Music theory highlights the discovery
of e Isomorphism between the logarithess
[musical imtervals) and exponentials (string
kengths) more than 15 centuries before their
discovery in sathematics; also a premonition of

_group theory is suggested by Aristoxenos

No reaction in mathematics. [}

1648 [aveation of musical commbinatorics by Marin
Mervem=e (Hormanicorum Lidn)

1700 [..] The e, for example, Is an abstract
autosaaton usod two centuries before the bith of
the science of automata Also, there Is an
uncensclous manipulation of finite groups [ Kicia
group) in the four varfatioas of 2 =elodic Bne used

1773 A firat geametric and graph-theoretic
representation of pitches [Speculum Myricum )

1000 AD. Invention of the two-dimensional No parailef ie mathermatics
spatial representation of pitches linked with time
by means of staves and podacs [..] seven centarses
{1635.37) before the magaificent analytical

rpo.ﬂry of Format and Descartes.
1500 No response or development of the preceding Zero and megative numbers are
concepes. adopred. Construction of the set

of rationals. e

1600 No equivaience, A0 reaction. The sets of real nambders and of

Probability theory by Bernoulll
Ars Confectandy, 1713)
Number theory is abead of but
has no equivalent yet In
temporal structures. [..)

Inventica of graph (keory

1900 Liberation from the tonal yoke, First
acceptance of the neutrality of chromatic totality
(Loquin [1895), Haver, Schoenberg)

The Infinite and transfinite
numbers [Cantor). Peano
axiomatics. [...] The beautiful
measure theory (Lobesque, )

Kreasek on the role of avioms (n music

1920 First radical formalization of macrostroctures | No new development of the
through the serial system of Schoenberg, number theery.
1929 and 1937-1939 Sexanne K Langerand Ernst | David Hilbest, e Grundlage der

Geometrie (1899)

1946 Milton Babbist on group theory and integral
serialsm

Rudolf Carnap, The Logical
Syncex of Language (1937)

IS

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

Mersenne and
the ‘musical
clock’, 1648

Euler and the
Speculum
musicum, 1773




The circular representation of the pitch space
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The circular representation of the pitch space
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The circle: a model for periodic rhythms
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African-cuban ME-rhythms

El cinquillo El trecillo
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The geometry of Afrlcan Cuban rhythms
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Odditive property of orally-trasmitted practices

Simha Arom Marc Chemillier

MARC CHEMILLIER

LES MATHEMATIQUES
NATURELLES
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Olivier Messiaen’s non-invertible rhythms

Alain Connes
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Palindromic structures in Steve Reich’s music
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The circle and its ‘canonic’ rotations
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The circle and its ‘canonic’ rotations
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Permutational melodies in contemporary (art) music

‘114 Marin Mersenne, Harmonicorum Libri XII, 1648

LIBER SEPTIMVS.

DE CANTIBVS, SEV CANTILENIS,
EARVMQ; NVMERO, PARTIBVS, ET SPECIEBVS,

Tabala Combinationss Julu.‘
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Permutational melodies in song writing

Se telefonando, 1966 (Maurizio The harnl.onic space
Costanzo/Ennio Morricone) / Mina

(min. 0°53”)
F# rﬁ G g G” g#
Ennio Morricone
A a b
B, b, B
Chord enumeration



The Tonneitz
(Network of Tones)

KONINGSBERGA

Speculum Musicum (1773)
= DEMO




From the Tonnetz to the dual one (and vice-versa)
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Harmonic Progressions

[n Paolo Conte
Sotto le S{elle dd/ Jazz

4y

Supervision Moreno Andreatta
Modelisation Gilles Baroin 2016

aroin

= www.mathemusic.net



The Tonnetz, its symmetries and its topological structure

Minor
third axis




The Tonnetz, its symmetries and its topological structure

A Minor
R I third axis

= Source: Wikipedia



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

e Assembling chords related by some equivalence relation
— Transposition/inversion: Dihedral group action on P(Z,,)

Intervallic

structure

O-simplex @ note

2-note

1-simplex g

2-simplex

3-simplex

>(4,3,5)

\

3-note
chord

4-note
chord

F#
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Classitying Chord Complexes

L. Bigo, Représentation symboliques musicales et calcul spatial, PhD, Ircam / LACL, 2013

 Complexes enumeration in the chromatic system
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d

complexe taille b, [pv ] X
Ko 0 0 0
Krs[0] 0 o] 0
K1, 11] 12 1, 1] X 0
k'u" 10| 12 2, 2| ]
X TI|s 3, ()J 12 ‘ 3; 0
K ri| 1 8| 12 [4, 4] 0
X “ 7: 12 :[ ]' X 0
X T (l (3'1 0 jh ” 0
Kayrll.1,10] 12 (1, 1, (,|: X 0
Ku 12 '_’.‘J‘ 24 1.2, [: X 0
’\”}l :{.Hj 24 i1, 2, l X )
Kri[1,4,7) 24 11, 2, 1] x | 0
K11[1.5,6)] 24 11,1, 6] 0
X “:2 2, 8 12 2 2, (l: )
Kr1{2.3,7 24 1, 2, 1] X )
Kri[2.4,6] 21 2.2,6) 0
K71[2.5,5) 12 1, 1,0] X 0
K1103.3,6 12 13. 0, 3 3
K13,4,5 24 2] X ()
X ”-l. i, ‘ i ‘ (l, (l 1
Kr1,1,1,9] 12 T, 1,0, 0] X1 O
Krl,1,2,8] 24 N, 1,12, 0 12
Kri[1,1,3,7] 21 n,2,13 00 12
Krs[1,1.4.6] 21 1. 1. 18. 0] 18
K14(1,1,5,5] 12 . 1. 6. 0] 6



Classitying Chord Complexes

L. Bigo, Représentation symboliques musicales et calcul spatial, PhD, Ircam / LACL, 2013

* The search of the optimal space

® d (‘umplvxl- taille b, p-v X
/ \ /) | ‘e Ko 0 0 0
E .—\-“ / H ' H" K-'”;”j 0 !H; 0
% Y K1, 11] 12 1, 1] x [0
Kre(2, 10 12 2, 2| ]
| ] , K71(3,9] 12 3, 3] 0
| Kyi[4.5] 12 ) 0
K1115.7] i2 1, 1] x |0
K16, 6] i 6, 0 i
Kyll,1,10] 12 1.1, 0] X 0
Krr(l.2,9] 24 123 X 0
K1i(1,3,8] 24 1, 2, 1 X 0
Ki[1,4,7] I [1,2,1] | x| 0
K11[1.5,6] 21 1.1, 6 6
: K1i1[2.2.8) 2 2,2, 0] 0
- K7:1{2.3,7 24 1, 2, 1) X 0
Kr1[2.4,6) 24 2, 2, 6] 0
K11[2,5,5) 12 1.1, 0] - 73
K11(3.3,6 12 13,0, 3 | 6
K1103,4,5 24 1, 2, 1 X 0
Kyrld, 4,4 H 4, 0, 0] H
Koyl 1,1,9] 12 11, 1, 0, 0] X 0
Kryl1,1,2,8] 24 1,1, 12, 0 12
Kri[1,1,3,7] 20 1,2,13, 00 2
Kr1,1.4.6] 21 11,1, 18, 0] 18




Classitying Chord Complexes

L. Bigo, Représentation symboliques musicales et calcul spatial, PhD, Ircam / LACL, 2013

* The search of the optimal space

.\ A | d complexe | taille [ [Pv ] X
/__. _NeB A ' ] Ko [ 0 0 1T 0
E°\\\ VA o= £ o T[] o o 0
° ¢ ' K1, 11] [ 12 n, 1] X | 0
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| K1i]4.8] 12 ) 0
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K1113,4,5] 24 1, 2, 1] X 0

Kyrld, 4,41 H 1, 0, 0 !

o Kz, 1,1,9 12 T, 1, 0, 0] x | 0

e ¥ D Krs1,1.2,8] 21 1,1, 12,0 12

y / \ K ”E 1,1,3.7] 21 2, 1:{6;7 2

CA'E Bb“"/;\;t k.,-,il. l-lh’ 2.I 1 1, l\ ‘:, 1\
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The panoply of Tonnetze at the service of the analyst

(1,1,10)




The geometric character of musical logic

Johann Sebastian Bach - BWV 328

David Meredith Editor

Computational
Music Analysis

2-compactness

B Johann Sebastian Bach - BWV 328 @ random chords

Claude Debussy - Voiles

@ Springer

0,5
Schoénberg - Pierrot Lunaire - Parodie
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M Claude Debussy - Voiles I random chords

M Schonberg - Pierrot Lunaire - Parodie random chords |

Bigo L., M. Andreatta, « Musical analysis with simplicial chord spaces », in D. Meredith (ed.),
Computational Music Analysis, Springer, 2015
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Symmetries in Paolo Conte’s Madeleine
Lab Reb Sib Mib Si Mi Reb Fa# Re Sol Mi La Re Lab Reb Do Mib
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Harmoni¢ Progressions ...

In Paolo Gente .o L3

P
Madeleing,
| , y e
Y. Supervision Moreno Andreatta
\ \\ & “?f““; - Modelisation Gilles Baroin 2016
a5 e : ‘
vz, )




Harmonic progressions as spatial trajectories

L P | Feaston OO0
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= Source : https://upload.wikimedia.org/wikipedia/commons/6/67/TonnetzTorus.gif




Beethoven 4 . . A
and the :_ o
Hypersphere | |

(and the Tonnetz)

T s Gilles Baroin 2016

Y, www.MatheMusic.net
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Reading Beethoven backwards

Le Bl esn Henke

(Poio/Moreno/Dieu)

Plonger comme un enfant, cheveux au vent Croiser matin dans I'herbe folle

Sous l'océan du blé en herbe Deux tourterelles qui s'envolent y
Marée d'épis couleur d’'amande Suivre les jeux des hirondelles L P
Qui tendent & caresser le ciel Sur le paysage éternel
Nager comme un enfant, cheveux au vent b ¢
Algues tendres de mille plages Sous l'océan /
e

Frélant le ventre des nuages Du blé en herbe
Cheveux de pluie, dos de poissons f
Qui frissonnent a l'unisson Marée de fruits au golt amer G = gx

Acide et salée comme la mer /

Suivre le bord des continents — E d
o
Dans l'océan du blé en herbe Vers 16t d'un petit village 5\ f
Pécher le corail du pavot Vers un chateau d'eau sur la plage C
Dans le sang des coquelicots Quand tout s'éteint avant 'orage N
Quand se léve le vent du large

I
L2,

Sur le bié vert \ /
SHES Y S0US SoNBIT oM ' ND!, Cy
NDEF

2
OBJET
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L’aventure mathématique
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G. Albini & S. Antonini, University of Pavia, 2008



Hamiltonian cycles with inner periodicity

8. _C-Cm-Eb-Gm-Bb-Dm-F-Fm-Ab-Abm-B-Ebm-F#-Bbm-C#-Céim-E-Em-G-Bm-D-Fé#m-A-Am--PRLRLRPR LPLPLR..
| 9. C-Em-E-Abm-Ab-Cm-Eb-Gm-G-Bm-B-Ebm-F#-Bbm-Bb-Dm-D-Fétm-A-C#m-C#-Fm-F-Am--LPLPLR | %

T0. C-Em-E-Abm-B-Ebm-Eb-Gm-G-Bm-D-FAm-FA-Bom-Bb-Dm-F-Am-A-CAm-CH-Fm-Ab-Cm--LPLRLP PLPLRL..

11, C-Em-G-Gm-Bb-Bbm-C#-C#m-E-Abm-B-Bm-D-Dm-F-Fm-Ab-Cm-Eb-Ebm-F#-F#m-A-Am--LRPRPRPR

12, C-Em-G-Gm-Bb-Bbm-C#-Fm-Ab-Cm-Eb-Ebm-F#-F#m-A-C#m-E-Abm-B-Bm-D-Dm-F-Am--LRPRPRLR L P L R L P s

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.

http://www.mathemusic.net

min. 1°02”

] y ' g ' solo da te, sei tu cosi vicina
al vero d’una cosa conosciuta,

‘T Eb ‘ G per nome hai una parola ch’¢ passata
A . - ' —_— nell’intimo del cuore e s’¢ perduta.
|2Z B .

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).

Ve
&
Bb | . . .
l E/ O ’ Ah questa luce viva e chiara viene
3
S

Music: M. Andreatta L’aria tace ed il tempo dietro a te

Arrangement and mix: M. Bergomi & S. Geravini si leva come un’arida montagna
(Perfect Music Production) dove vaga il tuo spirito e si perde,
Mastering: A. Cutolo (Massive Arts Studio, Milan) un vento raro scivola e ristagna.




= www.mathemusic.net



The use of constraints in arts

Zl=%i=:  OuLiPo (Ouvroir de
57 7 lals Littérature Potentielle)

' Georges

GEORGES PEREC |
La Vie
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La vie mode d ’emploi,
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Cent mille milliards de poemes, 1961
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i male Ton devient argenti
moaevient argentin

Italo Calvino

1l castello dei destini
incrociati, 1969

Raymond Queneau



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

[T

La disparition o o0 0000 00 00 00/ EETTTEETE———
Morens Andsesis - Jaber Besoutt

' ' = {dtony
u' 0 W
Traks Catvine
Chdseagu o

e : Exploring
, ' Transdisciplinarity
'_ N~ in Art and Sciences

wa

: SO O T B A L D«
LA™ B R B LI *7!!‘7-'
v — sheu M. Andreatta et al., « Music, mathematics and language: chronicles from the
2,e® .,,.* § ! i.,,.* ’.,,.’ Oumupo sandbox », in Kapoula, Z., Volle, E., Renoult, J., Andreatta, M.
(Eds.), Exploring Transdisciplinarity in Art and Sciences, Springer, 2018
http://oumupo.org/

Jean-Francois Martin Joseph Boisseau Moreno Andreatta Tom Johnson
Piette Granger

Valentin Villenave Mike Solomon




Keeping the space...but changing the trajectory!

bwv0281

2-compactness : bwv0281

=>http://www.lacl.fr/~1lbigo/hexachord




Keeping the space...but changing the trajectory!
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(autour du do)

Beatles, Hey Jude (orig. version) Beatles, Hey Jude (transformed version)



The SMIR Project: Structural Music Information Research
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Topological vs categorical construction of the Tonnetz
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* Popoff A., C. Agon, M. Andreatta, A. Ehresmann (2016), « From K-Nets to PK-Nets: A Categorical Approach », PNM, 54(1)
* Popoff A., M. Andreatta, A. Ehresmann, « Relational PK-Nets for Transformational Music Analysis » (forthcoming in the JMM)



From K-Nets to category-based PK-Nets

" " ) 7
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Definition 1 Let C be a category, and S a functor from C to the category Sets. Let A be
¢ small cateyory and R a functor from O to Sets. A PK-net of form R and of support § is
¢ 4-tuple (R, S, F, o), in which

e F is a functor from A to C,

e and ¢ is ¢ natural transformation from R to SF

The definition of a PK-net is summed up by the following diagram:

E
A - C Popoff A., M. Andreatta, A. Ehresmann,
@ « A Categorical Generalization of
. Klumpenhouwer Networks », MCM 2015,
R S Queen Mary University, Springer, p. 303-314
« ¥ London

Sﬂt“ Mathematics and Computation in Music




Some cognitive implications of mathemusical research

A
/ PERSPECTIVES: NEUROSCIENCE
f // / / “ Mental Models and ‘)

The sensation of music. (A)
Audilory cortical areas in the
superior temporal gyrus
that respond to musical
stimuli, Regions that are
most strongly activated

are shown in red. (B)

Metabolic activity in
the ventromedi-
al region of the
frontal lobe in-
creases as a
tonal stimulus
becomes more

Musical Minds

Ab
Robert J. Zatorre and Carol L. Krumhansl

Mental key maps. (A) . Ab
Unfolded version of
the key map, with op-
posite edges to be

considered matched,

There is one circle of consonant.
fifths for major keys

(red) and one for mi-

nor keys (blue), each . .

wrapping the torus three times, In this way, every major key is flanked o\ \Q

by its relative minor on one side (for example, C major and a minor) A m i

and its parallel minor on the other (for example, C major and ¢ minor), E" R /"

(B) Musical keys as points on the surface of a torus. vl i @\3\ i

Nag @ P Ji e s\'(4
« La théorie des catégories est une théorie des ] A ,,| A
|/ °/

constructions mathématiques, qui est macroscopique, et
procede d’étage en étage. Elle est un bel exemple
d’abstraction réfléchissante, cette derniére reprenant elle- :
méme un principe Conlstru?teur present fies: 1? S‘E.'flde sens?rl- ¢ | et o
moteur. Le style catégoriel qui est ainsi a I’image d’un s/

aspect important de la genése des facultés cognitives, est un J. Piaget '
style adéquat a la description de cette gencése »

Jean Piaget, Gil Henriques et Edgar Ascher, Morphismes et Catégories. Comparer et transformer, 1990
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