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Abstract 

We describe the development of an XML representation, called TabXML, for encoding historical sources of lute 
music. These sources employ a special notation type, tablature, that is very hard to understand for non-lutenists. 
This paper discusses several issues in creating TabXML: 

1. what to represent: the notational meaning or the text of the tablature, and how to represent it; 
2. an analysis of the required text-critical markup; 
3. provisions for transcription to Common Music Notation and for music retrieval. 
The research is situated in the general context of digital critical editions of music. 
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1. Introduction 

This paper is a preliminary report on a project to define an XML markup language for encoding sources of lute 
music. It has a more generic aim, too, that is, to stimulate the development of a well-argued concept of digital 
critical editions of music. In our view, such an edition is best realised as an XML application. Others may be of a 
different conviction, but their solutions will also have to be able to deal with many of the problems described 
here. 

At a generic level, our research is concerned with scores, instantiations of musical works written down in 
music notation. Digitisation of musical notation was first attempted in the early nineteen-sixties. Its main 
purpose up to quite recently was typesetting, traditionally for paper publication but increasingly for online 
distribution in page-oriented layout. 

Exploitation of the information content of such encodings has been around quite a while. Scholarly 
applications include cataloguing, analysis and transcription (translation of one type of notation into another). 
Music information retrieval applications, which are widely researched at present, extend the use of musical 
information to the consumer domain. 

Despite the obvious analogy of music notation to text there is no musical parallel to the vigorous argument in 
literary studies about ‘ the critical edition in the digital age’  [2], and only a few researchers have used the com-
puter’s processing power to support critical editing of music. A generation back, Thomas Hall [7] experimented 
with stemmatics on the Masses of Josquin Desprez (c. 1440-1521); related experiments have been done 
comparing scores as graphic images [1]. Theodor Dumitrescu [5] has proposed a Corpus Mensurablis Musice 
“ Electronicum” ,1 featuring different views generated from an underlying XML representation of the musical 
source. Two recent projects may serve to illustrate the required functionality for digital critical editions of music: 

·  The Online Chopin Variorum Edition2 (OCVE), devised as a tool for comparing early editions and 
manuscript sources of the composer’s output, needs mechanisms for controlling and visualising variants. 

·  The Electronic Corpus of Lute Music3 (ECOLM), aiming at storing and making accessible to scholars, 
players and others, full-text encodings of lute tablature sources, needs mechanisms for recording and 
displaying scribal intervention, editorial emendation and normalisation in lute tablature sources, and for 
making the materials available to non-specialists. 

The research reported here is closely tied to the needs of the ECOLM project. 
Of the ‘open’—freely-available and fully-documented—music notation formats, several are able to handle a 

certain amount of text-critical information.4 Two of them are XML applications, MusicXML and MEI. 
MusicXML’s5 aim is to allow interchange of musical data between notation, analysis, performance and retrieval 
applications [6]. It supports notational features that are commonly used in critical editions of music, such as 
editorial accidentals and extra staves for alternative readings. 

Because of its interchange purpose, MusicXML concentrates on capturing the meaning of the notation; the 
textual aspect of music notation is considered secondary to the meaning. Consequently, the encoding can be 
strongly hierarchical, and certain information can be inferred. For example, accidentals preceding and dots 
following a note are descendants of the <not e> element. Notes in turn are descendants of the <measur e> 
element; usually the barline at the end of the measure is not encoded but inferred from the existence of the 
<measur e> element. 

This makes MusicXML less suitable for source encoding. The focus in this task is on the written text, which 
may contain ambiguities and errors that make its meaning less than obvious. In early notation, for example, dots 
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may belong to one note, or separate groups of notes; barlines may be misplaced, or be placed following another 
logic than ours but still contain important information. It is therefore dangerous to impose a strong hierarchy on 
the written text, as this assumes that the meaning of the notation is completely known. Moreover, such a 
hierarchy makes it hard to add a layer of text-critical markup that crosses element borders. The extreme solution 
is to use a representation that only binds together the properties of a single musical character (shape and 
position); the downside is that translation to a presentation format is much harder. 

The purposes of the TEI-inspired Music Encoding Initiative6 (MEI) are providing a platform-independent 
format for musical content and metadata, and interchange. While it differs in numerous ways from MusicXML, 
MEI has the same focus on notational meaning and therefore a similar hierarchical structure. MEI possesses one 
construction for text-critical markup: several readings of a passage (marked up as <r dg>) can be joined in one 
apparatus entry (marked up as <app>). This markup can only be applied to measures and larger units. 

1.1. Aim and organisation 

The specific problem we address in this paper arises in the context of ECOLM, and concerns the incorporation of 
text-critical information in the encoding of lute tablature. The solution we are developing is called TabXML. To 
fulfil its purpose, TabXML must meet the following requirements: 

·  it encodes the musical text of the source; 
·  it is compatible with the current encoding scheme, TabCode, described in section 3; 
·  editorial interpretations can be added; 
·  different views of the source (e.g. first scribe, final state, critical edition) can be generated from 

TabXML; 
·  (semi)automatic extraction of notational meaning is possible, allowing transcription, music retrieval and 

interchange with other music encoding languages. 
Additional requirements are: 
·  existing solutions are reused as much as possible; 
·  in particular, the text-critical markup must be as similar as possible to TEI, to facilitate the encoding of 

sources that contain both music and text; 
·  the text-critical markup can be generalised for other types of music notation and (partly) be integrated 

into other XML-based music encoding languages. 
This paper is organised as follows. First, lute music and its notation are described, followed by a description 

of TabCode, the current encoding scheme. Next follows the main contribution of this paper, a study of text-
critical features that occur in lute music, and an investigation of the suitability of TEI markup7 for encoding 
these. Then we briefly discuss the processing of the musical content, and finally we mention some conclusions 
and future work. 

2. The lute and its notations 

The Western European lute is an instrument of great significance in music history. From the end of the fifteenth 
century until the latter half of the eighteenth century, it ‘ remained one of the most widely used domestic solo 
instruments’ , with an extant repertory of nearly 60,000 pieces [8]. Yet the lute and its music play a 
comparatively minor part in current musicology: the music is not generally well known and its historical role 
rarely discussed. One reason for this is the notation that it uses, lute tablature. 

Tablature was widely used between about 1450 and 1800, principally for instruments of the lute family, but 
also for keyboard and other instruments. Tablature generally indicates, by graphical symbols, the finger-
placements necessary to perform the music, rather than the abstract ‘musical’  events that are recorded in 
common music notation (CMN). Since tablature notations are physical, instrument-specific instructions, they 
may be convenient for players, but very hard for others to read. 

We concern ourselves here with one form of lute tablature, known as French tablature (an example is shown 
in Figure 1). All lute tablatures indicate which course (i.e. string or pair of strings) to strike with the right hand 
and which fret on the instrument’s fingerboard to stop with left. In French tablature six ‘staff-lines’  represent the 
courses, and letters of the alphabet are then placed on a line to indicate the fret to use, a being an open string, b 
the first fret, and so on. The time separating one set of notes from the next is indicated using rhythm signs, based 
on those of CMN, placed above the notes. Since only one rhythm sign is possible at any time, explicit polyphony 
cannot be directly notated, nor can the duration of a note that is to be sustained while the next note is played. 
Repeated rhythm signs are usually suppressed. 

These core features of the notation might then be supplemented with, for example, signs indicating fingering 
and ornamentation placed close to the notes to which they apply. As the lute developed over time, it gained extra 
bass courses in addition to the six played on the fingerboard, taking the total number to anywhere between eight 
and fourteen. These bass courses are indicated by the placing of additional symbols beneath the staff, usually an 
a with optional slashes or a number. 
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M( C)  Qh1 |  Eh1Xa/  f 1 h2 h1 Qa1 h3Xa |  Qa1a6 Eh3 a1 Qh4 a1a6 |  
Qf 1a2Xa f 1a2Xa/  f 1d3Xa/ /  EX4 f 1 |  Qe1Xa/  
 
Figure 1. Example of lute tablature [10, fol. 3v], with CMN transcription and TabCode rendition 

3. Encoding tablature 

ECOLM employs a simple flat-text format called TabCode to encode the tablatures [3]. Since lute tablature is 
essentially sequential in nature, with one chord following another without notated overlap, the transformation to 
a stream of text is fairly straightforward and literal. 

TabCode, a sample of which is given in Figure 1, consists of a series of ‘ tabwords’  separated by white space. 
Each word begins with a character indicating the rhythm sign (the initial of the name of that sign: Q for quarter 
note, E for eighth, etc.), if present, followed by a letter-number pair for each symbol in the chord, with the 
number signifying the string and the letter the fret, as in the tablature. An X in a tabword separates bass courses 
from the others. Barlines are indicated using the pipe character ‘ |’ , and mensural signs, fingerings, ornaments and 
slurs have their own symbols—for clarity, these are not encoded or transcribed in this paper’s examples. 

Two approaches to TabXML are possible and offer different advantages. One is to consider TabCode as the 
flat text of the document, to which the text-critical markup is added. This is the ‘simple TabXML’  used for the 
experimental encodings in section 4. The other is to translate TabCode itself to an XML format and then add the 
text-critical markup layer. This approach is mainly useful when the content of the notation is processed, for 
example for transcription to CMN or for music retrieval. ‘Full TabXML’  is briefly described in section 5. 

4. Text-cr itical features and markup 

The source we studied for this research is the so-called London Manuscript8 [10] of the works of Silvius Leopold 
Weiss (1686-1750), one of the most important composers for the lute, and also one of the last. The manuscript is 
partly in Weiss’s hand; sections written by others contain corrections by Weiss. 

We scanned the manuscript for features that require text-critical markup. Subsequently, these were divided 
into three categories: 

1. problems in the source text: errors, missing or illegible information; 
2. variant readings: scribal corrections, improvements, or explications; 
3. changes to conform to modern usage. 
To investigate the suitability of TEI markup, we created a TEI (or TEI-informed) encoding for selected 

features. Note that the following is a non-comprehensive listing, and that features and markup have application 
in all music notation encoding, not just in tablature. 

4.1. Problems in the source text 

Most sources are imperfect, because of errors or physical damage. There are usually clear counterparts for these 
imperfections in verbal text, except that not only the symbols, but also their precise location is part of the text. 
We distinguish the following subcategories of problem in the source text. 
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TabXML (1): Qc3a4Xa d3<choi ce><si c>b4</ si c><cor r >b5</ cor r ></ choi ce>X4 
 
Figure 2. Pitch error (tablature b in second chord is on the wrong line) [10, fol. 31r], with corrected tablature, 
CMN transcription and TabXML encoding 
 
1. Errors. Figure 2 illustrates a very common type of error that is a consequence of the two-dimensional nature 
of music notation: the symbol is right but the placement is wrong. The error is easy to identify, as the 
uncorrected passage makes no musical sense. Another common error type is the occurrence of a wrong symbol 
(letters, rhythm signs, or other). 
2. Missing information. Missing duration symbols are often easily noticed, as they usually cause a syntactical 
error: i.e. wrong measure length. Missing pitches generally do not cause such an error: detecting them is a matter 
of expertise and there is often more than one solution. 
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TabXML (2): E. b2c4c6 S<suppl i ed>a</ suppl i ed>2 Eb2c4d6 
TabXML (3): E. b2c4c6 S<suppl i ed r eason=” bl ot ” >a</ suppl i ed>2 Eb2c4d6 
 
Figure 3. Illegible symbol in second tabword [10, fol. 13r], with corrected tablature, CMN transcription and 
TabXML encoding 
 
3. Unclear  or  illegible information. Example 3 shows a blot where a letter is expected. Assuming that the letter 
is underneath and given the size of the blot, candidates are a, c, and e. Of these candidates, only a makes musical 
sense, as shown in the transcription. 
 

   
TabXML (4): Qc1<add>a6</ add><del >a7</ del > d3 
TabXML (5): Qc1<subst ><add>a6</ add><del  r end=” par t l y over wr i t t en,  not  
cancel l ed” >a7</ del ></ subst > d3 
 
Figure 4. Simple scribal correction [10, fol. 60v], with CMN transcription and TabXML encoding 
 
4. Simple corrections. Often mistakes in the source were immediately corrected by the scribe. One such 
example is shown in Figure 4. In the first chord, the a below the bottom line was a mistake that was cancelled by 
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partly overwriting it with an a on the line. These corrections belong to a single layer of the text and are therefore 
very different from the ones described in section 4.2. 
5. Damage to the medium. This may vary from local damage to the page to that affecting several leaves or 
quires. In the London manuscript of Weiss©s works, for example, a whole leaf from within an autograph sonata 
(presumably itself copied by Weiss) was removed; fortunately, it was replaced by one containing the missing 
music in the hand of the other main copyist [4]. 

Encodings 

Experimental XML encodings are shown below each of the tablature examples. Note that we prefer to mark up 
the combination of symbol and position as these together constitute the smallest unit of notational information. 
There is only one deviation from the proposed TEI P5 markup: encoding 5 wraps the <add> and <del > 
elements in <subst >, indicating the substitution relationship between the two.9 Generally, no attributes are 
shown: when this is desirable, these can be used for more precise description of the situation, as shown in 
encoding 3. For type 4, the <cor r > element can be used. For type 5, elements <damage>, <suppl i ed> and 
<uncl ear > are suitable. 

4.2. Var iants 

Variants to the text of a musical work might be found in various places: as another layer in the same text, as 
fragments located elsewhere in the same source, or in a different physical source. Large-scale works are an 
intermediate case as these are often preserved as a full score and separate parts. Even when these clearly belong 
together interesting variants may occur between them (J.S. Bach sources are famous for this). We can also make 
a functional distinction between variants. 
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TabXML (6): Ec1Xa/ /  a1 c1 <add hand=” wei ss” >f 1</ add> a2 b2 
TabXML (7): Ec1Xa/ /  a1 c1 <app><r dg><add hand=” wei ss” >f 1</ add></ r dg> 
<r dg><del  hand=” ot her ” >f 2</ del ></ r dg></ app> a2 b2 
 
Figure 5. Correction in Weiss’s hand [10, fol. 19r], with CMN transcription and TabXML encoding 
 
1. Correction. Figure 5 shows an inline correction in the first measure, clearly in a different hand—compare the 
two fs. Even though the original note was erased, the difference with the situation described in section 4.1 is that 
here there are potentially ‘ two different ways of understanding the text’ ,10 whereas above there is only one. 
Larger-scale corrections in the manuscript include cancelled measures, for which replacements are written on 
another page, and multi-measure insertions. 
 

 a)    b)  
TabXML (8): <app><r dg var Seq=" 1" >Qc1c2d3c4c5X5</ r dg><r dg var Seq=" 2"  
cause=” expl i cat i on” >X5 c5 c4 d3 c2 c1 c2 c1 d3 c2 c4 d3 c5 c4</ r dg></ app> 
 
Figure 6. Explication [10, fol. 56v], showing arpeggiation and fingering of the chord 
 
2. Explication. Music notation is often schematic, and most early music was supposed to be somehow 
elaborated in performance. Ornaments would be added in addition to those already given in the source, rhythms 
could be altered and chords arpeggiated. What unites these is that they would never be done twice in exactly the 
same way. Occasionally, composers would give example realisations, as a suggestion of a possible performance. 
Figure 6 shows such an explication, which appears elsewhere on the page and includes fingering. 
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3. Alternatives. Alternative versions may be given for a variety of reasons. One type of alternative is the so-
called ossia, an extra staff providing a simplified reading for a technically challenging passage, which is often 
encountered in piano music. In the London Manuscript (fol. 56v), there is the curious case of a incomplete 
alternative ending to a prelude, possibly showing how it might modulate to another tonality. 
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TabXML (9): 
Ee1a2<app><r dg hand=” ear l y” >d7</ r dg> 
<r dg hand=” l at e” >X5</ r dg></ app> 
 
Figure 7. Adaptation for 13-course lute, original characters preserved [10, fol. 1v], with CMN transcription 
(notes added later are in parentheses in the transcription) 
 
4. Adaptation. In adaptation, the musical content is revised. This may happen for various reasons. For example, 
up to 1717, Weiss used an eleven-course instrument. In that year he acquired a thirteen-course instrument. He 
adapted some of his works to the new instrument. Figure 7 shows this was done, by replacing some characters by 
5 or 6 for the new courses. The older symbols were retained in these measures, in other places they were deleted. 
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TabXML (10):  
<app><r dg hand=” ear l y” >Ee2Xa/ / /  c2 a2 c2 e2a5 c1 |  QFc5</ r dg> 
<r dg hand=” l at e” >Ee2Xa/ / /  c2 Qa2 k1 |  H. h3a6</ r dg></ app> 
 
Figure 8. Recomposition [10, fol. 10r], with CMN transcription of later version 
 
Another option is actual recomposition. Figure 8 shows an example of this: it is the end of the first section of a 
minuet, which is to be repeated, skipping the last four notes of the second measure. Later, Weiss wrote a new 
ending for the repeat at the bottom of the page, not only leaving out the notes that lead back to the beginning, but 
altering the musical content of these measures. 
Recomposition can be carried much further than local revision. Up to at least the end of the eighteenth century, 
works were habitually adapted to suit circumstances, resources, and qualities of the performers. In relatively few 
cases in early music can we actually be confident that a composition ever reached its final state (as opposed to its 
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last surviving state), which makes access to compositions in all their surviving versions essential for studying 
and understanding them. 

Encodings 

Experimental XML encodings are shown below each of the tablature examples. Encoding 6 is very similar to a 
scribal addition, except the use of the hand attribute. Encoding 7 renders the hypothetical situation that the error 
was an f on course 2—and legible. This markup shows that two successive versions of the text have existed. The 
markup is also distinctive from encodings 8 and 9, where the later variant does not necessarily cancel the earlier 
one. In fact, all types in this category may require use of <app> and <r dg> elements. This markup thus covers 
a variety of meanings, which then must be differentiated by suitable attributes. On the other hand, the types may 
be hard to distinguish in practice. 

We have not covered the encoding of variants from different physical sources. Because of the generally 
unfixed state of early musical works, differences may be considerable, including major ‘structural’  changes. We 
suspect that this will make the encoding process quite hard and probably not worth the effort. A better strategy 
seems to be to encode such versions separately and to develop an adequate linking mechanism. 

4.3. Changes to conform to modern usage 

Given a source that is completely legible and error-free, it may still need adaptations in order to conform modern 
usage or indeed usability. Tablature itself is a dramatic example of this: even most professional musicians would 
need a translation into standard music notation in order to understand it. We distinguish the following sub-
categories. 
1. Adaptation to modern notational conventions. Examples include normalisation of barlines, and writing out a 
first and second repeat (see Figure 8). Given a good source-text and suitable markup, adaptation is a many-to-
one process, that (in principle) can be done algorithmically. 
2. Realisation of abbreviations, notably ornament-signs. In printed scores, ornaments are usually left as they are, 
providing an explanatory table when necessary. For automatic analysis and retrieval they may need to be 
expanded. 
3. Inference: supplying information about the musical content that is—at best—implicit. This is a one-to-many 
or a many-to-many process, where knowing the context is vital for assessing the possible alternatives. It may be 
desirable to specify alternatives, or to recommend one. Examples pertinent to lute tablature are pitch spelling, 
note duration and voice leading. The most notorious example is the addition of musica ficta to Medieval and 
Renaissance music, where the task is to provide additional sharps and flats to the score that used to be added on 
the fly, in performance. Inference is necessary for any form of musical content processing, translation to CMN in 
particular. 
 
<choi ce> 
 <or i g>QFc2a6 Ea3 c3 e3 a3 : | | : </ or i g> 
 <r eg>( T+\ 1)  Qc2a6 Ea3 c3 e3 a3 : | |  ( T+\ 2)  Fc5a6 | | : </ r eg> 
<choi ce> 
 
Figure 9: Normalisation of notation, encoding the left (older) layer of the tablature shown in Figure 8. Note fol. 
10r, encoding of older version, with normalisation of notation. 

Encodings 

One attempt at adaptation is shown in Figure 9, using standard TEI P5 tagging (<or i g> and <r eg>,  wrapped 
in a <choi ce> element). The TabCode fragments ( T+\ 1)  and ( T+\ 2)  indicate the first and second repeat 
signs. For clarity, we have chosen to encode the entire normalisation, involving adaptation of durations and 
barlines, and insertion of a tabword, as one editorial intervention, rather than a series of smaller ones. For 
realisation, the <abbr > and <expan> elements seem best suited. A possible solution for inference is discussed 
in section 5. 

5. Transcr iption 

The aim of ECOLM is to provide access to lute tablature, for non-lutenists in particular, which means that 
tablature must be transcribed into CMN and/or made audible. A full version of TabXML should therefore be 
able to record transcription information, so that this can be created once. This requires breaking up the tabwords 
into XML elements to which additional data can be added. 

Our first goal was a proof-of-concept translation of TabCode into MusicXML. First, a Perl script translates 
TabCode into full TabXML phase 1. Another Perl script parses the TabXML into a DOM tree, interprets the 
duration and determines the pitch from the course/fret combination. The output is stored as TabXML phase 2. 
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An XSLT sheet then converts the TabCode into MusicXML. Finally MusicXML is imported into the Finale 
music printing program11 to create a simple CMN version. Experiments have shown that it is feasible to add text-
critical markup to TabXML; another XSLT sheet is then used to create a particular view of the tablature before 
converting it into MusicXML.12 

6. Conclusions and future work 

Not all of the requirements from section 1.1 have been realised as yet. Bearing in mind that the above survey of 
text-critical features is only tentative, it seems that the TEI tagsets for transcription of primary sources and for 
critical apparatus can be used for marking up for musical sources with only few changes. 

An important problem in tablature is the inference of musical meaning needed for different forms of access. 
Its derivation is not the subject of this paper—but if we want to preserve inferences for later use, it is necessary 
to extend TabCode to a full XML representation. This representation must also include metadata and basic rules 
for interpreting the tablature. We have demonstrated that our current representation is complete enough for 
primitive transcription into CMN. 

Future work includes analysis of other sources, testing, and specification of document model(s) in DTD 
and/or RELAX-NG. Manually marking up tablatures is clearly not efficient. A dedicated editor for TabCode has 
already been created by Christophe Rhodes [9]; support for text-critical markup will be added to it. 

Finally, experiments are foreseen with other types of early music notation in collaboration with the MEI 
project. The ultimate result may be that musical sources can be treated as another document type in TEI, with its 
own base tag set. 
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