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Rivera, Philip Andrew.  Rete Mirabile: An Installation

Rete Mirabile is my new installation piece combining scientific principles with live 

computer generated music.  The title is a Latin term meaning “Wonderful Net,” which I 

use to refer to the highly convoluted network of biological data that drives my 

installation. The sonification of data, computer modeling of biological processes, kinetic 

sculptures, and user interactivity are central parts of the installation.   

. Master of Music 

(Composition), August 2009, 49 pp., 13 figures, references, 26 titles. 

The paper is organized as follows: First, brief history of the forerunners that 

inspired my work is given.  This includes a short discussion on how John Cage and 

David Tudor influenced current artists works, and how those works have influenced my 

own work. Then I review current installation works that share similarities with my own.  

Finally, a detailed discussion and analysis of the construction and function concludes 

the paper. 
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INTRODUCTION 

Currently, many new and exciting things are happening in the world of intermedia 

art.  Since the early to mid twentieth century, artists from a variety of disciplines have 

displayed a greater willingness to make connections with other artist in unrelated fields.  

Collaborations between artists, scientists, and engineers are commonplace these days, 

especially since the technological revolution of the early eighties ushered the personal 

computer into our daily lives.  Installation art in particular has benefited greatly from the 

interactive capabilities provided by increasingly affordable computer technology.  

Software technologies have kept pace as well, with programs like Max/MSP and Pure 

Data making audio and graphics processing uncomplicated enough for those untrained 

in computer science and engineering. 

Building on this new intermedia tradition, my thesis project entitled Rete Mirabile 

is a new installation piece combining scientific principles with live computer generated 

music.  Rete mirabile is a Latin term meaning “Wonderful Net.”  In anatomy, the term 

refers to the intricate portal venous systems that exist in several places in the 

mammalian body. These thousands of very fine blood vessels transport hormone 

messages and nutrients between vital organ systems.  I use it to refer to the highly 

convoluted network of biological data that drives my installation.   

Rete Mirabile models single celled organisms in a virtual space.  These 

organisms interact with spectral data from sounds provided by visitors to the installation, 

causing them to change over time.  The spectral data is then resynthesized and played 

back to the visitor so that he or she may reflect on the organisms and processes acting 
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on their input.  I would like to explore what new possible sonic landscapes can be 

generated through the interactions between individuals and the model.   

Before delving into how the installation functions and the work that went into 

making it, I would first like to give it some historical context.  While Rete Mirabile does 

not specifically attempt to emulate any one past mode of composition, it has been 

influenced by other artists’ work.   

Beginnings in Cage 

Most modern composers are able to trace at least some aspect of their work 

back to the work of John Cage.  Though there were certainly many progressive artists 

before him, Cage is still one of the best known in the field of experimental music.  Born 

in 1912, Cage directly experienced the wave of technological revolutions that were 

developed during the World Wars.  The advent of audio recording and the record 

industry changed the dynamics of music making.  While other musicians clung to old 

modes of composition, Cage fully understood the non-pop composer’s new place as an 

innovator rather than an entertainer (Broyles 2004, 176).  Having “no ear for harmony,” 

Cage focused first on writing for unpitched percussion.   Works like First Construction in 

Metal displayed his ability to organize unique sounds in time. 

Eventually, Cage’s experimentation led him to embrace electronic sources of 

sound.  While living in Seattle, Cage experimented with turntables at The Cornish 

School’s radio station.  He found that he could vary the pitch of test tone records, and 

produce rhythm by periodically lifting the needle from the record’s surface.  Building on 

his previous experience with percussion ensembles, Cage conceived Imaginary 

Landscapes I, a piece for live turntable, gong, and piano. This simple work may have 
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been one of the first of a genre we now call electroacoustic music.  Several other 

Imaginary Landscapes followed, including Imaginary Landscapes IV, a piece for twelve 

radios and twenty-four performers.   

Chance operations figured prominently in Cage’s work.  Broyles notes that 

Cage’s interest in chance operations came only after his conversion to Zen Buddhism 

and subsequent adoption of the I-Ching.  In Imaginary Landscapes IV, a very strict 

score generated through chance operations operates on site and time specific sounds 

as generated by radio receivers.  The interplay between fixed and variable parameters 

creates one-of-a-kind performances, a common goal for most of Cage’s work.  Whether 

he knew it or not at the time, works such as these would set the tone for many other 

artists working in the fledgling field of electronic music.   

Connections to Other Disciplines 

Arnold Schoenberg described John Cage as an “inventor of genius.”  This is 

really only a half-hearted complimentary gesture.  It implies that Cage is not a composer 

at all.  According to Michael Broyles, Cage wore this distinction as a badge of honor 

(Broyles 2004, 177).  He very consciously distinguished himself from the pre-war model 

of the avant-garde composer by renouncing traditional means of composition.  This 

naturally led him to explore other means of sound production and, ultimately, other 

forms of artistic expression.  

 In retrospect, elements of other media such as theater and dance have been 

present in even the earliest of his works.  Part of the genius of Construction in Metal I 

was the way in which Cage defied audience expectations. The percussion ensemble 

was far from being an established form at the time. The player’s appearance on stage 



4 

alone defied traditional conceptions of stage presence.  Their instruments were non-

traditional, and the increased physicality of their performance lent weight to the overall 

atmosphere of the performance.   

 Constant collaboration with Merce Cunningham illustrates his commitment to 

exploration in many media, though they do not imply a direct interest in creating 

integrated intermedia pieces.  Cage / Cunningham works were often composed and 

choreographed separately.  Sometimes, Cunningham would not even hear Cage’s 

music until the time of the performance (Broyles 2004, 178).  For the most part, their 

collaborations represented Cage’s interest in presenting ordered chaos in many forms.  

This is contrary to the way in which most recent intermedia works function.  They seek 

to form at the very least conceptual relationships between disparate media.   

 My own work seems to straddle a fine line between chaos and order.  On the one 

hand, Rete Mirabile resonates with the spirit of Cage.  The sounds generated are not 

determined, and timing of presentation is left out of my hands.  A strict set of rules 

defines how sounds are processesed, but by and large the content put in and pulled out 

of these processes is randomly determined.  This satisfies my desire to explore new 

sounds.  Rete Mirabile also seeks to utilize several media simultaneously, something 

Cage did with increasing frequency as he aged. 

 On the other hand, Rete Mirabile clearly breaks with Cage’s chaotic ideals, since 

it is meant to illuminate statistical relationships that unfold over time. Its presents as an 

integrated multimedia experience, where the senses work together to consolidate and 

digest the sonic structures generated by its computer model.  I believe this situates Rete 
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Mirabile as benefactor of Cage’s work, but not necessarily a direct descendant.  It has 

more in common with the work of David Tudor, as detailed below. 

Cage and Tudor 

In the early 1950’s an architect named Paul Williams set up the “Project for 

Magnetic Tape,” which provided a grant to composers John Cage, David Tudor, Earle 

Brown, and Louis and Bebe Barron to explore the possibility of composing for tape. 

Williams Mix is a four-minute piece comprised of short fragments of recordings 

painstakingly spliced together over the period of one year by Cage and his followers.   

David Tudor, while not actually one of Cage’s students, adapted what he learned 

from working with Cage on pieces like Williams Mix to produce some of the earliest 

installation art featuring sound as a central feature.  Before teaming up with Cage, 

Tudor had a successful career as a virtuoso pianist specializing in the very latest and 

the most difficult works for piano (Holzaepfel 2009).  After many years playing pieces 

written especially for him by composers such as Pierre Boulez, Karlheinz Stockhausen, 

Henry Cowell, and of course, John Cage, Tudor gave up playing the piano almost 

entirely in favor of writing his own music.  Tudor pioneered many novel ways to produce 

sound electronically.  Whereas Cage used electronics simply as they were, Tudor 

modified circuits or built them from scratch in order to modify the sounds they produced 

(Kostelanetz 1986, 218).   

In many ways, Tudor collaborated with Cage as an equal.  Often times Tudor 

would have to take Cage’s graphical scores and rewrite them as complex, traditionally 

notated working scores for performance.  This is a creative task in its own right.  

Ironically, it was Tudor’s experience with the mathematics of notation that led Cage to 
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abandon traditional notation in the first place (Kostelanetz 1986, 219).  Tudor was also 

instrumental in making Cage a success by giving convincing performances of Cage’s 

work.  Performances of Music of Changes in particular were some of the first specifically 

Tudor/Cage collaborations that set the precedent for all of their later work together 

(Dickson 1987, 82).   

Rainforest IV 

After working on some of Cage’s indeterminate music, Tudor came to the 

realization that he himself was acting the roles of both performer and composer 

(Dickson 1987, 84).  Finding even the densest piano scores from avant-garde 

composers across the globe unchallenging, Tudor decided that studying electronics 

theory and its application to music could potentially provide new challenges and open 

up new opportunities for making music.   

Beginning in 1968, Tudor composed a series of compositions entitled Rainforest.  

The first Rainforest was a collaboration between himself and choreographer Merce 

Cunningham.  Simple oscillatory sounds were played through transducers affixed to 

objects, which were then picked up by contact microphones and recorded.  The 

resulting sound-score was used as the musical backdrop to dance (Tudor 1988).   

The series culminated in the work Rainforest IV, which was presented as part of 

a workshop on electronic performance in Chocurua, New Hampshire in 1973 (Collins, 

2006, 40). Once again, transducers were affixed to objects that resonate, which are 

then recorded.  The difference between Rainforest I and Rainforest IV is that in the 

latter, the piece was performed live, and recordings made were amplified and replayed 

as they were made.  Larger, more resonant objects were suspended and dramatically 
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lit. The sounds that were pumped through these objects came from a sort of central 

control station manned by Tudor’s students.    

Subsequent performances of Rainforest IV were given, each involving a new 

crop of young electronic composers, who formed a loose collective called “Composers 

Inside Electronics”.  The piece was instrumental in providing a blueprint for future 

installation artists working in electronic media.  Paul DeMarinis, discussed below, 

worked on one performance of Rainforest IV.  Like many who were involved with the 

project, DeMarinis went on to apply his experiences with the piece in the forthcoming 

digital age of electronic music. 

When compared with Rainforest IV, similarities with Rete Mirabile begin to 

emerge.  Tudor’s use of electronic instruments, recordings, and sound modification 

clearly resonates with the methods Rete Mirabile employs to generate sound. Rete 

Mirabile also inhabits its space in a determined and stylized way that contributes to its 

overall character, much in the same way that Tudor’s suspended sounding objects did 

in Rainforest IV.  Rete Mirabile’s main points of departure from Rainforest IV are it’s use 

of digital technologies to produce sound, its independence from the need for trained or 

gifted performers, and it’s ability to routinely change over time without physical 

intervention.  I believe the latter is what really separates the new wave of installation 

artists from the old.  Works are designed to engage visitors as active participants, more 

so than in the past.  Whether this is an aesthetic trend, or just a natural outgrowth of the 

enhanced abilities digital technology affords is hard to determine.   
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COMPUTER MUSIC UTILIZING DATA MODELING 

Installation Art 

Modern Installation Art and Technology 

 Artists around the globe are adopting new technologies in many media to power 

their works.  Big name artists like Olafur Eliasson, Jannet Cardiff, and Pascal Dombis 

are all utilizing science and technology to create works that do more than just inhabit 

their space.  Their works are alive and constantly changing.  I have chosen to elaborate 

on a few works by Knowbotic Research and Paul DeMarinis to illustrate some of the 

trends currently dominating modern installation art.   

Knowbotic Research 

The group Knowbotic Research is comprised of three members (Yvonne 

Wilhelm, Christian Huebler, Alexander Tuchacek) who have dedicated themselves to 

intersecting technology, data, and art.  Their works are organized around knowbots, 

which can be described as computer algorithms that receive data as an input, and 

transform that data into sensory experiences as an output.  They are meant to be an 

intuitive means to compress and filter data into a form that can be investigated by the 

visiting public (Wilhelm 2009). 

IO_dencies 

Many of Knowbotic Research’s projects share similar aspects with my current 

project.  For instance, the works collectively known as IO_dencies took data collected 

from the urban centers in which they were performed to generate visual and auditory 

displays.  These displays were then viewed and acted upon by the very populations 

they modeled.  The data gathered is site specific, so public exhibitions which took place 
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in Tokyo, Sao Paulo, Ruhrgebiet Germany, and Venice reflect locally generated 

housing, economic, and vehicle traffic data.  These works were not only meant to 

provide a method of analyzing data, but also, “…to create events through which it 

becomes possible to rethink urban planning and construction” (Dietz 2002).  IO_dencies 

featured intuitive controls that allowed viewers to affect the way the visual presentation 

of the data.  In doing so, the works attempted to use data collected from an urban 

population to educate and potentially affect future development.  Knowbotic Research 

calls this a “data network,” or a cyclical flow of data and resulting action.   

 
Figure 1: IO_Dencies Screenshot from Exhibition in Tokyo (Wilhelm  2009) 

 

Dialogue With the Knowbotic South 

Dialogue With the Knowbotic South, first presented in 1994, was an installation 

utilizing public domain scientific data collected from research stations in Antarctica.  The 

data was collected every three hours, and then condensed by knowbots for display to 

visitors.  It featured several video projections of data that model different aspects of the 

local terrestrial and aquatic environments. Exhibited in many cities between 1994 and 
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1997, the piece featured interactive controls for manipulating data display, as well as a 

subsection of the exhibit that involved virtual reality, 3D goggles, and a controlling wand. 

This allowed visitors unprecedented immersion into the data, giving them the ability to 

literally sit in the middle of the data as a virtual environment.  Even the installation’s 

ambient air temperature was modulated according to readings from the south pole.  The 

data was also sonified.   

 
Figure 2:A User Interacting with Dialogue With the Knowbotic South (Wilhelm  2009) 

 

Inspiration for the piece came from a series of paintings by the seventeenth 

century painter Jan van Kessel. They illustrate scenes from lands remote to most 

Europeans of the time.  All show highly stylized scenes featuring very European settings 

and Roman architecture.  Kessel himself never left Europe, so his paintings reflect a 

European stereotype on what the rest of the world looked like.  These accounts arose 

from the writings of a few Europeans who had traveled to these continents.  Much in the 
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same way, the members of Knowbotic Research have created a highly stylized and 

abstract view of the Antarctic continent from data sent back by explorers and scientists, 

a continent that they have not personally experienced.  Their account flows from the 

data collected by others into their “computer-aided nature” (Grau 2003, 215). 

Knowbotic Research’s installations involve cutting edge technology and collaborations 

between computer scientists, electronics engineers, and companies providing 

hardware, resources, and grants.  Their work illustrates the continuing tradition of 

cooperation between artists working in new media and scientists and engineers. 

Paul DeMarinis 

Paul DeMarinis has been working in electronic media art since 1971.  Part artist, 

part inventor, most of his installations take existing technologies and extend them to 

create surreal machines of the future.  His aesthetic goals are well defined:  “My pieces 

deal, in part, with the way technologies mediate the relationship of people to their 

memories and to question the situation of technology in our lives, the mythos of 

technology” (Wilson 2002, 399).  DeMarinis worked with David Tudor in the mid 1970’s 

on the aforementioned piece Rainforest IV.  A formative experience, DeMarinis found 

that he enjoyed researching and building electronic devices that could produce novel 

sounds.   

A Byte at the Opera 

Early works like A Byte at the Opera ran in the same vein as Rainforest IV.  It 

featured elements of theater, as well as live electronic sounds.  In collaboration with 

sculptor Jim Pomeroy, DeMarinis created one of the first works to feature events driven 

by computer microcontrollers.  Together they created a rectangular staging area to 
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simulate the lunar surface.  DeMarinis sat in a lunar rover like apparatus with his KIM-1 

microcomputer – most watches these days have more computing power – which was 

programmed to generate pulses sent to loudspeakers.  These speakers were 

embedded in the stage’s surface and filled with dried beans, creating variable 

explosions of sound and motion at Demarinis command.  The stage was also modified 

during the course of the piece from underneath by Pomeroy (DeMarinis 2008).  Later 

works like Music Room / Faultless Jamming featured the Apple® II computer, which 

afforded a much greater depth of sound production than simple pulses.  These pieces 

represent a leap forward from pieces like Rainforest IV in that they were some of the 

first to use digital means of sound production over traditional analog techniques.   

Grey Matter: Utilizing Physical Properties of Matter 

DeMarinis’ installations usually revolve around one novel technology.  Prior to 

their construction, DeMarinis conducts intense research into the history of the central 

technologies involved each the installation.  His work entitled, Gray Matter, featured a 

phenomenon discovered by the 19th century American inventor Elisha Gray.  Gray 

found that when pulses of high voltage electricity are passed through the body by a 

special kind of harmonic generator into a zinc-lined bathtub, the resulting spark that 

crosses the gap between the fingers and the tub creates resonant sound.  In DeMarinis’ 

version, a large potential difference was set up in the room that alternates via an 

amplified recorded sound.  Persons interacting with the piece could generate sound by 

rubbing their knuckles along a large tub placed in the middle of a room.  Attached to the 

tub were wires that extend upward to a cello, which acted as a sounding board for the 

resulting vibrations.  Consequently, amplifiers or circuitry were unnecessary to produce 
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audible sound. The experience ends up being partially enlightening, and partially 

masochistic, since interacting with the installation involves a certain level of pain from 

the repeated electrical shocks (Demarinis 2008).   

The Messenger: a Voyeuristic Experience 

DeMarinis’ installations directly influenced on my own project.  Many of my initial 

ideas for the visual portions of my project were inspired by his installation titled The 

Messenger, which was performed in 1998 and revised in 2005.  Inspiration came from 

DeMarinis’ fascination with the newly burgeoning Internet as a means of 

communication.  His research into early attempts at electrical communication led him to 

an early method of telegraphy created by Don Francisco Salvá.  Salvá’s method 

employed many wires connecting one place to another, one wire for each letter of the 

alphabet.  Laden jars, which were an early form of a capacitor, held charge for each 

wire.  When released, an electrical impulse would travel down the wire and shock a 

servant at the other end, who would then shout out a letter assigned to him.  Later, the 

discovery that electricity could reanimate recently dead flesh led to the replacement of a 

servant with severed frogs legs. Each leg was labeled with letters.  In this way, simple 

messages could be painstakingly transmitted over large distances in a manner that is, in 

theory, very similar to how electronics communicate digitally today (DeMarinis 2008).  
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Figure 3:Electrolytic Jars used in The Messenger 

 

DeMarinis set up three complex telegraph receivers in a room, each utilizing a 

different means to alert the user of incoming information.  Telegraph messages were 

received by email and disseminated to one of the three telegraph systems for reading.  

In the center of the room were twenty-six ornate bowls, each suspended and fitted with 

a transducer.  The transducer for each letter would play a recording of persons of 

varying backgrounds saying a letter of the alphabet corresponding to the next letter of 

the telegraph.  The bowls would also impart their own physical properties to the sound, 

creating a reverb-like effect that further disembodied the letters.  On the left side of the 

gallery were twenty-six skeletons with alphabetically labeled ponchos suspended from 

mechanical poles.  These polls were activated by electrical solenoids, causing the 

skeletons to jump as if shocked.  On the right side of the gallery sat twenty-six 

electrolytic jars, each with a metal letter inside.  The jars illuminated from below with 

green light.  When letters were triggered, current was driven through the metal letter 
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inside, quickly tarnishing the plate through electroplating and emitting hydrogen gas 

from the electrolysis of water.  A reverse current de-plated the metal. 

This installation’s aesthetic mood has influenced my work significantly.  I found 

the electrolytic jars particularly interesting.  I saw jars as a possible means to 

communicate the data that drove the audio transformations in a visual manner.  In 

science, vessels are used as environmental microcosms for chemical reactions and for 

culturing organisms.  They provide relative isolation from the external environment so 

an experimenter can control and manipulate, much in the same way an installation artist 

might control or manipulate the environment of his or her installation.  I think The 

Messenger exemplifies the kind of approach to installation art I would like to emulate in 

future work.   
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SONIFICATION 

Introduction to Sonification 

Sound conveniently expresses certain kinds of data.  The character of sound is 

such that it can carry an enormous amount of data over long periods of time (Kramer 

1999).  Sonification, in its most general sense, is the method by which data sets are 

transformed into sound.  More specifically, Gregory Kramer defines it as, “…the 

transformation of data relations into perceived relations in an acoustic signal for the 

purposes of facilitating communication or interpretation.”  

Most people experience sonification every day without giving it a second thought.  

Whether it is the buzzer on a coffee pot, the customized ring-tone on a cell phone, or 

the toot of the car-horn behind on the way to work, sonification in its broadest sense 

operates continuously in the background of normal daily routine. Surprisingly, 

sonification has only recently come under serious academic study. It was not until 1997 

that an interdisciplinary group of researchers belonging to the International Community 

for Auditory Display authored a paper entitled “Sonification Report: Status of the Field 

and Research Agenda,” containing recommendations to the National Science 

Foundation for expanding research and development in the field of sonification 

(International Community for Auditory Display Editorial Committee and Co-Authors, 

1997). 

Sonification Versus Language and Music 

Systems of language and music by definition are not sonification, but it may be 

helpful to understand how they are related to sonification. Sonification functions on the 

principle that the relationships between sounds, realized in time and frequency space, 
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stand for abstract ideas, forms, and actions.  Language and music rely on similar 

principles, but unlike in sonification, there is a great deal of meaning that goes 

“unspoken” in language and music.  When dealing with the representation of 

information, the ambiguity that is associated with a mode of communication based on a 

shared cultural tradition becomes problematic.  Most of these non-explicit meanings are 

derived from convention.  For instance, the sentence “The cat can do that,” said with the 

highest pitch on the word “cat” makes the sentence declarative, whereas an upward 

inflection on the word “that” makes the sentence an interrogative, and yet another 

inflection might make the sentence exclamatory.  In other languages, these inflections 

might mean different things. Therefore, the sequence of words is ambiguous without an 

understanding of subtle idiosyncrasies that create language. In order for sonification to 

be able to communicate information accurately, it cannot suffer from this shortcoming.   

Advantages of Sonification 

The advantages of auditory abstraction of data include the ability to fit large 

amounts of data (high bandwidth) in a compressed format, the ability of a listener to 

maintain attention despite the movement of his or her body in a particular direction, the 

ability of a listener to immediately discern his or her spatial relationship to the sound, 

and the ability to monitor changes in data streams over long periods of time.  This can 

potentially free the listener from being confined to a visual display, and also allows the 

listener to interpret data in a broader, more all-encompassing manner.  An example 

might involve a motorcyclist.  Lets say this motorcyclist operates a motorcycle without a 

tachometer, which is a device that monitors engine rotations-per-minute.  How does the 

cyclist know when to shift gears, or when a car is approaching form behind, or the 
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engine is having problems?  The answers are based primarily on the cyclist’s sense of 

hearing and touch.  He or she can hear the frequency with which the motor is revving, 

and from prior experience know exactly when to shift into a higher or lower gear.  The 

cyclist can immediately sense the locations and relative velocities of cars around him or 

her self due to stereo hearing and the Doppler effect.  And, should the engine begin to 

groan, stutter or strain, the cyclist may be able to diagnose the problem fairly quickly.  

Most importantly, the cyclist can do all of these things for as long as he or she is riding 

the motorcycle. Imagine if all of this information were presented to that cyclist visually.  

He or she most certainly cannot see their engines RPM without a tachometer, nor can 

they see in 360 degrees around their head at once, nor can they see inside the engine 

while it is operational.  The cyclist especially cannot see all of these things 

simultaneously.  The advantage to sonifying data as opposed to visualizing data for 

certain tasks is clear.  In specific instances sonification is the preferred method to 

monitor data. 

Examples Of Sonification 

Sonification in Science and Medicine 

One of the first major uses of sonification in scientific data was the Geiger 

counter.  Hans Geiger and Ernest Rutherford developed the first Geiger counter in 

1908.  The construction of the unit was fairly simple, consisting of a conducting tube 

filled with an inert gas and a conducting rod.  When radiation of suitable energy passed 

into the gas, it caused particles of that inert gas to ionize, briefly increasing their ability 

to conduct electricity.  Ionization momentarily connected a circuit, which was connected 

to a speaker, producing an audible click for each photon of radiation hitting the detector.  



19 

Since then, devices such as metal detectors, medical equipment, and home appliances 

have all taken advantage of similar means of sonification.   

Recent work enhances the amount of data that a listener can digest.  Inspired by 

biometric art, Mark Ballora and his colleagues experimented with the sonification of 

heart rate data using the computer program Supercollider.  Far from simply speeding up 

the waveform generated from an ECG, their experiment generated sound based on 

several factors (Ballora 2004, 43).   First, the inter-beat interval was mapped to a pitch.  

This analyzed fluctuations in heart beat interval over time.  Successive variations in 

heart rate over 50ms were given extra emphasis through the use of phase modulation 

synthesis.  A five-minute window of data was analyzed, and the standard deviation was 

assigned to a pulsing fundamental pitch and harmonics of that pitch.  Smaller sample 

windows were used to sonify faster changes that occurred in shorter time frames than 

the five-minute standard frame.   

When played back at speed ratio of an hour of data per minute audio, cardiac 

events take on a characteristic timbre.  Listeners can control the rate of playback, 

volume of playback, and can choose a specific subset of data to monitor.  In this way, 

hours of data can be analyzed relatively quickly, and trained professionals can 

recognize even small fluctuations in normal sinus rhythm that would have taken a great 

deal of time to analyze visually.   

Other Biometric Art 

Several other artists have recently taken advantage of the advances made in the 

field of biology as models for works of art.  In particular, the field of genetics provides 

inspiration for many electronic composers.  Like art, genetics seeks a fundamental 
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understanding of the essence of life, as well as how that understanding can be used to 

manipulate the course of life.  The linearity of the genetic code and its patterned four-

letter alphabet lends itself readily to varying interpretations (Wilson 2002, 95). 

Protein Sonification 

DNA acts only as a blueprint or a score.  Proteins are the real performers. A 

protein consists of a long chain of molecules called amino acids.  Each amino acid in a 

protein’s sequence is coded for by three DNA letters.  Thus, the process of translation 

from DNA to proteins offers another source of material for artists wishing to create art 

from life.  Artist John Dunn and biologist Mary Anne Clark have collaborated on works 

that utilize both DNA and protein sequences as sources to be sonified.  In their paper 

“”Life Music: the Sonification of Proteins” their thesis states that, as in classical western 

music, DNA and proteins exhibit deep and resonant structural features that, when 

sonified, are audible (Dunn 1999, 27).  Their work with proteins went beyond simply 

mapping amino acid sequences to pitches. It also recognized and utilized several other 

factors that affect the overall structure and function of proteins. 

Akin to the structure of music, the recognizable structural features of proteins 

depend on their relationships to one another.  Dunn and Clark illustrated their ideas 

through the analogy of an α-helix structure.  An α-helix is a protein motif that forms a 

fairly rigid spiral construction often found as a central structural feature in both 

enzymatic and structural proteins.  If the sequence of an α-helix were likened to music, 

it would sound much like a minimalist ostinato pattern.  The turns of an α-helix are made 

up of smaller repeating units.  Bonds exist between these repeating units five amino 

acids apart, which helps maintain the structure of the helix.  Consequentially, the 



21 

primary pattern of the sequence significantly impacts higher orders of structure.  This is 

directly relatable to music of the classical western tradition. 

Dunn’s early work with DNA sequences followed either one-to-one sequence-to-

pitch relationships, or weighted histograms that set more frequently occurring 

sequences to consonant pitches.  After pairing up with Clark, the team began focusing 

on the properties of amino acids as a source to generate pitch material.  Since each 

amino acid’s water solubility significantly effects how a protein will fold naturally in three-

dimensional space, they decided to order amino acid bases by solubility, and use this to 

designate the octave of each pitch in a directly proportional manner.  The less soluble in 

water, the lower in pitch, and vice versa. They also set amino acids similar in other 

chemical properties to consonant pitches.   

To generate harmony, pitches were played by scanning the protein in three-

dimensional planar sections.  Since water-insoluble amino acids tend to congregate on 

the inside of a protein and water-soluble amino-acids congregate on the outside, their 

method of playback produces a two part harmony.  Those on the inside make up the 

bass line, and those on the outside make up the treble.  More complex proteins are 

capable of generating more melody lines. 

Aesthetic Analysis of Protein Sonification as Compared to My Own Work  

While Dunn and Clark’s work does a fair job of sonifying structural data in a 

manner pleasing to the ear, it does not really represent a progressive approach to music 

making.  From the outset, their goal was to emulate Bach by assigning pitches to 

proteins in such a way that they create fugal structures.  Their methodology was 

therefore only a means to a practical end: to sound like classical music.  There was no 
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post-synthesis modification of the sounds.  The functions used to generate pitches are 

simple machines that do not evolve as relationships change, nor do they interact with 

user input beyond the initial input of protein sequences.  They simply map parameters 

to values, much in the same way that the pits on a CD generate fixed sounds when 

placed in a CD player, removing much of the traditional work involved in composing a 

work of art.  The process by which sound is generated may be appreciated, but taken 

on its own without knowing how the sound was generated, the music may appear 

ultimately bland.  It suffers from a lack of richness and personality that normally 

accompanies composed works.  

My own work might be rightly criticized for these very same shortcomings.  Rete 

Mirabile does function within a set of rules to generate sound, but in a much more 

complex and dynamic way.  The relationships change over time in a partially 

predictable, partially unpredictable manner.  Rete Mirabile also features data modeling 

and sonification as mere components of a larger interactive installation work.  The 

interactivity is an important defining characteristic, permitting an intimate interplay 

between the viewer and the installation that is not present in Dunn and Clark’s work.  

There is also a compositional element in the form of designed organisms.  I believe that 

Rete Mirabile has more in common with works by Lucier and Fugieda (discussed 

below), since the method by which organisms are designed provides a means to inject 

my own ideas into an otherwise autonomous process.  

Other Sources of Input 

 Alvin Lucier’s piece entitled Music for Solo Performer utilized brainwaves to 

trigger sound generation.  It was performed in front of a live audience in 1965.  Lucier’s 
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own alpha brain waves were used to actuate loudspeakers attached to resonant 

percussion instruments (Licht 2007, 257).  A bio-feedback loop is set up so that the act 

of listening can affect the pattern of the performers brain waves, which affects the 

output once again.  Lucier also found that he could control the alpha wave pattern by 

opening and closing his eyes.  Instruments were cleverly played by actuators on 

springs.  This dampened the chaotic nature of the alpha waves, providing a much milder 

and pleasing experience than would have been obtained by exact replication of the 

waves. The choice of percussion instruments also allowed Lucier to craft the overall 

sonic environment despite performance conditions. 

 In a similar manner, Mamoru Fujieda’s work Pattern of Plants uses the potential 

difference in plant bodies to generate sound.  Using a Plantron interface, Fujieda 

captures data that is converted into melodic patterns using Max/MSP (Toop 2004, 244).  

Fujieda’s work differs from that of Lucier because there is no human performer.  This 

places Pattern of Plants more in the realm of generative music rather than performance 

based music.  Fujieda still retains control of how the data is sonified. 

Parameter-Mapping Versus Model-Based Sonification  

Most implementations of sonification in art fall under what Thomas Herman 

classifies as “Parameter-Mapping Sonification”, where units of data are mapped to 

simple parameters like notes, instruments, time, etc (Herman 2008, 1).  In other words, 

the data is used as a source for pitch material, much the way a serial row is a source for 

a melodic line.  The underlying purpose is to use that material to create a work of art 

that is focused on achieving artistic goals, whatever they may be.  Dunn and Clark’s 

work falls under this category. In this system, one data bit equals one sound. 
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This is not the focus of what Herman calls “Model-Based Sonification.”  In model-

based sonification, a model is set up so that when data is fed into the model, the model 

responds in a way that illuminates relationships in the data over time.  The model acts 

as an instrument, responding to excitement in certain defined ways.  The data acts like 

the hand that plucks the string, or vibrates the reed, or buzzes into the mouthpiece of 

the model.  By listening to the model’s response, relationships can be distinguished in 

the data, much like listeners are able to distinguish the intervals of a chord.   

Sonification In Rete Mirabile 

To Herman, sonification inhabits the space of functional sounds, overlapping only 

partially into the area of music (Herman 2008, 5).  Indeed, the criterion for model-based 

sonification lends itself intrinsically to the display of data without much consideration to 

aesthetic value. Figure 4 shows how Herman’s model functions. 

 

Figure 4: Herman Model of Sonification 
 

I do not see my project as falling under the parameter-mapping model of 

sonification, nor do I see my project strictly following Herman’s model for sonification. 

Rete Mirabile involves a more complex model, most similar to what Herman calls a 

“Closed Loop Auditory System.” The main difference between his closed loop model 

and that employed by Rete Mirabile is that data used to activate its model is in turn 
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affected by the model.  In addition to sonification, there is also visualization of data in 

the form of LCD displays, a computer projection, and kinetic sculptures which represent 

individual simulated experiments.  Figure 5 shows how the model I follow in Rete 

Mirabile is similar to, but deviates from the Herman model.   

 

Figure 5: Rete Mirabile’s Model of Sonification 
Herman states that sonification used in art functions primarily on a different level 

than sonification in science (Herman 2008, 2).  While this assertion is valid, it 

unnecessarily separates art from science.  The model used by Rete Mirabile is not 

meant to only generate aesthetically pleasing sounds.  If that were the case, then I 

would have obscured the method by which sound was generated, as it tends to detract 

from the importance of the sonic material itself.  I chose to make the process apparent 

to the user because I believe that it will facilitate their interaction with the work, and that 

they will hopefully come to an appreciation for the model as one might find an 

appreciation for a complex musical score.  The simulations performed by Rete Mirabile, 

are only approximation to how microbes actually function.  The ability to initially design 

organisms that impact their virtual environment and, therefore, how the sonification 

model is activated, separates Rete Mirabile from a purely sonification based installation.  
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Pure sonification is a response to a stimulus, whereas in Rete Mirabile, sonification is 

used to realize a planed musical execution based on an initial setup of my own design. 
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RETE MIRABILE 

Introduction 

Rete Mirabile is based on the investigative principles utilized in the field of 

microbiology.  Computer models simulate single celled organisms in a three-

dimensional space; each organism possessing unique characteristics encoded in their 

virtual DNA.  I have chosen to model only a few key aspects of how small scale 

biological environments function.  For instance, in the real world, bacteria feed on 

simple biological molecules.  The concentration of nutritional requirements in their local 

environment plays a key role in their survival.  In Rete Mirabile however, organisms live 

of the spectral content of sounds fed to them by visitors of the installation.   

Amplitude and phase data culled from audio analyzed via Fast Fourier 

Transforms fills sequentially into the three-dimensional computer environment.  There, 

the principles of diffusion cause the concentrations of amplitude data to merge; similar 

to the way a drop of food coloring eventually dissipates in a jar of water.  Organisms 

present in the sonic media then start feeding on spectral frequency ranges, utilizing 

them as food, avoiding others as poisonous, or excreting still others as waste.   

Re-synthesis of the resulting data loops audibly at a slower rate than fed in, so 

that visitors who interact with the piece might recognize the sonic transformation that 

have taken place.  Given a careful listening, visitors will understand how they have 

impacted the course of the installation.  I hope to create sounds that are not 

harmonious, not dissonant, but simply, interesting. This is facilitated by the relative ease 

operations can be made on sound in the frequency realm after Fourier Analysis. 
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Materials 

Overall Presentation 

The piece consists of eight identical base stations, arranged in a circle around a 

central database server.  Each station features two pedestals, one holding a kinetic 

sculpture representing the actions occurring in the model, and one holding an Apple 

Macbook Laptop Computer which provides a user interface, as well as a system to 

execute a single model and all its related audio operations. Illumination for each station 

originates from dim spotlights, so as to provide working light in an otherwise dim room.  

Speakers set up around the periphery of the room to play back sound localized for each 

station.   

A central database server communicates to eight Macbook laptop computers via 

a standard Ethernet network and houses a central organism repository for all of the 

stations to draw from.  It also offers a location to store mutation data, and a queue for 

messages to the kinetic sculptures.  The collected mutation data will eventually serve to 

create a “family tree” of organisms that descended through beneficial mutations in their 

DNA.   

A large computer projection provides a visual summary of all of the model data in 

one location.  Below the projection sits a table with many found objects.  These are 

provided in order to give visitors a starting point for interacting with the piece. They may 

feed the piece sound from these found objects, sounds they generate with their bodies, 

or instruments external to the installation.     
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Figure 6: Proposed Room Layout for Performance 
Kinetic Sculptures 

Construction 

A kinetic sculpture accompanies each station.  The sculpture summarizes the 

data generated by the computer model through means other than sonification.  It 

consists of a black metal base box, upon which sits a sixty-one ounce jar holding 

mineral oil, reflective bits of plastic, and an agitating fan.  The metal box houses 

electronics needed to drive the sculpture, connections for communications with the data 

server, a full color lighting apparatus, and an LCD screen that displays an information 

ticker.  The information ticker cycles through live statistics about the organisms living 

inside the model.  Located on the top of the box, the lighting apparatus consists of three 

tri-color RGB LEDs capable of producing the entire spectrum of colors.  These shine 

through the jar sitting atop the box, coloring the liquid, glass, and any free floating 

plastic flecks.  The character of the light signifies the overall health of the organisms, 
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brightness indicating the overall organism density, and the color representing metabolic 

activity as inversely proportional to the frequency spectrum (red frequencies meaning 

much activity, blue meaning little, and everything in between). 

Inside the jar, the plastic flecks (essentially white glitter) catch the light emitted by 

the base box.  These represent the organisms in a visual way that visitors can grasp 

immediately.  Growth and movement activity are reflected by the agitation of the jar’s 

contents by the fan.   

Standard RJ45 Ethernet cables facilitate power supply and data communications 

with the central server.  A pair of lines in the cable is not used.  These are reserved for 

possible latter addition of audio hardware to the sculptures.  In my original design, I 

hoped to have the base box or the jars emit sound on their own via piezo transducers, 

but a suitable method for accomplishing a satisfactory result could not be established.  

Further experimentation with different transducers and audio amplifier circuits will be 

necessary.  The driving circuit is diagramed on the next page: 
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Figure 7: Rete Mirabile kinetic sculpture circuit diagram 

 

The Arduino Microcontroller 

The Arduino is an open-source electronics prototyping platform.  It contains a 

flashROM where small programs can reside and be executed independently of a 

controlling computer.  Being classified as an open-source design, a plethora of 

manufacturers produce premade Arduino circuit boards.  Given a list of components 

and enough electronics knowledge, a hobbyist can build his or her own Arduino for 

around ten dollars US.  Most are based around the ATmega168 controller chip and a 
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sixteen megahertz crystal oscillator (The Arduino Team 2009).  Typically, they operate 

at five volts as regulated by an onboard voltage regulator.  They feature 14 digital 

input/output pins (six of which can be controlled as pulse-width modulated analog 

voltage supplies) and six analog inputs.  

The website http://www.arduino.cc provides a free programming environment 

called the Arduino Development Environment based on the Processing Development 

Environment.  Example code and libraries facilitate easy development for common 

devices like LCD screens, LED lights, and a battery of sensors. The programming 

language is based on the Wiring Programming Language, which itself is based on C.   

I employed a variant of the Arduino, the Freeduino, in my kinetic sculptures.  

Several companies sell Arduino and Freeduino variants in many different configurations, 

but all are still fully compatible with the Arduino software.  I purchased ten Freeduino 

Really Bare Bones Board kits (RBBB) from the Modern Device Company.  These 

boards are extremely small form factor boards ideal for embedded applications (Modern 

Device 2009).   

 

Figure 8: Freeduino Really Bare Bones Board Kit, unassembled 
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Figure 9: Assembled Freeduino Really Bare Bones Board Kit 
 

As illustrated in Figure 7, the Freeduino board sits at the heart of the sculpture.  

A small program residing and executing on the board controls every aspect of data 

display, including the LCD output, the color and intensity of the LED lights, and the 

agitating fan.  The LCD screens contain onboard HD44780 controller chips, interfaced 

with the Arduino via an 11 wire parallel interface in an 8-bit transfer mode.  To save on 

input/output pins, the Adruino LCD library can also function in 4-bit mode, needing only 

7 wires (Arduino Playground 2009).  Using this mode frees up pins needed to control 

the LED lights and the agitator fan.   

The LED lights are common-cathode tri-colored RGB LEDs.  Connecting the 

anode wire for each color to a pulse-width modulated pin allows the Arduino to pass 

back voltage to the LED, which produces the same effect as lowering the voltage by 

way of a resistor.  Correctly balancing the brightness of the three primary colors allows 

for the production of millions of colors.  In order to smoothly fade between colors, I 

wrote a small function as part of the larger program that fades from color to color over a 

given period of time.   

Pins 0 and 1 are dedicated serial pins on most Arduino boards. These provide a 

standard communications interface between the microcontroller and other serial 

enabled devices.  In Rete Mirabile, communications between the control program and 

sculptures happen in two different modes.  The control program either sends messages 
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directly to Arduino boards via a USB to serial driver, or queues messages on the 

database server for a central Arduino serial server to pass on to stations.  Therefore, 

Rete Mirabile can potentially operate in many different configurations.  

Computer Model 

Languages and Frameworks 

The control application was written from the ground up in the objective-c 

programming language, a superset of the more traditional C programming language.  It 

utilizes several programming frameworks, including Apple Computer’s Cocoa 

framework and AppKit framework.  Several third party frameworks are employed to 

facilitate communications between the various parts of the project.  Special thanks go to 

Serge Cohen for the MCPKit framework (Cohen 2009) that enables cocoa applications 

to perform database communications with a MySQL® server over a network, and also 

to MrRay (a pseudonym, prefers anonymity) for his VVOSC framework (MrRay 2009), 

which provided the Open Sound Control communications that bridged my program to 

Max/MSP.  The Open Sound Control objects for Max/MSP were provided by the Center 

for New Music and Audio Technologies at the University of California at Berkley’s 

Department of Music (CNMAT 2009).  I wrote a custom patch for Max/MSP version 5 

that performs audio analysis and resynthesis on behalf of the control program.  
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Figure 10: Rete Mirabile admin interface (left), main Max/MSP patch window (right) 
 

Data Structures, Storage and Retrieval  

The computer model simulates a three-dimensional space by segmenting a 

linear array into sections representing the x, y, and z axis.  Each individual model 

environment receives its own space as defined by a cube ten units on each side, for a 

total capacity of one thousand units.  Each unit keeps track of one 256-bin FFT frame, 

as well as any organisms that might be living in that unit.  Organisms are tracked by 

type and by concentration so that calculations involving the metabolism of spectral data 

are done on a single organism type, and then multiplied by the concentration value to 

obtain the correct result. 
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Figure 11: Data storage protocol (left), scanning method (right) 

 

When the Rete Mirabile control program requests audio data from the Max/MSP 

patch, the patch responds with a sequence of individual FFT amplitude frames 

addressed linearly from one through one thousand.  Frames transmit via the Open 

Sound Control Protocol.  

The FFT phase frames are not imported.  Instead, they are left in a buffer in 

Max/MSP to be utilized during playback.  This is both a practical and aesthetic choice. 

Performing operations on phase frames would most likely result in much quicker 

degradation of the source sound to noise, which would ultimately detract from the 

listeners ability to recognize the sound and how that sound changes over time.  A more 

detailed discussion of how the model utilizes Open Sound Control follows in the section 

titled “Database and Networking.” 

Diffusion 

In the physical world, solutes in solution do not stay confined to only certain 

areas of the solution.  They tend to diffuse uniformly throughout their solvent as dictated 

by Fick’s Law of Diffusion: 

Flux = -P x A x ([C2] – [C1]) 
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where flux is the change in concentration between two points, P is the permeability 

constant of the media, A is the area of the diffusion plane or membrane (if there is a 

membrane), and [C1] and [C2] are the initial molar concentration values of the two points 

being measured.  The term ([C2] - [C1]) is also known as the concentration gradient, or 

∆C.  Since the measurement of each data container is arbitrary, the area value has 

been set to one to reflect a cube 1 unit on each side.  This formula applies to one-

dimensional systems, so extrapolating it to three dimensions was a bit of a 

computational task.  Each bin at each of the thousand locations in the space must be 

compared to each of its neighbors.  After that, Fick’s Law is applied in a manner that 

does not disturb these values so that all calculations can be performed accurately on 

each location before the result becomes committed to the main storage array.   

Dissolving FFT amplitude data in three-dimensions produces unique results. 

Many distant frames come into close contact.  In a line, a frame is only surrounded by 

two neighboring frames, the one preceding it and the one following it. In three 

dimensions, a single frame can be surrounded by as many as twenty-six other frames 

from disparate locations!  This allows the audio from one portion of the sample to affect 

the sound of an entirely distant portion of the sample.   

By running a pseudo-diffusion algorithm on the same bin of every frame, spectral 

energy diffuses throughout the system.  This has the effect of creating spectral imprints 

from many distant frames.  Eventually, if not acted upon by organisms, all of the bins of 

a particular bin number equilibrate to the same value.  This produces a “bad radio 

signal” type of sound, since the amplitude data has modified heavily without modifying 

the phase data.  Frames with bins of low initial energy and a high ∆C change rapidly, 
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because the difference in their concentration values from nearby bins causes them to 

absorb energy readily.  Frames with bins of large spectral energy and low ∆C tend to 

keep hold of their energy longer since they have a greater store of it and so do 

surrounding frames.  This produces fertile ground for noise shaping, which is essentially 

what the organisms exist to accomplish.  By choosing the bacteria I put into the model 

carefully, I can in effect tailor the sound of each environment, so that no matter what the 

input, a certain defined output is statistically likely to result. 

Organism diffusion must be handled a bit differently than bin diffusion.  In 

microbiology, a classifying characteristic of single celled organisms is their ability to 

propel themselves through a media, termed motility.  The rhythmic beating of several 

small appendages called cilia, or a few large appendages called flagella accomplishes 

motility quite nicely for real organisms.  Therefore, a motility factor has been introduced 

to the diffusion calculation of organisms in order to account for their increased mobility 

above and beyond that caused by simple diffusion.     

Database and Networking 

Connectivity 

Rete Mirabile utilizes three different means of communication between its parts: 

a computer Ethernet network, serial communication lines, and analog audio cables.   

Figure 12 details how each component physically connects to the other.  (note, only two 

of the eight base stations are shown) 
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Figure 12: Component connectivity 
 

Communication with each kinetic sculpture is accomplished either directly 

through a serial connection, or by first sending messages from the database server to a 

single Arduino, which acts as a serial message router capable of forwarding messages 

to the intended Arduino board housed in each sculpture.   

The Ethernet network utilizes two main communications protocols, Open Sound 

Control Messages and MySQL server requests.  Since they are of particular importance 

to the function of the installation, they are explored individually and in greater depth 

below. 

Open Sound Control 

Open Sound Control is a network protocol designed to transmit data packets 

between computers, sound synthesizers, lighting apparatuses, multimedia sensors, 

robots, and other embedded devices.  It gains traction with the multimedia community 

daily, and hopes to replace MIDI as the standard communication protocol between 

multimedia devices.  Open Sound Control, or OSC for short, is a message-based 
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system capable of transmitting many different kinds of data over high-speed computer 

networks, and with 32-bit floating-point accuracy; a feature that MIDI does not provide.   

I chose OSC to transmit data between the various parts of my installation 

because of its robust support for data formats, for its speed, for its ability to work on 

existing computer networks, and for its support in many different computer programming 

environments.   

The Rete Mirabile control program uses OSC messages to request, receive, and 

deliver FFT amplitude data to and from the Max/MSP patch.  Requests are made to the 

Max/MSP patch for a certain number of FFT frames, and Max/MSP does the job of 

calculating the duration of recorded samples, analyzing the recording using Fast Fourier 

Transforms, saving that analysis to a two channel buffer, and then generating 

addressed OSC messages from that buffer to be sent back to the control program.   

 

Figure 13: OSC message paths 
 

Successfully implementing OSC for transmitting FFT frames presented a 

sizeable a challenge.  The VVOSC library for cocoa works well, and parses both large 

incoming and outgoing packets quite quickly.  However, the CNMAT OpenSoundControl 

object for Max/MSP has some limitations that hindered my progress. I found that it could 

receive and route OSC messages much faster than real time, but could only parse 

outgoing messages at a certain rate, and only to a maximum buffer size that was not 
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large enough to accommodate the thousand frames of FFT data needed per cycle.  I 

had to time each message at least twenty to forty milliseconds apart so that frames are 

not dropped.  Luckily, this operation only happens right after a new sound is recorded, 

and transfers beyond the initial one are quick. 

MySQL  

MySQL is a free, open source database server application ubiquitous in the 

Internet services industry (MySQL 2009).  Renowned for its speed, stability, and 

security, MySQL has gained a prominent position as a host for various kinds of data.  I 

have had a great deal of experience working with this database system as a web 

developer, which is why I chose it to handle long term data storage for my installation.   

MySQL follows a simple client-server model.  The client makes requests in a 

text-based language called structured query language, or SQL for short.  The server 

responds by either updating its record set, or by returning data as tables.  The MCPKit 

framework provides a set of objects that creates database connections to a MySQL 

server, maintains those connections, handles requests, and parses results into formats 

that can be manipulated by cocoa programs.  Active development of the framework 

ceased in 2006, but was revived by a group of coders working on the Sequel Pro 

project, a MySQL browser application for OSX.  They provide a universal binary version 

of the framework, which is the version that has been incorporated.  

Using a database server instead of saving to local files was necessary given the 

decentralized nature of the installation.  Each computer model needs to share the same 

organism database.  They also need to make a record of any mutation events that may 

occur while running.  Mutations in organisms are the basis for generating unpredictable 
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results, so the ability to share mutations is essential.  MySQL also opens up the option 

to do widely distributed versions of the piece that can literally occur across the world, or 

to allow others to collaborate on organism design. 

Graphical User Interface 

Users interact with individual experiments through a stylized control interface 

made in Apple’s Quartz Composer.  Quartz Composer is a graphical programming 

environment not unlike Max/MSP.  It uses patch cables to connect graphic generators, 

filters, mathematical operators, etc, and has built in support for input from the keyboard 

and mouse, pen tablets, MIDI, and OSC.  It also integrates tightly with Apple’s xcode 

programming environment, so that compositions can be called into cocoa programs with 

only a few lines of code.  The computer’s graphics processing unit accelerates Quartz 

animations, so impact on overall system performance is minimized.   

Each station has its own Quartz –based interface.  The interface is full screen, 

dark, and features the title of the installation, a menu that can be traversed with a 

mouse and keyboard, and a graphical representation of health and activity of the 

experiment it controls.  Menu components get loaded directly into the Rete Mirabile 

control program, so communications between the menu and the model occur without 

any special protocols. However, since Quartz Composer has built in support for OSC, it 

could communicate with a Max/MSP patch via Ethernet connections as well, opening 

avenues for future development. 

The interface menu presents several options to users.  They may record sounds 

through a microphone, which gets analyzed and mixed into the model. They may add 

organisms from the organism database into a random location in the experiment.  They 
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may also modify environmental factors such as mutation rates and liquid viscosity.  

Lastly, users may change the playback speed to facilitate aural analysis.  The Max/MSP 

patch utilizes a phase vocoder for playback, so virtually any playback speed is possible 

without transposition worries.  This does introduce spectral artifacts at very slow 

speeds, but their presence still produces desirable results. 

Computer Performance Considerations 

Performing calculations on audio in one dimension presents no problem to most 

modern computers, but calculations in three-dimensions still poses a significant 

challenge.  The algorithms employed by Rete Mirabile are rough approximations 

designed for speed, not for completely accurate recreation of true-to-life conditions.  

The Rete Mirabile control program requires modern Intel based multi-core processor 

technology and Mac OSX Leopard to run at a reasonable pace.  In order to improve 

performance, the application design utilized multi-threaded coding strategies.  In single-

threaded applications, all processes get executed as a long list of commands, called the 

stack.  The advantages to this method include simplicity of structure and execution and 

a predictable program flow, but each instruction must always wait for previous 

instructions to complete before executing.  In multi-threaded applications, objects and 

methods get executed in multiple parallel stacks.  This allows processes to occur in a 

pseudo-simultaneous manner on single core processors, or in a true simultaneous 

manner on multi-core processors.  This potentially speeds up their execution, but 

cannot guarantee a predictable order of execution between stacks.   

By threading the diffusion-cycle processes of experiments, user interface 

elements and communications objects do not need to wait till the diffusion-cycle 
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processes complete before executing, allowing them to respond quickly.  Since the 

diffusion-cycle process is self-contained, synchronization between other components is 

not necessary.  Being a threaded application, Rete Mirabile’s control program should 

benefit from being run on computers with more core processors.  This ensures a 

smooth user experience crucial to a successful exhibition.  An Intel eight core Macpro 

Tower should run more than one experiment much faster and more efficiently than the 

dual-core Macbook laptops being used in the installation.  This opens up the possibility 

for many different configurations should future exhibition of the work require them.   

For instance, in its current incarnation, Rete Mirabile runs both the control 

program and the Max/MSP patch for each experiment on a single computer.  Only the 

database server is delocalized, so OSC messages are routed through Ethernet 

protocols internally.  Should a future exhibition’s computing resources be limited to less 

powerful machines, the control program and the Max/MSP patch have the ability to run 

on different systems, so long as they are networked.  This could allow the task of 

analyzing and rendering audio to be offloaded onto another system, giving each control 

station more computing power.  This extra power could also be used to expand audio 

sample sizes or data processing speeds, or could allow for more than one experiment to 

be run from a single computer.  

Analysis and Conclusions 

User Experience 

My installation is meant to immerse visitors in a sonic field I design, but that is 

ultimately the visitors responsibility to maintain. I want my installation to set up 

feedback-loop a relationship with its visitors in a manner similar to Knowbotic 
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Research’s work IO-dencies.  Unlike IO-dencies, I have created a setup that should 

loop at nearly real time.  This opens up the possibility for users to dramatically affect the 

course of the installation in a relatively short period of time.   

Of course, users will at first proceed blindly since they are not presented with an 

organism’s DNA.  Even if users could read and understand the text based DNA system 

I’ve devised, they could not possibly fully extrapolate the impact an organism’s 

presence in an experiment has on its environment.  There are simply too many 

variables involved.  I want visitors to experiment with the model in a trial and error 

fashion, and through experimentation and careful observation, come to an 

understanding of the generalized principles that govern life and evolution in the model.  

After a few feedback loops, visitors should be empowered and able to make more 

informed decisions about how to better sustain pseudo-life within the model.   

Sonification 

The sonification model mentioned earlier (see Figure 1) figures prominently in the 

installation’s overall ability to convey meaningful data to visitors.  Visual cues aside, 

sonification is the main means by which visitors can monitor processes which are 

otherwise invisible.  In the real world, complex biological and biochemical processes 

occur well below the human eye’s capacity to see their function take place, even when 

aided with the most powerful light microscopes.   Other instruments and/or tests must 

be used to detect and amplify what the eye cannot see. Without the sonification of its 

data, the inner workings of Rete Mirabile’s computer model would suffer a similar fate; 

veiled and unintelligible.  
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What should visitors be listening for?  The process of spectral degradation is by 

definition not synthetic, so visitors are not actively constructing sounds from component 

pieces.  Like little sculptors, organisms are taking larger blocks of energy and carving 

them out into metabolic products.  It is these end products that can be compared to the 

sound that was injected into the system.  Recognition of the fact that the sonic end 

product represents actions taken only indirectly by the visitor parallels how most 

biochemical tests work.   

A microbiologist would introduce organisms into a media, and then allow them to 

grow.  The growth media can be impregnated with chemical indicators, or indicating 

reagents can be added after a period of growth.  In either case, the quick identification 

of organisms can be carried out by using these chemical indicators to test for the 

presence of the end products of biochemical pathways. Definitive identification of most 

organisms can be made after running a relatively short battery of tests, normally done at 

the same time.  This method circumvents having to perform the rather lengthy process 

involved in sequencing DNA. 

By an analogous process, I hope that the sonic environment I have designed is 

both pleasing aesthetically, as well as informative.  Designing organisms to do this may 

pose the most significant challenge.  With the right balance and tweaking of elements, 

each environment should invariably transform user input into sounds that are partially 

determined.  It will not be clear till the time of performance to what degree these goals 

will be accomplished.  Most visitors may simply enjoy it as interesting noise and remain 

voyeuristic spectators.  The fact that Rete Mirabile is not a scientific tool means that 

interpretation of its function is a personal matter, varying widely between each visitor.  I 
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find this to be an exceedingly desirable trait, since it seems good art always leaves 

room for interpretation and a personal experience.   

Aesthetic and Conceptual Value 

The sounds produced in the installation do not emulate any previous model.  In 

fact, a conscious decision was made early in the conceptual phase of development not 

to give users a “sound bank” beyond the found objects provided for sound making.  I 

desired a more interactive experience with the work, and forcing visitors to create and 

record their own sounds is paramount to achieving immersion.  However, I do reserve 

the power to alter the timing and course of events, so much so that no matter what the 

input, a predictable output will eventually be achieved.  This is accomplished by 

diffusing the input sound to a noise like character, and by carving that noise through the 

use of selectively designed model organisms. 

Rete Mirabile does not endeavor to make pretty sounds.  The visual elements of 

the work provide an inviting and comfortable interface for that purpose.  Sound is a 

carrier that illuminates the beauty of a systematic process. The real beauty of the work 

is in the structural relationships between sounds, and the kind of game that is played 

between users of the installation that generates these complex relationships. I seek to 

produce a new experience for the visitors of my installation through engagement with a 

new medium.  By breaking with the acoustic ties of the past, Rete Mirabile ironically 

continues the tradition of experimentation in electronic music.  



48 

BIBLIOGRAPHY 

The Arduino Playground. “The 4-bit Arduino LCD Library.” Available from 
http://www.arduino.cc/playground/Code/LCD4BitLibrary. Internet; accessed 29 
April 2009. 

The Arduino Team. “Arduino diecimila.” Available from 
http://arduino.cc/en/Main/ArduinoBoardDiecimila. Internet; accessed 29 April 
2009. 

Ballora, Mark, Bruce Pennycook, Plamen C. Ivanov, Leon Glass and Ary L. Goldberger. 
“Heart Rate Sonification: A New Approach to Medical Diagnosis.” Leonardo. 1 
(2004):41-46. 

Broyles, Michael. Mavericks and Other Traditions in American Music.  New Haven, CT: 
Yale University Press, 2004. 

Cohen, Serge. “MySQL-Cocoa Framework.” Available from http://mysql-
cocoa.sourceforge.net. Internet; accessed 28 April 2009. 

Collins, Nicolas.  Handmade Electronic Music: The Art of Hardware Hacking. New York: 
Routledge, 2006. 

DeMarinis, Paul.  “Paul DeMarinis on His Own Works.” SPARK Festival. University of 
Minnesota.  Minneapolis, Minnesota.  29 February, 2008.  Available from 
Internet, http://www.youtube.com/watch?v=33T54ulwBAs.  Accessed 12 April, 
2009. 

Dietz, Steve. “Ten Dreams of Technology.” Leonardo. 35, no. 5:509-522. 

Dunn, John, and Mary Anne Clark.  “Life Music: The Sonification of Proteins.” Leonardo. 
32 (1999), No. 1:25-32. 

Grau, Oliver.  Virtual Art: From Illusion to Immersion. Cambridge, MA: The MIT Press, 
2003.   

Herman, Thomas. “Taxonomy and Definitions for Sonification and Auditory Display. 
Proceedings of the 14th International Conference on Auditory Display, Paris, 
France, June 24-27. 

Holzaepfel, John. "Tudor, David." Grove Music Online. Oxford Music Online. Available 
from http://www.oxfordmusiconline.com/subscriber/article/grove/music/28561. 
Internet; accessed 28 April 2009. 

International Community for Auditory Display Editorial Committee and Co-Authors.  
“Sonification Report: Status of the Field and Research Agenda.” International 
Community for Auditory Display. http://dev.icad.org/node/400 (accessed  March 
3, 2009). 



49 

Kostelanetz, Richard. “John Cage and Richard Kostelanetz: A Conversation about 
Radio.” The Music Quarterly. 72, no. 2 (1986):216:227. 

Licht, Alan.  Sound Art. New York: Rizzoli International Publications, 2007. 

MacCullum, John, Max Wright, Andy Schmender, and Michael Zbyszynski. “Center for 
New Music and Audio Technologies at the University of California at Berkley 
Department of Music: Objects for Max/MSP, Open Sound Control Objects.” 
Available from http://cnmat.berkeley.edu/downloads. Internet; accessed 28 April 
2009. 

Modern Device. “Freeduino: Really Bare Bones Board Instructions.” Available from 
http://www.moderndevice.com/Docs/RBBB_Instructions_05.pdf. Internet; 
accessed 28 April 2009. 

MrRay. “Github: VVOSC.” Available from http://github.com/mrRay/vvosc/tree/master. 
Internet; accessed 28 April 2009. 

Peretz, Isabelle, and Robert J. Zatorre. “Brain Organization for Music Processing.” 
Annual Review of Psychology 56 (2005):89-114. 

Sun Microsystems. “MySQL: The world's most popular open source database.” 
Available from http://www.mysql.com. Internet; accessed 28 April 2009. 

Toop, David. “The Generation Game: Experimental Music and Digital Culture.” In Audio 
Culture, edited by Christoph Cox and Daniel Warner, 239-247. New York: 
Continuum Publishing, 2004. 

Tudor, David. Interview by Peter Dickinson. 26 July 1987. London, England. 
Transcription.  

Tudor, David. Interview by Teddy Hultberg. 17,18 May 1988.  Dusseldorf, Germany. 
Transcription.  Available from http://www.emf.org/tudor/Articles/hultberg.html. 
Internet.  Accessed on 28 April 2009. 

Wilhelm, Yvonne, Christian Huebler, and Alaxander Tuchacek.  2006. DWTKS: 
Dialogue with the Knowbotic South. Zurich, Switzerland: Univeristy of Art and 
Design. On-line. Available from Internet, 
http://www.krcf.org/krcfhome/DWTKS/1dwtks1.htm. Accessed 5 May 2009. 

Wilhelm, Yvonne, Christian Huebler, and Alaxander Tuchacek.  2009. Knowbotic 
Research: about. Zurich, Switzerland: Univeristy of Art and Design. On-line. 
Available from Internet, 
http://www.medienkunstnetz.de/artist/knowboticresearch/biography/. Accessed 4 
May 2009. 

Wilson, Stephen.  The Information Arts: intersections of art, science, and technology. 
Cambridge, MA: The MIT Press, 2002. 

 


