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AHOTANIA

110 KBaumidikaiiiHoi podoTu
3no0yBauku rpynu 401 UHY im. Iletpa Morunu

Bpaniii Bikropii CepriiBau

Ha temy: “IHTEJIEKTYAJIbBHA CHCTEMA PEKOMEHJAIIN MY3UUYHHUX
KOMIIO3UIIIH HA OCHOBI AHAJI3Y TAPMOHIYHOI CTPYKTYPW”

AKTYyaJbHICTh J1aHOI POOOTH TONATaEe y HEOOXIMHOCTI PO3POOKHM MY3UYHOL
PEKOMEHALINHOT CUCTEMHM, sKa Mpalioe Oe3 MOBEIIHKOBUX JaHUX KOPUCTYBayiB,
BUpIIIIY€E MPOOJIEMY «XOJOJHOTO CTapTy» Ta 3a0e3leuye TOYHICTh PEKOMEHJalliil Ha
OCHOBI1 00'€KTUBHHMX aKyCTUYHUX 1 CEMAHTUYHHUX O3HAK.

00'exTOoM poOOTH € TpolLEC aBTOMATUYHOTO (POPMYBAHHS MEPCOHATIZ0BAHUX
MY3UYHHUX PEKOMEHAAITIH.

IIpenmeroM pobOTHM € METOAM KOHTEHTHOTO aHali3y 3BYKOBHUX CHUTHAJIB Ta
00poOKHU MPUPOAHOI MOBH B 3a7ja4aX My3UYHOI pEKOMEH/IAIIIi.

Metoro poboTH € po3poOKa 1HTEIEKTyalbHOI CUCTEMU PEKOMEHAIIN My3UYHUX
KOMITIO3UIIII Ha OCHOBI KOHTEHTHO-TQPMOHIYHOTO aHalli3y, 10 MO€JHYE aKyCTUYHI
XapaKTePUCTUKU ayJI0CUTHATY Ta CEMAaHTUYHUN aHaJi3 TEKCTY MICEHb.

B pesynbrari BUKOHaHHS POOOTH OyJi0 pPO3pOOJICHO Ta HABYEHO aHCcamOIb
MozeNield TIIMOOKOTO HaBYaHHS Mg KiIacuikalii aKyCTHYHHUX O3HaK, 1HTErPOBAHO
mozaeni Whisper ta DistilBERT nisi anamizy CeMaHTHKH TEKCTIB IMICEHb, a TaKOX
peaizoBaHO AJITOPUTM MYJIbTHCUTHAILHOTO PAH)KYBaHHS.

Jlana po0oTa CKIaga€eThCs 3 BCTYIY, YOTUPHOX PO3/1TiB, BUCHOBKIB Ta JOJIATKIB.
VY po3ainax mpoBeIeHO OIS aHAJIOTIB, JOCIHIKEHO MaTeMaTHIHI MOJCHI Ta OIHUCAHO
NpOrpamMHy peaizalliio 3 pe3yJbTaTaMHd TeCTyBaHHsS. 3arajibHuii o0cir podotu — 85
cropiHok. KBamiikamiiina po6ota MICTUTh 5 H0OAaTKIB, 25 pUCYHKIB, 6 TaOnuip 1 33
JDKepera MOoCUIaHHS.

KuarwuoBi cioBa: My3uuHi peKOMEHJIalIiHI CUCTEMHU, KOHTEHTHO-TapMOHIUYHUM
aHai3, MeJN-CIIeKTporpamMa, TIHOOKE HaBYaHHsS, O0OpoOKa MPUPOJHOI MOBH,

MYJbTUCHUTHAJIBHC PAHXKXYBAHH:.



ABSTRACT
to the qualification work by the student of the group 401 of Petro Mohyla Black Sea

National University
Vradii Viktoriia

“IINTELLIGENT MUSIC RECOMMENDATION SYSTEM BASED ON
HARMONIC STRUCTURE ANALYSIS”

A relevance of this work lies in the need to develop a music recommendation
system that operates without user behavioral data, resolves the "cold start" problem, and
provides high-accuracy recommendations based on objective acoustic and semantic
characteristics of songs.

An object of the work is the process of automatic generation of personalized music
recommendations.

A subject of the work is the methods of audio signal content analysis and natural
language processing in music recommendation tasks.

A purpose of the work is to develop an intelligent music recommendation system
based on content-harmonic analysis that combines acoustic characteristics of the audio
signal and semantic analysis of song lyrics.

As a result of the work, an ensemble of deep learning models was developed and
trained to classify acoustic features, Whisper and DistilBERT models were integrated for
lyrics semantics analysis, and a multi-signal ranking algorithm was implemented.

This work consists of an introduction, four sections, conclusions, and applications.
The sections review existing analogs, study mathematical models and methods, and
describe the software implementation with testing results. The overall scope of the work
1s 85 pages. Thesis contains 5 applications, 25 figures, 6 tables and 33 references in it.

Key words: music recommendation systems, content-harmonic analysis, mel-

spectrogram, deep learning, natural language processing, multi-signal ranking.
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CKOPOYEHHSA TA YMOBHI IIO3HAKH

Al — Artificial Intelligence

API — Application Programming Interface
BPM — Beats Per Minute

CF — Collaborative Filtering

CNN — Convolutional Neural Network

MFCC  — Mel-Frequency Cepstral Coefficients

MIR — Music Information Retrieval
MLP — Multilayer Perceptron

NLP — Natural Language Processing
ORM — Object-Relational Mapping
ResNet  — Residual Network

RMS — Root Mean Square

STFT — Short-Time Fourier Transform

2026 p. Bpaniit Bikropis
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BCTYII

CrpimMiHTOBI My3u4Hi TIaTQOPMH CTald JAOMIHYIOYOIO (OPMOIO CIOKHMBAHHS
MY3UKH, a IOJHS Ha HUX 3aBAaHTAXKYIOThCS COTHI THCSY HOBUX KOMIIO3HIIiH. B ymoBax
Takoro 1H(OpMAIIHOTO TEepEeHAaBaHTAXXEHHsS  SKICTh CHUCTEMH  PEKOMEH/aIlii
NEpEeTBOPWIACH, Ha KIIOYOBUH  (HAKTOpP KOHKYPEHTOCIPOMOXKHOCTI — OyJIb-SIKOTO
MY3UYHOTO CEpBICY Ta TOJOBHUM I1HCTPYMEHT IepCOHaI3aIlii MY3WYHOTO JOCBIIY
ciyxaya.

JIOMiHYIOUMM TIAXOAOM Y raiy3l 3aJIMIIA€EThC KOJa0OpaTUBHA (PiabTpaliss —
METO/I, III0 aHaJII3y€ MOBEIHKOBI JIaHI KOPUCTYBAYiB Ta BUSBIISIE CXOXKICTh MK HUMHU.
[Tormpu mMpoke MOMIMPEHHS, LEeW MiAX1A Ma€e CYTTEBI CHUCTeMHI oOMexeHHs. BiH
CTpaX</1a€ BiJl yIepeHKEHOCTI 0 MOMYJSIPHOCTI: CUCTEMA IPOCYBA€E TPEKHU 3 HAOLIBIIO0
KUIBKICTIO ITPOCITYXOBYBaHb, 3aJIMIIIAI0OYH 1032 YBAaro MaJOBIIOMUX BUKOHABIIIB. KpiM
TOTO, KoJIabopaTuBHA (PUIbTpaLlld HE 3JaTHA PEKOMEH]IyBAaTU HOBI TPEKH, JUISl AKUX LI
HE HAKOIHMYEHO CTAaTUCTUKY B3a€EMOJI, — TakK 3BaHa MpoOJieMa XOJOJHOTO CTapTy.
Hapemri, Henmpo30picTh TaKUX AJITOPUTMIB YHEMOXKIIMBIIIOE MOSCHEHHSI PEKOMEHIAIIIM
KOPHUCTYBAyEBI.

AKTyanpHICTb POOOTH 3yMOBJICHA HEOOXIJIHICTIO PO3POOKH PEKOMEHAIiHO1
CUCTEMHU, sIKa J0JIa€ 3a3HauyeHi oOMeXeHHsS: (yHKIIOHYye Oe3 MOBEIIHKOBUX [aHUX,
3a0e3nedye peKOMEH Iallii JyIsl HOBUX TPEKiB HE3aJIEKHO BiJI iIXHBOI MOMYJISIPHOCTI Ta J]a€
3MOTy TMOSICHUTH KOXHY pPEKOMEHJAIIl0 Ha OCHOBI OO'€KTMBHUX MY3HYHUX
XapaKTePUCTHK.

MeTo10 po60TH € PO3pOOKA THTEIEKTYAIbHOI CUCTEMH PEKOMEH AN MYy3UYHHIX
KOMIIO3UIII HAa OCHOBI KOHTEHTHO-TAPMOHIYHOTO aHalizy, 10 TMOEAHYE aHali3
aKyCTMYHUX XapaKTePUCTHUK ayJI0OCUTHAITY Ta CEMAaHTUYHUN aHalli3 TEKCTY IICEHb.

JI71s1 AOCSITHEHHS! TTOCTABJICHOI METH HEOOX1/THO BUPIIIUTH TaKl 3aBJaHHS:

— TpoaHa3yBaTH ICHYIOYl METOAM MOOYJAOBH MY3WUYHUX PEKOMEHJIAIlIMHUX

CHCTEM Ta BUSBUTH IXHI KJIFOYOBI OOMEKEHHS;

2026 p. Bpaniit Bikropis
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— JIOCHIIATA MeToau IM(poBoi 0OOPOOKHM ayIOCHUTHAJIB SK OCHOBH IS
moOyI0BH BEKTOPHUX MPEACTABICHh MY3UYHIX KOMITO3HIIIH;

— PpO3pOOUTH Ta HABYUTH MOJEIb TJIMOOKOTO HaBYaHHS IS Kiacudikalli
aKyCTUYHHUX O3HAK TPEKIB;

— peanizyBaTh MOJYJIb CEMAaHTHYHOTO aHaJ3y TEKCTY IMCEHb I BU3HAYCHHS
iXHBOT'O €MOITIHHOTO 3a0apBIICHHS;

— po3poOuTH anropuT™M (POpMyBaHHS PEKOMEH/IAIN HA OCHOBI O0araTOBHUMIpHOI
CXOXOCTi aKyCTHYHHUX 1 CECMAaHTUIHHUX XapaKTEPHUCTHK;

— peanizyBaTd MporpamMHy cucTeMy 3 BeO-iHTepdeiicom Ta chopmyBaTu 6azy
JTAHUX MY3UYHHX KOMITO3HITIH.

00'exToM podOTH € TpolleC aBTOMATUYHOrO (POpMyBaHHS MEPCOHATI30BAHMUX
MY3UYHHUX PEKOMEHAAITIH.

IIpeameTom poGOTH € METOIM KOHTEHTHOI'O aHANI3y ayA10CUTHAIIB Ta IPUPOJAHOI
MOBH B 3a/1auyax MY3UYHHX PEKOMEHIAIlIH.

[IpakTruHe 3HAYECHHS POOOTH TOJSATAE Y CTBOPEHHI MPOTPAMHOI CHCTEMH, SIKa
3/1aTHA PEKOMEHYBaTH MY3U4HI KOMIO3UI[li BUKIIOYHO Ha OCHOBI IXHBOTO 3BYYaHHS Ta
TEKCTOBOT'O 3MICTy, 0€3 MOoTpeObu y HAKONMUYEHIN CTAaTUCTHUINl MPOCIyXoByBaHb. lle
BIJIKDUBAE PIBHI MOXJIMBOCTI ISl MPOCYBaHHS SIK BIJOMHUX, TakK 1 MaJOBIIOMHUX
BHUKOHABIIIB Ta 3a0€31e4y€ Mpo30PiCTh 1 OOTPYHTOBAHICTH MPUNHATUX PEKOMEHIAIIHHUX

pillIEHb.
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1 AHAJII3 TIPOBJIEMATHUKH MY3UYHUX PEKOMEHJIAIIMHAX
CUCTEM TA IOCTAHOBKA 3AJIAYI

1.1 Onuc npeamMeTHoi chepu

CyuacHa iHaycTpiss 1UdpPOBOI MY3UKH MEPEKHUBAE €Tall CTPIMKOTO 3POCTaHHS
3aBIIIKH PO3BUTKY CTpiMiHroBHUX Iiatdopm. ILloaHs cTBOPIOIOTHCS 1 3aBaHTaXYIOTHCS
Ha CepBEpU MUIBHOHM HOBMX MY3MYHHUX KOMIIO3UIIIM, IO CTBOPIOE MPOOIEMy
1H(OpMAIIHHOTO NEepEeHABAaHTAXKEHHS MJIs KIHIIEBOTO KOPUCTyBada. Y IIUX YMOBax
KIIFOUOBUM (DAKTOPOM KOHKYPEHTOCIIPOMOMXKHOCTI OyAb-SKOI0 My3UYHOT'O CEPBICY CTa€
HasIBHICTh €()EKTUBHOI CHUCTEMH PEKOMEHJAlllil, 34aTHOI aBTOMATU4YHO (opMyBaTu
NepPCOHANTI30BaHI MJICHINCTH Ta MPOMOHYBATH CIIyXaueBi peieBaHTHUI KOHTEHT.

Tpanumiitno npeameTHa chepa My3UIHUX PEKOMEHIALIHHUX CUCTEM 0a3y€eThCs Ha
METO/aX aHali3y BEJIMKUX AaHUX. [CTOPUYHO NEpHmIMMHU Ta HAMOUIbII MOLIMPEHUMHU
CTamM alrOpPUTMM KOTabopaTUBHOI (inbTpamii. IXHa cyTh monsrae B aHamisi icTopii
IPOCITYXOBYBaHb: SIKIIO KOPUCTYBadl MAalOTh CXOK1 MY3H4HI BIIOJ00AHHS, KOMIIO3MIII],
110 CIOA00ANNCH OJJHUM KOPUCTYBa4aM, MOXYTh OyTH pEKOMEHI0BaHI 1HILUM.

[IpoTe Oyno BHUSABICHO CYTTEBI HENOJIKM TAaKOro MIAX0my. Y JOCHiKeHHI [1]
OMKMCAHO TMpoOJieMy TMOMyJSIpHICHOTO 3MimieHHs (popularity bias), moB’s3any 3
¢denomenom «gosroro xBocta» (The Long Tail) y my3uyHux pexomeHAaIiiHux
cucteMax. ABTOpPH TMOKa3ylOTh, IO CyYacHI alTOPUTMU PEKOMEHJAIN dYacTimie
MPOTIOHYIOTh TOMYJISIPHUM KOHTEHT, TOJ1 SK MEHII MOMYJSApHI MY3W4YHI KOMMO3MUIIIi
HEJIOCTAaTHHO MPEJICTaBICH] B pekoMeHaamisax (auB. puc. 1.1). Ile Moxxe nmpu3BOIUTH 10
TOT0, 10 KOPUCTYBayl 3 HINIEBUMHU MY3UUYHHMHU BIOJAOOAHHSIMH OTPUMYIOTH MEHII

peneBaHTHI PEKOMEHIallii.
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Pucynok 1.1 — 3anexHicTh Mk MOMYJISIPHICTIO BUKOHABIIS Ta YaCTOTOKO PEKOMEH a1l

Ha npukiIaal 6 anroputmis [1]

[HII0}0 BaKJIMBOIO MPOOJIEMOIO MY3WYHMX PEKOMEHJIALIMHUX CHUCTEM € SIBUILE
«xonoaHoro crapty» (Cold Start). 3a BiicyTHOCTI icTOpii B3a€MOIi [T HOBUX 00'€KTIB
CXeMH KoylabopaTuBHOI (iabTpailli HE MOXYTh BHUKOPHUCTOBYBAaTH KOJabOpaTHBHI
CUTHAJIM JUIsl BHU3HAY€HHA BMNoJo0aHb KopuctyBayiB [2]. Tomy cucremu, w010
BUKOPUCTOBYIOTh  TPAAMIIIIHI pEKOMEHJAIliiHI METOAW MAalTh TPYAHONII 3
PEKOMEH/IAIlI €10 HOBUX MY3WYHHUX KOMITO3HUIIIH, JJIS SIKUX I1I€ HE HAKOTIMYEHO JTOCTaTHbO1
iHpopMmarlii mpo B3aemonito kKopuctyBauiB [3]. [ns BupimeHHs 1i€i mpoOiieMu
JOCTIIHUKY 3alpONOHYBajIl BHUKOPUCTOBYBATH KOHTEHTHUN aHalli3 MY3HKH, 30KpeMa
3aCTOCYBaHHA 3ropTKoBHX HeWpoHHUX Mepexk (CNN) s aHamizy ayJloCHrHajiB
0e3rmocepelHb0 y pekoMeHmamniianx cucremax [3]. Takuii migxig cTaB OJHUM 13
BaXXJIMBUX HAMPAMIB PO3BUTKY rajly3l aBTOMAaTUYHOTO BIIIYYEHHSI MY3UYHOI 1HpOopMaIlii
(MIR).

[Tomanpmuii po3BUTOK METOJIB MAIIMHHOTO HAaBYaHHS Ta OOPOOKH MPUPOIHOI
MOBH CHpHUSB TMEPEXOAy A0 MYJbTHUMOJATBHUX peKoMeHaaniiHux cucteM. CyuacHi

MYJIBTUMOJIATBbHI TIAXOAW TMOEAHYIOTh aHajll3 TapMOHIi, aKyCTUYHUX XapaKTEPUCTHK

2026 p. Bpaniit Bikropis



Kagenpa inrenexryanbHux iHGOPMaIiHHIX CUCTEM
[HTenexTyansHa cucTeMa peKOMeH ALl My3MYHNX KOMIO3UIIIH Ha OCHOBI aHaJli3y rapMOHIYHOT CTPYKTYpH

MY3HKH, TEKCTOBO1 1H(POpMaIlii, MeTaJJaHUX Ta IHIIUX JHKEPEN TaHuX, PopMyroun OUIbII
iHGOpMAaTUBHI TPEACTABICHHS KOHTEHTY TOpSAA 13 TOBEAIHKOBHUMH JaHUMU
KopucTyBauiB [4,5]. Taki miaxoau 1eMOHCTPYIOTh OKPAIIEHHS SKOCTI peKOMEH/Iallii Ta
e(heKTUBHOCTI POOOTH Yy CIEHApIIX XOJOIHOTO CTapTy, 30KpeMa Jisi HOBUX abo

MaJIOMOMYJISIPHUX 00'€KTIB [5].
1.2 Knacudikauisa MeToaiB no0ya0BH peKOMeHIANIHUAX CUCTEM

Ilepen aHan130M KOHKPETHUX KOMEPLIIHUX PilIEHb HEOOX1HO PO3IISTHYTH 0a30B1
NIIXO0U, Ha SIKMX 0a3yeThbcsl cydacHa Hayka PO pPEKOMEHAALIHI CUCTeMH. 3TiTHO 3
kiacudikamiero, HaBeneHoro y [6] (muB. puc. 1.2), no 06a30BUX KaTeropii
PEKOMEHJJAlIHUX CUCTEM HajieKaTh CUCTEMHU KOJAO0OpaTUBHOI (piIbTpalii, KOHTEHT-

0a30BaH1 CUCTEMH Ta T1OPUIHI IT1IXO/IH.

Recommender
System

Content-based filtering Collaborative filtering Hybrid filtering
technigue technigue technique

| |

Model-based filtering
technique

|

Clustering, ®echniques
Association techniquss,

Bayes an networks, =
Neural Networks (User-bascd > (ﬁ
e

tem-based
v

Memory-based filtering
technique

Pucynox 1.2 — Knacudikariist miaxoaiB 10 CTBOPEHHS peKOMEHIAMINHUX CUCTEM [6]

KonaGopaTuBua d¢inbrpanis € omaauMm 13 0a30BUX MAXOMIB y CHCTeMax

peKOMeHaIlli, SKUW TPYHTYEThCS Ha aHali3l 1CTOpli B3aEMOJIA KOPUCTYBadiB 3
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00’€KTaMH, 30KpeMa OIIHOK, MEperjisaaiB ado IHIIOro IMOBEIIHKOBOTro ¢indeky [6].
CydacHi orJis710B1 pOOOTH TaKOX BH3HAYAIOThH KOJIA0OpAaTUBHY (DLIBTPAIIifO K METOI, IO
BUKOPHUCTOBYE JIMIIIE USEr-item B3a€MOJIIi JJii MPOTrHO3yBaHHS 1HTEPECIB KOPUCTyBaya
0e3 BUKOpucTaHHs 1HGOopMaIllii Mpo KOHTEHT 00’ eKTiB [7].

OcHOBHa TinoTe3a METOAY MOJIATaE B TOMY, 1[0 KOPUCTYBaul, K1 IEMOHCTPYBaJIU
CXOX1 BIIOJIOOAHHS B MUHYJIOMY, 3 BEJIUKOI MMOBIPHICTIO 30€peKyTh MOMIOHICT 1 B
MaliOyTHROMY, IO JIEKUTH B OCHOBI neighborhood-based Moneneit pexkomennarii, ae
BUKOPHUCTOBYETHCS MIPUHIIUI 3HAXO/KEHHS CXOKUX KOPUCTYBauiB a00 CXOKUX 00'€KTIB.
[8].

VY mexax memory-based kosiabopaTtuBHOI (hUIBTpalli BUAUISIIOTH JBa OCHOBHI
MiIX0aM: user-based, Jie 3HAXOAATHCSA KOPUCTYBayi 3 MOAIOHUMU TTPOQITISIMH ITOBEAIHKH,
Ta item-based, 1e OOYHMCIIOETHCI CXOXKICTH MK 00 €KTaMM Ha OCHOBI CHUJIBHHX
B3aeMO/IiM KopucTyBadiB [6, 8]. CydacHi JOCHTIIKEHHS MATBEPAKYIOTh, 110 item-based
MIJX17] 9acTO € OUIbII CTaOUIbHUM y MAcIITAaOHMX CHCTeMaxX 4Yepe3 MEHINY 3MIHHICTh
XapaKTEPUCTUK 00’ €KTIB Y MOPIBHSAHHI 3 KOPUCTYBalbKUMU podisiamu [§].

Boanodac Meton Mae CyTTeBI OOMEXEHHS, TTOB’s13aH1 3 PO3PIIKEHICTIO MATPHII
B3a€EMOJIIN Ta MPOOJIEMOIO XOJIOJAHOTO CTAPTY, KOJM BiICYTHICTh JOCTATHBOI KITBKOCTI
ICTOPUYHUX JaHUX HE J103BoJisie GopMyBaTH sIKICHI pekoMmeHpaarlii [6, 7]. JlomaTkoBum
HEJIOJIIKOM € Te, IO MIAX1J HEe BPaXOBYE CEMAaHTUYHI XapaKTEPUCTUKU caMUX 00’ €KTIB,
OCKUJIbKU 0a3y€ThCsl BUKJIIOYHO HA MOBEAIHKOBUX JTAHUX KOPHUCTYBaYiB, IO OCOOJIMBO
oOMexKye Moro e(peKTUBHICTh Y BUIMAIKaX HOBUX a00 ci1abo oLiHeHUX 00 €KTiB [7].

Konrenr-6a30BaHi cucTemMu, Ha BiIMiHY BiJl KOJJAOOpATUBHUX, (POKYCYIOTHCS Ha
aHai31 BHYTPIIIHIX BIIACTUBOCTEN caMUX 00 €KTIB. Y MEXKaxX TaKOro MiIX01y alrOpUTM
dbopmye iHGopMaIiiiHMil TPO(dLTHF KOPUCTyBaya HAa OCHOBI ICTOPIi MOTO B3aEMOJIN 1
3MIACHIOE TOPIBHSHHS MaTEMaTUYHO BH3HAYEHUX aTpUOYTIB HOBUX OO €KTIB 13
HaKOIMMYEHUMH JaHUMU PO BIO00AHHS I Oe3IMocepeIHbOI reHepariii peKkoMeHaariin
[6]. OuiHroBaHHS MOAIOHOCTI J03BOJISIE MPOMOHYBATH MO3HULI, 1[0 MAIOTh HAWOULIBIITY
BIJINOBIJIHICTD paHilie oOpaHuM 00'ektaM, 0e3 3alydeHHs 1HPOopMallii NPo MOBEIIHKY

IHIIMX CYO'€EKTIB CUCTEMH.
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[TepeBaroro 11bOr0 MIAXOAY € 37aTHICTh (YYHKI[IOHYBATH 3a B1JICYTHOCTI BEIMKOI
KUTBKOCT1 TJIOOQTBHUX 3B'SI3KiB, IO YACTKOBO HIBEIIOE MPOOJIEMYy PO3PIIKEHOCTI
MaTpullb B3aemojii. IIpore epekTuBHICTE METOAY 0€3MOCEPEIHBO 3aJICKHUTh BiJl TOTO,
HACKUIBKM TOYHO OIMCAHO XapaKTEPUCTHKU OO'€KTIB Ta MPaBUIBLHO C(HOPMOBAHO
npo¢ias KopucTyBaua [6].

l'iopuaHi cucremm pekoMeHalliil MOEIHYIOTh MEpeBaru KojJabOpaTUBHOIO Ta
KOHTEHT-0230BaHOTO MiAXOMIB 1 TI03BOJISIOTh KOMIICHCYBATH iXHI OKpeMi HemoJiku [6].
OcHOBHa iiesl TAKMX METO/I1B MOJISITa€ B THTErpallii pi3HUX CTpATErid peKOMEHIaIlli JJis
I1JIBUIIICHHS SKOCTI IIPOTHO3YBaHHS Ta CTa0lIBHOCTI pe3yJIbTaTiB.

VY r1iObpuHUX cUCTEMaX BUJUIAIOTH KUIbKAa OCHOBHHUX MIAXOAIB A0 MOEIHAHHS
METO/IIB: HE3aJIeKHE 3aCTOCYBaHHS KOJaOOpaTUBHOI Ta KOHTEHTHOi QuibTpamii 3
MOJANBITUM 00’ €THAHHSIM Pe3yJIbTaTiB, BUKOPHUCTAHHS E€JIEMEHTIB OJIHOTO METOIY B
IHIIIOMY, a TaKOoX MOOYJOBY €IWHOT MOJEINI, sIka OJJHOYAaCHO BpaxoBye OoOMJIBa THUIIU
1H(dopmarrii. Taka koMOiHAIS JO3BOJISIE 3MEHITUTH BIUTUB OKPEMUX HEAOJIKIB KOXKHOTO
3 MIAXOAIB, 30KpemMa MNpoOJeMU PO3PIIHKEHOCTI JaHUX Ta OOMEXKEHb KOHTEHTHOTO
MpeACTaBIICHHS 00’ €KTIB.

[MopuaaUi Miaxia € ogJHUM 13 HaOUIBII JTOCTIKYBAaHUX HAMPSMIB Y Cy4aCHHUX
CUCTEMaxX pEKOMEHJAlll, OCKIIbKM BiH 3a0e3neuye OuIbIly THYYKICTH Yy BHOOpI
QITOPUTMIB Ta JIO3BOJISIE€ AN TyBATH MOJEINb 10 PI3HUX THUIMIB JAHUX Ta MPUKIATHUX
3amad. [IpoTe cyuacHi TociipkeHHs y chepl My3UUHUX PEKOMEH/Ialliil MOKa3yloTh, 1110
3aCTOCYBaHHS METO/IiB TNIMOOKOTO HAaBYaHHS JIJIT KOHTCHTHOTO aHATI3y My3HUYHUX JTAHUX
703BOJIsIE €(DEKTUBHO TMpaIOBAaTH 3 MYJITUMOJAIBHOI 1H(OpMAIIE€0 Ta YaCTKOBO
BUPILIYBaTH MpOOJIEeMy XOJOJHOTO CTapTy, IO € OAHIEI 3 KIOUYOBUX OOMEKEHb

KJIACHYHHX IMAX0diB [9].
1.3 Orasa Ta asatiz HAgABHUX aHAJIOTIB

Jlist oOTpyHTYBaHHS HaNpsIMKY poO3pOoOKH OyJio MPOBEIEHO OTJIsi]] ICHYIOUMX Ha
PUHKY aHAJIOTIB 1HTENEKTyaJIbHUX PEKOMEHJALINHUX CHCTEM, CEepell SIKUX JiJIEpaMH €

Spotify, Apple Music Ta YouTube Music.

2026 p. Bpaniit Bikropis



12

Kagenpa inrenexryanbHux iHGOPMaIiHHIX CUCTEM
[HTenexTyansHa cucTeMa peKOMeH ALl My3MYHNX KOMIO3UIIIH Ha OCHOBI aHaJli3y rapMOHIYHOT CTPYKTYpH

Cuctema pexoMeHaiiii Spotify 6a3yeTbcs Ha T1IOpUIHOMY HiAXO/I1, IO TOEIHYE
METOM KOJIaOOpaTUBHOI (DibTpartii, Moaenel mpeICTaBICHHS Ta aHaJi3y KOHTEHTHUX
Oo3HaK aynaio W MeramaHux. OCHOBHUM JDKEPEIOM CHTHAIIB € TOBEAIHKOBI JaHi
KOPHUCTYBauiB, BKIIIOYAIOYM ICTOPII0 TNPOCIYXOBYBaHb, B3a€EMOJii 3 TpeKamMu Ta
CTaTUCTUKY TMPOIYCKiB, IO JO3BOJsiE OyAyBaTh MOJAENI HESIBHOTO 3BOPOTHOTO
3B's13Ky [10]. lomaTKOBO 3aCTOCOBYIOTHCS METO/IU MPECTABICHHS My3UYHUX 00'€KTIB Yy
BEKTOPHOMY IIPOCTOPI, 1€ TPEKH, IICHIMCTH Ta KOPUCTYBaYl BIIOOPAKAIOTHCS Y BUTIISAII
YUCJIOBUX BEKTOPIB AJIA MOJAIBIIOIO MOUIYKY CXOXHUX efeMeHTiB. [11]. Jlins oOpoOku
KOHTEHTHUX XapaKTEPUCTHUK BUKOPHUCTOBYIOThCS K MeETajaHl (PKaHpH, BHUKOHABII,
TEKCTOBI aTpuOyTH IUICHJIMCTIB), TaK 1 ayal003HAKH, OTPUMAHI LUIIXOM aHajl3y
CHEKTPATbHUX XAPAKTEPUCTUK CUTHATY, BKJIIOYAIOYM TIMOOKI HEHPOHHI MEpexi JUis
BUTSATaHHs o3Hak [12]. Jlma wMacmraOyBaHHST OOYMCIEHb Y peajlbHOMY Yaci
3aCTOCOBYIOTHCS aJITOPUTMU HAOJIMKEHOTO MOIIYKY HalOMMKYuX cyciaiB (Approximate
Nearest Neighbors), mo 103Bosisie €(EKTUBHO MpaIlOBaTH 3 BEIUKUMU MPOCTOPAMHU
o3Hak [13].

YouTube Music BHUKOPHUCTOBYE IBOETAIHY apXiTEKTypy peKOMEHAAIllH, IIo
0a3yeThcs Ha aBOBExkeBUX HeliponHux mepexkax (Two-Tower Neural Networks, TTNN)
[14]. Ha nepumiomy ertami reHepaiii KaHIuJaTiB CUCTEMa 3 MUIbSPJIB B1JA€O3aIUCIB
BiIOMpae KUIbKAa COTEHb PEJIEBAaHTHUX TPEKIB 3a JIOMOMOTOI KOJ1abopaTHBHOI
¢binpTpallii, COUPAIOYKMCh HA ICTOPIIO MPOCIYXOBYBaHb Ta YMHOJOOAHHS CXOXKHUX
KopucTyBauiB. Ha npyromy erami paHXyBaHHS BIIIOpaHi KaHAUAATH OLIHIOIOTHCA 3a
JeTaJbHIIIUM HAOOPOM O3HAaK, BKIIOYAIOYH KOHTEKCTyainbH1 curHaiu [15]. JIBoBexeBa
apxITeKTypa BIJOOpa)ka€ 3alUTH KOPUCTYBAdiB Ta KOHTEHT Yy CHUIbHUNA BEKTOPHUU
MPOCTIpP, 1€ CEMAHTHYHO OJM3bKi 00'€KTH PO3MIIIYIOTHCS OJIMKYE OFHE IO OJTHOTO, IO
JI03BOJIIE €(PEKTUBHO IIYKaTH HaWpeIeBaHTHIIIUX KaHIWUJATIB. ['0JJOBHUM HEIOJIKOM
TaKOro MiIXOAY € BUpaXeHa CXUJIBHICTh JI0 YNEpeIKEHOCTI MOmyJsipHOCTI (popularity
bias): cucremMa MakCMMI3y€e peJIeBaHTHICTh HA OCHOBI CTATUCTUYHOI YaCTOTH B3aEMO/IIN,
0 TPU3BOAMNTH J0 HAJAMIPHOTO MPOCYBaHHS IOMYJISIPHUX TPEKIB Ta HEIOCTATHHOTO

OXOILJICHHS MaJIOBIIOMHX BUKOHABINB [1, 15].
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Apple Music peanizye TiOpuaHy CTpaTerito, siKy caMi po3pOOHUKH ILIaTGOopMHU
BU3HAYAIOTh K «aNTOTOpiasibHY» (Bin aHri. algotorial — moemnanus algorithmic Ta
editorial), mo ©0a3yeTbCs Ha CHHEPrii Py4YHOro PEAAKTOPCHKOrO KypyBaHHsS Ta
QITOpPUTMIB MalIMHHOTO HaB4yaHHs [16]. Ilnardopma 3anyyae moHaa TUCAYY MY3UUHUX
pEelaKkTOpiB MO BCbOMY CBITY, SIKI BpY4YHY (OpPMYIOTH TeMaTH4Hl TIJICHINCTH; i
pelakiliiHi  pIlIeHHs, Yy CBOK Yepry, CTalTh BXIJHUMH CUTHaJIaAMU IS
aBTOMATHU30BaHUX PEKOMEHIAIIMHUX Mozener [17]. 3 anropurMmidHOrOo OOKY CHCTeMa
NoeHy€e KoabopaTuBHYy (UIBTpalLil0, KOHTEHTHY (UIBTpalil0 Ha OCHOBI METaJIaHUX
(>kaHp, TemI, HACTpid, ITHCTPYMEHTapii) Ta KOHTEKCTyallbHI CUTHAIM (4ac J00H, THII
IPUCTPOIO, HEMIOJABHA aKTUBHICTH). Uepe3 HeHTpaibHy POJib peJaKTOPIiB Y (hOpMyBaHHI1
PEKOMEHALIMHHOTO MPOCTOPY CHUCTEMAa € MEHII THYYKOI JI0 aBTOMAaTHYHOTO
MacmTabyBaHHs Ta NEPCOHANI3Alll Yy MOPIBHAHHI 3 TOBHICTIO aJrOPUTMIYHUMU
miaxogam [17].

Y cyyacHMX HayKOBHX MyOJIKalisiX aKIEHTYEThCsl yBara Ha BHU3HA4YCHHI
aKyCTUYHMX XapaKTEPUCTUK TpeKiB Oe3nocepeaHbo 3 ayaiocurHany [20]. Boanouac
OUIBIIICTD JOCIIIKEHb 30CEPEIKEeHA MEPEBAXKHO HA aKyCTUUHUX O3HAKaX 1 HE BPaXOBYE
CEMaHTUYHUI aHaJli3 TEKCTY MICHI K OKpeMuii iHpopMmarttiiauii curuan [21].

[TapanenpbHUM HaMNpsSMOM JOCHIDKEHb € aHajll3 eMOIIMHOro 3abapBieHHS
My3UYHUX TBOpPIB Ha OCHOBI TEKCTy JIPUKH 13 3acTocyBaHHSIM wmeromiB NLP.
JocnimkeHHs: MoKa3yroTh, 1m0 NLP-meTonu 31aTHI BUSBISITH TeMaTU4HI KJIacTepU Ta
€MOILI1iHI MaTepHU B TEKCTaX MICEHb, PO3KPUBAIOYHU 3B'I30K MI’)K MOBHUMU CTPYKTYypamH,
EMOIIIITHUM TOHOM Ta XYJ0KHIM BUpakeHHs M [21]. OgHak 00'e1HaHHS aKyCTUYHOTO Ta
TEKCTOBOT'O aHaJli3y B €IUHIA pEeKOMEHAAIIMHIN CUCTEeM1 3aJUIIAETHCI HEBUPIIIEHUM
3aBJIaHHSM Yy OUIBIIOCTI ICHYIOUMX MIAXOAIB [4, 5].

OkpeMor0 aKkTyaJbHOI MPOOJIEMOI € MPO30PICTh PEKOMEHAAIIMHUX CHUCTEM.
CyuacHi pociixeHHs (IKCYIOTh 3pOCTalOurid 1HTEPEC 0 MOSICHIOBAHOCTI aJTOPUTMIB
pEKOMEHJIAIlIii: MOSICHEHHsI MIABUILYIOTh JOBIpY KOPUCTYBaudiB 1 JO3BOJSIOTH iM
PO3YMITH, YOMY CHCTEMa IIPOTIOHYE TOM UM THITUN KOHTEHT [22]. Bumoru 10 npo3opocTi

QITOPUTMIB TIOYMHAIOTH 3aKPITUTIOBATHUCS HABITh HA 3aKOHO/IaBUOMY PiBHI — 30KpeMa, y
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pamkax Akty €C npo uudponi mnociayru [22]. Tlpore Ha mnpakTuii OUIBIIICTH
KOMEpPUIHHUX MIaTOopM J0CI HE HAAAIOTh KOPUCTYBAudy *KOJHOTO TMOSICHEHHS JIOTIKU
peKOMeHaIlli, 1 KOPUCTyBay HE MAa€ MOJKJIMBOCTI 3pO3YMITH, Ha SKIM IiJICTaBl Homy
3aMpONOHOBAHO TOM YM 1HIIUHN TpeK. Taka HEMPO30PICTh 3HIXKYE JOBIPY 10 CUCTEMU Ta
1m030aBJIsi€ KOPUCTyBa4ya KOHTPOJIIO HAJl BIACHUM MY3UYHHM JTOCBIIOM.

Jist  cucreMaruzallii  pe3yJibTaTiB OISy Ta OOIPYHTYBAHHS YHIKQJIbHOI
apXITeKTypu po3poOroBaHOI cHUCTeMH OyJI0 BH3HAYEHO TMEPEeiK MOPIBHSIBHUX
KpUTEPIiB, 0 0a3yI0ThCs HAa AKTYyaJIbHUX IIpo0siemMax ramysi:

~  BQJIEeKHICTb B  MONYJAPHOCTI —  JOCHI/DKEHHS  MOKa3yloTh, IO
KoJlabopaTuBHA (PUIbTpalliss CXUIbHA 1O ITHOPYBAaHHS MAaJOBIJOMHUX KOMIIO3MIIINA Ha
KOpHUCTh nomyJsipaum [1, 13]; ineanbHa cucTemMa MOBMHHA PEKOMEHIYBATU MY3HUKY Ha
OCHOBI ii 00'€KTUBHOIO 3ByYaHHS;

~- mpobieMa XOJOAHOTO CTapTy — 3AaTHICTh CHCTEMH PEKOMEHyBaTH
a0COJIIOTHO HOBHH Tpek 0€3 HAKOMMYEHOI CTATUCTUKU B3a€MO/IIH;

~ aHaji3 TapMOHIi — HasABHICTh MAaTEMAaTHUYHOTO aHAII3y AakopAiB Ta
TOHAJIBHOCTI MPSMO 3 ayA10CUTHATY JUIsl 3a0e3MeueHHs TIaBHuX nepexois [20];

~ CEMaHTUYHUW aHaMi3 JIPUKU — 3JATHICTh CUCTEMHU TPAHCKPHUOYBATU TEKCT
MICHI Ta PO3YMITH ii eMouiiiHe 3abapBienHs [21];

~  TPO30PICTh MPUUHATTSA PIILIECHb — MOXKJIUBICTh YITKO MOSICHUTH MaTEMAaTUIHY

NPUYKMHY peKkomMeHAaarii [22].

Tabmuusa 1.1 — TlopiBHsUIBHMI aHAMI3 ICHYIOUMX MY3WYHHMX PEKOMEHJIAIlIMHUX

CHCTEM Ta PO3POOIIOBAHOTO MPOAYKTY

Kpurepiii Spotify YouTube Apple Po3po0.iroBana
Music Music cucremMa
OcunoBuuit | I'itopuanunii (CF | I'iOpunnuii | «Anrotopian | MyJabTUCHTHAIBHUMA
X111 + NLP + CNN) | (TTNN) [14, | banit» (CF + | KOHTEHTHO-
[10-12] 15] CBF + rapMoHiYHUH (8
Kyparis) 3Ba)KEHUX CUTHAIIB)
[16, 17]
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[Tponorxenns Tabdmui 1.1

KpuTrepii Spotify YouTube Apple Po3pobaroBana
Music Music cucremMa
Criiikicte 10 | Cepennsi, CF | Husbka, Cepenns, IToBHa, aHAMI3yETHCA
XOJIOTHOTO notpedye HOBI TPEKH | YaCTKOBO JIUIIIE KOHTEHT TPEKY
CTapTy icropii 0e3 icTopli | BUpIIIYEThCS | 6€3 moTpedu B icTOpii
IPOCITYXOBYB | HE Kypariero
aHb NOTPAIUISIOT
by
KaHIUJ1aT!
VYnepemxenic | [Ipucyths, Bupaxena, | IlomipHa, BincyTHs, omiHka
Th JI0 CF mpocyBae | apXiTeKTypa | KOMIIEHCYET | 0a3y€ThCS BHKIIOYHO
MOMYJISIPHOCTI | MOMYJISIPH1 MaKCHUMI3y€ | bCs Ha aKyCTUYHUX Ta
TpEeKH CTaTUCTUYHY | pEAAKIIMHO | CEMaHTUYHUX O3HAKAX
PEJIEBAHTHIC | 10 Kypalll€lo
Th
Anani3 Henpsmo Hi Hi (3akpura | Tak, siapo cucremu:
rapMoHii (cexTpaJibHi apxitektypa) | Chroma CQT, koo
o3Haku) [12] KBIHT, Tonnetz
Amnaniz men- | Tak, CNN Tak, 3akpurta Taxk, ResNet + MLP
criektporpam | [10, 12] CIIEKTpaJIbH | apXITEKTypa
Wi aHami3 [16]
[14]
Cemantnunu | Tak, NLP + Tak, aymio- | Hi, nume Tak, Whisper, Google
1 aHaii3 Word2Vec TEKCTOBA MeTaaaH1 Translate, DistiIBERT
TEKCTY [12] Mojenb [19] | [16, 17] Zero-Shot
[Tpo3opicTh Hwusbka Hwuzbka Hu3sbka Bucoka, popmyia
METOlY 3BaXEHOI CyMH 8§
CUTHAJIIB 3
IHTEpNPETOBAHUMHU
BaraMu
[Ipo3opicTh Biacyths, Biacyths, Biacyths, IloBHa, KOpUCTYBay
PUHHATTS KOPUCTYBad | 3aKpUTa 3aKpHUTa 0aunTh KaHp,
pileHb He 0aunTh JIBOBEXKEBA | «alNroTopiajl | eMOUIMHHUI HACTPIH,
MPUYHH MOJIEITb bHA» MOJIETh | TOHAJBHICTh, TEMII Ta
peKoMeHaaIi B1JICOTOK MOJIIOHOCTI
KOXKHOTO TPEKY
MacmrabyBa | Tak, Annoy Tak, ANN Tak [16] NumPy In-Memory
HHS Trees [10] [14] Index, onTuMansHO

s katanory < 100K
TPEKIB
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Kinenp Tabmum 1.1

Kpurepii Spotify YouTube Apple Po3pobaroBana

Music Music cUcTeMa
[Tintpumka | O6Mexena [13] | OOmexxena | YacTtkoBa IToBHa, aBTOMAaTUYHUI
HOBHX [15] [17] aHaJji3 KO>KHOTO ay/1i0
BHUKOHABIIIB

Ax BuaHO y Tabu. 1.1, koMmepiiitHi cucteMu e(eKTUBHI JIJI1 MacOBOIO CIIOYKUBAYa,
aJie TIOPOKYIOTh MPOOJIEMy XOJIOJHOTO CTapTy I HOBUX apTucTiB. YouTube Music
JIEMOHCTPY€E HaWBHINUNA PIBEHb MOMYyJsIpU3aIlifHOTO yrepemkenns, Apple Music
oOMe)xeHa PyUHOI0 Kypalli€ro, a Spotify, Xou 1 aHali3ye 3ByK, BCE OJIHO HAJIa€ MepeBary
KOJIA0OpAaTUBHIN CKJIAJOBIH.

HaromicTe po3poOiroBaHa cucCTeMa TOBHICTIO BIJMOBIISIETBCS BiJl METPHUK
NOMYJIIPHOCTI  Ta ICTOpli  MPOCIYXOBYBaHb IHIIUX KOPHCTYBauiB. BeKkTopH1
MpEACTaBICHHS (POPMYIOTHCS BHUKIIOYHO 3 aKyCTHYHHMX XapaKTEPUCTUK 3BYKY Ta
eMOIIHHOTO 3a0apBlieHHs Jipuku. Lle 103BoJIsI€ 3HAXOAUTH 1/IealibHI PEKOMEH Iallil Ha
OCHOBl YHCTOi MaTE€MaTMYHOI MOJIOHOCTI HAaBITh IS KOMIO3HUIIM 13 HYJIHOBOIO
CTaTUCTHKOIO, 10 BUPI3HSAE PO3POOKY HA T ICHYIOUMX aHAJIOTIB Ta MIATBEPIKYE il

NPaKTUYHY LIHHICTb.
1.4 MyabTHMOa1bHA PUPOAA MY3MKH: AKYCTHKA Ta CEMAHTHKA

OnHi€r0 3 TOJIOBHUX CKIIAAHOCTEN PO3POOKH 1HTEIEKTYabHUX CUCTEM Yy My3UYHIN
cdepi € Te, 10 My3HUKa € MyJbTUMOJIAJIbBHUM 00'€KTOM: BOHA CKJIAJIAE€THCS 3 aKyCTUYHOTO
CUTHAJly Ta CEMAaHTUYHOrO 3MICTy TeKCTy micHl. CHOpuHHATTS MICHI CiyXxadem
bopMy€EThCS Ha MEPETUHI ITUX IBOX BUMIPIB.

AKyCTUYHUN BHUMIp MICTUTH 1H(GOpPMAIII0 MPO PUTM, TaPMOHIIO, MEIOJIII0 Ta
TeMOp. [loOpe BIOMOIO aKyCTHYHOIO O3HAKOK [JIi TAapMOHIYHOTO aHaJi3y €
xpoMarpama — 12-BUMipHE NpEeACTaBIEHHS FapMOHIi ayJlIOCUTHAILYy, IO BiAoOpakae

03110111 eHeprii Mo kiracax BUCOT [23]. Chroma-xapakTepuCTHKH Ta TapMOHIYHI 3B'SI3K1
p p p p p
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y npoctopi Tonnetz € KIOUOBUMU JJIA aHAJI3y aKOPAOBHX IMPOTPECi 1 TOHAJIBLHOCTI
Oe3mocepeIHbo 3 ayaiocurHany [23].

OkpeMo BapTO BUIUIMTH CEMaHTUYHUN BuMIp TiceHb. Ha mnportuBary cyrto
IHCTPYMEHTAJIbHUM KOMIIO3MI[ISIM, HAsBHICTh BOKANy J0OJA€ TpeKaMm JIHTBICTUYHOIO
koHTekcTy. CyuacHi nmocmiganku 3 MIR 3a3HadaroTh, mo xoua metoau NLP akTuBHO
BUKOPUCTOBYIOTHCS IS TEMAaTUYHOTO MOJIETIOBAHHS, BU3HAYEHHS CTPYKTYpH IIICHI Ta
kinacudikaiii HACTPOI, IXHA POJIb Y PO3Mi3HABAHHI MY3MYHUX €MOLIN 3aJIMIIA€ThCs
HEJJOOLIHEHOI0, MTONPHU T€, IO KJIaCU(PIKaTOpH MOl Ha OCHOBI JIIPUKH IEMOHCTPYIOTh
BUIIY TOYHICTH TMOPIBHSAHO 3 aymio [25]. JIB1 KOMIO3HMINT MOXYTh MaTH 1JCHTHYHHM
aKyCTUYHHI TEMI 1 CXOXK€ IHCTpPYMEHTAJIbHE 3a0apBIICHHS, ajieé PI3HUA €MOLIMHHIA
TEKCT — 1 11€ BU3HAYATUME IXHIO JOPEUHICTh Y TJICIHIIHUCTI.

Came TOMy KOJHA pEKOMEHJalliiiHa cHUcTeMa He MOXe €(QEeKTUBHO
(YHKILIOHYBaTH, CHUPAIOYHMCH JIMIIE HA OJMH MapaMeTp abo OAHYy MOJAJIBbHICTb.
My3uuHuit 10cBi € 0araTOBUMIPHUM 3a CBOEIO MPHUPOJIOI0: TEMIT OMHUCYE PUTMIUHY
JTUHAMIKY, aje¢ He BH3HA4Ya€ €MOIIMHOTO 3a0apBIICHHS; XaHP OKPECIIOE€ CTHUIICTHYHY
NPUHAIECKHICTh, ajie HEe BiJ0Opa)xka€ TapMOHIYHOI OJM3BKOCTI JIBOX TPEKiB; TEKCT
PO3KpUBAE CMUCIIOBUM 1 €MOILIMHUIA 3MICT, ajieé HE BPAaXOBYE aKyCTHYHY MOJIOHICTH
1HCTPYMEHTAJILHOTO 3By4YaHHs. KoKeH 13 IUX mapaMeTpiB OXOIUTIOE JIMIIE MEBHUM 3pi3
My3UYHOTO 00'€KTa, 1 IXHE 130IbOBAaHE BHUKOPUCTAHHS HEMHUHYYE MPHU3BOIUTH [0
MOBEPXHEBUX a00 HEPEJIEeBAaHTHUX peKOMeHAarii. Jlnuie KOMITJIEKCHE ITO€THAHHS
aKyCTUYHMX, TAPMOHIYHUX T4 CEMAHTUYHUX CUTHAJIB J03BOJSIE CUCTEMI HAOIUZUTHUCS
JI0 TOTO, SIK JIFOJIMHA HACTIPaB/Il CIIPUKMAE 1 IOPIBHIOE MY3UKY — OJJHOYACHO Yepe3 3BYK,
PHUTM, HACTPii 1 3MICT.

Pesynmbrat  cywacHUX — JOCHIKEHb  MIATBEP/DKYIOTh, IO  OUIBIIICTH
pPEeKOMEHAIIMHUX CUCTEM MOKIagaIucs ado JUIlle Ha OJIHY MOJIAJIbHICTh, 800 MAKCUMYM
Ha JBl, TOAl K KOMIUIEKCHE O0'€JHAHHS aKyCTUYHOTO KOHTEHTY, JIIPUKH Ta TETiB
3ITUIIAETHCS MATOJOCTIKEHUM [26]. 3amponoHOBaHI MyJbTUMOJAIBbHI MIAXOAU Ha

OCHOBI 3JIUTTS A0CATaI0OTb CYTTEBOT'O ITOKPAIICHHA HOpiBHHHO 3 BUKOPHUCTAaHHAM JIMIIC
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aKyCTUYHHMX YU TEKCTOBUX O3HAK, III0 OOIPYHTOBYE HEOOX1HICTh PO3POOKH CHCTEM, SIK1

00'eIHYIOTh O0UBA BUMIPU Yy €IUHUI MaTeMaTUIHUIA MTPO(LTE KOMIO3UIIT [26].
1.5 IlocTanoBKAa 3a1a4i

AKTyanbHICTh TeMU. [lopiBHAIBHMM aHai3 (qUB. Tiapo3/ia 1.3) BUSBUB CIUIBHY
BPa3JMBICTh YOTHPHOX JOCITIDKEHUX KOMEPLIMHUX MiaaTdopM: >KOAHA 3 HUX HE
peai3oBy€e MTOBHUM aHalli3 3By4aHHS KOMIIO3UIlI O€3 OIlIHKH MOBEIIHKH KOPHUCTYBayiB.
Spotify Ta YouTube Music 3anexaTp BiJ HAKOIIUYEHOI CTATUCTUKH IPOCITYXOBYBaHb, a
Apple Music oOMexxeHa pyYHUM TETYBaHHSIM METaJaHuX. SIK HACJIiJOK, HOBI Ta HIlIEBI
KOMITIO3HUIIII CHCTEMAaTHMYHO BUMNAJAIOTh 13 PEKOMEHJAIWHUX TMOTOKIB. BomaHouac
JOCHIKEHHSI MYJIbTUMOAAIBHOI MPUPOAN MY3UKH (IuB. miapo3ain 1.4) miarBepauno,
10 TO€THAHHS aKyCTUYHOTO T4 CEMAaHTUYHOTO aHAI3y T03BOJISIE OI[IHIOBATH MOAIOHICTh
TPEKIB HE3AJIEKHO B1J IXHBOI pUHKOBOI NomysipHOCTI. Lle popmye 3anuT Ha CTBOpEHHS
CHCTEMH, BUILHOI B1JT HOBEIIHKOBUX JaHUX.

Metoro poOoTH € po3poOKa IHTEIEKTYaJbHOI CUCTEMHU PEKOMEHAALI My3UYHUX
KOMIO3UIII HAa OCHOBI KOHTEHTHO-TAPMOHIYHOTO aHadizy, 0 TMOEAHY€E aHali3
aKyCTUYHHUX XapaKTEPUCTHUK ayIIOCUTHAITY Ta CEMAaHTUYHUM aHaJli3 TEKCTY IMiCEHb.

OO0'ekTOM  JOCHIJDKEHHS €  Tpolec  aBTOMaTuyHOro  (opmMyBaHHSA
MIEPCOHATI30BAHUX MY3UYHUX PEKOMEH/IAIIIN.

[IpeameTom AOCTIHKEHHS € METOIM KOHTEHTHOTO aHai3y 3ByKOBUX CHUTHATIB Ta
o0OpoOKM MNPUPOAHOI MOBM B 3aJadyax MY3WYHOI pekoMmeHpaiii. Jlis gocsrHeHHS
MOCTaBJICHOI METH BU3HAYEHO TaKi 3aBJIaHHS:

— TMpoaHai3yBaTU MPEAMETHY 00JIacTh, BHSIBUTH OOMEXKEHHS I1CHYIOUHMX
PEKOMEHJIAlIMHUX CHCTEM Ta OOIPYHTYBAaTH JOLUIbHICTh KOHTEHT-OPIEHTOBAHOIO
MIIX0Y;

— JIOCIIIUTU Ta oOpaTH MaTeMaTU4YHI METOIM MEPETBOPEHHS ayJ10OCUTHAIY Y

YHCIJIOBI NMPEACTABICHHS, MPUIATHI AJi1 0OpOOKM HEHPOHHUMH MEpPEKaMU;
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— pO3pOOUTH apXiTEKTypy Mojener kinacudikailii, oo TOEIHyE aHaJi3
Bi3yaJli30BaHOTO 3BYKY (CTIEKTpOTpam) 3 aHAIII30M YHCIIOBUX aKyCTUYHUX O3HAK, a TAKOK
IHTErpyBaTH MOJIYJIb CEMAaHTHYHOTO aHAaJI3y TEKCTY MiCEHb;

—  po3poOutu anropuT™m GOpPMYyBaHHS PEKOMEHIAIlid Ha OCHOBI OOYMCIICHHS
MOAIOHOCTI Mi’K BEKTOPHUMU TIPEJCTABIICHHIMHU KOMIIO3HIIIH;

— 3IIACHUTH TPOrpaMHy peati3aililo CUCTEMH Y BHIJISAI KJIIEHT-CEPBEPHOIO

3aCTOCYHKY Ta MPOBECTH TECTyBAaHHS Ha PeallbHUX ay/110/IaHUX.
BucnoBku 10 posaiay 1

[IpoBenenuii anami3 npeaMeTHOI cepu JO03BOJIUB BCTAHOBUTH, 110 JOMIHYIOUl Ha
PUHKY aJITOpUTMU KoiabopaTuBHOI (UIbTpalii MarloTh JBa KPUTHUYHUX HEIOJIKU:
CHCTEMHE TOMYJIIpU3alliiHe yIepeIKeHHs, K€ ITHOPY€E HINIEBHI KOHTEHT Ha KOPUCTh
MEWHCTPUMY, Ta HE3/IaTHICTb PEKOMEHIyBaTH HOBI KOMIIO3HULII Yepe3 BIJICYTHICTh
MOBEIHKOBOI CTaTUCTUKH. [opiBHSIBHUIN aHATI3 TPHOX KOMEPIIHHUX aHanoriB (Spotify,
YouTube Music, Apple Music) miaTBepauB, IO *OJHA 3 ICHYIOUHUX IUIaTGOpPM HE
peatizye MOBHOILIIHHOTO MYJTUMOAAIBHOTO MAXOAY: MEepIi ABl MIaTGOPMU KPUTUIHO
3ajieXaTh B1Jl HAKOMHMYEHOI CTATUCTUKH B3a€EMOJINM KOPUCTYBauiB, TOJI SK OCTaHHS
O0OMEXY€EThCSI PEAAKIIMHO POOOTOI0 3 METaJaHUMH 0e3 IIMOOKOTO aHalli3y camoro
ay1I0CUTHAITY.

JlochipKeHHsT MyJIBTUMOAAIBHOI TPUPOIM MY3UKH TOKa3auo, Mo 00'€KTHBHA
OIlIHKA MOJIIOHOCTI KOMIIO3MII MOKJIMBA JIUIIE 32 YMOBH MapaJIeIbHOTO aHai3y JBOX
BUMIPIB: aKyCTUYHOrO (TapMOHIYHA CTPYKTypa, PHUTM, TeMOp) Ta CEMaHTHYHOTO
(emoriitHe 3a0apBiieHHS JpUKK). IrTHOpyBaHHS OyAb-sIKOTO 3 HUX MPU3BOAMTH [0
pEeKOMEHAIlH, SKI COPUIUMAIOTHCS KOPUCTYyBayeM SIK TIOMIJIKA anroputMmy. Ha ocHOBI
IIUX BUCHOBKIB C(OPMYJbOBAHO METy, OO'€KT Ta TpeAMET AOCIHIIKEHHS, a TaKOX
BU3HAUYEHO IT'ATh 3aB/IaHb, CIPSIMOBAHUX Ha CTBOPEHHS KOHTCHT-OPIEHTOBAHOI CHCTEMH,

MOBHICTIO HE3AJICKHOI BiJl METPHUK MOMYJISIPHOCTI.
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2 MATEMATUYHI MOJIEJII TA METOJAU AHAJI3Y MY3UYHHUX
KOMITO3UIIH

2.1 Metroau ungpoBoi 00podKM ay1ioCUTHAJIIB

OCKUIbKM KOMIT'IOTEp HE MOXE HaIpsiMy aHajli3yBaTH ayJlIOCUTHAJI Yy BHUIJISII
Oe3mepepBHOi 3BYKOBOI XBWJII, MEPIIMM €TallOM € 3aCTOCYBAaHHS METOMIB IU(poOBOT
o0poOku curHamB (Digital Signal Processing, DSP). Meroto 1poro eramy €
MEPETBOPEHHS OAHOBUMIPHOIO ayJiOCUTHaNTY (aMIUIITYyAu y 4aci) y OaraToOBHUMIpHI
O3HAKH, IPUAATHI JJIs TTOAATBIIOTO aHATi3y MOJEIIMHU MAIlTMHHOTO HAaBYaHHS.

VY po3po0biieHiii cucTeMi BUKOPUCTOBYIOTHCS HACTYTIHI METOIU TIEPETBOPEHb.

KoporkouyacHe mneperBopennss ®PDyp'e (STFT) ta wmen-cnekrporpamu.
AypaiocurHan Moxe OyTH MPEACTABICHHUM K CyMa CUHYCOITIbHUX KOMIIOHEHT PI3HUX
gacToT. [lns aHamizy YacTOTHOTO CKJIaAy CHUTHAIYy BHKOPHUCTOBYETHCS JIMCKPETHE
neperBopeHHs @yp'e (DFT), sike po3knanae GparMeHT CUTHAJy Ha OKpPEeMl 4YacTOTHI
KOMITOHEHTH [27]. OCKIIbKY CIIEKTP YChOT'O CUTHATY HE BiJ0Opa)kae 3MiHM 4acTOT y Yaci,
y cuctemi 3actocoByeTbest STFT — nocninoBHe 3actocyBanHs DFT 10 KOPOTKUX BIKOH
3 MIEPEKPUTTSM, 110 TO3BOJISIE OTPUMATH YaCTOTHO-YaCOBE MPEICTABICHHSI.

CranmapTHe 4YacTOTHE MPEACTABJICHHS HE BPAaXOBY€ OCOOJMBOCTI JIOJCHKOTO

cnyxy. Juid 1bOro BUKOPUCTOBY€ETHCS IEPETBOPEHHS YAaCTOT y IIKATY MEI:

m = 2595 - log;o (1+ L), @2.1)

700

Jie f— 4acToTa B repriax.

[Ticns 3actocyBannst STFT 3 mepekpuTTsIM BIKOH Ta BUKOPUCTAHHS MeN-(PiIbTpiB
dbopMyeTbes Men-ciekTporpaMa. BoHa BimoOpaxae eHepreTHUHUN PO3MOIiT 4acToT Y
Yaci Ta BUKOPUCTOBYETHCSA SIK BX1JIHE MTPEICTABICHHS AJIs1 3TOPTKOBUX HEUPOHHUX MEPEK
[28].

Chroma-o3Hakm npu3HayeH1 A aHaI3y CTPYKTYpHU cUrHaily. BoHu 6a3yroTbecs

Ha PO3MO/Ii1 3BYKIB 3a 12 KjacaMu BUCOTH TOHY BiJIMOBITHO /10 MY3UYHHX MIBTOHIB (Bi]
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C no B). 151 K0’kHOTO MOMEHTY yacy hopMyeThes 12-BUMIpHUN BEKTOP, 1110 B1I0OpaXkae
CHepreTUYHUN po3moAil MDK HoTamu. lle m03Bosie BU3HAYaTH TOHAIBHICTH Ta
CTPYKTYpY TapMOHIi He3aJIeKHO BiJ] OKTaBH a00 IHCTpYMEHTA.

Meg-yacTtoTHi KencrpajabHi Koedimieatu. MFCC BHKOPUCTOBYIOTBCS IJIS
omnucy TeMOpy 3ByKy. [Iporiec ix 00uncieHHs BKII0Yae: TIONEPEIHE MiCUICHHS BUCOKHX
4acTOT, PO30OUTTS CUTHAIy Ha ¢peliMH 13 3acTOCyBaHHSAM BikHa ['aHHa, OoOYMCICHHS
criekTpa uepe3 meperBopeHHst Dyp'e, 3acTocyBaHHS MeN-PUIBTPIB, Jorapu@MyBaHHA
€Heprii Ta 3aCTOCYBAaHHS JHCKPETHOr0 KOCHMHYcHoro neperBopeHHs (Discrete Cosine
Transform,). Pe3yiapTaToM € KOMIIaKTHE MPEACTaBICHHS CHEKTPaJIbHOI OTMHAIOYOI. Y
pO3po0IIOBaHIi cucTeMl BUKOpUCTaHO nepuil 13 koedilieHTiB, sIKI MICTATh OCHOBHY
1H(popMaIrio npo TeMOpanbHI XapaKTepUCTUKK curHaiy [29].

IIpocropoBa Mogean Tonnetz. Tonnetz — 1e MeToa NpPOEKIii akOpAiB Ha
HIECTUBUMIPHUM TOpoiganbHUil mpoctip. KoxkHa BICh LBOTO MNPOCTOPY BIJIMOBIIAE
OJIHOMY 3 0a30BHX T'apMOHIYHUX IHTEPBAIIB: BEIUKIM TEpIlii, MaJiid TepIiii Ta KBIHTI.
Bunobyrok Tonnetz-o3Hak A03BOJIA€ BHUSBUTH CKJIAJHI TApMOHIYHI 3B'A3KH MIXK
aKoOpJaMH Ta aHaJI3yBaTHU XapaKkTep MEePEX0/liB Y YaCOBIM MOCIiJOBHOCTI.

Jist koxkHoro 3 onucanux yacoBux psaniB (MFCC, Chroma, Tonnetz) nomatkoBo
OOUYHCIIOIOTHCS IIICTh CTAaTUCTUYHUX TMMOKA3HUKIB: CEpPEHE 3HAYCHHS, CTaHJapTHE
BIJIXWJICHHS, MIHIMYM, MaKCUMYyM, acUMETpis Ta exciec. OTpuMaHui YMCIOBUN BEKTOP
(monan 150 3HaYeHB) HOPMAITIZYETHCS 32 JOIOMOTOI0 Z-Score HopMaJizallii (BiIHIMaHHs
CEepeIHbOr0 Ta [IJEHHS Ha CTAaHJApPTHE BIAXWJIEHHS TPEHYBaJIbHOI BHUOIpKH) MAJIs

MPUBEIACHHS BCIX O3HAK JI0 €IMHOTO MaciTaly.
2.2 MaremaTu4Hi MmoaeJi riamookoro HapuanHs (ResNet ta MLP)

[leHTpanbHUM IHTENEKTYaJbHUM €JIEMEHTOM CHUCTEMH € aHcaMOJib Mojenen
MalIMHHOTO HaB4yaHHSA. B mpoueci po3poOku cucremMu Oylio NPUUHATO PIIICHHS
BiiMoBUTHCA B 6a30BUX CNN Ha KOPUCTh CYyUYaCHIMIMX Ta MIUOMIKUX apXiTEKTYP.

JIist  TOCSTHEHHS BUCOKOI TOYHOCTI PEKOMEHJAIiii y poOOTi 3acTOCOBAHO

KOMIUIEKCHUM MiAX1J JO aHaTi3y ayjio, IO MO€IHYE TApMOHIYHHMM Ta CHEKTPabHUM
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MeToau. AHai3 CTPYKTYpU rapMoHii, 1o 0a3yerbcst Ha Chroma-o3Hakax Ta TOHaJIbHUX
XapaKTEePUCTHKAX, 3a0e3medye 1AeHTU(IKAII0 CEeMAaHTUYHOTO SApa KOMIIO3UIIIT,
BIJINOBIJIAI0YM 32 BU3HAYEHHS 1l TapMOHIYHOTO MopTpeTy. BonHowac, nist BpaxyBaHHS
CKJIAJHUX aKyCTUYHUX OCOOJIMBOCTEH, TeMOpalbHOro 3a0apBieHHS Ta JUHAMIYHUX
HIOAHCIB, K1 BU3HAYAIOTh KAaHPOBY CHEIHU(IKY, 3aTy4CHO MOEI] INTIMOOKOTO HaBUYaHHS
(ResNet). Taka xomOiHalliss METOAIB € B3a€MOJOMOBHIOBAHOIO: SKIIO TapMOHIYHUN
aHalli3 BU3HA4Ya€ TOHAIBHY OCHOBY TBOPY, TO CIEKTPajJbHHUI aHali3 PO3KPUBAE HOTO
3BYKOBE 3a0apBJICHHS Ta >kKaHpPOB1 gertani. [loenHaHHs HMX MiAXOMIB y €IUHIA MO
JTO3BOJISIE CHUCTEMI 3JIIMCHIOBATH PEKOMEHJallli 3 ypaxyBaHHSM SIK TapMOHIi, TakK 1
aKyCTHKH, sIKa B CBOIO UEpry TaKOXX BIUIMBAE HA TAPMOHIIO, 110 B CYKYITHOCTI 3a0e3neuye
rMOIIe PO3YMIHHS MY3UYHOTO TBOPY, HIXK IPU BUKOPUCTAHHI JIUIIE OJHOIO METO/A.

I'mmboka 3agmmkoBa Mepeska. [ aHamizy JBOBHUMIPHHUX MEN-CIIEKTPOrpam
3acTOCOBY€EThCsl apxiTekTypa ResNet. ¥V kimacuynux rimOokux HepoMepekax Mmij vac
HAaBYaHHS BHUHHMKae mpoOsiemMa 3racaHHs TpajlleHTa: TMPU 3BOPOTHOMY TMOIIMPEHHI
MOMUWJIKY Y€pe3 BEJHMKY KUIBKICTh IIAPIB IPAAIEHT 3MEHIIYETHCS 10 3HAYE€Hb, OJM3BKUX
no Hyms, 1 monens npunuHse HapuaTtucs [30]. ResNet Bupimiye 1o mpoOiaeMy 3a
JOTIOMOTO10  3anumIkoBux OyokiB (residual blocks) 13 oOxigaumu 3B's3kamu  (skip
connections). KoxxeH Takuii OJIOK HaBYAETHCS HE MPSAMOMY NEPETBOPEHHIO BXIJAHOIO
CUTHAITY Y BHUXIJHUMU, a 3aJUIIKOBIA (DYHKIII1, TOOTO PI3HUIN Mik OaKaHUM BUXOIOM 1
BX1JJTHUM 3HaueHHsM. Lle crpolrye onTumizaiito Ta 103BoJisi€e OyayBaTH 3HAYHO TIHOUIT
apxITeKTypH 0e3 3MeHIeHHsa TouHOCT1 [30] (auB. puc. 2.5).

Buxopucranns crnekTporpaMm sk BXIIHHX 300pakeHb Juisi ResNet € ycraneHoro
MPaKTUKOIO B 3a7a4ax kiacudikaiii My3uyHux xanpis [31]. Lle no3Bonmio nodyayBaTu
rMOOKYy  apXiTeKTypy, 3JaTHY BHOKPEMIIIOBATH CKJIQJHI aOCTpaKTHI MaTepHU

(HampuKIIaJl, XapaKTepHUNA PUTM TEXHO ab0 J)Ka30B1 CHHKOIIN) 3 BUCOKOIO TOYHICTIO.
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Input: Mel-Spectrogram
[1, 128, 256]

+

Conv2D + BatchNorm + RelLU

—

Residual Block 1
(Conv -> Conv -> + -> RelU)

—

Residual Block 2
(Conv -> Conv -> + -> RellU)

—

Global Average Pooling

—

Fully Connected Layer
(256-dim Embedding)

-

Output: Genre Probabilities
(Sigmoid)

Pucynok 2.5 — Crpykrypna ResNet

bararomaposuii mepuentpoH. IlapanensHo 3 ResNet mnpairoe kinacuuHa
HeliponHa Mepexka mnpsmoro mommpeHHs (Feedforward Neural Network, FNN),
peanizoBana y Burisiai MLP. Ha 11 BXin moAa€eTbCss OJMHOBUMIPHUN BEKTOP YHUCIOBHUX
xapakrepuctuk (MFCC, Chroma, craructuuni metpuku). s peanmizaiiii noTeHIiany
OaraTonrapoBUX apXiTEKTYp HEOOXITHUM € 3aCTOCYBAHHS HEMHINHUX (yHKIIIM aKTUBAIIi]
JI0 KOKHOTO MPUXOBAHOTO HEWpOHA MICHs JIIHIMHOTO MNEePETBOPEHHS; MOMYJSPHUM
BubOopoM € ¢yukiis aktuaimii ReLU [32]. MLP o006po6iisie 4ucioBi o3HaKu yepe3
MOCJIJIOBHICTh MPUXOBaHUX MIapiB 3 ¢yHKuissMu aktuBauli ReLU (muB. puc. 2.6).
3aBganHss MLP — 3HaxoauTH TMpPUXOBaHI HENIHIMHI KOpedlii MK TapMOHIYHUMU
MOKa3HUKaMH, 1110 JTI03BOJISIE TOYHO KJIACH(IKyBaTH TOHAIBHICTH Ta YKaHPOB1 BIIXUJICHHS

MICHI.
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Input: Numerical Features
(MFCC, Chroma, Tonnetz)

v

Linear + BatchNorm + RelLU
(512 units)

v

Dropout (0.3)

v

Linear + BatchNorm + RelLU
(256 units)

v

Fully Connected Layer
(256-dim Embedding)

v

Output: Genre Probabilities
(Sigmoid)

Pucynok 2.6 — Crpykrypna MLP

O6uABI MOJEeN TeHepyITh YMCIOBI BEKTOPHI MPEACTABICHHS (€eMOEIMHIM) Ta
BUJIAIOTh HMMOBIpHOCTI KnaciB (kaHpiB). IXHi pe3ynbTaTH 00'€HYIOTHCA METOIOM

aHcamOyeBoro HapyanHs [33].
2.3 MeToau 00po0KHM NPUPOIHOI MOBH

AHai3 JipuKH y po3poOIIoBaHiil CHCTEMI CKIIAIA€ThCA 3 TBOX KIIOYOBUX €TArliB:
OTpUMaHHS TEKCTOBOI CKJIaJIOBOI IICHI Ta BU3HAYCHHS il €MOIIIiTHOTO 3a0apBIICHHS.

Jist 3a0e3neyeHHsT MaKCUMaldbHOI TOYHOCTI Ta IUBHMJIKO[II, NPIOPUTETHUM
METOJIOM OTPUMAHHS TEKCTY € HOTro MpsiMe 3aBaHTAKCHHSI Yepe3 IHTETpOBaH1 30BHIIIHI
nporpamui iHTepdeiicu (LRCLIB API) my3uunux 6a3 manux. Ilpore, sik HamiiiHui
pe3epBHUI MeXaHi3M JAJi1 BUMAJKIB, KOJU TOTOBUN TEKCT BIJCYTHINA y 30BHILIHIN 0a3i,
CHCTEMa 3aCTOCOBY€ AITOPUTMIYHHMIA METOJI aBTOMATHYHOT TPAHCKPHIIIT BOKAILY MPSIMO

3 ayJIIOCUTHAIY.
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[lepmra 3amaya HanexxuTh 10 Kiacy Speech-to-Text (mepeTBOpeHHS MOBJICHHS Y
Tekct). 1T CKIanHICTh Y KOHTEKCTI My3HKH MOJNSATaEe B TOMY, IO BOKAT HAKJIAJA€ThCS HA
IHCTPYMEHTAJIbHUN CYNPOBIJ, 110 3HAYHO YCKJIAJHIOE PO3Mi3HABAHHS TMOPIBHSIHO 3
aHaii3oM uyuctoro MoBjieHHs. CyuwacHi Mojeni Ha 0asi apxitekTypu Transformer
BUPIMIYIOTh 10 MPOOJIeMy 3aBASKA MEXaHi3My YBaru, SKUH JO3BOJISIE MOJEN1
dbokycyBaTUCSl Ha YacCTOTHHUX Jlana3oHaxX, XapaKTepHUX MJsi JIHOJCHKOrOo ToJIoCy,
ITHOPYIOUYH 1HCTPYMEHTAJIbHI CKIa/I0BI.

Hpyra 3aga4a — BU3HAYEHHS €MOLIIMHOTO 3a0apBIEHHS TEKCTY — BUPILIYETHCS
MeTonoM Kiacudikaiiii 3 Hyap0BUM HaB4YaHHSAM. (Zero-Shot Classification, ZSC). Ha
BIIMIHY BiJ] KJIACUYHOTO MiAXOY, 1€ MOJIeNIb TOTPEOY€ BETUKOTO PO3MIYEHOTO 1aTaceTy
JUIS KOYKHOT KaTeropii emoriu, Zero-Shot miaxiji BUKOPUCTOBYE TMONEPEIHRO HABUCHY
MOBHY MOJIEJTb, SIKa BXKE Ma€ 3arajbHe PO3YMIHHS CEMaHTHUKH TEKCTY. MoJIeih OTpUMY€E
TEKCT Ta MEpPeJIiK LIIbOBUX KaTeropii 1 00UHMCIIIOE UMOBIPHICTh HAJIEKHOCTI TEKCTY J10
KOXHOT 3 HuX. lle poOUTh crucTeMy THYYKOIO, OCKUJIBKM HaOIp €MOIIHHUX KaTeropii
MOXHa 3MIHIOBAaTU 0€3 MepeHAaBUYAHHS MOJICIII.

Otpumanuii eMouiiHUN TPOPLIb BUKOPUCTOBYETHCS [IJIi YTOUHEHHS KAHPOBHX
nepeadayeHb. SJKIo ceMaHTHKa TEKCTY Y3TOKYETHCS 3 dKaHPOM, BUBHAYCHUM Ha OCHOBI
3By4YaHHsl (HANpHKJIaJ, arpecMBHUN TEKCT Ta >kaHp Metal), BinmoBigHa WMOBIPHICTH
nigcuiroeThes. lle 3abesmeuye y3romkeHiCTh MK aKyCTMYHHM Ta CEMaHTUYHUM

aHaJII30M.
2.4 MeToa MyJIbTHCUTHAJIBHOTO ()OPMYBAHHS PEKOMEHAALIN

JUis  BupilIeHHS 3a4ayl TONIIYKY pEJEBAHTHUX MY3WYHMX KOMIIO3ULINA Y
pO3po0JIEeHIN CHUCTEMI 3aCTOCOBYETHCS MYJbTHCUTHAJIBHMI METOJ PaHKYBaHHSI 3
MexaHi3zMamu 3a0e3nedyeHHsl pi3HoMaHiTHOCTI. Ha BimMiHy BiJ TpaauIiitHUX MiAXO/IB,
K1 9acTO CIHPAIOTHCS HAa €IUHUIN BEKTOp O3HAK (HANPHWKIAA, BUKIIOUYHO aKyCTHUYHA
noaiOHicTh abo JMIlle CEeMaHTHYHA OJM3bKICTh TEKCTY), 3alpONOHOBAHUM METOJ]
pO3TIIsiAa€ My3UUHUHN TBIP SIK CYKYITHICTh HE3aJIEKHUX aKyCTUYHUX Ta KOHTEKCTYalIbHUX

XapaKTEPUCTHK.
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Takuii miaxia, sSK MOEIHAHHS ayAi0-CUTHANIB Ta CEMaHTHUKH TEKCTY J03BOJISIE
TOYHIIIE IMITYBAaTH JIOJCHKE €MOIIMHE CIPUIHATTS MY3WKH, 3HAYHO TIEPEBEPITYIOUN
CUCTEMH, 1110 COIUPAIOTHCS HA OJIUH THUII JaHUX.

OCHOBOIO METOJy € OOYMCIICHHS KOMIUIEKCHOI OIIHKA MOAI0HOCTI S MiX
MOTOYHUM TPEKOM ¢ (3alUTOM) Ta TPEKOM-KaHAWAATOM ¢ 3 0a3u manux. lls omidka
bhopMy€EThCS K 3BaKEHA CyMa He3aleKHUX (PYHKIHM Mo110HOCTI JIJIs1 KOKHOTO CUTHAITY:

_ |BPMq—BPMC|), (2.2)

Sppm (q, €) = max (0,1 ”

JI€ Sppm — KOEDIIEHT OIM3BKOCTI TEMITY,
BPM, — 3HauCHHS TEMITy 3aITUTY,

BPM, — 3Ha4eHHs TeMIly KaHJN/aTa;
20 — noporoBe 3HAUYEHHS PI3HMUIIL, IPU IKOMY CYMICHICTh CTa€ HYJIbOBOIO.

@diHanbHa OIIHKA PEJIEBAaHTHOCTI HOPMAJI3YEThCS JUICHHSM Ha MaKCUMAaJIbHO
MOXXJIMBY CyMy Bar, IO JO3BOJISIE OTPUMAaTH BIJCOTKOBE a00 ApoOOBE 3HAUCHHS
noaiouocTi Bix 0 1o 1.

JIJIsi KO’)KHOTO THUITy MY3WYHUX J@HUX 3aCTOCOBYEThCA crienudiuHa (QyHKIlIsA
OLIIHKH MOAIOHOCTI S;(¢, ¢): ’kaHpOBa Ta CEMAaHTUYHA CYyMICHICTb, TAPMOHIYHA MO10HICTb,
CYMICHICTh TOHAJILHOCTEH, TEMIIOBA CYMICHICTh, MOJIaJIbHA CYMICHICTb.

OCKUIBbKY KaHPOBA TA CEMAHTHYHA CYMICHICTH € KaTeropiaJbHUMHU O3HAKAMH,
iXHSI MOAIOHICTh BU3HAYAETHCS MPOCTUM 30irom: abo kaHpu OJHaKOBI, abo Hi. [li aBa
napamMeTpu BUKOHYIOTh POJIb OCHOBHHUX (DiIBTPIB, SIKI yTOUHIOIOTH PE3yJIbTAaTH aHATI3Y
rapMoHii Ta JIOMOMararTh BIJICIATH CTWIICTUYHO HECYMICHI Tpeku.. Ko
Kiacu(ikoBaHUM KaHp 3aMUTY CIIBHAAAE 3 KAaHAUAATOM, =/, iHaKIIEe s=0.

OCKUTBbKHM TOJIOBHOKO CHEIIAI3aIlI€l0 CUCTEMU € CTBOPEHHS 1I€JIbHO 3BEJEHUX
My3uyHUX N0TOKiB (Harmonic Mixing), rapMoHiuHa moai0HicTh Mae HAOUTbITY Bary.

JIist OIHKK aKyCTUYHOI OJIM3BKOCTI 3a TapMOHIEID BUKOPHUCTOBYETHCS KOCHHYCHA
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MoAIOHICTh MK 12-BUMIpHUMH BEKTOpaMH XpomorpaM (po3mnoais eHeprii mo 12 Horax

XPOMAaTUYHOT TaMH) 000X TPEKiB:

VqVe

|Vq||Vc|’

Sharmony (q,¢) = (2.3)

Jie Vg — BEKTOP O3HAK 3amuTy (II€pIIoro 00'exra);

V. — BEKTOP O3HAK KaHIuJaTa (Ipyroro o0'ekta).

Ile mo3BOsIE 3HAXOIUTH TIICHI, SIKI BUKOPUCTOBYIOTh CXOX1 aKOPAOBI MpOrpecii,
HaBITh SKIIO BOHU 3HAXOASATHCS Y PI3HUX TOHAIBHOCTIX, 3a0€3MEUylourd BUCOKY
MYy3UYHY CYMICHICTb.

Buxopucranas kocuHycHOi moniOHOCTI Haa Chroma-BekropamMu € HaWOUIbII
HaJIMHUM MaTEeMaTUYHUM IHCTPYMEHTOM Jisi aBToMaTu3oBaHoro Harmonic Mixing,
OCKIJIbKU 1€ METOJ HE 3aJIeKUTD BiJl OKTaBH Ta TeMOpY [16]

Jpyrum 3a BaXJIMBICTIO CHTHAJOM € MY3WYHAa CHOPIAHEHICTb TOHAJIbHOCTE.
BigcTtanp MK TOHAJIBHOCTSMHU BH3HAYAETHCSA SIK HAMKOPOTIIMM NUISIX HA KBapTo-
kBiHTOBOMY KoJIi (Biz 0 10 6 KpokiB). KBapTO-KBIHTOBE KOJIO — I1€ My3UYHA CXEMa, 1110
po3TamoBye Bcl 12 TOHaNbHOCTEN MO KOy TaKMM YMHOM, LIO CYCIJHI TOHAJIBHOCTI
3By4aTh HAOUIBII MPUPOHO 1 TApMOHINHO pa3oM. BifcTanb Mik 1BOMa TOHATBHOCTSIMU
Ha [bOMY KOJII TOKa3y€, HACKIIBKM BOHU aKyCTUYHO CYMICHI: TOHAJbHOCTI-CYCiJIH
(1 kpox) 3BywaThb JyXe CXOXe€, TOIl SK MpOoTUiekHI (6 KpOKIB) € HalOUIbII
KoHTpacTHUMHU. lle rapanTye, MmO Tpu TEpexoAl MK MICHAMH HE BHUHHKATUME

nucoHaHcy. OyHKIIA MOAIOHOCTI Mae JiHIHE CaJaHHs 3aJ€XKHO BIJl BIJICTaHI d-

d(ley'Ckey)
Skey (¢, ¢) = max (0;1 T . _), (2.4)
JI€ Skey— Mipa OJIM3BKOCTI TOHAILHOCTEN My3UYHUX TBOPIB;
dkeyr Ckey — TOHAJIBHOCTI 3aMUTY Ta KaHIWUATa BiIMOBITHO;

d(qkey, ckey) — BIJICTaHb MI>)K TOHAJIbBHOCTSIMU Ha KBIHTOBOMY KOJIi;
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6 — MaKcHUMaJbHa MOXKJIMBA BIJICTAaHb Y KBIHTOBOMY KOJI1, TIPH SIKIM CYMICHICTb CTa€
PIBHOIO HYJIIO.

IMoxiOHicTh 32 TeMNOM OIIIHIOETHCS HAa OCHOB1 aOCOJIIOTHOI PI3HMIN YJIapiB Ha
XBUWIMHY. BukopuctoByeThcsi GyHKIIS JTIHIKHOTO CHafaHHS 3 TMOPOTOBUM 3HAYECHHSIM
(manpuxian, 20 BPM), micis sskoro moaiOHICTh BBAKAETHCS HYJIHOBOIO:

B mopanabHiii cymicHOCTI BpaxoByeTbhes jaj KoMIo3ullii. Ko oOujaBa Tpeku
MaXOpHi abo oOwmBa MiHOpHI, s=/. Y pa3i po30DKHOCTI JIaiB 3aCTOCOBYETHCS
mrpadHuil KoediuieHT (Hanpukiaa, s=0.3), 10 J03BOJSE YHUKATH PI3KUX €MOLINHUX
nepenamis.

Kinacuuni pexkoMeHnariiiHI CHCTEMH 4YacTO CTPaxJaloTh Ha MpooOJieMy
JETEPMIHOBAHOCTI: JJIsl OJIHOTO 1 TOTO K 3alIMTy BOHU 3aBXK]IU MIOBEPTAIOTh 1ICHTUYHUIM
CIIUCOK KaHAUAATiB. Taka MmoBeiHKa MPU3BOJUTH JI0 YTBOPEHHSI TaK 3BaHOI «OyIbOaIlKu
¢iueTpiB» (filter bubble) — cutyarii, ko cucreMa NOCTITHO MPONOHYE OJHOTUITHHUMA
KOHTEHT, MOCTYIOBO 3BYXKYIOUM MYy3WYHHMM Kpyrosip kopucrtyBaua. LI[o06 yHukHyTH
LOTO Ta 3pOOUTH MPOCIYXOBYBaHHA OUIbII HenmepenadayyBaHUM, y 3allPONOHOBAHOMY
METO/I1 BIPOBA/KEHO MEXaHi3M AuBepcudiKarlii

CroxacTuyHe 30ypeHHs OI[IHOK PeaTi3yeThCs IUIIXOM JI0IaBaHHS 10 O0YMCIICHOT
KOMIIJIEKCHOI OLIHKM TayCCIBCBKOIO IIyMy 13 cepeaHiM 3HaueHHsSM ( Ta HEBEIUMKHUM

CTaHdapTHUM BiI[XI/IJ'IeHHSIMI

S'Eotal = Stotal + N(O» GZ)» (2.5)

1€ Storqr — binanbHa (30ypeHa) omiHKa paHKyBaHHS;

Stotql — TOYATKOBA PO3PAXyHKOBA OIIHKA PEICBAHTHOCTI,

N — BumagkoBa BENWYMHA, MO MIANOPAIKOBYETHCS HOPMAIBHOMY pO3MOALTY 3
HyJ5OBMM MAaTEMAaTHYHHUM CIIOiBAHHAM Ta AUCIEPCIcro 072

0 — TMmapaMeTp, IO BHW3HAYa€ pPIBEHb BHUMAJAKOBOCTI (CTYMHiHb «PO3MHUTOCTI»

paHXyBaHHS).
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lle mpu3BOAUTH A0 TOTO, IO TPEKU 3 MPUOJM3HO OJIHAKOBOIO PEJICBAHTHICTIO
OyAyTh 3MIHIOBATH CBili MOPSAOK MPH KOKHOMY HOBOMY 3aIlHTi, TOCTIHHO BiIKPUBAIOYU
KOPUCTYBau€Bl HOBUI KOHTEHT.

OO0MexeHHs1 TOMiHYBaHHA aBTOPIB. J[J1s1 popMyBaHHS MiACYMKOBOTO TUIeiIMCTa
BUKOPHUCTOBYETHCS KaAlOHUN alropuT™M BHOIPDKM 3 IIHPOKOTO HaOOpy TOMOBHUX
KaHauaaTiB (Hanpukiana, Ton-50). I1ix yac BUOIpKHM 3aCTOCOBY€EThCS OOMEKkeHHS (Artist
Cap): 10 miICyMKOBOT'O CITUCKY MOJKE TTOTPAINUTH HE O1bItie K TPEKiB BiJ OJJHOTO i TOTO
caMoro BHUKOHaBLs. lle rapaHTye CTUJIICTUYHY Ta aBTOPCHKY PI3HOMAHITHICTb

peKOMEHIaITIH.
2.5 O0rpynTyBanHs BUOOpPY iH(opMaLITHUX TEXHOJIOTIH

st peanizaiiii 1HTENEKTyaJbHOI CHUCTEMH OyJIO0 OOpaHO KOMIUIEKCHHM CTeK
TexHoJoT1M. ['ooBHUM  KpuTepieM BHOOpY cTaja 3[0aTHICTh IHCTPYMEHTIB
3a0e31euyBaTH BUCOKY IIBUAKICTh OOpPOOKH BEJIMKUX MACUBIB ay110JaHUX, THYYKICTb y
MIPOEKTYBAHHI HEUPOMEPEKEBUX aAPXITEKTYp Ta 3arajbHa MacIITabOBaHICTh CEPBICY.

bazoBoro MmoBoto nporpamyBanHs 06paHo Python (version 3.10.0). Ha cboroai e
3arajJbHOBU3HAHMUM CTaHIAPT raiy3i y cdepi MammHHOTO HaBuaHHA Ta Data Science, 1m0
BOJIOJII€E PO3BUHEHOIO €KocucTeMoro Oi0miorek. s momepeaHboi oOpoOku HaOOpiB
JAHUX Ta LBUJKUX MATPUYHUX OOUYUCIIEHb 33/1IIHO PyHIaMeHTabH1 010110Tekn NumPy
ta Pandas, a niis Bizyani3zaiii pe3ysbTaTiB (30Kpema ooy 108U rpadikiB TOYHOCTI pOOOTH
Moenei) — 616motexku Matplotlib.

AHani3 aKyCTUYHOTO BHUMIPY MY3HKM BUKOHAaHO 3a JOMOMOIOK 010110TEeKH
librosa, sxa NO3BOJISIE 3 BHUCOKOIO TOYHICTIO EKCTparyBaTW TapMOHIYHI O3HAaKH Ta
reHepyBaTH MeJ-CIIeKTporpaMu 13 He o0poOsenux ayxaiodainiB. besnocepenns
po3po0Ka Ta TpPEHYBaHHSI HEUPOHHUX MEPEX 3AINCHIOEThCS Ha 0a3l (pperMBOpKY
PyTorch. Bubip PyTorch 3ymoBieHuidi #oro MOXJIMBICTIO JAWHAMIYHO KepyBaTH
o0YHCITIOBAILHUME TpadaMu Ta e(eKTHBHO BUKOPHCTOBYBATH amapaTHE MPUCKOPEHHS

BIJICOKAPT JIJIs 3MEHIIICHHS Yacy TpUMaHHs Mepe10aueHb Ta HaB4aHHs Mojeneit [18].
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OckiJIbKU po3pO0IIOBaHA CUCTEMA OTIEPY€E HE JIUIIE 3BYKOM, a H TEKCTOM ITICEHb,
KPUTHUYHO BAKJIMBUM KOMIIOHEHTOM € 1IHCTPYMEHTH 0O0poOKu mpupoaHoi moBu (NLP).
Jlns po3mizHaBaHHS TEKCTY 3 ay/1io (y pa3i Horo BiICYTHOCTI B 6a3ax JIaHWX ) IHTEIPOBAHO
monenb Whisper Bim OpenAl. BoaHouac s CEMaHTUYHOIO aHalidy JIPUKH Ta
BUJIUUICHHSA €MOLIHHOTO 3a0apBJeHHS 3aCTOCOBYIOTHCS CydacHi TpaHC(opMmepHi MOBHI
Mozeni uepes 016mioTeky Transformers Big Hugging Face, ne BUKOpHUCTOBY€EThCS MOJIEITH
DistilBERT mys ZSC. Ile no3Bosisie TpancopMyBaTH TEKCTOBY CKIIAJ0BY TiCEHB Y HA0ip
KOHKPETHUX E€MOIIIITHUX 03HAK 13 30€peKEHHAM INTMOOKOTO KOHTEKCTY.

Buxopucranns TpancopmepiB J03BOJISIE aHANI3yBaTH 3MICT JIPUKH Ta
pO3M13HaBaTH HESIBHI €MOIIli Kpallle 3a KJIIaCUYH1 PEKyPEHTHI MEepexi

bekenn wactuHy cuctemMu peainizoBaHo 3a jgomnomororo FastAPI — cywacHoro
ACUHXPOHHOr0 BeO-PppeiiMBOpKYy. BiH rapaHTye MiHIMalbHI 3aTpUMKH NpU 0OpoOI
KOPHUCTYBAIbKHUX 3aIIUTIB, BIAMIHHO MIATPUMY€ aCHHXPOHHY poOOTYy (POHOBHX 3a7a4 (IO
KPpUTUYHO JJIA 3aBaHTaKEHHS Ta TpuBaioi Al-o0poOku aynio). Bzaemomis Mik
MPOTpaMHUMU MOIYJISIMH Ta KJII€EHTOM BiiOyBaeThest yepe3 REST-apxiTekTypy.

st 30epiranHsa gaHux Oyino 0oOpaHO peNsliiHy cHUCTeMy KepyBaHHS Oa3zaMu
nanux PostgreSQL Bepcii 15 (Alpine), sika posropraerbest y Docker-konreiinepi 3a
nonomororo  Docker Compose. Bubip PostgreSQL o00yMoBieHuid mTiATPUMKOIO
nigrpumkoto  ACID-tpan3akiiii  (aTOMapHICTh,  Y3TOMKEHICTh,  130JbOBAHICTH,
JIOBTOBIYHICTb ), 1[0 TAPAHTYE IUTICHICTh JAHUX MPU MMapaIeIbHOMY 3alKCl, Ta HASBHICTIO
BOY/JIOBAHMX MEXaHI3MIB 1HJIEKCYBaHHS JUIsl TPHUCKOPEHHSI MOILIYKOBUX 3aIlHTIB
pEeKOMEHAAIlIMHOTO JNBMXKKA. B3aemomis 3 0a3010 JaHUX Ha PIBHI IMPOTPAMHOIO KOMIY
3NIACHIOETHCS yepe3 cyMicHy ORM-016mioreky SQLAlchemy.

®ponTeH yacTuHa po3pobieHa Ha 6asi O6ibmiorekn React. Take apxXiTekTypHe
pILIEHHSI Ja€ 3MOTy CTBOPUTH PEAKTUBHUM, IIBUAKUN Ta IHTYITUBHO 3pO3YMLIUMN
iHTEepeic sl 3pyYyHOro MOUIYKY MY3WKH, BIATBOPEHHS TPEKIB Ta Bizyasi3allii
MEePCOHANII30BAHMX pEKOMEHJAIii 0e3 TOoTpedM TOCTIMHOTO TMepe3aBaHTAKCHHS

CTOpPIHOK BE0O-701aTKY.
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BucHoBkM 10 po3ainy 2

Amaniz MeTo1iB Tu(poBoi 0OPOOKH CHTHAIB JO3BOJIMB BUSHAYNTH ONITHMAIBHHM
Ha0lp aKyCTHMYHHUX MPEJCTaBICHb: MEI-CIEKTPOrpaMu JJis aHaji3y 3arajibHoOi 3ByKOBO1
kaptuHu 3acobamu CNN, Chroma-Bektopu Ta npoctip Tonnetz asis aHanizy rapMoHii,
MFCC nys onucy Temopy.

OO6rpynToBano BuOip apxiTekTypu ResNet: MexaH13M 3aTUIIIKOBUX 3B'SI3KIB YCYBa€
npobiieMy 3racaHHsl TPaJi€HTa, 10 03BOJIE OyayBaTH TIIMOOKI MOJENi Ui aHami3y
cnektporpam. IlapanensHe BukopuctanHs MLP nns oOpoOku 4MCIOBHUX O3HAK
3abe3neuye (opMmyBaHHs 30a1aHCOBAHOrO aHcamOIo0 JBOX Moxenel, ne ResNet
BI/IMOBIZA€ 3a aHalI3 3arajbHOI 3BYKOBOi KapTuHU, a MLP pgeranizye Ta yTO4HIOE
TOHAJIbHI XapaKTEPUCTUKU KOMITO3HIIII.

Hoseneno nouinbHicTh 1HTerpamii DistilBERT y pexumi ZSC 1151 ceMaHTUYHOTO
aHaji3y: Miaxij He ToTpeOye MonepeHb0 PO3MIYCHUX JAaHUX Ta 3MaTHUM Ki1acu(1KyBaTH
eMolliiiHe 3a0apBieHHsI TEKCTY JOBUIbHOIO MOBOI. KocuHycHa moaiOHICTh oOpaHa sK
MeToa (POpMyBaHHS pPEKOMEHAAIllN, OCKUIBKM BOHA OLIHIOE CTPYKTYPHY MOAIOHICTB

KOMITO3UIIIH HE3aJIeXKHO BIJT iXHbOI TPUBAJIOCTI YU TYYHOCTI.
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3 PO3POBKA PEKOMEHJAILIMHOI CUCTEMM TA AHAJII3 OTPUMAHUX
PE3YJIBTATIB

3.1 q)OpMyBaHHSI, KaTeropmauiﬂ Ta CKJIAJaHHA JdaTaceTy AJsd HaBYaHHSA

Moaesen

OyHIaMEHTOM JIsl pO3POOKHU Oy 1b-IKO1 MOJI€JII MAIIMHHOTO HABYAHHS € SAKICHUN
Ta penpe3eHTaTUBHUIN Habip ganux. Ha mouaTkoBomy erami OyJio mpoaHaIi30BaHO
ICHYIOUl BIJKPUTI akKaJeMiuHl JaTaceT, SIKi TPAAMUIIIAHO BUKOPUCTOBYIOTHCS JUIS
3aBiaHb Kiacudikaili Mmy3uku. Ak npuknan Oyno po3risiHyTo Ha0lp GTZAN, skuit €
OJIHUM 13 HaiOUIbI nutoBaHux y cepi MIR. B X011 BUBUEHHSI CTPYKTYpH Ta BMICTY
nataceTy OyJ0 BCTaHOBJIIEHO, IO BIH Ma€ HH3KY OOMEXKEHb JUIsl Cy4YaCHUX
pPEKOMEHAAIIMHUX CUCTEM. 3aluCcu y HbhOMY OOMexeH1 TpuBaiicTio y 30 cexkyHn, a
Kkiacudikais oxorutoe guiie 10 y3aranbHeHux xaHpiB (Rock, Pop, Jazz Touo), M0 HE
JIO3BOJIIE CYYacCHIM CHCTEeMi PO3PI3HATH TOHKI CTHJIICTHYHI Ta €MOILIMHI BIATIHKH
BCEPEJIMHI OJTHOTO MaKpOKaHPy.

[TapanensHo Oyin0 AOCTIIHKEHO THIIMHM MiAXiA s 300py JaHUX, KU MOJSTaB y
MacoOBOMY 3aBaHTa)XKCHHI B)KE€ TOTOBUX JKAHPOBHX IUICHIIUCTIB O€3M0CepeHbO 3
My3uuHoi mnatgopmu YouTube Music. Ilepenbauanocs, mo odimiiHi MIESHINUCTH,
chopMoBaHi 3a >KAaHPOBUMH MITKaMu Tutatrgopmu, 3abe3nedarh MIBUIKE OTPUMaHHS
BEJIUKOTO 00CATY PO3COPTOBAHUX ayaioganuX. [IpoTe B X011 €KCIIEPUMEHTY BUSBUIIOCH,
10 ’KaHPOBa PO3MITKA IMX TUICHJIMCTIB € HETOYHOKO: B MEXaX OJHOTO CIUCKY 4YacTo
3yCTpIYAJIMCh KOMIMO3UINT 3 MPUHIMIIOBO PI3HUMH aKyCTUYHHUMH XapaKTePUCTUKAMU.
Hanpuxknaa, miaedauct 3 MiTKorw Rock MIr OJIHOYAaCHO MICTUTH KJIaCUYHUM pok 70-X,
Cy4YaCHHUU 1HJI-POK Ta MOCT-TAHK, sIKi MaIOTh BIIMIHHI TEMOpPaJIbHI Ta PUTMIYHI POQ1Ti.
Taka HEOMHOPITHICTh POOMIIA aBTOMATUYHO 310paHl IJICHIMCTH HENPUIATHUMH IS
HaBYaHHS MOJICIICH, 0 MOTPEOYIOTh YUCTUX KaHPOBUX MITOK.

3Bakaroud Ha BHBJICHI OOMEXEHHS SK aKaJeMIYHMX [JaTaceTiB, TakK 1
aBTOMATU30BaHUX JDKepel, OyJo MNpUUHATO pilmieHHs chopMyBaTH BiIacHUN HaOIp

MY3UYHUX JIaHUX 3 JETAITBHOIO 1€pApXI€r0 MiIKaHPIB.
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[Ipotiec popMyBaHHS JaTaceTy CKJIaIaBCs 3 HACTYITHUX €TalliB.

1. Bu6ip mimkanpiB Tta noruméjaeHHsi a0 mimkanpiB. Ha mepmomy erami
po3poOKku naracetr Oyno po3aiaeHo Ha 9 ocHoBHUX mimkaHpiB (Pop, Rock, Hip-Hop,
EDM, Metal Tomo). OaHak, B mpolieci HaBYaHHS HEUpOMEpek CTaIo 0YEBUIHO, 1110 TaKi
IIUPOKI KaTeropii BUKIMKAOTh TUTyTaHWHY B Mozei. Hampukiian, KTacuIHU MO Ta K-
MoN aKyCTUYHO MAalOTh pI3HI TeMmOpasjbHI KapTUHU, XO4ya HajexaTb J0 OIHOTO
MaKpOKJIacy.

Tomy apxiTekTypy AaTtaceTy OyJI0 NEperjasHyTo Ta po3WupeHo 10 37
cnenudiuyaux mimpkanpis. Cepen HUX:

-y Mexax cimeiictBa Rock (7 mimxkaunpi): Classic Rock, Modern Metal, Punk
Hardcore, Post-Punk, Grunge, Alt-Rock, Prog Rock;

-y Mmexax cimelictBa Electronic (6 mimxanpiB): House/Techno, Dubstep/Bass,
Drum and Bass, Retrowave, Darksynth, Ambient IDM;

-y Mmexax cimeiictea Hip-Hop (5 mimxkanpiB): Oldschool Hip-Hop, Trap, Drill,
Cloud Rap, Phonk;

-y Mexax cimeiictBa Pop (4 mimxkanpu): Mainstream Pop, K-Pop, Indie Pop,
Hyperpop,

-y mexax cimerictBa Other (4 mimxanpu): Lofi/Chillhop, Reggaeton/Latin,
Folk/Acoustic, Midwestern Emo,

-y mexax cimeiictBa Classical (3 mimxkanpu): Orchestral, Opera, Chamber
Piano;

- yMexax ciMmeiicta Jazz (3 mimkanpu): Classic Jazz, Smooth Jazz, Jazz Fusion,

y Mexax ciMmeiicTBa Asian (3 mimkanpu): J-Rock, Anime OST, City Pop,

-y mexax cimeiictBa R&B (2 mimxkanpn): Classic R&B, Modern R&B.

Taka rinOoOka paeTamizaiig 3a0e3leunsia BUIUIEHHS MOIEISIMU HaWMEHIINX
aKyCTUYHHUX BIJIMIHHOCTEW B TapMOHII Ta PUTMI.

2. 36ip ayaiodaiiniB Ta po3mupeHHs 00cAry AaHuX. Bin0ip My3UYHHX TPEKiB
3MIMCHIOBABCS 3 BIJKPUTHX JDKEPENT 3a HAMiBaBTOMATHU30BaHOIO METOAWKOw. Jis

KOXHOTO 3 37 miKkanpiB Oys10 BpyuHy c(hOpMOBAHO TEKCTOBUM MEPEIiK KOMITO3HUIIIH, 1110
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OJIHO3HAYHO HaJIeXkKaTh JI0 BIAMOBIIHOI KaTeropii. Bibip mpoBoIUBCS HA OCHOBI PYYHOTO
MPOCITYXOBYBAaHHS Ta OI[IHKA CTHJIICTUYHOI BIAMOBIHOCTI KOXXHOTO TPEKy OOpaHOMY
nipkadpy. Jam  chopmoBaHI  MEpeNiKd  OOPOOJSIUCA  CKPUIITOM  IMaKETHOTO
3aBaHTaXEeHHS batch download script, skl aBTOMaTUIHO 3HAXO/IUB KOYKHY KOMITO3HITi O
3a Ha3BOIO, 3aBaHTaXyBaB ayniodaiin Ta 30epiraB MOro y BIAMOBIIHY IHUPEKTOPIIO
M1JDKaHpY .

Ha mouaTkoBOMy eTami AJisi KOXKHOTO IMiKaHpy Oyi0 BiJliOpaHO TECTOBY BUOIPKY
TpekiB. OAHAaK JUIsl YHUKHEHHS €(QEeKTy IepeHaBYaHHS CKJIAJHUX MOJENIEd J1aTacer
noTpeOyBaB MacIITAOHOTO PO3LITUPEHHS.

Byno npoBeaeHo Kifibka iTepariid 10300py JaHUX, i 4ac KX JOTPUMYBalach
BUMOTa I0J0 BHUCOKOI aKyCTHYHOI SKOCTI TPEKiB (yHUKaNUCs apTepakTh CUIBHOTO
CTUCHEHHS) Ta iX YITKOI IPUHAJIEKHOCTI 10 OAHOTrO 3 37 mipKaHpiB 0€3 MIKKaHPOBUX
3MilllyBaHb. [[1s1 HOCATHEHHS LIILOBOTrO OOCATY BUOIPKM Ta MiJABUILIEHHS CTIMKOCTI
HeHpoMepexeBUX  Mojielell  Oylo  3acTOocOBaHO MeETOAu  oalH-ayrMeHTarlii
aynioJlaHuX. 30KpemMa, BUKOPUCTAHO aJITOPUTM 3MillleHHs BUCOTH ToHY (Pitch Shift) na
+2 MIBTOHM, IO JO3BOJISIE CHUCTEMI PO3IMI3HABATH >KAHPOBI O3HAKU HE3AJIEKHO BiJl
TOHAJIBHOCTI BUKOHAHHA. Takoxk 3acrocoByBasacs 3miHa Temny (Time Stretch) 3
koediientom 1.1 (mpuckopenns Ha 10%), mo 3a06e3nedmsno cTabuibHY Kiacudikailito
KOMITO3HUIIIH 3 PI3HOIO PUTMIYHOIO JUHAMIKOI0. Y pe3yJsibTaTi MPOBEICHUX 3aXOIIB IS
KOkHOTO 3 37 mimxaHpiB Oyno chopmoBaHo 0azy 3 450 KOMIO3UILISIMM HA KOKEH
nmiJzKkaHp, a 3arajdbHuUid oOcsr jartaceTy JJisi HaB4YaHHS Mojeneil ckiaB 16 650
NMOBHOIIHHUX MY3UYHUX KOMIIO3UIIii.

3. 30epiranHs Ta MapKyBaHHfl. YCl 3aBaHTaXEHI Tpeku Oyiau (i3uyHO
pO3COpPTOBaHI y BIAMOBIAHI JMPEKTOPli 3a Ha3BaMu IMiKaHpiB. Taka cCTpykTypa
3a0e3neunsia aBTOMaTUYHE MPUCBOEHHS MITOK KJIACIB IMiJ Yac MPOrpaMHOrO MapCUHTY
JTAHUX CKPHUITTAMH.

VY pesynbrati OyJ0 CTBOPEHO CTPYKTYpPOBaHUI HAOIp MaHUX 3araJIbHUM 00CITOM

16 650 xommo3uiiil. 3anponoHOBaHUM MiAXI 10 Kiacudikaiii 3 BUKOpUCTaHHIM 37
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M1JDKaHPIB 3a0e3MeunB HEOOXIIHY JAeTali3alliio JaHUX JJI MOAAIbIIIOr0 HaBYaHHS Ta

TECTYBAaHHS aJTOPUTMIB Y paMKax JaHoi poOoT.
3.2 ApxiTeKTypa NpoOrpaMHoOro 3ade3ne4eHHs Ta JOTiKa CepBEePHOI YACTHHHU

LenTpanbHuM siApoM O€KEHAY € CKpUIT Server.py (IUB. NOAATOK A), SIKH
1HIIlaMi3y€ Cepe/iOBUIIE Ta KEPye KUTTEBUM IUKIOM 3acTOCyHKy. Iy omrumizamii
poboTH cepBepa Bci MoeIi Ta KOH(DIryparllii 3aBaHTaKyIOThCS Y TIaM'sITh OJTHOPA30BO i
yac 3alyCcKy 3aCTOCYHKY, II0O POOUTh HEMOKJIMBHUM iX MOBTOPHY IHILIaTI3alil0 MpU
KO)KHOMY HOBOMY 3ammuTi. Moro cyTh monsrae B TOMy, IO BCi HeipoMmepexi Ta
JIOTIOMIXKHI KOH(DIrypailii 3aBaHTaKyIOThCS y MaM'siTh cepBepa JIMIIE OJUH pas3, Mij] yac
Horo 3amycky. 3aBIsKH 1IbOMY KOXXE€H HOBUW KOPHUCTYBAlbKUW 3alHUT HA aHaII3 MICHI
OTPAIbOBYETHCS MUTTEBO, 0€3 HEOOX1THOCTI MOBTOPHOI 1HIITiaIi3a1lii MOJeIeH.

[Ipouec anaymizy HOBOiI KOMIMO3MIli PO3MOYMHAETHCA IMICISA TOTO, K CEPBEP
OTPUMYE BiJ] KIIEHTCbKOT YACTHUHH BIAMOBIIHUI 3aIUT Ha 00poOKy Tpeky. Lleit poOoumii
[IUKJI CKJIAJIAETHCS 3 TAKUX MOCII1IOBHUX KPOKIB:

— OTPUMAaHHS CHCTEMOIO ayJl10JaHNX KOMIO3UIIii, SKa TOJAEThCS IS aHAIi3Yy,
nepeBipka IUTICHOCTI JTaHMX Ta IXHE 3aBaHTAXXCHHS B CEpPEOBHUILE CepBepa s
MOAANBIIOT 0OPOOKH;

— Tmepenaya ayJiogaHuX MOIYJISIM JUIsl OTPUMAaHHS My3UYHUX XapaKTePUCTHUK;

— TJArOTOBKA JAHUX, iX HOpMaJIi3allis Ta MpOoBEJICHHS Yepe3 aHCaMOJIb MOJICIICH;

— BiANpaBKa TEKCTOBUX JAHMX JI0 MOBHUX MOJEJIEH Il CEeMAaHTUIHOTO aHAIi3Yy;

— arperaimisi OTpUMaHUX pe3yJabTaTiB (MMOBIPHOCTEH MXKaHPIB, €MOLIMHOIO
npodinro, MOBH) Ta cepiam3zaiis ix y popmat JSON st BimipaBKu KIIEHTY;

— aBTOMAaTHUYHE BUJAJICHHS TUMYACOBOTO ayni0(haiiiry AJisk OUUIIICHHS TUCKOBOTO

IPOCTOPY.
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3.3 Ilporpamua peaJjizaniss MOAYyJsl MNONepeaHbOI 00pPOOKH Ta OTPUMAHHS

MY3HYHHUX XaPAKTCPUCTHUK

[lepm HIXk 3BYK MOTpAIUII€ Y HEHpOMepexi, BIH MPOXOIUTH CTAJI110 MAaTEMAaTUIHUX
NepeTBOPEHb Y MOAYJI1 extractor.py (IUB. 10J1aTOK b).

Cucrema He aHaji3ye€ BeCh TPEK MOBHICTIO, IO BAXJIWUBO JJIS ONTHMI3aIlii
OOYHUCITIOBAILHUX peCcypciB. 3aMiCTh IBOIO 3aCTOCOBAHO ABTOMATHYHHUM BiIOIp
HalliHpopMaTUBHIIIOTO (parMeHTa ayaio. AyAi0 3aBaHTAXYEThCA 3a JOMOMOTOIO
librosa.load 13 dikcoBanow vacToToro auckperusaiii 22050 ' Ta 3BeIeHHSIM CTepeo-
KaHaJliB y MOHO. J[aJii alroput™M po3paxoBye cepeHbOKBaApaTuIHy eHeprito (RMS), mo
JI03BOJISIE CUCTEMI OLIIHUTH PIBE€Hb T'YYHOCTI Ta HACMYEHOCTI 3BYKY B KOKHH MOMEHT
yacy. 3aCTOCOBYIOYM MaTEMaTUYHY 3TOPTKY np.convolve, cucteMa 3HaX0IUTh (PparMeHT
TPUBAJIICTIO piBHO 60 CeKyHJ, sIK€ Ma€ HaWBHIIY KOHLEHTpAIIO0 eHeprii. 3a3Buyai 1e
3a0e3nedye MOTPaIIIHHS B aHAJI13aTOp HAWO1IbII 1H(OPMATUBHOIT YACTUHU MICHI, a came
npucHiBy abo KyJbMiHallli, BIAKUAAIOYN TUX1 BCTYIU Ta 3aKIHYCHHS

3 oTpumaHoro @parmMeHTa MNPOrpaMHO BHUIO0OYBAIOTHCS JIBa THUIHU JTAHUX:
OJIHOBHMMIpHI Ta ABOBUMIPHI JaHi.

JIBOBUMIpHI 300pa)K€HHSI Y BUTJISANI MEJ-CIIEKTPOrpaM (HOPMYIOThCS MIISTXOM
MEePEBEICHHS CUTHATY Y YaCTOTHO-4acoBYy o0JacTh 3a gonoMororo STFT. YactoTHa Bich
jorapuMyeThCsl 10 MeJ-Kanu (n_mels=128), OCKUIbKM BOHA HAWOUIbIIE BiAMOBIIA€E
JTOJAChKOMY ciayxy. OTpuMaHa MaTpuus MEPEeBOAUTHCSA Yy JIorapupmiuHuil macirad
(meumbenu) Ta KOPCTKO HOpMamiizyerbess mo0 aianazony [0; 1]. Cnoekrtporpama

dbopmaryeThes 10 pikcoBaHOl mHpuHU (256 miKceniB 1Mo oci yacy) (auB. puc. 3.1).
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Mel-Spectrogram (Men-cnekTporpama)
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Pucynok 3.1 — Bizyaui3aiiisi MeI-CIEeKTpOrpamMu ayaioCUTHAITY

OHOBUMIpPHUHM BEKTOP aKyCTHMUHHUX O3HAK (POPMYETHCA 3a JOTOMOTOI (PYHKITIN
librosa 1 mictuTh nioHay 150 3Hadens. [Iporpama o6uucCIIOE:
- Men-gacToTH1 kencrpanbHl Koedimientn (MFCC) — nmna ommcy TeMOpy

IHCTPYMEHTIB (IuB. puc. 3.2);

MFCC (Men-4acToTHi KencTpasbHi KoedilieHTn)

-200

-400

MFCC Coefficients

-600

0 1.5 3 4.5 6 1.5 9
Time

Pucynoxk 3.2 — Bizyamizaiiss MFCC

- chroma-BexkTopu — po3noaul eHeprii o 12 HoTax XpoMaTUYHOI ramu (B1]

C o B), 1110 € npssMuM MaTeMaTHIHUM MTOJAHHSIM aKopAiB (quB. puc. 3.3);
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Chromagram (Chroma-o3Hakn)

| |I L Lel u b
G- }I‘l 8

i =2 o el

Pitch class

m =
1 !

0 1.5 3 4.5 6 7.5 9
Time

Pucynox 3.3 — Po3noais rapMOHIYHOT €Heprii KOMITO3HIIIT

- o3Haku Tonnetz — MpPOEKIlSS TapMOHIYHUX 3B'A3KIB MDK HOTaMHU Y

IIECTUBUMIPHUNA MaTeMaTUYHUN MPOCTip (AuB. puc. 3.4);

Tonnetz (MpocTopoBa rapMoHiiHa Moaens)

M3, 0.6
M3, 0.4
m3,
0.2
m3y
0.0
Sy
-0.2
Sx
0 15 3 4.5 6 7.5 9
Time

Pucynok 3.4 — IIpoexkilist TOHaJIbHUX 3B'SI3KIB y 6-BUMIpHOMY TIpocTopi Tonnetz

Tonnetz

= JUIS  KOXKHOTO YacoBOTO psAAy TWporpama J0JaTKOBO pPO3paxoBye 6
CTaTUCTUYHMX TIOKA3HUKIB: CEpPEeAHE 3HAYCHHS, CTAHAAPTHE BIIXUJIEHHS, MIHIMYM,
MaKCHMYM, aCHMETPII0 Ta eKCIIeC.

OTpuMaHMil YHMCIIOBUNM BEKTOP HOPMAJI3Y€ThCS MIJISAXOM BiHIMAHHS CEPEAHBOTO

3HAYEHHS Ta JUIEHHS Ha CTaHIapTHE BIAXUJICHHS TPEHYBaJIbHOI BUOIPKH, IO IPUBOIUTD
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YCi O3HaKM A0 €JUHOI'O0 MacmTa6y. EKCTpGMaJ'IBHi 3HAYCHHA BCKTOpa AOO0AATKOBO
06M€)K}’IOTBC$I A0ITyCTUMUM I[iaHa3OHOM JJIA BUKIIFOUCHHSA aHOMAaJbHUX BI/IKI/II[iB, 1o

MOXYTh CIIOTBOPUTH Pe3yIbTaTH Ki1acudikarri.
3.4 Ilporpamua peasizaunis ancamo.0 Heiiponaux Mepe:x (ResNet ta MLP)

[Ipouec po3mizHaBaHHS >KaHPIB Ta TapMOHIYHOI CKIJIAJHOCTI Oa3zyeThcsl Ha
OJIHOYACHIM poOOTI IBOX apXiTeKTyp, HamucaHux Ha (perimMBopky PyTorch. HaBuanus
aHcaMmOJltI0 HeWpoMepex 31IMCHIOBAIIOCS Ha 310paHOMY padimie jgataceti 3 16 650
Kommo3uliid. Jlani Oyjio BUNAIKOBUM YHWHOM pO3iJIEHO Ha TpeHyBaibHy (80%),
Baminamiiny (10%) ta tecroBy (10%) BuOipku. Y pesyibTaTi TpeHyBaHHS aHCaMOJb
MOJIesIel TPOIEMOHCTPYBaB BUCOKY 3/IaTHICTh JI0 y3arajibHEHHS, TOCATHYBIIIA TOYHOCTI
kiacudikarii Ha piBHi 70,9% Ha He3alieKH1MA TECTOBIN BUOIPII.

ResNet npuiimae Ha BX1J1 TEH30p MEJ-CIIEKTpOrpaMu po3mipHicTio [1, 1, 128, 256].
MLP Haiikpamie COpaBisSIETbCS 3 TOMIYKOM KOPESLIA MK CTaTUCTUYHUMU
rapMOHIYHUMU MMapaMeTpaMu, po3Ii3HAI0YM TOHAIBHICTH Ta CKJIAJIHICTh akopiB. I padik
3MiHM (PyHKILII BTpaT Ta TOYHOCTI Kiacugikaii moaeni ResNet mo enoxax HaBeeHO Ha

puc. 3.5.

Training History — MusicResNet (50 Epochs)

Loss (MusicResNet) Accuracy (MusicResNet)

—— Train Loss
_\ Val Loss

3.0 80

-
-

254

@
=}

Accuracy (%)

Y
=]

20 A

= Train Accuracy
== Val Accuracy
0.5

10 20 30 40 50 10 20 30 40 50
Epoch Epoch

Pucynox 3.5 — JIlunamika ¢yHKIii BTpat Ta TouHOCTI Kinacudikaiiii moaeni ResNet y

MPOIIECl HABUYAHHS
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[TapanensHO HOpMaJi30BaHUM YMCIOBUN MacuB 3 150+ 03HaK MOMAETHCSA HA BXIJl
MLP. I'padiku HaByanus MLP i3 3acTocyBaHHSIM paHHBOTO 3yNUHEHHSI HaBEACHO Ha

puc. 3.6.

Training History — MusicMLP (30 Epochs, Early Stopping)

Loss (MusicMLP) Accuracy (MusicMLP)

—— Train Loss
Val Loss

2.5 80

2.0

@
=}

Accuracy (%)

Y
=]

20 A

0.54 —— Train Accuracy

== Val Accuracy

5 10 15 20 25 30 5 10 15 20 25 30
Epoch Epoch

Pucynox 3.6 — JIlunamika ¢yHKIii BTpat Ta TouHOCTI Kiacudikariiii moaent MLP y

MPOIIECl HABUYAHHS

KoskHa 3 Mepex Ha nmepejoCTAaHHBOMY IIapi reHepye 256-BUMIpHHUI BEKTOp, a Ha
OCTAaHHbOMY IlIapl MPOMYCKAa€ pe3yJbTaTH uepe3 (PYHKIII0 AaKTUBALIl CHUIrMOija,
MOBEPTAIOYHN BEKTOP WMOBIPHOCTEH JIJIsi KOXKHOTO 3 BU3HauUeHux >kanpis (Bix 0,0 1o 1,0).
KinneBuit pe3ynbTaT 0OUMCIIOETHCS NMUISXOM 3BakeHOro jaojaBaHHs: 70% Baromocrti
HasaeTbest BUcHOBKaM ResNet 1 30% HanaeTbest BucHoBkam MLP.

Bub6ip cniBigHomenHs Bar 70 Ha 30 mix ResNet ta MLP o6rpyHToBaHo
EKCIIEPUMEHTAJIbHO 3 ypaxyBaHHSAM MNpUPOAM NependadeHb KoxkHOI moaeni. ResNet
aHaI3ye MeJN-CIEKTporpamy IUIICHO 1, K MpaBujo, (GOpMye PO3MOAICHHN CIHUCOK
nMoBipHOcTel (Hampukian, Metal 26%, Rock 30%, Alt-Rock 18%), ne xoneH xanp He
OTpUMYy€ aOCOJIIOTHOI BIEBHEHOCTI, aje 3arajbHa KapTUHA BIiJOOpaxae peanbHy
aKyCTUYHY OJM3BKICTh KOMIIO3UIII JO KUIBKOX CTHIIB ojHouacHO. MLP HatOMicTh,
MPAITIOI0YN 3 YHCIIOBUMH TAPMOHIYHIUMH XapaKTEPUCTUKAMHU, 3/JaTHA TOYHO PO3PI3HUTH

TOHKI TapMOHIYHI BIAMIHHOCTI MDK M/DKaHpaMH 1 CXWJIbHA J0 KaTerOpUYHUX
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nependayeHs (Hanpukian, Metal 100%), o Biairpae BupilajibHy poiib y (OpMyBaHHI
(biHATBEHOTO PE3yJIbTATY.

Posrnsinemo konkpetHuil npukian. Hexait ResNet moBeprae Metal 26%, Rock
30% — mpaBWIBHUM XKaHpP MPUCYTHIN y CIUCKY, alie HE € noMinyouuM. SAkmo MLP y
el MOMEHT Tako mepeabayae Metal 3 BUCOKOIO WMOBIPHICTIO, 3BayKE€HE JI0JIaBaHHS
nigcuimoe Metal mo miaupyrouoi mo3uiii y ¢diHaibHOMY pesyibTarti. [IpoTe sikio Baru
mozeneit Oynu 0 piBaumu (50/50), a MLP momununace 1 moBepHyia XuOHHUI pe3yiabTart
31 CTOBIJICOTKOBOIO BIIEBHEHICTIO, BOHA MOBHICTIO MpurHITHIA O posnonaun ResNet.
Oo6mexenns Baru MLP no 30% Bupitrye 110 npoosieMy: Mojelb 30epirae CBOI poJib,
ajie i KaTeropuyHICTh y pa3l MOMIIKU HE € JOCTaTHHOIO JJIsl CIIOTBOPEHHS 3arajibHOTO
pesynbraty. Takum unHOM, criBBigHOIIEHHs 70/30 3a0e3nedye onTUMaIbHUNA OaaHC
MIK TOYHICTIO CLIEKTPAJIBHOTO aHai3y Ta TApMOHIYHUM aHaji3oM. Pe3ynbratn HaBUaHHS

aHcaMOJIIO 13 3Ba)KEHUM arperyBaHHsIM HaBEJEHO Ha puc. 3.7.

Training History — Ensemble (70/30) (50 Epochs)
Loss (Ensemble (70/30)) Accuracy (Ensemble (70/30))

—\ == Train Loss
Val Loss

3.0 80

25

@
=]
L

Loss
Accuracy (%)

B
=)
L

15

1.0 20 A

—— Train Accuracy
05 — = Val Accuracy

10 20 30 40 50 10 20 30 40 50
Epoch Epoch

Pucynox 3.7 — Ilpoexkitisi TOHaTBHUX 3B'SI3KIB y 6-BUMipHOMY mpocTopi Tonnetz

[Ipuknag podboTu 000X Mojenel 3 BU3HAYEHHSI KMOBIPHOCTI JKaHpPiB 1Jis1 00paHoi
KOMITO3HUIIi HaBeneHo Ha puc. 3.5. Ha 300pa’keHHI MPOAEMOHCTPOBAHO, SIK CHCTEMa
po3KiafaEe TMICHIO Ha CKJIAJ0Bl BIJCOTKM, BHU3HAYAIOUM JOMIHAHTHHUM MIJDKaHp Ta

HASIBHICTh CYMDKHUX CTHIJIICTHYHUX JIOMIIIOK.
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orchestral 39.4% k_pop 63.6%
N L]

chamber_piano 11.3% smooth_jazz 12.5%
[ L

opera 5.9% lofi_chillhop 12.5%
- —_—

anime_ost 2.7% anime_ost 10.9%
- L

ambient_idm 1.7% city_pop 7.5%
L L]

Pucynoxk 3.8 — IIpuknan po3paxyHKy KMOBIPHOCTEN HAJIEAKHOCTI My3MUYHOI KOMIIO3HIII1

JI0 PI3HUX MIKAHPIB

Takum 9ymHOM, PO3pOOJICHHUN aHCAMOJIb TOENHYE TEpEeBard IBOX IMPUHIIUIIOBO
PI3HUX MIIXOJIIB A0 aHAII3Y MY3HKHU. [x 3BajkeHa B3aeMO/Tisl TO3BOJISIE AOCSTTH TOYHOCTI
kiacudikauii 70,9% Ha He3aleKH1i TECTOB1M BUOIPII, 110 € KOHKYPEHTHUM PE3YyJIbTaTOM

JUIs 3a1a4i kimacudikaiii 37 migpKaHpiB.

3.5 Inrerpanis incrpymenrtiB NLP-ananizy cemantuku ta Speech-to-Text

Moaesen

[Ipo1tiec oTpuMaHHs JTipUKH B pO3p0OJIEHIN CHCTEMI peai30BaHo K MOCIIIOBHICTh
KUJIBKOX €TaIiB 13 pe3epBHUMHU MexaHi3MaMHu. [[s MiHIMi3alli 00UHCIOBaIbHUX BUTPAT
Ta TMPUIIBUAIICHHS pOOOTH, TIEPIIUM MPIOPUTECTHAM KPOKOM € MPSIMHKA MOIIYK TEKCTY
MICHI Yepe3 BIAKpUTHI mporpamunii iHTepdeiic my3nunoi 6azu LRCLIB API. ITomyk
3IMCHIOETHCS. HA OCHOBI OYMIIIEHUX METaJaHuX (IMEHI BHKOHABIIA Ta HA3BU TPEKY),
orpuManux 3 YouTube Music API. Skmio opuriHanbHHI TEKCT YCHINIHO 3HAWEHO,
CHUCTEeMa aBTOMATHUYHO MEPEKIIaaae HOro aHTIIMChKOK MOBOIO 32 IOMTOMOT'00 010110TEKH
deep translator (Ha 6a3i cepBicy Google Translate). Takuii nepeknan € HEOOXiTHUM
KPOKOM JJISI PUBEJICHHS TEKCTY JI0 €AUHOTO hopMaTy mepea TUM, K TepeiaTi Horo Ha
BXI1Jl aHIJIOMOBHIMA MOJIEJI1 aHaJIi3y €MOILIii.
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VY pasi, AKII0 MICHS € MaJIOBIIOMOIO 1 TeKCT BiacyTHIM y 6a31 LRCLIB, cucrema
aBTOMATHYHO aKTUBYE PE3EPBHHII MEXaHi3M — aIrOPUTMIUHY TPAHCKPUIILIIO ayio. Ii
peanizoBaHO depe3 iHTerpamiio 3 pimeHHsM Speech-to-Text Big OpenAl (Mopenb
Whisper). Whisper mae BOy10BaHy 3aTHICTh aBTOMaTUYHO BU3HAYATH MOBY BUKOHAHHS
Ta OJJHOYACHO 3/1MCHIOBAaTH MAIIMHHUI MEpPEeKIaJ OTPUMAHOTO TEKCTY Ha aHTIINCHKY,
IO 1/€allbHO BIIMCYEThCS B ICHYIOUMH KOHBeep 00poOku. Ilpuxinan pesynbrary
TpaHckpuruii, po6otu APl Ta Bu3HaueHHs MOBH B 1HTEepdEHCci CcUCTeMU

HAaBEJCHO Ha puc. 3.6.

- O, Search a sang on YouTube.. © 2, IMPORT o B"_m BPAAIA
[a] ammva = oo
MAIN LYRICS x
@ Home

| made another mistake
4> Analysis Thought | could change, thought | could make it out
Promises break, need to hear you say you're gonna keep it now
I miss the way you say my name, the way you bend, the way you break
LIBRRAY Your makeup running down your face, the way you touch, the way you taste
When the curtains call the time will we both go home alive?
+  New Playlist It wasn’t hard to realize love's the death of peace of mind
@ Liked Tracks You're in the walls that | made with crosses and frames hanging upside down
For granted, in vain, | took everything | ever cared about
| miss the way you say my name

PLAYLISTS The way you bend, the way you break

Your makeup running down your face
~, muchcha
‘ Playlist + 17 tracks The way you fuck, the way you taste

THE DEATH OF PEACE OF MIND

Bad Omens MODERN_METAL  EN

When the curtains call the time will we both go home alive?

It wasn’t hard to realize love's the death of peace of mind

When the curtains call the time will we both be satisfied? 32—
- l\ KAMALIGA Uga It wasn’t hard to realize love’s the death of peace of mind
Playlist « 1 tracks Love’s the death of peace of mind

i
&

’ “' motivating You come and go in waves leaving me in your wake v
g‘ You come and go in waves swallowing everything

Playlist « 6 tracks
Are you satisfied?
Love's the death of peace of mind
Mind, mind, mind Ik

VIBE ANALYSIS HISTORY

Pucynok 3.9 — Ilpuknaj BioOpakeHHs! pO3IMI3HAHOTO TEKCTY Ta MOBYU BUKOHAHHSI

KOMITO3UIIT

VY Bunaakax, kojiu anroputMu APl He BUSBIISIIOTH BOKaJy B ayJIOCUTHANI, TPEK
aBTOMATHYHO ITO3HAYAETHCS CICIiaibHOI0 MiTKOI «Instrumental» (muB. puc. 3.7). 3a
HAsBHOCTI TaKOl MITKM TOJNAJBIINN CEMaHTHYHUN aHali3 TEKCTy HE BUKOHYETHCS,
OCKUTBKU €JMHUM JKEpesioM iH(opMartii st MOJesl 3aIUIIaeThes aKyCTUYHA CKIIa0Ba

IMiCHI.
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LYRICS
No lyrics found.
Pucynok 3.10 — [To3naueHHs IHCTPYMEHTAIBHOT KOMITO3HITIT B iHTEpderci cCucTeMU

OTpuMaHMil aHTJIOMOBHUM TEKCT MepenaeTbess A0 kinacy VibeExtractor, saxui
1HIIIATI3y€ ONepeTHhO HaBYeHY MOBHY MoJienb. Kitacy nepenaetncs ¢ikcoBanuit Habip
3 14 emomuiitnux kateropiii (Vibes): Energetic, Sad, Motivating, Melancholic, Playful,
Aggressive, Romantic, Chill, Dark, Uplifting, Angry, Dreamy, Epic, Nostalgic.

Knacudikarist BigOyBaeThcsi 3a NMPUHIMIIOM CITIBCTABJICHHS CEHCIB: QJITOPUTM
aHaJi3y€e CEMaHTUKY MICEHHOIO TEKCTY 1 BU3HAYa€ WMOBIPHICTh MaTEMATUYHOTO 301ry
3MICTY JIIPUKH 3 KOXKHOIO 13 BKa3aHUX KaTeropiit 6e3 motpedu y nonepeaH,oMy HaBYaHH1
Ha MYy3MYHUX AaHUX. Mojenb moBepTae WMOBIPHOCTI JJIsl KOXKHOI KaTeropii, 3 sIKUX
OoOMparoThCs JIBa HAWBUINWX 3HAYEHHS — OCHOBHHU Ta JOJATKOBUI HACTpIid (primary
vibe Ta secondary vibe).

Pe3ynbrar ceMaHTUYHOIO aHalli3y NepelaeTbesa A0 MOy KiacudikaTopa, sikui
BUKOHY€ (DiHAJIbHE KOpUTYBaHHS TmepeadauveHb. [Iporpamua jorika IbOTro MOJYJIS
0a3yeTbcsi Ha TPHOX HE3AICKHHX MeXaHI3MaX BIUIMBY Ha KIHIEBUH pe3ynbTar
posmizHaBaHHsA. [lo-mepiie, 3acTOCOBYIOTHCS €MOIIMHI MHOXHUKHU: JUISI  KOXXHOI
Kareropii HACTpPOIO TpomucaHi BaroBl Kkoediientu. Hampuknan, SKIIO TEKCT
BU3HAYAEThCS K Aggressive, cUcTeMa IITYYHO MIJIBUILYE WMOBIPHOCTI ISl Ba)KKUX
*)aHpiB (Takux sik Metal abo Punk) Ta 3MeHIye st ciokiinux (Hanpukiana, Lofi). Tlo-
Jpyre, BU3HaUY€HA MOBA BUKOHAHHS aBTOMATHYHO MIJBUIIYE WMOBIPHICTh BiMOBITHUX
perioHaIbHUX XaHPIB. (HAPUKIIa, pOo3Mi3HaHa SMOHChKAa MOBA MiABUIILY€ WMOBIPHICTh
J-Pop). Tlo-Tpete, cuctema 3acTOCOBYE KOMOIHOBaHI MOBHO-€MOIIIMHI TpaBuia, e
OJIHOYACHO BPAaXOBYETHCSI MOBAa BUKOHAHHS Ta eMOLIIMHUI HacTpiil Tekcty. Hanpukian,

MO€E/IHAHHS KOpPEHChKOI MOBHM Ta eMmollii Energetic CyTTEBO TOCUIIIOE HMOBIPHICTh
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kinacudikamii Tpeky sk K-Pop. 3aBIsku Takii OaraTOpiBHEBIM KOpPEKIIli JOCATAETHCS
MaKCHMajbHa TOYHICTh 1 Y3TO/KEHICTh MDK MY3WYHHM 3BYYaHHSM Ta 3MICTOBUM

HAITOBHEHHSIM ITICHI.
3.6 ®opMyBaHHS Ta HAIOBHEHHS 0a3M JaHNX PeKOMeHAalii

KitodoBot0  CKJIaJI0BOI0  IHTENEKTYallbHOI ~ CHCTEMH  PEKOMEHIAIliid €
crieriaiizoBaHa 6a3a JaHuX, 110 30epirae pe3ybTaTu KOMIUIEKCHOTO aHaIi3y My3UYHHUX
Kommo3ullid. Ha BiiMiHYy BiJ TpaauIIMHUX PEKOMEHAAINHUX CUCTEM, SIKI CIIMPAIOTHCS
Ha ICTOPII0 MPOCIYXOBYBaHb a00 KOJaOOpaTWBHY (iabTpallito, po3poliieHa cucTeMa
ornepye OO0'€KTUBHUMHU aKyCTUYHUMHU XapaKTEPUCTHUKAMU KOXKHOTO TpEeKy —
TOHAJILHICTIO, JIAJIOM, TEMIIOM, JOMIHYIOYMMHU HOTaMU Ta €MOLIMHUM 3a0apBJICHHSIM
TekcTy. Js 3abe3nedeHHs boro Miaxoay OyJIo CIIPOEKTOBAHO pEIALiiHY 0a3y JaHUX,
pO3p00JIECHO aBTOMATU30BaHY IMOCIOBHICTL OOPOOKHM ii HAMOBHEHHS Ta pPeaji30BaHO
MEXaHi3M BaJliIarlii pe3yabTaTiB.

Hust  posropranHs Ta  3a0e3MeyeHHs  Mpale3laTHOCTI  0a3u  JaHHX
BUKOPUCTOBYETHCS TEXHOJIOTIsI KOoHTeHepu3alii Docker. Konrelinep mpaitoe Ha 0asi
cUcTeMUu KepyBaHHs 06a3zamu ganux PostgreSQL, cTBoproe 6azy maHux ammy music Ta
peanizye MexaHI3M 30epexxeHHs (GaliB y BHUIUJICHOMY TOMi JaHUX, IO TapaHTyeE
nocTiiiHe 30epexxeHHs 1H(oOpMalli MK nepe3anyckaMu KoHTeuHepa. [Iporpamuy
B3a€EMOJIiI0 3 0a3010 JIaHMX pealizoBaHO Yepe3 BIAMOBIAHUHN iHTEpdeHc TOoCTymy a0

nanux. Cxemy 0a3u JaHUX HaBeJEHO Ha puc. 3.8.
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46

playlists
L H id 4
H userid 4 L
abc name archar
% is_liked_playfist
Gg'?l created_at est
abc  cover_image
verification_codes
7 id 4, not nu
H userid t4, nu = users recommendation_tracks
abc code (6), nu
ﬁ expires_at estamp{6), nu ! ++ id Zﬁ: id int4, not nu
% used bool. nu abc email abc mame varchar, nu
abc pame abc  author varchar, nu
abt  picture abc genre wvarchar, nu
user_genres é created_at me abc chord_progression  varchar, nu
abc password_hash 3 bpm floats, nu
H id t4, not — be i e
is_veri abc vibe varchar, nu
H userid 4 N )
4 guth_provider h u abe text text, nu
abc genre har,
abc url wvarchar, nu
1 score oat8 (
recently_played smmmmmmms==n N == ¢ youtube id varchar, null
: : abc source_genre varchar, nu
H o TLALTITE : : abc  source family wvarchar, nu
H LIQE!'_I'C} B - : [ E 4 created at  timestample), nu
abc tradk id varchar, null : abc language e
abc title archa ]
abc  uploader archa playlist_tracks E
abc  thumbnail archar, :H: - 4 notn :
abc urd - arc] :H: playlist id = L‘N-
= Crefm _— abe  track_id varchar, null L
(igl piayed at tamp(6) abe  title varchar, n
abe  uploader Var n
abc  thumbnail var n
abc yr varchar, n
abe  duration archar, n
) addedat  timestamp(s) n
L
Pucynok 3.11 — ER-niarpama 0a3u 1aHux peKoOMeHaalii
[enTpanbHOIO Ta0JIUIICIO TUTSt pEKOMEH A HHOT M1JICUCTEMHU €

recommendation_tracks, o 30epirae pe3yJbTatv MOBHOTO Al-aHami3y KOKHOT My3UYHOL

komno3uilii. ORM-mopens mi€i Tabnuui peanizoBano 3acodamu SQLAlchemy 1 MicTuTh

noJist, onucani y taoai. 3.1.

Tabmuns 3.1 — Ctpykrypa Tabmuii recommendation_tracks

IToJue

Tun

Inpekc

IpusnayeHHs

id

Integer

PK

[lepBUHHUI K04, aBTOIHKPEMEHT
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Kagenpa inrenexryanbHux iHGOPMaIiHHIX CUCTEM
[HTenexTyansHa cucTeMa peKOMeH ALl My3MYHNX KOMIO3UIIIH Ha OCHOBI aHaJli3y rapMOHIYHOT CTPYKTYpH

Kinenp Tabaumm 3.1

IHoxe Tun Inpexc IIpuzHayeHHsn
Name String HazBa My3uuHO{ KOMITO3HUIIIT
author String Im'st BUKOHABII
genre String Taxk XKanp, knacudikoanuit ResNet + MLP
chord_progression | String ['apmoniuna  cTpykTypa y  (dopmarti

«TOHAJIBHICTH Jaja.HoTal.HOTa2.HOTa3»

bpm Float Temn koMmo3uilii (yaapiB Ha XBUIJIUHY)

vibe String Taxk Emomiiinuii  Hactpii, Bu3HaueHuii NLP-

aHaJI130M TEKCTY

text Text [ToBHuit Tekct micHi (nullable)

language String MoBga TekcTy

url String [Tocunanns Ha Bizieo YouTube

youtube id String Unique | YHikansauil inentudikatop YouTube s
JeyTuTiKaIii

source genre String OpuriHaiibHa )KaHpPOBa MITKa 3 JIaTaceTy

source family String Pin my3uku 3 maracery (Rock Family, Pop
Family To1o)

created at DateTime JlaTa Ta yac iHaeKcarrii 3anucy

Ocob6nuBy yBary ciiji 3BepHyTH Ha mojie chord progression, sike € OJHUM 3
KIIOUOBUX [JISl alNTOPUTMY pEKOMEHAaliil. 3Ha4eHHs MICTUTh TOHAJIBHICTh 1 Jaj
KOMITO3UINI 10 Tepmoi Kpamkd, a TPU HOTH MICHS KpamoK € JOMIHYIOYHMH,
BIICOPTOBAaHMMH 32  CEPEOHBOID  XPOMATHYHOIO  CHEPTi€r0,  HANpPUKIAI:
«A# _major.D.A.F#». UactuHa A0 Kpamnku BU3HA4Ya€ TOHAJIBHICTH Ta JIaJl, HOTU MiCIs
Kparok B1IoOpa)xaroTh aKOpIOBY OCHOBY KOMIIO3WINi. Takuil KOMIIaKTHHI 3amuc
JI03BOJISIE CHUCTEM1 3YMTyBaTH TOHAJbHY 1H(popMamio 0e3 MOBTOPHOIO aHaJi3y

ayniodaity.
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Kagenpa inrenexryanbHux iHGOPMaIiHHIX CUCTEM
[HTenexTyansHa cucTeMa peKOMeH ALl My3MYHNX KOMIO3UIIIH Ha OCHOBI aHaJli3y rapMOHIYHOT CTPYKTYpH

[Tons genre Ta vibe MaroTh 1HACKCH JJIsSI TPUCKOPEHHsI DUIbTparlii mpu hopMyBaHHI
peKoMeHaIlii, a moie youtube id Mae 0OMEXEHHs YHIKAIBHOCTI, IO 3amobirae mosiBi
nyOJiKaTiB y 0a3l JaHUX.

[Hmm  tabauin  0a3uw  JaHMX  3a0e3MedyroTh  (PYHKIIOHAT KOPHCTYBAIBKOTO

iHTepdeiicy: Tabaums users 30epirae mpodini aBTEHTHU(IKOBAHUX KOPHUCTYBAUiB;

user genres 30epirae >KaHpPOB1 BIIOJO0OAaHHS, OOYMCIEHI Ha OCHOBI ICTOPIi

MIPOCIyXOBYBaHb; recently played € *XypHajaoM OCTaHHIX BIATBOPEHHX KOMITO3HIIIH;
playlists ma playlist tracks micTATb CTBOpPEHI KOPUCTYBadyeM IUICHIMCTU Ta iX BMICT

(muB. puc. 3.9).

playlist_tracks -
playlists
H int4, not nu
H playlist id int4, nu d HH i int4, not nu
abe  track id H userid intd, null P> N
'
abe  fitle ab< name varchar, nu !
abc  uploader T is_liked_playlist bool, nu .
abc  thumbnail @ created at timestamp(&]), nul :
abc url abc cower_image text, nul :
- \ J '
n 3 abe  duration '
verification_codes . - ’
r:i;ﬂ added_at timestam "
.
H o int4, not nul i
n
H useria inta, nutl P~ N ' ’
abc code varchar({g), nul : :
o . . . ' .
=4 expires_at timestamp(E), nu : : users
¥ used bool, nu ' ' .
S — 1=  w int4, not null recommendation_tracks
]
' : abc email varchar, nu +# i nt4 not n
N n
user_genres ' ' abc ul abc name varchar, nu
" . abe be
H i int4, not Au ' . . abc author
.......... ' x il ul
H userid int4, null N " s genre
u abc ul 3 varchar n
abc  gemre varchar, nu L] abc chord_progression varchar, nu
] i ul o
Zﬁi sCore floats, nul f : :H: bpm oat
recently played : G u abe vibe ha
]
v abc text taxt
Eoid int4 t u
abe url rch
# user_id int4, null >N o
be i ch
b track id N N abc  youtube_id C
b
abec  title abc  spurce_genre
abe  spurce_fami
abc  yploader e - famity
: 5| created _at nes
¢ thumbnail
abc
- language
b duration v
fﬂ played_at timesta
J

Pucynok 3.12 — ER-nmiarpama 0a3u nanux KopucTyBaua

BXi HUMHU JaHUMU 1JIs1 IICPBHUHHOI'O HAIIOBHCHHA 63.31/1 AHUX CIYI'VIOTb CB’HTB
it it it p it YTYIOTB 1

TEeKCTOBHX (haiiIiB Jaracery,
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Kagenpa inrenexryanbHux iHGOPMaIiHHIX CUCTEM
[HTenexTyansHa cucTeMa peKOMeH ALl My3MYHNX KOMIO3UIIIH Ha OCHOBI aHaJli3y rapMOHIYHOT CTPYKTYpH

(muB. migpo3ain 3.1). Koxken daiin BiAMOBIja€ OTHOMY CIMEHCTBY JKaHPY Ta MICTUTh Bij
JIBOX JI0 TIECTH MiKAHPIB 13 150 KOMITO3UIIsIMU Y KOKHOMY. 3arajibHUI 00CST JaTaceTy
cksaB 5550 TpekiB, po3noiaeHuX 1o 37 miKaHpax.

dopMat TeKCTOBOro (hailily Ma€ Taky i€papXiuyHy CTPYKTypYy:

POP FAMILY

mainstream_pop

1. The Weeknd - Blinding Lights
2. Dua Lipa - Don't Start Now

150. Charlie Puth - We Don't Talk Anymore

k_pop
1. BTS - Dynamite

[Tapcunr 11i€i  CTPYKTypu BUKOHYEThCS  (QYHKIIEW parse dataset file()
(muB. momatok B), sika mociaioBHO 00po0IIsie KOXKEH PAIOK (ailiry Ta BU3HAYA€ MOTO THI:
PATOK-PO3ILTIOBAY  (MMOYMHAETHCS 3 «===»), Ha3Ba POJYy MY3UKH (MICTUTH CIIOBO
«FAMILY»), inentudikaTtop mipKaHpy (BaliIyeThCS BIIHOCHO CITUCKY >aHpIB 13
config.yaml) abo 3amuc Tpeky (BiAmoBimae peryisipHoMy Bupazy (opmarty «Howmep.
ABtop — Ha3Bay). Pe3ynbTaToM mapCHUHTy € CIHCOK CJIOBHUKIB, /1€ KOKE€H €JIEMEHT
MICTUTD TIOJIS name, author, source_genre Ta source_family.

Jlist HanoBHEHHsT 0a3u JaHuX OyJo po3po0JeHO CKPUMT, SIKUW peani3ye MOBHUM
aBTOMATU30BaHUI KOHBEEP OOPOOKH MY3UYHUX KOMMO3UITiH. KoXeH Tpek 3 TeKCTOBOTO
JATaCeTy TPOXOJUTH JIECITUKPOKOBY TIOCIIOBHICTE OOPOOKH, SIKy CXEMaTUYHO

300paxkeHo Ha puc. 3.10.
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Kagenpa inrenexryanbHux iHGOPMaIiHHIX CUCTEM
[HTenexTyansHa cucTeMa peKOMeH ALl My3MYHNX KOMIO3UIIIH Ha OCHOBI aHaJli3y rapMOHIYHOT CTPYKTYpH

1. Napcuur TXT daiiny(pia
— NiAXaHp — NicHi)

2. Mowyk Ha YouTube(yt-dlp
search)

3 ™

\ J

3. 3aBaHTaxeHHA ayAio(yt-
dlp — WAV 22050Hz mono)

4. MocT-npouecuHr (60 cek 7. LRCLIB 3anuT(OTPUMAHHA
HalHaCcU4eHiWoro TeKCTy micHi)
dparmenTy)

\

L 2  J
T ] ) 8. NLP
5. Al knacudikauia(ResNet 6. Librosa aHaniz(BPM + aHanis(VibeExtractor —
+ MLP — genre) chord_progression) vibe)

9. 3anuc y PostgreSQL

10. BuaaneHHa ayaiodainy
3 AUCKY

Pucynox 3.13 — biiok-cxema koHBeepa 0OpoOKH TpeKy mpu HanmoBHEHH1 b/]

peKoMeHaaIn

Kpox 1. ITapcunr Bxigaux ganmx. Ckpunt 3uutye BuOpanuii TXT-daiin Ta
dbopmye 1€papXidHUN CIUCOK TPEKIB 32 CTPYKTYPOIO «Pifl MY3UKH, IMiJKAHP, MICHI».
[linTpumyeTbcsi 9acTKOBa OOpoOKa dYepe3 apryMEeHTH KOMAaHIHOTO psJIKa: MOXHa
00OpoOUTH OJIMH KOHKPETHUH (paiin, 0OMEKUTH KUTbKICTh TPEKIB 200 MPOMYCTUTH 3a/1aHy
KUIBKICTh TTOYaTKOBUX 3aIMCIB, 110 € KOPUCHUM JJIsl BIIHOBIEHHS micis 360t10. [lepen

MOYaTKOM O0OpOOKH KOKHOT'O TPEKY CHCTeMa BUKOHYE MEPEBIPKY MOro HAsIBHOCTI B 6a3i
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Kagenpa inrenexryanbHux iHGOPMaIiHHIX CUCTEM
[HTenexTyansHa cucTeMa peKOMeH ALl My3MYHNX KOMIO3UIIIH Ha OCHOBI aHaJli3y rapMOHIYHOT CTPYKTYpH

JAHUX 3a KOMOIHAIE0 Ha3BH, aBTOpa Ta MiPKaAHPY, a TaKOX 3a YHIKaJIbHUM
ineaTudikatopom YouTube. Skio Tpek Bxe mpUCyTHIN y 0a31, 00poOKa MpoImyCcKaeThes,
110 JI03BOJISIE O€3MEYHO TMepe3amyckaTi CKpUNT 0€3 PU3UKY CTBOPEHHS JTyOJI1KaTIB.

Kpok 2. ITomyk Ha YouTube. JIyis1 Kk0xHOTO TpeKy (HOPMYETHCS IOITYKOBUM
3anmuT y BUMIANI «ABTOp — Ha3Ba» Ta BUKOHYETHCS MOIIYK BIAMOBITHOTO ayaio Ha
matdopmi YouTube 3a monomororo yTwimiTH yi-dlp 3 0OMEKEHHSIM pe3yJIbTaTiB OJHUM
Bijeo. Pe3ynbraToM MOILIYKYy € TMOCWJIaHHS Ha BiJI€0, YHIKAJIbHUHN 1IeHTHU(IKATOp Ta
MeTagaHl.

Kpox 3. 3aBanTaskennsi aymio. 3HaliieHe ayaio 3aBaHTAXKYEThCA Ta
KOHBepTyeThest Yy hopmaT WAV 13 yactororo auckperusaiii 22050 I'ip Ta 3BeIeHHIM Y
MOHO. Y pa3i HeBJlaul CUCTeMa BUKOHYE TTOBTOPHY CIPOOY 3 MOJIM(PIKOBAHUM 3aIMTUTOM,
nonaroun cydikce «official audio» ns miABUIIIEHHS pEEBAHTHOCTI PE3yJIbTATIB MOUIYKY.

Kpox 4. Bupizanus HaiiHacu4yeHimoro ¢parmenty. OCKUIBKM TIOBHa
TPUBAIICTh KOMIIO3HUIIII MOXE CSraTh KUIBKOX XBWJIMH, a aHaii3 mnoTpedye
CTaHJIaPTU30BAHOTO BXiTHOTO CUTHAJY, CHCTEMa aBTOMAaTHYHO 3HaXOIUTh Ta BHUpi3zae 60-
CEeKyHIHUHN (HparMeHT 13 HAMBUIIIOI0 MY3UYHOIO HACHUCHICTIO. AJITOPUTM PEali30BaHO Y
bynkuii extract dense fragment() (nuB. noaatok I') 1 mpairoe HACTYITHUM YUHOM:

- CTIOYaTKy BHUKOHYETHCS PO3IIJICHHS 3BYKY Ha MEJOJUYHY Ta PUTMIUHY
YaCTUHU;

- oOumncitoeTscsi RMS-eHeprisi TapMOHIYHOI CKIJIAIOBOT 3 KPOKOM B OJHY
CEKYH/IY;

- BIKHO IIMPUHOIO 60 CEKyHJ MOCTiOBHO 3CYBAEThCS MO BCbOMY CHUTHAIY 1
oOMpaeThCs Ta IUISHKA, /e CyMapHa eHepris € HAMBUIIIOO

- BIJIMOBITHUN (DparMEeHT BUPI3a€THCS 3 OPUTIHAIIBHOTO ayA10CUTHAITY.

Kpox 5. Al-kaacu¢ikania xanpy. Al-xknacudikamis sxanpy. Bupizanwii
(dbparMeHT NoJIaeThCs Ha BX1 aHCaMOJII0 HEUPOHHUX Mepek (IuB. miapo3/aii 3.4). ResNet
aHalizye mein-cnektporpamy, MLP 00po0:sie 4yuciioBl aKyCTUYHI O3HAKH, MICISI YOTro
HMOBIpHOCTI 000X MoJienel ycepeaHoThes. JKaHp 13 HAMBHUILOI CEPEAHBOIO

MMOBIPHICTIO 3alMCYETHCS Y BIANOBIIHE MOJIE TAOIMII PEKOMEHAALIIN.
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[HTenexTyansHa cucTeMa peKOMeH ALl My3MYHNX KOMIO3UIIIH Ha OCHOBI aHaJli3y rapMOHIYHOT CTPYKTYpH

Kpoxk 6. AnaJji3z rapmoniunoi cTpykrypu. Oynkiis extract bpm and chords()
(muB. momarok J[) BUKOHY€E /1Ba KIIOYOBUX aHATI3W 1 BUAOOyBae iH(opMallito, Ha sSKii
IPYHTYETHCS QITOPUTM PEKOMEHIAIIH.

Busnauennss BPM 31iliCHIOETBCS INIISAXOM aHANI3y PHUTMIYHOI CTPYKTYpHU
ayJIiocUTHAITYy. ANTOPUTM BiJICTE)KY€ MOMEHTH MOSBU HOBHUX 3BYKOBHUX MOJIN Yy Haci,
3HAXOJMTH iX MEPIOUYHICTh Ta OOYUCITIOE TEMI Y yAapax Ha XBUIKHY.

BuznauenHs ToHATBHOCTI Ta JTamy 6a3zyeThes Ha anroputMi Kpymxanszn—Keccepa.
OOUYHCITIOETHCS XpPOMATOrpaMa HUISIXOM PO3MHOJILTY €HEpril ayllocCUrHaity 3a 12 kiacamu
BUCOTHU TOHY. Ha i 0CHOBI1 (hopMye€eThCst cepeiHiil XpOMAaTUUHUN BEKTOP, 10 y3aralbHIOE
TOHAJIBHUM CKJIa[ yciel Kommosuiii. Lleli BEKTOp NOpIBHIOETHCA 3 €TAJOHHUMH
npouUISIMU MaXOPHOTO Ta MIHOPHOTO JIaAy 3a JIOMOMOTOI0 KoedillieHTa KOpesiii
[Tipcona — 4yKcioOBOI MipH MOAIOHOCTI MIX JBOMa Habopamu 3HadeHb Big -1 g0 1.
[TopiBHSIHHA BUKOHYETBCS JUIsl KOXKHOI 3 24 MOXJIIMBUX TOHaJIbHOCTEH (12 TOHIK y ABOX
nanax). ToHanMBHICTH 1 JIaa 13 HAWBUIIMM 3HAYCHHSM KOpEJAlii OOHparoThCs SK
pe3ynbTat. J[01aTKOBO BU3HAYAIOTHCA TPU JIOMIHYIOU1 HOTH.

Kpoxk 7. Orpumanns Tekcty micHi. TexkcT KoMmo3uIlli 3aBaHTaXKy€EThCS Yepes
Binkputuii API cepBicy LRCLIB. Cucrema BuKkoHye€ JBa MOCTIAOBHUX 3aMUTH: CIIOYATKY
npsiMe€ CIIBIAIHHSA 3a TOJSMU artist name Ta track name, a y pa3l HeBIadl —
MOBHOTEKCTOBUH TOMIyK. OTpUMaHUN TEKCT 30€pIracThCs y MO fext TabIuIll.

Kpok 8. NLP-ananiz emoumiiinoro 3a0apmieHHsi. Ko TeKCT TmicHI OyJo
YCIIIIHO OTPUMAaHO, BiH mepeaaeThes kiacudikaropy VibeExtractor (migposain 3.5),
KWW BU3HAYa€ MMOBIPHICTh HAJIGKHOCTI TEKCTY 10 KOXKHOI 3 15 BUBHAYCHUX EMOIIMHUX
kareropiil. Kareropis 3 HallBUII0I0 MMOBIPHICTIO 3alIUCY€ETHCS Y BIANOBIIHE MoJie 0a3u
JAHUX.

Kpoxk 10. 3anuc y 6a3y n1anux ta ounnieHHsi. 310pani 1ani GOpMyOThCS B 00'€KT
ORM-moneni RecommendationTrack Tta 30epiratorbest y 06a3t PostgreSQL uepes
tpanzakuito SQLAlchemy. Ilicns ycmimHoro 3amucy THUMYacoBUil —ayaiodaiin
BUJIAJISIETHCS 3 (DAMJIOBOI CUCTEMHU, 1110 3a0e3Ieuye eKOHOMIIO IUCKOBOTO MPOCTOPY MpH

MacoBiit 00poO1Ti.
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[HTenexTyansHa cucTeMa peKOMeH ALl My3MYHNX KOMIO3UIIIH Ha OCHOBI aHaJli3y rapMOHIYHOT CTPYKTYpH

VY pe3ynbTaTi BUKOHAHHS MMOBHOTO IIMKJIY HAIOBHEHHS OYyJ0 0OpOOIEHO NEB'SThH

dainiB naTacery, M0 OXOIUTIOIOTH AEB'SITh POMIB My3ukd Ta 37 mijkaHpiB. 3arajbHa

KUTBKICTh IIPOIHICKCOBAaHUX TPEKiB y 0a3i ganux ckiana 5410 3amucis. Po3momin Tpekis

3a pojlaMH MY3UKU HaBeIE€HO y Tab. 3.2.

Ta6muig 3.2 — Po3noin TpekiB y 6a31 JaHUX 32 poJaMu MY3UKU

Pix my3uku KinbkicTb IHoyaTkoBa Baasio nepenecena B bB/{
(Family) MIJZKAaHPIB | KiJBKICTh TPEKiB KUIBKICTh TPeKiB
Rock Family 7 1050 1042
Pop Family 4 600 593
Hip-Hop Family 5 750 725
Electronic Family 6 900 879
Jazz Family 3 450 421
R&B Family 2 300 290
Classical Family 3 450 448
Asian Family 3 450 429
Other 4 460 583
Pa3om 36 5550 5410

Jist koxHOro 3amucy y 0asi 30epiraeTbCsi MOBHMI HaOip XapaktepucTuk: Al-

KJacu(piKoOBaHUN >KaHp, FapMOHIYHA CTPYKTypa (TOHANBHICTh, JajA, TPU JOMIHYIOYl

HOTH), TeMn1 y BPM, emortiiinuii HacTpiii (vibe), TEKCT MiCHI Ta MOCUJIaHHS Ha JHKepero.

[Ipukian BMicTy 6a3u JaHKUX 13 KUIbKOMA 3allMcaMHU MPO1TI0CTPpOBaHO Ha puc. 3.11.

Wk name Vit aut.. V i
4665  Blitzkrieg Bop  Ramones
4666 I Wanna Be Sed. Ramones
4667 Sheena Is A Pu. Ramones
4668 The KKK Took M. Ramones

4660  Pet Sematary Ramones

genre ¥ : chordpro.. ¥V i | 1V :
punk_hardcore  D# major.A.E.D 123
punk_hardcore  F# major.F#.B.C#  161.5
punk_hardcore  C_major.C.6.C# 89.1
punk_hardcore  D_major.A#.D.A 152

post_punk 6_major.C.D.A% 73.8

vi.V i text v ul V
aggressive  It's good to be back.  https://w.
chill 20, 20, 24 hours to .  https://wa.
chill Well the kids are al. https://we..
nostalgic She went away for th.  https://wa.

motivating  Under the arc of a w.  https://ww-.

you.. ¥ i source...V § sV & crea..V i language
268C3N2dDYk  punk_hardcore  ROCK FA.  2026-85-17..  en
bmS1ihfilpd  punk_hardcore  ROCK FA.  2026-05-17.  en
yCW7Aw8ugOI  punk_hardcore  ROCK FA.  2026-85-17.  en
RYXS5q0105Y  punk_hardcore  ROCK FA.  2026-85-17.  en
HIWFSZ_YUc4  punk_hardcore  ROCK FA.  2026-85-17.  en

Pucynox 3. 14 — Ckpinmor Tabnuiii recommendation_tracks
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Hagepeni 3anucu miaTBepKyIOTh KOPEKTHICTh pOOOTH KOHBEEPA HAIIOBHEHHS, YCI

KJTIOYOBI MOJISI 3aTIOBHEHI BIJMIOBIAHO /10 BUBHAYEHOI CTPYKTYpHU 0a3u TaHUX.
3.7 Illporpamua peaJizaunisi aJropuTMy MYJbTHCUTHAJBLHOTO PAHKYBAHHS

[Ticnst TOTO SIK KO’KHA KOMIO3UIIsA 0a3M IaHUX OTpUMalia CBId MyJIbTUMOAATIbHUAN
npodins (3kaHp, aKOpAOBA IMPOTPECisl, TEMI, HACTPIN JIPUKH), HACTYIIHUM KPOKOM €
peaizallisg MeXaHi3My MOITyKy HalO1IbII MOAI0OHUX TPEKiB.

Apxitektypa in-memory ingexcy HarmonicIndex. IlocniioBHe ckaHyBaHHA
0a3u gaHux 3acobamu ORM i KOKHOTO 3alUTy BUSBHIIOCH MOBLIBHUM: MpU 00Cs31
karanory moHajg 5 000 TpekiB yac BiANOBIJII NEPEeBUILYBaB 3 cekyHau. JJig BUPIIICHHS
1i€i mpo6siemu pearnizoBano kinac HarmonicIndex, sikuit mpu ctapTti cepBepy 0JTHOPa30BO
3aBaHTaXXy€ BCl 3amucu TaOnuill recommendation_tracks y omnepaTUBHY Ham'siTb Ta
dbopmye NumPy-cTpykTypu mjisi KokHOro curHaiy. lle m03Bojsie BUKOHYBaTH
BEKTOPU30BaH1 00UMCIEHHA OA10HOCTI 3a Yac, 10 He NepeBUILye 15 MiTiceKyH ] HaBITh
JUTSl IOBHOTO KaTaJoTy.

[Haekc 30epirae st KOKHOTO TPEKY TaKi CTPYKTYpH JaHUX:

~  MAaTpHII0 XPOMATUYHHUX BEKTOPIiB po3MipHicTiO N Ha 12, ne N — KUIBKICTb
TPEKiB y KaTayno3i. 3aBASKHA I[bOMY KOCHHYCHA MOJIOHICTh MK MOTOYHUM TPEKOM Ta
BCieto 0a3010 OOUHMCIIOETHCS OJIHIEI0 MATPUUYHOIO OMNEPaIl€l0 3aBISKH ONTHUMI3allisaM
NumPy.

~  OJHOBUMIPHI MacHBU KOPEHEBUX TOHAJIBHOCTEH, Jany (Makop/MiHOp) Ta
BPM;

~  IUIOYMCIIOBI 1IeHTU(]IKATOPH KaHPY, HACTPOIO, BUKOHABIIS Ta MOBH. PsiKOBI
3HAYCHHsS TIOTIEPEIHBO KOHBEPTYIOThCSI B 4HCiOBI [D, mo 103Boisie BUKOHYBAaTH
MOPIBHSHHS 32 IOIOMOTOI0 BEKTOPHUX OMeEparliii;

~ CTaTUYHY MaTpULIO BiAcTaHed po3mipom 12 Ha 12, mo OyayeTrbcst OIMH pa3

npu 3amycKy cucteMu. [1if yac pamyKyBaHHS CUCTEMA 3UUTY€E TOTOBE 3HAUCHHS 3 MATPHUIIi

34 HOMCpaMH ABOX TOHaHBHOCTeﬁ, HC BUKOHYIOYH 00YHCIIEHb ITOBTOPHO.
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[TobynoBa XpoMaTUYHOTO BEKTOPA 3 aKOPIOBOI IPOrpecii 3A1MCHIOETECS METOI0M
_parse_chord. Psanox dopmary «A minor.A.C.E» po30uBaeTbcsi Ha KOMITOHEHTH:
NepIInii TOKEH BU3HAYa€ KOPEHEBY HOTY 3 Baroto 1,0 Ta jiaj, pemra HoT OTPUMYIOTh Bary
0,5. Otpumanuii 12-BUMIpHMII BEKTOp HOPMAaII3y€ThbCS [IJICHHSM Ha CyMy HOro
KOMITOHEHT.

Cucrema BaroBux Koe@ilieHTiB. AITOPUTM OOUYHUCIIOE 3BaKEHY CYMy BOCHBMU
HE3AJIOKHUX CHUTHAJIB TOMIOHOCTI MiK TPEKOM-3aITUTOM Ta KOXHUM KaHIUIATOM Y
karano3i. /o (h1HaIbHOTO CKOpY 10/1a€ThCA HEBEIUKUI rayCCIBCHbKUH LTy M, 1110 3a11001rae
edekTy QUIBbTpYyBaIbHOT OyJIBOAITKM, KOJM KOPUCTYBay MIOpa3y OTPUMYE 1TEHTUUHUIN
Ha0lp peKOMEeHalli.

VY T1abn. 3.3 HaBeJEHO MepesiK CUTHAIIB, BIJCOPTOBAHUX 3a CIHAJaHHSM Bard,

Pa3oM 13 OITUCOM iX OOUHCIICHHS.

Ta6mui 3.3 — CurHanu moi0HOCTI Ta iXH1 BaroBi KOeiieHTH

Ne Curnan Bara Cnoci0 od0umnciaenns Jliama3on

1 | 2KanpoBa | Tounuit 36ir = 1,0; ta x cim's = 0,5; | [0; 1]
BIIIIOBIIHICTH criopigaena cim's = 0,2—0,35; iama = 0

2 | I'apmoniuHa 0,75 Kocunycna mnonmiGuicth xpomatuunux | [0; 1]
BIIMOBIJIHICTH BEKTOPIB

3 | TonanpHa 0,63 JliniiiHU# crajg 3ajexHo Bija Bifcradi 3a | [0; 1]
CYMICHICTh koJioM KBiHT: 0 kpokiB = 1,0; 6 kpokiB =0

4 | EmomiitHa 0,38 Tounwnii 361r vibe: 36ir = 1,0; inmmit =0 | (0; 1)
BIIIIOBITHICTH

5 | 36ir Buxonasug | 0,25 Tounwuit 30ir aBTopa: 361ir = 1,0; iHmmii = | (0; 1)

0

6 | JlagoBa 0,25 Opmnakosuii nag = 1,0; pizauii = 0,3 (0,3; 1)

CYMICHICTh
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Kinens Tabmumi 3.3

Ne | Curnan Bara Cnocid o0umc/IeHHs Jiana3zon
7 | biu3bkicTh 0,13 Jliniitauit  cmaa:  makcumym  mpu | [0; 1]
TEMITY onHakoBoMy BPM, Hyne mnpu pi3HUIl
nonag 40 BPM
8 | MoBHa 0,1 Tounuii 36ir moBu mipuku: 36ir = 1,0; | (0; 1)
BIIIIOBIIHICTH 1gma = (0

JKanpoBa BIAMOBIAHICTh OTpUMaJia HAaWBUIILY Bary, OCKUIBKH >KaHP € IEPBUHHUM
KOHTEKCTHUM (Qi1bTpoM. BogHOUac cuctema He 0OMEXKY€EThCS JUIIE TOYHUM 301TOM: yCl
37 nmimpxaunpiB o0'ennano y 9 ponus (Rock, Hiphop, Pop, Classical, Jazz, Rnb, Electronic,
Asian, Other), a MDX CIOPITHEHUMH POJWHAMHM BH3HAYCHO KOE(DIIIEHTH B3a€MHOI
cnopigHeHocti. Hanpuknan, napa Pop 1 Rnb otpumye koediuieHT 0,35 yepe3 3HauyHUI
CTWJIICTUYHUN NIEPETUH, TOAI SIK napa Rock 1 Electronic otpumye nuie 0,2.

Aaroputm auBepcudikoBanoro Bigoopy. Ilicia oOuucieHHs 3HAYEHb
noAiOHOCTI Jii BCIX TPEKIB KaTajory cucTeMa He obupae mpocto N HaillKkpammx
kaHnunatie. Haromicte ¢yHkuiss  diversified select 3acTOocOBye JTBONPOXITHUMN
MOCJIIIOBHUM aJITOPUTM BiOOPY 3 OOMEXKEHHSIMHU PI3HOMAHITHOCTI.

Ha nepmiomy erani popMyeThes po3mmpenuit my: 13 80 kaHIUIaTIB 13 HAUBUIITUMU
3HauYeHHAMH Toai0HOCTI. Ha nmpyromy erami 3 11bOro myiy MOCHIJIOBHO OOMPAIOTHCS
TPEKH 13 TOTPUMAHHSIM ABOX OOMEKEHbD:

— BIJ OJTHOTO BUKOHABIIA Y (DIHAIBHOMY CIIMCKY MO€ OyTH He OuIbLIe 5 TPEKiB)
110 3a1o0ira€e JTOMiHYBaHHIO OJHOTO apTUCTA;

— YacTKa TPEKiB TOTO CaMoro KaHpy, 110 ¥ TpeK-3anuT, oOMexeHa Ha piBHi 70%,
110 3aiuiiae monaimeniie 30% Miciib 111 KOMIO3UIIIH 13 CIIOPITHEHUX YKaHPIB;

—  SIKIIO TICIISI IEPIIOTO MPOXOTy 3aTUIIAIOTHCS HE3aIIOBHEHI MO3HIII1, aJITOPUTM
BUKOHYE€ APYTHH MPOXiJI, MOCIA0TIOYN 00OMEKECHHS Ha JKaHPOBY PI3HOMAHITHICTH, Ta
3aMOBHIOE MICII 3 paHilie BiakiIaJeHuX KaHauaatiB. CucTemMa TaKoX ITHOPYE

KOPOTKOCTPOKOBUM K€l TPH KOXXHOMY HOBOMY TpHUTEpl TIIIiCHI, IO TapaHTye
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YVHIKQJIBHICTh CHHUCKY JJI1 KOXXKHOTO BiTBOpeHHs. (DiHAIbHE 3HAYCHHS MOAI0HOCTI
HOpMaJTI3y€eThes 0 miama3ony Bim 0 mo 1, mo go3Bossie iHTepdeiicy BimoOpaxaTh
B1JICOTOK MOJIIOHOCTI KOKHOT'O TPEKY Y 3pO3yMUIIH ISl KOpUCTyBada IIIKaJl.

ACHHXpOHHA 1HTErpallis y JKUTTEBUM UK 1uieepa. 1106 yHUKHYTH OIOKyBaHHS
iHTepdelicy mig yac po3paxyHKy peKOMEeHAIlli, CHCTeMa BUKOPUCTOBY€E aCHHXPOHHUUN
cepBic RecommendationService. IIponec iHTErpoBaHO y JKUTTEBUM LIUKII TUICEPA Y TPU
eTaIlu.

[TapanensHuii 3anmyck. Konu koprucTyBad BMHUKAE MICHIO, MApajeibHO 13 3alIUTOM
Ha MOTOKOBE ayJ1i0 ppoHTeH ] Haicuiae acuaxponHnii POST-3anuT Ha 3amyck renepariii
pEKOMEeH Al .

®onoBe BuUKOHaHHsS. Ha OekeHmi CTBOprOeThcs (DOHOBa 3ajadva, sika JIENerye
IHTEHCUBHI BEKTOPH1 OOYMCIIEHHS B OKpEMHUI MyJ1 NOTOKIB. Lle rapanTye, 1o OCHOBHUM
UK 0OpOOKH 3aMUTIB cepBepa HE OJIOKYETHCS.

OnutyBaHHs Ta KemryBaHHA. [lin 4ac mporpaBaHHS MiCHI KJITIEHT TMEPIOAUYHO
HaJICUJIA€ 3allUTH Ha CEPBEP 1100 CTaHy pexoMeHamii. [licns 3aBepiieHHs o0uuciIeHb
pe3ynbTaTH 30€piratoThCsl Y BHYTPIIITHBOMY KEIIl Ta MOBEPTAIOThCA Ha (GPOHTEHI IS

B1JI0OpayKEHHH.
BucnoBku 10 po3ainy 3

VY xopi mporpamHoi peaiizallii cuctreMu cpopMOBaHO YHIKaIbHUM gaTaceT 13 16
650 My3UYHUX KOMIIO3HMIIIM, po3noAiIeHnX no 37 mipkaHpax y mexax 9 poauH, 13
3acTocyBaHHsAM o(uaitH-ayrmenTariii (Pitch Shift ta Time Stretch). Po3pobneno moayib
MoTIepeTHbOT 0OPOOKH ay/Iio, 10 peari3ye IHTEICKTyallbHe KaJpyBaHHs Ta GopMye Ba
TUTIU BXIHUX TIPEJCTaBIICHb: MeJ-crekTporpamu ansi ResNet 1 4mcioBi BeKTOpH
aKyCTMYHUX O3HaK id MLP. AncamOib 1IUX apXiTEKTyp 13 3BaXXEHUM arperyBaHHSIM
(70/30) nocsr TouHocti kimacudikamii 70,9% Ha He3anexHIH TECTOBIM BHUOIPIII.
[TapanensHo iHTerpoBaHo OaratopiBHeBUW NLP-kKOHBeep, 110 MOENHYE MOIIYK TEKCTY
yepe3 LRCLIB API, mammuauii nepeknan ta Zero-Shot kiracudikaiiiro emMorrii Ha 6a3i

DistilBERT i3 pesepBHuM MexaHizmMoMm TpaHckpumnilii yepe3 OpenAl Whisper, 1o
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JI03BOJISIE BU3HAYATH €MOILlIiHE 3a0apBJEHHS SIK BOKAJIBHUX, TaK 1 IHCTPYMEHTAIbHUX
KOMITO3HITIH.

CrnpoexroBaHo pensiiiiny 6a3y nanux PostgreSQL 13 5410 npoingekcoBaHUMU
3anucamu, KOKeH 3 IKUX MICTUTh Al-kitacudikoBaHU >KaHP, TAPMOHIYHY CTPYKTYPY,
temo y BPM Ta emomiiiHuii HacTpii, OTpuMaHHil uepe3 aBTOMATH30BaHUIA
JECATUKPOKOBUI KOHBEEp HamoBHEHHs. Ha OCHOBI IIMX JaHMX peajizoBaHO aJrOpUTM
MYJIbTUCUTHAJIBFHOTO paHKyBaHHA 3 In-memory iHaekcoM Harmoniclndex, o o6uunciioe
3BaXEHY CYMYy BOCBMHU CHUTHaJIIB MOAIOHOCTI 3a 4yac He Ouiblie 15 MiTICEeKyH[ AJis
karanory nonaj 5000 tpekiB. JIBonpoxiaHMiA anroput™ AUBEpCcUIKOBAHOTO BIIOOPY 3
OOMEKEHHAMHM Ha TMPEACTABJICHICTh apTUCTa (HE OuIblIe 5 TpeKiB) Ta >KAHPOBY
onHopimHicTh (HEe Outbimie 70%), MOMOBHEHUM TayCCIBCBKUM IIIyMOM, TapaHTY€
PI3HOMaHITHICTh PEKOMEHJALIN MpHU KOKHOMY BIJITBOPEHHI. ACHHXpPOHHA IHTErparis
MEXaHI3My 4Yepe3 asyncio Ta run_in_executor yHEMOKIIUBIIOE OJOKYBaHHS FOJIOBHOTO
nukiy nojii FastAPI, 3abe3nedyroun miaBHUNA KOPUCTYBAIIbKUI JOCBi 0€3 3aTPUMOK

1HTEpPENcCy.
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4 IPOTPAMHA PEAJII3ALIA IHTEJEKTYAJBHOI CUCTEMHU
PEKOMEHJIAIIIN TA TECTYBAHHS

4.1 PCSyJILTaTI/I HaBYaHHA MOIleJIeﬁ Ta CKCIICPUMEHTAJTbHA O]_[iHKa TOYHOCTI

kiaacugikaunii

HasBHICTE JBOX KaHPOBUX IIOJNIB Y KOXKHOMY 3ammuci, genre (pesyibrar Al-
kiacudikarii) Ta source genre (OpUriHajbHA MITKa 3 JATACETY), CTBOPIOE MOXKIIUBICTh
TS BaJTiAanli sKocTi poooTH aHcaMOJII0 HEMPOHHUX Mepek 0e3MoCcepeIHhO Ha pealIbHUX
JAHUX, SIKI CIIyXaTUMYTh MalOyTHIMU pekoMeHaaiisaMu. /s 1nporo 6ynno po3pobiieHo
CKPHIIT, KU MOPIBHIOE MEepe0aueHHI KaHp 13 OPUTTHAIIBHOIO MITKOIO JJI KOXKHOTO 3
5410 TpekiB Ta OOYMCIIIOE TOUYHICTHh Kiach(ikalii sSK 3arajbHy, TaK 1 MO0 KOXHOMY
M1JPKaHPY OKPEMO

Pesynpraty Bamigaiii HaBeAeHo Ha Tabi. 4.1, 4.2. 3aranbHa TOYHICTH aHCAMOJIIO
Ha BCii 0a3i JaHux ctaHoBUTH 81.0 %, 110 MiATBEPKYE Mpale3aaTHICTh MOACIEH Mpu
00poOI1l pealibHUX ay/1103aKCIB 1 BIATOBIA€ TECTYBAHHIO ITPY HAaBYaHHI, 3aBAHTAKEHUX

3 YouTube, Ha BiAMiIHY BiJl KOHTPOJIHOBAHOTO CEPEOBUINA HABYAIILHOT BUOIPKHU.

Tabnuug 4.1 — TouyHICTh 32 KaHpamMu

Kanp IIpaBniabno | Besoro | TounicTs
folk acoustic 148 148 100.0%
drill 136 144 94.4%
chamber piano 141 150 94.0%
classic_jazz 138 148 93.2%
modern_metal 140 146 95.9%
opera 141 148 95.3%
reggaeton_latin 130 141 92.2%
orchestral 139 150 92.7%
modern_rnb 132 143 92.3%
hyperpop 134 146 91.8%
house_techno 135 149 90.6%
city_pop 130 144 90.3%
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Kinenp Tabaumm 4.1

Kaunp IIpaBuabHo | Beboro | TounicTh
lofi_chillhop 130 145 89.7%
trap 130 148 87.8%
midwestern_emo 130 149 87.2%
oldschool hiphop 129 148 87.2%
punk hardcore 128 148 86.5%
retrowave 127 147 86.4%
phonk 119 140 85.0%
smooth jazz 124 147 84.4%
darksynth 122 145 84.1%
post_punk 124 149 83.2%
cloud rap 118 145 81.4%
dubstep bass 118 147 80.3%
j_rock 119 149 79.9%
ambient_idm 115 147 78.2%
jazz_fusion 97 126 77.0%
mainstream_pop 110 149 73.8%
anime_ost 100 136 73.5%
grunge 106 150 70.7%
drum_and bass 101 144 70.1%
indie_pop 96 148 64.9%
classic_rnb 89 147 60.5%
k pop 83 150 55.3%
prog_rock 80 150 53.3%
classic_rock 74 150 49.3%
alt_rock 72 149 48.3%
OVERALL 4385 5410 81.1%

60
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JleTanbpHu aHami3 OKa3aHuit y Tadu. 4.1 103BOJIsIE BUIITUTH TPU TPYIIH SKAHPIB

3a pIBHEM YCIIIIHOCTI Kjacu@ikallii: aHpu 3 BUCOKOI0 TOUHICTIO (86—100%); xanpu 13

CepeaHBOI0 TOUHICTIO (65—85%); skaHpH 3 HU3BKOIO TOUHICTIO (MeHIe 65%).
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Kanpu 3 Bucokoro TounicTio (86—100%). Halikpami pesynbratu aHcamOIb
HEHpoOMeEpeXK MPOJAEMOHCTPYBAaB Ha >KaHpax 13 SCKPaBO BHUPAXKEHOIO YHIKAIBHOIO
aKyCTUYHOI CHUTHaTyporo abo cnerudiuHuM HabopoMm 1HCTpyMeHTiB. Hampukian,
folk _acoustic (100%), chamber piano (94%) ta opera (95%) XapakTepHU3yIOThCA
YUCTOTOIO 3ByYaHHs Ta BIACYTHICTIO €IEKTPOHHOI JUCTOPCII, 10 (OopMye HiTKI MaTepHH
Ha Men-cnekTporpamax. Kanp drill (94%) 0e3MOMMIIKOBO pPO3MI3HAETHCS 3aBIAKU
XapaKTepHUM KOB3alouuM OacaM Ta crenr(iuHOMy CHHKOTIOBAHOMY PUTMY Xaii-XeTiB.
Modern_metal (96%) po3Mi3HAETBCA YEpe3 BHUCOKY IIUIBHICTh 3BYKY Ta arpecCHBHY
JUCTOPCIIO TITap Y HUKHBOMY PETiCTpi.

Kanpu 13 cepeninboro TouHICTIO (65—85%). EnextponHna Ta ypbaH-My3HKa, 30KpeMa
phonk, trap, cloud rap i dubstep bass, MaloTh XOpOIll TOKa3HUKH, OCKLIBKH
31€OUIBIION0 CTBOPEHA y HUQPPOBUX ayAIOCTAHIISIX 13 YITKUM TEMIIOM. 3HUKEHHS
TOYHOCTI MOB'SI3aHE 3 THUM, IO LI MJPKAHPU YaCTO 3aMO3UYYIOTh €JIEMEHTH OJHWH B
OJTHOTO.

2Kanpu 3 HU3bKOIO TOUHICTIO (MeHIIe 65%). HallOubii TpyAHOIII CUCTEMA MaJa 3
POK-MY3UKOI0, a came classic_rock, alt rock, prog rock, Ta a31iCbKOIO TIOTI-MY3HKOIO
k_pop. lloka3zuuku Ha piBHI 48—61% CBiAYATh PO TE, IO MOJIETSM BaXKKO 3HAUTH YITKY
aKyCTMYHY MEXYy MDK IUMH KareropissmMu. [IpuumHa mossrae y BHCOKOMY CTYIIEHI
IHCTPYMEHTAJILHOTO Ta CTPYKTYPHOTO TEPEKPUTTS: KIIACUYHUM, aJIbTEPHATUBHUMI Ta
MPOTPECUBHUN POK BUKOPUCTOBYIOTh 1JEHTUYHUN HaOlp 1HCTPYMEHTIB, TiTapa, Oac,
yAapHI, BOKAJI, 1 4acTO 301ratoThCs 3a YaCTOTHUMU XapaKTEPUCTUKAMU CIIEKTPOTPaMHU.

Jlnst tiuOrmoro po3yMmiHHS TMPUPOIM TMOMHUIIOK aHcamOmo Oyino chopMOBaHO
MaTpUII0 HalYacTIIUX XWUOHUX CIpalbOBYBaHb, Bi3yadi3allil0 SIKOI HaBEJIEHO Ha

puc. 4.1, a pe3ynbTaTti 3Be7IeHO y Tab. 4.2.
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Confusion Matrix of the Ensemble Model (ResNet + MLP)

alt_rock -

ambient_idm - .
anime_ost - .
chamber_piana - .
city_pop - .
s [
classic_rb - . 140
classic_rock -
cloud_rap - .
darksynth - .
- 120
drill - .
drum_and_bass - .
dubstep_bass - .
folk_acoustic - . 100
grunge - B
house_techna - .
hyperpop - -
indie_pop - . 80
Lo |
jazz_fusion - .
k_pop - B
lofi_chillop - . [ 60
mainstream_pop - .
midwestern_emo - .
modern_metal - .
-40
modern_mb - .
aldschool_hiphop - .
|
phonk - .
post_punk - .
—— |
punk_hardcore - .
reggaeton_latin - .
retrowave - .
smooth_jazz - .
trap - .

True Genre
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Predicted Genre

Pucynok 4.1 — Marpuusg xuOHUX ClIpaBLbOBYBaHb

Tabnuusg 4.2 — HaltyacTiin moMuiaku Kiacu@ikaiii

Cupasxkuiit :xanp | Ilependavennii xanp | Kuibkicts

classic_rock post_punk 22

k pop hyperpop 20
alt rock post_punk 16

classic_rock punk hardcore 13

grunge post punk 12

drum and bass hyperpop 12
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Kinens Tabmumi 4.2

Cupag:kHiii ;xanp | Ilependauennii :xanp | Kinbkictb
classic_rnb city_pop 12
prog_rock J_rock 11
j_rock modern_metal 11
k pop mainstream_pop 11

byno mnpoBeaeHo ananiz mpupoau xuOHMX kinacudikamit. Jani 3 tabn. 4.2
UTIOCTPYIOTh (PEHOMEH BHYTPIIIHBOPOJMHHOI IUTYTaHWHHU, 110 HIATBEPIKYE 3IATHICTD
HeHpoMepexki MPaBWIBHO PO3yMITH Oa30BUI XapakTep MY3HMKH, HaBITh KOJIM BOHA
MOMUJISIETHCS 3 TOUHUM ITiJPKAHPOM.

MoskHa 3pOOMTH HACTYMHI BHUCHOBKH, II0 Maike BCl MOMWJIKM Kiacudikarii
classic_rock, alt rock Ta grunge 3BOJSATHCA JO TOrO, 11O CHCTEMa BIJIHOCUTH iX JI0
post_punk abo punk hardcore. lle o3Hauae, 110 aHcaMOJIb YITKO PO3MI3HAE TPEK SIK POK-
KOMITO3HIIi10 (TOOTO riiobanbHa Kiacudikallis Ipaitoe MParuBIIbHO), ajle Yepe3 PO3MUTE
MOHATTS MIPKAHPIB Y POK-MY3UIl (€ MeKa MK aJbTEPHATUBOIO Ta TPAHXKEM HacTO €
CyO'eKTMBHOIO HaBITh JUIsl JIIOJIMHH ) Mepeka 00upae CyMIXHUHN KJiac.

XKaup k_pop naityacriiie miyTaroTh i3 iyperpop (20 BUnaaKiB) Ta mainstream _pop
(11 Bumaakip). Ile mosicHroeThcsi TuM, 10 ResNet Ta MLP anamnizyroTh BHUKIIIOUHO
aKyCTHYHI BJIACTUBOCTI CUTHAJIy, TOOTO TEKCT MICHI Ha IIbOMY €TaIli He BPaXOBYEThCHI.
ToMy 3 cyTO aKyCTHYHOI TOYKH 30py Kk pop HIMNCHO € SICKPaBOI, HACHYEHOIO
CHUHTE3aTOPaMH IMOI-MY3HKOI0, 1110 POOUTH MOT0 CEKTpaIbHUNA NPOQiiab OJU3BKUM J0
hyperpop.

Cxoxa curtyartlisi 13 drum_and_bass, skuii IEpIOJIUYHO BITHOCSTH 10 Ayperpop.
OO0uBa XKaHPH XapaKTEPU3YIOTHCSA EKCTpeMabHO BUCOKUM TemrioM (150-170+ BPM) ta
HACHYCHUM CHUHTETHYHHUM 3BYYaHHSIM, IO MPHU3BOIUTH JIO CXOKHUX BEKTOPIB O3HAK Yy
npocropi MLP-mozeni.

[ToxazoBuM € BUMAAOK 13 prog rock, sikuii HeipoMmepexka kiacudikye sk j rock.

SANoHCHKUN POK ICTOPUYHO 3aMO3WYMB 0araTo CKJIAJHUX TapPMOHIYHHMX 1 PUTMIYHUX
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CTPYKTYp CaM€ 3 TNpPOrPECHUBHOTO POKY, TOMY IXHsS CIEKTpajibHa TOJIOHICTh €
OOTPYHTOBAHOIO.

HocsrayTta TouHicth 81,1% Ha 37 mipkaHpax HIATBEPIKYE, 0 HEMpoMepeka
3aCBOiJIa TpaBWJIbHI CEMAHTHUYHI 3B'S3KM MIDK MY3UYHUMU CTWISIMU: TIOMWIKH
BIIOYBaIOTbCSI MEPEBAKHO MDK CTHJIICTUYHO ONM3bKMMM  TipkaHpamu. s
pPEeKOMEHAIIMHOT CHCTEMH 11€ He € HEJIOIKOM, OCKIJIBKH MOKJIMBI HETOYHOCTI dKaHPOBOT
kiacudikaiii HiBEIIOIOTHCS Ha €Tall MyJIbTUCUTHATIBHOTO PaHXYBaHHS, SIKE JOJATKOBO

BpPaxOBY€ TAPMOHIYHY CTPYKTYpy Ta €MOLIiiiHe 3a0apBIICHHS TEKCTY.
4.2 JleMmoHcTpaliss po00oTH PO3p00JIeHOI CHCTEMH

[Ticns 3aBepiIeHHS 1HTErpalii OeKeHI-CepBICIB Ta pO3pOOKH KIIIEHTCHKOI YaCTHHH,
OyJ0 OTpUMAaHO TMOBHO(YHKIIIOHAIBHHUM BEO-710/1aTOK, KU 1HKANCYJIO€ CKIAIHICTh
HEHPOMEpPEKEBUX OOUMCIEHb Ta HAJla€ KOPUCTYBAdy 3pYYHUN IHCTpYMEHTapid ajis
B3a€MO/IIi 3 My3UYHUM KOHTEHTOM. KilieHTChKa apXiTeKTypa moOyjoBaHa 3a MPUHILIAIIOM
SPA (Single Page Application) 3 Bukopuctantsm 30ipku Vite, 1110 3a0e3meuye MUTTEBY
peaxiiito iHTepQeicy Ha Jili KopucTyBaya.

[lepmmii ekpaH, 3 IKUM CTUKAETHCSI HOBUM KOPUCTYBAy 11€ CTOPIHKA aBTOPHU3aIlii
(Authentication Page) (nuB. puc. 4.2). Cuctema miaTpuMye JBa METOJIM aBTeHTU]IKaIIIi:
KJIACUYHY PEECTPAIiIo Yepe3 eNeKTPOHHY MOIITY 3 MiATBEPIKCHHIM 6-3HAYHUM KOJIOM
Bepudikailli Ta mBUAKUN BXia yepe3 npotokon OAuth 2.0 3 Bukopuctanusm Google
Identity Services. ®opma peecTparlii BKIItoyae Badigamito nodis (iM's, email, maposns 13
NIATBEPIKEHHSIM) Ta KHOIKY JUIsl IEpeMUKaHHs BUAUMOCTI napons. [licns peectparii
CHUCTEMa aBTOMATUYHO Hajcuiiae BepuikaliiHui KO Ha BKa3aHy ajpecy, a iIHTepdeiic

NEPEXOANTDL 10 CKpaHy BBECACHHAI KOAY 3 MO>KJIUBICTIO ITOBTOPHOI'O HAACHUJIAHHA.
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Kagenpa inrenexryanbHux iHGOPMaIiHHIX CUCTEM
[HTenexTyansHa cucTeMa peKOMeH ALl My3MYHNX KOMIO3UIIIH Ha OCHOBI aHaJli3y rapMOHIYHOT CTPYKTYpH

X
CREATE ACCOUNT
Join Ammy Al Music
NAME
X
Pt
WELCOME BACK EMAIL
Sign in to your Ammy Al account &
EMAIL PASSWORD
PASSWORD CONFIRM PASSWORD
By ceenene @ O Repeat pass
IR
OR OR
G Bxia yepes Google G Bxin yepes Google
Don’t have an account? CREATE ONE Already have an account? SIGN IN

Pucynox 4.2 — Cropinka aBropu3zaiiii (Login / Register) i3 miarpumkoto Google OAuth

[Ticns yenmimHoi aBTOpU3alii KOpUCTyBay NOTPAIUISIE HA TOJIOBHUI €KpaH CUCTEMU
(muB. puc. 4.3), axkuil pO3AUICHHM Ha KUIbKa (DYHKI[IOHAJIBHUX 30H: OiYHA MaHEelb
HaBiraiii Sidebar qis mBuaKoro aocrymy no posauiiB Home, Analysis, 6161i0Texu
IUICMIIMCTIB Ta 1CTOpli aHami3y; BepxHsa naHenb Header 13 psaxkoM moiryky, KHOIKORO
Import st 3aBaHTaXXEHHS JIOKAIBHUX ayaiodaiiiB Ta eleMEHTaMH YIpPaBIIHHS
OOJIIKOBHM 3aITUCOM.

OcHoBHa pobOoya 005IaCTh TOJOBHOTO €KpaHa MICTUTh TPU CEKIi KOHTECHTY.
[Tepma cekiisi Recently Played BimoOpaxae neB'ATh OCTaHHIX MPOCITYXaHUX TPEKIB 3
1H(popMaIli€o Ipo Ha3By, aBTOPa, KaHp Ta MOBY. Jpyra cekiis Your Playlists Mictuthb

CTBOPEHI KOpHICTyBaueM ruiennuctu Ta 30epexeni micHl Liked Songs. Tpets cekiis
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Kagenpa inrenexryanbHux iHGOPMaIiHHIX CUCTEM
[HTenexTyansHa cucTeMa peKOMeH ALl My3MYHNX KOMIO3UIIIH Ha OCHOBI aHaJli3y rapMOHIYHOT CTPYKTYpH

Quick Picks mpomoHye mepcoHai30BaHI PEKOMEHjallli Ha OCHOBI BIOJ00aHb

KOPHCTYyBava.
0 Search a song on YouTube & 2, IMPORT o BIKAEPARI
[a] ammya = osor
MAIN
YOUR PLAYLISTS
(@) Home
e Sl KIRILISA
S
KIRILIS
Pr— KIRILISA
KIRILISA
@ Liked Tracks S
LIKED TRACKS MUCHCHA KAMALIGA UGA MOTIVATING
PLAYLISTS 486 tracks 17 tracks § teack Bt
F muchcha
G  Plaulist - 17 tracks QUICK PICKS  zecause vou Like Ray
748 k pop
f Jl  Paulist « 2 tracks A Summertime Sadness a Red Flavor
F M KavALIGA Uga Lana Del Aey DiE_POP &N aiyaz MODERN_ANE €N 7 & RS
B Flouict -1 tracks
P . St
:o‘t‘lv'm::‘g“ q ?fockstfikes ) I8 “ Sa‘k.uraMi!sutsuki
BLACK SABBATH - BORN AGAIN [HIGH QUALITY
VIBEANALYSIS HISTORY Plerre Gaston  GAuNGE &N 2Kl b2 o @ = &
117 e— 628

Pucynox 4.3 — I'onoBHuii ekpan Be6-nonarka (Home View)

Bepxwniit psgok momryky iHterpoBanHuii 3 YouTube Data API ta 3abe3neuye
aBTOJIOTIOBHEHHS 3 BUIAJAIOYUM CIHCKOM IiJIKa30K (nuB. puc. 4.4). Ilpu HaTuckanHi
kiasimn Enter cucrema nepexoauTh 10 NOBHOEKPAHHOI CTOPIHKU PE3YJIbTATIB MOLIYKY
(Search Results), sika BimoOpaxkae m0 40 TpekiB y BUIJISAI HYMEPOBAHOTO CITUCKY 13

MIHIATIOPAMH, METAJIAHUMH (aBTOP, XKaHP, MOBA, TPUBAIICTH).
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Kagenpa inrenexryanbHux iHGOPMaIiHHIX CUCTEM
[HTenexTyansHa cucTeMa peKOMeH ALl My3MYHNX KOMIO3UIIIH Ha OCHOBI aHaJli3y rapMOHIYHOT CTPYKTYpH

O ad ele| %

(] RESULTS FOR * ADELE =

SOMEONE LIKE YOU (:?

Oclele FOLK_ACOUSTIC EM . 4:45

ROLLING IN THE DEEP

Adele- 3:48
. SKYFALL
Adele ANMIME_OST EM - 4:47

SET FIRE TO THE RAIN

Adele- 4:03
. EASY ON ME
Adele- 3:45

Pucynox 4.4 — CtopiHka pe3yJbTaTiB MOUIYKY 13 HyMEPOBAaHUM CIIUCKOM TPEKIB

OnHuM 13 KJIIOYOBUX BIKOH € maHedb aHamizy (Analysis View) (muB. puc. 4.5).
Konu xopuctyBau 3aBaHTa)Ky€e BIACHUH JIOKaJIbHUN ayaiodaiisl yepes /11aJoroBe BIKHO
iMIiopty abo oOupae Tpek 3 MONIYKY Uil JeTalbHOTO po300py, CUCcTeMa BiIoOpa)kae
pe3yabTaTH aHali3y y BUTJISIII BIXKETIB:

— KaHpoBHM mpodins  BigoOpakaeTbcss |y  BUIISAL  Tporpec-0apiB 3
IMOBIPHOCTSIMU;

— eMoliliHe 3a0apBIeHHsI BUBOJIUTHCS Y BUIJISIII TETIB;

— TapMOHIYHA CTPYKTYypa Bi0OpakacThCsl HA O14HIN MaHel;

— TEKCT MICHI 3a HasBHOCTI.
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Kagenpa inrenexryanbHux iHGOPMaIiHHIX CUCTEM

THE DEATH OF PEACE OF MIND

Al analyzed

dd

TOP PREDICTED GENRES

MODERN _METAL 100.0%
CITY_POP 4.3%
-

CLASSIC_ROCK 3.3%
-

ANIME_OST 2.4%
-

J_ROCK 1.8%
-

LYRICS

“This fight, looks fike death of Jesus
May, may, may

When the curtains call the time
When we both call the light

It wasn't hard to realize

Love the death of peace of mind
When the curtains call the time
When we both decide fo spy

When the curtains call the time”

[HTenexTyansHa cucTeMa peKOMeH ALl My3MYHNX KOMIO3UIIIH Ha OCHOBI aHaJli3y rapMOHIYHOT CTPYKTYpH

NEW SEARCH

EMOTIONAL PROFILE

FRIMARY VIEE

NOSTALGIC

45% match

SECONDARY IEE

ANGRY

24% match

Pucynox 4.5 — Inutepdetic naneni anamizy ayaiotpeky (Analysis View)

[Ipouec reHepyBaHHs

peKOMeHaIT i

IHTETPOBAHUNA Y KUTTEBUH  IUKII

BOyoBaHoro ayziomieepa (Player) (nus. puc. 4.6).
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Kagenpa inrenexryanbHux iHGOPMaIiHHIX CUCTEM
[HTenexTyansHa cucTeMa peKOMeH ALl My3MYHNX KOMIO3UIIIH Ha OCHOBI aHaJli3y rapMOHIYHOT CTPYKTYpH

_ 0O, Search a song on YouTub & ImpORT ° BIKA BPAIA
[2] ammva =
A RELATED e
@ Home
The Death of Peace of Mind
[ ——
<+ Analysis
‘Yoshu Fukushu
LLLLLLL Maimam T oben AL noTALEE
+  New Playlist
; sivera
@ LikedTracks Gofta MoMma_uPAL  mosTMEE
Composure
PLAVLISTS ¥ )
7 . [ —
F muchcha.
- PR otlow Bodies
e —
k pop
Plagit - 2 tracks
3 Rose of Sharyn
3\ KAMALIGA Uga T p— P ——
Paghst « aaks
'
3 . S——
‘ THE DEATH OF PEACE OF MIND
Bad Orens MODER_METL  £4
[SES white Washed
e
1 ! K » Dbl
THE DEATH OF PEACE OF M... In Due Time

i E —aL urARCHOUIC ) v = &

o=

One More Time . Marigold

rv— hory MOBERE_METML  GSTALG
‘ W _MARDGORE  MOSTALGHG
_—

| Will Be Heard
atob =

Pucynok 4.6 — [utepdeiic BOyJ0BaHOTO ayioIjieepa Ta CUCTEMU PEKOMEHAAIIH

(Related)

SIK TITBKM KOPHCTYBad HATUCKA€ KHOTKY BiATBOPEHHS, KIIIEHTCHKUMA JOJATOK HE
JIMIIIE 1HILIIE CTPIMIHT ayaio, ajie ¥ BIANpaBisie aCHHXPOHHUW 3aluT 10 OEKeHIy Ha
MONIYK CXOXXMX KOMIIO3UIINA. 3aBasiku peanizoBaHoMy rnarepHy Fire-and-Forget,
iHTepdeic He OJIOKYeThCS TMiJ dYac IHTEHCUBHMX OOYHMCHeHb. [licims ycCHimHoro
BIJIMIpAIIOBaHHs in-memory iHaekcy Harmoniclndex, muieep aBTOMAaTWYHO 3amOBHIOE
yepry BiarBopeHHs: Up Next perneBaHTHUMHU TpEKamH, BIIIOpAaHMMH 3 JOTPUMaHHSIM
MpaBuUJI )KaHPOBOT Ta aBTOPCHKOI TUBEpPCUIKAILii.

JleTanbHMI neperiia IIeHIncTa peani3oBaHuil y BUTIISAIL JBONAHEIbHOIO MAKETy
(muB. puc. 4.7). JliBa maHenb MICTUTh MPOKPYUIYBaHHUI CIIHCOK TPEKIB 3 HyMEpalli€lo,
MIHIaTIOpAMH, METAJJaHUMH Ta KHOIKOIO BUIAJICHHS MPU HABEJCHHI Kypcopy, a TaKOXK

KHOTIKOIO COPTYBAHHS.
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Kagenpa inrenexryanbHux iHGOPMaIiHHIX CUCTEM
[HTenexTyansHa cucTeMa peKOMeH ALl My3MYHNX KOMIO3UIIIH Ha OCHOBI aHaJli3y rapMOHIYHOT CTPYKTYpH

- O, Search a song on YouTube. & & IMPORT 0 BIKA BPALIA
[a] avmya = 106
= ; . BLACK SABBATH - BORN AGAIN [HIGH QUALITY
n
Pierre G n  GRUNGE e 629

’ MUCHCHA

(@ Home
X THE NEW YEAR'S BALL

<> Analysis Wl iamoheckpoint Lon_cuue -3:24
LIBRARY : E MADHANYA - RAHUL VAIDYA & DISHA PARMAR | ASEES KAUR |LIJO-DJ ...

Music Factory J.ROCK - 4:12

+ New Playlist

JOE HISAISHI - NOSTALGIA
@ Liked Tracks Hisal jal CHAMBER_PIANO - 3:33
PLAYLISTS TAYLOR SWIFT - LAVENDER HAZE (OFFICIAL LYRIC VIDEO)
- muchcha
Playlist « 17 tracks

. THE DEATH OF PEACE OF MIND
1 laylist « 2 tracks
3 1 KAMALIGAUQE 25 J&l DUST IN THE WIND (FROM 'QUEEN OF THE RING - MUSIC FROM THE M...

+1tracks A;\..}\ ey T [ POST_PUNK EN -4:19 8
§o mommnq aylist  Public « 17 tracks - 46 min .
B et - 6 tracks _ P> LEFT HAND FREE - ALT J HD 271
THE NEW YEAR'S BALL
VIBE ANALYSIS HISTORY ~ Jamahisckpoint SENEES A K ID 2 4 @ = <
T B oo ouse moeror

Pucynox 4.7 — Iutepdetic nepernsany mieinucta (Playlist View)

[IpaBa naHesb BKIIIOYAE BEIUKUN 3ar0JIOBOK IJICHINCTA, AUHAMIYHY OOKJIaJIHHKY -
KoJIax, 1HhQopMaIliitHui Ol K 13 aBaTapoM KOPUCTYBava, KUTbKICTIO TPEKIB 1 3arajibHOI0

TPUBAJICTIO, @ TAKOK KHOMKY pelaryBaHHs (IepeiiMeHyBaHHs, BUJATICHHS).
4.3 TectyBanHs iHTepeiicy

TecTyBaHHs cucTeMH MPOBOAMIOCH METOAOM «d4opHOro smuka» (Black-box
testing) — 0e3 AOCTYITy /10 BHYTPIIIHLOTO KOAY, BUKJIFOUHO Yepe3 30BHIIIHI 1HTepdencu:
HTTP API Tta Gpayzepuumii kmieHt. [lepeBipiii miansiraiu TpU aCHEKTH: KOPEKTHICTh
00poOku 3anuTiB Ha piBHI API, cTaOIIBHICTh KIIIEHTCHKOTO 1HTEp(EICy Ta MBUIAKOMISA
pPEeKOMEHIAIIMHOT M1ICUCTEMHU.

[TepeBipkoto Oy0 OXOIJIEHO TPU KITFOYOBI MOIYJ CHUCTeMH. [l eHImoiHTY
/analyze TecTyBajach Ballijaiis BXIIHUX (ailyliB: TpU 3aBaHTaKEeHH1 ¢aliiB 3
HEMIATPUMYBAaHUMHU po3MUpeHHsMu (.txt, .mp4) cepBep mnepepuBaB oOpoOKy Ta
noBepTaB craryc 400 Bad Request 3 BignmoBigHuM moBimoMiaeHHsIM. KopekTHi daiinu
dbopmariB .mp3 Ta .wav OpOoXO UM MOBHUK aHaNi3 Ta popmyBanu JSON-mipodiib Tpeky

0€e3 MOMMIJIOK.
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Kagenpa inrenexryanbHux iHGOPMaIiHHIX CUCTEM
[HTenexTyansHa cucTeMa peKOMeH ALl My3MYHNX KOMIO3UIIIH Ha OCHOBI aHaJli3y rapMOHIYHOT CTPYKTYpH

Jist eHAnoinTy /auth OGyia0 MEepeBIpeHO MEXaHI3MHU 3aXUCTy OOJIIKOBUX 3aIMCIB.
Cnpoba peectparlii 3 BKe ICHYIOYOI E€JIEKTPOHHOIO aapecoro OJOKyBajdach Ha PiBHI
cepBepa. Takoxk MATBEPIKEHO KOPEKTHY pobOoTy aBodakTOopHOi Bepudikarii:

SFCHepOBaHHﬁ KO aBTOMATHYHO aHYJIIOETHCS 9YCPE3 10 XBHJIMH ITiCTIS BiI[l'[paBKI/I.

st eHnnoinTy /analyze url 6yno NMpOTECTOBAHO T'PAHUYHI CIEHApPIl B3a€MOJIIT 3
YouTube. BcTanoBienwnii JiMIT 3aBaHTAXKECHHS Y 5 XBWJIMH BiIMIPaAIlbOByBaB KOPEKTHO:
cnpobu oOpoOUTH HAATO JOBI1 BIAEO ABTOMATHUYHO MEPEPUBAIOTHCS 13 MOBEPHEHHAM
crarycy «504 Gateway Timeouty, 10 3axXuIllae cCepBep BiJ BUUEPIAHHS PECYPCIB.

OckUIbKM KIIIEHTChKA YacTUHA peanizoBaHa gk Single Page Application, ocHOBHY
yBary OyJo NpHUAUIEHO CTallIbHOCTI TJIOOATBHOTO CTaHy Ta peakiiii iHTepdeicy Ha
HecTaHJapTHI BX1AH1 AaHi. [lepeBipeHo Oe3mepepBHICTh BIATBOPEHHS ayJlo MiJ Yac
HaBITaIlli: MEePeXod MDK PO3AiIaMHU J0JATKy BiIOYBarOThCs 0€3 IMepe3aBaHTAKCHHS
CTOPIHKM 3aBJSKH KIIEHTCHKIM MapIIpyTH3allii, TOMy ayJioruieep 30epirae cTtaH 1
MOTOYHUI TPEK HE MEePEPUBAETHCSI.

OkpemMo OyJl0 TPOTECTOBAHO CTIMKICTh 1HTEp(dEcy [0 HecTaHJapPTHHUX
MeTamanux. Komrmoswuiii 3 HagMiIpHO JOBIMMH Ha3BaMH, BIJACYTHIMH TEKCTaMH a0o
BIJICYTHIMU OOKJIQJIJMHKAMH HE MOPYILIYIOTh MaKeT CTOPIHKH: TEKCTOBI OJIOKH KOPEKTHO
YCIKAaIOThCS, 3aMICTh BIJICYTHIX 300pake€Hb B1J0OOPaKAIOTHCS Pe3EPBHI 3aTIyIIKU. Takox
NEPEBIPEHO ANTOPUTM AUHAMIYHOI 3MIHM T€MH O(POPMIIEHHS, IO BUTITYE TOMIHYIOYI
KOJbOpU 3 OOKJIAQJUMHOK aiabOOMIB: aHali3 IIKCENIB BUKOHYEThCS 0€3 OJOKyBaHHS
TOJIOBHOTO TIOTOKY Opay3epa, 4acToTa KaapiB iHTep(deicy 3auIaeThCsi CTadUIbHOIO,
KHOTIKH TUIeEpa pearyoTh 0e3 3aTpUMOK.

Takox Oyyo BUMIpSHO Yac BIATYKY €HATNOIHTY /recommendations/{youtube id}
IIpY MOBHOMY HaBaHTa)keHH1 kaTajory. Ha 6a3i 3 5 410 TpekiB OBHUM LUK OOYUCICHHS
3Ba)XKEHOI MOAIOHOCTI 32 BIChMOMa CUTHAJIAMU 3aiiMa€ B cepeIHbOMY 15 MiTiCeKyH.

Acunxponnuii mexanizm Fire-and-Forget miarBepauB CBOIO €(QEKTUBHICTH Ha
npaktui: ronoBauil Event Loop FastAPI He G110KyeThes Mg yac MaTpUUHUX OOUKCIIEHD,

OCKUIbKM BOHHM BHKOHYIOTHCS y OKpeMOMY ITyJsi MOTOKiB. CepBep OJAHOYACHO BiJae
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[HTenexTyansHa cucTeMa peKOMeH ALl My3MYHNX KOMIO3UIIIH Ha OCHOBI aHaJli3y rapMOHIYHOT CTPYKTYpH

ay10TOTIK MOTOYHOMY KOpHUCTyBauy Ta npuiiMae HoBl HTTP-3anuTu Bij 1HIIKUX KITIEHTIB

0€e3 3aTPUMOK.
BucnoBku 10 po3ainy 4

ExcnepumenTtanbHa orinka ancam6ito ResNet 1 MLP na 5410 peanbHHX Tpekax
HiATBEpIUIIa 3arajibHy TOUHICTh Kinacudikauii 81,1% mist 37 migxanpiB. AHami3 XMOHUX
CIpallbOBYBaHb IMOKa3aB, M0 MOMUJIKU BiJIOYBAIOTHCS IMEPEBAKHO MK CTUIIICTUYHO
CIIOP1THEHUMU KaHPaMHU, 1110 € IPUIHHATHUM JIJIs1 33]1a4 PEKOMEH IaIlli Ta HIBEIIOEThCS Ha
eTarl MyJbTUCUTHAJIBHOTO PaH)KyBaHHS.

OyHKI[IOHATBHE TECTYBAHHS METOJIOM YOPHOTO SAIIUKA MIATBEPIUIO KOPEKTHICTh
poOOTH BCIX KIIFOUOBHX MOJIYJIIB: Baliaallisi BXiIHUX (PaiiiliB, 3aXUCT 00JIKOBUX 3aMKCIB
Ta 00poOKa rpaHWYHUX CIleHapliB B3aemomii 3 YouTube mpalforoTh BiAIOBIIHO 10
OUiKyBaHb. [HTEpdelc CcTIMKkUil A0 HECTaHJApTHUX METAJaHUX, a dYac TeHepallli
pexoMeHaauii i katanory 3 5410 TpekiB He nepeBullye 15 MUTICEKYH] 3aBISKH In-

memory iHaekcy Harmoniclndex.
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Kagenpa inrenexryanbHux iHGOPMaIiHHIX CUCTEM
[HTenexTyansHa cucTeMa peKOMeH ALl My3MYHNX KOMIO3UIIIH Ha OCHOBI aHaJli3y rapMOHIYHOT CTPYKTYpH

BUCHOBKHA

VY kBamidikamiiHiii poOOTI BUPILIIEHO aKTyalbHYy HAyKOBO-IPAaKTHUHY 3a7ady
PO3pOOKU 1HTENIEKTYaJIbHOI CUCTEMH PEKOMEHJIAIl My3UYHUX KOMIIO3HUIIIM HAa OCHOBI
KOHTEHTHO-TApPMOHIYHOTO aHaji3y, o (YHKIIIOHYE 0€3 BUKOPUCTAHHS IOBEIIHKOBHUX
JaHUX KOPHUCTYBaviB Ta 3a0e3Meuye MOI0IaHHS TPOOIEMHU «XOJIOJAHOTO CTapTy».

3a pe3yabTaTaMu BUKOHAHHSI pOOOTH OTPUMAHO TaKi OCHOBHI pe3yJIbTaTHU:

- MIPOBEJICHO aHaJIi3 MpeaAMeTHOI cepu Ta Kiacudikailiro MeTo/ 1B o0y 10BU
PEKOMEHJAIIMHUX CUCTEM. BCTaHOBJIEHO, 110 AJITOPUTMHU KOJIAOOPATUBHOI (LIBTpaIlii
MaloTh JBa KPUTHYHUX OOMEKEHHS: MOIyJsipU3alliiiHe yHepePKeHHs Ta HEe3JaTHICTb
PEKOMEHyBaTH HOBI KOMIO3MIIi Yepe3 BIJACYTHICTb HAKOIMWYEHOI CTaTUCTHKU
B3aemo . [TopiBHsbHME anami3 Spotify, YouTube Music Ta Apple Music niaTBepaus,
0 JKOJHA 3 TUIATGOpPM HE MOETHYE TIUOOKUN aKyCTUYHUM aHali3 ayJllOCUTHAIY 13
CEMaHTHYHUM aHaJII30M TEKCTy IICEeHb, 10 OOIPYHTOBYE MOLUIBHICTE OOpPaHOTO
MIIX0Y;

—  JIOCIIIJIKEHO Ta 00paHO KOMILIEKC METO/1B HU(PPOBOT 0OpOOKH ayai0CUTHAMTIB:
MEJ-CIEeKTPOrpamMu sIK BXIJHI 300pakeHHA 111 3ropTkoBuX Mepex, Chroma CQT Ta
npoctip Tonnetz nis rapmoniudoro anamizy, MFCC nmns omucy TeMOpalbHUX
XapakTepucTHK. JIJIs KOXKHOrO YacoBOrOo psiy OOYMCICHO MIICTh CTaTUCTUYHUX
MOKA3HUKIB, 0 (OPMYIOTh BEKTOp NoHaA 150 4nuciioBUX O3HAK;

— po3po0JIeHO Ta HaBYEHO aHcamOJib HepoHHUX mepex ResNet-18 Ta MLP nHa
BJIACHOMY pataceTi obcsrom 16 650 My3WyHMX KOMITO3UIIIA, pO3MOAUICHUX 3a 37
miJpKaHpaMu. 3BakeHe 00'€THaHHS pe3yJIbTATiB JABOX MOJENEH 3a0e3Meunsio TOYHICTh
knacudikarii 81,1% Ha HezanexHii TecToBid BuOIipIl 3 5 410 peanbHUX TpeKiB. AHAII3
MaTpHIll XUOHUX CIpPAllbOBYBaHb MiATBEPAMB, 110 TOMUIKH BIOYBAIOTHCS MEPEBAKHO
MDK CTHUJIICTUYHO CHOPITHEHUMHU TiDKaHpaMu, IO € TPUAHITHUM ISl 3ajad
pEeKOMEHAIlli;

— peai30BaHO MOJYJIb CEMAaHTHYHOTO aHaJI3y TEKCTY MiCEHb 13 BUKOPUCTAHHSAM

mozeni Whisper nnst aBTomaTU4HOi TpaHckpumnilii Bokainy Ta mozaen DistilBERT s
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Zero-Shot kmacudikariii emoiriitnoro 3abapeieHHs 3a 14 kareropismu. Iliaxim He
noTpeOye MoMepeIHLOTO HABUYAHHS Ha PO3MIYCHUX MY3UYHHX JIAHUX Ta 00pOOJISIE TEKCTH
JOBUILHOIO MOBOIO MICJIsI aBTOMATUYHOTO MEPEKIIAAY;

— PO3pO0JICHO aNTOPUTM MYJIBTUCUTHAILHOTO PAaHXyBaHHS PEKOMEHJAIl Ha
OCHOB1 3B@)XEHOI CyMH BOCBMH HE3aJSKHHX CHTHAJIIB TomiOHOCTI. BmpoBamxeHo
MEXaHI3M CTOXacCTHMYHOI auBepcudikarmii aia 3amo0iraHHs edekty «OynpOamiku
binbTpiBy. PeanizoBanmii in-memory iHJIeKC Ha ocHOBI NumPy-cTpykTyp 3a0e3mneuye
yac reHepanii pekomenaamnii 15 mimicekynn ais karaiory 3 5 410 Tpekis;

— 3[1IICHEHO TMOBHY MPOTPaMHYy peaji3alil0 CUCTEMU Y BHUIVISAL KIIEHT-
cepBepHOro BeO-3acTocyHKy Ha 0a3i React, FastAPI ta PostgreSQL. IIpoBeneno
dyHKIIOHATbHE TECTYBaHHS Ta TECTyBaHHSA TNPOAYKTUBHOCTI METOJIOM «YOPHOTO
AIMKa», SKI MTATBEPAWIM KOPEKTHICTb POOOTHM BCIX MOJIYJIB Ta CTaOUIBHICTh
1HTEpPENcCy.

[TopiBHSIHHSA 3 KOMEPIIMHUMU aHAJIOTaMU MIATBEPIKYE TOCATHEHHS MMOCTaBJICHOL
MeTH: Po3poljieHa cucTeMa 3a0e3redy€e MOBHY CTIWKICTh O MPOOJIEMH XOJIOTHOTO
CTapTy, YyCyBa€ TMOMNyJspu3alliiiHe yHepekeHHs Ta 3a0e3nedye Mpo30piCTh
PEKOMEHJAIIIHHUX PIICeHh — XapaKTEPUCTUKHU, HEJOCSHKHI B paMKax KOJaOOpaTUBHOI
dinpTpartii, mo 3acrocoByetbes y Spotify, YouTube Music ta Apple Music.

Pesynbrath  poOOTM  MOXYTh OyTH  BOpPOBAJKEHI SK  HE3AJICKHUN
pPEKOMEHJAIINHUN CepBIC JUIsI MY3UYHHX IIaTHOPM, OPIEHTOBAHMX HA MIATPUMKY
MaJIOBiJOMHUX BUKOHABINB. [lepcriekTMBaMu MOAAIBIIOTO PO3BHTKY € MAacIITa0yBaHHS
KaTaJIOTy IUIIXOM TIEPEeX0ay Ha BEKTOpHI 0a3u JaHWX, MOAaBAaHHS KOHTEKCTYaJIbHUX
pEKOMEHIAIl 3aJIe’KHO BiJI Yacy 0O Ta HACTPOIO KOPUCTYBaya, a TAKOXK JOCI1HKCHHS
3aCTOCYBaHHS MYJIbTUMOJIATbHUX MOBHUX MOJIEICH IS TIIMOIIOTO aHali3y My3HWYHOTO

3MICTY.
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JOJATOK A
IIporpamua peaJizanisi cepBepHOI YACTHHU IHTEJIEKTYAJbHOI CHCTEMH

peKoOMeHaamii

import os

from pathlib import Path

from contextlib import asynccontextmanager

from fastapi import FastAPI, UploadFile, File

from fastapi.responses import JSONResponse

from fastapi.middleware.cors import CORSMiddleware
import torch

import librosa

import uvicorn

from src.utils.config import load config

from src.features.extractor import extract all features
from src.features.nlp extractor import NLPExtractor
from src.features.vibe extractor import VibeExtractor
from src.models.cnn model import MusicResNet, MusicMLP

from src.models.nlp classifier import NLPClassifier

models = {)

@asynccontextmanager
async def lifespan(app: FastAPI):
config = load config /()
device = torch.device("cuda" if torch.cuda.is available() else "cpu")

models.update ({

'resnet': MusicResNet(...).to(device), 'mlp':
MusicMLP(...) .to(device),
'nlp classifier': NLPClassifier(...), 'nlp extractor':

NLPExtractor (),
'vibe extractor': VibeExtractor (), 'config': config, 'device':
device

))
yield

app = FastAPI(title="Luna Music AI", lifespan=lifespan)
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app.add middleware (CORSMiddleware, allow origins=["*"],

allow credentials=True, allow methods=["*"], allow headers=["*"])

@app.post ("/analyze")
async def analyze song(file: UploadFile = File(...)):
temp path = Path("temp audio") / file.filename
temp path.parent.mkdir (exist ok=True)
try:
if not file.filename.endswith ((".mp3", ".wav", ".flac")):
return JSONResponse (status code=400, content={"error":
"Unsupported file type."))
with open(temp path, "wb") as buffer:

buffer.write(await file.read())

config, device = models|['config'], models|['device']
y, sr_out = librosa.load(str (temp path),
sr=config["audio"] ["sample rate"])

num features = extract all features(str(temp path), config)

with torch.no grad():

resnet out =

models['resnet'] (torch.from numpy(...).float().to(device))
mlp out =
models['mlp'] (torch.from numpy(...).float().to(device))
nlp data =

models['nlp extractor'].extract text and language (str (temp path))
vibe data =

models['vibe extractor'].get vibe(nlp data.get ("english translation"))
final output =

models['nlp classifier'].adjust probabilities((resnet out * 0.7) + (mlp out

* 0.3), nlp data, vibe data)

if temp path.exists(): os.remove (temp path)
return {
"filename": file.filename, "predictions": final output,
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"language": nlp data.get ("language"), "is instrumental":
nlp data.get("is instrumental"),
"lyrics": nlp data.get("original text"), "vibes": vibe data
)

except Exception as e:

if temp path.exists(): os.remove (temp path)
return JSONResponse (status code=500, content={"error": str(e)))
if name == " main_ ":

uvicorn.run("src.api.server:app", host="0.0.0.0", port=8000,

reload=True)
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JTOJATOK B
.JIiCTl/IHF aAJIToOpuUTMYy MAaTEeMATHYHOIL OﬁpOﬁKI/I Ta BI/II[O6yBaHHﬂ AKYCTHYHMX O3HaK

3 MY3MYHHMX KOMIIO3M il

import numpy as np

import librosa

def process and extract spectrogram(file path: str, config: dict) ->

np.ndarray:

sr = config["audio"] ["sample rate"]
y, sr_out = librosa.load(file path, sr=sr, mono=True)
fragment dur = config["audio"] ["fragment duration"]

if len(y) > fragment dur * sr out:
rms_e = librosa.feature.rms(y=y, frame length=sr out,
hop length=sr out) [0]
best 1 = np.argmax(np.convolve (rms_e, np.ones (int (fragment dur)),
mode="'valid'))
start = best i * sr out
y = ylstart : start + int(fragment dur * sr out)]
mel spec = librosa.feature.melspectrogram/(
y=y, sr=sr out, n mels=config["features"]["n mels"],
hop length=config["features"] ["hop length"],
n fft=config["features"]["n fft"]
)
mel spec db = librosa.power to db(mel spec, ref=np.max)
mel spec db = (mel spec db - mel spec db.min()) / (mel spec db.max() -
mel spec db.min() + le-8)
if mel spec db.shape[l] > 256:
return mel spec db[:, :256]
return np.pad(mel spec db, ((0, 0), (0, 256 - mel spec db.shape[l])),

mode="'constant"')
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JTIOJATOK B

Jlicrunr ¢pynkuii parse_dataset_file()

def parse dataset file(filepath: str) -> list[dict]:
tracks, family, current subgenre = [], "", ""
with open(filepath, "r", encoding="utf-8") as f:
lines = f.readlines|()
valid genres = set(load config() ["dataset"] ["genres"])
for line in lines:
line = line.strip()
if not line or line.startswith("===") or line.startswith ("Term:")
or line.startswith ("Jiuxk:") :
continue

if "FAMILY" in line.upper():

family = re.sub(r'["\w\s&-1"', '', line).strip()
continue
if line.lower() .replace(™ ", " ") in valid genres or line in
valid genres:
current subgenre = line if line in valid genres else
line.lower () .replace(™ ", " ")
continue

match = re.match (r'*\s*\d+\.\s+(.+?2)\s*-\s+(.+)S$', line)
if match and current subgenre:
tracks.append ({
"name": match.group(2) .strip(),
"author": match.group(l) .strip(),
"source genre": current subgenre,
"source family": family,
))

return tracks
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JTOJATOK I'

Jlictunr koay ¢pynkuii extract dense fragment()

def extract dense fragment (y: np.ndarray, sr: int, duration: int = 60) ->
np.ndarray:

target samples = duration * sr

if len(y) <= target samples:

return y

hop = sr # kxpok = 1 cekyHIa

rms librosa.feature.rms (y=y, frame length=2048, hop_ length=hop) [0]
# llupmHa BikHa B ¢pelimax RMS
window frames = duration * sr // hop
i1f window frames >= len(rms):
return y
best start = 0
best energy = 0
for i in range(len(rms) - window frames):
energy = np.sum(rms[i:i + window frames])
if energy > best energy:
best energy = energy
best start = i
start sample = best start * hop

end sample = start sample + target samples

return y[start sample:end sample]
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JIOJIATOK JT

Jlictunr koay extract bpm_and_chords()

def extract bpm and chords(y: np.ndarray, sr: int) -> tuple[float, str]:
tempo, = librosa.beat.beat track(y=y, sr=sr)
tempo = float (tempo[0]) if isinstance (tempo, np.ndarray) and len (tempo)
> 0 else float (tempo)
bpm = round (tempo, 1)

y _harmonic, @ = librosa.effects.hpss(y)

chroma mean = np.mean(librosa.feature.chroma cqgt(y=y harmonic, sr=sr),
axis=1)

pitch classes = ['C', 'C#', 'D', 'D#', 'E', 'F', 'F#', 'G', 'G#', 'A’',
'A#', 'B']

major profile = np.array([6.35, 2.23, 3.48, 2.33, 4.38, 4.09, 2.52,
5.19, 2.39, 3.66, 2.29, 2.88])

minor profile = np.array([6.33, 2.68, 3.52, 5.38, 2.60, 3.53, 2.54,
4.75, 3.98, 2.69, 3.34, 3.171)

best corr, best key, best mode = -2, 0, "major"
for shift in range(12):

shifted = np.roll(chroma mean, shift)

for profile, mode in [ (major profile, "major"), (minor profile,
"minor") ]:
corr = np.corrcoef (shifted, profile) [0, 1]
if corr > best corr:
best corr, best key, best mode = corr, shift, mode
top notes = [pitch classes[i] for i in np.argsort(chroma mean) [::-
1171:3171
return bpm,
f"{pitch classes[best key]) {best mode).{'.'.join(top notes))"
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