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YMHBIN apaHKUPOBIIUK

AHHOTAIIUA
[{ens mpoekTa — pa3zpaboTaTh IporpamMmy, KOTopasi Obl O3BOJISLIIA
aBTOMAaTUYECKU T€HEpUPOBATh aKKOMITAHEMEHT K TUTapHOU mapTuu. B wactHOCTH,
niicaia Obl mapTuu Jyisi 6apabaHOB U Oac-TUTapbl, TPeOysl MPU STOM OT TOJIb30BATEIS
JIUIITH 3aTPY3UTh CBOIO TUTAPHYIO MAPTHUIO M BRIOpATH sKaHp U CTHIIh. [IporpamMmma
MOKET ObITh UCTIOJIb30BaHA JIJISl CO3AaHUS «MUHYCOBOK» JIJISI UTPBI WM K€ JUIS TOTO,
YTOOBI MY3BIKAHT MOT OIICHUTH, KaK MPUAyMaHHAS UM MapTHus OyIeT 3ByYaTh B

Pa3INYHBIX dpAHKUPOBKAX.

Tak kak 3a1a4ya HOCUT TBOPUYECKHUI XapakTep, ObLIO PEIICHO UCIIOIb30BATh
METO/Ibl MAaIIMHHOTO 00yueHusi. beiio onpodoBano 6onee 60 Mmoenen,
Pa3IMYAIOIINXCS METOJA0OM MpeoOpa3oBaHusl BXOJHBIX U BBIXOAHBIX JAHHBIX, TUTIOM
HEUPOHHOM CETU, KOJIMYECTBOM CJIOEB U HEMPOHOB. Ha naHHBI MOMEHT HaWTy4dIllIni
pe3yJIbTaT JOCTUTHYT MPU MOMOIIY HEUPOHHOMN CETHU C OJTHUM CKPBIThIM LSTM-
cioeMm ¢ 50 HelipoHamu. B 3Tol MOJieM apTUX MHCTPYMEHTOB MPEICTABICHBI KaK

IIoCJIACA0BAaTCIIbHOCTH HOT, U KEDKI[I)Iﬁ TaKT 06pa6aTI>IBaCTCH OTACIBHO.

Koneunast TouHOCTH (accuracy) HEMPOHHOM CETU Ha BaTUAAIIMOHHON BHIOOPKE
— 80%. OnmHaKo ATOT MOKa3aTeNlb HE TIO3BOJISIET OLIEHUTh Ka4eCTBO PabOThHI
nporpamMmel. Jleno B TOM, 4TO JIaHHBIH METO]T BEIYMCIICHUS TOYHOCTHU TIPEANojaraet
JUTSL K&KJIOTO BXOJHOTO BEKTOpA — MapTHH TUTAphl — €IMHCTBEHHO BEPHBII
MPaBUJIBHBIN BHIXOJTHOM BEKTOP — MapTUH 0apabaHOB U Oac-TUTAPHI.
CoOTBETCTBEHHO, OLICHUBAETCS MPUOIMKEHHOCTh COUMHEHHON HEMPOCEThIO MapTHH
K HEeKOMY MpaBUIbHOMY OTBETY. OTHAKO 3a/1ada COUYMHEHHUS MY3bIKH TBOpYECKas,
«MPaBWIBLHBIX)» BAPUAHTOB apAHKUPOBKHA OTPOMHOE MHOXKECTBO. Tak 4TO OIICHHUTH

PE3YJbTAT MOXKET TOJILKO YCJIOBCK HaA CIIYyX.

Ha nannblif MOMEHT IporpaMmMa crocoOHa reHepupoBaTh MapTuu 0apabaHoB U

Oac-TUTapbl B CTUWISAX «POK» U «POK H POJLI».
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1 Bseaenue

B nacrosiiee Bpems uz-3a MHOTUX (aKTOpOB (HaIpuMep, MOBBIIICHUE
JIOCTYITHOCTH MY3bIKaJIbHBIX HHCTPYMEHTOB) OUEHb PacpOCTpaHeHa My3bIKalbHas
JeATEeNbHOCTh. HayuynThCsl UTpaTh HA My3bIKQJIBHOM UHCTPYMEHTE MIPU HAIMYUU
WHTEPHETA COBCEM HETPYIHO M He 3aTpaTHO. [Ipn 3TOM OHMM K3 caMbIX
pPacIpOCTPAHEHHBIX HHCTPYMEHTOB B MUPE SIBJISIETCS TUTapa, a IpOrpaMMHOE
oOecrieueHue AJig TUTapUCTOB YKe IaBHO CTaj0 MHOTOMWJIJTMOHHOW MHIYCTpUEH U
BKJIFOYAET B €0 OrPOMHOE KOJIMYECTBO Pa3HOTO poja MPUIIOKEHUN.

OpnHako CylIecTBYIOIIKE TPOrpaMMbl ABTOMATHYECKOTO aKKOMITAHEMEHTA TS
TUTapbl UMEIOT 3HAYUTEIIbHBIE HETOCTATKU. B TaHHOM IIPOEKTE NPUMEHSIETCS
NPUHIIMIUAIBHO HOBBII B 3TOW 00JIACTH MOAXO0/1 — UCIOJIb30BaHUE MAILIMHHOTO
oOyueHus AJisl CO3/1aHUs aKKOMITaHEMeHTa ¢ HyJist. Cpeaiu aHaJIoroB MPUCYTCTBYET
nporpamMma, B KOTOpOil HEMpOHHAs CeTh MOAOUPAET JJIs KaXKI0TO TaKTa KOMITO3HIIMH
HanOoJiee noaAXoAsmuid maodioH. OTHAKO 3TOT METOJ HE MO3BOJISIET CO3/1aBaTh
HUYEro Kpome 0apabaHOB, B TO BpEMs KaK MOJI€Nb, IPUMEHSIEMYIO B JaHHOM

MPOEKTE, MOXKHO O0YUYUTh UTPATh HA JTIOOOM MHCTPYMEHTE B JIIOOOM CTHIIE.



2 IlocranoBKa 3a1a4m

Lens mpoekTa — pazpaboTaTh IPOrpaMmy, aBBTOMATUYECKU CO3/AIOIILYIO
napThM 115 0apabaHOB U Oac-ruTapbl HA OCHOBE MmapTuu rutapsl. [Ipeanonaraercs,
YTO JaHHasl mporpamMma OyAeT UCIOIb30BaAThCSI BMECTE C TaOyIaTypHBIM PEIaKTOPOM
Guitar Pro, Tak kak oHa paboTaeT ¢ hpopMaTaMu ATOTO MPHIIOKEHUS.

Ha Bxoa nmporpamma monyuaet ¢aiin popmara Guitar Pro jiro0oit u3 Tpex
Bepcuii: .gp3, .gp4, .gpS — coaeprKaimii HEKOTOPOE YUCIIO IOPOKEK C
Tabynarypamu/HoTamu. [lanee moab30BaTelb UMEET BO3MOKHOCTh TOOABUTH
IPOU3BOJIBHOE YHCIIO HOBBIX JOPOXKEK U COXPAaHUTH (hailyl B OTHOM U3
NEPEYUCIICHHBIX BbIlIE (POPMATOB.

[Tpu moGaBneHNN HOBOM TOPOKKH TOJIB30BATENDb JOJKEH YKA3aTh CIIEIYIOIINE
ee MapamMeTphl:

o «PomuTenbckyro» JOPOKKY — Ty, HA OCHOBE KOTOPOH OyaeT
TeHEPUPOBATHCS HOBAS

o Tumn: Gapabanbl uin Oac-rutapa

o Xemaemblii My3bIKaJIbHBIN KaHP/CTHIIH

o HNma



3 AKTYaJbHOCTb U LleJieBasi ayIUTOPUs

Tabynatypa — aHaIOT HOTHOW 3aIMCH MY3BIKH, IIUPOKO PaCIPOCTPAHCHHBIH
cpenu rutapucto. Guitar Pro seisieTcst OJHIM U3 CaMbIX MOIYJISIPHBIX
TaOyJIaTypHBIX PEAAKTOPOB, MIPEIOCTABIISIONINX OJIH30BATEIII0 OTPOMHBIN
(bYHKIIMOHAT JIJIs1 YTE€HUs, BOCIIPOU3BEACHUS U PEJAKTUPOBAHUA KaK Ta0ynaTyp, Tak
U HOT.
LleneBas ayauTopus MPOCKTa — TUTAPUCTHI, B YaCTHOCTH MoJib3oBates Guitar Pro
U €ro aHaJoroB (OOJBIIMHCTBO MOJOOHBIX IPOrpaMM MOJACPKUBAIOT opMaT
daitmo Guitar Pro). /laHHBII TPOEKT MOXET OBITh MCITOJIb30BaH HECKOJIbKUMHU
croco0amu:
e [Ipu nmomoru NporpaMMbl TUTAPUCT MOKET CO3/1aTh «KMUHYCOBKY» JIJIsI UTPBHI.
e Ecnu My3bIKaHT IpHUIyMall TUTAPHYIO TAPTHIO, OH MOXKET MOCMOTPETh, KaK OHa
OyzeT 3By4aTh B pa3IMIHBIX apaHKUPOBKaX.

e B nanpHeiiimemM npu yiaydlIEeHUHM KadyecTBa BO3MOXKHO TPEThE MPUMEHEHHUE:
CO3/IaHME apaHUPOBKH I KOHEYHOTO poAyKTa. [Ipu Takom ncmnonp30BaHUN
MOTYT TTOMOYb VST-ITaruHbl, CIOCOOHBIC «OXKHBHUTH)» CTAHAAPTHBIN 3BYK Midi

M CACJIATH €TI0 IMMPUEMIICMbBIM IJIA KOHCUYHOM 3aIlMCH TICCHH.



4 O0630p aHaJIOTOB

JIaHHBIN TPOEKT UMEET MHOKECTBO aHAJIOI'OB, OJJHAKO 3HAUYUTEIBHO
OTJINYAETCS OT HUX KaK 00JIACTBIO MPUMEHEHUS U 1I€JIEBOM ayIUTOPUEH, TaK U
peanv3anuen.

Bce ananoru MOXHO pa3enuTh HA TPU TPYIIIBL:
1. Py4Hble, HanpuMep:
e Guitar Pro.

e TuxGuitar.

B ocHOBHOM 3TO penakTopsl Ta0ynaryp wiv HOT. Bce maptuu tam co3narorcs
BPYYHYIO ¥ HUKAKOW aBTOMaTHYECKOW F€HEpallid OHU HE BKIIOYaroT. OgHAKO,
OHU MOTYT SIBJISITCS] QHAJIOTAMHU, T.K. UMEIOT OTYACTH MMOXO0XKHUE C TAHHBIM
MIPOEKTOM LIEJIU - CO3/IJaHUE MAPTUM UHCTPYMEHTOB. TeM He MeHee, 3TO Haubosee
OTAAJICHHBIC AHAJIOTH MPOEKTA.

2. [MonyaBTOMATH3MPOBAHHbBIE, HATIPUMED:

e LA Scoring Strings.

e Band-in-a-Box.

B 3Tux nmporpammax npouecc co3/1aHusi aKKOMIIAHEMEHTa aBTOMAaTU3UPOBAH
JUIIH YaCTUYHO: TIOJIL30BATEI0 TPEOYeTCsS BBECTH B IIPOrpamMmy
MOCJIEIOBATEIHLHOCTh aKKOPJI0B, KOTOPBIE YKE OYyT OOBITPHIBATHCS
ABTOMATHUYECKH.

Takoi moaxoa UMeeT HEKOTOPbIE MUHYCHI:

o Ilonw3oBaTemnto TpeOyeTcsi yMEHHUE rapMOHU3UPOBATH MEJIOIUIO.

o Ilonb3oBaTento NpuAETCsS TPATUTh HA STOT IPOLECC BPEMSI.

o PesynpraT Bcerma Oynmer MpeacCTaBiIsSITH COOOM IMOCIENOBATEILHOCTh
aKKOPOB.

Takoke, He ObLJIO HAMIEHO HU OJTHOM MTOJ00HOM MTPOTPaMMBbI, TTO3BOJISTFOIIEH

TEHEpUPOBATh YAAPHBIE.

3. ABTOMATU3HUPOBAHHbBIE, HATIPUMED:

e Microsoft SongSmith.



e «Automatic Accompaniment Generation with Seq2Seq».
e GarageBand

DTOT BUJ] aHAJIOTOB OJIMKE BCEro K JaHHOMY MPOEKTy. bbiio HaiineHo
Bcero 3 moi00HbIe porpaMMbl. OHM MMO3BOJISIOT MOJHOCTHIO aBTOMATHYECKU
CO37]aBaTh aKKOMIIAHEMEHT, OJTHAKO TOKE UMEIOT PAJl OTJINYUHN OT JAHHOTO
npoekTa. CTOUT MOAPOOHO PACCMOTPETh KAK/IbIN U3 HUX.

Microsoft Songsmith - ato mporpamma i1 co3taHusT aKKOMITAHEMEHTA K
BOKaJly, U pad0TaeT OHa TOJIbKO ¢ HUM. OTCYTCTBYET BO3MOXHOCTh '€HEPALIUU
O0apabaHOB, TaK KaK BOKaJ M3HAYAIHHO 3aMUCHIBACTCS MO OJIMH U3 IA0JIOHOB
yaapHbIX. Tak e, pe3yJbTaT ONsATh KE MPEJICTABIAECT COOOM TOIBKO
OOBITPOBKY aKKOP/IOB.

«Automatic Accompaniment Generation with Seq2Seg» — 3o nmpoekT
Kanudopnuiickoro ynusepcutera B bepkiin, OCHOBaHHbBIN Ha paboTe
CraHdopackoro ynusepcurera. Llenpio 3Toro npoekra 0b110 MPOBEPUTH,
MOTYT JIM HEMPOCETHU TeHEPUPOBATH AKKOMITAHEMEHT K MeOAUU. MOXKHO
CKa3aThb, YTO OTBET ObLI MOITYUYEH MOJOKHUTEIbHBIN, OTHAKO PE3yIbTaT OUYEHb
IPUMUTUBEH, B 0OCOOCHHOCTH y/IapHbIE.

W, nakonen, GarageBand — nporpamma ot Apple, koTopas nmo3BoJiser
aBTOMATUYECKU TeHepupoBaTh Oapabanbl. O HemocTaTke gaHHoro 110
TOBOPUJIOCH BO BBEICHUH — ITPOrpaMma JIMIIb oA0MpaeT Hanbosee
MOAXOIAIINE «COMILIBD (11a0J0HBI OapabaHHbIX mapThil). TakuM 06pa3zom

MOJKHO CI'CHCPpHUPOBATH TOJIBKO YIAaPHBIC.

[Tocne aHanu3a aHamOroB ObUT BBISIBJIEH s/l IPEUMYILECTB IAaHHOTO MTPOEKTA!

[lonnass aBTOMaTH3alus, TpeOyrolas OT IMOJb30BaTENs TOJBKO BBIOOpA
MY3bIKaJIbHOTO JKaHpa.

B03MOXHOCTB CO34aHMs NapTUH YIAPHBIX.

['MOKOCTh MPUMEHSEMOT0 METO/AAa — BO3MOKHOCTh OOYUUTHh MOJIENIb COUMHSATH

napTUH JIIOOBIX HHCTPYMEHTOB B JIFOOOM KaHpE.



5 MaremMaTH4yecKue MO U AJTOPUTMBI

B nanHOM mpoeKkTe OBLIO PEIIEHO UCII0JIB30BATh METO/Ibl MAILIUHHOTO
oOyueHusl, TaK Kak 3aja4a HOCUT TBOpUeckuii xapakrep. CHauana ObUIO OITpoOOBaHO
UCIIOJIb30BaTh MHOTOCJIOMHBIN NEPUENTPOH, OJHAKO HE yAI0Ch JOOUTHCS
npuemiieMoro pesynbrata. [loaToMy creayromum MEeTo10M ObLIO TITyO0KOoe
oOyueHue, B YaCTHOCTH, peKyppeHTHbIe HeiiponHbie cet (PHC).

g npumenenns PHC BXxoaHble naHHBIE U BBIXOAHBIE TaHHBIE — NAPTUU
WHCTPYMEHTOB — IIPEACTABIAIOTCA B BUJE NTOCIEN0BATENBHOCTEN HOT. JlaHHas
MOJIeTh Ha3biBaeTcs (Sequence-to-sequence, mociieI0BaTeIbHOCTh K
nocnenoBarenbHocTH). [lonpoOHoe onucanue npuHuuna padotsl PHC npexacrasneno
B IIPUJIOKEHUU A.

HecMoTps Ha Bce IpEeUMyLIECTBA, KOTOPBIE 1a€T BO3MOKHOCTD «3alIOMUHATH
uHdopmaruio, y PHC ectb 001b1110i HETOCTATOK: poOIeMa JOJITOBPEMEHHBIX
3aBucuMocTeil. HelpoHbI XOpOIIO «IIOMHST» HEJABHO MOJYYEHHYIO HHPOPMALHUIO,
HO HE UMEIOT BO3MOKHOCTH HAJ0JT0 COXPAaHUTh B MaMSTH YTO-TO, YTO 0OpadoTanu
MHOTO IIMKJIOB Ha3aJl, Kakoil Obl BaxkHOU Ta MH(popmaius HU Obuta. s pemenus
9TO# MpoOsIeMbl UCTIONB3YI0T YacTHbIN Bua PHC — LSTM (Long short-term memory,
JI0JIrasi KpaTKOCPOUYHas MaMsTh). ITO 0co0asi pa3HOBUIHOCTb APXUTEKTYPbI
PEKYPPEHTHBIX HEUPOHHBIX CETEH, CIIOCOOHAsI K 00YUEHHIO JOJITOBPEMEHHBIM
3aBUCUMOCTSIM.

B nannoMm mpoekte LSTM-cetn nokazanu ce0s Jiydlne, 4eM KIacCUIeCKre

PHC. B npunoxenuu b npencrasieno onucanue npunmummna padorsl LSTM-ceTn.



6 OOyueHHBIE MOAEIN

Ha naHHbIli MOMEHT J1J1 reHepanuu 6apabaHoB ObLIO OIpoOOBaHO 66 MojeIeH,
Pa3TUYAIONTNXCSI BXOHBIME/BBIXOAHBIMH TAHHBIMU, THTIOM HEHPOCETH U
KOJIMYECTBOM CJIOEB U HEHMPOHOB. CaMbIM TJIaBHBIM [apaMETPOM SBIISIETCS CIIOCO0
npeoOpa30BaHus BXOAHBIX M BBIXOJIHBIX TAHHBIX — MAPTHl HHCTPYMEHTOB — B
BEKTOPBI, MPUTOIHBIC 71 HeiipoceTu. [1o maHHOMY mapameTpy Bce 66 Momenei
MO>KHO Pa3JeIUTh Ha 5 00UIUX KaTEerOpuil:

1. Campblii TPOCTON M OYEBU]IHBII BapUaHT, KOTOPBI HA JAHHBIA MOMEHT U
nokasaj ceos myuine Beex. Mcmons3oBanbl LSTM-cetn, 3a equHuUIly
MOCJIEIOBATEILHOCTH B35ITa OJIHA HOTA M KA/l TAaKT MMECHU aHAJIU3UPYETCS
OTIICTILHO U He3aBUCUMO. Takxke, I ’TOTO BapHaHTa MPoOOBAIOChH
UCITI0JIb30BAaTh MHOTOCIOWHBIN NEPIIENTPOH.

2. AHaNOTHYHBIA BapUaHT, HO AaHATTU3UPYETCS Cpas3y BCS MECHS —
MOCJICIOBATEIFHOCTh COCTOMT U3 HOT HE OJTHOTO TaKTa, a BCETO MPOU3BEICHMSI.

3. CuoBa LSTM-ceTn, HO 3a eIMHUILY MTOCJIEAOBATEIILHOCTH B3siTa HE HOTA, a
1enblil TakT. [lecHs aHanu3upyeTcs LEITUKOM.

4. 3amava eauTCs Ha 2 4acTH: CHayvalla Mo MapTUU TUTAPHI MepBasi HEUPOCETh
BBIZIACT TOJIBKO PUTM, a 3aT€M BTOpas MO 3TOMY PUTMY THIIET ITAPTHIO
yIapHBIX. DTO ObLJIa TOMBITKA YIPOCTUTH 33/1a4y, BEIb HEUPOCETH HE HYKHO
OyJIeT YYUTHCS U BBIACIATh PUTM, U TIUCATh MAPTUIO KOHKPETHO OapabaHoB.
bo110 onpo6oBaHo OpaTh 3a €AMHUILY MTOCIEI0BATEILHOCTH KaK HOTY, TaK U
TaKT, KaK B IIEPBOM U TPEThEM BapuaHTax. /i1 Kaxx10M U3 ABYX HEUpoceTen
ObLTH onpoOoBaHkl 2 Tuna: LSTM 1 MHOTOCITIONHBIHN TTEPIETPOH.

5. Ilaptus 6apabaHoB pa3aensiach Ha MapTUU Kaxaoro 0apadaHa OTIAENbHO, U
o0y4Jasock 6 HeWpoceTel, Kak1as yIrJiach UTPaTh HA OMPEICICHHOM

Oapabane. /lanee 1o onpeneIeHHOMY aJTOPUTMY 3TU MAPTUU OOBEIUHSIINCH.

Takoke, ObLTM ONMPOOOBAHBI pa3HbIE CITIOCOOBI ONKMCAaHKS HOThL. B KOHEUHOM HUTOTE
ruTapHas (BXo/JHasi) HOTa ONKCHIBAETCA 3 TapaMeTpaMu:

e Hora/nay3a — gorudeckas nepeMeHHast
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e KommuecTBO ChIrpaHHBIX CTPYH. BBeeHne 3T0ro napaMerpa rno3BoJIniIo
OTIPEJIENINTh, ObllIa ChITPaHa OTJEIbHAsI HOTA WM aKKOP/I, YTO CHIIBHO
YIIYYIIHJIO pe3yJIbTaT.

e J[IMTENBLHOCTh HOTHI.

Jlo0aBsIMCh TakKe MmapaMeTphl, Kak:

e BrpIcOTa HOTBL.

e Pa3HOCTB BBICOT TEKYIIEH U MPEABIAYIIEH HOT.

Hota 6apabaHoB onuchIBaeT 7 mapaMeTpaMu: MEPBbIi — JUIUTENbHOCTD, KaXIbIi

U3 CIeAyoImMX 6 0TBeYaeT 3a Kakoil-nnbo OapabaH u paBeH 1, ecnu ynap B 6apadan
owu1, u 0, eciiv HeT.

JUIsL KaXI0ro UX 3THX BApUAHTOB BaAPbUPOBAIOCH TAK)KE KOJIMYECTBO CIIOEB U
HelipoHoB B ceTu. beutn nomnbiTku 3ameHsTh LSTM na GRU u xnaccuueckyro RNN,
HO K YJIyYIIEHUIO PE3yJbTaTOB 3TO HE IPUBEIIO.

B GonbinHCTBE CiiyyaeB HEHPOHHAS CETh MOYTH HE 00yvanach (Haxoausa JIUIIb
cambl€ MPOCThIE 3aKOHOMEPHOCTH, KaK, HallpUMEP, BbIJIEIEHUE MEPBOM JOJIN), JINOO
paboTaiia Xy>Xe [epBOro BapuaHTa.

Jl1st 6ac-ruTaphbl BXOAHBIC TaHHBIEC MPE0OPa3yIOTCs CICAYIOMMNM 00pa3oM: Bce
HOTBI «IIEPEHOCATCS» B OJIHY OKTaBY, J1ajie€ HEMPOCETU JAIOTCA TE K€ MapaMeTpsl
HOT, YTO U HeWpoceTH st 6apabaHoB, ¢ 100aBiIeHHEM BBICOTHI (uncio oT 0 1o 11 — B
npenesie OHOM OKTaBbl). BrIxoaHas ke HOTa UMEET 3 mapameTpa: HoTa/may3a,

JIUTCIBHOCTD U BBICOTA HOTHI.
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7 TlporpamMmmHasi peaju3aius

JInst pa3paboTKH MpOrpaMMBbl UCIIONB30BAJICA S3bIK PYthON, Tak Kak OH cUMTaeTCs
OCHOBHBIM SI3BIKOM JJ1s1 paO0ThI ¢ HelipoceTsiMu. Ha puc. 1 nuzobpaxena cxema

KOMITOHCHTOB ITPOI'paAMMBI.

PaboTa c HelpoceTbto

tab_files.py
bass_data.py drum_data.py
neural_network_bass.py neural_network_drums.py
Ob6paboTKa cobbiTnia
qgt_form.py
GUI
form.py drum_dialog.py resources_cs.py

Puc. 1: komnonenmul npocpammoi

[Tporpammy MOKHO YCIIOBHO pa3/eiauTh Ha 3 OJioKa:
1 TI'paduueckuit unTEpPEiic MOIB30BATEINS.

[Ipu co3manum rpaduueckoro mHTepdeiica ucrnonszoBamuchk cpexa Qt Designer

JUIs pa3paboTKu au3aiiHa u OubiaroTeka Pyqts st uMmmoprta u paboThl ¢ HUM B python-

KoJie.

B nmaHHBIA OIOK MOXHO BKIIOYHTH 3 (hailma, KOTOpbIe OBLIM CTreHEPUPOBAHBI
aBTOMaTH4ecku mpu dkcropte u3 Qt Designer:

e Form.py — ¢aiin ¢ Au3aliHOM OCHOBHOM (POPMBI.

e Drum_dialog.py — aiin ¢ au3aiflHOM AMAIOrOBOrO OKHA CO3[aHHS HOBOM

JTOPOXKKH.
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Resources_cs.py — ¢aiin ¢ pecypcamu.

2 (O0paboTKka COOBITHIA.

B 3TOM 0G5i0KE omumcaHbl Bce B3aMMOJEHCTBUA MOJIb30BaTENs ¢ porpaMMmoii. OH

COCTOMT M3 OfHOro ¢aitma — qt_form.py — KoTOpbIii 3amyckaeTcs MEPBBIM IPH

OTKPBITUH IPOTrPaMMBI.

3 Pabora ¢ HeifpoceTho.
Camast cioxHasi 4yacTh MPOTPAMMBbI, Ha CO3/JaHME KOTOPOH yIlljia MOAaBIISIFOIIAs
4acTh BpEMEHHU paboThl HaJ MpoeKTOM. biiok BkiItovaet 5 ¢aitnos:
e Tab_files.py — ¢aiin, B KOTOpOM OMUCAHBI KJIACCHI It pabOTHI ¢ Ta0yIaTypaMu
(cm puc. 15).
e Bass_data.py u Drum_data.py — ¢aiiiasl, B KOTOPBIX MPOMCXOANUT IOJATOTOBKA
BXOJIHBIX JAHHBIX (KaK JJisi 00y4eHHs], TaK U JJI BAIUJAIUU U TECTUPOBAHUSA)
1 IpeoOpa3oBaHue BBIXOJa HEHPOCETH B TaOyIaTypy.
e Neural_network bass.py u Neural _network drums — daitier ¢ kogom
HelpoceTeit (s 6ac-TuTapbl U 6apabaHOB COOTBETCTBEHHO).
Crucok ucnoiib3yeMbIX OUOINOTeK:
e Keras + TensorFlow mis peamu3aiiuu HEHPOCETH.
e PyGuitarPro mans urenus gaiiio Tadysatyp.
e Numpy s paGoThl C MacCHBaMH.
e MsgPack mis cepuann3anuu JaHHBIX.
+notes @ NmaB::tona Moasure o
Note 0 1 +duration in1=? a9 :E;;tjml%l?;l:gnne . v:l';i.uitTrTrar.k o
tvalus ! int =0 —‘::ig:glnz{tﬂd_: [iﬁ: false —-‘h:lmunN_um (it =0 0. :iggﬁr.elnth;egizfe = nane
+enters * int=0 o T e rScan()

Himes :int=0 ,

1 0.

1 DrumsTrack

+measure ; Measure = none
+Scan()

Tab

+guitarTracks : GuitarTrack -
+drumsTracks | DrumsTrack
+empo :int

+version :int

+SaveTab{e g : GuitarTrack, ed : DrumsTrack, & name : string) >
+AddGuitarTrack(s track : GuitarTrack. B 1)
+AddDrums Trackie track : DrumsTrack, B t) 1

Puc. 15: ouaepamma xraccos gpaiina tab_files.py
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8 Pe3yabTaThl

[TocraBrnenHas 3a7ada Oblla peaii30BaHa YaCTUIHO: pealli30BaHa TeHepaIvsl
0apabaHOB U Oac-TUTAPHI B IBYX KAHPAX: «POK» U «POK H POJLD».

Opnako Oyarogapsi THOKOCTH Pa3pabOTaHHON CHCTEMBI, I JOOABICHHSI
HOBBIX KaHPOB TPEOYETCS JTUITH OOYUUTh YKE CYIIECTBYIONTYIO MOJIEIh HAa HOBBIX
JAHHBIX U TTIOMECTUTH (haiiyl ¢ BeCaMH B TAKy C MPOEKTOM.

Ha puc. 2 nzo6pakens! 2 rpaduka: CHHUM — aCCUracy (TOYHOCTb), OpaH)KEBbII
— loss (ommOka). [To TOpU30HTAILHOM OCH OTJIOKEHBI ITOXH OT Hayaia 00yJIeHUSI.
BunHo, 4To ommOKa najgaet, 4To sBISETCS OCHOBHBIM MPU3HAKOM YCIIEITHOTO

oOy4eHHs HeHpoceTH.

0.325 4
0.8

0.300 4

0.2754

0.6

0.250 4

0.225 4

0.4

0.200 4

0.1751 021

0.150 4

0.125 0.0

Puc. 2: epagux 10SS (owubku) — opandiceevim u accuracy (mounocmu) - CUHUM
Nrorosas TouHocts cetu ~80% miis 6ac-rurapel u ~65% 1t 6apabaHoB.
OpHako 9Ta OlleHKa BechMa yCJIOBHA, TaK Kak 3ajaya HOCUT TBOPUECKUN XapakKTep.
JIy1st OJTHOM MapTHUX THTAphl MOYKET OBITh COYMHEHO OTPOMHOE KOJIMYECTBO PA3HBIX
YIOBJIETBOPUTEIBHBIX MApTU OapabaHOB, B TO BpEeMsl KaK MOJOOHBIE METOIbI
MPEIoJIararoT TOJBKO OJIUH MPAaBUIILHBIN OTBET. Takum 00pa3om, OLIEHUTh PaboTy

IIPOrPaMMBI MOKET TOJIBKO YEJIOBEK HA CIIYX.
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9 3akjauyeHue

[To utoram npojenaHHoOl pabOThl MOKHO CKa3aTh, YTO HEUPOHHBIE CETU
OTIPEJICIICHHO CITOCOOHBI CIIPABUTHLCS C TIOCTABJICHHON 3ama4ei. [IpenmoskeHHbIi
METOJ TPEBOCXOIUT 110 BO3MOKHOCTSIM HUCIOJIb3yEMBbIE B AHAJIOTAX U UMEET
00JIbIIION TOTEHIIMAN. B anbHeiiem pe3yiabTaT MOKET ObITh 3HAYUTEIBHO YIIYUIICH
Onmarogaps 6oJee ONTUMAIBHOMY MT0I00pY MapaMeTpoB HEUPOCETH, KOPPEKTUPOBKE

(bopMaTa BXOOHBIX U BBIXOAHBIX JAHHBIX U YBCIIMYCHUIO BPCMCHHU O6y[ICHI/I$I.
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11 Mpuioxkenue A

PexkyppeHTHbIC HEHPOHHBIE CETH
Ha pucynke 3 nzobpaxena cxema PHC ¢ oqaum HelipoHOM, Nodyyaromiei Ha
BXO/I TIOCJIEI0OBATENBHOCTD Xy M JJAIOLIAs HAa BBIXOJ] IOCJIEI0BATEIbHOCTD Ay

PexyppeHTHBIE CETH, B OTJIMYHE OT OOBIYHBIX, UMEIOT OOpPaTHYIO CBSI3b: CHHAIIC,

(h)
r=an

Puc. 3: pexyppenmnas netipounas cemn ¢ 1 neuporHom

KOTOpBII;'I nepeaacT I/IH(bOpMaIII/II-O OT OAHOrIO Hmiara CCTU K Apyromy.

Ecnu «pa3BepHyTh» 00paTHYIO CBSI3b, TOJIYYUM PUCYHOK 4.

® ® ® ® @ ®

A A

A

Puc. 4: pexyppenmmnas neviponnas cemo 6 pasgepmke

Ha xaxxioi urepauyu BHyTPEHHUHN CJIOM HEMPOHOB MOJIY4aeT Ha BXOJ HOBBIN
YJICH MOCJIeI0BATEILHOCTH Xy M HH(POPMAIIMIO O MPEABIYIIEM COCTOSTHUN
BHYTPEHHETO CJI0S1 A, HA OCHOBAHUU YEr0 T€HEPUPYET HOBBIN WICH
nocienoBaTeabHOCTH hi. Takum 00pa3oM B ceTH peanu3yeTcs «ImaMsThy, 4TO
MPUHIUIHAIBHO MEHSET XapakTep €€ padoThl U MO3BOJISIET aHATTU3UPOBATH JIFOOBIC

MMOoCJICA0BATCIbHOCTH JaHHBIX, B KOTOPLIX BaA’KHO, B KAKOM IMOPAAKE UAYT 3HAYCHUA.
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12 Mpunaoxkenue b

LSTM
JIrobast pexyppeHTHas HEUPOHHAS CETh UMEET (OPMY IIETOYKH TOBTOPSIOIITUXCS
MoayJeil HelipoHHOI ceTH (cM. puc. 5). B 00brunoit PHC cTpykTypa 0HOTO TaKoro

MOJYJSl OYEHb MTPOCTA, HAITPUMED, OH MOKET MIPEACTABIATH COOOM OAMH CIIOH C

| 1 |
4 N O N ™
—p ( > —
A = A
Y J Y, \ _J

Puc. 5: croii pexyppenmHoii HetipoHHOU cemu

dbynkuuei aktuBanuu tanh (runepOoMyecKuil TAaHTEHC).
Crpykrypa LSTM Takxe HallOMHHAET LENOYKY, HO MOJIYJIM BBITJISAIAT HHAYE
(puc. 6). BmecTo ogHOTO €101 HEHPOHHOM CETH OHU COJIEPIKAT IENbIX YEThIpEe, U OTH

CJIOW B3aMMOJICUCTBYIOT OCOOCHHBIM 00pa3oM.

& D, &
| |

A

4 N\ ) 4 )

> —® —T -

A | Ledetl]) A
(o] [0]

— > —»>
U 4 > \J J
I I
&) (x) &)

Puc. 6: ciou LSTM

Ha pucynke 7 mokaszaHsl crieniMajibHbIe 0003HAYEHUS, UCTIOJIB3yEMbIC Ha CXeMaxX
(cyieBa HaIpaBo: CJION HEHPOHHOU CETH, OTOUEUHAs Olepalusi, BEKTOPHbIE TIEPEHOC,

00beTMHEHUE, KOITUPOBAHHME).
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KiroueBoit komnoneHT LSTM — 310 cocrosinue siueiiku (cell state) —
TOPHU30HTANIbHAS JIMHHS, IPOXO/ISIIAs 110 BepXHeH yacT cxemsbl (puc. 8). CocTosiHue
SYEHKU TIPOXOAUT HAMPSIMYIO Yepe3 BCIO IIETIOYKY, YUaCTBYS JIUIIb B HECKOJIBKUX
JMHENHBIX TpeoOpa3zoBanuax. MHbopmalys MOKET Jerko Te4b MO0 Hel, He
MOJIBEPTasiCh N3MEHEHUSIM.

Tem ne menee, LSTM moskeT ynansate HHOOPMALIUIO U3 COCTOSIHUS TYEHKU; ITOT
MPOLIECC PETYIUPYETCs CTPYKTYpaMu, Ha3biBaeMbIMU (pusibTpamu (gates). OUnbTpbl

MO3BOJIAIOT MPOITYCKaTh HHPOPMAIUIO HA OCHOBAHUH HEKOTOPBIX yciaoBHid. OHU

Neural Network Pointwise Vector

Layer Operation Transfer Concatenate Copy

Puc. 7: ycnosruvie obosnauenus

Ct— 1 N\ N\ Ct
€, O, >

Puc. 8: cocmosnue sauetixu
COCTOST U3 CJIOS CAUTMOMAAJIbHOW HEMPOHHOM CETU U ONEpalli TOTOYEYHOTO
YMHOKEHUS.

CurmounanbHbIN CIOM BO3BpALIAET YHCIA OT HYJIA 10 €IMHULIBI, KOTOPbIE
0003Ha4YaI0T, KaKyI0 JOJ0 KKI0TO 0JI0Ka MHPOPMAIIUU CIEAYyeT IPOITYCTUTh
Janpuie mo cetu. Hob B JaHHOM cilydae 0O3Ha4aeT “‘He MPOITyCKaTh HUYETO ,
€AUHULA — “IPOIYCTUTH BCE™ .

B LSTM Tpu Takux ¢puiabTpa, MO3BOISIONINX 3alTUIIATH U KOHTPOJIUPOBATH

COCTOSIHUE SYEUKMU.
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