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Komapos O.B. Mopneni Ta MeTOIM IWHAMIYHOTO MY3WYHOTO CHHTE3y Ha
OCHOBI TeHeThyHoro miaxoxy. — Ksamigikamiiina HaykoBa mpausg Ha IpaBax
PYKOITHUCY.

HNucepraniss Ha 3700yTTS HAyKOBOTO CTyIeHs JokTopa (dimocodii 3a
cnemianbHicTio 122 - Komn’otepui  Hayku. — Jlep:kaBHuii yHiBepcuteT «Omecbka
nonitexHikay MORY, Vkpaina, Oneca, 2021.

Y ecmyni OOTpYHTOBAHO aKTYaJIbHICTh BHUPIIIECHHS 3aBAAaHHS PO3POOKU
METOJ[IB Ta MOJENIeH JAWHAMIYHOTO MY3MYHOTO CHHTE3y 3 BHCOKHM pPIBHEM
TrapMOHINMHOCTI B YMOBaX 00OMEXEHUX OOUHMCIIIOBAIbHUX MOIIMBOCTEN. JluHaMiuHmit
My3uuHui cuHTe3 (JIMC) — ne aBromaru3oBaHUl MNpPOLEC YTBOPEHHS MY3HYHHX
KOMITO3MIIM 13 3a3/alieriib CTBOPEHUX MENOAINHUX (parMeHTiB 3a paxyHOK ix
rapmosi3aiii. ITokazano, no JIMC notpedye 3Ha4HOT 0OUMCITIOBATIBLHOT MOTY>KHOCTI
Ta, SIK MPaBUJIO, BUMAara€ y3rOKEHOCTI 13 30BHIIIHIMU KEPYIOUMMH MPOIECaMH,
HANpUKIaA, AISIMH KOPUCTyBaua IrpOBOTO JOJATKy abo MpOLECOM CTBOPEHHSIM
MEJIMHOTO KOHTEHTY B peajbHOMYy dacl. BusHaueHo 00'ekT, mpenmMer, 3aaadl i
METOJM JOCIIHKCHHS; TIOKa3aHO 3B'SI30K 3 HAYKOBHMH IpOrpaMamMM Ta IUIaHAMU;
HaBEICHO HAyKOBYy HOBH3HY Ta MpaKkTHYHE 3HAUYEHHS OJCP)KaHUX pEe3yNbTariB,;
BHCBITJICHO OCOOMCTHH BHECOK 3/100yBava.

Y nepwiomy po3odini nuceprainiiHoi poOOTH MPOBEIACHO aHali3 MpoliieM
CTBOPCHHSI CHCTEM JWHAMIYHOTO MY3MYHOTO CHHTE3Y 3 BHCOKHM pPiBHEM
TapMOHIAHOCTI.

Cytp 3amaui JIMC mossirae y CTBOPEHHI KOMITO3MINT IUISXOM (HOpMYyBaHHS
aKOMIaHEeMEHTy s 3a7anoi Menofii. [Ipu 1ipoMy, KOMIO3UIIIS IPEACTABISETHCS K
MOCJIIOBHICTh CYKYIMTHOCTEH OJHOYACHO BXKUTUX 3BYKIB (aKOpPIIB) IO KOXKHOTO 3
SKUX BXOIWUTHb OJWH 3BYK Menomii. ['apMoHi3aIlis BHUKOHYETbCS HaJ MHOXHHOIO
MEJIO/TiH, HAIMMCAaHUX KOMIIO3UTOPOM 3a3/1ajIeTib.

[IpoananizoBaHo 1iCHYKOYI METOAM CHHTE3y MY3UYHUX KOMITO3MINH, IX

nepeBaru ta Henomiku. [lokazaHo, no moOyaoBa Ha iX OCHOBI CUCTEM JTUHAMIYHOIO
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my3uuHoro cunresy (CIMC) ycknaaHeHa, Tak SK BOHHU CHUHTE3YIOTh MY3UYHI
KOMIIO3HIIi1, IIT0 HE B TTOBHIM Mipi BiJIMOBiAaI0Th BUMOT'aM TapMOHIMHOCTI, Ta/ab0 He
MOXYTh 3aJIOBOJIbHUTU 111 BUMOTH B PEXHMI pEabHOTO 4acy IpH OOMEKEHIH
o0uHCITIOBaNIBHIN MOTYXHOCTI. ChOpMyIbOBaHO MNPOTHPIYYS, SIKE BUPILIYETHCS B
TUcepTaniiHiii poOoTi, — MK BUMOTaMH J0 TapMOHIMHOCTI Ta MOXJIMBOCTAMH iX
3a0e3IeueHHs MPU 0OMEXKEHHI Yacy Ta 0OUYHCITIOBAIbHOIO MOTYKHOCTI.

[IpoBeneno aHami3a MHOXHHH  ICHYIOUMX  MY3WYHUX  CHCTEM  JIs
IHTEPAKTUBHUX MYJIBTUMEIINHUX MPOEKTIB. 3alpOINOHOBAHO BUOKPEMUTH TaKi, 1110 €
HalOIbII PO3MOBCIOKEHUMH Ta MPEACTABISIIOTE OCOOIMBHUI 1HTEpEC: T1aTOHIYHY

MY3U4YHY CUCTEMY Ta CUCTEMH 3 PETYIIPHUMH Jiagiamu (puc. 1).

LiatoHiuHa

. cuctema
oo ) MHoOXwMHa yCix \
Nt MHOXMHa cuctem ./ MY3WYHWUX CUCTEMM
3 perynapHAMM

Pucynok 1 — Cxema B3a€MO3B’ 13Ky pO3MOBCIOKEHUX MY3UYHUX CUCTEM.

[TokazaHo, 1m0 HAMOLIBIN MEPCIEKTUBHUM TMIAXOOM JUIsl PO3POOKH METOJIB
JIMC € eBOMIOMIMHMN TI1IXII. Horo 3aCTOCYBaHHS Iepeadadyae po3pooKy MojeIei
TCHOTUITHUX TPEACTABICHDh JUISI PO3DSIHYTHX MY3WYHHX CHCTEM Ta MeToja
TeHETHUYHO1 TapMOHi3allii.

[eHeTnuHi MeToAM JJi TapMOHI3alii JO3BOJIAIOTH CQOpPMYBaTH HUBKY
€KBIBAJICHTHUX, PI3HUX 3a 3MICTOM PIlI€Hb, IO BiJPI3HIIOTHCS BUCOKUM PIBHEM
TapMOHIMHOCTI OTPUMAHHUX PE3yJbTaTiB, Tak sK (iTHEC-PYHKIS Te€HETUYHOTO
Merony H(c) nipu ctBopeHH1 kommo3uilii C BpaxoBy€ MOHSTTS TapMOHIMHOCTI Ta

BU3HAYAETHCS 32 JOTIOMOTOI0 HA0Opy MPaBUJI CIIOTYYECHHSI 3BYKIB, 1 MAa€ BUTTISIL:

|F| L-1

H(C) =1 - Z Z q(fi) fi(Aj, Aji) )

=1 j=

ne L — KIIbKICTh akopaiB (CIONy4YeHb OJHOYACHO BXKUTHX 3BYKIB) KoMmo3ulii, O —

CyMa Bar BCIX MPaBHJI BXKUBAaHHS aKOP/IB, f; — I-T€ IPABUJIO BXKUBAHHS aKOPAIB, i = 1,
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... » |F|, |F] — KUIbKICTh NpaBUJ BXHUBaHHS akopAiB, ¢ — (PyHKIIS Bar mpaBuil
BXMBaHHS aKOpAIB, A; — j-Tuii akopj komnosuuii, j =1, ..., L-1.

HemomikoM iCHYIOUMX TEHETHYHMX METOAIB TapMOHI3alii € HU3bKa
ONEpPaTUBHICTh Yepe3 HAAMIPHICTh 00JacTl MOIIYKY, Ha K1 BUKOHYETHCS MOIIYK
npunatHoro pimeHHs. OOJacTh MOUIYKY BIANOBia€ TPOCTOPY TMapaMeTpiB
TeHETUYHUX TIPEACTaBIEHb, 1 11 PO3MIp 3aJ€KHUTh Bl «BAAJIOCTI» iX KOayBaHHS. SK
MpaBUIIO, ISl 3a0€3MeYeHHs MOMIYKY MO BCii MHOXHMHI (PEHOTHUIIB, PO3POOHUKH
TeHETUYHUX TMPEJCTaBICHb BIJJIAIOTh IepeBary IOBHOTI MPEACTABICHHS Ta He
3aJI0BOJIBHSIIOTH BUMOTY J0OIyCTUMOCTI. [loka3zaHo, 110 MiJBUILEHHS OMYCTHUMOCTI
TeHETHYHOTO TPEJCTABICHHS MY3WYHOI KOMIO3MIi IUIAXOM BpaxyBaHHS
0COOJMBOCTEN KOHKPETHOI My3UYHOT CUCTEMH, JJIsl SIKO1 BUKOHYETHCSI TapMOHI3allis,
MOK€ OyTH pe3epBOM sl 3MEHIIEHHS 001acTi, Ta, BIAMOBIIHO, 1 4acy MOLIYKY.

CdopmynpboBaHO METY IUCEPTALIHOTO JOCITIDKCHHS Ta HOTo 3a/1a4i.

B opyzomy po3dini Oyno po3poOSEHO KOHCOHAHTHY aKOPAHY MOJECIb
TEHOTHITHOTO TPEACTABICHHS MY3WYHOI KOMITO3UIIlT Ui I1aTOHOYHOI MY3WYHOI
CHUCTeMH Ta TeHETHMYHHMH METOJa TapMoHi3alii 3 ii Bukopuctanusm. [Ipu po3poOiri
MOjeNl i MiABUIIEHHS  JIOMYCTUMOCTI  T€HOTUITHOTO  MPEJICTABICHHS
3allpOIIOHOBAHO 3aCTOCYBAHHSA MPUHYUNY NPUOAMHOI nosHOmu, 1O Iependayae
ICHYBaHHSl T€HOTHUIIIB TUIBKM JUIsl TPHUAATHUX PIIIEHb 3a PaxyHOK ITiJIBUILIEHHS
CTPYKTYpPHOi  y3araJbHEHOCTI mpeactaBieHHs. CTpyKTypHa Yy3arajibHEHICTb
BU3HAYAEThCS PpIBHEM aOCTparyBaHHS MY3UYHUX KOHIENIIA MapaMeTpaMu
npencTaBiieHHs. BuainieHo Tpu ii piBHI — 3ByKOBUH, JIaJOBUI Ta aKOPAHUIA.

B pamkax HaWBWINOro, akOpAHOTO, PIBHS CTPYKTYPHOI y3arajibHEHOCTI Ha
OCHOB1  JIOCHIJDKEHHSI CTPYKTypU akopAy TPU3BYKY JIaTOHIYHOI CHUCTEMHU
3aIpONOHOBAHO BUAUIUTH HAOIp mapaMeTpiB:

— ¢yukmis f € {1, 2, 3} BU3HAYa€ MOYATOK TEPIIOBOTO TMOPSAKY, HOTO
CTYMIHHUN CKJIaJ 1 pOJib B TTOCIIJOBHOCTI aKOP/IiB;

— obepuenns | € {1, 2, 3} BU3HAYA€ MOYATOK TOJIOCOBOTO TOPSIKY Ta CTYIiHb
HAWHUKYOTO 3ByKY aKOPY;

— poamimieHHs p & {1, 2} Bu3Haua€ BIIHOCHE TOJIOXKEHHS CEPEHIX TOJIOCIB;



— noBtop € {1, 3} BU3HAUa€ CTyMiHb, O Oy/I€ BIATBOPEHO JIBOMA 3ByKaMHU.
Ha ocHoBi 115010 HaOOpYy 3alpONOHOBAHO KOHCOHAHTHY AaKOPAHY MOJEIb
TEHOTHITHOTO TPEJICTABJIEHHA My3HMYHUX KoMmro3uiid C® y BUDISI MOCIiIOBHOCTI

o6pasis axopais A% = (m, f, i, p; r,):

m ms ... My
i o - f1
CC= i iy ... i
1 2 L (2)
br p2 ... PL
| 1 T e rL ]
ne m; — 3ByKM Menonii,j =1, ..., L, L — NOBXUHA MEIOMIII.

@DEHOTUITHUM MPEICTABICHHAM My3U4HOI Komno3uuii C uisi reHeTUYHOro

metony 3 GiTHec-(yHKiero (1) € MaTpuLs, IO € IOCIITOBHICTIO 3 L akopiB A, :

C={A;: A; = {P,lk=1,...,4}} (3)

ne Py, — 3Ha4eHHsA BUCOT OKPEMUX 3BYKIB.
Jlns nexomxyBaHHHS Mojeni (2) B dheHotur (3) 3amporoHOBaHO QYHKIIIO pitch,

110 B1JJ0OOpakae KOXKEH j-THIl CTOBITYMK MATPHII C%g aKopa A;:

A ; = pitch(order(degrees(m;, f;),;,P;,7j); M;) )

ne degrees — GyHKIS, IO YTBOPIOE BEKTOpP CTYMEHIB, BXXUBAaHUX B aKOP/Il,
pPO3TaIIOBAaHUX B TEPIIOBOMY TMOPSAKY, order — (QYHKIliS, IO YTBOPIOE BEKTOP

CTYIICHIB, BIAMOBIAHUX 3ByKaM aKOp.1y, pO3TallIOBAaHUX B TOJIOCOBOMY MOPSIKY.
degrees(m, f) = (6 : 6% = (7 + §(m) — 2(f — d)) mod7)

ne 0% — cryminb many, d € {1, 2,3}, 6 — QyHKIig BiAMOBIAHOCTI Mi’ BHCOTAMH Ta
CTYNEHSIMHU JIaKy, mod — onepailisi [IJIOYUCEIbHOTO I1JICHHS.

Oyukiis order(A, i, p, ) BIOPSIKOBY€E Ta PO3LIUPIOE YTBOPEHUHN (DYHKIIIEIO
degrees BEKTOp CTYNEHIB TEPLOBOTO NOPSAAKY A, pOopMyrour HOBUI BEKTOP CTYIIEHIB

TOJIOCOBOTO TOPSIKY Ap = (0, 05, 03, J,):



f#i f=i=2 f=1i#2
Sip = AN\ {&, 6"} by = & Si1p = A\ {47, 6°}
Sy = O 8y = &P b4y = &
6= 0 0g = 0" 6y = 0

®dyuKIis pitch TEPEeTBOPIOE BEKTOP CTYIEHIB TOJIOCOBOTO MOPSAKY Ap Ha
BEKTOp BUCOT A; Ha OCHOBI 3HAYEHHS BHCOTH MENOJII m
m k=1

pitch(Ap, m) = { Py : Py = 0 (dk, w(Pe-1)) P, < Py,
§ 10k, w(Py-1) —1) Pr = P

ne &' — GyHKIig BiANOBiIHOCTI CTYNEHIO Taay J; i OKTaBH @ 3ByKy 3 OTO BUCOTOIO,
ke {1,2,3,4}.

TakuM YHHOM, OTPUMAHO TEPIIUHA TYHKT HAyKOBOI HOBHW3HHM: BIICpIIC
3alpOTIOHOBAHO KOHCOHAHTHY aKOPAHY MOJEIb TEHOTUITHOTO TMPEACTABICHHS
MY3UYHHMX KOMITO3HINH (2), OCOOMMBICTIO SKOi BiAMOBIIHICTh MPUHIIUAITY MPUIATHOT
MMOBHOTH 33 PaXyHOK BUKOPHCTAHHS aKOPIHOTO PiBHIO CTPYKTYPHOI y3araabHEHOCTI,
10 JTO3BOJIMJIO 3MEHIITUTH 00JIACTh MOIIYKY PIIICHHS B TCHETUYHUX METO/AX.

Ha ocHoBi mozeni (2) 3anponoHOBaHO F'eHETUYHUM METOJ TapMOHI3allii, SIKAM
nepeadavae HaCTyIHI KPOKHU:

1. ChopmyBaTu moyaTKoBy HOMYJSIi0 3 N 0ci0 y BIAMOBITHOCTI 3 00paHOIO
MOJIJLTIO MPEICTABIICHHS, HAIPUKJIIA, JJIs 1IaTOHIYHOT CUCTEMH — (o (2).

2. BcTanoBUTH JIYUIBHUK 1TEpalliid 31 3Ha4eHHM 0.

3. Hns oOumcnenns ¢itHec-¢pynkuii H(C) (1) nexkomyBaTv MOMYJSINIO B
dbeHoTunHe mnpenacraBieHHs (3) 3 ypaxyBaHHSM BIAMOBIAHOT MoAedi 00paHOi
My3u4dHOI cuctemu. Hampukian, y pa3i JiaTOHIYHOT — 32 TOMOMOTor0 (PyHKIIIT (4).

4. Skmo 3HaueHHsa ¢iTHec-pyHKUii H(C) (1) He MeHIle Hamepel 3aJaHOro
mopory abo 3HAYCHHS JIYWJIBHUKY ITepamiii Oiibllle Hamepex 3aJaHoro TOpOoTY,
3aKIHYUTH poOOTy. B iHImIOMY BHUIanKy, 30UTBIIUTH JIIYMIBHUK iTepamiid Ha 1 i

IIEPENUTH 10 HACTYITHOTO IIyHKTY.



5. Binibparu n Hait6iab1m rapMoHiliHux 0ci6 nomyssmii CO.

6. YTBOPUTH HOBY MOMYJIAIO PO3Mipy N OTHOTOYKOBUM KPOCHHTOBEPOM MIXK
KO>KHOIO Maporo 13 7 Bi1iOpaHUX rapMOHINHUX OCi0.

8. [loBepHYTHUCH 10 TYHKTY 2.

JlocmimkeHHsT MOKa3aiy, 110 BUKOPUCTAHHS 3allPOIIOHOBAHOTO TE€HETUYHOTO
METOAY rapMOHi3allii 103BOJIsSIE B 4 pa3u CKOPOTHTU KIIBKICTh iTepalliii, HeOOX1IHUX
JUTISL TOCSATHEHHS PiBHS TapMOHIMHOCTI 0.9 y MOpIBHSAHHI 3 METOAOM 0€3 ypaxyBaHHS
Mozeni (2).

3anpomnoHOBaHUN METOA MOKe OyTH BUKOPUCTAHMMA JUIsl TapMOHI3aIii 3
BUKOPHUCTAHHIM 1HILKUX MOJIEJIEH T€HOTUITHOTO MPE/ICTABICHHS Ta CTAHOBUTD JPYTHil
MYHKT HayKOBOi HOBH3HHU.

B mpemvomy po30ini po3poOieHO METOJ] CTBOPEHHS MOJENel T€HOTUITHOTO
NPEJCTABICHHS MY3WYHUX KOMITO3MIIIA [UIsl JOBUIRHOI MY3HYHOI CHUCTEMH Ta
CUCTEMHM 3 pEryJsipHUM JIailoOM Ha OCHOBI BHUKOPHCTAHHS HEHPOMEPEKEBOTO
aBTOKOJ/IyBaJIbHUKA ISl IEKOlyBaHHS MapaMeTpiB aKoOp/IiB.

HelipomepexeBuid aBTOKOIyBaJbHUK — 1€ OararomapoBa HeHpoMmepexa
CUMETPUYHOI apXITEeKTYpH 3 BY3bKUM IIEHTPAIBHUM I[IapOM, IO HABYAETHCA
dbopMyBaTH Ha IIEHTPAILHOMY IIapi 00pa3 BXITHUX JAHUX MEHIIIOi PO3MIPHOCTI.

3anpornoHoBaHa MOJEIb T'€HOTUITHOTO IpeACTaBlIeHHs Kommosuiii C* s
JOBUIbHOI MY3MYHOI CHUCTEMH Ta CHUCTEMHU 3 PETyIsIpHUM JIaJloOM Y BUIVISAIL

TOCITi JOBHOCTI akopaiB A”;:

E _ E . AE _ .
C~ = {A] : A.j = {mj}U {aej D Qej € {0,1}}} (5)
ne m; — 3ByKu menodii, j = 1, ..., L, L — noBXuHa MENoAii. a,; — NapaMeTpH akopay,
e=1, ..., E, E— obpanuii po3mip KOTyBaHHS aKOP.Y.

Ha ocHoBi cdopMoBaHOoi BuUOIpKH aKOp/IB 3aJaHOI MY3UYHOI CHUCTEMH
HABYAETHCS ABTOKOJAYBAJBHHK 3 IIEHTpaJbHUM Immapom posmipy £E. Ilim dac
1HIIMami3amii MeToAy TeHETHMYHOI TapMOHI3aIlli CTBOPIOETHCS MOIMYJISIlsS OCOOMH

NpENCTaBIeH s (5), A€ IapaMeTpy d,; 3alOBHIOIOTHCS BUIIAJKOBMMU 3HAYEHHIMU.
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Ha erami oOI[iHKM OCOOMHM CTBOpEHA MOMYJSILIs JEKOAYETbCS B (DEHOTHUITHE
npeacraBiaeHHs (3).

JUis JOBUIBHOI MY3MYHOI CHUCTEMH PO3pOOJIEHO METOJA CTBOPEHHSI Mozeei
TEHOTUITHOTO  MPEACTABICHHS MY3WYHUX  KOMIIO3MIM  NUISIXOM  HaBYaHHS
aBTOKOJIyBaJIbHUKA, 110 Tiepeadavyae HaCTyMHI KPOKHU:

1. IlepeTBopUTH KOXEH BEKTOP BUCOT 3BYKIB akopay A’ = {P;} 3 BUOIpKHU Ha

BEKTOD iHTEpBAIB A7, :
Al = {APy: APy = Py 1)s — Pis}

nek=2,...,4,s=1,...,8, §5—po3mip BUOipKu.

2. IloGymyBatu rictorpamy 3HaueHb AP,,. Ha ocHOBI Hamepen 3aaaHoi
JOMyCTUMOI YacTOTH BXXKMBAaHHS 1HTEPBATIB o, 3HAWTH HaliMeHIIUU iHTepBan AP,
s sikoro p(4P,,) < o.

3. Bunryunr Bektopu A?, | 1110 MicTATE iHTepBamu AP, > AP,, .

4. IlepeTBOpUTH 3HAYECHHS IHTEPBAIIB Ha JABIMKOBI BEKTOPU JOBKHUHH b, 1€ b —
HaTypaJibHE YHCIIO0, 1110 BIAMOBIa€ HACTYMHINA HEPIBHOCTI:

201 < AP, < 2

5. KonkareHyBaTu ABIWKOBI BEKTOPH 1HTEPBAJIIB OJTHOTO aKOP/LY.

6. [IpoBecTn HaBYaHHS ABTOKOYBaJIbHHUKA 3 LIEHTPAJIBLHUM IIAPOM PO3MIipy £
3 BUKOPUCTAHHSAM OTPHUMAaHOI MHO)KHHH BEKTOPIB.

7. CopmyBatu Aexofep IUIIXOM BUIIYUYEHHS 3 aBTOKOAYBaJbHUKA BX1JHOTO
Ta HACTYMHMX IIapiB 10 HEHTPAIBHOIO 1 3aMIHOIO [IEHTPAJILHOTO IIapy Ha BX1IHUM.

[Tin gac obGumciennst QiTHec-(QyHKINT, ABINKOBA YaCTHHA KOXKHOTO AKOPIY
BUIIIAY (5) OOpOOIIOETHCS JEKOASPOM, PO3MIOIISETHCS HAa OKpPEeMi BEKTOPH, IO
MpPOXOAATh JAeOIHapu3allil0 B JAECATKOBI 3HaueHHA AP, Ta NEepeTBOPIOIOTHCA Ha
3HAYCHHsI BUCOT P, , BIAIITOBXYIOYHCH BiJl 3HaYeHHS P,,., hopmyroun (peHoTHIHE
NPECTaBICHHS aKOP.Y.

Mogens CF mMoxe OyTH BHKOPHUCTaHAa B T€HETMYHOMY METOIIB IapMOHi3allil.
ExcriepumMeHTanbHO J0BEEHO, 1110 BUKOPUCTAHHS 3allPOTIOHOBAHOT MOJIENI 3 TaKUM

JICKOJTyBaHHSIM J103BOJIsSIE B 1,8 pa3u CKOPOTUTH KUIBKICTh 1Tepallii, HeOOX1THUX JIJIs
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JOCSTHEHHS piBHS rapMmoHiiiHocTi 0.9 118 AOBUIBHOI MY3MYHOI CHUCTEMHU Y
HOPIBHSHHI 3 MeTOIOM O€e3 ypaxysanus mozaeni CF .

MeTto1 CTBOpEHHS MOjeNiell TEeHOTUITHOTO MPECTABICHHS KOMITO3MIIN ISt
MY3UYHUX CHCTEM 3 PEryJsipHUMHU JaJaMd BIIPIZHIETHCS Bl MONEPEAHBOTO
OOYHMCIICHHSM 1HTEpBaJIiB HE 3HAUYCHb BHUCOT, a 3HAYEHb BIJMOBIIHUX iM HOMEPIB
CTymeHiB nary. s ip0oro monepeaHbo MPOBOIUTHCS PEKOHCTPYKITIS Jafy:

1. [ToGynyBaTu rictorpaMmy po3HOALTY BXHUTHX B akopaax A’ BHOIPKU BHCOT
P, M0 BUCOTHUM KJlacaM, Jie¢ BUCOTHUHN KJIacC - 1€ KJIAC €KBIBAJIEHTHOCTI, 0 SIKOTO
BIIHOCATBCA Oy[b-Ki JB1 BUCOTHU P, 1 P, NSl AKMX CIPABEAIMBA PiBHICTb:

P, = 2"P,, n € Z

2. Ha ocHOB1 IpHIHSATOI TOMYCTUMOI YaCTOTHU BXKMBAHHSI BUCOTHUX KJIACIB P,
BUJIYYUTH TaKi BUCOTHI Kinacu P, s axkux p(P<) < y.

3. BcraHoBUTH MOPSA0K HA BUCOTHHUX KJIAcax, BABHAYMBIIH (PYHKIIIIO:

6: P— D,DCN
ne P — MHOXXMHA yCiX MOXJIUBUX BUCOT, D — MHO>KMHA HOMEPIB CTYTICHIB JIaJy.
JlanoBi iHTEpBaNN OOUYMCIIIOIOTHCSA HACTYITHUM YHHOM:
P, 6 Py, = ((S(Pls) — 5(P23 )) mod|D|

[lyaktn 2 1 3 Meromy Mg JAOBUIBHOI MY3MYHOI CHCTEMH MOXKHA HE

MPOBOJIUTH, OCKIJILKH b BIATIOBIJIa€ HACTYITHIM HEPIBHOCTI:
20-1 < |D| < 20

OckiIbKM 3HA4YCHHS b B IIbOMY METOJI MEHIIIE, HIXK B METO1 JUIS JOBLIBHOI
MY3UYHOI CHCTEMH, II€ JTO3BOJIIE€ 3MEHIIMTH PO3Mip KOAyBaHHA E Npu HaBYaHHI
aBTOKOJYBaJIbHUKA, 3MEHIIIYIOUH MIPOCTIP O3HAK MPEICTABICHHS aKOPIY.

ITin gac oGumcnenus QitHec-PyHKINT, IBIMKOBA YacCTHHA KOXKHOTO aKOPAY
BUNNISIAY (5) OOpoOIIOEThCS JAEKOJEPOM, PO3MONAUIAETHCS HA OKpPEMI BEKTOPH, IO
MPOXONAATh AcOIHApU3AIlI0 B JECATKOBI 3HAUCHHS, a 3rOJIOM IEPETBOPIOIOTHCS HA
3HAYEHHSI CTYIEHIB aKoOp.y, PO3TAIIOBAHUX B TOJOCOBOMY TMOPSIKY, YTBOPIOIOYH
MHOXXHHY Ap. BekTop BUCOT eHOoTHIly YTBOPIOEThCA (pyHKIII€EO (4), 00UMCIEHOI0 Ha

Apta Py,
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ExcneprMeHTaIbHO JOBEACHO, 10 BUKOPUCTAHHS 3alpOTNOHOBAHOI MOIENi 3
TaKUM JIEKOJYBaHHSAM B PO3pOOJIEHOMY METO/l TapMOHi3allil J103BoJisA€ B 3,5 pas3u
CKOPOTUTH KUIBKICTh 1Teparliii, HeoOX1JHUX JJisi JOCSATHEHHS PIBHS FapMOHINHOCTI
0.9 B cucremax 3 peryJsipHUMU JIaJlaMHd y TOPIBHSHHI 3 METOAOM 0€3 ypaxyBaHHS
mozeni CE.

TakuM 4YWHOM, OTpPUMAHO TPETIM IMYHKT HAyKOBOi HOBHU3HHU: BIIEpIIe
3alpOIIOHOBAHO METOJ CTBOPEHHS MOJIEJIel TeHOTUITHOTO MPEACTABICHH My3UUHUX
KOMITO3MIIH 711 TOBUIRHOT MY3UYHOI CUCTEMHU Ta CHUCTEM 3 PETYISPHUMHU JIaJlaMH,
OCOOJMBICTIO SIKMX € BIJIMOBIAHICTh MPUHILMITY MNPUIATHOI MOBHOTH 3a PaxyHOK
BUKOPUCTAHHS HEMpPOMEPEKEBOr0 aBTOKOAYBaJbHHKA JJISI JOCATHEHHSI aKOPIHOTO
PIBHIO CTPYKTYpPHOI Yy3arajJlbHEHOCTi, IO JO3BOJMJIO 3MEHIIUTH 00JacTh MOIIYKY
pILIEHHS B TEHETHYHUX METOAAaX Ta TPUBAIICTh TApMOHI3allli.

B uemeepmomy po30ini po3poOIEHO CTPYKTYpY CHUCTEMHU JTUHAMIYHOTO
MY3UYHOTO CHUHTE3y (puc. 2), 3ampolOHOBAaHO MOJEIb OIIHKK HEOOXiTHOI
obunciroBanbHOI MOTykHOCTI C/IMC Ha OCHOBI TEHETUYHOTO M1AXOAY.

[IpencraBiena cuctema MOB’SI3y€ CTAaHW CUCTEMH 32 JIONIOMOTOI0 aBTOMATY,
1[0 MOKa3y€ MOXJIUBY 3MIHY OJJHOTO CTaHy Ha 1HIIMN. 30BHIIIHIN TpoOILIEC, 3 SKUM
y3romxkyerbes podora CIIMC, BUKOHYE poJib BX1JHOTO CUTHAIY Ui LIbOTO aBTOMATY.
Penepryap MICTUTh My3W4YHI TEMH, LIO0 CHIBBIJHECEHI 31 CTaHaMH aBTOMATY.
I'eneparop obOmacteld mepexomy YTBOPIOE MEJOAII0 s TapMOHI3aIii MUITXOM
00’eHaHHAM (PparMeHTy MOTOYHOI TEMHU 3 HACTyMHUM (pParMeHTOM MOTOYHOI 1
MOYaTKOBUMH ()parMEHTaMH TEM CYMDKHUX CTaHIB. 3aJIe’KHO Bl My3HUYHOI CUCTEMH,
B SIKill YTBOPEHO MEJOi0, KOH]Iryparop reHETHYHOTO METOMy MiAdupae mpaBuia
rapMOHIMHOCTI Ta BIJAMOBIJHI MOJEJl MPEICTABICHHS — KOHCOHAHTHY aKOPIHY
Mozenb (2) abo MOBLIbHA KUIBKICTH Mojeneil (5), CTBOPEHUX 3 BUKOPUCTAHHIM
aBTOKOJyBaJbHUKA. [ €eHETUUHUI METO/ TaPMOHI3y€ KOMIIO3HUIIIT I YCIX MOXKIUBUX
CIIEHapiiB 3MIHM MOTOYHOIO CTaHy, JOAAIOYM iX O BIAMOBIIHOTO OAaHKY Yy BHUIVISII
denorumis (3).

Konmu HaaxomuTh curHan 3 iHQOpMAaIi€0 MPO TOTOYHUN CTaH, CHUCTEMa

BIITBOPIOE OAMH 13 TONEPEJHBO TapMOHI30BAaHUX CIIEHAPIiB, IO BIANOBIAAE



11

MMOTOYHOMY CTaHy, Ta MOYMHAE TapMOHI3aIll0 CIIEHApiiB MICJIs OHOBJIEHHS CTaHy

aBTOMAry.
CIMC
Mo a MHoxuHa
ES HOKUH
3oBHIIIHIH Peniepryap - IpaBUII

nponec p rapMoHi3arii

) Po— I'eneparop Kowndiryparop I'eneTnunmit
cran i > ABTOMAT CTaHIB[—>»  o00nacTeii [—> IeHETHYHOIO [—> METOJT

Tepexomy METOAY rapMoHi3arii

Bank i

TAPMOHIZ0BAHMX [€ =777 ====7m=mmomomsosoooooooooo oo oo TTeetees A

clenapis rapMOHI30BaHi cLeHapii

My3suuna
KOMITO3HIIIS

Pucynok 2 — CtpykrypHo-¢dyHkiioHaiasHa cxema CJIIMC.

Ha ocHOBiI 3aexxHOCTEl MIK MaKCUMaJIbHOKIO JIOMYCTHMOKO TPHUBAIICTIO
rapMoHi3allii, KUIbKICTIO aKOp[AiB, IO TapMOHI3YIOTbCS, 1 TaKTIB MEJIOIN
3aMpOTIOHOBAHO JIBa pi3HUX pekuMu podotn CAMC: mBUIKICHUHN Ta SIKICHU.

3anponoHOBaHO MOJIEITh PO3PaXyHKY O0YHCITIOBAIBHUX BUMOT
po3pobmtoBanoi  CIIMC. HeoOxinHna oOuuciioBajdbHAa TOTYXHICTH M 1id

rapMOHIi3aIlii pernepTyapy ClieHapiiB 3a £, CEKyH] CKJIa/Ia€:

Q
IN(L, — 1)),
M= ( )

w

ne  — HanOIbIIa MHOXKMHA 00JIacTel EPEXOAY /Il TOTOYHOTO CTaHy CUCTEMH,
— 00acTh Tepexoly KOHKPETHOTO CIeHapit, / — KIIBKICTh 1Tepalliii reHeTUYHOTO
anroput™my, N — po3mip momyismii, L, — KUTbKICTh MEJOAWYHUX 3BYKIB 00JIACTi
nepexony @, A, — YHACIO omeparliid, HeoOXigHe IJIs OOYMCIECHHS TapMOHIMHOCTI
OJTHI€T Mapu aKOpiB Ha MPEACTABIICHHI, 1110 acOIii0BaHa 3 00JIACTIO MEPEXOTY M.
Monens (6) 103BONMIA aHANITUYHO BU3HAYATH HEOOXiHY OOYUCITIOBAIBHY
noTyxHicTh 11 podotn CIMC B 3amaHuMX 4YacOBUX OOMEXKEHHSX Ha OCHOBI

ICHCTHUYHOTO MCTOAY 3 BHUKOPUCTAHHSIM pO3pO6J'ICHI/IX I'CHOTUITHUX IIPCACTABIICHDb
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aAKOPJTHOTO PIBHS CTPYKTYPHOI y3arajibHeHOCTI (2) 1 (5) Ta mMomeni npeacTaBlIeHHS
MEHIIIOTO — JIAIOBOTO — piBHA (Tabm. 1 — Tabm.3).

Tabmuuss 1 — XapakTepuUCTUKA TapMOHIMHOCTI Ta OOYMCIIIOBAIbHUX
MOTY)KHOCTEH, MOTPIOHUX [JIsi TapMOHI3aIlli OJHOTO CIICHApil0 B IIBUAKICHOMY

pexXUMi poOOTH.

MOI[CJ'IB. JIaJI0BOTO Monens C* (5) nius Moges C(2)
piBHS CHCTEMHU 3 Per. J1aJ0M
" It M, 10° ] M 10° / M, 10°
FLOPS FLOPS FLOPS
0.61 1 0.208 1 0.065 1 0.049
0.7 3 0.697 1 0.065 1 0.049
0.82 6 1.659 3 0.225 1 0.049
0.91 13 3.647 5 0.388 4 0.212
0.94 31 8.972 8 0.635 5 0.269
Tabmuus 2 — XapakTepUCTUKH TapMOHIMHOCTI Ta OOYMCITIOBAIBHUX

MOTY>KHOCTEH, MOTPIOHUX JJIsi TapMOHI3allli OJHOTO CLUEHApPII0 B SIKICHOMY PEXKHUMI

poboTH.
Monen§ JIaJI0OBOTO Mognens C(5) s Mogens C°(2)
piBHs CHCTEMH 3 Per. JIaJI0oM
" ] M, 10° / M, 10° J M, 10°
FLOPS FLOPS FLOPS
0.61 3 2.999 1 0.402 1 0.13
0.7 6 7.108 3 1.381 1 0.13
0.82 9 11.772 6 3.156 1 0.13
0.91 14 19.787 9 4.892 6 0.874
0.97 35 52.435 28 15.959 20 3.045
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[lopiBHSIHHA TpUBajOCTe TapMoHi3alii Oyl0 BUKOHAHO Ha amaparHii
miardopmi 3 xapakrtepuctukamu: Intel(R) Xeon(R) CPU @ 2.20GHz (1 core, 2
threads, 32 bit, cache 512 kb), 13 GB RAM. BunpoOyBanHs OyJio TPOBEACHO B ABOX

peXumMax JUisi IBOX PIBHIB TAPMOHIAHOCTI.

Tabmuus 3 — Yac, noTpiOHUM A TapMOHi3allii OAHOTO CIIEHAapil0 B PI3HUX

pexKnmax.
[IBuaKiCHUT peKUM SAxicHuii pexum
H Mogens | Mogens C5(5) | Monens Mogens | Mogens C-(5) | Monenb
Ja70BOIO | 3 PET. JIaZioM C%(2) JIaJIOBOTO | 3 pET. JIaZioM C%(2)
piBHs piBHs
0.7 | 414 mc 93 Mmc 34 Mmc 13.6 ¢ 39c 269 mc
0.91 1.8 ¢ 465 mc 133 mc 31.1c 9.7 c 1.6 c

[IpoBeneni MOCTIHKEHHSI MOKa3aJd, IO PpO3po0IeHI METomu TapMoOHi3alii
J03BOJISIFOTh JOCSITaTH BUIUX [TOKa3HUKIB TAPMOHIMHOCTI 3 BAKOPUCTAHHAM MEHIION
KUIBKOCTI 00uucienb. OTprumana Mozenb (6) CTaHOBUTh YETBEPTUM IMYHKT HAyKOBOL

HOBHM3HH.

Knwuoei cnoea: ounmamiunuti My3udHuil CuHmes, 2eHemudHull Memoo,
2apMoHizayis, Helipomepedxica, a8mMoKOOYBAIbHUK, 2eHOMUNHEe NpeoCmasienHs,

001acms NOULYK).
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ABSTRACT

Komarov O.V. Models and methods of dynamic music synthesis based on a
genetic approach. — Qualification scientific work in the form of the manuscript.

Thesis for the PhD degree in specialty 122 ”Computer science”. — Odessa
Polytechnic State University, Ukraine, Odessa, 2021.

The introduction substantiates the urgency of solving the problem of
developing methods and models of dynamic music synthesis with a high level of
harmoniousness in limited computational performance. Dynamic music synthesis
(DMS) is an automated process of forming musical compositions from pre-created
melodic fragments due to their harmonization. It has been shown that DMS requires
significant computing efficiency and usually requires consistency with external
control processes, such as the actions of the user of the game application or the
process of creating real-time media content. The object, subject, tasks and methods
of research are defined; the connection with scientific programs and plans is shown;
the scientific novelty and practical significance of the obtained results are given; the
personal contribution of the applicant is covered.

In the first section of the dissertation is carried out the analysis of problems of
development of dynamic musical synthesis systems with a high level of
harmoniousness.

The essence of the DMS task is to create a composition by forming an
accompaniment for a given melody. In this case, the composition is represented as a
sequence of sets of simultaneously used sounds (chords), each of which includes one
sound of the melody. Harmonization is performed on a set of melodies written by the
composer in advance.

The existing methods of musical compositions synthesis, their advantages and
disadvantages are analyzed. It is shown that the construction of dynamic music
synthesis systems (DMSS) based on them is complicated because they synthesize
music compositions that do not fully meet the requirements of harmony, and/or

cannot meet these requirements in real time with limited computing perfomance. The
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contradiction is formulated, which is solved in the dissertation - between the
requirements for harmony and the possibility of providing them with limited time
and computing perfomance.

An analysis of existing music systems for interactive multimedia projects. It is
proposed to highlight those that are the most common and of particular interest: the

diatonic music system and systems with regular modes (Fig. 1).

’ “
.
[ ‘I
. ; . Set of
!
\
\

Set of systems /" musical systems
with regular modes ‘ ’

Figure 1 — Diagram of the relationship of common music systems.

It is shown that the most promising approach for the development of DMS
methods is the evolutionary approach. Its application involves the development of
genotypic representation models for the considered musical systems and the method
of genetic harmonization.

Genetic methods for harmonization allow to form a set of equivalent, but
different in content solutions with a high level of harmony, as the fitness function of
the genetic method H(c), that creates composition C, takes into account the concept

of harmony, determined by a set of rules, and looks like:

F| L1
H(C) =1 - q fz fi AJ’ AJ+1) (1)

i=1 j=

h

—

where L — number of chords (simultaneously used sounds) of composition, Q — sum
of weights of all chord use rules, f; — chord use rule, i = 1, ... , |F'|, |F| — number of
chord use rules, g — function of chord use weights, A; — chord of composition, j = 1,
, L-1.
The disadvantage of existing genetic methods of harmonization is low
efficiency due to the redundancy of the search area in which the search for a feasible

solution is performed. The search area corresponds to the parameter space of genetic
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representations, and its size depends on their coding. Usually, to ensure the search
for the whole set of phenotypes, developers of genetic representations prefer
completeness of representation and do not meet the requirement of legality. It is
shown that increasing the legality of the genetic representation of a musical
composition by taking into account the characteristics of a particular musical system
for which harmonization is performed, can be a reserve of reducing the area and,
consequently, the time of search.

The purpose of the dissertation research and its tasks are formulated.

In the second section, the consonant chord model of genotypic representation
of a musical composition for the diatonic music system and the genetic method of
harmonization with its use were developed. When developing a model to increase
the legality of genotypic representation, it is proposed to apply the principle of
feasible completeness, which assumes the existence of genotypes only for feasible
solutions by increasing the structural generality of the representation. Structural
generality is determined by the level of abstraction of musical concepts of the
representation parameters. There levels of structural generality are shown: sound,
mode and chord.

Within the framework of the highest, chord level of structural generality on
the basis of the research of structure of diatonic system’s triad chord, a set of its
parameters is proposed:

— function f & {1, 2, 3} defines the beginning of tertian order, its degree
composition and role in chord progression;

— inversion i € {1, 2, 3} defines the beginning of voice order and the degree of
lowest sound in the chord;

— placement p € {1, 2} determines the relative position of middle voices;

— repeat r € {1, 3} determines the repeated degree.

Based on this parameter set, a consonant chord model of genotypic
representation of C¢ musical compositions in the form of progression of chord

images A% = (m, f, i, p; r;) is proposed:
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m meo ... My
i fo . [
CC=l|d iy ... i
1 2 L (2)
b1 p2 ... DL
| T1 T9 e rr |

where m; — melody sounds, j =1, ..., L, L — melody length.
The phenotypic representation of the musical composition C for the genetic
harmonization method with fitness function (1) is a matrix that is a sequence of L of

chords A;:
CZ{A]A]:{P]@J“CZL,LI}} (3)

where P;; — pitch values of individual sounds.
For decoding of the model (2) to phenotype (3) is proposed function pitch,
which map each j-th columb of C¢ to chord A, :

A ; = pitch(order(degrees(m;, f;),1,pj,7;), m;) )

where degrees — a function that forms a vector of chord degrees, arranged in tertian
order, order — a function that forms a vector of chord degrees corresponding to the

chord sounds, arranged in a vocal order.
degrees(m, f) = (67 : 67 = (7 + 6(m) — 2(f — d)) mod7)

where & — mode degree, d € {1, 2, 3}, J — function of correspondence between
pitches and degrees of mode, mod — modulo operation.
Function order(A, i, p, r) arranges and expands created degree vector of tertian

order A, forming new degree vector in voice order Ap = (9,, 0,, 93, 0,):

f#i f=i=2 f=1i#2
6 =6 6 = & 6 = &7
S11p = A\ {0/, 6"} Gy = o S1p = A\ {47, 6%}
Sy = O 8y = &P b4y = &
by =0 0s= 0 s = &
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pitch function transforms this degree vector A, into pitch vector A; based on
the melody sound pitch m :
m k=1

pitch(Ap, m) = Pk. : Pk = 5_1(5]@, w(Pk_l)) Pk < Pk—l
§ (6, w(Pr1) —1) Pr = Pra

where 6 — function of correspondence between the mode degree J, and octave w, of
sounds and its pitch, £k € {1, 2, 3, 4}.

Thus, the first point of scientific novelty was obtained: for the first time a
consonant chord model of genotypic representation of musical compositions (2) was
proposed, the feature of which is compliance with the principle of feasible
completeness due to the use of chord level of structural generality, which allowed to
reduce the search space in genetic method of harmonization.

Based on model (2), a genetic method of harmonization is proposed, which
involves the following steps:

1. Form the initial population of N individuals in accordance with the selected
model of representation, for example, for the diatonic system — C¢ (2).

2. Set the iteration counter to 0.

3. To calculate the fitness function H(C) (1) decode the population into a
phenotypic representation (3) with correspondence to the model of the selected
music system. For example, in the case of diatonic — using function (4).

4. If the value of fitness function H(C) (1) is not less than a predetermined
threshold or the value of the iteration counter is greater than a predetermined
threshold, finish. Otherwise, increase the iteration counter by 1 and go to the next
step.

5. Select n most harmonious individuals of the population.

6. Create a new population of size N by a single-point crossover between each
pair of n selected individuals.

7. Mutate the population, with a chance of p for each individual.

8. Return to step 2.
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Research has shown that the use of the proposed genetic method of
harmonization can reduce the number of iterations required to achieve a level of
harmony of 0.9 by 4 times compared with the method without using model (2).

The proposed method can be used for harmonization with other genotypic
representation models and is the second point of scientific novelty.

In the third section the method for creating genotypic representation models
of musical compositions for an arbitrary music system and a system with a regular
mode based on the use of a neural network autoencoder for decoding chord
parameters is developed.

A neural network autoencoder is a multilayer neural network of symmetrical
architecture with a narrow central layer that learns to form on the central layer a
lower-dimensional image of input data.

A model of genotypic representation C? of musical composition for an
arbitrary music system and a system with a regular mode is proposed in the form of a

sequence of chords images A”;:

where m; — pitch of melody sound, j = 1, ... , L, L — melody length, a, — chord
parameters, e = 1, ... , E, E — the selected encoding size of the chord.

Based on the formed sample of chords of a given music system, an
autoencoder with a central layer of size E is trained. During the initialization of the
genetic harmonization method, a population of individuals of representation (5) is
created, where parameters a,; are filled with random binary values. At the stage of
individual evaluation, the created population is decoded into a phenotypic
representation (3).

For an arbitrary music system has been developed the method of creating
genotypic representation models of musical compositions by training an
autoencoder, which involves the following steps:

1. Transform each vector of pitches of the chord A’ = {P,,} from the sample

to the vector of intervals A, :
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A2 = {APy : APy = Py_1)s — P}

where k=2, ...,4,5s=1,...,85, 5 - sample size.

2. Build a histogram of AP, values. Based on a predetermined allowable
frequency of interval use a, find the smallest interval AP,, for which p(4P,,) < a.

3. Remove from the sample vectors A”, , which contain AP, > AP,, .

4. Transform the values of the intervals to binary vectors of length b, where b
1s a natural number corresponding to the following inequality:

201 < AP, < 2°

5. Concatenate binary vectors of intervals of one chord.

6. Train the autoencoder with the central layer of the size E with use of the
received set of vectors.

7. Form a decoder by removing the input and subsequent layers up to the
central from the autoencoder and replacing the central layer with the input layer.

During the fitness function calculation, the binary part of each chord of the
form (5) is processed by the decoder, divided into separate vectors, which are
debinarized to decimal values 4P, and converted to the pitch values P, , starting
from the value P,,., forming a phenotypic representation of each chord.

The model C? can be used in genetic harmonization methods. It has been
experimentally proven that the use of the proposed model with such decoding allows
to reduce the number of iterations required to achieve a harmony level of 0.9 for an
arbitrary music system by 1.8 times compared to the method without the model C* .

The method of creating genotypic representation models of compositions for
music systems with regular mode differs from the previous one by calculating the
degree intervals instead of pitch intervals. To do this, the reconstruction of the
system mode is performed by following steps:

1. Build a histogram of the distribution of the pitches P,, used in the chords
A’ by the pitch classes, where pitch class is the equivalence class to which belong

any two pitches P, 1 P,, , if the following is valid:
P, = 2"P,, n € Z
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2. Based on the accepted allowable frequency of pitch class use p, remove
pitch classes P, for which p(P“") < y.

3. Set the order on the pitch classes by defining the function:

6: P— D,D CN
where P — set of all pitches, D — set of all mode degrees.

Degree intervals can be calculated as follows:

P, © Py, = (6(Pys) — 0(Pys)) mod |D|

Steps 2 and 3 of the method for an arbitrary music system can be omitted,
since b corresponds to the following inequality:

201 < |D| < 20

Because the value of 5 in this method is less than in the method for an
arbitrary music system, the size of the encoding E is reduced, reducing the parameter
space of the chord.

During the fitness function calculation, the binary part of each chord of the
form (5) is processed by a decoder, divided into separate vectors, which are
debinarized to decimal values, and then converted into values of chord degrees
arranged in a voice order, forming a set Ap. The pitch vector of the phenotype is
formed by function (4), calculated on A, and P;;.

It is experimentally proved that the use of the proposed model with such
decoding in the developed harmonization method allows to reduce the number of
iterations required to achieve a harmony level of 0.9 in systems with regular mode
by 3.5 times compared to the method without model C~.

Thus, the third point of scientific novelty is obtained: for the first time a
method of creating models of genotypic representation of musical compositions for
arbitrary music system and system with regular mode, the feature of which is
compliance with the principle of feasible completeness due to the use of neural
autoencoder for achieving structural generality, which allowed to reduce the search

space in genetic method of harmonization.
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In the fourth section the structure of the dynamic musical synthesis system is
developed (fig. 2), the model of an estimation of necessary computing performance
of DMSS on the basis of the genetic approach is proposed.

The presented system connects the states of the system in a form of automata,
which shows the possible transitions from one state to another. The external process,
which is consistent with the work of DMSS, acts as an input signal for this automata.
The repertoire contains musical themes that are correlated with the states of the
automata. The transition area generator generates a melody for harmonization by
combining a fragment of the current theme with the next fragment of the current and
initial fragments of themes of adjacent states. Depending on the music system in
which the melody is formed, the genetic method configurator selects the rules of
harmony and the corresponding models of representation - a consonant chord model
(2) or any number of models (5) created using an autoencoder. The genetic method
harmonizes the compositions for all possible scenarios of transitions for the current
state, adding them to the appropriate bank in the form of phenotypes (3).

When a signal with information about the current state is received, the system
plays one of the pre-harmonized scenarios, which corresponds to the current state,

and begins to harmonize the scenarios after updating the state of the automata.

DMSS
External Repertoire Set of Set of harmony
process representations rules
- . Genetic
Transition area Genetic method .
Current state > State automata —>| —> —> harmonization
i, generator configurator
method
Bank of ;
harmonized — [€----=mmmmmrm
scenarios harmonized scenarios

Y

Musical
composition

Figure 2 — Structural and functional scheme of DMSS.




24

Based on the relationships between the maximum allowable duration of
harmonization, the number of harmonized chords, and the bars of melodies, two
different modes of DMSS operation are proposed: high-speed and high-quality.

A model for calculating the computational requirements of the developed
DMSS is proposed. The required computing power M to harmonize the repertoire of

scenarios in ¢,,, seconds 1is:

(6)

where Q — the largest set of transition areas for the current state of the system, » —
the transition area of a particular scenario, / — number of iterations of the genetic
algorithm, N — population size, L, — the melody length of the transition area w, 4, —
the number of operations required to calculate the fitness function for one pair of
chords on the model associated with the transition area w.

Model (6) allowed to analytically determine the required computing power for
DMSS based on the genetic method in given time constraints using the developed
genotypic representations of the chord level of structural generality (2) and (5) and

the model of representation of the lower - mode - level (table 1 — table 3).

Table 1 — Harmony characteristics and computing power required to

harmonize one scenario in high-speed mode.

Mode level model reg[l?e?rerlngfle(:ss)yfs(‘zer:m Model C°(2)

" It M, 10° It M, 10° It M, 10°

FLOPS FLOPS FLOPS
0.61 1 0.208 1 0.065 1 0.049
0.7 3 0.697 1 0.065 1 0.049
0.82 6 1.659 3 0.225 1 0.049
0.91 13 3.647 5 0.388 4 0.212
0.94 31 8.972 8 0.635 5 0.269
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Table 2 — Harmony characteristics and computing power required to

harmonize one scenario in high-quality mode.

Mode level model reg[l?e?rerlngfle(:ss)yg(‘z;m Model C%(2)

" 7 M, 10° It M, 10° It M, 10°
FLOPS FLOPS FLOPS

0.61 3 2.999 | 0.402 1 0.13

0.7 6 7.108 3 1.381 1 0.13

0.82 9 11.772 6 3.156 1 0.13

0.91 14 19.787 9 4.892 6 0.874

0.97 35 52.435 28 15.959 20 3.045

The comparison of harmonization durations was performed on a hardware
platform with characteristics: Intel(R) Xeon(R) CPU @ 2.20GHz (1 core, 2 threads,
32 bit, cache 512 kb), 13 GB RAM. The test was performed in two modes for two

levels of harmony.

Table 3 — Time required to harmonize one scenario in different modes.

High-speed High-quality
H Mode Model C%(5) Model Mode Model C5(5) | Model
level for regular C%(2) level for regular C%(2)
model mode model mode
0.7 | 414 mc 93 Mc 34 mc 13.6 ¢ 39c¢ 269 mc
0.91 1.8¢ 465 Mc 133 mc 31.1¢ 9.7 ¢ 1.6¢

Research have shown that the developed methods of harmonization allow to
achieve higher harmony with the use of fewer calculations. The obtained model (6)

is the fourth point of scientific novelty.

Keywords: dynamic music synthesis, genetic method, harmonization, neural

network, autoencoder, genotypic representation, search area.



