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Soundrevealssomeothersidesof things.Curiousaboutthe materialbody of something,
we are usedto knock or shake,andlisten for a clue. This gives a direct impressionof

somethingcloseby butinaccessibleanintimateaccesdo hiddenpropertiesAt the same
time, a soundmay be a distantattemptto communicate someone&nockingon the door,

or theneighbourknockingonthe ceiling. Onemay haveo listenfor awhile untilonecan
tell sucha signfrom the soundof someonedriving a nail into thewall, andit may simply

impossible to tell whether a door was slammed accidentally or in.anger

Why is it enjoyableto watchan acousticmusicensembleon stageertainlyoneof the
reasonss thatonecanwatchpersonsandobjectsin aninteractionwhereit is not always
certain whether a sound is a musical sign or a trace of the instruments@eculiar
materialityN or both;while all thatis audiblecanbe tracedbackto somematerialthing,
the sametime it leadsbackto somehumanaction that directedthe enegy to causeit
vibrate. By making sucha situationpublic, the stagecondenseshe unity of soundand
action,andat the sametime givesspacefor thewhole beldof uncertaintyof the origin of
each sound event.

When Michel Chion describesthe punchin the PIm soundtrack as the paradigmatic
momentof clearcausality(synchesig in the PIm,1 he mentionsit only asa culmination
point of a generalsyntheticbut consistentcausalitythat PIm hasto construct,while in
everydayife thisis partof the perceptuabackgroundA suddersilentfootstepwould be
a surprise without doubt. Similarly, in the renderingof a compositionthe audiencemay
be surprised,but the musiciansare usually expectedto be in a stateof predictionand
control.In improvisationor moreexperimentatompositionspn the otherhand,the stage
becomesa placewherethe effects of actionsare not the resultof a global perspective;
they are rather local and heterogeneousand generally they are expectedto be
unexpectedAudienceand playersmovetowarda moresimilar standpoint the actionis
lessa renderingof an immaterially existing structureby meansof the instrumentsthan
the exploration of unknown territory or the interestedwaiting? for the responseof
someone or something.

Algorithmic compositiontakesa peculiarplacein this landscapelnsteadof writing down
a scoreof a piece,the composesetsup generakulesfor soundgeneratiorN andinstead
of passingthemto instrumentalistso performthem,shehandsthemoverto a computer
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for interpretation. Although such rules may be entirely deterministic, so that the
performing processcan derive every step and every action from the prescription,the
outcomemay neverthelesbye surprising- very pedanticandevenformal rulesturn out to
be a way to move beyond the expected;from a mathematicalpoint of view the
uncertaintyabout the outcomeof a given calculationprocedureis known as decision
problem which is why experimentalmethodsare used by mathematiciango explore
areasthat cannotbe reachednductively yet. Without a formal specibcatior{how do we
formally specify an acousticimpression?)experimentatioris even less avoidableN
compositionalprocessbecomesa navigationin which the algorithmic descriptionis
repeatedlynodibedandrelatedto its resultingsound.Justlike shakinga wrappedparcel,
experimentalprogramminggives accessto unknown properties,which are now only
partly material,but ratherthe propertiesof abstractthainsof consequencestepby step,
the experimenexploresmodibcationandnewinsights.Suchalgorithmicsoundis a part
of thought; it rather is the sonibcation of musical reasoning than its product.

From this point of view, a public improvisationwith algorithmsis no lessplausiblethan
experimentingvith soundingobjectson stage,andthe numeroudive codingapproaches
haveled to interestingvariety of performance8.Here,it is aneverchangingdynamicsof
reprogrammedmnicrocompositionghat make up the improvisationalsituation, playing
with the doubletime structureof processuathangeand changeof the procesg. In such
an improvisation,the interventionof a performeris not carriedby physicalcontact,but
ratherby a symbolicone: eachprogramlet can be thoughtof eitherasa new sounding
object,or asa modibcationof ongoingalgorithmic processeslustlike in the caseof an
ensembleplaying with physicalsoundobjects,algorithmic soundsare ambiguousthey
may takethe role of a musicalsign$ or that of a peculiarpropertyof the algorithm (or,
both at the sametime of course) Becausealgorithmsare so complicatedandtheir effect
oftendifPcultto predictentirely, the changesausedy the algorithmicprocessaandthose
causedby the interventionsof the performerscan be hardto tell apartN evenfor the
performersthemselves.For an unhappyaudiencewho is inclined to believe that a
performerwith the movementpatternsof a clerk is probably playing back a cd while
checkinghis mail, laptop performancesre lacking appeal.Not only for this reason,n
live coding, the codeis usually projectedon stageN this projectionis the placewhere

3 See TOPLAP: http://toplap.org/. Also good overviews are provided by: N. Collins, A. McLean,
J. Rohrhuber, and A. Ward. Live coding in laptop performance. Organized Sound, 2004., or: Brown,
Andrew R. Code Jamming. M/C Journal 9.6 (2006). 13 Aug. 2007.

4]. Rohrhuber, A. de Campo, and R. Wieser. Algorithms today - notes on language design for just in time
programming. In Proceedings of International Computer Music Conference, pages 455-458. ICMC, 2005.

5 Small program scripts that each may represent an independent cause of actions, or may affect other
programs. In his book on artificial intelligence, Douglas Hofstaedter calls them codelets. (D. Hofstadter.
Fluid Concepts and Creative Analogies. Basic Books, 1996)

6 For a detailed discussion of algorithmic signs, see P. B. Andersen. Semiotic models of algorithmic signs.
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the negotiationf agencybetweenperformerandalgorithmaremadepublic. Again, the
stagetakesits role to compactthe relationsbetweenperformersjnstrumentsand sound,
only now on a level where the program text is in the position of the instrument.

Delocalised persons’

If thesituationbetweermmusicianssoundsandalgorithmicprocessess alreadypleasantly
or unpleasantlyambiguous,networked computersand communicationmedia remove
even more piecesof the backgroundon which we are usedto integratethe physical
world. Action is not only passedon to go its own way by uncertainconsequencedut
alsothe location of actionis neutralisedaway from its initial point8 In a network, the
soundorigin maydiffer radically from its source andin this situation,inferenceof sound
origin can becomea quite absorbingactivity. Here, the computer music stage may
becomeagaina display of unusualcausality asit usedto be in the era of magiciansO
shows:Thereis alwayssomethingthe audiencedoesnot know. On the other hand,we
Pndourselvesan the interestingsituationwherenothingneedsto be hidden,becausehe
interconnection®f a soundnetworkis so hardto reasonaboutthat the performerstake
on the roles as listeners. Rather than to completely give way to an ideal of an
uncontrollablenonlinearsystemin which the performersareimmersed|t is more about
following the edge of understandinghough. Listenersand players scanthe 'sound
surface(theaudiblepropertiespr cues)to makeinferencesaboutthe actionsthat'caused'
to them, and further away the intentionsthat ‘causedthe actions;evenin 'uncaused'
actions, the game of inference is essential.

In live codingperformancessomemembersof the audiencegetupsetaboutthe fact that
the codeis projectedon stage while others,evennon-progammerd?ndit aninteresting
insightinto somethingthatis usually hidden.Thesereactionscould be explainedby the

factthatsomethinghatnormally happensehindcloseddoors,or in silentpreparationis

moved into a public space.Sucha displacemenbf thought,leadingto a situation of

public reasoning certainlyis one of the centralmotivationsof live coding. The double
displacemeniN a shift from internalthoughtto externalthoughtandfrom private studio
to public space,integratesthe algorithmic description,the program texts, and even
commentaryin the improvisation.Especiallyin network music, this form of algorithmic
conversatiorbecomesa secondevel of communicatiorin additionto the acoustic.From

a more structural point of view, the ambiguity betweensound-as-sigrand sound-as-
materiality is paralleledby the ambiguity of algorithmic action N insteadof trying to

Pnd out what personor object causeda soundeventon stage,the curious listeneris

drawn to the traces of program text.

7 At this occasion, we would like to thank James McCartney for writing SuperCollider and making it open
source; all the generous contributors to this language; the Academy for Media and Arts Cologne sponsoring
the Warteraum series; and the Academy for Fine Arts Hamburg for sponsoring the symposium changing
grammars, where toplap was founded.

8 For a more detailed discussion with examples, see J. Rohrhuber. Network music. In N. Collins and
J. d’Escrivan, editors, The Cambridge Companion to Electronic Music (Cambridge Companions to Music).
Cambridge University Press, 2008.



Combining live coding with network music, code is not only a public display of a
performef@ reasoningbutit becomesa constitutiveelementof conversatiorbetweerthe
musicians.Theironic stagingof problemsof ownership,artisic skill and privacy, thatis
typical for participativeandappropriationart, hasbeena part of networkmusicconcepts
sinceits beginning for instancethe pieceborrowing and stealingby the hub, where parts
of the musical score is accessible to all participants, leading to divergent modifications of
the privately edited sound material that may not have been intended at first. The
collaborating players use each other’s score as material, taking it apart, interpreting pitch
as thythm or rhythm as timbre and transforming it beyond recognizable connection to the
original.? Tt is in this spirit, that takes up aspects of network art of the fluxus era,!? that
networked live coding makes code a means of communication and of collective musical
thought. More literally, the program becomes a letter, a letter that circulates amongst the
participants; interpreted by humans N as an expressionof someonethought, and by
machines N as a recipe for synthesising sound.

Various systems have been written to bridge the anyhow rather small abyss between
online chat and multi-user-dungeon on the one side, and just-in-time-programming on the
other. Progamming languages that integrate network models and sound synthesis, such as
SuperCollider, or experimental environments like Craig Latta’s Quoth,'! allow to create
musical pieces which gain their character by the specific way sound and conversation
interlock. While an important element of network music is the structural recombination
and dislocation of agency (both of human and algorithmic nature) the reflection and
negotiation of this structure itself can be made part of the game. The networking
implementation of the Just-In-Time-Programming Library,’? for example, may be used to
dynamically restructure the synthesis graphs of each participant and at the same time
create rules for synthesis combining the graphs of various groups of participants.
Applying the semantics of chat channels as logic for interconnecting and distributing
processes, both program text and the resulting processes are selectively delocalised in the

9 lechnically, this was accomplished by providing each player with a separate area in the Hub's memory
to which the melody that he was playing had to be published. Essentially, it was a shared database marked
off into territories over which each individual player owned write privileges, but where reading (and
copying) was free. (Of course, this was only a protocol that each player was individually responsible for
programming on their own computer, there was no "server” that enforced the concept of territorial
rights!)” Brown, C., Bischoff, J., 2002. Indigenous to the Net: Early network music

bands in the San Francisco Bay area. http://crossfade.walkerart.org/brownbischoff/

10 A, Chandler and N. Neumark. A¢ a Distance: Precursors to Art and Activism on the Internet (Leonardo
Books). The MIT Press, 2005.

' http://www.netjam.org/projects/

12 JITLib is part of the SuperCollider sources. It has been written by Julian Rohrhuber, with considerable
contributions by Alberto de Campo, and many others. For a discussion of the library, see J. Rohrhuber,

A. de Campo, and R. Wieser. 2005. More extended functionality is available as an external library (NetLib),
which will be published shortly.



network. The ensemble powerbooks unplugged'’ (consisting of the authors of this paper)
have developed a setup that uses a subset of this implementation N concentratingpn the
premisethat the identity of eachsingle personis delocalisedas muchaspossibleevery
bit of programtext is public, and everyoneplays on everyoneelse®computer To be
morespecibcwe will now go into somedetailsaboutthis setup,anddiscusssomeof the
underlying ideas.

Powerbooks unplugged

The name of this ensemble may be read as an allusion toward the power games of pop
bands and orchestras: Who writes the song, who plays the quietest instrument or the
longest solo, who cannot adjust their tuning to the others? And the order of the stage:
who stands back? Realising that as algorithmic performers, we are as much listeners as
the audience, and we know as little as the audience, we decided to rid ourselves from
some obstacles that seem often enough just be the historical remnants of display of
power: the stage, amplification and artistic individuality. Having abandoned the stage,
sitting amongst the audience instead, with laptops!# connected by wireless network, we
write and modify sound synthesis routines that can be heard through the pleasantly
narrow band of built-in speakers. Using text as sound source only, every program
becomes an open letter to the others, who may (or may not) read it, copy it and modify it
further. A single, often random or algorithmically generated number in the code specifies
for each sound event on which of the computers it will sound. In this way, a double
delocalisation takes place: anyone’s algorithm may become active on anyone’s location,
and, at the same time, anyone’s algorithm may be copied by anyone else: Both sound and
text stray about.

In acoustics, the delimitation between continuous and discrete is itself rather continuous.
A steady sound may be thought of (and listened to) as a single individual, stretching over
the whole duration, or as a series of a great number of very short individual grains. ! Part
and whole have a peculiar relationship in hearing. The fairly excessive use of microsound
techniques by powerbooks unplugged fits well in the paradigm of a delocalised
individual: A single sound may well turn out to be a group, as well as a sequence of
events spilled out all over the room may turn out to be the result of a single keystroke. In

13 http://pbup.goto10.org/.
14 Yes, currently, some of them are actually still so called “PowerBooks”.

15 C. Roads. Microsound. The MIT Press, 2004.



such clouds of sound grains, many spatially interesting effects result from the coincidence
of events and of network delays: A cartoon version of special relativity.!® While the
origin of a sudden noise may be anywhere, its location is always someone's personal
computer. Compared to a situation where the sound is amplified and redirected to a
network of multichannel speakers, the individual agency is maintained N evenif it is
usually just the image of someone (or something)®een.

Usually, a microsoundalgorithmis written in two interwovenparts:At Prst,a description
of eachsoundgrain itself, with parameterdike frequency duration, or other specibc
propertiesOn the otherhand,a descriptionof anarrangemenof a numberof suchsound
events (usually ranging from 1D10 per second).Both parts can be independently
rewrittensothata procedurehatcreateda seriesof soundsof onekind, may endup with
adifferentkind exchangedinderneathln the currentsetupof powerbooksinpluggedthe
soundgraindepPnitionsarecommonto everyoneput may be globally, or locally modibed
overtime. To give a simple example:initially, a routinethat playssucha grain on each
computerat a time, may makethe impressionof an individual objectwanderingaround.
At anytime, anyonemay modify anyone€sounddePnitionssothatat somelater pointin
time, the very sameroutine may soundlike different individuals making their special
sound one after the other

For keepinga little bit of orientation,the algorithmsthat arrangethe soundeventsare
local to eachcomputerand (apartfrom somerestrictedexceptions)cannotbe directly
inBuencedby anyoneelse. This island of

certaintyturns out only to be the baseof a

whole range of irritainmentst’ that follow
from the fact that such an algorithm, once my =y 41 R v
applied, may be copied by anyoneelse.A

sequencethat | have just written could

shortly after already be in someoneelse®

hands. This distribution of codelets is

History repeats

ma_lntalne_dby a small coo_le chat window, o060 History
which displays the history of all
.. end | v sameDoc } closeAll |c|oseOId|
participants,and that one may evenusefor Fiter: [l v_an | e
searchingwith keywords(seeimage)!® It is -

0:7:43.67 - me - V= 3pi;
0:7:40.8 - me - “x= 2pi;
0:7:3312-me-"y="y+2.1 8%

16 For the musical effects of delay and waiting in netwc 0:7:28.24-me-~y="y+2B"x;

A discussion of delay in remote network performances 0:7:25.99 - me - “out = { SinOse.ar(~x ¥~y ¥ 900 + 600) ¥0.1 };
Supported Cooperative Work for Music Applications (F ||@:7:17.06 - me - “x= { LFPulse ki(SinOse ki(0.1,0, 3, 5 };
latency on ensemble performance, May 2002. For thos: 0:6:29.78 - me - “out = { SinOsc.ar(~x *~y #500 + 600) #0.1 };
network latency (the network-harp) may be an interesti 0:6:6.47-me-"y="y+1B"x;

Physical model synthesis with application to internet a 0:5:50.34 - me - “x=pi;

17 This very appropriate term was coined by Gordon Monahan, who is probably most famous for his
"speaker swinging", and has conceived impressive and highly amusing network sound installations.

18 This class, called History, was written by Alberto de Campo.




supplementedwith some other Othrow-awayuser interfaces® that display status
information and help with a general orientation about oneself. Apart from this, the
interfaceis not much differentfrom the of a poet®typewriter who writes strangelittle

constructivist aphorisms that may or may not become proverbs for a short time.

19 “Throw-away user interfaces’, or ‘throw-away-GUIs’ are graphical windows that can be closed at any
time without changing the system state, which is a relief from the representation-centeredness of usual
computer applications.



