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ABSTRACT as they did so, their voices would sound as if they had
come from the shadows.

Plato’s point is that education allows us to see things
more truly, a sentinmg with which | suspect we would all

The sonic aspects of Plasoanalogy of the cave is taken
as a starting point for thought experiments to investigate

the objective nature ofosnd, and the idea of quasi o5l concur, but also that soreslightenecpeople see
Platonic forms in musicSounds are found to be objects .., ruth while most of us dwell in delusiomhich many

?n a way that sights or appences are not, and it is gply of us might now regard as a dangerous idea.

in the presence of technology that they become artificial. | 45 hot here want to pursue the morality or benefits of
When recognition, control ‘and communication about pjat'stheory but rather to explore what can be learned
sound come into playbstractoncepts emergéut there ., fol1owing the sonic parts of the analogy, and deve
is no reason to give these thigority statusPlato @fords opments from it, especially with respect to computar m

to forms.Similar issues arise in discussiontbé ontolo- sic and to music analysis. In both cases, a eRiasonic

gy of musical works, where the ideasf extension and ¢, ant of an ideal ‘musical object’ which can be reflec
intension proveuseful for claity about the nature of i o4 iy sound has been influential, but is somewhab-pro
sical objects They are alsouseful for straegies in the

i ) lematic.
development of music sdfvare. Musical cocepts are not
fixed but arise from awmplex cult.ural inteactions with 2 SOUND IN PLATO'S CAV E
sound. Misic software should aim to use abstrach-co
cepts with areisefulrather than correct We would now probably call Plato’s analogy a ‘thought
experiment’, so let us experiment further to investigate
1.INTRODUCTION aspects of sound and realityn the courseof Plato’s

analogy, a freed prisoner is imagined toléa from the

Plato’s theory of forms is often illustrated through his cave, and sable to see théire and theobjects which
analogy of the caveTtie RepublicBook VII). Plato has  cast the shadows, and some to understanthat the
Socrates askis hearer to imagine a cave in whichspri  shadows are not real after alh our version of the
oners have been chained since childhood in such a wayhought expement, let there be two freed prisoners (who
that they caronly see the cave wall in front of them and do not communicate). One follows the course of Plato’s
the shadows of objects carried past a fire. The fire andoriginal, who has been presumed to be male. Let the other
objects are behind and so cannot be seen, and Plato cope female. This freed prisoner does not see the fire and
tends that the prisoners’ perception of reality will ba-co objects on the ascent from the cave (perhaps theyeare b
stituted of the shadows alone. Our petiepof objects  hind a curtain and she is too short to see over the top) but
in the everyday world, according to the theory of forms, her new position allows her to hear the direct somd i
is similarly only perception of ‘shadows’ of forms which stead of the echdWVould that allow her to come to an
have ahigher reality undestanding that the real objects have been paraded

Most comment on the analogy, including Plato’s own, pehind the prisoers and what has been seen, and heard,
is focused on vision and the sight of the shadawss an  on the cave wall has been merely shadows? | do not think
releaseof the prisonervision of the objects which cast so. The direct sound would not be much different from
the shadows, of the light of the fire, and eventually of the the reflected sound. The perceived location of the source
objects of the world outside the cave and of the sun, theof the sound would be different, but there wobddlittle
source of all light. However, Plato’s analogy aisakes to make clear that the newly perceived solgwétion is
reference to amd. He asks us to imagine an echo in the the correct one and the previously perceived locatian ill
cave so that if those who cast shadows on the wall talkedOry.

2.1 Properties of Real Objects

Copyright: © 2014 Alan MarsdenThis is an opewaccess article dis  p|atotakes it as selévident that the (maldjeed priso-
tributed under the terms of tligreative Commons Attribution License er, on seeing the objects in front thie fire, will unde-
Unported which permits unrestricted use, distribution, angrogluctior stand that these are the real objects tad what were
in any medium, provided the original author and souree@edited. formerly perceived as objects dnefactshadows. With a
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modern understanding of perceptual mechanisms, this is lllusions can be created in souhdt they do not mr-
not selfevident. There is no reason to believe that duce illusory objects such as are supposed to be created
who hadonly ever seen twdimensional shadows, would in the minds of the prisoners by the shadows. Several
have the capability to perceive the thobmensional, and  well-known auwitory illusions concern, as in Plato’s cave,
hence more real, nature of the objéttverthelessthere location. An example is the Scale lllusigt] in which
are aspects of the sight of the real objects whéimight some notes are heard to come from the wrong location.
perceiveas richer—colour for example—and so more  An illusory object of sorts is created herthe non
real. A reasonable general principle is that the illusory existent scales, just as thaest movement of Tclieov-
copy or shadow can lack properties of the real object. sky’s sixth symphony is heard to begin with a non
The properties of thdirect soundheard by the female existent melody, composed of alternating notes from the
freed prisoner are unlikely to be noticeadifferentfrom first and second violirs-but it is a different nature of
the previaisly heard reflected souniven if they were  object from the sounds and objects of the real world
different (for example, because the reflecting surfage si (more on this bew).
nificantly filtered the sound), there would be little t@su Otherauditoryillusions concern misperception inreo
gest that one sound was more real than the other. Théusing situations, such as the McGurk effect, where v
difference is in balance rather thametloss of distinct  sion and hearing conflict, or perception of reastent
properties. (A counteexample might be the common sounds continuing through interrupting noiskusions
film-sound technique of heavily filtering one voice in a such as Risset’s continuoussghndo and sounds afna
telephone conversation so as to distinguish between théiguous pitch might also be described as deliberately co
(real) voice of the person in shot and the (artificial) voice fusing: they consist of highly artificial sounds constructed
of the otler person. However, this only wksrbecause we in a manner to induce the auditory system to perceive
are familiar with the technique The filtered sound is  sounds with properties which do not accurately reflect the
hardly like anything we hear from a modern telephone!) physical properties.
The prisoner might perceive that the object had apparen Crucially, auditory illusions involve the misperception
ly changed location and changed its sound somewhat, bubf sound rather than the perception of an illusory nature
not that this was a real object and that what had beerof sound. A shadow and a shadoasting object are fli

heard formerly was merely an echo. ferent kinds of thing, but a sound and its echo are both
sounds. Even in situations when we distinctly hear the
2.2 Processes of Reproduction echo because it follows some time after the direct sound,

we hear two sounds, not two different kinds of thing.

The male freed prisoneon seeing the fire, the objects Sounds are objects in a way in which sights, appearan

and the shadow all at onceancome to understand the

processby which he previously came to see the shadows es or visions are not objects. Consider another thought

Such understanding necessarily entails a conception O]experlment, which perhaps corresponds to experiences

. . ou may have had. You look in a tree and believe you see
the shadows previously presumed to be objects as no . o .

. . . a bird, perhaps an owl, sitting on a branch. On coming
shadows of real objects previously not perceived.

) . closer you realise that it is not a bird, but merely a twist
The female prisoner has no such access to apprehensian

) . in the branch whicHrom your previous angle of sight
of the process by which the sound appeared previously tqooked like an owl. Your perception has changed to the
come from the sdows, but even if she did the previous '

sound would probably not cease to be real for her. Whendegree that you now see a different object. A little further

. . . on you hear a sound coming from another tree and b
walking through an area with large sowmdlecting . . . .
. o . lieve it to be a bird, a kind of crow probably, perhaps
buildings, it is not uncommon for us have the exper : ! .
. . . . Jay. On coming closer you see no bird but instead see an
ence of first hearing a sound as coming from onecdire

tion and then realising that we had been hearing ecrefle angry squirrel calling. Your perception has changed to

tion and that the sound really comes from elsewhere. Wethe degree that you now perceive the squirrel to be the

apprehend our mistaken belief about the object’s Iocation,s.ource of -the sound rather than your previous prestum
i tion of a bird, but not to theegree of perceiving a diffe
but we do ot apprehend ahange nature ofobject For . .
. . . nt object. You do not hear a different sound.
the female freed prisoner, there is no aural equivalent o

the change in perception from object to shadow which The point can be argued on the bas_ls of our usenef I_a
there is for Plato’s male prisoner. guage also. In response to your experience in the previous

We will consider below (Section 3) the situation when a imagined situation you might say 'l never knew that was

o : what a squirel sounded like.” Note, however, that the
procesof sound reproduction is evident to the hearer, but . : .
. N same sentence can be used in two different circumstan
even this seems not to produce a situation like that of the . N .
visual apprehension of object and shadow es. One is the situation described, where the speaker has
' previously heard the sound but did not realise this was the
sound of a squirrel. The other is the situation where the
speaker has never before heard the sound and first hears it
There seems to be no aural version of Plato’s cave-anal while seeing that it comes from a squirrel. Consider the
gy, at least not without artifial soundcreating devices analogous sentence concerning vision: ‘| never knew that

Natural sound processes do not produce illusbfgcts. was what a squirrel looked like.” This sentence can only

2.3 Sound objects
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be usedn the second kind of situation, where the speakeramong themselves and the speech from the loudspeakers
knows there is such a thing as a squirrel but has nevem the cave wall.
before seen one. In the situation where there has been alt remains the case, though, that she will not necessarily
previous misperceptierperhaps the speaker has prev perceive the previously heard sound as unreal. Schaeffer
ously seen a squirrel but believed itlte a rat-the a- considers the example of hearing a recording of aprallo
propriate sentence would instead be ‘I never knew thating horse[2, p.268] On being eplayed, it is still the
was a squirrel’, i.e., indicating a change in perception of sound of a galloping horse, even though no horseeis pr
the object. sent. Indeedas before, the perpton of dojects for the

The phrase ‘the sound of a squirrel’ has a differemt i prisoners is only incorrect to the degree that thetion
port to the analogous ‘the sight of a squirrel’ or ‘tipe a  of the speaker is misperceived. They argremd to pe
pearance of a squirrel’. The first indicates something ceive a person speaking, but only incorrect in peiegi
much more objedike. While Schaefferian ‘reducedsti that person as being in the cave walher than hiden
tening’ might more strongly induce the perception of behind them.
sound objectdbjet sonorg[2], it does not seem to me a
necesdy. Brian Kane overstates the case when he says3.2 Atrtificial Sound
‘A sound object is only possible when a sound no longer
functions foranother as anedium [3, p.1§. If this were
the case, the bird/squirrel case above would yield rdiffe

ent perceptions according tehether or not the ‘other hend that what was previously perewas illusory:

was bird or squiel and we would haveo recgnition of . : o .
. . o . there is no person speaking. The situation with respect to
hearing the same sound in both situations. (One might : , .
o . sound is now analogous to Plato’'s example with respect
contend that there are two modes of hearmglived in

this hypothetical example, one in which sound functions o sight. What was previously perceived to be real comes

as melium and one not, but thigpproaches rerefing the to be understood to be unreal.

definition of objet sonoretaublogical: sounds arebjets voice synthesisers can be very acd:_ur_ahoggh, and
; the sound produced might be barely distinguishable from
sonoresvhen they are heard abjets sonore}

the sound of real speech. The arguments above about the

objectnature of sound still apply. As sound object, the
3.REAL AND ARTIFICIAL  SOUND previous perception is still real. As index of someone

He could not have known it, but Plato’s cave has becomeSpeaking, it isinreal.

a reality called cinema. The members of dluelience are _

there willingly (but perhapshey are prisoners noneth 3.3 Music

less in ober sense§ and have not spent their whole lives o5t music heard now is reproduced or artificial, and
in the chema, but the similarity is otherwise striking: in @ 5tten a combination of the two. We regularly hear ssund
large dark space people view shadawsa wall (”OV}’_ . andbalancef sounds which could not be made without
calleq a screen). In placg of the fire is the controlled firé’ {he use of electronic processing. | suspect that for many,
of a light bulb and, crucially for our purposes, the ha g\ even in developing countries, it is rare to hear music

ows'’ are not thrown by real objects but by a tiny artifice, \yhich does not come from a loudspeaker odpbanes.
which once was dkiloid film but now in digital cinemas  j,st as for Plato’s prisoners there would be a clear di

Now suppose that there is not a person speaking into a
microphone, but a voice synthesiser transmits through the
loudspeakers. In this case the freed prisoner will &ppr

is usuallyan array of ritroscopic mirrors. tinction between their own voices and the sounds from
the wall, for us there is a clear distinction be¢én evey-

3.1 ReproducedSound day sounds and music: music comes frondépeakers;

Can we create an aural version of Plato’s analogyie ~ €veryday sound does not.

modern era osound reproductioechnology Suppose We know that Plato thought music potentially cotrup

an unseen and not directly heard person speaks into 19 (Republic book IIl). Would he perhaps have thought
microphone and the sound of theiae is transmitted ~Our modern electronically reproduced music most co
through loudspeakers embedded in the wall of the cave iffupting, enticing the public to remain in the catekling
front of the prisoners. This time also allow the female their ears with artificial sound?

freed prisoner to see the person speaking into theomicr

phone as well as hearing the voice directly. In contrast to 4. CONCEPTS AND FORMS

the previous thought experiment, she is now likely to As mentioned above, Plato envisages the prisoners in the

ggr?raeggr:g jg&?;?;nrgugf \;{vhheatpr:gzeie%f ;g;rgdfgfﬂ?;e?du cave being able to talk to each other. He also implies that
their own shadows might fall on theall. Let us expand

was, in some sense at least, artificial. Plato envisages thﬁq. . . X
. . ; is again in the aural domain and allow that the prisoners
prisoners speaking among themselves to give words to

the objects they see in the shadows. In this they Wouldf/ire able both to commumcate among themselves and to
: N influence the sound coming from the wall. Perhaps each
come to recognise the distinction between the speech

of them has a laptop which connects with the speakers in
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the wall. (This now becomes rathdike ICMC, which The ntenson of a musical object is purely conceptual,
often takes place in calike rooms!) though it may be shared note with pitch A4 in this
The prisoners will come toecognisecommonalities in - conception is, roughly speaking, in our heads. We may
the sounds they hear. They will come to learn to controlrecognise it in a sound, and we may render it in sound,
the sounds they produce. They will develop a means ofbut it may also be processed purely as a concept and
communicatig with each other about the sounds. In eachcommunicatedhroughother channels such as musw@- n
of these they are forming and using concepts abouttation. The definition of the intension is not by its phys
sound These concepts approach mutiore to quasi cal prgperties but by the place it holds in our cognitive
Platonic ‘forms—something which has an wworldly system of concepts.
existence, abstract and atemperthan do the sound Although this doubtless ignores important philosophical
objectsdiscussed previously. (Schaeffedbjets sonores  subteties, one can equate intensions with Platonic forms
also approach this, but only when he starts to define(the objects casting shadows) and extensions with the
sounds by their abstract properties rather than by theshadows cast. Closer to modern sound cultures, one can

product of educed listening.) equate intensions with the concepts and terms used by
those who create, perceive and communicate about m
4.1 Ontologies of Music sic, and the extensiongith the sounds produced. In our

last development of Plato’s analogy at the beginning of
this section, the intensions are indicated by the terms the
prisoners use to communicate with each other, the- ma
ner in which theycontrol the sounds, and the product of
their recognition of commonalitiés the sounds.
These are not new ideas, but | reiterate them because |
want to make two claims:
(1) Both extensions and intensions need to be kept in
mind; and
(2) Intensions (musical ‘forms’, ‘concepts’, etc.) are
rarely fixed but instead can be fluid, contingent or
disputable.

The ontology of music has been a common topic for ph
losaphers, among whor@oodman 4], Levinson [5] and
Goehr [6]are prominent. Briefly, Goodman gives an-‘e
tensional’ definition a piece of music to be the set of
sound structures which conform to a particular specif
tion of propertiesLevinson gives a more ‘intensional’
definition as a set sound structures indicated by a partic
lar person at a particular time. Goehr finds both proble
atic and argues that the concept of a musical worksis hi
torically determined, and did not come into rgeiuntil
about 1800.

Goehr’s historical argument is compelling, and- i
portant. All of us now have always lived in a world with
electronically reproduced souneht the very leastvith
radio, telephones and record players if alotays withall Music theory has until quite recently generallynoerned
the modern paphernalia of ubiquitous digital audio. itself almost etirely with intensions, and Plato is partly
Perhaps this has influenced our conception of thecebje to blamefor this. A common and lordpsting thread of
tivity of sound, and my previous arguments about the Wedern scholarship regards proper learning as diseove
sound of squirrels might apply only to our modern age ining the hidden, which means being concerned with things
which sound can be stored, manipulated amgecbThe which are not immediately sensed. Furthermore, apart
age before these technologies existed must have beeftom devices such as the monochord (used also by the
sonically very diferent, but it is now unrecoverable. ancient Greeks), until recently there has been littla-tec

My concern here with ontology differs somewhat from nology to allow the investigation of musical sound. Fina
that of Goodman, Levinson and Goehr not only in that ly, music theory has been mainly concerned with the ed
my historical perspective is entirelyomtemporary, but  cationof musiciansand has defined itself by distinction
also in that | am concerned not just with ‘musical works’ from peformance, which is concerned with musical
but more generally with ‘musical objects’, which might sound. The aesult is that music theory is painfullynu
be complete works or parts of works, or otheusical groundedand, at the very least, risks making claims

4.3 Keep Extension and Intension in Mind

components. which do not conform to the realities of musical sound.
(For discussion of an example, thenceptof the ‘gap
4.2 Extension and Intension fill " melodic patternsee[7].)

Recall that in our last analogy, intensiomsre congi-
ered to arise in the minds of the prisoners throughgreco
nition, control and commmication. Perhaps not all of
tpesenecessarily lead toonceptformation. We can learn
% cantrol a lcycle without any conception of theem
chanics involved. Could you explain to somebody else
how to turn a corner on a bicycle without falling off? (If
you say ‘turn the handlebars in the direction you want to
go’, you are wrong. In fact you need to apply pressure in
the oppositedirection.) We can recognise faces bot be
able to @scribe the features of a person which would

The notions of extension and intension are useful. The
extension of a musical object is that set of things in the
real world which are instances of the object (including
perhaps possible and future realisations besides all actu
realizations). So a note with pitch A4 is any musical
sound wiich has fundamental frequency of 440Hz and,
importantly, various other notes which are out of tune or
differently but nevertheless legitimately tunddhe set of
objects might be disputed or fuzzy, and might be centi
gent on other contextual factors.
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allow sonebody else to pick them out. It is perhaps only we am to dscover the forms or structures which enable
for comnunication that concegformation is essential. us to explain the piece, or to relate it to othecgse or to

So it is possible for musical processes, includingicnus make a new piece which is similar in sonespects but
software, to operate ergly with extensions. | adend, different in others, or to communicate about the piece to
however, that they are more adaptable, and hence morethers.For some time | haveeen interested in Schemke
useful, if they also deal with intensions. For mpée, ian Analysis by computer [9, 10which eplicitly aims
much research in Music Information Retrieval has-co to uncover a multilayered musical structure underlying
cerned classifiers of some sort, software which rdete the notes of the piece. The outcome of this is software
mines fom an audio file what class of sound or music it which is capble of finding structures in short extracts of
contains. This is commonly done by means ofaahime pieces, but without great confidence that these are the
learning system which usessat of training examples; in  right strictures. The guidance from Schenker’s written
other words, the classes to be recognised are specified btheory leads to multiple possible structureshait any
(part of) their extensioralone The result is systems guidance of how to choose among those many structures.
which can often be quite good at the classification for It has yet to be established whether or not it is possible to
which they are designed, but which are otherwise uselesdearn from Schenker's examples of analysis how one
If a slightly different classification is required (e.ge-b  should choose. The evidence from decades of students
cause a new class has been introduced) the software mubking taught Schenkerian Analysis in univiées across
relean. The system cannot be used as a basis forethe d the world is that it is possible to learn, but these students
sign of software to perform a related task (e.g., tostran hawe access to far more information than just Schenker’'s
form a piece of music so that it becomes anfver of a examples.
different class). | do not claim that such software based This is an example of the lack of fixity (in the sense of
on extensions only is always useless, but | suspect thalack of definition rather than changeableness) in musical
usefulness is greatest when such software (a) leams co forms noted above. A complex concept (Schenkerian

tinually, and (b) is embedded into reebrid activities. structure) has emerged fmoa complex body of inteca
tion between ideas and sounttdacks precise definition,
4.4 Musical ‘Forms’ are Rarely Fixed but nevertheless appears to have sufficient solidity to be

transmissible across time and space. Perhaps it isiSche
ker's writings and examples alone which provide this
solidity, but | suspect not. After all, the writings and @ra
tices of other music theorists have not led to suchisolid
ty. The musical ‘forms’ which persist do not appear to be
a random muddle. | suspect they persist because of their
usefulnessand | congler it to be a prime desideratum for
future good research in music computing to be able to
fdefine usefulness in such a way that it can be used as a
criterion in judging the ‘correctnessf analyses, of ao
cepts formed in the course of software developmemd

in machinelearning systems.

The classic examples of Platonic forms are geometrical
shapes such as the circle. Thdsags can be given er
cise definition in abstract terms (‘the set of points on a
plane which are equidistant from a central pointhere

are some musical concepts which can similarly be given
precise abstract definitions (e.g., Fortean pitch clasy sets
but this is not true for many. One of the most important
concepts in Western music is ‘key’, but it is difficult to
define. Important factors are the use of a particular set o
pitches, use of particular pitches in particular roles (e.g.,
tonic), and us of particular configurations of pitches
(e.g.,harmonic progressions), but no singlentnaion

of these by itself appears to give a solifimé&on of key.
(For fuller discusion, se [8].)

Musical culture varies from time to time and place to | mentioned above that ‘key’ is a problematic concept,
place, through a complex interaction of intension and which means it is problematic for software which aims to
extension. The interaction is seen even in a singlé-mus determine the key of passag®f music.There still does
cian with an instrument (or computer): the musiciaax m not exist sofivare which is guaranteed to assign the co
nipulates the instrument, sound comes out, tlsician rect key to every passage of music, where ‘correct’ is
hears it, and her musicaeas change. This is the excit  defined as the key a majority of musical experts would

5.1 A Useful ‘Form’: Tonal Profiles

ment of music. If we focus only on soundasly on ide- assign to that passadtowever, there does exist software
as, or if we believe that the ideas are fixed, we lose thewhich is often right and, more importantly,dften uses
excitement. an idea which is not exactly the same as ‘key’ (if it were
the software would always be right) but isisefulalter-
5. MUSIC COMPUTING native.

Research by Shepard and Krumhans| on pti@e of
pitch similarity [1] has led, through a number ofroep-
tual devdéopments, to the idea of ‘tonal profile’ meag
a vector of twelve values which indicate the ‘figimess’

A significantresearch interestf mine has beerthe an&
ysis of nusic by computerAnalyss can be seen as aopr
cess of going from extension to intension. We start with

the sound of a piece (or its score, which is anrsite or even simple frequency of occurrence of the twelve
from this pespective, though an intension from the-pe pitch classes in a particular profile (8&]). There is a

spective of the performer who aims to play the piece) andtypical profile for major keys, and rther for minor
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keys. Keydetermining sdfvare can count the occurien
es of each pitch class in a passage, and find the closest
matcding key profile. (1]
The idea is not precisely a theory of key, because it

does not reflect everything abt that concept we find in
music theory, but it is close and it is distinct and compu [2]
able. Probablyfor these reasan it has been extracid
naiily fecund in the fields of music theory, musicyps
chology and msic computing.

[3]

5.2 A Useful ‘Form’ Lacking: Harmo ny

Music computing needs moteseful ideas like tonal pr
files. As an example, consider the concept of harmony. [4]
Like key, this is crucial in much of Western music. The
idea of a harmonic progression underlies the basis of[5]
much improvisation in jazz and vation in classical m-

sic. It often provides the driving force in popular music
also, where a piece of music can frequently be welkrepr
sented as simply a melody and an accompanyéig s
quence of chords.

In one sense the concept of harmony is straightfatwar [7]
a harmony is made up of a set of pitch classes, e.g. C, E,
G for C major. In practice, however, it is far fraims
simple. Occurrences of {ajor harmony can miss out
one or even two of these pitch classes, and atdode
occurrences of other pitch classes. Music theoryrdisti
guishes between harmony (or essential) andhamony
(or inessential) notes, but | have yet to seeegisealgo-
rithm for making this distinction while sintaneously
detemining the harmony.

The situation reminds me dhe situation of key
determining software before the advent of tonal profiles,
and puts into my mind the probability that we need a new
concept of harmony which, like tonal profiles, is distinc
and computable, and which need not match everything
about tle musietheoretic concept of harmony but isf-su
ficiently close to be useful.

(8]

9]

6. CONCLUSIONS

Even without‘reduced listening sound objects areb-
jectlike. Musical objects, when they are sound, are-sim
larly objectlike, but there aralso more abstract, inte
sional, musical objects which are more lik&latonic
forms | seeno reason taconsider these objects to be of
greater inportance or priority than sound objects, but
instead the tw exist in a complex cultural interaction.
Abstract nusical concepts are therefore subject to mod
fications and imprecisions arising from this complaex i
teraction, and we shouldiot expect music software,
which must opeate at some level with precise concepts,
to matchcomplex abstract musical concepts. Instead we
should seek precise but useful concepts which all@w pr
ductiveresearch.
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