Calcul d’orbites via le polynome de Polya :
poly y Lemme de Burnside
Transformartion  Cycle representation No. of Fixed Cycle Cyele 1
cycles _configs. npe index n = mz |X gl_
To (OXINDIGBHANSHENTHENINANB) 12 2 =400 1" L geq
I (0123456789AB) 1 2'=2 12! fs
T (02468A)N135798B) 2 =4 6 fe' X¢ = {x€EX : gx=x}
h (036914 TAN258B) 3 eg 4 1
T (048)1S9)26AN3TB) 4 =16 3" n'
T (0SA3IS16B4927) 1 2'=2 12! k!
T (06X TH2 8)(3 9X4 AXS B) 6 2* =64 & n®
T (07294B6183AS) 1 2'm2 12! fy
Ty (OSANI9S5H2A6MIBT) 4 =16 3 '
T (0963N1ATA2BSS) 3 V=3 ¢ e
Tie (OAS642)(1B9753) 2 2=y ¢ 16
T (OBA9ST7654321) I 2'=2 12! '
I (0X1 BXY2 A)3 9)(4 8)(5 TN6) 7 2'=12 12 ey
T (0 1X2 BX3 A4 9)5 §)6 7) 6 =64 2 1t
Tl (0 2)1)3 B)4 ANS ON6 8X7) 7 2" =128 e i n'n’
Tl (03X 2)4 BXS A)G69)7 8) 6 2%w 64 2° f°
Td (0 4)1 3)2XS B)6 AX7 9IN8) 7 2T=128 142 1y
TJd (05X 4)(23)(6 BX7 AX8 9) 6 2%=64 2° 1¢
Tl (0 6)1 5X2 4)(3XT B)S AX9) 7 2'=128 1°2 e
Tl (0 7K1 6)(2 $)3 48 BX9 A) 6 2* =64 2 nt
T (0 8)1 TH2 6)(3 SX4)O BXA) 7 2" 128 142 n'
Tl (09X 8)2 7)(3 6X4 SHA B) 6 2% 64 2% 1°
Tiof (0 AX1 9X2 8)3 TH4 6)(5KB) 7 2"=128 12° nin}
Il (0 B)1 AN2 9)(3 8)(4 TX5 6) 6 2*=64 2 1

Pl #d’accords = 1/24[4224+1152] = 224

2 3 4 5 6 7 8 9 10 11 12
19 43 66 80 66 43 19 6 1 1
12 20 38 50 38 29 12 6 1 1
9 21 25 34 25 21 9 5 1 1

a\k |1
C'i2 1
D5 1
Aft1(Z12) | 1
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Calcul d’orbites via le polyn6me de Polya

Transformation  Cycie representation No. of Fixed Cycle Cyele
cycles configs, npe index
To (OX1N2)BHANSHENTHENINANB) 12 =400 1" n-
r (0123456789AB) 1 2'=2 12! ns' |
T (02468AN135798) 2 =4 6 e
n (0369147 AN258B) 3 =g 4 X
T (048)1SON26AN3TB) 4 =16 3 n
Ty (0SA3816B4927) 1 2'=2 12! ns!
Ts (0 6)(1 T)(2 8)(3 9X4 AXS B) 6 2°=64 2¢ n* e
I (07294B6183AS) 1 2'm2 12! fy' .‘4_[(( * \-‘,‘- (from Ta)
Ts (0S4X195)2A6K3IBT7) 1 2=16 3* nt - y
T (09631ATH2BSS) 3 2'=3 ¥ 1 13 12
Tw (OAS642)(1B9753) 2 =4 IS e +4 < N ) (fmm n.Is. I, Iy
Tui (OBA9S7654321) 1 2'=2 12! n' .
. 3 $ e T 0y
I (0X1 BX2 A3 9)(4 8)(S TN6) 7 2'=128 %2’ L - -( r +¥ ) (ﬁO‘lll T:. T;o)
T (0 1)(2 BX3 A)(4 9)(5 §)6 7) 6 =64 2* n* Y s 5
. F 5 - - % BESYS 2.8 2.8 . o
! (0 2X1)(3 BX4 A)(S 9X6 8X7) ‘ 27=128 2 nn o +7) {trom T 1)
T (0 3)1 2)(4 BXS A)6 9)7 8) 6 2% w64 2 s g :
Td (0.4)1 3)(2)5 B)(6 AX7 INS) 7 2= 128 12? 8’ + %+ vy 4 on
TJd (0 S)1 4)(23)(6 BX7 AX8 9) 6 2%=64 28 A X y ) <& ) T" T‘)
Td (0 6)1 $)2 4)(3X7 B)8 AX9) 7 =128 % n'e’ 2 3 aye ' X
Tt (07K|6](: 5)(3"(8 B)(9 A) 6 :t=6—| 2& ':6 ‘ '( i ‘ ‘ ) lﬁ\“ﬂ r‘- T‘l. T_Jn r'J. r’lt Td. r'l’)
T (0 8)1 TH2 6)(3 SK4XN9 BXA) 7 2w 128 12 n'y . 4 m s 4
T (09X1 $)(2 7)(3 6X4 SKA B) 6 =64 2 nt +0(x+ vy +v7) ]. (from ], Tof, T, Td. T, Tiol)
Tiof (0 AX1 9K2 8)3 TH4 6)(SXB) 7 27=128 1428 L'y
Tyl (0 B)(1 AN2 9)(3 8)(4 )5 6) 6 =64 2 n®

12 14 »_2 L 1 4 7. 3 - e ®
XA s v Al 4 90y w38 v 4+ S0y

T 3 6 3 ] 3
380V 220 4120 6 e e
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7 8 9 10 11 12
43 66 80 66 43 19 1 1
12 29 38 50 38 29 12 1 1
21 25 34 25 21 9 1 1
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Calcul d’orbites via le polyn6me de Polya

Transformation Cycle represeniation No.of  Fixed Cycle Cycle
cycles configs. hpe index
Ts (0N D2MINANSHENTHENONANB) 12 W wg006 1" 1
T (0123456789AB) ! 2'=2 12! Iy
T (02468AX135798B) 2 2=y 6* le
T (0369)147AN258B) 3 =8 4 1)
T4 (04 8)1 SOH26 AX2TB) 3 w16 3 f'
Ts (0SA3IS16B4927) | 2'=2 12 fy
Ts (0 6)(1 TH2 83 9)N4 A)S B) 6 2* =64 2¢ n* ?
T; (0T294B6183AS) ! w2 12! R
Ts (0S4N19SH2AG6KIBT) 4 2'=16 3 '
T (096301 A7442B8S) 3 2'=8 4 X
Tio (OAS642)1B9753) 2 =y 6° te
M (OBA9ST654321) ! 2'=2 12’ ys'

- L = £

BE 4 daccords=1/ 12[4096+2+4+8+16+2+64+2+16+8+4+2]=4224/12=352

G\k |12 3 4 5 6 7 8 9 10 11 12
Cio 1 6 19 43 66 8 66 43 19 6 1 1
Do [16 1229 38 50 38 20 12 6 1 1
Affi(Zi2) |1 5 9 21 25 34 2521 9 5 1 1



Calcul d’orbites via le polyn6me de Polya

Transformation Cycle representation No.of  Fixed Cycle
cycles mnﬁp. Qpe
T (O)DRMINANSHENTHENINANB) 12 W ea006 1"
T (0123456789AB) | :’-: 12!
T (02468 AX13579B) 2 2=y 6*
T (0369147 AX258B) 3 =g 4
T4 (04 8)1 SON26 AX2TB) Fl w16 3¢
T (0SA3S16B492T) | 2'=2 12}
Ts (0 6)(1 TH2 SH3 9N4 A)S B) 6 2% =64 2¢
T; (0T294B6183AS) I =2 32!
Ts (0S4N19SH2A6KIBT) 1 =16 3¢
5 (09631 AT442B8S) 3 2'=8 4
Tio (OAS642)1B9753) 2 =y 6
T (OBA9S87654321) | 2'=2 12’

L
“

l_1:_[()[4_),):: +4(IIZ +'\,12)+2(x6+y6)2 +2(-‘_4 +,\'4)3+2(.\'3+,\'3)‘ +(.1': +'\‘:)o]’

A My 160 +19x% Y +43x%y* +66x7y +80x°y°
+66x°y" +43x%y® +19x%° + 63y + 0y + Y2

G\k 12 3 4 5 6 7 8 9 10 11 12
Ci2 1 6 19 43 66 80 66 43 19 6 1 1




Enumération d’accords et dans un systeme tempéré

D. Reiner: «kEnumeration in Music Theory», Amer. Math. Month. 92:51-54, 1985

1
Bl # of k-chords = — Y ¢())

RARELYO)

JKn, k) k/j
gl ((n=1)72\| ., .
$h0,(k)+n\ (k/2) )] if n is odd,
m #olk-dmords-{%.d’,(k)«rn[:z)]. if m is even and k is even,
1 [ ((n/2) =1 = :
\5L°.(k)+n\ [k/2) )], if n is even and k is odd.
G\k 1 2 3 5 6 7 8 9 10 11 12
C'19 1 611943 66 8 66 43 19 6 1 1
Dy» 1 6 12 20 38 50 38 29 12 6 1 1
Aff1(Z12) |1 5 9 21 25 34 25 21 9 5 1 1




Enumération des modes a transpositions limitées de Messiaen B

R.C. Read: « Combinatorial problems in the M. Broué : « Les tonalités musicales vues par un
theory of music », Discrete Math., 1997 mathématicien », 2002

A, = Z‘“ (f'.) 2k sa(n) = Z I (%@) 2¢

L {e; (el(n/d))}

(k) =0 sik est divisible par un carré,
pu(k) = (—=1)" si k est produit de m nombres premiers distincts.

Table |

Numberof notes 0 | 2 3 4 5 [ 7 s 9 W NN N

A =p(6)2+u(3)22+u(2)23+u(1)26= Srmmen
=(-D2+(-D22+(-1)23+22= | PR PP TN
=2-4-8+64=
=54




Enumération des séries dodécaphoniques (Lemme de Burnside)

D. Reiner: «<Enumeration in Music Theory»,
Amer. Math. Month. 92:51-54, 1985

1 A sen .
Lemme de Burnside & | 4

n= ly Z | X9|. \(.m | r/
{GIQGG‘ \ [

X¢ = {xEX : gx=x} i . g
: /'/' | \"
e SRR YO e &
9 10 0 3 4 6 S 7 8 N 1 2 |
LI N A Y O B O O
01 2 3 45 6 7 8 9 10 11 e

[ =Z=as ol nifh)=onged ban
Loxps [OVE = UL = mvcrees
Lean 'y -f{f;-oo--.--l- R ]

Y | T R ———
Thus the number of n-tone rows is
H(n =11 +(n=1)(n=3)---(2) if n is odd;
H(n=1)1+(n=2)(n—-4)---(2)(1 + n/2)] if niseven.

For example, there are 9985920 twelve tone rows, a fact which does not seem to be in the
literature.



Enumération des séries dodécaphoniques (Lemme de Burnside)

R.C. Read: « Combinatorial problems in the theory of music », Discrete Math., 1997
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Elliott Carter: 90+ (1994)

G\k

3 4 5

6

8 9 10 11 12

[T QT G T —

2
6 19 43 66
6
3

30 66

Dis 12 129 38 50 38
Affi(Zi2) |1 5 T 21 25 34 25 21 9 !
pcset vector name
............................ > (O 1 2 4 7 8) e [3 2233 2] e 6-217

o All-triad hexachord

43 19 6 1
29 12 6 1




Elliott Carter: 90+ (1994)

« 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)

35)

18

23

Elliott Carter
HARMONY BOOK

pceset vector name
(() 1247 8) ................ > [322332] ............ 1 6-717
All-triad hexachord
(0146) > [111111] ............ > 4_215
(0137) » [111111] —

07-carter_athexa



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

complementare

name pcs vector name pcs vector

5-30 0,1,4,6,8 121321 7-30 031’2,4,6’839 343542

5-31 0,1,3,6,9 114112 7-31 0,1,3,4,6,7,9 | 336333

5-32 0,1,4,6,9 113221 7-32 0,1,3,4,6,8,9 335442

5-33(12) | 0,2,4,6,8 040402 7-33 0,1,2,4,6,8,10 | 262623

5-34(12) | 0,2,4,6,9 032221 7-34 0,1,3,4,6,8,10 | 254442

5-35(12) | 0,2,4,7.9 032140 7-35 0,1,3,5,6,8,10 | 254361

15-236 0,1,2.4,7 222121 | 17-236 0,1,2,35.68 444342 |-
- 5-237(12) | 0,3,4,5,8 212320 | 7-237 0,1,34,5,78 | 434541 -

5-238 0,1,2,5,8 212221 - 7-238 0,1,2,4,5,7,8 | 434442
, 6-1(12) | 0,1,2,3,4,5 543210 |
£ N12346 443211
5-236 0,1,2,4,7 222121 1-236 0,1,2,3,5,6,8 444342

6-24(12) , 0,1,2,4,5,6 432321 o43/(12) 0,1,2,3,4,8

6-5 0,1,2,3,6,7 422232

6-26(12) | 0,1,2,5,6,7 421242 6-238(12)| 0,1,2,3,7,8

6-7(6) 0,1,2,6,7,8 420243

6-8(12) | 0,2,34,5,7 343230

6-9 0,1,2,3,5,7 342231

6-210 0,1,3,4,5,7 333321 6-Z39 02,3458

6-Z11 091’2’4:537 333231 6-£40 0,1,2,3,5,8

6-212 0,1,2,4,6,7 332232 6-241 0,1,2,3,6,8

6-213(12)| 0,1,3,4,6,7 324222 6-242(12) 0,1,2,3,6,9

Relation Z




Vecteur d’intervalles et relation Z

5-30 0,1,4,6,8 121321
5-31 0,1,3,6,9 114112
5-32 0,1,4,6,9 113221
5-33(12) 0,2,4,6,8 040402
5-34(12)  0,2,4,6,9 032221
5-35(12)  0,2,4,7.9 032140
/15-236 0,1.2,4,7 222121 .
© 5-Z37(12) 0,3,4,5,8 212320 °

5-738 0,1,2,5,8 212221

: 6-1(12)  0,1,2,3,4,5 543210 __

£.9 N1234 64 443211

5-736 0,1,2,4,7 222121
6-24(12) 0,1,2,4,5,6 432321 5
6-5 0,1,2,3,6,7 422232 |
6-26(12) 0,1,2,5,6,7 421242 |
6-7(6) 0,1,2,6,7,8 420243 |
6-8(12)  0,2,3,4,5,7 343230 ]
6-9 0,1,2,3,5,7 342231
6-210 0,1,3,4,5,7 333321
6-211 0,1,2,4,5,7 333231
6-212 0,1,2,4,6,7 332232
6-213(12) 0,1,3,4,6,7 324222

7-30
7-31
7-32
7-33
7-34
7-35
7-236
7-237
7-238

6-236
6-237(12)

6-238(12)

6-239
6-240
6-241
6-242(12)

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

0,1,2,34,7
0,1,2,3,4,8

0,1,2,3,7,8

0,2,3,4,5,8
0,1,2,3,5,8
0,1,2,3,6,8
0,1,2,3,6,9

343542
336333
335442
262623
254442
254361
444342
434541
434442




Théoreme de ’hexacorde (ou théoreme de Babbitt)

(Wilcox, Ralph Fox (?7), Chemillier, Lewin, Mazzola, Schaub, ..., Amiot [2006])

IV(A)=1[4,3,2,3,2,1]1=14,3,2,3,2,1 ] =1V(A’)

Un hexacorde et son complementaire ont le
méme vecteur d’intervalles




 Combinatoire d’accords
 Hexacordes
» Tétracordes
* Triades
* Relation Z

» Séries tous—intervalles
e Link—chords

(piano: John Snijders)

Eliott Carter
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Elliott Carter : 90+ (1994) : combinatoire tetra/tricordale
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Elliott Carter : 90+ (1994) : Link—chords (mm. 49-68)

ssssssss

Mauricio Toro Universidad Javeriana, Colombia / IRCAM

http://gelisp.sourceforge.net/

OM->((01011352819476)(123589)) — P =
OM->((01011152938476)(1235809)) \ \
OM->((01035289141176)(123589)) b |
OM->((09482351011176)(023489))
OM->((09423810151176)(0234809)) . ’
OM->((09311457102186) (345710 11)) T~
OM->((09142835101176) (356710 11))
e v 15 e=Z>

3 .

' —,

e e =

| ﬂ -

S=(01011352819476)
S*=(1014296587 3 11)



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

yo 1 = 3' o Trois interprétations :
e ke £ -y X Ry ~ Musical Form
= [ — S X — == Henck e o
o 4 { ‘ E % w ’ Transformation

(}_8 i .‘5,,, ¢8_,§¢_- ﬁ%“g ..... . .-} Kontarsky
== = =--==— I E
J { g Tudor




« Making and Using a Pcset Network for Stockhausen's Klavierstiick 111 »

“J= ; " ie Musical Form
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« 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 1s 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. »

David Lewin, Musical Form and Transformation, YUP 1993



Vers une modélisation informatique de I’analyse transformationnelle

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

(P8




Nerf topologique et analyse musicale
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G. Mazzola : The

( .) UA =B, Topos of Music,
ch. 13 - “What are

global compositions ?”




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

Lewin 1993

Sk (1. 1,1,3,6) 6. 3LLD 6. 3.1.1.1)
IFUNC: [S322010 000223 [S32200000223) 1532200 0010223)
Vi (322111} 322111) (32211 1)




Segmentation par « imbriction »: progression transformationnelle
Stockhausen: Klavierstiick III (Analisi di D. Lewin)




Progression transformationnelle vs réseau transformationnel

i s 1 X

i o - sndng D o T 11,‘
PO 55D ®

Faamgle T4 A sevewh whane 0fae ogh bpot vfann e s
g o g A B o Dmagh Py Lawme

« 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. »




Reseau transformationnel

T . . R R R S  ——

E W o Y " within a clearly

Stockhausen: Klavierstiick III (Analyse de D. Lewin)

Ps .“J_c. P, * -« [...] the sequence

'J, of events moves

v J, e defined world of
possible

. o sIn ALt relationships, and

because - in so
moving - it makes
the abstract space
of such a world

_ accessible to our
""""""""""""" sensibilities. That
T, is to say that the

. story projects what
one would
traditionally call
form. »



Parcours multiples d’écoute dans un réseau transformationnel
Stockhausen: Klavierstiick Il (Analyse de D. Lewin)

Pass | (mm. 1-5). |

-

Pass 2 (mm. 5-8) goes back and elaborates
l : the beginning area of pass 1.
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horizontal arrows within boxes = JO; between boxes = J3orJ9 |
vertical arrows within boxes = T6; between boxes = Te or T1 :
diagonal arrows within boxes = J6; between boxes = Je or J1 L S s breeeeeeeeeeneeee e

horizontal arrows within boxes = JO; between boxes = J3 or J9
vertical arrows within boxes = T6; between boxes = Te or T1
diagonal arrows within boxes = J6; between boxes = Je or J1



Parcours multiples d’écoute dans un réseau transformationnel

Stockhausen: Klavierstiick Il (Analyse de D. Lewin)

Pass 3 (mm. 8-10) picks up and elaborates
the ending area of pass 1.

O

£ = 2l NP 1
L O——0O |
! : |

P
———

c

horizontal arrows within boxes = JO; between boxes = J3 or J9
vertical arrows within boxes = T6; between boxes = Te or T1
diagonal arrows within boxes = J6; between boxes = Je or J1

Pass 4 (mm. 9-16) expands the p8 + P8 area of pass 3
to activate P2 and p2 as well. P2 is the “essential” incipit
of pass 4; p2 is the end of the pass, and of the piece.

PR e |
'

cont. —= | O O {—=cont.

d

honzontal arrows within boxes = J(; between boxes = J3 or JO
vertical arrows within boxes = T6; between boxes = Teor T1
diagonal arrows within boxes = J6; between boxes = Je or J1



Exercices d’écoute

: « do you hear it? » vs « can you hear 1t? »

o_"

Pii

Examgple 2.7

relatzona

Stockhausen: Klavierstiick III (Analyse de D. Lewin)
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An cararaining aid for Eatening o Pp forms and their inter-

« 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 ».



Computer-Aided Transformational Analysis in OpenMusic
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Visualisations multimédia de I’analyse transformationnelle

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

Animation 1. Klavierstick 111
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Visualisations multimédia de 1’analyse transformationnelle

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

Animation 2. Grow Your Own Pestachord
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Progression transformationnelle vs réseau transformationnel
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« 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



Réseau transformationnel et cognition (musicale)

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
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Théorie des groupes et cognition (musicale)

« 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
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Isographies « fortes » dans le réseau transformationnel
Stockhausen: Klavierstiick Il (Analyse de D. Lewin)
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Klumpenhouwer Networks (K-réseaux)

Xavier Hascher: « Liszt et les sources de la notion
d’agrégat », Analyse Musicale, 43, 2002
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Klumpenhouwer Networks (K-réseaux) : isographies positives et récursivité

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

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

& il 9 10 1 13

| <T7> |
YN RSN
E A b E
It | [ 17 15| |12
Example 9 " F. B’ F' B’
( '\A \TQ } \ T4 /
—> 7
gt I l!' 'I'l ' =
o1/
<I5>| Isographie négative [<I7> <110>
g3’ g4’
7
Y | <rs> |
ERTUR A | 1
Be Fi
<I,>:T,—& T, \n.) <T,>:T,—T,

Im — Ik -m Im - Ik"‘m



Enumération des K-nets en relation d’isographie forte

X —» x+3 T6—>X‘|‘9
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re T—4> fa# x —4 5 x+4
Msl szl Isographie forte MSl lT 1
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sib —% 4 sol#

re# &» la
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5x E. 6-5x=2-(x+4) =

M
M

X
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> 4x=0 ==

oy

7-(x+3)=1-(x19)

—> 12 solutions

=> 8=4x =—=>x=2,5, 8, 11
—> 4 solutions

>x=0,3,6,9
—> 4 solutions



Henry Klumpenhouwer: Deep Structure in K-net Analysis with Special
Reference to Webern (Opus 16, n°4)
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EXAMPLE 6: THE FOUR SOLUTIONS (STRONGLY ISOGRAPHIC
K-NETS) OF THIS DIAGRAM ILLUSTRATE THAT THE CARDINALITY
OF THE SOLUTION SET IS A DIVISOR OF 1 2. HERE, THE
OPLRATOX My DENOTES THE MULTIPLICATION 8Y 7

G.Mazzola & M. Andreatta, 2006



Isomorphismes de réseaux de Klumpenhouwer

Isographie positive | <T7> '
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Isomorphismes de réseaux de Klumpenhouwer

Isographie positive
<T,>:T, —T,

Im g Ik+m

Isographie négative
<[>:T, — T,

Im%Ik-m
(7
z > Y
4 l 15
Y
w 2
lF
F(z) 2255 F(y)
FyF-! l lpap—'
F(w) —*— F(2)

0 T+, 4 T>(0) — L, Ty(4)
o L
§ e Tp(1) —— T3(5)
g —=Ly g To(4) —2— T3(8)
T
5 24y g To(5) —~— T3(9)

Examen 27/2/2008



Isomorphismes de réseaux de Klumpenhouwer

Isographie positive

<T>:T,— T,

Im g Ik+m

Isographie négative
<[>:T, — T,
Im — Ik -m

w 2
lF
F(z) 225 F(y)
FyF-! l lpap—‘
F(w) 2, F(2)

Examen 7/3/2006
gty I5(2) —*— I5(3)
N el I

5
| (LI Is(0) —= Zi(6)
A—*%.B AC ¥, BC
L bl b
Passage au

s, v i B complementaire C P ne

A={1,2,3,4,5,7}
B={0,6,8,9,10,11}
C={1,2,4,7,9,11}
D={0,2,4,5,7,10}

Examen 25/2/2009



Isomorphismes de réseaux de Klumpenhouwer

Isographie positive

<T,>:T,—T,
Im g Ik+m

Isographie négative

F(z) » F(y)
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A={1,2,3,4,5,7}
B={0,6,8,9,10,11}
C={1,2,4,7,9,11}
D={0,2,4,5,7,10}

Examen 25/2/2009



Action de groupe et commutativit€é des diagrammes

l(--"‘\ — --,. \' £, L f
(A R o ’.0

¥ d "~_ "

Pogy 1TLP) g g
! L : : o .0

7/ \\ Tout diagramme commute

\?..;‘ --‘l:"-;',.-“' ~\_’/ Vf’ g €< T9 J>

Le groupe des 24 transformations ¢ = {T, T,,..., T;;, TJ, T J, ..., T{;J} est commutatif
et opére de maniére simplement transitive sur I’espace S des 24 formes du pentacorde
de base (i.e. ’ensemble de ses 12 transpositions et de ses 12 inversions)




Inversions « contextuelles » et commutativité des diagrammes

l(--"‘\ — --,. \' £, L f
(A R o ’.0

¥ d "~_ "

e ) > l‘\,/

Pogy 1TLP) g g
! L : : o .0

7/ \\ Tout diagramme commute

\?..;‘ --‘l:"-;',.-“' ~\_’/ Vf’ g €< T9 J>

Le groupe des 24 transformations ¢ = {T, T,,..., T;;, TJ, T J, ..., T{;J} est commutatif
et opére de maniére simplement transitive sur I’espace S des 24 formes du pentacorde
de base (i.e. ’ensemble de ses 12 transpositions et de ses 12 inversions)

=> (S, o, int) est un GIS



Le Tonnetz en tant que GIS

(Neo-)Riemannian Operation P =, Parallel* [N oll0 4]
A . B () F
" » D. »
qu - b e Qc 4’ »
ok .G . B . Ob
» ® ¥ »
. i W A 2 e 4 -
¢ 9 o ct
,(" ,u.. & N'~ oA
- 10, . ." - 1‘ ~
Major trad
» N "
« B
P
“ 5 -

= Mod-12 pixh class ~ Minor triad

number (C = Q)

p=<L,R|L?=(LR)?=1 ; LRL=L(LR)! >

* p opere de facon simplement transitive sur I’ensemble
S des 24 triades consonantes

= (S, p, int) est un GIS




Une autre structure de GIS sur l’espace S

K RL

L I (Neo-)Riemannian Operation P = , Parallel*
C ¢ C —+a C -+ G C e [Noll04]
c = A ¢ - B c - f c = E
Do s | Dy — b Db A Dy o
o 9 A 4 » E a2 3 o B
D «» D b D« A D =»4d
d - B d -+ F d <2 d - D
E g Eb ¢ E - B E oo o
& + B @ - e & G
E - gt E = cf E B E =»¢c
e =+ C e = G e -3 e = C
F - a F —»d F - C F -+ b
{f <« Db f < A f <+ » {f -+ B
5 - 2 N @ B C B - b
D # 2+ A f b f - B
G —+b C e G -+ D G = a
g = B g - Bb g = ¢ g A
A> - ¢ A= A B A »
# -+ E g+ B gt o of g o GS
A cd AR A<+ E Az
a =+ F a =»C 3 -4 a —+ 0
B d By~ g By F B ¥
P R < 4 # - C M o & ® - F
B o B - gt B+ B B »1f
® 4 G b - D B = ¢ ® < F
[Satyendra 2004]

D,=<I, T|2=T2=1; ITI=IIT)! >

* D,, opére de facon simplement transitive sur
I’ensemble S des 24 triades consonantes

=> (5, D,,, int) est un GIS




