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Abstract

A method of simulation on an electronic
computer is described, in which a set of
formalized values of paremeters is fixed
in oommndmco to a certain research
object. tollod.ngh:onputor &mm
are constructed for composition of

melodies, haxmonization of melodies
2:5:-1- of harmonizations (this prog-
remme acts as an examiner) and si-
tion of musical variations. The latter
realizes a component of heuristic acti-
vity - transposition of the invariant
fora (structure) to differemt contemts.
These programs confirm the theses
concerning certain laws used nan in
creative work untuitively. To an
objective svaluation of machine music
and compare it with composer music a spe-
cial experiment has been conducted by a
method which eliminates the influence of
the psyeholoﬁult-ot (hl.tu) °§o gu ox-
perts. Examples of computer me es are
glven in a musical notation.

§ 1. In the s of certain psycho-
logical object the following problem ari-
ses: to what extent the knowledge of or
information on the object, produced con-
sciously (e.g8. obtained in a pazeholoﬁ;.
cal experiment) is relevant to the um
standing of this object. In other words,
is this knowledge sufficient to imitate
the object?

It is8 not always that in his heuris-
tic activity man uses only conscious
-produced parameters. When dealing with

fficult blems he introduces subcon-
letouly additional factors that he can-
no

be aware of, although they oftem p
an essential role. 7 i

Electronic-computer simulation is a
reliable method of verifying hypotho;:a

tation of certain aspects of the object
under study, that is those aspects that
interest :the researcher. In computer si-
mulation the machine program includes
regularities obtained in analysis of ex-
perimental data. The computer, naturally
does not use anything above that, any-
thing that is subconsecious.

Simulation is carried out in three
stages:

1) On analysis of the object the
laws of its structure are found out. Be-
sides, the laws and principles of the
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structure and development of the object
may be formulated on the basis of hypo-
thetical conceptions of this objects.

2) Synthesis is reproducéion or imi-
tation of the object on an electronic
computer with the help of a program which
includes the laws discovered on during

an 8.
3) Estimation of the machine results
consists in det the extent of
adequacy of the model to the study ob-
Ject, that is the extent of similarity
between machine and human actions or re-
sults. This is the only criterion of a)
pexrfection of our algoritim, b) correct-
ness of the adopted ciples of simu-
lation, and c) extent of knowledge of
the study object. At this stage our ideas
on the laws of the object are verified.

Thus in electronic~computer simula-
tion it is objectively i whether
the machine (the program, to be more
exact) possesses cient kmowledge to
imitate object on the study.

e B et ol
syn 8 no on
%o attain similarity with an object.

eriments in simulating some fumoc-
tions of composer and musicologist on
"Ural-2" and BESN-6 computers were conduo-

ted in three stages corre 1y.
Further they are eonenl:.mgingod. Jor
nore detailed information on the research
methods and results the reader is refer-
red to the author's monograph (1) and
articles (2,3).

§ 2. Let us examine a method of si-
mulation of musical composition based on
algoritimization of the laws and rules of

sition, Simulation is based on a
probabdlity process subject to definite
regularities.

The method of organization of the
algoritim is based on the principle of
hierarchy of various musical concepts.
Several conceptions must be introduced

An.golus:l.cnl composition is characte-
rised (both syntactically and semantical-
1y) by a certain set of parameters P,,
Poy ¢eoy Proo., embodying laws and méans
o?tconpouﬁog. !'?z parameters 1::1";
cate: range of melody, measure t -
tion of fre cles ot intorn.’l.-, number
of degrees an octave, etc. Every Pk




ameter assumes several values: P, .,

] ...'P 9 oo mn]% Of&p a-
J%er is a te numbss or numerical
structure, a concrete law of distribution
of frequencies of interval, and set of
chords - out of an ngsrosn{'o of those
peraissible in the program. The type of
eomposition mesns t. Ealitatin charac-
teristics, or certain distingwishing musi-
cal features typical of an aggregate of
compositions (style, genre, emotional
tonor& otm. The type may be "dan
music”, "Waltz", Strauss waltz", "“width",

ousness”, etc.

It will be established in ana

a number of compositions of some type
that not all the parameters are o?ny
characteristic of the whole type. If a
paremeter assumes one (essential)
value we shall refer it as an essen-
tial parsmeter, of which there lg be
several in every type of sition., If
& parameter assumes different values in
different compositions of one it is
inessential and we shall call it an ines-
sential parsmeter. An eéswenvial parameter

for music is, for instance, the
measure ch is in walts 3/4 and in
charleston 4/4, An example of an inessen-

tial parameter for walts is "number of
unstressed motes”. An essential parsmeter
for a Russian folk is "sequence”
(movement of the melodic figure uwp or
dowmn by a few degrees with retainment of
the seame rhythm and interval relations),
with the value of "absence of sequence".
Thus the essential values of parameters
are the indispensable characteristics of
the compositions of a given type.

Il.t M=NM (P." Pa,ooo. Pk’ooo)

be an ordered set of various gu-mtm.

The simulation of a T, 6 type of composi-

tion is based on the fssumption: ty-

e of composition is characterized by a
te set of values of parsmeters

Mec = M (P1‘°' P?.'bc' seey Pkoe’ ooo)’

where P, . is a definite value of para-

moeter selected from a multi of
ermisa¥ble values. Inessential parame-
ors are designated in zero values. Thus
the qualitative characteristics of the
composition (Tc type) is set in cor-

respondence to a formal-quantitative cha-

zt:act;riltic (set of values of Mc parame-
ors).

To simulate compositions of a defi-
nite Tc type certaim numbers - encoded
values of armtﬁ:l ; :ﬁ fed néto'tlu
correspon ce o computer's
memory. In this the computer is as-
signed a cexrtain list of and means
of composition by which the sition

roduced must be governed. The fixed co-
8 autons:ioauq "get-up” or form the
progrem. Out of all the programmed valu-
e:l of ;ach ar:utoi'fon]qth. on‘i, auit emed,
value is selecte value of a pa-
rameter was not am. then during thg

874

setting up of the program it is selected
from an aggregate of programmed s
at random, that is by means of the geme-
rator of random numdbers. It follows that
not all of the programmed laws are used
in synthesi the given composition
bntonlla of them. This part is
designated Mc set, which determines the
Tc tgo of the composition. The programe
developed by this primeciple illustrate
tlfu pmoo:l o§ gnﬂ.ty fnt 1:::0 Vo.lwuw
of parsmeters ansforming quali
(type of music).

The Me set - list of the laws and
means of

ter

sition is printed along with the
ltt:l.on. This uhg. it cp.gld.bh to .

various psycheo experinen
in parcepiion of wisto. Tt sleo Bilems "
r solution P

lem of musicology - to f£ind the nhgzn

between the structure of the music and

its influence on the emotional state of

the listener. Iet us designate this me-

thod E-method, for short.

. The I-lo::d of -%luhtiu "'z‘ B
o hohg diresc 8 0
mob oot (with m:ﬂuuul-
tie:E with a formalised analysi
syn

ture of which are knowm), that is to res-
lize the method of snalysis by means of
syathesis., A special grop- 2ay be used
to add new valuss to the programmed valu-
es of parameters, that is to ext
multitude of the t laws and
of composition. enables us to s
thesize compositions of new
synthotical strusture and oal
fferent from those smalysed.

$ 3. The principles of the M-method
were used in setting up the following
machine programs.

1., Composition of melodies is simu-
lated in the form of a musical period im
koLu;}or or minor., The sounds of the
melody answer the rules of its four as-
peots: mic, melodic, harmonic amd
struc + These rules establish the
various durations, interval-piteh rela-
tions, stable and wnstable seunds of the
scale, repetitioms of melodiec and rhyth-
uedmolunuuthou tation
of the melody into its s ate const -
ructs - phrases, motifs. selection
of the form of composition (a period of
8 or 16 bars) is motivated by a desire
to make a more detailed study of the ru-
les of the melody which is a finished
musical piece of minimum extent (1).

2. A composition in song m is
programmed - a sequence of durations cor-
responding to a definite poetic metre:

a sequence of stressd and umstressed sy-
lables of a poem. A combination of this
program with a program for composition

k

i




of a melody provides the possibility of
simulation of song melodies to(:)?.m

text in verse, or a song (see
em of harmonization of

3. The
a given melo voiced chords
(triads and seventhchords in basic form
and their conversions) imitates the solu-
tion of school blems. The programme
covers study material of the one and a
half semesters of music college. Such
problems are solved in music college
means of the rules of harmonization ou
lined in text books on . However,
the absence of precise definitions and
constructive cedures makes the process
of harmoniszation ]:-u.rrl{‘hnhutin. Bat
in programming fo ) must be
introduced in the logical interrelation
of the various elements and means of har-
monization. Besides, the solution of the
blem of harmonization is not unique
here is the probles of finding an opti-
mal (by cext eriteria) solution.

The structure of the algorytlm makes
it possible to simulate different types
of zation (for instance, erent
in the extent of comlexity) because a
provision is made to a programme by ar-
rangement of a set of values of M¢ para-
to the set of rules

meters, corre
).

and means of harmonisation (see

4, The sm for s of solu-
tions of etug:: 8! blems harmoniza-

tion and for detection of errors acts as
examiner and is a grototypo of a reaching
system. By “errors" are meant forbdddea
or undesirable sequences of chords or
voices e.g. chord, nomsensical from the
point of view of the program. Whem an
error has been detected its specifics and
location in the composition are indicated
The possibility of assi a soet of va-
lues of Mc parsmeters (that is a list of
rules the violation of which in the ini
tial solution is considered an error)
pro‘v,:l.du fcr:r mlyn:lz. of -olngion- t:;.:.l.’:l’.1=
problems of varying degrees o y
of harmoniszation. In other words, the
programme duces various regquirement to
students er one month of study or on
gonplz‘%gn of the whole term of study

aee .

5. The machine composes one-voice
variations on a given musical theme. On
the basis of musical material this prog-
ram realizes one component of heuristiec
activity, in this case, tramsposibility,
a fundsmental property of structure.
Trensposition or tramsfer of invariant
forms is to be observed in transformation
of any nature. In this is embodied the
integrity of structure which camnot be
broken up into elements.

Very often when listening to a tume
and its variation we detect the comnec-
tion between them intuitively. This is so
because the variation retains all the
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unchanged elements or the invariants of
transformation. But in variation thoz
are masked by the changed rhytim, meter,
key and the melodic line itself. These
n elements often make the tune un-
recognisable. The M-method of simulation
identifies the invariants and the mask-
ing elements, as well as the mechanism
of trmpo-i\'::lon of invariants in the
variation of the melody (see (2,3)).

Computer variation by the M-method
makes it possible to reconstruct the me-
chanism by which the given composition
was created, to follow step by step the
whole cess of transformation of the
glven theme into the given veriation,
and to demonstrate the mtonodiu'; re-
sults of the consequitive stages o
transformation and deformation of the
uhg (see (3)). M 1 presents the
melodies composed this programme
by EESM-6 compubter of the Computatiom
Centre, USSR Academy of Sciences. It will
be not.{eod that melody Fo. 1 completely
She Tame bes) whih ohe popalar "Holsdyesr
naya® song (from the ﬁ.ﬁ "Yolga-Volga™)
by the Soviet composer . The
synthesis of this melody by the computer
confirmed our assumptions comec the
nature of its connections with the ori-
ginal theme, the of transformatioa
%Mo lodyornnayar, &
the mechanism of creation of melodies
of tg:l.- syntactical ;tr;:tnn ’(.tho ulg;

o popular song). For s only
gﬁu p;ocon that a machine melody coin-
ciding with the given well-known melody
could have been produced.

$§ 4. The proximity (or ohihr:l.tzz
of the machine result and the study o
gect is the criterion of perfection of
he rytlm and the degree of knowled-

ge of this object. What is rtent is
not the absolute quality of machine
results (of musiec, for one) but a maximwm

d.gree of coincidence of these results
with the object in the respects

studied the process of simulation.
The blem of evaluation of the machine
results and of their comparisom to the
objest simulated is a very complex ome,
especially in the case of works of art.
Evaluation here is influenced by many
factors, incl publie o on, readi-
ness to contradie nnd.g cularly psy-
chological set or ‘d.as hat is a .3'-
dice against the work ﬂd.ng evaluated.

The author has devised a method of
soclological exsmination of evaluations
made by listeners of machine music. The

blem of evaluation of machine composi-

ons and their comparison with composer
music can omly be dealt with on the basis
of a tionnaire. This problem is tied
in with listeners’ psychogogz, that is
their inabdlity to evaluate the composi-
tions objectively if they know beforehand
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that melody No. 1 is machine-produced,
and melody No. 2 was composed by man., J
Just as it is impossible to appraise ob-
ioct:l.vely a popular melody. Psychological

it is e natural. Therefore to be
able to make an objective comparison the
listeners must not know what they are
evaluating at the given moment, machine-
or man-produced music.

A special experiment is needed to
make a sociologic objective evalua-
tion of the computer's compositions and
compare them with the objects of simula-
tion., The zurposo of the experimemt is to
eliminate the psychological set (bias) of
the experts, to confuse them so that they
will not know what they are dealing with,
whether it is a work of the computer or
man. Besides, that experiment is also to
obtain an objective evaluation of machine
compositions as compared to composer's
wO. s that is to indicate their quality.

Melodies of well-known Soviet compo-
sers dzubnshad in selected song books amnd
melodies composed by "Ural-2" uter
under the above programme were selected
for the experiment. The melodies were
gluod in an arbitrary order, umknown to

he listemers who were to evaluate them
by a five-point scale and write the num-
ber of points in the blanks of the form.
The experiment was conducted in differemnt
socio-musical groups with ‘Eﬁ?m‘“ﬂ,
the same level of musical education. y
were students of the Moscow Power Insti-
tute, students of the Gnesins Music Tea-
chers Training Institute, participamts in
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the symposium "Problems of Artistic Per-

ception” (the sitting of the s sim
was concerned with music perc on)
senior-grade school pupils, ma hmt{ci-

ans, participants in the Methodologiecal
Semlnar of the Steklov Institute of Ma-
thematics of the USSR Academy of Scien-
ces and the Computation Centre of the
Academy, loyees of cultural establish-
ments and others - more than 600 people
in all, A similar experiment was also
conducted on the 8 of a prosrulo
broadcast by the home service of Radio
Moscow on August 25, 1973.

Just as in any sociological study objec-
tive conclusions were made on the basis
of averages of subjective evaluations of
the participants in the mass experiments.
The proces of experimental dntad!).;l-

ded different charscteristics (see
The adopted method was found correct as

it made it possible to eliminate the psy-
chological bias we have mentioned. It was
established in a series of experiments

that the machine compositions scored more
points (by various criteria) than -
ser music. The following table shows how
melodies were evaluated by ome criteriom
bgutho musically well-educated Eroup of
students of the Gnesins Institute

Evaluation
Autbhor S & 3 2 1
Machine 76 253 204 22 5
Composers 61 213 247 31 8

An = 3,67; Ac = 3,51




The table gives the number of 5-,
4=y 3=, 2=, 1=point evaluations of the
machine un& composer melodies: Am and Ac
are average evaluations of the melodies.

The results of this experiments pro-
ve the following fact: in computer simu-
comming melntt s af popilas soags, e
CORDO me es of pop songs,
results obtained by the machine are not
only comparable to humsn works but are
even superior to them in quality. This
is indicative of the fact that the mecha-
nism of creation of such forms of music
has been studies to a very high degree,
and proves the correctness of the chosen
principles of simulation.

It is important to bear in mind that
the melodies of professional composers
used in the experiment are the result of
human professional activity which is cal-
led creative.
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