


Info

* Antescofo on the IRCAM forum (register, it's free):

forumnet.ircam.fr
— user Forum page (community/User Groups/Antescofo)
— download page (Product/Antescofo)
* the antescofo~ object for PD (Mac, Linux): free

* the antescofo bundle for MAX/MSP:
object + examples + tutorials

— latest full forum release:
— latest object:

e Documentation:

— on-line: support.ircam.fr/docs/Antescofo/manuals

— static HTML files:
support.ircam.fr/docs/AntescofoAntescofoDocHTML.zip
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Cyber-temporal systems:
computing time in real-time

* from: physical entities >pﬁ§2§al >m
monitored by algorithms systems
-

* to: temporal relationships
sensed and produced by algorithms

cyber-
temporal
systems

* example:  Interactive music systems
Antescofo

 notionS of TIME:

* 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



An example of cyber-temporal systems :
Automatic Accompaniment in Antescofo

Concerto pour main gauche, Ravel.
Performer: Jacques Comby
Orchestra: recording Orchestre de Paris synchronized with Antescofo in real-time




Tesla ou I’effet d’étrangeté Julia Blondeau (2014)

alto: Christophe Desjardins, real-time electronic: Antescofo



ODE/ (performance Les Nuits Sonores, Lyon, 2014)

Odei

Improvised electronic music with Antescofo

R



Ant-&ssss:-q:( sf@
fi\? // listen
| :?;15 recognize

Real-time synchronization [7-1

of electronic actions
with the musicians performance — = —/

<< << ¢

react




Antescofo Listening Machine

A “Language Approach” to IMS

Antescofo DSL

Authoring time:
* composition

* computing “time”
(as in computing “integers”)

Author (composer)

-

« read »

Analysis/ p_ eﬁ@n

Authoring time in real-time

(live coding)
write
AL
| | h
« eval » K« prlnt »
interactive scenario
open score, virtual writer

score...

pretty-printing

reader
parsing

Acquisition

interactive piece
mixed music,
time-art,

Interact

Musicans
(& audience)

Y

Synthesis,
rendering

authoring interaction :
* performance
* computing in real-time
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o MIDI/ Control
Improvisation

Physical Models

More than 100 Creations
New York Philharmonics, Chicago Symphony, Los Angeles Philharmonics, Berlin Philharmonics, BBC Orchestra...



in Max/MSP

antescofo~

Anticipatory Score Following

Follower demos:

open an audio file
play/stop current file

T

g turn follower on/off

W
r antescofo-mess1
-

|

@ JL

double-click the sub-patches
p Input/Output below to learn about each topic

http://repmus.ircam.fr/Antescofo/ Audio Performing

@ For full functionality
OverDrive must be
ON in DSP Status.

w stop Antescofo

actions on REWELPE ()]
actions off launching actions
killall kill all actions

play use Antescofo as a
0 sequencer and
: change tempo
tempo $1

p InputObservation [ p PerformanceControl
Score Browsing p PedalOption p Sequencing
. Calibration p AdvancedControl

previousevent Scorin Misc.

previouslabel p ScoreLanguage p MIDI-Listener
p sounds

T p ActionLanguage
p Lal lenu
= p ScoreLoading
p ReadMeLast
Tempogram (BPM)

startfromlabel $1

Advanced Controls  Printing

verbosity $1
analysis 2048 256

p dispatch
-
0

Event Real-time
Number Tempo

Lo mesure238

Event MIDI Pitch  Position in
Label beats

Ircam
=== (entre
Pompidou

0.0013 0.

Velocity Anticipated
Duration

|F/\ J
prepend setvar $x
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Simple patches

midi detection audio detection

'simulation' mode :

antescofo~ @outlets midiout

. antescofo~: Event Recognition MIDI
tempo message Output: [pitch velocity]
tempo

Antescofo tutorial = SMC 2016, Hamburg / Jean-Louis Giavitto, RCAM — CNRS — NRIA MuTAnt 11



Antescofo interacts with Max/PD through messages

P | I

CTET IE e )
start |l stop ﬁ route harm ouldb

:
antescofo~ @outlets midi
1
=
— T

1

1

1 ’
-,

S C—

- ;
A
1
>

HEE e measure 1 beat 0.00 ——

receive~ fromadc

TRILL (7900 8000) 3 premiertrille

1 action-1 bang ; wait 1 beat to bang action-1

2/3 action-2 0.1 ; wait 2/3 beats after action-1 to trig action-2
1s action-3 hello ; wait 1 second

333ms action-3 hello ; wait 333 milliseconds

action-1 bang ; don’t wait

NOTE @ 5/4

j —————— measure 2 beat 4.00 ——————-

NOTE Eb5 1/4 mesure2
harmonizer harm -1200, outdb -3 ; set harmonizer on here.
3/4 harmonizer outdb -96 ; .. wait 3/4 beats and turn it off.

NOTE 62 1/4
NOTE 7100 1/4
MULTI (56->62) 1/1

Antescofo tutorial — SMC 2016, Hambourg / Jean-Louis Giavitto, IRCAM — CNRS — INRIA MuTAnt
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in PD

Antescofo_Composer_Tutorial_Part_I
Boulez' “Anthemes 2 (Section 1) ReMake e ]
Prepared by Arshia Cont, ICMC 2014 declare -path A251-Samples|

ALl in cne:

open AZ-Simulations/Diego-Tossi_Sectionl.wav, 1(

[open A2-Simulations/Michael-Barenboim Sectionl.wav, 1[ [score 02_tuto_secI.score. txt[

[open A2-Simulations/Hoe-Sun_Kang-Sectionl.wav, I%tep by Step:
@_( score aZsl_oneharm.asco.txt[
score aZsl_har‘ms.asco.txt[

'score aZsl_fregshift.asco.txt [

send~ violin =

_ score aZsl_samplers.asco.txt(

start -
pd credits

stop 1- Choose Sceore
2- Turn audio on

.A-
[j 3- "Start’ Antescofe
ascograph open

[Feadsf~

4- Choose Audio and simulate
Eascograph °"E Open AscoGraph and study each score!

antescofo~ Boutlets midiout| pd ____ DSP____

: Event # \Q HHHHHH
[: 4< Even . outut6~
[ )<t real-time tempo dB

[print Annotations:| Stereo E]

symbol << Current label

Antescofo tutorial — SMC 2016, Hambourg / Jean-Louis Giavitto, IRCAM — CNRS — INRIA MuTAnt
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The Antescofo aproach (to mixed music)

* An augmented score Is a real-time program
— the composer is a programmer that specifies bith human and electronic parts
— program evaluation is done jointly by <musician | machine=>
— the composer specifies the synchronization between human and electronic parts

* The listening machine provides the inputs to the machine

<musician | listening & recognition | strongly timed program:

 BUT music interpretation is not program evaluation
the gap between the score and its iImplementation is intentional

* Time is a first class entity in the DSL

time is not an operational property (e.g, a quality of service or a performance metric)
handling of events and duration

chronometric and relational time

computing dynamic timelines



Community

\ ORCH
-~ % ESTRE
S gymphony ‘_‘ é D E
7 rchestra L~ T
/ BERLINER W A PHIL Bl Bis= N
T

won® PARIS

PHILHARMONIKER

Antescofo:

* |00+ performances with ensembles around the world

= community of 50+ users with contributions from around the globe

= ~5K downloads since 2013

" teaching for musicians in Brasil, Seoul, Japan, Montreal, USA, Europe... .

" massive media coverage thanks to its users:

fe Nionde E=ETZEAélérama LiRecherche Usbek & Rica LesEchos
nNach . Slnuwhall).ul\ TED ;
AGENCIA CUBANA DE NOTICIAS CULTURE IS 3

[LES FONDAMENTALES («l]l‘ - IBIE
I 5?555 New ork” ‘ m"”

Cimes




Programming
temporal & Interactive Scenarios

Antescofo Quick Tour



The Antescofo DSL

* Interleaving Musical Events and Electronic Actions

— musical events specified by the composer and performed by the musician

— electronic actions performed by the machines SR (5 b A § S bl
. . . abort SoloProc
— the listening module ensure the coupling of the two jabort Echrrenb
solo_lvl_ech2 0. 500
. solo_num ech 33
! MUSIcaI Events zzi:;PiZEEC:g:;:i;tF 0.05s, @action := solo_lvl_ech $ampEchT 10
{$ampEchT
— basic note (pitch+duration) £, 103 torpe quad
16 { 0.9 }
— containers , & 403
}
* Actions

— Program constructions

* group, forall, loop, if, whenever, curve
* process, actors
* pattern, track, ...

* continuations

— Data Structures
* int, float, string...
* vector, map, him

» function, process, actor, coroutine

pattern P { -3
@local $x, Sy, Sz
NOTE $x

BEFORE[0.5]

NOTE $y where $x < Sy
BEFORE[0.5]

NOTE S$z where (Sy > $z) && ($z > $x)




(Thomas Coffy, Grieg Burloiu)

An augmented score in Ascograph

JBLO macroDef.asco.txt

n @ Tempo (BPM): 120 TeslaSOLO.asco.txt
BPM 48

;NOTE
——————————— mes --- beat
G3 1/8 mesi
C#4 1/8
D3 1/8
Bb3 1/8
TEMPO OFF
E6
synth @target {mes2}
{
SPAT2 xy 0 -1
ASCOtoCS_SYNTH_L("g1",50,0.,8,0.25,88,0.,0.2,5,2)
ampG1 @grain := 0.05s, @actlon := ASCOtoCS_SYNTH_L c gl.amp
{ { 0. } @type "cubic"
2 {0.2}
{ 0.1 } @type "quad_out"
{0.04}
= v B eove Y o e T
oup synth - [ ] e [ ] L] 0.0 =
o orch TR ve Gaction o= ASCOTOCS_SYNTHLL © g1 tempater
{ { 0.} @type "quad”
2 { } @type "guad_in_out"
4 {0.}
}
N delmG1 @grain := 0.07s, @action := ASCOtoCS_SYNTH_L ¢ gl.multidel
o
Iad oo 7] {
® { {0.2}
3 { }
O g itz , (0.2}
® [ ]
freqG1 @grain := 0.08s, @action := ASCOtoCS_SYNTH_L c gl.freq (@midizhz(
{
{ { 88 } @type "quad"
o v E {87. }
Curve t8F ¥
;
}
3 orch
oo — 1 oow W :
[ ] el L num_ech 4
Ll L ) Wweos PlayEch start
EE=N 1vl_ech 3 50
Spat9 @grain := 0.07s, @action := SPAT9 xy
{ To= Sl T
cure 7] 22 {0 -1}
2 {1-08}
° }
4 1lvl_ech
Cure 72V ’
- ee TEMPO ON
Group syntFoint=W s TN
Curve W Curve @mA¥F Bb3 2/3
V Ci#6
AS 372
. TEMPO OFF
Curve 79| ’ G#6
SPAT10 xv

— INRIA MuTANt



/#Please keep in mind that brief letters of
ted BPM: 120 praise, even from famous people, will not be
ion in score (in beats): 0 of much use
ted Pitch: 0 Score for P. Manoury's String QuartetVol

Daniela-1

*/

BPM 72

@INSERT "macros_def.asco" ; definition des
fonctions et macros

VARIANCE 0.2

; deltas_pm.pgm 2
; TEMPO OFF
antescofo-mess temposmoothness 2.9

HE
; SPAT INIT

3 kRO

spatl_dist 1
spat2_dist 1
spat3_dist 1
spatl_pres 90
spat3_pres 90
spat2_pres 90

fx_pgm 1 ; maintenant programme
1 clear matrice FX

syn_voices 1 flush 1;

turn notes off

syn_voices 2 flush 1;
turn notes off

Bsyn_voices 1 flush 1;
turn notes off

Bsyn_voices 2 flush 1;
turn notes off

iyn_voices 2 82 Jyn voices 2 90 100 @0(3.5) read_traj3 de |1 leslie rate 12.0, 0.0 eo(4) print "Part 1"

" _ o : .0, 0.0 eb(4)

<\ yn_voices 2 90 100 8b(3.5 ﬂ 1 leslie rate 12.0, 0.0 obs_gate 1 ; antescofo
: sompler2 play  lyn voices 1 xvend -6 100 | | input ON

ead de auch : : olay antescofo-mess nofharm 10
; was 5

antescofo-mess analysis 4096 512
; ici messages initialisation si

besoin
; PFWD pm4_m24x24_pgm 9

4mc_clear bang ; matrice

AAAAAA
|Operation complete




Antescofo Quick Tour

EVENT SPECIFICATION
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Event Specification

-

e (O Lo 50

(NOTE)—' pitch |—| duration |—| event attr. }

Crn )
[

iz )—(0)

duration |—| event attr. |—/

->

multi a

J @—l duration I——| event attr. |/

duration |—| event attr. |—/

O (O amrevion H v e ———

CEVENT)—' duration '—I event attr. I J

Pitch Specification

Ned

( inteder )

()

QORQOOE

(7 int (midi or midicent) ‘) I
float (midi or midicent) )—j

>— integer |}

-integer

=y
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Notes and event containers

note
and chord

trill

trill = set of notes to be played repetitively in any order

glissendo
of chords

multi = sequence of events to be played in the given order

glissendo
of trills

«_
"

60
N—
/=60
h‘mvww o
e —
.) —

BPM 60

NOTE C4 1.0

CHORD (D4 F4) 1.0

NOTE @ 1.0 ; a silence

NOTE G ® ; a grace note with duration zero
0

4 0.
NOTE F4 2.

TRILL (A4 B4) 1.0
NOTE 0 1.0 ; a silence
TRILL ( (C5 E5) (D5 F5) ) 2.0

MULTI ( (F4 C5) —> (D4 A4) ) 4.0

MULTI ( (C5 G5)' —> (D4 F4)' ) 2.0
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Event specification

C. de Coudenhove
=60 j
J . moltorit.. . — a tempo arco
& pizz. PN
\ b = 3 )
Violon < 2 o - y -~ L g
D)

import MusicXML file

* through Ascograph
* http://forumnet-dev.ircam.fr/antescofo-converter/

BPM 60.00 ; commentaire
NOTE @ 1 ; note @ : a rest. A good advice is always to start with a rest.

} ————————— measure 1 beat 0.00 ———————— this is a comment. importing XMLs in Ascograph allows
to print such comments at the beginning of each bar.

TRILL (7900 8000) 3 premiertrille ; a trill btw 2 notes - « premiertrille » is a label
NOTE @ 5/4 ; 1la durée du silence peut étre notée aussi : 1.25

 ——— measure 2 beat 4.00 ————————-

NOTE Eb5 1/4 mesure2

NOTE 62 1/4 ; notes can be written in MIDI format

NOTE 7100 1/4 ; notes can be written in midi cents, for microtonality
MULTI (56->62) 1/1 ; multi is useful for glissandi

NOTE @ 7/4 @fermata ; @fermata is an attribute
; ————— measure 3 beat 7.00 ————————-

NOTE 7500 1/4 mesure3 @fermata
NOTE 6200 0.25
NOTE 7100 1/4
NOTE 7200 1/4

NOTE 7700 1/4 Antescofo tutorial — SMC 2016, Hambourg / Jean-Louis Giavitto, IRCAM — CNRS — INRIA MuTAnt
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Antescofo Quick Tour

ACTIONS
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MAX/PD message

Attributes

Atomic Actions 1 r
N—] OSC message —
. N— file writing —
* assignment
~— assignment e
* messages (Max/PD, OSC) u °
termination |—]
e command (e.g,abort)
N internal command -
N~ assertion |——

Compound Actions

}—%{ processus creation )%-\

/—<If (H exp
(—( Switch ( )—' exp l—@

container for sequence of actions ——(_optect creation )}——
- N [ \
{ @grain 0.1s Loop 7
print hello @action draw SNOW Py
print beautiful {
2.0 print world Sy { {03} 4s{2.4}}
. /U ) /
C
4 ) )
loop 3.0 whenever ($y > 3.0) \‘| Attributes |/ )
{ {
print "loop" print $y "greather than 3" L®—{ Action Sequence F@i
} during [6#] } C
\. J

\‘| end clause |/




Group * sequential autonomous thread of execution
* shares some resources (e.g, local variables)
* implemented efficiently by a coroutine
* corresponds to a timeline with a specific time

Note C3 1.0 * passing of time defined wrt another timeline
Group Gl
{
G1 ) 1.0 ‘
J CS/\ 64/\ musician
Group G2 N N\ > timeline
| G2 ex
} G2 |
0.5 Group G3
{
3 G3

} G4
0.5 Group G4
{ 05 0.5

G4

}
Note C4 1.5



Loop: iteration of a group

Loop p p p p P o S
{ loop body
0p bocy loop body
} loop body :
. loop body
Period: :

* dynamic (may changes in time)
* relative (in beat) or absolute (second)

Optional loop termination:
apply also for each compound action

* logical condition
e until ($x > 10.33)
* while ($x <= 10.33)

* duration
* during [3] (duration in beat)
* during [3s] (duration in second)

* during [3#] (logical duration = 3 times)




Curve
« scalar/vectorial
« Action to do at each sampling point: @action
« Action to do if killed: @abort

apply also for each compound action

« Sampling: @grain:

* dynamlc (may changes In tlme) graphical edition in Ascograph
* relative (in beat) or absolute (second)

BPM 60
NOTE © 1.0
NOTE C4 1.0 eventl
curve C
@action := { print $x Sy } ,
@grain := 0.1
$x, $y
{
{ 0. 0. } @type "linear"
1 { 2. 5. } @ype "linear"
2{4. 0.}
}
}
NOTE D4 1.0
NOTE E4 1.0

CHORD (F4 A4) 2.0  event2
abort C




Example of abort handler

Curve C
@grain := 0.5
@action := { print "curve: " $x } print:
@abort := { print:
print "Curve C aborted at " $x print:
Curve AH print:
@grain := 0.3 print:
@action := { print "handler curve: " $x } print:
{ print:
$x { {$x}r1{0.0}%}} print:
} print:
} print:
{ print:

$x { { 0.0 } 10 { 10.0 } 10 { 0.0 } }

}

curve:
curve:
curve:
curve:

Curve Aborted at
curve:
curve:
curve:
curve:
curve:
curve:

handler
handler
handler
handler
handler
handler

5

e

1.

bort
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Interpolation types... tweeners
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Whenever:
performing a group each time a logical condition is true

Note C3 2/3
whenever ($X > 0)
{
L
}
Note C4 |.5
$X $X:=3
i
0—— -
|
I
|
|
C3a c4
®, @,
| L L L
L




react to
“temporal regular expressions”

TEMPORAL PATTERN
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Real-Time Matching
a Temporal Pattern

pitch

|— time

Real-Time Matching
of Antescofo Temporal Patterns,
J.-L. Giavitto, J. Echeveste,

ACM PPDP 2014, 2014.

pattern P
{

@local $x , Sy , Sz

NOTE $x
before [0.5]

NOTE Sy where $x < Sy

before [0.5]
NOTE Sz where

}

(Sy>S$Sz) & ($Sz>$x)

compilation & on-the-fly matching

whenever ($PITCH) A
@local $x
$x := $PITCH
whenever ($PITCH > $x) {
Q@local 3y
$y := $PITCH

} during[1#

ﬁg IR= #ﬁ

temporal :
patterns

[

________




3 versions of the « gong example »
interleaving recognized events and actions

A classic midi to hz convertor
@FUN_DEF midicent2hz($X) {

440.0*% @exp( ( ($X/100.0)-69.0) * @log(2.0)/12)
}

@MACRO_DEF Gong($NAME, $F0, $DECAY )

{
print gong| $RNOW

SNAME @midicent2hz($F0) @exp(-0.2%1.0) $DECAY (@midicent2hz($F0)+5) @exp(-0.2%1.0) $DECAY (@midicent2hz($F0)*2.54) @exp(-0.2%2.0) ($DECAY#2.0) (@midicent2hz($F0)*5.57)
@exp(-0.2*3.0) ($DECAY*3.0) (@midicent2hz($F0)*5.9) @exp(-0.2*3.0) ($DECAY*3.0) (@midicent2hz($F0)*8.5) @exp(-0.2*3.0) ($DECAY*3.0) (@midicent2hz($F0)*8.9) @exp(-0.2%4.0)

(SDECAY*4.0) (@midicent2hz($FO)* 12.7) @exp(-0.2%4.0) (SDECAY*4.0) (@midicent2hz($F0)* 14.57) @exp(-0.2%4.0) (SDECAY*4.0) (@midicent2hz($FO)* 17.4) @exp(-0.2%5.0) ($DECAY*5.0)
(@midicent2hz(3F0)*21.1 1) @exp(-0.2¥5.0) ($DECAY*5.0),0.25

}

NOTEO 1.0

NOTE 70 0.125 Measure |
NOTE 72 0.125

NOTE 70 1.0

@Gong(ds_|, $PITCH-2400, 1.0)

NOTE 70 0.125
NOTE 72 0.125
NOTE 70 1.625

@Gong(ds_|, $PITCH-2400, 1.0)
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3 versions of the « gong example »
whenever analysing the output of the listening machine

@pattern_def pattern:motif

{
@local $x, By, $z
NOTE $x
NOTE $y where $x < $y
NOTE $z where $z < $y

whenever pattern:motif

{
}

NOTEO 1.0
NOTE 70 0.125 Measure |
NOTE 72 0.125

@Gong(ds_I, $PITCH-2400, 1.0)

NOTE 70 1.0
NOTE 70 0.125

NOTE 72 0.125

NOTE 70 1.625
NOTE 69 0.125
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3 versions of the « gong example »
whenever analysing an external signal (sigmund~)

@pattern_def pattern:motif

{
@local $x, $y, $z
event $sigpitch value $x
event $sigpitch value $y where $x < $y
event $sigpitch value $z where $z < $y
}
whenever pattern:motif
{
@Gong(ds_I, ($sigpitch*100)-2400, 1.0)
}

. receive~ input
% e ? loadmess open Ravel_Sample.asco.wav

el
s score ppdp_score3, start A
sigmund~ @npts 1024 @hop 512 @maxfreq 10000 note env PPap_ ’ | ey N
1 .

bo. ~—
rcpend sigich —
antescofo~

prepend setvar
*

=)

(=)



back to the language

EXPRESSIONS
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Expressions

 Values

int, float, bool, string, symbol..
tab, map, continuous symbolic curve..

functions, processes, actors..

* Operators and predefined functions (more than [90)

@sin (), @exp (), @random (), @score () ...

* Imperative Variables

— system variables: $SRT TEMPO $NOW $RNOW S$TEMPO $PITCH,

(first-order wvalues)

etc.
— history
[ 3# ] . $X Sv undef | 43 52 53 49
timestamps
[3]:9x in beats 00 | 10 | 25 | 40 | 55
3] :5x timestamps
[3s]:3 e 00 | 23 | 42 | 59 | 75

— @date ([3#] :5x)
Qrdate ([3#] :Sx)




Structuring Computations

* Macros
textual substitution (before parsing)

* Functions
Instantaneous evaluation

* Processes
parameterized sequence of actions

* Actors (~ concurrent object)
— encapsulates a state
— methods (both actions and expressions)
— reactions
— broadcast

 Functions, Process definition, Actors definition,

running processes and running Actors

are first class values
they can be argument of a function/method/process call or an actor instantiation



Functions

@fun_def @rational($x) { @rationalO($x, 2) }

@fun_def @rationall($x, $1i)
{

@local $n x, Sr_x

$n x := @floor($x)

$Sr x := $x - $n x

if ($r x < 0.125) { return [$n x, 1]
else
{

$ir x = 1.0 / $r_x

if ($1i == 0)

}

SY[01]

{
$nir x := @round($ir_ x)
return [$n x * $nir x + 1, $nir x]
}
else
{
Sy := @rationalO($ir x, $i-1)
return [Sy[1l] + $n x * $y[0],
}
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Process

abstraction
@Proc_def ::Tic($x) A
$x| print TIC
+
@proc_def ::Toc($x) {
$x print TOC
I

@proc_def ::Clock($p, $q) {
computed call A)T

higher-order process,
genericity

$p (1) ‘ recursive call
$ q (2) there there is no
3 - ClOCk($q, $p) terminal case but a delay

}
Clock(}: : Tic,| : : Toc)

argument
passing




generative process “a la P. Manoury” in “real-time”

LINDENMAYER SYSTEMS
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Grammatical model of Morphogenesis

Growth of Anabaena Catenula

* Asymeétric division: one cell is smaller than the other

* Cell are polarized (left or right orientation)

a —-> aB
A -> bA
b -> aB
B -> bA

LIGC’ 09 Florence
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Codage d’ une plante &

LIGC’ 09 Florence

e On peut coder une plante par une chaine de
symboles parenthésés.

e Un symbole représente une partie
élémentaire de la plante (entre-noeud,
méristeme, feuille, inflorescence)

A e Les parties entre parentheses représentent
un sous-arbre (au sens informatique) = une
sous-structure

e Conventions particulieres pour représenter
I'axe principal, etc.

[AJA Al[A]l [AJ[AJA
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A good example of declarative formalism: Lindenmayer systems

P. Prusinkiewicz

The structure of a tree can be coded by a
string of parenthetised symbols

A symbol is an elementary part of the plant

The symbol between [ and ] represents a
sub-tree

Additional conventions are used to
represent main axis, orientation, depth,
etc.

A rule

Sg—> 515, S5 ...
represents the evolution of s,

45



Process as token, process call as derivation

/>l<
2 > Ab @proc_def ::a($depth, $duration, $note)
A - ba {
b->B if ($depth > 0)
B> aB {
@local $dur
a — .
Ab $dur := $duration/I0.
ba Ab
B Ab ba B mnotel $note 120 $dur
(3 * $dur)
a = bang(0.1) 0.2 A(0.3) 0.2 b(0.1) bang(0.1) ::A($depth - |, 3*$dur, $note)
A = bang(0.1) 0.1 b(0.3) bang(0.1) a(0.3) (5 * $dur)
::b($depth - I, $dur, $note)
b = 0.3 bang(0.1) B(0.5) bang(0.1) $dur
B = 0.25 bang(0.1) 2(0.25) B(0.4) mnotel $note 120 $dur
y )
}
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Process as token, process call as derivation

print "ONY VA"
::a(5, 4.5, 56)

+=>
print DONE

/I Create 20 such processes with random arguments

_ = [ma(2+@rand_int(3), 2+@rand_int(5), 54+@rand_int(6)) | (20) ]
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A glimpse into Yan Maresz

POLYRHYTHMIC MACHINE
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Yan Maresz Polyrhythmic machine in Antescofo

max console

H
t
2

PRTMENGINE polyplay 48 1
PRTMENGINE polyplay 49 1

PRTMENGINE polyplay 50 1

PRTMENGINE playerEngine 0 pitch maths 0.6 1000 1. 0.
PRTMENGINE playerEngine 0 trans seq_fwd 0
PRTMENGINE playerEngine 0 vel echo_fwd mp f 1.
PRTMENGINE playerEngine 0 dur speed 0.95
PRTMENGINE playerEngine 0 pan scale 50. 2000.
PRTMENGINE playerEngine 0 chan voice
PRTMENGINE playerEngine 0 div seq_fwd 1
PRTMENGINE playerEngine 0 ghost seq_fwd 0
PRTMENGINE periodOperation 0 maths 1 1000. 0.5

32345678 9101112131415161718192021222320

drgessasooanggguRpLENy

- RN ¢
H &
fLGESeevaneune

uuunxfxx_uu xunsux 00000000000000000000000000]
L I

L|m PRTMENGINE metroModeSignal 1
s PRTMENGINE keepOriginalPitch 1
» PRTMENGINE nb_pulses 9.
» PRTMENGINE tempo 60.
- PRTMENGINE barResolution 4.
MSkS Prasels) Stmpas - PRTMENGINE transpMode Float
w - 'u- oset u PRTMENGINE globalTransPulse 0.
N B l o x| P o PRTMENGINE globalTransPatterninterval 0.
(o ] vy 2oy [ souties & PRTMENGINE globalTransPatternID -3.5
A Pich incépendant L] PRTMENGINE gains 127
o PRTMIANA Manual 1
base  Barresol  Request » PRTMENGINE engine 1 i
ﬁ 3- Hoeo ool « soceo v PRTMENGINE playerEngine 0 trans alea -0.35 -0.3-0.2 0 0.2 0.
Puse  Bar: Boat » PRTMENGINE nb_pulses 9.
| s _ o PRTMIANA Manual 1
100
A
8 06 © Testinterface-1d (presentation)

Engine Global Transposition
St smmc  Nopuses Tempo  Barmsokson [ 010 8y puse
Options

[[50] simsse oo . By et 1, e sia
[ 1 [m———— oot base
5] g i (i) fiowa) [790)
[ LS - T ]




An polyR object

@obj_def polyR($period, $subperiod)
{
@local ...
@init{ ... }
@broadcast sync_all_loop() { ... }

@proc_def change_period($np) { ... }
@whenever ($fire)

{
Loop $period

{
Loop ($period/$subperiod) { ... }

}
@init { ... }
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An polyR object

// state and evolution function of the loop
@local SmyPitch, S$myDur ® eee
@local S$nextPitch, S$nextDur ; ...

Qinit

{

let
let

°
I

let
let
let
let
let
let
let

SmyPitch := 60
SmyDur 50

SnextPitch := @nothing(STHISOBJ)
SnextDur := @nothing(STHISOBJ)
Speriod := Sper

Ssubperiod := S$subper

Sactive := false

S$localLoop := 0

SinnerLoop := 0
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An polyR object

@whenever ($fire)

{ @init {
Scpt := 0 print start S$THISOBJ SNOW
$subcpt := 0 let $fire := true

abort $localLoop

$localLoop := {
Loop $period

{
$start body := $NOW
Scpt := Scpt + 1
if (Sactive)
{
abort $innerLoop
print "start L" S$NOW
$innerLoop := {
Loop (S$period/$subperiod)
{
Ssubcpt := $subcpt + 1
let $SmyPitch := $nextPitch($myPitch)
let $SmyDur := $nextDur (SmyDur)
toMidi $myPitch $myDur S$SNOW ; ...
}
}
}
}

} Antescofo tutorial — SMC 2016, Hambourg / Jean-Louis Giavitto, IRCAM — CNRS — INRIA MuTAnt
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An polyR object

@broadcast sync all loop()
{

Sfire := true

}

@proc def change period($np)
{
abort SlocalLoop @NOREC
(Sstart body + $period - $NOW)
let S$period := S$np
let Sfire := true

}

@method def change nextPitch($f)

{
SnextPitch := S$f(STHISOBJ)

}

Antescofo tutorial — SMC 2016, Hambourg / Jean-Louis Giavitto, IRCAM — CNRS — INRIA MuTAnt
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An polyR object
@fun_def nothing($obj, $val) { return $val }

let Sobjl := obj::polyR(6., 3.)
let Sobjl.Sactive := true

@fun_def iterate pitch($pitchlList, $obj, $currentPitch)

{
return S$pitchList[$obj.S$subcpt % @size(SpitchList)]

}

15
print changePitch
_ := $objl.change nextPitch( @iterate pitch([60, 66, 63, 59, 55]) )

4
print changePeriod

= $objl.change period(4.)

13 antescofo::killall
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Trace of a program execution

print start 4 0.0 print changePeriod
print "start L" 6.0 toMidi 59 50 20.0
toMidi 60 50 6.0 toMidi 55 50 22.0
toMidi 60 50 8.0 print "start L" 24.0
toMidi 60 50 10.0 toMidi 66 50 24.0
print "start L" 12.0 toMidi 63 50 25.3333
toMidi 60 50 12.0 toMidi 59 50 26.6667
toMidi 60 50 14.0 print "start L" 28
print changePitch toMidi 55 50 28
toMidi 66 50 16.0 toMidi 60 50 29.3333
print "start L" 18.0 toMidi 66 50 30.6667

toMidi 63 50 18.0

Antescofo tutorial — SMC 2016, Hambourg / Jean-Louis Giavitto, IRCAM — CNRS — INRIA MuTAnt
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Times in Antescofo

multiple time(s)

« tempo extraction

 from triggers to synchronization
* the interpretation problem

« time-time diagrams



times in Antescofo

MULTIPLE TIMES
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Instant and Duration: Simultaneity, Succession ¢ Permanence

while, during before/after from/to
instant  duration |
simultaneity succession permanence

process algebra

\ [non—simultaneity [non—permanencel \

> 4

[succession }

AL

synchronous
|angu ages [ non-permanence ]

[ non-simultaneity J

its not simultaneous to

témpprized
MY permanence} {simultaneitg

Its not , fter
=» so, its lasts

[ non-succession J [ non-succession }




A Score

* Instantaneous events — |
(e.g. the onset of a note) e =

Do . e . ," a’! ’
e e T

161 < g 3 [— —
— —— 9 - i

% Ve e = e Par——N 3
—_— 4

e events that last i

(duration of a note) o e U | ey Falt

* continuous change of parameter (movement, gesture)

— frequency
— ambitus

— sound localization

— etc. Ig
etc -.«- ..\Y\HE

22 23 2% 25" 26'



Nachleben Julia Blondeau (2014)

i T

M LT 1T mm | ™ » pa]
. — +|fall
I B 2
< ; .
nwh m o1 Hny
% I ]
h\ﬁ < \wwL M.V e I i MJ
b = T N 3
£ "’ g £
ql = ™ 2 @
el < —_H =
N & JaL 35 X
e <
5 Y = X -
X1 unm = Py M
ik .
& 7 Y 1
|2 S bl ] ‘Hﬁ/\ ===l L
G = g
L S R M b 2 u
al J.M. -5 = ¥ R —
| HE| RN i e
YHE | B £ 173
il U h
L,,rm_ ek
- &
+ | o
& _ n
Wl = XLl R Bl 14f ] ...“—
= H_ P - -
Ao 9 K
_ mpl - LA N x;
Wl g RS
+ .1_ .LL‘ Jray ¥
A.} —= CHAY B
gy = A Nl “
h\m_ : _ ﬂ IR ]
S 7l -]
i m Af\ Tk VM w
X[l © & [Bany 3
N kY
{ E LYAS R H
i il Wl
q (
| ) J
= v \gH / 2
B T {1l
5
ol
o fl . o }JC] w,
o, L . L
sl o RS AL
ol 8 ETIIIE)
Ammwv \ Anuvv AT
Wil i 4 n
A = it/ ) 3
Gl - | 4 [
N o = Q ~
y m Ar | A &
.. > | g
Rad . N &
VIl i 8 N
i 7 [l £ . L _4
“w o Wl = FE| [ ] [~
rmj . = rW -Lw o .m\v PN =gy <4 1.
2 ° g s 2 N s
ylEe] WL el — NI IBEVE
IR i ¢t 25 y
NS o 55 I ¥ .S EZ
s & in IV} Sy A 2E TG ” §
F S w./m. W A5 Ed \ L had
N \all £
~\ MJ s g DA S ’I x| 4 .A MA
£33
/ %6 1 47171~
— | K o .
A %.ﬁ ] - h#:L A
/ _ il L1
/
( - b b
.vw\ 5 pamid b= .
g @t~ M L — | L sg~Irl4 4
ﬂwm_m_m,v \L od 1.‘
K "
® Q| TH - ] <4
\ @ .\HA_ <
{ | .nn uﬂ ~
A AN AL mmu,
2 <
v M e 45 A 2
AEY :m TR .IL*_ k * o ;wl.l )
& % %
?L Slall N RS 3 Fi& M
T T i T | RE e °lx
i fean N LI
o : K
K i
Ex ey B k3l
il T
A#\L ol | i SuE i
T
W/uIAQHVV & I
o]
4]
=P N NOs Nassundlais andiviny it ol nsndli) P
& o S o £,
w > 38
a W
o



Nachleben, Julla Blondeau (830
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Can we deal with instants only?
=» duration as a set of contiguous instants

* evenemential-time
Versus
* the fluxion: continuous passage of time
— going twice faster
— finishing together
— accelerando
— rubato
— tempo
— etc...



Can duration be reduced to instant?
(in temporal logic)

O

on

off

S
P

, ime
doing real analysis and topology
or
making instant and duration
primitive notions




Multiples (ways of denoting/managing/handling) times

* A unigue time : an external, observable, privileged clock
— events occurs in time
— Newton: fongibles temporal unit

— (partially-)shared, prescriptive, normative time

* multiple times : co-dependant plurality of times

— events define time
(Bluedorn: epochal time is defined by events)

— Leibniz: relationnal time

— Examples :

* «time layer » in a score

* relationships between the score
and its performance

* co-construction during the performance
by the ensemble of musicians




Example of relational (event-specified) time
Roman notions of summer hours and winter hours




times in Antescofo

FROM TRIGGER TO SYNCHRONIZATION
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Tackling the interpretation problem in mixed music g
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o ( (|\| electronic musical
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whole mixed performance



The Multiples Times of Temporal Scenarios

S0~0~0—0=0=0]
:




Notice the difference with...
beginning of Antheme2 score, P. Boulez

acoustic

electronic

Trés lent J = 92/98, avec beaucoup de flexibilité
/ sul tasto
!
Violon (el
Spatialization
/ 4 Harm.

Spatialization F -17/-15/-17/2.0 «

4131720
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Notice the difference with...
beginning of Nachleben Julia Blondeau
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times in Antescofo

TIME-TIME DIAGRAM
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Time-time diagrams
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Time-time diagrams

(potential) position in
the score as a

function of physical

time, given by the

beats in score

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

performed by the musician

/A
»
o

time in seconds

— >
N 4

actual date of arrival (late event)

forecasted date of arrival considering the last available tempo
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actual date of arrival (early event)




Time-time diagrams
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aligning (aka synchronizing) timelines

a temporal scope

(temporal coordinate system):

> shared events

> an estimation of the

v 7 fluxion of time (tempo)
y A
&

=




times in Antescofo

TEMPO EXTRACTION

(Large’s algorithm)
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Building a shared time

& N
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Building a shared time
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Building a shared time
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Tempo inference and odd sympathy
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times in Antescofo

TEMPORAL SCOPE IN ANTESCOFO
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Temporal objects and relationships handled in Antescofo

* |nstant
synchrony nypotnesis = atomic computations are instantaneous

* Duration
delay, period, sample

» Different ways of denoting time
— event/ chronometric
— absolute / relative
— continuous / discrete
— controle / audio

e Various scales
— audio (1/44 ms)
— control (2 ms -> 1 h)
— human perception of sound simuttaneity ~ 20ms



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...




Strongly timed

* 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)



The passing of time: causality ¢ duration

dependencies
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Temporal Scope

* each sequence of actions has a temporal scope

* a temporal scope defines how time passes
with respect to another temporal scope (synchronization)

* the passing of time may takes into account
— the occurrence of events
— the tempo of he followed temporal scope
(how time passes between events)
— what to do if the two information disagree

* primitive temporal scopes
— the musician
— the physical time (no event, except the beginning of time)
— any process using tempovar to specify events and tempo
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Tempo inheritance
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Striated time and smooth time
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position in Dynamic Target
beats
t F(x)
A pos(x) = tempo™x

delay

time in
seconds

0 | | | >
0 XNow W XNOW+d

< >
dsec

Fig. 10. Method used to compute a duration dsec in seconds corresponding to a delay delay in beats with
a dynamic target [w] and with a initial difference of position diff = 7.beatPos — position. Function F
represents the position in 7 as a function of time z. It is made of two parts: a part G where the T.tempo
changes linearly until it becomes equal to tempo. From this time, F' evolve as pos, with 7.tempo = tempo
(a constant). Function G is the part of the parabola that goes from z = 0 to z = w. Because the origin is
translated w.r.t. the origin of the physical time, the date z yow of the current instant is localized on the X
axis by looking at the point which achieve the current difference diff.



Christopher Trapani

real-time rythmic canon a la Nancarow

Clarinet in Bb

. musician

playback




Fungible times
or
incomparable times ?



One second per second




Subordination of the objective time to the
subjective ones and not the reverse!

shared events are not enough:
duration is not reductible to instants

— halving a duration
— accelerando
— phrasé (ex. rubato)

the “conversion rate” changes in time and is known “after”. The
conversion arte is established with the weaving of time itself.

— A-series et B-series,

— “out of time of the composition
versus the real-time of the performance

Subjective time is useful: the score refers to this subjective time,
not to physical time in second

In fine, it enables a effective musical interaction between the
performer and the computer



Some other
Artistic Applications
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Julia Blondeau
Phrasée
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Jason Freeman (GeorgiaTech)
Shadows, 2015 dynamic non-deterministic score

(excerpt from the score, Jason Freeman)
The computer tracks the choices you make about which fragments to play and how long you play each one. It always highlights the fragment you are
currently playing in blue and draws thick black lines to the fragment(s) you can choose to play next.
During your performance, the computer will vary how many choices it gives you about what to play next, as well as how it determines your options. It
bases these decisions on which fragments you have played recently and for how long you have played each. At some points in the performance, the
computer will push you towards repeating and alternating between the fragments you have played most often. At other points, it will push you to play
fragments you have not played recently. Some aspects of the computer’s algorithm, such as how many choices to give you and when to change
sections, are updated automatically at predetermined times during your performance.




Jose-Miguel Fernandez

gesture-driven synthesis g
—_
OSC or setvar
w - 7
GeKiPe (Gest Kinect Percussion),
Philippe Spiesser (percu),
Alexander Vert (composition), Hypersphere, Jose Miguel Fernandez,
Heute école de musique séance de travail IRCAM 26/2/16

Jose Miguel Fernandez (RIM)  gonave




Future work

pedagogy and non-professional application

embeding audio-processing
(at ICMC next month)

abstraction, compartmentalization, reuse

alternative notations

* composer-specifiable syntax

e idiosyncrasy

« performance oriented syntax (~James bean)
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Embedding audio in Antescofo (next month at ICMC)

* 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
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Digital preservation of mixed music
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Perspectives

The Augmented Score
* temporal scope as denotable value Digital Preservation

* musical gesture e compillation

* embedding composer specific
languages Beyond Music

* abstraction * cybertemporal systems:

* durative vs continuous exploring other highly timed
computations interactive scenarios (Robotics,

Next Generation of IMS Domotics)
« offline and online score analysis * Programming with

* offline and online score scheduling Perceptual Concepts

* Other listening machines
/ sensing devices

* real-time score execution

at sample accuracy
* Small embedded systems

(Udoo, RasperyPi)

* extensible-, distributed-architectures
for interactive music systems (ex.

VST, RTAS, audio plugins)



FINAL REMARKS
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Computation:
function, process, interaction

INPUT x

Y

FUNCTION f: @
)L

OUTPUT f(x)




At //repmus. ircam. fr/giavitio

I like to think [land
the sooner the bAtter))
of a cybernctic mkadow
where manmmals and O
live together in mutu
programming harmony
like pure water

touching clear sky.

(right now, pleasek)
of a cybpyreTt st

filied Fith pines aljd electroni
wfere deer stroll pgacefully
pdst cpmputors
ad if fthey were flogvers
with gpinning bLlosspms.

)

1 like to think
(it has to bol)
of a cybarnetic ecology
where woe are free ol our laborsg
ans jolned back ro nature,
returned to our mammal
brethers and sisters,
and all watched over
by machines of loving §

comnunication



Arshia Cont, Philippe Cuvillier,
Joseé Echeveste, Jean-Louis Giavitto,



