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1 Introduction

Can we design interactive software that enhancévithéhl creativity in music
improvisation ? This chapter attempts to answeritigely to this question, and
further proposes a class of interactive systemactoeve this goal. The question of
enhancing creativity has been addressed by variggesarchers in creativity studies,
as sketched in (Pachet, 2004). An analysis of pusvivorks in creativity studies and
in computer music generation position reveals ¢tlewing important characteristics:

1 — Creativity studies involving the relationshiptlween users and computers have
addressed only existing—and relatively old—musidtveare. Consequently, the
conclusion of these studies cannot be usedigsign new softwarein particular
interactive environments. So far, no study has lmmgducted that relates interactive
music system design with creativity enhancement.

2 — Existing approaches to computer-generated masc usually based onon-
interactivesystems (e.g. EMI, see Cope, 2001). Although tblentigues for computer
analysis and generation of musical style are reketa our aim, the very notion of
style replication is usually not considered in tielato subjectivity.

3 — Existing approaches to interactive music angalls based on preprogrammed
interaction modes, which generate various typemugical transformations or effects.
Although more studies could be devoted to intevactmusic systems and their
relationship to creativity, it can be said thatytlae limited, by definition, because
they do not allow acaffolding of complexityand are therefore usually delimited to
the composition of a particular musical piece.

4 — The theory of Flow focuses on situations whitrere is a balance between
challenges and skills. Such a balance depends eninttividual. A simple and
effective way to achieve it is to develop specKinds of musical mirroring effects
By construction, the level of challenge, represgrig the behavior of the system,
always corresponds to the level of the user.

This chapter is an attempt to generalize from thesgarks in the light of creativity
studies, and introduces the notionlafieractive Musical Reflective Systeas a way
of integrating and satisfying the various critetisted above. In Section 2 we
introduce the notion of Interactive Reflective Miadi Systems and motivate its
structure with the theory of Flow. We illustrates tarchitecture in Section 3 with three
interactive systems designed at the Sony Compuien& Laboratory, for which we
describe several past and on-going experimentsipeeti with these systems.
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2 Interactive Reflexive Musical Systems

We are interested in a novel class of computeresystwhich introduces a feedback
loop in the music production process. This classystems is referred to here as
Interactive Reflexive Musical SysteidR@MS). One important characteristic of these
systems is that the main point of interest lies switnuch in theuality of the music
produced, which is largely dependent on the sldltel of the user, but on the
difference between what is producedith the system and what the user would
producewithout it. The experience of playing with an IRMS candeda Flow (see
Pachet, 2004) states which eventually may triggeative behaviors or creative
output. We first introduce the abstract principefsIRMS and then illustrate the
architecture in various incarnations and reportegperiments performed with these
systems.

2.1 Definition

More precisely, we propose to consider the clagatefactive systems in which users
can interact with virtual copies of themselvesabileast agents that have a mimetic
capacity and can evolve in an organic fashion. Ekenthis imitation efficient, there
are a number of characteristics that we considgroitant to define reflexivity in
interactive systems. We propose the following list,no means exhaustive, or even
prescriptive, to be taken as a starting point:

- Similarity or mirroring effectWhat the system produces sounds like what the
user himself is able to produce. This similaritysnie easily recognizable by
the user, who must experience the sensation ahittiag with a copy of
himself. Similarity is not equivalent to mirroringor instance, a systematic
echo or repetition of the phrases played by thedses not induce such a
sensation.

- Agnosticity The system’s ability to reproduce the user’s geaty is learned
automatically and agnostically i.e. without humateivention. In our case for
instance, no preprogrammed musical informationvsrgto the system.

- Scaffolding of complexitynteractive systems are not designed only fortsho
demos. Since the user is constantly interpretiagtliput of the system, and
altering his playing in response, it is importantonsider the longer term
behavior of the system. Incremental learning ersstlrat the system keeps
evolving continuously and consequently that the uskeinteract with it for a
long time. Each interaction with the system conitiés to changing its future
behavior. Incremental learning is a way to endasvsystem with an organic
feel, typical of open, natural systems (as opptsgueprogrammed, closed
world systems).

- Seamlessnes¥he system produces output which is virtuallyistidguishable
from the user’s input. Note that this characteridbes not apply in the case of
“classic” hyper-instruments, where the sonic effente entirely produced by
the system, and therefore do not directly matcterratdirectly produced by
the users.

One important consequence of reflective systentlathe center of attention in the

interaction process is not so much teed-product(the music), but thesubject
engaged in the interaction. Engaging in an intesactwith a reflective system is
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therefore a means of discovering oneself, or aitleaploring one’s ability in the
domain at hand (in our case, musical improvisatidifis natural, deep interest in
exploring oneself particularly during the early years of childhood is a key to
self-motivation. The success of IRMS is largelydshsn the fact that individuals are
naturally inclined to discover their own personadit In some sense, these systems are
an extension of the “second self” (Turkle, 1984heve not only the machine seems to
“think,” but also thinks like the user. An interegft consequence of this is the reversal
of roles: the student becomes the teacher; thetemehnes the machine about himself.
We will give concrete examples of IRMS below. Canakamples abound also. For
instance, at first glance, a Vocoder may be seemdBMS. The carrier signal (e.g. a
voice) can be seen as a real time input, and thdulaior (e.g. another audio input
played on a synthesizer) as the contextual inp. dutput is generated by triggering
a musical stream from the carrier, biased by thelulador. However, there is no
learning component in a Vocoder, and therefore moease in complexity. The
Vocoder is a form of musical mirror.

2.2 Content analysis and production

The output of an IRMS is based on the analysihefaccumulated inputs of the user
in a session, and must satisfy these major criteria

- Produce an impression of similarity
- Conform incrementally to the personality of ttseu
- Be intimately controllable

The scaffolding of complexity is ensured by an &xpfeedback loop in the system
involving the user. Musical information given byethuser is processed and
recombined to produce new material, with which tiser may interact in turn, to
produce more material. The close relationship betwthe user and the system’s
production ensures that this feedback is both meéuiand effective.

Concretely, the musical output must typically Ire between two extreme forms of
musical production: repetition and randomness. tRepe is obtained by echoing
musical elements of the user, without any reorgditin. Repetition creates a sense of
mirroring, but does not exhibit any increase in ptaxity. Randomness can exhibit
complexity but is not related to the user’s persibna

There is another balance to be obtained by theugutpamely between a strong
personality (in principle as close as possible e tiser’s) which is insensible to
context, and a strong contextualization (as exdimagli e.g., by the Karma
workstation) which does not exhibit any personalithese balances can lead to the
introduction of various control parameters whick generically indicated as such in
Figure 1. Technically, it involves a balance betwagser inputs and contextual
information, which is described in 2.3.3.

2.3 Logical architecture

2.3.1 Inputs and output

The logical architecture of IRMS is relatively silapand stems from the analysis
above. It consists in dissociating three main ingpes, to produce only one output
(see Figure 1). The three main inputs correspondhéo three basic sources of
information needed by the system:
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Input for learning. This is where data—analyzedrer to build the
progressive model of the user—comes from.

Real-time input. This is whatiggersthe output of the system.

Contextual input. This is information provided ke tsystem, also in real time,
to control its production. This information can be seen aatiactor to bias
the generation of the system towards a particulasical region.

These three inputs can be, in certain situatidms,stme. For instance, in the basic
version of the Continuator (see Section 3.1), dagring and real time input are the
same, and come from the main user. There is noexio@l input. In the second
version, the learning input is used in a prelimjnphase. During the interaction, the
real-time and contextual inputs are the same.

An IRMS system has only one output, its main préidac However, several
instances of the system can be launched simultahgoallowing multi-channel
outputs and more complex interactions in generaldi#onally, control parameters
can be fed to the system, but their importanceagginal in this design.

Learning input  Real time input Contextual input

|

Ctrl param Reflexive Interactive System

|

Real time output

Figure 1. The global architecture of IRMS, with 3 hputs and one output.

2.3.2 Analysis and generation modules

The core system is itself decomposed into the vialg modules which are
instantiated in the final applications:

Segmentation of the various inputs into chunks

Gradual learning of input

Analysis of global parameters in the real-timguit

Generation of the output based on the learneteimcontextual input, control
parameters, and global parameters analyzed frome&hdéime input.

PwhE

This specification is intentionally general, bus &im is to offer the most generic
framework for building IRMS systems, without beirigo arbitrary. We have

proposed a design and an implementation for thesdules based on an extended
Markov model of musical sequences. We summarize tiexr most salient elements.
More details can be found in (Pachet, 2003). Howeuther learning techniques
could be used to achieve similar effects—either Kdatbased techniques or
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technigues based on different learning models sscheural networks. The model we
present here is intended to lead to efficient imy@etations and was tried out in
various settings.

(1) SegmentationA phrase-end detectdhat is able to detect that a musical phrase
had “ended.” Detection is based on an adaptive aemhgghreshold mechanism. The
threshold is inferred from the analysis of intesenintervals in the input sequence.
As a result, if the input sequence is slow (orhegt contains few notes per second)
then the threshold is increased, otherwise it isredsed. This simple mechanism
ensures that the continuation will be temporalymsiess.

(2) Gradual LearningA pattern analyzer Once detected as complete, the input
sequences are sent to a pattern analyzer, whiddsbup a Markov model of the
sequence. The complete algorithm, described inh@®a2002), consists of a left-to-
right parsing of the sequence to build a tree ofpabksible continuations for all
possible prefixes of the sequence. To speed upitggrthe system also learns all
transpositions of the sequence.

(3) Analysis of global parameter®\ global property analyzerVarious global
properties of the input sequence are also analyaeéth as the density (number of
notes per second), the tempo, and the meter (bocaif strong/weak beats), the
overall dynamics (loud or soft), and so on. Thesspgrties are used to produce a
continuation that is musically seamless with thpuin

(4) Generation. The generator is responsible fadygeing the continuation of the
input sequence. The actual production of the musicaerial exploits the Markov
graph created by the analysis module (Pachet 20®2)ssence, it consists of
producing the continuation on a note-by-note bds&ch note is generated using the
Markov probabilities inferred during the analysisage. Technically, it uses a
variable-order Markov generation that optimizes tbkevance of each single note
continuation by looking for the longest possibldseguence in the graph. Special
care has been taken to perform meaningful segnamgadf the input phrases for the
learning phase. Indeed, real-world input phrases reaver composed of perfectly
successive notes or chords. In order to “cut” iqguiases into chunks, which are then
fed to the learning system, a segmentation prosesdble to detect note or chord
transitions and possibly cut across unfinished :iothe module also stores the
possible “residual”’ discrepancy, and restores gestteration phase so that the material
retains the rhythmical “naturalness” of the oridisigle.

2.3.3 Taking the contextual input into account

An important point in the generation module is thay it takes into account the
contextual input. The basic idea here is that, reoptto usual Markov-based
generation systems, the output is not determindy lmn the input of the user (as a
continuation of this input according to the moderhed previously), but can also be
biased by the contextual input. This contextualuinpan be seen as a dynamic
attractor which influences the generation further;a given real time input, there can
be many possible continuations. A standard Markedehwill be able to produce a
continuation based only on probabilities of occoces as detected in the learning
corpus. However, in many cases, one would likenftuénce the generation using
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information which is not contained in the learnoc@pus, such as a novel harmony or
a melody, etc. (see Continuator-Il for examples).

To accommodate this need, we simply extended tlséc ddarkovian probability
scheme, as follows. We callarkov (s, x) the Markovian probability of drawing
musical element x, given in input sequence s (e given by the real time input).
The goal of all Markov-based music generators isampute quickly and accurately
Markov (s, x ).

Now we also introduce an arbitrary fitness functiBitness(x, C) , which
represents the fitness of musical element x acegrth a context C. This fithess can
be determined arbitrarily, and can represent fetaimce the harmonic distance of a
note given a chord.

BecauseéMarkov (s, x) andFitness (x, C) area priori independent, we
aggregate them using a simple linear combinatiararpeterized by a variable S as
follows, where S can vary from O to 1:

Prob(S, C, x) = S * Markov (S, x) + (1 — S) * Fitne ss (C, x).

This general probability scheme ensures that alksaan be covered. If S = 1, then
the scheme is strictly equivalent to a standardkivhaan generator. If S = 0 then the
scheme corresponds to an interactive system whaee wants to control the
generation of a musical process by some user inghen S is between 0 and 1, the
system tries to satisfy both criteria at the samme.tS is considered here as a typical
control parameter (see Figure 1) and set befoessia.

Finally, the continuation sequence produced is erud the sense that it does not
necessarily have the global musical propertieshef input sequence. Therefore, a
mapping mechanism is applied to transform the boaetinuation into a musical

phrase that will be played just in time to produsEamlessness. Currently, the
properties that are analyzed and mapped are temginical position, and dynamics

(more details can be found in (Pachet, 2002)).

2.4 Interaction protocols

Finally, the interactionper se obeys some given interactigorotocol Interaction
protocols are independent of the rest of the achite. Bolter and Gromala (2003)
argue that, contrary to common practice in interfdesign, man-machine interfaces
should not always be “transparent,” and that gasskful design should allow a
balance between transparency (i.e. the compuiavisble) and reflection, “in which
the medium itself helps the user understand theperence of it.” Indeed, one
important element we have learned from our experimméPachet, 2002) is that there
should not be any graphical interface in the stahdanse of the term (with a mouse,
buttons, etc.). Users engaged in creative musidngakannot afford have their
attention distracted from the instrument to the potar, however well designed the
interface may be. Therefore, all the interactiorith the system should be performed
only by playing. Several control parameters cammlagle available if needed, but they
are not designed to be used in real time. Oncesgioseis started, there should be no
need to look at the computer screen and to pressudton.

Different interaction protocols are possible with iRMS. Protocols can be seen as
the rules based on which the system decides to plagse protocols are independent
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of the actual analysis and synthesis methods éseith conversations, these rules can
be varied; question-answer is by no means the pofsible interaction protocol:
lectures, small talk (in the common sense meanexgms, baby talk, etc. are types
of communication where interaction protocols diffastly.

The issue of interaction protocols is closely esdatto the idea of music as a
conversation, put forward by Bill Walker (among ext$) in his ImprovisationBuilder
system (Walker & Belet, 1999). In ImprovisationRigt, the system is able to take
turns with the player, and also to detect, in a#seollaborative music playing, whose
turn it is using simple analysis of the various miass’ inputs. These examples show
that there is potentially an infinite number ofeirgsting interaction protocols.

Currently, several interaction protocols were dasihand experimented with IRMS.
Here are some of them, by increasing order of ceniyl (and represented
graphically in Figure 2). They are by no means ashiae, and given here as simple
examples:

- Turn-taking This mode is represented graphically as a pestemtession of
turns, with no gap. The IRMS detects phrase engihgs learns and
produces a continuation. It stops as soon as #restarts to play a new
phrase.

- Turn taking with delayThe same as above, except that the IRMS stogs onl
when the useiinishesa phrase. This produces an interesting overlapping
effect in which the user and the Continuator cary pk the same time.

- Single note accompanimeifithe IRMS produces an appropriate chordal
accompaniment each time a note is played, andtidtisame duration (stops
the chord when the key is released).

- Phrase-based accompanimenhe same as above except that the chord is
produced only at the beginning of a phrase.

- Collaborative In this mode, the IRMS plays an infinite streainmaoisic
(based on material previously learned). The usemptay simultaneously, and
what he/she plays is taken into account by the IR8& harmonically. The
user’s actions act then as a high-level controlentlzan a question to be
answered.

Turn-taking  Human — s s
Continuator

Turn-taking  Human oo = oo 00 e

With delay Continuator

Singlenote Human B @ AR BHABEB ER HA

accompanimengontinuator

Phrase based Human o e e

accompanimengontinuator

Collaborative Human F_____  — __|

Continuator

Figure 2. Various interaction protocols with the IRMS.
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These various modes are in turn usually highly petarized: The phrase length of
the continuation in turn-taking mode, the rhythmdeyothe adaptation or not of the
music produced to surface parameters such as dgsatampo, etc. In practice, it is
easy to see that an infinite number of concretraation protocols can be defined, all
tailored to a particular situation.

3 Applications

This section described several applications whiah be seen as different IRMS
systems implemented using the architecture descabeve. The differences between
these applications concern the “variable” partthefarchitecture, and more precisely:
the interaction mode, the nature of the variousutsip(learning, real-time, and
context), and the nature of the music being fed itite system (monophonic
melodies, chord sequences, arbitrary polyphonidanfised-beat music, etc.).

For each of these applications we describe thersysharacteristics and experiments
performed.

3.1 The Continuator-I: Question-Answer

The Continuator-l system is chronologically thestfiReflexive System developed at
Sony CSL. Its aim is to propose a musical dialogu#h the user with as little
constraints as possible, of course satisfying B3 criteria. The system is defined
as follows:

Learning input = real-time input: arbitrary polyptio music, without any
imposed metrical structure.

Contextual input: not used.

Interaction mode: turn-taking (see Section 3.4 $ystem stops when the
user plays, and reacts as soon as the user firasmessical phrase. There is no
overlap between the real-time input and the output.

The following set of examples (Figure 3 to 8) shawypical interaction with the
Continuator-l. For the sake of clarity we have tsghe interaction into three
“sessions.” Each session consists of a user playipbrase and a continuation. The
sessions are performed in a continuous mannerthgthreal system. The idea here is
to show how the user can progressively feed thesysvith his own music material
(in the case below different scale patterns) arnidigeeal time, an exploration of the
accumulated material.

Llger imput

1T e l"" * e ® o he Hy hy | — —
| Sy 1 o j—— T T T 3 T E |
[2] o — —  —| !

Figure 3. Session #1: a chromatic scale played Hyet user.

Continuator

User input
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Figure 5. Sessions #2: The user plays an octatorsicale.

Continuator

h L I
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T = = PR SR R R s i g

Figure 6. A Continuation played by the Continuator,having learned from the two preceding
sessions.

Userimout

Figure 7. Session #3: The user plays arpeggios wufths.

Comdinuator

f
[ am 1

STIRARRR SRR URTr PR RIS dg gReRem e
Figure 8. A continuation played by the Continuator, having learned from the three preceding

sessions. Note how the various patterns of the sess (chromatic, octatonic, and fourths) are
seamlessly weaved together.

Similar sessions can be performed with arbitratygimnic music, and are described
in (Pachet, 2003).

Although a complete analysis of the musical conf@oduced by Continuator could
be performed, it is simple to note here that thiputudoes “sound like” the inputs
given by the user. Moreover, one can see how tiiereint “patterns” of the user are
combined naturally to create new, seamless musscplences.

Various experiments with Continuator-I were perfedmwith professional jazz
musicians and children. The observations condudedfar have stressed the
remarkable success of the Continuator for stimgatusers (professionals and
children alike) to engage in musical conversatidnsall cases, a systematic Flow
experience was observed (see Pachet & Addessi, &0@4Addessi & Pachet, 2004
for more details). The various criteria of Flow weall clearly reached, notably
excitement and sustained concentration (see FRjurk is also quite clear, both with
professionals and children, that the activity aiyphg with the Continuator becomes
quickly self-motivated. The evolution of the intetian with the system is also
relatively stable. In a first phase, users try molerstand the rules of the game (which
are usually not told explicitly) and test the dpilof the system to understand their
style and reproduce it. This phase is usually matdéd by external pressure
(obligation of doing an experiment, demonstratiett,). In a second phase, typically
after a few minutes, the nature of the interactadranges, and invariably users
become engaged in an exploration of their own sgiely through their interaction
with the system, without requiring any help or fieack otherwise.
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Figure 9. Various expression of excitement in expements with children and Continuator-I.
3.2 The Continuator-1l: Accompaniment

The Continuator-1l uses basically the same techmmules as the Continuator-I and
differs only again in the variable parts of thehgtecture. It is defined as follows:

Learning input: chord sequences plapedbrethe interactive session, and
saved in a file.

Real-time input = contextual input: monophonic rdés with no metrical
structure.

Interaction mode: single-note accompaniment (se&d®e3.4). The system
produces one chord each time a not is played bysbe

We present an example of a typical session withti@aeator-1l using simple chords
and simple melodies. Figure 10 shows a chord seguetayed by the user (the
author in this case) into the system. These areyjahords which all sound good
using an arbitrary piano sound on a typical syntieesor MIDI piano. During the
session, the user plays a melody (real-time in@uidy, the Continuator-Il produces an
accompaniment to this melody in real time (see féidLl). The remarkable aspect of
this accompaniment is that it satisfies the follogvconstraints naturally:

Each chord “fits” with the current note played b tuser. The fithess here is defined
simply by the fact the chord chosen by the systenmains at least one occurrence of
the same pitch class (this can be checked on tam@g given below). Of course any
other fitness function can be defined, as desciilb&gction 2.3.3.
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Figure 10. A chord sequence entered by the user. &lthords, as well as the transitions between
the chords and their transpositions to neighboringones, are learned by the system,

Figure 11. A chord sequence produced from the inteiction between a musician (playing a
melody on a guitar) and the Continuator (playing clords in accordance to the melody). The
contextual force creates harmonies which are alwayfuent, locally correct, and converging. In
this case, each chord contains the same pitch classthe melody, possibly anywhere in the chord.
However, the sequence is also full of “interestingharmonic surprises, all created using only the
chords and the melodic input of the user.

Because this systematic mapping of chords to eatehaan be tiring, several
refinements can be introduced in the interactioden&or example, a temporal
threshold is introduced so that when a note playetie user is sufficiently long (say
more than one second), the system toggles between and off state.

This simple scheme allows the user to improvise @hord he likes for as long as he
wishes. To end the improvisation and resume themapaniment state, the user has to
play a sufficiently long note. This scheme is yebther example of the “no interface”
paradigm, which allows the user to remain concédran the playing. It is also an
example of how the user can “capture” and retaier@sting musical elements
produced by the system, in this case by just hgldinote.

Note that such a scheme has interesting effecteenoncentration involved: because
the user controls the on/off switching of the systey note durations, he has to listen
quite carefully to what the system is producing.

3.2.1 Variations

Other variations of the Continuator-Il have alseerbdried. In particular, one can
envisage the use of a fixed metrical structure rodgce an interesting system in
which the user literally plays with himself. Suchsgstem is described in (Pachet,
2003b).
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This system is defined as follows:
Learning input: a musical piece, following a fixeetrical structure and
tempo which is then saved in a file. Figure 12 shavgimple example where
a Bach prelude in C is played by the user (or feollDI file) and learned by
the system.
Real Time input = null. The system generates anitafstream from the
learned input, there is no triggering, and theesystioes not stop.
Contextual input = chords played by the user. Therds played by the user
bias the generation of the stream toward a spéw@iimonic region.
Interaction mode: infinite stream without interriopt

The Continuator-Il first learns a given musicalgeiewith a fixed metrical structure
(in our example, the Bach Prelude). In the secphdse (the actual session) the
system produces an infinite sequence in the satyie™gin this case, these sequences
can be described as ascending arpeggios using thiirdiatonic chords). At the same
time, it tries to adapt its production to a chood &ny musical material) produced by
the user in real time. The mechanism for produding compromise is sketched in
Section 2.3.3 and consists of substituting the Magn probability function of the
generator with a function that takes into accoubmet fithess between the continuation
and the melody of the user. Figure 13 shows a #iegblexample of the output of the
Continuator-IlI (bottom line) taking into accountiieal time the chords played by the
user (top line), as well as the “style” learnedrirthe Bach prelude.

Figure 12. The Bach arpeggiator example. In a firsphase, the Bach prelude in C is played and
learned by the Continuator (in all tonalities).

User input

Continuation

Figure 13. In the second phase, chords are playeg the user (top line), and the system reacts to
them by playing “Bach-like” arpeggiations (secondihe).

Of course, this example is a musical caricatureergithe space constraints of the
chapter, but it shows the basic principle undertimg particular mode. In some sense,
the system allows a user to literally play twicghanimself. In the first stage, the user
teaches the system all his patterns, tricks, medlechords, etc. Then the same user
plays a melody, and the Continuator uses the |damaterial to produce an
accompaniment. Because of the way the system igngek it will find matches and
associations between musical elements of the usar would be difficult or
impossible to find by hand. It is, in our view, ypital example of a reflexive system
because the system does not invent anything newsitoply digs out and recombines
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material of the user in a meaningful way (in thisse the “meaning” is given
essentially by the harmonic distance function). Meomplex examples as well as
audio excerpts can be found on the web site outieoa

3.3 Continuator-1ll: Experiments in song compositian

The finale example of IRMS using our architectuoggh’t concern improvisation as
in Continuator-1 and Il, but the process of composi More precisely, we have
started a study to observe the process of pop-somgosition, where we apply our
ideas concerning IRMS. We are interested in thaticre procesper se from the
generation of musical ideas, motives, patterngheocreation of a structure, including
variation of motives, repetition of structural elemts, etc. Many tools have been
designed to help the music composition processgjrgjavith sequencers (see Pachet,
2004) up to fully-fledged programming environmesteh as C-sound or OpenMusic
(Assayag et al., 1999). However, these environmeiatsnot really assist in the
creative process, and are targeted at composersaldedy know what they want to
produce quite well. Qsketcher (Abrams et al., 20@2)an example of a system
designed with the goal of assisting in the earfgess of the creation process, and in
particular aims at capturing ideas with minimum rusgeraction. The system is,
however, largely menu-based and involves many atandomputer interactions with
mouse, buttons, and drawings. Our approach to tasgisarly-stage composition
follows the same goals, but we investigate the afséRMS without a computer
interface, and try to push the idea as far as plessi
The current state of the system is decomposedsiteral subsystems, corresponding
with various steps in the creation process. Fasgystem allows the user to find
“musical motives,” typically a few bars long, with chord sequence and a related
melody. In this phase, the system definition isidaly the same as Continuator-II
except for the interaction mode:
- Learning input: chord sequences plapedfbrethe interactive session, and

saved in afile.

Real-time input = contextual input: monophonic rdes with no metrical

structure.

Interaction mode: each note of the melody triggechord. When the melody

is finished (as detected by a temporal threshie) melody just playeand

its associated chord sequence is played backaopa When the user plays

again, the loop stops, and the process starts agtirthe end of the new

melody, and so forth.

Several variations are introduced in this basic ena$ing various control schemes as
in Continuator-ll, such as duration or velocitytbé last note played. For instance, the
user can play new melodies on top of a chord segugenerated by the system
without triggering a new generation. When a satigfymelody has been found, the
whole sequence is saved in a repository, and carsée later as a building block for
the whole song.
In a second step, the task is to produce a steucetsing the various building blocks
created before. One of the difficulties here iscteate interesting “variations” of
motives.

Learning input: a harmonized melody, i.e. a meldi its corresponding

chord sequence, typically generated in the firsisphand possibly saved in a

file.
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Real-time input = null.

Contextual input: chords played by the user. Igeaakse chords are not heard
(so-calledocal off MIDI mode), to avoid interference with the harmdiging
played.

Interaction mode: the harmonized melody is playea loop. When the user
plays a chord, the system transforms the harmomedddy so that it matches
harmonically with the chord (as in the Bach prelagample illustrated in
Figure 13).

Another variation lets the user change both thenbay and the rhythm of a given
harmonized melody. In this case, the system ismdéfby:

- Learning input: same as above—a harmonized mel@dy melody with its
corresponding chord sequence, typically generatéuki first phase, and
possibly saved in a file.

Real-time input = contextual input: chords playgdh®e user.

Interaction mode: Each chord played by the usggérs one note of the
harmonized melody transformed so that it matchesmidaically with the

chord (above). When the user plays one note aftibed again (and keeps the
other notes sustained) the next note of the metogiayed. When the whole
melody is exhausted, it starts again. When theplags a hew chord (after
having released the former one), the melody stdpsever it was playing and
starts again with the new chord as an attractor.

4 Conclusion

We have introduced the concept of Interactive RefleMusical System as a class of
interactive systems aimed at enhancing musical ticitga The most important
characteristics of IRMS are 1) the gradual learmihghusical material which allows a
scaffolding in complexity, necessary to sustainittterest of users for long periods of
time, 2) the lack of a standard graphical userriabe which allows users to
concentrate on playing music without thinking abting system design. We proposed
an architecture as well as three different appbaoat created with this architecture.
Several experiments are described with varioussussing an IRMS (children,
improvisers, composers). The most important couatiob to creativity studies is to
introduce a novel class of studies formed by therattion between a user and an
IRMS.

Finally, we believe our work is an example of aitful collaboration between
experimental psychology and computer science. Bscdonovation in computer
science is rarely strictly endogenous (innovatdeas in computer science often come
from blending with other domains), we believe trat approach that closely
integrates psychological experiments with systersigte is very productive and
should be pursued in other domains of creativiigiss.
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