














with the compositional plan, which is expressed in de-
signed notation as a blueprint for performance.

This subtask provides performance design requirements:
Performance scenarios are organized as an end-to-end
blueprint for the musical piece. Performance is defined as a
rendering mode of the blueprint where each instance of
renderings yields variety within designed constraints. At
the core of a performance scenario is an act of listening to
guide the play. In addition, a gamut of manual repertoire
can be designed for performer interaction with agents’
group behaviors such as stretch, merge, separate, lead, and
scatter clusters of agents.

Phase III: Composition Phase with Iterative Sketching

of Musical Form

Suggestive musical form undergoes revisions through

phase II. While scoping out variety of performance scenar-

ios, a form is imagined and hypothesized. To prepare for
rehearsals phase III finalizes the form in terms of return
structure of elements. Elements that can be consulted are:

* Agent types and their combinations — assessed by tem-
poral dynamics and interaction behaviors. Selecting
the numbers of types to present yields insights to the
overall duration of the piece. From the total pool of
types to work with, the similarity or contrast in behav-
iors yields insights to musical form.

* Sound synthesis — where and when applied in a musical
form. The choice of sound synthesis is to be made
based upon the discoveries from phase II. The result-
ing perception of synthesis method is an important cri-
terion, as it constitutes auditory experience to guide
both performer and listeners.

* Behavioral mapping between simulation and sound syn-
thesis — engineered for sonifying agents’ behaviors.
When designing agents’ types in simulation, it is rec-
ommended to plan a list of sound synthesis engines to
test with. At the risk of being reductive, following are
two examples. When cohesive force among agents is
strong, frequency modulation technique is a good
choice since the varying parameter value in simulation
behavior is slower and subtle, which reflects well in
dynamic spectral profile with modulating frequency
covariation. When cohesive force among agents is
weak and agents’ velocities and movement variations
fluctuate within wide range, granular synthesis tech-
nique might be a good choice as the ranges of jitters in
simulation can be reflected in the ranges of jitters in
collective grains resulted in density shifts across mul-
tiple frequency bands.

* Layout of Performance Interface — designed as naviga-
tion space. Perhaps this concept is among the most
unique in that it can be described as a new proposition
anchored on technical consideration. When working
with simulation through direct manipulation, the
screen space becomes a landscape that a performer
must manage during live execution (see Figure 2). The

frequency of how often the performer engages and
disengages functional controls and how these are ac-
cessed while attending to agents must be figured in the
musical form.

* Conveyance of simulation features - to elicit feature data
to control audible features. Evolutionary features may
be unmeasurable by simulation data and require fea-
ture analysis modules to be added.

Phase III outputs: the first three elements above generate

composition requirements; the Performance Interface ele-

ment generates performance design requirements; the Fea-
ture Conveyance element generates technology design re-
quirements.

The iterative cycle of Phase III typically unfolds as fol-
lows: 1) Estimating the duration and number of sections,
then subtracting or adding more types by redesigning the
properties of agent groups. 2) After examining similarity
and contrast of behaviors, subsections are sketched out. 3)
Further sketching with behavioral mapping and sound gen-
erator refinement determines which section requires how
many number of subsections

Figure 2: Evolutionary music performance surface for engage-
ment with agents, and a portion of a performance score.

Performance with Heuristic Observations

Evolving features and patterns are signatures of complex
systems. They are the result of emerging collective self-
organizational behaviors. While each agent and each type
of agent follows a set of simple behavioral rules, the mix of
different behavioral rules yields nonlinear and unexpected
formation of clusters or dispersions. A performer’s main
task is to generate a live, coherent musical structure work-
ing with simulated agents, which exhibit repelling or at-
tracting movement with varying speed based on the state of
the collective force.

These temporal dynamics require continuous perfor-
mance interaction at micro-duration level (beats; seconds)
as well as long-duration intervals (phrases; minutes).
Sometimes an evolutionary system exhibits native coher-
ence the performer cannot override and must find the path



to join with the composition intent. At the core of heuristic
observation is listening. A blueprint or performance score
can be provided to function as a map of references but it is
critical that the performer learns to anticipate behavior by
listening to the state of the simulation. The estimated dura-
tion of a piece defines when to progress to the next state of
the simulation or next section of the piece, and when to
prolong a current state or section. The moment of “do
nothing” is discovered in rehearsal and in performance.

Working with an evolutionary model a heuristic decision

consults both the performance score and the emerging fea-

tures in simulation.
For system methodology, soft requirements for heuris-
tics in performance are incorporated and articulated here:

¢ Intervention: to facilitate manipulation of an evolution-
ary system a performer relies on auditory features to
convey transient qualities in the simulation. For exam-
ple, while steering a cluster of agents to merge or
stretch, the rate of agents’ functional separation or
joining is telegraphed in sound. The transient quality
of auditory features helps govern a performer’s pace of
hand movement.

* Prolongation: to suspend the tendency of a simulation to
move towards a basin of attraction and settle into a
state of equilibrium. Sometimes a performer may pro-
long a state of equilibrium or the state of transients
while acting or counteracting an attracting or repelling
force.

* Do nothing: to let the simulation do the work. There are
enough inherent dynamics in a complex system, which
unfold into a rich variety of evolving patterns with au-
dible signatures to give a performer clues when to
choose to wait and do nothing.

* Local Trials: Sometimes an initial condition does not
provide an adequate variety a performer aims to
achieve in a certain section — so an affordance is pro-
vided for the performer to re-initialize the state with-
out interrupting the local audio events or the ongoing
musical form. This recurrence is perceived as a musi-
cal repetition with variation. Having this in mind the
performer need not hesitate to iterate and re-initialize
by heuristic decision.

Performance Interaction Methodology: manual
and cognitive tasks

To support soft requirements the methodological frame-
work develops space in a composition to facilitate perfor-
mance with heuristic observation. This space is represented
in the performance score and reflected in the design of the
performance interface. Performers’ actions are needed to
generate example listening conditions to drive the RAD
cycle to refine technical modules for the Wayfaring
Swarms platform requirements. Module functionality is

represented in the graphical layout of the performance in-
terface, and in the visualization of objects where perform-
ers’ actions are imparted. Functional attributes of the per-
formance surface are developed through the composition
phases, and require optimal management of screen real
estate to avoid space overlap and conflict of control icons
in regions for interacting with evolving visualization.

Intense cognitive tasks are on demand to evaluate when
and how to interact with the simulation, and when to touch
control icons and in what combination. As in Figure 2 the
center of interactive performance space is largely used to
display visualized simulation. Three edges of the space are
lined with classes of function control icons: to initiate dif-
ferent initial conditions, to change message passing to syn-
thesis parameters, and to call different sets of agents to
sound synthesis mapping structures. The pixel resolution
and aspect ratio of the performance surface are embedded
as initial conditions in the spatial dimensions of the simula-
tion. This enables performance surface attributes to impact
the evolutionary behavior. Dexterous manipulation carries
the iconic function — in the sense of Peirce’s semiotic triad
icon-index-symbol (Peirce 1903), which is directly analog
to perceiving the impact of the manipulation on the behav-
iors of the simulated agents.

Lessons learned from and inadequacy of direct manipu-
lation for complex tasks has been well critiqued in research
literature (Flohrich 1997; Buxton 1993). A degree of indi-
rection is designed in the signal path from simulation data
to synthesis engine to construct an orchestration so that not
every visual event must correspond to an audio cue. Here
dexterous manipulation carries an indexical function,
where agents’ behaviors generate complex sound events
and transformations not feasible via direct manipulation.
The iconic function supports an intuitive relationship for
manipulating simulated agents, while the indexical func-
tion supports a learned relationship for guiding agents
through an audible evolution governed by heuristic obser-
vation. Sounds’ and agents’ configurations change and
develop through a composition and the platform and musi-
cal structure provides space for a performer to acquire mu-
sical associations by learning evolutionary behaviors and
unlearning fixed associations of agents and sounds.

Conclusion

The selected opuses from Schaeffer and Hiller stand out in
history, even from their larger bodies of work, indicating
traces of novel perspective in automated musical creativity,
through discovery of transformation processes applied to
musical modeling and statistical acquisition of musical
properties. Heuristic observation of data from evolutionary
computing can identify similar traces that will connect to
paths of musical creativity, providing alternatives to mod-
eling history of musical styles or performers’ behaviors.



The conclusion of this paper can be summarized with
two theses. One addresses listening culture, the other ad-
dresses technical culture. 1) Second order listening is like
an agent performing a listener, whose role is to elicit the
processes or the act of the work of art beyond its acoustic
phenomena or known aesthetic judgment. Perhaps, estab-
lished aesthetical criteria or learned judgment may not be
sufficient for understanding creativity. This applies to both
human agents and machine agents. At the core of computa-
tional creativity is machine learning. Unless accompanied
by unlearning, especially with novel experimentation de-
scribed in the previous section, our understanding of crea-
tivity will be extremely limited therefore leading to non-
creativity. 2) An interdisciplinary architecture for applying
evolutionary computational simulation to music must facil-
itate both the horizontal integration across disciplines and
the vertical integration over workflows from composition,
technology, and performance design. When working with
evolutionary systems, a true paradigm shift cannot be
achieved by simply plugging simulations into a music
toolbox. These two theses can be partially validated by
conceptualizing a ‘listening score’, for example. In the
Waytfaring Swarms platform the concept of listening score
emerged through the following: 1) the evolutionary dy-
namics are visualized, 2) the visualization becomes a dy-
namical score for performers to interact with, and then 3) it
is displayed for an audience as a listening score.

Technical requirements for this methodological frame-
work can be summarized: 1) a parameterized evolutionary
simulation implemented to generate temporal dynamics
observable in real-time; 2) a configurable performance
interface for simulation control and data visualization; 3)
an efficient authoring tool for data mapping and routing
from interface to simulation and from simulation to sound
synthesis; 4) an end-to-end performance platform connect-
ing 1-3 above for rapid prototyping; and 4) an extended
RAD iteration method multi-threaded with versioning tools
for co-evolution of performance design, technology design
and composition.

Heuristic observation is a method required in RAD and
in performance, and is rehearsed. A performance score can
represent this requirement by illustrating the balance of
direct and indirect manipulation in the sequence and rela-
tive duration of a composition’s states and events. A per-
former’s indirect control of detailed sound generation
through social interaction with simulation agents provides
a temporal framework for heuristic observation. Perfor-
mance of co-evolving social engagement is where and
when the role of second order listening, performing a lis-
tener is enacted.
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