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Abstract

This paper presents a design of support system
for music composition based on Simulated Breeding,
atype of interactive optimization technique of Evolu-
tionary Computing. In our prototype system named
Sheat, each individual in the population is a short mu-
sic section of sixteen beats including three parts, gui-
tar, bass, and drums. The melody and rhythm are gen-
erated by a type of recursive agorithm from genetic
information. By selecting favorite piece among scores
displayed on the screen, the user listens to the sounds
and decides which should be the parents to reproduce
offspring in the next generation. Embedding some do-
main specific functions, we can build a useful tool to
make it easier for a beginner to compose his/her fa-
vorite music pieces.
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1 Introduction

Interactive Evolutionary Computing (IEC) [13] is
a promising technique to find better solutions in the
domains for optimization by user's subjective crite-
ria. Differently from ordinary methods of evolution-
ary computing, fitness values are not calculated auto-
matically by the predefined evaluation function but are
given by the user for each individual in some manner.
In the method named Smulated Breeding [17], the user
directly picks up his/her favoriteindividuals asthe par-
ents for next generation. This means the fitness val-
ues can take only 1 (selected) or 0 (not selected). It
disables stochastic selection, but has an advantage to
reduce the number of user’s operations to assign the
fitness values.

One of the most successful application fields of
IEC is Computer Graphics (CG) art. We can find some
number of valuable works by researchers and artists,
such asK. Sims[11, 12], P. Todd and W. Lathum [14],
S. Baluja[1], G. R. Greenfield [3], and so on. We can
obtain the information about this type of tools from
A. Rowbotton's survey [10].

Sounds and music are also attractive target do-
mains for application of IEC technique because they

are also strongly depending on subjective criteria for
artistic production. One of the key issuesfor building a
successful system in this domain is how the user check
and select suitable individual s from the population. In
the applicationsfor graphic domain, it isrelatively easy
for the user to catch up the features of al individuals
in the population because they can be observed in few
seconds. The suitable size of population in graphic do-
mainisfrom twenty to thirty. The unavoidableissue on
the audio domain is that it needs enough duration for
the user to measure how the individual is good or bad.
This means the size of population must be restricted
depending on the time duration the user needs to de-
cide hig’her evaluation for individuals, so we need to
devel op any method to reduce both duration and times
of user’s operations as much as possible. The style of
Interactive Genetic Algorithm (IGA) requires the user
to observe all of individuals in the population because
he/she hasto assign relative fithess value for all of indi-
viduals in each generation. From this reason, the style
of interaction in Simulated Breeding is better for this
domain.

J. A. Biles[2] has proposed an alternative method
to solve this problem and implemented it in his sys-
tem named GenJam which supports to create improvi-
sational phrases in Jazz music. In GenJam, the user
listens to endless phrases generated from individual
genotypes by turns. The user push “G” or “B” key ac-
cording to his’her good or bad feeling on the phrase. It
is not necessary for the user to assign the fitness value
explicitly nor to know the correspondence between the
individual and the phrase.

One objective of thisresearchisto investigate pos-
sible design of graphical user interface based not on
the style of GenJdam but on Simulated Breeding. A
closely related system has been already developed as
Sonomorph system by G. L. Nelson [7, 8], but it till
needs to search alternative design of the system to
jump up from laboratory to society because the inter-
active evolutionary part of Sonomorph anditsinterface
designis till in the experimental level. The pointsthat
improves in the system presented here is not only on
the user interface but also on the type of object tune.
The other previous works treats only a simple single
track, but this system can breed a piece containing
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Figure 1. A typica window of Sheat containing nine
initial pieces.

multi-parts.

Another key issueto lead the application to be suc-
cessful is the method of morphology, that is, the al-
gorithm to produce the phenotype from the genotype.
Considering the structure of score of man-made music,
we employ atype of recursive algorithm as described
later.

The following sections present our design of pro-
totype system named Sheat by describing the type
of music piece corresponding to each individual, the
structure of genotype, the development process, and
the design of graphical user interface for breeding and
for making it more practica for beginners.

2 Phenotype

The phenotype, the object of selection, is a short
music pieceincluding three parts of sixteen beats. The
user eval uates each piece by seeing the score displayed
on the screen and listening to the sounds generated by
General MIDI (GM) [5] device or software attached
to the computer. Figure 1 shows a typical window of
Sbeat containing nine pieces in subwindows arranged
in three by three grids. Each subwindow shows the
score of three parts, guitar, bass, and drums, from top
to bottom. The guitar part is played as combination
of the note in the score and the note lower by two
steps from it. The default instrument is Acoustic Ny-
lon Guitar, and the user can change it to other types
prepared in GM sound resource, Acoustic Steel Guitar,

Table 1: Sixteen instruments selected from GM drum
kit.

n | m | instrument name
0| 36 | BassDrum 1
1|41 | LoFloor Tom
2 | 43 | Hi Floor Tom
3|45 | LoTomTom
4 | 47 | Low Mid Tom Tom
5| 48 | Hi Mid Tom Tom
6 | 50 | Hi Tom Tom
7 | 37 | Side Stick
8 | 38 | Acoustic Snare
9 | 42 | Closed Hi Hat
10 | 44 | Pedd Hi Hat
11 | 46 | OpenHi Hat
12 | 49 | Crash Cymbal 1
13 | 51 | RideCymba 1
14 | 55 | Splash Cymbal
15 | 53 | RideBédll

n = decimal number of genetic code.
m= GM drum kit number.

Electric Jazz Guitar, Electric Clean Guitar, Overdriven
Guitar, and Distortion Guitar. The bass part is played
in one octave below the displayed score. The default
instrument is Acoustic Wood Bass. The aternatives
are Electric Bass Fingered, Electric Bass Picked, Fret-
less Bass, Slap Bass, and Synth Bass. The drum part
is played using sixteen instruments of usual drum set
selected from GM drum kit shown in Table 1. Two of
them can be simultaneously played in the same beat
position.

3 Genotype

We designed a genome in a form of two dimen-
sional array of bytesthat contains information of each
beat for each part. The unit is abyte of which structure
is shown in Figure 2. The significant part of four bits
are for rhythm, and the rest four bits are for note. The
rhythm part is interpreted as follows.

(2) If the most significant bit is 1 then the previous
note continues.

(2) If the left three bits are 011, then it rests, that is,
silent.

(3) Otherwise, it plays something according to the
note part.

This implies the probability assignment in which con-

tinuation is 50%, rest is 12.5%, and play is 37.5%. We

added restriction that preventsfor continuing at thefirst

beat position in every eight beats to produce rhythms
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Figure 2: Structure of genotype.

with relatively stable feeling. This means that rest is
12.5% and playing is 87.5% at these positions.

For the guitar and bass parts, genetic information
is constructed as one byte par one beat. For the drum
part, two bytes are assigned for each best to sel ect max-
imally two instruments described in the previous sec-
tion. Upper four bits of the second byte are ignored in
this case.

The genetic operations currently implemented are
mutation and crossover. They arein the ordinary style
in simple Genetic Algorithm. Mutation is done by flip-
ping each bit in a constant probability, mutation rate
M. The current setting is 4 = 5%. Crossover opera
tion is always done if the user select more than one
parents from the population by the style of one point
crossover dividing genome into two parts. The cut-
ting position is randomly chosen from 15 beat bound-
aries. It means any different parts of the same timing
are never separated by crossover operation. Thisisthe
current implementation in Sbeat, but it could be bet-
ter to decide the cutting position independently among
parts to bring more diversity in the offspring.

4 Development

The development process that maps genotype to
phenotype is important to produce better candidatesin
both initial population and mutants because a trivial
random algorithm usually cannot generate any accept-
able solution as a seed for evolution.

One useful bias is the probability to appear some
features in phenotype. We can know some statisti-
cal characteristics over feasible solutions among all
of possible solutions in some domain. The design of
genotype described above is also based on this sort of
consideration.

fill _notes(g, w) begin
x:=w+1)/2
if x < 1thenk[0] :=(g[0] & 01115) + 4;
dsefill_notes(g, x);
=X
whilei < w do begin
s:=K[i — x| + delta(g[i]);
K[i] := min(max(s,0), 15);
i=i+1
end
end

Figure 3: Recursive algorithm to generate the score
from genotype. K[i] is the i + 1st integer for the ba-
sic melody sequence. The function delta(x) returns an
integer in [—2, 2] based on the note part of the value of
argument x. Thisfigure was corrected in Octover 16, 2001.

Another point we should consider is the structure
of phenotype from the view point to measure similar-
ity between candidates. Similarly to another domain, a
music pieceis also has some number of features, such
as chord, melody, speed, rhythm, and so on. It means
that it has multi-dimensiona similarity space. It isn't
a necessary condition but is better to make the geno-
type to include a similar structure to the phenotype,
because the usual mutants should somewhat resemble
the ancestor.

Weintroduce atyperecursive algorithm to develop
a basic melody from a genotype. It is useful to intro-
duce similarity between the data structure of genotype
and the listener’s fedling. The different point from the
researches on fractal music compoasition is that the ex-
pected effect of the algorithm is not on the generated
score itself but the difference among mutants. From
this point of purpose, we designed the algorithm as
shown in Figure 3 to fill out al of sixteen beats po-
sitions by integers from 0 to 15. The integer for ith
beat is calculated using ith gene unit and the integer
value of (i —w/2)th beat, wherew isthe greatest value
of 21 lessthan i, when total number of beatsis also 2".
Here, j and n areintegers. This algorithm works even
when the total number of beatsis not 2" by dividing the
sequence into the first half and the latter half. Another
method can be to divide it by the least divisible prime
number.

Each integer for beat is not interpreted as a note
on the twelve pitches on equal tempered scale but two
octaves plus one step of minor scale from A3 to B5.

The score of guitar part is generated by combin-
ing the rhythm information with the basic melody de-
scribed above. |If the rhythm part indicates continu-
aion or rest then the note information in the basic
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Figure 5: Part option dialog.

melody at the beat position is ignored. For the bass
and drum parts, the user can select whether it refers
to rhythm information from independent data or data
used for guitar part. A type of synchronized score is
generated if all of parts use unique information for the
rhythm. The note for bass part is calculated by adding
abias to the basic melody according to the genetic in-
formation.

This method for development is used for both
drawing the score in the subwindow and preparing the
tune sequence data to play by the computer® .

5 Graphical User Interface

One of the important parameters we should de-
termine is the number of individuals simultaneously
shown on the screen. As shown in Figure 1, the pop-
ulation size is nine here. This number was determined
through some preliminary experience on severa dif-
ferent numbers of individuals. Twelve might be possi-
ble, but more than sixteen is seems to be redundant by
thefollowing reason. The user cannot memorize many
pieces to compare them each other because it takes
long time to check individuals in acoustic domain. On
the contrast from the case of CG, it is difficult to com-
pare them by listening to them simultaneously.

The basic idea to play sound by clicking the sub-
window of individual is quite same as Sonomorph, GA
Music [6], and IEC application for tuning a hearing

1 Current implementation is using Tune Player Functions of
QuickTime Music Architecture on MacOS.

:: Player :
Ternpa Fitch

Figure 6: Player option dialog.

aid by M. Ohsaki [9]. The early version of Sonomorph
and other systems use simple push buttonsto play tune
and to assign thefitness value or to select it as a parent
for each individual. They don’t provide any informa-
tion about the sound visualy. The newer version of
Sonomorph shows simple dashes that corresponds to
the score. As an improvement, Sbeat shows scores for
each individual on the screen so that the user can imag-
inethe sound beforelisteningtoiit. Itiseasy to read the
scoreif the user isan expert for music, but the beginner
can also learn to catch up the outline of sound through
the usage of this system.

The user can choose one of two play back modes,
repeating one tune and playing al tunes. The former
mode repeatedly plays the selected tune until clicking
it again or clicking another individual. The latter mode
playstunesfor al of individualsin the population con-
secutively. It is convenient to find the best candidate
from the population.

The other important features of Sbeat are multi-
field user interface and integration window. The for-
mer one was proposed in [16] for CG application,
which enhances the diversity of production just sim-
ilarly to island model of evolutionary theory. The
user can breed some different populations using sev-
eral field windows independently, and then make some
individuals to migrate to the other fields by drag and
drop operation. The integration window as shown in
Figure 4 is to collect individual sections into a longer
musical piece. The user can copy a score of indi-
vidual into any section in an integration window, and
edit them with a simple editing functions, copying and
pasting, deletion, and shifting left and right.

The user can also change the optional attributes
for each part by a dialog window shown in Figure 5.
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Figure 7: Individuals after mutation. The individual at
upper left corner is the ancestor of mutants.

Checking off the button in the column labeled with
“Play” stops the sound of the part. Checking on the
button in the column labeled with “Protect” prohibits
mutation in the corresponding part of genome. These
two attributes allow the user to breed any part indepen-
dently. Buttons labeled with “Sync” are for control of
dependency on the rhythm with guitar part as described
in the previous section. A pop-up menu appears to
change the length of the part when the user pushes the
button in the column labeled with “Length.” The can-
didatesare“full,” “1/2" and“1/4” A shorter scoreisit-
erated by twice or four timesto fill in the sixteen beats
when it is /2 or /4. The next column labeled with
“Instrument” includes pop-up menus to select the type
of sound for each part. Additionally to the alternatives
described in section 2, the user can select arbitrary in-
strument among all of the GM sound resources. The
right most column is to control some types of effects,
pan, volume, octave shift, reverb, chorus and celeste.

Another dialog window is available to change the
tempo and pitch. The upper part of Figure 6 showsthe
dialog window to set the tempo within the range from
20 to 180 quarter notes par minutes. The lower one is
to shift the pitch of all of the parts by half a step within
one octave and five steps.

6 Examplesof Breeding

Breeding process begins with an initial population
of which genetic information is randomly generated.

o= utitlee=—"———H
|_# Flau all individusls. | Mext generation in -m/‘ (Cnew ] fietd |
[ e | ——— ————
) ] L. : ;
$ CEESEEE T FEEE= = =i
4 ¥ 4 ¥ | ¥ 4 ¥
Bl S = nr===i=r
= Bt — s H

[&](se1 Pal’ei:ltsu @l (Setect on J(Protect on]l[§][ Select on J(Protect on

= ." .'L‘.‘l‘ T i“-‘h—i—'ﬁ—o—k«—.ﬁ e
— ¥ T ¥ ey
e | S==—
i . ¥ T r ¥
: = Offsprlngs

5 j Select on J[Protect on |_| Select on [ Protect on
7= .vfﬂﬂ‘f

Figure 8: Individuals after crossover. The individuals
at upper left corner and middleleft position are the par-
ents.

The user would reset all of individual by replacing ran-
dom genome again, if the user could not find an ac-
ceptable score in the population. 1t might be necessary
to reset them several times because the size of popu-
lation is relatively small. Before seeking the feasible
initial ancestors, the user may change the settings of
the tempo and the part options using dialog windows
described in the previous section.

Selecting an individual as a parent, the other in-
dividuals can be replaced into the mutants. Figure 7
shows an example of population just after mutation.
The individual displayed at the upper left subwindow
isthe parent and the others are its mutants. The recur-
sive algorithm described in Section 4 guarantees the
resemblance of mutants to the parent.

If the user found more than one different types
of favorite individuals, offsprings can be combinations
of them spawning through crossover operation. As
described before, it is done in a style of one point
crossover, but the phenotype produced from the new
genotypeis not a simple concatenation of the first half
of aparent and the latter half of another parent. Some
length of the front part is inherited from a parent how-
ever the rest part of score is produced from gene of
both parents by a recursive procedure as described in
Section 4. Figure 8 shows an example of the window
just after a crossover operation.

If one or two parts of tune satisfies the user’s cri-
teria but the other should be still revised, it would be
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better to protect completed parts using the part option
diaog window.

7 Conclusions

A type of design on a tool to create short music
pieces by means of breeding was presented above. The
phase of development of this system is still at the be-
ginning, but we have obtained some expectation on
usefulness of the proposed method toward an practi-
cal support tool for beginnersto compose their favorite
music. Our future works will includes:

(1) toincrease the number of parts up to sixteen,

(2) to make it able to breed instrument-dependent ef-
fects such as breath, slur, and fluctuation,

(3) to add a gene editor to allow the user to modify a
genotype directly,

(4) to add a score editor to allow the user to modify a
score directly and to bring it back into the geno-
type and

(5) to build more large system to combine the other
features of music such as organization of pieces,
chord progression, orchestration, and so on.

Some other researchers have aready developed
similar systems for rhythms [15] and sounds [4]. It
must be valuable to combine their ideas to our system.

The authors are hoping for many people to enjoy
such a evolutionary tool for subjective selection to cre-
ate new culture.
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