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Introduction

In this presentation, we want to report on the status of our work to determine the characteristic
properties of chord inventories and chord progression structures in traditional Georgian polyphonic
vocal music. The goal of the work that we are presenting today is to develop a workflow for the
computational determination of the home region and/or the genre of a randomly chosen traditional
Georgian song, based simply on a digital score (a musicXML file). This work involves multiple and
varied challenges: conceptual, technical, musicological, and perceptional (to name a few), which
we will not be able to exhaustively address in detail today. We should also mention that this project
has a longer prehistory:

® First steps in the direction of our present work: (Arom & Vallejo, 2008, 2010). At that
time, only Simha Arom and Frank Kane had met (1990).

e Between 2010 and 2015, Frank Kane and Frank Scherbaum (2010), Simha Arom and
Frank Scherbaum (2014), and Simha Arom and Florentt Caron-Darras (2015) started to work
together. This led to a first series of short studies on sub-problems of our current work which helped
us to identify some of the major hurdles we are facing: (Arom et al., 2018; Scherbaum et al., 2015,
2016b, 2016a).

The first major problem, which we can only now solve to our satisfaction, is how to deal with the
fact that the tonal organization of traditional Georgian music does not correspond to the 12TET (12-
tone equal temperament) system on which Western notation is based. It took several acoustical studies
(Scherbaum et al., 2020, 2022) and the exploration of a number of conceptual dead-ends (e.g. determi-
nation of western church modes, finalis as reference notes) before we found the current work approach.

The second major hurdle that needed to be overcome was that before Ana Lolashvili joined the
team in 2021, there were no Georgians on the team, and we were therefore worried that our working
hypotheses, e.g. what are essential and what are ornamental aspects of a piece, what are the tonal cent-
ers and/or reference notes, might not stand up to rigorous questioning from our Georgian colleagues.

Between 2019 and 2021, in order to determine temperaments and scales, we had to move away
from transcriptions because they constrained the music to a tonal and tempered organization with, for
example, the presence of key signatures, semitones, and modulations. We had to move towards an ex-
clusively acoustic analysis. Today, having established that Georgian polyphonies are based on an ap-
proximately unitonic heptatonic scale, with notably vertical adjustments for pure fourths and fifths, we
were able to pursue our structural and syntactic research. Scores then re-entered our research corpus,
but we adopted a new point of view towards them. These scores are essential in our process because
they are a symbolization of the acoustic field, and this symbolization leads to simplification and stand-
ardization. They allow us to speak in notes rather than in frequencies. Above all, when these scores
are obtained in digital format, they constitute the primary material of our database for computational
analysis. We can thus handle a very large number of songs to consolidate our analyses.
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Current Workflow

Our current preprocessing workflow consists of several steps.

1. Cleaning the digital scores: Separating the 3 voices of the song onto different staves (for
technical reasons), removing passing tones, neighboring, escape tones, ornaments, appoggiaturas,
anticipations, and suspensions, so that the cleaned scores contain only the notes from the three
voices, one per stave, and nothing else (Arom, 2017). This is a purely technical preprocessing step
which, however, requires great care and can become rather time-consuming.

2. Reducing the scores to their “harmonic pillars”: leaving only structural chords. Removing
“invisible notes” in digital scores.

3. Converting scores to music XML files.

4. The next step in the processing chain involved correction of the digital score for its
representation in an inappropriate Western five-line staff notation which is intrinsically based on
the assumption of a 12-tone equal temperament (12TET) scale. Acoustical analyses of the tonal
organization of old as well as recent recordings (Scherbaum et al., 2020, 2022) clearly indicate that
this is inappropriate. This is also the consensus among our Georgian colleagues. In our opinion, the
description of the tonal organization of traditional Georgian vocal music seems to require more than
just a single fixed scale, since the harmonic and melodic scales are different from each other (at least
with respect to the 2™). In addition, melodic step sizes (as the third aspect of tonal organization)
are highly variable and again tell a different story (taking the modal value of the melodic step size
distribution would even suggest an equidistant melodic scale). In the context of our work, we avoid
having to decide on a particular tuning system. We instead make the assumption that:

a. the melodic scale is heptatonic (with unknown exact interval structure in cents) and

b. that if we remove all the accidentals and take the differences of the scale degrees between
two voices, we obtain the corresponding harmonic interval. In order to allow for comparison of
the relative bass voice scale degrees, we define the scale degree of the ending bass note as 0, scale
degrees below that with negative numbers, and scale degrees above with positive numbers. This
is simply for convenience to make the scores comparable. Example: bass voice scale degree: -1,
middle voice: 3, top voice: 4. The resulting chord would be {-1, 4, 5}, with the first number being
the bass voice scale degree and the second and third numbers the intervals from the bass to the
middle and from the bass to the top voice, respectively.

Using this processing strategy, we obtain a table containing the complete chord progression
for each song (Fig. 1).

Dataset and Preliminary Results

For the study in its current state, we processed a total of roughly 120 songs from six different
collections: GEL (Gelati), KAR (Kakheti-Kartli liturgical), SHE (Shemokmedi), FO1 (folk songs),
GUR (Gurian folk songs), KCH (Kakheti-Kartli folk songs)

The datasets were chosen based on the collections of sheet music which were available in
XML format at the time to Ana Lolashvili, with an aim to achieve a certain variety, and with the
goal of increasing the number of songs in each category in the longer term.

Once the chord progression tables (cf. Fig. 1) have been prepared, there are many different
ways to use the information that they contain. An obvious one is to simply analyze the frequencies
of occurrence of particular chords or chord progression patterns (Fig. 2).

As a final example and an outlook for the next steps of our project, we briefly illustrate the
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results of training different types of commonly used classification algorithms on this dataset and
examine how well they perform in classifying as yet uncategorized songs. Since the datasets are
still small, we emphasize that this is a very preliminary result. Specifically, we used %: of the corpus
for training and % for testing. The different classifiers: Markov, Random Forest, Naive Bayes,
Support Vector Machine, Nearest Neighbor, and Logistic Regression, performed quite differently,
with the best one (Markov) correctly classifying about 95% of the test data. The resulting confusion
matrix is shown in Fig. 3.

Why does it Work so Well?

There are at last two possible reasons why the classification works so well. First, it might be
that the chord inventories of the different sub-corpora are significantly different, which — sloppily
speaking — makes it easy for the classification algorithm to find the proper association for a previ-
ously ‘uncategorized’ song. For this to happen, the frequency of occurrence of particular chords will
differ strongly between the subsets. In cases where the chord inventories are not significantly differ-
ent, however, it might be that the chord progressions (not the chords themselves) differ between the
subsets. In other words, the different sub-corpora make different use of the chords. In order to test
this, we calculated the frequency of occurrence profiles for the most frequent jointly used chords in
the different subsets (Fig. 4)

Fig. 4 shows that based on the chord profiles between the individual subcorpora there are sig-
nificant differences in the use of particular chords (e.g. the (3—7), the (4-8)). Consequently, the chord
progression features will also be different. Sloppily speaking, the classification algorithm offers many
features for use. However, we want to emphasize that the dataset is still fairly small and there is still a
lot of additional work ahead of us before we will feel ready to draw general conclusions.

What Next?
The next steps will involve increasing the size of our corpus and testing the stability of the
results. This is already underway.

Conclusions and Outlook

The results are very encouraging since they tell us that the chord progression table seems to
contain enough characteristic patterns to sort the current dataset quite successfully and correctly. As
stated above, we don’t see this as a final result but rather as an important intermediate step forward
in our ongoing journey to find the rules for the harmonic organization of Georgian polyphony.

If you are interested in contributing digital scores to this project, we invite you to join our team.
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byMooca 1. v3MMEYMN MVBINAHZMMONL EFbMoma  LogomMMOMObomM30L dgb bom
3960b0.

B-deg = 0000b bndomany

dif-B = 306bb303900 mMn dmB)36m dobnb bndsmanglb dmmMAb.

Figure 1. Chord progression table for the chant Shen khar venakhi (You Are the Vineyard).

B-deg = Bass degree

dif-B = Difference between two subsequent bass degrees.

SHE_007: You Are The Vineyard (HM3.0: 2022-06-09)

T-B u u 5 7 9 7 5 5 9 7 5 8 7 5 5
M-B U U 4 5 5 5 3 1 5 5 3 5 5 4 3
Dif-B R 0 -R -1 -1 (¢] +1 +1 -2 +1 0 -3 (0] +1 +1
B-Deg R R [} -1 -2 -2 -1 [} -2 -1 -1 -4 -4 -3 -2
IDX 1 2 3 4 5 6 7 8 9 10 alal 12 g 14 LS
T-B 5 8 9 8 7 5 5 9 7 5 9 6 8
M-B 1 7 5 [} 5 3 3 5 4 5 5 5 4 6 4
Dif-B +1 0 0 (c] (0] +1 +1 -3 (¢] 0 +1 -2 +1 -3 +2
B-Deg -1 -1 -1 -1 -1 [} 1 -2 -2 -2 -1 -3 -2 -5 -3
IDX 16 17 18 AL 20 21 22 23 24 25 26 27 28 29 30
T-B 5 5 4 5 5 7 9 7 5 5 9 7 5 8 7
M-B 3 1 5 3 4 5 5 5 3 1 5 5 3 5 5
Dif-B +1 +1 (0] (¢] +1 -1 -1 (] +1 +1 -2 +1 Q -3 (]
B-Deg -2 -1 -1 -1 [¢] -1 -2 -2 -1 [¢] -2 -1 -1 -4 -4
IDX &l g2 38 34 I35 36 817 38 el 40 41 42 43 44 45
T-B 5 5 5 8 9 8 7 5 5 9 8 7 5 9
M-B 4 3 1 7 5 6 5 3 3 5 4 5 5 5 4
Dif-B +1 +1 +1 [c] [¢] [¢] [¢] +1 +1 -3 0 [¢] +1 -2 +1
B-Deg -3 -2 -1 -1 -1 -1 -1 [} 1 -2 -2 -2 -1 -3 -2
IDX 46 47 48 49 50 il 52 52 54 55} 56 57 58 58 60
T-B 8 5 5 5 9 8 7 5 9 8 9 7 7 5 3
M-B 6 4 3 1 5 5 5 3 5 7 5 5 5 3 1
Dif-B -3 +2 +1 +1 -1 +1 (¢} +1 -2 -1 () (] -1 +1 +1
B-Deg -5 -3 -2 -1 -2 -1 -1 [} -2 -3 -3 -3 -4 -3 -2
IDX 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75
T-B 1 1
M-B 1 1
Dif-B +1 +1
B-Deg -1 (¢}
IDX 76 77
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byMooa 2. 53mMgonby o om0 MVb3NTg3MmdAL smmMoEbazs Yyagmodsy bdomo
03MMAONLMZNL O VZMMEYMN MVBINTY3MMAINLMZ0L LMY 3MM3YLI0. 3oM39an0
0330 nnomoym b3agH3n oMob 3MM3HLAN AMAHN30L 3oBMAGBAL MOMVHBMBOY.
Figure 2. Chord inventory and chord progression inventories for the most frequent chords and
chord progressions in the complete corpus. The first number in each column is the number of
occurrences of a pattern in the corpus

Inventory
321 (-1/3/5)
248 (-2/3/5)
206 (0/3/5}
144 (-2/6/8)
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% (-4/3/5)
% (-3/6/8)
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86 (-4/6/8)
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75 {-5/6/8}
65 (-2/4/8)
63 (-3/5/7}
59 (-4/5/7)
59 (-2/5/9)
52 (-3/1/5)
49 {0/4/6}
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a5 (-2/4/6)
44 (-1/3/7}
a3 (-4/5/9}
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43 (0/4/5}
39 (-1/1/5)
37 (-3/5/9}
35 (0/6/8)
34 (-2/4/5)
33 (-5/5/7)
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Single step

(0/3/5}->{-1/3/5}
{-1/1/3}->{0/1/1}
(-1/3/5}->{0/1/5}
(-1/3/5}->({-2/3/5}
{-2/3/5}->{-1/1/3}
(-2/3/5}->{-3/3/5)
{-1/3/7}->{0/1/5}
(-2/5/7}->{-1/3/5)
{-2/6/8}->{-2/5/7}
{-3/3/5}->{-2/3/5}
(-1/4/6}->(-1/3/5)}
(-1/6/8}->{-2/6/8)
(-1/5/7}->{0/3/5}
(-2/3/5}->({-1/3/5}
{-1/6/8}->{-1/5/7}
{-1/3/5}->{0/3/5}
(-4/3/5}->({-3/1/5}
{0/4/6}->(0/3/5}
{-3/5/7}->{-2/3/5}
(-2/5/7}->({-2/6/8)
(-5/4/8}->(-4/3/7}
(-4/3/7}->(-3/1/5)
{-4/5/T}->{-3/3/5}
{-2/4/6}->{-2/3/5}
{1/3/5}->{0/3/5)
{-2/3/5}->{-1/1/5}
{(-1/1/1}->{0/1/1}
(-3/3/5}->({-4/3/5)
{-2/4/8}->({-1/3/7}
{-3/6/8}->{-1/3/5}
(-4/8/10}->(-3/6/8)
{-2/6/8}->{-1/6/8}
{0/3/5}->{-1/5/T}
(-4/6/8}->({-2/3/5)
{-2/6/8}->{0/3/5}
(-1/5/7}->(-2/5/9}

Double step

{-2/3/5}->{-1/1/3}->{8/1/1}
{-2/6/8)->{-2/5/T}->{-1/3/5}
{0/3/5)->{-1/3/5)->(-2/3/5}
{-5/4/8}->{-4/3/T}->{-3/1/5}
{-1/6/8}->({-1/5/T}->(0/3/5}
(~2/4/8)=>(-1/3/T}->(0/1/5}
10/3/5)->{-1/3/5)->{0/1/5)
{-1/4/6}->{-1/3/5}->(8/1/5}
{=1/3/5}=>(-2/3/5}->(-1/3/5)
{6/4/6)->{0/3/5}->{-1/3/5}
{-2/5/9}->(-1/3/T}->(8/1/5}
{(=2/2/4}=>{-1/1/3}->(0/1/1}
{-1/3/5}->{-2/3/5}->(-3/3/5)
{-1/5/T}->{0/3/5}->(-1/3/5}
{=3/5/T}=>{-2/3/5}->(-1/1/3)
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=

Triple step

{-3/5/7}->{-2/3/5}->{-1/1/3}->{0/1/1}
{-4/4/8}->{-5/4/8}->{-4/3/7}->{-3/1/5}
{-1/3/5}->{-2/3/5}->{-1/1/3}->{0/1/1}
{-6/6/10}->{-5/4/8}->(-4/3/7}->{-3/1/5}
(-2/5/9)->{-2/4/8)->{-1/3/7}->({0/1/5}
{-2/4/6}->{-2/3/5}->{-1/1/3}->{0/1/1}
(-2/3/5}->{-1/1/3}->{0/1/1}->{-2/3/5}
(-1/6/8}->{-1/5/7}->{08/3/5}->{-1/3/5)}
{-1/5/T}->{-2/5/9}->{-1/3/7}->{08/1/5}
{0/3/5}->(-1/3/5}->(-2/3/5}->{-1/3/5)}
(-2/3/5}->{-2/4/6}->{-2/5/7}->{-2/6/8)
(-1/6/8)}->{-1/5/7}->{0/3/5}->{-1/5/7}
{=1/6/8}=>{=1/4/6}->{=1/3/5}=>{0/1/5}
{-1/3/7}->{0/1/5}->{-1/6/8}->{-2/6/8}
{-1/3/5}->{0/4/6}->{0/3/5}->{-1/3/5}
(-5/6/8}->{-6/6/10}->{-5/4/8}->{-4/3/T}
(-2/6/8}->{-2/5/7}->{-1/3/5}->{-2/3/5}
(-2/5/7}->{-2/6/8)->{-2/5/7}->{-1/3/5}
{-2/5/7}->{-1/3/5}->{-2/3/5}->{-3/5/7}
(-2/4/8)->{-1/3/7)}->{0/1/5}->{-1/6/8)
(-2/4/6}->{-2/5/T}->{-2/6/8}->{-2/5/T}
{-2/3/5}->{-3/5/7}->{-2/3/5}->{-1/1/3}
(-1/5/T}->{-2/5/9)}->{-2/4/8}->{-1/3/T}
{-1/3/5}->{-2/3/5}->{-3/5/7}->{-2/3/5}
{-1/1/3}->{0/1/1}->{-2/3/5}->{-2/4/6}
(0/4/5}->(-1/5/T}->(-2/5/9}->{-2/4/8}
(0/3/5}->(-1/3/5}->(-2/5/T}->{-2/6/8)}
{0/3/5}->{-1/3/5}->{-2/3/5}->{-3/3/5}
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byMooma 3. 3oM3manb 3moboGZHMMDY o3ddydYMO  PBYLMNZMONL  JobhfMnEo
HoLHOL  AMBOEYTYONL  ZMOLNARNIOENNLMZNL, MmMTgmnE  AMBVOEIOYMOS LN
3mM3nLoL 34-By. gga0 noym ob, MMI byomo J3935879300000 LOAN NYOMYMOL OYM
3abnxznE0Mgdym, bmnmm KAR-0b 5 bodmgmowsb 1 dgEs GEL-80 o FO1-000b gihon
LOBMyMS Bghobomn 0dbs GUR 3mobdn (Mog, 8gndamgdo, oymb Mgomymo LBmMO,
Mogob FO1 dmbogdmo 6o3Mgdn d9nEosb bndmgmgdb bbaowobbils MYanmbnwsb).
Figure 3. Confusion matrix for the classification of the test data based on a Markov classifier
trained on % of the complete corpus. The result was that three of the five subsets were classified
perfectly while 1 of 5 songs from KAR was mistaken for GEL and one of the songs from FO1 was
put into the GUR class (which may actually be correct because the FO1 dataset contains songs from
different regions).

GEL

KAR

SHE

Actual class

FO1

GUR

GEL KAR SHE FO1 GUR

Predicted class
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byMooma 4. bLbzoobb3zy J3953uR0L V3MMEIONL dMmyomadn dogmo  3MM3YLOL
03MMEYMN  0ob3Ng3MmMonL  Lodyomm  3MMAROM™MOL  F9oMdNM.  d3MMNL
9h039ha0Dg 3000mMydMNS NBHIMISMYON BBBLY Y 87 LABL O BOBLY O DY bIdL
dmMob, dgLbodsdnbo. MommMmgnmn v3mMab 3obHmamModnb dmmgdn 3nTogMadMmNS
00 03mMnb Lodyomm bobdnMydy dgm IMM3YLAN. Ludyomm bodol Bgdmoe dymayn
DMmMYdn 300 dgb 0300, MM o3 3MM3YLbAn JobodEdNbO v3MMo (0b. ggmb
3M00) 8303mnygbgds Lodyommdy ya3mm bdoMo, bmmm J3ngdmo 3gdomg dmmgdn
00900 d96 03007, MM3 nb Bogagdo bdnMow 3o3mMnygdbgds.

Figure 4. Chord inventory profiles for the different subsets in comparison to the average chord
progression profile for the whole corpus. The chord labels indicate the intervals between the bass
and the middle part and the bass and the top part, respectively. The histogram bars for each chord
are anchored to the average occurrence frequency of this chord in the whole corpus. Bars going
above the average line indicate that the corresponding chord in this corpus (see color code) is used
more often than average, while bars going below indicate that it is less frequently used.
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