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METOJ{T ®OPMYBAHHS 3ASIBOK NMPHUPOJHOIO MOBOIO HA OCHOBI
BJIOCKOHAJEHOT MOJIEJII BERT

Po3riIsHYTO OCHOBHI OCOOJIMBOCTI (hOPMYBaHHS 3asiBKM Ha OTPUMAaHHs MOCIYTH K OJHIET 3
BaXJIMBUX 3alad CYYaCHMX CHCTeM YINpaBdiHHA mociyramu. [IpoBeIeHO aHami3 Cy4acHHX
iHpOpPMaLlifHUX CUCTEM 1 TEXHOJIOTiM, BM3HAYEHO MepeBarv i HEeJONIKM iCHYHOUHMX Mopenei i
METO[IB, SKi BUKOPHCTOBYIOThCS MJISI BUPILIeHHS wLiel 3amaui. Po3pobieHo xomOiHOBaHMiT MeTOx
(opMyBaHHS 3aSBOK Ha OTPUMAaHHS MOCIYTH, B SKOMY MOETHYIOThCs ocobnmBocti Moneni BERT,
MPOCTIIIMX METOMiB MAaIIMHHOTO HABYAaHHsI Ta OalieciBChKOl Kinacupikarii. PosriasaHyTo ocodnuBocti
nporpaMHOi peamizauii Ta ampoOamii po3poOiIeHOro MeTomy Ha MpPHKIAii BHUPIMEHHS 3amadi
dhopmyBaHHS i 00pOOKH 3aBOK Ha OPEHIY aBTOMOO1TIB.

1. Beryn

[lepeBakHa GinbiicTs cyyacHux ingopmaniitnux cucrem (IC) ynpasninus Oi3Hec-AisyIbHICTIO
MiAMPUEMCTB Ta OpraHizalliif moOymoBaHa Ha OCHOBI KOHIIETIIT HaJaHHs MOCIYT i YIpaBIiHHI IUMHU
nocayramu. [0Jl0BHa ifies 1i€i KOHIEMNIiT moJsrae He B MPOCYBaHHI HOBHX MPOIYKTIiB HA PUHOK, a B
30CepepKeHHi 3yCHIlb MiAMPHEMCTBA Y1 OpraHizalii Ha 3am0BojieHHI moTped kiieHtiB [1]. 3 2005
pOKy movanics poOOTH 3i CTBOPEHHsI TUMOBOI CHCTEMH YMpaBIliHHA MociayraMu, 0a3oBaHi Ha Wil
koHUenii. OCHOBHUM MOTOYHUM Pe3yJIbTAaTOM LIUX POOIT CJia BU3HATH 3adiKcoBaHi y CTaHIapTi
ISO 20000:2018 ocHOBHI BUMOTH 10 MpPOIECIB Ta GyHKLiH Takoi cucTeMu [2]. 3a IMMHU BUMOTaMH,
Ha/laHHA Oy/b-KO1 MOCIYTH MOXKIIMBE 200 3a pe3y/IbTaToM BH3HAuSHHs MOTPeOr KOXKHOTO OKPEeMOro
KOpHCTYBava (3assBKM Ha OTPUMaHHS MOCIYTH), a00 3a pe3y/IbTaToM aHallizy MHOKHHU aHaJOTiYHUX,
panime chopMyTpOBaHNX MOTPed 3HAYHOI KiTbKOCTI koprcTyBadiB. Tomy mpoGnemu, mo’s3aHi 3
BUpILIGHHSM 3aja4i (OopMyBaHHS 3asBOK Ha OTPUMaHHS TOCIYTH, CJiJl BU3HATH TaKUMH, LIO0
BHMaratoTb 0COOIMBOT yBar.

Ha »aib, 3a3HaveHi y [2] BUMOrM He MOXYTh HaJaTH Hisikoi iHdopMarii mono monenei ta
METO/IiB, SIKi MO)KHA 3aCTOCOBYBAaTH Ul BHpIIIEHHS 3aha4 yIpaBliHHA mociyramu. Tomy mig dac
ctBoperHs okpemux IC Ta iHpopmaniiinux Ttexuosoriii (IT) aBroMaTH30BaHOTO YIpaBliHHA
MocayraMu y pi3HHX TMPeIMEeTHUX Tally3sX TMOCTiiHO iCHye HeoOXiJIHICTh MOIIYKY, po3poOKu abo
BIOCKOHAJICHHST MoJeNiedl, MeTOHiB i aJropuTMmiB, siki Morau O BUPIIIWUTH BiAMOBIAHI 3amadi
HalKpalyM YHHOM.

Ll HEeoOXigHiCcTh 3HAYHO YCKIAJHIOE MpoBedeHHs poOiT 3i ctBopenHs IT BupimenHs 3amadi
(opMyBaHHs 3asgBOK Ha OTPUMaHHs TOCIYrd. 3a3HauyeHe YCKJIaJHEeHHs, 30KpeMa, IOB’s3aHe 3
HeoOxiHicTIo 3acTocoByBaTy Aust wiel I'T momeni i MeTonu, siki BiAnosigany 6 TakuM yMOBaM:

a) MOXKJIMBICTB CIIPUHHATTS MOTped KOpHUCTYBava, chopMyTbOBaHUX HOTO IPHUPOAHOIO MOBOIO;

0) MOXIJIMBICTB MOCTYMOBOT popMalti3alii 3adikCOBaHNX OIMUCIB MOTPed KOPUCTYBada;

B) MOXUIMBICTb TomepenHpoi kiacuikamii chopMoOBaHMX 3afBOK 3 METOI0 MOKpAIeHHS
HAJaHHS BiAMOBIAHOT TTOCTYTH.

OpHUM 3 HampsiMiB pO3pOOKHM Ta BJOCKOHAJICHHS 3TajJyBaHUX BHIIe MOJelNiel i MeToAiB €
nocriitHe 30ibLIEHHS MO3UTHBHOTO OCBIly KOPHUCTYBadiB Takux cucteM. JlocBia kopuctyBaua Oyne
MO3UTHBHUM, SIKIIO MpU 0(OPMIICHHI 3asBKH Ha OTPUMaHHs MOCIyTH oMy HeoOXiqHo Oyae nuine
HaJaTH CBOI JaHI y cucTeMy uepe3 iHTepdelic Ta He KOHTAKTyBaTH i3 MEHeKepamu i iX
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niaTBepmkeHHs. Lle ckopodye yac Ha odopmieHHs 3asBKM Ta mosermrye nei mpouec. Kpim Toro,
KOJJM KOPHCTYBad HE BUTpadae 4yac Ha PO3SMOBHM 3 MEHe[KepoM Ta Ha yTOYHeHHs iHdopmauii,
MiZIBULIY€EThCS HOTO JIOSUTBHICTB IO KOMIaHii Ta 3allikaBlIeHiCTh Y KOPHCTYBaHHI ii mocimyramu. 3
iHmoro 60Ky, CKOPOYEHHS BUTpAT 4yacy MEHe[Kepa 3a paXyHOK HeydyacTi B O()OpMIIEHHI 3asBOK
TaKOXK TIO3UTUBHO CIIpHsie Oi3HECOBI.

Take 30iblIIEHHS] TO3UTUBHOIO JOCBIAY KOPUCTYBaYiB i Oi3HECY CTaE OCOOIUBO BaKJIUBUM ITiJ]
4yac ctBopeHHs Ta excruryaranii IC ta IT aBromMarn3oBaHOro ympaBiiHHS MOCIyraMu, 3asBKH Ha
OTPUMaHHS fAKAX (OPMYIOTBCS KOpPHCTYBadyaMH MPHUPOJHOIO MOBOIO Yy BHIISNAI KOPOTKHX
HECTPYKTYPOBaHUX TEKCTiB. Taki 3asBKM € XapaKTepHUMHU JJIsi CACTEM MAJIOro i cepelHboro Oi3Hecy,
a TakoX Ui TuIaTdopM IUCTAHLIHHOTO HaZaHHS JepXKaBHUX MOCIYT IpoMajasdHaM KpaiHu duu
okpemMoro perioHy. Tomy icHye mocTiiiHa HEOOXiqHICTh MPOBEAEHHS HAyKOBO-IOCIIAHUX POOIT Ta
peastizanii crapramis, CIpSIMOBaHUX Ha IMOCTiliHE MOJIMIIEHHS MOAETeH i MEeTOiB po3Mi3HaBaHHS
KOPOTKHX TEKCTIiB MPHUPOJHOIO MOBOIO Ta TPUKIaTHUX 3acobiB 1X peamizamii. Haibinbury
3alliKaBIeHICTh MiJl Yac MPOBEAEHHS JOCTiUKeHb B MeXax LbOr0 HANPAMKY 3 ypaxyBaHHIM yMOB a)
Ta B) BUKJIMKAIOTh MOJIEII i METOAM IITYYHOTO IHTENEKTY, sKi JO3BOJIAIOTH (hopMaltizyBaTH 00pOoOKyY
TEKCTiB MPUPOIHOIO MOBOO Ta OTPUMYBATH 3 IIMX TEKCTIB JaHi i 3HaHH, HEOOXiIHI 11 opopMIICHHS
3asBOK. ToMy MpoBeeHHs JOCIiIKEeHb 3 BAOCKOHAJIEHHS Ta PO3BUTKY iCHYIOUMX METOIB IITYYHOTO
iHTeNeKTy, crnpsMOBaHUX Ha O0OpOoOKYy MPHUPOAHOI MOBU KOPHCTYyBa4a, € aKTyaJlbHUMH st
MOJTIMIIeHHs BUPILIeHHS 3a1a4i (popMyBaHHS 3a9BOK Ha OTPUMAHHS MOCIYTH.

2. AHaji3 JiTepaTypHHX JaHHUX i IOCTAHOBKA NPOOJIEeMH JOCTiKEHHSA

2.1. AmHani3 cyyacHHX iHjopmaniiHMX TexHoJOriii, BHKOPHCTOBYBAHHX [JIsl
aBToMaTn3anii GpopMyBaHHS 3asBOK Ha OTPHMAHHSA NMOCIYTH

[Mpouec dopmyBaHHS 3asgBOK Ha OTPUMAaHHS TOCIYTH € HEBiJl’€MHOK YacTHHOK CHCTEM
yTpaBiIiHHA TiJNPUEMCTBAMH Ta OpraHizalisiMd y pIi3HUX Taly3iX EKOHOMI4HOI HisIbHOCTI
cycninbcrBa. ToMy He OUBHO, IO 3HAYHA KiJIbKICTh CydacHHX po3poOok B ramysi IT mpucesyena
BHpIlIEHHIO TPoOJIeMH aBTOMaTH3aiii boro mpouecy. Taki po3pobku, 3a3sudaii, € IC ado IT, 1o
MOEAHYIOTE B OOl pi3HOMaHiTHI (yHKLIT 3 MeTo0 MigBHMINEHHS e(eKTUBHOCTI, 3py4YHOCTI Ta
TOYHOCTI BUKOHAHHS OKpEMHX TpoleciB i yHKILiN yrnpaBiniHHs mociayramu [3].

Baxmeoro wactuHoro Takux IC abo IT e ounaitH-mnardopma, ska O3BOJSE KIi€HTaM
3IiiCHIOBATH peai3amiio 3asBKH HAa OTPHMaHHA TOCIYTH depe3 BeO-caifT abo MoOinpHMI 101aTOK
[3-5]. KopucrtyBaui, Hanpukiaa, MOXKYTh MiJl 4ac CTBOPEHHS 3asSBKM BU3HA4YaTH OCOOJIMBOCTI OTHCY
MOCITYTH, BUXOASYHN 3 TIPEIMETHOT raysi, BkasyBaTH TEPMiHH Ta Miclle OTpUMaHHSA 00paHOi MOCIYTH,
a TaKoX Jo/aBaTH aoJaTkoBi omuii. Taki cMcTeMH BKIIIOYAIOTH TAaKOX MOIYJi AJsl BHYTPILIHBOTO
yTpaBiiHHA KOMIaHI€0, BKIIOUaOUH OOMiK MOCIYT, SIKi MOXKe OTpUMaTH KOPUCTYBad, PO3MOIN LNX
MOCIYT MiX Pi3HHMH JIOKAIliIMH, BeleHHs iCTOpii 0OCIyroByBaHHS Ta CTaHIB OKPEMHX IMOCIHYT, a
TaKO)X MOHITOPUHT pecypciB, sIKi BUTpavyalOThCs il 4ac HaJlaHHS MOCIyTH 3a 3asBkoto [3, 5]. Kpim
toro, Taki IC abo IT MoxyTs BKTIOYaTH MOAYMi T (hiHAHCOBOTO OONiKY, BUCTABIEHHS PaxyHKIB Ta
00poOKkn nmaHux mpo omiaty [3]. ®yHkmioHaneHi MokiauBocTi Takux IC abo IT MoxyTh
pO3MIMPIOBATHCS B PE3yNIbTATI iHTErpalil A0JaTKOBMX aHATITHYHUX CEpPBIiCiB UM TeXHOJOTiH [3-5].
Taki iHCTpyMEHTH JO3BOJIIOTH KEPIBHUIITBY MiJNPUEMCTB abo opraHizamiii OILiHIOBATH
e(heKTUBHICTh HAJAHHS MOCIYT, BUSABISATH TEHACHLI] MONUTY HA OKPeMi MOCIYTH Ta rPYNu MOCIYT,
(dopMyBaTH i MpUMaTH YIpaBlIiHCBKI pimmeHHs Toino. B mimomy monioni IC a6o IT mominminyroTh
yTpaBIiHHS TUMH TaTy3sMH €KOHOMIYHOT TisSUTBHOCTI, sIKi 6a3yrOThCs Ha Tpollecax HaJaHHs TOCIYT,
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110 JI03BOJIsIE 30CEPEANTHCS Ha MOKpAIeHHI 00CIyroByBaHHS KIIEHTIB Ta ONTUMi3alii BHyTPIMIHIX
pouecis.

AxTyanbHUM 0a30BHM MiAX0OAOM JI0 aBTOMaTH3aLil nmpoueciB GpopmMyBaHHs Ta 00pOOKH 3asBOK
Ha OTPUMAHHS TOCIYTH 3alMWIIAETCS MiAXifA, SKui 0a3yeTbcs HA BUKOPHCTAHHI peKOMEHAALiiTHNX
cucteM. Lleit miaxin 3actocoByeTbes B IT-mpoaykrax OCHOBHMX KOMIaHiM, 1O € JiaepamMu LbOro
cermeHTy puHKy [6]. Taki IT-mpomykTu n03BOJAIOTL PO3POONATH pi3HI peKOMeHAalil, JIerko
[HTerpyloThcsl /10 ICHYIOUMX CHCTEM Ta MaloTh 3py4YHMI kaOiHeT agmiHicTparopa fK iHCTPYMEHT
ynpaBniHAA QYHKIISIMH pekoMeHnaliiHoi cucreMn. MexaHism pexomernnaniii Taknx IT-nmpomyxris
Moke OyTH 3acTOCOBaHHUil A0 OyIb-SKOTO JOMEHY MPEAMETHOI raiy3i, KOTPHH XapakTepHu3yeThCs
HasIBHICTIO KaTajory MOCIyT i MOXKIIMBICTIO B3aEMOJIIT 3 BENMKOIO KiJIBKICTIO KOpHCTyBadiB [6, 7].
3acTocoBaHa y BeO- Ta MOOINBHMX JOAaTKaX peKoMeHJaliliHa cucTeMa CIpUsie MOMiIMLIeHHIO
KOPHUCTYBALIbKOIO JOCBiy 3a paxyHOK HaJaHHS KOXXHOMY OKPEMOMY KOPHCTyBaudy MOCIYTH, fKa
XapaKTepu3yeThCsl HaliOINbIIOI PENICBAaHTHICTIO OkpeMili 3asBLi Lboro xopucrysada [7, 8]. [lpu
npoMy B TakuX IT-mpomykrax € MOXJIMBICTD BM3HAUaTH Pi3HI TUIM BIACTHBOCTEH MOCIYTH, SKi
MiAAA0THCS aHali3y 3 BUKOPUCTAHHAM PpEKOMEHAALIMHMX Mojeneldl Ha OCHOBI BMICTy 3asiBKH
kopucTyBada [7]. JlonaTkoBOIO BIACTHBICTIO LMX MPOAYKTIB € MOMKJIMBICTb BUKOPUCTAaHHS (inbTpiB
abo OycrepiB mig 4ac po3poOKU MPaBHIJI PEKOMEHAAIiHHOI CUCTEMH, IO JO3BOJISE ITiBUILYBATH
SAKICTh IUX MpaBuiI [6].

OKpeMOoI0 0COONUBICTIO pekoMeHaliitHux cucteM Ta [T Ha X OCHOBI € MexaHi3M B3aeMOil
Mik oumu IT Ta IC a6o IT, siki BUKOPUCTOBYIOTh PEKOMEHMAIiMHI CHCTEMH y CBOIM MisNIHOCTI.
CyuacHi pexomeHpauniiizi I'T sk ocHOBHI BapiaHTH peai3alii Takoi B3aeMOZii po3NIAAal0Th: BiIPKETH
HTML, API na croponi kiienta, API Ha cTopoHi cepBepa abo inTerparii cermenTa [6].

Jns iHimiamii creHapiiB poOOTH pexkoMeHIaIiifHOT CHCTeMH HeoOXiJHa HasfBHICTH 3asBKH
KOpHCTyBa4da Ha OTPHUMAaHHS MOCIyTH 3 TyOmikarieto i€l 3asBku Ha BeO-caiiTi abo y MoOinbHOMY
nonatky IC abo IT, B enexkTpoHHi# momTi kopucTyBada Tomio. KoskeH ciieHapiii opieHTOoBaHHMiT Ha
NEeBHUH TUN peKoMeHJaliil, Hanpukiag: peKoMeHJalis Ui KOHKPETHOro KOpHCTyBaua,
peKoMeH[allis eNeMeHTIB, TOB'SI3aHUX i3 3ajdBKOI0 YM TIOCHYrol abdo TepcoHaNi30BaHMI
MOBHOTEKCTOBUH noluyk. KpiM 1boro, Ko>keH cleHapiii Mae MOXJIMBICTb A0AATKOBUX HaNalUTyBaHb.

Baxany peanizauiro pekoMeHAaliliHOT Moaeni BU3Hauae peKOMeHalilfHa Jorika, A pi3HuX
BUTAJKIB BUKOPHCTAHHA pPEKOMEHIALIffHUX CHCTEM MOXYTh BHKOPWUCTOBYBAaTHCS  Pi3Hi
pekoMeHnauiifiHi  soriku.  Pesynbrati  (QyHKUiOHYBaHHS ~ pPEKOMEHIAUiHHUX  CHCTEM
BUKOPHUCTOBYIOTBCS At QinmbTpanii abo BHOOPY OKpeMHX MOCITYT Ha OCHOBi IXHiX BIAaCTHBOCTEH.
[TpaBuna, siki yacTO BUKOPUCTOBYIOTHCS, B OaraTbox BUNAAKax MOXYTh OyTH peanizoBaHi y BUIIAA
okpemux OibTioOTeK, AOCTYMHUX A HEraliHOro BHKOpPHCTaHHA. Sk iHCTpymMeHTH (opMyBaHHS
YHIKanbHUX NpaBu B 6ararb0x peKoMeHAaLiHUX CUCTeMax 3aCTOCOBYIOThCS IHTYITUBHO 3po3yMina
MOBa 3anuTiB (Hanpukiaa, ReQL) abo MexaHi3Mu iHTerpanii pekoMeHariii 3a JOoMOror0 BipkeTa
HTML a6o API & SDK o6panoi MoBu mporpamyBaHHs [6].

Oxpemi po3poOku y LbOMY HampsMKy HaJaloTh PeKOMEHAALiiHMM cHcTeMaM JI0AaTKOBi
MOXJIMBOCTI. SIK MpHKIaA TakuX po3poOOK MOXKHA 3rajiaTH crcTeMy nepcoHanizauii Dynamic yield
[9], B sKilf Ha OCHOBI 3acO0iB IITYYHOIO IHTENIEKTY peani30BaHO MOXKIMBOCTI TepCcoHai3alil Ta
onTuMizauii pekoMmennauiid. Ha xymMky aBTopiB 1i€i cucremu, 3a3HaueHi MOXKIMBOCTI JIOTTOMararoTh
NpOBiAHMUM OpeHJaM CTBOPIOBAaTH OCOOMCTHH LUdpoBUil 1OCBiA, AKUH Cpuse 3alyueHHIO HOBHX
KOPUCTYBadiB, KOHBepCii Ta 30iMbLICHHIO NOXOMY, MOJIMMIEHHIO JOSJBHOCTI Ta 3al0BOJEHOCTI
KITIEHTIB, Ha#AlOuM 1HIWBIAyanbHUIT KOHTEHT, peKOMeHallii Ta peKkiIaMHi aKiii KoXKHOMY OKpeMoMy
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KopHucTyBadeBi [9]. [HIIUM npukiIanoM Takux po3podok € cuctema Amazon Personalize [10], y sxiit
3acTocoBaHi TexHomorii mammHHOTO HaBuanHs (ML). Jlane pimieHHs crpolrye iHTerpauito
MEepCOHalli30BaHUX pPEeKOMEHAalifl y icHyroui BeO-caifTh, HOJaTKH, CHUCTEMH eJEKTPOHHOTO
MapkeTuHTy Toilo. CricteMa Amazon Personalize mo3BoJisie po3poOHHKAM IIBUIKO CTBOPIOBATH Ta
posroptaty eeKTHBHI pillleHHs, a TAKO)K CErMEHTYBaTH KJIIEHTIB y Oyab-skoMy Mactitadi [10].

TakuM 4MHOM, OCHOBHHMH HampsMaMH Cy4acHOTO PO3BHUTKY PEKOMEHIALIMHUX CHUCTEM SK
OCHOBHOT'O CrocoOy aBTOMAaTH30BaHO! peanizauii mpoueciB ¢opMyBaHHS Ta 00pOOKH 3asfBOK Ha
OTPHUMAaHHS TTOCITYTH € 3aCTOCYBaHHS Mojesel i MEeTOHiB ITYyYHOTo iHTeNeKTy I HaOyTTd TaKkhx
MOXJIUBOCTEN:

— ¢dopmartizallisi 3asBOK, CPOPMOBAHUX MTPUPOAHOIO MOBOIO KOPHUCTYBaua;

— MiABMIIECHHS PiBHS PeJICBAHTHOCTI MOCIYTH iHAWBIAyalbHil 3asBIli KOPHCTYBava;

— TepcoHaii3alis pe3ynbTariB 0OpOOKM 3asiBKH 3 ypaxyBaHHSM OCOOJNHMBOCTEH KOXKHOTO
OKpPEMOro KOpHCTyBaya;

— ONTHMI3allis MPOoLeciB MOLIYKY Ta MomnepegHboi 00poOKH 3asBOK.

2.2. Ananiz dopManabHHX OCHOB aBTOMATH3alii (opMyBaHHAA i OOpOOKH 3asiBOK Ha
OTPHMAHHSA NOCHYTH

OcHoBy cywacHux IT, ski BHKOPHCTOBYIOTBCS Ui aBTOMATH30BAHOTO BHIIIEHHS 3aaadi
(dopMyBaHHs Ta 00OpOOKH 3asIBOK Ha OTPUMAaHHS MOCTYTH 3a3BUYall ckianaroTh Metond ML, 06poOku
npupogHoi MoBu (NLP) ta anroputMu aBromarnuHoro odopmienHs 3assok [11]. Lli meromm
IHTErpyloThCsl B CUCTEMY aBTOMaTHYHOTO (opMyBaHHS Ta 0OpOOKH 3asBOK /s aBTOMaTrHu3alii Ta
noJinueHHs e(peKTUBHOCTI B3aeMoAil 3 kiieHtamu. 3okpema, meronn ML ta NLP nomomararoTs
po3mi3HaBaTH Pi3HOMAaHITHI cleHapil Ta BUMOTH KOPHCTYBadiB i pearyBaTW Ha HUX, ITiJBHILYIOYH
piBeHb mepcoHaizamii Ta eeKTUBHICTb B3aeMOJii 3 KOpHCTyBadyaMHu. B wimomy »* 3acTocyBaHHS
MmetoniB ML Ta NLP 06yMOBIIOETECSl TAKUMH €TaraMHy 3arajibHOi MOCTiJOBHOCTI 1iit 3 popmyBaHHS
Ta 00pOOKH 3asBOK Ha OTpUMaHHs nocayru [1, 11].

Eran 1. Po3mizHaBaHHs Ta Bamijauis JAaHUX MpPH TOjAadi KOPUCTyBauaMH 3asiBKH 3
BUKOPHUCTAHHSIM Pi3HMX 3ac00iB (oHnaitH-popMu BeO-caiiTiB, MOOITBHI OJATKH, HaT-00TH, TOIOCOBI
aCHCTEHTH TOLIO).

Etan 2. Po3nizHaBaHHs Ta Bajminalis NaHWX, BBEJEHUX KOPHCTYBa4deM, 3 BHKOPHCTAHHAM
Mozernell HeHPOHHMX Mepex AJs BH3HAYeHHS TPaBWIBHOCTI BBENEHHS AaT, 9acy, iMeH, HOMEpiB
TenedoHiB ToIIO.

Eran 3. Po3yMiHHS TEKCTOBOTO BBEJEHHS, IKE MOXE 31iHCHIOBATHCS 3 BUKOPUCTAHHSIM METOJIiB
NLP nnst Bu3Ha4eHHs CMHTAKCMYHHMX Ta CEMaHTHYHUX €JIEeMEHTIB MOBH, 1[0 CIIPHUSE MpPaBUIIbHIM
iHTepnperanii 3asBOK.

Etam 4. Knacudixkarist THmy 3asBKH 3a 1OIOMOT0r0 MeToiB ML 111 BU3HAYEHHS 0COOIMBOCTEM
MOaHoT 3asBKH (Pi3HOBH MOCIYTH, TUTAHHS PO I[iHU TOILO).

ETam 5. AHajii3 cHHTaKcHCy Ta CEMaHTHKH TEKCTOBOTO BBEICHHS, eKCTpakiis iHdopmarii 3
TEKCTOBOT'O KOHTEHTY 3 BUKOPUCTaHHIM MeToniB NLP.

Eran 6. Excrpakuis kmrouoBoi iHpopmauii 3 BUIUICHHAM 3 TEKCTY 3as1BOK KJIFOYOBHX EIEMEHTIB
(matu, yacu, JtoKarlii, OCHOBHI BUMOTH TOIIIO) 3a JOMOMOT00 MeToaiB ML.

Etan 7. Anani3 kio4oBoi iHpopmalii Ta aBTOMaTHYHA TeHepallis BiAMOBifel 3 BAKOPUCTAaHHIM
mertoniB NLP.

AHalli3 MX eTamiB BKa3zye Ha Te, IO TiJl Yac JNOCHTIPKEHHS MOXIMBOCTEH BIOCKOHAJICHHS
cydacHux IT ¢opmyBaHHs Ta 00pOOKH 3a9BOK OCHOBHY yBary 0axaHo 30CepeuTH Ha MoJaTbIIoMy
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po3BuTky MetoiB NLP. 3actocyBaHHs came mux MeTofiB no3Bojste TakuM T neperBoputH onucu
3asBOK, 3pOOJIeHi TIPHPOAHOI0 MOBOIO KOPHCTYBadiB, Ha (opMalbHi CTPYKTypOBaHi MpeACTaBIeHHS
JIaHUX, Ki MoXkHa 00pobasTH MeTonamMu ML.

Crin 3a3HauMTH, IO MOMYNSPHICTh 3acTocyBaHHs MeToniB NLP 3HauHOIO Mipoto oOymoBneHa
BIIPOBA/DKEHHSAM Y LUX METOAax INepeAaBalbHOr0 HaBYaHHA Ta HaBYCHMX MOBHHX Mmogenei. Lli
3ax0llM PO3CYHYJIH MeXi PO3yMiHHs Ta reHepallil 3asBOK NPUPOJHOI0 MOBOK KOpHCTyBadiB. B
LiJIOMY, OCTaHHI BIOCKOHAJIEHHS MOBHHX MOJENeH, sKi 3aCTOCOBYyIOThcs B MeTtomax NLP, cxoxe,
3yMOBJIEHI HE TiJAbKM 3HAYHUM 30iMBIIEHHAM OOYMCIIOBAIEHUX MOXIHBOCTEH, ane Takok
BIIKPUTTAM  IHHOBALiWHMX CIOCOOIB MOJNETIIeHHs Mojenel mnpu  30epekeHHi  BHCOKOT
MPONYKTUBHOCTI. TOMY TpOMOHYETBCS 30CEPENUTH yBary Ha TaKOMY HAampsMi TOCIHiPKEHb, SK
BJIOCKOHAJICHHS 1 TIOJlaNIbIINI PO3BUTOK HANMOMYISIPHIIINX MOBHHUX MOJIENeH, SKi 3aCTOCOBYIOTHCS B
meronax NLP.

OpnHi€o 3 HallpPO3MOBCIOKEHININX TaKUX Mojeield € Moesb JIBOCIPSIMOBAaHUX KOJyBalbHUX
npeacTaeieHs 3 Tpanchopmepis (Bidirectional Encoder Representations from Transformers, BERT).
Ha BiamiHy Big iCHYrO4YOI0O MiAX0OMY 1O TPEHYBaHHS Mojelieil po3mi3HaBaHHs MPUPOAHOT MOBH 371iBa
Harpaso, I}0 MOJIENTb PO3POOIIEHO TSl oNepeAHBOT0 (JOPMYBaHHs Ha OCHOBI HEMapKOBaHOTO TEKCTY
MPUPOAHOI0 MOBOIO OarartoliapoBUX MPEACTaBICHb JIBOTO i MPAaBOTO KOHTEKCTIB. 3a3malieriahb
HaBueHi mnpencraBieHHs BERT MoxyTh OyTu BiaperyiboBaHi JWIe 3a JOMOMOTOK OIHOTO
nonatkoBoro piBHA BuBeneHHA [12]. Lle nae 3mory 3actocoByBarn Mofens BERT st BupimeHHs
LUIMPOKOTO Kona 3aia4 (BIAMOBiAL Ha 3alMTaHHsA, MOBHMH BHCHOBOK TOIIO) Oe3 iCTOTHHUX
moaudikaniii apxitektypu IT, sxi opieHTOBaHO Ha BUpILIeHHS crneuuidHUX 33734 MPEeAMETHHX
rajysei.

Apxitektypa Moneni BERT wmaibke imentnuna apxitektypi momeni OpenAl GPT. Ane 3a
pesynbraramu nepeBipkn aBox BapiaHTiB Mopeni BERT wa 3aBnanuax 6enumapky GLUE cepenne
MiZIBULIEHHsST TOYHOCTI PO3Mi3HaBaHHS TEKCTiB MPUPOJHOI MOBOIO IJIS IIMX BapiaHTIiB MEPEeBHILYE
3HaYeHHs I1boro nokasHuka s moxmeii OpenAl GPT wa 4, 5% i 7,0 % BignosigHo. Ilix dac
nepeBipku Ha 3aBnanHi MNLI 3 6enumapky GLUE moznens BERT y nopiBasaHHI 3 Mogemmio OpenAl
GPT orpumarna migBUIeHHs] TOYHOCTI po3mizHaBaHHs Ha 4,6 % [12]. 3aranom, 3acTocyBaHHs MO
BERT ™oske 3HauHo momimmmmyBatd MeTomn NLP, ski BHKOPHCTOBYIOTBCS Ha pi3HHX eTamax
(dbopmyBaHHS Ta 0OpPOOKHM 3asiBOK (YaT-O0TH AJIST Kpalloi B3a€MOIii 3 KJIi€HTaMH; aHaji3 BiATYKiB
KJII€HTIB; MOIIYK BiAMOBimHOT iH(opMarii ToIo).

[HImoro moOmynNsApHOIO MOBHOIO Mopeutto ciin BuszHatu Mogens GPT-2. Lle momens-
TpaHcdopMmep, sKa JocsArae Haiikpaliux pe3ynbTaTiB B 7 3 8 mepeBipeHHMX HaOOpiB JaHHX
MozemoBaHHs MoBH. 3actocyBaHHs Mozeni GPT-2 posrmspaerscs cydacHumu IT-koMmaHisMu sk
MEePCHeKTUBHUN LUIAX 70 MoOyJOBU CUCTeM OOpOOKKM MOBH, 5IKi BUAThCSl BUKOHYBAaTH 3aBJaHHs Ha
OCHOBI CBOIX MpHupomHUX AeMmoHcTparniin [13, 14]. 3okpema, komanga OpenAl memoHcTpye, 110
3azmanerinp HaBdeHi MOBHI Mogeni GPT-2 Moy Th BUKOPHCTOBYBATHCS JUTS BUPILIEHHS MOJATBIINX
3amau 0e3 Oymb-KHMX 3MiH TapaMeTpiB abo apxiTekTypu. 3arajgom, momenb GPT-2 dopmye
MOCTiIOBHI a03aly TEKCTy Ta JOCATa€e MePCIeKTHBHNX, KOHKYPEHTHHUX i HallKpaIunX pe3ylbTaTiB y
HalipisHOMaHITHIIMX 3anadax [13].

Haguaetbes nana Momens Ha BEIUKUX HA0Opax AaHuX, sKi (OPMYIOTECS 3 Takux mxepen [13]:

— BeO-CTOPIHKH, 5Ki (iTBTPYIOTHCS TIOIbMH;

— OUMINEHI TEeKCTH 3 BUAAJEHHSAM BCiX JOKyMeHTIB Bikimenmil anms miHiMizanii HakgamaHHs
HaBYAJILHUX Ta TECTOBMX HAOOPIB;

59



— Habopu nmaHux, orpumMani 3 WebText (3aranbHa KUTBKICTh JOKYMEHTIB MEPEBUIIYE BiCiM
MiNBHOHIB TOKYMEHTIB IpH 3araibHOMY 00cs3i TeKCcTy IuX JokyMeHTiB 40 1°0).

GPT2 nemoHcTpye AOCHTH TMEpPCHEKTHBHI pe3yJbTaTd Yy TaKWUX HampsMaxX BIOCKOHAJICHHS
metoniB NLP, sk miguineHHs e(peKTHBHOCTI MipKyBaHb, BIAMOBiIl Ha 3aMHUTaHHS, PO3YMiHHS
YHTaHHS Ta Mepekyaay. Ajle U0 CTOCYEThC MPAKTHYHUX 3aCTOCYBaHb, Moaenb GPT-2 6e3 TouHoro
HaJallTyBaHHs JalieKko He MpuaaTHa 11 BUKopuctanua [13, 14].

OcHoBHOIO mepeBaroto Mozedi BERT € MoxnmBiCTH JOCATaHHS KpaluX IMOKA3HUKIB
3aCTOCYBAaHHS, aHIX AHAJOTIYHI MOKA3HWKH Y MiIXOMiB MO TOMEPEIHBOI MiArOTOBKH HA OCHOBI
aBTOPETPECHBHOTO MOJICNTFOBaHHS MOBH. L[5 mepeBara BUHUKA€E 3aBASKA MOXKIIHMBOCTI MOJEITFOBaHHS
JIBOHAIPABIICHUX KOHTEKCTIB Ta TOMEPEPKEHHS IMiITOTOBKM Ha OCHOBI aBTOMAaTUYHOTO KOIYBaHHS
[12]. Onmnak, BHACHiZOK MCyBaHHSA BXigHMX naHux mackaMmu BERT HexTye 3anekHicTIO Mik
MacKOBaHMMH MO3UIisiMU. [J1s1 mooanHs bOro HeAoiKy Oyino 3ampononoBano moxeib XL Net. Lo
Mojiesib po3poOrIIy TOCiAHUKY 3 yHiBepcuTeTy KapHeri Memnona Ta Google nyis BupilieHHs 3a1a4
00poOKHM MPUPOTHOI MOBU (PO3YMiHHS YMTaHHS, KIacU(iKallis TeKCTy, aHali3 CEeHTUMEHTAIbHOCTI
tomo). Ha ocHoBi moneni XLNet cTBopeHO y3aranbHeHHH METOJ aBTOPErPECUBHOIO MPeHABYaHHS,
SIKMH BUKOPHCTOBYE HaWKpallli pe3ysbTaTH K aBTOPErPecHBHOTO MOJIEIOBaHHS MOBH (HalpUKIa,
Transformer-XL), Tak i aBrokomyBanHs (Hampukian, BERT), yHukaroum TXHiIX OOMeXeHb.
ExcriepuMeHTH 1eMOHCTPYIOTh, 1110 Mofenb XLNet nepesepiuye BERT i Transformer-XL i nocsirae
Halikpamux pesyneratiB 'y 18 3amauax NLP [15].

XLNet Moxke HamaBaTH JOIOMOTY KOMITaHisM i3 IHUPOKUM criekTpoM TpodieM NLP, 30kpema
[15]:

— CTBOpEHHS 4ar-00TiB AJIS MiATPUMKH KITI€HTIB MEPIIOi JiHii a00 BIAMOBIAI HA 3aMUTH OO
MPOAYKTIB;

— aHani3 CeHTUMEHTAJbHOCTI A OUIHKM TMpOiH(GOpPMOBaHOCTI Ta CHPHUHHATTA OpeHIy Ha
OCHOBI BiZITYKiB KJII€HTIB Ta COLiaIbHUX MEPEK;

— MOIIYK BiAMOBIAHOI iH(popMallii B 6a3ax TOKYMEHTIB ab0 B IHTepHETI TOIIO.

Po3rnsinyTi Mozeni MaroTh OAMH 3aralbHUil HEOJIK — YCKIIaHEHHs TapaMeTpiB perutikaii Ta
TOYHOTO HANAIITYBaHHs BHACHTIJOK 3HAYHUX OOYMCIIOBAJIbHUX BUTPAT HAa HABYAHHS LHX MOJIENei.
Facebook Al Ta mocnigHuku yHiBepcuTeTy BammHrrona nmpoananizyBanu HaBdaHHs Mozeni BERT
Ta BHSABWIM KiJlbKa 3MiH y HaBHaNbHiil mpouemypi, IO MOKpAIIyfoTh 11 e(eKTHBHICTb. 30Kpema,
JIOCTiTHUKY BUKOPHUCTAJIM HOBUH, OiNbIINK Habip AaHUX JJIsi HABYAHHS, 3aCTOCYBAJIN 1JIsl HABYAHHS
Mozeni Habararto OinbpIly KiNbKiCTh iTepauiii Ta BHJAJWIN MPOTHO3YBAaHHS HABYAIbHOI METH.
OtpuMaHa B pe3ynbrati onTuMizoBaHa Monenb RoBERTa (HaniitHo ontuMizoBanwmii miaxin BERT)
BiJIIIOBi/la€ OLliHKaM HemogaBHo npenctaBneHoi moneni XLNet B 6enumapky GLUE. Jlana monens
MOK€ BUKOPHCTOBYBAaTHCs B Oi3HEC-CepeloBHIIL AJIsI IIMPOKOTO KoJla TOJANbUINX 3a/1a4, BKIIOYao4n
CHUCTEMH MiaJioTy, BiIMOBIII Ha 3aMUTaHHs, Kiacu}ikaiito JOKyMeHTiB Tomio [16].

Komanma Google Research 3afimaeTpcs mpoOmemMoro MOCTIfHO 3pocTarouoro po3mipy
norepeIHbO0 HaBYeHNX MOBHUX MOJielieil, 1110 IPU3BOANTH JI0 OOMEXEHHS TaM’Ti, 30iIbLIeHHS Yacy
HaBYaHHS Ta I{HKOJIM HECHOAIBAaHO TIOTIPIIEHHS TMPOXYKTHBHOCTI. 30KpeMa, L KOMaHAa
sanpononyBasia moaenb Lite BERT (ALBERT). Jlana mozenb 0a3yeTbcst Ha TakMX JABOX METOAAX
3MeHIIeHHs mapametpis [17]:

— (akropuzoBaHa mnapamerpu3alis BOYHOByBaHHS, J€ pO3Mip NPUXOBaHMX IIapiB
BiJIOKPEMITIOEThCS BiJl pO3Mipy BKJIAIEHUX CIIOBHUKOBHMX 3aMaciB IIJISIXOM PO3KIANaHHS BEIUKOT
MAaTpHIli, 0 MiCTUTh CIIOBHUKOBHH 3amac, Ha IBi MaJli MaTpHIIi;
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— CIiJIbHE BUKOPHCTAHHS MapaMeTpiB MiK ImapaMu, o0 3amoOirTu 3pOCTaHHIO KiJIBKOCTI
mapaMeTpiB i3 TTHOWHOI MEpexi.

Edexturnicte 3acrocyBanns ALBERT nomaTkoBo TOKpallyeThCs NIIIXOM BBEICHHS
CaMOKOHTPOJIbOBAHOI BTPATH Il MPOTHO3YBAHHS MOPSAAKY peueHb Ui ycyHeHHsS oomerkenpr BERT
moA0 y3romkeHocTi Mixk pedeHHsMH. ALBERT Moke B mogaiblioMy TMOKpAIIUTH CBOIO
MPOIYKTHBHICTB 3a JOMTOMOTOF0 MaifHiHTY, €()eKTHBHILIOr0 HABYaHH MOJEI Ta IHIIMX MiaxomiB. L
Mozenb MOXe OyTH BHKOpHUCTaHA B Oi3HeC-HAJIALITYBaHHAX MAJs MiJBHILEHHS HPOAYKTHBHOCTI
IIMPOKOTO KOJa TONANBITUX 3a]ad, BKIIOYAIOUM MiJBUIIECHHS MPOIYKTUBHOCTI 4ar-00TiB, aHai3
CEHTHMEHTABHOCTI, aHaJTi3 JOKYMEHTIB Ta Kilachdikaiiro Tekcty [17].

Hocniganipka rpyna Alibaba 3ampononysana posmwmputn BERT no HOBoi MoBHOT Momerni
StructBERT. EkcrieppMeHTH AeMOHCTPYIOTh, IO BBEAE€HAa MOJENb CYTTEBO IMOKpAIIye Cy4acHi
pe3ynbTaTd BUPILIGHHS pi3HUX 3a4a4 i3 PO3YMIHHA MPUPOJHOI MOBH, BKIIOYAIOYM aHAJI3
CEHTMMEHTAJBHOCTI Ta BIiANOBiNi Ha 3amMTaHHsA. Monenb Oasyerhcs Ha apxitektypi BERT 3
baraTolmapoBo JBOHAMPABICHOIO Mepexero TpanchopmepiB [18]. Sk i iHmi monepeaHbO HABYCHI
MoBHI Mozeni, StructBERT mMoxke momomarary KOMIaHisiM y BUKOHaHHI pi3HOMaHITHUX 3am1ad NLP,
BKJIFOUAIOYH BiATIOBI/li HA 3aMTaHHs, aHalli3 CCHTUMEHTAIILHOCTI, y3arajJbHEeHHs JOKYMEHTIB TOIIO.

Hocnigaumpka rpyna Google 3ampornoHyBana yHidikoBaHU# MiAXix q0 mepenadi HaBYaHHS B
NLP 3 Meroro BCTaHOBJIEHHS HOBOTO piBHs TEXHOJOTii B Wi ramysi. 3 Wi€l0 METOW BOHH
3alpOMOHYBANIU PO3TIISAATH KokHY mpobnemy NLP sk mpoOneMy «mepeTBOpEHHS TEKCTY B TEKCTY.
Taka cTpykTypa 103BOJIsSIE BAKOPUCTOBYBATH OJIHY i Ty caMy MOAEJb, [iJib, IPOLeNypy HaBYaHHS Ta
MpoLec NeKOAYyBaHHS Ui Pi3HHUX 3a/a4, BKIIOYAIOYHM y3arajJbHEHHs, aHalli3 CeHTUMEHTAJIbHOCTI,
BiJITIOBI/li HA 3aITUTAHHS Ta MAIIWHHWN repekyiai. JocmigHukn Ha3uBaroTh CBOIO Mozielb Text-to-Text
Transfer Transformer (T5) [19] i HaB4arOTh i Ha BeTMKOMY HaOOPi AaHUX, 3i0paHuX 3 [HTepHETY, A
OTpUMaHHs HalKkpammx pe3ynbrariB B psaai 3amad NLP. Henmomikom wmomeni TS5 € Hu3bka
MPOIYKTHBHICTh METOMIB, sKi 11 BAKOPUCTOBYIOTh /i BUpimeHHs 3axaq NLP. J[ns nikBinanii nporo
HEJIOJIIKYy MPOMOHYEThCS, 30KpeMa, 30CEPEANTH YBary Ha JOCHTIKeHHI e()eKTHBHIIIUX MEeTOIiB
BUJIyUEHHSI 3HAaHb Ta MOBHO-IIarHOCTUYHHMX Mopeneil. BriM, He3Bakaroun Ha Te, mo TS5 mae
MIJBSIpAM TapaMeTpiB i Moxke OyTH 3aHaATO BAaXKKOK JJIsl 3aCTOCYBaHHsA B Oi3Hec-CepemaoBHILI,
MpecTaBleHi ifnei MoXKyTb OyTH BHUKOPHCTaHi IUIs MOMiMuIeHHs e)eKTHBHOCTI pi3HMX 3ama4 NLP,
BKITIOYAIOYH y3arajdbHEeHHS, BiIMTOBi/Ii HA MUTAHHS Ta aHaJli3 CEHTUMEHTaIbHOCTI [19].

Hocnigauupka rpyna OpenAl 3BepHyna yBary Ha Toi (akT, o notpeda y MapkoBaHoMy Habopi
JAHUX JJIsT KOOKHOTO HOBOTO MOBHOTO 3aBIAHHS OOMEXKYE 3aCTOCOBYBAaHICTh MOBHHMX Mopemeif. Ll
rpyna 3amnponoHyBaa albTepHaTUBHE pillleHHs, SKe ToJisrae B MaclTadyBaHHI MOBHUX MoJIeTiell st
nojinmeHHs wBuAkoAii. LluM pimeHHsM e aBroperpecuBHa mapamerpuuHa mozens GPT-3 3i cta
ciMaecsTbMa M'sIThMa MiJbsipJamMu nmapamerpiB. Ominka eeKTUBHOCTI Ii€i MOJeli MPOBOAMIACS Ha
nmoHaj aBox gecsaTkax 3amad NLP. ITix wac oninkn GPT-3 mokasana 6araroo0instodi pe3ynpraTtd i
HaBiTH iHOJI TepeBeplIyBana Cy4JacHWH piBeHb, MAOCSATHYTHH 3a JOTTOMOTOI0 BiIpETylTbOBaHUX
mopeneit [20]. Monens GPT-3 BUKOPHCTOBYE Ty 3K MOIEJb Ta apXiTekTypy, mo i GPT-2, Bkirouaroun
MoxanikoBaHy iHimiani3auito, momepenHI0 HOpMasizamiro Ta 0oOOpoTHY TOoKeHizauito. OxHak, Ha
BiaMiHy Binm GPT-2, BOHa BUKOPHUCTOBY€E YepryBaHHs HIUIBHUX i JIOKAILHO CMYTacTHX PO3pPiIKEeHHX
Mozeneli yBaru B 1apax TpaHcdopmaropa, Ak y pospimkeHomy Tpanchopmepi. Henonikom moneni
GPT-3 € HeOXigHicTh I BNOCKOHAJIEHHS 3 METOIO 3MEHINEHHS PO3Mipy BEIUKHX MoJened s
BHKOPHCTAHHS y peabHIX Mporpamax Ta MmiABUIIeHHS e(heKTHBHOCTI BUOipoK pH TpeHyBaHHi. Citif
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BU3HATH, 10 cydacHy mozaenb GPT-3 Bakko 3acTocyBaTu mpu BUpIllIEHHI peanbHUX Oi3Hec-3amad
Yepes ii HelpaKTHYHI BUMOTH J0 PecypciB.

Sk anbpTepHATHBY iCHYHOUOMY MiJXOY 10 TIOTIEPEIHBOT MiATOTOBKH TAKUX MOMYISPHIX MOBHUX
mozeneit, sk BERT ta XLNet, nocnignukm 3i CreHdopacekoro yHiBepcuteTy Ta Google Brain
sanpononyBanu HoBu# miaxin ELECTRA, ocHOBOIO SKOTO € BUSBICHHS 3aMiHeHUM MapkepoM. Llei
MiAXiJ Jae 3MOry Mojesi HaBdaTHCs Ha OCHOBI 3MICTy YCiX BXIZHHX TOKEHIB 3aMiCTh HEBEJHKOI
3aMacKOBaHOI MiAMHOXHHU. BiH He € 3MaraibHNUM, OCKIJBbKM FeHepaTop, 10 BUPOOIISiE TOKEHU IS
3aMiHU, HABYAETHCS 3 MAKCHMAJIBHOIO IMOBipHiCTIO. BUsBIIEHHS 3aMiHEHHM MapKepoM O3Hauae, o
Jiesiki TOKEHH 3aMiHIOIOTBCSA 3pa3kaMM 3 HeBeNMKoi Mepeki reHeparopiB [21]. 3aBasku cBoiii
obuncmoBanbHii edextnBHOCTI Momens ELECTRA wmoxe 3poOuTtH 3acTocyBaHHS MOMEPEAHBO
HaBYEHHUX KOAEPIiB TEKCTY AOCTYIHIIINM AJisi Oi3Hecy.

Hocnigauku 3 Microsoft Research 3ampomnonysanu mozmens DeBERTa sk Hacmimok ABox
O0CHOBHUX BrockoHaneHb Moneni BERT. LluMu BIoCKOHaIEHHSIMHE € MEXaHi3MaM1 PO3KYyTOl yBaru Ta
BRockoHasneHuit nexonep Macku. DeBERTa mae nBa okpemi BeKTOpH, IO MPEACTABIAIOThH 3MICT i
MO3MIIif0, a CaMOyBara po3paxoBYEThCS MiXK yCiMa MOXKIIMBUMHU ITapaMH, TOOTO BMICT 10 BMiCTY, BMICT
IO TIO3MIIi{, MO3MILis 10 BMIiCTy Ta Mo3uiist 1o mo3uiii [22]. Asropu moneni DeBERTa npunyckaroTs,
10 BOHA MOTpedye iHdopMatii mpo adCOMOTHY MO3HIIFO0, 00 3pO3yMiTH CHHTAKCUYHI BiATIHKH, Taki
SK XapaKTepHCTHKa cy0'ekTa-00'ekTa. BOynoByBaHHs aOCONOTHOT MO3ULIT HATAETHCS OCTAHHBOMY
mrapy nekozpepa OesmocepenHbo mepen mapoM softmax, sikuit mae Buximni mani. Jmst 30inbrieHHs
y3arajibHeHHs K METOJ peryisipu3alil BUKOPUCTOBYETHCS BipTyalbHHil 3MarajibHUI ajiropuTM
HABUAHHS, KWW HA3WBAETHCS iHBapiaHTHUM MaciitaOyBaHHsAM. BOymoBaHi cjoBa MOPYIIYIOTHCS
HE3HaYHOIO0 MipOIO i BYAThCA BUAABATH TaKUi caMuil pe3ynbTar, 9K i A HeB30ypeHuX BOYIOBaHMX
cniB. CroBa BKJIaJJaHHSI BEKTOPiB HOPMYIOTLCS 10 CTOXaCTHUYHMX BEKTOPIB (7€ cyMa eleMEeHTIB y
BeKTOpi AOpiBHIOE 1), 106 OyTH iHBapiaHTHMM J0 KiIBKOCTi mapameTpiB y Mozeni [22].

Crucnuii onuc nepeBar i HeJJONiKiB PO3IIAHYTHX Mojieneii HaBe/leHo y Tabi. 1.

Tabmuus 1
Onuc nepeBar Ta HeJOJiKiB MOBHUX MoJeei
Mopenb IlepeBaru Henoniku
BERT BpaxoBye KOHTEKCT 3 000X CTOpiH CJIOBa Beauka KIHBKIC.T b MAPaMeTpIB, SHat
00UYNCITIOBAIBHI BUTPATU
GPT-2 31aTHICTh reHepyBaTH TEKCTH Oe3 3a/1ad, OOMexeHa B pi3HUX 3a1a4ax 00poOKH
3aJaHUX KOPUCTyBaYeM TEKCTY
XLNet Bpaxosye koutexet 3 06ox cTopik crosa, Benuki o6urcaroBanbHi BUTpaTH
6e3 oOMexeHb
RoBERTa Haﬂiﬁﬂo OMNTHUMI30BaHUH MiAXiz 10 TToTpebye BeJIMKUX OOCSTIB AaHUX JJIst
MiIrOTOBKH TpEeHyBaHHs
ALBERT Mae MeHIe mapaMeTpiB, 30epirae TOUHiCTb Obueskena TOUHICTE MOPIBHAKO 3 IHLIIMI
MOICTAMHU
StructBERT I[O,I[a€.MOBHi CTPYKTYpH JUTs KPaIioro Bumarae nonatkoBoro 4acy ta pecypcis
PO3YMiHHS TEKCTY IUTSL TPEHYBaHHS
TS VYHiBepcalibHUIA NiAXia 10 00poOKH TekCTy | Bemuki o04KcIoBabHI BUTPATH
GPT-3 Benuka kinbKicTh MapaMeTpiB, 30aTHICTh BI/IMaFa.G BEJIMKUX 00YHCITIOBAIEHUX
UIBU/IKO HABYATHUCS pecypciB
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Kinens tabmmmi 1

Mopgenb TlepeBaru Henoniku
EdexTHBHILlIE BUKOPUCTAHHS Bumarae nornepeHbo1 MiATOTOBKH KOJEPiB
ELECTRA ¢ preTat P P
004MCIIOBaIbHUX PECYPCiB TEKCTY
. Bumarae nonaTkoBux 00UHMCIIOBAIbHUX
DeBERTa Iloninmmuene nexkoxysanHs BERT pecypci Ao
ypciB

Ha ocHogi ananizy tabmn. 1 MoskHa 3pOOHUTH TaKi BACHOBKH:

— mozeni BERT ra ii Bapianii (RoBERTa, ALBERT) maroTh BenukHii OTEHIial JJIs Pi3HUX
3a7a4 00pOOKHM TEKCTY, ajle BUMararoTh 3HaYHUX OOUMCITIOBAILHUX PeCypCiB;

— mozeni GPT-2 ta GPT-3 migxomaTe Ans reHepaiii TEKCTy, ajle MOXYTb OyTH oOMexeHi y
TOYHOCTi Ta O0YMCITIOBABHUX BUTpATax;

—wmogeni XLNet, TS5 Ta StructBERT BpaxoByI0Th KOHTEKCT 3 000X CTOPiH CIIOBA, ajieé BUMAraroTh
3HAaYHUX OOUUCIIOBAILHUX BUTPAT;

— momeni ELECTRA ta DeBERTa HamaioTh mokpaiieHe BHKOPHUCTAHHS OOYUCIIOBATBHUX
pecypciB, ane MOXKyTh BUMaraTu JJOAaTKOBOI MiJrOTOBKK ab0 pecypciB AJs TpeHyBaHHSI.

Crin Big3HAYWTH, IO BENWKi OOUMCIIOBANIEHI BUTPATH € 3aralbHAM HEIOJTiKOM BUKOPHUCTAHHS
MOBHUX Mojeneil y metogax NLP, siki 3acTOCOBYrOTBCS /i1l aBTOMaTH30BaHOTO BUpIlEHHS 3ajadi
¢dopmyBaHHS Ta 00poOKM 3asBOK Ha OTPUMaHHS MOCIyTH. ToMy TPOTMOHYEThCS OCHOBHY YBary
30CepeluTH Ha J0CIiPKeHHI MOXKIIMBOCTel BIOCKOHAJICHHS Ta MoAajbIIoro po3Butky Moneni BERT,
SIKa MOJK€ BUKOPHCTOBYBATHCS y TIepeBaXKHil OIbLIOCTI LINX METOAIB.

3. Mera i 3aga4i gocaiasKkenHs

Mertow nmaHOTO JOCHiIKEHHS € po3poOka MeTOoJy aBTOMATH30BaHOTO BHpILIEHHS 3ajadi
(opMyBaHHS 3a9BOK Ha OTPUMAHHS MOCITYTH SK OJHOTO 3 OCHOBHHX €JIEMEHTIB CHCTEMH YNPaBITiHHS
nociyramu. JlocATHeHHs Li€l MeTH JO03BOJHTH TONIMIIUTH MPOLEC Ta pe3yibraTd (opMyBaHHS
3asBOK Ha OTPUMAaHHS TOCIYTH 32 paXyHOK BUKOPHCTaHHS METOMIB Ta 3aC00iB IITYYHOTO {HTENEKTY.

JIyis mocsTHEHHS i€l METH Y CTATTi BUPIIIYIOTHCS TaKi 3a1adi:

— po3poOka koMOiHOBaHOTO MeToAy (popMyBaHHS 3asSBOK HA OTPUMAaHHS MOCIYTH;

— eKcIiepUMeHTalTbHA TIepeBipKa po3po0IIeHOro KOMOIHOBAHOTO METOAY Ha TMPHKJIAII BUPIIIIEHHSI
3aja4i aBToMaTH3allil popMyBaHHS 3asBOK 15 BeO-caiiTy KOMIMaHiil 3 OpeH I aBTOMOOLTIB.

4. MoaeJi i MeTOaH TOCTiI?KEHHS

[IpeameTom naHoro AochimkeHHs € koMOiHOBaHUI MeTol (hOpMyBaHHS 3asBOK Ha OTPUMaHHS
MOCIYTH 3 ypaxyBaHHs 00Me)KeHb, XapaKTePHUX [l IPeIMETHO raiysi.

Hns po3poOKy 1BOTO METONy SK BUXiJHI 3alpoTrOHOBAaHO BHKOPHCTOBYBaTH Metonn ML Ta
mozens BERT. Ix BukopucTaHHs po6uTh 3Ha4YHHMil KPOK y PO3BUTKY mpolecy (GopMyBaHHS Ta
aHanizy 3asBOK Ha pi3Hi mociyru. lle BakimBO Ui BiacHUKIB Oi3Hecy pi3HHX raimyseit depes
MOXIIMBICTb 0(hOPMITIOBATH 3asiBKH HA OTPHUMAaHHS MOCIYTH 0e3 y4acTi JIOIUHU.

Mogens BERT nomomarae mBuako ta epeKTHBHO AOCATTH PO3YMiHHSI CEMaHTHKH B TEKCTaX,
KOJIM TEKCTH PO3TJIAJaloThCs B 000X HaNpsIMKax, BpaXOBYFOUH KOHTEKCT 3J1iBa i ClipaBa BiJl KOXKHOT'O
cnoBa. [lonepennbo naBuena moaen> BERT moxke OyTu goompaiiboBaHa 3a AOMNOMOTOHO JIHLIE
OJIHOTO JOJATKOBOTO BHUXIAHOTO INApy, IO JO3BOJSE CTBOPUTH BUCOKOS(EKTHUBHI MOJeni mis
LWUPOKOro cnekrpa 3aaay NLP.

Apxitextypa Momeni BERT sBise coboro OaratomapoBHii TBOCTPSIMOBaHHN KOIYBaJbHHK
Transformer [Al (4)]. B ocHoBi BERT nexuts crek i3 L ineHTHYHHX mapiB TpaHchopmepa. Y
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KO)KHOMY 1mapi € aBa tunu miawmapis. llepmuit minmap peanizye mexaHi3m «0araTorosioBKOBOi»
yBaru. Mloro ocHOBHe 3aBJIaHHA MONATAE B TOMY, 106 MPH KOAYBaHHI MEBHOTO CIIOBA BPAXOBYBATH
KOHTEKCT, BU3HA4YeHWI IHIIMMHU CJIOBaMHM Y TocligoBHOCT. Jlpyruit migmap sBise coboro
MO3NIIHO-Opi€EHTOBAaHY TOBHO3B'SI3HY TpAMYy Mepexy. Ll Mepeka 3acTOCOBYETHCS O KOXKHOI
MO3MIIiT TOCTIIOBHOCTI OKPEMO i BKJIFOYAE ABa JIiHIHHUX MepeTBOpeHHs. Po3MipHICTh BXiTHHMX Ta
BHUXITHUX JAHUX IBOIO MiAMAapy CKIATAE dmodel, MPH IIBOMY BHYTPILIHIM [Map Mae po3MipHICTh
dy=2dmoder. BaXnuBO BiA3HAUNTH, 0 Leil migmap BUKopucToBye ¢yHkuito aktuBauii GELU, ska
JNIEMOHCTpPY€E Kpaily edeKTHBHICTH TMOpPIiBHSIHO 3i cranmaptHoro ReLU y pamkax komyBaibHUKA
Transformer. YV koKHOMY Inapi KOJyBaJlbHMKa PeasizylOThCS TAKOXK i 3alHMUIKOBi 3B'I3KH. BoHu
BHKOPHCTOBYIOTBCS HABKOJIO KOXHOTO 3 JIBOX MiALIAPiB, Micas 4OTO BifOyBaeThCs HOpMali3amis
urapy. B pesynbTari Buxin koskHoro miauiapy € LayerNorm (x + Sublayer(x)), ne Sublayer(x) —

¢dyHKIis, peanizoBaHa BcepenuHi migmapy. Bei migmapu B Mmogeni BERT renepyroTh BUXinHi naHi
oJiHi€T 1 Ti€el K PO3MIPHOCTI dyodel, IO TIOJIETIIYE MPOLEC 3ATUIIKOBOTO 3B'I3yBaHHs. Binznaunmo,
110, He3BaXKaro4M Ha Te, [0 JiHiiHI TepeTBOPEHHs OJJHAKOBI JIs Pi3HHUX MO3UIIiH ycepeanHi 0JJHOro
niamapy, monens BERT BukopucToBye pi3Hi mapamerpu Ais pi3sHUX LIApiB.

CyTh MexaHi3My «0araToroyloBKOBOi» yBard IMOJISTa€ B TOMY, LIO KOXHA «TOJIOBKa» MOXKe
crielianizyBaTucsl Ha BUSIBIIEHHI TIEBHOIO THIY B3a€MO3B'S3KIB y JaHHWX, IO POOUTH IF0 MOJEINb
3arajoM e(eKTUBHILLIOKW MOPiBHIHO 3 MOAEJIIIO, sIKa BUKOPHCTOBYE OJHY «TOJIOBKY» yBaru. Lleii
MEXaHi3M JI03BOJISIE MOJIEINi TOBHIIIE i TOYHIIIE PO3YMITH KOHTEKCT Ta CEMAHTHUKY TEKCTY, IO
CYTTEBO MiABHINY€E ii MPOMYKTHBHICTh MpPH BHpIlIeHHI pi3HUX 3amad NLP. dynkiis camoyBaru
peaizyeTscs mapajelbHO Ha Pi3HUX MPOEKIIsIX MATPUIh 3aMUTy, KIfoYa i 3HaYeHHs. B pesynbrarti
(hopMyYIOThCS /i Pi3HUX BHXiTHUX MaTPHIlb, BiIOMHX K «TOJIOBKH yBaru». Lli «royloBku yBarm» moTim
KOHKAaTEeHYIOThCS | TIPOEKTYIOThCS B IHINWM MiAMPOCTip MpeACTaBlieHHs, IO NPU3BOIUTH 10
CTBOPEHHS OCTAaTOYHOI BUXiJHOI MaTpHLi «6araTorooBKOBOT» yBary.

3aranbHy apxitektypy mozaeni BERT npencrasneno Ha puc. 1 [12].

NSP Mask LM Mask LM \ ﬁ /@@AD Start/End SpaN
&« ®

glo-e .
BERT wls o wnnus ol o wfefe BERT
B | [ [ Een|l& ] [&]

By

[Eea L& | (& ][ Bem]le ] [&]

Masked Sentence A Masked Sentence B Question Paragraph
* =
Unlabeled Sentence A and B Pair Question Answer Pair

Pre-training Fine-Tuning

Puc. 1. 3aranbHa apxitektypa mogeni BERT

B npoueci ¢popmyBanHs 3as1Bku Ha oTpuManHs nociyr Monens BERT moxe O6yTn BukopucraHo
JUTS BUPIIIeHHS pi3HOMaHITHUX 3anad. OnHi€ero 3 MuX 3ama4d € GopMyBaHHS i TonepeaHs o0podka

64



3as8BKH, CTBOPEHOI KOPHCTYBaueéM Y BHUIJIAJI TEKCTy, HANHMCAHOTO MPHUPOAHOI0 MoBoro. [lim uvac
3anmoBHeHHs ¢opmu kopuctyBaueM BERT ananmisye Bmenmeni nmani Ta 3a0esmedye (opMyBaHHS
MPOMO3KIIH IOJ0 TMOJANBIIOro (GOpMyBaHHS Ta OOpOOKM 3asBKHM 3 MiHIMi3alliero ydvacTi
kopuctyBaya. Hanpuknan, maemo: T — tekcT Gpopmu; V(?) — BeKTOpHE NpecTaBIeHHs TokeHa £; C —
KOHTEKCTHHUIT BeKTOP 3anoBHeHHs. To/li ONMHUC KOHTEKCTHOrO BEKTOPY Ma€e BUIIISA

1
C—mZteTV(Z)- )

3 BUKOPUCTAHHAM OTPUMAHOIO BEKTOPY (POPMYETECS TaKa IMPOMO3HLIis:
Proposal(N) =argmax,_, (V (1) *C). )

Bupas (1) onucye 3aranbHuii pesynbtat 3actocyBaHHs BERT Pre-traning; Bupa3 (2) onucye
3aranbHA# pesynbrar 3actocyBanHs BERT Fine-Tuning.

["onosumit Henonik Moneni BERT monsirae y Beukiit KiTbkoCTi apaMeTpiB, ki HOTpeOyIOTh
00poOku. 30kpema, 3HAYHUX BUTPAT MOTpedye CTBOPeHHS Ta 00poOkK popMaTbHUX MpencTaBleHb
mapiB Ta migmapis Tpancpopmepa BERT. Tomy icHye HeoOXimHIiCTh MpOBEAEHHS NOCHiIKEHb,
CHpAMOBAaHMX Ha 3MEHIIEHHS BHTpAT, NOB’sA3aHUX i3 3acrocyBaHHAM Mozeni BERT mig wac
aBTOMaTHU30BAHOTO BUPILIEHHS Pi3HOMaHITHUX MPHUKIAAHMX 3amad B Mexax IC ta IT ympaBminHs
MiATPUEMCTBAMH Ta OpraHizaiisMu.

5. BupimenHsa 3agadi aBTomatm3anii mpoueciB (opMyBaHHS 3aBOK HAa OTPHMAHHS
NMOCIYTH

5.1. Po3po6ka koMOiHOBaHOr0O MeTOAY /AJisi BHPIMIEHHS 3a/1a4i (OpMyBaHHS 3aIBOK

OnHiero 3 3a1a4 npouecy (GopMmyBaHHS 3asBKH Ha OTPUMaHHA MOCIYT € 3aaa4a (OopMyBaHHS i
nornepeHbOi 00pOOKH 3asBKH, CTBOPEHOT KOPUCTYBadeM y BUIIISI TEKCTY, HATMCAHOTO MPHUPOTHOIO
MOBOM. Ale ronoBHUIA Henodik Moneni BERT He mae 3Moru 3acTocoByBartH 110 MOZIeh Y MajuX Ta
cepennix IC ta IT ynpasninug nmocmyramu mianmpuemcTB abo opranizauiifi. Tomy aBTopamu crarti
3alpoNOHOBAHO PO3POOUTH KOMOIHOBaHMIT MeTOJ| BUPILICHHS 3a]a4i (JOpMyBaHHs Ta MONEpeHbOI
00poOKH 3asBKM Ha OTPUMaHHS TOCHYTH. B 1poMy MeToai MpOMOHYEThCA MOETHATH TepeBaru
3actocyBaHHs Monenmi BERT Ta MeHm BuTpatHux Mmozeneit i MetoniB ML, siki MOXXYTh HagaBaTH
TOYHIIIN{T pe3yabTaT B yMOBaxX 0OMEXEHOro TEKCTy OIUCY 3asBKH IPHPOAHOI0 MOBOIO KOPHCTYBaYa.

Pesynberar po3poOkn koMOiHOBaHOTO METOY BHpIIIeHHS 3aadi (OpMyBaHHS Ta MOMEepPeNHbOT
00poOKH 3asIBKH HA OTPUMaHHS MOCITYTH MPEJCTaBUMO SIK MOCIiIOBHICTh TAKUX €TaIliB.

Eran 1. [IpoBenenHs aHanizy TeKCTOBOTO 3amuTy 3 BUKopHcTaHHsAM mMozeni BERT.

Kpoxk 1.1. IlpoBeseHHs nomnepeHb0i 0OPOOKH TEKCTY Mepel MoJladeto TeKCTOBOTO 3aluTy Ha
Bxig mozeni BERT mnsxoMm TokeHisaril, BUJAJEHHST CTOI-CI0BA, JEMATH3aIlil TOLIIO.

Kpok 1.2. Tlomaua tekcty mo momeni BERT, ska BHKOpHUCTOBYE KOHTEKCTHI BEKTOPHU IS
MpeACTaBlIeHHs ClliB y TeKCTi. Bektopu orpumytorses nig yac BERT Pre-traning moneni Ha Benukomy
00Cs131 TEKCTOBHX JaHUX

H = BERT (T), 3)
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ne H — KOHTeKCTHI BeKTOpH, OTpUMaHi sk pe3yisTar 3actocyBanHsd BERT; 7 — Bxinuuii TexcToBuit
3aIuT.
Kpox 1.3. Bu3HaueHHs KIIOYOBUX MapamMeTpiB 3aMUTy Ha OCHOBI KOHTEKCTHUX BEKTOPiB

H = ExtractParametrs (H) , 4)

ne H=(HI, ..., Hi, ..., Hm); m — KilbKicTh TapaMeTpiB
Kpok 1.4. CTBOpeHHs BEKTOPY MapaMeTpiB IJIs MOAAIbIIOr0 BHKOPUCTAHHS B JIiHIMHIM perpecii
Ta MOJIEJi MAaIIMHHOTO HaBYAHHS

Vparameters = [Ks]. Q)

Kpoxk 1.5. BusnauenHs BaroBux koedimieHTiB 151 KOXKHOTO MapameTpa 3a JOMOMOTor0 JTiHiHHOT
perpecii
Wparameters = LinearReyreSSion (Vparameters)- (6)

Eran 2. Po3paxyHok BaroBux koedimieHTiB 3 BHKOPHUCTAHHSM JiHIHHOT perpecii.
Kpok 2.1. ITligrotoBka JoAaTKOBHX O3HAK IUTA JIiHIMHOT perpecii Ha OCHOBI BEKTOpPY BaroBHX
koeQinienTiB Wy arameters

Xiinear = PrepareFeatures (Wyarameters H)- (7)

Kpoxk 2.2. BusnaueHnHs BaroBux koe(illieHTiB A NMiHiHOT perpecii Ha OCHOBI MMiIrOTOBIEHNX
03HaK

Wiinear = LinearRegression (Xjinear)- )

KpOK 2.3. PO3anyHOK 3BAXXCHUX O3HAK Ui MOAAJIBIIOT0 BUKOPHUCTAHHA Y MOI[eJ'Ii MalluHHOTI'O
HaBYaHHs

X tinear = Wiinear * Xiinear- (8)

Etam 3. Peanizanis HaB4eHOi Mozei kiacudikarii 3a qonomororw ML.

Kpoxk 3.1. [TizrotoBka HaB4aJIbHOT0 HAOOPY JaHUX JJIs Kiacudikarii, IKui MiCTHTb KOHTEKCTHI
BekTopu H, otpumani Big BERT, 3Baxkeni 03HaKku X jj0q K pe3y/IbTart NiHiitHOT perpecii Ta Bizomi
MITKH KJ1aciBYi Ha OCHOBI THIIIiB 3asIBOK

Dclassification = {(HiJ)? linearl’rYi)}{v=1 , ©)

nie H; — KOHTEKCTHI BEKTOPH JUIA i-T0 3aIUTY sIK pe3ynabrat 3actocyBanHs BERT; X linear; — 3B&KEHI
O3HaKM IS i-ro 3amuTy AK pe3ysbTaT JiHiiHOI perpecii; Y; — mMiTka knacy (Tum 3asBKH) ISt i-TO
3amuTy.

Kpok 3.2. [1poBeneHHs HaBu4aHHs Moeni knacudikallii 3 BAKOPUCTaHHIM HaByallbHOro Habopy
JaHWX 3 BUKopucTaHHAM Support Vector Machine (SVM), Random Forest, uu introi mogeni ML
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Modelggssification = TrainClassificationModel (Dgyqassification)- (10)

Kpoxk 3.3. Knacudixaiiss HOBUX 3annTiB Ha OCHOBI IXHIX KOHTEKCTHHX BEKTOPIB SIK pe3yJbTaTy
3actocyBanHsd BERT Ta 3BaxkeHnx o3Hax Bix JiHiiHOT perpecii 3 BHKOpHCTaHHAM HaBYeHOI MOJei

Ypredicted = MOdEIclassification (Hnewv)? linearnew)- (1 1)

Etan 4. Kateropusaiiis TeKCTOBUX OMKUCIB 3 BUKOPUCTaHHAM Mojelli baiieca.
Kpok 4.1. 30ip Ta momepenHsi 0OpoOka TEKCTOBMX NaHUX (OMHCH O0’€KTiB 3asBKH, BIATYKH
KOPHCTYBaYiB, iHIIi TEKCTOBI peCypcH TOIIO)

Diext = {Texti}lzyl:r (12)

ne Text; — TeKCTOBI JaHi 1uisl i-ro JoKymeHTa; M — KiJibKicTh BUJIIB TEKCTOBHX JIOKYMEHTIB.
Kpox 4.2. TpenyBanHs Mmozeni baiteca 3 BUKOPHUCTaHHSAM HABYALHOTO HAOOPY TEKCTOBUX
JTAaHUX Ta HAIBHOTO OalieciBChKOTO KilacudikaTopa

Modelpgyes(Description,.en;). (13)
Kpok 4.3. Kareropu3aiiisi TEKCTOBUX JaHHX IIIIXOM iX MPHU3HAYEHHs BiANOBIAHAM THIIAM 3assBOK
Ysayes = MapCategoriesToLabels(Categoryey:), (14)

JI€ BEKTOP MIiTOK Y4y es BKA3y€ HA TUI 3a5BKH JUIS KOYKHOTO TEKCTOBOTO OIMUCY.

Eran 5. Hananus pekomeHpaliii kopuctyBadaM CHCTEMHU.

Kpok 5.1. OrpumanHs pe3yibTaTiB 3acTocyBaHHA Mojeni kinacudikauil Ypregictea (11) T2
MOJieJli KaTeropu3allii TEKCTOBOTO ONUCY 00°€KTa Ygqyes. (14).

Kpok 5.2. 3BakeHe MoeqHaHHSA OTPUMaHUX pe3yJsbTaTiB peanizanii mogeneit (11) Ta (14), ne
Barn MOXYTh OyTH HallalITOBaHI Ha OCHOBI TOYHOCTI Ta Ba)XJIMBOCTI KOXXHOI MOJeNi, y BUTISII
KOMOiIHOBaHOTO BEKTOPY

Yeombinea = @ * Ypredictea T B * Ypayes- (15)

Jie @ Ta [§ — Baru It KOYKHOT MOZETTi.
Kpok 5.3. Hamanus pexomeHpamiii 3 BUKOPHCTaHHSAM OTPUMAHOTO KOMOIHOBAaHOTO BEKTOPY
Yombined U1 TIPU3HAYCHHS peKOMEHIAIifi KOPUCTyBadaM CUCTEMH IOJI0 BHOOPY 00’ €KTa.

Recommendations = ProvideRecommendations (Y.ompined)- (16)
5.2. ExcnepuMeHTAIbHA NepeBipka pe3yJabTaTiB peasizanii KOMOiHOBAHOTO MeTOAY JAJIS
BHpIilIeHHS 3a1a4i pOpMYBaHHS 3aBOK HA OPEHAY aBTOMOOIIIB Yepe3 BeG-caliT koMnaHil

Cy4acHi TOCIYTH OpeHIH aBTOMOOILNIB MPOMOHYIOTh THYYKY aJanTallifo 3asBOK 3aJIeXKHO Bil
CUTyalill, B AKMX KOpUCTYBad MO)Xe 00paTH, HampuKiIaa, aBTOMOOINb 3 JUTIYMM  KpiclioMm,
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KOHIIUITIOHEPOM, ayHiOTEeXHIKOI0, HaBiramiiiHor cucteMoro tomo. Lle pobute mociyru openmu abo
MPOKaTy aBTOMOOLTIO y)ke MOMYISPHUMHI y Cy4acHOMY CBiTi. AJie y OLTBIIOCTI KOMITaHil, TisbHICTh
SKUX CIpSAMOBaHA HA HANAHHA Wi€l MOCIyrH, € MpoOiieMH, TOB’s3aHi 3 BiJCYTHICTIO aBTOMAaTH3aLlii
nporieciB popMyBaHHS 3asIBOK HAa OpeHy. BUKOprcTaHHS anropnT™MiB ONTHMI3allii 3aBKH Ha OpEeHIy AJIs
JIMHAMIYHOTO BCTAHOBJICHHs IliH B 3aJIOKHOCTI BiJl TOMUTY Ma€ NIMOOKe 3HA4YEHHS NpH Mpolecax
(opMyBaHHS 3a5BOK.

Tomy excneprMeHTallbHY TepeBipKy po3poOIeHOro KOMOIHOBAHOTO METOMY 3arpOIOHOBAHO
TIPOBECTH Ha MPUKJIA/li aBTOMATH30BaHOTO BHUPIllIeHHs (yHKIiOHABHOT 33/1a4i OpMYyBaHHS 3aSBOK B
Mexax BeO-caliTy KOMMaHii 3 MpoKaTy aBTOMOOIJIIB.

[Iporpamumii nmomatok, skmii 3abe3nedye aBTOMATH30BaHE 3aCTOCYBaHHSA pO3POOIEHOTO
KOMOiHOBaHOTO MeTozy, Oyiio po3pobieHo Ha ocHOBI MoBH Python. Leit nogarok Bkitouae B cede Taki
GibmioTexu:

— Streamlit — Oi6nioreka Python, sika BHKOPHUCTOBYETHCS IS INBUAKOTO CTBOPEHHS BeO-
JIofaTkiB. Y 1bOMYy KOAI BHKOPHCTOBYETHCS JUlsi CTBOPEHHsA iHTepdelicy KopucTyBaua IIpH
peKoMeH/allii ABUTyHa TPaHCIIOPTHOTO 3aco0y;

— Langchain — kopucTyBalbkHii TTaKeT, SKU# Hajae HaOip iIHCTPYMEHTIB AJ1s MOOYIOBH Mojeneit
npupoxHoi MoBH. BiH Mae kinbka migMoaynis, Bkiodaroun llms, sxi 3'exnyrors 3 LLM, Takumu six
OpenAPIs GPT;

— Azure.search.documents — 0iOmioreka, enemeHToM skoi € kmac SearchClient, mo
BHKOPHCTOBYEThCS s B3aemomnii 3 kommoHeHToM Azure Cognitive Search. Kommonent Azure
Cognitive Search BHKOpHUCTOBYBaBCsl SIK IMOINYKOBA CHCTEMa Ui TPAHCIOPTHHX 3acoOiB. [lawni
TPaHCIOPTHOTO 3aco0y Oyim 3aBaHTaxkeHi sk daitmun JSON;

— Scikit-learn — 6i0mioTeka, sika BAKOPHUCTOBYBajacs I peaizaliii Moaene i MeToniB niHiitHOT
perpecii.

Jlns BupitneHHs 3a1a4i popMyBaHHS 3asBKH HA OPEH]Ty aBTOMOOIJIsi KOPUCTYBay MOBHHEH 3aiiTH
Ha caiit i oOpatu o¢yHkuiro «OpenmyBati aBTo». Konm KopuCTyBau HaTHCKae Ha KHOIKY
«OpeHnyBaTH aBTO», HIOMy BiIIKPHBAETHCS BIKHO, KyJM BiH MOBWHEH BIMCATH CBiif 3anuT. Ha oMy
eTalni KOPHCTyBauy MPOIMOHYETHCSA BBECTH y JOBUNBbHIN (opMi iHdopMmalito mpo moizaky (BKasaTtu
TEpMiHM Ta Miclle OTpPHUMaHHS
TPAHCTIOPTHOTO 3acoly, a TaKoK
0aaTh JIOOATKOBI Ormif).
3acTocyBaHHS po3pobieHoro
KOMOIHOBaHOTO METONY I03BOJIsIE
KOpHCTYBa4eBi y BiJTbHOMY
dopmari i y cBoeEMy 0COOHCTOMY wezay
CTHJIi BHECTH y ()OPMY 3aITOBHEHHS | PR sty it & il
3aMUTy MOSCHEHHS, IO caMme BiH
uryKae.

[puknan peanizamii ¢yHkuii

aHanizy TEKCTY 3amurTa o

KOpHcTyBaqa Ta BH6Opy user_text = "f 6aTeo, IAY 3 MBOMA AiTbMM, WOTPHM Mo 8 Ta 10 powis, Ko Xapkosa 3 10.01.2024 po 17.01.2024. NiaGepiTe meWi, 6ynb nacka, rapee asvo )"
aBTOMOOiINS HaBeleHO Ha e

puc. 2.

Puc. 2. ®yHKIis aHai3y TEKCTY 3allMTy KOPMCTyBa4a Ta BUOOPY
aBTOMOOIIA
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Ha nepomy erami ans aHanmisy TEKCTy 3amuTy, BUOKpPEMJIEHHS BiKy JiTel, MicLs MOi3aKH, a
TaKOX JIaT MOYaTKy Ta 3aBepLICHHS TTOJOPOXkKi BHKOPUCTOBYOTHCS
perynspHi Bupasu. Lli gaHi cinyxaTh BXiTHUMH apaMeTpaMu JJis json_data =
MOAAIBIIOr0 BUOOPY aBTOMOOIIB. "content": {

s B3aemomii 3 0a3010 JaHUX aBTOMOOIIIB peasi3oBaHO “DOORS
CrielialbHUI MeXaHi3M, KU 31ificHIoe 00MiH iH(opMartieto mpo .
aBTomo0ini y Bursini JSON-daiinis (mus. puc. 3). o

Buxinnoro indopmamiero, ska (opMyeTbes B pe3ynbTari "YEAR'
3aCTOCYBaHHS aBTOMAaTH30BaHOTO KOMOIHOBaHOTO METONY, €
iHdopmanis, oTprMaHa 3 MoAaHoi 3a9BKH, Ta CITMCOK aBTOMOOIIB,
BU3HAHWUX  HaWpeNieBaHTHIIIMMM  Iiif  3asBHi, pasoM 3
XapaKkTepuCTHKaMM LuX aBToMoOiniB. [lpukman pesynbrary
BHpilIEHHs 3a1a4i (opMyBaHHs 3aIBKH Ha OPEHIy aBTOMOOITiB HaBeIeHO Ha puc. 4.

Puc. 3. Ipuknan JSON-¢aiina

6. Oo0rosopennst
pe3yJIbTaTIiB J0CTiAKeHHA e

ExcnepumenTanbHa Baw sanpoc®

. l Al 6areKo, iny 3 ABOMA. A/TAMM, KoTpim o 8 Ta 10 pokis, Ao Xapkosa 3 10.01.2024 po 17.01.2024. Min6epits meHi,
repeBipKa pozpobieHoro el L
KOMGiHOBaHOTO MeTony i
. . Dacia Jogger Renault Twingo Ford Focus

BUpiLLIeHHs sazaui el e o el

aBToMaru3alii  (opMyBaHHs /TR v

3a8BOK JUIsl ‘@ % &
BeO-caliTy KommaHnii 3 opeHan
aBTOMOOINiB BKJIIOHana B cebe s smorma oo
MiArOToBKY Aanux, . S =
YIOCKOHAIIEHHSI  allTOPUTMIB, ‘

TECTYBaHHs, BaJliJallio i aHai3

pe3ynbTaris. — —

M7nonen O 2 cpicns D Bewnminauw | | Ranoneh O 2ampers €D Besnimindm| | RS monen O 2aerspicna €D Beaniminiixan

PosrnsiHyTO 0c006MBOCTI Puc. 4. Pesynbrat BupieHHs 3a1a4i GopMyBaHHS 3asiBKH Ha OpEHIY
MiATOTOBKY BXiAHUX JAHWX IIiJ aBTOMOOLIIB
gac (popMyBaHHS 3a5BKH Ha OpeHIy aBTOMOO1TiB. HaBeneHo omuc mporpaMuoi GyHKIIT, ska peami3ye
po3pobIieHuit koMOiHOBaHMH MeTo. Po3rissHyTO 0COOMMBOCTI B3aeMoii miei GpyHKIIIT 3 023010 JaHUX
Ta TOIIYKOBOIO CHCTeMOIO. [IpomeMOHCTpPOBAaHO MOXIIMBICT 3HAXODKEHHS aBTOMOOINIB,
pelieBaHTHUX 3asBIli, Ky 0yJ710 c(hOpMOBaHO KOPUCTYBa4YEM Y AOBIJIbBHOMY TEKCTOBOMY (hopMaTi.

Po3pobnena nporpamua peaiizaltist mpoxouia TECTYBaHHs Ta BaJliallito Ha TECTOBUX Habopax
JAaHUX, SKi CTBOPIOBAIMCS Ul iMiTalil pi3HOMaHITHHX cleHapiiB 3amutiB. [lim gac dopmyBaHHs
TECTOBHX HAOOPiB aHUX BUKOPHUCTOBYBAIIUCH K pealibHi, TaK i CHHTE30BaHi JlaHi.

Pesynberarn, otpumani mix gac Banigarii po3pobieHoi mporpamHoi GpyHKIIT B Mexax BeO-calTy
KOMTIaHiT 3 OpeHIn aBTOMOOITiB, TOKA3aJIi MOKPAIEHHsI TOYHOCTI MiA00pY aBTOMOOITiB 3a 3a1BKaMH1
KOPHCTYBaviB y TIOPiBHSAHHI MOMEpeAHIMHU BapiaHTaMM BUPILIEHHs JaHOI 3aadi (py4He BUpilUIeHHS,
3allOBHEHHS JKOPCTKO CTPYKTypoBaHUX (hopm). Byno Takoxk BHSBIEHO 3MEHIICHHsS 4acy BiATYyKY
peanizoBaHoi (YHKIii Ha 3aMUTH KOPUCTYBadiB, IO CHpPUSE MOKPALICHHIO 3arajllbHOro
KOPHUCTYBALIbKOTO JOCBIY.

[0OBHUM HENOJIKOM OTPUMaHUX pe3yNbTaTiB CliJl BBaXKAaTH HENOCTATHE 3MEHIIeHHS
o0UnCITIOBAIEHUX BUTPAT Ha peari3allifo po3po0ieHoro KoMOiHOBaHOTO METOY, 10 MPHUBOAUTE JI0
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MOSIBY JKOPCTKIIINX BUMOT, IKi BUCYBalOTECS 10 cepBepiB naHux abo xmap sk [ T-indpacrpykrypu, B
AKi} TITAaHY€EThCS eKCITyarTarlist BeO-caliTy KoMmaHii.

Buxoasun 3 11bOoro HemoliKy, TOJIOBHMUM HANpSMKOM TOAANBLIMX JOCHIPKEHb B Taiysi
3actocyBanHs metoiB ML ta moneni BERT e nocnimxenHs 31 3MeHIIEHHS KiTbKOCTI MapameTpiB Ta
PO3MIPHOCTEHM WX METOIB i MOJENi 6e3 3HAYHOrO MOTiPIICHHS Pe3yIbTaTiB 00POOKH.

7. BucHOBKH

Y Xxoxi maHoro HOCHiDKeHHS OyJo BHpINIEHO 3amady po3poOKH KOMOIHOBAHOTO METOIY
aBTOMaTHU30BaHOTO ()OPMYBAHHS 3a9BOK HAa OTPUMAaHHS nmocayru. Po3pobnennii Mmeton sBisie co00r0
noennanus mozaeni BERT 3 mpocrimmmvu Metonamu ML Ta MeTogamu OaiieciBchkoi Kiacugikarii.
Take moegHaHHS 3MEHIIyEe OOUMCITIOBANGHI BUTpaTH Ha pearnizanito moaerni BERT 6e3 cyrreBoro
MOTipIIEHHS SKOCTi BU3HAYEHHS MOCIYTH, KO MOTpedy€e KOpUCTyBa.

s excriepuMeHTalbHOT MepeBipkd po3pobiaeHoro KOMOIHOBAaHOTO MeToay Oyino CTBOPEHO
nporpaMHy (QYHKIII0O Ta MeXaHi3MH B3aeMomii Imi€i QyHKIii 3 6a300 TaHHX Ta MOLIYKOBOKO
cucremMoro. AnpoOauis wiei ¢yHKIIT npoBoauiacs B MeXax eKcIutyaTauii BeO-caliTy xoMmaHii 3
opeHAM aBTOMOOINIB. PesynbTaru ampobamii MiATBEPIKYIOTh MOXKJIHBICTh 3aCTOCYBaHH:I
PO3pobIeHOr0 KOMOIHOBAaHOTO MeTONy MJIsi BHUpIlIeHHS (YHKUIiOHaNbHUX 3ama4 (opMmyBaHHS i
ronepe oI 00POOKH 3a9BOK Ha OTPUMAHHS MOCITYTH Y Pi3HUX MPEIMETHUX Tamy3sX.

SIK mepcrneKTUBM MOJNANBIINX JOCHIIPKEHb 3allpolIOHOBAaHO 3BEPHYTH OCOOJMBY YBary Ha
BUBYEHHS OCOOJIMBHX 3aXOJIB 31 3MEHIIEHHS o0uuciroBaiabHOI ckiagHocTi Momeni BERT ra i1
PI3HOBH[IB 3 METOIO 3aCTOCYBaHHsA MOAIOHUX Mopesel y pizHomaHiTHuX IC Ta IT ynpaBmiHH:d
CepefHiMM Ta MAJIMMH MiANPUEMCTBAMH Ta OpraHi3alisiMH.
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