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SIMULATION OF FUMCTIONS OF COMPOSER AND MUSCOLOGIST ON B.ECTRONVIC COMRUTER
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Simulationis carried out
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smoter assumen several values: P, .,

s seey sy s+ The wvallaes of s pEra-
-iger ie a te nmber Or numerical
structure, & concrete law of distribution
of frequencies of interval, and set of
chords - out of an aggregate of those
permissible in the program. The type of
eg;yonition means t ggalitntiv- charac-
teriatics, or certain distinguishing musl-
cal features typical of an aggregate of
compositions (etyle, genre, emotional
t-nor‘ etc.). The tyYpe may be "dan
music®™, " ", Btrauss wlts”, "width"”,
'nalodion.non-”, etc.

It will be established in analysing
a number of coapoaitione of some type
that not all the parameters are equally
charactarlatle of the whole type. If a
parameter assumes only one (eaaentlal)
value we shall refer to it aa an easaa-
tlal parameter, of which thereMay be
several in every type of composition. If
a.tparameter assumes different values in
different compositions of one type it is
Ineseemtial and we shall call it an ines-
sential parameter, An eseenvial parameter
Tor dancing musicis, for iaetaaee, the
aeasure. which la la waits 3/4 and is
Charleston 4/4 An exaaple of aa inessen-
tial paraaeter for waits la "amber of
unstressed motea". An essential parameter
for a Russian folk song is "sequenoe"
(aovsment of the aelodic figure up or
down by a few degrees with retainaent of
the seme rhythm and interval relatione),
with the value of "abaeaoe of sequence”.
Thus the essential values of parameters
are the indispensable characteristics of
the compoaltloaa of a given type.

I‘t l = . (P1' PE'-.-. Pk'o--)

be an ordered set of varioua parameters.
The simulation of a T, type of ooaposi-
tloa is baaed on the assumption: any ty-
pe of ooapoaltloa is characterised by a
definite set of valuea of parametara

-c - ' (P1.o. PZbc. - & p Pk.e. I..).

where Py.. ia a definite value of para-
mater Py salaotad from a multitude of
permissible values. Inessential parame-
ters are designated in zero values. Thus
tha qualitative characteristics of the
composition (Tc typa) is aat up in cor-
respondence to a formal-quantitative cha-
ract)eristic (set of values of Mc parame-
ters).

_ To simulate compositions of a defi-
nite To typa certain umbers - encoded

values of parameters - are fed into tha
corresponding cells of tha computer's
memory. In this way tha computer la as-

aignad a certsin list of rules and maana
of composition by which tha composition

produced must be governed. The fixed co-
aa automatically "set-up" or form tha
program. Out of all tha programmed valu-
es of each parameter only one, assigmed,
value is selected, If tha value of a pa-
rameter was not given, than during tha
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setting up of tha program it la aalaotad
from an aggragata of programmed values
at random, that ia by maana of tha gane-
rator of random number*. It follows that
not all of tha programmad law* are used
in synthesizing tha given composition
but only a part of them. This part is
designated Mc sat, which determine* tha
Tc type of tha composition. The programs
developed by this principle illustrate
the process of quantity (set of Talma*
of parameter*) transforming into quality
(typa of mulo).

Tha Me sat - list of tha laws and
means of oomposltiom uwd by tha compu-
ter, that la tha structure of tha compo-
sition is printed along with tha machine
composition. This makes it possible to
conduct various psychological experiments
in perception of music. It also allow*
for solution In principle tha major prob-
lem of mu*icology - to find the relation
between tha structure of the music and
It* Influence on the emotional state of
the liatemar. Let us designate this
thod M-method, for short.

Tha M-method of simulation is s
of replacing tha direct analysis of tha

stucy object $with unkmown characteris-
'[ICS}: with a formalised analysis of the
synthesized object (the laws and struc-

ture of which are known), that is to

lise the method of analysis by means of
synthesis. A special progrsm may be useed
to add new values to the programmed valu-
ea of parameter*, that la to extend the
multitude of the preaet laws and meama

of composition. This enables ua to syn-
thesise compositions of new types - new
synthetical structure end musloal styles,
different from those analysed.

S 3. Tha principles of the M-method
ware used in setting up tha following
machine pro grama.

1. Oompoaitlon of melodies is simu-
lated in the form of a musical period in
key major or minor. The sounds of the
melody smewer the rules of its four as-
pects: rhythmic, melodic, harmonic and
structural. These rules establish the
variou* durations, interval-pitch rela-
tion*, stable and unstable sounds of the
scale, repetition* of melodic and rhyth-
mic figures as well a* the segmentation
of the melody into its separate const -
ructs - phrase*, motifs. The selection
of the tform of composition (a period of
8 or 16 bare) ia motivated by a desire
tc make a more detailed study of tha ru-
les of the melody which is a finished
musical piece of minimum extent (1).

2. A composition in song rhythm is
programmed - a sequence of durations cor-
responding to a definite poetic metres
a sequence of straamd and unstressed sy-
lables of a poem. A combination of thl~*
progrsm with a program for composition



of a melody provides t h (Posm bility of unchanrq elements or thejnvariants of

simul at1on of sons melodies i ren trans ormat|on Bat invariationthe

text inverse, or a song (see (1 are masked by the changed,rhythm, meter,
key and the melodic line itself. These

. 3. The program of harmonization of nasklng el ements often make the tune un-
a given melody Tn quadrivoiced chorda ,reco?msable. The M nethod of simulatjon
(tT1adsand seventhchbords in baS|c form |denfjfies the invariants and the nmask-
and thejr conversions) imtates the solu- 1ngelement a. asveil as the mechanism
tion of school problems. The progranne of “transposition of inrarlanta 1n the
covers study material of the one ‘and a variation of the meloay (see (2,3))
hal f semesters of nusic caollege- Such
problems are solved I n music Col|ege b Conputer variation by the Mnethod
mans of the rules of harmonisation ou makes it possible to reconstruct the me-
| Ined |n text books on harnmony. Hovever , onanism by which the given compo sition
the absence_of precise definitions and was created, to t |1 ow step by step the
constru,ctlveprocedures mekes t he process  whole process of transforma tion of the
of harmonisation |ar er |ntU|t|ve Bat given theme into the givenvariation,
| N programm (rll orma arity must be and to demonstrate the |ntermed|ar¥ re-
Introduced in The [og |0 interrelation sults of the conseqmtlve stages o
of th varlo ements and neans of har - tr ns o mat|on and detormatton of the
mon|sat|on Be3|des the solution of the |0 eee ( ’ Figure 1 presents the
robl'em of harmonization is . not unique, ocYe conp ose under th [ ame

here is the problemof finding anopti - y EM6conputeroft eCo uta?t ,
ml (by certain criteria) solution, Centre. USSR 'Acadeny of SC|ences | t WI||
be. noticed that rrelody No. . comple ely
| The structure of the algorytbmrrakes coincides (except fo thetlrstlnteln
i 1 possibletosimlate i fe ok types the I'ast bar) with {he popular ‘ML odyortk-
of harmoniz atton(for| stance different paya" song . (from the 1101 VoI?a Vol'ga")
in the extent of comexity) Because a by the Soviet conposer Dapaevakl. The
provisionis nade to a programe by ar- synthesi s of this melody by the conmputer
rangene ment of a set of values of M para- confirmed 0 assunptlons concerning ,the
meters, correspondjng to the set of rules nature of | s oonneotions withtheoTr.i -
and neans of harmoni sation(see(1)) gi nal theme, the ways of transformation
0f this theme into the melody of the
. 4. The programfor anal ysi s of solu I\/blody haaya as weII aa_concerning
tions of students'  problams’rn harmoniza-  the mechanism of creation of melodies
tionandfor detectionof errors acts aa  Of Lt Issyn naeli oal structure (the melo-
examner and is a prototype of a reaching dy.of a popular song), lar it i's only b
system By "errors" are ‘meant forbidden tni s process that a machine melody cdin-
of . undesiTable sequences of chords or ciding with the given well-known"melody
voices e.g.. chord, nonsensical from the coul d hare been produced.
point of viewof the program Wen an o |
error has bean detected I'ts specifjcs and S 4 The proximty (or similarity)
locationin the composition are indicated of the machine result "and the stud oh-
The possibility of a33|gn|ng a set of va- teCt S the cr iterion of rperfecuo 0f
lues of M parameters (thatis a l[ist of he algorythm and the degree of knowl ed
rules the violation of which in the ni- geof Thisobject. V\ha_t i Simportant i s
tial solution is considered an error? fot the absolute quality of 'the mchine
provides for anaIy3|s of solutions o results (of musie, for one) but a naxinmum
problems of varyi 9 degrees of complexity deqree of coincidence of these results
of harmonisation. T'n other words, the wilh the object in the respects being
programme produces various requitement to  studied during the process of simulation.
students after one month of study or on The problem or’ evaluation of the machine
completion of the whole term of Study results and of their conparison to the
(see (1)). object simulated i's a very complex one,
esgem ally in the case of works of art.

. 5., The machi ne conposes one-voice Eval uation here is influenced by mny
variations on s. given musu:al theme. On factors, ncludingpublicopinion, readi-
the basis of musical material this prog- ness to.contradict’ andparticularlypsy-
ram realizes one component of heuristic chological aet or Mas. ‘that is apreju-
activity, inthis oase, transposihillty, dice against the work betng eval uat ed.

a fundamental property of structure.
Transpositionor transfer of invariant. The author has devised a method of
forma 1S to be observed in transformation somoloqu:al exam nation of evaluations
of any nature, |n this is. enbodied the made by 1isteners of machine nusic. The
integrityof structure which cannot be Pt0b|em of evaluation of machine composi-
broken up into elements. ions and their comparison with conposer
m#3|e can to,nly be eaTIht_ Wlthblon thetbastds
Very often whan Ijstening to a tune 0! d (UESLIONNAITE. SIS Rrovrem: s 11 €
and 1S Variailon We detect the.connec. LD Wit lLsteners’ psycnology, that is
{1on hetween themintuitively. Thisisso [helripabllilylogvaluatethe comosi-
ccuse the var &t lofretainsal l the tions objectively If they know beforehan
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that melody No. 1 is machine-produced,
and melod%/ No. 2 was composed by man.

Just as it ie impossible to appraise ob-
’ec_tlv_ely a popular melod%. Psychological-
it is quite 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 sociologically objective evalua-
tion of the computer’'s compositions and
compare _them with the objects of simula-
tion, The purpose of the experiment is to
eliminate the psychological set iblas) 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
works, that is to indicate their quality.

Melodies of well-known Soviet compo-
sers published in selected song books and
melodies composed by "Ural-2" computer
under the above programme were selected
for the experiment.” The melodies were

layed in an arbitrary order, unknown to
he listemters 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 different
socio-musical groups with approximatel
the same level of musioal education. They
were students of the Moscow Power I nsti-
tute, students of the Gneslns Music Tea-
chers Training Institute, participants in

876

the symposium "Problems of Artistic Per-
ception*' (the sitting of the symposium
was concerned with music perception).
senior-grade school pupils, mathematici-
ans, participants in the Methodlogical
Seminar of the Steklov Institute of Ma-
thematics of the USSR Academy of Scien-
ces and the Computation Centre of the.
Academy, employees of cultural establish-
ments and others - more than GOO people
inall. A similar experiment was also
conducted on the basis of a programme
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 processing of experimental data yiel-
ded different characteristics (see (1)).
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 crl_terla{) than compo-
ser music. The foIIowm%ta le shows how
melodies were evaluated by one criterion
by the musically well-educated group of
students pf the "Gnesins Institutes

Brvaluation
Author 5 & 3 2 1
Machine 76 253 208 22 5
Composers 61 213 2a7 31 B8

Am = 3,67; Ac = 3.5




The tabl e gives the number of 5-;
-, 3, 2-, 1-polnt evaluations of the
machi ne and conposer mel odies: Am and Ac
are average eval uations of the mel odies.

The results of
ve the followin
lation of sone t
composi ng mel odi
resultsobtain
only comparable

or t
g facts in computer simu-
ypes of music, such as
es of popul ar songs, the
ed bK the machine are not
to hu
e

d
S

man wor ks but are

evensuperiortotheminquality. This
s indicative of the fact that the mecha-
nismof creation of such forms of nusic
has been studies to avery high degree,
and proves the correctness of the chosen
principles of simulation,

It isimportant to bear inmndthat

0
the mel odies of professio
usedinthe experiment are
human professional activit
led creative.

a

nal composers
theremgult 0f
y
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