Rhythmic Tiling Canons:
theoretical aspects and
compositional applications

Conservatorio di Trento

30 novembre 2022 [ <> ‘

Moreno Andreatta

CNRS / IRMA / Université de Strasbourg

CNRS /IRCAM / Sorbonne Université
www.morenoandreatta.com

|AM || Juniversits || Chrs ircam Q SORBONNE
e Strasbourg == (entre UNIVERSITE
| Pompidou

Institut de Recherche
Mathématique Avancée



The ‘emergence’ of tiling rhythmic canons
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<...il résulte de tout cela que les différentes

sonorités se mélangent ou s’opposent de maniéres
tres diverses, jamais au méme moment ni au
méme endroit [...]. C’est du désordre organisé »
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O. Messiaen: Traité de Rythme, de Couleur et
d’Ornithologie, tome 2, Alphonse Leduc, 1992.




The pitch-rhythm mystic isomorphic correspondence

>3
THE TECHNIQUE

MUSICAL LANGUAGE

Ao Laste

o)

“These modes [of Limited Transpositions] realize in the vertical
direction (transposition) what non-retrogradable rhythms realize in
the horizontal direction (retrogradation). In fact, these modes cannot
be transposed beyond a certain number of transpositions without
falling again into the same notes, enharmonically speak- ing; likewise,
these rhythms cannot be read in a retrograde sense without one’s
finding again exactly the same order of values as in the right sense.
These modes cannot be transposed because they are—without
polytonality—in the modal atmosphere of several keys at once and
contain in themselves small transpositions; these rhythms cannot be
retrograded because they contain in themselves small retrogradations.
These modes are divisible into symmetrical groups; these rhythms,
also, with this difference: the symmetry of the rhythmic groups is a
retrograde symmetry. Finally, the last note of each group of these
modes is always common with the first of the following group; and
the groups of these rhythms frame a central value common to each
group. The analogy is now complete”.

O. Messiaen, Technique de mon langage musical, Alphonce Leduc, 1944
O. Messiaen, Traité de rythme, de couleurs et d’ornithologie, Alphonce Leduc, 1949-1992




The double movement of a ‘mathemusical’ activity

MATHEMATICS

analysis

OpenMusic

o T -

’

S ——

generalisation

uoljesijew.oj

Mathematical
statement

MUSIC



The double movement of a ‘mathemusical’ activity

MATHEMATICS

application

General

llllllllllllll

generalisation

o ——————
——————————————— -

uoljesijew.oj

Mathematical
statement

S T
N

OpenMusic
MUSIC

=



The double movement of a ‘mathemusical’ activity
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OpenMusic, a Visual Programming Language
for computer-aided composition

www . repmus.ircam. fr/openmusic/home
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“MathTools”: an algebraic environment within [S%
OpenMusic visual programming language OV 13

Computational Music Theory:
- Classification and Enumeration of musical structures

- Chords/scales, motifs and rhythms:
£  Catalogues (Costere, Zalewski, Vieru, Forte, Carter, Morris, Mazzola, Estrada, ...)
2. Combinatorial algebra, Polya Enumeration Theory, Burnside Lemma, Discrete Fourier Transform

- Rhythmic Tiling Canons (by translation, inversion and augmentation)
£  Messiaen, Vieru, Levy, Johnson, Bloch, Wild, Lanza, Ghisi, ...
2. Group and ring factorization theory and Discrete Fourier Transform (DFT)

Computational Music Analysis:
- Set Theory, Transformational Analysis and Sieve Theory
- Pitch-class sets, interval vectors and IFUNC, Z-relations: e @

72 Carter, Vieru, Xenakis ;
(23214

2. Group Actions, Homometry, DFT

- Transformational progression/network, K-nets <o /)
£  Generalized Interval Systems (David Lewin) /
2. Group action and category theory HESED ’ ‘
Computer Aided-Composition: m “ -

- Scales, modes, chords manipulation 7 g
- Rhythmic structures organizations \/ o

T ¢ ©
(11136) (12234)




Some examples of ‘mathemusical’ problems

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

- The construction of Tiling Rhythmic Canons MATHEMATICS

- The Z relation and the theory of homometric sets

- Set Theory and Transformational Theory

- Neo-Riemannian Theory, Spatial Computing and FCA
- Diatonic Theory and Maximally-Even Sets

- Periodic sequences and finite difference calculus

- Block-designs and algorithmic composition
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The galaxy of geometrical models at the service of music
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Bach’s enigmatic canons and geometry
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My end is my beginning (but twisted!)
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Palindromic structures in ‘pseudo’ rhythmic canons

CLAPPING  MUSIC

|
FOR Two PERFORMERS
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Palindromic structures in ‘pseudo’ rhythmic canons

CLAPPING  MUSIC

FOR Two PERFORMERS
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Palindromic structures in ‘pseudo’ rhythmic canons
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Characterizing the number of ‘common onsets’
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ME-sets and the geometry of African-Cuban rhythms
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ME-sets and the geometry of African-Cuban rhythms

Cinquillo Trecillo Bembé (Abadja)

1 1 1
1 1 1
- .- - ) o o o 9 ¢ ¢

21212) 332 2212221)



Generalizing the process with maximally even sets

CLAPPING MUSC
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Tiling the line with translates of one tile




Formalizing the tiling process as

o=
7 N\

b

o o e e o o e e

A1= {09 29 59 7}
T,

A,=4{4,6,9,11}
T,

A= 18,10, 1, 3}

Z12=A1 UA2UA3



Formalizing the tiling process as a direct sum of subsets

i A= 10,2,5, 7}

3

A2= {49 69 99 11}

)

A= 1{8,10,1, 3}

Z12=A1 UA2UA3

Z,,~A®B A=?
B=?



Formalizing the tiling process as a direct sum of subsets

(

b

o o e e o o e e
o o o @ o o o 0

A1= {09 29 59 7}
T,

A2= {49 69 99 11}
T,

A= 18,10, 1, 3}

Z12=A1 UA2UA3

7.,~A®B A={0,2,5,7)
B={0,4,8}



Formalizing tilings as a transpositional combination

o o e e . e

.- -

A1= {09 29 59 7}
T,
A,=1{4,6,9, 11}
T,
A= {8,10,1,3}
1,=A|UA,UA;
Z.,,=~A®B A={0,2,5,7}
B={0,4,8}

1.,,=2324)e(444)



An example of a melodic-rhythmic Tiling Canon

</ B-i0.43,1
Z,~A®B { { }

B={0,4,8,12}



Rhythmic tiling canons with no regular entries

transpositional
combination

(0,2,4}0{0,1,6,7} = Z,, = (22 8)o(1 5 1 5)

| |

One of the two factors is a Messiaen’s mode of limited transposition




The three ‘elementary’ types of tiling rhythmic canons
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The three ‘elementary’ types of tiling rhythmic canons

TYPE 2 |




The three ‘elementary’ types of tiling rhythmic canons

Z,,=1,®L,

.
NG NG NG G

Z,,=1®L,

.
NG NG G

TYPE 3

AcCZ,

B periodic
subset

BcZ,



The three ‘elementary’ types of tiling rhythmic canons

A<Zn Z,=1,9Z,
B<Z, 3
[ SR R
"""
..... é it
- ilé === e Is Messiaen’s Property mandatory

for tiling rhythmic canons?

B periodic
subset

TYPE 3 .



Type 2 canons and the odditive property of rhythms

Simha Arom Marc Chemillier

MARC CHEMILLIER

LES MATHEMATIQUES
NATURELLES

musimeéediane

publiée avec le concours de la SFAM

réevue audiovisuelle et multimédia d’analyse musicale

Rhythmic pattern : (32222322222)



Type 2 canons and the (generalized) odditive property

(Simha Arom & Marc Chemillier) (Rachel W. Hall & P. Klingsberg)
(03579111416 18 20 22) 0127
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3-asymmetric rhythmic pattern and tiling process




3-asymmetric rhythmic pattern and tiling canons
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Permutational construction of a k-asymmetric pattern
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Permutational construction of a k-asymmetric pattern

— {0,5,1,3,4,2} — {0,5,7,9,10,14;}
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Permutational construction of a k-asymmetric pattern

— {0,5,1,3,4,2} — {0,5,7,9,10,14;}
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Aperiodic Rhythmic Tiling Canons (Vuza Canons)

Dan Vuza



Microtonal Vuza Canons (of period 72)
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Towards the complete classification of Vuza Canons
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Vuza Canons in OpenMusic ‘MathTool’ environment

Vuza Algorithm
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Some compositional applications of the Vuza Canons model

[aza)Poco acc:L? o Poco pill mosso . s« - @
vax 1| P T i e Y e =
vax | a/= b\ ==
voix 1 Ja/= b\ c/ d= [e* ] o T
voix IV I & v = f— NS w =
voix V z
vaix Vi ¥ ok
mes. : 158 167 17z 173 174 17s I e =
voix | ia/= : b\ H d= [e* :f*] :
voix 1l c/ d= H [e* :f*] \ N ig\V/ [h+ :i+]
voix Il g\, [h+ i+] /N k< \ é’\ [
vaix IV a/= b\ N/ d= [e* :f*] J
vaix V a/= / ;2\ ic/
voix VI ia/= H b\ }
mes. : 187 188 189 190 Jez 183 J34 185 a7 Jeg 200 203 204 205 206 208 E=REEL 212

a/=: montée vers accord puis "mise en pulsation"
vaix | o : :?av [h+ i+ b\ : "mise en pulsation" superposé a un gliss. descendant
voix Il A k< : ¢/ : montée vers accord (téte de a/=) |
voix Il |a/= \ b\ ¢/ | d="mise en pulsation" en diminuendo (fin de a/=) R
vaix IV 7 S Thy—7s] O [e*f*] : accord mis en "cross rythmI" (durée double) 31 -~ -
vaix V d= [e* :f* | gV : gliss. descendant puis ascendant |
voix VI c/ i d= [e* "] 5} [i4j+] : accord mis en "cross rythm II" (durée double)
mes. : 213 218 217 218 218 220 22! B 223 224 JV : gliss. ascendant puis descendant avec accent
(superposition voix V, Vlet I) | |(supcrpos‘tron wvoix IV, let Iy k<: "son a I'envers"
I * : deux impacts brefs et piano
Coincidences (1999) Coincidences - Fabien Levy : déroulement du canon (mes. 158 a 226)
(chague impact fait 3 temps)
4
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4 Nprivando '] =
Fre e é - bo-e
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v $ % D) ve.et oo
7 P= —5: A v .o ]
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== . I s o0 3
2\ v ; Foooyer by e, = La notte poco prima
, . o 0 000
> —
= della foresta
[ S
? r
.
. < o (opéra de chambre

La bataille de
caresme et de M. Lanza

charnage
(pour violoncelle et

. oo lu bo -
\9 ¥ ¢ Bodr, ke b pour acteur, mezzo-soprano,
BN \ baryton, ensemble et
S e e —— A ber = ; ; .
9 3:3: 2 N Py, '.13 3‘9 = électronique, 2009) D. Ghisi

accompagnement, 2012) R g
A piece based on Monk (2007) A | 7. ’":10___.\,:* ) Yo

(« Well You Need'nt ») G.Bloch | “wi —" 5




) V
Fabien Lévy -
. eg e ’ ( i
Morphological Tiling Canons N ow! |
 Coincidences (pour 33 musiciens, 1999-2007)
vaix | : : : :
voix Il : : : : : : a/= . : : b\
vaix 1l na/= : b\ ic/ id= L ife* ifA] : :
voix IV : : : : : : : : :
vox V
voix VI H : : H
mes. 158 167 172 173 i74  I7S 184
voix | : !a/- : : : : Ib\ : e id= fe* :f*] : : : :
voix Il : e/ L id= : i[e* if*] : : : : Lo AN : R : : AN ig\/ ¢ : [ht (4] ¢
vox Il I ] g\ A gAY f N ke b N F A 8 NE N P A N
voix IV ! Ja/=: : f . g CONG AN S id= : Hfe* if*] ¢ N 0 IR
voix V : : : : a/=: \/ i : : : : ‘bl NS ic/ !
vox VI ] ; : : H : : H : il FEYE H ; : H : p R ; :
mes. : 167 188 189 190 192 193 Jg4  J9s 197 jeg 200 203 204 205 206 208 203 210 2If 212
a/=: montée vers accord puis "mise en pulsation”
voix | I : : i g\ Th+ ti4] b\ : "mise en pulsation" superposé a un gliss. descendant
voix Il P HAA ke ! : PO\ : LN ¢/ : montée vers accord (téte de a/=)
voxil la/=! 4 \i 7 \i b\ /¢ N i e/ d="mise en pulsation" en diminuendo (fin de a/=)
vax IV PPN\ ok : : : L/ e = L [e*f*] : accord mis en "cross rythm " (durée double)
vaix V \ Ad= A i[e* (fA] A : : : : : gV : gliss. descendant puis ascendant
vox Vi @__ic/ ! id= ! [e¥ Y] O : : : : [i4j+] : accord mis en "cross rythm II" (durée double)
mes. : 213 215 257 218 zrg 220 221 222 223 224 J\/ : gliss. ascendant puis descendant avec accent

{superposition voix V, Viet I) |

|(suDerDosm>on voix IV, let Il

k<:"son a I'envers"
P ° : deux impacts brefs et piano

Coincidences - Fabien Levy : déroulement du canon (mes. 158 a 226)

(chague impact fait 3 temps)

Tokyo Symphony Orchestra, Dir.: Kazuyoshi Akiyama, 05/09/2007, Suntory Hall, Tokyo, Japon

F. Lévy, « Three uses of Vuza Canons », Perspectives of New Music, 49(2), 2011, p. 23-

31.




Georges Bloch I
Several compositional strategies =t e
3 é o——0¢ —.\'---;::: ¢ ve 5-3 : ; ;:-0-0::90:
* Metrical organization of a tiling canon Yoo
* Self-similarity processes 7 e - N
* Metrical modulations between canons \ \6 bow o : '\"\'—"' = j__ t;"'“
) S T 1 e
* Projet Beyeler (2001) e -
* Projet Hitchcock . i _
* Visite des tours de la = f. bt
cathédrale de Reims “ /5‘31; :\_. ; ':f :g o SR
» Noél des Chasseurs oy P il e
« Canons a marcher -, i i
e Canon a eau = g.;f::oo: L S5 =4
* Harawun (2004) S —— —
» L’ Homme du champ (2005) w P — iy 25
* A piece based on Monk (2007) e ¢ E—=" 4 _ 3 W

 Peking Duck Soup (2008)

» A piece based on Monk, 2007 (« Well You Need'nt »)

G. Bloch, « Vuza Canons into the museum », The OM Composers’ Book, 2006




Mauro Lanza
Vuza Canons and local periodicities

* La descrizione del diluvio (Ricordi, 2007-2008)

“6 voices are live and
8 are in the electronic
part. The choice of
the notes and the
durations is made in
order to stress some
quasi-periodicities of
the underlying Vuza
canon and this gives
to each voice a much
more “redundant”
character” .




Mauro Lanza
Vuza Canons and local periodicities

* La descrizione del diluvio (Ricordi, 2007-2008)

“The choice of the notes and the durations is made in order to stress some quasi-
periodicities of the underlying Vuza canon |[...]”

(13252713111427132527425271325141313252713352)

(1325271311142713252742527132514131325271352)

(1325271311142713252742527132514131325271352)

13252713111427132527425271325141313252713352)

13252713111427132527425271325141313252713352)



Mauro Lanza
Vuza Canons and local periodicities

No. 1"Aria" | * La descrizione del diluvio (Ricordi, 2007-2008)

Local Dynamics :
rlﬂ - - rl L »
= - ~ ~ — Y
. (1) (H ¢« o (%) (1) (1 (1)
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- ) = R — s—
(2 o « & (%) (2 o o (2 (2)
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‘Mezzo
Alto i
General Dynamic: seeep - 7
Tenore <
poce a poco crescendo fino a misura 40 (Ppp -ltf)
Baritono
‘Basso

GMEM - Festival « Les Musiques » -Marseille, 25 avril 2008



Mauro Lanza

LA BATAILLE DE CARESME ET DE CHARNAGE

per violoncello e accompagnamento (2012) (min. 10°15”)
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La notte poco prima della foresta (2009)
(opéra de chambre pour acteur, mezzo-soprano, baryton, ensemble et €lectronique)
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La notte poco prima della foresta (2009)

(opéra de chambre pour acteur, mezzo-soprano, baryton, ensemble et €lectronique)
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Vuza Canons and electronic music

ALLA BREVE : L'INTEGRALE

PAR ANNE MONTARON LE DIMANCHE DE 22H30 A 23H
réécouter

contactez-nous

« Cing canons de Vuza » de Sébastien
Bg%mv(gelffumon intégrale et portrait) (ATTAM 2001-2002)
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=> https://podcloud.fr/podcast/alla-breve-lintegrale/episode/cinq-canons-de-vuza-de-sebastien-roux
=> https://musiquealgorithmique.fr/entretien-20-sebastien-roux/



Recent pieces using Vuza Canons

Konsonanten

b : Bad

s : Sellerie

k : Kise

d : Datum
f:Fon

g : Sagen

3: jolie

1: Larm

m : Mutti

n : Nein

@ agneau

p : Punkt

¥ : Relevant

t : Tanken

v : Wagon, Witwe
z : Siisse, sagen
I : Kirsche

Halbe-Konsonanten (oder halbe-Vokalen)

j : jodeln

Kanon fiir 6 Stimmen (auch Amateure)

Als Gregor und Griselda
(2000)

(deutsche Fassung)
Fabien Lévy

Auftrag des Riimlingen Festivals
a Melba Fenouil

Dieser Kanon folgt das mathematische Prinzip des "Vuza-Kanons". Ich bedanke Moreno Andreatta, von Ircam, fiir seine
Hilfe, um diesen Vuza-Kanon zu rechnen, und Melba Fenouil fiir die deutsche Fassung des Textes.

Phonetisches Alphabet

Vokalen

: Papa
: Kartoffeln
: wieder
: Fon
: Fleur
: Merit
: fern
: Oktopus
: Ort
wieder
: du, Suppe
: liigen

“g"uomegaUa®

Nasale Vokalen

: rang, avant
: rein, brin, pain
: bon, ton

: brun, un

R.@tmig,

w : fouet (/fwe/), voir (/vwag/)

Yy : Suite (/syita/)

S.2

S.5

S.6

S.1

S.2

S.3

S.5

S.6

sn:
wap

Un poco pith animato (ca. ¢ = 180)
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Tom Johnson’s Perfect Tilings Tilework for Piano
perfect triplet tilings, 5th order

with thanks to Jon Wild and Erich Neuwirth
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Jean-Paul Davalan, « Perfect Rhythmic Tilings », Perspectives of New Music,49(2), 2011, p. 144-197




Tiling canons by translation and augmentation

& & - o — — —_——— — —
Thomas Noll
N

(((0123406) ((111))

(12345 (11D ALY

(12357 21D AD

(0134738 ((15))) ;

G0 12367 (1115 Augmentation

(@13469 (111 A5 by factor 1

(013679 ((111) (15 =

(012678 ((111) (275 (11))) .

(014589 (111 @7 @S5 (DY translation

012567 17) (15 _
023457 111) (1 7) (15 (11))] //

(12457 125

((0134538) ((15) (1

((@12458) (11O

(124068 (11D A DY

((@2340638) (111

(0246810 (11 LADAS5 1LY



Augmented Tiling Canons (Noll Canons)
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Augmented Tiling Canons (Noll Canons)
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Thank you for your attention!



