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ABSTRACT

Fractals can be produced by IFS (lterated Function Systems). By iterative
computation of many times, we can obtain the similar graphics. In my research, the
methods to generate the iterative algorithms were presented. In addition, | would
discuss the regularity and the content as well as the properties of those digital patterns.
At last, the advanced application of fractals to digital music pieces was presented. The
program took a note of several measure of music as the beginning point, and made the
IFS calculations for each new note in each measure. But there was no difference in
beats if you just make the IFS iteration. So | changed the beats with genetic crossover
method. In this research, the expression of the DNA to each beat of note was adopted.
The same way, it took a note as a beginning point. And the system obtained the new
DNA from the old notes for new ones randomly. After producing the new pieces of
music, | want to know if it is good to listen. So | used the algorithm that checks the
simulation to the shape of mother music. If its shape is similar to the mother music, the
probability that the new music is pleasing may even increase. That would make a piece
of brand new music. What | want to do in this research is improve the multiformity of

music and find what the relationship is of ‘good music’ and mathematical algorithms.

Keywords: fractal, genetic crossover concepts, Digital music
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1. Notation
R: the ratio of Iterated Function Systems
nt: the complete note array of the piece of music
bt: the complete beat array of the piece of music
k: the number of notes
p: the iterated point of each note
bg: the gene of each beat
sum, kk: the tools to help us to know that how many notes are there in each
measure
2. Imtialization
k = the number of complete note array; sum = 0;
3. Recursion
repeat for all
read the source file for nt[1] and bt[i]

if bt[i] == 60 k=k-1;
if bt[i] == 90 k=k-2;
if bt[i] == 120 k=k-3;

4. Recursion
repeat for all
find the highest and lowest note in the measure
calculate the average value aver of highest and lowest note;
get the value for R
repeat for all
if nt[i] > aver
nt[1] = aver + (nt[1] - aver) / R;
if ntfi] < aver
nt1] = aver - (aver - nt[1]) / R;

repeat for all
sum=sum-+bt[1];
if sum 1s divisible by 240
kk[j]=1+1;

repeat for all
write the new beats into the new midi file

repeat for all
ifi==
get the random value that 1s from 0O to (kk[i]-1) for r
else
get the random value that's from kk[i-1] to (kk[1]-1) for r
choose a random note (nt[r]) for beginning point (p)

repeat for all



ifi==
get the random value that 1s from O to (kk[i]-1) for r
else
get the random value that's from kk[i-1] to (kk[1]-1) for r
p=p*R+nt[r] *(1-R);

ifi==
repeat for all
get the random value that 1s from 0 to (kk[1]-1) for r

p=p*R+nt[r] *(1-R);
to write p into the new midi file
else

repeat for all
r=kk[e-1] + rand()%(kk[e]-kk[e-1]);

p=p*R + nt[r]*(1-R);
to write p into the new midi file
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1. Notation

nt: the complete note array of the piece of music

bt: the complete beat array of the piece of music

k: the number of notes

p: the iterated point of each note

bg[4]: the gene of each beat

sum, kk[4]: the tools to help us to know that how many notes are there in each

measure
Xy: to record the gene of each beats
2. Imtialization
k = the number of complete note array; sum = 0;
3. Recursion
repeat for all
sum=sum-+bt[i];
if sum 18 divisible by 240
kk[j]=1+1;

repeat for all
switch bt[i]
case 1: to write in the gene of beat of half beat
case 2: to write in the gene of beat of one beat
case 3: to write 1n the gene of beat of one and half beat
case 4: to write in the gene of beat of two beat

repeat for all
ifi==
get the random value that is from 0 to (kk[i]-1) for r
else
get the random value that 1s from kk[i-1] to (kk[1]-1) for r
repeat for all
bg[il = xy[r][il;
repeat for all
ifi==0
get the random value that 1s from O to (kk[1]-1) for r
else
get the random value that's from kk[i-1] to (kk[1]-1) for r
repeat for all
get the random value that 1s 0 or 1 for 12
ifr2==0
bg[m] = xy[r][m];

if 1i==0
repeat for all
repeat for all
get the random value that 1s 0 or 1 for 12
ifr2 ==
bg[m] = xy[r][m];
bt[j]=0;

12



repeat for all
to count up that how many 'y' in each note and write
the new value 1nto the bt[1]

else
repeat for all

repeat for all
get the random value that 1s 0 or 1 for 12
fr2==0

bg[m] = xy[r][m];
bt[kk[i-1]+]]=0;
repeat for all
to count up that how many 'y' in each note and write the new value into the bt[i]
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ABSTRACT

In this project, we design and implement a novel music generator platform named
Composer Imitator (CI) to create pleasuring music automatically. In the CI platform, we
propose the Enhanced Iterated Function System and apply Genetic Crossover Method
to create new music. The Imitated Parent Judgment (IPJ) function is defined to evaluate
the pleasure of the music. Initially, the CI randomly selects an initial music note that
will be used as the basis to obtain several new musical notes by applying the Enhanced
Iterated Function System. The Genetic Crossover Method determines the length of
these new notes. We set rules in the IPJ function, applying the rules, examine the music
similarity (that is the relative note pitch) of the generated musical notes, and then filter
out the had musical notes. In this project, we run test experiments to study the good
music ratio (that is the probability that the generated music is scored as the good music
by the listeners). Our study shows that the CI platform has good good music ratio

performance.

Keywords: Fractals, Genetic crossover concepts, Digital music



1. Introduction

Think of it! If we enter a piece of music, for example Mozart’s No. 24 Concerto
into a type of function system, will it become possible for us to generate the output of
No. 25 Concerto or might we end up having another music style such as that of

Beethoven? Although this may sound weird, it is undeniably, a very interesting thought.

Music is not a simple thing. One immediately discovers the diversity of music
when conducting an in-depth study. Tempo alone is categorized into different types:
Blues, Swing, Waltz, Latin, Quick Steps, Rock, Disco, Marching and so on, and each
type has its own smaller sub-types. Composition skills are even more complicated and
include: harmony, appoggiatura, chord, ornaments, bass, strings, percussion and many

others.

Sierpinski Gasket and Sierpinski Carpet are two types of fractals. “Fractal
Geometry” was developed by the mathematician Mandelbrot in the 1960~70s [1-3].
Fractals present so called “self-similarity;” that is, amplified or compressed fractals all
look like the original form. Each small portion is as complicated as the whole, and
fractals repeated are shown in ever smaller dimensions [4]. When we use Enhanced
Iterated Function System within indefinite function systems, we are able to acquire
indefinitely repeated fractals [5].

Fractal music refers to music composed of self-similar melodies; for instance, two
pieces of fractal structure are major and minor melody. The presentation mainly

focuses on major melody and transits with the minor melody to repeat the music.

Gene Function systems was proposed by John H. Holland, a professor from the
University of Michigan, in 1975 [6], and based on the concept of “the survival of the
fittest,” he created an environment that allows chromosomes to crossover and then to

produce the genes of the fittest recombinations.

Here we suggest some methods to solve the iterated relationship of fractals and
then discuss its regular pattern and contained contents and properties with the focus on
the fractal concepts of Sierpinski Gasket and Sierpinski Carpet: the introduction of
fractals to digital music. The application makes use of a piece of music as repeated
random points and with Enhanced Iterated Function System , after many times we are

able to acquire musical notes. In the end, “Genetic Function systems” determines the
2



note length in the creation of digital music to present the result of a new application and

creation based on the fractal concept and gene crossover.

Yet, in the unlimited field of music creation, “no inspiration” is a nightmare that
strikes many music composers during their creation attempts. It is a great sorrow to
them when no new ideas arise. As a result, the purpose of this study is to help and
inspire these music composers to create greater pieces and give more benefits to
music lovers. In the future, it is quite possible that with the assistance of computer
aided interface, composers can more easily finish their digital music. Furthermore, it
is also the hope of this study that we are able to determine the direct relationship

between “great music” and mathematics.



2. Digital music generator with new methods

2.1 The novel concepts in this research

2.1.1 Enhanced Iterated Function System

Fractals have the properties of repetition and similarity with diversified changes;
they all look alike in any part and portion. Fractals are produced by the code of
Enhanced Iterated Function System (EIFS) and with multiple function systems are able
to acquire repeated pattern. Let us assume the characteristics of the vertex of the
polygon, the center, and the circle are the random points Pm={ P1, P2, P3.....Pan}.
With the derived Enhanced Iterated Function System, we are able to start from any

repeated random point Pi and obtain new music point Pi’ (Fig. 1).

Fig. 1: Repeated random point Pn and new iterated point, Pi’
Pi’=(1-R) Pn + R Pi

Where R is the ratio of the distance from new iterated point, Pi, to each iterated

point to that between each iterated point.

Based on the above assumption and function, we propose a C++ formula to discuss
the relationship between the final structure of P point, R value, and fractals. If we

assume P as the three vertexes of a triangle and R as 0.5, we then will be able to acquire

4



Sierpinski Gasket (shown in Fig. 2(A)). If P point is assumed as three vertexes of a

triangle and R as 0.5, then we will have Sierpinski Carpet (shown in Fig. 2(B)). With

different adjustments, other fractals are acquired. If we apply this concept to musical

notes and use them as iterated points, then we can derive new iterated points, Pi’ new

musical notes.

Fig. 2 (A) : Sierpinski Gasket

(B)

: Sierpinski Carpet

Fig. 2 (C) : Circular Fractal formed by iterated points
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Before implementing integrated function systems of each musical note, we need to

consider the problem that due to its invisibility, it is difficult for us to determine the

iterated regularity and sequence. Thus, we need to adjust the function systems results

of multiple iterated points, initial value, iterated frequency and Enhanced Iterated

Function System coefficient R through fractals. For example, Fig. 2 (C) shows a

circular fractal formed by iterated points with the initial value of 4001 and iterated

times of 2501. Enhanced Iterated Function System coefficient R is a fractal of 0.3.

With this, we are able to begin the Enhanced Iterated Function System of musical

notes.



Experiments, however, showed that if we only use initial musical notes to iterate,
the result is proven to be very insignificant, with small changes. Therefore, this study
suggests a solution to define a central point after the input of initial musical notes and
with this central point, other musical notes are extended according to proportion to
form new iterated points and new musical notes. These iterated new musical notes are
better developed and improved. The development procedure is shown in Fig. 3 and the
steps are:

1. Identify the highest and lowest note (as Max and Min) and determine their
average value (Aver).

2. Determine the distance of each note (n[i]) and the average distance (n[i]-Aver).

3. Enlarge the distance to (n[i]-Aver)/R, and R is the coefficient of Enhanced
Iterated Function System.

4. The vertex of each new iterated point is signified as (n[i]-Aver)/R + Aver.

D

A7
fa v

~ . . |
uur o< ° O J‘..[_&

original note (p[i)

the highest note( Max)— @ @ [ N N ]
b .
average value ( Aver) —~ —@—@ [ ]
| N ] ]
the lowest note { Wi L
' AL
RN
Enlarge the distance __g, @ »
| e
‘ L ]
]
@ L
the iterated new \
music noles ': :
the iterated

function systems

Fig. 3: With this central point, other musical notes are extended according to

proportion.
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Following is an example of changing note length:

from "C1 C1/2D1/2 E1 E1 D1/2 C1/2 D1/2 E1/2 C2 E1 E1/2 F1/2 G1 G1 F1/2
E1/2F1/2 G1/2 E2

into " C#1 C1/2 C#1/2 -B1 C1 -A#1/2 -B1/2 -B1/2 -B1/2 C2 E1 F#1/2 G1/2 G#1
G#1 E1/2 F#1/2 F#1/2 F1/2 F2 |

Where, C, D, E, F, G, A, and B represent Do, Re, Mi, Fa, Sol, La, and Si
respectively; numbers after letters indicate beat (note length), for example, “#” for
sharp and “- “ for flat.

Following are the proposed Enhanced Iterated Function System of digital music of
this study:

1. Notation
R: the ratio of Enhanced Iterated Function System
nt: the complete note array of the piece of music
bt: the complete beat array of the piece of music
k: the number of notes
p: the iterated point of each note
bg: the gene of each beat
sum, kk: the tools to help us to know that how many notes are there in each
measure
2. Initialization
k = the number of complete note array; sum = 0;
3. Recursion
repeat for all
read the source file for nt[i] and bt[i]

if bi[i]== 60  k=k-I;
if b[i] =90  k=k-2;
if bi[i]== 120  k=k-3;

4. Recursion
repeat for all
find the highest and lowest note in the measure
calculate the average value aver of highest and lowest note;
derive the value for R
repeat for all
if  nt[i] > aver
nt[i] = aver + (nt[i] - aver) / R;
if  nt[i] <aver
nt[i] = aver - (aver - nt[i]) / R;

repeat for all
sum=sum-+bt[i];
if sum is divisible by 240
kk[j]=it+1;

repeat for all
write the new beats into the new midi file
repeat for all
ifi==0



get the random value that is from 0 to (kk[i]-1) for r
else
get the random value that's from kk[i-1] to (kk[i]-1) for r
choose a random note (nt[r]) for beginning point (p)

repeat for all

ifi==0
get the random value that is from 0 to (kk[i]-1) for r
else

get the random value that's from kk[i-1] to (kk[i]-1) for r
p=p* R+nt[r] * (1 - R);

ifi==
repeat for all
get the random value that is from 0 to (kk[i]-1) for r

p=p* R+ntfr] *(1-R);
to write p into the new midi file
else

repeat for all
r=kk[e-1] + rand()%(kk[e]-kk[e-1]);

p=p*R + nt[r]*(1-R);
to write p into the new midi file

2.1.2 Genetic Crossover Method

But in comparison, we found that changed notes do not show difference in tempo
with the initial notes, so we needed to use a Genetic Crossover Method [7]. First, we
needed to produce genes in different note length in eight portions of different

combinations of x and y. The y number indicates note lengths (shown in Fig. 4).

Original r",j[-\i}- — 1 1

| | 11 =
music _\-Fﬂ"jm i‘ | e
J [
nole length
ol [ | 1 (] (T[T |

calculation

I ——-I, — KEAXEEEYY

].'l'l.'ﬂdL.ll:_'{.: HOTICS l : ——
in different 3

— = ——  XXVYYYVY

note length . 2 YIYyyy

I YYYYYYYY

Fig. 4: Definition of genes with different note lengths



For instance,
1/8 note is shown as XXXXXxXy;

1/2 note is shown as XXxxyyyy.

The second step is to select two genes randomly from the crossover pool; the
method is to pick chromosomes of each gene (x and y) randomly (shown in Fig. 5) to
produce a new gene.

We randomly picked new chromosomes and the possible combinations were:

1/8 note, XXXXXXXY;

1/4 note, XXXXXXYY;

3/8 note, xxxxxyyy; and

1/2 note, XXXXyyyy.

XXXXYYYY

ERRERER
XXXXXXXY

VULl
XXXX?2727?Y

Fig. 5: Randomly picking x and y from each gene

Some may wonder: “if [ simply pick a gene between the range, then will this show
a similar result?” It may look so, but in reality, the result is different. In terms of ratio,
notes after crossover are more likely to have their length in the range of the length of
the parent generation.

Take Fig. 4 as an example: the ratio to have 1/4 and 3/8 notes is 3/8, and the ratio
of the occurrence of 1/8 and 1/2 notes is only 1/8. This is similar with the pitch of
children that have a higher probability ratio of falling in the pitch range of their parents.

Consequently, this study concludes that Genetic Crossover Method is fair application.

The change of note length is shown in following example:

FromC1 C1/2 D1/2 E1 E1 D1/2 C1/2 D1/2 E1/2 C2 E1 E1/2 F1/2 G1 G1 F1/2
E1/2F1/2 G1/2 E2 |

into " C1/2 C1/2 D1 E1 E1 D1/2 C1/2 D1/2 E1/2 C1/2 E1 E1 F1 G1 G1 F1/2 E1/2
F1/2 G1/2 El |

This shows the changes of both note pitch and length:
9



from "C1 C1/2D1/2 E1 E1 D1/2 C1/2 D1/2 E1/2 C2 E1 E1/2 F1/2 G1 G1 F1/2
E1/2 F1/2 G1/2 E2 |

into " C#1/2 D1/2 D1/2 D1/2 -B1/2 -A2 -A#2 -A#2 -B2 -B2 G1/2 G#1/2 G1/2
F#1/2 F#1/2 G1/2 |

Here is the digital music developed by a Genetic Crossover Method in this study:

1. Notation
nt: the complete note array of the piece of music
bt: the complete beat array of the piece of music
k: the number of notes
p: the iterated point of each note
bg[4]: the gene of each beat
sum, kk[4]: the tools to help us know how many notes there are in each measure
xy: to record the gene of each beats
2. Initialization
k = the number of complete note array; sum = 0;
3. Recursion
repeat for all
sum=sum-+bt[i];
if sum is divisible by 240
kk[j]=it1;

repeat for all
switch bt[i]
case 1: to write in the gene of beat of half beat
case 2: to write in the gene of beat of one beat
case 3: to write in the gene of beat of one and half beat
case 4: to write in the gene of beat of two beat

repeat for all
ifi==20
get the random value that is from 0 to (kk[i]-1) for r
else
get the random value that is from kk[i-1] to (kk[i]-1) for r
repeat for all

bg[j] = xylr][jl;
repeat for all
ifi==

get the random value that is from 0 to (kk[i]-1) for r
else

get the random value that's from kk[i-1] to (kk[i]-1) for r
repeat for all

get the random value that is 0 or 1 for r2

ifr2 ==

bg[m] = xy[r][m];

ifi==

repeat for all
repeat for all

10



get the random value that is 0 or 1 for r2
ifr2 ==
bg[m] = xy[r][m];
bt[j]=0;
repeat for all
to count how many 'y' there are in each note and write the new value into
the bt[i]

Otherwise,

repeat for all
get the random value that is 0 or 1 for 2
ifr2 =
bg[m] = xy[r][m];
bt[kk[i-1]+j]=0;
repeat for all
to count how many 'y' there are in each note and write the new value into the bt[i]

2.1.3 Imitated Parent Judgment Function

When a new piece of digital music is produced, we are able to use human ears to
judge the presentation, yet it is quite time consuming to judge the music with human
labor and at the same time, the accuracy of human ears may diminish after lengthy
usage. Thus, the best way is to carry out the task via function. Computers may not be
able to directly judge the music; however, this study selected parent music that is
“pleasant to ears,” so if “the music similarity with parent music” is used as the basis of
judgment, offspring generation music similar with the characteristics of parent music,
will be generated (“music characteristic” here refers to the relative note length position)
to eliminate “different” offspring. It is thought that more pleasant music will then be

composed.

Next formulates IPJ function used in this study:

A : the assembly of note pitch sequence of initial notes ; A= { aj, a5, a3 ...... an}

B : the assembly of note pitch sequence of next generation; B= { by, by, bs ...... bn}
Flag; : the determinant Boolean constant of Rule i

VT : the total vote

Vi : the vote provided by each rule

Max( A ) : the maximum value of the sequence

Min( A ) : the minimum value of the sequence

Mid( A ) : the average of the sequence

<Rule 1>:The position of the maximum note length of the immediate offspring

11



generation corresponds to that of the parent note.
Ifay = MAX(A)
And by = MAX(B)
Then Flag; = True
VT=VT+V,

<Rule 2>: The position of the minimum note length of the immediate offspring
generation corresponds to that of the parent note.

If a, = min( A)

And b, =min( B)

Then Flag, = True

VT=VT+V,

<Rule 3>: The position of the second maximum note length of the immediate
offspring generation corresponds to that of the parent note.

Ifay=MAX(A),as=MAX(A-{au})

And by = MAX(B ), bs = MAX(B - {bum})

Then Flags = True

VT=VT+V;

<Rule 4>: The position of the medium note length of the immediate offspring
generation corresponds to that of the parent note.

If ax = Mid (A)

And by = Mid (B)

Then Flagy = True

VT=VT+V,4

<Rule 5>: The sum of the relative deviance value of the immediate offspring
generation note and parent note is smaller than the first threshold value.

If> |a-b;i|<T,

Then Flags = True

VT =VT+V;s

T, is the first threshold value

<Rule 6>: The sum of deviance value of relative fluctuation of the immediate
offspring generation note and the parent note is smaller than the second threshold value.

Let

Ct = at - at-|

di=b; - bu
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(2<t<n)

IfX|ci-di|<T,

Then Flags = True

VT =VT +V

T, is the second threshold value.

Users are allowed to select evaluation rules to check the music presentation and the
more rules selected, the more the next offspring music imitates the parent music;
however, the calculation time also increases accordingly. Users can select the “vote set”
function by keying in N in the field, then the function will request offspring music to

receive N votes to pass the evaluation.

2.2 Research procedures

This study used software and hardware as follows:

1. One personal computer (CPU : PentiumIll 500, memories : 128MB, display card:
S3 savage 3D/M) is used to operate systems.

2. Printing equipment;

3. Software program : Borland C++ Builder 6.0

4. Digital music creation software : Cakewalk 8.0

This study used MIDI to compose music and music was played via MIDI of
Windows. MIDI is a communications standard between and among digital music
instruments; MIDI stands for Musical Instrument Digital Interface [8]. MIDI files
record all the musical notes in characters, and because they record characters not waves
within a certain period as other music files WAV, WMA, and MP3 do, the files are

smaller. MIDI, thus, is widely used on the Internet.

MIDI files consist of two major data segments: header data segment, Mthd, and
audio data segment, Mtrk. Mthd includes the name of the segment, the size of the
segment, MIDI file format, the number of audio segments, and timeline; Mtrk includes

the name of the segment, the size of the segment, and segment information.

The “changes of note pitch and length” mentioned earlier in this study involved
reading a MIDI FORMAT 0 file, and after iterated function and Genetic Crossover
Method, the file was transferred to another MIDI file. This study only required a single

note of digital music; therefore, minor changes were achieved. We made use of a small
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portion of Mtrk segment data.

A music note in Mtrk of MIDI reads like:

ABCA

“A” refers to note pitch, “B” refers to volume, and C is the note length; all are
implemented with the value of the ASCII code. For example, a high note, Do, with
volume 100 and half beat is shown as :

Hd< H

Where, “H” has the ASCII code of 72 presenting Do; the ASCII code of “d” is 100
presenting volume 100, and the ASCII code of “<” is 60 presenting the length of a half
beat.

This study accessed four-note music via MIDI files and made use of Enhanced
Iterated Function System and a Genetic Crossover Method to produce digital music of
immediate offspring generation and transferred it to new MIDI files for music
presentation. Fig. 6 shows the improvement of music harmony and the drawbacks of
Genetic Crossover Method, to optimize a digital music creation system for the
achievement of overall music harmony. The program implementation is shown in Fig.
7.

Genetic Crogsover Method :ﬁm The Merated Function Systems

changing note length changing note pitich
L
Taitial Iterated
. ] . nitia
Genetic Crossover = read  MID file ™ aoe | ] note
\ !
| Genetic Crossover | Irerated caleulation

[ Mew note length

combanation i‘— —’ Mew note pitch

¥

Y

imirated parent judgmen
tunction

"

play |

L J
[ cnd ]

Fig. 6: Production procedure for the generation of digital music
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Fig. 8: Main Menu of Music Generation Program

The Main Menu of the program (shown in Fig. 8) consists of (1) Selection menu of
parent music; (2) function systems of iterated fractals and genetic function systems; (3)
MIDI file contents of parent generation; (4) music play function of parent and offspring
generations; and (5) random music composer. In this menu, users are allowed to select a
piece of parent music and then decide to use either fractal iterated or Genetic Crossover
Methods or both. After clicking, the contents of parent MIDI file will pop up on the left,

including note length and pitch values. Users then are able to click play button to listen
15



to parent and offspring music. Random music composer produces random note pitch
and length for comparative purposes.

.l

Chick ™ Yotg

Rl 1 |
Rule 2
Rts3
Rtz 4
Rile-5

B B2 T2

Fig. 9: Imitated Parent Menu

Imitated Parent Menu (shown in Fig. 9) is used together with the above main menu
to increase the similarity between offspring and parent music and improve music
audibility. On the left field, users are able to select their desirable rules and on the
right, they are able to key in ideal votes. The program will require that offspring music

has correct rules and votes for evaluation.

In addition, this study added one more function for users to enter their desirable
note requirement. With the selection of any note, users are able to adjust note pitch and
length. Click “renew” button and a piece of self-composed music is completed. Users
are able to use this piece of music to compose next generation digital music with
Enhanced Iterated Function System and Genetic Crossover Methods. This is still only
at the stage of initial evaluation; thus, users are able to enter notes with eight scales of
pitch and four scales of length; future expansion is possible according to actual need.
The implementation is shown in Fig. 10.
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Fig. 10: Implementation of Self Entered Notes Program
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3. Experimental results and discussions

The above mentioned skills are used to produce digital music and then the music is
composed with music creation software Cakewalk 4.0 shown as Fig. 11.
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Fig. 11: Digital music derived from the concepts of Sierpinski Gasket and
Sierpinski Carpet
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To enrich music contents, minor melody and music accompaniment are added to

major melody (shown in Fig. 12).

Zr el vl ot e stk P — AW
TR Lan T Re waw L T . L e

Fig. 12: In addition to major melody (Track 1) minor melody (Track 2) and music
accompaniment (Track 3) are added.

An adjustment experiment of initial value, iterated time, and Enhanced Iterated
Function System coefficient, R, was conducted and according to test listening, there is
no direct relationship between the change of initial value and iterated time and the
pleasure level of music presentation. Moreover, this study also found that Enhanced
Iterated Function System coefficient, R, defines more of the pleasant music range.

Based on the suggested value provided by the program, we implemented it as shown in
Fig. 13.
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Fig. 13: Implementation of suggested value provided by the program

Table 1: Test listening result of digital music of this study

Results Pleasant
Melody 1 56.1%
Melody 2 72.8%
Melody 3 63.3%

Initially, three pieces of melodies were selected via designed program and
handling procedure to produce digital music, and the testing results of 180-listeners
experiment are shown in Table 1. During the test listening process, we determined the
pleasure level of each piece of digital music and from Table 1, there were more “good”
responses of the re-designed and re-composed digital music of this study than “not
good” response. In terms of poorer response to “Melody 1,” this study attributed the
reasons to shortage of iterated points caused by insufficient changes of parent melody,

note length or note pitch or fewer numbers of notes.
Table 2 demonstrates the comparison of poor response to melodies randomly
generated and those composed by this study. According to the table, the ratio of poor

response in this study is greatly reduced.

Table 2: Ratio of Poor Response to Melodies Generated by Different Methods

Method Poor Response
Ratio
Random Selection 92.2%
Enhanced Iterated Function Systems and Genetic Crossover 61.8%
Method
Enhanced Iterated Function Systems, Genetic Crossover 14.6%

Method, and Imitated Parent Judgment
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In summation, after 1025 times of testing, music generated by this study is more
pleasant to ears and more valued. That is to say although this music composer may
produce good music once in a while, yet it can serve the practical function of

inspiration for human composers.

4. Conclusion

MIDI files have a complicated format and on the Internet or database available in
books, both provide MIDI files with simple accessing and playing functions and the
content of each note inside cannot be read, not to mention editing or re-writing. As a
result, this study expended great efforts to analyze MIDI file formats and although the
proposed program only can operate under certain MIDI formats, it satisfied presumed
Enhanced Iterated Function System and genetic crossover function. In the future, it is
hoped that all MIDI formats will be able to be processed to produce track 2 and track 3
for vocal harmony and music accompany.

99 ¢

In addition, this study only took the steps of “gene production,” “crossover,” and
“selecting the final genes” but did not complete “crossover between beats” and
“mutation.” Programs in this study iterated each note to generate the note of the
immediate offspring and compose new music. In reality, crossover of DNA , however,
does not occur between two atoms but between proteins and it should be applied to this
study in “crossover between beats.” If this part can be completed, it will be more

practical for real genetic crossover and for generating favored music.

To sum up, future improvement of this study will include:

A. Processing for any MIDI format;

B. Automatic generation of Track 2 and Track 3 for vocal harmony and music

accompaniment;

C. Determinant mechanism extends “imitated parent;” that is, the first parent
music produces offspring music via genetic crossover and fractal iterated
offspring music, and then imitates another second parent music to compose
another style of music. With this, if we enter Mozart’s No. 24 Concerto into
function systems, we will have the output of No. 25 Concerto or Beethoven’s
music style.

D. The possibility to add “mutation” in genetic crossover.

E. Adding “crossover between beats” in crossover method.

F. Connecting to external input equipment such as note input from keyboard and
human voice input from microphone for deriving calculations required for

constructing a comprehensive human-machine interface.
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