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ABSTRACT

The prescat work-in-progress on an instrument-computer-synthesizer
system for five performance is a continuation of previously reported
work by the authors at the International Computer Music Confercace
in 1984 and 1985. The lccture/d dedicated to the live
prescntation and performance of the piece “Jimmy Durante Boulevard™
written by Georges Bloch. The picce features flute, trumpet and key-
board interfaced with MIDI, voice, a personal computer and a MIDI
synthcsizer and is based on the notion of composed improvisation
which is dcfincd in the paper. The programming environment for live
performance in which the piece has been developed is presented. The
picce fcaturcs various types of controf inputs. [t has becn our main
conccrn throughout this ycar to study implications these controls have
on the charactcr of the music produced. A wide range of examples are
covered from simple switch pedals to complex instrumental pattern
data. Finally, the construction of the picce is dctailed and partial
cxamples as wcll as a version of the whole piece are performed live by
the authors.

ion is

L INTRODUCTION

This presentation is a continuation of previous work by Roger Dannea-
berg (D berg 1984, D berg 1985) at Camegie Mcllon Univer-
sity, Xavicr Chabot and Lawrcnce Bcaurcgard (Chabot 1984) at
IRCAM and Xavicr Chabot and Georges Bloch (Chabot 1985a) at
CARL. presented at the International Computer Music Conference in
1984 and 1985. Thesc works were bascd on performance with realtime
computcrized systems and were specifically designed to demonstrate
intcractions bctween instrumental playing and computer processes.
The present work is mainly concerned with the relationship between
what controls and what is controlled, an issuc not included in these pre-
vious works.

L.1. Pcrformance Practice and Technology

Whilc rclationships between instrumental (physicaf) gesturcs and musi-
cal (compositional) gestures have been traditionally implicit in instru-
mental practicc and music notation, the comp allows the resp
algorithm to be explicitly specificd. This independence between pro-
cess and control is fascinating, but presents us with the responsibility
for choosing a particular strategy. Classifications like the continuum
described by Garcth Loy (Loy 1985) or the thrce basic modes: organ,
accompanimert and intervention given by Xavier Chabot and Georges
Bloch (Chabot [985b) must be revised in terms of performance and
composition practice.

Performance—or instrumental—practice involves tradition, experience,
and scasitivity to context. Tradition is involved when one studics an
instrument from somcbody who already knows how to play it. Experi-
ence is acquired with thc use of the insttument. Sensitivity to context
charactcrizes  live' performance. Realtime technology has  been
developed to give to thc machine a sensitivity to context. Two exam-
ples, the tape rccorder and the pedal, will give us further insight into
the notion of performance practice.

The tape recorder has been heavily used by the recording industry for
rock-and-roll, music which is very cqually successful in the area of
broadcast, vinyl and live performance. Electronic tape music oftca
reveals itself oftcn as natural evolution of classical music practice: it is
taught in consecrvatories and played in concert halls featuring tradi-
tional instrumcntal acoustic charactcristics. An area of rcal success is
the interdisciplinary art show (tapc music with light, painting, dance,
theater and above all motion picturc). We think that the advantage of
rock-and-roll is to be born with electro-acoustic technology aad to have
been developed with it. The tcrm “context scnsitivity” s enfarged to
seqsitivity to the characteristics of the cra.

We use DXT7 pedals in alt sound ples. Pedals enlighten the close
rclationship between “Technology” and “Instrumcntal”. This kind of
pedal is an casy access to the computcer through MIDI. This pedal exists
because the computer cxists. This Music makes use of pedals because
this is computer music. Now, using a pedal implics a gesture. We call
these motions of fect acting on pedals the foor dancing. Thus we dis-
cover that Music, when involving a computer, provokes foot dancing,
quite uncxpected for a flutist. Music using Technology (computer and
pedal) has to take into account Technology: the use of pedals. Com-
puter Music that we dcmonstrate must take into account foot dancing.

Practice of the computer is bringing out a ncw music, in this case foot
dancing for a flutist. “Foot dancing™ as abstraction docs not exist, but
comes from the instrumcntality of the pedal. “Compuer Music™ as
abstraction docs not cxist, but comes from the Technology—cxpression
that we would like to be intcrchangeable with the substantive
Instrumcatal— of the computcr.

2. Improvisation
All cxamples presented have an improvisatory character. We make a

distinction between improvisation by the performer and improvisation
by the machinc. The performer is improvising if he/she has no dirce-
tives. He/she is then highly scnsitive to the musical context as men-
tioncd by George Lewis in (Roads 1985) and is able to rcact to what he
hears from the machinc, likc in the picce “Jimmy Durante Bowlevard™.
A picce is primarily specificd by its mode of functioning. fts form or
structurc is produccd by its actual functioning during a performance
and can be diffcrent cach time (Chadabe 1984). Knowledge of the
modc of functioning can be considered as a notation— the performer is
required to follow the rules—but in most cascs we prefer to view
knowledge of rules as part of perfurmance practice. The machine is
usually said to improvise if its rcsponsc has some uncxpected com-
poncats. We will say rather that the important thing is to crcate expec-
tations and to fulfill them or not. But at this point the inertia in time
of the Music sccms more significant that the distinction
notatcd/improviscd. Incrtia of music is similar to inectia in physics.
Later examples will clarify our dcfinition. The inertia is cmbodicd in
data files or in compositional processcs.

Examples based on timbrc control by pedals and amplitude feature no
inertia, thosc producing “rhythm ccho” to dcmonstrate Moxc have
some incrtia and the excerpt of Globokar's “Automusic™ (Globokar
1986) has a lot of inertia. The intertia in ‘Jimmy Durante Boulevard™
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has the form of explosions. Their evolution is defined by their starting
statc, but can be modified by performers.

13. Programming Environment

The programming cnvironment (ie. operating system and language) is
of primary importance for the music produced because it dictates how
functions arc dcfincd in time, how thcy are controlled and how they
communicate with cach other. The idea of inertia comes directly from
the proccdural character of the C {anguage and the extensions that we
usc for paraliclism and scheduling: Player (Loy 1985%) or Moxc (Dan-
ncaberg 1986, Collinge 1985). Furthermore, the use of this environ-
mcnt Icads us naturally to conceive forms in terms of hieracchic struc-
turcs, and controls—intcrrupt driven or not—in terms of top-down
information paths, from general to specific, from musical comtext to
musical evemt, from collective to individual. With this system, the
composcr/programmer composcs 2 mode of functioning (the program)
before the actual functioning (the data). This would be totally dif-
ferent with a function driven system like GROOVE (Mathews 1970),
for cxample, where manipulation of “musical details” (function sam-
plcs) docs not require a predcefined hierarchy.

Pcrformers are thinking of musical context and musical event at the
samc lcvel. The picce “Jimmy Durante Boulevard™ features many types
of controls: the computcer is sensitive to specific events and musical con-
texts, and is able to respond with specific resuits as well as with context
crcation.

Let us summarize what we think of as essential to integrate coatrol
input into thc musical decisions which participate to the composition:
(1) Computer Music has to be thought of in terms of Technology and
Pcrformance Practice. (2) For the distinction between notation and
impravisation, we prefer a characterization of computer music in terms
of (a) incrtia and scnsitivity to realtime, as well as (b) controt in terms
of scnsitivity to “musical context/musical event”.

2. A REALTIME PERFORMANCE ENVIRONMENT

Figure 1 shows our set-up MIDI based configuration.

[nputs: Flute and trumpct playcrs make use of the Yamaha DX7
pedals and have their pitch and amplitude converted in MIDI data by
Pitchrider 4000 modules (from IVL Technologics, Canada). The key-
board playcr plays thc DX7 kcyboard and also has a pedal. The voice,
not shown on the figure, is input directly into the audio system.

Outputs: The sound output is a sterco mix of voice, flute, trumpet and
* four Yamaha TX7 modulcs.

Computing: The computer is an IBM PC (or equivalent) interfaced
with MIDI through three Roland MPU 400’s (MIDI Processing Unit).

Eox| puen, | vewn
Cpeda) [ &>
@ DX7 {1 MpPUI IBM PC
Cpeda) — L_@
G poenr [ M2

TX7s || MIX

Figure 1 “Performance Sctup”
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2.1. Year 2001

The two main picces of equipment, the personal computer and the
keyboard/synthesizer are very represeatative of the musician’s cquip-
ment of the ycar 2001. Their availability, vcrsatility and handy packag-
ing, make them dcfinitivcly a product of our socicty from the 80's.
The pracrice of this equipment by its ncgative and positive aspects
reveals to us the Technology of the ncxt generation of so-called the
Computer Music Workstation. The future is in the continuance of the
prescnt. Jdnos Négyesy and Lauric Anderson playing the Mathews
Electronic Violin and Morton Subtonick writing a concerto for two
DX7's and orchestra (with Ursula Opens, Alan Feinberg and the Los
Angcles Philarmonic for the 1988-89 scason) are part of this continuity.

The IBM PC features a inadequate processor (the Intel 8088), but a
nice devclopment environment, enhanced and refined by a large
number of utilities collected or written by Andrew Voclkel and Tom
Erbe for CARL.

A very complete, versatile, programmable MPU driver has been writ-
ten by Xavier Chabot (CARL) and Andrew Voclkel (FIPSE). This
MPU environment is open. It is provided as a structured library of
functions with source code. It is programmable (default actions can be
replaced by uscrs). It has been thought of as a C programming
environment for MIDL The manual and source code for IBM PC and
single board M68000 are available from CARL. A version for the
CARL/Harmony rcaltime opcrating system (Loy 1986) will appcar
soon. The CARL MPU driver’s portability (dcpendence on compiler,
processor and operating system) is cmbodicd in the source code data
base following the model of Harmony (Genticman 1985). Interfaces
have been built at CARL for Multibus and VME standard buscs. The
structure of this software can be used to structure other types of MIDI
interfaces.

22. Schedulers

A lot of work has already been done on scheduling problems in rcal-
time applications and such analysis will not be rcportcd here. Qur three
actual candidatcs arc Moxc, Playcr and Harmony. They can all be
considered as supersets of the general purpose language C. Moxc is
very small, casy to port, and basically implements a time tagged func-
tion call. Player is a little bit more sophisticated in that it gives primi-
tives for process and paramcter access. As mentioned above, they
stimulate thc composcr/programmer to think in terms of “trees™ of
cvents, cach level being more dense in time than the previous one.
There is little or no provision for communication between cveats (mes-
sage passing or synchronisation). We arc looking forward to use Har-
mony on the CARL workstation prototype (Loy 1986). Harmony is
not just a scheduler, but'a whole rcaltime operating system, which has
obvious advantages. It is bascd on mcssage passing abstractions and we
are curious to scc what kinds of ncw applications this will stimulate.
From the Language comes the Poctry. All following cxamplcs are
using Moxc.

23. MIDI Control [nput: Decmonstration
In the following, contcnt of our live dcmoastration on control input is

detailcd. Examples arc ordered by increasing incrtia. The first two are
shown as playing modes, while the last two last are shown as part of a
composition.

23.1. Examples ! and 2: Timbre Control The first example dcmon-
strates the action and accuracy of the pitch dctector. A switch pedal
controls the activation of the pitch detector, It is fundamcental that any
process can revcal its cxistenee by being cnabled and disablcd. A con-
tinuous pedal (modulation pedal of the DX7) globally contruls timbre
changes. Timbres, numbcered from 1 to 32, are distributed by categorics:
flutc or organ sounds to timbre 1-10, kcyboard to percussion sounds to
11-20, percussion and noiscs to 21-32. Anather switch pedal increments
by one the current timbre number, allowing varicty within a given
catcgory of timbres. [t is intcresting to scc the influcnce of the
occurcnce of a particular timbre on the type of flute improvisation:
cach cvent “occurcnce of timbre” favors the crcation of a particular
qusical context. For cxample improvisation with piano sounds kcyced
from the flute is very different from a keyboard player improvisation.



The Technology (pitch detector driving a synthesizer) reveals to the
instrumcntalist ncw modes of playing.

The sccond example is the same as above but with four TX7 modules.
The numbcer of modules activated is controlled by the amplitude com-
ing from thc pitch dctcctor. The pedals affect scts of four timbres.
The composition of scts is stared in files specified when calling the pro-
gram. Here the combination of pitch, amplitude and pedal playing
creatcs an improvisatory musical context. This example also shows the
response time of the softwarc (MPU scrvicing, parsing, echo to the
MPU and the synthesizer): following onc mclodic line ‘rom the flute is
no problem, while the same process on keyboard chords shows delays
in the playback (arpeggiation of chords).

232. Example 3: Echos and Rhythms The use of Moxc to build
rhythmed echos triggered by incoming pitches is shown in this example.
Rythms are rcad from a file (like a sct of timbres in the previous
cxample) and indcxed by switch pedals. The continuous pedal controls
global tempo.

233. Example 4: Multitrack Sequencer A version of “Awomusique”,
picce numbcer 8 of Globokar's “Laboratorium” is played. This version is
somchow diffcrent from the original specifications. The performer
depresscs a pedal to cnable time tagged pitch recording. When the
pedal is lifted, cyclic playback starts. If the same track is retriggered,
the new scquence is inscrted. The other switch pedal increments the
track numbecr (maximum cight tracks) and allows layers of scquences.
Each track has a diffcrent timbre. The continuous pedal controls the
playback tcmpo. The performer creates a context in which he impro-
viscs. All tracks are writtcn and read on disk in realtime. Technically,
this shows rcaltime simuitancous MPU and disk servicing.

3. IMMY DURANTE BOULEVARD

This picce written by Georges Bloch summarizes most fcaturcs previ-
ously presented. It makes use of the CARL MPU software and the

Moxc scheduler written by Roger Dannenberg and modified at CARL
by Xavier Chabot.

3.1. Muitiplication

The picce is based on the definition of a process able to mulriply one
marcrial MATI by anothcr MAT2 bascd on geometric scrics whose
paramcters are read from a data file. The multiplication process is
notated (MATI * MAT2). In cxample 6a the trumpet will enter vari-
ous MATI scquences, while MAT2 and the development parameters
arc fixed: eg. a single note, a scale, a rhythmic partern, or a complex
scquence. In example 6b various devclopments are played while MAT1
and MAT2 are fixed. Decvelopment  parameters  are
convergence/divergence, geometric ratio, proportions of silence and
proportions of cuts into the trumpet phrase. Example 6¢ plays various
devclopments catcring MATR from the keyboard.

3.2. Chord Analysis
A chord analysis mcthod by Julio Estrada is used. Any chord can be
rcduced and given a type numbcer between 1 and 78. The type number
gives a cment of the di and the ¢ of the type
ber in a chord ce gives ement of the ch in har-
monic context. Results of the analysis of any incoming chord affects
thc content of the MAT2 (example 7a), activity of subvoices of the
dcveclopment {cxamplc 7b) and paramcter of the geometric scries
(cxample 7c). The chord analysis software has been dcfined by
Geoarges Bloch and written by Roger Dannenberg.

33. Mclodic Contcxt Analysis
There are two simultancous mclodic context analyses: contour and con-

cavity. They have been designed and written by Roger Dannenberg.
Both processes are cnabled/disabled by the flute pedal. The contour is
dcfincd as the intcgral in time with the pitch referenced to the first
pitch cntcred when the @ute pedal is depressed. The concavity is
cvaluated on a moving window of thrce pitches. Examples 8a and 8b
show contour and flute activity (vadation of the concavity) acting oa
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the playback of development subvoices (activation and relative dynam-
ics). The action of the flute is called ornamentarion. Sce figure 2 bel-
low.

low activity high activity
concave
++-4+4+44++ 4+ +++4

intcgral: high positive still positive high negative

Figure 2 “Pitch Contour Analysis”

4. CONCLUSION

The last example is a version of the picce. Although there arc many
possible versions—performers are improvising— we strongly fcet the
uniquencss which makes every examplc belong to the same piece writ-
ten by a composcr: this is COMPOSED IMPROVISATION. Crcation of
the picce is sharcd between non realtime (composition) and rcaltime
(improvisation). Each of the above cxamples stimulates a particular
type of improvisation from cach improviscr. The only dircctive for the
performers is to know what modc the program is in. The whole picce
fcatures complex rclationships between musical context and musical
event.
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