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Abstract

This paper preserts a design of support system for mu-
sical composition based on Simulated Breeding. In our
system named SBEATS3, ead individual in the popula-
tion is a short musical section of sixteen beats including
23 parts, thirteen solos, two chords and eight percus-
sions.The melody and rhythm are generatedby a type of
recursive algorithm from genetic information. By select-
ing favorite piece among scoresdisplayed on the screen,
the user listens to the soundsand decideswhich should
be theparents to reproducethe o spring in the next gen-
eration. The genetic codes of children are generated
through mutation and crosswer. lterating this process,
the user obtains better pieces gradually. Embedding
somedomain speci ¢ functions, such aschanging tempo
and selecting tones, we can build a useful tool to make it
easierfor a beginnerto composehis/her favorite musical
pieces.

Intro duction

This paper presens an application of Simulated Breeding
(Unemi 2002b), a type of Interactive Evolutionary Com-
puting (IEC) (Takagi 2001),that realize breedingthe ar-
tifacts on the computer. The ordinary type of evolution-
ary computing consistsof iteration of selection,crosswer
and mutation.  Selection is done based on a tness
function that evaluate eadh individual. This framework
works well if the human designercan drawan appropriate
procedureto compute tness values.Havever, we often
suer dicult yto gure it out explicitly bysomereasons,
such asmulti-ob jectivit y, subjective criteria,dynamic en-
vironment, and soon. IEC is a promising technique to
nd better solutions in the domains for optimization by
user's subjective criteria, of which root can be found
in Blind Watchmaker by R. Dawkins (Dawkins 1986).
Di erently from ordinary methods of ewolutionary com-
puting, tness valuesare not calculated automaticallyby
the prede ned evaluation function but are given by the
userfor eadh individual in somemanner.
Someresearthersare calling this method adnteractive
Genetic Algorithm (IGA) (Smith 1991),becauseit can
be seenasa modi ed versionofGenetic Algorithm (GA)
(Goldberg 1989).Usually, the application systems have

a methodfor the userto rate ead individual, typically
a graphical user interfaceusinga slider or a set of radio
buttons.In the method named Simulated Breeding, the
userdirectly picks uphis/her favorite individuals as par-
ents for the next generation.This meansthe tness val-
uescan take only one (selected)or zero (not selected).It
disablesstochastic selection,but hasan advantageto re-
ducethe number of user'soperationsto assignthe tness
values.

Our project named SBEAT is to try to build a support
tool for composing music. We started from a prototype
of small system SBEAT1 (Unemi & Nakada 2001), of
which individual includes sixteen beats of three parts,
guitar, bassand drums. We extendedit to eight parts
by adding four more solosand percussionpart (Unemi &
Senda2001). The current newest version SBEAT3 has
ability to usefull of sixteen channels of General MIDI
(Mid 1995).

Some researtieson a music application of IEC have
already beentried in alternative methods. G. L. Nel-
son (1993) proposed some methods to generate mu-
sic by emergen techniques, and built a system named
Sonomorph to breed short musical scoresin a similar
style of Blind Watchmaker. J. A. Biles et al (1994) also
proposedan alternativ e framework to breed improvisa-
tional phrasesof Jazz music. His systemnamed GenJam
generatessolo melody from ead individual in the popu-
lation in turn. The user pushes’g' key for good and "b'
for bad to selectappropriate individual. N. Tokui (2000)
and M. Unehara (2001) are alsoindependertly challeng-
ing from their alternativ e points of view for rhythms and
longer tune with a type of domain knowledge.

Our system resenbles an extended version of
Sonomorph(Nelson 1995), but hasricher target domain
and an improved graphical user interface toward more
practical useas described later.

The following sectionsshow our design of phenotype
and genotype, describe the procedureto produce pheno-
type from genotype, presert the graphical userinterface
to make the system more useful and practical, and then
state concluding remarks.
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Figure 1: A eld window of SBEAT3.

Phenot yp e

An individual, the unit of breedingtarget, is a barof six-
teen beatsincluding 23 parts, thirteen solos,two chords
and eight percussions. Figure 1 shows an example of
eld window of SBEAT3, quite samewith SBEAT2. We
namedit eld inspiring from a eld of experimental farm
for breedingagricultural products. Each of eld window
corresponds to a population and includes nine sub win-
dows ead of which corresponds to an individual in the
population.

The scoreof eadt solosis a sequenceof single notes.
The scoreof a chord part is a sequenceof combination
of three notes. The score of a percussionpart is a se-
guenceof timbre. The timbre for ead solosand chord
parts are chosenby the user from more than 128types
of instruments programmed in MIDI.

Genotype

Figure 2 shows the structure of genotype, that consists
of three types of chromosomesfor melody, rhythm and
velocity. Each chromosomeis a two dimensional array
of 16 by 23 elemernts, for beats and parts. The melody
chromosomeis for calculating pitches for ead note by
a dewvelopmert procedure described later. The values
of eath elemen for rhythm are interpreted in similar
manner of GenJam as follows:

1. it continuesthe previous note or rest, if the most sig-
nicant bit is one;

2. it rests, if the left most three bits are 011,; and
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Figure 2: Structure of genotype.

3. it plays a new note, otherwise.

We employ mutation by bit ip in a constart possi-
bility 5% for ead bit in genotype. Relatively high mu-
tation rate is useful when the population sizeis small.
Crossover operation is done in a style of one point
crosswer, where it cuts a chromosomeat randomly se-
lected position of elemen boundary into two parts and
exchangesthem. Mutation is applied when the user se-
lects only oneindividual asa parent to move to the next
generation. Crossorver is applied when more than one
parerts are selected.

Morphology

Morphology, the processto dewelop phenotype from
genotype, plays an important role to generate feasible
candidates in the initial population usually generated
from random gene.

We employ the sametype of recursive algorithm as
SBEAT1 and 2 to guarantee some degreeof similarity
between parents and children in terms of human's feel-
ing. Data in the chromosomefor melody in the rst
chord part are used as parameter values for the algo-
rithm. (See(Unemi & Senda2001) for a detail.) Each
integer for pitchesis mapped onto a note in major or mi-
nor tonic scalein default, to generatea melody accept-
able by a beginner. We call this melody line of sixteen
beats basic melady.

In the chord parts, three notes, the note from basic
melody, three stepsaboveit, and three stepsbelow it, are
playedin the samebeat. The actual pitchesfor soloparts
are calculated by adding a value from data in melody
chromosome. The value canbe 3, 0 or 3 stepsto keep
an acceptableharmony. The pitch data of the beatsthat
the rhythm chromosomeindicates rest or cortinuation
are ignored.

User interface

Design of user interface is one of important featuresto
make an IEC application successful.
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Figure 3: Part option dialog of SBEAT3.

Breeding in the elds

Unavoidable issuein any auditory domains is that it
takessomelength of duration for the userto certify the
phenotype by listening to the sound of individual. It
is easyto comparethe features of twenty individuals in
the domain of graphicsart, such as(Unemi 2002a). How-
ever, in the caseof music it is impossibleto test more
than oneindividuals at sametime.

In our project, we restrict the individual to a short
phrase,and make the population sizesimultaneously dis-
played on the screento be only nine, as similarly to
Sonomorph. As shown in Figure 1 before, each of eld
window has a button to play all of individuals in the
population sequettially , and ead sub window hasa but-
ton to play only the individual repeatedly. Visualization
in the popular style of music scoreis helpful to catch up
the characteristic of phenotype before listing.

Multi- eld user interface

Toimprovethe diversity of genotype, we employ a multi-
eld userinterface (Unemi 1998). One of the issuesin
ewvolutionary computing is how it can avoid premature
corvergenceo nd afeasiblesolution. As know in breed-
ing of living organisms, migration between populations
separately ewolved for seweral generationsis often useful
to obtain a new improved o spring. The tness land-
scape of ewlution of complex systemsis usually multi
modal, that is, there are a number of locally optimal
peaks. A small sizeof population is easily trapp ed there
becausdt haslessdiversity enoughto nd another peak.
By the reasondescribed before, the population size of
SBEAT is only nine. The operation of migration pro-
vides e ectiv e help for the userto cope with this draw-
bad, by copy & paste and drag & drop operations for
individuals betweenany di erent eld windows.
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Part options

Figure 3 shaws dialog windows for setting parameters
for eath part by the user. As described before, the user
can assignany instrument in General MIDI for soloand
chord parts. For eight percussion parts, we prepared
fourteen sets of timbre, bassdrums, tom tom, snare, hi
hat, ride cymbals, crashcymbals, conga,bongo,timbale,
agogo,whistle, guillo, and others.

The subwindow for individual includesonly four parts
to be displayed becauseof the restriction of screenspace
and human's ability of viewing. The user can select
which parts are shawvn in the eld. The user can also
select which parts are played. We has been extended
our system by increasing the number of parts, but of
courseit is not always needto useall of them.

The useris also allowed to set up sometypes of con-
trols for eadh MIDI channel, such aspan, volume, reverb,
chorus, and celeste. The range of pitchesis also able to
changedfor ead part by octaves.

Correspondencebetween parts in genotype and score
can alsobe alternated. The parts sharing the samepart
in genotype of rhythm are played synchronously. The
parts sharing the samepart in genotype of both melody
and rhythm are played in unison.

Player options

Another dialog window called player option is to set up
the parametersapplied to whole of parts. The usercan
indicate whether an individual is played at once or re-
peatedly, can set the tempo in the range from 20to 180
quarter notes per minute, and can changethe scaleand
key note. The key note is determined from the genein
default, but the user x it by operating this dialog. In
addition to the scalesof eight notesin an octave, the user
can selecttwelve pitchesof half a step for one octave to
add a avor of avant-garde.

Protection of gene

Music has complex structure, but it is well organized,
that is, any piece of ordinary music can be divided into

smaller piecesand can be described by combination of
common features such as rhythm, melody, expression,
timbre and so on. By this reason, we sometimeswant

to x someparts or somefeatures of bred piecesand to

try alternative candidates that varies the rest of parts
or features. To realize it, the partoption dialog shovn
beforeincludesa menu to choosethe type of chromosome
and of toggle buttons to indicate protection of eadh part.

The protected parts of genotype are modi ed neither
through mutation, crosswer, nor reseting.

Integrating bars into longer score

To support music composition, it is necessaryto be able
to collect bred bars into longer sequenceas the result
tune. A scorewindow is to integrate bars copied from
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Figure 4. Genomeeditor of SBEAT3.

any eld window. As the samemanner of migration, the
user can copy any individual in a eld window into any
bar in a scorewindow by copy & paste and drag & drop
operation. The user can edit the sequenceof bars by
cut, copy & paste and drag & drop operation in a score
window, and can modify the options for ead bar using
the part option dialog and the player option dialog.

Direct editing of genotype

Breeding is redundant when the user knows how the
genotype should be modi ed to obtain his/her favorite
phenotype. Figure 4 showns windows called genomeedi-
tor that allows the userto directly edit genotype of an
individual. It is possibleto input a known melody using
the genomeeditor. The current implementation doesnot
allow to represert any type of melody in genotype, but
this type of reversemorphology is useful to help user's
task to make a variation of known tune.

Conclusion

A designof tool for music composition using Simulated
Breeding was described above. We have improved it in
the aspect of the number of parts from three in SBEAT1,
eight in SBEAT2, and then 23in SBEAT3. Thesetools
are useful for a beginnerto composehis/her favorite and
original music. And also it can be helpful for the user,
who already has the knowledge of music, to get inspira-
tion for a new melody.

Of course,there remains many works we should do in
future, sud as;

1. combination with breedingtools for another features,
timbre, e ects, chord progression,and so on,

2. more facilities to collaborate with other music tools,

3. facilities to use this tool as real time music perfor-
mance, and so on.

SBEAT2 and 3 run on MacOS9 and X. The executable
binaries and somesampletunesin SMF and MP3 format
can be downloaded from:
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http://www.in tlab.soka.ac.jp/~unemi/sb eat/ .
We hope many personsenjoy them.
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