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1.2 Abstract 

The works included in this portfolio are linked by their exploration of two specific 

concepts, namely the use of improvisation as a part of the composition process, 

and the use of a concept termed compressibility to moderate the creation and 

development of musical materials.


Improvisation, carried out exclusively by the composer, is used as a core practice 

throughout the composition process. In other words, it is used both to generate raw 

material, and to develop and refine this material into fixed and fully-notated 

compositions. The works of this portfolio explore this process in relation to pieces 

ranging from short solos to large-scale ensemble compositions.


Compressibility relates to a specific assessment of material, whether improvised or 

not, which considers its information content and rate of change along harmonic 

and rhythmic axes. This assessment is used to guide the harmonic and rhythmic 

direction of a composition, both during the above improvisatory processes and 

during the process of composing in general.


This text is divided into three main chapters: the first sets out the specific details of 

the improvisation-based composition methods used; the second defines and 

explains the concept of compressibility; the third then presents a specific 

commentary on each piece of the portfolio. Below is a list of the works of the 

portfolio, followed by an index of recordings. Where a recording is not available, a 

computer-generated realisation of the piece is instead included. 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1.3 List of Works in the Portfolio 

Aeris Vena 

	 large ensemble	 	 	 	 2018	 	 c.10’


Different Base 

	 string quartet	 	 	 	 	 2016	 	 c. 20’


Taking[Up][In][Off][Away]	 	 	  

	 flute, clarinet, violin, cello, piano	 	 2017	 	 c. 5’ 30”


Two Unusual Stories 

	 soprano voice, percussion ensemble	 2016	 	 c. 10’


Eske 

	 piano trio	 	 	 	 	 2015	 	 c. 11’


$PIANOPIECE 

	 solo piano	 	 	 	 	 2015	 	 c. 15’


Displace 

	 solo alto saxophone	 	 	 	 2015	 	 c. 6’


Oudow 

	 solo cello	 	 	 	 	 2014	 	 c. 6’


Corrán Binne 

	 solo violin	 	 	 	 	 2014	 	 c. 6’ 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1.4 List of Recordings 

Different Base: workshop recording, performed by Tom Jackson String Quartet in 

January 2018. Computer realisation of movements 1, 2 and 4 also included. 

Taking[Up][In][Off][Away]: performed by Hard Rain SoloistEnsemble in the Harty 

Room at Queen’s University Belfast, on 15 December 2018. 

Two Unusual Stories: performed in Thalia Hall, Sibiu, by Veronica Anusca and the 

IConArts Percussion Ensemble, on 27 July 2016. 

Eske: performed by the Hard Rain SoloistEnsemble in the Harty Room at Queen’s 

University Belfast, on 27 February 2016. 

$PIANOPIECE: performed by Stephen Coyle in March 2016. 

Oudow: performed by Stephanie Tress at an RMA study day, in the Royal Northern 

College of Music, Manchester, on 20 March 2018. 

Corrán Binne: workshop recording, performed by Fenella Humphreys in the Sonic 

Lab at Queen’s University Belfast, in December 2015.  

Aeris Vena: computer-aided realisation of the piece. 

Displace: computer-aided realisation of the piece.  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2. Improvisation 

2.1 Introduction 

Improvisation forms a core component of the compositional processes I used when 

writing the music of this portfolio. Its role is central to both the way in which I 

generate musical material, and to my methods of iterating and expanding upon that 

material. While not formalised prior to this research, this process represents a 

continuation of the way in which I have always composed music. My pianistic 

experience is as much rooted in improvisation and playing by ear as it is in 

performing notated music, and my development of the techniques below 

represents a crystallisation of this experience into a clear and practicable 

compositional approach. The exact origin of my passion for improvisation as a 

compositional tool is difficult to define with certainty. What is clear, however, is that 

the fluency of expression that can be achieved through direct engagement with 

musical materials on an instrument with which one is familiar provides a thrilling 

route through which to rapidly create and develop musical ideas, and is perhaps 

the primary reason for my development of the processes discussed ahead. This 

chapter outlines the working methods I use to facilitate this mode of composition, 

and the techniques I have developed to coherently and reliably migrate improvised 

materials into fully-notated compositions. Crucially, it also establishes the ways in 

which I employ guiding forces to shape materials and direct the composition 

process.


Within this text, the term improvisation is generally used to refer simply to the act of 

playing music that has not been encoded within a comprehensive score. Franziska 

Schroeder comments that “many writers emphasise that ‘improvisation’ (as a term 

and as a concept) must be understood as tricky, complicated and ill-defined” . This 1

is undoubtedly true across existing literature, and indeed is further complicated by 

 Franziska Schroeder, Soundweaving: Writings on Improvisation, ed. by Franziska 1

Schroeder and Mícheál Ó hAodha (Newcastle upon Tyne: Cambridge Scholars Publishing, 
2014), p. x.
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the pervasive and diverse presence of improvisation throughout all musical cultures 

and genres; however, the text below makes no attempt to define the term for any 

other practices than those used in this portfolio. Further to this, the following 

techniques do not imply any sense of ownership of existing practices, and 

especially do not purport to be an improvement or refinement upon any other 

improvisational practices. Unless in reference to specific individuals’ work, the term 

improvisation is used here only to refer directly to the practices discussed ahead. 

Finally, while this chapter provides a comprehensive overview of the processes 

discussed, there are additional details of these methods peculiar to individual 

compositions. In the interest of clarity, these will be discussed in the context of 

those compositions, rather than as part of the overall narrative.


2.2 Delineating the Role of Improvisation 

Before discussing the various techniques employed in conjunction with 

improvisation, the overall logic which underpins this approach should be 

established to give sufficient context for deeper discussion. The relevant definition 

of improvisation excludes only the performance of fully-notated music. In other 

words, it retains reference to every variety; improvisation based around existing 

materials, notated or not, improvisation constrained by particular rules, and 

completely unbounded free improvisation are all included. Indeed, each of these 

types is employed at one stage or other in the processes described below.


It is important at this point to clarify that all the improvisation discussed takes place 

during the composition process, not during performance. These compositions seek 

to achieve neither “a Cageian indeterminacy of sound [nor] a Boulezian 

indeterminacy of form.”  With little exception, all of the music discussed is fixed 2

and fully-notated; performers are required neither to create original material during 

performance, nor to substantially vary material between performances. There are 

 Paul Griffiths, Modern Music and After (Oxford: Oxford University Press, 2010), p.118.2
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some observations, such as Foss’s “improvisation is not composition” , which 3

outline prior distinctions between the two processes. In relation to this thought, it is 

worth noting that the music of this portfolio does not present the case that 

improvisation is equivalent to composition; rather it demonstrates the potential for 

improvisation to play a central role in a wider compositional process. Richard 

Dudas keenly observes the role of improvisation as a precursor to composition , 4

and references Thom Holmes’ description of improvisation as encompassing the 

processes of listening, reacting, augmenting and creating.  In another vein, Evan 5

Parker relates his thoughts on what he terms the “false antithesis”  between 6

composition and improvisation, citing ignorance of “the “in the moment” decisions 

made by interpreters of very complex notation or pieces using chance operations in 

performance”  as some of his reasons for this. However, Parker’s “antithesis” is 7

essentially retained as a point of delineation within this text; this is purely a 

pragmatic means of distinguishing the point at which the composer’s input ends, 

and in no way seeks to diminish players’ decisions during performance. While 

some of the above observations come in relation to improvisation and composition 

in the context of electronic media and interactive performance systems, they 

remain highly apposite to the processes at work in this portfolio.


Finally, in the interest of avoiding repetition, it should be noted that unless specified 

otherwise, all of the improvisation discussed below takes place on the piano. This 

is simply a matter of pragmatism; piano is my primary instrument, and it was my 

 Lukas Foss, 'Improvisation versus Composition', The Musical Times, 103.1436, (1962), 3

684-685 (p. 685), in JSTOR <http://www.jstor.org/stable/948499> [accessed 1 February 
2019].

 Richard Dudas, '“Comprovisation”: The Various Facets of Composed Improvisation within 4

Interactive Performance Systems.', Leonardo Music Journal, 20, (2010), 29-31 (p. 30), in 
JSTOR <www.jstor.org/stable/40926370> [accessed 1 February 2019].

 Ibid, p.29.5

 Evan Parker, Soundweaving: Writings on Improvisation, ed. by Franziska Schroeder and 6

Mícheál Ó hAodha (Newcastle upon Tyne: Cambridge Scholars Publishing, 2014), p. 1.

 Ibid, p.2.7
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intent to perform all of the required improvisations myself. While the piano also 

provides some conveniences in terms of the working processes used, there is no 

specific reason why the practices discussed below cannot be applied to 

improvisations performed on other instruments.


2.3 The Working Process 

With the parameters of what is meant by improvisation now established, the five 

‘phases’ of the improvisation-based processes used in this portfolio can be 

outlined, before being explored in greater detail.


Initially, I conduct and record sessions of improvisation at the piano, which yield the 

starting material for a composition, in what can be termed the ‘generation’ phase. 

Such material is similar to what Ligeti describes as the “naive initial musical idea 

[which] can be described as music in the raw state”.  That is to say, at this point the 8

material already contains much of the character and motivic content that will be 

expressed by the completed piece. As a further parallel, Ligeti mentions his own 

piano improvisations as a source of such material, though he suggests that this is 

merely one of the ways in which this kind of material can be expressed.  He then 9

goes on to describe the process of composition as “injecting a system of links into 

naive musical ideas” , which, while applying to many different composition 10

methods, is a useful framing of the process when considering the next phases of 

the process at hand. Perhaps another useful comparison, though distant in both its 

precise execution and results, is Stockhausen’s Mixtur. Initially involving substantial 

aleatoric elements, the composition became progressively fixed by means of 

decisions made by its performers, until its 2003 revision removed all indeterminacy 

 Gyorgy Ligeti, Ligeti in Conversation (London: Eulenberg, 1983), p.124.8

 Ibid.9

 Ibid.10
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from the piece entirely.  Conceptually, the improvisation-based approach used in 11

this portfolio in ways represents a microcosm of the compositional history of Mixtur. 

Indeterminacy exists only at the early stages of composition, and, rather than 

disappearing over subsequent drafts of a completed piece, is fixed in place during 

the composition process itself.


In terms of meeting the creative demands of improvisation and idea generation, 

there are of course times where one falls into repetitive or otherwise fruitless 

patterns. I have used a number of techniques to foster creativity and variety during 

these moments. The most straightforward of these techniques involves simply 

playing any arbitrary material, however derivative or repetitive, and allowing oneself 

to move freely from one idea to the next until something of interest emerges and 

catches one’s attention. Alternatively, creating artificial constraints or obstacles can 

force a move away from rote patterns or learned progressions. For example, 

restricting which fingers are used when improvising, or avoiding certain classes of 

chord or interval, can spur creativity and provide a pathway towards more 

productive improvisation. Finally, the introduction of chaotic or unpredictable 

elements can also sow seeds of creativity in improvisation. Using chance-based 

processes (such as rolling dice or deriving note sequences from words) to establish 

an initial idea or set of conditions can be very effective at breaking free of holding 

patterns, and act as a jumping off point for productive new materials.


Once a sufficient quantity of raw material has been expressed in the above manner, 

the next part of this process, termed ‘evolution’, can begin. Through a series of 

further improvisations, selections of the initial material are expanded upon and 

evolved to better fit the needs of the target composition. These needs, and indeed 

the overall direction of these iterative improvisations, are established using several 

guiding parameters, which will be illuminated below. The aim at this point is to give 

 Robert Worby, Karlheinz Stockhausen - Mixtur (2003) Salzburg Festival. 30 August 2006. 11

(2006) <http://archive.is/6DfTA> [accessed 7 November 2019].



 of 12 117

the ‘raw music’ a greater sense of shape and direction, making it as well-suited to 

the intended composition as possible before moving on to the process of notation. 

Kagel makes an interesting remark in stating that “an essential aspect of [his] work 

is strict composition with elements which are not themselves pure”.  While his 12

impure elements are most likely the unconventional instrumentation of many of his 

compositions, the idea bears a conceptual similarity to the process being 

discussed here. The raw improvised materials used in creating this portfolio are 

analogous to Kagel’s impure elements, which go on to be ‘purified’ by dint of the 

subsequent phases of the process, to produce a fixed score, free of improvisation. 


When these first stages have been conducted, the migration of these refined 

materials into a fully-notated score can be undertaken. By means of three main 

processes—termed transcription, translation and recomposition—the 

improvisations are crystallised into the fixed material which comprises the 

completed work. The details of these processes are explored at length below; 

however, for the moment it is sufficient to be aware of the general intent of this 

stage and its place within the overall process.


2.4 Issues of Context 

[The sketch] is work in progress. And so is improvisation as we practise it; it 

is a spontaneous, sketch-like and–incidentally–unrepeatable expression, full 

of surprises for the listener and for the performer as well. 
13

 P. Attinello, Kagel, Mauricio. Grove Music Online. (2001) <http:////12

www.oxfordmusiconline.com/grovemusic/view/10.1093/gmo/9781561592630.001.0001/
omo-9781561592630-e-0000014594> [accessed 30 October 2018].

 Lukas Foss, 'Improvisation versus Composition', The Musical Times, 103.1436, (1962), 13

684-685 (p. 684), in JSTOR <http://www.jstor.org/stable/948499> [accessed 1 February 
2019].
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With the overall process outlined, there are some important points to discuss 

before continuing, neatly encapsulated above by Foss. The spontaneity to which he 

refers presents a substantial difficulty when attempting to capture improvised 

material. It should be noted that this composition method does not aim to, nor 

indeed could it, simply ‘convert’ improvised material into a perfectly representative 

score. There is a sharp difference in context between a notated composition and an 

improvisation. The former represents material prepared to some degree or other for 

use by a performer, whose task is to engage with and interpret it on the terms it 

sets out. The latter, however, represents already-realised musical thoughts; creating 

notational representations of this material requires either knowledge of the internal 

motives of the improviser, or the making of subjective decisions. A bluntly-notated 

improvisation would in all likelihood be ineffective at reproducing the expression 

achieved by the original, owing to the difficulty of communicating the precise states 

of mind of the improviser to a performer,  upon which much of the effect of an 14

improvisation relies. Thus, careful considerations are needed to mediate these 

concerns, and to ensure sensible and coherent outcomes of this composition 

method.


The first such consideration comes in relation to notational choices. Freely-

improvised material may not often fall precisely into easily-notated units. For 

example, improvised materials often contain subtle rhythmic variations that, if they 

were to occur during a performance of notated material, would reasonably fall into 

the range of rubato rather than specific, complex rhythmic figures. In such cases, it 

may therefore be unproductive to attempt to notate these subtleties in their entirety; 

beyond a certain level of ‘accuracy’ to the source, notations risk becoming 

substantially more complex at a rate disproportionate to the differences in outcome 

they effect. In response, this composition method takes a more content-focused 

approach towards such material. That is to say, material is transcribed using the 

 Even if, as in this case, they are the same person separated by time.14



 of 14 117

heuristic that the notated results could produce the exact material heard in the 

source improvisation, but need not be so specific as to preclude different 

interpretations in new contexts. In other words, a degree of flexibility is permitted 

when notating improvised material, which does not imply capricious eschewing of 

complexity, but instead seeks to prevent the creation of material so contextually 

dependent upon its original source as to be dysfunctional in a completed 

composition. After being notated in this manner, material can then be plainly 

categorised or placed in a new context, where its qualities are conducive to the 

expression and other criteria called for at a particular moment in a musical 

narrative.


To bring the above consideration into sharper relief, consider the following 

example. Audio excerpt A1 contains a short passage of improvised material used in 

composing Corrán Binne. In addition, figure M1 shows a brief excerpt of that 

improvisation, displayed as piano roll.  Finally, the notated material ultimately 15

drawn from figure M1 is shown in figure M2. Using the keyboard along the left edge 

of figure M1 as a reference, it can be seen that the pitches shown in the piano roll 

are, for the most part, the same as those shown in the notated example. The note 

lengths, however, do not correspond quite as precisely. While gauging particular 

rhythmic values from piano roll is difficult, in this case it is sufficient to observe that 

the notes of figure M1 do not align precisely with the vertical gridlines, which 

represent fractional divisions of time. Notating this material with absolute precision 

would require relatively complex rhythmic figures; thus, a subjective decision must 

be made regarding the level of precision to be aimed for. In line with what is 

described above, the material ultimately notated encapsulates the general 

character of the motif, while eschewing some of the rhythmic subtlety that would 

be unlikely to retain the same meaning when placed in a new context. There is of 

 For all intents and purposes at this point, piano roll can be considered analogous to a 15

conventional score; each bar is a note, whose vertical position represents its pitch, and 
whose horizontal position and length represent its duration.
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course a surface similarity between this process and that of quantisation (in short, 

the process of rounding off values to the nearest discrete value within a prescribed 

range). The key difference to note between these processes is that the former 

reflects a dynamic, subjective decision-making process, versus the simple filtration 

of material according to fixed rules implied by the latter.





With the functional considerations of notational issues addressed, it is now time to 

explore in more detail the issue of context, communication of the state of mind of 

the original improviser, and exactly how these issues are overcome. As stated 

previously, the processes described here do not attempt to produce compositions 

which are merely precisely notated improvisations; even the pieces in this portfolio 

which take the shortest path from improvisation to score differ substantially after 

Figure M1 - piano roll, showing improvised material for Corrán Binne.

Figure M2 - bars 42-44 of Corrán Binne.
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undergoing the processes of transcription, translation and recomposition. There are 

a few important reasons as to why this is the case.


Unavoidably, during and immediately after improvising, there are aspects of 

resultant material which seem obvious to the improviser. The intent of each gesture 

is clear; the beginnings and endings of phrases are apparent; even subtle 

‘mistakes’ can be clearly delineated, despite of course the lack of an objective 

frame of reference against which to judge something as a mistake. However, this 

state of mind begins to fade the moment an improvisation ends, and along with it 

the intent of each gesture grows less clear as time passes. Further, to someone 

other than the improviser, this intent may never have been clear to begin with. As a 

result, when notating improvisations for use in this compositional process, a 

successful approach must consider that much of the original context may be lost. 

Thus, it is important that the exercise at hand becomes the creation of a self-

sufficient piece of music, which makes sense in its own right, and not an attempt 

somehow to objectively communicate the shifting sands of an improviser’s state of 

mind.


A strong parallel exists between this idea and Stravinsky’s thoughts on the music of 

the past. He remarks that “the past slips from our grasp. It leaves us only scattered 

things. The bond that united them eludes us.”  Here, he refers to the impossibility 16

of hearing music of the past as its original audiences did, and by extension he 

suggests that modern-day composers cannot write authentic ‘music of the past’. 

Attempting to do so as a citizen of the present, not the past, is merely artifice; 

existence in an entirely different musical context precludes it. Thus, for similar 

reasons, trying to recapture the ephemeral context of an improvisation fails; time 

has passed, and with it context has irreversibly changed.


 Igor Stravinsky, Poetics of Music in the Form of Six Lessons (Cambridge: Harvard 16

University Press, 1970), p.25.
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With the above in mind, perhaps the most intellectually honest solution to the 

problem of changing context is to engineer an approach that sidesteps it entirely. It 

is wrong to assume that any materials derived from improvisations are somehow 

imbued with the qualities they were perceived to have in their original context. 

Therefore, as facilitated partly by the content-focused approach described earlier, 

the original intent of particular gestures must be largely discarded. Instead, these 

materials must be viewed as individual building blocks from which a complete 

piece can be constructed. Whether singular motifs or longer passages, it is then 

vital that these building blocks are positioned in a manner whose narrative sense is 

derived only from the new context.


The most significant challenge with this approach is that of eschewing the original 

intent or context of improvised material. However, a solution to this issue has in fact 

already been alluded to. The aforementioned issue of fading context, where the 

intent behind improvised material begins to disappear over time, can be turned to 

an advantage by enforcing a significant change in context. Deliberately allowing a 

significant period of time to pass between initial improvisations and subsequent 

processes allows for increased distance between the performer/composer and the 

material. With this added distance, it becomes easier to more objectively judge the 

qualities of material, and how well it serves new contexts. While this often leads to 

the discarding of material which seemed fruitful during and immediately after the 

improvisation, it ultimately helps to reveal material which is uninteresting or 

unsuited to the particular piece being composed. The application of this filter 

ensures that only material which successfully functions within the architecture of 

the intended piece is used, and that the composition process continually steps 

towards a cohesive and musically-sound end result.
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2.5 Capturing Improvisation 

Three main approaches to capturing improvisation were utilised in the creation of 

this portfolio. Each of them iterates upon the previous, aiming to further streamline 

the working process.


The first and most basic of these techniques involves simply improvising at the 

piano, then pausing to write down ideas on manuscript paper as they arise. While 

this is useful in its directness, several disadvantages which hamper its suitability 

quickly become apparent. Chief among these issues is that of interruption; there is 

a constant tension between the need to allow ideas to develop freely and the need 

to halt improvisations in order to notate figures before they slip from memory. In 

addition to this, it is somewhat at odds with the previously-discussed issue of 

context. A secondary obstacle of this approach is the difficulty in establishing 

contextual distance from the material before notation; it requires that notation be 

conducted during improvisation rather than after it. This process was initially used 

for a series of improvisations intended to generate opening material for Eske. Figure 

M3 shows an excerpt of the material captured by this approach. When it is 

compared with the opening of the finished piece, as shown in figure M4, harmonic 

similarities can be seen; however, both the character and rate of change of the 

materials are entirely different. The frequent interruption, required to notate material, 

substantially precluded the use of improvisation to generate anything other than 

harmonic content.





Figure M3 - material notated during the process of improvisation.
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In response to this issue, a significant change in approach was developed. The 

composition of Eske was set aside while a refined method, involving the 

introduction of a digital audio recorder, was explored. This approach substantially 

ameliorates the issues faced previously; with a recording in progress, 

improvisations need no longer be halted in order to notate material. Instead, they 

can be conducted free from interruption, allowing much greater exploration and 

development of ideas. In addition, an arbitrary length of time can be allowed to 

pass between the original improvisation and the notation process. This provides a 

more solid foundation for dealing with the issue of context, while allowing the 

character of generated material to be better preserved. Figure M5 contains material 

notated from an improvisation for Eske recorded via this process. While it is still 

prototypic (the material undergoes several more iterations before being migrated 

into the finished piece), it can be seen that there is a much stronger resemblance to 

figure M4 than is seen in M3. One of the major differences between figures M3 and 

M5 is, unsurprisingly given the removal of interruptions this method provides, much 

Figure M4 - bars 1-6 of Eske.
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greater rhythmic development. While a substantial overall improvement on the 

previous method, this recorder-based approach introduces one minor difficulty: 

significant time must be spent listening back to recordings, usually multiple times, 

to establish and notate material accurately. While not a significant problem during 

the composition of Eske, it was anticipated that this may become a limiting factor 

when composing pieces of a larger scale.


The third and final approach to material generation once again aims to improve 

upon its predecessor. It involves the same basic process as before, now using a 

digital piano and digital audio workstation in place of an audio recorder. Instead of 

audio recordings, the MIDI information produced by this permits much faster and 

more accurate extraction of material. Viewing the captured information, in the form 

of piano roll, allows harmonic and rhythmic content to be observed and notated 

much more quickly than the acoustic process described previously. The earlier 

figure M1 shows material captured in this manner. Figure M6 (which can be heard in 

audio example A2) shows significantly more elaborate material, which would have 

been near impossible to document using the original notation approach, and whose 

relatively dense harmonic content would have required extended periods of time to 

notate from an acoustic recording alone.


Figure M5 - improvised material for Eske.
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Ultimately, both the second and third approaches described above were used 

throughout the composition of this portfolio. While the latter method has a distinct 

advantage both in terms of speed and accuracy, the acoustic approach is generally 

sufficient for capturing basic ideas in the early stages of composition. As will 

become clear during the below descriptions of the generation and evolution phases 

of this process, this initial material primarily serves as a source of general motivic 

content, to be used as a seed for subsequent improvisations, as opposed to 

material to be migrated into a piece in and of itself. The digital method becomes 

increasingly useful after multiple iterations of improvisation; as material begins to 

mature, it becomes beneficial to capture it more accurately for migration into a 

completed score.


2.6 Composition via Improvisation 

With the technical details of this working method established, the five distinct 

phases of this composition method can now be discussed in greater detail below.


Figure M6 - an excerpt of improvisation used for Aeris Vena.
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2.7 Generation 

The first phase of this process, generation, involves the creation of the initial 

material from which a composition is ultimately sculpted, and its capture using the 

methods described earlier. This often takes the form of completely free 

improvisation, lacking any particular pre-established plan or guiding force. In these 

cases, the aim is to produce even a small amount of material which can be 

extracted and subsequently developed upon. Where a particular direction or set of 

requirements for a composition are known from the outset, however, constraints 

may be introduced in order to guide the direction of these initial improvisations. 

Examples of what is meant by a constraint include direct musical restrictions, such 

as the use of a limited range of pitches or rhythmic values, in addition to physical 

constraints such as those later discussed in relation to Two Unusual Stories. 

Introducing parameters such as these can serve to lead improvisations in a 

particular direction, with the aim of creating material better suited to the 

subsequent phases of the composition process. For example, the addition of 

constraints during this generation phase was of great utility when composing 

Corrán Binne. 

Corrán Binne, for solo violin, adheres to a narrative of continuously increasing pitch 

variety (the specific details of which are discussed in the following chapter on 

compressibility). Bearing this in mind during its initial improvisations resulted in their 

progressing along a similar trajectory, thus greatly increasing the utility of the 

material produced for subsequent phases. An excerpt of one of the improvisations 

in question can be heard in audio example A3. While subsequent improvisations 

were conducted in order to refine this material further, the effects of this pitch 

constraint are already clear. The material, much like the eventual piece, begins with 

a single pitch, and gradually widens its pitch field as time passes. The target 

instrumentation—solo violin—was strongly influential on the manner in which these 
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improvisations developed. Vertical harmonic expansion, while straightforward on 

the piano, must in this case be carefully considered in order to produce results 

conducive to performance on the violin. Thus, increasingly dense phrases 

containing much stepwise, chromatic movement, became an especially important 

method of increasing the number of pitches used within a given time period.


The trajectory of increasing pitch density in Corrán Binne can be visualised 

effectively using piano roll. Figures M7 and M8 show two fragments of material 

approximately notated from early improvisations, displayed in this manner. The 

former can be heard in audio example A3, and comprises material which ultimately 

contributes towards the first 10-15 bars of the finished piece. The latter can be 

heard in audio example A4, and comes from near the end of the improvisation. Its 

material, after being subjected to further refinement, eventually produces 

approximately bars 94-100 of the finished piece. Each of these figures spans 

exactly the same length of time; the contrasting colours representing different 

pitches make very clear the significant increase in the number of pitches used per 

unit of time. 





Figure M7 - an excerpt of improvisation used for Corrán Binne



 of 24 117




2.8 Evolution 

The intended outcome of this phase of the improvisation process is the refinement, 

extension and reshaping of material to better fit its intended composition. It 

involves conducting further sessions of improvisation, captured by the same 

methods as before, with the key difference that these use material garnered from 

the generation phase as starting points. More specifically, the initial improvisations 

are examined, and material of particular interest is isolated. These fragments can 

then be used as the central themes for new improvisations. This allows for a 

significant quantity of new material to be created, which develops upon the source 

while maintaining a sense of relationship with it. In contrast to the generation 

phase, here constraints are invariably established. They are necessary both in order 

to aid the in the selection of material from the initial improvisations, and to direct 

the progression of the subsequent improvisations.


The intended instrumentation of a composition provides an example of a 

commonly-utilised constraint during this phase. Oudow, for solo cello, is derived 

from material which was originally intended for a piano composition. Consequently, 

Figure M8 - an excerpt of improvisation used for Corrán Binne.
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its source improvisations have a distinctly pianistic quality, and thus require 

significant modification in order to be suitable for the new target instrument. Figure 

M9 shows an example of some material transcribed from one of these 

improvisations (which can be heard in audio example A5). The highlighted notes 

show some of the figures extracted for subsequent improvisations, to be evolved in 

a more cello-like direction, the results of which can be seen in the opening bars of 

the piece, and through its duration.





Thus, several new improvisations were captured using this as a starting point, with 

the harmonic progression of the original piano improvisation additionally informing 

the direction of the evolved material. Aeris Vena provides an example of a 

constraint applying pressure in the opposite direction. In a similar manner to 

Oudow, successive improvisations were used to expand material horizontally. 

However, the much larger forces employed by this piece meant that significant 

vertical expansion was required, beyond what could be effectively elucidated within 

a single piano improvisation. This was facilitated by carrying out individual 

improvisations for particular segments of the ensemble, which could then be 

‘stacked’ atop one another. Audio example A2, the piano roll of which is shown 

above in figure M6, displays improvised material which resulted in the piano 

material for bars 153-154 of Aeris Vena. While the same improvisation yielded the 

Figure M9 - material used as a source for Oudow
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remainder of the piano part for the piece (up to bar 179), it does not account for the 

remaining instruments’ parts. While this piano material could be orchestrated to fill 

out all the parts, this would not satisfy the narrative requirements of the piece at 

this point.


The solution to this, allowing the above issue to be mitigated while retaining the 

same general working method, was the use of multiple, layered improvisations. 

First, the piano part for the piece was notated as if for a solo composition. 

Subsequently, additional improvisations were carried out while simultaneously 

playing back the existing piano material, reacting accordingly to the existing 

activity. These latter improvisations undergo the same process as any others; they 

are based on motivic content derived from the original, then iterated upon and 

evolved until suitable. By offloading the above piano part, much greater freedom 

was afforded to explore material intended for the other instruments. By around bar 

160 of the piece a similar obstacle begins to re-emerge: the string material has now 

expanded substantially, consuming all of the available material from the second 

layer of improvisation. Once again the solution is to migrate this material into the 

score, and to create a third layer of improvisation aimed at generating the flute, 

clarinet and percussion parts. This cycle can be repeated as many times as is 

necessary to fulfil the vertical requirements of the piece. Worth outlining is that this 

layered approach was used to generate the vast majority of the material in the 

piece; the above example is used simply for its particularly clear delineation 

between the material played by each group of instruments. 

While perhaps obvious, it is worth discussing the use of time as a constraint during 

this phase. In general, the translation and transcription phases of this working 

process can be considered subtractive; they involve the selection of material from 

the improvised sources, with the remainder being discarded.  While some material 17

 Discarded with respect to the composition at hand. The unused material may be 17

extracted for use other future compositions.
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may be added during the recomposition process, an excess of potential source 

material is still desirable in order for there to be a sufficient quantity to make up the 

finished piece. Over the course of composing the pieces of this portfolio, a useful 

rule of thumb emerged: in order to supply enough material for a completed piece, 

raw material totalling approximately two or three times the desired length of the 

finished composition should be aimed for.


The concept of compressibility provides another highly useful constraint during all 

phases of this composition process. Given the substantial detail in which this 

should be discussed, sections 3.9, 3.10 and 3.11 explore this in much greater 

detail.


2.9 Improvisation In Context 

During this discussion of improvisation, particularly on the piano, it is worth 

discussing parallels between these processes and the working methods of 

composer-performers like Bill Evans, Matthew Bourne, Fred Hersch or Bruno 

Heinen. Improvisations centred around particular chord progressions, motivic ideas, 

or indeed other compositions are central to these composers’ output, examination 

of which provides important insight into both the provenance and flexibility of this 

approach towards composition. Indeed, Evans’ use of layered recordings bears 

striking similarity to some of the previously described processes, if divergent in 

some of its crucial details.


Bourne’s working process is of particular interest. He describes his methods of 

developing material, which share many characteristics with the processes of 

generation and evolution described above.  In addition, he resists creating notated 18

scores where possible, instead producing pieces entirely via improvisation, 

 Matthew Bourne, interview by Stephen Coyle (Telephone, 25 May 2016).18
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recording each to decide subsequently whether or not it is ‘good’.  His music is 19

developed entirely through improvisation, stemming from what are often extremely 

simple starting points, such as a single pair of chords. While he describes elements 

of it as ‘practised’ in some regard (much as Evans’ music contains ‘practised’ 

material, likely due to the frequency with which it appeared in his work ), each 20

performance of a piece is necessarily different in some way or other, and indeed he 

describes many of his pieces as ‘once-offs’. 
21

Positioned closer to the world of conventional notation, though only just, is Heinen. 

Discussing Forgotten Images, he reveals his use of Debussy’s Images Oubliées as 

seed material upon which to base his improvisatory piece. He draws from its 

opening theme, first harmonising it to form a bold chordal sequence, before 

‘leaping off’ into an extended jazz-inflected improvisation. Of particular interest in 

this approach, and in contrast to Bourne’s near once-off improvisations, is that 

Heinen produces pieces which are much more solidified and repeatable. 

Comparing a live performance of Forgotten Images with a prior recording, it is clear 

that while improvisatory in its character and origin, the composition itself has been 

significantly pinned in place. While Heinen does not produce fully-notated scores 

for his pieces, he does play from informal lead sheets that signpost the 

performance. 
22

The major distinction between these composers’ approaches and that described in 

this portfolio is intent. More often than not, these composers’ improvisations are 

their music. While various levels of constraint are applied during the improvisation 

 Bourne, Interview.19

 Steve Larson, 'Composition versus Improvisation?', Journal of Music Theory, 49.2, 20

(2005), 241-275 (p. 251), in JSTOR < http://www.jstor.org/stable/27639400 > [accessed 20 
April 2016].

 Bourne, Interview.21

 Bruno Heinen. ‘Musical Borrowing’, Seminar at Royal Northern College of Music, March 22

2018.
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process, and various levels of signposting are used to notate the material in some 

regard, their output largely intermingles the processes of composition and 

performance to the point of inseparability. In this portfolio, by contrast, 

improvisations are exclusively the precursors of completed pieces. A crucial 

motivation for this difference in approach is the desire to produce material that can 

be played by performers other than the original composer. While practice of the 

above processes of generation and evolution may make feasible direct 

performance of improvised material in the manner of Bourne, and while rehearsed 

improvisations may lead to repeatable performances without need for notation, 

such as those of Heinen, a severe limitation is struck when compositions require 

non-piano elements. Of course, this limitation is easily surmounted if freedom to 

improvise is granted during performance; however, in-keeping with the intent of 

producing fixed scores, another approach is required.


Returning to the composition method at hand, with the ‘additive’ phases now 

established, and the conceptual aims of this process laid out, it is time to explore 

the exact ways in which the so-far unfixed material is moved into a fully-notated 

score. In general, this migration involves the notation of material, to varying degrees 

of strictness as discussed, followed by its modification until its intended role within 

the target composition is fulfilled. This statement in fact encapsulates a continuum 

of approaches, which ranges from verbatim notation of improvised material at one 

end to complete disregard of the source material at the other. The three methods 

described below represent three distinct points along this continuum.


2.10 Transcription 

Transcription lies near the first edge of the aforementioned continuum. As the term 

suggests, it involves near-faithful transcription of material from improvisations into 

notated score. In line with the earlier discussion of musical context, this process 

should not be misinterpreted as verbatim transcription of an entire session of 
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improvisation, and its subsequent presentation as a finished composition. The 

process refers only to the extraction of individual passages of material from 

improvisations, which are subsequently assembled into a finished piece with its 

own cohesive narrative arc. The size of these passages can range significantly, 

though the smallest are generally at least few bars in length. While transcribed 

materials are taken from improvisations without major modification, they may be 

assembled in a different order than that in which they originally occurred, and 

indeed may be drawn from several improvisations performed at different times.


As is perhaps obvious from the straightforward nature of the process, transcription 

allows for fast and effective utilisation of source material. Given the use of piano for 

these improvisations, this process is of course best suited to pieces for solo piano, 

or for the piano parts of ensemble compositions. Techniques and figurations which 

are particularly idiomatic to the piano risk losing their sense of coherence when 

simply transcribed for other instruments and ensembles, and thus for many pieces, 

greater intervention is required to achieve solid results. $PIANOPIECE, the only 

composition for solo piano in this portfolio, unsurprisingly relies most heavily on 

transcription, and therefore further examination of the process takes place in the 

later discussion of this piece. 


2.11 Translation 

Translation is positioned close to the centre of the continuum of approaches, 

neither using material as directly as the process of transcription, nor modifying it as 

much as in the process of recomposition. The process begins in the same manner 

as transcription, differing subsequently as material is subjected to a variety of 

small-scale changes. While translation aims to render material better suited to its 

intended instrumentation, both in terms of its character and its technical makeup, it 

retains significant likeness to the improvised source material.
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One of the more straightforward applications of this process, which gives a good 

impression of the scope of changes it generally implies, involves ensuring that 

material adheres to the technical requirements of the instrument for which it is 

intended. Given the range of the piano, and the complex harmonic structures that 

can be played on it with ease, it is important to ensure material is carefully 

considered in these terms when migrating it. For example, double- or triple-

stopped figures can easily be generated during improvisation, but often require 

changes in order to be possible on a particular stringed instrument. At the most 

basic level, the required changes may be accomplished by simply re-voicing 

chords, or shifting material up or down in register. In cases where this is not 

sufficient, instead simplification or outright changes in pitch may be required. 

Figures M10, M11 and M12 show material relating to Different Base. Figure M10 

shows a direct excerpt from the composition, while M11 shows a reduced view of 

the chords played by both the violin and cello in this excerpt. Figure M12 shows a 

sequence of chords drawn from the improvisation used to create the music in M10, 

similarly reduced for the purposes of comparison. Comparing the latter two, the re-

voicing of chords to fit their intended instruments is clear. Additionally, there are 

differences which are not solely a result of re-voicing, such as the change from G to 

F-sharp in the uppermost voice of the second chord in the sequence. In the case of 

this composition, these specific changes were made after hearing the material 

played in a workshop, in order to further hone its harmonic character.
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Modifications to material which seek to make it more idiomatic to a particular 

instrument comprise a subtler set of changes which occur during this phase of the 

composition process. In practice, many aspects of this could simply be described 

as orchestration, in line with such definitions as “the craft of writing idiomatically for 

Figure M11 - harmonic reduction of the material in figure M10.

Figure M12 - the original material upon which M10 and M11 are based.

Figure M10 - bars 247-251 of Different Base.

Violin 

Violin 

Viola

Cello
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[particular] instruments”.  However, it is worth exploring a few particular aspects of 23

this in detail. While the character and idiom of a particular instrument can be borne 

in mind while improvising, the diverse array of possible instrumental techniques 

cannot of course be represented by piano recordings. Whether or not there exists 

in the mind of the improviser an impression of which techniques should be used at 

particular moments, relying on such a memory would be at odds with the issue of 

fading context discussed previously.


As a result of this, material transcribed from improvisations cannot in these cases 

be treated as a simple blueprint for a complete composition. It is crucial that 

material is instead passed through the lens of translation, in order to avoid the trap 

of limiting the techniques used to those possible directly on the piano. When 

dealing with any material, its potential character must be imagined, and the entire 

range of available instrumental techniques should be employed in order to realise 

this fully. Taking[Up][In][Off][Away] provides clear examples of the results of this 

process. Instrumental techniques such as string harmonics and flutter-tonguing, 

employed at various points throughout the piece, do not come directly from the 

source improvisations. Instead, they represent modified versions of the piano 

material. Figures M13 and M14 show two excerpts from the piece, which feature 

several techniques not conventionally possible on the piano. Figure M13, which 

shows the violin and cello parts for bars 16-19, displays use of instrumental 

techniques including pizzicato, sul tasto and string harmonics, with the aim of 

employing the full range of timbres from each instrument to contribute to the overall 

sound world of the piece. Figure M14, which shows the flute and clarinet parts from 

bars 57 and 58 of the piece, illustrates another way in which the source piano 

material is translated. Where the gestures in the source improvisation end with 

 Kenneth Kreitner, Mary Térey-Smith, Jack Westrup, D. Kern Holoman, G.W. Hopkins, Paul 23

Griffiths and Jon Alan Conrad, Instrumentation and orchestration, Grove Music Online (2001) 
<http://www.oxfordmusiconline.com/grovemusic/view/10.1093/gmo/
9781561592630.001.0001/omo-9781561592630-e-0000020404> [accessed 30 October 
2018].
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single, sustained notes, the added use of flutter tonguing and key clicks provides a 

further, highly idiomatic way by which the material can make use of the abilities of 

its new instrument, once again in order to make a characterful contribution to the 

overall texture of the piece.


The general aim of this process could be succinctly summarised as a method of 

producing results which might be obtained if a performer were asked to improvise 

on their own instrument, using the piano-derived material as their starting point.


2.12 Recomposition 

In terms of the continuum of improvisation-based approaches established 

previously, recomposition exists near the opposite end to transcription. As this 

categorisation suggests, the process involves several non-improvisatory methods 

of developing upon material previously generated and evolved. Larson provides a 

useful description of composition which also applies to this process, and 

Figure M13 - bars 16-19 of Taking[Up][In][Off][Away], showing the violin and cello parts.

Cello

Violin

Figure M14 - bars 57-58 of Taking[Up][In][Off][Away], showing the flute and 
clarinet parts.

Clarinet

Flute
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underscores the contrast between it and the previously-discussed improvisational 

methods; he describes composition as a process which occurs outside of “real 

time”, in contrast to the in-the-moment nature of improvisation, a distinction also 

outlined by Sarath.   Where transcription and translation generally apply a 24 25

minimal set of changes to the source, recomposition may significantly alter the 

character, content and length of material. This approach becomes useful in a 

number of situations, particularly where the previously-discussed methods of 

development are less suitable.


Worth noting is that the term recomposition (as opposed to simply ‘composition’) is 

used for ease of making precise reference to this particular phase of the larger, 

improvisation-based approach. That is to say, the term specifically distinguishes 

the use of improvisation-derived material as a starting point for additional 

development. The aforementioned non-improvisatory methods employed to carry 

this out are not necessarily exceptional in and of themselves; they comprise many 

well-trodden compositional techniques, whose specifics are discussed in relation to 

the relevant compositions. The particular compositional problems which this 

approach is intended to solve are more useful to delineate at this point.


The occasions which most often call for the use of recomposition are the 

occurrence of major, substantive changes in the narrative discourse of a 

composition. Such occasions might arise organically, where an abundance of 

source improvisations yield several sets of material which have diverged to the 

point of seeming disjunct when placed alongside one another, yet which all remain 

desirable for inclusion in the finished piece. This is particularly common during the 

composition of relatively long pieces, where an exceedingly large quantity of 

 Steve Larson, 'Composition versus Improvisation?', Journal of Music Theory, 49.2, 24

(2005), 241-275 (p. 241), in JSTOR < http://www.jstor.org/stable/27639400 > [accessed 20 
April 2016].

 Ed Sarath, 'A New Look at Improvisation', Journal of Music Theory, 40.1, (1996), 1-38 (p. 25

3), in JSTOR < http://www.jstor.org/stable/843921 > [accessed 20 April 2016].
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improvised material has been generated. While they are generally still related by 

some shared starting point or narrative arc, it is easy to imagine that, after many 

iterations, substantial deviation in character and content can occur. In these cases, 

recomposition provides an attractive method for creating new material to bridge 

transitions which would otherwise be undesirably abrupt or jarring. For example, 

audio examples A6 and A7 are excerpts from two source improvisations used to 

create material for Different Base. The former excerpt, after the process of 

translation, resulted in approximately bars 49-53 of the finished piece, while the 

latter produced approximately bars 66-72. Bars 54-65 were therefore created by 

process of recomposition, to bridge these two sources. The objective of this 

passage is achieved by extracting motivic elements from both of the passages to 

be bridged, and intermingling them to produce material which shares qualities of 

each. Thus, material is produced which allows for a controlled and narratively 

sensible transition between the two source areas.


For compositions on a vertically larger scale, recomposition additionally serves as a 

useful tool for small-scale extensions of material. For example, in Aeris Vena, 

numerous occasions arose where material needed to be lengthened, sometimes by 

only a small amount. Given the scale of these smaller changes, repetition of the 

generation-evolution-transcription-translation cycle would be an inefficient, and 

likely ineffective, method of effecting such specific changes. Instead, recomposition 

provides a more precise solution. Much as in the previous example, initial material 

is decomposed into its constituent components, which are then used to create the 

requisite passage. The specific details of how this was carried out are discussed in 

greater detail in section 3.11.


A third and final use case for the recomposition process arises when a shortfall of 

improvised material occurs. Whether due to insufficient source improvisations or 

substantial pruning of generated material, recomposition can provide a useful 
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solution. Two Unusual Stories provides an example which perhaps sheds more light 

on how such a situation can arise. This piece has an extramusical constraint in 

terms of its length, as a consequence of the text which it sets. In such cases as 

this, it is abundantly clear when there is insufficient material to form the completed 

composition. For this particular piece, the shortfall became apparent only towards 

the end of the composition of its second movement, at which point revisiting the 

earlier phases of generation and evolution would have been impractical. As such, 

the existing material was extended significantly in order to fully accommodate the 

source text, thus allowing the piece to be completed.


2.13 Further Exploration 

Going beyond the scope of this portfolio, there are numerous paths along which 

this working process could potentially be extended. Among these, the possibility of 

collaboration during composition is particularly intriguing. Given the context-

agnostic approach described earlier, along with the process of translation, sourcing 

improvised material from other performers—particularly those using instruments 

other than the piano—is entirely compatible with this approach towards 

composition and may yield interesting results. Additionally, the process of evolving 

material in accordance with specific constraints could likely be explored effectively 

using computer-aided approaches. Returning to Foss’s thoughts on improvisation 

versus composition, his observation that the very Gestalt of a piece can be 

elucidated through the process of improvisation  is noteworthy; indeed, this neatly 26

encapsulates much of the thought behind the approach above. However, with a 

deliberately engineered delineation between improvisation and composition comes 

a need to create a system by which material can be judged; the subsequent 

discussion of the concept termed compressibility sheds light on how exactly 

progress towards this Gestalt can be measured.  

 Lukas Foss, 'Improvisation versus Composition', The Musical Times, 103.1436, (1962), 26

684-685 (p. 685), in JSTOR <http://www.jstor.org/stable/948499> [accessed 1 February 
2019].
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3. Compressibility 

3.1 Introduction and Terminology 

The term compressibility is used in this text as a means of describing the variability 

of patterns in a given set of information over time, specifically music. It reflects both 

qualitative and quantitative aspects of information, and in its simplest terms can be 

considered a measure of the level to which a set of information can be condensed 

into a simple description, from which the original information can be fully recovered.


Before further explanation of this concept, it is worth setting out specific definitions 

of two additional terms which relate to it. The first of these, complexity, is 

somewhat burdened with prior use; however, within this text Rofe’s definition of the 

term, as a measure of the amount of musical information in a given duration, proves 

useful.  This definition suggests that the complexity of a passage reflects the 27

quantity of information it presents. The second term, density, refers to the rate of 

information per unit of time. This is somewhat more applicable to music than it is to 

abstract information given music’s status, in Stravinsky’s words, as a chronologic 

art. 
28

With these terms defined, the concept of compressibility can now be discussed in 

more detail, first in relation to information in general, and subsequently in relation to 

music.


 Michael Rofe, 'Dualisms of Time', Contemporary Music Review, 33.4, (2014), 341-354 (p. 27

341), in Taylor & Francis Online <http://dx.doi.org/10.1080/07494467.2014.977024> 
[accessed 22 June 2015].

 Igor Stravinsky. Poetics of Music in the Form of Six Lessons (Cambridge: Harvard 28

University Press, 1970), p.35.
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3.2 Information Compressibility 

Before examining compressibility as it relates to music, the origins and context of 

this idea must be established. It relates closely to a concept in information theory 

called Kolmogorov Complexity, which states that “among all the descriptions of an 

object we can take the length of the shortest description as a measure of the 

object’s complexity.”  Borrowing this metric, the compressibility of specific 29

information can therefore be measured in terms of its most concise, yet complete 

(in other words lossless) description.


A clear overview of the concept can be illustrated by the following examples. 

Consider the following number sequence: 1, 1, 1, 1, 1, 1, 1, 1, 1, 1. Such a 

sequence is highly compressible; it could be described with complete accuracy as 

“ten 1s”. Additionally, referring to the earlier definition of the term, it can be said 

that the sequence is not complex; it does not contain a wide variety of values. 

Next, consider the sequence 1, 2, 3, 4, 5, 6, 7, 8, 9, 10. The complexity of this 

sequence has significantly increased; it contains a much more diverse set of 

values, and in fact contains no repetition. In spite of this increased complexity, 

however, such a sequence remains highly compressible; it follows an unchanging 

pattern and can be described simply as “the numbers 1 to 10”. While the brevity of 

these examples somewhat belies the level of compression occurring, it is worth 

bearing in mind that similarly brief descriptions could be given for sequences 

spanning many more digits in length. Now, the sequence 2, 67, 12, 932, 1, 94, 542, 

143 is both complex and incompressible. Like the previous example it contains a 

high variety of values; however, by contrast, there is no more condensed pattern 

from which the sequence could be reconstructed.


 Ming Li and Paul Vitányi, An Introduction to Kolmogorov Complexity and Its Applications 29

(New York: SpringerVerlag, 1997), p.1.
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An important aspect of compressibility that can now be established, and which is 

particularly relevant to its application to music, is its dependence upon context. 

Consider another sequence:


2, 67, 12, 932, 1, 94, 542, 143,


2, 67, 12, 932, 1, 94, 542, 143,


2, 67, 12, 932, 1, 94, 542, 143.


While longer than the preceding example, and comprised of the same set of 

constituent figures, the formatting of this sequence makes clear that it contains 

significant repetition, and can thus be compressed substantially. Thus a pattern 

which is in itself incompressible can form part of a compressible overall structure 

when placed into a suitable new context and examined in relation to it.


3.3 Musical Compressibility 

While the concept of compressibility has much utility in relation to computer 

science applications, for example when determining the maximum efficiency with 

which information can be transmitted, or reducing the space consumed by a set of 

data, it can also be employed in both the composition and analysis of music. 

Examining musical analogues to the prior examples helps elucidate this.


For instance, the material shown in figure C1 can be described completely 

accurately as “twelve crotchet middle Cs”. The brevity of this description suggests 

that this is indeed highly compressible material, in the same manner as the first 

number sequence described previously. What should be noted at this point, and 

which applies to all further discussion of compressibility, is that this does not imply 

that the same musical effect could be created with fewer notes. This is merely a 

measure of a particular characteristic of the material. Figure C2, by contrast, 

contains significantly more information; much like the third number sequence 

above, nothing short of a list of each pitch and note length is sufficient to give a 

complete account of the passage. It is not, therefore, compressible at all. 
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Establishing the compressibility or non-compressibility of a passage is not to 

pursue a means of rewriting the material; it provides a useful metric in evaluating 

the ratio of expectation to surprise in a musical passage.





Figure C3 shows a somewhat more nuanced example. In this case, the levels of 

compressibility of pitch and rhythm are decoupled from one another; the pitch 

content of the bars is highly compressible (twelve Gs) while the rhythmic content is 

much less so (as with figure C2, only a complete list of rhythmic values would 

present an accurate account of it). Finally, figure C4 completes the set of musical 

analogies with the prior number sequences. Containing somewhat more complex 

rhythmic language than figure C1, C4 is still relatively compressible owing to its 

repetition of the same rhythmic figure. By extension, it follows that this approach 

can be applied to any arbitrary aspect of music, not only rhythm and pitch, and 

thus the varying compressibility of elements of a piece music over time can be both 

analysed and, more importantly, controlled.


Figure C1.

Figure C2.

Figure C3.
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The examples up to this point, while highly simplified, begin to elucidate the idea 

that examining compressibility is a useful method of analysing musical structures. 

Progressing from this, figure C5 graphs the changing pitch compressibility of a 

piece of music over time. At its start, a high level of compressibility tells us that a 

relatively patterned set of pitches is in use—this perhaps suggests that the material 

at this point stays within the pitch set of a particular mode. As the piece 

progresses, its compressibility gradually lowers, suggesting that it is now venturing 

away from the previously established mode. Towards the end, the piece quickly 

transitions to a much more compressible pitch landscape, before finally returning to 

a similar level to its opening.





Figure C5 in fact relates specifically to Chopin’s Étude Op.10 No.3. Much of its 

early pitch content comes from a specific mode (i.e. pitches of its tonic key), which 

in combination with substantial repetition of harmonic and melodic figures 

Figure C4.

Figure C5 - harmonic compressibility of a hypothetical composition.

Time

Pitch compressibility

High Compressibility

Low Compressibility
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contributes to a high level of compressibility. The development of material, and 

consequent alterations to these patterns, results in a gradual decline in 

compressibility as the piece progresses. The heavily chromatic material of the 

middle of the piece results in a sharp increase both in the density and complexity of 

its pitch content; however, this somewhat counterintuitively coincides with the 

substantial increase in compressibility seen around two-thirds of the way along the 

above graph. The reason for this is simply that this chromatic material is highly 

patterned; it can be condensed in its entirety into a few repeated patterns of 

diminished fifths and diminished sevenths, and as such it is in fact some of the 

most compressible material in the piece. Subsequently, the piece returns to a 

similar pitch landscape to its opening, until its conclusion. An important upshot of 

this example is its demonstration that compressibility describes a characteristic of 

musical material that can vary independently of both its dramatic and 

developmental role. That is to say, there is no guaranteed relationship between the 

compressibility of a musical gesture and its position within the greater narrative of a 

composition; high compressibility can be an equally apparent characteristic of both 

introductory and climactic material.


While the above examples illustrate that density, complexity and compressibility are 

to some extent independent, it is worth noting that there are important ways in 

which they influence one another. For example, material which employs extremely 

simple rhythmic figures, or a restricted set of pitches, is limited in the number of 

possible patterns into which it can be arranged, and the degree to which those 

patterns can contrast one another. Thus, such material tends to be quite 

compressible. In relation to density, very sparse material at a slow tempo has a 

tendency to be perceived as less rhythmically compressible than it otherwise would 

be, regardless of the level of patterning within it. Rofe makes the observation that 

“it takes time to hear music, and it takes interactions between the temporal 

domains of past, present and future to detect patterns in, and ascribe significance 
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to, music.”  Indeed, if such interactions take place at long enough timescales, the 30

pattern into which individual events fit risks becoming obscured; as overarching 

patterns become harder to perceive, material begins to appear less compressible.


There have been previous explorations of and hypotheses around the relationship 

between music and complexity, some from a musicological background  and 31

others from a more scientific perspective.   While these investigations often 32 33

touch upon the relationship between complexity and listener enjoyment, it should 

be clarified that the use of compressibility in this portfolio is not guided by such 

conclusions as these, and no assumptions are made about the relationship 

between these two areas. Neither should the particular effects sought by 

management of compressibility in this portfolio be taken in any way as objective 

statements on how musical discourse should proceed. Among scientific studies on 

the matter, such as those referenced above, while there are sometimes compelling 

conclusions drawn by objective, data-driven analyses of music, there is a tendency 

for them to be tainted by post hoc assumptions about musical ‘quality’, not to 

mention a near-complete failure to investigate western art music after the 

nineteenth century. The use of compressibility below is simply an aid in controlling 

musical forces, and in the shaping of materials into cohesive narrative structures. 

Once the concept of compressibility is established, it becomes quite 

straightforward to establish roughly the relative compressibility of a piece of music, 

 Michael Rofe, 'Dualisms of Time', Contemporary Music Review, 33.4, (2014), 341-354 (p. 30

342), in Taylor & Francis Online <http://dx.doi.org/10.1080/07494467.2014.977024> 
[accessed 22 June 2015].

 Mark G. Orr and Stellan Ohlsson, 'Relationship Between Complexity and Liking as a 31

Function of Expertise.', Music Perception: An Interdisciplinary Journal, 22.4, (2005), 
583-611, in JSTOR <www.jstor.org/stable/10.1525/mp.2005.22.4.583> [accessed 30 June 
2016].

 Nicholas J. Hudson, 'Musical beauty and information compression: Complex to the ear 32

but simple to the mind?', BMC Research Notes, 4.9, (2011), 1-9, in BMC Research Notes 
<https://doi.org/10.1186/1756-0500-4-9> [accessed 1 February 2019].

 Gamaliel Percino, Peter Klimek, and Stefan Thurner, 'Instrumentational Complexity of 33

Music Genres and Why Simplicity Sells.', Plos One, 9.12, (2015), 1-16, in Plos One <https://
doi.org/10.1371/journal.pone.0115255> [accessed 1 February 2019].
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whether with respect to its pitch, rhythmic or other content, simply by listening to it. 

While of course greater examination can subsequently be carried out as needed, 

this straightforward heuristic is a useful complement to the prior improvisation-

based methods of composition; their specific relationship is discussed in detail 

below.


3.4 Managing Musical Parameters 

As is implied by the preceding examples, compressibility can be used both to 

analyse and to influence different aspects of musical content individually as well as 

in aggregate. Pitch compressibility can be controlled independently of rhythmic 

compressibility, or any other musical parameter. Therefore, it is entirely possible for 

a composition to feature drastic contrasts in compressibility levels across its 

different musical elements simultaneously. Additionally, it is worth noting that in 

general the absolute upper and lower limits of compressibility are not particularly 

sought after in the music of this portfolio. The ends of this continuum are broached 

only occasionally, and the musical characteristics created in the extreme pursuit or 

evasion of patterns are not particularly conducive to the character and narratives of 

the compositions discussed below.


3.5 Compressibility Arcs 

Throughout the following passages, the term ‘compressibility arc’ is used to refer to 

the relative changes in compressibility across a piece of music. In addition, graphs 

(such as that shown in figure C5) are used to succinctly illustrate these arcs, 

representing changes in compressibility over time. These are not intended as exact 

or rigorous descriptions of the music to which they refer; they are created during 

the planning stages of composition, and should be viewed as guiding forces, 

similar to any other plans made in advance of composing. Much as the form and 

structure of a piece may be explicitly planned out to some degree before the 

process of composition begins, compressibility arcs are drafted with the aim of 
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setting out a pathway to which the piece adheres. Like any other plans, they are 

flexible to some degree or other as the process unfolds; a particular arc may be 

redrafted so as to push the creation of material in a different, more suitable 

direction. Where necessary, arcs shown in the examples below are signposted to 

highlight the particular correspondences being discussed, but it should be noted 

that they are not necessarily note-by-note descriptions of the pieces to which they 

refer.


With its specific meaning established in an analytical sense, the use of 

compressibility during the composition process can now be examined.


3.6 Compressibility as a Compositional Technique 

Rather than being used as a method of musical analysis, compressibility was a 

foreground concern during the composition of much of the music contained in this 

portfolio. This took place in several ways, each of which dovetails with a different 

part of the improvisation-based composition techniques described previously. The 

ways in which compressibility is used include: the structuring and guidance of 

improvisations by constraining the pitches, rhythms, dynamics and articulations 

used; the classification of improvised material based on the compressibility of its 

various components; the use of compressibility as a guiding force when altering 

(that is, recomposing) improvised material as described in the chapter on 

improvisation; and the creation of overall musical narratives for compositions based 

on fluctuating arcs of compressibility, providing a frame into which material 

generated by other processes could be inserted.


3.7 Compressibility Narratives 

One specific manner by which compressibility has a particularly far-reaching impact 

in this portfolio is its use in shaping the overall progression of pieces. Just as the 

piece described by figure C5 could be expressed in terms of its harmonic 
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compressibility, the same process can also be operated in reverse in order to 

generate a ‘map’ of compressibility to be used during the composition of a piece. 

For example, figure C6 shows a graph of the pitch complexity of Corrán Binne, one 

of the first pieces composed for this portfolio.


A central aim of this piece was the use of a highly directional compressibility arc to 

shape the piece. As the graph in figure C6 demonstrates, the pre-established 

direction of the piece was that of gradually decreasing pitch compressibility over 

time, with a somewhat accelerated rate of change towards the end. For essentially 

the entire duration of the piece, the number of pitches used within a given period of 

time gradually increases. This is in service of the aim of progressively increasing the 

amount of pitch variation that occurs from one phrase to the next, as fulfils the 

direction suggested by its compressibility arc. The manner in which pitch diversity 

increases is relatively unconstrained; it does not adhere to a particular mode or pre-

established pitch field, instead unfolding organically through improvisations. 

Figures C7, C8 and C9 provide examples from the start, middle and end of the 

piece respectively, in which this progression is clear.


Time

Pitch compressibility

High Compressibility

Low Compressibility

Figure C6 - pitch compressibility of Corrán Binne.
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Bars 1-8, as shown in figure C7, contain a high degree of pitch repetition, thus 

resulting in the limited set of pitches in use at this point. Visible also in this excerpt 

is the strong relationship between the pitch progressions of the three phrases 

shown, as the high level of compressibility at this point in the piece would imply. 

Aided by the additional combinations afforded by the piece’s gradually increasing 

pitch variety, as can be seen across figures C7, C8 and C9, the level of similarity 

between successive phrases of the piece progressively declines over time.


Figure C7 - bars 1-8 of Corrán Binne.

Figure C8 - bars 84-87 of Corrán Binne.

Figure C9 - bars 100-102 of Corrán Binne.
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By the end of the piece, the final three bars alone (figure C9) contain all 12 

chromatic pitches, and the rate of change between phrases has increased to the 

point where each comprises a markedly different pitch and intervallic structure to 

its predecessor. This trajectory comes as a direct result of creating material which 

adheres to the set-out compressibility arc. While the compressibility of the piece’s 

rhythmic, articulation and dynamic content generally decreases in tandem with its 

pitch content, this was not guided specifically by a predetermined compressibility 

arc. Rather, these aspects of the piece grew in intensity in pursuit of the energy 

created by the expanding harmonic landscape consequent from its intent to 

continuously increase this rate of change. Given the relatively short length of the 

piece, and its positioning as an energetic ‘étude’ for solo violin, this was a 

particularly natural direction for these aspects of the piece to follow.


Moving on, the content of Eske is guided by somewhat more circuitous 

compressibility arcs, with markedly different results. In this piece, the 

compressibility of both rhythmic and pitch content was decided upon before 

starting its composition. In addition, the compressibility arcs governing these 

aspects of the piece were decoupled, one taking a significantly different shape to 

the other. As a further point of contrast with Corrán Binne, the arcs used for Eske 

combine periods of stasis, and somewhat ‘stepped’ changes in compressibility, 

rather than the gradual and directional slope of the former.


Figure C10 illustrates the compressibility of Eske with respect to its pitch and 

rhythmic content. As before, these arcs were prepared during the planning of the 

piece, and were subsequently used to guide several aspects of its composition. 

What should be noted is that these arcs are not the same as each other; they 

illustrate two independent pathways pursued over its duration.
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The manner in which Eske differs from Corrán Binne is clear. In contrast with the 

former’s gradual change in compressibility over time, now a more convoluted set of 

paths can be seen. These changes relate to numerous shorter-term changes amid a 

longer term trend, compared with the more straightforward direction of the previous 

piece. This communicates another distinction in the use of compressibility as a 

guiding force; the changes prescribed are not necessarily unidirectional. As figure 

C10 once again shows, compressibility of the content of Eske both reduces and 

increases at different stages of the piece, compared with the unrelenting decline of 

compressibility in Corrán Binne. The piece generally draws its harmonic content 

from sets of pitch fields derived from an improvisation; these pitch fields are 

ordered in a manner such that the rate of change from one field to the next (i.e. the 

number of pitches retained versus the number which change) reflects the desired 

level of compressibility at that point in time.


Comparison of figures C11 and M4 (see section 2.5) provides an example of the 

manner in which the changes implied by this compressibility arc manifest in Eske. 

As previously discussed in relation to improvisation, figure M4 shows the first six 

bars of the completed piece, while figure C11 shows the pitches themselves 

(condensed into a single octave for the purposes of this example). The arc shown in 

Time

Pitch compressibility Rhythmic Compressibility

High Compressibility

Low Compressibility

Figure C10 - pitch and rhythmic compressibility of Eske.
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figure C10 suggests that, given its location at the start of the piece, this material 

should therefore be of relatively high compressibility. While the density of pitches 

here (in comparison to, for example, the single pitch that opens Corrán Binne) may 

at first brush seem to go against this, the important factor to note is the rate of 

change. The piece presents a relatively complex harmonic landscape from the 

outset; however, its pitch content changes in a slower, more patterned manner. For 

a significant stretch of time, beyond even the six bars shown, each successive 

gesture employs many of the pitches used by its predecessor. As such, its 

compressibility remains high. The effect of this is that, combined with its slow-

moving rhythmic figures, a sense of musical stasis is created. Contrasting that, 

figure C12 shows a passage from later in the piece. While the individual figures in 

this example are of similar complexity to the first six bars of the piece, given the 

crotchet 130 tempo at this point there is a now much greater density of material. 

This, combined with the increased variation between its figures over time means 

the material is now considerably less compressible than in the prior example.


Figure C11 - pitch fields from the beginning of Eske.

Figure C12 - bars 108-110 of Eske.
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Moving on, the third movement of Different Base features perhaps the purest 

exploration of compressibility as a narrative device. As can be seen in figure C13, 

this movement assumes something of a dual identity in terms of its rhythmic 

compressibility. Individually, the parts for each instrument make use of a relatively 

restricted set of rhythmic figures, and are thus quite compressible. However, not 

long into the movement, the interaction of these parts results in a mass of highly 

incompressible rhythmic material. The arrow in figure C13 highlights the point 

where this divergence in compressibility occurs. It also reveals the source of this 

change; up until this point the instruments play at a single tempo, while afterwards, 

each instrument plays at a different speed. Thus, a sudden drop in rhythmic 

compressibility (and surge in complexity) occurs as the straightforward figures 

played by each instrument begin to collide with one another at irregular intervals.





The use of quite small tempo changes (for example, the excerpt heard in audio 

example A8 involves material played at crotchet 54, crotchet 56, crotchet 60, and 

crotchet 72 simultaneously) results in the creation of highly nuanced rhythmic 

figures. While large jumps in tempo might be attractive in order to yield dramatic 

results, these kinds of smaller changes mean that individually straightforward 

rhythms begin to gradually drift into and out of synchronisation with one another, 

Time

Individual parts Combined Parts

High Compressibility

Low Compressibility

Figure C13 - rhythmic compressibility in the third movement of Different Base.

tempi diverge
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creating subtler and more complex interactions. Conventional notation would 

require the use of dense and ever-changing tuplets to capture these figures; the use 

of separate tempo markings instead produces far more succinct and easy-to-follow 

parts for each player. As a result of this approach, the music is presented only as 

parts; there is no score which shows all players’ parts together. While manipulation 

of the horizontal spacing of parts could be carried out to produce a score which 

represents the true rhythmic interactions within the piece, such an exercise is at 

odds with the intention of using this technique in the first place. This undoubtedly 

suggests a notational likeness to Lutosławski’s 1964 String Quartet, whose 

aleatoric elements preclude the task of creating a score which is truly 

representative of the piece in performance. Similarities notwithstanding, however, it 

should be stressed that the rhythmic interactions in Different Base are strictly 

controlled at all times; the only dimension in which players are given freedom to 

vary is in dynamics. In terms of the forebears of this technique of tempo 

manipulation, it could be said to sit somewhere between the approach taken by 

Elliott Carter in his third string quartet, and that taken by Steve Reich in any of his 

‘phase’ pieces, further discussion of which takes place in the later discussion of 

this piece in section 4.8.


There are some interesting parallels between processes used in this portfolio, 

particularly in relation to the third movement of Different Base, and the music of 

Bryn Harrison. Referring to his compositions including Surface Forms (repeating) 

and Vessels, he describes his use of multiple ‘cycles’ of material, of different 

lengths, to generate music.  He discusses his interest in the creation of musical 34

figures that go ‘too fast to be perceived’  and the teleological use of increasing 35

harmonic density as a means of creating direction and momentum in his music. 

 Bryn Harrison. ‘Receiving the Approaching Memory: Aspects of Time in my Recent 34

Music’, Seminar at Queen’s University Belfast, May 2015.

 Ibid.35
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Most pointedly, his use of ‘simple ingredients’ to produce a whole which is greater 

than the sum of its parts bears a strong similarity to the aforementioned 

combination of straightforward rhythms to create a complex and incompressible 

aggregate rhythm. A prominent difference worth noting, however, is that Harrison’s 

music does not share the goal of creating deliberately straightforward scores; the 

complex interactions which he creates are notated directly, as opposed to using 

simple notation where complexity instead emerges during performance.


3.8 Compressibility as a Constraint 

In the previous chapter, the concept of constraint-driven improvisation is 

discussed. In short, this involves the direction and guidance of improvisation-based 

processes by means of particular rules, which impact the manner in which material 

is created and developed. With the concept of compressibility introduced, its 

significant use as a constraint during the improvisation process can now be 

discussed in detail. 


3.9 Constrained Improvisation 

Given that the source improvisations for a particular piece are not all carried out 

consecutively, a difficulty arises when trying to maintain a sense of musical context 

between them, especially when in service of a large-scale composition. Thus, some 

kind of guiding structure becomes necessary to ensure that the material produced 

is suited to the piece being composed. While the constraints discussed in section 

2.8 provide useful methods of overcoming this difficulty, they do not, in general, 

provide help in establishing narrative context across multiple improvisations. For 

this in particular, compressibility arcs provide a useful means of guidance.


In practical terms, much like the other constraints discussed, compressibility arcs 

allow for a set of guidelines to be established in advance of generating or evolving 

material, based on the desired changes (or lack thereof) in musical compressibility. 
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While the initial improvisation for a piece need not necessarily adhere to any set of 

rules, for pieces with a specific, pre-planned direction, these constraints were 

useful even when producing such initial material. Corrán Binne, already discussed 

at length, provides a succinct demonstration of this kind of constraint in use. Its 

trajectory of gradually reducing pitch compressibility was established before 

composition of the piece began, with that compressibility arc guiding its creation 

from the initial improvisation, through to its completed state.


Figure C14 shows a transcription of a short segment of one of the initial 

improvisations recorded while composing Taking[Up][In][Off][Away] (that is, during 

its generation phase). Figure C15 shows the compressibility arc drawn to guide the 

development of subsequent improvisations in terms of pitch content, with an 

indicator that shows roughly where bar 55 lies in the general progression of the 

music. Following from this, figure C16 shows the material which ultimately 

manifests in the completed piece. Motivic similarities are clear; the ascending A - B 

- G-sharp motif, followed by a descending, octave-displaced chromatic motif is 

taken almost directly from the improvisation into the flute part in the third and fourth 

beats of bar 55. However, the arc in figure C15 calls for the piece to have lower 

levels of rhythmic and pitch compressibility than is satisfied by the repetition seen 

in figure C14. In order to facilitate this, during the evolution phase the motif was 

used as a seed for further improvisations, from which multiple extended and varied 

forms were derived. The results are visible in bar 56 of figure C16; the motif is now 

both extended, being passed through the clarinet and violin parts in succession, 

and foreshadowed by the violin in the first beat of bar 55. Additionally, as the piano 

takes a more harmonic role at this point in the piece, the lower-register idea from 

figure C14 is extended to underpin the rest of the material.
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This approach provides tremendous flexibility in terms of managing the task of 

using improvisation as a compositional tool. Stravinsky makes the observation that 

Figure C14 - transcribed improvisation used to compose Taking[Up][In][Off][Away].

Time

Rhythmic Compressibility Harmonic Compressibility

High Compressibility

Low Compressibility

Figure C15 - the rhythmic and harmonic compressibility arcs of Taking[Up][In][Off][Away].

c. bar 55

Figure C16 - bars 55-56 of Taking[Up][In][Off][Away].
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his compositional freedom is in fact increased by the introduction of obstacles and 

limitations to his field of action,  and this is indeed true in relation to the processes 36

described above. Compressibility provides a framework within which elaborate 

improvisations can be conducted, which allows their most fruitful results to 

contribute successfully to completed compositions.


3.10 Classification of Material 

A particular challenge when using material generated via improvisation, whether in 

itself constrained or not, is the need to identify where a particular set of material 

could (or indeed should) sit within a finished composition. Compressibility arcs play 

another valuable role at this point. They are used to create a set of heuristics, 

analogous to the constraints described above, which allow material to be classified 

in terms of its compressibility. Doing so reveals the possible places where a given 

piece of material may potentially fit into a larger piece. As a simple illustration, 

some improvised material comprised of clear, highly-compressible rhythmic 

patterns could not be placed in an area where complex, incompressible rhythmic 

language is called for. Of course, while this is not the only relevant consideration 

when placing material into its eventual place in a composition, it greatly aids this 

process of narrowing down possible destinations for improvised figures, particularly 

when dealing with large volumes of such material.


$PIANOPIECE provides a clear example of the utility of this process. Given its 

reliance on the process of transcription, with only sparing use of recomposition, 

classification and placement of improvised material represents the bulk of 

decisions required during its composition. As a result of the many evolutions 

through which its material was developed, the combined length of its source 

improvisations approaches 90 minutes. Each of these improvisations, while based 

upon common starting points, progressed in its own direction, giving rise to large 

 Stravinsky, Igor. Poetics of Music in the Form of Six Lessons (Cambridge: Harvard 36

University Press, 1970), p.65.
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swathes of varied material. Given the eventual 15-minute length intended for 

$PIANOPIECE, extracting and organising the required parts of this material 

presented a significant editorial challenge. The use of compressibility arcs to aid in 

the classification and selection of material greatly aided the process.


Figure C17 shows an excerpt from the piece. This passage features a slight tempo 

change (prior to the new tempo in bar 117, the piece is marked as crotchet 62), 

which coincides with the turning point shown in its pitch compressibility arc. Figure 

C18 shows this arc, with the aforementioned turning point marked by an arrow, 

beyond which its pitch content begins to become less compressible, continuing in 

this direction for the remainder of this section of the piece. What is particularly 

relevant to the topic at hand, however, is the origin of this material. Using the 

simple process of examining pitch density while listening back to these recorded 

improvisations, guided by the below compressibility arc, candidate passages of 

material were selected from points relatively distantly related in terms of their 

genealogical relationship, but whose respective compressibility levels suited the 

contrast sought between these two sections of the piece. With these passages 

selected, they were then transcribed and combined to form the material shown in 

figure C17. Further detail on this is provided during the specific discussion of this 

piece in section 4.5. 
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3.11 Constrained Recomposition 

As discussed in section 2.12, recomposition fulfils a vital role in situations where 

the material requirements for a composition are not fully met by improvised 

material. In addition to the methods discussed previously, compressibility arcs 

provide a valuable way of gauging when such situations arise, that is, they aid in 

Figure C17 - bars 112-120 of $PIANOPIECE.

High Compressibility

Low Compressibility

Time

Figure C18 - the pitch compressibility of $PIANOPIECE.
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establishing whether enough material has been generated to proceed with the 

creation of a completed piece. Examination of the relative compressibility of 

already-generated material can expose situations where additional material is 

required before progressing to the next phase. For example, an arc which contains 

a dramatic drop in rhythmic compressibility necessitates source material which at 

some point features such a drop. If no parts of the material generated thus far meet 

this criterion, additional material must be created. Using the particular requirement 

suggested by the compressibility arc, additional improvisations can be performed, 

or the process of recomposition can be deployed.


Aeris Vena contains many examples of this use of recomposition, specifically 

guided by compressibility arcs. Following on from the brief discussion in section 

2.12, many occasions arose where transcribed and translated material required 

modest extension or modification in order to be fully suitable for the final 

composition. Thus the recomposition process, guided by compressibility, was 

employed frequently to augment and alter such material. Figure C19 shows an 

excerpt of material transcribed from an improvisation performed while composing 

the piece. Following this, figure C20 displays an excerpt of the finished piece (bars 

75-79, flute and clarinet parts not shown), which was derived from the material in 

figure C19. A considerable amount of elaboration has occurred between the two 

figures, which, it is worth pointing out, goes somewhat beyond the scope of what 

might occur during the translation phase. The source material has of course been 

extended in length, though it also has been augmented substantially in terms of its 

harmonic and rhythmic variety. The compressibility arcs for this piece at this point 

call for moderately low compressibility both in terms of pitch and rhythmic content; 

given the repetition contained in the unmodified source, it therefore does not meet 

these requirements. Thus, the recomposition approach was employed.
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In addition to this, the target compressibility levels—suggesting increasingly varied 

pitch and rhythmic content—along with the requirement to vertically expand 

material to fill the ensemble (discussed in more detail in section 4.10) were used as 

guiding constraints during this process. A specific gesture, circled in both figures 

C19 and C20, was used as the primary motif upon which the additional material 

was based. With rhythmic alteration, the material of the first violin is entirely drawn 

from this motif; it occurs first in its entirety, then is fragmented, and finally extended 

Figure C19 - transcription of improvised material on piano, before migration to Aeris Vena.

A

Figure C20 - bars 75-79 of Aeris Vena.
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upwards over the the subsequent three bars. The same motif is then altered both in 

register and intervallic structure, and used to create the material of the remaining 

instruments, borrowing pitch relationships from the left-hand part of the 

improvisation. These changes in intervallic relationship increase the overall pitch 

density that results, and fulfil the intent to reduce pitch compressibility at this point. 

Additionally, knowledge that a further decline in compressibility was to follow in 

subsequent sections of the piece allowed for an upper limit on this process to be 

borne in mind.


A converse use of constrained recomposition can be observed in Different Base. 

Where the previous example demonstrates its use in creating more elaborate, less-

compressible material, in this piece the process is used to ‘thin out’ existing 

material. Figures C21 and C22 show excerpts from the first and second 

movements of the piece, respectively. The second movement commences with a 

slow, hymn-like procession, initially played by all four instruments. Around the point 

shown in figure C22, the ensemble subsequently begins to separate into two pairs 

of instruments. The first pair (second violin and viola) continues with material in a 

similar vein to the opening, very gradually elaborating, while the outer pair begins to 

play more active material. In order to enhance the sense of cohesion across the 

entirety of this piece, the material played by the outer pair was derived from the 

preceding movement. However, the much slower harmonic pace of the second 

movement at this point, shaped by its compressibility arc, required that this first-

movement material be made significantly more compressible. Comparing the first 

violin and cello material in figure C22 with that shown in figure C21 illustrates the 

result of this reduction. There is a clear relationship between these materials; the 

prominence of major 9ths and repeated-note figurations is apparent. However, the 

general density of pitches has been reduced significantly, while the repetition of 

figures has increased in service of the desired increased compressibility.
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3.12 Compressibility Continued 
  
With its use during the composition of this portfolio established, there are some 

additional observations worth noting about the above concepts. Perhaps most 

importantly, while compressibility arcs are a useful guiding structure during 

composition, they should be not viewed as inflexible representations of a 

completed piece. Instead, they are best interpreted as summaries which reveal the 

intended direction of the music along particular axes, not bar-by-bar descriptions of 

Figure C22 - bars 108-110, from the second movement of Different Base.

Figure C21 - bars 22-25, from the first movement of Different Base.



 of 64 117

the resulting music. Some further extensions of the concept are discussed in 

relation to Aeris Vena in section 4.10, and an additional comparison which, while 

illuminating, goes somewhat outside the direct scope of this discussion is provided 

as an appendix in section 7.1. 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4. Compositions of the Portfolio 

4.1 Introduction and a note about Harmonic Process 

As a consequence of the improvisation-based composition methods discussed 

above, much of the harmonic content of the music in this portfolio is arrived at 

intuitively, without explicit pre-established processes or structures. As such, the 

particular harmonic characteristics of any piece are best viewed as an aggregation 

of the decisions made over the course of the composition process. That is to say, 

any patterns or progressions discussed below are generally just those which best 

describe the discourse of the piece, and should not be assumed to have been 

rulesets to which the piece adhered during the process of composition.


With this in mind, there is a further observation worth noting. Use of translation and 

recomposition does, to varying extents, require that harmonic analysis is carried 

out during the composition process. As discussed in section 3.10, compressibility 

is a useful tool for categorising material. However, it is at times necessary to carry 

out a more qualitative analysis of harmony in order to allow for the modification of 

material while preserving its original harmonic character, and the composition of 

additional material which fits with the harmonic idiom of the existing music. This 

analysis does not aim to formalise traits elucidated during improvisation, nor to 

present strict rules to which additionally-composed material must adhere; rather it 

intends simply to provide basic guidelines which aid in the generation of material 

outside improvisation.


Having established the working methods underpinning this portfolio, each of its 

compositions can now be discussed individually. In addition to their specific 

applications of improvisation and compressibility, compositional and performance 

techniques specific to particular pieces are detailed below. The pieces are 

discussed in chronological order of composition, starting with the earliest. While 
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some of these compositions underwent significant revision after their initial 

completion, each is listed based upon its original starting date in the interest of 

relating the progressive developments of composition techniques over time.


The reasoning behind the titles of each of these pieces is, in most cases, explained 

in the programme note which accompanies its score. In general, the titles I choose 

are not necessarily prescriptive or descriptive of the pieces themselves, and are 

often chosen after the actual composition is underway or completed. As such, I feel 

that the explanations for these titles are better suited to the tone of a programme 

note than the more factual manner in which the pieces are discussed below.


4.2 Corrán Binne 

Corrán Binne is a composition for solo violin, of around six minutes in length. The 

piece comprises a single, through-composed movement which can be 

characterised as a gradual harmonic and rhythmic expansion of the piece's initial 

gesture (see figure C7, in section 3.7). The approach taken results in a highly 

directional, linear form, which aims to reconcile the open harmonies of its beginning 

with the much denser harmonic material that emerges over time. One of the key 

motivations to explore this in Corrán Binne originates from an interest in the 

juxtaposition of harmonic content of a very distinctive modal character, such as that 

in Messiaen’s Thème et Variations or Takemitsu’s Distance de Fée, with material 

that explores much more variable pitch content such as Garth Knox’s Viola Spaces 

No. 7 - In Between. While the harmonic language of Corrán Binne is not particularly 

similar in character to any one of these pieces, it bears a likeness to the former two 

examples in that it creates a highly distinctive, quasi-modal character at its 

opening, which is progressively complicated while maintaining a coherent 

relationship with the preceding music. The enclosed recording of this piece was 

performed by Fenella Humphreys at a workshop at Queen’s University Belfast, in 

2015.
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The restricted set of pitches at the beginning of the piece (visible in figure C7, in 

section 3.7) creates a need to rely upon other aspects of the music in order to firmly 

establish a sense of momentum and narrative interest. Highly directional rhythmic, 

timbral and dynamic figures are thus used to push the static harmonic landscape 

forward. For example, each of the first two gestures (bars 1-3 and bars 4-6) begins 

with a long note, played quietly on a stopped D string. The subsequent rhythmic 

diminution, coupled with rising volume and movement to an open string, creates a 

firm sense of growth and forward movement. There is an interesting symmetry 

between this and the Adagietto from Cheryl Frances-Hoad’s Suite No. 1 for Solo 

Violin. While it was unknown when composing Corrán Binne, there is an uncanny 

similarity between the openings of the two pieces. Frances-Hoad’s piece makes 

effective use of the juxtaposition of slow, repeated pitches with small chromatic 

steps which sustains a sense of direction and forward-movement. 

With the increased pitch variety that follows in Corrán Binne, various approaches 

are taken to ensure a sense of coherence across the entirety of the piece. Bars 53 

to 57, shown in figure E1, comprise a modified recollection of the opening phrases 

of the piece. Each employs an A at or near the start, before coming to rest on G 

and E respectively, as the opening phrases do, now moved up an octave and 

played as a harmonic. Use of the same notes, shifted in register, allows this 

passage both to contribute to the continuing narrative of reducing pitch 

compressibility, and to retain a sense of cohesion with the original material. The 

repeated use of these specific pitches is a deliberate effort to anchor the harmonic 

world of the piece to notes playable on open strings. This allows for the contrasting 

of these notes with their stopped counterparts, much like the contrast between the 

stopped D and open D in the opening bars of the piece. Additionally, the resulting 

wide spacing sets up an intervallic relationship which greatly contrasts the later, 

denser activity of the piece.
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A corollary to the challenge of creating momentum at the opening of the piece is 

the need to maintain control and cohesion during the dense harmonic material of its 

ending. Given the increasing horizontal density and pacing of material, consisting 

latterly of mostly quaver and semiquaver tuplets, the vertical axis becomes fertile 

ground for expansion. The use of double- and triple-stopping, as seen in the final 

bars of the piece (figure C9, in section 3.7), allows for this while still presenting a 

clear foreground melodic line (the top notes of the final two phrases’ chordal figures 

reading E –  F-sharp – G and G – B – C, respectively), thus enhancing narrative 

coherence with the preceding material. A final observation worth noting is that the 

above use of multiple-stopping to conclude the piece deliberately mirrors the use of 

double-stopping to conclude its opening gestures.


4.3 Oudow 

Oudow is a composition of around six minutes in length, for solo cello. Much like 

Corrán Binne, the piece comprises a single, through-composed movement with a 

clear, linear trajectory; it explores the progressive expansion of a single, small 

gesture, in order to create a narrative that sustains the completed composition. The 

piece was performed by Stephanie Tress at an RMA study day in the Royal 

Northern College of Music, Manchester, in March 2018. 


The narrative arc of Oudow is distinguished from that of the previous piece in that it 

consists of an initial short phrase which undergoes ‘outward’ expansion, in contrast 

with the ‘inward’ expansion of its predecessor. In other words, Corrán Binne starts 

Figure E1 - bars 53-57 of Corrán Binne.
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with a slow, sparse phrase which is filled-in over time, while Oudow starts with a 

very short phrase, which expands into progressively longer and more intensified 

gestures over the course of the piece. These phrases , punctuated by pauses, 37

coalesce to create material which has an improvisatory character, and which makes 

effective use of the range and timbral qualities of the cello, in spite of its origin as a 

piano improvisation. A number of pieces of repertoire, in particular the first and final 

movements of Ligeti’s sonata for solo cello, were influential during the composition 

of this piece. Specifically, Ligeti’s juxtaposition of contrasting figures, as occurs in 

the alternation between pizzicato chords and melodic material at the beginning of 

the piece (see figure E2 ), establishes a useful model for the kind of multi-layered 38

activity which features in Oudow. Slow gestures played as harmonics in the upper 

register (see figure E3), and later pizzicato gestures played at the lower register of 

the instrument (figure E4) are used to punctuate the primary material of the piece.


 ‘Phrase’ in this case refers to a particular aggregation of gestures, not necessarily 37

delineated by slurs in the score.

 Gyorgy Ligeti. Sonate for solo cello (Mainz: Schott, 1953), p.1.38

Figure E2 - the opening bars of Ligeti’s sonata for solo cello.

Figure E3 - bars 5-8 of Oudow.



 of 70 117




The oscillating nature of the piece’s opening gesture lends itself well to further 

expansion during improvisation. Shown in figure E5, the relationship between this 

phrase (bar 1) and the subsequent phrase (bars 2-3) is clear, with the latter 

representing a straightforward lengthening of the gesture, via the addition of two 

notes. Further ahead, this developmental process remains apparent. Figure E4 

begins with two phrases based upon the first bars of the piece; the gestures 

continue to be expanded in a generally stepwise manner, alongside significantly 

increased alternation between the aforementioned harmonic and pizzicato 

punctuations.


These punctuating gestures also go towards ensuring that the available resources 

of the cello are utilised fully and effectively. The use of the instrument’s different 

registers, further separated by instrumental technique, creates the sense that there 

are three distinct layers of activity. A further move in ensuring the piece fits with the 

idiom of the cello is the placement of gestures of particular import on open strings 

where possible. For example, the piece begins on an open A, and this same note is 

used at the start of several subsequent phrases. Additionally, the low Cs at the end 

of the piece (shown in figure E6) aim to utilise the instrument’s resonance to 

maximum effect.


Figure E4 - bars 46-50 of Oudow.

Figure E5 - the opening phrases of Oudow.
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4.4 Displace 

Displace, a piece of around six minutes in length for alto saxophone, is a study in 

the translation of material from piano improvisations into material well-suited to the 

idiom and character of the target instrument. Additionally, it concludes the set of 

three short, solo compositions which begins this portfolio. Formally, the piece is set 

apart from the preceding two in its roughly ternary structure; its opening material is 

revisited much more explicitly towards its conclusion than in either of the others.


The narrative arc of the piece centres around a tension between pitched and 

‘unpitched’ notes. The latter refers to those whose timbres have considerably high 

noise-to-pitch ratios, but which may of course still retain some degree of pitch. This 

tension operates at a per-phrase level, manifesting in the use of key clicks as subtle 

percussive ‘interruptions’ to the otherwise smooth phrases of the beginning of the 

piece. Figure E7 shows an example of such a phrase. The manner in which these 

interruptions are used is an extension of the approach heard previously in Oudow, 

where long pauses are used to punctuate phrases. A similar level of contrast was 

desirable in Displace; the use of air notes and key clicks thus provides a 

significantly contrasting, substantially quieter sound world to punctuate phrases, 

without using explicit silence.


Figure E6 - bars 80-82 of Oudow.

Figure E7 - bars 12-14 of Displace.
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In addition, the pitched-unpitched tension is used on a larger scale within the piece, 

setting out its overall formal arrangement. Its middle section sees increased use of 

unpitched material, with air notes such as those shown in figure E8 featuring 

prominently, in addition to greater prevalence of key clicks. Despite timbral 

differences in this excerpt, there is a resemblance to the previous excerpt in terms 

of its rhythmic and gestural language. Subsequently, the final section of the piece 

continues to utilise the increased timbral variety introduced thus far, with both 

increasingly dense phrases and a greater rate of change between the different 

timbres and dynamics used.


4.5 $PIANOPIECE 

$PIANOPIECE (pronounced ‘piano piece’) is a composition of around fifteen 

minutes in length for solo piano. The piece aims to synthesise several, contrasting 

piano textures into a coherent single movement. Three main textural areas are 

explored over its duration: sparse gestures, widely-spaced both in register and time 

(figure E9); considerably denser material centred around a falling arpeggio motif 

(figure E10); and melody-and-accompaniment-style figuration which features 

thematic material in the upper register of the instrument, underpinned by dense, 

chordal figures (figure E11). It completes the exploration of solo repertoire in this 

portfolio and, like the preceding pieces, forms an important study in the 

development of the improvisatory and compressibility techniques discussed 

previously. I enclose a recording of my own performance of this piece.


Figure E8 - bars 62-65 of Displace.
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Figure E9 - bars 1-12 of $PIANOPIECE.

Figure E10 - bars 68-71 of $PIANOPIECE.

Figure E11 - bars 118-125 of $PIANOPIECE.
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Ligeti’s piano études, particularly No.2 Cordes à vide, No.5 Arc-en-ciel and No.6 

Automne à Varsovie were particularly influential upon $PIANOPIECE, both in terms 

of the character sought and textures employed. These pieces explore a diverse 

range of challenging piano writing, while retaining an often improvisatory, 

exploratory character. A textural similarity between Cordes à vide and 

$PIANOPIECE can be seen by comparing figures E12  and E10. Accented 39

uppermost notes, visible in both pieces, serve as a useful means of setting out 

clear thematic material while maintaining a denser inner texture (similar to the 

earlier-described use of multiple-stopped chords in Corrán Binne). Scriabin’s piano 

music also provides contextual background worth noting in relation to this piece; 

many of his compositions, from earlier preludes such as his Op.11 No.2 in A minor 

to later compositions like his Sonata No.9 Op.68 ‘Black Mass’, feature a fluency of 

thematic content which often belies the complex harmonic structures which they 

form a part of.


Despite these textural contrasts, the entirety of $PIANOPIECE is underpinned by a 

common motivic origin. Visible in the opening bars of the piece (see figure E9), this 

comprises the notes B-flat, B and C, set at intervals of a minor 9th apart. As the 

texture of the piece gives way to falling arpeggio figures around bar 54 (and latterly 

 Gyorgy Ligeti. Études pour piano, Premier livre (Mainz: Schott, 2001), p.14.39

Figure E12 - bars 9-11 of Ligeti’s étude, Cordes à vide.
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at bar 164), this motif recurs among the accented upper notes, first condensed into 

a single octave, and latterly augmented to a figure set whole tones apart. Finally, 

beginning at bar 117, this whole tone figure is collapsed to form the dense chords 

of the left hand visible in figure E11, while the right hand plays descending, 

chromatic-scale figures based upon the original motif, once more condensed into a 

single octave.


It is worth outlining how compressibility relates to the overall structure of this piece, 

given its prominent impact on the specific formal arrangement of material. Bars 

1-54 are characterised by a high degree of pitch compressibility, combined with 

relatively incompressible rhythmic content. The former aspect is a straightforward 

consequence of its extremely limited pitch field; B-flat, B and C form the substantial 

majority of pitches used in this section. By contrast, the rhythmic content here is 

relatively incompressible; as is visible in figure E9, rhythmic figures generally do not 

recur exactly within this section, instead undergoing subtle changes that are not 

adherent to any predetermined pattern.


The introduction of the falling arpeggio motif at bar 55 comes alongside increased 

pitch variety. This precipitates an inversion of the prior relationship between pitch 

and rhythmic compressibility. The former decreases significantly, given the 

aforementioned increase in note density and the continuous variation of the pitches 

used across the arpeggiated figures. By contrast, rhythmic compressibility 

increases substantially through the introduction of these more patterned figures. 

While denser than the figures of the previous section, rhythmic ‘hooks’ are 

presented in the form of repeated semiquaver and demisemiquaver figures, which 

lower the ratio of surprise to expectation and account for the higher compressibility 

of the rhythmic material at this point, visible in figure E10.


Bars 117-163 are marked by significantly denser pitch content. However, much as 

with the rhythmic changes in the preceding section, these figures in fact reflect an 
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increase in pitch compressibility over their predecessors, owing to a slower overall 

rate of harmonic change. The excerpt in figure E11 contains chromatic-scale 

figures visible in bars 118, 123 and 125; the ‘signposting’ effect of this repetition 

lowers the ratio of surprise to expectation, and with it increases the level of 

compressibility. From bar 164 onwards, the piece revisits the pitch-rhythm 

compressibility relationships of the previous passages, giving rise to an arch-like 

formal arrangement overall.


Given the relatively straightforward task of migrating improvised material into this 

completed piece, relying primarily on transcription, the vast majority of the 

harmonic content of $PIANOPIECE is a result of heuristics borne in mind during its 

original improvisations. While qualitative assessment of pitch compressibility was 

used to categorise material, the specific harmonic choices were generally made 

aurally.  

4.6 Eske 

Eske is a composition of around eleven minutes in length for piano trio. The earliest 

ensemble composition in this portfolio, the piece explores shifting instrumental 

roles, with a particular focus on the role of material as either a ‘background’ or 

‘foreground’ element in an overall texture. The piece was premiered by the Hard 

Rain SoloistEnsemble, in the Harty Room at Queen’s University Belfast, in February 

2016.


Several pieces of existing repertoire were influential upon the particular 

instrumental relationships explored throughout the piece. The use of rhythmic 

unison between string instruments, such as occurs in Hellawell’s The Building of 

Curves, forms an effective means of utilising the violin and cello to create a 

powerful opponent to dense chordal figurations played by the piano. In Eske, this 

approach is used particularly around more turbulent piano figures, for example in 
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the excerpt shown in figure E13. Additionally, Osborne’s The Piano Tuner is an 

interesting point of reference, particularly his treatment of the piano in its opening. 

He uses it almost as if it were a pair of instruments in itself; it begins with low-

register gestures, followed by chords played much higher in register. Across a 

significantly larger timescale, a technique reminiscent of this is used in Eske. 

The opening of the piece, as seen in figure E14, places the piano in a distinctly 

background role. In spite of its lone entrance at the beginning of the piece, its low 

register and slow movement establishes its role as the harmonic backbone of the 

piece. The violin and cello take on more soloistic roles in contrast to this, playing 

foreground material which sets out substantially more of the motivic content of the 

piece.


Figure E13 - bars 104-106 of Eske.
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Figure E15 illustrates the inversion of this previous relationship. The violin and cello 

now play material similar to that of the piano at the beginning of the piece, while the 

piano plays new material entirely. This reframing of prior material, and its 

subsequent combination with new piano material creates a strong sense of 

cohesion with the previous section of the piece, while forward momentum is 

generated by the contrast.


Figure E14 - bars 1-16 of Eske.
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A third instrumental dynamic emerges around bar 95, which sees a marked change 

in both the thematic content of the piece, and its instrumental roles. The 

foreground-background discourse, which dominates until this point, is eschewed, 

and an antiphonal relationship now develops between the violin-cello duo and the 

piano, seen clearly in figure E16. Finally, figure E17 shows an excerpt from the later 

return to the background-foreground relationship from the opening of the piece, 

which begins around bar 120. Comparing the violin material in figures E17 and E16, 

their motivic relationship is clear. The initial gesture is simply transposed down a 

perfect fourth; however, the overall character of the gesture has been softened by a 

combination of a new, slower tempo, legato articulation, and softer dynamics.


Figure E15 - bars 70-72 of Eske.



 of 80 117







Worth noting is that the progression of characters in Eske reflects a specific extra-

musical influence. As the name of the piece suggests, this influence is Lough Eske 

in Donegal. The character of the piece reflects several aspects of the lake’s 

Figure E16 - bars 95-98 of Eske.

Figure E17 - bars 123-127 of Eske.
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physical nature: the stillness of its surface during calm weather; the perturbations of 

this stillness resulting from the activity of water fowl and stones breaking its 

surface; the larger disruption of its surface by wind and rain; its eventual return to 

stillness in the absence of continuing disruption. The piece is not programmatic as 

such; it does not communicate any particular progression of real events, and none 

of its musical gestures attempt to directly convey specific occurrences.


4.7 Two Unusual Stories 

Two Unusual Stories is a composition for soprano voice and percussion ensemble, 

around ten minutes in duration. In two movements, titled I Stood on the Bug and 

Tiny Feet respectively, the piece sets two short passages of prose by writer Karen 

Quinn. The piece has a unique distinction from the others in this portfolio in that it 

features text. In response to this additional element, the musical narrative of the 

piece is anchored to the existing narrative of the text; the instruments are used to 

convey and amplify the experiences of the protagonist at a given moment, and 

musical figures which overtly respond to the events of the text feature throughout. 

The piece was commissioned for the 2016 IConArts Festival in Sibiu, Romania, and 

was premiered by the IConArts Percussion Ensemble, along with Veronica Anusca, 

in July 2016.


Ligeti’s Síppal, dobbal, nádihegedüvel was a highly useful resource during the 

composition of Two Unusual Stories. Presenting a wide array of both musical 

characters and interactions between female voice and percussion, it served as 

something of a timbral dictionary while writing this piece, exemplifying a significant 

range of the available options when writing for voice and percussion. Also 

influential was Saariaho’s Trois Rivières, whose programme note describes her use 
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of percussionists’ voices as “an extension of the instruments” , prompting the idea 40

of exploring this process in reverse, and using instruments as an extension of the 

voice, both in terms of gesture and timbre.


The soprano material is derived from piano improvisations, mostly migrated into the 

score by means of transcription, with relatively sparing use of translation or 

recomposition. This was made practical through improvisations restricted to the 

use of only one or two fingers, somewhat modelled after Simon Mawhinney’s Solo 

Fingers compositions. With this method, and by bearing in mind the general 

musical characteristics sought, the material improvised required little intervention 

other than selection of which passages to transcribe and include.


I Stood on the Bug consists of highly gestural figures for much of the percussion 

parts. Each instrument relates, with varying levels of abstraction, to a different 

aspect of the text’s narrative, with the percussion instruments as a whole existing in 

an antiphonal relationship with the soprano. The sung material is relatively static in 

character, compared to that of the other instruments, generally following stable, 

smooth melodic lines such as are shown in figure E18. This character is offset by 

the use of the other instruments to punctuate, foreshadow, reflect upon and amplify 

the character of the text at a given moment.


 Kaija Saariaho, Trois Rivières, programme note. (2015) <http://saariaho.org/works/trois-40

rivieres/> [accessed 30 October 2018].

Figure E18 - bars 11-14 of Two Unusual Stories.
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In passages such as bars 1-10, the vibraphone presents a slow-moving, quiet 

chord progression, punctuated only by brief interjections from the bongo. This 

creates a sense of space which serves to extend the protracted silence which 

precedes the singer’s reluctant opening ‘confession’. The marimba, by contrast, is 

used to underline the emotional state of the text’s protagonist. Playing very brief 

figures at first, its material subsequently develops into repeated-note figures such 

as those shown in figure E19, which respond to the attempts of the character to 

justify her actions. Following this, ‘destabilised’ variations on the gesture, now 

across multiple pitches, can be seen in figure E20. Subsequently, the gestures 

unravel further, forming the extended figures in bars 48-49 and 56-62 (excerpts of 

which are shown in figures E21 and E22), whose intense flurries of activity reflect 

the protagonist's inner horror at what she has done.








Figure E19 - bars 21-23 of the marimba part for Two Unusual Stories.

Figure E20 - bar 37 of the marimba part for Two Unusual Stories.
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The unpitched percussion instruments are stylised representations of the sounds 

occurring within the narrative itself. The sporadic bongo slaps near the beginning 

relate to the protagonists’ pacing, while bars 23 and 89 (figures E23 and E24) 

provide examples of the most obvious manifestation of this; the latter goes as far 

as instructing the soprano to stomp her foot. Alongside this, the guiro is used at 

several points to suggest the wriggling movements of the eponymous bug, 

culminating in an extended gesture from bars 65-68 (figure E25).


Figure E21 - bars 48-49 of the marimba part for Two Unusual Stories.

Figure E22 - bars 59-60 of the marimba part for Two Unusual Stories.
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Figure E23 - bar 23 of Two Unusual Stories.

Figure E24 - bars 88-89 of Two Unusual Stories.
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Tiny Feet presents a substantially different character to the previous movement, 

trading the former’s somewhat isolated gestures for a more continuous texture. The 

movement comprises a broadly ternary form, with much of its discourse centred 

around contrasting levels of compressibility between different instruments of the 

ensemble. The first section, from bars 90-117, sees the marimba present perhaps 

the most compressible material of the entire portfolio, both in terms of its rhythmic 

and pitch content. The instrument plays a repeated eleven-note figure (figure E26), 

that shifts down an octave at bar 110. Alongside this, the unpitched percussion 

instruments present less compressible rhythmic patterns, and the vibraphone plays 

substantially less compressible pitch content. Figure E27, showing bars 95-98, 

provides a clear example of these roles. The central section of the piece, lasting 

from bars 118-140, involves the movement away from pitched content altogether. 

Activity from the guiro and bongos is combined with onomatopoeic sung figures, 

and subsequently the reintroduction of the marimba and vibraphone marks the 

transition back to pitched content in advance of the concluding section. Lasting 

from bars 141-172, this introduces another repeated marimba figure based upon 

the original, and sees the second percussionist, vibraphone and soprano reprising 

their roles from the start of the piece. The guiro remains until bar 164, at which 

point it is replaced by the original tamborim, which now persists with figures similar 

to those played in the middle section of the piece, until its conclusion.


Figure E25 - bars 65-68 (guiro part) of Two Unusual Stories.
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4.8 Different Base 

Different Base is a four-movement composition for string quartet, around 20 

minutes in length. It is the longest piece in this portfolio, in addition to being the 

only composition aside from Two Unusual Stories divided into multiple movements. 

While contrasting one another significantly in character, these movements originate 

from iterations upon a single source, namely a piano improvisation, and as such 

there are particular gestures which recur throughout the piece. The third movement 

of the composition is noteworthy in particular for its unconventional execution, both 

in terms of composition and performance. The former aspect is discussed 

previously in section 3.7, while the latter is explained below. 


Figure E26 - bars 90-93 of the marimba part for Two Unusual Stories.

Figure E27 - bars 95-98 of Two Unusual Stories.
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Kevin Volans’ second string quartet, Hunting: Gathering provides a useful context 

for some of the instrumental relationships which occur during Different Base, and 

indeed provides a useful comparison in its method of creating a sense of cohesion 

across a range of characters and textures. At its opening, the combination of 

strictly repeated chords with much freer, soloistic gestures in the viola (see figure 

E28 ), presents an attractive prospect; the repeated figure used here and later in 41

the composition serves to tie together activity which differs substantially in 

character. A somewhat similar approach is used throughout Different Base. The 

excerpts shown later in figures E30, E31 and E32 show the re-use of repeated-note 

figures in different movements of the piece, which contribute to a sense of 

cohesion despite the contrasts between each movement and the next. Volans’ 

programme note for the composition describes his desire to write a piece which 

“[includes] as many different musical fragments as possible, strung together in a 

pseudo-narrative” , and subsequently mentions his thinking that the piece 42

represents ‘one journey’ despite this. In a similar way, each movement of Different 

Base presents a distinct character and formal arrangement, with shared 

characteristics that aim to reinforce the sense that the piece is a distinct, whole 

entity.


 Kevin Volans. String Quartet No 2 "Hunting: Gathering” (Chester: Chester Music Ltd, 41

1997), p1.

 Kevin Volans, String Quartet No 2 "Hunting: Gathering" (1987) programme note (2018) 42

<http://www.musicsalesclassical.com/composer/work/1651/11907> [accessed 30 October 
2018].

Figure E28 - bars 4-6 of Volans’ second string quartet.



 of 89 117

In addition to the aforementioned repeated-note figures, several harmonic traits 

deliberately recur across the four movements of Different Base, which aim of 

creating a sense of kinship alongside the contrasting characters of the piece. One 

of the clearest of these traits can be seen in the prevalence of seventh and ninth 

interval relationships between parts. This particular relationship was not decided 

upon in advance of composing the piece, but arose organically over the course of 

several improvisations. During this process, open-string notes were used 

frequently, which led to the layering of material at a distance of a fifth, and 

subsequently at a distance two fifths (i.e. a ninth). As this and other harmonic 

features became established, they formed useful guidelines for the addition of 

further material which adhered to a similar harmonic landscape.


The first movement of Different Base begins with a series of bold, declamatory 

gestures (see figure E29). While derived from improvised material like much of the 

rest of this portfolio, much of this piece deliberately avoids what might be 

described as an ‘improvisatory’ character; these opening gestures in particular 

directly intend to dispel a sense of uncertainty or hesitation in the material. Audio 

example A9 contains excerpts from the original source improvisation for this 

material, as well as corresponding excerpts from subsequent improvisations, which 

make the iterative development of this desired character clear. While this opening 

material returns to conclude the movement at bar 77, the rest of the movement is 

dominated by the repeated note figures described above, examples of which can 

be seen in figures E30, E31 and E32.
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Figure E29 - bars 1-4 of Different Base.

Figure E30 - bar 20 of Different Base.
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Much of the second movement of Different Base utilises two sets of material 

simultaneously, differing from one another in both articulation and character. The 

movement opens with a slow, chorale-like passage marked quasi viol, non vib. The 

choice to use this comes in reference to the opening of Daniel Barkley’s Belfast 

Quartet, which makes repeated use of the instruction to create a timbral contrast 

which is strongly suited to this piece. For a time (bars 85-107) the ensemble is 

Figure E31 - bars 49-50 of Different Base.

Figure E32 - bars 66-68 of Different Base.
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unified in character, before separating into violin I-cello and violin II-viola duos. The 

former pair now continues with material based upon the repeated-note motif 

established in the previous movement, while the latter continues with material in the 

vein of the opening, no longer marked quasi viol. These duos shift as the movement 

continues, cycling through various combinations of instruments and materials 

before re-unifying around bar 156. At this point the material presses upwards in 

register until its climactic point at bar 160, then concludes on chorale-like material 

similar to its opening.


The third movement of Different Base is intended as a ‘refraction’ of the material 

used in the other three movements of the piece. In contrast to their more sectional 

forms, this movement presents a somewhat more opaque formal structure. During 

the movement, each of the players changes tempo independently of the others, 

accelerating or decelerating both to different tempi and at different points in the 

movement. These changes, the details of which are outlined in section 3.7, provide 

the primary narrative interest for the movement: its constantly shifting rhythmic 

interplay.


With regard to the use of multiple tempi, Carter’s third string quartet provides some 

precedent for this, albeit to quite different ends than in the case of Different Base. 

He explicitly partitions the ensemble, referring to it as a pair of duos (to the point of 

requesting that they sit ‘as separated from each other as is conveniently 

possible’ ), and discusses the separate characters presented by these duos at 43

different points as they run their course.  While Carter emphasises that the 44

character of each of the duos is “presented alone and also in combination”,  the 45

 Elliott Carter. String Quartet No.3 (1998 Edition) (New York: Associated Music Publishers, 43

Inc., 1998), p.ii.

 Elliott Carter. String Quartet No.3 (1998 Edition) (New York: Associated Music Publishers, 44

Inc., 1998), p.i.

 Elliott Carter. String Quartet No.3 (1998 Edition) (New York: Associated Music Publishers, 45

Inc., 1998), p.i.
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third movement of Different Base creates only a single, cohesive musical structure 

in spite of the tempo differences between its players. The foremost aim of the piece 

is the creation of a thoroughly unified piece of music. Variable tempi are a means of 

more simply representing itself on paper; its success is not predicated on the 

communication to the listener of the specific method by which this occurs.


When played in isolation, gestures in the third movement of Different Base which 

are particularly close in tempo (e.g. crotchet 62 vs crotchet 64 between violin II and 

viola, at the end of the movement) can be observed to take on characteristics 

reminiscent of Reich’s ‘phase’ pieces. The collisions between similar, offset 

rhythmic figures (such as those shown in figures E33 and E34) are much more 

apparent with small tempo differences than if the instruments were moving at 

significantly different paces. This similarity is somewhat deflected from by the fact 

that, in Different Base, each instrument plays distinct material, which itself varies 

with each repetition, rather than employing the kind of strict repetition that occurs 

in pieces such as Piano Phase. This variation shifts the listener’s attention onto the 

effects of the process, and away from the process itself (with the intent of avoiding 

the acoustic equivalent of ‘technological listening’ ). The addition of other 46

instruments further obscures this process, and again serves to direct attention 

towards the results rather than the method. Much as with Carter’s quartet, while 

there are functional similarities between the underlying processes of these pieces, 

the desired outcome is substantially different. Once again it is worth emphasising 

that the process used to generate the rhythmic structures in this piece prioritises 

the creation of (apparently) complex rhythms, and is not concerned with 

communicating the actual process from which these rhythms arise.


 Denis Smalley, 'Spectromorphology: Explaining Sound-shapes', Organised Sound, 2.2, 46

(1997), 107-126 (p. 109). 
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A secondary aim of this movement of Different Base is the creation of a dense 

rhythmic landscape without the use of correspondingly dense notation. This 

provided the impetus to use the previously-discussed technique of combining 

individually straightforward materials which differ in tempo. This approach results in 

music notated in virtually sight-readable terms, whose rhythmic interactions would 

otherwise require the use of significantly challenging notation. However, a challenge 

emerges in the requirement for performers to coordinate themselves in playing at 

multiple tempi simultaneously.


Given the intent to create an easily-performed piece, it would be somewhat 

counterproductive to produce a simple score which effectively just shifts the 

burden of tempo coordination onto the performers. However, a solution was 

reached which obviated this difficulty almost entirely; in performance, each player is 

supplied with an individual metronome, programmed with the tempo changes for 

their specific part. Each performer need only play their part while following the 

specific tempo changes indicated by their metronome, and the required alignment 

of the parts is consequently guaranteed. While the use of a metronome in normal 

performance circumstances would of course preclude the ability of the ensemble to 

change tempo of their own accord, given the specificity of tempi required in this 

movement it proved an ideal solution. Indeed, the use of these devices during a 

Figure E33 - bars 48-49 of the second violin, in the third movement of Different Base

Figure E34 - bars 45-46 of the first violin, in the third movement of Different Base
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workshop of the composition allowed the movement to be played successfully 

even on the first attempt. More specific details of the device are supplied as an 

appendix in section 7.2.


The fourth and final movement of Different Base sees a return to the more concrete 

rhythmic character of its first movement. Its opening crotchet gestures, shown in 

figure E35, strongly establish the new tempo to contrast the evanescent conclusion 

of the third movement. Overall, the movement is arch-like in form, comprising five 

distinct sections. Once again the repeated-note motif from prior movements is 

employed throughout, particularly as a means of developing figures which recur 

across the movement. For example, comparison of figure E35 with figure E36 

shows the use of this motif to develop the material at bar 268. It is clear that the 

latter relates closely to the opening; its crotchets are now replaced with repeated-

note figures while the overall rhythm of the gesture remains similar. In addition to 

this, the final section incorporates rhythmically-condensed variations on material 

from prior sections of the piece. For example, the material in bars 288-290 and 

301-302 is similar to that in bars 227-228, shifted in pitch and shortened. Overall 

this represents a trend towards increased self-reference in the piece, as a means of 

accelerating its narrative pace as it nears its conclusion.
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Figure E35 - bars 195-198 of Different Base.

Figure E36 - bars 268-269 of Different Base.
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4.9 Taking[Up][In][Off][Away] 

Taking[Up][In][Off][Away] is written for flute, clarinet, violin, cello and piano, and is 

around five-and-a-half minutes in length. A primary aim when composing this piece 

was to push variations in timbre, dynamics and instrumental techniques into the 

foreground of its discourse. The piece was composed for, and was a runner-up in, 

the 2018 Peter Rosser Composition Competition. It was performed by the Hard 

Rain SoloistEnsemble in March 2018, and again in December 2018.


The piece alternates between two distinct character pairs, the former marked 

distant, wandering, and the latter marked jogging along. As implied by these 

instructions, the former areas feature a much quieter dynamic landscape, with 

generally smooth phrasing and gentle articulations placed atop a harmonic 

substrate provided by the piano, while sections marked with the latter instruction 

feature much more abrupt, clipped material and correspondingly adapted piano 

content. Figures E37 and E38 illustrate two passages, taken from the third and 

fourth sections respectively, illustrating the differences in character. What can also 

be seen in these excerpts are shared motivic features: the ascending arpeggio 

featured in the piano of the former is played by all instruments in the latter, for 

example.
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Figure E37 - bars 40-44 of Taking[Up][In][Off][Away].

Figure E38 - bars 51-54 of Taking[Up][In][Off][Away].
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The harmonic content of Taking[Up][In][Off][Away] is explicitly derived only from its 

source improvisations. All of the harmonic interaction in the piece is the result of 

aural, intuited decisions made while layering additional improvisations, with little 

further analysis. While changes were made to this material during the process of 

translation, these were entirely rhythmic or timbral; none of its pitch content was 

modified, and the harmonic relationships established during improvisation were 

preserved entirely.


Given its similar instrumentation, Messiaen’s Quatuor pour la fin du temps is worth 

mentioning as a substantial influence on this piece. Its opening focus on melodic 

material in the non-piano instruments, and indeed its use of soft dynamics and 

string harmonics, bears a clear similarity to the approach taken at the beginning of 

Taking[Up][In][Off][Away]. Additionally, its ending bears some similarity to the 

Intermède of Messiaen’s piece. The use of the ensemble as a rhythmically- and 

gesturally-unified force, with interjections from soloists, such as is seen in bar 51 

shown in figure E38, is reminiscent of a similar texture employed by Messiaen, as 

seen in figure E39 . Other compositions such as Daniel Barkley’s Plus 2 Minus 3, 47

and Amy Rooney’s Lines and Dots, provided useful glossaries both of instrumental 

roles and ensemble relationships, particularly as both were written specifically for 

the same ensemble. Each of these pieces was valuable in the process of fully 

realising the intended character of the source piano material.


 Olivier Messiaen, Quatuor Pour la Fin du Temps (Paris: Durand, 2008), p.43.47

Figure E39 - bars 1-4 of the Intermède from Messiaen’s Quatuor pour la fin du temps.
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4.10 Aeris Vena 

Aeris Vena is a composition for flute, clarinet, percussion (marimba and wood 

block), piano, violins I and II, viola, cello and double bass, around ten minutes in 

duration. The piece has what could be described as a nested form, created through 

the use of multiple compressibility arcs; it comprises six main sections, each of 

which has its own sub-narrative, and as a whole they combine to form a coherent 

overall structure. While not the longest piece in this portfolio, Aeris Vena does 

represent its largest constituent in terms of ensemble size. It utilises all aspects of 

the previously-described improvisation-based composition techniques. Indeed, the 

piece spurred several developments upon these techniques owing to its larger 

vertical scale, including the use of stacked or layered improvisations as described 

in section 2.8.


In terms of its approach towards instrumental roles and texture, numerous existing 

compositions provided significant influence ahead of and during the composition of 

Aeris Vena. Perhaps most of all, Birtwistle’s Secret Theatre features a number of 

characteristics that were drawn upon to some extent. Its slow, smooth phrases 

played by solo woodwind instruments serve to bridge sequences of activity from 

the rest of the ensemble. Figure E40  shows two such examples of this, in which 48

the flute plays legato material while the other instruments in the ensemble are 

silent. This is similar to the role played by the clarinet in bars 87 and 91 of Aeris 

Vena, as shown in figure E41. Additionally, the timbral effect of the pizzicato strings 

at the beginning of the Secret Theatre, and its subsequent interjections from the 

percussion parts, were influential on the percussive use of strings at the beginning 

of this piece. In addition, Volans’ Kneeling Dance provided an interesting point of 

reference. Its dense piano writing, achieved through the use of two pianos, 

influenced the decision to employ stacked improvisations to achieve the denser 

textures desired in Aeris Vena. Indeed, Volans’ subsequent reuse of material from 

 Harrison Birtwistle. Secret Theatre (Vienna: Universal Edition, 1984), p.25.48
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the end of Kneeling Dance in his later composition Strip Weave proved an 

interesting point of comparison when choosing to employ dense piano material 

alongside activity from the remainder of the ensemble. In terms of instrumental 

roles, Aeris Vena is at times analogous to a piano duo, in which the material of one 

of the pianos has been orchestrated.





Figure E40 - excerpt from Birtwistle’s Secret Theatre (4 bars before rehearsal mark 13).

Figure E41 - bars 86-92 of the clarinet part of Aeris Vena.

(cont’d)
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It is worth briefly outlining the role of compressibility arcs in Aeris Vena, as it differs 

slightly from previous pieces in this portfolio. The arc shown in figure E42 was first 

established to outline the long-term trends in the piece. Additional arcs were then 

created for individual sections of the piece (for example, figure E43 shows the more 

detailed arc for the section marked E in figure E42). These secondary arcs provide 

pathways to which the different sections of the piece adhere, and while the general 

trend of each section is aligned with the overall arc, local deviations do occur. In 

other words, while the arc shown in figure E43 represents a more nuanced path 

than its corresponding section in E42, its general trend is in-keeping with it. This 

approach allows for the narrative control provided by a pre-established overall arc, 

while providing additional specific arcs which are useful in coordinating the 

substantial number of improvisations required during the composition of the piece. 

The sections demarcated in figure E42 correspond with the following respective bar 

ranges: 1-22, 23-45, 46-86, 87-101, 102-152, 153-179. Finally, it is worth noting 

that neither of the arcs below refer to pitch or rhythmic compressibility specifically; 

much of the material in Aeris Vena follows a similar trajectory in both its pitch and 

rhythmic compressibility, and as such a single arc provides a general overview of 

both aspects of the piece.


Time

General Compressibility

High

Low

A B C D E F

Figure E42 - the overall compressibility arc of Aeris Vena
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Formally, Aeris Vena builds upon the structure of prior compositions in this 

portfolio: its first five sections form an arch-like structure, while the final section 

concludes the piece with a cadenza-like burst of distinct material. As before, 

motivic elements were extracted from the initial improvisation for the piece, which 

formed the basis for the subsequent improvisations used to develop and evolve 

material in the required directions. With the aforementioned modified arch form in 

mind, material for sections A and E, and B and D were developed in tandem. 

Section C was subsequently based upon motivic content extracted from these 

previous sections. Finally, section F employs a slightly different approach. Based 

upon motivic content not used by the preceding sections, albeit derived from the 

same source improvisation, this material bears a relatively distant genealogical 

relationship to the rest of the piece. Given the resulting distinct character, as 

referenced in section 2.12, bars 143-153 were created using the process of 

recomposition in order to connect section F with the preceding material and 

complete the piece.


Finally, the harmonic landscape of Aeris Vena arises from a combination of the 

approaches established while writing the prior compositions of this portfolio. 

Transcribed improvised material gives rise to a general set of harmonic traits which 

Time

Section E Compressibility

High Compressibility

Low Compressibility

Figure E43 - the compressibility arc of section E of Aeris Vena
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are then borne in mind during the processes of translation and recomposition. 

Some harmonic tropes are shared with Different Base, such as the regular 

occurrence of fifth, ninth and seventh intervallic relationships between instruments, 

as can be seen the opening bars of the piece (figure E44 shows the opening bars of 

the flute and clarinet, and string section respectively, in which this is clear). In 

addition to this, a prominent harmonic feature of the piece is its use of repeated 

notes and chords. Also clear in figure E44 is the repetition of the opening chord, 

while figure E45 shows a passage from bar 44 of the piece where this idea is 

developed further; an ostinato G figure is played first by the marimba, and 

subsequently passed to the violins in bar 47, and eventually moving to the piano in 

bar 53.


Composing Aeris Vena provided a useful opportunity both to incorporate all of the 

techniques developed throughout this portfolio, and to apply these techniques at a 

large scale. Additionally, the variety of horizontal and vertical scales utilised by the 

pieces described above demonstrates the flexibility of compressibility as a guiding 

measure, as well as the utility of the improvisation-based composition methods 

discussed above.
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Figure E44 - bars 1-4 of Aeris Vena.
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Figure E45 - bars 44-48 of Aeris Vena.
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5. Conclusion 

The preceding chapters outline the manner by which improvisation and 

compressibility serve as useful tools in the process of composition, with specific 

regard to the pieces of this portfolio. These techniques offer a highly flexible 

approach suited to a wide range of compositional situations. These techniques also 

represent a fruitful balance of creativity and order; improvisation provides for the 

genesis of ideas, and a means of creating large swathes of musical material in an 

organic fashion, while compressibility offsets this by providing concrete pathways 

towards establishing order, and allowing structure and form to be imposed on the 

improvised material.


The works of this portfolio, and accompanying commentaries, illustrate the high 

variety of styles and characters possible through the dual application of 

improvisation and compressibility during composition. Indeed, these works, and the 

varied styles within, underline the point that the aforementioned concepts are fully-

fledged, stand-alone compositional techniques which are not oriented towards any 

particular type of outcome; they now exist among the diverse palette of tools 

available to be utilised by future composers, and are by no means simply artificial 

constructs which apply only to the works of this portfolio, nor indeed only my own 

compositions in general.


Further to this, it is easy to envision new paths along which these concepts may be 

extended and explored. With regard to compressibility, the preceding works employ 

the concept chiefly in relation to harmonic and rhythmic practices; however, the 

concept is equally applicable to other areas, and there is much scope for it to be 

applied to form, texture, timbre, dynamics or any other facet of musical discourse. 

In relation to the fields of computer-aided composition, and particularly the 

emerging area of artificial intelligence-assisted composition, compressibility sets 

out a quantifiable and programmable approach towards dealing with specific 
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compositional issues, and suggests several potentially useful avenues along which 

to approach various problems to be solved in such areas.


Turning towards improvisation, there is similar scope for extension and elaboration 

upon the approaches discussed above. As stated already, the works of this 

portfolio involve the use of material generated in my own improvisations only; 

however, this is of course a conscious choice, not a reflection of any limitation of 

the technique. Collaborations involving improvised material from other performers, 

or multiple performers, could be used in a similar manner, opening up a wide range 

of creative possibilities. Another example, which would fit entirely within the 

framework described earlier, would be the use of multiple improvisers to iterate 

upon material in turn, rather than the entire process being undertaken by the same 

improviser. A different extension of the idea, one which I have begun exploring 

since completing this portfolio, is the use of computer-aided improvisation. By 

creating algorithmic tools which can ‘improvise’ alongside my own playing, within 

certain defined rules and conditions, the quantity and variety of improvised material 

can be expanded greatly. Finally, combined with compressibility, this technique is 

robust enough to turn material generated in such a manner into completed 

compositions, in much the same way as I have done with completely human-

created improvisation; these concepts continue to present a productive pathway 

for my future compositional activity. 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7. Appendices 

7.1 Digital Evaluation of Compressibility 

As discussed previously, compressibility arcs are best viewed as summaries or 

guidelines laid out in advance of composition, and not precise descriptions of 

completed compositions. While finished pieces do of course relate strongly to their 

compressibility arcs, it is worth carrying out a more formal, computer-aided analysis 

in order to observe how significant this correlation is in somewhat more objective 

terms.


Corrán Binne, whose pitch compressibility arc is the continuously declining slope 

shown in figure C6, is a useful subject for such an analysis. As mentioned in section 

3.2, the concept of compressibility is modelled after Kolmogorov Complexity, and 

ideas relating to information compressibility. Given the decreasing pitch 

compressibility of Corrán Binne, it follows that the amount of information required 

to represent the pitch content of the piece should increase as the piece progresses.


To establish whether this is indeed the case, Corrán Binne was divided into three 

equal sections of 34 bars. Subsequently, all of the non-pitch ‘information’ was 

discarded, essentially reducing each section to an ordered list of the pitches it 

comprises. Finally, each of these sections was compressed using the LZ77 

compression algorithm. Crucially, this algorithm is used to reduce the space taken 

up by an arbitrary set of data by finding repeated patterns within the data, and 

using shorter markers to more efficiently represent this redundant information.  In 49

other words, much like the examples discussed in section 3.2, the more often 

similar patterns recur within a set of data, the greater the size reduction that can be 

achieved. It can be expected, thus, that as the diversity of pitch information 

increases over the duration of Corrán Binne, and the level of pattern recurrence 

 Antaeus Feldspar, “An explanation of the Deflate algorithm.” Retrieved 10 Feb 2019, from 49

https://www.zlib.net/feldspar.html.
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falls, the extent to which it can be compressed (i.e. its compressibility) will reduce. 

The compressibility of each section of the piece can then be given an objective 

value by comparing the size of the uncompressed data with the compressed data. 

While these three sections do not correlate with any specific musical divisions in 

the piece, given its intention of constantly reducing compressibility, it follows that 

any arbitrary section should be more compressible than that which follows it.


The results of this analysis are specified in the table below:


The first section of the piece is reduced in size by 40.16% using the above 

technique, the middle section by a considerably lower 24.81%, and the final 

section is reduced by only 19.89%. Thus, there is a clear trend in the expected 

direction of reducing compressibility over time, in line with the compressibility arc 

set out in advance of writing the composition.


7.2 Metronome Device 

In order to facilitate the simultaneous use of multiple, variable tempi in Different 

Base, as described in section 3.7, four metronome devices were created. Each 

player in the string quartet is given one of these metronomes, which they can follow 

in order to perform the movement.


These devices are based upon miniature Arduino micro-controllers, programmed to 

pulse a red LED light at a varying rate corresponding with the tempo markings in 

the score. Additionally, the devices used a green LED light to convey additional 

information to the performer; the green LED pulses for 8 beats at the beginning of 

Bar range Uncompressed Size (bytes) Compressed Size (bytes) Reduction

1-34 381 228 40.16%

35-68 387 291 24.81%

69-102 714 572 19.89%
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the movement to cue the player, and lights four beats in advance of tempo changes 

in order to warn the performer of the upcoming change. The device also contains a 

button, which all of the players may press simultaneously in order to synchronise 

the devices.


The small size of the device allows it to be clipped onto a music stand, or score, in 

order to be easily visible during performance. Lights are used to cue the players 

instead of sounds to allow for an unobtrusive yet clear indicator, that does not 

impact on the ability of each player to listen to one another, and which is not readily 

apparent to listeners.


The code which runs on these devices is included below:


// Arduino Metronome v1.0 
// Copyright 2017, Stephen Coyle 

// NOTE - signposts not numbers of beats, they are points 
along the TOTAL count 

int counter = 0; 

// Un-comment the required instrument 

// Vln1 
// int signPosts[] = {120, 264}; 
// int tempi[] = {60, 72}; 
// int signPostCount = 2; 

// Vln2 
// int signPosts[] = {20, 119, 192, 240}; 
// int tempi[] = {60, 61, 56, 64}; 
// int signPostCount = 4; 

// Vla 
// int signPosts[] = {15, 119, 181, 261}; 
// int tempi[] = {60, 68, 66, 62}; 
// int signPostCount = 4; 

//// Vcl 
int signPosts[] = {120, 228}; 
int tempi[] = {60, 54}; 
int signPostCount = 2; 
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int maxCount = signPosts[signPostCount-1]; 

int lightPin = 10; 
int changeLight = 9; 
int currentSignPost = 0; 

int waitTime = 15; 
int maxBrightness = 30; 
int maxGreenBrightness = 15; 
int multiplier = 8; 
bool fadeOut = false; 

int getTempo() { 
  for (int i = 0; i < sizeof(signPosts); i++) { 
    if (counter < signPosts[i]) { 
      currentSignPost = i; 
      return tempi[i]; 
    } 
  } 
} 

void setWarningLight() { 
    int countdown = signPosts[currentSignPost] - counter; 

    if (countdown < 5 && !fadeOut) { 
      analogWrite(changeLight, maxGreenBrightness); 
      fadeOut = true; 
    } 

    else if ((countdown == 0 || countdown == 98) && fadeOut) { 
      digitalWrite(changeLight, LOW); 
      fadeOut = false; 
    } 
} 

int calculateDelay() { 
  int tempo = getTempo(); 
  return (60000 / tempo) - waitTime;    
} 

void greenLight() { 
  analogWrite(changeLight, maxGreenBrightness); 
  delay(waitTime); 
  digitalWrite(changeLight, LOW); 
} 

void setup() { 
  pinMode(lightPin, OUTPUT); 
  pinMode(changeLight, OUTPUT); 

  analogWrite(changeLight, maxGreenBrightness); 
  delay(4000); 
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  digitalWrite(changeLight, LOW); 
  delay(1000); 

  for (int i = 0; i < 8; i++) { 
    greenLight(); 
    delay(60000/tempi[0] - waitTime); 
  } 

} 

void loop() { 

  setWarningLight(); 
  analogWrite(lightPin, 255); 
  delay(waitTime); 
  digitalWrite(lightPin, LOW); 
  delay(calculateDelay()); 
  counter++; 

  if (counter == maxCount) { 
    counter = 0; 
  } 

} 

// END


