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|. Introduction

Plainchant was transmitted orally for centuries, with its compositional principles grounded in
formulaic structures that reused melodic segments across varying texts. From the 11t century
onwards, transmission gradually shifted from orality to writing. The plainchant repertory,
comprising thousands of melodies sung over many centuries and across various regions, was
preserved in a wide range of notational styles.

Regarded as sacred, this body of texts and melodies was generally not subject to significant
voluntary alteration. The stability of plainchant enables tracing melodic material across time
and space. Due to the repertory’s vastness and the complexity of notations, scholars have
typically focused on small subsets, rarely engaging in large-scale comparative analysis. The
Plainchant Analyser for MElI Neumes (PAM) addresses these limitations by using
computational methods to find and analyse melodies across different music scripts within a
broader comparative framework.

PAM is one of the main outputs of the project Echoes from the Past: Unveiling a Lost
Soundscape with Digital Analysis (2022.01957.PTDC)

ll. Corpus and data encoding

* Plainchant melodies found in manuscripts (books and fragments) in archives of Braga and
Guimaraes (Portugal), written between the 12t and 17" c.
* [nitial corpus: approximately fifty melodies (across over one hundred sources) preserved in
two notational styles: Aquitanian neumes and square notation
 Each notation conveys different levels of complexity and types of musical information
 Total of ca. 100 chant entries
e Encodedin MEI Neumes

Ill. The interface of PAM

PAM includes various search functionalities (in purple highlight), filtering tools (in yellow), and
visualization options (in red) as shown below.

MEI Neumes ..
i ™ ' ™
Search Filters Search Results

Filter chants with the following music script(s):

Aguitanian Square D Old Hispanic
Title Source Options

Filter chants that have crnamental figure(s): Script
(Mo selection will display all chants)

Found 102 chants from the search options.

Music

: o . Benedicite P-BRam N° 003 More
D Liquescent D Quilisma D Oriscus Agquitanian Benedicite omnes Angeli Domini Dominum hymnum dicite et superexaltate eum in secula - .
omnes i Cadices, Bv Details

g"#FiIter chants by melodic pattern
H h bk Ak A kAR E

De fructu operum tuorum Domine satiabitur terra ut educas panem de terra et vinum laetificet cor | P-BRad Pastas More

O Note pitches/Location (wildcards) @
: hominis ut exhilaret faciem in oleo et panis cor hominis confirmet 077, Ar Details

Contour (melodic intervals) @

De fructu operum | Agquitanian

| E.g.: "{2} +1-2" or "a b? a* g" | Dicit dominus implete hydrias aqua et ferte architriclino dum gustasset architriclinus aquam

: s Dicit dominus Aguitanian vinum factum dicit sponso servasti vinum bonum usque adhuc hoc signum fecit Jesus primum P-BRad 15, 026 Dh::ar;las
D Excluding patterns with ascending coram discipulis suis
liguescences :
: _ _ . : Dicit dominus implete hydrias agua et ferte architriclino dum gustasset archiriclinus aguam vinum More
D Excluding patterns with descending Dicit dominus Aquitanian factam dicit sponso servasti vinum bonum usque adhuc hoc signum fecit Jesus primum coram P-BRad 23, Bv Details
liguescences discipulis suis

P-BRad Pastas

Ecce virgo Aguitanian Ecce virgo concipiet et pariet filium et vocabitur nomen ejus hemanuel

|' 023, Av Details
< Filter chants by metadata . - : . o _ . P-BRad Pastas More
. (Title, Source, Cantus ID) Ecce virgo Aquitanian Ecce virgo concipiet et pariet filium et vocabitur nomen ejus hemanuel 011, 007r Details
| Title - e.g., "Benedictus" |
P L Factus est Aquitani Factus est repente de caelo sonus advenientis spiritus vehementis ubi erant sedentes alleluia et P-BRad Pastas More
| e = o kde (AN uitanian : iy L . . . ;
| Source - .., "P-BRs Ms. 034 | repente q repleti sunt omnes Spiritu Sancto loguentes magnalia Dei alleluia alleluia 051, 167v Details
| cantus ID - e.g.: "g00398" |
= ~ i o T Fili quid fecisti nobis sic ego et pater tuus dolentes quaerebamus te et quid est guod me P-BRad Pastas More
P Fili quid Aguitanian . , , o . . .
: Filter chants by text @ quaerebatis nesciebatis quia in his quae patris mei sunt oportet me esse 015, 023 Details

| e.q.. 'dominici' |

. ) o Justorum animae in manu dei sunt et non tanget illos tormentum malitiae visi sunt oculis P-BRad Pastas
. Justorum animae | Agquitanian e - . .
insipientium mori illi autem sunt in pace 013, Br Details
Clear results
.,
o Manducaverunt et saturati sunt nimis et desiderium eorum attulit eis dominus non sunt fraudati a P-BRad Pastas More
Manducaverunt | Aguitanian " o -~ .
desiderio suo 100, Bv Details
Other options
:. ............. ....... ............................................... . N Manducaverunt ef saturati sunt nimis ot desiderium eorum attulit eis dominus non sunt fraudati a b_BRad Pastas More
D Enable melisma highlighting Manducaverunt | Aquitanian L e - .
desiderio suo 169, v Details

Melisma(s) with at Ieast| 6 |notes in a syllable

: Martinus Abrahe | Aquitanian Martinus Abrahe sinu letus excipitur martinus hic pauper et modicus coelum dives ingreditur P-BRad Pastas More
D Show pitch/location/contour with each syllable 9 hymnis coelestibus honoratur 082, Bv Details

D Show Aquitanian in pitch value (only available

' z =z
=] =]
m 1]

for chants with detected mode) , L Mitte manum tuam et cognosce loca clavorum alleluia et noli esse incredulus sed fidelis alleluia P-BRad Pastas Mare
Mitte manum Aguitanian . .
: alleluia 028, Bv Details
D Enable modern rendition of chants (Verovio)
h ! —— Mitte manum tuam et cognosce loca clavorum alleluia et noli esse incredulus sed fidelis alleluia P-BRad Pastas
i Mitte manum Aquitanian — e

A. Search functionalities

PAM supports standard text- and metadata-based searches: users can retrieve chants by title
(text incipit), manuscript source, Cantus ID, or any segment of the associated liturgical text. In
addition to this, PAM supports very flexible melodic queries, allowing users to search for
melodic patterns either by note height or by contour.

1) Melodic patterns: Search by note height (pitch/location) and
the use of wildcards

. Aguitanian
domino orientem alleluia 089r

This type of query is notation specific: pealite psallte Domino qui ascendit super caelos caelorum ad | p-BRad Pastas 208,
Details

* Insquare notation, the query consists
of a sequence of pitch values
(@pname ValueS in MEl) Melodic Height Distribution Chart

* In Aquitanian notation, the query
consists of a sequence of integer
values indicating the note’s height
(or location) with respect to the . .
reference line (@ loc values in MEI) o e L

Psalli te Domi noquiascen ditsu percaeloscaelo rumad o

Chant Information

Modern Rendition

Psallite domino

The results are shown in the chant text . .
with purple triangular markings, and in i entemal 1o T ia
Verovio with the notes highlighted in

the same color.

Example of location-based query (Aquitanian): -1 0 1 3

CENTRO DE ESTUDOS EM
MUSICA

C|E|SIEIM

NOVAFCSH

FACULDADE DE CIENCIAS SOCIAIS E HUMANAS
UNIVERSIDADE NOVA DE LISBOA

Further flexibility in the melodic search is allowed with the use of wildcards. These
wildcard operators allow the queries to include arbitrary notes (. ), optional notes (?),
and repetitions (*).

Wildcard |Use Example Pattern Example Results
a gge
Arbitrary note a g e a gde
a g e e (and more)
a - a g e
: a e
? Optional note
a g e
a o a c e
a e (and more)
a e
Search for any number of a -
* repetitions (0 or more a e g
agge
occurrences)
a ggge (andmore)
Exact number of repetitions a e aggage
{} (it could be one number or a R . a gge
range) aggage

2) Melodic patterns: Search by contour

Two types of contour-based searches allow for different levels of precision:

* General contour: using characters to represent directions up (u), down (d),
same (s), and unknown (n)

e Specific contour: using integers values to indicate exact intervallic movement
(e.g., +2 -1 0)

The two contour-based approaches are applicable to Aquitanian and square scripts.

Both note-height- and contour-based searches allow for the exclusion of patterns
containing liguescent neumes, whether ascending, descending, or both.

B. Filtering tools

Filtering options allow users to refine results according to three criteria:
* Music script: Aquitanian, square, or (in future versions) Old Hispanic
* Ornamental figures: liquescent, quilisma, and oriscus

* Finalis: the final pitch of the chant, relevant for modal analysis

These filters can be combined to isolate subsets of chants sharing specific musical or
notational characteristics, as in the following example.

Search Filters Search Results

Filter chants with the following music script(s): Found 2 chants from the search options
Music

Aguitanian [:] Square D Old Hispanic
Title Text Source Options

Filter chants that have ornamental figure(s): Script
(No selection will display all chants)

Liquescent D Quilisma Oriscus Ecce virgo | Aquitanian Ecce virgo concipiet et pariet filium et vocabitur nomen ejus hemanuel P-BRadOF:}a;srtas on,

Fier chants by melodic patter

O Note pitches/Location (wildcards) @ Tu Aquitanian Tu mandasti mandata tua custodire nimis utinam dirigantur vie mee ad custodiendas | P-BRad Pastas 009,
Contour (melodic intervals) @ mandasti justificationes tuas 035r Details

[ ] \. J

Results of the search for Aquitanian chants that include both liquescent and oriscus ornaments

[ ] [ ] [ ] [ ]
Benedicite omnes angeli domini dominum hymnum dicite et superexaltate eum in
° secula P-BRs
Benedicite | o are Be(eef)ne(de)di(ga)ci(ge)te(fffded) om(g)nes(g) an(bc)ge(a)li(g) do(a)mi(g)ni(f) Ms. More
omnes do(aba)mi(gag)num(g) hym{g)num(g) di(bc)ci(a)te(gabecbba) et(a) 034, Details
su(bcb)per(g)e(a)xal(g)ta(fga)te(g) elefede)um(ed) in(effd) 330
se(gagfgaag)culegff)la(fe)

e Feature highlighting (for melismas,

Chant Information

ornamental neumes, melodic patterns) e st ams
* Melodic profile of the piece (which
includes its range/ambitus and finalis)
* Display of text and melody |
* Through Verovio o LT

 Orinthe chant text (with
pitch/location information
provided in each syllable)

* Display of pitch information for
Aquitanian chants, when the mode
is identified

 Mode identification for Aquitanian _ — , _

Example of melisma highlight, melodic profile, and

chants through an expert system display of text and melody within the chant’s text

Frequency

Ambitus

Modern Rendition

V. Conclusions and future work

 PAM bridges computational methods and musicological research

 Enables comparative analysis of chants in square and Aquitanian notations

e Supports identification and study of melodic variants across sources and traditions.

 Designed for scalability, PAM can be expanded to include more melodies and
notational styles, including Eastern neumes and modern staff notation

 Contribute to the reconstruction of historical plainchant transmission

 Future work includes corpus expansion and new notational systems (next up, Old
Hispanic)
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