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The application domain
score following and mixed music

The augmented score: a domain specific language
time as a first class entity of the language,
not a side-effect of the computation nor a resource

Real-time temporal patterns
extended subset on RE on sequences in time (not memory!)

Sketch of their semantics
beware of causality

Implementation by translation
the efficient translation of the before operator

Conclusions & perspectives
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Automatic Accompaniment using Antescoro

Left Hand Concerto, Ravel. Pianist: Jacques Comby
Orchestra. recording Orchestre de Paris modulated by Antescofo in real time (Ircam 2014).
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More than 40 Creations
New York Philharmonics, Chicago Symphony, Los Angeles Philharmonics, Berlin Philharmonics, BBC Orchestra...
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Antescolo domain speciic language

m  handling multiple temporal references: event + tempo
O external (e.g. musicien)
0O computed
0 physical (wall clock)

B tempo: the « flow » of a time reference
®m  duration: delays and groups lifespan (relative to a time reference)

m dynamicity:
0 process. creation, call, destruction, with their own time frame, as high-order values
0O computed delays
0O computed tempi

m augmented score as the expected (complex) temporal scenario
m  performance: implementation of the temporal scenario including deviation

m  synchronization & error handling w.r.t. the temporal scenario



Syntax

events:

atomic actions:

60 2.0
Sv @sin ($x)
superVP (Sv+3)

C) compound actions:

4 N

—
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loop 3.0
{
print "loop"

} during [6#]
G J

whenever

{

( Sy > 3.0 )

print $y "greather than 3"
}

[ )
group
{
print hello
print beautiful
2.0 print world
}
. J
[ _ N
curve (@dgrain 0.1ls
@action draw $x Sy
{
$x, Sy { { 0.3, 1.2}
4s { 0.9, 2.4}
}
\ ; J
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SX:=3
A S X
03 C4
_/ \_/

Note C3 2/3
Whenever

{

L
}
Note C4 1.5

($X > 0)




—XOressions

m \alues

int, float, bool, string,

symbol...

tab, map, continuous symbolic curve..

functions, processes..

m QOperators and predefined functions

@sin (), Qexp (), (..? ..

B Imperative Variables

0 system variables: $SRT TEMPO $NOW S$RNOW S$TEMPO S$PITCH, elcC.

(first-order wvalues)

..), @random (), @score () ...

0 history

Sv undef| 43 52 53 49
3#] :Sx -

E3]1$X tﬂﬁggg 0.0 10 05 40 | 55
[3s]:5x mﬁi?S 00 | 23 | 42 | 59 | 75

0 QRdate ([3#]:5x)
Qrdate ([3#] :Sx)
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/*Please keep in mind that brief letters of
Detected BPM: 120 praise, even from famous people, will not be
Position in score (in beats): of much use
Detected 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

3 ARk
; SPAT INIT
3 kRO
spatl_dist
spat2_dist
spat3_dist
spatl_pres
spat3_pres
spat2_pres

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

iy voces 284 fm voices 2 30 100 w035y | -.Wﬂ ey fesd trays de | print "Part 1"
B - = = = fate = obs_gate 1 ; antescofo
ey sanpler2 play  fyn voices 1 xbend -6 100 | | input ON

e e gauch b _trans -130 | antescofo-mess nofharm 10
; was 5

antescofo-mess analysis 4096 512
; ici messages initialisation si

besoin
; PFWD pm4_m24x24_pgm 9
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=xample: sound synthesis control in Nachtleen (5', Julla Blondeau

Ia o Sol p
20loCUF-CS:CS _tisolosbort Group S _cISP ‘Cso0lo Grou|C olo_nu: 18 num_sc:CS :C5_zolo_linum_ech 1¢=:C<Bregl & i oup Tuth ::CS_solo_points('i3", 0.333333, 0.15, 0.8,
:CS:CS_tPlay :CS_sPlo_lig nu olo_Fsolo_Plav:CS_«CS_ o olo_PleC:CE0.1EPIayEcl :CE_zolo_liPlayEch & Lol PA ‘izolo_g:CS _solo la ATS 125 :CS_solo_points['i3", 3, 0.15, 0.8, 9
mp:CS:CECS_tSPACS B ¥ § FyPla:CS_sol fpiceolo_Ivl_ L :CS_solo_liSPATIO I 05 IM_schE|Ceolo lo_PIi_jch ATS .75 :CS_solo_points['i3", 0.666667, 0.15.
0.1ECSCS_tSPASPA =g 2 :Cs )= |$-an:cs_sold I_sch 3Curve Ech 0.2 num 4 $al m_sch§ 2025 :CS5_solo_pointa('i3", 2. 0.5, 0.5, 8
01e0ecs_tnumCurd 2 :C5 | =4I| poin CuvWF $ 0.1 1§ &rip anm 13| F1='0.2 Pla Ed $am ~PlayEch5 sts0.916667 :CS_solo_points(i”, 1. 0.15, 0.
.16:CS:SPATPla s .2 :CSYE poird $ a = 0.1 _ech 0.7|0 urgs 202 Iv_echz | : = .666667 CS_solo_points| e 016, [
0.1 :SPA |! 2 :CS! " poiry 0.1 lo_num_efhc 16 i o .2 SPA’ .833333 :CS_solo.
1Fi$-5PA o2 - ?a%EL%C R,
_$Emp , 2 :CS[ ‘_tl;gn 2 0.1 5 5 tart L2SPA o foadhd \
8:spat ic ioeyeos 166667 0 0. C'eolgl Ivl_sch2 a8 {CSSPATY [ty 5 ‘ |
9 gol¢=gr-rnHc] .4 50) & Group Tut :CS_tutt
AL Curve [¥ al s 0.166667 FE\0. . golo_num_gch3 17 PA Vi e o |
Curve s o [l 52('gc * 2338 P :CS_sol] M ampe3s | | ‘LS _f SPAT room 2
& pe T _ - p 0165667 :3f - 10. Clsol| FIEERE Lol feraE oy
o B Pq* @ = 0166667 :0f - 0. oldbort “RoundSpat’ PATE vy
5 sof) 3 GZES 0166667 FRMREL Y losdbort SSPAT lissajz +C8| PE
hel :Ct ) ECS_ S ) - vi_ech 0 10
olo_FP! 125 _splo_point ort 2SPAT_lissaj3inv - hJ r
; = c
— olo_| R- 50 L It _PlayEch start s b
urve| SVTs 125 - L
tah e eolo_ndin| - E"EIE4S e 1 1BEEE7 i_lianN["a7 Sastol S50 Curve ampi| $5PL0% |
{ fril t isolo Pl Eche|start o 1EEE67 ISPATE[l 0 -0.9 15 =olo_Ivi_sch3 0 | $ stS 1
5 et : | . ﬁ freqz3s
adpid) ‘ olo_Ivl_ 0 RE B8 - | IEEEET etoSP $F reqel | _num_sch3 16 amp\$iften
lo_F{: golp Jdum lech3 18 — cs' 11668667 Curve Bripgbt _PlayEch3 start - m_echS 35 v
! T =
rve (e olo_FfC# = ctart = " nieess7 | 3. pli layEchS start num_ech? &7
m \ "
i solo_bll-$ terEds Curvep1eee67 {4 || ayEch7 =
$ampg $ite num_e
.5 ¥ _Job _points(il", & $ a0.166667 = ¥ \.E} $ampEch! vi_ech7 0 10 48 30
tafnp MREHE PATS x
Tt H :CS_solb  pfnt= . 0. 0166667 _8¢ f
$ 10 $helgls PATS xy
[ 5 solp) num_ech 7 166667 olo_Iv_ech O
5o 0166867 4 S e umisch 13
c :CS_solo_lignes('g5". - $pifif Y EE ~ Curve ec -
T Core 0188887 | L s olo_FlayEch start |
; FEhS o g S $deyel ek a';"' olo_Iv_sch 15 10
Bk i mile T 0JEEEE7 | - 3 solo_num_sch |G Curve itcc i ¢ < EHEY *SH 05 solo_num_ech? &
0JEE6E7| - - solo_PlayEch sf 3 olo_PlayEch2 start
B 0.166667 $amp, | |
21.75 t [ L pEch2s
BE6E67 :CS_ 10166 _tutti_ b Curve \ S P oE S|
) o elg — —
4 2CS_tutti_c 01666 al
o I EED :BENV PATS xy -05 -1
L4 205 _tutti_cc $F . um_seché 30
=
4 2CS_tutti_c | e reqt N Jhs =
.4 oCS_tutti_ /01664 E ]M,! . N
solo_num_ech 15 $ampEchb :CS_solo_points('i3", 0.666EE7. 0.1, 0.8, 81)
olo_PlayEch start

0166667 :CS_solo_points('i3", 0.666667, 0.11, O
0.186667 :CS_solo_points('i3", 0.666667, 0.13, (
0168667 :CS_solo points('i3", 1. 0.0, 0.8, 68)

b.lsSSS? :CS_solo_points('i3", 1, 0.16, 0.8, 81)

olo_Iv_ech 0.6 50
5 solo_num_sch

:SPAT_lissaj3)
t:SPATJissa'Gin
= sbort :SPAT lissaj3

) 7hurt =SPAT lissaj3inv

PATS -1 -0.8Curve freqgg W
EPA‘IB gl 08l §freqzse|
- ‘ Curve foopl W
Qﬁ% soustEl Sampsod‘stEQ $ampsousti™Ng T

-1 annl

ga", 55, 0, 8, 1005, 43, 0.1, 0.

$ampgls
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6t

whenever ($PITCH) <

}

@local $x
$x := $PITCH

whenever ($PITCH > $x) {

@local $y
$y := $PITC

whenever ($PITCH<$y & S$PITCH>$x) {

@local $=z
$z := $PI
a

} during [1
} during[1#]
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—vent: checking an Instantaneous property

Pattern P
{
@Qlocal $x , Sy , Sz
Event SPITCH value $x
Event SPITCH value Sy where $x < Sy
Event $PITCH value $z where (Sy > $z) & (Sz > $x)

}

whenever P
{ print "I just saw a P" }

@pattern twice
{
@local $v
Event $V value $v
Before [3] Event $V value $v

}



otate: a property that lasts

variable $X takes the value » at least for 2 beats

@loca Sstop, Sw
Eve value v at Sstart
Eve H value $w at $stop where (Sstop - Sstart)

—>@ 1 beat @ 1 beat

Problem:
they can be an unbounded number of events in the interval

State $X where ($X == v) during 2
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otate: a property that lasts

State $X (during u]where

(Before [v]

State $X where

L $X
b I (A A N WP N N~ \ WD AR\ W\ N
—— _][)\_ 0




| asting properties do not start everywhere™

State $X where true duringl[1.5]
Event $X where ($X == v)

® 3 beats s

m Continuous time but only a discrete number of events

m [he predicate feature in FRAN does not apply
(the date of the future event is not known yet)

m Implementation require either

00 a sampling of continuous time (and the start of a
potential match at each sampled instant)

0 or the access of all past states (.e. an unbounded memory)
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®m Carliest match

A
@pattern TwiceIn3B { r )
@local $v 1 beat \m 1 beat
Event $V value $v v '\Z)/
Before[3] Event $V value $v % y,
Iy Y

m Refractory period




Composing and Chaining Patterns
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™

r =

|
i3
7N dk
qr_3 G 4

=l
I I AT
AEST
~ ~
&—{\{_ 3

$g := O

whenever pattern::Gl1 { $g :=
whenever pattern::G2 { $g :=
whenever pattern::G3 { $g :=
whenever pattern::G4 { $g :=

D wN -
Wy

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

}

whenever pattern::Gseq { ... }
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Domain: lime-tvent Seguences

S:(UJ_URT_)*/N

~: d-d~d+d, 0-s~s, s-0~s

N

Time passages are not divisible
One cannot insert new time instants at will
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The Semantics Function

M: P

22

E— S — R U{fail}
The date of the

v action launched as
The input (the future) the result of the
match of the pattern

v
The environment: variable - value

v

P = ¢ | Event - P | State - P
Event ::

Before[ Dur ] Event 7 at 7 value Z where Exp
State ::= Before[ Dur] State Z where Exp

| Before[ Dur] State Z where Exp during[ R+ ]
Dur := R+ | N#



Semantics

—quations

ircam
(1) M[e]pS = p(snow) == Centre

(2) M[P]pe= fail, P+#¢ Pompidou
(3) M[P:-Q] p (' :=v-8) =M[P; - Q] pla’ :=v] S wherez # '

let P, = Event x at y value z where ¢ in:

(4) M[[before[d] PZQH p(d-8)= {fazl, ifd < d

M[before[d —d1P,- Qﬂ plsnow+=d'] S, ifd > d’
(5) M[[before[()#] P, - Qﬂ p S = fail
(6) M[beforeln#1 P, -Q] p(d -S)=M][betoreln#] Pr-Q] p S

M[P;-Q] ¢’ S, if Efe] p" = false
min(M[P; - Q] o' S, M[Q] p" S) ifE[e]p” = true
before[d] Py, ifD=d
before[ (n — 1)#1 P, if D =n#

(7 M[[before[D] P, Q]] P (1’ :=U-S) = {

where p' = p[z :=v] and p” = p'[y := p($NOW), z :=v] and P, =

let P, = State x where ¢ and P, € {Pw, P, during[ D] } in:

fail ifd<d A E[[e]]p:false
M[[beifore[d—d']ﬁm-Q]] p S ifd>d A E[[e]]p:false
(8) M[[before[d] ﬁz@]] p(d/S): MS[I:PIQ:” p(d/S) lfdgd’ A E[[e]]p:true

Ms|[ P, - d - 8),
min S[[ QJ] /L( 5) ifd>d A E[[e]]p: true
M[[before[d—d ] PzQ]] p S

where p’ = p[$NOW +=d']

M [before[d] P, - Q] p' S it Efe] p’ = false

P . = . = M Fz ' / * S,

(9) M[beforeldl Po - Q] p (x:=v-5) min sl @] P if Efe] o’ = true
M[[before[d] P, - Qﬂ p S

where p' = p[z :=v]

(10)  Ms[P.-Q] pe= fail
Ms[P,-Q] p (¢ :=v-S)=Ms[Ps-Q] pla’ :=v] S where z # a’

(11)  Ms[P:-Q] p(d'-S) = Ms[P. - Q] p[snow :=d'] S

Ms[P: - Q] plz:=v] S if E[e]plx :=v] = true

Ms[[PI Q]] p(x:=v-85)= {M[[Q]] plr:=v] S ifE[[eﬂp[w :=v] = false

M[Q] plsvow+=d] (d' —d- S) ifd<d

12)  Ms[P, during[d] - d-S)=
(12) s[Prauringldl - Q] p (&' 5) {Ms[[Pzduring[d—d'] Q] plsnow+=d] S ifd > d’

fail ifE [[e]] plx :=v] = false

Ms [P, during[d] - Q] p (z:=v-S) = {MS[[Pzduring[d] Q) plz :=v] S ifE[e]plz :=v] = true
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The Semantics Equations

(1) Mle]pS = p(snow)

The empty pattern matches immediately

(2) M][P]pe = fail, P +#¢

A non empty pattern fails to match at the end of time
(when there is no more future)

(3) M[P:-Q] p (2’ :=v-85) =M|[P:- Q] pl v] S where x # '

The occurrence of an event on x has no effect on the
pattern matching except the update of the environment
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The Semantics Equations

let P, = Event = at y value 2 where €

' ,en | fail, ifd <d
(4) M[[Before[d] PxQ]] p(d 'S)_{M[[Before[dd’]Pm-Q]] p[$N0w+=d/} S, lfd>d,
if a pattern must match before d and
« nothing happens before d’ > d, then the matching fails
« [f something happens, then the time passage d’ is subtracted from d

M[P; - Q] ¢ S, if Efe] p" = false
min(M[P; - Q] p' S, M[Q] p"” S) ifE[e]p” = true
Beforel[d] Py, if D=d
Before[ (n — 1)#]1 Py, if D =n#

(7) M[[Before[D] PwQ]] p (:U :=U-S) = {

where p' = p[x :=v] and p”" = p'[y := p($N0OW), 2z :=v] and P, = {

if something happens it can either
» participate to the match
e oOrnot
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Compllation through translation

@pattern_def pattern::Gong

{
@Local $x, Py, $z, $s2, $s3

Event $S value $x
Event $S value $y at $s2
Event $S value $z at $s3
where ($zin $x .. Jy)
&& ($s3 - $s2) < 2

}

whenever pattern::Gong

{
print GOTCHA GONG $s3

}

ircam
== Centre
Pompidou

WHENEVER ( $S

{

== $S )

@local S 71 continue, $x

NS

let $ 71 continue := true
let $x := $S
WHENEVER ( S5 /1 continue && $S == $S )
{
@local $s2, Sy
let $s2:= SNOW
let Sy := $S
WHENEVER (5 /1 continue && 55 == 55 )

{
@local $s3, Sz

print GOTCHA GONG $s3
}

} during

[1 #]

let $s3 := SNOW
let $z := S$S
if (@between (Sx, Sz, Sy) && ($s3-Ss2 < 2)
{
let S 71 continue := false

} during [1 #]
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—andling efficiently the before operator

@pattern_def pattern::P
{
Event $X
Before [2] Event $X where $X > 0

L B !MHP;MS, ifE[[e]] p'" = false
f e ) = e Rl ODFSIMIGIE)] it B[] — i

Beforel[d] P, if D=4d
Before[ (n — 1)#]1 P,, if D =n#

where p’ = p[x :=v] and p" = p'[y := p($NOW), z :=v] and P, = {

WHENEVER ( $X == $X ) {
@local S 2 continue

let $ 2 continue := true
WHENEVER ( $ 2 continue && $X == S$SX ) {
if ($X > 0) |
let $ 2 continue := false
print OK

}
} during [2]
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lemporal Pattermns

B Inspired by "regular expression” but

O Infinite alphabet : event valued in an unbounded alphabet
(variables + values)

O arbitrary predicate
O state pattern (a causal version of * )
0 causal (no crystal ball)
m First dedicated iImplementation
0O more efficient
[0 less expressive
0 heavy 1o maintain

m Current implementation by translation :
efficient enough for the current applications

m Used in a few concerts
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—erspectives

m Concise Semantics
0 do not handle patterns as their own source of event

0 causality 1s hidden
out some result may express causality: prefix computation

0 more work needed to delineate what kind of state can be
expressea

O difficult to compare precisely with current work in temporal logic

m EXtensions
0 additional operators (NokEvent)
0 extending state properties (if bounded memory)

[0 expressing audio signal transformation (in spectral domain )
00 more efficient translation (using variable's history)

00 more demanding applications (e.q., probabilistic matching)
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