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The following article offers an analytical overview of the
currently available software technologies designed to
assist in creation, dissemination, and most importantly
performance of interactive electroacoustic art. By
grouping the software into two basic groups based on
their interfaces, my aim is to provide a comprehensive list
of two groups’ strengths and shortcomings, therefore
exposing common issues that arise whenever a composer
utilises such software interfaces in performance settings.
Finally, as an incentive in solving a number of given
problems, the author will present RTMix, his own
software creation that has been designed primarily as a
standardised interface for the purpose of easier
production, performance and dissemination of the
interactive electroacoustic artwork.

1. INTRODUCTION

1.1. Background

Interactivity has played a very important part in the
shaping of the electroacoustic medium ever since the
first electronic music studios came into existence. Begin-
ning with modular positioning of speakers in Stockhau-
sen’'sKontakteand Pierre Henry's real-time routing of
the audio signal during the performance of pistent-
iomére d'espaceMorton Subotnick'sGhost Electronics

in works such agrembling as well as today’s numerous
installations and interactive concerts, such as recent
Telesymphonyit is quite apparent that composers and
audiences alike have always had a great deal of interest
in this form of artistic expression. Although the curiosity
was always there, it was not until very recently that this
kind of artistic expression was avoided due to the sheer
cost of the technology and the logistical support required

. . . _ for it to be successfully deployed in a performance of
Interactive multimedia art by definition encompasses

any kind of artistic work that requires live interaction any kind.
between the computer and a live performer. In such a
symbiotic relationship between the inherently ‘stupid’,
yet immensely powerful machine and the intellectually
superior, but computationally less agile human per-Perhaps one of the most revolutionary technological
former, there is always a mediator, anterfacewhose advancements to have spurred the development of the
purpose is to bridge these dramatic differences betweeimteractive electroacoustic medium was the advent of
the two participants, relaying pertinent information in affordable supercomputing portable computers. Ever
order to ensure a successful interaction. Sometimes th&nce their first introduction on the market, the so-called
interface consists of a composer who is running the computemotebookga.k.a.laptopsor powerbookshave
computer, where the performer receives computerkept improving, becoming lighter, more powerful as
related cues from the composer. At other times, thewvell as more affordable, even upgradeable — many
interfaceis perhaps a little more elegant, where the per-manufacturers, such d3ell, Sagerand Eurocomoffer
former has a hands-on communication with the com-aptops that can be upgraded nearly as easily as desktop
puter via the MIDI (Musical Instrument Digital computers. WithCPUs (Central Processing Units) soar-
Interface) pedals and other kinds of interactive control-ing over the 3 GHz (gigaHertz) marklyper-Threading

lers, or by having a visual display of the computer’s abilities (ntel's concept of treating one processor as if
activity and current state. No matter what the means oft were two by the Operating System in order to
communication are, it is obvious that th#terfaceis the  maximise CPU efficiency and task queuinddSE2
most important element in the interactive art perform-(Intel's Streamlined Single-Instruction-Multiple-Data
ance whose flexibility and reliability means the differ- Extensions) 3DNow! (AMD’'s set of multimedia
ence between a successful execution and a complete digstructions) andAltiVec (PowerPCprocessor’s set of
aster. In the following article | will focus on this kind of additional instructions a.k.aVelocity Enging vector-
interfacein order to generate a list of desired featuresbased float-point calculating engines, today’s computers
that would constitute its best possible incarnation capare capable of billions of calculations every second. In
able of seamless integration into just about any kind ofaddition, computers are now becoming more and more
interactive art. modular, where each particular task is taken over by a

1.2. Advent of portable computing
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dedicated hardware — video and graphics are handled bygendering them merely as expensive display adapters.
the powerfulGPUs (Graphics Processing Units), sound Whereas this kind of solution was certainly one of the
is managed through high-quality exterraSP (Digital most popular ones, if not the only viable option during
Signal Processing) cards, while all other peripheral comthe early 1990s, it is now becoming less and less
munications are managed with either dedicated on-boardommon since today’s onboa@PUs are capable of
chips or add-in cards. offering nearly the same kind of computational power

These portable workstations and their usability are theas these systems at a fraction of their size and cost. Their
main focus of this article due to the simple fact thatusually not-so-optimal size (and inherently their
they are nowadays capable of tackling just about anyortability) coupled with their price tag render this kind
computational task, and as such do not require any addif interface simply uneconomical. All these factors, as
tional external hardware (apart from the sound-makingwell as the fact that such interfaces are not required to
equipment, such as the off-board soundcards for the purise minimal amounts of the processing power (since the
pose of limiting possible electromagnetic interferenceinterface does not share the computing power with the
with the tightly concentrated hardware contained withinDSP-based tasks) make any further comparisons
a typical notebook) that would potentially limit their between these hardware solutions and the previously
portability as well as affordability. mentioned software-only ones not only unfair, but more
importantly impossible to present in an objective fash-
ion. Hence, they will be excluded from the given pool
of commonly used and generally widespread software
With such developments in the world of technology, ainterfaces.
new market opened up with a need for software capable Yet in spite of the sudden popularity of the interactive
of harnessing newly acquired computing power. As aart medium, even today many composers and performers
result, during the last decade of the twentieth centuryshy away from its potential, seeing it as being too haz-
several important software packages (or updates to thardous, unpredictable, and too difficult to control in per-
existing software) whose focus was on real-time multi-formance settings; with all kinds of last-minute problems
media data processing took shape, some of them becorof a technological nature, as well as the apparent lack of
ing widely accepted standards among multimedia artconcert halls equipped for such events, the interactive
ists —MIT’s Csound IRCAMs FTS and laterCycling  electroacoustic medium has as many admirers as it has
74s Max/IMSPas well as Miller Puckette’®ure Data  critics. Furthermore, due to such technical volatility,
(a.k.a.PD), Brad Garton, John Gibson and Dave Top-works are hard to judge since it is nearly impossible to
per's RTcmix modification of Paul Lansky’sCmix, separate the listener's impression of the technological
James McCartney'Supercolliderand many more. With  implementation and the creation’s artistic merit. For
a strong response from the artistic community, thesénstance, a work whose performance suffers from tech-
applications quickly gained momentum. Some of themnical difficulties may be better than that which is per-
were designed as open-source software ®B. and ceived, while a mediocre work’s weaknesses can be
CmixX) and continue to develop at a steady rate as stableraftily occluded by the impressive on-stage display of
cross-platform solutions, while others branched off andtechnology. To this day, the lack of a comprehensive,
became closed-source commercial applications (such agandardised and easy-to-use interface has made it not
the ubiquitousMax/MSB. only difficult for composers to work within this medium

All of the listed software packages have one thing inwithout being hindered by technical limitations, but has
common: they utilise the onboai@PUs for both their also warranted a lack of transportability and per-
DSP-oriented taskas well as thenterface While they  formability, as well as stalled development of any kind
are not the only available interactive art tools, they doof aesthetics upon which an interactive work could be
make up the majority of this market in terms of their criticised. So what is the source of this problem and
popularity and widespread use, and as such will serve ashat can we do to circumvent it? In order to answer
a basis for the definition of the two types of interfaces.these questions, | will take a closer look at the software
Yet it must be pointed out that in addition to these, thereperformance interfaces currently in use by interactive
are some very potent, but architecturally rather differentmultimedia artists, grouping them according to their fea-
kinds of interfaces that offer the same functionality tures as well as the ways they encourage the user to
utilising dedicated hardware rather than the built-inapproach the music-making process.
CPUs for DSP-related purposes. A typical example is
the Capybara hardware that is accompanied by the
equally powerfulKyma interface. Although their per-
formance is rather impressive, their design does not fiAll of the aforementioned software packages have been
into the scope of this article because they do not employlesigned with a particular premise and/or approach to
the computer'sCPU for the sound-processing tasks. creating and executing interactive multimedia installa-
Rather they utilise computers only for interface purposegions, and therefore, just as with any software package,

1.3. Interactive art performance interfaces

2. THE BIG ‘TWCO’
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each offers its own set of strengths and weaknesses. Fubetter, and more importantly standardised interface
thermore, each stimulates the musician to approach thienplementation, the contraption would become more of
music-making process from a different perspective:an instrument that could be, just like any other instru-
object-orientedapplications, such aBD and its ‘com- ment in the orchestra, practised and perfected to the
mercial brotherMax/MSP provide musicians with rudi- point that its utilisation could be considered just as virtu-
mentary objects that when coupled together into an elabesic as playing a violin, or a piano. Then, the techno-
orate contraption can result in very complex interfacelogy-inspired awe would be no greater than the appreci-
designs. Applications such #&soundand Cmix tackle  ation of the architectural design of a piano during a
this issue with a mordinear approach, where the so- performance of a solo piano work. Interactive art would
calledscriptsor scriptfilescontain information as to how then be perceived as a work of art, rather than a witty
to manipulate availablestrumentsand which are trig- display of technology.
gerable via a simple command-line interface. While
';hnecsoemfour _software packages are far fr(_)m belr_lg all-% 1. Object-oriented interfaces
passing examples of the current interactive ar
software scene, they do represent the two extreme cor®bject-orientedinterfaces, such aBD and Max/MSR
cepts of software interface design. Most of the otherare also generallyisually basedas well asmodular
applications fall either neatly into one of these categoriesviany other software applications adhere to this kind of
or, more commonly, are a combination of the two. A concept:jMax, FX2, EyesWep Spiral Synth Modular
majority of the software released in the last couple ofGlameandVaz Modular just to name a few. All of these
years usually draws upon both of these concepts, makingpplications have a lot in common: a visually oriented
this distinction somewhat arcane, perhaps in the samand a highly customisable interface, a set of relatively
fashion as the ideas afusique concite and the German basic objects, as well as some kind of hierarchically
Studio of Colognestyles are now known simply as the based means of interconnecting &&I (Graphic User
initial two approaches to electroacoustic music that havénterface) elements (or objects). | will focus primarily on
long disappeared in their pure form, and only remain forPD and Max/MSR as sighature examples of this group.
aesthetic, analytical and historical purposes. Therefore, Due to the object-oriented nature of this software,
the lack of the ‘pure’ presence of these two approachesisers have a vast amount of flexibility, being able to
in today’s software does not negate the need to clearlgreate interfaces of just about any type, size and func-
establish a set of parameters that will help us define théionality. Needless to say, this kind of interface flexibil-
two groups and help us further analyse and crossity leads to a greater artistic freedom — utilising such an
compare their traits in order to better understand thenterface, the user has complete choice over the design,
problems of the current widely used software interfaceorder and arrangement of the various interface elements
and issues surrounding their deployment. (i.e. buttons and sliders). This is perhaps one of the most
For the purpose of further analysis | will label the two powerful traits of this type of interface. Furthermore, by
groups based on their interfaces abject-oriented a simple incorporation of newly designed objects, the
versuslinear, visual versusscript-based or asmodular  existing designs can be easily expanded to intercommun-
versusstandardisedBYy offering a closer look at the fea- icate with just about any MIDI-capable interface, as well
tures and functionalities of these two groups, | will as any other type of interactive controller.
supply a cumulative list of desirable characteristics that Yet another impressive aspect of this kind of interface
can further serve as a basis for a potentially all-is its modularity. Through a simple, yet powerful con-
encompassing, standardised and technologically lessept of cord-like connections between the objects, the
demanding performance interface that would supply arinformation streamed from various sources can be easily
easier and more reliable relaying of the informationre-routed and displayed as needed, regardless of its data
between performer(s) and computer. With such an intertype. Armed with such an array of features, these
face, interactive electroacoustic music would not onlyapplications offer a practically unbeatable set of options
become more accessible, but would also cease to sufféo any artist.
from the problematic elision of the technological prow- However, with versatility comes another not-so-
ess and the work’s artistic merit from a critical stand- desired feature, and that is complexity. The majority of
point, since the technological aspect would be simplecomposers utilising this kind of interface opt to perform
to execute, and therefore less important in the overaltheir own works, or at least run the technical aspects of
perception of the work of art. To put it in practical terms, the show, in either case having firm control over the
currently a large number of interactive installations areexecution of the piece. This performance practice dom-
like gargantuan home-made contraptions put togetheinates interactive electroacoustic art, and while found in
with ‘Scotch’ tape, and whose operability itself is other music genres, more often we find composers writ-
impressive enough, something that can potentially overing works for others to perform. At this point it is
shadow the fact that the contraption may not be doingmportant to ask ourselves whether this kind of interact-
anything remarkable, other than ‘not break’. Throughive art performance practice arose out of necessity or
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purely for artistic reasons. While there is no way of utilise this sort of interface, such @sound RTcmix
proving the dominance of either of these interpretationsLISP-based CLMSAOL-basegpackagesSTK Squeak
there is no reason to dispute the observation that comisyn etc. The two applications | will use as typical
posers, by knowing their own creations the best fromexamples of this type ar€soundand Rtcmix
both the technical and artistic standpoints, and more Most of the software that falls into this category stems
importantly the custom-designed interface, tend to prefefrom the era of Unix dominance (which is arguably
‘running the show’ themselves in order to minimise thereturning with the increasetinux Operating System’s
possibility of something going amiss. If we agree with popularity as well as Apple’s recent choice to b&38
this observation, then it is easy to further conclude thafX's architecture on th&reeBSD-basedernel) and are
there is such a thing as an ‘over-customisable’ interfaceherefore predominantly command-line driven. The
that can potentially limit the performability aspect of the command-line calls are naturally standardised and,
work in the settings where composer is not able to physhence, this kind of an approach exemplifies less com-
ically control the interface and/or relay information plexity and an easier learning curve from the aspect of
between the computer and a performer. Even if we tryend-user/performer. Its utilisation, however, does require
to imagine performers utilising such custom-made inter-a certain amount of end-user@S (Operating System)
faces themselves (assuming, of course, that the pefiteracy and therefore creates an apprehensive environ-
former is someone other than the composer), then wenent for the performer who may not be familiar with
will have to agree that each such interaction wouldthe OS the command-line interface, or both. Some ver-
require the performer to relearn the interface’s modularsions of these applications do circumvent this issue in a
layout. Such lack of standardisation produces an impresrelatively graceful fashion, such &sounddistributions
sion that each performance is like attempting to write awith a simpleGUI, where all of the operations are man-
paper on a word processor that continuously shuffles thaged with ‘point 'n’ click’ elegance. Yet, this kind of
places and positions of the commonly accessed optionsisual supplement to the core application’s concept
Arguably, we live in an age of ‘globalisation’ where should be regarded as an ‘after-market addition’ since it
common computer users are becoming more and mordoes not represent a typical scenario within this group,
computer literate. Still, it would be hard to argue thatnor is it usually geared towards real-time performance,
playing a violin that continuously changes a number oftherefore making it an irrelevant aspect within the con-
strings, as well as tunings, would be an easy feat in anyext of this group.
respect. The command-line design consequently requires
Due to the fact that these kinds of applications usuallyinstruments’ inner workings to be stored in the so-called
embed the performance interface into the instrumenscorefilesor any other types ddcriptfileswhere they are
itself, interface users are often facing the on-screen cluthidden away from the end-user. This is very convenient
ter, the objects that are a part of the instrument’s innefor the performers who do not wish to be bothered by
workings but have no useful purpose, being visiblethe instrument's architectural design and are only
during the performance. This is generally a significantexpected to trigger the actual event as indicated in the
problem with most of the applications that fall into this performance notes. Still, the interface’s lack of visual
group. However, some of the software, suchMax/  stimuli leaves a lot to be desired, especially in critically
MSP, have provided in their later updates tools that fur-timed situations where asking a performer to trigger an
nish users with means of occluding information that isevent is hardly practical — after all, the interface itself
not important to the performer. Even though theseusually does not supply any timing information. This
improvements are certainly noteworthy, they still do notkind of compositional approach can thus create an array
solve the core problem of this group, and that is the laclkof problems as to how to synchronise the computer-
of standardised performance interface. based and ‘live’ elements of the work. Furthermore, such
In terms of robustness and t&PU footprint, both  limitations of these interfaces make them a less popular
of the given interfaces do not fare the best. THeRU  choice for composers of interactive art, a fact that is
utilisation vastly varies depending on the complexity andrather unfortunate considering their immense flexibility
size of the interface itself. As such, they perhaps takend versatility.
away too many computing cycles that could otherwise Since both the entire instrument and the performance
be used for the most important aspect of the performare stored in a linear formasdriptfilesare constructed
ance — the sound itself. using text, which is linear by nature), most composers
utilising this kind of an interface end up being motivated
to compose in a linear, or streamlined fashion com-
pacting their whole performance into oseriptfile that
The most characteristic feature of the secostdnd- then becomes a focal place of their work where all of the
ardisedgroup is the lack of a visual interface a.k@Jl,  timing information is internalised. All of the processes
which is usually supplemented by the command-line-contained in such a script are timed relatively with
based interface. Again, a number of software packagesspect to each other and once the script has been

2.2. Linear interfaces
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executed, it takes on an irreversible path continuing untiinto account when attempting to draw parallels between
the process ends or is prematurely terminated. Needledke two inherently different approaches to constructing
to say, such a design imposes certain strains on real-timan interactive art performance interface.
performance due to its rigidity. Performers have very
I|tt|§ margin for error ar_md rehears:’:lls are oft_en manag(,eqL DRAWING PARALLELS AND CONNECTING
as if the work were written for a ‘tape-and-instrument
. " . .THE DOTS

medium. In addition, this event co-dependency makes it
nearly impossible to play back only a snippet from theAfter having a closer look at the two given groups, we
middle of the script, further complicating rehearsal coor-can now more easily discern and compare their indi-
dination. On the other hand, splitting up tBeriptfile  vidual advantages as well as common disadvantages.
into several sub-scripts in order to alleviate this limita- This information can further help us propose an optimal
tion sometimes is simply not possible since there maystandardised interface for the performance of interactive
be a required co-dependency between events that cannelectroacoustic art. Standardisation is an important
be implemented if each script becomes an independeraspect as its presence would encourage easier dissemina-
process. Consequently, these two factors seem to be thimn of works, as well as an increased chance for
greatest limitations of this kind of an approach to inter-repeated performances and hence a greater exposure. In
active music composition and performance. addition, because of its standardisation (and con-

While a linear approach does have its shortcomingssequently potential wide use), composers using such an
it does have several very important advantages. The firdhterface would not have to worry as much about tech-
one is the fact that the time-based flow of events is gennical problems or feel compelled to take an active partin
erally rather easy to track when looking at #eriptfile ~ the performance, but rather be able in a more traditional
and is therefore relatively useful for the purposes offashion to simply sit back and enjoy their own work.
scoring, or storing the work in some other legible Through comparison of the two groups we can
format. The second one is its standardised (albeibbserve the following: while the object-oriented inter-
unfriendly) user interface that requires no learning curvefaces offer customisability, by default they lack in pro-
beyond the initial familiarisation from the performer’s viding a legible timeline for the work. The linear group
aspect (especially when performing different worksoffers an easily decipherable flow of events stored in
utilising the same interface). Finally, this group’s inter- so-calledscriptfiles (although this information is gener-
face exhibits obviously minimaCPU utilisation (since ally occluded at run time), but does not lend itself to
in essence it has no visual elements that require real-timeasy debugging or partial playback. The visual interface
updates). of the first group is certainly more advanced than that of
the second, but it requires more computing power and
its customisability warrants the lack of standardisation
and therefore proportionally increases the learning curve
Certainly not all software interfaces fall neatly into thesefor the end-user, having furthermore an inverse effect on
two categories; a vast number draw their inspirationthe transportability and performability of the pieces. The
from both groups. For instance, applications lBezz  second group has its own drawbacks in terms of the
which is a cross-breed between a tracker and an objectccessibility of the command-line-based interface imply-
oriented filter system, carry traits of both of the groups —ing an additional knowledge of both th@S and the
on one handBuzzresembles a Max-like object-oriented application in question, but at the same time offers
design, while at the same time it also has a script-basedtandardisation which should generally warrant an easier
tracker which is strictly concerned with linear ordering learning curve from the performer’s standpoint (again,
of the eventsSupercollideris a powerful scripting lan- assuming that the performer and composer are not the
guage (based osmalltaly that also has a fully cus- same person).
tomisableGUI, as well as a scripting language that is, What is peculiar to the majority of the discussed inter-
contrary to other typical script-based interfaces, objectfaces, regardless of the group they belong to, is their
oriented. EverRtcmixand Csoundhave several different exclusivity — the fact that very few of the listed software
GUIs designed to harness their power via a visual interinterfaces are designed to cooperate between each other,
face, such afecilia and Visual Orchestrafor Csound sharing and routing the processed data. This limiting
and SoundmesHa.k.a. Internet Sound Exchanpdor  factor simply restricts the composer's imagination,
Rtcmix Yet, the presence of such software does not helphaving their creativity subdued by the technology it
us decipher the plausible elements that would constitutemploys. While there are ways around this issue, such
the ultimate standardised interface for interactive elecas routing audio data via network sockets, and inter-
troacoustic art, since all of these again have their owrcepting it with a different application, this is neither
shortcomings which are hard to codify because of theirelegant nor a commonly used solution to this problem.
unclear categorisation in respect to the aforementioneiore often, composers simply choose not to bother with
two groups. Hence, these applications will not be takerthis kind of functionality, rightfully being worried about

3. SHADES OF GREY
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potential technical problems that might arise from usingits original purpose. Furthermore, there are several addi-
such a complex set-up. A side-effect of such a design isional desirable features that could help the overall per-
the fact that software interfaces tend to take over theeption of an interactive work by improving the aesthet-
sound and video resources so that they cannot be sharées of the presentation, such as having the interface
simultaneously among a larger pool of applications.  residing on-stage, where its presence could add a phys-
Finally, due to the overall complexity of both ical dimension to its otherwise bodiless sonic presence,
approaches, many of the interactive works becomeas well as potentially the role of an equal in the overall
extremely difficult to perform properly or are too sound-making process by becoming a virtual performer
expensive to produce, lacking the replayability factor,and a visually noticeable participant of the ensemble.
whereas in those not-so-common instances where conhis kind of an interface would also allow the performer
plex pieces are well executed and where technologicalo have a direct interaction, without a middle-person or
prowess shines, the audience is often so impressed BN arbiter (such as is the case with many of today’s inter-
the technical elements of the work that it becomes hardctive artworks). Interaction on this level would allow
to make a sane judgement about the artistic value of théhe interface to be more integrated into the performance,
work. In order to thwart this kind of flux between art Providing the audience with a much more rewarding
and technology and furthermore to simplify the processvisual experience. Finally, the interface should be
of artistic creation, and even more importantly perform-designed in such a way that it ought to avoid the redund-
ance, the artistic community needs to have more eas§nt ré-implementation of existing software capabilities,
access to a comprehensive and easy-to-use interface ttf{ld rather pose as an all-inclusive unifying tool that
will shift the focus from the technology to values of would furnish the user with greater freedom by allowing

greater importance, such as the overall artistic merit ofimultaneous usage of various unrelated processes.
one’s creation Motivated by the above-mentioned problems and aes-

While all these observations may appear to be overl){:‘et'dcal choices, most of which were a Lesqlt of f|rhst—
critical, it is important to emphasise that it is not the . an ; experr]|encesi(j|tl;/vas mz; |fnter_1t|on to_ e3|gn| suc d_an
author’s intention to scrutinise the existing pool of interface that could be used for interactive multimedia

applications rendering them as inadequate, but rather tSrt and whose design would be focused on_tgckllng
ssues related to the deployment of such artistic cre-

provide an insight into the desired features of a softward>> . . : .
application that would not only provide a user-friendly ations.RTMix (named after thd&RTcmixreal-time audio

environment, where the composer's flow of thoughtmanlpulatlng and synthesis scripting language that has

- . been used predominantly in my recent interactive
would not be pulled away from the artistic creation, bUtworks) desianed primarilv as an open-source proiect for
also that would provide for a comfortable performance ' g P y P broJ

. . . , : the Linux platform in Autumn 2001, has since grown to
interface in settings where the composer’s physical pres;: ) ; .

) : e an acknowledged interactive art solution among the
ence and technical support would not be feasible. |

addition, this kind of insight could provide us with an 'Linux audio community, and continues to be developed

dditional set of desirable feat that ) lint under the sponsorship of the University Research Coun-
adartional set of desiraple Teatures that a universal INeley Grant of the University of Cincinnati, as well as a
active electroacoustic art interface could and, mor

) epart of the author’s Dissertation project.
importantly, should have.

By now, it is obvious that neither of the two available
groups provide for the best environments for interactived. RTMIX TO THE RESCUE!

art. And while one can easily argue that the creativegT)yix is designed to serve as a fully fledged perform-
process is a very individual issue and presumably ot URnce and composition interface. While it does not offer

for discussion, 1 would like to propose a set of guidelinesperfect solutions to all of the aforementioned problems,
that would provide for a universally better interface andj; certainly addresses a significant number of them by
offer the following benefits: easier learning curve, drive”allowing the user to shift focus from the technical

by a linear and easy-to-debug scripting language capablgyrdles of performing an interactive work to more plaus-
of triggering external applications and events regardlesge artistic elements, providing a standardised interface,
of their type and/or origin; a networkable interface for easier learning curve, as well as the coexistence of dif-

the purpose of coordination of larger performing forces;ferent sound-making anBSP software applications.
software with a minimal CPU-utilisation footprint;

powerful standardisedsUl that would offer strong
visual stimuli for both compositional, rehearsal and per-
formance purposes, yet not overwhelm the performeRTMixs GUI was designed using@PL-licensectross-
with unimportant information; expandability; portability; platform Qt toolkit and is in essence a large, easily vis-
and an interface requiring minimal knowledge of theible stopwatch, which is the timing centre of all events
computer’s inner workings, as well as usefulness beyondhat unfold during the performance. The stopwatch is

5.1. The interface
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split up into the main timer and the countdown clock cycle quickly between them. Events are basically an
that is used to foreshadow strictly timed events, so thaarray of system calls that can be triggered in various
the performer can be prepared for the oncoming attackways. Some of them are simple events that are executed
The interface is enhanced with large mock-lamps whosémmediately when called, while others are ‘countdown’
sole purpose is to grab the performer’s attention duringevents that actually have preparation time before their
rehearsals and the actual performance when this iexecution. The benefit of having such events is rather
needed. RTMix is also fitted with a ‘panic’ button that obvious when it comes to synchronising live performer
can instantaneously kill all of the currently active pro- with computer 1/0O (input and output), regardless of
cesses and provide quick cessation of a sound in the caseénether it is a tape or interactive work. Probability
of a feedback or a similar technical problem that requiresvents are based on chance numbers and can be used in
a quick reaction. Furthermore, the ‘settings’ menuvarious ways to toggle events or alter their various
enables the user to customise the appearance of juaspects and characteristics. This introduces an element
about every aspect of thUl, including visual stimuli.  of indeterminacy that can be extensively harnessed
However, this customisation does have limits that havehrough this kind of interface. Metronome events pertain
been imposed in order to keep a certain level of standprimarily to metronomes which are sometimes needed
ardisation. There are additional resizable ‘warning’ win-in live settings when the timings are rather complex and
dows (up to four per client) that can serve the same purperformers require additional help in keeping in time
pose as the main timer but offer greater flexibility with with the other performers (whether that be a computer or
screen positioning, as well as more comprehensive rouanother live performer). Text events are for information
ing of the cues to different performers. The interfacepurposes, to notify composers and performers alike of
also has up to four metronome windows which are fullythe incoming events, as well as subtle changes that are
customisable in terms of displaying complex metres byotherwise hard to communicate via any other visual
coupling metre subdivisions into horizontal groups, asstimuli. Network events are responsible for negotiating
well as presenting a wide range of tempi. Other externatlient—server connections as well as adjusting local net-
windows are also available, such as mirror representaworking settings, while real-time events are potentially
tions of main timers (for dual-screen uses) as well as all other events with a real-time flag switched on. Such
custom widget with six additional generic visual stimuli. events can be triggered at any moment, resulting in an
All of these objects are guided by the so-called ‘event-immediate reaction. Many of these objects lend them-
script’ that can be edited either within the application selves to an array of secondary uses. For more informa-
or by any other simple text editor. The syntax for thetion about the available commands, see the table.
‘event-script’ resembles Paul LanskyRT script where Each event has a set of mandatory and optional para-
each event has its name and is followed by a list ofmeters. Mandatory parameters depend on the event, but
parameters that are blocked off with parentheses. Thergenerally all events require exact timing (or in the case
are currently twenty different types of events that theof real-time events, a binding to a real-time trigger).
interface understands and all are geared towards trigoptional elements add text notification and visual stim-
gering different events at different times, as well as con-uli functionality. This means that most of the events that
trolling the visual interface and the flow of time. do not evoke sound processes are by default mute in
terms of visual (or any other type of) notifications, while
event-evoking commands have preset ways of notifying
the user. All these behaviours can be altered as the user
The ‘event-script’ is built upon the premise that it must deems fit. With this kind of an approach, the software
provide the user with the greatest possible amount obffers a default, easy-to-use environment, but at the
error-logging information, so that editing can be assame time lends itself to modifications by advanced
simple as possible. Linear scripts are inherently hard tausers, while providing a level of flexibility that does not
debug and therefore the ‘event-script’ allows only onecompromise the overall interface’s standard.
event per line in order to minimise the parser’'s confu-
sion with error reporting which is often found in bracket- o .
. L 5.3. Intercommunication and networkability

dependent and multi-line-command scripting languages.

The events that populate the ‘event-script’ can be groWith these basic building blocks, and the fact that the
uped into several subcategories: transport control eventinterface is utilising system calls to just about any kind
probability events, metronome events, text events, netef event, one can create a very complex collage of
work events, and real-time events. Transport eventgvents that range from regular sound playbacks to trig-
focus primarily on the basic transport controls, such agjering complex scripts vi&€sound RTcmix GUI-less
fast-forward, reverse, play, pause and stop. Coupled witlPD session, or any other sound-making application.
them are so-called Checkpoints whose purpose is t¥hat this means is that the application itself does not
index the performance in order for the user to be able tgenerate any sound, but rather relies on other external

5.2. Linear scripting language
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Table. List of currently available events. computer while minimising the implementation of
— redundant elements into its interface. It also enables the
ID# Eventname  Description user to combine sonic processes from various applica-
1 Event Makes system calls to invoke other  tions, thus removing the currently existing limitation of
applications at a given time. using only one application at one timeRTMix is able
2 Countdown Initiates a countdown process, to serve as a front-end for just about any kind of soft-
triggering an event upon its ware and hence offers the badly needed standardisation
completion. S of interface for just about any kind of interactive art
3 Text Displays text notifications in the performance.

notification window at a specific time.

4 Checkpoint Marks a place in the timeline for
easier navigation purposes, as well as
for Jump, Rew, and Ffw objects.

Networkability is yet another powerful feature that
enables each client to control multiple ‘slave’ clients,
and therefore coordinate larger performing forces that

5  Pause Pauses the performance. are not able to cluster around the single display screen.
6 Stop Stops the performance. In this setting, the master client simply emits the events
7 Clear Clears the notification window. to the desired client, which upon receiving the event
8 Warning Similar to Countdown, except that the immediately interprets and executes it. With such a

event is initiated immediately, design, it is easy to envision a vastly greater applicability

followed by the countdown process. of this interface, even in situations that are not associated
9  Metronome  Sets up the metronome parameters  yyith the music-making process, such as coordination of
(metre, tempo). stage lighting.

10  Jump Jumps to a particular place within the
performance — it can be either relative
or absolute.

11  Randomise Randomises a value and stores it into 5 4. Applicability and other benefits — the good . . .
one of the slots of the 256-value array.

12  Change Changes a particular parameter using d he€ RTMix interface has been designed placing
given equation and (if applicable) one emphasis on ‘user-friendliness’. Most of the options
of the values from the array. contain their own clearly annotated and easily accessible

13 Seed Seeds the randomisation process. ‘point 'n’ click’ GUI counterparts. The main window

14 Rew Rewinds arbitrary number of has the bottom half dedicated to a series of tabs whose
checkpoints. functionality is rather self-explanatory: ‘Performance’

15 Ffw Fast-forwards arbitrary number of

tab (with all of the text notifications), ‘Editor’ (for file
input and output options, as well as error logging and
text editing), ‘Network Settings’ tab (for communication

checkpoints.
16  Togglemetro  Toggles metronome activity and/or

17 Assign rzzz:zr:ts' a specific value into one of with other R_TMix clients via the TCP/IP prot_ocol), and
the slots of the 256-value array . the ‘Real-Time’ tab (where the user can review controls

18  Togglert Toggles triggerability of the real-time ~ and settings for the real-time events that can be triggered
events. at any given moment). (NB: Since the application is still

19  Setnet Sets local or remote networking under heavy development, the actual layout stated above
options (i.e. IP and Port values). reflects only the current version 0.52.)

20  Togglenet Toggles networkability of the local The other advantage of this system is the compactness
client. of the ‘event-scripts’. The event-scripts only contain the

scripting text that is compiled at the beginning of the

performance and stored into the doubly-linked data cue.
applications that can be triggered with automation flagsThis offers greater transportability (with the assumption
and therefore set into motion instantaneously. This certhat the receiving client already has all the sounds and
tainly introduces the first drawback of such architecturalevents to be played out), and in errata-like situations,
design, and that is the issue of latency in instances whergimple adjustments, annotations and timings can be
it takes time to instantiate the application (this is cer-easily e-mailed to the recipient or performer of the work.
tainly the case withPD). But surprisingly enough, many  Given that the interface utilises the open-sour€#d
other applications have instantaneous response, espiolkit and no platform-specific code, it should theoretic-
cially in the Linux OSwhich is currently the most effi- ally work on any Operating System th@t toolkit sup-
cient multitasking platform available. In addition, nearly ports (currentlyLinux, Mac OS Xas well as any other
all of the Linux-basedapplications can be triggered via Unix-based OSandWindow3. Therefore, the choice of
command-line calls, and as such the majority of themthe Qt toolkit makesRTMix compatible with the three
are compatible witlRTMix most dominant platforms on the market.

Being able to control a plethora of various unrelated Applications of RTMixtake many forms. From being

events,RTMix maximises the versatility of a portable a composition interface, to a performance and coaching
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interface, to non-musical event triggering and coordina- Finally, RTMix can be used for coaching purposes.
tion, RTMix offers a unifying platform for a variety of The importance of its coaching capabilities is immeasur-
uses. Practically any array of events that require timingable since to this day many interactive works require
of any kind can be triggered utilising the scripting lan- elaborate set-ups and usually the presence of the com-
guage (even such preposterous tasks as using the intgyeser, and in situations where the composer’s attendance
face as a robust alarm clockRTMix offers up to one is for whatever reason impractical, complex works
hundredth of a second resolution accuracy and even irequiring professional and knowledgeable assistance
settings where the flow of events is supposed to be rarsimply end-up being dropped from the repertoire or per-
domised, it is possible to create such script through théormed poorly at best. WitlRRTMix it is now possible
use of random number generating routines and real-timé& conveniently e-mail annotated ‘event-scripts’ to the
jumps between checkpoints. This enables users to freperformer (as well as any other personnel involved in
themselves from strict timings, makin@iRTMix an  the production of the performance) who, after uploading
equally adequate solution for aleatoric sorts of artisticthe newly acquired script, would rehearse the work
expression. Furthermore, the real-time events (whosghile being tutored and warned by the newly added
listing is occluded from the user in the performance setannotations of possible pitfalls, difficult sections in the
ting, yet easily accessible and annotated on the ‘Realpiece, as well as anticipating important downbeats.
Time’ tab) can be used to provide an even more inde-
terminate - event-triggering mechanism in S|tuat|on55.5. and the bad
where the timing mechanism may appear to be too con-
stricting. While RTMixaddresses many of the problems associated
RTMix in interactive settings can therefore pose as awith standardisation of the interactive electroacoustic art
mediator between computer and live performer or comperformance interface, it is not perfect. Just like any
puter and a group of performers. It is a rather affordableother software, it has shortfalls and weaknesses, some of
solution in terms ofCPU utilisation, enabling users to them being simply unavoidable. For instance, the fact
use the majority of the computing power for the import- that once the system call has been executed and an
ant sound-making events. In addition to its default pur-external event has been evok&ITMix has no further
pose,RTMix can be used in purely acoustic settings ascontrol over it (the so-called ‘runaway process’) other
the synchronisation tool between players with difficult than killing it, is certainly is not a trivial one. There is
parts or even allowing conductors to have a finer controlunfortunately nothing to be done about this aspect of the
over the tape or some other interactive aspects of a pagpplication since it would otherwise need to be aware of
ticular work. Through careful use of a metronome andeach triggered application’s inner workings in order to
visual stimuli (that are large enough to be perceivedmake it capable of changing the other software’s behavi-
through peripheral vision), the amount of distraction isour, something that is simply impractical, if not imposs-
brought down to a minimum, while enabling performersible to implement. In addition, there is the aforemen-
to better synchronise with each other. The checkpointioned issue of the polling of signal sources into one data
events can also be used for the purpose of more efficierdtream before sending this to tlESP chip for output.
utilisation of rehearsal time. Even non-interactive elec-In order to achieve low-latency operability, most of the
tronic music can also benefit from its use since it can besoftware applications were designed to take over the
utilised as a simple mixer, as well as a precise timeDSP hardware exclusively and therefore virtually block
between the tape and (if applicable) live part. Moreoverany other software from accessing it. This is a known
any combination of the aforementioned media can alsdimitation of a long-standing champion of this kind of
benefit from its timing mechanism which would warrant implementation, théASIO (Audio Stream Input/Output)
greater coordination between the parts. Finally, due testandard. On the other hand, if access to the hardware
its unique design, this interface encourages its presencgere to be shared, the latency would often need to be
on the stage, therefore being a perfect solution to the&eompromised. Neither of these options are an acceptable
desired set of aesthetic improvements suggested by tteolution to the needs of theTMix interface. However,
author. this issue is gradually being addressed by the Qs
RTMix is also a composition tool where final assem-bothWindows XPandMac OS Xhave nearly solved this
bly of all previously designed processes can be comproblem with completely rebuilt audio driver imple-
bined into a final collage for fine-tuning purposes. In mentations that allow polling of the DSP resource while
this senseRTMixserves as an object-based (yet linearlysupplying ASIO-like latencies. TheLinux OS audio-
ordered) counterpart to both linear and object-orientedlevelopers community has approached this issue with
languages and processes. Composers can more easdy out-of-kernel solution, using #ACK sound server.
troubleshoot their creations and run only the trouble-Although still in development, it currently has the great-
some sections due to the fact that the work has beesmst potential for solving the above-mentioned issue
subdivided into more manageable and self-enclosethecause it not only allows extremely low latency but
events and/or sections. in addition allows inter-application transportation of the
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audio signal, therefore posing as an extremely efficientdeployment in a real-time setting, as well as to assess
software patch bay. (Based on information obtainedthe repercussions of its integration.
from Paul Davis, one of the leadinfACK developers,
the process itself theoretically does not add any more,
latency to the system than what the extremely efficient™
ALSAdrivers are able to supply, which is roughly 2.6 Lullabyis a work for piano duo and computer that draws
milliseconds on a somewhat outdated dual Pentium Ifrom Modal Pulseand Minimalist aesthetics. The work
450 MHz). Still, despite the great strides in system andalso carries a strong programmatic element, describing
hardware advancements, software applications have yemne’s soul transcendence from reality into a state of deep
to embrace the new standards. Given the current circunslumber. The role of the two pianos is tipped in favour
stances surrounding this issue, it is perhaps safe tof the first piano part. The second piano part compens-
assume that the problem will resolve itself, and thereforeates for the lesser amount of activity by also requiring
RTMixXs framework is not one that should be amended.the performer to interact with the computer. In order to
further explain the interaction between the computer and
the two pianos, | will present a quick overview of the
underlying process that is assigned to the computer part
In order to attain even greater flexibility, tMiDI proto-  as well as the work’s overall structure.
col will be implemented in one oRTMiXs future The computer utiliseRTMixas a front-end to a series
incarnations, where practically any of the availableof RTcmixscripts. The scripts are designed in such a
events will be triggerable via MIDI controller. With  way that they process the two pianos separately. The
such an addition, users will be less bound to the immedionly process that affects the first piano part is the author-
ate presence of a laptop keyboard (which is the defaultiesigned instrument calleblOCKBEND (based on
real-time triggering mechanism) and physical contactDoug Scott'sTRANS and John Gibson'SRANSBENR
with the computer, which will in turn add more elegance The purpose of this instrument is to bend the pitch of
to the on-stage interaction between the computer anthe incoming audio feed in real time. Thus, the first
performer(s). piano part through interaction with the computer
The ‘event-script’, while being as user-friendly as the becomes a two-part texture built from the real acoustic
text interface permits, is still not the optimal working and surreal textures, the second being a result of the
environment for a composer. Hence, there are plans foacoustic piano being processed through the aforemen-
the future version to incorporate a streamli@dl used tioned instrument. The second piano is processed
for adding, editing and removing of the events. Thisthrough relatively simpleREVERB and PANECHO
way, ‘event-scripts’ will be automatically generated instruments. Both feeds are further passed through a
through utilisation of th&sUI, while the advanced users COMPRESSORstrument that ensures that the outgo-
will still have accessibility to them in their text-form and ing audio output's amplitude will remain within reason-
an ability to easily edit them by hand if they desire to able limits. The routing of the audio signal is achieved
do so. within Rtcmixthrough utilisation of built-inAUX buses.
All of the instruments are often running concurrently,
having multi-layered instances of the same instrument.
The form of the work resembles a simple arch-like
RTMix has so far been utilised in two of the author’s shape, the ascent being a little longer than the release.
works: SlipStreamScapes Ill: The Semnd his more The build-up is constructed as a mostly solo section by
recent SlipStreamScapes V: LullabyBoth of these the first piano, where an introductory pitch-bend process
works employ multipleRTcmixscripts, as well as play- provides a misleading impression of a honky-tonk piano.
back of live-recorded and other samples stored on thés the texture has been fully established, the second
computer’s hard drive — often having a mixture of thesepiano enters with the background chord texture that is
running concurrently. Due t&RTMix’s small footprint  being reverberated and echoed, while the first piano’s
(less than 3% of CPU utilisation on a 1 GHz Pentiumpart begins to be complemented by the ‘pitch-bent’
Il laptop), most of the resources were successfullymirror image. The bending of the pitch proceeds in a
deployed over the multiple instances of scripts runningsinusoidal fashion, always revisiting the zero-bend posi-
simultaneously. In order to attain the ability to playbacktion (equiv. to the null position on the sine curve), while
multiple audio streams from different processes, onlybecoming faster and moving farther away from the ori-
two available CODEC pathways in combination with the ginating pitch (a sine curve with an increasing
KDFE's artsd sound daemon were utilised on a consumeramplitude). The arrival to the climax of the work (that
grade ESS Maestro 3i soundcard at 16-bit 44.1 kHzn programmatic terms corresponds to the moment of
sound resolution. In the following section, | will focus transcendence into the realm of dreams) is signalled by
on my latest creatiorSlipStreamScapes V: Lullabp  the maximum density of the ‘pitch-bending’ process that
order to provide a more detailed descriptionRfMiXs  creates an impression of FM synthesis of the inbound

1. SlipStreamScapes V: Lullaby

5.6. Future

6. RTMIX IN ACTION
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first piano audio signal, as well as by phasing out of therehearsals and performances was further simplified by
second piano texture, which is replaced by the probabilthe fact that all of the on-screen controls have their
ity-based additions of ‘pitch-bent tails’ that originate respective keyboard accelerators (i.e. the Play button can
from the first piano’s texture. The ‘tails’ are structured be triggered either with a mouse click or with a simple
to be more densely populated the closer they are to thpress of the ‘CTREArrowUp’ combination of keys).
climactic point, while they become softer and sparser a®What was perhaps most impressive about these three
the piece draws towards closure. These computerperformances was the noticeable lack of the performers’
determined textures are unique to every performance angpprehension towards the interface. Because the inter-
they are created by selecting a random deviation fronface was standardised, provided transparency to the
the originating pitch of the first piano part. Immediately actual computational process taking place during the
following the introduction of the ‘tails’, the second piano show, and also offered a number of integration tools for
rejoins the texture, but this time complementing the firstrehearsal purposes, the pianists adapted rather quickly to
piano texture with its dry, unprocessed ostinato patternthe new interface. Moreover, the second and third per-
As the piece approaches the end, the second piano arfidrmances were clearly the easiest deployment of the
the computer parts slowly fade out, leaving the firstinteractive interface in my career — both pianists, being
piano to conclude the work. acquainted withRTMix and its functionality were able
to perform the work with an unmatched ease. While the
three performances certainly cannot be seen as a trend
in themselves (obviously more performances are needed
As can be observed from the structural overview of thebefore this kind of observation could have any reason-
work, there are both strictly timed and more aleatoricable weight), the comments received by the performers
sections found irLullaby. RTMixwas utilised in both of involved in the performances who had no prior know-
these situations without any apparent problems. Durindedge ofRTMixXs existence, point to a fact that this inter-
the dress rehearsal, the only thing that needed to bface caused less apprehension than other currently avail-
adjusted software-side was the audio-level coming outble interactive electroacoustic art performance
of the laptop. The hardware utilised waPD&LL Inspi- interfaces. Finally, no interface-related problems were
ron 8000 with a 1 GHz Pentium Il processor, using encountered during any of the performances, and there
Mandrake 8.1 Linux OS. Maximum CPU utilisation were no audible ‘glitches’ during the sound playback.
measured during the rehearsal was approximately 40%,
0-3% of that being attributed tBRTMix Furthermore,
there was a noticeable increase in rehearsal efficiency. NICE, BUT WHERE DO | GET IT, AND HOW
when compared to the initial performance of t88p- MUCH DOES IT COST?
StreamScapes lll: The Sedhat utilised an early com- o . :
mand-line-based version &@TMix The strictly timed RTMixis a fr_ee .(as n fr.ee beer’) Open-source Cross-
. : latform application (distributed under the GPL licence)
attacks were executed with greater ease due to imple;

) - : hat is currently available for download from both the
mentation of the timing and countdown mechanisms, as , . :
. e author’s website and the College-Conservatory of Music
well as visual stimuli that helped both performers

- . - : . .~ Center for Computer Music website (a.k.a. (CCM)t
anticipate oncoming critical events, while causing min- : L . . ;
. . . ; has been designed primarily to offer interactive multime-
imal possible amounts of distraction.

) X . dia artists greater freedom of utilising different sound-
The piece was favourably received by the audience . : o T
: . . . making and processing applications at the same time in
the most impressive aspect being the seamless integra- ) . . - :
. . ; a coordinated fashion, while providing a streamlined
tion of the acoustic and processed counterparts. This was
e . L interface for both the needs of composers and per-
done by amplifying a portion of the acoustic signal andformers
feeding it through the speakers in order to create the '
same ‘space’ for both sonic sources. To date the work
has received three performa_nces_, the fII‘SF at_ the .CO”eg?&CKNOWLEDGEMENTS
Conservatory of Music, University of Cincinnati, the
second at the Indiana University, and the third as a parFirstly, | would like to thank my wife Anamaria for her
of the OCEAN2002 conference in Oberlin, Ohio. kind, loving support and understanding, as well as my
Apart from the gratifying artistically based criticism, newborn son Sebastian who has been one of the greatest
the reaction of the pianists involved in the performanceinspirations in my life. Secondly, | would like to thank
was favourable in that the piece did not require largemy parents who through their hard work and sacrifice
amounts of custom notation, which in turn allowed for have provided me with the opportunity to obtain a high-
a faster learning of the work. The interface was also veryquality education. | would also like to thank my mentor
easy to deploy since all of the on-screen controls werdvlara Helmuth for her ongoing support, as well as the
visually very accessible as well as mostly self- University of Cincinnati University Research Council

explanatory, while interacting with th&UI during the  for sponsoring in part the developmentRTMix

6.2. Assessing the damage (or lack thereof)
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