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Abstract:

The developing field of multimedia opens up a whole new class of applications for constraint
techniques. The dam of this talk is twofold: show innovative gplicaions of existing constraints
techniques, and also show how the new landscape of multimedia raises new issues pertaining to
constraint reseach and development. | will first outline the main results in so-cdled automatic
harmonization, i.e. the use of constraints to generate music acording to given inputs such as melodies
or basslines. | will then show how constraint perturbation techniques can be used to huild interadive
listening systems, espedally for controlli ng sound source spatializaion. Then | show an application of
constraint satisfadion for creaing music programs stisfying wser preferences. | ill ustrate thisideaon a
prototype music program generation system.

1. Looking for new Combinatorial Problems

Operation reseach and combinatorial optimizaion have traditionally been the main application field of
constraint techniques, and is indeed today probably the main one for software industries sling
constraint technology. However, we ague here that new domains sould be investigated for applying
constraint techniques, both for enlarging the impad of constraints, and aso to boast reseach in new
areas. Thistak stresses on the interest of Multimedia in this context, as a promising field for new types
of applications of constraints. Starting with the long tradition of works in constraint programming and
music, we will then describe the landscape of multimedia technology, and autline three main fads
which make multimedia apotentialy huge field for constraints. We ill ustrate our claim by ongoing
work conducted at our research lab in the field of interactive musicd systens and music seledion.

1.1 Constraints and Music

Constraints have been used in the last decale for solving musicd problems with some success The
typicad musicd problem solved is the automatic harmonization problem: given a melody, the task isto
compute a four-voice harmonization of the melody, which satisfy the rules of harmony and
courterpoint. This problem can be seen as a mnstraint satisfadion problem because of the very nature
of the rule of harmony, which typicdly state incompatibiliti es. A typicd ruleisthe “paralld fifth rule”;
which states that two conseautive chords should not have aparall e fifth (see Figure 1).
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Figure 1. Thefirst two chords violate the parallel fifth rule (the two paralld fifth intervals are
represented by an oval). The two last chords do satisfy the parallel fifth rule.

Although many systems have been propased to solve this problem (Tsang, 1991, Ebcioglu, 1992, see
Padhet, 1999for a survey), it is only recently that we can consider the pure combinatorial problem of
automatic harmonizaion as olved, using arc-consistency-based algorithms, and an adeguate
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representation of chords as groups of notes in the solving process (Pachet & Roy, 1998. A typicd
solution found by suchasystem isgiven in Figure 2.
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Figure 2. A Typical melody (French anthem La Marseillaise) and a 4-voice harmonization
computed with a constraint satisfaction system.

However, we can draw many lesons from the history of constraint-based harmonization systems. On
the one hand, it can be said that the pure underlying combinatorial problem is now solved: solutions can
be found pradicdly in red time for any kind of melodies, and for al sorts of musicd constraints. On
the other hand, the problem is now even more open than before. The first reason is that it is not enough
to be &le to compute dl the solutions of the problem: the user usually wants the “best” solution. But
spedfying what means a “best” musicad harmonization isimpossble in terms of constraints. Thiswould
require the aility to formulate explicitly what makes a melody “nice”, in operational terms, such as
multi -criteria optimizaion function, which is also a research isaue today for constraint systems. The
seoond reason is that the combinatorial approach somehow defines away the intentional asped of
musicd compasition: solutions are computed respedless of any harmonic intention, which is aso a
major drawbadk for assessng the interest of a solution. Representing musicd intentions however is
difficult, although several works have dtempted to doso (Henz & al., 1996. But the most difficult
asped isto link a representation of intentions with the ad¢ual note production, in both ways. This raises
the problem of controlling a solver from a high level representation of goals, which is yet another open
reseach isale. Finaly, the notion of musicd “pattern” is not taken into ac@unt; which contributes to
making the computed solutions sound mechanistic. A human solution (not to mention “nice”) usually
contains well known patterns of notes or chords, even when they are not required by explicit rules.
Combining constraints with paternsis something we do not know yet how to dag or in a very awkward
manner.

The landscgpe of multimedia has of course much changed since the first works on automatic musicd
harmonization. In the next sedion, we outline the mgjor fads of multimedia that open new doars for
constraint applications, particularly in the music field.

1.2 New facts of Multimedia

Multimedia is among the promising rew fields of constraint technology, for threemain reasons: the size
of digital caalogues, the availability of symbalic meta-data, and the new roles of end users in the
production chain.

First the availability of large cdaalogues of multimedia information (films, video, music) to users via
networks (internet, set-top-boxes, or digital broadcasting) credes a huge demand for high-level user
services. Digitalization of multimedia data has yet another consequence the availability of huge
caalogues of multimedia data to users. In the cae of music, there isa @nceptua shift which has
nothing to do with the technology of large databases. The main issue raised by this technologicd
advance is how to accesshuge cdalogues of music, not from a technicd viewpaoint, but from a user’s
viewpoint. Recdl the juke box, invented in the late 20s: a typicd juke box would contain about 120
titles, which is the size of an average user’s discotheque. Browsing through all the titles was probably
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part of the pleasure, and seledion could be made just like & home: by choosing one item out of a
colledion of items, which at least the user has en once Now atypicd caaogue of a mgjor company
isabout 50.000items. What happens when the collection to seled from is such a caa ogue ? Even more
terrifying, what happens if all the recorded titles become avail able through retworks to users at home ?
Estimating the total number of al recorded music is difficult, but it can be gproximated to about 2
milli on titles (seg e.g. the size of MusicBoulevard or Amazon databases). The figure can be probably
doubled to include non Western music. Every month, about 4000new CDs are isued on the market. It
is clealy imposdble to apply usual techniques of music seledion in this new context. What does it
mean to “look for” a titlewhen the messof titles is so huge ?

The semond fad is the posgbility, with digital representation of audio-video signals, to incorporate so-
cdled “content information” together with the data (see eg. the upcoming and Mpeg-7 standard for
audio-video content description (MPEG7, 1998 Chiariglione, 1997). These standards make it passble
to use symbalic techniques gich as constraints, to spedfy and solve problems related to audio-video
manipulation and accesson a large scde. Although the detail s of these new standard are not dedded
yet, they are cetain to impad dramaticdly the nature of the software industry, by opening yp a new
field of applications. Why would one want to transmit such meta-data ? The interests are obviousin the
context of document indexing. If musicd data is acompanied with corresponding adequate
descriptions, digital caalogues can then be accesd using sophisticated query systems. Meta-data
opens also doass for imagining rew listening systems in which the user may accessdatain a drasticdly
different way. Instead of being a passve, neutral suppart, music beames an adive, self-documented
knowledge base.

Finaly, the new standard efforts convey a radicdly different vision of the production chain, from
multimedia production to end user access the ideathat home becmes a full-fledged recnstruction
factory, where the multimedia is not “consumed” diredly, but recnstructed. The idea of structured
audio has initially been devised to allow better compresgon of high quality audio. Standardization
efforts like the Mpeg-4 projed embody this ideg and try to make it pradicd on alarge scde (seg e.g.
the Madhine listening Group o the Media lab, Sheirer et al., 1999. The ideais sSmple: instead of
transmitting a ready-to-listen sound, only a description of how to make the sound is transmitted. The
acua sound is recnstructed at home, or at the listener’s location, provided of course he/she has the
right software to processthis reanstruction properly. Structured audio adually extends this basic idea
to include fully-fledged scene descriptions, that is, not only descriptions of individual sounds, but
description of groups of sounds playing together to make up a pieceof music. The adual technica
detail s of scene description also include dl what is nealed to remnstruct a sound or pieceof music
rightfully, e.g. effeds, adaptation to the locd sound reproduction system, and so forth. In our context,
the notion of scene description opens up new doars for meaningful controls. Indeed, since the music is
delivered as a “kit”, lots of posgbiliti es can be imagined to influence the way the kit is acualy built,
acording to user preferences. Of course, these variations around how the kit should be asmbled have
to be “coherent”, which are predsely where constraint come into play.

In this context, constraints are an enabling technology for buil ding Hgh-level services with clea added-
value. These new aress crede new instances of classicd problems; e.g. scheduling (digital audio
broadcasting), but aso whole new classes of problems. We will now outline airrent works at Sony
CSL-Paris which use constraints for adadesgng theseissties.

2. Research at Sony Csdl-Paris: ActiveListening

Active Listening refers to the ideathat listeners can be given some degree of control on the music they
listen to, to produce different musicd perceptions on a piece of music, by oppgsition to traditi onal
listening, in which the musicd media is played passvely by a neutral device The objedive of this
reseach is bath to increase the musicd comfort of listeners, and, when possble, to provide listeners
with smoacther paths to new music (music they do not know, or do not like). These control parameters
crede implicitly control spacesin which musicd pieces can be listened to in variousways. We ill sutrate
thisideawith two concrete projeds goingon at our lab.
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3. TheMusicSpaceProjed

3.1 Motivations

The first parameter which comes to mind when thinking about user control on music is the
spatialization of sound sources. We cnduct a projed for investigating the technica and conceptual
issues related to meaningful user-control of music spatiali zation, cdled MusicSpace

In MusicSpace the user can listen to pieces of music using an interfacein which ead instrument in the
pieceis represented by a graphicd objed (see Figure 3). Moving these objeds around modifies the
mixing of sound sources in the global sound. Moreover, an objed representing the listener himself -
avatar - is aso represented in the interface so that al the mixing parameters (volume, panoramic
position, etc.) are mmputed acording to the avatar’s position. The basic system provides the
posshility of 1) moving around the avatar, to induce amixing as if the listener was moving around the
adua musicd set-up, and 2) moving around the instruments themselves, thereby inducing a different
mixing asif the li stener was a sort of sound producer.

Experiments of this basic system were conducted on average listeners and music composers. It clealy
appeaed that although the physicd adions of moving avatar or instrument icons around in a window
are very similar, the posshility of moving around listener’s avatars is quite different conceptualy than
the possbility of moving around instruments. Indeed, moving the avatar corresponds to the adion of
moving oneself around a musica setting. Moving instruments correspond to a more technicd view on
the music - the sound enginee’s view. This scond passhility appeaed to some users as heretic, since
it pradicdly gives usersthe posshility of totally changing the overall mixing of the musica piece!

E’g MidiSpace - Applet Window !En |
File ‘iew Palefies  Constraiis Midi O2R  Spat  Backoround Calor  Help
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Figure 3. Theinterfaceof MusicSpace | nstruments are related by constraints. The avatar aswell
as instruments can be moved around by the user. The @nstraints embody an “automatic” sound
engineer.

The second phase of our projed consisted in introducing a way of somehow constraining wser adions,
to avoid situations where the mixing produced is totally unrelated to the original spirit of the music
(Pachet & Delerue, 1998. We proceaded by introducing a particular technique, cdled constraint
perturbation, which predsely alows instruments to be linked together by relations that are dways
enforced: the system uses these wnstraints to propagate dhanges, so that the set-up always remain
consistent. For instance, a “related” constraint may be set between the drum and the bass so that one of
them is moved closer to the listener’s avatar, the other one is moved acwrdingy (with the same
distance ratio). On the ontrary, a “balance” constraint may be set between two sound sources that
should always be mutually in oppdasition: for instance, when the chorusing instrument is brought closer,
the acompaniment is moved away. These mnstraints can finally be compaosed together to crede rich
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environments in which users may change the instrument pasitions, but the constraint system ensures that
the overall mixing always remain consistent with the enginee or composer constraints.

3.2 Constraints for mixing

Most of the mnstraints on mixing involve a olledion of sound sources and the listener. We describe
here the most useful ones.
» Constant Energy Level

The simplest constraint is the constraint stating that the energy level between several sound sources (i =
1, .., n) should be kept constant. According to our model of sound mixing, this constraint can be stated
between variablespi, i = 1, ..,n asfollows:

[lp.-1l=ce

Intuitively, it means that when one source is moved toward the listener, the other sources sould be
“pushed away”, and viceversa. The mnstant value on the right-hand side of the onstraint is

determined by the airrent values of [, and | when the cnstraints are defined. In pradice, the total
energy level may be approximated by a linea expresson, yielding:

n
[p -1]=cte
1=1
Note that this constraint is non linea. Moreover, the anstraint is not functional, except in the cae of
two sources only.

e Constant Anguar Off set

This congtraint is the anguar equivalent of the precading one. It expresss that the spatial organizaion
between sound sources sould be preserved, i.e. that the angle between two oljeds and the listener
should remain constant. It can be stated betweenvariables p; and p, as foll ows:

A

(P!, p,)=Cte

The constraint is generalized to a mlledion of objectsbetween variables py,..., pi...,pn:

(pul.p,)=Cte,: (Pl p)=Cte;; (pul,p,)=Cte,

¢ Constant Distance Ratio

The constraint states that two or more objeds should remain in a constant distanceratio to the listener:
[p.=1l=a e 1|

This constraint can be generalized to n objeds and the li stener:
Oi, j < n:||pi —I|| :ai’j”pj —I||

» Radial Limits of Sound Sources

This constraint all ows to impaose radial limits in the posshble regions of sound sources. These limits are
defined by circleswhose center isthe listener’ s avatar (see Figure 3) .

|p =1z a, Gowertimity;  |[p ~I|< @, (upperlimit)
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3.3 Issues

There ae two ways to interpret MusicSpace One is to see it as an embodment - simplistic but
operational - of a sound enginee: the user may move sounds using high level adions; the system
“correds’ these adions by moving other sound sources acwrding to his knowledge of sound mixing.
Thisknowledge is explicitly represented as constraints.

The other viewpoint is to seemixing constraints as an ontology of mixing actions, which all ows to mix
in terms of properties of set-ups, rather than in terms of atomic adions on knobs and faders. This
ontology allows to spedfy properties of configurations, which are guarantied to be dways enforced,
rather than spedfy explicit configurations. In this resped, constraints represent a semantics of sound
source @nfiguration, and the resulting - constrained - exploration space dows to explore various
configurations without violating the spirit of the original mixing.

MusicSpaceis aso to be seen as an example of exploitation of “reconstructed music”. As outlined in
Sedion 1.2, future standards will most probably deliver music by chunks, possbly transmitting sound
sources eparately, together with spedficaions on how to remnstruct the music whole from the parts.
Constraints are one way of spedfying this reconstruction, which nevertheless leaves room for new
semantic-preserving user control.

MusicSpaceis today an operational system, which can be used to control a variety of listening and
mixing devices. The dgorithms used for MusicSpace ae in some sense ad’ hoc: they alow to design
the oongstraints needed for mixing (Pachet & Delerue, 1998: the solver handles non functional
constraints with inequaliti es, and cycles, but with a thedking mode only. However, some mnstraints
cannot be represented with the airrent state of the dgorithm, for degp reasons. One example is the
“equalizaion constraint”. This constraint states that the overall frequency spedrum of the total sound
should remain within certain limits, defined by a set of values. Clealy, this constraint is a global
constraint that holds on all the sound sources. Moreover, the constraint requires afull exploration of the
seach space becaise the solutions depend heavily on the other constraints of the store. Combining
satisfadion (exhaustive search) and readive perturbation is mething we do not know how to do

today.

4. Music Catalogue Access

The issue of music delivery concerns the transportation of music in a digital format to users. Music
delivery has recently benefited from technologicd progressin network transmisson, compresson of
audio, and protedion of digital data (Memon & Wong, 1998. These advances alow now or in the nea
future to deliver quickly and safely music to users in a digital format through retworks, either internet
or digital audio broadcasting. Moreover, as e in Sedion 1.2, digitalizaion of data makes it possble
today to transport information on content, and not only data itself. Together, these techniques give the
users, at home, accessto huge cdalogues of annotated multimedia data, music in particular. These
techniques aim at solving the distribution problem, i.e. how to transport data quickly and safely to
users. Paradoxicdly, these technologicd advances also raise anew problem for the user: how to choose
among such huge cdalogues ?

4.1 Motivation and Ideas

From the user viewpoint, accessng a large quantity of music indeed is problematic: it cannot be
reduced to a simple database problem, becaise, by definition, users do not know predsely what they
look for. The problem of choosing items is general in western societies, in which there is an ever
increasing number of products avail able. For entertainment and spedally music the choosing problem is
spedfic, because the underlying goals - persona enjoyment and excitement - do not fall in the usual
caegories of rational dedsion making. Although understanding a user’s goals in listening to music is
very complex in full generality, we can summarize the problem to two basic and contradictory
ingredients: desire of repetition, and desire of surprise.

The desire of repetition is well known in music theory and cognition. Experimental psychology shows
the importance of repetitions in music. At the melodic or rhythmic levels of music “repetition breeds
content”. For instance, sequences of repeding rotes crede expedations of the same note to ocaur. At a
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higher level, tonal music, for instance, is based on structures that crede strong expedations or the next
musicd events to come (for instance, a dominant seventh chord creaes an expedation of a resolution).
Music theorists have tried to cgpture this phenomenon by proposing various theories of musicd
perception based on expedation mechanisms, particularly for modeling the perception of melodies
(Narmour, 1992. At the more global level of music seledion, this desire of repetition tends to have
people wanting to listen music that they know already (and like) or music that is $milar to music they
aready know. For instance, a Beales fan will most probably be interested in listening the latest Beales
boatleg containing hitherto unrelea®d versions of hisfavorite hits.

On the other hand, the desire for surprise is a key to understanding music, at all 1evels of perception.
The very theories that emphasize the role of expedation in music dso show that listeners do not favor
expedations that are dways fulfill ed, and enjoy surprises and untypicd musicd progressons (see eg.
Smith and Melara, 1990. At alarger level, li steners want from time to time to discover new music, new
tittes, new bands, or new musicd genres. This desire is not necessrily made eplicit, but is
neverthelessas important as the desire for repetiti on.

Of course, these two desires are mntradictory, and the issue in music seledion is predsely to find the
right compromise between these two forces: provide users with items they arealy know, and provide
them with items they do not know, but will probebly like.

From the viewpoint of record companies, one goal of music delivery isto achieve abetter exploitation
of the caalogue. Indeed, record companies have problems with the exploitation of their caalogue using
standard distribution schemes. For technicd reasons, only a small part of the cdalogue is adually
“adive”, i.e. proposed to users, in the form of easily avail able products. More importantly, the analysis
of music sales $ows clealy deaeases in the sales of albums, and short-term policies based on selling
lots of copies of alimited number of items (hits) seem to be no longer profitable. Additionaly, the sales
of general-purpose “samplers’ (e.g. “Best of Love Songs’) are no longer profitable, either becaise
users have dready the hits in their own discotheque, or becaise they do not want to buy samplersin
which they like only afradion of the titles. Exploiting more fully the caalogues has become a recessty
for record companies. Instead of propasing a small number of hits to a large audience, a natural solution
istoincrease diversity, by propasing more customizedabums to users.

4.2 On-the-fly Music Program Generation

The RedtalComposer Projed (Padhet et al., 1999 is based on a the idea of propasing wsers fully-
fledged music programs, i.e. sequences of music titles, instead of sets of individual titl es, as in standard
approaches. There ae several motivations for producing music programs, rather than urordered
colledions of titles. One is smply based on the recognition that music titles are rarely listened to in
isolation: CDs, radio programs, concerts are dl made up of temporal sequences of pieces, in a cetain
order. This order is most of the time significant, i.e. different orders do not produce the same
impressons on listeners. In a way, the whole aaft of music program seledion is predsely to huild
coherent sequences, rather than simply seled individua titl es. The second motivation is that properties
of sequences play an important role in the perception of music: for instance, several music titles in a
similar style mnvey a particular atmosphere, and crede expedations for the next coming titles. As a
consequence, an individua title may not be particularly enjoyed by a listener in abstracto, but may be
the right pieceat the right time within a sequence.

Rather than focusing on properties of individual titles, we can exploit properties of sequences. The
propasal is therefore the following. First we build a database of titles, with content information for eadh
title. Then we spedfy music programs by giving the properties or patterns we want the program to hawe.
These properties are represented as congtraints, in the sense of constraint satisfadion techniques.
Finally, a oonstraint solver computes the solutions of the rresponding combinatorial pattern
generation problem.

As an example, we will take amusic program for which we spedfy the desired properties. Here is a
“liner-note” like description of a typicd music program. The properties of the sequence may be
grouped in three céegories. 1) user preferences, 2) globa properties on the amherence of sequences,
and 3) constraints on the eploitation of the caalogue. The following example describes a music
program cdled “Drivinga Car”, idedly suited for listeningto musicinacar:

User preferences
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Note that these mnstraints pedfy global properties of the sequence, and donot spedfy the paosition of
items in the sequence

¢ No dow/very dow tempas (Cardinality Constraint)
o Atleast 30% female-type voice

e Atleast 30% purely instrumental pieces

e Atleast 40%brass

e At most 20% “Country Pop” style

* Onesongby “Harry Connick Jr”.

Constraints on the coherence of the sequence

» Styles of titles are dose to their neighbors (succesor and predecessor). Thisis to ensure some sort
of continuity in the sequence, style-wise.
* Authorsareall different.

Constraintson the exploitation of the catalogue

» Containstwelve different pieces. Thisisto fit on atypicd CD or minidisk format.
e Contains at least 5 titles from the label “Epic/Sony Music”. This is a typicd bias to exploit the
caalogue in aparticular region.

4.3 Database of Music Titles

The database required for building music programs contains content information needed for spedfying
the constraints. More predsely, ead item is described by a set of attributes, which take their valuein a
predefined taxonomy. The attributesare of two orts: techricd attributes and contert attributes.

Tedhnicd attributes include the name of the title (e.g. “Lean to love you”), the name of the author (e.g.
“Connick Harry Jr.”), the duration (e.g. “279 sec”), and the recording label (e.g. “Epic/Sony Music”).
Content attribute ae typicd meta-data: they describe musicd properties of individua titles. The
attributes are the following: style (e.g. “Jazz Crooner”), type of voice (e.g. “muffled”), music set-up
(e.g. “instrumenta”), type of instruments (e.g. “brass’), tempo (e.g. “slow-fast”), and ather optional
attributes such as the type of melody (e.g. “consonant”), or the main theme of the lyrics (e.g. “love”).

In the aurrent state of our projed, the database is creaed by hand, by music experts (including the third
author). However, it should be noted that 1) some &tributes could be extracted automaticaly from the
signal, such as the tempo, see eg. (Scheirer, 1998 and 2) all the dtributes are simple, in the sense that
they do not require sophisticated musicd analysisto be fill ed.

TezzSwing Jarz-Croonel ——— Country- Crooner
% L atino-Jazz Pop-Soul ——— Pop-Song —— Pop-Rock

Soul-Jazz
Soul-Crooner Soul-Blues
\\ Country Pop
Jazz- Crooner Worl d Reggee

Soul-Funk Soul Crooner Pop Cdlifornia
Soul Funk

Figure 4. A part of a taxonomy of musical styles. Links indicate a similarity relation between
styles. “Jazz-Crooner” isrepresented as similar with “Soul-Blues’.

An important asped of the database is that the values of content attributes are linked to ead other by
simil arity relations. These simil arity relations are used for spedfying constraints on the continuity of the
sequence. For instance, the preceding example mntains a onstraint on the ntinuity of styles. More
generaly, the taxonomies on attributes values alow to establish links of partia similarity between
items, acordingto a spedfic dimension of musicad content.



Congtraints and Multimedia, F. Padhet, Practical Applications of Constraint Logic Programming,
London, March 1999 pp. 3-13

Some of these relations are simple ordering relations. For instance tempos can take their value in the
ordered list (fast, fast-dow, slow-fast, dow). Other attributes such as style, take their value in full-
fledged taxonomies. The taxonomy of styles is particularly worth mentioning, becaise it embodes a
global knowledge on music which is a dea added value for the system. We designed a taxonomy of
styles representing explicitly relations of similarity between styles. Our taxonomy is a non-direded
graph in which vertices are styles and edges expresssimil arity. It currently includes 120 diff erent styles,
covering most of western music. A part of the graph is represented in Figure 4.

4.4 Services and Interface Issues

Computing music programs from a database and a set of constraints is diown to be a ©mplex
combinatorial problem. Constraint satisfadion tedhniques may be used to solve it, as explained in
(Pachet & al., 1999. The resulting technique can be used to build a number of services related to
music delivery with large-scde music caalogues. We list here examples of currently built applications:
automatic CD asembly, a Path Builder and a Baroque redta compaoser. Other applicdions are
envisaged for set-top-boxes srvices and dgital audio broadcasting which we do not detail here for
reasons of space
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93 Borigua's anthem (C & C Music Factory ~ Sarota Naciona  Skank World Rey low pi, Man, .plang 51 Bright lights and pramises lan Janis)
o 1 s Gt i lre, ime oo in o B
95 Gozar con mu combo (&) (Cachan I rying over you
96 Alms detu flar (B\adES(R)UEJEH) ) More than ome  Keh' Mo' Soul Blue broken Man Jazz wuit (54 vgy (Ten Sharp)
97 Eres mi cancion (Blades Ruben) 55 All of the angels (Tears for fears)
98 That thing you do (Wonders the) 56 Automatic (Whitley Chris)
99 She knows (Wanders the) 57 Gasket (Whitley Chris)
100 Flat foot hoogie (Slim & Slam) 58 Boy and Girl (Imperial Drag)
101 ol vistu Gailystar (Slim & Slam) 59 Man in the moon (the) (Imperial Drag)
102 Merengue de alegrias (Lietert ottmary 60 Good Iife (Hands of fate)
103 Samba pa ti (Liebert ottmar) 61 Blackened bacon (Neal Schon)
104 Bllie moon (Emmantel Tomimy) 62 Steps (Neal Schon)

63 Anything Tor you (Esteran Gloria)

64 Long and winding road (the) (Dikson Bz
65 Steal me blind (Moyet Alison)

66 It never rains in california (Hammand Al
67 Ain't no sunshine (Withers Bill)

68 Take you there (G.love & special sauce
69 Pull the waol (G love & special sauce)
70 Your cheatin' heart (The the)

71 He's got all the whiskey (Martyn John)

105 If your hearts tell you (Emmanuel Tom
106 Another time another place (Steely Dz
107 Gurus of peace (Ar Rahman)
108 Taula (Ar Rahman)
109 Only fools ool around (Hines Simone)
110 Call me up (Hines Simone;

language (Connick Harry .
112 Leamn to love you (Connick Harry Jr)
113 Love 50 strong (Secret life)
114 Can | touch you (Batton Michagl)
115 Lovely Jane (Dag)
116 Righteous (Dag)
117 aunque te haga calor (lglesia Julia)
118 In my Iife (Souled out)
119 Shine on (Souled out)

74 Drive by (RUs: in)

75 Texas s0ng (Russel Calvin)

76 To make you feel my love (Jogl Billy)
77 When there are o words (Bolton Michz
78 Superman's dead (Our lady peace)

79 Stateshorn Blues (Mahal Taj)

80 Dust my broom (Mahal Taj)

120 You wil rise (Sweetbacky

121 CNhains (Arena Tina)

122 | say a litle prayer for you (King Dianz
123 Greensieeves (White Peter) 61 Dangerous moad (Keb' Mo')

124 | get 2 kick out of you (Connift Ray) 582 put a spell on you (Hawking Screamin
126 Amar amar (Gipsy King) ) 3 83 Take it easy (Mad ion)

126 Quieru Saber (Gipsy king) 2 84 Shine (Aswar)

- 3 ; 55 s i her kiss (Radics Jacks §
127C”mnDEMEA”‘”S(MM“R"W)LH Nurtber o Difterences| 1 Number of Pieces | 12 sove |l e |J : LIJ

Applet started

Figure 5. The PathBuilder program. The user chooses a starting and ending title, as well as a
degree of tightnessbetween successvetitles.

e Sampler Builder

The simplest applicaion of this technology is a system targeted at music profesgonals for building
music programs (so-cdled samplers) from a given database. In the gplicaion, the user can spedfy the
congtraints using an interface and launch the system on a database. This g/stem is aimed at
profesdonals who want to expressexplicitly al the properties of the desired programs, and thus have
full control on all the constraints.

+ Progressve programs

In this sheme, the user only spedfies the stylistic structure of the program: the genres of the beginning,
middle and end. This may be used for instance for creding long programs for parties, in which you
know in advancethe structure (e.g. begin with Pop, then Rock, then Slows, etc.).

* Path aaossdifferent styles

Services dedicated to average end users sould alow them to expressonly their preferences, possbly
using automatic profiling systems, and contain predefined, fixed constraints for the wherence



Congtraints and Multimedia, F. Padhet, Practical Applications of Constraint Logic Programming,
London, March 1999 pp. 3-13

properties and caalogue eploitation, acwording to predetermined ambiences or configurations. A
typicd configuration is a path between two titles. In this sheme, the user can spedfy a starting title
and an ending title. The system contains hidden constraints on continuity of genres, and tempaos are
fixed. For instance, find a cntinuous path between Céline Dion's “All by myself”, and Michad
Jackson's“Bed it” (seeFigure 5).

e Spedfic music domains

The gproach can be used to produce music programs in spedfic styles, by adding domain spedfic
constraints. A prototype gpli cation dedicaed to Baroque music implemented in our lab all ows to build
various “redtas’ in the domain of Barogue harpsichord music. Baroque music is a good example of a
spedfic domain, becaise redtals of Barogque music (XVII"™ century) follow rules identified by
musicologists, while dlowing a gred ded of freedom to performers. A typicd rule concerning the
structure of redtals is the “continuity of tempos’ between conseautive pieces. More spedfic rules are
aso used, such as rules on the tonality: at this period d musicd history, redtals where dlowed to
modulate - i.e. change tonality - only once Other constraints concern the structure of the redtal
(introductory part with necesary piecetypes), aswell as necesary alternation of piecetypes.

The system alows the user to crede and listen to dfferent music programs, while ensuring the
consistency of these programs, acwrding to the rules of the structure of redtals. The database ntains
titles with content description adapted to the domain. For instance, attributes such that “type” (e.g.
“Gigue”, “Chamonne”, etc.), “tonaity” and “density” are added to the database for describing relevant
aspeds of titles. The anstraint system contains the mnstraints corresponding to the rules described
above. The resulting system allows to produce agrea number of different redtals, which al have the
desired properties of “good’ recitds, in the style of the compaoser’ stime.

Thiskind of service lies between two extreme bounds: fixed order and randomness On the one hand, a
CD played in a standard fashion contains a fixed music program. On the other hand, a @mmon feaure
of CD players (or Juke boxes) is the “random” seledion button, which chooses at random between
different CDs and between the titles of the CDs. Constraint techniques provide an intermediary degree
of control between these two extremes, where the user can till express ®me preferences, but the
system computes a program which yields properties of coherence.

4.5 Issues

RedtalComposer is an enabling tedhnology for building Hghlevel music delivery services exploiting
large-scde music cadalogues. The system is based on the ideaof creaing explicit sequences of items,
spedfied by their global properties, rather than computing sets of items stisfying queries. One of its
main advantages over standard approaches in music seledion is that it produces ready-to-use ordered
sequences of items. It creaes coherent music programs from user spedficaions, where the wherenceis
spedfied in terms of meta-data on music titles and as such can be seen as another example of
“semantic” control, where the semantics is the structure of music programs. Compared to the juke box
of the 20s, it allows to access much larger music caalogues with simple ntrols (user preferences)
which make sense, and do rot require an a priori knowledge of the underlying music catdogue.

5. Conclusion

There aelots of other applications of constraintsin the field of multimedia that we do rot mention here
for reason of space constraint-based drum machines, in which constraints are used to spedfy temporal
relations between percussve instruments, constraint-based control of sound synthesis, constraint-based
clasdficaion systems for annotation of multimedia document (ongoing DIVAN Esprit projed), a €c.
These gplications and projeds sow that the new landscgpe of digital multimedia opens new doars for
interadive multimedia environments. We have agued that such environments require some sort of
semantic preserving systems. We have ill ustrated this idea with two projeds currently developed at
Sony CSL, in the aess of sound spatializaion, and content-based music seledion. In both cases, the
technology of constraints is proposed for representing “seels of semantics’ that endow exploration
spaces with meaningful user controls.
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