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Abstract

This project is situated in and takes current orchestral polytemporal praxis as its starting point
and context. It seeks to expand independent simultaneous polytemporal activity to every
instrumental voice in the orchestra using-felfrowed temporally uelated heterogeneous
materials while preserving the highest possible levels of structural integrity in performance.
With no models to adopt in the literature that unambiguously supported my compositional
aims, | developed a new composition and performapgeoach called timecodmipported
polytemporal composition. This thesis explains what timesaggorted polytemporal music
is, how it functions, how it is built, and through a portfolio of newly composed and
performed pieces, examines to what exterst #pproach has fulfilled its compositional aims.
Although timecodesupported polytemporal orchestral music fully determines structure,
rhythm, pitch and expression through notation, it does not use conductorstadick or

scores for performance orgaai®n. Instead, players and their materials are decoupled from
each other and their actions coordinated by readinggpatredded timecode continually
referenced to the rolling timecode found on orcheside loosely synchronised mobile

phone stopwatchesitl players adjusting their tempos as required throughout performance
so that both align. This approach to performance introduces fjaperated temporal
indeterminacy where many players interpreting their respective tempos simultaneously
creates cumulate degrees of misalignment between their materials when compared to
concomitant material relationships fixed within comptgenerated composition models.
Temporal indeterminacy along with the uncertainties it generates is an anticipated and
welcomed outome of this methodology. Nevertheledsstproject tests the efficacy of
playermediated timecode frameworks to limibie discrepancieand uncertaintieby
confiningthemwithin local detail, so they do naiffectglobal architectural integrityThe

degree to which this confinement is successful is gauged throagmparsonbetweerlive
andcomputergeneratecudiorecordings Criteria for success are subjective and built around
the impression of similarity betwedine twowhere the greater the coideince, the more

successful the performance is perceived to be. This view along with its definitions and

rationale are examined and reflected in the



range of setbacks including thmpacts of the SARE0V-2 pandemic, it has been possible

to secure performances tlitlgmonstrate and where necessary, extrapolate sgalezbsults

that show how the outcomes of this research project have met, and in some regards, exceeded
my expectations and compositional airisr composers, such a polytemporal expansion

offers new and extended composition and performance opportunities where the use of
heterogeneous materials and combinations of any simultaneous tempos become practical in
the field of spatial and remote polyptporal performance as well as situated orchestral
compositions of any scale or pieces exploring the movement between simultaneously
synchronised and asynchronous or loosely synchronised materials where degrees of control

over compositional structure andtoomes are important.
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1. Introduction

I mustCreateaSystemorbee n s | by an6étlieMa n bvéll. notReasor& Comparemy
businesss to Create.

William Blaké*

1.1.1 Context

As achild, longbeforel begancomposing) hadimaginedbeingableto construcirchestral
musicthatwasmadeup of manydifferentstreamsf simultaneousctivity, atemporal
polyphonyrich with multiple instrumentaloices all independendf oneanothetbutbehaving
asoneentity, like ahugearchitecturatonstructiorin sound. initially conceptualisethese
phenomena my visualimaginationasa murmurationof starlingswith behaviouthatwas

fluid, morphing,unpredictablereactionarycomplex,capriciousandmesmerising.

Simultaneouslyandasaconsequencef thevisual,| alsoconceptualisetheactions
andrelationshipf thesebirdsd thesed ¢ o r g anrda tved cdass@hdgagif | were
perceivinginterpretingandmappingtheir movementsandpositionsin spaceo createa
musicalequivalenty spontaneouslyespondingo, andperformingfrom, the scoretheir
configurationssuggesteda scorethatwasin perpetuamotionandflux. At the time, | did not
have the language to describe this music. Now, as an adultiderdify those childhood
memories as polytemporal music that comprises musical materials moving at simultaneously
different speeds. Decades later and still beguiled and excited by the memory of those sounds, |
wanted to create orchestral music that mirldies variety of behaviours contained within
those imagined polytemporal collectives where each instrumental voice would inhabit an
independent temporal trajectory simultaneously with every other voice and its autonomous

temporality.

1.1.2 Determinate Outcomes

As a composer who created perceptually complex, dense and hyperactive works, | was initially
drawn to investigate the scores of other polytemporal and polymetric compositions that reflected
a similar aesthetic to my own to see how those composgperead and organised players and

notation to determine performance outcomes.

L william Blake,JerusalemTheEmancipatiorof the Giant Albion, ed.MortonD. PaleyB | a k e 0 s
llluminatedBooks,1 (PrincetonNJ: PrincetonUniversity Press1991),p. 144.



works that unfolded their narratives through dense polyphony articulated using material moving
at what sounded | i ke simultaneous| LaTdredstf er en
un Homme(19761979)a n d  C daridtiensfar Orchestra(1955)for example, discussed in

the literature review, featured heavily in my thinking.

To realise my murmuration of starlings metaphor as sound within my particular
aesthetic, | needed to be able to support the possibility of simultaneous, differentiated,
polytemporal activity amongll instruments of a large orchestra, a temporal functityraobt
apparent in any of the works | had investigated before this project began, including the
orchestral works of Carter or Ferneyhough, in which polytemporal relationships were generally
confined to various groups of players or hierarchically organemgoral materials but never to
all players simultaneously. As discussed in the literature review, Ferneyhough and Carter, for
example, frequently employed complex rhythmic notation in their conducted, synchronised
scorebased orchestral works to diffeterte between the distinctive temporal nature of
materials. In those pieces, both composers determined nearly every aspect of instrumentation,

pitch, rhythm, technique, expression and tempo through notation.

Notwithstanding the inherent indeterminaciesgent in all performance contingent upon
the variabilities of player interpretation, expression, cognitive, emotional and technical abilities,
the rendition of this determinate notation generated equally specified, repeatable, determinate
performance outames. In using the term determinate outcomes, | am referring particularly to
performance outcomes that reflect the structural, rhythmic, pitch and expressive components of
a piece as determined by the composer in notation being reproduced by the panfgtrolera
way that the relationships between those elements are preserved in performance. This concept of
determinate performance outcomes incorporates and anticipates the flexibilities around the
nuances and indeterminacy of human interpretation mentalm@ce that influence precisely

what is heard.

1.1.3 Potential Challenges

The connection | observed between determinate complex rhythmic notation, perceptually dense
polyphonic sound worlds and determinate performance outcomes in the Caff@riaeyghough

was appealing but it presented me with a dilemma should | adopt that model to move forward.
On the one hand, | wanted to greatly expand simultaneous independent polytemporal activity

beyond the parameters already seen while maintaining sgrdedérministic, perceptually



dense performance outcomes as the aims of this project, yet, on the other hand, taking the view
that rhythmic notation, particularly in the Ferneyhough, was already complex enough, had
concerns any further temporal expamswithin those scorbased formats could make rhythmic

notation even more complex as a consequence of additional differentiation.

Those concerns were further amplified owing to a likely incompatibility between my
established practice of using sbirroved notation materials to build compositions and how
those materials could be assimilated within synchronised-besed formats. My intention
was, if at all possible, to use sélbrrowed materials to expand independent simultaneous
temporal trajectorie® all instruments of the orchestra. However, | was aware that any attempt
to do so within a synchronised score format in which meter and tempo were globally organised
throughout would involve notationally determined elements such as structure and irfythm
selfborrowed materials undergoing a process of notational addptieiormattingd that
reflected calculations to preserve proportional relationships, particularly concerning tempo,
between those materials and any synchronised scores they wereddrmiait In all cases and
despite their different notationally signified appearances, reformatted notations would have to
have the same perceived pulse tempo and sense of metric organisation when performed as their
concomi t an fformated) mataals regarfless of the score format, meter and tempo
they had been reformatted into. Before describing notational reformatting in greater detail, it is
useful to briefly outline what pulse tempo are and how they relate to polymetric and

polytemporal music.

1.1.4 Pulse and Meter

Pulse can be thought of as beats of equal strength that occur regularly akin totihektatka
metronome or clock although pulses can also occur at irregular intenalgseel, p. 5.

Metrical elements such as pulses or beats and their subdivisions are not strictly speaking sonic
elements. They have no intrinsic sound unless marked for attention by the composer or

per former and may be O6feltdéd rather than heard

A meter is created when pulses are perceived as being in or grouped together into
patterns. Within tbse patterns, some beats may feel stronger than others or be accented for
attention. These pulses and grmgs are hierarchically organised into metric levels comprised
of temporal patterns or meters perceived or felt by listeners, performers, conductors and

composers when listening to, playing or conceptually imagining music.



Figurel. Hierarchically organised metric levels
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As shown inFigurel, metrical patterns are organised around the beat level which carries

the tempd the pulse tempo for the listener; below this, the subdivision levels],, &2, S3,

etc., organissuccessively smaller divisions of the beat, and above the beat level, the grouping

levels, G1, G2, etc., organise metric materials with fewer elements and successively longer

timescales. Beat level pulses are categorised through subdivisions, comnmglpups and

multiples of twos or threes but other grouping patterns are also possible across all subdivision

and grouping levels. With the patterns within these hierarchical levels occurring at different

rates, with varied accents and differing actilityels, each is perceived as operating faster or

slower than the other.

1.1.5 Pulse Tempo and Polymeter

In his 2011 dissertatoR o | y met er

JacobRundall describes polymeter@asmu s i ¢
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2 JacokD.Rundall,6 P o | y DisamlsguationClassificationandAnalyticalT e ¢ h n (ugpuhdished
doctoralthesis Universityof lllinois atUrbanaChampaign2011)<http://hdl.handle.net/2142/24474>

[accesse@4 July 2018]p. 40.
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that involves the simultaneous existence of two or more separate rhythmic streams that give rise

to multiple metrical structures that are not fully coincident

Figure2, p. 6,shows howpolyphonic polymeter manifests as either explicit polymeter
where polymeter is expressed through the notationdgfpendent meters, using time signatures
and/or independent barlines, and implicit polymeter where polymeter does not involve the
notation of independent metérin both examples, despite the differing time signatures present
in explicit polymeter, almeters are related to the sixteentite subdivision meaning that
although there is metrical disagreement on the beat level, coincidence is found on subdivision
level S2. It is useful to note that polymeter is not only defined through notationFagure?2, it

can also be identified through listening alone.

Figure2. Explicit andimplicit polymeter

Explicit polymeter
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As mentioned, pulse is often perceived as the musical beat, tactus or referent level of a
piece of music and carries with it the sense of speed for the liskegeare3, p. 7,showseleven
different notational representations of exactly the same pulse tempo at thevbkat accented
atS-1 or S2 subdivisiorlevels, all indicated through voice one. In this example, each pulse
occurs at exactly one second duration from the next. These metrical elements have no duration
in and of themselves, instead, the distance between them is measured as interonset intervals
(I01) usingmilliseconds Figure3, the onesecond elapsed time between one pulse and the next
is equivalent to 1000 ms. For differing IQlgor example, 300 ms, 40ms, 700 ms, values may
also be indicated as proportional relationships of 3:4:7. 10Is are determined by the prevailing
speed of the music often indicated by metronome markings, text indicating tempo, the interval
between accented elements or notes mafideedttention in some way that themselves denote
metric patterns and carry with them a sense of pulse, or combinations of all of these. When
metrical elements are separated byshme 10l intervals, as in the examples illustrated here,

3bid, p. 41.
4 bid, p. 43.



they areknownasisochronous patterns. When metrical elements have irregular 10ls, the

patterns are known as nasochronous.

Figure3. Pulse tempo
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To the listener hearing only the upper voice,abeented or unaccentpdlse tempo of
examples 1 through to 14 Figure3, will be perceived as being identical because the 101 of
each annotation is isochronous and of the same value in milliseconds. However, to the musician
interpreting those notations, each regsithe generation of a different internal metrical structure
owing to the combination of tempo and prevailing time signature (these metrical structures are
indicated by voice two). If the pulse tempo coincides with the metrical framework generated by
thetime signature as in examples 1 through to 4, the beat level of the bar will be audible to the
listener. If not, as in examples 5 through to 11, the time signature meter will remain conceptual
and only felt by the performer but inaudible to the listendhn anly the pulse tempo being
heard. Metrical patterns and their audibility may move freely between those two conditions
depending upon the metrical status of a given composition. In examples 6 to 11, where pulse
tempi do not coincide or only coincideosca onal |y with the bardéds wund
organisation, performers will place their materials along those timelines at positions often not

coincident with the underlying conceptual meter.

With voices one and two notationally signifying two metric pattermexisting

simultaneously and conflicting within and across the same bar(s) of music, examples 6 to 11



illustrate polymeter. If the time signature generated meter and pulse tempo meters in these
examples were sounded simultaneously piblgmetric conflict between their metric patterns
and the speeds at which they occur would be audible to the listener. These conflicts are

described as implicit polyphonic polymeter.

1.1.6 Polymeter, Polytactus and Polytempo: Definitions

In his 1987 bookStructural Functions in MusjdNallace Berry describes two aspects of tempo:
activity tempo, that indicates O0the eventful
continuity and flow are filled with articulate impulses orrelatedsdesac) 6 and pul se t
frequency of pulsation at some given | evel 0 |
underlying, at times regularly recurrent uni i
divisions felt at some specified leviethe basis for counting, or conducting, and for metronomic

i ndi c aRurther toslsed Rundall identifiesne otheaspect of tempo, distinct from

activity tempo and pulse tempo he calls notatoe mpo t hat refers to Ot he
specific absolute time value to a specific musical note value. Not&topo is involved

implicitly in metronome markings. Rundatiases that notatiectempo and pulse tempo are not

equivalent concepts. d

Ontheonehand polytempais oftenusedto describgpolymeterthatinvolvesB levels[the beat,
tactusor referentievel] thatarenotfully coincidenfwherepolymeteris limited to meterto-
meterrelationships]Onthe otherhand polytempomayreferto the useof independentiyotated
tempogi.e.,theindependenassignmenof realtemporalaluesto specificmusicaldurations).
In agreatmanycasesmusicthatis calledpolytempicinvolvesbothof thesesituationdRundall
suggestd a n ¢ a rStudiesfd@r BlayerPiano,ncludingno.19,31,35and36for example].
[...]- As such,| proposeadistinctionin terminology.Thefirst cas® whichinvolvesB levelsthat
arenotfully coincidentandthusinvolvesindependenpulsetempo® will bereferredto as
polytactugad). polytactic).In contrastthesecondtas® whichinvolvestheindependent
assignmenof realtemporalaluesto specificmusicaldurationsandthusinvolvesthe
independentiseof notationrtempd shouldcontinueto becalledpolytempo(adi. polytempic).
[T]hesearein factindependentonceptsandalsoindependentompositionapractices.

This distinctionillustrated inFigure4, p. 9, shows the difference between polytactic and
polytemporal annotated approaches where identical materials are orgarmsedlifierent
ways. First, grouping Al, B1 and C1 represent independent pulse tempo materials synchronised

into a polytactic score governed by a single global tempo and, in this example, identical bar

5> WallaceBerry, Structural functions in musi¢New York, NY: Dover Publicationd,987), p. 305.
6 Rundall,p. 26.
" Ibid, pp.59i 60.



structures where meters are not fully coincident; and second, below that, a polytemporal
organisation of the same materials where A, B and C, clearly show differentiated metronome
markings governing the tempo of each material layer annotated proportion@lgtion to one

another where meters on the beat level are not coincident due to the use of independent tempo.

As shown in this purely polytactic construction, independent layers of material with their
own pulse tempo are governed by only one sigdifnetronome mark at any one time. The
speed at which each pulse tempo operates is implicitly expressed through notation and would
have to be extrapolated in relation to the given global metronome mark to be known. It is the
time signature generated mefpiattern driven by the global tempo that the conductor beats.
Using this beat, players would have to calculate how their own pulse tempo operated when set
against the metrical structure laid down by the conductor. By contrast, the polytemporal
example bela explicitly states the simultaneous speed of each voice through assigned
metronome markings indicating a clear relationship between specific note values and their
specific musical durations for each line of music independently. Here, despisional
payrhythms, the time signatttge ner at ed meter is frequently
pulse tempo. An extract such as this may be performed using synchronised click tracks or

conductors assigned to each player and synchronised to each other in yome wa

Figure4. Polytactic and polytemporal notational presentations
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From the | istenerso6 perspective, both app!
experiences. However, conceptually, compositionally and frometepective of performance
and despite both showing non fully coincident meters between all voices, the two annotations

represent very different concepts and approaches to polymeter.

Before moving on, it is useful to note that the movement and material divisions in
various compositions between what could be defined as polymetric, polytactic and polytemporal
is often fluid. Polytemporal and polytactic music will frequently involve paienand
polytemporal music comprise polytactic materials. Definitions concerning polymeter, polytactic
and polytempo are also often confused and vague. Using the definitions given by Rundall and
adopting those throughout this thesis, the coexistencelyhptric conditions in relation to a

range of compositions is further discussed in the literature review.

1.1.7 Notational Reformatting

Figure5. Polyemporaland polyacticscore organisation
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Having outlined whapulse tempo, polymetric, polytemporal and polytactic music are,
the implications of maintaining identical pulse tempo speeds between native and reformatted

sel-borrowed material annotations and the notational and performance challenges associated
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with these actions can be explained. To illustrate notational reformatmge5, p. 10, looks

at materials seen previously kigure4, through a different lens to show a selection of-self
borrowed material fragments. Two sets of materials are shown. First, natibeseilved
annotations, marked A, B, C, each showing their differentiated tempo and meters. Below those
materials, a score@here concomitant materials, now notationally adapted into the new score
format are labelled Al, B1 and C1. Those materials have undergone the necessary adaptions so
that metric and rhythmic notational organisation is reformatted to fit the new tempceterdom

that particular score format. For illustrative purposes, ali@aniscore example with a tempo of
sixty beats per minute (BPM) and a meter of 2/4 have been chosen as the host format. Tempo
ratios between native and reformatted annotations indhisat are signified as A (50 BPM) to

Al (60 BPM) = 5:6; B (105 BPM) to B1 (60 BPM) = 4:7; and C (75 BPM) to C1 (60 BPM) =
4:5.

Materials, A, B, and @ould be reformatted into scores presenting any number of time
signature and tempo combinations. Howewering to altered metric and temporal parameters,
new calculations would be required to establish other ratios that in turn would generate different
notational outcomes to those shown here. In all permutations, the 10Is of all metric materials

would needd remain unchanged between native and reformatted versions.

1.1.8 Increased Notated Rhythmic Complexity

As can be seemiFigureb, particularly regarding notational changes from B to B1 and C to C1,
reformatting obscures the clarity and shape of native rhythmic and metric configurations making
reformatted notations appedaythmically more complex than their native counterparts when

both are compared. Given sélbrrowed materials with more complex rhythmic configurations

and tempo relationships that in terms of ratio would be considerably more distant from the given
temm and polytactic score format illustrated here, reformatting from native material annotations
to imported expressions would require the use of multiple nested tuplets and increasingly
complex rhythmic organisation to notationally signify identical pulsgteand IOls between

all metric levels of those materials within any new polytactic format in which they were

presented.

Although feasiblenotationally | felt that polytactic orchestral works created using this

method of assimilatingeterogeneous sdborrowed materials into synchronised score formats
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would generate impractical and unacceptable levels of complex rhythmic notation for orchestral
players to mediate. Within the scale of orchestral works | envisaged, temporal sultdes
expanded to more than ninety differentiated simultaneous trajectories making the prospect of
such extensive notational calculations and reformatting unwelcome and impractical. It remained
my aim to achieve the most structurally determinate perfocemautcomes possible using the

simplest notational means available.

1.1.9 Re-Evaluating Asynchronous Compositions: A way Forward?

Keen to avoid polytactic synchronised score formats for the reasons stated and unwilling to
abandon my selborrowing pradgte and in the light of finding no other existing compositional
approach that unambiguously supported my compositional aims thPoDglfining the

Territory: A LiteratureReview | revisited a type of polytemporal ensemble composition | had
written prior to this investigation in an attempt to find a possible solution. Called asynchronous
pieces, these earlier works had, with some degree of success, uderegled materials

within polytemporal constructions in their native expressions, that is, without the need for any
fundamental notational adaptation. Those pieces involved small numbers of players who
performed independently from parts alone where instrumentation, rhyttom, teitnpo,

structure and expression were all determined through notation, were decoupled from each other
and not annotated into scores, had no conductors or click tracks for performance organisation
and where the instantiated structure of a piecerelieden el y upon each pl aye.]

of tempo indications.

Despite determinate notation, imprecise interpretations of exact tempi significations in
those pieces resulted in sometimes extreme flexibility around what material would occur when
and inrelation to which other materials. Inevitably, such actions resulted in the production of
unpredictable structures. It became clear that relying upon a sense of precise tempi generated by
a number of musicians playing at simultaneously different speedsuvia conductor or click
track to guide them was an unreasonable expectation and an unreliable approach for a composer
looking for more stable outcomes in performance as it introduced significant levels of player
generated structural indeterminacy. Nelelgss, | believed this form of composition and in
particular, the use of decoupled parts built from-belirowed materials, held the key for
potential temporal expansion into largeale polytemporal orchestral constructions using far

more straightforwat processes than previously discussed.
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However, to extend independent simultaneous polytemporal identities to all orchestral
instrumentalists and crucially, guarantee a high degree of structural determination in
performance, it was necessarydtvise a means to support players in rendering their notated
tempi in relation to beats per minute measured through precisetsiuekalues rather than
their subjective sense of speed as evidenced in the performance outcomes of my asynchronous
polytempoal pieces. | assumed that the incorporation of a framework that enabled an ongoing
verification of performersodé playing speeds, ¢
would, in turn, go some considerable way to stabilising rendered compositinicalisgs as
players could be supported in knowing when and where to render the required materials along

the timeline of a piece.

1.1.10 The Introduction of Timecode and Stopwatches

With those thoughts in mind, | conceived of a methodology that opersitegl aisystem of

organisation that somewhat flexibly held instrumentalists and structure together using timecode,
that is, minutes and seconds printed above every or intermittent bars in all instrumental parts

that mark the passage of time throughout ieeg Read in conjunction with the rolling

ti mecode di spl ayed -wideloesalshnchpohiseg mobile phoner c he st r :
stopwatches, players could mediate their performances so that both timecodes approximately
match up throughout the performantais system would potentially enable players to know

exactly where they were, where they should be and what they should be doing at any given point
along the timeline of the composition. It could provide a temporal framework that helped

players verify thespeeds at which they were performing and adjust their tempo accordingly.

With this realisation, | believed | now had the theoretical basis to develop a new
approach to polytemporal orchestral composition that would fulfil my compositional aims. It is
thedevelopment of this approach, called timecedpported polytemporal music, and the
testing of its ambitions and efficacy through the performance of newly created timecode

supported polytemporal orchestral pieces that is the focus of this project.

It wasclear to me that adopting this methodology would decouple players from each
other, from global or group tempo control and remove the need to synchronise and annotate
notation in a score. It seemed that in using timecode and stopwatches in this wasngrerésr

could be rendered from parts in which instrumentation, rhythm, pitch, tempo, structure and
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expression was fully determined but where, rather than using one or several conductors to
manage performances, timecode frameworks could provide players with the tools to navigate
polytemporal compositional structures with confidence and a high degreaaiisal

reproducibility themselves. Using this methodology, in theory at least, it appeared possible that

the type of performance outcomes and temporal expansion | wanted would be achievable.

1.1.11 Temporal Indeterminacy

However, the combined effect of performance through parts alone, global desynchronisation of
the orchestra and the newly introduced temporal individualism of players due to decoupling
parts from one another and a rmleiopedormarse nowe | |
being redundant would potentially lead to significant implications for orchestral performance
practice and performance outcomes. One of these implications, central to the sonic
manifestation of timecodsupported polytemporal perfoanced what the music sounds like

0 would be the generation and management of sonic flux.

| describe sonic flux as playeroduced temporal indeterminacy specifically related to
tempo interpretation that has implications for how elements | have de¢ermimotation as the
composer, such as structure, pitch, rhythm and expression, are instantiated as sound in relation
to one another along the timeline of a piece by the performer. Sonic flux occurs within
timecodesupported polytemporal music owing t@tabsence of a conductor or conductors,
click tracks, or any sense of unifying or referential pulse between players and where those
performers instead approximate, to a certain degree, the speed of performance their tempo
indications specify. Owing to trection of players responding to timecode frameworks, levels of
temporal indeterminacy should be confined to and affect only local (bar to bar) detail rather than
global structural elements. Nevertheless, such actions and their inherent indeterminacy would
result in the exact vertical alignments of pitches and their associated rhythms organised, fixed
and determined in my compositional computer models being impossible to reproduce precisely
in performance. As such, each rendition would be iterative in sl @ad the confined
differences between these outcomes brought about through player actions render performances

with similar identities but never exactly fixed identitfes.

8As should be clear from the definition | give of
of the same phrase in his book of the same nautnieh, as its subtitle indicates is more concerned with sound,
art, and metaphysics (Chicago, IL: University of Chicago Press, 2018).

6s



15

1.1.12 Defining Near-Determinate Outcomes

| called these flexible ut comes rendered from et kymdetéermi
the first instance, to distinguish the limited effects of playanerated temporal indeterminacy

confined within timecode frameworks on the structural integrity of a piece fromfotings of

less confined performance indeterminacy generated by player actions when responding to music
notation that does not determine in full, all or any elements such as instrumentation, pitch,

rhythm, expression, tempo or structure; but more partigyiarthe second instance, where the

word oO6near 6 refers to the anticipated degree
recording of a live performance and to use a visual analogy, its slightly out of focus sonic image,
with its concomitans t r uct ur al ly fi xed compositi-onal mo d
generated sonicimag&.l t hough tempor al indeterminacy and
engenders are an anticipated and welcomed outcome of this compositional appneach, w

aimed for here is a blurred but recognisable resemblance rather than an image distorted beyond
recognition. &wxlewgnlsabletobe dodel d6s audi o out put

performance outcomes are perceived to be is discussely short

1.1.13 Quid Pro Quo

The production of sonic flux would introduce a type of structural flexibility into timecode
supported polytemporal compositions not found in the more structurally stable performance
outcomes of the Carter and Ferneyhough prewomsntioned. | saw the loss of conductors,

scores and the consequent incorporation of temporal indeterminacy as a necessary quid pro quo
to facilitate the incorporation of temporally distinct, heterogeneouseaibwed materials into

new polytemporal copositions that could then be used to expand simultaneous temporal
independence to every instrument of the orchestra and maintaideteaminate performance
outcomes without having to effect extensive notational modifications to those materials as

would ke the case if appropriated into polytactic score formats. In avoiding those formats
altogether, | could conceive of a straightforward, simple and practical means to achieve my

polytemporal compositional aims within my established practice usingpeethiwed materials.

As a composer primarily interested in controlling performance outcomes through
determinate notation, the decision to embrace the structural implications of temporal

indeterminacy did not come easily. Despite the ameliorating actions ofplagmaging sonic
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flux through timecode frameworks, the removal of precise synchronisation throughout the
orchestra and the newly afforded temporal independence of each player heralded a significant

change to the operation of the orchestra.

1.1.14 Still an Orchestra?

Where players formally functioned as synchronised bodies, often playsudpdivided or tutti

rhythmic unison and instrumental doublings, communicating with each other in the most subtle

of ways and often performing with and through the direction of a conductor to produce

cohesive, finely honed, repeatable bodies of sound frelguealised through determinate

notated scores, orchestral players were now required to perform as a collective of decoupled
individual soloists operating in what could be perceived as musical, communicative and

temporal isolation from one another with scores or conductors to guide them. These new
parameters appeared so distant when compared to standard synchronised orchestral operation
that the word O6orchestrad may f eel i nappropr i

musicians functioning in teimanner.

| take the view that a large collection of musicians identifying as an orchestra who come
together to perform music designated as orchestral by a composer with the intention to render
that music as an orchestra, despite the mode of deliveiyessd functionalities required to
achieve this, is operating as an orchegstedso take the view th#te music they produce is, by

virtue of this activity and intentionality, orchestral music.

There are undoubtedly a host of questions that merittige¢gien around how timecoee
supported polytemporal music performance practice affects communication, functionality, and
the social and political structures of the orchestra (a few of these aspects are briefly touched
uponin 3.6 Reflective Text Though interesting and legitimate areas of inquiry and ones | hope
others may pursue in time, the scope of this investigation does not extend to such matters.
Instead, | have prioritised examation of the orchestral performance outcomes themselves in
relation to the research questions and treated the orchestra as a performance medium through
which compositions are rendered rather than the object of study itself. As such, there are no

player nterviews or ethnographic perspectives to this inquiry.
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1.1.15 The Research Questions

Having established the parameters of the investigation, it was now necessary to test my
assumptions around how this polytemporal compositional approach fuogtibn in practice

through orchestral performance. To ascertain this, | first devised research questions that asked

1. How do | know if timecodesupported polytemporal music succeeds in producing near
determinate performance results and how is succesedeind measured?

2. Which timecode frameworks best support rgaterminate performance outcomes?

And second, | composed a range of timeesdgported polytemporal orchestral pieces
that would enable me to answer these questions through an examinatiein pétformance

outcomes

1.1.16 What is Being Tested?

To achieve thisl created artefac five timecodesupported polytemporal orchestral

compositions and a selection of timecexlgported polytemporal ensemble pieces. Although
pieces of music in thieown right with a life beyond this investigation, | refer to these orchestral
compositipinsceasd Otte@sitdenti fy their function
specifically test the capacity of this approach to support all orchestral pberéssm with
simultaneously independent speeds using decoupled parts, critically, so thdeteearinate
performance outcomes are achieved. To ascertain how near to structurally determinate near
determinate live performance outcomes are, recordinggeopérformance renditions will be
compared to the fixed, fully determinate computer model renditions of the same pieces and the
differences between the two examined. In this way, live performance recordings would be tested

against their computageneratedounterparts for structural accuracy.

1.1.17 How Near to Determinate are Near-Determinate Outcomes?

Initially, this examination would begin through listening to and experiencing thpiezss for

the first time as live performancesrehearsals unfolded. Impressions were formed through an
ongoing process of comparing my memories of compyge@erated composition model

playback along with any conceptual mapping of the piece formed in my imagination to the live
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performance outcomes as they unfolded. Without a score to reference, comparing these
compositional conditions likéor-like with any degree of accuracy was challenging and
unreliable but did leave an initial impression of how similar or not | felt theatere. Later
inspection of the recorded matter of both provided opportunity for more thorough analysis.
Here, close listening would reveal degrees of tsiederminacy through a comparison between
the computegenerated composition model and live performaecerdings when their

timelines were aligned in software and their rendered matter compared. Using this method,
described fullym 3.1.2How do | know if timecodesupported polytemporal music succeeds in
producing neadeterminate performance results and how is success defined and me#sured?
would be possible to approximately measure, as it were, by ear, the proximity of identical
notatiorally determined sonic events to one another where the smaller the amount of perceived
elapsed time between events as observed individually and across the timeline of a piece, the

more acceptable and nedgterminate | felt the performance was.

Although asubjective, arbitrary cenff point and using the example of the 2015
timecodesupported ensemble pieskapeshifterdiscussedi3.1.2How do | know if timecode
supported polytemporal music succeeds in producingdetarminate performance results and
how is success defined and measumsian example of ideal nedeterminate outcomes, | have
definedeardeterminatéas inhabitinga maimum time differentialof between #0i 2
seconds as assessed between key sonic events in live performance recordings when compared to
their fixed computer model recording. Using this parameter andegl across a range of pieces
similarly compared, | hoped to be able to conclude how successful or otherwise | felt the
methodology was in meeting my compositional ambitions. It was the result of these
performance tests and the reflections and conclusions drawn from them that would provide

answes to the research questions.

1.1.18 Subjectivity

To be clear, conc.epdsn s g tadsddoarenpedopaidaebdl e 06
outcomesused throughout this commentary represent personal, wholly subjective wétlual
performance tests carried out as part efitigquiry undertaken within this subjective framework.
Such values evolved as part of the process of ascertaining whether ¢denposition and its
performance to have succeeded or failed in relation to the conceptual expectations | held for it.

However, as | wasurious to probe a little deeper into why a performance may have felt more or
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less successful than any othlemndertook to informally measure the comparative differences in

seconds between occurrences of identical key sonic features in both the live and computerised
manifestations of the pieces to arrive at an approximate time value describing how notationally
determined elements such as rhythm, vertical pitch alignments and architectural structure were

situated temporally throughout the compositions when compared.

As estimated values arrived at through listening, differentials were still situated as
subjectiveinquiry. However, despite their approximated nature, the results did help focus my
understandingf why a performance felt similar, nedeterminate or more or less acceptable to
any other, at least concerning estimated comparative temporal differentiation in seconds, and at
the same timgrovided a means through which | could communicate those swigjeetiues to
others in more quantifiable terms. | considered communicating this information important, fist,
to bring a somewhat more quantitive value to the subjectivity of my research results that without
such reference would state only that performaecest her di d or did not oOw
indicating why, and second, when introducing a novel compositional approach and its outcomes
to other composers, especially those with an interest in polytemporal performance instantiated
through deterministicamt at i on, such o&éevidenced would pote

them to adopt this methodology in their own work.

1.1.19 Performances

With several orchestral compositions now completed, it was time to ascertain their capacity to
support the polmporal ambition of this project through performance. Performances were
initially organised through a collaboration between two orchestras; one, a studegtapdosite

and semprofessional orchestra based in the northwest of England that was to palifthren
compositions in the order they were written and another, am@igssional orchestra based in
Athens, Greece, who would perform one of the pieces. However, within the first eighteen
months of the project, both orchestras had collapsed. Thipseltead a profound impact on a
research project where the evidence gathered through performance was central to proving the
case for timecodsupported polytemporal composition as a new, viable approach to

polytemporal orchestral composition.

Additionally, the first two orchestral piecdbe heaven that runs through everything
(2018)and ¢é] a power ful f 1l ame t(2083) wee aomposed toimeeb f t h

the particular specifications of the northwbsised orchestra. By the endyefr one of this
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project, two bespoke, behemoth orchestral pieces had been completed.

Despite numerous attempts across the following eighteen months to encourage
performances of these pieces with other professional, amateur and univassityorchstras in
the United Kingdom and abroad, it proved impossible to secure any interest in suctidege
pieces. In light of these circumstances, a second versitie dieaven that runs through
everything using triple wind standard orchestration forceswreated in the hope the reduced

orchestra size would make performance possible.

For similar reasons, the fourth tggéce,] €] whi ch constantly gene
c | o u d2019¢ Wwas composed using considerably smaller forces to create a tchambe
orchestra composition. This piece was composed with two possible outcomes in mind: first, as
music for live performancegndsecond, as a remotely recorded modular composition that used
timecode frameworks to bring together and reassemble the recortethlsaf musicians and
ensembles from across the world to produce an acoustic rendition of the piece in the studio. The
decision to assemble an acoustic version of the piece using remote recordings was in
anticipation of the likelihood of not being alitesecure a live performance within the
timeframe of this project yet despite this possibility, wanting to generate a professionally
performed acoustic recording of at least one of thepiestes to demonstrate what timecode

supported orchestral music saled like away from the computer models | had produced.

Such attitudes toward remotely recorded performances proved prescient. By early 2020,
the SARSCoV-2 pandemic had established itself as a major threat to health and led to
governments around the world restricting or prohibiting most gatherings includiseg fibr
musicmaking. Such edicts had a profound effect on orchestral performance within universities
as well as the wider world. All planned orchestral performances were cancelled, and no new
performances were permitted. Despite the performance of teedaasupported double string
guartetpulviscular observatioi2019) and a recording pllviscular compressiofor nineteen

string players, no other performances of my-peéstes took place during the period.

The pandemic and its performance restritdipersisted throughout 2020 and well into
2021 with no conditional change to the circumstances of performance throughout that period.
For example, a student performance of one of the orchestrai¢ess scheduled for May 2020
fell victim to such actios as did the professional premiere of a timeeag®orted

polytemporal orchestral piece as part of an international festival in May 2021.
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However, the situation around a lack of orchestral performances was somewhat ameliorated
when [ fulfilled an unfoeseen opportunity to write a timecesiepported polytemporal piece for
twenty-two players of the BBC Scottish Symphony Orchestra as part of Tectonics Glasgow May
2021. To fulfil this opportunity, a prexisting 2019 composition written as part of this
investigation titledthe unimportance of eventriginally for seventeen players, was expanded
through the addition of five instrumental lines to become a chamber orchestra piece for twenty
two players sharing the same title, hereafter referred ttereasmimportance of even{2021).

Both the 2019 and 2021 versions of the work exist as part of this investigation.

Despite the performance challenges described throughout this project, the rehearsals,
performance and recordingstbe unimportance of eventg021) have furnished the project
with significant results. As this thesis unfolds, all the-pgstes, includig the unimportance of
eventg2021), are discussed and analysed to establish the efficacy of tirmquueted
polytemporal composition. This examination is undertaken through a series of chapters,
summarised next, that look at compositional functiongliw the tespieces were built and an
analysis of available performance outcomes along with the questions, assertions, evidence,

extrapolations and conclusions that result from this investigation.

1.1.20 Further Definitions

The terms assemblage, tesriilisation and deterritorialisation are used throughout this
exegesis. For those familiar wAThHousdh@ | euze an
Plateaus: Capitalism and Schizophrenilese terms will hold an additional significance in
relationtothee oncept of the assembl aghk Bloddha&ndgRkRInaetr

along with concepts such gsizomes, lines of flight and abstract machifes.

Much of this project was undertaken before | encountered the writings of Deleuze and
there is no attempt to align its content with Deleuzian thinking. Having said that, | believe there
to be a great deal withintimecedeu pport ed pol yt e sitiproanda | musi co6s
performance practice, particularly as observed within the orchestra, that could be productively
examined through a Deleuzian lens. Despite my curiosity, such an investigation lies outside the
scope and focus of this project. Nevertheless, ae #re terms shared in common wih

Thousand Plateausis useful to explain the context in which those terms are used here.

% Gilles DeleuzeandFélix Guattari,A ThousandPlateaus:Capitalismand Schizophrenigtrans.Brian
Massumi(Minneapolis MN: Universityof MinnesotaPress,1987).0riginally publishedn Frenchin 1980.
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In timecodesupported polytemporal music, an assemblage is seen as a musical entity
generated when extant selbrrowed hetexgeneous materials, often in the form of complete
pieces or strands of music, are brought together in various combinations to make new pieces of
music that through player mediation in performance, create iterative, immanent instantiations.
This description of an assemblage is in broad alignment with the Oxford Dictionary definitions
of an assemblage that states it is: 61. A col
machine or object made of pieces fitted together. 1.2 A work of art hyagie®uping together

found or unrelated objects. 1.3 The action of

As discussedi Ensemblecompositions antheircomponentseach orchestral
assemblage is made up of a collection of smaller assemblages that form the components of the
work. A process of recontextualising sbtfrrowed materials through combination and re
combinationd plugging in andunpluggingd into various assemblages where those materials
in and of themselves do not change their identities (unless aspects of identity are altered through
various transformational operations as discussed later) but where the combination and mediation
of those materials together produce new identities and immanent outcomes where the whole (the
assemblage) igreater than the sum of its parts (the-belfrowed materials). | refer to those
constructions as nested assemblages and the processes of asgemblihem as O0r econt

mat erial sdéd and O6tempor al real i gnment 6.

Once constructed, the identity of these assemblages is constantly subject to different
kinds of change brought about through player mediation of notation during performance. In
timecodesupported polytemporal music, deterritorialisation is seen as tlaackstravelled or
approximate measure of difference between the fixed (territorialized) audio generated through
computer playback of a compositional model and the audio recording of its concomitant
flexible, playermediated live performance when both asenpared. It is this deterritorialised

imminent instantiation that is heard by the audience as the sounding music.

Taken to an extreme, playgenerated deterritorialisation could destabilise the identity
of a composition entirely. In timecogeipported plytemporal music, deterritorialisation is
confined by players mediating notation materials within timecode framewarB2.UThe
Per f o BhareMedliatingClock-timeandMusical Time, | discuss the coexistence of
stabilising and destabilising actions in the mediation of thepieses, for example, in the

homogenising agency of players mediating feanbedded timecode expressed as ctouk

10 OxfordUniversityP r e s s , 6 Airs English®xfoed giving Dictionaries(2018)
<https://en.oxforddictionaries.com/definition/transformatidaccesse@5 April 2019]
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with the intention of generating a retidn that aligns structurally, as far as is possible, with the

fixed structure of the compositional model audio in an attempt to render a sufficiently stabilised
similar identity to the audio model through live performance, and in relation and opptsition

this, the same player agency mediating timecode and all other notational matter but

simultaneously, using a sense of musical time that despite best intentions, inevitably deviates

from the fixity of signified timecode and therefore deviates from th@éauddel itself due to

the action of temporal indeterminacy. This deviation destabilises the similarity between the

audi o model 6s identity and | ive performance i
is deterritorialised from the territory ofé¢hmodel itself, to a certain extent at least. It is this

confined deterritorialised outcome that falls within my definition of rieierminate outcomes

as described earlier.
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1.2 Chapter Summaries

Chapter 1 is organised into two sections. Firsexended introduction that explains the

context of this research project, defining the choices | have made that shape its development as
well as concepts such as pulse, pulse tempo, polymetric, polytactic and polytemporal music,
timecode frameworks and thele temporal indeterminacy and sonic flux play in defining what
Oneeaert er mi nated and 6bacceptabled performance
measured. Two research questions are introduced and the subjective context in which these are
appro&hed, discussed. The first part of the introduction closes with a brief chronology of the
portfolio pieceds perf or man eCeV-2h9 gahdemidhasshada n d
upon these. This is followed by a clarification of terms used in commiomabassociated with
Deleuzian assemblage theory. The second part of the introduction pegehthe

Compositions as Pieces of Mugsiiec which eactorchestral composition is introduced using the

style of a programme note to orientate the reader to the music as a piece of art before a more

detailed investigation of its structure and operations are given.

Following the thesismtroduction,2. Definingthe Territory: A LiteratureReview,
examines the literature focused around totemic twentieth century polytemporal and polytactic
orchestral music in Part One, and in Part Two, discuss more recent polytemporal compositions
rangng from orchestral to chamber, examining how technology, particularlytcticks,
electronic metronomes and video animated scores have helped composers realise their
polytemporal ideas. The review concludes with a comparative analysis of these wesks to s
how their functionalities compare to timecesigpported polytemporal music and establish if

this methodology fills a gap in current polytemporal practice.

Next, Methodology, discusses how the methods and techniques used to generate the
portfolio pieces specifically address the research questions. This is a theoretical methodology
developed during the creation of the {pi&ces that describes building four timecstugported
polytemporal orchestral pieces, a chamber orchestra compasitiba number of timecode
supported polytemporal ensemble pieces that comprise them along with their functionalities and

mediation as the practice element of this investigation.

To articulate these aspects, the chapter is divided intoplaréePart T About this
Methodology is apportioned into three further subsectidh$ Introductionwhich sets the

context and overview of the methodolo@yl.2 TheResearctQuestionsthat lay out what the

\
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testsdescribed irl.1.16 What is Being Testeddhd 1.1.17 How Near to Determinate are Near
Determinate Outcomesfivolve, includingthe subjective criteriased to produce resultnd n
3.1.3TheCompositionasResearciObjects a detailed look at materiads the componentd

that constitute the tegiece assemblages themselves. Nex3,1.4Self-Borrowing, a very brief
overview of some of the generative processes used to creab®selived notation materials,
and n 3.1.5CreatingMaterialsthaté Wo 1inlSlifting Contexts a range of processes designed

to produce temporally independent materials that function in flexible contexts.

The second and third mapartspresent a twgpart theoretical framework wheie Part
2: TimecodeSupportedPolytemporaDrchestraMusicandHow it Functions examines the
met hodol ogyés functionalities moving through
timecodesupported polytemporal music was constructed, what the term means artehow t
various functionalities, conditions, assemblages and actions comprising it operate as a relational
process and composition methodolagyh the potential tgenerateneardeterminate

performanceoutcomes.

Part 3 Building theModel continues wit 3.4 Assemblinghe Assemblagewhich looks
at how the compositional models for each piece are constructed using two primary operations:
first, in 3.4.1TemporalRealignmentsard 3.4.2Structurallnventions:PolyphonyHeterophony
andCanonshow original, seHborrowed and transformed notation materials rendered as audio
file recordings using Sibelius software are subsequently assembled using recursive and
assimilative processés Logic software to produce vast audio file constructions called audio
file assemblages that upon playback produce a digital audio impression of the composition
called the audio model, and how specific polyphonic, heterophonic and canonic constructions
are generated as part of the structure of the pieces; and fid&lIgpnsolidatingvith Timecode
examines the various processes necessary to build instrumental parts that exactly duplicate
notation materials and the tempor al relati on:
assemlages to provide parts used to render the model as immanent sound in performance,

thereby completing the compositional process and the building of the model.

Before 4. PerformingtheModel: ResultsandDiscussionin 3.6 Reflective Text| have
created a brief reflective text in whitldiscuss subjective reflections around orchestral
behaviour and communication observed during performances of timeapgerted

polytemporaimusic that would not easily fit into other areas of the thesis.



26

With no largescale orchestral renditions to referenteRerformingtheModel: Results
andDiscussiondraws its results from the performance of a chamber orchestra composition and
several timecodsupported ensemble pieces composed for this project. The chapter ascertains if
themethodology has been successful in generatingaetarminate performance outcomes. To
achieve this, | compare and measure the differences between the fixed, structurally significant
sonic events proliferating the audio model timeline and those sameflexio rendered

sonic events found in the live performance recordings as differentials in time.

The primary assertion of this thesis is that timeesalgported polytemporal composition
extends simultaneous polytemporal distribution to eachestral player to bring new
composition and performance opportunities to composers that are currently unavalable. |
Conclusionsusing evidenc&om the literature review a. PerformingtheModel: Resultsand
Discussion conclusions are presented around the efficacy of timesgolgorted polytemporal
music, its capacity to fulfil its compositional aims and if this approach does indeed offer new
composition ad performance opportunities not possible through other polytemporal praxis.
Finally, | propose areas of application and potential further development for this approach that

were not possible to investigate as part of this project.

1.2.1 The Compositions as Pieces of Music

Although created for this research project, the five timesuggorted polytemporal orchestral
compositions are also pieces of art, composed for public performance. The first thredhmeces,
heaven that runs through eyéhning (versions for large and standard orchestras)and]| a

powerful flame came out of the earth [are largescale orchestral pieces composed in response

to specific artistic and programming requirements of the orchestra designated to premiere them
publicly. To this endthe heaven that runs through everythimgs designed as a companion

piece to Gustav Mahlerds Fifth Symphony (190:
required owing to the composition brief necessitating the inclusion ofsallimental doublings

as well as a saxophone quintet, widad] a powerful flame came out of the earth [was
conceived to be pr ogr ammeShcreadu Brintgngd9d2e13)I gor St i
using almost identical instrumentation, and where patbes were required to have a thirty

minute minimum duration to balance the scale of the other programmed works. Such

compositional considerations were necessary to build an effective collaborative partnership with

the orchestra in order to ensure perfantes of the compositions and as such, the scale and
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duration of the piecesas by and | arge, dictated by the re

and programming aspirations.

While it would have been possible to write compositions that utilised smaller orchestral
forces over shorter durations to test the same timecode functionalities in performance, the
fulfilment of collaborative expectations produced pieces on a grand btadsponse to the epic
scale of the first three orchestral pieces, the fourth to be wifitt¢nyhich constantly generates
a pulviscular cloud [...Jwas composed using a much smaller orchestra oféorgyplayers
along with a shorter duration of twigrminutes in an attempt to increase the likelihood of

performance.

Also using smaller orchestral forces and composed nearly two yeark.gftenich
constantly generates a pulviscular cloud [.tHje unimportance of even021) was something
of a lastminute addition to this project. With its playlere-up, including two horns, two
trumpets and two trombones along with one each of woodwind, ten string players, percussion
and piano, this chamber orchestra composition presents the largest nuniagersfip live
timecodesupported polytemporal performance within the timeframe of this project. Although
not a largescale orchestral performance, it does provide performance evidence significant to the

conclusions of this investigation.

All of the pie@s composed as part of this project are polytemporal, meaning two or
more, and in the case of these compositions, most or all musicians are playing at simultaneous,
independent speeds to one another much of the time. With the proliferation of theseasrchest
wide independent speeds, the synchronising beat of one or several conductors would be
insufficient to guide the multitude of tempi for each player. As such, the composition is
designed to be playéed and performed without a conductor. Instead, it asgstem of
organisation that somewhat flexibly holds instrumentalists and structure together using
timecode, that is, minutes and seconds printed above every bar (or in some instrumental strands
present ifand] a powerful flame came out of the earth][and][...] which constantly generates
a pulviscular cloud [...] timecode intermittently indicated above larger groups of bars) in all
instrumental parts that mark the passage of time throughout the piece. Read in conjunction with
the rolling timecodedipl ayed on each playersd | oosely sy
players are able to mediate their performances so that both timecodes approximately match up

throughout the performanc€alled timecodesupported polytemporal music, this system
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enables players to know exactly where they are, wiheseshould be and what they should be
doing at any given point along the timeline of the composition regardless of the lack of
conductor, the independence of their material or the different simultsuspeeds at which they
perform. As such, each player could be thought of as being their own independent conductor

among many independent conductors.

This composition context and initial overview of the temporal functionality of timecode
supported polyteporal performance lays the foundation for further examination later in this
commentary. Before that, | would like to orientate the reader to these compositions as pieces of
music in their own right rather than solely research objects. To this end, tweiriigll

descriptions are presented in the style of programme notes.

The Compositions

the heaven that runs through everything

The title for this orchestral piece is taken from the poEme Heaven That Runs Through
Everythingpy Rosi e Jackson. Rosieds poem won the F

Spencer Competition 2017 and is a celebratiol

Spencer was a devout Christian whose faith defined his ssibjedtthe way he painted
them, creating many paintings that were not unlike altarpieces celebrating the wonderful in the
everyday as perceived through his filter of
miracul ous in the @awgrsyday oi.n HDYpverwcear, 60 9 prvaaismi
its religious significance or its reference t
contained. Instead, | was drawn to the title as it implied connectivity between all things that
rather than eing united through a concept of heaven, were connected through atoms, molecules
and materials, structures and sounds, chemistry and physiesystems and biospheres that
relate to one another in multiple, complex ways to comprise the building blotifesitsfelf. It
is this interpretation of the poemb6s title 1t
substantial scale, generated through the combination and recombination of compositional
elements related and interconnected on many levelssit t he compositi onal m
heavend that runs t hr oug hmireute eompositionisifgran n t hi s
orchestra of either ninefipur players (standard orchestra version) or a maximum of one

hundred and fourteen playersrfJa orchestra version).
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[and] a powerful flame came out of the earth

[and] a power ful f | amwascaneeiverl duwingt triptd Icetatden e ar t h
October 2018. | was particularly taken by the volcanic activity that has shapedrdimlies to

shape the country and was keen to analogously explore some of these processes through
intuitively structuring sound in an orchestral composition that unfolds across a substantial time

span.

In lieu of landmasses and tectonic forces, | ceai® orchestras from the
instrumentation of one large orchestra where the larger orchestral apportionment moves forward
using almost entirely slow tempi across substantial spans of music that inhabits confined
harmonic fields, creating structures akirstmic monoliths and by contrast, the mercurial
smaller second orchestral apportionment simultaneously moving forward using much faster

tempi across connected shorter spans of music with less confined harmonic invention.

These orchestral apportionmentsldneir contrasting characteristics are defined beyond
mere tempo differentiation: they are two separate pieces thrown together where the larger
apportionment is a recontextualisation of an extant orchestral composition, The North Sound
(2005/14) onto whig is superimposed the newly assembled smaller orchestral piece
transformed from other heterogeneous materials to amalgamate one seamless body of new
sound. It is the movement, the friction and attrition, between these two orchestras, these two
masses of amd and the grinding together of their contrasting musical characters and especially
the multiple polytemporal relationships the different, simultaneously independent speeds at
which these strata mowve that in my mind correspond to the action and hugeels of tectonic
plates colliding to throw up mountains and cause earthquakes, volcanoes and eruptions to occur
over millennia, that are transformed into sonic features and events within the compositional

landscape of this piece.

Emphasising these geglical phenomena, the title for the piece was extracted from the
passage: fAdand at the same time a powerful f1:
was so powerful and terribly great that it melted cliffs and boulders. From the flames came
sttamand smokeo, featuring verse thirty from th
Peers, asixteethent ury Ger man traveller who wrote Va

experience and travels around Iceland. This text sums up the awe and magnificeace of t
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landscape and natural process that formed it, processes | hope are reflected, in part, in the

architecture and drama of the composition

[ €] which constantly generates a pulviscular

A classicis awork which constantlygeneratea pulviscularcloudof critical discourseroundit,
butwhichalwaysshakegshe particlesoff.

Italo Calving't

The term o6pulviscular c¢cloudd, in this case, t
of soundd of sonic dustd full of particles that are in a state of constant motion and flux,
resonated with my concept of the sonic flux that coalescesgitiné performance ¢fé ] whi c h
constantly generates a pulviscular cloud [info forms that constitute the structure and content

of this music.

In addition to the use of timecode and stop watches to help shape performances, the
contrast between thedependent tempi of the players and their heterogeneous materials is further
emphasised by the spatialisation of the orchestra into six ensemble groups located around the
performance area. Due to the use of timecode and stopwatches, these groups candieetyag
positioned without any need to consider a line of sight with a conductor or each other. Each group
comprises of different instrumental arrays with every player using independent simultaneous
tempi and where each group is a colouristically distemsemble with no exact temporal

relationship to any other.

The culmination of spatialisation, polytemporal performance and heterogeneous materials
make this a music of extremes, of hwaetivity, hyperdensity, quicksilver colouristic
fluctuations, of perceptually complex sound combinations articulated through demanding,
virtuosic instrumental pamriting that requires a great technical facility, expressive insight and
emotional stamina from performers when mediating its notation and instantiasogmig. Here,
performances are a gamlde a balanced between an aspiration to control outcomes through
specific notation and how players mediate notation to produce what is actually heard. It is the
uncertainty around how this balance will manifest as daorperformance and the sonic flux
these particular uncertainties produce in-setiilar, neardeterminate variant iterations that

excites me. And for audiences, I would sugge:

11 Seedefinition eightfrom thefourteendefinitionsof 6 Wh MakesaC | a s sniltatoTdlvino, Why
ReadtheClassicsdrans.Martin McLaughlin(BostonandNew Y ork: HoughtonMifflin Harcourt,2014),
p. 6.
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visceral energy, its lifeorce, textural diversity and intricate, emgranging sonic relationshigs
to its coruscating effeé as it physically surrounds them without any need to comprehend what
t he musi c 0lbegodd agpageant mfeeatangléd sound journeying through time to

coalescasmusic??

the unimportance of event021)

Composed for the BBC Scottish Symphony Orchestra and Tectonics Glasgowh2021,
unimportance of eventer twentytwo players is a chamber orchestra timeesdpported
polytemporal composition where each player is treated as a soloist performing owtheir
simultaneous independent speed, enjoying unique temporal, expressive and interpretive

freedoms.

Like[ €] which constantly getheunimpogaceaf pul vi s
eventss also organised into six spatialised groups with four soldis#dto flute, bassoon,
violin and double basd positioned at the front of the ensemble and successively behind them,
two string quartets; piano, oboe and clarinet; two horns; and finally, percussion, two trumpets
and two trombones positioned furthestegvirom the audience at the back of the performance
space. Like all my timecodsupported polytemporal compositiotise unimportance of events
(2021) draws its materials from a range of other polytemporal compositionsps@ifving and
transforming thos materials to create an assemblage of related content that competes for
attention, dissolves, coalesces, morphs and entangles itself in a fluid outpouring of constant

generative activityactivity .*3

At times, the nature and relationship of sounds elicited through the performance of all
five pieces may be deemed to verge on the extreme, overwhelming the ear with too much
information across uncomfortably long periods. This condition is intentionahglphases of
maximum polyphonic density, where all instrumental parts are performed at simultaneously
different speeds in polytemporal performance, the numerous layers of independent, sometimes
heterogeneous materials compete with one another for domjrgeemerating a sustained,
intricate, complex and frenzied state throughout several phases of the composition that may

prove perceptually challenging to disentangle.

12 A recordingof [...] whichconstantlygenerates pulviscularcloud]...] (2019)is availableaté M a Yeats:

C o mp o s e r :&httpsdNwvavimareyeats.com/whicktonstantlygenerates-pulviscularcloud-2019/>
[accesse® Decembe020]

13 A recordingof theunimportanceof eventg2021)canbe accessedia the PhD Materialsfolder usingalink
foundimmediatelyafterthetitle pageof thisthesis or ord M aYeats:C o mp o s e r :&httpsd/\pvavimare
yeats.com/th@inimportanceof-events20214 [accessed 19 July 2021]


http://www.marc-yeats.com/which-constantly-generates-a-pulviscular-cloud-2019/
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To prevent a descent into sonic chaos and establish a dramatic impact between materials,
extremes of polytemporal density are contrasted with less dense and less chaotic
sounding materials. This pattern of establishing phases of extreme polyphonic and temporal
density followed by phases of comparatively sparse material stratification markgctic
journeyd thenarratv®d obsessi vely undertaken several t
between perceptual obfuscation and perceptual clarity, that constitutes perhaps the most
significant structural feature of the piece. Underpinningdmdng this narrative is an often
manic, relentless forward momentum that like a moth inexorably drawn to a flame, burns itself
out in the compositionds final moments where

emerged.
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2. Defining the Territory: A Literature Review

2.1 Context and Definitions

6Defining the Territory6 examines the I|iteraf
music, looking in particular at a range of totemic works fromwlentiethcentury that have

shapednuch that has followed in this field and concludes with a brief overview of polymetric

works, approaches and technologies contemporary to this investigation that though not

necessarily orchestral in scale, do help differentiate timesodported polytengral music and

what it offers composers from other polymetric approaches. To that end, this investigation

examines compositions that, superficially at least, look as if they are already doing what
timecodesupported polytemporal orchestral composition puspto achieve, particularly

regarding the neateterminacy of its polytemporal structural outcomes but where closer

examination shows there are small but significant differences between other compositional

approaches and timecoedapported polytemporal msic that constitute a gap in practice.

Although compositional generation and temporal functionality are connected, this
investigation does not undertake ardepth examination and description of the compositional
methodologies of other polymetric orchras$ pieces included here. Instead, the review focuses
on a broad overview of polytempic and polytactic organisation, presentation and performance
outcomes relevant to this investigation and the polymetric compositional territory shared by
timecodesuppored polytemporal orchestral music. In this vein, all mention of indeterminacy is
specifically focused on outcomes where performers make choices to determine compositional or
performative temporal elements such as tempo, rhythm, meter and duration theecdmapos
not determined using notation or other means and does not refer to any degrees of indeterminacy
or chance used by the composer at the time of composition. This review also describes if the
temporal frameworks of cited pieces are notationally repteden scores and parts, parts alone
or other formats entirely, if they use conductors, etrelcks, stopwatches, chronometers,
internal cues, degrees of synchronisation or flexibility of performer choice and how these agents

and actions shape performanmutcomes in terms of their structural and temporal determinacy.

The metric and temporal conditions of the compositions described here are categorised

using Ruin d a tefindtiens for polymetric, polytactic and polytempic music laid out in
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1.1.6 Polymeter, Polytactus and Polytempo: DefinitidnChapter 1along with what defines
structurally determinatandneardeterminate outconseén 1.1.11 Temporal Indeterminacgnd

1.1.12 Defining NearDeterminate Outcomeasgspectively.

This collection of works is not presented chronologically or grouped together as a
consequencef stylistic similarities. In the first instance, works are ordered by their
classification as polytempic or polytactic. Wittihre polytemporal groupings &fart Onethere
is a further subdivision of compositions that range from performance outcomes where rhythmic
and temporal matter are not fully determined by the composer to works where rhythmic and
temporal matter are fully determined by the composer. This orderingpsesprogressive
movement from performance outcomes with significant levels of temporal indeterminacy to
those with determined temporal outcomes. Having said that, a number of compositions included

here move between or simultaneously incorporate bothitcamsl

The categorisation of compositions presented in Part Two of the literature review are
also not ordered chronologically or grouped stylistically but in contrast to the ordering of
compositions in Part One, are grouped together along a continagingdrom works where
rhythmic and temporal matter are fully determined by the composer to works where rhythmic
and temporal matter are not fully determined by the composer. This ordering presents a
progressive movement away from performances with detexrtemporal outcomes toward
outcomes with significant levels of temporal and structural indeterminacy. The review ends with
a look at composers using animated notation along with its capacity to support determinate or

indeterminate structural outcomespiarformance.

| begin by examining polytemporal compositions, identified as such by virtue of their
being more than two tempo markings in operation simultaneously at any point in their duration.
As mentioned, also included among polytemporal workpi@wes where performance
outcomes incorporate degrees of temporal and structural indeterminacy. These works may sound
metric or even polymetric, but due to elements such as tempo, rhythm and meter not necessarily
being fully determined in notation, thereno way of predicting those outcomes through an

examination of the notation. As Rundall explains:
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An evenmoreunpredictableortof potentialfor polymeterbelongso musicthatinvolvesthe
indeterminatenotationof individualrhythmicvalues throughproportionahotation,for exampleTothe
extentthata proportionallynotatecpiecesoundsmetrical(if evenby accident)thereis alsoa possibility
thatit soundgpolymetrical . Thereis absolutelynoway to predictsuchanoutcomeby looking ata score,
andnoway to analyzewhatsortof polymetricalstructurecouldarise.[ € Butit is conceivablghata
listenercould meaningfullyexperiencegolymeterduringa performancef suchapiecel*

Similarly, indeterminate temporal outcomes are associated with compositions that
incorporate ad libitum, aleatory, graphic notation and other forms of temporally indeterminate
instruction within their compositional structures. All such temporal conditions are luEbani

the context of the pieces they operate within as the review unfolds.

In Part One, | begin with compositions with or without a specific and intentional focus on
Simultaneous tempo r @dncertfor®ians and Prehesy@Psih as Ca g«
1958),Atlas Eclipticalis(1961 1962) and the orchestral pied€)1(1988); | then move onto
|l oosely synchr oni sEethpi @ancertal958 $969 dnd thesmarBer i 0 6 s
symphonies of Segerstam; flexible works that move between temporally deteramida
temporally indeter minatJluxiVaiiemdak and hiscSecorals L ut «
Symphony (19661967); temporally determinate polytemporal structures using temporally
independent ensembles with con®LOcl920)r s such a:
St oc k h Buppen(ids57), B r a mmtipheny 1(1953) andVillenniumIl (1954) and
Fer ney WioeayglenBetg1969 1971); and then onto temporally determinate polytactic
pieces where simultaneous notattempo are not present, forinence, Carter 6s Va
Orchestra (1955D a v i Rraafiom for orchestrg1958) and from the perspective of dense
polyphony, EaeTerre esy un dlangr@ 9y ® 1979).

In Part Two of the review, | provide a brief overview of polymetrimpositional
technigues used more recently, a number of which incorporate the use of computer technologies
and video to realise their polymetric ambition. Beginning with condwsttedturally
determinate composi ti onSlowisummestaylil Upstre@h)ay a Cz e
(2012) ; Co n | Player Riano $tudy no.@w(€anoniK)a 2021arrangement by
Dominic Murcot t ; diesbenwkguig\Daraug€@li20x4) followsed by Joel
Ki r k 6-grackcnhanagefinternal resistance to flow is named viscosiggP17); and then the
individual playemetronomecontrolled compositions including Ned McGowRuilding Music

for big band and (mezzo) soprano voj2813); and Ron&nd ©rchestral Environment

14 Rundall,p. 49.
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(1982)Undulations,(1993),Meridian (1995),Ephemerg1996) andPeriphery(1998); to then

|l ook at the role of s tChrpmgg20@32089; anddiscBRe becca S:
Mi chael Finni ssyd6s |l oosely synchr 6ni963é2) and
the 5th and 7th Piano Concertos (1980, 198djody's Jig1980- 81), WAM (199091) and

Quelle(1994); as well as the temporally indeterminate Melting, Shifting, Liquid World (2019)

by Holly Harding; and finally, TheRupt@eltixistse t he
(2020); and Derightvdamed2021). ar ke 0 s

Following the literature review, | discuss, compare and contrast these works to identify
what they offer the composer regarding temporal functionality including any potential temporal
limitations with the aim of identifying gaps in current praxis. Thesentations are further
discussed in relation to the differentiation, functionality and polymetric compositional potential
offered by timecodsupported polytemporal composition to conclude how it constitutes new
methodological, creative and performativgogunities for composers and performers alike that

are not possible to achieve using current polymetric methodologies.

Part One

2.2 Cage

This territory is inhabited, at one extreme, bystrecturally and temporallpdeterminate,
experimental orchestral works of Cage. As discugbedgepieces may not be intentionally
polymetric even when musicians are, for all intent and purposes, performing in personal
temporal frameworks even if those frameworks are frequentgtric but where the perception

of polymeter may occur through the combination of multiple parts in performance. One such
piece,Concert for Piano and Orchestrases the conductor as a chronometer, has no score and
is performed from partalone where these parts comprise stkiyee pages of notation

generated from eightfour distinct compositional approaches. The parts may be performed in
any order and their materials rendered partially or in full at the discretion of each performer. The
composition, too, may be of any duration. Any number of players are drawn from an
instrumentation list provided by the composer and may range from one performer in extreme
cases up to a concert for piano and orchestra, for example. There are no tengpiomsdit the
performance materials. Instead, tiegation of each part uses a system wherein spaces between
notational elements are interpretirelative to quantities of time (proportional notation) and

where the amount of time betwedrese elements idetermined by the individual playér.

BReference from the website 0J0ohcerf @ RigneanCOrchpstreet e Wo r k s
<https://johncage.org/pp/Jof®ageWork-Detail.cfm?work_1D=48> [accessed 6 March 2019]
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The choices made by players and the performance outcomes they generate are further mediated
by the unconventional role of the conductor who acts as a human chronometer bending clock
time from minute to minute, ei¢h faster or slower. When taken together, the actions of players
and conductor make it impossible to anticipate the order of events as they unfold through time,

as Drury explains:

Adding yet one more | evel of uconduaadwhich tamslatési t y, Cac
notated time into real time. In performance, the players read the conductor (whose arms move in large

circles) Ilike a clock. Thus, a playerdés part may s
foll owi ng tnhmoet icoomsd u(ctthoer 6sspeed of which have been d

player is given only fifteen seconds to perform those ten sdfinds.

Calculations made by the conductor-pletermine the duration of the piece as well as the
duration of its arious internal apportionments. Cage provides instructions to arrive at these

calculations:

Using a stopwatch, the conductor changes etonk to effective time. Standing where he may be seen by
all the players, he represents to them the movement ebad&and, but counteclockwise (beginning

each minute with the left arm high and descending to the left. At effective 30" the right arm continues to
the right and up to effective 60". When a change in speed is approaching, he indicates this wéh his fre
hand, an upward motion announcing a faster speed, a descending one announcing a slower one.
Throughout the final minute he keeps the free ar@l #te end being indicated by the touching of the two
palmst’

This chronomatichoreography is calculated using three teoéumns found in the
conductords scor e. Thime effective time amd amittedatimey eachofe ¢ | «
which is expressed in values of minutes and seconds. The duration of the score and the duration
of each internal apportionment is calculated by the conductor selecting and ordering certain lines
of time-values predetermined by Cage and adding or subtracting these values to obtain total
values for each line and thereby each apportionment of the sttittpoOnce the total duration
of the performance is established through the sum of the calculations adioheckhe
conductor uses his arms according to the effective time simultaneously calculated to denote a
faster or slower tempo for the performevithin the overall clockime framework of the piece.

Described differently, the cloetime duration of the piece moves inexorably forward as a

18 Webreferencdrom thewebsited St e PrimeWr i t iseagsndlerJohnCageThePianoConcertos
<http://lwww.stephendrury.com/writings/cagepianoconcertos.Hclcesse@ June2019]

17 Takenfrom the notesin areproductiorof thefirst two pagefromthec o n d u scorenfrConsertfor
PianoandOrchestrain David Vaughaned.,MerceCunninghamCreativeElementgdNew York, NY:
Routledge2013),p. 63.
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constant value, the speed of the chronometer
rotation speedvithin that set framework, the total duration of which will equal the duration of
the piece. In this composition, it is the measurement and perception of time rather than tempo

that governs the performance and its outcotfes.

Like Concert for Piano and @hestra Atlas Elipticalisemploys a conductor as a
chronometer, has no master score and its materials may be performed in any order, either
partially or in full within its eighiminute set duration by a complement of musicians up to and
including the fullorchestra of eightgix players. Cage uses tAdas Eclipticalis(an atlas of the
stars published by Antonin Becvar in 1958) to establish his pitches by superimposing musical
staves over its starharts and tracing the stpoint configurations onto th@anuscript® Pitches
are clearly notated with some note heads being larger than others indicating increased levels of
amplitude and organised as single notes or more frequently, groups (Cage called these,
baggregatesd or 06 c o chestjonedlbyawawy iMd.Duyationtype up t o t «

descriptions are indicated above the events using a number of instructions:

First, a pair of numbers might appear above a constellation; the first indicates how many notes out of the

whole group should be playedi t h as short a duration as possible
number of notes that can be played with a longer duration. Second, a fermata indicates that all of the notes

in the group are to be played with a longer duration, but no longeottebow length or one breath.

Third, the absence of numbers or a fermata means that all of the notes are to be sounded as short as

possible. The player is free to combine tones from a group into chords or multiphonics whenever

possible?!

The parts themselves comprise four large pages each divided horizontally into five
systems where Otime is measured spatially aci
arrows that point first up, then right, then down, and then left. Thes¢ioim®correspond to the
motions of the conductor, 4Tempomdicatiorsarenohe ope:
given, instead, tempo and the duration of the piece are determined by the conductor where a
system is equal to at least two minutes duradioth the conductor performs one clexjcle for
each system using arm and hand signals. Thes:

[the conductor] makes changes of their arm, at 15" and 45" changes of palm. From the last 30"

18 |bid, p. 64.

¥Webreferenced J oClageCompleteWo r Isear@hunderAtlasEclipticalis <https://www.johncage.gr
pp/JohnCageWork-Detail.cfm?work_ID=31%accessed June2019]

20 BenjaminPiekut,Experimentalism Otherwis@heNewYorkAvantGardeandlts Limits, Vol. 11.(Los
Angeles,CA: Universityof California Press2011),p. 27.

21 1bid, p. 27.

22 |bid, p. 25.
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totheenda6 0" he uses both arms, f2Asig@oncertferouchi ng
Piano and Orchestrahe performer chooses when and which pitches to sound, in this instance,
6each musician judges when to playisa particul
positioned spatially in relation to these four cardinal points [the 0", 15", 30" and 45"

d e mar c &*As aocanseguince of each player placing minimal pitch materials within the
duration of the piece and t Hydurteeolimitng whicor 6 s st |
materials are produced, players are often left with little material to perform throughout the

piece?®

Cage eventually replaced the human chronometer with a mechanical one. This
chronometer possessed a single long arm thatghrauhreenundred and sixtglegree rotation
marked the eighminute duration of the work using different coloured lights to indicate the start
and stop of the piece as well as the two, four angnsnute apportionment¥.Piekut notes that
violinist Enrico DiCecco of the New York Philharmonic criticised the robotic nature of the
mechani cal conductor saying: O6the device may
freedom, but this was never more than Afreed:

chance that the rate of the? armatureds rotat.i

A conductor is also absent from the orchestral wi@dk which instead uses a
mechanical chronometer like a large swgich visible to all players and likéoncert for Piano
and OrchestraandAtlas Eclipticalis has no master score, is performed from parts alone and
uses elements of player choice around whielbemal is performed and when it is sounded
within its twelveminute set duration. The large orchestra ofbaedred and one players is one
of C &lgrbé Riecewhich include forty completed compositions that take their title from
the number of playerthey involve, hencéO1using onehundred and one musicians. These
players are divided into three groups with each group having its own score and each group
playing sounds of differing qualities with strings, flutes and clarinets playing sustained tones,
double reed and brass instruments playing loud sounds that manifest through interjections at the
start and near the close of the piece with both joined by an exotic apaycatsion

percussion instruments adding an intermittent constellation of strmdghout?®

2 bid, p.25.P i e kcamim@rstsarequotedfrom JohnCage AtlasEclipticalis, conductorscore(New York,
NY: Edition Peters1961).

24 1bid, p. 25.
25 |bid, p. 29.
26 bid, pp. 36i 37.
27 pid, p. 45.

28 Webreferencdrom thewebsited J oCageCompleteWo r lsea@hunderlO1<https://johncage.org/pp/
JohnrCageWork-Detail.cfm?work _ID=10%accessed March2019]
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Of particular note iiO1i s t he i ntroduction and use of
Time brackets are a notational device that confines player choice within certain parameters
along the timeline of a piece but within which the pldyas complete freedom to render their

material, as Popoff describes:

A time-bracket is basically made of three parts: a fragment of one or many staves, lying under two time
intervals, one on the left and one on the right. Time intervals themselves obmhsistreattime values
separated by a twavay arrow. The staves contain one or more sound events without any duration
indications. A timebracket is performed as follows: the performer decides to start playing the written
sounds anywhere within the fitstne interval on the left, and chooses to end them anywhere within the
second one. These parameters are thus left free to the performer, provided he respectbrhekeme
structure?®

Unlike Concert for Piano and OrchestandAtlas Eclipticalis there is no spatial or
proportional relationship concerning the distance between the placement of notes in the
manuscript and implications for time as duration. Instead, time brackets indicatealepens
for sound production excluding duration with the duration of sounds only being established after
they are rendered as time is flowing through the composition. Unlike conventional metered
notation where duration is paeetermined by the composerlioild compositional structures,
time brackets and the concept of thaeflowing offers little indication about structural
outcomes although the limits of this structural flexibility, though substantial, are confined by the
parameters of the time bracketsd the unique placement of materials within them. As Weisser
says: O-Whchkets are capable of in this regard is in ensuring predictiveness on a very

remote and distant séale gl obal in its propot

Considering thatructurallyindeterminatgieces discussed here, it is impossible to
determine whetheConcert for Piano and Orchestratlas Eclipticalisand1Ol1are ametric or
polymetric in nature. As each piece is associated with a selection of features such as no master
score, pgormance through parts alone, an array of aleatoric, proportional and graphics
notations, no tempo indications, time brackets, no synchronisation or very loose synchronisation
between performers, a conductor or chronometer that distorts or enforceira®t& further
mediate performance outcomes, wide parameters of performer choice concerning which
materials to perform, in what order and with which instrumentation and for which duration, all

of which produce highly flexible, indeterminate sonic andcstmal results, it is likely any

29 AlexandrePopoff,6 J oChang NuinberPiecesThe MetaStructureof Time-Bracketsandthe Notion of
T i metspectivesf NewMusic48.1(2010),65 82 (p. 67).

30 BenedictWeissertal.,6 N o t a PractcenadbntemporarpMusic: A Critiqueof ThreeCompositional
Models(LucianoBerio,JohnCageandBrianF e r n e y liPbDdsenabonCity Universityof New
York, 1998), p. 145.
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rhythmic perception of these pieces will fluctuate between ametric and polymetric from moment

to moment.

23Beri o, Segerstam, Lutosgawski and Boul ez

Different fromConcert for Piano and Orchestratlas Eclipticalisand101,B e r iT@npis
Concertatiis an unconducted, througtomposed, fully notated piece presented in score format
that moves between synchronous, loosely synchronised and asynchronous materials that
generate confined aleatoric performance outcomes. Teesiminute piece is for flute, violin,

two pianos and four orchestral groups of antiphonally placed players that are coordinated in
performance by the flute player who is centrally placed so as to be visible to all players.
Coordination is also sharedtithe violinist and either of the two pianists who together use a
range of signals and gestures to manage the performance in accordance with its duration and
tempi parameters. The work is only unconducted in performance: Berio instructs that all
rehearsa are to be undertaken with a conductor, presumably to embed the tempo relationships
between the solo flute and the ensembles to a sufficient degree to be robustly executed in
performance with the conductor absent and the flute and other soloists preutficignt

structural guidance to more or less replicate the temporal relationships established during
rehearsalg! Although not stated by Beria the performance instructions, it is reasonable to
assume that the removal of the conductor in performance generates a degree of visual theatre
that affords somewhat more flexible and unpredictable temporal relationships between soloist
and instrumentajroups, bringing an improvisatory quality without jeopardising the overall
structural integrity of the piece. As described on the Centro Studi Luciano Berio pdgenior

Concertati

Concertati, because the relation between individual tempo (sbtb&sts, and above all of the flute) and

collective tempo (of the four small instrumental groups) is not always given: sometimes it must be
prearranged and coordinated by the individual performers, on the basis of a repertory of signals (real
gestures oelements of the musical structure) which implies on the part of each performer constant and
careful attention to the others. It is a question
can act by their presence and also by their absereatjng continuous interferences between individual

and collective actiof?

At the start of the piece, tempo relationships are unified between the soloist and the four

31 Takenfrom the Englishtranslationof performanceénstructionsprefacingthe scoreof Luciano
B e r iTempisoncertati:perflauto principale,violino, duepianofortiedaltri strumentiVol.
13205(London: UniversalEdition, 1962).

32 Referencés takenfrom thewebsited C e rBtudilaicianoB e r searadhinglempiConcertatii aut hor 0 s
note)<http://www.lucianoberio.org/node/1501?706855542feessed3July2019]
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instrumental groups. From bar 161, the ordinary rhythmic notation is supersedegbstipnal

notation where spatial distribution is conditioned by the prevailing tempo for all parts. Bars 71

110 and 320365, though still synchronised by the flautist become ametrical, primarily because

the flautist is instructed that the bar and beatges they initiate do not need to keep a strict

tempo. Additionally, Berio uses notational signs and symbols to progressively relax

synchronisation between players and the prevailingtefh@ol he fApol yt empod [ i n
passages] is more or less asyncbrmnas all performers enter an individual tempo space,
without i ndi c a@4%Withnrthese ametrienaeatkric epgadés, the independent
temporal delivery of proportionally notated materials, even within a signified global tempo, is
executed byhe players polymetrically and is most likely perceived by the listener as

polytemporal music.

Al so asynchr onohestral wSks gfehe pastalecaddes are unconducted,
fully scored polytemporal pieces. However, despite his many symphoniest{tmée=d ad
fortyt wo as of March 2021) and vast composition
little scholary investigation®®Never t hel ess, Koposovads study o
pieces shows he uses a form of aleatoric counterpoint (counterpoint that is flexibly determined
by the actions of the perf or meprusl)s adwhiceni$o ped |
musical materials interact flexibly in time within overall confined structures, often organised
through five to eight blocks of exactly notated material that together form the overall structure
of the piece®Seger st am e x p Wwayithat sy scabeTpagessare;ithe things that are
on these pages can be put a little bit left or right in time and still make sense harmonically. How
| find these kindgig of Lego bits | ¢ an oY% Segexsf@ah devetoped b ut
free-pulsation between the mitB70s and the late 1990s, by which time the approach was
incorporated into his symphonic writigd§The freepulsation symphonies are somewhat
rambling, sonoristic, often moderately paced sirgtevement works of circa twentyinutes
duration that are notationally condensed within five or six pages of A3 score manuscript.
Performed without a conductor, frpelsation music instead uses burltconducting
mechanisms to coordinate the pieces and confine aleatoric counterpoint using a technique
prefigured in wor kXuxWénitichand hissS§cand Syknphorfpru ¢ h  a s

33 Takenfrom the performanceénstructionsin the scoreof Tempiconcertati.

34 Thoegerserp. 115.

% Listedonthed Mu & i a | velbsitedsof March2021,Segerstanhadcompose®42 Symphoniesthe latest
additionbeingfiMusicalp er s ev e { é Ma e s Ma in ldcermposidn 2020
<https://core.musicfinland.fi/works/symphong-342>[accesseiMarch2021]

36 Fromthe Abstractof IrinaV.K o p 0 s 0 §i & BRulsatingC o mp o s of teif Segedstanasan

Individual AleatoryP r o j RrabléndMuzykalnioNaukiMusic Scholarshipl (2018),pp. 16 22.

%7 BruceDuffie, 6 Co mp o s e r Ldif Seyerstami Gomversatiowith BruceD u f ini6 8 @ Duffie
I nt e r RA0OB<http@@www.kcstudio.com/segerstam.htnfdiecessed 6 July 2019]

38 Koposovad F r PaldatingComposi ti ono.
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example, which are discussed shortly. As Segerstam explains:

My scores have Hbuilt conducting mechanisms. February [an eight®@rute orchestral work composed

in 1996] had six; the first was the percussion slapstick together with the concertraadtthen

everybody knew that now the piece started; l et 6s r
trigger for everybody to recognize was sforzando in the double bass. And the double bass had to wait for
everybody to finish, exceptths e t hat di dnét have a pause at the en

was the pianists and some of the percus¥ion.

0 S e g e rnwsicaalstdatempts to release musicians into the presenttewbat

Segerstam calls the fAnow pointo of | istening
around wuso6, as % Segerstamn describdsetie nawipdingtbus:i t
Musicisint i me , but you shouldnét stop and find out bec
ti me doesndét exist and that is what we use to make

and we measure things in time. Of course you have metronome magkindsve tempo markings, but
music is a continuum where things move. The now point can be broader than just a very picky one. It can
be something that already has a lot of tentacles to the coming time, or is dragging with itself flashbacks of

the secalled past time

Similar to aleatoric musi c-biacketspagner al and
particularly the notion of timasf | owi ng, al |-puSaionenuss has thécapadity e e
to generate performances that are never exactly alike, thaipast themselves to what

Segerstam describes as 6the now foint of the

In-built conducting mechanisms used as cues for blocks of material are clearly defined
by Segerstam. What is not defined but is clear from examiningpfrisation orchestral scores,
for example, on page one of Symphony No. 288 (2015), along with thereideaed
performance of the same symphony, are the levels of internal synchronisation within and
sometimes between sections of the orchésffar example, the aleatoric counterpoint notated

in freepulsation orchestral music scores exists primarily betworchestral sections:

39 puffie, (2009).A PDFscoreof February(1996)maybeviewedanddownloadedatthed Mu &i al and 6
website<https://core.musicfinland.fi/works/februaryaccessed9 July 2019]

40 Fromanarticleby Tom Service first publishedn TheGuardianon Thursdayl7 November2011
<https://www.theguardian.com/music/tomserviceblog/2011/nov/1-&gj€rstanprolific-finnish-
composeriaccessed6July 2019]

41 Duffie, (2009).

42 |bid.

43 A downloadablescoreof SymphonyNo. 288is availablefromthed Mu &1 a | welbsited
<https://core.musicfinland.fi/works/symphong-288>[accessed 6 July 2019].A videoof SymphonyNo.
288canbeviewedon Y ouTubehere:<https://www.youtube.com/watch?v=faMFoG314{aecessed 6 July
2019]


http://www.theguardian.com/music/tomserviceblog/2011/nov/17/leif-segerstam-prolific-finnish-
http://www.youtube.com/watch?v=faMFoG314tc
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woodwind, trumpets, horns and strings in opposition but seldom within those instrumental

families themselves where often, as in Symphony No. 288 for instance, the horns are written

unison a4, the trumpets unison a3, and the waudsaligned vertically for rhythmic

synchronisation with the strings rarely showing irgectional division and where pitdivision

does occur, it is frequently homophonic. This synchronisation is also evidenced in the

performance video where at muligboints throughout the piece, the synchronisation of players

is clearly seen with the section leader laying down the tempo and beat for the remaining section
players as a localised conducting activtfthese synchronising actions within sections are
appprent in all Segerstambés orchestral perform
homophonic organisation of notated material s

investigation.

The confinement of polytemporal interaction to predomiryasectional relationships
restricts the potential for aleatoric counterpoint and polytemporal relational outcomes across and
between all instruments of the orchestra. Such limiting of polymetric relationships affords a
temporal and aural clarity to Segarshé s musi ¢ that can make his o
highly unified and very similar to one another as if each were part of a vastayragzhonic
compositional cycle that as the subtitle to !

0 n% .

The Polish composer, Lutosgawski, <creates
presented in score format and performed via parts but unlike Segerstam, does use a conductor to
coordinate performances and manage synchronised sections of music asiveetlleatoric
counterpoint generated by his compositional
aleatory to certain rhythmic freedoms while maintaining a firm hold over the pitch and harmonic
materials. Such rhythmic and temporal invention loarseen, for exampla Jeux Vénitienand
the Second Symphony. Ireux Vénitiens 6 Lut os gaws ki prefers to ju
time is exactly coordinated between instruments playing in the same tempo and meter and
blocks consisting of a collectiitee mpor al déad | i bitumdé in which |

orchestration is prescribed but “Theprefagetoc hr on i

44 Examplesof sectionleaderscueingremainingsectionplayerscanbeseenattime points:0'59"
(violoncellos);1'06" (trumpets);1'56" (violins); and4'59" (trumpetl cueingthe entirebrasssection)with
moreexampleghroughouthevideoof SymphonyNo. 288<https://www.youtube.com/
watch?v=faMFoG314tcfaccessed 6 July2019]

45 PDFof SymphonyNo. 288fromthed Mu & i a | vesiteéhttps://core.musicfinland.fi/works/
symphonyno-288>[accessed 6 July 2019]

46 Mark Delaerep T e niyetre,Rhythm.Timein TwentiethCenturyM u s iindJafglding Time: Studiesn
Temporalityin TwentietiCenturyMusig ed.by DarlaCrispin(Leuven:LeuvenUniversityPress2017),e-
book p. 38.
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the score describes how this temporal ad | ibi

should bemanaged by the conductor:

The ad libitum sections are not to be conducted. The beginning of each section is marked with an arrow
which corresponds to the downbeat of the conductor. In the ad libitum sections all the rhythmic values are
approximate. In aesequence, the placing of the notes one above the other in the score does not necessarily
mean that they are played simultaneodsly.

These sections of temporal ad libitum are polymetric in nature in as much as each player
isinstructedtoplayassaol oi st: OEach musician should pl ay
he were playing it alone; the rhythmic value:
occupying their own temporal space, even if this independent temporal sense is @fiy a sli
deviation from the overall tempo range signified by the composer and where frequent cues to
begin and start material given by the conductor limit and confine the scope of these individual

temporal spaces so as to maintain the overall structure ofetbetp

Lut os g thikysrinut®leng Second Symphony again uses confined ad libitum
aleatoric sections, where, in the first part of thisssve ct i on wor k cal |l ed o&éHe
flows in a fragmentary progression eatiage i n t hi
brought together seamlessly to generate great forward moméhaswith Jeux Vénitienshe
Second Symphony displays tight harmonic control with various degrees of rhythmic freedoms
throughout manifest as substantial tracts of notationatieatritten without barlines and where
vertically aligned notation in the score is not representative of synchronisation between the parts
in rendition and where these sections are only apportioned by cues to start, stop or transition

material as instrued by the conductor.

At various points and particularly at the end of ad libitum sections, players are required
to repeat sections of their material until signalled to stop by the conductor as a device to
transition or quickly move into the next sectidimese areas of repetition are indicated by wavy
lines in the score and parts. From a practical perspective, such free repetition generates a
collectionpoint, allowing all players to complete their ad libitum material, join the repeat
sections at somewhdifferent entrypoints and continue playing until the conductor indicates

migration into the transitional material or following section as a unified instrumental Whole.

47 bid, p. 38.

48 Citedfromd6 Or dofB e r f o r sedionan&fi®dm themusicscoreof L u t 0 s § Feuxgékitieidss
Nr.5012(Celle,DE: Edition Moeck,1962).

4% CharlesBodmanRae, TheMusicof Lutoslawskrd edn(London:FaberandFaber,1999),p. 102.
%0 |bid, pp. 75i 79.
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The musi cal materi al rendered by iryndi vi du:
technigue [that] relies for its rhythmic sophistication on the complex combination of relatively
simple individual parts6, particul ardly arti ci
instrumentalists within the ad libitum passages, generatekeatoric counterpoint of great
complexity producing significantly denser polyphonic and temporal outcomes than those
rendered through the more restricted aleatoric counterpoint resulting from the confined sectional
rel ationshi ps p rnepboaiest Howaver, 8eagensequeraend s Sy
of Lutosgawskidés penchant for pitch control,
to their reliance on a fixed harmonic complex even though this harmonic stasis may eventually

modulate to different harmonareas’?

As well as ad libitum writing, there is explicit polytempo throughout the first section of
the Second Symphony, for example, between rehearsal poihtsHowing simultaneous tempi
of crochet = ca. 132, 176 and 105; between rehearsal pobtsikbwing simultaneous tempi of
crochet = ca. 150 and 100; and simultaneous tempi between rehearsal pdiats/24i crochet
= ca. 100 and 80. The section between rehearsal poii22 2br example, also includes terms
that affect the speed of individyall ay er 6 s del i very of mat-eri al w
tempi such as O6poco |l entod and o6l entodbd foll o
tempo fluctuations between instruments in addition to the tempo differentials between
instrumentaloices making the Second Symphony a polymetric work that uses polytempo as

part of its managed, aleatoric rhythmic and temporal framewdrks.

Like Jeux Vénitecnand t he Second SymphonRituelBoul ez 6s
Memoriam Bruno Madern@l974 75) uses a score and parts and a conductor to govern the
overall structure of the piece but also to cue free ametrical sections that involve loosely
coordinated polyneter within the evenumbered sections of the composition. Similar to the
Lut osgawsKki p Rinuelshavs vettidally alignedandesontethat unaligned
instrumental lines that do not exactly represent or correspond to what will be heard in the
rendition. This discrepancy between what is graphically fixed in the score and what is actually

produced as sound is made clear in the performance instructions that preface the score where

Boul ez instructs the musi ci aadnsthetbotcantmoetto at t e mj
play, unconducted independent | $Husdherwrites: ot her
*1 |bid, p. 77.
52 |bid. p. 84.

Seel ut o s §SacarsSymphony(London:ChesteMusic/PWM,1967)pp. 1i 9. An onlinescore
previewis availablefrom thepublishemt <http://mwww.musicsalesclassical.com/composer/work/7710>
[accessed 8 July 2019]

54 Rundall,p. 48. Rundallalsotranslatesindquotesthe performanceénstructionlocatedin the scorefrom the


http://www.musicsalesclassical.com/composer/work/7710

a7

In the evemumbered sections, however, the conductor only cues each group of instruments to begin
playing; the groups then continue @pendently, so that each appears to be going its own way. (The
percussionist attached to every group maintains the tempo for his or her players, but no one coordinates all
the performers.) There is freedom and flexibility in these sedtithe exact coursef the music will be

slightly different in each performanée.

The orchestra is divided into eight groups that are antiphonally placed as far from the
conductor as possible. The work itself has fifteen alternating sections that are divided into two
types of material: sustained chelide blocks of sound where instrumental group entries are
directed by the conductor and more fluid, rapid passages of unconducted music. As Huscher

explains:

Seven odehumbered and seven eveambered sections alternate lrefthe large concluding paragraph;

there are seven ensembles plus the brass group (of fourteen, or two times seven); seven gongs and seven
tamtams (positioned at the rear center of the stage) play an important role; a singlactevehord

permeates thscore from the very opening. This rigidlghematic aspect of Ritydlowever, is offset and
complemented by the fluidity and freedom of the unconducted passages, and by the sheer sonorous beauty

and eloquence of the musk.

Rundd | asserts that O6since the material wri
metrical [with clearly audible beat levels] and since the instrumental groups perform in a
temporally uncoordinated manner, there is a strong likelihood that any given performance would
sound p o PyAsweth all loaselyl cdordinated, unconductedtoestral music where
performers are instructed to play in their own temporal space, to some extent at least, it is
impossible to predict the exact configuration or nature of polymetric outcomes during a
performance. With the percussionists directing sona\witdependent tempi during the

unconducted sections, it is likely outcomes will be polytemporal.

Independent tempi and polytactic invention along with the simultaneous combination of
heterogeneous musical materials were already part of the compogitiaciide of lves at the

start of the twentieth century. Stravinsky ¢

original Frenchfoundin Boulez,Rituel: In MemoriamBrunoMaderng (London:UniversalEdition, 1975).

%5 Phillip Huscherp P r o g mMates Bailez,Rituel: In memorianrBrunoMaderna ChicagoSymphony
Orchestra Website

<https://cso.org/uploadedFiles/1_Tickets_and_ Events/Program_Notes/ProgramNotes_Boulez_Rituel.pdf >
[accesse® June2021]

%6 Phillip Huscherp P r o g mMates Bailez,Rituel: In memorianrBrunoMaderna ChicagoSymphony
Orchestra Website
<https://cso.org/uploadedFiles/1_Tickets_and_Events/Program_Notes/ProgramNotes_Boulez_Rituel.pdf >
[accessed June2021]

57 Rundall,p. 48.
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contemporary cake before anyone %¥YPagefthtad ever
6caked involved | v e safion withthengprcept of mubtidineehsioreabapde r i me
nornlinear musical time that according to Delaere, is one of the most significant developments in

composition since the 1900s, as he explains:

By multidimensional and nelinear musical time | mean the supesfiion of several time layers, each
moving at its own speed and more or less directionless. Beautiful examples are to be found in American
art music from the beginning of the twentieth century onwards, especially in music by Charles Ives. The
bestknownm st ances i n | ve s the Unanswered Quastido08], mfwhiah thnee s e ,
layers of texture, pitch collections and time are superimposed, and the Symphdrigamposed 1910 to

the mid1920s], in which sections in polytempo call for teanductors?

2.4 Ives, Stockhausen, Ferneyhough and Brant

Ives used scores, parts and conductors to produce temporal results that range from highly

determinate to somewhat indeterminate abha Unanswered Question wher e | veso6s f
saysofthet u mpet part, O[t]his part need not be pl
uses phrases that iIimply an indeterminacy of i

end their part approximately near the positi
Last Questiono should note b&i Ipdnacyeesddo boyf tthhee ts

di stance have been HKeard for a measure or t w

In Symphony no4, simultaneous combinations of polytactic and polytemporal musical
layering proliferate, notably in movement IV, the last movement afyhgphony, where the
percussion section maintains an independent though proportionally related tempo from the rest
of the orchestra throughout the movement. Polytempic and polytactic relationships also abound

throughout the first movement of the symphors/Baooks describes:

The opening is in 6/4, but the meter can barely be sensed because of the ametric rhythms employed; at
[rehearsal mark] 2, the meter changes to 6/8 (3/4), but other overlaid metric patterns continue to obscure it.

[ €] Mor eoviea ,ambhiegunetty i s accomplished in three di
characterized by what is in effect metric Achromat
meter, the actual rhythms used are not directly related to it. After ehyttiens do relate clearly to metric

patterns, but these are so diverse that not even the notated 6/8 dominates the texture. At the end a single

%8 |gor StravinskyandRobertCraft, Retrospectiveand ConclusiongNew York, NY: Alfred Knopf: 1969),p.
30.

¥ Delaerep T e nipetre,Rhythm.Timein TwentiethCenturyM u s iindJafelding Time pp.13i 43 (p. 28).

80 Quotedfrom theforewordof | v e BhéUnanswereduestionfor chamberorchestra(New York, NY:
SoutherrMusic PublishingCompany,1953).
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triple pulse is extended and compounded in a changing and unpredictable fashion.

Brooks continues:

Often acollection of quite distinct metric patterns will share a common underlying pulse, while others
proceed independently. The pulse of the distant choir, for instance, is virtually unrelated to the other
rhythmic activities throughout most of the movemdiften again, at rehearsal 7, the 3/ 4 in the upper

strings and the 7/16 in the distant viola share a common quarternote pulse; the trumpet and chorus employ
the same eighthote but compound it differently; while the flute and the bass of the piano pratcqeite

a different pacé&?

Ives did not want his music to be a fixed, static entity or his compositions to represent
completely finalised creative processe®es. He
eclecticism, quotation, acoustic and temporal experimentationdetand crucially the
relationships between these elements to generate musical networks rather than obvious musical
arrows that acted as aural O6tour guidesbéd. | v
musical aspects and navigate individual auréthyways through the compositions and their often
heterogeneous components, resulting in significantly different listening experiences
upon each renditiof? It is this experimentation with multidimensional and imear musical
time and the invitation for listeners to substantially change their perceptions of a given
composition that relates |Ivesds pioneering p
highlighted in this literature review and positions his work and thinking as a significant
progenitor of much that was to follow in the development of polymetric composition.

Around forty years after t he cSonopcoksimabsismen 6o f |
Gruppen fur drei Orchesteapportonedordundr ed and nine orchestra
nearly equally scored orchestras [that were] placed around the audience in the form of a

horseshoe, each of which [was] directed by its own cond{tojoznable a synchronous

realization of up to three different temporal layers running at differgmte €*d s 6 .

Decroupet explains that this polytempic synchronicity was the realisation of
Stockhausends theory of musifitermdiscussednmeelatiohtmr mu | :

the chromatic scale of tempi that are significant in other Stockhausen pieces conceived around

61 william Brooks,6 U n antdDjversityin Charles v eFow@tsS y mp h émugridlnteramericanade
InvestigaciorMusical 10(1974),pp.5i 49, (pp.12i 13).

62 |pid, p. 26.
53 pid, p. 6.

64 Imke Misch, FrankHentschelndJeromeKohl, 6 OtheSerialShapingofSt o ¢ k h Gruppafiar6 s
dreiOr ¢ h eRetspectivesf NewMusic 36.1(1998),pp.143 187 (p. 150).
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this period such ageitmalRefor example. To expand serial thinking into tempi, Stockhausen

first considered a series of pitch|m terms of proportions (intervals) rather than a sequence of
objects. These proportions, in turn, required an alternative consideration to establish durational
chromaticism where the series proportions would dictate pitch durational values. Stockhausen
extended the use of proportions based, for example, on those foundhaiutra harmonic

series to generate a range of tempi that were produced using serial processes that further
conditioned pitches governed by durational chromaticism to shape timstaorctural level

including the proportionally governed meter of bars and the number of bars of similar meter in
combination along with their proportionally based tempi and the ratio structures that governed

their polytemporal overlaps and layering.

Stokhausen realised that for these tempo relations to be perceived and effectively
delivered in performance there had to be periodicity expressed through metric relations where
the tempo and meter were establisBedepeated at some length, a radical considtion at a
time when repetition of any kind was considered problematic within serial procedures. It is this
metric and tempo relationship that Stockhausen brought togetGeujgpen connecting tempi
with onehundred and fortfive group structures, eh with its own tempo, meter, duration,
pitch range and timbral construction so that through periodicity, tempi could be established,
recognised and contrasted between performing groups with all elements gemedateskerial
organisatiorf® As such,Gruppenbelongs among the first pe$950 pieces invhich physical,

surrounding space was included as a structural dimension

Gruppen is based on the decisive idea of integrating the musicaltspaaimensions in the sense of a
principle whid brings about coherence and has an effective serial control, not only on the parametrical,
but also on the larger formal level. Consequently, the various spatial dispositions of the sounding bodies
enable first and foremost a synchronous realization o6 tipree musical processes, each of which elapses
at its own speeff.

It is the synchronous unfolding of the polytemporal materials distributed among the
groups and three conducted orchestras that facilitates the highly contletiedhinate,
polytemporal outcomes of the piece as it moves through its variously superimposed and
overlapping temporal frameworks using tempi ranging from 60 BPM through to 120 BPM. This
60:120 (1:2) ratio was subdivided logarithmically to generate & ofctleven approximately

equaifeeling durationintervals that resulted in the twelve tempi values knag/iechromatic

8 pascaDecroupetp R h y fi Bumationsi RhythmicCellsi Groups Conceptof Microlevel Time-
Organisationn SerialMusic andtheir Consequencesn ShapingTime onHigherStructuralL e v eil s 6 ,
Unfolding Time pp.69i 93,p. 82andpp.170/171.

56 Imke Mischetal., p. 144.
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tempi used in the score where one tempo is associated with one particular pitch. These tempi are
60, 63.5, 67, 71, 75.5, 80, 85, 93, 101, 107, 113.5, and where 120 BPMasible the initial

value of 60 BPM. There are also several other augmented tempi values appearing in the score
where notational values have been halved, for example, from crochet beats per minute to quaver
beats pr minute or quaver to semiquaver beats per minute but where the proportion between the
units has been maintained as with crochet = 63.5 doubled to quaver = 127 BPM and 75.5
crochet BPM doubled to 151 quaver BPM.

Despite the pitch, rhythmic and tempocalmplexities of the work, Stockhausen
manages the polytemporal material relationships generated through the simultaneous temporal
layering of the orchestras in such a way as to keep the distinctiveness of his material and
textures clearly audible at alites. There are multiple instances of the three orchestras in
polytempic relationships, for example, where the first large tempo breakdown occurs at score
number twentyeight with the tempi 113.5 and 90 BPM running simultaneously and at score
number fortytwo, where there are three independent simultaneous tempi comprising 107, 85
and 113.5 BPM, for example, but there are also many examples where only one orchestral group
is performing at a time or orchestras share the same tempo as is the case in heuthisitt
preceding score number forgight®® Shared tempo is also apparent in the inserts or
OEinschubd where Stockhausen added three | ongq
sections in which he almost completely relinquished serially contrpitegieterminations,
structuring the music in such a way that the three orchestras combine into a singlegsoundin
body$°

However, producing the required exact synchronisation between the three orchestral

groups in performance was no easy matter, as thductor Norman Del Mar recounts:

The reports of the separate entries of the orchestras after so many seconds and in different tempi proved to

be nothing but the truth. As a result, the barlines rarely coincided, though everything was laid out and
calculated with the neatness anpgeriodicakpauses bebveenof an ¢
entries in any one orchestra were given to the nearestdwihd [and] tempi calculated by means of inter
related ratios to the nearest half degree. [ €] Whe
Thiswastheactuali f fi culty of recognizing the sounds made
reconciling them with the hieroglyphics on the score before one. In such wholly athematic music

consisting almost entirely of pops and gurgles interspersed with spasmgaifleggandemonium it was

all too easy to |l ook down at the score after an ex

87 |bid, pp. 152 156.
% Thoegerserpp.110'111.

9 |mke Mischet al.,p. 145.
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nothing that could be i mmediatel y™associated with

More recently, in June 2018, Duncan Warde of a team of three conduct@guppen

with the London Symphony Orchestra, told Jo Johnson in an interview:

The coordination between the three conductors is probably the most distinctive and challenging aspect to

this piece. Often the three orchesteae playing in completely different (and constantly fluctuating) time
signatures and tempi, but at all times whilst conducting your own part you are having to be visually aware

and reacting to what the others are doing in order to keepitallinsyre. ltc hamber musi c f or
suppose. Perhaps the strangest feeling in conducting the piece is not being quite as engaged with the
musicians of your orchestra as you would normally be. In Gruppen 97% of your brain cells are tied up

with the visual comdination between the conductors, and the constant rajtsstments required in

navigating your own orchestrads path to ensure a

Ward continues:

The radically different aspect of preparation necessary for Gruppen, howetlat,tlset conductors need
to practice by themselves without any other musicians present. Three conductors sat in a room frantically
waving their hands at each other in silence is a strange sight indeed, but absolutely crucial to the success of

this piece. Sickhausen recommends six such sessions of two hourg%ach!

Although attitudes to and familiarity wit@ruppenhave changed across the intervening

decades since Del Mar 6s conducting account,
theunwi el dy ship that is thé three orchestras
In comparison to the scoring Gruppen t he not ati onal density

FirecycleBeta: Symphonic Torso for Two Pianos and Orchestra with Five Conductiicates
this antiphonal work prioritises sonic and temporal density over perceptual clarity. As
Ferneyhough writes in the forewordRoecycle

The title of the composition refets the Heraclitean theory concerning the periodic destruction and
reconstitution of the universe in and through fire (symbol of eternal flux as well as of purity). The form
corresponds analogically to this principle in its employment of laogde cycle®f material and method

which have a common origin in an original page since deliberately destroyed. These various types of cycle

7 NormanDel Mar,6 O@o-ConductingSt o c k h&a Gs e p Fampab®(1961), pp. 1623 (pp.15,
21).

"1 Referencdakenfromthewebsited L o nSymphonyOr ¢ h eSearchuadierd C o n d Duacarward
onSt o c k h@wu s p EEtpsd/lso.co.uk/more/blog/97bnductorduncanward-on-stockhauseis-
gruppen.htmlfaccesse@0May 2021]

2 bid.

3 Ibid.
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interlock and overlap on many levels simultaneously, thus generating an overall structure of high density
and relative percépal unpredictability

Ferneyhough c o Ritedycleis @ double@ibno coackrfo,eakthbugh one in
which the pianos are less soloists in the conventional sense than emblems of the antiphonal
conc’epfhbe orchestra is digwips ®vaoofstripgsandtwooff our b
heterogeneous groupings of vaffThegrapsiarast r ume n{
antiphonally placed with all conductors having a line of sight with their specdigg of
players as well as each other in accérdance \
According to Fitch, tGrepenforthreeuastiphoral ohHestr&t o c k h a |
owhich emphasises or chest risgalpablethroughout thework.h e ¢ «
Ferneyhough contrasts qugmsintillistic local textures (such as the violas)i motto seccp
with the fimass effecto of the sftAdaimlike not abl
Gruppen Firecycleuses groupsfonstruments to articulate specific materials wherein
OFerneyhough conceptualises horizontal and Vv«
instrumentation and naming of sections according to their inherent procedures represent the
horizontaldmensin, and the vertical refers to har mon

betweenthetwor che’@t r as 0.

From the polymetric perspectivieirecyclefeatures sections and passages of tempo
unitybet ween all groups ,Alflerl uéa maamdlIl ea,6 tamrdo WEH d e

However, ad-itch observes, the score also includes

indeterminate notation in many sections, such as the appropriately titled Sequence (assuming that the
6class of procedur e écontametimatexidlsessparated Hyepquses addilstunoat thes e | f
conductorsdé discreti dmmendAblo¢ehuiiacl V& ared |l tshto I
in an order determined (in the case of the former) by performers and up to five conductors (one principal
conductor, one for each orchestra, and two performers taking on a conducting role asynaress

ordinate groupsy?

The ad libitum sections (the principles of which are already familiar from the

aforementioned works of Lutosgawsklirecpced Boul ¢

"4 Forewordto the score FerneyhoughFirecycleBeta: Symphonidorsofor Two Pianosand Orchestrawith
Five ConductorgLondon:Ricordi, 1980).

75 Lois Fitch, Brian FerneyhouglBristol: Intellect,2013),p. 305.
6 Forewordio thescored Co n ¢ & m s it m gFRereeyholgyi@-irecycleBeta.
" Forewordto thescored L a yobQurtc h e FemnaylodghkirecycleBeta

8 Fitch, Brian Ferneyhoughp. 306.
7 |bid, p. 306.

80 Fitch, Brian Ferneyhoughp. 306.
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(pages 2b29 of the score) show a collection of tanmalications, as on page 25 of the score,
applying to various instrumental groups that range from quaver = 50, 56 and 60 BPM or
increase and decrease in tempo from, for instance, 50 to 55 to 46; 40 to 52 to 56; and 74 to 36
BPM, initiated by conductors @erformers to either overlap or run simultaneously, generating
dense, complex polytemporal relationships throughout and where a degree of colour, pitch and
structural clarity is facilitated through the antiphonal organisation of the players and their

resgective compositional materials across the orchestra and the performanc# space.

Antiphonal distribution was also clearly a primary concern for American composer
Henry Brant (19182008) whose, as of 1992, sevesty spatial pieces arfdty -seven
nonspatial compositions are listed in the Carl Fischer rental catdlbgue.r ex ampl e, Br .
first spatial orchestral piecAntiphony 1 written for orchestra with optional soloices or
chorus, uses five spatially placed groups anddom@ductors to manage polytemporality, as

Harley explains:

The spatial separation of instrumental groups highlights the contrasts of timbre, meter, key, texture, and
motivic content between the five musical streams. The distant groups enter on cpecaead at their

own speed without a strict relationship to the main, more continuous layer of the music. The entries of
these groups usually overlap in time: one group is still playing while another begins at a different point in

space®

The composition oAntiphony 1lin 1953 predate&ruppenby several years. Harley
asserts that oO6[Brantdés] role in the devel opm
movement have a structural and aesthetic function, has been overshadovatdbthth

Europeanavarg ar de, especi all y®Karl heinz Stockhause

UnlikeGruppen t he compl exity of Brantodos music d
compositional procedures but through the juxtaposition of often heterogeneous, purposefully
unrelated and ofin simple materials that produce complex results when combined in
performance, an approach prefigured in the music of lves where heterogeneous rhythmic,
melodic, pitch and temporal materials are simultaneously combined to create complex
polyphony and wher some of these materials are spatially distributed, as in, for exarhple,

Unanswered Questicand The Fourth Sympho®yBr ant 6 s approach to spa

81 FerneyhoughFirecycleBetad S e g ul € poo8i 31,6 Al | d IVUppd35iB6and6 A me h ppod |,

361 39all showsadlibitum actionswith polytempicrelationshipghatgeneraténdeterminateoutcomes.

82 Maria, Anna,Harley,6 AAmericanin SpaceHenryB r a i S ® M ui sai lamericanMusic15.1 (1997)700
92(p.70).

83 pid, p. 71

84 bid, p. 70.
8 |bid, p. 73



55

finds an analogy in the work of others, too, for example, in the controlled aleatoricism
int roduced by JdwuMémtiengHaneg Writes: i n

[ '] n cont r as tvork wherk aodrdinatédaand sincoo@iaated passages are
presented s e gMilemiumH(L954) for laRe wind erdemble, percussion and
soprano] makes simultaneous use of both types of rhythmic organization. The parts for
instruments on stagee coordinated; in the hall [where they flank the audience, trombones on
onesidet rumpets the other] they remain uncoordir
where all instruments are coordinated by the conductor]. Brant praises the absence of exac
rhythmic correspondence that fApermitso si mult
controlled either by assistant conductors, soloists, or section leaders. Extreme overall rhythmic
intricacy and a sense of great rhythmic freedom are attainable by this kind of procedure; at the
same time, maximum control within welkefined limits, as well as ease and naturalness in

playing, is retained®

Brantds many s pat iianttempi amopgadéferantiatecninstrumental n ot «
groups with conductors and assistant conductors to manage polytemporal organisation across
sometimes considerable spatial distribution and where this spatial separation ultimately
enhances the perception of fuemtly heterogeneous elements such as texture, tempo, meter,

polyphonyand contr ap®intal activityod.

2.5 Davies, Carter and Ferneyhough

The final collection of pieces in this review are examples of conducted polytactic works with
determinate perfor mance Broldta onmBrchestraal hce yCad rntcd rud
Variations for Orchestra. Although polymetric, these polytactic weitksutside Rn d al | 6 s
definition of polytemporal music and thereby fall somewhat beyond the polytemporal focus of

this investigation. However, their inclusion is useful to highlight a frequently used species of
polymeter that relies on rhythmic notatiomabdifications rather than a notatibempi

modification to synchronise various polymetric structures and their associated pulse speeds into

a polytactic whole. Al so i nclatUareastunldommer ney h
not because of any ovgrolytactic structural elements asRmolation and Concerto for

Orchestra, but as an extreme example of conducted, determinate, synchronisedehsper

polyphony rendered from a score and parts that are comprised of equally dense and complex

8 |bid, p. 79.
8" Thoegersem. 110.
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rhythmicnotation.

Although a forwardooking compositionProlation for Orchestra Davi es 6s f i r s
orchestral work, directly links the composer:q
procedur es wlhyaverred the[rgtative prdpartion od minim and semibreve in the
medieval rhythmic modal system. [In this work], prolation is extended to govern greater and
smaller proportion® from periods covering hundreds of barstogshma | | est o6i rr at i c
gro®@hds O6rhythmic engineering of medieval m
three minims to the sefni btrvew,e ia:nds dmerogm cheod L
ratios O6where the durations of whole section:
numbers (10:4:7:6:5). The abstractness of the [resultant] design, however, is countered by the
vital energy of the musj which sweeps through all the sections and subsections to create a
single symphonic movementé where | ayers of m:

simultaneously forwar&®

Different pulse speeds also proliferate the orchestral compositiorerief @here
slower streams of regular pulses serve as structural foundations onto which faster and often
conflicting activity including changing meters and pitch content, for instance, are superimposed
upon the surface and isthecostinusus interaction letveent and
[these] different structural levels that yields a dynamic musical f6ffor exampl e, O t
Concerto for Orchestra can be understood as a gigantic construction in which several temporal
layers are combinedtocreaste uni que form and a cl ear dr amat.i
primarily [serve] as a means to divide the duration of the entire compositidioumto
movements with an introduction and a codad ati
movements occuat (neat) coi nci dent points between these n

pulse layer$! Coulembier elaborates:

[The relationship between these simultaneous pulse layers] results in a very complex network of
thematic/timbral/intervallic relations. kddition to the single, overarching structural polyrhythm, there are
several other polyrhythms at different temporal levels, ranging from local polyrhythms (combinations of
different divisions of the beat) to what Carter called short waves. Bhesewaves can be divisions of the

time-span between two or more structural pulses (as in the first and second movements) or can start in

88 Notesaretakenfrom anonlinecommentanyfor Prolationfor Orchestrain 6 S ¢ Mo & {Schdtt:2019)
<https://en.schottnusic.com/shop/prolatieno151309.htmi¥accesse@3 Septembe?019]

8 Notesaretakenfrom anonlinecommentanyor Prolationin 6 M aOxp u (#&x Opus:2019)
<https://petermaxwelldavies/?works_catalogue_entr=prol@tdaccesse@3 Septembe?019]

90 KlaasCoulembierp St @trudtuce DynamicForm:An Analysisof Elliott C a r tCencértdor
Or ¢ h ePetspectiviesf NewMusic54.1(2016),971 136 (p. 129).

% |bid, p.127.
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medias res and lead to a particular end point (as in the coda). In some instances, the entire orchestra is
engagedri the articulation of polyrhythmic superpositions to prepare or emphasize a specific moment in
the discourse of the movement (e.g., at the beginning and end of the first movement, or the passage from

basic pulse 1180 onwards in the cotia).

As i n DPralationepsopostion lies at the heart of the Concerto for Orchestra. For
exampl e, oO0at the | ocal polyrhythmic |evel, tI
sixteenth notes, and sixteenthte quintuplets (3:4:5). In addition 6t he mai n r hyt hm
of the piano part is based on septuplets, regardless of the absolute tempo or speed.

The fundament al proportion of 10:9:8:7 is o0mi
independent yet related proportigeneratepp ul se | ayers are articul at
signatures and tempi [that are] the framework for specific pulse speeds, rhythms, and

polyrhythms. Changes in tempo and/or meter can mark transitions from one formal segment to

anotSher 6.

Powellcommers t hat &é[ 1 ] arge ensemble polyphony
works: the Double Concerto, the Concerto for Orchestra, arlytmg@hony of Three
Orchestra$ . He goes on to assert that o6[a]ll are
thespai al i sed pol yphonyGruppenaBdCarré kshasatstleen 6 s ear | i €

simultaneous plurality of tempi BeitmaRé®?

Although not a spatialised polyphony asdruppen nor a polytemporal work,
Ferneyhoughos f LarTerte esoun Eldmene includeld hepeiagan example of
extreme, synchronised, dense polyphony achieved through the sheer mass of independent parts
to an extent not found in any of the pelytporal or polytactic pieces examined in this review
where polyphony is engendered through the simultaneous sounding of material running within
differentiated temporal strata that themselves are constructed from multiple simultaneous pulse
streams. The fieenminuteLa Terre estunHommé,i s scored f or -emght or c he
players, each of whom is at times a soloist who has a pdenaanding as one of the

composer 6s %Acootding tepFReraayt®sgh, punctuating this polyphonic fabric are

92 bid, p. 128.
% |bid, p. 129.

% LarsonPowell,6 T ICkaracteof PolyphonyElliott C a r tCencditdor Or ¢ h eis Rolypidany&
Complexity:NewMusicand Aestheticsn the 21stCentury ed.by Mahnkopf,ClausSteffen,FrankCoxand
Wolfram Schurig(Hofheim:Wolke, 2002),pp.11i 37 (p. 12).

% PaulGriffiths, Brian FerneyhoughLa Terraestun Homme(London:NMC Recordings2018)PDFof

CD BookletNotesNMC D231 Ferneyhough.a Terraestun Homme(booklet)downloadableat
<https://www.nmcrec.co.uk/recordingflarraestun-homme>accesse@3 Septembe?2019]p.9.In
disagreemenwith Gr i f ingtramerdiasioriotal,thisa u t hcalaulatisnfindstherequiredinstrumentation
asspecifiedin thescoretotals89-players.Thereis alsoa possibleextensiorof up to 6 additionalstring
playersmakinga maximumtotal of 95 players.


http://www.nmcrec.co.uk/recording/la-terra-est-un-homme
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6seven sections, every other one reflecting
composed, leaving the last bar of the sixth, for percussion with piano and harps, as

concl ¥si ono.

Fitch, on the ot her hnahneg parts(thefseconds antd thirdt he p i

parts beginning at | etters L and Z respective

[A] basic premise is the accretion of simultaneous variation phases whose overlapping generates an
increasingly compl ex instrsmepta groupsppurgsumdparticyldr rhytrmicw h i ¢ h
articulation and pitch patterns, act as O¢berparan
Instrumental layering (principally wind and strings) is clearly distinguishable to begin with but l@ss so i

the middle of the piece (around page 24 of the score), before moving apart again into highly coloristic

groups for the final paff,

In either case, the presence of super polyphony throughout, as a sonic manifestation in
performance or as signified in score notation, is undeniable (Powell writes how Mahnkopf
describes hearinga TerraestunHomm&i t h it s O6f i er c aptofortdtevan se p o |
voi ces at one pointd). 116 As-fo@dhbghmarvelfjs obser v«
behold, and while every page is caked in the
invention run riot, [it is] just as much an apogee of pennipr¥8iccording to Griffiths, this
super polyphony and maxi mal o&édensitydé is pre:
the work is immediately in crisis, and this state is perpetuated, even through sequences in which
there is less going on. how it relentlessly renews its own turbulence, and in how we are bound
to interpret this turbulence as the result of the compositional maneuvers undisclosed, the music

is at once magnificent and disturbiffy.

Cummi ngs agai n r e ma entssombiting to foimtwhattse t he 061 n:
composer has called dAlife forms in permanent
techniques and behaviours that are often uni
composition, wh etheaetaistoftlyeserogns within guthia seetkirg sonic

behemoth may seem futile, particularly as the orchestra feels so entirely integrated, inextricably

l inked and united t owa rLdBerresestamoHommismcertaintyt i on o .
monolithiccaccor ding to Cummings, it is no monolithkh
% |bid, p. 9.

97 Fitch, Brian Ferneyhoughp. 213.

% An onlinearticleby SimonCummings$ F e r n e WéeloLa GehreestunH o m m(& @gainst:
2013)<http://5againstd.com/2013/01/14/ferneyhougtekla-terreestun-homme/>[accesse@1May
2021]

9 PaulGriffiths, Brian FerneyhoughLa Terraestun Hommep. 10.


http://5against4.com/2013/01/14/ferneyhough-week-la-terre-est-un-homme/
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the generalised contours of its surface would be to miss the astonishing wealth of detail in [its]
deeper mu s%Despite thésa telentlessly extreme levels of polyphonic density,
Ferneyhough unsurprisingly recommends that a proper performaheaelefre est un Homme

is one that gives its distinct strata or layers the most indepentfénce.

Part Two

2.6 Czernowin, Nancarrow (Murcott) and Johnson

Beginning with recent polytemporal compositions that incorporate conducted temporally

i ndependent gr ou pSowsutime Stay IllCUpstreanBOI) isfad an

ensemble of sixteen players dividetbitwo groups of eight players each. Czernowin says that
6[t]wo conductors are needed because the grol

unison tutti in the middle and the fA®rossing

Czernowin saysf her composition:

My piecesStreamsandLakesare a part of a series of 'sister pieces' c8lesv Summer StaBoth are

written for the same mixed octet and use mostly the same material, which is all about movement (Streams)
or stillness (Lakes) in and out the passage of time. The materials are organized so differently that they shift
their meaning in this sengéhen they move frorhakesto StreamsThe culmination of the series is in the
pieceUpstream This is a piece for two octets wherakesandStreamsre placed over each other with

some changes. The simultaneous / non simultaneous presentation anetthertg/o pieces creates a

loose palindromic cannd®

Throughout its fourteeminute duration, all rhythmic, pitch and expressive matter are
determined through notation and presented within a conventional score format that uses related
instrumental pas in performance. The temporal operation of the piece follows the tradition of
organising polytemporal performance using conductors assigned to various temporally
independent but coordinated ensemble groups discussed previously in the earlier woiks of Ive

and Stockhausen, for example, though no explanation of how the two conductors synchronise

100 Cummings) F e r n e WéelLa TetreestunHo mme 0

0lpowell,6 T ExperiencofCo mp | epx3i t y 6,

102 From the Library of Congress Concert Series 22423 online PDF programme notes
<https://blogs.loc.gov/music/files/2015/05/L@213 ChayaCzernowinSlow-SummesStay|| -Lakes.pdé
[accessed 12 February 2022]

103 Notesaretakenfrom anonlinecommentanyfor Slow Summer Stagé S ¢ Mo 5 {Schdtt:2022)
<https://en.schotinusic.com/shop/slovsummerstayno276606.htH [accessed 12 February 2022]


https://blogs.loc.gov/music/files/2015/05/LOC-1213-Chaya-Czernowin-Slow-Summer-Stay-II-Lakes.pdf
https://en.schott-music.com/shop/slow-summer-stay-no276606.html
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their timelinesweregiven in the score or performance notes.

A novel technological solution to synchronising two conductors so they may
simultaneously conduct temporally independent ensemble groups was seen in the London
Sinfoniettads April 2021 c ongdnemithDantinict he Quee!
Mur cottds arr ange me layerdiano Stady hoo2d (Chnarmf& thea r o wod s
London Sinfonietta and player piano was performed. The critic Arthur Keglerexplains:

The piece is predicated simply on an upper voice beginning very fast and slowing down, and a lower voice
beginning slowly and speeding up so much thatitte 12 seconds of music contain no fewer than 1,028
notes. For an ensemble to tackle two simultaneously occurring tempi is extremely difficult, but the

solution for this arrangement worked brilliantly. Two Baldur Bronnimanns, one conducting the upper

voice, the other the lower, appeared in angeorded video projected for all to see. Apart from this

making the players able to follow their scores, this was visually stunning and neatly outlined this simple

musicalprocess that produces this extraordindfga. %4

The player piano, two conductor videos and in relation to these, the two live ensembles,
would need sophisticated levels of synchronisation for this performance to operate as intended.
It is the level of technology supportisgnchronisation between these elements and what is
determined in notation that enable determinate structural outcomes in performance and make the

compositiondés polytempor al intentions clear|l

Not wusing O6virdesoe vceornad u cotloirvsedd oc on-thuct or s,
compositiondie bewegunger augerfor nine-players uses one conductor to manage a range of
simultaneous polytemporal streams. This is an ambitious undertaking for any conductor.
However, in hisnotesfo r ehear sal and performance, Johnsc
is conceived so as to minimise thecessary ol e of the conductor o6, wi
linked by tempo and meter in Sections | and Il [having] only occasional instances ef cross
subgroup simultaneity or referenced. To emph:
sections (at | east) are in principle perfor m;:
upon the ability of the musicians themselves to deduaie $pecific tempo in relation to a
tempo established by one of the subgroups, presumably under the guidance of the conductor.
Nevertheless, and somewhat contradicting thi:

good deal of time and energy skibbe allowed as well [by the conductor] for more

104 Cited from an April 201Backtracko n | i ne article éLondon Sinfonietta P
Arthur KeegarBole <https//bachtrack.com/reviesondonsinfoniettanancarrowsouthbank [accessed
February 2022]


https://bachtrack.com/review-london-sinfonietta-nancarrow-southbank
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Ahorizontal 06 rehearsal process of coll aborat.

balance, and gestural unanimity.

Johnson summarises the role of the conductor in this composition thus:

Aside from ensuring overall coordination and (more actively) helping to maintain overall dynamic balance
[é], the conductoro6s role is left relatively open.
ireferenti al 0 referdnae panufer otleess; restricshis arthér activities to cuing entrances

and simultaneous events across®subgroups; or even

Responsibility for accurate temporal differentiation is distributed between the conductor
and players to varying degrees throughout the piece. If players and conductor are able to operate
at high levels of fidelity within the established temporal framewpékformance results will
sound polytemporal and present a high degree of relationship between sonic realisation and what

is determined in the score through notation.

2.7 Kirk, McGowan and Fein

Dispensing with the use of conductors altogether, Jo&l Bis ¢ o mpntermal resistante

to flow is named viscosityP017) forbaritonevoice,trumpet in Ctenortrombone andbass

clarinet in Bo is a polytemporal work where all four performers move at different speeds to one
anot her t hr ou g-minutelderationoTierkporal orgahisatoe ia managed through
individual click-tracks. Clicktracks are synchronised through software suchoggclPro,

Reaper or Ableton, etc., and routed through a separate output to each player using extension
cables as necessary. Players receive their-tiak audio through headphones and will hear the
click alternating between high and low tones markinthdzar. Audio impulses are indicated in
red in the score and part notation and are used as the basis for further pulse subdivision as

necessary by the player¥.

I n the performance instructions to the sc
scoreaccuracy, some alterations have been made to the standard notation in order to remove
extra space that would usually be required by time signatures, accidedtals@mded

techniquesdé, assumedly so that graphic propot

105 Cited from the performance notes viewed in a PDF scodédfewegung Der augelownloadable from
<http://www.mediafire.com/file/7fzfgecwjdvbj/die_bewegung_der_augen_%255B2014_version%255D.pdf/f

ile> [accessed 11 Februarg22]

106 Notes taken from the performance instructions to the score. An audio recording of the composition and

downl oadabl e PDF of the score are available from the
<https://www.joelkirkcomposer.com/interredsistanceo-flow> [access 1@ebruary 2022]


http://www.mediafire.com/file/7fzfqecwjbqdvbj/die_bewegung_der_augen_%255B2014_version%255D.pdf/file
http://www.mediafire.com/file/7fzfqecwjbqdvbj/die_bewegung_der_augen_%255B2014_version%255D.pdf/file
https://www.joelkirkcomposer.com/internal-resistance-to-flow
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four voices on the padgé’ He also explains that he has used grames to express notation
where his generative processes create rhythms thempossible to play or ridiculously
complex to notate (where they require 1/128tites and beyond, for example) thereby

notationally approximating such values.

The intense focus of rhythmic resolution is evident throughout the scorex#&ople,
the piece starts with four independent notatempi indicating semiquaver = 104, 122.5, 156
and 87.5 BPM respectively, and continues to use notgdimpi throughout to differentiate the
independent speeds of its four instrumentalists. In @hdio temporal and metric
differentigion, page one shows nested tuplets of 9:11/10:13/25:18 and on page two,
13:12/14:13/15:14/20:19. Such rhythmic notation proliferates the score which itself is presented
like a continuous piano roll cut up to make masage sequential pages where notated events
are precisely proportionally spaced in relation to one another according to their rhythmic

subdivisions, polyrhythms and contrasting tempo.

If the fidelity of musicians synchronising notation, clitkck and equired pulse
subdivisions together with rendering their materials as signified is possible to the degree of
precision suggested by the notational resolution, this method of supporting polytemporal
rendition will produce structurally and temporally deterate polytemporal results. However,

the challenges in achieving such levels of accuracy should not be understated.

The polytemporal music of Ned McGowan and ReinfRave also bypassed the use of
conductors all together, opting instead for each player to have access to an electronic metronome
which is set to a particular tempo throughout the composition and strictly adhered to by the
perfor mer . BuidindMustcdonagrand and (mezzo) soprano voice (2013),

i nspired by Li gePoenieSmphchi§uor ane mpded metronones,

McGowan writes in his performance instructions that

[e]lach musician, (except for voice) has their own tempo (whidiffexrent from all the other players) and
must have an electronic metronome on their stand (on silent mode) to constantly show their tempo. All the

rhythmic passages should be played exactly in that téfhpo.

The score foBuilding Musicpresents the material for each instrumental line, clearly

indicating the assigned notatit@mpo, but the score fails to show any relational information on

107 bid.
108 Cited from the performance instructions in the preview scoBuidding Musicavailable from the
composerb6s website 6nedmcgowan.comdbd. An audio record

<http://www.nedmcgowan.com/music/chamiesisemble/buildingmusic2013# [accessed 8dbruary 2022]


http://www.nedmcgowan.com/music/chamber-ensemble/building-music2013/

63

a metrical level as graphic proportional relationship between notational elements across the
timeline areabsent Therefore, the score gives very little conceptual impression of what the
music may sound like. Nevertheless, if players can reproduce their materials with sufficient
fidelity to the specificity of their independent metronome markings,dhie ®utcome will be

both polytemporal and structurally determinate, though the exact nature of this determination is

not possible to verify with a score.

In a similar vein although bringing personal metronomes together with a conductor for
temporal organisation, the composer Ron Fein wrote a series of polytemporal works for small
orchestra in the 1980s and 1990s in which each part is ascribed a difidegendent tempo.

Fein called his podydpenpatriat e aeqrmosoepreelr llaet@ rvaem noun
Compositions were notated in score format and a conductor beating a consistent tempo of 60

BPM throughout, provided an ongoing temporal framewbaéi players would follow during

rests until such time as they were cued back into the composition and to their independent tempi

via a range of hand signals. Independent tempi were maintained through the use of small, silent
met r onomes 0 nusiegtand A gnglatgngo as fixed for each instrument and

remained unchanged throughout the composition. The instrumental part notation was not

metered with players counting duration beats for notes and rests alike, using their metronomes

for guidance.

The overall intention was to generate a very fluid, continuous music that obscured
verticality and limited the indeterminacy of outcomes. Mooperative works include
Orchestral Environmentl982)Undulations(1993),Meridian (1995),Ephemerg1996) and
Periphery(1998). Unfortunately, the efficacy ofchestrahon-cooperative music remains

untested as no orchestral pieces have so far been perféfined.

2.8 Saunders

Moving away from personalised player metronomes to the use of individual stopwatches for

gl obal structural coor di natGhomg (20032019 isé&nor man c
unconducted polytemporal collage piece for twelve to sixteen players atiglensbund

sources including music boxes and record players with performers organised as soloists, groups

or a collage of up to sixteen players who move through and are spatially distributed within a

performance space. The composition has a durationarity#one to thirtynine minutes and has

®WFyrther information about these workned® can be found
<http://www.ronfein.netfaccessed 15 January 202


%3chttp:/www.ronfein.net%3e
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been produced for very different venues where the architectural condition of those spaces

determines how Saunders arranges the component parts of thagpteseribed here,

Chroma] é] i s a wo r khe searchdoeandneadipulatiort ohsingle sounds, sound structures,
soundscapes and their movement and dispersion in the performance space. Although meticulously
composed in the finest detaithromais an operended concept that is composed anew for each venue. No

version likens another, just as no performance space is the same as’ahother.

Each musician has theirowgoreand each presents their O6ge
material) within which there may be a degree of rhythmic freedom signified through spatial
notations, but more often through materials indicating meter and tempo. Saunders calculates
how long each gestuxeill take to execute and then coordinates all the parts as an extensive
timeline that functions as the score by O6[pi!
graphically [organising] them as though they were pictures [helping] her to determine the
relationships that exi st Gdsteresvaeaumberedand di ff er e
organised into sequences punctuated by relatively long pauses (fresedimeds to several
minutes), enabling musicians temporal flexibility in execution and alspportunity to begin
the next gesture at the timdicated. The whole is organised through-getermined timings
governed by stopwatchebhe use of stopwatches ensures the global structure of the piece is
executed as designed but doesdactly influence the coordination of detail on a localised

level.

2.9 Finnissy and Harding

Not using stopwatches or metronomes for temporal organisation, Michael Finnissy composed a
range of pieces between the late nineta®ties to the mid nineteemneties that operate using

loose coordination between players. As Pace explains,

[s]Jome pieces, such as (196972) for any 14 instruments, the 5th and 7th Piano Concertos (1980,
1981),Nobody's Jig1980 81) for string quarteWWAM(1990691) for piano and treble/bass instruments, or
Quelle(1994) for four saxophones, have no score, only separate partstivdiplayers follow

independently; synchronization is thus very approximate and to a great extent up to‘£hance.

1101bid.

MNotes taken from the online programme i nCh@Baerl iner
XVin March 2011<https://www.berlinerfestspiele.de/de/berlisiestspiele/programm/bfs
gesamtprogramm/programmdetail_18134.htfalccessed 2 February 2022]

2lanPaced T PanoramafMichaelFinnissy( | 7etpg196(1996),pp.25i 35.


https://www.berlinerfestspiele.de/de/berliner-festspiele/programm/bfs-gesamtprogramm/programmdetail_18134.html
https://www.berlinerfestspiele.de/de/berliner-festspiele/programm/bfs-gesamtprogramm/programmdetail_18134.html
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In other pieces where there is a score sudloes Melbourng(1980) for soprano,
clarinet and piano, vertical alignment between thggrkais only roughly indicated. Pace

explains that

Finnissy often considers musical time as a series of intervals to be filled by
topologically distorted phrases or fragments, rather than accretions of metrical uRitenithe
Revelations of Saint John the Divjra® unspecified melodic instrument is introduced towards the end,

whose part is independent of the main score.

Thesepieces may at times be perceived as ametric but due to the strong rhythmic
characterisation of the materials they comprise, it is likely the temporal relationships between
them will be perceived as polymetric but in all cases, due to the temporal ardratruc
indeterminacies present, metric and structural relationships and outcomes will be impossible to

predict.

More recently and also exploring | oose co:t
unconducted thirgtwo-minute compositionMelting, Shiftng, Liquid World(2019) for string
ensemble, solo electric viola and an electronic part heard by the audience through bone
conducting headphones, a technology that enables all three components to be heard
simultaneously, explores among other aspectsatfaipy, the individual temporal spaces of

players to create a morphing installation where, as Harding herself explains,

[g]uite a lot of the textures are built out of repeated loops of material in your own tempo [performed in the

pl ayerdéds chosen tempo], so that creates this | ayer
chall enges of working ifrmrspacensémbleandt twe tradi
spreading them out bec adosdmatidnbecgmesaa isso€; syricleranisatioma c h ot
becomes an issué?

Players move around the space communicating with and responding to eadh other
such a way that the rendering of notated material in their individual parts is influenced by the
largely plaintive, slow moving dynamic sonic environment in which they are produced. With
three simultaneous musical elements and players freely openatimig their own tempo, the
temporal indeterminacy of this piece is likely to fluctuate between perceptions of ametrical or
during episodes of greater rhythmic characterisation, perhaps when oscillating sine tone beating
patterns found in the tape part guze pulse tempo in disagreement with other heard sounds
surrounding the listener, as polymetric or polytemporal music. With no score that notationally

represents and determines the exact tempor al

113 Cited from an April 2019 online interview in Crosscurrent Spotligittps.://t
life.com/2019/04/18/crosscurregpotlightmeltingshifting-liquid-world/amp® [accessed 5 February 2022]


https://tl-life.com/2019/04/18/crosscurrent-spotlight-melting-shifting-liquid-world/amp/
https://tl-life.com/2019/04/18/crosscurrent-spotlight-melting-shifting-liquid-world/amp/
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other plarerés material, such temporal relationships and outcomes are impossible to predict
precisely outside of a broad range or set of goals set by the composer and initiated by
performersput such outcomes can be described as most likely polytemporal if nudredin or

structurally determinate.

Harding®s composition uses technologies in the form of boyreducting headphones
and an electronic viola. Other technologies such as networked click tracks, electronic
metronomes and digital stopwatches have also been mentioned as solutions to the management
of polytemporal streams in performance when conductors have either been an inappropriate,
impractical or unrealistic proposition. In recent decades, the use of video lsasibesome

more prominent as a means to support new polymetric outcomes.

2.10 Hope and Clarke

Most of Cat Hopebs works use a form of roll i/
of a traditional score and are read from a video file or on iPads networked over the internet or a
local network using the Decibel ScorePlayer app during performance. These performances can

take place as remote or situated events. Talking about her compoEitoRupture EXists

(2020) for six players and sub tone, Hope explains:

Clouds of colouredats intersecting with each other are impossible and chaotic, but proceed softly and
slowly, signalling in an animated score. Perfor mer
as synchrony is impossible. They perform with an electronic pleybf low tones and whiteoise

designed to reflect both the invisibility, clarity and complexity of data clouds. Accuracy is a concept for

one, not the groupsometimes this is exposed, but mostly, it resides in the étéud.

As asynchronyandat ency are built into this compos:s
material being delivered slowly and across long lyrical phrases with players interpreting the
animated notation, itself presenting no conventional rhythmic or metric information, fitbhm w
their own temporal fields, it is likely the music will sound ametric throughout due to the lack of
strong rhythmic or pulse characterisation. This clbkel status is intentional and the temporal

indeterminacy it generates in keeping withthe cormapos6 s i nt enti on f or t he

14 More information abouThe Rupture Existalong with other Hope animated notation works including all
downloadable materials and ingctions necessary for performance can be fou@ttope, (2020)The
Rupture ExistsMonash University. Composition. https://doi.org/10.26180/5f741b3e4c4c6
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Desmond Clarke takes a somewhat different approach to Hope in the use of notation
videos. Clarke is a composer interested in works using fixed anddiverated video scores that
explore the boundaries and overlaps between notated and improvised maSepitember
2021 interview with Arc Project Music, Clarke talks about recent piece8tigat Waves
(2021) for multitracked saxophones and trumpets, in which he explores acoustic phasing
between instruments where player performance has been suppngdideo scores that as
Clarke explains oO6control [the] micro tempor al
is obviously hard for the players but is a really interesting thing to explore and is something that

| 6m |l ooking o take forwardo.

Clarke goes on to explain that

the idea of the video score is interesting as well because it is something that appears free if you were to
stretch it out. If you just put it out as a normal score it would be completely irfregcompletely
aleatoric but the fact that youdve got the notes

events moving across a vertical playback line embedded in the video] makes it almost more c#fftrolled.

Clarke comments that when niuigs notated as freeme, there is no notated rhythmic
information and that players, in his experience, even when there is a demsitgtanally
signified events, stil]l take their time del i)
to get that sense of rhythmic pressured6. To
video scores with playback lines or similar event horizons indicating exactly where an event
should occur generate more rhythmic urgency in players than stahdan ot at i on becau
just got to do it at that pointéo. Clarke al s
urgency is a decrease in player agency around the placements of their materials in time but sees
t his as 06j usfworking and [that thereane] differenytypes of freedom that the
pl ayers c%n exercisebo.

The capacity of animated notation to supp:
compositions is clear. However, the degree to which it can daliesturally determinate result
as opposed to more temporally improvised responses, and whether or not improvised or
determined performance outcomes are required depends upon the metric and rhythmic
resolution of the type of notation used, the ability lafyprs to interpret and mediate that

notation and any degrees of latency between performer responses to video instruction as an

115Text based on a September2@2h | i ne i nterview by the composer in 6
Composer Spotlight seriehttps://www.arcprojectmusic.com/post/compespotlightdesmoneclarke>

[accessed 13 February 2022]

118 | bid.

17 bid.


https://www.arcprojectmusic.com/post/composer-spotlight-desmond-clarke
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ensemble rather than individuals as well as how all these factors sit within any anticipated level

of structural and temporateuracy determined and anticipated by the composer.

2.11 Discussion and Conclusion

The literature review was undertaken to assess current polytemporal and polytactic
compositional practice, particularly though not exclusively within orchestral music, across a
selection of totemic works from the start of the twentieth century throudpe forésent day with

the aim of ascertaining the extent of compositional possibility available within this field. Having
developed timecodsupported polytemporal music in response to this literature review as well
as my own creative aims, it is importaotgstablish how this compositional approach is
contextualised within current praxis, where it overlaps with it and what temporal features

distinguish it from other approaches.

To help expedite this contextualisation, it is useful to restate my compasiions for

this project that include:

1. Independent simultaneous temporal trajectories for all orchestral players.

2. Ease of incorporating heterogeneous temporally unrelated materials into
compositions.

3. The capacity to maintain nedeterminate results onl@cal and particularly global
level in performance.

4. All solutions to the above being scalable and practical to implement.

As discussed in the review, the structurally indeterminate performance approaches and
outcomes found in the particular Cage, Finnissy and Harding pieces included here require many
decisions around the selection and placement of sonic events throughtouetime of a
composition to be decided by players as these particular temporal and structural decisions are
not specifically determined by the composer
methods do, in various ways, support many Independenttameous temporal trajectories for
multiple players, incorporate heterogeneous temporally unrelated materials into compositions
and offer solutions to polytemporal expansion that are scalable and practical to implement, their
open form or inability to mabain structurally determinate or nedeterminate performance
results on a local and global level in performance do not coincide with my compositional aims

and as such remain a stumbling block to their adoption.
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By contrast, when reviewing totemic paynporal and polytactic orchestral works from
the twentieth century that offered performance outcomes ranging from the structurally
determinateo less or intermittently structurally determinate, it was clear that none of the works
investigated supporteddependent simultaneous temporal trajectoriegVeryorchestral
player throughout a composition. Instead, orchestras were often divided into just a handful of
conducted or playetued polytemporal groups with content often connected through related

tempos and homogeneous materials.

For exampl ecerto@alrehestradutlise€amly four primary, proportionally
related pulse streams and their associated
Gruppen for all its complex, unified compositional parameters, remains a polytemporal piece
comprised of only three, synchronised, antiphonal and temporally differentiated orchestral
gr oup s The Unarsweded Questitias three distinct temporal layers whereas his
Symphony No. 4 exhibits multiple simultaneous polytemporal and polytactic overtaidiggs
throughout, but not to the extent where independent temporal trajectories exaérattbestral

instruments simultaneously.

Brantodos polytemporal music does combine
Antiphony 1is limited to five simulaneous temporal groups withillenniumll, occupying two
primary temporal areas, an deud\Viéritiensafely use tkhdred s
than three simultaneous independent tempi. Even in the confined ad libitum sections,
instrumentalists tentb cluster around very specific tempo areas that though unconducted, do
not necessarily amount to distinguishable, individuated tempi for each player no matter the
extent of their rhythmic displacemenusig, and
there is soon a return to the confinement of synchronised, more temporally unified music. A
similar return i Rituek In#emofiam Bmreh MadarraB a u IB&ampi 0 S
Concertation their journeys from temporal determinacy and symikation to confined
tempor al i ndeterminacy, while Segerstamos
symphonies, confines polytemporality to predominantly plajwrcted, juxtaposed, loosely

synchronous broad orchestral instrumental sections.

The most polyphonically dense orchestral

La Terra est in Hommaevith a maximum of fortytwo independent parts out of a possible
eighty-nine, as previously mentioned, is held up by Fitch as representing supan@uolyeven

though these fortywo voices represent only 47% of the total available instruments that could
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potentially have polyphonic independence at any one time, suggesting other instruments are

simultaneously doubling, tacet or a mixture of both.

On a consider abl y dsebewdglingler augetuaes enlyond o hns on o ¢
conductor to manage groupspsayers within a small ensemble and it is my conclusion that
with responsibility for accurate temporal differentiation being distributed between the conductor
and players to varying degrees throughout the piece as a condition for structurally determinate
results in performance, this polytemporal approach would not easily scale up to orchestral
proportions even with several conductors synchronised to one another managing multiple player
groupings. Of course, orchestral scaling was not the intention qfi¢tus, and it is perhaps
inappropriate to look at it from this perspective. Nevertheless, it is my opinion that there is little
evidence to suggest such an approach to polytemporal management could be adapted beyond its

grouping designation to support masdividual temporal trajectories effectively.

More recent structurally d®&lovesummenStayld wor K
(Upstream) n common with the Mur coPayer RlanaSwudygy@ me nt
21 (Canon Xyee polytemporal grogdimited to just two ensembles managed in ways first seen
in the multtconductor works of Ives, Brant and Stockhausen. However, in a twist to convention,
the video conductors used in lieu of live conductors in the Nancarrow do open up a range of
polytempaal possibilities, but the notion of creating one video conductor for each temporarily
independent player in a large orchestra as opposed to groups of players, for example, is likely to

prove impractical from a technical perspective.

Not used as video aductors but for animated scores, the video score approach of Hope
and Clarke shows great potential for polytemporal performance. The capacity to develop
animated scores that incorporate notation events moving across a playline or off the video
screen at ifferent speeds solves a number of issues around graphically representing
proportional and other types of notation with simultaneously different tempo operating in real
time. However, with no examples, in the first instance, of scaling up iPad or aeqffiamber
of networked or synchronised video screens to enable each player of an orchestra to see and read
the notation of their own temporally differentiated animated video score part has practical,
technical and cost implications that would need todresiclered before proceeding. In the
second instance, the type of notation used and its rhythmic, pitch and expressive resolution
along with the player ds adimelwoudwerytnuchoetedrinat e s |
the degree to which performamoutcomes would be determinate, réaterminate or

indeterminate structurally on a local or global level.
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Determinate structural results using unrelated tempo and heterogenous composition
mat erials are possi bl e u sktrady supportedkcdomposiiens t i ¢ ul
and in principle, if every player in the orchestra were connected to their own click track, such an
approach would be scalable. However, | have reservations about pursuing this method of
polytemporal composition and perforneanwithin the orchestra on two counts: first, | consider
the precision anticipated of the performer in determining every aspect of notation within such a
rigorous and inflexible time framework unappealing expressively, and with each player wearing
headphoas, sonically isolating from each other and their instruments; and second, predict the
equipment requirements and technical assistance necessary for set up and take down time along

with the margin for technical error prohibitive in both time and cost.

In theory, and as a much simpler solution to providing each player with a guiding pulse,
the individual playefassigned electronic metronome approach of McGowan eimt&uld be
scaled up to any number of players in a similar fashion to timeaggigortecpolytemporal
music and offer determinate structural performance outcomes using heterogeneous materials
with unrelated tempos. However, whilst the pulse delivery via-ttaéks can vary according to
the requirements of musical material, | am unhappy &iheutemporal inflexibility associated
with the individual metronome approach, finding the fixed tempo assigned to each player
restrictive from a compositional and expressive perspective and with only one tempo
throughout, unsuitable for incorporating @&xt selfborrowed materials that themselves
incorporate a rich and varied tempo profile. To incorporate such materials into a composition
using this individuated fixed tempo approach would require those materials undergoing a
process of notational reforntiaig similar to that outlined id.1.7 Notational Reformattingnd
1.1.8 Increased Notated Rhythmic ComplexityChapter 1, and as such would be an approach

to polytemporal management | would not use.

The closest compositional approach to timeesaieported polytemporal music and the
creative ai ms | have set ouCGhrommaor Saandeps o0p et
stopwatches to manage the global structure of her collage pieces, wheralsratetrought
together in a polytemporal, spatialised fabric, echo the aesthetics and practical considerations
i mportant to me as a composer in writing my ¢
stopwatch method has not yet been scaled up to magragental differentiation for every
player within a large orchestra, there is, in my opinion, no compositional, performative,

technical or practical reason why this would not be possible.
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What temporally distinguishes timecedepportep ol yt empor al musi c fr
own compositional approach is the use of stopwatches to manage degrees of structural
resolution on the local and global levels rather than just the global level. This distinction stems
from a fundamental compositional fdifence between the two. Timecesigpported
polytemporal compositions originate from a computer model where relationships between
structure, tempo, rhythm, pitch and expression are precisely fixed and determined notationally.
It is then through the act performance and player mediation, particularly of tempo within
timecode frameworks, that confined degrees of temporal indeterminacy are introduced and it is
this indeterminacy that in turn disrupt the fixed vertical rhythmic notational relationship
establshed in the model. With sensitive player mediation of timecode frameworks, the effect of
temporal indeterminacy is confined to localised detail arstltis indeterminacy that generates
a slightly blurred sonic image when live performance recordingscangared to the computer

model audio. It is this slightly blurred image | describe as ade@rminate outcome.

By contrastChromais conceived as a collage of musical gestures that are organised as
events in time and space in relation to one another. The precise temporal relationships between
these gestures on a momémimoment basis are not established beyond when gesturesstart a
finish. As such, Saundersdéds scores and stopw:
temporal indeterminacies between gestural detail with timings used primarily to choreograph

player movements and structural flow from one area of the caitigpwl collage to another.

Conclusion

Having examined and compared the above compositions with each other and the compositional
aims set out above and through a discussion
differences of approach situated within the context of current praxis, it c®®ngusion that
timecodesupported polytemporal music offers a unique approach to polytemporal composition.

This unique approach is achieved through its potential to support temporal exparsiery to

instrument of the orchestra using heterogeneous,aiadelemporal materials, deliver near

determinate performance outcomes and achieve these in a practical and straightforward manner
adaptable to a range of compositional aesthetics where confined yet flexible degrees of control

over structural outcomes iregormance are required.
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3. Methodology

Part 1. About this Methodology

3.1 Introduction

The methodology chapter shows the approach taken to systematically answer the research
guestions set out in Chapter 1 through undertaking a practice research project where the practice
element is the creation of four timecesigpported polytemporal orchestcompositions, a

chamber orchestra piece and a number of ensemble compositions that embody this research and
where a comparative analysis of their performance outcomes with corgeuainated audio

renditions of the same pieces offers evidence aroundeffectively the compositions have

addressed the research questions.

The methodology describes the research strategy that looks at the rationale behind the
research methods and the way they are undertaken to build thestest. The teggieces, in
turn, incorporate the various composition methods and techniques used to generate materials and
functionalities designed as the primary route to answer the research questions through the
problemsolving practice of composition. To elucidate these procegsespmmentary offers a
stepby-step explanation of the research methods and techniques used in the construction of
timecodes upported polytempor al compo8itoohkit hfhor
composers wishing to construct their own polytempooanpositions. To this end, the
methodology discusses the agencies, methods, techniques, constructions and software processes
undertaken from concept to completed build that, although idiomatic of my compositional
approach, remain adaptable by othersregted in composing polytemporal music using this

methodology.

To expedite this examination, the methodology chapter is divided into thregantsn
Part 1 itself subdivided into a further thrgections includes this introduction followed byy i
3.12 TheResearclQuestions a closer look at differentiated timecode frameworks and how they
are used to answer the research questions as wiflcassing the methods and subjective
framework within which results are analysed and situated,raBd i3TheCompositionas
ResearclObjects present the components that constitute the portfolio pieces along with
assumed performance outcomes related to which timecode frameworks materials are embedded

into.
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The second and thiggartspresent a theoretical framewofkart 2 supports an analis
of the methods applied to the processes, functionality and agency of thetestin Part 2
TimecodeSupportedPolytemporaOrchestraMusicandHow it Functions andin Part 3
Building theModel, an analysis of the methods applied to the generation and assembly of
notational materials that are the components of theptesés and how performance materials

are constructed frotinese components.

The research process can be summarised in the following stages:

1. The development of a research problem that asks how best to expand polytemporal
differentiation to any number of players using heterogeneous temporally unrelated
materialswhile maintaining the capacity for nedeterminate results in performance
using the most practical means available.

2. The undertaking of a focused literature review that examines the field of polytemporal
composition to highlight current functionalities aascertain how those fit with my own
polytemporal ambition.

3. Developing research questions (as identified in the introduction) that test assumptions
around how the research problem can be answered using the approaches this
methodology presents.

4. The creatiorof portfolio compositions that incorporate these polytemporal approaches.

5. Testing live performance recordings of the portfolio pieces against concomitant
computergenerated renditions to ascertain their degree of structural coincidence.

6. Analysing theresults of these comparisons and presenting a discussion around the
findings.

7. Drawing conclusions from this analysis to ascertain if the results address the research
guestions, my compositional aims and fill any gaps in polytemporal praxis identified in

the literature review.
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3.1.2 The Research Questions

How do | know if timecodesupported polytemporal music succeeds in producing rear

determinate performance results and how is success defined and measured?
In 1.1.12 Defining NearDeterminate Outcomekdescribed neatleterminate outcomes as a live
performance sonic image rendered as a slightly blurred but entirely recognisable structural
iteration of a computegenerated compositionalmed 6 s audi o rendition of
on to state il.1.16 What is Being Testedbat the capacity of timecodripported
polytemporal compositioto meet its polytemporal nedeterminate performance aims is
ascertained through a direct comparison between those live and coggneeated audios, in
effect, assessing the live performance recording for structural accuracy when tested against the
stuctural fixity of the computer mondteatnlys audi
sense of success in this matter is supported by an understanding of just how close the live
performance is to the computgenerated rendition bgpproximately measuring the time
elapsed between key sonic events in both, drawing the conclusion that the closer the live
performance recording is to the computer audio rendition according to those measurements, the
more successful | consider the perfonoato be in achieving its nedeterminate statushave
chosen the time differential parameter of0+2 seconds as signifying a personal sense of near

determinate performance outcomes.

As discussed in.1.5 Pulse Tempo and Polymeteneasuring time elapsed as distance in
milliseconds using interonset intervals between events in notated or sonic matter is already
commonplace in metric analysis or when calculating rates of activity tempo, pulse tempo and
notationtempo and the tempotias within and between these elements. Although it would have
been possible to analyse key sonic event differentials between live performance recordings and
fixed computergenerated audio recordings in milliseconds using specialised software, the
precisejnflexible quantitative nature of those results would have been specific to those players,
their particular performance and piece of music under analysis and as such, not transferable to

any other performance of the same piece.

Finding themeasuring of IOls an inappropriate epistemological framework through
which to undertake the analysis of what were consistently flexible outcomes, | opted for a
subjective comparative analysis of key sonic events within concomitant recordings thatdtill use

time for differentiation, but where, rather than precisely measwawegt differentials, elapsed
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time was gauged informally by ear through careful listeningrafedence to the timeline of the
compositions and where necessary, a stopwatch to atrixaues in seconds between the two.
Although qualitative, | considered the approximated and fuzzy nature of these results
appropriate to embrace the range of iterative outcomes likely to be produced through multiple

performances of any of the pieces.

At the core of this research question are performance tests to ascertain the capacity of
timecode frameworks to support players in rendering notation materials at specifically indicated
timecode positions along the timeline of a piece, thereby suppontutgwsal integrity in
performance. Three different timecode frameworks were designed for this purpose. They are
identified as foundational, phragatiated and blocknitiated frameworks and move from
periodic bar to bar signification to aperiodic sigeéfiion of timecode representing a progression
from the most confined to the least confining timecode support. All three frameworks are
described shortly. In examining live performance recordings and comparing them to cemputer
generated renditions, it is Woeffectively timecode frameworks have supported performers in
generating neadeterminate outcomes rather than the overall musicality or quality of recording
that are being assessed. In this context, live performance recordimgsis€ular observation

pulviscular compressioandthe unimportance of even8021) are examined.

As statedn 1.1.18 Subjectivity, my assessment of performance results based on
comparisons between recorded renditions and any conclusions around success or acceptability
are, above all else, a subjective matter based arséallistening. Nevertheless, | have found it
useful to ascertain to what extent live performances differ from the determinate fixity of the
audio model to bring a notion of measure and expression to such personal qualitative values as
acceptability. By masuring the differencé the deviatiord all be it approximately, in
seconds between key sonic events such as the starts and stops of phrases and sections of material
or loud, dramatic outbursts and other sonic features along the timelines of audio model a
concomitant live recordings when compared, | am able to approximate how closely they align in

seconds.

These approximated measurements are achieved by identifying key sonic events in the
audio model that then act as fixed reference points againgt ahidifferential measurements
in seconds between the audio model and live the performance audio are assessed. These fixed
reference points, called tirpoints, correspond to 0" values in calculations. It is the plus or

minus seconds measured from thev8lues, called time differentials, that constitute the
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difference between the two where minus values indicate events happening ahead of 0" time

point and plus values, after 0" tinp@ints.

To collect these measurements, first, waveforms, as vigeglihgsented in audio files,
are compared by synchronising their start positions along the timeline of Logic and observing
and measuring the proximity of related key sonic events in seconds. More revealing is
simultaneous playback of the same audio fileenlgreater structural detail between recordings
is easier to identify sonically through listening. Analysing recordings in this way is an informal
act that provides a degree of accuracy suitable for the aims of this investigation. Such methods
have theilimitations, not least the unpredictable acoustic outcomes often associated with live
recorded matter when compared liice-like with the predictable, consistent yet flat dynamic
output of computegenerated audio renditions and the identification aratimc of key sonic

events between both.

Having an interest in achieving nedggterminate performance outcomes using
performermediated foundational timecode frameworks and understanding that all live
performances are degrees of deterritorialization @htledel, my sense of an acceptable
performance is situated where the greatest levels of alignment between key sonic events in the
audio model and live performance are to be found. Therefore, the smaller the perceived
difference in key sonic event tinpmint differentials between live performance and audio model
recordings, the greater my sense of performance acceptability, at least in temporal and structural

terms.

Assessing the acceptability of performance solely through the measurement of time
differentials between key sonic events does not necessarily indicate the status of a performance
that, because of these criteria, may feel distant from preconceived ndtieexdeterminate
acceptability yet still present the composer with a desirable, unexpected connection between the
flexible live performance of a piece and its fixed audio model output. As stated, such decisions
concerning acceptability remain subjectiimwever, assessing time differentials in this manner
does assign a communicable value to what would otherwise remain a difficult to define
subjective position and as such, may offer a valuable contribution to help shape opinions around
what constitutes @aeptable performances based on a perceived, personal measure. It certainly
helps establish if the timecode framework tests have succeeded in delivering the intended near

determinate outcomes centr al to this methodol
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Although not framed as a specific research question, ascertaining just how effective
timecode frameworks are in delivering nel@terminate performance outcomes within
increasingly large cohorts of players is related to a perceived sense of methodslagieak.
Here, | am asking if the same levels of player fidelity to mediate timecode are possible to
achieve within large orchestras as they are in small chamber ensembles. This question arises
because it is not unreasonable to assume that levels ofyfiaely fall if orchestral players are
overwhelmed by the sheer sonic density produced by others during performance even though in
principle, the use of timecode frameworks should mitigate against such disorientation. An

analysis of performance results valhow whether this assumption is correct or not.

To this end and as a basis for comparison between chamber and orchestral timecode
mediated performance outcomes, my timeesdgported polytemporal composition,
shapeshifteris presented as an examplenebrdeterminate performance outcomes using the
foundational timecode framework within an ensemble of eight players. Although not directly
part of this research projeshapeshifteprovides useful results presented as a baseline to
ascertain how well thefficacy of the foundational timecode framework may transmit from

smaller to larger numbers of players.

Looking closely ashapeshifteran analysis of its timecode mediation shows exceptional
fidelity between theshapeshiftemodel, recordings of rehesals and a live recording of the
premiere. Having access to rehearsal and premiere recordings provides a rare opportunity to
examine how players mediate the same timecode supported materials across a number of

renditions and how all these renditions coneparthe audio model.

Figure6. shapeshifte(2015). Rehearsal and live performance recordings compared

Shapeshifteuses the foundational timecode framework throughout all of its parts. This

analysis shows that between rehearsal recording one and the recording of the premiere (as seen
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in Figure6, p.78, where the top wave file is the recording of the premiere and the bottom wave
file the first rehearsal recording), timecode fidelity ranges across a maximunr@idt#ut for

most of its duration, a +@" deviation from identical key sonic events in the premiere

recording. For rehearsal recording two (the middle waverfikigure6,) and the premiere
recording, this timgooint differential reduces to 01 1" and frequently, +0L" throughout,

showing a remarkable level of timecamediation fidelity and interpretive consistency among
the players within each iteration of the piece. Upon listening to all three recordings
simultaneously, it is clear the differential between timecode positions of identical key sonic
events produces éight heterophonic effect but in all recordings, the differences between each

iteration are very slight, producing nedgterminate outcomes.

Figure7. shapeshifte(2015). Model and premiere recordings compared
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These levels of fidelity are apparent in comparisons of the premiere recording and the
audio model rendition (top and bottom waveforms respectiviediigure7, p. 79). Owing to
the discrepancy between the relatively flat audio model dynamic output and the expressive
live performance fulspectrum dynamic output, comparisons between the waveforms of the
model and the live performance recording do not reveal a great deal of information away
from indications of gross structural coincidence. However, listening to the audio of both
simultaneouly reveals a very high degree of timecode mediation fidelity between the model
and live performance recordings, again, betweedi ! throughout, demonstrating a near

determinate outcome and acceptable rendition.

Which timecode frameworks best supportanedeterminate performance outcomes?

Owing to the absence of largeale orchestral performances as describédli19
Performancesand particularly with no live performance[af] which constantly generates a
pulviscular cloud [...] in which all three timecode frameworks operate simultaneously, it has
not been possiblto test phrasmitiated and blockevent timecode frameworks. Only the

foundational timecode framework has been tested through performarmeésiscular
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observationpulviscular compressioandthe unimportance of even(®021), therefore it is

impossible to answer research question two as intended.

Despite the lack of performance evidence being drawn from all three timecode
frameworks, it is the functionality and efficacy of the foundatiomaétode framework that has
proved critical to this methodology. All other timecode frameworks were to be examined in
relation to degrees of deterritorialization away from the greater temporal confinement offered by
the foundational timecode framework witkeir flexible impact anticipated to produce outcomes
of greater temporal and structural indeterming€guch results would have helped define the
parameters of what | considered an acceptable performance outcome. Nevertheless, my primary
purpose in testig timecode frameworks in performance was to achieve what | considered near
determinate outcomes and in that regard, the testing of the foundational timecode framework has

provided sufficient evidence for me to draw conclusions about its efficacy.

Figure8. The foundational timecode framework. Clarinet 1 it heaven that runs through
everything(2018), bars 8188

the heaven that runs through everything [cdarinet 1] © Marc Yeats: January 2018. for info: www.marc-yeats.co.uk
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118 pyeto thecollaborativeobligationsoutlinedin 6 T IE@mpositions aPiecesf Mu s 1 dediiled to not
remove the foundational timecode framework from any composiisttisis would generageibstantial
levelsof structuraindeterminacyn performanceln suchcircumstancesgeterritorializatiorwould be
significant,leadingto performanceoutcomegloselyassociateavith other forms of composition built around
significant temporal and structural indeterminadesglicating praxisalreadyidentifiedin theliteraturereview.
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It is still useful to describe phagaitiated and blockinitiated frameworks along with the
foundational timecode framework as all are used in varying combinations among the portfolio
compositions. To this end, some of the portfolio pieces use simultaneously contrasting timecode
frameworks in different instrumental layers. This approach supports the testing and analysis of
somewhat less confining timecode frameworks and their moretwtally indeterminate
performance outcomes against concomitant computer models without jeopardising the overall
structural integrity of pieces in performance. It is the distinction between the functionalities of
these frameworks that determines expeatat@round the resolution of structural determination,

how each is measured and subsequently, how notions of acceptability are qualified.

The foundational timecode framework, illustratedrigure8, p. &), is signified by
timecodepoints (timecodgoints being the position where timecode is signified above the
barline) positioned directly above every barline throughout the composition. This signification
represents the most confined timecode framework fautite testpieces as it provides the
most frequent periodic reference points for player orientation across the timeline of the piece. It
is present in each of the tgseces and is assumed that outcomes rendered using this timecode
framework will provice the greatest coincidence between live performances and the audio
modeld the most acceptable rendition offering flexible, neaideterminate performance

outcomes for composers.

Figure9. Phrasanitiated timecode framework. Riel 3 from[and] a powerful flame came out of
t he e a@al9), bdrs£lp3lss
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Second,-i roipthiratseed 6 t i rRigwed, .8, is sighiflediby the at e d
aperiodic positioning of timecogwoints, often, though not necessarily, initiated at the starts of
phrases. This signification only identifies at which timeepd@ts phrase material commences.
With fewer timecodepoints, phrasénitiated timecode generates an opportunity for more
flexibility in rendition than the foundational timecode framework. It is foundmal] a
powerful flame came out of the earth [arjd[...] which constantly generates a pulviscular
cloud [...], operating simultaneously to other strands using the foundational timecode
framework. Outcomes rendered using this timecode framework are assumed to be somewhat
more flexible in relation to coindence between live performance and the audio model although
overall, these differentials are likely to fall within the identified parameters of an acceptable

performance.

Figurel0. Block-event timecode. Trumpet 2, bars 1561, from|[...] which constantly
generates a pulviscular cloud [.(2019)
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Occasional timecode is given between the start and finish times of block-event timecode (see
performance instructions) to act as a time-point guide through longer passages where end-time
finishes are structurally important and must be observed as closely as possible to avoid material

10'17" falling too short or over running indicated parameters.
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And thivd,end®dl adkne cndigueell, p. &, bfiers the least e d |
confining of all three timecode frameworks. Here, it is incumbent upon the performer to deliver
the complete material, as far as is possible, within the defined start and finish tirpeaude
using only their interpretation of ongoingmpo markings as a guide to how that material is
placed within the defined space, ensuring the material starts as specified and does not
significantly overrun or fall short of the emuiint timecode significatio®'® It is found in a
number of instrumental strands[in] which constantly generates a pulviscular cloud [...]
operating simultaneously to other strands using phrasated and the foundational timecode
frameworks. Occasionally, timecode is given b&wehe start and finish times of bleekent
timecode to act as a tinp®int guide through longer passages wheretand finishes are
structurally important and must be observed as closely as possible to avoid material falling too
short or overrunning indated parameters. It is assumed that away fromstants, this
framework will offer the least coincidence between live performance rendition and the audio
model, therefore producing the leasucturally determinateenditiors. However, across the
conpositional structure as a whaad taking into account the simultaneoperationof more
confining timecode frameworksund in the compositigrperformances are anticipated to fall
broadly within the extremes okardeterminate performance, at leasthi certain strands of

the composition

119 Block-eventtimecodeshouldnotbeconfusedvith C a g é ® sbmea ¢ lasliscaséegh theliterature
reviewin referenceo the 1988orchestratompositionl O1, thatallow muchgreatemperformerchoice
aroundwheresoundsareplacedwithin predominantlyflexible rangesof startandfinish timesaswell as
performerchoicearoundthe durationof the notatecpitchesthemselvesthe combinationof which resultsin
extremelyflexible, indeterminatestructuraloutcomesAn overviewof thefunctionalityof C a g @nées
bracketaisedthroughoutTheNumber Pieceof which 101is one,canbefoundin William Brooks,6 Mu s i ¢
II: Fromthelatel 9 6 i $h@ CambridgeCompanion taJohnCageed.D. Nicholls,from Cambridge
Companiongo Music, (Cambridge CambridgdJniversity Press2002), pp128 148 (pp.141i 142).
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3.1.3 The Compositions as Research Objects

All compositionsouilt aspartof this researclprojectaredesignedo test,amongotherfactors,
theeffectivenes®f timecodeframeworkgo helpplayersrenderacceptableneardeterminate,
densepolytemporajperformanceutcomesvithoutscoresor conductorsisingonly part
embeddedmecoddooselysynchronisedavith individual mobilephonestopwatchesThe

compositionsare:

1. theheaverthatrunsthrougheverything(2018), aiginal versionfor largeorchestra.
2. the heaverthat runs througheverythirg (2018),versian for standad orchestra.

3. [and] a powerfulflamecameoutof theearth]...] (2019), brlargeorchestra.

4.]...] whichconstantlygenerates pulviscularcloud]...] (2019), br chamber
orchestra.

5. Cutoutsfor Ensembl€2019),for tenplayers.

6. pulviscularobservation2019),for doublestringquartet.

7. pulviscularcompressior2019),for nineteerstringplayers.

8. theunimportanceof eventq2019),for seventeeiplayers.

9. obscuresorrows(2019),for clarinetandviolin.

10.theunimportanceof eventg2021),for chamber orchestra

Thesepiecedall into threecategoriestfirst, theorchestratestpiecedisted 1i 4 and
secondrompositionsi 9 thatareensemblgiecesspecificallycomposedor possible
inclusionin [...] whichconstantlygenerates pulviscularcloud|...] asmodularcompositions
assembledhrough,amongotheractions materialseltborrowing;andthird, asdiscusseah
theintroduction,compositionl0, theunimportanceof eventg2021),a chamber orchestra
piece andater editionto thecollection,speciallycomposedor aperformancepportunity

with theBBC ScottishSymphonyOrchestraandTectonicsGlasgowin May 2021.

Of thesepiecespulviscularobservationits heterophoni@xpansionpulviscular
compressioridiscussedn 3.4.4Heterophonyandlaterin this subsectionaswell asCutouts

for Ensemblareincorporatednto [...] whichconstantlygenerates pulviscularcloud]...].



obscuresorrowsandtheunimportanceof eventqversionfor seventeeandtwenty-two

players)arenotincorporatednto this compositiorasother assemblaggsrovedmore

appropriatdor addition,buttheseexcludedpiecesneverthelesshareborrowedmaterials,
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manyof which arepresentn all threeorchestralcompositionsanddemonstratéhevariety of

outcomegyeneratedhroughthecombinationof self-borrowedcomponents.

Tablel. The orchestral tegtieces and their components

Transformed
Title Instrumentation Duration Components Instrumentation Duration
Yes No
:::izlz:'u;:"?u: :;l‘“::“;:‘] The Anatomy of Air (1997 rev. 2(1.2/piec) 2(1.2.) 2(1.2/bel) 2(1.2/cbn) - 22 0
S(1.2/ebel, 3.4+bel, S+bel) — 0 - tlmp - strings: 10, 8, 6, 4, 2 e 1800" x
i 5(1+
f“’d“l‘lf’j"“;“‘m"‘lf[‘“:“:d’“‘lh‘l‘\. Black Sun (2013) 2(1. 2pice) 2(1.2) 2(1. 2/bel) 2(1.2icbsn) ~ 220
5(1.2.3+cbsn, 4+ 0 — pno — 1 perc — strings: 10, 8, 6, 4, 2 2300" x
8(1.2.3 4/picc, observation 1 (2015) string quartet 14.30" .
7+flugel, 8+flugel) 4 observation 2 (2015) string quartet 16'00" X
the heaven that runs 4+bass) 2(1+euph, 2) — 2 haps observation 1.5 (2015) treb/dese rec., vin, ve. 14.30" X
through everything (2018) tmp+4 (\|!ﬁrdph\\nc. gongs, tam-tam, 30" observation 1.6 (2015) 2 vins., pno. 11'30" X
e orchetal vrsions [0 214 07 s 17 G015 o, o T
E s as, wood & metal observation 1.7.5 (2015) alt flt., bsn, vin. 00" x
M::::;g:“:\:?‘:\éul‘;)gRh;:\\{tm?; ) observation 3 (2016) double string quartet and doublebass 15'00" x
1: Soloists 1, 2, 3, and Violins la, observation 6 (2016) picc., sop.sax., pno., perc. 12'30" X
Ib, le, Violin 2: Soloists 1, 2, and observation 4 (2016) string quartet 17'00" X
Violins 2a, 2b, 2¢, Viola: Soloists 1, observation 5 (2016) string quartet 18'30" X
2, and Violas a, b, ¢, Violoncello: observation 7 (2016) pice., ob., tpt., hn., vla., db., pere. 12'00" X
Soloists 1, 2, 3, and Violoneellos a,
b, ¢, Double bass: 1 -8 obserration 1.8 (2017) bass recorder, ob., vin. 12'30" X
The Anatomy of Air (1997 rev.  |2(1.2/pice) 2(1.2.) 2(1.2/bel) 2(1.2/chn) — 220 ca 1800"
4(1.2/pice, 3lpice, YAl - 3(1.2/Ca, 2011) 0 lifnp strings: 10, 8, 6, 4, 2 x
3/Bo) - 3(1.2/cbel. 3/bcl) Black Sun (2013) 2/pice) 2(1.2) 2(1 ‘f” 2(1.2/chsn)~ 220 23007
3(1.2.3/cbn) — 4.4|(1.2.3/pice.4/pice) 0 — pno — 1 pere — strings: 10, 8, 6, 4,2 N
3.1 - 2 harps — Tmp+4 (vibraphone, observation I (2015) string guartet 14.30" x
gongs, tam-tam, glockenspiel, observation 2 (2015) string quartet 16'00" x
crotales, cymbals, tambourine. observation 1.5 (2015) treb/dese rec., vin, ve. 14.30" X
the heaven that runs | narcas, wood & metal blocks, observation 1.6 (2015) 2 vins., pno 11'30" x
through everything (2018) uu‘\hr]lw, gong, bass an!m ) 30" obsevation 1.7 (2015) it ob.. vin. 1240 M
standard orchestral version . \‘mnt-ml I? Ij |2IIU x] as \]ln[l]\!‘ 1 ohservation 1.7.5 (2015) alt It bsn, vin. 700" .
L: ‘C:\n;u\ll-lSn;[:‘:::w : ‘\H ‘L\'T“A,“;‘l- - observation 3 (2016) double string quartet and doublebass 15'00" X
violins 2a, 2b, 2¢. Viola: Soloists 1, observation 6 (2016) pice., sop.sax., pno., pere. 12130" X
2, and violas a, b, ¢, Violoncello observation 4 (2016) string quartet 17'00" X
Soloists 1, 2, 3, and violoncellos a, observation 5 (2016) string quartet 18'30" X
b, ¢, double basses: 1 abservation 7 (2016) pice., ob., tpt., hn., vla., db., pere. 1200" x
observation 1.8 (2017) bass recorder, ob., vin. 12130" x
have heard this dialogue for one
2013) alto flute ca 1200" *
The Anatomy of dir (1997 rev, 2(1.2/piec) 2(1.2.) 2(1.2/bel)y 2(1.2/cbn) - 22 0
2011) 0 - timp - strings: 10, 8, 6, 4, 2 ca 1800" )
5(1/pice.2.3.4/pice, S/alto/pice) 3(1.2/pice, 3/pice/alto) 3(1.2.3+¢a) 3(1.2.3/bel)
5(1.2/ca.3.4. 5/ca) 5(1.2.3.bel1.bel2) The North Sound (2005/2013)  |3(1.2.3+cbsn) — 4 3 3 1 - 2 haps — pere 1 - ca 28'00" X
fand] a powerful flame 5(1.2.3.4+cbsn S+cbsn) strings: 16, 14, 12, 10, 8
Ame oul o) > @ oo |8.5(1.2.3.4.btpt) 3.2 b (2 31'44" iccolo, clarinet, bassoon, trumpet, double
:;‘:I”I“)') westecart -l s‘l.!:lm Ir'\Jd‘: .‘S|m|u~]:"f‘{(-((l e The Dog and the Wolf (2013) :851» celesta and percussion (1) " e 13307 *
soli). 14 (1 soli). 12 (1 soli). 10 (1 2(1.2/pice) 2(1.2) 2(1.2/bel) 2(1.2/cbsn) -2 20
soli).8] Black Sun (2013) 0 - pnI:: -1 ptﬂ]f strings: 10, 8, 6, 4, 2 ca. 2300 &)
observation 2 (2015) string quartet 16'00" (x)
the heaven that runs through Materials incorporated include fit 2, ob1, oh2
everything (2018) large orchestral » 005, 005 3000" x
versions tpt. 1 and bass tpt.
3(1.2.3) 3(1+¢bel 2.3) 3(1.2/ca 3) Cerberus (2008) trombones 1.2.3.4+bass and percussion 15'00" X
0220 - pno — harp - perc | On a Theme of Herems (2011) |2 oboes and harp various X
(Marimba [5 octaves]; Deep, resonant the shape distance [9] (2013) |2 flutes ca. 11'00" X
::‘n‘] ‘:::l“lo‘h;:‘hmllc::::\ ;‘::i"}in_ through woods in riot (20/3) |2 trampets, 2 trombones ca. 1000" x
[...] which constandy tam; 4 differently pitched resonant E-flat clarinet and ensemble: flute, violin, "
| generates a pulviscular Iwmxlcn t\th:lrs ranging from low to 20736 shapeshifter (2015) violoncello, guitar, piane and percussion (1) 20'00° ]
high or 4 differently pitched temple
cloud |...J (2019) / wood blocks ranging from low 10 woio vielli sbes T deriach. barp_ sEing
high; 5 differently p»lc‘r:cd resonant Cutouts for Ensemble (2019) quartet, percussion (1) 13'00" X
metal objects ranging from low to
high; High-Hat; Gong (resonant pulviscudar observation (2019) |2 string quartets 100" x
specific or non-specific pitch); Metal
Wind Chimes Strings: 7, §, 5, 6, 2. pulviscular compression (2019) |19 strings: 4, 4,4, 4,3 1r'oo" X

fied by the 'x' without parenthesis.

Notes: Component instrumentation marked in bold type indicate instruments incorporated into the titled compesition. All other instruments comprising the component pieces are not incorporated into the
assemblage. *X's marked in parenthesis ‘(x)" indicate minimal transformations of the source materials such as repetition, deletions and reorganisation of dissected untransformed materials but does not include
pitch, rhythmic, tempo or transpositional transformations which are
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Looking morecloselyattheassemblagesomprisingthetestpieceshemselvesTable
1, showsall four originalorchestrapiecestheirinstrumentationguration,thecomponent
partsthatconstitutehem(self-borrowedmaterialsandtheir assemblagesiheir particular
instrumentationgdurationsandwhetherthesematerialshaveundergondransformational

processes.

Portfolio compositionsand their components.

As assemblagesll piecesarebuilt from eitherself-borrowedextantensemblegiecesor
materialsextractedrom extantpiecesor havebeen asis thecasewith [...] whichconstantly
generates pulviscularcloud|...], supplementeaith newmaterialsdesignedpecificallyas
additionalmodulesfor incorporationinto thepiece.Themodularnatureof eachcomposition
plusthematerialagenciesmethodsof materialtransformatiorandcompositionatonstruction
areuniversato all timecodesupportegolytemporabrchestrapiecescomposedaspartof this
inquiry. As such theorchestratompositionsharethe samemethodologyin partorin full,
andin generaldescribinghemethodologyof onepiecedescribeshe methodologyof all. To
this end,themethodologysectionusesexamplegrom acrosghetestpieceso illustratethe
variousactionsandprocessegndertakemnwith anyspecificmethodologicaVariancebeing

highlightedin relationto that particularcomposition.
the heaventhat runs through everything

Tablel, showstherearetwo versionsof theheaverthat runsthrougheverythingthe first, for
avery largeorchestrgonehundredandfourteenplayers)andthesecondversionfor a standard
orchestrgninety-two players) producedo facilitate performancevherethe deploymenof
largerorchestraforceswould be seenasprohibitive. Both versionssharethe sameduration
andusethefoundationatimecodeframeworkthroughoutThestandardversiondiffers from

thelargeorchestraversionthroughtheremovalof twenty-two instrumentalparts.

theheaverthatrunsthrougheverythings themostinstrumentallyandpolytemporally
densestructurallyambitiouscompositionin the collectionof testpieces As shownin Table
1, it alsoincorporateshe mostextensivearrayof component$®y drawingself-borrowed

materialsfrom thegreateshumberof extantensemblgiecesof all thetestpieces.
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The compositionwasconstructedamongotherreasonsjo testif thefoundational
timecodewas sufficientto supportstructuralintegrity in performanceTheestablishmendf a
foundationaltimecodeframeworkthatsupportedacceptableenditionsof a piece of this scale
would haveenable furtherexperimentatiomroundrelaxingthefrequencyof timecode
significationin subsequent compositioglpingto ascertairwhichtimecoderameworks
bestsupportedicceptableenditions As discusseddueto theabsencef performances of
these particular orchestral piectgetestingof additionaltimecoderameworksvasnot

possible.
[and] a powerful flame cameout of the earth]...]

[and] a powerfulflamecameoutof theearth|...] dividesits largeorchestraforcesinto two
instrumentagroupsasshownin Table2, GroupA is thelargestandis comprisedsolely of
materialsappropriatedrom TheNorth Sound a previouslysynchronise@nd conducted
work for orchestraGroupA usesphraseinitiatedtimecodeandGroupB, the second,
smallerinstrumentafroup,comprisedf theremaininginstrumentsotallocatedo The
North Sounduseshefoundationatimecoderamework.Materialfrom HaveHeard this
Dialoguefor One(2003)for alto flute is transformedandusedextensivelyby GroupB
instrumentsn thefirst half of [and] a powerfulflamecameoutof theearth[...] with the
seconchalf beingdominatedy largelyuntransformednaterialsappropriatedrom the
timecodesupportegolytemporaknsembleompositionTheDog andthe Wolf (2013),among
others.

Table2. Material and instrumental distributions[and] a powerful flame came out of the earth

[.]

Title

Overall Instrumentation

Group A instrumental
materials originating
from:

Group B instrumental
materials originating from:

Specific instrumentation
incorporating Group A or B, or A
and B materials

Transformed

Yes

No

[and] a powerful flame came
out of the earth /...] (2019)

The North Sound (2005/2013)

gs (16.14.12.10.8)

have heard this dialogue for one (2013)

Flute 1, Clarinet 1, Bass Clarinet 1, Bassoon 1,
oon 1, Homs 1, 2, 3, 4; Tuba |

Contral

The Anc

v of Air (1997 rev. 2011)

Timpani; Bass Drum

The Dog and the Wolf (2013)

Flute/Piccolo 1

I; Homs 1, 2, 3, 4; Trumpet 1; Tuba I; Bass Drum;

: Clarinet 1; Bassoon 1, Contrabassoon

Black Sun (2013)

observation 2 (2015)

1 solo, Violin 2 solo, Viola solo, Violoncello

the
(2018) I

hat runs through everything
orchestral versions

Flute 2: Oboes 1, 2; Bass Clarient 1: Bass Trumpet

Tuba 1

ions which are signified by the 'x

marked in parenthesis *(x)" indicate minimal transformations of the soun

* without parenthesis.

ce materials such as repetition, deletions and reorganisation of dissected untransformed materials but does not include pitch, thythmic, tempo or transpositional
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This groupalsoincorporatepassagewhereeachinstrumentavoiceprogressively
slowsdownthroughritardandao reachslowertempi, thefirst time suchafluid temporal
devicehasbeenincorporatednto thefoundationatimecodeframework.GroupB materials
alsoconstitutethemostvirtuosicwriting within this orchestratollectiveandincludethe
principalplayersof all instrumentakectionshencefor exampleasshownin Table2, Flute 1
and?2 arepartof GroupB andFlutes3, 4, and5 belongto GroupA andTheNorth Sound
collectionof materials Additionally, contrastingimecodeframeworkshelpto separatehe

identitiesof eachgroupbeyondthesematerialdifferencest?®

Apartfrom separatingnaterialidentities, phaseinitiated timecodeistributionwas
introducednto TheNorth Soundgroupto testandobservenow aformally synchronised,
conductedrchestrapiecewould berenderedvhenthe mechanismso support
synchronisationparticularlytheremovalof theconductor]eft the playersusingonly their
sensef tempo,phaseinitiatedtimecodeandstopwatchesp managehestructural
organisatiorof the piece.Suchactionswould testif this newly de-synchronisedheavily
mediatednstantiationof TheNorth Soundwould,in combinationwith GroupB materials,
generaten entirely newcompositian yet retainsomethirg of The North Sounds former

identity aspartof alargescalepolytemporakentity.
[...] which constantlygeneratesa pulviscularcloud]...]

Thefourth piece,[...] whichconstantlygenerates pulviscularcloudf...], is composedor
chambeiorchestraandusesmuchsmallerforces(forty-oneplayers) hasa shorter twenty
minutedurationandis designedo bring all threetimecodeframeworksogether
simultaneouslyUnlike the previoustestpieces]...] whichconstantlygenerates pulviscular
cloud[...] assimilatesll instrumentabndnotationmaterialsd a sstitatis, astheyare

configuredin theoriginalensembleompositionsothattheinstrumentatiorof these

120 Informationaboutall the piecescomprising[and] a powerfulflamecameout of theearth(...] canbe
foundaté MaYeatsC o mp oveebsite@heNorth Sound2005refreshed®014)<https://www.mare
yeats.com/thaorth-sound2005/> observatior? (2015)*<https://www.mareyeats.com/?s=observation+2>,
TheDog andtheWolf (2013)<https://www.mareyeats.com/thelogandthe wolf-2013for-6-
instrumentalists/>Black Sun(2013)<https://www.mareyeats.com/blaclsun2013/> TheAnatomyof Air
(1997rev. 2011)<https://www.mareyeats.com/th@natomyof-air-1997/> HaveHeardthis DialogueFor
One(2003)*<https:/ivww.mareyeats.com/havleardthis-dialoguefor-one 2003/>[all accessed2March
2019].Links indicatedwith * haveonlineaudiorecordings associated with them.


http://www.marc-yeats.com/?s=observation%2B2
http://www.marc-yeats.com/the-dog-and-the-
http://www.marc-yeats.com/black-sun-2013/
http://www.marc-yeats.com/the-anatomy-of-air-1997/
http://www.marc-yeats.com/have-heard-this-dialogue-for-one-2003/
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ensemblgiecesbecomdncorporatednto theinstrumentahssemblagef [...] which
constantlygenerates pulviscularcloud|...] makinganestecassemblagbuilt from multiple

heterogeneouassemblageseeTable3, p. 89,for specificcomponentetails).

Specificallywritten for inclusionin [...] whichconstantlygenerates pulviscularcloud
[...], pulviscularobservatiorfor doublestringquartetwasrecordedasadiscreteperformance
andrecordingproject!?! Theintentionwasfor two recordinggo bemadeof eachquartet
playingtheirtimecodesupportednaterialdor latersimultaneousombinationnto anotherstudio
recordingwheretheirlooselysynchroniseglayingwould generatehe heterophoniexpansion
of materialsfrom two quartetdnto four quartetgfrom eightto sixteenplayers).It wasthe
predicteddifferencein themediationof identicalmaterialsby the sameplayersusing the
foundationatimecoderameworkthatproducedheheterophonioutcomesevidentwhen both
iterationsof eachstringquartetweresynchronisedo their startingpointsandcomparedn
software.Thesecombinedrecordingsalongwith theadditionof threeindependendoublebass
partsconstitutepulviscularcompressionbringingthecomplemenbf playersto nineteenand
contrastingt to theeightplayersusedin pulviscularobservationt?? For pulviscularcompression
to constitute therimarybodyof strings(the Group3 modulein Table3), thedoublebass
materialwasrepurposedrom threeplayersto two.

Table3. Performance groupings fn.] which constantly generates a pulviscular cldud

. 2 . . . |Transformed
Title Instrumentation Group Components Instrumentation Duration Yes No
CS
3 (1.2.3) 3(1+ebel 2.3) 3(1.2/ca 3) 5 Cerberus (2008) trombones 1.2.3.4+bass and percussion 15'00" x
022 0- pno — harp — pere 1
(Marimba [5 octaves]; Deep, resonant 6 On a Theme of Herems (2011) 2 oboes and harp various X
bass drum; 4 Tom-toms ranging
from low 1o high; large, decp Tam- L] the shape distance (9] (2013) 2 flutes ca, 1100 x
...} which constantly tam; 4 differently pitched resonant
[l . ' wooden objects ing from low to 5 through woods in riot (2013) 2 trumpets, 2 trombones ca. 1000' X
generates a pulviscular high or 4 diferently itched .
cloud [...] (2019) igh or 4 differently pitched temple P E-flat darinet and ensemble: flute, violin, -
_“‘““‘ hl_""_““ ranging from low to 1 shapeshifter (2015) violoncello, guitar, piano and percussion (1) 2000 "
high: 5 differently pitched resonant
metal ol rom low to 2 Cutouts for Ensemble (2019) solo violin, ulmn:. 2 clarinets, harp, string 1300" "
high: H (resonant quartet, percussion (1)
specific ¢ pitch); Metal
Wind Chimes Strings: 7, 5, 5, 6, 2. 3 pulviscular compression (2019) |19 strings: 4, 4, 4, 4,3 100" X
N “omponent instrumentation marked in bold type indicate instruments incorporated into the titled composition. All other instruments compnsing the component pieces are not incorporated into the
as. we. “X's marked in parenthesis *(x)" indicate minimal transformations of the source materials such as repetition, deletions and reorganisation of dissected untransformed materials but does not include
pitch, rhythmic, tempo or trans al transformations which are signified by the 'x" without parenthesis.

121 pulviscularobservatiorrecordingsveremadewith the KarskiandViridis Quartetsatthe RoyalNorthern
Collegeof Music,Manchesterin March2019.

122 A recordingof pulviscularcompressioris availableaté M afeatsC 0 mp oveebsited
<https://www.mareyeats.com/pulvisculazompressior2019/>andpulviscularobservations
accessibléere<https://www.mareyeats.com/pulvisculanbservatior2019/>[accesse@2 July 2019]


http://www.marc-yeats.com/pulviscular-compression-2019/
http://www.marc-yeats.com/pulviscular-observation-2019/
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When[ ¢é Whichconstantlygenerates pulviscularcloud[ é is performedive,
heterophonyvill begeneratedby the simultaneoudposelysynchronisegerformancef
identical stringmaterialdby individual playersassignedo eachpartasopposedo thestudio

recordingversionthatuseshesamep e r f o itematventediations

As partof theprocesof assemblinghetestpieceandrecontextualisingts
appropriatednaterialstheassimilatecensemblgiecesncluding pulviscularcompression
arecutupinto smallersegment®f materialwith sectiongetainedor discardedaisnecessaryo
bedistributedasblocksof materialacrosghetimeline of the piecewhere,in themain,those
dissectedlocks retainthe samesequentiabrdertheypossessenh theoriginal compositions
asif areasof materialhadbeenerasedutthecontinuity of thepiecemaintainedThe
assemblagef ensemblenoduless furtherorganisednto six groups(ses Table3) thatare

spatially situatedfor performancéthe suggestetayoutis shownin Figurel1, p. 90).123

Figurell Performance layout..] which constantly generates a pulviscular cloud [(2D19)

| 5 (Carnts £ €nsa) >
cboe ' 2L|Mr¢{‘$‘ Vislin  Shvire
1 Sy quolel.

Thismodularcompositionabpproachs designeavith two performancend recordirg

outcomesn mind: thefirst is astandargerformanceterationin which all musiciangerform

123 |Informationaboutthe piecescomprisingthis groupcanbefoundaté M aYeatsC o mp oveebsitednd
includeonlineaudiorecordingf: ThroughWoodsn Riot (2013)<https://www.mareyeats.com/through
woodsin-riot-2013/>,0na Themeof Hermeg2011)<https://www.mareyeats.com/oa-themeof-hermes
2011/>,andTheShapeDistance[9] (2013)<https://www.mareyeats.com/theshapedistanced-2013/>[all
acesse®1 July2019]


http://www.marc-yeats.com/through-
http://www.marc-yeats.com/on-a-theme-of-hermes-
http://www.marc-yeats.com/the-shape-distance-9-2013/
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asachambeorchestraspatiallyorganisedn onelocationatthesametime, to producealive
performanceecording;andthe secondterationwhich necessitatethe modular

element® thediscretandividualensemblgieceshatarecombinedo comprisethe piece

0 beingrecorded remotely and later mixed in software to create a studio recording

Thestudiorecordingiterationoffersa practicalsolutionfor producinga mediatedaudio
recordingwhereperformancevith thechambelorchestras notpossibleln this circumstance,
it maybeeasierfor thecomposeto obtainperformancesf theensemblenodulesovera
periodof time, pieceby piece,to build towardsthefull complemenbf modularcomposition
recordingsecessaryo assemblénto thechamberorchestraecordingthatproducedvith
care hasthepotentialto yield a serviceabléterativedemonstratiomecordingof the

compositiont?*

During the courseof this investigationjt hasprovenimpossibleto securealive
performancef [...] whichconstantlygenerates pulviscularcloud]...] . However,aremote
recordingmadeusingmaterialgpredatinghisinvestigations availablein the PhD Materials

folder.

the unimportanceof eventg2021)

Alongside][...] whichconstantlygenerates pulviscularcloud]...], and a later addition to the
testpiecestheunimportanceof eventg2021)is one of twochamber orchestra pieces
composed as part of this project. It remdhesonly orchestraestpieceto havebeen

performedduringthe projecttimeframe

Using the foundational timecode framework throughtsutwelveminute duratiorand
like [...] whichconstantlygenerates pulviscularcloudf...], theunimportanceof events

(2021)is spatially arranged intsix groups with group one comprising four solostsalto

124 Althoughnotaspecificresearclyuestiorof this investigationtheideato testthe efficacy of timecode
supportedgolytemporaimaterialsn thiswayd creatinganassemblagef extantaudioandnotational
materialsvhereeachmodularcompositionis performedandrecordedndependentlyf eachotherfor later
assemblyn softwareto createarecordingof theorchestrapieced is consistentvith theassemblage
approacho compositiorpracticedanddiscussedhroughouthis methodology.


https://drive.google.com/drive/folders/1J7p1Al6UnxU1coiA08Tk2TqGdsjoArTh?usp=sharing
https://drive.google.com/drive/folders/1J7p1Al6UnxU1coiA08Tk2TqGdsjoArTh?usp=sharing
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flute, bassoon, violin and double b&sspositioned at the front of the ensemble; and
successively behind them, group two and three, including one string quartet each; group
four, composed opiano, oboe and clarinet; group five, containing two horns; and finally,
group six,comprising ofpercussion, two trumpets and two trombones, positioned toward the

rear of the orchestra.

Apart from a few modifications to some of the instrumepéats,theunimportanceof
eventg2021)is identicalto theunimportanceof eventdor seventeemplayersof 2019except
for theadditionof five instrumentalinesusedto expandheinstrumentatiorvertically, self
borrowed from a range of otherchestral tespiecesTheseadditionsincludeanoboe two
hornsandtwo trumpets. Complete instrumentation and all-belfrowed material origins are
shownin in Table4, p. @. Links to a livevideorecordingof this piececanbeaccesseffrom

thePhD Materialsfolder.

Table4. the unimportance of eventd021) ensemble components

. . N . .| Transformed
Title Instrumentation Duration Components Instrumentation Duration v N
es No
Cerberus (2008) trombones 1.2.3.4 and percussion 15'00" X
On a Theme of Herems (2011) | darinet varion x
lentern fires (2013) piano ca. 13'00" X
the shape distance [7] (2013) 2 flutes, clarinet, viola, harp, piano, percussion ca. 1100 x
observation 1.7.5 (2015) ; p—
22 players: alto flute/flute, oboc, M X
N sdaringt bas 5 vi 2 r the heaven that runs through
the unimportance of clarinet, bassoon, 5 violins, 2 violas, e o " ! - )
s (2021 2 violongellos, double bass, 2 homs, 12'04" everything (2018) standard 30 x
evenss (2021) 2 trumpets, 2 trombones, piano, orchestral version trumpets | and 2
percussion [and] a pawerful flame came out 311347
f the earth [...] (2018) homs 1 and 2 x
[and] a powerful flame came out
) 31'34" X
of the earth [...] (2018) oboe
pulviscular observation (2019) double string quartet 11'00" X
pulviscular compression (2019) | double bass 11'00" x
Notes: Component instrumentation marked in bold type indicate instruments incorporated into the titled composition. All other instruments comprising the component pieces are not incorporated into the
assemblage. *X's marked in parenthesis “(x)’ indicate minimal transformations of the source materials such as repetition, deletions and reorganisation of dissected untransformed materials but does not include
pitch, rhythmie, tempo or transpositional transformations which are signified by the 'x" without parenthesis

Apart from a few modifications to some of the instrumental pmsjnimportanceof
eventg2021)is identicalto theunimportanceof eventdor seventeemplayersof 2019except
for theadditionof five instrumentalinesusedto expandheinstrumentationvertically, self
borrowed from a range of other orchestralfgstes Theseadditionsincludeanoboe two
hornsandtwo trumpets Complete instrumentaticand all seHborrowed material origins are
shownin Table4. Links to a livevideorecordingof this piececanbeaccesseffom the PhD

Materialsfolder.


https://drive.google.com/drive/folders/1J7p1Al6UnxU1coiA08Tk2TqGdsjoArTh?usp=sharing
https://drive.google.com/drive/folders/1J7p1Al6UnxU1coiA08Tk2TqGdsjoArTh?usp=sharing
https://drive.google.com/drive/folders/1J7p1Al6UnxU1coiA08Tk2TqGdsjoArTh?usp=sharing
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Ensemblecompositions andheir components

Havingdiscussedheorchestratestpiecesandthecomponentshatcomprisehem, Table5,
p. B, showstherangeof ensemblgiecescomposeaspartof this researclprojectalong
with theirinstrumentationgurationandtheinstrumentatioranddurationof thecomponent
pieces,themselvegieneratedrom previoussel-borrowingactions thatconstitutethe
ensemblgieceassemblagedesignedor possiblenclusioninto [...] whichconstantly

generates pulviscular cloud]...] .

Table5. Ensemble compositions and their components

T . . . . |Transformed
Title Instrumentation Duration Components Instrumentation Duration v N
[ No
) , On a Theme of Herems (2011) oboe, 2 clarinets, harp and percussion various X
Cutouts for Ensemble For 10 playmn: solo fwlm' oboe, 2 Cutouts (2014) solo violin ca. 12'00' x
clarinets, harp, string quartet, 13'00" -
(2019) observation I (2015) string guartet 14.30" X
percussion (1)
observation 2 (2015) string quartet 16°00" X
wlviscular observation observation 4 (2016) string quartet 1 700" (x
r double string quartet 100" — L )
(2019) observation 5 (2016) string quartet 18730" =
[,,,;,.,1‘1.,,[,,,. l.,,mﬂ,‘(.ﬂ-;,,,, 19 strings: 4. 4. 4. 4, 10 and cherries all black (2013) double bass and piano ca. 1300 X
g g 00"
(2019) 4 string quarteis and 3 double pulviscular observation (2019) | double string quartet 17'00" x
(2008) trombones 1.2.3.4+bass and percussion 15'00" X
eme of Herems (2011) clarinet various X
; . 17 players: alto flute, clarinet, lentern fires (2013) piano ca 13'00" x
2 ’ 5 2 violas. 2
the ""'"""“';'{“T;“ of h""."l'“"‘ 'H“"Il""b]’ ‘l""‘“‘; 104" [the shape distance [7] (2013) |2 flutes, clarinet, viola, harp, piano, pereussion | _ca 1100 %
venits (2019 violoncellos, double bass, 2 - —
events ( ) ‘ ¢ observation 1.7.5 (2015) alt fit., bsn, vin, 700" x
trombones, piano, percussion
pulviscular observation (2019) | double string quartet 11'00" X
pulviscular compression (2019) |19 strings: 4, 4, 4, 4, 3 (double bass 1) 11'00" N
. Cutouts (2014) solo violin ca. 12'00' X
obscure sorrows (2019) clarinet and violin 116" — -
liguid music (2017) solo clarinet 14'00" X
Notes: Component instrumentati arked in bold type indicate instruments incorporated into the titled composition. All other instruments comprising the component pieces are not incorporated into the
assemblage. *X’s marked in parenthesis ‘(x)’ indicate minimal transformations of the source materials such as repetition, deletions and reorganisation of dissected untransformed materials but does not include
pitch, rhythmie, tempo or transpositional transformations which are signified by the 'x" without parenthesis

While Table1l andTable5, illustrateall thetestpiececomponentsnd their
instrumentationin list form, Figure12, p. A4, aselfborrowingmapdemonstratethe dynamic
andcomplexrelationshigbetweerthe primarycomponentaindthetestpieces,showinghow
self-borrowingoccursbetweerandacrosdifferentgenerationsf pieces,indicatingtheuse
andreuseof materialsasa pervasivepngoingprocessWhile this self-borrowingmapshows
therelationshipbetweemmaterialsandcompositionsit doesnotindicatewhich sel-borrowed
materialshaveundergondransformationaprocessealongthe way. Referencewill needto

bemadebackto Tablel andTableb, for suchinformation.

Theself-borrowingmapis acomplexrelationalgraphic.However,it would be
misleadingo assumehatthe organisatiommepresentetiereis in anyway premeditatedlt is
not. Thegraphicis constructedy working backwardghrougha procesghatunfoldedacross
severalyearsasamethodfor generatingpiecesonan6 aasdw h e bragis drivenby artistic

considerationandintuitive actions.
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Thepiecesn solidblackd circlesfor orchestralsquaregor ensemble® arethe
compositionspecificallygeneratedor this researchThepiecesn clearboxestheearliest
datingbackto 2003,aretheprogenitorgo this researchembeddedhroughtheactof self
borrowingandassimilationinto newassemblagabhathavefoundtheirway, transformedr

untransformednto thetestpieces.The primarjtransformationgbrocesseareoutlinednext.

Figurel2. Selfborrowing map connecting all research compositions

Cerbena
(2008) %
four
trombones &
percussion
'On a Theme
| ¢ Hormes'
201 oboe |
The North and harp
L materists
(2005/2014)
for archestra
The Dog and ——
the Wolf" n
-\ \ distance [97 |
N =mds . \ [2013) for
S ~ =t 4 two flutes
N . i \ r
s Black Sun Vo 1 ‘theough
L\ / S 2013) for \ woods in riot’ |
DY S chamber \ 2013) Brass
X ) ) orchesra | auartes
A , | g
} abservation ||, ) ‘ot \ (2015) for
observation 1 | eration || -y o 01s) servation || ‘observation || 7' @o1s) | E-flat clarinet
7 pors) 16' 2015) |17 (2015) for
(2015) string ol recorder, for 2 violing Pt riiiy for alto flute, and
quartet ) wislin ane ks bassoon and ensemble
quaret and piano olin -
cetio viotin
- e - |1
(|
|t
p — | |
bservat: ‘cbservation servation
"obs: "obs
¥ (2016) for || & [2016) for pareton || Perermten | 2o -1
s@oe) || 5 @06 ; |
double string || picc.. sax., & i mixea T T
quenstand || pianc and ng ensemble (T [T
Gouble bass || percussion = —= players) - [ ~ ]

'[...] which constantl
‘the heaven that runs ‘land] a powerful -] whi v

t
through everything' flame came out of the generstess
(2018) for large earth’ (2019) for large pulviscular cloud [..]
9 o (2019) for chamber
orchestra

orchestra orchestra

‘the heaven that runs
through everything'
(2018) for standard

orchestra
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3.1.4 Self-Borrowing

| usea range of material transformation processes dealing with tempo, pitch, rhythm,
expressive matter and voicing that almost entirely focus upon the generation of new materials
through acts of material sdbiorrowing that for me, guarantee a stylistic coninvég and
consistency between all pieces | compose as well as the individual materials that comprise
them. These transformative processes are neither complex nor sophisticated. They range
between algorithmic and intuitive and are brought together iniasyiacratic approach

established through many years of practical composition and performance experience. At the
heart of these transformations lies a recursive process that through cumulative actions across
time and multiple compositiorgy/clically repurpse sekborrowed and transformed materials

to imbue them with an inherited semiotic richn@s& transmitted legaady that is embedded

in the material components comprising the-festes described above. Although the temporal
functionality of this methoalogy is not contingent upon these transformational processes and
describing each in full would amount to something of a detawould like to include a brief
overview of tempo and rhythmic transformation as they lsanee relevance to the temporal

functioning of this project.

As this methodology supports polytemporal composition, it is unsurprising that tempo is
a significant parameter through which the identities of notation materials are transformed to
achieve temporal differentiation. Including ptiaal considerations that ensure newly
generated tempi can be executed in relation to the specific materials and instruments they are
applied to, in general, tempo transformations are based on nothing more than a subjective
Owhat f eel s rtothehtings, abithehea/enthat runsehroagh everything
tempo transformations are more organised and confineditb8@reduction in speed
compared to the tempi of untransformed materials. To maintain the relational characteristics of
self-borrowedmaterials, tempo changes are frequently applied proportionally across all tempi

comprising that content.

Conversely, the rhythmic configurations these materials comprise of are subject to little
or no transformation outside of the tempo at which theyeardered. Transformations of
tempo do not have a direct effect on the internal proportional relationships of hierarchical
rhythmic configurations as their proportional relationships remain unchanged in notation if the
material is subject to faster or slantempi. As discussed Part 2 TimecodeSupported

PolytemporaDrchestraMusicandHow it Functions tempo changes do not alter notation,
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only the duration of the materials as measured in eioc& or BPM. However, changes to

tempo will radically alter relationships with othtemporal structures in the piece.

3.1.5 Creating Materials that 6 Wo rirkSaifting Contexts

Although not critical to the testing of timecode frameworks in performance per se, the notion of
generating materials that work in shifting contextsrnportant with regard to creating
compositions that succeéat mein musical terms ands pieces of art in their own right while
alsoeffectivelytesting timecode frameworks in performance. To this end, | would like to briefly
discuss the particular advages in applying seffimilar transformative actions to self

borrowed materials in repeated operations.

Materials transformed in this manner sound
vertical or horizontal placement within a givpiece. It is the relational connectivity and
inherited semiotic richness that supports this correspondence and enables the material to be
confidently fixed within the model in the knowledge that despite the somewhat elastic but
nevertheless, confined panaters inherent in playenediation using timecode frameworks,

materials will sound appropriately placed when rendered in performance.

This sensef heterogeneouslementsvorkingtogetherandsoundingd r i ig,oft 6
coursewholly subjectiveandit is anassumptiorthatlistenerstoo, will perceivehesameor
anydegreeof sonicconnectivitypetweermmaterialsn asimilar mannerto myself
However theassumptiorthatcontentrelationshipsreindeedperceivedy listenerss
strengtheneldly themoreobjectivenatureof arangeof referentselt-borrowedandrecursive
transformationaprocessethatclearlypointto conceptuaandaudiblerelationalassociations
betweemmaterials Neverthelesgjespitehepropensityfor notationcontento feel asif it
worksin multiple contextstherearesomecombinationghatintuitively feelasif theywork
betterthanothersdueto relationalqualitiesrevealedhroughtheactionsof combinationvhen
building theaudiofile assemblagthatsuggesturtherpotentialto enhancehearchitectureand
identity of apiece.Chosersubjectively|t is thesematerialcombinationghatbecomdixed
elementsn themodelandflexibly mediatecelementavhen renderedn performanceSud

relationalflexibility is anessentiafjuality within mediatedtimecoderameworksf a
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compositionis to soundconsistentcohesiveandthroughcomposedregardles®f thedegree

of elasticitya performancenayincur.

Aspectof renderedstructuralflexibility in workswherepartsarenotlinked together
throughascorewerealsoimportantconsideration$or Cagewho analogisedhedurability of

suchrelationshipsn performanceisingthe exampleof a skyscrapebeingsufficiently flexible

suchrelationshipsn performanceisingthe exampleof a skyscrapebeingsufficiently

flexible to surviveanearthquakeatherthancrumblingto theground*?® Looking furtherata

numberof C a g eofngositionsfor example,Thirty Piecesfor Five Orchestrag1981),and
Thirty Piecedor StringQuartet(1983),it is clearhewasinterestedn relationalpliability
and developingmaterialsanda systentor their mediationin performancehatd w isurvive,

soto speakanyrelationshipofthep a r'# s 6 .

ThoughC a g m@enpenmaterialorganisations differentiatedrom timecode
supportegolytemporabutcomesy its extremesf elasticityandintentionallyindeterminate
performancegoals,theability to preservea senseof materialandstructuralrelationshipghat
work togetheiin their particularimmanenicontextsaregoalssharedwvith this methodology.
Thesegoalsandtheir projectionor senseof appropriater eveninevitablesoundingmaterial
relationshipsyenderedandperceivedhroughplaybackof theaudiomodelandlater,live
performanceareinitially establishe@ndsubsequentljixed aspartof theaudiofile

assemblagbuild discussed later in the methodology

1257 [ T ] vinae nbés scorethatconnectsall of theparts.Therew o nb@a fixed relationbetweerthose
instrumentsbutratheraflexible relationbetweerthem.lt resemblesperhapsthataspecbf architecturen,
say,SanFranciscavhere becausef thefaultin the earth,thearchitecturéhasto beflexible andto beableto
move,sowhenthereis anearthquakethe buildingwill simply shakeinsteadof falling d o w Richard
KostelanetzConversing withCage 2nd.edn(New York, NY: Taylor & Francis,2005),e-book,p. 122.
Originalmaterialprovidedby Bill Shoemakeiin TheAge of Cage DownBeatMagazingDecembed984).

126 Cagewasinterestedn materialthatworkedin multiple contextstoo, thoughhis parameterfor the
placingof thosematerialsalongthetimeline of a piece asdescribedn this quote exhibitgreatedegree®of
performetrchoicethanthemoretightly controlledflexibility parameterfoundin theheaverthatrunsthrough
everythingor anyof thetestpieces:d | thimking now,andhavebeenfor severalyearsof kindsof music
whichwill survive,soto speakanyrelationshipof theparts.In apiececalledThirty Piecesfor Five
Orchestrasandin anothemone, Thirty Piecedfor StringQuartet | literally madethirty piecesfor eachgroup
of instrumentsn theorchestrandeachinstrumeniin the stringquartet.Thosepiecescouldbeginanywhere
at anypointof time betweerzeroandforty-five secondsandendatany pointof time betweerthirty seconds
andoneminute fifteen secondsThewholecomposition, whiclis aseriesof thirty of thesewould last
approximatehthirty minutes Any onesegmenbf apiece,or anyoneof the piecesof thosethirty, couldbe

playedin onetempoor anotherpecausef this latitudeor flexibility in thebeginningapnd endi ngo.

KostelanetzConversingwvith Cage p. 122.0riginal materialprovidedby Bill Shoemakeind The Age
C a g iea bownBeatMagazing(Decembe984).

of
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Part 2: Timecode-Supported Polytemporal Orchestral Music and

How it Functions

With themethodologyintroductioncomplete] now examinethefirst partof arelatedtwo-
parttheoreticaframeworklooking athowtimecodesupportegolytemporabrchestramusic
functionscompositionallythroughplayermediationto rendeilive performancesyith the
secondartof theframework,Part 3 Building theModel, examininghow notationmaterials
andtheir concomitantwudiofile recordingsaregenerate@dndassembledo make

polytemporalcompositions.

By andlarge,explanationgroundfunctionalityandbuild havebeenkeptseparatéo
clarify theactionsof bothin amannethatmirrorstimecodesupportegolytemporal
compositionaproceswhereinitially, anunderstandingf intendedoutcomesandthe
functionalitiesnecessaryo deliverthoseoutcomesesult,secondarilyjn thechoicesand
rationalearoundwhichtoolsandmethodsarerequiredto build thecompositionghemselves.
Thissomewhaartificial separations undertakenvith anunderstandinghatfunctionalityand
build areoverlappingaspect®f amulti-dimensionamethodologicahpproactwhered b o t h

phenomenarecontingenupontheexistencef theo t hamdwberemovemenbetweerthe

two is seldomlinearor aspredictableasthis separationmplies 12’

Tothisend,Part 2 TimecodeSupported®olytemporaOrchestraMusicandHow it
Functiongpresenta commentaryhatmovesthrougha seriesof subsectiongo describenow
thetermtimecodesupportegolytemporaimusicwasconstructedwhatthetermmeansand
howthemethodstechniquesfunctionalities conditionsandactionscomprisingit work
togetherasa new,alternativecompositiormethodologythatoffersthecomposexvishingto
write densepolytemporalthroughcomposedarchestramusictheopportunityto assemble
piecescomprisedf multiple, unrelatedempiwhereall orchestraloiceshaveindependent
temporalrajectorieghat,unlike currentnotationakemporalpraxis,do notrequirenotationto
becomeamorerhythmicallycomplexto 6 f muitidle pulsestreamsnto asynchronisedcore

formator usemultiple conductorr click-tracksto managepolytemporapiecesn

127 prishaniReddy.0 T IDiferencesBetweerResearciMethodsandResearciMe t h o d fiomthg y 6
websited Di f f e r e n ¢ &VRR2018)ehtpn/wwwaliffelencebetween.net/scienceftliferences
betweenresearchmethodsandresearckmethodology/3Accessed1May 2021]


http://www.differencebetween.net/science/the-differences-
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performancéeo deliverneardeterminat®utcomes.
3.2 A Unigue Combination of Familiar Functionalities, Actions and Conditions

Moving to thedescriptiorof whattimecodesupportegolytemporalmusicis andhow it
functions,it is usefulto examinewhatwordshavebeenassembledb generate namefor this
compositionamethodologyThetermarosethroughcombiningacompositionakpecies
polytemporamusicd thatcategorisesompositiongonsistingof two or moresimultaneous
tempiaspolytemporalwith adigital functionalityd timecoded thatis signifiedin notation
asaseriesof numericcodesexpressethroughhours minutesandsecondsgeneratect
regularor irregularintervalsby atiming synchronisatiorsystenmpresentvithin notationand
othersoftwareto provideaframeworkfor temporalcoordinationandtheloggingof actionsin
time. As Ratcliff explains:6 T i m eiscadigital signal.It carriesinformationasasequencef
zeros(0Os)andones(1s),calledil d i gTihdseligits mayrepresentuantitiessuchastime or

fimf oot'®geod.

Coordinationn timecodesupportegolytemporamusicis achievedy all performers
looselysynchronisingnobile phonestopwatchesatthe startof performanceandcontinually
mediatingtimecoden relationto their stopwatcheastheyplay, matchingascloselyas
possiblegimecodepositionsin their notationto therolling time displayedon their stopwatches.
Toachievethis coordinationthetimecodeusesareliableandobjectivemeasuremerdf time
referredto asclock-time. Clock-timeis usedasthe unit of time-measuremerdisplayedon

digital stopwatcheandotherformsof chronometer.

Althoughtimecodeandclock-time areusedthroughouthis methodologyasa meanof
measuringandapportioningime, musicperformanceyenerallyrelieson adifferent
measuremertdf time calledé mu sti ic rghtdseshebeatandbeatsperminuteor BPM as
its agreedlivision of time. DobriandefinesBPM asatypeof time measurementhaté r e | i e s
on anagreeduponmoreor-lessconstanunit of timeknownasab e awthered [ t ] h e
relationshipof musicaltimeto clock timeis basedn|...] thenumberof beatshatoccurin a

certainamountof clocktime,commonlybeatsperminute(BPM) 8 knownasthet e mpo 6 .

128 Jom Ratcliff, Timecode A use & guide 3rdedn (Burlington,MA: Focd Pres 2015)p. 27.

129 ChristopheDobrian,6 T e ¢ h foi Pgplyteanporall o mp o s (Papérkore@nElectroAcousticMusic
Society,Seoul,Korea,26 October2012),PDF,Departmentf Music, Claire Trevor Schoolof the Arts, UC
Irvine <https://music.arts.uci.edu/dobrian/polytemporal/TechniquesForPolytemporalComposition.pdf
[accessed 7 June2018]p. 1.
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Timecodesupportegolytemporabrchestratompositiorutilisesclock-time and
musicaltime: clock-time for theorganisatiorof soniceventsn time throughtimecoden
notationandmusicaltime in themediatedenderingof thosenotatedeventsassoundin
performancehroughtempointerpretationUnlike thereliability of clock-time, musicaltimeis
malleableandflexible. It is the balanceandtensionbetweerthe precisionof clock-time
signifiedthroughtimecodeandthe mediatedexpressiorof timecodeasflexible musicaltime
thatunderpingheactionsof composecontrolandperformancdlexibility discussedaterin
this chapterandit is clock-time signifiedthroughthetimecodeframeworkthatsupportshe
p | a ymeediafiosof tempointerpretatiorasmusicaltime to managehe simultaneous
deliveryof differentpolytemporaktreamsn performancelt is this timecodeframeworkthat
providesthesupportfunctionreferencedn thetermtimecodesupportedpolytemporal

orchestratomposition.

Noneof theabovefunctionalities,actionsor conditionsarenewto compositionMusic
consistingof differentsimultaneoupulsestreamss well establishedi-orexample according
to Apel, theoriginsof polytemporakompositionin theform of prolationcanonand
mensuratiortanon,in whichamelodyis performedn imitation butwith augmentear
diminishedrhythmicvalues canbetracedbackto compositiongexploringproportion

ca.1200:0

In comparisorto thediminutionor augmentatioof metricalvaluesin mediaevabnd
Renaissancmusic,timecode pntheotherhand,is arecentfunctionalityusedto coordinate
musicalscoresandperformancavith film thatdatesbackto thenineteersixtiesand the
adventof SMPTEtimecodgSocietyof Motion PictureandTelevisionEngineersjhat
accordingo Davis,wasdevelopedasatypeof 6 t i m ehatendbéeslifferentcomputers,
synthesizersandvideomachinego talk to eachotherandsynchronizemusicto videoor

musictomu s 3 Jldis.crossrepresentationf digital documentsespecialljthroughaudio

1306 T lusmof proportionsthatis, of thediminutionandaugmentatiomf metricalvaluesin certainarithmetic
ratios,is acharacteristideatureof the Flemishmusicof thefifteenthandearly sixteenthcenturieslts history,
howevergoesbackto considerablyearlierperiods.Thefirst tracesof this methodareencounteredn someof
theclausulada newly composegolyphonicsectionfor two or morevoicessungasadescantpf theperiod
of Perotinugca.1200),in whichtheliturgical melodyservingastenorappearswice, thesecondtimein half
or doublethevaluesof thefirsta p p e a MéllinAped, BheNotationof PolyphonicMusic 9001 160Q 38,
TheMediaevalAcademyof America,4thedn,(CambridgeMA: TheMediaevalAcademyof America,
1949),p. 145.

181 RichardDavis,CompleteGuideto Film Scoring:TheArt and Busines®f Writing Musicfor Moviesand
TV, ed.by Jonatharreist(BostonMA: Berkley Press1999),p. 96.
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recordingsMIDI files anddigitisedsheeimusic,is atthecoreof howtimecodesupported

polytemporamusicis built andfunctions!3?

Stopwatchedpo, havea historyof beingusedfor synchronisatiopurposesAs Davis
explains:d A n o methedof syncingmusicto film is theuseof thestopclock...] (basicallya
largestopwatchabouttwelveinchesin diameter)...] butrealistically,it is accuratdor sync
pointsonly to aplusor minusathird of as e ¢ 0¥ Tthesearcho eliminatetheresponse
time of humanperformergo cuesin film remainsachallenge-3* However precise
synchronisatiois notrequiredin timecodesupportegolytemporaimusicperformancetHere,
theuseof looselysynchronisedndividual mobile phonestopwatcheservedo amplify aless
thanperfectsynchronisationa conditionthatwould occurto alesserextent for instancejf all
playersweresynchronisingheir playingwhenreadingclock-time from asinglestopwatch

such agheoneDaviesdescribesbove.

It is nottheincorporationof thesefamiliar elementswithin this methodologythatbrings
aboutuniquecreativeopportunitiefor composergandperformersilt is, however the capacity
of thesefactorsin combinatiorto supporttherenditionof hyperdensegolytemporal
structuresn specificanduniquewaysthatprovidesnewopportunitieso expandcurrent
polytemporapraxis.This exegesiseekdo proveits assumptionaroundnewcompositional
opportunitieghroughathoroughinvestigationof themechanismsndprocessesmbeddedh
this methodologymanifestecasmusicthroughthe performancef its testpieces.To begin
this investigation] shalldiscusghecentralunifying role timecodeplaysin building
compositionamodelsandhowthroughusingtimecode stopwatcheandplayermediation,

thesemodelsarerenderedcassound.

132 Ewart, MeinardandDannenbergsserthatascommunicatiorbetweercomputersandsoftware

proliferateswith continueddigitisation:6 t hisanimcreasingiumberof relevantdigital documentgor a
singlemusicalwork comprisingaudiorecordingsMIDI files, digitizedsheeimusic,[and]musicv i d e 0 s 8

where6 [ geharaterms,musicsynchronizatiomlenotes procedurevhich, for agivenpositionin one

representatioof apieceof music,determineshecorrespondingositionwithin another e pr esent ati on 6.
Sebastiaftwert, Miller MeinardandRogerB. Dannenberg) T o w eeliadlepartialmusicalignments

usingmultiple synchronizatiors t r a t Iregniatiersl&orkshop oAdaptiveMultimediaRetrieval

(2009),35i 48 (p. 35).

133 Davis, CompleteGuideto Film Scoringp. 160.

1346 T tagtimein perceptiorbetweerseeinganimageandrespondindo it spurredthedevelopmenof
systemgapableof assistingconductorsandplayersin producingprecisetiming: theclick track,anaudible
metronomedeliveredto the musiciansvia headphonegunchesndstreamersactuallyholespunchedand
linesscratchednto thefilm atstrategigpointssothatthe conductoris preparedor importantmomentsof
synchronizationandfreetiming, theuseof alargestopwatctto facilitatep r e c i KathrynkKafinak, Film
Music: A Very Shortintroduction (New York, NY: Oxford University Press2010),pp. 126 127.
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3.2.1 The Model: Audio Assemblages and Notation Networks

0 T me d & Atérmusedthroughouthis exegesiso describehecompositionablueprint
for all timecodesupportegolytemporacompositionslt comprisesaudioandnotation
componentsTheaudiocomponentgaregeneratedhroughtheplaybackandrecording
functionalitiesof Sibeliuswhereoriginal and transformed materials aeseordecand
exportedasaudiofiles. Theseaudiofiles arethenimportedinto Logic Pro,asequencing
softwarewheretheaudiofiles are assemble¢hto compositionabktructuresalledaudiofile
assemblage#é\n audiofile assemblageontainamultiple audiofiles organisedrertically for
densityandhorizontallyfor duration.A polytemporaludiooutputis producedvhenthese
recordingsall containingmaterialsrenderedt differentspeedsaresimultaneouslgombined

throughplayback lt is this computergeneratecudiothatis referredto astheaudiomodel.

Figurel3. lllustrative approximation showing unpacked audio files acting as placeholders for
notation materials within audio files for bass clarinet 1 and bassoon 1 extrapolatedegrom
heaven that runs through everythi(&p18).

Thenotationcomponentf themodel,the notationnetwork,is notvisible asit would be
in ascorelt existsasavirtual construciof notationmaterialghatarelinked to theaudiofile
assemblagehereeachaudiofile actsasaplaceholdeandaudiorealisationfor thespecific
notationmaterialsfrom which it wasrenderedsee Figure13, p. 1®). It is theorganisatiorof
audiofiles in theaudiofile assemblag#thatgovernshe exactduplicationandconfigurationof

notationmaterialsn the notationnetworkwithoutdisplayingany of the notationainformation
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itself. As such thenotationnetworkis invisible. However therelationshipbetweerthe
relativepositionsof notationmaterialsconstitutingthatnetworkare visibly signified as
positonsintimg hr ough the audi o f i | ethabnfbomatiorgndr at i ons

constitutetheaudiofile assemblagdisplayedn the software.

Bringing theseaudioandnotationcomponentsogetherasthemodel,Figurel4, p. 1@,
illustratesthetimecoddinks betweertheaudiofile assemblagandtheaudiomodel,onthe
onehand,andbetweerthenotationnetworkandinstrumentaparts,ontheother.This
timecoddinkageis indicatedthroughthe placemenof audiofiles comprisingtheaudiofile
assemblagalongL o g itimefinewith theprecisdocationsof audiofiles identifiedas
positionsin time. Whentheaudiofile assemblages renderedo becomeheaudiomodel, it
sharesanidenticaltimecodeprofile, linking thetwo togetherexactly.With theaudiofiles also
placeholdingheir progenitomotationmaterialswithin thenotationnetwork,notation
materialsfoo, shareduplicatepreciseiimeline positionswith their concomitantudiofiles
althoughatthisstageofthec 0 mp o s geheratontilnscodedatais notembeddedhto the
notationmaterialshemselvesThis processs notundertakemntil partsareconstructedn
Sibelius,asdiscussedaterin 3.5 Consolidatingvith Timecodewheretheadditionof
timecodeexactlysynchronisesll notationsignificationwith its renderecaudiofile

manifestationsothatthetimecodepositionsof bothareidentical.

Figure1l4. The model

Audio Model

THE MODEL

| Notation Network |C\QC\QC\Q| Timecode |C\QC\QC\Q Audio File Assemblage

Instrumental Parts
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Althoughthenotationnetworkis invisible, notationin theform of partsd the
performancenaterialsd thatareconstructedrom it, arenot. The partsconstitutethe
component®f thenotationnetworkbut unlike theaudiofile assemblagelo notdisplayany
relationalinformationaboutthe notationnetworkor any otherpartsthemselvestheyarethe
notationbut notthe network.It falls to timecodeto providetherelationalframeworkthrough
whichthepartsareconnectedn time, enablingthe notationwithin the partsto relateand

functionasanotationnetwork.
3.2.2 The Model Tripartite Relationship

As shownin Figure 14, thenotationnetworkandits concomitanperformingmaterials,the
audiofile assemblagandits audiomodelandthetimecodehatproliferategshemboth,
constitutethethreeconditionsof themodel. Theyfunctionasanassemblagtermedthe model
tripartiterelationshipln this relationshiptimecodes theframeworkd thetemporalglued

thatbindstheselifferently signifiedinterdependennanifestation®f themodeltogether.

Thesehreeconditionsarethefixed, conceptuahndaudiosignificationsof the
compositionBy contrastalive playermediatederformancefthemo d enotattisn
materialsresultsin aflexible manifestatiorof thepiecethatproduceslightly different
renditionswith eachperformanceUsingtimecodeagain,the modeltripartiterelationship
enablegplayermediationof themodelthroughits notationmaterialsandbindsthesematerials
to thesonicoutcome®f performanceThisbindingd thetemporalglued enableghe
comparisorbetweerlive performancandaudiomodelrenditionsof the piecethatagan
utilisestimecodeto ascertairwhereperformancefall alongthecontinuumbetweerwhat |

judgeacceptableandunacceptableenditionsasillustratedin Figurel5, p. 1(.

It is themanagedetflexible confinemenbf mediateccontentofferedby themodel
tripartiterelationshiphatenablexomposerso feel confidentperformerswill rendertheir
pieceswithin designategarameterto maintaincompositionahrchitecturen performance
andtimecodesupportedrameworkghatgive musiciangheconfidenceo flexibly reproduce

thosecompositionaktructuresvithin thesameparameterso renderdensesonicallycomplex
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throughcomposegolytemporamusicwithoutconductorsr click-tracksdespiteheself

directednatureof theperformance.

Figurel5. Performance outcomes

' Performance Outcomes

SONIC FLUX

Sounds Similar t0 s

Acceptable Rendition

Compare Audio Model Output with Performance Audio

Unacceptable Rendition

Does Not Sound Similar to

Player
Mediation

The Audio Model

Pr— The Model Tripartite i 3
[Notation Network [ROCRIERD| _ Timecode | QRICRICRD AudioFle Assemblage

Furtherto themodeltripartiterelationshipmusicthatresultsfrom timecodesupported
polytemporaktompositionis instantiatedhroughanotherequallyimportantrelationshipthe

dynamictensionbetweercomposecontrolandperformancdlexibility.
3.2.3 Mediation: Composer Control, Performance Flexibility and Sonic Flux

Composecontrolis transmittedhroughthetrace , asNattiezcallsthe notationalsurfaceof a
pieceof music,madeby composerso directandmanagehe placemenandnatureof soundsa
performermproduceshroughtherenderingof suchactionssignifiedby notationalsigns,
symbolsandinstructionsin theirinstrumentaparts'*® Timecodesignificationaddsan
additionallayerof composercontrolto notationin anattemptto supporthec o mpos er 6 s
structuraintentionsin performancehroughconfining playermediationto asufficientdegree
thatlive performanceenditionsareconsideredeardeterminatevhencomparedo theaudio

model.

135 JeanJaquedNattiez, Musicand Discourse:Towardsa Semiologyf Music (PrincetownPrincetown
University Press1990),p. 16.
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Figurel6. Player mediation and performance outcomes
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Performancdexibility, ontheotherhand,defineshow notationandtheactionsit
signifiesaremediatedvheninterpretecandrenderedy theperformer.Theeffectuponthe
performanc@®utcomeof this secondargncodingof notationis significantin timecode
supportegolytemporamusic,in particular,how preciseempomarkingscalculatedusing
clock-time aremediatedpftenapproximatelypy playersusingtheir senseof musicaltime. As
illustratedin Figure16, p. 13, it is thetensionbetweercomposercontrolandperformance
flexibility, betweertheprecisionof notationalsignifiersandtheflexibility of theirmediation
andrenderingn reattime andthetensionbetweerclock-time andmusicaltime thatproduces
whatis actuallyheardi ithemusic,thesonicoutcomethelandscap®f pitches rhythms,
dynamicsandexpressio® organisedatthatmomentasaresultof theuniqueplastic
relationshipdbetweerthe mediatedempiof eachinstrumentapart. Therenderingof these
plasticrelationshipsn performanceeneratesegree®f sonicflux broughtaboutthroughthe
everchangingcontextualelationshipsenderedrom notationmaterialssimultaneously

mediatedby multiple performers.

As aresult,the continualshiftsin contextuarelationshipof all renderednaterials
within eachimmaneninstantiationgeneratesinigueoutcomeghatareiterations,non

identicalcopiesor self-similarvariantsof the original compositionam o d eson@ally
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renderedhotationnetwork.This flexible duplicationis possibleaslevelsof flux are
effectivelymanagedvhennotationmaterialsaremediatedhroughthetemporafframework
providedby timecodeandit is throughougll instantiationghatclock-time astimecodemeets
musicaltime asmediatedempowhere,momentoy momenttheplayermustdecidewhich of

theseactionsto privilege.

With performanceutcomeseingaconsequencef thep e r f o madiatiordfs
notationalimaterialdiltered throughtheagencybetweercomposercontrolandperformance
flexibility andbetweerclock-time andmusicaltime, andwith thoseoutcomegotentially
rangingbetweemmy sense olcceptabl®r unacceptableendition it is usefulto discusghe
p e r f o sharenrtiésselationshipandhowthecomposesupportsheperformerin

dischargingheirrole.

3.24ThePer f or &hare:dMediating Clock-time and Musical Time

Notationsetwithin atimecodeframeworksignifiesthec 0 mp o istentiodadityconcerning
theplacementbf sonicphenomenan time usingclock-time asthe commonunit of
measuremeriietweerall instrumentaparts.lt is the exactandprecisenatureof notationset
within atimecoderameworkthatprimarily constituteghesignification(territorialization)of
composecontrol. To this end,theperformeris guidedby thecomposevia performance
instructionsn eachpartto mediatewhatis signifiedin notationaspreciselyaspossiblewithin
specifictimecoderameworksthis beingundertakerwith bothcomposeandperformeraware
thattheperformanceutcomesgealisedhroughplayermediationusingthep e r f o senser 6 s
of musicaltimewill notbeproducedvith theprecisionof computersoftwarerenderingan
audiooutputfrom identicalnotationalmaterialscalculatedusingclock-time andtimecode
exactly.lt is thetensionbetweerthe specificity of whatthecomposehassignifiedin notation
andthep e r f o moredlexiblesmediationof thatsignificationthatdestabilisesr
deterritorializeghealignmentbetweerlive performancendaudiomodelto generateherich

fabric of sonicflux permeatingvhatis heardasperformanceutcome.
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Fromthep e r f o pempgectidethereis tensionbetweeradheringascloselyas
possibleto the placemenbdf soniceventsd pitchesandrhythms for exampled within the
signifiedtimecodegrameworkandtheflexibility affordedthroughaspect®f mediationthat
may causedeviationfrom the specificity of notationatimecodeandtemposignification.This
is theoppositionbetweerclock-time (territorialization)andmusicaltime (deterritorialization)
experiencedby theperformeraspartof their ongoingmediationof notationmaterials.This
oppositionraiseghequestiorof primacybetweeradherencéo timecodesignificationand
expressivédlexibility andit is thistensionthatreflectsthe continuumbetweercomposer

controlandperformancdlexibility illustratedin Figurel6.

Performancénstructionsavailablein eachpartstatethattimecodes notusedto imply
theuseof aclick-trackor beseenasastraitjacketo inhibit expressivelaying.Instructions
explainthatthereadingof embeddedimecodes particularlyusefulafterlongerpause®or
whereongoingmediationhascauseddiscrepancyetweerthep | a ynetatiGnakimecode
positionandrolling timelinedisplayedon stopwatchesgueto deviationsrom specifiedtempi.
Ongoingreferencdo timecodeandstopwatchenableghe performerto compensatey playing
alittle fasteror slowerto catchup, extendor cutshortmaterialasnecessaryfor exampleto

maintainabroadsynchronisatiotetweerthetwo.

Similarly, performanceénstructionsdo notprivilegetimecodeaboveexpressiomperse
or statethe primacyof clock-time overmusicaltime. However it is statedhattimecodetakes
primacyatthe startandfinish of phrasesparagraphdargersectionof materialandthe start
andfinish of pieceswith all startsandstopsbeingaspreciselyalignedwith timecode
significationaspossible All othernotationandtimecodesignificationsbetweerthesepoints
aresubjectto moreflexible mediationwith the caveathatperformeramonitortheir positions
relativeto timecodewhereveitimecodepointsaresignified. Beyondthis specification,
choicesaroundtimecodeor expressivg@rimacyarea matterof balanceandcontextto be
mediatedhroughplayeragencyaidedby a degreeof musicalperspicacitypossessely all

experiencegerformers.
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While appreciatinghatno two performancesf anyhumanmediatednusicwould
resultin identicalrenditions mediation especiallfemporalimediationin timecodesupported
polytemporamusicwhereindividual playerssimultaneouslynterprettempomarkingsusinga
sensef musicaltime, affectshow pitchesandrhythms,in particular,align andrelateto each
otherin musicalstructuresgeneratinghe potentialfor aradicalchangeo themicroand
ultimately,if uncheckedthe macrearchitecturatonfigurationsof acompositiorto transform

theidentity of the pieceitself. As Nattiezexplains:

Whatdefinestheidentity of a particularmusicalwork?Ingardershowsthatthis beingcannotbe
reducedo anyof thefollowing: agivenperformancedsincethe scoredetermineslifferent
potentialperformancesthe hereandnow perceptiorof awork (sinceeachlistenerhearst
differently); theacoustiaeality (sincethew o r terdporalprofile andformal configurationare
not, strictly speakingsonorouglements)pr the score(sincethework will alwaysand
everywherdranscendhatscore):*

Thereality of multiple renditionsbeinggeneratedby performerghroughthe mediationof

notationd whatNattiezcallsthe6 i ma gp e rof canchaléengehenotionof the

composenso p r o dwhaheldssufficiento c o mp o £ iomnitamddodaléd t h overs hi p 6
the performanceutcometo claim anymusicthatis heard asentirelywhattheyintended,

entirely whatwassignifiedor entirelytheir ownwork.13’ This senseof negationof an
authentic(exactlywhatthe composeintendedandanticipatedr acceptableenditionis

dueto any notionsof authorshipandcontrol,especiallyregardingwhatis heardby the
audiencebeingbalancedetweerthec o mp o istentiobamdthesoundperformers

actuallyproducet® Suchoutcomesarepossiblebecaused t woekis notwholly6 pr oduc e d 6

136 Nattiez,p. 69. paraphrasingRomaningarden Ontologyof the Workof Art: TheMusicalWork; The Picture;
TheArchitecturalWork; TheFilm, trans.by RaymondMeyerandJohnT. Goldthwait(Athens,OH: Ohio
University Press;1990),p. 90.

137 As Nattiezexplains:d n o t iaindieedtinetracethatrendershew o r Idéntty possibleln this casewe
needto realizethat,from theanalyticalstandpointnotationis animagé imperfectbutindispensabliof the
not atdnaqud § u i v Hdttiezipp. 72i&r 3. Fromthisimageimperfectthe performemrenderghe
scoreasasonoroudact:60 T e r gh§sscalmodeof existences, then,dividedbetweerthescoreand
performanceThew o r &néokgicalmodeof existences situatedn therealmof pureintentionality,beyond
thescoreyetguaranteedenderegossibleby thes ¢ o Nattiezfp. 82.

138 Thenatureof this tripartite relationshipbetweercomposerperformerandlistener,asSourispointsout, is an
unstableoneanddemonstratethatdueto thesharechatureof authorshignherentin therelationshipany
elementof composecontrolor directauthorshipbeingdé t r a n sasaicdgdentnesgager instructionvia the
scorebetweerall threeparties aretenuousatbest:6 F themusicaleventtherearethreepointsof view: the

a u t htbepdfsrmersandthelistenersTheirrelationto oneanothelis variedin the extreme,sometimes
contradictorysometimes o n f uNatted, 31.asaparaphrasef Andrefouris,Conditionsdela musiquest
autrese crits (Bruxelles:Editionsdel 6 U n iefdeBmelles,1976),p.47.



110

unlessit hasbeenp | a y d 6 .

Thisdividedontologyd awork whichis constitutedooththrougha compositionaldea
andanimmaneninstantiationof thatideawhichis necessarilyandnotonly because
soundingdifferentfrom, sometimeprofoundlydistantfrom, thatidead isimportantto note
becaus@otionsof whatconstitutesanacceptabl@andauthentiqperformancealonga
continuumthatrangesatoneextremefromé a ¢ ¢ e qoireapbridendeetweergraphics
sourceandp e r f o r ommathiscasépetweerive renditionandaudiomodel,to theother,
and u n a ¢ c empesparuéndeetweergraphicssourceandp e r f o r pnedicatetre 6
succes®r failure of this methodology“*° To helpsupportanacceptabl@erformancendbest
supportp e r f o 6 e dwhnmedjatingwhatis signifiedin notation,instrumental

partsarenotatedasclearlyaspossiblel#!

3.2.5 The Model: Plato, Flux, Indeterminacy and Complexity

Althoughmy compositionahmbitionis to supportthemostauthentigperformancegpossible,
asdiscussedjmecodesupportegolytemporamusicwelcomesandanticipatesevelsof flux
producedhroughtheagencyof playermediationwherethemu s i congmingéeferencingf
timecodehroughoutperformancebviatesexcessivéemporalrift, thereforereducingthe
probabilityof large scalestructuraldeviationfrom themodelandsupportinghe productionof
anacceptableendition.Thereare,howeverJimits tohow6 a u t haayadceptakieendition
canbein relationto themodel:althoughthemodelrepresentshe perfecttheoretical
architecturabrganisatiorof thecompositiorandprovidesapointof referencetheterritory,
againstvhichlevelsof flux andtemporaldrift in performancenaybegaugedin practice no

live performanceanreproduceheidenticallevel of fixed structuralrelationshipgextantin the

139 Nattiez,p. 72.

1401n mitigatinga significantlossof composercontrolandauthorshigo theinterpretanit would seem
imperativethatthecomposesupportgperformersn renderingasé a u t hagearforinand@aspossibleto
limit themediatingeffectsunforeseelnterpretiveactionssuchastheflexible interpretatiorof tempi
signifiers,bring to thesonicfact; this limitation impliesa greateidegreeof thec o mp o istentioadity
beingrenderegossiblethroughthescore In this context,accordingoN a t t pamghi@asef Nelson
GoodmanLanguage®f Art: An Approachto a Theoryof SymbolgIindianapolisJN: BobbsMerrill, 1968),
p.113.,authentigperformanceonstitutes a peyformancehatexecuteg@nacceptableorrespondence
betweergraphicsourceandp e r f o r Nedtiezp.§4 Theuseofthewordd a ¢ ¢ e |sintarbsting 6
here:whatarethedefinitionsof acceptablén this contextandhow is acceptabilitymeasuredrom the

C 0 mp opewpedige?

141 Nattiezadds:6 acerrectasthis positionmightbe[ Go o d miefimitibreof6 a ut ke m®tciudti on 6] ,
leavesopenthequestiorof thep e r f o fidelity toéhew o r Kattiéz,p. 74.
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model.Insteadaperformancevill generatssomewhahew,immanenstructuralrelationships
with eachperformancehataredeterritorialization®r a blurred imagef themodel (thenon

identicalmediatedccopiesrenderedromthemo d enbtdti@enakcontentmentionedabove)lt is
thisblurred image, thisnperfectreflection to use a different analogy, thre deterritorialized

mediatedbutcomethatis exactlywhatis desired.

This notionof imperfectreflectionsof themodelbringsto mindP | a theoiyaf ideas.
Here,thereexistsanidealformi itheessencé iof aparticularthing,for exampleacator
bed(or in this casethemodel),thatresidesn heaven(or ontheharddrive), thatis realand
unique,with all otherparticular(individual) catsor beds(or particularperformance
iterations),imperfectlypartakingin the natureof thatparticularobject(or model)to only be

apparent (asin areflectionof) therealform 142

Performanceutcomef themodelareof coursereal andunique,andcertainlynot
apparentin the Platonicsensetheyareindependensonicfactsd physicalphenomenod
buttheymayalsobeviewedasimperfectreflectionsof themodelthatin andof themselves
constituteanacceptableenditionof the piecewherethereflectionis theuniquesonicreality
in performancebutthemodelremainsanunrealisabledigital factontheharddrive.
However therearelimits to whichsucha¢ r e f | canbédistortedbeforeit ceaseso
0 parintleek at (heesdencedf theform: without confiningflux andtemporaldrift in
thewaysdescribedperformancesvould havethe potentialto significantly deviatefrom the
modeld theformd andits architectureanoutcomethatwould constituteanunacceptable

correspondendeetweergraphicssourceandperformancavithin thescopeof thisresearh.
3.2.6 No Conductor. No Score

As discussedthesoniccomplexityof thetestpieceds generatedh partthroughtheflexible,

14246 A ¢ ¢ otottidmetaphysicapartof thedoctring] P | alocwirelthewordd ¢ ae¢adsacertainideal
cat,fi t & & créafedoy God,andunique.Particularcatspartakeof the natureof thecat,butmoreor less
imperfectly;it is only owing to thisimperfectionthattherecanbemanyof them.Thecatis real; particular
catsareonlya p p a rarda w h é na@mumbenof individualshaveacommonname theyhavealsoa
commoni i da @ o rFeréhgtancethoughtherearemanybedsthereisonlyonefi i d@& i@ 0 o pfie o
bed.Justasareflectionof abedin amirror is only apparentindnotii r e sothévariousparticularbedsare
unreal beingonly copiesof thefi i d wlachis theonerealbed,andis madeby G o dB&rtrandRussell,
History of WesternPhilosophy(London:Allen & Unwin, 1946;repr.London:Routledge2004),e-book, pp.
115 116.



112

simultaneoudheterogeneoysolytemporatelationshipgengenderethroughtherenderingof
all materialsby all players.With somanydifferenttempiin simultaneousperatiorand
potentiallyeachmusicianfollowing their owntemporaltrajectoriesthe particularfunction of
oneor moreconductorgo providesynchronicitythrougha unifying beatto each
instrumentalists nolongerappropriatdéo meetthetemporalneed<f theorchestralt is the
timecodegrameworkseadin conjunctionwith mobile phonestopwatcheghatprovidethe
individualtemporalsupportfor eachplayerthatenablegperformancéo takeplace.As such,
conductorsaarenotusedin performanceandeachplayeris responsibldor their own phrasing,
expressionpulse meterandtempo.Theyarenow their own conductor For similar reasons,
with nouniversalpulsesynchronisatiomndeachplayerhavingindependenandunrelated
temporalrajectoriestimecodesupportegolytemporalnstrumentapartshavebeen
decoupledrom eachotherandalsofrom anyscore.This decisionhasbeenmadefor two

reasons.

First, althoughcommonplacdéor manyorchestraivorksto beinscribedin ascoreand
parts theseverdimitationsof fixed, conventionakcoredo graphicallyexpressvhatareever
changinghighly complex,reakttime dynamicsonicrelationalpermutation® theunique
configurationsof flux generatedh everyperformance wouldresultin ascorewhere
notationwould notevenapproximatelyepresenthe sonicflux of aperformancé whatis
actuallyheardin thatimmaneninstantiationd or anyothernotationallysignifiedrelational
informationascoremightusefullyconvey.Additionally, if aconductomwerenecessaryo
supportperformancetheremaybea casefor someform of notationalconceptualisation of the
pieceto enablethis supportto takeplace.However withouta conductorandfor thereasons

statedno scoreis producedandthemusicis renderedrom fully notatedpartsalone.
3.2.7 Sonic Complexity not Notated Rhythmic Complexity

Thesecondandperhapsnoresignificantreasorfor decouplingpartsfrom ascoreandeach

other, is thatthroughdecoupling partsbecomeruly independendf oneanotherpoth
temporallyandnotationally.As discussedil.1.6 Polymeter, Polytactus and Polytempo:
Definitions 1.1.7 Notational Reformattingnd1.1.8 Increased Notated Rhythmic Complexity

with independentlyassignedempiandno synchronisationvith a score rhythmicnotation
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doesnotneedto changeor becomemorecomplexwhenthetempois variedor whenmultiple
partswith differenttempiarelayeredvertically for simultaneougerformancen thecomposition,
no matterhow densehis polytemporalayercakemaybecomeAs notationalkrelationships
betweempartsarenotsynchronisedh ascore,complexrhythmicandtemporalrelationshipsre

only perceivedvhenrenderedindrevealedassonicrelationshipsn performance.

3.2.8 Synopsis

To summaise, timecodesupportegolytemporamusicfunctionsin thefirst instancehrough
themodeltripartiterelationship afixed relationshigoetweera notation networkcomprisef
decouplegartsandanaudiofile assemblagandits audiomodelthat arelinked through
timecodeto constitutethemodel.To enablerenditionof themodel, instrumentaparts
embeddeadvith timecodearemediatel by playersduringperformancecoordinatingasclosely
aspossiblgimecodein the partswith timecodedisplayedon loosely synchronised

stopwatches.

Themediationof notationusingtimecodeandstopwatchegeneratesonicflux dueto
theagencybetweercomposecontrolandperformancélexibility andthemediationof clock-
time andmusicaltime thatengendersomewhatlexible outcomesaroundthe placemenof
sonicobjectsin relationto their signifiedtimecodepositions Theseactionsdestabilis¢he
identity of therenderedutcomeasit travelsfrom whatis territorializedin themodelto what
is deterritorializedn immaneninstantiation Degree®f flux aremanagedy themediating
activitiesof performersconfiningtheplacemenof sonicphenomenavithin designated

parameterassignifiedthroughtimecode.

Thesaleterritorializednstantiationsandtheir resultanflux producesonic
entanglementthatarethec o0 mp o s autliblesurfatesaswell asamanifestatiorof the
c 0 mp o s agéncyassoansl Suchsurfacedoldimmenselycomplexsonicarraysand
reflecttimecodesupportegolytemporat 0 mp o s ¢apacitgas@pportheconstruction
andperformancef throughcomposedanusicof considerabléemporaldensity.Ideally,
polytemporaperformanceutcomesill produ@ neardeterminateterations wher¢hose
outcomes are situated within a parameterédi®2 6 t i mepoi nt di fferenti al
key sonic events as compared between live and audio meadetings and where likewise,
levels of structuratletermination arassessedsacceptabl®r unaccepbleby thedegreeof

similarity, or not, between the two
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Figurel7. Timecodesupported polytemporal music functionality and outcome map
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With this synopsign mind, timecodesupportegolytemporamusicis characteriseds
conductorlessandscorelessvith eachmusicianperformingin simultaneouslyindependent
tempirenderedrom parts where instrumentation, structure, rhythm, pitch and expression are
fully determined throughot&ion and mediated in conjunction with part embedded timecode
approximately aligned with the loosely synchronised timecode displayed on mobile phone
stopwatchesDrawingthesethreadgogetherFigurel7, p. 114, showsadiagrammatic
representatiorof howtimecodesupportecolytemporamusicoperatesimportantly,it shows
theagencythroughwhichthe componentsliscusse@boverelateto oneanotherfromthe

modelthroughto the production of througbomposed, neateterminate polytemporal pieces.
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Part 3: Building the Model

Figurel8. Nested Assemblages
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3.3 Introduction

0 B u i theM ondgetHegecondheoreticaframework,describeshiowthemodelis
constructeghow thematerialshatcompriset areassemble@ndhow instrumentapartsare
generatedrom themodelto beusedin live performanceBeginning wih 3.4 Assemblinghe
Assemblaggel describehowthemodelis constructedhroughtwo primaryoperationsfirst, in
3.4.1TemporalRealignmentand 3.4.2Structuralnventions:PolyphonyHeterophonynd
Canonshow notationmaterialsyenderedandimportedinto Logic asaudiofiles from self-
borrowedandnewly generated@ontentin Sibelius,areorganisedisingrecursiveassimilative
andtrial anderrorprocesseto build complexaudiofile assemblagethatarethe
compositionamodelsfor thetestpiecesandsecondin 3.5Consolidatingvith Timecode
describehevariousprocessesecessaryo construcinstrumentapartsfrom theaudiofile
assemblagthatenablehemodelto be renderecasimmanentsoundin live performance,

therebycompletingthe compositionalprocess.
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3.4 Assembling the Assemblage

As previouslydiscussedn Part 2 TimecodeSupported?olytemporaDrchestraMusicand
Howit Functionstheaudiocomponent®f themodeld theaudiofilesd arebrought
togetherto createtheaudiofile assemblagéduring thebuild, theaudiofile assemblages a
workspaceandprototypeconstructioruntil it is fixed asthefinalisedmodel. Thisfixing
processnvolvestwo operationsfirst, in 3.4.1TemporaRealignmentand 3.4.2Structural
Inventions:Polyphony HeterophonyandCanonsaudiorecordingsareimportedinto Logic
andcombinedn variouswaysto ascertairwhich materialswork besttogethetto build the
audiofile assemblagegndsecondjn 3.5Consolidatingvith Timecode performance
materialsd theinstrumentapartsthatfacilitatetherenderingof the modelby musiciansasa
live performanceé areproducedasexactreplicationsof the sonicallyrenderedhotation
materialsi p | a ¢ byhegidbnsbi@anisedn thecompletecaudiofile assemblagét is this
procesghatenableghe modelto be performedasmediatednusicandin sodoing,movethe
compositionfrom the conceptuato immanensound.To achievethis, thetimecodepositions
of audiofiles alongthetimelineof theaudiofile assemblagare synchronisedvith the
computergeneratedimecodepositionsembeddednto newparts constructedn Sibeliusuntil
all notationandcorrespondin@udioeventan Logic haveidenticaltimecodepositionsalong

asharedimeline.

3.4.1 Temporal Realignments

To beginassemblingheassemblageudiofiles importedinto Logic requiretemporal
realignmentThis actiondescribes procesf play andbuilding, of experimentationof trial
anderror.lt isin this phasdahattheaudiofile assemblagandultimatelythemodelarebuilt in
Logic, andit is in this phasehattheaudiofile assemblages usedasaworkspacen which
theseactionstakeplaceuntil theprocesss completecandthe compositionfixed. Here,
importedaudiofiles, now calledregions canbefreely movedhorizontallyandstacked
vertically alongmultiple tracksto establismewcompositionabktructureghatgeneratelensity

andpolyphony.



117

Theserealignmentctionsarerecursiveandconcerntherepeatecdditionandevaluation

of regionsor newly transformedr composedanaterialamportedinto theaudiofile assemblage

thatrequireassessmeniiroughplayback.To enablethis audioreview,Logic facilitates
synchronisegblaybackof all regionssimultaneouslyno matterhow deeplynestedor how
displacedn relationto eachotherregionsarealongthetimelinenor how diversethe tempiof
therecordednaterialsgheregionsii p | a c aréirorélatiolbto oneanotherHere, eachtrack
containingoneor multiple regionsareplayedbackin reattime, secondy second, minute by
minuteasmeasuredby thein-built digital clock (Figure19, p. 117), providingan audio
impressiorof themusicwith thereattime deliveryof all trackssynchronisedo the digital

clockthatdisplaysthetimecodepositionsof all theregions.

Figurel9. Digital clock timecode indicated by playhead position along the tracks. theom
heaven that runs through everythi(gp18), in Logic Tracks Area
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Theseaudioreviewsmayleadto furthernotationaimodifications sometimes
necessitatinghere-renderingof materialsto beincludedin themodelfor additionalreview
until thedesiredstructural/compositionautcomds reachedresultingin agenerativeeycle of
importing, playback evaluationmodification,importing, playback evaluationandsoon
betweerSSibeliusandLogic. Actionsarealsoassimilativebecausehe procesf buildingis in
acontinualstateof adaptiondueto theincorporationof newmaterialsandideasbeing
assimilatecandaffectingeventuabutcomesuntil thecompositionaprocesss deemed
complete As aconsequencehereis no sequentiabuilding of compositionabktructurefrom

startto finish. Theprocesss intuitive, messyandunpredictable.
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With no scoreto referenceandno visualindicationof notationalrelationshipsacrosshe
composition puilding anaudiofile assemblagsolelyontheevidenceof playbackin Logicis
challenging A greatdealof compositionakxperimentationvith aligningandrealigning
materialsalongwith consequerdudioreviewsis necessaryo establishwhich configurations
0 structurainventionsd holdthegreatespotentialonamomentto-momentbasisandas
longertermarchitecturaktructuresvhenconfiguredin multiple ways.Any initial conceptub
procesghatbroughtmaterialsgogetheiis transferredrom imagination tahecomputer
preciselyto revealtheinterestingrelationshipghroughplaybackglimpsedusingaural
imagination.This proces®f auralimaginingandsoftwarerealisatiorenablescompositional
playin arich environmenbf possibilitiesthatcontinuallyrevealcombinationsof tempi, pitch,
harmonyandrhythmnot otherwiseconceivedAs Edwardsstatest P e r dounterstuitively,
suchformalizationof personatompositiontechniqueallowsthecomposerto proceedrom
concretanusicalor abstracformalideasinto realmshithertounimagined sometimes
impossibleto achievethroughanyothermeanghancomputers o f t wiagoesdnto quote
GermancomposerHelmutLachenmannvho says:6 aomposewho knows exactlywhathe

wants wantsonly whatheknowsd andthatis oneway or anothertoo! i t'¥ | e 6 .

3.4.2 Structural Inventions: Polyphony, Heterophony and Canons

Polyphonythatariseshroughtemporalrealignmentgertainlyfalls outsideof L a c he n mann é s
notionof acomposeknowingexactlywhattheywant. At thebasiclevel, polyphonictexture

within thetestpiecess built throughtheadditionof variouslayersof temporallyindependent
self-similar materials experimentalljthrowntogethersregionsin software alignedin
variouscombinationsaandeventuallyfixed to becomehe modelbutwheremanypolyphonic
relationshipsemainunforeseenintil theyarerenderedhroughplaybackor live performance.

With polyphonyplayingsucha dominanttexturalrole in thetestpiecesjt is usefulto examine

exactlywhich structurakelationshipsandinventionsaredescribedspolyphonic.

Accordingto Frobeniusetal., polyphonyis definedasé mu & marethanonepart,

musicin manyparts,andthestylein which all or severabf themusicalpartsmoveto some

143 MichaelEdwardsd A | g o rci ot nhpnoi scontputationdthinkingin musig 54.7(2011),58 (p. 67).
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extenti n d e p e R*dAdthoughthisdefinitionwould appeato embracealmostany
combinationof independentnaterialsundertheumbrellaof polyphony,6 [ m]aatmosgake
thefunctionof harmonyasa criterion[within polyphony]sos e r i ¢thatthdygxdude
worksthatdo notconformto thatcriteriond oconsidelits harmoniesheproductof thepart

wr i t'¥ngo.

Thepolyphonyconstructedn this methodologyis not mindful of harmonic
functionality asrandomisingprocesseare usedto furnishmaterial lineswith arraysof
pitches(color) thatarethenattachedo anumberof rhythmic units(taleg thatin combination
producenontonalharmonies?*® Thesenontonaloutcomesancertainlybe considerec
productof the partwriting andassuchwould be excludedrom anydefinition of polyphony
reliantonafunctionalharmoniccontingentP i r o nrkooebplerinterpretatiorof

polyphonytakesadifferentview:

Polyphonyis alwaysbasedn a multiplicity of superimposetines;thedimensionof complexity
developdrom theintensityof the dynamicinterplaybetweerthe separatstructuralevels
underlyingasingleline. Accordingly,it is mediationthatconstitutesoneof the mostimportant
characteristicef complexityratherthansuperimpositionthe latterleadingto the subsumption
of alreadyexistentgualities,asopposedo their differentiation.We shouldthereforerecognize
thefashioningof linearcontoursasoneof c o mp | eoremosyadks whichwill necessitata
newdefinitionofthetermid po |l y phony o .

PironkoffexplainsfurtherhowF e r n e y Imasicapisibustpolyphonythroughthe

interlockingof varioussimultaneousime-structures:

Ferneyhoughior example hasrigorouslythematicizedhe temporalityof musicthroughthe
interlockingof severatime-structuresthusachievinga heightenedinearintensity(wherethis
linearrealmis loadedwith countlesselationshipsndambiguitiesyanda resultingshift from the

14 \Wolf Frobeniusandot her s, drfGooveMpsitOnfing 6 ,
<https://www.oxfordmusiconline.com/grovemusic/view/10.1093/gmo/9781561592630.001.00601/omo
978156159263@-0000042927> [accessed 9 June 2(421]

145 Frobeniusandothers p. 5.

¥ n Medieval isorhythmic practices, the words oOcol or
rhythmic units respectively. As Bent explains, fA06iso
of strictness to the periodic repetitionrecurrence of rhythmic configurations, often with changing melodic

content, in tenors and other parts of the fourteenth

MargareBent,6 P o | y pnlneunahotation,c1260i 1 5 OifdNbtation ed.by lanD Bent,etal.,in Grove
MusicOnline <https://www.oxfordmusiconline.com/view/10.1093/gmo0/9781561592630.001.0001/omo
978156159263@-000002011# [accessed 9 June 2021]L. | have appropriated these terms to differentiate
between pitch materials that undergo frequent change and rhythmicatsatest do not, but where these
processes in no way imply any adherence to isorhythmic procedures.

147 Pironkoff,6 T IrigureanditsD r a ma tinPolyplyody& Complexity:NewMusicandAestheticsn the 21st
Century, ed.by ClausSteffenMahnkopf,FrankCox andWolfram Schurig(Hoftheim: Wolke,2002),p. 1.
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level of theindividual co-ordinates taheissueof their mutualinterpenetrationlf complexityis

to bedefinedprimarily asthe stipulationof relationshipsit hasthusraisedpolyphonyto thelevel

of anewlanguagepnecould,thereforecurrentlyspeakof 6 p o | y thrbughc y mp | enx i t vy, 6
this mannemupdatingthe definition of polyphony*48

Mediatedby manyplayerssimultaneouslhandon anorchestrakcale,t is the
interlockingof multiple time-structuresthecountlesselationshipsandambiguitieswithin and
betweenthemplusthe mutualinterpenetratiomf notationandtimecodeshapinghose
throughcomplexityin timecodesupportegolytemporamusic.As such and somewhat
expanded toelationshipghatforges the heard and emergent linear connectivity constituting
polyphonysuite multiple playersitisP i r o ndescifipfiobokpolyphonythatis adoptedby
this methodology

3.4.3 Polyphonic Density

Thechangingdepthof polyphonictextures polyphonicdensityi is alsoafactorin
generatingpolyphonythroughcomplexityin thetestpieces Polyphonicdensitymayvary
betweerafew instrumentaloicesupto thefull orchestraHowever thegreaterthe
densificatiornof polyphony particularlypolytemporapolyphony themored t bxpdriences
subjectto[thel i s t eerceptuddsmdcognitivelimits astheypertaintothatme d i Amdo .
asLondoncontinuesg t grablemfor muchmodernfi d i f ffi ccounhptdo@ x v-p e r

c o mp Imesic[i thatl manyaspect®f its structureandorganizatiorarenotevenremotely

a u d i "8 Thisitperceptibilityof polyphoniclines,L. o n d 6 ni@sotelyau di il e 6,
anticipatedn thetestpiecesattimesof increasemr maximummaterialstratificationin which
multiple stream®f polytemporakctivityd 6 | i pe lay p & soundsimultaneously,
resultingin polyphonyo [ d e s titselitgroughiisiveryc o mp | e@ogeénergtddlack
soundtexturesin which, potentially,only activity maybeheard!>° At othertimes,polyphonic

densitywill besufficiently thin for all strandgo beaudible.

1481bid, p. 1.
149 JustinLondon,6 T e m pCompéexityin ModernMusic andPostModernMusic: A Critiquefrom Cognitive
Ae st h imUnfoldisgdime,p.47.

1501n 1971, thecomposetannisXenakiswrote:6 L i mpayphonydestroystself by its very complexity;
whatonehearsds in reality nothingbuta massof notesin variousregistersTheenormousomplexity
preventgheaudiencdrom following theintertwining of thelinesandhasasits macroscopi@ffectan
irrationalandfortuitousdispersiorof soundsoverthewhole extentof thesonicspectrumThereis
consequenthacontradictiorbetweerthe polyphoniclinearsystemandthe heardresult,whichis surface
or ma s lanhisXenakis,FormalizedMusic: ThoughtandMathematicsn Compositionrev.edn
(StuyvesantNY: PendragonPress,1992),p. 8.
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3.4.4 Heterophony

Heterophonytoo, generatesegree®f materialstratificationandintentionallyobfuscates

musicallines. Thesedegree®f stratificationandobfuscatiommay producevery smallor

substantiatlivergenciegrom the original matterwheninstantiatedn performancé®! Such
outcomesangeacrosghetwo typesof heterophonyhatproliferatetimecodesupported
polytemporaktompositionsTheyarecomposedeterophonywheretheembellishmenof a
singleline is structurallypremeditateé@ndintentionallysharedhroughnotationamonga
numberof partsto bemediatedn performanceanduncomposetheterophonywherea
monophonidine is alteredthroughthemediationandrenderingof unsynchronisedultiple
players producingmmanentunpremeditatedutcomesandwherebothmanifestations

intendto 6 s mu dngserbewhabbscurematerialin performance.

Figure20. Composed heterophony: scdoepart reconstruction. Frothe heaven that runs
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Forexamplejt is madeclearwithin the performancenstructionsof all sharedestpiece
stringpartsthatexactsynchronisatiotetweerplayersis notrequiredwhereduplicatenotated
materialsaredistributedamonga numberof playersalthoughcloseadherencéo timecode
duringperformanceemainamperative Readingimecoden thisway meanghatall players
will delivertheir materialatslightly differentspeedsdifferentphrasingengths,dynamic

levelsandrhythmicinterpretatiorfrom oneanotherConsequentliytherewill beno

151 Accordingto Cooke heterophonycouldrangefrom referenceo minutediscrepancieim singingor

playingin unisonor octavegqeven for instancethoseproducedinintentionallywithin thefirst violins of

an orchestrajo the mostcomplexof contrapuntalvriting. In moderntimesthetermis frequentlyused,
particularlyin ethnomusicologyto describesimultaneousariation,accidentabr deliberatepf whatis
identifiedasthesamemelody.PeterCooke,6 He t e r dnpGnoeeMuysizOnline
<https://www.oxfordmusiconline.com/grovemusic/view/10.1093/gmo/9781561592630.001.0001/om
0-978156159263@-0000012945> [accessed 9 June 2021
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coordinationof bowingbetweerdesksor subrsectionslt is this rich interplayof individual
stringplayersinterpretingnotationascloselyaspossiblethatwill leadto uncomposed
heterophonieffectsgeneratinganarrayof self-similartempidescribechereastemporal
heterophonyfor instanceafeaturethatsharesimilartemporalbehaviourgo theadlibitum
sectiosfoundinthemuscof L u t o s Jaa exaniple Jew Venitiensandthe Second

Symphonydiscussedh theliteraturereview??

By contrasttheheaverthatrunsthrougheverythings populatedvith examplesof
composedheterophonyfForexample Figure20, p. 12, showsthereconstructiorof asection
of stringwriting thathasselfborrowedmaterialsrom thestringquartetobservatiori, violin
1, andwherenotatecheterophonys producedhroughtwo consecutivgorocedures
transpositiorfollowed by temporaldisplacementThefirst part,6 ai$theoriginal material.
Thesecondoart,6 bi$atranspositiorof 6 adéwnby awholetoneandtemporallydisplaced
by aonesecondlelayfromit. Thethird part,6 cidatranspositiorof 6 bagindownby a
wholetonebuthere temporallydisplacedrom 6 éwaquaverdelayandwhereall parts
shownhereshareghe sametempo.The effecttemporallyandharmonicallydisplaceghelines
from oneanothemproducingvery closecanonicrelationshipghatsmudgeor blur theoriginal
line. As morethanoneplayerrendersachpart,composedeterophonyill befurther
encodedhroughtheagencyof uncomposetieterophonygonsequentlyncreasinghe
smudgefactorto generatesonicoutcomef greatercomplexitythanthe notationitself

suggests.

3.4.5 Canon

Frequentlyconstructedo densifypolyphonictexture,canonicnventionsin this methodology

donotrely onanysensef verticalharmonyfor their organisationinsteadthenumberof

152 Thestringwriting in Group3, pulviscularcompressiofirom [...] whichconstantlygenerates pulviscular
cloud[...] showsanexampleof uncomposetheterophonyHere,the originalmaterialcomposedor two string
guartetss duplicatedo makefour quartetswith two quartetsharingidenticalmaterialfrom quartetd aadd
similarly, two quartetssharingidenticalmaterialfrom quartetd b Thestringplayersacrossall quartetsare
instructednotto synchronisavith eachotherandto performassoloists mediatingwithin the indicated
timecodeframeworks Theresultanmusicis aheterophoniexpansiorfrom eightplayersto sixteen,where
theheterophonyroduceddoesnotexistin notationbutthroughtheimmaneninstantiationof the materialsby
individual players Similar mediatecheterophonyganbefoundamongthe othertestpieces,for examplejn
[and] a powerfulflamecameoutof theearth[...] whereoriginally synchroniseénd conductedstring
materialis now heterophonicallynediatedoy individual playersusingtimecode.
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canonicvoices(namedheo d utkedirst enteringor leadingvoice)andthed ¢ o me s 0
(companioror secondsoice))alongwith thecanonidength,rateandpositionof entriesare
determinedsolelyby structuralconsiderationsT his structuralapproactio canonicnvention
sitshappilywithin Manneta kd&scriptionwhered [ ¢ ] paoridesacomposewith a
procedurdor exploringmelodicandharmonicspacewithoutrelying onfunctionalharmony
asaguide.Canoncreatests own harmonicfunctionality, resultingdirectly from melodicand

contrapuntat onsi dé® ati onso.

Thesecanonidnventionsareassembledh situwithin theaudiofile assemblagaspart

of theconcomitantctionsthatbuild themodelandarethereforestrategicallyplacedwithin the
testpieceso becomepartofthec o mp o s polyphanicf@bsc. Howevernotall canonic
inventionis consciouslhygeneratedUnforeseertanoniaelationshipsnayalsoemergeas
incidentalconsequenceas generapolyphonicthickeningwhenbuildingthemodel.Such
materialassociationsrepossibledueto themanypotentialcanonlike connectionsetween
theself-referential sel-borrowedandself-similar variantmaterialgroliferatingthe testpieces
acrosanultiple temporalstrata With no scoreavailableto offer anoverviewof the testpieces,
theseunforeseemranonicelationshipsaredifficult to predict,cannotbeviewed notationally
andonly becomeapparenturingplaybackor performancesimmanentonicfacts.Until

then,theyremainhidden.

Intentionalor incidental all perceivedcanonicrelationshipsvithin themodelappear
stabilisedHowever this stability is anauralillusion generatedby thefixity of theaudio
modelplaybackthatremaingdenticalwith eachrendition.It is, howeverworth notingthat
canonslike all structuresomprisingthemodel,changeherelationalassociatiorof their
materialsfurtherastheymovefrom the conceptuato whatis heardascanonicwhenflexibly
mediatedn performanceSimilarly, the perceptiorof referentassociationbetweerself-
borrowedandself-similar variantswill beinhibitedwhenpolyphonicdensityincreases

beyondasmallnumberof simultaneousoices,againobfuscatingheserelationships.

153 Alfred Mann,JK WilsonandPetelU r q u h a r t( ,i ih ®@Gwa@MusicOnline (2018)
<https://www.oxfordmusiconline.com/grovemusic/grovemusic/view/10.1093/gmo/9781561592630.
001.0001/0med78156159263@-0000004742 [accesse@4 July 2018]p. 11.
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Figure2l1. Partto-score reconstructions: Horng&8l the heaven that runs through everything
(2018)
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Relationalobfuscations alsoaconcernwhenvoiceentriesareconsiderabhdisplaced
or converselycompressedcrosgshecompositionatimeline,questioningatwhatextremes
canonicvoiceentriesceaseo functioncanonicallyandrevertto moregenerabpolyphonyor
heterophonyFor example atoneextremethecloseproximity of canonlike entriesin
composedheterophonistructurecanbevery small,asillustratedin Figure20, where
conceptuallyatleast,voice-entriesareonly aquaverapartatquaver= 73 BPM, representing
a fractionof asecondetweerentries By extremecontrastself-similar component®f upto
twelve minutesdurationareusedascompletecanonicmaterialsvheresubsequentanonic
entriesof thesameor similar contentcanbeinitiatedatanypointalongthattwelve-minute
timeline.Canthesematerialsstill claimto haveacanonicrelationshipwith theoriginal

matter,conceptuallyif notperceptually®*

154 Thoughnotorchestramusic,it is usefulto mentionthe compositionof rhythmicallycomplexcanonsy the
composerConlonNancarrowin relationto canonicinventionin generalNancarrowusedpiano rolls to operate
thekeysof the playerpianothrougha systemof preciselypuncturedpapenolls passingovera trackerhead
wherejetsof air would passhroughthe punctureholesin the paperandsubsequentiyhrough corresponding
holesin thetrackerheadto releasehecorrespondingianokey. This form of pianoroll notationenabled
Nancarrowto producemensuratioror tempocanonof hugecomplexitythatbypassedoncernsaroundthe
limitations of humanperformanceAs Thomaswritesof N a n ¢ a rcanona®$ e v penceptiorissuesarise
with regardto the canonsCantheindividual voicesbefollowed?Canthetempoproportionsbeheardana
particularcanonactuallybe heardasa canon?l'heanswerof course depend®n boththelistenerandthepiece.
[...]Na n c a rcanonwsiudiesconstituteawidely diversegroupof piecesln someworks,canonis deployed
straightforwardly andthecanonicprocesss quite perceptibleBut in otherworks,the canonicprocessnaybe
obscuredy thecomplexityof the canonidine, thenumberof voices thefastspeedatwhichit proceedsor the
specificcanontypeu s e MaégaretE. Thomas,6 N a n ¢ aCanooasR@jsctionsof TemporalandFormal

St r u c Petspeetisedf NewMusic38.2, 106133(p. 110).
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In theabsencef clearparameterso definewhatdegreeof temporaldisplacement
describeshelimits of canonicfunctionalityandwith perceptuainterpretation$eing
inconsistenbr notrelevanto necessitatextremecomplexitywithin canonicconstructionit is
lefttothec o mp o istentiodadityto bethefinal arbiteraroundwhetheror notmaterialis

describedscanonic.

Figure22. Partto-part comparison. Timstretched or tempo canon. Piccolo/flute 2 and clarinet
2/E-flat clarinet fromthe heaven that runs through everyth{2918)
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Figure23. Partto-score reconstructions: Bassoons in rhythoaicon. Bassoons 1 and 2,
contrabassoons 1 and 2, the heaven that runs through everything (2018)

With this definition in mind, testpiececanonicconstructiongall broadlyinto five
categoriesfirst, astandarcanomwhererhythmicandpith elementsareimitatedbutlinesare
transposeadnddisplacedn time from oneanother(see Figure21, p. 12); secondrhythmic
canonsvherethetalearemain(largely)unchanged and displaced in imitatiout the colorin
all subsequentoice entriesaretransformedseeFigure23, p.125 ard Figure24, p. 15);
third, atempocanonwheretalearemainintactandcolor areor arenottransposeand

transformedutwherematerialentriesaredisplacecandproceedisingaugmentear











































































