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Abstract

Theobjectiveis thedesignof a softwake capableof car-
rying outan analysisof a musicalscoe, notin keeping
with the preceptsof an a priori musicaltheory but on
the contrary as autonomoushand neutally as possi-
ble. For this purpose,inductivemetanismshaveto
be integrated to the system. A cognitive metaphor—
in particular the procedunl vision of induction pro-
posedby Holland et al. (Holland, Holyoak, Nisbeth,
and Thagad 1989),with mentalmodelas a semantic
networkfeaturing multi-weightedhypothesesonflict-
ing and corrobating ead other —, overriding logical
or probabilisticinconsistencieficientlyanswerghis
problem. Theoketical inquiries aboutinduction have
shownthe fundamentalrelationshipsbetweeninduc-
tion and analogy Thisis evenmote pertinentin our
contet, since analogy as has beenshownby either
cognitive or musicologicstudies,is the core meta-
nismfor musicalentitiesemegence Our visionof mu-
sical analysisthrough systematidnduction of analo-
giesintegratesmelody harmonyand form into a uni-
fiedframeavork andsuggestsew kindsof analysisthat
could graspthosemusic— non-occidentalcontempo-
rary, electo-acousticjmprovised— not understoody
traditional analyses.

1 Introduction

With music, humanmay simulatethe whole mys-
tery of nature:its order its beautybut alsothe unlim-
ited compleity of its expression.Indeed whenlisten-
ing to music, our perceptionbeing continuouslybeset
by ahugeflow of orderedstimuli, we feelasif we expe-
rienceanidol-like representatioof natureitself. One
importantaim of musicanalysiswvould beto explicit in
detail the organizationin musicthatinducesso much
effect in our consciousnessWe proposeto focus on
this perceptve pointof view of musicanalysis-or nat-
ural, again,becausé considershewaymusicis really
perceved. Becausehistaskis socomple, computeiis
hereof greatinterest.For this reasonandalsobecause
it may be preferableto analyzemusicobjectively, the
inner mechanismshat enableus to understandnusic
have to be modellized. Here also, we will shav the

importanceof anaturalpoint of view, thatis, a descrip-
tion of cognitive processesWe will discover, by the
way, the essentiatognitive mechanisnof inferenceof
analogy Throughthis investigationwe proposea new
analyticaltool thatwould be ableto analyzeary kinds
of music,including electro-acoustiandimprovised—
"real-time” — ones.

2 Induction: A natural approach
of music analysis

Somesaythattoday'stechnique®f musicanalysis
are sufficient for understandinghe essencef music.
HenceNicholasCook seeno intrinsic meritin thede-
velopmentof ever morerigorousandsophisticatedn-
alytical methodsthoughthereareareasvhich areana-
lytically underdeveloped(early musicis animportant
one),[...] our presentanalyticaltechniquesarerather
successfil! For him, theideawould be moreto com-
bine points of view cornveyed by differenttechniques
thaninventingnew ones.

The troubleis, thoseareasconcededy Nicholas
Cook,in whichmostof thosetraditionalanalyticaltools
arefairly lost, consistin fact of ary style of musicthat
was not explicitly takeninto accountby thesetools
when conceved. As a matterof fact, theseanalytic
tools, asthey implicitly describethe characteristicef
a certainstyle of music,maythemselesbeconsidered
moreasananalyticalresult—amethodto retrieve some
style aspectsn every piece—thanasa pureanalytical
process.Moreover, evenfor the morecanonicalmusi-
cal works, thesekind of analysisreducetheir content
insteadof explicatingtheir specificity

Thisideawasalreadyformalized,in avery general
epistemologicapoint of view, in the seventeenthcen-
tury, by thephilosophefFrancisBacon."Thereare,and
canbeonly two waysof searchingnto anddiscovering
truth”2:

¢ "The oneflies from the sensesandparticularsto
the mostgeneralaxioms,andfrom theseprinci-
ples, the truth of which it takesfor settledand

1(Cook1987),p. 3.
2(Bacon1620),book 1, aphorismi8.



immovable,proceedso judgmentandto thedis-
covery of middle axioms. And this way is now
in fashion” In musicalcontet, thesegenerabx-
ioms are thosetraditional music theories,con-
structedike scientifictheorieshypothetically

¢ "The otherderivesaxiomsfrom the sensesand
particularsyrising by a gradualandunbrokenas-
cent,sothatit arrivesatthemostgenerabxioms
lastof all. This is the true way, but asyet un-
tried” This may take into accountthe particu-
larity of any phenomenonand producegeneral
knowledgeinsteadbf simply needingt. Thisap-
proach,vigorously defendedby FrancisBacon,
is calledinductive becausét aimsat producing
knowledgefrom phenomena.

The inductive paradigmhasbeenrelevantly criti-
cized by modernepistemologybecausehere cannot
be a reductionof scientificknowledgein termsof ob-
sened phenomenaTheremustbe hypotheticaxioms
someavhere. This objection, however, is not valid in
therealmof communicatiorprocesseyr semioticsys-
tems (Nattiez 1990) if you prefer The music itself,
concretizedin a scoreor a signal— the neutal level
—, is theresultof a poietic process- the act of com-
position—, andis now subjectto the esthesigraspof
eitherthe reader(musicianor analyst)or the listener
As mostof the abstractiorof musicallanguageseems
to be — potentially and mainly implicitly — reducible
directly to our mereperceptionof it®, musicanalysis,
asakind of perceptionmay profit from an inductive
approach.

This"true way”, nowadayshasbeentried in amu-
sical context. RudolphReti hasexperiencedan ana-
lytical methodologythat studiesthe scorevery minu-
tiously, trying to understandeachnotein its context.
He then proceedto a "gradual and unbrokenascent”
from microscopic(motivic) to macroscopic(formal)
level. "And the true structuraldynamismof a com-
position, its form in the fullest meaningof the term,
can be conceved only by compehendingas a con-
certed stream both the groupsand proportions of its
outershapingandthe thematicevolutionbeneatti 4

Thisinductiveapproachstheonly wayto achierea
satisfyingunderstandingf musicallanguage But this
taskis so complex andimplies suchan overwhelming
combinatorythat"Moti vic analysiseasilydegenerates
into a purelymechanicakxercicein which the scoreis
analyzedwithout ever really beingreadproperly[...].
The whole tendeng of motivic analysisis to suggest
thatmusicis somekind of complicatectipher andthat
the way to breakthe codeis to stareat the scorefor
long enough. It doesnot encouragesensitve listen-
ing.”® Hopefully, the useof computeralleviating us of

31t is true that somekinds of music— serialismof the 1950sin
particular— featurepoietic knowledgethat cannotbe inducedby the
listener

4(Reti1951),p. 114.

5(Cook1987),p. 114.

the mechanicakxercice,mayanswerto this objection.
But we needthento implement— and, beforethat, to
model- theseinductive mechanisms.

Reti himselfwasblaimedfor not proceedingo re-
ally objective analysesHe wasindeedinclinedto ex-
pressimplicitly his subjectie estheticof music. For
this reasontoo, inductive mechanismsiave to be ex-
plicited objectively.

3 Cognition: A natural modelling
of inductive mechanisms

A long philosophicalnquiry hastried, sinceAntig-
uity, to understandhe phenomenowf induction. Aris-
tote, when trying to definethe conceptof induction,
integratesit in a logical framevork, by consideringit
asakind of reverseof syllogism. This logical point of
view hasbeenfairly developed,especiallyduring the
XXth centuryin particularwith theinductive logic of
Rudolf Carnap.It hasbeena failure, though,because
induction, contraryto deduction,cannotbe artifially
reducedio someelementaryand abstractaxioms,and
alsobecauseve cannotproceedo inductionif we con-
siderknowledgein the form of predicate®r linguistic
propositions. In a word, inductionis not an abstract
calculus but a pragmatigprocess.

AlthoughAristoteformalizedinductioninsidealog-
ical framework, hekeptin mind theimportantfact that
inductionis a naturalandpsychologicprocesghaten-
ablesusto catchageneraideaoutof phenomenaThis
psychologicdimensionof induction has beendevel-
opedespeciallypy David Hume(Humel1748).Hechar
acterizest asakind of habit,and,morepreciselydemon-
stratedts foundationonimagination.This description,
however, is only partial becausénduction hasto be
rootedin a priori mechanismsassaidlmmanuelKant
(Kant1781).CharlesPeirce(Peirce1992)managedo
formalizedefficiently theseideasof imagination,and
henceinduction,with the help of graphlogic, or, more
generally a network Indeed,the conneionnismof a
network of concepts- or semanticnetwork— may be
considerechsageneralizatiorof logic.

Theinductivelogic of RudolfCarnamotonly failed
becausef the obsolescencef logic, but alsobecause
of its foundationon a relatedparadigmnamely prob-
ability. Leibniz inventedthe conceptof probability in
orderto explicate the degreeof certitudeof uncertain
knowledgein a mathematicaframework. But, in ary
way we considerprobability, either subjectvely — by
consideringa universeof possible— or objectively —
through statisticalmeasurements, it is a unidimen-
sionalquantitythat hasto be fixed for ary hypothese.
In the conneionnistvision of knowledgeasa seman-
tic network,theideaof probability is givenup andre-
placedby a setof several distinct quantitiesthat take
into accountdifferentaspectsof knowledgerelation-
ships:degreeof match pastexperienceaward, support



from otherhypothesesstc.

Theideaby Peirceof a networkof conceptdakes
placein his pragmatisprogram alleviating conceptual
framework of uselesparadigmandintegratingnew ideas
describingpsychologicabndeffective realities. Today
suchpragmatiddeasareechoedijn away, by cognitive
sciences.The cognitive point of view is of epistemo-
logicalimportancepecausét explainsourunderstand-
ing by describingts nature.Cognitive approacthof in-
duction, especiallyby the collectif of Al researchers,
experimentapsychologistandphilosopheHollandet
al. (Holland, Holyoak, Nisbeth, and Thagard1989),
takesbenefitfrom the conclusionsof all thesephilo-
sophicalinquiries. They emphasizehe needto con-
siderknowledgeasa semanticnetwork,wherethefir-
mity of hypothesesin conflict andcorroboratioreach
other dependsn thoseof parentconceptdn the net-
work. Holland et al. addthe essentialdeathatinduc-
tion is a temporalprocesswherehypothesesire con-
stantlytrying to explain thenew obsenedphenomena.

4 Analogy: A natural mechanism
of music perception

JohnStuartMill (Mill 1866)hasshowvn thatalot of
knowledgeof particularfacts,insteadof beingdeduced
from generalconcepts are baseduponthe degree of
ressemblancketweertheconsideregphenomenoand
a setof referencephenomenaThis meansthat anal-
ogyis anessentiatognitive mechanism.And we can
supposeahat even whenwe takeinto accountgeneral
conceptsyve alsohave to find theadequateonceptoy
analogybetweenthe consideredphenomenorandthe
generalconcept. In ary way, therefore,inferenceof
knowledgeabouta phenomenoffatally needsananal-
ogy with otherphenomena- eitherothersamplesor an
abstractesbne—. We may supposehatthe choicebe-
tweenthesetwo alternatvesgenerallydependson the
guantityof known analogs.

This is in fact what LeonardMeyer meansin his
theoryof expectation.Indeed,he ervisions musiclis-
teningasadynamicprocessAt ary time,”musicarouses
expectations,someconsciousand other unconscious,
which mayor maynot bedirectly andimmediatelysat-
isfied”® Theactualcontinuationjf not whatwaspre-
dicted, triggersemotion, becauséemotion is evoked
when a tendeny to respondis inhibited”.” And the
coreideais thattheseexpectationsarelearnedbecause
they rely in fact on the memoryof pastmusicalexam-
ples.Meyer, becausdethinksthat”embodiedmusical
meanings [...] aproductof expectations®, implicitly
appliesMill" spointof view in a musicalcontext.

The idea of analogyhas beeneven more explic-
itly consideredn the paradigmati@nalysismethodol-

6(Meyer1956),p. 25.
7(Meyer1956),p. 22.
8(Meyer1956),p. 35.

ogy appliedin musicby NicolasRuwet(Ruwet1972).
Inspiredby linguistic, Ruwet proposesan analysisof
musicwhich, througha researclof repetitions detects
thedifferentmotives,theirinnerstructuratiorandtheir
global organization.However, Ruwet's approachs far

from achieving Reti'sideal. Indeedthelinguistic metaphor

thoughproductive, doesnot take into accountthe in-
trinsic specificity of music. Indeed,suchan approach
considersnusicasamonodicflow —or asuperposition
of monodicflows — but never asa polyphonicnetwork
of intricatedflows. Moreover, the staticlinguistic idea
of paradigmis totally contradictoryto thedynamicmu-
sicalideaof development And this methodologycan-
not beimplementedbn computerunlesscriteria of de-
tectionof similarity be definedexplicitly anda priori.

LerdahlandJackenddf sanalyticmethodologyshares

with Ruwet'stheideaof ahierarchicaimusicrepresen-
tation. They are sensitve to the idea of analogyand
repetition—whichthey call parallelism— but recognize
notto be”preparedo go beyondthis”, andto "feel that
[their] failure to fleshout the notion of parallelismis a
seriousgapin [this] attemptto formulatea fully ex-
plicit theoryof musicalunderstanding® Thisis dueto
thatfactthatthey rely onastaticgrammayinsteadof a
pragmaticstudyof inductive processMoreover, a per
tinent modelling of "parallelism” would expressmore
freely throughanassociatie networkthana hierarchi-
caltree.

Analogy hasbeenimplementedn artificial intelli-
genceapplicationsin particularby DouglasHofstadter
(Hofstadter1995). He agreesin a way with Holland
andal’sframework, in particularwith theideaof anet-
work of activatedconceptsThroughadraving of mul-
tiple possibleanalogiedbetweerthe differentelements
of the structure Hofstadters softwareCopycat whose
aim is to analyzeshortsequencesf letters, builds a
semanticnetwork of relations. In this analogyframe-
work, we would like to addthe other pivotal idea of
Hollandetal’smodellingof induction,namelythepro-
ceduralpproachindeedmusicis atemporalobject,as
would sayHusserl,anda naturalway of explaining it
is by consideringts temporaleffectin consciousasin
LeonardMeyer’s expectatve approach.

5 kanthumetheory of analogy

5.1 Principles

We have showvn why a cognitive approactof musi-
cal analysisis of greatimportanceandwhy, alongthe
temporalprogressiorof musicperceptionjt will con-
sist mainly of a researchof analogybetweencurrent
instantandpastones. Our software called kanthume
is atentative of simulatingthis pointof view. We share
Ruwet’s ideathat motives— of notes,but also of sets
of notes,of motives, etc. — have to be found through

9(LerdahlandJackenddf1983),p. 53.




the detectionof their repetition, varied or not. But if
this researchhasto be efficient enoughsuchasto be
ableto detectmotiveshiddenin a polyphonicflux, it is
necessaryo go beyond Reti’'s hierarchicaframevork.

First we proposeto formalize ary musical struc-
ture simply in termsof a motive or a sequencef ele-
ments,which themseles may recursiely be motives
too. Thatis, every musical structureis ordered. It
seemsthat relationshipsbetweenmusical entities are
determinedalong two dimensionswhosebasicrela-
tionsare:

¢ relationsof analogy betweertwo analogs.

o relationsof concatenationbetweenlateral ele-
mentswithin a motive.

Now if we considerthat motives emege becauseof
their repetition— even whenthey vary — thenthis can
be possibleonly if:

1. Somethingn the beginning of the repeatedno-
tive triggersthe idea of analogywith first mo-
tive: eithera samevalue of a parameterfor the
sameelementof the two motives (pitch, dura-
tion, etc.),or a similarity of aninterval between
two elementsn thetwo motives(herealsopitch
interval, onsetinterval, etc.).

2. The successie next musicalitems sharesome
similarity with thecorrespondingnesin thefirst
motive: mostly becausef similarity of interval,
but, why not, of similarity of an absolutepa-
rameterof one particularnote. Eachnew ele-
mentwill be consideredisthe continuationof a
repeatednotive if it canbe linked (particularly
by an interval) to an elementof its beginning
andif this link hasits analogin the first motive.
This elementto which it is linked canbe called,
metaphoricallytheandor of the new element.

5.2 Description

During analysismusicis consideredncrementally
in a chronologicalsense. At eachstep, new note of
the scoreis considered.From currentnoten, a series
of intervals aredrawn to all precedennoteswithin a
shorttermarea.For eachof theseintervals(m, n), the
systemfinds the setof similar previous pastintervals.
For eachof thesesimilarintervals(i, j):

1. if i is theright note of aninterval (h, ) which
concludesamotive[..(h, 7)], andif m is alsothe
right noteof aninterval ({, m) which concludes
anothemotive[...({, m)], andif bothsequences
are analoguousthenthereis an analogy or a
sequencingbetweenthe two extendedmotives

[..(h,0) (5, )] 2 [...({, m)(m, n)];

2. elseif thetwo notesi andm areanaloguoughen
thereis ananalogybetweerthetwo new motives

[i(7,7)] :: [m(m,n)], where[i(i, j)] is the mo-
tive constitutedby the simplenote: andthein-
tenal (4, 7);

3. if no analogiesat all can be inferred between
1 andm, thenonly a analogymay be dravn —
if necessary- betweenthe two simple motives

[(7,5)] = [(m, n)].

In this way, a networkof analogieds dravn from
the notesof the score.Theseanalogiesalsoemphasize
the notesandintervalsthatbelongto them. Thatis to
say the morea note,or aninterval, belongsto numer
ous or big sequencesthe more probablywill it be a
candidateanalog.

Now eachanalogyis itself an interval whosetwo
elementsreits two analoggthatis, thetwo wholemo-
tives). The (multi-dimensionalyalueof thisinterval is
calledtheanalog-interval Whentwo analogieof the
samekind have similar analog-interal, newv analogies
aretriggeredin the sameway asfor the similarity of
previousintervals(z, j) and(m,n).

Ourhypotheticclaimwould bethatthewholesetof
links automaticallyinferredby this theoryis sufficient
to retrieve all the conceptinducedby traditionalmusi-
cal analysisand,muchbetter all theunderstandingf
musicimplicitly experiencedby a simple listening of
music.

Thearchitectureof kanthumethatwe will now de-
scribe,hasbeendeterminedn orderto fulfill this re-
searchof analogies.

6 kanthume architecture
6.1 Therelationship network

The note object. Eachnote of the original scoreis

representedsa noteobjectinsidetherelationshipnet-
work. Thenoteobjectcontainghevalueof thenotepa-
rametershasically pitch, dateandduration. Thenotes
areinsertednsidethe relationshipnetwork,incremen-
tally andin a chronologicorder The relationshipnet-
work progressiely digeststhe notesof eachnew in-

stantof the score: that is, eachtime a nev chordis

added hew relationshipgpropagatelongthe network,
which entersa stablestatebeforeconsideringhew mu-
sicalevents.

The noteobjectalsofeaturespointersontothe dif-
ferentsequenceandanalogiego whichit belongsgi-
therasananaloguousiote,or asanelementof anana-
loguousinterval.

The note parameter hash-tables. For eachpossible
noteparametera hash-tablessociatesachparameter
value with the setof the noteswherethis value holds
(seeFigure1). The pitch hash-tablés consideredn
two ways:in anabsolutepoint of view asa correspon-
dancebetweerary pitchvalueandits occurrencesand



in a chromaticpoint of view asa correspondancke-

tweenary pitch of the chromaticscaleandits occur

rences.The secondpoint of view consistf consider

ing the setof all the pitch valueequalto the absolute
pitch valuemodulo12.

Theinterval network. Eachtimeanew pitchor date
valueis addedo thehash-tablethenew valueis linked
to eachpossibleold value (the values,not the events).
For eachof thesesetsof links, forming two interval
networks(a pitch-intenal network,andatime-intenal
network),is associatedthe valueof theinterval.

The interval hash-tables. As for note objects,two

additionalhash-tablespnefor onsetandonefor pitch

(seeFigure?), associateachinterval valuewith theset
of thelinks insidetheinterval networkwherethisvalue
holds. Onceagainthe pitch interval hash-tableanbe

consideredollowing two pointsof view : theabsolute
oneandthechromaticone.

Note relationships. Eachnew noteis linked to its
correspondingioteparametehash-tablesThesehash-
tables,by definition, automaticallydetectsthe equal-
ity of the currentnote parametersith old ones. In
our framework, we proposenotto considertthesehash-
tablesin a binary point of view. We prefer instead
adding a similarity-distancethat enablesto consider
notonly equality but alsosimilarity of values for each
possibleparameter For eachcandidatenote is asso-
ciated an activation degree that consistsof all these
similarity-distances plus the note supportparameter
(seeparagrapl6.2). Whenactivationexceedsa certain
activation-thresholdananalogyis inferredbetweerthe
currentnoteandthe activatedone.

Interval relationships. The sameis true for inter-
vals. The troubleis, the comparisonof every possi-
bleinterval from currentnotewith every possibleother
interval is of coursea taskthat may explodefor along
musicalsequencelt is necessaryhereforeto limit the
scopeof thestudyof interval relationshipsConcerning
thechoiceof interval from the currentnote two factors
aretakeninto considerationthetime interval andthe
support(seeparagrapl6.2) of the noteat the otherex-
tremity of this interval, thatinducetwo new distances,
namelytime-distancendsupport-distanceOncethese
intervalsare chosenthe activation of relatedintervals
(using two support-distancefor eachextremity) and
the triggering of analogyfollow the modelof notere-
lationshipactivation, this time usingthe interval hash-
tables.For the comparisorof absolutdntervals,a new
distanceis added:the pitch-distancebetweenthe two
high notes(or two low notes).

6.2 Theanalogy network

The analogy object. Any analogyrelationshipmay
be representedn generalasa coupleof two analogs.
The analogyobject also lists the parametershat are
commonto theanalogsandtheamountof correspond-
ing similitude. Finally, asfor noteobject, it contains
a list of pointersto higherorderanalogiesin which it
belongsasananalog.

Support. To ary noteor analogyis associated dy-

namic parametercalled support equalto the number
of analogiesof ary orderthatareconstructedrom it.

This measureéndicatestheimportanceof presentote
or analogy andplaysarole in detectionof new analo-
gies:themoreanoteor analogyis supportedthemore
it will beusedasananalogfor a new analogy

Analogy inference.  Whenconsideringriggeringnew
analogiesseveral parametersretakeninto account:
the distanceof eachanaloguousnterval, the multidi-
mensionabegreeof similitude betweereachcandidate
analoguethesupportof theanchor(seepoint 2 of sec-
tion 5.2). Thesedifferentparametersre considered
in parallel,thatis, analogiesaretriggeredif onepara-
meter— or ary collaborationbetweensereral parame-
ters— is particularly significative. To this framavork
is addedthe constraintof alimited numberof trigger
ings: in caseof competition,only the mostfavourable
candidatesvill be chosen.Thedifferentfunctionsand
thresholdthat control all thesecompetitions— which
exactly correspondo the competitve model of Hol-
landetal. — canbeeditedby theuser

7 An example of analysis

In orderto appreciatehe musicologicalinterestof
suchaframeawvork, hereis how kanthumeanalyzeshe
nine first barsof thefifth symphory of Beethwen, re-
ducedfor pianoasin figure 3. Throughoutthis analy-
sis, noteswill be denotatedy the numberof their in-
stantand their rank within the instant— from high to
low — by aletter(a, b, ).

7.1 Instant #1

Thevalueof theparameteréchromaticandabsolute
pitche,duration)of thesethreefirst notesareregistered
in their respectie hash-tableslinterval parametergin-
terpitchandinteronsetjare registeredtoo. Both three
noteshave samechromaticpitch (G), but since they
are synchronizedthey arenot considerecasanalogu-
ous(becauseve only consideanalogywith old notes).
Idemfor thetwo octave intervals.

7.2 Instant #2

Similarity is detectedbetweenreachof thetwo cur
rent octave intervalsand eachof the two previous oc-
tave intervals. Following point 3 of paragraptb.2,this



may triggerfour possibleanalogiedbetweenintervals.
But point 2 is alsotrue: in particular asthe two high
notesof both instantsare equal(sameabsolutepitch,
sameduration) thenthereis ananalogybetweerthese
two high notes,idem for the two extremenotes. See
scoresl and?2 of figure3.

[la(la, 1b)]
[la(la,lc)] =

[2a(2a, 2b)] (1)
[2a(2a, 2¢)] (2)

Concerningnow the two low intervals, eachhigh
notesis includedinside eachanalogintervals of anal-
ogy 1. Hencethe analogybetweerthesetwo intervals
follows point 1 of paragraptb.2, thatis, a motive is
created Seescore3 of figure 3.

[la(la, 16)(1b, 1c)] :: [2a(2a,2b)(2b,2¢)]  (3)

Are also registeredthe intervals betweencurrent
and precedentnstants,in particularthe unissoninter-
vals: betweenlaand2a, betweenlb and 2b and be-
tweenlcand2c.

7.3 Instant #3

Theintervallic similarity betweeraand3aandbe-
tweenlaandZ2atriggersnew analogy Seescore4 of
figure3.

[la(la,2a)] :: [2a(2a, 3a)] 4)

Theintervallic similarity betweeraand2bandbe-
tween3aand3b triggersananalogy

[2a(2a, 2b)] :: [3a(3a, 3b)] (5)

Similarity betweertheanalog-interal of analogies
1 and5 leads(seescoreb) :

([Ta(la, 1b)][2a(2a, 2b)]] :: [[2a(2a, 2b)][3a(3a, 3b)]]
(6)

We will notlist all the possibleanalogiesandwill
preferfocusinghereon importantones. In particular

asfor analogy3:

[2a(2a, 2b)(2b, 2¢)] :: [3a(3a, 3b)(3b,3¢)]  (7)

Similarity betweertheanalog-interal of analogies
3 and7 leads(seescoreb):

[[Ta(la, 16)(1b, 1¢)][2a(2a,2b)(2b, 2¢)]]
[[2a(2a, 2b)(2b, 2¢)][3a(3a, 3b)(3b, 3c)]] (8)

74 Instant #4

Similarity of time interval between2a and 3a and
between3aand4a,inducesan extensionof analogy4
(seescore7?):

[la(la,2a)(2a,3a)] :: [2a(2a, 3a)(3a,4a)]  (9)

Similar asanalogies3 and7:

[3a(3a,3b)(3b,3c)] :: [4a(4a,4b)(4b,4c)]  (10)

Similarity betweerthe analog-interal of analogies
7 and10leads:

([2a(2a,2b)(2b, 2¢)][3a(3a, 3b)(3b, 3¢)])
([3a(3a, 3b)(3b, 3¢)][4a(4a, 4b)(4b, 4¢)]{11)

Analogies8 and11 inducea sequencingseescore

8):
[([Ta(1alb)(1b1e)][2a(2a2b)(2b2¢)])
([2a(2a2b)(2b2¢)][3a(3a3b) (3b3¢)])]
[([2a(2a2b)(2b2¢)][3a(3a3b)(3b3c)])
([3a(3a3b)(3b3c)][4a(4adb)(4b4e)])] (12)
7.5 Instant #6

Now relative intervals similarities betweerthe be-
ginning of this motive and the previous one are de-
tected(seescore9).

[(1a, 1b)(1b,1¢)] :: [(6a, 6b)(6b, 6¢)] (13)
7.6 Instant #7
Therepetitionis detectedseescorel0):
[6a(6a,6b)] :: [Ta(Ta, Th)] (14)

andis comparedwith the first repetition(seescore
11and12):

(la,2a) :: (6a,Ta) (15)

([ta(la, 1b)(1b, 1¢)][2a(2a
([6a(6a,6b)(6b, 6¢)][Ta(Ta,

,2b)(2b, 2¢)])
7b)(7b, 7c)](16)

7.7 Instant #8

Idem (seescorel3):

(2b,2¢)])
35, 3¢)])]
(7b,7¢)))
8b,8¢)]17)

3&(3&,31)
[Ta(7a,T
8a(8a,8b

—_— = = ~—



7.8 Instant #14

Following similar way, after several sequencings,
thenaw motiveis plainly detectedseescorel4):

[la(la,2a)(2a,3a)(3a,4a)]

[11(11,12)(12,13)(13,14a)]  (18)

[(8a,9a)] :: [(14a, 14b)] (19)

Moreover, averyinterestingelationshipof interval
is inducedby similarity betweenanalog-interals (see
scorelb):

[((3a,4a)(8a,9a))] :: [((8a, 9a)(14a, 14b))] (20)

7.9 Instant #18

The three occurrence®f main motive (seescore
16)is detecteds asimilarway. And alsotherepetition
of asamechord(seescorel?).

7.10 Instant #34

Finally, the equivalencebetweenthe first and sec-
ond half of the whole exampleis detected(seescore
18).

8 Discussion

It canberemarkedhatwe shareMeyer’'sideacon-
cerningmusicallistening, of a constantelationof the
presentinstantwith known similar contet (eitherex-
periencedn thepastof thework or learnedasanaspect
of musicalstyle), but not the otherpart— the mostim-
portantone,accordingto him — of his theory namely
the expectationof learnedcontinuation.ln a phenom-
enologicterminology this meanghatwe takeinto con-
siderationthe retentionalaspeciof perceptionjput not
the protentionalone. It would be possible— and also
necessanyf we would wantto prolongethe cognitive
metaphor to implementthe protentionalpart, but we
would like to know if it is possiblefor a cognitive sys-
temsuchasacomputersimulation,to avoid protention.
Wewouldtendto think that,whenfacingwith comple
ervironment, protentionis necessarybecauseroten-
tional capacityhassomegood evolutionist reasongo
exist.

Although our systemgetsinspiredby cognitive re-
searchesn inductive mechanisma&ndanalogy its ar
chitecturehasbeenestablishedbllowing pragmaticon-
siderationaandphenomenologimtuitions. Thecogni-
tive modellingis usedhereonly asa kind of metaphor
in abiomimicdemarchelt would beof agreatesinter-
estto build a cognitively foundedmodel, by a collab-
orationwith experimentalcognitive psychologyandin
particularby measuringthe parameter®f this model
throughexperimentaimeasurements.

kanthumes implementedasallibrary of Ircammu-
sical representatiosoftwareOpenMusic The present
version (OMkanthumeO.1) displaysthe resultsof its
analysighroughlist of texts, asshovnin previouspara-
graph.Addedto the problematiocof conceptiorof cog-
nitive modelling, arisesthen the questionof interface
andergonomy Theresultof theanalysishasto bedis-
playedgraphicallyin a kind of network of relations,
above the scoreitself. Becauseof its compleity — not
graphicallyrepresentablandin fact not catchyfor hu-
man— this network should not be entirely displayed,
but only a partof it. The usershouldbe ableto navi-
gateinsidethis network,by choosingemporalobjects
and hierarchicallevel of the network. Finally, in our
first version, following standardalgorithmic, the dif-
ferenthypothesegareconsideredgsequentiallyln order
to follow carefully the cognitive metaphorwe would
undoubtedlyneedto considera parallelmodel,for ex-
ampleby implementinga multithreadedrersion.

Thosearethekindsof questionghatareconsidered
in my currentPhD,directedby EmmanueBaint-James
(LIP6, ParisVI) andGérardAssayagMusical Repre-
sentatioriTeam,Ircam)1°

References

Bacon,F. (1620).NovumOrganum

Cook,N. (1987).A Guideto Musical Analysis J.M. Dent
& Sons.

Hofstadter D. (1995). Fluid Conceptsand Creative
Analogies: ComputerModels of the Fundamental
Medanismsf Thought New York: BasicBooks.

Holland, J., K. Holyoak, R. Nisbeth, and P. Thagard
(1989).Induction: Processesf Inference Learning,
andDiscovery The MIT Press.

Hume,D. (1748).An EnquiryConcerningHumanUnder-
standing

Kant,I. (1781).A Critique of Pure Reason

Lerdahl,F. andR. Jackenddf (1983).A Geneative The-
ory of TonalMusic. TheM.I.T. Press.

Meyer, L. B. (1956).Emotionand Meaningin Music. The
University of ChicagoPress.

Mill, J.(1866).A Systenof Logic.

Nattiez,J. (1990).Musicanddiscourse:toward a semiol-
ogyof music Princeton:PrincetonUniversity Press.

Peirce,C. (1992). Reasoningand the Logic of Things:
TheCambridgeConfeenced_ecturesof 1898 Cam-
bridge, Massachusetts:Harvard University Press.
Editedby KennethLaineKetner

Reti,R. (1951).TheThematicProcesdn Music. Macmil-
lan Publishing. Reprintedin 1978 by Greenwood

Press.

Ruwet, N. (1972). Langage musique,posie Poétique.
Paris: Seuil.

10g5ee website for up-to-date  developments:

http://wwwircam.fr/equipes&pmus/lartillot






»

Onset

01234567

Note#1

Note#2

>

CDEFGAB Pitch
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Figure3: kanthumeanalysisof pianoreductionof the ninefirst barsof Beethawen'sfifth symphoyy.



