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Abstract

We propose to design and implement a computeragin that enables users to
create sound experiences and musical compositioagompletely new way. In
particular, our software will enable users to designamic temporal networks in which
the nodes correspond to sound clips, and directgdserepresent time and other
relationships between nodes. Furthermore, weemilbed functionality in the application
So as to enable different instances of our softw@reteract with other musicians’
networks so as to create a truly interactive, baltative music experience. We will also
release our software to any interested partieeepdan extend it as they see fit (and set

up their own musical networks at home).

I ntroduction

In many regards, traditional musical compositioa haen a strictly linear affair.
Composers often design their musical pieces noteelby and chord-by-chord, around
variations of several themes that might recur sdvienes. Any interaction between
notes must be envisioned outright by the compasereapressly embedded into the
composition. While this musical paradigm has aated for an incredible diversity and
richness in our musical tradition — including ngadl Western musical traditions — there
are other ways one might render musical expres&igmiesigning more complex — and
perhaps unexpected — interactions between theiterdisoundswithin the composition.

Our project, which we have codenani¢ateWorksis a computer application that
operates in many iterations of two simple stageghe first stage, end users create a
directed network with a simple drag-and-drop irde€f consisting of nodes and directed
edges. Each node is associated with a certairdsdim(something the end user selects
—including sound clips he or she has prerecordBilected edges connect nodes; if



there is a directed edge from nodléo nodeB, then this encodes that thieng (to be
explained below) of nod& will affect nodeB.

In the second stage, the user “starts” the netwdtiat is, a given node or set of
nodesS, (specified by the end user) is initiafiyed —and so the associated sound clip
plays over the speakers — at titme 0. In the simplest incarnation of our projectt at1,
all nodesS, that are the targets of all edges whose soureeis & are fired (andy and
S are not necessarily disjoint sets). tAt 2, all nodesS; that are connected from tige
nodes fire, and so on. In this way, the netwonleminiscent of a recurrent neural
network.

Below is an example of four timesteps iNateWorksnetwork (hereafter called a
“notework”). The first node (specified by the user) is fired at tirhe 0, and so the

soundgong.waus played.

a) gong.wav b) highhat.wav

d) --nothing--
c) crackle.wav

Q) snap.wav

e) piano_chord_d_minor.wav
f) guitar_arpeggio G_maj_7.wav

NoteWork at timestep t = (0

There are arrows going froato the nodes, d, ande, and so at timé= 1, noded, d,

ande will be fired. In this case, lighhatsound and anapsound will be emitted from



the speaker. Since nodes arestnode, it will not emit any sounds; howevemyitl
excite one of its own neighbors to fire on the s&cking timestep. This is one of the

many possible extensions that we can embed intaghkcation so as to expand the
richness of created compositions.

a) gong.wav b) highhat.wav

d) --nothing--
c) crackle.wav

Q) snap.wav

e) piano_chord_d_minor.wav
f) guitar_arpeggio G_maj_7.wav

NoteWork at timestep t = 1

On the next timestep, both nodeandg will be fired, but so will node, since nodd
excites node for the subsequent timestep. For timeste|2, therefore, we will expect

to hear asnap acrackle and ad-minor piano chordit the same time.



a) gong.wav b) highhat.wav

d) --nothing--
c) crackle.wav

Q) snap.wav

e) piano_chord_d_minor.wav
f) guitar_arpeggio G_maj_7.wav

NoteWork at timestep t = 2

For timested=3, nodes, b andf will be fired. And so on.

a) gong.wav b) highhat.wav

d) --nothing--
c) crackle.wav

a) snap.wav

e) piano_chord d_minor.wav
f) guitar_arpeggio G_maj 7.wav

NoteWork at timestep t = 3



In addition to sound clips and the directed edgge/éen the nodes, nodes will
also support additional properties that charaadheir behavior, and the behavior of the
network at large. For the sake of easy visuabiratihe nodes in the example above all
send impulses to their neighbors exactly one tiegeatter being fired. Put another way,
the example above describes a network in whicbfalie nodes fire in a kind of lock-
step fashion. This needn’t be the case, howeweryee’re planning to build in properties
such as delay and sustain so as to maximize thibifley and possibility of the network.
We're also planning on building different node tgpsuch as a node that must receive a
certain threshold amount of impulses within a ¢ertime frame before it can fire, or
nodes that effect changes in the network that nmghtorrespond directly to a sound.

In addition to a sound expression, the applicawdhprovide clear visual
feedback of what’s going on in the network to gatethe sounds, so as to better
understand the dynamics of the network.

We do not envision that our application will seagareplacementor traditional
music composition techniques. We, however, hope that these kinds of techniques will
complemenexisting music-production methodologies; for exénpy helping
musicians to identify and enact musical relatiopsiguickly and easily — and also, we
hope, in a way that is fun. Also, we plan to inmate recording facilities so that
composers can embed a run of their network intoeat sound file format, so as to listen
to it later through a standard audio player apfpibca or else perhaps embed it in any
multimedia application they see fit.

Furthermore, we sincerely hope that users wilhipgressed with the profound
ways in which even simple networks can represemiesgery sophisticated musical
expressions, and through our project we want to@rage users to think about how they

might apply network theory towards their own disicips and interests.

Emphasis on Collaboration

One of the features of our application about whighare most excited is the
facility we will include to extendNoteWorksacross several computers over the Internet,
and so create organic, multi-machine musical itegtah arrays that are possibly widely

distributed in various locations on the globe possibly in the same room, so as to



create a musical ensemble that is dynamic, andayeds as an audience member walks
about and comes closer to (and farther apart faiffgrentNoteWorksnstallations. In
particular, we plan on creating special nodes withe network that will “tunnel” to

other installations through the Internet. Usens lva excited because they will be able to
see, first-hand, how their installations affectastimstallations, and vice versa.

Another focus of ours in the developmentafteworkss to position it so as to be
a viable platform for public performances. ClulsPibr example, might have particular
interest in our project. DJs traditionally weakieit soundscapes by merging and
changing between two or more songs to create upengaging, and coherent
compositions. With our software, performers caoerehate interesting networks ahead of
time and perform in such a way that audience mesneuld see a visual representation
on how the dynamics of the network effect a mustegression.

It is a very high priority for us to make the irfeare as intuitive as possible.
Existing software packages have the burden of eigiense and high learning curves.
Our mantra is to design the software in such athalpotential users will essentially
already know how to use the application withoutanoal — at least for some basic
compositions. The software will not only allow ts& create compositions quickly and
intuitively, but also it will foster interest in tvgorks and graph theory. We plan to
release th&loteWorkssoftware tcanyonewho is interestedpr freevia the CSE and/or
the SOMTD website(s), so they can continue thgdeexentations and set up their own
installations at home — and with their friends, rave Internet. We will foster this

community and encourage further development offi@ication through the community.

Equipment

We may require the use of some sophisticated degpequipment (and
software) so as to provide a palette of good sowittswhich users can work. For these
purposes, we will utilize the Dudertstadt Centaudio studio, specialized workstations
available through the Performing Arts Technologygsam in the School of Music,
Theatre, and Dance, and experimental sound-desfgmage available in the Interactive
Systems laboratory in Computer Science and Engimgeefor the demonstration, we

can install our software on any Windows (and paeadigtMacintosh) machine with a



reasonably good graphics card and a reasonably gmot card. We will need several
machines to run the several instancellatieworks as well as, if available, projection
monitors, a curved projection screen, and some-@ighspeakers. We believe that all of
this can be provided by Michigan’s media facilitiggon reservation.

Participants

John Umbaugh is a second-year Masters student in Computer &sien
Intelligent Systems at Michigan. He has workea asftware developer in the corporate
Internet application space, and as a software t@athand developer for the video game
developePyramidin Tokyo, Japan, and also independently (httpagsresearch.com).
As an undergraduate at Case Western Reserve Utyyarsnajor interest of his was the
dynamics of biologically-inspired recurrent neunatworks. He is an avid music fan and
a sometime-musician. He has participated in theggls, including a Japanekako
drum troupe.

Patrick Turley is a second-year Masters student in Computer &eientelligent
Systems at Michigan. He has worked as a reseagi$tant at the United States
Geological Survey on graph theory and traversahous. In his undergraduate work at
the University of Missouri-Rolla he was heavily alved with college radio eventually
working his way to a station manager position.riBlais proficient in many different
instruments including drums, piano, harmonica,agu@nd bass. He has been a member
of a wide variety of bands in the past and presanst recently notable the Phoenix
Brass Band and MI5: Under Surveillance.

David Fienup, an Ann Arbor native, is a first year Master ot#Astudent in the
Media Arts department. He holds a Bachelor of Artsusic Performance from Albion
College, with a concentration in Music Compositiand a minor in Economics &
Management. David has spent the last two yedtsifPerformance Art Technology
department at the Bachelor level working on higfpbo before beginning the MA in
Media Arts. His experience in music includes perfance, composition (for music and
film), theory, philosophy, history, music technojopand management, digital signal
processing, computer music, sound recording, anddsproduction, as well as



performing with multiple rock bands. His musidé lhas taken him through the genres
of classical, jazz, blues, rock, funk, electronigarary and dance collaborations, and

free improvisation. He is proficient in guitar,dahas played French horn, bass, lap-steel,
piano, various hand drums, and turntables. Regdmlrecorded live sound for the full-
length film Zombie Apocalypse, by Ryan ThompsomfrGrand Valley State University.
He has also composed and recorded the majorityeafa@undtrack. Currently, David
holds a GSRA with The Internet Publication Taskdépmwhich runs Block M Records,

the UofM Record Label. David recently won the Bddd competition: New Music on

the Block, scoring him a recording contract, whiah be published and distributed on
iTunes.

Robert Alexander is a first-year Masters student in Media Arts. releeived his
Bachelor of Fine Arts in Performing Arts Technoldgym the University of Michigan
School of Music where he worked for three yeathaoffice of Computer Technology
under Gregory Laman. His undergraduate thesidvedahe creation of a new tool for
working with electronic music that fused sight aaoadind in a digital space. He has
written electroacoustic music for ten years usioitvg@re such as Reason, Buzz,
Max/MSP, Csound, Digital Performer, Pro tools, Kakif Reaktor, and Logic. Live
performance venues have included the Thresholdraipustic Music festival, Sync 05,
and New Music on the Block. He plays the pianataguviolin, and has performed
vocally with the Michigan State Honors Choir.

Technology and Literature Review

We know of no projects in which dynamic temporaiworks are used and
manipulated to create any sort of artistic expoegghough there are commercial tools
such as Max/MSP in which composers can construoptax networks of sound objects
SO as to create virtually any sound imaginableveXieless, we believe that it is difficult
if not impossible to coax out the complexity (itnet dimensions) that our dynamic
temporal networks will be able to express. Furtiee, Max/MSP is a serious tool for
serious composers and sound designers, and astsuelyning curve is reported to be
extremely high. WitiNoteworkswe want to concentrate on simplicity and intugtiess.

Finally, we wanto build Noteworksn such a way that it can be used as a viabléophat



for engaging performance; this is not something flés within the core competencies of
a complex package like Max/MSP.

There is a rich body of knowledge within the sceen€ network theory. In
particular, we are going to have to pay speciainitbn to motifs, network centrality
measures, cyclic networks, diffusion and contagam prestige. We are also going to
have to take special measures to make sure thas#éreannot easily create a network
that emits a bunch afoise after all, we want this to be an enjoyable exgrare for users.
We also plan on consulting several neural netwefrences to implement features like
oscillating neurons (nodes) and neural threshatdtfans. We may also employ
sophisticated network operations such as realtirefegential attachment, dynamic
network growth (i.e. the growth of “neurons” in meatecution), and syntactic network

generation, with something akin to context-freengreaars (for graphs).
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