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Pomido Practical Context

Performance / Realtime

omposition / Authoring
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Pomido Practical Context

® Composition / Authoring for mixed music

® Transcription of processes
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Pomido Practical Context

® Composition / Authoring for mixed music

® Programming style in the [980s-90s
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Pomido Practical Context

® Composition / Authoring for mixed music

® Programming style in the [980s-90s
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® Composition / Authoring for mixed music

® Programming style today

@

s ri_tempo

-127@ -12?@ -12?@ -12?@ -12?@ -12?@ 427 @ -12?@ -127@ -12?@ -12?@ A}

Thursday, May 30, 13

Real-time Tempo €2064_single
Event Label

Anticipated |0
Duration (ms)

p calibrate

=
s antescofo-ready2start

Vshhhhifbbdddds bb Dl = ] hw_m20x20 (p Antescofo )
| drrrr suull 'l dff 0 1 silence e ][] T Vin  Column 1) Loadbang (o dsp )
n 11234 1FfFf 12 342 3 4 -m
HP1 < ® > HP1 preset_storage hw m20x20 'f“"“"" (pmatrix )
HP2 < ® > HP2 =0 Eo lempo 5] (o keys )
HP3 < ® > HP3 autopattr thuspatcher faders
HP4 <) > HP4 - :
SPAT1 < |® > SPAT1 panrstorage hw_m20x20 @savemode 2 |sysfem un 2 DAC p bef
SPAT2 < > SPAT2 CPU: 0. % 2) twice !! p ethernet
SPAT3 < ©-® 020, >SPAT3  superVP Play Quad Display: e GS ip (p Doc )
SD< > SD1 ( S (192.168.0.12 :)
HARM1 < > HARM1 to Max 1 A
b S EiARass 192.168.0.12
HARMS3 < > HARM3
HARM4 < > HARM4
BUF1 < [(») > BUF1
BUF2 < D, > BUF2 :: scoreLoad Epreload.scores p menu.clri AnteSCOfO
FS< >FS I Movement1 - Simulations Locations Anticpatory Score Following
DEL < > DELAY - buftest_cyc4d0-short. | & |[€20518721. | 5 | |  eeTAversion 0.2
CYCPN < >CYcen (G (Stopl) cocssco
SD2 < > SD2 :‘ resume  pause Tempogram
BUF3 < ») > BUF3
BUF4 </{s > BUF4 pance info
- T p observation @ stop actions on
WESCI ' ‘ 0 start actons off
spat! spat2 spat3 Cycpan del sd1 sd2 harm1 harm2 harm3 harm4 buf1 & [one : }
-te~ D ke .. version version .
9-? y: C @ onntfwd :-'e:-E"-: gotocue
suivi $1 verbosity $1 ] printscore s hwantescofo-mess
&
antescofo~ @outlets notenum antelOl
:‘: dispatch 0 BPM 2 D clickee 0 @ p mackeys

Practical Context

receive~ fs_in — - Vshh
-_p = receive buf3_in  drr
BufControl buf3 n1t112
.':o y~ spectraldelay_04.monopoly~.maxpat 1 args sd1 6192 D pOIY“ fregshifter_01.monopoly~ 1 args fs T
recelve- del_in - HP1 < .
ro.bcf.fader buf_rel
ro bef.fader sd1_rel  |gadmess 1 receive~ bufl in - HP2 < .
> - G - = ro.bcf.fader del_rel p del_presets _ HP3 < ®-
@ oadbang : T receive~ buf4_in Y
B.UfCOI'\tI'O| buf1 — Iy~ h del 021 del P 4 B HP4 < \'>-_
open $1 parallel $1 threadcount 4 > - poly= w tap elays_ Iargs e D %quontrol bufé4 SPAT1 < &)
poly~ svptrans.polyphony3~ 4 args harm 4086 4 receive~ buf2_in I‘O bef. fader del_post ro. bef.fader del_post ro.bcf fader buf_rel SPAT2 <
i ; § i BUf(;om,-o| buf2 ro.bef. fader del _post T SPAT3 <
1 ! T . y SD<
1 I I { ro bcf fader buf_rel } r1o_ bet.fader del_post w @ HARM1 <
a a o 0 ¥ bcf fader buf_rel 0 m m m :By- spectraldelay_04.monopoly~.maxpat 1 args sd2 8192 HARM2 <
i -r X T HARMS3 <
q q rg.bcf.fader sd2_rel D HARM4 <
- BUF1 < .gz
@_ I RUE2 ¢ |~
- r hw_matrix_control
- adc sound-processes
loadbang E)!' p D - - - - - - - - - - - - - ,
h (h (Mh (BWh (BT 1§ b Ib IMd Bd | i IS b (WD
ramp 300 a illa iMa iMa iMs ifu iflu il e ! | il WM. il
S IO IO IO R REY R Ll L A W2 Mf Mf :
m B{m HMm (BMm 4 KB AN A A A i i3 4 natrix
(O AN KRN CHE! D1 BB B NN NS B
i i ! ! i i f i i i i ! i P
matr|x~ 20 20
- - - - - - - - - - - - - - - - - - -
.H :H H i H is s 1 s S i H fH i H fH 18 18 §F §fD fc 1s 18 18 |
‘p ‘p P i p ' ie P D ' A fA A U fu S E Y D fu u
i i i LA i a A g1 IR R IR R = i F L c 2 I F =
11 12 3 14 1T 1T T 11 M M M M 12 8 | 13 4
) 1 ) N1 12 3 I N 1 2 13 1 A A N 1
s i L L L L L L ' i e i L L AN 1 L L

s B
p out_processes

|

| B 2 a8 4 g 0 @ 0 B

send~ sd1_in

;o|y~ spat_4r.poly2~ 1 args spat1 D

) y ')
gETA AV ey e

send-

F

|

|

1
ro. bcf fader main ro bcf fader main ro.bcf.fader main ro.bcf.fader main
E s_dact 15 dac2 {'s_dac3 !'s_dacs
dac~1234 - - -

Hist whist (2009)
for violin & chamber electronics
Stroppa, Cont



lIrcam

=== (entre

ungid Scientific Challenges

® Real-time Coordination and Synchrony between
Human & Computer Mediums

® Real-time Computer Audition

® Authoring heterogeneous mediums, computations and
ti m e S 1-2-10

e
L \\:

® Critical Safetiness: Assuring what is written is
what is performed!

® Correctness in Timing

® Correctness in Computing
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Pompids Social Timeline

Qwant/iMuse

Work as PhD Gilles Kahn ASMC Paper Prix La Recherche Creation of Rederes.sement
RIM Prize Award MuTant Productif
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" Real-time Machine Listening

® Score Following

® Real-time alighment of audio to music score + Extracting
Interpretation parameters

® Dominating approach:
® Represent the score & latent variables using generative

i

osition: 4 5 6 7
0.3
0

® Define an inference framework for the inverse problem
e DTW, HMM, DBN, RBF etc.
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Pompidou Real_time MaChine LiStening

® Score Following

® |nference formulation simplified:

' Music performance is NOT |
. a memoryless process |

® For each (real)time audio at time t, X;, find the
corresponding state S;, representing the best path
from O to t,
Or imasE i R2ES. = 58_1 = 56_1,X8 o

SO4eee9St—1

| Inference in music
| performance is NOT causal
| but anticipatory

® This is heavy to compute in real-time.VVe make
assumptions to make it tractable.

® The Markovian assumption: &;(t) = b;(x:) max(p;;a;(t — 1))

® Requires that the stochastic process be :
memoryless

® |deally should be complemented with future beliefs

Thursday, May 30, 13
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™ Real-time Machine Listening

® Score Following

® Do not ignore “time”’!
® Markovian Occupancy:

® The probability of staying d discrete time in a
Markovian state is implicit and exponential.

® |n speech (and music) an event with expected duration
is often models as follows: |

| Mu5|c performance is NOT |
.2 ‘memoryless process |

Inference in music

T (o T performance is NOT causal
e ' but ant|C| ator
Al i) 1-p—q)*“ "¢ '(p+9) SRS P _ y T

Mu5|c performance is NOT »f
a static but dynamic process|

® The number of states and parameters are static and
often learned from performance.

Thursday, May 30, 13
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min R eal-time Machine Listening

® Score Following

e 2006:
® The Suivi~ system

® |CASSP paper on polyphonic score following: NMF +
Hierarchical HMM + Particle Filtering!

e 2007:

® Stroppa project + Puckette’s Qualifying exam: Decoding /\
position and tempo in real-time Time world (5

Predicted event positions
® Chl"lStOPhel" Raphael’s MOCIGI « 10 parameters for a single event
« Two critical parameters to learn from a realization of the piece
® Wise: Inferring discrete position and continuous tempo

® Not wise: Cascaded position and tempo inference, Static
parameters, Linear model of time

Suivi~ Stroppa
|CASSP project

2007 2008 2009 2010 201 | 2012 2013
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i R @al-time Machine Llstenlng

® Score Following

® Cognitive foundations of musical time

® “The dynamics of attending: How people track time-varying
events’ by Large & Jones (1999)

® Time is circular! (Directional Statistics)

® Use entrainment (sympathy of clocks), extended Kalman
Filter. Two dynamic parameters only.

® Abandon of Markovian principle
® Use of Variable length memory Semi-Markov Chains

® Hybrid Markov + Semi-Markov Inference, Heterogeneous
times

® Coupled agents (as contrary to cascaded decoding) S

Suivi~ Stroppa A birth of
|CASSP project | Antescofo
v 0.1

2007 2008 2009 2010 201 | 2012 2013
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min R eal-time Machine Listening

® Score Following
® Antescofo version 0.1 (2007-08)

QAU = s O b 1I£S%Ct (< H bj(@t—v) ¢ dj(uw) max(p; o (t — u))) AVA Tial0) — WAl kb ok @l — L))

e
s ] =)

® Explicit occupancy distribution: d;(u) e

® Explicit time-memory capacity per state: U

antescofo '
® Both coupled with tempo and thus dynamic (learned online) [CEEECEES ;

Note Number Real-time Tempo Event Name

® Polyphonic?!
® The concert experience with Los Angeles Phil. (01/2008)

® Piece for Vibraphone, Composer in Research,Vassos Nicolaou
with Serge Lemouton (2008-09)

® Solution: Use faulty and cheap observations!

Suivi~ Stroppa 4 birth of LA Phil A Antescofo in A Nicolaou
|CASSP project | Antescofo | concert | ICMC project

v 0.1 v 0.2

|IEEE TPAMI

2007 2008 2009 2010 201 | 2012 2013
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=i Real-time Machine Listening

® Score Following
® By 2009-10: 30+ world-class performances, |2 creations at
lrcam
® The Pluton disaster in 201 |
® Pedal, repeated notes, very low frequencies, high resonance
® Complete rethink of the inference formulation

propagation in Antescofo 0.4 propagation in Antescofo 0.3

bj (CUt) i u—1 -

Qj(t) : T X | H bj(il?t_ru) > dj(u) Z(pijai(t = u)) AVAS C“j(t)__ = bl X max | max H bj_(ict_—.v)_. dj (u) ma,x(pz]az(t u))

TaaaOaNeaTTa0"
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=i Real-time Machine Listening

® Score Following

® Perspectives:
® Multiple-target Following
® Polyphonic vs. Multiple-voice following

oice asynchrony
hilippe Cuvillier’s MS Thesis 2012

-~ ® TheTautology of Generative Modeling v e

Thursday, May 30, 13
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o Real-time Machine L

Istening

® Music Information Geometry

® Motivation:“Effortless” ability among humans that pose o o
challenging problems for machine intelligence. bl I”’F’*' Lkt g
: lodelr e T e el o ? SSE FmravricFLIET
Ex: Blind Structure Recovery g o
=478 5411 % LA {@"p. ==y C]}",'l, ‘_.,—‘I:’JZJ'ZJ

-
[

{
by sl -
— 3

— 288 ) 5 S—
T
l"."——— = icéidé ,:—_7::4 , 04._4
(&Lﬁ,‘ mt'j'“‘ R EIEL A s

}"”»"”.. v | (g”,; ::;r,sg:;m‘ ;1'.-1-'-";'
® Bridging the gap between “symbol” & “signal”
® Common approach: Self-similarity analysis (MIR)

® Non-causal, requires further processing, ighores “time”

® Machine learning with implicit geometrical processing

AudioOracle
ICMC Award

2007 2008 2009 2010 201 | 2012 2013
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min R eal-time Machine Listening

® Music Information Geometry

® Basic idea: Attack the very fundamentals of “distance” and
“information relevance”

® Geometry + Information Theory: Construct a dedicated
geometric space!

® Common constructions:

® Bottom-up: Define points, connections, distances, transports
towards metrics (Amari et al., Pennec et al.)

® TJop-down: Derive the geometry from data represented on
prior engineering assumptions (Nielsen & Nock, Banerjee)

AudioOracle |
ICMC Award MIG Formulation

2007 2008 2009 2010 201 | 2012 2013

Thursday, May 30, 13
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min R eal-time Machine Listening

® Music Information Geometry

® General approach:
® Do NOT formalize information content!
® Control changes of information content incrementally

Definition Two entities 8y, 0; € X are assumed to be simzlar if the information
gain by passing from one representation to other is zero or minimal; quantified

by dx (0y,071) < € which depends not on the signal itself, but on the probability
functions px (x;6p) and px (x; 01).

® Parametric approach:

Definition Given a dual structure manifold (S, g, AP, AP *) derived on a reg-
ular exponential family formed on data-stream X, a model 6; consist of a set
X; = {x|k € N, N C N} that forms a Bregman Ball B,(u;, R;) with center p;
and radius R;.

AudioOracle

ICMC Award MIG Formulation IEEE TSALP

2007 2008 2009 2010 201 | 2012 2013

Thursday, May 30, 13
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min R eal-time Machine Listening

® Music Information Geometry

® |nteresting results for incremental/real-time system

Audio Oracle Similarity Matrix

® Major problem: robustness..

AudioOradle i KMic Formillations:. #205>5n s ABrillovin SMAV, Gretsi, MIG EEETSALP ADSSseiNS A pee op) AGS
ICMC Award PhD Seminars workshops Defense Workshop

2007 2008 2009 2010 201 | 2012 2013
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=i Real-time Machine Listening

® Music Information Geometry

® Perspectives:
® Non-parametric methods

® Optimal Transport Theory on Wasserstein Geometries of
Sound

® (Candidate application: Sound morphing
® Formalize sound invariance

Thursday, May 30, 13
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" Reactive Synchronous Programmlng

Anthéme Il

(|997)( -9") rall.

® |nteractive Music Design Issue #|
® Authoring: Transcription of thought
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i Reactive Synchronous Programming

® |nteractive Music Design Issue #2
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o 2 3 R for piano & live electronics

htor 108;
mark stop, restart 1; Otoh 123;

o 1 bt o et o Y e Manoury, Lippe, Puckette
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iton

SCORE

i
gumbo3 set 6600 6900 7400 7700 8400 8700 9200 9500 9800
10300 10600, skew 80

i
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AcCtion Executior
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" Reactive Synchronous Programming

® |nteractive Music Design Issue #3
® The divide between “performative” and “compositional”
aspects in Computer Music [Puckette, 2004]

® Computer Assisted Composition: Rich representation
and data-structure, no or few real-time support

® OpenMusic, PWGL
® Domain-specific Computing/Practice:
® Physical Modeling: Waveguides, Modal Synthesis

Performance / Realtime

QR
=
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miln. R@active Synchronous Programming

e Storyline:
e 2007, Stroppa’s “... of Silence”  Antescofo 0./

Putting actions next to instrumental events, use decoded tempo to
evaluate relative delays

® 008, Boulez’ “... Explosante-Fixe...” in Los Angeles
Action scopes & fault-tolerance

e 2009:  Antescofo 0.3, seperating event & signal proc.

® Stroppa’s “Hist whist”: Polyphonic actions, loops, macros

® Harvey’s “Speakings’: loops and fault-tolerance on concurrent actions
® Nicolaou’s “Otemo”: Extensive polyphonic actions
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miln. R@active Synchronous Programming

® Storyline
o 2011I:

® Synchronization strategies (Jose Echeveste)
® First formal semantic of Antescofo language (MSR"201 )

o 2012:

® Creation of MuTant team (Inria): Two “real” computer scientists join
the team (J.-L. Giavitto, F. Jacquemard)

® Nodaira’s “lki-no-michi”
® Dynamic variables and local tempi (José Echeveste)
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Runtime Semantics

® Antescofo’s Virtual Machine: Event and Time Triggered Architecture

NOTE C4 1.0 —fF——P¢;
a11
0.25 @19 TTiO
GFWD 0.25 G1 diy = 0.0,a14
{ d12 =5 025, ai2
a21 diz3 = 0.25,TT;; —P» 1T (global, loose)
0.25 a929 d13 = 05, a13 do1 = 007 a21

} doo = 0.25, az2
0.5 a13

NOTE C5 1.0 — ¢ —— P €41

Antescofo Program

(Date(ai,)< Date( ) (t)=dsp / nitialization: s(t) := 0;
ey N ate(a;r)<Date(eys1)) N s(t)=dik / aik o o
ei N\ s(t)=dix /| aiy s(1):=0; Pop dyr, and azx; Pop diy, and ai;

U := instant index of e(t)

5(t):=0; Pop dix and a;x;

ey A (Date(a;,) > Date(eyy1)) /
TT =0V KILL /. N

—e; N 6(t)26j>i /
—ey Ne(t)=ejsu /
s(t):=0; Pop d;x and a;x; .

a;k is global / a;k
Pop a;x (Date(a;r)<Date(e;)) A a;x is global / a;x

Date(a;x) > Date(e;) / Pop a;x
s(t):=0; U:=jy;
dix:=Date(a;)—Date(ey);
‘ a;k is local /
Pop a;x

(Date(a;r)<Date(e;)) N a;p is local /
Pop a;x
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® Three design reasons for the [unexpected] success of Antescofo:

|. Human Centered Computing
2. Coupling of Action & Perception
3. Reliability despite fallible components

® Three practical reasons for the success of Antescofo:
|. Bridging Compositional & Performative aspects in Computer Music
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Practical Situation Today

® T[he Max paradigm dilemma

> HP1
> HP2
> HP3
> HP4

® Gaining CPU power, loosing time correctness

>SD1

> SPAT1
> SPAT2
> SPAT3

> HARM1

> BUF1
> BUF2
>FS

® “Time has become an accident of implementation™

> HARM2
> HARM3
> HARM4

> DELAY

>SD2
>BUF3
> BUF4

® Scalability: Chaotic behavior from programs to systems

spat! spat2 spat3 Cycpan del sd1

® The importance of computational abstractions
® Max: Signal + Event

receive~1s_in

vo bd fader sd1_rel = jgadmess 1

receive~ bufi_in
ioadbang I

open $1 parallel $1 threadcount 4 gui(:ontrolbun

poly~ svptrans polyphony3~ 4 args harm 4096 4

anCon(mI buf2

m hcf lader buf_rel

® Pure “Functional View” of computing

~—{ rhw_matrix_control

- adc sound-processes
loadbang E_r paounCHY -

L L i
p out_processes

® No explicit support for interaction between the cyber and the
physical worlds

Automatic Improvisation

N\

(FSM) Sound synthesis

(Calc,CC)

s
ru bci fader main 0.bcf.fader main

5 s dact
dac-1234

Automata Learning
(FSM)

Sound Proc.
(CC, Signal)

Transactional Proc
(Calc, Signal)

Space
(Calc, CC, Symbolic)
Gesture Processing

(€C)

Physical Models

(CC, PDEs)
Thursday, May 30, 13

> CYCPN

harmd  buff |

427@ 427@ 427@ -127@ -|27@ 427@ 427 @ 427@ 42?@ -127@ -|27@ -n:‘

ciraidelay_04.monopoly-maxpat 1 args sdi 8162 D Doly~freosnvﬁer 01.monopoly~ 1 args

rEceive~ buf2_in

m bcf.fader buf_rel q m m ‘p

o

is_dac3

1
0

1 silence + 10

v

p Antescofo

p faders

p ethernet

Time 1) Loadbang
loadbang

thispatcher

x
system un |

2) twice 1!

Ereset_storage hw_m20x20 tempo $1
?._yt_gpgtti tEispatche_r

Eanrstorage hw_m20x20 @savemode 2

SuperVP Play Quad Display:

:ZscoreLoad p preload res

Movement :

Antescofo

Anticipatory Score Following
BETAversion 0.3

Simulations Locations
buftest_cyc440-shon. b= e205 18721. 5

resume  pause

Tempogram

prepend

s nwantescofo-mess

gotocue

wverbosity $1 D printscore

ntescofo~ @outlets notenum antelOl
Real-time Tempo |€2064_single Anticipated 10
TH tempo Duration (ms)

p mackeys

p calibrate

Event Label 5 antescofo-ready2start

receive~ buf3_in

= BuControl buf3

receive~ del_in 7o.bof fader buf_rel
75 bof fader del_rel | p del_presets 1
T feceive~ bufé_in
- x

poly~ hw_tapdeiays_02 1 args del [ ButControl buts

rG.ncuader del_post | fo.bet.fader del_post ,.,bd fader buf_rel

‘Plﬁ

spectraidelay_

o bcﬂader del_post
0.bcf.fader del_post

04.monopoly-.maxpat 1 args 562 6192

O

0.bcf.fader sd2_rel

o [ o ol 1+ 2 s e [ o 7 s s o

Send~ harmi_in send~ buf2_in Send~ bufé_in

send~fs_in = 'send~ sd2_in

send~ harm2_in
send~ harm3_in

send~ harméd_in

poly~ CyclicPan.poly2~ 1 args Cycpa@

bef.fader main ro bcf fader main

s _dacd
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Scientific Situation Today

® Multimedia Systems Literature

® The roots of (our accepted) real-time systems for Audio [Steinmetz & Nahrstedt
2004]

® Focus on data-delivery and end-synchronization
® Ad-hoc support for “process synchronization”

® Embedded system literature
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e Cyber-Physical Systems

® |ntegration of both cyber (software, hardware, network) and physical components
® whose dynamics are modeled jointly

® New relationships between the Cyber & Physical components require new architectural
models that re-define form and function

i - o y q W vl \ g = . . P it W - f < )\ - o ) -
ey 13 R Aey R ety Fuvy Aoy - N A2 - -~ y +d v - - el o e s TV S g W O J Y \ e » 4 <

® Explicit links between heterogeneous computational elements and physical environment

N \ o
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Cyber-Physical Music Systems

| | 1
Explicit Coupling of real-time Machme Lzstenmg and |
Sound Computing, to provide safe and high-confidence 1
Cyber-Physical Music Systems to users and designers. |
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e Cyber-Physical Music Systems

(I) New generation of Real-time Audio Computing

® Provably correct abstractions for Sound and Music Computations (MOCs)
® with heterogeneous temporal semantics

® |everaging functional requirements to reaction & execution requirements

® Dynamic multi-form scheduling mechanisms

Automatic Improvisation

Automata Learning o \ S°u?é’ach’23eSis
lll) Integration R,
( g Fla s
o . . . . Transactional Processin
® Joint dynamics between listening and computing (Cole.Sina)

(Calc, CC, Symbolic)

® Provide chain of tools and building blocks supporting end-to-end [EE—=—w—

(CO) l
Heterogeneous MoCs

® Link implementation to behavior for large systems —
® | everage hardware compatibility

ERC $tG Proposal 2013 (pending)
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Habilitation a diriger la recherche
Universite Pierre et Marie Curie (UPMC)

Arshia Cont

Equipe-projet MuTant
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