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Abstract 

Composing music is something a lot of people have wished they could be able to do. 
Unfortunately, to be able to compose music, people often need several years of training 
and study to acquire the necessary knowledge: first to learn how to use the traditional 
musical representation and then to learn the rules for composing different kinds of 
music.  

This thesis describes research to develop and evaluate a representation and system for 
musical composition. The system provides users with a simple and specific language to 
create and interact with the artificial world; and by creating animals and giving them 
behaviors, users are composing music. The user study conducted at the end of this 
project showed that this program (“CompositionALife”) could make it easier for people 
without previous knowledge in music and/or composition to compose interesting music. 

 

Keywords: Music, computer, artificial life, artificial world, musical notation, musical 
representation, music notation, music representation 
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1 Introduction 

How can computers help people to compose music, especially if they have no prior 
musical training? 
This problem is separated into two separate questions which are: 

- How to modify music notation into something more usable for the purpose of 
computer programming and especially with the use of an artificial world? 

- How to empower human beings to compose music by the use of an artificial 
world and this new musical representation? 

The objective has been to create a new concept for solving the problem formulated 
above. 

This concept is first based on the link between music notation and creation and how 
they interact with one another. How do new representations change the way we see 
music and how does it empower us to create music? This will lead to the representation 
proposed in this thesis and will explain how this representation allows a fresh look at 
music creation. This is the first part of the new concept. The second part was to create 
an innovative way of using this new representation for doing music composition. The 
idea for this part, as it is designed for people having no previous knowledge in 
composition, was to create a layer of abstraction between them and the music. 

How is it possible to represent music in a way that makes it funny and intuitive to use 
without it becoming restrictive for the end-user? 

The solution implemented for doing this was the creation of an artificial world in 3D 
(three dimensions, but displayed only in 2D) that the end-user can create and interact 
with in real time. The concept of being able to interact with the music heard is also used 
in some modern composition. By doing so, the end-user has the possibility to 
experiment and modify in real time the composition to arrive at something that he/she 
likes. The creation and interaction between the end-user and the artificial world is made 
possible thanks to a simple language implemented for this purpose. 

In the current implementation of “CompositionALife”, three different kinds of music 
have been implemented: Blues, Asiatic and Experimental. The user can choose between 
these three styles of music which load a set of rules that are based on the chosen music 
and he/she is then free to create his/her own set of rules and behaviors to interact with 
the artificial world with the use of the specific language implemented for this purpose. 

The survey following this introduction will present the different solutions that have 
already been implemented to solve this problem. The solution proposed to the problem 
will be presented as well as the method of how this work has been conducted. The 
system description will give a good overview of the implementation realized for this 
thesis. The system evaluation presents the results of the user study conducted with 
different categories of end-users together with the composition protocol that was 
followed by these users and finally an analysis of these results is made in the discussion 
part which leads to the conclusion.  
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2 Survey 

This chapter describes some of the ways that have already been used for improving 
musical notation or adapting it to a specific need. Thereafter follows, some examples 
about the different computational representational systems that already do exist and who 
propose a solution to the problem of how to empower people to compose music by the 
use of computers. This will give a good overview of the different ways that have been 
used to solve this problem. 

The musical notation has evolved to describe more and more things. Today the 
traditional notation still show some limitations when it comes to expressing some 
modern composition that use for example integral serialism or indeterminacy.  

Computers can empower people, without previous training in music, to compose music. 
Several possibilities have already been studied which can be regrouped in four 
categories which are: engaging physically the user; creating a layer between the user 
and the music; changing the user body movements into music; and artificial-life music 
systems.  

 

2.1 History of musical notation 

From the Middle Ages to our traditional notation 

Explaining all the different steps that have lead to the design of the notation we use 
nowadays to represent music could take a whole book if not several so only the main 
steps will be explained here to give an overview of the evolution of musical notation. 

The neumes, 9th Century 

Neumes [27] [28] were developed by theorists of the Middle Ages in the 9th century and 
they are the first musical notation about which further insight is provided. At this time, 
the chants were transmitted orally and texts could be fitted loosely to the traditional 
melodies. All that was needed was an occasional reminder of the tune’s general outline. 
The neumes were placed above words to indicate an ascending melodic line (/), a 
descending one (\), or a combination of the two (∧) (see figure 1). 

 

 
Figure 1:  examples of neumes 
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Even if the neumes were useful, they were still not giving any information about the 
pitch of the note or its duration. They were only used as mnemonics for people who 
already knew and had learnt the chants for many years. 

The apparition of the staff, 10th and 11th century 

To solve the problem of representing the pitch of the note, a red line appeared in the 
10th century at the pitch of F, around which the neumes were grouped. Other lines were 
then added to this first line and in addition to the lines a letter was often drawn in the 
margin to indicate the name of the note for this line. This use of stylized forms of the 

letters F, C, and G eventually became our modern clef signs ( , , and ). In the 
middle of the 11th century, a hexachord system got adopted [27] [28]. This system was 
the one of Guido of Arezzo and it would remain in use until the 16th century. Guido of 
Arezzo is also well known for being the one who has given names to the notes of the 
scale: Ut (transformed later in Do), Re, Mi, Fa, Sol, La which correspond to C, D, E, F, 
G and A. 
These names come from the first syllable of the Saint Jean’s hymn composed by Paul 
Diacre at the end of the 8th century. 

UT queant laxis 
REsonare fibris 
MI ra gestorum 
FAmuli tuorum 
SOLve polluti 
LA bii reatum 
Sancte Iohannesv 

Nevertheless, the note “Si” did not exist at this time. It was probably added in the 16th 
century by Anselme de Flandres. Ut was replaced by Do during the 17th century. 

This system is called Solmization (from the notes Sol and Mi). 

The apparition of rhythms, 13th Century 

The rhythms first appeared in France with Pérotin’s disciples and then by composers of 
the Notre Dame era, but the big change appeared with Franco of Cologne who codified 
a usable system of notation in his “Ars cantus mensurabilis” (The Art of Measurable 
Music), written approximately around 1280. In this system, the relative time values of 
notes, ligatures1 and rests are clearly laid out. The notes then in use included the duple 

long, later called maxima ; long ; breve ; and semibreve . In French music a 

shorter note value was created: the minim . The system remained in use through the 
first quarter of the 14th century and many of its features survived until the middle of the 
16th century [29].  

This system was called the mensural notation [27]. The system thus gave the possibility 
to differentiate the different values of the notes  

                                                 
1 Notational signs combining several successive pitches 
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The Apparition of bar lines and tempo indication, 17th Century 

Music started to be written in time separated by bar lines around the 17th century, but 
regularly spaced barring became a practice only in the 18th century [28]. 

Tempo indications, when first used in the 17th century, were expressed only verbally. 
The kinds of tempo in use were for example, adagio, largo or presto. The number of 
terms used at the time for indicating the tempo greatly increased during the 18th and 19th 
centuries. Finally, with the metronome mark, the tempo was indicated by an absolute 
number of beat per minute for a given rhythm. This system has never been replaced 
since this time. 

Modern notation 

There is an association called the MNMA (Music Notation Modernization Association) 
[26], a nonprofit, international organization of musicians, teachers, composers and 
notation inventors, whose goal is to improve music notation so that it can be more 
accessible and useful for all. 

The chromatic staff concept: 

In traditional notation the staff is based on the notes in the key of C Major/A Minor (the 
white keys on keyboard instruments). Each of these notes is given its own line or space. 
This leaves five notes (the black keys) that have no place of their own on the staff. These 
notes must be represented by altering other notes with a sharp or flat sign, which may 
occur either in the key signature or as an “accidental” within a piece of music. 

 
Figure 2: The traditional staff 

A chromatic staff, on the other hand, is based on the full set of twelve notes found in the 
chromatic scale. Each of the twelve chromatic notes is given its own place on the staff, in 
general either a line, a space, or a ledger line. While different notation inventors 
configure their staves differently using various combinations of lines and spaces, they 
almost all of them follow the principle of giving a unique place on the staff for each of 
the twelve notes. The six-line staff (figure 3) is merely one possible example that clearly 
illustrates this point. Figure 4 illustrates another example of a possible staff to represent 
the twelve notes of the chromatic scale. 
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Figure 3: example of a chromatic staff using 6 lines 

 

 
Figure 4: example of a chromatic staff, the diatonic twin lines notation from Leo de Vries 

 

Two recent developments in musical style during the 20th century have required new 
ways to represent music because the traditional staff was to restrictive [25]. 

The first of these two styles is integral serialism in which the music is controlled by a 
mathematical system. One problem is that every note in the texture may have its 
individual dynamic marking and type of attack (for example, in Olivier Messiaen's Mode 
de valeurs et d'intensités and in parts of Structures I and II  of Pierre Boulez). Another 
problem is how to express unconventional playing techniques. 

All this new information makes the traditional staff very clumsy, cluttered and unclear. 

The second style: indeterminacy or chance music, gives the performer a limited degree 
of freedom. The notation must offer choices to the performer or be deliberately 
imprecise. Traditional staff notation has not been made for this purpose and is too 
specific for this kind of style. 

In addition to these two styles, there is also electronic music composed with graphs, 
mathematical symbols and diagrams, which are not easily translated into a readable 
“score” for publication. 

To try to solve these problems, two different directions have been followed: 

The first one is based on trying to adapt the traditional score. This has been done for 
example in the case of music using microtonal intervals (less than a semitone) where 
standard accidental signs have been modified to represent one-third sharp, two-thirds 
sharp, and so on as in Krzysztof Penderecki's Anaklasis. These new accidental signs are 
represented in figure 5.  
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Figure 5: new accidental signs to express one-third sharp, two-thirds sharp, etc 

The chance music, which is the second style is using a new notational systems where 
symbolic indications of note values are abandoned and replaced by the spacing of the 
note, accompanied by an instruction which gives the value of the spacing, for example 
« 1 inch = 1 second. »  This provides the possibility of using different noteheads (, , , 
etc.) to signify different length of the note. This technique was used in Witold 
Lutoslawski's Trois poèmes d'Henri Michaux and John Cage's Music of Changes for 
example. 
 
However, indeterminate music requires constant experimentation with the notation. 
Directions for the music can also be given about an element such as rhythm or pitch, 
leaving the remaining elements to the user improvisation. The composer could also 
describe the characteristics of the piece with special symbols, a vertical description or 
even an impressionistic drawing (as in Earle Brown’s Hodograph).  Another composer, 
John Cage, supplies lines, dots and shapes, to the performer who is free to interpret 
them. So far, the electronic music has only been adopted in either strict graph form 
(Karlheinz Stockhausen, Electronic Study IIl; see figure 6) or pictorial form (see figure 
7), where patterned drawings represent different timbres (as in Henri Pousseur's Electre 
and Stockhausen's Kontakte). 

 
Figure 6: strict graph form 



Linköpings universitet 
Department of Computer and Information Science 
 

 12 

 
Figure 7: pictorial form 

2.2 Computational representational systems for composing 
music 

The problem of how to use computers to empower people without previous training to 
compose music has already interested a various number of people who have all 
presented different solutions. These ideas are grouped by categories depending of the 
method they are using to solve the problem. As a consequence, four categories appear 
which are the following ones: physically engaging the user; creating a layer between the 
user and the music; changing the user body movements into music; and artificial-life 
music systems. The following sections describe these in more details. 

 

Physically engaging the user. Engaging physically the end-user for creating music is 
one of the solutions that have been chosen to solve the problem of empowering human 
beings to compose music through computers. 

In this case, the end-user has to manipulate physical objects and play with them in order 
to create music. The end-user can interact with the music in real time by playing with 
the objects in a specific way [1-8, 10-13, 19-21]. 

Most of the projects using physical objects are basing the creation of music upon the 
recognition of different kind of objects and their coordinates [1-8, 11- 13, 19-21]. These 
projects are using different methods for doing this: either they use digital video 
recognition [1, 2, 4, 6, 13, 19, 20, 21], magnetic tags [5, 7, 11, 12] or scanners [8]. 
Several of these projects display graphics in various ways [1, 2, 5, 7, 11, 12] to express 
the music heard. Some others are also using augmented reality2 [1, 2] to add animation 
to the physical objects that are manipulated by the user. 

 

                                                 
2 Augmented reality (AR) is a field of computer research which deals with the combination of real world and computer 

generated data. At present, most AR research is concerned with the use of live video imagery which is digitally processed 

and "augmented" by the addition of computer generated graphics. Advanced research includes the use of motion tracking 

data, fiducial marker recognition using machine vision, and the construction of controlled environments containing any 

number of sensors and actuators. 
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Other projects [10] are using physical blocks that can be fitted together in different ways 
to create musical phrases and structures. 

Finally, another way to use physical objects is to make the objects interact directly with 
the user [3]. In this case, the user can bang on a hand-held percussive instrument which 
allows the creation, manipulation and sharing of rhythmic motives with other users who 
are using the same “instrument” and who are connected to the network. 

 

Create a layer between the user and the music. Another way to solve the problem is 
by creating a layer between the user and the music; the user can express his/her feelings 
in a non musical way. In this case, the drawing represents the layer which is used by the 
end-user to express his/her feelings which are then interpreted into music [9, 14-17].  

Some projects directly convert the draw of lines of various colors and shapes into music 
[16, 17]. In others, the user modifies the coordinates of the graphic elements and it is the 
interaction between a moving object and the graphical objects on the screen that creates 
the music [9, 14, 15]. 

 

Change the user’s body movements into music. This method has some similarities 
with the first one as the user is physically engaged in the creation of music except that 
in this method, no physical objects have to be manipulated. The body of the end-user is 
enough in itself. It will then be the body movements of the user that will initiate the 
creation of music [18, 19, 20, 21].  

Some systems [18, 19, 20, 21] are using hands movements which are transformed into 
music, either like if the user was playing on a virtual instrument or by linking these 
movements to a musical representation.  

Some of these systems [19, 20, 21] also generate images at the same time that they 
generate sounds, linking a painting to the composition. 

 

Artificial-life music systems. In this method, the user does not really create the music 
him/herself. The music is created using Artificial Intelligence (AI) and Genetic 
Algorithms (GA) [22, 23, 24].  The user's only possibility to "create music" is either to 
move around in the world and select the sources of sounds that will be heard, or 
influence the animals’ behaviors by his/her own presence and movements.   

In some cases [22, 23], the user either selects the animal he/she wants to hear or steers a 
virtual camera and microphone to listen to a part of the artificial world to create the 
music. Even if the user does not "create" the music in the “normal” sense, he/she still 
can be seen as the composer as it is by moving around in the Artificial World and 
selecting different sources of sound that the "score" is created.   

In some systems [24], the music exists only because of the presence of users in the room 
and the music evolves in a different way depending of what the users are doing.  
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3 Research Problem 

This chapter explains the solution that has been chosen in this project 
(“CompositionALife”) to solve the problem. It then shows how this solution is new 
compared to the solutions proposed in other projects. Finally, it explains the relevance 
of the research problem. 

The problem is how computers can empower human beings to compose music, 
especially if the person does not have any previous musical knowledge. The solution 
proposed in this thesis is to use an artificial world as an abstract layer between the user 
and the music and to link this artificial world to a new musical representation. Finally, 
the user is allowed to create and interact with this world thanks to a specific end-user 
language. 

3.1 The problem and the way to solve it 

As a reminder, the problem this thesis is trying to answer is: 

How computers can help human beings to compose music, especially if the person has 
no prior musical training? 

To solve this problem, a new concept, using a new musical representation and an 
artificial world has been used. 

The idea is to try to facilitate the creation of music for non-musician people by 
abstracting the musical creation by adding a layer between the user and the music, 
which is the artificial world, and at the same time allow quite complex composition 
thanks to a simple language with which creation is only limited by the imagination of 
the user. 

The musical representation is linked to the artificial world. By doing this, it allows the 
user to understand what is happening when he/she is creating and interacting with the 
artificial world. There is no abstract mapping between what is happening in the artificial 
world and the music created. It is only based on the musical representation. For 
example, every animal inside the artificial world has a musical meaning based on the 
musical representation.  

The artificial world is controlled in real time using a specific language made for this 
purpose.  

Finally “CompositionALife” is giving a meaningful and understanding graphical 
representation of the music. 

3.1.1 Originality of the solution 

Parts of the concepts used in this thesis independently exist in other projects but the 
combination proposed here has not been yet experimented. 

-   The musical representation used in this project, “CompositionALife” has been 
partly used in other projects like the Augmented composer [1]. In the 
Augmented composer project, the X axis represents the time and Y the pitch. 

In the representation used in ”CompositionALife”, Y is still the pitch but X is 
not really the time, but the duration of the note. In addition, a third dimension is 
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used to express the intensity of the note. In the Augmented composer project, 
intensity is changed by rotating the card. 

- Combining an artificial world and an end-user language is something that 
already exists in numerous projects like StarLogo or NetLogo. StarLogo and 
NetLogo are multi-agent programmable modeling environments based on the 
Logo programming language which was made to create drawings and 
animations by giving commands to graphic "turtles" on the computer screen. In 
these cases, it has not been combined with music. There is an option to create 
sound with NetLogo but sounds are not created using a particular musical 
representation. It is only using midi specifications. 

- Combining an artificial world and creation of music. In the projects presented in 
the survey, projects using artificial worlds leave very little space for the user 
creativity. They just allow him/her to select the source of sound or in the case of 
the “Eden’s project” [24], the user does not really control the modifications 
happening in the music. In ”Living world”, it is the user who decides how the 
world will be created and how to make it evolve by giving behaviors to the 
different animals. Probably the project closest to ”CompositionALife” is 
SimTunes [14][15]. SimTunes is also using an artificial world with animals 
moving around and singing. But there are various differences.  

First of all, it is not using any musical representation. Second, the animals are 
just following colored path playing a note or changing direction while passing 
over different colors. In ”Living world”, behaviors can be given to the animals 
and each action has a musical meaning. For examples, eating creates an 
appoggiatura and mating change the tonality in which the animal is singing. 

- Each “draw” represents a piece of music. The same is true in SimTunes but in 
“Living world”, “the draw” corresponds to the initial configuration state of 
animals and food and it does not create the same piece of music all the time. It is 
only the case, if the same world, rules and behaviors than in the initial 
composition are used. Otherwise, it will probably sound quite different. This 
allows a lot of experimentations by modifying only one thing at a time and 
always getting a new composition. 

- Different styles of music are available for the user to choose between in 
“CompositionALife”. Most of the other projects that really allow the user to 
create music him/herself are using pre-recorded music, like in Block Jam[10] or 
Augmented Groove[2], or allow very few variations of pitches and continuously 
loop on themselves, like in the Augmented composer[1] or audio d-touch[13] 
which give very repetitive music. 

- Modifying the behaviors of the animals, create new animals or adding food in 
real time really allows experimentations for the user as he/she does not have to 
wait to having finished modifying his/her “draw” (like in Hyperscore[16]) to 
listen to how the modifications change the music. In ”CompositionALife”, every 
modification is immediately heard. 
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3.1.2 Relevance of the research problem 

The interesting thing with “CompositionALife” is that it easily enables the user to make 
a lot of different experiments.  

First, the same composition (composed of the initial configuration state of animals and 
food, rules and animals’ behaviors) will give very different music depending of the 
environment selected by the user. 

Second, the same initial configuration state of animals and food can be used with 
different rules and/or animals’ behaviors giving each time different compositions. 

Third, changing only one component, like food will change the composition too, 
because every action of the animal has a musical meaning, and inserting additional food 
gives the animal the possibility to eat it and thereby sing an appoggiatura. 

In summary,”CompositionALife” intends to give the possibility for non-musicians, to 
compose and experiment easily with music. It requires learning the language to create 
and interact with the artificial world but as it is a simple language, it will only take a 
few hours and will give a lot of possibilities to the user. 
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4 Method 

This chapter presents the method chosen to conduct the work of this project and why 
this method has been used. 

The method that has been followed to solve the problem presented in this thesis can be 
segmented into 7 parts which are: 

Implementing the environment. This part consisted on creating a new musical 
representation and an artificial world which will be using the representation. 

Elaborate the user language to manipulate the artificial world.  This part consisted 
on creating a specific language for the end-user to be able to create his/her own artificial 
world and interact with it. 

Test the system:  

- By inputting some music. This consists in being able to load a midi file in the 
program and see how the animals are moving to follow the music.  

- By experimenting with different kind of musical representations (different scale 
for pitches and/or durations) in the same artificial world 

- By experimenting in different artificial worlds with the same representation 

Modify the representing system in consequence of the tests. This consists in adapting 
the musical representation to produce music as close as possible to the style selected.  

Find some rules to respect a particular style of music whatever the user is doing. 
The rules here are internal rules not visible by the user. It is used to specify for example 
what musical action should happen when an animal eats. 

Test the program with some real users. To have a global overview, different kinds of 
end-user are selected: 

- Non-musician without programming skills. 
- Non-musician with programming skills. 
- Musician without programming skills. 
- Musician with programming skills. 

This survey is conducted in order to evaluate the current implementation and see if it 
helps people to compose music, especially if they do not have any previous knowledge 
in music. 

 

Why this choice of method? 

The idea here was first to build a very simple program to do music by using intelligent 
agents (animals with a behavior) and then to make the program evolve based on the 
tests done. This method was chosen to be sure to have something consistent at the end 
of the thesis. It is a very large topic and as research could take a very long time and only 
a short amount of time was given to do this thesis and as results are crucial, this method 
was chosen.  
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5 System description 

This chapter will present the system that has been developed. First it will explain how 
the system works in detail, every part of the system (the end-user environment and the 
end-user language) will be presented. An overview of what can be done by the end-user 
will follow before to show a usage scenario with some examples of how to use the 
system, some examples of commands from the user language and the different steps to 
create a composition. Finally, experimentations that are possible to do with the system 
will be presented. 

This system allows the user to compose music through the creation and the interaction 
of an artificial world thanks to a specific end-user language. The user can choose 
different environments (styles of music) in which to do his/her composition and 
experiment by using the same simulation in different environments to get different 
compositions very easily. 

5.1 How the system works 

5.1.1 Overview of the program 

This program offers the possibility for the end-user to create music indirectly by 
creating an artificial world and populate it with animals and food.  

The program consists of a GUI (Graphical User Interface), a simulated visual/musical 
artificial world and a specific end-user language for creating and interacting with the 
artificial world. 

Compositions are made by writing some code using the end-user language to create and 
interact with the artificial world which transforms the movements and actions of the 
animals (like eat or mate) into music by using a specific musical representation. What is 
called composition here corresponds to a particular simulation made by the user. A 
simulation is composed of the creation of the artificial world which is made up by one 
or more animals and the behavior given to these animals 

Some parameters can be chosen by the user like the environment (Blues, Asiatic or 
Experimental), the behavior of the animals and the organization of the artificial world 
(where the animals and food are situated). In the current implementation, these 
environments are fixed inside the program, and the user can not create new 
environments. The idea is that in future versions have many more different 
environments for the user to choose between.   

Equally, the musical actions that are linked to the animals’ actions are also fixed inside 
the program. 

 

Tools used for the implementation of this program. This program has been 
implemented using Java, an object oriented language and more precisely the Java 2 
Platform Standard Edition 5.0, with Eclipse on a Windows PC. A Java API (Application 
Programmer Interface) called JFugue has been used for music programming. This API 
is based on the MIDI specifications and enables to represent music by strings and to 
play it at runtime authorizing the creation of evolutionary music. Finally, Kawa, a Java-
based Scheme system has been chosen to implement the end-user language. This will be 
explained in details in the section about the end-user language. 
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5.1.2 The end-user environment 

This section will first give a short overview of the organization of the GUI of the 
program. After this, the musical representation used in this program will be presented as 
the different scales for pitches and durations. An explanation about the different 
environments will follow before to finally present the population of the artificial world. 

 

The GUI of the program. Figure 8 represents the GUI of the program when it has just 
been launched. The GUI is separated in two main windows: the “Command Center” and 
the “Artificial world”. 

 

 
Figure 8: “CompositionALife” when it is launched. 

The “Command Center” is where most of the interactions between the user and the 
program will take place, it is in the “Command Center” that the user selects the type of 
music he/she wishes to create, that is between Blues, Asiatic and Experimental. These 
styles of music are called worlds or environments.  

It is also here that the user can enter commands  in the tab called “Scheme Commands” 
to create and interact with the artificial world. This can be seen in figure 9. Finally, it is 
also from this window that all the options to save and open the compositions are located 
(as can be seen in figure 12).  

The « Artificial world » is the graphical representation of the music that is being heard. 
The user can interact directly with the artificial world by using the mouse to create 
animals, drag them around the artificial world and also see and modify their settings. 
One window is not visible in figure 8, but can be seen in figure 10. It is the «Working 
Space Editor” which can be opened trough the “tools” menu of the “Command Center” 
window. The “Working Space Editor” is a simple text editor to allow the user to write 
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more complex code than simple commands. This will be explained more in details in 
the part about the end-user language. 

 

 
Figure 9: the Scheme Commands interface to enter simple commands 

 

The musical representation. Each world (Blues, Asiatic and Experimental) uses a 
specific musical representation, based on the same idea which is to link each direction 
(X, Y, Z) of the world with a musical characteristic. Each world uses the same model.  

In this model, X = note’s duration, Y = note’s pitch and Z = note’s intensity. The 
intensity scale is the same in every world and is organized so that the smallest value of 
Z represents the softest sound and the biggest value has the loudest sound. The Y axis is 
always organized in the same way as well, with the bass on the top and the treble at the 
bottom of the screen. However, the pitch scale and the duration scale are different for 
each world to adapt with the music style. 

If the pitch and the intensity scale are organized in an “increasing way”, it is not the 
case for the duration scale which is mixed to group together typical rhythms from the 
musical style selected. One exception has been made for the experimental world where 
the duration scale is also organized in an “increasing way” from left to right (very short 
durations → very long durations). 
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Bellow is a representation of the orientation of the 3 dimensions and what they 
correspond to. 

 

The X axis (representing the note’s duration) does not have an arrow because there is no 
linearity along this axis.  

 

The intensity scale maps all intensities from PPP (pianississimo) to FFF (fortississimo) 
in an “increasing way”. There are eight different intensities in the program which are: 

Pianississimo PPP Very, very soft 

Pianissimo PP Very soft 

Piano P Soft 

Mezzo Piano mP Medium soft 

Mezzo Forte mF Medium loud 

Forte F Loud 

Fortissimo FF Very loud 

Fortississimo FFF Very, very loud 

 

Pitch and duration scale in the different environments. In order to try to give a 
feeling of Blues or Asian music to the user it was necessary to find a way to simplify 
these styles of music in a way that could be easily expressed inside the program. For 
doing that, specific pitches and durations scales have been chosen. In addition to that, a 
careful choice of instruments has been made for each environment to be as adapted as 
possible with the style of music3. 

 

The pitch and duration scale in the Blues world: 

In the Blues world, a Blues scale in “Db” has been used which contained the following 
notes: Db, Fb, Gb, G, Ab and Cb.  

 

                                                 
3 It is important to realize that there is no such thing as a Blues scale or an Asiatic scale. There are many different ones 
and very often you encounter notes out of the scale which often are the one giving the color to the music. The scales here 
are simply chosen because they easily suggest to most people “music of a particular style”. 
 

Note’s intensity (Z) 

Note’s pitch (Y) 

Note’s duration (X) 
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Five different kinds of durations have been used:  

Half note 
 

Dotted quarter note 
 

Quarter note 
 

Eighth note 
 

Sixteenth note 
 

These five different durations are organized by groups to create typical Blues rhythmic 
patterns like a dotted quarter note and an eighth note or half note and sixteenth note. 

 

The pitch and duration scale in the Asiatic world: 

In the Asiatic world, a pentatonic scale in “C” has been used which contained the 
following notes: C, D, F, G and A 

Five different kinds of durations have been used:  

whole note  

Half note 
 

Quarter note 
 

Eighth note 
 

Sixteenth note 
 

These five different durations are organized by groups to create typical Asiatic rhythmic 
patterns like half note followed by several eighth notes and then a long note followed by 
several shorter ones. 
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The pitch and duration scale in the Experimental world:  

In the Experimental world, a chromatic scale has been used which contained the 
following notes: C, C#, D, D#, E, F, F#, G, G#, A, A#, B 

Fifteen different kinds of durations have been used:  

whole note  

Dotted half note  

Half note 
 

Dotted quarter note 
 

Quarter note  
 

Dotted eighth note 
 

Eighth note 
 

Dotted sixteenth note 
 

Sixteenth note 
 

Dotted thirty-second note  

Thirty-second note 
 

Dotted sixty-fourth note  

Sixty-fourth note 
 

Dotted hundred-twenty-eighth note 
 

Hundred-twenty-eighth note 
 

In the case of the Experimental environment, nothing particular has been done in order 
to give as much liberty as possible to the user to “experiment” and find what ever he/she 
wants. 

 

The different environments. In the current implementation, three different 
environments or worlds are accessible by the end-user: Blues, Asiatic and Experimental. 
At the moment, these environments are fixed and the user can not create new 
environments, but the idea of this system is to have many more of these environments 
for the user to choose between. As presented previously, each environment has its own 
pitch and duration scale. So when the user selects an environment, it is loading a 
specific pitch and duration scale. In addition to that, different instruments are loaded. 
The choice of instruments depends on the style of music and can not be changed by the 
user. In the current implementation, each species of animal is linked to a specific 
instrument. This is also specified in the program and can therefore not be changed by 
the user. Four different species of animals exist which means that four different 
instruments are accessible in each environment. 
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 Cat Dog Mouse Turtle 

Blues Piano Guitar High-Tom Double bass 

Asiatic Shamisen Shakuhachi Chinese cymbal Koto 

Experimental Piano Bird Tweet Tambourine Guitar fret 
noise 

 

The population of the artificial world. The artificial world is populated by animals 
and food. As it has just been specified, there are four different species: cats, dogs, mice 
and turtles. Each animal has two genders (male and female) which allow reproduction 
between different genders of the same species.  

Each animal is characterized by: 

Species Cat, dog, mouse or turtle 

ID number Unique number to identify the animal. 
Starting at 1 

Life time Decreasing when moving, Increasing 
when eating 

Sex 0: female, 1: male 

Position (X,Y,Z) in the world Values for X=[0,14]; Y depends of the 
world; Z=[0,7] 

Color Depending of the species 

Direction in which the turtle is looking in 
the plan XY 

From 0 to 360 degrees 

Direction in which the turtle is looking in 
the plan YZ 

From 0 to 360 degrees 

Behavior Written by the end-user 

The food is the same for every species.  

To mate or eat, the animals do not need to be exactly on the same square (same X, Y, Z) 
as the food or the animal of the opposite sex. They just need to have the same X and Y 
value. The reason for this is to have more chances that these actions occur as there can 
only be a few animals compared to the number of squares in the 3D artificial world. 
This means that an animal eats food when it walks above a square (X, Y) where some 
food is appearing. If there is only one “food” in this square (X,Y), the square will look 
empty after the animal has passed and eaten the food. However if there were several 
“food” at different Z values in the same square (X, Y), one “food” will disappear, but 
the square will still display food. 
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5.1.3 The user language 

The user language is a very important part of the project as it is by this way that the user 
will be able to create and manipulate the artificial world. This section will explain 
which language has been chosen to create the user language and why. 

The user language has been specified using Kawa, a Java-based Scheme system. The 
language is composed of simple commands to create and interact with the artificial 
world.  

Why Scheme. A lot of different languages could have been used like Java or Python. 

At the beginning BeanShell was used. BeanShell is a small, free, embeddable Java 
source interpreter with object scripting language features, written in Java. BeanShell 
dynamically executes standard Java syntax and extends it with common scripting 
conveniences such as loose types, commands, and method closures like those in Perl 
and JavaScript.  

The problem with BeanShell is that it uses Java as a scripting language. This does not 
make BeanShell very flexible to create a user language with a simple syntax. 

Simple commands could be made easily with BeanShell but as soon as more complex 
commands had to be made, the syntax of java made it very unclear. For example, to 
create a command that would take a predicate as a parameter was something quite 
complex to realize with BeanShell and even when succeeded, the syntax that the user 
would have to use to call this function was not really straight forward. 

More time would have to be spent by the user to learn the syntax to know how to write 
his/her commands in a good way, than to think about what he/she wanted the animal to 
do. 

This is why languages like Python or Scheme seemed to be more designed for the 
purpose of being used as an end-user language.  

Scheme has been chosen as the end-user language because it has a restricted syntax that 
can be learnt very quickly by the end-user. Moreover, everything in Scheme has the 
form (OPERATOR OPERAND1 OPERAND2 ...) which helps avoid confusion for the 
end-user.  

Scheme was easy to integrate into the project and easy to use with a simple syntax. By 
consequence, it was corresponding to what could be expected from an end-user 
language in this case. 

In the current implementation, Scheme is directly used as the end-user language and 
some specific commands have been added to allow the user to be able to directly use 
them to easily create and interact with the artificial world. Scheme makes it easy to 
write complex commands while keeping a simple syntax.  

Future research could be to design a more appropriate end-user language as Scheme 
makes it possible to design end-user languages. This will be discussed in the “future 
work” section. 

In this program, the user can either type commands one at a time and see the responses 
to them immediately by the use of the “Scheme Commands” panel or write a list of 
commands inside a “Working Space Editor” (which is a text editor) and evaluate them 
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by the use of the “evaluate” function from the “Evaluate menu” of the «Working Space 
Editor”. The content of the «Working Space Editor” can be saved as a file to be re-used. 

 

 
Figure 10: the Working Space Editor, to write rules and behaviors for the animals 

 

5.1.4 What is possible to do with this program and how? 

This section’s only goal is to give an overview of what can be done by the user with this 
program. 

The goal of this program is to allow people to compose some music.  

 

The user can do several things:  

By using the user language. The user can create and interact with the artificial world. 
The user can either enter simple commands and directly evaluate them, or write some 
behaviors for the animals. When the behavior has been applied to an animal it does not 
stop until the animal dies (if the user has specified this in the behavior) or until the 
behavior has been canceled.  

By the use of the mouse. The user can create animals and food in the artificial world by 
right-clicking on an empty square. He/she can also moves animals and food around the 
artificial world by dragging and dropping them. Finally users can see and/or modify 
animals’ settings by right-clicking on them. 

By importing a midi file.  The user can load a midi file into the program by selecting 
the option “import midi file” in the “tools” menu of the “Command Center” window to 
see a graphical representation of a particular piece of music, using the artificial world of 
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the program and its musical representation. This part has some limitations due to some 
synchronization problems and timer functions used by Java. This may lead to that the 
user may experience some delay between the sound and the movements of the animals. 
In addition to this problem, the current implementation can only read midi file using 
“midi note off” and not the ones using only “midi note on” to specify when a note is 
finished. In the latter case, nothing will happen. 

By saving a composition into a midi file. If the user wants to keep some of his/her 
compositions, he/she has the possibility to record the music and save it into a midi file. 
To do this, the user can just click on the button “start recording” (located in the 
“Command Center” window) when he/she wants. To stop recording, the user just have 
to click on the same button, now named “stop recording,” and a panel will open for the 
user to select where to save the midi file and with what name. 

If the user wants to listen to one of the recordings he/she has done, he/she can use the 
integrated midi player, accessible under the “file” menu of the main window by clicking 
on “Play a midi file” (see figure 11). 

 
Figure 11: The midi player 

 

By saving each part of the composition. The user can save each part of the simulation: 
the initial configuration of the state of animals and food, rules and behaviors (see figure 
12). The initial configuration of the state of animals and food can be seen as the visual 
map of animals and food in the artificial world at the time it is saved. 

By saving each part of the project, the user will be able to do again the same simulation 
and by consequences recreate his/her composition. For doing this, the user will need to 
use the same parts of the simulation (same initial configuration state of animals and 
food and same behaviors for the animals) together. 
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Each part is saved independently to facilitate experimentations. This way, the user can 
use rules written in the Blues world and try them in an Asiatic environment to see what 
happens. 

 

 
Figure 12: The tools menu to save and import 

5.1.5 Limitations 

This section presents some of the limitations of the current version of this program. 

This project has some limitations due in part to the technology chosen to realize this 
project. 

The first limitation is that the user can not create more than thirteen animals. This is 
because the midi system can only have sixteen channels at the same time. Each animal 
is using one channel and then there is one channel for when animals are singing 
together, one for the blues pattern and one for the midi player which makes sixteen. 

Another limitation is that the sound is sometimes cut due to threads interruptions. As 
each animal is running its own thread and that each animal sings with its own “player”, 
a lot of concurrent threads are running at the same time and as the sound is depending 
on time, it can explain why the sound is sometimes cut. 
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5.1.6 Usage scenario 

The following section describes how a user might go about using the system to load, 
play, modify, and create compositions. 

How to use the program 

In this section the different steps which will allow the user to create some music will be 
described. 

Seven steps can be distinguished to create some music: 

a) The user starts with a “blank” screen which represents an empty artificial world. 
 
b) The user has to select a style of music between Blues, Asiatic and Experimental. 
Blues is the default style when the program is opened. When the environment is 
selected, some internal rules are loaded into the program as a consequence. For the 
moment, there is nothing to see or hear. The screen stills blank. 
 
c) The user can either load an initial configuration of the state of the animals and the 
food by using the “import initial configuration of the artificial world” function in the 
“tools” menu of the “Command Center”, or create a new configuration by using the user 
language or the mouse. 
 
d) The user can then either load rules and behaviors in a «Working Space Editor” by 
simply opening a previously saved file, or write new rules and/or behaviors for the 
animals. 
 
e) To start and make the animals move and create music, the user just has to evaluate 
the behaviors he/she has written or loaded using the “evaluate” command in the 
evaluate menu of the «Working Space Editor”. 
 
f) The user can modify in real time the behaviors of the animals and re-evaluate to apply 
the new behaviors while they are already moving. 
 
g) The user can independently save the different parts (initial configuration state of 
animals and food and the behaviors of the animals). To save the initial configuration, 
the user has to use the function “save initial configuration of the artificial world” in the 
“tools” menu of the “Command Center”. To save the rules and behaviors, the user has 
to use the save function of the file menu of the «Working Space Editor” in which the 
code that the user wants to save has been written. This can be done at any time. 

Examples of commands 

This section will give some explanation about how commands are built, but also how to 
create a behavior for an animal and how to create new commands.  

All commands are built on the same model. All commands related to the animals need 
at least the “id” number (identification number) of the animal on which to apply the 
command. All commands finishing by “?” return a Boolean so either true or false. All 
commands finishing by “!” modify the value of a characteristic of the animal. 
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Example of usual commands: 

To create a cat: 

(create-cat 1 0) 

The first number (1) represents the number of cat the user wants to create. The second 
number (0) represents the sex of the cat (0=female, 1=male). 

 
To know if there is food under animal 1 (will return true or false): 

(food-under? 1) 

 

To change the value of the position X of the animal 1 to the value 45: 

(set-posX! 1 45) 

 

A complete list of commands can be found in Appendix A. 

 

The user can also easily create new commands by combining existing ones and has 
access to all the features that Scheme offers with the limitation of the Kawa 
implementation. 

 

How to create a behavior for an animal: 

The command used to create an animal’s behavior is “set-behavior!” 

The command is constructed like this: 

(set-behavior! (animal ID) 

 (lambda (id) 

 (actions the user wants the animal to do) 

)) 

This for example could give something like that: 

(set-behavior! 1 

 (lambda (id) 

  (forward id 1) 

  (right id 45))) 

In this example, the animal will move one step forward and turn 45 degrees on its right 
and then start again in loop. 
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How to create new commands with no parameters: 

In a first time, a new "root" function is defined like this: 

(define (the name of the function and the name of the 
parameters separated by a space) 

 (lambda (id)  

 (the commands the user wants to use in this 
function))) 

This could give something like that: 

(define (mkb-change-rhythm) 

 (lambda (id)  

 (set-headingXY! id 180) 

 (forward id 1))) 

Here, the function is to set the direction in which the animal is looking in the plan XY to 
180° and then make it moves one step forward. By doing so, the animal is changing 
column and by other words: rhythm. 

Then, from the "root" function, the function that will be called in the animal’s behavior 
is created: 

(define change-rhythm (mkb-change-rhythm)) 

 
Finally, in the behavior, the function will be called like this: 

(set-behavior! 1 

 (lambda (id) 

  (change-rhythm id))) 

This behavior will have as a consequence that the animal will constantly change 
column. 

 

How to create new commands with parameters: 

The first time, a new "root" function is defined like this: 

(define (mkb-forward steps) 

  (lambda (id) 

    (forward id steps))) 

This code is to create a function to make the animal move forward a certain number of 
steps. 
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Then, the function that will be called in the behavior is defined like this: 

(define forward-5 (mkb-forward 5))  

 
Finally, in the behavior, the function will be called like this: 

(set-behavior! 1 

 (lambda (id) 

  (forward-5 id))) 

This behavior will make the animal move forward five steps and then start again in a 
loop. 

A useful function is: 

(mkb-seq list of commands) 

This code can be used to create commands which do several things, like this one: 

(define forward-5-and-change-rhytm  

(mkb-seq forward-5 change-rhythm)) 

Finally, in the  animal’s behavior, the function will be called like this: 

(set-behavior! 1 

 (lambda (id) 

  (forward-5-and-change-rhythm animalID))) 

This function will make the animal move forward five steps and then change rhythm 
and start again in a loop. 

Composition steps 

This section shows the protocol that has been followed to create a composition. 

The protocol is the following: 

a) Choose the Environment (Blues, Asiatic or Experimental) 

b) Create one animal  

c) Give a behavior to the animal 

d) Modify the behavior until having something that sounds nice 

e) Stop the behavior of the animal 

f) Create another animal from another species 

g) Do the same that with the first animal 

h) Try to make the two animals play together to hear what it sounds like. 

i) While both animals are moving, modify if necessary the behavior of one of 
the animals or both until arriving at something nice acoustically speaking. 
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j) Repeat the previous step each time a new animal is added 

k) Play with the number of food in the artificial world to modify the music 
heard 

Experimentations: 

This section gives an overview of the kind of experimentations that can be done by the 
user. 

One of the interesting things when a composition is finished is to try it in another 
environment. In the current version of the system, this is only possible between the 
Blues and the Asiatic environment. So if a composition is created inside the Blues 
environment, it can be tried in the Asiatic environment and vice versa. So in fact, two 
different compositions are obtained for each one that is created. 

Moreover, the same configuration state of animals and food can be used with different 
rules and behaviors that have been previously created for another composition to 
quickly create a new composition. 
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6 System Evaluation 

In order to evaluate the implementation, a user study was conducted.  

This chapter first describes how the survey was conducted. Then, the results of this 
survey, user reactions and user-created compositions are presented. Finally, a discussion 
of these results is held to see if this project really brings a solution to the given problem 
which was: “How computers can help human beings to compose music, especially if the 
person has no prior musical training?” 

Results from the different end-users were mostly favorable. Except for the end-user 
language, this seems to still be too complicated for people without any previous 
programming skills. “CompositionALife” seems to allow easily experimentations and to 
be helpful to allow people without any musical background to compose music. 

6.1 Description of the user study of this program 

This section will explain how the user study has been conducted and describe the 
categories of questions asked to the different users. 

 
Eight persons have been asked to try this program. These people have been selected in 
order to have four kinds of categories (with two persons asked per category) which are: 

 - Non-musician without programming skills 
 - Non-musician with programming skills 
 - Musician without programming skills 
 - Musician with programming skills 

All these people were all students from Linköping University between the age of 20 and 
26. The definition of people having programming skills are people that are studying 
computer sciences so are used to write some code. The definition for musicians in this 
survey is a person that has been studying music and knows how to play an instrument. 
This person doesn’t necessarily have any knowledge in music composition. 

The idea of having these kinds of categories was to see how they used the program 
differently: if programmers were advantaged when using the user language, and also if 
musicians were able to do better compositions than non-musicians. 

Each participant had a printed list of all the commands with their meaning and a little 
guide about how to use commands and how to create new ones. During every test, the 
users could ask some questions and get help if they were having some difficulties when 
programming. Otherwise, the users have been observed to see how each category of 
users was reacting when having to use ”CompositionALife”. 

Each participant was asked to try each of the three environments (Blues, Asiatic and 
Experimental) of the program. Then they were also asked to try to create some music by 
using a program based on a traditional staff and traditional musical notation. Finally, 
they had to complete a questionnaire at the end of the testing session. The complete 
questionnaire can be found in Appendix B.  

The questions were about the user language, the different environments, the musical 
representation, the global simplicity of the program, the options available and the 
protocol followed (if any) to create their composition. Finally there were also some 
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questions about their opinions between this program and the program using a traditional 
staff and musical notation. 

6.2 Results obtained from the User study 

In this section, the results from the tests of this program by some end-users will be 
presented. 

The results are presented by categories and give the opinions of the different categories 
of users about:  

- The user language 
- The different environments (Blues, Asiatic, Experimental) 
- The musical representation 
- The overall simplicity of the program 
- The options available 
- The protocol they have followed for composing 
- The difference between this program and the program using a traditional staff 

and musical notation. 
 

About the user language: 

Each person asked to test the program had to use the user language to create and interact 
with the artificial world. They were then asked about how they found this language. 
How easy it was to use, if it allowed them to do what they wanted and what they were 
missing. 

In this case it is interesting first to differentiate people with and without programming 
skills and then inside these two groups, people with and without musical skills. 

In one hand, people with programming skills all agreed to say that they had needed 
some time (15 minutes to a few hours) to get used to this language but that after, the 
language is quite easy to use and that it allows doing almost everything that these users 
were thinking of. 

In the other hand, people without any programming skills had more difficulties and 
were more reluctant to use programming as the way to create and interact with the 
artificial world. At the beginning, they were more attracted by using the mouse and just 
play by dragging and dropping animals around the artificial world. However, after some 
explanations and demonstrations, most of them started realizing that maybe it was not 
so complicated and more interesting to actually use this end-user language and not only 
the mouse. When they actually tried to use the language to create their compositions, 
they did not find that the commands in themselves were complicated because all the 
commands have very understandable names and by consequence they are easy to 
remember and to use. Nevertheless, they had often problems with the parenthesis or 
because they were forgetting one of the arguments of the function they were calling. 

All participants to the tests have always been using the same kind of commands to give 
a behavior to the different animals. In addition to the commands to create animals and 
food, the commands “forward; jump; eat; mate; follow; move-together; 
randomDirection; right and left” were the most used over all different categories of 
users. 
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Differences between musicians and non-musicians appear in the commands they would 
like to find in addition to the ones already existing.  

Non-musicians have asked for more commands to simply be able to represent 
geometrical form like a command “square” that would make the animal move in a 
square or “circle” to make the animal moves in circle . 

Musicians have requested commands more linked to music, like having a command for 
creating some kind of musical background in the different environments that use a few 
animals to have something working from the beginning, and that would at the same time 
give some ideas of how to make the animals act to create interesting music. Another 
command requested by a user was for giving a default behavior to the animal, for the 
same purpose that for the background music. Finally, they asked for the command 
“mute” to make an animal stop singing. 

 

Questions Yes No Yes but not 
always 

Is the user language 
simple enough? 

75% 25% 0% 

Does the user 
language allow the 
user to do what he/she 
wants to do? 

62.5% 0% 37.5% 

Did the user miss 
commands? 

62.5% 37.5% 0% 

Commands the most 
used by all users 

create-animal*; create-food; set-behavior!; forward; jump; 
eat; mate; follow; move-together; randomDirection; right; left 

Commands asked by 
the users 

Square**; circle**, default-behavior; background-music 

*include: create-cat, create-dog, create-mouse and create-turtle 

**commands to create geometrical forms 

 

About the different environments: 

In the current version of this program, three different environments (Blues, Asiatic and 
Experimental) exist for the user to choose between. Each participant of the survey had 
to try each of them in order to be able to tell if they could notice any differences 
between the different environments and also if they found any resemblances between 
the environment chosen and the music they could hear from their compositions. 

In this case, it is more interesting to see the different answers from musicians and non-
musicians participants.  

All participants agreed to say that there is a noticeable difference between each 
environment. But when they have been asked about the resemblance between their 
compositions and the environment selected, the opinions were divergent. Most 
participants found that the resemblance was really there and only one found that there 
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was no resemblance at all. A few people found some resemblance but would not really 
describe the music as the style selected as it does not always sound like the chosen style. 

The Asiatic environment seemed to be the one that sounded the closest to reality 
according to all the users. The participants, when listening to music composed in the 
Asiatic environment (but without being told), always found that it was Asian music 
(mostly because of the instruments used). 

 
Questions Yes No Yes but not always 

Do the users find any 
differences between the 
environments (Blues, 
Asiatic, and 
Experimental)? 

100% 0% 0% 

Do the users find any 
resemblances between 
the environment 
selected and their 
compositions? 

50% 12.5% 37.5% 

 Blues Asiatic Experimental 

Which environment did 
the users prefer? 

12.5% 62.5% 25% 

 

About the musical representation: 

As a reminder, the musical representation is using the three axis of the artificial world to 
represent different musical characteristics: 

 

The participants of the survey were asked their opinions about the representation and 
what they would change about it. They were also asked if this representation was 
helpful to link the graphics and the music heard giving by consequence a real music 
meaning to graphics. 

As the previous paragraph about the different environment, the interesting thing here is 
the difference of opinions between musicians and non-musicians. 

Non-musicians all said that the musical representation was helpful to link the graphics 
with what they could hear while musicians did not all agree on this point. For 
musicians, the fact that the X axis, representing the note’s duration, is not ordered (like 
from very fast to very slow when going from left to right) for the Blues and Asiatic 
world is disturbing. Most of them asked for having some labels to specify the notes’ 
duration and names along the axis of X and Y.  

Note’s intensity (Z) 

Note’s pitch (Y) 

Note’s duration (X) 
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Otherwise, in general, the musical representation used seemed to be clear for 
everybody. There were several comments about how to modify it. The one which came 
back most often was to add information about pitches and durations along the axis of 
the artificial world. 

Another suggestion was to change the way to represent the third dimension (Z). Instead 
of changing the size of the animal, the idea was to use colors (the same color in shaded 
tones) or transparency to specify the intensity of the note. 

Finally, a user proposed to use columns of different size (large for long durations, small 
for short durations) for differentiate durations along the X axis. 

 

Questions Yes No Yes but not 
always 

Did the musical 
representation used in this 
program allow users to easily 
link the movements of the 
animals with the music they 
heard? 

 

62.5% 0% 37.5% 

What did the users want to 
change or how would they 
have done it? 

Use colors (the same color in shaded tones) or 
transparency to specify the intensity of the note (Z). 

Use columns of different sizes (large for long 
durations, small for short durations) for durations (X) 

 

About the global simplicity of the program: 

This part of the survey was about how easy the different participants found that the 
program was to use. The results of all participants brought together, it appeared that the 
program is quite easy to use, except for the user language which required some time 
before to get used to it.  

The different options are found easily. Some important features related to the artificial 
world can be done with the mouse, like creating animals or food but also for modifying 
the characteristics of the animals. One particular feature that was appreciated was to be 
able to drag and drop an animal in the artificial world and to directly hear the sound 
corresponding to its emplacement. 

However, several things apparently are still missing for these users. For example, it is 
not very easy to link the identification number used in the user language with the animal 
corresponding in the artificial world.  

 

Questions Easy Quite Easy Quite difficult Difficult  

How easy did the 
users find that the 
program is to use 
in general? 

0% 75% 25% 0% 
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About the options available: 

Different options are available to the user of the program, which are: 

- Being able to save independently the rules, the behaviors and the initial 
configuration state of the animals and food in the artificial world. 

- Being able to record the music heard and to save it in a midi file 
- Listen to a midi file with a small midi player 
- Import a midi file and see how animals are moving when following the music 

from the midi file 
- Import the rules, the behaviors and the initial configuration state of the animals 

and food. 
Certain options for saving and importing the different parts of the composition have 
been used by every participant of the survey. 

Some other options, like saving in a midi file have not been used very often but have 
been found useful by the ones who have tried it because the midi file can then be used 
outside the program. 

One thing that some of the users (especially the musicians), would have wanted to find 
is the possibility to choose the four instruments for each species in a list of instruments 
that are linked to the style of music.  

Some other users wanted to have some buttons for start, pause and to stop the music.  

Finally, some participants wanted to have a library of samples to listen and see the kind 
of things that could be done and how. 

 

Questions Yes No Yes but not always 

Are the users satisfied 
with the different 
options to save and 
import the different 
parts of the program? 

100% 0% 0% 

Which options would 
the users have liked to 
find? 

Choose the instruments in a list; have start-pause-stop 
buttons; have a library of samples 

 

About the protocol followed by the users to create their composition: 

What protocol means here is the different steps followed by the users to create his/her 
compositions. Very different protocols have been used among the participants and some 
parts of these protocols are found several times inside the same category of users. This 
will be studied in more detail in the following section about users’ compositions. 
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About the comparison between this program and a program using traditional 
musical notation (Melody Assistant): 

This last test was very interesting. The idea was to see: 

- Which of the two programs did you find easier to manage to create interesting 
music? 

- With which of these programs did the users have the fastest results?  

- When the user has tried to create music in a specific style (Blues, Asiatic, and 
Experimental) in which of the programs did they get the best results? 

First a word about “Melody assistant” and the kind of programs like this one. Melody 
assistant is a commercial product to write, print and render music scores. It also allows 
loading and saving midi files. These programs are for people who are supposed to know 
music. It is using a traditional staff and traditional notation. To use this kind of 
programs, the user just has to select a note with a certain duration in a menu and to put 
it on the staff using the mouse, so nothing very complicated. A screen shot of the 
program  can be seen in figure 13. 

 
Figure 13: Melody Assistant 

The results do of course predominantly depend of the category of users, especially 
between musicians and non-musicians, as this program necessitate some musical 
knowledge. 

It appears that musicians managed to create some music with “Melody Assistant”, but it 
has often taken longer time than with ”CompositionALife” to get a first result that 
sounded interesting. Non-musicians only managed to create sounds that could maybe be 
called experimental, but probably not music by clicking out notes at random.  
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Questions CompositionALife Melody Assistant 

Which program did the users find the 
easiest to use? 75% 25% 

Which of the two programs did you find 
easier to manage to create interesting 
music? 

75% 25% 

With which of these programs did the users 
get the fastest results? 100% 0% 

When the users have tried to create music 
in a specific style, which of the program 
gave the best results? 

87.5% 12.5% 

6.3 Users’ compositions 

In this section, some protocols used by different users will be presented. 

The idea is to see the difference between musicians and non-musicians.  

Users’ compositions by non-musicians 

Most of the non-musicians (with or without programming skills) have a tendency to first 
create a lot of various animals, then to give all of them a behavior and finally to listen to 
what is happening.  

Users’ compositions by musicians 

Musicians in the other hand were “more careful”. They usually created one animal to 
which they gave a behavior, listened to it, modified it while already in movement to get 
something they liked and when arriving at a good result, a new animal was created and 
a behavior coherent with the previous one  was searched for. 

Common steps over all participants of the survey 

What has been made by all participants of the survey was to pick first an environment in 
which to compose: Blues, Asiatic or Experimental. Then create their composition and 
after, when being satisfied of the composition, save all the different parts of the 
composition to try the same simulation in another environment (possible only between 
Blues and Asiatic world in the current version of this program) to listen to the 
difference. 
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Protocol followed by non-musicians Protocol followed by musicians 

Select an environment (Blues, Asiatic or 
Experimental) 

Select an environment (Blues, Asiatic or 
Experimental) 

Create several animals Create one animal 

Give a behavior to all the animals Give a behavior to the animal 

Start and listen Start and listen 

Modify some animals’ behaviors. 
Possibly kill some animals 

Modify the behavior without stopping the 
animal’s singing until being satisfied 

Add or remove some food Add or remove some food 

 Create a new animal 

 Give the new animal a behavior coherent 
with the previous animal 

Save the different parts of the 
composition 

Save the different parts of the composition 

Select another world and try the previous 
composition in this new world 

Select another world and try the previous 
composition in this new world 

Modify some behaviors or modify the 
species of some animals 

Modify a bit some behaviors to improve 
the composition in this new world 

Save the different parts of the new 
composition  

Save the different parts of the new 
composition 

6.4 Discussion 

In this part, an analysis of the previous results will be presented to see if this program is 
reaching its goal of empowering people to make composition by using computers, 
especially if they do not have previous knowledge in music.  

6.4.1 Results of observations while conducting the survey 

This section will do an analysis of the previous results, using the same categories for 
orientation. 

 

About the user language: 

The user language seems to be well adapted in general. People with programming skills 
are favored because they are more used to writing codes and to find bugs when there are 
some. People without any programming skills needed more time before to understand 
how it was working. Often they have asked why to use code for doing this and not a 
graphical user interface (GUI). One difference is also that non-programmers have only 
used the basic commands with no use of “if…then” statements, neither did they try to 
create new commands by themselves even though explained in the paper given to them 
at the beginning. Probably, they would first need to get used to the program and the 
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language before experimenting further. The “lambda” was quite disturbing for non-
programmers too. Otherwise, the commands in themselves were found easy to 
understand and use. All the users (programmers and non-programmers) have at all times 
been using the basic commands to give behaviors to the animals. It seems that they were 
just trying to create very simple and basic behaviors and therefore they did not need the 
other commands. However, one could believe that after having used the program for a 
while and see what kind of things could be done easily, users will start making more 
complex artificial life using some of the other commands or creating new ones.  

One comment was about the redundancy of certain parts of the code like “set-behavior!” 
that has to be written for every animal. One idea could be to generate some of the code 
automatically. For example “set-behavior!” could be generated by double clicking on an 
animal and by doing so it will write in a «Working Space Editor” the following code: 

(set-behavior! animalID 

 (lambda (id) 

)) 

Of course, “animalID” will be replaced automatically by the identification number of 
the animal on which the user will have double clicked. 

Then, the user will just have to complete the behavior by writing the body of the 
behavior, meaning the actions that he/she wants the animal to do. 

Finally, it seems that there was a lack of feedback from the program about the various 
bugs when they happened, leaving the user lost and without knowing what to do. 

 

About the different environments: 

The different environments have been well appreciated by all the participants of the 
survey. They especially liked the possibility to try the same composition in different 
environments giving them some simple possibilities to experiment. Usually the same 
composition gave very different music in the different environments and they could just 
modify a little bit the behavior instead of having to start all over again to better adapt 
the composition to the new environment. 

The different compositions had some resemblance with the style of music selected, but 
it appears that the behaviors set by the user have a great influence on the result.  The 
environment in itself helps a lot getting the style of music when creating a composition 
but it is not always enough. The user has to find some behaviors for the animals that 
will create more realistic music for the style selected.  

It was often surprising to notice that a composition done in the Blues environment was 
sometimes better in the Asiatic one or vice versa. It was also unforeseen to hear that the 
difference when listening to the same composition in different environments was so 
great.  

Another interesting but unexpected fact is that people who though there was 
resemblance between their compositions and the style of music selected were more 
musicians than non-musicians. One could have though that musicians would be more 
demanding than non-musicians but that has not been the case. Maybe because musicians 
were more careful when doing their compositions (see the protocol used by musicians 
and non-musicians) and by consequence arrived in general to better results, or that 
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musicians are more likely to recognize rhythms and characteristics of the different styles 
than non-musicians. 

 

About the musical representation: 

Reducing a style of music to a specific pitch and duration scale is a big simplification 
but this in addition to a careful choice of instruments have given interesting results and 
feedback from the users about the musical representation have mostly been favorable, 
except for the missing information about the meaning of each column to know the 
duration assigned to each column. The same is valid to the pitch scale. One solution of 
how to do this representation in another way was quite interesting and could be studied 
and tried, to see if it brings something more than the one used. In this method, instead of 
changing the size of the animal to represent the intensity with which the animal is 
singing, two users have proposed to use the same color, but in different shaded tones to 
specify the intensity of the note or also use transparency instead of colors. In addition to 
this idea, one of these two users proposed to use columns of different sizes visualize the 
duration which would mean using large columns for long durations and small ones for 
short durations. 

 

About the global simplicity of the program: 

The users, especially the ones without programming skills often wished they could do 
more things using a graphical interface. So they raised the question to know if using a 
programming language for empowering people creating music is the best way to solve 
the problem and if it does not raise a new barrier which here is not music but 
programming. In other words, does this program in fact not solve one problem by 
creating a new one? 

Indeed, programming could be a problem. The user has to learn the language to be able 
to use the program. Nevertheless, as the results showed, the language is quite easy to 
use after a while and does not necessitate any previous knowledge in programming to 
arrive to do some compositions. Probably, it will require the user to gain some more 
language skills to be able to write more complex behaviors, but the knowledge required 
to compose in these environments is almost nothing compared to the knowledge needed 
in music to compose with a pen and a paper. 

Answering the question if “using a programming language is the best way to empower 
people to create music” is quite difficult. Probably, some ways presented in the related 
work are simpler to use but they have less possibilities of experimentations so it 
depends of what the user is looking for. 

Another question raised was how it is possible to link the animal to its behavior in an 
easier way, as it was sometimes thought difficult to link the identification number with 
the animal. This could possibly be solved by displaying the id-number of the animal 
above it for example.  

 

About the options available: 

The options already existing in the program, all seem to be used and found useful. 
However, some aspects of the program could provide more liberty to the user to 
enhance his/her possibilities to experiment, for example to be able to choose between 
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different instruments in a list related to the style of music, or choose between more 
environments and being able to use the same rules/behaviors and initial configuration 
state of animals and food in all the different environments. The idea is to have many 
different environments in future implementations of this program to give much more 
possibilities of experimentations for the user. 

 

About the protocol followed by the users to create their composition: 

Depending of the protocol followed, the music composed sounded more or less good.  

It was interesting to see that compositions made by musicians often sounded better than 
the one created by non-musicians. It may be because musicians are thinking directly 
about the music when they are creating the artificial world and giving a behavior to the 
animals which suit this purpose while non-musicians where more thinking in term of 
artificial life.  

Musicians have tried to go step by step, starting with one animal and then trying to find 
a coherent behavior for the second animal and so on. Non-musicians created several 
animals and gave them different behaviors without thinking if these behaviors would be 
coherent with each other. 

It might be useful to advice the user to follow a certain protocol in order to get better 
results as the environment only helps the style of music when creating a composition, 
but is not always enough. The user has also to find some behaviors for the animals that 
will create more realistic music for the style selected.  

As it is easier to give an acoustically interesting behavior to an animal when working 
only with this animal, the musician’s approach or protocol seems to be more adapted for 
the objective of creating interesting music. 

 

About the comparison between this program and a program using traditional 
musical notation (Melody Assistant): 

This comparison showed that using ”CompositionALife” could be helpful for people 
without musical background. Compared to a usual score using the traditional notation, 
this program makes it more understandable to compose thanks to the musical 
representation chosen but also more fun because the user can actually understand what 
he/she is doing and the interaction between the animals and the user makes things more 
alive.  

However, for musicians who have a good knowledge in music and composition, this 
program is not well adapted. In fact, it is quite easy to understand why. The idea in this 
program is to add an abstract layer between the user and the music so that the user can 
create music without knowing music. The problem is that when users know music and 
composition and they have a precise idea about the music they would like to compose, 
this program makes it more difficult to create it because of the abstract layer. Instead of 
thinking directly about what the musical score should look like, the user will have to 
pass through this abstract layer to find a way to transform their musical ideas in 
animals’ behaviors. Since the pitch and duration scale do not contain all the pitches and 
all the durations (except for the experimental world), it makes it impossible to do what 
was first thought to compose. In conclusion, this program can be very helpful for people 
without previous knowledge in music and for people with knowledge in music but not 
in composition. However, a person with knowledge in music and composition who have 
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a precise idea of the music he/she wants to create will have a lot of difficulties to do 
compose his/her idea with this program.  

This program is not aimed to help composers to express their musical ideas but to allow 
people to create music when they do not know exactly what to do, perhaps as a source 
of inspiration. With this program, composing becomes more like a game of 
experimentations which can conduct to interesting music. 
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Conclusion 

The survey realized with different kinds of end-users supported the claim that the use of 
this program (“CompositionALife”) could be helpful for people without musical 
background and could also be fun for people who actually knew some music. Compared 
to a program that is based on traditional notation, this program helps make composing 
more understandable thanks to the musical representation chosen, but also more fun 
because the user can actually understand what he/she is doing and has an idea of what to 
do (play with the animals) not like in a traditional program which can be interpreted as 
writing some “dots” on a couple of lines.  

Moreover, the possibilities to modify the behaviors of the animals and the artificial 
world in real time makes “CompositionALife” very interactive and allows the user to 
experiment without having to go back and fourth: modifying something and then listen 
to it and then start all over again until succeeding to compose what he/she wants. Here, 
changes happen without having to stop the artificial life and thereby also the music. The 
user has a lot of liberties as he/she decides himself/herself how to create the artificial 
world, for example how many animals and food should exist and where to place them in 
the artificial world. It is also the user who decides what behavior is to be given to each 
animal.  

The use of a specific end-user language for programming the world might take some 
time for the user to get used to, but in return it offers a lot of possibilities to invent new 
behaviors. In addition, experimentations have been made very easy by the use of 
different environments where users can make use of the same configuration state of 
animals and food and also the same rules in different environments and thereby making 
new compositions. 

This thesis has been the first step to put in place a new concept among all the already 
existing methods. It brought a new solution to the problem of how computers can help 
human beings to compose music, even when they lack previous knowledge by 
combining together a new musical representation, an artificial world and a specific end-
user language. Now, how the next implementations can be improved and what features 
can be added are exposed in the future work sections. 

 
Future work 

This section will present the different works that could be done in future 
implementations of ”CompositionALife” to improve it. These improvements are more 
specifically about the user language and the different environments of the program. 

About the user language 

Several things could be improved in future implementations about the user language to 
make it easier to use. These improvements are presented in this part. 
 
Library of pre-written rules. One thing that might be very useful and helpful for the 
user is to have access to a kind of library with some pre-written additional rules for 
some simple actions, but also be able to see how they are made to be able to create new 



Linköpings universitet 
Department of Computer and Information Science 
 

 48 

ones later on. For example commands like (eat animalID) which will combine 
two commands (food-under? And eat-food) in this way: 

(define eat 

 (lambda (id) 

 (if (food-under? id) 

  (eat-food id)))) 

This command would make things easier because the user will only need to use eat and 
will not have to write any “if” statement. 

The second idea by doing this is to allow users to be able to experiment from the 
beginning by using these rules and behaviors and then mix them to create their own. 

Improve the end-user language. The idea is to simplify the syntax of the user 
language to make it more accessible by non-programmers. For example, make the 
“lambda” disappear as it appeared to be quite disturbing for the different users. 
Possibly, a complete end-user language could be designed, that would be more 
appropriate for people without programming skills. 

Errors feedback. Display more feedback when the user is making mistakes in his/her 
code to help in particular non-programmers to solve easily their mistakes. 

About the environments 

Several things could be improved in future implementations about the different 
environments to enhance the possibilities of experimentations for the end-user. These 
improvements are presented in this part. 
 
Improve existing environments. The existing environments could be improved by 
allowing more liberties for the user to choose some parameters, for example the 
instruments could be chosen in a list of instruments validated by the programmer for the 
given environment. 

Create new environments. Create new environments for the end-user, like classical or 
pop music, because the main idea of “CompositionALife” is to allow the user to 
experiment easily to get from one simulation as many compositions as there are 
environments. 

Make each environment accept all compositions. Allow all compositions to be run in 
all the different environments to increase the number of experimentations for the end-
user. 

About the musical representation 

In future implementations the musical representation could be improve to make it more 
understandable for all end-users. 
 
Display more information. Display more information along the axis of the artificial 
world.  
For musicians, it will help them to have a better understanding about what duration 
represent each different X value and the same for the pitches along the Y axis.  
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For non-musicians, this could be a way to learn something about traditional notation. 
 
Try new ways to represent certain musical characteristics. Try to use colors (the 
same color in shaded tones), or a certain degree of transparency to specify the intensity 
of the note instead of using different length. 

Try to use columns of different sizes to see the variation in duration more easily, more 
specifically use larger columns for the long durations and thinner ones for the short 
durations. 
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 Appendix A: Complete list of commands for the end-user 
language 

(create-cat nbOfCats sex)  
sex:0=female; 1=male 

(create-cat 1 1) or (create-cat 1 0) create one male or 
female cat 

(create-dog nbOfDogs sex) (create-dog 1 1) or (create-dog 1 0) create one male or 
female dog 

(create-mouse nbOfMouses sex) (create-mouse 1 1) or (create-mouse 1 0) create one 
male or female mouse 

(create-turtle nbOfTurtles sex) (create-turtle 1 1) or (create-turtle 1 0) create one male 
or female turtle 

(set-behavior! animalID behavior) (set-behavior! 1 (lambda (id) list of commands)) 
Set the behavior of animal 1 with the list of commands  

(cancel-behavior animalID) (cancel-behavior 1) cancel the behavior of animal 1 

(forward animalID nbSteps) (forward 1 10) makes animal 1 move 10 steps forward 

(jump animalID nbSteps) (jump 1 10) makes animal 1 jump 10 steps forward 

(randomDirection animalID) (randomDirection 1) makes animal 1 move in a random 
direction 

(move-together (list animalID)) (move-together (list 1 2 3)) makes animal 1, 2 and 3 
move together 

(follow animalID-of-the-follower 
animalID-of-the-animal-being-followed) 

(follow 2 1) makes animal 2 follow animal 1 

(right animalID degrees) (right 1 30) makes animal 1 turn 30 degrees to the right 

(left animalID degrees) (left 1 30) makes animal 1 turn 30 degrees to the left 

(headingXY animalID) (headingXY 1) gives the facing direction of animal 1 in 
the plan XY 

(headingZ animalID) (headingZ 1) gives the facing direction of animal 1 in 
the plan YZ 

(set-headingXY! animalID degrees) (set-headingXY! 1 45) sets the facing direction in the 
plan XY of animal 1 to 45 degrees 

(set-headingZ! animalID degrees) (set-headingZ! 1 45) sets the facing direction in the plan 
YZ of animal 1 to 45 degrees 

(posX animalID) (posX 1) give the X position of animal 1 

(posY animalID) (posY 1) give the Y position of animal 1 

(posZ animalID) (posZ 1) give the Z position of animal 1 
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(set-posX! animalID) (set-posX! 1 30) sets the X position of animal 1 to 30 

(set-posY! animalID) (set-posY! 1 30) sets the Y position of animal 1 to 30 

(set-posZ! animalID) (set-posZ! 1 30) sets the Z position of animal 1 to 30 

(is-alive? animalID) (is-alive? 1) returns true if animal 1 is alive, false 
otherwise 

(kill animalID) (kill 1) kills animal 1 

(food-under? animalID) (food-under? 1) returns true if there is food under 
animal 1, false otherwise 

(eat-food animalID) (eat-food 1) makes animal 1 eat the food under him/her 

(is-there-mate-where? animalID) (is-there-mate-where? 1) returns true if there is 
possibility to mate for animal 1, false otherwise 

(mate-with animalID) (mate-with 1) makes an animal mate with animal 1 

(count-food) Return the number of food left  

(count-animals) Return the number of animals that are still alive 

(count-animals-at X Y Z) (count-animals-at 10 4 3) counts the number of animals 
at the position 10 4 3 

(count-animals-toward animalID steps) (count-animals-toward 1 4) counts the number of 
animals four steps in front of animal 1 

(count-neighbors-X animalID) (count-neighbors-X 1) counts the number of animals 
which are directly on his/her right and left 

(count-neighbors-Y animalID) (count-neighbors-Y 1) counts the number of animals 
which are directly on his/her top and bottom 

(count-neighbors-Z animalID) (count-neighbors-Z 1) counts the number of animals 
which are directly on his/her above and bellow 

(remove-animals) Removes all the animals 

(remove-food) Removes all the food 

(clear-all) Removes everything 

(get-tempo) Gets the tempo 

(set-tempo tempo) (set-tempo 130) sets the tempo to 130 

(random number) (random number) takes a random number between 0 and 
(number – 1) so for example, 

(random 5) takes a random number between 0 and 4 
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Appendix B: Questionnaire for the User study of the program 

The user language: 

- What do you think about the user language? 

- Is it simple enough? 

- Does it have enough of commands? 

- Which commands are you using the most? 

- Which commands would you like to find? 

 

The different worlds (Blues, Asiatic, Experimental): 

- Do you find any difference between these worlds? 

- Which one do you prefer and why? 

- What do you like and dislike about each of them? 

- Do you find any resemblance between the music you are creating and the world 
selected? 

 

Musical Representation: 

- Does the musical representation used in this program allow you to easily link the 
movements of the animals with the music you hear? 

- Do you have any comments about this musical representation?  

- What would you change or how would you have done it? 

 

Global simplicity of the program: 

- How easy do you find that the program is to use? 

- What do you like? 

- What do you wish you could find? 

 

Options: 

- Are you satisfied with the different options to save and import the different parts 
of the program? 

- Do you think something is missing and if yes, what? 

- Which options are you using the most and why? 

- Which options do you find useful and which ones do you think are useless? 

- Which options would you like to add? 
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How have you used the program? 

- Describe the protocol (the different steps) you have been following to create 
your composition 

 

Comparison between this program and a program using a traditional staff and 
musical notation 

- Which program do you find the easiest to use and why? 

- Which of the two programs did you find easier to manage to create interesting 
music? 

- With which of these programs did you get the fastest results? 

- When you tried to create music in a specific style (Blues, Asiatic, Experimental) 
which of the program gave the best results? 
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