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Abstract

Segmentationis oneof themain taskswithin themusicalanalysis.We
cansaythat segmentationis the partition of a musicalflow into homoge-
neoussegments,accordinglyto certaincriteria.Thesecriteriaareparticular
to eachanalyticalmodel. This paperdiscussessomequestionsrelatedto a
musicalanalysismethodologicalmodelbasedontheconceptof sonicobject.
In thismodel,asonicobjectmaybedefinedasthecombinationandinterac-
tion of multiple musicalcomponentsanda gapin thecontinuityof at least
oneof thesecomponentsmay identify, in theory, a new structural/logical
unit (a new sonicobject). This paperis alsoconcernedwith theautomati-
zationof this process.We proposetheuseof theconceptof rationalagent
for the segmentationof musicalflows. Although the researchis still in an
early stage,we presentsomeinsightsconcernigthe useof this conceptin
thesegmentationof musicalflows.
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1 Introduction

Many worksin theartificial intelligencefield turnevident,explicitly or implicitly,
the importanceof computacionalenvironmentsfor supportingresearchersin the
organizationof experimentaldataandin thegeneration,avaliation,refutationand
revision of theoreticalknowledge. Our researchprogramwith the GIA (Grupo
deInteligênciaArtificial daUniversidadeFederaldaParáıba,Brazil) is concerned
with theuseof theAutomaticLearningappliedto discovery-aidingsystems.We
work on the anatomyof a rationalagent,makingevident the ensembleof data,
heuristicsandmecanismswhich makespossiblethattherationalagentcompletes
simpletasksin averyspecificdomain:geometry[Fer92]. Giventherestrictionsin
themodellingof suchanagent,his conceptsandtheresultingknowledgemaybe
erroneous.As thedomainof geometryis verywell formalized,thehumanagentis
ableto determinecounter-examplesfor therationalagent.Oncetherationalagent
mustnot produceexact knowledge,but an arguableone,thewrong conclusions
andconceptscanbecorrectedthrougha revisionof thatagent’s knowledge.

We arelooking for theconceptionof anenvironmentableto dealwith some
problemsof the computer-aidedmusicalanalysisfield. In particular, our work
is aboutthe conceptionof a rational agentthat would be able to dealwith the
automaticsegmentationof musicalflows1.

2 Musical Analysis and Segmentation

Musical analysisis a researchfield in the domainof musicologythat seeksto
understandandexplain thestructureof a musicalpiece.For theanalist,a musical
pieceis definedas“a complex of interdependentelementsarticulatedamongeach
other” [Mee94]. It is thearticulationof theseinterdependentelements,or logical
units,thatdeterminesthestructure,that is, theform of a musicalpiece.“To deal
with musicalform is to dealwith musicalanalysisitself” [Mee94].

Oneof thefirst taskswhenbeginning ananalysisof a pieceis to segmentit
into several logical units. Mesnagedefinessegmentationasbeing“a part of the
musicalanalysisprocessthatconsistsin underliningin a piecethesegmentsused
asmeaningfullentitiesin analysis”[Mes94]. The proceeduresof segmentation
canbeclassifiedin two: theonesof extrinsic base,that is, theproceeduresbased
on conceptsborrowed from out of the piece; and the onesof intrinsecalbasis,
thatis, proceeduresbased,asmuchaspossible,onelementsanddatafoundin the
pieceitself [Mee94].

At first sight,thesegmentationprocessmayseemto besimple.But theques-
tionswithin thisprocessarenotatall trivals,evenfor experiencedanalysts.Find-
ing fragmentswithin a musicalpiecedoesnot meanthatthefragmentsarestruc-
turally important:theanalystmustmakehisown decision,comparingthecontent
andstructureof thefragments.Accordingto themusic,themethod,andthescope

1This paperis partof a ResearchProjectcoordinatedby Didier Guigueandsupportedby the
CNPQ,in which ErnestoTrajanois developinga Masterdegreedissertationin computerscience,
advisedby EdilsonFernedaandDidier Guigue.
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Figure1: sonicobjectsandtheir positionin thestructurallevels.

of the analysis,he may pay mostly attentionto the low-level material,suchas
pitch-classes,andthe way they arebring togetherto build melodicor harmonic
structures. Or he can also take in accountthe so-calledsecundaryparameters
[Mey89], suchasdensities,textures,dynamicsandothers.

3 Automatic Segmentation of Musical Flows

Our approachis basedon theconceptof sonicobject[Gui97b, Gui97a]. In this
model,asonicobjectis definedasthecombinationandinteractionof multiplesta-
tisticalcomponents— grosslythesamekind of componentsMeyercall secundary
parameters[Mey89,Gui97a]. Thesonicobjectsfunctionasamedium-level struc-
ture,asopposedto lower-level (pitch or pitch-classesstructures),andupper-level
(macro-structure).Figure1 depictsthestructurallevels.

Thewaythesemedium-level objectsarelinked is animportantvectorof form
in 20thcenturymusic.Thusour approachmaybedescribedasobjectoriented.It
seeksto clarify:

1. the inter-relationsbetweenthe mediumlevel of sonic objects,the lower
level of pitchclasses,andtheupperlevel of macro-structure;

2. thetransformationaldynamicsbetweenconsecutive objects,which config-
urea crucialaspectof thepiecesformal kinesisandallows the form to be
inferredfrom thesuccessionof moreor lesscontrastedsonicobjects.

The first stepof the modelis to reconfigurethe musicalflow into a discrete
sequenceof logical units - thesonicobjects.We assumethata gapin thestruc-
tural continuityof at leastoneof thatstatisticalcomponentsimplies, in theory, a
breakin the underlyingsoniccontinuity and,consequently, may identify a new
structural/logicalunit (a new sonicobject)[Gui97b]. Thus,segmentationmeans
finding thecontinuitygapsfor eachcomponent.



Nonetheless,thesecomponentsarenot all equivalent,nor in their capacityto
provokegapsin thesoniccontinuumand,thus,orientthesegmentation,nor linear
interchangeable.They actonmoreor lessgloballevelsof themusicalsurface.For
instance,gapsmayappearas:silences,fermati,. . . ; changeof thebasicpulsation,
globaltempoor meter;globalsonicchanges(i.e., instrumentalgroupin orchestral
music;pedalchangein pianomusic,etc.); interruptionsin phrasingandarticula-
tion ; breaksin thehomogeneityof somerelevantcomponentssuchasintensities,
registers,densities,etc.

Thealgorithmicstructurewe areworking on asa softwareprogramis based
on thefollowing assumptionsandsteps:

1. Thecomputeris givena setof musical(e.g.,Midi), graphicalor sonic(au-
dio) parametersin whichstructuralgapsmayappear, from themostgeneric
to themostspecificone.This is anexample:

(a) Macroruptures:

i. sound/silenceparameter, themostgeneric,is identifiedin a score
throughsilenceorsuspensionmarksandothergraphicalor textual
indicationsof interruptionof thesound;

ii. macro-formalswitches(changingof tempo, of metricalunit, etc.).
etc.

(b) Globalruptures:

i. global changeof sound: changein instrumentalstructure,dis-
tribution or density(commonlyreferredasorchestrationparam-
eters),global changesin individual soundproduction(actionon
thepedalsof thepiano— activationor interruption—, sordinas
onbrassinstruments,“registers”for theorgan,pizzicatoandother
modalitiesof soundproductiononbowedinstruments,andsoon);

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

iii. rupturesin globalintensities;

iv. rupturesin globalregistration.

(c) changein theconfigurationof othercomponents:relativedensity, dis-
tribution modes(the way the soundsarespatiallyor temporallydis-
tributed),directionality, articulationmarks,pulsationpatterns2.

2. Theusermustbeallowedto entera precisionrate for theongoingtask,ac-
cordingto thescopeandtheexpectedlevel of globality of his/heranalysis.
Thus,theuser, globally choosinghow deepandlow theprogramwill have
to go down into the input file, determinestheamountof datato be evalu-
atedandreturned.Obviously, this precisionrateis to beconsideredby the
programasit runsthenext steps.

2This parametersandcriteria arethoroughslydescribedin [Gui97a, Gui97b].



3. Eachpiece(or a sectionof it, dependingon thescopeof theanalysis)gen-
eratesits own hierarchyof relevantparametersfor structuralbreakscriteria.
That is to say, nor all theparametersmay apply in all music,nor their hi-
erarchicalposition remainsthe same. Somestandarddeviation andother
statistic-relatedalgorithmsmay help the computerto decide,beforesome
weightingalgorithmis appliedto eachend-selectedparameter.

4. At thesametime,thescanningof thefile mustallow thecomputerto define,
for eachrelevantparameter, theminimalintervalic3 valuefrom whichit may
beconsideredto have a structuralgap. Obviously, an interval of zerowill
give a truly microscopicanalysiswhereeachnew valuecorrespondsto a
structuralgap,which is very far from anusefulinformation.This minimal
gapvalueis alsohighly determinedby theprecisionratepreviouslyentered
by theuser.

5. After runningon,theprogramoutputstwo maingroupsof data:

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

(b) aquantifiedgapweightof eachunit, obtainedthroughthesynthesisof
theevaluationof theobservedgapsin thevaluelistsobtainedfrom the
selectedparameters.This gapweightwill help theuserto profile the
diachronicformalstructureof thepiece.

The main questionsin this implementationarisefrom makingthe computer
decideand/orknow thefollowing:

1. For agiveninput - amusicproperlycoded- andassumedthatthecomputer
is given previously a knowledgebase,what arethe relevant components?
That is, how to segmenta musicalpieceonly from its representationanda
knowledgebase?

2. How to hierarquicallyclassify thesecomponents,assumedthat someof
themaremoreactiveascontinuity-breakingvectorsthanothers?

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

4 Intelligent Agents

An agentis anything that canbe viewed asperceiving its environmentthrough
sensorsandactinguponthat environmentthrougheffectors[RN95]. Intelligent

3Interval heredoesnot have theusualmeanningusedfor musicians,that is, the distancebe-
tweentwo notes.Here,interval meansthedistancebetweentwo numericalvaluesof a list.
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agentshave several characteristics.Among themautonomyis a very important
one. An agentis autonomousto theextent that its actionschoicesdependon its
own experience,that is, theautonomyof anagentis closerelatedto thequantity
of its built-in knowledge.

Thereexistsavarietyof basicagentprogramdesigns,dependingonthekindof
informationmadeexplicit andusedin thedecisionprocess.Factorslike efficiency
andflexibility aretakeninto account,but thefinal designof anagentwill depend
on its perceptions,actions,goalsandenvironment4.

4.1 Rational Agents

Rationalagentscanbeviewedasaparticulartypeof intelligentagent.They havea
specialcharacteristic:rationalagentsareableto explain how they solveda given
problem. In reality its rationality, its explanationcapacity, is communicational:
thismakestheagentableto interactwith othermachinesor eventhehumanbeing
[Sal97]. To berational,anagentmustrespectthefollowing facts:

1. Theprincipleof reason:it generatesthecausality, sincenothingexistswith-
outa reason;

4Thereis a classificationof the environmentsandits influencesin the agentsfinal designin
[RN95], pp. 45-49.



2. Theprincipleof identity: it maintainsthepermanency (
�

is thesameof
�

);

3. Theprincipleof contradiction:nothingexistswithout its contrary.

Therationalagentexistsfor organizing,maintaininganddistributingaknowl-
edge,working asaninformationserver. He is conceivedto helpus to categorize
and theorize[Sal97] and, as such,he is built throughcategorial structuresand
definedin functionof big structuralinvariants.He hasfour conceptualframes:

1. A framedefiningtheform;

2. A framedefiningtherulesand

3. A framedefiningtherelationshipsbetweenformsandrules.

Therationalagentstheorizethroughthecommunicationsmadebetweeneach
other: they are usedto build a semi-empiricaltheory. Thesecommunications
generatefacts,hypothesis,objects,concepts,lemmas,etc.abouta givendomain.

5 Agents and Segmentation

The importanceof applying the conceptof rationalagentin the automaticseg-
mentationof musicalflows residesmainly in the agents’capacityof producing
an arguableknowledge. As the agenttheorizesand categorizesa domain, the
interactionof this agentwith the analystmay leadto a morecompleteandco-
herentexplanationof the domain. For example,if the agent’s result - let’s call
pre-segmentation- seemsto beincoherentwith theanalysts’experience,this one
canask the agentto review its knowledgeand makeanotherpre-segmentation
basedon thisknowledgereview.

Theimportanceof this interactionandtheresultingagent’sknowledgereview
is indeedpertinentto our context. An analyticalmethodology, andconsequently
its generalrules for segmentation,assumesthat in a given context - a tonal or
non-tonalsystem,for instance- certainthingsoccur. But it is known thatart,and
musicin particular, is not a staticandpre-definedcontext andthingsmaygo in a
not expectedway. A rationalagentdesignedfor thesegmentationwill certainly
facesituationsnot representedin its knowledgeof thedomain,in its theory. One
way to solve this problemis to permit that the agentinteractwith the userand
review its theory.

Figure3 depictstheagentsinteractionsin thesystemwepropose.It introduces
a new element:thework group. Thework grouphasanepistemicalactivity: he
formulatesrules and prescriptionsabouta micro-world (in this casea musical
piece).His taskis to determinatethetermsthatpermittherationalagentto reason
andactin thisworld [Sal97].

Basically, theprocessof segmentationis donein thefollowing way: theuser
givestheagent,andeventuallythework group,its previousanalysisof thepiece5.

5This previousanalysisis thedescriptionof theparametersthatseemsto bemorerelevantfor
thepiece.



MIDI or AUDIO file

Input File USER

AGENT

knowledge
Background Segmentation

Process

Work Group

Patchwork Patches

MIDI or Audio output files

Figure3: softwaredescription.

Theagentwill interactwith thework grouptrying to solve theproblem,accord-
ingly to theopinionsof theuser. The work groupwill verify theusersopinions
andthe agentresultsconsultingsomestatisticalalgorithmsimplementedin the
Patchworkenvironment. Thesealgorithmsdealwith theverificationof similari-
tiesin many parametersamongsonicobjects6. If thesonicobjectsresultingfrom
thesegmentationpresentsimilaritiesin apre-determinatednumberof parameters,
thesegmentationis consideredsound.If thework groupdoesnotfind similarities
amongtheresultingobjects,hesuggeststheagentto redothesegmentation.The
agentmustthendecideif he will asktheuserfor moreinformationor if he has
sufficientknowledgeto try to infer anew orderin which theparametersshouldbe
considered.

6 Previous conclusions and future work

As wesaid,this is awork in progress.Nonetheless,wecanpresentsomeprevious
conclusionsconcerningtheproposedmodel:

1. In the musicologicalside, the segmentationprocessis alreadytested,al-
thoughnotautomaticaly, andworksaccordinglytoourexpectations[Gui97a,
Tra98];

6For a completedescriptionof thesealgorithmssee[Gui97b].



2. Theuseof rationalagentsin theprocessof automaticsegmentationof mu-
sicalflows is, up to our knowledge,new;

3. The capabilityof the rationalagentto producearguableknowledgeis an
importantfeaturefor its usein theautomaticsegmentationprocess;

4. The multi-agentarchitecturepermitsthat the agentcollaborateswith an-
otheragents,representedhereby thework groupandtheuseritself. Dueto
thecomplexity of thesegmentationtask,collaborationis adesirablefeature.

For thecompletionof thiswork several thingsmustbedone,amongthem:

1. We musttestthe designof the agent:althoughtheagent’s design(fig. 2)
seemsto be soundand respectingthe variousaspectsof the musicologal
model,we cannot stateits validity for our purposes.Only animplementa-
tion andtestswith thisagentcanverify thevalidity of thisdesign;

2. Another importantfeatureis the work group. It mustbe establishedhow
many agentswill be there,as well as their capabilities. The useof the
patchesthatthework groupmakesmustalsobebetterdefined;

3. A studyon the computationalcomplexity of this model is also indispens-
able;

4. Thecommunicationmodelbetweenagentandthework groupmustbede-
fined,aswell asthecommunicationmodelbetweenagentanduser.
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analyseorient́ee objets de l’œuvre pour piano de Debussyet de la
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Universityof Paráıba. His mainresearchpointsare:Computers& Music, Artifi-
cial Intelligence,MusicologyandComputer-aidedMusicalAnalysis.His Master
dissertationis focusedon theautomaticsegmentationof musicalflows,usingAI
concepts.More information,canbefoundat: http://www.liaa.ch.ufpb.br/˜gmt.

Didier Guigue wasbornin 1954in France.He graduatedin PianoandBassoon
but is also active as a musicologist,composerand performer. Master in Aes-
thetics,Sciences& Technologyof Arts (University of Paris-8,France).Doctor
in 20thCenturyMusic & Musicology(IRCAM/ÉcoledesHautesEtudesenSci-
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