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MathMusic research at the interface of three disciplines
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The Structural Music Information Research Project (2017-2019)
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The Society for Mathematics and Computation in Music

Conferences:

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

e 2011 Ircam (Paris, France)

* 2013 McGill University (Canada)

* 2015 Queen Mary University (Londres)

* 2017 UNAM (Mexico City)

Official Journal:
* Journal of Mathematics and Music, Taylor & Francis

(Editors : Th. Fiore & C. Callender),

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)
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From MISA to SMIR

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

Ny / N
\

_A uoge:{u&&e

- Mouns0d

=1

______________ Z-Relation ;nd_l ;
Homometric Sets | Dfixy=flx)-fix-1).

1
1
| |
I | L \} . x AV 711 1011727101727 1.,
: | » QL1 12 | ££53) 1 41118754111875411
Ig — I \'\ —— I .
i = = | | T 7_@711 1011727111011
:'r)‘ T BET i o ] I | :,é-\‘ ' o | \'}.7/5411187541118...
e o o o o o o o o o o ottt ot o o | — 1 4 | " »
e = [ |( - )| —@5E8 ——[omm] )1 | ..
- L~

1 e e T e IF---------------_—---. ------ 1

Ip=———————— 0 ofl S 8 L O 0 o - @_|JI_L ______ i Neo-Riemannian Theory I 1

and Spatial Computing : 1



The 4+1 main axes of the SMIR Project

Generalized Tonnetze, Persistent Homology and Style Analysis
*  Sonia Cannas (PhD candidate, University of Pavia / Strasbourg)
*  Davide Stefani (PhD candidate, UPMC)
*  Corentin Guichaoua (post-doc IRMA/USIAS)
Pierre Guillot (Researcher, IRMA)

Mathematlcal Morphology and Formal Concept Analysis

Isabelle Bloch (T¢lécom ParisTech)
*  Jamal Atif (University of Dauphine)
*  Carlos Agon (CNRS-IRCAM-UPMC)
e  Jean-Louis Giavitto (CNRS-IRCAM-UPMC)
Pierre Relafio (former Master student & composer, Conservatory of Strasbourg)

Category theory and Transformational Music Analysis

*  Andrée Ehresmann (mathematician)

*  Alexandre Popoff (mathematical music theorist)
Tom Fiore (University of Michigan, Editor-in-chief of the JMM)
Thomas Noll (ESMuC, Barcelona, former Editor-in-chief JMM )

‘Mathemusical’ problems and open conjectures

*  Emmanuel Amiot (mathematician and mathematical music theorist, LAMPS Perpignan
*  Franck Jedrzejewski (mathematical music theorist, CEA)

Alain Connes and his maths/music working group (IHES) i ﬁu
Epistemology and Cognitive Musicology i =
*  José-Luis Besada (post-doc GREAM/IRMA) 5\ Y

*  Nathalie Herold (post-doc GREAM) -



A historical example of ‘“mathemusical’’ problem
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The Tonnetz
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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,,)
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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

-~

N

ey gam=ses -\\‘ ‘: W
' H-----l ()
f@a-n--l“ [

1 -‘“.—;mni

Bo=1
=2
=1

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
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2-compactness

The geometric character of musical logic

Johann Sebastian Bach - BWV 328 David Meredith  Editor

Computational
Music Analysis

2-compactness

@ Springer

B Johann Sebastian Bach - BWV 328 @ random chords
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Bigo L., M. Andreatta, « Musical analysis with simplicial chord spaces », in D. Meredith (ed.),
Computational Music Analysis, Springer, 2015




Towards a topological signature of a musical piece

The simplices and their self-assembly >< - ’ ‘
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The 4+1 main axes of the SMIR Project
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Isabelle Bloch (T¢lécom ParisTech)
* Jamal Atif (University of Dauphine)
*  Carlos Agon (CNRS-IRCAM-UPMC)
*  Jean-Louis Giavitto (CNRS-IRCAM-UPMC)
Pierre Relaiio (former Master student & composer, Conservatory of Strasbourg)

Category theory and Transformational Music Analysis

*  Andrée Ehresmann (mathematician)

*  Alexandre Popoff (mathematical music theorist)
Tom Fiore (University of Michigan, Editor-in-chief of the JMM)
Thomas Noll (ESMuC, Barcelona, former Editor-in-chief JMM )

‘Mathemusical’ problems and open conjectures

*  Emmanuel Amiot (mathematician and mathematical music theorist, LAMPS Perpignan)
*  Franck Jedrzejewski (mathematical music theorist, CEA)
Alain Connes and his maths/music working group (IHES)
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A concept lattice for musical structures
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A concept lattice for the diatonic scale
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A concept lattice for the diatonic scale
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Concept lattices & mathematical morphology
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Pierre M. Relaiio, Morphologie mathématique, FCA et musicologie computationnelle, Master 2, 2017 (codir. 1. Bloch (LTCI/Télécom
ParisTech), J. Atif (LAMSADE, Université Paris Dauphine), C. Agon (CNRS-IRCAM-UPMC) and M. Andreatta (CNRS-IRCAM-UPMC)
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The 4+1 main axes of the SMIR Project

Generalized Tonnetze, Persistent Homology and Style
*  Sonia Cannas (PhD candidate, University of Pavia / Strasbourg)
*  Davide Stefani (PhD candidate, UPMC)
*  Corentin Guichaoua (post-doc IRMA/USIAS)
Pierre Guillot (Researcher, IRMA)

Mathematlcal Morphology and Formal Concept Analysis

Isabelle Bloch (T¢lécom ParisTech)
*  Jamal Atif (University of Dauphine)
*  Carlos Agon (CNRS-IRCAM-UPMC)
e  Jean-Louis Giavitto (CNRS-IRCAM-UPMC)
Pierre Relafio (former Master student & composer, Conservatory of Strasbourg)

Category theory and Transformational Music Analysis

*  Andrée Ehresmann (mathematician)

*  Alexandre Popoff (mathematical music theorist)
Tom Fiore (University of Michigan, Editor-in-chief of the JMM)
Thomas Noll (ESMuC, Barcelona, former Editor-in-chief JIMM )

‘Mathemusical’ problems and open conjectures

*  Emmanuel Amiot (mathematician and mathematical music theorist, LAMPS Perpignan)

*  Franck Jedrzejewski (mathematical music theorist, CEA) § 4 % . 9
Alain Connes and his maths/music working group (IHES) g‘ s 8
Epistemology and Cognitive Musicology W w— 2 5

*  Jose-Luis Besada (post-doc GREAM/IRMA)
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K-nets as a transformational construction

D. Lewin, “A Tutorial on K-nets using the Chorale in Schoenberg’s Op. 11, N°2 », JMT, 1994
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K-nets as a transformational construction

D, Lewin, “A Tutorial on K-nets using the Chorale in Schoenberg's Op 01, N*2 w, JUT, 1994
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D. Lewin H. Klumpenhouwer

K-nets as a transformational construction "
D. Lewin, “A Tutorial en K-nets using the Chorale in Schoenberg's Op. 11, N°2 w, JUT, 1994

<T><T > = <Tiam>
<T<dm> = <lmi>
<lp><Ti> = <lism>
<l>o<lm> = <T >




Some theoretical difficulties with the isographic relations
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CONCLUSION

There are K-Nets which are not always isographic to a given one, i.e. the isographic
relations are highly sensitives to the transformations used to label the arrows.

Is it possible to overstep this theoretical limitation? Which new definition of K-nets
allows one to do that?



From K-Nets to category-based PK-Nets
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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
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Limitations of a paradigmatic action-based approach

Anton Webern, Drei Kleine Stiicke, Op. 11/2 /
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Computer-aided 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)
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Neurosciences and Tonnetz
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PERSPECTIVES: NEUROSCIENCE

Mental Models and
Musical Minds

Robert J. Zatorre and Carol L. Krumhansl

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

ab 8

The sensation of music. (A)
Auditory 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

considered matched, | g
There is one circle of
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 Nt O at ‘. Vaed’ O S’ O
by its relative minor on one side (for example, C major and a minor) O R

<F
and its parallel minor on the other (for example, C major and ¢ minor), @«M O O
(B) Musical keys as points on the surface of a torus. Q O

consonant.

Acotto E. et M. Andreatta (2012),

« Between Mind and Mathematics. @ EURGPEAK O @
Different Kinds of Computational MATHEMATICAL @
Representations of Music », M P PSYCHOLOGY >Q O
Mathematics and Social Sciences, n° G Groue

199, 2012(3), p. 9-26.




Which type of philosophy for the mathemusical practice?

Leo Corry

Modern Algebra
and the Rise

of Mathematical
Structures

v

Tool and Object

A History and Philoscphy of Category Theory

FERNANDO ZALAMEA

Synthetic Philosophy
of Contemporary Mathematics

General

__uogedyjdde

formalisation

The Philosophy of
Mathematical Practice

\\ ]

2 Jean-Pieere Marquis

WG, APTITEMGUOCT WD Tel Bty OF SOENCE 4

R ReNE
S From a Geometrical

E Point of View

&

A synthetic vision allows us to link together
apparently distant strata of mathematics and =u| |H=
culture, helping us to break down many artificial é = —_— % g
barriers. Not only can today s mathematics be B
appreciated through epistemic, ontic, C=========>
phenomenological and aesthetic modes, but in
turn, it should help to transform philosophy.

A Stody of the Nistory end
s Piilasophy of (ategory Theory
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