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ABSTRACT

The Middle Byzantine notation (MBn) is used to capture
the plainchant melodies of eastern Orthodox Christian mu-
sic from the middle of the 12th century until 1814. In
the context of this research, we study the evolution of a
subgenre of Byzantine music known as Heirmologic. We
present three Heirmologic corpora spanning the periods
before, during and after the 16th century. We discuss the
challenges we faced during the digitisation process, and
the steps we took to overcome them. For the analysis of
the three corpora, we apply the three methods, namely
notational texture, melodic arch similarity, and Jensen-
Shannon distances of Markovian models, the second of
which is novel and inspired by the idea of melodic arches
[1,2]. Through these methods, we aim at highlighting the
differences of the corpora in order to obtain an outline of
the evolution of the subgenre. We observe that the post-
16th century Heirmologic pieces are more similar to the
16th century ones, while there is a greater difference with
the pre-16th century pieces. This indicates that the 16th
century constitutes a turning point in the melodic features
of the Heirmologic subgenre.

1. INTRODUCTION

Byzantine music has a known history of 2000 years and
it constitutes a part of the human world heritage [3].
Roughly, the first millennium is characterised as pre-
notational period, while the second as notational period
[4]. It was mainly developed in the Eastern Byzantine Em-
pire and up to this day has been influencing the cultures
of the Southeast and Eastern Europe, and parts of the Cau-
casus regions. It has also influenced, among others, the
Western and the Slavic music [5, 6].

The Middle Byzantine notation (MBn) is used to cap-
ture the plainchant melodies of Byzantine music from the
middle of the 12th century until 1814 [7]. At the moment
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of writing, the cataloged manuscripts of Byzantine music
are numbered approximately 10,000, most of them writ-
ten in MBn [8]. The absence of MBn corpora prevents
the computational process of this music genre and makes
impossible any cross-cultural research, what is described
in [9, 10]. Previous attempts have been made to transcribe
Byzantine music into staff notation, but they were rejected
due to loss of the information that is rooted in the symbols’
orthography [7].

We present three related corpora of MBn scores which
are part of the Knowledge Representation presented in
[11]. The corpora are available to MBn researchers as well
as to the wider musicological community [12]. These cor-
pora are used in a study to outline the evolution of the Heir-
mologic subgenre of Byzantine music that took place in
the 16th century. For this reason, we present a preliminary
comparative analysis of the corpora.

This paper is organised as follows. Section 2 introduces
the Heirmologic subgenre that the pieces of the corpora be-
long to, the manuscripts that the corpora consist of, and the
reason why we study them. It closes with the discussion
on the challenges in the digitisation and how we dealt with
them. Section 3 presents the methods we applied for the
musicological analysis of the corpora. Section 4 presents
the results of the analysis. This paper closes with section 5
which discusses our results.

2. THE THREE CORPORA

Byzantine music consists of three subgenres: Heirmologic,
Sticheraric, and Papadic. The subgenre of a Byzantine mu-
sic piece depends on the poetic form of its lyrics ! . Gen-
erally, Byzantine music compositions of a hymn are in-
fluenced by (a) the subgenre that the hymn belongs and
(b) the preceding compositions of the same hymn (dif-
ferent melodies using the same lyrics). Regarding point
(b), Manuel Chrysaphes (15th century) in his treatise [14,
pp- 44-47], states that new compositions of Hymns follow
the music of the preceding compositions of these Hymns.
Since music can be expressed as a series of viewpoints,

! Specifically, the Heirmologic music pieces (called Heirmoi) use
lyrics that belong to the poetic form of Kanon [7,13]. At a high level,
a Kanon consists of a number of stanzas, some of which work as model
melodies. These stanzas are called Heirmoi (singular: Heirmos). The re-
maining stanzas of Kanon follow the melodies of the Heirmoi [7]. The
book that contains the Heirmoi is called Heirmologion.
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we explore this observation and we model the similarity of
the corpora through the distances of their respective view-
points.

In the context of this research, we study the evolution
of the Heirmologic subgenre. Using the Knowledge Rep-
resentation (see section 2.5), we focus our attention on
the Heirmologions of 16th century, and specifically the
Karykis Heirmologion. This selection is not random. Ac-
cording to the existing historical research, in the 16th cen-
tury a great change happened to the melodies of the Heir-
mologion [13, 15, 16]. In order to study the Karykis’ Heir-
mologion and to evaluate its contribution to the tradition,
we select the Heirmologions of pre-Karykis, Karykis and
post-Karykis.

2.1 A representative sample of Heirmologion of
pre-Karykis era

In our research we evaluate the contribution of Karykes’
Heirmologion in the context of tradition. As a represen-
tative example of the previous tradition, the Heirmolo-
gion of manuscript 1101 from the Iveron (mount Athos)
library was chosen. This Heirmologion was written some-
where between 1535-1540 by the monk Pachomius Rou-
sanos [17].

There are several reasons for choosing Rousanos’ Heir-
mologion as a representative of the pre-Karykis era: (a)
the Rousanos’ Heirmologion follows the prevailing tra-
dition of the subgenre, (b) it is dated close to Karykis’
era, (c) Rousanos was a well-known lettered monk, who
had a good knowledge of both notation and theory, so his
manuscripts are considered reliable sources.

2.2 A representative sample of Karykis’ Heirmologion

So far, no autograph of Karykis’ Heirmologion has been
identified. From various copies of the Karykis’ Heirmolo-
gion, the Iveron 1167 was chosen for these analyses. This
manuscript dates to the early 17th century.

2.3 A representative sample of Heirmologion of
post-Karykis era

As a representative example of the post-Karykis tradi-
tion, we take the Balasis’ Heirmologion of Sinai 1433
(Jerusalem). This Heirmologion was written in 1690 by
Kosma the Macedonian [18]. In the period between the
Balasis’ and Karykis’ Heirmologions, appeared also some
other Heirmologion anthologies. However, based on the
number of copies, Balasis’ Heirmologion was especially
popular among the post-Karykis’ Heirmologions. There-
fore, the next main tradition of the Heirmologion subgenre
is considered to be that of Balasis. Regarding the choice
of the copy, Kosmas the Macedonian was a peer of Balasis
in music studies and his manuscripts are considered to be
a reliable source [19].

2.4 Corpora

Having defined the previous and the next tradition of the
Karykis’ Heirmologion, it becomes possible to create three

corpora that represent these traditions. Specifically, 128
Heirmoi were received from each Heirmologion. The sam-
ple is evenly distributed in terms of Echoi (modes): 16
Heirmoi per Echos. The same Heirmoi were taken from
each corpus, i.e., the same text (lyrics) composed by dif-
ferent composers. This sample is approximately 25% of
the number of Heirmoi contained in each Heirmologion.

2.5 Knowledge Representation

The Knowledge Representation we use is a tree structure
capturing the viewpoints [20, 21] of the music piece. In
our case, these viewpoints are the syllable, interval, pitch,
and voiced sign. The syllable is the viewpoint that cap-
tures in a sequential form the syllables of the lyrics. The
interval and pitch viewpoints capture the information that
provides us with the Metrophonia? of the piece (i.e., ba-
sic melodic line without duration information). The voiced
sign viewpoint captures the aspect of the notation that pro-
vides us with the Metrophonia. Naturally the tree captures
the relations of the viewpoints and their sequence in the
music piece. Exploiting the structure of the tree, the re-
searcher can then perform a computational analysis of the
properties of the music piece. Moreover, the researcher can
post-process the tree to highlight specific properties of the
music piece by reorganising the connections of the view-
points. For more information see [11].

2.6 Digitisation challenges

During the process of digitisation of the music pieces, we
were faced with a number of challenges. Firstly, nota-
tional errors in the manuscripts due to the scribe is a com-
mon issue. Such errors are identified through the Metro-
phonia of the notation and are corrected by comparing
these excerpts containing the error with similar excerpts
from other manuscripts. For the pre-Karykis Heirmologion
(manuscript Iveron 1101), the following manuscripts were
used for the corrections: Grottaferrata EgIl [22], Sinai
1256 [23] and Iveron 1185 [24]; for Karykis Heirmologion
(manuscript Iveron 1167) manuscripts Iveron 1154, Iveron
1155 and Iveron 1231 were used [24]; and for post-Karykis
Heirmologion (manuscript Sinai 1433) manuscripts NLG
946, NLG 936 and NLG 967 were used [25]. All the
imposed corrections are documented within the corpus
(GitHub link).

Secondly, the signs of MBn are grouped into two main
categories: Voiced signs and Voiceless signs. One of the
uses of the latter is to group the former. Many times it
does not seem clear which Voiced signs the Voiceless signs
are grouping (e.g., Figure 1). This ambiguity particularly
concerns the Heirmologions of Karykis’ era and onwards.
This problem does not have a unique solution and individ-
ual rules may apply. A general principle that we followed
in our corpora was that Voiceless signs group all the Voiced
signs in a syllable. Also, sometimes we juxtaposed the am-

2 Although the interpretation of this notation remains an open question,
the basic melodic line as evidenced by the signs (called Metrophonia) is
unquestionable.
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Figure 1. The top excerpt is from the Heirmologion of the
manuscript Iveron 1167 f 4r, while the bottom is the same
excerpt from the Heimrologion of the manuscript Iveron
1155 f 4r. As can be seen, the same Voiceless sign (red
with a green border) spans several Voiced signs (black) in
the two manuscripts.

biguous excerpts from corresponding manuscripts to locate
a kind of pattern.

Thirdly, at a higher level, the MBn can be understood as
a sequence of signs that indicate intervals. The pitches of
these intervals are determined by a series of specific signs
which are always placed at the beginning of the pieces.
This group of signs is called Martyriai. Choosing a pitch
as representative of each Martyria is not always straightfor-
ward [26]. The choices made in the specific music pieces
are such as to facilitate the comparison of the three corpora.

Fourthly, our Knowledge Representation gives us the
ability to capture the melodic phrases of each piece. The
choice of end points of music phrases is not objective. In
order to be consistent with our choices across the corpora,
we have created a set of general rules and separation pref-
erences.

Rule 1.1: Phrases are separated in the last syllable of a
word. Rule 1.2: Phrases are separated in the last syllable
of an Enclisis group (linguistic term). Rule 2.1: The last
syllable of the phrase usually contains at least one of the
following signs 3 : Diple Apostrophos, Diple, Apoderma,
Kratema (rarer), Klasma (rarer). Rule 2.2: The penulti-
mate syllable of the phrase can have the Koufisma sign.
Rule 2.3 (intuitive): The last syllable of the phrase may
have one of the following compound signs: Omalon, Pi-
asma, and Vareia. Rule 3: There should be a colon and/or
a comma in the lyrics of the music text. Rule 4 (ten-
dency): Small phrases rather than large ones are preferred.
Rule 5: The Martyriai appearing mid-text usually separate
phrases.

3. METHODS OF COMPARISON

In order to draw an outline of the evolution of the Heirmo-
logic subgenre of Byzantine music, we use three methods
to capture the differences of some aspects of the corpora:
Notational texture (method 1), similarity of the melodic
arches (method 2), and distances of Markovian models of
the attributes (method 3).

3 These are the names of the signs of MBn that etymologically come
from Greek words [7].
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3.1 Method 1: notational texture.

In plainchant music (e.g., Byzantine, Gregorian, Mozara-
bic etc.) a characteristic of the style of a piece is its av-
erage number of notes, time beats, or signs per syllable
[27-33]. Based on this characteristic, we can cluster the
music pieces into three categories: syllabic, neumatic, and
melismatic. In order to eliminate any ambiguities in these
categories, we define two types of texture: Notational and
Durational texture. Notational texture of a corpus is de-
fined as the average number of pitches or of signs on a
syllable, while Durational texture of a corpus is defined
as the average number of durations per syllable. When
the average number of the measured quantity (pitch, du-
ration, signs etc.) of a corpus is between 1 and 2, then the
texture of the corpus is characterized syllabic, when it is
between 2 and 4 then the texture of the corpus is charac-
terized neumatic, and when it is 4 or more then the texture
of the corpus is characterized melismatic. Hence, a mu-
sic corpus in terms of pitch can belong to syllabic style,
while in terms of duration can belong to neumatic style.
The interpretation of the MBn in terms of the duration of
the syllables remains an open question. Consecutively, as
the music pieces considered in this research are written in
MBn, our measurements cover the notational texture.

All the pieces of our corpora belong to Heirmologic
subgenre. This means that the general notational texture of
these three corpora is syllabic. Nevertheless, through this
measurement we can obtain a more subtle distinction of the
notational texture of the syllables as examined by Troels-
gard [30]. Specifically, we measure the number of pitches

) iced_unit
per syllable, notational_texture = lvoiced_units|
|syllables|

3.2 Method 2: similarity of the melodic arches

As we discussed in section 2, tradition plays an influential
role in the composition of a hymn. In this research, we are
interested in (a) identifying the areas where the new com-
positions follow the tradition, (b) the areas where the new
compositions diverge from the tradition, and (c) quantify
the divergence of the new and prior compositions.

Plotting the melodic lines of the different compositions
of the same poetic verses lined up by syllable, we ob-
serve that the compositions usually present similar melodic
shapes in corresponding areas (Figure 2). Based on this ob-
servation and inspired by the idea of melodic arches [1,2],
we create a novel method that, given two melodies of the
same number of syllables, returns a percentage of similar-
ity of their melodic arches. The design of this algorithm
is driven by (a) the fact that the compositions in Byzantine
Music are rooted on the syllables of the lyrics, (b) the du-
ration of the pitches is unknown, and (c) the need for the
derivation of a comparison metric instead of a metric for
the identification of a dominant melodic arches [1].

The algorithm consists of three phases, (a) the plot-
ting of the pitches (Algorithm 1), (b) the extraction of the
arches (Algorithm 2), and (c) the comparison of the arches
of the melodic lines (Algorithm 3).

Given two music pieces, the algorithm extracts the
pitches, and plots them on a two dimensional grid (Algo-



Proceedings of the 23rd ISMIR Conference, Bengaluru, India, December 4-8, 2022

Figure 2. The melodic line of the first 30 syllables of Heir-
mos ‘Theio kalyptheis’ by the two compositions (Iveron
1101 and Iveron 1167). The x-axis represents the syllables,
where at x=0, the value of y is the Martyria, i.e., the initial
pitch (see [11]). The y-axis represents the steps (pitches).

rithm 1). The two pieces are aligned by syllables, and are
of equal length. As a result, the pitches give us a view of
the shape of the melodic lines, and highlights the similari-
ties and differences of the compositions (Figure 2).

In the next phase the algorithm extracts the arches that
are formed by the pitches (Algorithm 2), i.e. shape of the
melody. Using these arches, we translate the two melodies
into sequences of two types of arches: convex and concave.

In the final phase, the algorithm compares the composi-
tions through their arches (Algorithm 3). When two areas
are translated into the same arch type, they are considered
to be similar. When two areas are translated into different
arch types, they are considered to be dissimilar. When the
areas cannot be translated into arches, they are classified as
dissimilar due to different shapes.

When the arch of one melodic line corresponds to more
than one arches of the other, the former is compared with
the second degree polynomial regression of the latter. The
second degree polynomial will give us a curve that is either
convex or concave. Through the comparison of the two
melodic lines, we obtain (a) the degree of similarity, (b)
the degree of dissimilarity due to difference arches, and (c)
the degree of dissimilarity due to difference shapes (Figure
3).

3.3 Method 3: distances of Markovian models of the
attributes

As a third method, we capture the viewpoints as sequences
(n-grams). We apply Markovian models on the n-grams to
examine the divergence of the corpora. The melodic fea-
tures of the notation are those that refer directly to the basic
melodic line of the chant: pitch, interval, voiced unit. The
information carried by the first two attributes is identical to
that of the western staff. Voiced units are those that encap-
sulate the music information of the main melodic line as it
is imprinted on the other two features (pitch, interval). In
essence, the voiced unit attribute concerns the sign itself as
it is imprinted in the score, while the pitch and the inter-
val concern the aspects of the melody that the voiced units
indirectly indicate (signified and signifier).

From the pitch and interval we also extract three others
features which are redundancies of the melodic line: gen-
eral syllabic pitch, general syllabic interval, and melodic

Algorithm 1 Pitch plotting algorithm.

1: Let syllables be the sequence of syllables of a music
piece.

2: Let pitches be the sequence of pitches of a music
piece.

3: Let f2%%9¢ : syllabley, — pitchesy where pitchesy is
the sequence of pitches associated with syllablej, and
pitchesy, is the nth pitch of pitchesy.

4: Let fPos : syllablel ; — ZT be the mapping of the
position of a syllable ¢ in the sequence of the music
piece to positive integers, this mapping defines the val-
ues of the x-axis.

5:Vn € [ 1, |pitchesy| | where pitches, =
fesso¢(syllabley,), we plot the points,
P = {(x,y) : x = [fPo(syllablex—_1) +

n/|pitchesy|, y = pitchesy, }. Point (z0,y0) is
reserved for the initial pitch given by a special sign
known as Martyria.

6: Create an abstraction by removing the embellish-
ments, in the context of syllable, from the melodic
line, defined as P~ = {(z,y) : (z,y) € P,x € Z1},
i.e. for every syllable keep the last pitch.

7: For each pair of points in P~, we identify the melodic
contour (i.e., step up or down). Zero intervals inherit
the melodic contour of the previous pair, hence they
do not change the melodic contour.

contour of syllable. For the general syllabic pitch, instead
of extracting every pitch from every sign of the syllable,
we extract only the last pitch of the syllable. For the gen-
eral syllabic interval, instead of extracting every interval
from every sign of the syllable, we extract the sum of all
intervals of the syllable. For the melodic contour of the
syllable, we extract the values (—, +,0), which describe
the contour of the general syllabic interval.

Using our Knowledge Representation [11], the corpora
is translated into sequences of values based on the logic of
viewpoints [20, 21]. For the aforementioned viewpoints,
we train Markov models of different order, and we mea-
sure the distance of the models using the Jensen-Shannon
distance (i.e., the square root of the Jensen-Shannon diver-
gence) [34,35]. To tackle the zero-probability problem we
use Laplace smoothing [36].

Markov models express the probability of an n-gram ap-
pearing in the corpus. However, Markov models do not
capture the position of the n-gram in the corpus and since
we are restricted to low order Markov models due to over-
fitting, two different corpora can theoretically result in the
same probability distribution. As we are using this method
to find the relation of two corpora, we apply it both on
the detailed dataset that reflects the music surface and on
a simplified dataset that has a single value associated with
each syllable. Since the corpora contain the same lyrics
and in the simplified dataset every syllable has one value
(one pitch, one interval, or one contour), the n-grams span
the same regions for both melody and lyrics.

Furthermore, since the divergence is derived from the

309



Proceedings of the 23rd ISMIR Conference, Bengaluru, India, December 4-8, 2022

Algorithm 2 Arch extraction algorithm.

Algorithm 3 Arch comparison algorithm.

1: Let o = (start, peak, end, shape) be an arch, where
start, peak, end € P~ and
shape € {CONVEX,CONCAVE}.

2: Let point x be the starting point, then start® = x.

3: Find z; such that all pairs in the range [z, x;] have the
same contour or zero intervals, then peak® = x;.

4: Find z; such that all pairs in the range [z;, x;] have the
same contour or zero intervals, then end® = z;.

5: Set shape® = CONC AV E when start® < peak®,
otherwise shape® = CONV EX.
{Since zero intervals do not change the contour, the
arch will include zero intervals. }

Markov tables, and since we are using it for comparison,
we make sure that the Markov tables of the corpora under
comparison consist of a common set of n-grams, spanning
the union of the set of symbols found in the corpora under
comparison. As such, the divergence reflects the distance
of the probability distributions over a single set of n-grams.

We study n-grams between the orders of 2 and 4, and
favour higher orders until the point where all lines show
decrease due to over-fitting. As we are interested in the
comparison of the corpora, higher orders with the same
probability indicate areas of similarity between the cor-
pora. However, with higher order Markov, we tend to-
wards the scenario where an n-gram appears once in one
corpus and not the other, the Markov table is dominated
by noise due to smoothing, and Jensen-Shannon distance
reflects the noise rather than the relation of the data.

Finally, the absolute values of the Jensen-Shannon dis-
tance are not meaningful without a reference. As we are
studying the distances of corpora, we need a reference
in order to quantify the magnitude of their distance. For
this reason, we make use of a case study corpus consist-
ing of 16 Heirmoi in first echos which have the property
that the 8 pre-Karykis* and 8 Karykis > Heirmoi belong to
the pre-Karykis’ music style. Generally, Karykis changes
the compositional style in first echos, but for some reason,
he keeps the previous style (pre-Karykis) for only these 8
Heirmoi. This is confirmed by the similar cadential pitches
and pitch profiles, the highest melodic arch similarity (sim-
ilar arches 84.4%, dissimilar arches 12.9% and dissimilar
shapes 2.7%), and low Jensen-shannon distance (gray line
in Figures 4 & 5). For these reasons, we consider the dis-
tance of these case study corpora as a threshold for simi-
larity.

4. RESULTS

Table 1 presents the notational textures (i.e. the number of
voiced units per syllable) of the three corpora. The three
corpora show a syllabic notational texture. We observe that
Karykis tends even closer to compose Heirmos with abso-
lute syllabic notational texture (i.e., near to 1).

4 Manuscript Iveron 1101, folios 7v-9r
3 Manuscript Iveron 1167, folios 138r-141v
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1: Let A and A’ be the sequences of arches of the two
melodic lines under comparison.

2: while A # () and A’ # () do

3:  Letay be the first arch in A, and o be the first arch

in A’.

4: LetL=0, R=0.

5. if start® < start®t then

6: L= {al}.

7 R={d, € A" : end®» < end*'}.

8. elseif start® > start® then

9

: L={a}}.
10: R={a, € A:end* <end*1}.
11:  else
12: L={a€eA:end*< max end* }.
13: a'e{ar,af}
14: R={o' €A :end” < max end }.
i5:  endif affefanar}

16:  Letareal =31 end® — start™ where a € L.

Equally we define area”.

17:  if area®™ # area®™ then

18: Expand smallest area by adding padding, i.e. zero
intervals.
19:  end if

20:  Let quad(area”) and quad(area™) be the two
quadratic regressions using the points of the arches
and the padding included in these areas. The two
areas are considered similar if the curves have the
same shape, i.e., both curves being convex or con-
cave.

21:  Remove from A and A’ the arches in L and R.

22: end while

corpora pre-karykis  karykis balasis
notational texture 1.22 1.13 1.23

Table 1. The notational texture of the corpora.

Figure 3 shows the results of the similarity of the
melodic arches. The melodic arches of the Karykis-Balasis
corpora show the greatest similarity (78.99%). In the sec-
ond place we have the pre-Karykis — Karykis pair with
similarity (68.18%), and in the last place the pre-Karykis
— Balasis pair with similarity (62.34%). The exact oppo-
site is true for dissimilarity and the percentage of dissim-
ilar shapes. Our results follow the observation of Stathis
[13, pp. 26], quoting “the seventeenth-century Heirmolo-
gia contain kallopismoi [literally, to make beautiful or em-
bellishments, but not to be confused with improvisations]
of the Heirmologia of Theophanes Karykes and Iohasaph
the New Koukouzeles”, i.e. the 17th onwards Heirmolo-
gions are not considered original compositions as they use
as a basis the 16th century Heirmologions.

Figures 4 & 5 present the Jensen-Shannon distances of
the corpora on the studied viewpoints. We observe that
Karykis-Balasis show the smallest difference, while pre-
Karykis — Karykis and pre-Karykis — Balasis show similar
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Figure 3. The bar charts of the melodic arches’ similarity.
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Figure 4. The Jensen-Shannon distances (abbr. JSd) of
the Markov models. The reference line shows the JSd of
the case study corpora (pre-Karykis and Karykis) where
Karykis chooses exceptionally to keep the pre-Karykis tra-
dition. The Blue line shows the JSd of the pre-Karykis —
Karykis, the orange shows the JSd of the Karykis - Balasis,
and the green line shows the JSd of the pre-Karykis — Bal-
asis. The orders of n-grams are kept low in order to reduce
the negative effect of higher order n-grams [38].

distances which are greater than of Karykis — Balasis. The
close relation of Karykis — Balasis is confirmed by the near
placement of the orange and gray lines of the case study
corpus (section 3.3). The low rate of dissimilarity of the
Karykis — Balasis Markov models is consistent with the
observation of Makris [37] that the modality of Karykis —
Balasis remains the same in contrast to the modality of the
pre-Karykis era.

5. DISCUSSION

The notational texture (i.e. the number of voiced units per
syllable) of the corpora outlines a change that occurred in
the Heirmologic style. As shown in Table 1, the notational
texture of Karykis presents a drop (1.22 — 1.13) which
leads us to a more syllabic texture. At the same time, how-
ever, Balasis shows an increase of notational texture, which
reaches the same value as pre-Karykis (1.13 — 1.23). If
we consider that there is no important difference in the

Figure 5. As of Figure 4, the Jensen-Shannon distances of
redundant viewpoints.

interpretation-performance of the notation of the three cor-
pora, then we can conclude that the values of the nota-
tion texture also correspond to values of durational texture.
From these changes to the values of the notational texture,
we can observe that Karykis simplifies the pre-Karykis me-
los and Balasis makes it sophisticated again by increasing
the textures (notational and durational).

According to the bar chart of similarity of the melodic
arches, the Karykis and Balasis pair present the great-
est similarity than the other two. This presupposes that
Karykis changes the tradition of the Heirmologion and
Balasis largely follows Karykis. Also, we observe that
all pairs present a melodic similarity that is more than
60%. This can be justified by the fact that the compared
pieces are different compositions of the same lyrics (differ-
ent melodies of the same Heirmoi). It seems that there are
some constraints between the text and the melody, espe-
cially in the accented syllables. For example, we can guess
that the composers want the accented syllables to be in lo-
cal maxima. So, the peak areas influence the melodic con-
tour of the melodic lines. This presupposes that Karykis
changes the tradition and Balasis largely follows Karykis.
Specifically, Karykis — Balasis have less distances than
pre-Karykis — Karykis and pre-Karykis — Balasis ones.

These results can be viewed within the context of the
Theses concept in Byzantine music. Theses are formulae
that work as building blocks in Byzantine music pieces.
Since the Markov models capture the melodies as frequen-
cies of small patterns, we can infer that similar models of
two corpora indicate that the two corpora use similar The-
ses.

6. CONCLUSIONS

This paper presented three related corpora belonging to
the Heirmologic subgenre of the Byzantine music. The
corpora are digitised using the Knowledge Representa-
tion of [11] which captures the MBn. Through this ef-
fort we envisage the creation of a large database of MBn
scores. Through the computational analysis we observed
that Karykis changes the style of the subgenre while the
succeeding tradition of the subgenre (Balasis) follows the
Karykis style. Even though the analysis presented ad-
dresses a specific research question, it offers us insights
which will become the inspiration for further research in
the domain of Computational Byzantine Musicology.
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