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Using a Probability Distribution Follower in MAS works

Fernando Egido
Independent Composer
Busevin [at] gmail.com

http://busevin.art

In his paper | propose a formal definition of the concept of Probability Distribution Follower and a simple method, based on Monte Carlo Simulation
Techniques, to implement it for discrete numbers. | will define a Probability Distribution Follower as a real-time random number generator that is
able to fit any change in non-standard Probability Distribution over time. | will show the utility and the possibilities of integrating this algorithm in
technological artistic works. Finally, | will explain how this algorithm was used in the work entitled “Transcognition”. In this work, | consider that a
Cognitive Agent is collaborative when it follows the Probability Distribution of a database that stores all the notes created by the rest of the Cognitive
Agents. The Probability Distribution of this database changes over time in an unpredictable way so this algorithm provides the way to follow the

changes in real-time regardless of its mathematical definition.

Keywords: Multiple cognitive agent, Algorithmic composition, Aleatory music, Monte Carlo Techniques.

Using random numbers has been one of the key points in
generating algorithm music. This is the reason why many
different algorithms to create random numbers have been
described and used in music. From the Aleatory works of
Cage to the stochastics works of Xenakis, many forms of
music have used a wide range of different forms of using
and generating random numbers. One of the most signifi-
cative definitions of random number generators is their
Probability Distribution .

Random numbers are a very important topic in Computer
Science. A random number generator is considered good
when we cannot predict any pattern in the numbers and
they fit a uniform distribution. The mathematical defini-
tion of random numbers and the metrics proposed to
measure them are beyond the scope of this paper. | rec-
ommend (Downey / Hirschfeldt 2010) for further insight
into this topic.

When | was composing Transcognition, | realized that |
needed an algorithm that was able to produce random
numbers, which followed real-time changing Probability
Distribution. This was the reason why | implemented this
easy algorithm.

Computer Music literata provides several algorithms that
are able to generate random numbers that fit a Probability
Distribution. For example, we can find an example of an
algorithm that fits a Gaussian Distribution in the classical
book (Dodge / Jersey 1985). Gaussian or normal Distribu-
tion is one of the most used Probability Distributions in
Computer Music and Digital Art.

The function that defines the Density Function of Gaussian
Distribution is:

[ ==ep[-E2] @

202

And the algorithm that they proposed (written in C + +)

o2 - et EASAES| eEX| M173 (2019)

to generate random numbers that fit this Probability Dis-
tribution is (Dodge / Jersey 1985: 349)

Float gauss (float sigma, float mu)
{
Float fran ();
Int k;
Int const N=12;
Float const halfN=6;
Float const scale=1;
Float sum=0;
For (K=1; k <= N; k++)
Sum-+=fran ();
Return sigma*scale*(sum-halfN) +mu;

}

In this and other similar books we can find many algo-
rithms that generate random numbers according to Prob-
ability Distributions that can be defined mathematically
via a Density Function.

There are Probability Distributions that have a known
Density Function, but there are many others that, at least
apparently, do not fit any of these standard Density Func-
tions.

In artistic applications, we sometimes need to generate
random numbers according to an unknown Density Func-
tion. For example, we might want to create a work in
which, instead of following a mathematically defined
Probability Distribution, numbers fit an empirically gener-
ated one, or the Probability Distribution of a database. For
example, a composer might want a random number gen-
erator that follows the Probability Distribution of the
pitches in the work of Bach. Sometimes this kind of Prob-
ability Distributions does not fit any standard or specific
Known Density Function so we cannot use a concrete al-
gorithm to produce Random numbers that follow these
distributions.
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The Monte Carlo Simulation Techniques are a set of tools
and techniques that solve problems by generating re-
peated random numbers. The Monte Carlo Simulation
Techniques provide an algorithm that is able to create ran-
dom numbers that follow a non-Standard Probability Dis-
tribution. The only thing we need to do is to create a table
that maps anindex (i, ..., j) representing an event with the
Probability Piassociated with it.

The use of Monte Carlo Simulation Techniques has a long
history in musical applications. We can trace its use back
to the very first Computer Music work. The llliac Suite
used it for the first time in 1956. The piece was composed
by Lejaren Hiller and Leonard Isaacson using a Monte
Carlo Method (Pareyon / Pina-Romero / Agustin-Aquino /
Lluis-Puebla 2017: 244).

The table must be normalized so the sum of all probabili-
ties equals one. The algorithm used by the Monte Carlo
Method is the von Neumann rejection technique (Neu-
mann 1951).

For the creation of random numbers according to any
Probability Distribution normalized and mapped into a ta-
ble,we can follow these steps:

1. Generate two random numbers (a; ,a,)

2. Obtain the probability of the index of the first random
number p(a;).

If a, <p(a;)go to step 4 or else go to step 1.

4. Return a,as a valid random number that follows the
Probability Distribution.

No matter which Probability Distribution is represented in
the table, the numbers that pass step 3 will fit that repre-
sented by this table.

But this is not a very efficient algorithm. For example, if
we use this algorithm to generate random numbers that
follow Gaussian Distribution, we will need to generate
over 200 numbers until we find one that passes step num-
ber 3 (that satisfies the formal condition to be considered
as a valid random number for the purpose of this paper).
If we use the Dodge algorithm, we will only need to create
12. Therefore, if we need to create numbers according to
a known, mathematically defined Probability Distribution,
it is better to use a standard algorithm. Generating ran-
dom numbers is a complex task that requires computa-
tional time, so the fewer random numbers we need to use
to create the desired aleatory numbers, the better the al-
gorithm is.

Definition

The proposed definition is: a Probability Distribution Fol-
lower is an algorithm (or any other thing) that is able to
generate real-time random numbers that follow a Chang-
ing Probability Distribution over time that does not neces-
sarily have a Known Density Function. The term is inspired
by the envelope follower. In the same way, an envelope
follower is able to extract a feature from a signal that

changes in time and returns the actual value of the fol-
lowed parameter.

We have a finite number of Probability Distributions that
have a discrete and finite number of states represented in
the set S. Each one of these states represents a concrete
form of the mapped and normalized table. We have a time
series (set T) each one representing the moment in which
the random numbers are called.

Formal definition

We can define a Probability Distribution Follower as a
structure composed of the elements below:

Set of events E={e;, ..., e}}

Set of index I={i, ..., j}

Set of probabilities of events P={p, ..., p;}
Set of discrete random numbers A= {ay, ..., a,}
Set of pairs of random numbers

PA={(a; € ANa, €A);, .. (a; €EANay € A)}
Set of times T={ty, ..., t,}

Set of states of Probability Distributionsatt € T
S= {sti, s St

Set of applications PS: I — P that relates one of the in-
dexes i; € Iwith one of the p; € Pin the states s; €S
PS={ps¢,, s DSt, }-
We formally define a Probability Distribution Follower as
an algorithm (or any other thing) that is able to generate
pairs of random numbers {a; € AAa, € A J€ PA at the
time t € T that satisfies the condition:

)

a, < psi(a;)

Implementation

One algorithm that implements this can be the following
(in pseudocode):
1. Begin the clock and wait until the first t; € Tcomes.

2. When t; arrives obtain the state s; with the application
ts;and store it in the buffer.

Generate the table ps; from ts;and store it in a buffer.
4. Generate two random numbers. (a; ,a,)

Consult in the table ps; the probability of occurrence of
the index a; (ptsg,)-

6. If a, > ptsg, go to step four and generate another pair
of random numbers otherwise go to step 7.

7. Ifa, < ptsg Then return a, as a valid random number,
i=it+.
If i=n then go to step 10.

Delete the buffers and go to 2 to generate the next num-
ber.

10. Finish.

Emille, the Journal of Korean Electro-Acoustic Music Society Vol.17 (2019)
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Obviously, this algorithm can be used in constant or non-
constant time intervals. For example, in the work entitled
Transcognition, the Cognitive Agent uses the duration of
the notes as a time interval.

If we all wanted, we could create a timeframe to reset the
database to the initial state in such a way that instead of
using the total database of the numbers shown, we would
only use a reduced timeframe. So, we would generate
numbers that follow only the Distribution Probability fol-
lowed by the numbers in this timeframe or temporal win-
dow.

Using Probability Distribution Follower in the
work entitled Transcognition?

Work Description

Transcognition is a work composed in real-time that has a
different function each time that the Max/Msp patch is
launched. It is an open-form work created algorithmically.
The audience will see the patch in the video (in figure 1
you can see how the patch looks during the performance),
the main window of the patch during the creation of the
work. The patch has been programmed completely by the
composer, without libraries or external sources.

The title of this work is a concept created by Graeme L.
Sullivan (Sullivan 2010). This concept was created as a
thinking artist model. It describes artistic cognition as
something that is very dynamic and changes very often, in
which meanings change recursively in the very process.
The way in which the artist creates the work makes the
perceived environment mutable and therefore the cogni-
tion of the work of art is transformed by the creative pro-
cess itself.

Transcognition is a visual arts process that knows that the
forms, ideas, and situations are informing agents of the mind
that surrounds the artistic self during the practice of visual
arts. Transcognition is what happens when a creative pro-
cess, which is closely related to a changing environment,
changes itself in the same creative process. (Sullivan 2010:
130)

30 bots are in collaborative mode

Figure 1. The main window of the Max/Msp Patch that shows which
Agents are in collaborative mode.

bot 24 becomes collaborative

o2 - et EASAES| eEX| M173 (2019)

This piece is created by 32 Multimodal Multiple Cognitive
Agents (following the MAS paradigm (Wooldridge 2009).
These agents have the capacity of creating music in com-
petitive or collaborative modes (that is why the work is
called Transcognition; at the same time, the environment
changes in a constant evolving relationship). The work be-
gins with all the agents in competitive mode. Each Agent
creates its own music trying to generate the most inter-
esting one to get the audience focused on its activity.

This transcognitive process also makes the score a negoti-
ation space among all Cognitive Agents. Each Agent pro-
duces a single voice from a traditional perspective, creat-
ing a 32-voice polyphony.

In this work, competitive or collaborative modes are de-
fined technically by following a different non-standard
Probability Distribution that changes continually.

The Work uses two different tables for each parameter,
where the two different Distribution Probabilities are rep-
resented. The competitive table can be considered the in-
verse of the collaborative one. In figure 2 you can see the
main sub-patch of the work in which all the Agents use the
collaborative or competitive table, depending on their
working mode, to generate musical events according to
their internal state (collaborative or competitive).

When they are in collaborative mode, Max/Msp stores
each event occurring in a table. (This table is normalized
in an auxiliary table). This table stores all the events that
every cognitive agent has created to date. This database
with all the event occurrences is converted into a Proba-
bility Distribution by normalizing it each time that a new
event arrives. In this way, all the Agents that are working
collaboratively tend to repeat the most frequent notes.

When they are in the competitive mode, they will use an-
other table in which the probabilities are inverted so the
index most likely to appear in the cooperative mode now
has less probability. In other words, they will generate
notes that are less used.

This follows an interpretation of the Shannon Theory of
communication (Shannon 1948), according to which the
numbers least likely to occur are more significant.

In this way, when the Agents are in competitive mode,
they will try to generate the most significant note, trying
to get the focus of the audience, while when they are in
the collaborative mode, they will generate notes that are
not significant but are the result of an implicit negotiation
with the other Agents.

The result of the progressive change of the work is a spe-
cial narrative that arises from the fact that the Agents
slowly enter the collaborative mode. So, while several
Agents are negotiating, others still try to get the focus of
the audience, but this number gradually decreases. At the
end of the work, all the Agents are in the collaborative
mode so the work slowly changes creating a sort of con-
tinuous variation. At the same time, the Cognitive Agent
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uses the score of the work itself as the vision of their real-
ity. So, they interact with this micro-world that is created
music. The agents see reality through the score of the
work as a database while, at the same time, they react to
this score and recursively the score changes according to
the Agents' reaction. In this way, we have constant inter-
action between reality and the way the Cognitive Agents
see it. That is the definition of transcognition. Agents are
transformed by the very fact of creating the score of the
work.

Figure 2. This sub-patch called followdistr implements in
Max/Msp the described algorithm. If the Cognitive Agent is in
collaborative mode, it uses the table collaborativescaled but if it
is in competitive mode, it follows the table inverted. Those tables
are shared by all Cognitive Agents.

At the beginning of the work, all Cognitive Agents give
their first note. The tables begin in a Uniform Distribution.
Each Cognitive Agent has 6 sub-patches followdistr, each
one related to a specific parameter of the work (duration,
pitch, dynamic, timbre, envelope, spatial position). That is
why we have two tables for each parameter (you can see
this in figure 3). Every time a note finishes, a new one is
created.

Using Probability Distribution Follower

For creating the database, each time that a Cognitive
Agent generates a note it is stored in 6 different tables
that form the overall database. In each one, a concrete
parameter is stored.

10

event index Number of occurrences
pp 1 1
p 2 2
mp 3 17
mf 4 6
f 5 1
ff 6 12

Table 1. Database that stores the number of occurrences for each
dynamic considered in the work.

This table is normalized and converted into a Probability
Distribution with the function.

X, 3)

J

>,

In table 2 you can see table 1 normalized.

P=

index | Probability
1 0.0256
2 0.0512
3 0.4359
4 0.1538
5 0.0256
6 0.3073

Table 2. Probability Distribution of dynamics. This is the table used in
collaborative mode collaborativescaled.

To create the competitive table, table 1 is normalized with
this function (probabilities are inverted). This table will be
used in competitive mode. Other forms of converting ta-
ble 1 into this were considered, but the resulting sound
from this one was the best. This is, of course, arbitrary,
and there is no specific or unique grounds for this.

Max value of the table =mv

P j(mv—Xl.) (4)
D (mv-X))
i=1
index Probability
1 0.2284
2 0.2142
3 0
4 0.1570
5 0.2284
6 0.1714

Table 3. Database that describes the Probability Distribution for the
competitive mode inverted.

Emille, the Journal of Korean Electro-Acoustic Music Society Vol.17 (2019)



HEHE of7| 2 - HE|OO|HEAARMASOIA BE 2E FHXL ALESLY|

Changing to collaborative

Each one of the Cognitive Agents believes that it is partic-
ipating in a cooperative game to create music. They act as
listening machines that have the possibility to listen and
react to the overall score choosing whether they work in
the competitive or in the collaborative mode. They are
supposed to be intelligent enough to choose in which
mode they will perform to create a better result.

Periodically, each agent checks whether its work is really
the most significant. If they decide not to, they become
collaborative. Cognitive Agents have a metric based on the
Theory of Communication (Shannon 1948), to measure
significance, comparing their own part with the overall
score. After several negative measurements, they become
collaborative. Each agent object is instantiated with the
agent number, the metric sensibility for mode changing
and the frequency of the evaluation of the mode change.

recelve competitive

Figure 3. This part of the sub-patch, called agent that implements the
Cognitive Agents shows the followdistr sub-patches. The followdistr sub-
patches are instantiated with the cardinality of the E set and the number
of the corresponding parameter (parl to par 6).

This uses a paradox. If each Cognitive Agent tries to get
the Focus, the result is that none of them can actually get
it, because the real result is very close to a Uniform Distri-
bution in which any note is more significant. To do this,
each Cognitive Agent periodically compares its own data-
base with the general database of the work (their own
voice with the general score) and if it thinks that what it is
doing is significant, it continues in competitive mode, oth-
erwise, it will enter the collaborative mode. Therefore, if
the work is to become significant, the agent had better be-
come collaborative.

Finally, all Agents become collaborative. Two minutes af-
ter the last Agent becomes collaborative, the work fin-
ishes automatically. Once they become collaborative, they
cannot return to the competitive mode.

The input or contribution of the Cognitive Agent is the
score. In this way, the generated score is converted into

o2 - et EASAES| eEX| M173 (2019)

the environment through which the Agents relate to each
other. The role of the score itself is completely trans-
formed in this work. Instead of being something closed
that all Agents must follow, it is also the source of infor-
mation that the Agents use to create their own music. The
contribution of the Agents is exclusively the score (the da-
taset of all the notes produced by all the Agents) that con-
verts them into listening machines. The inner state of the
Agents is changed by the score and, at the same time, they
change and participate in it.

Instead of a classical form, we have an open process form
in which the sounding material changes according to the
mode changing of the Agents. The work is constantly
changing in an unpredictable way because the database
(the score) changes completely according to whether the
Agents become collaborative, so they are constantly imi-
tating a different thing at all times.

Conclusion

Research in using random numbers in Computer Music
works is still an open field that can arouse the composers'
imagination to provide new compositional strategies. Fur-
thermore, the modelization of social agents into compu-
tational Cognitive Agents permits a new form of sonifica-
tion of social Processes.
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A Multi-User Interactive Instrument in the 3D Space Using the Gesture of
Smartphones

Myungin Lee
Media Arts and Technology, University of California, Santa Barbara, United States
myunginlee [at] mat.ucsb.edu
https://www.myunginlee.com

A multi-user instrument in the virtual 3D space with sound, graphics, and smartphone-based gestural interaction is introduced. The player can use
their smartphone as the controller by entering a specific URL into their smartphone’s browser. By joining the network, the player’s pointer pulls the
thousands of particles in the 3D space. According to the interaction of the players and the sound particles, unique dynamics in the 3D space are
generated and they actuate the sound synthesis algorithm. The synthesis algorithm is composed of the spectral analysis of the particles’ dynamics
including the position, velocity, and the distance from the players’ pointers. The system is built on AlloLib, which is a cross-platform suite of C++
components for building interactive multimedia tools and applications. Through this instrument, up to 30 players can have a unique multi-dimensional

experience simultaneously in the virtual 3D space.

Keywords: Gesture-based, Spatial interaction, Graphics, Sonification, Virtual Reality

The rapid development of hardware and the current avail-
ability of prodigious processing power has opened up new
opportunities for musical instruments. While the conven-
tional acoustic instruments have physical characteristics
that determine the sound, it became possible to separate
the production of sound from the means. The circum-
stance gives great freedom to the instrument design, but
at the same time, it became a chronic challenge to devise
an interface accordingly.

When designing a musical instrument augmented by virtual
reality (VR) environments, it is necessary to adapt the ap-
propriate spatial interaction. The results can be rewarding
when the audience is interacting alongside other users in a
surround-view and surround-sound immersive environ-
ment, such as the AlloSphere at the University of California,
Santa Barbara (http://www.allosphere.ucsb.edu).
(Kuchera-Morin et al. 2014) The AlloSphere is a three-
story full-surround, multimodal, immersive facility in the
Media Arts and Technology at the University of California,
Santa Barbara to represent large and complex data, in-
cluding immersive visualization, sonification, and interac-
tivity. Unlike CAVE (Cruz-Neira et al. 1992). or head-
mounted displays (HMD) (Melzer et al. 1997), the Allo-
Sphere provides multiple users to have a shared experi-
ence of a virtual environment by bringing it into a physical
space. Figure 1. shows the structure of the AlloSphere
from the upstairs.

Figure 1. The AlloSphere

o2y - shaMASYEe| &=X| M 17 A (2019)

In this paper, a new musical instrument motivated by the
AlloSphere is introduced. The instrument is a multi-user
system in the virtual 3D space with sound, graphics, and
smartphone-based gestural interaction. Within the same
network, the player can use their smartphone as the con-
troller by entering a specific URL into their smartphone’s
browser. By joining the network, the player’s pointer pulls
the thousands of particles in the 3D space. According to
the interaction of the players and the sound particles,
unique dynamics in the 3D space are generated and those
are interpreted into the sound.

The sound synthesis algorithm is composed of the spectral
analysis of the particles’ dynamics including the position,
velocity, and distance from the players’ pointers.

The system is built on AlloLib, which is a cross-platform suite of
C++ components for building interactive multimedia tools and
applications. Through this instrument, up to 30 players can have
a unique multi-dimensional experience simultaneously in the vir-
tual 3D space. While many pieces were presented through the
AlloSphere. (Roberts et al. 2010/ Wakefield et al. 2011/
Wakefield et al. 2013/ Wakefield et al. 2014/ Kuchera-Morin et
al. 2017), this is the first approach to make multiple users partic-
ipate with their gestural control.

Gesture-based Instruments

Music-related body motion has been studied over the decades.
Many approaches including video-based and sensor-based
methods have been adopted to capture the gesture. (Jensenius
et al. 2018/ Hantrakul et al. 2014/ Miranda et al. 2006/ Chu
2010/ Groover 2018/ Tulilaulu et al. 2018) For example, the
methods using multiple cameras or infrared LEDs are widely
used to track the movement of the body, hands, or fingers.
(Hantrakul et al. 2014/ Miranda et al. 2006) However, this
method requires specific devices in a restricted space since the
range of the camera and radar is limited.
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Meanwhile, the development of smartphones equipped
with various gestural sensors made the cellphone as the
most familiar and ubiquitous controller that most people
have. However, the development of the new gesture-
based mobile musical instrument is not correspondingly
active. While many previous works use the gestural sen-
sors in the smartphone as an input, they commonly suffer
from their limited timbre or limited range of pitch. We be-
lieve this problem is caused by the linear and continuous
property of the gestural data. When the gyroscope and ac-
celerometer data from a cellphone in one’s hand is simply
mapped into acoustic result, whereas the range of the 3-
axis data is limited, the limited acoustic result is made ac-
cordingly.

Therefore, combining gesture input with different input
methods is an effective approach to utilize gestural sensor
data. In SoundGyro (Chu 2010), the smartphone’s camera
is used to distinguish the timbre while the angle of the de-
vice determines the pitch. Glide (Groover 2018) is using 5
buttons to choose tones and octave. Likewise, establish-
ing a proper interface is an important task in the gesture-
based instrument.

AlloLib Platform

3DSpace o~
™~ {

Pointer 1

/e,
/ o

\, Projection
i \ t—tt
®earticles

Graphics
[Thousands of

Dynamic Particles]

T

Physics

Sound Synthesis.

[ Features
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. . . / Computation ||

\ . e, s Y/ [Fosition, Distance, Force, | | |_
LAY / Veociy o Parti i« 5]

Input Commands ‘

[Player1,2, ..]
Smartphone ——— \ | IS |
Inlerface PN 1 S

Figure 2. The structure of the proposed system.

Instrument Design

Structure

Figure 2. shows the overall structure of the proposed sys-
tem. The system is composed of four parts: smartphone,
interface server, AlloLib, and virtual 3D space. The
smartphone works as the controller of the system. By us-
ing a Javascript-based graphical user interface (GUI) server,
the smartphone transmits its commands including but-
tons, accelerometer, and gyroscope data to PC. Figure 3.
shows the interface on the smartphone.

For the data transmission, Open Sound Control (OSC) pro-
tocol (Wright 2005) is used. OSC is widely used content
format networking sound synthesizers, computers, and
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other multimedia devices for purposes such as musical
performance or show control.

Through OSC, the commands are delivered to AlloLib as
the input. AlloLib integrates graphics, acoustic, and inter-
active material, providing a virtual multi-dimensional

sketch system of creating, manipulating and transforming
data. Whereas the proposed system is motivated and op-
timized for the AlloSphere, which enables immerse
graphics and sound, the AlloLib framework runs in any size
and number of displays and speakers.

Figure 3. The smartphone interface transmitting buttons,
accelerometer, and gyroscope data through OSC

Dynamics

The dynamics of the system is designed based on the com-
positional goal. Through this instrument, we would like to
deliver a visually and acoustically immersive experience.
In order to achieve the goal, a unique dynamic 3D system
is created. In the empty 3D space, the players with con-
trollers are assumed to be located at the origin of the
space. From the origin, thousands of particles are ran-
domly scattered. This is the initial status and its impres-
sion is similar to the void universe with countless stars.

When the system is started, the player can place one's im-
aginary pointer in the space by physically directing the
smartphone. The direction of the pointer is determined by
the angle of the controller. The angle is derived from the
gyroscope data of the smartphone. The player can control
the distance from the origin using the interface on the
smartphone screen. Through this procedure, the position
of pointers in the 3D space is specified.

The pointers have a unique function that can pull the par-
ticles in the space. Just as gravity, the pointers can re-
motely affect the particles and it results in the accelera-
tion of the particles. This function is activated when the
player presses the button on the smartphone interface. At
the same time, the player can manipulate the amount of
the gravitation by shaking the controller. The pointer pulls

Emille, the Journal of Korean Electro-Acoustic Music Society Vol.17 (2019)
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the particle harder when the player shakes the controller
faster and vise versa.

(a) Single pointer in a static position

(b) Multiple pointers in static positions

(c) Multiple shifting pointers

Figure 4. Examples of the particles in the virtual 3D space with different
configurations (a), (b), (c)

Through this function, a number of players generate dy-
namic force fields which simultaneously results in the
movements of thousands of particles. Figure 4. shows
some exemplary shapes of the particles.

Sonification

The sound of the instrument is designed to achieve cross-
modal correspondences with the dynamics of the system.
Crossmodal correspondences can be achieved when the
synesthetic relationship among the user's gestural

ol ey - shaMASYHE| &=X| M 17 A (2019)
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interface, system's physics, graphics, and acoustics are
subtlely synchronized (Spence 2011).

Accordingly, the dynamics of the system directly affects
the sound synthesis algorithm. Each pointer becomes a
point source and the sound synthesis algorithm sonifies
the dynamics of the particles. The distribution of the dis-
tances between the pointer and particles decides the pa-
rameters of the spectrum. The particles which are far from
the pointer compose the high frequency and the close
particles are represented as the low frequency. This cre-
ates unique time-varying frequency patterns.

The velocity of the particles determines the magnitude of
the component. The superposition of the components
comprises the timbre. The sound is only actuated during
the time the player presses the activation button which
pulls the particles. Through this algorithm, we can achieve
an intuitive connection between the system's physics,
graphics, acoustics, and the user’s interface. Meanwhile,
since the system including the dynamics is virtual, the syn-
thesis algorithm can be modified according to the user's
aesthetic goal.

The sonification algorithms are implemented using
Gamma, which is a cross-platform C++ library for real-time
generic synthesis and signal processing. Whereas the
whole system except the controller server is running on
the same C++ platform, every parameter in the system is
accessible in real-time.

Conclusion

Finding an appropriate interpretation is a challenging task
when visualizing or sonifying the data. Indeed, it is com-
mon that the artists working with data visualization or
sonification find difficulties connecting the real data and
their aesthetic aspiration.

In this system, we established the aesthetic goal first and
defined the system's physics for the graphics, dynamics,
and acoustics to accomplish the goal. Utilizing this concept,
even though the system design is free from real data and
real physics, the instrument can maintain the subtle con-
nection between interface, graphics, dynamics, and
acoustics with crossmodal correspondences. We believe
this approach can let us deliver novel artistic experiences
that cannot be derived from real physics.

From the aspect of the interface, the system suggests so-
lutions to the chronic problems in the VR environment and
electronic musical instrument. When VR is rendered in the
HMD, because of the intrinsic nature of the device, the us-
ers suffer the virtual embodiment and this results in a dis-
connection between the user interface and the real world.
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This becomes more problematic when the system re-
quires the interaction between the multiple users. On the
contrary, AlloSphere enables the interaction alongside
other users in an immersive environment with the com-
plete embodiment. As a result, the user can recognize
what the other users are doing through their gestures.

The environment also allows the ordinary smartphone to
be powerful and an efficient controller. This empowers
the accessibility of various users without additional de-
vices.

To summarize, motivated by the AlloSphere, the proposed
instrument is suggesting new approaches for implement-
ing a multi-user system in the 3D space with sound and
graphics. We believe these approaches can expand the
opportunity of artistic creation, which can lead the users
and audience to a novel artistic experience.
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[Keynote Speech]

What is Sonic Narrative?

Curtis Roads
Media Arts and Technology, University of California, Santa Barbara,
United States
clangtint [at] gmail.com
http://www.curtisroads.net

The active human mind imbues perceptual experiences with meaning:
what we see and hear signifies or represents something. Even abstract
sounds can articulate structural functions and evoke moods. This means
that they can be used to design a narrative structure. A compelling sonic
narrative is the backbone of an effective piece of music. This paper ex-
amines the important concepts of sonic narrative, including narrative
function, sonic causality, nonlinear narrative, antinarrative strategies,
narrative context, humor/irony/provocation, narrative repose, and hear-
ing narrative structure.

Keywords: Narrative in computer music, Musical narrative, Structure of
electroacoustic music.

A composition can be likened to a being that is born out
of nothing. Like all of us, it is a function of time. It grows
and ambles, exploring a space of possibilities before it ul-
timately expires. This birth, development, and death make
up a sonic narrative. Every level of structure, from sections
to phrases, individual sounds, and even grain patterns fol-
lows its own narrative. Individual sounds come into being
and then form complementary or opposing relationships
with other sounds. These relationships evolve in many
ways. Sounds clash, fuse, harmonize, or split into multiple
parts. The relationship can break off suddenly or fizzle out
slowly. Eventually, all the sounds expire, like characters in
a sonic play. As Bernard observed (Gayou 2002):

If I have to define what you call the “Parmegiani sound,” it is

a certain mobility, a certain color, a manner of beginning and

ebbing away, making it living. Because | consider sound like
a living being.

Or as Luc Ferrari (quoted in Caux 2002) said:

[My composition] Visage (1956) should be discussed in
terms of cycles, rather than repetitions...I imagined the
cycles as if they were individuals, living at different speeds.
When they didn’t meet, they were independent. When
they met...they were transformed by influence or by
confrontation. In this way a sort of sentimental or
narrative mechanism could be articulated.

A compelling sonic narrative is the backbone of an effec-
tive piece of music. This paper examines the important
concepts of sonic narrative, including narrative function,
sonic causality, nonlinear narrative, antinarrative strate-
gies, narrative context, humor/irony/provocation, narra-
tive repose, and hearing narrative structure. The text is
adapted from chapter 10 of my book Composing Elec-
tronic Music: A New Aesthetic (Roads 2015).
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Music is Representational

The active human mind imbues perceptual experiences
with meaning: what we see and hear signifies or repre-
sents something. Thus sound, like other sensory stimuli, is
representational. Even abstract sounds (i.e., music) can
establish a mood or atmosphere within seconds, setting
the stage for narrative. Consider the pensive tone of
Daphne Oram’s Pulse Persephone (1965).

Sound Example 1. Excerpt of Pulse Persephone (1965) by Daphne Oram.
Available to listen at www.keams.org/emille.

Individual sounds also articulate structural functions. They
signify beginnings, developments, transformations, and
endings of larger structures. The fact sounds can articulate
structural functions and evoke moods means that they
can be used to design a narrative structure. As the theorist
Jean-Jacques Nattiez (1990) observed:

For music to elicit narrative behavior, it need only fulfill two
necessary and sufficient conditions: we must be given a min-
imum of two sounds of any kind, and these two sounds must
be inscribed in a linear temporal dimension, so that a rela-
tionship will be established between the two objects. Why
does this happen? Human beings are symbolic animals; con-
fronted with a trace they will seek to interpret it to give it
meaning.

I would go even further to say that a single sound can tell
a narrative. A drone invites internal reflection and medi-
tation. A doorbell alerts a household. An obnoxious noise
provokes an immediate emotional reaction. Silence in-
vites self reflection. An intense sustained sound com-
mands attention (figure 1, sound example 2).

Figure 1. Setup for Xopher Davidson and Zbigniev Karkowski’s album
Processor (2010). The Wavetek waveform generators (left) are
controlled by a Comdyna GP6 analog computer (right). Photograph by
Curtis Roads in Studio Varése at UCSB.

Sound Example 2. Excerpt of Process 5 (2010) by Xopher Davidson and
Zbigniev Karkowski.

The conundrum of musical meaning has been analyzed at
length in the broad context of music cognition and music
semantics. Library shelves are filled with books on musical
meaning and the psychology of music.
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As Elizabeth Hoffman (2012) observed, composers of elec-
tronic music often use recognizable or referential sound
samples. Such works project listeners into encounters
with places, people, and things—the stuff of narrative. The
composer places these referential elements in a deliber-
ate order. In works that use sampled sound to present a
sound portrait, the connection to narrative discourse is di-
rect. In many acousmatic pieces, we eavesdrop on people
talking to themselves, to others, or to us. Taken to a dra-
matic extreme, some works tend towards the literal story
lines of audio plays.

While the connection to narrative is obvious in these cases,
what about narrative articulated by abstract sounds, that
is, electronic sounds that are not sampled or not directly
referential to events in the real world? First we must rec-
ognize that a distinction between abstract and referential
sounds is clear only in extreme cases. An example of an
abstract sound would be a sine tone lasting one second.
An example of a referential sound would be a recording of
a conversation. As we will see however, abstract sounds
can serve structural functions in a composition. Thus they
play a role in its narrative structure.

Many compositions propose no explicit social, cultural, or
religious agenda. Like an abstract painting, they convey a
pattern of rhythm, tone, and texture, i.e., what Denis
Smalley (1986, 1997) called a spectromorphology. Spec-
tromorphology describes patterns of sonic motion and
growth according to acoustic properties. Abstract sound
objects serve structural functions within these processes,
such as beginning, transitional ascending element, climax,
transitional descending element, pause (weak cadence),
ending (strong cadence), juxtaposition, harmonizing ele-
ment, contrasting element, and so on.

Sound Example 3. Pictor alpha (2003) by Curtis Roads

Notice how the strong cadence of Pictor alpha is articu-
lated simply by the repetition of a pulsar 6 dB greater than
the previous pulsar, which clearly states: The End.

Inevitably, many sounds are charged with meaning be-
yond their purely spectromorphological function, for ex-
ample, the spoken voice. We hear a spoken utterance not
just as an abstract stream of phonemes but as human
speech, full of expressive, linguistic, poetic, and concep-
tual ramifications. In music that relies on speech, the nar-
rative often tends toward the literal, spilling outside the
boundaries of “absolute” music, per se. An example is a
scripted hérspeil or audio drama. Music based on spoken
or sung text can recite a literal narrative, for example Ilhan
Mimaroglu’s classic Prelude 12 for Magnetic tape (1967),
featuring the evocative poetry by Orhan Veli Kanik.
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Sound Example 4. Excerpt of Prelude 12 for Magnetic tape (1967) by
Ilhan Mimaroglu. (1)

We have our seas, full of sun.
We have our trees, full of leaves.
Morning til night, we go and go, back and forth.
Between our seas and our trees.

Full of nothingness.

Consider also soundscape compositions based on record-
ings of sonic environments. These run the gamut from
pure audio documentaries to combinations of pure and
processed recordings. Luc Ferrari’s Presque rien avec filles
(1989) is an example of “cinema for the ear.” We recog-
nize the sound sources so the signification is direct: we are
transported to an artificial soundscape in the composer
superimposes several recordings made at different times
and places.

A primary strategy of self-described acousmatic music is
precisely to play with reference. Acousmatic works en-
gage in games of recognition, mimesis, and semantic allu-
sion. The music of Natasha Barrett is a prime example.

The music of films often mirror the scripted plot and its
associated emotions (fear, happiness, anger, amusement,
grief, triumph, etc.) in more-or-less direct musical form. Of
course, in more sophisticated productions, the music can
function independently or even as ironic commentary,
such as a light song dubbed over a tragic scene.

In contrast to these directly referential materials and
strategies, representation is more abstract in much music
(both instrumental and electronic). Consider a one-second
sine tone at 261.62 Hz. It signifies “middle C” to someone
with perfect pitch. It might also allude to the general con-
text of electronic music, but other than this it represents
a structural function that varies depending on the musical
context in which it is heard. It might harmonize or clash
with another sound, for example, or start or stop a phrase.

In works like my Now (2003), for example, a sonic narra-
tive unfolds as a pattern of energetic flux in an abstract
sonic realm. We hear a story of energy swells and colli-
sions, of sonic coalescence, disintegration, mutation,
granular agglomerations, and sudden transformation, told
by means of spectromorphological processes.

Sound Example 5. Now (2003) Curtis Roads

In such music, sounds articulate structural functions of the
composition. Structural functions in traditional music
begin with basic roles such as the articulation of scales,
meters, tempi, keys, etc. and lead all the way up to the top
layers of form: beginnings, endings, climaxes, develop-
ments, ritornelli, and so on. Analytical terms such as ca-
dence, coda, and resolution directly imply scenarios. In a
piece such as J. S. Bach’s Art of Fugue (1749), the narrative
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HE|A 2= - X MEo2t FARATR?
has been described as an exposition of “the whole art of
Fugue and Counterpoint” as a process (Terry 1963). As
Stockhausen (1972) observed:

Whereas it is true that traditionally in music, and in art in
general, the context, or ideas and themes, were more or less
descriptive, either psychologically descriptive of inter-hu-
man relationships, or descriptions of certain phenomena in
the world, we now have a situation where the composition
or decomposition of a sound, or the passing of a sound
through several time layers may be the theme itself, granted
that by theme we mean the behavior or life of the sound.

That music can teach us about processes leads to the am-
biguity between “musical” and “extramusical” references.
Music can articulate many types of processes; some grew
out of musical tradition while others did not. Some com-
posers of algorithmically composed music consider the
narrative of their works (i.e., its meaning or what it artic-
ulates) to be the unfolding of a mathematical process. Se-
rial music, for example, derives from set theory and mod-
ulo arithmetic, originally imported from mathematics. Af-
ter decades of compositional practice, are these still “ex-
tramusical” references? The distinction is not clear.

Abstract Sonic Narrative

What is narrative? In a general sense, it is a story that the
human brain constructs out of our experience of the world,
by anticipating the future and relating current perceptions
to the past. We are constantly building stories out of sen-
sory experiences:

| am sitting. The walls are wooden. | see a red and white
checkered pattern. | see green colors. | hear broadband
noises. | see a person sitting across from me. Out of these
unconnected sensations | construct a narrative. The red and
white checkered pattern is a window shade. The green col-
ors are foliage outside the window. The noise is the burning
wood in the fireplace. The wooden beams tell me | am in
Cold Spring Tavern in the mountains above Santa Barbara.
The person sitting across from me is a composer from Ger-
many.

Our sensory experiences are continuously and immedi-
ately analyzed and categorized within a cognitive context.
This musical narrative builder is our “listening grammar”
in operation, as Lerdahl (1988) called it. Our listening
grammar is how we make sense of the sonic world.

Part of how we make sense of the world is that we antici-
pate the future. Indeed, the psychological foundation of
music cognition is anticipation. As Meyer (1956) observed:

One musical event has meaning because it points to or

makes us expect another event. Musical meaning is, in short,
a product of expectation.
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Thus a narrative chain can function because we inevitably
anticipate the future. In a detailed study of musical antic-
ipation, Huron (2006) described five stages of psychologi-
cal reaction. They apply to music listening but also to any
situation in which we are paying attention. These reac-
tions occur very quickly—-moment to moment—as we listen;
they inform a narrative understanding of our experiences.

In electronic music especially, musical narrative often re-
volves around processes of sonic transformation. Con-
sider, for example, the famous transformation seventeen
minutes into Stockhausen’s Kontakte (1960) in which a
tone descends in frequency in a flowing down and up-
down manner until it dissolves into individual impulses,
which then elongate to re-form a continuous tone. Like a
story from Ovid’s fantastic Metamorphosis (8 CE), in which
nymphs transform into islands, we are fascinated by the
strange fortunes of this sound.

Metaphorically, we can think of sounds as abstract char-
acters that enter a stage, act out some behavior, and
eventually leave the stage and our awareness. This sonic
play is a multiscale process; it can describe one sound, a
phrase, a section, or a whole piece. For example, if a
unique sequence of events occurs over one minute at the
start of a ten-minute piece, we call it a beginning. At the
close of a piece, we call it the ending. Within the acting
phase are a limitless realm of possible behaviors and in-
teractions with other sounds.

How we interpret a sequence of musical events depends
on our anticipation and our psychological reaction as to
whether or not our expectations are met. As Huron (2006)
noted:

Minds are “wired” for expectation...What happens in the fu-
ture matters to us, so it should not be surprising that how
the future unfolds has a direct effect on how we feel.

Sonic narrative is constructed by a succession of events in
time, but also by the interaction of simultaneous sounds.
This is the realm of generalized counterpoint. Do the
sounds form a kind of “consonance” (resolution) or “dis-
sonance” (opposition)? Is one sound a foil to the other?
Does one serve as background while the other operates in
the foreground? Does one sound block out another sound?
Do the sounds move with one another (at the same time
and in the same way) or are they independent? These con-
trapuntal interactions lead to moments of tension and
resolution. As Varése (quoted in Risset 2004) observed:
One should compose in terms of energy and fluxes. There
are interplays and struggle between the different states of

matter, like confrontations between characters in a play.
Form is the result of these confrontations.
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Figure 2. A frame from Andy Warhol’s film Empire (1964).

Even static structures can elicit the experience of narrative.

| vividly recall the wide range of emotions | experienced
watching Andy Warhol’s Empire (1964) for 45 minutes (fig-
ure 2). This silent film consists of eight hours and five
minutes of continuous footage of a single shot of the Em-
pire State Building in New York City.

Morphology, Function, Narrative

Design is a funny word. Some people think design means
how it looks. But of course, if you dig deeper, it is really how
it works. — Steve Jobs

What is the relationship between morphology, structural
function, and narrativity in music? Let us start with a sim-
ple example. The morphology of a table is its shape—how
it looks. Let us define its structure or organization as the
way that the component parts are interconnected, how
the legs attach to the top. As the biologist Thompson
(1942) observed:

A bridge was once upon a time a loose heap of pillars and
rods and rivets of steel. But the identity of these is lost, just
as if they had fused into a solid mass once the bridge is built.
...The biologist as well as the philosopher learns to recognize
that the whole is not merely the sum of its part... For it is not
a bundle of parts but an organization of parts.

Tabletop |

Figure 3. Functional representation of a table.

Figure 3 shows a simple diagram of the structure of a table.
The oval elements connect and describe a functional rela-
tionship between the component parts. The basic function
of the entire table is to support things placed on
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its top, but it can have other functions such as serving as
a portable table, extendable table, or visual accent, etc.
Thus there can be more than one functional relationship
between two parts. For example, a table leg in steel might
serve an aesthetic function of being a visual/material con-
trast to a marble tabletop.

Morphology in music is a pattern of time-frequency en-
ergy. Music articulates myriad structural functions: tem-
poral, spatial, timbral, melodic, harmonic, rhythmic, etc. It
can also serve and articulate social and cultural functions
in all manner of rites and rituals, from the street to the
palace.

Structural function refers to the role that an element (on
any time scale) serves in relation to a composition’s nar-
rative structure. It was defined abstractly by music theo-
rist Wallace Berry (1987) as follows:

To see structural function in music...is to see, in general,
three possibilities: increasing intensity (progression), subsid-
ing intensity (recession), and unchanging event succession
(stasis).

Structural functions play out not just in pitch and rhythm
but in all of music’s features, as Berry (1987) observed:

There are “dissonances” and resolutions in all of music’s pa-
rameters.

Accordingly, to serve a structural function, an element ei-
ther increases intensity, decreases intensity, or stays the
same. Processes such as increasing intensity (heightening
tension) and decreasing intensity (diminishing tension)
are narrative functions. To give an example, an explosion
at the close of part one of my composition Never (2010)

releases energy and fulfills a narrative function as: The End.

Changes in intensity imply trends, and therefore imbue di-
rectionality. Of course, reducing all musical functionality
to its effect on “intensity” begs the question of how this
translates to specific musical parameters in actual works.
Berry’s book explores this question through analytic ex-
amples. The analysis can be quite complicated. Real music
plays out through the interplay of multiple parameters op-
erating simultaneously and sometimes independently.
Stasis in one dimension, such as a steady rhythmic pattern
that serves a structural function of articulating a meter,
can serve as a support for a process of increasing intensity
in another dimension, such as the structural function of a
crescendo, while another dimension undergoes a process
of decreasing intensity.

Ultimately, structural functionality concerns the role and
thereby the purpose of an element within a specific musi-
cal context. The context is extremely important. As Her-
bert Briin (1986) observed:
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Composition generates whole systems so that there can be
a context which can endow trivial “items” and meaningless
“materials” with a sense and a meaning never before associ-
ated with either items or materials.

To use an architectural analogy, a wooden beam that sup-
ports the roof of a traditional house would serve only a
decorative function in the context of a steel skyscraper.
Context is the key to meaning.

Sonic Causality

A sonic narrative consists of chains of events. These chains
can create an illusion of cause and effect, as if a subse-
quent event was the inevitable consequence of an ante-
cedent event. One way teleology can emerge in a musical
narrative is by the design of chains of causal relationships.

Let us distinguish two distinct uses of the term “causality”
in the context of electronic music. In the acousmatic dis-
course, causality is concerned with identifying the source
that generated a given sound, i.e., what is its origin? By
contrast, our interest concerns a different issue, the idea
that one sound appears to cause or give rise to another in
a narrative sense, what Lars Gunnar Bodin (2004) called
causal logic. What if one sound was the necessary ante-
cedent that appears to cause a consequent sound? We
see this effect in the cinema, where a succession of
sounds—spliced and layered together—lend continuity to a
visual montage (e.g., footsteps + yell + gunshot + scream
+ person falls to the ground). “Appears to cause” is the
operative phrase; my use of the term “causality” is meta-
phorical. As in the cinema, we seek only an illusion of cau-
sality, suggested by a progression of events that indicate
a direction leading to some inevitable result. As | wrote
about Half-life, composed in 1999:

As emerging sounds unfold, they remain stable or mutate
before expiring. Interactions between different sounds sug-
gest causalities, as if one sound spawned, triggered, crashed
into, bonded with, or dissolved into another sound. Thus the
introduction of every new sound contributes to the unfold-
ing of a musical narrative. (Roads 2004)

As a sonic process emerges out of nothing, it may spawn
additional musical events. These events, be they individ-
ual particles or agglomerations, interact with existing
events, setting up a chain of implied causalities. Two
sounds can converge or coincide at a point of attraction or
scatter at a point of repulsion, leading to a number of con-
sequences:

Fusion - multiple components fuse into a single sound
Fission - sounds split into multiple independent components

Arborescence - new branches split off from an ongoing sound
structure

Chain reaction - sequences of events caused by a triggering
event
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An impression of causality implies predictability. If listen-
ers are not able to correlate sonic events with any logic,
the piece is an inscrutable cipher.

Nonlinear or Variable Narrative

A film should have a beginning, middle, and end, but not nec-
essarily in that order. —Jean-Luc Godard (1966)

The term linear narrative has often been applied to a story
with a beginning that introduces characters or themes,
followed by tension/conflict resulting in a climax/resolu-
tion and final act. A linear narrative presents a logical
chain of events; events progress and develop, they do not
just succeed one another haphazardly.

Contrast this with so-called nonlinear interactive media,
where each participant can choose their own path
through a network. A classic example is a gallery exhibit,
where each person can view artworks in any order. Notice,
however, the linearity within the nonlinearity. Each per-
son in a gallery views a “linear” sequence of images. It is
merely different from what another viewer sees. Moreo-
ver, these experiences are taking place in time, which ac-
cording to the metaphor timeline, is a linear medium.
What makes a medium “nonlinear” is its variability—every-
one can do it a different way—whether by chance or choice.
Variable multipath narrative is perhaps a more descriptive
term than “nonlinear narrative.”

Some would say that the experience of music is linear, in
that it unfolds in time and different audience members
have no choice in what they hear. Similarly, a book is read
from the beginning to the end.

Yet filmmakers, composers, and novelists often speak of
nonlinearity in the organization of their works, even if
they are ultimately presented in the form of an unvarying
single-path narrative. It is not necessary for a musical nar-
rative to unfold in a linear chain. Artists use many tech-
niques to break up or rearrange sequential narrative: el-
lipses, summaries, collage, flashback, flashforward, jump
cut, montage, cut-up, and juxtaposition. Narrative
emerges out of nothing other than adjacencies, as Claude
Vivier (1985) observed:

My music is a paradox. Usually in music, you have some de-
velopment, some direction, or some aim. . . | just have state-
ments, musical statements, which somehow lead nowhere.
On the other hand, they lead somewhere but it's on a much
more subtle basis.

Using digital media, sounds and images can play in any or-
der, including backwards, sped up, slowed down, or fro-
zen. Granulation can pulverize a speaking voice into a
cloud of phonemes, transforming a story into an abstract
sonic narrative.
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Moreover, music is polyphonic: why not launch multiple
narratives in parallel? Let them take turns, interrupt each
other, unfold simultaneously, or twist in reverse. The pos-
sibilities are endless. As music psychologist Eric Clarke
(2011) observed:

Music’s own multiplicity and temporal dynamism engage
with the general character of consciousness itself.

Narrative design can be labyrinthine or kaleidoscopic, re-
flecting the true nature of consciousness and dreams.

Consider Luc Ferrari’s comments on the construction of
his Saliceburry Cocktail (2002)

The Cocktail idea suggested that | hide things under one an-
other. | took old elements, and since | didn’t want to hear
some of them, | hid them under some elements that | also
didn’t want to hear. And since | remembered some of the
sounds, | also had no choice but to hide the images they
evoked, and | had to hide some other realistic elements un-
der synthetic sounds, and | had to dissimulate some of the
synthetic sounds under some drastic transformations. Fi-
nally, | hid the structure under a non-structure or the other
way around.

Sound Example 6. Excerpt of Saliceburry Cocktail (2002) by Luc Ferrari.

Surprise is essential to a compelling narrative. Surprises
are singularities that break the flow of continuous pro-
gression. The appearance of singularities implies that, like
a volcano, the surface structure is balanced on top of a
deeper layer that can erupt at any moment. If we look at
what caused it, it is the will of the composer at the helm
of a sonic vessel. The voyage of this vessel, as communi-
cated by the sound pattern it emits, traces its narrative.

Antinarrative Strategies

Certain composers, most notably John Cage, reject narra-
tive as an organizing principle. Yet a narrative impression
is not so easily disposed. In this sense, narrative is like
form, something rather hard to extinguish. As Earle Brown
(1967) wrote:
If something were really formless, we would not know if its
existence in the first place. It is the same way with “no con-

tinuity” and “no relationship.” All the negatives are pointing
at what they are claiming does not exist.

The mind is —searching for patterns even in pure noise. An-
yone who listens Stockhausen’s moment form works such
as Kontakte (1960) or Momente (1964) hears teleological
processes, patterns of increasing and decreasing intensity,
convergence/divergence, coalescence/distintegration, and
causal illusions, all elements of narrative. While the macro
form is nondirectional, on other time scales we hear many
familiar narrative elements: openings, development, ca-
dences, counterpoint, transitions, etc. In any case,
perceived randomness takes on well-known narrative
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identities: a series of unrelated juxtapositions is predictably
chaotic, and white noise is predictably unchanging.

Synthesizing Narrative Context

Intimately related to the concept of narrative is the prin-
ciple of context. Narrative context—on whatever time
scale—determines the structural function and appropriate-
ness of sound material. Only a contextually appropriate
sound serves narrative structure. We see here the deep
relationship between materials at lower levels of struc-
ture and the morphology of the higher-level context. In-
appropriate sound objects and dangling phrases inserted
into a structure from another context work against their
surroundings. If they are not pruned out of the composi-
tion, their presence weakens the structural integrity of the
piece. Even a small anomaly of this kind can loom large in
the mind of listeners. An inappropriate sound object or
phrase can cancel out the effect of surrounding phrases,
or call into question the effectiveness of an entire compo-
sition.

What determines the “inappropriateness” of a sound or
phrase? This is impossible to generalize, as it depends en-
tirely on the musical context. It is not necessarily a sharp
juxtaposition—juxtapositions can be appropriate. It could
be a sound that is unrelated to the material in the rest of
the piece or an aimless section that drains energy rather
than building suspense.

For fear of inserting an inappropriate element into a piece,
one can fall into the opposite trap: overly consistent or-
ganization. This condition is characterized by a limited pal-
ette of sounds and a restricted range of operations on
these sounds. A hallmark of the “in the box” mindset, an
overly consistent composition can be shown to be “coher-
ent” in a logical sense even as it bores the audience.

In certain works, the synthesis of context is the narrative.
For example, in Luc Ferrari’s brilliant Cycle des souvenirs
(2000), the composer is a master of fabricating context
from unrelated sources: synthesizers, women speaking
softly, bird and environmental sounds, a drum machine,
and auditory scenes of human interaction around the
world. In Ferrari’s hands, these disparate elements magi-
cally cohere. Why is this? First, the sounds themselves are
exceptional on a surface level and their mixture is refined.
On a higher structural level, we realize that the various el-
ements each have a specific function in inducing a sensi-
bility and mood. The combination serves to induce a kind
of trance—-made with everyday sounds that contextualize
each other. When new sounds are introduced they are of-
ten functional substitutions for sounds that have died out,
thus maintaining the context. For example, the work is full
of repeating pulses, but from a wide variety of sound
sources. When one pulse dies out, another eventually en-
ters, different in its spectromorphology, but retaining the
structural function of pulsation.
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Humor, Irony, Provocation as Narrative

Narrative context can be driven by humor, irony, and
provocation. These need not be omnipresent—-many seri-
ous works have humorous moments.

What is the psychology of humor in music? Huron (2006)
describes it as a reaction to fear:

When musicians create sounds that evoke laughter... they
are, | believe, exploiting the biology of pessimism. The fast-
track brain always interprets surprise as bad. The uncer-
tainty attending surprise is sufficient cause to be fearful...But
this fear appears and disappears with great rapidity and does
not involve conscious awareness. The appraisal response fol-
lows quickly on the heels of these reaction responses, and
the neutral or positive appraisal quickly extinguishes the ini-
tial negative reaction...In effect, when music evokes one of
these strong emotions, the brain is simply realizing that the
situation is very much better than first impressions might
suggest.

Huron (2006) enumerates nine devices that have been
used in music to invoke a humorous reaction, including
material that is incongruous, oddly mixed, drifting, disrup-
tive, implausible, excessive, incompetent, inappropriate,
and misquoted. Humor can be derisive. As Luc Ferrari
(quoted in Caux 2002) observed:

To be serious in always working in derision is a permanent
condition of my work. | am always preciously outside of an-
ything resembling the idea of reason. Derision lets me dis-
turb reason: who is right, who is wrong? It is also a question
of power.

Dry humor is omnipresent in Ferrari’'s music, for example
in the incessantly repeating “Numéro quatro?” in Les an-
ecdotiques (2002), or the changing of the guard sequence
in Musique promenade (1969) with its absurdly con-
trasting sound layers.

Sound Example 7. Excerpt of Numéro quatro from Les anecdotiques
(2002) by Luc Ferrari.

Charles Dodge’s humorous Speech Songs (1973) featured
surreal poems by Mark Strand as sung by a computer. As
the composer (2000) observed:

| have always liked humor and had an attraction to the bi-
zarre, the surreal. These poems were almost dream-like in
their take on reality. So that made me feel very at home
somehow. This unreal voice taking about unreal life situa-
tions was very congruent. The voices are ... cartoon-like and
that pleased me.

Dodge’s Any Resemblance is Purely Coincidental (1980)
warps the voice of Enrico Caruso to both humorous and
tragic effect.

Sound Example 8. Excerpt of Any Resemblance is Purely Coincidental
(1980) by Charles Dodge.
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A camp sense of humor prevails in the electronic pop mu-
sic of Jean-Jacques Perrey, such as his rendition of Flight
of the Bumblebee (1975) featuring the sampled and trans-
posed sounds of real bees.

Irony is a related narrative strategy, letting music com-
ment on itself and the world around it, often with humor-
ous effect. Many techniques communicate irony: absurd
juxtapositions, quotations of light music, and exaggera-
tions, for example. Irony can also be conveyed in extrinsic
ways such as in titles and program notes. An example is
Stockhausen’s 1970 program notes to the CBS vinyl edi-
tion of the Klavierstiicken (CBS 32 21 0007). In the guise of
documentation, the composer meticulously detailed all
aspects of the recording, including the consumption hab-
its of the pianist Aloys Kontarsky in the period of the re-
cording sessions.

...[The pianist] dined on a marrow consommé (which was in-
comparably better than the one previously mentioned) 6
Saltimbocca Romana, lettuce; he drank 1/2 liter of Johannis-
berg Riesling wine; a Crépe Suzette with a cup of Mocca cof-
fee followed; he chose a Monte-Cristo Havana cigar to ac-
company 3 glasses of Williams-Birnengeist, with an ex-
tended commentary on European import duties for cigars
(praising Switzerland because of duty by weight) and on the
preparation and packing of Havana cigars.

Another example of absurdistirony appearsin John Cage’s
Variations IV (1964) “For any number of players, any
sounds or combinations of sounds produced by any means,
with or without other activities.” The recording of the
work unfolds as a Dadaesque collage that juxtaposes ex-
cerpts of banal radio broadcasts. These form a sarcastic
commentary on American popular culture. Ironic re-sam-
pling is a recurrent theme of artists influenced by the aes-
thetics of cut-up or plunderphonics (Cutler 2000).

Closely related to humorous and ironic strategies is prov-
ocation. Provocative pieces tend to divide the audience
into fans versus foes. As Herbert Briin (1985) noted:

We often sit in a concert and listen to a piece to which we do
not yet have a “liking” relationship but of which we know al-
ready that it annoys the people in the row behind us—and
then we are very much for that piece. | would suggest that
my piece is just on a level where it invites you to a conspiracy
with me and you like that. Yes, it annoys a few people in your
imagination or your presence that you would like annoyed,
and | am doing you this little favor.

Notice the two sides of the effect: some people enjoy the
piece at least in part because they think others are an-
noyed. Some artists are deliberately provocative; they
seek to shock the audience. Shock is a well-worn strategy.
Consider Erik Satie’s Vexations for piano (1893), in which
a motive is repeated 840 times, taking over 18 hours. At
the first full performance, which did not occur until 1963,
only one audience member remained present through the
entire event (Schonberg 1963).
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Strategies for deliberate provocation follow known for-
mulae. Certain artistic conceptions function as “audience
trials” to see who can stand to remain. An exceptionally
long, loud, noisy, quiet, or static piece tests the audience.

The line between provocation and free artistic expression
is blurry, since what is considered provocative is context
dependent, or more specifically culturally dependent. To
some extent, provocation is in the eye of the beholder. For
example, Stravinsky’s Rite of Spring (1913) was considered
shocking at its Paris premiere but was celebrated as an ar-
tistic triumph in the same city a year later (Stravinsky
1936).

In some music, provocation occurs as a natural side-effect
of a disparity between a composer’s unconventional vi-
sion and the conventional mindset of an audience. For ex-
ample, the music of Varése was long considered provoca-
tive by many critics and labeled as “a challenge to music
as we know it.” The management of Philips went so far as
to attempt to have Varése’s Poéme Electronique (1958) re-
moved from the Philips Pavilion project (Trieb 1996). Sim-
ilarly, Xenakis was a musical radical of an uncompromising
nature. Many of his pieces, both electronic and instru-
mental, challenged accepted limits.

A tremendous furor was aroused in Paris in October 1968 at
a performance of Bohor during the Xenakis Day at the city’s
International Contemporary Music Week. By the end of the
piece, some were affected by the high sound level to the
point of screaming; others were standing and cheering. “Sev-
enty percent of the people loved it and thirty percent hated
it” estimated the composer from his own private survey fol-
lowing the performance. (Brody 1971)

| recall being present at the Paris premiere of Xenakis’s
composition 5.709 (1994), a raw and obsessive electronic
sonority that dared the audience to like it.

Narrative Repose

Compositional processes need a balance between sparsity,
relaxation, and repose as well as density, tension, and ac-
tion. As in the cinema, slowing down the action and allow-
ing the direction to meander provides an opportunity to
build up suspense—underlying tension. As Herbert Brin
(1984) observed:

Boredom is a compositional parameter.

Composers sometimes deliberately insert sections that
stall or freeze the narrative, as a preparation for intense
fireworks to come. Stockhausen’s Gesang der Jiinglinge
(1956) comes to mind, with its sparse and frozen middle
section between 3:17 and 8:50 preceding a colorful finale
(8:51-13:15).
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Likewise, the long reposing phrases that characterize the
style of Ludger Brimmer induce a sense of expectation for
brief dramatic flourishes, as in works such as The gates of
H (1993), CRI (1995), La cloche sans vallées (1998), and
Glassharfe (2006).

Sound Example 9. Excerpt of Glassharfe (2006) by Ludger Brimmer.

Conclusion: Hearing Narrative Structure

A composer can design narrative structure, but will listen-
ers hear it? Part of the pleasure of listening to music is de-
coding the syntactic structure as it unfolds. A clear and
simple narrative design is decipherable to most listeners.
If a listener cannot hear any patterns or organization in a
piece of music they will likely dismiss it as boring chaos.

At the same time, in a piece of new electronic music of
sufficient complexity, it is unlikely that a listener will hear
every detail that the composer designs. Like any craftsper-
son, composers of all stripes embroider patterns for their
own amusement without expectation that audiences will
decipher them. A communication model of music—in
which the composer transmits a message that is received
and unambiguously decoded by listeners—is not realistic.
“Imperfect” communication, in which the message per-
ceived by each listener is unique, is part of the fascination
of music.

Even if a listener was able to somehow perfectly track the
narrative structure—to parse the syntax on all time scales—
this does not account for the ineffable factor of taste in
listening. Just because | understand how a work is orga-
nized does not mean that | will like it. Inversely, | do not
need to understand how a work is constructed in order to
marvel at it. As in all other aspects of life, there is no ac-
counting for taste; the appreciation of beauty is subjective;
nothing has universal appeal.

Recent research shows that our brains experience music
not only as emotional stimulus but also as an analog of ac-
tive physical motion (Echoes 2011). In effect, the com-
poser sails the listener on a fantastic voyage. Let each per-
son make up their own mind about what they experience.
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Numeric Parser for Symbolic Representation of Rhythm

Mauricio Rodriguez
Center for Computer Assisted Research in the Humanities (CCARH), Stanford University
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A numeric representation of rhythmic structures is discussed as a rather constricted, nonetheless robust model for the computational encoding of
rhythm configurations. The motivation for an extremely compressed encoding system of rhythmic patterns is grounded on the following observations:
1) to ease the creation and experimentation of rhythm for compositional use, 2) to optimize score preparation (e.g. to facilitate music engraving/tran-
scription tasks), 3) to easily and clearly create “rhythm-tree” (RT) representations for further processing when working with computer-assisted envi-
ronments, and 4) to efficiently handle computing labor since very complex rhythmic patterns can be represented with extremely simple strings of
characters. This representation model is implemented as a computing parser written in Common-LISP to render rhythmic patterns into a “rhythm-
tree” (RT) representation, an extremely robust symbolization of music rhythm that is widely used in computer-assisted environments such as
OpenMusic, PatchWork, and PWGL. To show the applicability and robustness of the numeric representation of rhythm presented here, an interactive
“command-line” parser has been developed using the facilities of the “Expressive Notation Package” of PWGL, a visual programming environment for

computer-assisted composition.

Keywords: Computational Music Theory, Music Notation, Computer-Assisted Composition, Automatic Music Transcription.

Music representation for computer processing is a broad
research field. Ever since the computer has been used for
musical purposes, systems to encode and symbolically
represent musical information had been profusely devel-
oped (Selfridge-Field 1997). Among different formats for
digital music representation, the MIDI protocol is gener-
ally assumed as one of the most stable formats for musical
data interchange and representation; however, MIDI’s
limitations are evident when it comes to formally repre-
sent, and later retrieve, the varied symbolic aspects of a
music score.

The Standard Music Description Language (SMDL), the No-
tation Interchange File Format (NIFF) and the Music XML
markup system, are some of the encoding initiatives that,
most effectively than MIDI, expressively represent varied
symbolic and structural aspects of common music nota-
tion. However, those formatting protocols deal well on
standard common music notation practices, but they are
generally limited when addressing issues of extended mu-
sic notation such as unconventional and microtonal tun-
ings, continuous or dynamic changes of musical events
(e.g. spectral variations of sound), complex multi-nested
rhythmic patterns, etcetera (Rodriguez 2015).

As far as the symbolic representation of rhythm, an effec-
tive way to syntactically represent rhythmic structures is
the “rhythm-tree” (RT) representation (Agon / Haddad /
Assayag,2002) found in several LISP computer-assisted
environments. A rhythmic tree is represented as a paren-
thesized list of numbers indicating a “beat-counter” or ref-
erence-duration, and the rhythm “subdivisions” or pro-
portions of the beat. Each subdivision can iteratively re-
produce the top-level model list described, so the repre-
sentation of elaborated and varied rhythmic patterns is
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unlimited. Rhythm subdivisions are represented by inte-
ger numbers; when a subdivision number is negative, it
represents a rest; when decimal numbers appear in sub-
divisions, they represent tied onsets to the previous val-
ues. Although this encoding model is extremely consistent
and robust, the frequent nested series of parenthesized
lists used to represent complex rhythm patterns, makes it
very difficult for manual textual input, even for the most
experienced users (Selfridge-Field 1997).

The encoding model proposed here, overcomes the difficul-
ties of manual textual input for the creation of RT patterns.
Instead of the nested representation of an RT structure, our
model follows a linear or sequential input, equivalent to the
natural way music rhythm is written and read. This proposed
model uses a very limited set of ASCII characters (all of them
found on the computer’s numeric-keypad) and it employs a
straightforward syntactic format that greatly facilitates user
interactivity.

Encoding Syntax

The encoding of rhythmic patterns is expressed as a single
string of sequential numeric-keypad characters. Each sym-
bolic element of a rhythm pattern (i.e. time signature,
rhythm subdivision, tuplet-ratio and so on), is logically
separated by a contextual marker (represented by the
“equal sign” character); therefore, no “space” keyboard-
key is used during input stage. This optimizes input data
while strictly using only characters of the numeric keypad.

To visually explain each of the stages of the encoding’s
syntax, consider the following input string to render the
score notation of Figure 1:

4--1+*6=5..4=3..2=1//1.-1=7..3=5..4=1/1*4=/3
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The first characters before the contextual separator en-
code the time signature information. The first number in-
dicates the time-signature “numerator”, separated from
the “denominator” using a double hyphen tag (or minus
key). The “denominator” of this example is equivalent to
the beat value of one sixteenth. Therefore, the first num-
ber of the “denominator” represents a decimal position,
and the plus sign (in this case multiplied or “expanded” by
six) represents the six “units” of the “denominator” (Fig-
ure 2).

If no time-signature information is explicitly given into the
input string, the encoder chooses a 4/4 time-signature as
default value.

4--1+%6=5..4=3..2=1//1.-1=7..3=5..4=1/1%4=/3

- ————————
B2l

Figure 2.
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After the first contextual separator, a ratio proportion in-
dicates that the whole measure of 4 beats is divided in five
parts. The rhythmic ratio of 5:4 is represented as 5..4 in
the input string (Figure 3):
4--14%6=5..4=3..2=1//1.-1=7..3=5..4=1/1%4=/3

% $
%
g - S

Figure 3.
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The first onset value of the notated rhythm happens to be
an irrational nested subdivision of the first two general
“quintuples”, thus a new ratio proportion of 3:2 is needed
before the actual representation of the onset values, oc-
curring in this case after the third contextual separator
(Figure 4):
4--14%6=5..4=3..2=1//1.-1=7..3=5..4=1/1%4=/3

MN

el

0
" /
g -

Figure 4.
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Rests and tied values are represented with the same RT cri-
teria, namely, rests are indicated by negative integer num-
bers and ties use single dotted values (Figures 5 and 6):
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Two encoding additions allow for notational refinement of
the rhythmic representation. First, grace-note values can
be encoded using the “slash” character (Figure 7):

4--1+*6=5..4=3..2=1//1.-1=7..3=5..4=1/1%4=/3

0
" / ————m

folb

Figure 7.
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Lastly, to simplify manual input, a “multiplier” or “ex-
pander” element repeats a given number of times any
previous value (in a similar manner as the SCORE (Laurson
1996) “multiplier” does), minimizing the task of manual
textual input. In the following example, the last portion of
the input string, represented by 1/1*4, could also be writ-
ten as 1/1111, being the first notation more compact and
cleaner (Figure 8). The expander syntax can be applied to
any other encoding element, as previously seen when de-
fining the time-signature portion of the current example.

4--1+*6=5..4=3..2=1//1.-1=7..3=5..4=1/1%4=/3

5

w
N

—_—

5 —————— .
-
% = ¥ — —= i
- <= P T T T
Figure 8.

Interactive Parser in PWGL

An interactive application of the encoding model has been
implemented using the “Expressive Notation Package”
(ENP) from the visual programming language PWGL
(Laurson / Kuuskankare 2002). This application stands as
an independent window-module where the user types
strings of characters on the numeric-keypad, obtaining
immediate feedback in the forms of music notation and
RT representation (Figure 9). The output of this module
can be fed to any other class-object or function of the
PWGL environment (or to external libraries) and apply
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further processing to generate higher-level score control
(Rodriguez 2012).

Flexibility and Extensibility

The numeric representation of RT structures is flexible
enough to be ported to any other environment of the
PatchWork family (e.g. OpenMusic), or any other environ-
ment that could read RT representations as input data
(such as the Common Music Notation software when us-
ing the ‘RQQ’ function). Furthermore, this rhythm encoder
could be extended to render other musical attributes of
the RT, such as pitch information, articulation expressions,
dynamics and so on. In the following example, the nu-
meric-keypad characters are used to render pitch data. In
this case, numbers from 1 to 7 represent pitch class. Pitch
classes can be associated to octave or register position
with a number written after the separator (equal sign); if
no octave position is given to the following pitch, the en-
coder considers the previous octave/register as the cur-
rent one. Notes belonging to the same chord are sur-
rounded by “slash” characters. Lastly, the hyphen and plus
signs indicate flat and sharp accidentals respectively;
therefore, a single hyphen indicates a quarter-tone flat
microtone, two consecutive plus signs stand for a sharp
semitone, and so on.

As an example of a numeric-keypad representation to en-
code pitch, the call to the function:

(pitch-parser '/--6=5+6=65/432/1--2/-26=6*36*56=6*32* 4171)
renders the following PWGL-format pitch-list:

((80.0 :ENHARMONIC 1) (93.5 :ENHARMONIC 0) 91.0) (86.0)
88.0) (89.0) (84.0 (85.0 :ENHARMONIC 1)) (96.0) (95.0) (96.0)

Conclusions

The numeric representation discussed here highly facilitates
manual data-input of rhythm patterns using a single charac-
ter-string of a reduced set of ASCII characters. Despite the
compactness and simplicity of its syntax, this encoding sys-
tem can represent simple to extremely complex rhythm pat-
terns in a “Rhythm Tree Structure” notation otherwise
achieved through a hard-to-type process. This numeric rep-
resentation model can be used as a cross-environment LISP
module portable into computer assisted environments that
use RT notation. The numeric representation model can also
be expandable to encode further notational elements, such
as microtonal tunings defining a more expressive musical
representation. To show the applicability and robustness of
the proposed model, an interactive application written for
the PWGL environment has been presented.
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New Media Music Theatre Phenomenon:
Take Alexander Schubert Star Me Kitten as Example

Xiyue Zhang
Electronic Music Department, Sichuan Conservatory of Music
379331752 [at] qg.com

With the development of the new media technology, the creation and design of electronic music have got rid of the "monotonicity" of traditional
stage performances. Instead, a new style of art with the characteristics of "audio-visual integration" is built in the multi-dimensional audio-visual
spatial relationship through technical means such as the "sound, light, and shadow." This pluralistic art style not only promotes the development of
electronic music but also provokes a new style of art, "music theatre." This paper is based on Star Me Kitten by Alexander Schubert, a contemporary
German new media composer, which exhibits an integral audio-visual art effect. The purpose of this paper is to illustrate the following; As multimedia
technology keeps evolving, the creation and design of contemporary electronic music works begin to use the interaction and fusion of multiple media.
The “theatre-style” artworks, with the audio-visual integration design as its feature, are constantly strengthening the “immersive” art experience. At
the same time, they are becoming a thinking mode in the creation of today’s music works with various new audio-visual dimensions.

Keywords: Music Theatre, Audio-visual Integration, Multimedia Integration

Since the Baroque Period, no matter in salon, church, the-
ater, concert hall or square, the stage music performance
predominated by instrumental music performance and
vocal music performance has become familiar to the pub-
lic and been widely accepted. However, along with the
emergence and evolvement of electronic music as a new
music type, especially since the 1990s, the quick develop-
ment of digital media technology has brought wider rep-
resentation space to creation of music works, and the
“link” of various digital medial techniques in music work
creation has provided more possibilities for stage perfor-
mance. Moreover, it is beneficial to the understanding of
audiences and transmission of works.

The creation and design of electronic music based on
modern artistic thought and digital media techniques can
not only enrich the expression force of music but also in-
ject more new vigor into artistic expression of works by
using different spatial relations and various technique
means to integrate the sound, image, light and body lan-
guage together. It’s also completely possible to make the
multi-dimensionality of music works more concrete and
thorough by the integration with digital media technology
and the multi-media relations.

For going with development trend of the time, the “music
theatre” model centered on “audio visual integration” has
quietly emerged during this evolution. Although this type
of music performance cannot include all modern music
types, its emergence is worthy of concern and research.

The "music theatre" mentioned in this paper refers to the
following concept: In live performances, various media
styles form a multi-integrated whole through the interac-
tion among the media while maintaining their character-
istics. The multi-integrated whole is then presented in the
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form of audio-visual unification and synchronization by
making the best of technical means such as the sound,
light, and shadow and spatial expressions. This artistic
form, in the multi-dimensional audio-visual spatial rela-
tionship, has got rid of the "monotonicity" of traditional
stage performances. It not only improves the appeal of
stage art but also pays more attention to the integration
and interaction among multiple media styles. Also, it con-
veys a pluralistic, flexible artistic expression of audio-vis-
ual integration, which can satisfy the audience's aesthetic
needs for contemporary art.

The “music theatre” phenomenon provides a more di-
verse thought and approach for creation and design of
music works nowadays, as well as brings new contents
and thought for our research on its related organization
forms and structural patterns. What actually is the organ-
ization form of new media music works? How to structure
the new media music works? What are its specific charac-
teristics in idea creation? How shall we interpret them?
For all these questions, it is required to analyze and sum-
marize specific works to find out the due composing rules
as well as the specific design thought for the creative de-
sign and artistic innovation of modern electronic music,
especially the music works with digital media technology
as the core, so that the reasonable interpretation and
analysis on the works can be made.

This paper is based on Star Me Kitten by Alexander Schu-
bert?!, a contemporary German composer, which exhibits
an integral audio-visual art effect. The integral design and
creation of works are analysed through various media in
the works, including "vocal descriptions," "live perfor-
mances," "visual images," and "electronic music," and
their interactions and correlations. This paper aims to il-

lustrate the following: Based on the postmodern art
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concepts, the composition of contemporary electronic
music works has broken through the "single voice style"
limitation. As multimedia technology keeps evolving, mul-
tiple media can correlate and interact with each other.
The “theatre-style” artworks, with the integral audio-vis-
ual integration design as its feature, are continually
strengthening the “immersive” art experience. At the
same time, they are becoming a thinking mode in the cre-
ation of today’s music works with various new audio-vis-
ual dimensions.

The Creative Idea of Star Me Kitten

The inspiration of Star Me Kitten, which was completed in
2015, came from a speech. In terms of creative design, dif-
ferent segments are connected as a whole through vari-
ous elements, including a narrator (speaker), visual im-
ages, live band performance (responding to the narrator
in different combination styles), and electronic music
(prepared sound and real-time effects). Among them, the
narrator plays a significant "role" in the works.

1. Interms of idea creation, completely different from the
traditional stage performance, the expression form of
works gets rid of the simple and straightforward way of
performance, leverages the multimedia integration and
makes the music not only worth listening but also “worth
seeing”. It organically connects the multidimensional au-
dio-visual relationship closely to generate a new stage
performance type featured by the “audio-visual integra-
tion and synchronized sound and image”.

2. At the beginning of the work, the speechmaker respec-
tively introduced related information, image background
and music structure of the work by presentation, under
the guidance of speechmaker, a series of real-time inter-
action including vocal narration, acoustics of orchestra
and visual image was presented. Under the deployment
of narrator, the instrumental performance, visual image,
electronic music and its vocal distortion and other ele-
ments were presented in sequence or harmonically, in-
teracted and integrated with each other by different me-
diums, thus combining the language expression, body
movement, live performance, pre-recorded sound, vis-
ual effect and so forth into an organic whole with highly
unified artistic and technological effect. A multidimen-
sional relationship of “audio-visual space” and “visual-
ized” artistic expression was created for the extension of
the entire story of Star Me Kitten and development of
plot.

3. For electronic music, the effect module preset by
Max/MSP is applied to sample the sound elements
played by the band, which derive into different real-time
sound effects through deformation processing. Besides,
a variety of real-time visual images associated with the
work expression can further be generated through a se-
ries of calculation and integration of data. Although the
overall concept of the work is still based on the mixed
electronic music, the presentation and processing meth-
ods of the electronic music and digital images reflect the
composer's highly logical and creative design thought
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and artistic ideas. In this way, the work has broken
through the simple performance style of the "tradi-
tional" electronic music and showed an integrated au-
dio-visual “music theatre” effect in the multi-dimen-
sional spatial relationship, which creates resonance with
a novel artistic style.

The work also shows very distinctive features in terms of
performance and notation. The details are summarized as
follows:

1. Symbolic icons. The composer selects different perfor-
mance methods according to the icons to form the cor-
responding acoustic features 2. Besides, it further
demonstrates the acoustic effects that are continually
evolving and extending among elements by combines
techniques such as collage, loop, reverberation, modula-
tion, and delay.

2. Accurate and random notation style. Although this no-
tation style is common in contemporary music, the sym-
bolic icons can reflect unique features of the work in the
notation. That is, (1). The pitch material is randomly
played according to the rhythm duration, and the icons
determine the acoustic characteristics; (2). The work is
performed strictly according to the pitch and rhythm in
the notation. Based on the prompt of the icons, one of
the specific voices in the multi-sound structures is se-
lected by itself, constructing different acoustic relation-
ships3.

3. The uncertainty of the band's compilation. During the
work performance, the specific instrument type and its
compilation can be freely combined according to the ac-
tual situation (The composer prompts that at least a nar-
rator and seven bandsmen should be included.) The se-
lected instruments correspond to various symbolicicons,
flexibly interpreting the work.

The Structural Characteristics of the Work

As mentioned above, Star Me Kitten combines a variety of
artistic expressions, which is a multimedia music work
composed of narrators (speakers), live bands, real-time
electronic music, and interactive visuals. This paper is
based on the music score version revised by the composer
himself in 2019.

A narrator and seven performers completed this version.
The band includes violin, cello, clarinet, electric guitar,
percussion, and piano. In the live performance, narrators,
instrumental performances, real-time electronic music,
and visuals come and go, enhancing each other’s charm.
Through the calculation and real-time processing of sound
data, a variety of different effect modules are used to
form a comprehensive multimedia work based on sound
modeling. The vocal narrative part throughout the whole
performance becomes a core element with a leading role
while mobilizing and coordinating the interweaving and
constant evolution of various media elements. It also en-
hances the appeal of sound art and enriches the perfor-
mance of the audio-visual-integrated “music theater.”

Emille, the Journal of Korean Electro-Acoustic Music Society Vol.17 (2019)
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Figure 1. Structure Diagram of Star Me Kitten.

In terms of the music structure, the work consists of five
interrelated parts, namely, introduction (m1-m49),
presentation (m50-m135), development (m136-m233),
climax (m234-m446), and ending (m447-m466), as shown
in the picture.

The picture clearly shows the five parts of the work. The
extension of music can be further subdivided into 12 dif-
ferent stages according to the application of specific ma-
terial elements and their functional attributes.

The introduction part (m1-m49), Stage 1 to Stage 2, is the
"preface" of the whole song, which introduces the theme
of the music, establishes the interaction mode between
"vocal and band," and lays the basic acoustic style of the
work. According to the different acoustic materials, this
part can be divided into: the first stage of the vocal mon-
ologue which introduces the relevant information of the
work to form the core acoustic material; and the second
stage where the narrator introduces the timbre character-
istics of each instrument and their different combinations
to form the core acoustic material and the Hate theme.

The presentation part (m50-m135), Stage 3 to Stage 5, is
the episode description, which initially presents the main
acoustics materials. The sound types during these stages
are relatively simple, playing an introducing role. The
sound properties of the three stages vary completely.
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Among them, Stage 3 shows the initial form of the theme
material, namely, the presentation of the basic music
ideas; In Stage 4 and Stage 5, different sound materials in
Stage 3 are selected and then processed for real-time de-
formation using the electronic technology method, re-
flecting the extension and change of the sounds.

The development part (m136-m233), Stage 6 to Stage 7,
shows a turning point in musical emotions with a new ob-
servation angle®. In the music processing, the Hate theme
and the band's tutti acoustics are emphasized, which are
more closely related to the integration of visuals. Data cal-
culation and processing are applied to generate interac-
tive patterns of sound and images in real-time. In Stage 7,
the upward glissando effect is continuously emphasized to
prepare for the climax by changing the core acoustic ma-

terial .

The climax part (m234-m466): Stage 8 to Stage 11, is a sig-
nificant part with the most concentrated use of the acous-
tical materials throughout the whole piece. In Stage 8 and
Stage 9, the energy is accumulated by the evolution of the
rhythm pattern from sparse to dense. Besides, the shred-
ded material elements and the rapid "chords" further in-
tensify the tension and driving force of the music. In Stage
10, the musical form changes from slow to fast, and all the
acoustic materials appear again to form an echo. A large
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amount of materials repeats, sequences, and splits. More
and more fine materials extend and change, accompany-
ing the constant expansion of registers, the progressing of
rapid figures, the superposition of part levels, and the in-
creasing of the volume. Finally, in Stage 11, the music
emotions are pushed to the climax with the intensity of fff,
forming the densest, brilliant acoustic passage of the
whole song.

The ending part (m447-m466), Stage 12, forms an echo
with the beginning part according to the convergent writ-
ing rule of music. The narrator uses a monologue mode. In
a tranquil atmosphere, both the vocal and electronic
sound effects disappeared softly, ending the whole piece.

Fixed and Casual Elements in Music Design

In Star me kitten, fixed and casual elements are reasona-
bly combined and alternately used. In detail, precisely de-
signed music styles and casual material forms are inte-
grated into the music design and live performance. Within
the controllable range, it follows the symbolic icons to
provide the performance with a more “free” representa-
tion space. In this way, the overall concept of the work
fully reflects an open, agile, and diverse correspondence.

The fixed and casual elements in music design include the
following:

Fixed rhythm and random pitch
® @ o

Betor we begin wi he pice | wart 1o
osies e rumarh e reae.

*, % %

|
mf nf

Figure 2. The m29-m39 in the work.

According to Figure 2, the icon in the 29th measure repre-
sents that the performer chooses the instruments by him-
self in a fixed rhythm pattern to form a random pitch ma-
terial relationship and the performance is conducted ac-
cording to the icons. The icon in the 37th measure indi-
cates that the rhythm is also fixed, and the pitches and
their combined form are not specifically limited. The per-
formers can arbitrarily combine the pitches and play ac-
cording to the icons to form random pitch materials and
the corresponding combination relationship.

To clarify, in the relationship of fixed rhythm and random
pitches, although the musical score clearly shows different
accidental elements, the actual performance needs to fol-
low the icon prompt and select the corresponding playing
method to form a relatively "unified" acoustic feature.
While such a design concept gives the player more spaces
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to express, its "random" degree is still subject to some
"fixed" elements (such as the rhythm duration and perfor-
mance method showed in Figure 2). Therefore, this ap-
proach belongs to a limited accidental random relation-
ship (see the appendix of this paper).

A similar situation can be further observed in Figure 4. The
icon in the 67" measure of Figure 4 indicates that the fixed
triplet rhythm pattern is an imitation of the typewriter's
sound. In actual performance, the player can simulate the
sound of the typewriter based on his understanding, gen-
erating a random acoustic relationship.

Fixed rhythm and pitch, random vocal part combination
(timbre form)

F| |5:25)
(5] =5 .
voice |42 | } |
ey
o (9958 SELE 1 FEN D TR I ST L)
= P A = A ¥ ki
W ‘everything staccats R
elec.
4

Figure 3. The m176-m180 in the work.

As shown in Figure 3, the icon indicates that both the
rhythm duration and the pitch need to be played accord-
ing to the notation standard (see the “harm” section of
Figure 3). In actual performance, all the pitches need to be
played by keyboard instruments, while other instruments
only need to perform one of the parts according to the
combination form, thereby forming an occasional style of
"fixed rhythm and pitch, and random voice part combina-
tions."

Alternate use of the fixed and casual elements

Figure 4 clearly shows the three links A, B, and C. A (m65)
presents a relationship of a fixed rhythm and a random
pitch; In B (m66), the icon indicates that the harm part
must be played according to the music score (pitch and
rhythm); C (m67-m68) comes back to the performance
form of fixed rhythm and random pitches.

A B c
p
wiee |4 e | |
7| s oor s pane nf Twewier HEEE. FEM
TN R B
TS ALy e e pengeey
HE. &ﬁ@ﬁ
pee - : Leertd - -
3
= e Phey =
arm e e e |
o ==

Figure 4. The m65 to m67 in the work.

The alternation between fix and random clearly shows the
basic intent of the overall music composition. That is, in
the change and contrast of different acoustic structures,
the design concept can be subtly transformed into the
composer's personalized music language through the
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transformation between fixed and random elements,
which becomes a creative feature of the composition of
the work.

The Dynamic Aggregation of Multimedia
Integration

The creation and design of the new media artwork, Star
Me Kitten, form a “theatre” effect with "audio-visual inte-
gration" by through the coordination, scheduling, commu-
nication and link between various media elements. In live
performance, the design and application of various tech-
nologies are significant. The presentation of the interrela-
tionship requires a dynamic aggregation manner in the
complex algorithmic process through the evolution and
transformation of material elements. Among them, the
relationship between media elements and technical appli-
cation features are mainly:

Sound elements

The types of sound elements involved in Star me kitten are
diverse, which mainly include:

1. The scene sounds in everyday life, such as phone ring,
typing, dog barking, which need to be imitated and re-
stored by the band as much as possible.

2. The music sound played on site according to the music
score, which needs to be deformed by computer technology.

3. The sound effects played on site according to the icon
hints, which need to be coordinated and integrated
through computer technology.

4. The premade electronic music or sound effects, which
are controlled by the narrator, played by the background,
and coordinate with the live performance.

Visual elements
Visual elements in Star me kitten include the following:

1. The PPT elements. The narrator plays the elements in
sequence according to the scene, and the playing process
is integrated with the related sound elements.

2. The video elements. The captured video clips are em-
bedded in the speech file for playback, and the corre-
sponding gradient connection needs to be set.

3. Elements such as images, graphics, and advertisements.
The “fragmented” graphics or image materials are con-
nected and deformed according to the content of the
scene to form a visual representation consistent with the
work expression.

o2 - st=TASAESl &l M173 (2019)

In the Star Me Kitten, the media style mainly includes
three parts: live performance (vocal narration and band
performance), prepared electronic music (acoustics and
sound effects) and visual images. Although the perfor-
mance of the work is based on live interpretation and the
interweaving of sound and vision, the technical design
ideas and application methods embodied in the interpre-
tation are apparent in the whole process from the scene
pickup and sound reinforcement to playback and in many
aspects such as data calculation, processing, and integra-
tion. In other word, the evolution and integration of sound
and video are used to blur the boundary between virtual
and reality. In the multi-dimensional spatial relationship
with noticeable dynamic features, the overall creative de-
sign and artistic performance of the “music theatre” are
highlighted.

Conclusion

In conclusion, it is noticeable that the “music theatre”
phenomenon, with music creation as the core, multi-me-
dia interactive technology as the basis, and immersive,
comprehensive experience as the purpose, has become a
significant mode in the creation and design of contempo-
rary music works. The emergence of this phenomenon,
which has brought more diverse possibilities for the inno-
vative development of contemporary music, is gradually
becoming a trend in the field of music creation.

Pushed by the ever-changing technologies, the art of mu-
sic can no longer be satisfied with the "single level" of "au-
ditory feeling." With the continuous penetration and inte-
gration of multimedia technology, the overall "music the-
atre" style based on the "audio-visual integration" may
also become one of the new art creation paradigms. This
trend has opened up a new path for composers' creative
thinking, which allows their imagination and innovation to
be fully stimulated and displayed. The interweaving and
interaction of the multi-directional sound experience and
the multi-dimensional visual experience have extended
the realistic performance of music works to a broader vir-
tual space. That is, this trend not only expands the expres-
sion and connotation essence of works but also allows the
integration of the work in terms of hearing, vision, senses,
and experience through the creative mechanism of team-
work, giving the overall "music theatre" works a more
vivid and artistic expression and appeal.

There are still various controversies in the academic circle
for the academic definition of "music theatre," which
needs to be further standardized. However, it is impera-
tive to pay attention to this new type of artistic form and
conduct a more comprehensive exploration.

47



Xiyue Zhang - New Media Music Theatre Phenomenon

Appendix
Symbolic icons and their sound feature explanations
. Sound feature ; Sound feature . S omnd f i
CONs : COns B COnE ound feature explanations
explanations explanations P
The multi-part iz similar to the cherd,
Hate sound played the which consists of three or more parts. The
el it - Similar to the Hate sound, it i b - &
-time, W BCCOoT
-mr ”e_- P pitch an, r-yﬂ:lmarepetfmm ing
2 | retuins the orignal timbre. T N . (NN [ to the requirements of the score. All the
Cas . . complex timbre combined . .
It s a fast wibrato, cansing . . pitches are played with the keyboard
. . with electronics. i )
rapidness and tension. mstrument, while other mstruments
choose a part according to the form.
The simulation of the
one sound expressed
= Ph . melody = Typewriter sound /‘ Hammer sound simulated by percussions.
pitch m the score.
Quick cussion  sound
The prolonged sound pEf . . . .
. . i pattern with origmal tmbre, Portamento timbre, the length of with
L combined with electronic | "W . A~ i
3 serving 2z the thythm depends on the length of the note duration
0Um
pattemn in the work
Free-choice sound, which I play & md al
mstrument 3 2 sound, =m
¥ | is short and staceato and X Error sound "‘ )
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wvaries each time

sounds are short, tight. and mecherent.

Bxkmg sound mitated

by the band, which is

The smmulation of the key

K

The sound of sharpening (analog sound),

% sound metal and scratching; usmg scissors
short and powerful. - -
Deoor hum simulated
’T" Free-choice sound ﬂ' ) K Py Croppng sound
percussions.
=] | Sound of shredding paper v Simulated glass bresk somnd | [l Soft, dark. and distant sound
Flute sound of the high . . i
EI (Glass broken sound ok, . T Sound of going upstairs
voice
— Somnd of the monsy i
&1 [ Simulated zlarm sound > Error fzilure, mono
counter
. . Chorus chords, with vocal smpng for a
-+ | Error fault sound i Sound after triggering a fanlt ¥ i o
specific pitch m a chord
Simulating sleeping sounds Electronic timbre, 2 mono anzlog of the
I | Crescendo = and adding electronic sound @ tennis coach A
effects (character image)
r Simulating tenniz coach B = Rumn 5 . ic clins in the club
- unning h imulating music clips in the clu
4 with electronic sound PN - - .
Betlioz dot-style sound Prelonged sounds across the sky,
‘ Computer startup sound o S o
which iz sparse gradually strong electronic timbre
L, Piecemeal sounds of the
ﬂ Piano segment 4 o i 'hd An octzve lower performance
piano
Footsteps
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To hear out of seeing and to see out of hearing:
Review of Seoul International Computer Music Festival 2019

Won, Yu-sun
Musicologist and critic

Seoul International Computer Music Festival 2019 was held in Platform-L Contemporary Art Center in October 10th to
13th. There were seven concerts for thirty-four works by foreign artists and thirteen compositions by Korean musicians,
and two-day conferences reflecting the today’s trend of computer music in the world. This year’s music was
characterized by (1) processing based on actual-sound recordings, (2) intensifying of traditional aspects with
electroacoustic media, (3) manipulating by utilizing time, (4) exploring the potential of electroacoutic effects, (5)
employing body movements, and (6) composing with algorithms. This music festival provided special experiences in the
individual composer’s unique point of view for the sounds that was apt to miss or not to be met in ordinary life. It could
also be recognized that there were people’s earnest efforts to fulfill the faithfulness of sound and the creativity in musical
ideas without being covered with too fancy appearances.
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Yu-sun Won - To hear out of seeing and to see out of hearing
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Yu-sun Won

- To hear out of seeing and to see out of hearing
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Visual Arts Beyond the Boundaries of a Genre:
Review of ELECTRONICA-III

Shim, Jiun
Producer, VD Production Media Div.

ELECTRONICA-III is the third project of a concert series that Geonjoo Kim, the clarinetist of the series, has been annually
presenting her researches on the repertoire for clarinet with electroacoutics. Based on the appreciation of both
ELECTRONICA-II in 2018 and ELECTRONICA-III in 2019, the reviewer discusses on the sense of distance between the
stage and the audience, performer’s interactivity with composition works, the attributes of clarinet, and the unique
characteristics of Kim. In ELECTRONICA series, she not only designs the stage as an impresario, but also makes her
performance become a living artwork itself.
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Jiun Shim - Visual Arts Beyond the Boundaries of a Genre
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CALL FOR WORKS / Seoul International Computer Music Festival 2020

The Korean Electro-Acoustic Music Society is proud to announce the Seoul International Computer Music Festival

(SICMF) 2020 in October 28-31.

CATEGORIES

1. Tape (Fixed media) music

2. Electro-acoustic music (tape or live) with instruments
(up to 4 players)

3. Live electro-acoustic music

4. Audio-visual media art

5. Any other kinds of electronic music

RULES & REGULATIONS

1. The submitted work has to be composed after 2016.
2. The duration has to be less than 12 minutes.

3. For the works of the category #2, the number of
players is limited to 4.

4. For performances requiring non-standard or special
instruments, composers are responsible for providing the
instruments and the performers on location.

5. Channels for audio playback are limited to 8 channels.
6. Up to two works may be submitted, but they must
belong to different categories.

7. Attendance at the festival is required for all
participants

SUBMISSION DEADLINE (ONLINE)
31 May 2020, 6 pm (UTC+9)

SUPPORT POLICY

We agree to pay all costs for performing selected works
(performer fees (up to 4 performers), instrument rental,
etc).

* This policy may be subject to change.

HOW TO SUBMIT

1. Email submission.

- Send an email to master@keams.org with the link to
the files(refer to #2 and #3 described below)

- Do NOT attach the files but send us the link. Use the
web services such as dropbox.com, wetransfer.com.

2. CMT submission.
- go and register at https://cmt3.research.microsoft.com/

3. Media Files - Audio file(s) must be in stereo (either
mp3, AIFF, or WAV)

- For the category #2 and #3: the recorded audio file
and/or related files(patches, documents, programs, etc.)
- For the category #2: the score (PDF)

- For the category #4: the video file in any format (mpeg,
mov, avi, etc.). Size of the file should, however, not be
bigger than 1GB. (You may submit a YouTube or Vimeo
link.)

4. Document (format should be either TEXT, RTF, or DOC,
but NOT PDF) that includes the following information:
- Last Name

- First Name

- Nationality

- Email

- Homepage (if any)

- Biography

- Title of work

- Duration

- Category

- Instruments (if any)

- Number of Audio Output Channels

- Program Notes

- World premiere / Asia premiere / Korea premiere (if
applied)

- Special Requirements for the Performance (if any)

5. Submission Fee
Submission fee USS$20 for a work, and USS35 for two
works is required.

FOR FURTHER INFORMATION

master@keams.org
http://www.keams.org
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Call for Proposals

The Korea Electro-Acoustic Music Society (KEAMS)
announces a call for proposals for the 2020 KEAMS Annual
Conference (KEAMSAC) and the journal Emille.

If you want your paper to be considered for the 2020
KEAMS Conference, please send an abstract or proposal
(maximum of 2,000-characters including spaces) and
curriculum vitae as PDF documents by 31 May. Selected

papers from the conference will be published in Emille Vol.

18. emille[at]keams.org

KEAMSAC was formed to promote active research and
discussion on electro-acoustic music, and this year's
conference will be held in Oct. 29-31 in Seoul, Korea. This
event will go with the Seoul International Computer
Music Festival (SICMF).
http://www.computermusic.asia/

Language
Conference Presentation: English

Conference Article: English or Korean
Journal Article: English or Korean

Categories
For the KEAMS conference, the following topics are

encouraged:
a) Creative Encounters between Music and Science
b) Multidisciplinary or Interdisciplinary Research
(co-authors acceptable)
c) Systematic Musicology
- Computational Musicology
- Computational Music Theory
d) Analysis of Electronic and Computer-based Music
e) Sound Synthesis
f) Music Psychology
g) Instrumentation
h) Development of Electronically-extended
Musical Instruments
i) Music Software Engineering
j) Artificial Musical Intelligence
k) Computer-aided Composition/Analysis
I) Automatic Composition
m) Aesthetics
etc.
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Important Dates
- Deadline for Proposal Submission

May 31, 2020

- Notification of Acceptance of the Proposal
August 31, 2020

- Paper Submission for the Conference Proceedings
September 30, 2020

- Conference
October 29-31, 2020

- Notification of Selected Paper for the Journal Emille
November 30, 2020

- Deadline for Final Paper Submission
December 20, 2020

Session Formats

1. Presentations

- Each session will consist of three to four presentations.
- Each paper will be presented in person for about 25
minutes followed by ca. 5 minutes of discussion.

- Video conferencing over the Internet may situationally
be available.

2. Keynote presentation
- A keynote speaker will be given 50 minutes to address,
followed by 10 minutes of Q&A.

3. Workshops

- The length of each session will be around 90 minutes.
- Each workshop may consist of two to three sessions in
one to two days.

Fees and Accommodation

Thanks to the financial support of the Art Council Korea,
the registration and publication fee will be waived, and
accommodation also will be provided for two nights.

It is also possible for students and non-experts in the
fields mentioned above to submit proposals for the
conference and the journal, Emille. All proposals will be
screened by the program committee and selected solely
based on the quality of the research and topic.

We are welcome any ideas for electro-acoustic music
research from you, and believe them to be precious
assets for the conference and the journal.
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