
3. Trends in Computer-Based Live Electronics 
(1990–Present)
The terms live and interactive are often (erroneously) used interchangeably, 
with no clear differentiation made between the two.

The terminology used in computer music is fluid and therefore often 
confusing… The terms “real-time music”, “interactive performance”, and 
even “artificial intelligence” have been used and misused so often they 
have been rendered virtually meaningless as they have morphed into 
academic jargon. (Belet 2003, 306)

Defining “Live” and “Interactive”
While the musical result of these genres often appears to be similar, the 
compositional process for each is distinct. The poetics of live electronics 
reflect a desire to extend human musical capability by transforming the 
performer’s sound with technology, while the essence of interactive 
music involves a collaborative, give-and-take relationship between 
performer and machine. The computer’s ability to respond to performer 
input in an interactive system implies a level of intelligence on the part of 
the computer not present in live electronics or music for fixed medium (the 
expression fixed medium is hereby used in lieu of tape to incorporate 
playback from CD or computer hard drive).

Live Electronics
Live electronics with live performer designates a composition where the 
instrumental sounds and/or electronics are processed in real time (the term 
real time delineates the computational speed by which computers receive 
and process data; a real-time operating system responds to input 
immediately, with minimal latency, or delay in processing). [8] Live 
electronics normally involve real-time control of signal processing 
parameters and/or changes in signal routing. Composers may utilize these 
elements to affect the sound of the voice using a variety of techniques such 
as filtering, pitch shifting (including harmonization, FFT analysis/resynthesis, 
and granulation), ring modulation, frequency modulation, amplitude 
modulation, chorusing, looping, nonlinear wave shaping, distortion, reverb, 
delay, spatialization, or a myriad other possible digital effects.

One example of sophisticated live electronic transformation is phase 
vocoding, a digital signal processing (DSP) sound analysis and modification 
technique. The phase vocoder is a computational algorithm with two primary 
functions: it can be used to process sounds in a real time performance, 
commonly combined with Max/MSP (Settel and Lippe 1995), or it can 
process recorded sounds with a standard software synthesis program (e.g. 



Csound). [9] Real time capabilities with phase vocoding became viable in the 
early 1990s, and subsequently this has become a popular compositional tool. 
One extremely interesting capability of the phase vocoder is cross synthesis; 
since the frequency and duration of the signal are separated, it becomes 
easy to interject an alternative signal into the processing of the original 
signal (i.e. one could cross synthesize the signal of a singing voice with that 
of a guitar, effectively creating a “singing guitar”).

Interactive Electronics
Interactive computer music is a sub-genre of live electronics, defined by 
Todd Winkler as:

…a music composition or improvisation where software interprets a live 
performance to affect music generated or modified by computers. Usually 
this involves a performer playing an instrument while a computer creates 
music that is in some way shaped by the performance. This is a broad 
definition that encompasses a wide range of techniques, from simple 
triggers of predetermined musical material, to highly interactive 
improvisational systems that change their behavior from one performance 
to the next. (Winkler 1998, 4)

Fundamentally, the defining characteristic of interactive electronic music is 
the active-reactive reciprocal relationship between performer and computer; 
essentially, the musical dialogue between man and machine. Using the voice 
as an example, the singer initiates this dialogue by generating an acoustic 
signal that is picked up by a microphone and converted into digital format. 
The computer interprets the sonic parameters of the signal (such as 
frequency or amplitude) using specialized software, and generates a 
response based on algorithmic parameters programmed by the composer; 
the result is then played back through speakers. Metaphorically (and 
literally), the computer is listening and responding to the actions of the 
performer in real time.

Levels of Interaction
Winkler identifies three possible levels of interaction — compositions can 
utilize one or several levels within the same piece. At the simplest level, the 
performer controls only one element, such as the triggering of sound files or 
establishing tempi. In Mauro Lanza’s Erba nera che cresi segno nero tu vivi 
(1999–2001), for example, the soprano has control over certain temporal 
elements of the piece. Though elements such as tempo and rubato are fixed, 
the singer manages the duration and intensity of the fermatas written in the 
score by triggering sound files (using a hand-held device or foot-pedal) to 
begin a new phrase. The structure of Erba nera is similar to that of a 
composition for fixed medium; all of the sound files are pre-composed, and 
the voice is not processed in real time. The differentiation lies in the 
temporal control afforded the performer, which allows for interpretive 



variation between performances. At this first level of interaction, the system 
may also alter signal processing based on triggers from the performer.

Julieanne Klein performing Mauro Lanza’s Erba nera che cresi segno nero tu vivi (excerpt). 
Live at the 2006 DafX Conference (Montréal, 18-20 September 2006). Pollack Concert Hall, 
McGill University. Erba nera is published by Ricordi.
At the second level of interaction, the computer listens and responds in real 
time in a quasi-intelligent interpretation of the performer’s input. In this 
instance, the sound and even structure of the composition can change 
dramatically from performance to performance, as the work is subject to an 
array of interpretive decisions made by the performer. Philippe Manoury’s En 
Écho (1993) was one of the first pieces composed for voice utilizing this level 
of interaction. Synchronizing the computer accompaniment and the vocal 
line with pitch tracking, Manoury’s electronics listen and analyze the 
frequencies output by the singer and match them to a pre-programmed 
score using score following techniques. As the performer advances through 
the piece, the computer adjusts its output according to the timing and 
interpretation of the singer, just as a piano accompanist would. En Écho 
follows a chamber music model; as there is no conductor leading the piece, 
each “performer” (the singer, two sound technicians and the computer) must 
continuously listen and react to each other in order for the composition to be 
musically effective.

Julieanne Klein performing selections from Philippe Manoury’s En Écho. 2 November 2006, 
Tanna Schulich Hall, McGill University, Montréal. En écho is published by Durand.
The final level of interaction is based on the properties of improvisation. The 
performer does not play from a pre-determined score, instead melodically 
and rhythmically improvising while the computer responds “intelligently” in 
accordance. Jazz trombonist, composer and software developer George 
Lewis began exploring this degree of interaction in the late 1970s. Lewis is 
considered one of the early pioneers of the field, and is renowned for his 
interactive computer music software Voyager (1985–87). In performance, 
Voyager listened to Lewis’s trombone improvisation and generated a musical 
response determined by elements such as melody, harmony, rhythm, and 
ornamentation.

Aesthetic Considerations
There are a number of æsthetic considerations regarding analysis of works 
for computer-based live electronics, interactive system or fixed media. 
Works for fixed media imply a certain degree of inflexibility; the electronic 
part is pre-recorded, and remains unchanged once completed. This presents 
several practical performance concerns, as “the tape or other fixed electronic 
sound media is relentless and unforgiving as it simply plays on…” (Belet 
2003, 306), leaving little room for rubato, dramatic pauses, or alterations in 
tempo. Additionally, the rigidity of this medium resists interpretative 
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freedom, and repeat performances can seem static. Conversely, within the 
spectrum of interactive composition, the music maintains the ability to 
evolve and mature organically through time (Rowe 1999). The following 
discussion provides viewpoints of several key figures in the field of computer 
music on this issue.

Guy Garnett
Guy Garnett, Director of the Cultural Computing Program and Associate 
Professor of Music at the University of Illinois at Urbana-Champaign, argues 
for the importance and relevance of live performers to computer music 
composition in his article “The Aesthetics of Interactive Computer Music.” 
Garnett does not differentiate between live and interactive, instead defining 
interactive computer music as a sub-genre of what he calls “performance-
oriented computer music”, ostensibly in contrast to purely algorithmic 
composition, acousmatic music or music for fixed medium.

The inclusion of an active performer in one way or another re-introduces 
into computer music elements that had been almost entirely removed 
from computer and electronic music of the recent past. The first group of 
these æsthetic elements is brought about by the re-emphasis on human 
performance and human cognition that comes from working with a live 
performer. It is a re-emphasis in the context of music as a whole, where 
the performance element has played a large role since the beginning of 
musical time. However, it is a new emphasis for computer music, which 
has tended toward abstraction and objectivity, often with disappointing 
results. (Garnett 2001, 25)

Garnett explores intrinsic musical and humanistic qualities live performers 
bring to computer music, including gestural nuance, physical and cognitive 
restraints, and inherent variability. Gestural nuance refers to interpretive 
subtleties such as rubato, phrasing, dynamic contrast and articulation, while 
physical and cognitive restraints delineate the performability of the music. 
“Constraining music to what is cognitively graspable, without confining it to 
what is already cognitively grasped, brings about a more realistic 
compositional attitude which in turn leads to more successful works” (Ibid., 
26). Finally, inherent variability characterizes the work’s changeability over 
time. Unlike acousmatic or fixed medium compositions, live electronic music 
is subject to variation with each performance, enabling a continuous 
transformation of the work.

Since the work is not fixed, it is open to new interpretations, and 
therefore the possibility at least exists for the growth of the work over 
time or across cultural boundaries. The work can thus maintain a longer 
life and have a broader impact culturally, because it is able to change to 
meet changing æsthetic values. (Ibid., 27)

Garnett is currently composing a cyber opera entitled The Death of Virgil, 
based on the novel by Hermann Broch, which incorporates singers, 



instrumentalists and technology in a meditation on life, love and art 
(composer’s webpage [18 September 2008]).

Todd Winkler
Multimedia artist Todd Winkler discussed the symbiotic nature of interactive 
music in his book Composing interactive music: techniques and ideas using 
Max.

Using the techniques of interactive composition, elements of a live 
performance can be used to impart a human musical sense to a machine, 
forming a bridge to the musical traditions of the past through the 
interpretation of expressive information. At the same time, the computer 
opens up new possibilities for musicians to expand their abilities beyond 
the physical limitations of their instrument. (Winkler 1998, 8)

Winkler also comments upon the relevance of the audience’s perception and 
understanding of the interactive process:

Live interactive music contains an element of magic, since the computer 
music responds “invisibly” to a performer. The drama is heightened when 
the roles of the computer and performer are clearly defined, and when 
the actions of one has an observable impact on the actions of another, 
although an overly simplistic approach will quickly wear thin. On the other 
hand, complex responses that are more indirectly influenced by a 
performer may produce highly successful musical results, but without 
some observable connection the dramatic relationship will be lost to the 
audience. (Ibid., 9)

Winkler’s work explores various ways that human actions can affect sound 
and images. He composes for interactive video instillations, dance 
productions, and live computer-based electronic performance, and is 
Associate Professor of Music at Brown University (composer’s faculty 
webpage [15 September 2008]).

Robert Rowe
Robert Rowe, inventor of the interactive software Cypher, is currently 
Director of the Music Composition Program and Associate Director of the 
Music Technology Program at New York University. He further outlined 
difficulties inherent to the presentation of fixed media (tape) with live 
performer:

Works for performers and tape have been an expression of the desire to 
include human musicianship in computer music compositions. 
Coordination between the fixed realization of the tape and the variable, 
expressive performance of the human players, however, can become 
problematic. Such difficulties are more pronounced when improvisation 
becomes part of the discourse. And, as taped and performed realizations 
are juxtaposed, the disparity between levels of musicality evinced by the 
two often become untenable. (Rowe 1993, 5)
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In support of interactive systems, Rowe states that this level of composition 
inspires the exploration of new technologies and opens up new compositional 
domains while simultaneously encouraging collaboration between humans 
and computers (Rowe 1999). He has written numerous compositions for 
performer and interactive system dating back to 1986, when he composed 
Hall of Mirrors for bass clarinet and the 4X real-time system. Rowe’s large-
scale vocal work, The Technophobe and the Madman (2001), was composed 
for two singers, two pianos, bass, percussion and interactive music systems 
as a collaborative project between New York University and Rensselaer 
Polytechnic Institute (additional contributors to The Technophobe and the 
Madman included Nik Didkovsky, Tyrone Henderson and Neil Rolnick).

Jean-Claude Risset
At the other end of the æsthetic spectrum, Jean-Claude Risset, French 
composer and early pioneer of digital synthesis, spiritedly defends music for 
fixed medium. He describes the importance of the compositional process as 
one entailing time and space as requisite elements, and cautions against the 
prevailing modern day enthusiasm and commitment towards real-time 
systems:

Composition is not — or should not be — a real-time process. Musical 
notation applies time over space. It refers the reality of the music to a 
representation — the score — which is out of time. This representation 
suggested transformations that could not be conceived or performed in 
real-time — such as symmetries with respect to the pitch or the time axis 
used in counterpoint. Non real-time operation is necessary to free oneself 
of the arrow of time and its tyranny, of the dictates of haste, instancy, 
habits, [and] reflexes. (Risset 1999, 37)

Citing limitations in compositional complexity and a less flexible control of 
sonic parameters, Risset additionally underscores the problem of portability 
in real time composition. He observes that the continuous progression of 
technology resulting in new operating systems, upgraded software, and new 
modes of composition can contribute to an ephemeral quality of many real-
time works. The effort involved in porting a piece onto a new operating 
system is considerable, and Risset notes a troubling tendency for composers 
to spend their energy producing new works rather than adapt older works to 
a new system. “This situation leaves no chance to develop traditions for 
performance or to let musical works become classics. It brings the risk of a 
perishable, memoriless electronic art” (Ibid., 35).

Regardless of the compositional benefits Risset affords to music created for 
fixed media, current trends remain focused on the production of works with 
live electronics. Ironically, fixed media pieces facilitate a greater longevity, 
as they are relatively easy to reproduce, while live electronics compositions 
require continuous adaptation to new and updated software. Interactive 



pieces have proven to be the most difficult works to sustain throughout time 
and technological developments — it is common for an interactive work to 
experience only a limited number of performances.


