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A diagrammatic listening experiment

“Take a bow” by Muse (Black
Holes and Revelations, 2006)
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=>http://www.lacl.fr/~lbigo/hexachord



A focus on Category Theory and MM/FCA
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The circular representation of the pitch space
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Equivalence classes of musical structures
(up to a group action)
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Group actions and the classification of musical structures
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Invariance and the classification of musical structures
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The nature of a given geometry is [...] defined by the reference to a determinate group and the
way in which spatial forms are related within that type of geometry. [Cf. Felix Klein Erlangen
Program - 1872][...] We may raise the question whether there are any concepts and principles
that are, although in different ways and different degrees of distinctness, necessary conditions
for both the constitution of the perceptual world and the construction of the universe of
geometrical thought. It seems to me that the concept of group and the concept of invariance
are such principles. E. Cassirer

E. Cassirer, “The concept of group and the theory of perception”, 1944



The algebraic-geometric genealogy of structuralism
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« [C’est la notion de groupe qui] donne un sens
précis a 1’idée de structure d’un ensemble [et]
permet de déterminer les ¢€léments efficaces des
transformations en réduisant en quelque sorte a son
schéma opératoire le domaine envisage. [...]L’objet
véritable de la science est le systéme des relations et
non pas les termes supposés qu’il relie. [...] Intégrer
les résultats - symbolisés - d’une expérience nouvelle
revient [...] a créer un canevas nouveau, un groupe
de transformations plus complexe et plus
compréhensif »

G.-G. Granger, “Pygmalion. Réflexions sur la pensée formelle”, 1947

G.-G. Granger

J. Piaget

« La théorie des catégories est une theorie
des constructions mathématiques, qui est

macroscopique, et procede d’étage en
¢tage. Elle est un bel exemple
d’abstraction réfléchissante, cette

derniere reprenant elle-méme un principe
constructeur présent des le stade sensori-
moteur. Le style catégoriel qui est ainsi a
I’image d’un aspect important de la genese
des facultés cognitives, est un style adéquat
a la description de cette genese »

Jean Piaget, Gil Henriques et Edgar Ascher, Morphismes et

Catégories. Comparer et transformer, 1990




Some analytical limitations of a paradigmatic approach

Anton Webern, Drei Kleine Stiicke, Op. 11/2
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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 >




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




Major third The Tonnetz
| (Network of Tones)
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The Tonnetz as a categorical construction
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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)



Neurosciences and Tonnetz representation

Mental Models and
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The sensation of music. (A)
Auditory cortical areas in the
superior temporal gyrus
that respond to musical
stimuli, Regions that are

most strongly activated

Musical Minds

Robert J. Zatorre and Carol L. Krumhansl
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Mental key maps. (A) | E
Unfolded version of
the key map, with op-
posite edges to be
considered matched, | g

are shown in red. (B)
Metabolic activity in
the ventromedi-
al region of the
frontal lobe in-
creases as a
tonal stimulus
becomes more

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

by its relative minor on one side (for example, C major and 3 minor) e XA

and its parallel minor on the other (for example, C major and ¢ minor), £ /"‘"\" Q ‘ /?G Tyl

(B) Musical keys as points on the surface of a torus. L= ./]\JV \H/J\ / ,’_
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« Between Mind and Mathematics.
Different Kinds of Computational
Representations of Music »,

Mathematics and Social Sciences, n°

199, 2012(3), p. 9-26.
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The Tonnetz (source: Wikipedia)




Which type of philosophy for the mathemusical research?

Leo Corry

Modern Algebra
and the Rise

of Mathematical
Structures
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A synthetic vision allows us to link together A A
apparently distant strata of mathematics and

culture, helping us to break down many artificial é Eul IHE %
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.
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A synthetic vision allows us to link together

apparently distant strata of mathematics and =u| |u= Point of View
culture, helping us to break down many artificial é = —_— % LA
barriers. Not only can today s mathemusical Plsaphy ofGtegory Towy
research be appreciated through epistemic, ontic,

phenomenological and aesthetic modes, but in
turn, it should help to transform philosophy.
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