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Abstract

A melody is considered as polyphonic, that is,
composed by several latent voices. The rhythm
structure of the latent voices constitutes the
polyrhythm, whose complexity is estimated. It
is supposed that ‘good’ melodies have some ‘op-
timal’ complexity which is not too high and not
to low. The model is intended for computer
composition and music education.
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1 Introduction

Inventing a good melody is generally consid-
ered to be the most creative and the least ratio-
nalizable task of music composition. If one asks
“What is a good melody?” there is very little
to answer. A good melody is easier to remem-
ber, or at least easier to recognize. It must be
simple and natural, and at the same time not
primitive and not resembling other melodies.

Composition students are often given hints
like: A good melody is long, has at least three
types of durations, and contains both large and
small intervals. Even such a general hint is not
really true. The opening motive of Mozart’s
Eine kleine Nachtmusik is short and contains
only large intervals. The choir melody from
Beethoven’s 9th Symphony has only quarter
notes. The remarkable theme of Bach’s E mi-
nor fugue from Book I of Das wohltemperierte
Klavier is only two measures long and contains
exclusively sixteenth notes (Figure 1 top).

Several publications on modeling melodies
by a number of rules date back to the origins
of cybernetics but the enthusiasm was soon ex-

hausted; see Zaripov (1971, 1983) for review
and original results. The lack of knowledge
about what makes melodies good explains why
the contemporary formal music prefers to avoid
them at all. Since there are no criteria for their
evaluation, there is no rule to sort out bad ones,
and no algorithm to construct good ones.

My current work in progress attempts to
partially fill in this gap with a model for eval-
uating melodies. The given paper outlines the
idea of the approach developed.

While analyzing melodies, one is confronted
with rhythm, pitch, and eventually with un-
derlying harmony. Among these three fac-
tors, rhythm seems to be most important.
Rimski-Korsakov (1844-1908) often repeated:
“Rhythm is already music”. He did not say
anything similar about pitch or harmony, al-
though he was a famous colorist.

However only the apparent rhythm of a
melody, that is, the sequence of durations, is in-
sufficient to make any serious judgement about
the melody quality. In fact, a melody can have
a poor rhythm but still be goed (the choir
from Beethoven’s 9th Symphony, Bach’s theme
cited).

The latent polyrhythm structure of a
melody, or simply its polyrhythm, seems to be
more adequate to the task. To reveal it, the
melody is regarded as polyphonic, that is, as
constituted by latent voices; see Figure 1 bot-
tom. Latent voices arise due to leaps, so that a
melody with disjunct voice-leading is perceived
as several voices with conjunct voice-leading.
Since each latent voice has its own rhythm,
we get an interaction of latent rhythm layers,
constituting the polyrhythm of the polyphonic
melody.

What is actually being done is similar to
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Figure 1: The theme of J.-S. Bach’s E minor fugue from Book I of Das wohltemperierte Klavier

and its latent voices

arranging the rhythm of a melody for a drum
set with each drum playing a particular rhythm
layer. Since the polyrhythm is recognized by
melody leaps, certain pitch information is also
taken into consideration. The harmonic factor
is beyond the scope of the model.

The second step of analysis (most devel-
oped) is aimed at estimating the complexity
of thythm layers and of the total complexity of
the polyrhythm as the sum of the layer’s com-
plexities. Below the corresponding model is de-
scribed in more detail.

The polyrhythm of a good melody is as-
sumed to have some ‘optimal’ complexity, nei-
ther too high, nor too low. It reflects the fact
that a good melody must be enough simple but
not primitive. Finding the lower and upper
thresholds for the complexity indices of good
melodies is a subject of psychological experi-
ments which are not yet performed.

2 Pitch and polyrhythm

To explain why our melody analysis with no
reference to pitch and harmony nevertheless
makes sense, let us outline the evolution of mu-
sical pitch, also with regard to harmony.

Recall that early music traditions are
mainly monophonic and pre-modal, that is,
with no definite scale (Alekseev 1976). The
pitch served for enhancing the intonation, e.g.
in singing declamation, or for more dramatic
effects like register changes. Such imprecise in-
tonation pitch and register pitch are inherent in

all early music traditions (Alekseev 1986).

The modal pitch with several degrees is typ-
ical for more advanced musical cultures. In
early Western music, modes were used in a
rather free way and could replace one another.
Since music was still monophonic and tones
were not assumed to sound simultaneously, the
accuracy of pitch was not very critical.

Harmony has been ‘invented’ in Europe in
the 15-16th centuries together with innova-
tions in scales and tuning systems facilitat-
ing polyphony (Honneger 1996, p. 448). Har-
mony is often opposed to melody because it
adds a vertical aspect to horizontal develop-
ment. However, it is not that simple. Har-
mony has horizontal effects because successive
and even distant tones create harmonic sensa-
tions. Melody against harmony was the point
of a famous discussion between Rousseau and
Rameau (Holopov 1976, p. 523). Rousseau
subordinated harmony to melody, having com-
pared the melody with the drawing in painting
and the harmony with the color. Rameau ar-
gued that harmony, like a road, indicates the
way and thereby gives birth to melody.

Which consequences had the invention of
harmony for melodic thinking? Owing to cer-
tain harmonic advantages, major and minor
scales gained superiority over other modes.
Melodies became tonal (as opposed to modal
and atonal) with particular gravity tones and
a specific function of every scale degree. The
pitch classes became fixed and at the same
time fine tuned by backing harmonies, e.g. C' in
chord D7 is intonated lower than in chord C.
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Harmonic deviations gave a means to control
tonal tension thus enabling constructing long
melodies. Finally, harmony makes a melody
most beautiful and thus becomes its attribute
(monophonic music with no harmony is less
concerned with the ‘beauty’ of melody but
rather with mood, intonation, contrasts, tim-
bre, rhythm, and certainly words). Therefore,
harmonic pitch with underlying harmonic rela-
tions is the most comprehensible form of musi-
cal pitch.

One can see that the register and intona-
tion pitch have successively evolved into modal,
tonal, and harmonic pitch, corresponding to
the context where the pitch has been consid-
ered. The pitch, having become more accurate,
was charged with more functional relations.

The historical perspective proves that the
register pitch is the primary form of pitch and,
consequently, must be taken into account in the
first turn. This is exactly what is done while
evaluating melodies by polyrhythms. Since the
polyrhythm is revealed by leaps in the melody,
the discrimination between large and small in-
tervals is also implemented in the model.

Recognizing polyrhythm with respect to
register pitch closely relates to perceptual
streaming (Bregman and McAdams 1979,
Bregamn 1990). Unlike perceptual classifi-
cation (e.g. pitch recognition), streaming op-
erates with permanently updated separating
thresholds. For instance, the progression of
tones ¢1, ¢, dy, da,...,c3, ¢4 is streamed
into two voices, low ¢;,d;,...,c3 and high
¢2,ds,...,cq4. Note that the low voice remains
low voice even at ¢z which is much higher than
the first note c¢3 of the high voice. Stream-
ing uses only grouping and simplicity principles
and does not require any learning. Therefore,
it relates to ‘naive’ perception rather than to
knowledge-based ‘intelligent’ perception.

Figure 2 top displays a monophonic melody,
containing exclusively eighth durations. Nev-
ertheless it is rhythmically perceived in a more
complex way. The effect of rhythmic variety
emerges due to perceptual streaming of tones
into latent voices with their own rhythms. The
streaming is explicitly shown in R. Brunetti’s
score (Figure 2 bottom) which emphasizes the

rhythm complexity of the polyphonic melody.
Tapping the Brunetti’s thythms on three drums
resembles the original theme, proving that cer-
tain melodic information is retained. Simi-
larly, a melody remains recognizable even if it
is hummed with inaccurate intonation.

Thus, evaluating melodies by reducing
them to polyrhythms deals with most fun-
damental melodic features, rhythm (as recog-
nized by Rimski-Korsakov) and primary regis-
ter pitch (as discovered by Alekseev). On the
other hand, it is based on ‘naive’ perceptual
streaming. It makes our incomplete analysis
consistent with perception priorities, as if we
simulate the reaction of a musically inexperi-
enced listener.

3 Formal analysis of rhythm

Applying the ideas of Kolmogorow (1965) to
rhythm, define the complexity of a rhythm to
be the amount of data storage required for the
algorithm of the rhythm generation (Tangian
1993, 1994, 1998). For instance, a repetitive
rhythm requires storing its generative pattern
and the number of repeats. If the rhythm of a
melody uses several patterns, all of them must
be stored, implying an increase in the rhythm
complexity. In certain cases one rhythm pat-
tern can be derived from another, which re-
duces the total complexity.

Generative rhythm patterns are not neces-
sarily linked to measures and bar lines. There-
fore, revealing them needs a special techniques
which is implemented in the rules described be-
low.

3.1 Accentuation

Rule 1 (Durations) The only characteristic
of a time event is the duration of time interval
between its onset and the onset of the nezt time
event. This inter-onset time interval is said to
be the duration associated with the event. If the
given time event is the last in the sequence, the
associated duration is assumed fo be not fized.

Rule 2 (Accentuation Distinguishabil-
ity) In order to distinguish accentuated events
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Figure 2: The Student’s Theme by A. Tangian and its polyphonic arrangement by R. Brunetti’s
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in a sequence of time events, at least two types
of durations are necessary.

Rule 3 (Accentuated Durations) The du-
ration assoctiated with an event is said to be
strongly accentuated if

(a) it is longer than its closest neighbors, that
i, it follows a shorter duration and the
nezt one i3 also shorter;

(b) it follows an equal duration and the nert
one 1is shorter.

The duration i3 said to be weakly accentuated if

(c) it follows a shorter duration and precedes
an equal duration which is not strongly ac-
centuated, that is, the second nezxt i3 not
shorter.

A time event is said to be accentuated (strongly
or weakly) if the duration associated with the
event is accentuated (strongly or weakly, respec-
tively).

The idea of the third rule is that a longer
duration next to a shorter one is accentuated.
The most evident Item (a) concerns a situation
when a longer duration is between two shorter
ones. If a duration is between shorter and equal
one then it is usually accentuated (Items b and
¢), yet in order to avoid simultaneous accents
at two equal successive durations between two
shorter ones, we assume no accent at the first
duration (Item c¢). No accentuation emerges
when durations are successively getting shorter
or longer.

In order to provide unambiguous segmen-
tation when several accentuated durations
emerge in a short phrase, we distinguish be-
tween strong and weak accents, with the prior-
ity of strong accents. We suppose that a change
from a longer duration to a shorter one is im-
mediately recognized, resulting in an accent.
Yet after a change from a shorter duration to
a longer duration one can expect some further
increase in duration, resulting in a weaker sen-
sation of accent; this is the case of weak accen-
tuation.

A1 dy1rm

Figure 3: Accentuation by timing cues

To illustrate the above rules, consider the
sequence of time events shown in Figure 3.
The first crotchet marked by symbol “>” is
weakly accentuated by virtue of Rule 3c, since
it is the duration between a shorter duration
and an equal one. The last crotchet which is
also marked by “>” is strongly accentuated by
virtue of Rule 3b, since it is the duration be-
tween an equal and a shorter one. Note that al-
though the second crotchet precedes an eighth,
it is not accentuated. Indeed, by virtue of Rule
1 the duration of the event associated with this
eighth is crotchet, and no shorter duration is
adjacent to it. By virtue of Rule 1 the last
note of the sequence can be considered both as
accentuated, or not.

To show the accentuation in notation, bar
lines are put before accentuated events as
shown in Figure 3. In the above example, the
segmentation with respect to the accentuation
determines the 3/4 time of the given phrase.

3.2 Rhythm segmentation

Accentuation as defined above is not sufficient
for rhythm segmentation. Indeed, consider
a periodic sequence of time events segmented
with respect to the accentuation defined in two
different ways as shown in Figures 4a-b. To
prove the perceptual ambiguity of segmenta-
tion of these events, we have performed the fol-
lowing audio experiment: The given sequence
of time events has been recorded and played
back in a loop, having been amplified gradu-
ally from zero level. A series of audio tests has
shown that listeners recognize the two segmen-
tations with almost equal probability.

Thus to recognize a rhythm segmentation
we need some other cues in addition to the
accentuation. For that purpose we introduce
rules of classification and elaboration of rhythm
patterns. By a rhythm pattern we understand
any segment of a given sequence of durations.
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Figure 4: Rhythm segmentation by timing cues

However, the most important is the case when
rhythm patterns are segmented with respect to
the accentuation. Thus we obtain the following
definition.

Rule 4 (Phrases and Syllables) A rhyth-
mic phrase is defined to be a sequence of du-
rations which follows an accentuated duration
and ends at an accentuated duration. A rhyth-
mic phrase with the only accentuated duration
is said to be a rhythmic syllable (Katuar, 1926).

Consequently, a rhythmic syllable is a sim-
plest rhythmic phrase. Any rhythmic phrase is
formed by adding syllables to each other.

Note that by virtue of Rule 4 a syllable is
determined by the durations which precede an
accentuated event. The accentuated duration
itself is not included into the syllable. The ac-
centuated event just marks the end of the syl-
lable, and the associated accentuated duration
may be not fixed (cf. with Rule 1).

We suppose that rhythmic syllables are per-
ceived as indecomposable time units. In or-
der to prove it we have performed the follow-
ing audio experiment: The rhythmic syllable
shown in Figure 5 with two fixed absolute du-
rations 0.1sec has been repeatedly reproduced
under variable delays divisible by 0.1sec, e.g.
0.8, 1.0, 1.2, 0.8, ... sec. If the rhythmic syl-
lable was perceived as a composed structure,
the common time unit (0.1sec) would result in
a sensation of constant tempo with changes of
rest durations. (Tempo determination with re-
spect to the common time unit was proposed by
Messiaen (1944)). However, in our audio exper-
iment listeners have recognized tempo devia-
tions rather than rhythm changes. This proves
that the syllable is perceived as an entirety
rather than as composed of smaller units and

SV,

0.1 0.1 variable

Figure 5: Syllable as an indecomposable unit

that the end duration is not important for iden-
tifying equal syllables.

Such a way of recognizing tempo by time
intervals between the entries of similar rhythm
patterns meets the principle of correlativity of
perception. In fact, in our experiment we have
shown that similar rhythm patterns are used as
reference indivisible units for tempo tracking.
Besides, we have shown that the tempo is a
percept of another level than the rhythm.

3.3 Operations on rhythm patterns

In order to classify rhythmic phrases and rec-
ognize generative thythm patterns, we define
a reflexive transitive binary relation E, “is the
elaboration of ” on the set of thythm patterns
X. Recall that a binary relation F on X is
reflexive if zEz for all z € X (a rhythm pat-
tern is the elaboration of itself), and transitive
if £Fy and yEz implies zEz for all z,y,z € X
(a successive elaboration of a rhythm pattern
is its elaboration).

Rule 5 (Elaboration) Rhythm pattern A is
the elaboration of rhythm pattern B if A pre-
serves the pulse train of B, that is, if A results
from a subdivision of durations of B by insert-
ing additional time events (Mont-Reynaud &
Goldstein, 1985).

Figure 6 illustrates the idea of rhythm elab-
oration with an example of subdivisions of a
crotchet duration (recall that by virtue of Rule
1 the crotchet duration, in order to be deter-
mined, should be followed by a next tone onset
which is not shown in the figure).

The idea of elaboration can be explained in
correlation terms. Represent the rhythm pat-
terns in Figure 6 by 0 and 1 within the accuracy
of a sixteenth. Then the top pattern which we
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denote by T is written down. as follows
T = {t,...ts} = {1000} ,

and the bottom pattern which we denote by B
is written down as

It is easy to see that pattern B is the elabora-
tion of pattern T if and only if B O T. This
means that B contains all ones of T'. Since the
number of ones in T is equal to the autocorre-
lation

4
Rrr =) ti-t;
=1
(which in the given case is equal to 1), and the
number of coinciding ones in B and T equals
to the correlation

4
Rpr = Zbi -t

i=1

(which in the given case is equal to 1), we ob-
tain that B is the elaboration of T if and only

if
Rpr=RrT .

Since the correlation is usually understood as a
measure of similarity, the last equation means
that the pattern B, being the elaboration of
pattern T, is similar to pattern T.

For the patterns of equal duration which
are not the elaboration of each other (as in the
second line of Figure 6), the correlation is less
than autocorrelation. For example, putting

L={l...13} = {1100}

and
M = {my...m4} = {1010} ,
we obtain
4
Ry = Zl.‘ my;=1
=1
< 2
4
= Rpr=) k-l
i=1
4
= Rum=)_ mi-m; .
=1

Now we define the junction of syllables.

\

/3T
H<3?;
o

\

Figure 6: The elaboration of a crotchet rhythm
pattern

Rule 6 (Sum and Junction of Syllables)
The sum of two successive rhythm patterns is
defined to be the rhythm patiern constituted by
the time events of these patterns which are put
one after another.

The junction of two successive rhythmic syl-
lables is defined to be a rhythmic syllable which
18 the elaboration of their sum.

Note that the sum of two syllables is more
than the two syllables in succession. Besides
the two syllables themselves, the sum contains
the link—the accentuated duration after the
first syllable. According to the remark follow-
ing Rule 4, this duration is undefined if the
first syllable is considered separately, since in-
stead of the whole duration we consider just
an accent. In the sum of syllables, this accent
turns to be a duration, linking the two sylla-
bles. Therefore, there can be many different
sums of the same two syllables, depending on
the link duration.

Also note that the sum of two rhythmic syl-
lables is a rhythmic phrase, whereas their junc-
tion is a rhythmic syllable. This means that the
sum of two syllables can have two accents, at
the ends of each syllable, whereas in their junc-
tion the internal accent is suppressed by divid-
ing the associated duration into shorter ones
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Figure 7: Two different junctions of the same
rhythmic syllables

which are no longer accentuated. This implies
that the junction has a new rhythm quality, a
through tension towards its end.

Figure 7a displays two identical rhythmic
syllables and their junction. The total duration
of the third syllable is the same as the sum of
the two syllables. This results in the symmetry
of the whole passage, providing its structure to
bel 4142

Consider another junction of the two sylla-
bles, for instance, obtained by adding two qua-
vers to the third syllable as shown in Figure 7b.
This implies that we link the first two syllables
not by a crotchet duration but by a half-note
duration, that is, we consider the elaboration
of another sum of the syllables.

The connection between the three syllables
in Figure 7b is less evident than in Figure 7a.
Indeed, in Figure 7a one can see not only the
two syllables, but already their sum which is
elaborated next. In a sense, the elaboration is
already “prepared” for easy perception. On the
contrary, in Figure 7b the sum of the two syl-
lables is different from the sum which is elab-
orated. In Figure 7b the intermediate phase
between the two syllables and their junction
is missed, breaking the successiveness in their
perception.

We could provide the effect of such a succes-
siveness in Figure 7b, making the rest between
the first two syllables longer, up to a half-note
duration. The duration of the second rest is not
so important. Even if we change the duration
of the second rest in Figure 7a, the third rhyth-
mic syllable is still perceived as the elaboration
of the sum of the first two.

From our standpoint, we can explain the
simplicity of rthythm construction 14142+
44 ... . Such a structure contains a rhythm
pattern, the elaboration of the preceding seg-
ment, then the elaboration of two preceding
segments, and so on. Therefore, the origin of
such a structure is quite simple, adding junc-
tions of all preceding segments. This results in
perceiving such rhythms with ease; moreover,
the perception is “prepared” to recognize the
elaboration since the sum is already exhibited.

3.4 Time and rhythm complexity

Thus we have introduced the rules of repre-
sentation of a given sequence of time events
in terms of generative syllables. Constructing
such representations, one can reveal origins of
a given rhythm with conclusions concerning its
time.

Note that rhythm patterns of equal total
duration constitute an ordered directed set with
respect to the elaboration, where every two ele-
ments have a common superior—their common
root. An example of such an order is shown in
Figure 6 with a common root pattern at the top
and its successive elaborations indicated by ar-
rows.

The patterns of the same total duration
which are not elaborations of each other (like
in the second line of Figure 6) are of particu-
lar interest. If a rhythm contains such patterns
then this rhythm has no embedded levels of the
pulse train and can be represented as a suc-
cession of irreducible units whose pulse train
becomes predominant.

The idea of a pulse train generated by inde-
composable thythm patterns can be applied to
rhythmic syllables. Since each syllable has the
only accent, the accents of syllables determine
a pulse train with a certain rhythm. We use
this rhythm to determine the time of a given
sequence of time events.

Rule 7 (Determination of Time) If a se-
quence of time events is representable in terms
of elaboration of certain rhythmic syllables
(phrases), then the time of the given sequence is
determined by the duration ratio of their roots.
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In other words, one has to find a stable
preimage (with respect to the elaboration) of
generative patterns.

Roughly speaking, the time is defined to be the
rhythm of roots of generative syllables.

Besides time determination, rhythmic pat-
terns which are irreducible to each other can be
used for estimating the complexity of rhythm.
Indeed, their number corresponds to the num-
ber of generative patterns required to generate
the given sequence.

For example, consider the rhythm in Fig-
ure 8 which is constituted by two rhythm pat-
terns of equal duration. One can see that the
crotchet duration is the root for the two rhythm
groups beamed but no rhythm group is the
elaboration of another. This means that the
pulse train of crotchets is supported by no pulse
train of quavers or some other shorter dura-
tions.

Such a rhythm can be considered as less re-
dundant and therefore as more complex. The
complezity of a rhythm can be identified with
the branching index of the graph of the rhythm
patterns used, that is, by the maximal num-
ber of irreducible to each other rhythm config-
urations of the same level. For instance, the
rhythm in Figure 8 is generated by two pat-
terns of equal duration which are not reducible
to each other; consequently, its complexity in-
dex is equal to 2.

Such an understanding of rhythm complex-
ity meets the ideas of Messiaen (1944) who
has characterized the variety of rhythm by the
number of non-commensurable patterns used.

Thus finding irreducible (with respect to
elaboration) patterns has two applications:
time recognition and estimation of rhythm
complexity.

3.5 Example of estimation

Consider the snare drum part from Bolero by
M. Ravel (Figure 9). Since we use time data
only (Rule 1), our method cannot be applied
to a rhythm which is based on pitch and dy-
namic accentuation. Since the chosen rhythm
contains two types of durations, by virtue of

3 J)J 5T

Figure 8: A rhythm with complexity 2

Rule 2 it is an appropriate object for our anal-
ysis. Let us trace the procedure of structurizing
this rhythm step by step.

1. Consider Duration 0. The following one
is shorter, consequently, by virtue of Rule
3b it is strongly accentuated. Since it is
the first event in the sequence, we recog-
nize the first syllable S as constituted by
Duration 0 only. To write down the syl-
lables, we shall use the denotations from
Section 3.3, with the only difference that a
digit will correspond not to the duration of
sixteenth but to the duration of sixteenth
triplet. Thus,

S = {100}, that is, J- .

Thus up to the current moment our
rhythm is represented by the only syllable

S .

2. Consider Duration 1. It is preceded by a
longer duration and succeeded by an equal
one. By Rule 3 it is mot accentuated. By
Rule 4 we don’t recognize the end of a syl-
lable at Duration 1.

Since Durations 2 and 3 are not preceded
or succeeded by shorter ones, by virtue of
Rule 3 they are not accentuated. Since
they are not accentuated, by Rule 4 we
don’t recognize the end of syllable at these
durations.

3. Since Duration 4 is between two shorter
durations, by virtue of Rule 3a it is
strongly accentuated. By Rule 4 we rec-
ognize the end of syllable which we denote

3

S1 = {111 100}, thatis, o o @ J- .

Now we compare syllable S; with the ear-
lier recognized, verifying:
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Figure 9: Determination of time by recognizing rhythmic syllables

(a) whether the given syllable is the elab-
oration of another one;

(b) whether any other syllable is the elab-
oration of the given one;

(c) whether the given syllable is the junc-
tion of other syllables;

(d) whether any other syllable is the
junction of the given syllable with an-
other one.

One can see that syllable S is not the elab-
oration of any other syllable, no syllable is
the elaboration of S;, but S; is the junc-
tion of two syllables S. Therefore, up to
the current moment our rhythm is repre-
sented as

SSli

or

S E(28) ,

where E(2S) = E(S+.S5) denotes the elab-
oration of the sum S+.5 (that is, the junc-
tion of two syllables S).

. Similarly to Item 2, there is no accentua-
tion at Durations 5-7 and we don’t recog-
nize the end of syllable.

. Similarly to Duration 4 analyzed in Item
3, there is an accentuation at Duration 8,
with the only difference that Duration 8 is
weakly accentuated. By Rule 4 we recog-
nize the end of syllable which we denote

3

Sy = {111 100}, thatis, o o @ J- .

Note that syllable S, is equal to S;. Con-
sequently, everything said about syllable
S; relates also to S;. Therefore, up te the

current moment our rhythm can be repre-
sented in the following two ways

S E(@2S) E(@S) ;
S S S .

. One can see that Duration 9 is not accen-

tuated, and therefore no syllable ends at
Duration 9.

. By Rule 3b Duration 10 is accentuated,

and we recognize syllable

S = {100 100}, that is, -.l | J- .

Answering the questions (a)-(d) enumer-
ated in Item 3, we recognize that Sy and
S are the elaborations of S3; besides, Sj is
the sum of two syllables S. Thus we obtain
the following equivalent representations of
our rhythm:

S E(2S) E(25) 2§ ;
S E(S3) E(Ss) Ss.

. Since Durations 11-13 are not accentu-

ated, no syllable ends at these durations.

. Since by Rule 3a Duration 14 is accentu-

ated, we recognize syllable

Sy = {111 100}, thatis, ¢ o e J- :

Having answered the questions (a)—(d)
enumerated in Item 3, we obtain the fol-
lowing representations of the rhythm:

S E(25) E(2S) 25 ES);
S E(S;) E(Ss) S E(Ss) .

. Since Durations 15-23 are not accentu-

ated, no syllable ends at these durations.
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11. By virtue of Rule 3a Duration 24 (or Dura-
tion 0, taking into account the repeat sign)
is accentuated. Consequently, we recog-
nize syllable

Ss = {111 111 111}, that is,

3 3 B’J_

Joe ‘o
Having answered the questions (a)-(d)
enumerated in Item 3, we obtain that

Ss = E(S1+83) = E(S3+Ss) = E(S3+5s).

Hence, we get the following two represen-
tations of our rhythm:

S|l: E(28) E(2S) 28 E(2S) E(4S) || ;

SI': E(Sa) E(S3) 33 E(S,g) E(2S3) :ll y

or

S

15185185381 E(Si+S3) !l . (1)

If we consider strong accents only, ignoring
weak accents, then syllables S; and Ss join into
syllable

Sa43 = {111 100 100 100}, that is,
3

[T

Since rhythmic syllable S5 is the junction of
syllables S; and S3, we obtain even more simple
representation of the rhythm as follows

Stz S1 E(S243) :l . (2)

With regard to the repetitions of the given
rthythm, syllable S can be interpreted as the
end of syllable S5. Finally, we obtain the rep-
resentation of the given rhythm as generated
by phrase S, Sp;43. Since S243 is two times
longer than S;, by virtue of Rule 7 we inter-
pret our rhythm as having triple time: 3/4, or
3/8, etc. The choice of denominator (unit of
counting) is a question of convention.

S || S

Note that there is a risk to interpret the pe-
riod in (1) as consisting of three equal groups,
that is, instead of “correct” segmentation

SNz [S1 81 Sa] [S1 E(S1+83)] ¢}

Table 1: Complexity of the Bolero rhythm

Operation Complexity
Elaboration of S3

by 2 durations 142
Repeat of E(S3) 1
Coding of S3 2
Repeat of E(S;) 1
Sum of E(S3) and S3 1
Elaboration of E(S3) + S3

by 2 durations 142
Total complexity 11

on can accept the “wrong” segmentation
S I‘: [Sl 51] [53 Sl] [E(Sl + Sa)] :II .

This corresponds to recognizing the time of
the rhythm as 2/4. However, the representa-
tion (2) which is obtained by ignoring local ac-
cents leaves no doubts in the triple time basis.
Thus distinguishing between strong and weak
accents is rather useful.

Since 5] is elaboration of S3, we obtain
SV [E(Ss) E(Ss) Ss] [E(S5) E(E(Ss) + S3)]:|

Assume that the complexity C{S3} is two bytes
(= two durations), and that calling the algo-
rithms of repeat, of sum, and of elaboration
require 1 byte each, we obtain the complexity
of the rhythm inside the repeat signs as shown
in Table 1.

4 Summary

1. It is supposed that a polyphonic melody
can be evaluated by estimating the com-
plexity of its polyrhythm.

2. A basic model for estimating the complex-
ity of (poly)rhythm is proposed.

3. Psychological experiments on establishing
upper and lower complexity thresholds
characterizing good melodies are planned
together with improvements the model.

4. The method is intended for several appli-
cations, including computer composition.
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