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MYJIbBTUMOJAJIBHE PO3III3BHABAHHSA MOBJIEHHS
HA OCHOBI 3BYKOBUX I TEKCTOBUX JTAHUX

I'1u6oke HAB4AHHA NOGHICMIO 3MIHU/AO nidxid do mawuHHO20 nepekaady. /ocaidHuku 6 z2aaysi 2au60k020
HABYAHHS CMBOPUAU NPOCMI piuleHHSI HA 0CHO8I MAWUHHO20 HABYAHHS, SIKI nepesepulyromb HAUKpawi ekcnepmHi cucmemu.
Y yiti po6omi po3zassHymo ocHO8HI 0co6au8ocmi MAWUHHO20 nepekaady HA OCHO8I peKypeHMHUX HelpOHHUX Mepedc. Y
cmammi makoxc euceimsieHo nepesazu cucmem Ha ocHoei RNN, wo eukopucmosyroms modenb nocaidogsHocmi 0o
nocsaidogHocmi, NOpi8HAHO 31 cMamMucMuyHUMU cucmemamu mpaucaayii. [jei cucmemu MawuHHO20 nepekaady, 3aCHOBAHI
Ha modesi nocaidogHocmi do nocsaidogHocmi, 6yAuU CMEopeHi 3 BUKOPUCMAHHAM 6ib61i0mek MaWUHHO20 Hag4yaHHs Keras i
PyTorch. Ha ocHog8i ompumaHux pe3yismamie npogedeHo aHa.i3 6i61iomek ma nopigHsIHHS ix npodykmueHocmi.

Karwuosi caoea: mawuHHUll nepekaad, 2auboke HABYAHHS, PEeKYPeHMHI HelpoHHI Mepedxci, npodykmueHicmey,
keras, pytorch, sequence-to-sequence.
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MULTIMODAL SPEECH RECOGNITION BASED ON AUDIO AND TEXT DATA

Systems of machine translation of texts from one language to another simulate the work of a human translator. Their
performance depends on the ability to understand the grammar rules of the language. In translation, the basic units are not individual
words, but word combinations or phraseological units that express different concepts. Only by using them, more complex ideas can be
expressed through the translated text.

The main feature of machine translation is different length for input and output. The ability to work with different lengths of input
and output provides us with the approach of recurrent neural networks.

A recurrent neural network (RNN) is a class of artificial neural network that has connections between nodes. In this case, a
connection refers to a connection from a more distant node to a less distant node. The presence of connections allows the RNN to remember
and reproduce the entire sequence of reactions to one stimulus. From the point of view of programming, such networks are analogous to
cyclic execution, and from the point of view of the system, such networks are equivalent to a state machine. RNNs are commonly used to
process word sequences in natural language processing. Usually, a hidden Markov model (HMM) and an N-program language model are
used to process a sequence of words.

Deep learning has completely changed the approach to machine translation. Researchers in the deep learning field has created
simple solutions based on machine learning that outperform the best expert systems. In this paper was reviewed the main features of
machine translation based on recurrent neural networks. The advantages of systems based on RNN using the sequence-to-sequence model
against statistical translation systems are also highlighted in the article. Two machine translation systems based on the sequence-to-
sequence model were constructed using Keras and PyTorch machine learning libraries. Based on the obtained results, libraries analysis was
done, and their performance comparison.

Keywords: machine translation, deep learning, recurrent neural networks, performance, keras, pytorch, sequence-to-sequence.

ITocTaHoBKA MpoO/IeMH y 3arajIbHOMY BHIJISIAI
Ta ii 3B’#130K i3 BaXKJIMBUMH HAYKOBMMU Y MPAKTUYHHMH 3aBIaHHAMHI

CucteMr MaIIMHHOTO TIEPEKNAAy TEKCTiB 3 OJHIE] MOBH Ha iHIIy MOJEIIOIOTh POOOTY JIFOJMHH-
nepekiafaya. IXHsa TPOAYKTUBHICTh 3alleKUTh BiJ 31aTHOCTI PO3yMiTH TpaBuia TPaMaTUKH MOBH. Y Tepekmaji
OCHOBHHMH OJMHUIISIMH € HE OKpeMi CJIOBa, a CIOBOCHONydYeHHs abo ¢paszeosioriamu, IO BHPaXaloTh pi3HI
NOHATTS. T1IbKM BUKOPHCTOBYIOUH iX, Uepe3 TEKCT MepeKIIay MOXKHA BUCIOBUTH OUTbIN cKiaaHi imei [1].

I'os10BHOO 0COOIMBICTIO MAIIMHHOTO MEPEKIIAy € Pi3Ha JOBKUHA JUIS BBE/ICHHS Ta BUBEJCHHI. MOXINBICTh
MPaLIOBaTH 3 Pi3HOIO JJOBKUHOIO BXOY Ta BUXO/Y HaJa€e HaM MiAXiJ PeKypEeHTHHX HEHPOHHHUX Mepex [ 1-5].

Pexypentna neliponHa mepexxa (RNN) — 1e kiac mTy4dHOI HEHPOHHOT Mepexi, sSika Mae 3B'SI3KH Mik
By3JlaMH. Y IIbOMY BHIAJKy 3'€HAHHS BIJIHOCHTBHCS 1O 3'€IHAHHS Bl OUIbII BiAJaJEHOTO By3/a J0 MEHII
BigmaneHoro Bysna. HasBaicTe 3B'3kiB qo3Bosie PHH 3amam'aToByBaTH 1 BiITBOpIOBAaTH BCIO IOCTIIOBHICTH
peaxIiif Ha OJWH CTUMYJ. 3 TOYKH 30py NMPOrpaMyBaHHS B TaKWX MEpekax € aHaJor IUKIIYHOTO BUKOHAHHS, a 3
TOYKH 30pYy CHCTEMH - TakKi MepeXi eKBiBaJIeHTHI KiHIeBoMy aBTomary. RNN 3a3Buuail BUKOPHUCTOBYIOTHCS IS
00poOKH TOCIITIOBHOCTI CJHiB y 00poOmi mpupoanoi Mo [4—7]. 3a3Buuail ans oOpoOKH TMOCIHITOBHOCTI CIIiB
BHKOPHCTOBYIOTH ITpUX0BaHy Mojesb Mapkosa (HMM) i moaens moBu N-mporpam.

[Mpuxosana moxens MapkoBa (HMM) - cratucTHdHa Mozenb, sKa iMITye poOOTy Mpolecy, CX0KOro Ha
npouec MapkoBa 3 HEBIIOMUMH NapaMeTpaMy, i 3aBJIaHHs IOJISIra€ B TOMY, 1100 BrajaTH HEBiJJOMI TapaMeTpH Ha
OCHOBI criocTepexyBannx. OTpUMaHi apaMeTpy MOXKHa BHKOPHUCTOBYBAaTH B MOJAIIBIIWK aHami3. Y HOpMajbHIiH
Mojeni MapkoBa CTaH BIJIOMHi criocTepirauyeBi, TOMy HMOBIPHICTh HEpPEXOAiB € oqHUM 3 mapamerpis. Y NMM

22 Herald of Khmelnytskyi national university, Issue 5, 2022 (313)


https://orcid.org/0000-0003-0064-6584
oleh.a.basystiuk@lpnu.com
https://orcid.org/0000-0002-2114-3436
nataliia.i.melnykova@lpnu.ua

TexHiuHi HayKu ISSN 2307-5732

MOJKHA CITOCTEpIraTH JIMIIE 3MiHHI, Ha SKi BIUTMBAE 1ei cTad. KokeH cTaH Mae HMOBIPHICHHIA PO3IOMALT CEpell yCiX
MOJKJIMBUX BUXIJHUX 3Ha4CHb. TOMY MOCIIJOBHICTh CIiB, 3reHepoBaHa NMM, nae inpopMalliiro mpo mociioBHICTh
craniB. NMM Mo’kHa BBa)KaTu HaHIPOCTILIOO 0aii€CiBCHKOI0 MEPEKEIO.

BaiiecoBa mepexa — rpadiyHa MOJENb Y BUINISAI CHPSMOBAHOTO AIMKIIYHOTO rpada, KO>KHa BepLIMHA
SKOTO BIJNOBIJIa€ BUITAJKOBIH BEIWYMHI, a Ayrd rpada KOAYIOTh BiIHOCUHM YMOBHOI HE3aJIS)KHOCTI MK IMMH
3MIHHUMH. BepmmHH MOXYTh MpEICTaBISTH 3MiHHI OyAb-sSKOro THIy, OyTH 3BaXCHUMH IapaMmeTpaMH,
NPUXOBAaHMUMHU 3MIHHUMH a00 rirnore3amu. ICHYIOTh epEeKTHBHI METO/IH, SIKI BUKOPUCTOBYIOTBCS ISl PO3PaXyHKY Ta
JOCTIKeHHST OaifeciBchkux Mepex. s mpoBeneHHS HMOBIpHICHOTO BHBEICHHS B OaifeCiBCBKHX Mepekax
BUKOPUCTOBYIOTHCS SIK TOUHI, TaK i HAOMIwKeHi anropurmu [8, 9].

Bukiaa ocHOBHOro Mmartepiany
OcnoBHa iges RNN nomsrae y BUKOpUCTaHHI peKypcii st popMyBaHHS BeKTOpa (BikCOBaHOI pO3MipHOCTI

3 BXigHOI mochimoBHOCTI cuMBoiiB. Ilpumyctumo, mo Ha Kpomi t BEKTOp ht_lﬁr_1, SKHH € ICTOpi€0 BCIiX

nonepeanix cnis. RNN oGunciute HOBHil Bektop A, E (fioro BHYTpIIIHIN cTaH), KUl MOEOHYE BCi MOMEpeaHi
cosa (X, X,,...,X, ;) (X1,%5, ..., Xs_q ) 1 HOBHIT CHMBOI X, b, 3a nonomororo:
b= @y(x,5 1), (D

VY 1poMy piBHSHHI IPUCYTHI HACTYITHI MTapaMeTpH: kog — ¢yHKIis, TapamMeTpu3oBaHa 6, ska OTpEMye HOBE
BXiaHe c110B0 Jr, Ta icTopito ciiB h_, lh,_s 10 (¢ —1)-N crosa. Tlo-niepire, MOKHa BBayKaTH, 110 h, h, - HyboBHL

BeKTOp. PekypeHTHa (yHKIIS akTHBaUil ¢ 3a3BHYail peayidyeTbcs siK adiHHE NMEPEeTBOPEHHS, 3a SKUM CIiIye
HeJliHilHa QyHKIS:

h, =tanh(Wx, +Uh,_, +b), (2)

VY upoMy piBHAHHI IPUCYTHI Taki mapaMeTpH: BXiHA BaroBa Matpuis W, peKypeHTHa BaroBa marpuis U
Ta BEKTOp 3MilIeHHs b. 3BepHITh yBary, 1o Iie He €IUHUN BapiaHT. [CHye MUpPOKUi POCTip I po3pOOKH HOBUX
MOBTOPIOBAHUX (DYHKIIIN aKTHBALI.

JeranpHine npo poboTy METOy NepeKiIaay TEKCTY Ha OCHOBI HEHPOHHHUX Mepex. [aes 1poro anropurmy,
IO CYTi, POCTA i CKITAAETHCS 3 HACTYITHUX KPOKIB:

1. KomyBaHHS BXiTHOTO TEKCTYy MOBH A B Ha0ip JaHUX;
2. JexonmyBaHHS HaOOpYy TaHUX MOBOIO B.

Po3risiHeMO aNropuT™ KOJyBaHHS TEKCTY Ha MpHKIIaAi pono3uiii: «[Ipukiian HeHpOHHOT Mepexi»:

BukoHaBIIM Taky MpOCTy OMNEpalilo, MU OTPUMYEMO 3aKOIOBAHWII TEKCT, SIKMH BHIIsiIAc sIK HaOip
YHUCIIOBHUX JaHuX. Ha mouaTkoBOMYy erari HaBYaHHS 1l YMCIIa € BUIIQJKOBHMH 1 [C€HEPYIOTHCS aITOPUTMOM TaKOX
BUINAJKOBO. HacTylnHe NpOXOKEHHs TeKCTy, SIKUi yke 3akopoBaHo, RNN Oyne OliHIOBAaTHCS IO TOrO Camoro
YHCIIOBOTO HA0OpY JaHUX. AJITOPUTM JIEKOJYBaHHS TEKCTY MpAIIO€ SIK KOIYBaHHS, TUIbKM HABIAKW — Ha BXiJ
HAJIXOIWTH HaOip YMCIOBUX JAaHUX i BUBOIUTHCS HMOBIPHHIA TEKCT, SIKHH BiNMOBIAE UM IaHUM [5—7].

[Ticnst TOTO SIK MM 3pO3yMIJI CYTh KOJYBaHHS 1 IEKOAYBaHHS TEKCTY, MIEPEXOJUMO J0 CaMmoi CyTi HAIIOTO
3aBIaHHS - MAIIMHHOTO IEPEKIaay 1 HOro 3arajJbHOro anropurMy. st IbOro HaM MPOCTO MOTPIOHO MOEAHATH IIi
181 RNN - 1 kotyBaHHS Ta I€KOyBaHHS - 1 OTPUMATH HACTYITHUN pe3yJIbTaT:

TakuM YMHOM, MH OTPHMYEMO 3arajbHHH CIIOCIO NMEPETBOPEHHS MOCHIZOBHOCTI YKPaiHCHKHMX CIIIB HA
€KBIBaJICHTHY IMOCJIIIOBHICTh aHITIMCHKUX CIIB, [I¢ TaK 3BAaHWUMU, MOCIIIOBHUI METO] MOBHOTO IIepeKiIaay Sequence-
to-Sequence. OCHOBHUMH TiepeBaraMu MeToy € [3—6]:

- e miaxin ooMexeHuid 00csiroM HabOpy HaBYAIBHUX JaHUX 1 0OYHMCITIOBAIIEHOIO MOTYXKHICTIO, SIKY BU
MOXeTe BHJUTUTH JUIs nepekiany. JJoCciilHUKK MallMHHOTO HaBYaHHS BUHAWILIM LEH METOJ JIMIIe KiIbKa POKIB
TOMY, aje TaKi CHCTeMH B)X€ TMPamIoIOTh Kpamle, HiK CTAaTUCTUYHI CHCTEMH MAIIMHHOTO IepeKiany, SsKi
PO3BHBAJIMCSA MPOTITOM OcTaHHIX 20 POKiB;

- cHcTeMa He 3aJIeKUTh Bij 3HaHHS OyJb-SKHX IPaBHJI MOBH. AJTOPHTM CaM BH3Hauae€ Ii MpaBmia i
MOCTIHHO aJanTyeThCs.

Excnepnmentn

[aBaiiTe mpoBeneMoO EKCIIEPUMEHTH Ha OCHOBI ABOX Oi0JIOTEK MAaIlIMHHOTO HaBYAaHHS, HAIUCAaHMX Ha
Python — PyTorch i Keras. OcHOBOIO alropuTMmy € MeToj HOCIHiOBHOro HaB4aHHS. OTXKe, MM MAaEMO HaBUMTH
Hally MaiOyTHIO MOZENb, sIKa MepeKiIagaTiMe Hall TeKCT. [ boro aBaiiTe CTBOPUMO MIPOCTHH HaOIp AaHUX IS
HaBYaHHS:

Tab6mums 1
Ha6ip nannx s Hapyanaa RNN
English Ykpaincbka
An example of a neural network . Tpuknan HEWPOHHOT MEpEKi .
Hello ! Ipusir !
How are you ? Sk ciipau ?
I'm fine ! Bcee mobpe !
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Thank you ! sixyro !
Fine . JHobGpe .
Good . Hobpe .

What are you waiting for ?

Yoro tu 4yekaem ?

Recurrent neural network .

PexypenTHa HellpoHHaA Mepexa .

Success !

VYenix !

Sk GaunTe, HaBYAJIBHUI HaOlp MaHuX ckiaagaeTbes 3 10 ¢pas, Mu mpoBeneMo Il JaHi Yyepe3 Hallli MOJeli,
ITICJIS YOTO OLIHUMO MIBUAKICTD 1 TOUHICTH Mozeneii [10].
B pe3ynbraTi IUX TBOX alrOpUTMIB MM OTPUMYEMO TaKi JaHi:

HopiBusinua pedyabTaTiB Keras Ta PyTorch

Ha3ssa Yac Huxan  |Koediuientn| Toumicts

oioTioTeKH HaBYAHHS HaBYaHHSA BTpat nepekaany
Keras 4150millis 400 0.0027 100%
PyTorch 5800millis 650 0.0021 100%

Posristeemo 1 maHi geTajibHIlIe:

Tabmuws 2

e Yac HaBuyaHHs]. 3HA4YEHHS, AKE ITOKA3y€ Yac HABYAHHS MOJei. |'0OJIOBHIM YHMHOM 3aJI€XHTH BiX
cepenoBHINa, Ji¢ 3amyckaBcsi cueHapi. Cepenmosmine o3Havae 1moTouHi xapakrepuctuku I1K;

o0uncITIoBaIbHA TOTYKHICTB TIpoliecopa Ta ii 3aBaHTa)KeHHs! 1HIIMMH POLIECaMU.

e  TpeHyBaibHI neTi. 3HAYEHHsI, SIKE MTOKA3y€ [MKIM HaBYaHHS MoJieli. Mu cami 1aemo.
e KoeodimienT BTpar. 3HaueHHs, SKe IOKa3ye TOYHICTh HaBueHol Mmopeni. lle mokasHuk Toro,

HACKIJIBKH XOpo1a Baiia MOJCIb.

e  TouHicTh nepekiiaay. 3HAUEHHs, SIKE MOKAa3y€e y BIICOTKAX TEPMiH 3HAYECHHS pe4eHb NMPABUIEHOTO

MIepeKIIamy.

Takum uymHOM, 30ipka Momemi Ha ocHOBi OiOmiorekn Keras BusBmIacs eQEeKTHBHINIOW, HIK MOJENb
PyTorch, mopiBHsIHHsS 0a3yeTbcsi HA 4acy HABUYAHHS], IIMKJIAX HaBYAHHS Ta 4acTOTI NOMMIOK. Uepe3 HeBenHKuil
HaOlp HaBYaJbHUX JaHUX OOHIBa AaJrOPUTMH JAEMOHCTPYIOTH MAKCHMAaJbHY TOYHICTH mepekinany. Y pasi
30UTBIICHHST 00CITY HaBYaJbHOTO HA0OPY MaHWX, MOJENi 3a0e3medarb 30BCiM IHIMHN KoedillieHT BTpaT i TOYHICTH
nepekyamy, 9ac HaBuaHHs i KOe(iieHT BTpAT 30UTBIINTHCS, 2 TOYHICTh 3MEHIITUTHCS.

PesyabraTn

VY cTaTTi ONMMCaHO MPOEKTYBAaHHS Ta CTBOPEHHS JABOX CHCTEM IEPEKIIaay TEKCTY 3 OJIHi€T MOBU Ha iHIIY Ha
ocHoBi 0ibmiotek Keras ta PyTorch ML. Pesynprar poGoti MoXHa 1moOauuTH Ha PUCYHKY. 3, Jie alIrOpPUTM
MIPaBUIIBHO PO3Mi3HABAB (IIEPEKIIaB) PEUCHHS B KOXKHOMY BUIIAJIKY .

Input text: MNpuknapg HehpoHHoi mepexi .
Decoded text: Example of the neural network .

Input text: Mpueir !
Decoded text: Hello

Input text: Ak cnpaeu 7
Decoded text: How are you 7

Input text: Bce pobpe !
Decoded text: Everything is good !

Input text: fdskyw !
Decoded text: Thank

Input text: foGpe .
Decoded text: Fine .

Input text: Knacwo .
Decoded text: Cool .

Input text: Yoro Tn

you !

yekaew ?

Decoded text: What are you waiting for ?

Input text: PeKkypeHTHa HeHpoHHa Mepexa .
Decoded text: Recurrent neural network .

Input text: Ycnix !

Decoded text: Success !
Puc. 3. PesyabraTu nepexiany
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RNN, sk ¥ iHINI KJIacd HEHPOHHMX MEpEX, PO3BHUBAIOTHCS HACTUIBKM IIBHJKO, IO CTAE BCE Ba)Kye
BiJICTIIZIKOBYBATH HOBI, OUTBII I[iKaB1 Ta CKJIA/IHIII MOJIEII i BUPIMICHHS OB CKIIQJHUX 1 3aIUTyTAHUX 3aBJaHb.
Li mociioBHI METOAM HaBYAaHHS HEHPOHHUX MEPEX MOXYTh OyTH BHKOPUCTaHI B iHIIMX cdepax, HE TIJIbKH B
MalIMHHOMY Inepekiazi. [Ipoctumu npukianamMmu € MoJeli, sSiKi MOXKYTh CTBOPIOBATH CIIOBECHI OITUCH 300paKeHHS,
pO3Ii3HaBaTH TOJIOC 1 MATPUMYBaTH po3MoBy. Ha Hamy nymky, po3sutok RNN mpusBene m0 HOsSBH PO3yMHHX
MOMIYHHKIB, 3JaTHUX PO3Ii3HABATH I0JIOC BIACHUKA 1 MPaBUIILHO crpuiiMaTy 3aBaanHs. Ha nanuit MomeHT RNN €
HaOUTBII YacTO BHKOPHCTOBYBAaHMMH B MAIIMHHOMY TEpeKiali, i MH IyMaeMmo, o I cdepa Takox Oynme
MOJIepHi30BaHa HAHOIIMKINM JaCOM.

BucHOBKH 3 JaHOT0 AOCTiM:KeHHS i MepCNeKTHBYU MOJAJbIINX PO3BiIOK Yy TaHOMY HANpsAMi
3rigHO 3 pe3yibTaTaMH EKCIIEPHMEHTY, MOIENb Ha OcHOBi Oibmiorexm Keras Oimpin edextwBHA miis
MOTOYHOTO HaOOpYy HaBYAJNbHUX JaHUX. 3ayBaXkKTe, IO PE3YJIbTaTH JOCTIUKEHHS MOYKHA BBa)XKaTH PEJICBAHTHUMHU
JMIIe JUIS HEBEJIMKUX HaOOpiB JIaHMX, a SKICTh MepeKiIaly Ta 4ac HaB4YaHHA OyIyTh 3MiHEHI Micis 301JbLICHHS
o0csiry Habopy HaBYaJIbHUX JaHWX. HacTymHUit etan bOro DOCIIKEHHSI MOXKE CKJIQJaTHCS 3 HaBYaHHS MOJEII y
BEJIMKHX 00CATax JaHUX 3 aHATI30M i OPIBHSIHHAM SIKOCTI Ta MIBHIKOCTI 1 poOoTH.
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