
Calcul d’orbites via le polynôme de Polya" Lemme de Burnside 

Xg = {x%X : gx=x} 

# d’accords = 1/24[4224+1152] = 224  

? 



Calcul d’orbites via le polynôme de Polya"



Calcul d’orbites via le polynôme de Polya"

# d’accords = 1/12[4096+2+4+8+16+2+64+2+16+8+4+2]=4224/12=352  

? 



Calcul d’orbites via le polynôme de Polya"



Enumération d’accords et dans un système tempéré "
 D. Reiner: «Enumeration in Music Theory»,  Amer. Math. Month. 92:51-54, 1985 



Enumération des modes à transpositions limitées de Messiaen "
 R.C. Read: « Combinatorial problems in the 
theory of music », Discrete Math., 1997 

 M. Broué : « Les tonalités musicales vues par un 
mathématicien », 2002  

A6=µ(6)2+µ(3)22+µ(2)23+µ(1)26= 
   = (-1)22 + (-1)22 + (-1) 23 + 22 = 
   = 2 - 4 - 8 + 64 = 
   = 54 

54/6 = 9 

12/6 = 2 



0    1    2    3    4    5     6    7    8    9    10   11     

Enumération des séries dodécaphoniques (Lemme de Burnside)!
 D. Reiner: «Enumeration in Music Theory»,  
Amer. Math. Month. 92:51-54, 1985!

Lemme de Burnside 

Xg = {x%X : gx=x} 



transposition 
inversion 

« rotation »  
(permutation 

circulaire) 

retrogradation 

Enumération des séries dodécaphoniques (Lemme de Burnside)!
R.C. Read: « Combinatorial problems in the theory of music », Discrete Math., 1997 

# orbites = # superpositions 
de deux graphes cycliques  
de longueur 12. 

836.017 séries 



Elliott Carter: 90+ (1994)"

35 
(0 1 2 4 7 8) 

pcset vector name 

[322332] 6-Z17 
All-triad hexachord  



Elliott Carter: 90+ (1994)"

35 
(0 1 2 4 7 8) 

pcset vector name 

[322332] 6-Z17 
All-triad hexachord  

« From about 1990, I have reduced my vocabulary of chords more and 
more to the six note chord n° 35 and the four note chords n° 18 and 23, 
which encompass all the intervals  » (Harmony Book, 2002, p. ix) 

18 

23 

(0 1 4 6) 

(0 1 3 7) 

[111111] 

[111111] 

4-Z15 

4-Z29 

07-carter_athexa 
! 



La Set Theory d’Allen Forte: catalogue des pitch-class sets!

name pcs vector vector pcs name 

Relation Z 

complementare 



Vecteur d’intervalles et relation Z!

5-Z12 



Théorème de l’hexacorde (ou théorème de Babbitt)"

Un hexacorde et son complementaire ont le 
même vecteur d’intervalles  "

IV(A) = [4, 3, 2, 3, 2, 1 ]"=" [4, 3, 2, 3, 2, 1 ] = IV(A’)  "

A" A’"

(Wilcox, Ralph Fox (?), Chemillier, Lewin, Mazzola, Schaub, …, Amiot [2006])"



Elliott Carter : 90+ (1994)"

•  Combinatoire d’accords 
•  Hexacordes 
•  Tétracordes 
•  Triades 
•  Relation Z 

•  Séries tous–intervalles 
•  Link–chords 

(piano: John Snijders) 



Elliott Carter : 90+ (1994) : combinatoire tetra/tricordale"

? 



Elliott Carter : 90+ (1994) : Link–chords (mm. 49–68)!

OM-> ((0 10 11 3 5 2 8 1 9 4 7 6) (1 2 3 5 8 9))"
OM-> ((0 10 11 1 5 2 9 3 8 4 7 6) (1 2 3 5 8 9))"
OM-> ((0 10 3 5 2 8 9 1 4 11 7 6) (1 2 3 5 8 9))"
OM-> ((0 9 4 8 2 3 5 10 1 11 7 6) (0 2 3 4 8 9))"
OM-> ((0 9 4 2 3 8 10 1 5 11 7 6) (0 2 3 4 8 9))"
OM-> ((0 9 3 11 4 5 7 10 2 1 8 6) (3 4 5 7 10 11))"
OM-> ((0 9 1 4 2 8 3 5 10 11 7 6) (3 5 6 7 10 11))"
…"

Mauricio Toro Universidad Javeriana, Colombia / IRCAM"
http://gelisp.sourceforge.net/


S = (0 10 11 3 5 2 8 1 9 4 7 6) 
S*= (10 1 4 2 9 6 5 8 7 3 11) 

0 



« Making and Using a Pcset Network for Stockhausen's Klavierstück III » 
Trois interprétations : 

Henck 

Kontarsky 

Tudor 



« Making and Using a Pcset Network for Stockhausen's Klavierstück III » 

David Lewin, Musical Form and Transformation, YUP 1993 

« The most ‘theoretical’ of the four essays, it focuses on the forms of one 
pentachord reasonably ubiquitous in the piece. A special group of 
transformations is developed, one suggested by the musical interrelations 
of the pentachord forms. Using that group, the essay arranges all 
pentachord forms of the music into a spatial configuration that illustrates 
network structure, for this particular phenomenon, over the entire piece. »  

? ? ? 



YunKang Ahn, L’analyse musicale computationnelle, thèse, Université de Paris VI / Ircam, déc 2009 



G. Mazzola#: The!
 Topos of Music, "
ch. 13 - “What are 
global compositions ?” "



« Making and Using a Pcset Network for Stockhausen's Klavierstück III » 
Lewin 1993 



Stockhausen: Klavierstück III (Analisi di  D. Lewin) 



« Rather than asserting a network that follows pentachord relations one at a time, 
according to the chronology of the piece, I shall assert instead a network that 
displays all the pentachord forms used and all their potentially functional 
interrelationships, in a very compactly organized little spatial configuration. » 



Stockhausen: Klavierstück III (Analyse de  D. Lewin) 

« […] the sequence 
of events moves 
within a clearly 
defined world of 
possible 
relationships, and 
because - in so 
moving - it makes 
the abstract space 
of such a world 
accessible to our 
sensibilities. That 
is to say that the 
story projects what 
one would 
traditionally call 
form. » 



Stockhausen: Klavierstück III (Analyse de  D. Lewin) 



Stockhausen: Klavierstück III (Analyse de  D. Lewin) 



Stockhausen: Klavierstück III (Analyse de  D. Lewin) 

« I take the question ‘Can you hear 
it » to mean something like this: After 
studying the analysis in examples 2.5 
and 2.6, do you find it possible to 
focus your aural attention upon 
aspects of the acoustic signal that 
seem to engage the signifiers of that 
analysis? […] For me, the interesting 
questions involve the extent and ways 
in which I am satisfied and 
dissatisfied when focusing my aural 
attention in that manner. It is 
important to ask those questions about 
any systematic analysis of any 
musical composition ». 



08-lewin-stock 
! 



R. Attas : Metaphors in Motion: Agents and Representation in Transformational Analysis, MTO, 15(1), 2009"
http://mto.societymusictheory.org/issues/mto.09.15.1/mto.09.15.1.attas.html"



R. Attas : Metaphors in Motion: Agents and Representation in Transformational Analysis, MTO, 15(1), 2009"
http://mto.societymusictheory.org/issues/mto.09.15.1/mto.09.15.1.attas.html"



« A rational reconstruction of a work or works, which is a theory of the 
work or works, is an explanation not, assuredly, of the ‘actual’ process of 
construction, but of how the work or works may be construed by a 
hearer, how the ‘given’ may be ‘taken’ »  

M. Babbitt": «"Contemporary Music Composition and Music 
Theory as Contemporary Intellectual History"», 1972!



Bamberger, J. (1986). Cognitive issues in the development of musically gifted children. In Conceptions of 
giftedness (eds., R. J. Sternberg, & J. E. Davidson), pp. 388-413. Cambridge University Press, Cambridge 

Bamberger, J. (2006). "What develops in musical development?" In 
G. MacPherson (ed.) The child as musician: Musical development from 
conception to adolescence. Oxford, U.K. Oxford University Press. 



? 

« Group Theory has emerged as a powerful tool for analyzing cognitive structure. The number of cognitive 
disciplines using group theory is now enormous. The power of group theory lies in its ability to identify 
organization, and to express organization in terms of generative actions that structure a space » 

Michael Leyton,  The International Society for Group Theory in Cognitive Science"



Stockhausen: Klavierstück III (Analyse de  D. Lewin) 
<T0> : Tm& Tm 
            Im  & Im 

<T0> 



Xavier Hascher: « Liszt et les sources de la notion 
d’agrégat », Analyse Musicale, 43, 2002 

Isographie 
forte 

Isographie 
positive 

Isographie positive 

mg b2 

a1 

<T0> 

<T9> <T9> 



David Lewin: «A Tutorial on K-nets using the Chorale in 
Schoenberg’s Op.11, N°2 », JMT, 1994 

<Tk> : Tm& Tm 
            Im  & Ik+m 



David Lewin: «A Tutorial on K-nets using the Chorale in Schoenberg’s Op.11, N°2 », JMT, 1994 

<T8> 

<T7> 

<I7> 

g3’ g4’ 

<I10> <I5> Isographie négative 

<Tk> : Tm& Tm 
            Im  & Ik+m 



Isographie forte 
<T0> 

Isographie forte 
… 12 solutions 

re fa# 

sib sol# 

T4 

T6I 
M5 T2I Isographie forte 

5x 

T4 

T6I 
M5 

x x+4 

6-5x=2-(x+4) ==> 8=4x ==> x=2, 5, 8, 11  

T2I 

4 solutions 
re# la 

re# la 

M3 

M11 
M1 M7 Isographie forte 

M11 x 

M1 

M1 
x x 

11x=7x ==> 4x=0 ==> x=0, 3, 6, 9  

M7 

4 solutions 

? 
4-x=7-(x+3)=1-(x+9) 

x x+3 x+9 T3 T6 

I4 I7 I1 



D
b}!



D
b}!





G. Mazzola & M. Andreatta, 2006!



<T7> 

<I5
> 

<Tk> : Tm& Tm 
            Im  & Ik+m 

Isographie négative 

Isographie positive 

F 



<Tk> : Tm& Tm 
            Im  & Ik+m 

Isographie négative 

Isographie positive 

F 
T2 

T2 

Examen 27/2/2008 



<Tk> : Tm& Tm 
            Im  & Ik+m 

Isographie négative 

Isographie positive 

F 

Passage au  
complémentaire 

I5 

Examen 7/3/2006 

Examen 25/2/2009 



<Tk> : Tm& Tm 
            Im  & Ik+m 

Isographie négative 

Isographie positive 

F 

T1 

Examen 25/2/2009 



Action de groupe et commutativité des diagrammes"

" " 

" " 

f 

f 
g g 

Tout diagramme commute 

'f , g % < T, J > 

Le groupe des 24 transformations ! = {T0, T1,…, T11, T0J, T1J, …, T11J} est commutatif 
et opère de manière simplement transitive sur l’espace S des 24 formes du pentacorde 
de base (i.e. l’ensemble de ses 12 transpositions et de ses 12 inversions)         



Inversions «#contextuelles#» et commutativité des diagrammes"

" " 

" " 

f 

f 
g g 

Tout diagramme commute 

'f , g % < T, J > 

Le groupe des 24 transformations ! = {T0, T1,…, T11, T0J, T1J, …, T11J} est commutatif 
et opère de manière simplement transitive sur l’espace S des 24 formes du pentacorde 
de base (i.e. l’ensemble de ses 12 transpositions et de ses 12 inversions)         

( (S, !, int) est un GIS    



Le Tonnetz  en tant que GIS "

" = <L, R | L2 = (LR)12 =1 ; LRL=L(LR)-1 > 
•  " opère de façon simplement transitive sur l’ensemble 
S des 24 triades consonantes 

[Noll04] 

( (S, ", int) est un GIS    



Une autre structure de GIS sur l’espace S"

D12 = <I, T | I2 = T12 =1 ; ITI=I(IT)-1 > 
•  D12 opère de façon simplement transitive sur 
l’ensemble S des 24 triades consonantes 

[Noll04] 

( (S, D12, int) est un GIS    

I7:x&7-x  

I4:x&4-x  

I11:x&4-x  

[Satyendra 2004] 


