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AUTOMATED MUSIC COMPOSING WITH NORMAL RANDOM
NUMBERS DISTRIBUTION AS “INFORMATIONAL DNA” SEQUENCING

Introduction

The human genome, which is nothing else as a
complete set of deoxyribonucleic acid (DNA), has
been made of two twisting paired strands. It consists
of four nucleotide bases — adenine (A), thymine (T),
guanine (G) and cytosine (C). There are approxi-
mately 3 billion of the base pairs in it.

On the other hand, a chromatic musical scale con-
sists of twelve pitches, forming a 12-tone equal tem-
perament, which is today a most often used tempera-
ment in Western music.

Then why not interpret these 12 tones sequence as
a sort of “informational DNA nucleotides” sequence?
It’s a comparatively novel approach, that can theo-
retically and practically widen the pre-set boundaries
of music perception and help to a composer to com-
pose a more cognitive, consciousness-oriented music.
But how actually to do it?

Problem statement

For obtaining a further development of automated
music composition algorithms it is a good idea to im-
prove the functionality of a specialized biotechnical
control system (BACS) designed to create mono-
phonic and polyphonic sound series on the basis of a
stochastic signal. The practical need for this research
consists in the use of synthesized sound series for mu-
sical or musical-therapeutic effects on an object of
such an impact.

The paper’s objective

It consists of creating and improving a biotechni-
cal instrument for impact on a human brain (air traffic
controller, pilot, cosmonaut, etc.), and more precisely
the impact on cognitive functions of the brain, such as
attention, memory, perception — to increase human’s
general performance, endurance, psychological, emo-
tional balance and a more harmonized and effective
interaction with the environment as a whole.

Research and publications analysis

The inspiration for the paper is a fundamental
book [1]. The author’s point of view on the theory of
the topic being investigated is given in [2]. The
mathematics of fractional derivatives, which is used

to construct the transfer function of the corresponding
neural scheme of the BAMS “electronic composer”,
is presented in [3]. Finally, the synthesis of musical
stochastic sequences with uniform distribution is con-
sidered in [4-10].

Biotechnical automated control system for
music composing

This automated control system many years ago
was primarily given in [1], then after 40 years
theoretically and after 50 years practically developed
correspondingly in [2] and [4-10]. It can help the
composer to create his music with considerably
higher degree of freedom, and because of it to pay
more attention to the idea of musical composition
rather than only doing monotonous, routine work of
writing out the scores by hand. The quality of
composed music can be good if the software is being
used properly. The main structural scheme of BACS
“Aquarius” is presented in Fig. 1.

Fig. 1. Biotechnical control system

Here the “building blocks” correspondingly are:
A — neural network based software “Aquarius”;
C — a human composer himself; L — a listener, or a
patient of music therapy impact. All the three
structural elements are inseparable, C and A4 create
mutual dependence between themselves since they
interact all the time in the process of musical
composition. They also impact the L element,
because this element is undoubtedly the BACS’
principal object of direct influence.
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The neural scheme of the current working version
of electronic composer “Aquarius” has been already
presented in [7; 10], and this is why it will not be re-
stated here.

It is important to note a Caputo fractianal
derivatives equation numerical solution for the
transfer function of the BACS neural scheme
developed. It helps to compose music more flexibly
when talking about the pitch. The eqation’ (1)
solution was got with software Mathematica.

The transfer function meant above is the
solution of equation in fractional derivatives:

oDl y(x)+a(x)y(x) = f(x); (1)
y(0)=y,, 0<x<X, 0<P<l,
where

oL np-10y" (1)
Ony(X)_F(n—B)'([(x_T) o

,n—1<B<n;

I'n-B)= Te"’t”"ﬁ_ldt, Re(n-B)>0, y(x) —

target musical signal.
In Fig. 2 has been shown the exact (solid line) and
numerical (step line) solution of the equation (1).
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Fig. 2. The transfer function

Random signal creation

The random musical signal has been composed
with the help of standard rand() and srand() C++
functions. The working fragment of the code is pre-
sented below. It deals with classes lw and dw re-
sponsible for composing diatonic and chromatic mu-
sic correspondingly.

int random (int n)

{
// with of without transfer function tr_fn
int res; res=(int)( n*/*tr_fn*/((double)rand() /
RAND MAX)); return res;
5

l.w“._16(8); srand(50);
dw._16(4); srand(500);
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1. Normal distribution
(std::normal_distribution)

In the BACS “Aquarius” only uniformly distrib-
uted random numbers have been used to this day.
But in order to improve performance, to widen the
opportunities for choosing the needed tools for a
musical composition, it is possible, of course, to in-
troduce different distributions, such as normal, Pois-
son, exponential, Weibull, lognormal, discrete,
piecewise constant, piecewise linear etc [11]. The
adapted for targeted use versions of some of the cor-
responding codes have been included below.

The c++ code for normal distribution allows to
generate random numbers, controlled by two main
parameters — mean and standard deviation.
int mainQ
{

std: :random_device rd{};
std: :mt19937 gen{rd()};

std::normal_distribution<> d{5,2};

std::map<int, int> hist{};
for(int n=0; n<10000; ++n) {
++hist[std: :round(d(gen))]:
}
for(auto music : hist) {
std::cout << std::setw(2)
<< music.first << " " <<
std: :string(music.second/200, *"*") << *\n-";

i3

2. Poisson distribution
(std: :poisson_distribution)
int main()
{
std: :random_device rd;
std: :mt19937 gen(rd()):;

std: :poisson_distribution<> d(4);

std::map<int, int> hist;

for(int n=0; n<10000; ++n) {
++hist[d(gen)]:

}

for(auto music : hist) {
std::cout << music.first <<
T o<

std: :string(music.second/100,

3}

%"y << "\n":
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3. Exponential distribution
(std: :poisson_distribution)
int mainQ

std: :random_device rd;
std: :mt19937 gen(rd());

std: :exponential_distribution<>

d(1);
std: :map<int, int> hist;
for(int n=0; n<10000; ++n) {
++hist[2*d(gen)]; }
for(auto music : hist) {
std::cout << std::fixed <<
std: :setprecision(l)
<< music.first/2.0 << *-*
<< (p-first+l)/2.0 <<
"t <<
std: :string(music.second/200,

3

4. Weibull distribution
(std: :weibull_distribution)

"*") << "\n";

int mainQ

{
std: :random_device rd;
std: :mt19937 gen(rd());

std: :weibull_distribution<> d;

std: :map<int, int> hist;
for(int n=0; n<10000; ++n) {
++hist[std: :round(d(gen))];

for(auto music : hist) {
std::cout << std::fixed <<
std: :setprecision(l) << std::setw(2)
<< music.first << " " <<
std: :string(music.second/200, "*") <<"\n";

b3

5. Lognormal distribution
(std: :lognormal_distribution)

int mainQ

std: :random_device rd;
std: :mt19937 gen(rd());
std: :lognormal_distribution<> d(1.6,
0.25);
std: :map<int, int> hist;
for(int n=0; n<10000; ++n) {
++hist[std: :round(d(gen))];

for(auto music : hist) {
std::cout << std::fixed <<
std: :setprecision(l) << std::setw(2)
<< music.first << " " <<
std: :string(music.second/200, "*") << "\n";

3

6. Discrete distribution
(std::discrete_distribution)

int main(Q)

std: :random_device rd;
std: :mt19937 gen(rd());

std: :discrete_distribution<> d({40, 10,
10, 40}1);
std: :map<int, int> m;
for(int n=0; n<10000; ++n) {
++m[d(gen)];
by

for(auto music : m) {
std::cout << music.first <<
generated " << music.second << ' times\n";

i3

7. Piecewise constant distribution
(std: :piecewise_constant_dist
ribution)

int mainQ)

std::random_device rd;
std: :mt19937 gen(rd());

std::vector<double> i{0O, 1, 10, 15};

std::vector<double> w{ 1, 0, 1};

std: :piecewise_constant_distribution<>
d(i.begin(), i-end(), w.begin(Q));

std: :map<int, int> hist;

for(int n=0; n<10000; ++n) {

++hist[d(gen)];
3

for(auto music : hist) {
std::cout << music.first <<

") << "\n":

T o<

std: :string(music.second/100,

}
}

It is possible as well to code many other custom
random numbers distributions for the aim proposed.
Also, their usage can be quite different, because
their role can (and should) be different in producing
the musical influence on the human brain. So, spe-
cific codes will be run for specific cases when deal-
ing with a musical performance.

Sample results

In Fig. 3 the fragment of music created with help
the BACS is shown. The beginning and the ending
of the scores only is presented for simplification of
perceiving the idea rather than reading actual full-
sized scores. It’s musical analysis and the elements
of synthesis were highlighted in [10].

It seems to be important to say, that tacts 1-3 and
64 of the musical piece have been composed by
hand when tacts 4-64 — with help of music
composing software “Aquarius”, based on the
mathematical  algorithms developed for a
corresponding BACS. In Fig. 4 it’s shown a uniform
distribution based music, which was presented in all
the author’s publications existing to this day.

In Fig. 5 it’s shown a normal distribution based
music, that sounds in a totally different manner. It
also looks different, in a more “compressed” nota-
tion vertically. The corresponding impact of this
music on a human’s brain can be different, too (this
question should be studied in another research).
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Fig. 3. BACS music sample
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Fig. 4. BACS uniform distribution random music sample

Fig. 5. BACS normal distribution random music sample

Conclusion

Automated music creation remains a problem,
that still needs its strategic, functional and practical
development. Interpreting music as “informational

DNA” helps a composer to better understand its
inner structure and, as a result, to create more
cognitive, consciousness-oriented music.

From Fig. 3,5 it can become very clear, that a
concept of BACS as a sort of “informational DNA”
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sequencer, which is both theoretical and practical
development of the idea outlined in [4], can help a
composer to create the original contemporary
classical music. In addition, the listener will have a
happy chance to hear it, too.
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Bumniscokmii O. B.
ABTOMATHU30BAHA KOMIIO3UIIISI MY3UKH 3 HOPMAJIBHUM PO3MNOJAIIOM BHUIIAJI-
KOBUX YUCEJI IK CEKBEHCYBAHHS <<IH<I>0PMAHIFIHOT JHK»

YV eenomi nroounu npubnuszno 3 mineapou nap ocHos, noguuli Haodip dezokcu-pubornykieinogoi kucromu ({HK), wo
CKAA0AEMbCSL 3 080X CKPYYEHUX NAPHUX JAHYIONHCKIB, CKIAOAEMbCA 3 YOMUPLOX HYKICOMUOHUX OCHO8 - a0eHiHy (A),
muminy (T), eyaniny (G) i yumosuny (C). ¥V moii dce yac xpomamuyna My3udHa 2amma cKiaoacmucsa 3 08aHaoysamu
Hom, wo ymeopioroms 12-monansHuil 1a0, AKUU Cb0200HI € 1a00M, WO HAUOLTbUL YACMO BUKOPUCTNOBYEMBCA Y 3AXIOHIl
Mmy3uyi. HAcrno, wo yi 12 moHo8i nocrioo8HOCMi MOXCHA iHMepnpemy8amu K 8020 pody NOCAi008HICMb «iHpopmayiti-
Hux nyrkieomudie JHK». Lle nioxio, sikutli modice 3MiHUMU CRPUTIHAMMA MY3UKU 051 CYXaya i 00NOMO2mu CKiaoamu
OLnbW THMENEKMYANbHY, KOHYERMYATbHY MY3UKY O/l KOMHO3UMOPA.

biomexniuna aemomamuzosana cucmema xepysanusi (BACK) 0ns manucanns My3uxu 0onomazae KOMHO3UMOPY
CMBOPIOBATY MY3UKY 3 MEHUUMU 3YCUTISIMU, 3A80SKU YbOMY NpUdinamu Oiibuie y8asu HIOGHCAM i 8 MOl Jice uac 3aea-
JIbHIU AKocmi cknadanoi mysuxu. Yzazanonena cmpykmypra cxema BACK cknadaemuvcs 3 mpvbox ocHogHux 010kig: A —
npoepamue 3abe3neyenns na OCHOBI HeupouHoi mepedici «Aquariusy, B — xomnosumop (moouna); L — cayxau abo
nayieHm My3uiHO-mepanesmuiHo20 Nius)y.

Bci mpu komnonenmu nepo3oinehi, enemenmu C i A cmeoporoms 83a€MO3ANEHCHICMb, OCKIILKU B0HU 8€Cb YAC 83d-
eMOOiromb Midxc co60t0 8 npoyeci cmeopeHHs my3uku. Bonu maxooic eniusaroms Ha enemenm L, ocKinbKu yell elemenm,
bezcymuigno, € 00'ckmom enaugy BACK. Bunaokosuti mMy3uunull CUeHal CIMeoproeEmscs 3a 00NOMO2010 CIAHOAPIMHUX
Gynryit C ++ rand () i srand (). ¥ PACK «Aquarius» 0onuHi 6UKOPUCMOBYB8ANUCH Juie PIGHOMIPHO pO3NOOLIeH] Gu-
naokosi uucia. Ane wobu noainuwumu npoOYKMUEHICmMs, pOUUPUMU MOHNCIUBOCIT UOOPY HEOOXiOHO20 IHCMpPYMeH-
mapiro 0ist My3UyHOI KOMNO3UYLL, MOJICHA, 36UYALIHO, 86eCMU PI3HI PO3NOOLIU, MAKI K HOPMATbHUU, NYACOHIBCKULL,
EKCNOHeHYIUHUL, 8eliOYNI8COKULL, I020HOPMALbHUL, OUCKPEeMHUL, KYCOYHO-NOCMIUHUL, KYCOUHO-TIHIUHUL i m. 0. Koo ¢
++ 011 HOpMATLHO20 PO3NOJINY D0360I8€ 2eHePYBamu 6UNAOKOGI YUCAA, KePOBAHI 080MA OCHOGHUMU NAPAMEMPAMU -
MAMEMAMUYHUM OYIKYBAHHAM [ CepeOHbOK8aopamuiHum eioxunenuam. Llei ko0 Oy10 6cmaeieHoO 8 OCHOBHUL KOO
BACK, i 311020 donomoeoio byna ompumana Ho8a CMoXacmuidHa My3uKd.

KnroyoBi cnoBa: My3nyHa KOMMNO3ULisl; eNeKTPOHHUI KOMNO3UTOP; HEMPOHHA Mepexa.
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Vishnevsky A. V.
AUTOMATED MUSIC COMPOSING WITH NORMAL RANDOM NUMBERS DISTRIBUTION
AS “INFORMATIONAL DNA” SEQUENCING

There are approximately 3 billion of the base pairs in a human genome, a complete set of deoxyribonucleic acid
(DNA), made of two twisting paired strands, consists of four nucleotide bases - adenine (A), thymine (T), guanine (G)
and cytosine (C). At the same time chromatic musical scale consists of twelve pitches, forming a 12-tone equal tem-
perament, which is today a most often used temperament in Western music. It is clear that one can interpret these 12
tones sequence as a sort of “informational DNA nucleotides” sequence. It’s an approach, that can change music per-
ception for a listener and can help to compose a more cognitive, conceptual music for a composer. Biotechnical auto-
mated control system (BACS) for music composing helps the composer to produce music with less effort, and because of
it to pay more attention to the nuances, and at the same time to general quality of composed music. The generalized
structural scheme of BACS consists of three main building blocks: A —neural network based software “Aquarius”; C —
a human composer himself; L — a listener, or a patient of music therapy impact. All three components are inseparable,
C and A elements create mutual dependence, because they interact all the time in the process of music creation. They
also impact the L element, because this element is undoubtedly the BACS object of impact. The random musical signal
is being created with the help of standard rand() and srand() C++ functions. In the BACS “Aquarius” to this day only
uniformly distributed random numbers were used. But in order to improve performance, to widen the opportunities for
choosing the needed tools for a musical composition, it is possible, of course, to introduce different distributions, such
as normal, Poisson, exponential, Weibull, lognormal, discrete, piecewise constant, piecewise linear etc. The c++ code
for normal distribution allows to generate random numbers, managed by two main parameters — mean and standard
deviation. This code has been inserted into the main code and new stochastic music has been obtained with its assis-
tance.

Keywords: music composition; music composing software; neural network.

BumneBckuii A. B.
ABTOMATI/I3I/I?OBAHHA$I KOMITIO3UIsA MY3bIKH C HOPMAJIbBHBIM PAC}:IPEIIE.JIE-
HHUEM CJOYUYAUHBIX UNCEJI KAK CEKBEHCUPOBAHUE “UHO®OPMAINMOHHOU THK”

B zenome uenosexa npubnusumenvho 3 muinuapoa nap 0CHOBAHUL, NOIHLII HAOOP 0e30KCUPUOOHYKIEUHOBOU KUC-
aomwl ([{HK), cocmoswuili u3 08yx CKpy4yeHHbIX NAPHbIX YENOUeK, COCIOUM U3 Yemblpex HYKICOMUOHbIX OCHOBAHULL -
aoenuna (A), mumuna (T), eyanuna (G) u yumosuna (C). B mo dice gpems xpomamuyeckas My3vlKAIbHASL 2AMMA COC-
moum u3 dgenaoyamu Hom, oopasyiowux 12-monanbHelii cmpou, KOMopblll ce200Hs A8IAemcs Hauboiee Yacmo Ucho-
JIb3YeMbIM CHIPOeM 8 3anaoHol Mysvike. Acno, umo smu 12 moHosvIx NOCIE008AMENbHOCMEN MOICHO UHMEPNPEMUPO-
8amb KAK c80e20 podd NoCie008amelbHOCMb «UHDOpMayuoHHbIx Hykieomudos [JHK». Omo nooxoo, komopwiii mo-
JiCem UBMEeHUMb OCIpUsmMuUe My3biKuU OJsl CLYUAMens U NOMOYb COCMAsIsinG 60jee UHMEIEKMYAibHYI0, KOHYenmyd-
JILHYIO MY3bIKY OJis Komnozumopad. buomexnuueckas asmomamusuposannas cucmema ynpaeienusi (FACY) ons couune-
HUSL MY3bIKU NOMO2Aen KOMIO3UMOPY CO30A68AMb MY3bIKY ¢ MEHbUUMU YCUTUSIMY, O1a200apsi 9mMomy yoensims Oolbule
GHUMAHUSL HIOAHCAM U 8 MO Jice 8peMsl obujemy Kawecmsy couunsiemot mysviku. O0oOweHHass CmpyKmypHas cxema
BACY cocmoum uz mpex ochosHuvix 010K08: A - npoepammnoe obecneuenue Ha 0CHOBe HeUpoHHoU cemu «Aquarius», B
- KOoMRo3umop (4enosex), L - caywamens unu nayuenm My3viKa1bHO-MEPAnesmu4eckozo 6o3oeticmeus. Bce mpu kom-
nonenma uepazoenumol, snemenmol C u A co30aiom 63aumM0O3a8UCUMOCTIb, NOMOMY YMO OHU 6CE BPEMsT 83AUMOOEUCI-
gyiom 8 npoyecce co30anust my3viku. OHU maxaice 61usIOm Ha demenm L, nomomy umo smom sjiemenm, HeCOMHEHHO,
sensiemcs 00vexmom eo30evicmsuss BACY. Cuyuatinwiii My3bIKaabHblll CUSHAT CO30AeMCsl ¢ NOMOWBI0 CIAHOAPMHBIX
@yuxyuti C ++  rand () u srand (). B BACY «Aquariusy no ceii 0eHb ucnoib308aiuce moibko pasHOMEPHO pacnpeoe-
Jennvle cayyaiinvle yucia. Ho umobol ynyuuumes npouzgooumenbHocmy, pacupums 603MOICHOCMU 8blO0Opa HeoOXo-
OUMO20 UHCIPYMEHMAapUst OJisi MY3bIKAIbHOU KOMRO3UYUL, MOJICHO, KOHEUHO, 86eCh PA3IUYHbLE PACPEOeNeHUsl, Ma-
KUe KaK HOPMANIbHOE, NYACCOHOBCKOE, IKCHOHEHYUANbHOE, 6elOYINI0BCKOe, T020HOPMALbHOE, OUCKPEMHOE, KYCOUHO-
NOCMOsIHHOe, KycOuHo-uHelHoe u m. 0. Koo ¢ ++ 0na nHopmanwnozo pacnpedenenus no3eoisiem 2eHepuposams Ciy-
yaiinvle YUcia, ynpagisemvle 08yMsi OCHOGHLIMU NAPAMEMPAMU — MAMEMAMUYECKUM OACUOAHUEM U CPEOHEK8a0pamu-
YyecKUM OMKIOHeHuem. dmom Koo bvln ecmasiet 6 ocHogHol ko0 BACY, u ¢ e2o nomougvio bvlna nonyuena Hogas cmo-
Xacmuyeckds My3viKa.

KnroueBble cnoBa: My3blKaribHag KOMMO3MLMS; SNEKTPOHHbIN KOMMO3UTOP; HEMPOHHAA CeTb.
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