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A method of simulation on an e l e c t r o n i c 
computer la described, In which a set of 
formalised r a l l i e s of parameters is f l s a d 
in correspondence to a c e r t a i n research, 
object. The f o l l o w i n g computer programs 
are constructed f o r the composition of 
song melodies, harmonization of melodies 
analysis o f harmonizations ( t h i s prog
ramme aots as an examiner) and composi
t i o n o f musical r e f l a t i o n s . T h e l a t t e r 
r e a l i s e s a component o f h e u r i s t i c a c t i 
v i t y - t r a n s p o s i t i o n o f the i n v a r i a n t 
form ( s t r u c t u r e ) to d i f f e r e n t contents. 
These programs oonfixm the hypotheses 
concerning c e r t a i n laws used by mam in 
o r e a t i r e work u n t u i t i r a l y . To Make an 
objeo t i v e e r a l u a t i o n of machine music 
and compare it w i t h composer music a spe
c i a l experiment has been conducted by a 
method which eliminates the i n f l u e n c e of 
the psychological set (bias) of the ex
p e r t s . Examples of computer melodies are 
g i r e n i n a musical n o t a t i o n . 

8 1. In the study of c e r t a i n psycho
l o g i c a l object the f o l l o w i n g problem a r i 
ses s to what extent the knowledge of or 
Information on the object, produced con
s c i o u s l y (e.g. obtained in a psychologi
c a l experiment) i s r e l e v a n t t o the under
standing o f t h i s object. I n other words, 
i s t h i s knowledge s u f f i c i e n t t o i m i t a t e 
the objeot? 

I t i s not always t h a t i n hie h e u r i s 
t i c a e t i r i t y man uses only consciously-
aroduced parameters. When dealing w i t h 

f f l c u l t problems he introduces subcon
s c i o u s l y a d d i t i o n a l f a c t o r s t h a t he can
not be aware o f . although they o f t e n play 
an e s s e n t i a l r o l e . 

Xlectronic-conputer simulation is a 
r e l i a b l e method of r e r i f y i n g hypotheses 
concerning laws goreznlng research ob
j e c t . Simulation i s reproduction o r i m i 
t a t i o n o f c e r t a i n aspects o f the objeot 
under study,' t h a t is those aspects that 
i n t e r e s t the researcher. I n computer s i 
mulation the machine program includes 
r e g u l a r i t i e s obtained i n analysis o f ex
perimental data. The computer, n a t u r a l l y 
does not use anything abore t h a t , any
t h i n g t h a t i s subconscious. 

Simulation i s c a r r i e d out i n three 
stagest 

1) On analysis of the object the 
laws of i t s s t r u c t u r e are found out. Be
sides, the laws and p r i n c i p l e s of the 

s t r u c t u r e and development of the object 
may be formulated on the basis of hypo
t h e t i c a l conceptions o f t h i s objects. 

2 ) Synthesis i s reproduction o r i m i 
t a t i o n of the object on an e l e c t r o n i c 
computer w i t h the help of a program which 
includes the laws discovered on during 
analysis. 

3) Estimation of the machine r e s u l t s 
consists i n determining the extent o f 
adequacy of the model to the study ob
j e c t , t h a t i s the extent o f s i m i l a r i t y 
between machine end hcaun actions or r e 
s u l t s . This i s the only c r i t e r i o n o f a ) 
p e r f e c t i o n of our algorithm, b) c o r r e c t 
ness of the adopted p r i n c i p l e s of simu
l a t i o n , and c) extent of knowledge of 
the study objeot. At t h i s stage our ideas 
on the laws of the object are r e r i f i e d . 

Thus in electronic-computer simula
t i o n i t i s o b j e c t i r e l y confltmed A e t h e r 
the machine (the program, to be more 
exaot) posseeses s u f f i c i e n t knowledge to 
i m i t a t e object on the study. 

Stimulation should be distinguished 
from synthesizing, which is not intended 
t o a t t a i n s i m i l a r i t y w i t h a n object. 

Experiments in simulating some func
ti o n s of composer and musicologist on nUral-2 N and BEGM-6 computers were oondno-
te d i n three stages correspondingly, 
f u r t h e r they are commenly described, t o r 
more d e t a i l e d information on the research 
methods and r e s u l t s the reader is r e f e r 
r e d to the author's monograph (1) and 
a r t i c l e s (2,3). 

5 2. Let us examine a method of s i 
mulation of musical composition based on 
algorithm!aatiom of the laws and r u l e s of 
composition* Simulation is based on a 
p r o b a b i l i t y process subject t o d e f i n i t e 
r e g u l a r i t i e s . 

The method of organization of the 
algorithm is based on the p r i n c i p l e of 
hierarchy of r a r i o u a musical concepts. 
Sereral conceptions must be introduced 

Any musical composition is characte
r i s e d (both s y n t a c t i c a l l y and seswntical
l y ) by a c e r t a i n set of parameters P 1, 
P2,..., Fk..., embodying laws and means 
of composition. The parameters may i n d i 
cates range of melody, measure, d i s t r i b u 
t i o n o f frequencies o f i n t e r r a i s , nunber 
of degrees in an ootare, e t c Every P k 
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I t w i l l b e es tab l i shed i n ana lys ing 
a number of coapoait ione of some type 
t ha t no t a l l the parameters are equa l l y 
c h a r a c t a r l a t l e of the whole type. I f a 
parameter assumes only one (eaaen t la l ) 
va lue we s h a l l refer to it aa an easaa-
t l a l parameter, o f which thereMay be 
severa l i n every type o f composi t ion. I f 
a parameter assumes d i f f e r e n t values in 
d i f f e r e n t composit ions of one type i t is 
lneseemt ia l and we s h a l l c a l l i t an i n e s 
s e n t i a l parameter, An eseenv ia l parameter 
Tor dancing m u s i c i s , f o r iae taaee , the 
aeasure. which la la wai ts 3/4 and i s 
Charleston 4/4 An exaaple of aa inessen
t i a l paraaeter f o r wa i ts l a "amber o f 
unstressed mo tea " . An e s s e n t i a l parameter 
f o r a Russian f o l k song is "sequenoe" 
(aovsment of the ae lod ic f i g u r e up or 
down by a few degrees w i t h re ta inaen t of 
the seme rhythm and i n t e r v a l r e l a t i o n e ) , 
w i t h the value of "abaeaoe of sequence". 
Thus the essen t i a l values of parameters 
are the indispensable c h a r a c t e r i s t i c s o f 
the compoaltloaa of a g iven type . 

be an ordered set of var ioua parameters. 
The s imu la t ion of a To type of ooaposi-
t l o a is baaed on the assumption: any t y 
pe of ooapoal t loa is character ised by a 
d e f i n i t e set of valuea of parametara 

where P k e c ia a d e f i n i t e value of para-
mater Pk sa lao tad from a mu l t i t ude of 
permiss ib le va lues. I n e s s e n t i a l parame
t e r s are designated in zero va lues . Thus 
tha q u a l i t a t i v e c h a r a c t e r i s t i c s o f the 
composit ion (Tc typa) is aat up in co r 
respondence to a f o r m a l - q u a n t i t a t i v e cha
r a c t e r i s t i c ( se t of values of Mc parame
t e r s ) . 

To s imulate composit ions of a d e f i 
n i t e To typa c e r t a i n umbers - encoded 
values of parameters - are fed in to tha 
corresponding c e l l s of tha computer's 
memory. In t h i s way tha computer la as-
aignad a c e r t s i n l i s t of r u l e s and maana 
of composit ion by which tha composit ion 

produced must be governed. The f i x e d co-
aa au tomat ica l l y " se t -up " or form tha 

program. Out o f a l l tha programmed v a l u 
es of each parameter on ly one, assigmed, 
value i s se lec ted , I f tha value o f a pa 
rameter was not g iven, than dur ing tha 

s e t t i n g u p o f tha program i t l a aa laotad 
from an aggragata of programmed values 
at random, t ha t ia by maana of tha gane-
r a t o r o f random number*. I t f o l l ows t h a t 
not a l l o f tha programmad law* are used 
i n syn thes iz ing tha g iven composit ion 
but on l y a p a r t o f them. This p a r t i s 
designated Mc s a t , which determine* tha 
Tc type of tha composi t ion. The programs 
developed by t h i s p r i n c i p l e i l l u s t r a t e 
the p rocess o f quan t i t y ( se t o f Talma* 
o f parameter*) t rans forming i n t o q u a l i t y 
( typa o f m u l o ) . 

Tha Me sat - list of tha laws and 
means of oomposltiom u w d by tha compu
t e r , t h a t l a tha s t r u c t u r e o f tha compo
s i t i o n i s p r i n t e d a long w i t h tha machine 
composi t ion. This makes i t poss ib le t o 
conduct var ious psycho log ica l experiments 
i n percept ion o f m u s i c . I t a lso a l l ow* 
f o r s o l u t i o n I n p r i n c i p l e tha major p r o b 
lem of mu*icology - to f i n d the r e l a t i o n 
between tha s t r u c t u r e of the music and 
I t * I n f l uence o n the emot ional s t a t e o f 
the l i a temar . Let us designate t h i s 
thod M-method, f o r sho r t . 

Tha M-method of s imu la t i on is s 
o f r ep l ac i ng tha d i r e c t ana lys is o f tha 
stucy ob jec t ( w i t h unkmown c h a r a c t e r i s 
t i c s ) w i t h a fo rma l i sed ana lys is o f the 
synthesized ob jec t ( t he laws and s t r u c 
t u r e of which are known), t h a t is to 
l ise the method of ana lys is by means of 
synthes is . A spec ia l progrsm may be useed 
to add new values to the programmed v a l u -
ea o f parameter*, t ha t la to extend the 
mu l t i t ude of the preaet laws and meama 
of composi t ion. This enables ua to syn 
t h e s i s e composit ions of new types - new 
s y n t h e t i c a l s t r u c t u r e end musloal s t y l e s , 
d i f f e r e n t f rom those analysed. 

S 3. Tha p r i n c i p l e s of the M-method 
ware used in s e t t i n g up tha f o l l o w i n g 
machine pro grama. 

1. Oompoaitlon of melodies is s imu
l a t e d in the form of a musica l p e r i o d in 
key major or minor. The sounds of the 
melody smewer the r u l e s o f i t s f o u r as 
pects: rhy thmic , melodic , harmonic and 
s t r u c t u r a l . These r u l e s e s t a b l i s h the 
v a r i o u * du ra t i ons , i n t e r v a l - p i t c h r e l a 
t i o n * , s tab le and unstable sounds o f the 
sca le , r e p e t i t i o n * o f melodic and r h y t h 
mic f i g u r e s as w e l l a* the segmentation 
of the melody i n t o i t s separate const -
ructs - phrase* , m o t i f s . The s e l e c t i o n 
o f the form o f composit ion (a p e r i o d o f 
8 or 16 bare) ia mot iva ted by a des i r e 
tc make a more d e t a i l e d s tudy of tha r u 
les of the melody which is a f i n i s h e d 
musica l p iece of minimum extent ( 1 ) . 

2. A composit ion in song rhythm is 
programmed - a sequence of dura t ions c o r 
responding to a d e f i n i t e p o e t i c metres 
a sequence of straamd and unstressed sy-
l ab les of a poem. A combination of t h l * 
progrsm w i t h a program f o r composit ion 
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of a melody provides the p o s s i b i l i t y of 
simulation of sons melodies to a s i r e n 
t e x t in verse, or a song (see ( 1 ) ) . 

3. The program of harmonization of 
a given melody in quadrivoiced chorda 
( t r l a d s and seventhcbords in basic form 
and t h e i r conversions) i m i t a t e s the s o l u 
t i o n of school problems. The programme 
covers study m a t e r i a l of the one and a 
h a l f semesters of music college- Such 
problems are solved in music college by 
means of the r u l e s of harmonisation out
l i n e d in t e x t books on harmony. However, 
the absence of precise d e f i n i t i o n s and 
constructive procedures makes the process 
of harmonisation l a r g e l y i n t u i t i v e . Bat 
i n programming formal c l a r i t y must be 
introduced i n the l o g i o a l i n t e r r e l a t i o n 
of the varloue elements and means of har
monisation. Besides, the s o l u t i o n of the 
problem of harmonization is not unique, 
there i s the problem o f f i n d i n g a n o p t i 
mal (by c e r t a i n c r i t e r i a ) s o l u t i o n . 

The s t r u c t u r e of the algorytbm makes 
i t possible t o simulate d i f f e r e n t types 
o f harmonization ( f o r instance, d i f f e r e n t 
in the extent of comlexity) because a 
p r o v i s i o n i s made to a programme by ar
rangement of a set of values of Mo para-
meters, corresponding to the set of r u l e s 
and means of harmonisation (see ( 1 ) ) . 

4. The program f o r analysis of s o l u 
t i o n s of students' problams in harmoniza
t i o n and f o r detection of e r r o r s acts aa 
examiner and is a prototype of a reaching 
system. By " e r r o r s " are meant forbidden 
or undesirable sequences of chords or 
voices e.g. chord, nonsensical from the 
p o i n t o f view of the program. When an 
e r r o r has bean detected its s p e c i f i c s and 
l o c a t i o n i n the composition are i n d i c a t e d 
The p o s s i b i l i t y of assigning a set of va
lues o f Mc parameters ( t h a t is a l i s t o f 
r u l e s the v i o l a t i o n o f which i n the i n i 
t i a l s o l u t i o n i s considered a n e r r o r ) 
provides f o r analysis o f s o l u t i o n s o f 
problems of varying degrees of complexity 
of harmonisation. In other words, the 
programme produces various requirement to 
students a f t e r one month of study or on 
completion of the whole term of study 
(see ( 1 ) ) . 

5. The machine composes one-voice 
v a r i a t i o n s on s given musical theme. On 
the basis of musical m a t e r i a l t h i s prog
ram r e a l i z e s one component of h e u r i s t i c 
a c t i v i t y , i n t h i s oase, t r a n s p o s l b i l l t y , 
a fundamental property of s t r u c t u r e . 
Transposition o r t r a n s f e r o f i n v a r i a n t 
forma is to be observed in transformation 
o f any nature. I n t h i s i s embodied the 
i n t e g r i t y of s t r u c t u r e which cannot be 
broken up i n t o elements. 

Very o f t e n whan l i s t e n i n g to a tune 
and its v a r i a t i o n we detect the connec
t i o n between them i n t u i t i v e l y . This is so 
because the v a r i a t i o n r e t a i n s a l l the 

Computer v a r i a t i o n by the M-method 
makes i t possible t o reconstruct the m e -
onanism by which the given composition 
was created, to f o l l o w step by step the 
whole process of transformation of the 
given theme i n t o the given v a r i a t i o n , 
and to demonstrate the intermediary r e 
s u l t s of the consequitlve stages of 
transformation and deformation of the 
melody (eee ( 3 ) ) . Figure 1 presents the 
melodies composed under t h i s programme 
by BESM-6 computer of the Computation 
Centre. USSR Academy of Sciences. I t w i l l 
be noticed t h a t melody No. 1 completely 
coincides (except f o r the f i r s t note i n 
the l a s t bar) w i t h the popular "Molodyortk-
naya" song (from the f i l m "Volga-Volga") 
by the Soviet conposer Danaevakl. The 
synthesis of t h i s melody by the computer 
confirmed our assumptions concerning the 
nature o f i t s oonneotions w i t h the o r i 
g i n a l theme, the ways of transformation 
of t h i s theme i n t o the melody of the 
"Molodyoahaaya", as w e l l aa concerning 
the mechanism of creation of melodies 
of t h i s s y n t a e t i o a l s t r u c t u r e (the melo
d y o f a popular song), l o r i t i s only b y 
t n i s process t h a t a machine melody c o i n 
c i d i n g w i t h the given well-known melody 
could hare been produced. 

S 4. The proximity ( o r s i m i l a r i t y ) 
of the machine r e s u l t and the study ob
j e c t i s the c r i t e r i o n o f p e r f e c t i o n o f 
the algorythm and the degree of knowled
ge o f t h i s object. What is important i s 
not the absolute q u a l i t y of the machine 
r e s u l t s ( o f musie, f o r one) but a maximum 
degree of coincidence of these r e s u l t s 
w i t h the object in the respects being 
studied during the process of simulation. 
The problem or evaluation of the machine 
r e s u l t s and of t h e i r comparison to the 
object simulated is a very complex one, 
e s p e c i a l l y in the case of works of a r t . 
Evaluation here is influenced by many 
f a c t o r s , ncluding public opinion, r e a d i 
ness to c o n t r a d i c t , and p a r t i c u l a r l y psy
c h o l o g i c a l aet or Mas. t h a t is a p r e j u 
dice against the work being evaluated. 

The author has devised a method of 
s o c i o l o g i c a l examination of evaluations 
made by l i s t e n e r s o f machine music. The 
problem of evaluation of machine composi
t i o n s and t h e i r comparison w i t h composer 
musie can only be dealt w i t h on the basis 
o f a questionnaire. This problem i s t i e d 
i n w i t h l i s t e n e r s ' psychology, t h a t i s 
t h e i r i n a b i l i t y to evaluate the composi
t i o n s o b j e c t i v e l y i f they know beforehand 
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unchanged elements or the i n v a r i a n t s of 
transformation. Bat in v a r i a t i o n they 
are masked by the changed rhythm, meter, 
key and the melodic l i n e i t s e l f . These 
masking elements o f t e n make the tune un
recognisable. The M-nethod of simulation 
i d e n t i f i e s the i n v a r i a n t s and the mask
i n g element a. as v e i l as the mechanism 
o f t r a n s p o s i t i o n o f i n r a r l a n t a i n the 
v a r i a t i o n of the meloay (see ( 2 , 3 ) ) . 



t h a t melody No. 1 i s machine-produced, 
and melody No. 2 was composed by man. J 
Just a s i t i e imposs ib le t o appraise ob 
j e c t i v e l y a popu la r melody. Psycho log ica l 
l y i t i s q u i t e n a t u r a l . Therefore t o b e 
ab le to make an o b j e c t i v e comparison the 
l i s t e n e r s must no t know what t h e y are 
e v a l u a t i n g at the g iven moment, machine* 
or man-produced music. 

A s p e c i a l experiment i s needed to 
make a s o c i o l o g i c a l l y o b j e c t i v e eva lua 
t i o n o f the computer 's composi t ions and 
compare them w i t h the o b j e c t s o f s i m u l a 
t i o n . The purpose o f the experiment i s t o 
e l i m i n a t e t h e p s y c h o l o g i c a l se t ( b i a s ) o f 
the exper t s , to confuse them so t h a t t hey 
w i l l no t know what they are d e a l i n g w i t h , 
whether i t i s a work o f the computer o r 
man. Besides, t h a t experiment i s a l so t o 
o b t a i n an o b j e c t i v e e v a l u a t i o n o f machine 
composi t ions as compared to composer's 
works , t h a t i s t o i n d i c a t e t h e i r q u a l i t y . 

Melodies of wel l -known Sov ie t compo
sers p u b l i s h e d in s e l e c t e d song books and 
melodies composed by " U r a l - 2 " computer 
under the above programme were s e l e c t e d 
f o r the exper iment . The melodies were 
p l a y e d i n a n a r b i t r a r y o rde r , unknown t o 
t h e l is temters who were to eva lua te them 
by a f i v e - p o i n t sca le and w r i t e the num
ber o f p o i n t s i n the b lanks o f the fo rm . 
The experiment was conducted in d i f f e r e n t 
s o c i o - m u s i c a l groups w i t h approximate ly 
t h e same l e v e l of mus ioa l educa t ion . They 
were s tudents of the Moscow Power I n s t i 
t u t e , s tudents of the Gneslns Music Tea
chers T r a i n i n g I n s t i t u t e , p a r t i c i p a n t s i n 

the symposium "Problems o f A r t i s t i c P e r 
ception*' ( t h e s i t t i n g o f the symposium 
was concerned w i t h music p e r c e p t i o n ) . 
sen io r -g rade schoo l p u p i l s , m a t h e m a t i c i 
ans, p a r t i c i p a n t s in the M e t h o d l o g i c a l 
Seminar o f the S t e k l o v I n s t i t u t e o f Ma
themat ics of the USSR Academy of S c i e n 
ces and the Computation Centre of the 
Academy, employees o f c u l t u r a l e s t a b l i s h 
ments and o t h e r s - more than GOO people 
i n a l l . A s i m i l a r experiment was a l so 
conducted on the bas i s of a programme 
broadcast by the home s e r v i c e of Radio 
Moscow on August 25, 1973. 

Just a s i n any s o c i o l o g i c a l s t udy o b j e c 
t i v e conc lus ions were made on the b a s i s 
o f averages o f s u b j e c t i v e e v a l u a t i o n s o f 
the p a r t i c i p a n t s i n the mass exper iments . 
The p rocess ing o f expe r imen ta l data y i e l 
ded d i f f e r e n t c h a r a c t e r i s t i c s (see ( 1 ) ) . 
The adopted method was found c o r r e c t as 
i t made i t p o s s i b l e t o e l i m i n a t e the p s y 
c h o l o g i c a l b i a s we have mentioned. I t was 
e s t a b l i s h e d i n a s e r i e s o f experiments 
t h a t the machine composi t ions scored more 
p o i n t s ( b y v a r i o u s c r i t e r i a ) than compo
ser music. The f o l l o w i n g t a b l e shows how 
melodies were eva lua ted by one c r i t e r i o n 
b y the m u s i c a l l y we l l - educa t ed group o f 
s tudents p f the Gnesins I n s t i t u t e s 
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The t a b l e gives the number of 5-; 
4-, 3-, 2-, 1-polnt evaluations of the 
machine and composer melodies: Am. and Ac 
are average evaluations of the melodies. 

The r e s u l t s o f t h i s experiments p r o 
ve the f o l l o w i n g f a c t s in computer simu
l a t i o n o f some types o f music, such as 
composing melodies of popular songs, the 
r e s u l t s o b t a i n e d by the machine are not 
o n l y comparable to human works but are 
even s u p e r i o r t o them i n q u a l i t y . This 
is i n d i c a t i v e of the f a c t t h a t the mecha
nism of c r e a t i o n of such forms of music 
has been s t u d i e s to a v e r y h i g h degree, 
and proves the correctness of the chosen 
p r i n c i p l e s o f s i m u l a t i o n . 

I t i s i m p o r t a n t t o bear i n mind t h a t 
t h e melodies of p r o f e s s i o n a l composers 
used i n the experiment are the r e s u l t o f 
human p r o f e s s i o n a l a c t i v i t y which i s c a l 
l e d c r e a t i v e . 
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