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MathMusic research at the interface of three disciplines 



The Structural Music Information Research Project (2017-2019)

Mathematics

• IRMA (université de Strasbourg)
• Main hosting institution

• IHES (Paris) 
• Working group on category

and topos theory and music 
(avec A. Connes, P. Cartier, 
O. Caramello, Ch. Alunni)

Computational Musicology

• IRCAM (STMS Lab)
• Master ATIAM Program
• OpenMusic, Hexachord, ...

Popular music / art music

Epistemology and Cognition

• GREAM (université 
de Strasbourg)
• Course on 

mathematical and 
computational
models in popular
music

• USIAS (institut 
d’études avancées)
• Fellowship

• GDR ESARS 
(CNRS)
• Math’n PopGDR 

ESARS

Society for Mathematics and 
Computation in Music



The Society for Mathematics and Computation in Music
Conferences:
• 2007 Technische Universität (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)

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)

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

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

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)



Set Theory, andTransformation Theory

Finite Difference Calculus

Diatonic Theory and ME-Sets Block-designs

Rhythmic Tiling
Canons

Z-Relation and  
Homometric Sets

From MISA to SMIR

Neo-Riemannian Theory
and Spatial Computing

• Tiling Rhythmic Canons
• Z relation and homometry
• Transformational Theory
• Music Analysis, SC and FCA
• Diatonic Theory and ME-Sets
• Periodic sequences and FDC
• Block-designs in composition

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



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)

• Mathematical Morphology and Formal Concept Analysis
• Isabelle Bloch (Télécom ParisTech)
• Jamal Atif (University of Dauphine)
• Carlos Agon (CNRS-IRCAM-UPMC)
• Jean-Louis Giavitto (CNRS-IRCAM-UPMC)
• Pierre Relaño (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)

• Epistemology and Cognitive Musicology
• José-Luis Besada (post-doc GREAM/IRMA)
• Nathalie Herold (post-doc GREAM) 



A historical example of “mathemusical” problem

Hexachord
Theorem

M. Babbitt

HOMOMETRY
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The Tonnetz



• Assembling chords related by some equivalence relation
– Transposition/inversion: Dihedral group action on P(Zn)

…
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KTI[3,4,5]

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

Intervallic 
structure major/minor triads



• Complexes enumeration in the chromatic system

Classifying Chord Complexes
L. Bigo, Représentation symboliques musicales et calcul spatial, PhD, Ircam / LACL, 2013
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• The search of the optimal space

Classifying Chord Complexes
L. Bigo, Représentation symboliques musicales et calcul spatial, PhD, Ircam / LACL, 2013
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The geometric character of musical logic
Johann Sebastian Bach - BWV 328

Johann Sebastian Bach - BWV 328 random chords
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Schönberg - Pierrot Lunaire - Parodie

Schönberg - Pierrot Lunaire - Parodie random chords
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Claude Debussy - Voiles

Claude Debussy - Voiles 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 

KTI[3,4,5]

KTI[2,4,6]
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The simplices and their self-assembly

Towards a topological signature of a musical piece
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A concept lattice for musical structures

[R. Wille & R. Wille-Henning, « Towards a Semantology of Music », ICCS 2007, Springer, 2007]

Rudolf Wille



A concept lattice for the diatonic scale

[R. Wille & R. Wille-Henning, « Towards a Semantology of Music », ICCS 2007, Springer, 2007]

CM Em

mi X X
sol X X

({mi, sol},{CM, Em})



A concept lattice for the diatonic scale

[R. Wille & R. Wille-Henning, « Towards a Semantology of Music », ICCS 2007, Springer, 2007]

CM Em FAm FM

mi X X
sol X X
la X X
do X X

({la, do},{FM, Am})



Concept lattices & mathematical morphology

Quotient lattice

Pierre M. Relaño, Morphologie mathématique, FCA et musicologie computationnelle, Master 2, 2017 (codir. I. Bloch (LTCI/Télécom 
ParisTech), J. Atif (LAMSADE, Université Paris Dauphine), C. Agon (CNRS-IRCAM-UPMC) and M. Andreatta (CNRS-IRCAM-UPMC)



Concept lattices & mathematical morphology

Quotient lattice

Pierre M. Relaño, Morphologie mathématique, FCA et musicologie computationnelle, Master 2, 2017 (codir. I. Bloch (LTCI/Télécom 
ParisTech), J. Atif (LAMSADE, Université Paris Dauphine), C. Agon (CNRS-IRCAM-UPMC) and M. Andreatta (CNRS-IRCAM-UPMC)

Isabelle Bloch
Jamal Atif
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From K-Nets to category-based PK-Nets
?

�

Popoff A., M. Andreatta, A. Ehresmann, 
« A Categorical Generalization of 
Klumpenhouwer Networks », MCM 2015, 
Queen Mary University, Springer, p. 303-314

� �



From K-Nets to category-based PK-Nets

Andrée Ehresmann
Alexandre Popoff

23-02-2018



Anton Webern, Drei Kleine Stücke, Op. 11/2    

Limitations of a paradigmatic action-based approach

<T0> <T0>



Computer-aided categorical construction of the Tonnetz

• 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

Acotto E. et M. Andreatta (2012), 
« Between Mind and Mathematics. 
Different Kinds of Computational
Representations of Music », 
Mathematics and Social Sciences, n�
199, 2012(3), p. 9-26. 



Which type of philosophy for the mathemusical practice?

A synthetic vision allows us to link together
apparently distant strata of mathematics and 
culture, helping us to break down many artificial
barriers. Not only can today’s mathematics be
appreciated through epistemic, ontic, 
phenomenological and aesthetic modes, but in 
turn, it should help to transform philosophy.



THANK YOU FOR YOUR ATTENTION


