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can, for instance, imagine a structural thread which is abstract in Emmerson’s sense,
instantiating an arcane mathematical principle, yet still interactively shaped and responded to.

Machine Music Aesthetics and Musicological Methods

The stance of the current work is very different from that of acousmatic musical researchers,
even if many of their traditional concerns can be interestingly reoriented. Famously, Schaeffer
drew a loose analogy between the liberation of sound from its source and Pythagoras’ practice
of lecturing from behind a screen (the acousma) so that the logic of his words could be
assessed by his pupils independently from his personal authority as speaker. The acousmatic
Pythagoras offers a picture of a highly rationalised accountability and the hope of a formal
language shorn of any personalised indexicality. While this might mesh with many ideologies
of science, and Schaeffer was known for his scientific aspirations for acousmatic exploration,
the current work offers a different view both methodologically and, I believe, aesthetically.

I have studied improvised electro-acoustic music ethnographically. I have done so through
participant-observational study of the everyday practical activities of myself and colleagues as
music makers. The emphasis has been on description, where possible detailed description, to
bring out a sense of the manifold contingencies which are encountered as we ply our trade.
My aim is that ‘competent members’ (that is, other improvisors) could recognise their
activities in my descriptions. This sense of recognisability is my criterion for intellectual or
scientific adequacy. I do not seek any formal language in which I might express universals
which have a validity or logic independent of specific communities of utterance and practice.
Indeed, I accept the indexical ties which exist linking my accounts to specific musical
situations on the one hand and to the communities that produce and understand them on the
other. My hope is that my work is adequate to the explication of such ties. It is not concerned
with their suppression or overcoming. There is no methodological acousma here, no occlusion
of (distrusted) vision or personal participation to engender a purer truth. On the contrary, the
hope is that by making my agency plain in what has occurred, the reader is better able to
assess the work’s descriptive adequacy and what follows from it. Readers – like electro-
acoustic concertgoers if not geometry students – are after all a sceptical bunch able to make
up their own minds. For their part, members are not always concerned to explicate their own
practices – or at least not concertedly, they might occasionally when the need arises. The
dense explication of practice is the duty of the ethnographer. But there is not in this any sense
of the cognitive superiority of the current account over any of the occasioned productions of
members. These are different kinds of account, with different kinds of occasioning and
different purposes. My aim is to give an account of what I have seen of electro-acoustic
improvisation that is descriptively adequate in the sense just given and informative of design
– a promise I will try and deliver on in the next chapter.

There is a parallel in my treatment of questions of (ethno-)musicological method and electro-
acoustic musical analysis. Neither needs an acousma or any other special technique to secure
a practical viability. I do not feel I need to distance myself from my own participation in the
events I have described either to produce a sense of objectivity or to ironise my text’s ‘reality
effects’ (contra many of the anxieties in recent sociology, ethnography and musiciology, for a
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selection see: Woolgar 1988, Hammersley 1997, Kramer 1995). Equally, I have argued that
an understanding of ‘sound objects’ which embeds their production in incarnate and
technologically mediated musical practices is called for. It is in practical configurations of
human bodies, machines and other instruments that sounds are engendered. If one is to
understand the organisation of improvised electro-acoustic music, one needs to understand
how participants coordinate their activities as they work in such settings. These are settings
with variable forms of engagement and interactivity as heterogeneous materials are publicly
worked with in performance.

I have already flirted with making a qualified aesthetic leap here. The open exhibition of the
many and varied forms of interaction and engagement that can exist with such machines and
materials is the aesthetic point of improvised electro-acoustic music. How we struggle with
those machines, how we cooperatively work with each other (when we do) to make them
work, how our practical activities are productive of forms of music, how we succeed and how
we fail and the complex senses those evaluations can have, how we can lose ourselves in a
machine world yet also come to terms with it and make it manageable, and how we can do all
those things right here, right now – these are the preoccupations which make up the aesthetic
identity of improvised electro-acoustic music. These may also be some of the critical
preoccupations of many audience members. Recall the comparison made in Mestre between
our performance environment and complex machinery which we were struggling to control.
Recall also how well primed several audience members were to interpret my head rubbing as
anxiety over technical failure. The exhibition of human struggles with fragile complex
machinery makes familiar territory for audiences. Let us take those matters, not so much as
design challenges to be overcome, but as explicit features for aesthetic enquiry.

These are also matters which give the music a specificity. While other musics encounter such
issues from time to time, improvised electro-acoustic music has these features inscribed into it
with some intimacy. Again, there is an affinity of method and aesthetics here. Many artists
and theorists would seek a definition of aesthetic aims which would translate certain practice-
specifics out of the picture. For example, we commonly hear of musicians seeking aesthetic
goals which instrumentalise their technologies (see Wishart’s remarks at the beginning of this
chapter) or make them transparent (e.g. Bahn and Trueman 2001). The artefacts they work
with are mere means to aesthetic aims. On the other hand, there is a tradition of aesthetic
critical thinking which wishes to understand technologies as internal to artistic practice.
Walter Benjamin’s (1927) essay on the work of art in the era of mechanical reproduction is a
locus classicus in this regard (for a recent critical study of Benjamin, see Leslie 2000).
However, such arguments are often put abstractly with technological interactivity being
rendered according to a preferred theory of sociality or subjectivity (Cubitt 1998 is a recent
case in point, but there are many). Rarely are examples of practically working with
technologies for aesthetic ends presented with analytic empirical detail. I have tried to make a
start at doing this in the case of improvised electro-acoustic music (cf. Bowers 2000 for a
similar treatment in another creative domain). The topics I have suggested in their specificity
to improvised electro-acoustic music could be rearticulated as that music’s specific aesthetic
preoccupations.

In Chapter 1, we saw Ingrid Monson offering a case that certain interactional features of jazz
made it a specifically Africa-American cultural practice. While I was cautious about the
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details of this argument analytically, if a music is to be linked to specifics of cultural practice,
aesthetics and politics, then Monson has informed those issues the right way – through an
analysis of the practically produced texture of the music itself. Improvised electro-acoustic
music, on the aesthetic view I have been experimenting with, is not tied to the same order of
cultural politics and identity as jazz might be. I am not seeking a positive definition of
improvised electro-acoustic music as a politicised cultural production along ethnic (or gender)
lines. Rather, I am presenting electro-acoustic music as an arena where our varied relations to
machines can be explored as indigenous to the music. Improvised electro-acoustic music in
performance settings allows us to publicly and accountably explore whatever collective
human capability we have to design those machines and make them work. That seems like a
worthwhile thing to do.
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Chapter 3
Machines

Designing Musical Interaction

So far my writing has engaged with various conceptualisations of improvisation and
presented an extensive documentation of my own experience as an improvisor of electro-
acoustic music. My major concern, though, is not to leave matters there but rather to follow
whatever insights have been gained through into the practice of design and, naturally, through
design into the music itself. That is, I wish to inform the design of the technologies I work
with by analyses and arguments of the sort encountered in the previous two chapters. Exactly
how this should take place is not obvious. There is a kind of practical indeterminacy in affairs
of design, reminiscent of the indeterminacy of theory by data in the philosophy of science –
the so-called Quine-Duhem principle. Just as any finite set of empirical observations is
consistent with an indefinitely large number of theories which could account for them, the
ethnographic work I have presented could motivate or inform design in a number of ways.
Certainly, there is no single artefact which just must be built given the arguments so far. In
the last chapter, I noted the slippage which occurs between analytic and aesthetic matters. I
have yielded to the temptation to make aesthetic points on the basis of my empirical reflection
– with both eyes open, however. A similar drift in rationality is required here, as we shade
from empirical observation and aesthetics into design.

In the terms of the research fields commonly known as Human Computer Interaction (HCI)
and Computer Supported Cooperative Work (CSCW), I am practicing ‘ethnographically
informed design’ – albeit in a domain rarely studied in those fields (improvised electro-
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acoustic music). The different ways in which ethnographic research could inform technical
design have been variously reviewed and schematised (e.g., Hughes et al. 1994, Pycock and
Bowers 1996) though these authors largely have workplace contexts in mind. At the risk of
over simplification, let me briefly offer three ways in which one could pass from the
characterisations of the ‘work’ of musical production into design. These are general
orientations to the question of how to motivate design, not specific to ethnographic or any
other kind of ‘informing-work’. They are a long way away from specific design commitments
and even further from the kinds of things software engineers call ‘requirements’.

• Meshing. One might formulate design around a directive to create technologies which, in
some sense, mesh with important features of a given practical activity. This orientation,
conversely put, might have it that we should not design artefacts which disrupt the essence
of the practical activity they are supposed to support or mediate. Principles of this sort
leave a great deal unspecified – what sense are we to give a metaphorical term like ‘mesh’
or a theoretical one like ‘mediate’, what would count as ‘disruption’, ‘supporting’ and
how can we identify the ‘important’ features of a practice which are at its ‘essence’ – but I
hope I have done enough to capture the design orientation and moral stance of much of
what passes as, for example, ‘user-centred system design’ and ‘participatory design’ (for a
review of these orientations in HCI, see Preece et al. 2002).

• Reifying. An alternative stance is one which would take as the aims of technical design the
reification or translation into formal machine terms of a description of a human activity or
competence – perhaps with the aim of automation or simulation. Again, I hope I have
done enough for the reader to recognise a familiar design orientation. Depending on one’s
area of concern, this stance could be imputed to Taylorist-Fordist conceptions of industrial
production, traditional Artificial Intelligence research, or work on automating ‘office
procedures’ (cf. Suchman 1987).

• Inciting. Finally, one can engage in the design of an artefact so as to intervene in an
existing practical activity and incite change in it, or at least reflection or pleasure on the
part of participants. Much traditional artistic and design work is done on this footing. Bold
industrial design and, for that matter, high modernist agendas in architecture commonly
have this element. The concern is not so much to mesh with existing practice or to reify
some feature of social life in a mechanism of some sort, but to create provocative
artefacts. Gaver’s (e.g. Gaver and Martin 2000) design work would provide an example in
the HCI field.

One might consider for a moment how, in generic terms, these orientations might relate to the
account of improvised electro-acoustic music making from the last chapter. It could be argued
that some of the performance difficulties I documented should be taken as specifying
challenges for designing musical artefacts which better mesh with the concerns of
improvisation and public performance. There is a small literature in computer music on the
use of orthodox HCI design principles for producing more usable software and control
devices (for a general review which also briefly discusses improvisation, see Roads 1996).
This can sometimes be allied with calls for ‘new instruments for musical expression’ to use
the title of a recently inaugurated series of conferences/workshops – the argument commonly
being that new musics need new (useful and usable) tools. Alternatively, one might take the
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nascent account of variable sociality and interactivity that I have begun to offer as a candidate
for reification in software. One might feel tempted to formalise an account of social
interaction in improvisatory settings and build simulations, perhaps ones which are
themselves interactive. To give one example amongst several similar, Thom (2001) describes
a system which can emulate the jazz idiom of ‘trading fours’ responding with musically
plausible contributions in the light of the user’s input. My last two chapters have not been
conducted with the aims of formalism in mind – and like many improvisors, I am concerned
to engender a music where some obvious traditional formats are resisted – but a zealous
formalist could still have a go. Finally, one could more or less disregard the descriptive
accounts I have given and develop artefacts designed to incite, provoke, delight or whatever
without regard for the detail of existing practices: here’s a thing, make of it whatever you will.
While it occasionally nods its head in the direction of my other two design orientations, I find
much of the work on musical controllers at the MIT Media Lab (e.g. Overholt 2001)
positioned in this way. A design idea is postulated and a demonstration given, often making
use of innovative materials, but without any extensive study of musical practice as
background and with little empirically grounded evaluation of prototypes to follow.

Apparently, an ethnographical endeavour like mine could feed any or all of the design
orientations I have discussed depending on whether one wants to mesh with, reify or
provocatively ignore the accounts of music making I have offered. All of those paths have a
prima facie rationality. However, they equally each have prima facie blindnesses. One can
ignore the texture of existing practice in the hope of inciting novelty – but at the risk of being
ignored in turn as irrelevant. One can embody practical details in a simulation – but at the risk
of accusations of anti-humanism or of making foundational errors in understanding human
conduct. One can provide technological mediations of existing practices – at the risk of
accusations of conservatism. As our design orientations seem equally rational and blind (to
flirt with a Heideggerian formulation for a moment), are we faced with an aporia of design
motivation?

Variable Interactivity, Materiality and Sociality as Aesthetic and Design
Concerns

In general, we might be. That is, as long as these issues are articulated at the level of
generalities, we might be surrounded by doubt as to how to proceed. If our questions remain
at the level of how are new musical instruments (or software or ‘performance ecologies’
even) to be designed? we will find it hard to make progress. One needs to refer to specifics of
practice and purpose to understand how design should go. This is why I have gone to the
trouble of developing an aesthetic for improvised electro-acoustic music making which is
idiomatic for the kinds of performances I have documented. Naturally, this doesn’t tell one in
detail what should be done but it configures the ‘design space’ and enables certain preferences
to be articulated where, without, one might face a crisis of motivation and indecision in the
face of equally appealing yet faulty alternatives.

My task now is to work out some more detailed design ideas which are true to my concerns
for machine music. I have suggested an aesthetic which highlights the public display of the
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variable interactivity, materiality and sociality which are at play as we collectively engage
with musical machines. The purpose of design, then, is to create artefacts which make it
possible for performers to engage with that aesthetic in a publicly accountable fashion. Seen
in this way, there is not an essential motivation to, for example, build new musical
instruments to enhance virtuosic expression or devices which are concerned to promote
performer control of more and more musical features. One may want to exhibit musical
machines that are out of control with performers struggling to intervene. One may resist
automated solutions or indulge in them. And so forth. The point is that such decisions are
made against a background of exhibiting variable human-machine relations.

In most of my performance work, I have adopted the strategy of having a varied set of
musical resources before me which I have structured as an arena for activity, a performance
ecology. Chapter 2 has explicated some of my practical rationale for this. The musical
resources cross boundaries of technical idiom (acoustic, electronic, mechanical,
computational), yet are used in conjunction and juxtaposition with each other. That a single
performer works with these varied resources in each performance helps dramatise that it is
those varied forms of machine-interactivity which are on show. I have tended to prefer this
approach rather than one in which a performer works with just a single interaction principle.
Winkler (1998) has an agenda for his compositional and multi-media work where each piece
(or part of a piece) explores a fixed set of interactive relationships which endure throughout.
Pieces where a traditional acoustic instrument interacts with a machine-generated part are
especially prominent in his work, as are inter-media productions. This bias is shared in the
work documented by Rowe (2001). Whether the acoustic sound is itself processed or is
analysed in real-time for parameter values or is a simple source for triggers, this approach can
make interaction into a puzzle for the audience to solve: do you see how it is working (this
time)? The technical aims of design and composition can then become wrapped up with
ensuring the adequate legibility of the mappings between gesture and effect. This can lead to a
neglect of aesthetic issues in two main ways. First, pieces can appear to be no more than
demonstrations of human-computer interaction. Second, and for me more importantly, pieces
may not actually be the vehicles for developing a critical aesthetics of interactivity their
composers would hope. If effective (for the performer) interaction takes place legibly (for the
audience), a piece’s concerns can lie elsewhere (e.g. it can be about gender or ethnicity) – it
just happens to be (fashionably) interactive. Ironically, the more well engineered the
interactive solution and the more attention is paid to ensuring that the chosen solution can be
decoded by audience members, the less interaction can present itself as the piece’s
problematic. Clearly legible interactive works – once the audience solves the puzzle, or the
performer is well enough rehearsed – phenomenologically cease being ‘about’ interactivity.

The argument is that, in much interactive computer music research, certain design preferences
act together to inhibit interactivity itself becoming an aesthetic topic. The centrality of the
‘live processing’ register of performance, composition and design strategies which map
interactive gesture to computer generated parts on a per piece basis, an over-concern for
interactive gestural legibility and so forth can all hang together to make interactivity more a
technical problem than an arena for aesthetic enquiry. A research strategy which negates some
of these preferences, or at least contextualises them in relation to their opposites, seems called
for. There follow four specimen features of such a strategy. These features serve as an
introduction to the specific designs which follow later in this chapter (when I have been able
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to work them through) or as placeholders for future work (when I have not).

Synthesis First

My design work has prioritised looking at sound synthesis and, in particular, developing
interactive techniques which vary the performer’s gestural relation to what is heard (it is these
techniques rather than any innovation in synthesis per se which I will go on to report). My
strategic aversion to ‘live processing’ as a way of realising improvised electro-acoustic music
is geared to avoid any fixed relationship between musical resources or performers which
might dominate what could otherwise be variably explored. It does not seem idiomatic for my
design work to fix the sociality of performers (one supplies sound, the other processes it, cf.
the ‘default’ set-up of the Evan Parker Electro-Acoustic Ensemble) when how that might vary
is what one is interested in exhibiting. I have recently begun to look at live processing but
with an emphasis on techniques which allow the variable coupling of acoustic and electronic
materials, as well as giving the performer of the software some independence in the sourcing
of sound. My synthesis control strategies and ideas for live processing are discussed through
software examples in the next section.

Explore Dull and Deviant Devices, Infra-instruments and Restricted Technique

If the concern is to thematise human relations with musical machines in performance, there is
no need to make the computer disappear into a bespoke interactive device. My devices are on
a table and on show. I do not avoid using conventional commercial controllers (turning dull
devices...) as their data can always be remapped in various provocative ways if required
(...into deviant devices). Knobs, sliders, keys (both qwerty, and ebony and ivory), mice,
joysticks, touchpads and so forth should be exhibited and not hidden.

I also have a strategic aversion to so-called hyper- or meta-instruments. Commonly, design
and research endeavours bearing such prefixes are in the name of augmenting virtuosic
playing of a traditional instrument with additional control over computer generated
contributions (Tod Machover is quite clear on this ‘new virtuosity’). The virtuoso-control
pairing is a very particular interactional schema. To reorganise the research agenda, I would
like to suggest playfully yet seriously that we could explore infra-instruments. Just as ‘infra-
humans’ don’t quite make it to be human, infra-instruments have some failing which might
make a player’s efforts to engage with it be of interest for exhibiting variable interactivity. By
contrast with the extended techniques some improvisors use (e.g. the circular breathing and
multiphonics of wind players), infra-instruments are played with restricted technique (e.g. I
slacken electric guitar strings to give a one-handed non-sustained technique to allow my other
hand to be engaged elsewhere, see Chapter 2). In future work, I hope to say more about these
proposals and allied design ideas for experimental musical instruments.

Resist the Dogmas of HCI, No Matter How Visionary or Well Meaning

A few years ago, Negroponte and Shneiderman engaged in an academic controversy over
interaction design (see their contributions to Bradshaw 1997). For Negroponte, future
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computer use would see increasing deployment of ‘software agents’ to whom information
gathering and presentation services could be delegated (e.g. a virtual butler who knows one’s
every need). Amongst other developments, speech interaction technologies would make
conventional input device and graphical user interfaces (GUIs) things of the past.
Shneiderman, by contrast, sees the opportunity for ‘direct manipulation’ given by GUI
technology as important for giving users a sense of control and responsibility for their affairs
which would be forfeited if we dangerously delegate to software no matter how agent-ful or
human-like it seems.

Like many of the disputes we have encountered, these oppositional concepts (software agents
versus GUIs, delegation versus direct manipulation) become dogmatic when abstractly
debated. There are many different relationships between human and machine which are
glossed over in the term ‘interaction’. To be sure, we can conceive of delegating to a machine
enabling it to engage in some computational task while we do something else, rejoining the
process later to inspect results or refine the machine’s activity. In the musical case, I have
referred to ‘composition machines’ in this connection in Chapter 2 and some more detailed
examples will shortly be given. One doesn’t need to parallel Negroponte’s image of the
virtual Jeeves with something as crass as a virtual Mozart to convey the point. Shneiderman’s
emphasis on skilful direct manipulation has parallels with instrumental interaction as he
himself notes. One can note other possibilities. Writers on complex systems like power plants
or those in industrial process control often speak of supervisory interaction. Through
operations at a control room, one might supervise a complex process but it may have its own
complex physics or chemistry (in the case of power generation) which one cannot hope to
manipulate in detail. In musical cases, a notion of supervisory interaction might capture cases
where a complex algorithmic system is overseen in the production of real-time musical
material with, perhaps, the algorithm’s parameters being set but its internal operation being
autonomous (see Bowers and Hellström 2000). To give a further possibility, writers on virtual
reality have claimed from time to time that we are less users of such technologies as, at least
potentially, inhabitants within them. The notion of an inhabited technically generated
environment presents another image of a human-machine relationship. Pressing (1997)
reviews a number of lines of research which address questions of sonic interaction in virtual
environments from this an related perspectives.

My point is that one should not exclusively side with one of these notions of interactivity over
others. They all point to (but do not analyse out) different forms of interactivity. They each
suggest different approaches to design but without specifying exactly what is to be built. In
the next section, I present a number of software designs tentatively mapped to different forms
of interactivity along the lines hinted at here.

Assemble Devices into a Working Performance Ecology

Our discussions in Chapter 2 should make it clear that our ‘object of design’ is not a single
piece of technology – neither an instrument, nor a particular piece of software. Rather, to
exhibit multiple forms of interactivity, we must deal with an assembly of devices in a
performance ecology. I can find very little thinking about this issue in the musical research
literature –  though Ungvary and Kieslinger’s (1996) conceptualisation of a ‘musician’s
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cockpit’ is perhaps on similar lines. Published accounts from these authors remain sketchy
and programmatic – as I will too at this stage. I have pointed to questions of the local spatial
organisation of performance environments within the reach of performers (e.g. the left-right
organisation of the table-top or the distribution of channels on a DJ mixer). I have presented
examples of how performers establish visual access of each other and use what they see
others doing to help them shape the music. I have remarked that technologies can be variously
designed and assembled to facilitate this legibility of a musician’s conduct. I have noted some
parallels with the results from empirical studies in related, though non-musical, contexts (cf.
Heath et al. 2002). But a more detailed treatment of all these issues lies in the future. For
present purposes, let me note that a consideration of such ecologies would usefully balance
the research on meta- and hyper-instruments and the like as this is preoccupied with designing
single artefacts rather than the interworking of an assembly of things in a concrete
performance situation.

Five Designs

In this section I describe five examples of the software development I have done to support
my improvisation of electro-acoustic music. These projects were all implemented on the
Apple Macintosh platform using Opcode’s MAX/msp graphical programming environment.
From a strictly programming point of view, I make no particular advocacy of MAX/msp as
the same design concepts could be implemented in other languages. The possibility in
MAX/msp of structuring the graphical code to visually portray the organisation of a program
is useful in the current context as it facilitates describing what a program (or patch in
MAX/msp terminology) does and how it works (in the descriptions that follow, specific code
objects appear in bold type in the text, e.g. groove~). For these reasons, I also prefer a
programming style which brings together functional code and user interface objects in the
same window. This should make it clearer how user interaction relates to the code. I also
happen to like the ‘wires hanging out’ unfinished impression this gives. In performance, my
table is full of various devices and wires between them. It looks provisional and, indeed, in
the next performance there might be different things connected differently. I do not see why
my code should look otherwise.

The five projects have been selected from an ongoing corpus of work. I have developed over
90 separate applications in the last three years – most of which can be said to ‘work’ in some
fashion or another. These five have been selected because they most clearly exemplify the
design trajectory described above, while enabling me to offer more detailed design concepts
along the way. They have all been used in live performance or studio improvisation sessions
and, with one exception, are represented in the music that appears on the CD which
accompanies this text. I describe each patch in some detail and present numerous screenshots
in the Appendix. I intend that my description and the screenshots give the reader enough
information to reverse engineer their own versions of the patches if it is so wished. I choose to
do this rather than publish the code per se as I believe that the design concepts expressed in
the code are publishable (e.g. in this text) but the applications themselves are not at this stage
(e.g. many highly specific features appear in the code, objects to interpret input data from my
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knob boxes, objects to generate output data for my synthesisers, and so forth). I wish to
emphasise that I am not resisting software release out of laziness or out of a concern to protect
my secrets. In any software community, the value of community-wide sharing has to be
balanced against the need for diversity of offerings and the risk that premature release might
be counter-productive. At this stage, I would rather that my code was reconstructed by truly
interested persons (if there are any) with their own idiosyncratic (mis-)interpretations.

Let me give an overview using the terms of the previous section:

• Geosonos primarily offers a form of instrumental interaction to engage with sound
synthesis

• AirMix enables the supervisory control of the mix and transposition of sound files

• The Dial also enables one to supervise a mix of sound files, but it is possible to delegate
computing the mix to a variety of algorithms

• The Reincorporation Machine combines features of a delegated composition machine
with live processing under supervisory or instrumental control taking raw material from
sound files or live input

• InCamera is an application to which one can delegate compositional duties to be realised
through processing, mixing and spatialising sound files

These applications are presented in turn. As I do so I bring out some more specific ‘design
stratagems’. These are italicised when introduced or alluded to. In the section following, the
startegems are collated. Throughout the reader should keep in mind that I am describing
software applications to be used in conjunction with a variety of other musical resources
(including other applications) in the improvisation of electro-acoustic music. I am not
proposing omni-purpose computer music systems. Rather I am using these examples to
outline and demonstrate design concepts which are viable for improvised electro-acoustic
music under the aesthetic I have been suggesting.

Geosonos

Geosonos, in its various versions, featured prominently in the concerts I have referred to as
Version 2.2.2.2.0. In these duos with SOH, Geosonos was my major application for
transforming data captured from a 2D touchpad (typically the Korg Kaoss Pad KP-1 though
the approach can be modified for similar devices) to control sound synthesis (typically
performed on a Nord Modular synthesiser). The application remains my preferred means for
working with sound synthesis when I am not going for precise control. It was used in the Z3
improvisation on the accompanying CD. An early account of an initial version of Geosonos
was published in the first part of Bowers and Hellström (2000).

The intention of Geosonos is to create an illusion for the performer of an interaction terrain
on the otherwise featureless 2D touchpad. Design followed a principle of anisotropy – that is
a given movement-vector at the touchpad would tend to have different effects at different
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parts of the pad, in contrast to the isotropic mappings of many commercial continuous
controllers, where a movement in a given direction tends to be uniformly mapped within
bounds (e.g. monotonically increasing a control value or decreasing it). The interaction terrain
of Geosonos is also a shifting one – that is, exactly how the touch data is mapped to control
data varies over time. Geosonos is an adaptive interface which makes it harder or easier
(depending upon a parameter setting) to repeat a past gesture. Geosonos effects few-to-many
mappings. The 2D pad data can be mapped onto a larger number of controllers by
superimposing different mapping functions for each touch dimension. Non-linear functions
can be superimposed so that, as the performer’s finger moves from left to right for example,
one output controller might rise while another rises then falls. On one side of the pad the two
controllers will be in a correlated motion, while on the other they will be in contrary motion.
These superimposed mappings again add to a sense of an anisotropic interaction terrain with
different regions having different characters. Finally, in the later versions of Geosonos, some
output controllers can be switched between having their values derived from pad data to being
algorithmically generated (variable sourcing). This, especially when combined with sustained
synthesised sounds, gives Geosonos a secondary identity as a ‘meandering-drifting’
composition machine enabling the performer to engage with other devices while Geosonos
still generates material with a starting point related to where the performer left off. Points in
between are possible too. For example, some controllers might be derived from performer
gesture, some algorithmically generated, some frozen at a last played value, and so on.

Figure 1 displays the ‘wires-on-show’ interface to Geosonos. Let us discuss some of the
objects it contains in greater depth. The input object handles the two dimensional MIDI-in
data. It is also assumed that a particular MIDI controller value is generated when the pad is
touched and when touch is released (on the Kaoss Pad, this is the ‘Celeste’ controller with
values 127 or 0). The input object measures touch and non-touch times and uses these to
compute an attack-sustain-release envelope (e.g. assuming that slow attacks will follow long
non-touch periods). This envelope is used to generate values of MIDI controller 7 after the
values are rescaled by a function which takes parameters from a MIDI foot pedal. The
function is designed so that, for example, when pedal values are high, they override the
computed envelope. This means that extremes of amplitude control are available directly from
the foot pedal with the computed envelope being override-able (override-ability).

The adaptive mapping of pad data is handled by the two shiftingLandscape objects to the
bottom left of Figure 1, expanded in Figure 2. One analyses and remaps the ‘X’ pad
dimension, the other the ‘Y’. Each stores the most recent pad values which have been
received. The number of values stored can be set with a ‘memory+int’ message in the
rightmost inlet. When touch is released, these values are dumped to a Histo object which
computes a histogram of their frequencies. Its values are normalised (so that the highest
frequency equals unity) and then distorted by a power function, whose exponent is supplied
through the ‘degree of distortion’ inlet. These values are then renormalised and stored in the
table named ‘adjfreqs’ for ‘adjusted frequencies’. The cumulative values of the distribution of
adjusted frequencies are then stored in the table named ‘iomap’. This serves as a mapping
function for input to output (inverted in the case of negative distortion values) until it is
updated on next touch release. The output from shiftingLandscape, then, is a function of the
values it has recently received. With a positive distortion index, values are ‘pulled in’ to peaks
in the frequency distribution. With a negative index, values are pulled in to troughs in the
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distribution. With a positive index, the touchpad is rescaled to invoke (near) repetition of past
values. With a negative index, the touchpad is rescaled to generate new tendencies.

Returning to Figure 1, we see that the values output from the shiftingLandscape objects pass
into mappings. The shifted X value (on the left-hand side) passes through this object
unaltered and is used to generate a value for MIDI controller 1. MIDI controllers 2 to 5 can
take their values from varied functions of the shifted Y value, or from a ‘drifting’ algorithm,
or be kept ‘still’ – depending on the assignments made with the large on-screen buttons. As
shown, output controllers 2 and 3 are functions of the shifted Y value, controller 4 is drifting,
and controller 5 is fixed. Sinusoidal functions are used to map the shifted Y values to output
controllers when assigned. A family of different functions is used, so that if more than one
controller is so assigned, different mappings are superimposed. In the example shown, as Y
increases, controller 2 will increase monotonically, while controller 3 will increase then
decrease over the same Y range. Sinusoidal functions are selected such that the first
assignment will get a simple monotonic portion of a sinusoid (a half period from minimum to
maximum), the next will get a full period, the next a period and a half, and so on. In this way,
a variety of non-linear mappings can be superimposed and flexibly so.

The drifting algorithm is the final feature of Geosonos I will describe in detail. The object at
the heart of this, fnbf, is shown expanded in Figure 3. This generates an approximation of so-
called 1/f noise by treating the current value as a 7-bit binary string and updating the least
significant bit on each bang received, the next significant bit every second bang, and so on, up
to the most significant bit which is updated every 64 bangs. An update consists in a random
coin toss to decide whether the bit value in question will be shifted or not. Compared with a
random walk (e.g. as provided by the drunk object), this algorithm allows larger jumps.
Indeed, larger jumps are expectable in inverse frequency of their size – hence the comparison
with 1/f noise. Compared with a random selection from a 7-bit range being made on each
bang (e.g. as random 128 would provide), this algorithm is biased towards smaller
transitions. Past values have a constraining influence, unlike the ‘white noise’ of random
128, but not so constraining as the ‘brown noise’ of drunk’s random walks. Various authors
(e.g. Voss and Clarke 1978) have argued for the musical qualities of 1/f noises, though this is
a controversial affair (Boon and Decroly 1995). fnbf implements an approximation of 1/f
noise with an additional feature: the user can force the flipping of designated bits with a
‘flip+int’ message. This means that, if values have drifted into an unappealing territory,
various magnitudes of shift from the current value can be instantly forced (override-ability).
The rate with which drifting takes place is set with a ‘drift period’ value into the rightmost
inlet of mappings. Of course, this is a quasi-period as the drifting is anything but strictly
periodic. The drift period is the time in which 64 bangs will be received by the fnbf object,
during which the values will typically have meandered through much of the allowable 7-bit
range.

Various qwerty keyboard presses are intended to add to Geosonos’ usability in performance
situations. Pressing the spacebar toggles between MIDI out messages being delivered on
channel 1 or 2. In terms of how I conventionally use the Nord Modular this means moving
between the synthesis patch in the machine’s memory location known as Slot A and Slot B. In
this way, the performer can have a variable point of presence in relationship to sound
synthesis as interaction at the touchpad or switching the drifting algorithm influences one
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sound, then another. Key presses can load new patches and mute and unmute sounds. A panic
button is available: with the press of P, all sounds are muted (panic button).

Two  Mixers: AirMix and The Dial

In this section I describe two mixer applications developed with the needs of live performance
in mind. In common with Geosonos, an approach of few-to-many mappings is taken so that,
for example, a simple gesture can vary the mix between multiple sound sources in a flexible
and responsive fashion. AirMix follows a spatial interaction method where an ‘air joystick’
(e.g. the Macally AirStick) is used to derive two degree of freedom tilt data which control the
mix. In The Dial, a single knob akin to a radio dial is used to mix between multiple sources.
Also following Geosonos, the functions underlying the mappings tend to be non-linear and
are selected so that when superimposed a variety of correlated and contrary motions of mix
parameters can be obtained as devices are interacted with. The physical ‘mix space’ (the air,
the surface of the pad, the dial’s reach) is again rendered anisotropic with different regions
having different interactive characters.

AirMix (see Figure 4) was developed as part of my set-up for the Z3 two hour long live
improvisation on the Sonic Arts Network’s Diffusion radio show on Resonance FM in July
2002. It mixes four looping stereo sound files with the mix coefficients calculated using the
tilt data from a Macally AirStick. The Airstick is a USB device designed for games where the
position and movement of a hand in the air is captured (e.g. racket games or skiing
simulations). It measures forwards/backwards and left/right tilt. A thumbstick is mounted on
the top of the device. This gives the positions of a conventional D-pad (or direction pad)
familiar from gaming devices. The thumbstick can be detected as resting in the centre or as
pushed towards one of eight ‘compass points’. The AirStick is adorned with numerous other
buttons, including a trigger. These are all of a momentary switch character. The position of
the buttons and thumbstick, and the magnitude of tilt in two dimensions, can be made
available to Max/msp by means of the insprock object. Figure 5 is an expansion of the
airstick subpatch showing how the data from the device is parsed. Note the scalings of the tilt
data to obtain values in a MIDI-like range (7-bit). These were arrived at experimentally by
analysing the data from the AirStick and trying various operations to bring the values into the
desired range. Although it may seem like the integer-divisions lead to a loss of resolution,
gaming controllers commonly have only a 7-bit resolution anyway even if more bits are used
to encode the values. Here, somewhat idiosyncratically, 16 bits are used to encode 128
possible tilt positions on each axis, with a different encoding for each axis, hence the two
different scalings. Ad hoc experiential approaches to scaling and/or data smoothing are
typical when dealing with such commercial products as musical interaction devices.

Figure 6 expands the mappings subpatch and shows how two dimensions of tilt data are
converted into four mix controls. Consider the fate of an input measure of left/right tilt in the
range [0,127] in the left inlet (note: the right inlet is identical). The cascading split objects
connected to the leftmost outlet map this range so that [0,13] yield an output of 0, [115,127]
yield an output of 100 (the maximum output), and [14,114] linearly maps to [0,100]. In effect,
this mapping creates a fade control with ‘dead zones’ at maximum and minimum. Output
values lying in the range [0,100] are later remapped into usable mix coefficients by the scale
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objects visible in Figure 4. The left-central outlet has a different mapping. The split, * and %
objects transform the input region [0,100] into a double sawtooth with 0 mapped to 100, 100
mapped to 0, and another maximum in between. The sawtooth creates areas of great mix
volatility where a mix coefficient can change from maximum to minimum with a small
change of tilt. The region [101,127] is another ‘dead zone’ at 0. Considered together, values
from the leftmost and left-central outlets describe a complex cross-fade pattern as the AirStick
is tilted from left to right. The combination of this with a similarly varying interpretation of
the forwards/backwards tilt of the AirStick creates a very varied, anisotropic mix space with a
number of volatile edges.

Referring back to Figure 4, the thumbstick position is used to calculate the relative
transposition of the four sound sources. When the stick rests centrally, all sources are played
back without transposition. Rotating the stick clockwise introduces progressively more
divergent transpositions. The transpositions are calculated to contain ‘fifths’ ratios – hence the
* 1.5 and * .67 objects (crude but generally usable relationships).

Supervening over all this control of mix and transposition are the actions of the AirStick
buttons. Tilts and thumbstick movements will only have the described effect if the trigger on
the AirStick is depressed, otherwise values will be held. This enables a particular mix and set
of transposition relations to be ‘frozen’, for example, while the AirStick is moved to a new
orientation (allowing time-outs). The buttons on the top of the Airstick labelled A, B, C and D
mute and unmute the corresponding sounds on successive presses, the sel 1 objects beneath
the airstick subpatch converting the momentary-switch character of the AirStick’s buttons
into latch-switches for the purposes of the application. Finally, squeezing the buttons below
the trigger on the AirStick will generate various boosts and cuts in global amplitude including
a cut to silence (global immediate effects, panic button).

The Dial (Figure 7) was developed as part of my performance environment for the show of
the same name, a two hour solo improvisation on the Sonic Arts Network’s Diffusion radio
show on Resonance FM in June 2002 (cf. the edit on the accompanying CD). It was also used
in the Mestre performance described in the last chapter. Up to ten stereo soundfiles can be
mixed by means of a single knob which is intended to act in a manner reminiscent of
traditional radio tuners (idiomatic interface metaphor). The knob navigates a mix space (or
‘wave band’ in the radio metaphor, see Figure 8) in which ten ‘channels’ are positioned one
for each sound file (actually 14 are shown in the figure, this anticipates four additional
channels of synthesised sound being incorporated into the design). The regions in which the
channels will be ‘picked up’ and contribute to the mix are highlighted. This enables channels
to overlap. The centre position of each channel is defined in a configuration file which can be
loaded into the coll named ‘bands’.

The configuration file also contains entries for the total range of the channel (i.e. over how
much of the mix space will it be ‘receivable’). An inner range typically smaller than the outer
range can also be defined. When the dial position is within the channel’s inner range, the
corresponding stereo sound file will contribute to the mix with a mix coefficient of unity.
When the dial is outside the inner range but within the total range, an interpolation is made to
calculate the mix coefficient. Thus, sound fades out as the dial passes out of the inner range
and then out of the total range.
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The relationship between inner and total ‘reception’ ranges is also used to spatialise the sound
files in the mix using a balance coefficient. When the dial is in the inner range, the balance
coefficient is 0 and left and right channels of the sound file are mixed directly to the overall
left and right channels respectively. When the dial is to the left of the inner range but still
within the total range, a negative balance coefficient is calculated with a value of –1 at the
extreme of the total range. With a negative coefficient, the sound is balanced so that the stereo
image is narrowed and panned to the left. As the dial moves progressively to the left, the
sound fades, narrows and pans left. When the dial is to the right of the inner range but within
the total range, positive balance coefficients are calculated – with a sweep of the dial making
the sound fade, narrow and pan right. The code which accomplishes this is shown in Figure 9.
By careful positioning of reception ranges, a variety of mix effects can be achieved with dial
movement: sudden entries of sounds (e.g. if inner range and total range are coextensive),
gentle cross-fades (with successive sounds moving in the stereo image ‘out of each other’s
way’), interchange between sounds over an extended background (e.g. by having a number of
files stretch across the whole dial). Artfully constructed configuration files can create an
appropriately anisotropic interaction space out of single knob movement. Note also how in
Figure 8 a ‘dead zone’ with no channels exists to the right of the dial – for silence (panic
button/knob). Sounds can also be selected so that related sounds appear in similar dial regions
or are kept separate depending on the desired effect. And so forth.

The Dial is designed to work with the Doepfer Pocket Dial, a knob box containing 16 rotary
encoders. Two objects at the top of Figure 7 parse and scale the output from this box. Knob
16 is used for ‘tuning’. The others are used for transposing the playback rate of the files and
controlling effects on the overall mix. A final feature is worth noting. The object dialdrifting
automatically moves the dial position. The three toggles above it switch on random generators
– one can select between white, brown and 1/f style noises (using random, drunk and fnbf)
or a mixture. This gives The Dial some crude composition machine features as the dial
position can have an algorithmic source (variable sourcing).

The Reincorporation Machine

Earlier I argued against according ‘live processing’ any special status in organising design
work for improvised electro-acoustic music. Live processing performances tend to fix
relations between performers and between musical materials in ways which the aesthetic I
have been outlining would like to leave variable. Live processing performances can fall into
various recognisable ‘degenerative states’, for example: an overuse of (short) delay-based
processing, too obvious statement and variation or call and response musical structures, the
source instrument leading with the processed treatments following, the source instrument
dominating larger formal changes, and so forth. However, are there design strategies which
might help avoid these problems? In Chapter 2 I described a performance with Ed Kelly in
which we explored the live processing of my electric guitar playing. Both Ed and I could
process the source sound, though specific features of Ed’s live sampling software constrained
his contributions when I was deploying sustained guitar textures. There is a hint here that a
principle of source-processor reciprocity might help so that all parties can (variably) act as
source or engage in processing whatever is on offer. The Reincorporation Machine (see
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Figure 10) offers a further approach inspired by the theatre improvisor Keith Johnstone (e.g.
1999) who advocates the value of continual reincorporation of past material from the into
ongoing contributions. Johnstone depicts the good improvisor as one who is always attending
to what has happened rather than one who seeks to direct the future course of the action in a
certain way in the hope that others will fall in line.

At the core of The Reincorporation Machine is an extremely large digital audio buffer for
capturing live sound. I tend to use about five minutes and capture sound on two channels.
Live sound can be switched into the buffer or bypassed. The buffer can also be pre-loaded
with any soundfile. The user of The Reincorporation Machine has access to whatever is in the
buffer and does not have to accept a fixed delay time. Material is retrieved from the buffer in
relation to a ‘reference point’. This moves through the buffer at a variable rate controlled by
the phasor~ object and a series of up to six layers of the captured sound play from this point
(within the poly~ object). The layers involve ‘splices’ from the buffer of unequal length.
Prime numbers ratios are used to ensure that the layers do not too noticeably coincide (crude
but generally usable relationships). The tunings of the six layers can be set with respect to
each other as can a global transposition of all the layers. The tuning of the layers works by
defining an overall interval in which the layers equally divide.  This can enable recognisable
octaves and fifths to be found amongst other intervals. A fine tuning randomisation further
shifts the tuning of the layers. With low values one has a sense of the distribution of tunings
following a ‘scale’, with high values the sense is disrupted and pitch shifts seem random in
the range. In this way, a variety of pitch relationships can be explored using only 2 or 3
controls (again: crude but generally usable relationships). Once a layer has played back a
splice it returns to the reference position and starts playing another one. In the meantime, of
course, the reference position may have advanced and the layers will advance in turn
cascading over each other as they progress through the buffer.

The performer can set the lengths of the splices. If the splice lengths are small (i.e. <70ms) a
reasonably good quality time-stretch occurs. The transposition is set independently of the
splice length and rate with which the reference position changes, so pitch-shifts are
independent of time-stretches. If the splice lengths are longer, one obtains looping, ‘phasing’
and other repetition-and-variation effects. The Reincorporation Machine has been designed to
allow extreme control variation (also global immediate effects). Splice lengths can vary from
0.1ms up to the length of the whole buffer. The reference point can advance through the
buffer 20 times slower than time at one extreme (i.e. a 20x time stretch is possible) to 100
times faster than time at the other (i.e. a 100x time compression). Extreme time compression
yields a gritty granular effect especially when combined with short splice lengths. Extreme
time stretches yield textural material and, at the lower limit of the knob control dedicated to
reference point advancement rate, the reference point can be stopped and a frozen sound will
be heard.

A tap-delay line with feedback can also be added in, again with prime number ratios for the
tap times and extreme settings allowed (different ratios are employed than in the
determination of the splice lengths – otherwise obvious repetition effects would too readily
occur).  This can vary the effect from something reverb or flange-like through to a further
multiplication of the layering. All this processing is mixed with the current live input into a
‘bus’ which is ‘listened’ to by an automatic sampler (rmSallyBonkersSampler). This uses
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the Bonk object to look for rapid onsets. Up to ten such percussive sounds can be captured.
Live sampling can be turned on or off and the range of buffer overwrites can be controlled.
This means that there is some control over whether a sample is preserved or overwritten.
Currently, I have designed The Reincorporation Machine so that the performer can play back
these samples from a small MIDI keyboard, the MidiMan Oxygen 8, which has a two octave
span along with 11 MIDI continuous controller sources (a data slider, a pitch bend wheel, a
modulation wheel and 8 knobs). The keys are mapped in an unusual way to avoid sample
transposition clichés and allow meaningful ‘cluster chords’ to be played (anisotropy).

The rationale behind all this is to avoid delay based clichés in live processing while
supporting varied relationships between a source instrument and its player on the one hand
and the processing software and its performer on the other. First, I have implemented an
extremely long buffer which can be accessed wherever one wants. It can be used as a palette
of different sounds with some relation to the source. It doesn’t have to be thought of as a five
minute delay line. The contents of the buffer are graphically displayed and the reference point
in it can be set by a mouse click on the wave as well as by scrubbing with one of the knobs
(not to mention letting it advance automatically at a controllable rate). While the recently
captured material is automatically sampled it isn’t automatically played back. This means that
the performer who is controlling the processing can derive the material from the source
performer but play it in a quite different way. One can also control which sample buffers are
overwritten by new ‘impacts’ so as to mix old with new in the sample-palette.

The Reincorporation Machine allows a variety of sound manipulation strategies (even though
these are derived from just two basic algorithms – the layering and the automatic sampling)
and extreme parameter settings. This permits the sound qualities to become quite decoupled
enabling the degree and kind of relationship between performers to be itself a notable and
variable feature of performance (variable coupling of musical streams). Finally, the software
is associatied with a specific performance-oriented control device (the mini-keyboard).
Although this isn’t the most innovative device possible, care has been devoted to how the
interaction with the software works (i.e. most knobs when twiddled have strong effects). In
particular, a fairly direct instrumental style is supported for sample playback. This
complements the supervisory interactive relation the performer has over the layering-
stretching-shifting algorithm.

The Reincorporation Machine has been developed as a live processing tool – in particular for
an ongoing collaboration with saxophonist Graham Halliwell (as represented on the
accompanying CD). However, it can have a secondary identity as a kind of composition
machine in other settings. The buffer can be loaded with a pre-existing soundfile, for
example, and the production of variations delegated to the pitch-shifting-time-stretching-
splicing-layering algorithm. (I sometimes do a demo where I import a 30 second Webern
piece, set the splice times to relate to the phrase lengths in the piece, and generate an open-
ended John Adams symphony. Note: this is a party-piece though it is tempting to make ironic
aesthetic points about Webern’s compact style meeting post-minimalist excess – not my
current aesthetic however!)
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InCamera

InCamera is an earlier effort to produce a composition machine. This was used throughout the
initial Z3 performances as described in Chapter 2. It can be heard in action on the Z3 track on
the accompanying CD. Four buffer~ objects are shown in Figure 11 into which soundfiles
can be loaded. A stream of ‘synchronous grains’ (Roads 2002) can be taken from each one
with the grain size, transposition, envelope shape and location (grain reference) in the file
where it is taken all being controllable. A sparseness control defines a probability that a grain
will not sound. Finally, a meander control determines (using fnbf pseudo 1/f noise) the degree
to which grain size, transposition, envelope shape and location can vary. Values for these four
parameters can also be set directly using a touchpad or mouse movements – the 2D data
yielding four parameter values through my standard technique of overlaying two functions on
each dimension (few-to-many mapping). Various qwerty key presses are identified to
determine whether particular parameters and/or particular streams will respond to the 2D data.
In this way, some streams can be directly controlled while others may meander
algorithmically (variable point of presence, variable sourcing). Streams can be governed by
common or disparate parameters (variable coupling of musical streams).

Algorithmic composition based around granular synthesis is not uncommon. Perhaps more
unusually I have linked this to an algorithmic mixing and spatialisation technique based
around the notion of the streams being diffused in a 2D virtual space (interaction terrain) or
chamber (hence the name: camera = chamber) Within this virtual space, sources of streams
have a position and an orientation. A virtual microphone (or vmike) can be set at a particular
location with the mouse or can be moved according to simple circular motion paths using the
orbit and rotation objects. As the vmike approaches a source location in the virtual space, the
source will become louder. The relationship between the distance between the vmike and the
source and their respective orientation vectors determine the ‘width’ and ‘centre’ of the stereo
image projected onto the vmike. Each source within range contributes to the mix at the vmike.
The final actual audible mix is given by coefficients calculated on the basis of this ‘virtual
sonic geometry’. Through controlling vmike location (orientation is given by the vmike’s
momentary displacement vector), one can derive the 16 mix coefficents needed to calculate an
8 into 2 mixdown (few-to-many mapping).

Summary: A Small Catalogue of Design Stratagems

In developing my description of Geosonos, AirMix, The Dial, The Reincorporation Machine
and InCamera, I folded in a number of what we might call design stratagems. These are
principles for the design of interactive musical technologies which have seemed apposite from
time to time. They are not intended as universal guidelines but they have been encountered
repeatedly in my design work. Some are idiosyncratic and perverse, some may be re-
articulations of common software design lore. However, they all contribute to a characteristic
design stance for interactive musical technologies for electro-acoustic improvisation. Let me
organise what has emerged to serve as a summary of my software design work.

• From user interface metaphors to spatial interfaces and physical activity. It is common
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for software design influenced by the perspectives in HCI to emphasise the importance of
a good interface metaphor for the learnability and ease of use of software. As I have been
designing software which has a role in relationship to particular input devices and is
intended to be part of an ecology of multiple artefacts, the notion of interface needs to be
extended from just what is manipulable on screen (Bowers and Rodden 1993). In only one
case is there a clear idiomatic interface metaphor in the traditional HCI sense: the tuner in
The Dial. Otherwise my concern has been to create artefacts which engender gestural-
physical activity on the part of the performer. Commonly a spatial interaction technique is
used – a 2D interaction terrain on a touchpad or taking tilt data as the performer moves a
device in the air. This spatial data is scaled in various ways to make the interaction space
anisotropic and textured.

• Mappings and  simple device data. The question of how to formulate mappings from input
device data to control data internal to a program is under-explored in any systematic way
in the HCI of interactive musical artefacts. Developers tend to follow intuitive approaches
which are bespoke for each program. While I am not exceptional in this, I have offered
some stratagems to help articulate design options. My approach has been to deal with
devices which offer a small number of dimensions of data variation (degrees of freedom)
and work with few-to-many mappings. This approach contrasts with research which takes
very many measurements of musical gesture and then tries to reduce them. However, the
simple device data is made ‘expressive’ by a number of further stratagems: allowing
extreme control variation, rescaling data to create adaptive interfaces, using non-linear
and discontinuous mapping functions to create volatile edges, working with crude but
generally usable relationships.

• Compositional principles. I mean ‘composition’ here in the modest sense of ‘how things
are put together’ – rather than in any of the grand constructions of music compositon we
saw opposed to improvisation in some of the literature in Chapter 1. Several of the
software designs embody simple compositional notions. The adaptive interface techniques
engender music that is variable in its resistance to change or a performers ability to repeat.
I have worked with independent musical streams (the mixers) or ones which interact to
share a ‘common fate’ (the composition machines) – ‘composition by variable coupling’
might be the general concept here. I have also informed design on a number of occasions
with simple notions of transposition and scale.

• Variable interactivity. As exploring different senses of interactivity is a core aesthetic
concern, I have built applications which support instrumental, supervisory and delegated
footings between user activity and technical consequence. It has been a particular concern
to design applications which have both a primary and a secondary identity so that, for
example, instrumental interaction can yield to a more delegated approach without moving
between applications. To accomplish this, I have deployed various stratagems: variable
sourcing to switch between device data and algorithmically generated values, variable
points of presence to vary what is directly manipulated versus what is static or
algorithmically controlled, allowing time-outs and supporting easy engagement and
disengagement, and so on. A number of stratagems are concerned with the re-
establishment of an instrumental intervention after a period of delegated algorithmic
control: mappings with global immediate effects and extreme control variation.
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• Risk. As remarked in summary of my ethnographic reflections in Chapter 2, the existence
of a variety of coexisting forms of interactivity in a performance setting can potentially
exacerbate intelligibility problems for an audience. Working out what on earth is going on
can be a problem for performers too. Some stratagems are devoted to helping manage the
risk in complex technically-rich ecologies: panic button, override-ability, global
immediate effects and so forth.

Music as Design Documentation

An audio CD accompanies this text. I have selected work in trio, duo and solo formats for
critical scrutiny. My intention is that listening to this CD can inform the reader’s appraisal of
design work described in this chapter, the general design orientation, the stratagems in its
detailing, and specific applications in use.

1. The trio piece Z3three opens the CD. This is a studio improvisation by the Zapruda Trio. I
work with three musical resources in the piece in line with the use of the three channel DJ
mixer I describe in Chapter 2: an electric guitar with slackened strings which I stimulate
with a small electric fan, Geosonos controlling a Nord Modular synthesiser, and
InCamera. The piece is a largely unedited ‘desk recording’. I have only processed the
recording at the mastering stage to bring its levels in line with the other tracks.

2. A duo piece with Graham Halliwell on amplified saxophone, BH2, follows. I work
exclusively with The Reincorporation Machine throughout the duration of this piece.
Initially, I manipulate two contact microphones to obtain material for the buffer. A few
minutes into the piece, I switch to sourcing the saxophone. Again, this is an unedited desk
recording. Much of our playing on this track is at quite a low level so I have worked with
noise reduction to optimise its quality prior to level maximisation for mastering purposes.

3. The CD closes with an edit of the solo radio show, The Dial, I did for the Sonic Arts
Network’s Diffusion programme on Resonance FM mentioned earlier in this chapter. As I
had two hours of recordings from this show, my editing has been rather more extensive.
This third track, which I have named The Dial, Touched, is organised around four
excerpts from the show with three bridging passages. The excerpts have been chosen for
their representative documentary value, not necessarily because I feel they were the best
things I did. Rather they manifest certain points which are relevant to the design of The
Dial mixer software which I use throughout, as well as informing discussion of my
electro-acoustic improvisation in solo settings. Two of the bridging passages are
soundscape material initially recorded binaurally using ear-microphones. These two
recordings were played in the show but appear in this track from source, rather than via
the Resonance FM recording. The third bridging passage is a micro-composition of
soundfiles which were taken to the studio but happened not to be played. It is included for
reasons of perversity – a piece made of sounds which were not heard and assembled in a
manner which was not typical. The Dial, Touched makes for a number of contrasts with
the other two tracks, a technical one I will mention here. The resonance FM recordings
were extremely compressed for broadcast purposes. The relative loudness levels of The
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Dial, Touched after the duo work with Graham Halliwell may surprise you. You have
been warned.

Commentary

I want to discuss the music I have presented from a particular, and perhaps unusual,
perspective. Let us treat the music as a trace of software in use. That is, the music is
documentary evidence of how certain design decisions, as embodied in artefacts, have been
worked through. On this view, the organisation of the music instructs us in how we should
appreciate the designs presented above. Together with various ethnographic details, we can
use the music to reconstruct what occurred and practically appraise the value of the design
work. Let us examine some sample features and episodes.

Early in Z3three a spacious sound can be heard enveloping more foregrounded contributions.
It has a noticeable attack but then makes a transition with a slight pitch sweep and reverberant
tail. It is heard several times in various levels of prominence in the mix and with different
spatialisations. This sound is supplied by InCamera. The granularisation parameters were set
to extremes so that, effectively, the whole of the source sound file is heard. The variable mix
and spatialisation reflects the operation of the virtual microphone concept in the software as
described above. Although with extreme granularisation values the source soundfile is
looping, enough variation is being produced to ensure that this is not tiresome. A single hand
can rest over a fader on the DJ mixer to balance the contribution of the sound with those of
the others. The other hand, after some brief work on the touchpad driving Geosonos, can
reach for the fan to stimulate the strings of the electric guitar. At the outset the volume pedal
is at minimum. Once the strings are vibrating, I can pull my foot back on the effect unit’s
volume pedal and bring the guitar into the mix. I slowly swell the guitar sound and find that it
makes a stark contrast with the existing sounds in play. I cut the sound and, after a pause,
swell it again – all the time looking after the contribution of InCamera with my free hand.
After this repetition, I pull back the volume pedal before starting to make the strings vibrate
only to find that the magnetic field around the electric motor is inducing sound from the
guitar pickups without me making contact. I repeatedly fly the fan in the vicinity of the guitar
and away. SOH finds a sound to enter into dialog. I bring down the contribution of InCamera
by flipping the cross fader but a minute or so later, when SV is playing some aggressive
percussion samples, I flip the fader back over to find the InCamera contribution able to
provide a reverberant tail to one of SV’s impacts. In the last half of the piece, I am principally
occupied with putting sudden bursts from the Geosonos controlled synthesiser and impacts
from the guitar into relation with similarly aggressive contributions from SV and SOH. I have
a working performance ecology in this piece. The music may not be beautiful, my
contributions may not be the best one can imagine, but the technical provision for them is
adequate for my sustained viability and contribution as a trio member.

The episodes extracted from The Dial radio show are rather differently organised. In most
cases, the music is made of concurrent layers. I relied quite extensively on playing back
recordings of improvisations (e.g. featuring clarinet and bugle) alongside synthesiser work
and the operation of The Dial software. Sometimes there are three or four layered sources and
in the case of the software contributions these can be layered still further if more than one
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soundfile ‘channel’ is ‘tuned to’. Interaction between events in the layers is accidental and
local. It does not have the cumulative effect of one person acting on another’s contribution to
engender changes between passages of a different character as occurs in Z3three. The music
is more ‘blocky’ and ‘episodic’ – even before I attack the show recordings with my digital
razor blade to make the excerpts for the current CD. I am not necessarily saying this is bad
music. I find much of The Dial, Touched interesting because of its material heterogeneity:
soundscapes, synthesiser drones, vocalisations, acoustic instruments, radio sounds are all in
play. I also don’t mind music composed of loud, compressed blocks of sound. However, the
sounds here don’t have a responsivity the one to the other – except accidentally so. The
presence of very noticeable loops adds to this impression. In the practical production of this
music, in my solitary activities in the lonely studio in Denmark Street, I am delegating the
production of the music to various machines (mini-disk recorders, The Dial, a theremin, a
radio, a synthesiser) and supervising their mix. In the details of their productions, though,
they remain independent of each other and I can only grossly make them interact – through
triggering and fader flipping. The result: a materially variable music but with less variable
traces of interactivity. The Dial fits in with this picture with its layered independent
‘channels’ and uniform interaction technique – twiddling the ‘tuner’.

The collaboration with Graham Halliwell is of a yet third order. I contacted Graham with the
express wish to explore more spacious, less hyperactive forms for improvisation than some of
my other work. The Reincorporation Machine’s design features allow me to vary the coupling
of my contribution to Graham’s in quite radical ways. Sometimes I am using long splices
from the buffer to hint at an ‘orchestra of saxophones’. Othertimes, I am able to use extreme
settings to generate highly electronic material. The use of the contact mikes gives me other
options as well – for one thing I can start the piece on an equal footing with Graham, I do not
have to wait for him to give me some material to go on. I can create both sustained textural
and highly punctate events, rhythmic and arrhythmic productions. I can leave the layering-
stretching-shifting algorithm to do compositional machine duty, while I explore the
percussive contents of the live samples. The pacing of the music allows me to make
considered choices about what to do next. While the software often leaves the performer
uncertain as to what in detail will happen (what exactly is under this keyboard key? what
exactly has the automatic sampler found?), if a particularly desired acoustic sound is heard to
enter the buffer (and seen on screen), the mouse can be positioned over the relevant part of the
buffer’s graphic and the sound found for reincorporation. In terms of the aesthetic and design
goals discussed at the outset of this chapter, I find the greatest variability in the sociality of
improvisation found in BH2 over the other recordings: from independent layerings to a flurry
of dialogic exchange towards the end. The materials are constrained. It is after all just
saxophone, electronics and a pair of contact mikes being rustled in the hand and against one
another. But within this reduced sound world, we do our best.

Next Steps

I have set aesthetic aims which valorise the exploration of variable interactivity, materiality
and sociality between performers so as to make varied human-machine relationships
exhibitable. If music is produced which falls short of these aims, then the circumstances of its
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production need to be scrutinised to determine sites for improvement. In the cases of the duo
and trio work, I find the music to be adequate to the aims, and the practices of its production
to be viably organised around useful software and an ecology of interaction devices. In the
case of the solo work, I am not so sure. While it is a recognisable music of a certain layered
and blocky form, it doesn’t consistently manifest the features aimed for. Partly this is due to it
being a solo production: my ‘simulations of sociality’ are ineffective. Partly also this is
because I am aiming for density and activity without having the resources for supervising it.
In this context of use, one can scrutinise the design of The Dial software: its relatively
independent mix channels do not support variable relations between contributions.
Interestingly, The Dial worked very well when performing in a duo with SOH at Mestre (see
Chapter 2). Its degenerative states (g-loopiness, non-interacting layers) did not impact upon
the music in the same way. This is probably because, with four hands working the music, The
Dial was not left running autonomously so prominently so often.

These analyses and commentaries are beginning to suggest a future agenda for ethnographic
reflection and design. The work in Chapter 2 prioritised the examination of collective
improvisation settings even if my individual phenomenology and working activity was given
most attention. Duo and trio work overwhelmingly accounts for my public performance
opportunities and the aesthetic I have developed is critically concerned with the sociality of
electro-acoustic improvisation – even if I see that sociality in idiosyncratic ways. My design
work has concerned the construction of ‘personal software’ and devices for use in a
performance ecology within my arms’ reach. But it is an assembly of artefacts and practices
for making me a viable participant in collective music making. I feel I am yet to formulate
effective practices and technologies for solo work.

There are two possible directions here. One is to follow the example of the duo work with
Graham Halliwell, here heard on BH2, and investigate a more ‘reductionist’ improvisation
style while still following my interest in heterogeneity of musical materials. The reduction
would have its ‘level’ set by the organisation and pacing of my instrumental, supervisory and
delegational acts, and their relationship to the sense of activity in the music. I am anticipating
a music with a practical-interactional pacing that is calibrated for my two hands. This need
involve no new software development, just more appropriately paced workings with existing
ecologies.

The alternative direction is (crudely expressed) to build better composition machines – ones
which are more effective delegates of musical activity – and/or explore non-supervisory
interactive relations. Let me explain a little more what is intended here. I have described
InCamera as a compositional machine based on granularising four streams of sound and
mixing and spatialising them algorithmically using a virtual mix chamber concept. In Z3three
I found its mixing and spatialisation strategies working rather well while it was minimally
supervised by a hand controlling its amplitude. Its granularisation techniques are not so
effective. Indeed, a number of programmers have encountered problems working with
granularisation on the MAX/msp platform (Tutchku, personal communication). InCamera’s
granular effects are rather like The Dial’s gloopiness. One has to intervene more often than
one would wish because their productions become a bit too predictable and recognisable. In
solo work, this can be more than two hands can manage.
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As a technical alternative, the layering-stretching-shifting algorithms of The Reincorporation
Machine provide an alternative to InCamera’s implementation of granularisation which can
be investigated in future solo work. There are other technical possibilities too. Figure 12
shows the main window from an in-development project which revisits Lyapunov’s Tonic
(the algorithmic mixer/composition machine mentioned in Chapter 2). Six stereo sources can
be mixed. Two of these are loops which are intended for background textures or the replay of
long files whose looping might not be obvious. The interest lies in the other four channels
which are mixed using the non-linear mappings of AirMix. Two of these channels use an
object called xChainingObj~ which is expanded in Figure 13. At the top right of this figure is
some code which measures the amplitude (using peakamp~) of the signal generated by a mix
of two groove~ sample replay objects to the lower left. This amplitude is smoothed by an IIR-
like filter defined by the expr object. When the smoothed amplitude lowers below a
threshold, a trigger is generated. This trigger initiates a cross-fade between the two groove~
objects. The intention here is for portions of soundfiles to be identified and excerpted in a
fashion which is sensitive to their internal organisation (at least as revealed by their amplitude
profile). In contrast to most granular methods (see Roads 2002), I am not imposing an
arbitrary envelope onto the excerpted material. I am detecting transitions in the file’s
amplitude and using these to trigger finding the next excerpt. The logisticSelector object uses
a non-linear and potentially chaotic iterative function to select the next sound from a range of
pre-loaded files. In this way, the sounds which are selected for amplitude measurement and
excerption are themselves varying. This is a much more flexible technique than InCamera’s
use of four fixed files for granularisation. The limits on the number of sounds which can be
pre-loaded and made available to the xChainingObj~ largely derive from the memory
limitations of the host machine. A number of real-time controls are availble to shape sound
selection – how many sounds can be selected and how chaotic is their selection are just two of
the parameters. This can create rhythmic effects as we move between different sound files
with the non-linear selection function in a periodic region or a more unpredictable shuffling if
the selection function is chaotic. Another real-time control approximately sets how long the
excerpts will be – approximately because excerpting is always done in a fashion which is
sensitive to the internal amplitude envelope of the source material.

The output from each xChainingObj~ is listened to by a live sampler in the manner of The
Reincorporation Machine. In that program the samples were played back directly
(instrumentally) from a MIDI keyboard, here an algorithmic solution is adopted. Figure 12
shows two objects with sallyBonkersPlayback at the root of their name. These contain non-
linear iterative functions which control the selection of the samples to playback, their timing
and transposition amongst other features. Again, the intention is to make for a highly flexible
arrangement with a variety of rhythmic and textural outcomes being possible. Each
algorithmic sallyBonkersPlayback channel is coupled to its xChainingObj~. This enables a
variety of relationships between ‘original’ and ‘live sampled’ material to be played with. The
live sampling occurs automatically and regardless of the setting of the associated
xChainingObj~’s fader. This means the sampled and algorithmically ‘sliced and diced’
playback can be introduced before the listener hears the ‘original’ if desired.

This revisiting of Lyapunov’s Tonic introduces a variety of ‘second order’ features to the
algorithmic organisation of its compositional strategies. While InCamera mixed granularised
soundfiles, Lyapunov’s Tonic works on streams of excerpts taken from (potentially and
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controllably) multiple files. Changes can be introduced in the music at several levels: how
sounds are selected, how excerpts are chained together, as well as how this is sampled and
played back, alongside the relative mix of all these components. With just static control
settings this application works more effectively as a compositional machine than InCamera.
The next step is to investigate techniques for getting those controls (currently manually set
using the Doepfer Pocket Dial, see the relevant objects in Figure 12) to change in an engaging
fashion algorithmically (and thereby manifest ‘third order’ features of variation). The aim is
to create a composition machine that can be more lightly supervised than The Dial or
InCamera in solo settings, one that needs less frequent rescuing from degenerative states.

A further technical alternative was hinted at above: explore alternatives to supervisory
interaction. Many of my software projects involve some form of supervision on the part of the
user. Algorithms determine the detail while the user has real-time control over their
parameterisation – in Bowers and Hellström (2000) we called this ‘algorithmically mediated
interaction’ and made contrasts with both software agent based interaction and direct
manipulation in HCI (cf. the discussion of Negroponte and Shneiderman above). Earlier we
introduced, via a brief discussion of virtual reality, a notion of machines synthesising virtual
spaces for musical interaction with performers being ‘inhabitants’ within them. I have
preliminary work, which I intend to refine in the future, with this kind of footing for
interaction. In one project at an initial stage, the performer’s actions are regarded as
displacements in a multi-dimensional musical space. Within this space are ‘artificial actors’
who might be attracted or repelled to the virtual locus of the performer. The activity of the
artificial actors is sonified. In another preliminary project, the performer’s actions are listened
to by a number of artificial actors who, if they are ‘interested’ in what the performer is doing,
create variations upon it which they ‘play’ – these variations can then in turn be reacted to by
the performer or the other artificial actors. Figure 14 shows the main screen of this latter
project, The Improvisation Machine. I am aware that these approaches, to the level of detail I
have given, are not novel – George Lewis’s Voyager is a well-known algorithmic
improvisation system structured on very similar principles (though Lewis has not published
an extended technical description of how Voyager works). Indeed, I am also aware that I
seem to be reneging on the opposition I showed earlier to pieces which are organised around
algorithmically generated accompaniments to live playing. Much depends on the details of
how exactly these ideas are worked with and the performance context in which they are
designed to fit for one to properly assess research novelty. What ‘model’ of improvisation is
built into the artificial actors? How might an improvisation machine – apparently designed
with simulation-reification in mind – fit into the heterogeneous performance ecologies I have
been at pains to promote? These are the core questions for this endeavour needing answers to
set my designs apart from others. I hope earlier work in this chapter has given a hint of how I
might proceed.

To conclude this discussion of ‘next steps’ with regard to technical design, let me emphasise
again that – in spite of the extended attention I have just given to new software projects – this
is just one part of the work to be done. The other part is continue to refine the overall
definition of practices for improvised electro-acoustic music making whether they depend on
new software projects of not. I do not believe I have extracted all of the goodness out of
existing applications and some are better positioned in duo and trio than solo settings.
Working out what works when is all part of the design of musical interaction in the larger
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sense. Furthermore, there are arguments for a ‘musical reduction’ in (especially) my solo
work which might find expression without further technical innovation (of course one might
want to innovate for other reasons – there is no contradiction here). I think the essentials of
the design orientation I have worked through in this chapter are basically sound. I have moved
between different relationships between design and my ethnographic accounts of performance
experience. While much of my design work is under the rubric of ‘meshing-mediating’ to
create working performance ecologies which are viable for the exploration of a defined
aesthetic of human-machine relations, I am prepared to entertain (tongue-in-cheek)
‘simulation-reification’ approaches and have begun to prototype ensembles of artificial
electro-acoustic improvisors. Design has a flexible footing in relationship to ethnographic
background. I sketched a number of priorities for design by contrast with much existing
‘computer music’ research. Again, I think these priorities are sound, though I am not treating
them dogmatically. Finally, I set about designing a set of software applications which address
different senses of interactivity and embody a variety of different design stratagems. Yet
again, I feel that this is productive of interesting and usable software which allows me to
make some progress in exploring the aesthetic of machine music which concerns me.

Instead of a Conclusion:
Dead Ends and Red Herrings, Loose Ends and Tie-Ins

It is time to draw the current investigation to a close. While we have been single-mindedly
concerned with musical improvisation, we have taken in a variety of perspectives on the topic
and offered a number of contributions. Initially, we were concerned to sort through some of
the notable positions that have been taken on improvisation amongst several celebrity
composers and critics – especially those who wish to fashion an oppositional construction of
composition/improvisation. We turned our attention to writers who attempt to establish a
location for improvisation in the political economy of music. We examined those who work
with highly inclusive concepts of composition, improvisation and performance. Against this
literature, an ethnographic turn was offered for consideration. We should treat ‘improvisation’
as a member category and examine its significance in the hands of those to whom the notion
makes sense. We considered a variety of the world’s musics from this standpoint before
making a detailed examination of recent musicological work on jazz and finally turning to
questions of technology in improvisation. Having cleared the way through musicological
review, an extended ethnographic treatment of the author’s concert experience as an
improvisor of electro-acoustic music was presented. On the basis of these empirical
observations, a practical agenda for studying electro-acoustic improvisation was presented.
We were concerned with the intimate ties which interlink technical interactivity, social
interactional relations between players, place and occasion, and so forth into contingent
practical configurations within which musical forms should be understood to emerge. We
gave special discussion to the observable variations in forms of technical activity, social
interaction and musical material which exist across the various performances which were
documented. This variation, far from being a source of deviation or impurity to an artistic
conception of the ends of improvised electro-acoustic music, was offered as informing a
musical aesthetic specific to investigating contingent human practice in a machine world.
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After a discussion of the various ways in which ethnographic work might motivate technical
design, this aesthetic image was put to work in reshaping research agendas for music
technologies. We examined different interactive relationships that performers might have to
software technologies and presented a number of demonstrator applications which have been
used in performance by the author. Along the way, a series of subsidiary design stratagems
was offered. Three pieces of music involving the author were discussed for their effectiveness
in pursuing the aesthetic image that had been outlined and the author’s use of the presented
applications was discussed from this perspective. On the basis of this, a variety of strategies
for future work was discussed – not all of which involve further technical developments,
some involve rethinking the kinds of musical practices the author wishes to engage in while
pursuing an aesthetic investigation of human-machine relations through improvised music.

While this work started out with a consideration of improvisation as a general musicological
concern, it has been at pains to recognise and isolate the specificity of different improvisatory
practices. It is important that we do not overstate what we have achieved in understanding
electro-acoustic music from this perspective. While we have offered a potential aesthetic of
improvised electro-acoustic music which makes sense of its specific nature as a machine
music performed before your very eyes, we have not presented any formal details of what
might be musically-formally-organisationally specific about music done this way. The current
work has not presented transcribed examples of musical interactivity for analytic scrutiny.
While it is suspected that improvised electro-acoustic music – especially when performed
under the aesthetic we have discussed – may have specific formal features worthy of note, this
remains undocumented. The empirical strategies of the current work are limited in this regard.
Ethnographic accounts of concert experience have been reported so as to inform technical
design practice. However, a proper formal understanding of the organisation of improvised
electro-acoustic music requires other methods. The author has begun collecting concert videos
for more detailed analyses of the real-time production of electro-acoustic improvisation but
the results of such analytic work lie very much in the future.

I have flirted on a few occasions with concepts which might help us analyse improvised
electro-acoustic music as a formal musicological phenomenon but in ways which are
consistent with the ethnographic orientation I promulgate. In Chapter 2, various theoretical
concepts in electro-acoustic music (e.g. Snalley’s spectro-morphology) were scrutinised from
the point of view of music as a real-time contingent accomplishment. I wrote about the
characteristic ‘immanent structures’ of such music, how it might be interactively fashioned
out of ‘threads of significance’ as musicians react to each other’s productions. Clearly, all this
could be related to fashionable musicological discussion of form and narrative in electro-
acoustic music. Elsewhere, in the current chapter, I have discussed how the variable pacing of
a performer’s instrumental, supervisory and delegating acts might interrelate with the activity
of the music so produced. Again, there is a hint here of concepts and analytic orientations for
the musicological analysis of improvisation. Furthermore, it would be promising to revisit
some of the notions introduced in Chapter 1 for getting to grips with ‘non-idiomatic’
improvisation. Parker’s notions of laminal and atomic improvisation, their relationships to
different musical materials and forms of interactivity should be cashed out analytically in
future work.

As it is, I do not feel that the current research is without musicological weight. To my
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knowledge, the current study is unique as a participant-observation study of the practice of
electro-acoustic improvisation. The focus of the work, however, has been to use such research
to inform design. I am yet to fold its results and perspectives back to larger musicilogical
issues. In Chapter 2, I gave some hints as to how my account of the practical contingencies in
music production might relate to discussion of the ‘extra-musical’ and other such matters. But
this and other potential contributions to a worldly musicology in the tradition of, say,
Blacking (1995) or Small (1998) have not been played out in depth.

I have put a number of other topics on the research agenda without fully delivering on them.
Persistently, I have argued that we should examine how performers manage ‘assemblies’ of
artefacts and work with ‘performance ecologies’. These are notions in need of further
illustration and concerted design attention. While we have offered designs stratagems for the
construction of software artefacts, we have not done parallel work to guide how such artefacts
might be assembled with others or be blended in with quite different instruments and devices.
Chapter 2 offers some starting points – the left-right sense of what is within reach to a
performer, what a performer can pick up of the activities of others, how a performer can
project their own activity so that others can become aware of what is going on, how a
heterogeneous set of technologies with different forms of interactivity might relate to all this
– but these name research issue not findings, topics for investigation not designs successfully
accomplished. The current work has been partial towards computational technologies and
their design. It has not given a symmetrical approach to the physical-manipulable
constructions I have worked with and, in some cases, made (e.g. the Strandline guitar, the
Mixing Bowl). While these artefacts have a degree of humour about them, they are
nonetheless serious contributors to the heterogeneous mix of resources I wish to advocate. To
properly inform questions of the design of performance ecologies, one would need to consider
the design principles for such physical-manipulable acoustic and electric artefacts and
instruments and see how they relate to computational technologies.

While there is clearly much work to do, I hope I have given an impression of a coherent
programme for the practice of improvised electro-acoustic music – one which combines
analytic, reflective, aesthetic and technical design elements, and is of potential musical,
musicological and technical value. The pursuit of such an interdisciplinary and practically
situated programme is, to me, vital. The stakes are high. We have forms of music, which are
recognisably emerging, in need of an understanding. We have technologies in need of creative
appropriation. We have performance practices in need of reflection and refinement. From
time to time, we might even have audiences who could get pleasure from this music of
howling synthesisers, scraped metal, wheezing wind instruments and Stan Getz samples. Who
knows?
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Figure 1. Geosonos
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Figure 2. Shifting landscape in Geosonos
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Figure 3. Algorithmic drift in Geosonos
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Figure 4. AirMix
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Figure 5. Interpreting the AirStick

Figure 6. Calculating mix control in AirMix
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Figure 7. The Dial



University of East Anglia 88 Masters in Music Dissertation

John Bowers Improvising Machines September 2002

Figure 8. The tuner interface.
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Figure 9. Spatialisation in The Dial
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Figure 10. The Reincorporation Machine
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Figure 11. InCamera
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Figure 12. Lyapunov’s Tonic
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Figure 13. Inside the cross chaining object
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Figure 14. The Improvisation Machine
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