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CHAPTER I: INTRODUCTION  

 

Problems, Research Question, and Methodology   

 

 

1.1 Introduction: The ‘limitations’ of tablature 

The notational system for lute music, tablature, is radically different from our modern staff-based 

music notation. As a result of its function – it is more a direct playing instruction that tells the 

player where to put his fingers and which courses to strike than an abstract way of notating 

musical parameters (pitch, rhythm, dynamics, etc.) as are other notational systems – it is, to 

modern eyes, somewhat limited. From a current music-analytical perspective, its most 

problematic shortcomings are its incapability to distinguish between enharmonically equivalent 

pitches, and its lack of means to indicate the polyphonic structure of the music it encodes. The 

former will be left out of consideration in this thesis because, from an algorithmic point of view, 

this problem is already solved.1 Rather, the focus will be on the second shortcoming, which is a 

direct result of its limited means for indicating rhythm. In tablature, it is only possible to notate 

the rhythmic value of successive vertical ‘events.’ The system does not offer the means to 

indicate (i) the rhythmic value of each individual note, and (ii) to which voice-part each individual 

note belongs. Both of these ‘note properties’ are essential to be able to visualize the polyphony; 

also, both are supplied by ‘mensural’ forms of music notation such as our modern music 

notation. Thus, when one simply views a piece written in tablature the polyphonic structure 

remains obscured.2  

However, apart from some (early) examples of instrumental music, the manner of 

notating polyphonic music in a score (i.e., with the separate voices lined up vertically on one or 

more staves) as we know it today did not exist yet when a polyphonic style of lute music arose 

during the last decades of the fifteenth century. Instead, polyphonic music was written in parts: 

rather than being vertically aligned, each voice – be it vocal or instrumental – was assigned a 

separate section on the paper or parchment (choirbook notation), or even notated in a separate 

booklet (partbook notation). In fact, tablatures for fretted, stringed and keyboard instruments, in 

which the separate voices of polyphonic music were combined for solo instrumental

                                                 

1 See, for example, David Meredith’s pitch spelling algorithms. An overview of his work on this subject can be 
found on http://www.titanmusic.com/papers.php (acc. 24 Aug. 2008). 
2 This thesis is not the place to discuss sixteenth-century lute tablature in detail; a short overview of the 
different systems and their basic principles, however, can be found at the end of this chapter. 
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performance can be considered to be among the earliest forms of frequently used ‘scores.’3 In The 

New Grove Dictionary of Music and Musicians, tablature is defined as “a score in which the voice-parts 

are ‘tabulated’ or written so that the eye can encompass them. . . . The term is . . . used for a 

condensed score in which two or more voice-parts are written or printed on a single staff or 

comparable area of the page.”4 Thus, although often considered an incomplete manner of 

notation today, it must be noted that by (fifteenth- and sixteenth-century) lutenists, tablature was 

not considered a limitated notational system. On the contrary: it was the closest one could get to 

what we would now call a polyphonic notation. Moreover, these musicians, being ‘immersed’ in 

the musical practice of their day – they used tablature both actively (by writing it) and passively 

(by reading it) – did not need a form of notation that explicitly renders every musical parameter 

to understand the polyphony as ‘encoded’ in the tablature, as does the modern musician: they 

knew how to interpret this succinct notation and thus were able to reveal a piece’s polyphonic 

fabric aurally. It is important to realize, however, that a piece written in tablature in most cases is 

multi-interpretable: two different performers may understand a tablature differently, and both 

interpretations may be equally valid. There is, in other words, not one single ‘solution’ the 

performer is trying to reveal. We will get back to the multi-interpretability of tablature in due 

time.    

The issue of multiple interpretations, and hence the chimera of the edition (i.e., the 

existence of one single interpretation that flawlessly reproduces the meaning of the original 

notation), applies to the modern editor of lute music as well. Unlike the performer, the editor 

seeks to transform the notation not into sound, but into another notational system – one which 

does supply a visualization of polyphony: modern music notation. However, in order to achieve 

their objectives (a rendition in sound and a rendition in writing, respectively), both the 

performer’s and the editor’s task is basically the same: they must first unravel – (re)construct – 

the polyphony by discerning the separate voices. In other words, and it is important that this is 

stressed once more, the crucial factor in devising a polyphonic rendering is the editor’s (or 

performer’s) capability to read the ‘blur’ of symbols that is the tablature and to extract individual 

voices from it.  

                                                 

3 Only in the course of the sixteenth century, score notation became more common in both instrumental and 
vocal multi-part music. See also David Charlton and Kathryn Whitney, “Score,” The New Grove Dictionary of 
Music and Musicians, ed. Stanley Sadie, 2nd ed., vol. 22 (London: Macmillan, 2001) 895: “From about 1225, the 
development of the motet prompted a . . . choirbook layout, in which each voice occupied a different area of 
the page; such principles were still to govern the design of Dowland’s First Booke of Songs or Ayres in 1597. 
However, the modern concept of a score is shown to have been in existence as early as the 14th century by 
surviving manuscripts of instrumental music which employ two staves and regular bar-lines. . . . In vocal music, 
however, no manuscript scores have been found that date from before 1500: the first known example is datable 
not later than 1560.”  
4 Dart, Morehen, and Rastall 905. 
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It is exactly this process of interpretation and voice extraction that, in the light of this thesis, is of 

interest. In abstracted form, it can be described as a number of steps undertaken to reach, from a 

certain starting point (the tablature, with its polyphony still obscured), a certain goal (a 

polyphonic transcription in modern music notation). In other words: it can be described as an 

algorithm. By analyzing what exactly these steps are, it must be possible to develop an algorithm 

that emulates the interpretational processes of voice extraction from tablature. Studies in the 

fields of music perception and cognition have already yielded fairly profound insights into these 

processes, and ‘general’ algorithm for voice extraction based on this knowledge have already been 

developed as well. As we will see, both will prove to be useful for the current research. By 

implementing this algorithm as a computer program, then, the process of voice extraction can be 

automated. As stressed before, voice extraction is the crucial step in creating a polyphonic 

edition. If we want to automate the process of creating a polyphonic edition, a program must be 

designed and developed that is, first of all, capable of isolating the separate voices. Put differently: 

algorithms for automatic voice extraction should always form the basis for algorithms for 

automatic polyphonic transcription of lute tablature. 

 

1.2 Restrictions imposed and research question 

For reasons of time and space, this thesis shall have to be restricted in two ways. First, it will 

remain purely theoretical: it deals only with the design of an algorithm and, to a lesser extent, a 

computer program, for automatic transcription. The actual development of the algorithm (i.e., its 

implementation as a computer program) is a step that belongs to the field of computer science, 

and is therefore left open for future research. Moreover, the emphasis will be on the design of 

the algorithm; a short description of the computer program – in which is discussed what it is 

expected to do and how the user is expected to use it and interact with it – is presented only very 

briefly in the last chapter.  

Second, it will not be possible to develop algorithms for use in the entire corpus of 

polyphonic lute music here. Polyphonic lute music existed for some three centuries – roughly the 

sixteenth, seventeenth and eighteenth century – and thus traverses multiple style periods. These 

style periods each require their own approach: their music is based on different sets of rules, and 

the algorithms must reflect these differences. Investigating the entire corpus will be simply too 

much for now; rather, this thesis will focus on one particular genre of lute music: the 

intabulation. A short digression on sixteenth-century lute music may be elucidating here. As 

mentioned briefly above, a polyphonic lute style – which necessitated the ‘invention’ of lute 

tablature – arose in the last decades of the fifteenth century, when lutenists abandoned the older 
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habit of playing with a plectrum in favor of playing with their right-hand fingers.5 The earliest 

compositions for the ‘polyphonic’ lute fall apart into roughly four categories. The first three 

encompass variations, dances, and contrapuntal compositions such as fantasias and ricercares; the 

majority of early polyphonic lute compositions, however, consists of intabulations – 

arrangements “for keyboard, lute or other plucked string instrument of a vocal composition . . . 

written in tablature.”6 The preponderance of intabulations in the lute repertory straddling the turn 

of the century and that of the decades thereafter can hardly be called a surprise: an enormous 

repertory of polyphonic vocal music, both sacred and secular, was already there and had been 

ready and waiting, so to speak, to be addressed.  

However, its prime position in sixteenth-century lute music is only one reason why 

intabulations were chosen as a research subject for this thesis. The second, and more important 

one, is of practical nature. Intabulations are actually very suitable for testing algorithms for voice 

extraction since they are one of the few types of lute works – perhaps the only – whose 

polyphonic fabric need not be reconstructed from scratch: it is readily available in the vocal 

model of the piece, whose voices are notated separately.7 As a consequence, these models can 

serve as reference points when the algorithms are tested. This assertion is valid only, however, if 

it can be proven that intabulators indeed attempted to preserve the polyphonic fabric of the 

models they were arranging. The New Grove entry on ‘intabulation’ points in this direction:  

 
In general, intabulations from the 14th century to the 16th incorporate all or 
almost all the voices of the vocal composition into the arrangement, although on 
occasion less important voices are omitted, several voices are combined into one, 
or chords and even whole passages are redistributed to make them fit better under 

                                                 

5 See Wachsmann et al. 336. Of course the question remains whether lute music became polyphonic because 
lutenists started using their right-hand fingers, or whether lutenists started using these fingers because lute 
music had become polyphonic – what is certain, however, is that the character of lute music, which up until 
then had been mainly monophonic changed considerably during these decades. 
6 Brown, “Intabulation” 473. See also Brown, “Importance” 2: “The collections published in the 1530s, 1540s, 
and later, . . . those published in Spain setting down the repertory of the vihuelists, and almost all similar 
anthologies and series of anthologies published during the rest of ther century in every country of westerrn 
Europe, show us that the principal kinds of music cultivated by solo players in the 16th century consisted, in fact, of 
arrangements of every known genre of vocal music, to which the solo virtuosi added relatively few autonomous 
instrumental compositions of their own devising – chiefly fantasias and ricercares – and some dances.” 
Emphasis mine. 
7 Next to intabulations, lute arrangements of works for other polyphonic instruments (organ, harpsichord, 
string instruments) were also devised. However, since these works were written down in some kind of tablature 
as well – after all, tablature was ‘invented’ precisely to enable a soloist performance of multiple parts – the 
polyphonic fabric of these works is generally not as transparent as that of ensemble music (be it vocal or 
insturmental), in which the individual voices are notated separately. Thus, although the availability of a model that can 
be used as an aid in reconstructing the polyphony of the lute tablature is a quality that is shared by all lute 
arrangements, it is exactly the fact that in ensemble music the voices are notated separately that makes 
intabulations, rather than other lute arrangements, best suited for our purpose. 
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the hands of a single player. Almost invariably, the arrangements are enriched by 
more or less extensive embellishment.8 
 

As we will see in Chapter II, in which I will delve deeper into this subject, there is little doubt that 

preservation of the polyphony was of importance to the intabulators.  

To summarize: because of the reasons mentioned above, intabulations are an excellent 

starting point in an investigation of the design of algorithms for automatic polyphonic 

transcription of lute music. Moreover, if the outcome of this research turns out to be promising, 

any further research concerning the development of algorithms for other genres of lute music – 

including those from different style periods – may very well benefit from the knowledge gained 

from the current research. After all, the algorithm designed will be tailored to the limitations and 

possibilities of the instrument, and although the various genres of music from the different style 

periods may be based on different musical rules, apart from the increase in number of courses, 

these instrumental limitations and possibilities are not subject to change over time.            

Lastly, it should be noted that caution is asked for when the term ‘intabulation’ is 

encountered: it is also used as a generic term, designating any work notated in tablature. To avoid 

confusion, the latter practice will not be followed here. A work notated in tablature will simply be 

referred to as a ‘tablature,’ and a vocal work arranged for the lute as an ‘intabulation.’ 

Consequently, an intabulation is always a tablature, but a tablature not always an intabulation.  

Thus, the above leads to the following twofold research question: 

 
How to (i) theoretically design an algorithm for voice extraction in lute intabulations – lute 
arrangements of polyphonic vocal works written in tablature, a notational system that gives next 
to no information about its polyphonic texture; and (ii) subsequently present a conceptual design 
of an interactive computer program –intended, ultimately, for automatic polyphonic transcription 
of intabulations – that makes use of this algorithm?  

 

1.3 Why automatic transcription?  

By now, the question to what end we would want to create a program for automatic transcription 

of lute tablature has arisen. In this paragraph, the benefits of automatically devised digital editions 

over paper editions devised by specialists are discussed.  

As mentioned above, the sixteenth to eighteenth century roughly span the rise, heyday, 

and decline of the polyphonic lute. During this time, it remained one of the most popular 

polyphonic solo instruments – it was played by professionals and amateurs, both aristocratic and 

bourgeois. Thus, from a music-historical point of view, studying this instrument, its players, and 

its repertory will yield us knowledge of the musical life and practice of those centuries; 

                                                 

8 Brown, “Intabulation” 473. 
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considering the prominence of the lute, however, from a music-theoretical point of view, it can 

also inform us about the development of music and compositional practice. For the latter we 

need access to the music itself. An enormous corpus of lute music survives: over 360 different 

printed sources and over 500 manuscripts, containing a total number lute works estimated at 

approximately 60,000 (including concordances), is still extant today.9 However, due to its 

notational form, this music has mostly drawn specialists’ attention because, to facilitate analysis, 

even most professional musicians and musicologists need a translation into standard musical 

notation. Thus, in order to unlock this corpus to a larger public it must be made available in a 

more common ‘format’ – modern music notation.   

Until now, the standard way of doing this has been by devising print editions. In this 

thesis, another option – one that contributes to new models of music editing – is adressed: the 

digital edition that is generated through automatic transcription. Such an edition has at least two 

advantages over an edition in print. The first and most obvious is improvement of accessibility: 

digital editions stored in an online database can be accessed from any computer in the world that 

is connected to the internet. The second advantage is that such an edition is not hindered by “the 

limitations of the book format as a visual, static, two-dimensional representation of a 

composition” because it is interactive.10 Concretely, this interactivity implies that a program for 

automatic transcription does not necessarily generate the ‘final’ or ‘ideal’ edition, but rather a 

possible interpretation, which, in an interactive process between the user and the program, can be 

adapted until it meets the user’s specific requirements. (Besides, as mentioned above, the ideal edition 

does not exist, and this is exactly why the book format – in which only one interpretation is given 

– is less suitable for transcriptions of lute music.11) This interactive process of adaptation 

proceeds as follows: the user reacts to the initial suggestion generated by the program by 

indicating which aspects of the transcription he does not agree with, after which the program in 

turn generates a new suggestion, taking into account the alterations provided by the user. This 

‘action-reaction process,’ which can be described as an interactive process of ‘polishing,’ can then 

be continued until the user is satisfied.  

An additional third, and fairly major, advantage of an edition generated automatically is 

that it does not require a specialist editor to transcribe the tablature: this function is taken over 

                                                 

9 Ness and Kolczynski 39. 
10 Wiering, Crawford, and Lewis 9. For a more extensive of the limitations of the book format, as well as the 
possibilities opened by putting editions in a digital environment see Jerome McGann, “The Rationale of 
HyperText,” online paper, 6 May 1995, acc. 21 Feb. 2008 <http://www.iath.virginia.edu/public/jjm2f/ 
rationale.html>. 
11 Of course, variants or alternative readings can be provided in a critical commentary. When this approach is 
followed, however, it is still suggested that there is some kind of ‘best text’ – the given version – that is to be 
preferred over others. 
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partly by the program (which does the lion’s share of work by delivering the initial suggestion), 

and partly by the user, who does the ‘finetuning.’ In other words: automatic transcription offers 

non-specialists the means to transcribe tablature fairly easily. This does not mean, of course, that 

the user need not have any preliminary knowledge of the various tablature systems at all; 

understanding the basic principles will still be a prerequisite. However, there is a notable 

difference in the expertise required to devise an edition entirely from scratch and that required to 

merely finetune a suggested possibility.   

There is only one catch: in order to be able to be processed by a computer program, the 

tablature must first be made machine-readable. This can be done by encoding it, which is a 

relatively simple task since “the prescriptive nature of lute tablature gives it a close resemblance 

to a computer program listing – events follow each other in a linear fashion. . . .”12 However, 

although simple, it is also a specifically human task: the tablatures will have to be encoded 

manually, one by one, which is a time-consuming – and error-prone – process. Because the 

encoding of tablature lies beyond the scope of this thesis, the subject is left aside from here.13  

 

1.4 Research method and chapter division 

My approach to the design of an algorithm to be implemented as a computer program for the 

automatic transcription of lute tablature consists of two phases: a preliminary phase and a design 

phase. The preliminary phase itself is three-pronged: first, I will evaluate the methods and results 

of past attempts in the direction of automatic transcription of lute tablature to find out to what 

extent the algorithms that were designed are useful in the light of the current thesis. Second, I 

will investigate how knowledge gained in the fields of music perception and cognition may be 

helpful when designing an algorithm for voice extraction. Third, I will discuss the functioning of 

recently developed ‘general’ algorithms for voice extraction – a considerable number of which are 

based on perceptional and cognitive principles as discussed in the second prong – as well as their 

usefulness with regard to lute tablature. The results and insights gained from the three prongs of 

                                                 

12 See http://www.ecolm.org/tabcode (acc. 14 June 2008).  
13 On the website of the ECOLM (An Electronic Corpus of Lute Music) project, a database of “full-text 
encodings of sources of music for the Western-European lute” can be found (see http://www.ecolm.org). Just 
how simple an encoding format can be is illustrated nicely by the one used for this project, Tim Crawford’s 
TabCode, a description of which can be found on http://www.ecolm.org/tabcode. For more information on 
ECOLM see also David Lewis, Tim Crawford, and Michael Gale, “An Electronic Corpus of Lute Music 
(ECOLM): Technological Challenges and Musicological Possibilities,” Proceedings of the Conference on 
Interdisciplinary Musicology, Graz, Austria, 15-18 April 2004, acc. 16 June 2008 <http://www-gewi.uni-graz. 
at/staff/parncutt/cim04/CIM04_paper_pdf/Lewis_Crwaford_CIM04_proceedings.pdf>; for more 
information on TabCode see also Timothy Crawford, “Applications Involving Tablatures: TabCode for Lute 
Repertories,” Computing in Musicology 7 (1991): 57-59. For other encoding formats and additional information on 
encoding see Eleanor Selfridge-Field, ed., Beyond MIDI: The Handbook of Musical Codes (Cambridge, MA: The 
MIT Press, 1997).  
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the analytical phase will then be combined in the second phase, where first steps in the actual 

design of the algorithm will be taken. 

 However, before proceeding to the two phases described above, the polyphonic fabric of 

intabulations must be investigated first. After all, in order to be able to analyze the problematic 

spots in the polyphonic fabric of an intabulation, we must first construct that very fabric. This 

investigation is carried out in Chapter II. By means of an in-depth analysis of a reasoned selection 

of intabulations – the training corpus – and their vocal models, it is demonstrated that 

intabulators remained so faithful to the original models that it can be concluded that the original 

polyphonic fabric was preserved as well. This means that its vocal model can be used as a 

guideline when reconstructing the polyphonic fabric of an intabulation. (Note that we can thus 

speak of a ‘reconstruction,’ rather than a ‘construction’.) As will be shown, there is only one 

aspect of the vocal models’ polyphony that – in most cases – is ‘polished away:’ voice crossings.  

When the polyphonic fabric of the intabulations that constitute the training corpus is 

revealed, an investigation into those passages that may lead to voice extraction problems is 

conducted in Chapter III. Voice extraction problems occur when uncertainty exists as to which 

voice a certain onset belongs to, or as to how a voice should continue from a certain onset on. As 

we will see in this chapter, there are several possible causes for such problems, and it is of crucial 

importance that they are all analyzed thoroughly: in order to to function properly, an algorithm 

designed for automatic voice extraction must be capable of dealing with them. Generally, when 

encountering a problem spot, an editor will seek a solution by ‘zooming out’ – i.e., taking into 

consideration the context of the problem rather than focusing on the onset(s) in question. Thus, 

a similar solution solution will have to be sought in the design of the algorithm. Also investigated 

in Chapter III is whether it is possible to draft a number of general preference rules pertaining to 

the course of the individual voices. Of interest here are aspects such as voice range, voice motion, 

texture change, etc. Since we are dealing with arrangements of vocal works whose polyphony 

remains close to the original polyphony, the rules to be found are expected to be close to 

sixteenth-century rules of voice-leading.         

The heart of this thesis is formed by Chapters IV and V, which, respectively, comprise 

the analytical phase and the design phase of the research as already described above. As we will 

see in Chapter IV, although it did yield promising results, past research into automatic 

transcription of lute tablature was suspended. There are two essential reasons, however, why it is 

worth taking up the challenge again. The first is the enormous improvement in computer 

systems: almost twenty years have passed since the previous research was suspended, during 

which the power and capacity of computer systems have risen to heights undreamt of before. 
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Second, and most importantly, there are two (interconnected) fields that were not considered 

closely when previous programs were designed and developed: music cognition and music 

perception. It is exactly these fields that have been developing enormously during the last 

decades. As will be shown further on in Chapter IV (as well as in Chapter V), new insights gained 

in these disciplines can be of invaluable help to the design of algorithms that give step-by-step 

descriptions of the editorial process(es) of interpreting and transcribing tablature. This is because 

an editor or performer ‘reading’ tablature basically deals with tasks quite similar to those of a 

listener interpreting music as it enters his ears. Both parties have to construct the polyphony out 

of a given that does not explicitly ‘show’ it. The editor, and to a certain extent the performer as 

well, have to construct the voices visually from a ‘blur’ of written signs, and the listener has to 

construct them aurally from a blur of sounds.  

In Chapter V, then, we find a conceptual design of an algorithm for automatic 

transcription of lute intabulations, which is based on the insights and knowledge gathered 

throughout the preceeding chapters. 

In Chapter VI, finally, conclusions and future perspectives can be found. Before we 

proceed to Chapter II, I have deemed it practical to give some additional information on the 

stringing and tuning of the sixteenth-century lute, as well as a short overview of the main 

sixteenth-century lute tablature systems and their basic principles. This way, also the reader 

completely unfamiliar with the instrument and with tablature will be provided the minimum 

amount of information required to read the remainder of this thesis.   

 

1.5 The sixteenth-century lute and lute tablature systems in a nutshell 

For the most part of the sixteenth-century, the six-course lute with three octaved lower courses, 

two unison courses, a single-strung top course, and eight to ten frets was the standard 

instrument. The courses were tuned in fourths with a third in the middle, and contemporary 

treatises and lute books show that the lowest sounding course was generally tuned to nominal G 

(resulting in the tuning G-c-f-a-d’-g’) or A (resulting in A-d-g-b-e’-a’) – although various tunings 

based on other bass notes, but employing the same interval sequence, are mentioned as well. In 

the last decades of the century the number of bass courses started to increase, and by the early 

1600s ten-course lutes with octaved bass courses (descending diatonically from the sixth course) 

were in use. Due to improved string quality, the octave tuning of the fourth and fifth course – 

originally employed to add some brilliance to the tone of the thicker strings – was replaced by 

unison tuning around the same time.  
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There are four main styles of lute tablature, each of which is named after the country it originated 

in: German, French, Italian, and Spanish tablature. To this group, one ‘sub-style,’ derived from 

the Italian style, may be added: Neapolitan tablature. Surviving sources tell us that all systems 

were used simultaneously in the sixteenth century. Eventually, however, the French system 

proved to be the most efficient: by the early seventeenth century, it had overtaken the other 

three, and it was to remain in use as the main system of notation (for the lute as well as for other 

fretted instruments) until the decline of the lute in the late eighteenth century.14 Based on the way 

the four main tablature systems are organised, a division into two groups can be made. On the 

one hand, there is the more abstract (and somewhat more complex) German system, in which the 

use of staff lines is made redundant since each note is represented by a unique symbol; on the 

other hand, there are the less abstract and more visually oriented – they are all in a way graphic 

representations of the fretboard – French, Italian, and Spanish systems, to which the use of staff 

lines is indispensible. A characteristic shared by all systems is the placement of special rhythm 

symbols that look rather similar to the flagged stems used to indicate rhythm in mensural 

notation above (or sometimes in) the staff. Below, both groups of tablature are discussed briefly. 

 

1.5.1 German tablature  

The main diffence between German tablature and the other three systems is that the tablature 

symbols are placed across the courses, and not along them. This is also the reason why the use of a 

staff is redundant: each intersection of course and fret has its own symbol. The system stems 

from the second half of the fifteenth century, when the lute was still a five-course instrument. 

This is clearly visible in its organisation. The open courses are indicated by numerals; all the other 

notes by (adapted) letters and some other symbols. As shown in Figure 1.1, the open fifth course 

is indicated by the numeral ‘1,’ the open fourth course by the numeral ‘2,’ etc. The first fret on 

the fifth course, then, is indicated by the (lower case) letter ‘a,’ the second by the letter ‘b,’ and so 

forth. In this manner, the entire alphabet (which at the time consisted of twenty-three letters) is 

gone through. For the second and first courses in the fifth position, then, the symbols ‘et’ (a 

stylized 7) and ‘con’ (a stylized 9) are used. Thereafter, the complete alphabet is repeated, either 

with a dash above the letters (‘ā’) or in doubled letters (‘aa’).  

Here we have a complete and logical system, clearly designed for a five-course 

instrument. When a sixth course became in general use around the beginning of the sixteenth 

                                                 

14 There are actually two kinds of Italian tablature: one originating from Italy and one from Spain. In order to 
avoid confusion with the ‘real’ Spanish tablature, these two systems – which function exactly the same – are 
both referred to as ‘Italian’ here. Incidentally, both ‘Spanish’ Italian tablature as well as genuine Spanish 
tablature are intended for the Spanish counterpart of the lute, the vihuela.  
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century, however, this self-contained unit had to be adapted, which inevitably caused a substantial 

loss of its initial transparency. Contrary to the uniformity in symbols used for the first five 

courses, there is a considerable variety in those used for the sixth among the sources of German 

tablature. In Figure 1.1, taken from Hans Newsidler’s Ein newgeordent künstlich Lautenbuch 

(Nuremberg, 1536), we see both the designation Newsidler prefers (ł A B C D E F G H), as well 

as three alternatives.   

 

Figure 1.1 The German tablature system (taken from Hans Newsidler, Ein newgeordent künstlich 

Lautenbuch (1536))  

  
 

1.5.2 French, Italian, and Spanish tablature  

Since they share two basic principles, these three tablature styles function basically the same. 

First, the music is written on a staff whose lines (almost exclusively six in number) represent the 

principal courses of the instrument. Additional bass courses are notated above or below the staff. 
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Second, the symbols that correspond to the frets – letters and numerals – are placed along the 

lines, and the same sequence of symbols is used for each line. French tablature is the only system 

that uses letters: the letter ‘a’ represents an open string, the letter ‘b’ the first fret, etc. In the 

Spanish and Italian system, the letters are replaced by numerals, starting with ‘0.’ Also, not all 

systems use the same reading direction. In Italian tablature, the lowest line represents the highest 

sounding course, whereas in Spanish and French tablature, it is the other way round. The same 

goes for Neapolitan tablature, finally, which uses numerals as well but starts with ‘1.’ In Examples 

1.1a-d, the same musical fragment played on a lute in G-tuning is notated in each of these four 

systems. 

 

Example 1.1a French tablature    Example 1.1b Italian tablature 

   

 

Example 1.1c Spanish tablature   Example 1.1a Neapolitan tablature 
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CHAPTER II: THE TRAINING CORPUS  

 

An Investigation into the Polyphonic Fabric of Intabulations  

 

 

Because a thorough knowledge of the polyphony of intabulations is indispensable to the design 

of an algorithm for voice extraction in such works, the polyphonic fabric of a reasoned selection 

of intabulations – the training corpus – is investigated presently. How, however, do we ‘unravel’ 

the polyphony of a work written down in tablature, a form of notation that gives next to no 

information about exactly this aspect of the music it encodes? The solution may lie in the fact 

that intabulations are arrangements of polyphonic vocal works, whose individual voices were 

notated separately – and whose polyphony is thus perfectly clear. If it can be established that 

intabulators tried to remain faithful to the vocal model they were transcribing – in other words: if 

a close formal and structural relation between the intabulations and their models can be proven 

to exist – we can conclude that the latter’s polyphony is preserved in the former, and that the 

model can be used as a guideline when reconstructing the intabulation’s polyphony.  

 

2.1 The training corpus 

The pieces that constitute the training corpus should be as representative as possible of a genre 

of lute music that is rather diverse and that existed for over a century. In order to obtain a 

representative ‘average,’ the selection of the pieces was based on four criteria – two concerning 

the intabulations, two concerning the models – that each, one way or another, may affect the 

manner of intabulating. The first criterion is the intabulation’s date of origin: the pieces must be 

spread evenly across the century. The second is the intabulation’s place of origin, and, 

consequently, the tablature system used: the pieces must be spread evenly across the main centres 

of lute activity.1 The third criterion is the number of voices of the model: the more voices a work 

contains, the harder it becomes to intabulate. Thus, although the focus is on works for four 

voices (the most common setting), works for three and five voices are included as well.2 The 

fourth and last criterion is the model’s texture: free, imitative, and ‘homophonic’ polyphony 

should all be included. Furthermore, it was decided to include only relatively short works: 

                                                 
1 Since it is usually impossible to establish the exact date and place of origin of a piece, I have deemed the date 
and place of print to be sufficient representatives here. Information taken from Brown, Instrumental Music.  
2 Due to instrument-technical problems, intabulations of works for more than five voices are rather rare. 
Intabulations of works for two voices are also much less common than those for three to five voices; moreover, 
since these are less interesting in the light of our subject (two-voice counterpoint is not at all hard to preserve 
on the lute), they are left out of consideration here as well.   



 

 

Table 2.1 The training corpus (HP = homophonic polyphony; P = polyphonic; Pi = imitative polyphony)   

INTABULATIONS 
Piece Source Date of print Place of print Tablature style 
(1) Adiu mes amours Francesco Spinacino, Intabulatura de lauto, libro primo 1507 Venice Italian 
(2) Elslein liebes Elslein Hans Judenkünig, Ain schone kunstliche Underweisung 1523 Vienna German 
(3) Tant que vivray Pierre Attaingnant, Tres breve et familiere introduction3 1529 Paris French 
(4) Disant adiu madame Hans Newsidler, Der ander Theil des Lautenbuchs 1536 Nuremberg German 
(5) Mille regres Luys de Narváez, Los seys libros del Delphin de musica 1538 Valladolid Spanish (Italian) 
(6) Bramo morir per non patir piu morte Antonio Rotta, Intabolatura de lauto 1546 Venice Italian 
(7) Madrigal vostra fui a quatro bozes Diego Pisador, Libro de musica de vihuela 1552 Salamanca Spanish (Italian) 
(8) Las on peut juger Guillaume Morlaye, Premier livre de tabulature de leut 1552 Paris French 
(9) Herr Gott laβ dich erbarmen Sebastian Ochsenkun, Tabulaturbuch auff die Lauten 1558 Heidelberg German 
(10) Susanne ung jour Pierre Phalèse, Theatrum musicum 1563 Louvain French 
(11) Je prens en gre Esteban Daza, Libro de musica . . . intitulado el Parnasso 1576 Valladolid Spanish (Italian) 
(12) D’un si bel foco, prima parte Emanuel Adriaenssen, Pratum musicum longe amoenissimum 1584 Antwerp French 
(13) Anchor che col partire Emanuel Adriaenssen, Novum pratum musicum 1592 Antwerp French 

MODELS 
Piece Composer Type  Voices Texture 
(1) Adieu mes amours Josquin des Prez chanson 4vv Pi 
(2) Ach Elslein, liebes Elselein Ludwig Senfl Lied 4vv HP 
(3) Tant que vivray en aage florissant Claudin de Sermisy chanson 4vv HP 
(4) Disant adieu a ma dame et maistresse Loyset Compère chanson 3vv Pi 
(5) Mille regretz Josquin des Prez chanson 4vv P 
(6) Bramo morir per non patir Costanzo Festa (also attributed to Jacques Arcadelt)  madrigal 4vv HP 
(7) Vostra fui e sarò Jacques Arcadelt (also attributed to Jacquet de Berchem) madrigal 4vv P 
(8) Las on peult juger Clément Janequin chanson 4vv P 
(9) Innsbruck, ich muss dich lassen Heinrich Isaac Lied 4vv HP 
(10) Susanne un jour Orlando di Lasso chanson 5vv P 
(11) Je prens en gre Jacobus Clemens non Papa (also attributed to Josquin 

Baston, Thomas Crecquillon and Clément Janequin) 
chanson 4vv Pi 

(12) D’un si bel foco Giaches de Wert madrigal 5vv P 
(13) Anchor che col partire Cipriano de Rore madrigal 4vv Pi 

                                                 
3 Due to the inavailability of this source, Pierre Phalèse’s 1545 reprint of the chanson (from Chansons reduictz en tabulature de lut, livre premier; see References) was used for this 
thesis. According to Howard Mayer Brown, the 1545 version is an exact reprint of the 1529 version. See Brown, Instrumental Music 74.     
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chansons, Lieder and madrigals. Table 2.1 gives the training corpus; copies of facsimile reprints 

of the individual works (see References) can be found in the Appendix to this thesis.4 

 

2.2 Method 

As explained above, the objective of this chapter is to find out whether intabulations are close 

arrangements of their vocal models, whether they are free interpretations, or whether they can be 

placed somewhere in between these two extremes. We certainly cannot expect these 

arrangements to be exact replications of the models – first, the technical limitations of the lute 

hardly ever allow this; and second, it would be in contradiction with the sixteenth-century idea of 

editing or arranging.5 The central question here is: did the intabulators stay close enough to the 

model for us to say that, as a consequence, its polyphonic fabric remains essentially untouched? 

The problem is tackled as follows. After having fashioned a philologically exact or ‘literal’ 

transcription of the tablature, in which only pitch and the maximum given rhythm are transcribed 

and no attempts are made to reconstruct the polyphony (see e.g. Example 2.1b), a note-to-note 

comparison between this literal and non-interpretative transcription and a critical edition of the 

vocal model is performed. This comparison enables us to establish (i) to which degree the onsets 

of the vocal model can be found back in the intabulation; and (ii) the constitution and function of 

the intabulation’s ‘deviations:’ the altered and added notes that cannot be found back in the 

model. A positive answer to the question whether the intabulation’s onsets are likely to be 

structured the same as are the model’s depends largely on the outcome of these two 

investigations.       

To facilitate analysis, the results are visualized in so-called ‘piano-roll’ graphs (see 

Appendix). These graphs, in which pitch is set out along the vertical axis and duration along the 

horizontal axis, can be described as ‘visual maps’ of the tablature. As we will see, one of their 

advantages is that they enable us to differentiate visually between the only ‘hard data’ as given in 

the tablature (pitch and minimum duration), and any added inferred information (such as the 

probable duration of an onset or its designation to a particular voice) at one glance.6 The  

                                                 
4 A facsimile reprint of Sebastian Ochsenkun’s Tabulaturbuch auff die Lauten can be found in Hong Choon Mee’s 
dissertation.  
5 In the words of Edward Lowinsky: “[A] sixteenth-century musician copying a piece of music felt entirely free 
to ‘edit’ that piece according to his own ideas. . . . The one thing the sixteenth-century ‘editor’ was not 
interested in, indeed, hardly ever dreamed of, was the twentieth-century editor’s preoccupation with the 
‘Urtext’.” See Edward Lowinsky, ed., The Medici Codex of 1518: A Choirbook of Motets Dedicated to Lorenzo de’ Medici, 
Duke of Urbino (Chicago: University of Chicago Press, 1968), vol. 3 of Monuments of Renaissance Music 88. 
6 It should be noted here that, strictly speaking, pitch does not belong to the hard data. First, the pitch that a 
tablature symbol represents is dependent of the tuning used (G-tuning, A-tuning, or yet another). In the case of 
intabulations, the range of the vocal model was an important factor for the intabulator in determining which 
tuning to employ (see Minamino 77-78). Second, pitches and tunings were only nominal: the absolute pitch of 
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Figure 2.1 Narváez, Mille regres, mm. 1-4 (A-tuning). Realization of the piano-roll graphs  

a Step 1: Visualization of the tablature  

1 2 3 4 2 2 3 4 3 2 3 4 4 2 3 4

a1 o o a1

g1 o o o g1

f1 o o o o f1

e1 o o o o o o e1

d1 o o  o  d1

c1 o o  c1

b o o b

a o o o  o  a

o  o  o  

g o o o g

o

f o o f

e o o o o o o e

d o o o  d

c o  c

B o  o  B

A o  A

1 2 3 4 2 2 3 4 3 2 3 4 4 2 3 4  

 

b Step 2: Matching of onsets. The onsets matching the model’s Superius are colored red; those 

matching the other voices (from high to low) blue, turquoise, and green   

1 2 3 4 2 2 3 4 3 2 3 4 4 2 3 4

a1 o  o a1

g1 o o o g1

f1 o o o o  f1

e1 o o o o o o  e1

d1 o o  o  d1

c1 o  o  c1

b o o b

a o o o  o  a

o  o  o  

g o o o g

o

f o  o f

e o        o o o o o e

d o o o  d

c o  c

B o  o  B

A o  A

1 2 3 4 2 2 3 4 3 2 3 4 4 2 3 4  

                                                                                                                                                         

the lute was variable and dependent of the length, thickness and quality of the strings used. In his Ein 
newgeordent künstlich Lautenbuch (Nuremberg, 1536), Hans Newsidler, for example, advises the player to tune 
“zum ersten die Quintsaiten [e.i. the top course] / nit zu hoch / auch nit zu nider / ein zymliche höch / was 
die Saiten erleiden mag” and then to set the other courses to this top course (Newsidler f. b(r)).   



 THE TRAINING CORPUS 17 

Figure 2.1 (continued) 

c Step 3 : Distribution of deviations (non-matching onsets)   

1 2 3 4 2 2 3 4 3 2 3 4 4 2 3 4
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d Step 4: Horizontal visualization of the voices by adding duration 

1 2 3 4 2 2 3 4 3 2 3 4 4 2 3 4
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g1 x o x g1
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e1 o x x x o o e1
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c1 o x c1
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x
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c o c
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1 2 3 4 2 2 3 4 3 2 3 4 4 2 3 4  

 

realization of the graphs is a four-step process and is described presently. In the first step, a 

graphic representation of all note onsets that appear in the intabulation is given. By comparing 

the onsets of the intabulation to those of the model it can be established to which degree they 
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match. In step 2, then, the intabulation’s matching onsets are ‘arranged’ according to the 

polyphony of the model; colors are used to distinguish between them. After an analysis of the 

constitution of the remaining (i.e., non-matching) onsets, in step 3 these are distributed among 

the voices. In step 4, finally, the individual onsets designated to the same voice are interconnected 

by assigning them appropriate durational values. In Figure 2.1 above, the entire process is shown.  

 

Example 2.1 Narváez, Mille regres, opening measures 

a Tablature 

 

 

b Literal transcription of the first phrase (A-tuning; ‘barring’ adjusted) 

 

 

2.3 Step 1: Visualization of the tablature 

Starting point is the visualization of the literal transcription of the tablature, the ‘neutral’ piano-

roll graph, in which each tablature onset is indicated by the appropriate number of grey colored 

cells (compare Examples 2.1a and b and Figure 2.1a).7  

                                                 
7 The use of various nominal tunings enables us to render the pitch of the vocal model faithfully. In Example 
2.2, for instance, the first note sung by the Superius is an e’. The matching tablature symbol is the ‘0’ on the 
second course (see Example 2.1a); thus, if we employ the A-tuning, the pitch of the vocal model is preserved. 
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2.4 Step 2: Matching of onsets    

Then, the onsets as charted in the graphs are compared to those found in the vocal models, and 

matching onsets are marked with a color (compare Example 2.2 and Figure 2.1b). Non-matching 

onsets remain uncolored. As can be seen in Figure 2.1b, separate colors are used to indicate the 

different voices. Not shown in the figure are the colors used to indicate the second Tenor in 

works for five voices (purple) and any entering ‘free’ voice (yellow).   

 

Example 2.2 Josquin, Mille regretz, mm. 1-4 

 

 

Two remarks concerning unisons, which, for instrument-technical reasons are often hard to 

realize on the lute, should be made here. The continuous blue border around the second onset of 

the Superius in m. 1 indicates that the Superius and Altus sound in unison here, which is only 

possible because the Altus plays the same pitch on a different course (confirmed by Example 

2.1a). The interrupted turquoise border around the first and seventh Bassus onsets in m. 3, on the 

other hand, indicates that in the model the Tenor and the Bassus sound in unison, but that 

preserving this unison is beyond the technical capacity of the instrument. The solution offered 

for this problem is that of one symbol designating two voices (see ‘the concept of duality’ 

discussed below). Again, this is confirmed by Example 2.1a.  

At this second stage of the process, we can establish the ‘formal’ relationship between the 

model and the intabulation by investigating to which degree the former’s onsets can be found 

back in the latter. Table 2.2 gives the percentage of non-matching onsets per voice for each work 

of the training corpus.  

                                                                                                                                                         

Note that in the case of Mille regres, the intabulator himself indicates that the A-tuning should be used. In the 
instruction preceding the piece it is explained that the third fret on the fifth course yields the note fefaut (f), and 
the first fret on the third course cesolfaut (c’): “Enla quinta en el tercer trakte esta la clave de fefaut [i.e., the clef 
indicating the note f]. Enla tercera en el primer trakte esta la clave de cesolfaut.” The clefs can be found at the 
beginning of the tablature, before the mensuration sign.      
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Table 2.2 Percentage of the vocal models’ onsets not present in the intabulation (averages in 

bottom row) 8      

Corresponding model Intabulation 
Voices Texture S A T1 T2 B 

Entire 
piece 

(1) Adiu mes amours 4vv Pi 6,3 21,3 16,1 - 5,3 12,8 
(3) Tant que vivray 4vv HP 9,2 - 13,1 - 17,1 13,0 
(4) Disant adiu madame 3vv Pi 7,3 - 9,0 5,0 - 6,9 
(5) Mille regres 4vv P 11,3 14,5 21,9 - 4,3 13,0 
(6) Bramo morir 4vv HP 0,0 3,7 3,2 - 1,5 2,2 
(7) Madrigal vostra fui 4vv P 1,7 3,8 0,9 - 0,0 1,6 
(8) Las on peut juger 4vv P 7,6 14,4 6,0 - 2,6 7,6 
(9) Herr Gott  4vv HP 6,0 16,7 1,6 - 1,7 6,7 
(10) Susanne ung jour 5vv P 11,8 14,1 22,1 18,7 8,6 15,3 
(12) D’un si bel foco  5vv P 2,6 8,5 13,0 13,7 0,8 7,8 
(13) Anchor che col partire 4vv Pi 6,5 16,7 22,9 - 3,0 12,7 
   6,4 12,6 11,8 12,5 4,5 9,1 
 

Two things should be noted: first, two intabulations – Elslein liebes Elslein and Je prens en gre – are 

excluded here because, in formal respect, both deviate slightly from their vocal models. This is 

mainly due to the repetition of other sections than those repeated in the model and, in the case of 

the latter, the inclusion of some extra measures as well. Although it is perfectly clear that both are 

closely related to the model, in these two cases a comparison of onsets would give a distorted 

view.9 Second, the application of musica ficta is left out of consideration since, as Howard Mayer 

Brown puts it, the theory of musica ficta “could be variously interpreted, depending on local 

tradition, the fashion of a decade, or, perhaps most important, the ability and temperament of an 

                                                 
8 For the vocal models, the following editions were used: (1) and (5): Josquin des Prez, Secular Works for Four 
Voices, ed. David Fallows (Utrecht: Koninklijke Vereniging voor Nederlandse Muziekgeschiedenis, 2005), vol. 
28 of New Josquin Edition; (3) Claudin de Sermisy, Opera omnia, IV: Chansons, ed. Isabella Cazeaux (n.p.: 
American Institute of Musicology, 1974), vol. 52 of Corpus Mensurabilis Musicae; (4) Loyset Compère, Opera omnia, 
V, ed. Ludwig Finscher (n.p.: American Institute of Musicology, 1972), vol. 15 of Corpus Mensurabilis Musicae; (6) 
Costanzo Festa, Opera omnia, VIII: Madrigali, ed. Albertus Seay (n.p.: American Institute of Musicology, 1978), 
vol. 25 of Corpus Mensurabilis Musicae; (7) Jacques Arcadelt, Opera omnia, II: Madrigali, libro primo, ed. Albertus Seay 
(n.p.: American Institute of Musicology, 1970), vol. 31 of Corpus Mensurabilis Musicae; (8) Clément Janequin, 
Chansons polyphoniques, volume III: Période Angevine, ed. A. Tillman Merritt and François Lesure (Monaco: L’oiseau-
Lyre, 1967); (9) Heinrich Isaac, Weltliche Werke, erster Teil, ed. Johannes Wolf (Wien: Artaria, 1907), vol. 28 of 
Denkmäler der Tonkunst in Österreich; (10) Orlando di Lasso, Kompositionen mit französischem Text, zweiter Teil, ed. 
Adolf Sandberger (Leipzig: Breitkopf & Härtel, 1904), vol. 14 of Sämtliche Werke; (12) Giaches de Wert, Opera 
omnia, XIV: Il primo libro delle canzonette villanelle a cinque voci 1589; Additional madrigals (1564-1616), ed. 
Carol MacClintock (n.p.: American Institute of Musicology, 1973), vol. 24 of Corpus Mensurabilis Musicae; (13) 
Cipriano de Rore, Opera omnia, IV: Madrigalia 3-8 vocum, ed. Bernhardus Meier (n.p.: American Institute of 
Musicology, 1969), vol. 14 of Corpus Mensurabilis Musicae.  
9 The editions used for these works are: (2) Ludwig Senfl, Deutsche Lieder zu vier bis sieben Stimmen, II. Teil: Lieder 
aus Johannes Otts Liederbuch von 1534, ed. Arnold Geering and Wilhelm Altwegg (Wolfenbüttel: Möseler Verlag, 
1962), vol. 4 of Sämtliche Werke; and (11) Jacobus Clemens non Papa, Opera Omnia, X: Chansons, ed. K. Ph. 
Bernet Kempers (n.p.: American Institute of Musicology, 1962), vol. 4 of Corpus Mensurabilis Musicae.  
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individual player.”10 Thus, when comparing the intabulations and the editions of the vocal model, 

all accidentals other than those belonging to the key signature were ignored.    

From these statistics, the following conclusions can be drawn. First, considering the 

strictness of the matching criterium – only onsets placed at the exact corresponding beat in the 

tablature are regarded as matches – the percentages found are rather low. 11  This is a clear 

indication that there indeed is a close relation between the model and the intabulation – in other 

words: that the intabulators tried to remain rather faithful to the original notes. Second, the exact 

preservation of the outer voices – which, almost without exception, show the lowest percentages 

of non-matching notes – seems to have been more important than that of the inner voices.12 

Third, one would expect the number of non-matching onsets to increase with the number of 

voices of the work intabulated – after all, the more notes have to be played simultaneously, the 

more the technical limitations of the lute come to the fore. The above statistics, however, do not 

confirm this assumption satisfactorily. Several explanations can be thought of here. For the sake 

of contrast, works with a high number of voices more often exhibit a ‘thinning out’ of the texture 

by temporarily dropping one ore more voices than do works with two or three voices; this may 

have a positive effect on the percentage of matching onsets. Another explanation may be found 

in the texture itself: it is plausible that, in an intabulation, an imitative contrapuntal texture is 

more difficult to maintain than a more homophonic one. I will not further digress on this subject 

here; a more detailed study, which is beyond the scope of the present work, will probably give 

more profound insights. Concludingly: so far, the analysis of the training corpus indicates that the 

intabulators indeed remained close to the vocal model.  

 Now, let us have a look at the constitution of the non-matching onsets. In his dissertation 

Sixteenth-Century Lute Treatises with Emphasis on Process and Techniques of Intabulation, Hiroyuki 

Minamino discusses the technical limitations of the lute, which “sometimes forced the intabulator 

to abandon literal intabulation and necessitated reworking of what cannot be realized in tablature. 

Discrepancies such as the omission or premature termination of notes are thus inevitable.”13 

According to Minamino, these reworkings all fall within two basic categories: ‘alteration of 

counterpoint’ and ‘alteration of rhythm.’ To the former belong (i) the omission of notes, 

preferably notes from the inner voices; (ii) notes that answer to the ‘concept of duality,’ in which 

case one tablature symbol designates two voices sounding in unison; (iii) the addition of notes, 

                                                 
10 Brown, “Accidentals” 478. 
11  As will be discussed shortly, a large number of onsets considered non-matching for this reason can 
nevertheless be found back in the intabulations: onsets that are shifted rhythmically.  
12 The fact that, in Adriaenssen’s 1584 and 1592 prints, for example, each intabulation is preceeded by the 
original composition’s Superius and Bassus (written down in mensural notation, suggesting an (alternative) 
performance of singers accompanied by a lute) strengthens this presumption.  
13 Minamino 89. 
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either structural (e.g., chord tones) or non-structural (e.g., simple embellishments such as 

changing or passing tones, or longer ornamental runs); (iv) transposition of single notes that fall 

outside the range of the lute (although this can be prevented largely beforehand by adapting the 

tuning of the lute to the range of the vocal work); (v) ‘voice exchange,’ or the transposition by an 

octave of an entire passage; and (vi) note change.14 To the latter category, ‘alteration of rhythm,’ 

belong (i) the repercussion of notes (which leads to the addition of notes), and (ii) the 

rhythmically shifting of notes by either anticipating or delaying them (for instance as part of an 

ornamental run), which, in some cases, may lead to arpeggiation of a vertical sonority.15  

For the current purpose, however, it is more convenient to arrange Minamino’s findings 

differently. From his list we can conclude that there are two kinds of reworkings: altered notes 

(the most extreme form of alteration being omission) and added notes.16 With the exception of 

rhythmically shifted notes, all of the vocal model’s onsets that cannot be retraced in the 

intabulation involve some kind of altered note. Just to get an idea of the constitution of the non-

matching onsets, two of the works that show the lowest matching percentage (Attaingnant’s Tant 

que vivray and Phalèse’s Susanne ung jour) have been analysed in further detail. As we can see in 

Tables 2.3a and b, omission is the most prevalent form of alteration.   

To summarize: altered notes are idiomatic solutions to problems that derive from the 

technical limitations of the instrument. For this reason, they cannot be considered deliberate 

deviations from the original vocal model (and therefore do not weaken the assertion of the 

presence of intentional preservation). The second kind of reworkings, added notes, on the other 

hand, may be considered so, and this brings us to the third step in the realization of the graphs. 

 

                                                 
14 In this category, Minamino also places a technique that, at least in theory, evades the necessity of reworking 
and decreases the number of technically unplayable passages by providing extra notes that are technically 
unattainable in the regular manner: the splitting of courses (see Minamino 89-91 and 96-97). Except for the 
singly strung highest sounding course, on a standard lute each course consisted of two strings. In order to 
improve the quality of their tone, the three lowest sounding courses were strung in octave, and the third and 
second course were strung in unison. (It is important to note that the stringing of the lute never had any 
influence on the notation: when the sixth course was struck, for instance, an octave was heard – but only the 
‘main’ note (the lower one) was written down.) Thus, by splitting a course – i.e., stopping only one string of a 
course and leaving the other one free – an extra open string is added to the instrument, therewith enhancing its 
technical possibilities. However, as Minamino concludes, “Judging by the appearance of indications in 
sixteenth-century tablatures . . . the technique [of splitting unison courses] appears not to have been widely 
cultivated” (Minamino 91). The technique of splitting octave courses is even more obscure: it is described 
solely in Le Roy’s A Briefe and Plaine Instruction (see Minamino 97). For this reason, the entire technique is left 
out of consideration here.                    
15 See Minamino 89-101. It should be noted here that, when counting the non-matching onsets, I have taken 
the concept of duality into account.          
16 Of course, there is also always the possibility that what may seem a reworking is in fact simply a scribal 
mistake or a misprint.   
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Table 2.3 Constitution of non-matching onsets in works with low matching percentage (totals in 

bottom row) 

a Tant que vivray  

Voice Total Type of alteration 
S T B  

Omission 4 4 9 17 
Transposition - - - - 
Voice exchange - - - - 
Note change - 3 2 5 
Rhythmic shifting 3 1 1 5 
 7 8 12 27 
 

b Susanne ung jour 

Voice Type of alteration 
S A T1 T2 B 

Total 

Omission 9 13 30 22 4 78 
Transposition - - - - 4 4 
Voice exchange - - - - - - 
Note change 3 7 5 - 4 19 
Rhythmic shifting 7 6 5 4 - 22 
 19 26 40 26 12 123 
 

2.5 Step 3: Distribution of deviations (non-matching onsets)  

In the third step, the remaining, non-matching onsets or ‘deviations’ – consisting of the altered 

notes (all non-matching onsets other than omission) discussed above and the added notes – are 

distributed among the voices. As we have seen in Minamino’s list above, the added notes can be 

divided into structural and non-structural notes. Somewhere in between, the repercussions can be 

placed. Repercussions are musically ‘unnecessary’ repetitions of notes, that, again, most of the 

time derive from a technical limitation of the lute: the rapid decay of the sound of its courses. 

Contemporary lute instructions point out that the longest sustainable rhythmic value on the lute 

is the semibreve. Pierre Attaingnant, for example states that “[E]n la tabulature du lutz on ne use 

point de breves / longues / ne maximes / pour ce que le son de chacune corde nest nomplus 

long que une semibreve;” Pierre Phalèse writes that “[L]a plus grande duree du son est dune 

semibreve, laquelle . . . nous appellons ung temps ou une mesure;” and Adrian le Roy warns that 

“[The sound on the lute] cannot endure longer then [sic] a semibreve.”17 As a result, when the 

vocal model gives a breve, in an intabulation this note is always divided into two semibreves – in 

other words: the note is repercussed. Similarly, in the intabulations the following substitutions are 

encountered: d e for d. ; e e for d ; e f for e. ; f f for e . ; and lastly, the replucking of a tied note, 

                                                 
17 See Phalèse f. 3(v), and Attaingnant and Le Roy, as cited in Minamino 58.  
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most of the time at the beginning of a measure.18 (In all these cases, the repercussed note may be 

replaced equally well by a rest; this is most common in the case of the longer note values, such as 

a breve replaced by a semibreve and a semibreve rest.)    

 The question is now whether the addition of notes was made in order to deliberately 

affect the ‘identity’ of the original composition. If the majority of additions concerns structural 

notes, the answer to this question is more likely to be affirmative than if the added notes consist 

mainly of either non-structural notes (i.e., any form of ornamentation) or repercussed notes, both 

of which are idiomatic to the lute. It must be noted here, however, that although the ‘filling in’ of 

larger temporal intervals with ornamental runs is another way of preventing notes from rapid 

decay, excessive ornamentation may lead to obscuring of the original composition.        

 In the graph, each deviation is marked with an ‘x’ (see Figure 2.1c). We must keep in 

mind that the distribution of these remaining onsets is a subjective process. Most of the time, 

there is little doubt to which voice an onset belongs; sometimes, however, attribution to one 

voice is equally justifiable as attribution to another. The ‘x,’ in other words, not only designates 

that we are dealing here with notes that cannot be found back in the original, but it also marks 

added subjective information – the attribution of the onset to a particular voice. Analysis of the 

graphs of the training corpus shows that repercussed and non-structural notes are indeed the 

most prevalent deviations. A detailed report of the results goes beyond the scope of this thesis; 

therefore, only the analysis of the two works that contain the highest proportion of deviations 

(Ochsenkun’s Herr Gott laβ dich erbarmen and Narváez’s Mille regres) is given below (see Table 2.4a 

and b). 19  To answer the question posed above: the majority of added notes concerns non-

structural notes, which is a strong indication that the deliberate affecting of the identity of the 

original composition seems to have been avoided.  

  

Table 2.4 Constitution of deviations in works with high deviation percentage (totals in bottom 

row)        

a Herr Gott las dich erbarmen (370 onsets; 144 deviations (38,9%)) 

Voice Type of deviation 
S A T B 

Total 

Structural 3 5 3 - 11 
Non-structural 41 36 23 4 104 
Repercussion 8 2 6 3 19 
Alteration (other than omission) 3 6 1 - 10 
 55 49 33 7 144 

                                                 
18 See also Minamino 97-100.  
19 The deviation percentages of the other works are (1) 33,6; (3) 27,2; (4) 20,5; (6) 24,6; (7) 7,5; (8) 29,9; (10) 
35,0; (12) 21,4; and (13) 33,8.       
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Table 2.4 (continued) 

b Mille regres (495 onsets; 240 deviations (48,5%)) 

Voice Type of deviation 
S A T B 

Total 

Structural 3 11 5 3 22 
Non-structural 56 52 18 12 138 
Repercussion 24 20 8 13 65 
Alteration (other than omission) 5 5 5 - 15 
 88 88 36 28 240 
 

In conclusion: analysis of the training corpus shows (i) that the percentage of non-matching 

onsets is rather low, and that the altered notes (generally) can be explained as necessary 

reworkings deriving from the technical limitations of the instrument; and (ii) that the majority of 

the added notes concerns non-structural notes. Both are clear indications that intabulators tried 

to remain faithful to the original model, which means that a close formal relation between the 

original model and the intabulation indeed exists.  

 

Table 2.5 Number of voices in model and intabulation 

Piece Model Intabulation 
(1) Adiu mes amours 4vv 4vv 
(2) Elslein liebes Elslein 4vv 3vv 
(3) Tant que vivray 4vv 3vv 
(4) Disant adiu madame 3vv 3vv 
(5) Mille regres 4vv 4vv 
(6) Bramo morir 4vv 4vv 
(7) Madrigal vostra fui 4vv 4vv 
(8) Las on peut juger 4vv 4vv 
(9) Herr Gott laβ dich erbarmen 4vv 4vv 
(10) Susanne ung jour 5vv 5vv 
(11) Je prens en gre 4vv 4vv 
(12) D’un si bel foco  5vv 5vv 
(13) Anchor che col partire 4vv 4vv 
 

2.6 Preservation of the original polyphony 

Can we conclude from this that the intabulators also tried to preserve the polyphony of the 

original composition? Put differently: does a close structural relation exist as well? Apart from the 

very telling fact that the intabulators attempted to transcribe the models almost note for note, 

there are two other indicators that point in this direction. First, the graphs tell us that the number 

of individual voices is retained in all but two pieces: Elslein liebes Elslein and Tant que vivray (see 

Table 2.5). Although both these intabulations contain only three voices (as opposed to four in 

their models), Elslein is the only work in which the polyphony is actually changed: in the 
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intabulation, the inner voices of the model are amalgamated into one voice. In the case of Tant 

que vivray, a complete voice – the Altus – is omitted; the other three voices, however, are 

preserved. Here, one could say, the polyphonic fabric of the model is preserved ‘in incomplete 

form.’  

A second hint in the direction of the preservation of the polyphony is provided by the 

intabulators’ use of signs that indicate the left-hand technique called ‘tenuto,’ ‘clauseln,’   

‘stillehalten,’ or ‘close or coverte plaie.’20 In his Ein newgeordent künstlich Lautenbuch (Nuremberg, 

1536), Hans Newsidler explains the function of the tenuto sign he uses (a little cross ‘+’ next to 

the tablature symbol) as follows: 

 
Auch weyter wurt angezeygt / von einem kleinen Creutzlein / als + das setzt man 
neben die büchstaben zu wellichen sie gehörn / und wo ein soliches creuzlein bey 
einem büchstaben steet . . . so bedeut es das man in dem selben büchstaben still 
soll halten / so lang bis die andern volgenden büchstaben der leüflein oder 
hecklein wie sie dan volgent geschlagen werden.21  
 

Thus, this technique implies that one or more left-hand fingers are held as long as possible to the 

fretboard in order to keep the course stopped as long as possible. Especially in those cases when 

longer notes are followed by a group of smaller value notes in the other voices (see for instance 

Example 2.3, last measure), a tenuto sign is useful to warn that the finger should not be lifted too 

early, for example for comfort of playing.   

 

Example 2.3 Tenuto signs in Rotta, Bramo morir, opening measures 

 

 

How, then, does the use of tenuto signs indicate the preservation of the model’s polyphonic 

fabric? Minamino states that “The way the intabulator used the signs to indicate which note must 

be held helps us to interpret his understanding of how the counterpoint should be treated.”22 In 

addition, it can also help us to find out whether the counterpoint intended by the intabulator 

when he uses these signs matches the counterpoint in the corresponding passage in the model – 

                                                 
20 Minamino 135.  
21 Newsidler f. b ii(v)-b iii(r).  
22 Minamino 138. 



 THE TRAINING CORPUS 27 

in other words: whether he tried to preserve the model’s contrapuntal fabric. Although among 

the works of the training corpus there are only two in which tenuto signs are used (Rotta’s Bramo 

morir and Morlaye’s Las on peut juger), in both these works the signs are placed in such a manner 

that, without an exception, the passages in which they are encountered match exactly with the 

corresponding passages in the model. Thus, we have no reason to disagree with Minamino that 

“[T]he main reason for employing the technique of keeping the fingers on the strings is to 

produce the original polyphony as accurately as possible.”23  

Both of these indicators, of course, do not provide conclusive evidence that the 

intabulators indeed tried to preserve the polyphonic fabric of the model at all costs; they do, 

however, point rather strongly in this direction. Put differently: thus far, we cannot but conclude 

that there is no indication at all that the intabulators did not treat the model’s polyphonic fabric 

carefully. As we will see shortly, after having taken the last step in the creation of the piano-roll 

graphs – the addition of maximum duration to the individual onsets – this assertion will have to 

be rephrased slightly.      

 

2.7 Step 4: Addition of duration 

Now that the individual onsets all have been attributed to their appropriate voices, the fourth and 

final step in the creation of the piano-roll graphs can be taken. This step consists of ‘connecting’ 

the onsets, therewith creating vertical lines that visualize the separate voices. Concretely, this 

means that each onset that is not immediately followed by another one after its notated 

durational value has expired must be attributed an appropriate duration. The easiest solution 

would be to simply ‘fill up’ the gap between two onsets that belong to the same voice. However, 

there are three possible problems. First, adding duration to an onset may result in dissonances or 

other unwanted sonorities when one or more of the other voices are active during the period of 

added duration. Second, in the vocal model rests may occur between two onsets. Since tablature 

can only indicate rests that apply to all voices simultaneously, there is no way to tell whether a 

voice contains rests without consulting the vocal model. Third, as mentioned above, the 

maximum sustain of a note played on a lute course was considered to be a semibreve. This means 

that it would be rather unidiomatic to extend onsets that are more than a semibreve apart from 

the succeeding ones beyond this value, and exactly for this reason the longest note value found in 

the graphs is the semibreve. (There is, however, one exception to this rule: in each case when a 

fermata is placed above a symbol in the intabulation (which is usually above the final sonority), its 

duration is extended in the graph so that it fills the entire measure. This extension, however, is 

                                                 
23 Minamino 139. 
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more of a ‘symbolic’ duration denoting the end of the piece, rather than an actual executable one.) 

The advantage of the approach followed in the graphs is that it enables, to some extent, the 

indication of rests: whenever an onset apparently is aborted prematurely this is either because its 

continuation would result in a dissonance with the other voices, or because a rest can be found at the 

matching place in the vocal model. The presence of a semibreve followed by an empty space in the 

graphs, however, does not show whether an original duration value exceeding a semibreve was 

replaced by a semibreve and a rest, or whether the model gives the same note configuration. 

Figure 2.1d gives the final form of the piano-roll graphs.           

Two things must be mentioned here. First, determining the maximum duration of the 

onsets is a subjective process. For that reason, the added durations are visualized as transparent 

cells (as opposed to the untransparent cells indicating the minimum duration as given in the 

tablature). Second, the addition of maximum durations to the onsets is slightly ‘theoretical.’ In 

practice, the notated rhythmic value of notes cannot always be retained either because of the 

technical limitations of the instrument or because of the physical limitations of the player. In the 

former case we are dealing with what Minamino calls “conflicting enciphering;” in the latter with 

the physical impossibility of stopping certain configurations of notes, usually because they 

involve considerable stretching of the left-hand fingers.24  

 

Example 2.4 Conflicting enciphering       

a Narváez, Mille regres, m. 10 (A-tuning) b Rotta, Bramo morir, m. 5 (A-tuning) 

    

 

In Examples 2.4a and b, two passages containing conflicting enciphering are shown: in the first 

example, the first Altus note is ended prematurely because the g’ of the Superius is stopped on 

the same course. Similarly, the first Altus note in the second example is cut off too early; 

moreover, in this passage it will probably be rather physically challenging to give all notes their 

proper duration due to the required fingering. (Thus, in the second example, both technical and 

physical limitations play a role in the premature ending of the required duration.) Because 

                                                 
24 Minamino 43. 
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specifying all the instances in which we are dealing with one of these instrument-idiomatic 

peculiarities would lead to a considerable loss of transparency, I have chosen to turn a blind eye 

to them – an approach consistent with the modern day editing practice of music for the lute, 

guitar and other fretted instruments.  

    

2.8 Voice crossing  

The piano-roll graphs were drafted in the first place to investigate the relationship between the 

vocal compositions and their intabulations. Since, as shown above, both a secure formal and a 

(highly probable) structural relationship seem to exist, the graphs – initially visualizations of the 

intabulations’ onsets cast in the polyphonic ‘mold’ of the vocal model – can thus be regarded 

now as visualizations of the polyphony of the intabulations themselves. Such graphic 

representations facilitate the analysis of the ‘behaviour’ and interaction of the individual voices 

considerably, and this analysis enables us to single out those events that may lead to voice 

extraction problems. These problems occur when, at a certain point, the course of an individual 

voice that is part of a multi-voice composition becomes unclear or ambiguous, and will be 

discussed more extensively in the next chapter. One of the events leading to voice extraction 

problems, however, must be dealt with already at the present stage: voice crossing. I wish to 

argue that voice crossing is the only structural feature of the model that is not preserved in the 

intabulation. This assertion is based on two arguments: the way voice crossing is perceived by the 

human ear, and, inextricably bound up with that, the approach to voice crossing of one particular 

intabulator, Sebastian Ochsenkun.     

 

Example 2.5 Perception of crossing voices 

a Voice leading as intended   b Voice leading as perceived 

   

 

In his article “Tone and Voice: A Derivation of the Rules of Voice-Leading from Perceptual 

Principles,” David Huron writes with regard to the most ‘basic’ example of voice crossing: 

“[C]oncurrent ascending and descending tone sequences are perceived to switch direction at the 

point where their trajectories cross,” and that this perception is strengthened when these tones 

have identical timbres.25 In example 2.5a, for instance, we see the superimposition of two melodic 

                                                 
25 Huron (2001) 24. See also Temperley 88: “[T]here is a particular perceptional tendency to avoid crossing 
lines, a finding that has been confirmed in other studies as well,” and, on the role of timbre, Temperley 89-90.  
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lines: one consisting of black note heads, descending from e’’ to c’; and one consisting of white 

note heads, ascending from to c’ to e’’ (although the g’ in the middle is colored black, it belongs to 

the ascending line as well). Example 2.5b shows how these lines are perceived: at “the point 

where their trajectories cross,” the note g’, both lines ‘bounce back.’      

From the graphs we can tell that voice crossing is quite common: it occurs in all but two 

vocal models in the training corpus (Ach Elslein and Tant que vivray). There is, however, no reason 

to assume that this particular feature of the model’s polyphony was to be preserved in the 

intabulation. First, it does make no sense: since the individual ‘voices’ in lute music are timbrally 

as good as identical, the perceptional phenomenon as described in Example 2.5b is highly likely 

to occur – especially when the listener does not know that it ‘should’ be as shown in Example 

2.5a (i.e., when he does not know the model). In vocal music, on the other hand, voice crossing is 

better perceivable for at least two reasons: the individual voices are timbrally more different, and 

the text attached to the syllables could be of assistance to the listener. In vocal music, in other 

words, the circumstances for a correct perception of the polyphony are more favourable. Second, 

regardless of how close an intabulation is to its model, the undeniable fact remains that it is a 

reworking of that model, a different instantiation, intended to be performed on an entirely 

different medium. It is even not very far-fetched to say that we are dealing with a new work here. 

This means that the intabulation has its own polyphony – a polyphony very close to that of the vocal 

model, but adapted to the instrument. One of the adaptations is the ‘polishing away’ of voice 

crossing, a feature that – in most cases – makes no sense on the lute since it cannot be 

perceived.26  

This assertion is corroborated by the intabulations of Sebastian Ochsenkun. Ochsenkun 

is the only intabulator who exploits to the fullest a unique feature of German tablature: the 

opportunity to visually distinguish between the different voices.27 As we have seen in the previous 

chapter, as opposed to the Italian, Spanish, and French tablature system, in the German system 

there is no need for a ‘staff’ since each symbol represents only one intersection of a fret and a 

course (and thus only one pitch). As a consequence, those symbols that belong to the same voice 

can be arranged in a horizontal ‘line,’ and a polyphonic texture can be suggested by the 

superimposition of each of these lines (see Example 2.6).28  

                                                 
26 On certain occasions, however, voice-crossings do make sense; these are discussed in further detail in the 
following chapter.  
27 See also Hong 36-40 and 62-66. 
28 Another intabulator who frequently uses this notational trick is Hans Newsidler. Newsidler, however, applies 
it less consistently: if his intabulations are compared to those of Ochsenkun, the latter “can be seen to be much 
more concerned with the exact representation of the polyphony and voice leading” (Hong 36). Also in German 
tablature, however, it is still not possible to notate more than one duration at the same time. Therefore, rather 
than following Ochsenkun’s (and Newsidler’s) approach, most intabulators employing this tablature system 
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Example 2.6 Ochsenkun, Herr Gott laβ dich erbarmen    

     

 

Figure 2.2 Ochsenkun, Herr Gott, mm. 4-7 (G-tuning). Voice crossing between Altus and Tenor  
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chose to apply minimal vertical spacing between the individual symbols in order to avoid confusion as to which 
rhythmic sign they belong (Radke 35-36).  
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If we compare the above intabulation to the piano-roll graph that visualizes this work, we see that 

Ochsenkun changes the counterpoint each time the voices cross. In the vocal model (and hence 

in the graph that is based on the polyphony of the model), voice crossing occurs on four 

occasions: (i) in mm. 5-7, during which the model’s Tenor moves above the Altus for two and a 

half measures (see Figure 2.2); (ii) in mm. 13-15, which correspond to mm. 5-7; (iii) on the last 

beat of m. 15, during which the upper two voices switch place; and (iv) on the last beat of m. 19, 

which corresponds to m. 15.29 A transcription of how Ochsenkun intabulated these passages, 

however, shows how he reworked the original polyphony for the lute: in all these cases, he got rid 

of the voice crossings by switching the voices to their ‘perceptually right’ places. Ochsenkun, in 

other words, ‘cleansed’ his intabulation of voice crossing – apart from that, he remained faithful 

to the polyphonic fabric of the model. In Example 2.7, mm. 5-7 are transcribed. Note that 

Ochsenkun, rather surprisingly, designates the scale run f#-e’ in m. 7 to the Superius, whereas, 

when distributing the deviations in step 3, I have interpreted it as belonging to the Altus (cf. 

Figure 2.2). This example illustrates nicely just how multi-interpretable tablature can be: had 

Ochsenkun not indicated that these notes belong to the Superius, my option would have been 

the most probable.  

 

Example 2.7 Ochsenkun, Herr Gott, mm. 5-7 (G-tuning). Polyphony as indicated by Ochsenkun 

 

 

It could be objected that, on occasions such as these, Ochsenkun only switched the voices to 

arrange the pitches from high to low and thus improve the legibility of the tablature. This, 

however, is not very probable. Since he specifically takes advantage of the opportunity offered by 

the German tablature system to indicate individual lines, it would be illogical if he would intend 

the voices to cross but chose not to notate it just for the sake of legibility.      

 

 

 

                                                 
29 Note that, according to the concept of duality, both the c’ on the last beat of mm. 4 and 12 and the f’ on the 
first beat of mm. 16 and 20 represent two voices, and therefore possess a function comparable to that of the g’ 
in Example 2.5. Note also that Ochsenkun explicitly indicates in his tablature that both these notes are shared 
by two voices: in all four cases, the symbols corresponding to the notes are enciphered twice. 
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2.9 Conclusion 

The question posed at the beginning of this chapter whether the polyphonic fabric of the model 

is preserved in the intabulation must be answered affirmatively. Thus, we can agree with 

Minamino, who concludes that 

   
The ‘literal’ [unembellished] intabulation ideally aims the faithful presentation of a 
vocal model in tablature form. By enciphering each voice at a time, the intabulator 
strives to ensure that no note should be changed or omitted from the model 
unless there are compelling reasons to do so. Indeed, the intabulator often 
preserves the contrapuntal fabric of the original work even when this results in 
unidiomatic or technically difficult passages.30  
 

As we have seen in this chapter, the ‘compelling reasons’ for changing notes have to do with the 

technical limitations of the lute and therefore cannot be considered to be willful alterations of the 

identity of the original. The same applies to the added notes, whose vast majority can be 

categorized as being either ornamentational notes or repercussions – both instrument-idiomatic, 

non-structural additions that constitute an extra ‘layer’ superimposed on the literal intabulation.  

Although sometimes the limitations of either instrument or player necessitate the 

temporary dropping of a voice, from the piano-roll graphs we can tell that the intabulators’ 

minute, almost note-for-note transcriptions of the models result in an overall preservation of the 

vertical sonorities that constitute a piece – in other words: in the preservation of the number of 

voices of the model, which is the structural ‘framework’ of the polyphony. If we add to this their 

use of tenuto signs, we can only conclude that the vocal model’s polyphonic fabric is preserved in 

the intabulation. The only feature that, in most cases, cannot be found back in the intabulations is 

the crossing of voices: due to the change of performance medium, this become imperceptible and 

is therefore rendered senseless.    

 Thus, when voice crossing is disposed of by switching the voices to their perceptually 

right places, the piano-roll graphs serve as visualizations of the polyphonic fabric of the 

intabulations. In this capacity they constitute a useful tool for the analysis of the behaviour and 

interaction of the individual voices. This analysis, which will be performed in the next chapter, 

will give us insight into those events that are likely to hinder a correct voice extraction. Solutions 

to these problematic spots are fundamental to the design of an algorithm for voice extraction, 

and will be sought in the field of music perception. 

                                                 
30 Minamino 88. See also p. 69: “[T]he lutenist’s prime concern in making the literal intabulation is to reflect the 
vocal original as accurately as possible in his tablature.”  
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CHAPTER III: PREFERENCE RULES FOR VOICE BEHAVIOUR; 

VOICE EXTRACTION PROBLEMS  

 

An Analysis of the Piano-Roll Graphs 

 

 

In this chapter, an analysis of the piano-roll graphs – in their capacity as visualizations of the 

intabulations’ polyphonic fabric – is performed in order to (i) draft a number of preference rules 

pertaining to the course of individual voices; and (ii) pinpoint those passages that hinder, or even 

disable, (correct) voice extraction. The investigation of both these aspects – voice behaviour and 

passages leading to voice extraction problems – is crucial to the design of the algorithm: an 

inquiry of the former helps us to predict how a voice is likely to proceed at a certain problematic 

point; and an inquiry of the latter is invaluable in the design of an algorithm simply because the 

algorithm must be capable of dealing with these problems in order to function properly.  

The aspects of voice behaviour that will be investigated are horizontal motion, voice range, 

and textural density. In order to be able to inquire the former two, however, special cases in 

which voice crossing is ‘permitted’ must be discussed first. As we have seen in the previous 

chapter, voice crossing does not make sense on the lute since it generally cannot be perceived. In 

the current chapter, it is argued that in some special cases, voice crossings nevertheless can be 

perceived; as a consequence, it is worthwhile to then preserve them.    

As said before, voice extraction problems occur when uncertainty exists as to which voice a 

certain onset belongs to, and/or as to how a voice should continue from a certain onset on. The 

passages that lead to voice extraction problems will be determined using an abstract case that 

represents an ‘ideal’ intabulation. This model, which will be presented further in this chapter, 

describes what an intabulation whose tablature does not present any voice extraction problems – 

i.e., whose polyphony is perfectly clear – looks like.        

 

3.1 Voice behaviour 

Before proceeding to the investigation of horizontal voice motion, voice range, and textural 

density, in addition to the previous chapter a few words need to be said on voice crossing once 

again.
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3.1.1 Special cases of voice crossing 

As mentioned earlier, voice crossing does not make sense on the lute since it cannot be perceived. 

However, as will be argued presently, there are a two exceptions to this statement. The first 

concerns voice crossing combined with motivic imitation. When voice crossing occurs while one 

of the voices in question is involved in some form of motivic imitation, the repetition of the 

motif heard just seconds ago tends to dominate the ‘aural picture’ so much that it is perceived in 

its entirety again, regardless of any voice crossing. Moreover, the smaller the overlap of original 

and imitated motif, the clearer the imitation comes to the fore. For example: in Figure 3.1a, in 

which the polyphony of the model is followed, we see a motif first presented in the Tenor (m. 19, 

beat 3, beginning on a). It is then imitated, although not always strictly, in the Superius (m. 20, 

beat 1, beginning on a’), in the Bassus (m. 21, beat 1, beginning on f), again in the Superius (m. 21, 

beat 2, beginning on g’ – this is basically only an imitation of the characteristic three-note head 

motif), and lastly again in the Bassus (m. 22, beat 1, beginning on a). It is this last imitation that is 

illustrative here. It does not really matter whether we consider it as starting in the Tenor or in the 

Bassus (the latter is opted for here); in order to preserve the imitation voice crossing is 

unavoidable.  

 

Figure 3.1 Adriaenssen, Anchor che col partire, mm. 19-22 

a Motivic imitation, original polyphony followed 

1 9 2 3 4 2 0 2 3 4 2 1 2 3 4 2 2 2 3 4

c2 1 o    o    c2

b1 o   x o    b1

a1 x o   o a1

g1 o    o  o   o g1

f1 o   o  o  o    o  x  f1

e1 o    x o  o  o  o    o    x o  o  o    o    e1

d1 x  o  o    o o  o  d1

c1 o    o  o    o   o o    o  o  o   o o    c1

b o    o  o  b

a o    o   o o    o  o  o    o   o o   o o  x  a

g o  o    o  o  o    g

f o  o  o   o  o  o  f

e o    o  x o  x  o  o  e

d o    o    d

c o    o  o    c

B B

A o  o    A

1 9 2 3 4 2 0 2 3 4 2 1 2 3 4 2 2 3 4

1) 32nd notes: a'b'  
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Figure 3.1 (continued) 

b Motivic imitation, polyphony adapted to the lute 

1 9 2 3 4 2 0 2 3 4 2 1 2 3 4 2 2 2 3 4

c2 1 o    o    c2

b1 o   x o    b1

a1 x o   o a1

g1 o    o  o   o g1

f1 o   o  o  o    o  x  f1

e1 o    x o  o  o  o    o    x o  o  o    o    e1

d1 x  o  o    o o  o  d1

c1 o    o  o    o   o o    o  o  o   o o    c1

b o    o  o  b

a o    o   o o    o  o  o    o   o o   o o  x  a

g o  o    o  o  o    g

f o  o  o   o  o  o  f

e o    o  x o  x  o  o  e

d o    o    d

c o    o  o    c

B B

A o  o    A

1 9 2 3 4 2 0 2 3 4 2 1 2 3 4 2 2 3 4

1) 32nd notes: a'b'  

 

As can be seen in Figure 3.1b, when the polyphony is adapted to the lute, all the voice crossings – 

m. 20, beat 4: Altus and Tenor switched; m. 21, beat 4: Superius and Altus switched – are 

polished away except the one between the lower two voices in m. 22. (Note that switching the 

upper two voices in m. 21 coincidentally yields a stricter imitation of the original motif.)       

When voice crossing occurs in combination with the first entry of a motif rather than the 

imitation of this entry as described above, however, the above is not valid for the simple reason 

that the motif is presented here for the first time. While music being played moves in one 

direction along a linear time scale, the process of interpreting it moves in the opposite direction: 

when listening to music we adjust our understanding of what we hear at a certain moment by 

placing it in the context of what we have heard just before that moment. We cannot place it in 

the context of what is yet unheard.1 Thus, when voice crossing is combined with the initial 

presentation of a motif, the listener does not recognize the motif yet – it does not find itself in 

the listener’s working memory yet – and exactly for this reason a correct perception is thwarted. 

However, in such cases it may be argued that preserving the motif ‘as intended’ (and thus 

                                                 

1 Of course we do know what is going to happen when an entire section is repeated; in that case, however, we 
cannot speak anymore of music that is yet unheard.  
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preserving the voice crossings, although they cannot be perceived) can be approved of for 

compositional-aesthetical reasons. An example of this can be found in Figure 3.2a, which gives 

the first three measures of Morlaye’s Las on peut juger with the voices arranged according to the 

polyphony of the model.  

 

Figure 3.2 Morlaye, Las on peut juger, mm. 1-4. Motivic imitation  

a Original polyphony followed 

1 2 3 4 2 2 3 4 3 2 3 4 4 2 3 4

c2 o    o    x  c2

b1 o    o    o    o  o  b1

a1 o  o  o    a1

g1 o        o    o    o  o        o      g1

x  o  

f1 o        x    o    f1

e1 o        x    o    o    o    o  o    e1

d1 x  o  o  o      o d1

c1 o        x  o  o        o    o  o c1

b o    b

a a

g o        x      o    o    o    g

o  

f o        x    f

e o  o  x    e

d o  o    x  d

c o        x        o  o    c

B B

1 2 3 4 2 2 3 4 3 2 3 4 4 2 3 4  

 

As we can see, the motif e’-e’-e’-d’-c’-d’- e’-f’ in the Tenor (starting in m. 1, beat 4; the end of this 

motif is not perfectly clear-cut so it may be extended by a few notes) is imitated in the upper fifth 

in the Superius (m. 2, beat 2), and as a result of the ‘leapy’ character of the Altus, voice crossing 

between the middle voices occurs in mm. 1 and 3. If we adhere to the rules set in the previous 

chapter and polish away all these voice crossings, the results will look something like as shown in 

Figure 3.2b. As we can see, the original motif – now divided among three voices – is completely 

obscured. In the case of this piece, it would be aesthetically more rewarding to retain the voice 

crossing between the middle two voices in m. 3, therewith preserving the motif as intended (see 

Figure 3.2c). However, as can be seen in the same figure, the voice crossing between those same 

two voices in m. 1 need not be retained because it is unnecessary – it cannot be perceived. 

Moreover, when these voices are switched back to their perceptually right places, the notes d’ and 

f#’ – non-structural additions made by the intabulator that still seem oddly out of place in Figure 

3.2a – suddenly make perfect sense: combined with the e’ on beat 4, they fill up the gap between  
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Figure 3.2 (continued) 

b As perceived: no voice crossing, initial motif obscured 

1 2 3 4 2 2 3 4 3 2 3 4 4 2 3 4

c2 o    o    x  c2

b1 o    o    o    o  o  b1

a1 o  o  o    a1

g1 o    o    o    o  o        o      g1

x  o  

f1 o        x   o    f1

e1 o        x  o  o    o    o  o    e1

d1 x  o  o  o      o d1

c1 o        x        o  o        o    o  o c1

b o    b

a a

g o        x        o    o    o    g

o  

f o        x    f

e o  o  x    e

d o  o    x  d

c o        x        o  o    c

B B

1 2 3 4 2 2 3 4 3 2 3 4 4 2 3 4  

 

c Initial motif preserved by retaining voice crossing between Altus and Tenor in m. 3  

1 2 3 4 2 2 3 4 3 2 3 4 4 2 3 4

c2 o    o    x  c2

b1 o    o    o    o  o  b1

a1 o  o  o    a1

g1 o        o    o    o  o        o      g1

x  o  

f1 o        x    o    f1

e1 o        x    o    o    o    o  o    e1

d1 x  o  o  o      o d1

c1 o        x  o  o        o    o  o c1

b o    b

a a

g o        x    o    o    o    g

o  

f o        x    f

e o  o  x    e

d o  o    x  d

c o        x        o  o    c

B B

1 2 3 4 2 2 3 4 3 2 3 4 4 2 3 4  
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the c’ in m.1 and the g’ in m. 2 (Note that the e’ on beat 3 serves the concept of duality – it 

belongs both to the Altus and to the Tenor.) Thus, as can be seen clearly in Figure 3.2c, in this 

fragment the Superius not only imitates the Tenor (mm. 2 and 3), but the Altus also pre-imitates 

the Bassus (mm. 1 and 2).   

Strongly related to the combination of voice crossing and motivic imitation, and therefore 

worth mentioning here as well, is the combination of voice crossing and motivic repetition. When a 

certain motif is repeated in the course of a work, and this repetition is obscured by voice crossing, 

the voice crossing should be preserved as well. An example of this can be found in Pierre 

Phalèse’s Susanne ung jour. The piece begins with a statement of two different motifs, divided 

among all five voices: the Superius’ g’-b7’-b7’-c’’-d’’ is imitated in the lower octave by both Tenors, 

and the Altus’ g’-e7’-c-g’ is imitated in the lower octave by the Bassus (see Figure 3.3a).  

 

Figure 3.3 Phalèse, Susanne ung jour. Motivic repetition combined with voice crossing 

a Mm. 1-5, two motifs: both Tenors imitate the Superius; Bassus imitates Altus 

1 2 3 4 2 2 3 4 3 2 3 4 4 2 3 4 5

f2 o    f2

e2 o    e2

d2 o        x        o    o    d2

c2 x o    c2

b1 b1

o x x x    

a1 x x o    a1

g1 o        x o        o    x    o    o    g1

f1 x f1

e1 o    e1

o    o    o    

d1 o        o    x    o    d1

c1 o    o    o    c1

b b

o        x    o        x    

a o    x    a

g x    o    o    o    o    o    g

f f

e e

o    

d o    d

c o    c

B B

1 2 3 4 2 2 3 4 3 2 3 4 4 2 3 4 5  

 

These motifs are presented rather unambiguously (although not entirely without voice crossing: 

see mm. 4-5, in which the preservation of the motif in Tenor 2 necessitates both Tenors to cross), 

and their importance is stressed not only by their text underlay – according to the edition used, 

both are underlaid syllabically with the words ‘Susanne un jour’ in the vocal model – but also by 



 PREFERENCE RULES FOR VOICE BEHAVIOUR; VOICE EXTRACTION PROBLEMS 41 

their frequent return in the remainder of the piece.2 In m. 14, then, we encounter a ‘reprise’ of the 

first fourteen bars, the only differences being that now, the whole passage is shifted one 

semibreve, and that the two Tenors have switched place. As can be seen in Figure 3.3b, voice 

crossing between the two Tenors must be allowed in order to enable preservation of the motif g-

b7-b7-c’-d’ in both these voices.   

 

Figure 3.3 (continued) 

b Mm. 14-18, ‘reprise’ with voice crossings in both Tenors  

3 4 1 5 2 3 4 1 6 2 3 4 1 7 2 3 4 1 8 2 3

f2 o    f2

e2 o    e2

d2 o        x        o    o    d2

c2 o    c2

b1 b1

o        x    

a1 o    a1

g1 o    o    o    o    o        o        o    o    g1

f1 f1

e1 o    e1

o    x    o    o    

d1 x        o        o  o        o        o    d1

c1 o  o    o  o    o    c1

b b

o      o  o        x    o        x   

a o  o        a

g x        x        o        o    o    o    o    o    g

f f

e e

o    

d o    d

c o    c

B B

3 4 1 5 2 3 4 1 6 2 3 4 1 7 2 3 4 1 8 2 3  

 

The second exception to the avoidance of voice crossing concerns (ornamental) runs in short 

note values that, in their course, cross one or more other voices. The reason why voice crossing 

should be retained in such cases is that when a string of short notes (preferably proceeding in 

stepwise motion) appears in a context of longer notes, it tends to be perceived as coherent whole 

– even when crossing other voices. However, analysis of the training corpus shows that, mostly 

due to instrumental limitations (on the lute, it is quite hard to play multiple independent short-

note runs simultaneously), a high level of activity in one voice is almost always combined with the 

                                                 

2 See Orlando di Lasso, Kompositionen mit französischem Text, zweiter Teil, ed. Adolf Sandberger (Leipzig: Breitkopf 
& Härtel, 1904), vol. 14 of Sämtliche Werke 29. It should be noted here that in the vocal model, the motif 
stated in the Superius and both Tenors consists only of four notes (g-b7-c-d), thus enabling syllabic text underlay. 
For reasons of maximum sustain of a lute course (see the previous chapter), however, the dotted semibreve b7 
of the vocal model is divided into the rhythmic figure d e in the intabulation, therewith turning the original 
four-note motif into a five-note one.   
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other voices being static. Thus, although the voices theoretically cross, in instances such as the 

ones shown in Figures 3.4a and b, we are basically dealing with a ‘secondary’ form of voice 

crossing, in which the moments of onset of the crossing notes do not coincide with the actual 

moment of crossing (i.e., at the moment of crossing, there is an onset present in only one of the 

involved voices). Precisely for this reason, this form of voice crossing yields hardly any voice 

extraction problems, and in order to not disrupt the fluidity of the ornamental run, in these cases 

they should be retained. Often, moreover, in such cases the voices are only switched for only a 

short period of time (see for example Figure 3.4b), which makes them actually quite insignificant.    

 

Figure 3.4 ‘Secondary’ voice crossing       

a Adriaenssen, D’un si bel foco, m. 10    b Morlaye, Las on peut juger, m. 21  

1 0 2 3 4

a1 o  o    a1

g1 x o    o    g1

f1 x o    o    f1

e1 o    x    o    o    e1

d1 x o    o    d1

c1 o      x          o    o    c1

b x b

o    

a o        x    o    o    a

g o    g

f f

e e

d d

c c

B B

A o                A

1 0 2 3 4   

2 1 2 3 4

c2 o        x    c2

b1 o    b1

a1 a1

g1 o    g1

f1 f1

e1 x        e1

d1 x d1

c1 x x c1

b x x b

a o    x  x  o    a

g x o  o  g

f f

e o    e

2 1 2 3 4

 

 

To summarize: there are two categories of voice crossing. First, we have ‘primary’ voice crossing, 

in which the moments of onset of the crossing notes coincide with the actual moment of 

crossing, and in which all the voices involved in the crossing are ‘active’ (i.e., they do not consist 

of sustained notesd) during the time they are switched. Second, there is ‘secondary’ voice crossing, 

in which the moments of onset of the crossing notes do not coincide with the moment of 

crossing, and in which only one voice is active during the time the voices in question are switched. 

The general rule we can set is that voice crossing is only retained when it is actually perceptible 

on the lute. Therefore, secondary voice crossing is always retained; primary voice crossing, 
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however, only when it occurs in combination with motivic imitation or motivic repetition – all 

other instances are not taken into account because they are considered perceptually irrelevant.   

 

3.1.2 Horizontal motion 

This being clarified, the horizontal motion of the individual voices of all the works in the training 

corpus can now be investigated. This is done by analyzing the piano-roll graphs devised in the 

previous chapter one voice at a time, and then making an inventory of the intervallic distances at 

which the onsets that belong to a particular voice succeed one another. (It should be stressed 

here that in the piano-roll graphs, as devised in the previous chapter, all voice crossings are still 

present. When performing the analysis of the horizontal motion, only the special cases of voice 

crossing are left intact (according to the principles as described above); all ‘unnecessary’ voice 

crossing is polished away). The results are presented in a series of diagrams, the last of which 

giving the average. Three further things should be noted on the process of analysis. First, no 

distinction is made between major or minor imperfect intervals. Not very surprisingly, diminished 

and augmented perfect intervals, as well as the tritone, do not occur at all and are therefore not 

included in the diagrams. Second, some voices have a more fragmentary character than others 

due either to the presence of one or more successive rests in the corresponding voice in the vocal 

model, or to the omission of notes from that voice. (In an intabulation, this of course amounts to 

the same effect: a period of inactivity in the voice in question.) In such cases, we cannot speak of 

continuous horizontal motion. Therefore, when there is a relatively long period of inactivity 

between two onsets, the interval at which the onsets that constitute the boundaries of the ‘gap’ 

succeed one another is not inventarized.3 Third, both this process of determining whether the 

gap between two onsets is too large to take into account the in-between interval and the process 

of attributing onsets to a certain voice when voice crossing is at play can be slightly subjective 

(for the latter, see for example Figure 3.2); therefore, it is impossible to give absolute figures here. 

Moreover, the data presented in the diagrams were gathered manually, so errors cannot be ruled 

out completely. Taking these two aspects into consideration, it is not unwise to keep a small 

margin of fluctuation (or error) in mind when looking at the direct results of the analysis as they 

                                                 

3 In such cases, it is difficult to preliminarily determine the minimum period of inactivity that is required to 
have a phrase perceptionally broken up into two fragments – i.e., to preliminarily determine a threshold – 
because the length of this period depends entirely on the context. In a fast-moving voice, for example, the 
inclusion of, say, a one-measure rest is far more consequential than it is in a slow-moving voice. For this reason 
I chose not to set such a threshold, but rather to have it depend on the situation and rely on my own capability 
of making well-founded decisions.       
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are presented in the diagrams.4 As can be seen in Figures 3.5a-n, even when such a margin is 

rather large, the results leave little doubt as to which intervals are most prevalent.  

 

Figure 3.5 Horizontal voice motion: distribution of intervallic distances per voice per 

intabulation (in percentages)5 

a Spinacino, Adiu mes amours
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4 Suppose we assume a margin of 10%. When, for instance, the analysis shows that the interval of a second 
makes up half of the intervallic distances between the onsets, the actual proportion can confidently be said to 
vary between 45% and 55%. 
5 Two things should be noted with regard to these diagrams. First, since the figures presented are rounded off 
to their nearest integer values, the sum of the percentages of intervals found per voice does not always add up 
to 100%, but varies between 99 and 101%. Second, since rounding off values below 0,5% downwards would 
falsely give the impression that the intervals in question are entirely absent in the voices in question, all values 
below 1% are rounded off upwards.   
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Figure 3.5 (continued) 

c Attaingnant, Tant que vivray
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Figure 3.5 (continued) 

f Rotta, Bramo morir
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g Pisador, Vostra fui
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Figure 3.5 (continued) 
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Figure 3.5 (continued) 
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Figure 3.5 (continued) 

n (continued)
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To summarize: for the most part, voices tend to move by stepwise motion (i.e., by second) or by 

repeating the previous note (i.e., by unison). The interval that comes third in line in terms of 

prevalence is the smallest possible leap, the third. Overall, leaps bigger than a third constitute a 

minority; thus, in the diagrams, an imaginary line – separating the most frequently used intervals 

from those that are less prevalent – can be drawn between the third and the fourth. Of all the 

leaps bigger than a third, then, those of a fourth and a fifth are encountered most frequently. 

With regard to these two intervals it should be noted that, compared to in the other voices, in the 

Bassus they constitute a rather substantial part of the intervals in which this voice moves. Put 

differently: the Bassus is the voice that is most inclined to employ leaps of a fourth and a fifth. 

Leaps bigger than a fifth are comparatively so rare that they cannot be confidently said to occur 

more in one voice than in another. Lastly, by looking at the piano-roll graphs we can tell that all 

leaps are preferably succeeded by motion by small intervals (i.e., stepwise motion or by leap of a 

third) in the opposite direction, or by tonal repetition – in other words, they are preferably 

succeeded by one of the intervals on the left hand side of the imaginary line. Again, the Bassus 

forms the exception: although in this voice leaps are still preferably succeeded by contrary motion, 

large leaps followed by large leaps are less rare.                 

 

3.1.3 Voice range 

Another aspect of voice behaviour that may turn out to be helpful in the design of the algorithm 

is voice range. Here, we must keep in mind that, as opposed to human voices, instrumental 

‘voices’ do not have a registral limit – they can ascend and descend as far as the range of the 
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instrument allows them. Technically, for example, it is no problem to let the top voice of a 

polyphonic lute piece descend into the register of the Bassus. However, since the polyphony of 

the vocal model – with the exception of some special cases – is preserved in the intabulation, it is 

very likely that the voice ranges of the instrumental voices correspond largely with those of the 

vocal model. In other words: it is very likely that they are registrally limited as well. If it is indeed 

possible to set more or less rigid boundaries within which each of the instrumental voices move, 

this information could be helpful in situations in which not all the voices are active, and where 

the ‘identity’ of the voices present is thus not clear (see also section 3.1.4 below). In Figure 3.6, 

such a situation is presented.  

 

Figure 3.6 Rotta, Bramo morir, mm. 46-49. Voice-identity problem when the music is not fully 

textured 

a Mm. 46-47, visualization of the tablature   b Mm. 46-47, visualization of the  

(neutral piano-roll graph) tablature, maximum duration added    
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If we take into account a maximum duration of a semibreve (compare Figure 3.6a and b), it is 

quite clear that, up to m. 48, the music is fully textured. From m. 48, however, the maximum 

number of simultaneously placed onsets is reduced to two, which in this case means that the 

texture is reduced to three-voice at best (see Figure 3.6c). From the second half of m. 48, three 

descending lines can be discerned: the upper one moving from c’ to a; the middle one from a to f; 

and the lower one, starting one beat later, from e to c. Suppose now that we have at our disposal 
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Figure 3.6 (continued) 

c Mm. 48-49, visualization of the tablature     
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d Mm. 46-49, visualization of the solution 
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general rules of voice range in which the Superius is defined as moving generally between, say, c’ 

and e’’. In that case, our problem is solved: all three lines exceed the lower threshold of this range, 

which means that we must be dealing with the lower three voices of the piece here. (To be able 
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to reach this conclusion, however, we must first know the number of voices of the piece in 

question; how this is determined will be discussed in Chapter V). In Figure 3.6d, the polyphony 

of the entire passage is visualized.   

Analysis of the piano-roll graphs points out that the individual voices indeed seem to 

move within a certain voice range (see Table 3.1; the special cases of voice crossing that are 

preserved were taken into account when drafting this table). In Table 3.2, an attempt at extracting 

general voice range limits from these data is made. The pitches marked with an asterisk in Table 

3.1 seem to be incidental peaks (‘outliers’), and are therefore not taken into consideration in 

Table 3.2; also, the upper limit of the Superius as well as the lower limit of the Bassus are placed 

between parentheses because they are irrelevant. This is because from a certain point down in the 

low end as well as from a certain point up in the high end of the pitch range used there is no 

voice range overlap anymore, meaning that the pitches below and above these thresholds can 

only belong to the Bassus and the Superius, respectively.  

  

Table 3.1 Voice range per voice per intabulation (G-tuning used)6 

Voice Piece 

S A T1 T2 B 

(1) Adiu mes amours b7-c’’ e7-a7’ f-c’ - A7-g 
(2) Elslein liebes Elslein d’-d’’ - f-f’ - G-c’ 
(3) Tant que vivray c’-c’’ - f-f’ - B7-b7 
(4) Disant adiu madame c’-c’’ - f-e7’ B7-d’ - 

(5) Mille regres b7-d’’ f#-g’ c-c’ - G-a 

(6) Bramo morir  b-d’’ f#-g’ c-f’ - G-b7 
(7) Madrigal vostra fui  d’-e7’’ a-g’ d-e7’ - G-b7 
(8) Las on peut juger b7-d’’ f-f’ d-f’ - G-b7 
(9) Herr Gott laβ dich erbarmen *f-c’’ *c-g’ e-d’ - F-a 

(10) Susanne ung jour *f-e7’’ f-b7’ e7-f’ d-f’ G-a7 
(11) Je prens en gre d’-c’’ g-g’ f-e7’ - B7-c’ 
(12) D’un si bel foco *f-d’’ f#-a’ d-e’ c-f’ F-a 

(13) Anchor che col partire c’-d’’ a-g’ d-e’ - E-b7 
 

 

 

                                                 

6 For reasons explained in the previous chapter, both the G- and the A-tuning were used when transcribing the 
tablature. Thus, to facilitate comparison, the voice range of those pieces for which the A-tuning was used – (1) 
Adiu mes amours; (4) Disant adiu madame; (5) Mille regres; (6) Bramo morir; (8) Las on peut juger; and (10) Susanne ung 
jour – were transposed one step down. Note that there are nevertheless three works whose lowest pitch 
apparently exceeds the lower limit of a six-course lute tuned to G. In the case of Herr Gott this is due to ‘Abzug’ 
(the tuning down by a whole note) of the lowest course; the tablature of D’un si bel foco requires a seven-course 
lute with the lowest course tuned one tone lower than the sixth (i.e., to F); and the same applies to Anchor che col 
partire, with the only difference that here, the seventh course is tuned a fourth lower (i.e., to D).   
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Table 3.2 Voice range limits (G-tuning used)7 

 I II III 
Limit (all values) Limit (extremes) Limit (average) Voice 

Lower  Upper Lower Upper Lower Upper 

Superius b7-d’ (c’’-e7’’) b7 (e7’’) c’ (d’’) 

Altus e7-a f’-b7’ e7 b7’ f(#)/g g’/a’ 

Tenor 1, 2  B7-f c’-f’ B7 f’ d d’/e(7)’ 

Bassus  (E-B7) g-c’ (E) c’ (G) a/b(7) 
 

According to Table 3.2, column I, the pitches B7 and b7’ constitute the thresholds (the former 

being the lowest lower limit value of the Tenors, and the latter the highest upper limit value of 

the Altus). Thus, if the Bassus’ lower limit and the Superius’ upper limit values lie beyond these 

thresholds, there is never any doubt as to which voice they belong – which renders these limits 

irrelevant. As can be read in Table 3.2, this is indeed the case with the Superius’ upper limit 

values, the lowest of which is c’’; slightly more caution is asked for, however, in the case of the 

Bassus, whose highest lower limit value B7 just overlaps the lower threshold (meaning that this 

pitch may belong to both the Bassus and the Tenors). 

The following conclusions can be drawn. First, the way the instrumental voices are 

arranged within an intabulation corresponds largely with the way this is done in a vocal work: the 

ranges of the Superius and Altus are roughly an octave higher than those of the Tenor and Bassus, 

respectively; also, the Tenor and Altus overlap the upper half of their neighbouring lower voice 

and the lower half of their neighbouring upper voice. This is of course not very surprising, since 

it was already established that intabulators remained very close to the vocal polyphony.    

Second, although there is substantial overlap between the voices (for example: following 

column II in Table 3.2, which is the most ‘safe’ option, we see that the pitches b7 to c’ fall within 

the voice range of all voices; that the pitches e7 to a fall within the voice range of all voices except 

for the superius; etc.), the upper and lower boundaries of the voice ranges can nevertheless be of 

help in the design of the algorithm. In order to define general voice range rules that are suitable 

for use for different tunings, however, the data in Table 3.2 need to be formularized. Because 

general rules are sought after, the focus will be on the third column, giving the averages. This 

formularization is carried out by replacing the actual pitches that represent the average limits 

(Table 3.2, column III) by indices indicating their intervallic distance to the sixth course of a lute 

tuned to G. The results are shown in Table 3.3. Thus, a tool is created that can be used to 

calculate the registral limits of the individual voices of an intabulation. (Note that caution is asked 

                                                 

7 When calculating the averages in column III, only diatonic notes were considered. Alterations are included 
according to the frequency they are encountered in the tablatures.     
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for when scordatura of the sixth course is at play: in the case of Ochsenkun’s Herr Gott, in which 

the sixth course is tuned one step down, for example, a major second must be added to all of the 

indices presented in Table 3.3.)     

 

Table 3.3 Indices for calculating general voice range limits  

Voice Limit 

 Lower Upper 

Superius + 11th  - 
Altus + 7th/8va + 15ma/16th 
Tenors  + 5th + 12th/13th  
Bassus  - + 9th/10th 
 

Lastly, it should be noted that the voice range limits as given in the above table are not to be 

taken absolute. They may be helpful when there is doubt as to which voice a certain onset in an 

only partly textured passage belongs; however, since there is also quite some overlap, in other 

cases they may be of less use.    

 

3.1.4 Textural density 

The last aspect related to voice behaviour that will be investigated is textural density, by which 

term is meant the number of voices that are active simultaneously. Textural density is of 

importance since voice-identity problems are most likely to occur when the music is not fully 

textured. Or, put differently: fully textured passages yield the least voice extraction problems, 

mostly even none at all. This is illustrated nicely by Example 3.1, in which the opening measures 

of Rotta’s Bramo morir are shown.  

 

Example 3.1 Rotta, Bramo morir, mm. 1-3 

 

 

Here, we notice the presence of six what Hélène Charnassé and Bernard Stepien call ‘saturated 

verticals’ – chords “where a note exists for each voice” – which are interconnected by short 

ornamental figures consisting of shorter note values.8 Having the vocal model at our disposal, we 

                                                 

8 Charnassé and Stepien, “Automatic Transcription” 182. 
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know that this work is for four voices; and since there is no reason to allow voice crossing in this 

fragment, there is only one way to distribute the individual onsets that make up these saturated 

verticals among the voices (see Figure 3.7; the ornamental notes are not considered for the 

moment and are therefore left uncolored). 

 

Figure 3.7 Rotta, Bramo morir, mm. 1-3 (A-tuning). Saturated verticals interconnected by 

ornamental figures 
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The problem with the tablature system, however, is that its notational limitations hinder a clear 

insight as to whether a fragment of music is fully textured or not. This is due to two reasons: first, 

only the minimum duration of the onsets is given. This means that when two saturated verticals 

are interrupted by one or more ‘non-saturated’ verticals, the actual duration of the former 

saturated vertical’s voices during this interruption must be inferred. (Note that the above 

tablature fragment is actually an exception to this statement since in this particular case tenuto 

signs – telling the performer to keep the courses stopped in the indicated position as long as 

possible, therewith providing additional durational information – are used. However, since tenuto 

signs are not exactly ubiquitous in intabulations (as we have seen in the previous chapter, in the 

training corpus, they are only used in two works), and since Example 3.1 is a perfect case in point 

here, we will just ignore their presence for the sake of the argument.) Thus, in the case of the 

Example 3.1, this means that when only one voice is active and the others are not (i.e., when the 

chords are interrupted by ornamental figures), it is up to interpretation whether (and which of) 

the inactive voices are silent or whether they are sustained. In other words: it is up to 

interpretation how the fragment is textured. In figures 3.8a and b, the two extremes are shown. 
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Note that, in accordance with the preference for stepwise horizontal motion as discussed in 

section 3.1.2 above, the onsets that were left uncolored in Figure 3.7 (the ornamental notes) are 

distributed among the voices by connecting them to their nearest neighbors; and also that, when 

such ornamental notes are equally distant to two voices, the saturated verticals are decisive in 

determining to which voice they belong. Lastly, it should be noted that, although theoretically 

possible, the interpretation as shown in Figure 3.8a is musically not very rewarding. The majority 

of editors would doubtlessly favor the musical-aesthetically more satisfying fully-textured 

interpretation as shown in Figure 3.8b – even without having at their disposal the vocal model, 

which clearly points in the direction of this interpretation as well.    

 

Figure 3.8 Rotta, Bramo morir, mm. 1-2.  

a Full texture interrupted (no duration added   b Fragment fully textured (maximum  

to inactive voices)     duration added to inactive voices) 
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The second notational limitation of tablature that hinders a clear insight into the texture is related 

to the concept of duality as discussed in the previous chapter. As opposed to modern music 

notation, tablature offers no notational means to indicate that an onset belongs to two voices. 

Thus, a sonority that is seemingly only partly textured may in fact be fully textured (compare, for 

example, Example 3.2 and Figure 3.9). As we can infer from the vocal model, here, the lower 

note of the very first chord belongs to both the Bassus and the Tenor – this, however, is not 

visible in the tablature, in which the first chord consists of only three symbols.    
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Example 3.2 Daza, Je prens en gre, opening   Figure 3.9 Daza, Je prens en gre, opening  

measures      measures (G-tuning; ‘barring’ adjusted) 

  

1 2 3 4 2 2 3 4

c2 o       c2

b1 b1

o o

a1 o o o o o       a1

g1 o       o o o             g1

f1 o               o       o                             o             f1

e1 o             e1

o    

d1 o             d1

c1 o                             o        o    c1

b b

o    

a o    a

g o             o             g

f o        o        f

e e

d o             d

c o             c

B B

1 2 3 4 2 2 3 4  

   

As a consequence of these two notational limitations, the percentage of actual fully textured 

passages per intabulation is always larger than can be inferred unambiguously from the tablature. 

This is shown below by comparing, for each work, the first step in the process of creating the 

piano-roll graphs to the last (see Figures 2.1a and d, respectively) – i.e., by comparing a 

visualization of an intabulation’s ‘plain’ tablature to a visualization of its polyphonic fabric in 

which all three particular aspects that cannot be read directly from the tablature are visualized. 

The first, the distribution of the onsets, is irrelevant at the moment. It is the second and third – 

the ‘supplementing’ of the minimum durations as given in the tablature (a) by filling up the gap 

between two successive onsets (up until the maximum duration of a semibreve is reached), (b) by 

inserting rests, or (c) by a combination of both; and the application of the concept of duality, 

respectively – that are of importance here. 

Textural analysis of the works’ polyphonic fabric as visualized in the final stage of the 

piano-roll graphs (in which all the onsets assigned to a voice and durations are added, see Figure 

2.1d) shows that nine out of thirteen of these works are fully textured for more than half of their 

length in minims (see Table 3.4). The percentages given in the right column are calculated by first 

counting the number of minims (‘beats’) during which the piece is fully textured as well as the 
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total amount of minims the piece consists of, and then dividing the former by the latter. 9 

Information concerning the textural style (i.e., homophonic polyphonic, polyphonic, or imitative 

polyphonic) as well as the number of voices of the intabulations is also added to see whether 

there is a relation between either of these and the degree of full-texturedness. Indeed, all four 

more homophonic works – (2), (3), (6), and (9) – show very high percentages; however, at least 

from what can be gathered from the results in the table below, the number of voices does not 

seem to play a significant role.    

 

Table 3.4 Percentage of full-texturedness per work; results gained from analysis of the 

visualization of the intabulations’ polyphony (FT = fully textured, HP = homophonic polyphony; 

P = polyphonic; Pi = imitative polyphony)   

Number of minims Piece Voices Texture 

Total FT 

% FT 

(1) Adiu mes amours 4vv Pi 245,5 72,5 29,5 
(2) Elslein liebes Elslein 3vv HP 70  64 91,4 
(3) Tant que vivray 3vv HP 88  80 90,9 
(4) Disant adiu madame 3vv Pi 132 95,5 72,3 
(5) Mille regres 4vv P 160 44,5 27,8 
(6) Bramo morir  4vv HP 236  205 86,9 
(7) Madrigal vostra fui  4vv P 152 123,5 81,3 
(8) Las on peut juger 4vv P 184 153 83,2 
(9) Herr Gott laβ dich erbarmen 4vv HP 89 80 89,9 
(10) Susanne ung jour 5vv P 232 109 47,0 
(11) Je prens en gre 4vv Pi 220  146,5 66,6 
(12) D’un si bel foco 5vv P 144 43 29,9 
(13) Anchor che col partire 4vv Pi 164 94,25 57,5 
 

Textural analysis of the first stage of the piano-roll graphs, the ‘plain’ tablature, however, yields 

much lower figures. In this case, the percentage is calculated by counting the total duration (again, 

expressed in minims) of only the unambiguously saturated verticals – i.e., those chords whose number 

of onsets equals the number of voices of the piece in question – and then dividing this by the 

total amount of minims the piece consists of. The results are shown in Table 3.5.  

The question now arises to what extent the insights gained above are helpful in the design 

of an algorithm for voice extraction. As mentioned at the beginning of this paragraph, fully 

textured passages yield the least voice extraction problems. Thus, the larger the part of a work 

that is fully textured, the lighter the algorithm’s task becomes. As shown above, however, the  

                                                 

9 Note that the onsets’ maximum durational value of a semibreve necessitates the inclusion of rests when two 
successive onsets are more than a semibreve apart, and that this durational restriction therefore negatively 
affects the percentage of full-texturedness as given in the right column of Table 3.4.  
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Table 3.5 Percentage of full-texturedness per work; results gained from analysis of the 

visualization of the plain tablature  

Number of minims Piece Voices Texture 
Total FT 

% FT 

(1) Adiu mes amours 4vv Pi 245,5 4,5 1,8 
(2) Elslein liebes Elslein 3vv HP 70  39,5 56,4 
(3) Tant que vivray 3vv HP 88  46 52,3 
(4) Disant adiu madame 3vv Pi 132 40,25 30,5 
(5) Mille regres 4vv P 160 21,5 13,4 
(6) Bramo morir  4vv HP 236  97,25 41,2 
(7) Madrigal vostra fui  4vv P 152 58 38,2 
(8) Las on peut juger 4vv P 184 58 31,5 
(9) Herr Gott laβ dich erbarmen 4vv HP 89 34,75 39,0 
(10) Susanne ung jour 5vv P 232 36,5 15,7 
(11) Je prens en gre 4vv Pi 220  60,25 27,4 
(12) D’un si bel foco 5vv P 144 5,625 3,9 
(13) Anchor che col partire 4vv Pi 164 28,5 17,4 
 

problem is that due to notational limitations, the data read by the algorithm – the plain tablature 

– do not reveal the actual proportion of full-texturedness of the piece that they encode, but only 

a small part of it (that part that is unambiguously fully textured, i.e., all the saturated verticals 

taken together). This means that, because the data the algorithm works with are too scarce, full 

textural density is expected to play no primary role in its design. Only the saturated verticals – 

stable elements within a texturally ambiguous stream of onsets – may be useful as points of 

reference. 

 To conclude: with regard to textural density, the only thing that can be said with certainty 

is that it does not change as often as is misleadingly suggested by the tablature. Due to tablature’s 

notational limits, the picture that is painted is one of incessant textural density change. Actual 

textural density change, caused by the temporary dropping out (and re-entering) of voices, 

however, occurs far less often, and is sometimes rather difficult to trace.10 Figure 3.6 illustrates 

both points nicely: if we take the notation literally, the textural density changes nineteen times in 

this fragment; if we take it musically, it changes only once (in m. 48, the termination of the 

Superius leads to a change from full to three-voice texture).  

 

3.2 Preference rules for voice behaviour 

On the basis of the results of the inquiries made above, a number of preference rules for voice 

behaviour can be formulated. Preference rules are criteria by which a possible analysis 

(interpretation) of a structural aspect of music can be evaluated. In a preference rule system, such 

                                                 

10 Note that the presence of rests thus does not prevent a passage from being fully textured. 
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as the one used by David Temperley that will be discussed in the next chapter, “[M]any possible 

interpretations are considered, and the one is chosen that best satisfies the rules.”11 Given below 

are four preference rules for voice behaviour (PRVB) that were derived from the aspects of voice 

behaviour described in the sections 3.1.1-4. As will be discussed further in the next chapter, next 

to preference rules, Temperley also uses ‘well-formedness rules,’ “defining the structures that are 

considered legal.”12 With regard to the current subject – voice behaviour – the well-formedness 

rules are constituted by the rules of counterpoint.  

 

PRVB1. Voice Crossing Rule. Voice crossing is only retained when it is perceptible. 

Thus, any voice crossing that does not satisfy either of the following conditions is to be 

avoided: (i) a passage consisting of shorter notes belonging to one voice traverses a 

sustained note belonging to another (referred to above as ‘secondary’ voice crossing, see 

Figure 3.4); (ii) one or both of the crossing voices are involved in some form of motivic 

imitation or motivic repetition.  

The sole exception to the criterion of perceptibility is connected to the latter 

condition and applies to voice crossing occuring in combination with the very first entry 

of a motif. Since the motif is not yet known in this particular situation, the voice crossing 

is not perceived as such – instead, a correct perception of the motif is thwarted. However, 

although imperceptible, in such cases it may be worthwhile to retain the voice crossing 

for music-aesthetical reasons.  

 

PRVB2. Horizontal Voice Motion rule. A voice is preferably continued by proceeding to the closest possible 

onset.  

There is a clear preference for stepwise motion, followed by tonal repetition and motion 

by leaps of a third. Leaps larger than a third are much less common, and with the increase 

of the size of the interval, the frequency at which they are encountered decreases. All 

leaps are preferably succeeded by small interval motion (i.e., by stepwise motion or by 

leap of a third) in the opposite direction, or by tonal repetition. In the Bassus, however, 

large leaps followed by large leaps in the opposite direction are more common.     

 

                                                 

11 Temperley ix. See also Temperley 13: “Preference rules are criteria for forming some kind of analysis of input. 
Many possible interpretations are considered; each rule expresses an opinion as to how well it is satisfied by a 
given interpretation, and these opinions are combined together to yield the preferred analysis.”   
12 Temperley 13. Temperley borrows the term from Fred Lerdahl and Ray S. Jackendoff, A Generative Theory of 
Tonal Music, The MIT Press Series on Cognitive Theory and Mental Representation (Cambridge, MA.: The MIT 
Press, 1983).     
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PRVB 3. Voice Range Rule. Leaving a few rather rare outliers out of consideration, the individual voices of an 

intabulation can be said to be registrally limited.  

Indices for calculating these limits, using the lowest sounding course of a lute whose 

courses are tuned according to the standard sixteenth-century practice (the successive 

intervals being 4th-4th-3rd-4th-4th) as a reference point, are given in Table 3.6.  

 

Table 3.6 Indices for calculating general voice range limits  

Voice Limit 

 Lower Upper 

Superius + 11th  - 
Altus + 7th/8va + 15ma/16th 
Tenors  + 5th + 12th/13th  
Bassus  - + 9th/10th 

 

PRVB4. Textural Density Rule. Change of textural density may occur, but should be kept to a minimum.  

Due to the temporary dropping out and subsequent re-entering of voices, change of 

textural density may occur. As a consequence, polyphonic works can generally be divided 

into smaller ‘chunks’ of different textural density. The number of these chunks, however, 

must always be kept to a minimum: short interruptions (such as the numerous ones 

caused by the notational limits of tablature, or the presence of short rests) should not be 

considered as leading to change of texture.   

 

3.3 Voice extraction problems 

With all this in mind it is now time to present a hypothetical, abstract case representing an ‘ideal’ 

intabulation, by which means the occurring possible voice extraction problems will be discussed. 

With the term ‘ideal’ is intended that the intabulation’s tablature yields no voice extraction 

problems – neither for a human editor, nor for an algorithm designed for this task. The hypothesis is 

that such an intabulation must satisfy the following conditions: (i) it is entirely ‘homophonic’ and 

is always fully textured – i.e., its tablature consists of saturated verticals that succeed one another 

immediately only; and (ii) its individual voices always move to the closest next onset. Although it 

is rather unlikely that intabulations remain ‘ideal’ for their entire duration, fragments of existing 

works, however, often exemplify ideal cases. In Example 3.3 and Figure 3.10a, respectively, we 

see such an ideal case, as well as its visualization as a neutral piano-roll graph.13  

 

                                                 

13 The example was taken from Rotta, Bramo morir, mm. 39-40, and was slightly adapted by removing a small 
number of short-duration ornamental notes and using the more common G-tuning.    
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Example 3.3 An ‘ideal’ intabulation, tablature (G-tuning)      

 

 

Figure 3.10 An ‘ideal’ intabulation, visualized as piano-roll graphs   

a Neutral piano-roll graph      b Piano-roll graph with voice indication   
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This hypothetical model yields no voice extraction problems because, in order to not break and 

to also optimally satisfy PRVB 1, 2, 3, and 4, there is only one way to continue each first onset 

(see Figure 3.10b). Note that, in cases of of proximity to more than one onset (see for example 

the Altus in the middle of m. 2), the following saturated vertical determines which onset is the 

correct one. Note also that, although the Bassus moves in the rather large interval of a fourth, it 

still proceeds to the closest next note. In the case of all four voices, any continuation other than 

the one shown in Figure 3.10b either breaks one of these rules or does not yield the most 

satisfactory results. Put differently: from beginning to end, there is absolute certainty as to how 

each individual voice continues. Voice extraction problems, then, come into existence when, 

somewhere along the way, from a certain onset on the continuation of a voice is ambiguous. 

Thus, basically it is voice continuation problems that, in the end, lead to voice extraction problems. 
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In the case of music notated in lute tablature, there are two reasons why ambiguity may arise: (i) 

because a voice is interrupted, and (ii) because an extra, (temporary) voice is added. Since both 

these reasons are related to textural density, this is where the Textural Density Rule may be of 

help in the design of an algorithm for voice extraction. This will be discussed further in Chapter 

V. The former reason is the more prevalent reason and will be discussed first.  

In tablature, voice interruption may already be at play whenever an onset is not succeeded 

immediately after its minimum duration has expired. As shown above, in such a case the gap 

between two onsets may be filled up by prolonging the first onset by adding duration, by 

inserting a rest, or by a combination of both. It is up to the editor, however, which of these 

options is to be preferred; thus, for now – and in the light of the design of the algorithm – every 

in-between gap must be considered a potential problem. Interruptions are problematic because 

they not only cause horizontal but vertical ‘gaps’ as well: whenever a voice is interrupted, at this 

point a saturated vertical is made impossible. As shown above, it is exactly the presence of 

saturated verticals that facilitates voice extraction. As the piano-roll graphs make clear, non-

immediate onset succession is rather common: in general, onsets’ ‘tails’ of transparent cells and 

empty spaces – added durations and rests, respectively – constitute a significant part of the view. 

However, as can be seen in Figure 3.11, in which a selection of possibly problematic situations is 

given, not all cases are equally ambiguous.  

The first three examples, Figures 3.11a-c, show instances of interrupted voices ‘framed’ 

between two saturated verticals. In these cases, the saturated verticals lend stability: if the distance 

spanned by them is not too large, prolonging the interrupted voices until a saturated vertical (or a 

close-by onset that leads to a saturated vertical) is reached in most cases suffices to solve the 

voice continuation problems. (Here, we see a clear example of the Textural Density Rule being 

applied.) Note that, in some cases, it is worthwhile not only to try to connect the saturated  

verticals from left to right, but also vice versa. Much more problematic are those passages in 

which interrupted voices are not bounded by saturated verticals (see Figures 3.11d-h). In such 

cases, due to the lack of reference points, there are usually multiple options how to continue 

interrupted voices. Finally, it should be noted that both in those passages bounded by saturated 

verticals and in those not, the degree of texturedness (i.e., the number of voices that are active) 

plays a significant role in seriousness of the voice continuation problems.  

The second reason why ambiguity as to how to continue a voice may arise is the addition 

of one or more (temporary) ‘voices.’ Examples of this practice can often be found in the final 

chord of an intabulation. Among the pieces of the training corpus, this is the case with Vostra fui 

and Anchor che col partire (both 4vv), and Susanne ung jour and D’un si bel foco (both 5vv). By adding 
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Figure 3.11 Interruption of voices leading to voice extraction problems    

a Judenkünig, Elslein liebes Elslein,    b Newsidler, Disant adiu madame,  
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c Rotta, Bramo morir, mm. 5-7    d Phalèse, Susanne ung jour, mm. 52-53 

4 6 2 3 4 7

b1 b1

x

a1 x a1

g1 o    x g1

f1 o  x f1

e1 o    x o      x    e1

d1 o       x x  d1

o        x    

c1 o    c1

b b

a o        x    x    a

g g

f f

e e

d o        d

c o    c

B B

A o        x    A

4 6 2 3 4 7    

3 4 5 3 2 3 4

d2 o    d2

c2 o      x c2

b1 x b1

x  o    

a1 o  o        x a1

g1 o  o     x x o    o    g1

x x x x

f1 f1

e1 x e1

d1 o        x    d1

c1 o    x    c1

b b

a a

g o    g

3 4 5 3 2 3 4

 

 

 



 PREFERENCE RULES FOR VOICE BEHAVIOUR; VOICE EXTRACTION PROBLEMS 65 

Figure 3.11 (continued)    

e Narváez, Mille regres, mm. 29-32 
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f Spinacino, Adiu mes amours, mm. 28-30  g Daza, Je prens en gre, mm. 22-23 

3 4 2 9 2 3 4 3 0 2 3 4

c2 o        c2

b1 b1

o      

a1 o  o  a1

g1 o  o     x g1

x  x x

f1 x        o  f1

e1 o  x  x e1

d1 o    x  x    d1

c1 o        x    c1

b b

a o        a

g o        g

f f

e e

d x        d

3 4 2 9 2 3 4 3 0 2 3 4  

2 2 2 3 4 2 3 2 3 4

f1 o    o        o        o        f1

e1 o    e1

d1 o    d1

c1 o        o    o    o    c1

b o    b

o  

a o  o    a

g o  o    o    o  g

f o  o        o  f

e e

d o    d

c o        c

B B

o    

A A

2 2 2 3 4 2 3 2 3 4

 

 

 

 



66 CHAPTER III 

Figure 3.11 (continued)    

h Adriaenssen, D’un si bel foco, mm. 11-12 
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two voices to the final chord of the former two pieces and adding one voice to that of the latter 

two, all four pieces end on a six-note chord that – since it is too large to be plucked (lutenists 

used only four right-hand fingers) – is most likely to be strummed. Thus, in such cases, the 

addition of voices results in a rather instrument-idiomatic strummed final sonority. However, 

since the pieces end on these ‘extended’ chords, they do not really yield continuation problems. 

The most simple solution would be to permit one or two (dependent on the number of voices of 

the piece) of the final chord’s voices to contain two onsets. The same solution applies to extra 

voices added in the middle of a piece. However, in such cases the situation is slightly more 

problematic since the extra onset must be fit in thus that the voice it is added to – now consisting 

of two onsets – not only connects smoothly to the left, but also to the right. Examples of this are 

shown in Figures 3.12a and b, where the extra onset (colored yellow) in Example 3.12a fits well 

in the Tenor, and both extra onsets in Figure 3.12b could be added to the Altus.14    

 

                                                 

14 Note that, because they are generally quite hard to maintain technically, it is preferred not to add duration to 
the temporary extra voices.    
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Figure 3.12 Addition of voices leading to voice extraction problems    

a Pisador, Vostra fui, m. 23-24     b Morlaye, Las on peut juger, m. 23-24 
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Summarizing, it can be concluded that voice continuation problems lead to voice extraction 

problems, and that (i) the larger the horizontal distance between two saturated verticals is, the 

harder it becomes to succesfully continue the interrupted in-between voices; (ii) the degree of 

texturedness of passages containing interrupted voices is negatively related to the degree of the 

voice continuation problems (i.e., the thicker the texture, the smaller the problems); and (iii) by 

serving as reference points for interrupted voices, saturated verticals are of great importance in 

performing a correct voice extraction. 
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CHAPTER IV: THE ANALYTICAL PHASE  

 

Past Attempts at Automatic Transcription, Music Perception and Cognition Principles, 

and General Voice Extraction Algorithms  

 

 

In this chapter, the three prongs of the preliminary phase of the research are described. First, the 

methods and results of past attempts at automatic transcription of lute tablature are evaluated; 

second, recent empirical studies into music perception and cognition that shed new light on the 

process of voice extraction will be discussed; and third, recently developed ‘general’ (i.e., not 

instrument-specific) algorithms for voice extraction – a number of which are based on the 

abovementioned perceptional and cognitive principles – will be discussed, and their usefulness 

for lute tablature will be investigated. At the end of the chapter, the results are evaluated to see 

whether and how this information may be helpful in the design of an algorithm capable of 

dealing with the problematic spots in lute tablature, whose basic functioning will be discussed in 

the following chapter.   

 

4.1 The ERATTO project: Automatic transcription of German lute tablature  

As early as in the last quarter of the previous century, steps in the direction of the design of 

algorithms for polyphonic reconstruction of lute tablature and their implementation as a 

computer program for automatic transcription were taken in a French-Canadian interdisciplinary 

project called ERATTO (Equipe de Recherches sur l’Analyse et la Transcription des Tablatures 

par Ordinateur). During its entire existence, the project’s focus has been even narrower than that 

of the current thesis: it has dealt only with German intabulations from the first half of the 

sixteenth century, or, more precisely: intabulations from that period that were written down in 

the German tablature system. This particular restriction could alleviate the task of designing an 

algorithm considerably, since, as we have seen before, in the staff-independent German system 

the tablature symbols can be arranged in lines representing individual voices. Thus, in the ideal 

case German tablature gives clear and unambiguous information as to which onsets belong to 

which voices, therewith making it indeed a perfect starting point for the design of algorithms for 

automatic transcription. In practice, however, there was only one intabulator – Sebastian 

Ochsenkun – who used this advantage to the fullest; other intabulators were either less consistent 

or did not use it at all. The only authors considered in the project’s research were Ochsenkun, 

Hans Newsidler and Hans Gerle. For the reason mentioned above, Ochsenkun’s fully structured
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intabulations were used to design the algorithms (i.e., they served as a training corpus), whereas 

Newsidler’s semi-structured and Gerle’s abstract intabulations – together with deliberately ‘de-

structured’ works of Ochsenkun – served as a test corpus.1 Although the results obtained were 

fairly promising, the project was suspended in the early 1990s.2 No other serious attempts at 

automatic transcription of lute tablature have been undertaken since. During the project’s years 

of activity, its research was documented in a series of published articles, the latest of which dates 

from 1992. In what follows, the methods employed by the ERATTO team, as well as the 

solutions they came up with, will be discussed briefly. Since the documentation is sometimes 

quite unclear, when in doubt I have deemed it better to cite the authors literally than to run the 

risk of paraphrasing them incorrectly. As a consequence, the amount of citations in this section is 

rather high.  

 

Example 4.1 Hans Gerle, Mile regres, opening measures. Literal transcription generated 

automatically  

 

 

4.1.1 The first phase: 1973-79 

The project originated at the French Centre National de la Recherche Scientifique, where it was 

founded under the direction of musicologist Hélène Charnassé in 1973. During its first phase, 

which ended in 1979, it was shown that the process of devising literal editions – consisting of a 

mere ‘translation’ of the characters of one notational system (tablature) into those of another 

(modern music notation) without adding an interpretation – can be automated. Although 

imperfect, the ‘raw’ transcriptions generated were nevertheless considered useful since they 

enable us “to grasp the underlying structure of the music that could not be seen in the 

                                                 

1 This de-structuring was established as follows: “Tous les caractères ont ainsi été remontés vers une ligne 
supérieure lorsqu’un blanc si trouvait” (Charnassé and Stepien, “Le point des travaux” 138). Thus, by applying 
minimal vertical spacing between the verticals of the tablature, the careful organization of the tablature – i.e., 
the visualization of individual voices – was thwarted.  
2  There were two reasons for this suspension: the first is the end of funding; the second “the staunch 
opposition of ‘analog’ musicologists as opposed to ‘computerized’ musicologists.” Information gathered from 
personal correspondation with Bernard Stepien. 
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tablature.”3 Literal editions of Hans Gerle’s Tabulatur auff die Laudten (1533) and Eyn newes sehr 

künstlichs Lautenbuch (1552) were published; an excerpt taken from the former can be seen in 

Example 4.1.4  

Since the first phase of research dealt only with encoding the original notation and 

determining the corresponding modern notation for each character, in the light of this thesis it is 

of lesser interest.5 Rather, the focus here will be on the second phase, in which algorithms were 

designed and developed to reconstruct the polyphony of a piece by assigning each note a place in 

the musical context, and that thus may be helpful for the current research. One aspect belonging 

to the first phase that remains of interest in the second phase as well, however, is the problem of 

enharmonic spelling – i.e., how to determine the identity of altered notes. It will therefore be 

discussed briefly here. This problem was solved with the presentation of an algorithm “allowing 

the identification of altered notes,” that was presented at the twelfth congress of the International 

Musicology Society (Berkeley, 1977) and was soon thereafter implemented by the ERATTO 

team.6 The team states that “L’analyse musicologique d’un bon nombre de pièces instrumentales 

du XVIe siècle et du début du XVIIe a permis d’arriver à la conclusion que, pour chaque pièce, il 

existe des constantes utilisables, sans doute liées à la pratique de l’instrument.” It is exactly these 

‘constantes utilisables,’ which are three in number, that the algorithm is based on. They are as 

follows: (i) leaving aside a few exceptions, the identification of an ambiguous character either as a 

raised or as a lowered note at its very first appearance remains valid for the remainder of the piece; 

(ii) the alteration is not restricted to the particular octave it is first encountered in, but applies to 

all octaves; and (iii) the detection of certain altered notes systematically causes the presence of 

other alterations, not necessarily of the same nature (i.e., a b7 may entail an e7, but also an f#).7 

The algorithm, which is basically no more than a rule of thumb (that, moreover, seems to be 

entirely based on the G-tuning), functions as follows:  

                                                 

3 Charnasseé and Stepien, “Computer and Musicology” 77-78. 
4 See Hans Gerle, Tablature pour les luths: Nuremberg, Formschneider, 1533. Transcription automatique par le Groupe 
ERATTO du CNRS. Études musicologiques par Hélène Charnassé et Raymond Meylan; Réalisation informatique par Henri 
Ducasse, 5 vols, Publications de la Société Française de Musicologie (Paris: Société Française de Musicologie, 
1975-78); and Hans Gerle, Eyn newes sehr künstlichs Lautenbuch (1552). Transcription automatique par le Groupe 
ERATTO du CNRS. Études musicologiques par Hélène Charnassé et Raymond Meylan; Réalisation informatique par Henri 
Ducasse, 4 vols, Documents de Musique Ancienne (Ivry-sur-Seine: ELMERATTO, 1978). Example 4.1 was 
taken from volume 3 of the former collection. 
5 For more detailed reports of the stages of research gone through in the first phase, the interested reader is 
referred to Hélène Charnassé and Henri Ducasse, “De l’emploi de l’ordinateur pour la transcription des 
tablatures,” Revue de Musicologie 57.2 (1971): 107-33; Hélène Charnassé and Henri Ducasse, eds., Informatique 
musicale: Journées d’étude 1973, textes des conférences ERATTO, Collection Calcul et Sciences Humaines (Paris: 
Centre de Documentation Sciences Humaines, 1973); and Hélène Charnassé, ed., Informatique et musique: Second 
symposium international organisé par l’équipe ERATTO, Orsay, 6-9 juillet 1981, Publications ELMERATTO (Ivry-sur-
Seine: ELMERATTO, 1983).     
6 Charnassé and Stepien, “Automatic Transcriptions of Sixteenth-Century Musical Notations” 180. 
7 Charnassé and Stepien, “Le point des travaux” 131-32. Emphasis mine. 
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[L]es valeurs numériques représentant les si bémol et mi bémol sont recherchées 
dans les vingt-cinq premières notes de la pièce. La présence de l’une d’entre elles 
entraîne la constitution d’une échelle qui comprend toutes les notes naturelles 
complétées par les trois premiers bémols et la fa dièse; leur absence, celle d’une 
échelle qui comprend les trois premiers dièses et le premier bémol. Très 
rapidement, le traitement établit ainsi l’échelle de base utilisable pour la 
transcription. Seules, une ou deux altérations complémentaires nécessitent ensuite 
un test ponctuel lors de leur apparition.8   

 

4.1.2 The second phase: 1986-early 1990s 

The second phase started in 1986, from which time on the project also became international with 

the succession of Henri Ducasse (who took care of computer implementations during the first 

phase) by Bernard Stepien, an information specialist in artificial intelligence working as a 

researcher at the University of Ottawa. It was preceded by a period of musicological analysis, in 

which, in order to reveal the musical structure of a selection of pieces written in tablature, the 

relationships between their elements were investigated. Two particular – but interrelated – 

problems had to be solved: first, tablature’s ‘implicit’ data, which enabled lutenists to reconstruct 

the polyphony, had to be determined; and second, the notational logic used by the intabulator 

needed to be established (cf. Chapter II of this thesis).9 The results of this analysis determined 

how to answer the twofold research question posed (a question much alike the one posed in 

Chapter I of this thesis): 

 
Does an algorithm exist which permits the automatic verification of an ambiguous 
character and the automatic attribution of this character to its appropriate voice in 
the composition? More concretely, what is the line of reasoning employed by the 
lutenist confronted by the notation, which enables him correctly to reconstruct 
the piece to be played?10 
     

The following was concluded:  

 
An analysis of the notational content of these pieces has led to deduce that the 
tablature employed shows a strict internal organisation, and that the discretion left 
to the interpreting instrumentalist is negligible. Its execution is predicated on a 
musical culture considered normal in the 16th century for the practising lutenist, 
who habitually confronted similar sight-reading problems. Recent analyses have 
also determined that the lutenist was obliged to have a minimal acquaintance with 
the vocal model. In the sampling of the pieces analysed, the execution (and 
therefore the transcription) was thus based on a familiarity with compositional 

                                                 

8  Charnassé and Stepien, “Le point des travaux” 132. It is added: “La première échelle (bémol) est, de 
beaucoup, la plus courante; la plupart des pièces sur lesquelles nous travaillons actuellement l’utilisent. Elle peut 
donc être appelée automatiquement, ce qui supprime la phase initiale de recherche préalable à la transcription.” 
9 Charnassé and Stepien, “Automatic Transcription of German Lute Tablatures” 148. 
10 Charnassé and Dubon 83. 
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procedures for vocal polyphony at the end of the 15th and the first part of the 
16th centuries.11   
  

Thus, just as the rules of counterpoint allowed the sixteenth-century lutenist to reconstruct the 

melodic lines ‘hidden’ in the tablature, these same rules allowed the ERATTO team to design an 

algorithm intended for this task. However, it was realized soon that such an algorithm to identify 

voice continuity is only useful to reconstruct “des séquences écrites en contrepoint ‘libre,’ sans 

introduction de cellules mélodiques circulant d’une voix a l’autre, en imitation.”12 When imitation 

is at play, rather than continuity, similarity is the essential rule. As we have seen in the previous 

chapters, voices may cross one another when involved in imitation; thus, to preserve the original 

themes means to preserve the voice crossings. This led to the design and development of a 

second algorithm, capable of ‘filtering out’ the imitations, that was to be used prior to the voice 

continuity algorithm. After determining all the points of imitation, these are ‘frozen’ to prevent 

the onsets they consist of from being read individually by the following continuity algorithm as 

well. Instead, the continuity algorithm regards the frozen theme as one ‘entity,’ and fits in the 

entire theme at once (by considering only its first and last onsets). Finally, when all the onsets are 

assigned to a voice by the continuity algorithm, each individual onset’s duration is calculated.  

 

Figure 4.1 SIT, openings measures of Newsidler’s Disant adiu madame (the white square in the 

first vertical is the cursor)  

 

 

                                                 

11 Charnassé and Dubon 84-85. 
12 Charnassé and Stepien, “Le point des travaux” 140.  
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Both these algorithms, as well as the enharmonic spelling algorithm, operate on an internal 

representation of the tablature – a computer-processable data structure that is obtained by means 

of a ‘tablature processor’ called SIT (Saisie Interactive de Tablature). SIT (see Figure 4.1) is a 

piece of software that allows the user to capture the tablature by encoding it, and that then 

converts back and forth the encoded external notation (the tablature) to this internal 

representation.13 Thus, all computations are performed on the internal representation as provided 

by SIT.  

In what follows, I will discuss the three ‘modules’ that together constitute a program for 

automatic transcription of tablatures described above – the detection of imitations; the tracing of 

voices; and the adding of durations – by concisely describing (i) the design and functioning of the 

imitation detection algorithm; (ii) the design and functioning of the voice continuity algorithm; 

and (iii) the process of duration calculation.14 

 

(i) The imitation detection algorithm 

“The correct detection of themes and imitations and their differentiations in fortuitous series of 

similar notes is the most difficult of the undertakings,” Charnassé and Stepien write.15 “One . . . 

has to detect repetition of melodic lines, separate them and assign them to voices.”16 This was 

achieved in two stages. The first stage still involved a considerable amount of human intervention 

because, at this point, the original theme was still detected manually. Also, it should be noted that 

here, the focus was on the detection of imitations of only the opening theme of a work. This first 

stage can be described as consisting of three phases. First, the vocal model had to be consulted in 

order to check whether and where imitation was present; second, the theme found had to be 

described – modeled – by its components (this description should contain both tonal and 

rhythmic information); and third, “the best process of automatisation for finding the different 

curves identical to the given model” had to be determined.17 The model, “a numerical series that 

corresponds to the one established for the tablature,” is further defined as follows: “To be 

significant it should include a good sample of notes (otherwise you obtain meaningless graphs), 

and it should be simplified to retain the relevant notes excluding ornamental units, and it should 

be completed by the introduction of a concept of maximal duration (distance between two 

                                                 

13  Charnassé and Stepien, “Computer and Musicology” 78. I am grateful to Bernard Stepien for kindly 
providing me with the software for the programs SIT and LUTH (discussed later in this chapter), as well as for 
his assistance in solving any problems encountered while using these programs.  
14  For a schematic overview of the entire transcription process from tablature to modern edition, see 
Charnassé, Stepien and Wallet 7. 
15 Charnassé and Stepien, “ERATTO Software” 60. 
16 Charnassé and Stepien, “Computer and Musicology” 81. 
17 Charnassé and Dubon 90. 
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successive notes in the tablature). . . . The theoretical unit of the entry theme serves as a basis for 

the research. . . . ” 18  The manual modeling approach worked well in those cases of strict 

imitations, in which the composer “rigorously respects the imitation of the initial voice.” 19 

However, as anticipated, themes are not always imitated strictly, Two kinds of ‘images déformées’ 

were discerned: (i) incomplete imitation, meaning that notes are lacking in the imitation of a 

theme; and (ii) altered imitation. The latter kind is further specified by mention of the three most 

common cases: a) alteration by modification, either tonally or rhythmically, of one or more notes; 

b) alteration by adding ornamental notes to the theme; and c) alteration by ‘the breaking of 

invariability,’ for example when the second half of a theme is imitated in another interval than the 

first.20 The detection of these non-strict imitations turned out to be rather problematic and was 

not solved in the first stage.21 The initial results were described as follows:  

 
Le problème est résolu pour les entrées rigoureuses (théme strictement reproduit). 
Le musicologue, partant du modèle vocal, enregistre la ligne mélodique qui sert 
d’entrée à la première voix et la compare aux différentes entrées établies par 
l’auteur de la version vocale. Il effectue une ‘lissage’ afin de fournir au traitement 
un thème épuré, dont la forme est reconnaissable dans les différentes entrées.22 

 

This method of detecting themes, however, was soon considered not useful. First, focusing on 

the opening theme only, it did not detect other imitated themes appearing elsewhere in the piece; 

second, because its manual nature “distracted from the original goal of total automation;” and 

thirdly, relying too heavily on the availability of the vocal model – sometimes, as was correctly 

noted, it “would . . . require a long manual task to find original vocal documents” – because it 

was simply impractical.23  

 Since, in the case of detecting imitations, the basic problem is one of pattern recognition, a 

solution was found in “traditional similarity finding algorithms.”24 In 1988, the second stage was 

entered with the completion of an algorithm (implemented in Prolog) that automatically detects 

the presence of repetitive themes. Thus, the time-consuming work of finding similarities was now 

allotted to the algorithm; the user simply had to select the meaningful imitations from the ones 

listed by the algorithm (being unable to judge the musical context, the algorithm also detected 

                                                 

18 Charnassé and Stepien, “Automatic Transcription of Sixteenth-Century Musical Notations” 181-82. 
19 Charnassé and Dubon 93. 
20 Charnassé and Dubon 93-94. 
21 See Charnassé and Dubon 93.  
22 Charnassé and Stepien, “Le point des travaux” 143. 
23 See and Charnassé and Stepien, “Computer and Musicology” 81; and Charnassé and Stepien, “Automatic 
Transcription of German Lute Tablatures” 153.  
24 Charnassé and Stepien, “Automatic Transcription of German Lute Tablatures” 153. 
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accidental or irrelevant similarities).25 All three shortcomings of the first stage as described above 

were solved: first, imitations of other themes than the opening theme were also detected; second, 

total automation of the process could be considered accomplished (although human intervention 

– in this case the selection of meaningful imitations – was still necessary, it was now reduced to a 

level that is ‘acceptable’ in an interactive process of automatic transcription); and thirdly, the 

results did no longer depend on the availability of the vocal model. (Nevertheless, if available, this 

model could still be used for verification.) Initially, however, one problem remained unsolved: 

how to detect non-literal imitations. In the proceedings of the 1988 Cologne conference Uses of 

the Computer in the Humanities and Social Sciences (Munich, 1991), Charnassé and Stepien state that 

“Presently, [in order to be detected], the themes have to be identical both in note and in rhythm. 

More research is required to study variations and also integration of themes in a counterpointic 

[sic] environment.”26 In the course of the further development of the algorithm, this particular 

problem was tackled. As is discussed in the two most recent articles on the progress (which were 

published in 1991-92), a solution was being worked on during the final period of the project’s 

existence.27  

 

(ii) The continuity algorithm 

Throughout its entire development, this algorithm was based on two cornerstones: saturated 

verticals as indicators of a full musical texture with correct voice placement, and continuity as 

defined by onset contiguity. Its gradual realization can be divided into three phases. Initially, the 

tablature was simply scanned from left to right, using the saturated verticals as starting points. 

Voice attribution was done by calculating the proximity of the onsets of unsaturated verticals to 

those of saturated vericals. “The smallest interval determines the contiguity in terms of voice 

continuity. As the voice attribution is performed, we move away from the saturated vertical, and 

the last attributed note becomes the new current reference from which the next proximities will 

be calculated.”28  A contiguity threshold of two semitones was imposed, meaning that every 

interval exceeding this threshold did not pass the contiguity test. This approach yielded two 

                                                 

25 To avoid getting to many irrelevant results, cut-off values to “confine the search to imitations rather than 
general similarities” were applied. Two are named: “An imitation is usually overlapping, so if a similar theme is 
encountered too far away, the process will stop because the new case is not part of an imitation but is more 
likely to be a favourite melodic fragment. Another restriction concerns the length of the repetitive pattern 
found. A short pattern does not qualify as a theme, since a theme is usually composed of at least four notes 
when using long durations and at least six for short durations” (Charnassé and Stepien, “Automatic 
Transcription of German Lute Tablatures” 166).    
26 Charnassé and Stepien, “Computer and Musicology” 81. 
27 See the examples given in Charnassé and Stepien, “ERATTO Software for German Lute Tablatures” 61, and 
Charnassé and Stepien, “Automatic Transcription of German Lute Tablatures” 167. See also “Renaissance and 
Baroque Music: Thematic Cells in German Lute Music,” Computing in Musicology 6 (1990): 146-47.   
28 Charnassé and Stepien, “Automatic Transcription of Sixteenth-Century Musical Notations” 181.  
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particular problems. First, there was the possibility of absence of contiguity (i.e., when any following 

onset exceeded the contiguity threshold). In such cases, the preceding saturated vertical was used 

to determine a possible contiguity. Second, there was the possibility of ambiguity: contiguity to 

more than one note. Here, a solution was sought either by means of a backward inspection to 

compare the onsets with those of the preceding saturated vertical, or by looking at the general 

orientation of the melody thus far (in case of an ascending line, the upper onset was chosen, in 

case of a decending line the lower one).    

Although “generally valid” at first, more and more problems came to the light when the 

number of pieces this algorithm was tested on increased.29 Therefore, in its second phase of 

development, a concept of ‘chaining’ was introduced, in which the saturated verticals’ role 

changed to that of reference points. The polyphonic fabric was reconstructed by applying three 

series of ‘tests’ to each onset. 30  In the first, the contiguity test, it was examined whether two 

successive characters were contiguous. If this was the case, they were both assigned to the same 

voice. If not, a second test, the test of maximum proximity, had to be performed. Here, it was 

examined to which ‘line’ of the preceding (saturated) vertical the onset was the most proximate. 

This would then determine its voice attribution. By performing these first two tests on onsets 

that do not belong to saturated verticals, chains were formed. In the third and final test, the test of 

attachment, the chains thus created were attached to the saturated verticals. Again, onset proximity 

determined which chain was attached to which line of the saturated vertical. However, as 

Charnassé and Stepien write, “L’expérience nous a appris que, pour ce rattachement, l’accord 

suivant etait souvent plus pertinent que le précédent.”31 Thus, contrary to the chaining process, 

which proceeds from left to right, the test of attachment is performed from right to left. The 

functioning of the algorithm was summarized as follows: “Le tissu polyphonique est ainsi 

reconstruit grâce à des test qui fonctionnent alternativement de gauche à droite et de droite à 

gauche, ce qui reproduit sensiblement les raisonnements de luthiste face à son texte.”32 Thus, in 

the case of the fragment shown in Example 4.2, the two melodic chains in the top voice (from g 

to e7’ and from d’ to b7’) are constructed from left to right; their attachment to the saturated 

verticals (and thus their voice attribution), however, is done from right to left. (Note that in the 

case of the first chain, a left-to-right approach would have resulted in attribution of this chain to 

the middle voice, which then would turn problematic when approaching the next saturated 

vertical.) The voice attribution of the residual onsets – i.e., those not belonging to a chain or a 

                                                 

29 Charnassé and Stepien, “Automatic Transcription of Sixteenth-Century Musical Notations” 183.  
30 See Charnassé and Stepien, “Le point des travaux” 141. 
31 Charnassé and Stepien, “Le point des travaux” 141. Emphasis mine.  
32 Charnassé and Stepien, “Le point des travaux” 141. 
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saturated vertical (the g’, f#’, a, and d between the last two saturated verticals) – is discussed 

presently.   

 

Example 4.2 Chaining of onsets (left to right) and attachment to saturated verticals (right to 

left)33 

 

 

Still, the problems already encountered in the first phase of development (ambiguity and absence 

of contiguity) were not solved entirely. In the case of absence of contiguity, or better, contiguity 

disruption, rather than merely looking at the preceding saturated chord (as was done in the first 

phase), another solution was introduced. As was observed correctly, “Notes that do not belong 

to ornaments are usually scattered in time.”34 This assertion led to the introduction of a ‘last 

assigned note’ concept, which determines the attribution of onsets that have no immediate 

contiguous neighbors. Unfortunately, this concept is insufficiently explained in the 

documentation. An attempt is made here with the aid of Example 4.3.  

 

Example 4.3 Determination of contiguity made possible by the ‘last assigned note’ concept 35 

 

                                                 

33 Unidentified excerpt, taken from Charnassé and Stepien, “Le point des travaux” 141. Tablature omitted. 
34 Charnassé and Stepien, “Automatic Transcription of German Lute Tablatures” 159. 
35 Unidentified excerpt (tablature style changed from German to French), taken from Charnassé and Stepien, 
“Automatic Transcription of German Lute Tablatures” 160. For the sake of the argument, the excerpt was 
slightly modified by inserting an eighth note a’ in m. 2.    
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Here we see a tablature fragment, its literal transcription (middle system), and a contrapuntal 

transcription (upper system); focus on the tablature and the literal transcription. Between the first 

two saturated verticals, we notice two chains: f’-b7’ in the top voice and b7-g in the lower voice. 

Their first onsets being ‘scattered in time,’ both these chains cannot be connected immediately to 

a saturated vertical, and it is thus unclear to which voice they belong – they could, for example, 

both be connected to the d’ preceding them. The last assigned note concept brings the solution: 

taking the first saturated vertical into consideration, this d’, and all the other d’s in the fragment, 

must belong to the middle voice. This automatically assigns the onset above this note to the top 

voice and those below it to the bass (see uper system). A right-to-left inspection from the second 

saturated vertical confirms this as being a correct structuring.   

The other problem left unsolved was that of ambiguity: “When the interval from a note 

to two reference notes (contiguous or last-assigned) is equal or very close, no clear decision can 

be made.”36 As we have seen before, in the first (and still rather experimental) phase of the 

development of the algorithm, cases of ambiguity were solved either by looking at the preceding 

saturated chord or by simply considering the general direction of the melodic line the problematic 

onset belongs to. Soon, however, it was realized that ambiguity problems can be more complex. 

It was observed that ambiguity could occur with respect to (i) the smallest interval to a 

contiguous note; (ii) the smallest interval to a last assigned note; (iii) the smallest interval to a note 

of the first framing saturated chord; and (iv) the smallest interval to a note of the last framing 

saturated chord. The solution that was come up with is described as follows: “Ambiguity is 

handled like disruption of continuity by looking at alternative indicators until one satisfies the 

chaining tolerance. If we fail, we start to loosen up the threshold values until one indicator is 

satisfied.”37 Here, we touch upon an interesting interactive feature of the 1986 implementation of 

the algorithm, the automatic transcription program LUTH. The great variety of problems 

encountered during the development of the algorithm led the ERATTO team to “allow some 

parametrisation in various threshold values for continuity decisions.”38 These parameter threshold 

values, as well as other rules such as parameter priorities, can be altered by the user of the 

computer program: “To facilitate the exploration of the syntactic rules, we give the musicologist 

the choice of rules he wants to apply through a user friendly menu. He can also determine his 

own threshold values. . . .”.39 Let us take the opportunity to look at this program for a moment. 

In Figure 4.2a, we see the opening menu of LUTH.  

                                                 

36 Charnassé and Stepien, “Automatic Transcription of German Lute Tablatures” 160-61. 
37 Charnassé and Stepien, “Automatic Transcription of German Lute Tablatures” 161. 
38 Charnassé and Stepien, “Automatic Transcription of German Lute Tablatures” 163. 
39 Charnassé and Stepien, “Computer and Musicology” 80. 
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Figure 4.2 LUTH 

a Opening menu  

 

 

b Restructuring parameters menu   

 

 

By choosing the option ‘Restructuring voices according to a simple counterpoint algorithm’ 

(highlighted in Figure 4.2a), and then selecting the tablature file generated by SIT he wants to 

work on (in this case Disant adiu madame), the user proceeds to the menu that shows the 

restructuring parameters (see Figure 4.2b).  As can be seen, parameter thresholds and priorities 

can be altered.40 After the desired changes are made, the user proceeds to the screen that gives 

the ‘restructuring statistics’ his changes yield (see Figure 4.2c). At the bottom of the screen, the 

                                                 

40 Note that the default settings as shown in Figure 4.2b are thus that note contiguity is the prime attribution 
parameter (‘priorité référence’) and last assigned note the second (cf. the solution given for Example 4.3). Note 
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Figure 4.2 (continued)  

c Restructuring statistics (calculations performed on the internal representation of the tablature as 

provided by SIT) 

 

 

d Transcription in modern notation 

 

 

                                                                                                                                                         

also that even the principle scanning direction (left to right by default) can also be inverted. On this, Charnassé 
and Stepien write: “Traditionally, musicologists perform this task manually by scanning from left to right as the 
music is actually written. We discovered empirically that in the case of a one-pass approach we encountered 
fewer problems when scanning from right to left. Although this seems very strange, there is some kind of 
underlying logic to it. The music is heavily embellished, and ornaments usually lead into a chord or sustained 
note. Consequently, as an ornament approaches its resolution chord, it seems to narrow down its range” 
(Charnassé and Stepien, “Automatic Transcription of German Lute Tablatures” 163).      
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maximum note value can be chosen, and after hitting ‘enter’ the new parameter settings are saved 

and the opening screen reappears.41 The program is now ready to visualize the restructured file in 

modern music notation; by choosing ‘Displaying a lute tablature in proportional notation’ and 

following the instructions, the transcription appears on the screen (Figure 4.2d).42   

However, even with the solutions come up with in this second phase of the algorithm’s 

development, for some onsets belonging to an unsaturated vertical, voice attribution still 

remained problematic. In such cases, the voice attribution was determined residually – although 

not always satisfactorily. Another problem was that, although the algorithm and its 

implementation yielded promising results when transcribing works in free counterpoint, it was 

not yet possible to automatically transcribe imitative works correctly. Both these problems asked 

for “more sophisticated artificial intelligence methods” to be applied, which leads us to the third 

and – for the time being – final phase of the algorithm’s development.43 

In the third phase, two main problems were addressed: (i) how to separate themes from 

free counterpoint; and (ii) how to resolve complex disruptions in continuity.44 The solution for 

the former problem that was offered was to have a piece’s internal representation read twice. 

First, the imitation detection algorithm (as discussed above) was run to detect and list all 

similarities – not only those at the beginning of a piece. After the user had separated the wheat 

from the chaff and only those similarities that were meaningful remained, these were ‘frozen’ in 

the internal representation. This meant that the continuity algorithm, which was run 

subsequently, considered them as ready-made chains and thus worked around them without 

performing a continuity analysis on them. In the third phase, both algorithms were implemented 

in Prolog.   

Apart from the inclusion of the imitation detection algorithm, the general approach 

adopted in the third phase can be considered to be a finetuned continuation of the one adopted 

in the second phase, the goal now being to equip the algorithm to solve complex disruptions in 

continuity as well. The main difference is that voice attribution, in the previous phases done 

                                                 

41  The parameter adjustments are only saved temporarily: as soon as the program is closed down, the 
restructuring parameters return to the default settings as shown in Figure 4.2b. Also, although the 
computations are performed on the internal representation as provided by SIT, the parameter adjustments 
never affect this tablature file itself.    
42 The transcription shown in Figure 4.2d is just one of multiple possibilities. The user can also change the 
tablature that is displayed beneath the modern music notation into French or Italian style; furthermore, he can 
choose between three types of transcription: (i) ‘Full display with correct voices and note duration;’ (ii) 
‘Translated characters and restructured voices (no exact duration);’ and (iii) ‘Original version as written by the 
author.’ In Figure 4.2d, the transcription yielded by the first (and most complete) option is shown.  
43 Charnassé and Stepien, “Automatic Transcription of German Lute Tablatures” 164. 
44 Charnassé and Stepien, “Automatic Transcription of German Lute Tablatures” 165. 
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‘fragment by fragment,’ is now kept for a later stage of the process. It is best explained in their 

own words: 

 
We still use the same knowledge base as before (interval between notes and 
saturated chord indicators), but we separate information gathering from the 
inference process. Notes are still scanned to compute intervals with contiguous 
notes to detect potential continuities, but no decision about voice assignment is 
made immediately. Chains of logical continuous lines are formed using threshold 
values, but at this point we decide only that a chain of notes should belong to the 
same voice without trying to find out which voice. Once all notes have been 
scanned and assigned to independent chains, we try to fit the chains together 
comparing their end points to each other or the notes of the framing saturated 
chords. We use production rules to take decisions on voice assignment for an 
entire chain of notes. For instance, we check if both ends of a chain agree with 
respect to voice assignment. This will result in all unambiguous cases being 
resolved first. The remaining cases will be derived residually by considering their 
relative position with respect to resolved cases. Consequently, we use an iteration 
process that sifts through any remaining unassigned chains to resolve them. The 
production rules are determined by an ongoing process of trial and error, where 
usually an error leads to the generation of a new production rule.45 
 

Automatically devised editions of two imitative works – Newsidler’s Disant adiu madame and Ein 

gut Trium mit schönen Fugen (both from the 1536 Der ander Theil des Lautenbuchs) – can be found in 

Charnassé, Stepien, and Wallet’s La transcription Automatique des tablatures allemandes.46  

This final approach, using Prolog and artificial intelligence concepts, “produced far better 

results that the one-pass approach implemented in traditional computer languages [i.e., the 

previous phase],” Charnassé and Stepien conclude. However, they have two points of critique on 

their own work. First, they add that “Further research is required to find solutions using 

knowledge other than continuity, such as harmonic and contrapuntal rules for instrumental 

music.” Second, they find that “[A]t present, the entire system relies too heavily on the ‘saturated 

chords’ as indicators of correct musical structure,” and that during the third phase of the 

algorithm’s development, they discovered that “[S]olutions to restructuring problems can be 

found outside the natural frame of saturated chords.”47      

  

(iii) Duration calculation  

Duration calculation of the individual onsets was achieved in three steps.48 First, the voice an 

onset belongs to must be identified, and second, the next onset belonging to that voice – which 

                                                 

45 Charnassé and Stepien, “Automatic Transcription of German Lute Tablatures” 166-68. 
46 See Charnassé, Stepien, and Wallet 19-21 and 32-35, and 36-41, respectively. 
47 Carnassé and Stepien, “Automatic Transcription of German Lute Tablatures” 168. 
48 See Charnassé and Stepien, “Le point des travaux” 134. 
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theoretically determines its predecessors duration – must be found. As we know now, both these 

identifications are made by running the two algorithms described above on the internal 

representation of a tablature. When the exact location of all the onsets in the polyphonic fabric 

was known, the third step, the actual calculation of duration, could be taken. By default, this was 

done by simply accumulating the minimum values encountered while the music proceeds until 

there is either a musical reason or a physical reason for termination of the accumulation process. 

Three musical reasons for termination were discerned: (i) the predetermined maximum duration 

value has expired (a threshold value has to be set to avoid going beyond the acoustic capacities of 

the instrument); (ii) the following onset in the same voice is reached within the predetermined 

maximum duration value; and (iii) a new onset in one of the other voices conflicts harmonically 

with the onset in question.49 The first and the last reasons result in the automatic insertion of 

rests. In addition to these musical reasons, one physical reason for termination of the 

accumulation proces was given: another onset played on the same course prevents the current 

onset from reaching its maximum durational value. (Note that this can only be determined 

automatically if information as to on which course an onset is played is stored in the internal 

representation of a piece. The files created by SIT do indeed contain this information.) However, 

interruption by (very) short values was treated differently than interruption by longer values: 

“[T]héoriquement, l’emploi d’une même corde pour émettre un autre son interrompt 

physiquement le son précédent, mais on ne tiendra pas compte d’une triple croche pour 

interrompre une blanche; de même, on n’écrira pas une noire liée à une triple croche. Dans le cas 

de valeurs très brèves, le calcul se fera par défaut.”50  

 During the entire research, the ERATTO team has always evaluated their work by 

comparing the generated transciptions to the original vocal works. As can be seen in the 

examples scattered throughout the documentation the results improved in time, and their 1991 

publication of three automatically generated pieces (two of which use imitative polyphony) looks 

quite promising. Thus, in theory, the three modules that together constitute a program for 

automatic transcription of lute tablature as described above should yield a ready-made 

transcription into modern music notation. However, throughout the documentation, the required 

interactive character of such a program is repeatedly stressed. In the summarizing article 

“ERATTO Software for German Lute Tablatures,” that was written in a fairly advanced stage of 

the research, for instance, it is still stated that the team expects “that about 10% of the work will 

be left to musicologists to interpret, since the precise nature of the informational science does not 

                                                 

49 In the restructuring parameters menu of LUTH, for instance, the ‘maximum desired value of a note decay’ 
can be set either to a half note or to a whole note (see Figure 4.2c).  
50 Charnassé and Stepien, “Le point des travaux” 132.  



 THE ANALYTICAL PHASE 85 

allow for interpretation, in a reasonable time, of those harmonies, unisons, and rests that do not 

relate to a specific program but rather reflect the intentions of the composer.”51  

 

4.2 Music perception and cognition principles 

The editorial decisions taken by editors of lute tablatures are based on their cognitive 

understanding of the music. In the case of the editing of sixteenth-century lute intabulations, it is 

their knowledge of the late-fifteenth and sixteenth-century rules of counterpoint – more 

specifically: those of voice-leading – that is of great importance. Voice-leading rules determine 

how individual voices in a polyphonic composition move from note to note; in contemporary 

music treatises their main purpose is generally be said to be to create, within a multipart composition, 

musical lines that are perceptually independent.52  Of course, when the first polyphonic works were 

composed, there was no such thing as a ready-made set of rules by which the music could be 

written. As Knud Jeppessen notes in the preface to his influential textbook on sixteenth-century 

vocal counterpoint: “First came music itself; only later could the principles of its creation – its 

theory – be deduced.53 Thus, these rules gradually crystallized in the course of time; a process that 

is generally said to have culminated in the works of Palestrina. Still, a ‘definitive set’ of voice-

leading rules does not exist: some theorists just give a handful, whereas others are much more 

detailed. It lies beyond the scope of this study to even provide an overview of only the ‘core 

group’ – i.e., those rules that can be found in almost all theoretical and pedagocial works dealing 

with the subject.54 Moreover, these rules are not the only criterion editors base their transcription 

on. First, we must realize that, since these rules pertain first and foremost to vocal music, they 

need not always be followed strictly when editing instrumental music – even in the case of close 

instrumental arrangements of vocal works, such as intabulations. Second, and more importantly, 

sometimes they simply need not be applied because the ‘solution’ is perfectly clear right away. 

Imagine, for example, a piece opening with two successive notes at two octaves distance. Our 

‘musical intuition’ tells us that these notes are very unlikely to belong to the same voice; we do 

not need to apply any voice-leading rule to see this.55 Thus, it must be assumed that in the 

process of editing lute tablature, the knowledge of the rules of counterpoint is not the decisive 

factor: ‘general’ musical intuition itself plays a large role as well. Therefore, rather than focusing 

                                                 

51 Charnassé and Stepien, “ERATTO Software for German Lute Tablatures” 60. 
52 See Huron 2, and William Drabkin, “Part-Writing,” The New Grove Dictionary of Music and Musicians, ed. Stanley 
Sadie, 2nd ed., vol. 19 (London: Macmillan, 2001): 177. 
53 Jeppesen ix. 
54 See for example Jepessen 286-91, in which a handy “Summary of the most important contrapuntal laws and 
rules” is given.   
55 The question whether this ‘musical intuition’ is innate or learned (a ‘nature/nurture’ question, see also Huron 
55, and Temperley 8) is irrelevant here.    
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on the voice-leading rules, we will go one layer deeper by investigating the perceptual principles 

that have recently been argued to underlie them – and thus can be said to closely related to our 

musical intuition. This information will be useful because it enables us to draft fundamental rules 

as to how human beings process music and extract voices; rules that can then be used to shape 

the ‘musical intuition’ of the algorithm to be designed.    

Here, we move into the field of music psychology. What we are interested in is a 

phenomenon called ‘auditory streaming’ or ‘auditory stream segregation,’ which can be defined as 

“the assignment of successive events to a coherent mental representation.”56 An auditory stream 

is thus “the perceptual experience of a single coherent sound activity that maintains its singleness 

and continuity with respect to time.”57 Examples of auditory stream segregation are the filtering 

out of one conversation from a number of simultaneously held conversations, or the connecting 

of notes within a blur of notes so that they form an individual voice. (Thus, voice extraction can 

be said to be the musical equivalent of auditory stream segregation.) There are a number of 

factors that determine whether or not a certain succession of notes is perceived as a coherent 

stream. During the last decades, many studies into these factors have been conducted, leading to 

a number of perceptual principles by which our capability of extracting voices can be explained. 

It would be impossible to discuss all them all; therefore, I have decided to focus on two recent 

and extensive studies, in which the findings of previous studies are taken to a next level – David 

Huron’s article “Tone and Voice: A Derivation of the Rules of Voice-Leading from Perceptional 

Principles” and David Temperley’s The Cognition of Basic Musical Structures (both published in 

2001).  

The purpose of Huron’s article is to “identify and clarify some of the perceptual and 

cognitive aspects that shape music making.”58 He does this by showing how the rules of voice-

leading can be derived from ten perceptual principles (most of which can be associated with the 

theory of auditory stream segregation), which can be divided into a core set of six principles that 

are “most pertinent to understanding voice-leading,” and an additional set of auxiliary perceptual 

principles that are “occasionally linked to the practice of Western voice-leading,” and “in effect 

constitute voice-leading ‘options’ that will shape the music making in perceptually distinctive 

                                                 

56 Diana Deutsch et al., “Psychology of Music,” The New Grove Dictionary of Music and Musicians, ed. Stanley Sadie, 
2nd ed., vol. 20 (London: Macmillan, 2001): 539. The latter term is Bregman’s and is defined as “the general 
process of auditory scene analysis in which links are formed between parts of the sensory data” (see Bregman 
47).  
57 Huron 10; see also Bregman 9 ff. The term was coined by Bregman and Jeffrey Campbell. See Albert S. 
Bregman and Jeffrey Campbell, “Primary Auditory Stream Segregation and Perception of Order in Rapid 
Sequences of Tones,” Journal of Experimental Psychology 89.2 (1971): 244-49. 
58 Huron 4. 
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ways.”59 From these ten principles he derives two kinds of voice-leading rules: those considered 

traditional, and those that are non-traditional. The former are rules “commonly stated in music 

theory sources;” whereas the latter are theory-derived predictions, with which voice-leading 

practices indeed turn out to be consistent.60  

Let us look at the perceptual principles first. The core set is constituted by (i) the 

Toneness Principle; (ii) the Principle of Temporal Continuity; (iii) the Minimum Masking 

Principle; (iv) the Tonal Fusion Principle; (v) the Pitch Proximity Principle; and (vi) the Pitch Co-

modulation Principle. These principles all pertain to the “optimization of auditory images and 

streaming.” 61  In the auxiliary set we find (vii) the Principle of Onset Synchrony; (viii) the 

Principle of Limited Density; (ix) the Principle of Timbral Differentiation; and (x) the Source 

Location Principle. What follows is a discussion of those principles that are of interest in the light 

of this thesis – (ii), (iv), (v), (vi), (vii), and (viii) – as well as the rules that are derived from them.62 

They are described as concisely as possible; where necessary, short (terminological) explanations 

are added. The core set turns out to be the most interesting for the current work, and is there 

discussed more extensively. In order to avoid any confusion, the rules are cited literally from 

Huron. Less interesting rules are omitted from the list, but, for reasons of completeness, can be 

found in the footnotes.63  

 

Principle of Temporal Continuity. By using continuous or recurring rather than brief or 

intermittent sounds, strong auditory streams that guarantee a perception of continuity are 

created.64 

[D3]. Sustained Tones Rule. Effective voice-leading is best assured by employing sustained tones in 

close succession, with few silent gaps or interruptions. 

                                                 

59 Huron 3 and 39. 
60 Huron 32 and 8. 
61 Huron 36. 
62 Four principles are thus left undiscussed; this is due to various reasons. First, the Toneness Principle (stating 
that tones exhibiting a high degree of ‘toneness’ (i.e., the clarity of the pitch perception) evoke strong auditory 
images) can be left out since, when instruments are played correctly, all tones meet this criterion. Second, the 
Minimum Masking Principle (stating that, in order minimize auditory masking, the spacing of notes sounding 
simultaneously must be increased as the register descends), does not apply simply because in notated 
compositions, the spacing of the chords is already fixed by the composer. Third, both the Principle of Timbral 
Differentiation (stating that the perceptual independence of voices in a polyphonic work is enhanced when 
each voice has a unique timbral character) and the Source Location Principle (stating that the perceptual 
independence of voices in a polyphonic work is enhanced by separating the voices’ sound sources in space) do 
not apply to solo lute music altogether.     
63 To facilitate finding these rules in Huron’s article, the original numbering is retained. The ‘D’ stands for 
‘derived musical rule,’ and the difference between traditional and non-traditional rules is made by placing the 
latter between square brackets.   
64 The same goes for the sound source. However, since strings produce a continuous sound, in the case of the 
lute this addition can be omitted. 
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Tonal Fusion Principle. Intervals that promote tonal fusion weaken the perceptual 

independence of concurrent sounds.65  

Tonal fusion is described by Huron as “the tendency for some concurrent sound 

combinations to cohere into a single sound image.”66 Not very surprisingly, the interval that most 

promotes tonal fusion is the unison, followed by the octave and the perfect fifth.67 (Note that 

these are all ‘perfect consonances.’) 

D6.  Avoid Unisons Rule. Avoid shared pitches between voices. 

[D7]. Avoid Octaves Rule. Avoid the interval of an octave between two concurrent voices. 

 [D8]. Avoid Perfect Fifths Rule. Avoid the interval of a perfect fifth between two concurrent  

voices. 

These three rules lead to the general rule:   

[D9]. Avoid Tonal Fusion Rule. Avoid unisons more than octaves, and octaves more than  

perfect fifths, and perfect fifths more than other intervals.    

 

Pitch Proximity Principle. Close pitch proximity in successive tones within an auditory stream 

results in preservation of the coherence of this stream. High tempi require smaller proximity 

values than do low tempi.  

D10. Common Tone Rule. Pitch-classes common to successive sonorities are best retained as a 

single pitch that remains in the same voice. 

 D11. Conjunct Movement Rule. If a voice cannot retain the same pitch, it should preferably  

move by step. 

 [D12]. Leap-Lengthening Rule. Where wide leaps are unavoidable, use long durations for  

either one or both of the tones forming the leap. 

 D13. Nearest Chordal Tone Rule. Parts should connect to the nearest chordal tone in the  

next sonority. 

 D14.  Part Crossing Rule. Avoid the crossing of parts with respect to pitch. 

 D15.  Pitch Overlapping Rule. Avoid ‘overlapping’ parts in which a pitch in an ostensibly  

lower voice is higher than the subsequent pitch in an ostensibly higher voice. 

 

                                                 

65 For detailed information on the Tonal Fusion Principle, see David Huron, “Tonal Consonance versus Tonal 
Fusion in Polyphonic Sonorities,” Music Perception 9.2 (1991): 135-54. 
66 Huron 18. 
67 The degree to which the other intervals promote tonal fusion is not specified by Huron, but, since tonal 
fusion “occurs most commonly when the frequencies of the component tones are related by simple integer 
ratios,” can be calculated fairly simply (see Huron 19). In practice, it suffices to know that the three intervals 
mentioned promote tonal fusion.  
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Pitch Co-modulation Principle. The perceptual independence of concurrent sounds is 

weakened when pitch motions are positively correlated.     

D16.  Semblant Motion Rule. Avoid similar or parallel pitch motion between concurrent voices. 

 [D17].  Parallel Motion Rule. Avoid parallel motion more than similar motion. 

 

All of the preceding rules are derived from single principles belonging to the core set. Huron also 

names another five rules that are derived from combinations of these principles. Three of them are 

non-traditional rules and are less relevant here due to their detailedness; for the same reason, of 

the two traditional rules, only the first one – which arises when the Tonal Fusion Principle and 

the Pitch Co-modulation Principle are combined – need be mentioned.68    

 D21. Parallel Unisons, Octaves, and Fifths Rule. Avoid parallel unisons, octaves,  

and fifths. 

 

With regard to those two principles from the auxiliary set, Huron gives no traditional rules and 

only one non-traditional rule – derived after combining the Onset Synchrony Principle with the 

Tonal Fusion Principle – which is of no interest to the current subject.69 As shown below, 

however, one obvious rule can be derived from the Principle of Onset Synchrony. Although no 

rules at all were derived from the Principle of Limited Density, it is possible to formulate one 

(non-traditional) rule that may be useful in the case of lute music. It can be found below as well. 

 

Principle of Onset Synchrony. Onset synchrony weakens the perceptual independence of the 

individual onsets in question. 

 [-]. Onset Synchrony Rule. Avoid synchronous onsets. 

 

                                                 

68 The first two non-traditional rules given are derived from the combination of the Tonal Fusion Principle and 
the Pitch Proximity Principle, and read as follows:  

[D18].  Oblique Approach to Fused Intervals Rule. When approaching unisons, octaves, or fifths, it is  
best to retain the same pitch in one of the voices. 

[D19].  Avoid Disjunct Approach to Fused Intervals. If it is not possible to approach unisons, octaves  
and fifths by retaining the same pitch (oblique motion), step motion should be used. 

The third is a result of the joining of the Tonal Fusion Principle and the Pich Co-modulation Principle: 
[D20].  Avoid Semblant Approach Between Fused Intervals Rule. Avoid similar pitch motion in which  

the voices employ unisons, octaves, or perfect fifths.  
The remaining traditional rule is derived after joining the Tonal Fusion Principle, the Pitch Proximity Principle, 
and the Pitch Co-modulation Principle:  

D22. Exposed Intervals Rule. When approaching unisons, octaves, or fifths, by similar motion, at  
least one of the voices should move by step.  

69 This particular rule reads as follows: 
 [D23].  Asynchronous Preparation of Tonal Fusion Rule. When approaching unisons, octaves, or fifths,  

avoid synchronous note onsets.  
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Principle of Limited Density. The higher the number of concurrent voices, the harder it is to 

perceive individual voices.  

 [-]. Limited Density Rule. The number of voices should be kept to a minimum; i.e., ‘loose’  

fragments must be connected as much as possible.    

 

The aim of Temperley’s work, as he states repeatedly, is to answer “a fundamental question about 

music cognition: how do we extract basic kinds of musical information – meter, phrase structure, 

counterpoint, pitch spelling, harmony, and key – from music as we hear it?”70 Each subject is 

devoted an entire chapter in (the first part of) his work; for the current thesis, only the chapter 

dealing with contrapuntal structure is of interest. Thus, we can narrow Temperley’s fundamental 

question down to the question how we extract contrapuntal structure. His thesis is that “If the 

identification of contrapuntal lines is assumed to be a real and important part of musical listening, 

then music perception must involve grouping notes into lines in the appropriate way.”71 This 

process he calls ‘contrapuntal analysis.’ 

As in all his other chapters, his approach to the problem is based on the concept of 

preference rules. Preference rules are criteria by which different interpretations can be evaluated; 

the one that satisfies the rules best is the ‘preferred’ interpretation. In order to know the best 

possible interpretation, however, we must first know all the possible interpretations. Therefore, a 

set of preference rules is always preceded by a set of well-formedness rules, in which the 

structures that are considered legal are defined. The well-formedness rules are incorporated into a 

well-formedness definition (WFD), giving “the constraints on what constitutes a well-formed 

structure.”72     

Presently, Temperley’s preference rule system for contrapuntal analysis – which consists 

of four well-formedness rules (WFR) and four preference rules (PR) – is given. As was the case 

with Huron’s, all rules are cited literally. Before we proceed, however, a terminological peculiarity 

need be elucidated: the use of the term ‘square,’ that can be found in a number of the rules 

below. The preference rule system constitutes a model for contrapuntal analysis. This model 

requires input of musical data in the form of a piano-roll graph (with pitch on the vertical and 

time on the horizontal axis); a representation that can thus be thought of as a grid of squares. 

One square has a duration that equals the lowest-level beat of the metrical structure (cf. the 

piano-roll graphs used throughout this thesis), and can either be black, in which case it contains a 

note, or white, in which case it does not.      

                                                 

70 Temperley ix. 
71 Temperley 86. 
72 Temperley 357. 
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WFD. A well-formed contrapuntal structure is a set of streams, subject to the following 

constraints:  

WFR1. A stream must consist of a set of temporally contiguous squares on the plane. 

Streams can contain white squares, but these must always be surrounded by black  

squares.  

WFR2. A stream may be only one square wide in the pitch dimension. 

I.e., streams can only contain single-note onsets. 

WFR3. Streams may not cross in pitch. 

WFR4. Each note must be entirely included in a single stream. 

I.e., if a note consists of multiple squares, these different squares can not be 

assigned to different voices (this is why the input requires onset and offset 

information).   

 

These four well-formedness rules lead to a huge number of possible interpretations, most of 

which are “quite ridiculous.”73 This problem is solved by adding the following four preference 

rules, which limit the number of acceptable interpretations considerably: 

 PR1. Pitch Proximity Rule. Prefer to avoid large leaps within streams. 

 PR2.  New Stream Rule. Prefer to minimize the number of streams. 

PR3. White Square Rule. Prefer to minimize the number of white squares.   

If the gaps between two notes becomes too large, the first note tends to be 

perceived as one stream ending, and the second as a new stream beginning.  

PR4. Collision Rule. Prefer to avoid cases where a single square is included in more than  

one stream. 

 

4.2.1 Summary 

As can be seen, there is some overlap between the rules derived by Huron and those presented 

by Temperley. More importantly, there are a number of rules that can be left out for the current 

research: those derived from the Tonal Fusion Principle (the only exception being the Avoid 

Unisons Rule, which is discussed below), the Pitch Co-modulation Principle, and the Principle of 

Onset Synchrony. This is because although they describe perceptual phenomena that hinder 

auditory streaming, it is simply too unpractical for a composer to rigidly maintain these rules. 

Finally, there are two rules that do not apply to our current subject: the Pitch Overlapping Rule 

(D15) and the Avoid Unisons Rule (D6; this rule is similar to Temperley’s Collision Rule (PR4)). 

                                                 

73 Temperley 99. 
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In the case of the former this is because the rule forbids the phenomenon that in the previous 

chapter is described as secondary voice crossing, and that was decided to be allowed (see 

PRVB1); in the case of the latter because it contradicts with the concept of duality as described in 

Chapter II.    

Thus, in cleaned-up form – with all the doubles paired and the irrelevant and non-

applying rules removed – the list of rules that will be used in the remainder of this thesis looks as 

follows (to provide structure, Huron’s principles were maintained as much as possible):  

 

Principle of Temporal Continuity 

WFR1. (A stream must consist of a set of temporally contiguous squares on the plane) 

 [D3]. Sustained Tones Rule 

PR3.  White Square Rule 

 

Pitch Proximity Principle  

 PR1. Pitch Proximity Rule. Can be divided into a number of sub-rules:  

  D10. Common Tone Rule    

  D11. Conjunct Movement Rule     

  [D12]. Leap-Lengthening Rule  

  D13.  Nearest Chordal Tone Rule  

  D14.  Part Crossing Rule = WFR3. (Streams may not cross in pitch) 

 

Tonal Fusion Principle combined with Pitch Co-modulation Principle   

 D21.  Parallel Unisons, Octaves, and Fifths Rule  

 

Principle of Limited Density.  

 [-]. Limited Density Rule = PR2. New Stream Rule 

 

(No category) 

Two of Temperley’s well-formedness rules cannot be classified under any of these principles: 

 WFR4. Each note must be entirely included in a single stream. 

 WFR2. A stream may be only one square wide in the pitch dimension. 
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4.3 General voice extraction algorithms 

In this section, eight algorithms for voice extraction that have been designed and implemented 

recently are discussed. Based on the available documentation, a preliminary ‘sifting’ could take 

place: whereas five of these algorithms deserve further investigation because they may yield 

promising results when applied to lute tablature, the remaining three can be discarded 

beforehand. For the sake of completeness, however, they will be discussed briefly at the end of 

this section. In what follows, the functioning of each of the five promising algorithm is 

summarized briefly; thereafter, their usefulness for lute tablature is investigated. It lies beyond the 

scope of this thesis to discuss all the algorithms in minute detail; as a consequence, the 

descriptions given below may appear rather concise now and then. In such cases, the reader is 

referred to the appropriate literature. The design of a number of the algorithms is influenced by 

music perceptional and cognitive knowledge; where this is the case, the particular relevant 

information can be found in more extensive form in section 4.2. The algorithms and some 

additional information are shown in Table 4.1.74  

 

Table 4.1 General voice extraction algorithms        

Algorithm Perception- 
based? 

Input Output Processing User-defined 
parameters? 

Skyline No MIDI MIDI Incremental No 
Nearest 
Neighbor 

No MIDI MIDI Incremental No 

VoSA Yes MIDI MIDI, 
graphic  

Non-
incremental 

No 

Streamer Yes Text (note-list 
and beat-list) 

Text 
(schematic) 

Non-
incremental 

Yes  

Streaming 
algorithm 

Yes MIDI score ? No 

 

Before proceeding to the actual discussion of the algorithms, two additional remarks and a 

terminological explanation need to be made. First, the most frequently encountered methods for 

voice extraction can be divided into two main groups: those that are ‘model-driven’ (also: ‘rule-

based’) and those that are ‘data-driven.’75 Model-driven algorithms use “pre-defined and data-

independent rules” as a basis for voice extraction, whereas data-driven algorithms – which are 

‘trained’ on a pre-segmented corpus – infer rules by learning from large amounts of data.76 The 

algorithms in the table above are all model-driven; and, as we know by now, the same applies to 

                                                 

74 Information partly taken from De Nooijer 43 and De Nooijer et al. 4.  
75 See Zoltán Juhász, “Segmentation of Hungarian Folk Songs Using an Entropy-Based Learning System,” 
Journal of New Music Research 33.1 (2004): 1-2.  
76 See De Nooijer 19.  
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those developed by the ERATTO team. Second, as can be seen in Table 4.1, most of these 

algorithms use MIDI as input. Using the various music notation software programs available 

today, it is very simple to convert tablature files into MIDI. Example 4.4 shows a tablature 

fragment created with such a program; Figure 4.3 shows a piano-roll presentation of the MIDI-

file (created using a MIDI editing program) the same fragment was converted to.   

 

Example 4.4 Judenkünig, Elslein liebes Elslein, mm. 1-3, tablature captured using music notation 

software  

 

 

Figure 4.3 Piano-roll representation of Example 4.4 converted to MIDI 

 

 

Note that, as opposed to MIDI files extracted from performances, those created in the manner 

described above require no quantization since the notation provides strict onset and offset 

information. (It is important to note once more that, in tablature, the latter does not always 

represent the intended duration of an onset). However, since no instructions concerning dynamics 

are given in the tablature, this information is lacking in the MIDI files entirely (again, the 

opposite is the case in MIDI files of performed pieces). Finally, the terms ‘incremental’ and ‘non-

incremental,’ as found in the ‘processing’ column, imply nothing more than that in the former 

case, the voice extraction is performed immediately when the data are fed to the algorithm, 

whereas in the latter case, the data must be scanned in their entirety by the algorithm before the 

voice extraction process can be started.  
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4.3.1 Skyline  

The skyline algorithm aims to extract “one specific monophonic representation” from a 

polyphonic piece. 77  All skyline variants are built upon one basic algorithm, whose modus 

operandi Michael Clausen describes as follows: “For each onset time (a point on the time axis 

with at least one note onset) choose the note with the most distinct feature (e.g. highest pitch). If 

necessary, this note’s duration is shortened such that it does not exceed the time between the 

actual and the next onset time.”78 Two things must be noted: first, although the algorithm can 

scan the music on other parameters as well, for voice extraction from tablature, it is only pitch that 

is of interest.79 Second, since in tablature successive onsets never overlap, the shortening of 

durations as described by Clausen can be left out of consideration. Since Skyline only extracts one 

melody at a time, it must be used several times in succession (the number depends on the 

number of voices) in order to ‘peel off’ all the voices from a work. This need not necessarily be 

done from top to bottom (i.e., by setting ‘highest pitch’ as the selection parameter); it may be 

profitable to approach a piece from both sides. A four-voice piece, for example, could be tackled 

by first extracting the outer voices, using ‘highest pitch’ and ‘lowest pitch’ as respective selection 

parameters. This procedure could then be repeated on the remaining voices until all onsets are 

assigned to a voice.   

  

4.3.2 Nearest Neighbor  

As opposed to the Skyline algorithm, which extracts only one voice from a polyphonic work, the 

Nearest Neighbor algorithm is capable of extracting a set of voices from such a work. This is 

done by connecting, for each new onset time, those onsets that are closest in terms of intervallic 

distance. If multiple onsets sounding simultaneously are encountered, the next link in the chain is 

formed by the onset that is closest to the one added last to the voice; the remaining onsets in 

such a vertical form reference points for the construction of the other voices.  

Clausen’s conclusion on these two rather simple algorithms reads as follows:  

 
The segmentation decision in all cases is only dependent on local parameters. It 
seems clear to us that this is by far not sufficient for the case of classical music. 
For the detection of more global melodic structures, a global analysis is needed 
extending the presented local methods. The detection of accompanying elements 

                                                 

77 Clausen ‘Introduction.’ 
78 Clausen ‘Skyline algorithms.’ 
79 In voice extraction from MIDI, which is the actual input form of this algorithm, velocity (i.e., loudness), for 
instance, may be a suitable parameter. To illustrate: when performing a certain polyphonic piece, a performer 
may choose to emphasize the melody – regardless in which voice it can be found – by playing the appropriate 
notes (slightly) louder. If highest velocity is chosen as the distinct parameter, the algorithm will then extract the 
melody by connecting those notes with the highest velocity values.     
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is up to now only solved for some special cases. In future investigations, much 
more music-theoretical and musicphysiological knowledge has to be incorporated 
into the detection algorithms.80  

 

4.3.3 Voice Separation Algorithm (VoSA) 

The “contig mapping approach” as proposed by Elaine Chew and Xiaodan Wu derives its 

method from the principles of pitch proximity and stream crossing. A number of Huron’s 

traditional and non-traditional rules “for writing polyphonic music with perceptibly distinct 

parts,” most of them related to these two principles, are used to create the underlying concept: 

the Avoid Unisons Rule ([D6].), Common Tone Rule (D10.), Conjunct Movement Rule (D11.), 

Avoid Leaps Rule (C3.), Nearest Chordal Tone Rule (D13.), Oblique Apporach to Fused 

Intervals Rule ([D18].), and Avoid Disjunct Approach to Fused Intervals Rule [D19].).”81  It 

works as follows. In order to extract voices from a piece, it is divided into short sections called 

‘contigs,’ which in turn consist of a number of ‘fragments.’ A contig is defined as “a collection of 

overlapping fragments such that the overlap depth (number of fragments present) at any time is 

constant,” and a fragment as “a sequence of successive notes that belong to the same voice.”82 

Contigs containing the largest number of fragments are called ‘maximal voice contigs,’ and are 

used by the algorithm to determine the number of voices of a piece. Following the rules 

conveyed by the stream crossing principle, these maximal voice contigs are assigned a pivotal role 

in the approach taken. Since, according to this principle, voice crossing should be avoided, the 

maximal voice contigs form stable points – points at which the voice assignment is perfectly clear 

– in the polyphony. The pitch proximity principle and the rules it conveys, then, are used as 

guidelines for establishing the fragments that interconnect the maximal voice contigs: those 

onsets that are closest to one another make up the fragments.83 The entire procedure of voice 

extraction as executed by the algorithm is described as follows: “[T]he maximal voice contigs 

seed the connection process. They act as centers out of which the connections to neighboring 

contigs grow. . . . [A]ll fragments in each maximal voice contig are ordered by pitch height and 

assigned voice numbers corresponding to their ordering. In connecting voice fragments across 

neighboring contigs, we select the distance minimizing choice. Connected fragments are assigned 

                                                 

80 Clausen ‘Preliminary conclusions.’ 
81 Chew and Wu 5. An overview of these rules is given in Chew and Wu 5-6; see also Huron 31 ff.  
82 Chew and Wu 7. 
83 Note the high similarity with the ‘saturated vertical’ approach used in the research by the ERATTO team. 
Apparently, Chew and Wu are unaware of this, stating that “Distinct from previous approaches, our method 
hinges on one important factor of polyphonic music that has been ignored by other researchers. Because voices tend not to 
cross, when all voices are present, one can be certain of the voice ordering and assignment. We use these 
maximal voice segments as pillars of certainty out of which each voice connects to other members of its 
stream” (See Chew and Wu 4; emphasis mine).  
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to the same voice, and the fragment assembly grows out from the maximal voice contigs.”84 

Thus, in short, the algorithm can be described as a process of crystallization that ends when all 

contigs ar connected. 

 An interesting problem that is encountered is that of ‘ending chordal embellishments,’ i.e., 

final chords that consist of more onsets than there are voices in the piece (this problem came to 

the fore in Chapter III, section 3.3 of this thesis as well). As is noted correctly, such chords lead 

VoSA to overestimate the actual number of voices. The solution that was found is to exclude the 

last three contigs when computing the maximum number of voices, and “eliminate all voice 

fragments with an index greater than the maximum voice count.”85      

 

4.3.4 Streamer 

Streamer is a component of a computer application for extracting information from music called 

Melisma (a Modular Event-List-Input System for Music Analysis), which was developed by 

David Temperley and Daniel Sleator. Melisma consists of five separate computer programs 

(modules), each of which deals with one of the basic kinds of musical structure described in   

section 4.2.86 The module dealing with contrapuntal structure, whose aim it is to group the notes 

of a piece into contrapuntal lines or ‘streams,’ is called Streamer.87 As do the other modules of 

Melisma, Streamer operates on representations of pieces called ‘event-lists.’ The program requires 

a ‘note-list,’ giving each event’s onset, offset, and pitch, and a ‘beat-list,’ specifying the metrical 

structure of the piece. Together these two event-lists can be visualized as a grid (looking very 

much like the neutral piano-roll graph as used in this thesis) in which the placement of the onsets 

in time is presented. Along the vertical axis of this grid pitch is set out, and along the horizontal 

axis the smallest rhyhmic values encountered when going through the piece from left to right. A 

vertical ‘slice’ from the grid that is one square wide is called a ‘segment.’ Onsets are indicated by 

black squares, and note onsets and durations are quantized so that squares are always filled up in 

their entirety.   

The algorithm scans the grid from left to right. Voices are extracted by connecting the 

onsets contained by the successive segments in such a manner that all the well-formedness and 

preference rules (described in section 4.2) are satisfied best. This is evaluated by assigning 

numerical scores to every possible connection. Since violation of the rules results in penalties 

(with the penalty increasing with the degree of violation), the ‘paths’ that yield the lowest scores 

                                                 

84 Chew and Wu 9-10. 
85 See Chew and Wu 11-12. 
86  There is no module that deals with pitch spelling. For more information on Melisma see 
http://www.link.cs.cmu.edu/music-analysis/ (acc. 8 Aug. 2008).  
87 See http://www.link.cs.cmu.edu/music-analysis/streamer.html.  
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represent the ‘best-formed’ connections. To find these paths, the program must thus consider all 

possible analyses of each segment and decide on the best way of connecting them. In order to be 

able to do this, a ‘dynamic programming approach’ is adopted, which is best described in 

Temperley’s own words:  

 
The input is analyzed in a left-to-right manner. At each segment, for each analysis 
of that segment, the program records the best global analysis ending with that 
segment analysis (known as ‘best-so-far’ analysis). At the next segment, the 
program only needs to consider adding each possible analysis of the new segment 
on to each best-so-far analysis at the previous segment, creating a new best-so-far 
analysis for each segment analysis at the new segment. In this way the program is 
guaranteed to find the best global analysis for the whole piece, while avoiding a 
combinatorial explosion of possible analyses.88 
 

In order to be able to ‘guide’ the voice extraction process, there are several parameters – among 

which the penalty values – that can be adjusted by the user. These are (i) verbosity (i.e., the 

degree of information that is extracted); (ii) the maximum number of voices; (iii) the maximum 

number of grey squares (since voices may contain white squares as well, a concept of ‘grey 

squares’ is introduced: for each black square, a number of subsequent white squares at the same 

pitch level are labeled as ‘grey;’ in the voice extraction process, then, only black and grey squares 

need to be considered); (iv) ‘maximum with collision’ (collisions are allowed when the number of 

voices in a segment does not exceed the value this parameter is set to); (v) pitch proximity penalty; 

(vi) blank square penalty; (vii) new voice penalty; (viii) collision penalty; (ix) top new voice penalty 

(a penalty for beginning a new top voice above the current one, or for ending the current top 

voice); (x) top blank square penalty (an additional blank square penalty for blank squares in the 

top voice).89  

  

4.3.5 Streaming algorithm (Cambouropoulos)  

Emilios Cambouropoulos describes a multi-modular system for extracting a musical score out of 

a MIDI file. His system consists of eight modules that, successively, perform the following tasks: 

(i) the identification of elementary musical objects (such as arpeggiated chords, trills, etc.) that are 

“perceived as wholes”; (ii) the calculation of accent (salience) of objects; (iii) beat induction 

(finding the beat); (iv) beat tracking (following the beat); (v) onset quantisation; (vi) streaming, 

(viii) duration quantisation; and (viii) pitch spelling.90 For the reasons mentioned above, in the 

                                                 

88 Temperley 104.   
89 For more extensive information on these parameters see http://www.link.cs.cmu.edu/music-analysis/ 
streamer.html.  
90 See Cambouropoulos, “From MIDI to Traditional Musical Notation” 1. 
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case of a piece of tablature converted to MIDI , the modules (ii) and (v) can be skipped; for the 

same reasons, the modules (iii), (iv), and (vii) will present little difficulties. Of interest here is the 

streaming algorithm that forms module (vi); unfortunately, however, Cambouropoulos is very 

concise about its functioning. He only mentions that it is based on the Gestalt principle of 

proximity (“tones within streams should be maximally proximal in terms of pitch and time”), that 

voice crossing is not allowed, that the number of voices should be kept to a minimum, and the 

number of voices is equal to the number of notes in the largest chord.91 Moreover, it is added 

that “The solution to this problem [i.e., the problem of finding the streams] is not trivial and 

appropriate searching techniques are required for developing an efficient algorithm. . . . 

Streaming is a large research topic in its own right . . . and the current algorithm is only a means for 

providing a crude streaming of notes so that duration of notes may be calculated as interonset intervals of each 

stream.”92     

   

4.3.6 Other algorithms 

Finally, there are a number of algorithms for voice extraction, all of which are based on 

perceptual principles, that are irrelevant to the present research. Below, a short discussion of each 

of these, as well as the reasons for their respective unsuitability, are given.93  

 First, there is the Voice Integration/Segregation Algorithm (VISA) developed by Ioannis 

Karydis et al.94 The aim of their research was “to examine if a single algorithm can be applied to 

two very different types of music (i.e., pure polyphonic music and music containing clear 

homophonic textures).”95 The specific problem here is that, under certain circumstances, 

passages containing multi-note onsets tend to merge perceptibly into one single auditory stream 

(see Examples 4.5a and b). The perceptional principles at play in such cases are Huron’s Onset 

Synchrony Principle, Tonal Fusion Principle, and Pitch Co-modulation Principle. (Note that in 

Example 4.5a, only the Onset Synchrony Principle and the Pitch Co-modulation Principle play a 

role, whereas in Example 4.5b all three principles apply.) Thus, Karydis et al. argue, if the term 

‘voice’ is understood as “a musicological parallel to the concept of auditory stream, then multi- 

                                                 

91 See also Cambouropoulos, “‘Voice’ Separation” 6. Citation taken from this article.  
92 Cambouropoulos, “From MIDI to Traditional Musical Notation” 4-5. Emphasis mine. 
93 Due to the limited availability of their documentation at the time of writing of this thesis, two algorithms are 
not discussed at all. See Anna Jordanous, “Voice Separation in Polyphonic Music: A Data-Driven Approach,” 
paper presented at the International Computer Music Conference, Belfast, UK, 24-29 Aug. 2008, acc. 20 Aug. 
2008 <http://www.informatics.sussex.ac.uk/users/akj20/presentation/voices.pdf>; and Wai Man Szeto 
and Man Hon Wong, “A Stream Segregation Algorithm for Polyphonic Music Databases,” Proceedings of the 7th 
International Database Engineering and Applications Symposium (IDEAS 2003), 16-18 July 2003, Hong Kong, China 
(Hong Kong: IEEE Computer Society, 2003) 130-138.   
94 See Karydis et al., “VISA;” and Karydis et al., “Horizontal and Vertical Integration/Segregation in Auditory 
Streaming.” 
95 Karydis et al., “VISA” 3. 
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Example 4.5 Passages perceived as single streams96      

a         

 

 

b 

 

 

note sonorities should be allowed within individual voices.”97 The algorithm, then, is specifically 

designed to detect passages that, even though they contain multiple-note onsets, are likely to be 

perceived as single streams, and to consequently assign these passages to one voice in their 

entirety. However, it is not advisable to apply the algorithm to lute intabulations: although 

sequences of multi-note sonorities that could be perceived as a single stream may indeed be 

detected (consider, for example, the ‘strings’ of parallel thirds or sixths that are encountered 

frequently), assigning them to one voice is erroneous at any time because, due to their nature as 

faithful arrangements of multi-part works whose individual voices per definition contain only 

single-note onsets, intabulations do not allow multiple-note onsets to appear in one voice (as 

shown in Chapter II).98  

 Another algorithm that allows voices to contain multiple-note onsets, and for that reason 

is of less value for the current research, is the voice separation algorithm developed by Jürgen 

Kilian and Holger Hoos.99 Moreover, the pragmatic goal of their research is not voice separation 

per se, but rather to “create score output suitable for different needs.” In their own words: “An 

adequate separation of notes into different voices is crucial for obtaining readable and usable 

scores from performances of polyphonic music recorded on keyboard (or other polyphonic 

instruments).”100 For these two reasons, this algorithm will be left out of consideration here.  

 The third and last algorithm that should be mentioned here is Søren Madsen and Gerhard 

Widmer’s Stream Separation Algorithm (SSA).101  SSA is an algorithm “for converting MIDI 

                                                 

96 These examples are taken from Karydis et al. “Horizontal and Vertical Integration/Segregation in Auditory 
Streaming” 299, and are slightly adapted. 
97 Karydis et al., “VISA” 4. 
98 The temporary addition of a voice, as described in Chapter III (‘Voice extraction problems’), constitutes the 
exception; however, the period of activity of such an added voice is generally so brief that multi-note passages 
that are likely to be perceived as one single stream are hardly ever formed.        
99 See Kilian and Hoos. 
100 Kilian and Hoos 1. 
101 See Madsen and Widmer. 
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events into logical voices” that is intended particularly for “online analysis of performed 

music.”102 The reason why it is not discussed in detail here is that the method by which it was 

designed – and hence its functioning – is highly inspired by Temperley’s Streamer algorithm. 

However, there are two aspects in which SSA differs significantly from Streamer: first, voice 

crossing is not prohibited, (but, resulting in higher ‘costs’ (penalties) is not to be preferred either); 

and second, it offers real-time processing: “[W]hen connecting a MIDI instrument the input can 

almost immediately be viewed as separate voices.”103   

 

4.4 Test of the algorithms 

In the current section, the suitability for lute tablature of the five algorithms discussed above is 

tested. The only implementation that was available was that of Streamer; the other algorithms 

were tested manually. To be able to compare their respective performances, all algorithms were 

tested on the same tablature fragment. This particular fragment was selected on the basis of its 

probability of yielding voice extraction problems. As shown in section 3.3 of Chapter III, it is 

voice continuation problems that lead to voice extraction problems, and, as we have seen, there 

are two causes for voice continuation problems: the interruption of existing voices, and the 

addition of temporary extra voices. Since, as opposed to the former, the latter is fairly rare, in 

what follows we will be dealing only with voice interruption. (Moreover, added onsets forming 

temporary extra voices are less problematic because they can always be assigned residually.) The 

fragment selected – mm. 1-10 from the three-voice, fairly homophonic Elslein liebes Elslein – 

presents little voice continuation problems. The line of reasoning for choosing such a relatively 

‘straightforward’ fragment is that if the algorithms do not yield satisfying results even when 

processing the simplest pieces, they certainly will not be suitable for the more complex pieces. In 

Figure 4.4a, the test fragment is presented as a neutral piano-roll graph (thus looking exactly like a 

visualized MIDI file), and in Figure 4.4b as a piano-roll graph visualizing the piece’s polyphonic 

fabric (as devised in Chapter II). The latter is used as ground truth against which the 

performances of the algorithms are measured (see Table 4.2 at the end of this section). 

 

4.4.1 Skyline 

Two approaches, in both of which the algorithm had to be run twice, were taken. In the first 

approach, the top voice was extracted first (using ‘highest pitch’ as the selection parameter), 

followed by the bass (using ‘lowest pitch’); in the second approach this procedure was reversed. 

The piece being for three voices, the remaining onsets in both cases form the middle voice. The

                                                 

102 Madsen and Widmer 1.  
103 Madsen and Widmer 4. 



  

 

Figure 4.4 Test fragment: Judenkünig, Elslein liebes Elslein, mm. 1-10  

a Neutral piano-roll graph (the red and blue squares are explained below) 
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Figure 4.4 (continued) 

b Piano-roll graph visualizing the polyphonic fabric (ground truth) 
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first approach yields the best results and is shown in Figure 4.5. Note that, as a result of 

tablature’s notational limits, in instances such as m. 2 of Figure 4.5, the second approach results 

in the ornamental run (that clearly belonings to the top voice) being assigned to the Bassus. Thus, 

since in intabulations the top voice is usually the most ornamented one, the second approach is 

generally not advisable.      

 

4.4.2 Nearest Neighbor  

“A basic criterion for the assignment of notes to melody lines is the minimization of pitch 

differences of subsequent notes. Notes that cannot be assigned to existing melody lines form new 

melody lines,” Clausen writes.104 Thus, the Nearest Neighbor algorithm extracts voices by simply 

processing the data from left to right and connecting those onsets that are closest in pitch, then 

those that are second closest, etc. When testing the algorithm, however, the information provided 

by Clausen proved to be too sparse to succesfully process the entire fragment. Experimentation 

has shown that three particular problems arise. First, it is not specified how the algorithm 

proceeds when an onset is succeeded by two onsets at equal distance from this onset (see Figure 

4.4a, red squares) or, vice versa, when two onsets are succeeded by one onset that is equally close 

to both of the preceeding ones (see Figure 4.4a, blue squares). Second, Clausen warns that “[O]ne 

has to take care not to introduce long intervals containing pauses.”105 Does this mean that pauses 

are prohibited entirely, or that only long pauses are prohibited? And, if the latter is the case, what 

would then be the maximum duration of a pause? And third, it is not specified whether voice 

crossing is allowed.  

In order to be able to test the algorithm, three additional rules were drafted. The first 

problem was solved by considering the general direction of the melody at the point of doubt: 

ascending lines will be continued in upward direction, and descending lines in downward 

direction. Second, the maximum inter-onset value is set to a semibreve or two ‘beats’ (cf. the 

findings in Chapter II.) This inter-onset time may be partially constituted by a pause. Third, voice 

crossing is prohibited. Violation of either (or both) of the second and third rule results in a new 

voice being started. Furthermore, it was decided that, to avoid strange syncopations, immediate 

onset succession has precedence over pitch proximity when the duration of the first of two 

onsets is inferred (see Figure 4.6a and b).  

                                                 

104 Clausen ‘Melody lines.’  
105 Clausen ‘Melody lines.’ 



  

 

Figure 4.5 Skyline: test results (visualized as piano-roll graph) 
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Figure 4.6 Precedence of immediate onset succession 

a Correct voice assignment    b False voice assignment   
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When these rules are followed, no less than seven ‘voices’ are extracted (see Figure 4.7). There is 

only one way to combine these fragments without having to break any of them up, resulting in a 

(still incorrect) incorrect four-voice interpretation: red and yellow constitute the Superius; 

turquoise and pink the Altus (two fragments separated by three measures rest); green the Tenor, 

and blue and orange the Bassus. The algorithm comes up with this four-voice interpretation as a 

direct consequence of its basic principle (note proximity) and the imposed voice crossing rule. At 

the first red square in Figure 4.7, the b7 in the lowest voice should leap to the f, but proceeds to 

the a since that is actually the closest pitch. Thus, because the middle voice’s d’ cannot leap to the 

f due to reasons of voice crossing, this f cannot be assigned to an existing voice, which means that 

a new voice (the Bassus) must be started here. A similar situation is encountered at the point 

indicated by the second red square, again leading to the start of a new voice (this time one that 

can be assigned to an existing voice, i.e., the Altus). The yellow and orange voices are started 

because the maximum inter-onset duration is exceeded; both these voices can be assigned to 

existing voices without any problem.  

Since this algorithm renders a four-voice version of the piece, it is slightly problematic to 

calculate the percentage of correctly assigned onsets. It was decided to take the preservation of 

the continuity of the original voices as a criterion. Thus, all the green colored onsets in mm. 6-9 

must be considered wrong, as well as those belonging to the added blue-orange voice.  

 

4.4.3 VoSA 

As is the case with the Nearest Neighbor algorithm, pitch proximity and the prohibition of voice 

crossing play an important role in the functioning of VoSA as well. However, the latter contains 

two important features that lead to far better results: first, it segments a piece into stable points



  

 

Figure 4.7 Nearest Neighbor: test results (visualized as a piano-roll graph)  
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used to “seed the connection process” (the maximal voice contigs); and second, it does not 

process the data incrementally.106 Thus, since the algorithm connects the onsets in between two 

maximal voice contigs both from left to right (starting from the left contig) and from right to left 

(starting from the right contig), incorrect voice assignments as a result of pitch proximity, as 

encountered in the proximity-based Nearest Neighbor algorithm, do no longer occur. VoSA 

performs a perfect voice extraction on the selected fragment; however, this result is strongly 

related to the relatively high proportion of maximal voice contigs present in this particular 

fragment.  

 

4.4.4 Streamer 

Streamer is the only algorithm whose implementation was available at the moment of testing.  

When it was run on the data using the default parameter set provided by the program, the results 

already were fairly promising.107 The output, a kind of piano-roll graph in text format, is shown in 

Figure 4.8a. As can be seen in Figure 4.8b, initially, five voices were extracted, one of which 

(blue) can be connected to the turquoise voice without consequences (for both figures, see 

appendix). Since a four-voice piece remains, the results have to be evaluated by the same criterion 

used for Nearest Neighbor: preservation of the continuity of the original voices. As a 

consequence, apart from a number of incorrectly assigned onsets, all green and pink onsets 

appearing in the last four beats of the fragments are considered incorrect as well.    

 

4.4.5 Streaming algorithm (Cambouropoulos)  

Because of the lack of documentation concerning the functioning of this algorithm, it cannot be 

run manually; in addition, its implementation is unavailable. As a consequence, this particular 

algorithm cannot actually be tested here. Considering the rules it is based on – voices are formed 

on basis of pitch proximity; the number of voices should be kept to a minimum; voice crossing is 

prohibited; and the largest chord gives the number of voices of a piece – it is expected that its 

performance lies somewhere between that of the Nearest Neighbor algorithm (which is based on 

less rules) and that of Streamer (which is based on more rules).   

 

 

 

                                                 

106 Chew and Wu 9. 
107  The default parameters are: verbosity = 1; maximum_voices = 6; maximum_grey_squares = 6; 
maximum_with_collisions = 4; pitch_proximity_penalty = 1; blank_square_penalty = 20; new_voice_penalty = 
20; collision_penalty = 20; top_new_voice_penalty = 0; and top_blank_square_penalty = 0. See 
http://www.link.cs.cmu.edu/music-analysis/streamer.html.  
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Figure 4.8 Streamer: test results  

a Actual output of the program 

                        C1          C2          C3          C4          C5          C6          C7 

Seg    0 (2):            .           .           .      1    .      2    .           .           .    

Seg    1 (1):            .           .           .      1    .      2    .           .           .    

Seg    2 (4):            .           .           .      1  3 .      2    .           .           .    

Seg    3 (1):            .           .           .      1  3 .      2    .           .           .    

Seg    4 (2):            .           .           .      |  | .      2    .           .           .    

Seg    5 (0):            .           .           .      |  | .    2      .           .           .    

Seg    6 (1):            .           .           .      |  | .      2    .           .           .    

Seg    7 (0):            .           .           .      |  | .        2  .           .           .    

Seg    8 (2):            .           .           .      1  3 .         2 .           .           .    

Seg    9 (1):            .           .           .      |  | .      2    .           .           .    

Seg   10 (3):            .           .           .    1      3        2  .           .           .    

Seg   11 (1):            .           .           .    1      3        2  .           .           .    

Seg   12 (2):            .           .           .    |      3        |  .           .           .    

Seg   13 (0):            .           .           .          1|        |  .           .           .    

Seg   14 (1):            .           .           .          |3        |  .           .           .    

Seg   15 (0):            .           .           .          |. 3      |  .           .           .    

Seg   16 (2):            .           .           .           1   3  2    .           .           .    

Seg   17 (1):            .           .           .           1   3  2    .           .           .    

Seg   18 (4):            .           .           .    1      .    3   2  .           .           .    

Seg   19 (1):            .           .           .    1      .    3   2  .           .           .    

Seg   20 (2):            .           .           .    |      . 3      2  .           .           .    

Seg   21 (1):            .           .           .    |      . |        2.           .           .    

Seg   22 (2):            .           .           .        1  .   3       2           .           .    

Seg   23 (1):            .           .           .        1  .   3       2           .           .    

Seg   24 (3):            .           .           .         1 . 3         . 2         .           .    

Seg   25 (1):            .           .           .         1 . 3         . 2         .           .    

Seg   26 (2):            .           .           .      1    . |         . |         .           .    

Seg   27 (1):            .           .           .      1    . |         . |         .           .    

Seg   28 (2):            .           .           .         1 . 3         . 2         .           .    

Seg   29 (1):            .           .           .         1 . 3         . 2         .           .    

Seg   30 (4):            .           .           .    1   3  .           2           .           .    

Seg   31 (1):            .           .           .      1 |  .           |           .           .    

Seg   32 (2):            .           .           .      | 3  .           |           .           .    

Seg   33 (1):            .           .           .      |   3.           |           .           .    

Seg   34 (2):            .           .           .    1      3        2  .           .           .    

Seg   35 (1):            .           .           .    1      3        2  .           .           .    

Seg   36 (3):            .           .           .      1  3 .         2 .           .           .    

Seg   37 (1):            .           .           .      1  3 .         2 .           .           .    

Seg   38 (2):            .           .           1           3      2    .           .           .    

Seg   39 (1):            .           .           |           .    2      .           .           .    

Seg   40 (2):            .           .           |           . 2         .           .           .    

Seg   41 (1):            .           .           |           .   2       .           .           .    

Seg   42 (4):            .           .           . 1      4  .    2      .           .           .    

Seg   43 (1):            .           .           . 1      4  .    2      .           .           .    

Seg   44 (2):            .           .           . 1      4  .    2      .           .           .    

Seg   45 (1):            .           .           . 1      4  .    2      .           .           .    

Seg   46 (2):            .           .           . 1  2      .           .           .           .    

Seg   47 (1):            .           .           . 1  2      .           .           .           .    

Seg   48 (3):            .           .           .    1   2  .           .           .           .    

Seg   49 (1):            .           .           .    1   2  .           .           .           .    

Seg   50 (2):            .           .           .    |   2  .           .           .           .    

Seg   51 (1):            .           .           .    |   2  .           .           .           .    

Seg   52 (2):            .           .         5 .         1 .    2      .           .           .    

Seg   53 (1):            .           .         5 .         1 .    2      .           .           .    

Seg   54 (4):            .           .           .    5   1  .        2  .           .           .    

Seg   55 (1):            .           .           .    5   1  .        2  .           .           .    

Seg   56 (2):            .           .           .    |   |  .        2  .           .           .    

Seg   57 (1):            .           .           .    |   |  .        2  .           .           .    

Seg   58 (2):            .           .           .      5    . 1       2 .           .           .    

Seg   59 (1):            .           .           .      5    . 1       2 .           .           .    

 

 



   

 

Figure 4.8 (continued) 

b Visualized as a piano-roll graph 
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Table 4.2 Performance of the algorithms on the test fragment 

Algorithm Total number of 
onsets 

Onsets assigned 
correctly 

Score (%) 

Skyline (top 
voice first) 

75 63 84,0 

Skyline (bass 
first)  

75 58 77,3 

Nearest 
Neighbor 

75 56 74,7 

VoSA 75 75 100,0 
Streamer 75 64 85,3 
 

4.5 Evaluation 

In this final section, the above findings will be evaluated to see what is useful in the light of our 

subject. The evaluation will remain restricted to the ERATTO project and the general algorithms 

for voice extraction; the perceptual principles and rules summarized in section 4.2 will be 

discussed and applied in the next chapter.   

The automatic transcriptions the ERATTO team managed to generate in the final phase 

of their research are rather promising, and three aspects of their work may be considered useful 

for the current thesis. The first is the use of an imitation detection algorithm prior to the use of 

the actual voice extraction algorithm. A notable advantage of this approach is that it enables the 

detection of those voice crossings that need to be preserved in order to not destroy imitative 

passages beforehand. The second is the suggested implementation as an interactive program (as 

discussed briefly at the end of section 4.1), enabling the user to control the transcription process 

and to correct, supplement, or change the program’s interpretation according to his own wishes. 

The third useful aspect is the use of saturated verticals as stable reference points, from which the 

polyphony then can be reconstructed. It is expected, though, that this approach yields much 

better results after some additional finetuning. Proof of this can be found in the VoSA algorithm, 

which is basically no more than a small perception-based ‘upgrade’ of the ERATTO team’s 

saturated vertical approach. However, the team’s criticism that their own methods rely too much 

on the concept of the saturated verticals (see above) must be taken seriously. In relatively full-

textured pieces that contain a large amount of saturated verticals, this approach works very well 

(as proven in thier documentation, as well when testing VoSA); however, in works that do not 

contain large amounts of saturated verticals, it may turn out to be rather problematic due to the 

limited durational information provided by the tablature. This brings us to the first of two points 

of criticism that can be expressed with regard to the ERATTO team’s research. First, they seem 

to test their algorithms mainly on quite simple three-voice intabulations, usually containing a 

considerable amount of saturated verticals. This, of course, is bound to yield positive results. The 
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second, and more important, point of criticism is the fact that the addition of duration is the last 

module in their three-step approach to generating automatic transcriptions of lute tablature. 

Because tablature notation provides only minimum onset durations, ‘white squares’ (to use 

Temperley’s terminology) appear whenever onsets are not succeeded immediately after this 

minimum duration has expired. As can be seen in the piano-roll graphs (in which these white 

squares are actually transparent squares), this happens quite frequently. As a consequence, in 

tablature, sequences of notes that are in fact continuous most of the time look fragmented – and 

it is exactly this fragmentation that hinders the voice continuity algorithm in finding the correct 

connections. Thus, it may very well be profitable to swith the ERATTO team’s second an third 

module by first adding the onsets’ durations, and only then connecting them. When this 

approach is followed, however, a new problem arises: how to determine the ‘amount’ of duration 

that must be added to onsets that are not succeeded immediately? Here, Temperley’s concept of 

‘grey squares’ may bring a solution. These matters will be investigated further in the next chapter. 

 Tablature’s limited means of notating rhythm also affects the performance of the general 

algorithms for voice extraction discussed above. As can be seen in Table 4.2, the average 

performance of all algorithms tested turns out to be rather good. The best score is achieved by 

VoSA, followed by Streamer and Skyline (‘top voice first’ version). (Note that Streamer was only 

tested using the default parameter set; it is plausible that better scores could be achieved using 

other parameter settings.) Nearest Neighbor – or rather, a considerably adapted version of it – 

scores the lowest, but still performs quite well. Thus, testing the algorithms on a relatively 

straightforward tablature fragment does not immediately lead to the preliminary sifting that was 

hoped for. However, Skyline’s fairly high score can be entirely accounted for by the 

straightforwardness – more specifically: the high onset continuity factor – of the tablature 

fragment. It is not hard to envision that when it is run on a tablature that contains less saturated 

verticals, Skyline’s score will decrease considerably. As a consequence, Skyline can be considered 

unsuitable. Two reasons, then, can be named why the Nearest Neighbor algorithm suffers the 

same fate: first, it had to be adapted considerably in order to be capable of even processing the 

tablature; and second, even in this heavily adapted form, it still yields the lowest score. This leaves 

us with only VoSA and Streamer, both of which are perception-based (albeit to different 

degrees). VoSA’s strength lies in its use of maximum voice contigs (saturated verticals) as 

reference points in combination with perception-based rules to connect the in-between onsets. 

No doubt, its perfect performance here is due to the large amount of saturated verticals in the 

test fragment, and testing it on less straightforward tablatures will certainly not yield perfect 

scores. As mentioned before, in methodological respect it does not differ much from the 
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ERATTO algorithm – which, without calling them so, makes use of the stream crossing and 

pitch proximity principles as well – and the same problems can thus be expected to occur. 

However, saturated verticals being the only stable points in tablature, it is advisable to not 

disregard this approach right away, but rather to further explore it. A possible way of doing this is 

by considering perceptual principles other than pitch proximity as criteria for onset connection as 

well – in other words: by finetuning the methodology in a perception-based manner. We will get 

back to this in the following chapter. The methodology used for Streamer, finally, is also worth 

considering. Its major advantages are, first, the fact that it is based on a large number of 

perception-based preference rules, and second, the fact that the respective weight of these rules 

in the voice extraction process can be changed by means of a considerable number of 

parameters. 
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CHAPTER V: THE CONCEPTUAL DESIGN PHASE  

 

A Conceptual Design of an Algorithm for Automatic Transcription of Lute Intabulations  

 

 

We now have the basic knowledge that is necessary for the design of a voice extraction algorithm 

intended for the automatic polyphonic transcription of lute intabulations. This knowledge can be 

divided into four different kinds of information – all of which are indispensable to the design of 

such an algorithm. First, there is concrete musical information pertaining to voice behaviour, 

which was gathered empirically through the analysis of a reasoned selection of intabulations and 

defined as a set of preference rules (the four PRVBs). Second, we have notation-related 

information, more specificaly: insights into those notational aspects of tablature that lead to voice 

extraction problems. Both these kinds of information are derived from the study made in 

Chapter III. Third, there is methodological information (i.e., information how to approach the 

design of an algorithm for voice extraction), gathered through the investigation of past attempts 

at algorithms for automatic transcription of lute tablature as well as that of several recently 

developed general algorithm for voice extraction. And fourth, there is theoretical information: 

insights into the cognitive and perceptual principles that are involved in the process of auditory 

stream segregation. These insights are defined as a set of rules as well. The latter two kinds of 

information are the outcome of the studies made in Chapter IV.  

In what follows, these four kinds of information are combined and mixed in order to 

draft a first and conceptual design of an algorithm for automatic polyphonic transcription of lute 

intabulations. The modus operandi of the algorithm – which was earlier in this thesis described as 

a number of steps undertaken to reach from a certain starting point (the tablature) a certain goal 

(a polyphonic transcription in modern music notation) – will be discussed each step at a time. 

The rules the individual steps are based on are mentioned at the end of each step. Just as 

Temperley’s Streamer algorithm, our algorithm is expected to work on a piano-roll graph-like 

representation of the music. All steps are tested on a test fragment, mm. 1-8 from Adriaensen’s 

Anchor che col partire (see Figure 5.1), that was selected because it presents a number of interesting 

difficulties: partly textured passages, secondary voice crossing, and the application of the concept 

of duality. 

 

 

 



  

 

Figure 5.1 Test fragment: Adriaensen, Anchor che col partire, mm. 1-81 
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1 This fragment was slightly altered by simplifying the ornamental passages containing semifusae (or, thirty-second notes). Although alterations to the tablature can affect 
the algorithm’s performance in a positive way, this is not the case here. Since such fast moving passages tend to be perceived as coherent wholes, they alleviate the voice 
extraction process. The more they are simplified, however, the more this effect is made undone. This means that if the algorithm performs well on the altered version, it 
certainly does so on the original version.  
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5.1 Step 1: Calculation of the number of voices 

First of all, the algorithm must find out the number of voices of a piece. The most simple 

assumption would be to take the largest chord as representative; however, as we have seen in 

Chapter III, the possible presence of extended chords renders this method unreliable. A better 

option for the algorithm would be to calculate how often each type of multi-note onset (chord) 

occurs in a piece, then ignore the largest type (or types) that occur relatively very little, and 

instead choose the largest one of the more common types. This method is based on the fact that 

extended chords are relatively rare. To illustrate: as we have seen in Chapter III, extended chords 

can be found in four works of the training corpus. Table 5.1 gives these works, their number of 

voices, and the number of occurrences of the different multi-note onsets.       

 

Table 5.1 Constitution of multiple-note onset in works containing extended chords 

Multi-note onsets Piece Voices 
  Two-note Three-note Four-note Five-note Six-note 

Vostra Fui 4vv 31 39 *51 - 1 
Las on peut juger 4vv 32 56 *77 1 - 
Anchor che col partire 4vv 77 58 *39* 1 1 
D’un si bel foco 5vv 101 59 45 9* 1 
 

In the case of all these works, a clear line can be drawn between those chords whose number of 

onsets equals the number of voices of the piece (marked with an asterisk), and those that are 

simply the largest. Note that, among the chords that are on the safe side of the division line, the 

actual amount of occurences of the chord is irrelevant (as exemplified by Anchor che col partire and 

D’un si bel foco).  

In the case of our test fragment, there are no extended chords present: we have six four-

note chords, six three-note chords, and fourteen two-note chords, making this a four voice 

fragment (cf. Table 5.1). Knowing this, the saturated verticals can be determined: they are 

represented by the four-note chords.   

 

Rules applied in step 1 
 
WFR2.  A stream may be only one square wide in the pitch dimension. 

 

5.2 Step 2: Detection and freezing of imitations      

The second step consists of running a similarity detection algorithm on the data to find out (i) if 

there is any motivic imitation present, and (ii) if preservation of the original motif or the imitation 

necessitates voice crossing. In our test fragment, motivic imitation is indeed detected: it contains 
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two (parallel) points of imitation. First, the motif g’-a’-b7’-a’-g’-f#’-g’-e’ in m. 7-8 is imitated in the 

lower octave in mm. 8-9 (the last three notes, in m. 9, are not visible in the fragment); second, the 

motif e’-f’-f’-e’-d’ (moving in parallel thirds below the first) is imitated in the lower fourth – thus 

ending up moving in parallel thirds above the imitation of the first theme – in mm. 8-9 (again, the 

last note, the a, is not visible in the fragment. Both points of imitation are shown in Figure 5.2 

(the solid line borders indicate the original motifs; the interrupted line borders their imitations).  

 

Figure 5.2 Mm. 7-8, detection of motivic imitation  
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All points of imitation that are detected are frozen, which means that they will be treated as one 

single unit in the remainder of the voice extraction process. As can be seen in the above figure, 

preservation of these motives does not necessitate voice crossing. Thus, following PRVB1, we 

can conclude that primary voice crossing is forbidden in the entire test fragment (we will get back 

to secondary voice crossing below). As a consequence, the Part Crossing Rule comes into force 

in the remainder of the piece.  

 

Rules applied in step 2 
 

PRVB1.  Voice Crossing Rule. Voice crossing is only retained when it is perceptible. 

 

5.3 Step 3: First (provisional) attempt at onset distribution 

Now that the number of voices is calculated, a first attempt at assigning the onsets to the 

different voices is made. This attempt is based on the PRVB3, which states that the individual 

voices of intabulations are registrally limited. In the left half of Table 5.2 we see the indices by 
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which the general voice range limits can be calculated (taken from Table 3.3); in the right half it is 

shown what pitches thus constitute the registral boundaries when the G-tuning is used (as is the 

case in Anchor che col partire).   

 

Table 5.2 Voice range limits when using the G-tuning  

Limit (indices) Limit (pitches) Voice 

Lower Upper Lower Upper 

Superius + 11th  - c’  - 
Altus + 7th/8va + 15ma/16th f(#)/g g’/a’ 
Tenors  + 5th + 12th/13th  d d’/e(7)’  
Bassus  - + 9th/10th - a/b(7) 
 

As mentioned in Chapter III, these indices are not to be taken absolute; they only enable us to 

determine the likeliness of certain onsets belonging to certain voices. As we will see, this 

knowledge can be decisive in a later stage of the voice extraction process. The only onsets whose 

voice attribution can be determined with absolute certainty at this point are those beloning to 

saturated verticals. This is because, after the completion of step (ii), it is now known that primary 

voice crossing is not allowed, and that there is thus only one way to arrange the onsets of 

saturated verticals. In Figure 5.3 we see a first attempt (based on the data shown in Table 5.2) at 

distribution of those onsets that are not part of a saturated vertical. As we can see, due to the 

considerable overlap of the voice registers, few onsets can yet be attributed to only one voice. An 

investigation into voice range limits that is more profound than the somewhat exemplary one 

made in Chapter III may yield more precise results. Meanwhile, in those cases where, based on 

voice range data, an onset is attributed to multiple voices, the likeliness of this onset belonging to 

each particular voice could be determined by taking into consideration the fact that voices tend to 

move less in the high and low end of their voice range (cf. the piano-roll graphs). Consider, for 

example, the c’ in m. 1 of the test fragment. According to Table 5.2, it could belong to any of the 

upper three voices. For the Superius, however, it would be a rather low note (in fact, the lowest 

allowed), and for the Tenor a rather high one. For the Altus, on the other hand, it would fall 

nicely in the middle, meaning that it is most likely that this onset belongs to the Tenor (which, 

according to the piano-roll graph devised in Chapter II, is indeed correct). Such an approach 

could be effected by assigning penalties to the attribution of an onset to a voice’s high or low 

registral end. By choosing the option that yields the lowest penalty, the algorithm would then be 

able to find the most probable voice attribution. 

 



  

 

Figure 5.3 Mm. 1-8, onset distribution based on registral boundaries (1 = only S; 2 = S/A; 3 = S/A/T; 4 = A/T/B; 5 = T/B; 6 = only B) 
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Rules applied in step 3 
 

PRVB3. Voice Range Rule. The individual voices of an intabulation are registrally limited. 

 

5.4 Step 4: Textural smoothing 

The next step is to minimize the textural fragmentation that is a result of tablature’s notational 

limits (PRVB4, Limited Density Rule). Such a minimization can be achieved by finding a way to 

interconnect sequences of the same type of multi-note onsets that are spaced relatively close to 

one another. The most obvious instances of such sequences are those of saturated verticals, an 

example of which can be found in our test fragment as well (see mm. 4-6). The problem how to 

connect the individual chords is solved by an approach similar to Temperley’s concept of adding 

‘grey squares’ (see the previous chapter). The approach is based on PR3 and [D3] and consists of 

two steps.  

In the first step, tails indicating their most probable path of continuation are added to all 

the ‘floating’ onsets in between the outermost two chords of the sequence. Floating onsets are 

onsets whose continuation is ambiguous due to the absence of a close-distance successor. 

Experimentation has shown that a distance threshold of a second works best; thus, all onsets that 

are not followed immediately by another at the interval of a second are considered floating. Two 

things should be noted. First, perceptually coherent strings of (short-duration) onsets moving 

stepwise are exluded from the tailing process by default. Second, sometimes situations occur 

when it is unclear which onset to tail. This is the case when two simultaneous onsets are 

succeeded by one that is at a second’s distance to both. There are two possible variants, 

visualized in Figure 5.4. In the case of Figure 5.4a, the onset that is at a major second’s distance is 

tailed; in the case of Figure 5.4b, both onsets are tailed. 

 

Figure 5.4 Situations in which ambiguity arises as to which onset to tail 
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Two criteria, then, determine the length of the tail. First, the total duration of both the tail and 

the onset it is added to may not exceed the longest sustainable rhythmic value on the lute (a 

semibreve); and second, if a new onset at a unison’s or second’s distance is encountered before 
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this maximum duration is reached, the tail is terminated at that point. The procedure of adding 

the tails is visualized in Figure 5.5a. As we can see in this example, however, this method is not 

entirely watertight: in four instances (see numbering), five-voice chords are suggested because 

tails are added where they should not have been. This can be solved by allowing the algorithm to 

break off these tails at any point (as discussed hereafter). (Note that WFR4, in which it is stated 

that each onset must be included in a stream in its entirety, seemingly does not apply to the tails. 

This is because the tails are not to be considered as complete and indivisible onsets, but rather as 

possible paths of continuation, visualized as series of one-square-wide onsets. This means that 

breaking them off does not violate WFR4.)  

 

Figure 5.5 Mm. 4-6, textural smoothing 

a First step: addition of tails     b Second step: onsets connected correctly 
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In the second step, the actual connection process, all the onsets (tailed and non-tailed) in between 

the outermost chords are connected in the perceptionally most satisfying manner. Following 

PVB2, successive non-tailed onsets are chained on basis of pitch proximity; here, the Pitch 

Proximity Principle and all the rules derived from it come into force. The succession of tailed 

onsets is slightly more complicated. As mentioned above, the cells in the tails represent only a 

possible path of continuation. Thus, there are three options: the entire tail is retained; the entire 

tail is removed; or the tail is broken off at a certain point. The algorithm must be capable of 
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deciding which tails to break off where; this problem requires a preference rule approach that will 

be further discussed in step 5.2 In Figure 5.5b, the correct solution is given: tails [1], [3], and [4] 

must be removed, and tail [2] must be broken off after two cells. The other ones can be retained.  

Another problem that needs to be solved is the premature ending of tail [5], which is 

caused by the encounter of a new onset on its path – one that is part of a perceptually coherent 

unit belonging to another voice. Here, we have a clear example of secondary voice crossing. The 

algorithm must be capable of recognizing instances of secondary voice crossing (which is no big 

problem since they stand out visually in the tablature), and in such cases continue a tail after it is 

interrupted by the crossing voice. 

  The procedure described above can now be applied to all sequences of the same type of 

multi-note onsets that are encountered in a piece. When step 4 is completed, then, the overall 

fragmentation of the piece will be reduced significantly. To illustrate: in the case of our test 

fragment, the textural smoothing of mm. 4-6 (which is actually the only passage suitable for 

smoothing) turns a piece that at first sight is fully textured for only 16% into one that is fully 

textured for 31%.3  

 

Rules applied in step 4 
 

PRVB4.  Textural Density Rule. Change of textural density may occur, but should be kept to a 
minimum.  

[-]. Limited Density Rule. The number of voices should be kept to a minimum; i.e., ‘loose’ 
fragments must be connected as much as possible.    

  (=PR2. New Stream Rule. Prefer to minimize the number of streams.) 
PRVB2.  Horizontal Voice Motion Rule. A voice is preferably continued by proceeding 
 to the closest possible onset.  
PR1.   Pitch Proximity Rule. Prefer to avoid large leaps within streams. 
   D10. Common Tone Rule.    
   D11. Conjunct Movement Rule.     
   [D12]. Leap-Lengthening Rule.  
   D13. Nearest Chordal Tone Rule.  
[D3].   Sustained Tones Rule. Effective voice-leading is best assured by employing  
  sustained tones in close succession, with few silent gaps or interruptions.    
PR3.   White Square Rule. Prefer to minimize the number of white squares.   

 

 

                                                 

2 One note must be made: in some cases, the solution can be based on already established information. Tail [4], 
for instance, must be removed because it was established in step (iii) that the c’’ in m. 6 belongs to the Superius, 
which means that retaining this tail violates WFR2 (streams can only contain single-note onsets). A similar 
situation applies to tail [1]; tail [3], finally, must be removed simply because it adds a fifth note to a saturated 
vertical. 
3  These percentages are calculated by dividing the total numbers of fully-textured minims (5,25 and 10,  
respectively) by the total number of minims in the fragment (32).   
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5.5 Step 5: Connecting of the remaining onsets 

Before we continue discussing the algorithm’s fifth and last step, let us summarize how far in the 

transcription process we are. In step 1, the number of voices and thus the position of the 

saturated verticals were determined; in step 2, two points of imitation were detected; in step 3, a 

first attempt at distribution of the onsets among the voices was made; and in step 4, the 

fragmented texture was smoothed out as much as possible. Figure 5.6, in which all these steps are 

combined, gives a visualization of the transcription process thus far. Note how the saturated 

vertical in m. 8 determines to which voices the original motif and their points of imitation (both 

of which were frozen in step 2) should be attributed.  

In the process of connecting the remaining onsets, the algorithm again makes use of the 

tails indicating an onset’s most probable path of continuation. The tailing process is equal to that 

in the previous step: all floating onsets yet unassigned are provided with a tail, and tails are 

terminated when a new close-by onset is encountered or when the duration of a semibreve is 

reached. Basically, the connection process is the same as in step 4; only, it is more complicated 

since reference points are now spaced wider apart. Remember that all sequences of close-by 

saturated verticals, or, in thinner textured passages, other types of multi-note onsets, were already 

smoothed out in the previous step. This means that in those passages that remain – i.e., the 

passages that is dealt with in the current step – the onsets are much more diffuse. Thus, an 

approach that does note rely on reference points is asked for.  

The solution that is come up with is heavily influenced by the approach used for Streamer 

(see the previous chapter). The algorithm creates unassigned chains of notes; a number of 

preference rules (most of them pertaining to pitch proximity) underlie the chaining process. For 

each onset, the algorithm considers all possible connections and chooses the one that satisfies the 

rules best. This best connection is calculated by adding up the numerical scores assigned to the 

individual connections a chain consists of. The degree to which a rule is ‘broken’ is defined in a 

penalty – the higher the degree of violation, the higher the penalty. The score assigned to a 

connection, then, is the sum of the penalties, and the path that yields the lowest score is the best 

(i.e., the perceptually preferred one). Just as in Streamer, a dynamic programming approach (as 

described in the previous chapter) is adopted. The chaining process ends when a securely 

attributed onset is reached; this onset then determines to which voice the chain belongs. 

Parametrization of the penalties enables the user to guide the chaining process.   

 Let us look at an example to illustrate the above. Since it is quite hard to perform such a 

dynamic programming approach manually, it was only tested on the first two measures of the test 

fragment, where the possibilities are still limited. Five basic perceptual rules guide the chaining 



   

 

Figure 5.6 Mm. 1-8, advance of the transcription process after completion of step 1-4  
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process: the Sustained Tones Rule, the White Square Rule, the Pitch Proximity Rule and all its 

sub-rules (which, for reasons of transparency are left out for the moment), the Part Crossing 

Rule, and the Parallel Unisons, Octaves, and Fifths Rule. The Sustained Tones Rule, in which it is 

stated that close onset succession is preferred, implies that the number of grey squares in a tail 

must be kept as small as possible, and can thus be renamed to ‘Grey Square Rule.’ 

Experimentation shows that the following penalties seem to work rather well: a grey square 

penalty of 0,5 per square, a white square penalty of 1 per square; a pitch proximity penalty of 1 

per semitone (i.e., a unison is penalty-free, a minor second results in a penalty of 1, etc.); a voice 

crossing penalty of 10; and a pararallel unisons, fifths, and octaves penalty of 10. As can be seen 

in Figure 5.7, two chains are created. On the basis of the saturated vertical at the end of m. 2, 

chain 1 can be assigned to the Superius, and chain 2 to the Tenor. Note that this is conform the 

provisional voice attributions determined in step 3. Note also that, according to the piano-roll 

graph devised in Chapter II, chain 2 belongs to the Altus. This is a typical example of a problem 

that can be solved manually in a later stage (e.g., when correcting the transcription generated by 

the algorithm’s implementation). 

 

Figure 5.7 Mm. 1-2, creation of chains on the basis of preference rules 
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Another aspect of tablature that is still problematic is the concept of duality. See for instance the 

Tenor in m. 8 (see Figure 5.6). No tail can be added to its last onset (d’) because it is succeeded by 

two onsets, both at a second’s distance. (Moreover, if a tail would be added, a dissonant chord 
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would be created.) Here, there are basically two choices: either the voice is temporarily ended, or 

it moves to an onset already attributed to another voice. The vocal model indicates that the latter 

is the case, which means that the concept of duality applies to the c’ that was attributed to the 

tenor. In cases such as this, it should thus be allowed to attribute one onset to two voices; 

however, such solutions must be avoided as much as possible. An algorithmic solution for this 

problem, that will be left open for now, could be to assign a ‘unison penalty’ to onsets moving to 

an onset that is already ‘occupied.’           

 

Rules applied in step 5 
PRVB1.  Voice Crossing Rule. Voice crossing is only retained when it is perceptible.  
PRVB2.  Horizontal Voice Motion Rule. A voice is preferably continued by proceeding to the closest 

possible onset. 
[D3].  Sustained Tones Rule → ‘Grey Square Rule.’ The number of grey squares in a tail must 

be kept as small as possible.    
PR3.  White Square Rule. Prefer to minimize the number of white squares. 
PR1.   Pitch Proximity Rule. Prefer to avoid large leaps within streams. 
   D10. Common Tone Rule.  
   D11. Conjunct Movement Rule. 
   [D12]. Leap Lengthening Rule. 
   D13.  Nearest Chordal Tone Rule. 
D14.   Part Crossing Rule. Avoid the crossing of parts with respect to pitch. 
  (= WFR3. Streams may not cross in pitch.) 
D21.   Parallel Unisons, Octaves, and Fifths Rule. Avoid parallel unisons, octaves, and fifths. 

 

5.6 Conclusion 

What is described above is a conceptual design of an algorithm that does not transcribe an entire 

tablature in linear fashion, but instead proceeds stepwise, per step focusing on different parts of 

the data. In each successive step, knowledge established in the previous one or ones can be used. 

The methods employed per step are often based on, or influenced by, those employed in already 

existing algorithms – both algorithms for transcription of lute tablature as well as general 

algorithms for voice extraction were considered. Apart from this methodological information, the 

algorithm makes use of data provided by the notation itself (most notably, the saturated 

verticals), of rules pertaining to voice behaviour that were established empirically in Chapter III 

of this thesis, and of a (considerable) number of rules derived from perceptual principles.  

It must be stressed that what is described in this chapter is only a conceptual design, that is 

yet to be tested and, most probably, considerably refined. Although its functioning is 

demonstrated on a piece taken from the training corpus, in order to prove its methodological 

validity it must first and foremost be tested on a new corpus of works. After all, it was partly 

designed on the basis of analysis of the works from the training corpus; thus, testing it on the 
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same works is likely to yield positive results. Since it was established in Chapter II that there is a 

close relation between an intabulation and its original vocal model, the results produced by the 

algorithm can be evaluated using an edition of the vocal work.      
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CHAPTER VI: CONCLUSION  

 

Conclusions and Future Work   

 

 

6.1 Conclusions 

With regard to the subjects discussed in the preceding chapters, a number of conclusions can be 

drawn. First, it was proven in Chapter II that intabulations are close arrangements of their vocal 

models, meaning that the polyphonic fabric of these models is preserved as much as possible. 

When notes are changed or omitted, this is in most cases due to the technical limitations of the 

lute; such notes should thus not be considered to be deliberate alterations of the identity of 

original work. ‘New’ notes (i.e., notes that cannot be found in the vocal model at all), the vast 

majority of which consists of repercussions and ornamentations, can be considered instrument-

idiomatic, non-structural additions that form an extra ‘layer’ on top of the original vocal 

composition. The overall minute preservation of the vocal model’s polyphonic fabric is visualized 

in the thirteen piano-roll graphs that were created by comparing the intabulations to their vocal 

models. These graphs thus serve as visualizations of the polyphonic fabric of the intabulations, in 

which capacity they constitute a useful tool for the analysis of the behaviour and interaction of 

the individual voices. 

Second, a subsequent analysis of these piano-roll graphs, which was performed in 

Chapter III, has provided us with two kinds of information: knowledge concerning voice 

behaviour, and insights into those notational aspects of tablature that yield voice extraction 

problems. With regard to the former, four preference rules were formulated: the Voice Crossing 

Rule, stating that voice crossing is only retained when it is perceptible, the Horizontal Voice 

Motion Rule, stating that voices preferably move in stepwise motion; the Voice Range Rule, 

stating that the voices of an intabulation are registrally limited, and the Textural Density Rule, 

stating that the change of textural density must be kept to a minimum. Since they help us to 

predict how the music develops, these four rules are very helpful when designing the algorithm. 

A profound insight into the notational aspects of tablature that lead to voice extraction problem, 

then, is important simply because the algorithm must be capable of dealing with these aspects in 

order to yield proper results. Voice extraction problems come into existence when, from a certain 

onset on, the continuation of a voice is ambiguous. Put differently: it is voice continuation 

problems that lead to voice extraction problems. It was established that in tablature, ambiguity as 

to how to continue an onset may arise due to two causes, both of which are related to texture: (i) 
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the interruption of a voice; and (ii) the addition of an extra (temporary) voice. The former causes 

the lion’s share of the problematic passages and can be traced back directly to a specific 

notational peculiarity of tablature: the fact that only the minimum duration of an onset is 

provided. Two basic conclusions were drawn: (i) the fuller and more constant the texture, the 

smaller the voice extraction problems, and (ii) saturated verticals are of great importance in 

performing a correct voice extraction since they serve as reference points for interrupted voices. 

Third, previously developed algorithms for voice extraction – both those customized to 

lute intabulations as well as those for general use – have proven to be useful for the current 

research (Chapter IV). Up to a certain level, the algorithms for automatic polyphonic 

transcription of lute intabulations as developed by the ERATTO team perform rather well; when 

the transparency of the transcribed pieces decreases (i.e., when they become musically or 

compositionally more challenging), however, their performance leaves rather much to be desired. 

Their major shortcoming turns out to be the fact that little knowledge pertaining to music 

perception and cognition was applied during their design. Those general algorithms for voice 

extraction that are perception-based, on the other hand, show good results when dealing with 

musically more demanding pieces, but turn out to be not optimally equipped to process tablature. 

These two different kinds of algorithms can thus said to complement one another with regard to 

their performance on tablature. Therefore, it was concluded that in the design of an algorithm for 

automatic polyphonic transcription of lute intabulations, the methods used by the ERATTO 

team and those applied in the design of the perception-based general algorithms should be 

combined. 

In the conceptual design of such an algorithm, which was presented in Chapter V, this 

approach was carried out. The algorithm is influenced methodologically both by the algorithms 

for automatic lute tablature designed and developed by the ERATTO team, as well as by a 

number of perception-based general algorithms – most notably VoSA and Streamer. Moreover, 

its theoretical foundation was further refined by the incorporation of a number of rules that were 

the outcome of an additional study into the perceptual and cognitive principles pertaining to 

auditory streaming, which was carried out in Chapter IV as well. 

 To conclude: the first part of the main research question posed in Chapter I – how to 

theoretically design an algorithm for voice extraction in lute intabulations – is answered in 

Chapter V. What is presented, however, is a first and conceptual design: there are still a number 

of practicalitites to be solved; moreover, its validity has not yet been tested. The second part of 

the research question – how to present a conceptual design of an interactive computer program 
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for automatic polyphonic transcription of lute intabulations in which the algorithm constititutes 

the central component – still remains unanswered. 

 

6.2 Future work 

The investigations carried out in the previous chapters basically constitute no more than 

preparatory work: we have seen an investigation into the polyphonic fabric of intabulations, a 

summary of the problems of transcribing tablature, an investigation into the methodology of 

various algorithms, and a study of perceptional and cognitive principles – the four of which have 

led to a conceptual and still very ‘theoretical’ design of an algorithm for voice extraction in lute 

intabulations. Nevertheless, the approach suggested seems promising enough to continue the 

research. A considerable amount of work, however, is yet to be carried out. First, the algorithm 

must actually be implemented; a step that belongs to the field of computer science. Second, the 

algorithm must be tested. For reasons of circular reasoning, the training corpus cannot be used 

for this means – running an algorithm on the pieces its design is based on is likely to yield good 

results. Rather, an ‘independent corpus’ of works, the test corpus, must be composed. Just as was 

the case with the training corpus, to be as representative as possible, the test corpus must satisfy 

the following four criteria: it should include (i) works from different parts of the sixteenth 

century; (ii) works from different centres of lute activity; (iii) works of various numbers of voices; 

and (iv) works of various compositional styles (see also Chapter II, section 2.1). Third, the results 

must be evaluated, thereby using the polyphonic fabric of the vocals models of the pieces in the 

test corpus as reference. It is expected that a number of new problematic situations will be 

encountered, for which solutions will have to be found that, in the end, lead to a better overall 

performance of the algorithm. Thus, during the test phase an iterative process of finetuning is 

executed: the algorithm will constantly be tested, and whenever flaws are detected improved, then 

tested again, etc.  

When the algorithm is refined sufficiently, it can be used as the main component of an 

computer program for automatic polyphonic transcription of lute tablature. Such a program 

should be interactive: rather than giving a final edition, generated automatically, it will present to 

the user a possible transcription, which either can be accepted as it is, or (more probably) may 

require further adaptation. In the latter case, the user reacts to the suggestion offered by the 

program by indicating where he wants it to be altered, after which the program in turn takes 

another step. This ‘action-reaction process,’ which is envisaged to proceed through a series of 

dialogue windows, could be described as an interactive process of ‘polishing’ that is continued 

until the user is satisfied. Finally, we must remember that one of the principal aims of a program 
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for automatic polyphonic transcription of lute intabulations was stated to be the fact that it 

specifically enables those who have little or no experience with transcribing lute tablature to 

devise their own editions. It is thus required that the program does most of the ‘thinking,’ 

whereas the user is expected to merely guide the transcription process by accepting or rejecting 

the suggestions given by the program. 
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