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Programming Cyber-Temporal Musical Systems�
accorder le temps de la machine à celui de l’homme
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Un ordinateur peut-il…  
•  jouer aux échecs
•  effectuer des raisonnements logiques
•  trouver un itinéraire sur une carte routière
•  …
•  marcher sur deux jambes
•  …
•  reconnaître un sourire dans un visage
•  …
•  jouer de la musique avec des musiciens ? 
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Automatic Accompaniment using Antescofo 
Concerto pour main gauche, Ravel.  Pianiste: Jacques Comby
Orchestre: enregistrement de l'Orchestre de Paris modulé par Antescofo en temps réel
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Tesla ou l’effet d’étrangeté  Julia Blondeau (2014) 
alto: Christophe Desjardins, électronique en temps réel: Antescofo 
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Synchronisation
des actions 
électroniques 
avec le jeu d’un musicien

écouter

reconnaître

réagir
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Author (composer)

« read » « eval » « print »

interactive scenario
open score, virtual 

score…

interactive piece �
 mixed music, �

time-art, �
… 

Analysis

Synthesis, �
rendering

Acquisition Production

Perception Action

Musicans�
(& audience)

write

interact

Authoring time:
•  composition
•  computing time

authoring interaction :
•  performance
•  computing in real-time

Authoring time�
in real-time

reader
parsing

writer
pretty-printing

A “Language Approach” 
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reactive, strongly timed language + score following 
Antescofo 

  

actual
musical 

performance

whole mixed performance

musical 
events

synchronizations

perform
listen

execute

schedule

augmented score

actual
electronic

performance

co
m

po
sit

ion
 (o

ut
-o

f-t
im

e)
 

pe
rfo

rm
an

ce
 (r

ea
l-t

im
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electronic 
actions

 e(t ), e(t )  . 
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La « solution Antescofo » 
•  La partition augmentée est un programme temps-réel 

–  le compositeur est un programmeur 

–  l'évaluation se fait par le <musicien | la machine>
–  le compositeur doit spécifier la concordance des deux parties 

•  La machine d'écoute fournit les entrées du programme 
côté ordinateur <musicien | écoute | programme réactif>

•  Le temps est une entité de 1ère classe du langage 
–  ce n'est pas une propriété opérationnelle 
–  traiter événement et durée 
–  chronométrique et relationnel 
–  définir des repères temporels par synchronisation avec un autre repère 

•  Le musicien a son propre repère temporel 
–  le tempo n'est pas une vitesse quand l'humain est dans la boucle 
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CYBER-TEMPORAL SYSTEMS 
Notion of 
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Cyber-temporal systems: 
 computing time in real-time 

•  from:  physical entities 
 monitored by algorithms 

•  to:  temporal relationships 
 sensed and produced by algorithms 

•  example:  interactive music systems 
      Antescofo 

•  notionS of TIME: 

cyber-
physical 
systems

cyber-
temporal 
systems

•  multiple times: deferred time, real-time 
•  multiple models of time: event-driven, time-driven 
•  multiple scales: from audio (0.02 ms) to control (hours)   
•  time programmability: time is a denotable entity 
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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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AN HYBRID TIME 
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A Score 

•  instantaneous events 
(e.g. the onset of a note) 

•  events that last 
(duration of a note) 

•  continuous change of parameter (movement, gesture) 
–  frequency 
–  ambitus 
–  sound localization 
–  etc. 
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Nachleben Julia Blondeau (2014)
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Nachleben, Julia Blondeau (8'30)
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Des objets et des relations 
temporelles 
•  instant, durée 
•  succession, simultanéité, duration (se dérouler) 
•  différents temps 

–  événementiel / chronométrique
–  absolu / relatif
–  continu / discret
–  contrôle / audio

•  différentes échelles
–  audio (1/44 ms) 
–  contrôle (2 ms -> 1 h)
–  simultanéité sonore ~ 20ms 
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Peux t'on réduire les durées aux instants ? 

•  evenemential-time  
versus 
•  the fluxion: continuous passage of time 

–  going twice faster 
–  finishing together 
–  accelerando 
–  rubato 
–  tempo 
–  etc… 
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Can duration be reduced to instant? 
(in temporal logic) 

on

off

i

p1 

p2 

time
doing real analysis and topology

or
making instant and duration�

primitive notions
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MULTIPLE TIMES 
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Du temps unique aux temps multiples 

•  temps unique : une horloge externe objective 
–  les événements arrivent dans le temps 
–  temps newtonien, unités temporelles fongibles 
–  un temps partagé prescriptif 

(qui n'est éventuellement que partiellement connu) 

•  temps multiples : pluralités co-dépendantes 
–  les événements définissent le temps 

(Bluedorn: epochal time is defined by events) 

–  Temps leibnizien, relationnel 
–  Exemples : 

•  partition : couches temporelles 
•  relation partition / performance 
•  co-construction lors de la performance 
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Un temps relationnel  
Les heures du jour d’été et les heures du jour 
d’hiver 
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② TEMPORAL SCENARIOS 
Programming 
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•  The	mixed	music	score	is	a	real-2me	program	
–  composer	is	a	programmer	
–  joint	evalua2on/performance	of	augmented	score	by	<musician	|	computer>	
–  the	composer	specifies	the	synchroniza2on	constraints	between	the	two	parts	

•  The	listening	module	gives	the	program	inputs	

•  Program	construc2ons	
–  group,	forall,	loop,	

if,	whenever,	curve	
–  process,	actors	
–  paFern,	track,	…		
–  con2nua2ons	

•  Data	Structures	
–  int,	float,	string…	
–  vector,	map,	nim	
–  func2on,	process,		

actor,	corou2ne	

Figure 5.6 (cont.) Various interpolation type available in an Antescofo Curve and NIM. The label xxx[0] corresponds to the ease
“in”, that is to the type "xxx_in" or equivalently "xxx"; the xxx[1] corresponds to the ease “out” and the label xxx[2] corresponds to
the ease “in_out”.
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pattern P  
{ 

@local $x , $y , $z 
NOTE $x 
before [0.5] 
NOTE $y where $x < $y  
before [0.5] 
NOTE $z where ($y > $z) & ($z > $x) 

}  

The Antescofo approach 





Syntax
events:                  NOTE 60 2.0  

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

                                             superVP ($v+3)  

compound actions:

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 
        print beautiful  
    2.0 print world  
} 



Group
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



Whenever

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

 
 } 

Note C4 1.5 
… 

L 

C3 C4

$X	

L L L 

L 

L 

$X:=3	



Expressions
n  Values�

int, float, bool, string, symbol… 
tab, map, continuous symbolic curve… 
functions, processes… (first-order values) 

n  Operators and predefined functions�
@sin(), @exp(), (…? … : …), @random(), @score()…

n  Imperative Variables
o  system variables: $RT_TEMPO $NOW $RNOW $TEMPO $PITCH, etc.

o  history�
[3#]:$x 
[3]:$x 
[3s]:$x 

o  @date([3#]:$x) 
@rdate([3#]:$x) 

$v undef 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
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Tempo inheritance 

Curve C1 @grain 0.05s 
{  $t1 { {60} 5 {180} 5 {60} } } 
 
Group G1 @tempo := $t1 
{ 

 $trace2 := ::Trace() 
 

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

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

 Group G3 @tempo := $t2 
 { 

     $trace3 := ::Trace() 
 } 

} 

@proc_def ::Trace()  { 
 @local $x 

    $x := 0 
    Loop L 0.1 { 
                 $x := $x + 0.1 

   plot $NOW " " $x "\n" 
    } 
} 
$trace1 := ::Trace() 
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Strongly timed 
•  event-driven system

–  events from the listening machine
–  logical events

•  predicates on variables
•  begining or end of a computation (continuation)

–  introspective events

•  time-driven: computing with duration
–  delay
–  continuous actions
–  relative time (dynamic) tempo
–  synchronization: tempo + event

•  time-controled�
concurrency
–  all actions are in parallel
–  no lock/mutex/threads…
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•  time transformations are for Antescofo�
what changes of coordinates are for postscript…

•  BUT

–  time is only spent in real-time

–  time is causal �
(I don’t know the transformation in the future)

–  the transformation comes from the environment �
(synchronization)

–  transformations are not necessarily newtonian �
(when human is in-the-loop  position ≠∫tempo)

Strongly timed 
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Real-Time Matching 
a Temporal Pattern 

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-

4 2014/5/27

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
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ify a pattern elsewhere and then to use it in place of the logical
condition of a whenever:
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...
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the-fly into an equivalent nest of whenever.
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We describe through examples the notion of temporal patterns.
Their semantics is proposed in Sect. 5 and their implementation
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4 whenever ($PITCH > $x) {
5 @local $y
6 $y := $PITCH
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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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pattern P  
{ 

@local $x , $y , $z 
NOTE $x 
before [0.5] 
NOTE $y where $x < $y  
before [0.5] 
NOTE $z where ($y>$z) & ($z>$x) 

}  

compilation   &   on-the-fly matching 

Real-Time Matching 
of Antescofo Temporal Patterns, 

 J.-L. Giavitto, J. Echeveste, 
ACM PPDP 2014, 2014. 
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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
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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:
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...
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
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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
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 $y
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7 whenever ($PITCH <$y & $PITCH >$x) {
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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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patterns



Les sources de passage du temps :"
Causalité & Durée

temps 
(durer prend du temps) 

dépendances 
(causation à succession) 

a	

b	

un instant 
logique 

un instant 
logique expiration 

d’un délai 

« time-triggered »

« event-
triggered »



Un temps construit à plusieurs
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The Multiples Times of Temporal Scenarios 
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Time-time diagrams 

BPM 60
TRILL (A4 B4) 1.0
NOTE 0 1.0
BPM 85
TRILL ((C5 E5) (D5 F5)) 2.0

time in seconds 

be
at

s i
n 

sc
or

e 

musical event 

tempo 

position in"
the score as"

 a function of 
physical time
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Time-time diagrams 

actual date of arrival (early event)
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the score as a 
function of physical 
time , given by the
score

(actual) event’s position in the score with 
the associated estimated tempo, as 
performed by the musician

forecasted date of arrival considering the last available tempo

actual date of arrival (late event)
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event arrival
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actual position in a 
sequence of actions as a 
function of physical time,"

with loose strategy

event arrival

loose interpolation

actual date of arrival (early event)
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forecasted date of arrival

actual date of arrival (late event)

p 

t’ t 
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actual position in a 
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function of physical time,"
with tight strategy

José Echeveste 
PhD, Defended 2015 

Time-time diagrams 



Temps strié et temps lisse
György Ligeti Lontano (1967) Bernard Hermann, Psycho (1960) 
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event+tempo

actions
musician time
estimation

target

NOTE 60 2.0 
 group @loose 
 { 
 a1 
 1.0 a2 
 1.0 a3 
 1.0 a3 
 1.0 a4 
 } 
NOTE 60 1.0 
NOTE 60 1.0 
NOTE 60 1.0

NOTE 60 2.0 
 group @tight 
 { 
 a1 
 1.0 a2 
 1.0 a3 
 1.0 a3 
 1.0 a4 
 } 
NOTE 60 1.0 
NOTE 60 1.0 
NOTE 60 1.0

NOTE 60 2.0 
 group @target{sync} 
 { 
 a1 
 1.0 a2 
 1.0 a3 
 1.0 a3 
 1.0 a4 
 } 
NOTE 60 1.0 
NOTE 60 1.0 
NOTE 60 1.0 sync

NOTE 60 2.0 
 group @target[2] 
 { 
 a1 
 1.0 a2 
 1.0 a3 
 1.0 a3 
 1.0 a4 
 } 
NOTE 60 1.0 
NOTE 60 1.0 
NOTE 60 1.0
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Dynamic Target 
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Aligner les ligne de temps de chacun 

Un repère temporel :
Ø des événements partagés
Ø une estimation du temps 

qui passe chez l'autre
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Construire un temps partagé 

tribu de la grande clepsydre tribu du sable qui coule



Jean-Louis Giavitto / STMS umr 9912 CNRS,  IRCAM,  Sorbonne Université – UPMC  & IINRIA MuTAnt project 

Je
an

-L
ou

is 
Gi

av
itto

 / 
ST

M
S 

um
r 9

91
2 

CN
RS

,  
IR

CA
M

,  
So

rb
on

ne
 U

niv
er

sit
é 

– 
UP

M
C 

 &
 IIN

RI
A 

M
uT

An
t p

ro
jec

t 

Construire un temps partagé 

J'émettrai
un nuage rose 

2 litres 
après le nuage rouge

J'émettrai
un nuage vert 
750 grammes

avant le nuage rose

1
2   litres

750   grammes

3

2

3'
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Construire un temps partagé 
1

2   litres

750   grammes

2
3

4

5

1   litres

0,75   litres

0,75   litres
1
2
3

4

350   grammes

400   grammes

1100   grammes
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Extraction du tempo et sympathie des horloges 
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temps fongibles 
ou 

temps incommensurables ? 

time in seconds

be
at

s 
in

 s
co

re


p 
p’ 
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Une seconde par seconde 

$ € 
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Subordonner le temps objectif au temps subjectif 
au lieu du contraire 
•  Les événements partagés ne suffisent pas : �

la durée n’est pas réductible aux instants
–  diviser une durée par deux
–  accelerando
–  le phrasé musical (ex. rubato)

•  Le “taux de change” varie dans le temps et n’est connu qu’après. 
Il se construit avec le temps lui-même. 
–  A-series et B-series, 
–  temps compositionnel hors-temps et temps performatif temps réel

•  Le temps subjectif est utile : la partition est écrite / tempo, pas 
au temps physique

•  In fine, parce que c’est une approche effective : elle permet une 
interaction musicale entre instrumentistes et machine
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Open Score in Antescofo 
•  real-time matching of temporal pattern 

pattern P  
{ 

@local $x , $y , $z 
NOTE $x 
before [0.5] 
NOTE $y where $x < $y  
before [0.5] 
NOTE $z where ($y>$z) & ($z>$x) 

}  

•  dynamic non-deterministic score 
Jason Freeman (GeorgiaTech) Shadows, 2015. 

pitch 

time 

compilation 
& 

on-the-fly matching 
specification 

(including durational properties) 

Real-Time Matching of Antescofo 
Temporal Patterns, Jean-Louis Giavitto, 

José Echeveste, ACM PPDP 2014, 2014. 
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③ REAL-TIME SCHEDULING 
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Embedding audio in Antescofo 

outlet 

continuous
time-driven
(high and periodic sampling) 

(low and asynchronous sampling)
event-driven

discrete 

mixer

gain

$x := 0.75

Curve 
{
    $$x
}

audio reactive

inlet antescofo~ 

continuous
     variable 

discrete variable 

inlet 

Faust reverb

listening
machine events 

tempo 

threshold Patch {
    $$y := mixer(…)
}rewiring 

•  audio effects written in�
FAUST + specifics (FFT)

•  compiled on-the-fly

•  40% cpu improvement�
on the remake of Antheme2

•  new hybrid scheduling

•  sample accurate for�
curve → audio

•  sample accurate for�
audio → control

•  buffer accurate elsewhere 

relative time physical time

buffer accurate sample accurate buffer accurate sample accurate
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④	ARTISTIC APPLICATIONS 
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Yan Maresz Polyrythmic machine in Antescofo 
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Antescofo library  
for totem control 

Marco Stroppa  
… of Silence 

(2009) 



Jean-Louis Giavitto / STMS umr 9912 CNRS,  IRCAM,  Sorbonne Université – UPMC  & IINRIA MuTAnt project 

Je
an

-L
ou

is 
Gi

av
itto

 / 
ST

M
S 

um
r 9

91
2 

CN
RS

,  
IR

CA
M

,  
So

rb
on

ne
 U

niv
er

sit
é 

– 
UP

M
C 

 &
 IIN

RI
A 

M
uT

An
t p

ro
jec

t 

Julia Blondeau  
Phrasé 
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Notation et nécessités du symbole
Dimensions temporelles et écriture de l’électroniqueNotation et expressivité

 Dans cet exemple, on veut décrire un contrepoint 
entre l’alto et l’électronique dans lequel la partie 
électronique fluctue temporellement autour de la partie 
d’alto puis converge vers le « la » joué en écrasé de l’alto. 

 L’écriture est ici assez simple puisque les durées et 
rythmes sont exprimées de façon identique, en valeurs 
relatives et toutes égales. C’est la modulation du tempo qui 
rend ici le geste malléable, tout en étant lié en permanence 
au tempo de l’interprète (variable $RT_TEMPO). 

 Pour les dynamiques, le même principe est employé 
grâce à l’utilisation d’une variable commune à toutes les 
notes ($ampexplo) envoyées au moteur de synthèse. On 
peut ainsi écrire directement une courbe comme on écrirait 
un crescendo sur un partition au lieu d’écrire une valeur 
d’amplitude pour chaque note.
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Notation et nécessités du symbole
Dimensions temporelles et écriture de l’électroniqueNotation et expressivité

 Dans cet exemple, on veut décrire un contrepoint 
entre l’alto et l’électronique dans lequel la partie 
électronique fluctue temporellement autour de la partie 
d’alto puis converge vers le « la » joué en écrasé de l’alto. 

 L’écriture est ici assez simple puisque les durées et 
rythmes sont exprimées de façon identique, en valeurs 
relatives et toutes égales. C’est la modulation du tempo qui 
rend ici le geste malléable, tout en étant lié en permanence 
au tempo de l’interprète (variable $RT_TEMPO). 

 Pour les dynamiques, le même principe est employé 
grâce à l’utilisation d’une variable commune à toutes les 
notes ($ampexplo) envoyées au moteur de synthèse. On 
peut ainsi écrire directement une courbe comme on écrirait 
un crescendo sur un partition au lieu d’écrire une valeur 
d’amplitude pour chaque note.
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Christopher Trapani 
real-time rythmic canon à la Nancarow 
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José-Miguel Fernandez 
gesture-driven synthesis 

IRCAM Scientific Council – 19-20 December 2013 57

Hypersphère, Jose Miguel Fernandez,  
séance de travail IRCAM 26/2/16 

GeKiPe (Gest Kinect Percussion),  
Philippe Spiesser (percu),  
Alexander Vert (composition),  
Jose Miguel Fernandez (RIM) 

OSC or setvar
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FINAL REMARKS 
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José Echeveste, Arshia Cont, Julia Blondeau, José-Miguel 
Fernandez, Philippe Manoury, Marco Stroppa, Gilbert Nouno, …
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PhD students… thanks ! !
J. Blondeau, P. Cuvillier,  J. Echeveste, C. Poncelet, …

Grants!
•  ANR INEDIT (2012-2015) with Grame (Lyon), LABRI (Bordeaux)
•  PERSU Sorbonnes-University (2015) 
•  PHC LETITBE (2015-16) Exchange Program with Ch. Kirsch (U. Salzburg) 

Industrial!
•  Contract with Qwant (2012)
•  Collaborations with MakeMusic (US), Weezic (FR), AllegroIQ (China)
•  Start-up creation by A. Cont based on Antescofo technology�

March 2016. Target: Music Entertainment and Education Industries

Scientific Collaborations!
•  SIERRA & PARKAS (ENS), FLOWERS & POSET (Bordeaux), Inria Chile, 
•  GRAME (Lyon) ... and many more
•  International: UC Berkeley, UCSD, Tokyo U., Nagoya U. Salzburg U., Twente U., …
Community!
•  Antescofo: ~5K downloads since 2013
•  of 150+ users from around the globe
Awards!
IEEE ICASSP Best Student Paper Award in MLSP, 2015; CMR, Best Student Paper Award 2015; Acoustical Society of 
America Best Paper Award 2014; ICMC, Best Presentation Award 2014; French Minister of Industry’s prize for Antescofo, 
2013 (ONFI)

Fundings, Collaborations, Awards, Community 

Julia Blondeau
(UPMC, Since 2014)

José Echeveste
PhD, Defended 2015

http://www.antescofo.com/
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Towards	Greater	Public	

Videos accessible on http://repmus.ircam.fr/antescofo/videos 
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Community 

Antescofo is also:
§  100+ performances with ensembles around the world
§  Community of 150+ users with contributions from around the globe
§  ~5K downloads since 2013
§  Subject to teaching for musicians in Brasil, Seoul, Japan, Montreal, 

USA, Europe… .
§  Subject to massive media coverage thanks to its users:
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Perspectives 

The Augmented Score !
•  temporal scope as denotable value 
•  musical gesture
•  embedding composer specific 

languages (idiosyncrasy)
•  abstraction
•  durative vs continuous�

computations

Next Generation of IMS !
•  offline and online score analysis
•  offline and online score scheduling
•  real-time score execution �

at sample accuracy
•  extensible-, distributed-architectures 

for interactive music systems (ex.: 
VST, RTAS, audio plugins)

Digital Preservation
•  compilation

Beyond Music!
•  cyber-temporal systems: exploring 

other highly timed interactive 
scenarios (Robotics, Domotics)

•  Programming with Perceptual 
Concepts

•  other sensing devices/listening 
machines
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P

Le calcul : fonction, processus, interaction



Jean-Louis Giavitto / STMS umr 9912 CNRS,  IRCAM,  Sorbonne Université – UPMC  & IINRIA MuTAnt project 

Je
an

-L
ou

is 
Gi

av
itto

 / 
ST

M
S 

um
r 9

91
2 

CN
RS

,  
IR

CA
M

,  
So

rb
on

ne
 U

niv
er

sit
é 

– 
UP

M
C 

 &
 IIN

RI
A 

M
uT

An
t p

ro
jec

t 

http://repmus.ircam.fr/giavitto


