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As reproducibility gains ground in the industrial age, Walter Benjamin warns us of the fading Aura of
the artwork, of an impossibility of the unique masterpiece. As commercial images proliferate post-

war France, Debord vilifies the impending culture of sameness and separation.

Simultaneously we see a shift of emphasis in academic Western music away from final work and
toward musical process. From Cage's chance operations to the tone tables of Schoenberg there is an
increased focus on the act of composition, and the act becomes mechanical, algorithmic.
Architecture is deconstructed, and orderly methods prevail. Form is given by measurements,
numerical manipulations, by perpetually more algorithmic machinations. Pop-Art fills gallery walls

with near-uniform copies of near-perfect copies of perfectly copied commercial designs.

The computer is put to work in the design of buildings, the design of images, the creation of music,
the creation of art. The artist becomes not just the manipulator of software tools, but the creator of

software, a craftsman of process, of an automated exploration of potential.

As world politics shift to the screen, Baudrillard scoffs at a war fought in virtu, a war that was a
television production as much as a military campaign. Gilles Deleuze invents a history of the
machinic phylum, tracing the temporal trajectory of abstract machines. Carl Chu takes these ideas
further still and posits the birth of the Hyperzoic Age, where the virtual potentialities of simulation

are given ontological status.

Abandoning the limits of actuality, the bonds of matter, the computer enables the exploration of

unearthly form, and art takes place in software, art becomes software, art spans networks, art



becomes networks, art generates itself, talks to itself, begins to imitate the processes of nature. Art

evolves, regenerates, and reproduces.

Although by definition sound remains rooted in air, in actuality, computational power frees it from
any physical production and creates the potential for limitless possibility. The distinction between
temporal and tonal fades, becomes merely a matter of scale and of speed. Sound is frozen in time as

timbral quanta emerge from the calculus of synthesis.

This paper examines the themes outlined above, their manifestation in computer art in general and
their exploration through the project THE Ecstasy or CommunicarioN in particular. The project
consists of a network of autonomous agents whose intercommunication generates a wash of sound,
spanning space and progressing in time. The network is opened up, operates at a human scale and a
human speed, and is subject to real-world perturbations. The software exists locally in each nodal

unit, but also emerges through their interaction with one another and with human subjects.

Sound is created through an algorithmic process, but the outcome remains always unpredictable. As
the whorls and eddies of fluid dynamics defy prediction, yet obtain a naturalistic self-similarity, the
sound system settles into loops, flirts with strange attractors, and veers off into chaos, occasionally
finding a temporary stasis. The role of the artist is progressively blurred through the generative
nature as well as the chaotic potential of the piece. Nietzsche tells us chaos is the precondition for
the birth of a dancing star, and perhaps a chaotic system is necessary for the birth of truly new

sound.



Through its emulation of the human nervous system, the project calls into question the validity of
our neural models, the roots of intelligence, the possibility of freedom given a mechanistic
cosmology. The project, furthermore, teases out the dependence of our cognitive science, our
psychology and ethics on the contemporary scientific zeitgeist. As turbid humours give way to
steam-engine analogies, so monolithic software designs yield to distributed systems, and cognition

becomes explicated through the vernacular of the network.

Architecture, a system for the management of human flows, gives inadvertently and incidentally
form to systems of aural flow. By subjecting itself, its networked workings, to the shapes and surfaces
of lived space, the project embodies the shapes in-between, the negative space of artifice. The
network opens up its protocols as the logic of silicon breaks down and yields to the ethereal logic of
air, of surface, of wave propagation and interference. The human too interferes through the initial
superimposition of network topology on spatial topology and through the subsequent imposition of
sound on sensors and through the disruption of air and trajectory with bodily occupation, a sound-

absorbent intervention.

Finally the continuous fluidity of sound is brought into question through a dissective digitization, a
spatio-temporal dispersal. Sound becomes discretized, magnified, slowed, stopped, and restarted,

reformed through the recombinant poetics of dancing grains.



SYSTEMS

In surveying the history of music making, we see very little change for hundreds of years. Although
as technology advances new instruments arise, there is on the whole only a gradual change in
available instrumentation well into the 19th century. With the notable exception of the development
of keyboard instruments, from the harpsichord through the forte-piano, the creation of sounds
remains rooted in primitive methods. Strings are plucked and bowed, air vibrates through tubes and

reeds, and stretched skins resonate with impact.

Similarly, theoretical investigations into music scarcely advance for thousands of years. From the
mystical investigations of Pythagoras through the dogmatic systems of medieval Europe, there is
little advancement in the understanding of sound, or in theories regarding composition. Slowly
rules regarding tonality are developed, and composition itself becomes an object of philosophical

investigation.

The surge of scientific progress that comes out of the Enlightenment and the subsequent
technological development that engenders the industrialization of Europe culminate in a crisis of
musical possibility. At the end of the 19th century we finally witness a sudden shift in ideas with
regard to both the generation of musical sound as well as with its arrangement in time, that is to say,

its composition.

Perhaps the modern study of sound can be said to begin with the research of Ernst Florens Friedrich
Chladni (Hankins, 130). Chladni's famed discovery, the Klangﬁguren, were shapes produced by

drawing a violin bow against the edge of a sand-covered glass or metal plate. Chladni's discoveries



were followed by numerous devices for the visual analysis and, later, the inscription of sound

throughout the 19th century (ibid., 132).

As the understanding of sound grew and new methods for its electromechanical reproduction were
created, the musical avant-garde began questioning the value of traditional musical instruments.
Given the ability to inscribe natural sounds, researchers immediately posited the possibility of
creating altogether new sounds, by working backwards from synthetic inscriptions (Kahn). It is
difficult to determine if the thereto slow development of musical instruments was due to
technological limitations or to the strength of tradition, but it is interesting to note that the notion of
synthesis, of the artificial creation of any sound, was born as soon as sound could be written, and, in

its turn, began the fomentation of a revolution in the art of music making.

By the turn of the century, artists were clamoring for the creation of new breeds of instruments. In a
1916 statement composer Edgard Varese declares, "Our musical alphabet must be enriched. We also
need new instruments very badly" (Holmes, 131). This sentiment perhaps finds its strongest
expression in "The Art of Noises", the 1913 manifesto of Varese's Italian friend, the Futurist Luigi
Russolo. After some brief introductory remarks, the manifesto boldly proclaims, "Ancient life was
all silence. In the 1g9th Century, with the invention of machines, Noise was born. Today, Noise is
triumphant and reigns sovereign over the sensibility of men." (Russolo, 23). The manifesto goes on
to briefly describe the development of aural aesthetics beginning with a look at the Greeks. "Their
musical theory, mathematically systematized by Pythagoras, admitted only a few consonant
intervals" (ibid.). Russolo tells us that the Greeks only knew limited melodic relationships and that
an understanding of harmony developed in the Middle Ages. As musical understanding grew, it

remained limited to the combination of pitches in chords, and eventually to the combination of



timbres of various instruments. This mode of working continued throughout the 1gth century, and
although its complexity was greatly developed, Russolo felt that it still fell short. He wanted to tackle
new possibilities, "We must break out of this limited circle of sounds and conquer the infinite

variety of noise sounds" (ibid., 25).

Technological advancements of the Industrial Age brought forth new possibilities in the production
and reproduction of sound, and Russolo thought that these new arenas must be incorporated into the
realm of music. Drawing on the work of Chladni and others, Russolo gave a detailed exposition on
the physics of sound, and, using this knowledge, he decided to create a new breed of instruments,
the intonarumori (ibid., 39). These devices, capable of reproducing sounds of nature as well as those
of machines, were combined into noise orchestras, and the first performances of what has come to
be called musique concréte were given. This "coordination of the chaos of noise in life", Russolo tells
us, "constitutes our new acoustical pleasure, capable of truly stirring our nerves, of deeply moving

our soul, and of multiplying a hundred-fold the rhythm of our life" (ibid., 87).

In a sense the tonal music theory that developed during the Middle Ages determined the very
conditions of composition. A system had been developed that, for lack of any objective validation,
'sounded good'. It was expected of composers to follow this system and, within its cozy confines,
make beautiful music. Although there was a lot of room for development in tonal music, requisite

rules for the conditions of what could be 'good' were finally articulated.

The year of the publication of Russolo's manifesto also saw the premiere of Igor Stravinsky's "The
Rite of Spring". Although Stravinsky fervently denies the ascription of "revolutionary”, his work

shocked audiences and was, in fact, met with near riot (Stravinsky, 10). While the Futurists were



busily unraveling accepted notions of instrumentation, composers like Stravinsky began challenging
the claims and demands of tonal music theory. As Western tonal music seemed to reach a
comprehensive summit, it was dismantled by the atonal, or rather anti-tonal, methods of the avant-

garde (Stravinsky, 38).

The admission of atonal intervals into academic composition was quickly augmented by the addition
of methodical, if not yet mechanical, processes. The practice of Serialism began, and composition
became shackled to the rules of arbitrary systems. Although it can be argued that all rules regarding
composition are arbitrary, the ideas behind tonal music evolved slowly and were developed, one
could say, empirically. Admitting a co-causality, with rules determining what people like and
people's tasted determining rules, tonal theory was the result of a long enough tradition that it
seemed to work. Now, however, the conditions of composition were being created arbitrarily,
through the establishment of systems which would then be methodically explored. The artist is still

deeply engaged, but his will is now confined by mechanistic systems.

While mechanical reproduction redefines the political economy of the experience of music through
the distribution of duplicated recordings, the processes of music composition are also beginning to
explore automation. The role of the composer begins to change: his participation in the actual
writing of music gradually starts to shrink. Various aesthetic considerations give way to systematic
procedure. At last, with the chance compositions of John Cage, we witness the pinnacle of this trend.
All decisions are left to the whimsy of chance, and the composer finally becomes removed from the
actual process of composition. However, this does not yet signify a complete removal of the

composing subject, for in fact the composer's task has merely shifted. Rather than working through a



prescribed process, whether tonal or otherwise, the composer now determines the process itself,

with the compositional procedures within the process handed over to indeterminacy.

Not satisfied with chance operations, Cage goes further and insists that any and all sounds are
musical, that "one may give up the desire to control sound, clear his mind of music, and set about
discovering means to let sounds be themselves" (Cage, 10). Thus, we witness a complete removal of
the composer. In his essay, "Postmodernism and the Consumer Society”, Frederic Jameson
stipulates the post-structuralist removal of the unique individual as a premise of the postmodern
condition (Foster, 131). While Cage was seeking the admission of all sounds into the musical canon
on pseudo-Buddhist grounds, Jameson describes the impossibility of innovation on the part of our
contemporaries, as the whole modern tradition "weighs like a nightmare on the brains of the living"
(ibid., 132). Jameson tells us culture must turn to pastiche, to "parody that has lost its sense of
humor", as it tries to invent new forms (ibid., 131). Cage, on the other hand, writes that we should get
our will out of the way and let the natural world bring us new music on its own. Both suggest a lack of
the possibility of originality on the part of a human subject. Thus we have the beginnings of a new

crisis, one that demands not new sounds, but rather new modes of originality.

MaCHINES

Jacques Attali concludes his treatise on the political economy of sound, "Noise", with a demand for
the reinvention of composition, for the creation of what is no longer merely "a new music, but a new
way of making music" (Attali, 134,). He argues that new methods of musical creation are "the only
dimension permitting the escape from ritual dictatorship, the illusion of representation, and the

silence of repetition" (ibid.). Attali fails to specify how this new composition is to take place, but



hints that it involves the physical body more than the trained intellect (ibid., 143). In addition, he

suggests that new tools might be made that allow people without musical training to create music.

At the time of the publication of "Noise" (1 977) research into computer assisted music analysis and
composition was already well underway (Miranda, 16). Over the last few decades, Artificial
Intelligence techniques have been used to analyze harmony, to examine tabla drumming, to generate
music of a given style, to play along and interact in real-time with a human performer (ibid.). All this
suggests the possibility of new modes of composing, modes that slough the burden of theory onto the
computer, that eschew the need for repetitive muscle training, that allow any individual to
participate in the act of music making. The question remains whether these techniques lead to a
liberation of the human voice, or if they constitute a continued domination of the systems of
repetition, of "sameness and separation” (Debord). I would like to suggest that the sort of Al used is

a pivotal feature of this deliberation.

The birth of Al research is difficult to fix in time, as this depends on what exactly one is willing to call
Al. In fact, researchers quip that as soon as a problem is solvable by machines, it ceases to be
referred to as a problem requiring intelligence. Without delving into these issues too deeply, the
general consensus seems to place the beginnings of Al in the 194.0's (Miranda, 2). For the first four
or five decades, research in the field proceeded from the basic assumption that representation was
of primary importance (Brooks, 79). That is to say, it was believed that a computer must make and
maintain an internal model of the world, or, more broadly, of its problem-space. Facts about the
world were turned into symbols which could then be manipulated with various rule sets, from

predicate calculus to recursive grammars.
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Research in music Al largely followed this trajectory as well. For instance, the rules of western tonal
theory were encoded in a grammar that could then be used to analyze compositions (Miranda, 17).
Similarly, grammars were used to compose music, to improvise in a given style. Now, while these
systems were in fact capable of creating some new music, it is quite clear how dependent they are on
the explicit codes defined by their programmers and by existing beliefs about what music should
sound like, how it should behave. For Attali, composition is "a labor on sounds, without grammar,
without directing thought" (Attali, 143). Although he admits the creation of new codes and the
participation in the codes created spontaneously by others, he condemns repetition within codes
already prescribed by the status quo. From this, it follows that symbolic AI would be somewhat

suspect in Attali's view, that it falls short of any possibility of liberation.

In his "Creative Evolution", Henri Bergson quite astutely points out the limits of our cognitive
capacities. Given our existence within this world and given the evolution of our cognition inside this
physical framework, our very way of thinking cannot grasp the metaphysical, cannot think beyond
itself. Like with Wittgenstein's critique of language, we run into the unsayable and, thus, the
unthinkable. Arguably, these epistemological limits further suggest the limits of symbolic Al. As
detractors of Al point out, the optimism of early research quickly ran aground as the complexity of

real-world problems resisted Al's methods.

However, in recent years, a number of non-symbolic approaches have emerged and have fared much
better at certain types of problems than earlier symbolic attempts. In the 1980's Rodney Brooks
began research that eliminated the representation layer and linked perception directly to actuation.
Although his research initially met with a great deal of skepticism, in the end it proved quite

successful (Brooks, 79).
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Another non-symbolic approach to intelligence was the development of artificial neural networks,
beginning with the research of McCulloch and Pitts back in the 194.0's (Miranda, 47). These proved
quite adept at some types of problems, pattern recognition for instance, but were initially only
developed for use in the perception layer of Al software. Recently, however, there has been a
resurgence in the use of this "connectionist” approach, with success no longer limited to problems

of perception, but also those of locomotion, of navigation, of prediction and response.

A still more recent approach has been the development of bio-mimetic swarm systems, which
attempt to tackle problems through the interaction of numerous simple units. The hope here is that,
as in colonies of insects, sophisticated behavior can arise from the cooperation of relatively
unintelligent parts. Like with neural networks, the ability of the system resides in the connections

and communications of numerous nodes.

These contemporary approaches have some very compelling features, features that we also find in
the brains of animals. They can solve problems "all-at-once" with massive parallel processing, they
can learn and adapt, they can generalize, their memory and computation is non-localized, resulting
in high-fault tolerance. However, in this discussion the critical feature of non-symbolic approaches
is their ability to supercede the intelligence of their makers. This is, of course, a bold claim, and as
such it should be understood only in a very precise sense. The solutions arrived at by connectionist
and swarm systems reside in the system and cannot be represented or recreated symbolically.
Language cannot be used to distil or convey their methods, and thus their solutions cannot be

thought.
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What all this means for music is currently the subject of a large body of research (Griffith and Todd).
Many recent efforts focus on using connectionist techniques to conquer classical problems of
perception and classification. Others attempt to model and emulate the human perception of sound.
Almost all of the approaches seek to solve specific problems, and perhaps this is not the ideal route

for creative endeavor.

While Baudrillard points out the frightening implications of a society caught up in an "ecstasy of
communication”, an "era of networks, [...] the narcissistic and protean era of connections, contact,
contiguity, feedback and generalized interface” (Foster, 146), perhaps the connectionist model can
also provide a new creative force, a new possibility in music making. Attali in fact calls for "a
profound mutation, delocalized and diffuse, that fundamentally changes the code of social
production” (Attali, 146), and perhaps the non-symbolic features inherent in a delocalized and
diffuse Al network can provide this mutation. In the arts we are indeed beginning to witness the use
of network and multi-agent techniques. However, unlike the aforementioned efforts of science,

these follow a mode of inquiry closer to play than to research.

PTECEDENTS

There is today a fairly large body of art that relies on distributed, multi-agent systems. These range
from primitive flocking simulations through artificial worlds inhabited by virtual creatures to
neural-network controlled drawing software. The connectionist systems involved may result in
graphic patterns, in sounds, or, more directly, in populations of creatures with seemingly
meaningful behaviors. Below, I describe a few recent works that most closely match the methods and

aims of Tue Ecstasy oF COMMUNICATION.
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The piece PeriTE TERRE by David Rokeby and Erik Samakh (1992) presents the viewer with a small,
circular environment covered with foliage. Speakers are situated under the plants and emit sounds
triggered by software inhabitants that communicate with each other. The inter-creature interaction
here is done entirely in software, but the viewer is presented with an audio artifact arising from this
communication. As a viewer approaches the piece, sensors cause the software to emit brief sounds of
escape and then fall silent. If motion around the piece has subsided for a sufficient duration, its

inhabitants again begin their sound making.

Relying more on interactive hardware than software, Simon Penny and Jemieson Schulte
collaborated on SYMPATHETIC SENTIENCE (1995), an installation consisting of twelve electronic sound
machines arranged in a circular pattern. The machines communicate with one another via infrared
and pass data along the circle, propagating their acoustic behavior. Data transfer only occurs in one
direction and only along successive nodes. The resultant sounds gain complexity as the data
continues to circle, but arrive at an equilibrium that neither falls silent nor becomes fully saturated,
exhibiting "recognizable, but not predictable, patterning” (Penny). Here the user can also silence

the piece, by interrupting the IR beam between any two nodes.

Ken Rinaldo's Autororgsts (2000) also consists of a group of sound making nodes. Here, however,
the nodes use DTMF tones to communicate. The pitch of the tones expresses a given node's
excitement. Furthermore, the nodes are equipped with IR sensors that detect the presence of
people, and here tones are also used to communicate this presence to other nodes. Adding
interactive kinetics to the piece, the nodes in this piece are robotic arms that bend and move toward

people, while simultaneously maintaining a preset distance.
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All of these works bear a number of similarities to Tt Ecstasy or ComMUuNIcaTION, but none of them
references the human nervous system as directly. Communication is a significant feature of all of the
pieces, but their focus leans more toward the behaviors that emerge from the communication rather
than the communication itself. The emergent behavior of Tae Ecstasy or ComMUNICATION is certainly
a significant part of the viewer's experience, but the communication that creates this behavior is

brought to the fore.

BacKGrounb

My work with cyclical sound generation combined with my interest in sound's manifestation in and
movement through space led to the development of the 2003 piece Para[site], created in
collaboration with Osman Kahn. This piece consisted of some twenty autonomous noise-making
devices that were to be distributed throughout a given site. Each device made a tapping sound using a
solenoid controlled by a simple timing circuit set to one of a handful of tapping periods. Thus, a
number of machines used the same period, but there was no other provision for synchronization. As
the piece played, taps would drift in and out of phase, creating an amorphous field of polyrhythms

coagulating and dissolving as they drifted around the installation space.

The patterns produced were certainly interesting, but the piece begged the question: what if the
machines could dynamically synchronize or in some other way respond to each other. By virtue of
emergent patterns, it would often seem that the machines were communicating. It was therefore very
compelling to enable them to actually communicate. This simple question led to a year-long
exploration that finally resulted the piece THE Ecstasy or ComMmuNIcaTION presented here. Below is

an attempt to provide a thorough account of the piece, beginning with the motivation behind its
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inception and development, explaining the final manifestation, and finally situating the work in a

theoretical context.

CONnecTinG

The first, and perhaps most obvious, method of connecting the units was a master/slave relationship
realized through a simple electrical connection. A master unit would toggle slave units, so that the
activation of their tapping period would in turn be subject to a slower period of a higher order. This
method was deployed in the 2003 installation ConTiNuous INsTRUMENTS, where it successfully

enriched the space of aural possibility, imbuing the piece with wider sonic variation.

This master/slave methodology could certainly have been explored further, but it seemed that a more
distributed networking model could vastly intensify the variability of the sound experience. After
considering more sophisticated electrical as well as optical internodal coupling, it seemed most
interesting to use sound itself as the control mechanism, as the network substrate. This avenue
shifted the focus from the individual units to their interaction; their very communication became
the subject of the work. The network would now create the aural experience directly while
simultaneously embodying the field of communication controlling the sounds created by nodes in

the system.

As focus shifted to the network itself, ideas borrowed from Artificial Intelligence research regarding
neural networks became a new guiding principle. Theoretical investigations considered the role of
AT networks in music making, while models used in Computational Neuroscience were used as a
basis for node design. This shift toward intelligence emulation and biological modeling in turn

began to influence aesthetic decisions; the pieces wanted to become more lifelike, and to blur
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boundaries between the organic and the machinic. Furthermore, by being audio controlled the
system would become subject to human influence, and the possibility of interaction with viewers

also came to bear on the aesthetics of the work.

Harpware

The new sound network model necessitated the development of a new hardware platform that was
capable of audio input and output along with programmable decision making based on its input.
Furthermore the resultant mechanism had to be cheap and easy to replicate as well as small and easy

to distribute.

The hardware used in the installation is built around an Atmel AVR 2313 4Mhz RISC microcontroller
embedded in a custom-made PCB. This rather inexpensive 20-pin chip enables each device to sense
electrical inputs, emit outputs, and make fairly sophisticated decisions in between. Control logic is
written in G and programmed into the on-chip FLASH memory, allowing rapid prototyping and
efficient final fine-tuning. Input to the AVR comes from a tiny condenser microphone, amplified by
a 741 op-amp. Audio output comes from a high-gain amp based around a 386 chip. The AVR
produces a square wave in software, and this is routed through the 386 amp to an output speaker. In
addition, the AVR modulates a series of LEDs, which serve to indicate the state of a given unit.
Finally, a potentiometer controls a reference voltage against which incoming audio amplitude can be

measured. [ see appendiz: A, fig.1 and appendiz: B ]

SOFTWare

The behavior of the units was based primarily on the binary-threshold neuron model, with a few

elaborations added to enhance the aesthetic experience of the final piece. In the binary-threshold
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model, each neuron can either be emitting an output or not. The output is triggered when inputs into
the neuron exceed a predetermined threshold. Here the threshold is twofold; a hardware threshold
determines the amplitude at which the software receives a trigger signal, and a software threshold
determines how many such triggers are necessary before an output occurs. An initialization routine
randomly determines the number of triggers necessary for the unit to fire as well as the integer
multiple of a base frequency that the unit will use for its sound making. This way, each node selects

basic behavior parameters from a handful of available choices.

When the software receives a trigger, it emits a short chirp (insufficient to trigger other units),
measures the time between successive triggers, and goes into a brief delay state, the duration of
which is based inversely on the successive trigger time. Thus, if a unit is triggered rarely, the delay
will be instantaneous. If, however, a trigger rapidly follows another, the delay will be longer. This
feature results in a per-node self-attenuation (akin to that found in actual neurons), which helps
prevent the whole system from going into a state of feedback-induced saturation. Furthermore, each
unit stops responding to audio inputs during this stage in order to prevent multiple triggers from the

wavetrain of a single audio event.

After the post-trigger delay, the software determines if a sufficient number of inputs have arrived to
trigger the output stage. If the trigger threshold has not been reached, the unit simply returns to its
listening state. If, however, the threshold has been reached, the unit begins the sound emission
stage. The unit quickly sweeps through a wide frequency range, and then emits a tone, a square wave,
at the frequency set during initialization. A clock-based random decision potentially causes

subsequent frequency sweeps. In terms of duration, the pre-set frequency dominates, and the
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sweeps are added to create somewhat more interesting behavior in the individual nodes. Finally,

after emitting its sound, the unit returns to the original listening state.

Natural neurons may on occasion self-trigger, and this feature is implemented here as well. If a
minute has elapsed between successive triggers, a unit will reset its threshold count, its trigger
threshold, as well as its emission frequency, and then trigger itself. Thus, the system is never in
danger of reaching a state of complete silence, and the network reconfigures itself dynamically when

anode spends too much time in a silent state.

Although this basic model pervades all of the nodes built for the installation, a number of software
variations were introduced to enrich the behavior of the system, and to enhance the perception of
life-like agency in individual nodes. A number of nodes respond almost immediately to input,
without counting triggers. Some nodes slowly tic off their post-trigger delay, emitting short
transient clicks thereby introducing a percussive element to the system. Still others sweep wildly

across frequencies, intensifying the auditory experience with an atonal urgency.

In order to help the viewer identify the source of sounds as well as the state of individual nodes, each
unit also provides visual cues with built-in LEDs. Frequency modulation of two LEDs of different
colors allows a gradual shift in the overall color of a unit. Furthermore, the overall pulsing frequency
is used to display how close a unit is to firing, that is how many more trigger inputs are needed to
make it fire. A unit begins by flashing slowly, with one color dominating. The speed of this flashing
increases, and the color begins to shift as triggers are received. Finally, a different LED lights up to
show that the unit is firing. Again, some color and flashing variations have been introduced, to

further encourage the viewer's anthropomorphisizing projection onto individual units.
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SKIN

A great deal of media art intentionally flaunts its infrastructure, all of the mechanics and electronics
responsible for the artwork's operation. For instance, much of the work of Alan Rath, Simon Penny,
or Ken Rinaldo leaves wires exposed, machine parts in plain view, and circuitry on display. Even the
more organic pieces of artists like Rebecca Horn often make technology an obvious and visible part
of the piece. In this field there is a great deal of infatuation with technology itself, and a lot of the
work in fact seems to depend on revealing its technological workings. One of the aims of THE EcsTasy
oF COMMUNICATION was to step away from this mode of working, and create a piece in which the
technology remained largely hidden. Although the sounds and lights emitted by the piece are still
characteristically electronic, the pieces are housed in ceramic shells which mask the circuitry and

allow for a more organic reading. [ see appendiz: A, fig.2 ]

The design of the shells plays with this confusion of organism and artifice on several levels. The
pieces were hand-finished, but a mold created from a 3d print was used to achieve an overall unity of
form. The slits along the perimeter are functional, in that they channel the sound coming into and
out of the pieces, and yet they lend a decorative feel to the pieces, simultaneously evoking an aquatic,
animal look. The shells are made out of clay, an earthy, one could say primitive, material. Their
design, however, took place entirely in software, and the resultant surface tessellation was

intentionally left intact.

Furthermore the pieces look familiar, like something one might find in the deep sea, yet their

hovering disposition, their bloated girth, give them an almost threatening, alien poise. They are
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something we can feel accustomed to, while still evoking a sense of something strange, unearthly, in

the sense of being man-made, futuristic, or perhaps not quite terrestrial.

INSTaLLaTION

When installed, the pieces are suspended from thin, clear monofilament threads, hanging at a level
just above a viewer's ears. [ see appendiz: 4, fig.3 and fig.4 ] This placement accentuates the perception
of the movement of sound throughout the network. Furthermore, it confronts the viewer most
directly, by allowing him or her to walk among the pieces, to be surrounded by them. Rather than
observing them from above, the viewer is placed on the machines' level and is thus included in their
interaction. Communication flows between the nodes, but a viewer also becomes a node, and can,
indeed, also trigger an auditory response. Finally, the suspension allows the nodes to rotate and
direct their hearing and sounding apparatus, thereby potentially altering the network topology as the

installation runs.

The pieces are a stark, matte white, and they are hung against white walls. Subdued ambient light is
allowed to wash over the pieces and the walls. This intensifies their hovering quality, making them
seem more ethereal, imbued with a stranger potential. Flashes of color emitting through the sound

slits stand out in the whiteness and aid in sound localization.

srmuraTion

During the course of developing the installation, several software simulations were also created. [ see
appendizx: A, ﬁg. 5 and fig.6 1 Written in the Processing programming environment, the simulations
tested the overall effects of various system features like individual node behaviors, node layout,

population size, and audio volume on the system as a whole. It was interesting and informative to see
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the disparity between behavior simulated in software and that displayed by the physical system.

Finally, it was possible to project the behavior of the system on a scale only feasible in software.

ANALYSIS

Inspired by the considerations outlined above, my project, THE Ecstasy or CoMMUNICATION, seeks to
satisfy, or at least further fuel, the desire for new modes of composition using a playful conflation of
neural network and swarm intelligence. Consisting of a group of individual agents, networked
together with sound, THE Ecstasy or ComMmunicarioN creates the conditions for automated,

unpredictable, interactive sound production.

As its network protocol relies only on sound, all of the nodes in Tut Ecstasy or CoMMUNICATION are
potentially interconnected. It thus resembles a Hopfield Net in neural network terms. The total
interconnectivity is, however, only potential, since sound dies away with distance, and thus so do the
internodal connections. A neural network is dependent on weights assigned to these connections,
and here the weights are determined by physical proximity and other factors affecting audibility.
This of course brings up the question if, despite its conceptual similarity to neural nets, Tue Ecstasy
oF CoMMUNICATION is, strictly speaking, a neural net. When running freely, Tur Ecstasy or
CoMmMunIcaTION has no method of altering the signal strength between nodes, but this condition can
be modified by the physical arrangement of the nodes. Thus, weight relationships can be modified,
but only from outside the system. Furthermore, the weights must follow the limits of physical space.
For instance, if a node B lies between two nodes A and C, and all three nodes are in a vast empty
space, the connection between A and B must always be stronger than that between A and C. This
geometric restriction is likely to have consequences with regard to possible information that the net

can store or process.
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TuE Ecstasy or CommunicaTIOoN produces swarm intelligence in that it is a collection of independent,
simple units which through their interaction give rise to phenomena beyond the computational
ability of the individuals. However, as the system runs, the nodes are frozen in space and their

interaction is its only product. That is, no behavior results beyond the internodal communication.

The aesthetic significance of a system like THE Ecstasy or CommuNIcaTION is manifold. The role of
the composer is radically altered from a traditional conception. The system is open to chance and to
environmental perturbations. Notions of determinism, of agency, of intensity, of intelligence are

complicated and questioned.

If, in fact, our postmodern condition precludes the original individual, THE Ecstasy or
CoMmMuNICATION presents and comments on this removal in a threefold manner. There is a removal
of the composing subject, a collection of distributed subjects, and finally, the neural emulation of a

subject.

The creating subject is removed from the act of composition. A process is created, programmed and
placed, and the results are difficult to predict. The composer must now act intuitively, playfully, with
the constant possibility of surprise. His work moves away from the realm of extensive properties like
magnitude, and begins dealing with what Deleuze calls the "intensive", properties like temperature
that inhere in and are coextensive with matter (DelLanda). Deleuze borrows this term from
thermodynamics, and returning to previously noted terminology, the Hopfield Net is a
thermodynamic model. As Manuel Delanda notes, with this sort of composition, one must deal with

abstract body-plans, with "pure connectivities" (ibid.). Furthermore, one is forced to follow the
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system's behavior, to work like an artisan "who follows the wood, the fibers of the wood" (Deleuze,

409). One can exert will, but only in cooperation with the matter being worked.

In keeping with the swarm intelligence discussion above and with Baudrillard's characterization of
contemporary culture as one of mindless units in a desperate web of transmission and reception,
TuE Ecstasy or ComMUNICATION can be taken to signify a collection of agents, a population, heaving
in the throes of its ecstatic communication. We see the worth of the individual recede into obscurity
as the interconnectedness overwhelms us, as the very method of communication becomes deafening

to the viewer's ear.

Finally, by suggesting through its connected function and its organic form an emulation of the
human mind, THE Ecstasy or CoMMUNICATION toys with and questions contemporary approaches to
and understandings of intelligence. Is consciousness merely an illusion generated in our minds
from perfectly mechanistic, deterministic interactions? Does consciousness merely imagine itself?

Is there, as John Searle suggests, a vital suchness, a "way it is like" to be conscious?

The Ecstasy or CoMMUNICATION system responds to an outside sound with a cascade of inner
interactions. On the neural level, this in some way simulates the act of hearing. Perhaps this can be
drawn out in its phenomenological implications? In a way reminiscent of Cézanne's paintings of the

very act of seeing, here we are able to hear the act of hearing (Merleau—Ponty, 9).
PHYSICALITY
Throughout history, music theory concerned itself with sound in the abstract, with mathematical

relationships between frequencies or even with dogmatic claims about feelings, about destiny, about
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righteousness. Little consideration was given to sound with regard to its physical presence, its
relationship to a given space, its existence in the actual world. Furthermore, the notion of time was
considered, but only as a given, as the dimension along which music must always unfold. Perhaps the
generation of new music and new ideas about sound, requires a conceptual shift, away from sound in

the abstract, and toward sound in actuality.

With the 2002 installation entitled orsus, I began exploring sound as a phenomenon with a
spatiotemporal specificity, rather than an abstract entity existing outside of space and time. In this
project, a hemispherical mirrored dome is installed inconspicuously at a public site. The dome
records all environmental sounds that cross an amplitude threshold. Conversations, cars, and
footfalls are all recorded and stored in a database indexed by pitch. When orsus hears a sound, it also
uses this database to generate manipulated sounds in the same pitch category. Thus, the dome
appears to respond in kind to events in its vicinity. Another 2002 project, A SCREAMING, proposes a
synchronized horde of disposable digital playback devices designed to move massive volumes of
sound through a space. Finally, with roTa, a rotating speaker machine becomes translucent as it
spins, thus positioning audio along a line that is not just spatially continuous but also visually
indefinite. Like a differential in the calculus, the position of the speaker assembly is discrete at every
slice of time. However, our perception and our understanding lie in the limit; a series of points
combine to form a continuity, an infinity of positional possibility. These new endeavors deal not

only with sound, but also with the sound's distribution through social and architectural space.

As the sound artist Michael Brewster points out, "Sound has properties beyond its considerable
powers of evocation that are actual spatial physical things we can feel and locate with our ears,

sometimes with our bodies. Sound has physical size, actual dimensions in feet or meters, as well as

25



density, vibrancy, rhythms and textures" (LaBelle and Roden, 101). If we consider sound vis-a-vis
its physicality, two facts are brought to the foreground. The perception of sound is affected by space,

and the perception of space is affected by sound.

By definition, all sound is physically located, exists in a space. The space itself can be thought of as
an instrument, shaping, dampening, echoing the sound. The shape of matter in the space, or the
negative-space of the matter, along with the materials that make up the matter serve to modify
sound. The 1970 piece "I am Sitting in a Room" by Alvin Lucier is a striking reminder of the
importance of these factors. Lucier records himself speaking in a small room. The recording is
played back to the room and recorded through a microphone onto another machine. This process is
repeated over and over, until the resonant frequencies of the room dominate the recording to the

point of complete unintelligibility.

The above-mentioned piece Para[siTe] consisted of a small horde of miniature instruments
installed into human-built space. Each machine relied on a substrate, a feature of its location, for its
noise-making. That is, although each machine was equipped with a mechanical actuator, it had no
resonant body of its own. Thus, the devices had to be paired with elements of their environment to
actually produce sounds of appreciable volume. The shape of the space, the machines' distribution
in space, the materials involved all played a fundamental role in the perception of sounds emitted.
Simultaneously, the distributed ticking of the devices called attention to the shape of the space, to
the materials of the building, to the feelings induced by mass, scale, light, to the clay, as it were, of
architecture. Thus we clearly see the codetermination, with space affecting our perception of sound,

and sound affecting our perception of space.
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Tue Ecstasy or ComMunicaTION further complicates this dialogue with the addition of internodal
communication and with the added susceptibility to environmental noise and to human interaction.
The nodes of Para[siTe] were completely autonomous, and thus the patterns of their sound activity
were not influenced by their location or their proximity to one another. The addition of hearing and
decision making in THE Ecstasy or CoMMUNICATION exacerbates the interaction with space. The
distribution of the units, the shape of the space, the resonant qualities of surrounding materials all
serve to influence the sonic patterns that emerge. Finally, because THE Ecstasy oF CoMMUNICATION
network is purely sonic, noise from the environment and the people in it also have a significant

impact on the sound produced.

The temporal features of The Ecstasy of Communication also constitute a theoretical departure from
traditional music making. In one mode, the internodal communication takes place on a human
scale, with humanly intelligible speed. At this rate, we might see a sort of emergent behavior
reminiscent of birds singing or frogs croaking. The occurrence frequency of signal emission is, in
part, determined by the proximity of people and other nodes, so the patterns created by the piece
have a great deal to do with the spatial disposition of its parts. Thus, we have a generative
compositional system, with predictable and unpredictable features, with a dependence on people,

on environment, with a moldable, almost fluid nature.

In another mode, the network runs at a speed too high for humans to discern. The result is a
synthetic wash of sound, the spectrum of which is, again, determined by spatial distribution and
environmental makeup. Although in the rustling of leaves, in the shattering of glass we do hear the
natural, physical antecedents to this sort of sound generation, it is only through recent advances in

microprocessor technology that we have been able to create and control myriads of small sonic
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grains, to engage in granular synthesis. In this regard, THE Ecstasy oF CoMMUNICATION returns to

answer the pleas for new sounds of a century ago.

concrusion

In sum, the interaction between the nodes and between people and the system as a whole proved
quite satisfying. The sonic quality of the piece was limited by the hardware used, and perhaps this
could be improved upon by using more sophisticated hardware for both sound generation and
reception. Frequency discrimination could allow for more interesting interaction, while a better

synthesis engine could help the piece feel still more organic.

The use of a network as a method of composition seems quite promising. Performing this entirely in
software opens up the possibility of scale not feasible with hardware. A very large number of nodes
can be used to create rich textures and cascades of notes. The hardware path, on the other hand,

introduces analog non-linearities that can lead to less predictable and less static behavior.

In general, this mode of working has great potential as a method of exploring the movement of sound

in space and time and as a method of composition through the creation and coaxing of a non-linear

generative system.
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