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ABSTRACT

The historical development of medieval plainchant

melodies is an intriguing musicological topic that invites

computational approaches to study it at scale. Plainchant

melodies can be represented as strings from a limited

alphabet, hence making it technically possible to apply

bioinformatic tools that are used to study the relationships

of biological sequences. We show that using phylogenetic

trees to study relationships of plainchant sources is not

merely possible, but that it can indeed produce meaningful

results. We develop a simple plainchant substitution model

for Multiple Sequence Alignment, adapt a Bayesian phylo-

genetic tree building method, and demonstrate the promise

of this approach by validating the resultant phylogenetic

tree built from a set of Divine Office sources for the Christ-

mas Vespers against musicological knowledge.

1. INTRODUCTION

Gregorian chant is the universal sacred liturgical monody

of the Roman Catholic church, which exerts strong con-

trol over this musical tradition. There is an authoritative

edition of chant: if singers from multiple countries and

continents sing together, each from their print of liturgical

books, they should encounter no conflicts in performance.

However, this was not always so. During the five hundred

years of notated Gregorian chant manuscript culture, be-

tween Guidonian staff notation and the introduction of the

post-Tridentine printed liturgical books, rarely was a chant

melody written exactly the same in two sources. 1 Despite

its stated role as a unifying element of the Roman Catholic

church, Gregorian chant was a diverse tradition.

The diversity of Gregorian chant, both in terms of reper-

toire and melody, has been a staple of musicological study

1 See cf. a sample of melodies of an antiphon:
https://cantusindex.org/id/004237
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of plainchant [1, 2]. Already the relative importances of

chronology, geography, and cursus 2 are, aside from select

topics such as the Cistercian reform, not well understood.

Recent chant scholarship thrives on the large-scale digiti-

zation effort centered around the Cantus Index network of

databases [3], and there are ongoing efforts to apply digital

methods to the problem of chant transmission such as the

DACT project. 3

In this pilot study, we present a novel pipeline to model

the relationships between chant sources using tools from

bioinformatics: we adapt multiple sequence alignment and

phylogenetic tree inference for chant melodies. We qual-

itatively evaluate the method on a dataset of sources for

Christmas Eve vespers. 4

2. RELATED WORK

The study of melodic dialects of chant has a long tradi-

tion, most prominently in the distinction proposed between

“West Frankish” and “East Frankish” chant [4], as has the

theory of chant melody in general (i.a. the centonization

hypothesis [5, 6] and its criticism [7], [8, pp. 74-75]), but

has not yet been performed with computational models at

the scales that these enable. The fact that the diversity

within chant melodies is a subject worthy of study is fur-

ther reinforced by the debate on early chant as an orally

transmitted tradition [9, 10], justifying an ethnomusico-

logical perspective [11], although the extent of orality of

the tradition has since been contested [12]. The formu-

laic structure of great responsories has been studied in de-

tail [13], even in the pre-computer era [14].

Work on larger-scale computational analysis of chant

melodies has recently been done in the area of melody seg-

mentation [15], measurement of the melodic arch hypothe-

sis [16] and of the relationship between antiphons and dif-

ferentiae across modes [16]. Importantly, these works also

provide the Cantus Corpus v0.2 database, which presents

the contents of the Cantus Database in a manner ready

2 The ecclesiastical environment of a mansucript, such as a monastery
of a specific order, a city church, a cathedral.

3 https://dact-chant.ca/
4 Data is available at github.com/Genome-of-Melody/

christmas/releases/tag/ISMIR2023, tree inference code at
github.com/Genome-of-Melody/mrbayes_volpiano.
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for further processing. 5 Cantus Index 6 also provides the

Cantus Analysis tool, 7 which is however built solely for

analyzing repertoire, not melodies.

In MIR, the potential for applying bioinformatic tools

as string processing models has been previously noted in

the context of music similarity search. Tune family iden-

tification using Multiple Sequence Alignment (MSA) has

been tried [17, 18], and MSAs and and BLAST search has

been used for melody classification and fast melody re-

trieval [19], with mixed results.

More closely related to this work in terms of scientific

goals, the field of cultural evolution has also been map-

ping patterns of musical diversity [20], with roots in the

Cantometrics project [21]. Most notably, the evolution of

folk melodies in English/US and Japanese traditions has

been found to exhibit similar properties, using MSAs [22],

and phylogeny of electronic music has been mapped us-

ing dynamic community detection rather than phylogenetic

trees [23], citing limitations of the tree model in light of

horizontal cultural transmission. Cultural and biological

evolution was correlated in a study comparing populations

in terms of genetics and their folk music [24].

Few works in MIR go beyond leveraging MSA as a tool

for melodic similarity applications, and in one instance

also on chant [25]. From the cultural evolution field have

used some phylogenetic models to study music, but so far,

not on chant.

3. METHOD

We model the relationships among melodies from a set of

chant sources as a phylogenetic tree. The leaves of the

chant sources, which carry (artificially ordered) melodies

of the selected Cantus IDs in an analogy to how living

species carry genes. Each instance of a chant with a certain

Cantus ID in each source is a homologous sequence; the

collection of melodies from one Cantus ID across sources

is here termed a locus. The pipeline consists of the follow-

ing steps:

1. Concatenate cleaned melodies per source (in an ar-

bitrary but fixed order of Cantus IDs)

2. Compute a (partitioned) multiple sequence align-

ment (MSA) of the concatenated melodies

3. Infer a phylogenetic tree over the MSA

An overview of the pipeline is shown in Fig. 1.

In the Cantus network of databases, chant melodies are

transcribed as strings using Volpiano [26]. Volpiano is both

a standard for encoding chant melodies in a plain text for-

mat, 8 and a font that renders these strings. 9 The encoding

uses several non-tone characters, such as hyphens to in-

dicate boundaries between neumes, syllables, and words,

or barline characters to indicate sections. For our exper-

iments, we have removed non-note characters (retaining

5 https://github.com/bacor/cantuscorpus
6 https://cantusindex.org/
7 https://cantusindex.org/analyse
8 https://cantus.uwaterloo.ca/sites/default/

files/documents/2.\%20Volpiano\%20Protocols.pdf
9 http://www.fawe.de/volpiano/

syllable and word separators did not have an appreciable

effect on alignment, and would thus unnecessarily compli-

cate the state space).

Any string distance metric can then be used to model

between two melodies, and between any two sources (by

aggregating the distances between melodies). However,

we specifically chose Bayesian phylogenetic trees as the

model because (1) their inference procedure can distin-

guish between similarities that are substantial and those

that are the product of chance, (2) the resulting trees, while

perhaps not ideal as a model of transmission itself, are

optimal results in terms of a clearly defined probabilistic

model, and thus have a probabilistic interpretation that di-

rectly allows testing hypotheses about the dataset, rather

than post-inference normalization of arbitrary similarity

scores, (3) the software tools are readily available. 10

3.1 MSA and Score Matrix

Multiple sequence alignment (MSA) was carried out with

MAFFT v7.505 [27]. Mafft is used for the alignment of

melodies because it is a state-of-the-art MSA tool that al-

lows aligning arbitrary text using custom score matrices,

thus allowing to process data which are not standard bi-

ological sequences such as DNA and aminoacids. (It has

already been used in MIR, precisely for these advantages

[28].) with our custom score matrix described below. We

used a maximum of 1000 iterations and global pairing.

By default, Mafft aligns arbitrary text by checking

whether a given symbol is equal or not to other entries

in the alignment. This is not a good model for melodies,

as substitutions are not equally likely. The default choice

for melodic distance, Mongeau-Sankoff distance [29] ad-

dresses the unequal costs of substituting different steps of

the scale, but it and others are designed for tonal music,

which chant predates by several hundred years. We have

not in fact found sufficient music-theoretical understand-

ing of chant melodies (and mode) to design a similar scor-

ing function. Therefore, we resort to a basic physical re-

ality: the cost of a substitution is the number of steps be-

tween the two notes, thus crudely mimicking how physi-

cally different the position in the melody might feel for a

singer familiar with the alternative (see Fig. 2). The ap-

plication of B flats were assigned a low cost because they

were commonly applied without modifying considerably

the melody. Liquescences were treated as regular notes

of the same pitch. We stress that this is by no means a

definitive chant scoring matrix, but rather a starting point

to search for one.

3.2 Bayesian Inference of Phylogenetic Trees

A phylogenetic tree (hereafter: tree) is a graph represent-

ing the evolutionary relationships between the objects of

study. These trees have long been used in evolutionary

biology as a means to depict evolutionary relationships

10 This article is not meant to inspire the impression that a large amount
of technical work was performed: rather, we find it notable that already
with a limited amount of technical work, this method already seems to
obtain plausible results.
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Figure 1. Outline of the pipeline for inference of phylogenetic trees of sources from melodies.

Figure 2. Instances of scores from a reference pitch D. Ar-

rows represent the final pitch and numbers under note bod-

ies represent the score in the matrix. For MAFFT, scores

are positive: the furthest distance between pitches is from

G3 to D6, which has a score of 1, and the unison has the

largest score, which is 19.

among species, and we are here using it to represent the

evolution of sources containing melodies in a similar way.

Trees are composed of s leaf nodes of degree 1, called

tips or terminals, and up to s−1 internal nodes of degree 3

which represent ancestors. Trees may have a root node: an

internal node of degree 2. If a tree is unrooted, there are up

to s−2 internal nodes. Edges are called branches, and they

have lengths that represent some amount of evolutionary

change – usually (as in our case) the expected number of

changes per site.

Bayesian inference has been applied to phylogenetic

tree estimation since the 1990s [30] and consists of cal-

culating the posterior probability of the tree parameters

(topology and branch lengths) for a given tree τ [31]:

f(τi, Q|X) =
f(X|τi, Q)f(τi)f(Q)

∑B(s)
j=1 f(X|τj , Q)f(τj)f(Q)

(1)

In this model, f(X|τi) is called the phylogenetic like-

lihood function, which gives the likelihood of observing

the alignment data given the model of evolution parame-

ters Q and a particular tree τi [32, 33]. Both f(τi) and

f(Q) are priors for the topology and model of evolution.

The topology prior is usually set to be uninformative (uni-

form over all possible trees). The prior f(Q) is derived

from the Mkv+G model, which is the state of the art for

morphology-based phylogeny. 11 As can be anticipated

11 As opposed to phylogenies built from sequences of nucleotides
(DNA/RNA) or amino-acids (proteins), morphology-based phylogeny
models mostly model transition probabilities from one to a different char-
acter as equally likely.

by the fast-growing number of possible trees for a given

set of s terminals B(s) = (2s−3)!
2n−2(n−2) , this problem can-

not be solved by visiting all possible topologies in order to

calculate the normalising constant in the Bayes’ equation,

which also, cannot be analytically solved even for a sin-

gle topology. Therefore, MCMC sampling is used to con-

struct the posterior densities for all the parameters of the

model. The output of MCMC consists of inferred parame-

ter values (mostly branch lengths), sampled trees, and the

summary tree.The summary tree summarizes the posterior

density of topologies in using a majority-rule consensus: it

includes all bi-partitions which are at least in 50% of the

sampled topologies. Node posterior probabilities are cal-

culated from the relative frequency of bipartitions in the

posterior tree density. Inferred trees are in principle un-

rooted. 12

Unfortunately, all existing software for Bayesian phy-

logenetics restricts the input data to some sort of biolog-

ical data, be it DNA, aminoacid, or morphological data;

therefore, we had to adapt an existing tool to process

Volpiano-encoded chants. We chose to modify MrBayes

v3.2.7a [34]. We call our fork mrbayes_volpiano, in

order to make clear that it is intended for use only with

data in volpiano format. 13 mrbayes_volpiano ac-

cepts Volpiano-encoded chant melodies as input and anal-

yse them using a Markov model of evolution for an arbi-

trary number of the discrete character states [35]. It uses

all the tools from MrBayes available for standard coding,

which is the one applied to melody sequence data and

can carry out inference of both single-partition or con-

catenated settings composed of multiple partitions. It pro-

cesses alignments in nexus format and can be run both in

interactive and scripting mode.

4. CHRISTMAS VESPERS DATASET

In order to test the ability of our pipeline to resolve sub-

stantial relationships between chant sources, we apply it

on a dataset of Christmas divine office, specifically Ves-

pers for Vigilia Nativitatis Domini. The dataset was orig-

inally collected in order to study relationships between

12 They can be rooted for visualisation e.g. using FigTree (https:
//github.com/rambaut/figtree).

13 The source code is available at https://github.com/

gaballench/mrbayes_volpiano
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late medieval Bohemian sources with the data includ-

ing transcribed melodies available in the Hymnologica

database, 14 and we combined this data with all further

melodies available for Vig. Nat. Domini vespers from the

Cantus Index interface, in order to cover a broader Euro-

pean context.

The combined dataset contained 14 sources, and a to-

tal of 78 chants falling under 6 distinct Cantus IDs. Be-

cause the repertoire in office sources is not entirely con-

sistent across sources and our system aligns melodies di-

rectly, we had to select a subset of chants contained in

as many sources as possible, and then reduce the set of

sources to those that contained as many of these chants as

possible. The resulting dataset contained 14 sources, each

of which had fully transcribed melodies for the following

Cantus IDs: 001737, 002000, 003511, 004195, 007040a,

and 605019. 15

Some sources contained multiple instances of chants of

one Cantus ID: In that case, we retained the version with

the most complete version of the melody (as repeated in-

stances of the same chant are sometimes only written as

incipits in the sources), and if multiple full melodies were

available, we selected the melody that was directly in the

Vig. Nat. Dom. section (see Tab. 1).

Why use such a limited dataset, when the entirety of

the Cantus Database is available? We originally intended

to use the CantusCorpus dataset [15] of Office melodies.

However, the authors of the Cantus Database preferred

transcribing entire sources, so while there are more than

13000 fully transcribed antiphons in CantusCorpus v0.2 ,

the vast majority comes from less than 20 sources. This

is further compounded by the surprising diversity of of-

fice repertoire. Thus, in the entirety of CantusCorpus, it

is only possible to find 10 different sources that have tran-

scribed melodies for 5 antiphons. Hence, we decided to use

the Christmas dataset, with its advantage of having been

collected specifically in order to make the comparison be-

tween different sources possible. 16

4.1 Sources and Evaluation

Our methodology differs from machine learning experi-

ments in when data is used. The phylogenetic tree model

is selected and parametrized a priori, and only then we

use a dataset to validate the model: is the tree inferred on

the dataset plausible according to musicological expecta-

tions? Given that chant transmission provides few hard

predictions, these expectations are not expressed in terms

of target values. The evaluation of a tree’s plausibility is

qualitative.

Since we base the claim of valid results on comparing

the inferred tree against known relationships between the

sources, we must give an overview of the 14 sources in

terms of their placement along the three major dimensions

of chant culture: place, time, and liturgical context. This

14 http://hymnologica.cz/jistebnice
15 All available via https://cantusindex.org/id/(...).
16 This quest for data also highlights the major limitation of our pipeline

so far: we need comparable melodies from each source.

section essentially describes our “evaluation data”.

A-Wn 1799**. A 13th century Cistercian antiphoner

from the Rein monastery in Austria.

A-VOR Cod. 259/I. A 14th century antiphoner of the

collegiate chapter church of Vyšehrad, Prague. In the early

15th century, it was moved to Vorau because of Hussite

wars. In 1490-1500, it was adapted for Salzburg liturgy. 17

CDN-Hsmu M2149.L4. Cistercian antiphoner from

the Abbey of Salzinnes, Namur, in the Diocese of Liège,

central Belgium, completed in 1554-1555. 18

CH-E 611. A 14th-century antiphoner from the Bene-

dictine monastery of Einsiedeln, central Switzerland.

CZ-HKm II A 4. An antiphoner from the 1470s, be-

longing to the municipal Church of the Holy Spirit in

Hradec Králové, eastern Czechia. 19

CZ-PLm 504 C 004. A late antiphonary from the

St. Bartholomew municipal church in Pilsen, western

Czechia, from 1616. 20

CZ-Pu XVII E 1. A mixed Latin and Czech an-

tiphonary from the early 16th century, of Czech (but fur-

ther unspecified) provenance. 21

CZ-Pn XV A 10. Late 15th century notated breviary

from the cathedral cursus in Prague, Czechia. 22

CZ-Pu I D 20. An antiphonary from the Augustinian

monastery in Třeboň, southern Czechia, created in the 2nd

half of the 14th century. 23

D-KA Aug. LX. A complex 12th-century antiphoner,

of which the musical notation was almost completely

rewritten in the 13th or 14th centuries. From the Zwiefal-

ten Benedictine monastery in southwestern Germany,

moved to the abbey of Reichenau in the 15th century. 24

D-KNd 1161. A late 12th- and early 13th-century Cis-

tercian antiphoner, possibly written for use by the female

abbey of Saint Mechtern in Cologne, western Germany, re-

named Saint Apern in 1477. 25

F-Pn lat. 12044. An early 12th-century antiphoner

from the Benedictine abbey of St.-Maur-de-Fossés, close

to Paris, France. 26

F-Pn lat. 15181. An early 14th-century notated bre-

viary belonging to the Notre Dame cathedral in Paris,

France. 27

NL-Uu 406. A 12th-century antiphonary from St.

Mary’s church in Utrecht, Netherlands. Later 13th-15th-

century changes. Complex source that has multiple ver-

sions of some melodies. 28

What results should one expect from a phylogeny of

these chant sources? The three major dimensions of “ex-

17 https://manuscripta.at/hs_detail.php?ID=6267
18 https://cantus.uwaterloo.ca/source/123723
19 http://hun-chant.eu/source/1481?page=1
20 https://rukopisy.zcm.cz/view.php?ID=504C004
21 https://www.manuscriptorium.com/apps/index.

php?direct=record&pid=AIPDIG-NKCR__XVII_E_1___

_32Y2B65-cs#search
22 http://hymnologica.cz/source/47
23 http://hymnologica.cz/source/10721
24 https://cantus.uwaterloo.ca/source/123612
25 https://cantus.uwaterloo.ca/source/601861
26 https://cantus.uwaterloo.ca/source/123628
27 https://cantus.uwaterloo.ca/source/123631
28 https://cantus.uwaterloo.ca/source/123641
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Source Provenance Date Cursus 605019 001737 002000 003511 004195 007040a

A-Wn 1799** Rein 1200s Cistercian 1 NA 1 1 1 1

A-VOR Cod. 259/I Prague 1360 Secular 1 2 1 1 1 1

CDN-Hsmu M2149.L4 Salzinnes 1554 Cistercian 1 NA 1 1 1 1

CH-E 611 Einsiedeln 1300s Benedictine 1 3 1 1 1 1

CZ-HKm II A 4 Hr. Král. 1400s Secular 1 1 1 1 1 1

CZ-PLm 504 C 004 Plsen 1616 Secular 1 1 1 1 1 1

CZ-Pu XVII E 1 Bohemia 1516 Unknown 1 NA 1 1 NA 1

CZ-Pn XV A 10 Prague 1300s Secular 1 1 1 1 1 1

CZ-Pu I D 20 Passau 1300s Augustinian 1 1 1 1 1 1

D-KA Aug. LX Zwiefalten 1100s Benedictine 1 1 1 1 1 1

D-KNd 1161 Köln 1200s Cistercian 1 NA 1 1 1 1

F-Pn lat. 12044 Paris 1100s Benedictine 1 1 1 1 2 1

F-Pn lat. 15181 Paris 1300s Secular 1 NA 1 1 2 1

NL-Uu 406 Utrecht 1150 Secular 1 2 1 3 2 1

Table 1. Sources of the Christmas Vespers dataset with their provenance, approximate date, cursus, and presence of the

chant in each source (1 or more instances per source). NA represents chants not present in a given source.

ternal” similarity between chant sources, in terms of how

similar the segments of culture represented in these sources

are expected to be, are geography, chronology, and cursus

– space, time, and the liturgical context within which the

books were used. It is not entirely clear in chant scholar-

ship how strongly each of these factors should influence

chant melodies (the exception where cursus is clearly ex-

pected to dominate other factors is that of the Cistercian

order, which mandated that all monasteries must have iden-

tical liturgical books [36, p. 99]), but these organizing prin-

ciples should be observed in the resulting tree.

5. EXPERIMENTS AND RESULTS

For all our experiments, we set up Bayesian inference

using an Mkv model of evolution with options +I+G.

Metropolis-Hastings MCMC sampling was carried out

with four independent runs, each with four chains (one

cold and three hot), with 10.000.000 generations, sam-

pling each 1000 generations. Parameter and tree sum-

maries were generated combining the four trace files after

a burn-in of 50 % was applied to each. Parameter conver-

gence was assessed by examining the potential scale re-

duction factor (PSRF) [37] which should approach 1.0 as

runs converge, and the average standard deviation of split

frequencies (ASDPF) [38] which should be below 0.01 for

topological convergence. Other parameters had effective

sample size (ESS) values above 600. We do not root the

summary trees, because there is no clear outgroup in our

dataset.

5.1 Single-locus tree inference

We first computed a tree for sets of melodies under each of

the six Cantus IDs separately. In this setting, we examine

whether the model can resolve the structure of diversity of

individual melodies.

For each cantus ID, we aligned the sets of melodies to

obtain a nexus matrix that is then used as input for tree in-

ference. This resulted in six different summary trees, one

for each chant. We found varying but overall low degrees

of resolution in topology. Some chants had nearly no vari-

ation and consequently the majority-rule consensus tree is

almost a complete polytomy 29 (003511, 004195). Other

29 Star graph: a tree with only one internal node.

chants had several internal nodes resolved, therefore rep-

resenting some degree of information contained in a single

melodic line which shows changes across sources How-

ever, at the scale of individual melodies, there was insuffi-

cient signal for the model to find meaningful differences.

5.2 Multi-locus tree inference

A concatenated experiment, in which the set of 14 sources

was chosen to represent the terminals, was then conducted.

We prepared individual alignments for each of the loci so

that the boundaries for the same locus (Cantus ID) in the

resulting nexus matrix were in fixed positions. Here, a

tree was resolved (Fig. 3) that exhibits several properties

that we believe make it a plausible model of how chant

melodies in these sources are related.

First, cursus. All the Cistercian manuscripts (“white

monks”) are grouped tighlty together, with the lowest prob-

ability of differences – regardless of geographical area and

century of origin. This is not entirely the case for the

Benedictine manuscripts: the tree does keep together a

S. German and a N. Swiss source, but the French Bene-

dictine source is grouped with a French cathedral source.

The probability of changes (expressed as branch length) is

also much greater between the two closely related Bene-

dictine manuscripts. Finally, there is an interesting case

of the Augustinian CZ-Pu I D 20 manuscript and A-

VOR Cod. 259/1. The latter is not from an Augustinian

monastery, but belonged to a community of canon regu-

lars – a type of clerical community from which the Augus-

tinian order was organized in 1244. They are not particu-

larly close – they do not have an extra internal node like

e.g. the French manuscripts – but they are not separated by

one, either, and they lie in between the rest of the Czech

group and the rest of the tree.

Second, geography. If one briefly disregards the Cis-

tercian branch, the topology of the rest of the manuscripts

does roughly correspond to their geographical distribution,

from the French group in the west to the Czech group in

the east. Note also that while there is some resolution in

the group of Czech secular manuscripts, it is barely there:

the internal nodes occur at most in six out of ten MCMC

samples.

Finally, chronology seems to exert a relatively weak in-

fluence, but the dataset is not well suited to study the de-

velopment of chant melodies in time, as most of the Czech
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Figure 3. Main experimental result: summary of the posterior tree density as an unrooted majority-rule consensus tree

for the concatenated dataset where each chant is a partition. All bipartitions present in at least 50% of the posterior trees

are shown as internal nodes, with their nodal posterior probability. Terminals – tree leaves – are sources. Length of edges

corresponds to probability of mutation; scale bar (bottom left) for 1 % expected mutation rate. Flags indicate geographical

provenance, icons indicate cursus (black monks – Benedictines, white monks – Cistercians, heart – Augustinian, church

building – secular cursus). Century (or half-century) indicated directly; some sources (D-KA Aug. LX, NL-Uu 406) have

complex histories – see sec. 4.1.

sources are later than most other sources, so it is not clear

how to distinguish geographical and chronological factors,

and there is only one non-Cistercian clearly pre-1300 old

source (F-Pn lat. 12044) that was not modified in the later

centuries (which is the case both with D-KA Aug. LX and

NL-Uu 406).

6. CONCLUSIONS AND FUTURE WORK

The proposed chant phylogeny pipeline produced a mu-

sicologically plausible model of the melodic diversity

within the Christmas chant dataset. We do not claim that

the resulting tree in Fig. 3 is the only or best possible

way to model the relationships between the sources from

our Christmas Vigil dataset; however, while further work

should primarily focus on assembling a larger dataset and

designing a more robust validation procedure, we believe

that based on the current result, the proposed method can

meaningfully enrich digital chant scholarship.

A major limitation is that the model requires homolo-

gous melodies (indicated by a shared Cantus ID). For the

study of melodies to bypass this limitation, “morpholog-

ical” features derived from melodies would be needed, so

that we can process sources that do not share as many (tran-

scribed) melodies. This is especially important for Office

sources, where repertoire is strongly differentiated.

Provided one is not interested in the of melodic diver-

sity but only in repertoire structures of chant culture, one

can build trees from binary features representing the pres-

ence/absence of Cantus IDs at given liturgical positions,

using the same Bayesian model but with an alphabet of

two rather than 19 characters.

Another limitation is that the current method does not

model chronology: it is not yet a model of chant melody

evolution through time. This complicates interpreting the

tree: one potentially attractive idea is that the internal

nodes correspond to likely manuscript copying events, but

without a more explicit chronology, this remains specula-

tive. Chronology can be incorporated by using Bayesian

divergence time estimation (BDTE), an extension of topol-

ogy inference that produces branch lengths in absolute

time rather than the expected number of substitutions per

site by using time priors for either nodes or terminals. Fur-

thermore, BDTE could infer a posterior distribution for

nodes without observed time values, and thus we could es-

timate e.g. the times of origin of different layers of a more

complex source (such as D-KA Aug. LX or NL-Uu 406)

by using time priors rather than precise time values.

Many methodological choices merit further exploration

(such as the alignment scoring matrix, choice of tree

model, or different ways of combining individual chants).

However, based on the already plausible results of this pi-

lot study, we are confident that chant phylogeny is a viable

and exciting opportunity for digital chant scholarship.
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