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Antescofo 

L’interaction en temps-réel en musique 




Départements 

•  R&D (9 teams)

•  Production & Diffusion 

•  Transmission

•  Bibliothèque multimedia


> 180 collaborateurs

•  ~ 65 chercheurs

•  25 PhD + post-docs

•  20 étudiants en composition

•  15 résidences

•  Compositeurs, Artistes, etc.




Du laboratoire à la scène


pour Orchestra & Live Electronique

G. Nouno, A. Cont: Computer Music Designers


Jonathan Harvey�

Speakings




Jonathan Harvey’s « Speakings »

n  Jonathan Harvey (1939 — 2012)


n  Idea:   An orchestra that speaks

o  From speech to orchestra and vice versa

o  Enrich orchestral timbre using non-existing speech structures


n  Read:

o  G. Nouno, A. Cont, G. Carpentier, and J. Harvey�
“Making an Orchestra Speak”, Sound and Music Computing Conference, 2009. 
Best paper award.


o  Tribune article on Forumnet with Max and OpenMusic patches.


n  Precedence: Modest Mussorgsky,  Clarence Barlow


n  Procedure:

o  Study existing artistic approaches  (Modest Mussorgsky,  Clarence Barlow, ...)

o  Musical research: Prototype ideas, artistic trial and error, choose pertinent approaches.

o  Development & Composition

o  Tests and performance considerations

o  Rehearsal and Concert   (Royal Albert Hall, Proms Festival, BBC Orch. 2008)




Phase I:  Computer Aided Composition


n  Automatic Orchestration

o  How to write speech structures �

for Orchestra?

o  The Orchidée project




Phase I:  CAC


n  Speech to music transcription




Harvey’s « Speakings »


n  Computer Assisted Composition

o  Speech to music transcription


n  OpenMusic + SuperVP




Phase II: Live electronics


n  Impose speech structures�
on orchestral sound


o  Real-time transformation

o  Synchronizing electronics�

with conductor/orchestra




Speakings


n  An excerpt

o  Live electronics �

e.g. sound synthesis synchronized with orchestral event + tempo

o  Premier from August 2008 by BBC Scotish Orchestra�

in London (Royal Albert Hall)
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géometrie

de�
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langages�
synchrones�

et systèmes réactifs


De la perception à l’action,�
du signal au symbole, du percept au concept et retour




Human in the loop




More than 40 Creations�
New York Philharmonics, Chicago Symphony, Los Angeles Philharmonics, Berlin Philharmonics, BBC Orchestra...


Audio Analysis/Synthesis


Spatialization


Physical Models

Improvisation


Gesture


MIDI / Control




Application : accompagnement automatique
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Application : Musique mixte
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Jean-Louis Giavitto - Julia Blondeau - CNSMD Lyon, avril 2014

• Quelques enjeux, quelques questions

• Un réel rapport interprète / électronique 

• De nouvelles possibilités d’écriture de l’électronique 

• Passer d’avancées quantitatives à qualitatives ? 

• Dépasser la « simple » question de la synchronisation ? 

• Une nouvelle manière d’aborder l’électronique grâce au temps-réel ? 

• Une écriture plus fine des temps…

Julia Blondeau, compositrice
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L’écart entre la partition et l’interprétation
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L’écart entre la partition et l’interprétation


• événement

• durée
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Time-triggered versus event-driven architecture"
[H. Kopetz, 1991]


1.  event-triggered systems�
activities triggered by the occurrence of a 
significant event


2.  time triggered systems�
activities triggered on point of a predefined 
temporal grid




Time triggered


n  TT1: A system-wide time reference exists, with good-enough 
precision and accuracy. We shall refer to this time reference 
as the global clock. For single-processor systems the global 
clock can be the CPU clock itself.


n  TT2: The execution duration of code driven by interrupts other 
than the timers is negligible. In other words, for timing analysis 
purposes, code execution is only triggered by timers 
synchronized on the global clock. 


n  TT3: System inputs are only read/sampled at timer triggering 
points.
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Plan


1.  Comprendre le temps de l’ordinateur

1.  un temps stratifié : rapprocher programme et partition

2.  la matière du temps : simultanéité, succession & durée

3.  des formes du temps : cyclique, linéaire, DAG et ramifié

4.  retour sur la durée


2.  Comprendre le temps du musicien

l’écart entre la partition et l’interprétation


3.  Coordonner le temps de l’ordinateur et celui du 
musicien : Antescofo
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Vivre dans le même temps
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UN TEMPS STRATIFIÉ


du temps écrit au temps produit

est-ce que le temps informatique est différent du temps musical ? 
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Rapprocher partition et programme ? 


Partition
 Programme

phase de composition
 phase de spécification

phase d’interprétation
 phase d’exécution


une écriture / sa dénotation
 une expression / son évaluation

un compositeur
 un programmeur


un (des) interprète(s)
 une (des) machine(s)

…
 …


Partition ≠ Programme

•  G. Mazzola : un « geste surgelé »

•  Adorno: l’état liquide de la musique

•  « dégeler n’est pas réchauffer »
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Moments du temps et temps logiques


le temps

écriture
 exécution du programme


temps physique du 
système simulé


interprétation


cycle logique"
de l’ordinateur


événements du sous-
système S1


événements du sous-
système S2


événements du 
système S


temps logique de la 
modélisation/
programme


partition


geste 
instrumental


voix…
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Hors temps et Temps réel


temps du

système


le temps

« physique »


temps logique de la 
modélisation


= = 

= temps du calcul

= temps « physique »
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Prédire, à temps (exemple: météo, contrôle)


temps du système 
= temps du calcul 

le temps 
réel 

« physique » 

temps logique 
(élastique) de 
la modélisation 

Système  temporisé	
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temps logique

interne au 

programme


le temps réel
écriture
 exécution du programme


Live coding…


temps du système
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Waddington : paysage épigénétique


Link Li & Mhairi Towler, 2012 
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LA MATIÈRE DU TEMPS

Simultanéité, succession & durée
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Temps

Objets

•  instant

•  intervalle


Relations

•  succession

•  simultanéité

• durée


Formes

•  linéaire total

•  linéaire partiel

•  cyclique

•  ramifié
 Styles


• modal

•  vérifonctionnel


Pluralités

•  temps physique

•  temps intime


Jean-Louis Giavitto - CISEC juin 2014




I.4.1. Les structures du temps 

Une trajectoire correspond aux variations d’un état au cours du temps ; c'est donc une fonction du temps 
dans l’ensemble des états. Mais quel est la structure du temps ? Il existe plusieurs modèles du temps : par 
exemple le temps de la mécanique newtonienne est différent du temps de la mécanique relativiste, et le temps 
des phénomènes biologiques est différent du temps psychologique. 

Le reste de ce paragraphe a pour but de situer, parmi différentes possibilités, le modèle du temps que 
nous allons choisir : un temps discret et synchrone. 

I.4.1.a. Succession, simultanéité et durée 

Pour comparer les différentes représentations du temps, nous allons nous appuyer sur une analyse fort 
ancienne. Traditionnellement le temps est constitué d’instants qui sont les objets élémentaires du temps, ses 
“atomes”. Les instants du temps sont structurés par trois relations : 

– la simultanéité (en même temps), 

– la succession (avant ou après), 

– la durée (depuis/jusqu'à). 
Ces relations sont figurées sur la figure I.1. 

instants
du

temps Simultanéité

pendant,
en même temps

Durée

depuis/jusqu'à

Deux états étant 
ni avant, ni après 
l'autre sont l'un 
pendant l'autre

ce qui n'est ni avant, ni 
après, donc ce qui va 

d'un seul tenant de son 
origine à son terme

 

Succession

Simultanéité

avant et après sont 
les deux formes du 

pas en même temps

tant que ça dure, 
on est pas passé 

à autre chose

ce qui n'est 
pas pendant

on est simultané à un 
instant, ce qui exclut 
le depuis/jusqu'à!!

= non
simultanéité= non-durée

= non
succession

= non
simultanéité

= non-durée

= non
succession

Durée

Succession

avant/après

 

Figure I.1 : Les trois concepts qui traditionnellement définissent le temps, et leurs oppositions. 

Chacune de ces relations s’opposent aux deux autres. Ainsi, ce qui survient ni avant et ni après, et qui ne 
dure pas, doit se produire en même temps : la simultanéité est donc la négation à la fois de la succession et de 

 
 – 9 – 

Simultanéité, succession & durée


Langages

synchrones


algèbre de 
processus


systèmes 
temporisés
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Durées et instants


allumée


éteinte


i


p1 


p2 


temps


Jean-Louis Giavitto - CISEC juin 2014




Les relations de Allen (temps linéaire)


•  Contraintes :

•  une séquence E doit se jouer avant A 

•  une séquence A après R




•  Est-ce possible ? quel scénarios ?

•  E, R, A

•  R, E, A

•  E=R, A


•  Quelles relations peut-on rajouter en restant compatible ?


precedes meets 
overlaps starts during finishes equals 

E = [x, y] 

x 

y 

O 

p 

di 
oi 

pi 

d 
m 
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LES FORMES DU TEMPS

linéaire, cyclique, ramifié
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Répétition, flot et ramification


•  Ramifié (branching) 


•  Cyclique 


•  Linéaire

•  une relation d’ordre totale (synchrone)

•  une relation d’ordre partielle (asynchronisme)"

systèmes distribués sans horloge globale, relativité)
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Œuvres ouvertes extensionnelles


Jason Freeman,

diagrame d’un  fragment de « Piano Etudes »


Raymond Queneau"
1000 milliards de poèmes


Raymond Queneau"
un conte à votre façon
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Pluton : une œuvre ouverte intensionnelle


L’ordre d’enchaînement des séquences de cette partie peut être variable. Les séquences A, R, E, M et S 
doivent  être intercalées et non jouées dans groupe après groupe. Ex :

R1     A2    A3  R2 R3     E    A1   R4    R5    M    S    A4   R6   A5   R7   R8   R9   S 

Les séquences A et R ne peuvent être jouées qu’une seule fois, les séquences E, M et S plusieurs fois.
Les séquences R (pour Record) provoquent l’échantillonnage des sons du piano dans la 4x. L’ordre 
d’apparition de ces séquences doit obligatoirement être celui inscrit dans la partition (de R1 à R9) et ne 
peut être modifié.

Les séquences fonctionnelles E, M et S comportent chacune, une note d’ouverture et une note de ferme-
ture. Il est indispensable de jouer cette dernière si l’on désire enchaîner une des séquences R ou A, mais 
cette précaution n’est plus obligatoire si l’on enchaîne E, M ou S.
La séquence E (pour Échelle) permet de faire une compression de l’ambitus de ce qui sera joué par la 4x 

(��� = ambitus tempéré,    = unisson sur “mi bémol”, � = échelle intermédiaire)
La séquence M (pour Mixage) provoque un dosage entre le son échantillonné (  ���) et le son réverbéré 

( � ).

La séquence S (pour Stop) provoque l’arrêt d’une des deux Matrices (Do  où Fa bécarre) ou le départ des 
deux (La bécarre).

Les séquences A engendrent des Matrices de Markov (2). L’ordre d’apparition de ces séquences est laissé 
au choix de l’interprète.

Important : Toute cette partie doit obligatoirement commencer avec R1 et s’achever avec S. Les durées 
entre les séquences sont laissées au choix de l’interprète.

�
���

���

&
?

8

8

8WWWnbn >l
?

WWW#bn >

°

F

1

R1

III
commencer ici

Séquences d’échantillonnage

œœœ#bn
3sœ# œœœnn >

F

p

q = 60 WWW

WWW

2

œœœnn#

. .. .. .œœœnbb >

œn

. .. .œœnn > œœ
3

sœœœnn#

œœnn œœ œœœœn#n# ssœ

œœnb > œ

œ

œ

œœœU
&

œn
>°

œ#
>

œœ
œn
>

&

q = 80

Ï Ï

7 8

R2

&

&
Ÿ~~~~~~~~~
Ÿ~~~~~~~~~

WWn# - WWW WWn##b# > WW WWWnbnbb > WWW Wnn## >

WW WWnbbn -
°

WWWWnn#n -
WW WWW#nnn# -

WWWbn# -?
R3

F F f ƒ

p p F p

11 12

œnWW#b
&

œbWWnn
°

&
F–ƒ subito

(    )

R4

13 14

(    ) SS
œœœnnb > WWW

&

WWWnnb&

ç

F
R5

15 16

?

?

œœbn
>

3
S
œœ

œœœnbn > œœœ
&

�
°

...
sœœœn##
>

3sœœœ
œœœ#nn > œœœ&

ƒ

q = 60

R6

17 18

&

œn b°
œ# bœn bœ# bœn b

œb bœ# aœn a

œœœnnb bba>
U

&
ƒ

ç
R7

23 24

sfzS

œœœ

œœœnb

n

n

n# .

.

?

?
R8

25

3

œn> œ# . œn .
3

œn . œn . œb . U
&

5

� œn . œ# . œ# . œ# .?
R9

F �26 27

?

?

..

..

..

..

..

..

..

..ssœ# .
�

(permutations)

E

Séquences fonctionnelles

ssœ# .
U

SS
œn .

SSœn . UU
SSœn .

u
&

ssœn .
U

u SSœb .?
[ppp j fff ]

ssœn .

&

ss
œ# .

?
M �

SS
œn . U

u SSœn .
u

SSœb .
[pp �fff ]

ssœn .

�

..

..

..

..
8 8

&

ssœb .
? �S

ssœ# . SSœn .

ssœn .�

(Stop I)
(Go I, II)

(Stop II)

ssœn .
� PPoouurr  tteerrmmiinneerr  ::

enchaîner la page
suivante

1

D & F 14653
© 1993 Éditions DURAND
Paris, France

Jean-Louis Giavitto - CISEC juin 2014




Raisonnements temporels


n  Vérifier des propriétés sur la dynamique du système

n  Choisir son formalismes suivant l’usage le plus approprié


o  modale/extensionnelle

o  instant/durée (Allen), borné ou pas, …

o  linéaire/ramifié(LTL vs CTL) 



 LTL  CTL  

CTL*  

µcalcul 
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STYLES A & STYLE B


A-series / B-series�
Logique Modale / Logique Vérifonctionelle,

Temps réel / Hors temps


Jean-Louis Giavitto - CISEC juin 2014




Déclaratif / procédural


•  Noter ce que doit faire le musicien

•  Noter le résultat 
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John Mc Taggart (1866—1925) : A-propriétés et B-propriétés"
Arthur Prior (1914-1969) : logique modale temporelle


n  A-series : caractérisation d’un événement e comme �
passé, présent ou futur (prédicat unaire).�
Le temps est un flux, un passage. 


n  B-series : caractérisation d’un événement e comme �
avant e’ ou après e’ (prédicat binaire).�
Pas de notion de présent, mais un temps « spatialisé », statique


•   On peut retrouver les deux styles dans les langages

o  Le style « modal » est-il adapté à la performance ?

o   Le style « spatial » est-il adapté à la composition ?


•  Affinité entre les propriétés de type A et le style modal (intensionnel) des 
logiques temporelles


•  Affinité entre les propriétés de type B et le style premier ordre 
(vérifonctionnel, extensionnel, explicitement indexé) des logiques 
temporelles
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Exemple: "
Une esquisse de 
Christopher Trapani"
inspirée par les"
canons rythmiques de"
Colon Nancarrow
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temps réel

(de la performance�
entrain de se faire)


début
 fin
now


partie lue du buffer

= position de la tête de lecture

au cours du temps


remplissage du buffer

= position de la tête d’enregistrement

au cours du temps


buffer entièrement lu


partie 
enregistré du 

buffer à 
l’instant now


partie rejouée 
du buffer à 

l’instant now


temps estimé

restant à jouer


partie du buffer�
restant à jouer


estim
é


connu


temps réel


temps partition


temps 
partition


vitesse de jeu


now dans

la partition


position�
de la tête de 
lecture dans 

la partition


B : partie de la courbe de vitesse à utiliser pour ce qui reste 


A : partie de la courbe de vitesse à utiliser pour ce qui reste à jouer 
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œ# œJû‰ ≈ œb œb œ œn œ œn
œ œ# œ œ œJ

‰ œb œb œ œ œ
œ
‰ ≈ œ œ œ# œ# œb œn œ œ

œb œ œû ≈ œn œ# œ# œ# œb œ œn œ

1 -> A    3/5

1B

1B -> A 

3 -> D        7/11

2 -> B
1B -> A

point d'entrée défini

point d'entrée défini

point d'entrée défini

3 DEC



PLURALITÉS DU TEMPS

une durée à la Bergson
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Le temps intérieur pour Zimmermann

Nous appellerons durée temporelle effective la portion de temps que nécessite une 
œuvre musicale pour son exécution. Cette durée n’est cependant pas dans son 
extension une grandeur constante dans le sens où elle resterait la même à chaque 
exécution. Autrement dit, les conditions toujours changeantes de l’exécution 
musicale, même si elles sont la plupart du temps d’ordre minimal, occasionnent des 
durées d’exécution variables pour une même composition, alors qu’au contraire les 
proportions de toutes les relations métriques, rythmiques et donc temporelles 
demeurent inchangées à l’intérieur de la durée temporelle (effective) qui, elle, varie. 
De cette manière, le temps inhérent à une composition sera doublement organisé : 
d’une part par le choix d’une certaine unité de temps (effective) qui a la fonction de 
tempo musical, d’autre part, par le choix d’une certaine unité de temps (intérieure) 
qui ordonne les rapports entre Intervalle et Temps. Les unités de temps, intérieures 
aussi bien qu’effectives, sont définies par la conscience intérieure du temps musical 
à laquelle, en ce sens, nous devons attribuer la fonction régulatrice de l’expérience 
et de la perception du temps en musique. 
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durée


événement


Deux temps ?




Une seconde par seconde


$ € 
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Subordonner le temps objectif au temps subjectif"
au lieu du contraire


n  La durée n’est pas réductible aux instants

o  diviser une durée par deux

o  accelerando

o  le phrasé musical (ex. rubato)


n  la partition est écrite / tempo, pas au temps physique


n  le “taux de change” (varie dans le temps et)�
n’est connu qu’après


n  parce que cela permet une interaction musicale�
entre instrumentistes et machine
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Extraction du tempo et sympathie des horloges
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Antescofo


machine d’écoute


événement
vitesse





tempo

(écoulement/temps physique)


machine�
réactive + temporisée




Antescofo


Temporized + reactive�
machine


Listening machine


tempo
 event

Listening machine





Event	




ANTESCOFO

le langage
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le langage d’Antescofo

n  handling multiple temporal references: event + tempo


o  external (e.g. musicien)

o  computed

o  physical (wall clock)


n  tempo: the « flow » of duration


n  duration: delays and groups lifespan


n  dynamicity:

o  process: creation, call, destruction, with their own time frame, as high-order values

o  computed delays

o  computed tempii


n  score as the expected (complex) temporal scenario


n  synchronization & error handling�
w.r.t. the temporal scenario
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audio


interaction 

Musicien/Machine


temps-réel


expressivité 
temporelle


généraliste


composition


MaxMSP

SuperCollider


OpenMusic

Antescofo


Informatique"
musicale




événement


distribué


vérification


dynamique


durée


Lustre

giotto


impératif


automates temporisés

Antescofo


Informatique"
temps réel




L’écriture du temps


n  simultanéité

n  succession

n  répétition


n  durée (e.g., finir en même temps)

n  mouvements (processus continu)


n  la hiérarchie

n  l’expression �

impérative, équationnelle, par contrainte…


temps lisse


temps strié


structure




Syntaxe


événements:                  NOTE 60 2.0  


actions atomiques:       $v := @sin($x)  





                                                    superVP ($v+3) 


actions structurées:


loop  3.0   
{   
 print "loop" 

} during [6#]  

curve @grain 0.1s 
      @action draw $x $y   
{ 
 $x,$y {   { 0.3,  1.2 } 
        4s { 0.9,  2.4 } 
       } 
} 

whenever ( $y > 3.0 )  
{  
 print $y "greather than 3" 
}  

group 
{        
  print hello  
 2.0  print world  
} 



NOTE C4 2.0 !
   (1/4 + 1/8) action1 !

   1/4 s       action2 !

!

NOTE D4 1.0!
   group @tempo = ( 2*$RT_TEMPO + sint($t) )!
   {!
         !action_group1!
   1/2 !action_group2!
    $v !action_group3 !

   }	
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Duration & delay

n  in seconds or

n  in beats 


o  global or 

o  local tempo




Expressions


n  Valeurs�
int, float, bool, string, symbol, tab, map, 
interpolated map, fonctions, processus… 

n  Opérateurs et fonctions prédéfinies�
@sin(), @exp(), (…? … : …), @random(), @score()…


n  Variables

o  variables systèmes 

$RT_TEMPO, $NOW, $RNOW, $TEMPO, $PITCH, etc.


o  historique�


[3#]:$x 
[3]:$x 
[3s]:$x 

o  @date([3#]:$x) 
@rdate([3#]:$x) 

$v . 43
 52
 53
 49


timestamps

in beats


0.0
 1.0
 2.5
 4.0
 5.5


timestamps

in sec


0.0
 2.3
 4.2
 5.9
 7.5




Group
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Note C3 1.0 
 Group G1 
 { 

 
 } 
 Group G2 
 { 

 
 } 
 0.5 Group G3 
 { 

 
 } 
 0.5 Group G4 
 { 

 
 } 

Note C4 1.5 
… 

G1 

G2 

G3 

G4 

G1 

G2 

G3 

G4 

0.5


1.0

C3
 C4




Loop
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Note C3  2/3 
 Loop L 1.0 
 { 

 
 } 

Note C4 1.5 
… 

L 

1.0

C3
 C4


L 

1.0


L’ 

1.0


L’’ 



ForAll
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Note C3  2/3 
 ForAll $x in TAB[1, 2, 3] do 
 { 

 
 } 

Note C4 1.5 
… 

L 

1.0

C3
 C4


L 

L’ 

L’’ 



Whenever
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Note C3  2/3 
 Whenever ($X > 0) 
 { 

 
 } 

Note C4 1.5 
… 

L 

C3
 C4


$X	


L L L 

L 

L 

$X:=3	




Curve


7.5.4 Interpolation Methods

The specification of the interpolation between two breakpoint is optional. By default, a linear
interpolation is used. Antescofo offers a rich set of interpolation methods:

: piecewise constant function

: linear interpolation

to be completed CHECK

Note that the interpolation can be different for each successive pair of breakpoints.
If one need an interpolation method not yet implemented, it is easy to program it. The

idea is to apply a user defined function to the value returned by a simple linear interpolation,
as follows:

@FUN_DEF @f($x) { ... }
...
curve C action := print @f($x), grain := 0.1
{

$x
{ { 0 } @linear

1s { 1 }
}

}

The curve C will interpolate function @f between 0 and 1 after its starts, during one second
and with a sampling rate of 0.1 beat.

7.5.5 Managing Multiple Curves Simultaneously

To make easier the simultaneous sampling of several curves, it is possible to define multiples
parameters together in the same clause:

curve C
{

$x , $y , $z
{

{ 0, 1, -1 } @linear
4 { 2, 1, 0 } @linear
4 { -1, 2, 1 }

}
}

time 

$x, $y, $z 
2 
1 

4 

8 

4 

-1 

0 

Note that with the previous syntax it is not possible to define simultaneous curves with
breakpoint at different time. This is possible using multiple parameter clauses, as in:
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curve C
{

$x
{

{ 0 } @constant
2 { 1 } @linear
3 { -1 }

}
$y
{

{ 1 } @linear
3 { 2 }

}
}

time 

$x, $y 
2 
1 

2 

5 

3 
-1 

0 

3 

In this example, the parameters $x and $y have not their breakpoints at the same time.
The first two breakpoints for $x defines a constant function. And the second and the last
breakpoints define a linear function. Incidentally note that the result is not a continuous
function on . The parameter $y is defined by only one pair of breakpoints. The last
breakpoint has its time coordinate equal to , which ends the function before the end of $x.
In this case, the last value of the function is used to extend the parameters “by continuity”.

7.6 Reacting to logical events: Whenever

The whenever statement allows the launching of actions conditionally on the occurrence of a
logical condition:WHY: pas

d’ident op-
tionnel comme
un group

whenever (boolean_expression 1)
{

actions_list

} until (boolean_expression 2)

The behavior of this construction is the following: The whenever is active from its firing until
boolean_expression 2 evaluates to false. . After the firing of the whenever, each time theCHECK

WHY: la
clause du
until n’est pas
evalué chaque
fois qu’une
variable de
cette clause
est mise à jour
mais quand la
condition du
whenever est
active !!!

variables of the boolean_expression 1 are updated, boolean_expression 1 is re-evaluated.
We stress the fact that only the variables that appear explicitly in the boolean condition are
tracked. If the condition evaluates to true, the body of the whenever is launched.

Note that the boolean condition is not evaluated when the whenever is fired: only when
one of the variables that appears in the Boolean expression is updated by an assignment
elsewhere.

Notice also the difference with a conditional action (section 7.2): a conditional action is
evaluated when the flow of control reaches the condition while the whenever is evaluated as
many time as needed, from its firing, to track the changes of the variables appearing in the
condition.

The whenever is a way to reduce and simplify the specification of the score particularly when
actions have to be executed each time some condition is satisfied. It also escapes the sequential
nature of traditional scores. Resulting actions of a whenever statement are not statically
associated to an event of the performer but dynamically satisfying some predicate, triggered
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même durée, mêmes breakpoints


même durée, différents breakpoints
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Exemple: contrôle de synthèse (Nachtleben, 5mn, Julia Blondeau)
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Exemple d'empilement de tempi
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Curve C1 @grain 0.05s 
{  $t1 { {60} 5 {180} 5 {60} } } 
 
 
 
 
 
 
 
Group G1 @tempo := $t1 
{ 

 Curve C2 @grain 0.05s 
 { $t2 {  {60} 3 {180} 3 {60} 3 {180}  

           3 {60} 3 {180} 3 {60} } 
    } 
 
 

 Group G3 @tempo := $t2 
 { 

     @local $x 
     $x := 0 
     Loop L 0.5 
     { 
          $x := $x + 0.1 

    plot $NOW " " $x "\n" 
     } during [15] 

 } 
} 



Pourquoi créer ses propres repères temporels ?




Processus 


1.  ce sont des valeurs (comme les fonctions)

2.  qu’on peut appeler�

le résultat est la création d’une instance de groupe

3.  l’appel est soit une expression, soit une action

4.  les processus peuvent être récursifs

5.  et d’ordre sup
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Processus


the expression that are arguments of a call are computed only once at call time, and
call time is when the application is fired (not when the file is read);

the actions that are launched consequently to the firing of a process application are
computed when the process is applied,

process can be recursive;

process are higher-order values: a process ::P can be used as the value of the argument
of a function or a process call. This enable the parameterization of process, an expressive
and powerful construction to describe complex compositional schemes.

Let give some examples of higher order recursive processes.

9.2 Recursive Process

A infinite loop

Loop L 10
{

... action ...
}

is equivalent to a call of the recursive process ::L defined by:

@proc_def ::L()
{

Group repet {
10 ::L()

}
... action ...

}

The group repet is used to launch recursively the process without disturbing the timing of
the actions in the loop body. In this example, the process has no parameters.

9.3 Process as Values

A process can be the argument of another process. For example:

@Proc_def ::Tic($x) {
$x print TIC

}
@proc_def ::Toc($x) {

$x print TOC
}
@proc_def ::Clock($p, $q) {

:: $p(1)
:: $q(2)
3 :: Clock($q, $p)

}
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A call to Clock(::Tic, ::Toc) will print TIC one beat after the call, then TOC two beats latter,
and then TIC again at date 4, TOC at date 6, etc.

In the previous code a :: is used in the first two lines of the ::Clock process to tell
Antescofo that the value of arguments $p and $q must be processes and that this is a process
call and not a function call. This indication is mandatory because in this case, there is no
way to know for sure that $p(1) is a function call or a process call.
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passage en paramètre 
(un proc est une valeur 
comme les autres)


appel récursif (avec une 
fonction ça bouclerait)


appel calculé

(décision, contrôle 

dynamique)


généricité: on peut abstraire 
sur toute expression
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Processus comme agent 

@global $incremente, $decremente  ; canaux de communication 
 
@Proc_def ::P($id) 
{ 

 @local $state 
 

 whenever ($incremente = $id) 
 { 
  $state := $state + 1 
 } 

 
 whenever ($decremente = $id) 
 { 
  $state ;: $state - 1 
 } 

} 

… 
::P("José")            ; instanciation de l’agent « José » 
…     
$incremente := "José"  ; envoi du message « incrémente » à José 
$decremente := "José"  ; envoi du message « decrémente » à José 
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CAUSALITÉ
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whenever W1 ($x>$y)!
{!
 $v := $v+1!

}!
!
!
whenever W2($v>10)!
{!
 $y := 34!

}	


$x . . . 

$y . . . 

$v . . . 

W1	


W2	


condition	


	


	


bloc	


condition	


	


	


bloc	


Causalité circulaire (court-circuit temporel)




Causalité « normale »


let $x := 1 !
let $y := 1 !
!
whenever W1 ($x > 0)  !
{ !

!1 let $y := $y + 1!
} !
!
whenever W2 ($y > 0)!
{ !

!1 let $x := $x + 1 !
} !
!
let $x := 10 @name Start!
 !
!

0: 	
Start  à  	

1: 	
W1  à  	

2: 	
W2  à  	

3: 	
W1  à  	

4: 	
W2  à  	

5: 	
W1  à  	

6: 	
W2  à  	

7: 	
W1  à  	

8: 	
W2  à	

9: 	
W1  à  	

  ...  	




Causalité & Durée


temps 
(durer prend du temps) 

dépendances 
(causation à succession) 

a	


b	


un instant 
logique 

un instant 
logique expiration 

d’un délai 
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Synchronous (e.g. zero duration) & timed action


e2	
e1	


delay  d1  to  a1	


logical  instant  spanned  by  
the  occurrence  of  an  action	


logical  instant  spanned  by  
the  occurrence  of  an  event	


logical time 
= causal precedence between computations 

relative time 
defined by a tempo 

updated in a0, a1, a2 and a3 

a1	

a2	


delay  d3  to  a3	


a3	
delay  d2  to  a2	


Note e1 1.5 
     0. action a0 
     d1 action a1 
     d2 action a2 
Note e2 1.0 

     d3 action a3 
 

a0	

physical time 

measured by clocks 

beat 

ms	


beat 

score	
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SYNCHRONISATION

Antescofo
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Time alignment of Score, Human-�
Performance and Electronic Actions


alignment 
with an 
event


alignment with 
an event + 

tempo


alignment with several�
events + several 

tempo

choosing an event




Stratégies de Synchronisation
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Ideal Performance


musician 
events	


continuous 
actions	


discrete 
actions	
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Constant Actions Tempo


musician 
events	


continuous 
actions	


discrete 
actions	


tempo 
update	
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Loose


musician 
events	


continuous 
actions	


discrete 
actions	


tempo 
update	
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Target


musician 
events	


continuous 
actions	


discrete 
actions	


tempo 
update	
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Tight


musician 
events	


continuous 
actions	


discrete 
actions	


tempo 
update	
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Ante-Tight


musician 
events	


continuous 
actions	


discrete 
actions	


tempo 
update	
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IMPLEMENTATION
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Implementation


n  best effort

n  OS X or Linux or Windows

n  embedded in Max/msp, PureData or standalone

n  graphical interface for edition and monitoring

n  used in several creations and re-creation

n  with BBC, Berliner Philharmoniker, Los Angeles Philharmonic, etc.
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Implementation


n  best effort

n  OS X or Linux or Windows

n  embedded in Max/msp, PureData or standalone

n  graphical interface for edition and monitoring

n  used in several creations and re-creation

n  with BBC, Berliner Philharmoniker, Los Angeles Philharmonic, etc.
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Antescofo 
environment




•  history variables

•  notifications


external

Events


score and actions datas


Scheduler

Static Timing - Static Order


timing 
dispatch


external 
environment


(including the 
listening machine)


internal

events


Dynamic Timing - Static Order 


Dynamic Timing - Dynamic Order


clock


timing variables


Event-trigger 


output


Time-trigger 


Runtime




group{!

  1 a00!
  4 a11!
  2 a12!
}!

group{!

  1 a10!
  3 a21!
  2 a22!

}	

Dynamic Timing - Static Order
Static Timing - Static Order


group!
{!
  2s a31!
  1s a32!

}!

group!

@tempo=65{!
  4 a41!
  2 a42!

}	


Dynamic Timing - Dynamic Order


group!

@tempo=$RT_TEMPO*2 {!
! !1/2 a51!
! !1   a52!
 }!

group!

@tempo=$v {!
  2 a61!
  3 a62!

}	


4	
3	
 1	


Scheduler


1	
 0	




PATTERN & NEUME

Plus d'expressivité
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Détecter un motifs temporel
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machine also updates the variable $PITCH representing the current
pitch,$DUR representing the duration of the current note in the score
and some other parameters (position in beat in the score, current
tempo of the musician, etc.).

3.1 A Motivating Example
The detection of the pattern described in Fig. 2 can be easily written
with nested whenever, see top of Fig. 3. In Antescofo, a variable
identifier starts with a dollar character (to distinguish it from the
message receiver used in atomic actions) and the @local statement
introduces local variables.

The behavior of this code fragment on the notification of a series
of pitches (indicated in the middle of Fig. 3) is illustrated on the
bottom of the same figure. This sequence of pitches contains only
one instance of the pattern, figured in bolder line.

The whenever in line 1 (W1) has no stop clause. It will be active
until the end of the program. The net effect is that its body is
triggered each time $PITCH is updated (a non-zero number evaluates
to true). The whenever at line 4 (W2) and at line 7 (W3) have a
during clause and will test their condition only once. The activity
table at bottom of Fig. 3 represents the flow of evaluation. A column
is a time instant. The evaluation of the condition of (W1) is pictured
in pale gray, (W2) in middle gray and (W3) in dark gray. When the
evaluation returns true the border is solid, otherwise it is dashed.

On the reception of the first note, the condition of (W1) returns
true. So, one instance of the body of (W1) is running now in parallel
with (W1), that is, one instance of (W2) is activated and waiting
for a note. The different instances of (W1) body are numbered and
correspond to the row of the activity table. On the reception of the
second note, this instance evaluates to true so (W2) launches its
body and one instance of (W3) is activated. The reception of the
third pitch does not satisfy the condition of (W3). Meanwhile, (W1)
has also been notified by the reception of the second notes which
trigger one instance of (W2) body (row 2) in parallel. Etc.

Admittedly the specification of such a simple pattern is con-
trived to write. And it becomes even more cumbersome if one wants
to manage duration and elapsing time. The objective of Antescofo
temporal patterns is to simplify such definition. The idea is to spec-
ify a pattern elsewhere and then to use it in place of the logical
condition of a whenever:

@pattern P { ... }
...
whenever pattern ::P
{ print "Found one occurrence of P" }

At parsing time, such whenever are recognized and translated on-
the-fly into an equivalent nest of whenever.

4. Antescofo Temporal Patterns
We describe through examples the notion of temporal patterns.
Their semantics is proposed in Sect. 5 and their implementation
in Sect. 6.

Antescofo temporal patterns are inspired by regular expressions.
An ATP P is a sequence of atomic patterns. There is no operators
similar to the option operator r? or the iterations operators r

⇤

or r

+ available for a regular expression r. The reason is that
ATP matching must be done in real-time and must be causal: the
decision that a pattern matches must be done with the last atomic
event matched by the pattern, as soon as it occurs. This is not the
case for example with r+ which need to look one token ahead to
determine the subsequence matched.

They are two kind of atomic patterns: Event that corresponds to
a property satisfied on a time point and State corresponding to a
property satisfied on a time interval.

1 whenever ($PITCH) {
2 @local $x
3 $x := $PITCH
4 whenever ($PITCH > $x) {
5 @local $y
6 $y := $PITCH
7 whenever ($PITCH <$y & $PITCH >$x) {
8 @local $z
9 $z := $PITCH

10 a

11 } during [1#]
12 } during [1#]
13 }

time

pitch

. . .

G B E B A G

1

2

3

4

5

Figure 3. A fragment of Antescofo code that triggers action a on
the reception of 3 consecutive notes x, y, z such that x < y > z >

x. See text for explanation.

4.1 Event Patterns
An event pattern Event $X matches an update of the variable $X.
This variable is said tracked by the pattern. Three optional clauses
can be used to constraint the matching: value, where and at. The
value clause constrains the value of the tracked variable. For ex-
ample:

Event $PITCH value G4

matches only when $PITCH is assigned to G4. The where clause
is used to specify a guard with an arbitrary boolean expression:
the guard is evaluated at matching time and the matching fails
if it evaluates to false. The boolean expression can be any valid
Antescofo expression and may refer to arbitrary variables. The at

clause is used to constraint the date of matching.

Pattern Variables. Pattern variables can be used to match or to
record some parameters of the matching. Pattern variables are de-
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machine also updates the variable $PITCH representing the current
pitch,$DUR representing the duration of the current note in the score
and some other parameters (position in beat in the score, current
tempo of the musician, etc.).

3.1 A Motivating Example
The detection of the pattern described in Fig. 2 can be easily written
with nested whenever, see top of Fig. 3. In Antescofo, a variable
identifier starts with a dollar character (to distinguish it from the
message receiver used in atomic actions) and the @local statement
introduces local variables.

The behavior of this code fragment on the notification of a series
of pitches (indicated in the middle of Fig. 3) is illustrated on the
bottom of the same figure. This sequence of pitches contains only
one instance of the pattern, figured in bolder line.

The whenever in line 1 (W1) has no stop clause. It will be active
until the end of the program. The net effect is that its body is
triggered each time $PITCH is updated (a non-zero number evaluates
to true). The whenever at line 4 (W2) and at line 7 (W3) have a
during clause and will test their condition only once. The activity
table at bottom of Fig. 3 represents the flow of evaluation. A column
is a time instant. The evaluation of the condition of (W1) is pictured
in pale gray, (W2) in middle gray and (W3) in dark gray. When the
evaluation returns true the border is solid, otherwise it is dashed.

On the reception of the first note, the condition of (W1) returns
true. So, one instance of the body of (W1) is running now in parallel
with (W1), that is, one instance of (W2) is activated and waiting
for a note. The different instances of (W1) body are numbered and
correspond to the row of the activity table. On the reception of the
second note, this instance evaluates to true so (W2) launches its
body and one instance of (W3) is activated. The reception of the
third pitch does not satisfy the condition of (W3). Meanwhile, (W1)
has also been notified by the reception of the second notes which
trigger one instance of (W2) body (row 2) in parallel. Etc.

Admittedly the specification of such a simple pattern is con-
trived to write. And it becomes even more cumbersome if one wants
to manage duration and elapsing time. The objective of Antescofo
temporal patterns is to simplify such definition. The idea is to spec-
ify a pattern elsewhere and then to use it in place of the logical
condition of a whenever:

@pattern P { ... }
...
whenever pattern ::P
{ print "Found one occurrence of P" }

At parsing time, such whenever are recognized and translated on-
the-fly into an equivalent nest of whenever.

4. Antescofo Temporal Patterns
We describe through examples the notion of temporal patterns.
Their semantics is proposed in Sect. 5 and their implementation
in Sect. 6.

Antescofo temporal patterns are inspired by regular expressions.
An ATP P is a sequence of atomic patterns. There is no operators
similar to the option operator r? or the iterations operators r

⇤

or r

+ available for a regular expression r. The reason is that
ATP matching must be done in real-time and must be causal: the
decision that a pattern matches must be done with the last atomic
event matched by the pattern, as soon as it occurs. This is not the
case for example with r+ which need to look one token ahead to
determine the subsequence matched.

They are two kind of atomic patterns: Event that corresponds to
a property satisfied on a time point and State corresponding to a
property satisfied on a time interval.

1 whenever ($PITCH) {
2 @local $x
3 $x := $PITCH
4 whenever ($PITCH > $x) {
5 @local $y
6 $y := $PITCH
7 whenever ($PITCH <$y & $PITCH >$x) {
8 @local $z
9 $z := $PITCH

10 a

11 } during [1#]
12 } during [1#]
13 }

time

pitch

. . .
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Figure 3. A fragment of Antescofo code that triggers action a on
the reception of 3 consecutive notes x, y, z such that x < y > z >

x. See text for explanation.

4.1 Event Patterns
An event pattern Event $X matches an update of the variable $X.
This variable is said tracked by the pattern. Three optional clauses
can be used to constraint the matching: value, where and at. The
value clause constrains the value of the tracked variable. For ex-
ample:

Event $PITCH value G4

matches only when $PITCH is assigned to G4. The where clause
is used to specify a guard with an arbitrary boolean expression:
the guard is evaluated at matching time and the matching fails
if it evaluates to false. The boolean expression can be any valid
Antescofo expression and may refer to arbitrary variables. The at

clause is used to constraint the date of matching.

Pattern Variables. Pattern variables can be used to match or to
record some parameters of the matching. Pattern variables are de-
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ify a pattern elsewhere and then to use it in place of the logical
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At parsing time, such whenever are recognized and translated on-
the-fly into an equivalent nest of whenever.
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We describe through examples the notion of temporal patterns.
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in Sect. 6.

Antescofo temporal patterns are inspired by regular expressions.
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similar to the option operator r? or the iterations operators r
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+ available for a regular expression r. The reason is that
ATP matching must be done in real-time and must be causal: the
decision that a pattern matches must be done with the last atomic
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case for example with r+ which need to look one token ahead to
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They are two kind of atomic patterns: Event that corresponds to
a property satisfied on a time point and State corresponding to a
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4.1 Event Patterns
An event pattern Event $X matches an update of the variable $X.
This variable is said tracked by the pattern. Three optional clauses
can be used to constraint the matching: value, where and at. The
value clause constrains the value of the tracked variable. For ex-
ample:

Event $PITCH value G4

matches only when $PITCH is assigned to G4. The where clause
is used to specify a guard with an arbitrary boolean expression:
the guard is evaluated at matching time and the matching fails
if it evaluates to false. The boolean expression can be any valid
Antescofo expression and may refer to arbitrary variables. The at

clause is used to constraint the date of matching.

Pattern Variables. Pattern variables can be used to match or to
record some parameters of the matching. Pattern variables are de-
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clared at the beginning of a pattern definition with a @local state-
ment and can then be used elsewhere in the pattern expressions. For
example, the pattern described in paragraph 3.1 becomes:

@local $x, $y, $z
Event $PITCH value $x
Event $PITCH value $y where $x < $y
Event $PITCH value $z

where ($y > $z) & ($z > $x)

Pattern variables can be used freely in the pattern clauses. The first
time the variable is met, the pattern-matcher stores the correspond-
ing value into the variable; next time, the value stored is used in the
expression where the variable appears. For example:

@pattern P {
@local $x
Event $PITCH value $x
Event $PITCH value $x

}

matches two consecutive updates of variable $PITCH with the same
(unknown) value $x. When the first event is matched, a value is
given to the pattern variable $x. When the second event is matched,
this value is used to constrain the match. However, we stress again
that the matching is causal. A pattern like

@local $x
Event $PITCH value ($x + 1)
Event $PITCH value $x

is rejected by the system because the matching of the first event
must be determined without any assumption on the future. The
record-then-match behavior is just the operational explanation of
the existential quantification in logic formula, when there is no
unification, only matching.

Pattern variables can be used in the action triggered by a pattern,
as ordinary variable. For example:

@pattern P {
@local $t
Event $PITCH at $t

}
...
whenever pattern ::P
{ print "found a P at" $t }

will report the date of the matching for each occurrence of the
pattern.

Tracking Multiple Variables Simultaneously. It is possible to
track several variables simultaneously: the pattern matches when
one of the tracked variable is updated (and if the other clauses are
fulfilled). For instance, to match an update of $X followed by an
update of either $X or $Y before 1.5 beat, we can write:

@local $t1 , $t2
Event $X at $t1
Event $X , $Y at $t2

where ($t2 - $t1) < 1.5

4.2 Temporal Scope and the Before Clause
The previous example shows that timed properties can be expressed
relying on the at and the where clause. It is however not easy to
express that a variable must take a given value within the next
three updates. This drawback motivates the introduction of the
before clause to specify the temporal scope on which a matching
is searched.

When Antescofo is looking to match the pattern Event $X, the
variable $X is tracked right after the match of the previous pattern.
Then, at the first value change of $X, Antescofo check the various

constraints of the pattern. If the constraints are not meet, the match-
ing fails. The before clause can be used to shrink or to extend the
temporal interval on which the pattern is matched beyond the first
value change. For instance, the pattern

@pattern twice
{

@local $v
Event $V value $v
Before [3] Event $V value $v

}

is looking for two updates of variable $V for the same value $x

within 3 beats. Nota bene that other updates for other values may
occurs as well as updates for $V but, for the pattern to match, $V
must be updated for the same value before 3 beats have elapsed
from the match of the first event.

If the temporal scope [3] is replaced by a logical count [3#],
we are looking for an update for the same value that occurs in the
next 3 updates of the tracked variable. The temporal scope can also
be specified in seconds.

The temporal scope defined on an event starts with the preced-
ing event. So a before clause on the first Event of a pattern se-
quence is meaningless and actually forbidden by the syntax.

4.3 State Patterns
The Event pattern corresponds to a logic of instants: each variable
update is meaningful and a property is checked on a given point in
time. This contrasts with a logic of states where a property is looked
on an interval of time. The State pattern can be used to face such
case.

A Motivating Example. Suppose we want to trigger an action
when a variable $X takes a given value v for at least 2 beats. The
pattern sequence

@Local $start , $stop
Event $X value v at $start
Event $X value v at $stop

where ($stop - $start) >= 2

does not work: it matches two successive updates of $X that span
over 2 beats but it would not match three consecutive updates of $X
for the same value v, one at each beat, a configuration that should
be recognized.

It is not an easy task to translate the specification of a state that
lasts over an interval into a sequence of instantaneous events. Using
a State pattern, the specification of the previous pattern is easy:

State $X where ($X == v) during 2

matches an interval of 2 beats where the variable $X constantly has
the value v (irrespectively of the number of variable updates).

Four optional clauses can be used to constraint a state pattern:
before and where clauses constrain the matching as described for
event pattern. The at clause is replaced by the two clauses start

and stop to record or constrain the date at which the matching of
the pattern has started and the date at which the matching stops.
There is no value clause because the value of the tracked variable
may change during the matching of the pattern, for instance when
the state is defined as “being above some threshold”. The where

clause may refer to a pattern variable set in the start clause, but
not to the value of a stop clause because the date at which the
pattern ends is known only in the future.

The during clause can be used to specify the duration of the
state, i.e. the time interval on which the various constraints of the
pattern must hold. If the specified constraints are not satisfied, the
matching fails but, if there is a before clause, a new attempt is
launched at each update of the tracked variable, until the expiration
of the before clause.
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Pattern P  
{ 

@local $x , $y , $z 
Event $PITCH value $x 
Event $PITCH value $y where $x < $y  
Event $PITCH value $z where ($y > $z) & ($z > $x) 

}  
… 
whenever P  
{ print "j'ai vu un P" } 



State: une propriété qui dure


une variable $X prend une valeur v pendant au moins 2 beats
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clared at the beginning of a pattern definition with a @local state-
ment and can then be used elsewhere in the pattern expressions. For
example, the pattern described in paragraph 3.1 becomes:

@local $x, $y, $z
Event $PITCH value $x
Event $PITCH value $y where $x < $y
Event $PITCH value $z

where ($y > $z) & ($z > $x)

Pattern variables can be used freely in the pattern clauses. The first
time the variable is met, the pattern-matcher stores the correspond-
ing value into the variable; next time, the value stored is used in the
expression where the variable appears. For example:

@pattern P {
@local $x
Event $PITCH value $x
Event $PITCH value $x

}

matches two consecutive updates of variable $PITCH with the same
(unknown) value $x. When the first event is matched, a value is
given to the pattern variable $x. When the second event is matched,
this value is used to constrain the match. However, we stress again
that the matching is causal. A pattern like

@local $x
Event $PITCH value ($x + 1)
Event $PITCH value $x

is rejected by the system because the matching of the first event
must be determined without any assumption on the future. The
record-then-match behavior is just the operational explanation of
the existential quantification in logic formula, when there is no
unification, only matching.

Pattern variables can be used in the action triggered by a pattern,
as ordinary variable. For example:

@pattern P {
@local $t
Event $PITCH at $t

}
...
whenever pattern ::P
{ print "found a P at" $t }

will report the date of the matching for each occurrence of the
pattern.

Tracking Multiple Variables Simultaneously. It is possible to
track several variables simultaneously: the pattern matches when
one of the tracked variable is updated (and if the other clauses are
fulfilled). For instance, to match an update of $X followed by an
update of either $X or $Y before 1.5 beat, we can write:

@local $t1 , $t2
Event $X at $t1
Event $X , $Y at $t2

where ($t2 - $t1) < 1.5

4.2 Temporal Scope and the Before Clause
The previous example shows that timed properties can be expressed
relying on the at and the where clause. It is however not easy to
express that a variable must take a given value within the next
three updates. This drawback motivates the introduction of the
before clause to specify the temporal scope on which a matching
is searched.

When Antescofo is looking to match the pattern Event $X, the
variable $X is tracked right after the match of the previous pattern.
Then, at the first value change of $X, Antescofo check the various

constraints of the pattern. If the constraints are not meet, the match-
ing fails. The before clause can be used to shrink or to extend the
temporal interval on which the pattern is matched beyond the first
value change. For instance, the pattern

@pattern twice
{

@local $v
Event $V value $v
Before [3] Event $V value $v

}

is looking for two updates of variable $V for the same value $x

within 3 beats. Nota bene that other updates for other values may
occurs as well as updates for $V but, for the pattern to match, $V
must be updated for the same value before 3 beats have elapsed
from the match of the first event.

If the temporal scope [3] is replaced by a logical count [3#],
we are looking for an update for the same value that occurs in the
next 3 updates of the tracked variable. The temporal scope can also
be specified in seconds.

The temporal scope defined on an event starts with the preced-
ing event. So a before clause on the first Event of a pattern se-
quence is meaningless and actually forbidden by the syntax.

4.3 State Patterns
The Event pattern corresponds to a logic of instants: each variable
update is meaningful and a property is checked on a given point in
time. This contrasts with a logic of states where a property is looked
on an interval of time. The State pattern can be used to face such
case.

A Motivating Example. Suppose we want to trigger an action
when a variable $X takes a given value v for at least 2 beats. The
pattern sequence

@Local $start , $stop
Event $X value v at $start
Event $X value v at $stop

where ($stop - $start) >= 2

does not work: it matches two successive updates of $X that span
over 2 beats but it would not match three consecutive updates of $X
for the same value v, one at each beat, a configuration that should
be recognized.

It is not an easy task to translate the specification of a state that
lasts over an interval into a sequence of instantaneous events. Using
a State pattern, the specification of the previous pattern is easy:

State $X where ($X == v) during 2

matches an interval of 2 beats where the variable $X constantly has
the value v (irrespectively of the number of variable updates).

Four optional clauses can be used to constraint a state pattern:
before and where clauses constrain the matching as described for
event pattern. The at clause is replaced by the two clauses start

and stop to record or constrain the date at which the matching of
the pattern has started and the date at which the matching stops.
There is no value clause because the value of the tracked variable
may change during the matching of the pattern, for instance when
the state is defined as “being above some threshold”. The where

clause may refer to a pattern variable set in the start clause, but
not to the value of a stop clause because the date at which the
pattern ends is known only in the future.

The during clause can be used to specify the duration of the
state, i.e. the time interval on which the various constraints of the
pattern must hold. If the specified constraints are not satisfied, the
matching fails but, if there is a before clause, a new attempt is
launched at each update of the tracked variable, until the expiration
of the before clause.
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we are looking for an update for the same value that occurs in the
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be specified in seconds.

The temporal scope defined on an event starts with the preced-
ing event. So a before clause on the first Event of a pattern se-
quence is meaningless and actually forbidden by the syntax.

4.3 State Patterns
The Event pattern corresponds to a logic of instants: each variable
update is meaningful and a property is checked on a given point in
time. This contrasts with a logic of states where a property is looked
on an interval of time. The State pattern can be used to face such
case.

A Motivating Example. Suppose we want to trigger an action
when a variable $X takes a given value v for at least 2 beats. The
pattern sequence

@Local $start , $stop
Event $X value v at $start
Event $X value v at $stop

where ($stop - $start) >= 2

does not work: it matches two successive updates of $X that span
over 2 beats but it would not match three consecutive updates of $X
for the same value v, one at each beat, a configuration that should
be recognized.

It is not an easy task to translate the specification of a state that
lasts over an interval into a sequence of instantaneous events. Using
a State pattern, the specification of the previous pattern is easy:

State $X where ($X == v) during 2

matches an interval of 2 beats where the variable $X constantly has
the value v (irrespectively of the number of variable updates).

Four optional clauses can be used to constraint a state pattern:
before and where clauses constrain the matching as described for
event pattern. The at clause is replaced by the two clauses start

and stop to record or constrain the date at which the matching of
the pattern has started and the date at which the matching stops.
There is no value clause because the value of the tracked variable
may change during the matching of the pattern, for instance when
the state is defined as “being above some threshold”. The where

clause may refer to a pattern variable set in the start clause, but
not to the value of a stop clause because the date at which the
pattern ends is known only in the future.

The during clause can be used to specify the duration of the
state, i.e. the time interval on which the various constraints of the
pattern must hold. If the specified constraints are not satisfied, the
matching fails but, if there is a before clause, a new attempt is
launched at each update of the tracked variable, until the expiration
of the before clause.
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Contrary to Event, the State pattern is not driven solely by
the updates of the tracked variables: the constraints are checked
when the matching of a State is initiated and when there is an
update of the variables. The matching of a State also stops when
the specified duration has elapsed, independently of the variables
update. If there is no during clause, the pattern tracks the variables
whilst the constraints are satisfied and the matching stops as soon
they are no longer satisfied.

We illustrate State with the pattern

State $X during u where $X > a

Before [v]
State $X where $X > b

whose behavior is sketched in Fig. 4. The diagram assumes that
variable $X is sampling at a rate � a function f . The first State

pattern is looking for an interval of length u where constantly $X is
greater than a. The first possible interval start at A and is figured
by the two white circles on the time axis. The second State pattern
must start to match before v beats have elapsed since the end of
the previous pattern. The match starts as soon as $X is greater than
b. There is no specification of a duration for the second state, so it
finishes its matching at time T as soon as $X becomes smaller than
b. The matched interval is marked with the two dark circles on the
time line.

time

$X

f

a

b

u v r

A T

Figure 4. Matching two successive states, the first above level
a with a specified duration of u and the second above level b

with no duration and within a temporal scope of v. See text for
explanations.

4.4 Limiting the Number of Matches
The same pattern may match distinct occurrences that start or that
stop at the same time instants. This behavior may be unwanted
because it will produce “spurious matches” that reach, by multiple
paths, the same time point T .

The “Single Match” Property. Several distinct occurrences of
the same pattern starting at the same date may exists. Such alter-
native solution may appear when the temporal scope of a pattern
is extended beyond the first value change: then distinct matches
within the temporal scope may satisfy the various constraints of the
pattern2. However the Antescofo pattern matching stops looking for
further occurrences in the same temporal scope, after having found
the first one. This behavior is called the single match property and
ensures that only the earliest match is reported.

For instance, consider the pattern twice in paragraph 4.2. If the
variable $V takes the same value three times within 3 seconds, say at

2 If there is no before clause, the temporal scope is “the first value change”
which implies that there is at most one match.

the dates t1 < t2 < t3, then pattern::twice occurs three times as
(t1, t2), (t1, t3), and (t2, t3). Because the pattern matching stops to
look for further occurrences when a match starting at a given date
is found, only the two matches (t1, t2) and (t2, t3) are reported.

The Refractory Period. Symmetrically, several occurrences of
the same pattern may start at distinct time points to end on the same
time point. For instance, the curve sketched in Fig. 4 presents many
other possible occurrences of the pattern that finishes at instant
T . These occurrences start at A + n�, where � is the sampling
rate of the curve (i.e., the rate at which $X is updated), as long
f(A+ n�) > a.

In such case, a @refractory period can be used to restrict the
number of successful (reported) matches. The @Refractory clause
specifies the period after a successful match during which no other
match may occur. This period is counted starting from the end of
the successful match. A possible refractory period r is represented
in Fig. 4. The refractory period is defined for a pattern sequence, not
for an atomic pattern. The @Refractory clause must be specified
at the beginning of the pattern sequence just before or after an
eventual @Local clause. If there is no refractory period specified,
all feasible paths trigger the action.

4.5 Patterns Hierarchization
Because atomic patterns track ordinary Antescofo variables, it is
very easy to create patterns P for more complex events and states
from more elementary patterns Q. The idea is to update with Q a
variable which is then tracked by P .

For instance, suppose that patterns G1, . . . G4 match some basic
gestures reported through the updates of some variables. Then, the
recognition of a sequence Gseq of gestures G1 · (G2|G3) ·G4 (i.e.
G1 followed either by G2 or G3 followed by G4) is easily written
as:

$gesture := 0
whenever pattern ::G1 { $gesture := 1 }
whenever pattern ::G2 { $gesture := 2 }
whenever pattern ::G3 { $gesture := 3 }
whenever pattern ::G4 { $gesture := 4 }

@pattern Gseq {
Event $gesture value 1
Event $gesture

where ($gesture ==2) || ($gesture ==3)
Event $gesture value 4

}
...
whenever pattern ::Gseq { ... }

5. Antescofo Temporal Patterns Semantics
We present in this section a simplified pattern-matching algorithm
for Antescofo temporal patterns, following a denotational style. We
first introduce the notion of time-event sequence which formalizes
the input stream on which the matching is done. Then we define the
matching of a pattern P on a time-event sequence S by a function
which returns either the time at which the matching succeeded
(from the start of S) or fail. This function is defined by induction
on both P and S.

5.1 Time-Event Sequences
It should be clear by now that the Antescofo DSL goes beyond
the synchronous stream of atomic events, to handle the metric
passage of time. This leads to the notion of time-event sequence
representing an interleaving of time passages and events [3]. As
usual in synchronous languages, an event is atomic: updates of a
variable occur at certain time points and consume no time. Time-
event sequences allow two events to happen simultaneously but still
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the specified duration has elapsed, independently of the variables
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they are no longer satisfied.
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State $X during u where $X > a

Before [v]
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greater than a. The first possible interval start at A and is figured
by the two white circles on the time axis. The second State pattern
must start to match before v beats have elapsed since the end of
the previous pattern. The match starts as soon as $X is greater than
b. There is no specification of a duration for the second state, so it
finishes its matching at time T as soon as $X becomes smaller than
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time line.

time

$X

f

a

b

u v r

A T

Figure 4. Matching two successive states, the first above level
a with a specified duration of u and the second above level b

with no duration and within a temporal scope of v. See text for
explanations.
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2 If there is no before clause, the temporal scope is “the first value change”
which implies that there is at most one match.
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match may occur. This period is counted starting from the end of
the successful match. A possible refractory period r is represented
in Fig. 4. The refractory period is defined for a pattern sequence, not
for an atomic pattern. The @Refractory clause must be specified
at the beginning of the pattern sequence just before or after an
eventual @Local clause. If there is no refractory period specified,
all feasible paths trigger the action.

4.5 Patterns Hierarchization
Because atomic patterns track ordinary Antescofo variables, it is
very easy to create patterns P for more complex events and states
from more elementary patterns Q. The idea is to update with Q a
variable which is then tracked by P .

For instance, suppose that patterns G1, . . . G4 match some basic
gestures reported through the updates of some variables. Then, the
recognition of a sequence Gseq of gestures G1 · (G2|G3) ·G4 (i.e.
G1 followed either by G2 or G3 followed by G4) is easily written
as:
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whenever pattern ::G1 { $gesture := 1 }
whenever pattern ::G2 { $gesture := 2 }
whenever pattern ::G3 { $gesture := 3 }
whenever pattern ::G4 { $gesture := 4 }

@pattern Gseq {
Event $gesture value 1
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where ($gesture ==2) || ($gesture ==3)
Event $gesture value 4

}
...
whenever pattern ::Gseq { ... }

5. Antescofo Temporal Patterns Semantics
We present in this section a simplified pattern-matching algorithm
for Antescofo temporal patterns, following a denotational style. We
first introduce the notion of time-event sequence which formalizes
the input stream on which the matching is done. Then we define the
matching of a pattern P on a time-event sequence S by a function
which returns either the time at which the matching succeeded
(from the start of S) or fail. This function is defined by induction
on both P and S.

5.1 Time-Event Sequences
It should be clear by now that the Antescofo DSL goes beyond
the synchronous stream of atomic events, to handle the metric
passage of time. This leads to the notion of time-event sequence
representing an interleaving of time passages and events [3]. As
usual in synchronous languages, an event is atomic: updates of a
variable occur at certain time points and consume no time. Time-
event sequences allow two events to happen simultaneously but still
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Figure 5. Specification of the Antescofo temporal pattern matching function M. In these equations: d 2 R+; d0 2 R+; x, x0
, y and
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0
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are patterns, or parts of a pattern, tracking the variable x; ⇢ 2 E ; v 2 V;
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min(d, fail) = min(fail , d) = d and min(fail , fail) = fail . The auxiliary function MS as the same signature as M.
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For an Event pattern in the middle of the pattern sequence, the
generated code is simpler:

whenever ($continue && (x==x)) {
@Local y, v

v := x

y := $NOW
if (e) { P }

} during [D]

The body is launched only if the variable $continue is true. The
during clause stops the tracking of the variable x when the interval
of time specified by D is exhausted. This does not kill the instances
of the body already spanned, it only avoids the spanning of new
instances.

For an Event pattern at the end of a pattern sequence, the code
includes the management of the $continue variable and of the
refractory period:

whenever ($continue && (x==x)) {
@Local y, v

v := x

y := $NOW
if (e && ($NOW - $last_match < r)) {

$last_match := $NOW
$continue := false
a

}
} during [D]

The constant r refers to the value of the refractory period and a to
the action to launch on the recognition of the pattern sequence.

The Code for a State. Similarly to the Event pattern, there is
a slight difference between the code generated for a State in the
first position, in the middle or at the end of the pattern sequence.
We give here only a sketch of the code generated for a State in
the middle without considering the management of $continue and
$last_matching. We do not detail the management of the clauses
start and stop because it is very similar to the management of the
at and value clauses for Event, but cumbersome.

The code for a State with or without duration constraint is
different but in the two cases, we keep track of the property: if it is
satisfied we record is the date the property became true. So

before[D] State x where e during[d]

is translated into

1 @Local $started , $halt , $start
2 $started := -1
3 $halt := ($started > 0) && ! [D]
4 ...
5 whenever (x==x) @Immediate {
6 @Local $start
7 $start := ...
8 if (e) {
9 if ($started < 0)

10 { $started := $NOW }
11 d if ($started >=0 && $start >= $started)
12 { ... }
13 } else
14 $started := -1
15 } until ($halt)

The @Immediate attribute of a whenever forces an additional evalu-
ation of its guard at firing time, independently of the update of the
variables present in the condition. This whenever maintains a vari-
able $started which is positive if the property e is true and records
the last date at which e goes from false to true. When e is true, a
conditional is also launched with a delay d (line 11). This delay is
the expected duration of the State. When it expires, the conditional

is triggered and its body is launched only if the start time of the pat-
tern, recorded in the variable $start is posterior to the last time the
property became true.

The variable $halt play a role similar to $continue and is used
to abort the whenever when the time goes outside the specified
temporal scope. The computation of the expression [D] is not
figured here (it implies several auxiliary variables to record the
number of updates of the tracked variable or of the elapsed time).
Such optimization is needed to garbage efficiently the instance of
the body of the whenever.

Examples. Fig. 6 gives the complete code generated for the pat-
tern P2 below and illustrates the occurrences of P2 on a curve sam-
pled every one hundredths of a second:

@pattern P2
{

@local $s1 , $t1 , $s2 , $t2
@refractory 2

State $X start $s1 stop $t1 during 0.5
where $X > [1#]: $X

before [1.3]
State $X start $s2 stop $t2 during 0.5
where $X > [1#]: $X

}

This pattern matches two intervals, of length 0.5, separated by less
than 1.3 time units, such that on this interval we have $X > [1#]:$X.
The notation [1#]:$X is used to access the past value of $X (the
specification [1#] correspond to the value at the previous update
but we can also use a time interval instead of a logical count). In
other word, this property simply characterizes a series of increasing
values.

The curve plotted at the top of Fig. 6, is increasing on [0, 1],
[2, 3] and [4, 4.6]. It is decreasing on [1, 2] and [3, 4]. There are two
occurrences of P2: the first matches the intervals [0.49, 0.99], [2.05,
2.55] and the second the intervals [2.48, 2.98], [4.08, 4.58]. Notice
that the second match cannot ends in the interval [2.55, 2.55 + 2]
because of the refractory period. The small shift in the interval
boundaries is caused by a small lag phase in the sampling (so, there
is no sampling point at integer time coordinates).

The plot of Fig. 6 shows also the occurrences of the pattern P1

and P3 defined by:

@pattern P1 {
@local $s , $t , $s2 , $t2
@refractory 2

State $X start $s stop $t during 0.5
where $X > [1#]: $X

State $X start $s2 stop $t2 during 0.5
where $X < [1#]: $X

}
@pattern P3 {

@local $s , $t , $s2 , $t2
@refractory 2

State $X start $s stop $t during 0.2
where ($X > 0.5) && ($X > [1#]:$X)

State $X start $s2 stop $t2
where $X < [1#]: $X

}

P1 specifies two consecutive intervals of length 0.5 time unit where
variable $X is increasing on the first and decreasing on the second.
P2 defines two consecutive intervals, the first of length 0.2 time
unit, such that on the first, $X is greater than 0.5 and increasing.
The second intervals lasts as long as $X is decreasing.
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@local $04_last_matching_time ,
$08_started

$04_last_matching_time := -1.0
$08_started := -1.0
WHENEVER ($X == $X) @Immediate
{

@local $21_duration , $s , $t

$21_duration := 0.2
$s := $NOW
$t := $NOW + $21_duration
if ($X > 0.5 && $X > [1#]: $X)
{

@local $03_continue_matching

if ($08_started < 0.0) {
$08_started := $NOW

}
$03_continue_matching := true
$21_duration

if ($08_started >=0.0 && $s >= $08_started)
{

@local $09_started , $17_tscope , $18_cpt , $13_halt

$09_started := -1.0
$17_tscope := 2
$13_halt := false
$18_cpt := -1
WHENEVER ($03_continue_matching && $X == $X) @Immediate
{

@local $s2 , $t2

$18_cpt := $18_cpt + 1
$s2 := ($09_started >= 0.0 ? $09_started : $NOW)
$t2 := $NOW
if ($X < [1#]:$X)
{

if ($09_started < 0.0) {
$09_started := $NOW

}
} else {

if ($09_started >= 0.0)
{

$13_halt := true
if ($04_last_matching_time < 0.0

|| $NOW - $04_last_matching_time >= 2)
{

$04_last_matching_time := $NOW
$03_continue_matching := false
print "OK start1 " $s1 " to stop1 " $t1
print "OK start2 " $s2 " to stop2 " $t2

}
}
$13_halt := $18_cpt >= $17_tscope
$09_started := -1.0

}
} until ($13_halt)

}
} else {

$08_started := -1.0
}

}

Figure 6. Full Antescofo code generated by the pattern P2 in section 6. The plot shows the signal on which the pattern is matched. The events
correspond to the sampling of an arbitrary curve every 1/100s. The axis P1, P2 and P3 give the occurrences of the corresponding pattern.
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Produire le temps ?

n  une ressource qui se structure formellement


o  instants, simultanéité, succession, durée

o  une forme


n  une ressource qu’on 

o  coupe en morceau

o  organise, hiérarchise

o  aligne

o  transforme

o  représente spatialement

o  consomme en faisant des calculs


n  mais il y a bien d’autres aspects du temps : vivre le temps

o  mémoire, apprentissage

o  attente, anticipation

o  conscience

o  …


Daniel Firmin, 2011 

Jean-Louis Giavitto - CISEC juin 2014



