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Mathemusical research within the STMS Lab
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Generalizing the topological
Structure of theTonnetz
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Three environments for a Tonnetz-based Analysis
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Spatial

music analysis via Hexachord

Plex Viewer

Tonnetzs network

Tonnetz : K[3,4,5]

(7 &/ &/ 7/ W W W

QOO0 000000
000000000

3
004
000000

00000000 O

29,

Q0000000 ®
Q00000000
000000000

000000000

Chart

bwv0281

s B0 BN OB n e

| I

S h’\\ > > AD h‘o\ DR

Vv . %
> @Y E

|l bwv0281 ™ random chordsl

N
p\(?
M

N
[

*‘\b\\

nfoBox
bwv0281.mid
Tempo
1
T |
0 10 20

Play | Stop |

Select midi file [

Chromatic complexes
| KI2,3,7] 2

Heptatonic complexes
c™M &l

Trace off [ Harmonization ON |

Display graph [

Vertical compactness
compactness dimension complexes dimension

| 2-compactness N ] aal

compute compactness [

absolute compactness [

Path Transformation
Origin complex Destination complex

| KI3,4,5] +| | KI3,4,5] 2
Rotation 0 ‘
North translation VO

North-east translation |0

Path Transformation

Chart
2-compactness : bwv0281

[T R T

0

W

Complex complianc

0 5000 10 600 15000 20000 25000 30000 35000

time
—K[1,1,10] —K[1,2,9] K[1,3,8] K[1,4,7] K[1,5,6] K[2,2,8]
K[2,3,7] —K[2,4,6] —K[2,5,5] —K[3,3,6] —K[3,4,5] K[4,4,4]

=>http://www.lacl.fr/~lbigo/hexachord
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The geometric character of musical logic

Johann Sebastian Bach - BWV 328 David Meredith Fditor

Computational
Music Analysis
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Pedagogical applications in Popular Music
Hamiltonian cycles / Hamiltonian Songs
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Towards a Tonnetz-computer-aided composition

]
cents "6000 + 7
I

% 1: Triangular loadbang
getattr zoom @listen 1 getattr center @listen 1
T T metro 700

1: Hexagon
stayalive 3, born 2

BO F#1 C#2 Ab2 Eb3 Bb3 F4 C5 G5 D6 A6 E7 B7 F#8 C#
C#1 Ab1 Eb2 Bb2 F3 C4 G4 D5 A5 E6 B6 F#7 Ci#8 Abs
[Ab0 Eb1 Bb1 F2 C3 G3 D4 A4 E5 B5 F#6 Ci7 Ab7 Eb8 B!

0 BbO F1 C2 G2 D3 A3 E4 B4 Fit5 C#H6 Ab6 Eb7 Bb7 F8
FO C1 G1 D2 A2 E3 B3 F#4 Ci5 Ab5 Eb6 Bb6 F7 C8 G8|
G0 D1 A1 E2 B2 F#3 C#4 Ab4 Eb5 Bb5 F6 C7 G7 D8
DO A0 E1 B1 F#2 C#3 Ab3 Eb4 Bb4 F5 C6 G6 D7 A7 EB§|
EO BO F#1 C#2 Ab2 Eb3 Bb3 F4 C5 G5 D6 A6 E7 B7
F#1 C#0 Ab0 Eb1 Bb1 F2 C3 G3 D4 A4 E5 B5 Fit6 C#7 Abj
1 Ab-1 Eb0 Bb0 F1 C2 G2 D3 A3 E4 B4 F#5 Ci#6 Ab6 Eb7
Eb-1 Bb-1 FO C1 G1 D2 A2 E3 B3 F#4 C#5 Ab5 Eb6 Bb6 F7
2 F1 CO GO D1 A1 E2 B2 F#3 C#4 Ab4 EbS BbS F6 C7
C-1 G1 DO A0 E1 B1 F#2 C#3 Ab3 Eb4 B4 F5 C6 G6 D7
R D1 A1 EO0 BO F#1 C#2 Ab2 Eb3 Bb3 F4 C5 G5 D6 A6
A2 E-1 B-1 F#0 C#1 Ab1 Eb2 Bb2 F3 C4 G4 D5 A5 E6 B6|
R B-2 F#1 C#0 AbO Eb1 Bb1 F2 C3 G3 D4 A4 E5 B5 F#6

F#2 C#1Ab-1 Eb0O Bb0O F1 C2 G2 D3 A3 E4 B4 F#5 C#6 Abg

| ——— —A
bach.ezmidiplay ; ach.ezmidiplay

Come un lasciapassare

france,

musique

D. Ghisi
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Signal/Symbolic articulation in MIR

dissonance
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M. Bergomi, Dynamical and Topology Tools for Modern Music Analysis, PhD, LIM-Milan/UPMC/Ircam, Dec. 2015

=>» Towards a geometric dynamic modeling of a musical piece ?

SPACE | i/ ” ' MUSIC

=>» Towards new perspectives on topological compositional spaces ?
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Julia Blondeau: Compositional spaces

simplexe
fréquentiel

cellule

musicale . . .
simplexe articulatoire

simplexe simplexe A}
articulo-timbral temporel
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Julia Blondeau: Compositional spaces

Réseau d’intervalles

Espaces compositionnels et réseaux intervalliques

3-simplexe temporel 3-simplexe articulatoire 3-simplexe fréquentiel
metrique Epaisseur Directivité
Intensité

type Intervalles «racine

vitesse / =

trajectoire

L 4 —&

= S At A v,
tensité Categorie elonne )
densité Enveloppe Ambitus Polarisation

sonore

. division d'une durée en segments «relatifs» courts Enveloppes => // enveloppes en synthése .y N
¢ .
meétrique ou longs enveloppe Directivité vV, A7\ mixte L ete.
" . . . ‘ épaisseur «polyphonique» , .
vitesse trés lent —> trés rapide, accel, ral, rit ...etc epaisseur PE POy 9 Intervalles intervalle(s) racine dans le réseau d’intervalles
. . , . , . . A pur, mat, bruité, enrichi => liens vers modes de jeu 4 o ) BN
categorie régulier / irrégulier / lisse / strié «categorie» Ambitus restreint, moyen, large, trés large
( g 9 (
" . . . . ) > mp mf > ffff ... s 2
densité faible, moyenne, forte, trés forte intensité PPPEP P Polarisation faible, moyenne, forte..

IRCAM Scientific Council — 14-15 March 2016 11



Julia Blondeau: TESLA ou l'effet d’étrangete
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Many musical applications:

classification using topological characteristics: can we catch the
notion of style ?

generative power of topological transformation ?
representation of other musical relationships...

... What kind of relationships ?

TOPOLOGICAL vs ALGEBRAIC
ANALYSIS OF

(MUSICAL) RELATIONS
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Q-analysis: a topological representation
of a binary relationship

A C {tulipe, rose, marguerite, dahlia} x {rouge, bleu, blanc, jaune}

tulip 1 0 0 1
rose 1 1 1 0
daisy 0 0 1 1
dahlia 1 1 1 1

rose

blue

~ dahlia wwme
hite

white dahlia

daisy
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Representation of a set of predicates

A C Objects x Predicates : (0,p) € A < p(0)

Objects = {1, 2, 3, ..., 10}
Predicates = {prime, even, odd, multiple-of-3}

prime
O 10 1

even 8
TN AT e
O

muItipTe of 3
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Formal Concept Analysis (FCA)
it can also be represented as a lattice

Az interval g; appear in a musical motive m,

m3

g1

X

g2

X

g3

X

g4

X

g5

X

etHeGand Ne M
{minM|(h, me&iforalheH]
,neiforalneN]}

HI
NI

(H, N) is a formal concept iff H'

formal concept are ordered: (H, N) <

{ginG]|(g

=N and H = N'

€5

C1

(, P)iff HCI
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Relation between FCA and Q-analysis

g1 A M4
mi1 | mo | m3g | mg
g1 X X X mi mo
g2 X X g2
g3 | x X
94 x | X

g5 X g3 ga
ma3
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Relation between FCA and Q-analysis

= Freund A., M. Andreatta, J.-L. Giavitto (2015), « Lattice-based and Topological Representations of Binary Relations
with an Application to Music », Annals of Mathematics and Artificial Intelligence
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Thank you for your attention



