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AHOTAIIA

Meronu  aBTOMaTM30BaHOTO  MEpeKIaay  NPUPOJHOI MOBU Ha  OCHOBI
HEHpoMepexeBoi Mojeni “NoCHioBHICTh-MOCHINOBHICTE // Ksamidikarmiitna poGota
marictpa // Jlynummna Poman Onerosuu // THTY, Komm’torepna imxenepis, rpyna Clm-61
// Tepunonins, 2020 // ¢c. -, puc. - 55, Tab:x. - 1, 6i6miorpadis - 26.

KirouoBi cnoBa: xopmyc, HeipoMepekeBa apXiTeKTypa, IMUOOKe HaBYaHHS, CHKOIEP,
JEKOZED.

JluruiomHy po0OOTy MaricTpa TPHUCBSYEHO ITOCHIDKEHHIO Ta peajizaimii METOdIB
aBTOMAaTHU30BAaHOTO TEPEKJIay NIPUPOJHOI MOBH Ha OCHOBI HEMpPOMEPEKEBOI MOENi
“NOCII1I0BHICTh-TIOCIIIOBHICTE .

Po3m1siHyTO OCHOBHI NPHUHIMIM Ta MIAXOAW OO MIATOTOBKU TPEHYBAJIbHOI BUOIPKU
JaHUX, Y TOMY YHCJ1 3 BUKOPUCTAHHSIM IITMOOKUX HEUPOHHHUX MEPEXK y SAKOCTI €HKOJEPIB.
JlocIiKeHO Ta MpoaHaIi30BaHO HASIBHI METOAM BHUPIIIECHHS 3aJa4l EepeKIaay IpUpoIHOT
MOBH, 30Kpema, Oyl0 pO3[ISHYTO AEKUIbKa HEMPOMEPEKEBHX apXiTEKTyp IITHOOKOrO
MaIIMHHOTO HaBYaHHS.

HaBeneno mnpukiamy CTBOPEHHS Ta OOpOOKHM KOPITYCIB TMPUPOAHOI MOBH IS
BUpIIICHHS 3a/1adi (OopMyBaHHS TPEHYBaJbHOI Ta TECTyBaJbHOI BMOIpOK maHuX. bymo
IIPOBEZCHO TOBHY OLIIHKY BapTOCTI CTBOPEHHS KOMII IOTEPHOI CHUCTEMH, HEOOXI1THOI IJis
BUPIIICHHS TOCTaBICHOTO 3aBAAaHHS, a TaKOXX OIMKHCAHO IOBHUM MpOLIEC PO3rOpPTaHHS
IPOrpaMHOro 3a0e3MeYeHHs] Ha JaHOMY CEpPEIOBUIII 3a IOIOMOI0I0 CTOPOHHIX MIaT(HOpPM.

PesynbraTamu HayKOBOTO JOCIIIXKEHHS CTalu MOBHUM OMIISJT ICHYIOUUX PIIIEHB JIJISt
BHPIIIIEHHS MMOCTABIICHOI 3a7a4i, BUOIp HAWKPAIIOi TEXHOJIOTIi, BIOCKOHAICHHS OCTaHHBOI,
pearnizaiisi Ta TpPEHYBaHHS IIHUOOKOI HEMpPOMEPEKEBOi MOAENI THUIY ‘‘TOCIITOBHICTb-

MOCTIIOBHICTE JJIsI 3a]1a4l MepeKIaay NPUPOAHOI MOBH.



ANNOTATION

Methods of natural language computer-aid translation based on neuro network
model of “sequence-sequence” type // Diploma thesis Master degree // Lutsyshyn Roman
O. // Ternopil’ Ivan Pul’uj National Technical University, Computer engineering, SIm-61
group // Ternopil, 2020 // P. -, Diagrams - 55, Tables - 1, References - 26.

Keywords: corpus, neural network architecture, deep learning, enoder, decoder.

The master's thesis is devoted to the research and implementation of methods of
automated translation of natural language on the basis of the neural network model
"sequence-sequence".

The basic principles and approaches to the preparation of training data sampling,
including the use of deep neural networks as encoders, are considered. The existing
methods of solving the problem of natural language translation have been studied and
analyzed, in particular, several neural network architectures of deep machine origin have
been considered.

Examples of creation and processing of natural language corpora to solve the
problem of forming training and test data samples are given. A full assessment of the cost
of creating a computer system required to solve the problem was performed, as well as a
complete process of deploying software in this environment using third-party platforms.

The results of the research were a complete review of existing solutions to solve the
problem, choosing the best technology, improving the latter, implementation and training
of a deep neural network model such as "sequence-sequence" for the problem of natural

language translation.



CIIMCOK CKOPOYEHb TA TEPMIHIB

LSTM (anr. Long Short Term Memory) - Tl apXiTeKTypy IIMOOKOTO MAITUHHOTO
HaBYaHHSI JUIsl BUPIMIEHHS 3aJla4 TUIY ‘‘TOCHIAHOBHICTh-TIOCHIIOBHICTD, BIOCKOHAJICHA
Bepcist RNN;

RNN (anmi. Recurent Neural Network) - Tun apXiTeKTypu IIHOOKOTO MAaITUHHOTO
HABYAHHS JJIs BUPILIEHHS 3a/1a4 TUITY “NOCIIIHOBHICTh-IIOCIIIOBHICTD

Transformers - TN apxiTeKTypu IMTUOOKOrO MAIIMHHOTO HAaBYaHHS, CIPSIMOBaHUMN
BrockoHanutu LSTM 1 RNN dyepe3 Bukopucranus Attention mechanism (aHmi. mMexaHizM
CaMO3BEpPHEHHS);

Kopriyc - HaO1p TEKCTOBUX JaHUX, MPEACTABICHUNA Y OJJHOMY (haiii;

TokeH - oMHULIA TEKCTOBO1 1H(OpMALlii, Y JAHOMY BUIIAJKY - CJIOBO;

ToxeHizailist - mpoiiec CTBOPEHHS TOKEHIB (Y TOMY YHUCI1 pO30MBaHHS HAa TOKEHHM).
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BCTVII

I3 koxkHUM nHeM i1HdOpMaIliiiHI TeXHOJOTii HaO0yBalOTh BCE OUIBINIOI 1 OLIBIION
MOMYJSIPHOCTI, aJKe TIEPETyMOBOIO ITbOMY CTaJI0 MOYKJIMBE 3 OMHOTO OOKY CIPOITICHHS, a 3
THIIOTO - BIOCKOHAJICHHSI, BAKOHYBAHHS MOBCSKICHHUX 3aBJaHb. TaKMM YMHOM, MU 3apa3
KUBEMO Y eroxy npomnaryBanus [T Ta anbTepHaTUBHUX PIIIEHB YK€ BITJOMHUM 337a4aM.

Onne 13 HaWOIIBI BAXKIWMBUX 3aBIaHb Yy TPOIECI TEXHOJOTIYHOTO IPOTPECy €
B3a€EMOJIISl JIFOJUHU 3 OOYHMCIIIOBAJILHOIO MAIIMHOI, CaMe II€ CTajo IMOIITOBXOM [0
PO3BUTKY Takoro HampsMmky y iHpopmatumi sik NLP(Natural Language Processing),
IHITMMU cI0BaMH - oOpoOku mpupomHoi MoBu. Hacmpasmi, Tepmin NLP OyB BBeneHwmit y
BKHUTOK JIOCUTh JABHO, MPOTE Yepe3 HEJOCTaTHbO CUJIbHUN TEXHOJIOTIYHUM pIBEHb
pecypciB Ha TOM MOMEHT 4Yacy, JIFOAM He 3MOTIIM MOBHOIO MIpOO peajli3yBaTH 3aayMaHe —
HABYUTH MAIIUHY IHTEJEKTYyaJIbHO PO3YMITH JIOACHKUNA TOJIOC Ta BUKOHYBAaTH OyJb-sKi
orepailii 3 po3Mi3HaHUM TEKCTOM.

AKTyalbHICTIO TEMH 3yMOBJIEHa HEOOX1HICTIO PO3POOKH aBTOMAaTH30BAHUX CHCTEM
nepeKaaay MpUpoAHOi MOBH. 30KpeMa, y BUPIIICHHI 3ajadi perpe3eHTallii TEKCTOBUX
JAHUX Y YACIIOBY Ta BEKTOPHY (opmu.

MeTor0 HayKOBOTO TOCHIKEHHS € Po3po0Ka METOIB Ta 3aC00iB aBTOMAaTH30BaHOTO
nepeKaaay MNpPUpPOAHOI MOBH Ha OCHOBI HEHMpOMEpPEkeBOi Mojei “TOCiAOBHICTh-
nocaioBHicTh Transformers.

OG6’exTOM JTOCTIKEHHS € HeHpoMepekeBa MOJIEb ““TOCIOBHICTh-TIOCIIIIOBHICTD”
Transformers.

[IpeameTomM OCTIKEHHS € HEHMpOMepeKeBl MOJAEII Ta METOAM aBTOMAaTHU30BaHOIO
nepexsaay mpupoaHOi MOBH.

HaykoBa HOBHM3Ha 0a3yeThCs Ha 3MiHI apxXITEKTypu HEHpOMEpeKeBoi Momei
Transformers mnuIgXoM 3MIHM KUIBKOCTI IIapiB €HKOAEpa Ta JeKolepa, 10 3yMOBHUJIIO
MiIBUIIEHHS €()EKTHBHOCTI MPOIECIB HABYaHHS Ta Tepekiamy. Po3pobieHo mpouenypy
dbopMyBaHHS HaBYaJIbHOI Ta TECTyBaJbHOI BHOIPOK 13 BHKOPHUCTAHHSAM IiAXOMY
CEMaHTUYHOTO  aHaJli3y TEKCTIB MNpUpoAHOi MoBH. OTpUMaHO MOJEIh DIHOOKOTO

MAaIlIMHHOTO HaBYAHHS JJIsI BUPIIIIEHHS 3a/a4l MepeKiIaay TeKCTIB MPUPOIHOI MOBH.
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http://elartu.tntu.edu.ua/browse?type=conference&value=%D0%9C%D1%96%D0%B6%D0%BD%D0%B0%D1%80%D0%BE%D0%B4%D0%BD%D0%B0+%D1%81%D1%82%D1%83%D0%B4%D0%B5%D0%BD%D1%82%D1%81%D1%8C%D0%BA%D0%B0+%D0%BD%D0%B0%D1%83%D0%BA%D0%BE%D0%B2%D0%BE-%D1%82%D0%B5%D1%85%D0%BD%D1%96%D1%87%D0%BD%D0%B0+%D0%BA%D0%BE%D0%BD%D1%84%D0%B5%D1%80%D0%B5%D0%BD%D1%86%D1%96%D1%8F+%E2%80%9E%D0%9F%D1%80%D0%B8%D1%80%D0%BE%D0%B4%D0%BD%D0%B8%D1%87%D1%96+%D1%82%D0%B0+%D0%B3%D1%83%D0%BC%D0%B0%D0%BD%D1%96%D1%82%D0%B0%D1%80%D0%BD%D1%96+%D0%BD%D0%B0%D1%83%D0%BA%D0%B8.+%D0%90%D0%BA%D1%82%D1%83%D0%B0%D0%BB%D1%8C%D0%BD%D1%96+%D0%BF%D0%B8%D1%82%D0%B0%D0%BD%D0%BD%D1%8F%E2%80%9C
http://elartu.tntu.edu.ua/browse?type=conference&value=%D0%9C%D1%96%D0%B6%D0%BD%D0%B0%D1%80%D0%BE%D0%B4%D0%BD%D0%B0+%D1%81%D1%82%D1%83%D0%B4%D0%B5%D0%BD%D1%82%D1%81%D1%8C%D0%BA%D0%B0+%D0%BD%D0%B0%D1%83%D0%BA%D0%BE%D0%B2%D0%BE-%D1%82%D0%B5%D1%85%D0%BD%D1%96%D1%87%D0%BD%D0%B0+%D0%BA%D0%BE%D0%BD%D1%84%D0%B5%D1%80%D0%B5%D0%BD%D1%86%D1%96%D1%8F+%E2%80%9E%D0%9F%D1%80%D0%B8%D1%80%D0%BE%D0%B4%D0%BD%D0%B8%D1%87%D1%96+%D1%82%D0%B0+%D0%B3%D1%83%D0%BC%D0%B0%D0%BD%D1%96%D1%82%D0%B0%D1%80%D0%BD%D1%96+%D0%BD%D0%B0%D1%83%D0%BA%D0%B8.+%D0%90%D0%BA%D1%82%D1%83%D0%B0%D0%BB%D1%8C%D0%BD%D1%96+%D0%BF%D0%B8%D1%82%D0%B0%D0%BD%D0%BD%D1%8F%E2%80%9C
http://elartu.tntu.edu.ua/browse?type=conference&value=%E2%85%A6+%D0%9C%D1%96%D0%B6%D0%BD%D0%B0%D1%80%D0%BE%D0%B4%D0%BD%D0%B0+%D0%BD%D0%B0%D1%83%D0%BA%D0%BE%D0%B2%D0%BE-%D1%82%D0%B5%D1%85%D0%BD%D1%96%D1%87%D0%BD%D0%B0+%D0%BA%D0%BE%D0%BD%D1%84%D0%B5%D1%80%D0%B5%D0%BD%D1%86%D1%96%D1%8F+%D0%BC%D0%BE%D0%BB%D0%BE%D0%B4%D0%B8%D1%85+%D1%83%D1%87%D0%B5%D0%BD%D0%B8%D1%85+%D1%82%D0%B0+%D1%81%D1%82%D1%83%D0%B4%D0%B5%D0%BD%D1%82%D1%96%D0%B2+%E2%80%9E%D0%90%D0%BA%D1%82%D1%83%D0%B0%D0%BB%D1%8C%D0%BD%D1%96+%D0%B7%D0%B0%D0%B4%D0%B0%D1%87%D1%96+%D1%81%D1%83%D1%87%D0%B0%D1%81%D0%BD%D0%B8%D1%85+%D1%82%D0%B5%D1%85%D0%BD%D0%BE%D0%BB%D0%BE%D0%B3%D1%96%D0%B9%E2%80%9C
http://elartu.tntu.edu.ua/browse?type=conference&value=%E2%85%A6+%D0%9C%D1%96%D0%B6%D0%BD%D0%B0%D1%80%D0%BE%D0%B4%D0%BD%D0%B0+%D0%BD%D0%B0%D1%83%D0%BA%D0%BE%D0%B2%D0%BE-%D1%82%D0%B5%D1%85%D0%BD%D1%96%D1%87%D0%BD%D0%B0+%D0%BA%D0%BE%D0%BD%D1%84%D0%B5%D1%80%D0%B5%D0%BD%D1%86%D1%96%D1%8F+%D0%BC%D0%BE%D0%BB%D0%BE%D0%B4%D0%B8%D1%85+%D1%83%D1%87%D0%B5%D0%BD%D0%B8%D1%85+%D1%82%D0%B0+%D1%81%D1%82%D1%83%D0%B4%D0%B5%D0%BD%D1%82%D1%96%D0%B2+%E2%80%9E%D0%90%D0%BA%D1%82%D1%83%D0%B0%D0%BB%D1%8C%D0%BD%D1%96+%D0%B7%D0%B0%D0%B4%D0%B0%D1%87%D1%96+%D1%81%D1%83%D1%87%D0%B0%D1%81%D0%BD%D0%B8%D1%85+%D1%82%D0%B5%D1%85%D0%BD%D0%BE%D0%BB%D0%BE%D0%B3%D1%96%D0%B9%E2%80%9C

PO3II 1
AHAJTI3 IIPEJIMETHOI OBJIACTI

1.1 ITocTanoBKa 3a/1a4 HAYKOBO-JA0CI1THUIILKOT pOOOTH

HesBakatoun Ha MOCTIMHUN MPOTpec KOMIT IOTEPHUX CHCTEM Ta 1H(POpMaliifHUX
TEXHOJIOTIM B IIJIOMY, OOCSTH JaHUX, fAKi TOTpiOHO ompaipoByBarH, 30epiraTu Ta
nepenaBaTy, TakoXk 30UIblIytoThesa. CaMe TOMy CIiJi YITKO PO3YMITH, IO CTBOPEHHS
MIIXOMy, SKUM 3MIT OM 3MEHIIUTH pecypco3arpard Ta TMOKPAIIUTH SKICTh paHille
3alpOMIOHOBAHUH PIIIEHB € aKTyaJIbHUM 3aBJaHHSIM HAIIIOTO Yacy.

O6’exTOM JaHO1 pOOOTH € HeMpoMepeKeBa MOJICb “TIOCIITOBHICTb-TIOCIIIIOBHICTD”
Transformers, npeaMeTroM - HeWpoMepekeBl MOAENl Ta METOAUM ABTOMAaTH30BaHOTO
NepeKIaay IpUpPOIHOI MOBH.

MeTta HayKOBOTO JOCIIPKEHHS - PO3POOUTH METOAM Ta 3aCO0M aBTOMATH30BAHOTO
MepeKsialy MPUPOJIHOI MOBHM Ha OCHOBI HEUpPOMEPEKEBOT MOjAeNl “‘TNOCHIAOBHICTh-
nocaioBHICTh Transformers.

Cepen OCHOBHHX 3aj1a4 JJAHOTO JOCIIKEHHSI CJTiJl BAOKPEMUTH HACTYTIHI:

1. Ha ocHOBiI aHami3y MiAXOMAiB BiJoOpakeHHS TEKCTOBUX JAaHUX y BEKTOPHY
dbopMy OOrpyHTYBaTH BUOIp ONTHUMAIBHUX 32 KPUTEPIEM PO3MIPHOCTI Ta €(PEKTUBHOCTI
napasneabHOTO OMPAIFOBaHHS.

2. Ha ocHoBI aHami3y HEOMIKIB ICHYIOUUX HEMPOMEPEKEBUX MOJIETIEH Ta
METO/IIB, 110 BUKOPUCTOBYIOTHCS ISl 3ajJa4 aBTOMATU30BAHOTO TEPEKIaay MPUPOTHOI
MOBH C(OPMYITIOBATA BUMOTH 70 TOOYIOBU BIACHOT HEMPOMEPEKEBOT MOJIEITI.

3. OrmpairroBaru Ta c(hOpMyBaTH HAaBYAIbHI Ta TECTOB1 BUOIPKM TEKCTOBUX JaHUX.

4. OOrpyHTyBaru BUOip MPOrpaMHOroO Ta araparHoro 3a0e3neyeHHs
peasizaliii HelpoMepekeBOi MOJIEN1 y MapajiesIbHUX Ta PO3MOJAUICHUX CUCTEMAX.

5. PeanizyBaTul 3anipOIOHOBaHY MOJIEIb Yy BUIJISIII KOMIT FOTEPHOI CUCTEMH Ta

3MIACHATH Bepr(DiKaIlito 3aIpONOHOBAHNX TT1IXOIIB.
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1.2 AHani3 iCHYyIOUMX METOJIB Ta 3aC001B PO3B’SI3aHHS HAYKOBO-TEXHIYHUX MPOOIeM

KOAYBAaHHA TCKCTOBUX JdHUX

JIJis BUpIIIEHHST TIOCTaBJICHUX y JUIJIOMHIM poOOTi 3amay Oyno MpoaHai30BaHO
ICHYIOY1 METOAM Ta MIAXOAM, SIK1 37aTHI PO3B’SA3aTH HAYKOBO-TEXHIYHI MPOOIEMH POOOTH.
OcCK1JIbKM, OCHOBHMM HAIPSIMKOM JIOCII/DKEHb € KOJyBaHHS TEKCTOBOI 1H(opMalii, ciija
YITKO BU3HAUUTHU NOHATTS KOAYBaHHS Ta MPEACTABICHHS JaHUX 3arajoM.

KonyBaHHs — mpoliec 3aMiHHM KOAY JaHHUX Y TEKCTOBOMY (popMarTi; 3aMiHa OCTaHHIX
CKOPOYEHHMHU Ta YMOBHUMHM [MO3HAUEHHSAMU; perpe3eHTalls iHpopMalii Oyab-gKOro BULIY,
BUPAXEHO1 3ac00aMU MPUPOAHOI MOBH, Y TIOCIIIIOBHICTh PI3HOMAHITHUX CUMBOJIIB.

Po3p13HSAIOTE HACTYITHI BUAM KOIB:

—  andasiTHi;

—  andaBiTHO-IIU(POBUIL;

—  uudpoBuUil.

CraHoM Ha ChOTOJH1, HAWOUIBII MOMYJIIPHUMHU CIIOCOOAMHU KOAYBaHHs iH(OpMaIlii €
tak 3BaHi BPE(bytes pair encoding) anroputmu, ski nepeada4aroTh 3aMiHy Mapyu CUMBOIIIB
TEKCTY Ha OJIMH MONEPEIHbO BU3HAUEHUI CUMBOJ (3a3BHYail i clieliajibHI NO3HAYCHHS,
SK-0T: @, $, %, & 1 T.71.).

TakuM 4MHOM, aHATI3YIOYM HAWNOMYJSPHIII MIAXOAM J0 KOAYBAHHS TEKCTY, Oyio
PO3MIIIHYTO JEKiIbKa 3aKOPJAOHHUX CTaTei, sKi ONMUCYyloTh BHkopucTtaHHsi BPE-based
QITOPUTMIB ISl BUPIIICHHS PI3HOTO POAY 3ajady, 30Kpema: 3aJadl HEUpPOHHOIO
MaIIMHHOTIO MEpeKIIaay, po3Mi3HABaHHS BIACHUX IMEH 1 T.II. Ilig yac mpoBeleHHs aHali3y
YK€ 1CHYIOUMX MIAXO01iB OYyJI0 PO3IVITHYTO Ta MPOTECTOBAHO JIESAK] 3 HAMOUTBII MOMUPEHUX
cepen BPE. Cnpagni, BukopucTaHHs KOJAYBaHHS TUITY 3aMiHM Mapu 0ailTiB Ha MOTEPEIHHO
3aJJaHUI CUMBOJI 3HAUHO 3MEHILIY€E Yac OINpPAIlOBaHHS BXE 3aKol0BaHUX JaHux [25]. IIporte
Ma€eEMO TMIJACTABU BBa)KaTH, IO J1aMETPajJbHO MPOTWICKHUN MIAX1A A0 pernpe3eHTarlil
oInpanboBaHol 1H(OpMALlil, MPEACTABICHOI Y TEKCTOBOMY BUIVISIII 3/aTHUM 1€ OLIbIIe
MOKpaIlUTH BXe HasiBHI pe3ynbratu. Came ToMy Oylio 0OpaHO HEWpPOHHI Mepexi, SK
00JIacTh JAOCTIKEHHS OLIBII CKIAJHUX Ta CEMaHTUKOOA30BaHUX CIOCOOIB pempe3eHTallii

TECTOBHX JIAHMX Y iX YHCIIOBY BIJIMTOBIIHICTb.
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ApXiTekTypa HEHUpOHHOI Mepexi mnependadyac BUKOPUCTAHHS SK MIHIMYM TpPbhOX
mapiB: BXIJHOTO, OOYHCITIOBAJLHOTO Ta BuUXigHOTO. IIpoTe MiX BXIiZHUM Ta
OOYMCITIOBAILHUMHU IlIapaMU ICHY€ TaK 3BaHUM Kojep(MEXaHI13M MpPe/ICTaBICHHS BXIJTHUX
JaHUX JJI1 TOJANbIIOr0 OOYMCIEHHS B MEpexl) 1 Jekoaep(MpOTHWICKHUN MONEePEAHbOMY
MexaHi3Mm). Came CTpyKTypa Kojepa-JIeKoiepa MOBHHHA AaTW OUIBIN SIKICHUN pe3yibTar

MIPU peTIpe3eHTAlIlll JaHUX 13 pO3paxyHKy MOJaNbIIIOT IIBUIKOIIT OMpaIlOBaHHS OCTaHHIX.

1.3 HpOBGIICHH}I TCOPCTUIHUX I[OCJIiI[}KeHB piBHOBI/II[iB KOOYBAaHHA TCKCTOBUX HAHHUX

JUis  mociipkeHHS 3ajadl KOAYBAaHHS JaHUX Oylo OOpaHO HEWPOHHI MEpexi,
OCHOBHOIO OCOOJIMBICTIO SIKHX y JIaHOMY KJIIOYi € apXiTeKTypHa OyaoBa 3a THIIOM KOJEp-
nexonep. BuxopucranHs apXITEKTYpHUX OCOOJMBOCTEH HEWPOHHUX MEpex mependoadae
MTOBHE MPEJICTABICHHS Ta PO3YMIHHSI OCTAHHIX.

Heliponni Mepexi - e 004MCIIIOBaIbHI CUCTEMH, SIKI MOOYAOBaHI 3a MPUHIUIAMU
moOy10BH O10JIOTIYHUX HEHPOHHHUX MeEpexk, Mo (GOPMYIOTh MO30K TBapHH. Taki CHCTEMH
HABYAIOThCSA 3aJadaM (TOCTYIIOBO TIOKPAIIYIOYH CBOKO MPOAYKTHBHICTh Ha HHX),
pO3MIAAIOYM MPUKIAAM, 3arajoM Oe3 CIEUIaJbHOTO MpOTrpaMyBaHHS MiJl KOHKPETHE
3aBJaHHS.

Hanpuknaz, y po3mni3HaBaHHI 300pa)KeHbh BOHU MOXKYTh HaBYaTUCS 1ICHTU(]IKYBaTH
300paKeHHs, SIKI MICTATh KOTIB, aHAJII3YIOUHM MPUKIIATU 300paxKeHb, MIUCHI SIK «KIT» 1 «HE
KIT», 1 BAKOPUCTOBYBATH L1 PE3YyJIbTaTH JIJIsl MOAAIBIIOTO 1IEHTU(]IKYBaHHS KOTIB B 1HIIHX
300paxkeHHAX. BoHn poOnsaTh 11e 0e3 KOIHOTO anpiopHOro 3HAHHS Mpo KOTiB. KirouoBoro
BIIMIHHICTIO MIJIXOly MAIIMHHOTO HaBYaHHS B1J 3araJlbHONPUUHATOrO MPOTrpaMyBaHHS €
MOBHA MPOTHJIEKHICTh CYTl OOMABOX MapagurM. TakuM YUHOM, METOIO PO3B’SA3KY 3aj]adl y
KJJACUYHOMY IMpPOrpaMyBaHHI € 3HAXO/UKEHHS KIHIIEBOIO pe3yibTaTy IpH HasBHOCTI
BXIJJTHUX JAHHUX 1 MPaBWJI OOYMCIIEHHS LBOTO pe3yibrary. Teopis MAIIMHHOTO HAaBYaHHS
BUKOPUCTOBYE IHIIMKM MIAXIJ: 32 HASIBHOCTI BXIIHUX 1 BUXIJIHUX JaHUX, CI1Jl BU3HAYUTH
IpaBUJIa, 32 IKUMU OOUHCITIOIOTHCS JaH1 BUXOY.

Takuil miaxig 70 po3B’sI3Ky 3a7adl 3[aTHUN sIKHAWKpaie miaiopard mpaBUIbHUN

croci0 70 penpe3eHTallii JaHuX, K1 HeoOX1H1 AJI MOJAIBIITNX MAHIITYJISIINA HAJl HUMH.
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https://uk.wikipedia.org/wiki/Біологічна_нейронна_мережа
https://uk.wikipedia.org/wiki/Розпізнавання_зображень
https://uk.wikipedia.org/w/index.php?title=Мічені_дані&action=edit&redlink=1
https://uk.wikipedia.org/wiki/Апріорне_знання

JIis TpoBeneHHST NOCTIIKEHb Y KOHTEKCTI KOAYBaHHS TEKCTOBUX JAaHHUX OyJo
BUKOHAHO ONIAJl Ta aHAJI3 apXITEKTyp PI3HOTHUIIHUX HEHMPOHHUX MEPEX, SIKI BU3HAIOTHCS
HaWOUIBII  JIOCKOHAJIMMH Ha CBOTOAHIIIHIA JeHb. 30KpeMa Oyaud  pO3NISHYTI
HelipomepexeBi apxitektypu tumy: Neural Network with Attention Mechanism.
Transformer-based Neural Network 1 Neural Network with LSTM layer.

LSTM(long short-term memory) - 11e apXiTeKTypa PEKypPEeHTHUX HEHPOHHUX MEpexK
(PHH), mo BukopuctoByeThcsi B deep learning (ramy3i mmbokoro Hapdanss). Ha Biaminy
BIJl CTAHJAAPTHUX HEHPOHHUX Mepex npsiMoro 3B's3Ky, LSTM mae 3'enHaHHS 3BOPOTHOTrO
3B'A3KY. Y paMKax Takoro MIAXOAY MOXKHA HE TUIbKH OOpOOJISITU OKpeMi TOUKH JTaHMX
(HampuKITa, 300pakeHHs), ajie W IUTI MOCIITOBHOCTI JaHUX (HAMpPUKIIAI, MOBJICHHS a0o
Bigeo). 3okpema, LSTM 3acrocoByeTbcs A0 TakuxX 3aBllaHb, SIK HECETMEHTOBAaHE,
MiAKTIOYEHE PO3MI3HABAHHA PYKOIMCHOTO BBOJY, PO3II3HABAHHS MOBU Ta BHSBICHHS
aHOMaJIlid y MepekeBoMY Tpadiky (CHCTEMU BUSIBICHHS] BTOPTHEHD) [26].

Mepexi LSTM nob6pe niaxonasats A kiacudikaiiii, o0poOKku Ta MpOrHO3yBaHHS Ha
OCHOBI JJaHUX YaCOBHUX PSI/IiB, OCKUIBKH MK BaXJIMBUMU IMOAISIMU YACOBOTO PSIY MOXYTh
OyTH 3aTpuMKH HeBimomoi TpuBaiocti. LSTM mepexi Oynu po3poOiieHi At BUPIIICHHS
MpoOJIEMH 3racaroduoro rpagleHTa, 3 KO MOXHA 31TKHYTHUCS MPU HABYaHHI TPaJUuLIAHUX
PHH. BignocHa HeuyTIMBICTH JO JOBXKHHHU IMOCIIIOBHOCTI € mepearoro LSTM mnepen
PHH, npuxoBanumMu mojensiMu MapkoBa Ta 1HITUMHU METOJaMU HaBYAHHS MOCIIJOBHOCTI
y uucenbHux meronax. [Ipunnumn apxitextypHoi OynoBu ogHiei LSTM xomipku HaBeaeHO

Ha pucyHky l.1:

) 4

3abyeansHuli
eeHmune

Puc. 1.1 - bynosa komipku LSTM
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OcHoBHuM KoHKypeHToM LSTM-based HelipoHHOT Mepexi Ha TaHUW MOMEHT € Tak
3BaHI Mozeni 3 Attention mechanism, sKi JEMOHCTPYIOTh Kpalluil pe3ylbTaT HiX
apXITEKTypH TMOIEPEJHIX MOKOIIHb 3a paxyHOK crenudikaiii METOAIB 3BEpPHEHHS [0
MOTIEPETHBO HAIXOMKCHHUX JTaHUX.

Attention Mechanism (MexaHi3M yBaru) - J103BOJISIE JIEKOJEPY BIiJIBIyBaTH Pi3HI
YaCTHUHHM BHUXIJTHUX JIaHUX Ha KOXXHOMY KpOIll TeHepallii OCTaHHIX. 3aMiCTh TOro, 1100
KOJTyBaTH TIOCIIIOBHICTh BBEACHHS B ONMH (DiKCOBAaHWN KOHTEKCTHUH BEKTOP, MOJENb
JI03BOJISIE JII3HATHCS, SIK TEHEPYBATU KOHTEKCTHUM BEKTOP JUIsl KOXKHOTO €TaIy 4acy BUXOIY.

CxemMarnyHO NPUHLIMI POOOTH TaKoi apXiTEeKTYpH HABEJAEHO HAa PUCYHKY 1.2:

X XX X

Puc. 1.2 - Ilpuanun po6otu Attention Mechanism

HesBakatoun Ha BHCOKY SIKICTh POOOTH JBOX BHIIEHABEICHUX AaAPXITEKTYPHUX
pimmeHp ans moOylnoBM HEMPOHHOI MEpeki, CTAHOM Ha ChOTOJHI, Kpallll pe3ylbTaTd Ha
BEIUKHUX 00’ €Max JIaHUX MOKa3ylOTh MEPEXi, MooyaoBaHi Ha apxiTekTrypi Transformer [2].

Apxitektypa tumy Transformer Bipi3HS€THCS BiJ] MONEPEIHBO 3raJIaHO1 JIUIIE TUM,
III0 BOHA MICTHUTH OLIBII BIOCKOHAJIEHMHM MexXaHi3M, Iija Ha3Boro Multi-Head Attentions,
TOOTO 3/1aTHA 3BEPTATUCH JI0 TOTEPEHIX 3HAYeHb BXIJJHUX 1 BUXIJTHUX JaHUX Oarato pasiB
ogHO4YacHO. TakuM YWHOM, 3[0aTHICTH ‘‘yTpUMyBaTH~ KOHTEKCT 3HAYHO 30UTBIIHIIACK.

bynoBy apxitektypu Transformer HaBenieHoO Ha pucyHKy 1.3:
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PREDICT: DICT
probability_1|1D_1

probability_n

Add & Norm

Nx

Add & Norm

Puc. 1.3 - Bursig apxitektypu Transformer

He MoxHa cTBepmKyBaTH, IO SKACch 13 BUINCHABEACHUX apXITEKTYyp € €IWHO
MPaBUJILHOIO JIJIs BUKOPHUCTaHHS, abo Haikpamioro. Lle nuine pi3HOBUIM NpeACTaBICHb
OyZnoBH 1 poOOTH HEHPOHIB Yy HEHPOHHIA MEPEXi, SKi MAalOTh CBOE BY3bKE 3aCTOCYBaHHS
1] KOHKPETHI 3a/1a4i. 30Kpema, PI3HOTHUIIHI 3aBJIaHHSA, SK-OT: Kiacudikailisi 300paxeHb,
reHEepyBaHHS TEKCTYy UM HEMPOHHUN MAIIMHHUN MEePEeKIIaj], - HOTPeOyIOTh PI3HOTO MiIX0.Y,

a SIK 1 HACJI1JOK - PI3HUX apXITEKTYPHUX PIIIEHb.

1.4 Ormsix 3aco0iB 7151 B3aEMOZIT 13 MPUPOAHOIO MOBOIO

Jnis Toro, mo0 BUKOPHCTOBYBAaTH OyAb-SKY 13 BHIIEIEPEPAXOBAHUX aAPXITEKTYp YU
MIIXOMIB JJIA BUPIMICHHS 3ajadl  MAllMHHOTO TMEpeKiany, TMOTPIOHO MPaBUIIBLHO
B3a€MOIATA 13 JaHWUMH TPUPOAHOI MOBH, 30KpeMa TPOBECTH CTPYKTYpHUH Ta

CTaTUCTHUYHUW aHali3u, BUJIAJUTU yC€ HENOTPiOHE 3 BXIJHOIO TEKCTy Ta IHIIE. Takum
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YUHOM, HID)KYE HaBEICHO oIy 610110TeK Ta 3ac00iB It poOOTH 13 TEKCTaMH MPHUPOAHOT

MOBH.

1.4.1. Po3msig makeTy 1HCTPYMEHTIB Ui poOOTH 3 MpHUponHOr0 MoBoro Natural
Language Toolkit. NLTK(Natural Language Toolkit) - me miardopma, 110
BUKOPHUCTOBYEThCS i1 TMOOYIOBU TMporpaM TeKcToBoro anamizy. Ilmardopma Oymna
cnoyarky BunyiieHa CriBeHom bepaom ta Ensapnom JlomepoM y moenHaHHI 3 KypcoM
oOumncaroBaIbHOT JIHrBicTUKM B YHiBepcuteri IlencinpBanii B 2001 pormi. Icnye
CYTIPOBiJTHA KHWTA JJIS IIHOTO MPOAYKTy mia Ha3Boro Natural Language Processing with
Python.

Jlana 6i0mioTeka J1la€ 3MOTY BUKOPHCTOBYBAaTH OUTBIIICTh CTAHAAPTHUX PIIICHb JIJIS
OOpOOKM TEKCTy, 30KpeMa MOro MOJUTYy Ha TOKEHH(IIEPEBa)XHO CJIOBA), 3aBAHTAKCHHS
rOTOBHX TEKCTOBUX KOpITyCiB 00paHoi MoBU Ta Oararo iHmoro. Hikye HaBegeHO
HalyacTille BK1MBaHi BapianTu BUkopucTanHs NLTK.

OpHuM 13 NEpIIUX KPOKIB IO aHAJI3y Ta ONPALIOBAaHHS TEKCTOBUX JAHUX € HOro
MOJIIJT HA TOKEHU, TOOTO Ha PO3MALUICHI OIHAKOBI 32 CTPYKTYpOIO (hparMEeHTH TEKCTY, HUMH
MOXXYTh OyTH CIIOBa, PEUCHHS, a JICKOJIM HAaBITh MPUIyMaHi BIACcHI MaTepHH TOALTY 3a
cnemialbHUMU cuMBosiaMu. OcCkinibkH, cTaHmapTHi 3acobu Python, 3okpema split(string,
pattern), Jal0Th MOXJIMBICTh MPOBOAUTH PO3MOJLT 332 BIACHUMHU CTaJUMHU BHpa3aMH, TO
3acobamu NLTK moxHa oOpaTu ToTOBUI TOKEHaif3ep, B KU Ha BXiJI MOTPiOHO MOAaTH
JIUIIE MOTPIOHY CTPIUKY, HATPUKIIAI;

— word_tokenize - TokeHi3aIlisg 3a CJIOBaMH, HE3aJIEKHO BiJl PO3A1IOBUX 3HAKIB;

— wordpunct_tokenize - TokeHi3a1isg 3a CIOBaMHU, IPOTE 3 YpaxXyBaHHSIM
3HAKIB IyHKTYyaIlil - Kparka, KoMa, JIBOKparka i T.I1.;

— sent tokenize - TokeHi3aIlis 32 pEUCHHSIMH, HE3aJICKHO BiJl PO3AUIOBUX 3HAKIB;

— whitespaceTokenizer - TokeHi3a1isl 31 CTBOPEHHSIM KOPTEXKY 11€HTU]PIKATOPIB

TOKEHaA.

[aKOMM U1 3aBIAHHS aHAJI3y TEKCTY TMOTPIOHO MOpaxyBaTH YacTOTY BKMBAHHS TOTO,
YM 1HIIOTO CJIOBA, 1 JIJIsl TOTO, 1100 HE MPUIYMYBAaTHU Ta MUCATH BJIACHI aJrOPUTMH TOILIYKY

CJIOBa B TEKCTI, HOr0 MOBTOPEHHS Ta MIAPaxXyBaHHS KUIBKOCTI MOBTOPEHb, 1CHYE (DYyHKIIIS
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FreqDist(textl), 616miorexn NLTK, sika po3rarnoBye HaiOUIbII BXKUBaHI CJIOBA Yy MOPSIKY

CIIaIaHHS.

[Ipn mopanbiiiii poOOTI 3 TEKCTOBUMH KOpIycamMu MOTPIOHO MPUBECTH HOTO 10

HOpMaJ'IBHOI (1)OpMI/I, IHINIAMA  CJIOBaAaMH JeMaruzyBaTu, JIA LIObOI'O BHKOPUCTOBYIOTH

YuMayio MeToiB, aje y 616mioterii NLTK e BnacHi 3acobu asis peanizaiiii JieMaTU3yBaHHS.

[lepmmm 13 npuiioMiB MPUBEIEHHS TEKCTY 10 HOPMaJbHOI (DOPMH € YCYHEHHS TaK

3BaHMUX ‘‘CTOMN CIiB”, TOOTO yCiX 3aiiMEHHHKIB, MPUHMEHHUKIB Ta IHIINX CIY>KOOBHX

YaCTUH MOBH, Yy 3B’SI3KYy 3 MOBUIBHHM PO3BUTKOM YKPAiHCHKOI HEHPOIIHTBICTUKH YCi

npuKiIaan OymyTh HaBeAeHI aHMIilchkoro. Ha pucynky 1.4 300pakeHHN TIPHKIAT

YCYHEHHS “‘CTOII CIIB” 3 TEKCTY:

w

1 1 +L 1 wnlonadif' to ey
ALLK . doWnioga{ SLopwWorads

from nltk.corpus import stopwords

stop words= set(stopwords.words{'english’))
# stop words= set(stopwords.words( 'russian
print ('Total len : {}'.fermat(len(list(stop words)))})
print(list(stop words)[:50])

} )
Y )

Total len : 179

['haven', "before', 'should', 'won', 'this', "that'11", 'can', 'some',K 'does',6 "shan't", 'too',
'about’', 's', 'had', 'who', 'from', 'there', "you'd", 'the', ‘'our', "that', 'into', 'being', 'h
e', 'meedn’, 'out', 'same', 'weren',6 'ours', "she's", 'which', "doesn't", 'were', 'yourselves',
‘an', 'so', 'further®, 'where', 'of', "not', "didn’'t", "through®', 'theirs’', 'no’', "mustn't", 'ver
y', 'myself', 'm', 'her', 'each']

Puc. 1.4 - Buganenus “cromn ciiB” 13 TEKCTY

hrom nltk.stem import PorterStemmer
from nltk.tokenize import word_tokenize
import numpy as np

target_text = 'This is an example showing the stop words filtering. Hello Mr. Smith! How are you
doing today? The whether is great and the Python is awesome. The sky is blue '

words= np.array(word_teokenize(target_text))
ps= PorterStemmer ()

v_stem= np.vectorize(ps.stem)
stemmed_words= v_stem(words)

print (target_text)
stemmed_words

This is an example showing the stop words filtering. Hello Mr. Smith! How are you doing today? Th
e whether is great and the Python is awesome. The sky is blue

array(['thi', '"is', 'an', 'exampl', 'show', 'the', 'stop', 'word',
‘filter', '."', 'hello', 'mr.*', 'smith’', °!', "how', 'are', 'you'
'do’, 'today', '?', 'the' K ‘'whether', 'is', 'great', ‘and', 'the',
'python', 'is', 'awesom', '.', ‘'the', 'sky',K 'is', 'blue'],

dtype='<U7"')

Puc. 1.5 - YcyHeHHs ycixX 3HaYYyIIMX YaCTHH CIOBA, OKPIM KOPEHS
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SIx BUAHO 3 pUCYHKa BHINE, BUIAJICHI CIOBA HE HECYTh BEJIMKOI 1H)OPMATUBHOCTI
JUTSI IOJIAIBIIOTO KUIBKICHOTO YU SIKICHOTO aHATi3y TEKCTY.

HactynHum erarom y HOpMaizallii TeKCTy € YCYHEHHS YCIX 3aKiHY€Hb, MpedikciB i
cy(ikciB sl 3aJIUIIICHHS JIUILIE KOPEHS CJIOBA, MPUKJIIAJl HABEJICHO BUIIE, HA PUCYHKY 1.5.
JIoCUTh Ba)KTMBOIO YACTHHOIO aHaJ3y TEKCTy € BU3HAUCHHS YaCTMHH MOBHU TOTO YH
iHImoro cioma, s 1koro 3aBgaHHa NLTK Mae Ttakoxxk roroBe pimeHnHs. Ilicis
BUKOPHCTAHHS I[LOTO PIllIEHHS OOpaHWH TEKCT YW CTpidka Oyae MaTh HACTYIHWN BUTJIS:
CIOoBO — Ter(IMO3HAUYCHHS YaCTHHU MOBH), 1HKoimu Bu3HadeHHs POS(part of speech) e
BKJTMBUM JUIsI BAOKPEMJICHHSI THUX YH 1HIIIUX CJTiB, BIAMOBIAHO 0 MOTPEO.

3ams TOKpAIIeHHS TONIYKY Ta B3a€MOJii 3 TEKCTOM YacTO BHUKOPHUCTOBYIOTH
BU3HaueHHs BiacHuWX Ha3B — NER(named entity recognition), NLTK wmae 3acobu s
BHUPILIEHHS JIaHOTO 3aBAAaHHS, IPOTE BOHMU 3HAYHO Tiplli, aHXK y 1HcTpyMmeHTa flair, onuc 1
MIPUKJIa]] BUKOPUCTAHHS SIKOTO Oy/ie HaBEJCHO Y OCTAaHHBOMY PO3JILII.

Bupimenns nocrasienux 3aBaanb y cepi NLP gacto norpelye nomryky CMHHOHIMIB,
came Uil X moTped maHa 0i0mioTeka Mae MOXKIMBICTh BUKOHYBATH IOIIYK TOTIOHUX
CJIIB y BXKE HaTpeHoBaHii Moneni cuHoHIMIB WordNet, mpukiaa BUKOPUCTAHHS HABEJECHO
Yy PUCYHKY 1.6:

target_word = 'look'
print('target word = {} '.format(target word))

synsets = wn.synsets(target word)
print (synsets[@])
[synset.name() for synset 1n synsets]

target_word = look
Synset('expression.n.@1")

['expression.n.B1',
'look.n.B2"',
"look.n.@3',
'spirit.n.e2’',
"look.v.B81',
"look.v.B2',
"look.v.093',
'search.v.82’
'front.v.081"',
'attend.v.82"',
'look.v.@7"',
'expect.v.83',
"look.v.B9',
"count.v.88']

Puc. 1.6 — Ilomryk cMHOHIMIB 710 3aJJaHOTO CJI0Ba 3a jaonoMororo mozeni WordNet
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Ha HaBeneHomy BuIle PUCYHKY BHJIHO, III0O CHHOHIMH 300paK€H1 TaKOX 3 YACTUHOIO
MOBU Ta TMOPSAKOBUM HOMEPOM Yy LI Mepexi ans oOpaHoro cioBa. OKpIM MNOLIYKY
cuHOHIMIB Mepexa WordNet gae 3Mory oTpuMaTu KOpOTKE OOIPYHTYBaHHS 3HAYEHHS TOTO,
9M 1HIIIOTO CJIOBA, IO TAKOK MOXKe OyTH BUKOPHUCTAHHM JIJIs Oarathox 3aBaanb [20].

Edit Distance(BicTanb pegaryBaHHs) — 4YHCIO, SIKE BKa3ye Ha Te, CKUIbKH
MIePECTAaHOBOK JIITep MOTPIOHO 3poOuTH, MO0 cioBO A crano cioBoM b. Yacto manuii
NpUIIOM BHUKOPHUCTOBYEThCS UIsi 3amad spellchecking, ToOTo mepeBipku NpaBUIBHOCTI
BBOJY KOpUCTyBaueM CTpiuku. [Ipukiiaq BUKOpUCTAHHS BIJCTaH1 pefaryBaHHS HABEJIEHO
HIDKYE, HA PUCYHKY 1.7:

target_pairs= [

hello', 'hell'},
hell', 'hall'),
‘men', 'manual'),
Myxa', 'CnoH'},
casual', causal'},
top'. 'pot'),

top', 'open')

]
for word_1, word_2 1in target pairs:
print ('{}. €}: {}/{}' .Tormat(word 1, word 2, nltk.edit distance{word 1. word_ 2. transposition
s=True),
nltk.edit_distance(word_1, word_2, transpositions=False)))

hello, hell: 1/1
hell, hall: 1/1
men, manual: 4/4
Myxa, cnoH: 4/4
casual, causal: 1/2
top, pot: 2/2

top, open: 3/3

Puc. 1.7 — Bigcranb penaryBaHs MiXk JIBOMa CJIOBaMH

BiamoiiHo 10 BMINE3TraJaHoi BIJACTaHI peAaryBaHHS TaKOX ICHYE TOHSITTS
CEMaHTHUYHOI MOIOHOCTI ABOX CJIiB, TAKMM YHHOM Y€ HaM Bimoma mepexa WordNet mgae
3MOTY B YHCIIOBOMY BHUIVISAI JaTH YSABICHHS PO CMUCIOBY TMOMAIOHICTH IBOX CIIiB,
HACIpaB/i BHU3HAYCHHS II1€1 TOMIOHOCTI BHPAXOBYEThCSA 3a BIAMOBIIHICTIO BIJCTaHI
OOMIBOX TOHATH y l€papXiYHOMY JAepeBl Ta KUIBKOCTI MEPECTaHOBOK, MOTPIOHUX s
MEPETBOPEHHS OJTHOTO CJIOBA B iHIIE. 3a0iraroun Hamepen, Ciij cKa3aTH, [0 CEMaHTUKH B
JTAHOMY METO/Il HEe HaJTO 0araro, TOMY JiJIsi BUPIIIEHHS 33/1a4l CEMaHTUYHOTO 3MICTY CJIOBa
BUKOpUCTOBYIOThCSl TexHikn Word Emmbeddings, 3okpema Word2Vec(mist cmiB) Ta
Doc2Vec(mts nokymeHTiB), aje mpo 1ie 3rojgoM. Hampukian, 3aBasku mepexi WordNet

MOXXHa oTpumari, mo “Onenp” nomioHui 10 “Kons” 3 itmoBipHicTIO 80%, 110 3BUYAHO
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BIJITIOBIJIa€ PO3TAllyBaHHIO IIMX TBapUH y lepapxli CBITOBOi (hayHH, TPOTE HE Mae
3HAQYHOT'O CEHCY, aJK€ 11€ Pi3H1 TBApUHH [6].
bibmioreka NLTK nae 3mory BupimryBaT Habarato Ouibliie 3ajad, ajie HaOUIbII

MOMYJISIPHI Ta 3aTpeOyBaHl — HABEJECH1 BULIIE.

1.4.2 Word Embeddings — nipencrasienns ciiB y ¢hopMi YUCIOBOTO BeKTOpa. SKIo
MOBa ¥le MpO TOLIYK CEMaHTHKH, a00 BUKOPHCTAHHA HEUPOHHHUX MEPEX Ui 3ajad
BUPIBHIOBAHHS MapajelbHUX KOPITyCiB a00 HEMPOHHOIO MAIIMHHOIO NEPEKIIaTy, Opasy X
BUHUKa€e TMpobiaemMa MpeICTaBICHHS TEKCTOBOrO ¢opmary maHux. Jlis BUpIMIEHHS I[HOTO
ICHY€ JEeKUIbKa CrIoc001B, HUXKYE Oy/ie HABEIEHO OCHOBHI 3 HUX.

BekropHa mozaens — 1e anredpaiuHa MoJenb Ui IPECTaBIECHHS TEKCTOBUX JaHUX
(1 Oyap-skuX OO’€KTIB 3arajoM) y BUIVISIII BEKTOPIB 1IEHTU(PIKATOPIB (TaKUX AK 1HJIEKCH
TepMiHy 1 T.a1.). BoHa BHKOpHCTOBYeThCs g GuibTpalii Ta mOMIYyKy 1H(opmarii,
1H7EKCallli Ta CTBOPEHHS PEUTUHTY BIJAMOBIIHOCTI.

JIOKyMEHT y BEKTOPHIH MOJIENI PO3IIISIIAE€THCS SIK HEBIOPSIIKOBAaHA MHOKHHA TEPMIB.
Tepmamu B 1H(OpMaLIHHOMY MOIIYKY HA3MBaIOTh CJIOBA, 3 SIKUX CKJIAJAETHCS TEKCT, a
TaKOXX TaKi €JIEMEHTH TEKCTY, sk, Hanpukiaa, 2010, [I-5 a6o Tsab-111aHs.

Pi3HuMu cnocobamMu MOXHa BU3HAYUTH Bary Tepma B JOKYMEHTI — «Ba’KJIUBICTHY»
cioBa g imeHTU(diKamii 1poro Tekcrty. Hampukian, MoxHa MOPOCTO MiJipaxyBaTH
KUIBKICTh BXKMBaHb T€pMa B JJOKYMEHTI, TaK 3BaHy YacTOTy T€pMa, — YUM YaCTILIE CIOBO
3yCTPIYA€ThCS B TJOKYMEHT1, TUM OUIbIIA Y HHOTO Oyzie Bara. SIKIo TepMm He 3yCTpidaeThes
B JJOKYMEHTI, TO MOT0 Bara B I[bOMY JIOKYMEHTI JOPIBHIOE HYIIIO.

Bei Tepmu, sKi TpamisitoTbCs B JOKYMEHTaxX OOpOOIIOBAHOI KOJIEKINI, MOYKHA
BIOPSAJKYBaTU. SIKIIO Temep Ais AESIKOro JOKyMEHTa BUIIMCATH IO MOPSJKY Baru BCIX
TEpPMIB, BKIIOYAIOUYM TI, SIKUX HEMAa€ B LbOMY JOKYMEHTI, BUHJE BEKTOp, SKUW 1 Oyze
IPEICTaBICHHSAM LBOTO JOKYMEHTa Y BEKTOPHOMY IpocTopi. PO3MIpHICTh ILOTO BEKTOPA,
AK 1 PO3MIPHICTh IPOCTOPY, AOPIBHIOE KIUIBKOCTI PI3HUX TEPMIB y BCIA KOJEKUIi, 1 €
OTHAKOBOIO IS BCIX JOKYMEHTIB. binbIn HammsgHO me MOKHa 300pasut (Gopmyroro,

300pa’ke€HOI0 HA PUCYHKY 1.8:
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dJ- = {’IU]_J',wz,js-' ~:wf-\j)

q= (whr:r- Wzgyr-- =wﬂ=rr}

Puc. 1.8 - ®opmanbHe npeACcTaBICHHS Bark TepMa

3acTocyBaHHSI BEKTOPHOI MOZENI MOXKe OyTH Jy’K€ Pi3HUM, ITPOTE HalJacTilie - 1e
MONIYK CEMaHTHYHOI CXOXOCTI JIBOX BEKTOPIB, SKa OOUYUCIIOETHCA 3a JIOMOMOTOIO
3BUYANHOI KOCMHYC-BIJICTaH1(3HAUEHHS KOCHMHYCa MDK JIBOMa BEKTOpaMH), TAKUM YUHOM
PE3YJIBTaTOM CTa€ MMOBIPHICTD, 13 SIKOIO OOMIBA BEKTOPH, a SIK 1 HACIIJIOK, CJIOBa MO/10HI
M1k CO0OI0.

IcHye umMMmano BapiaHTIB BEKTOPHOTO MPEACTABICHHS CJIIB Ta LUIMX JIOKyMEHTIB,
HUKY€ HABEJICHO MEPEeNiK HAUMOMYIAPHIIIMNX 13 HUX.

TF (term frequency - 4dacrota cioBa) - 1€ BiJIOOpa)KE€HHS BITHOIICHHS 4YHUCIA
BXO/DKEHHS O0OpaHoro TepMmiHa (ClioBa) JI0 3arajbHOl KIJIBKOCTI TEPMIHIB (CIIB) Y
JOKYMEHTI. TakuM 4YMHOM, OIIHIOETHCSA BaXKJIUBICTh TEpMiHA (CII0BA) #; Yy MEXaX 0OpaHOro

JOKYMCHTA. Humxue HaBCACHA (bOpMYJIa JJIA OOUYMCIICHHS YaCTOTH CIIIB:

TF = —— (1.1)

EKDk

VY BumieHaBeneHIH (HOpPMYIT #; € YUCIOM BXOIKEHb CIIOBA B JIOKyMEHT, a B
3HAMEHHHUKY 3HAXOIUTHCS 3arajibHa KUIBKICTh CJIiB B JIOKYMEHTI.

IDF (inverse document frequency - o6epHeHa 4acToTa JOKYMEHTA) - MPOTHIICKHICTh
YacTOTH, 13 SIKOIO TEPMiH (CJIOBO) 3ycTpivaeThcsi y TekcTi. Bukopucranus IDF 3menmrye
KUIBKICTh YaCTOBXKHUBAaHUX CIiB. PoO3paxyHOK MPOTWJIEKHOI YacTOTH JOKYMEHTa

MIPOBOJIUTHCS 32 HACTYITHOIO (POPMYIIOIO:

D
IDF = 1ogﬁ (12)
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Y 3HameHHUKY 1ii€i (GOpMyau 3HAXOAUTHCA KUIBKICTh JOKYMEHTIB, B SIKUX
3yCTpIYa€eThCs CIIOBO ¢; (konu n; # 0).

Hactynna mozens BekTopHOTO mnpejicTaBieHHs Ha3zuBaeTbes BOW(bag of words),
abo wimok i3 crmoBamMu. Momens bag-of-words € chnpomeHMM TOmaHHSM, IO
BukopuctoByeThesi B NLP 1 momryky iHdopmariii (IR - information research). ¥V wmiii mogeni
TEeKCT (HAmpUKiIaa, pEYeHHs abo JOKYMEHT) IIPEICTaBIA€TbCA Y BUIVISAL  MillIKa
(MyIBTUMHOXXWHHU) MOro CHiB, 3HEBa)XKalO4M TIpaMaTUKy 1 HaBITh MOPSAOK CIIB, alie
30epiraroud KparHiCTb. MoOJeNb «MIIIOK CJiB» TaKOX BHUKOPHUCTOBYETHCS JUIsl 3ajiad
po3mizHaBaHHs TpadigyHUX 00’ EKTIB.

Jlana mMozenb 3a3BHuUail BAKOPUCTOBYETHCS B METOAAX Kiacu(ikarii JOKYMEHTIB, 1€
4acTOTa BUHUKHEHHS KOXHOTO CJIOBA BHUKOPUCTOBYETHCS SIK O3HaKa il HaBYAHHS
kiacudikaropa.

[IpuHIun po6OTH MilIKa CIIIB MPOCTUN 1 3pO3yMUININ, HAcaMIiepe]] BU3HAYAIOTHCS
yCl YHIKQJIbHI CJIOBa Yy TEKCTI, MICJ YOro OyayeThCcs 3 HUX CJIOBHHK. BiamoBigHO [0
KOXKHOT CTPIYKH KOXKHE CJIOBO 3 IIHOTO CIIOBHHMKA Oy/e MaTH J1Ba MOKJIMBUX BapiaHTH
npenctabieHHs: 0 - KO CJIOBO 31 CJIOBHUKA HE 3HAXOAUTHCS y AaHii cTpidii Ta 1 - SKIo
3HAXONUThCA. TakuM YHHOM MH OTPpUMYyeEMO Habip JABIMKOBUX BEKTOpPIB, SKi
PENPE3EHTYIOTh KOKHY CTPIYKY 3 TEKCTOBOTO KOPIYCY y YHCIOBOMY Bursidi. [lpukimaam
BUKOPHUCTaHHSI BEKTOPHUX Mojeliel, 6a3oBaHux Ha BukopuctanHi BOW OynyTh HaBeneHi
y HOJANbIINX PO3/ILIaX.

OcraHHIM, HaWOUIBII BiJJOMHM IPEACTABICHHSIM TEKCTY Y BEKTOpHiM dopmi €
skipgramms. [lpuniun po6oTu naHoro meromy noisirae y (opMyBaHHI TPyHH TOKEHIB
CTajol JIOBXKWHU, B SKUX BIJAMOBIJHE CIOBO MOEAHYETHCS KOPTEKEM 13 IHIIHM CIIOBOM 3
rpymny, TaKUM YHHOM MU OTPUMAEMO HaOip KOPTEXKIB, IO CIYTYE MOTIM JJIs IEPETBOPECHHS
1IOT0 HaOOpy B BekTOp. JleTanpHile 03HAHOMUTHUCH 13 AITOPUTMOM POOOTH TEXHOJIOTIT

skipgramm Mo)kHa Ha pucyHky 1.11:
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Source Text Training

Samples
‘The |quick|brown |[fox Jjumps over the lazy dog. == (the, quick)
' - (the, brown)
The | brown |fox |jumps over the lazy dog. == (quick, the)

(quick, brown)
(quick, fox)

The | quick 1| fox|jumps |over the lazy dog. = (brown, the)
- (brown, quick)
(brown, fox)

(brown, jumps)

The|quick|brown Jjumps|over|the lazy dog. = (fox, quick)
(fox, brown)
(fox, jumps)

(fox, over)

Puc. 1.11 - Anroput™ poOoTH TexHOJOTIi skipgramm

OTOX, MNiACYMOBYIOUM BCE€ BHIIECKA3aHE, CIIIJI 3ayBaXXUTH, L0 SKICTh MOILIYKY
CEMAHTHYHO TOAIOHWX CIIIB 3aJIEKUTh HE CTUIBKU BiJ (HOPMYIH OOYMCICHHS KyTa MiX
BEKTOpaMH, $K BiJ MOJEJI BEKTOPHOIO TMPEACTAaBICHHA IbOro ciioBa. JleTanbHiiie
NOPIBHAHHA Ta OLIHKA SKOCTI BEKTOPHOTO MPEACTABIEHHS TEKCTy OyayTh HaBEIEHI B

HACTYITHOMY PO3JILII.

1.4.3 Tlomyk BinacHux Ha3B y crpiuni(named entity recognition). JIisi BU3HAUYCHHS
YaCTUHU MOBH MOTPIOHOTO CJIOBa yke Oylo 3ampONOHOBAHO BUKOPHMCTOBYBAaTH 3aco0U 3
616mioreku NLTK, mpore BapTo 3a3HauMTH, 110 YAaCTO BUHHUKAE MOTpeOa BHOKPEMIICHHS
BJIACHUX HAa3B, 30KpeMa iXHBOTO THUIy. [3 IIMM 3aBHaHHSAM BHINE3ragaHa OiOmioTeka
COpAaBISETHCSI HE IyKe 100pe, OCKUIBKM JUIsl [OTO OUIBII MpaBWIBHUM Oyno O
BUKOPHUCTAHHS CIENIAJIbHO TPEHOBAHOT MOJIEN MIMOOKOTO MAIIMHHOTO HaBYaHHS. Takoro
monemo € Flair.

Flair - monens mIMOOKOTO MAaNIMHHOTO HABYAHHS, MPU3HAYCHA MJI1 BU3HAYCHHS
BJIACHUX HAa3B Ta iX THUILy, HAIPUKJIAJ: JOKaIlis, MepcoHa, kommnaHis Ta iHmi. Flair - Oyna
po3pobiena imkeHepamu kommanii Facebook mms ix BHyTpimHIX mOTpeO, MpOTe TaKoX
3HAMIIIa CBOE 3aCTOCYBAHHS Yy IIMPOKOMY 3araii, Jie 3ajlaya TUIli3allli BJIACHUX Ha3B

BHMaraja TOYHOCTI Jij1s OibIocTi MoB cBiTy [9]. IIporiec BuznadernHs NER(named entity
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recognition) 10CTaTHLO CKJIAAHUI, IPOTE BAPTO BIAMITUTH OCHOBHI MOMEHTH 3apaxyBaHHS
CJIOBa JI0 BIACHOI Ha3BU. OTKe, OHUM 13 KIIFOYOBHX €TaIlIB € MEepeBipKa NEPIIOi JITEpH Ha
pericTp, Miclisi YOT0 BUKOHYEThCA BpaxXyBaHHS TO3MWIlI KOKHOro cijoma. [l mani
NEPETAIOThCS Y HEHPOHHY MEPEXY, sIka MOTIM Ja€ 3MOTry OibII TOYHO BKa3yBaTH Ha THUII

BJIACHOI Ha3BH CJIOBA. HpI/IKJ'IaII TCTYBAaHHSA PCUCHHA HaBeI[GHI/Iﬁ HHKYC, HA PUCYHKY 1.12:

sentence = Sentence('George Washington went to Washington .')

¢ predict NER tags

tagger.predict(sentence)

¢ print sentence with predicted tags
print{sentence.to_tagged_string())

This should print:
George <B-PER> Washington <E-PER> went to Washington <5-L0C>

Puc. 1.12 - Ilpuknan Bukopuctanss ytuiitu flair

Hacnpasai, 3acTocyBaHHS TEryBaHHs BJIACHUX Ha3B JyXe IIHPOKE Ta He
OOMEXY€EThCSI 3BUYAMHMM BHMBOJAOM TE€ra BIAMOBIAZHO A0 KOHKPETHOTO TIOHATTS, Y
nepcrekTuBl MoxiauBe BukopuctanHs NER 3amnsg  mokpallleHHS $KOCTI MOLIYKY
CEMaHTUYHUX JTyOIiKaTiB MK JBOMA CTPIYKAMH.

OcranHnim, Ta, MaOyTh, HAHOLTBIN cepiio3HMM 3aBaaHHsAM y chepi NLP € mammunuit
nepeKIaj, aJke caMme BiH NoTpedye ynumaino pecypciB. MallMHHUN nepekiaja - TEXHOJIOT11
aBTOMAaTHU30BaHOIO MepeKiIaay TEKCTIB (MMCbMOBUX Ta YCHUX) 3 OJIHIET IPUPOJHOI MOBU Ha
IHIIy 3a JOMOMOIOK KOMIT'HOTEPA; HAMPSMOK HAyKOBHX JIOCHIIKEHb, IOB'S3aHUN 3
1oOy/1I0BOIO CHCTEM aBTOMAaTU30BaHOTO MEPEKIay.

Ha 6a3oBomy piBHI, poO0oTa KOMIT'IOTEPHUX MpOrpaM i MEpeKiaxy MoJsirae y
3aMiH1 CJIIB YM CJIOBOCIIONYYEHb 3 OJIHIE] MOBM Ha CJOBA YM CJIOBOCIIOIYYEHHS 3 1HILOI.
OnHak To/l BUHUKAE Ipobiema, 10 Taka 3aMiHa HE MOKE 3a0€3MeYUTH SIKICHUHN MepeKia
TEKCTY, aJKE MOTPiOHE BU3HAYCHHSI Ta PO3MI3HAHHS CIIIB Ta MIIUX (pa3 3 MOBU OpUTIHAITY.

Ile cnoHykae akTUBHY HAayKOBY JISIbHICTH y Taily3l KOMM'tOTEpHOI JiHTBicTHKU. Hapasi,
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https://uk.wikipedia.org/wiki/Програма-перекладач
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JUI BUPILIEHHS HEOJHO3HAYHOCTEW INpU MEpeKyaal, BUKOPHUCTOBYIOTbCA OaraTOMOBHI
oHTONOTTUHI pecypcH, Taki sk WordNet Ta UWN, a Takok HEHPOHHHWH MAaIIMHHHHA
nepekyaj, KUl 0a3yeTbcs Ha OCHOBI OararolmapoBUX IIMOOKHX HEWPOHHUX MEPEX,
MEPEBAXKHO 1I€ PEKYPEHTHI HEUPOHHINA MEPExXi.

[Tormubnene HaB4yaHHs abo mommOneHe 3acBoeHHs 1H(opmarlii (Deep learning)
(Takox BiFOME K TIHOOKE CTPYKTypHE HaBYaHHS ab0 i€papXiyHE HABYAHHS) € YACTHHOIO
OUTBII IMPOKOI TPYIH METOJIB MAIIMHHOTO HABYaHHS, 110 0a3ylOThbCA Ha IHTEpIpeTari
pe3yabpTaTiB HaBYAHHSA, HAa BIAMIHY BiJl aJrOPUTMIB KOHKPETHHUX 3aBlaHb. HaBuaHHs Moxke
OyTH KOHTPOJbOBaHUM, ab0 Oe3 Hamsgy. Omisa peambHOrO MPUKIAAY BHKOPUCTAHHS
Mojielie TIMOOKUX HEUPOHHUX MEpeX Il HEMPOHHOIO MAIIMHHOTO Tepekiamy Oyne

HaBEJICHO Y OCTAaHHBOMY PO3IiIi.

1.4.4 Buxopuctranas Word2Vec 1 Doc2Vec mopeneit. Y 1mpoMmy po3aini OyayTh
PO3IVISIHYTI OCHOBHI BHJM peaii3ailiii MoJelel BEKTOPHOTO IMPEACTABICHHS TEKCTY,
30kpeMa, me - Word2Vec, Doc2Vec, USE. BigmiaHiCTE MK MOIEISIMHU TOJNSATAE Y
BUKOPHUCTaHHI PI3HUX MIAXOAIB JI0 MEPETBOPEHHS TEKCTY y BEKTOp 1y peaiizaiii pi3HUX
apXITEKTYPHUX PIIIEHb JJIs1 HUX.

Word2vec - Habip Mopmenel s aHami3y CEMAHTHKH TPUPOAHUX MOB, IIIO
MPE/ICTaBIsA€ COOOI0 TEXHOJIOTII0, SIKa 3aCHOBaHA Ha JAUCTPUOYTHMBHIN CEMaHTHUI 1
BEKTOpHOMY mofaHH1 cmiB. Lleil iHCTpymeHT OyB po3poOJeHU TpYNoO JTOCTITHHUKIB
Google B 2013 pori [19].

PoGoTa 1i€i TexHOMOTIi 3IHCHIOETbCS HACTYNMHUM 4YHMHOM: word2vec mpuiimae
BEJIMKUN TEKCTOBHI KOPITYC B AKOCTI BXIAHUX JAHUX 1 31CTABIISIE KOXKHOMY CIIOBY BEKTOD,
BU/JIAI0YM KOOPJAMHATHU cJiB Ha BUxoi. CriouaTky BiH CTBOPIOE CIIOBHUK, «HABYAIOYUCHY Ha
BXIJIHUX TEKCTOBMX JaHUX, a MOTIM OOUYMCIIIOE BEKTOpPHE TMOJaHHS CliB. BekTopHe
MOJIAHHS TPYHTYEThCSI Ha KOHTEKCTHIM OJIM3BKOCTI: CJIOBA, IO 3YCTPIYAIOTHCS B TEKCTI
MOpy4Y 3 OJHAKOBHMHM CIIOBaMU (@ OTKE, MalOTh CXOKHU 3MICT), Y BEKTOPHOMY IOJIaHHI
MaTUMyTh ONW3bKI KOOPAMHATH BEKTOPIB-cliB. OTpuMaHi BEKTOPH-CIOBa MOXYTh OyTH

BUKOPUCTaHI1 JJ11 00pOOKH MPUPOIHOT MOBU Ta MAIITMHHOTO HaBYAHHS.

25


https://uk.wikipedia.org/wiki/WordNet
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Hns  word2vec po3poOneHi JBa OCHOBHMX airopuTMu HauaHHsi: CBoW
(Continuous Bag of Words, «6e3nepepBHuii mimok 3i cioBamu") 1 Skip-gram. CBoW -
apxiTeKTypa, ska mnepeadayae IOTOYHE CJIOBO, BUXOISYM 3 HABKOJUIIHBOIO HOro
KOHTEKCTY. ApxiTektypa tuiy Skip-gram Ji€ iHaKie: BOHa BUKOPUCTOBY€E TIOTOYHE CIIOBO,
o0 nependadyaTd HaBKOJUINHI ioro cioBa. KopuctyBau word2vec Mae MOKIIUBICTDH
nepeMUKaTucs 1 BUOUparu Mk anroputMamu. [lopsiiok CiliB KOHTEKCTY HE BIUIMBAa€ Ha
pe3ynbTaT Hi B OMHOMY 3 IMX anroputmiB. s pobotu 3 mopemmo word2vec moTpiGHO
CIOYaTKy WIArOTYBaTH JaHl, TOOTO 3aBaHTAXUTH CTPIYKKM Ta TOKEHI3yBaTh IX, 1100
OTPUMATH CHHUCOK TOKEHIB(Y JaHOMY BHUIIQJIKy TOKEH - LI€ CIIOBO).

Hwxue Oyne mpuBeneHuit npukiaja 3acTocyBanHs Mmonaeii word2vec, aus. Puc. 1.13:

def read_input{input_file}:
"""This method reads the input file which is in gzip format"""

logging.info("reading file {@}...this may take a while".Tormat{input_file}))
with gzip.open(input_file, 'rb'} as fT:

for i, line in enumerate(f):

if (1 % 18688 == 8):
logging.info("read {0} reviews".Tormat(i}))

¢ do some pre-processing and return list of words fTor each review

# text

yield gensim.utils.simple_preprocess{line)

Puc. 1.13 - 3aBaHTa)XeHHS Ta TOKEHI3allisl TEKCTOBOTO KOPITYCY

ITicns BUKOHAHHS HaBEICHWX BHUINE JIA CIIJ BUKOHATH TPEHYBaHHS MOJCII,

BUKOHYETBCS 1€ TIPOCTO, 3aBASKH JIUILIE OHIN KOMaHIi:

min_count=2,

workers=10,

Puc. 1.14 - Kon tpenyBanns mozaemn Word2Vec
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e documents - momepeaHbO MPUTOTOBAHUM TEKCT, Si1ZE€ - PO3MIPHICTH BEKTOpA,
window - MakcUMallbHa BIJICTaHb MDK IIOTOYHHM Ta TMependadyyBaHUM CIIOBAMH,
min_count - IrHOPYBaHHA YCIX CJIB 13 3arajJbHOI0 YAaCTOTOK BXKMBAaHHS MEHIIE 33JJaHOTO
3HaYeHHS, Wworkers - BHKOpPHCTaHHS 3aJaHOi KIIBKOCTI TIOTOKIB, iter - KIJBKICTh
BUKOHYBAaHUX 1Te€palliii(1HKOJIU 3yCTpi4aeThcs epoch).

[Ticnst TpeHyBaHHSI MOJIENl, MOXKHA i 30epertd, ab0 BUKOPUCTATH BXKE MONEPEIHbO
HaTpeHoBaHy. Konu Mojens yCHiImHO HaTpeHOBaHA MOXKHA BHKOPHUCTOBYBATH CTaHJIAPTHI
METOJIM BU3HAYCHHS HAMOLIBII CXOXKHUX CIIIB, BUKOPUCTAHHS SIKUX HaBEJIEHO HAa PUCYHKY

1.15:

wl = "dirty"
model.wv.most _similar (positive=wl)

2018-01-26 23:03:42,416 : INFO : precomputi

[('filthy', 0.871721625328064),
('stained', 0.7922376990318298),
('unclean', 0.7915753126144409),
('dusty', 0.7772612571716309),
('smelly', 0.7618112564086914),
('grubby', 0.7483716011047363),
('dingy', 0.7330487966537476),
('gross', 0.7239381074905396),
('grimy', 0.7228356599807739),
('disgusting', 0.7213647365570068)]

Puc. 1.15 - Hait6is1b1m1 ¢xoki CEMaHTHUYHO ¢JI0Ba J0 ciioBa dirty

Sk BUAHO Ha 300pa)KEHHI BHINE, OKPIM HAMOLIBII CXOKUX CIIB TaKOX (DIrypyroTh i
WMOBIPHOCTI, Kl CIYTYIOTh KUIBKICHOIO XapaKTEPUCTHKOIO MOMIOHOCTI MK CJIOBaMH.
Buxopucranus ¢yHKIii nependadeHHs HalOUIbII MOMIOHMX CJIIB Mae YMMaio Bapiallii,
30KpeMa BHUKOPUCTaHHS pI3HMX BXIJHUX NapaMeTpiB QyHKHii Moxe (impTpyBatu
BUXIJIHUWA pe3yJbTaT 3a MO3UTHUBHICTIO YM HETaTUBHICTIO, a TAaKOX BHUBOAMTU 3aJaHy

KUIBKICTh CEMAHTHUYHO TTOMIOHUX CIIiB:
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# look up top 6 words similar to 'france'
wl = ["france"]
model.wv.most similar {positive=wl,topn=6)

'canada', 0.6603403091430664),
'germany', 0.6510637998580933),
'spain', 0.6431018114089966),

'barcelona’, 0.61174076795578),

[

mexico', 0.6070996522903442),

(
(
(
(
(
('rome', 0.6065913438796997)]

Puc. 1.16 - BuBeaeHHs Ha eKpaH JiMille TO3UTUBHUX BapiaHTIB MOAIOHUX CIIiB

[lincymoBytouM Bce BHILIE3TaJlaHe, CIIiJl 3ayBaXKUTH, 10 BUKOPUCTAHHS BEKTOPHUX
Moxene mpencraBieHHs, 30kpeMa CBOW 1 SkipGramms po3Bossie J0BOJII TOYHO
3HAXOUTH CEMAHTHYHO MOAIOHI CJIOBa J0 3aJaHOT0, MPOTE MiJ Yac BUKOPUCTAHHS LILTUX
pEUCHb CUTYyalllsl CUJIBHO 3MIHIOETHCS, a/KE€ BPaXyBaHHs 3HAYCHHSI OKPEMUX CJIIB HE MOXKE
B1JIOOPa3UTH PI3HULIO MIXK CTPIYKAMH, B SIKUX BIIMIHHICTH MOJSTA€ B OAHOMY CJIOBI1, TaK
SIK OUTBIITICTh CEMAHTHYHO CXOXHUX CJIIB IEPEBaXka€ HaJl Baroro OHOTO CJIOBA.

Jlsis BUpilIEHHS AaHOi MpoOJeMH ICHYeE JIeKUIbKa MUIAXIB, 30KpeMa BU3HAYCHHS
CEepPEeIHBOr0 3HAYCHHS BEKTOPIB [UJII PEYCHHS Ta BUKOPUCTAHHS OUTBII JOCKOHAJUX
apXITEKTYPHUX PIIICHb IS LIIJTUX PEUYCHbD.

Opnniero 3 mokpaimenux mozaenedr Word2Vec € Doc2 Vec, sik 3po3ymisio 3 Ha3BH, CyTh
po0OTH OCTaHHBOI TONSTae B TMEPETBOPEHHI B BEKTOPHY (OpMy MpEACTaBICHHA HE
OKpEMHX CIIiB, a IIIJTUX peYeHb, YU JOKYMEHTIB(BIAMOBIAHO /10 3a/1aHOI IOBKUHH BX1JHOTO
Oydepa).

Meton Doc2Vec wmictuth y cobi aBa wMeromu: distributed memory (DM,
po3noaiieHa nam'ate) 1 distributed bag of words (DBOW, po3noaineHuit Mok ciiB).
Metogq DM mporHo3ye cioBO 3a BIIOMHMH TIONEPEAHIMH CIIOBaMH 1 BEKTOpPOM ad3airy.
HesBakatoun Ha Te, [0 KOHTEKCT MEPEMIIIAETHCS IO TEKCTY, BEKTOp a03ally HE PyXaeThCs
(3BiJicM Ha3Ba «pO3MOJIJICHA MaM'sTh») 1 J03BOJSIE BpaxyBaTH Mopsiaok ciis. DBOW
MIPOTHO3Y€E BUITAIKOBI TPYIHU CIIiB B a03alli TIIBKK Ha MiJICTaBl BEKTOpa ad3airy.

Buxopucranus Doc2Vec nyxe cxoxke 10 BUKOPUCTAHHS MONEPEIHbOT MOJIEIN1, TOMY

HaBEJICHO MPUKIIA 0€3 MOSCHEHHS apTyMEHTIB, TIepeaHuX Y BXiJ (QYHKITII:
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>>> from gensim.test.utils import common texts
=>>> from gensim.models.doc2vec import Doc2Vec, TaggedDocument

»>>> documents = [TaggedDocument(doc, [i]) for i, doc in enumerate(common texts) ]
>>> model = Doc2Vec(documents, vector size=5, window=2, min count=1, workers=4)

Puc. 1.17 - TpenyBanusa moneni Doc2Vec

AHaJIOTIYHO /10 TIONEPEIHBOTO  BHUIIAJKY, € MOXJHUBICT, 30epiraTu Ta
BUKOPUCTOBYBAaTH BXKE IIONEPEIHbO HATPEHOBAHY MOJENb, aJUKE IHKOJIM PECypcu He
J03BOJIAIOTh NTPOBOAMTH TPEHYBAaHHSA HA JOCTATHIA KUIBKOCTI JaHHMX, TOMY ICHYE YMMAJIO
BXKe HarpeHoBaHuX mojeineit Word2Vec ta Doc2Vec. JlizepoM y 1iboMy Hampsimi, 3BICHO, €
xommanii Google ta Facebook, amke o0uaBi MarOTh 3MOTY TpPEeHYBaTH CBOi IpOTpamHi
pIIIEHHS Ha BIAMNOBIIHOMY anapaTHOMY 3a0€3I1€YEeHH], a TAKOK Ha BIAMOBIAHUX TEKCTOBUX

pecypcax pi3HUX MOB CBITY.

1.4.5 Omrin moxem muookoro mammuaHoro HauyaHHa BERT. BERT - nme meron
MOTEePeHBOT MIATOTOBKM MOBH, IO Iepeadavyae TOTyBaHHS 3arajibHOI MOJIesl "pOo3yMiHHS
MOBU" Ha BEJIMKOMY TEKCTOBOMY Kopmyci (Hampukiag, Ha Bikinenii), a mnoTiM
BUKOPUCTOBYeMO 10 Mojaenb aisa 3agad NLP. BERT mepeBepiiye momepeaHi MeToaw,
OCKUIBKM II¢ TMepilia MOJedb DIMOOKOr0 MAaIIMHHOTO HaBUaHHS, sKa O0a3yeTbCsl Ha
unsupervised learning(raBuanus 6e3 BunTens) [3].

be3 Buurena o3nauae, mo BERT HaBuaBCs, BUKOPHUCTOBYIOUM JMIIE 3BUYAWHHUI
TEKCT, 1[0 € BaXXJTMBUM, OCKUIbKHA BEIMYE3HA KUIbKICTh 3BHYAWHUX TEKCTOBUX JAHUX €
3arajJbHOIOCTYNHOI B [HTEepHETI OararbmMa MOBaMu, IO JIMIE cOpuse 300py OUIbIIOT
KUIBKOCTI JJAHUX.

[TomepeHbO HATPEHOBAHI MOZEII TaKOX MOXYTh OyTH KOHTEKCTHO-BUIBHMMH a00
KOHTEKCTYaJIbHUMH, a iX KOHTEKCTHI MOJAHHS MOXYTb OyTH OJHOHAIIPaBICHUMH a0o
nBoHanpapieHnMA. KoHTeKCTHI Mozerni, Taki sk word2vec abo GloVe, cTBOPIOIOTH €aMHE
BEKTOp I KOYKHOTO CJIOBAa y CJIOBHUKY, TOMY BEKTOP 3MOXKE JaTH MPEACTaBICHHS JIUIIIE
PO KOHKPETHE OJIHE CJIOBO, 0e3 ypaxyBaHHS 1HIIMX. KOHTEKCTHI MOJENi 3aMICTh I[HOTO

CTBOPIOIOTH MPEICTABICHHS KOKHOTO CJIOBA, SIKe 0a3y€ThCs HA IHIINX CIOBAX Y PEUCHHI.
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Vxe HarpeHoBani mozeni BERT nmaioTe 3Mory BUKOHYBAaTH XOPOIIMM IMOMIYK
CEMaHTHYHUX AYOJIKaTiB CTPIUOK, ajke pecypcu kommaHii Google cramu mepeaymMoBOIO
TPEHYBaHHS Ha Jy)X€ BEJIMKOMY O00’€Mi JaHUX, IO 3BUYAMHUI KOpPHUCTyBad c001
no3BonuTd He B 3M03i. [Ipuwkmax BukopuctanHs momeni BERT mms 3amagi GinapHoi
kiacuikaii BiATyKiB HABEICHO HUKYE:

from tensorflow import keras

import os
import re
# Load all files from a directory in a DataFrame.
def load directory_data{directory):
data = {}
data["sentence"] = []

data["sentiment"] = []
for file path 1n os.listdir{directory):
with tf.gfile.GFile(os.path.join(directory, file_path), "r") as f:
data["sentence"] . append{(f.read()})
data["sentiment"] .append(re.match{"\d+_(\d+)\. txt",K6 file_path).group(l})
return pd.DataFrame.from_dict{data)

# Merge positive and negative examples, add a polarity column and shuffle.
def load_dataset(directory):
pos df = load directory datafos.path.join(directory, "pos")})
neg df = load directory datafos.path.join{directory, "neg"))
pos df["polarity"] = 1
neg df["polarity"] = 8
return pd.concat([pos_df, neg df]).sample(frac=1).reset_index(drop=True)
# Download and process the dataset files.
def download_and_load_datasets(force_download=False):
dataset = tf.keras.utils.get file(
tfname="aclImdb. tar.gz",
origin="http://ai.stanford.edu/~amaas/data/sentiment/aclImdb vl.tar.gz",
extract=True)
train_df = load dataset(os.path.join{os.path.dirname(dataset),
"aclimdb”, "train"))
test _df = load_dataset(os.path.join(os.path.dirname(dataset),
"aclImdb™, "test"})

return train df, test df

Puc. 1.18 - [nimiamizanis 3aBanTaxkyBada (GaiiaiB s MOel
CyTb 3amaul kiacudikaiii BIATYKIB MOJSAra€ y BU3HAYEHH! MO3UTUBHOCTI ab0 Xk

HETaTUBHOCTI BKAa3aHOTO BIAryKa Ha KHHUTY, QUIBM 1 T. M., TAKUM YHHOM pE3yJIbTaTOM

pOOOTH aNTOPUTMY MA€ CTATH CIIOBHUK 3HAYEHD “BIATYK - HOTO 3HAYECHHS .
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[Ticns 3aBaHTaXEHHS JIaHMX, CIIJ iX OIpalfoBaTH, TOOTO PO3MOAUIUTH Ha
TPEHYBAJIbHY Ta TECTYBAIbHY MHOXHHY, BIATOBIHO 10 HA3B - HA TPEHYBAIbHIN MOIETH

OyJie TpeHYyBaTUCh, @ HA TECTYBAJIbHIN - IEPEBIPSATH BIPHICTH CBOTO MEpe0aueHHS.

A Heoa + T C - vy ERT* ~ 7 93¢ c + T ] + - ~ o avamn ] ac Frm = * =
# Use the InputExample class from BERT's run_classifier code to create examples from the data

train_InputExamples = train.apply(lambda x: bert.run_classifier.InputExample(guid=None, # Globall

y unique ID for bookkeeping, unused in this example
text_a = x[DATA_COLUMN],
text b = None,
label = x[LABEL_COLUMN]), axis
:_)

test_InputExamples = test.apply(lambda x: bert.run_classifier.InputExample{guid=None,
text _a = x[DATA_COLUMN],
text b = None,
label = x[LABEL_COLUMN]), axis

Puc. 1.19 - Po30uTTs JaHNX Ha TPEHYBAJIbHY Ta TECTYyBaJIbHY MHOKHHU

Konm pmani miarotoBaHi Ta po30MTI Ha MHOXHHH, TOTPIOHO CTBOPIOBATH

3aBaHTaKyBa4 IIOIICPCAHBO HaneHOBaHOI MOIIGHiI

# This is a path to an uncased (all lowercase) version of BERT

BERT_MODEL_HUB = "https://tfhub.dev/google/bert uncased L-12 H-768 A-12/1"
def create_tokenizer_from_hub_module():
"""Get the vocab file and casing info from the Hub module."""
with tf.Graph().as_default():
bert_module = hub.Module (BERT_MODEL_HUB)
tokenization_info = bert_module(signature="tokenization_info", as_dict=True)
with tf.Session() as sess
vocab_file, do_lower_case = sess.run([tokenization_info["vocab_file"],
tokenization_info["do_lower_case"]])

return bert.tokenization FullTokenizer(
vocab_file=vocab_file, do_lower_case=do_lower_case)

tokenizer = create_tokenizer_from_hub_module ()

Puc. 1.20 - 3aBanTaxXeHHs NONEPEIHHO HATPEHOBAHOI MOJIEI

Hacmpagni, e unMasno KpokiB 1 eTamiB o podo4oro crany kiacudikaropa BiATYKIB,
a/pke TOTPIOHO CTBOPUTH AITOPUTM OOUMCICHHS (PYyHKIII BTpar, BAPTO BU3HAYUTHCH 13
byHKI€I0 onTUMi3alii Ta akTUBAIlii(HEBiA €MHI MapaMeTpH YCiX HEUPOHHUX MEpexK), a
B)XKE€ MICIS LbOTO CJIIJl BU3HAYaTU TUIl BIATYKA, pe3yJabTaToM poOOTH 3aBaHTAKEHOI BUILE

MoJIeNi € KiIacu(ikaTop TEeKCTOBUX BIATYKiB, 300pakeHUI Ha pucyHKy 1.21:
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predictions

[('That movie was absolutely awful',
array([-4.9142293e-83, -5.3180690e+@0], dtype=float3i2),
'Negative'),

('The acting was a bit lacking',
array([-8.83325794, -3.4200459 ], dtype=float32),
'Negative'),

('The Tilm was creative and surprising’',
array([-5.3589125e+80, -4.7171740e-03], dtype=float32),
'Positive'},

('Absolutely fantastic!’
array([-5.0434884 , -8.00647258], dtype=float32),
'Positive’)]

Puc. 1.21 - Knacugikarop TeKCTOBUX BIATYKIB

1.4.6 Ormsan 1 3acTocyBaHHS MOJEN BEKTOpHOTo mpejacTtaBieHHs Tekcty USE.
USE(universal sentence encoder) - wmomenb s KOAYBaHHS pEUYEHb Y BEKTOPHE
MIPE/ICTABIICHHS, SIKI B MOJAJIBIIIOMY CIEHIaIbHO CIPSAMOBaHI HA BUKOPUCTAHHS y PIZHHUX
3amaqax cdepu NLP. Monens € edexktuBHOIO Ta 3a0e3mneuye TOYHE BUKOHAHHSA
PI3HOMAaHITHUX 3aBJaHb. J[Ba BapiaHTH MOJeIi KOTyBaHHs JO3BOJISIIOTH POOUTH KOMIIPOMIC
MDK TOYHICTIO 1 OOYMCITIOBAIBHUMHU pecypcaMu. SIK Mokas3aB JOCBIM, Ul TIPEACTaBICHHS
pedeHb, a HE CIiB, Yy BEKTOpHIH ¢Gopmi - JaHa MOAEIb € HaMKpallow, OCKUIbKH il
IIBUJIKO/IIS Ta SIKICTh IEPETBOPEHHS CUJIBHO BIJPI3HSIETHCS BiJ] aHAJIOTIB y Kpally CTOPOHY.
Hwxue Oynme HaBemeHo mnpukiaa MoxiuBoro BukopuctanHs USE wMomenmi s
MIEPETBOPEHHA peUYeHb y BeKTopH [18].

Jlnst mouaTky MOTPIOHO MIATOTYBAaTH BXIAHI JaHl, Hexal I1ie¢ OyayTh IITY4YHO
mi10pani peyeHHs:

X =
# Smartphones
"T 1ike my phone",
"My pheone is not good.",
"Your cellphone looks great."”

snow tomorrow?",
a lot of hurricanes have hit the US",
"Global warming is real",

# Food and health

"An apple a day, keeps the doctors away",
"Eating strawberries is healthy",

"Is paleo better than keto?"

# Aclipe apput Soe
# Asking about age

"How old are you?",
"what is your age?",

¥y = {\@,a.8:1.1,1 2.3 3 3 3]

Puc. 1.22 - ITigroroBka ganux mia moaeial USE
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HacTynHuM KpOKOM € 3aBaHTaXXEHHS MONEPEIHbO HATPEHOBAHOI MOJEN, IS

IIoAAJIbIIOIO IIPCACTABICHHA PCYCHDb Y BCKTOPHU:

from tensorflow.python.saved_model import tag_constants
scope = 'finetune
graph=tf.Graph()

With tf.Session(graph=graph) as sess
model_path = 'model/’
if.saved_model.loader.load(sess, [tag constants.SERVING], model_path)

sess.run(tf.global _variables_initializer())
sess.run(tf.get default _graph().get_operation_by name('finetune/init_all_tables'))

in_tensor = tf.get_default_graph().get_tensor_by name(scope + '/module/fed_input_values:8')
ou_tensor = tf.get default_graph().get_tensor_by_name(scope + '/module/Encoder_en/hidden_laye
rsf12 normalize:8'})

run_and_plot(sess, in_tensor, X, ou_tensor)

Puc. 1.22 - 3aBaHTa)XeHHS ONIEPEIHHO HATPEHOBAHOT MOJIEN1

Jlam BXe MepeTBOpPEHl B BEKTOPU PEUYECHHS MOKHA BUKOPUCTOBYBAaTH JUISl PI3HUX
3aB/laHb, 30KpeMa IOIIYKY CEMaHTHUYHO CXOXKHUX CTPIYOK(CEMaHTHUYHHUX yOiiKaTiB), y
HaCcTyIHOMY po3/ii Oyae HaBeaeHO npukiaa Bukopuctanas moaeni USE ta yrumitu flair
JUTSL TIOITYKY CEMAHTHYHO MOAIOHUX CTPIYOK Yy MEKax OAHOTO TEKCTOBOIO KOPITYCY.

[TincymoBytouM Bce BUIIE3rajaHe, MOTPiOHO BUOKPEMHUTH KIIFOYOBI MOMEHTH, OTOX:
U1t poOOTH 31 CMUCIIOBUM HaBaHTAXCHHSIM TEKCTY(HOTO CEMaHTHKOIO), CJIiJl 000B’ I3KOBO
MEPEBECTU HOT0 B BEKTOPHY MOJEIb MpPEACTaBiIeHHA. BaMBUM TakoX € W Te, MO Bij
PO3MIPHOCTI BEKTOpa 3aJICKHUTh SKICTh IOJANBINOI pOOOTH 3 HUM, QKE YUM OlIbIa
PO3MIPHICTh, TUM OUIBII 1H(HOPMATUBHUM € CaM BEKTOp JJI1 HACTYIHOIO OINpAalfOBaHHS.
Came TOMY BIAMOBIAHO JI0 TOCTABJICHOTO 3aBIaHHS MOTPIOHO MPABUIBHO MiAiOpaTH
CHoci0 MEepPEeTBOPEHHS TEKCTY Yy BEKTOP, a00 K PeJIeBaHTHY MOJIEIb, METa SIKOi MOJISTaTuMe
B OIITUMI3AIll]l I[LOTO XK MPOIIECY.

[Ticnst BUKOHAHHSI BEKTOPHOTO TMEPETBOPEHHS TEKCTY, YV A0 BCTyHaloTh (popmynu 3
Teopli MaTeMaTHYHOI CTaTUCTUKH Ta BEKTOPHOI anredpu, siKi 31aTHI aHAJIITHYHO Ta HaBITh

BI3yaJIbHO BIATBOPUTHU TEKCT y YUCIOBOMY IPEICTABICHHI.

1.4.7 Ornsg 6i6mioTexu it podotr 3 TekcToM GenSim. AHAJOTIYHO 710 3rajaHol y
nepmomy posain 0i10morekun NLTK, sika cTBopeHa asisi ornpalffoBaHHs MPUPOJAHOI MOBH,

TaKOXK ICHY€ XOPOIIMI aHAaJIOT i1 Ha3Boro GenSim.
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GenSim - roroBa 06i0mioTeka 3 BIIKPUTUM BHUXITHUM KOJAOM i O€3IIMITHOTO
MOJICTTIOBaHHSI TEMAaTHKA Ta OOpOOKM TPUPOTHUX MOB, BHUKOPHCTOBYIOUM CyYacHE
CTaTUCTHUYHE MalllMHHE HAaBYaHHS.

GenSim peanizoBana y Python ta Cython ams MakcuManbHOI TIPOAYKTHBHOCTI Ta
MaciTaboBaHocTi. bibiioreka cremiaibHO po3poOiieHa Uit 0OpOOKU BEITUKHUX KOJEKIIiH
TEKCTy 3a JOIMOMOTOI0 IMOTOKOBOTO MepefaBaHHs JaHUX Ta ITHKPEMEHTHUX aJrOPUTMIB
peaqpbHOTO dacy, IO BIAPI3HAE WOTO BiJ OUIBIIOCTI I1HIIMX ITAKETIB MPOTPAMHOTO
3a0e3mneueHHs Uil MalliHHOTO HaBYaHHS, SIKI OPIEHTOBAaHI JIMIE Ha OOpOOKYy mam'siTi,
3okpeMa Big NLTK. Came GenSim micTtuTh y co0i1 Bke HarpeHoBaHi Momeni Word2Vec,
Doc2Vec Ta iami. Jlana 6i6mioTexa 1ae 3MOTy TOKEHI3yBaTH TEKCT 3a PI3HUMH KPUTEPisMHU,
MIpUYOMY Il TIpolieC BiOYBA€ThCS 3HAYHO SKICHIIIE Ta IIBUIIIC HK y aHayoriB. Hukue
OyIyTh HaBeNICHI MpUKIaau podotu 3 GenSim.

OTOX, OMHUM 13 TEPIIUX €TamiB poOOTH 3 TEKCTOBUMHU AaHUMH B cdepi NLP, sk
3a3HAYaJIOCh BHINE, € TOKEHi3alis, /g 1poro GenSim MpomoHye yuMano e(HEeKTUBHUX
pimenb, 30kpema (yHKIS gensim.utils.simple preprocess() BukoHye Oe3mOCepenHIo
MIJrOTOBKY TEKCTOBUX JAHUX JJIs MOJAJBIIOrO iX mepenaBaHHs y moneinb Word2Vec uu
1HII1, HA pUCYHKY 1.23 300pakeHuii Mpoliec MEePEeTBOPEHHSI CTPIYKU Y TOKCHHU:

- read_input(input_file): R e
"""This method reads the input file which is in gzip format

logging.info("reading file {@}...this may take a while".format(input_i
with gzip.open(input_file, b ) as f:
for 1, line in enumerate(f):

if (1 % 10000 == 0): e _ :
logging.info("read {0} reviews".format(i))

yield gensim.utils.simple_preprocess(line)

Puc. 1.23 - [Ipouec TokeHi3auli cTpiuku 3a gonoMororo GenSim
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Bignosimno mozpenr Word2Vec TakoX BHKOPHCTAEMO 31 CTaHAAPTHOTO TAKETy

GenSim, Tomy nonepeHiii Ko TpeHyBaHHS MaTUME HACTYITHUNA BUIJISAL:

model = gensim.models.WordzVec(
documents,
size=150,
window=10,
min_count=2,
workers=1@)
model . train(documents, total_examples=len(documents), epochs=1@)

Puc. 1.24 - Kon TpenyBanns mozaemn Word2Vec
OdeBHIHO, IO HA JAHUM MOMEHT Yacy iCHy€ YMMaJlO 3ac001B Ta IHCTPYMEHTIB AJs

poborn 3 3amadamu B cdepi NLP, mo Oe3ymMOBHO ja€e 3MOry BcE€ I1HTCHCHBHIIIEC

PO3BUBATHCH 1 HAOyBaTH MOMYISPHOCTI B LIJIOMY CBITI.
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PO3JILT 2
OBIPYHTYBAHHS OBPAHUX 3ACORIB

Jis  oOrpyHTyBaHHST BHOOpY THUX 4YHM IHIIMX METOMIB 1 3aco0iB peanizallii
MIOCTABJICHOIO 3aBJaHHS Oyl0 OOpaHO CHOYaTKy HABECTH YK€ ICHYIOYl MIIXOIHU Ta
BUSIBJICHI B HUX HEJOJIKH, MICJS YOTO iX BAOCKOHAIUTU. TaKUM YMHOM, HUXKYE PO3IIISHYTI
HAaWHOBIII JIOCTYMHHI MIJXOAM, SIKI 3aCTOCOBYIOTHCS JUIsl BHUPIIIEHHS 3a7ad IbOTO THILY.
30kpema, OyayTh PO3DISIHYTI HACTYIHI METOmW / apXiTekTypu: Attention Mechanism,

Transformers-based mozmeni.

2.1 Po3rmsia Ta moOyaoBa HEMPOHHOT MEPEKI 3 BUKOPUCTAaHHIM Attention

Mechanism

He3pakaroun Ha BHCKOKY SIKICTb Ta TOYHICTh YCIX apXITEKTyp, 3rajaHux y
MOTIEPEAHBOMY PO3/ILTL, CII YITKO PO3YMITH, IO BOHH TAaKOX BIAPIZHIIOTHCS MiX cO00I0
32 CKJQJHICTIO aJrOpPUTMYy BHKOHAHHS, a TOMY 1 HaBaHTaXEHHS Ha OOUYMCIIOBAJIbHY
MaIInHy, sika OyJie 3aImycKaTy 11 Mojiei, Oyjie pi3HUM.

Jdns  pochimkeHHs poOOTHM HEHpOHHOI Mepexi Oyl0 BHUKOPHUCTAaHO MOBY
nporpamyBaHHs Python ta gpeiimBopk nmst Hei mig HazBoro Torch [8].

[lepmum eramoM y moOymoBi Takoi HEHPOHHOI Mepexi € IMIOPTYBaHHA YCIX

HeoOX1THUX 010JI0TEK Ta CTBOPEHHSI CHKO/IEpA:
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ze, bidirectional = True):

self.bidirectional = bidirectional
self.lstm = nn.LSTM(input ze, hidden_size, bidirectional = bidirectional)
T forward(self, inp , hidden}):

output, hidden = self.lstm(inputs.view( 1, self.input_s )}, hidden})
1 output, hidd

init_hidden(s
F.bidirectional), 1, self.hidden_size),
idirectional), 1, self.hidden_siz

Puc. 2.1 - ImmoptyBanHs HE0OXiTHUX 010II0TEK 1 CTBOPEHHS €HKOJEpa

OcTtaHHIM KpOKOM y 1oOyI0Bi HeHpOoHHOT Mepexi Tumy Attention Mechanism €

CTBOPEHHS CaM€ MEXaH13MY 3BEpPHEHHSI yBaru:

vocab_size):

1f.attn = nn.Linear (hidden_si
f.lstm = nn.LSTM(hidd

self.output_size),
f.output_siz

f forward(se decoder_hidden, encoder_outputs, input):

i in range(len(encoder_outputs)):

print(dec: hi D

print(encs

weights.a (self.a ! € er [0],

0 1

normalized_weights = )

attn_applied = i : e .unsqu £,
enco : 1, self.hidden_size))

input_lstm = torch.cat((attn_applied[0], input[0]), dim 1)

output, hidden = self.lstm(input_lstm.unsqueez decoder_hidden)
outp = self.final(output[0])
; : t, hidden, normalized weights

Puc. 2.2 - ImniieMeHTyBaHHS MeXaH13My 3BepHEHHs yBaru (Self-Attention)
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TakuM YMHOM, BHUKOPUCTAHHS BHIICHABEICHOTO KOMY JAacThb 3MOTY HE JIUIIe
KOJIyBaTH TEKCTOBl JlaHI y YHCIIOBl, aje W TpEeHyBaTW MOJENb Il PI3HOTO POAY
KiacudikamiiHux 3a71a4 1 T.11.

OTxe, 32 TOTIOMOTOIO KOMYBaHHS TEKCTOBHX JAHUX TAaKUM CIIOCOOOM MOYKHA 3HAYHO
3MEHIIIUTA OOYMCITIOBAJIbHI PECYpCH amapaTrHOro 3a0e3MNeueHHs, sKi MOTpIOHI Jyis

peaizaiiii KOMIT I0TepHOI CUCTEMH.

2.2 Orsip apxiTektyp tuny Transformers

Transformers - e Monenb MIMOOKOTO HaBYaHHS, 3ampoBajykeHa B 2017 pori, 1o
BUKOPHCTOBYETBCA TMEPEBAXKHO Yy Tamy3i o0poOku mpupomuHoi moBu (NLP). Sk i1
pexypentHi Heilponni wepexi (PHH), Tpanchopmepu npusHaueni mist oOpoOKu
MOCIIIIOBHOCTEH JaHWX TPUPOAHOI MOBH, ISl TAaKWX 3aBlaHb, SK TEpeKya] Ta
y3arainbHeHHs1 TekcTy. Onnak, Ha BiaMiHy Big RNN, Tpancdopmepu He BUMararTh
OOpOOKM MOCHIIOBHUX JAHUX y BU3HAYEHOMY MNopsaky. Hampukiazn, sSKIo BXiIHUMH
JAaHUMH € PEYCHHS MPHUPOTHOI MOBH, TO MOAENI HE MOTPiOHO 0OpoOISITH JHImIe HOro
MOYaTOK TMPOTSITOM  YChOTO TEPMIHY OOYMCIICHHA. 3aBAsKA 1A 0COOIMBOCTI,
Tpancpopmepu A03BONSIIOTH 3HAYHO OLIbIIE PO3MApaJIETIOBATH IMPOLIEC OINpPaIFOBaHHS
BXIJTHUX JaHux, Hix PHH, a oTke, 1 mpuIIBUAIIMTY NPOIEC HABUYAHHS.

Tpancpopmepr MWBUAKO CTadd HANUNOLIMPEHILNION apXITEKTYpPOIO AJs BHUpPILIEHb
3amaq y cdepi oOpoOKM MPUPOAHOI MOBH, 3aMIHUBINIM CTapi PEKypeHTHI Mojemi
HEHPOHHHMX MEpEX, Takl K jJoBra koporkoyacHa nam'ste (AKYIIL). Ockuibku monensb
Transformers crnpusie OuUTbIIOMY pO3MapajesieHHIO M 4Yac HaBYaHHS, BOHA J0O3BOJIMIIA
TpeHyBaTHCs Ha 00 eMHIMX Habopax maHuWX, HDK Iie Oyno MoxiuBo paxime. Lle
MIPU3BEJIO 10 PO3POOKHU TonepenHbo HaBueHux cucteM, Takux sk BERT (IIpencraBnenns
ABOHampaBineHux koaepiB Big TpancdopmepiB) ta GPT (I'enepatuBHuil momepeaHbO
niaroroeineHuii Tpancopmep), sKI NPOMIIIM HABYAHHS 3 BEJIMYE3HUMH 3arajlbHUMU
MOBHUMU HAa0OpaMH JaHMX 1 MOXYTb OyTH TOYHO HaJjallITOBaHI Ha KOHKPETHI MOBHI

3aBJaHHA.
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2.2.1 Peamizamisa apxitektypu Transformers juisi BupilieHHS mpoOjeM 3ajad TUITY
“NOCIIIOBHICTh-IOCTIAOBHICTE . [l  mporpamHoi  peanizauii  apXiTEeKTypd THUILY
Transformers noTpiOHO IMIUIEMEHTYBATH TPU OCHOBHUX KOMIIOHEHTH OCTAHHBOI: €HKOJED,
nexozep, 3amackoBanmii map Multi-Head Attention.

Enkonep y Monensix JaHOTO THUITY BUIVISAAE€ MPAKTUYHO TaK CaMO SIK 1y MOMEPETHIX

peamizaiiax Attention Mechanism-based migxomy.

eg_len, d_model)
_len):
d_model, 2):
] ®Eoeea ® ciadd model)))
) ** ((2 * (i + 1))/d_model}))
pe.unsqueeze(0)

1f.register_buffer('pe’, pe)

f forward(self, x):

Xk math.sqft{:al‘.d_mmdel)

Puc. 2.3 - Kox no3umniitHoro enkoaepa moaeni Transformers

[Ticist cTBOpeHHS MO3MINIHOTO €HKojepa MOTPIOHO peanidyBaTd MexaHi3M Multi-
Head Attention, 300pakenuii Ha puc. 2.3.

V, K and Q Bignosigatots ‘key’, ‘value’ and ‘query’ (kiro4-3HaueHHs-3anut). Lle
TEPMIHU, 110 BUKOPUCTOBYIOThCS y (yHKUisiX yBaru (self Attention), Y Bumagky 3
enkozepoM, V, K 1 Q OyayTh IpOCTO 1IGHTUYHUMU KOMISIMH BEKTOpa BOYJIOBYBaHHS (TLIIOC

MO3UIIifHEe KOmyBaHHS). BoHm marumyTh po3mip batch size * seq len * d model. [le
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batch size - po3mip BikHa, ske Oyne MICTUTH BXigHI JaHi, seq len - moBkuHA

nociigoBHOCTI, d model - po3mipHiCTE MOAET (Y TOMY YHCI KUTBKICTH 11 I1apiB).

Scaled Dot-Product h
Attention
1l 1l 1l
[ Linear]_}[ Linear]J[ I_inear]_]
Yy

7 7

\" K Q

Puc. 2.4 - Mexanizm Multi-Head Attention

Peanmizamiss  mexanismy Multi-Head Attention moTtpeOye BpaxyBaHHS — ycCIX

BUIIE3raIaHuX TMapaMeTpiB A TOro, mod mporec ‘‘3amam’sTOByBaHHS BinOyBaBcs

ImapaJiCiIIbHO.



d_model, dropout = 0.1):

// heads

f.q_linear nn.Linear(d_n I
v_linear nn.Linear(d_model,
k_linear nn.Linear(d_model,

ut = nn.Dr
nn.Line
f forward(self, q, k, v,
gq.size(0)
= self.k _linear(k}).v
.q_linear
elf.v_linear(v).view

, self.d_k, mask, self.dropout)

2).contiguous()\

output = self.out(concat)

return output

Puc. 2.5 - Peanizania mexanizmy Multi-Head Attention

CxematnuHo 300pazutu oOuucienHs Multi-Head Attention mMoxHa HacCTymHUM

YHUHOM.:

1
MatMul
* 4
SoftMax
t

Mask (opt.)
{
Scale
t
MatMul

t 1

Q K V

Puc. 2.6 - Cxema o0uncinegus Mult-Head Attention
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Ha BumienaBezeHiii cxemi 300pakK€HO YOTUPHU OCHOBHUX €JIEMEHTa JUIs peaizarii
MEXaHi3My “‘camo3anaM’ITOBYBaHHSI, OTKeE:

1. MatMul - pyHKIIiSE MATPUYHOTO MHOXKEHHS JIBOX TEH30PIB.

2.  SoftMax - ¢yHKIIiSI MPpUBEICHHS 3aIaHUX 3HAYCHB J10 HEOOX1THOTO TTPOMIXKKY.

3. Mask - ¢yHKIiS  OpUXOBYBaHHS ~ YacTMHU  HaBYAJIbHUX  JaHUX
(BUKOpPUCTOBYETHCSA sl 3a1100IraHHs MPOIIECy NMepeHaBYaHHs HEHPOHHOT MEPEXK1).

4. Scale - ¢pysxis macmTabyBaHHS BXIIHUX JaHUX JI0 MIOTPIOHOTO MIPOMIXKKY.

[Iporpamua peanizaiiisi BHIIEHABEIECHOT CXeMH MOTpedye poOOTH 3 TEH30pamMu
JaHUMK (0araTOBUMIPDHUMM MATPHULSIMHU), TAaKUM YHWHOM JJIS IIBHAKOTO OOYHCIICHHS
orepariiii Mik HUIMH MU OyJeMO BHKOPHCTOBYBaTH 010mioTeKy torch, sika MiCTUTBH y co0i
BKE peasizoBaHi (QyHKIII MHOXKEHHSI MaTPHUIlh 13 BUKOPUCTAHHSIM arapaTHOTO IiICUIICHHS
rpadigroro smpa. TakuM gyuHOM, Ha 300pakeHHI 2.7 HaBEICHO IMILUIEMEHTYBaHHS CXEMH

MexaHizmy obuncnenns Multi-Head Attention.

f attention(g, k, v, d_k, mask=None, dropout=None}:

orch.matmul{q, k.transpose(-2, -1)) / math.sgrt(d k)

(1)
_fill(mask == 0, -1e9)
dim=-1)

= torch.matmul({scores, v)

Puc. 2.7 - Kox oouuciienust Multi-Head Attention

Hactynaum eramom peanizaiiii apxitektypu Transformers € CTBOpEHHS KJIaCHYHO1

HEHWPOHHOI MepeXi, CTPYKTypa K01 OyJia HaBeJIeHa Yy MOMEePeIHIX po3iiax.
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del, d_ff=2048, dropout = 0.1):

Puc. 2.8 - Peanizanisa KI1acH4HOT HEHPOHHOT MEPEXI

Jlnis kpamoro po3yMiHHSI pPOOOTH KIIaCMYHOI HEHPOHHOI Mepeki BapTo po3i0paTuch
13 OCHOBHHMH CKJIAJIOBUMH OCTaHHBOI Ta iX MPU3HAYCHHSIM.

OTxe, KOXKEH HEHPOH Yy MEPEKi 3AaTHUNM MPUMUMAaTH BX1IHI CUTHAJIU, OOpOOIATH X 1
BIJIMIPABIATH BUXIJIHUNA CUTHAI. Takok KOXEH HEWpPOH MOB'A3aHUN NpPUHAWMHI 13 WIE
OIHUM HEUPOHOM, 1 KOXKHE 3'€THAHHS OIL[IHIOETHCS NIHNCHUM YHCIIOM, SIKE HA3UBAETHCSA
BaroBUM Koe(ilI€EHTOM, 110 BiJIOOpa)ka€ CTYIMIHb BaXJIMBOCTI JAHOTO 3B 513Ky B HEHPOHHIM
MEpEexi.

3arajiom, HEHpOHHA Mepeka Mae 3/1aTHICTh allPpOKCUMYBAaTH, TOOTO peasi3oByBaTH
JIOBUTbHE BiTOOpaXeHHS OTHOTO BEKTOPHOTO MPOCTOPY Ha iHIIHK. ['0IOBHOIO mepeBaroro
HEHPOHHHUX MEpEX € TOM (DaKT, 1110 BOHU 3[]aTHI BUKOPUCTOBYBATHU JIESAKY arpiopl HEBIIOMY
iH(opMarliiro, MpUXOBaHy B JIaHMX, TaK 3BaHl iX ocoOmuBocTi. [Iporec «3axorieHHs»
HEB1JI0MO1 1H(pOpMallli HA3UBAETHCSA HABYAHHIM HEHPOHHOT MEPEXI.

VY Maremaruili, ¢hopMagbHO “BUMTHCS O3HAUYA€ KOPUTYBaTH BaroBi KOE(IIIE€HTH
TaKUM YMHOM, 11100 BUKOHYBAJIUCh MEBHI YMOBH. ICHy€ JBa OCHOBHHMX THUIU HAaBYAJILHOTO
MpOIIeCy: HaBYAHHS ITiJI HarBAoM Ta Oe3 Hamwigy (i3 BumTenmeM Ta Oe3). HaBuanHs 3
BUMTEJIEM O3HAuae, 10 HEMpOHHA Mepeka 3Hae Oa)KaHWW BUXiJ 1 KOPUTYBAHHS BaroBUX
KOC(IIiEHTIB 3pOOJIEGHO TaKUM YHMHOM, IO pO3paxoBaHWK 1 OakaHWW BUXOIU
MakCUMalbHO HaOmmkeHi. HaBuanHa Oe3 yuurTens o3Hayae, mo OaxaHWl pe3yaprar
HEB1JIOMUH, cucTema 3abe3neunsia rpyny ¢GakTiB (3aKOHOMIPHOCTEH), a MOTIM BXKe rodasa

mpoueccC TPCHYBAHHSA - JOCATHCHHS BUOKPCMIICHUX p€3yJIBTaTiB.
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3BUYaiiHa HEWpPOHHA Mepeka CKIAaeThCsd Xoua O 13 TphOX IIAPiB: BXITHUMH,
MPUXOBAHUM 1 BUXIAHHUI. Y BXIJHOMY IIapl KUIBKICTb HEHPOHIB BIJIOBIJAE PO3MIPHOCTI
TPEHYBAJIbHUX JIaHUX, MPUXOBAHHUM IIap MOXKE MICTHTH JOBUIbHY KUIBKICTH HEHWPOHIB
(3a3Buyail 3Ha4yHO OLIBIIY HIXK y BXIJHOMY IIapi), Y BUXIJHOMY IIapl KUIbKICTh HEHPOHIB
BI/IMOBIZIA€ YMUCIYy PO3MIPHOCTI OYIKyBaHUX HaHuX. Hampuxman, mis 3amadi OGiHapHOL
kiacu@ikaiii Oyb-4oro, BUX1THUH IIap MaTUME JIMIIIE J[Ba HEHpPOHA.

Koken HelpoH BiamoBimae 3a OOYMCICHHS JIIHIMHOI HEPIBHOCTI, SKa BHUIIISIAE

HaCTYIIHUM YHMHOM:

y=XxWT +b 2.1)

ne Y - odiKyBaHHii pe3y/IbTaT Ha BUXOMi Heipona, X - e Bximni mani, W7 - Barn,
K1 BUKOPUCTOBYIOTHCS JJI1 HaBYaHHS (TIOYATKOBO BOHM 33/1al0THCS HAOOPOM BHUIAJIKOBHX
uyucen), b - koedimient 3MimeHHs (MepHIMA pa3 TeX 3a4a€ThCsA  IOCIHIIOBHICTIO
BHUIIQJIKOBUX YHUCEN).

OcTaHHIM €TanoM CTBOPEHHS apXITeKTypu Tuny Transformers € iMIJIeMEHTYBaHHS
KJIaCy OCTaHHIX Ui TOAANbIIOro (PyHKIIIOHAJFHOTO BHUKOPHUCTAHHS y PO3AUIL 3aaa4

“HOCH1IOBHICTH-IIOCIIIJOBHICTE .

, N, heads)

, heads)

self, src, trg
. encod

n output

Puc. 2.10 - ImnnemenTyBanss knacy Transformers
[Ticns 3’egHanHs ycix ONOKIB KOOy MH OTPHUMAEeMO IOBHOLIHHY apXiTEKTypy

Transformers. ¥ Hamomy BHUMaaKy ii 3aCTOCYBaHHSM Oy/e MOJSATAaTH y BUPIIIECHHI 3a1adi

HCﬁpOHHOI‘O MAallTMHHOTI'O IICPCKIIALYy.
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src_vocab =

trg vocab =

o—

model = Trans

for 1N mog
if p.dim() > 1:
nn.init.xavier_uniform_(p)
optim = torch.optim.Adam(model.parameters(),
1r=0.0001

Puc. 2.11 - Ilpuxnan komy ass TpeHyBaHHs Mojeni Transformers

JUIs 0CTaTOYHOIO MPOLIECY TPEHYBAHHS MOJENI MOTPIOHO MPaBUIBHO MIATOTYBaTH
TpPeHyBaJbHI JaHl, SKICTh 1 KUIBKICTh SIKMUX OyayTh BHU3HA4YaTH SKICTh THepeknany. Y
HACTYITHOMY poO31ial OyAe pO3MISHYTO NPAKTUYHY peai3allilo Mpolecy MiAroTyBaHHS
TPEHyBaJbHUX JaHMUX, MIATOTYBaHHS MOJENl 10 TPEHYBaHHS, TPEHYBAaHHS Ta OLIHKH

SIKOCT1 OTPUMAHOTO MEePeKIady.
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PO3/ILI 3
PEAJII3ALS CUCTEMM TTEPEKJIAJTY TTIPUPOHOI MOBY HA OCHOBI MOJIEJI
"TIOCIIJOBHICTB-TIOCIIIOBHICTD" TA HEMPOMEPEXKEBOT APXITEKTYPH
TPACH®OPMEPC

VY 1mpoMy po3aili HaBEIEHO MPOrpaMHy peali3allild OCHOBHUX €TaliB CTBOPECHHS
CUCTEMH NEepEeKIIay, 30Kpema - MiJIr0TOBKAa TPEHYBaJIbHOI Ta TECTYyBaJIbHOI BUOIPOK JaHUX,
MIAroTOBKa apxiTekrypu Transformers 10 TpeHyBaHHs, TPEHYBaHHS MOJEJl IITMOOKOro
MAaIIMHHOTO HaBYaHHsI, OILIIHKA SIKOCTI HATPEHOBAHOI MOJAENI, pO3rOpTaHHS IMPOrPaMHOro
pIIICHHS] HAa KOMIT IOTEPHUX CUCTEMAaX PI3HUX THUIIB 3a JlonoMoroto miatdopmu Docker.

JUia peanizauii cucteMH Nepekiagy MPUPOAHOI MOBHM Ha OCHOBI HEMpPOMEPEKEBOI
MoJieIl IMUOOKOr0 MalllMHHOTO HaBYaHHS MOTPIOHO CIPOEKTYBATH KOMIT FOTEPHY CHCTEMY,
dka O 3aJ0BUIbHAJIA YCIX amapaTHUM BUMOraM JUisi TPEHYBaHHS HEWPOHHOI MEpexi.
30KkpeMa, HUKYE HaBEACHO TAONHUINO 3 yciMa HEOOXiITHWMH arapaTHUMH KOMIIOHCHTaMH

Ta iX BapTICTIO.

Tabnuys 3.1
Ilepesik anmapaTHUX KOMILUIEKTYOUHMX KOMII’IOTEPHOI CHCTEMH
Tun HazBa K-ctp | Baprictb
MarepuHChKa 11aTa MSI B450-A Pro Max Socket AM4 I wr. 100 $
Bizcoapra EVGA GeForce GTX 1080 Ti SC Black sure | 4% 1000
Edition Gaming, 11GB GDDR5X
[Ipomecop AMD Ryzen 3 3100 1 . 140 $
O3I1 DDR4 16GB/3200 Team Elite 2mr. | 2x558
Cucremuuii 010k GameMax ET-212-NP-U3 | wr. 208
brok xuBieHHs Asus ROG Thor 1200W | wr. 350 §
3aranbHa BapTiCTh: - 4720 $

OnuioHanbHUM PIMICHHSIM JI1 MPOEKTYBaHHS JaHOI KOMIT IOTEPHOI CUCTEMHU €

BOJISTHE OXOJIOJIPKEHHSI IIEHTPAJIBLHOIO MpoIlecopa MAaTEPUHCHKOI IJIaTH Ta TpaiuyHuX saep
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BijleokapT. JlJis TpeHyBaHHS MOJENl Ha TMOMIPHINH KUIBKOCTI JaHuX (MPUOIU3HO N0 2

MIJTBHOHIB CTPIYOK) TOIATKOBOTO OXOJIOHKCHHS HE TIOTPIOHO.

3.1 CTBOpEeHHS BEKTOpU3aTOpa [ 3aBAHTAKCHUX JAaHUX

[lepmyM eTanoM y BUKOHAHHI IOCTaBJIEHOIO 3aBJaHHA € MiAOIp MPaBHIBHUX
Mojiesielt 1 010m10TeK s iX MOJaibIIOr0 BUKOPUCTAHHS, HUKYE HABEACHHUM MEpeiK

neskux 010710TeK 1 MOIYIIiB, K1 MOTPIOHI IS peani3allii MpoeKTy:

osity(tf.logging.ERROR
_hub as hub

num np
m nltk.corpus import wordnet as wn

allStemmer
nerpro
5_stemmer =

Puc. 3.1 - ImmopryBanHs HEOOX1AHUX 010/110TEK Ta iHIMiaTi3allis mapaMeTpiB MOAET]

Mopnenes BektopHoro npezacrasieHHss USE nanmucana 3a gonomororo (peiiMBOpKy
TensorFlow, amke came BiH Jja€ 3MOTy BUKOPHCTOBYBATH amaparHi PeCcypcH KOMII roTepa
HaWOUIBII MPABUIILHO, BUKOHYIOUM OMEpallii 3 TeH30paMu Ha rpadiuHOMYy Bijeosapi, a HE
Ha MpOLECOPHOMY. TakuM UYMHOM MOXHa JOCSITHYTH 3HAUHOTO HPUPOCTY IMIBUIKOAIL.
HactynHum eramnom € iMOOpPTYBaHHS 301pKM yCIX MOMNEPEIHbO HATPEHOBAHUX MOJENEH
TensorFlow nans nomanbimioro BuUOOpPY HEoOXinHOI. Sk Bke 3a3HAYaOCh BHIIE, TS
00pOoOKHM Ta MPUBEACHHS TEKCTy 10 HOpManbHOI popmu, y cdepi 3amau NLP naifgacrimie
BUKOPUCTOBYIOTH 1Bl 010mioTekn - NLTK 1 GenSim. 30kpema /i CTeMiHTy CliB, TOOTO

MpUBEACHHS 10 OCHOBHOI (hopmu, Oyno oOpaHo Buxopuctaru SnowBall Stemmer, amxe

47



BiH 3apEKOMEH/IyBaB ce0e HalKpale Ha yKpaiHChKiii MOBI. ONUC BUKOPUCTAHHS YTHIIITH
flair gyist reryBandst NER Oyne HaBeneHo 3roiom.

KirouoBuM MOMEHTOM € BUKOHaHHS pobotu Oe3nocepennbo Moneni USE, Huxue
HaBeJeHUN (parMeHT Koay, MeTa SKOro 3aBAaHTAXUTU MOJEIb A il IMOAAJIBIIOTO

BHUKOPHUCTAaHHSA:

s_default():
_input = tf.placeholder(dtype=tf.string, shape=[N

=]

)
my_result = embed(text_input)
init_op =

initializer(),
s_initializer()])

Puc. 3.2 - Kox 3aBanTakeHHs Mozeni Ta iHimiam3anii rpaga TF

JInss BHCOKOi SIKOCTI TMOMAJBIIOTO TOPIBHAHHSA BEKTOPIB MiX COOOI0 MOTPIOHO
3a0e3MeUnTH JOCTAaTHIO BEKTOPHY PO3MIPHICTb, y JaHOMY BHIIAJKy BOHa piBHa S512.
HacmpaBai - 11e TOCUTh BEIWKE YMCIO 1 3 MOr0 OMNpALIOBAaHHSAM CIPABUTHCS JAJIEKO HE
KOXKE€H KOMIT FOTEP, MPOTE, OCKIIBKKA MOJIEb MONEPEHbO HaTpeHOBaHa KoMmaHiero Google,

MOJKJIUBICTh BUKOPUCTAHHA 512 po3MipHOTO BEKTOpa CTasia MUJIKOM PeaibHOIO.
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3.2 O6pobKa gaHuX Ta BU3HAYEHHS MIpU CEMAaHTUYHOI HAOIMXKEHOCTI BEKTOPIB

Hactynmaumu kpokamu Oyze TOIEpenHe OMpalllOBaHHS BXIAHOTO TEKCTy, abu B
NoJaiblIoMy Horo MoxHa OyJIO MOAaTH Ha BXIJ MOJAEN, HUKYE HaABEJACHO OCHOBHI

(byHKIIIT onpalfoBaHHs TEKCTOBUX JaHUX 1 MOSCHEHHS 70 HUX:

_len, max_len):

not

.join(text)

Puc. 3.3 - Kox 1151 GiasTpyBaHHS BXiJHOTO TEKCTY IO KiIJTBKOCTI CITiB

BumenaBenennii koa BijCiKae yci CTPIYKH, KUIBKICTh TOKEHIB SKHX Olibla abo
MEHIIIAa 33aJaHoTO YHcha(IepeacThCs TileprnapaMeTpoM TIpH  3amycKy Mofenmi, abo
BUKOPHUCTOBYIOThCS 3HaueHHs 2 1 10). Ilicns Bigbopy nuie noTpiOHUX CTPiuoK, QyHKIIIS

IIOBCPTAE CIIMCOK 13 B)K€ TOTOBHX A0 IIoAAJIBIIOTO OIIPAallfOBAHHA Ha60piB TOKEHIB.

- process_data(self):
data = self. data
min_len = 1f.min_len
max_len self.max_len

data sel _text(text) for text in data]

data = [self (text, min_len, max len) for text in data]
while("" in data)

data.remove("")

data_ = []

for i in range(len(data)):
data_.append((data[i], [1]))
elf.data_ = data_

rn data

Puc. 3.4 - ImmeMeHnTyBaHHs QYHKIT 711 TOKEHI3aI(li BX1THOTO TEKCTY

49



SIx BUJTHO, 3 KOAY HABEJEHOTO BWIIE, MOTPIOHO TAKOX BHWJIYYUTH YC1 MYCTI TOKECHH,
mo0W MPHU TMEPETBOPEHHI TEKCTY Y BEKTOpH HE Oyno 3aiiBuX a00 iX TaKoX HA3WBAIOThH
HelH(pOpPMATUBHUX TEPMIB.

[TomanmpImuM eTaroM MPUTOTYBaHHS TEKCTOBUX JAHWX JJISA iX TOAAHHS B MOJEH €
nepeBipka Ha aHTOHIMU, JIaHa TIepeBIpKa 3MOXKE BIJICIKTH YMMAJIO arnpiopl CEMaHTHUYHO HE

noi0HuX ciiB. Peanizanis QyHkiii mepeBipky Ha aHTOHIMU HABEJIEHO HIDKYE:

anti

=4[
imilar_tos():
similar_t
_ant.append(ssl.lemmas())
J . . ist in syn_for_ant for x in sublist]
for lemma in ss + syn_for_ant:
iT lemma.a
anti. ms()[0] .name())
il )y for token in ant1]

imilar_tos()
551 1 s.similar_to
= s1.1lemmas())
blist in syn_for_ant for x in sublist]

- token in ant2]

Puc. 3.5 - Peamizanist GyHKII1 A7 TOITYKY aHTOHIMIB

JIJis BU3HAUEHHS aHTOHIMIB MK CJIOBaMH MOTPIOHO MPOBECTH 3BUYANHY MEPEBIPKY
ix TeriB y 3ramaHiii panime wMepexi cmiB WordNet. Ilicms mpoBemeHHS ycix
BUIIIEHABE/ICHUX €TaIliB OMpPAIfOBAHHS TEKCTY MOXKHA MOJaBaTH TEKCTOBHM KOPITYyC Ha BXiJ

MOJI€N1, III0OM MOTIM BUKOHATH MOPIBHSHHS BEKTOPIB.
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np.linalg.norm(v1)

= np.linalg.norm(v2)

magl) or (not mag2):

Puc. 3.6 - Kon ¢yHkIii noiryky KyTa KOCHHyCa M1k JBOMa BEKTOpamMu

Komnu TekcT npeacTaBieHo y BEKTOPHI (opmi, MOKHA BUKOPUCTATH (POpMyYIy KyTa
MDK JBOMa BEKTOpaMH, BEJIMYMHA pe3ynbTaTy Oyae BKa3dyBaTH Ha IMOBIPHICTh
CEMaHTHYHOI MOMIOHOCTI 00MABOX CIiB. UMM MEHIIMNA KyT MK JBOMa BEKTOpPaMH, TUM
OibIIIa UMOBIPHICTH TOTO, IO CJIOBA MAIOTh CMHUCIIOBY CXOXKICTh 1, BIAIMOBITHO, HABITAKH,

YUM OUTBIINN KyT M BEKTOpaMH, TUM JAJbIIli 32 CBOIM CEHCOM JIBa CJIOBA.

guery = self.process_text(query)
guery_ve elf.generate_features(query)[0].ravel()
e

i, d in enumerate(self.data):
gvec self.vectors[i].ravel()
sim

if sim =

x[0], reverse=Tr

Puc. 3.7 - Kox dyHKIii 3HaXOKEHHSI CEMaHTUYHO MOJIIOHUX PEUCHb

Januit ¢parMeHT KoAy BIAMOBiJAa€ 3a MOPIBHSHHA BEKTOPIB MiX CcO0OKO Ta
MOJANBIIUM TIepeaBaHHsAM pe3ynbTary y noganbin (yHkiii, napamerp threshold Bka3zye
3HAYE€HHS HMOBIPHOCTI, HM)KYE SKOTO pPE3yJlbTaTH He OyqyTh Oparuch A0 yBaru, 4acto

MO>KHA 3yCTPITH HOTO i1 Ha3BOIO “‘ropir’”.

51



[Ticnst mOpIBHSIHHS Ta BIJICIKAHHS HEPEJIEBAHTHUX BEKTOPIB MOTPIOHO BUKOHATH iX
COpPTYBaHHs. 3a3Hau4MMO, 110 Oyl0 BUIPOOYBaHO TPU PI3HUM METOMAIB COPTYBaHHS Ta
rpyIyBaHHS Pe3yibTaTiB, 30KpeMa:

—  CTaHJapTHE COPTYBaHHS 3a CMaJaHHSIM WMOBIPHOCTI MOAI0HOCTI;

—  TpYIyBaHHSA METOJOM TPaH3UTHUBHOCTI(SKIIO CTpiuKa A TojiOHa 70 CTpiuku B,
a crpiuka B nmogi6na no C, To crpiuku A 1 C - CEMaHTUYHO CXOX1);

—  TpYIyBaHHA 3 YyCYHCHHSM IIOTOYHOI CTPIYKH 3 IHIIUX TPYI CEMaHTHIHO
MOIIOHKUX CTPIYOK.

OcTaHHIM eTarnoM po3pOOKH IHCTPYMEHTY AJIsl TIOIIYKY CEMaHTUYHHUX AYOJiKaTiB €
3aMuc pe3ynbTaTiB A0 Qailry, sl 3py9HOCTI MOJANBIIOi pOOOTH 3 pe3yabTaramu Oyiio

oOpano 3anucyBaru Bci qanl y CSV(comma separated values) popmar.

en(output, 'w') as csvfile:

output, 'w') as csvfile:
filewriter = csv.writer(csvfile, delimiter='\n",
guotechar='|", guoting=csv.QUOTE_MINIMAL)

filewriter.writ (A 2 st (String[2) + & AR A% ® ot
str(string[0]) + nd str{string[1]) for string in group])

filewriter.writerow([])

Puc. 3.8 - 3anuc orpuMaHux pe3ynbratiB y daii
Pesynbrar poboTH mporpamu Juis MOLIYKY CEMaHTHYHHMX TyONliKaTiB 300pakeHO Ha

pucynky 3.9, ana mpukiaagy Oyilo OOpaHO TEKCTOBHH KOPIYC BIAKPUTHX PECYpCiB

nporpamu Telegram:
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A B
1 |[3] " Invalid Country Code " o
2 |[1284] | " Country code not found " 0.949
3
4 | [853] " Code expired o
5 |[1224] | " Invalid code. Please try again. " 0.876
(5]
7 | [14] " Didn\t get the code? " o
g |[1287] | " Haven\t received the code? " 0.9
10 | [787] " The verification code was sent to your email. ™ o
11 [ [1544] | " The verification code has been resent to your email. ™ 0.86
12
13 | [44] " Your email address " o
14 [ [770] " Your Email Code " 0.894
15 | [660] " Enter your email address " 0.887
16
17 [ [39] " Password & Email " o
18 [ [40] " Enter a password " 0.867
19 |[1220] | " Re-enter a password " 0.86
20 [[1156] | " Confirm your password " 0.856
21
22 | [41] " Re-enter your password " o
23 [ [769] " Enter your new password " 0.955
24 [[1221] | " Enter a new password " 0.944
25 | [764] " Enter your password " 0.939
26 | [1161] | " Enter your password to unlock " 0.902
27 | [767] " Set Additional Password " 0.873
28 | [1218] | " Set additicnal password " 0.873
29 | [773] " Turn Password Off " 0.872
30 | [719] " Re-enter your new passcode ” 0.86

Puc. 3.9 - Pe3ynbrar BUKOHAHHS MIPOTpamMu JJIs MOIIYKY CEMaHTUYHUX JTyOIiKaTiB

SIk BUJHO 3 HABEJEHOTO BUUIE 300pa)KEHHs, y CTOBHII A MICTATHCS MOPSIKOBI
HOMEpU CTPIUYOK Yy OpHUTIHAIBHOMY JOKyMeHTi, B wmictute cami crpiuku T1a C -
WMOBIPHICTh TOTO, IO CTPIYKM CEMAHTHYHO cxoxi. Came Takuil MiJIXiJ HaJacTh HaM

3MOTI'y OI_[iHI/ITI/I SKICTB OTPHUMAHOTIO IICPCKIAAY oe3 BHUTpPAT Ha JHOIICBKi pPeCypCH.

3.3 IligrotoBka AaHMX OO0 TPEHYBaHHS Ta TPEHYBaHHS HEWPOMEPEKEBOI MOJEINI

IIHOOKOT0 MallIMHHOTO HaByaHHA Transformers

Jlnist Toro, o0 HaTpeHyBaTH MOJIENb ITMOOKOTO MAIIMHHOTO TIEpeKIaay A 3amadl
MepeKIaay TEKCTIB MPUPOAHOI MOBH, MOTPIOHO MaTW JaHi, SIKi 3aJI0BUTBHATHUMYTH JIBOM
yMOBaMm:

1. TpeHyBamnbH1 JaH1 IOBUHHI MaTH HE AYX€E BEIUKY KUIbKICTh CJIIB B OJHOMY PSIKY
(MakcuMaspHaA JOBKMHA psAIKAa BU3HAYA€ThCs anapaTHUM 3a0esnedeHHs M EOM, Ha sxii

Oyze B110yBaTHCh TPEHYBaHHS ).
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2. TexcT MOBU OpUTIHAIY Ta OYIKYBaHOTO BHMXOJy MOBHHHI OyTH MapajelbHUMHU,
TOOTO KOXKEH PAJIOK Ma€ BIJIMOBIIATH 32 3MICTOM MTPOTHIICKHOMY.

[lepmmM eramom MiATOTOBKU JaHUX JO TPEHYBAJIBHOTO MPOIECY € iX YHMCTKa BiJ
3aifBoi iH(popmarii. Ha pucyHKy HMXYe HABEICHO MPOIEC IMIIOPTYBAaHHS HEOOXITHUX

010J110TEK.

import re

import numpy as np

import pandas as pd

from pandarallel import pandarallel

pandarallel.initialize()

INFO: Pandarallel will run on 16 workers.
INFO: Pandarallel will use Memory file system

Puc. 3.10 - ImnopryBanHst He0OXiTHUX O10710TEK

HaCTyrlHI/IM CTaIlIOM € YUTaHH BXiI[HI/IX JaHUX, JJIA ix IIOAAJIbBIIOIO OIIpalfOBaHHA.

Read dictionary

dictionary = pd.read_csv("data/en-uk.dic”, sep="\t", header=None)
dictionary = dictionary[[dictionary.columns[3], dictionary.columns[2]]]

dictionary.rename(columns={dictionary.columns[@]: "ua", dictionary.columns[1]: "en"}, inplace=True)
dictionary
ua en
0 Kicte A bone of
1 OauH A certain
2 [obpwit A good
3 Tpoxu A little while
4 Tpowxu A little
25249 peenuTenie zealous
25250 ke peEHMiA zealous
25251 nbaete zealous
25252 pesHuteni zealous

25253  PesHytoTh zealously

25254 rows = 2 columns

Puc. 3.11 - YnTanHsa BXITHUX JAaHUX
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[Ticns ynTaHHS BXIAHUX JaHHUX, iX MOTPIOHO OMPAIFOBATH Ta MOYMCTUTH B1J 3alBO1
iHbopmarii. Y HamoMy BUNAAKY Ii€l0 1H(OPMAIIEI0 BHUCTYMAIOTh TErH PO3MOILTY
TEKCTOBUX JaHMX, Hampukiaa: <f>[2]</f>, </pb> i1 t.n. Jnsa Toro, mo6 3abpatu Teru 3

JAHUX, TOTPIOHO 3aCTOCYBATH 3aMiHYy OCTaHHIX 3a JIOMOMOTOI0 PErYIsiPHUX BHUPA3iB.

def get cleaned_text(row: str, en: bool = True) -» str:
"""Function to get cleaned
text from row with regex

if not isinstance(row, str):
row = str(row)

if en:
row = re.sub(r'(<f>.{1,3}<\/F>)|(<pb/>)', ', row)
row = re.sub(r'<.>|<\/.>", "', row)

else:
row = re.sub(r'<.>|<\/.>»", ', row)

row
row

re.sub(r"\[\d+\]', "', row)
re.sub(r'\s+', ' ', row)

return row.strip()

#xtime
data["en"] = data["en"].apply(lambda x: get cleaned text(x, en=True))
data["ua"] = data["ua"].apply(get _cleaned text)

CPU times: user 899 ms, sys: @ ns, total: 899 ms
Wall time: 898 ms

Puc. 3.12 - @ynK11is BUAaICHHS HETOTPIOHKUX TET1B

HactynHum kpokoM € po30UTTSI TaHUX HA TPEHYBaJlbHY Ta TECTYBaJIbHYy BHUOIPKH Ta
3aMuc OCTAaHHIX y BIAMOBIAHI (aiiiu.

#Write data to the files:
with open("ua-en.orig/tmp/train.ua", "w") as file:
for line in train["ua"].to list():
file.writelines(line + "\n")

with open(“ua-en.orig/tmp/train.en”, "w") as file:
for line in train["en"].to list():
file.writelines(line + "\n")

with open("ua-en.orig/tmp/test.ua”, "w"} as file:
for line in test["ua"].to list():
file.writelines(line + "\n"}

with open("ua-en.orig/tmp/test.en", "w")} as file:

for line in test["en"].to list():
file.writelines(line + "\n")

Puc. 3.13 - 3anuc TpeHyBalbHOI Ta TECTYBaJIbHOI

BUOIPOK y BIAMOBIIHI (haiiiu
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ITicas IMPOXOIKCHHA YCiX BHUIIC3ragaHnXx eTamiB MO)KHA 3allyCKaTn IIponcc

TpEeHyBaHHS HEHPOHHOT MOJIEI.

Puc. 3.15 - CrpykTypHuii BUIIIs1 HelpoMepexkeBoi apxiTekTtypu Transformers

VY mOTOYHOMY BHIIQJKy ermoxa - 1e 35 iTepariid, 30Kpema, Micias KOKHOT IpoiaeHol
enoXu BIIOYBAEThCA TIPOIEC Badidallli AaHWUX, IHIIUMH CJIOBaMH - OIIIHKHA SIKOCTI

nepeKsiaay Ha JAaHOMY eTarl TPeHYBaHHS.

Puc. 3.16 - [Ipoiiec O1iHKHU SKOCTI IEPEKIAILY
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3.4 Po3ropraHHs yHIBEpCaJIbLHOTO pOOOYOrO CEpeioBHUIla 3a JOIOMOTOK Tu1aTdopm

Docker ta Docker-Compose

[Ticnst mponiecy TpeHyBaHHSI HEMPOHHOI MEpeXki Ta OLIHKHU SIKOCTI1 11 MepeKiaaHHs,
NOoTPIOHO MIATOTYBaTH Ta PO3TOPHYTH poOoue cepeloBuIle, 3a JOMOMOIOI0 SIKOTO
KOPUCTYBad MIT OM B3a€EMOJISITH 13 MOJEIUTIO TNIMOOKOTO MAIlTMHHOTO HABYaHHS 3BUYHUMU
JUISL HbOTO IHCTPYMEHTaMHU.

Came ToMy mans BHKOpHCTaHHA Oyno oOpano mmiardgopmu Docker ta Docker-
Compose, amke caMe JaHl TEXHOJOTii 3/1aTHI  3a0€3MEeYUTH  MaKCUMAaJbHY
KpOCIUIaTQOPMEHHICTh TPOrPAMHOTO PIIICHHS JUIsi BUKOPUCTAaHHS Ha PI3HOMAHITHUX
EOM.

Crpykrypa (aiimoBux AUPEKTOPi 1ig BUKOpUCTaHHS TexHousorii Docker moBuHHa

MaTu HaCTYHHI/Iﬁ BUIIAAL:

models

notebooks
Dockerfile
install_fairseq.sh
README.md

requir‘en‘lents.t){t

run_jupyter.sh

Puc. 3.17 - Bursia ctpykrypu $haiioBuUX TUPEKTOPIn
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Jis ctBopenns: Docker 06pa3y noTpiOHO mponucarty Koji KOH(DIrypaiiii 0CTaHHbOTO
y (aiini 3 Ha3zBoro Dockerfile, Takum unHOM, 1711 BHIIEHABEACHOI CTPYKTYypH (PailloBUX

JTUPEKTOPiN Ko KOHDIrypallii HOBUHEH OyTH HACTYITHUM:

FROM python:3.7-slim
MAINTAINER <Made by Roman Lutsyshyn
COPY . /home/

RUN apt update && apt-get install --reinstall build-essential -y && \
apt-get install git -y && rm -rf /var/lib/apt/lists/* && \
pip install --no-cache-dir -r /home/requirements.txt

WORKDIR /home/

RUN chmod +x /home/install fairseq.sh && chmod +x /home/run_ jupyter.sh && \
bash install_fairseq.sh

CMD /home/run_jupyter.sh

Puc. 3.18 - ®aiin xoudirypariii Docker oOpazy

Hactynaum etanom € moOymoBa oOpasy Ta Horo 3amycky. s moOynoBu oOpasy
Docker notpiOHO mepeilT B TepmiHai Ta Bukopuctatu komannay docker build -t nmt .
[Ticnst woro moyHETHCS Tporiec modymoBu. Jlani moTpiObHO 3amycTuTH 00pa3 s TOTo, M0
BiH Y CBOIO UEpry 3allyCTUB BHYTPIIIHIN KOHTEHHEp 13 HEOOXIIHUMHU JIJISi HAC JaHUMU Ta
daitmamu. g 3amycKy MOTOYHOTO 0Opasy MOTPIOHO BHUKOHATH B TEPMiHAJl KOMaHIY
docker run nmt.

[licns BUKOHAHHS yCiX BHUIIECHABEJACHUX [ TOMEPEeJHHO HATPEHOBaHA
HElpoMepexeBa MOJETh MITHOOKOTO MAIIMHHOTO HaBYaHHS TOTOBAa JO EKCIUTyararii.
BuxignuMm pesynpTaroM poOOTH HEUPOHHOI MEpEeXk i € CIIOBHUK YHMCIOBUX I1HJAEKCIB YCIX
TEPMIHIB TPEHYBAJbHUX JIaHUX, a TakoK OiHapHui ¢aln Bar 1 CTaHiB MOJENI, 3a

JIOTIOMOTOI0 SIKUX BOHA BUCYBA€ CBOI TIIOTE3HW MOTECHIIIHHOTO MEPEKIIay.
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from fairseqg.models.transformer import TransformerModel
import torch

ua2en = TransformerModel.from pretrained(

' /home/roma/big_storage/bible_nmt/checkpoints/',
checkpoint_file='checkpoint_best.pt’,
data_name_or_path="'/home/roma/big_storage/bible_nmt/data-bin/ua-en.orig/’',
bpe="'ftastbpe’,
bpe_codes="'/home/roma/big_storage/bible_nmt/ua-en.orig/bpe/codes’,

print(uaZen.translate("BiH cnoaisaeTbcA TinbkW cTaTH BinbHWM, ane Bor cnace Hac."))

He trusts only will become free, but God will preserve us.

print{ua2en.translate("BiH cnogiBaeTbCcA TinbkKW cTaTW BinbHum, ane Bor cnace Hac.")})
He lives only to become free, but God will preserve us.
Puc. 3.19 - [lepekinan 10BUTBHOTO TEKCTY 3a JIOMOMOTOIO

HaTPEHOBAHOI MOAECITI

Otxe, K BUJIHO 13 pucyHKa 3.19, mporec TpeHyBaHHS MOJEII MPOMUIIOB YCIIIIHO,
OCKLUJTbKM OTPHMaHHU# TEepeKIal BiIMOBIa€ BXITHOMY TeKCTy. /(s Toro, mod BUKIIOUATH
€JIEMEHT JIOCHKOTO (aKTOpy MpH TEpeBIpIl SKOCTI OTPUMAHOTO TMepeKiaxy Oyro
BUCYHYTO HACTYNHY TINMOTE3Yy: CEMaHTHYHA TOMIOHICTh OTPUMAHOTO TMEpeKIaxy Ta
MepeKIaay 3 TECTYBAIBHOTO HA0Opy AaHUX Ma€ OyTH Ty’Ke BUCOKA, B OKPEMHUX BUTIAIKAX -
TEKCTU MOBUHHI OyTH 1IEHTUYHUMHU.

PeanizoByBatu Take piiieHHsS OyneMo 3a JOIMOMOIOI0 ONMMCAHUX paHillle eHKOJSPiB
TEKCTOBUX JaHUX Y BEKTOPHUU MPOCTIP Ta MOMAIBIITUM OOYMCICHHS KyTa KOCHHYCa MIXK
HUMHM, SKAA y HAIIOMY BHUIMAJAKYy Oyjae MpSMO MPOMOPIIHHUM WMOBIPHOCTI CEMaHTHYHOL
MOJIOHOCTI JIBOX TEKCTOBHX CTpPIYOK. OTpuMaHl pe3yJbTaTH BBAXKAEMO METPUKAMHU

MMOTOYHOTO MiAXOY.
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#This func is for second approach --»> using USE

def extract_embedding(sentence):

Fucntion to get 512 dimension vector from each sentence

embedding = session.run(embedded text, feed dict={text input: [sentencel})
dict update = {i: embedding[@][i] for i in range(512)}

return pd.Series(dict_update).values.reshape(1l, -1)

: extract_embedding("He trusts in only

array([[ ©.85143499, -8

-8.84637785, @.
©.82577414, @.
©.859451e2, @.
@.8e739397, a.
©.88566679, -0.

-0.88963265, -0.

-8.83789835, 8.
©.81448935, -@.
@.ele623e62, 0.
9.83367953, @.

-0.87185926, ©.

-8.06455599, @.

-9.93089125, -0.
©.81641571, -@.

-8.0449598 , @.

-8
@
-]

-8

-8

.ee7342e4,
.85699039,
.85393093,
.81649177,
.B65769

0000

.08693954
98134337,
88250251,
93908326,
93896992,
82947787,
21104937,
88371437,
84799851,
83128868,

86181644,
85230835,
9288578 ,
81594186,
83509548,
.@5865727,
.©865151 ,
.08164886,
.08084169,
.00128139.

will become free, but God

9.082342568, -
©.08286598, -
9.85199176,
9.087853518,
9.82141231, -
9.82502444
9.012659@7,
-8.85651744, -
9.081281469,
9.88899955,
84836444, -9.
<]
-@
=]
-]
-@
2]
-]
2]
=]
-8

81738898,

,05121416, -
.056319
.04093131, -
.04873278,
.06407363,
.01429237, -
,04249965,
.02662269,
.00293879, -
.00781075. -

©9.83532691,
9.840811842,
9.86137231,
9.87664886,
©.838314805,
©.83233388,
9.81492304,
9.80237513,
©9.8043236 ,
9.89883031,
-9.
5]
2]
@
2]
2]
2]
2]
2]
2]
2]

es51ee18,

.82388687,
.8241478 ,
.84007378,
.89706581,
.83758606,
.84344694,
.841512@9,
.82045471,
.81414838,
.88285961.

a.
a.
a.
-8.
a.
-8.
-8.
a.
a.
-e.
a.
-8.
-8.
a.
a.
a.
a.
e.
a.
a.
-8.

will preserve us.")

95542584,
2594584 |
83460113,
94889533,
92637491,
28772289,
91880576,
06174321,
875530878,
93243934,
83770936,
82478533,
@58319e1,
9153239,
28380916,
90153441,
91014578,
91831226,
2446808,
91595731,
87274919.

Puc. 3.20 - Burisin BEeKTOPU30BaHO1 CTPIUKHU

[Ticnst oOunciIeHHsT KOCHHYyca KyTa MiXk JBOMa BEKTOpPAMHU, MU OTPUMAEMO 3HAYCHHS

B mpoMiXKKY Bia 0 10 1, ne 0 - ceMaHTUYHO HE CXO0XK1 CTPIYKHU, a 1 - CEMaHTUYHO 1ACHTHUYHI.

Ha pucynky XX HaBeneHO pe3y/ibTraT CEMaHTUYHOIO MOPIBHSHHSA OTPUMAHOIO MEpPEeKIIary

BiJl MOJZI€JII TA OYIKYBAaHO1 CTPIYKH 3 TECTYBAJILHOTO HA0OPY JaHUX.

from sklearn.metrics.pairwise import cosine_similarity

cosine_similarity(extract _embedding("He trusts in only will become free, but God will preserve us."),
extract _embedding("He relies only on being free, but God will save us"))[e][@]

8.8796609201996296

Puc. 3.21 - AHaniTiuaHe 300pakKeHHS] CEMAHTHYHOI CXOKOCT1 TEKCTOBUX JAHUX

VY nanomy poszauni Oyjno peani3oBaHO KOMII IOTEPHY CUCTEMY Ta pO3rOPHYTO Ha Hii

IIporpaMHe 3a0e3IIeUCHHS JIOs BI/IpiHIeHHH 3azlaqi IIepeKiIaay HpPIpOIIHOT MOBH 3a

JOTIOMOT0r0 HelpoMepexkeBoi mozeni Transformers.
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PO3ILT 4
OXOPOHA TTPALII TA BE3IIEKA B HAJI3BUYAVMHUX CUTYALIISIX

4.1 OxopoHa npani

Po3poOka Oyap-sKOTO MpOTpaMHOTO 3a0e3MedeHHs Tepembdadae HWOTro IOmaIbIe
PO3TOPTAaHHS Ta BUKOPUCTAHHS B PI3HOTO POy KOMIT I0TepHUX cuctemax. Came ToMy Taka
CUCTEMa IMOBHHHA BIANOBIAATH BCIM HOpMaM Ta IpaBWIaM TEXHIKA O€3NEeKH, 30Kpema,
CTaHJapTaM 1 TpaBWiIaM 13 OXOpoHU mpari. [[oTpuMaHHS OCTaHHIX € PIBHO3HAYHO
BXJIMBUM SIK JJI1 pO3POOHMKA Ta JIFOIMHU, sIKA MPOEKTYE CUCTEMY, TaK 1 JIJIsl 11 KIHIIEBOTO
KOpPHUCTYBaua.

CydacHuil PO3BUTOK TEXHIYHOTO Ta TEXHOJOTIYHOTO CTaHy BHUPOOHMIITBA
nependayae TOCTIMHY aBTOMAaTH3aIlil0 Ta ONTHMI3alil0 BUpPOOHMYMX mporeciB. Ha
CHOTOJHIIIHIN JI€Hb, HAIIEBHO, BAXXKO YSIBUTH MIANPHUEMCTBA, OyAb-sIKa JISIIBHICTD B SIKUX
3aiCHIOBaNach Ou 0€3 BUKOPHUCTaHHS KOMIT FOTEPHOI TeXHIKH. Yepe3 MacoBUU XapakTep
poOiT, IO BUKOHYIOTHCS MPAIiBHUKAMH 3a JOIIOMOTOI0 KOMII FOTEpa, 3aKOHOIABCTBOM
VYKpaiHu 4iTKO BPEeryJbOBaHO HOPMH T4 BUMOTH JO BUKOPUCTAHHS KOMII FOTEPHOI TEXHIKU
Ha mignpueMcTBl. Takok Ha pPoOOYMX MICHAX TMPaliBHUKIB HEOOXITHO 3a0e3MeUuTH
JOTPUMaHHS BUMOT, 3arBepakeHnx Hakazom Mincommnonituku Big 14.02.2018 3a Ne 207
«IIpo 3arBepmkenHss Bumor oo Oe3nexku Ta 3aXMCTy 370pOB’S MPAIliBHUKIB i 4Yac
pOOOTH 3 EKPAHHUMH MPUCTPOSTMI.

3ritHo Bumor mnpumimieHHs, A€ po3MmilieHi poOodl MICUsS OINepaTopiB, KpiMm
MpPUMIIIEHb, Y SIKUX po3MilleHl poOoui Micis omneparopiB Benukux EOM 3arambHOTrO
npu3HaYeHHs (CepBep), MalTh OyTH OCHAIIEHI CHCTEMOI0 aBTOMATUYHOI MOXKEXKHOI
CUTHAJII3aI1ii BIAMOBITHO 10 IUX BUMOT:

— TIEPEITIKYy OMHOTHUITHUX 3a MPU3HAYCHHSIM 00'€KTiB, SKi MiIATAI0Th 00JagHAHHIO
ABTOMATUYHUMU YCTAHOBKAMHU TOXKEKOTACIHHS Ta MOMXKEAKHO1 CUTHAJII3all1i, 3aTBEPI>KEHOTO
Haka3oM MiHicTepcTBa YKpaiHU 3 MUTaHb HAJ3BUYAMHUX CUTYalllil Ta y CIpaBax 3axuUCTy
HaceleHHs Bix HachigkiB YopHOOMIbChkoi KatacTtpodum Bimg 22.08.2005 N 161,

3apeectpoBaHoro B MinictepcTni toctuilii Ykpainu 05.09.2005 3a N 990/11270 (HAIIb
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b.06.004-2005);

— HepxaBuux OynmiBenbHUX HOpM "lHXKeHepHe oOnamHaHHsA OyIWHKIB 1 CIOPYA.
[ToxexxHa aBToMaruka OyIMHKIB 1 criopyA', 3aTBepIKeHUX Haka3oM [lepxkOyny Ykpainu
Bix 28.10.98 N 247 (mani - JIBH B.2.5-56:2014, 3 tTuMOBUMH TOKEKHUMH CIIOBIIIyBa4aMu
Ta IEPEHOCHUMU BYIJIEKUCIIOTHUMHU BOTHETACHUKAMM.

B iHmMX [pUMIMIEHHAX JIOMYCKA€ThCS BCTAHOBIIOBATH TEIUIOBI MOXKEXKHI
cnopimtyBayi. [lpumimienss, ne posMimieHi poOodi MICIsL OmeparopiB, MalTh OyTH
OCHAILIEHI BOTHETaCHUKaMH, KUIbKICTh SKMX BHM3Ha4daeTbcs 3rifHO 3 BuMoramu JICTY
4297:2004 «Iloxexxna TexHika. TexHiuHe OOCITYrOBYBaHHS BOTHETAaCHHKIB». 3arajibHi
TEXHIYHI BUMOTH 1 3 ypaxyBaHHSM TI'PaHUYHOJOMYCTHUMHX KOHILIEHTpalid BOTHETracHOl

pinunu BignosigHo a0 Bumor HAIIb A.01.001-2014

4.1.1 3arambHi BUMOTH IIOAO OXOPOHM IIpall Mpu PoOOTI 3 KOMIT'HOTEPOM.
[IpumiteHHsi, B SKUX IUIAHY€ThCS YCTAaHOBKAa Ta TMojajiblia poOOTa 3 KOMITHOTEPOM,
MOBUHHI BiMOBIAATH MPOEKTHIN TOKyMEHTallli OyJHKY, TIOTOKEHIN 3 YIOBHOBaXXCHHUMH
Jep>kaBHUMH opraHamu. Kpim Toro, poOoTonaBellb MOBHHEH BpPaxXOBYBaTH ICHYIOYI
CaHITapHI HOPMAaTHBHU OCBITJIICHHS, BHUMOTH JI0 MapaMETPiB MIKPOKJIMATy (TeMIieparypa,
BIJIHOCHA BOJIOTICTB), CTYNEHS 1 CWUJM BIOpalii, 3BYKOBOIO IIyMYy 1 BOTHECTIMKOCTI
NPUMIIICHHS, a TaKOX XapaKTePUCTUKH €JEKTPOMArHITHOTO, YAbTpadioeTOBOro Ta
iHppadepBoHOTO TONIB. KOHKpETHI MOKa3HUKM 3a3HAYEHUX CaHITApHUX HOPM BKa3aHi y
Jlep>kaBHUX CaHITApHUX MPaBUIaX 1 HOPMax.

Tak, Hampukian, poOOTOAaBI0O 3a00POHEHO BCTAHOBIIOBATH KOMIT IOTEPH B
NPUMINIEHHSAX, PO3TAlIOBAHMX Yy TiJBajax OyIMHKIB Ta Yy IIOKOJbHOMY IOBEpCI.
[TpumitnieHHs ¢ BCTAaHOBJICH] BiICOAMCIUICHHI TEpPMIHAIM TMOBHHHI OyTH YKOMILJIEKTOBaH1
CUCTEMaMH LEHTPAJIbHOTO ab0 1HAWBIAYaJbHOTO OMNAJICHHS, KOHAMIIIOHYBaHHA YU
BEHTUJIAIIIT TIOBITPS. AJie TIPU YCTAHOBII 3a3HAYEHHX CHUCTEM, HEOOXI1JHO MEPEKOHATHUCH,
mo Oarapei OmalieHHs, BOJOMPOBITHI TPyOW, BEHTWJIAIIWHI KaOedl TOIIO, HaIIHHO
CXOBaHI TiJi 3aXWCHUMH IIUTKAMH, SKi MEPEIIKOIKATUMYTh MOKIUBOMY IOTPAIISHHIO
pOOITHUKA M1/ HATIPYTY.

Y KoXHIM KiMHaTi, Je OONaJHyBaTUMYThCS POOOYl MICIsl CHiBpPOOITHHKIB, IO
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MpaIfoBaTUMyTh HAa KOMIT IOTE€pl, MOBHHHI OyTH HasBHI €JIEMEHTH MPUPOJAHOIO Ta
ITY4YHOro OcBiTJIeHHA. [Ipy 1bOMy, Ha BiIKHax CIiJi BCTAaHOBUTH JIETKO PEryJlIbOBaHI
a3l 4Yd INTOPH, SKI JIO3BOJISITH IMpalliBHUKaM KOPUTYBATH PIBEHb OCBITJICHHS B
npuminieHHi. Pobodi miciig 3 BiI€OANCIUICHHUME TEPMiHAIAMH CITII TaK PO3TallOBYBAaTH
BIJIHOCHO CBITJIOBHX IPOPI3iB, 100 MPUPOJIHE CBITIIO Maaio 300Ky, MepeBakHO 371Ba.

3 MEeTOI0 JOCSITHEHHS MAaKCHUMAaJbHOTO PIBHA O€3MEYHOCTI 1 OXOpOHU Mpalll MpU
poOOTI 3 KOMII'FOTEPOM, BUPOOHWYI TPHUMIIICHHS HEOOXiMHO O0OJaJaHATH anTeYKaMu
Meprioi MeAUYHOI JOIMOMOTH, CHUCTEMaMH aBTOMATHMYHOI TMOXKEXKHOI  CHUTHaji3arii 1
BOTHETAaCHUKaMH. Y TIPUMIIICHHI, JI¢ OJHOYACHO CKCIUTYyaTYIOThCS TIOHAN IT'SITh
KOMIT FOTEpIB, TOILIO, HA MOMITHOMY Ta JOCTYIHOMY MICLl BCTAaHOBIIIOETHCS aBapiitHUI
pE3epBHUI BHUMHKA4, SKUH MOXKE TIOBHICTIO BHUMKHYTH €JICKTPUYHE >KUBIICHHS

MPUMILIEHHS, KPIM OCBITJICHHS.

4.1.2 Bumoru 10 ocoOMCTOr0 poOOYOro Miclsl IpaiiBHUKA. Y KOXKHIA KIMHATI, 1€
00JIaTHYBaTUMYThCS POOOYl MICIS CIIBPOOITHHKIB, IO MPAIIOBAaTUMYTh Ha KOMIT IOTEpI,
MOBUHHI OyTH HasiBHI €JIEMEHTH MPHUPOJHOIO Ta IITY4YHOro OCBiTIeHHsS. [lpu npomy, Ha
BIKHAX CJiJ] BCTAHOBHUTH JIETKO PEryJlbOBaHI a3l YW IUTOPU, 5Kl JTO3BOJISTH
MpaliBHUKaAM KOPUTYBaTd pIiBEHb OCBITIEHHS B mpuMimeHHi. PoOoui wicusg 3
B1JICO/IUCIICHHUMHU TEpMIHAJIAMH CJI1J] TaK PO3TAIIOBYBaTH BIJHOCHO CBITJIOBHX IPOPI3iB,
o0 MPUPOIHE CBITIIO Majano 300Ky, mepeBakHo 37iBa. [Ipu po3mimieHHi poOOYrX CTOIIB
3 BIJCONUCIUICHHUMH TEpMIHAJIaMH CIIiJ JOTPUMYBaTH Takl BIJICTaHI MDK OIYHUMH
MOBEPXHAMH BIACOAUCIUVICMHUX TepMiHamMB - 1,2 M, BIACTaHb BiJl THWJIBHOI IMOBEPXHI
OJTHOTO BIJCOMCIUICHHOrO TepMiHaia O €KpaHa 1HIIOTO BiICOAMCIJICHHOIO TepMIHAJIA -
2,5 M.

KoncTpykitisi po6040oro CTOMy Mae BiANMOBIJATH CYy9aCHHMM BHUMOTaM €PTOHOMIKH i
3a0e3rneuyBaTy ONTUMAJIbHE PO3MIIIEHHS Ha poOOoYil MOBEPXHI BHKOPHUCTOBYBAHOTO
oOnagHaHHs (TUCTUIes, KJIaBlaTypH, IPUHTEPA) 1 JOKYMEHTIB.

PoGounii cTinerns Mae OyTH IMiIHOMHO-TIOBOPOTHUM, PETYITHOBAHUM 3a BHCOTOIO, 3
KyTOM 1 HAXWJIy CUJIHHS Ta COUHKU. [loBepXHS CUJIIHHS 1 CIIMHKH CTUIBI Ma€e OyTH HarliB

M'SKOIO0 3 HCKOB3HUM, HOBiTpOH@HpOHI/IKHI/IM INOKPHUTTAM, MO JICTKO YHNCTUTHCIA 1 He
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enekTpusyerbes. [nomnry Ta 06'em yuist oqHOTrO poOouoro Micisk Mae Oyt He MmeHmie 6,0
KB.M, 00'eM - He MeHIe 20,0 Ky0.m.

Ha cronmi mpailiBHHKa MOXJIMBO PO3MICTUTH JOMOMIXKHI is poOOTH TPUCTPOT
(mpuHTEpH, KOJIOHKH, CKAHEePH ), @ TAKOXK MICIISI JJIs 30epiraHHs TOKyMEHTIB, 32 YMOBH, 110
11e He 00MEeXKyBaTUME BUJIUMICTh €KpaHy 1 HE 3aBayKaTUME IMPAIliBHUKY. Y pa3i HaIMIpHOTO
myMy 4M BiOpamii TexHi4HOro oOnagHaHHSA, pOOOTOAAaBEllb TOBHHEH 3a0e3MEUUTH
MpaliBHUKIB aHTUBIOpALIHHUMU KUITUMKaAMHU.

[IlonHs HEOOXITHO TPOBOAMTHU BOJOTE MPUOMPAHHSA TNPUMIIICHHS, Ta OYMINATH
poboue Miciie Ta 6e3MmocepeTHFO MOHITOP KOMIT FOTEpa Bijl 3aITUICHOCTI.

Ha mianpremMcTBi 3a00pOHSA€THCA:

— TMPOBOJUTH PEMOHT Ta TEXHIYHE OOCIyTOBYBaHHS KOMII'IOT€pa 3a poOOYUM
MICLIEM TPAIIBHUKA;

— CaMOCTIMHO PEeMOHTYBaTH a00 HaMaraTuch 3MIMCHUTH TEXHIYHE HAJIArOIKECHHS
KOMIT toTepa 0e3 3aIyuYeHHS] KOMIIETEHTHUX CICHIaTICTIB;

— CKJIaJIaTH Ha poOOYOMY MICIII 3aifBi JTOKYMEHTH, JE€Taji Ta MPEAMETH, IO He
noTpiOH1 JIst poOOTH;

— TIpaIoBaT Ha KOMIT IOTepl, Y AKHUX i yac poOOTH 3'IBISIFOTHCS HEXapaKTepHi
CUTHAJIU, HeCcTaOlIbHE 300paKeHHS HA €KpaHi TONIO;

—  BIAKJIIOYATH 3aXHMCHI MPUCTPOi, CAMOYMHHO MPOBOAUTU 3MIHU Y KOHCTPYKIIi Ta
CKJIaJl KOMIT F0TEpIB;

— JIOMmycKatu J0 poOOTH 0cCi0, 0 B YCTAHOBIECHOMY MOPSAJKY HE MPOUIILIN

THCTPYKTaXX Ta MEPEBIPKY 3HaHb 3 OXOPOHU IIparli, MOKEKHOI OE3MEeKH.

4.1.3 Bumoru 10 mpo(UIaKTHUHUX MEIUYHHUX OTISI/IIB, PEKUMIB TPAIli 1 BIIOYUHKY
nmpu poOoTi 3 komm’torepoMm. [lpu npuitHATTI Ha poOOTY KOkHA 0coba Mae MPOUTH
MeauuHui o, OKpiM TOTO, MPHU MONAJNBIIN TPYAOBIM AISUIBHOCTI Ha MIIIPUEMCTBI,
Taka oco0a MIIATae PEryiipHOMY MEAMYHOMY OISy HE pIJAIIe HDK pa3 Ha 2 POKH.
OOOB’SI3KOBUM € TIPOXO/KCHHS TaKWX JIKapiB SK TepameBTa, HEBpomaroiora Ta
odTampmMoJora.

Ha mignmpuemcTBi MaroTh OyTH 4YITKO BCTAHOBIICHI MEPEPBU ISl BIAMIOYUHKY

64



MpaIliBHUKIB (OKpiM 0011HBOT), K IpaBuiIo, TpuBaiicTio 10-15 XBuiIKMH pa3 Ha roAUHY a00
7IBI, B 3QJIGKHOCTI BiJl CKIAQTHOCTI poOoTh. B Oymb-skoMy BHMAaKy, poOOTOIABEIb
MOBUHEH TMepe0auyuTH TaKui poO3MOpAIOK poOOTH Ha MIANPUEMCTBI, MO0 Yac
Oe3mepepBHOi pOOOTH 3 KOMIT FOTepOM OyB HE OUTbINE HiXk 4 TOAHHM.

JlonatkoBo, Ui 30€peKEeHHS HAJEXKHOTO pIBHS 310poB’s Ta mpodeciitnol
MPUAATHOCTI pOOITHUKIB, PEKOMEHIYETHCS BUIUIUTH Ha MIANPUEMCTBI OKpEME MOOYyTOBE
OPUMILIEHHS U1 NEperoYMHKY  MpaliBHUKIB 1  3HATTSI  HUMH  HEpPBOBO-
€MOLIIHOTO HaNpy>KEHH, 1110 BUHUKAE MPU POOOTI 3 KOMII FOTEPOM.

Takum 4YwHOM, JaHW WAPO3ALT mepeadadae poO3MISI OCHOBHUX 3axXOiB,
IHCTPYKII Ta MpaBUJ TEXHIKM O€3MEKH MNpU BUKOPUCTAHHI KOMII IOTEPHUX CHCTEM,

30KpemMma, OJid BI/IpiHIGHH}I 3aﬂaqi MAaIIMHHOTIO IICPCKIAY TEKCTIB HpI/IpOI[HOI MOBH.

4.2 besnieka B HAI3BUYANHUX CUTYAIIsX

4.2.1 Bpaxatoui ¢akTopn HaA3BHUYAWHWX CHTyallii Ta OIliIHKA CTIHKOCTI
iIpUeEMCTB 70 iX BIumMBY. CTiiikicTh poOoTH 00'ekta HapoaHoro rocrnogapctsa B HC
OLIIHIOEMO 3a JIOTIOMOTOI0 MOJIETIOBAHHS Ypa3jdMBOCTI (XapakTep pyHHYBaHb, MOXKEK,
ypaxxeHb POOITHHKIB 1 CIIy>KOOBIIIB) 00'ekTa mpH BIUIMBI Bpaxarouux ¢akropis HC. s
I[LOTO BHKOPUCTOBYEMO PE3YyJIbTaTH PO3PaXyHKOBHX JaHUX. OCHOBHMMH Bpa)KalOuUMH
dakropamu HC €: moBiTpsiHa ymapHa XBWIsS, CBITJIOBE BUIIPOMIHIOBAaHHS, MPOHHKArOUa
paniallisi, paJloaKTUBHE 3apaXCHHS Ta EJIEKTPOMArHiTHUN iMmynbc. Bei 11 Bpakaroui
(dakTopu MOXYTh IO PI3HOMY BIUTMBaTH Ha (QyHKIioHyBaHHS o0'ekty miciast HC. Tomy
OIIIHIOBAaTH CTIHKICTh 00'€KTa MOTPIOHO TO BIMHOMICHHIO 1O KOXKHOTO 3 Bpa)KalOdMX
¢dakropiB. Takoxx npu HC BUHUKAIOTH BTOPUHHI Bpaxarodi (GakTopu, sKi MOXKYTh 3HAYHO
BIUTMBATH Ha POOOTYy 00'ekTa (MOXKEX1, BUOYXH, 3apaKEHHS OTPYHHUMH 1 CUILHOIII0OYUMU
OTPYWHUMH PEYOBHMHAMH MiCIIEBOCTI, aTMOC(]epH 1 BOJ0MM, KaTacTpo(iuHe 3aTOIUICHHS B
30HaX, pO3TallOBaHUX HMXKYE rpedesb TIAPOBY3IIB, 1 T. 11.). Lle BpaxoBy€eThCsl MPHU OLIHII
Horo criiikocTi. OLiHKa CTIMKOCTI 10 BIUIUBY NMOBITPsAHOI yAapHoi xBuii (ITYX)

MiHiManbHe 3HaYEHHS HAJUIMIIKOBOTO THCKY Yy (poHTi BYB, mpu sikomy Oymisii,

copynd Ta oOnamHaHHS 00'€KTa OTPUMYIOTH CEepedHl pyWHYBaHHS, - 1€ KITbKICHUN
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MOKa3HUK CTIMKOCTI 00'€KTa 10 BIUIMBY MOBITPsSHOI ymapHoi xBwii. Ha3emo mpane
3HAYEHHSI MEXKEI0 CTIMKOCTI 00'€KTa 710 yapHOoi XBuJl 1 mo3Hauumo AP, (Klla).

OuiHKy CTIHKOCTI IPOBOAMMO B TaKii MOCIHITOBHOCTI:

Criodatky BHU3HaYa€MO MaKCHMMajbHE 3HAYEHHS HaUIUIIKOBoro Tucky I[IVX, mio
BIuMBae Ha 00'ekT AP, (KIla):

@ max

- 1751 aepHoro BuOyxy (popmyna 4.1):

3 3
APymay = 952 +3902€ 4+ 13005 @

ne G — MOTYXHICTh SJI€pHOrO0 BUOYXy B TPOTHJIOBOMY €KBiBaJIeHTI (KTH), R —
BIJICTaHb BiJ LIEHTpa BUOYXy (M),

- 1711 BUOYXy Ta30MOBITPSIHOTO cepenoBuina (popmyna 4.2):

700
AP = 4.2
OMAX = 3 (208.K5 - 1) 42
ne K — koeditienr, sikuii BuMipserbes no ¢hopmyii (hopmyna 4.3)
R
K = 0,24 —= (4.3)

17,53/G

ne R — BijcTransb Bij 1IeHTpa BUOYXy (M),

G — maca BuOyX0BO1 pe4OBUHHU (T).

1. BunisniseMo OCHOBHI €JIEMEHTH Ha 00'€KTI, BIJ] IKUX 3aJI€KUTh HOro poOoTa.

2. BuzHauaeMo CTyIneHi pyWHYBaHHSI €JIEMEHTIB O0O0'€eKTa B 3aJI€KHOCTI BIJ
MOBITPSHOT YIAPHOT XBHIII.

3. [loTiM BU3HAYaEMO MEXY CTIMKOCTI KOKHOTO OKPEMOTro ejieMeHTa (MiHIMaJlbHe
3HAYCHHS HAJTAIITKOBOTO THUCKY, TIPH SIKOMY €JIEMEHT OTPUMYE CEPEIHI pyHHYBaHHS).

4. Ilicng TOro BU3HAYAEMO MEXKY CTIMKOCTI 00'€KTa MO MIHIMAJIbHIM MEX1 CTIHKOCTI
(KITa) .

GHGMGHTiB, 10 BXOOATH OO 15()§0) CKJIany AF,

lim
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5. BUCHOBOK mpo CTiiKicTh 00'€KTa J0 BIUIUBY MOBITPSIHOI YAApHOI XBUJII TaKWA:

o0'exT crivikuii,akmo AP, (KIla) > Ap, . (KIla).

6. BucHoBkr 1 mpomno3uuii poOMMO Ha MIJICTaBl aHaNI3y pe3Yy/lbTaTiB OLIHKU
CTIHKOCTI 00'€eKTa, B SKHUX BKa3y€ThCS MeEKa CTIMKOCTI 00'€kTa, HAMOUIbII BpasivBi
€JIEMEHTH, CTYyIIHb PyHHYBaHHs 00'€KTa.

OniHka CTIMKOCTI A0 il TEIJIOBOTO BUIPOMIHIOBaHHS. [lOKa3HHMKOM CTIHKOCTI
o0'ekTa 10 BIUIMBY TEIUIOBOTO BUIIPOMIHIOBAHHS € MiHIMalbHE 3HAYEHHS TEIMJIOBOIO
IMIyNbCy, TIPH SIKOMY MOXKE CTaTUCS 3alaieHHs KOHCTPYKIii OymiBenb 1 BHHHKHYTH

noxkexxa. lle 3HaueHHS Ha3WMBalOTh MEXKEH CTIMKOCTI 00'€KTa JI0 BIUIMBY TEIUIOBOTO
BUIPOMIHIOBAHHS Ta MO3HAYAIOTh Ieoim (KIx /M2).

O1iHI0OEMO CTIHKICTh TaK:

1. Hacammiepenn BH3HA4aeMO CTYIIHb BOTHECTIHKOCTI OymiBedb 1  CIHOPYIIL.
BornecTidikicTh OyAMHKY — 3JaTHICTh YMHWUTU OMIP BIUIMBY BUCOKHX TEMIEpaTyp MpH
30€peKeHHI CBOIX EKCIUTyaTallifHUX BIACTUBOCTEH. BOTHECTIWKICTh OyJUHKIB 3aJICKUTh
B1Jl M€ BOTHECTIMKOCTI HOrO OCHOBHUX KOHCTPYKTHUBHHUX YaCTHH.

Mexa BOTHECTIMKOCTI KOHCTPYKII — 1€ Yac Yy TOAMHAX, NPOTATOM SIKOTO
KOHCTPYKIIisI BUKOHY€E CBOi (PYHKITIT B yMOBax IMOXkeXki (TOOTO HE 3ropsie, HE TPiCKAEThCH,
He nedopmyeThes abo MOKM TeMIepaTypa Ha MPOTUIICKHINA 3aTOPSIHHIO CTOPOH1 HE CTaHe
noHana 140°C), 3anexuTh BIJ TONEPEYHOrO IMEpepi3y, TOBIIMHHU 3aXHCHOIO IIapy,
3alMHUCTOCTI OyaIBENbHUX MarepiaiiB (OydiBedabHI il 1HIII MaTepiaiu OyBalOTh HECHAIUMI,
BAYKKO CHAJIMMI 1 crajuMmi), BiJl 3aTHOCTI 30epiraTd MeXaHI4H1 BIACTUBOCTI MPU BIUIMBI
BHUCOKHX TEMIIEparyp.

2. 3a cTymneHeM BOTHECTIMKOCTI OyIMHKH 1 CIOPYAH MOIIISIOTH Ha 5 TPYIL:

I 1 I rpyna — HecnmanmuMmi; TpW 3aropsiHHI MPEAMETIB ycepeauHl OyIuHKY BIH
OXOILUTIOETHCSI BOTHEM HE paHillie, Hix uepe3 3—4 rox.;

III rpynma — HecmamuMi OyIWHKHA 31 CHATUMHMH TEPEKPUTTIMH 1 mepelipKamu;
OXOIUTIOIOTHCSI BOTHEM uepe3 2—3 Toxl.;

IV rpyna — gepes'siHi, omTykaTtypeHi OyIMHKH; OXOIUIIOIOTHCA BOrHEM uepe3 1,5
rog.;

V rpyna — nepeB'siHi, HEOIITyKaTypeHi; OXOIUTIOI0ThCs BorHeM yepe3 0,5 rog.
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3. [licns Toro Bu3HAYaeMo B OYIIBISAX MaTepiajid, MO0 MOXYTh Topitu. 3. Jami
3HAXOAMMO 3HAYEHHS CBITIIOBHX IMITYJbCIB, TP SAKUX BiJ0yBAa€ThCS 3aiiMaHHS €JIEMEHTIB,
1110 HAMIIBU/IIIIE 3arOPSIOTHCS.

4. A B KIHIIl BU3HAYA€MO KaTeropiro BUPOOHHUIITBA 3a MOXKEKHOI HEOE3MEKOI0.

€ Taki kareropii BUpoOHMIITBA 3a MOXKekKHOIO Hebe3nekoro: A, b, B, I, /1, E.

Kareropiss «A» (BuOyxoHeOe3neuHi BUPOOHUIITBA) BKJIOYA€ BUPOOHMIITBA, SAKi
MarOTh TOPIOYl Ta3u 3 HUKHBOIO KOHUEHTPALIHHOK MeXero 3aropsiHHs B moBiTpi 10 %
(00'eMHUX) 1 MEHIIIE, PIIUHU 3 TeMIepaTyporo cranaxy napiB 28°C 1 Hk4e (MpU BOMY
ra3u i piIuHU MOXXYTh YTBOPIOBATH BUOYXOHEOE3MEUHI CyMillli 00'eMOM, SIKHiA TIEPEBHUIILY€E
5 % 06'eMy TIOBITpsSI B MPUMIIICHHI), a TaKO)X PEYOBHUHU, 3/1aTHI BHOyXaTH 1 TOPITU MPHU
B3a€MOJli 3 BOJOK, KHCHEM IOBITpS uYuM ofaHa 3 onHow. lle BupoOHuITBa, 1€
3aCTOCOBYIOTHCSI METAJIIUHI HATPId 1 Kaiil, alleTOH, CIPKOBYIIIELb, €(Ip 1 COUPTH, a TAKOK
(bapOyBanbHI 11eXU, 00'€KTH 3 HASBHICTIO 3p1PKEHUX Ta3iB.

Kareropiss «b» — BHOyXOmNoO)keXHI BHUPOOHMIITBA, TOB'sI3aHI 13 3aCTOCYBAHHSIM
rOprOYMX Tra3iB, HWKHSA Mexa 3aropsHHsa (HM3) axkux monag 10 % mo oOcsry mosiTps,
piAMH 3 TemmepaTyporo cnamaxy Bim 28 mo 61 °C BKJIIOYHO; PiIMH, HArpiTUX B YMOBax
BUPOOHUIITBA J0 TEMIIEPATYpH CHANaxy 1 BUIIE;, TOPIOYOTO MUIIY UM BOJOKOH, 32 YMOBH,
o0 Il rasu, piAMHA 1 OWJI MOXYTh YTBOPUTH BUOYXOHEOE3INeuHl cymimii 00'eMOM, IO
nepeBuInye 5 % o0’emy npuMiiieHHs. 1o 11i€i kaTeropii BITHOCATHCS HACOCHI CTAHINI JJIs
NepeKadyBaHHs pIAUMH 3 Temmeparyporw chnanaxy Big 28 go 61 °C, BupoOHHLTBa C
HasIBHICTIO aM1aKy TOIIIO.

Kareropis «B» — noxexxoneOe3neuHi BUPOOHHUIITBA, TOB'S3aHI 13 3aCTOCYBAHHIM
PLAMH 3 TeMIlepaTyporo cnanaxy mnapis Buile 61 °C; roprodyoro nuiy 4v BOJOKOH, PEHOBHH,
3aTHUX TUIBKM TOPITH IMPH B3aEMOAIl 3 BOJOI0, KMCHEM YHM OJIHAa 3 OJHOI0; TBEPAUX
rOpIOYMX pedyoBHH 1 MarepiamiB. Jlo maHOi karteropii BIIHOCATbCS BHUPOOHHUIITBA IO
00poO11i epeBuHU, TOpdY, BYTUIA, MJACTMAC 1 T'yMH, CKJIaAd TOPIOYUX 1 MACTHUIBHHUX
MaTepiaiB.

Kareropis «I» — BupoOHHUIITBA, MOB'sA3aHI 3 OOPOOKOI HETOPIOYMX PEYOBUH 1
MarepiajiiB y rapsuomy, po3lE€4eHOMY YHM PO3IUIABICHOMY CTaHi, sIKa CYIPOBOIKY€EThCS

BUJIIJIEHHSM IPOMEHUCTOrO TEIUIa, ICKOp 1 MOIyM'sl, TBEPAHX, 15 PIAKUX 1 ra3onoaioHux
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PEUOBHH, IO CHATIOIOTHCA YU YTWII3YIOTbCS K MaluBO. [0 HUX BIIHOCSTHCS IIEXU
TepMOOOpOOKM MeTaly, Tra30oreHepaTopHi cTaHlii, KorenbHi. Kareropis «I» —
BUPOOHHUIITBA, TMOB'SA3aHI 3 OOPOOKOIO HETOPIOYMX PEUOBHMH 1 MaTepialliB Y XOJIOIHOMY
ctaHi. lle nuUISHKY X0JI0/1HOT 0OPOOKH METamiB 1 T. .

Kareropiss «E» — BuOyxoHeOe3rneuHi BUPOOHHUIITBA, MOB'SI3aHI 13 3aCTOCYBAHHIM
roprouux raziB 6e3 piakoi (a3u 1 BUOyxoHeOe3MeUHOro MUy y Takiid KUIBKOCTI, III0 BOHU
MOXXYTh YTBOPHUTH BHOYXOHEOE3Me4yHl cymimi o00'eMoMm, mio mepeBumrye 5 % o00'emy
MPUMIIICHHS, Y SIKOMY 32 YMOBaMH TEXHOJIOTIYHOTO MPOIECY MOXJIMBUU TITBKH BUOYX
(6e3 HACTYITHOTO TOPIHHS);, PEYOBHH, 3MaTHUX BHOyXaTH (0€3 HACTYMHOTO TOPIHHS) TPH
B3a€EMO/II1 3 BOJOI0, KMCHEM TMOBITPA YW OJHA 3 OAHOI0. J[0 HHMX BITHOCSTHCS AUISTHKU
EJIEKTPOITI3Y BOIM, 3aPSAKHU 1 PO3PAJIKH JIY>KHUX 1 KUCIIOTHUX aKyMYJISITOPIB TOIIIO.

> 1

5. PoOHTBCS BUCHOBOK PO CTIMKICT 00'€KTa - 00'€KT CTIMKMH, AKIIO /¢y = Loy -

OnuiHKa CTIMKOCTI IO BIUIMBY PaJll0aKTUBHOTO 3apa’KEHHS

3a TMOKa3HMK CTIMKOCTI OO0'€KTa J0 BIUIMBY pAJIOAKTUBHOIO 3apa’K€HHS B3SITO
rpaHUYHE 3HAYEHHS PIBHS pajiaiii Ha 00'€KTI HAa MOYATKYy PaJi0AKTUBHOTO 3apa)KCHHS,
IpU SIKOMY MOKJIMBA BUPOOHWYA JISUIBHICTh Y 3BUYAHHOMY pEKMMI (IOBHUMH 3MIHAMH,
MOBHUN pOOOYMI JI€Hb) 1 TIPU LILOMY IEPCOHANI HE OTPUMAE JI03y OMPOMIHEHHS OLIbIIE
nonyctumoi. 1le 3HaueHHS BBaXKA€ThCS MEXKEI CTIHKOCTI 00'€KTa 10 BIUIMBY pajmialii i
Mo3HavYaeThes - P, (panx / rox).

OuiHKa CTIMKOCTI 10 BIUIMBY PaJl0aKTUBHOIO 3apa)K€HHS MPOBOJUTHCS B TAKOMY
HOPSAIKY:

1. BusHauaeThcsl CTYyHiHb 3aXHUINEHOCTI MEpcoHalMy abo KoedillieHT ociabaeHHs

7103U pajiialii OymiBiero 1 mputyakoM 3a ¢popmysoro (hopmyna 4.3)

_ n h d
Kocnyspz=Kpll_,2 i/di (4.3)

ne Kp - koedilieHT pacmnonoKeHbsi IPUTYIKY;
hi - ToBIIMHA 1-TOTO 3aKKCHOTO IIapy;

di - ToBIIMHA APy MOJOBUHHOIO OCJIA0ICHHS 1-TOTO 3aXHUCHOTO I1apy.
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2. BusnagaeTncs J03a OHpOMiHGHHH, AKY OoTpuMae IICPCOHAJI. ,Z[03a

BUIPOMIHIOBAHHS B YMOBAaX Pa/Il0aKTUBHOTO 3apakeHHs B OyaiBii (hopmyna 4.4)

0,2 _ ,—0,2
,ZZ _ 'ZZOTKP _ °P1 (t/-/ tK ) (4 4)
34.P3 — - .
o Kocn. 34 p3 Kocn.34.p3

e t H - 4yac moyaTky poOOTHM B ymoBax pajioaktuBHoro 3apaxenHs (P3), P1 -
MaKCUMAaJIbHUN PIBEHB pajiallii Ha 00'€KTi.
3. Busnauaerbcs Mexa CTIMKOCTI O0'€KTa J0 BIUIMBY pajiallii, TOOTO TpaHWYHE

3HAYEHHS PIBHA pajiamii Ha O0'€KTI, JO SKOTO MOXJIMBA poOOTa B 3BUYAITHOMY DPEKHUMI

(dpopmymna 4.5):

Aycrkocn. 303
Pllim = 5 (1—0.2_;—0,2 4.5)
C 75
T1 €IEKTPUYHUX TOTIB 1O (HopMysaMm:
- BEPTUKAJIBHOI CKJIa10BOI:
1+2R
Er=10—5-1g14,5q (4.4)
- TOPU30HTAJIBHOI CKJIaI0BO1:
_ 3 1+2R
EB=5.10 =3 1g14,5¢q (4.5)

ne R — Bijictanb Bij] IEHTpa BUOYXY (KM),

g- MOTY>KHICTh SAEPHOTO BUOYXY(KTH).
VY nmaHomy po3aul poO3TISIHYTO CIIOCOOM Ta METOJAM OILIIHKM CTIHKOCTI MiATPHEMCTB

710 PI3HOTO POy Bpakarounx (pakTopiB. 30KpemMa, HaBEACHO KIacH(PiKaIliio Pi3HOMaHITHUX

00’€KTIB 3a CTYIIEHSIMH BOTHECTIMKOCTI Ta ME€KaMHU CTIMUKOCTI JI0 BIUIUBY paliallii.
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BMCHOBKHA

[lin 4Yac mpoBeOeHHS MAAHOTO HAYKOBOTO JOCIIKEHHS Oylno MpONHIEHO TpH
OCHOBHHMX €TalM: aHaji3 ICHYIOUHMX METOJIB JJIA BUPILICHHS 3aJa4l NepeKiaay TEKCTIB
IPUPOJHOI MOBH, peajlizallisi HaHKpalloro MeTOAy Ta BIOCKOHAJIEHHS OCTAaHHBOTO 3a
paxyHOK YacTKOBOI 3MIHM HEHPOMEpEKEBOi apXITEeKTypu Ta TrineprnapameTpiB camoi
MOJIENI.

30kpema, OyJ10 BUPIIIEHO HACTYIIHI MOCTABIICHI 3a/1a4i:

1. Ha ocHOBi aHamidy miAXOAiB BIAOOpPaXEHHS TEKCTOBUX JAaHUX Y BEKTOPHY
dbopMy TmpencTaBieHHs Oyl0 OOIpyHTOBaHO BHOIp ONTUMAJbHUX 33 KPHUTEPIEM
PO3MIpPHOCTI Ta €(pEKTUBHOCTI MapajeabHOTO OOYUCICHHS.

2. Ha ocHOBI aHani3y HEAONIKIB ICHYIOUMX HEUPOMEPEKEBUX MOJAEIIEH Ta METO/IB,
0 BUKOPUCTOBYIOTbCA JJIsi 3a7ad aBTOMATH30BAHOIO IEpeKiaay MPUPOIHOI MOBHU
c(opMyIbOBaHO BUMOTH /10 TOOYJOBH BJIACHOI HEHPOMEPEIKEBOT MOAIETII.

3. OmparpoBaHo Ta chOpMOBAHO HABUATILHI T TECTOBI BUOIPKU TEKCTOBUX JTaHUX.

4. OOrpyHTOBaHO BHOIp TPOrPAMHOrO Ta amapaTHOro 3abe3NeueHHs peasizailii
HEHpOMepexeBOi MOJIEN1 y apajieIbHUX Ta PO3MOALICHUX CUCTEMaX.

5. PeanizoBaHo 3ampoOlOHOBaHY MOENb y BHUIVISAI KOMIT IOTEPHOI CHUCTEMHU Ta
3MIMCHEHO BEepHU(IKAIlIIO 3aIPOIMOHOBAHUX IT1IXO/IIB.

[TincymoBytouM Bce BHIIIECKa3aHe, BApTO 3a3HAYUTH, peai3oBaHa HEHpoMepexeBa
MOJIeJTh 3/1aTHA BPaXOBYBaTH PI3HOMAHITHI T'paMaTH4HI KOHCTPYKIII MOBU, Y TOMY YHUCII
3BOPOTH, @ TAaKOXK CTUJIICTHKY TekcTy. CaMe 1€ Hajae 3MOTy 3aCTOCOBYBATH HEWPOHHI
Mepexi g BUPILICHHS 3aJad BY3bKOCHEILIali30BaHOTO MEPEKIaay, HalpUKIaJl, TEKCTIB
KOH(ECIMHOTO CTUJII0, XYIOKHBOTO, TEXHIYHOTO HAMPAMKY, Y TOMY YHCIl MEIUYHOI

JITEPATYPHU.
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Honatox A

B Bty i gy oyt pfl sy PRy i
TESECDRRTS (8 CYNRANTLAEE Sl PR ST A TR A

MIHICTEPCTBO OCBITH | HAYKH YKPAIHN
TEPHOMLAECBEMR HALPOHAIBHIA TEXHIYMHUA YHIBEPCHTET
IMEHI TBAHA ITY. THIH
TEXHIYHHA HABYANIBHO - HAYEORHA IHCTHTYT
HAUMMHAARHM YHIBEPCHTETY BIOPECYPCIR TA
MEFHPFOIOEDPHCTYBAHHSA
JAbBIBCHEWA HALTDHAIBHHAA YHIBEPCHTET
IMEHI TBAHA & PFAHKA
AYVUBKHHA HAINORAABHAN TEXHIVHHA YHIBEPCHTET
YEFHIBENLEWR HAWTOHAABINH YHIBEPCHTET
IMEHI H)PIH DEIBKOBRMYA

ADHEACUEKA TEFEABRHA MAIINHOEY TIRHA AKATEMIA

[T R Tl TR AT AT AT &

X BCEYKPAIHCBKA

CTYAEHTCLKA HAVKOBO - TEXHIMHA Kondepenuin
"MPUPOOHWYI TA TYMAHITAPHI
HAYKMW.

AKTYANBHI NTUTAHHA"
25-26 kaiTHn 2017 p.

[aGipmun me3 xonghapenyii)
TOM 1

Tepronine 2017

ELARTU

hdl:1 234567

75



X B J.".-ll.!- o LMPFUERTICLNS NI PO - JT8 |. i R el AL S -
“MPHPOOMEYT TA FYMAHITAPH HAYKH. AKTYAMBHI THTANHA™

Kpasuenko A
POJIbL TPHBHMIPHOI TPA®IKH I CGI B
KOMIT'IOTEPHOMY JTH3AIHI

58

Jlyunmms P.
THE CHEAPEST AND MOST POWERFUL
MICROPROCESSOR?

ol

Mapruniok X.
THIH CHCTEM IHTEPHET KOMEPLLI

6l

Marchenko A.
INTERCEPTION AND ANALYSIS OF NETWORK
TRAFFIC SYSTEMS

62

Mareiimmn K.
JOCHITKEHHA CHCTEM PO3INIZHABAHHA
OBJIHY TA EMOLLTIT

63

Oxcentior C.
HHPPOBE OIPAHKOBAHHA CHIHAJIB:
MNOHATTH TA XAPAKTEPHCTHEA

iy

Orobchuk O,
THE SEMANTIC WEB AND ONTOLOGY INE-
LEARNINGSYSTEMS

67

[Miwyn J1.

BHKOPHCTAHHHA HABYAITBHHX KOMIBIOTEPHUX
NPOI'PAM ¥ KOPEKUIIHIN POBOTI 3 JUTEMH
JOWKLIBHOI'O BIKY

69

Orpen’esa KO
POJIb IHOOPMAILT B CYHACHOMY
CYCIHLILCTBI

|

[Mokpumka JI.

SWOT-AHAS JIANBHOCTI HABYAJIBHOTI'O 3AKJIAJLY

HA ITPHEJALI TEXHIMHOI'O KOJEKY
TEPHOIILTBCHBKOIO HAIIOHAJIBHOT'O TEXHIYMHOT'O
YHIBEPCHTETY IMEHI IBAHA ITY.IHOA

13

Camikora K.
EPIMOHOMIKO-I'ITTEHIMMHI BHMOI'H 10
OPTAHIBALI POBOYOIO MICIHA CTYIEHTA

75

Canax T.

BHKOPHCTAHHA CNNEHNIAIIOBAHHUX ITPOI'PAM B
NPOLECI NPOPECIHHOI OCBITH CTYJIEHTIB
DOIKYILTYPHHKIB

Th

Cacun €.

CHEHH®DIKA BIIPOBA/TKEHHA AGILE METO/J10.JIOTTI
JUIA MPOEKTIB PORPOBKH IMTPOT'PAMHOIO
JAGEINNEYEHHA

79

271

76



X Brooywpaincuid cm ydanmobLya HayRoao - mexnivka koNgepasuis
“MPHPOOHKY TA FYMAHITAPHI HAYNH. AKTYANLHI MHTAHHA"

VIIK: 537.8 (07) (043)
Nyuuuirn P. er. rp. C1 =21
Tepnonitwcexuit nayionaisnull mexnivnii vieieepcumem ivend leana fhovos

THE CHEAPEST AND MOST POWERFUL MICROPROCESSOR?
Scientific Supervisor: Perenchuk O.Z.

On the 2™ of March, 2017 hardware reviewers worldwide began posting their first
reviews of Ryzen 7 1800X. Ryzen 7 CPUs were taken through virtually every conceivable
CPU synthetic and real world productivity test or benchmarks, as well as o wide range of
games at various resolutions and settings. Many independent reviewers have given their
opinion about the release of the new microprocessor AMD Ryzen, So, let me introduce the
varieties of this processor 1o you.

AMD Ryzen was released in 3 main types, they are : AMD Ryzen 3. AMD Ryzen 5
and AMD Ryzen 7,

AMD s trying to shake up the market with shockingly low prices for its SC/6T

Ryzen 7 line-up. And while these CPUs don't dominate every workload, there is hope the
company's newest architecture is compelling across enough segmenis (o put much-needed
pressure on Intel. One component of AMD's strategy involves attractive pricing. The flagship
Ryzen 7 1800X grabbed attention for its ability to battle Intel's Broadwell-E-based Core 17-
600K for 5350 less (and with the same number of execution cores). We agree that the 1800X
is compelling in threaded productivity and content creation apps. But we think you'll derive
more value out from the cheaper Ryzen 7 1700X (3400} and 1700 ($330). The former goes up
against Intel’s $450 Core i7-6800K, while the latter undercuts Core i7-7700K. In both cases,
AMD chips wield more processing resources than the Intel competition.
AMD claims that the gaming performance issues stem from how applications interact with the
intricacies of its new architecture. The company expects a wave of updaies from various
developers that will eventually remedy this (though so far only two developments have
publicly committed to optimizing their engines for the new processors). Until something
concrete happens, though, we don't see much value in gaming-specific Ryzen 7 1800X builds.
Might the Ryzen 7 1700X cast a more favorable light on gaming? After all, it costs $100 less,
carries over the eight-core configuration with 16MB of L3 cache, and continues to offer an
unlocked ratio multiplier.

The unlocked multiplier is especially interesting, given the similarities up and down
the Ryzen 7 family. Given a similar 95W TDP between the 5500 1800X and 5400 1700X,
then, the only technical differences between them are their base, two-core Precision Boost,
and XFR clock rates. Out of the box, 800X enjoys a 200 MHz advantage down low and up
top. But we've heard claims that 1700X hits a similar ceiling as 1800X when it comes to
overclocking.

Right out of the gate, Ryzen 7 1700X looks like a smarter buy than 1800X. But is it
smart enough to maintain AMD's strong position in well-threaded desktop apps and make up
some value ground in gaming, where the architecture isn't as strong,
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BENEFITS & RISKS OF ARTIFICIAL INTELLIGENCE

Supervisor: Perenchuk O.Z.

From SIRI to self-driving cars, artificial intelligence (Al) is progressing rapidly. While
science fiction often portrays Al as robots with human-like characteristics, Al can encompass
anything from Google’s search algorithms to IBM’s Watson to autonomous weapons.

Artificial intelligence today is properly known as narrow Al (or weak Al), in that it is
designed to perform a narrow task (e.g. only facial recognition or only internet searches or
only driving a car). However, the long-term goal of many researchers is to create general Al
(AGI or strong Al). While narrow Al may outperform humans at whatever its specific task is,
like playing chess or solving equations, AGI would outperform humans at nearly every
cognitive task.

In the near term, the goal of keeping Al's impact on society beneficial motivates
research in  many areas, from economics and law to technical topics such
as verification, validity, security and control. Whereas it may be little more than a minor
nuisance if your laptop crashes or gets hacked, it becomes all the more important that an Al
system does what you want it to do if it controls your car, your airplane, your pacemaker,
your automated trading system or your power grid. Another short-term challenge
is preventing a devastating arms race in lethal autonomous weapons.

In the long term, an important question is what will happen if the quest for strong Al

succeeds and an Al system becomes better than humans at all cognitive tasks. As pointed out
by L.J. Good in 1965, designing smarter Al systems is itself a cognitive task. Such a system
could potentially undergo recursive self-improvement, triggering an intelligence explosion
leaving human intellect far behind. By inventing revolutionary new technologies, such a
superintelligence might help us eradicate war, disease, and poverty, and so the creation
of strong Al might be the biggest event in human history. Some experts have expressed
concern, though, that it might also be the last, unless we learn to align the goals of the Al with
ours before it becomes superintelligent.
Most researchers agree that a superintelligent Al is unlikely to exhibit human emotions like
love or hate, and that there is no reason to expect Al to become intentionally benevolent or
malevolent. Instead, when considering how Al might become a risk, experts think two
scenarios most likely:

The Al is programmed to do something devastating: Autonomous weapons are
artificial intelligence systems that are programmed to kill. In the hands of the wrong person,
these weapons could easily cause mass casualties. Moreover, an Al arms race could
inadvertently lead to an Al war that also results in mass casualties. To avoid being thwarted
by the enemy. these weapons would be designed to be extremely difficult to simply “turn
oftf,” so humans could plausibly lose control of such a situation. This risk is one that’s present
even with narrow Al but grows as levels of Al intelligence and autonomy increase.

The Al is programmed to do something beneficial, but it develops a destructive
method for achieving its goal: This can happen whenever we fail to fully align the Al's goals
with ours, which is strikingly difficult. If you ask an obedient intelligent car to take you to the
airport as fast as possible, it might get you there chased by helicopters and covered in vomit,
doing not what you wanted but literally what you asked for. If a superintelligent system is
tasked with a ambitious geoengineering project, it might wreak havoe with our ecosystem as a
side effect, and view human attempts to stop it as a threat to be met.

160

80



MIHICTEPCTBO OCBITH I HAYKH YKPAIHH
Tepuonineceknii nagionansunil rexuivnmiil vaisepenrer imeni leana [y (¥ kpaina)
Hanionansbua akagesin mayve Y kpainn
VYuipepener iveni ITepa § MapiT Kwopi (D pannia)

Mapidopcknii vaipepenter (Caonenns)

Texuivnmii vuinepenTer v Komune (Carosagannsa )

Biasumwcs kil Texnivnni yuinepenrer is. Demaminaca (Jlurea)
llavaniiceka nepsapaa koaeria (Jnrea)

AHemvecsklil nonirexnivamii yuipepenTer v JIyeacesnya ([loasma)
binopyesknil magionansunii Texnivanii vaisepenrer ( Pecnyinika binopyes)
Misumapoauuii yuisepenrer unsiasnol asianil (Mapokso)
Hauionaisunil vaisepeuter fiopecypein | npupoaokopacTveanns ¥ kpainn (Yrpaina)
Haykope Topapuctee iv. Hlenvenxa
'y «Aconiania punyekunkis TeproniibCEROMD HANIOHANLHOTD TEXHIYHOTD
vHipepeuTery iseni Inana [Myawas

AKTYAJIBHI 3AJIAUI .
CYYACHUX TEXHOJIOI'IH
30IipHHUK

Te3 JOMOBLIEH
Tom 11
VII Mizxnapoanoi HayKOBO-TeXHIYHOL

KOH(pepeHii MOJIOAHX Y4EeHHX TA CTYAEHTIB
28-29 mucronana 2018 poky

/7~ \

YKPAIHA
TEPHOIILIb — 2018

81



a7.

HhH.

69,

7.

T1.

T2

T3.

74

T5.

6.

7.

Avamyermassad By cyiacwney meveopoatn — Tepsonite 2829 wienonade 2008

C.B.Koctie, I'.b.Iynpse 93
PO3POEKA CHCTEMH ABTOMATH3ALUT BISHEC-MPOLIECIB  YEPE3
HEHTPANIBALLIND IHPOPMALIIMHHX PECYPCIB

B.B.b. Koxan 94
BEIMPOBRIIHA KJIABIATYPA JUTH MAKPOCIB

C.0. Kpapuyk 95
MPOBJIEMH  ABTOMATH3ALIIL TECTYBAHHA [POIPAMHOIO
JABE3INEYEHHA

A M. Kvpko, , LL badypuiy, LM. JIvie 96
MOAJIHBICTE KIHEMATHYHOI'O INEPEPOZINOOLTY B
IVEUACTOMY JIHOEPEHLIIAJIBHOMY TTOZHLIIHHOMY BAPIATOPL

B.B. Nepmuesnii, H).0. Nepacumin, B 1. Buuamuyk Q7
JOCITITHEHHA MOJE POIPAXYHEY TEINNOBOIO
MAPOOXOIOIHYBAYA

A. M. Myugie , PO JIvosmms B 99
BHEKOPHCTAHHA KOHTEHHEPH3ALLI ITFH POBPORITEHHI

JMABOPATOPHHX IMPAKTHEYMIB CTY/EHTIB

AL Tk 101
PO3BHTOK 3ACOEIB TECTYBAHHA 3HAHL ¥ CHCTEMI
ENEETPOHHOI'D HABYAHHA ATUTOR

LC. Jlynuk 102
POFPOBEA ITPOBOTD JOJATEY
JJE BHEKOPHCTAHHA HA OC ANDROID MOBOK) C#

PM. Jlynuauic, B.1 Acekis, A.C. Mapuenos 103
METO/ IJABHINEHHA TOMHOCTI BH3IHAMEHHA KYTOBHX
KOOPIHHAT PATIOMOKALIIHHHX CTAHLIH

A M. Jlyukis, B.B. Xynofa 105
KJIHOYOBI OCOBIHBOCTI CTBOPEHHA BATATONOTOKOBHX
IPOTPAM JULS TUIATGOPMHE JAVA

A M. JIvukis, A B. Ianko 107
KOHLENLIT CXOBHIL JAHMX ¥ KOHTEKCTI MITPALIT 3 SQL HA
NOSOL

(311, Maaax 1]
JOCITAHHA TA OINPALIKOBAHHA ]HM]PMALI,IF FACOBAMH ON-
LINE ANALITICAL PROCESSING CUBE

(.11, Manak 110

AHANITHYHE OINPALOBAHHA JAHHX 3ACOBAMH  «ON-LINE
ANALITICAL PROCESSING CUBE»

206

82



mid VI MG MR- TSN YHOT KT TRt VUSRI i {10

Awarnyenen ! 2ooani cygon mesorostd — Tepronite 28-29 acmonada 2008,

VIK: 004.272.3
AL M. JIyukie kan. Texd. saye, gou., PO Jlvosomms
Tepuoninkesknil Hationansauil Texnivnuil yaisepenTer imeni leana Mymos, Yipaina

BHKOPHCTAHHA KOHTEHHEPH3AIL IIPH PO3POLJIEHHI
JABOPATOPHHX NMPAKTHEYMIB CTYJIEHTIB

A, M. Luiskiv Ph.D., Assoc. Prof., R0 Lutsvshyn
CONTAINERIZATION USAGE FOR THE STUDENT'S LABORATORY
WORKSHOPS DEVELOPMENT

IMpu  pozpodnendl nadOpPATOPHHN NPAKTHEYMIB NEpel BHEIANAYEM NOOCTAKITh
HACTYIIHI JABIAHHA.

- CKOPOUEHHA Yacy AN NIATOTORKH Ta POIFOPTAHEA JadopaTopHore CTEHAY,

- CIPOIEHHR MPOLECY POATOPTAHHA NAloPaTOPHOTD CTEHTY (CTYIEHT MOKE HE MATH
XOPOLIHY HABHMOK CHCTEMHOMO ATMIHICTPYBAMHE 118 BCTAHORNEHHA T2 KoM(IrypyRAHHA
NeBHHX THNIE cepricis, 250 BPOHK POANANAIOTECA ¥ IHINHY KYpCax),

- MIHIM3AL 8 BHKOPHCTAHHA CHCTEMHHX PecypCin;

- ¥ pall BHOANKIE JOUIMEHOW € MAKCHMATEHD ABTOMATHIALIE Ta COPOLIEHHA
poaropTaHng 1afopaTopHOTo CTEHTY, I0KPEMA, AKIO Moea fine npo oucTaHuifie HapYaHHA.

Bipryanizanis ua piedi  onepauifinol CHCTEMH —  METOI BIpTVanizanii, npu
AKOMY S1p0 onepanifinol ceTeMn NIATPHMYE NEKUBKA 1I0ABE0BAHIY TPHMIPHHKIR TPOCTOPY
KOPHCTYBYA, 3aMICTe 0aHoro. LI npaMipaiks (4acTo pawil kodTeiinepasi alo 20HaMH) 3
TOUKH 3I0PY KOPHCTYRAYa NOBHICTIO UIeHTHYHI peantHomy cepeepopl. fnpo iabeineuye
O0BHY (0ALOBAHICTE KOHTeHHEepIs, TOMY OPOTPaMH 3 PIHHX KoHTelHEpIE HE MOEYTh
BITHEATH OJHA HA OOHY.

Mpu opramizauil HABYATEHOTO NPOUECY AOBOML Y3CTO MOKHA IYCTPITH NIAXLL 10
poaropranns nafopaTopHux cTedlis y euroagl ofpaizie roTOBHY BIPTYANLHHX MAIIMH
{Hadoop-gnactepi Cloudera CDH 1a Hortonworks HDP, MongoDB University[1]). Ilpore,
Takl O0paiH BIPTVATEHHY MAIIHH € 20800 ofevmuEmH i IN BHKOPHCTAHHA € J0BOII
pecypcoeMHEM. Y NaHoMY  BHOAAKY BHKOPUCTOBYETECA MOBHA  BipTyanbaois 3
BHEOPHCTAHHAM BIPTYVANRHMX Mamme Virtual Box, VM Ware,

Ha nysky asTopie, HOUINEHINEM € BHEOPHCTAHHA TeXHonoril konrefsepizanii,
sokpesa, BHkopHcTaHHs nuartdopsu Docker. Takwil nioxia nepenbadac HAARHICTE Y
CTYAEHTA Jedkiy GaI0RHY YARIEHs OPO KOHTeliHepHIai0, NPOTE, JAMYVCK Ta podoTa 3 TAKHM
nafopaTopHEM CTEHI0M € J0B0I NPOCTOR { KUIRKICTE HeofXiTHHX NonepeIHix HANATYEaHE
Ta KiMbKicTE HeoOXimHMX i Ana mnyveky/ynHHERIGepiranHa cTany) T2 edexTHBHOK (3
TOYKH 30PY BHKDPHCTAHHA OaM'aTi i npouecopHoro 4acy), WBHAWOK ¥ POIrOPTIHHI
(HeofxiIHICTL MBAHTAMEHHA JaHHX seHworo of'emy), mome GYyTH BHKOPHCTAHA SK Ha
pofouoMy KOMITHTER T2 | B XMaPHOMY cepBicl

Januii nporpasismli NpoaykT MaE HACTYIHI BIACTHBOCTI

- OHHAMIYHA H{pacTpyETYp;

- WIBHKE BIPOBATHEHHA IMIH;

- COPOUIEHE POITOPTAHHA A0IATEIR TA NPOTPAM.

SasHauMMO, MO ICHYE KUlbka TexHonoridl wowrelinepusauil wa Gasi onepauifinod
cucTemd (OC) Linux, ocHobmmsme 3 akHX ¢ LXC (LinuX Container), a takos LXD,
CGManager, LXCFS. [na copowedna pofoms 3 konTeliHepaMy  BHEOPHCTORYIOTE
coenianBopadi NporpasMHl NpoayETH, SKi B cROl depry GaivioTeca Ha kowTeiinepax |
OpeJcTARARIOTE Ipyauuil HTepdelic piacMoll 3 HEMH, HAJAWTE PRHOMAHITHI 33c00H
asTomaTHIauil podoTH 3 HuMi. To cknany iHerpysentapivo LXC sxogute GiGniotexa liblxe,
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HaBip yrwuir | Ixc-create, Ixe-start, Ixc-stop, lxc-ls | ToMy nogiGue), wabnoun 108 nody10eH
koHTeiiHepiE | Hafip GIHAMCE 004 PiHEX MOB NporpamyeaHHs. JInf Donsuil npouecis,
MEPEREROND CTERA ipe, ULS | TOUOK MOHTYBAHHA BHKOPHCTORYETRCH MEXAH M NPOCTOPIR iven
(namespaces). Jlna ofMesedHHs pecypeis 3acTOCORVIOTECE cgroups. Jing noHKeHHA
npuelieis 1 ofMekeHHA  DCTYOY  3a0igHi Takl  MOMIHBOCTI  Apa, K
npodini Apparmor i@ SELinux, nonimikn Seceomp, Chroots (pivot_root) | capabilities.

Y koWTekeTi  koWTelimepin  Linux  ynpamRnidHg  pecypeaMi  OprainoBaso
yepes cgroups . Cgroups  003BONAKTE  KOPHCTYBAYEeBl BWAATH  PeCcypH, Taki  #AK
NpoUecopHii  9ac, CHCTEMHA NAM'ATe, OPONYCKHA IIATHICTE Mepewi, ON0K BBEISHHS-
BHBefeHHd abo OyIe-Aky KOMOIHALDO 3 UMX pecypciB 118 YCTAHOBKH OOMEmEHO
KOPHCTYBa4YEM FPyIH 3aBjaHk alo npouecis, sanymeHnx B ganill cucremi. Ak npaenam,
MO¥HA HABECTH OIHY 3 OONVIAPHAX nuardops 108 podori 3 koaTefinepami — Docker. ¥
LUIOMY, BHEOPHCTAHHA JAHOID MIXOOY J3c IMOTY CTBOPIBITH BIPTYRILHI OIMHHLI GUTED
eeKTHBHO | MEHII PECYPCO3aTPATHY, ¥ NOPIBHAHHI 31 CTROPEHHAM BIPTYATLHOT MALIHHK.

Jlane BHpimeHHA € anpo0OBaHHM OPH NUIroToRUl NafOpATOPHHY NPAKTHEYMIE 3
kypeie «llapanensri Ta posnoginedi ofuqcheHHss»|[2], 3 BHKOPHCTAHHAM TexHONOTiH
OpenMP, MPL, OpenCL, CUDA Ta «ludopmanifivi cHCTEMH MEpanelsHol Ta poinoguieHoi
of0potkK JaHIx» (BHEOPHCTAHHA Bel-cepRICiB, CHCTEM ONPALIOBAHHA BEHKHX JaHHX).

BHEOPHCTAHHA JAHOMO NIAXOAY A IMOTY BHKTANAYSR] BHEOPHCTORYRATH Odiuiiiui
penoauTopil koMnaniid Nvidia, AMD, Intel Ta HIIEX A8 OTPHMAHHA EKe HATANTOBRIHHY Ta
BLANArOTAEHNX KOHTeAHePIB 3 HAGOPAMM CHCTEMHOMD OPOTPAMHOND E0eINedeH s L4 32134
OAPANETEHOTD [POrPAMYBAHHA Ta OONEPEIHBOHANAINTOBIHHMH XMAPHHMH CEPRICAMH.
Bukopucropyvioun Gazopi mexawiimi Garatowaposocti Docker-gourefinepis, suknanady,
MO®E BUIHOCHO NPOCTO IHTErPYBATH B koWTeiinep naGoparopue aslanda §i weodximwi
enemeHTH floro eukonanHa. [TyGnikauis B nybAMHOMY Peno3anTopil Jae 3MOTY CTYISHTY,
BLIHOCHO MPOCTD, 3JABAHTAKHTH KOHTEHepH Ta NpamosaTd 3 HEMH. TIpH BHKOHAHHI TAKHX
NAGOPATOPHHN MPAKTHEYMIE, CTYICHTH 3106VBAIOTE JOJATKOBO HeoBXiaHl Ak poipobuHkam
Tk | CHCTEMHHM aAMIHICTpaTopay Haemasd DevOps-imenepis.

BapTo Big3saumTH, WO onepauifina cucTema Windows 10, Takos Jae asory
3AnyckaT! Linux-koHTeliHepy, WO CYTTERO IHICKYE MOPIr BXOLKEHHA ¥ NpeIMeTHY 00IacTh
ang GiNeOCTi CTYISHTIB, #Ki, HA #alk, He MAWTE Joceiny podotH 3 Unix-mogidHumu
OnEPaLifiHHME CHCTEMAMI.
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OUIHKA CEMAHTHYHOI CXO¥KOCTI TEKCTOBHX JIAHHX
HA OCHOBI MOJH®IKOBAHOI METPHKH BIICTAHI CJIB
¥V ICPAPXIT CHHOHIMIMHOI'O JIEPEBA IAKETY NLTK
Cimeap Tapac Birmoposuy,

Kandudam nedaroXaiix mayy, suktadey Kadedpnn Ko rom eI BEXH 01020
Tepronitscurtl Rayionatsyul redazosiqnun yrigepeumem uenl Borodusupa §amiowka
JAyuuanisin Posia,

Mazicmpanm @aERIsm ey Kosn K e mexnonoii
Tepuonitscskut Rayionatsaul mexuiunm yuigepoumem (wewi feana Mo

Anoranin. [Jawe OocudwenHs NPUCERYEHE ORNCY MO cmespenni  arropumuay 008 onyfeen
ceManmuanol exoxcocmi mexemosux danux ko ocioel wodugixoganol wempurxy gidemanl crig v
fepapril cunoniviywore depesa navemy NLTK npospownoso cepedosuwa Python. Joxpewa,
mpoauarioeasn wosetugocmi Gidniomerxy NLTE ma cevanmuynoo crosuuxa O anaiiicssol o
WordNel npocpavnoso cepedosuwga Python. ¥ emammi (hvio nodano onue areopunisy 0ua oyinxi
cemanmuunol cxoxcocm! mexcmosux danux ko ocioel wodugixoganol wempuxy gidemanl crig v
fepaprli’ cunoniwivroso depeaa nawemy NLTK, a mavowe nodawo Goze peaiizayin 30 Gomomosow
mpocpawHocn cepedostiga Python.

Kawuori croesa: NLTK, WordNer, Wip similarity, semantic similarity of textual data, Python.

Sitkar T.. Lutsvshyvn R. THE ESTIMATION OF SEMANTIC SIMILARITY OF TEXT DATA
BASED ON MOMFIED WORDS DISTANCE METRIC IN THE SYNONYMOUS TREE
HIERARCHY OF NLTK PACKAGE

Abstract. This study deals with describing and creating an algorithm for evaluating of emantic
stmtlarity of text data based on modified words distance metric in the synonymous tree hievarchy of
NLTK package of Python software. In particular, the features of NLTK library and the semantic
dictionary for English WordNet of Python software have been analyzed. Algorithm description for
evaluating of semantic similavity af text data based on modified words distance meiric n the
synonvmous Iree hievarchy of NLTK package of software Python has been presemted. lis
implementation via Python software has been submitted.

Keywords. NLTK, WordNet, Wup similavity, semantic similarity of text data, Pyvthon.

Bei imTenekTyvaneHi cHCTeMH 00po0KH TekcTY NpHPOIHOH MOBOR), Ha CYHACHOMY eTani,
IHAHILIH CBOC 3ACTOCVBAHHA B pOHHY cepax | BHPIIVIOTE KOHKPETHI 3apfaHHd. [Jo cHCTeM, o
BHKOPHCTOBYIOTLCHE ABRTOMATHYHY oDpolky TeKcTY MOMHA BUIHECTH: BHIABHHYI cHoTemH [1];
ABTOMATHIORAHI NEeKCHEOTpadu4YHI CHCTEMH MUITOTOBKH Ta BHKOPHCTAHHA cNoBHHKE [2];
mipopyaniino-nomykon cicTemu 3] cucremu mammusore nepesnany (MIT) [4, 5] cucremn
POTYMIHHA 1 pOINTIHABIHHAE MOBH [6] Tomo.

BukmicTe gocaypxeHs apToMaTHYHO! 0DpoOKH NpHPoIHOT MOBH CHOPAMOBAHI HA JOJATEH 1
CHCTEMH, HKI MORYTE GYTH IrpynoBaf] Ha CHCTEMH ABRTOMATHYHOI kaTeropdIani TekcTie [7],
CHCTEMH AHTHIUIANIATY 1 CHCTEMH pedepyBaHHa cepel HIL B AKHX TEKCTORE NOPIBHAHHA, B
HUIEHHOCTI B 0OCTABHH, pOArNAJACTECH B HEOCTI JPYTOpAHOTD wmefadHd. Kpiv Toro, komnm
NPORBOIATECE JOCTIIHEHHA CAME 10 TeMl TEKCTOROIO NOPIBHAHHA, BOHO NPORBOIHTLCH A0S winei
CcHCTeM 1IHpOpMaiiHOI0 MOWYVEY | AHTHILIACATY. Y 3B 83KY 3 [HM He NpoBOJHTECH FIHDOKHX
AocHiT#eHE CEMAHTHYHOTO IMICTY 06pofIBaHHY TEKCTIR.

B maumii uac noimye nomOHOCTI MEK TEKCTAMM Mar BETHKE MPAKTHIHE BHKOPHCTAHHA, B TOMY
WHCT JU1H BHARTEHHS IIATATY B HAYKORHX | TROPYHX focaipxeHssy. B pobori [B] aramyiorsecs Tpa
OCHOBHI KATErOpil BHARNCHHA TEKCTVANEHOTO MOMIGHOCTL NOPIBHAHEA HA OCHOBRL CHIB. SiH GHHi
NOIIVE HA MUICTARI NYHETIE, 0 BHEOPHCTORYCTECH NOMIYVEOBHMH CHCTEMAMH 1 CTHIICTHYHHAL
aHaniy. Tako® ICHYKOTE METOIH, MCHOBAHI HA pliHHY XApakTepHCTHRAX TEKCTIE, TAKI AK METOIH,
HWCHOBAHL HA CEMAHTHIN, HK 18 BRARNEHHS nnarary [9-11]; Tak 1 108 nomyey iHGopManii, Tak gk

e BUiodpakeHo B podoTi [12].
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Ha Bxo/11 nponecy HOPIBHAHHA TEKCTIB € JIBA JOKYMEHTH, IIpH3Ha4YeH] UL IOPIBHIHHA, OJ[HH
3 AKHX € eTalnoHOM. Ha mepmioMy piBHI aHAII3Y IIPOBOAUTECA BHUTSI TEKCTOBHX IIacakiB, SK Ie
ommucaHo B poboTi [ 13 ], BHX0I0OM ITEOTO MEpIIoTo PIBHA Oy/Ie MeperTik 3HATYITHX TAacaxkiB 3 KOXKHOTO
JOKyMEHTa, AKi IIOCTY:KaTh K BXLIHHX JaHUX JUI HACTYIHOTO piBHA JUIA JI03BOMY aHadopu [14] a
OCTaHHIil, B CBOIO Uepry, HaJXOIHTh Ha piBeHb CEMaHTHIHOTO yABIeHHS cxeM [12]. IloOynoBaHa
cXeMa VABIEHHS € BXOJOM JIIA BHABISHHS PIBHA CEMaHTHIHOIO IMOJIOHOCTI MK TEKCTOBHMH
TIACaKAMI.

Ha mpoMy piBHI, B SKOCTI BXITHHX JIAHHX BHKOPHCTOBYIOTBCSA TEKCTOBI ITAacaxi 3 JOKYMCHTIB 1
Ha OCHOB1 iX pe3yJIbTaTiB MOPIBHAHHS, BHKOHYEThCA OOUHICICHHS MOMIOHOCTI MDK IIMMH JBOMA
JOKYMEHTaMI.

OCHOBHHUM 3aBJIaHHS JIOCTIJKEHHS [TOJIATAT0 B OIHCI TA CTBOPEHHI aNTOPHTMIB JUTA OI(IHKH
CEMaHTHYHOI CXOXKOCTI TEKCTOBHX JAaHHX Ha OCHOBI MOJIH(IKOBAHOT METPHKH BIICTAHI CIIB Y
fepapxii CHHOHIMIYHOTO JiepeBa makeTy NLTK.

Bibmioteka NLTK — maker 0i01i0TeK 1 ImporpaM UL CHMBOJIBHOI 1 CTaTHCTHYHOI 00poOKn
TIPUPOTHOI MOBH, HATTHCAHUI Ha MOBI IporpaMyBanHs Python.

JIng TIoTITyKY ceMaHTHIHO1 CXOKOCTi MLK JIBOMAa CTIOBAMH 32 JIOTIOMOTOFO TTAKETY IHCTPYMEHTIB
NLTK BUKOPHCTORYIOThCA TAK 3BaHI MHOXKIHH CHHOHIMIB (Synset — synonym set). J[aHi MHOXKIHI
MICTATH ¥ c001 Hadip CIiB, CXOKHX 32 3HAYSHHAM JI0 3aJIaHOTO, IIPHIOMY 30epirarodu IH(QOpMaITIEo
TIPO YACTHHY MOBH Ta JIeAKi IHIMI BIACTHBOCTI OCTAHHBOTO. YCi TPYIH CIIB, AKI 3HAXOJATHCA ¥
616miorerti NLTK postamoBadi y cyBopo BH3HAUYeHIH iepapxii, momiOHIA JepeBy, 1e KUTBKICTh
TIepexojIiB Mo MEOMY JepPeBy BiJl OJIHOTO CIOBA JIO IHOIOTO BH3HAYAE CEMAHTHIHY OMHM3BKICTE MIK
HIMIL

motor vehicle

!
(m,,]m,) (oot ) (oo )
(o) (oo ) (i)

Puc. 1. Buenaod iepapxiunozo depesa mepminie y mepedci NLTK

WordNet — ceMaHTHYHHI CIIOBHHK JUTS aHTJIIICEKOI MOBH. Y HBOMY CJI0Ba aHTJIIiiCBKO1 MOBH
Po30HTO Ha TPYOH CHHOHIMIB — CHHCETH (BLI aHIJI. synset, synonym set), Ta HaJaeTbCd KOPOTKe
3arajibHe BU3HAYEHHS, Ta CEMAHTHYHI BIHOIIEHHS MDK [[HMH CJIOBAMIH.

OCHOBOIO CTBOPEHHS HOBOI METPHKH CTaB MOMIYK CEMAHTHYHO! OMH3BKOCTI MUK KOMHUM
CIIOBOM Y TIEPHIOMY TEKCTi 3 KOKHIM CTIOBOM Y JIPYTOMY TEKCTI, ITCISA YOTO CTill BUBPATH CcepesiHe
3HAYCHHS.

token J I token ‘ | token «— TEXT

WUP SIMILARITY
Puc. 2. Konyenyia obuucients cemManmuytol cXoxcocmi Mine 06oMa peueHHamu

Wup similarity — 1me MeTpuka, 3acHoBaHa Wu Palmer, sxa 0a3yeTbcs Ha oOUHCIICHHI
CIOPITHEHOCTI, BPaXxOBYIOUH INIHOMHY JBOX CHHCETIB ¥ TakcoHOMISZX WordNet, a Takox IIMOHHY
LCS (Haftmermmii 3aranbHiI miapaaHuk) (1):
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depth(lcs (s1, 52)) y
depth(s1) + depth(s2) 1)
IIpuKkiang mpakTHIHOI peatizaliii JaHoT MEeTPHKH HaBeIeHO HIDKYE, yV KOJIi Ha BHCOKOpPIBHEBI
MOB1 IporpyMyBaHHs Python.

JUIg 00IHCTIeHHS CXOXKOCTI IBOX CHHCETIB OyIa CTBOpEHA HACTYIHA (YHKIIA (puC. 3):
1o words sim(self,word 1,-verd 2):9

Wu — Palmer =

LEpgrd L SKARRNWRERL) ‘= verd_Z_synsct.pos() - #Usc-POS-te-sposdeup:
therprocessg

synset sim-=-galf.cale sim synsets{verd 1 synset,word 2 synset)

L s5asska.apread(dy
:%

sim ell synssts.appsnd (o) €

Puc. 3. Obuucnennsa cxoxcocmi 060X CliHCEMie

Jinsg oOuncIeHHS CeMaHTHIHOI CXOKOCTI Habopy CHHCETIB (TeKCTy) Jio iHMmoro Habopy

CHHCETIR MH CTBOPIIIH BIOMOBITHY (DYHKIIIO 3a MOIMOMOTOK MOBH IIporpaMyBaHHS Pyhton. {ama
(hVHKIA TIpecTaBaeHa Ha pHC. 4:

ds

roprognss (sexs) §

28 {text) - #Preprocess  the-text(

b=xt £o pordsr=sg=lf

I

Eords heak bo razds) T

topdg £o ¥ords-=-sslf.pEeprecsgs(topic)s

{topic) -#Praprocass tha topic-if-it fas-

oTAs (Lopic Lo vords) Y

igedf.txg rord sim ssers(boxt £2 Fords,topic )-for-

zords]l

1E-Jen (feRig.gdduidp) =>8:8

toplg s1ll sim-=-mp.msan(sopig all sim)d

oF
similarity-ta-topist

.trg Ford sim score(topic to words, ‘Cext_)sTors

o0 AREAL (L AR s il - * bakhagl L sin ) T
Puc. 4. Obuucaenns cemanmuunoi cxoxcocmi Habopy curncemie(mexcniy)
Q0 inUI020 HAbOPY cuncentie

3aBepnIalbGHIM eTaroM € TpeCTaBIeHHS pe3ylsTaTy Ta OIliHKa OTPUMAaHOi MEeTPUKH, HIDKIE
HABEJICHHI KO TePEeTBOPEHHA CTaHIApTHHX OQHHHIb Ho0inHOoCcTI NLTK v CBOI0 METPHKY, Y TaHOMY
BHIIAJIKY BUICTAHD MUK TEKCTaMIL
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def-cooysrt sim to dist(ss1f phrssss sin):f

ung - to-convert-sinilerity into-distencs-botreca- bext -and - bopic

return-20-1fphrases. i == -0 =lse-abs (math. log{phrases sim.0.8))7%

Puc. 5. [Ipeocmasnenns pesyavmamy ma oyiHKa ompumManoi Mempuxu

TaxiM THHOM, THUM OUIbIIE TEKCTH € CEMAHTIHTHO CXOMKHMH, THM MEHINA BiICTAaHb MDK HIMH
Oyme oTpuMaHa B pe3y/bTaTi ii 00THCICHHS Ta HABIIAKI, THM OLTbIa BIICTaHD MUK TEKCTAMH — THM
OiTbNIe BOHU CeMAaHTHYHO HeCcX0#i MK coboto.
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CORPUS-BASED TRANSLATION FOR RESOLVING SPECIFIC LINGUISTIC TASKS:
TYPES OF CORPORA VS TYPES OF TRANSLATION ISSUES

There are many common tasks in translation studies which arise today. Preparation of
draft translation, translation, proofreading are just a few to name. Nowadays all these tasks could
be resolved by means of semi or fully automated CAT tools The specific fields of such issues
can vary, i.e., computational linguistics, machine learning, deep leaming and other supporting
information technologies. In this case the role of translator should be shifted from translator to
proafreader and expert in translation qualily assessment.

To meet a specific modern CAT tool main requirements the following tasks should be
resolved:
choosing and preparation of the best texts for training process;
text labeling (automate of semiautomate);
text feature extraction;
text encoding (binarization);
training neural network and choosing proper hyperparameters of it;
applying this trained neural network in translation tool.

These findings cover the process of building custom tools for text translation in some
domains with a higher level of translation accuracy. This tool can comprise:

= Corpus tool for building custom parallel corpora for feature extraction. This corpus tool could
be implemented with Big Data approaches { Lutskiv, Popovych, 2019, 2020)

- Set of tools for neural networks for supervised leaming for building trained neural networks.
Also this tool estimates qualitative characteristics of translation accuracy and equivalence on
different levels.

- Translation tool which comprises the trained neural network, corpora as a supplement tool and
proofreading tool. This tool allows translators to load and translate texts with different
supplement features provided by corpora tool.

Suggested approach can reduce the amount of the translator’s routine work by full draft
translation of the document in the case of the simple text translating and prepare draft translation
for proofreading in the case of complex text translating issues.
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import math

import os

import warnings

from dataclasses import dataclass
from typing import Optional, Tuple

import torch

import torch.utils.checkpoint

from torch import nn

from torch.nn import CrosskEntropyLoss, MSELoss

from ...activations import ACT2FN
from ...file utils import (
ModelOutput,

add code sample docstrings,
add start docstrings,
add start docstrings to model forward,
replace return docstrings,

)

from ...modeling outputs import (
BaseModelOutputWithCrossAttentions,
BaseModelOutputWithPoolingAndCrossAttentions,
CausalLMOutputWithCrossAttentions,
MaskedLMOutput,
MultipleChoiceModelOutput,
NextSentencePredictorOutput,
QuestionAnsweringModelOutput,
SequenceClassifierOutput,
TokenClassifierOutput,

)

from ...modeling utils import (
PreTrainedModel,
apply chunking to forward,
find pruneable heads and indices,
prune linear layer,

)
from ...utils import logging
from .configuration bert import BertConfig

logger = logging.get logger( name )

CONFIG FOR DOC = "BertConfig"
TOKENIZER FOR DOC = "BertTokenizer"

BERT_PRETRAINED_MODEL_ARCHIVE_LIST = |
"bert-base-uncased",
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def

"bert-large-uncased",

"bert-base-cased",

"bert-large-cased",

"bert-base-multilingual-uncased",
"bert-base-multilingual-cased",

"bert-base-chinese",

"bert-base-german-cased",
"bert-large-uncased-whole-word-masking",
"bert-large-cased-whole-word-masking",
"bert-large-uncased-whole-word-masking-finetuned-squad",
"bert-large-cased-whole-word-masking-finetuned-squad",
"bert-base-cased-finetuned-mrpc",
"bert-base-german-dbmdz-cased",
"bert-base-german-dbmdz-uncased",
"cl-tohoku/bert-base-japanese",
"cl-tohoku/bert-base-japanese-whole-word-masking",
"cl-tohoku/bert-base-japanese-char",
"cl-tohoku/bert-base-japanese-char-whole-word-masking",
"TurkuNLP/bert-base-finnish-cased-v1",
"TurkuNLP/bert-base-finnish-uncased-v1",
"wietsedv/bert-base-dutch-cased",

# See all BERT models at https://huggingface.co/models?filter=bert

load tf weights in bert (model, config, tf checkpoint path):

"""Load tf checkpoints in a pytorch model."""

try:
import re

import numpy as np

import tensorflow as tf
except ImportError:

logger.error (

"Loading a TensorFlow model in PyTorch, requires
TensorFlow to be installed. Please see "
"https://www.tensorflow.org/install/ for installation
instructions."
)
raise
tf path = os.path.abspath(tf checkpoint path)
logger.info ("Converting TensorFlow checkpoint from

{}".

format (tf path))
# Load weights from TF model
init vars = tf.train.list variables(tf path)
names = []
arrays = []
for name, shape in init vars:
logger.info ("Loading TF weight {} with shape {}".format (name,

shape))

array = tf.train.load variable(tf path, name)
names.append (name)
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arrays.append (array)

for name, array in zip(names, arrays):
name = name.split("/")
# adam_v and adam_m are variables used in
AdamWeightDecayOptimizer to calculated m and v
# which are not required for using pretrained model
if any(
n in ["adam v", "adam m", "AdamWeightDecayOptimizer",
"AdamWeightDecayOptimizer 1", "global step"]
for n in name
) :
logger.info ("Skipping {}".format ("/".Jjoin (name)))
continue

pointer = model
for m name in name:
if re.fullmatch(r"[A-Za-z]+ \d+", m name) :

scope names = re.split(r" (\d+)", m name)
else:
scope names = [m name]
if scope names[0] == "kernel" or scope names[0] == "gamma":
pointer = getattr (pointer, "weight")
elif scope names[0] == "output bias" or scope names[0] ==
"beta":
pointer = getattr (pointer, "bias")
elif scope names[0] == "output weights":
pointer = getattr (pointer, "weight")
elif scope names[0] == "squad":
pointer = getattr (pointer, "classifier")
else:
try:

pointer = getattr (pointer, scope names[0])
except AttributeError:
logger.info ("Skipping {}".format ("/".join (name)))
continue
if len(scope names) >= 2:
num = int (scope names[1l])
pointer = pointer [num]
if m name[-11:] == " embeddings":
pointer = getattr (pointer, "weight")
elif m name == "kernel":
array = np.transpose(array)
try:
assert (
pointer.shape == array.shape
), f"Pointer shape {pointer.shape} and array shape
{array.shape} mismatched"
except AssertionkError as e:
e.args += (pointer.shape, array.shape)

raise
logger.info("Initialize PyTorch weight {}".format (name))
pointer.data = torch.from numpy (array)
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return model

class BertEmbeddings (nn.Module) :
"""Construct the embeddings from word, position and token type
embeddings."""

def init (self, config):
super (). init ()
self.word embeddings = nn.Embedding (config.vocab size,

config.hidden size, padding idx=config.pad token id)
self.position embeddings =
nn.Embedding (config.max position embeddings, config.hidden size)
self.token type embeddings =
nn.Embedding (config.type vocab size, config.hidden size)

# self.LayerNorm is not snake-cased to stick with TensorFlow
model variable name and be able to load

# any TensorFlow checkpoint file

self.LayerNorm = nn.LayerNorm(config.hidden size,
eps=config.layer norm eps)

self.dropout = nn.Dropout (config.hidden dropout prob)

# position ids (1, len position emb) 1is contiguous in memory
and exported when serialized

self.register buffer ("position ids",
torch.arange (config.max position embeddings) .expand((l, -1)))

self.position embedding type = getattr (config,
"position embedding type", "absolute")

def forward (self, input ids=None, token type ids=None,
position ids=None, inputs embeds=None) :
if input ids 1is not None:
input shape = input ids.size()
else:
input shape

inputs embeds.size () [:-1]
seq length = input shape[1]

if position ids is None:
position ids = self.position ids[:, :seq length]

if token type ids 1is None:
token type ids = torch.zeros (input shape, dtype=torch.long,
device=self.position ids.device)

if inputs embeds is None:
inputs embeds = self.word embeddings (input ids)
token type embeddings =
self.token type embeddings (token type ids)

embeddings = inputs embeds + token type embeddings
if self.position embedding type == "absolute":
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position embeddings =
self.position embeddings (position ids)
embeddings += position embeddings
embeddings = self.LayerNorm (embeddings)
embeddings = self.dropout (embeddings)
return embeddings

class BertSelfAttention (nn.Module) :

def  init (self, config):
super (). init ()
if config.hidden size % config.num attention heads != 0 and

not hasattr (config, "embedding size"):
raise ValueError (
"The hidden size (%d) is not a multiple of the number

of attention "

o°

"heads (%d) "
config.num attention heads)

)

(config.hidden size,

self.num attention heads = config.num attention heads

self.attention head size = int (config.hidden size /
config.num attention heads)

self.all head size = self.num attention heads *

self.attention head size

self.query = nn.Linear (config.hidden size, self.all head size)
self.key = nn.Linear (config.hidden size, self.all head size)

self.value = nn.Linear (config.hidden size, self.all head size)

self.dropout = nn.Dropout (config.attention probs dropout prob)

self.position embedding type = getattr (config,
"position embedding type", "absolute")

if self.position embedding type == "relative key" or
self.position embedding type == "relative key query":

self.max position embeddings =
config.max position embeddings

self.distance embedding = nn.Embedding (2 *
config.max position embeddings - 1, self.attention head size)

def transpose for scores(self, x):

new X shape = x.size()[:-1] + (self.num attention heads,
self.attention head size)
X = X.view(*new x shape)

return x.permute (0, 2, 1, 3)

def forward(
self,
hidden states,
attention mask=None,
head mask=None,
encoder hidden states=None,
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encoder attention mask=None,
output attentions=False,

mixed query layer = self.query(hidden states)

# If this 1is instantiated as a cross-attention module, the
keys
# and values come from an encoder; the attention mask needs to
be
# such that the encoder's padding tokens are not attended to.
if encoder hidden states is not None:
mixed key layer = self.key(encoder hidden states)
mixed value layer = self.value(encoder hidden states)
attention mask = encoder attention mask
else:
mixed key layer = self.key(hidden states)
mixed value layer = self.value(hidden states)

query layer = self.transpose for scores (mixed query layer)
key layer = self.transpose for scores (mixed key layer)
value layer = self.transpose for scores(mixed value layer)

# Take the dot product between "query" and "key" to get the
raw attention scores.

attention scores = torch.matmul (query layer,
key layer.transpose (-1, -2))

if self.position embedding type == "relative key" or

self.position embedding type == "relative key query":

seq length = hidden states.size() [1]

position ids 1 = torch.arange (seq length, dtype=torch.long,
device=hidden states.device) .view(-1, 1)

position ids r = torch.arange(seq length, dtype=torch.long,
device=hidden states.device).view(1l, -1)

distance = position ids 1 - position ids r

positional embedding = self.distance embedding(distance +
self.max position embeddings - 1)

positional embedding =
positional embedding.to (dtype=query layer.dtype) # fpl6 compatibility

if self.position embedding type == "relative key":
relative position scores = torch.einsum("bhld, 1rd-
>bhlr", query layer, positional embedding)
attention scores = attention scores +
relative position scores
elif self.position embedding type == "relative key query":

relative position scores query =
torch.einsum("bhld, lrd->bhlr", query layer, positional embedding)

relative position scores key = torch.einsum("bhrd, lrd-
>bhlr", key layer, positional embedding)
attention scores = attention scores +

relative position scores query + relative position scores key
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attention scores = attention scores /
math.sqgrt (self.attention head size)
if attention mask is not None:

# Apply the attention mask is (precomputed for all layers in
BertModel forward() function)
attention scores = attention scores + attention mask

# Normalize the attention scores to probabilities.
attention probs = nn.Softmax(dim=-1) (attention scores)

# This is actually dropping out entire tokens to attend to,
which might

# seem a Dbit unusual, but is taken from the original
Transformer paper.

attention probs = self.dropout (attention probs)

# Mask heads if we want to
if head mask is not None:

attention probs = attention probs * head mask
context layer = torch.matmul (attention probs, value layer)
context layer = context layer.permute(0, 2, 1, 3).contiguous ()
new context layer shape = context layer.size() [:-2] +
(self.all head size,)
context layer = context layer.view(*new context layer shape)
outputs = (context layer, attention probs) if

output attentions else (context layer,)
return outputs

class BertSelfOutput (nn.Module) :
def  init (self, config):

super (). init ()
self.dense = nn.Linear (config.hidden size, config.hidden size)
self.LayerNorm = nn.LayerNorm(config.hidden size,

eps=config.layer norm eps)
self.dropout = nn.Dropout (config.hidden dropout prob)

def forward(self, hidden states, input tensor):

hidden states = self.dense(hidden states)
hidden states = self.dropout (hidden states)
hidden states = self.LayerNorm(hidden states + input tensor)

return hidden states

class BertAttention (nn.Module) :
def init (self, config):
super (). 1init ()
self.self = BertSelfAttention(confiqg)
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self.output = BertSelfOutput (confiqg)
self.pruned heads = set()

def prune heads (self, heads):
if len (heads) ==

return
heads, index = find pruneable heads and indices (
heads, self.self.num attention heads,

self.self.attention head size, self.pruned heads

)

# Prune linear layers

self.self.query = prune linear layer (self.self.query, index)

self.self.key = prune linear layer (self.self.key, index)

self.self.value = prune linear layer (self.self.value, index)

self.output.dense = prune linear layer (self.output.dense,
index, dim=1)

# Update hyper params and store pruned heads

self.self.num attention heads = self.self.num attention heads
- len (heads)

self.self.all head size = self.self.attention head size *
self.self.num attention heads

self.pruned heads = self.pruned heads.union (heads)

def forward(
self,
hidden states,

attention mask=None,
head mask=None,
encoder hidden states=None,
encoder attention mask=None,
output attentions=False,

self outputs = self.self(
hidden states,
attention mask,
head mask,
encoder hidden states,
encoder attention mask,
output attentions,
)
attention output = self.output (self outputs[0], hidden states)
outputs = (attention output,) + self outputs[1l:] # add
attentions if we output them
return outputs

class BertIntermediate (nn.Module) :
def init (self, config):
super (). init ()
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self.dense =

nn.Linear (config.hidden size,

config.intermediate size)
if isinstance(config.hidden act, str):
self.intermediate act fn = ACT2FN[config.hidden act]

else:

self.intermediate act fn = config.hidden act

def forward(self, hidden states):
hidden states = self.dense(hidden states)

hidden states

self.intermediate act fn(hidden states)

return hidden states

class BertOutput (nn.Module) :
def  init (self, config):
super (). init ()

self.dense =

nn.Linear (config.intermediate size,

config.hidden size)

self.LayerNorm = nn.LayerNorm(config.hidden size,
eps=config.layer norm eps)

self.dropout = nn.Dropout (config.hidden dropout prob)

def

forward(self, hidden states, input tensor):

hidden states = self.dense(hidden states)

hidden states = self.dropout (hidden states)

hidden states = self.LayerNorm(hidden states + input tensor)

return hidden states

class Bertlayer (nn.Module) :

def  init (self, config):
super (). 1init ()
self.chunk size feed forward = config.chunk size feed forward
self.seq len dim = 1
self.attention = BertAttention (confiqg)
self.is decoder = config.is decoder
self.add cross attention = config.add cross attention

decoder

def

if self.add cross attention:

assert self.is decoder, f"{self} should be wused as a
model if cross attention is added"

self.crossattention = BertAttention (config)

self.intermediate = BertIntermediate (confiqg)
self.output = BertOutput (config)

forward(

self,

hidden states,
attention mask=None,

head |

mask=None,

encoder hidden states=None,
encoder attention mask=None,
output attentions=False,
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self attention outputs = self.attention(
hidden states,

attention mask,
head mask,
output attentions=output attentions,
)
attention output = self attention outputs[0]

outputs = self attention outputs[l:] # add self attentions if
we output attention weights

if self.is decoder and encoder hidden states is not None:
assert hasattr(
self, "crossattention"
), f"If “encoder hidden states’ are passed, {self} has to

be instantiated with cross-attention layers by setting
‘config.add cross attention=True "
cross_ attention outputs = self.crossattention

attention output,
attention mask,
head mask,
encoder hidden states,
encoder attention mask,
output attentions,
)
attention output = cross attention outputs[0]
outputs = outputs + cross attention outputs[l:] # add
cross attentions if we output attention weights

layer output = apply chunking to forward(
self.feed forward chunk, self.chunk size feed forward,
self.seq len dim, attention output
)
outputs = (layer output,) + outputs
return outputs

def feed forward chunk(self, attention output):
intermediate output = self.intermediate (attention output)

layer output = self.output (intermediate output,
attention output)

return layer output

class BertEncoder (nn.Module) :
def  init (self, config):
super (). 1init ()
self.config = config
self.layer = nn.Modulelist ([BertLayer (confiqg) for in
range (config.num hidden layers)])

def forward(
self,
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hidden states,

attention mask=None,

head mask=None,
encoder hidden states=None,
encoder attention mask=None,
output attentions=False,
output hidden states=False,
return dict=True,

all hidden states = () if output hidden states else None
all self attentions = () if output attentions else None
all cross attentions = () if output attentions and

self.config.add cross attention else None
for i, layer module in enumerate (self.layer):
if output hidden states:
all hidden states
(hidden states,)

all hidden states +

layer head mask = head mask[i] 1if head mask 1is not None
else None

if getattr(self.config, "gradient checkpointing", False):

def create custom forward(module) :
def custom forward(*inputs) :
return module (*inputs, output attentions)

return custom forward

layer outputs = torch.utils.checkpoint.checkpoint (
create custom forward(layer module),

hidden states,
attention mask,
layer head mask,
encoder hidden states,
encoder attention mask,
)
else:
layer outputs = layer module (
hidden states,
attention mask,
layer head mask,
encoder hidden states,
encoder attention mask,
output attentions,
)
hidden states = layer outputs[0]
if output attentions:
all self attentions = all self attentions +
(layer outputs([1l],)
if self.config.add cross attention:
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all cross attentions all cross attentions +

(layer outputs[2],)

if output hidden states:
all hidden states = all hidden states + (hidden states,)

if not return dict:
return tuple(
\4
for v in [hidden states, all hidden states,
all self attentions, all cross attentions]
if v is not None
)
return BaseModelOutputWithCrossAttentions (
last hidden state=hidden states,
hidden states=all hidden states,
attentions=all self attentions,
cross attentions=all cross attentions,)

class BertPooler (nn.Module) :
def  init (self, config):
super (). 1init ()
self.dense = nn.Linear (config.hidden size, config.hidden size)
self.activation = nn.Tanh ()

def forward(self, hidden states):
# We "pool" the model by simply taking the hidden state

corresponding
# to the first token.
first token tensor = hidden states[:, 0]
pooled output = self.dense(first token tensor)

pooled output = self.activation(pooled:output)
return pooled output

class BertPredictionHeadTransform(nn.Module) :
def  init (self, config):
super (). init ()
self.dense = nn.Linear (config.hidden size, config.hidden size)
if isinstance(config.hidden act, str):
self.transform act fn = ACT2FN[config.hidden act]
else:
self.transform act fn = config.hidden act
self.LayerNorm = nn.LayerNorm(config.hidden size,

eps=config.layer norm eps)

def forward(self, hidden states):
hidden states = self.dense(hidden states)
hidden states = self.transform act fn(hidden states)
hidden states = self.LayerNorm(hidden states)
return hidden states
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class BertLMPredictionHead (nn.Module) :
def init (self, config):
super (). 1init ()
self.transform = BertPredictionHeadTransform(confiqg)

# The output weights are the same as the input embeddings, but
there is
# an output-only bias for each token.
self.decoder = nn.Linear (config.hidden size, config.vocab_ size,
bias=False)

self.bias = nn.Parameter (torch.zeros (config.vocab size))

# Need a link between the two variables so that the bias is
correctly resized with “resize token embeddings"
self.decoder.bias = self.bias

def forward(self, hidden states):
hidden states = self.transform(hidden states)
hidden states = self.decoder (hidden states)
return hidden states

class BertOnlyMLMHead (nn.Module) :

def  init (self, config):
super (). init ()
self.predictions = BertlMPredictionHead (configqg)

def forward(self, sequence output):
prediction scores = self.predictions (sequence output)
return prediction scores

class BertOnlyNSPHead (nn.Module) :
def init (self, config):
super (). init ()
self.seq relationship = nn.Linear (config.hidden size, 2)

def forward(self, pooled output):

seq relationship score = self.seq relationship(pooled output)
return seq relationship score

class BertPreTrainingHeads (nn.Module) :

def init (self, config):
super (). init ()
self.predictions = BertLMPredictionHead (confiqg)

self.seq relationship = nn.Linear (config.hidden size, 2)

def forward(self, sequence output, pooled output):
prediction scores = self.predictions (sequence output)
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seq relationship score = self.seq relationship(pooled output)
return prediction scores, seq relationship score

class BertPreTrainedModel (PreTrainedModel) :

An abstract class to handle weights initialization and a simple
interface for downloading and loading pretrained

models.

config class = BertConfig

load tf weights = load tf weights in bert

base model prefix = "bert"

_keys to ignore on load missing = [r"position ids"]

def 1init weights(self, module) :
""" Tnitialize the weights """
if isinstance (module, (nn.Linear, nn.Embedding)) :
# Slightly different from the TF version which wuses
truncated normal for initialization
# cf https://github.com/pytorch/pytorch/pull/5617
module.weight.data.normal (mean=0.0,
std=self.config.initializer range)
elif isinstance (module, nn.LayerNorm) :
module.bias.data.zero ()
module.weight.data.fill (1.0)
if isinstance (module, nn.Linear) and module.bias is not None:
module.bias.data.zero ()

@dataclass
class BertForPreTrainingOutput (ModelOutput) :

Output type of :class: ~transformers.BertForPreTraining .

Args:
loss (Toptional’, returned when "t labels ™ is provided,
“torch.FloatTensor °~ of shape :0bj: (1,)):
Total loss as the sum of the masked language modeling loss
and the next sequence prediction
(classification) loss.
prediction logits (:0bj: torch.FloatTensor" of
shape :0bj: (batch size, sequence length, config.vocab size) ):
Prediction scores of the language modeling head (scores
for each vocabulary token before SoftMax).
seq relationship logits (:0bj: torch.FloatTensor" of
shape :0bj: (batch size, 2)):
Prediction scores of the next sequence prediction
(classification) head (scores of True/False continuation
before SoftMax).
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hidden states (:0bj: tuple(torch.FloatTensor) °, ‘optional’,
returned when " output hidden states=True ° is passed or when
" “config.output hidden states=True '):
Tuple of :0obj: torch.FloatTensor  (one for the output of
the embeddings + one for the output of each layer)
of shape :0bj: (batch size, sequence length, hidden size)"

Hidden-states of the model at the output of each layer
plus the initial embedding outputs.

attentions (:obj: tuple(torch.FloatTensor) , ‘optional’,
returned when " output attentions=True ° is passed or when
" “config.output attentions=True '):
Tuple of :0bj: torch.FloatTensor (one for each layer) of
shape :0bj: (batch size, num heads,

sequence length, sequence length) .

Attentions weights after the attention softmax, used to
compute the weighted average in the self-attention

heads.

loss: Optional[torch.FloatTensor] = None

prediction logits: torch.FloatTensor = None

seq relationship logits: torch.FloatTensor = None

hidden states: Optional[Tuple[torch.FloatTensor]] = None
attentions: Optional[Tuple[torch.FloatTensor]] = None

BERT START DOCSTRING = r"""

This model inherits from :class: ~transformers.PreTrainedModel .
Check the superclass documentation for the generic

methods the 1library implements for all its model (such as
downloading or saving, resizing the input embeddings,

pruning heads etc.)

This model is also a PyTorch “torch.nn.Module
<https://pytorch.org/docs/stable/nn.html#torch.nn.Module>"

subclass. Use it as a regular PyTorch Module and refer to the
PyTorch documentation for all matter related to

general usage and behavior.

Parameters:
config (:class: ~transformers.BertConfig’) : Model
configuration class with all the parameters of the model.
Initializing with a config file does not load the weights
associated with the model, only the

configuration. Check out
the :meth: ~transformers.PreTrainedModel.from pretrained' method to
load the model

weights.
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BERT INPUTS DOCSTRING = r"""
Args:
input ids (:0bj: torch.LongTensor’ of shape :0bj: ({0})):

Indices of input sequence tokens in the vocabulary.

Indices can be obtained
using :class: ~transformers.BertTokenizer . See

:meth: transformers.PreTrainedTokenizer.encode’
and :meth: transformers.PreTrainedTokenizer. call =~ for

details.

"What are input IDs? <../glossary.html#input-ids>"
attention mask (:obj: torch.FloatTensor of shape :obj: ({0}) ,
‘optional’) :
Mask to avoid performing attention on padding token
indices. Mask wvalues selected in "~ [0, 1] ":

- 1 for tokens that are **not masked**,
- 0 for tokens that are **masked*~*.

"What are attention masks? <../glossary.html#attention-
mask>"
token type ids (:0bj: torch.LongTensor of shape :obj: ({0}),
‘optional’) :
Segment token indices to indicate first and second
portions of the inputs. Indices are selected in " [0,
11

- 0 corresponds to a “sentence A" token,
- 1 corresponds to a “sentence B® token.

"What are token type 1IDs? <../glossary.html#token-type-

ids>"
position ids (:0bj: torch.LongTensor  of shape :0bj: ({0}) ",
“optional’) :
Indices of positions of each input sequence tokens in the
position embeddings. Selected in the range [0,
config.max position embeddings - 1] °
"What are position IDs? <../glossary.html#position-ids>"
head mask (:obj: torch.FloatTensor" of
shape :obj: (num heads, ) or :obj: (num layers, num heads) °,
“optional’) :
Mask to nullify selected heads of the self-attention
modules. Mask values selected in "~ [0, 1] °

- 1 indicates the head is **not masked*~*,
- 0 indicates the head is **masked**.
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inputs embeds (:obj: torch.FloatTensor  of shape :obj: ({0},
hidden size) , "optional’):
Optionally, instead of passing :obj: input ids  you can
choose to directly pass an embedded representation.
This 1s wuseful if you want more control over how to
convert :obj: input ids  indices into associated
vectors than the model's internal embedding lookup matrix.

output attentions (:0bj: bool’, “optional’):
Whether or not to return the attentions tensors of all
attention layers. See "~ “attentions’ under returned

tensors for more detail.
output hidden states (:0bj: bool’, "optional’):
Whether or not to return the hidden states of all layers.

See " "hidden states ~ under returned tensors for
more detail.
return dict (:obj: bool", “optional’):
Whether or not to return
a :class: ~transformers.file utils.ModelOutput® instead of a plain
tuple.

@add start docstrings(

"The bare Bert Model transformer outputting raw hidden-states
without any specific head on top.",

BERT START DOCSTRING,

)
class BertModel (BertPreTrainedModel) :

The model can behave as an encoder (with only self-attention) as
well as a decoder, in which case a layer of

cross-attention 1is added Dbetween the self-attention layers,
following the architecture described in "Attention is

all you need <https://arxiv.org/abs/1706.03762>" = by Ashish
Vaswani, Noam Shazeer, Niki Parmar, Jakob Uszkoreit,

Llion Jones, Aidan N. Gomez, Lukasz Kaiser and Illia Polosukhin.

To behave as an decoder the model needs to be initialized with
the :o0bj: is decoder  argument of the configuration

set to :0bj: True . To be used in a Seg2Seqg model, the model needs
to initialized with both :obj: is decoder”
argument and :obj: add cross attention’ set to :obj: True ;

an :obj: encoder hidden states  1is then expected as an
input to the forward pass.

def init (self, config, add pooling layer=True) :
super (). 1init (config)
self.config = config
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self.embeddings = BertEmbeddings (confiqg)
self.encoder = BertEncoder (configqg)

self.pooler = BertPooler(config) 1if add pooling layer else
None

self.init weights()

def get input embeddings (self):
return self.embeddings.word embeddings

def set input embeddings (self, value):
self.embeddings.word embeddings = value

def prune heads(self, heads to prune):
Prunes heads of the model. heads to prune: dict of {layer num:
list of heads to prune in this layer} See base
class PreTrainedModel

for layer, heads in heads to prune.items() :
self.encoder.layer[layer].attention.prune heads (heads)

@add start docstrings to model forward (BERT INPUTS DOCSTRING.format ("b
atch size, sequence length"))
@add code sample docstrings (
tokenizer class= TOKENIZER FOR DOC,
checkpoint="bert-base-uncased",
output type=BaseModelOutputWithPoolingAndCrossAttentions,
config class= CONFIG FOR DOC,

def forward(
self,
input ids=None,
attention mask=None,
token type ids=None,
position ids=None,
head mask=None,
inputs embeds=None,
encoder hidden states=None,
encoder attention mask=None,
output attentions=None,
output hidden states=None,
return dict=None,

r" mwwn
encoder hidden states (:obj: torch.FloatTensor" of
shape :0bj: (batch size, sequence length, hidden size) , “optional’):

Sequence of hidden-states at the output of the last layer
of the encoder. Used in the cross-attention if
the model is configured as a decoder.
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encoder attention mask (:obj: torch.FloatTensor" of
shape :0bj: (batch size, sequence length) , “optional’):
Mask to avoid performing attention on the padding token
indices of the encoder input. This mask is used in
the cross-attention 1if the model 1is configured as a
decoder. Mask values selected in ~ [0, 171 ":

- 1 for tokens that are **not masked*¥*,
- 0 for tokens that are **masked**.
output attentions = output attentions if output attentions is
not None else self.config.output attentions
output hidden states = (
output hidden states 1f output hidden states is not None
else self.config.output hidden states
)
return dict = return dict 1f return dict 1is not None else
self.config.use return dict

if input ids is not None and inputs embeds is not None:
raise ValueError ("You cannot specify both input ids and
inputs embeds at the same time")
elif input ids is not None:

input shape = input ids.size()
elif inputs embeds is not None:

input shape = inputs embeds.size () [:-1]
else:

raise ValueError ("You have to specify either input ids or
inputs embeds")

device = 1input ids.device 1f input ids 1s not None else
inputs embeds.device

if attention mask is None:
attention mask = torch.ones (input shape, device=device)
if token type ids is None:
token type ids = torch.zeros (input shape, dtype=torch.long,
device=device)

# We can provide a self-attention mask of dimensions
[batch size, from seq length, to seqg length]

# ourselves in which «case we just need to make it
broadcastable to all heads.

extended attention mask: torch.Tensor =
self.get extended attention mask(attention mask, input shape, device)

# If a 2D or 3D attention mask is provided for the cross-
attention

# we need to make broadcastable to [batch size, num heads,
seq length, seqg length]
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if self.config.is decoder and encoder hidden states 1is not

None:

encoder batch size, encoder sequence length, _ =
encoder hidden states.size()

encoder hidden shape = (encoder batch size,

encoder sequence length)

if encoder attention mask is None:

encoder attention mask =

torch.ones (encoder hidden shape, device=device)

encoder extended attention mask =
self.invert attention mask(encoder attention mask)

else:
encoder extended attention mask = None

# Prepare head mask if needed

# 1.0 in head mask indicate we keep the head

# attention probs has shape bsz x n heads x N x N

# input head mask has shape [num heads] or [num hidden layers
x num_heads]

# and head mask 1is converted to shape [num hidden layers x
batch x num heads x seg length x seqg length]

head mask = self.get head mask (head mask,
self.config.num hidden layers)

embedding output = self.embeddings (
input ids=input ids, position ids=position ids,
token type ids=token type ids, inputs embeds=inputs embeds
)
encoder outputs = self.encoder (
embedding output,
attention mask=extended attention mask,
head mask=head mask,
encoder hidden states=encoder hidden states,

encoder attention mask=encoder extended attention mask,
output attentions=output attentions,
output hidden states=output hidden states,
return dict=return dict,
)
sequence output = encoder outputs[0]
pooled output = self.pooler (sequence output) if self.pooler is
not None else None

if not return dict:
return (sequence output, pooled output) +
encoder outputs([l:]

return BaseModelOutputWithPoolingAndCrossAttentions (
last hidden state=sequence output,
pooler output=pooled output,
hidden states=encoder outputs.hidden states,
attentions=encoder outputs.attentions,
cross_attentions=encoder outputs.cross attentions,
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@add start docstrings(

Bert Model with two heads on top as done during the pretraining: a
‘masked language modeling  head and a “next

sentence prediction (classification)  head.

BERT START DOCSTRING,
)
class BertForPreTraining (BertPreTrainedModel) :
def  init (self, config):
super (). 1init (config)

self.bert = BertModel (config)
self.cls = BertPreTrainingHeads (confiq)

self.init weights ()

def get output embeddings (self):
return self.cls.predictions.decoder

def set output embeddings(self, new embeddings) :
self.cls.predictions.decoder = new embeddings

@add start docstrings to model forward (BERT INPUTS DOCSTRING.format ("b
atch size, sequence length"))
@replace return docstrings (output type=BertForPreTrainingOutput,
config class= CONFIG FOR DOC)
def forward(
self,
input ids=None,
attention mask=None,
token type ids=None,
position ids=None,
head mask=None,
inputs embeds=None,
labels=None,
next sentence label=None,
output attentions=None,
output hidden states=None,
return dict=None,

r" mww
labels (:0bj: torch.LongTensor" of shape " (batch_size,
sequence length) ", “optional’):
Labels for computing the masked language modeling 1loss.
Indices should be in ~°[-100, O, ...,
config.vocab size] =~ (see =~ “input ids = docstring) Tokens

with indices set to "~ -100"" are ignored
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(masked), the loss is only computed for the tokens with
labels in " [0, ..., config.vocab size]
next sentence label (" "torch.LongTensor of shape
(batch size,) ", "optional’):
Labels for computing the next sequence prediction
(classification) loss. Input should be a sequence pair

[N

(see :0bj: input ids  docstring) Indices should be in " [O,
1]

- 0 indicates sequence B is a continuation of sequence A,
- 1 indicates sequence B is a random sequence.

kwargs (:obj: Dict[str, any] , optional, defaults to “{}):
Used to hide legacy arguments that have been deprecated.

Returns:
Example::
>>> from transformers import BertTokenizer,

BertForPreTraining
>>> import torch

>>> tokenizer = BertTokenizer.from pretrained('bert-base-
uncased')

>>> model = BertForPreTraining.from pretrained('bert-base-
uncased')

>>> inputs = tokenizer ("Hello, my dog is cute",

return tensors="pt")
>>> outputs = model (**inputs)

>>> prediction logits = outputs.prediction logits
>>> seq relationship logits =
outputs.seq relationship logits
return dict = return dict 1f return dict 1is not ©None else
self.config.use return dict

outputs = self.bert(
input ids,
attention mask=attention mask,
token type ids=token type ids,
position ids=position ids,
head mask=head mask,
inputs embeds=inputs embeds,
output attentions=output attentions,
output hidden states=output hidden states,
return dict=return dict,

sequence output, pooled output = outputs[:2]
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prediction scores, seq relationship score =
self.cls (sequence output, pooled output)

total loss = None
if labels is not None and next sentence label is not None:
loss fct = CrossEntropyLoss ()
masked 1m loss = loss fct(prediction scores.view(-1,
self.config.vocab size), labels.view(-1))
next sentence loss =
loss fct(seq relationship score.view(-1, 2),
next sentence label.view(-1))
total loss = masked 1m loss + next sentence loss

if not return dict:
output = (prediction scores, seq relationship score) +
outputs([2:]
return ((total loss,) + output) if total loss is not None
else output

return BertForPreTrainingOutput (
loss=total loss,
prediction logits=prediction scores,
seq relationship logits=seq relationship score,
hidden states=outputs.hidden states,
attentions=outputs.attentions,

@add start docstrings(
"""Bert Model with a “language modeling® head on top for CLM fine-
tuning. """, BERT START DOCSTRING

)
class BertlLMHeadModel (BertPreTrainedModel) :

_keys to ignore on load unexpected = [r"pooler"]
_keys to ignore on load missing = [r"position ids",

r"predictions.decoder.bias"]

def init (self, config):
super (). 1init (config)

if not config.is decoder:
logger.warning ("If you want to use ~BertLMHeadModel® as a

standalone, add "is decoder=True. ")

self.bert = BertModel (config, add pooling layer=False)
self.cls = BertOnlyMLMHead (configqg)

self.init weights()

def get output embeddings (self):
return self.cls.predictions.decoder
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def set output embeddings (self, new embeddings) :
self.cls.predictions.decoder = new embeddings

@add start docstrings to model forward (BERT INPUTS DOCSTRING.format ("b
atch size, sequence length"))

@replace return docstrings (output type=CausallMOutputWithCrossAttentio
ns, config class= CONFIG FOR DOC)
def forward(
self,
input ids=None,
attention mask=None,
token type ids=None,
position ids=None,
head mask=None,
inputs embeds=None,
encoder hidden states=None,
encoder attention mask=None,
labels=None,
output attentions=None,
output hidden states=None,
return dict=None,

prn
encoder hidden states (:0bj: torch.FloatTensor" of
shape :0bj: (batch size, sequence length, hidden size) , “optional’):
Sequence of hidden-states at the output of the last layer
of the encoder. Used in the cross-attention if
the model is configured as a decoder.
encoder attention mask (:obj: torch.FloatTensor" of
shape :0bj: (batch size, sequence length) , “optional’):
Mask to avoid performing attention on the padding token
indices of the encoder input. This mask is used in
the cross-attention 1f the model 1is configured as a
decoder. Mask values selected in "~ [0, 1] °

- 1 for tokens that are **not masked*¥*,
- 0 for tokens that are **masked**.
labels (:obj: torch.LongTensor  of shape :0bj: (batch size,
sequence length) ', “optional’):
Labels for computing the left-to-right language modeling

loss (next word prediction). Indices should be in
- [-100, O, ..., config.vocab size] = (see = “input ids
docstring) Tokens with indices set to ~"-100"" are
ignored (masked), the loss is only computed for the tokens
with labels n "~ [0, ..., config.vocab size]
Returns:

Example::
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>>> from transformers import BertTokenizer,
BertLMHeadModel, BertConfig
>>> import torch

>>> tokenizer = BertTokenizer.from pretrained('bert-base-
cased')

>>> config = BertConfig.from pretrained("bert-base-cased")

>>> config.is decoder = True

>>> model = BertLMHeadModel.from pretrained('bert-base-
cased', config=confiqg)

>>> inputs = tokenizer ("Hello, my dog is cute",
return tensors="pt")
>>> outputs = model (**inputs)

>>> prediction logits = outputs.logits
return dict = return dict 1if return dict is not ©None else
self.config.use return dict

outputs = self.bert(
input ids,
attention mask=attention mask,
token type ids=token type ids,
position ids=position ids,
head mask=head mask,
inputs embeds=inputs embeds,
encoder hidden states=encoder hidden states,
encoder attention mask=encoder attention mask,
output attentions=output attentions,
output hidden states=output hidden states,
return dict=return dict,

sequence output = outputs[0]
prediction scores = self.cls(sequence output)

Im loss = None
if labels is not None:
# we are doing next-token prediction; shift prediction
scores and input ids by one

shifted prediction scores = prediction scores|:, 1=
1, :].contiguous/()

labels = labels[:, 1l:].contiguous/()

loss fct = CrossEntropylLoss ()

Im loss = loss fct(shifted prediction scores.view (-1,

self.config.vocab size), labels.view(-1))
if not return dict:

output = (prediction scores,) + outputs[2:]
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return ((lm loss,) + output) if 1Im loss 1is not None else
output

return CausalLMOutputWithCrossAttentions (
loss=1m loss,
logits=prediction_ scores,
hidden states=outputs.hidden states,
attentions=outputs.attentions,
cross_attentions=outputs.cross attentions,

def prepare inputs for generation(self, input ids,
attention mask=None, **model kwargs):
input shape = input ids.shape

# 1if model is used as a decoder in encoder-decoder model, the
decoder attention mask is created on the fly
if attention mask is None:
attention mask = input ids.new ones (input shape)

return {"input ids": input ids, "attention mask":
attention mask}

@add start docstrings("""Bert Model with a "language modeling head on
top. """, BERT START DOCSTRING)
class BertForMaskedLM(BertPreTrainedModel) :

_keys to ignore on load unexpected = [r"pooler"]
_keys to ignore on load missing = [r"position ids",
r"predictions.decoder.bias"]

def init (self, config):
super (). 1init (config)

if config.is decoder:
logger.warning (
"If you want to use "BertForMaskedLM® make sure
‘config.is decoder=False  for "

"bi-directional self-attention."

)

self.bert = BertModel (config, add pooling layer=False)
self.cls = BertOnlyMLMHead (configqg)

self.init weights ()

def get output embeddings (self):
return self.cls.predictions.decoder

def set output embeddings (self, new embeddings) :
self.cls.predictions.decoder = new embeddings
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@add start docstrings to model forward (BERT INPUTS DOCSTRING.format ("b
atch size, sequence length"))
@add code sample docstrings (
tokenizer class= TOKENIZER FOR DOC,
checkpoint="bert-base-uncased",
output type=MaskedLMOutput,
config class= CONFIG FOR DOC,

def forward(
self,
input ids=None,
attention mask=None,
token type ids=None,
position ids=None,
head mask=None,
inputs embeds=None,
encoder hidden states=None,
encoder attention mask=None,
labels=None,
output attentions=None,
output hidden states=None,
return dict=None,

r" mwwn
labels (:obj: torch.LongTensor  of shape :0bj: (batch size,
sequence length) ', ‘optional’):
Labels for computing the masked language modeling 1loss.

Indices should be in °~ " [-100, 0, ...,
config.vocab size] ~ (see "~ “input ids = docstring) Tokens
with indices set to "~ -100"" are ignored
(masked), the loss is only computed for the tokens with
labels in " [0, ..., config.vocab size]
return dict = return dict 1f return dict 1is not ©None else

self.config.use return dict

outputs = self.bert(
input ids,
attention mask=attention mask,
token type ids=token type ids,
position ids=position ids,
head mask=head mask,
inputs embeds=inputs embeds,
encoder hidden states=encoder hidden states,
encoder attention mask=encoder attention mask,
output attentions=output attentions,
output hidden states=output hidden states,
return dict=return dict,
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sequence output = outputs[0]
prediction scores = self.cls(sequence output)

masked Im loss = None
if labels is not None:
loss fct = CrossEntropyLoss() # -100 index = padding
token
masked 1m loss = loss fct (prediction scores.view(-1,
self.config.vocab size), labels.view(-1))

if not return dict:

output = (prediction scores,) + outputs[2:]
return ((masked Im loss,) + output) if masked 1lm loss 1is
not None else output

return MaskedLMOutput (
loss=masked 1lm loss,
logits=prediction scores,
hidden states=outputs.hidden states,
attentions=outputs.attentions,

def prepare inputs for generation (self, input ids,
attention mask=None, **model kwargs):
input shape = input ids.shape
effective batch size = input shape[0]

# add a dummy token
assert self.config.pad token id is not None, "The PAD token
should be defined for generation”

attention mask = torch.cat ([attention mask,
attention mask.new zeros((attention mask.shape[0], 1))], dim=-1)
dummy token = torch.full
(effective batch size, 1), self.config.pad token id,

dtype=torch.long, device=input ids.device

)

input ids = torch.cat([input ids, dummy token], dim=1)

return {"input ids": input ids, "attention mask":
attention mask}

@add start docstrings(

"""Bert Model with a "next sentence prediction (classification)’
head on top. """,

BERT START DOCSTRING,

)

class BertForNextSentencePrediction (BertPreTrainedModel) :
def init (self, config):
super (). 1init (config)
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self.bert = BertModel (config)
self.cls = BertOnlyNSPHead (configqg)

self.init weights()

@add start docstrings to model forward(BERT INPUTS DOCSTRING.format ("b
atch size, sequence length"))
@replace return docstrings (output type=NextSentencePredictorOutput,
config class= CONFIG FOR DOC)
def forward(
self,
input ids=None,
attention mask=None,
token type ids=None,
position ids=None,
head mask=None,
inputs embeds=None,
labels=None,
output attentions=None,
output hidden states=None,
return dict=None,
**kwargs

r" mwn

labels (:obj: torch.LongTensor of shape :0bj:  (batch size,) ",
“optional’) :
Labels for computing the next sequence prediction
(classification) loss. Input should be a sequence pair
(see "~ “input ids = docstring). Indices should be in [0,
11°

- 0 indicates sequence B is a continuation of sequence A,
- 1 indicates sequence B is a random sequence.

Returns:

Example::

>>> from transformers import BertTokenizer,
BertForNextSentencePrediction
>>> import torch

>>> tokenizer = BertTokenizer.from pretrained('bert-base-
uncased')

>>> model =
BertForNextSentencePrediction.from pretrained('bert-base-uncased')

>>> prompt = "In Italy, pizza served in formal settings,
such as at a restaurant, is presented unsliced."
>>> next sentence = "The sky 1is blue due to the shorter

wavelength of blue light."
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>>> encoding = tokenizer (prompt, next sentence,
return tensors='pt')

>>> outputs = model (**encoding,
labels=torch.LongTensor ([1]))

>>> logits = outputs.logits

>>> assert logits[0, 0] < logits[0, 1] # next sentence was
random

if "next sentence label" in kwargs:
warnings.warn (
"The "next sentence label” argument is deprecated and
will be removed in a future version, use " labels’ instead.",

FutureWarning,
)
labels = kwargs.pop ("next sentence label")
return dict = return dict 1if return dict is not ©None else

self.config.use return dict

outputs = self.bert(
input ids,
attention mask=attention mask,
token type ids=token type ids,
position ids=position ids,
head mask=head mask,
inputs embeds=inputs embeds,

output attentions=output attentions,
output hidden states=output hidden states,
return dict=return dict,

pooled output = outputs[1]
seq relationship scores = self.cls(pooled output)

next sentence loss = None
if labels is not None:
loss fct = CrossEntropylLoss ()
next sentence loss =
loss fct(seq relationship scores.view(-1, 2), labels.view(-1))

if not return dict:
output = (seq relationship scores,) + outputs[2:]
return ((next sentence loss,) + output) if

next sentence loss is not None else output

return NextSentencePredictorOutput (
loss=next sentence loss,
logits=seq relationship scores,
hidden states=outputs.hidden states,
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attentions=outputs.attentions,

@add start docstrings(

Bert Model transformer with a sequence classification/regression
head on top (a linear layer on top of the pooled

output) e.g. for GLUE tasks.

BERT START DOCSTRING,
)

class BertForSequenceClassification (BertPreTrainedModel) :

def init (self, config):
super (). 1init (config)
self.num labels = config.num labels

self.bert = BertModel (config)

self.dropout = nn. Dropout(conflg hidden dropout prob)

self.classifier = nn.Linear (config.hidden size,
config.num labels)

self.init weights()

@add start docstrings to model forward (BERT INPUTS DOCSTRING.format ("b
atch size, sequence length"))
@add code sample docstrings (
tokenizer class= TOKENIZER FOR DOC,
checkpoint="bert-base-uncased",
output type=SequenceClassifierOutput,
config class= CONFIG FOR DOC,

def forward/(
self,
input ids=None,
attention mask=None,
token type ids=None,
position ids=None,
head mask=None,
inputs embeds=None,
labels=None,
output attentions=None,
output hidden states=None,
return dict=None,

r" mwwn
labels (:obj: torch.LongTensor of shape :0bj:  (batch size,) ,
“optional’) :
Labels for computing the sequence
classification/regression loss. Indices should be in :obj: [0, ...,
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config.num labels - 1] . If :0bj: config.num labels == 1°

a regression loss is computed (Mean-Square loss),

If :obj: config.num labels > 1° a classification loss 1is

computed (Cross-Entropy) .

return dict = return dict 1f return dict 1is not ©None else

self.config.use return dict

outputs = self.bert(
input ids,
attention mask=attention mask,
token type ids=token type ids,
position ids=position ids,
head mask=head mask,
inputs embeds=inputs embeds,
output attentions=output attentions,
output hidden states=output hidden states,
return dict=return dict,

pooled output outputs[1]
pooled output = self.dropout (pooled output)
logits = self.classifier (pooled output)

loss = None
if labels is not None:
if self.num labels == 1:
# We are doing regression
loss fct = MSELoss()

loss = loss fct(logits.view(-1), labels.view(-1))
else:

loss fct = CrossEntropylLoss ()

loss = loss fct(logits.view (-1, self.num labels)

labels.view(-1))

if not return dict:
output = (logits,) + outputs[2:]
return ((loss,) + output) i1if loss is not None else output

return SequenceClassifierOutput (
loss=loss,
logits=logits,
hidden states=outputs.hidden states,
attentions=outputs.attentions,

@add start docstrings(

4
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Bert Model with a multiple choice classification head on top (a
linear layer on top of the pooled output and a

softmax) e.g. for RocStories/SWAG tasks.

BERT START DOCSTRING,
)
class BertForMultipleChoice (BertPreTrainedModel) :

def init (self, config):

super (). 1init (config)

self.bert = BertModel (config)
self.dropout = nn.Dropout (config.hidden dropout prob)
self.classifier = nn.Linear (config.hidden size, 1)

self.init weights()

@add start docstrings to model forward (BERT INPUTS DOCSTRING.format ("b
atch size, num choices, sequence length"))
@add code sample docstrings (
tokenizer class= TOKENIZER FOR DOC,
checkpoint="bert-base-uncased",
output type=MultipleChoiceModelOutput,
config class= CONFIG FOR DOC,

def forward(
self,
input ids=None,

attention mask=None,

token type ids=None,
position ids=None,

head mask=None,

inputs embeds=None,
labels=None,

output attentions=None,
output hidden states=None,
return dict=None,

prn
labels (:obj: torch.LongTensor of shape :0bj:  (batch size,) ,
“optional’) :
Labels for computing the multiple choice classification
loss. Indices should be in "~ [0, ...,
num choices-1] °~ where :0bj: num choices  1is the size of
the second dimension of the input tensors. (See
:obj: input ids above)
return dict = return dict 1f return dict 1is not ©None else
self.config.use return dict
num choices = input ids.shape[l] if input ids is not None else

inputs embeds.shape[1l]
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input ids = input ids.view (-1, input ids.size(-1)) if
input ids is not None else None

attention mask = attention mask.view (-1, attention mask.size (-
1)) if attention mask is not None else None

token type ids = token type ids.view (-1, token type ids.size (-
1)) if token type ids 1is not None else None

position ids = position ids.view (-1, position ids.size(-1)) if

position ids is not None else None
inputs embeds = (
inputs embeds.view (-1, inputs embeds.size(-2),
inputs embeds.size (-1))
if inputs embeds is not None
else None

)

outputs = self.bert
input ids,
attention mask=attention mask,
token type ids=token type ids,
position ids=position ids,
head mask=head mask,
inputs embeds=inputs embeds,
output attentions=output attentions,
output hidden states=output hidden states,
return dict=return dict,

pooled output = outputs[1]

pooled output = self.dropout (pooled output)
logits = self.classifier (pooled output)
reshaped logits = logits.view (-1, num choices)

loss = None
if labels is not None:
loss fct = CrossEntropyLoss ()
loss = loss fct(reshaped logits, labels)

if not return dict:
output = (reshaped logits,) + outputs[2:]
return ((loss,) + output) i1if loss is not None else output

return MultipleChoiceModelOutput (
loss=loss,
logits=reshaped logits,
hidden states=outputs.hidden states,
attentions=outputs.attentions,

@add start docstrings(
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Bert Model with a token classification head on top (a linear layer
on top of the hidden-states output) e.g. for

Named-Entity-Recognition (NER) tasks.

BERT START DOCSTRING,
)

class BertForTokenClassification (BertPreTrainedModel) :

_keys to ignore on load unexpected = [r"pooler"]
def  init (self, config):

super (). 1init (config)

self.num labels = config.num labels

self.bert = BertModel (config, add pooling layer=False)

self.dropout = nn.Dropout (config.hidden dropout prob)

self.classifier = nn.Linear (config.hidden size,
config.num labels)

self.init weights()

@add start docstrings to model forward (BERT INPUTS DOCSTRING.format ("b
atch size, sequence length"))
@add code sample docstrings (
tokenizer class= TOKENIZER FOR DOC,
checkpoint="bert-base-uncased",
output type=TokenClassifierOutput,
config class= CONFIG FOR DOC,

def forward(
self,
input ids=None,
attention mask=None,
token type ids=None,
position ids=None,
head mask=None,
inputs embeds=None,
labels=None,

output attentions=None,
output hidden states=None,
return dict=None,

r" mwn
labels (:obj: torch.LongTensor  of shape :0bj: (batch size,
sequence length) ', “optional’):
Labels for computing the token <classification loss.
Indices should be in " [0, ..., config.num labels -
17
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return dict = return dict 1if return dict 1is not ©None else
self.config.use return dict

outputs = self.bert
input ids,
attention mask=attention mask,
token type ids=token type ids,
position ids=position ids,
head mask=head mask,
inputs embeds=inputs embeds,
output attentions=output attentions,
output hidden states=output hidden states,
return dict=return dict,

sequence output = outputs[0]

sequence output self.dropout (sequence output)
logits = self.classifier (sequence output)

loss = None

if labels is not None:
loss fct = CrossEntropylLoss ()
# Only keep active parts of the loss
if attention mask is not None:

active loss = attention mask.view(-1) == 1
active logits = logits.view(-1, self.num labels)
active labels = torch.where
active loss, labels.view(-1),

torch.tensor (loss fct.ignore index) .type as(labels)
)
loss = loss_ fct(active logits, active labels)
else:
loss
labels.view(-1))

loss fct(logits.view (-1, self.num labels),

if not return dict:
output = (logits,) + outputs[2:]
return ((loss,) + output) i1if loss is not None else output

return TokenClassifierOutput (
loss=loss,
logits=logits,
hidden states=outputs.hidden states,
attentions=outputs.attentions,

@add start docstrings (

Bert Model with a span classification head on top for extractive
question-answering tasks like SQuAD (a linear
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layers on top of the hidden-states output to compute “span start
logits® and “span end logits’).

mww ",

BERT START DOCSTRING,
)

class BertForQuestionAnswering (BertPreTrainedModel) :

_keys to ignore on load unexpected = [r"pooler"]
def  init (self, config):

super (). 1init (config)

self.num labels = config.num labels

self.bert = BertModel (config, add pooling layer=False)
self.ga outputs = nn.Linear (config.hidden size,
config.num labels)

self.init weights ()

@add start docstrings to model forward (BERT INPUTS DOCSTRING.format ("b
atch size, sequence length"))
@add code sample docstrings (
tokenizer class= TOKENIZER FOR DOC,
checkpoint="bert-base-uncased",
output type=QuestionAnsweringModelOutput,
config class= CONFIG FOR DOC,

def forward(
self,
input ids=None,
attention mask=None,
token type ids=None,
position ids=None,
head mask=None,
inputs embeds=None,
start positions=None,
end positions=None,
output attentions=None,
output hidden states=None,
return dict=None,

r" mww
start positions (:0bj: torch.LongTensor" of
shape :0bj: (batch size,) , ‘optional’):

Labels for position (index) of the start of the labelled
span for computing the token classification loss.
Positions are clamped to the length of the sequence

(:0bj: sequence length'). Position outside of the
sequence are not taken into account for computing the loss.
end positions (:0bj: torch.LongTensor" of
shape :0bj: (batch size,) , "optional’):
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Labels for position (index) of the end of the labelled
span for computing the token classification loss.
Positions are clamped to the length of the sequence
(:0bj: sequence length'). Position outside of the
sequence are not taken into account for computing the loss.

return dict = return dict if return dict is not None

self.config.use return dict

inputs,

outputs = self.bert(
input ids,
attention mask=attention mask,
token type ids=token type ids,
position ids=position ids,
head mask=head mask,
inputs embeds=inputs embeds,
output attentions=output attentions,
output hidden states=output hidden states,
return dict=return dict,

sequence output = outputs[0]

logits = self.ga outputs(sequence output)

start logits, end logits = logits.split(l, dim=-1)
start logits = start logits.squeeze(-1)

end logits = end logits.squeeze (-1)

total loss = None

else

if start positions is not None and end positions is not None:

# If we are on multi-GPU, split add a dimension

if len(start positions.size()) > 1:

start positions = start positions.squeeze(-1)
if len(end positions.size()) > 1:

end positions = end positions.squeeze (-1)

# sometimes the start/end positions are outside our model

we ignore these terms
ignored index = start logits.size (1)

start positions.clamp (0, ignored index)
end positions.clamp (0, ignored index)

loss fct = CrossEntropyLoss (ignore index=ignored index)

start loss = loss fct(start logits, start positions)
end loss = loss fct(end logits, end positions)
total loss = (start loss + end loss) / 2

if not return dict:
output = (start logits, end logits) + outputs[2:]

return ((total loss,) + output) if total loss is not None

else output
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return QuestionAnsweringModelOutput (
loss=total loss,
start logits=start logits,
end logits=end logits,
hidden states=outputs.hidden states,
attentions=outputs.attentions,
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