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“by the year 2000 […], we should be able to transcribe, 
publish, analyze, and interpret the whole surviving corpus of 
historical music. That would leave room for only two kinds of 
musicologists: one group to predict what's the composers will 
do next, the other group […] to check up on the accuracy of 
the predictions. 

The rest of us could retire to Tahiti.”

Jan LaRue, ‘New directions for style analysis’, Musicology and the Computer 1966-2000 (New York, 1970)

Utopian digital musicology



Pragmatic Digital Musicology

● Humanities data is messy and complicated

● Corpus building is never complete

● User needs, computable algorithms and music theory seldom align

● Embrace (but evaluate) imperfection

● Adopt iterative strategies robust to changing data and systems



I. Corpus building



The Electronic Corpus of Lute Music (ECOLM)

Phase I

Manual data entry (c. 250 pieces)

Phase II

Manual and corrected OMR (c. 850 pieces)

Phase III

Crowdsources corrected OMR (c. 1600 pieces)



The Electronic Corpus of Lute Music

>70,000

Musik für Lauteninstrumente (Steur & Lutz)

ECOLM

<2,000

UK Lute Society 
Music Supplements
(John Robinson)

<8,500

Accessible Lute Music
(Serge Gerbode)

c.20,000

c. 68,000



Pragmatic corpus building

What sustainable steps can we take to make these useful to digital 
musicology?

How do we do this sustainably with the resource creators?

What happens when the resource creator stops?



II. Search
Exploring renaissance music at scale with F-Tempo

Working with Golnaz Badkobeh and Alastair Porter



Full-text searching of musical scores

There is a shortage of large collections of machine-readable music notation…

 … but there is an increasing amount of digital images of music notation 

Just as Google Books uses Optical Character Recognition (OCR),

 … we can use Optical Music Recognition (OMR)



F A A G F G A BNote-names:

Clef

Rest



Optical Music Recognition (OMR)
There are two types of errors that have a lasting effect:

1. Rhythmic errors (everything afterwards is offset in time)
2. Clef errors (everything afterwards is offset in pitch)

Workarounds:

1. Ignore rhythm
2. Use relative pitch (intervals) – and ignore accidentals (‘diatonic pitch’)



Cipriano de Rore (1515-65), 5-voice madrigal, ‘Cantiamo lieti’, Canto part-book (Venice, 1563) 



B – a a A A A

2  0 -1 -1  1  1  1

Note-names:

Intervals:

Encoding:

F A A G F G A B



Searching Music and Music Information Retrieval (MIR)

Searching music is complicated because music is a complex phenomenon

Music happens in our heads

What is music similarity? No-one agrees!

No surprise - there are probably as many kinds of musical similarity as people



Passage-Level Retrieval for Music
Given a large collection of images, from music libraries around the world, we want 
to be able to do two main things: 

1. Find pages of music similar to a query page (document-level retrieval)
2. Find occurrences of a musical pattern in the collection (passage-level 

retrieval)

Each page has ~100 notes 
We have 557k page images with 58 million notes

This demands indexing because of scale. Close analogy with Google Books, but 
indexing musical content, not text





Cipriano de Rore (1515-65), 5-voice madrigal, ‘Cantiamo lieti’, Canto part-book (Venice, 1563) 



B-aaAAAaBa-aaaaAA-B-a--b-AbAAAcBAA-abAb-Aa-aAAbDbAaAaaaaAD-ac--CbBaBb--bAbaC--AA--AA
bAa-aA--B-aabAAAabD--b-aCaaa-bA-A-B---aa-aaaAAC-abD-a-a--aAAAAAdA-baCa-bCAAb-aaaE



B-aaAAAaBa-aaaaAA-B-a--b-AbAAAcBAA-abAb-Aa-aAAbDbAaAaaaaAD-ac--CbBaB

b--bAbaC--AA--AAbAa-aA--B-aabAAAabD--b-aCaaa-bA-A-B---aa-aaaAAC-abD-

a-a--aAAAAAdA-baCa-bCAAb-aaaE

We can split the string into smaller units for indexing
A simple distance measure is how many are shared between the 
query and each document

B-aa 4

Length ngrams

-aaA aaAA aAAA AAAa 

Ngrams



B-aaAAAaBa-aaaaAA-B-a--b-AbAAAcBAA-abAb-Aa-aAAbDbAaAaaaaAD-ac--CbBaBb--bAbaC--AA--AAbAa-aA-
-B-aabAAAabD--b-aCaaa-bA-A-B---aa-aaaAAC-abD-a-a--aAAAAAdA-baCa-bCAAb-aaaE

4 - 10grams (first 6 of each length): total is 1113 ngrams

4: B-aa -aaA aaAA aAAA AAAa AAaB ...

5: B-aaA -aaAA aaAAA aAAAa AAAaB AAaBa ...

6: B-aaAA -aaAAA aaAAAa aAAAaB AAAaBa AAaBa- ...

7: B-aaAAA -aaAAAa aaAAAaB aAAAaBa AAAaBa- AAaBa-a ...

8: B-aaAAAa -aaAAAaB aaAAAaBa aAAAaBa- AAAaBa-a AAaBa-aa ...

9: B-aaAAAaB -aaAAAaBa aaAAAaBa- aAAAaBa-a AAAaBa-aa AAaBa-aaa ...

10: B-aaAAAaBa -aaAAAaBa- aaAAAaBa-a aAAAaBa-aa AAAaBa-aaa AAaBa-aaaa ...

Length ngrams



B-aaAAAaBa-aaaaAA-B-a--b-AbAAAcBAA-abAb-Aa-aAAbDbAaAaaaaAD-a
c--CbBaBb--bAbaC--AA--AAbAa-aA--B-aabAAAabD--b-aCaaa-bA-A-B-
--aa-aaaAAC-abD-a-a--aAAAAAdA-baCa-bCAAb-aaaE

Absent Words

Absent Words (AWs): letter sequences that do not appear (v. many)
Minimal Absent Words (MAWs): AWs all of whose substrings do appear (few)
Example:

--a-



B-aaAAAaBa-aaaaAA-B-a--b-AbAAAcBAA-abAb-Aa-aAAbDbAaAaaaaAD-a
c--CbBaBb--bAbaC--AA--AAbAa-aA--B-aabAAAabD--b-aCaaa-bA-A-B-
--aa-aaaAAC-abD-a-a--aAAAAAdA-baCa-bCAAb-aaaE

Absent Words

Absent Words (AWs): letter sequences that do not appear (v. many)
Minimal Absent Words (MAWs): AWs all of whose substrings do appear (few)
Example:

--a- = --a



B-aaAAAaBa-aaaaAA-B-a--b-AbAAAcBAA-abAb-Aa-aAAbDbAaAaaaaAD-a
c--CbBaBb--bAbaC--AA--AAbAa-aA--B-aabAAAabD--b-aCaaa-bA-A-B-
--aa-aaaAAC-abD-a-a--aAAAAAdA-baCa-bCAAb-aaaE

Absent Words (AWs): letter sequences that do not appear (v. many)
Minimal Absent Words (MAWs): AWs all of whose substrings do appear (few)
Example:

Absent Words

--a- = --a + -a-



B-aaAAAaBa-aaaaAA-B-a--b-AbAAAcBAA-abAb-Aa-aAAbDbAaAaaaaAD-ac--C
bBaBb--bAbaC--AA--AAbAa-aA--B-aabAAAabD--b-aCaaa-bA-A-B---aa-aaa
AAC-abD-a-a--aAAAAAdA-baCa-bCAAb-aaaE

MAWs of length 4-10: total is 328 MAWs (none longer than 7)
4: ---- --a- a--- ---A --A- -A-- A--- aa-- a--A --Aa -A-a A--a A-a- Aa-- -A-A aaA- -aAa aA-a aAa- aA-A 
-Aaa A-aa Aaa- -AaA A-aA AaA- -AAa A-Aa AAa- -AAA A-AA AA-A AAA- aaAa aAaA aAAa AaaA AaAA AAaa AAaA aaab aAab 
aAaB Aaab AAAb aAAc AAAC aAAd AaAD AaaE a-ab aA-b aA-B -Aab Aa-b -AaB A-Ab AA-b AabA AAba AaBb aabD a-ac a-aC 
A-ac A-aC -AAc -AAC -aAD -AAd -aaE --ab -a-b a-b- a--B --Ab -A-b -Ab- A--b A-b- Ab-- a-ba abA- -Aba A-bA AbA- 
abAa aBaB AbAb A-bC -AbD AbD- abDb --ac --aC -aC- a--C A--C AC-- aC-a AD-- ---b -b-- b--- ---B --ba b--a b-a- 
b--A b-A- bA-- B--a Ba-- B--A b-aA -bAa bA-a -bAA b-AA bAA- B-aA bAaa bAAa BAAa BAAA bAab bAaB bAAb BAAb bAAc 
bAAC BAAc BAAC bAAd BAAd b-ab bA-b bA-B B-ab Ba-b bAbA BaBa bAbD b-ac B-ac B-aC b--B B--b B--B bBa- Bb-a Bb-A 
--bC b--C B--C c--- ---C C--- c--a c--A C--a C-a- Ca-- C-aa Ca-a Caa- C-aA CAA- CaaA CAAa CAAA Caab CAAc CAAC 
CAAd CaaE C-ac C-aC c--b c--B C--b C--B C--C D--- dA-- D--a D--A dA-a dA-A D-aa D-aA dA-B D-ab D-aC D--B DbA- 
DbAA DbAb D--C

5: ---aA --aA- --aaa -a-aa -aaa- a--aa a-a-a a-aa- aa-a- --aaA -a-aA -aAA- aA--A aAA-- Aa-a- -AA-a aaa-a 
aaaa- a-aaA aa-aA aAA-a Aa-aa Aaaa- aaaaa AaaaA AAAAa aaAAb aAAAc AAAAc aAAAd aaaaE AaaaE a-aab aAAb- aAAbA 
-aAAC -aaAD --aab -aa-b -AAb- -AA-B AA--B AAb-A AAbAA aabAb aa-bC A-abD -AAbD a--bA -abAA -AbAa AbAaA a-bAb 
Ab-Ab abAba Ab-aC AbaCa -aCa- AD-a- --B-- --bA- -b-aa b-aa- -b-Aa B-a-a B-aa- Ba-a- BAA-- b-aaA B-aaa Ba-aA 
bAAAA bAAAd b-aab BAA-B -bAb- bAb-a -baC- baCaa b--b- bD-ac Caaaa CaaaA CaaaE CAAbA CAAbD C-abA Ca-bA D-a-- 
D--bA DbAa-

6: A--AA- -aaAA- a-aAAA -aAAAa aaaAAA aaAAAA AAAAAA aAAAab aAAAAd -aaAAC -aaaAD a-aaaE --aAAb a-a--b 
AA-B-- AabD-a a--b-a -A-B-a A-B-aa AbAAAa abAAAc -abD-- --B-a- B-a--a -B-aaA b-aaaa b-aaaA bAAAaB C--AAb 
D--b-A

7: -Aa-aA- -aaaAA- aa-aaaa AaaaaAA aaaaAAC -aaaaAD bAa-aAA Ba-aaaA



Uploaded image Best match in 
database

User-interface: Find same music but different page-layout



Uploaded image Best match in database

User-interface: Unknown item search - image uploaded by user



French chanson, ‘Vous 
perdez temps’ by Arcadelt 

(in database)

Best next match in database: Italian 
madrigal, ‘Non ch’io non volgio’ by 

Arcadelt

User-interface: Unexpected ‘concordance’: Same music - different work title and text



Instrumental recercar by 
‘Unknown composer’ 

(Incerto Autore)

Best next match in database: ‘In die 
tribulationis’ by Damianus

User-interface: Identify composer for a previously anonymous work



A well-known madrigal by Cipriano da Rore, ‘Ancor che col partire’, Cantus part



Extending this

● Index whole library collections directly through IIIF

● Index digital scores (such as CPDL)

● Index polyphonic and embellished sources (tablatures) - currently hard



III. Musicological close readings

Working with many people (Kevin Page, David Weigl, Johannes Kepper, Mark Saccamano, …)



Utopian approaches?

https://docs.google.com/file/d/1ujQE4EVkJmYxixxep52gfc80gCv3wkC5/preview


Musicological research…

● …may start with no clearly-defined corpus

● …may build up incrementally

● …may work with an expanding, changing corpus

● …may work with evolving methodologies 



Incremental approaches to tooling…

● Support tool chaining via data standards

● Design data assembly into the research process

● Accept mixed, imperfect, changing data



https://docs.google.com/file/d/1wXA10z8FbJ0WEDsDFa4kHuY_oD4dT6j6/preview


Musicological research…

● …may start with no clearly-defined corpus

● …may build up incrementally

● …may work with an expanding, changing corpus

● …may work with evolving methodologies 
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