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Abstract

Segmentationis oneof the main taskswithin the musicalanalysis.We
can say that segmentationis the partition of a musicalflow into homoge-
neoussegmentsaccordinglyto certaincriteria. Thesecriteriaareparticular
to eachanalyticalmodel. This paperdiscussesomequestiongelatedto a
musicalanalysianethodologicainodelbasedntheconcepbf sonicobject.
In this model,a sonicobjectmaybedefinedasthe combinationandinterac-
tion of multiple musicalcomponentanda gapin the continuity of at least
one of thesecomponentsnay identify, in theory a new structural/logical
unit (a new sonicobject). This paperis alsoconcernedvith the automati-
zationof this process.We proposethe useof the conceptof rationalagent
for the sggmentationof musicalflows. Althoughthe researclis still in an
early stage,we presentsomeinsightsconcernigthe useof this conceptin
the sggmentatiorof musicalflows.
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1 Introduction

Many worksin theatrtificial intelligencefield turn evident,explicitly orimplicitly,
the importanceof computacionakrnvironmentsfor supportingresearchers the
organizationof experimentaldataandin the generationavaliation,refutationand
revision of theoreticalknowledge. Our researctprogramwith the GIA (Grupo
delnteligénciaArtificial daUniversidadd-ederabdaPardba,Brazil) is concerned
with the useof the AutomaticLearningappliedto discovery-aidingsystemsWe
work on the anatomyof a rationalagent,making evident the ensembleof data,
heuristicsaandmecanismsvhich makespossiblethattherationalagentcompletes
simpletasksin avery specificdomain:geometry[Fer93. Giventherestrictionsn
themodellingof suchanagent his conceptsandthe resultingknowledgemay be
erroneousAs thedomainof geometryis very well formalized thehumanagents
ableto determinecounterexampledor therationalagent.Oncetherationalagent
mustnot produceexact knowledge,but an arguableone, the wrong conclusions
andconceptsanbe correctedhrougha revision of thatagents knowledge.

We arelooking for the conceptionof an ervironmentableto dealwith some
problemsof the computeraidedmusicalanalysisfield. In particular our work
is aboutthe conceptionof a rational agentthat would be able to dealwith the
automaticsggmentatiorof musicalflows'.

2 Musical Analysisand Segmentation

Musical analysisis a researchield in the domainof musicologythat seeksto
understanéndexplain the structureof a musicalpiece.For theanalist,a musical
pieceis definedas“a comples of interdependerglementsarticulatedamongeach
other”[Mee94. It is the articulationof theseinterdependentlementspr logical
units, thatdetermineghe structure thatis, the form of a musicalpiece.“To deal
with musicalform is to dealwith musicalanalysigtself” [Mee94].

Oneof thefirst taskswhenbegginning an analysisof a pieceis to sggmentit
into severallogical units. Mesnagedefinessggmentationasbeing“a part of the
musicalanalysisprocesghatconsistan underliningin a piecethe segmentsused
asmeaningfullentitiesin analysis’[Mes94. The proceedure®f segmentation
canbeclassifiedin two: the onesof extrinsic basethatis, the proceedurebased
on conceptsborroved from out of the piece; andthe onesof intrinsecalbasis,
thatis, proceedurebasedasmuchaspossible on elementsanddatafoundin the
pieceitself [Mee94].

At first sight, the segmentatiornprocessnay seento be simple. But the ques-
tionswithin thisprocessarenotatall trivals,evenfor experiencedanalysts Find-
ing fragmentswithin a musicalpiecedoesnot meanthatthe fragmentsarestruc-
turally important:the analystmustmakehis own decision.comparinghe content
andstructureof thefragments Accordingto themusic,themethod andthescope

1This paperis partof a ResearctProjectcoordinatedby Didier Guigueandsupportedby the
CNPQ,in which ErnestoTrajanois developinga Masterdegreedissertatiorin computerscience,
advisedby EdilsonFernedaandDidier Guigue.
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of the analysis,he may pay mostly attentionto the low-level material, suchas
pitch-classesandthe way they are bring togetherto build melodicor harmonic
structures. Or he canalso takein accountthe so-calledsecundaryparameters
[Mey89], suchasdensitiestextures,dynamicsandothers.

3 Automatic Segmentation of Musical Flows

Our approachs basedon the conceptof sonicobject[Gui97h Gui97a]. In this
model,asonicobjectis definedasthecombinatiorandinteractionof multiple sta-
tistical components— grosslythesamekind of component#/leyer call secundary
parameterfMey89, Gui974d. Thesonicobjectsfunctionasamedium-level struc-
ture,asopposedo lower-level (pitch or pitch-classestructures)andupperlevel
(macro-structure)Figure 1 depictsthe structurallevels.

Thewaythesemedium-level objectsarelinked is animportantvectorof form
in 20thcenturymusic. Thusour approachmaybedescribecasobjectoriented.It
seekgo clarify:

1. the inter-relationsbetweenthe mediumlevel of sonic objects,the lower
level of pitch classesandthe upperlevel of macro-structure;

2. thetransformationatlynamicsbetweenconsecutie objects,which config-
urea crucialaspectof the piecesformal kinesisandallows the form to be
inferredfrom the successiomf moreor lesscontrastegonicobjects.

The first stepof the modelis to reconfigurethe musicalflow into a discrete
sequenc®f logical units - the sonicobjects. We assumeéhat a gapin the struc-
tural continuity of at leastone of that statisticalcomponentsmplies, in theory a
breakin the underlyingsonic continuity and, consequentlymay identify a nev
structural/logicalunit (a new sonicobject)[Gui97h. Thus,segmentatiormeans
finding the continuity gapsfor eachcomponent.



Nonethelesshesecomponent@arenot all equivalent,nor in their capacityto
provokegapsin thesoniccontinuumand,thus,orientthe segmentationnorlinear
interchangeablel'hey actonmoreor lessgloballevelsof themusicalsurface For
instancegapsmayappeans:silencesfermati,. . .; changeof thebasicpulsation,
globaltempoor meter;globalsonicchangegi.e., instrumentagroupin orchestral
music; pedalchangan pianomusic,etc.); interruptionsin phrasingandarticula-
tion ; breaksn thehomogeneityf somerelevantcomponentsuchasintensities,
registers,densitiesetc.

The algorithmicstructurewe areworking on asa softwareprogramis based
onthefollowing assumptionandsteps:

1. Thecomputers givena setof musical(e.g.,Midi), graphicalor sonic(au-
dio) parameters which structuralgapsmayappearfrom themostgeneric
to themostspecificone. Thisis anexample:

(a) Macroruptures:

i. sound/silencparameterthe mostgeneric,is identifiedin ascore
throughsilenceor suspensiomarksandothergraphicalor textual
indicationsof interruptionof thesound;

ii. macro-formabwitchegchangingof tempq of metricalunit, etc.).
etc.

(b) Globalruptures:

i. global changeof sound: changein instrumentalstructure,dis-
tribution or density(commonlyreferredasorchestratiorparam-
eters),global changesn individual soundproduction(actionon
the pedalsof the piano— activationor interruption—, sordinas
onbrassnstruments;registers”for theorgan,pizzicatoandother
modalitiesof soundproductiononbowedinstrumentsandsoon);

ii. end(or beginning) of aglobalarticulation(generallyindicatedoy
legatoslurs,or thelike);

iii. rupturesin globalintensities;

iv. rupturesin globalregistration.

(c) changean theconfigurationof othercomponentsrelative density dis-
tribution modes(the way the soundsare spatially or temporallydis-
tributed),directionality articulationmarks,pulsationpatterns.

2. Theusermustbeallowedto entera precisionrate for theongoingtask,ac-
cordingto the scopeandthe expectedevel of globality of his/heranalysis.
Thus,the user globally choosinghow deepandlow the programwill have
to go down into the input file, determineghe amountof datato be evalu-
atedandreturned.Obviously, this precisionrateis to be consideredy the
programasit runsthenext steps.

2This parameterandcriteria arethoroughslydescribedn [Gui97a Gui974.



3. Eachpiece(or a sectionof it, dependingon the scopeof the analysis)gen-
eratests own hierarchyof relevantparameter$or structuralbreakscriteria.
Thatis to say nor all the parametersnay apply in all music, nor their hi-
erarchicalposition remainsthe same. Somestandarddeviation and other
statistic-relatedalgorithmsmay help the computerto decide,beforesome
weightingalgorithmis appliedto eachend-selectegarameter

4. At thesametime, thescanningf thefile mustallow thecomputerto define,
for eachrelevantparameteitheminimalintervalic® valuefrom whichit may
be consideredo have a structuralgap. Obviously, aninterval of zerowill
give a truly microscopicanalysiswhereeachnew value correspondso a
structuralgap,which is very far from an usefulinformation. This minimal
gapvalueis alsohighly determinedy the precisionrate previously entered
by theuser

5. After runningon,the programoutputstwo maingroupsof data:

(a) the resulting sggmentationof the piece, in the form of a linear se-
guenceof logical units. This outputcanbe, for instance a collection
of smallMidi or audiofiles.

(b) aquantifiedgapweightof eachunit, obtainedhroughthe synthesiof
theevaluationof theobsenedgapsin thevaluelists obtainedrom the
selectedparametersThis gapweightwill helpthe userto profile the
diachronicformal structureof the piece.

The main questiongn this implementatiorarisefrom makingthe computer
decideand/orknow thefollowing:

1. Foragiveninput- amusicproperlycoded- andassumedhatthecomputer
is given previously a knowledgebase,what are the relevant components?
Thatis, how to sggmenta musicalpieceonly from its representatioanda
knowledgebase?

2. How to hierarquicallyclassify thesecomponentsassumedhat someof
themaremoreactive ascontinuity-breakingsectorsthanothers?

3. To what extent the target of the analysismay infer someof theseprevi-
ouschoices?In otherwords: how couldwork the users interfaceto allow
him/herto orientthelevel or kind of sggmentatiorthe computelis goingto
make?

4 Intelligent Agents

An agentis arnything that can be viewed as perceving its ervironmentthrough
sensorsandacting uponthat ervironmentthrougheffectors|RN95]. Intelligent

3Interval heredoesnot have the usualmeanningusedfor musiciansthatis, the distancebe-
tweentwo notes.Here,interval meanghedistancebetweertwo numericalvaluesof alist.
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agentshave several characteristics Among themautonomyis a very important
one. An agentis autonomougo the extent thatits actionschoicesdependon its
own experiencethatis, the autonomyof anagentis closerelatedto the quantity
of its built-in knowledge.

Thereexistsavarietyof basicagentiprogramdesignsdependingnthekind of
informationmadeexplicit andusedin thedecisionprocessFactordike efficiency
andflexibility aretakeninto accountput thefinal designof anagentwill depend
onits perceptionsactions goalsandervironment.

4.1 Rational Agents

Rationalagentsanbeviewedasaparticulartypeof intelligentagent.They havea

specialcharacteristicrationalagentsareableto explain how they solvedagiven

problem. In reality its rationality, its explanationcapacity is communicational:
thismakegheagentableto interactwith othermachineor eventhehumanbeing

[Sal97. To berational,anagentmustrespecthe following facts:

1. Theprincipleof reasonit generatethe causality sincenothingexistswith-
outareason;

4Thereis a classificationof the ervironmentsandits influencesin the agentsfinal designin
[RN9g], pp. 45-49.



2. Theprincipleof identity: it maintainghepermaneng (A is thesameof A);

3. Theprincipleof contradiction:nothingexistswithout its contrary

Therationalagentexistsfor organizing,maintaininganddistributing a knowl-
edge,working asaninformationsener. He is concevedto helpusto cateorize
andtheorize[Sal97 and, as such, he is built through cateorial structuresand
definedin functionof big structuralinvariants.He hasfour conceptuaframes:

1. A framedefiningtheform;
2. A framedefiningtherulesand

3. A framedefiningtherelationshipdetweerformsandrules.

Therationalagentgheorizethroughthe communicationgnadebetweereach
other: they are usedto build a semi-empiricaltheory Thesecommunications
generatdacts,hypothesispbjects,conceptslemmasgetc. abouta givendomain.

5 Agentsand Segmentation

The importanceof applying the conceptof rationalagentin the automaticsey-
mentationof musicalflows residesmainly in the agents’capacityof producing
an arguableknowledge. As the agenttheorizesand catejorizesa domain, the
interactionof this agentwith the analystmay leadto a more completeand co-
herentexplanationof the domain. For example,if the agents result- let’s call
pre-sgmentation seemdo beincoherenwith theanalysts’experiencethis one
canaskthe agentto review its knowledge and make anotherpre-sgmentation
basedon this knowledgereview.

Theimportanceof thisinteractionandtheresultingagents knowledgereview
is indeedpertinentto our context. An analyticalmethodologyandconsequently
its generalrules for sggmentation,assumeghatin a given contet - a tonal or
non-tonalsystemfor instance- certainthingsoccur But it is known thatart, and
musicin particular is not a staticandpre-defineccontext andthingsmaygoin a
not expectedway. A rationalagentdesignedor the segmentationwill certainly
facesituationsnot representeth its knowledgeof the domain,in its theory One
way to solve this problemis to permit that the agentinteractwith the userand
review its theory

Figure3 depictstheagentsnteractionsn thesystemwe proposelt introduces
anew element:thework group. Thework grouphasan epistemicalctiity: he
formulatesrules and prescriptionsabouta micro-world (in this casea musical
piece).His taskis to determinatehetermsthatpermittherationalagentto reason
andactin thisworld [Sal97.

Basically the processof sgmentations donein the following way: the user
givestheagentandeventuallythework group,its previousanalysisof the piecé.

SThis previous analysisis the descriptionof the parametershatseemso be morerelevantfor
thepiece.
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Figure3: softwaredescription.

The agentwill interactwith thework grouptrying to solve the problem,accord-
ingly to the opinionsof the user The work groupwill verify the usersopinions
andthe agentresultsconsultingsomestatisticalalgorithmsimplementedn the
Patchworkervironment. Thesealgorithmsdealwith the verificationof similari-
tiesin mary parametersamongsonicobject$. If the sonicobjectsresultingfrom
theseggmentatiompresensimilaritiesin a pre-determinatedumberof parameters,
thesggmentations consideredound.If thework groupdoesnot find similarities
amongtheresultingobjects, he suggestshe agentto redothe sggmentation.The
agentmustthendecideif he will askthe userfor moreinformationor if he has
sufficientknowledgeto try to infer anew orderin which the parametershouldbe
considered.

6 Previousconclusions and futurework

Aswe said,thisis awork in progressNonethelessye canpresensomeprevious
conclusionsoncerningheproposednodel:

1. In the musicologicalside, the sgmentationprocesss alreadytested,al-
thoughnotautomaticalyandworksaccordinglyto ourexpectationgGui97a
Tra98];

8For acompletedescriptionof thesealgorithmssee[Gui974.




2. Theuseof rationalagentan the procesf automaticsggmentationof mu-
sicalflowsis, up to our knowledge,new;

3. The capability of the rationalagentto producearguableknowledgeis an
importantfeaturefor its usein theautomaticsggmentatiorprocess;

4. The multi-agentarchitecturepermitsthat the agentcollaborateswith an-
otheragentsrepresentetiereby thework groupandthe useritself. Dueto
thecompleity of thesegmentatiortask,collaborations adesirabldeature.

For thecompletionof this work severalthingsmustbe done,amongthem:

1. We musttestthe designof the agent: althoughthe agents design(fig. 2)
seemdo be soundand respectingthe variousaspectof the musicologal
model,we cannot stateits validity for our purposesOnly animplementa-
tion andtestswith this agentcanverify thevalidity of this design;

2. Anotherimportantfeatureis the work group. It mustbe establishedhow
mary agentswill be there,as well as their capabilities. The useof the
patcheghatthework groupmakesnustalsobe betterdefined;

3. A studyon the computationacompleity of this modelis alsoindispens-
able;

4. The communicatiormodelbetweenagentandthework groupmustbe de-
fined,aswell asthe communicatiormodelbetweeragentanduser
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