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Abstract  
 

This thesis presents the research and application model of an 
environment that incorporates live scores generation and live electronic 
music. Each performer will have a screen displaying the scores to which they 
have to respond while the composer will be generating the electronic music 
and the assistant sending data to the score generation engine. The project is 
developed in maxMSP and Java and the communication is done using OSC.  

The main musical motivation is to create different 
complexities/simplicities moments along time by emphasizing rhythm 
tensions, density relationships as well as establishing a non-traditional 
communication channel between musicians and composer.  

This model, based on the authorʼs perspective of music, can be applied 
for interactive music models. 
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1 
 

1.1 Introduction  
 

My arrival at Sonology opened me a new universe of things to explore 
and each class was so inspiring that I felt sorry not to be able to embrace 
everything one hundred percent. My background, regarding electronic music, 
was especially targeted at designing interactive systems and programming in 
maxMSP.  I felt that I should developed and expand this trend. Since I always 
dealt with musicians and musical instruments, as Iʼm also a trumpeter, it made 
sense to develop a project where I could incorporate all of these.  

Could musicians with acoustic instruments perform live generated 
music along with electronic music? Generating scores in real-time seamed 
like a good way to accomplish it. 
 

1.1.1 Overview  
 

In this thesis and during my time at the Institute of Sonology, I 
suggested a framework to compose real time electronic music with acoustic 
mediated by a real-time score notation engine.   

One important aspect is my decision on go into rhythm.  By starting 
from rhythm I mean that rhythm can be a potential good tool to develop music 
in time stressing complex, simple, and in-between textures. This hypothesis 
will be tested through the creation of Õdaiko, which defines an environment 
where composer, assistant and musicians interact by means of rhythm and 
real time scores. I also propose a specific graphical score and electronic 
music template to enable the rhythmical structure.  

I composed three pieces for my final exam concert, which will explore 
different possibilities of Õdaiko. 
 

1.1.2 Motivation  
 

I proposed to develop Õdaiko mainly because I became highly 
interested in interactive music. By interactive, I suggest a way that each agent 
(composer, musician, light-designer, assistant...etc) can influence the others, 
and make decisions during the performance, contributing to the final outcome 
of a piece.  

The amount of constraints that a composer imposes to a musician will 
be very important to the musical outcome. One can easily conclude that the 
restrains spectrum can range from strict notation to free improvisation. This is 
where my interest lays! On one hand, strict notation can be very interesting, 
and, indeed, part of my work as a composer so far, has been writing scores 
but electronic music and programming opened new interests and ways to 
compose. Free improvisation, on the other hand, has nearly always been a 
non-sense performance to my ears. The lack of musical direction or changes 
in time makes it, normally, non-appealing. In fact, some sessions of free-
improvisations I did like, had always some kind of structure pre-made. What 
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was a weakness for me was the non-ability to say when a musician could start 
playing and what textures he could use maintaining is improvisation flow.  

This process of in-between (composing-improvising) is a subject of 
significance to this project. 

 
1.2 Composition, Improvisation and Real Time Composition 

  
The difference between Composition, Improvisation and Real Time 

Composition is of an important matter. Although these practices at some point 
overlap, in my view as a composer, I can find differences and convey 
directions. These differences became structural when approaching a design 
of a real time score system like Õdaiko. I include improvisation as part of real 
time composition or in other words, real time composition can be a framework 
to enhance improvisation whereas composition is a step outside time. My 
vision on composition, as a step outside time, means something that is 
refined, experimented and planned previously or at least not born on the 
performance itself. 

I will now address these different topics in a brief manner, since 
detailed discussion is off the topic of this dissertation. In addition, Iʼm going to 
contextualize and compare to Õdaiko whenever appropriate.  

First, Iʼm going to deal with the subject of composition, and then 
proceed to improvisation and finally address real time composition. 
 

1.2.1 Composition  
 

Edgar Varése coined music as “organized sounds”, a definition I feel 
related to.  

 
“I decided to call my music “organized sound”” 

(Schwartz&Childs, 1998, pag.2072) 
 
Therefore, composition of music can be seen as the organization of 

sounds in time. Xenakis (1992) says  
 

“composition in its ultimate stage is also an assembly of groups of notes, motifs, or themes 
and their transformations”   

(Xenakis,1992, pag.40) 
 
In this approach I inferred three fundamental aspects that struck me 

and made me reflect on, more carefully. One aspect is organization, second is 
sounds and finally time. Hiller and Issacson point in the same direction when 
they say in their Experimental Music book (1959) 

 
“the process of musical composition can be characterized as involving a series of choices of 
musical elements from an essentially limitless variety of musical raw materials”  

(Hiller&Issacson, 1959, pag.1) 
 
When someone refers to organize something, normally is describing a 

methodology. There are natural processes of organization in the nature and 
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the human body that show organizational characteristics. Examples of extra-
musical processes, for instance, can be the placements of the planets in the 
Solar System, an algorithm of a computer game, a cooking recipe or the pulse 
of the heartbeat. In music, a methodology is a procedure that can be, for 
instance, a set of systematic procedures/methods. 

A methodology, at least in the music realm, implies that there are 
materials available, a procedure to approach them, and how and where to 
place them. It is the task of the composer to determine the materials he 
pretends to use and assemble them. These materials can range from a C 
major scale, a reverb unit, an object, a synthesis technique or a specific 
performer. Organization and methodology move along, creating boundaries 
and diversification and, indeed, establishing boundaries is an important step 
to give birth to a composition. 

These subjects, on organization, methodology and composition, have 
been addressed in the past several times. John Cage (2002) and Xenakis 
(1992) are examples of composers developing and addressing the idea of 
organization in their own practices. In the case of John Cage, he explains 
some methods he used in course of composing the piece Music of Changes, 
these included aleatoric processes for choosing the pitches and number 
sequences for the form of the piece.  In the case of Xenakis, he addresses 
issues like probability and game theory, in addition he also proposes a 
method on the fundamental phases of a music work. Both composers address 
the fundamentals on music composition, their visions and how they approach 
it, which in some way suggests a methodology, a systematization of their 
composition procedures or at least the weight it has on their creative process. 

The sound universe, or sounds to be used, is composition/composer 
dependent. Any sound can be anything but it gains importance when it is 
assigned in a composition. The composer chooses sounds or/and sound 
transformations, records sounds or synthesizes sounds in regards to his 
composition and the way he understands unity or coherence. The sound 
characteristics and their transformations over time is also a key step for each 
sound and for the definition of the “personality” of the piece. The universe of 
sound per se is almost infinite and in electronic music this idea gains more 
clarity and strength, which is then a problem or a welcome possibility for a 
composer. 

After a selection made upon the material or sounds to be used, the 
composer is tasked to place them in time, organize them in their inner nature 
or in other words, their flow in time. It is a process outside time designed to 
organizing time. This organization of materials in time doesnʼt have to be 
deterministic, for instance, not bounded by barriers like measures, midi 
sequenceres or even not given an exact timing about the rate of change. An 
example of this could be the final cadenza of a piece, usually improvised by a 
soloist with no special time indication or for example the “Happening” 
performances which were famous during the late sixties. Any event in the time 
domain can be compositionally important as soon as the composer, or the 
performer, makes it significant. This is normally done in a very conscious way, 
as the composer structures his piece. The act of consciousness is then 
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decisive with regards to organization, methodology and composition in 
general. 

 Another way to work with time can be within a time frame established, 
making transformations on materials available with no specific timing and 
making use, for instance, of probabilities. Stockhausen, for instance, 
composed the electronic piece Gesang der Jünglinge. While composing he 
made some experiments where he gave a sheet of paper with curves to 
performers. They had to perform them in 20 sec. with specific oscillators. 
Each performer was controlling his own variable such as loudness, frequency 
and filter. Each performer had a beginning point and an end point but no 
specific instruction about the rate of change between these points, they just 
knew they had 20 sec. In the end, Stockhausen overlap the different and 
chosen outputs of those experiences to make part of his piece. Some of the 
works of Xenakis are also good example on how a composer can deal with 
probability in music and time. For instance, in the piece Pithoprakta, Xenakis 
makes use of some of the theory of probability and statistical methods in order 
to control continuous transformations on sounds. 

 
“1. The durations do not vary. 
 2. The mass of pitches is freely modulated. 
 3. The density of sounds in each moment is constant. 
 4. The dynamic is ff without variation. 
 5. The timbre is constant. 
 6. The speeds determine a “temperature” which is subject to local fluctuations. Their 
distribution is Gaussian. ”  

(Xenakis,1992, pag 15) 
 

Time in music, plays an essential role. Different ways of organizing 
time in music include mathematical strategies, intuitive proposals, 
stochastically procedures or, for instance, completely improvisation schemes. 
Time assumes a very vital role if development ideas are included in a piece, 
especially if the different sections of the piece are concretely defined. Time for 
changes and for their articulations is vital to the timing of piece and the 
experience it transmits to the audience. If time is structurally important, it is 
something the composer cannot, or should not, avoid treating carefully. 

One of my particular interests lays in rhythm. A simple and apparently 
clear definition that, nonetheless, is very indeterminate if one looks more 
carefully on it. Although seen as secondary or less interesting fixation in the 
theory of music composition, as opposed to pitch for instance, rhythm is an 
important element in my project and to large extent Õdaiko deals with time 
and music articulation. This issue I will address in the next chapter, in a more 
theoretical way and through out this thesis as a basis and inspirational 
concept for Õdaiko. 

Rhythm is often seen as an emergent property of the composition, 
rather then something that determines it but it is my belief that rhythm is a key 
property to enhance and give structure to the different aspects I mention in the 
previous paragraphs. 

Within Õdaiko, inspired by Xenakis (1992), I suggest the following 
composition methodology: 
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1) Definition of the instruments used to play the score, these can be 

electronic music instruments controlled by sensors/controllers (such as a 
virtual synthesizer controller by a Lemur, Wii…etc), a traditional mechanic 
instrument (such as a violin, piano…etc) or any object or sound source with 
the capability of accurate attack time. Group of performers with combinations 
of these types of instruments are of special interest. 

2) Definition of the performer(s). Õdaiko, as I will show, in order to be 
musical appealing requires performers with a few general skills, namely 
improvisation skills and knowledge/experience on contemporary music and 
contemporary art. The performer(s) is a critical part of the creative process of 
composition, thus, it is important to know and have expectations about my 
performer(s). 

3) Definition of the electronic music modules, and of their relationship 
with the instruments. These relations can be spectral, rhythmic, timbrical, 
intensity, durational, or something completely different…the composer, given 
the tools of the electronic music template, is supposed to organize and design 
aspects he feels like being important. 

4) Definition of the transformations of the electronic music modules 
within the course of the performance of the composition. These 
transformations can occur at any level ranging from sound sample used, to 
filtering, fft transformations or anything the composer feels like being 
interesting. 

5) Definition of the time length of the transformations within the 
electronic music modules. It is time dependent with reference to the main 
clock and to the module itself. 

6) Specifying particular areas of the piece with certain characteristics 
over time such as density, intensity or silences for instance. These areas work 
as structural points in the composition where composer/assistant/musicians 
are supposed to reach in a stochastically manner. They are interlinked 
between electronic music modules and score development. 

7) Designing the tendency masks that lead to these specific points. The 
tendency masks are defined by means of density, rhythm, score development, 
electronic music and time. 
 

This method I propose is one I feel like fitting best within Õdaiko 
restrains and possibilities. It is obvious that permutations of this method or 
different methods are possible. Xenakis (1992) for his own procedures 
remarks 

 
“The order of this list is not really rigid. Permutations are possible in the course of the working 
out of a composition.”  

(Xenakis,1992, pag 22) 
 
Composition is also a process of refinement, which means that the first 

output a computer or a performer obtains may not be the expected one. 
Different attempts with different materials or even the same material are 
carried out again in order to reach the preferred generic output. Actually, the 
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possibility of “undo” is something improvisation performances lacks for 
obvious reasons, which however doesnʼt mean itʼs worst. This is a common 
practice among composers and artistʼs in general. A practice I find of extreme 
importance in the process of composing music. Within Õdaiko, rehearsals 
became a central part in developing and refining aspects like the ones 
mention. In this project, although several elements are improvised, my interest 
lies primarily in the composition aspect but also to the different interaction 
networks and how they can affect each identity in the “system”. I see 
composition as a vehicle to propose compositional musical contexts. 

To conclude, composition is a step outside time. It is the process of 
deliberated ordering of the biggest amounts of elements a composer can 
attain, or wants to attain, in order to enhance complexity in time and creative 
frameworks prior to the performance.   It is a step that I want to emphasize 
and make it indispensable. Within Õdaiko and taking into account its 
properties, a composer can approach composition in the steps I suggested 
before. Õdaiko is a musical system that lends itself to transformations and 
time relations. 
 

1.2.2 Improvisation 
 

The act of improvisation as been present, at least in regard to western 
music, since the birth of the music. The ability to control such a multi-
dimensional expression, as it is the case of improvisation in its broadest 
sense, has been a purpose of artists, especially musicians. It is indeed a very 
sensitive carrier of musical information. 

Improvisation is a performance practice that often is not dominated by 
a notation-based system although there are non-traditional scores or graphics 
that act as guidelines to give the performers some guidance but at the heart of 
the practice, improvisation is essentially an immediate inner act.  

In traditional music composition, the music is typically composed 
before it is performed whereas improvisation is related to the actual moment 
and actual place and time, thus making it a very cultural dependent act. It 
seems to me that the craft of composition was a side effect on trying to 
capture and understand improvisation, which eventually took over importance 
in music, in a world that continuously search for “deterministic reasons to 
understand”. Given these conditions, a musician or a performer is said to be 
free improvising when, with no specific directions or predictability, from the 
actual context something will emerge and be transformed over time. George 
Lewis states: 

 
“In performance, musical decision-making is much more immediate than it is in traditional 
composing. Many snap judgments are made.”  
 (Chadabe, 1997, pag.300) 

 
Considering musicians, what will come from this process will be 

sounds. From these momentary births, the music evolves and is driven in time 
according to innumerous factors some of which are quantified (like 
parameters of a synthesizer, a trumpet timbre possibilities, the number of 
keys on a piano …etc) and some are simply not explainable (direction of the 
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music, musical response to other players…basically, the cultural ones) 
because they are dependent on the momentum. The most striking aspect in 
the context of improvisation, is actually why and what is created. Analyzing 
further one can presume that the choices have to be determined by the artists 
past and present experiences. Even if the improvisational aim is to convey 
something completely new, or even if it has a self-learning goal, one cannot 
avoid facing his own characteristics determined by his life, learningʼs, skills, 
motivations, etc. As Xenakis(1992) mentions  

 
“The interpreter is a highly conditioned being, so that it is not possible to accept the thesis of 
unconditioned choice, of an interpreter acting like a roulette game.”  

(Xenakis,1992, pag 38) 
 
Indeed Xenakis points out that improvisation is a kind of expansion of 

the artistic background that is made tangible to the ears in that moment. This 
is a statement highly supported by me. Nevertheless, this is not refusing the 
idea of unpredictability or surprise in performance but instead that complete 
novelty is rather difficult. 

Diverse techniques or schemes have been used to enhance 
improvisation or momentum. John Cage is known for his chance music used 
extensively in some of his compositions like the Music of Changes for solo 
piano (1951), or in diverse work developed with the choreographer Merce 
Cunningham. In classical Indian music for instance, upon a strict background 
defined by the Tal, musicians should improvise within the “rules” of the genre.  
John Zorn created the “Game Pieces” to shape improvising musicianʼs 
performances. Others, like Earle Brown in his piece Four Systems (1953), 
present a graphical score to stimulate improvisation. The latter remarks: 

 
“I felt that realizable concepts of physical and conceptual “mobility” in relation to the graphic 
input by me was a practical and creatively ambiguous stimulus to performer involvement and 
sonic creativity.”  

(Cox&Warner,2006, pag 190) 
 
Different conditions will produce different musical outcome, as well as 

different restrictions within improvisation layouts (what kind of instrument, the 
score, the people involved in the performance…) will produce different 
musical results. The choice of the framework is vital in defining the 
improvisation. On one extreme is the so called “Free Improvisation”, a genre 
of improvisation that can be defined as an interaction with the environment 
that tries that the musical output is not related to the past and at the same 
time not predicable. It is my belief that this state, although inspiring, is utopist. 

 
“we are faced with a musical experience where reference to the notational lattice is 
completely useless” 

(Wishart,1996, pag.36) 
 

The idea of improvisation being the same as composition is something 
that has been arising different questions, especially in the twentieth century, 
such as where does one starts and the other ends, or possibly where do they 
overlap and why it has been considered two different practices. As I have 
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mention before, it seems to me that in a society that needed to understand the 
world and was searching for the rules of our existence led also to the 
systematization of a practice that was not systematic. However nowadays, 
with regards to this subject, I relate to the idea presented by Richard Barret 
(Den Haag 2009) in a colloquia session at the Conservatory. In Richardʼs 
opinion improvisation is a method of the broadest act of composition. Turning 
back again to the idea of organization as being the primary act of composition, 
presented in the last item, it seems clear to me that improvisation is a 
methodology that outputs different materials and elements that can then be 
composed or organize. The idea of refinement of a piece resonates here.  

This idea does not exclude improvisation/composition as a real-time 
act. It is my opinion that music performances, that are essentially improvised 
in real-time and music that was pre-composed, exhibits different feelings and 
flow of time and refinement. The essence of each practice, at least to me, is 
noticeable. 
 

1.2.3 Real Time Composition 
 

Real Time Composition is the actual framework where this project 
takes musical significance. Arne Eigenfeldt (2007) quotes Joel Chadabe about 
Real Time Composition in the following way 

 
(In 1977, Chadabe stated the following:  
[Interactive composition] is different from typical instrumental improvisation in that an 
improviser specifies and performs data in reaction to another improviser, but here the 
composer specifies and performs control strategies rather than data...The difference between 
instrumental improvisation and control strategy interaction is, then, primarily that of oneʼs 
position in a control hierarchy, but it is true that in both cases the performer must act and 
react in realtime]) 
 (Eigenfeldt, 2007, pag.3) 
 
 Real time composition, as I suggest, is a context where certain musical 
parameters are clearly defined and others, in relation to the first ones, are 
improvised. Real time composition can be seen as a practice of using 
interactive or reactive musical algorithms that can be transformed during the 
performance. The universes of elements that can be described or defined are 
infinite, normally depending on the piece, performers and/or place. 

The composer defines what he wants to be strict and lets other 
parameters evolve over time in a non-predicable way although, typically, in a 
stochastically manner. In this way, the composer places himself in the top of a 
hierarchy and is able to control the flow of his compositions at the same time 
that he offers performance nuances, improvisatory schemes and allows 
surprise to the performers and to the composition itself. A very similar method 
used, although normally for specific parts of musical pieces, are tendency 
masks where one defines a set of initial and end values and defines also a 
shape and time that connects both sets. 

Real time composition resonates with the concept of interactive 
system. This means that it will be established a dialogue between a system 
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that incorporates at least composer and computer in a fluid and non-
deterministic way.   

 
“I coined the term interactive composing to describe a performance process wherein a 
performer shares control of the music by interacting with a musical instrument”  
 (Chadabe, 1997, pag.293) 

 
It is also the normal case that this dialogue is stochastically driven, 

given the composer the chance of prediction and understanding the dialogue. 
 Real Time Composition is a particular way to approach composition 
and improvisation at the same time in a stochastically manner. Having time as 
background, the composer proposes structures and parameters that evolve 
over time in a stochastically approach. It defines a generic structure with 
broad development possibilities driven by the performance situation. In this 
sense the metaphor of the composer as a pilot proposed by Xenakis (1992), 
although at the time he proposed it he was promoting the advantages a 
computer had to composition, is of special relevance. 
 
“the composer becomes a sort of pilot: he presses the buttons, introduces coordinates, and 
supervises the controls of a cosmic vessel sailing in the space of sound.”  

(Xenakis,1992, pag 144) 
 
 In my perspective, the idea of the composer has a pilot fits in, once he 
provides direction to the music, by giving consecutive musical states driven in 
a non-deterministic way, while making electronic music by tweaking, pressing 
and controlling his software. 
  

        1.3 Rhythm  
 
 I will now give a brief introduction on the subject of rhythm and them 
develop the idea of rhythm as an event and rhythm as form. 
 Rhythm is one of the main element and emerging organization 
framework, as I will present in the next chapters. Since the definition of rhythm 
is not that obvious if one tries to define it, it needs a lucid characterization, 
consciousness and my personal approach to it. 
 The concepts presented here, while certainly some of the most 
discussed and analyzed in music theory, represent only fraction of the 
possibilities in the rhythm domain. Topics chosen are some of the most 
relevant for this project. 
 The notion of rhythm dates as far back as the Greeks classic culture.  
 
“ “rhythm” comes from the Greek rhythmos (rhythm) and rheo (to flow). Rhythmos appears as 
one of the keywords in Ionian philosophy generally meaning “form”, but an improvised, 
momentary and modifiable form; it literally signifies a “particular way of flowing” ” 
 (Fraisse, 1982, pag. 150) 
 
 In this approach, rhythm is not referring to beats or points in space but to 
motion and form. The idea of flow is particularly interesting, demonstrating 
that rhythm not only works in small time frames but also in longer time frames, 
thus, for instance on musical form of pieces. It also comes to mind that rhythm 
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implies differentiation and articulation. If everything were to happen in the 
same moment, time and rhythm would not exist. The same thing happens in 
another case. If everything happen in a moment and was sustained forever, 
the notion of rhythm and time would not prevail. Rhythm implies present and 
past, changes and differentiation which themselves lead to a feeling of motion 
and flow. 
 Although rhythm was born out of the idea of transformation, time and 
form, it became more and more a phenomenon of quantified beats and points 
in time, as the centuries went passing. The growing importance of notated 
music and the pedagogical need of systematization, forced music and rhythm, 
in particular, to be a more symmetrical and local phenomenon.  
 The development of the notation in the western music and the 
continuous restrains imposed to itself, led to the introduction of a common 
clock, named metronome. A metronome specifies the bpmʼs (beats per 
minute) which then assigns and indicates where rhythmic figures are in time. 
A second dimension, and consequence of the quantification, was the 
introduction of time signatures, which gives information about stresses for 
each beat, making possible to address the notion of meter. These two 
dimensions of rhythm systematization address rhythm itself in two ways. In 
one hand rhythm is seen as a continuous regular time division and on the 
other hand rhythm is seen as a time-point in space. In music history, the idea 
of continuously restraining rhythm endured. 
 Nowadays and according to the online Cambridge Dictionary (accessed 
on 15/04/09) rhythm have at least three possible definitions:  
 

1. a strong pattern of sounds, words or musical notes which is used in music, 
poetry and dancing; 

2. a regular movement or patterns of movements; 
3. a regular patterns of change, especially one which happens in the nature; 

 
 It is curious to note that even today, rhythm is not a consensual word 
and that aspect is clearly noted and, inevitable, exported to music. The 
emphasis given in the pattern aspect, although important in perceiving and 
feeling rhythm, is not the most important element but shows how rhythm 
quantization has become important and standardized in our daily-life, thus, in 
music itself. It is my belief that the flow and idea of motion and changes is 
more important for rhythm, as a compositional tool but also as a perceivable 
characteristic. Quantization and equal divisions of time are a small part of the 
big picture that simply became more popular maybe because our daily life is 
also very pattern-like and our body has pattern-like procedures, for instance, 
the beating of the heart. 
 In the field of perception, rhythm also presents interesting issues, 
especially the ones related to memory. Bob Snyder (2000) defines rhythm as:  
 
(When two or more events occurs within the length of short-term memory)  
 (Synder, 2000, pag.159) 
 
 Rhythm is often viewed as group of events in small time scales with 
specific time relations. But as pointed out by the Greeks, in the ancient times, 
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and in the twentieth century by Varése for instance, it can also be seen as a 
design overall of a piece of art. Synder (2000), in his definition based on 
perceptual qualities and avoiding quantization, clearly points in the more 
general and ancient definition of rhythm. The time to perceive and experience 
a sculpture or/and the shape of it implies a certain rhythm, a certain 
momentum. In music, this kind of experience relates to form and 
development, which has nothing to do with beats or time quantization per se 
but with flow, motion and bigger time spaces. So, it seems that rhythm has 
implications at small time intervals but also in the macro-structure of pieces. 
 In the twentieth century, different models of rhythm organization were 
developed and different cultures hear and organize rhythm in different ways. 
Although still very attached to beats, rhythm in the twentieth century started to 
undergo into new experiences, some of them related to its initial definitions of 
motion. In the West, Leon Dallin (1974) says 
 
“Throughout this century rhythm has been less restricted and more varied than in any prior 
period or style since time signatures and bar lines came into general use”  
 (Dallin, 1974 pag.5) 
 
 The realm of rhythm is huge especially if one goes out of the western 
music, but basically, in terms of short-time memory lengths, one can bound 
rhythm between regular spaced time events (regular pulse) and free rhythm 
(no predictability of time relations between events). 
 Most of the ideas presented in following sections, came from the 
readings of the book Music and Memory by Bob Synder (2000) along with 
some books on music theory. 
 
 1.3.1 Rhythm as event 
 

Rhythm as an event it is attack points in time, generally within the limits 
of short-term memory with a percussive envelop. An event itself is a 
perceptible change in the acoustical environment.  

The attack events should happen in a time spawn of around 3 to 5 sec. 
long to be felt in the present, and this is because the components of rhythm 
need to be available immediately in order for the brain to establish relations 
among them. 

A stream of events leads to different rhythm relations, which I will 
address now in the following sections. As said before, only a fraction of 
possibilities I will address, mainly the ones related to my own composition 
practice but also the ones that fit within Õdaiko environment. 

 
1.3.1.1 Beat, Pulse, Meter 

 
A beat is an imaginary time point, an event with a clear attack point. 

Beats have normally short percussive attacks to be clear since longer attack 
times tend not be so obvious and accurate. 

Given a sequence of musical events listeners try to infer an underlying 
regular series of beats, making use of the "internal" clock. This characteristic 
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leads to the mental formation of what is called a pulse. Pulse is a regular 
recursive series of identical imaginary time points beats. Pulse is a universal 
characteristic of music and establishes the basis for rhythmic organization. 
However it can also be limiting for rhythm. A regular series causes habituation 
and elements that become habit, in a perceptual fashion, tend to move to the 
background on our focus, thus a multi-pulse or at least a type of music that 
often changes pulse overtime tends to be more dynamic to the brain. A 
regular series of beats also gives predictability on whatʼs coming next and 
how, but that characteristic can also be something potentially interesting to 
introduce surprises in the music. Pulse is a reference on which other time 
levels and patterns can occur. 

Meter is normally associated with having strong and weak beats, which 
gives the music different weights thus the feeling of “balance”.  

 
“Meter, along with tempo and rhythm itself, is one of the core concepts we use to describe 
rhythmic phenomena”  

(Clayton,1997, pag. 2) 
 
Kolinsky, in 1973, did one of the first approaches to the study of meter, 

making an important connection between Gestalt Psychology and meter. His 
conclusions point out that meter is a background to which rhythm is 
perceived.  

Lerdahl and Jackendoff, in 1983, characterized meter as something 
that is having different concurrent levels of pulsation, which generates beats 
that are relatively weak and strong (the stronger beats not necessarily louder 
or more stressed than the weaker beats).  

Arom, took a third approach in 1991, in which music is identified 
without meter. As an example, Arom points out polyrhythmic African music in 
which there is only a stream of pulses without a clear hierarchy, or free rhythm 
where predictability is no longer possible, thus, impossible to infer a meter 
sensation. 
 

1.3.1. Polymetric and Polyrhythm Music 
  
 Most of the history of composition in the western classical music was 
based on a single meter, or at least, integer related pulses. In the twentieth 
century new approaches to rhythm and time were taken breaking this 
classical “law” of music attached to a single time signature. Among many 
composers Stockhausen in his work Gruppen, Harrison Birtwistle in his piece 
Ritual Fragment or Varése in his work Ionisation are all examples of these 
experiments in music, in breaking apart of the limited view classical music 
tradition had on rhythm. 
 Two examples, and obvious development of the “classical pulse” 
music, is polymetric and polyrhythm music. Although some of this type of 
rhythmic organization was already in use in places like Africa (maybe not in 
an academic conscious way), in the classical western music it was not 
introduced structurally before the twentieth century. 
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 According to Synder (2000) 
 
“Polymetrical music has a common pulse, in which different (simultaneous) parts are in 
different meters” 
 (Synder, 2000, pag.187) 
 
 This means that the downbeat of each line will occur in different places 
but at the same time, in the larger pattern, a point of coincidence will occur. 
This means that there will be created a rhythmic tension in a cycle. 
 The idea of parallel rhythms that meet at determined points is also 
relevant for polyrhythm. In polyrhythm music, each part has a different basic 
pulse, which comes together at certain points. As a consequence of this, 
synchronization at some level higher than a single measure of either meter is 
established. 

 
1.3.1.3 Sieves 

    
Sieves are a proposal by Iannix Xenakis (1992) on symmetries. As 

described by Christopher Ariza (2005), sieves are sequences of integers 
numbers. More concretely  

 
“A sieve is a formula consisting of one or more residual classes combined by logic operators”  

(Ariza, 2005, pag.1)   
 
A detailed explanation of the sieves is out of the scope of this thesis, 

instead, I will give an overview pointing out the most important aspects of it 
based on Christopher Ariza paper (2005). 
 Xenakis used the sieves widely to generate rhythmic and pitch 
sequences for his pieces. The sieves, concretely explained are: 
 
“A residual class consists of two integer values, a modulus (M) and a shift (I). The modulus 
can be any positive integer greater than or equal to 0; the shift, for a modulus M greater than 
0, can be any integer from 0 to M–1. A modulus and shift will be notated M@I, read “modulus 
M at shift I.” A shift I greater than or equal to M is replaced by the common residue, or I % M” 
  (Ariza, 2005, pag.1)  
 
 therefore,  
 
“Given a sequence generated by M@I, each value in the sequence modulus M is equal to I. 
For example, the residual class 3@0 defines an infinite sequence consisting of all integers x 
where x % 3 == 0. The resulting sieve sequence is [ ..., –6, –3, 0, 3, 6,... ]. A residual class 
with the same modulus and a shift of 1, notated 3@1, produces a sequence where, for each 
value x,x % 3 == 1, or [ ..., –5, –2, 1, 4, 7,... ]”  
 (Ariza, 2005, pag.1) 
 
 Using one sieve will create an integer sequence with a fixed interval 
between each number, thus creating patterns. In addition to the use of just a 
single sieve, one is allowed to use logic operations between different sieves 
sequences thus creating more complex and non-linear sequences of integers. 
Using the notation proposed by Ariza, the four logic operators that can be 
used are: Union “|“, Intersection “&”, symmetric difference “^” and 
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complementation “-“.  
 In my own project only the sieve union and the sieve intersection 
operations are used.  
 A sieve union produces an integer sequence that is the combination of 
two, or more, different sieve sequences. 
 
If you do a sieve union on the sieve 3@0 with 4@0 you get: 
3@0|4@0 = [0,3,4,6,8,9…] 
 
 A sieve intersection produces an integer sequence that is made of the 
common values of two, or more, different sieve sequences. 
 
If you do a sieve intersection on the same sieves used before you get: 
3@0&4@0 = [0,12,24…]  
 
 Because of its flexibility and truthful outcome prediction, the sieves are 
the structural concept to do live score generation in Õdaiko. 
 

1.3.1.4 Free Rhythm 
 
Free rhythm will typically refer to rhythm outside any pulse or meter 

reference. It is related with irregular phenomena, such as random or chaotic 
functions therefore hard to predict but also hard to remember and relate to 
recent past events. Snyder (2000) says  

 
“we might be able to immediately differentiate between different irregular rhythms, but not be 
able to remember and identify them if they were repeated at a later time” 

(Snyder, 2000, pag.191) 
 
Free rhythm, thus, lends itself to complete unpredictability as opposed 

to a pulse where there is a periodic beat function making anticipation possible. 
 

1.3.1.5 Rhythm and Memory 
  

When it comes to experience music and perceive it, memory becomes 
an important element. 

Memory plays a very important role in the definition of rhythm elements 
such as beat or pulse, but also their musical feeling. One of the essences on 
the feeling of a pulse, and maybe rhythm, is related to the possibility of 
prediction and anticipation of articulations and accents. The experience one 
has when listening to music, or composing music, makes one aware of such 
mental organization schemes. One visible proof of this situation happens 
when someone involuntarily starts to follow the beat by clapping his feet on 
the ground according to some music, typically with a steady pulse. This is the 
sort of thing that can happen with musical trained persons but also with 
musical untrained persons. 

An added layer of complexity can emerge if one thinks on overlapping 
in parallel “time horizontal” elements such as beats, pulse and meter. These 
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approaches will normally be the field of techniques such as polyrhythmic or 
polymetric music explained in the previous items. 

The combination of these elements in time frames bigger than five to 
fifteen seconds (the short-term memory size), poses the issue of organization 
and direction in music. There is a shift in the memory role when extending 
music in time.  

 
“The structures and limitation of long-term memory, which differ from those of short-term 
memory, place certain kinds of limits on the articulation of large musical forms.” 

(Snyder, 2000, pag.193) 
 
In other words, if we leave the time frame of the short-term memory, we 

enter the long-term memory thus being able to address aspects like 
development and form. It is then important the role memory plays when 
addressing rhythm and form. 

Although in terms of memory perception, musical form is not 
acquainted as a whole, the movement that leads the development of music 
and its sectional parts, suggests musical form and some kind of overall shape. 

Õdaiko addresses both rhythm in the short-term memory frame but 
also looks at rhythm development in time, peeking into the future and 
operating necessary changes to shape the present context. Õdaiko modulates 
rhythm in real-time. The idea of rhythm as a structural basis for music 
development is addressed in the next chapter. 
    
 1.3.2 Form as rhythm design  
 
 As I proposed before, rhythm can be the generator of macro-structures 
or form in musical pieces. 
 Várese says 
 
“Rhythm and form are still his most important problems and the two elements in music most 
generally misunderstood.” 
 (Schwartz&Childs, 1998, pag.202) 
 
 In this time frame, rhythm works in the changes that occur in time and 
their associated durations. Time implies rhythm and rhythm implies some kind 
of movement. Instead of looking at these movements and changes at small 
time scales, one can experience rhythm in the way a piece develops, in the 
way a day passes by, in the way a jazz solo is played or in the way a drone of 
two hours is felt. It is usual to address rhythm at the beat level, which is 
misleading the fundamental essence of it. As showed in previous chapter the 
all idea of rhythm comes from the notion of movement and gesture, which has 
little to do with beats or pulses per se. 
 Form is an element in composition very attached to the classical 
tradition and perhaps something that lost importance during the twentieth 
century. Nevertheless, some experiments with form were accomplished and 
tried. One of them were the “Happenings” but others artists just composed 
what they called “Open Form” pieces. One composer interested in this idea 
was Earle Brown 
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“[…] Those who are familiar with my work are aware that the original impulse and influence 
that lead me to create “open form” musical works (“which in 1952, I called mobile 
compositions”) came from observing and reflecting on the aestectic nature and lifelike 
qualities of the mobiles of Alexander Calder[…]”  

(Cox&Warner,2006, pag 194) 
 
 Within form, there are aspects that are more perceptually recognizable. 
Pitch and rhythm are the primary elements that define form, in a perceptual 
way, but a secondary layer of aspects that also contribute to the feeling of 
form are for instance loudness, tempo, orchestration, timbre, sound sources 
and even spatialization. It is important to stress that primary parameters are 
not more important then secondary but indeed both operate in different ways. 
 
“Secondary parameters are therefore generally used in music in simple increasing or 
decreasing progressions or in large contrasts. Secondary parameters can, however, be 
important in reinforcing patters in primary parameters.” 

(Snyder, 2000, pag.196) 
 
 It is clear that the relationships between beats and pulses in the long 
term, offer a specific rhythm to a piece, what is wrong in addressing rhythm as 
being just beats, pulses and meter is the misleading of the primary idea of 
rhythm as motion. Indeed, the formation and development of rhythm in a 
piece should be address by a composer. Materials and music need time to 
develop and become consequent. Development leads to the idea of form. 
 
“Musical form, understood as the sectional proportions of a work, might conceivably be 
regarded as part of rhythm in music if one adopts a sufficiently inclusive definition of the 
term.” 
 (Deutsch,1999, pag.476) 
   

Form in music is an old ingredient that composers dealt in a more or 
less strict way. Perhaps two of the most known forms are the sonata form and 
the golden section framework. It is out of the scope of this thesis to develop 
the issue of form in music, but it is my aim to prompt rhythm has a way to 
develop forms. Even in the mentioned forms, the way composers lead the 
music to the specific points which characterize both forms, is not random at 
all. Until the twentieth century, the principal way composers did it was by 
operating harmony and voice leading techniques.  

I wish to pass the idea that rhythm can be the principal item in 
developing music. Rhythm can be treated in a vertical level where a composer 
can deal with aspects like polyrhythm, polymetrical, regular and irregular 
beats but can also address the way rhythm is developed in a horizontal frame. 
The increase of beats or events in a given instrument, being them quantized 
or not and along with its development in time and combination with secondary 
parameters like dynamics, tempo, timbre etc, can shape music in the long-
term, thus form can be addressed and composed. If the composer overlaps 
more instruments and develops a similar approach of composition, a whole 
new series of relations can be addressed and composed. 
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“in order to understand and control the musical continuum, we will have to appeal to time-
based notion like gesture and not only at the level of the individual musical event. ” 

(Wishart,1996, pag.18) 
 
Essentially the strategies Õdaiko offers, for such as thing, are the 

rhythmic characteristics a score can have, with regular or irregular time 
events, theirs speeds, the space between each event and how all these 
parameters evolve in time. At this stage I can start to address the idea of 
“music density”. 
 
  1.3.2.1 Musical Density  
 
 As pointed out in the end of the previous chapter, dealing with form in 
music and modulating it, is comparable and at certain extent implies to talk 
about a widespread word in composition context: density.  
 The density can be a structural factor of composition if the composer 
decides to use it and shape it. He can do it by means of rhythm, clouds of 
instruments or, for instance, grains in the concrete case of granular synthesis. 
Within the granular synthesis context it is often referred the idea of density. 
Going back to the idea present by Synder (2000) when he talks about primary 
parameters and secondary parameters important in the perception of musical 
form, it seems obvious that the shaping of those parameters can be 
comparable, or at least implicated, to shaping musical density. 

Density, according to the wikipedia (accessed in14/03/09) is the 
amount of mass per unit of volume. As often happens in music contexts, 
composers and musicians steal definitions of different branches of science to 
explain music and create metaphors. Density is one of those. Many 
composers address density in their compositions and writings, one example is 
Xenakis (1992). 

 
“Assume a given duration and a set of sound-points defined in the intensity pitch-space 
realized during this duration. Given this mean superficial density of this tone cluster, what is 
the probability of a particular density occurring in a given region of intensity-pitch space?”  

(Xenakis,1992, pag 12) 
 
Density lacks a solid musical definition as for instance a measure, a 

glissando or a chord has in music theory. It was then required to define, in my 
own view, density in music, to be able to address Õdaiko with a “density 
shapping” procedure. 
 Density within Õdaiko environment is the combination of an event 
attack measurement per time unit and a continuous spectral analysis. 
Consequently, it addresses the time domain but also the frequency domain. In 
Õdaiko, the number of attacks per second is measured but also the spectrum 
of the actual sound is being analyzed. If there are a big number of attacks per 
time unit, the music will be probably dense. If the spectrum analysis shows a 
lot of continuous energy in its frequency range, the music will also probably be 
very dense.   

If a piece would only have on attack event it could be reasonable to 
think of little musical density but if that point was white noise and continued for 
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5 or 10 minutes, then the view on musical density would probably change to a 
very dense piece. It is the relationship between both methods of analysis and 
the composerʼs own perception that will determine the density of the music. 
 Within Õdaiko, the foremost important parameter is rhythm. Pitch is left 
to the performer within certain boundaries explained later in this thesis. Since 
Õdaiko deals with live-electronic music, which has a wide range of 
possibilities, and also with notation scores that give cues for attacks, it was 
demanding that both time domain and frequency domain were addressed in 
order to deal and analyze density in a compositional fashion. 
 

1.4 Scores Layout 
 
 The score layout defines the syntax with which musicians interact with 
written music. It is the first contact performers make with the composerʼs 
music. 
 In this part of the thesis I will shed some light upon the idea of score 
layout and its historical development, some of its implications and my 
research in this field. It is out of the scope of this thesis to present an 
extended and detailed explanation on notation and visual music, therefore, I 
will present the elements that were important in designing my score layout. 

My description will be mostly based on the rhythm aspect of the scores, 
rather then pitch. 
 

1.4.1 Traditional  
 

It is often said that music is universal but it seems notation is a part of it 
that is not. In Asia or Africa the relationship of music and notation is, in some 
cases, dramatically different comparing with the western culture. In some 
cases music lives by passing orally for each generation making the use of 
notation unnecessary or, at least, not important in regards to convey music. 
Other cultures have notations completely different from the west. 

 
“Undoubtedly, musical notation, like ʻspeech notationʼ, originated first as a mnemonic device 
for already well-established musical practice, but, like writing, it quickly grew to dominate that 
musical practice” 

(Wishart,1996, pag.18) 
 

 Music notation history dates back from the Greeks and its history is 
made of a shift of attention from ear to eye. 
 
“Musicologists have deduced from their research that the pre-Christian Greeks had at least 
four different systems of music notation, all derived from the letters of the alphabet” 

(Gardner,1982, pag.4) 
  

The centuries before Christ were born and until the Middle Ages, 
notation grew along with the alphabet. The alphabet itself was being 
developed very region based, which means each part of Europe and even 
inside Greece, the alphabet was not a standard element. From the use of 
different letters, symbols and their combinations the Greeks could write down 
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their music in order to be performed. It was serving as a mnemonic aid for 
accomplished musicians.  

As the centuries were passing and the alphabet grew till 1600 different 
signs, symbols and letterforms, it became more and more useful to restrain 
such a wide universe in order to make music notation more accessible.  
 One important development, during the middle age, was the 
introduction of neumes (from the Greek neuma, meaning a “sign “or “nod”), 
which gradually replaced the alphabet notation and was used widely in the 
plainchants of the Christian church. In the beginning of the neumes notation 
system, mostly pitch nuance indications were given, rhythm was an element 
not described but only passed on orally.  
 
“so the neumes did not attempt to mark out what we have now come to regard as individual 
pitches and units of rhythm but only shapes and contours of melodic line customary in current 
practice” 

(Wishart, 1996, pag.18) 
 

It is already clear that pitch would be the dominating aspect of 
European and west music tradition. With more efficient quill pens, the monks 
could inscribe neume-shapes more freely varied and consequently some 
signs acquired a “head” and other change even more radically. It was the 
starting phase of the shift of the neumes to the traditional score west makes 
use today. Even though the neumes acquired more significance, still they 
were very limited in the sense that only pitch information was given and even 
that information was not very obvious. It was useful solely as a reminder to 
the singers of the pitch contour but even for teaching purposes was not ideal. 
 The next big step was the development of the neumes notation in order 
to give a precise notion of pitch and its correspondent duration. As a result of 
this, the staff lines and rhythmic modes were introduced. In regards to pitch, 
the first enduring process came with the drawing of a single horizontal line 
above the words of the Latin plainchant text. According to Gardner (1982) 
 
“ This line represented a fixed pitch, and the position of the neumes in relation to the line 
indicated their degrees of high and low” 

(Gardnet,1982, pag.10) 
 
 Again, pitch is the most prominent element. As the time passed by, it 
brought more lines to the initial one line staff. In regards to vocal music, a 
maximum of four were used (as still used in Roman Catholic liturgical music) 
but for instruments the staff varied between six to as many as fifteen lines. 
 Rhythmic notation and specification of durations became more 
desirable leading to the neume-forms assuming an individual rhythmic 
significance. This action eventually led to the typical western notation.  

By the end of the fourteenth century, there were five symbols in use for 
rhythm: the maxima, the long, the breve, the semibreve and the minim. 
Although a categorization was used, the difference in interpretation was 
different depending on which part of Europe the music was performed. This is 
especially interesting because the flow, or gesture, of the rhythm was still very 
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personal and cultural dependent, which is something that we lost and 
standardized as time passed by. 
 
“So disparate were the interpretations of identical note-patterns that in the field of secular 
music there developed an identifiable “French manner” of interpretation and a “Italian 
manner”. 

(Gardnet, 1982, pag.16) 
 
 At this stage, rhythm was also in need to be more precise thus efforts 
were taken in order to quantify it more. Also, silence was becoming part of the 
idea of notation since it had equal importance with sound. 

Our modern notation became standard approximately in the begging of 
the sixteenth century. Five parallel lines overlaid with notes and rests, clefs 
and time signatures. It was demanding to consolidate notation since the latest 
achievements in printing by Gutenberg meant a big step forward to music 
notation, music description and the spread of music in general. As a 
consequence it lead to the slow down of the evolutionary process of notation.  
 Notation, as it was established, already had information of pitch and 
duration in one process. These securities also enhance the inertia to continue 
to develop notation. 
 The standardization of the notation and its weight in the music, 
especially in the classical contemporary music of the XVII, XVIII, XIX and XX 
century, had created the idea that it was the perfect vehicle and the most 
accurate way to pass the musical information the composers needed.  

The appearance of different score layouts, graphical scores and also 
deeper thoughts on the standard notation made aware to some composers 
about the limitations this type of score has. Some composers that addressed 
this issue were, for instance, Xenakis (1992) and Wishart (1996). 
 
“the lattice only remains an approximate representation of what takes place in actual sound 
experience” 

(Wishart, 1996, pag.23) 
 

What is relevant in music history about rhythm notation is that rhythm, 
mainly, was not strict but an interpretation, an oral transmission. Only in a 
very late stage of music notation development, rhythm became quantified in 
symbols and quantized in time. Although there were efforts in making it more 
stable and solid through out notation history, pitch was the main structural 
base for composition and development. Even the attempts to make rhythm 
more measurable were done in consideration to pitch rules.  The shift to a 
complete discrete rhythm, as in the twentieth century, was a huge step, and 
maybe a process characterized by a lossless of flow and motion. The flow, not 
strict, of rhythm as in the Greeks and until the XVI century, was slowly lost to 
the more and more deterministic European culture. 

It is also impossible not to point out that notation has also been linked 
to political views. It is evident that the idea of notation contributes to some 
kind of order and establishment of power comparable to some political 
hierarchies and systems. This order was something some composers, like in 
the case of John Cage, refuted. In their view and according to John Cage “a 
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composer is simply someone who tells other people what to do. I find this an 
unattractive way of getting things done. Iʼd like our activities to be more social 
-  and anarchistically so.”.  

To conclude, it seems that – the score – which began as an aid for 
musicians quickly grew becoming something autonomous and an element of 
domination in performances.  
 

1.4.2 Visual Music 
 
 Nowadays, technology made accessible the opportunity to join image 
and sound in different and new ways.  

The trend of visual music uses the visual art medium to translate music 
and sound into image. The idea to explore music and image together dates 
back from the beginning of the twentieth century of such artists like Walter 
Ruttmann or John Whitney Sr. in the film domain but also in the painting 
domain with artists like Wassily Kandisky or Paul Klee. Colour played an 
important role, especially in the painting domain. According to Maura 
McDonnell (2007)  

 
“Roy de Maistre, a musician turned painter, devised a system of color-music codes based on 
Sir Issac Nwetonʼs theories of color and the correlation of colors to the seven pitches of the 
musical scale.” 

(McDonnell, 2007, pag.3) 
 
Motion/Movement was a key aspect for those artists when approaching 

the relationship between visuals and music. Interestingly enough, the idea of 
motion and movement resembles the initial idea of rhythm in the ancient 
Greece.  

Õdaiko itself is based on the elements of time and rhythm. 
 
 
 
 
 
  
 
 
 
 
 
 
 

(fig. 1 –Roy de Maistre, Rhythmic Compostion in Yellow Green Minor – taken from  
http://home.vicnet.net.au/~colmusic/maistre.htm) 

Eggeling did one of the first experiments using movement in film, with a 
comparable approach to music, in his film Symphonie Diagnonale, in 1924. 
According to Maura McDonnell  

 
“Symphonie Diagnonale has a tremendous musical feel to it, in its use of rhythm, motifs, 
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themes and forms. The film has no soundtrack, but it has the most evocative musical quality 
to it. The animation of the visual elements of line, figure and shape brought about rhythmic 
sequences and a sense of dynamics in the progression of these rhythmic figures. Visual 
“instruments” could now evolve, transform and progress in visual rhythmic sequences.” 

(McDonnell, 2007, pag.6) 
 
 Richter, an artist that worked closely with Eggeling, realized that 
  
“time was the basis of this new art form”  

(McDonnell, 2007, pag.6)  
 

His film Rhythmus 21, of 1921, is a pragmatic example of his thoughts 
on image time relationships. 

Talking about time is also to talk about motion. Although motion is 
related with the momentum, both are bounded. Motion, as said before, is one 
vital element in Õdaiko since the latter is a score generator based on rhythm, 
thus time. 

About motion, Len Lye says: 
 

“ If there was such a thing as composing music, there could be such a thing as composing 
motion. After all, there are melodic figures, why canʼt there be figures of motion?” 

(McDonnell, 2007, pag.9) 
 
With regards to performance in the visual music domain, McDonnell 

says: 
 
“Visual music performances are realized with physical instruments that are played in a 
manner analogous to a musician playing a music instrument or, increasingly today, with a 
more system approach” 

(McDonnell, 2007, pag.12) 
 
Colour was one of the first attempts in trying to correlate music and 

visuals. In this domain some theories were developed, for instance, Sir Isaac 
Newton devised a correspondence of relative widths of the colour spectrum to 
the successive pitches. His correspondence of colour to tones were: red to C, 
orange to D, yellow to E, green to F, blue to G, indigo to A and violet to B. 
This trend of correlating colour to tones was inspiring for many instrument 
builders and musicians and eventually lead, in the beginning of twentieth 
century, to an increase of instrument built to play “coloured music”. One 
concrete example is Alexander Wallace Rimington (1854-1918) Colour Organ, 
built in 1893.  

Another approach taken was that of relating music and light. By 
manipulating neutral white light with the use of lenses Thomas Wilfred (1889-
1968) suggested diverse elements to be articulated on time. He built the 
Clavilux to do live performances. Clavilux keyboard made the lenses move, 
creating different forms in real-time. Wilfred named the art of relating music 
and light Lumia. 

Visual music presents itself, since it was born as such, as a two-sided 
art medium. It can focus on the idea of time and motion, realizing works such 
as fixed-media video or film projections. Alternatively, it can focus on 
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elements such as colour and light where builders design mechanical 
instrument to put in relation the universes of colour/light and music. 

This trend of visual music offered me a great inspiration to design 
Õdaiko although there is no relation between colour and sound within it. The 
idea of motion and rhythm is the really structural element in Õdaiko. 
 

1.4.3 Graphical Notation  
 
 The history of graphical notation, as a type of notation opposed to 
standard notation, is very widen which makes difficult to resume a history of it. 
In this section I present a very brief idea of its reason of appearance, some 
implications of it and some composers that made use of it in their work. 

Graphics have been in use in music notation since the seventh century 
but gradually, notation became standardized as explain before. Graphical 
notation is one possible way to write music. According to wikipedia (accessed 
on 19/04/09) 
 
“Musical graphic notation is a form of music notation which refers to the use of non-traditional 
symbols and text to convey information about the performance of a piece of music.” 
 (wikipedia acceded on 23/0409) 
 
 
 
 
 
 
 
 
  
 

 
 
 

(fig. 2 – page from the score of Stockhausenʼs Electronic Study nª2 – taken from 
http://www.britannica.com/EBchecked/topic/566782/Karlheinz-Stockhausen) 

 
The beginning of the twentieth century opens a new chapter in music in 

very different perspectives. The notation of the end of the nineteenth century 
was very precise and stable but the changes and transformation occurring in 
the musical scene of the twentieth century also affected notation, making it 
dive into diverse experiments. Different composers had distinctive ideas but 
some composers pointed out a particular feeling of wanting to abandon the 
standard notation. Varése remarks about his view on what type of notation 
would fit his desired music: 

 
“The new notation will probably be seismographic” 
 (Schwartz&Childs, 1998, pag.198) 
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The constraints standard notation has, along with new and/or difficult 
musical gestures to notate, pushed composers to invent graphics or extend 
the traditional notation in order to make their ideas clearer. Others may just 
simply desired to avoid standard notation and inspire performers to improvise 
sounds and music based on images provided. Notation acquired the 
possibility of not only be a means to an end but also an end in itself. 
 
“The performers are provided with drawings, usually abstract, which are intended to spark 
their imagination and inspire them to express in sound different reactions to what they see in 
front of them” 
 (Stone, 1980, pag. 103) 
 

Due to its intrinsic vagueness (graphics with no concrete meaning in 
terms of music interpretation as opposed to a G in a treble clef for instance) 
but also to avoid such constraints like standard notation has, graphical scores 
have been not standardized so far and probably never will.  
 
“The “scores” may be in black and white or in color; they may contain clearly differentiated 
shapes, undefined, cloudlike washes, or blank pages; they may even include an occasional 
word or musical symbol; and they may include all manners of instructions” 
 (Stone, 1980, pag. 103) 
 
 
 
 
 
 

 
 
 
 
 
 
 

 
 

 
(fig. 3 – screenshot of Joseph Byrd piece, The Defense of the America Continent From the Viet-Cong 

Invasion, from Notations book of John Cage) 
 

This poses a fundamental problem to the composer that is how, or 
what to define, with the graphics chosen for his notation. What do graphics 
represent sonically or at least what gesture do they suggest. Of course, there 
is also the possibility to present images and graphics with no reference at all 
but the one of inspiring the performers.  

The solution of some composers, in order to give better insights on the 
graphical musical realization, can be, like Adam Walacinsky in his piece 
Allaloa (1970) or Morton Feldman in Projection (1951), through the aid of 
explicative texts about the piece performance and also about what the graphic 
element corresponds to. Other composers can give some clues but not being 
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completely specific. John Cage provides some examples in his book 
Notations (1969). 

The proliferation of different graphics has been huge and a catalogue 
of them would be an almost impossible mission. Through the thousands of 
graphic notation possibilities, one type of graphical notation that actually 
became standardized was the piano-roll like notation, used in the early fifties 
and sixties within mechanical pianos. Since the last twenty years, this type of 
notation became popular among digital Midi-sequencers and Digital Audio 
Workstations. 

 
 
 
 
 
 

 
 
 

(fig. 4 – screenshot of Logic Pro Midi Sequencer Grid) 
 
Some composers that have used graphical notation in their music are 

for instance: George Crumb, John Cage, Mauricio Kagel, Karlheinz 
Stockhausen or Morton Feldman. 
 

1.5 Live Scores Generation Approaches  
  

1.5.1 Introduction 
 
Scores are part of the realm of the music since centuries of years ago. 

Their purpose was always to establish a better understanding between the 
composerʼs ideas and the performers execution, to teach people how to sing 
or play music and to serve as guidance for performers in the present and the 
future. 

Notation appears as a way to fix, to cage and to translate into paper 
music imagination. Opposed to this idea is improvisation, where in an optimal 
situation no future plans or predictions are made. No notation is necessary. 
There also performances that mixes strict notation and improvisation, for 
instance some of the pieces by Richard Barret. In some of Richard Barret 
pieces, strict notation is break with spaces of complete improvisatory music, 
which then go back to the next continuous strict notation section. The history 
of notation and improvisation developed in parallel and, in different ways, both 
have advantages and disadvantages music wise, at least through the view of 
composers.  

Until recently most of the scores had to be “frozen” in paper. Even 
those scores that were graphical, they too were frozen in time in a sheet of 
paper. Scores are normally fixed and do not change in real-time. Only with the 
advent of modern computers and higher level programming languages like 
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Java or Python, one composer/musician/art lover can propose himself to write 
a program to generate scores in real-time. 

It is my intention to use the element of scores, being the latter 
generated in real-time, along with some degree of improvisation as a vehicle 
to compose and create music within this project.  

This aspect of real-time score generation as been increasingly growing 
interest in the past ten years and the reason is clear as Winkler points out  

 
“Between the realms of improvisation and the execution of a paperwritten, fixed score the 
concept of Realtime- Score opens a kind of "Third Way" of interpretation.”   

(Winkler, 2004, pag.1) 
 
Some pertinent and appealing aspects that characterize real time 

scores are: 
 
a) Scores being generated in real time; 
b) The score is projected in a computer screen for one or more 

performers; 
c) The notation itself can be tradition or non-traditional or both; 
d) Each piece tens to becomes unique even if there is a generic 

structure; 
e) The performers can have a relevant participation in the 

development/composition of the piece; 
 

All these aspects characterize a performance with a real-time notation 
engine. Some, or even all, of these aspects are nowadays a new potential 
good tool to compose music, becoming important and interesting for some 
composers to think about it and address them in their work. Iʼm also intrigued 
by the possibility of generating a score in real-time, how to approach it in a 
personal meaningful way and especially the advantages it gives me in 
modulating rhythm in real-time in its domain of points and form. 

In the next section I present four different works that have been 
developed using real-time score generation. 

 
1.5.2 Four approaches 
 

  1.5.2.1 Kim Boyle 
  
 In his paper presented at the Digital Arts Week Symposium, in Zurich, 
Kim Boyle (2006) presented his recent developments made within the field of 
score generation since he started in 2004. 
 In this paper he describes a work for cello and computer in which a 
score is generated in real-time and has to be read by the cellist from a laptop 
computer. The software was programmed in maxMSP/Jitter and the 
computers communicate via a wireless network. It involves a laptop for the 
cellist (to render the data of the score) and second computer to generate the 
score data, process in real-time the sounds made by the cellist and trigger 
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audio files, which themselves were also being processed. As it is supposed to 
be in this type of approach, the score is being transformed in real-time. 
 According to Kim-Boyle (2006): 
 
“The score is composed of five different sonic materials. These include the Courante of J.S. 
Bach Second Cello Suite, various sustained harmonic gestures, resonant tones produced by 
bowing on the tailpiece with bowing pressure and speed varied to explorer different timbral 
and dynamic characteristics of the sound, continuous noise tones produced by bowing on the 
bridge with similar variations in bowing technique applied, and silence.” 
 (Kim-Boyle, 2006, pag.1) 
 
 In the composition process, both Kim-Boyle and the cellist agreed on 
the musical idea of “tuning a radio”, which led to the idea of different sonic 
groups over the piece length. 
 The notation is a mix of traditional notation and graphical notation. 
Actually, the graphic notation is a blurring made on the image of traditional 
notation presented, meaning that it is not a graphical notation with a concrete 
implication. When the score is being blurred, the cellist is asked to interpret it 
with a corresponding ambiguity in the pitch, gestural rhythm and timbre.  

In the sections of the piece that resonant tailpieces tones and noise 
tones are supposed to be played, the score presents abstract green shapes 
that transform over time. In addition, a specific label is presented on the 
screen in order for the cellist to know if it is a resonant or a noise tone. 

 
 
 
 
 

  
 
 

(fig. 5 – taken from Kim-Boyle (2006)) 
 
The way to generate the score, as implemented by Kim-Boyle, makes 

use of five first-order Markov chains using the materials specified before. 
They are implemented using the prob object that comes with the maxMSP 
package. These Markov chains can be dynamically changed to respond to 
musical events.  
 An important remark is that, although the distribution of the material for 
each performance can vary, the musical material remains fixed. This means 
that it will always be a piece for cello due to the intrinsic and available 
materials.  
 
  1.5.2.2 eScore 
 
 In this paper it is presented the main components of the live score 
generation system eScore. eScore was developed at Queens University in 
Belfast by Christopher McClelland and Michael Alcorn. 
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 Driven by the motivation to explore new compositional and 
performance practices, eScore was developed in order to enhance the real-
time experience that a composer-performer might establish and what kind of 
musical outcome they can achieve. The paper is based on a piece composed 
by Michael Alcorn named “Leave no Trace” for string quartet and live 
electronics. It addresses different issues that a real-time score poses but also 
the eScore environment particularities. 
 In eScore, composer and performer are on the same space, 
communicating through performance. The composer chooses fragments of 
musical material in real-time that is displayed in each of the musicianʼs laptop 
screen while simultaneously electronic music processes and samples are 
triggered. The notation presented to the performers is both innovative and 
familiar. 
 The composer has a “drawing board”, Wacom style, in which he can 
draw commands that are mapped to notational events or use the pre-defined 
notational events. These commands can be lines or other shapes.  Also, the 
composer has predefined material that he can call upon instantaneously. In 
addition to this the composer can also design is own notational events and 
add them to the existing ones. As the authors of eScore say: 
 
“This enables the composer to restrict and impose different parameters, for example pitch, 
dynamics and articulation upon a musical phrase” 
 (McClelland&Alcorn, 2008, pag.2)           
 
 A typical performance using eScore would have a laptop for each 
performer and one used by the composer. The computers are then connected 
in a wireless network using the client-server model, which allows the 
composer to send the data to render the scores for each laptop. 
 
 
 
 
  

 
 
 
 
 

(fig. 6 – eScore drawing board, taken from McClelland&Alcorn (2008)) 
 
eScore is very flexible with regards to notation. The composer can 

choose between text, musical notation, video or graphic images to present to 
the musicians. The use of digital display, and the power computer have 
acquired to generate graphics, make possible to address parameters like 
colour or animation in the domain of notation and make them significative. 
 In Leave no Trace, Michael Alcorn had prepared a repertoire of 
gestures that he could trigger in real-time and add parameters like register, 
dynamics or bow position. In performance, the fragments are displayed 
without preview time, asking the performer to act as fast as he can. In addition 
to this, the structure of the piece is also not presented before. As the authors 
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propose, this aspect is something that evolves successfully from performance 
to performance. 
 The display modes in eScore can be the following: scattering, pages 
and scrolling. The three methods have different times to generate/trigger the 
new material that makes the reaction of the performers different. The 
scattering provides short musical material that appears in the center of the 
screen. The composer triggers these and they will be continuously changing; 
the pages mode employs a preview and current display of the musical 
material just like a typical music notation page. When the performer finishes a 
page, the computer “turns” to the new page while the composer is filling the 
preview area in advance; The scrolling mode displays chunks of musical 
material in line that, with the help of a moving barline, the performer is aware 
of when to play the chunks.  
 

1.5.2.3 Automatic Notation Generators 
 
 Douglas Barret, Michael Winter and Harris Wulfson developed a 
package of software called the Automatic Notation Generators (ANG). The 
ANG present three models that map data into specific notation systems, each 
one with its own properties, having the goal to enable new compositional 
thinking and experiment with different notation systems. Douglas Barret – 
Spectmore – is a software that transcribes spectral data; Michael Winter 
software aids algorithmic composition and the most relevant for this thesis, 
the one developed by Harris Wulfson – LiveScore -, deals with real-time 
screen-based notation. 
 I will now very briefly describe the softwareʼs developed by Douglas 
Barret and Michael Winter. The first one was design in such a way that allows 
the user to produce instrumental scores based upon a spectral analysis using 
a sound-input. The idea is the mapping of properties like frequency and 
amplitude of the spectral analysis, to pitch and dynamics for a given 
instrument. After this step, a Python module will translate the data into 
conventional musical notation. Derivation V. for the S.E.M Ensemble was the 
first piece created using Spectmore and got his premier on February of 2007; 
The software developed by Michael Winter allows the composer to chose 
different ways to generate materials with a stochastically approach. It also 
allows the composer to create is own notation system by having the possibility 
to define individualized graphics, in addition, the software assigns tones to the 
previously defined available instruments.  After the tone information is 
generated, it is transcribed to scores that are rendered according to the 
notation system defined by the composer. 
 The most pertinent software of ANG for this thesis is the one 
developed by Harris Wulfon, named LiveScore. Departing from similar 
questions to the ones myself had, such as “could live generated music be 
performed by human musicians on acoustic instruments?; How would musical 
information be conveyed to the musicians?”, Harris developed LiveScore to 
get possible answers to these questions. LiveScore software is based on a 
server-client model connected wirelessly using Open Sound Control protocol. 
Each client receives data from the server and generates the scores 
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accordingly.  The server creates the musical information and orchestrates it 
on the fly. Each performer has it own client machine from which he reads the 
generated notation.   

In regards to notation, one important aspect is the proportional notation 
system. In this approach the horizontal space represents time, allowing a full 
range of time to be notated and allowing also, if wanted, the possibility to put 
musicians reading proportional notation in a coordinated fashion. In a 
proportional notation system, the attack time-point of each note is determined 
by comparing the distance between the other notes. These proportions 
determine when a musician plays each note. 

A standard 5-line staff is used, showing in the screen as many staffs as 
possible. A trailing beam represents each note duration, although for 
extremely short duration notes, the beams are ommited. In addition the client 
computers can also be displaying more information such as dynamics or 
arbitrary text instructions. The data generator engine from the server can 
accepts different input such as data streams, sensor input or other kinds of 
controls. 
 In LiveScore, the coordination is accomplished by superimposing a 
moving vertical line over the staff. In this way, the performer has to start to 
play the note when the barline hits the note and sustain it till the end of its 
duration. The vertical moving barline also allows the performer to have a 
glance on whatʼs coming up next.   

LiveScore had only one performance, in 2006, which included audience 
participation (playing and generating data for the scores) and a quartet of 
musicians performing the screen-based notation. 

 
1.5.2.4 Flock  
 

 According to the authors of Flock, 
 
“Flock is a full-evening work for saxophone quartet, dancers, audience participation, 
electronic sound, and video” 
 (Freeman&Godfrey, 2008, pag.1) 
 
 The authors of Flock are interested in collaborative models of 
performance. These are kinds of systems can that include the intervention of 
different entities such as musicians, dancers, audience and video in a real-
time interactive performance.  

In Flock, the real-time score and music is generated during the 
performance, and because of the unpredictability of what the performers are 
going to do, each performance is unique and maybe completely different from 
the previous although sharing the same technical context. 
 In Flock, the audience participation is mandatory and its influence is 
decisive for the music. Flock tracks the location of one hundred audience 
members, four dancers and four saxophonists within the space by a ceiling-
mounted firewire camera with a fisheye lens. Each audience member has a 
baseball hat with a white LED sphere to facilitate tracking. The positioning is 
then analyzed and according to the algorithm it is mapped to generate the 
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scores in real-time. Each saxophonist has a pocketPC device mounted on a 
marching-band lyres.  

The notation presented can either be a standard five line staff or 
graphical depending on the density of the music. The standard notation 
explicitly shows information about pitch but the associated duration for each 
note is proportional. Each note has a line that extends from the notehead to 
indicate the approximate duration. When the music becomes dense, the 
software automatically switches to the graphical display.  The graphical 
notation emphasizes gestures contour by drawing curves in a time-pitch grid. 
The starting point of each curve, according to the y axis (pitch), defines the 
starting pitch and the x axis (time) defines its associated duration. Both 
displays, the graphical and the standard one, render only a single measure of 
music at a time. The size and brightness of each notehead is indicative of the 
associated dynamic. Each musician had its part rendered in green but could 
peek into the other saxophonists score with a transparent pink score running 
in the background. In addition to this, textual cues instructed the musicians 
how to move and interact on stage. 

The data mapping, regarding each score, is based on a polar system 
being the center of the circle each saxophonist position. According to the 
authors: 

 
“Each saxophonist was the center of his own polar coordinate system, and any person within 
a maximum radius generated a note; the distance between them determined the noteʼs pitch, 
while the angle determined its measure position. In this manner, as more participants got 
closer to a musician, his notation included more events per measure.” 

(Freeman&Godfrey, 2008, pag.3) 
 
 In addition to the scores and music produced by the saxophonists, 
some sections include electronic music to prevail over the saxophonists or to 
fill the spaces that they are offstage. 
 As pointed out in the beginning of this description, the musical outcome 
was quite diverse. 
 
“It is difficult to describe the music itself, since the musiciansʼ response to the notation had a 
tremendous effect on style and content. At the premiere performances in Miami, the music 
ranged from pointilistic bursts and slowly-changing drones to rhythmically dense textures full 
of sudden register shifts, undulating arpeggios, and multiphonics, calling to mind influences 
ranging from Terry Riley and Steve Reich to Ornette Coleman and Evan Parker.” 
 (Freeman&Godfrey, 2008, pag.3) 
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1.6 Evaluation  
 
 Within Õdaiko, I wanted to research and propose new models among 
composition, performance and notation making use of a real-time notation 
system and live electronic music. To achieve such an environment it was 
inevitable to address and position myself relative to composition, performance 
and notation.  

The idea of real-time generated scores also came to me because it 
would surely pose unusual challenges to the relation between composers and 
performers, especially in the time domain. As Iʼve shown before, time is 
crucial in rhythm, so it was appealing to make use of real-time generated 
scores. The concept of interactive systems is also something I enjoy and 
would like to keep exploring, and in this sense, generating scores in real-time 
could be something interesting to develop. Lastly, my attraction for 
programming and the desire to develop programming skills made me also go 
into learning new languages, in this case Java within the Processing 
environment and improving the ones I already had in maxMSP. 

With regards to composition, my typical approach was often an 
algorithmic one. I tend to create and organize different materials making use 
of stochastically or intuitively procedures in order to place and develop them in 
time. When composing I used both extremes of intuition and mathematical 
“strict” order. A frequent method Iʼve used in my pieces is the establishment of 
a framework of materials while making them have a goal or a direction in time. 
The characteristics for each section were then also organized in time creating 
macro-structures. Many of these influences are naturally present in Õdaiko 
environment.  

One of the most critical aspects for Õdaiko, is the idea of not letting the 
music evolve in real-time without any control or prediction but, at the same 
time, also the idea of creating big structures, thus, musical form. Normally, it 
will be mostly a bottom-up organization schemes but at the same time it will 
combine bottom-down schemes, which lead to the encounter of both schemes 
at some stage, usually significantly different from the first drafts. Points and 
form are created at the same time. 

A particular procedure that I want to emphasize in Õdaiko is the idea of 
stochastic music, in the sense that the real-time composition should be able to 
lead performers to specific pre-defined sections, in a kind of unpredictable 
manner regarding the present (present being the time frames between 1 to 8 
sec.) but predicable regarding the form (or the future…), thus, structure of the 
piece. The idea of tendency masks comes up when approaching composition 
in this fashion, and in fact, Õdaiko should be able to immerse the performer in 
the tendency mask itself although him not being aware but being the 
composer aware of the goal of the tendency mask, thus, having the complete 
picture. The performer becomes a point in the tendency mask, a tendency 
mask that is being shaped in real-time. Pre-composing specific aspects of 
each piece is then an essential step. These will include the amount of events 
in the actual performance moment, characterization of sections, variations of 
it, development and consequently form.  
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The density aspect of the pieces is also an important one. Density is a 
key element in giving life to the pieces. The drifts of certain textures, the 
changes of character or the gradual shifts in the “colour” of the music. This is, 
in my opinion, the right way to analyze music composed with Õdaiko and 
above all, again I say in my opinion, the right approach to do composition 
within Õdaiko. This means that the music will be continuously floating from 
established sound scenes to further established sound scenes.  

I want to make rhythm the foremost structural element not only from the 
music point of view but also in the notation layout, electronic music software 
and in Õdaiko environment in general. Rhythm as the “soul”. The sieves 
appear in Õdaiko as one of the central rhythmic components, allowing 
developing rhythm in different ways and perspectives, namely rhythm in the 
“present” and rhythm as form. The idea of motion fits here as I see rhythm as 
motion and transformation. 

The use of sieves, as the basis for the real-time rhythm generator 
engine, was chosen because of its simple way to produce different rhythm 
and also because of its degree of predictability. This means that with just two 
numbers, a modulus and a shift, one is able to generate a large pattern of 
beats. Moreover, one, as soon as acquainted with the sieves, can easily 
predict how demanding the score might look like. Both these aspects are 
crucial in creating scores in real-time as one wants to act fast but also in a 
meaningful manner. 

In the electronic music domain I will make use of a group of modules, 
being each module a sonic entity with rhythmical characteristics. These 
include a parameter that I can set the time length between each event and 
another parameter that I can set the regular/irregular time between each event 
inside the larger time frame defined in the first parameter.  In other words, the 
first parameter defines a time frame, that if the second parameter is defined 
as 100% regular, each event will be placed on the boundaries of the defined 
time frame. If irregular, each event will be spread inside the doubled amount 
time frame defined by the first parameter in a random time space order. 

These modules are sound wise composed having in mind : 
 
1) Initial conceptions based on intuitive experiments and knowledge 

about the instruments to be used in the piece  
2) Definition of sonic entities based on the previous step 
3) Definition of the transformations that these sonic entities will suffer 

over time. Explicitly, aspects like frequency relations, sound sources, timbre, 
intensity, probability of occurrence, probability of placement in space 
(panning) and duration of the sounds (those that are sustained thus exciding 
the short-term memory length, and those that are percussive).  

 
Hopefully different ways to relate rhythm, in the complete overall, will 

arise. 
The mixture of both electronic and acoustical sounds will create a 

complex and/or simple but rhythmical orientated music. It is a fact that the 
degree of change, in its broadest sense, is an aspect that can be composed 
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along with the attributes that are changing. These should be address in a 
compositional manner. 

With regards to performance, each piece I will compose with Õdaiko 
will have a big devotion to thought in terms of the available instruments and 
their possibilities but also to the performers and their musicality before each 
rehearsal or any performance takes place. Particularly, aspects like structure, 
the shape of density and timbre changes along time or sonic relation of the 
electronic music modules to the instrument. I imagine that each rehearsal will 
meant a leap forward in terms of music development, thus refinements made 
on the first thoughts. It will also engage more and more the composer, the 
assistant and the performers with the environment and musical outcome. 

It became also clear the necessity of an assistant. The task of 
generating real-time electronic music is demanding already, if in addition one 
has to generate and shape scores in real-time, the task becomes impossible 
or at least the musical outcome will be diminish in relation to what it could 
actually be. The assistant would be a person that knows the composition and 
decisions the composer has in his mind, which will then be translated into the 
scores and their development. The assistant will play an important role in 
generating the data in real-time for the scores, analyzing and extracting 
different information from the pre-composed composition and the live 
performance itself. 

Although the music is pre composed and rehearsed to certain extent, 
nevertheless it is open to interpretation and changes during the actual 
performance because no specific time cues/durations for the 
transformations/events will be given to the performers before hand. The only 
cues given are from the composer to the assistant and those will be the 
change of sections and their associated “states”, therefore enabling the 
assistant to perform the operations needed to be done, in a stochastic 
approach, in order to achieve the subsequent section. I will use density 
relationships over time in the development of the scores. 

Within this established frame, the room given for improvisation will be 
potentially large. Each score, because of its graphical notation, will lend itself 
for interpretation, thus a degree of improvisation from each performer. Also, 
since the assistant will be shaping the scores in real-time, his actions to do so 
will also be improvised, although with a clear goal. The assistant is asked to 
draw tendency masks in real-time, which gives him a creative role.   

With regards to notation, since most of the notation history and 
development has been linked to pitch reign, it seemed natural to approach a 
different type of notation to allow rhythm to be the foremost element. One that 
could enhance and characterize better rhythm in the perspectives Iʼve shown. 
I decided to make use of graphical notation instead of “hacking” the standard 
notation.  

The notation will incorporate three different panels, namely a sieves 
panel, a solo panel and finally a silence panel. The sieves panel will be based 
on the classic piano roll with a minimalist design influenced by artists like 
Malevich, Alva Noto, the Whitney Brothers or Ryoji Ikeda. The solo panel will 
be a simple animation and the silence panel a black screen. The solo 
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performance/interpretation should be something that emerges from the sound 
context, not only sound per se. 

The most important panel will be the sieves panel. With the aid of 
sieves, one can place events with an accurate prediction regarding how much 
will a performer play and relate them to time/speed. These events will be 
materialized in squares or triangles, placed in an invisible time grid, that will 
move, at a specific rate, and hit a barline. When they hit the barline the 
performer is asked play the event. 

The relationship between music and graphics is, most of the times 
nowadays, a one-way path from music to visuals. The visuals, normally, 
translate information such as pitch or amplitude into colour and forms. A 
concrete example of this is, for instance, the typical piano roll design from 
most of the midi sequencers and some applications such as Anita Lillieʼs 
Visualizing Music application (http://flyingpudding.com/projects/viz_music/ - 
seen on February 2009). 

 
 
 
 
 
 
 
 
 
 

(fig. 7 screenshot of Anita Lillieʼs Visualizing Music) 
 

One important aspect in Õdaiko, is that the visuals are not generated 
according to the music but vice-versa. Music comes has a response to the 
visuals and not the typical approach. 

In Õdaiko, although several item are specified before the actual 
performance takes place, the use of tendency masks, as well as various 
elements that are randomly real-time treated, will produce different musical 
output for the same piece in each performance, making it unique, but at the 
same time with a feeling of sharing a general structure and development. 
Eigenfeldt (2007) cotes Todd Winkler about randomness in composition in the 
following way 

 
“As Todd Winkler pointed out, such use of constrained random procedures allowed interactive 
composers to shape and influence their musical output; at the same time, it permitted the 
music to be unpredictable, yet remain within a defined range that determines a coherent 
musical style” 

(Eigenfeldt, 2007,pag.4) 
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2 
 

2.1 Software Implementations  
   

2.1.1 Visual/Graphical 
 

The research presented in the previous chapters illustrate the sort of 
path I was researching in order to understand and realize, in the most optimal 
way, my musical aims. 

Õdaiko employs a graphical notation approach. I defined three different 
score notations, which implies three different visual displays. These three 
displays are described technically in detail in the next item. In this item I will 
focus on the display of the sieves panel, due to its importance within Õdaiko, 
from a conceptual view and briefly shed some light on the solo panel.  

The sieves panel is the outcome of most of the research made in the 
visual/graphical field together with the musical issues that are relevant within 
Õdaiko, making it the most important panel. In view of the fact that Õdaiko is a 
real-time score generator, it was demanding to create graphics with the most 
musical meaning but also being them quick to read and interpret. In addition, 
since time/rhythm is a key feature, the graphics should incorporate motion, 
namely moving events. A moving event requires a “conductor “ in order to give 
the cue for the performer on when to play that event. Within Õdaiko, the cue is 
given by a vertical barline. Each event upon reaching the barline should be 
played. This is the process used in most of the piano-roll based sequencers. 

The kind of shapes used for the events are two dimensional, 
aesthetically minimal and based on straight lines. These include squares, 
lines, rectangles and triangles. In this way, the performer can quickly grasp 
the event and prepare it. The colours black and white were chosen to 
maintain the minimal aesthetic aspect but also to be effective in distinguishing 
background from notation. 

The layout is essentially a classical piano-roll type but aesthetically 
very different from the standard ones. The idea of the moving event and a 
barline acting as a cue is maintained for the reason that it is an efficient way 
to play rhythm, but aesthetically in the visual domain, it is inspired from the 
minimal trend artists such as Malevich. 

The solo panel maintains the idea of “less is more”. Instead of 
appearing the word “Solo” I decided to put a small animation. To do so, I used 
a line and a small circumference that changes randomly brightness impinging 
some rhythmic movement within it. Sporadically some blobs with rectangle 
shape appear, covering the screen. Basically the idea of lines is maintained to 
follow the aesthetical philosophy from the sieves panel. 

 
  2.1.2 Layout\Display 
  
 In this section I will describe the technical aspects of the five panels 
that Õdaiko offers. 
 The display of Õdaiko is 1080 pixels width and 680 pixels height. 
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 When Õdaiko is loaded a first panel is showed with information about 
general aspects like the name of software “Õdaiko”, the name of the author 
and the year Õdaiko was developed. Specific information includes the 
computer number, important for the assistant in order to generate the score to 
the correct computer. In this panel is also possible to check if the wireless 
connections are set correct, displaying a “check” image if the assistant is 
testing the network and the network is correctly configured. 
 

 
(fig. 8 – the initial panel) 

 
 

The panels that promote musical interpretation are the sieves panel, 
the solo panel and the silence panel. 
 The sieves panel is composed of three horizontal lines, a movable 
vertical barline and the different events. The three horizontal lines are a 
reminiscence of the lines in a traditional score. They do not try to impose any 
sense of pitch direction, as they do in a typical score and through out notation 
history, but instead they are the product of a design decision. This means that 
when an event (events move from right to left) strikes the vertical barline, the 
performer has to play that event (described in the next item 2.1.3).  

The vertical barline default position is at a distance of 120 pixels from 
the leftmost of the screen and it can move, thus compressing or expanding 
the time between the appearance of the event on the screen and itʼs cue time. 
The maximum displacement the barline can have is up to 60 pixels from the 
right end of the screen.  

The smallest event is 30 pixels and it represents the 16th note in 
reference to the main time/bpm clock. 
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(fig. 9 – the sieves panel)  

 
 
 
 

 
(fig. 10 – the pixel relation with the bpm) 

 
 
 
 
The solo panel is based on a horizontal line, divided in equal parts that 

randomly change brightness. In addition to this line, in the center, a sphere 
brightness is also being randomly changed and some blobs occasionally 
appear like flashlights to break the image patterns.  
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(fig. 11 – the solo panel) 

 
 

The last panel is the silence panel that shows a black screen, meaning 
silence. 

 
 2.1.3 Notation 
 
 The notation has to be readable in real-time. Whereas the solo and 
silence panel donʼt need a specific awareness of the screen, in the sieve one 
it is essential. To understand the syntax is indeed a very important step, 
making it possible to grasp with one glance the event, or stream of events, 
and interpret it. 

Each event has two attributes. One is the shape and another one is 
size. 
 Regarding the shape, the squares represent an event that has little or 
no modifications over time, just the natural acoustic ones. If a performer 
strikes a note in the piano and releases it, the sound naturally will disappear. 

The triangles result in more or less dramatic changes on the event, 
based on the idea coming from Xenakis, that one note, or one event has 
different dimensions rather than just pitch, frequency or intensity. The 
triangles pretend to show the inner life qualities an event can have, or can 
suffer at time intervals more or less long. Practical examples could be a 
change in dynamics, change in pitch, change in filter cutoff frequency, an 
accelerando or other different changes according to the instrument 
capabilities and performer decisions. 

Regarding the size, each event can have five different possible sizes. 
The smallest size is the size of a square with 30 pixels. Each of the other 
sizes is a simple sum of more squares being the biggest size the sum of five 
squares (30*5= 150 pixels). The longer the event, the longer it lasts before it 
dies out. The size is chosen, by the assistant, according to a probability 
distribution in order not to have the same size for all the events when 
generating a stream of them. 
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(fig. 12 – the event attributes) 

 
Each event is placed according with the sieve chosen by the assistant 

(described in the item 2.1.5.1.) 
The barline and the bpm assume an important role in the readability of 

the music and, as I said before, both can be changed in real-time. The barline 
change assumes a particular importance since it reduces the time for the 
performer to anticipate the event, thus preparing the interpretation. 
  
 2.1.4 Assistant 
 
 The assistant is a vital part of the system since he is in charge of 
generating the scores. The assistant appears because a composer is not able 
to generate scores while at the same time is being concerned with the 
generation of electronic music. It was a practical requirement. The assistant is 
also, ideally, someone the composer knows and trusts musically and 
aesthetically. 
 
  2.1.4.1 Assistant Interface 
 
 The Assistant Interface was design having in mind simplicity and to be 
able to generate the scores in real-time with the minimum “latency”. It was 
completely programmed in maxMSP. It makes use of standard objects of 
maxMSP and it uses OSC to send and receive information via the udp objects 
developed at MIT. 
 The interface is divided in a broad section and a section of multiples 
instances (representative of each score) of a generic module.  

The broad section includes the possibility to change all scores at the 
same time to the same panel, to send the same sieve to all the computers at 
the same time (establishing synchronization among performers) and it also 
makes available the possibility to “warn” the composer/manipulator if the 
composer/manipulator himself is doing a solo or if any musician is doing a 
solo. The later is accomplished by sending an automatic warning to the 
composer/manipulator when the assistant chooses a solo panel for any 
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musician. The assistant interface broad section also includes a cue bar where 
he receives information from the composer about which section of the piece 
he is supposed to go, thus making the necessary operations to achieve that 
section. 
 The generic template, unique for each score, includes firstly a “check” 
section. In this section the assistant is able to send an osc message to the 
score (computer) in order to see if the connection is working properly, but also 
receives one osc message in his computer to check if himself is connected to 
the computer. A green tick is seen in the score and a green button flashes in 
the assistant computer if everything is connected properly. 
 After the check section, just below, the musical generation section 
provides the possibilities to send data in order to create and transform the 
score itself. The first option let the assistant choose between which panel he 
wants generate. Namely he can choose the sieves, solo, silence or the initial 
(not-musical) panel. 
 If the panel chosen is the sieve panel, the assistant is required to 
generate a list of numbers making use of the sieves.  First he has to choose 
the sieve then he has to generate the list by sending a bang. The assistant 
has always to make use of the first sieve and generate that list. The second 
sieve works only to do sieve unions or sieve intersections with the first one. A 
practical example could be: 
 

a) Using one sieve: 
 

1) Choose the sieve (x@0); 
2) Generate that list (push get sieve) by sending a bang 

 
b) Using Sieve Union: 

 
1) Choose a first sieve (x@0); 
2) Generate that list (push get sieve) by sending a bang 
3) Choose a second sieve (y@0); 
4) Generate that list (push get sieve union or get sieve intersection) by 

sending a bang 
 

The next step is to choose a probability size for the stream of events. In 
this item, the assistant can choose a probability between: Mostly Big; Big; 
Random; Small; Very Small. All of these choices are described in detailed in 
the previous chapter (2.1.3.). 

The next step is to choose a shape for the events. These can be: 
Triangle; Square; Inv. Triangle. All of these choices are described in detailed 
in the previous chapter (2.1.3.). 
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(fig. 13 – elements to generate sieve panel) 

 
 
The next choice is optional. In this item, the assistant is able to move 

the barline of the computer (described in the section 2.1.2.). The reset button 
puts the barline in its default position. 

The next section includes the generate! button, which is obligatory in 
order to generate the new score. This button triggers all the choices made 
earlier. Also, in this section, by clicking in the “initial panel” button, the 
assistant is able to go back to the initial panel (non-score). 
 

 
 

  
  
 
 
 
 
 
 
 
 
 

 
(fig. 14 – Assistant Interface) 
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2.1.5 Regarding Rhythm 
 
 Rhythm is an important feature of Õdaiko. It is the element that gives 
life to the music thus to the scores itself. Various rhythm relations were 
described in section 1.3 and all of those relations are directly or indirectly 
present within Õdaiko. The relationships that sound and silence establish and 
the way that they are shaped overtime is a significant aspect in Õdaiko. 
 Within Õdaiko, rhythm is address in all different panels as described 
below. 
 
  2.1.5.1 Sieves 
 

The sieves will be used to place the events in time and to shape the 
rhythmic flow of the scores. The idea to use the sieves within Õdaiko, struck 
me when I realized the accuracy of prediction one could experience in its 
outcome.  I realized the possibilities this could have on music and especially 
for projects where live procedures need to be generated, such as a score 
could be. 

In Õdaiko, there will be only two sieves available to work for each 
score. One will be the active one, responsible to generate patterns with a 
period chosen by the assistant, and a second one, the passive sieve, to 
generate more complex stream of events by means of intersections and union 
with the active one. Easily, one can predict if only one sieve is used with no 
intersections or unions that it will generate a pattern with a time period of the 
modulus. Making use of more sieves Xenakis (1992) mentions  

“  
a) by union, we obtain a sieve which is dense and complex depending on the 

elementary moduli; (…) 
b) by intersection, we obtain a sieve which is more rarified than that of the 

elementary moduli, and there would be some cases in which the sieve 
would be empty of points when it lacks coincidences (…) “ 

 
(Xenakis,1992, pag.271) 

 
This kind of prediction of how many events a sieve can produce is 

something attractive if the composer wants to generate material in real-time 
with some sort of control.   

Given a Modulus and a Shift, the events will be placed in time to a 
maximum of 300 events. Within Õdaiko the maximum length each sieve can 
have is 300 due to implementation/programming decisions. This would be the 
case of a sieve of 1@0, [0,1,2…298,299,300]. Different sieves operations 
make the ultimate sieve length variable according to the sieve itself, or sieves, 
used. 

The smallest interval is 30 pixels, correspondent to the smallest time 
event, which means that 1@0 will place an event every 30 pixel. For example, 
3@0 will place an event starting at pixel 120(reference point), the next one will 
be at pixel 210=(120+30+30+30), the following will be at pixel 300 
=(120+(30*6))…etc. 
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To conclude, the use of sieves is a straight forward away to make 
predictions on the density of events in diverse time periods, and since the 
density issue is an important parameter in Õdaiko, the use of sieves produces 
a flexible and fast means to do real-time composition. 
 
  2.1.5.2 Improvisation Panel 
 
 This panel gives the opportunity for a performer to play music without 
any constraints. 
 The types of performers that Õdaiko lends itself are performers with 
improvisation abilities. Most of them improvise without any notation, or at least 
without such restrains, like the ones Õdaiko imposes, namely in the sieves 
panel.  Following advices from different performers, I decided to include the 
possibility to have a situation where no cues are given to the performer, 
opening a space for free improvisation. 
 Although the improvisation is free, it is still in control of the assistant 
with regards to time length. The assistant decides when someone will do a 
solo and also decides when someone finishes a solo. This is accomplished by 
changing the current panel to a solo panel and vice-versa. Like many other 
compositional aspects, the solos moments are, or can be, pre-determined. 
 The solo practice is very musician dependent but I propose the idea 
that the solo should emerge from the actual context and from the previous 
musical context/development. The idea behind is the one of continuum. An 
idea I wish to transmit to performers 
 
“In improvised music, improvisers often assert both personal narrative and difference as 
critical aspects of their work” 
 (Lewis,2000, pag 36) 
 
 With regards to the solo notation, instead of appearing the word “solo”  
in the screen, I decided to include a very simple animation. The inspiration 
was to generate a visual image with some kind of rhythmic flow on it. The solo 
panel includes a white line from left to right in the middle of the screen and a 
white circumference in the middle of that line. Both randomly change 
brightness suggesting some flow. In addition to this, some blobs occasionally 
cover the screen adding another layer of movement. 
 Although this animation is not meant to be followed or interpreted by 
the performer, is has been proved valuable for musicians to have something 
to hold on and develop. 
  
  2.1.5.3 Silence Panel 
 
 The silence panel is just a black screen meaning that the performer is 
not supposed to play at all. 
 As in many compositions, performances and different acts on music, 
silences are important and Õdaiko provides that possibility and even to 
systematize it. As said in previous chapters, silence is an essential aspect of 
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rhythm flow so it was demanding to be able to address silences in an 
organized fashion. 
 Silence is of special value in order to emphasize different instruments 
or different details that a piece might require. 
 

2.1.5.4 Time in Õdaiko 
 
 To talk about rhythm is also to talk about time, thus, Õdaiko needed a 
time reference in order to be able to organize rhythm. 
 In Õdaiko, a main clock is implemented that controls both the speed of 
motion of the events in each score but also electronic music procedures. This 
clock is set in bpmʼs and can be changed during a performance in the 
composer/manipulator software. The main clock is the time reference for 
everything that includes motion, within Õdaiko. 
 The number of bpmʼs established is them the source to extract 
meaningful information for each component of the system that need clock 
information. As an example, for the scores, the time it takes to move one pixel 
by each event is extracted. In the case of electronic music, the bpm sets the 
time reference for the Event Distance parameter choices. 
 Both these examples on how the main clock is used are explained in 
more detail in the next chapters. 
    

2.2 Electronic Music 
 
 Õdaiko was designed having in mind the inclusion of live electronic 
music. It allowed me, or any composer performing Õdaiko, to play during the 
performance but also to add an essential sound component to the music. 
    

2.2.1 Electronic Music Modules  
 
Most of the live electro-acoustic music has been based in two types or 

a mix of them. In one hand the composer can manipulate the sound of the 
performers in real-time or the composer can synthesize completely new 
sounds making use of generators. Nowadays, most of the times composers 
use a mix of these two approach. 

Concerning the electronic music for Õdaiko, I never had the goal of 
creating a new paradigm but it was my aim to have a poetical connection 
between the scores philosophy and the electronic music generation engine. In 
order to achieve that, it seemed reasonable to make the connection using 
rhythm. Since for the scores themselves rhythm (or the cues…) is the most 
fundamental element, I decided to design a dedicated software for my live 
electronic music based on the ideas of cues also. 

Very early in the process of developing Õdaiko and based on the 
previous idea, I decided to create a series of modules. This package of 
modules would act as generator of sounds sharing the same rhythmic 
processes within them, but having each one an autonomous sound 
personality. In this way, a connection between the scores and all the 
electronic music, at the rhythm level, could be accomplished or approached. 
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Rhythm should be the lead concept in Õdaiko universe as it generates sound 
in the electronic music domain in addition to control the scores themselves. 

The next stage was to develop a rhythmic process that could be equal 
for all the modules and, at the same time, share the philosophy of cues just 
like in the sieves panel of Õdaiko score notation.  

I decided to make use of the clock that controls the speed of events in 
the scores. Since I developed my modules in maxMSP, and by dividing the 
main clock tick intervals in smaller time spaces, it allowed me to work on the 
millisecond level and even, if I wish, to work on the sample level. The idea 
was to send “bags” with regular or irregular time intervals, in such a way that 
these bangs could be triggered at the millisecond level affecting different 
behaviors within the module parameters. Afterwards these bangs can be used 
for whatever kind of process. These can include triggering sound-files, change 
filter cut-off frequencies, draw waveshapes, change panoramics…etc. 

 

 
(fig. 15 – electronic music module) 

 
The modules have two important parameters: these are the Event 

Distance and the Regularity.  
 
1) The Event Distance controls the distance between consecutive 

bangs, or in other words, it controls the time space for each bang. The 
composer can chose between the options Reference, Long, Very Long, Fast 
or Very Fast. The reference is the time reference of the main bpm clock 
related to the quarter note duration, which means that if the bpm main clock is 
set to 120 bpmʼs, the reference time is 500 ms between each bang. The 
composer can them chose if the time space between consecutive bangs 
should be bigger or smaller choosing different event distances. The long is 
250% longer time intervals in relation to the reference; the very long is 600% 
longer time intervals in relation to the reference; The fast is 40% smaller time 
intervals in relation to the reference; The very fast is 90% faster time intervals 
in relation to the reference. All these different time ratios were chosen 
intuitively, according to what I judge as significantly different. 

 
2) The Regularity is in complete relation with the Event Distance and 

vice-versa. The regularity determines if the time space of each bang is regular 
or irregular. Given the biggest time interval possible (the event distance) 
between two consecutive bangs, the regularity parameter allows controlling its 
linked regular or irregular division of time. The composer can choose between 
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100& regular or 0% regular. 100% regular means that each bang will come in 
time spaces defined by the Event Distance whereas 0% gives a time deviation 
according to the Event Distance reference time. The maximum deviation time, 
which is 0%, is plus or minus one second from the time point defined by the 
Event Distance. 

 
 
 
 

 
(fig. 16 – regularity of events) 

 
 
 
If a negative time is chosen, than by means of the mathematical 

operation “absolute”, the number turns positive. 
With combinations of these two parameters, the composer can create 

multiple relations and algorithmic processes to generate and synthesize 
electronic music. From the process above described, it will be generated a 
stream of bangs that then can be assigned to whatever the composer wants 
to control or generate.  

It is also clear that the combination of different modules can be very 
rich and interesting to produce electronic music and relationships with the 
scores of the performers playing Õdaiko. 

 
2.2.1.1 Electronic Music Modules Template 
 
In order to use the Event Distance and Regularity parameters, the 

composer has to compose/program his modules making use of a template in 
maxMSP, which is already coupled with the parameters mention before. 

The electronic music modules are templates that provide rhythmic cues 
that can be used by the composer to generate and transform electronic music 
along time. The composer has to compose as many modules as he needs or 
wants, being the maximum possible 25 modules. 
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(fig. 17 – electronic music template in maxMSP) 
 
Each module template shares a model that includes specific 

parameters and general parameters.  
The specific parameter includes solely the possibility to use the main 

bang engine, controlled and defined by the regularity and distance 
parameters. In picture 17, the purple area represents this. 

The general parameter section, represented by the yellow area, 
includes receiving data objects that are the same for all the modules. These 
data objects are: 

  
1) An average number measure of the regularity of all modules that are 

on. It means that it takes the percentage of regularity of each module 
(between 0% and 100%), sums them all and is divided by the number of 
modules that are on.  

2) The audio from both channel one or/and channel 2 through the 
inputs of the soundcard,  

3) The fundamental frequency analyzed in channel 1 (using fiddle~ 
object by Miller Puckette),  

4) The stream of bangs originated by the main clock with its according 
time interval in relation with a quarter note 

5) The time interval in milliseconds set by the main clock.  
 
A more general set of parameters that are controlled during 

performance, not related to composition issues but instead practical ones, 
includes the regularity slider, the event distance box, a volume fader, a 
volume meter and a switch to turn on or off the module. Each time a module is 
turned on, a fade-in occurs and also a fade-out occurs when the module is 
turned off. Both can be visualized in the module fader going up or down. 
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Making use of these data the composer can compose his maxMSP 
patches making sure he makes the right connections in the end. This is 
accomplished by connecting all the audio into xgain∞~ object by Johan Van 
Kreilj. 

The electronic music modules represent one of the mains parts in the 
Õdaiko environment. It allows the composer to address and compose his 
electronic music based on cues and before the performance takes place but 
also provides data in real-time about the performance allowing new and 
spontaneous elements to occur.  

The composer is tasked to create autonomous sound modules that will 
be transformed by the parameters explained before, and also to consider on 
their overall combination and the way they will be or can be transformed and 
modulated during the performance itself. 
 
 2.2.2 Effects  
 
 The thought of processing instruments sounds with effects was part of 
the development plan for Õdaiko, although with less emphasis compared to 
pure electronic synthesis. It was clear to me that I would take more benefit of 
synthesizing sounds rather then processing acoustic instruments sounds. This 
is because I wanted to explore more this area, as a self-grow step, but also to 
convey the idea of “another instrument” in the performance rather then a 
colorist element of the acoustical instruments per se, however, the subtle 
blending between electronics and acoustic instruments I could get from using 
effects made me taking it into account. 
 I decided to include a group of effects but in such a way that they would 
not transform very radically the natural sound of the acoustic instrument. This 
is because, in one hand, the use of effects can help blending acoustic with 
electronic sounds and in another hand the main focus for electronic music 
would remain in the modules rather than the processing of acoustic sources. 
 The effects I can use, that are embedded in the electronic music 
interface, are: reverb, delay, a biquad filter and ring modulation. Each of these 
effects has a group of available parameters that one can change in real-time. 
In addition, each of the effects has the possibility to turn-on a procedure that 
will continuously randomly chose values for a specific parameter.  

The available parameters are:  
- Reverb (on/off, reverb time, random reverb time);  
- Delay (on/off, delay time (0 to 2 sec., feedback (0 to 0.9), random 
feedback);  
- Filtering (on/off, filter type, filter cut-off frequency, filter Q, random cut-

off frequency);  
- Ring Modulation (on/off, ring modulation frequency, random ring 

modulation frequency) 
 

These effects were chosen to be in the software taking into 
consideration the ideas mention in the previous paragraph. 
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(fig. 18 – electronic music effect box) 

 
In the way that it is set-up, the composer can only use either effect at 

the same time, since it is not possible to overlap effects. In addition, the 
effects are only available to process the first and the second channel. 
  
 2.2.3 Electronic Music Interface   
 
 One of the objectives I proposed myself when starting to design Õdaiko 
was to create dedicated software for electronic music. It wasnʼt very appealing 
to me to compose electronic music for each piece without anything in 
common. I wanted to develop a dedicated software in such a way that for 
each piece some processes could be shared but new sounds, if desired, 
could be included. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(fig. 19 – an example of Õdaiko electronic music software piece “10”) 
 

This electronic music interface has the main idea of hosting the 
electronic music modules. This means that for each new piece, new modules 

 



 57 

are going to be created so, inevitably, each electronic music interface will 
share a generic template but the modules will be different. In the case of 
picture 19, ten different modules are used as showed. In another piece, more, 
less and/or different modules can be used although sharing the same 
procedures. 

In the top left, the manipulator can control de overall volume, turn on 
the DSP and use, if desired, a fade-in and a fade-out. Next to the right, two 
boxes appear. The one above is mainly to control the bpm of the Õdaiko 
environment. The box below allows the manipulator to send information about 
form to the assistant computer.  The next box to the right is the density 
measure tool allowing visualization of the number of attacks per second and 
also the spectrogram of the incoming sound. 

In the top middle, the manipulator has the possibility to turn on/off the 
electronic music modules in a linear fashion by moving the slider. The next 
box to the right includes the audio effect plus its associated analyzer. In the 
analyzer box, the manipulator can choose the gain of the microphone, the 
threshold at which it lets the sound go through the effect, the rise and decay 
time of the envelope applied to the instrument sound, to visualize the 
fundamental frequency of the instrument picked up by channel 1, visualize 
attacks and bypass the effect while still listening to the direct sound. 

Just above the modules, the electronic music software has a visual 
feedback if anyone is doing a solo or if the manipulator itself is doing a solo. 

There is also a possibility of turning on/off a whole line of electronic 
music modules, at the same time, by pressing the black toggle in the most left 
of each line group of modules. 
 

2.3 Performance Environment  
   

The typical setup for Õdaiko comprises three computers minimum. One 
for the composer with its dedicated software to control generic features of the 
system but also to generate the real-time electronic music. A second one for 
the assistant, also with a dedicated software that the assistant makes use to 
generate data for each score and establish communication with the 
composer. A third one, in order to render the scores. Õdaiko has the 
possibility to have several score clients, at this moment, with a maximum of 
eight. 

Each performer, typically a musician, can make use of any kind of 
instruments. Õdaiko just provides cues and controls the flow of the music, it is 
not designed for a specific instrument, ensemble or performer. In this way, a 
traditional acoustic instrument such as a piano can be used within Õdaiko the 
same way an electronic synthesizer or bike wheel can. Nevertheless it is 
important to realize that both instrument and performer have a decisive part in 
the musical outcome, as explained in the previous chapters. In addition, some 
microphones can be used in order to capture the sound of the instruments 
making them available for the composer to apply some effects or dsp 
transformations. 

Although not imperative, each performer can have his own client 
machine from which he reads the generated graphical notation. It can happen, 
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such as in orchestras or ensembles, that performers share the same client 
machine or in other words, the same score. 
 

2.4 Modes of Communication 
  

The Õdaiko software consists of a server to client network. Ultimately it 
acts as a notation broadcast system. It involves three computers minimum. 

 One called server1 (ip address 192.168.2.1), here, controlled by the 
composer; a second one, called here server2 (ip address 192.168.2.2), 
controlled by the assistant to generate the data for the scores; Finally, a third 
one to render the data and generate the scores. There is a theoretical 
unlimited number of possible score clients. In the implementation as it is, a 
number of possible eighth different clients are viable (ip address 192.168.0.3 
till 192.168.0.11). 

The server1 is responsible for the generation of electronic music plus 
controlling the overall clock of the system. It also sends cues for server2 
about the section of the piece where they are. These cues are expressed in 
letters from A to H; the server2 sends data to generate the scores, can warn 
composer if he is doing a solo and has also de ability to change all of the 
server3 clients to the same panel at the same time. Server3, the client(s) 
renders the graphical notation data sent by server2. 

 The notation clients were programmed in Java, using Processing 
software, and both servers were written in maxMSP. The client and the server 
machines are networked wirelessly and communicate between them using 
Open Sound Control protocol developed at the University of California at 
Berkeley.  
 

3 
 

3.1 Practical Applications 
   
  3.1.1 Õdaiko Tutorials  
  

The Õdaiko tutorials aim at introducing the graphical notation present 
in Õdaiko environment. Notably, it is a preparation for the “Sieves” panel 
where one has to musically interpret squares and/or triangles at specific time 
intervals.  It is a model for musicians to achieve musically meaningful material 
and to familiarize with Õdaiko notation. The performers can refer to these 
tutorials, learn from them, and above all develop their own approaches to 
create sounds and analysis. 

Graphical notation poses a problem of interpretation due to its 
ambiguity. The degree of detailed description the composer desires to pass, 
in order to obtain the more accurate musical result, is part of the problem 
while using graphical notation. Each composer decides to what degree is the 
musician free to interpret the graphics.  

Even in traditional notation there is a degree of ambiguity between 
what is written, how to interpret, and finally between the musical outcome that 
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the interpretation arises. This clash is what Xenakis (1992) calls internal 
conflict  
 
“This opposition between the sonic realization and the symbolic schema which plots its 
course might be called internal conflict”  

(Xenakis, 1992, pag.110) 
  
In my own perspective it was demanding to be able to anticipate the 

kind of gestures musicians will perform while interpreting Õdaiko thus a 
sequence of tutorials seemed appropriate to “get to know” the graphics, in the 
performer perspective, but also to filter out undesired musical gestures in my 
own compositional perspective. As Stockhausen points out when referring to 
the nature/purpose of sound  
 
We know that during the baroque period, a composer like Bach worked very closely with the 
musicians, and could immediately try out with them what he was working on, and then correct 
his scores. He could even leave quite a lot to the musicians, give only basic indications, and 
they would know what he intended and fill out the part accordingly”  

(Maconie, 2000, pag.27) 
 
Although not imperative to go through them to make music within the 

Õdaiko environment, it is advised especially for musicians not used to 
improvise or without a contemporary musical background. Also, playing the 
tutorials doesnʼt make a performer into a successful performer but indeed it 
will have a pedagogical importance into putting performers able, or at least 
comfortable, facing squares and triangles and producing significant musical 
outcome. 

 
“The reaction of classical trained musicians to free improvisation, often on the basis of limited 
experience, can be quite negative.” 

(Wishart,1996, pag.18) 
 
The tutorials are made both with traditional notation (unpitched 

percussion style) in paper but also, as a complement, with a corresponding 
graphical animation in the computer. 

The tutorials are divided in six sections. The philosophy behind them is 
that in each sequential tutorial, one adds a new parameter to improvise thus 
experimenting with different parameters to improvise at the end. It is a matter 
of proceeding towards a bigger complexity by accumulating, in a certain order, 
single parameters and at same time exploring their different possibilities of 
combinations. In this way, the musician will be able to look at the sieves panel 
and play meaningful music according to it.  

The parameters, which I advised to practice, are (in sequential order): 
pitch, dynamic, duration, envelope and gesture. 

In the first tutorial one is supposed to hold all the parameters still. This 
means that the performer just has to repeat the same gesture with the same 
characteristics. 

The second tutorial introduces a random change in pitch for each 
event, but maintaining everything else unchanged. 
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The third tutorial adds, to the random pitch, a random dynamic choice 
for each event. Thus, for each event one can change pitch and dynamics 
maintaining everything else unchanged. 

The fourth, fifth and sixth tutorials introduces, respectively, a possible 
change in duration, envelope and gesture added to the previous ones.. 

The gesture parameter includes aspects such as pizzicatos, tremolos, 
flatterzung, vibratos, mutes, glissandos…etc. 

In the end of the tutorials, the performer should be able to play Õdaiko 
notation and fit his interpretation within the music.  

 
3.1.2 Assistant Role 
 

 The assistant plays an important role within Õdaiko. He is responsible 
for sending data from his computer to the different computers, in order to 
create the scores in real-time. 
 While developing this project, I realized that it would not be appropriate 
to be responsible for generating scores at the same time I would be playing 
live electronic music. A new person was needed to be concerned just with the 
scores generation. It was a practical demanding for a better musical outcome. 

The assistant, a name given by composers in the course of history for 
someone assisting a composerʼs work or performance, is someone who 
knows the process, knows the materials that can enable the composerʼs idea 
in a meaningful way and lastly is someone the composer trusts musically and 
aesthetically. In addition to this, within Õdaiko at least, he should also be 
creative, depending on the composer where the boundaries lay. 
 Within Õdaiko, the assistant is someone who is aware of the different 
possibilities a score can have, knows the software and its uniqueness but is 
also collaborating, in a creative way, with the composerʼs idea for the 
composition. The composer presents to the assistant the different sections 
from which the piece is going to pass, shows its characteristics and defines a 
group of possibilities/properties the score should had. The assistant is then 
responsible to achieve these specifics sections with the specifics 
characteristics but he is also responsible to drive the gradual passages 
between each of them, in a stochastical approach. 
 The assistant can make use of a “Density/Space Map” specially 
conceive by me in order to help the assistant to get a better insight on the 
score possibilities. This map shows images of possible events display 
situations, within the sieves panel, and the corresponding sieve(s) to use. The 
organization of the map regarding the events is: a group of events are events 
that are close by, within 10 units; events are each individual event itself. 
 
The map is divided in as follows: 
 

1) Use of ONE SIEVE 
 

1.1) Group of events spaced apart; events big equal distance 
1.2) Group of events not so spaced apart; events passable 
equal distance 
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1.3) Group of events not spaced apart; events small equal 
distance 
 

2) Use of TWO SIEVES by Union logic operation 
 

2.1) same modulus different shift –  group of events spaced 
apart; events small equal distance 
2.2) same modulus different shift – group events not so 
spaced apart; events small equal distance 
2.3) same modulus different shift – group of events not 
spaced apart; events small equal distance 
2.4) same modulus different shift –  group of events spaced 
apart; events passable equal distance 
2.5) same modulus different shift –  group of events not so 
spaced apart; events passable equal distance 
2.6) same modulus different shift –  group of events not so 
spaced apart; events passable equal distance 
2.7) different modulus whatever shift –  group of events 
spaced apart; 
2.8) different modulus whatever shift –  group of events not 
so spaced apart; 
2.9) different modulus whatever shift –  group of events not 
spaced apart; 
 

3) The Sieve Intersection 
4) Barline 
5) Solo and Silence Panel 
6) Solo Electronics 
7) Same Sieve for Everyone. 
8) Layout Change Everyone 

 
The assistant creative framework is enhanced in the process of leading 

the scores to the different sections. Although in a stochastically approach, in 
the sense of having a goal to reach, time and score content is where the 
assistant can interpret and make variations within Õdaiko 
limitations/possibilities. 
 The most important aspect is the relation established between 
composer and assistant and in what way does the assistant interprets the 
composers ideas and the time to operate the gradual changes that lead to the 
different sections. The timing is one, if not the main, aspect that makes the 
assistant influence good or less good. Indeed, Õdaiko lends itself to 
stochastically music in different features, being one of them time. Thus, time 
to operate changes and generate scores along time is definitely an aspect to 
be worked between the network involving composer-assistant-performer(s).  
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  3.1.3 Collaborative Processes  
 
 It is my belief that one of the critical phases that can make Õdaiko a 
powerful tool for performance and composition is the rehearsals in addition to 
the personality/skills of the performers. 

Musicians are part of the environment itself. Although they have a 
degree of independence, a complete network flow embraces every element in 
Õdaiko.  

 
“This technique also enables a completely new kind of performance in which musicians are 
able to play complex rhythm together without the need for any sense of pulse or meter, 
though both may be implicitly present”   

(Barret, Winter and Wulfson, 2007, pag. 6) 
 
 Õdaiko environment provides meaningful musical information on the 
rhythm level but as it has been showed, a large part of information that 
traditional notation gives, such as pitch, dynamics, gesture, etc, is not 
provided. This information is not given in a very conscious way, as it was 
described in previous chapters. Nevertheless, one aspect that is, and always 
was of great importance in music is pitch. It is clear that pitch is far too 
noticeable for our perception in order not to be dealt with. One possible 
solution would be to use Õdaiko only with unpitched instruments, but that was 
not the main goal for me. 
 The rehearsals have been a decisive part while 
composition/developing a piece with Õdaiko. It is at this stage that the 
composer can relate is electronic music with the performer 
skills/knowledge/background and vice-versa. It is at this stage that the 
composer can decide with the performer what to use or not, including, if 
desired, general pitch cautions, dynamic balances, pitch sequences, chords, 
pitch organizations, dynamics for different sections of the piece, gestures, 
timbres, relations among each others…etc. While Õdaiko notation presents 
events along time and shapes density and musical form in real-time, 
everything else is composed/worked at the rehearsal stage departing from a 
first draft composed by the composer. This means that not all musicians will 
be successful while playing Õdaiko but that also means that without 
rehearsals and a “get to know” phase, the probability of musical failure in the 
aesthetical sense (for the composer), is big. Chadabe (1997), cotes George 
Lewis 
 
“When youʼre playing with someone else, youʼre finding out what they know about music and 
where theyʼre going”  
 (Chadabe, 1997, pag.300) 
 
 In my view as a composer and Õdaiko developer, it makes no sense to 
generate scores in real-time, with Õdaiko, without the rehearsal phase. The 
valuable aspect of Õdaiko is the way one can shape rhythm and form in real-
time upon an established framework defined through rehearsals and 
refinement. If a framework is not established, any fixed graphical score or 
free-improvisation session would make as much sense, perhaps even more, 
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than using a real-time score environment. An established framework is 
embedded of an assumption of materials and the composer can then 
compose these materials in real-time. With Õdaiko, I propose that rhythm is 
the main feature of organization and development. 
  
   3.1.3.1 Hello World 
 

“Hello World” became the first serious trial I played using Õdaiko, as 
Ángel Faraldo played with me in a Master Circle session. Ángel was playing is 
digital instrument “MISS” while Marc Fragstein was generating Ángelʼs score. 

Ángel is an interesting person to perform Õdaiko because is main 
musical practice is the one of free improvisation and Õdaiko, mainly, offers 
performers a group of constraints. A certain clash was inevitable, and its 
outcome could only be benefic for Õdaiko, and maybe, both.  

Since time didnʼt allow us to rehears as desired, we only met once very 
briefly before the “performance” and we just went for it at the Master Circle.  
The musical outcome was not very successful, as expected I might say, but 
was a valuable experiment for both Ángel and me. It proved to me that 
rehearsals and a “get to know” stage is indispensable, even performing with 
excellent musicians like Ángel is. Marc on the other hand was secure, as we 
had rehearsed together and defined a “plan” before. 

Ángel felt comfortable with Õdaiko although the piece was not prepared 
for a serious performance. His biggest concern was that he wasnʼt still being 
able to hear, prepare and play. Changing parameters of his instrument to fit 
the music, hear my electronic sound and watch the scores isnʼt immediately 
feasible.  Again, this reflects the idea that a “get to know” stage is 
indispensable. 

In my final exam concert, Yolanda will join me, Ángel and Marc, 
meaning that a new piece is going to be composed while maintaining some 
characteristics of the first version. Yolanda is a flutist that frequently plays with 
Ángel in free improvisation sessions, meaning, she is very close with Ángel in 
an aesthetical sense. 

Yolanda participation was already something I desired before. 
 
   3.1.3.2 10 
 

My first in depth collaboration was with Teodora Stepancic and the 
outcome was a piece called 10. This piece was a collaboration between me, 
Teodora the piano player (also a composer with a background on 
contemporary composition influenced by composers like Mauricio Kagel, John 
Cage or Morton Feldman) and Marc Fragstein, the assistant. While we were 
performing the pre-conceived composition by me, Teodora played the piano 
and Marc assisted us generating the score in real-time. 
 Teodora was an easy and creative person to work with. From 
beginning, Teodora always wanted to work together with electronics, not 
showing any problem facing squares and real time generated scores. No 
tutorials were needed. Teodora needed a sound universe, or a sound 
reference, in order to fit her performance with the notation itself. This attitude 
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was an incredibly satisfaction for me because one of the major fears I was 
expecting, was that Teodora would not understand the scores as a metaphor 
and “conductor”, and would be stuck understanding how to interpret events in 
an absolute way. Although she was playing piano, pitch was never a concern 
for Teodora as she understood quickly that rhythm would lead the piece. From 
the beginning Teodora was very aware on where Õdaiko fits in a composition, 
which made me very glad and optimistic about the piece and Õdaiko in 
general. 
 The next session I had already some drafts of electronic music and 
some sketches of how to develop the scores overtime. Marc was aware of 
them and we started to rehears together. Departing from my first drafts we 
deviate a bit, trying new ideas and new score directions/developments. 
Teodora felt comfortable with the scores and soon she started to make her 
own strategies regarding dynamics, pitch and small gestures. She was 
thinking more in terms of high pitch notes, low pitch notes, clusters and single 
notes. This approach was then talked together with me for specific parts of the 
piece. Also she and Marc suggested some different score developments and 
soon we reach a stable situation, within the “instability” of Õdaiko itself. 
 I was very enthusiastic as it was an experience and a development of 
an idea just like I would have wanted.  Departing from a draft, and through 
working, interchange of ideas and development during the rehearsals, we 
reach a situation where me as the composer could predict the character of 
each section of the piece, perform the successive changes in a stochastically 
way while giving the performer, myself and the assistant enough space to 
improvise and have surprises. 
 
   3.1.3.3 E 
 

This piece was collaboration between me (composition), Nuno Peixoto 
as my assistant and Factor E, a group of musicians\educators performing on 
a Gamelan Orchestra.  

Factor E is the resident group of the Educational Services at Casa da 
Música to which I belong. We are 9 people but only 5 will be playing. Factor E 
will be interpreting Õdaiko using a Gamelan Orchestra, a traditional Javanese 
set of percussion instruments.  

Factor E is composed of a wide range of people. Some that sing, 
others that donʼt play any instrument, other that are percussionists, others that 
are composers or others that are mostly music educators per se. This means 
that this group hasnʼt got an aesthetically strong reference or musical 
performance practice although the group itself is very used to improvisation in 
the sense of fitting into different contexts (mostly school or education related) 
and enhancing music.  

Since this specific gamelan orchestra is in Portugal and also FactorE is 
from Portugal, only three spaced apart rehearsals were possible that made 
the creative process for them and for me, as composer, less rich.  

From the rehearsals it was clear that the percussionist player was the 
one that could make more use of the instrument while reading the real-time 
notation and listening to the others. The ones with composition studies were 
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careful and worried about listening to what others were doing and trying to 
relate to them, although not being very creative in the use of their instruments. 
The rest of the people were performing the scores with no problem but mostly 
listening to them, concentrated in their parts but not listening, very much, to 
the overall.  

One major discomfort feedback I got was that the three horizontal lines 
resemble a lot pitch indication, although as the rehearsals were developing 
this was something that was deluded. For most of them I should use only one 
line or non at all because using three lines was too much pitch indicative. 
  
  3.1.4 Compositions 
 
 In this section I will present a brief description of the pieces I have 
already compose with Õdaiko. It isnʼt a detailed analysis but some leads on 
the composition strategies that the process itself made tangible. 
 
   3.1.4.1 Hello World  
 
 As I said before, this piece was first tried only with Ángel but since 
Yolanda will be joining us for the exam concert, a new version will be 
composed. I will now explain some composition aspects of the first version 
and shed some light on aspects of the new version. 

In this piece I tried to blend my sound with Ángelʼs MISS instrument, 
since both are using digital electronic musical instruments. I pretended that 
through out the piece a kind of continuous drone, or sound mass, would 
prevail but in such a way that the elements which constitute it would be 
changing. Starting with more presence of my sounds while Angel did sparse 
attacks, the piece would develop in such a way that Angelʼs sound, by the end 
of the piece, would be more present and it would be me doing small and 
sparse attacks. This gradual passage would be done while maintaining a kind 
of continuous sound mass. 
 I want to experiment putting me and Ángel doing solos in some parts of 
the piece. This is to break apart a kind of recursive usage of sonic elements 
that will naturally be present, creating novelty, while at the same time, 
maintaining the constant music change. 
 In the new version of this piece for my final concert exam, I want to try 
something new. Something Õdaiko was not design to do but with a bit of 
tweaking can be accomplished. Since Yolanda is joining us, I want to 
experiment analyze in real-time Angelʼs performance and translate that to a 
score, in Õdaikoʼs syntax, for Yolanda to interpret. In other words, while Angel 
will be free improvising, I want to extract rhythmical cues, translate that to a 
possible sieve and generate that to Yolanda. It will work as a kind of delay 
line! 
 The assistant will be triggering when the score is rendered, thus, he will 
be responsible for the size of the delay line. In addition, he will be able to 
change the display panels for Ángel and/or Yolanda. 

Myself, in the electronic music, will follow the initial ideas trying to 
prevail a dynamic drone sustaining Angel and Yolanda performances. 
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   3.1.4.2 10 
 
 This is the first piece composed for Õdaiko with a “traditional” 
instrument. It is for piano, perhaps the most emblematic of all “traditional” 
instruments and one of the most representative of the pitch paradigm. 
 The same approach as before was taken regarding composition. I 
compose most of the piece shape and all the sounds and their inner 
transformations regarding the electronic modules. The piece was inspired by 
the sound of attacking a single note on the piano and this idea is the lead 
motor of the piece. Different sound transformations in the electronic music 
modules occur based on a sample of a note attacked on the piano. 
 The piece, in a broad sense, has 3 different parts. It first develops by 
adding noise to the piano attacking sounds, while Teodora score gets more 
and more dense. The second part includes solos from me and Teodora and a 
final section that includes a decrease in density.  No special cues were given 
to Teodora, her understanding and interpretation of the music happening 
guide her to her musical decisions. 

As in all the pieces, time is not “composed” although sections of the 
piece are pre-composed in ways already explained before. The 
transformations are made and triggered along the performance itself. 
  
   3.1.4.3 E 
 
 For this piece one person was chosen to play the gongs. The gongs 
are the most important instrument reference in the gamelan orchestra as it is 
the instrument that typically will give the cue of when the music cycle starts 
again and this aspect made me decide that the gongs will mainly have sieves 
with big periods. In addition, since they are a very present instrument, 
because it is low pitch and resonates very much, big periods would be more 
appropriate. The middle and high pitch instruments were distributed for the 
rest of the people, chosen in order to have a balanced orchestration division.  

The gamelan is typically one instrument dedicated to pitch, in the 
sense that it is used to sing along traditional songs from the villages and also 
devoted to repetition of melodic patterns. It was demanding to address pitch in 
this case. After the first rehearsal and trying different possibilities, I decided to 
mainly use one of the possible scales – Pelog - but in such a way that anyone 
could go out of the scale whenever they wanted. The idea was to maintain a 
more or less stable background pitch cloud but have some notes, at random 
times, going completely out. No melodic phrases were used or even desired. 
In addition, the idea of pitch patterns, very typical in javanese gamelan 
traditional playing, could be maintained which means that recursively 
repeating patterns should be heard but in a way to avoid any melodic feeling. 

For the electronic music I tried to make use of resonances and create a 
dynamic drone. By dynamic I mean regularly changing little details in the 
harmony, create dense or less dense music and also continuously changing 
parameters that are not immediately perceivable. I also trigger some gamelan 
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like sounds in order to fit and add more rhythmical complexities to the events 
that the performers were already playing. 

 
  3.1.5 The Music  

 
In my opinion, the natural music outcome using Õdaiko, compared to 

electronic music and music in general, seems more rhythmical, full of attacks, 
but at the same time with a stillness embedded. Since the attack cues are 
given and not improvised, the development of each attack as normally played 
in improvised music or classical music is lost, instead, a short “pulse” is 
played with no continuous sequence. The continuum is made of attacks 
embedded in a sound universe created with the aid of electronic music. 

The no-development of these attacks gives Õdaiko a personal flavour, 
lending to the music both motion and stillness. 
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3.2 Evaluation 
 

In a search for a project in which I could relate such different areas like 
interactive-systems, electronic music, acoustical music, programming and 
composing, it lead me to the development of Õdaiko, a real-time score 
generator based on rhythm. It afforded me to blend acoustical with electronic 
music while overlapping characteristics from the process of composing and 
improvising. Generally speaking it allowed me to perform real-time stochastic 
music, which means I can have control and prediction on the music direction 
while different random aspects are occurring inside established boundaries. 
This is an attractive point for my music composition practice in general. 

With regards to composition, Õdaiko proved to be an interesting and 
enriching challenge. Although, in my opinion, not yet fully explored, most of 
my ideas and aspirations were accomplished. The idea of stochastic music in 
combination with pre-composed structural areas was of great benefit and 
worked musically very well. The balance between random and strict element 
resulted successful. However, the “density element” in music and its 
transformation is still something a bit unclear and probably the most 
ambiguous aspect while composing with Õdaiko. 

Motion in relation with rhythm was also something I was happy with. 
The continuous flow of music, lead to the feeling of motion and this was 
organized, or at least driven, by rhythm in the score domain but also in the 
electronic music part. The stream of events made music flow and develop, 
allowing gradual passages between pre-defined areas. Form is a 
consequence of both rhythm, in the sense of musical transformation 
processes in time, and the passages along pre-defined sound areas. Although 
in my opinion rhythm is not only about having things in sync and distributed in 
time, it is indeed an aspect of it. Being able to sync events proved very 
effective when playing with more than one person. The possibility to sync and 
“un-sync” performers passed to the audience and music a feeling of 
organization and development. To me, it became obvious that being able to 
sync performers brought transparency to the music when it comes to 
experience form and development. 

The use of sieves to generate rhythm streams was one of the most 
thriving aspects in Õdaiko. It has great possibilities because it allowed me to 
use rhythm patterns, rhythmic streams organized not in patterns, combination 
of both possibilities with long or short time intervals between each event. The 
sieves are a perfect agreement between a fast way to generate rhythm 
streams with accurate prediction and a way to generate complex and different 
rhythms. Remarkable is the kind of rhythm and textures I get from the sieves 
when used with group of performers since performing only with one performer, 
the rhythm complexity tends to get a bit too much simple. With a group of 
performers I can have moments of sync, moments of completely randomness 
and gradual passages between both whereas with one performer the music 
tends to be more continuous and with less possibilities rhythmic wise.  

It could be possible to implement, in the software, the use of 
combinations of more than two sieves, which could lead to more interesting 
and complex rhythmic streams but the use of two sieves, so far, has been 
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enough in creating music I appreciate and especially important to generate 
scores in a quick and predictable manner. 

Rhythm proved to be a resourceful tool to structure music as it is 
shown in the pieces I compose using Õdaiko. The emphasis on rhythmic 
relations in the present but also the gradual changes of density confirmed the 
value rhythm has on articulating music in real-time. Pitch was not a 
compositional tool but mainly a consequence of instrument design and air 
vibrations. Õdaiko lays, in an exaggerated point of view, on the attack event 
rather then the frequency and/or pitch it produces. 

The possibility to put performers doing solos is also of great valuable in 
order to enhance and expand the performers own musical knowledge but also 
to give the music itself a new feeling and direction while establishing a 
dialogue with the elements in the performance. The amount of improvisation 
embedded in Õdaiko was something I felt well balanced. Interpreting the 
sieves has already something of random/improvisatory in it and the inclusion 
of a solo panel allowed the performer to be free from the restrains imposed by 
the sieves and interpret the environment presented. Since the solos only 
happen when the assistant decides, it is a very balanced relation the one 
established between predictive sound event (the sieves), free improvisation 
and complete silence. 

Composing electronic music with the aid of “bangs” was also 
something I appreciated very much. It was already a practice I was used to do 
and it allowed me to fit it in a context. The musical relation between the 
electronic music rhythm and the scores of Õdaiko is still vague or at least not 
immediately perceived, mostly because there is no sync between both, only 
the ones that accidentally happens, and because I donʼt always use 
percussive elements in it. Nevertheless I cannot imagine the pieces I 
composed till now without the support of electronic music and the organization 
schemes it has and that makes me feel happy. 

Lastly, still considering composition, the aspect of real-time score 
generation is important when evaluating this project. Generating scores in 
real-time addresses something unique when performing since most of the 
times music notation is presented as a whole. Whether it is traditional or 
graphical, the performer can take a glance on the complete piece. Generating 
scores in real-time was attractive to me because it permitted me to compose 
in real-time, create tension on the performer and also working out how to 
compose and how to perform in this way. Although performers found it 
strange to perform scores in real-time, after some rehearsal I got positive 
feedbacks and in my own perspective I feel comfortable generating scores in 
real-time because I can shape music, address rhythm as points and form, and 
establish a more efficient and rewarding interactive system. 

The assistant is an essential part of Õdaiko. Until now I have worked 
with two assistants and both have pleased me with good results. Nevertheless 
I feel that I could get better results if more time was spent practicing 
generating scores according to what I had pre-composed. Namely, the time 
and how transitions take place. It is also a fact the assistant has a degree of 
freedom of interpretation while generating scores, meaning I should not want 
to restrain him too much. The balance between what I want and how the 
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assistant develops these ideas is still something that can be better worked in 
order to get better musical outcome. 

When it comes to performers I have worked normally with people used 
to improvise and these are the persons I think fit best in Õdaiko. Free 
improvisers have a certain difficulty understanding why I want to restrain them 
but find attractive the challenge. As soon as the performers start to “meet” 
Õdaiko and performing, the musical experience for everyone is enriching. In 
my opinion it would not be so rewarding to pick any musician, even if it would 
be a good improviser, and perform Õdaiko without any previous rehearsal. I 
find important to know the people I play with and playing music is one of the 
best ways to know what others know about music. It is a crucial step to be 
able to compose in advance and fit my electronic music to the performer. I 
donʼt compose only for myself. 

Notation was also a research feature and experiment field of this 
project. A real-time score generator engine and an approach to composition 
that was based on rhythm rather then pitch demanded a distinctive notation.  
Graphical notation has proved to be effective when dealing with rhythm and 
real-time score generation. One aspect that is not so effective, at least using 
the instruments I used until now, is the use of triangles. As I explained before, 
triangles meant some kind of transformation within that event but it was rarely 
used because performers preferred simple squares. I believe that if I perform 
Õdaiko with string instruments, for example, triangles can be effective but with 
the instruments used so far, squares have proved to be enough in 
accomplishing good musical outcome. However, more time could had been 
devoted to this during rehearsals. 

I believe that composer and musicians can take benefit of playing with 
Õdaiko because it offers a new way of interpreting and creating music using 
attack events, instead of rhythmic/melodic gestures, while making music flow. 
The real-time score but also the notation proposes a performance time and 
reaction different from either the typical “frozen” score or live improvisation 
scheme. Õdaiko suggests something in between which can be interesting and 
enrich both composer and performer. 

One interesting aspect is that I have never used the Õdaiko Tutorials 
so far. I was fortunate enough to work with musicians that are open and 
willing to try new things in music. Their interest, comprehension and 
enjoyment made unnecessary the use of the tutorials. 

Õdaiko needs an improvement in some technical details, namely 
programming aspects in the Java source code. The frame rate of Processing 
engine is not quick enough to do measurements below 14 milliseconds. As a 
consequence of this, the change of the main bpm clock is affected drastically 
because between bpm=60 to bpm=119, the moving speed of the events will 
be the same. My solution was to move more pixels rather then one, while 
maintaining the time relationships according to a frame rate of 60. This means 
that at a bpm between 60 and 119, each event will move 2 pixels; at bpm 
between 120 till 179, each event will move four pixels; at a bpm between 180 
till 239, the events will move 8 pixels…etc. Iʼm sure there are ways to 
overcome this difficulty but so far I didnʼt have time to devote to this particular 
problem, spending time, instead, on rehearsing and acquired practical 
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material/conclusion/feedback from performers and performances about 
Õdaiko. Optimization and refinement of the different algorithms is a step to be 
done in the near future. 

Resuming, I think Õdaiko accomplished to do what I dreamed and 
wanted even though there is space and necessity for research, refinement 
and development. It is a project in its birth based on a personal research. It is 
my intention to release it to public domain. 

Although in my opinion electronic music is an essential element in 
composing interesting and convincing pieces of music, it is clear that when it 
comes to score generation solely, Õdaiko works without it. 
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3.3 Conclusions 
 
 

The computation and network power that computers have acquired, 
make possible to generate scores in real-time thus opening a new paradigm 
for composer-musicians interaction. 

This thesis proposes Õdaiko, a real time graphical score engine based 
on rhythm. It features a composer playing live electronic music, an assistant 
of the composer generating the scores and finally performers(s). In it, I 
attempt to create a system relating rhythm, density changes over time, real 
time score generation and live electronic music while enhancing an interactive 
environment. 

Õdaiko offers flexible score possibilities based on rhythm events, 
positioned in time with a sieve formula, in order to allow a composer to 
compose rhythm and to shape it in real-time. By composing rhythm in real-
time, making use of sieves, a composer is also offered the possibility to 
predict and compose musical form, thus, it is where the core of the 
composition lays. 

In the process of composing music, thus performing music, with the 
Õdaiko environment, notation and performer become part of the composition 
itself. The same piece can have different realizations but sharing a generic 
similarity. The music is constantly fluctuating between determinate and 
statistical behavior making it be fluid. 

Further work will include performance-based studies in order to gain a 
better insight on the matter of rhythm relations, articulation of time and 
graphical notation. A second parallel study will be exploring the restrains that 
a real time-score has in performance. 

As an inspirational idea, I see real-time score generation as something 
that surely will evolve much more and became more prominent.  I foresee 
composers being able to generate scores faster and with better accuracy. I 
imagine composers making use of such things as EEG in order to surpass the 
pitch paradigm of traditional scores and be able to translate and imprint 
gestures of more detail and intimacy, into complete new notations and maybe 
to complete new instruments! 
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