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(a) Glitch as digital image

(b) Glitch as woven blanket

Figure 1.6. Two forms of a glitch generated by and captured through Stearns’ work with
a circuit-bent digital camera. Photographs by Phillip Stearns (a, b), 2013. From Phillip
Stearns’ personal website (a, b, https://phillipstearns.wordpress.com/projects). Reprinted
by permission.
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physical and virtual spaces, Collins and Stearns’ works both emulate artistic techniques

practiced by networked musical performance artists. Using their work as an inspiration,

this project aims to create a method in which traditional circuit bending practices can be

extended to include the same collaborative, mediated, and web-based interactivity elements

native to networked musical performances.
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CHAPTER 2. AN OVERVIEWOFNETWORKEDMUSICAL PER-
FORMANCES

2.1. Definition and Practices

The term Networked Musical Performance is contentious. If we consider the first word at

face value, then the term could be used to describe any genre, style, or practice of creat-

ing music through a collaborative trading of information for the purpose of influencing the

actions of one another. This definition certainly encompasses the sonic and aesthetic ele-

ments of installations and compositions crated in the modern day that label themselves as

networked musical performance (or NMP), but it does not highlight the unique use of tech-

nological tools that modern NMP artists feature as a means to create interconnected strands

of collaborative influence on a collective sonic environment. The inclusion of technology and

its importance in multiple stages of NMP composition into our previous definition of the

practice opens the door for many new and overlapping definitions to take hold. Looking at

the history of connecting computers and/or electronic instruments and/or devices together

for the purpose of influencing elements of each other’s performance, the definition becomes

increasingly complex as we try to decide if we should begin the definitive timeline connect-

ing to modern NMP practices with the linked microprocessor instruments of the League of

Automatic Composers,1 the participatory radio broadcast experiments of Max Neuhaus,2 or

the Telharmonium performances of Thaddeus Cahill.3

In recent research, Eric Lemmon dives headfirst into crafting a definition that acknowl-

edges the long and varied history of networked musical performances. In his paper com-

1John Bischoff, Rich Gold, and Jim Horton, “Music for an Interactive Network of Microcomputers,”
Computer Music Journal, 1978, 24–29.

2David Kim-Boyle, “Network Musics: Play, Engagement and the Democratization of Performance,” Con-
temporary Music Review 28, nos. 4-5 (2009): 363–375, eprint: https://doi.org/10.1080/07494460903422198,
https://doi.org/10.1080/07494460903422198.

3Manning, Electronic and Computer Music.
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paring NMP and the closely-related field of telematic music, Lemmon lands on a definition

that comes closest to what the practice currently encompasses, proposing networked musical

performance be defined as “a socially constructed term for a musical performance that is

conducted through the mobilization of telecommunication, electronic, and electromagnetic

technologies to transmit musical signals across networks with more than one node.”4 Lem-

mon’s definition covers significant ground for creating NMP artworks in today’s version of

the practice, including nearly all possible technological tools and communication methods.

To highlight the elements that are most applicable to this project’s purpose of extending the

performative and philosophical aspects of circuit bending, we will focus on highlighting NMP

practices and previous works that a) utilize connections between participants both telemat-

ically and co-located, b) follow a client-server architecture for handling device connections

and negotiating the transmission of data between them, and c) allow for multidirectional

and reconfigurable layouts regarding the technical (e.g. the routing of audio streams or con-

trol signals) and interaction topologies used to create collaborative works of shared musical

influence.

2.1.1. Frameworks for Creating Client-Server Architecture in Networked Musi-

cal Performances

A common feature of networked musical performances sees performers, audience participants,

and unattended hardware devices linked together through a client-server architecture. In this

configuration, a central server (run locally on a computer located in the performance space or

hosted remotely on the internet) hosts and manages resources necessary for the performance

and distributes them to client devices such as audience participant mobile devices, network-

enabled digital instruments and on-stage human or robotic performers when requested.5 The

4Eric C. Lemmon, “Telematic Music vs. Networked Music: Distinguishing Between Cybernetic Aspira-
tions and Technological Music-Making,” Journal of Network Music and Arts 1, no. 1 (2019): 2.

5Leonardo Gabrielli and Stefano Squartini, Wireless networked music performance, SpringerBriefs
(Springer, 2016), isbn: 978-981-10-0335-6, http : / / libezp . lib . lsu . edu/ login ?url=http : / / link . springer .
com/10.1007/978-981-10-0335-6.
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server acts as a unified central node in network topologies, negotiating the paths of control

signal data or audiovisual material between client nodes during a performance. The terms of

this negotiation are configured in the server code during the composition stage of an NMP

work, creating all possible paths of transmission based on the artist’s intended interaction

topologies for the collaborative or distributed experience.6

The design of client-server architectures for NMP works has been made easier due to the

creation of software frameworks and libraries that use JavaScript to streamline the process of

prototyping, refining, and deploying servers and client-side web performance interfaces. Rhi-

zome, created by Sébastien Piquemal, is a framework that supports the building of servers for

bidirectional passage of files and control signals between connected client nodes.7 This frame-

work gives artists the flexibility of communicating between nodes on the network through

multiple protocols such as Open Sound Control and WebSockets, enabling for performance

interfaces to be built as web pages or with software such as Pure Data and MaxMSP. Rhi-

zome also handles file transfers through a tool that can be run in tandem with the main

server, providing a user-friendly method for audience participants to create audiovisual ma-

terial on their own devices and share with one another through the network. This process

is illustrated in Piquemal and Miki Brunou’s work New Weave (2015), which sees audience

members use the microphones on their mobile phones to record short audio clips, sending

them to the on-stage performers for further processing.8

The Nexus suite of distributed and networked musical frameworks (NexusUI and NexusHub)9

by Jesse Allison et al. center on rapid development of web performance interfaces for art

works. The NexusUI framework contains universal graphical user interface (GUI) elements

6Álvaro Barbosa, “Displaced Soundscapes: A Survey of Network Systems for Music and Sonic Art Cre-
ation,” Leonardo Music Journal 13 (2003): 53–59, doi:10.1162/096112104322750791.

7“Rhizome,” accessed June 2, 2020, https://github.com/sebpiq/rhizome.
8“Rhizome - Gallery,” accessed June 2, 2020, https://github.com/sebpiq/rhizome/wiki/Gallery.
9Jesse T. Allison, Yemin Oh, and Benjamin Taylor, “NEXUS: Collaborative Performance for the Masses,

Handling Instrument Interface Distribution through theWeb.,” in Proceedings of the International Conference
on New Interfaces for Musical Expression (Daejeon, South Korea: Korea Advanced Institute of Science /
Technology, 2013), 1–6.
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such as buttons and sliders along with music-focused options like piano keyboards and tac-

tile audio file waveform scrubbers.10 Focusing on communication between interfaces, the

NexusHub framework aims to simplify the process of creating control signal channels on

both server files and client-side web pages through a practical coding syntax.11 In general,

the Nexus suite features extensive documentation along with reusable and configurable web

page templates, considerations that give first-time coders a means for learning the process

of designing NMP architectures and virtual instruments.12

2.1.2. Interaction Topologies in Networked Musical Performances

In Roy Ascott’s “Is There Love in the Telematic Embrace?", the cybernetic artist speaks

about the importance of producing art collaboratively through networked connections, fo-

cusing on the role of the network itself in shaping and influencing the product produced

through it:

In a telematic art, meaning is not created by the artist, distributed through the

network and received by the observer. Meaning is the product of interaction

between the observer and the system, the context of which is in a state of flux,

or endless change and transformation. In this condition of uncertainty and insta-

bility, not simply because of the crisscrossing interactions of users of the network

but because content is embodied in data that is itself immaterial, it is purely and

electronic difference, until it has been reconstituted at the interface as image,

text, or sound.13

10“NexusUI,” accessed June 2, 2020, https://nexus-js.github.io/ui/.
11“NexusHub: Nexus Distributed Performance Framework,” accessed April 16, 2020, https://github.com/

nexus-js/nexusHub.
12Jesse Allison et al., “Programming Music Camp: Using Web Audio to Teach Creative Coding,” in

Proceedings of the International Web Audio Conference, ed. Jason Freeman, Alexander Lerch, and Matthew
Paradis, WAC ’16 (Atlanta, GA, USA: Georgia Tech, April 2016).

13Roy Ascott, “Is There Love in the Telematic Embrace?,” in Networks, ed. Lars Bang Larsen (MIT Press,
2014).
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Ascott puts into focus the crucial role of how, what, when, and with whom we inter-

act with along the many nodes that form performative networks. We can view Ascott’s

methodology as a means for not just discussing what types of control data or audiovisual

material are being sent across the network’s nodes, but the directions of interactivity being

established by the artist when creating possible channels of interactivity and collaboration

provided to those participating in a work.

To establish terminology useful for describing flows of interaction and intent in an NMP

work, Benjamin Matuszewski, Norbert Schnell, and Frederic Bevilacqua establish a series of

interaction topologies, which they describe as “networks of relations between entities (e.g.,

human, technical artifacts) without any a priori hierarchy on their agencies"14 and repre-

sented as graphical maps indicating the directional flow of actions, intentions, and audiovisual

focus/influence. Matuszewski et al. design their graphs and topology layouts to represent

the possible methods of cooperative interactivity that exist between nodes in a given NMP

work. Assuming the server’s role of as a central negotiator and distributor of anything being

transferred, they choose to exclude it as a node from their models and stress that an inter-

action topology does not always correlate to the network’s technological topology, (i.e. how

data or audiovisual material travels through the server). This is done for the sake of better

showcasing the intended and resulting interaction from one node to another by focusing on

the transmission direction and/or grouping of and eventual recipient(s) of any intentional

performance action. For example, a sequenced transmission of an audio file recorded by and

then sent from one participant to the next as they stand in a circle would be represented in

Matuszewski et al.’s interaction topology graphs with a series of arrows, each one emanating

from one node to the next in either a unidirectional or bidirectional fashion (see graphs (b)

and (c) in Figure 2.1). These illustrations show the resulting travel of a collaborative action

corresponding to the transmission of the file from participant to participant even though

14Benjamin Matuszewski, Norbert Schnell, and Frederic Bevilacqua, “Interaction Topologies in Mobile-
Based Situated Networked Music Systems,” ed. Stefania Serafin, Wireless Communications and Mobile Com-
puting 2019 (March 2019): 9142490, https://doi.org/10.1155/2019/9142490.
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it may not be technologically factual; in reality, the technical network topology of a client-

server system would indicate arrows connecting from each node to a server node located in

the center of the graph, as each new audio file would need to be uploaded to the server in

order to be passed on to the next participant.

Matuszewski et al.’s interaction topologies are as follows:

• Disconnected graph: nodes act independently.

• Unidirectional/Bidirectional graph: actions cause reciprocal reactions on other

nodes in a preset order, progressing through that order in one or more directions.

• Centrifugal star graph: actions by many nodes result in reactions from one node.

• Centripetal star graph: actions by one node result in reactions from many nodes.

• Forest graph: groups of nodes are encouraged to interact together. Their actions can

cause reactions from nodes within their specific group according to any of the previous

topology graphs.

While these graphs are presented as individual models, one or more of them can be com-

bined to form a hybrid interaction topology. Due to their usefulness describing multilayered

pathways for participant actions and collaborations across a network, we will use the interac-

tion topology types designed by Matuszewski et al. in our interrogation of prexisting NMP

works and, in later chapters, new works created with Bendit_I/O.

2.1.3. Devices for Networked Musical Performances

Networked musical performances typically utilize portable mobile devices such as laptop

computers, smartphones, and tablets as performance instruments or receivers of distributed

audiovisual materials. These devices have become nearly ubiquitous tools in the NMP prac-

tice due to their built-in wireless radios, plethora of on-board environmental and gestural

sensors, embedded multi-point touchscreens, microphones, and speakers useful for tactile in-

put and audiovisual feedback, and ever-increasing computational power. Their proliferation
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Figure 2.1. Graphs designed by Matuszewski et al. representing interaction topolo-
gies possible in networked musical performances. Graphic by Matuszewski et al.,
2019. From “Interaction Topologies in Mobile-Based Situated Networked Music Systems",
https://www.hindawi.com/journals/wcmc/2019/9142490/. Reprinted by permission.
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throughout global culture15 also affords artists the security of knowing that a majority of

audience members will have one of these devices on them while attending a performance

and they will be familiar with performative actions such as tapping the screen or rotating to

match gestural instructions, allowing for large-scale collaborations to occur between perform-

ers and novice participants. Featuring mobile devices as audience performance or reception

tools allows NMP artists to highlight their prevalent role in our lives in a programmatic man-

ner. In works such as Benjamin Taylor’s The Last Cloud (2016), a solo performer creates

sonic and visual collages by composing with pieces of web media such as QuickTime videos,

streaming MP3 files, and cascading patterns built out of multiple web browser windows.

Taylor invites audience members to use their mobile devices to receive a real-time localized

stream of his web medium collages, positioning the audience to simulate the act of browsing

the web on their personal devices which have now been turned into receptors of high art

made with everyday internet media.16

Over the past two decades, the creation of network-enabled instruments and controllers

has become a prominent subject in digital lutherie. Through inclusion of embedded mi-

crocontrollers or palm-sized computers, instrument designers develop brand new tools for

interactive and collaborative musical performance across local networks and through the

internet that precisely match the performance needs of their creators. These custom de-

vices are designed to communicate with and influence the actions of other like devices or to

connect with mobile devices and other web-enabled controllers, allowing for cooperative per-

formances between consumer mobile devices and smart musical instruments, a term coined

by researcher Luca Turchet.17 Taking inspiration from networked consumer hardware, par-

15Kyle Taylor et al., “Smartphone Ownership Is Growing Rapidly Around the World, but Not Always
Equally,” Pew Research Center’s Global Attitudes Project, February 2019, https://www.pewresearch.org/
global/2019/02/05/smartphone-ownership-is-growing-rapidly-around-the-world-but-not-always-equally/.

16Benjamin Francis Taylor, “McLuhan.js: Live Net Art Performance with Remote Web Browsers” (PhD
diss., Louisiana State University, 2016).

17L. Turchet, “Smart Musical Instruments: Vision, Design Principles, and Future Directions,” IEEE Access
7 (2019): 8944–8963, issn: 2169-3536.
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allel research fields such as the Internet of Musical Things (IoMusT)18 and the Orchestra of

Things19 have formulated, sharing a focus on studying and creating new devices designed to

control, receive, or generate audiovisual material and performance data collaboratively over

local networks and the internet. Examples of smart musical instruments (or hybrid systems

that utilize them) that fall within these two fields are a system of networked speakers, soft-

ware instruments, and performance interfaces designed by Stephen Beck and Chris Branton

for use in digital music ensembles;20 the Smart Cajón21 of Luca Turchet, Andrew MacPher-

son, and Mathieu Barthet, an electroacoustic percussion instrument that can transmit and

receive data between mobile phones in performance; and the Happy Brackets framework22

of Oliver Bown et al., a hybrid software/hardware framework designed to program and co-

ordinate the network topologies of Raspberry-Pi-enabled smart musical instruments.

2.1.4. Technological Mediation of Performance Actions within Musical Networks

By stepping back and taking a broader look at networks as a concept—considering the

expansive collection of different software and hardware tools that make interconnectivity

possible as one large collection with a unified purpose—we can view the existence of telematic

and locally-connected links as a technological mediation tools that aid the practice of music

performance at large. In works that connect multiple geographically-displaced performers

together for the purpose of performing in a shared, virtual concert space, the client-server

18L. Turchet et al., “Internet of Musical Things: Vision and Challenges,” IEEE Access 6 (2018): 61994–
62017.

19Stephen D. Beck and Chris Branton, “The Orchestra of Things: a new approach to managing, controlling,
and composing for laptop and mobile device ensembles” (Presented at the 30th Annual SEAMUS conference,
Virginia Tech, Blacksburg, VA, 2015).

20Ibid.
21Luca Turchet, Andrew McPherson, and Mathieu Barthet, “Co-design of a Smart Cajón,” Journal of the

Audio Engineering Society 1, no. 1 (2018).
22Oliver Bown et al., “Facilitating Creative Exploratory Search with Multiple Networked Audio Devices

using HappyBrackets,” in Proceedings of the International Conference on New Interfaces for Musical Expres-
sion (Porto Alegre, Brazil: UFRGS, 2019), 286–291, http://www.nime.org/proceedings/2019/nime2019_
paper055.pdf.
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architecture and toolkits used to create collaborative musical networks can be considered a

mediation system, viewed as an additional technology helping to negotiate between multiple

audiovisual streams in order to make synchronized performances between isolated musicians

a reality.23,24 Using the definition of networked musical performance that we set above,

however, we see the existence of a network not as an additional facilitation tool but as a

required environment that encompasses all interactive and aesthetic elements of composition.

Within this framing, technological mediation systems can still exist and be stationed between

any of the nodes within the web of connected users, negotiating between the performative

actions of participants (both human or machine) and any audiovisual reactions.

To explore this concept of intra-network mediation systems, let us look at an analysis

on the role of mediation systems in NMP works undertaken by Felipe Hickmann and Rui

Chaves.25 The authors describe mediation systems placed between paths of material or

interactivity as being akin to a window set in the wall of a building. The shape, size, opacity,

and location of the window all work to determine what elements of the world outside the

building can be seen by those looking through it from the inside.26 In this manner, Hickmann

and Chaves’ perception frames the purpose of mediation systems embedded within networks

as serving “to mediate different levels of access and communication"27 by determining the

state of any transmitted media or data allowed to pass through the "window" between one

node and the next. Graphing their metaphor onto an artistic example, the authors discuss

Rob King’s and Pierre Proske’s Packet Loss (2010), a work by for two networked Disklaviers.

23Miriam Iorwerth and Don Knox, “The Application of Networked Music Performance Technology to
Access Ensemble Activity for Socially Isolated Musicians,” in Proceedings of the International Web Audio
Conference, WAC ’19 (Trondheim, Norway: NTNU, December 2019), 8–13.

24Chrisoula Alexandraki, “Experimental Investigations and Future Possibilities in Network-Mediated Folk
Music Performance,” in Computational Phonogram Archiving, ed. Rolf Bader (Cham: Springer International
Publishing, 2019), 207–228, https://doi.org/10.1007/978-3-030-02695-0_10.

25Felipe Hickmann and Rui Chaves, “A Window in Between: Mediation Strategies in Networked Sonic
Arts,” Interference Journal, no. 4 (2014).

26Ibid.
27Ibid.
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In this piece, a live performer’s musical improvisation on one instrument is attempted to be

replicated note-for-note by the other, which is robotically performed by MIDI note and

velocity data it receives across the network from the live performance. The attempt at

synchronized performance between instruments human and robotic is purposely subverted

by the inclusion of a mediation system within the network, taking the form of a software

gate that only allows notes played at a velocity stronger than a predetermined threshold to

pass through. The stream of MIDI data is therefore filtered, and the unattended Disklavier

only reproduces a fraction of the notes performed by the live performer. Using the authors’

window analogy,28 we can perceive the velocity-gated mediation system as a partially-opaque

window, the stream of live MIDI data as our intended view of the outside world, and the

impaired performance of the robotic instrument as the manifestation of our impaired view

due to the parameters of the window.

Another impact of intra-network mediation systems can be seen by considering the en-

tirety of the network— including its technical and interaction topologies—as a an instrument

in its own right, one that can be performed collaboratively by all connected participants,

performers, and unattended hardware devices. Our intentions of what we would like to ac-

complish together with and through the network may be stifled by the inherent intentions of

the mediated-network-as-instrument itself, a theory proposed by instrument designer Tom

Davis in his research on musical instruments and their role as performance mediation sys-

tems. Davis builds his theory from the belief of theorist Peter Paul Verbeek, who felt that

technological systems and devices are imbued with their own inherent intentions, born from

their design and operating process.29 When interacting with technology, humans are nego-

tiating between the intentions of the device they use and their own intentions of what it

should do. Davis expands this point through the lens of Verbeek’s concept of composite

intentionally, created when both the performer and the instrument have their own sense of

28Hickmann and Chaves, “A Window in Between: Mediation Strategies in Networked Sonic Arts.”
29Peter-Paul Verbeek, “Cyborg Intentionality: Rethinking the Phenomenology of Human–Technology re-

lations,” Phenomenology and the Cognitive Sciences 7, no. 3 (2008): 387–395.
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agency and intent. “In this conception," says Davis, “the instrument is not transparent, it

does not disappear in use, the performer is not trying to master it; they are collaborat-

ing with it; adjusting and shaping themselves in relation to it. This wider conception of

musical instrumentality relates to concepts of mutable boundaries between performer and

instrument."30 Viewing "instrument" as synonymous with our description of a network with

embedded mediation systems, Davis’ description of an instrument as a collaborative force

with which performers are in a continuous negotiation with embraces the collaborative and

transformational aspects of mediated interactions possible through networked musical per-

formances. As the technologies used to create systems for mediation become more powerful,

artistically aimed, and easier to access through existing NMP technologies31 artists will con-

tinue to be presented with creative possibilities for designing systems that modulate intent

and interactions.

2.2. Collaborative and Distributed Works through Networked Per-
formance Technologies

To showcase the ways in which the aesthetic and technological aspects of networked musical

performances have inspired the system at the center of this project, representative works that

address the art form’s flexible approach to building collaborative and mediated environments

for linking performers together will be analyzed. The artist’s choice of interaction topologies,

mediation systems, networked hardware, and audiovisual creation through collaboration will

be highlighted for each work discussed.

30Tom Davis, “Instrumental Intentionality: An Exploration of Mediated Intentionality in Musical Impro-
visation,” International Journal of Performance Arts and Digital Media 15, no. 1 (2019): 70–83.

31Examples of technologies that meet these goals are web-based machine learning tools such as those
created in the MIMIC Project (https://mimicproject.com/about) and Sentiment Analysis tools as featured
in IBM Watson’s Tone Analyzer service (https://www.ibm.com/watson/services/tone-analyzer/), both of
which can be integrated into web performance interfaces through JavaScript libraries and are accessible
through the internet.
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2.2.1. Imaginary Berlin

Anna Xambó’s Imaginary Berlin (2018) is an interactive work for mobile phones, streaming

audio, computer, and audience participation. The piece is inspired by John Cage’s 1951

work Imaginary Landscape No.4 in name, sonic context, and process for collaborative music

making. In Xambó’s piece, a solo on-stage performer creates twelve channels of audio com-

prised of field recordings and radio station samples recorded in Berlin, the site of the piece’s

premiere performance. Audience members are encouraged to use their mobile phones to pick

from one of the twelve audio channels, which are being streamed wirelessly to client-side per-

formance interfaces running in their web browsers. To choose a channel, participants move

their phones horizontally through the space in front of them. The on-stage performer has

designated invisible, segmented spots in this empty space as points where localized playback

of each audio stream will occur on the participant’s phone; a full sweep from left to right

allows the participant to shift through all possible audio streams as if changing the channel

on a radio, alternating between whichever ones they prefer. In addition to the sounds ema-

nating from every audience phone, the solo performer’s laptop feeds every audio stream into

a web-enabled software mixer and out to the concert hall sound system. Through vertical

movement of their phones, each user can contribute to the overall presence of their selected

audio stream in this master mix.32

Just as in Cage’s piece, the core focus of interactivity in Imaginary Berlin stems from

a sense of individual activity that overlaps into group participation and influence. Xambó

provides no score to her audience performers, so all actions taken represent their individual

intents. Sounds are not distributed to one phone at a time in a pre-determined sequence, and

it is up to each audience member to choose which audio stream they will listen to and for

how long they listen before moving onto the next. Forgoing a pre-sequenced order of sound

distribution by giving complete performative action to the audience matches Matuszewski

32Anna Xambó, “Imaginary Berlin,” in Proceedings of the International Web Audio Conference, WAC ’18
(Berlin, Germany: TU Berlin, September 2018).
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et al.’s disconnected interaction topology33 (see Figure 2.1), with the overlapping layers of

sound from one phone to the next unmodulated by and independent from the actions of

their neighbors. We can also overlay both the centrifugal and centripetal graphs on to

this topology by changing our perspective as to who in the network is the central node.

Looking at the interactions from the on-stage performer distributing a set of invisible audio

stream options for each disconnected user to choose from, and, from the perspective of the

web-enabled audio mixer, the interactions from each phone meant to adjust the presence of

selected audio streams.

Xambó’s network topology offers a mediation system in the form of the on-stage per-

former’s placement of the stream shift points along the space in front of the participants.

These points are invisible, and the audience has to work to explore the space in front of

them to find a stream they enjoy, and to remember where to find it later if they would like

to hear it again. There is an interesting balance of chance at play in Imaginary Berlin that

is different from the Cage work that inspired it: the predetermined audio streams chosen

by the solo performer remove the opportunity for participants to find audio elements that

are completely presented to them at random, a possibility when using a transistor radio to

pull from a wider band of uncontrollable public radio sound sources. In this manner, the

use of mobile devices trades the expressive physical input gestures and high fidelity of local

playback possible with modern smart devices acting as radios over the complete randomness

achieved with actual radios.

2.2.2. Diamonds in Dystopia

Diamonds in Dystopia (2015) is a networked exercise in building a collaborative poem with

audio visual accompaniment, created by Derick Ostrenko, Jesse Allison, and Vincent Celluci.

The work is scored for two performers, poet, live electronics and visuals, and audience

33Matuszewski, Schnell, and Bevilacqua, “Interaction Topologies in Mobile-Based Situated Networked
Music Systems.”
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participation through mobile devices. Throughout the piece, a bed of live audio is performed

while a poet reads from a pre-written "seed" poem inspired by transcripts of TED conference

talks. As the performance progresses, the seed poem is presented to the audience participants

through their web performance interface and on a projector screen in the front of the hall.

Participants tap on words of their choice, causing a localized audio file of their selection to

be "spoken" from their phone’s speakers. This results in a real-time change to the seed poem

for all parties, including the poet. A mediation system that relies on Markov chains uses the

audience-chosen words as search terms to riffle through a database comprised of thousands

of previous TED Talk transcripts, collecting lines of text that match the terms and joining

them together into new stanzas. A group of newly-generated stanzas are then sent to the

poet, who in turn chooses which of the options they would prefer to read and selects it as

their new seed poem. This process continues until the piece’s end, with the original seed

poem eventually lost entirely through the collaboratively-generated writing process.34

At first glance, the interaction topologies of Diamonds in Dystopia match those at work

in Xambó’s Imaginary Berlin: localized audio playback triggered by tapping text results in

unsequenced, disconnected interactions between audience participants; text choices sent to

the mediation system and new stanzas sent back to the audience match the centripetal and

centrifugal star respectively. One pattern of interaction that can be added to this overlay

is revealed when we look at the work’s action from the perspective of the poem. Starting

at the poet and audience simultaneously, the seed poem is altered when the mediation

system sends new stanzas for their choosing. Once chosen by the poet, the new seed poem

is sent back to the audience, and the process is repeated. This continuous progression

from poet/audience, to mediation system, then back to poet matches the unidirectional

circular topology, representing a closed loop of continuous evolution and total of three distinct

interaction topologies at play in the work simultaneously.

34Jesse Allison, Vincent A Cellucci, and Derick Ostrenko, “Creative Data Mining Diamonds in Dystopia:
An Interactive Poetry Web Application,” Journal of the New Media Caucus| ISSN, 1942, 017X.
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2.2.3. Patchwerk

In Brian Mayton et al.’s Patchwerk broadcast (first streamed 2012), audience participants

are able to log onto a server from anywhere on the planet and collaboratively perform

the Paradiso Analog Modular Synthesizer (PAMS), a vintage 1970s synthesizer created by

Joseph Paradiso.35 Using a web page performance interface, small groups of geographically

displaced users collaboratively perform the PAMS (located at MIT Labs in Massachusetts) by

engaging with HTML5 buttons, potentiometers, and switches that emulate physical controls

found on the physical synthesizer. Manipulation of their web interfaces generates control

signals routed through a remotely-hosted server and on to the Patchwerk, a custom-made

module that translates the incoming actions into control voltage for use in performance of

the PAMS.

The server used in the Patchwerk broadcasts mediates interactions with the PAMS by

distributing control of the modules’ inputs and outputs to only a handful of users at a time.

Upon logging on to the server, users enter a queue to wait for their turn to perform. After a

set amount of time has elapsed, a new group of performers are allowed to take control. To

share the resulting audio of performances created with their networked system, the Patchwerk

module includes internal hardware for capturing and converting live audio streams into Ogg

Vorbis format, preparing it to be streamed through the internet to any connected listeners

and the performers.36

Performances with the Patchwerk/PAMS system follow one of a handful of Matuszewski

et al. interaction topologies, some becoming a better fit than others based on the perspec-

tives we choose to look at the interactions from. If we consider the performance from the

perspective of the audience participants, the work follows a centripetal star topology, with

each performer node sending intended interactions to the Patchwerk module, acting as a

35Brian D. Mayton et al., “Patchwork: Multi-User Network Control of a Massive Modular Synthesizer.,”
in Proceedings of the International Conference on New Interfaces for Musical Expression (Ann Arbor, MI,
USA: University of Michigan, 2012).

36Ibid.
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central node receiving those interactions. But, if we consider the work from the perspective

of the Patchwerk, the centrifugal star topology would best fit the process of streaming au-

dio data to each listener’s device as an aural feedback measure of their performative actions

with the PAMS. Another possible topology would be an overlay of the forest, centripetal, and

centrifugal graphs, which best describes the occurring interactions when the performance is

looked at with an all-encompassing perspective: since the server only allows for small groups

to perform the PAMS at a time, the sub-groupings shown in the forest graph would best

represent a limited set of nodes transmitting their actions to the center Patchwerk module,

which in turn sends audio feedback out to every node, whether they are performing or not.

Mayton et al.’s creation of a networked performance environment with the Patchwerk

module displays a unique approach to using smart musical instruments that straddle the line

between the past and the present. Patchwerk is a contemporary creation made to look like

and interact with a vintage piece of music technology, making it an IoMusT-centered remake

of a device that looks as if it was repurposed. In a way, the device explores the history

of modular synthesizers through an aesthetic approach to media archaeology37 instead of

through the practice-based approach that Hertz and Parikka attach to the act of circuit

bending. While it was made to interface with a piece of vintage hardware, neither the

Patchwerk module, nor the PAMS, would classify as an example of zombie media since they

are not reanimated or repurposed devices. They do however open the door to using NMP and

mediated performance techniques for the purpose of hardware democratization by providing

free, global access to an expensive and sought-after electronic musical instrument.

The options for interactivity and collaboration made possible by networked musical per-

formance techniques provide a road map towards bringing the same abilities to circuit-bent

devices. Modeling the technologies and architectures discussed earlier in this chapter in the

design of Bendit_I/O’s software components, a synthesis of both artistic practices will al-

37Huhtamo, “Art in the Rear-View Mirror: The Media-Archaeological Tradition in Art.”
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