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[IpAT «IIBH3 «3ATIOPI3bKMI IHCTUTYT EKOHOMIKU TA
[HOOPMALIMHUX TEXHOJIOI'TIA

Kadempa (library.econom.zp.ua) indopMartiiiHuX TeXHOJIOTIH

3ATBEPIKVIO

3aB. xkadenpu

n.e.H., gor. C.1. JleBunbkuit

SABJIAHHA
HA MATICTEPCBKY JUITJIOMHY POBOTY (library.econom.zp.ua)

crynenTa rp. [[13-312m, coemansraocTi 121 «JHxeHepiss porpaMHOro 3a0e3eueHHS)

OI1 «IH)KGHGDi}I IIpOorpaMHoOro 3a0e3IIeUCHHS

ITonckpedka Onexcanapa CepriioBuya

1.Tema: Po3poOka nmporpaMHux 3aco0iB peaiizaiii HEHPOMEPEKEBOTO MOJIEITIOBAHHS

sarBep/ukena Haxkaszom 1o iactuTyTy Ne 02-30 Bix 20.10.2023 p.

2. TepMiH 31241 CTYAEHTOM 3aKiHUYeHO1 poboTu: 16.12.2023 p.

3. [lepenik nuTanb, MO MJUIATaTs PO3P0OIH

1. (library.econom.zp.ua) IlpoananizyBaTu BIUIMB HEWPOHHUX MEPEXK HA OI3HEC Ta

JIIOJICHKE JKUTTSL,

2. IIpoanasni3zyBaTi HAIPSIMKU HEHPOMEPEKEBOIO MOJAEITIOBAHHS

3. Hamatu pexkoMeHaarii Moo armapaTtHoro Ta nporpaMmHoro 3ade3rneyeHHs He0OX1IHOTO

JUISA PO3POOKH 1 BUKOPUCTAHHS HEMPOHHUX MEPEK:

4. PeaizoByBaTy 3aauy Kjiaacudikaiii TEKCTY KJIACHYHUMH aAJITOPUTMAMH MAIIAHHOTO

HaB4YaHHA.

5. IToOyayBaT Moael Ui BUPIMIEHHS 3aJ1a4 00OPOOKH OPUPOJHOT MOBH 34 JTOIIOMOIH

HEUPOHHUX MEPEXK;

6. Po3pobuTn Mmojiem kinacudikaiii 300pakeHb 1 HEHPOMEPEKEBI MOJIE IPOrHO3YBAHHS

YJACOBUX DSIIB;
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7. Po3po0OuTH MIKPOCEPBIC aHATI3Y TOHAJILHOCTI TEKCTY.




4. Kanenaapuwuii rpadik miAroToBKM MaricTepchkoi qurioMuoi podotu (77.93.36.128)
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TUIUIOMHOT  po0OOTH
Ha Kadeapy

8. 3axuct 17.01.24
MaricTepchbKoi
JTUIIJIOMHO1 pOOOTH

Jlata Bumaui 3aBnanss: 05.10.2023 p.

KepiBHUK Marictepchkoi poOoTu C.1. JleBunibkuit
(miamuc) (mpi3BuIe, 1HIIIAMN)
3aBIaHHS OTPUMAB JI0 BUKOHAHHS O.C. Iloackpebko
(miamuc cTyaeHTa) (mpi3BHILE Ta 1HIIIATN)
PE®EPAT

Maricrepcbka aumiomHa podora mictuth 94 cropinku, 7 Tabmuup, 60 puCyHKIB,
TpU AoaaTky, 27 616aiorpadiuHUX MOCUIIaHHS.

O06’exToM JOCHIDKEHHST € TPOIEC PO3POOKHM MPOrpaMHUX 3aco0iB peasizarlii
HEHPOMEPEIKEBOTO MOICITIOBAHHS.

[IpenMeToM moCHiKEHHS € MeToau 1 mpakthudi migxomu mo (77.93.36.128)
PO3pOOKHU MPOTPaMHUX 3aCO01B peaizailii HeUpoOMEpPEKEBOI0 MOJICTIOBAHHSI.

B mepmomy posain mpoaHalli30BaHO MPEaMETHY 001acTh. JlOCHIIKEHO BILIMB
HEHPOHHMX MeEpeX Ha OI3HeC Ta JOJCbKE KUTTSA. PO3MISIHYTI HampsMKu
HEHPOMEPEIKEBOTO MOJIETIOBaHHS. [IpoBeeHo aHami3 10 amapaTHOTO Ta MPOTPAMHOTO
3a0e3nedeHHs 1J1s1 PO3POOKU HEUPOHHUX MEPEK.

VY apyromy po3iii po3risiHyTI OCHOBH1 010J110T€KH JJ1s1 1Sl pO3POOKU HEHPOHHUX
Mepex. [TpoananizoBaHo IHCTPYMEHTH peaiizallli HeMpOHHUX MEPEX Ta OCOOJIMBOCTI Ta
BIIMIHHOCTI 3TOPTKOBUX Ta PEKYPEHTHUX HEHPOHHHUX MEPEK.

B TpeTrhoMy po3nuii peayi3oBaHO BUPIIIEHHS 3adadl kiacu@ikaiii TeKCTy
KJIACHYHUMHU aJITOPUTMaMU MAIIIMHHOTO HaBuyaHHA. [IpogemMoHCcTpoBaHO crocoOu
BUPIIIEHHS 337249 00pOOKH IPUPOTHOI MOBH 3a JIOTIOMOTH HEMPOHHUX Mepek. BukoHaHo
peanizallito BUPIIICHHs 3a1a4 Kjacudikaiiii 300pakeHb 1 HEMpOMEpEeKEBUX MOJIeIIeH

MIPOTHO3YBaHHS YacCOBUX PsiB. Po3pobiieHo MikpocepBic aHali3y TOHATBHOCTI TEKCTY.
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PesynpTaToMm pobOTH € po3poOJieHH MIKPOCEPBIC aHali3y TOHAJIbHOCTI
TEKCTY, KM MOXK€ OYTH BHUKOPUCTAHUN CIELIaiCTaMU Pi3HOTO MPOodiIt0, TAKUMHU SIK

aHaJIITUKHA, MAPKETOJIOTH, CITy>K0a MiITPUMKH 1 T.I1.

HENPOMEPEXXEBE MOJIEJIIOBAHHS, MAIIIMHHE HABYAHHS,
AHAJII3 TOHAJIBHOCTI TEKCTY, FLASK, PYTORCH, NLP



SMICT
[NTEPEJIIK YMOBHUX ITO3HAYEHBL, CUMBOJIIB, OAMHULIb, CKOPOYEHbD I

(eir.zntu.edu.ua) TEPMIHIB...........ccocoiiiiiieiic et 6
B T VIt r et n e e e nre s 7
PO3/II 1| HETPOMEPEXXEBE MOJIEJTFOBAHHS: OCHOBHI

HATIPSIMEK ...ttt 10
1.1. BnnuB HEHPOHHUX MEPEK HA O13HEC Ta JFOJICHKE KUTTS ..cvveerveeveerieeniresnreennes 10
1.2. HanpsMku HEHPOMEPEHKEBOTO MOICTEOBAHHST ....vvervvevrersreasreaseesieessnesnneaseenes 12

1.3. Bumoru g0 amapaTHOTro Ta MPOrPaMHOTO 3a0e3MeueHHs A7l pO3POOKH HEUPOHHUX

1 (<] 01 SO P PPN USRI 19
1.4, BUCHOBKH JIO POBIILILY .reeuveeiureessreeasnsassneessneesnesssessnnesessnsessseesneesnnessnsesensesessnes 22
PO31JI 2 BUKOPUCTAHHA MOBU TIIPOTPAMYBAHHA PYTHON JJIA
CTBOPEHHS HEMPOHHUX MEPEX: IHCTPYMEHTH, BIBJIIOTEKH............ 23
2.1.  OcHOBHI 010TI0TEKH JJI1 PO3POOKH HEHPOHHUX MEPEIK .evvvveerrvrreesnrrressseneennnns 23
2.2. THCTpyMEHTH peaizallii HEUPOHHUX MEPEIK ..vvveerrrrersrrreressneeessseessnssesssssnesennns 30

2.3.  OcoOnauBOCTI Ta BIAMIHHOCTI 3rOPTKOBUX Ta PEKYPEHTHUX HEUPOHHUX MEPEK

2.4, BUCHOBKH JIO POBIIITY .uvvveeiurreesssresesssseessssssssssssssssnssesssssesssssssesssssesssnssssssseessnnns 41
PO3/11J1 3 IHCTPYMEHTU I[TPOI'PAMHOI PEAJII3ALIII HEMPOHHUX
LY g 0 TR 43

3.1. Peamizamist 3agadi knacudikaiii TeKCTy KJIACHUYHUMHU aJrOpUTMaMU MAalTMHHOTO
HABUAHHS «.vvtetteeeestteeesstteeessteeeeassseessatseeaaaseeesanbeaeasbeeeesbeeeanbeeeeanbeeeeanbeeeeanseeeennes 43
3.2. Bupimenns 3aga4 o0poOKU MPUPOIHOT MOBHU 33 JJOTIOMOTH
15 (571010050507 0.4 (=) 0 o AR TR 49

3.3. Kuacudikaris 300pakeHb 1 HEUPOMEPEKEBI MOJENI MPOTHO3YBaHHS YaCOBUX

J03; 0111 SRR 67
3.4.  Po3pobOka MIKPOCEPBICY aHATI3Y TOHATBHOCTI TEKCTY ..vvvveirrreresrrrneesssneessssneenns 78
ISR STR 7 (33 (0):3:97 91 (01§ o To1c 31 £ 1) | /0P USSR 86
BUICHOBK ..ottt sttt sttt e nnree s 87
CITMCOK BUKOPUCTAHUMX JIXKEPEJL .......cooiiiiiiieiiie e 88

D1 (071 VNS 1 2 7 OO 91


http://eir.zntu.edu.ua/bitstream/123456789/5388/1/Diplom_Kaplenko_2019.pdf
http://eir.zntu.edu.ua/bitstream/123456789/5388/1/Diplom_Kaplenko_2019.pdf

[TEPEJIIK YMOBHUX ITO3HAYEHbL, CUMBOJIIB, OAWHHNILb, CKOPOYEHD I

TEPMIHIB
CnoB0/CIOBOCTIOTYYEHHS CxopoueHHs YMOBU BUKOPHUCTaHHS
(library.econom.zp.ua)
Natural Lar_lguage NLP V TeKcTi
Processing
Long short-term memory LSTM VY Tekcri
Gated Recurrent Units GRU VY TekcTi
Cepennst abcosoTHa MAE V rekeri
IIOMUJIKA
Convolutional neural CNN V reKeri
network
Recurrent neural network RNN VY Tekcri
CepenHbOKBaIpaTU4HA RMSE V TeKcTi
IIOMUIJIKA
Bidirectional Encoder
Representations from BERT VY TekcTi
Transformers
Masked La_nguage MLM VY TekcTi
Modeling



http://library.econom.zp.ua:85/xmlui/bitstream/handle/123456789/39/2022_Antiplagiat_Skliar_IPZ-118.pdf?sequence=1&amp;isAllowed=y
http://library.econom.zp.ua:85/xmlui/bitstream/handle/123456789/39/2022_Antiplagiat_Skliar_IPZ-118.pdf?sequence=1&amp;isAllowed=y

BCTVII

HelipomepeskeBe MOJIEIIOBAHHS € TIOTYKHUM 1HCTPYMEHTOM B Tally31 IITY4YHOIO
1HTEJICKTY Ta MAIIMHHOTO HaBYaHHS. [CHYIOTh OaraTo mpHKiIaaiB KIIFOYOBHUX 3aCTOCYBAaHb
Ta BOKJIMBOCTEH peatizarii HelpoMepeKeBOTr0 MOJICTIOBaHHS.

Jlesxu TUIIH HEHPOMEPEK MOKYTh BUKOPHUCTOBYBATHCS I Ki1acudikallii 00'€eKTiB
Ha 300paKeHHSX, ayaiodaiaax adbo TeKCTOBUX JaHUX. BOHU J03BOISIIOTH TPOTHO3YBATH
MaiOyTHI 3HAYEHHs Ha OCHOBI icTOpHMYHUX AaHuX. Ile Moke OyTH 3acCTOCOBaHO B
€KOHOMIII1, (h1HaHCaX, METEOPOJIOTI] Ta IHIIKX Tay3sX IS aHaJI3y Ta MPOrHO3YBaHHS.

Hetipomepeki BUKOPUCTOBYIOTHCS JUISI aBTOMATHYHOTO TEPEKIIaTy TEKCTYy MIXK
PI3HUMH MOBaMH. BOHU MOXKyTh HaBYATHCS B3a€MOJIISITH 31 CKJIaIHUMHU JIIHTBICTUYHUMU
0COOJIMBOCTSIMU Ta KOHTEKCTAMHU.

CucreMn peKOMEHJalll BUKOPUCTOBYIOTH HEHpOMEpexl I aHaji3zy
KOPHUCTYBAI[bKUX BUOOPIB Ta pEeKOMEH/Iallii MPOAYKTIB, (P1IbMIB, KHUT TOIIIO.

Helipomepexki MOXYTh BUKOPUCTOBYBATHCS JIsl PO3B'sI3aHHS 3aBJlaHb 0OpOOKHU
MPUPOJHOI MOBHU, TaKUX SK BHU3HAYEHHS TOHAJIBHOCTI TEKCTY, KiacuQiKallisi TaKCTIiB 1
HaBITh BUPIIIYBAaTH PErpeciiiHi 3a/1a4l HA OCHOBI TEKCTOBUX JIaHUX.

Helipomepexki ronomaraioTh CTBOPIOBATH POOOTIB Ta aBTOHOMHI CHUCTEMH, SIKI
MOYTb BUYUTHCS B3aEMOJIISITH 3 OTOUCHHSIM, BU3HAYATH O00'€KTH Ta MPUIMATH PIILICHHS
Ha OCHOB1 OTPUMaHUX JIaHUX.

B MenuiuHi HefipoMepeki BAKOPUCTOBYIOTHCS JJIsl aHAJ13y 300payKeHb MEMYHHUX
3HIMKIB, J1arHOCTUKM 3aXBOPIOBaHb, PO3Mi3HABAHHS MATOJIOTIM Ta PO3POOKHM HOBUX
METO/I1B JIIKyBaHHS.

3acTocyBaHHS HEUPOMEPEKEBOIO MOJICIIOBAHHS TMOIIMPIOEThCS Ha OaraTo
rajxysei 1 Bilirpae KJIr04oBYy poJjib B PO3BUTKY 1HTEJIEKTYAIbHUX CUCTEM Ta TEXHOJIOT1H.

AKTyaJlbHICTh pOOOTH NOJIATAE B CTBOPEHI MIKPOCEPBICY AJIsSI OLIHKH TOHAJIBHOCTI
TEKCTY, TaKl CUCTEMHU € JOCTaTHbO €(MEKTUBHUMHU 1 3aTpeOyBaHUMH, TaK SK MOXKYTh
aBTOMATU3YBATU MPOLIECH BIJICTIIKOBYBAaHHS HACTPOiB Ta TEHIEHIINA KOPHCTYyBauiB

MPOJIYKTY, BUSBIICHHS TPOOJIEM Ta TOKpPAIICHHS OOCITYrOBYBaHHS KIIIEHTIB, a TaKOXK



TaKOTO POJy MIKPOCEpPBICH MOXYTh JOIMOMOITH MIiABUIIUTH  €(PEKTUBHICTD
MapKETUHIOBUX KaMIaHIM.

MeTor0 po3poOKH € CTBOPEHHS MPOTOTUIY MIKpOCEpBICYy, SIKUi Oa3yeThCs Ha
3aCTOCYBaHHI Cy4YaCHMX HEWPOHHHMX MEpEX 1 MOXE JONOMOITH y BUPILICHHS PALY
aKTyaJIbHUX 3aB/IaHb.

OO0’ekTOM JOCTIIHKEHHS € TPOIeC PO3POOKM MPOTPaMHUX 3aco0iB peaizarlii
HEHPOMEPEKEBOTO MOJICIIIOBAHHS.

[IpeameToM MOCTIKEHHS € METOAW 1 TPAKTUYHI MAXOAM JO PO3POOKHU
IIporpaMHMX 3ac001B peaizallii HeHpoMepeKeBOTO MO ICTIOBAHHS.

Jns nmocarHeHHsS MeTH Oyl IIOCTaBJIGHI 1 BHUpINIEHI HACTYIHI 3aBJaHHS:
(dspace.kntu.kr.ua)

— IPOAHAJII30BaHO BIUIMB HEMPOHHUX MEPEX Ha O13HEC Ta JIFOJACHKE KUTTS;

— TIpoaHaIi30BaHO HAMPSMKH HEHPOMEPEIKEBOTO MOJICTIOBAHHS;

— HaJaHI PEKOMEHJAlll LI0J0 amapaTHOTO Ta IPOrPaMHOro 3a0e3MeUEHHs
HEOOXITHOTO AJI1 PO3POOKH 1 BAKOPUCTAHHS HEMPOHHUX MEPEK;

— peai3oBaHO 3ajauy Kiacudikaiii TEKCTy KJIACHYHUMU aJrOpUTMaMU
MaITMHHOTO HAaBYaHHS;

— 1oOyI0oBaHO MOJIENl ISl BUPIMICHHS 3a7ad OOpOOKH MPHUPOJHOI MOBH 3a
JOTIOMOTHA HEUPOHHHUX MEPEK;

— po3pobsieHO Mojeni kiacudikaiii 300pakeHb 1 HEHpoOMepekeBl MoJel
MIPOTHO3YBaHHS YaCOBUX PSIiB;

—  PO3pO0OJIEHO MIKPOCEPBIC aHATI3y TOHATBHOCTI TEKCTY.

HaykoBa HoBu3Ha. IlpoBeneno amamiz  (77.93.36.128) 3acrocyBaHHs
PI3HOMAaHITHHX METOJIIB MAIIMHHOTO HABYAHHS, Y TOMY YHUCII 1 HEHPOHHUX MEpPEeX IS
BUPILIEHHS 3a/1a4 HA OCHOBI JaHMUX 31 CKJIAJHOI0 CTPYKTYPOIO, TaKUX SIK TECTOBI JIaHl,
300pakeHHsI, 9acoBi psiiu. Bu3HaueHO OCHOBHI OCOOJIMBOCTI PO3POOKH MIKPOCEPBICIB 3
BUKOPUCTAHAM HEUPOHHUX MEPEX, 5Kl SABJISIOTH COOOM 3pyYHU IHCTPYMEHT, SKUU
JI03BOJIsSiE aBTOMATU3YBaTU JEsIKy YaCTUHY pOoOOTH aHAJITHUKIB, MAPKETOJIOTIB, CIY>KOH

IIITPUMKH 1 T.J1.


http://dspace.kntu.kr.ua/jspui/bitstream/123456789/11/1/zbirnik_25.pdf
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[IpakTryHa 1IHHICTH POOOTH MOJsATaE B HacTyMmHOMY. [1i1 yac BUKOHaHHS poOOTH
O0yB pospobuenuit (77.93.36.128) mikpocepBic OLIHKKH TOHAJIBHOCTI TEKCTy Ha 0Oasi
HEHPOHHOI MEpPEeXi, SKAW € YHIBEpCATbHUM 1 MOXE OyTH 3aCTOCOBAaHUN IS
aBTOMaTH3allli HU3bKI 3aJa4 PI3HOTO pOJYy CHINATICTIB, a caMe aHaJITHKIB,
MapKeTOJIOT1B, CIIYy>KOU MIATPUMKH 1 T.1. PeanizoBaHuii MiKpOCEpBIC MOXKe MpaIfOBaTU
K Ha 0a31 JJOKAIBHOTO XOCTY, TaK 1 TJI00ATBHOTO.

Anpo0arrisi TeOpEeTUIHUX MOJI0KEHb poO0TH Bi0Oymacs 6 rpyaHs 2023 poky y xoi
XXV HaykoBo-ipakTU4HOI cTyAeHTchbkoi kKoH(pepeHtii y [IpAT «I[IBH3 «3anopi3pkuii
IHCTUTYT €KOHOMIKH Ta 1HGOPMAIIMHUX TEXHOJOT1H.

Maricrepcbka TUILNIOMHA PO00TAa CKJIAJAETHCH 31 BCTYILY, TPHOX PO3JiJliB Ta
BHCHOBKIB Ha 94 cTOpiHKYM MAIIMHOMUCHOIO TeKcTy. PodoTa MmicTuth 7 Ta0MUb, 60

PHUCYHKIB, 3 10JATKH Ta nepesik NOCWIAHb 3 2/ HalilMeHYBaHb
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PO3JILT 1 (77.93.36.128)
HEVPOMEPEXEBE MOJIEJTFOBAHHS: OCHOBHI HATIPSIMKU

1.1. BnauB HelipoHHUX Mepex Ha O13HEC Ta JIIOJICHKE KUTTS

MamuHHe HaB4YaHHS, SK 1 HEMPOHHI MEpeXi BXKE JAaBHO CTalld YaCTHUHOIO
MOBCSKIECHHOTO KUTTs. KOoXkHa ITi01MHa y CBOil MOBCAKICHHIH AiSUTBHOCTI BUKOPUCTOBYE
PI3HOMaHITHI JOJIATKH B apXITEKTYPY SKUX BOYI0OBaH1 p13HOTO POJTY 1 CKIAAHOCTI MOJIET1
MaIIMHHOTO HaB4YaHHA. CKIagHO BUIUIUTH SKYCh Cepy JIOACHKOTO XHUTTS L0 HE
3a3HaJia BIUTMBY MAITMHHOTO HAaBYaHHS.

JlificHo, HEUPOHHI MEPEeXKi, SIKI € KIIOYOBUM KOMIOHEHTOM IITYYHOTO 1HTEJIEKTY
(artificial intelligence), cyTTe€BO BIUIMHYJIM Ha pI3HI ACHEKTH JIOACBKOIO KHUTTS,
MMOYMHAIOYM BiJ MEIUIMHU, (P1HAHCIB, OCBITH, BUPOOHHUIITBA MPOAYKIII 1 3aKIHUYIOUH
cheporo po3Bar.

SAxmo posrnagatu cepy Oi3HeCy, TO BIUIMB HEUPOHHUX MEPEX MOXKHA
OXapakTepU3yBaTH HACTYIHUMHU CJoBamMH: €(EKTHUBHICTb, MPOAYKTUBHICTh 1
iHHOBalllHICTh. Hanpuknan, Oi3Hec, 3a1s MIABUIIEHHS KOHKYPEHTHOCHPOXKHOCTI,
MOK€ BUKOPHCTOBYBATH CY4acH1 TEXHOJIOT1T JAJI1 PO3POOKHA HOBUX MPOAYKTIB Ta MOCHYT,
AK1 BIJMOBIAAIOTH TOTpedaM KIIIEHTIB, MEPCOHATI30BaHE OOCIYyroBYyBaHHS KIIIEHTIB,
aBTOMATHU3AIIIIO TIOBCAKICHHUX 3aBIaHb .

B Tabmumi 1 neranizoBano cdepu, siki 3a3HaNM TpaHCHOPMAIIHI 3MIHH 3aBISKA

HEUPOHHUM MEPEKAM.


http://77.93.36.128:85/bitstream/handle/123456789/67/2023_Kreshtal_IPZ-111M.pdf?sequence=1&amp;isAllowed=y

Taomung 1

Cdepu Ha sK1 BIULTMHYB PO3BUTOK HEMPOHHUX MEPEK

Coepa Tpancdopmariiiti 3MiHI
ABTOMaTtu3allis Ta e(eKTUBHICTb: Hetiponni mepexi 3a0e31euyoTh
ABTOMATH3AIII0 B IIPOMHUCIIOBOCTI 3aBISIKH
[TpomuciIOBICTH 1 BUPOOHHUIITBO BUKOPHUCTAHHIO POOOTOTEXHIKH Ta

IHTEJIEKTYAIbHUX CHCTEM, TiABUIIYIOUYH
€(eKTUBHICTb 1 CKOPOUYIOUH KUIBKICTh
JIFO/ICHKOI Tpalli Py BUKOHAHHI
MIOBTOPIOBAHUX 3aBJIaHb

biznec-npornecu y Oi3Heci HeWPOHHI MEPEkKi 3aCTOCOBYIOThCS
JUISL OTITHMI3allii pI3HUX MPOIIECIB, BiJl
00CITyroByBaHHS KJII€HTIB J10 YIPaBIiHHS
JIAHIIFOTOM TIOCTaYaHHSI, 10 MPU3BOIUTH JI0
1 IBUIIICHHS TPOTyKTHBHOCTI

dinaHcu: HeiiponHi Mepexi BiIIrparoTh BUPIIIAIbHY
poiib y (DiHAHCOBUX YCTAHOBAX ISl BUSBIICHHSI

BusiBnenns maxparictsa. [IaxpacbKuX Jii MIISXOM aHali3y mabaoHiB 1
AHOMAJIIH Y TPaH3aKIIISX, ITiIBUICHHS
Oe3neku

AJTOpUTMIYHA TOPTIBIIS Ha ¢ponnoBomy puHKY HEHPOHHI Mepexi

BUKOPUCTOBYIOTBCS ISl &JITOPUTMIYHOT
TOPTiBJIi, MPOTHO3YBaHHS Ha OCHOBI PUHKOBHUX
JTAHMX 1 ONTHUMI3allii IHBECTULIIHHHUX CTpaTeriii

OxopoHa 370poB's: HeiipoHHi Mepeki BUKOPUCTOBYIOThCS B
MEAWYHIN Bi3yami3alii ;i LTI TOUHOT
JliarHOCTHKa, JIKyBaHHS Ta JIarHOCTUKH, JTOTIOMAraro4y BUSBIISITH TaKi

3aXBOPIOBAHHS, SIK PaK, HA PaHHIX CTAJisX.
Bonu Takox poOnaTh BHECOK Y
MEPCOHAJII30BaHy MEJIUIIMHY, aHATI3YIOUH JdaH1
MAIIEHTIB 7S aIanTallii IIaHiB JiKyBaHHS

Tpancnopr: HeiiponHi mepexi € pyHAaMEHTaIbHOO
TEXHOJIOTI€X0 JIsl OC3IMIIOTHUX aBTOMOOLIIB,
ABTOHOMHI TPaHCIIOPTHI 3aCO0H. AK1 JIONOMAararoTh iM CIpuiMaTH HaBKOJIUIIIHE

cepeioBuIlle, MPUIIMATH pillleHHs Ta 0e3MeYHO
KepyBaTH TPaHCIIOPTHUMHU 3ac00aMHU

ChinkyBaHHS Ta 00poOKa MOBH: HEHPOHHI Mepexi 3a0e3MeuyroTh MepeKiaja
MOBH, PO3Ii3HaBaHHA I0J0CYy Ta 4aT-00TiIB,
O6pobdka npupoaHoi MoBu (NLP): MOKPAIYIOYH CIIJIKYBaHHS MIXK JTIOABMH, SKi

PO3MOBIISIIOTH PI3HUMHU MOBaMH, 1
HOJIETHIYIOTh B3aEMOJII0 MIX JIFOJMHOIO Ta
KOMIT FOTEPOM.

Po3Baru: HeiipoHHi Mepexi CTOATh 3a CUCTEMaMU
PEKOMEH/ Al Ha TaKuX MiaTdopmax, K
PexomeHalliifHi CHCTEMH I110JI0 KOHTEHTY Netflix, Spotify, Amazon, Hanatoun

MepPCOHAIII30BaH1 MIPOITO3HIIIT 010 BMICTY Ha
OCHOBI BMOJ00aHb KOPUCTYBAUiB.




[TponoBxenus Tadbmmi 1

Irpu B IrpOBi# iHAYCTpii HEUPOHHI MEPEXKi
BUKOPUCTOBYIOTBCS JUIsS CTBOPEHHS OUTBIII
PEATICTUYHHX MTEPCOHAXKIB 1 CEPEIOBHUIIA, a
TaKOX IS TIOKPAIICHHSI IrPOBOTO JIOCBITY 3a
nonomororo agantusgoro I11.

Ocsira: HetipoHHi Mepexi CIpUsOTh
MEPCOHATI30BAHOMY HABUAHHIO, a/IalITyIOYH

AjanTuBHE HaBYaHHS HaBYaJIbHHUN KOHTEHT JI0 OTPeO 1 CTUITIB
HABYAHHS OKPEMUX YYHIB.

HaykoBi gociipkeHHst: V pi3HHX ray3sx HayKd HEHpOHHI Mepexi
BUKOPUCTOBYIOTBCS JUIsl aHATII3Y JAHHX,

Exonomika, ¢izuka, 6iosoris Ta iHIi. po3Ii3HaBaHHS 00pa3iB 1 MOJCITFOBAHHS,

JIOTIOMAraro4u J0CIiTHUKAM y BUPIIIEHH1
CKJIaZHUX IIPoOIeM.

besneka Ta ayrenTudikaris HeiiponHi Mepexi MigBUILYIOTh Oe3MeKy 3a
JIONIOMOT'OF0 CHCTEM PO3Ii3HABaHHS 00IMYYs
Ta roJI0COBOi ayTeHTH(]iKamii, Jogar0un
JIOAATKOBHI PiBEHb 3aXHCTY

TakuM YWUHOM, B Cy4YaCHOMY >KUTTI HEWPOHHI MEpexXl CTalld HEB1JI'€MHOIO
YACTUHOIO TEXHOJIOTIYHOIO MPOrpecy, Tparoyd KIOYOBY pOJb B PI3HUX Tally3six
JIOJCBKOTO KUTTS. P0O3po0OJieHI CHUCTEMH Ta TEXHOJIOTIYHI PIMIEHHS JEMOHCTPYIOThH
MOKJIMBOCTI Ta TI0 CYTi TPaHC(HOPMYIOTh CIPUNUHATTS Ta B3AEMO/IIIO JIFOJAUHH 31 CBITOM.
OpnHak, HE3BaKAIOYM HA OCTAHHI JOCSTHEHHS, BIPOBAKEHHS HEUPOHHUX MEPEK

MOPYIIYy€ MTUTAHHS €TUKH, IPUBATHOCTI Ta COIliaJIbHO1 CIIPABEIJIMBOCTI.

1.2. Hampsmku HefipoMepeKeBOTO MOJICTIOBAHHS

Sk BXe 3a3Ha4AIOCh, HEUPOHHI MEPEXkl JOCTATHHO MOTYKHUU 1HCTPYMEHT ISt
BUPIIIEHHS MUPOKOTO KoJia 337a4. B mepiry depry 70 Takux 3ajad MOXKHA BiJHECTH
KJIAaCMYHI 3aJayl MallMHHOTO HaBYaHHs, a caMme perpecis Ta kiacudikamis. OmHak,
BIIUISIFOTH 1 OUTbII crienudivyH1 3a/1a4i, a caMme 3aja4i JeTeKIlii, TeHeparlii Ta iH.

Crizx 3a3Ha4UTH, 1110 HEUPOHHI MEPEKI MOKA3yIOTh AyKe 0OHAIININBI pe3yIbTaTu
caMe Tpu poOOTI 3 TaK 3BaHMMH CKJIQJHUMH CTPYKTypaMy AaHUX 10 SKUX MOXKHA

BIIHECTHU: 300paKeHHS, TEKCTHU, 4acOBl psiav. BiAMoBIIHO 10 3a3HAYEHUX CKIIAJIHHUX



CTPYKTYP JIaHUX BUAUISIIOTH HACTYIIHI 3aJ1a4l: MalllMHHUH 31p, 00poOKa MPUPOIHOT MOBH

Ta IIPOTHO3YBAHHA.

Mammaanii 3ip (anrn. Computer Vision) — e ramy3s computer science, sika

3aliMaeThCsl PO3POOKOIO Ta 3aCTOCYBAHHSIM AJITOPUTMIB Ta CHUCTEM JUIsi OOpOOKH Ta

aHanizy 300paxkeHb. CUCTeMH, SIKI MPAIIOIOTh HAa OCHOBI MAIIMHHOTO 30pY MOXYTb

BUKOPHCTOBYBATUCS JJIsi BUSBICHHS, pO3IMi3HABaHHS Ta Kiacudikaiii 00'eKTiB y

300pakeHHsX [2].

MaruHHUH] 31p Ma€ MUPOKUN CIIEKTP 3aCTOCYBaHb, TaKuX sK [15]:

aBTOMATHU30BAHUN KOHTPOJIb AKOCTI;
aBTOMATHU30BaHE PO3Mi3HABAaHHS 00JINY;
BETEpUHAPIS;

MEJMIINHA;

HayKa;

Oe3meka;

pO3Bardy.

MamuHHuN 31p MOKC BUKOPUCTOBYBATUCA IJIs1 BAKOHAHHS TAKUX 3aBJaHb, SK:

Businennst 00'ekTiB y 300paxkeHH1
Po3nizHaBaHHs 00'€KTIB y 300pakeHH1
Krnacudikarist 00'exTiB y 300pakeHH1
BumiproBanHs po3MipiB 00'€KTIB y 300pakeHH1
BusiBnenns pyxy B 300pakeHH1

CrBopenHs 1udpoBuX Mojieeil 00'eKTIB y 300pakeHH1

MamuHHUR 3ip € CKJIQJHOI0 Taly33l0, sfKa MOTpedye 3HaHb 3 MaTeMaTHKH,

CTaTUCTUKHU, TEOPIi UMOBIPHOCTI, 1H(HOPMATUKH, TPOTrPAMYBAHHS Ta 1H.

Och KiJIbKa MPUKIIAJIIB MAIIIMHHOTO 30pYy B peajJbHOMY CBITI:

aBTOMOOLII, SIKI YIPABJISIIOTHCA aBTOMIJIOTOM BUKOPUCTOBYIOTh MAIIMHHUU 31D

JUTSl BUSIBJICHHS 1HIIIMX aBTOMOOLIIB, MIIIIOXOMAIB 1 MEPEIIKO/I;

CUCTEMU PO3ITI3HABAHHS 00JIMY BUKOPUCTOBYIOTHCS JIJIsl OE3MEKH Ta KOHTPOJIIIO

JIOCTYIY;



- CHCTeMM Bi3yajizallii Ta aHalily MEIMYHOro MeIuyHoi i1HdopMalii
BUKOPHCTOBYIOTh MAIIMHHUH 3ip JIJIs1 BUSBJICHHS 3aXBOPIOBaHb;

~ CHCTEMH KOHTPOJIO SIKOCTI BUKOPHCTOBYIOTH MAIIMHHHMNA 3ip IJIS NEPEBIPKH
IPOJIYKIIIT HAa HASIBHICTH JIC(PEKTIB.

[ToBHOIIIHHI CHCTEeMH MAIIMHHOTO 30py 3a3BHYail CKJIAMAIOThCS 3 HACTYITHHX
KOMIIOHEHTIB [2]:

- Kamepa - 1€ MPUCTPIN, SKUM Pikcye 300paKeHHS;

— TIPOIIECOp - 1€ MPUCTPIH, TKHI 00pOOIIIE 300pKEHHS, MPUIOMY 1€ MOXKE Oy TH
SK LEHTPAJIbHHUU TIpoliecop, Tak 1 rpadiyHUM IpoLecop, SKUi € O1Ibll e(heKTUBHUM IS
po0OOTH 3 TEH30paMH;

- TporpaMHe 3a0e3MeUeHHs, sIKe 3a0€3MeUyI0 MOETHAHHS alapaTHUX KOMIIOHEHT

JJI1 BUKOHAHHA ITIOCTAaBJICHHUX 3aB/IaHb.

Taomung 2

Etanu IIpoHcCy IpOBCACHHA IIOCJIiII}KGHHSI 3a JOIIOMOI'M MallTMHHOI'O 30pY

Eran Hazpa etamy Onuc nporecy

I 30ip 1aHux MpoIeC OTPUMAHHS 300paKeHb 3
KaMmepu

I | O6poOka 300paxeHb polec MIATOTOBKK 300paxkeHb 0
MOJAIBIIIOT0 aHATI3Y

[T | Anani3 300paxeHpb poLIeC BUSIBJICHHS, PO3I3HABAHHS Ta
kaacu@ikaili 00'ekTiB y 300paKeHHSIX

IV | BiaTBOpeHHs pe3ybTaTiB IpoLec HaJaHHs PEe3yJbTaTiB aHAIII3Y
KOPHUCTYBau€eBl

Jlesiki 3 HAUNMOIIKMPEHIIUX aJNTOPUTMIB MAIIMHHOTO 30PY BKJIIOYAKOTh!

— QJITOPUTMHU JCTEKIlii OO0'€KTIB - II¢ AJTOPUTMH, SKI BHIBJISIOTH O0'€KTH Ha
300paxeHHI;

~ QITOPUTMH PO3MI3HABAHHA O0'€KTIB - 1€ aNTOPUTMHU, SKI 1ACHTH(IKYIOThH
00'ekTH Ha 300paKECHHI.

~ aJIropuT™MHu Kiacu@ikaiii o0'eKTiB - 1[e AJITOPUTMH, SIKI KJIACU(]PIKYIOTh 00'€KTH

Ha 300paKEHHI 32 IEBHUMHU KaTETOPisIMHU.



— QJITOPUTMU BUMIPIOBaHHS PO3MIpPIB O0'€KTIB - 11€ aJITOPUTMU, SIKI BUMIPIOIOTH
po3Mipu 00'€KTiB Ha 300paKEeHHI.

~ aNTOPUTMHU BUSIBICHHS PYXY - 1€ aJITOPUTMH, K1 BUSBJISIOTH pyX 00'€KTiB Ha
300pake€HHI.

~ aNTOpPUTMH CTBOPEHHS MHU(PPOBUX MoOJeleld O00'€KTIB - 1€ aNTOpPUTMH, SKi
BiJITBOPIOIOTH IIU(PPOBI MOJIEN1 00'€KTIB Y 300paKeHHI.

Jlexisibka TpUKIaAiB TOTO, SIK MAallMHHUK 31p BUKOPUCTOBYETHCS B pEaJIbHOMY
CBITI:

— aBTOMOOL1 3 aBTOILJIOTOM, BHUKOPHCTOBYIOTh MAITMHHUM 31p JJIs BUSBIICHHSI
IHITUX aBTOMOO1IIB, MIIIOXOIIB 1 IEPEIITKO/I.

~ CHCTEMHU pO3Ii3HaBaHHS 00JMY BUKOPUCTOBYIOTHCS ISl O€3MEKH Ta KOHTPOIIIO
JOCTYY.

- CHCTEMH MEIWYHOrO Bi3yani3alli BAKOPHUCTOBYIOTh MAalIMHHUK 31p I
BUSIBIICHHS 3aXBOPIOBAHb.

~ CHCTEMH KOHTPOJIIO SIKOCTI BUKOPUCTOBYIOTh MAIIMHHUWA 31p JUIsI MEPEBIPKH
MPOYKLIi Ha HasABHICTh AE(EKTIB.

~ CHCTEMHU PpO3II3HABaHHS TOBapiB BUKOPUCTOBYIOTh MAIIMHHUN 31p I
COpPTYBaHHS TOBapiB Ha CKJIaJaX, CUTHANI3YIOTh PO BIACYTHICTh TOBAPIB HA MOJIULISIX.

~ CHCTEMH JOTJISIY 3a 370POB'SIM TBApHH BUKOPHUCTOBYIOTh MAIIMHHUHN 31p M7
BUSIBJICHHS 3aXBOPIOBAHb Y TBapUH.

~ CHCTEMH TOYHOT'O 3eMJIEPOOCTBAa BUKOPUCTOBYIOTh MAILIMHHUUI 31p ISl OLIHKH
CTaHy IOJIB.

TexHO0T1i MalTMHHOTO 30py Ma€ KOJIOCATbHUMN MOTEHIIIall, HOr0 aKTUBHO OyAyTh
3aCTOCOBYBATH y BIMCHKOBIH 1 IIUBUIBHIN cdepi, AJIs CTBOPEHHS OE3MUIOTHUX anaparis,
10 HA1aCTh [bOMY HANpPSAMKY JOJATKOBUI MOLITOBX Ha PO3BUTOK.

O6po0Oka npupoaHoi MmoBu (NLP) — 11e ramy3p computer science, sika 3aiiMaeThCs
PO3pOOKOI0 Ta 3aCTOCYBAaHHSIM QJITOPUTMIB Ta CHCTEM ISl PO3YMIHHS Ta TreHeparlii
npupogHoi wmoBu. Heiponni mepexi (NN) — 1e oauH 13 HAUNOMYJSPHIMIMX

IHCTPYMEHTIB BupimeHHs npoodiem NLP [12].



Heliponni Mepei MOXKyTb OyTH BUKOPUCTaH1 JJIsl BUKOHAHHS IIUPOKOTO CIIEKTPY
3aBganb NLP, Takux sk:

~ pO3mi3HaBaHHA MOBHU — II€ MPOILIEC PO3Mi3HABAHHS CIIIB Ta PEYEHb Y TEKCTI;

~ TepeKyIal MOB — 1€ MPOoILIeC MepeKiaay TeKCTY 3 OAHIET MOBH Ha 1HIILY;

~ CHUHTETH3allis MOBHU (TE€HEPYBaHHS TEKCTYy 3aJaHOI0 MOBOIO) — II€ MPOIIEC
CTBOPEHHS TEKCTY, SIKUW BiMOBIIA€ 3aJaHUM KPUTEPISM;

— BIJMOBIAI Ha 3alMUTaHHSA — II€ MPOLIEC HAJaHHS BIJMOBIACH Ha 3alUTaHHS y
BUTJISIZII TEKCTY;

~ aHaJi3 TEKCTy — II€ MPOIEC BUABJICHHS TEM Ta TEHJCHIINA y TEKCTaX.

[TyuH1 HEHPOHHI Mepexki MalOTh PsJl IepeBar nepe] TPAIUiiHUMU METOIaMU
NLP. BoHu MOXyTh HaBUaTHCSl Ha BEJIMKUX O0CATax JaHUX, IO JO3BOJISIE 1M J0CITaTH
BHCOKOI TOUHOCTI. BOHM Tak0k MOXKyTh OyTH a/1ariTOBaH1 10 HOBUX 3aBJaHb, 110 pOOUTH
iX OUIbII THYYKHMH, HK TPaJHILIIHI METO/IH.

OpnHak HEMPOHHI MEpEeXkKl TaKOXK MarOTh AesKl Hepoiku. HelipoMmepexesi moeni
MOXKYTb OyTH CKJIATHUMU Ta IOPOTUMHU JJIsl HABYAHHS Ta PO3YMiHHS, a TAKOXK Yy TIIMBUMU
710 IIIyMy B JIaHUX, [0 MO>KE€ TIPU3BECTH JI0 3HIKEHHS TOYHOCTI.

He3Baxatouu Ha 111 HEJIOJIIKU, HEUPOHHI MEPEXK1 € MOTY>KHUM IHCTPYMEHTOM JIJIs
NLP, sixi B&e BUKOPUCTOBYIOTHCA B 0ararbox KOMEpIIHHUX NPOAYKTaxX 1 MOCIyTrax, 1 ix
BUKOPHUCTAHHS, IIBUJIIEC 3a BCE, Oye 3pOCTaTH B MallOyTHHOMY.

3a3HauuMO JEsKI MPUKIIAAN, BUKOPUCTAHHS HEWPOHHUX MEPEXK ISl BUPIIICHHSA
3agad NLP [12]:

- Google Translate BukopucTOBYyEe HEHPOHHI MEPEXki IS MEPEKIaay TEKCTIB 3
OJIHIET MOBH HA 1HIITY;

- Alexa BukopucToBy€e HEWpOHHI MepeXi Ui PO3YMiHHS Ta BIINOBiII Ha
3aMUTaHHS,

— Siri BUKOpUCTOBYE HEWPOHHI MeEpeki Ui pPO3yMiHHS Ta BIANOBIAI Ha
3aMUTaHHS;

- Grammarly BukoprcTOBye HEHpOHHI MEpEeXi [UIsl TMEPEBIPKH TpaMaTHKUA Ta
CTHIIIO;

- SpamAssassin BUKOPUCTOBYE HEHPOHHI MEPEekKi [T BUSIBIICHHSI CIIAMY .



HeliponHni Mepexi MaroTh IMOTEHIa] 3MIHUTH 0araro acnekTiB oO0poOKHu
MPUPOJIHOI MOBH, MOXYThb 3pooutu NLP Oiiabin TouHMM, €()EKTUBHUM 1 JOCTYIHUM,
sAcKpaBUM TpukiagoM Takux TeHaeHuid € ChatGPT. He BukmoueHo, mo MOXyTb OyTH
BIJIKPUTH HOBI MOXJIMBOCTI JijIs 3acTocyBaHHs NLP y pi3Hux cdepax.

HacTymnHoro 3a1a4ueio € IpOorHo3yBaHHs 3a JOTIOMOTOI0 HEUPOHHUX MEPEX — 1€
MPOIIEC BUKOPWUCTAHHS HEHPOHHMX MEPEX I CTBOPEHHS MPOTHO3IB MpPO MarOyTHI
noaii [16]. V sKkocTi Takux Mol MOXKYTh BUCTYIIATH:

- IIIHM Ha aKIIii;

- Toroaa;

~ TPOTHO3YBaHHS CIOKUBAHHS T'a3y JOMOTOCIOIaPCTBAMHU;

~ TIONHT Ha OyJIb K1 TOBApHU Ta MOCIIYTH;

~ pu3UKH KaTacTpod;

~ TIOBEJIIHKA CIIOKUBAYIB.

Heliponni Mepexi MawTh psAJ IepeBar Mnepel TPAAULIMHUMU METOJIaMU
MPOTHO3YyBaHHA. BOHM MOXXyTh HaBYaTHCS Ha BEIMKHUX 00CSrax JTaHUX Ta BUSBISTH
CKpUT1 TEHJICHIII1, 10 JO3BOJIAE€ IM JOCITaTH BUCOKOTO PiBHS TOYHOCTI. J[aHi mMeTomu
TaK0XX MOXXYTh OyTH aJanTOBaHi 10 HOBUX JaHUX, IO pOOUTH iX OUIBII THYUYKHUMH, HIK
TpaauLIIiHI METOIH.

Cnizt 3a3HaYUTH, IO HEUPOHHI MEPEX1 TaKOXK MarOTh Aesiki Hepodiku. Cepe HUX:
CKJIQJIHICTh HaBYAHHS Ta MPOOJIEMH 3 THTEPIPUTOBAHICTIO, MiBUIIEHA YYTJIUBICThH J0
IIIyMy B JJaHUX, III0 MOYKE TIPU3BECTH JI0 3HMKEHHS TOYHOCTI TAaHOTO KJIacy MOJICTICH.

He3Baxatouu Ha 111 HEJIOJIIKU, HEUPOHHI MEPEXI1 € MOTY>KHUM 1HCTPYMEHTOM JIJIs
MPOTHO3YBaHHA, $KI BHKOPHCTOBYIOThCS B OaraThOX KOMEPIIWHUX MPOAYKTaxX 1
MoCJIyTrax, He BUKJIFOYCHO, IO iX 3aCTOCYBaHHS ISl BUPIMICHHS CXOXKHX MpoOsieM Oyie
3pOocTaTH B MallOyTHHOMY.

3a3HauyuMO KUIbKa MPUKIAIiB TOTO, IK HEHPOHHI MEepexi BUKOPUCTOBYIOTHCS J1JIs
MPOTHO3YBaHHA Pi3HI KOMMaHii Ta ciryxou [17]:

- (¢1HAHCOBI KOMIaHI1 BUKOPUCTOBYIOTh HEHPOHHI MEpEeXi JJIs MPOTHO3YBAHHS

IIIH Ha aKIii;



~ METEOPOJIOTIYHI CITYKOM BUKOPUCTOBYIOTh HEHPOHHI MEPEXKi JJIsI MOKPAIICHHS
pE3yibTaTIB OB’ I3aHUX 3 MPOTHO30M MOTOJAHUX YMOB;

~ MAapKETHHTOBI  KOMIaHii BAKOPUCTOBYIOTb ~ HEMpPOHHI  Mepexi I
POTrHO3yBaHHs MOMUTY Ha TOBapH Ta MOCIYTH;

~ CTpaxoBl KOMIIaH1i BUKOPUCTOBYIOTh HEHPOHHI MEpexkl Uid MPOTHO3YBAHHS
PHU3UKIB KaTacTpod;

- KOMIIaHii, sKI BUKOPUCTOBYIOTh HEHPOHHI Mepexl [ IPOTHO3YBaHHS
MTOBEIHKH CIIOKUBAYiB.

Jnst  BupimieHHS 3ajlad  [POTHO3YyBaHHS BHUKOPHUCTOBYIOTh HACTYIHI THIIH
HEHUPOHHUX Mepex. JlesKl 3 HaMMOoImMPEeHIMX TUIIB BKIOYAOTh:

~ MEepLUENnTPOHH — 1€ MPOCTI HEUPOHHI MEPEXKI, IKI MOXKYTh OyTH BUKOPHCTAHI
JUISL IPOTHO3YBAHHS JTIHIMHUX BITHOCHH;

~ PEKypeHTHI HEHpOHHI MepeXi — 1€ HEHPOHHI Mepexi, AKI MOXYyTb OyTH
BUKOPHUCTaHI JUIsl IPOTHO3YBAaHHS HEMIHIMHUX B1JTHOCHH;

- Tay0OOKi HEMPOHHI Mepeki — I1e HEHPOHHI MEpexi, sIKl MaloTh 0aratro mapis,
ook LSTM ta GRU, 1110 103B0JIsI€ M HABYATHUCS HA CKJIQJIHIIINX HA0OpaxX JaHUX.

Bubip HelipoHHOI Mepexi JIsl IPOTrHO3YBaHHS 3aJICKUTh Bl KIJTBKOX (haKTOPIB,
BKJTIOUYAIOYH:

~ THM JIaHUX, SIK1 Oy1yTh BUKOPUCTAHI1 JJIsl IPOTHO3YBAHHS;

~ CKJIaJIHICTh ITPOTHO30BAaHOT 3aJIe)KHOCTI;

— JIOCTYIHICTh IaHUX ]ISl HABUAHHSI.

[Tepen TuM, IK BUKOPUCTOBYBAaTH HEHPOHHY MEpPEXY AJIsi MPOTHO3YBaHHS, JaHi
noTpiOHO miarotyBaTH. [liIroTOBKA JaHUX BKIIIOYAE B ce0€ Psil TAKUX KPOKIB, SIK:

~ BUOIp NPaBWIbHUX 3MIHHUX ISl IPOTHO3YBaHHS;

~ OYUIICHHS JaHUX BiJl IITyMY;

~ HOpMai3allis JaHuX.

[Ticnst Toro, six AaHi OyiM MiATOTOBIIEHI, HEHPOHHY MEPEXKY NOTPIOHO HABUUTH HA
3aJlaHOMy Ha0Op1 TaHUX.

[Ticnst HaBYaHHS HEMPOHHY MEPEXKY MO’KHA BUKOPHUCTOBYBATH JIJIsl TPOTHO3YBaHHS

HOBHUX 3HAa4Y€Hb HAa OCHOBI HOBHUX BXIJTHHUX JaHUX.



[Ipy npoMy OIliHKAa TOYHOCTI MPOrHO3Y, MOXKHA BU3HAYUTHU MOPIBHSABIIM HOTO 3
daktnuynumu 3HadeHHsAMH (Metpuka MAE). Ileit mnporec Ha3MBa€eTbCs OIIHKOIO
TOYHOCTI.

[IporHo3yBaHHs 3a IOMOMOTOI0 HEHPOHHUX MEPEXK € CKIAJTHUM MPOIECCOM, ajie
BOHO JIa€ BpaXalOyW pe3yJbTaTH, a TOYHICTH PO3POOJEHUX MOJENe MOCTIHHO
MOKPAIy€E€ThCA.

TakuMm 4YMHOM, HEHpOMEpEeKEBE MOJICIIOBAHHS OXOIUIIOE IIUPOKUN CIIEKTP
HAnpsSIMKiB Ta 3aBllaHb, BOHU MOXYTh OyTH BUKOPHCTaHI AJS PO3B'SA3aHHS PI3HUX
npoOsieM. Po3BUTOK Ta MOCHIDKEHHS B I 00JacTi 3M1MCHIOIOTHCS OY)KE€ aKTHUBHO,
IIOPIYHO BUJIATH HOBI BepCii MOMYJISIPHUX apXITEKTYp 1 3’ ABJISIOTHCS MPUHITUIIOBO HOBI
MIIXO0M, BIAKPUBAIOUM HOBI MOMJIMBOCTI I 3aCTOCYBaHHS HEHPOMEpEX Yy PI3HUX

cepax KUTTH.

1.3. Bumorm 10 amapaTHOTO Ta TPOTPAMHOTO 3a0€3MEUCHHS ISl PO3POOKH

HCﬁpOHHHX MCPCIK

Jist po3poOKM HEHMpOHHUX Mepek MOTpIOHO TMEeBHE amaparHe 1 MpOorpaMHe
3a0e3neyeHHs], 0COOJIMBO SIKIIO HIETHCS PO TPEHYBAHHS MOJIENEH «3 HYJIsD Ha BEJTHUKUX
oOcarax gaHux. Y TaOnuul 3 HaBelEHI, 3arajibHi PEKOMEHJalli MO0 amapaTHOro
3a0e3neyeHHs! 1151 pO3pOOKH HEHPOHHUX MEPEK.

Tabmums 3
3aranpHl pEeKOMEHAAIl IIOAO0 amapaTHOro 3a0e3MeyeHHs JIi  PO3pOoOKHU

HEUPOHHUX MEPEeK

Tun anapaTHOro 3a0€3MeUeHHs Pexomenmarii

HenTpansuuit nporecop (CPU) barato Mopeneii MamMHHOTO HABYaHHS y TOMY YHCIHI
HEUPOHHUX MEPEK MOXKHA TPEHYBAaTH Ha CTaHIAPTHUX
Oaratosnepanx CPU. [lng 1mporo MOXyTh HiAiNTH
npouecopu cimeiictBa Intel Core 17, Intel Core 19 abo
npodeciiini mpouecopu Intel Xeon (Tak 3BaHiI cepBepHi
MIPOIIECOPH ).

OpHak, SIKII0 TOBOPUTH MPO TPEHYBAHHS CyYaCHUX MOJIETeH
3 MUIbMOHaMUM 1 HaBiTh OUIbIIE MapaMerpiB, TO
BUKOPUCTAHHS JJIS IIUX I[iJIeH [IEHTPAIILHOTO MPOIIecopa € He
Ty’)Ke BIAJIOK 171e€r0. 3BICHO, IO I1€ MOXJIHMBO, aye Oyne
HEeoOXITHO ayKe OaraTo yacy.




[IpomoBxenHs Tadbmmi 3

I'padiunamii nporecop (GPU): JInst nprCKOpPEHHS TPEHYBAHHS HEUPOHHUX MEPEXK BAXKIUBO
MiHimManbHi BUMOTH: Mmatu rpagpiyamii nporecop (GPU). MiniManbpHi BUMOTH 1€
NVIDIA GeForce GTX 1060 a6o ananoriuai GPU Bix AMD
MOXKYTh IiIIATH ISl CTAaHAAPTHUX 3aBaaHb. CIijl 3a3HAYNTH,
110 BKJIMBOM TAaKOXX € 00’€M IMaM’ATi BiJIeO KapTH 1 UM BiH
OUTBIINI, TUM Kpalle.

Jlnst Ol BHCOKOi TMPOAYKTUBHOCTI Ta MPHUCKOPECHHS
HaBYaHHS T[IHOOKUX  HEUPOHHHUX  MEPEeX  JOIMUIBLHO
BHKOpHCTOBYBatH Ounbm moTykHi GPU, Taki sk NVIDIA
GeForce RTX 30 cepii abo npodeciitni GPU NVIDIA Tesla
a60 Quadro.

Buxopuctanuss GPU nae 3Mory NpUCKOpPUTH HaBYAHHS
Mozeneil y 4 pasi 1 1ie MiHIMaJIbHUN MOKa3HUK TPUCKOPEHHSI.

TenzopHni nponecopu (TPU) VY pasi BUKOpHUCTaHHS 1HPPACTPYKTYpH XMapHUX CEpBICIB
Ui pO3pOOKH Ta HaBYAaHHS MOJENEH MOXKHA TaKOXK
PO3IJISIHYTH ~ MOXJIMBICTb ~ BUKOPUCTaHHS  TEH30pPHHUX
nporecopiB (Hanpuknaa, Google TPU), saxi cmneniaabHO
po3po0IIeHi AJis 3aBAaHb MAIMHHOI'O HABYAHHSL.

Crhin 3a3HaYWTH, MO TEH30PHI MPOLECOPH JOCTYIHI Ha
6e3orutatHiil ocHOBI y OnokHoTax Google Colab ta Kaggle.
Haxaiip, € 0OMeKeHHs 110 Yacy BUKOPUCTAHHS

O6'em onepaTUBHOT MaM'aTi MinimansHi Bumoru 1ie 16 I'b oneparuBHoi nmam'sti, ane TyT

(RAM): Taki cami pexkomeHpaamii sk g GPU, yum Oimbmie TuM
kpamie. PekomenioBannii 06’em 32 I'b

CxoBHuIIle JaHUX PekomennoBano BukopuctoByBatd SSD 3 1ocTaTHIM

00CSITOM Il BCTAHOBJICHHS TIPOTPAMHOTO 3a0€3MEUeHHS Ta
30epiraHHs JaHHX.

Iadpactpykrypa XMapHUX st OUmbII CKIIAJHUX 3aBIaHb Ta TPEHYBAHHS BEIMKHX
CepBICiB Mojneneil  Moxe ~OyTH  JIOUUIBHO  BUKOPUCTOBYBATH
1H(QpacTpyKTypy XMapHUX cepBiciB (Hampukiaa, AWS,
Azure, Google Cloud), nme nmocTymHi  HOTYXHi
00YHCITIOBAJIbHI PECYPCH Ta THYUYKICTh MacIITaOyBaHHS.

st po3poOKH HEHPOHHHUX MEPEK BUKOPUCTOBYETHCS PI3HOMAHITHE MPOrPaMHE
3a0e3neueHHs, BKJIIoYarun 0107110Teku, (peMBOPKH Ta IHCTpYMEHTU. MOKHA BUIIIITUTH
KUIbKa TOMYJISIPHUX MTPOTPaAMHUX PIIIEHB JJI PO3POOKH HEMPOHHUX MEPEK.

VY skocTi 010m10TeK Ta (PpEeHMBOPKIB ISl TITMOOKOT0 HaBUYAHHSA BUKOPUCTOBYIOThH
TensorFlow, sikuii miaTpuMy€e MUPOKUHN COEKTP AOJATKIB, @ TAKOX MOXKE B3aEMOIISITH 3
BEJIMKUMU O0uUMcCIIOBaIbHUME KiacTepamu. PyTorch, sikuii mMae 3pydHuil Ta THY4YKHi
iHTEepdeic, NOCTaTHBO TMOMYJSIPHUA y CHIBTOBApPUCTBI AOCTIAHUKIB Ta (PaxiBIiB 3

rJIMOOKOrO HAaBYaHHS.



Takoxx MokHa BumiauTu Keras - 1ie BUCOKOpiBHEBa 0i0iioTeka sl o0y 0BU
HEHPOHHUX MEpexX, sfiKka MOke BHUKopucToByBaTucs mnosepx TensorFlow abo Theano
(napasi He Takuil momyJsipHuii). [lepeBaru Ta HEeOMIKU BHILE NTepeTiueHNX 010T10TeK 111e
OyyTh PO3KPUTI Mi3HIIIIE.

MXNet, noctaTHp0 €hEeKTHUBHHI Ta THYYKHH (PEUMBOpPK, IIO MIATPUMYE Pi3HI
piBH1 abctpakuii. Haminpe nemo BTpaTWB YacTKy MOMYJSPHOCTI, ajie BCE XK TaKH
3aJIMIIAETHCS TTOTYKHUM THCTPYMEHTOM, X04a 1 riporpae y nomyssipaocti TensorFlow Ta
PyTorch.

JloBOJI1 3py4HO BUKOPUCTOBYBATH IHCTPYMEHTH Bi3yasli3allii Ta HajaropkeHHs. 1o
Takui 1HCTpyMeHTIB MoxkHa BigHecTH: TensorBoard (mns TensorFlow), sikuii €
IHCTPYMEHTOM Bi3yaii3alii 11 BIACTEKEHHS MPOLIECY HAaBYaHHS Ta aHAJII3Y apXITEKTypH
mozeni; Visdom (mnst PyTorch) iHTepakTuBHA Bizyaniizallisi MOHITOPUHTY HaBUYaHHS
PyTorch mopneneit, xoua € 1 peanizanis TensorBoard mis PyTorch. bibniorexku Matplotlib
Ta Seaborn MMPOKO BUKOPUCTOBYIOTHCSA JUIS Bi3yaii3allii TaHUX Ta pe3yJIbTaTiB.

Crni TakoXX BUILIMTH 1HTEerpoBaHi cepenoBuina po3pooku (IDE), a came Jupyter
Notebook, e I1HTEpaKTMBHE CEpPENOBHILE PO3POOKU HJisi CTBOPEHHS Ta OOMIHY
JOKyMEHTaMH, 1110 MICTSITh KOJI, BI3yaJIi3alliio Ta TEKCT, a TAKOXK HOTO XMapH1 «aHAJIOTH
Google Colab, Kaggle Notebook. Came ui aBi IDE 6ynyTh BUKOpUCTaHI NpU peaizaiii
MOJEJIEel, a B MOJANBLIOMY JIJIsl po3po0KH MiKpocepBicy Oyae Bukopuctanuid PyCharm,
AKUW €  TIOMyJIAPHUM IHTETPOBAHMM CEPEOBUIIEM pO3POOKH Jisi HAMUCAHHA,
HAJIArOJKEHHS Ta TECTYBaHHS KOJY.

B oxnomy 3 po3mainiB, Oye TakoX BUKOPHCTOBYBATHCH TaKHM  CIIeIliai3oBaHUMN
iHcTpyMeHT sik NLTK (Natural Language Toolkit) nist nemoncTpariii i MOXIJIMBOCTEN
3a1ayax 0OpoOKH MPUPOIHOT MOBH.

Bubip amapatHoro 3a0e3NedeHHs] TAKOX 3aJIeKUTh BIJT KOHKPETHUX BHUMOT
3aBJIaHHSI Ta JOCTYIHOCTI pecypciB. BaJIMBO Takok BpaxoBYBaTH, 1110 JEsKi 3aBJaHHS,
Takl SK TPEHYBaHHS TIUOOKUX MOJeNield 3 BEIMKOI0 KUIBKICTIO MapaMeTpiB MOXYTb
3a)KaJlaTy 3HAYHUX PECypCiB.

[Ilo crocyeTbest BUOOPY KOHKPETHMX 1HCTPYMEHTIB, TO BCE 3aJIeKUTh BIJ

KOHKPETHOTO 3aBJaHHs, BIOAOOaHb pO3pPOOHWMKA Ta piBHSA HocBimy. Takox ciif



BpPaxOBYBaTH €IIEMEHTH KOPIIOPATUBHOI KYJIbTYpH Ta €THKH, Oarato KOMIaHii
3a00pOHSIOTh BUKOPHUCTOBYBAaTH XMapHI CEpPBICHM 3 METOI0 3aXUCTYy KOH(IACHIIHHUX

JTaHUX Ta KOMEPIIIHHOT TAEMHUITI.

1.4. BUWCHOBKH 10 pO3ILTy

B cyuacHoMy OKMTTI HEHpOHHI MeEpeXi CTald HEBII'€MHOI YaCTHHOIO
TEXHOJIOTTYHOTO IIPOrpecy, TParoy KIIOUOBY POJIb B PI3HUX Taly3siX JIOJCHKOTO KUTTS.
Po3po0biieHi cuctemMu Ta TEXHOJIOTIYHI PIICHHS IEMOHCTPYIOTh MOXJIUBOCTI Ta IO CyT1
TpaHCPOPMYIOTh CIIPUUHSTTS Ta B3a€MOJIIIO JIFOAUHU 31 cBITOM. OJIHAK, HE3BAYKAIOUM Ha
OCTaHHI JOCATHEHHS, BIPOBA/DKCHHS HEUPOHHUX MEPEX MNOpYIIye MHUTAHHS ETUKH,
MIPUBATHOCTI Ta COL1aJIbHOI CIPaBEIJIUBOCTI.

HelipomepekeBe MOJENIOBaHHS OXOIUTIOE IIMPOKHI CIEKTP HANpsAMKIB Ta
3aBJlaHb, BOHU MOXXYTh OyTH BUKOPHCTaHI JUIsl PO3B'SI3aHHS PI13HUX MpoOieM. Po3BuTOK
Ta JOCHIIXKEHHS B L1 00J1aCT1 31HCHIOIOTHCA AY’KE€ aKTUBHO, IIOPIYHO BUXOJATH HOBI
BepCli MOMYJISIPHUX apXITEKTYP 1 3’ ABISAIOTHCS TPUHIIMIIOBO HOBI M1AXOAH, BIIKPUBAIOYU
HOBI MOKJIUBOCTI JUIsl 3ACTOCYBAaHHS HEMPOMEPEX Yy Pi3HUX cepax KUTTH.

BuOip amapaTHoro 3a0e3ledeHHs Ta  KOHKPETHHX IHCTPYMEHTIB HaNpsAMy
3aJIeKUTh BIJ] KOHKPETHHUX BHUMOT 3aBJaHHS, JIOCTYIHOCTI PeCcypciB, BIOJ00aHb
pPO3pOOHMKA Ta PIBHS OCBiAY. BaXIuBO TakoX BpaxoOBYBATH, 1110 JAESKI 3aBIaHHS, Taki
SK TPEHYBaHHA TNIMOOKUX MOJIEIEeH 3 BEJIMKOIO KUTBKICTIO TApaMETPiB MOXKYTh 3a)KalaTh
3HaYHUX pecypciB. BaXIuBUM TakoX € BUPaxXOBYBaHHsI €JIEMEHTIB KOPIOPATUBHOI
KyJbTYpHU Ta €TUKH, 0araTo KOMITaHii 3a00POHSIIOTh BUKOPUCTOBYBATH XMapH1 CEPBICH 3

METOI0 3aXUCTy KOH(PIACHIIIHHNX JaHUX Ta KOMEPIIHHOT TAEMHHIII.



PO3JILI 2

BUKOPUCTAHHA MOBU ITPOTPAMYBAHHA PYTHON /JISI CTBOPEHHSA
HENPOHHUX MEPEX: IHCTPYMEHTH, BIBJIIOTEKH

2.1. OcHoBHI 610710TEeKH 151 PO3POOKH HEHPOHHUX MEPEK

Haii6inb nonynsspauMu 616110TeKaMu 1)1 po3p0OKH HEHPOHHUX MEPEK Ha MOBI
nporpamyBaHHss Python € TensorFlow Bim Google, Keras, sk neska HagOymoBa s
nonermends poootu 3 TensorFlow 1 Pytorch Bin Facebook. HeobOxinHo mpencraButu
OUIBII JeTaNbHY 1H(OpMaIIito mpo 11i 010T10TeKH.

TensorFlow — 1e BigkpuTa 6i0JIIOTEKa JIJIT MAIIMHHOTO HABYaHHS, pO3pO0JIcCHA
Google Al. BoHa BHKOPHCTOBYETBCS JJIsl CTBOPCHHS 1 HABYAHHS HEHMPOHHUX MEPEK
(ts2.space) m1st MUPOKOTo CIIEKTPY 3aBaHb, TAKUX K po3Mi3HaBaHHs 00pa3iB, 00poOKa
IIPUPOIHOI MOBH Ta IPOTrHO3yBaHHA [ 19].

OcHoBHI 0co01MBOCTI BUKOpHcTaHHs 616mioTeku TensorFlow [18]:

- MIATPUMKA PI3HUX TUIIIB HeHpoHHUX Mepex. (tS2.space) TensorFlow migrpumye
HIMPOKHUI CHEKTP TUMIB HEMPOHHUX MEPEXK, BKIIOYAIOYM 3rOPTKOBI HEMPOHHI MEpexi,
PEKYPEHTHI HEHPOHHI Mepexi Ta TrboKi HerpoHHi Mepexi; (ela.kpi.ua)

- MiATpUMKA pi3HUX TUMIB AaHuX. TensorFlow moske mpairoBatu 3 pi3HUMU
TUMAMU JaHUX, BKIIFOYal0UX YUCJIOBI JaH1, TEKCTOBI JaH1 Ta 300paKeHHS,

- miaTpuMKa pizHux miatdopm. TensorFlow MokHa BUKOPHUCTOBYBATH Ha PI3HUX
miaTdopmax, Bkitoyaroun Linux, macOS, Windows, Android 1 10S.

[TinTpuMKa pi3HUX TUITIB JaHUX

TensorFlow mMoxe npamroBaTu 3 pi3HUMHU THIIAMH TaHUX, BKITFOYAFOYH:

— YHCJIOBI IaH1 — IIe J1aHl, K1 MO>KHA MPEJICTABUTH Y BUTJISA/II YUCE, HAPUKIA,
Bary 1 BUCOTA JIFOAUHH;

- TEKCTOBI JaHI— 1II¢ JlaHl, SKi MOXXHa TMPEJICTAaBUTH Yy BUIJISAMI TEKCTY,

HaIpUKIaJa, CTaTTl Ta KHUTH;


https://ts2.space/uk/%D0%BF%D1%80%D0%BE%D0%B3%D1%80%D0%B0%D0%BC%D0%B8-pytorch-%D1%80%D0%B5%D0%B0%D0%BB%D1%8C%D0%BD%D1%96-%D0%B2%D0%B8%D0%BF%D0%B0%D0%B4%D0%BA%D0%B8-%D1%82%D0%B0-%D0%BF%D1%80%D0%B8%D0%BA%D0%BB%D0%B0%D0%B4/
https://ts2.space/uk/%D0%BF%D1%80%D0%BE%D0%B3%D1%80%D0%B0%D0%BC%D0%B8-pytorch-%D1%80%D0%B5%D0%B0%D0%BB%D1%8C%D0%BD%D1%96-%D0%B2%D0%B8%D0%BF%D0%B0%D0%B4%D0%BA%D0%B8-%D1%82%D0%B0-%D0%BF%D1%80%D0%B8%D0%BA%D0%BB%D0%B0%D0%B4/
https://ts2.space/uk/%D0%BF%D1%80%D0%BE%D0%B3%D1%80%D0%B0%D0%BC%D0%B8-pytorch-%D1%80%D0%B5%D0%B0%D0%BB%D1%8C%D0%BD%D1%96-%D0%B2%D0%B8%D0%BF%D0%B0%D0%B4%D0%BA%D0%B8-%D1%82%D0%B0-%D0%BF%D1%80%D0%B8%D0%BA%D0%BB%D0%B0%D0%B4/
https://ela.kpi.ua/bitstream/123456789/43013/1/Muzyka_O_bakalavr.pdf

- 300paxenns — ne (ela.kpi.ua) mami, sSKi MOXHA MPEICTABUTH Yy BHUIJISAIIL
300paxkeHb, Hanpukiaa, pororpadii 1 KAPTUHHU.

[TigTpuMka pizHUX mIaThopM

TensorFlow mMo»Ha BUKOPUCTOBYBATH Ha p13HUX IJIaTGHOpMax, BKIIOUAIOUH:

- Linux — omepariitHa cuctema, sKa BHKOPHCTOBYEThCS Ha cepBepax i
CYNIEPKOMI'TOTEPAX, € ONEHCOPCHUM MPOIYKTOM, IIUPOKO 3aCTOCYETHCS KOMEPLIMHUMU
Ta HEKOMEPIIMHUMU OpTraHi3allisiMi, € 6€3KOIITOBHOIO;

- macOS — e omepariifHa cucTema, sika BUKOPUCTOBYETHCS Ha MEPCOHATBHUX
KOMIT'FOTE€pax po3poOHUKOM SIKMX € KoMmmaHis Apple;

- Windows — 1ie omepariiiina cuctema, sika BAKOPUCTOBY€EThCSI Ha TIEPCOHATBHUX
KOMII'FOTEPAX;

- Android — e onepariiiiHa cucTemMa, Kka BAKOPUCTOBYEThCS Ha cMapThOHaX i
TUTAHIIETaX;

- 10S — me omepariiiHa cucTema, sika BUKOPUCTOBYeThesi Ha iPhone i iPad,
PO3POOHUKOM SIKOT TaKOK € KommaHis Apple.

bibmioreka TensorFlow Takox mae psia IHIIUX 0COOIUBOCTEH, AKI pOOJIATH HOTO
HOTYXXHHUM IHCTPYMEHTOM JIJIsl MAIIMHHOTO HaB4YaHHs. Jlo HUX BigHOCsTHCA [19]:

- MOIATpUMKa po3nojauieHoro HaBuaHHs. TensorFlow MokHa BUKOPHCTOBYBaTH
IS HABYaHHS HEUPOHHUX MEPEX Ha PO3MOAIIEHUX CUCTEMAX, 110 T03BOJISIE MiABULIIUTH
MPOTyKTUBHICTb.

- miarpumka GPU. TensorFlow mMoxna BukopuctoByBatu 3 GPU, mo moxe
3HaYHO MPUCKOPUTH HaBUAHHS HEHPOHHUX MEPEK.

~ MIATPUMKA THCTPYMEHTIB st po3poOku. TensorFlow Bkitouae B cebe psia
IHCTPYMEHTIB JJIs1 PO3POOKHU, TAKUX SIK rpapiuyHuil 1HTEpPEIC 1 KOHCOJIb.

TensorFlow — e mory:xHa 6i0iOTEKa A1 MAIIMHHOTO HAaBYaHHS, SIKa MOJXKE
BUKOPUCTOBYBATHCSI JIJIi CTBOPEHHsI 1 HaBYaHHs HelpoHHux mepex st (ela.kpi.ua)
BUPILIEHHSI LIMPOKOTO CHEKTPY 3aBAaHb. BOoHA MIATPUMYE IIMPOKUN CIEKTp THIIIB
HEHPOHHMX MEpEeX, THUMIB JaHux 1 MmiatrGopMm, MO poduth I yHIBEpCATHHUM

iHCTp}/'MeHTOM JJIA MAalIMHHOT'O HaBYaHHS.


https://ela.kpi.ua/bitstream/123456789/43013/1/Muzyka_O_bakalavr.pdf
https://ela.kpi.ua/bitstream/123456789/43013/1/Muzyka_O_bakalavr.pdf

Keras - 1ie Bikpura 010J10TeKa sl MAIIMHHOTO HABUaHHsI, HanvcaHa Ha Python.
BoHa BHUKOpUCTOBYETHCSI NIl CTBOPEHHS 1 HaBYaHHA HEWpOHHHMX Mepex. Keras €
BHCOKOPIBHEBOIO 010J7110TeKOI0, sika moOymoBana Ha ocHOBI TensorFlow [18]. Ile
o3Havae, mo Keras 3abe3nedye npoctuil 1 3pydHuil iHTepdec s BUKOPUCTAHHS
TensorFlow.

Keras Mae psi1 mepeBar, BKIFOUAIOUH:

- IIpoctora BuKopucTaHHA. Keras mae mpocTuil 1 3pydHuid iHTepderc, sSKuii
pPOOUTH WOTO JIETKUM Y BUKOPUCTAHHI JIJIs1 TTOYATKIBITiB.

- MonynbHicTs. Keras € MoayapHOIO 010110TEKOI0, 10 JTI03BOJISIE KOPUCTYyBauam
JIETKO CTBOPIOBATH 1 HAJIAIITOBYBATH CBOI BJIIACHI HEMPOHH1 MEPEXKi.

- EdexrtuBnicts. Keras BukopucroBye TensorFlow, sikuii € BHCOKOE(PEKTUBHOIO
010J110TEKOI0 MAIIMHHOTO HABYAHHS.

Keras BUKOpHUCTOBYETHCS JIJIS1 IMMUPOKOTO CIEKTPY 3aBAaHb MAIIMHHOTO HaBUYAHHS,
BKJTFOYAIOYH:

- Knacudikarisa. Keras Mo)kHa BHKOPHCTOBYBAaTH JUIS Kiacudikaiii mgaHUX,
HAIPUKJIAI, 11 BU3HAYCHHS TOTO, YH € 300paKCHHS COOAKOI0 UM KOTOM.

- Perpecis. Keras Mo)XHa BHKOpPUCTOBYBAaTH [IJIi TPOTHO3YBAaHHS JIaHUX,
HaIPUKJIA, IJ1s IPOrHO3YBaHHS I1H Ha akuii a00 MOro/Iu.

- OOpobOka mnpupogHoi MOBHU. Keras MoxHa BHUKOPUCTOBYBAaTH sl OOpPOOKH
MIPUPOHOT MOBH, HANIPUKJIIAJ, JIJIsl IEPEKIIaay MOB a00 CTBOPEHHS 4aT-00TiB.
[Ipuknan moOy0BU MPOTHO3HOI MOJIENI PEKYPEHTHOI HEMPOHHOI Mepexi Ha Keras, dxa
MpU3HayYeHa JJI1 TMPOTHO3YBAaHHS TOCIHITOBHUX THUIMIB JaHux (sequential data types)
HaBEJICHO Ha pUCYHKY 2.1.

Hagsenemo nesiki 3 ocHoBHUX (yHKIIiH O610mi0Texu Keras [18]:

~ MIATPUMKA PI3HUX THUIIB HEHPOHHUX MEPEX, BKIIOYAIOUN 3rOPTKOBI HEMPOHHI
MEPEKi, HeviponHi Mepexi Ta (ela.kpi.ua) smimani Mepexi;

~ MIATPUMKA PI3HUX TUIIIB IaHUX, a came rpadiyHi o0pasu, TEKCT 1 ayAaio;

~ MATPUMKA pPI3HUX ONTHMI3ATOPIB, 5KI BUKOPUCTOBYIOTHCS JUIsi HaBYAHHS

HEWPOHHUX Mepex (Hanmpukiag, Adam);


https://ela.kpi.ua/bitstream/123456789/43013/1/Muzyka_O_bakalavr.pdf

- TIATpUMKA pI3HUX MeETpUK abo loss function, sKi BUKOPUCTOBYIOTHCS ISt

(ela.kpi.ua) omiHKK TOYHOCTI HEUPOHHUX MEPEK.

(’ model = tf.keras.models.Sequential([
tf.keras.layers.LSTM{188, input_shape=(window_size,1), return_ssquences=True},
tf.keras.layers.LSTM(58, return_sequences=True},
tf.keras.layers.LSTM(18),
tf.keras.layers.Dense(84, activation='relu'),
tf.keras.layers.Dense(16, activation="relu’),
tf.keras.layers.Dense(1)

1)

model.compile(loss="mse",
optimizer=tf.keras.optimizers.Adam(),
metrics=[ "mape'])

lstm_model = model.fit(train,epochs=188)

Puc. 2.1. Ilpukian mporHo3Hoi Mojieii Ha OCHOBI peKYpEHTHOT HEMPOHHOT MepexKi

(RNN) 3 LSTM monynsimu, sika po3po0JieHa 3a gonomoru Keras.

Hagenemo aesiki 3 ocHoBHUX GyHKIIIM 610moTeku Keras [19]:

- MOIATPUMKA PI3HUX TUIIB HEMPOHHUX MEPEXK, BKIOYAIOUM 3rOPTKOB1 HEMPOHHI
MEpEeXKi, peKypeHTHI HelpoHHI Mepexki Ta (ela.kpi.ua) 3mimani Mepexi;

- MIATPUMKA PI3HUX TUIIIB JAHMX, a came TpadiuHi 00pa3u, TEKCT 1 ayio;

~ MIATPUMKA pI3HUX ONTHMI3ATOPIB, 5Kl BUKOPUCTOBYIOTHCS JUIsi HABYAHHS
HEWPOHHUX Mepex (Hampukian, Adam);

- MOIATPUMKA pi3HUX MeTpuUk abo loss function, sKI BUKOPUCTOBYIOTHCS LIS
(ela.kpi.ua) omiHKKM TOYHOCTI HEHPOHHUX MEPEIK.

Keras - e moTyxHuil 1HCTpPYMEHT JUIsl MAaIIMHHOTO HaBuaHHA. BiH mpoctuit y
BUKOPHUCTaHHI 1 MOX€e OyTH BUKOPUCTAHUM JJI LIMPOKOTO CIIEKTPY 3aBAAHb.

PyTorch - e Bigkpura 0i0mioTeKa I MAIIMHHOTO HAaBYaHHsS, HalKMcaHa Ha
Python. BoHa BHKOpHUCTOBYETBHCS JUIsl CTBOPEHHSI 1 HABYaHHS HEWPOHHHX MEPEX.
PyTorch € BucokopiBHEBOIO 0i10JIOTEKOI0, sKa J03BOJIIE KOPHUCTyBayaM JIETKO
CTBOPIOBATH 1 HAJIAIITOBYBATH CBO1 BJIACHI HEHPOHHI Mepexi [15].

PyTorch mae psan nepesar, BKIIOYAIOUU:
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- nuHamiuHe rpadyBanHsa. PyTorch BukopuctoBye nuHamiude rpadyBaHHs, 110
o3Hauae, 110 rpad obuncieHb OyayeThCs MO Mipl BUKOHAHHS KoAdy. Lle poouts PyTorch
OUTbIII THYYKUM 1 TOTY>XHUM, HDK Oi0710TE€KH, SIKI BUKOPHCTOBYIOTh CTaTHYHE
rpadyBaHHS;

- aBroMatuuHe gudepenuioBands. PyTorch  BukopucToBye aBTOMAaTH4HE
auQepeHiioBaHHs A oOuucieHHs rpaaieHTiB  ¢yHkuii Brpar. lle mosBomse
KOpPUCTyBauaM JIETKO HaBuYaTW HEHUPOHHI Mepexki 3a JIONOMOIrOI aJIfTOPUTMIB
IPaJiEHTHOTO CITYCKY;

- MBUIKICTh 1 edekTuBHICTh. PyTorch BukopucToBye rpadidni mporecopu
(GPU) nns mpuckopenns ob6uucienb. Ile poobuts PyTorch ineansHum 11 3aBnaHb
MAaITMHHOTO HaBYaHHS, SKi BUMAaraioTh BEJIMKO1 KIJIHKOCT1 OOYHMCIICHb.

PyTorch BuKOpPHCTOBY€TbCS Uil LIMPOKOTO CIEKTPY 3aBAaHb MAIIUHHOIO
HaBYaHHS, BKIro4arouu [21]:

- knacugikamisa. PyTorch MokHa BUKOpPUCTOBYBAaTH MJid KjiacuQikallli JaHUX,
HaIPUKJIIAI, 11 BU3HAUYEHHS TOTO, UM € 300paKeHHsI IEBHUM 00’ €KTOM YH Hi.

- perpecis. PyTorch MoxHa BHKOPHUCTOBYBaTH [UIsl MPOTHO3YBAaHHS JIaHUX,
HAIPUKIIAJ, ISl IPOTHO3YBaHHS 1I1H HA HEPYXOMICTh a00 MPOTHO3Y MOTO/IH.

- 00pobOka mpuponnoi moBu. PyTorch mMoxxHa BUKOpHCTOBYBaTH AJisl 0OpOOKU
MPUPOIHOI MOBH, HAIIPUKJIIAL, JIJIsl IEPEKIIaay 3 IHIIMX MOB a00 CTBOPEHHS 4aT-00TIB.

PyTorch € moTy>xHUM IHCTpYMEHTOM Il MAIIMHHOTO HaB4YaHHS. BiH Mae psin
nepeBar, siki poOJIsTh HOro iiealIbHUM JIJIsl IIUPOKOTO CIIEKTPY 3aBJIaHb.

[Ipuknan apxiTeKTypu MpOCToi 3aropTkoBoi HerponHoi Mepexi (CNN) momeni

noOyaoBaHoi 3a gornomoru PyTorch HaBeneHO HAa pUCYHKY 2.2.



class Net({nn.Module):
def __init__(self):

super(Net, self).__init__()
self.convo = nn.Conv2d(3, 16, &) #224
self.pool = nn.MaxPool2d(2, 2) #2286
self.conv?2 = nn.Conv2d(16, 32, 5) #1718
self.dropout = nn.Dropout(B.4) #7186
self.fcl = nn.Linear(32+53+*53, 256#*2)
self.fc2 = nn.Linear(256+2, 21@)
self.fc3 = nn.Linear(218, num_classes)
self.softmax = nn.LogSoftmax(dim=1)

def forward(self, x):

= self.pool(F.relu(self.conva(x))) #before convo: 224 - after convo: 228
= self.pool(F.relu(self.conv2(x))) #7118 - 7186 - 53

= self _dropout(x)

x.view(-1, 32 % 53 = 53)

= F.relu(self.fc1(x))

= self _dropout(F.relu(self.fc2(x)))

= self.softmax(self.fc3d(x))

return x

L A A
1l

model = Net()

Puc. 2.2. Ilpukinan apxitektypu npoctoi CNN mojaeni noOy0BaHOi 3a JOTOMOTH

PyTorch

Takox MOKHa BUJILJTUTH Taki nepeBaru Bukopuctanus PyTorch:

- mpoctota Bukopuctanus. PyTorch mMae npocrtuii 1 3pyunuii iHTepdenc, SKuit
pOOUTH HOTO JIETKUM Y BUKOPHUCTAHHI JIJISl TOYATKIBLIB;

- moaynbHICTh. PyTorch €  momynpHOO — 610/I0TE€KOI0, IO JO3BOJISIE
KOPHUCTYBavaM JIEFKO CTBOPIOBATH 1 HAAILITOBYBATH CBO1 BJIACHI HEMPOHHI MEPEXi;

- edektuBHicTh. PyTorch BukopuctoBye GPU aiig npuckopeHHs: 004nCiIeHb, 110
poOUTH HOTO 17IcaTbHUM JUIsl 3aBJaHb MAITMHHOTO HAaBYaHHS, sIKI BUMAaraloTh BEJIHKOT
KIJTBKOCT1 OOYHMCIICHB;

~ MATPUMKA PI3HUX TUTMIB HEeWpoHHUX Mepex. PyTorch miaTpumye pi3Hi THIH
HEUPOHHHUX MEPEK, BKIIOYAIOUM 3rOPTKOBI HEHPOHHI MEPEXl, PeKypeHTHI HEHpOHHI
mepexi Ta (ela.kpi.ua) smimani Mmepexi;

- miaTpuMka pi3Hux THOIB gaHux. PyTorch minTtpumye pi3HI Tunm [aHux,

BKJIIOUYAIOYM 00pasu, TEKCT 1 ayio;


https://ela.kpi.ua/bitstream/123456789/43013/1/Muzyka_O_bakalavr.pdf

— TIATpUMKa pi3HUX ontumizatopiB. PyTorch miarpumye pi3Hi ontumizaTopu, siKi
BUKOPUCTOBYIOTHCS /1715l HABYAHHS HEHPOHHUX MEPEK;

- marpuMkKa pisHUX MeTpuk. PyTorch miarpumye pi3Hi  METpUKH, SKi
BUKOpUCTOBYIOTHCS s (ela.Kpi.ua) omiHKy TOYHOCTI HEHPOHHUX MEPEK.

Tak cepen mepeBar O10JIOTEKHM IO CTBOPEHHIO HEWPOHHUX MEPEX MOXKHA
BU/TIJTUTH:

- PyTorch € Bigkpurtoro 6167110T€K00, 110 O3HAYAE, IO i1 MOXKHA OE3KOIITOBHO
BUKOPHCTOBYBAaTH Ta MNOMIMPIOBaTH. e poOuTh ii AOCTymHOIO IS IIMPOKOIO KoJja
KOPHCTYBayiB, BKJIIFOYAIOYH CTYJACHTIB, HAYKOBIIIB Ta PO3POOHUKIB.

- PyTorch Mae Benwky 1 akTHBHY CHUIBHOTY, SIKa HaJa€ MIATPUMKY Ta
pecypcu. Lle Moxxe OyTM KOpPHCHHMM JUIsl MOYATKIBIIB, SIKI XOYYTh NOYaTH poOOTY 3
PyTorch.

- PyTorch nocriitHO po3BUBa€THCH 1 MOKpalryeTbes. Lle o3navae, 1o KopucTyBayi
3aBXIM MOXYTh OTPUMYBATH JIOCTYT 1O HAMHOBIMKX (DYHKIIIH 1 MOTIMIIECHb.

Icnye 6e3miu mpukiaaiB BuKopuctans 010miorexu PyTorch B peanbHux mpoexrax
[21]:

- Google BuxopucroBye PyTorch nmnst po3poOku CBOiX MPOMYKTIB, TaKUX SK
Google Vision i1 Google Translate.

- Facebook BukopucroBye PyTorch mist po3poOku cBOiX HMPOIYKTIB, TAKHX SIK
Facebook Al i Instagram.

- OpenAl Bukopucroye PyTorch a5t po3po6ku cBoiX npoayKTiB, Takux sik GPT-
3.5 1 Dactyl.

PyTorch € moTy>xHuM 1 yHiBEpCAIIbHUM 1HCTPYMEHTOM JIJIs1 MAIIIMHHOTO HABYAHHSI.
BiH BUKOPHCTOBYETHCS B IIMPOKOMY CIIEKTPI 3aBJIaHb 1 € MOMYJSIPHUM BUOOPOM cepes
EKCTIEPTIB 1 MOYATKIBIIIB.

Ocp kiJIbKa 10JaTKOBUX NiepeBar Bukopuctanus PyTorch:

- PyTorch 3abe3neuye BHCOKHW piB€Hb KOHTPOJIIO HaJ MPOIECOM HaBYaHHS
HEHpoHHUX Mepex. Lle 103Bojisie KOpUCTyBauyaM €KCIEpUMEHTYBATH 3 PI3HUMHU

napameTpamH 1 apxXiTeKTypamu JJisi OTPUMaHHs HAKpalioi TOYHOCTI.
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- PyTorch € rHydykum 1 macmtaboBanuM. BiH Moxke OyTH BUKOPUCTAHUM IS
BUPIIIICHHS 3aBAaHb Oyb-SKOT0 MaciiTaly, BiJl HEBEIUKUX HaBYAJIbLHUX HaOOPIB JaHUX
710 BETIMKUX HaOOpiB JaHMX, 110 MICTSTh MIJTbHOHU 3pa3KiB.

- PyTorch € epexruBaum. Bin BukopucroBye rpadiuni npouecopu (GPU) s
MPUCKOPEHHS OOYMCIIEHb, MO POOUTH HWOTO iACIBHUM IS 3aBJaHb MAaITUHHOTO
HaBYaHHS, SIKI BAMAraloTh BEJINKOI KIJIBKOCTI O0OYHCIIEHbD.

B uinomy, PyTorch € moTy>xHUM 1 yHIBEpCaTbHUM IHCTPYMEHTOM JJIsI MAIITMHHOTO
HaBYaHHs. BiH Mae psig nepesar, ki poOJIATh HOTO 1/1eaTbHUM JJIs1 BUPIIICHHS HTUPOKOTO

CHEKTPY 3aBJlaHb, IPUUOMY BiH Ma€ JIOCTATHHO HU3bKUI MOPIT BXOTY.

2.2 IactpymeHTH peanizailii HeHPOHHUX MEPEX

Flask - e mikpodperiMmBopk st BeO-po3podku Ha Python. Bin OyB cTBOpeHMIi
nporpamictom Mimenem Ilinbone B 2010 poui. Flask € momynsipuum BuGOpoMm uist
po3poOku  BeO-momaTtkiB  Python, ockinbku BIH HPOCTUN Y  BUKOPUCTAHHI,

(Www.komarov.design) ayie Bce ' MOTYXKHH 1 THYYKHH.

Tabmuis 4
OcHoBHI xapakTepuctuku ¢ppeitmopky Flask
XapakTepucTrka Onunc xapakTepUCTUKA
MikpodpeiMBOpK Flask nHe Bxmowae B cebe Oarato (yHKIN 3

KOpOOKHM, ajie JI03BOJISE JIETKO J0/AaBaTH iX 3a
JOTIOMOI'OK0  CTOpPOHHIX O10miotek. Lle poOGuth
Horo mpocTMM Yy BHUKOPUCTaHHI, ajle BCE X

HNOTYXHUM 1 THYYKUM

[IpoctoTa BUKOpUCTAaHHS Flask mae npoctuii 1 3po3ymiiuii iHTepdeiic, 1o
poOUTH WOTO JIETKUM Y BUKOPUCTAHHI JIJIst

(www.komarov.design) mouaTkisIiiB

[IponorxxenHs Tadnuii 4
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['HyuKicTh Flask € rayukum (periMBOpKOM, IO JO3BOJISE
PO3pOOHHMKAM JIETKO HAJAIITOBYBAaTH HMOTO IIif

CBO1 IOTpeOH

MacmTaboBaHICTh Flask moxe OyTu BUKOpUCTaHUU IS PO3POOKH
BeO-10MaTKIB  Oyab-IKOro  Macmtaly,  Bif

HEBEJIMKUX CalTIB J0 BEJTUKUX BeO-CEpBICIB

HIBuKICTH 1 €HEKTUBHICTD Flask € mBunkuMm i edeKTUBHUM (HPEHMBOPKOM,
OCKLUJIbKHM BiH HE BKJIIOYA€ B ceOe OaraTo QpyHKIIIM

3 KOPOOKH

CrisnbHOTA Flask mae BenuKy 1 akTUBHY CIUJIBHOTY, sIKa Ha/1a€

MIATPUMKY Ta pECypCH KOpUCTyBadam

OpeiimBopk  Flask mpartoe nHa ocHoBi mozemi WSGI (Web Server Gateway
Interface). WSGI - mne cramgaptHuii cmociO B3aemojii BeO-cepBepiB 3  BeO-
(bpeiiMBOpKaMHU.

Flask ckianaeTscsi 3 HACTYITHUX OCHOBHMX KOMIIOHEHTIB:

- ocHOBHUH (haiis. OcHOBHUM (aiin - ne daitn Python, akuii MICTUTH KO 1A
3amycky Flask;

- xoutpoiepu. Kontponepu Biamosigawoth 3a 00pooky HTTP-zanuty 1
MOBEPHEHHS BIMOBIII;

- mabnonu. [llabnonn BuxkopuctoBytoThes mns reneparii HTML-komy s
B1100pa’KE€HHS BEO-CTOPIHOK;

- 0a3u manux. Flask miarpumye po6GoTy 3 pi3HUMH TUIIaMH 0a3 TaHWUX, TAKUMU SIK
MySQL, PostgreSQL i SQLite.

Jns mouatky po6otu 3 Flask moTpibno #oro iHcTamoBaTu. s nporo MoskHa
BUKOPUCTOBYBATH MEHEJKEP MAKETIB Pip:

pip install flask

[Ticnst BcranoBnenns Flask MoxHa cTBOpUTH HOBHIM TpoeKT. [ 1IbOro MOXHa

BUKOPUCTOBYBATH HACTYITHUM KOJ:



rnanage.py = req.bdt settings.py = .env urls.py
from flask import Flask

app = Flask(__name__)

@app.route("/")
def index():
return "Page for new project”

> if __nmame__ == "__main__":
app.run()

Puc. 2.3. CtBopenHst HOBoro npoekTy Ha Flask

Hagenenuii Ha pucyHKy 2.3 KOJI CTBOPIOE MPOCTHI BEO-CANT 3 OAHIEIO CTOPIHKOIO,
ska BimoOpaxae Tekct "Page for new project".

Po3pob6ka Be6-monatkiB Ha Flask

Flask MoxHa BUKOPUCTOBYBATH JUIsl PO3POOKU IIUPOKOTO CIIEKTPY BEO-I0AATKIB,
BKJTIOYAIOYH:

- mnpocTi Be6-caiitu. Flask moxHa BUKOpUCTOBYBATH AJ1 PO3POOKU MTPOCTUX BEO-
CalTiB, TAKUX K OCOOUCTI BEO-CTOPIHKU ab0 OJIOTH;

- BeO-mopatku. Flask mMo)kHa BHKOpHUCTOBYBaTH i PO3pOOKU BeO-I0JIATKIB,
TaKUX SIK IHTEPHET-Mara3uHu, CUCTeMHU yrpaBiiHHS KoHTeHToM (CMS) Tta corianbHi
Mepexi;

- BeO-cepsicu. Flask Mo)kHa BUKOPUCTOBYBATH ISl pO3pOOKHU BEO-CEPBICIB, TAKUX
ak API Ta mikpocepsicu.

Ha pucynky 2.4 HaBeneHo npukiaz podotu 3 mikpodpeitmBopkom Flask.



# manage.py = reqxt = settings.py = .env = urls.py = flask.py
from pip import mailn
from timer import Timer
from requests import geft

from flask import Flask,render_template, jsonify

app = Flask(__name__, template_folder="client")

@app.route('/")
def home():
with Timer("timer.logs"):
return render_template("home.html")

@app.route(' fastro/list')
def astrolList():
with Timer("timer.logs"):
astro = get("http://api.open-notify.org/astros.json").json()
return render_template('list.html', astro=astro)

@app.route("/astro/craft/<string:craft_name>")
def craft(craft_name: str):
with Timer("timer.logs"):
astr = get("http://api.open-notify.org/astros.json").json()["people”]
filtered_craft = list(filter(lambda x: x["craft"] == craft_name, astr))
return render temnlatel'craft_html' astro=filtered craft astrn name=craft namel

on Packages @ Python Console

Puc. 2.4. ITpuxnaza po3poOku mikpocepsicy Ha Flask

Jnst po3pobku BeO-monmatkiB Ha Flask MokHa BUKOPHCTOBYBAaTH CTOPOHHI
010J110TEKH, K1 HAJAI0Th JOJIaTKOB1 (PYHKIII1, TaKl sSIK MIATPUMKA 0a3 TaHUX, KEITyBaHHS,
Oesreku Ta 0araTo 1HIIOTO.

Binomi Be6-momatku, po3podineni Ha Flask
Reddit
- Pinterest
Netflix
LinkedIn
Stripe

Takum uymnoMm, Flask - me moryxHuil 1 yHiBepcaqibHUW (peHMBOpK I BeO-
po3poOku Ha Python. Bin € xopommm BuOGOpoM ajisi po3pOOHUKIB OyIb-SIKOTO PiBHS
JOCBIAY, SIKI IIYKAIOTh MPOCTUH y BHUKOPHUCTAHHI, aje€ THYYKHH 1 MaciITaboBaHUMN

(bpeitMBOpK.



Django - e BeO-dppetiMmBopk aist Python, sikuii 0y crBopenuii B 2005 porii. Bin €
MOMYJIIPHUM BHOOpPOM I po3poOku BeO-momatkiB Python, ockinbku BiH MPONOHYE
IUPOKUH CHEKTP QYHKIIN 1 MOKIMBOCTEH.

OcHoBHI xapakTepuctuku Django

- MopayneHicTe. Django €  MomynpHUM — (pEeWMBOPKOM, IO  JO3BOJISIE
PO3pOOHMKAM JIETKO J10/1aBaTh ab0 BUAAIATH (YHKIIIT;

- I'myukictk. Django € rHydYkuM (QperMBOpPKOM, IO O3BOJISE PO3POOHHKAM
JIETKO aJanTyBaTH HOro mij CBOi MoTpedu;

- MacmraboBanicTs. Django Moke OyTH BUKOPUCTaHUH ISl pO3POOKH BeO-
J0JIaTKiB OYy/Ib-SIKOTO MacIlITaly, Bil HEBEJIMKUX CAWTIB JI0 BEJIMKUX BEO-CEPBICIB;

- besneka. Django mae BOynoBaH1 QpyHKIIi1 O€3M€EKH, K1 JOMOMaraloTh 3aXUCTUTH
BeO-70/IaTKH BiJ aTaK;

- CnuteHoTa. Django mae BenUKy 1 aKTUBHY CHIJIBHOTY, SIKa Ha/Ia€ MATPUMKY Ta
pecypcH KOPUCTyBadam.

Sk npamroe Django

Django npartoe Ha ocHoBi Moxeni MVC (Model-View-Controller). MVC - e
apxiTeKTypa BeO-10JaTKiB, SIKa PO3AUISLE JOJATOK HA TPU OCHOBHUX KOMIIOHEHTH:

- Mopens: Moaenb BiNOBIIa€ 3a 30epiraHHs JaHUX.

- Bua: Bun BianoBigae 3a BiioOpaxeHHs JaHUX Ha BEO-CTOPIHKAX.

- KonTtponep: Kontponep BiamoBigae 3a oOpoOKy 3aluTiB KOPUCTYBadiB 1
MTOBEPHEHHS BIJIMOBIACH.

Django mae psag nonatkoBux (GYHKIIH 1 MOXIMBOCTEH, $SKI MOXYTh OyTH
KOPUCHUMU sl pO3pOOHUKIB BeO-10/1aTKIB. JI0 HUX BIAHOCATHCS:

- IMa6nouuzarop Django - e notyxuuii incTpyMeHT 11t reHeparii HTML-koxy
JUTSL B1TOOpaskKeHHS BeO-CTOPIHOK.

- Cucrema ynpaBiiHHS nakeramu Django - 1e IHCTpYMEHT, SKUW JO3BOJISIE
PO3pOOHUKAM JIETKO BCTAHOBJIIOBATH 1 KEPYBATH CTOPOHHIMHU 010110TEKaMHu.

- AnMiHicTpaTuBHa maHenb Django - 1e IHCTPYMEHT, SKUH J03BOJIsIE

PO3pOOHMKAM CTBOPIOBATH 1 KEpyBaTH BeO-A01aTKaMu 0€3 HEOOX1THOCTI MUCATH KOJI.



- Mopym Django - 11e HaGip TOTOBHUX pillIeHb JJIs MOIIUPEHUX 3aBJaHb BeO-
PO3pOOKHU.

[Touarok po6otu 3 Django

Jns mouatky pob6otu 3 Django moTpiOHO BCTaHOBUTH Horo. JIjisi bOro Mo’KHa

BUKOPHUCTOBYBAaTH MEHEKep makeTiB Pip

(venv) C:\Users\Davos\iteaprojectsicrossfit=pip install django

B Run  ET0DC O Problems B Terminal #= Python Packages = Python Console

Puc. 2.5. Incransmis ¢pperimBopky Django

[Ticnst BcTanoBieHHd Django Mo>kHa CTBOPUTH HOBHM TIPOEKT. J[Jist IbOro MOKHA
BUKOPHCTOBYBATH HACTYITHY KOMaH/Y:

django-admin startproject myproject

[{s koMaH1a CTBOPUTH HOBHIA MpoeKT Django 3 Ha3Boto "myproject”.

Po3pob6ka BeO-noaatkiB Ha Django

Django Mo’kHa BUKOPUCTOBYBATH JUIsl PO3POOKM IIUPOKOTO CIEKTPY BeO-
JIOJTaTKIB, BKIIIOYAIOUH:

- IIpocti BeG-caiiTu. Django MOX»Ha BUKOPUCTOBYBATH JJIsl pO3POOKH MPOCTHX
Be0-CaiTIB, TaKUX SIK OCOOMCTI BeO-CTOpiHKH ab0 OJI0TH.

- Beb6-nogatku. Django MokHa BHUKOPUCTOBYBATH ISl pO3POOKH BeO-T0AaTKIB,
TaKUX SIK IHTEPHET-Mara3uHu, CUCTeMHU yrpaBiiHHS KoHTeHToM (CMS) ta corianbHi
Mepexi.

- Be0-cepBicu. Django Mo’kHa BHUKOpPUCTOBYBAaTH AJi PO3POOKH BeO-CEpBICIB,
takux gk API Ta mikpocepsicu.

Ha puc. 2.6. 300paxkeHo cTpyKTypy npoekty Ha Django



crossfit manage.py
Project BT - & —
crossfit

backend

crossfit

N Project

utils

venv

ENY
db.sglite3
manage.py
req.bed
External Libraries

Scratches and Consoles

Puc. 2.6. CtpykTypa npoekty Ha Django

Jnst po3poOku BeO-moaaTkiB Ha Django MokHa BUKOPUCTOBYBATH CTOPOHHI
010J110TEKH, K1 HAJAI0Th JOJIaTKOB1 (PYHKIII1, TaKl SIK MIATPUMKA 0a3 TaHUX, KEITyBaHHS,
Oe3reku Ta 6araTo 1HIIOTO.

Binomi BeO-momatku, po3pobiaeni Ha Django

Instagram
Pinterest

Spotify
- Mozilla Firefox

Disqus
Takum uymHOM, Django - 1€ MOTYKHMI 1 yHIBepcaidbHUN (peiiMBOpK A BeO-
po3poOku Ha Python. Bin € xopoummm BuOGOpoM mJis po3pOOHUKIB OYylIb-SIKOTO PiBHS
JOCBIAY, SIK1 IIYKAaIOTh GPEHMBOPK 3 HIUPOKUM CIEKTPOM (PYHKITiH 1 MOKIIMBOCTEH.
Django € momynsipuuMm BuOOpoM st po3poOku BeO-moaatkie Python. Bin
MIPOTIOHYE TIMPOKUN CIEKTP (YHKININA 1 MOXKIUBOCTEH, IO POOUTH MOTO XOPOIIUM

BUOOPOM 1Sl pO3pOOHUKIB Oy 1b-IKOTO PIBHS AOCBIY.



2.3. Oco6auBOCTI Ta BIAMIHHOCTI 3aTOPTKOBUX Ta PEKYPEHTHUX HEHPOHHUX

MEpex

Sk BXKe 3a3HaYaIOCh, HEUPOHHI MEPEXKi € MOTYKHUM, Cy4YaCHHUM 1HCTPYMEHTOM,
AKUW MOKHa BUKOPUCTOBYBATH I BHUPIMICHHS IIMPOKOrO KoJia 3aBlaHb 1 fKI
BUKOPHUCTOBYIOTh TEPEBAXKHO NJS aHAIi3y CKIAQIHUX CTPYKTyp AaHuX. ChOTOACHHS
XapaKTEpU3y€eEThCsl IIBUJIKUM PO3BUTKOM TEXHOJIOTIA 1 TOMY HEHPOHHI MEpexi, Ta ix
MO>KJIMBOCTI JIMIIIE PO3IIMPIOBATUMYTHCSI.

HeiiponHi Mepexxi BHUKOPHUCTOBYIOTBCS B CYYaCHOMY CBITI JJsi BHUPIIICHHS
HIMPOKOTO KOJIa 3aBJaHb, BKIIOYAIOUH:

— MPOTHO3YBaHHS, JIs MOOY/IOBU MPOTHO31B MAaHOYTHIX MOJ1M, TAKUX SIK I[IHA HA
akiii a0o MOMUT Ha TOBAPH Ta MOCIYTH;

— po3mi3HaBaHHS O0pa3iB, IS PO3MiI3HABAHHA TaKUX SIK O0’€KTIB SIK JIIOJIH,
MpEeAMETH P13HOI PUPOJIU Ta 1H.;

— 00poOKa MpHUpPOJHOT MOBHU, a caMme JOIOMOra IpH MepeKial, po3Ni3HaBaHHA
MOBH a00 reHepalis TeKCTI;

— aBTOMaTH3alld, HEHUPOHHI MEpeXl AaKTUBHO  BHUKOPUCTOBYIOTH IS
aBTOMaTHU3allli BUKOHAHHS 3aBJaHb, YIPABIIHHSA PI3HOTO POJYy MpolecaMu ado
MPUIHATTS PillICHb.

3ropTkoBi HEHPOHHI MEpexKi Convolutional Neural Network
(ela.kpi.ua)) (ela.kpi.ua) € omarMu 3 Hatie(heKTHBHIIIIMX METO/IIB PO3ITi3HABaHHS 00pas3iB.
[ToxiOHI apxiTEKTypH HEHPOHHUX MEPEX TAKOXK 3apeKOMEHyBau ceOe B Kiacudikarlii
300pakeHb. BoHM MatoTh psiji 0COOMMBOCTEM, SIKI POOJIATH iX 0COOMMBO €PEKTUBHUMU
pHu poOOoTI 3 300pakeHHSAMU (AUB. TAOTUIIO 5).

Tabmuus 5

Oco0MBOCTI 3arOPTKOBUX HEUPOHHUX MEPEK

OcobnuBicte CNN Onuc ocobamnocteir CNN

3ropTku 103BOJsII0TE CNN HaBYaTHCS JTOKATBHUM OCOOIUBOCTSM
300pakeHpb (00paziB). Lle € MpUHIMITOBO BayKJTMBUM, OCKIITBKH
3ropTku OUTBIIICTh 300paXKeHb MICTSTh JOKaJIbHI OCOOIUBOCTI, K €
YHIKQJIBHUMH JIJIs1 TIEBHOTO KJ1acy 00'eKTiB (1I€ 1a€ YyTTEBY MepeBary
npu kiacudikaiig abo po3nizHaBaHHI 00pa3iB).



https://ela.kpi.ua/bitstream/123456789/58177/1/Zabilska_bakalavr.pdf
https://ela.kpi.ua/bitstream/123456789/58177/1/Zabilska_bakalavr.pdf
https://ela.kpi.ua/bitstream/123456789/58177/1/Zabilska_bakalavr.pdf

[IponoBxeHHs Tadbmwmi 5

3ropTKOBI HEUPOHHI MEPEKI BUKOPUCTOBYIOTH (DIIIBTPH, IO JTI03BOJISE
e(eKTUBHO BUSBIISTHU JIOKAJIbHI 0COOIMBOCTI 300pakeHb. DinbTpu
®inbTpu 3a3BHYail HABYAIOTh HA HABYAJILHOMY Ha0OP1 JaHMX, IO JO3BOJISIE
BUSIBJISUTA OCOOJIMBOCTI, SIKi € XapaKTEPHUMHU IS IEBHOTO KJIacy
00'eKTiB.

CNN € macitabHO HEUYTIIMBUMU, 110 03HAYAE, 1110 BOHU MOXKYTh
Macmrabna OyTH epeKTUBHUMHU JIJIs PO3Ii3HABaHHS 00pa3iB pizHOTro po3Mipy. Lle
1HBapiaHTHICTb Ba)XJIMBO, OCKUIbKHU 300paxkeHHs (00pa3n) B pealbHOMY CBiTI MOXKYTh
OyTH pI3HHX PO3MIpIB.

Sx 3a3Havanoch panime, CNN MaioTb psAa MEBHUX IepeBar mepes 1HIIUMHU
METOJIaMH po3Ili3HaBaHb 00pa3iB. Jlo mepeBar 3aropTKOBUX MEPEK MOKHA BITHECTH:

— TouHIcTh, CNN 4YacTo Moka3yroTh OUIbII BUCOKY TOYHICTH PO3II3HABAHHSA
o0pa3iB NOPIBHSIHO 3 IHIIUMH MOJEISIMHU;

— MaciTaboBaHICTh, 3TOPTKOBI HEMPOHHI MEpeki MOKHA BUKOPUCTOBYBATH JJIS
po0OTH 3 BETMKUMHU HAOOpaMH JaHUX;

— YHIBEpCAJIbHICTh 3rOPTKOBUX HEHPOHHUX MEPEXK JI03BOJISIE BAKOPUCTOBYBATH 1X
JUTsl pO3II3HABaHHA 300pakeHb PI3HUX KJIACIB.

MokHa BUAUIMTH JIeKUIbKA TPUKIAIIB, fAKI JeMOHCTpYIoTh sk CNN
BUKOPUCTOBYIOTHCS JIIsl pO3II3HABAHHS 00pa3iB:

— posmizHaBanHg 001u4: CNN BUKOPUCTOBYETHCA JJI PO3Mi3HABAHHS 00JIMY Y
cucteMax Oe3MeKH 3a IONMOMOTH BiJieo Ta (poTokamep;

— posmnizHaBaHHA 00'ekTiB: CNN 103BOJISIOTh €(DEKTUBHO pO3Mi3HABaTH 00'€KTU
Ha 300paKEHHSX, Y SIKOCTI TAKUX 00’ €KTIB MOKYTh BUCTYIIATH MAILIUHH, JIFOAHN, TBAPUHU
1T.IL.;

— posmizHaBaHHs pykomucHoro TekcTty: CNN  BUKOpHUCTOBYeThCS — AJIS
pO3MI3HaBaHHSI PYKOIMCHOTO TEKCTY y JOKyMEHTaX (OJHUM 3 HAWOUIbII MOMYJISPHUX
Hal01p naHux 3 pykonucHuMH udpamu € MNIST).

Moo ocobmmBocteli 3actocyBandss CNN 1t po3mizHaBaHHS 00pa3iB, TO MOKHA
BUJIUIMTH HACTYTIHI:

— BUKOPHUCTAHHS 3TOPTKOBHUX IapiB. 3ropTKoBl Imapu A03BoJsiI0TE CNN
HABUYATHCS JIOKAIbHUM OCOOJIMBOCTSIM 300pakeHHs, TOOTO Kpalie PO3yMITH JEeTai, 1110

0e3nocepeIHbO BILUIUBAE HA SIKICTh MOJIENI;



— BukopucTtants nyiHry. [lymiar no3Bossse CNN 3MEHIIUTH PO3MIp BUXITHUX
JTAHUX 3TOPTKOBUX IIapiB, 30€pirarouu Mpu 1bOMY BaXKJIMBI OCOOJIUBOCTI;

— BUKOPHUCTaHHS MOBHO3B'si3HUX I1apiB. [IoBHO3B'S3HI mapu 103BoJsitoTe CNN
HABUYATHCSA TJIO0ATHHUM 3aKOHOMIPHOCTSIM Y 300paKCHHSIX.

[Mpuknan npoctoi CNN Mozeli HaBeIeHO Ha PUCYHKY 2.7.

o class SimpleCHNN(nn.Module):
def __init_ (self, num_classes=4]:
super{SimpleCNN, self). init_ ()

# 3ropTkoel wapw

self.convl = nn.Conv2d{in_channels=3, out_channels=16, kernel size=3, stride=1, padding=1)
self.relul = nn.RelU()

self.poocll = nn.MaxPool2d(kernel size=2, stride=2)

self.conv2 = nn.Conv2d{in_channels=16, out_channels=32, kernsl size=3, stride=1, padding=1)
self.relu2 .RelU()
self.pool2 .MaxPool2d(kernel_size=2, stride=2)

o
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# MOBHOZE AZH1 wapw

self.fcl = nn.Linear(32 * 8 * 8, 256)
self.relu3 = nn.RelU()

self.fc2 = nn.Linear(256, num_classes)

def forward(self,
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Puc. 2.7. Ilpuxnaxa npoctoi CNN mozeni

Caipg 3a3HaumnTH, mo 3actocyBaHHs CNN st po3nizHaBaHHS 00pa3iB moTpedye
peTeNbHOro MiA00py apXiTEeKTYpH HEMPOHHOI Mepexi Ta mapameTpiB HaBuaHHs. OJHaK,
npu npaBuwibHOMY Mi1x0/11, CNN MOXyTh 3a0€3N€YUTH BUCOKY TOUHICTh PO3Mi3HABAHHS
300pa<eHb.

[Ilo cTocyetbest pekypeHTHHX HelpoHHUX Mepexk (RNN), To 1e kinac HEeHpOHHUX
MEpEeX, CIPOEKTOBaHUM i1 pPoOOTH 3 TOCHIJOBHUMM JaHUMU Ta BpaxyBaHHS
3QJIEKHOCTEW y 4aci. BoHM MaroTh 37aTHICTH "3amam'siToByBaTd' TOmNepeaHl BXOIU 1
BUKOPHCTOBYBATH 1110 1H(pOpMaIiio s 00poOku HacTynmHUX BXOAiB. Ile poouts RNN
MPUJATHUMH JJ1s1 PI3HUX 3aB/IaHb, TAKUX SIK 00poOKa mpupoHoi MoBH (Natural Language

Processing, NLP), wacoBi psiiu, reHepairisi TEKCTIB Ta 6arato 1HIIoro.



Opnnak, y knacuaanx RNN e nmpoGiema rpaiieHTa, 0 3HHUKAE, KOJIU TPaJi€HTH
CTalOTh JyX€ MAaJIEHbKHMH, 10 YCKIQJHIOE HABYaHHSI MOJENi Ha JOBTUX
NOCIMIOBHOCTSAX. i BupimeHHs 1i€i mpoOieMu OyJo po3poOSeHO CKIIAHIIII
apXITEKTYpH, TakKi SIK JOBrOCTPOKOBI pekypeHTHi Mepexi (Long Short-Term Memory,
LSTM) Ta gated recurrent units (GRU), siki 611b111 €peKTUBHO 0OPOOIISIFOTH 3aJICKHOCTI
B Yaci.

[Mpuknag npocroi RNN mozeni 3 LSTM mapom, ABoMa JiHIHHMMHU IIapaMu Ta
¢byukuiero aktuBaiii ReLU HaBeaeHno Ha pucysky 2.8. Jlana mojens Oinblie migiiae as

POrHO3yBaHHS YaCOBUX PSIIB.

i (> # BW3Ha4eHHAa npocTtoi RNN mogeni e PyTorch
# Mogene mae LSTM wap, gea nividnvx wapa Ta ¢yHkuiw akTweauyii RelU
class SimpleRNN(nn.Module):
def __init_ (self, dinput_size, hidden_size, output_size, num_layers=2):

super{SimpleRNN, self). init_ ()
self.rnn = nn.LSTM(input_size, hidden_size, num_layers, batch_first=True)
self.fcl = nn.Linear(hidden_size, 64)
self.relu = nn.ReLU()
self.fc2 = nn.Linear(64, output_size)

def forward(self, x):
out, _ = self.rnn(x)
out = self.fcl({out[:, -1, :])
out = self.relufout)
out = self.fc2({out)
return out

# MNapameTpu Mogeni
input size =1
hidden size = 64
output_size =1
num_layers = 8

# CTeopeHHA mogeni
model = SimpleRNN{input_size, hidden_size, output_size, num_layers)

Puc. 2.8. Ilpuknan npoctoi RNN momeni

He3Bakaroun Ha BiAMIHHICTH Ta II€BHI OCOOJHMBOCTI JBOX THINB HEHPOHHHX

MEpEeXK, CIIiJ] 3a3HAYUTH, 110 11€ HE O3HAYAE 1110 iX €JIEMEHTH HE MOKHA KOMOIHYBAaTH.



[IpukiamoM Takoi apXiTEKTypH MOXKe OyTH KOMOiHAIlis 3rOpTKOBOI HEUPOHHOT
Mepex1 JJIsl OTpPUMaHHS 03HaK 3 KaJIpiB Bifieo, 00 B1JI€O PAJOK 11€ MO Cy T MOCTIA0BHICTh
BIIOPS/IKOBAHUX 300pakeHb, a MOTIM PEKYPEHTHOI HEHPOHHOI Mepexi A aHami3y
JMHAMIKY 3M1H Y 4aci.

TakuM YHMHOM, B3TOPTKOBI Ta PEKYpEHTHI HEHWPOHHI Mepexi € JIOCTaTHbO
e(eKTUBHUMHU, MAacIITaOOBAHHMHU Ta YHIBEPCAIbHUMH, IO POOUTH IX 1J€aIbHUM
BUOOPOM JIJIs1 OaraThOX 3aBJaHb, K1 ITOB’sA3aH1 3 aHAJII30M CKJIQHUX CTPYKTYp JaHUX. Y
Takiii KOMOIHOBaHIA apXiTEKTypl 3rOPTKOBI HIapU MOXYTb OYTH BHKOPUCTAaHI IS
OTPUMaHHsS MPOCTOPOBUX O3HAK 3 JaHUX, a PEKYpPeHTHI IIapu - g poOOTH 3

HOCJIiIIOBHI/IMI/I SAJICKHOCTAMU JaHHUX.

2.4. BUCHOBKH 70 pO3/LITY

IcHyroTh GaraTo pi3HOMaHITHUX 1HCTPYMEHTIB, SIKi MOXXHA BUKOPUCTOBYBATH JJIs
PO3pOOKH HEUPOHHUX MEPEXK, CaMUMU nomnyJsipHuMu 3 HuX € TensorFlow ta PyTorch. B
uimomy, PyTorch € moryxHuM 1 yHIBEpCaIbHUM IHCTPYMEHTOM JJI MAIIMHHOTO
HaBuYaHHA. BiH Mae psin nepesar, siki poOJisiTh HOT0 11€aIbHUM JIJ1s1 BUPIILIEHHS IIIUPOKOTO
CHEKTpPY 3aBJaHb, MPUIOMY BiH Ma€ JOCTATHHO HU3BKHI MOPIT BXOY.

IcHye nmocTaTHst KUTBKICTh MOTY)KHHX 1 YHIBEpCaJbHUNU (PpEeMBOPKIB it BeO-
po3poOku Ha Python. Bonu € xopomum BHOOpOM 711 PO3POOHUKIB OYyb-SIKOTO PiBHS
JIOCBIAY, SIK1 IIYKAIOTh GPEHMBOPK 3 HIUPOKUM CHEKTPOM (PYHKITiH 1 MOKITUBOCTEH.

[Ilo crocyeThcst HAMOLTBIT €PEKTUBHUX THUIIB HEHPOHHUX MEPEX, TO TYT MOXKHA
BUJIJTIUTH 3TOPTKOBI Ta PEKYPEHTHI HEHPOHHI MEpEeXl, Kl € TOCTaTHO €(PEKTUBHUMM,
MacITabOBaHUMU Ta YHIBEPCATBHUMH, 110 POOUTS 1X 1/I€aTbHUM BUOOPOM JIJIs1 OaraThox
3aBaHb, SKI MOB’A3aH1 3 aHAJI30M CKJIAJHUX CTPYKTYp AaHUX. Y Takiil KoMOiHOBaHi!
apXITEKTypl 3rOpTKOBI MIAPH MOXYTh OyTH BUKOPUCTaHI JJisi OTPUMAHHS MPOCTOPOBUX

O3HaK 3 JJaHWX, & PEKyPEHTHI IIapH - JIsl pOOOTH 3 MOCITIIOBHUMH 3aJICKHOCTSIMU JIAHUX.



PO3JIIT 3
[HCTPYMEHTH I[TPOTPAMHOI PEAJII3ALII HEMPOHHUX MEPEXX

3.1. Peamizamiss 3amgau kiacudikaimii TEKCTIB KIACUYHUMH alTOpUTMaMU

MallIMHHOI'O HaBYaHHs

He3Baxatoun Ha Te, M0 KOXEH [I€Hb HAKONMUYYETHCS BEJIHMKA KUIBKICTD
iH(opMmariii, 1HO/1 TOBOJAUTHCS TpaIloBaTH B YMOBax, KOJIM Ili€i 1HGopmMarllii oomanb 1
TOA1 BUKOPUCTAHHS HEHPOHHHX MEPEX CTaE HEMOXIUBUM. [[pHumHOIO TOMY € Te, 110
BOHA 0aHaAJIBHO HE BCTUTHE SIKICHO HABUUTHUCH. Y 11H CUTYyallli Ha TOTIOMOTY TIPUXOASITh
KJIACUYHI, TIEPEBIPEHI 4aCOM METO/IH Ta MOJIEIIL.

Jlnst mpukiaxy MOXKHA PO3MVISIHYTH SK BHPINTYBAIMCH 3aBIaHHS TIOB’S3aHI 3
00poOKOI0 peasbHOT MOBH JI0 3aCTOCYBaHHS 1 JOMIHYBaHHSI HEHPOHHUX MEPEK.

Axmo, po3risgnatu npodiemMy Kiacu@ikaiii KOMEHTapiB (HAMPUKIIAJ, TOKCUYHI
abo Hi), TO Mepea MOoYaTKOM poOOTH, Tpeda CHoyYaTKy MIArOTYBAaTH JAaHi, Y JTaHOMY
BHUIMAJKY TEKCTOBI JaH1 MalOTh CBOi OCOOJIMBOCTI.

[linroToBKa TEKCTOBUX JAHUX JO MOJICTIOBAHHS CKIAJAETHCS 3 KUIBKOX €TarliB:

— TOKEHI3alisl TeKCTY, TOOTO HOro po30UTTS Ha OB MEHII OAUMHUII. 3a3BHYai
Take po30UTTS BiIOYBAETHCS IO MPOOIIax Ta 3HAKAX MyHKTYaIlil;

— BHJIQJICHHS 3HAKIB MMyHKTYAIlli, HATPUKIIAT «.», <;» 1 T.IL.;

— BHJIAJIEHHS TaK 3BaHUX CTOM-CIIB (Stopwords), 10 € MpoIecOM BHIANCHHS
CJIIB, SIKI ITUPOKO BUKOPUCTOBYIOTHCS 1 HECYTh JY>K€ Majo KOPUCHOT iHhOopMaIIii;

— CTEMMIHT (stemming), TOOTO CTEMMIHT, MOKHA OXapaKTEepU3yBaTH SIK MPOIEC
METOI SIKOTO € 3HAXOJ/[KEHHsI OCHOBU CJIOBA, SIKIIO HE BJIaBaTUCh B MOAPOOMIIl, TO
BUJIAJICHHS 3aKIHUYE€HHS y 3a/1aHOMY BUX1JHOMY CIIOBI.

HaBeneHi Kpoku € ay»e BOKIUBUMU HA €Tari MiATOTOBKU TEKCTOBUX JIAaHUX JO
MoJietoBaHHs. YacTKOBO, 111 MPOIECH aBTOMATU30BaH1, €JUHOIO TTPOOJIEMOIO MOXKeE Oy/1e

TUTBKH MATPUMKA P1THOT MOBH (OCOOJIUBO 1€ CTOCYETHCS AYXKE PIIKUX MOB).



PosrissHemMo mporiec miaAroToBKM JJaHUX 10 3a3HAYEHIN BHUIIE CXeM1 Ha MIPOCTOMY
NPUKIAAl 3 OJHOTO PEYEHHS, SKE € BHUIIAJIKOBO B3SITUM 3 I[HTEpHETy pealbHUM
KOMEHTapEM.

f [32] sentence_example = "'

Ue nokoninHA He 3Moxe 3po3zymiTv, we mu eipgyyeanw B TOR 4ac konu Enepwe nobaywnW ued $inem.
AnA Barateox ued ¢inem bye 2a mexew mowxnueoro’’
sentence_example

‘\nlle nokonikHA He zmoxe 3pozymiTw, wo mu Big4yeanw B ToW 4ac konu Enepuwe noba4wnu ued oinem. ‘nlns GaraTeox

Puc. 3.1. [Ipuknan BUIAAKOBOTO TEKCTOBOTO KOMEHTaPSI
Hactynauit kpok mpoBeneHHs TokeHi3aii (tokenization). Ha pucynky 3.2
HABEJICHWN TPUKIAJ TOKEHi3alii BUIIQJKOBOTO TEKCTOBOTO PEUYCHHS 3a JIONMOMOTH

010morexu NLTK.

[36] from nltk import word_tokenize
tokens = word_tokenize(sentence)
print(tokens)

["Ue", "nokoniwnA’, ‘we', ‘3moxe’, ‘zposymiTw’, ',", ‘wo’, 'mw’, ‘Bipg4ysamu’, 's', 'ToR', 'Hac',
Puc. 3.2. Ilpukiiag ToOKeHi3ailii BUIIaIKOBOTO TEKCTOBOTO PEUEHHS 3a JOMOMOTH
616mioTexu NLTK.
B pesynbrari agiiicHo Oyino oTrpumano list, ereMeHTamMu SKOro € CTPYKTYpHI
OJIMHHULII PEYEHHS, @ CAM€ CJIOBA, 3HAKU MMYHKTYaIlil, YaCTKH 1 T.II.
Hactynaum eramoM € BuIaleHHS 3 OTPUMAHOTO CHHUCKY (tokens) 3HaKiB

MyHKTYaIi.

() tokens_without_punctuation = [i for i1 in tokens if i not in string.punctuation]
print(tokens_without_punctuation)

["Ue’, "nokoniwHaA’, "we', "smome’, ‘zposymiTu’, 'we', ‘mu', 'Biguysamu’, 's’, 'ToA', "Hac’, "konm’,

Puc. 3.3. BunganeHss 31 CIUCKy OTPUMaHUX TOKEHIB 3HAKIB MyHKTYaIlii

[Ticnst BUmaneHHs 3HaKIB MyHKTYaIlli, CJiJl IEPerTH 10 BUIAJICHHS CTOM-CHiB. JlJis
BUJIAJICHHS CTOII-CJIIB HEOOOB’S3KOBO BHKOpHUCTOBYyBatu 010mioTeky NLTK, Ttpeba
TUIBKY 3HAWUTU y BIAKPUTOMY JOCTYIIl CIUCOK stopwords 1isi ykpaiHchkoi MoBU. Ha

pucyHky 3.4 HaBefieHa yacTuHa stopwords 11 yKpaiHChKOT MOBH.



ukrainian_stopwords = |["a', 'abw', 'abwge', 'abwkwm’, "adwkoro’, 'abwkonn’, "adukomy
"abuuame’, "abuuma’, "abwqwe’, "abuw4memy’, 'abwqwen’, "abwqnei’, 'abuqwi’, "abu4win’,
‘abuAka’, "abwaAke', ‘abuAkwA’, ‘abwAkum’, "abwAkumn’, "aduAkux’, 'abwAkoro’, 'aduAko
‘abo', "abowo’, "aexex’, 'aeock', 'ara‘', 'ag’, ‘agxe’', 'ax’', 'ameHr’, ‘az’, 'an’', 'a
"aHikwm', "aHikoro', 'awikoriciwekeo’, 'axikonw', 'anikomy ', "adickinexkw', 'anixTo’,

"aHiake', ‘aniAkwi', "aHiAkwm’, "aniAkwme’, ‘aniAkux’, "aniAkoro’, '"adisxkomy’, 'aHin
‘aHiAkiceHeka', '"aHiAkicedHbke', 'aHiAkiceHbKWi®, ‘aHiAkiceHwkum', ‘aHiAkiceHbKWMH',
"aHiAkiceHekol', "adiskicedery’, "aHiAkicedewl’, 'aHiAkicedewif’, "aniAkicedekim’,
"aHiAkiciHekwmu', 'anifAkicivexux’, 'aniAkiciwekoro’, "aHiaAkicidekomy', 'aHisAkiciHeko
"aHiakicidexkim', ‘at’, "aTo', ‘aTow’', ‘ay', 'ax’, 'a4’', ‘a4ed’, 'ankwxe’, '6', 'Ba’,
"Gay', 'Gaw', 'Ge’, 'Gew', '6ez', 'Geznepepexc’, 'Gen', 'Gep', "6Bu', 'Gup’', "6Gu4’,

‘6ye', 'Gyeae’, ‘bype', 'Gymnem’, 'bypemo’, ‘bygete', 'bymew’, 'bygy', "byoyTe', 'Gym
"Byx", "Byuy', 'byuim’, 'byuimTo’, '6i°, '6i6', '6inbw’, '6Ginewe’, ‘6ina’, 'B', "B 61
npoueci’, 'e pesynsTati', 'e poni', 'e cuny', 'B cTopony', 'B Cynpoeogi', 'B xogi',

Puc. 3.4. Cniucok stopwords 1i1st ykpaiHcbkoi MoBH [10]
3acTOCyeEMO HaBEJICHUM CIUCOK CTOM-CIIB JO CIUCKY TOKEHIB 0O€3 3HaKiB

MyHKTyali. Pe3yapTaT HaBeJIeHO Ha PUCYHKY 3.5.

° tokens_without_stopwords_and_punctuation = [i for i in tokens_without_punctuation if i.lower() not in ukrainian_stopwords]
print(tokens_without_stopwords_and_punctuation)

['nokoninHa', 'zmoxe’, 'zpozymiTu’, 'Bindysann’, ‘Bnepwe’, 'nobaunnn’, 'éinsm’, '¢inbM’, 'Mexew', ‘moxnuEoro’ ]
Puc. 3.5. Crniucok TokeHiB 0€3 3HaKiB MyHKTYaIlii 1 CTOI-CJIIB
3aJIUIIUIOCh 3aCTOCYBATH /IO OTPUMAHOTO CITUCKY TOKEHIB 0€3 3HaKiB IMyHKTYyaIlli
1 CTOM-CIIIB CTEMMIHT (stemming). Pe3yabpTaT 3acTOCyBaHHS CTEMMIHTY HaBEJIEHO Ha
PUCYHKY 3.6.

stemming_tokens = [snowball.stem(i) for i in tokens_without_stopwords_and_punctuation]
print(stemming_tokens)

["nokonin', "amox', 'zpo3ymit’, 'sBipuyea’, ‘enepw’, 'nobBa4’, 'dinem’, "dinem’, ‘mex’, "mownws']
Puc. 3.6. 3acTocyBaHHSI CTEMMIHTY JJO CIMCOKAa TOKEHIB 0€3 3HaKiB MyHKTYyaIli 1

CTOII-CJIIB

IMEPETBOPUTH Y YHUCJIOB1 3HAYCHHS. I[J'ISI ObOro MOXHa CKOPHUCTATHUCHh MOXKIHMBOCTAMU

616mioTexu sklearn, sixki MicTUTh HEOOXITHUN 1IHCTpYMeHTapii, a came TfidfVectorizer.



from sklearn.feature extraction.text import TfidfVectorizer
# Iniyianizyemo Tfidfvectorizer

vectorizer = TfidfVectorizer()

# TpeHyemo BexkTOpaWzep Ta TpPaHCPOPMYEMO TOKEHM

X = vectorizer.fit transform(stemming_ tokens)

print(X.shape)

print(X.toarray())
vectorizer.get feature names out()

(18, 9)
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Puc. 3.7. TlepeTBopeHHS TOKEHIB Y YMCJIOBI BEKTOPU 3 BUKOPUCTAHHSIM MOYJIS
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‘eig4yea’, ‘smowx', 'zposymirt', 'mex', 'mownwe', 'noba4’,

"¢inem' ], dtype=object)

TfidfVectorizer 3 610mi0Texku sklearn

3po3yMiJio, MO KOXHE 3 TMOBIIOMIIEHh Oyje MEePEeTBOPEHO Yy BEKTOpU s
MoAabIIol iX 00poOKHu Kiacu(iKaliiHOW MOACIUT0. €IUHOI0 MPoOJIeMOoIo, Ky Tpeda
BUPIIIUTH JI0 TIepeaadl JaHuX MO 11e Te, 110 Kiacudikariiiii MoJiesi BiTHOCITHCA 110

3ajlay HaBuaHHA 3 BuuTeneMm (supervised learning). HaByanHus 3 BumrteneMm mnotpedye

PO3MIYEHUX JIaHUX, TOOTO KOKEH KOMEHTap MOBUHEH OyTH OMIYEHHM:

1, for toxic comments
0, for non — toxic comments

Buxomowm 3 mi€i curyartii Moxe OyTu:

— pO3MiTKa KOMEHTapiB BPYUHY, IO € JIyKe IOPOTOI0 MPOIETyPOIO;

— MOIIYK TOTOBOTO JlaTa CETy 3 PO3MIYCHUMH KOMEHTapsSMU, M0 € OUIbII

e(hEeKTUBHUX BapiaHTOM, aji¢ BCE 3aJICIKHUTH BiJl MOBH KOMEHTAPIB.



Heo06xiaHo migKpecauTH, M0 M0oJ00HOTO POAY MIArOTOBKA TEKCTOBUX JIAHUX JI0
MOJIEJIIOBaHHSl € BaxJIMBUM erarnoM. OJIHaK, CIiJ 3a3HA4YMUTH, 110 CydacHl HEUpPOHHI
Mepeki BKe MaloTh BOY/OBaHHMI TOKEHail3ep y TOMY 4YMCHi 1 i YKpaiHCHKOI MOBH,
3HAWTH MOA10H1 pimeHHs MokHa Ha caiTi Hugging Face [9], gk 1 mpeaTpeitHoB1 Mojiei.
VY cydacHMX HEHpOHHHX Mepekax 3amicTh TfidfVectorizer BUKOPUCTOBYIOTH O1TBII
MPOCYHYTI TeXHIKH, a came emOeminru (embedding), TOOTO mepeTBOpPEHHS eJIeMEHTa
MOBH (HampUKIIAJl, CII0BA, PEYCHHS 1 T.I1.) Y YUCIOBHUM BEKTOP.

[Ticist mepeTBOpEHHS TEKCTY y YHCIOBI BEKTOPH, MOXHa MOOYyIyBaTH OyIb SIKY
MOJIeJIb MAIlIMHHOTO HaBYaHHA. 3YNMMHUMOCH HAa KJIACHU4YHIM Mojeii, a came JepeBl
pillIeHb, 3p03yMLJIO IO MOKHA OOpaTH 1 1HINI aJIbTEPHATUBH, HANIPUKIIAI, JIOTICTUUHY
perpeciio, metoj onopunx Bektopie (ela.kpi.ua) (Support vector machine), aGo GinbII
npocynyTi Taki sk Random Forest XGBoost. Ha pucynky 3.8 HaBeieHO mNpuKiaf

1HILIa13a1i1 MOJIeN IepeBa pilIeHb 3 3aIaHUMH ITapaMeTPaMHU.

from sklearn.tree import DecisionTreeClassifier

tree clf = DecisionTreeClassifier(
max_depth=18a,
min_samples leat=21,
max_features=8.9,
criterion="gini",
random_state=1)

dt = tree clf.fit(train_X, train y)
y_pred = dt.predict proba(test X)
print("AUC: " + str(roc_auc_score(y_score=y_pred[:,1], y_true=test_y)))

Puc. 3.8. Imimam3zamia moaem ta HaBuaHHg Mozaenl DecisionTreeClassifier 3

o010moreku sklearn

JlepeBa pilieHb CXWUJIBHI JO TIEPEHABYAHHS, TOMY Ma€ CEHC Iie¢ BpaxyBatu. B
3aMpONOHOBAHIN MOJIENl CTOATh OOMEXKEHHsI Ha TIHMOUHY JIepeBa, sika nopiBHioe 10, Ta
MiHIMaJIbHIM KIJIBKOCT1 00’ €KTIB B KOXKHIHN T'UIBII, sSIKE JOPIBHIOE 21.

3po3yMmiso, 110 11€ MOXYTh OyTH HEONTHUMAaJbHI 3HAYeHHs, TOMY Tpeba OKpemMo

MOMIKJIYBaTUCh MPO miAdip rineprnapameTpiB. L{e 703BOIUTH MiABUIIUTH €()EKTUBHICTh


https://ela.kpi.ua/bitstream/123456789/34332/1/Feldman_bakalavr.pdf

3aIPOINOHOBAHOI MOJIEl 1 OTpUMATH Kpallll Pe3yJbTaTh MO SKIMCh METPHUKU SKOCTI,
Hanpukiaza, ROC-AUC, po3paxyHOK IKO1 HABEJICHO Ha pUCYHKY 3.8.

J5is TOro 100 HAaBUTH MOJIENb, a MOTIM MOPAaXyBaTH METPHUKH SIKOCTI 1 3p03yMITH
HACKUIbKM OOy 0BaHa MOJieNIb €(peKTHUBHA, HEOOXIJHO MOAUIMTH JaHl Ha 2 TPyInu
TPEHHOBI JJaH1, Ha SIKUX OyIeMO TPEHYBaTH MOJICIIb 1 TECTOBI, Ha IKUX Oy/Ie IePEBIPATUCH

AKICTh TOOY10BaHOT MOJiei (IuB. puc. 3.9).

df [ "toxic'].values

T

df [ "comment'].values

from sklearn.model selection import train_test split

train_X, test_X, train_y, test_y = train_test_split(X, y, test_size = 8.2, random_state=42)

Puc. 3.9. Tloain nanux Ha TpeWHOBI Ta TeCTOB1 B mpomnopiiii 80 Ha 20

[lepen mouaTkoM moAlTy JaHUX, Tpeba oOpaTu TapreTHy (target abo Y) 3MiHy 1
(daxropu (features, X). Jlns nHamux nanux Y — miTka kiacy, X — komentapi. [licas inporo
B)K€ MOKHA oIuUMTH dataset Ha TpeHyBaJIbHUI Ta TecTOBUIA B Tiporopirii 80 Ha 20, iHO1
BUKOPUCTOBYIOTH 1 70 Ha 30.

OxpeMoi yBaru 3aciiyroByl0 BHOIp METPUKH SIKOCTI, 1I€ MOXE€ OyTH K IPOCTUI
accuracy, Tak 1 precision, recall, ROC-AUC i T.m.

s nanoro npukiiany ROC-AUC nopiBHioBaB 0.86, 1110 TOBOPUTH PO HETIOTaHY
SKICTh MOOY0BAHOT MOJICII, B 171€aIl KOJIM Il MMOKa3HUK JOPIBHIOE OJUHUIII.

Takum uymHOM, OyJIO MPOAEMOHCTPOBAHO, IO HE TUIBKM HEUPOHHI MEpPExi
MOKa3yI0Th HEMOTaHl pe3yJibTaTH MPpU poOOTI 3 TEKCTOBUMU JaHuMU. KimacuyHi Metou
00poOKM JaHMX Ta MOJIEJl MAIIMHHOTO HaBYaHHS BCE TaKOX JATh JyKe TrapHi
pesyabTaTi. OcoOIMBO TIepeBara TakKux METOIB MPOSBISETHCS KOJIU JaHUX HEAOCTATHBO
Oararo i HEepOHHA MeperkKa MONPOCTY HE BCTUTAE SIKICHO HABUNUTECh, Y TAKOMY BUTIAIKY

Ha JIOTIOMOTY TIPUXOASTH MPOBIPEHI KIIACUYH1 METO/IUKH.

3.2. Bupimenns 3a1ay 00poOKu PUPOIHOI MOBH 3 JIOTTOMOTH HEHPOHHUX MEPEK



[HIIIMM crToco60M BUpIIIEHHS 3a/1au OB’ sI3aHUX 3 0OPOOKOI0 MPUPOIHOI MOBH €
3aCTOCYBAaHHS TOTY>KHOCTEH HEWPOHHUX Mepexk. IcHye Oarato pi3HMX 3aBAaHb SKi
noB’si3ani 3 NLP. Po3risineMo onivH 3 nonyssipHuX criocoOiB BupimeHHs 3agada NLP, a
came 3aCTOCyBaHHs MoJienel Tpanchopmepis.

Tpanchopmepu € nysxe NOMyIIPHUME I pOOOTH 3 HUMU BUKOPUCTOBYETHCS BXKE
3rajaHuil panime pecypc [9]. Ha mpomy pecypci IOCTYNMHO BeJMKa KUIBKICTh
NpeNTPEHHOBUX MoJenel, ToOTO MoJenel Kl BXKEe € HaBUYEHHMMH 1 iX mpocTo Tpeda
JIOHABYMTH I11]1 BUPIIICHHS! KOHKPETHOT 33/1a4l 1 KOHKPETHI JIaHi.

Posrnsinemo sik Oyne BUMIISAATH BHpPIMIEHHS CHOPMOBAHOI y TMONEPEIHHOMY
po3aim 3amadi. A came 3aaadi kiacudikariii TEKCTIB IO eMOITIOHAIBHIN 3a0apBIICHOCTI
(Sentiment analysis). B Tepminax tpancdopmepis 11e Oye BUTIISAATH HACTYITHUM YHHOM
uB. pucyHoK 3.10.

Sentiment analysis (aHani3 HacTpor) — Ie raixy3b OOpOOKH MPHPOAHOT MOBHU
(NLP), sika BHUBYA€THCS HAYKOBISIMH Ta BHKOPHCTOBYETHCA Yy cepi KOMI'IOTEPHOI
JIHTBICTUKY JJII BU3HAYCHHS EMOIIIMHOTO TOHY YW HACTPOIO, BUPAKEHOTO B TEKCTI.
3a3Buuai 115 3a/1a4a BUPIIIYETHCS 3a JOIMOMOTOI0 KOMIT'IOTEPHUX aJTOPUTMIB, MOJieTei
MaITUHHOTO HaBYaHHS Ta HEHPOHHUX MEPEK.

3ragana raimy3b Ma€ BEIHMKE 3HAUCHHS B Oi3HECi, MApPKETUHTY Ta IHIINX Taly3sX,
JIe BaXJIMBO PO3YMITH €MOIIIMHUI TOH a00 HACTPIH, 1110 BUPAKEHUIN B TEKCTOBUX JIaHUX.

# ITmnopT HeobxigHux GifnioTek
from transformers import pipeline

# CTBODEeHHA NanrnnanHy
nlp_sa = pipeline(”sentiment-analysis"”)

Downloading: 100% [ GG 525529 [00:00<00:00, 12.7kE/s]
Downloading: 100% |G 255! 258M [00:07<00:00, 35.6MB/s)
Downloading: 100% [ NG 2:2k/232k [00:00<00:00, 610kE/s]
Downloading: 100% [ GG ::.0/45.0 [00:00<00:00, 1.20kB/s]

Puc. 3.10. ImmopT TpancdopmepiB Ta cTBOpeHHs pipeline



Cnouatky iMmoptyemo 3 wmoayJs transformers 6i0moreky pipeline, nami
CTBOPIOEMO pipeline 1 BkazyeMo JJIs sIKOKO 3aja4l MU OyJIeMO MOro 3acTOCOBYBaTH, B
HAIIOMY BHITQJIKY I1e “‘sentiment-analysis”.

JIJis OIiHKM SIKOCTi 3aCTOCOBAaHUX MOJENIEH CKOPHUCTAEMOCH JBOMA BHpa3aMH i
NepeBipUMO SIKy €MOIIHY MITKYy BOHa HadacTb. lleprimii, 1€ MO3UTUBHMUIA BUpaA3 —
“Many people think you have the best work™, npyruit Heratusuuii “Only stupid people
think you have the best work”, skuii TakoX MOXke 3aITyTaTH MOJIeJb, 00 € JABI YMOBHI
eMOTIIiitHI okpacku “stupid” Ta “best”. Mojaenb MOBUHHA MOBEPHYTH MITKY KJIAcCy:

— positive or negative;

— WMOBIpPHICTh, TOOTO HACKUIBKM MOJIEJb BIIEBHEHA 1[0 KOMEHTap abo0 BUpa3
HaJICKHUTH JI0 I[LOTO KJIacy.

PesynbTaT 3actocyBaHHs TpaHchoOpMmepiB sl BUPINIEHHS 3a7adl CEHTIMEHT

aHaJi3y HaBeJIeHO Ha PUCYHKY 3.11.

result_pos = nlp_sa( Many people think you have the best work' )#/a8]
result_pos

[{'label': "POSITIWE', 'score': ©.59998273253448857}%]

result_neg = nlp_sa( 'Only stupid people think you have the best work
result_neg
[{'label’: "MNEGATIVE", 'score': @.7@57128548622131%]

Puc. 3.11. Pesynbrar 3acrocyBaHHs TpaHC(hOpPMEpIB JUIsl BUPIIICHHS 3aaadi

sentiment analysis Ha IBOX NPUKJIaIax

Mogenb moBepHyJa y NepiomMy BHUIIAJIKY, 110 KOPITYC HAJIEKHUTH 10 TO3UTUBHOTO
KJ1acy 3 UMOBIpHICTIO 99,98%, y ApyroMy BUMAJIKy 10 HETAaTUBHOTO KJIacy 3 MMOBIPHICTIO
70,57%. OdopmieHuit Koa HaBeACHO HA PUCYHKY 3.12.

B o6nacTi 00po6xu npupogHoi MoBu (NLP), Tepmin "kopmyc" Bkazye Ha KOJIEKIIIIO

TEKCTOBUX JaHUX, SIKa 3a3BUYaili BUKOPUCTOBYETHCS JJI HaBYaHHA, Badijgarii ado



TECTYBAaHHS MOJIEJIC MAITMHHOTO HABYAHHS, & TAKOX JJIsi MIPOBEIEHHS JOCIIIKEHb Y
raixy3i 00poOku TekcToBoi iHpopmartii. Kopryc Moxke BKIIrOYaTH B ce0€ TEKCTH 3 PI3HUX

JDKEpEN Ta MOB, 1 HOro po3Mip MOKEe BapilOBaTHCS BijJ HEBEJIHKOTO HaOOpYy TEKCTIB J0

BEJIMYE3HUX 00CATIB 1HPOpMAIIii.

from transformers import pipeline
nlp_sent_anal = pipeline(”sentiment-analysis"”)

result_1 = nlp_sent_anal( Many people think you have the best work')[8]

print(f“label: {result_1[ label']}, with score: {round(result_1['score’'], 4)}")
result_2? = nlp_sent_anal("0Only stupid people think you have the best work™)[8]
print(f"label: {result_2[ label']}, with score: {round(result_2[ score'], 4)}")

label: POSITIVE, with score: @,9998
label:; MNEGATIVE, with score: B.7857

Puc. 3.12. Kox s sentiment analysis 3 label and score

Ha pucynky 3.13 posrnsHyTo BUpimieHHS 3a1a4i sentiment analysis 3a momomoru
pipeline, MOKHa CKOPHCTATUCH 1 IHITUM CIIOCOOOM. A came BUKOPHUCTATH 1HIITY MOJETb,
y TOMY YHUCJII BXXE€ HATPEHOBAHY 1 3aCTOCYBAaTH ii A0 BUPILICHHS KOHKPETHOI 3a1a4l. Ha
PUCYHKAX HaBEACHO peaizallis TaKoro MiIX0ay i OTpUMaHUN PE3yIbTarT.

from transformers import AutoTokenizer, AutoModelForSequenceClassification

tokenizer = AutoTokenizer.from_pretrained("cardiffnlp/twitter-roberta-base-sentiment-latest”)
model = AutoModelForSequenceClassification.from_pretrained(”cardiffnlp/twitter-roberta-base-sentiment-lat

Dawnlaading: 100% [ NG 25520 [00:00<00:00, 27.1kB/<]
Dawnlaading: 100% [ NG :ook 300k [00:00<00:00, 859KE /5]
Dawnlaading: 100% || NG 5556k (00:00<00:00, 531kB/5)
Dawnlaading: 100% [ NEGTINE 25/ 235 [00:00<00:00, 6.73kE/s]
Dawnloading: 100% || GG ;o501 100:25<00:00, 13.1MB/s]

Puc. 3.13. Inimianizaiis TokeHai3epa 1 Moaei

Y TTAHOMY BUMAJIKY, MOHA IMIIOPTYBaTH AutoTokenizer 1
AutoModelForSequenceClassification, a Mo)XXHa BKa3yBaTh KOHKPETHY MOJEIb
BERTSequenceClassification 1 konkpetHuii TokeHaizep BERTokenizer, ne BERT e

JOCTAaTHHO MOMYJISIPHA I'YTJIOBChKA MOJ1eIb 11 NLP.



Tokenizer — e 6i0mioTeka 1151 eeKTUBHOT 0OPOOKHM Ta TOKeHi3allil TeKcTy. BoHa
npornonye iHTepdeicu s poOOTH 3 pI3HMMHU TOKEHI3aTOpaMmH, TakuMH K Byte Pair
Encoding (BPE), SentencePiece Ta ixmi.

MoxHa BUKOPHCTOBYBaTH Oyjb siKi pre-trained mojenmi, TOOTO Mojeli Kl BXKe
OynM HATPEHOBaHI Ha MEBHUX JAHUX 1 sIKI MOKHA BUKOPUCTOBYBATH JJI BUPIIICHHS
PI3HOMaHITHHX 3a7a4, Y SIKOCTI pecypcy Takux MofelneH imeanbHo miaxoauts Hugging
Face [9]. Takum unnom, Oyino obpana moaens ROBERTA naBuyena Ha

Hugging Face - nie koMmaHist Ta CHiJIBHOTA, SIKa CTBOPIOE Ta MIATPUMYE BEITHKY
KUIBKICTh PECYpCIB Il PO3POOKU Ta 3aCTOCYBaHHSI MOJIEJEH MAIIMHHOTO HaBYaHHS,
30KpemMa, Mojeneit ass o6pobku npupoanoi MoBu (NLP). Komnanis BU3HAYa€eThCsS K
"Al research organization" Ta BiAOMa CBO€I BIJKPUTICTIO Ta aKTUBHUM BHECKOM B
CIILJIBHOTY.

[Ticns imMmopty 610110TEK 1 1HIIami3alli TOKEHahW3epa Ta MOJENl, MOXHa iX
BUKOPUCTOBYBATH JIJIs1 BUPILIEHHS 3a7a4l BU3HAUEHHS TOHAJIBHOCTI KOMEHTaps abo Oyab

SIKOTO TEKCTY.

from scipy.special import softmax
sequence = “Many people think you have the best work"
tokenizer = tokenizer(sequence, return_tensors="pt")

out = model (**tokenizer)

scores = out[@][e].detach() . .numpy()

scores = softmax(scores)

print{f"""
neg: {round(scores[B]*1,3)}
neutral : {round(scores[1]*1, 3)
pos : {round( scores[2]*1, 3)

(=11

neg:
neutral:

Do=:

2

0O e
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1
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]
=

q

Puc. 3.14. Peamizamis 3a7a4yi MO BCTaHOBJEHHIO TOHAJIBHOCTI TEKCTy 3

pe3yJibTaTaMu



ApxiTekTypa TpaHcpopMepiB Jaia MOTYKHUM 3aciO Ui pI3HOMAHITHUX 3aJlay B
obmacti 06po6ku npupoaHoi MoBU (NLP) Ta inmmx o6mactsax. OCHOBHI OCOOJIMBOCTI
TpaHcpopMepiB OYIyTh PO3MIISHYTI AAITIFO.

Mexanism yBarm (Attention Mechanism). OpgHa 3 TOJOBHUX 1HHOBAIlIN
TpaHcQOpMepiB - 1€ BHUKOPUCTAHHS MEXaHI3My YBaru, SKUH J103BOJISIE MOJEN1
(dboKycyBaTHCS Ha PI3HUX YacTHHAX BXOJAY IIJI 4Yac OOYMCICHHS BUXITHOTO
npencraBieHHs. Lle mo3Bossge Moaeni eeKTUBHO 0OPOOIISATH MOCHIIOBHOCTI OyAb-sIKOT
nopxuuu. Ha pucynky 3.15 npeacrasieHo output TokeHaii3epa, IKuii OTiM IepeaacThes

MOJIENI.

tokenizer

{"input_ids": tensor{[[ @, 18787, 82, 298, 47, 33, % 275, 173, 2113, 'ettention_mask': tensor([[1,
1, 1,1, 1, 1,1, 1, 1, 111)}

Puc. 3.15. Output TokeHaiizepa, sIKuii MOTIM NEPEIAETHCI MOJIEINI

Tpeba 3BepHYTHM yBary, IO  OKpIM IIE€PEKOJOBAHUX EJIEMEHTIB KOpIYCY,
TOKEHa3ep TaKoXK MoBepTae attention mask, 1mo cyTi, 11l €JIeMEHTH BKa3yIOTh MOJIETI Ha
110 Tpeda 3BepHYTH yBary, sIKIIO SIKECh 31 3HaY€Hb B attention mask TOpiBHIOE HYIIIO, 1€
O3Hauae, 1110 1€ eJICMEHT HE BaKJIMBUH.

KonyBanuss mosumiii  (Positional Encoding). Tpanchopmepu He MaroTh
BOYZIOBAHOI'O MOHSATTS MPO MOPSAIOK MOCIIOBHOCTI. ToMy, 1100 BpaxyBaTu MO3UIIHHY
iH(opMaIlito, BAKOPUCTOBYETHCS KOYBAHHS TO3UINH JJIS HaJlaHHS Mojiell 1HpopmMartii
PO PO3TATYBaHHS CIIIB Y MOCIII0BHOCTI.

Mogens Encoder ta Decoder. Tpe6a 3a3HaunTty, 110 TpaHcGpopMep CKIATAETHCA 3
IBOX OCHOBHHX KoMIOHeHTiB: Encoder (xomep) ta Decoder (mexomep). Encoder
BIIMOBIIa€ 3a 0OpOOKY BXIJHOI MOCHIIOBHOCTI, a Decoder - 3a reHepaiiito BUXigHOT

MOCJ1IOBHOCTI.



Hopmamizamis na mapi (Layer Normalization). Takoxx TpeOa BIAMITHTH, IO
HOpMaJIi3allis Ha KOXXHOMY IIapi JoroMarae miaTpuMyBaTU CTaOlIbHICTh HAaBUAHHS Ta
MPUCKOPIOE 301KHICTb.

Ile He BC1 e1eMeHTH TpaHCHOPMEPIB, ajle OCHOBHI.

Ha pucynky 3.16 HaBeaeHO MpHKIa[ peanizallii 3aJa4i CCHTUMEHT aHali3y A

JEKUTBKOX KOPIYCiB.

from scipy.special import softmax

sequence_B = “"Many people think you have the best work”
sequence_1 = "Only stupid pecple think you have the best work”
sentences = [sequence_8, sequence_1]

for i in sentences:
tokenizers = tokenizer(i, return_tensors ='pt'}
output = model(**tokenizers)

SCcores
SCores

output[@][@].detach().numpy()
softmax(scores)

print(f"""{i}:

neg: {round(scores[B8]*1,3)}
neutral:{round({scores[1]*1, 3)},
pos: {round(scores[2]*1, 3)}""")

Many people think you have the best work:

neg: 2.81s6,
neutral:a.11,
pOSs: 9.874
Only stupid people think wou have the best work:
neg: a.738,
neutral:a.2al,
pOSs: B.862

Puc. 3.16. Peamizarii 3a1aui CCHTUMEHT aHaI3y JIJIsl JBOX KOPIYCiB

Takox Tpeba mpoaHani3yBaTH apxiTeKTypy HelpoHHoi wmepexxi BERT. Ha

pucysky 3.17 mokazana yactuna apxitektypu mozemn BERT.



model

BertForSequenceClassification(
(bert): BertModel(
(embeddings): BertEmbeddings(
(word_embeddings): Embedding(28996, 768, padding_idx=8)
(position_embeddings): Embedding(512, 768)
(token_type_embeddings): Embedding(2, 768)
(LayerMorm}: LayerMNorm{{768,), eps=1le-12, elementwisze_affine=True)
(dropout): Dropout({p=28.1, inplace=False’
)
(encoder): BertEncoder(
(layer): ModuleList(
(@): BertLayer(
(attention): BertAttention(
(self): BertSelfattention(
(guery): Linear({in_features=768, cut_features=768, bias=True)
(key): Linear(in_features=768, out features=763, bias=True]
{walue): Linear(in_features=768, cut_features=76E8, bias=True)
(dropout): Dropout(p=08.1, inplace=False)
)
(output): BertSelfOutput(
(dense): Linear({in_features=768, out_features=768, bias=True)
(LayerMorm): LayerNorm{{768,), eps=1le-12, elementwise_affine=True]
(dropout): Dropout(p=8.1, inplace=False)
)
(intermediate): BertIntermadiate(
(dense): Linear(in_features=768, out_features=3872, bias=True)
y

Puc. 3.17. Apxitektypa mogemni BERT

Tpeba 3BepHYTH yBary, 1110 B Moei nepuuM iie 0ok eMOeinris (embeddings),
Mojeli TpaHchopMepu poOOIATH BEKTOpPl NPEACTaBICHHS UISI TPhOX KOMITOHCHTIB
TeKCTiB, a came word embeddings st ciiiB B TeKCTi, position embeddings ans nmo3uirii
(po3TanryBaHHs) CJiB y TekcTi, token type embeddings s BkazaHHS OKpEeMHX KJIACiB.
[To cyTi 1ieli 610K BKa3ye Ha CXOXKICTh CIIIB.

Hami, iinyTs 6510ku eHkojaepiB (encoder), B it Moeni iX ax 12 (MoynHarTheA 3
HyJIsI, AUB. pUCYHOK 3.18). B pi3HHMX apxiTekTypax HEHpOHHUX MEpex iX Moxe OyTu

pi3HA KiTBKICTh.



(output): BertOutput(
(dense): Linear(in_features=3872, out_features=768, bias=True)
(LayerMorm}: LayerNorm({768,), eps=1le-12, elementwise_affine=True)
(dropout): Dropout(p=8.1, inplace=False)
)
)
(11): BertLayer(
(attention): BertAttention(
(self): BertSelfattention(
(guery): Linear({in_features=768, out_features=763, bias=True)
(key): Linear(in_features=768, out_festures=768, bias=Trus)
(walue): Linear({in_features=768, out_features=763, bias=True)
(dropout): Dropout(p=8.1, inplace=False)
)
(output): BertSelfOutput(
(dense): Linear{in_features=768, ocut_features=768, bias=True)
(LayerMorm): LayerMorm{{768,), eps=le-12, elementwise_affine=True)
(dropout): Dropout(p=8.1, inplace=False)
)
)
(intermediate): BertIntermediate(
(dense): Linear(in_features=768, out_features=3872, bias=True)
y
(output): BertOutput(
(dense): Linear(in_features=3872, out_features=768, bias=True)
(LayerMorm): LayerMNorm({763,), eps=1le-12, elementwise_affine=True)
(dropout): Dropout(p=8.1, inplace=False)
y

i
A
4

)

Puc. 3.18. Ocraunniit 6510k eHkojiepiB B mojeni BERT

3amaua nux OJIOKIB 11€ KOJyBaHHS TEKCTY B sIKiCTh useful features, To6TO B 03HAKH,
3aJIEKUTh BIJl TUX 3aKOHOMIPHOCTEH 5IKi OyAyTh 3HAWHJEHH] B eMOEIIHIax.

[ ocTanHi# e1eMEHT € Ay’Ke BaXXJIMBUM, HOTO CTPYKTypa MPEICTaBICHA HA PUCYHKY

3.19.

(pooler): BertPooler(
(dense): Linear({in_features=768, out_features=768, bilas=Trus)
(activation): Tanh()
)
b
out{p=0.1, inplace=False)

E
(dropout): Drop
r): Linear{in_features=768, out_features=2, bilas=True)

(classifie
Puc. 3.19. Bert pooler

Tak Mozens nmoBeprae 768 MpUXOBaHUX O3HAK, JI0 SKUX 3aCTOCOBYETHCS (DYHKIIIS
aKTHUBAIIlS T1IepOOIIYHOTO TAHT€HCY, HEBEIMUKUI AponayT 1 3BUYaHUM JiHI# map, ado

0 CYTI JIiHiMHa a0o JIoricTUYHa perpecis (s 3aaad kiaacudikarii).



3BICHO, MOBH1 MO/IeJIl MOKHAa BUKOPHUCTOBYBATH JISl BUPIMICHHS 1 1HIIOTO POy
3aBaaHb. Hanpuknaz, 3anayi Bianosial Ha nutanHs (Extractive Question Answering).

Extractive Question Answering (QA) - 1ie 3aBaaHHs, B paMKax SKOTO CHCTEMa
MOBHHHA BHUIUIMTH YacTHHY TEKCTy ab0 JeKiIbKa YacTUH TeKCTy (BIAMOBII) 13
BHUXIJTHOTO TOKYMEHTA, SIKI HalKpaIuM YHHOM BIAMOBIIAIOTh HA TUTAHHS, 110 CTaBUTH
KopuctyBad. OTXe, BIANOBII TEHEPYIOTHCS MIIIXOM BHOOPY MiAXOAAIUX (HparMeHTiB

TEKCTY, a HE TeHEPaII€I0 TEKCTY 3 HyJIs.

Taomung 6

OcHosHi etanu Extractive QA

Hasga erany Onuc eramy

KOpI/ICTy'Ba‘I CTaBUTDb IIMTAaHHA OO CUCTCMHU. L[e
ITocTanoBka muTaHHS MOXC 6YTI/I 6y,Z[B'${KC IIUTaHHA, Ha AK€ MOXHa

3HAWTH BiIMOBIb Y BUXITHOMY TEKCTi

Buxigauwii Tekct, B SKOMy cucCTeMa Oyje
IIyKaTU BIANOBIAl, MignaeTscss oOpoOmi. Lle
AHani3 TekcTy
MOJKE€ BKJIFOYATH TOKEHI3allilo, JIEMaTH3allilo,

BEKTOPH3AIIIIO Ta 1HII METOAH 0OPOOKH TEKCTY

CucremMa BH3HAYa€ MOXKJIHMBI MICISI, € MOXKE
MICTUTHCS BIAMOBIIb, HAPUKIIAA, PEYEHHS a00
Buminenus kanauaaTis Ha BIAMOBIAl ¢bpasu, SKi MarOTh BUCOKUI HMOBIpPHUH 3B'I30K

3 IIMTaHHAM.

BaxnuBicTh  KaHAMOATIB  Ha  BIANOBIII
OLIIHIOETHCSI, MOMKJINBO, 32 IOTIOMOTI'OI0 METO/IIB
_ _ MAIIMHHOTO HaBYaHHS a00 CTaTUCTUYHHX
Bu3HadyeHHsT BXKITMBOCTI ()parMeHTIB _ '
MeToniB. Mera - BuOpaTH  HaHOUIBLI
iHpOpPMATUBHI YaCTUHM TEKCTY, SKI Hallkpaie

BIMOBIAAIOTH HA TUTAHHS

Cucrema BuTsrae abo Buaulsge ¢GparMeHTH
Buninenns sinnosinei TEKCTy, fKi Oynu BU3HAUEHI SK HalKpai

KaHIUIaTyA Ha BIAMOBIAl

[TponorxenHs Tabaui 6



3HaiifieHi ()parMeHTH TEKCTY Bi0OpakaloThCs
[IpencraBieHHs BIAMOBII KOPUCTYBAUY a00  HAJICWIAIOTHCS  KOPHCTYBadyeBl 5K

BIJIIIOBIAb HA 1Or0 HUTAHHS.

[lepen TuM sAK TOYaTH 3aJaBaTH BIJIMOBIAI 1 OTPUMYBaTH NHUTaHHS Tpeda
3aBaHTAXUTH pipeline 3 Moayss transformers. A Takox, HEOOX1THO TTepeaaTH KOHTEKCT,
TOOTO KOPITYC JIJIsi HAIIol MOJENI, BIH HEOOXIIHHM IS TOTO 100 MOJENIb Ha HHOMY

JIOHABUYMJIACH 1 JaBaJia BiJIMOBI/1, 3a3HAYaI04Y HMOBIPHICTh BIIEBHEHOCTI.

from transformers import pipeline

nlp_QA = pipeline(“question-answering”)

context = r"""Ukraine is the second largest country in Europe.

Ukraine's capital is Kyiv. Ukraine shares borders with Moldova, Romania, Hungary, Slovakia, Poland, Belar
The Black Sea and the Sea of Azov lie to the south. Almost all of Ukraine is flat.

The grassland that covers the central and southern parts of the country is called the steppe.

In northern Ukraine are the Pripet Marshes, one of the largest wetlands in Europe.

The Carpathian Mountains rise in the west. The Crimean Mountains cross the Crimean Peninsula, a piece of
Ukraine's longest river is the Dnieper.

Puc. 3.20. 3aBanTaxkeHHs 010110TEK Ta nepegada KOHTEKCTY

Tekct OyB y34T 3 caity [8]

Hami, HeoOxigHo mepenatu Mojenai nlp QA muTaHHS Ta 3a3HAYMTH KOHTEKCT,

TOOTO MepenaTu AesKUil TEKCT (IUB. pUCYHOK 3.21)

result = nlp_0A(question="Capital of Ukraine?", context=context)

print(f“Answer: '{result[ answer']}', score: {round(result['score'], 4)}, start: {result['start']}, end:
result = nlp_OA(question="What river is in Ukraine?", context=context)

print(f“Answer: '{result[’answer']}', score: {round(result['score'], 4)}, start: {result['start']}, end:
result = nlp_QA(question="How many people live in Ukraine?", context=context)

print(f Answer: '{result[ answer']}', score: {round(result['score'], 4)}, start: {result['start']}, end:

Answer: 'Kyiv', score: 8.7513, start: 71, end: 75
Answer: 'Dnieper', score: 8.647%, start: 616, end: 623
Answer: 'Ukraine is the second largest country in Europs', score: 8.8182, start: @, end: 47

Puc. 3.21. [lepenaua B MOJiesIb MUTAHHS, KOHTEKCTY Ta OTPUMAaHHS BIAMOBII1

Mo>kHa 3a3HaYUTH, 10 MOJIEIb 3T€HEpyBaja BIpHY BIAMNOBIIb Ha BC1 3 3alIUTaHHA,
MPUYOMY TPH BIAMOBI/II HA YaCTUHY MUTAHHS, BOHA OyJIO I0BOJII BlIeBHEHA. Biimosiai Ha

mepIie Ta Apyre MUTaHHS MOJENb Hajaja BIpHO 3 BIIEBHEHICTIO B 75 Ta 65 BiICOTKIB



BianoBigHo. Ha Tpere mnuTaHHsS MojAenb HE 3MOra HajaTH BIpHY BIAMNOBIAL, 00
iH(opMallis sika HeoOXiJHa JJIs BIJAIMOBIAI HAa HHOTO HE 3a3Havyallach B IEpPEIaHOMY
KOHTEKCTI1, MOJIeJTb HaJlajia Bi/IMOBI b, aJie 3a3Ha4YmIIa, 0 BOHA BKpail HEBIEBHEHA, TOOTO
HMOBIPHICTB MPaBHIIBHOI BIAMIOBI I TOpiBHIOE 1,8%.

TakuMm 9uHOM, MOXHA CTBEPIKYBATH, IO MOJIEIh BiANpaIroBaga JIyxKe rapHo,
BIZIMOBI T OyJI HajlaH1, UMOBIPHOCTI MTPOCTABJICHI.

QA 3amauy TakoX MOXHa BHUPIUTH 1 0e3 pipelin’y, crmocobom, siku OyB
po3rnsHyTUi panime. CriouyaTky Tpeda IMIOPTYBaTH MPETPEHHOBUN TOKEHai3ep Ta

O6paTHJMOH€HB,HepeﬂaﬂlKOHTGKCTiSaHHTaHHH.

from transformers import AutoTokenizer, AutoModelForQuestionAnswering
import torch
tokenizer = AutoTokenizer.from_pretrained(“bert-large-uncased-whole-word-masking-finetuned-sc
model = AutoModelForQuestionAnswering.from_pretrained("bert-large-uncased-whole-word-masking-
text = r"""

Ukraine is the second largest country in Europe.
Ukraine’s capital is Kyiv. Ukraine shares borders with Moldova, Romania, Hungary, Slovakia,
The Black Sea and the Sea of Azov lie to the south. Almost all of Ukraine is flat.
The grassland that covers the central and southern parts of the country is called the steppe
In northern Ukraine are the Pripet Marshes, one of the largest wetlands in Europe.
The Carpathian Mountains rise in the west. The Crimean Mountains cross the Crimean Peninsula,
Ukraine’s longest river 1s the Dnieper.

questions = [
"Capital of Ukraine?'
"What river 1s in Ukraine?",
“"Where are the largest wetlands in Europe?”
]
Puc. 3.22. Immopt pre-trained TokeHaiizepa Ta Mojeni, nepegaya KOHTEKCTY 1

3aIlIMTaHb

Hactynmaum kpokom Tpeba nepenatu Mojieli 3aluTaHHs Ta OTPUMATH 3reHepOBaHi

BIJIIOBI/Il HA HUX.



for question in questions:
inputs = tokenizer(question, text, add_special_tokens=True, return_tensors="pt")
input_ids = inputs["input_ids"].tolist()[@]

outputs = model(**1inputs)
answer_start_scores = outputs.start_logits
answer_end_scores = outputs.end_logits

answer_start = torch.argmax(
answer_start_scores

answer_end = torch.argmax(answer_end_scores) + 1

answer = tokenizer.convert_tokens_to_string(tokenizer.convert_ids_to_tokens(input_ids[an:

print(f"Question: {question}")
print{f"Answer: {answer}")

Question: Capital of Ukraine?

Answer: kyiv

Question: What river is in Ukraine?

Answer: dnieper

Question: Where are the largest wetlands in Europe?
Answer: pripet marshes

Puc. 3.23. Ilepenaua Mojiesi 3anmMTalb Ta OTPUMAHHS BIJIIOBIJII HA HUX

[e e He Bcl 3a/1a4l K1 MOKYTh BUPIIIYBaTH MOBHI Mojienl. OAHIEI0 3 BaXJIMBUX
3anau € Masked Language Modeling.

Masked Language Modeling (MLM) - e metron HaBYaHHS MojeECH 0OpOOKU
MIPUPOIHOI MOBHU, TAKUX SIK TpaHC(OpMepH, 3a T0MOMOT0I0 MPUXOBAHMUX (3aMacKOBAHUX )
TOKEHIB y TeKcTl. Lle# miaxia 103Bosie MOACIISIM BUBYATH KOHTEKCT Ta 3aJICKHOCTI MIXK
CJIOBAMH B paMKax 3ajayl 3alIOBHEHHS MTPOITYCKIB.

OcHoBI eTanu poOOTH MOAIOHOTO POy MOJieNiel HaBeeHO B TaOIuIIl 7.

Tabmuusa 7

OcHoBHI erantu MLM

Hasga etany MLM Onuc erany MLM

Jnst HaByaHHS Mojeni TpaHchopMepa, IEBHUMN
BIICOTOK TOKEHIB Yy BXIJHOMY TEKCTi
‘ BUIIAKOBUM YUHOM MacCKYy€EThCS
MackyBaHHSI TOKEHIB
(3amackoByeTbes). [le Moxke OyTH JOCATHYTO
IIIIXOM 3aMiHM TOKEHIB Ha CIEIaIbHUN

TOKCH-3aIIOBHIOBA4




[Tponossxenus Tabmuii 7

Mopenb HamaraeTbcsi BiTHOBUTH OPHTIHAJIbHI
TOKEHU Ha MaCKOBaHMX IMO3HAYKaX. Y TpoIeci
HaBuaHHg Ha 3aMacKOBaHUX TOKEHAX ‘ _
HABYAHHS MOJIEIb OTPUMYE iHPOPMAILIO MPO

KOHTEKCT Ta B3a€MO3B'I3KH MK CII0BaMU

[Ticns mpomyckaHHS MacKOBaHMX TOKEHIB
yepe3 MOAENb 1 OTpUMaHHs WMOBIpHOCTEH ISt
OOuncneHHs BTpar pI3HUX  TOKEHiB, OOYHMCIIOIOTHCS ~ BTpaTu
(TTOMMJITKH) MIXK nepeadavyeHUMH

HMOBIPHOCTSIMH Ta peaibHUMU TOKEHAMHU

BukopucToByt0UM METOAM ONTHMI3AIlil, TaKi K
3BOPOTHE MOIIUPCHHS TTOMITIOK
o (backpropagation) Ta rpagi€eHTHUI CIyCK,
Onrumisars
MOJieJIb TIOHOBJIIOE CBOi MapameTpu Uit
MOKPAIIEHHST  BiJIMOBIAHOCTI  Tepen0adeHux

TOKEHIB pealbHUM

[Tpuknaz peanizaii 3a3HadeHoi 3a1a4i. IMmopT 6i0mioTeK 1 iHimiam3aris pipeline.

from transformers import pipeline
nlp_MLM = pipeline("fill-mask")

pownloading: 100% |G 2204280 [00:00<00:00, 15.0k8/s]
pownleading: 100% |GG 32 11/331M [00:06<00:00, 51.5ME/s]
pownloading: 100% |G ook 200k [00:00<00:00, 2.51MB/s]
pownleading: 100% |G s/ 456k (00:00<00:00, 3.14MB/s]
pownloading: 100% ||| GG 1 :5'/1.36M [00:00<00:00, 2.25MB/s]

Puc. 3.24. ImmopT 6i0:mioTex 1 iHimiami3zamis pipeline MLM

[lepenamo mMojieni iM’ st HAIyMaHO1 JIFOJIMHU 1 TPOaHaIi3yeMO OTPUMAaHY BI1IOBI/Ib.



from pprint import pprint
pprint(nlp_MLM{f"Frank Maslov is {nlp.tokenizer.mask_token} of company."))

[{'=score’: ©.22713761231627655,

"sequence’: 'Frank Maslov is president of company.®,
"token®: 394,
"token_str': ' president'},

{"score’: @.1718659939695863832,

"sequence’: 'Frank Maslov is CEQ of company.',
"token": 1324,
"token_str': ' CEQ'},

{'score’: @.16113523447855817,

"sequence’: 'Frank Maslov is head of company.’,
"token": 471,
"token_str': ' head'},

{'score’: @.1276248@50792634,

"sequence’: 'Frank Maslov is chairman of company.’
"token": 2243,
"token_str':

{"score’: @ 3
"sequence’: 'F
"token': 13913
"token_str': " WP'}]

.l

B
v iz VP of company.’,

Puc. 3.25. Biamosias MOael HA IIOCTABJIEHHUH 3aITUT

TakuM YMHOM, MOJIEIb TEHEPYE HAMOUTBII peeBaHTHI BIAMOB1/I1 HA BCTAHOBJICHUN
3aMuT 1 HaJla€ MEBHY OLIIHKY PI3HUM BapiaHTaM. Y JJaHOMY BUIIaJIKy HalO1JIbIl HIMOBIPHO,
10 @penk MaciaoB Npe3uaeHT KOMIaHii.

Masked Language Modeling mmpoko BHUKOPUCTOBYETHCS ISl TOMEPEAHBOTO
HaBuaHHA (pretraining) mojesel, Kl MOTIM MOXYTb OyTH BHUKOPUCTaH1 JJIA PI3HUX
3aBJaHb OOpPOOKM MPUPOJHOT MOBH, TaKUX SIK MAIIMHHUN MEepeKiai, Kiacudikaris
texcriB, (ela.kpi.ua) remepamis Texcty Ta iHmn. Takuil MaXix T03BOJISIE MOICIISIM
e(eKTUBHO BUBYATH MOBJICHHEB] O3HAKU Ta TPaMaTUYH1 CTPYKTYPH.

Hagpenemo 11e ouH npukiian (IuB. pucyHok 3.26)


https://ela.kpi.ua/bitstream/123456789/56342/1/Kostiukevych_magistr.pdf

from pprint import pprint
pprint(nlp_MLM(f"ZIEIT i1s {nlp.tokenizer.mask_token} university in the world."})

[{"score’: @.2396152764558792,
"sequence’: "ZIEIT is oldest university in the world.’,
"token®: 7763,
"token_str': " oldest’},

{"score’: @.22916982601715983,
"sequence’: "ZIEIT is largest university in the world.’®,
"token": 1154,
"token_str': ' largest'},

{'score’: @.1546@93225479126,
"sequence’: "ZIEIT is best university in the world.’,
"token®: 275,
"token_str': ' best'},

{"score’: @.89742164611816486,
"sequence’: "ZIEIT is richest university in the world.’,
"token": 16388,
"token_str': ' richest'},

{'score’: @.036@54227501153946,
"sequence’: "ZIEIT is no university in the world.’
"token®: 117,
"token_str': ' no'}]

»

Puc. 3.26. BignoBiaes Masked Language mojiesni Ha mocTaBieHUH 3aMuT

B nanomy Bumaaky mMojiens 3aBipsie, Maii>ke 3 piBHOIO BrieBHEHICTIo, 110 ZIEIT a6o
Ha HalcTapilllki YHIBEpCUTET, a00 CaMUid BEJIMKHUI Yy CBITI.
[Io6 3po3ymiTH YoMy MOJEIbh BUJIA€ TaKl BIJIMOBI/II, BI3bMEMO I OJHY MOJEIb 1

nepeaaMo TOM camuil 3amuT 1 OAMBUMOCH Ha Ton 10 BapiaHTIB.

from transformers import AutoModelForMaskedlLM, AutoTokenizer

tokenizer = AutoTokenizer.from_pretrained(“distilbert-base-cased")
model = AutoModelForMaskedlM.from_pretrained(“distilbert-base-cased”)

sequence = T"ZIEIT is {tokenizer.mask_token} university in the world."

input = tokenizer.encode(sequence, return_tensors="pt")

mask_token_index = torch.where(input == tokenizer.mask_token_id)[1]

token_logits = model(input).logits

mask_token_logits = token_logits[®, mask_token_index, :]

percentages = torch.topk{torch.softmax(mask_token_logits, 1), 18, dim=1).values.detach() .numf
top_18_tokens = torch.topk(mask_token_logits, 18, dim=1).indices[8].tolist()

Puc. 3.27. Immopt TOKeHaizepa Ta Mojenl Juisl BupimieHHs 3amaui Masked

Language Modeling

byno immopToBano distilbert 1ie nemro 3menmiena ta mosermena moaens BERT, 3a
pPaxyHOK 4Oro BOHA MpAIllO€ IIBUJIIIE, XOYa MOXKE 1 aBaTH TPOXM TipIll pe3yJbTaTu.

Pesynbrar poOoTH MOJIE1 HaBEJIEHO HAa PUCYHKY 3.28.



for token, percent in zip(top_18_tokens, percentages):
print(f"{percent}% - \t", sequence.replace(tokenizer.mask_token, tokenizer.decode([token]

29.602020351469727% - IIEIT is largest university in the world.
13.0% - ZIEIT is oldest university in the world.
5.099999904632568% - IIEIT is youngest university in the world.
5.0% ZIEIT is biggest university in the world.
4,599999904632568% - ZIEIT is smallest wniversity in the world.
2.299999952316284% - IIEIT is second university in the world.
2.8% - ZIEIT is first wniversity in the world.

2.0% ZIEIT is tallest university in the world.
1.899999976153142% - LIEIT is third university in the world.
1.6009026823841858% - ZIEIT is richest university in the world.

Puc. 3.28. Pesynbrat pobotu Masked LM

Tpeba 3ayBaxxuTH, 10 MOJIENb, SIK 1 IOTIEPETHSA siIKa OyJI0 CTBOPEHA 3a JI0TIOMOTH
pipeline, abo moxenb sika migOUpanach aBTOMATUYHO, TMOKa3ajia Malxke TON caMuii
pe3yabTaT. OTpuMaHuil pe3yabTaT HANPSMY 3aJI€KUTh HE TUTBKH BiJl IKOCTI MOJENI 1 11
CKJIQJIHOCTI, a 1 BIJ] TOTO Ha SIKUX JaHUX OyJIM HaTpEHOBaH1 MOJIENI, B TAHOMY BHUMAJKY
DistilBERT 0yna HatpeHoBaHa Ha JaHuX 3 Bikinenii Ta bookcorpus [1].

Opnak, Mojeni TpaHChHOpPMEpU MOXKYTh OyTH BUKOPUCTAaHHI HE TIJIBKH s
BUpILIEHHS 3a/a4l K1acu@ikarlii, iX TaK0X MOKHA HAJIAIUTYBaTH JJIs BUPIIICHHS 3a/1a4l
perpecii. Takoro pogy mMojeni Ay>Ke 4acTO BUKOPUCTOBYIOTHCS KOJIM Y SIKOCTI (PaKTOPiB
BHUCTYIAIOTh TEKCTOBI JaHi, ajie¢ TapreTHa 3MiHHa € Oe3MepepBHOI0 BEIUYHHOIO.
[Ipuknamom Takoi 3amaui Moxke OyTH oOIlliHKa uuTadenbHOCTI TekcTiB (Readability).
[Mpuknan peanmizaiii Takoi Mojeni, ska po3poOieHa aBTOpPOM 1 Oyja BUKOPHUCTaHA B
3maranHi no Readability, sike mpoxomuno na miargopmi Kaggle [7] HaBegeHo Ha

pUCYHKY 3.29.



from transformers import AutoConfig
import torch.nn as nn

class RegressionModel(torch.nn.Module):

def __init__(self):
super(RegressionModel, self).__init__()
config = AutoConfig.from_pretrained(path_model)
config.update({"output_hidden_states" :True,
"hidden_dropout_prob“: 8.8,
"layer_norm_eps": 1e-7})

self.bert = AutoModel.from_pretrained(path_model, config=config)

self.attention = nn.Sequential(
nn.Linear(1824, 512),
nn.Tanh(),
nn.Linear(1824, 1),
nn.Softmax(dim=1)

)

Puc. 3.29. 3aBantaxenns moneni BERT 3 geskumu 3minamu B config 1 jqonaBaHHS

JOJTATKOBUX IIapiB

def forward(self, input_ids, attention_mask, label=None): #token_type_ids,
outputs = self.bert(
input_ids=input_ids,
attention_mask=attention_mask

#token_type_ids=token_type_ids,

sequence_output = self.regressor(outputs.last_hidden_state[:,8])

#sequence_output = torch(self.regressor(self.dropout(outputs.last_hidden_state[:,-1,:]
logits = (sequence_output)

loss = Mone
if label is not None:
loss_fn = torch.nn.MSELoss()
logits = logits.view(-1).to(label.dtype)
loss = torch.sgrt(loss_fn({logits, label.view(-1)))

output = (logits,) + outputs[1:]
return ((loss,) + output) if loss is not None else output



Puc. 3.30.Monudikariis perpeciiinoi moaeni Ha ocHoBi BERT nnst BupimeHHs

3ajaudi readability

MoskHa mo6auuTy, 10 Yy SAKOCTI (PYHKIIIT BTPAT 3aCTOCOBY€EThCs 3BMUaiinuiit RMSE
(KOpiHB 3 CEPEAHBO KBAAPATUIHOI MOMIIIKH). 3apONIOHOBaHA MOJCIb 0€3 TOAaTKOBUX
moaudikariit mokazaina score (RMSE) = 0.516.

TakuMm yMHOM, HEUPOHHI MEpEeXi MOTYKHUI IHCTPYMEHT JIJIsl aHaIli3y TEKCTOBHX
JAHHMUX 1 BUPIIMIEHHS IIMPOKOTrO KoJia 3aJady. Xouda pO3IIIAHYTI Ie He BCl 3ajadi, sKi

MOYTh BUPIIITyBaHi 11l HOTY>KHI MOJIEJII.

3.3. Knacudikarist 300paxkeHb 1 HEHpoMepekeBl MOJIeJl MPOTrHO3YBAHHS YaCOBUX

pSIIB

Kunacudikaris 300paxkeHp 3a 10IMIOMOT0K0 HEUPOHHHUX MEPEX € OJTHIEI0 3 OCHOBHUX
Ta MONYJSIPHUX 3a7ad MAIIMHHOTO HaBYaHHS Ta TIIMOOKOro HaBuyaHHS. OCHOBHUI
MIPUHIINII TIOJIATAE B TOMY, III00 HABUUTH HEHPOHHY MEPEKy BU3HAYATH, J0 SKOTO KIIACy
HAJICKUTh 300paxkeHHs. Hipkue HaBeIeHO 3arajbHHUIl OISl mpolecy Kiacugikaiii
300pake€Hb 3 BUKOPUCTAHHSIM HEHPOHHHUX MEPEXK:

30uparoThesl 1aHi I TpeHyBaHHS Mepexi. Lle Moxke BKiIrO4aTH 300paskeHHS
pI3HUX KJAciB, HaNPHUKIAJ, KOTH Ta coOakW I 3amadl kiaacudikarmii TBapuH. JlaHi
MOAUIAIOTECS Ha TPEHYBAJIbHUN Ta TECTyBaJIbHUM HAOOpH. 300pakeHHS] MOXYTb OyTH
3MEHIIIEHI Ta HOpMaJjli30BaH1 ISl CIIPOILEHHS 0OPOOKH.

BubupaeTbcsi apxiTekTypa HEUpPOHHOI Mepexi. 3aszpuuai Juisi kiacudikarii
300pakeHb BHKOPHCTOBYIOTH 3TOPTKOBI HeWpoHHI Mepexi (dspace.wunu.edu.ua)
(Convolutional Neural Networks, CNN), (apeps.kpi.ua) ockinmbku BOHH J00pe
BIIOPAIOTHCA 3 0OPOOKOIO MPOCTOPOBOI i€EpapXii O3HAK Y 300paKEHHSIX.

Mogens TpeHyeTbcs Ha TpeHyBaJlbHUX JaHux (Science.donntu.edu.ua) 3a
JI0TIOMOTOI0 METO/11B 3BOPOTHOTO MOIIUPEHHS MOMUJIOK. Y MPOLECi TPeHYBaHHS MOJEIb

CTa€ 3JIaTHOI0 BU3HAYATH KJIACH 00'€KTIB Ha 300payKEHHSIX.


http://dspace.wunu.edu.ua/bitstream/316497/39803/1/%d0%9b%d1%8f%d1%89%d0%b8%d0%bd%d1%81%d1%8c%d0%ba%d0%b8%d0%b9%d0%9f%d0%b5%d1%82%d1%80%d0%be_%d0%94%d0%9f_2018.pdf
http://apeps.kpi.ua/downloads/sarpo%202018.pdf
https://science.donntu.edu.ua/wp-content/uploads/2020/10/ddiser_007.pdf

Mopenb OIIHIOEThCS Ha TECTOBUX JAaHUX, SIK1 paHillle He Oauuiia, sl BU3HAYEHHS
il TOYHOCTI Ta e(PEeKTUBHOCTI. 3a3BUYaili BUKOPUCTOBYIOTh METPUKH, TaKi K TOYHICTh
(accuracy), MaTpuIsg MoMIIIOK (confusion matrix) (science.donntu.edu.ua)

B sanexnocti Bijx (dspace.wunu.edu.ua) pe3ysbTaTiB TECTYBaHHS MOXe OyTH
MIPOBE/ICHA HACTPOMKA TileprapamMeTpiB MOJIEII IS MOJTIMIICHHS 11 MpoayKTuBHOCTI. e
BKJIIOYa€ B ceOe BUOIP ONTUMANbHHUX MapaMeTpiB, ONTUMI3ZAIlIO aIrOpUTMy HaBYAHHS
TOIIO.

[Ticnst ycminmHOro TpeHyBaHHS 1 TECTyBaHHS MOJENb MOXe OyTH PO3TOpHYyTa AJis
BUKOPHUCTAHHS y peajJbHUX YMOBAX, /e BOHA MOXKe KJIacU(piKyBaTh HOB1 300pakKeHHS.

BaxxnuBy pouib B ipu po6oTi 3 300paxeHHssMU Tpae albumentations. Ile 616mioTeka
IUIsl ayrMeHTalli 300paxeHb B 00J1acTi KOMI'FOTEPHOTO 30py Ta TIIMOOKOr0 HaBYaHHS.
AyrMeHTarlisi € BaXJIMBHM €TaroM B MIATOTOBII JaHUX JJig TPEHYBaHHS Mojelei
kiacu@ikanii 300pakeHb, 1 BOHA TOJSATa€ B CTBOPEHHI PI3HUX BaplaHTIB BHUXITHUX
300pakeHb 7S PO3LINPEHHS HAOOPY TPEHYBAIbHHUX JTaHUX.

Albumentations B kiacudikarlii 300pa>keHb J103BOJISIE CTBOPIOBATH PI3HOMAaHITHI
Bapialii 300pakeHb 3a TIONOMOTOK0 PI3HUX ONepaliidl ayrMeHTalli, TAKUX K oO0epTaHHS,
3MIIIEHHs, 3MiHa MaciTaldy, 3epkajibHe BiloOpaxkeHHsa Ta iHmI. I[le poOuth monens
O1IBIII CTIMKOIO 10 PI3HUX MEpeMnajiB B JaHUX Ta NOJIMUIYE ii 3AaTHICTh TeHepati3aLii.

Takox, ayrMeHTallis JONOMAara€ yHUKHYTH TEepEHaBYaHHS, KOJIW MOZENb CTae
3aHAATO CHEHU(pIYHOW IS TPEHYBAIBHUX JaHUX. 3aBASKA BUKOPUCTAHHIO PI3HUX
BapiaHTIB 300pakKeHb, MOJIEJIb HABYAETHCS PO3IMI3HABATH OO'€KTH HE3AJIEXKHO BiJ IX
MOJIOKEHHS, PO3MIpPY Ta 1HIIMX XapaKTEPUCTHUK.

Jlo mepeBar ayrMmeHrailii, MOXXHa BIJTHECTH, IO JO3BOJISIE BUKOPHCTOBYBATH
MEHIIIE JIaHUX [JIs JOCSTHEHHS CXOXKOro piBHS €(QEeKTUBHOCTI MOJENl, OCKUIbKU
PO3IIMPEHHS TPEHYBAJIBLHOTO HAOOPY 3a paxyHOK ayrMeHTaIlli.

30epiraeThcsi KOHTEKCTyalbHa iHGOpMALLis PO 300paKEHHs MiJ] Yac ayrMeHTallii,
110 JIoTIOMarae Mozl po3mi3HaBaTh 00'€KTH B PI3HUX YMOBax Ta OTOUYCHHSIX.

Cama OibOmiorexka albumentations mpomonye 3pyuHuid iHTepdec mmus

BUKOPUCTAHHA PI3HOMAHITHUX AayrMEHTAllMHUX oOmepauliid, o CHOpoUlye IX


https://science.donntu.edu.ua/wp-content/uploads/2020/10/ddiser_007.pdf
http://dspace.wunu.edu.ua/bitstream/316497/39803/1/%d0%9b%d1%8f%d1%89%d0%b8%d0%bd%d1%81%d1%8c%d0%ba%d0%b8%d0%b9%d0%9f%d0%b5%d1%82%d1%80%d0%be_%d0%94%d0%9f_2018.pdf

Bukopucranns B (apeps.kpi.ua) mporeci miAroToBku AaHuX. Ha pucyHkax

MIPE/ICTABIICHO 3aCTOCYBaHHS ayrMEHTallli 300pakeHb 1 OTpUMaHui pe3yJibTar.

from albumentations.pytorch import ToTensor

def get_training_augmentation():

augmentation_pipeline A.Compose(
[
A.OneOf( [
A.Composel( [

A.SmallestMaxSize(224),
A.RandomCrop(224, 224),

1. p=1),

A.Compose([
A.SmallestMaxSize(468),
A.RandomCrop(224, 224),

1, p=1)

I, p=1),

A.OneDf(

[

A.RandomGammal( ),

Puc. 3.31. 3acTocyBaHHs pi3HUX ayrMEHTAIlll AJi 300pakeHb

3.31

B nmannomy BuIajmKy 3acTOCOBaHO 3MiHA PO3MIPY CaMOTO 300pa)Ke€HHs, 3MiHa

pO3Mipy KaJpyBaHHs, MOKe OyTH 3aCTOCOBAHO KaJpyBaHHS IO Kpasx Ta TEMHHUX 30HaX,

TOOTO BHMAJKOBUM YHMHOM MOXKe OyTH 3acTocoBaHa OOpi3Ka 300pa’K€HHS, TaKOX

3actocoBaHo RandomGamma - 1ie oj1Ha 3 (apeps.kpi.ua) ayrvenrariiinux onepartiii, sxy

MOKHA BHKoOpucToByBaTH Juis (dspace.wunu.edu.ua) oOpoOku Ta TOKpaIICHHS

300pakeHbh B MAIIMHHOMY HaBuaHHI. Ll omeparris 3a3Buuaii BUKOPUCTOBYETHCS ISt

3MIHM SICKPABOCTI Ta KOHTPACTHOCTI 300pa)K€HHS MLUISIXOM 3aCTOCYBaHHS ramMMma-

KOPEKITii.


http://apeps.kpi.ua/downloads/sarpo%202018.pdf
http://apeps.kpi.ua/downloads/sarpo%202018.pdf
http://dspace.wunu.edu.ua/bitstream/316497/39803/1/%d0%9b%d1%8f%d1%89%d0%b8%d0%bd%d1%81%d1%8c%d0%ba%d0%b8%d0%b9%d0%9f%d0%b5%d1%82%d1%80%d0%be_%d0%94%d0%9f_2018.pdf

Opnnak, 1€ HE BCl TEpeTBOpPEHHS sKi OyJau 3acTOCOBaHI 10 300pakeHb,

IIPOJIEMOHCTPYEMO I ICKIJIbKA.

AL Onedf |
A . RandomGammal( ),
A.RandomBrightness(),
A.RandomContrast(),
A.Blur(blur_limit=18),
A.GaussNoise()
],
p 8.4
A.Onelf |
A.Rotate(limit 368),
A.Flip(p = 8.5),
],
p B.4
A.Normalize(

mean=[8.485, 8.456, B.486],
std=[0.229, 8.224, 8.225]
Puc. 3.32. 3actrocyBaHHs ayrMeHTAI[IWHUX omepaiiid g0 300paxeHT y

Pytorch

VY nanomy BumMajky OyJio 3p00JICHO 3MIHU 300pakeHb, SIKI CTOCYIOThCS
3MIHU KOHTpACTy, SICKpaBOCTI, JIOJAHO AayrMeHTaulliHy omepauiio blur, ska
BUKOPUCTOBYETHCS JIJISI PO3MUTTS (3MEHIICHHS YiTKOCTi) 300pakenb. Lle moxe
OyTH KOPUCHO JJ1sI MOKPAIIEHHS pOOOTH MOJIEJIeH, sIKI TOBUHHI BIOPATHUCS 3 MEHIIT
YITKUMHU 200 PO3MUTHUMH 300paKeHHAMHU, 200 JIJIsl 3SMEHIICHHS BIUIMBY LIyMiB Ha
TPEHYBAaHHS MOJECIIEN.

[Tportec po3MUTTS MOXKe OyTH BUKOHAHUH PI3HUMH METOJIaMH, TAKUMH SK
rayciBCcbke po3MUTTs (3actocyBanHs (inbTpa ['ayca), MemiaHHe pPO3MUTTS

(BUKOpHUCTaHHS MeAiaHHOTO G1IbTpa) ad0 1HILI METOAMN (PIbTPALIii.



Tako 3acTOCOBaHi Pi3HI MOBOPOTH Ta (PJIiMH, MepEeBEPILICHHS 300paKEHHS
10 PI3HUM OCSIM.

PesynbpTat noaiOHMX nepeTBOpEeHb HABEICHO HA PUCYHKY 3.33.

Augmentation pipeline examples
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Puc. 3.33. Bunaakoe 300pak€HHS MICJI 3aCTOCYBAaHHS ayTMEHTALIHHUX onepaiii

L1i 300paskenHs OynM Ha/JaHi B paMKax 3MaraHHs 3 BUSIBJICHHsS XBOpOO y pOCIHH
Plant Pathology 2021 - FGVCS8 [6].

3acTocyBaHHA aryMeHTal[liHUX oOlepalii B paMKax 3MaraHHd Jaidd 3MOTry
MOKPAIIUTH METPUKY SKOCTI, 3MEHIIUTH PU3UK TI€pPEHaBYaHHS Ta I1JIBULIUTH
CTaOlIBHICTh MOJEJIL.

3MEHILIEHHS pU3MKY [TEpeHaBUYaHHs 0COOJIMBO BaXJIMBE y 3MaranHsax Ha Kaggle.

VY sgKocTi MOZEIl B JaHHOMY 3MaraHHi OyJia 3aCTOCOBaHa MpPEATPEHOBaHA MOJEINb
EfficientNet.

EfficientNet - me cimeiictBo Heliponnux wmepex, skl (apeps.kpi.ua) Oymu

po3po0eHl Il JTOCSATHEHHS ONTUMAJIbHOTO OajaHCy MK OOYHCIIIOBAIBLHOIO


http://apeps.kpi.ua/downloads/sarpo%202018.pdf

e(DEeKTHUBHICTIO Ta TOYHICTIO B 3a7a4ax Kiacudikarlii 300pakeHb. BoHM mpeacTaBisitoTh
co0010 MOJIeNb MTMO0KOT0 HaBYaHHS, ONTUMI30BaHy 3a PO3MIPOM Ta OOUHCIIOBAIBHOIO
CKJIQIHICTIO, IO JO3BOJIAE €(PEKTUBHO BUKOPHCTOBYBATH PECYpCH OOYHMCITIOBATBLHOL
TEXHIKH.

Mogens EfficientNet 3maTHa mocsiraTd BHCOKHX pPE3yJbTaTiB Ha 3aBIaHHIX
kinacudikarii 300pakeHb TPU 3HAYHO MEHIINX OOYHCIIOBAIBHUX Ta MapaMETPUIHHUX
BUTpaTax MOPIBHSHO 3 IHIIUMH apXiTeKTypaMH. BoHa 4YacTo BUKOPUCTOBYETHCS Y
BEIIMKMX MAaCIITAa0OHMX KOHKYpPCax Ta 3aCTOCOBYETHCS B PI3HUX Taly3sX, BKIIOYAIOYH
KOMIT'IOTEpHE 30py, MEAUYHE 300pakKeHHS Ta 1HIIII.

VY 3MaranHi camMe BUKOPUCTOBYBajach Bepcis b-0, sika Xxoda 1 € OUIBII «JIETKOI0»,
ajie BOHAa JOCTAaTHbO IIBUJKA Ta epexTuBHA. [lepeBipsiauch 1 OUIbII «BaXKK1» HEHPOHHI

Mepexi, 3 OLTBIIOT KUIBKICTIO ITapaMeTpiB, ajie BOHU MOKa3aju TPOXHU TipIIUNA pe3yJibTar.

def train_model(model, criterion, optimizer, scheduler, num_epochs=28):
since time.time( )
best_model_wts copy .deepcopy(model.state_dict(})

best_acc B.8

for epoch in range(num_epochs):

print( 'Epoch {}/{} ' .format(epoch, num_epochs - 1))

print('-' * 18)
for phase in ['train', ‘'val']:
if phase "train' :

optimizer.step()

scheduler.step()

model . train()
else:

model .evall()

running_loss 8.8

Puc. 3.34. ®yHKI1is TpeHYBaHHS MOJIE1



Bceworo Oyno 3ampomoHoBaHo BukopuctoByBaTH 20 emox. Takoxx B QyHKITi
peasizoBaHO 30epeKeHHs Bar JjIsi MOJCHI siKa MOKaKe Kpally sAKICTh. SAKICTh Mopeni

OLIIHIOBaJIach MO MeTpukaM accuracy Ta fl-score. Pe3ynbTatu HaBei€HO Ha PUCYHKY

3.35.

100 [ 1417 /1417 (63:39<60:00, 6.851t/5]

train Loss: B.86173 Acc: B.8886 F1: B8.8251

100 [ 136/136 [66:10<06:00, 13.42it/s]

val Loss: B.8368 Acc: B.BB11 F1: B.BB79

Training complete in 116m 56s
Best val Acc: B.884864

Puc. 3.35. PesynbTaTt poOOTH MOJIEII 3 YpaXyBaHHIM METPUK SIKOCTI

Bceworo TpenyBanHs Mojeni 3aiiHsiio 117 xBuiauH mo Metpuii sikocti fl-score
pesynbTat ckiaB 0.8879.

3p03yMiJi0, 1110 € 1 1HIII MOMYJISIPHI apXITEKTYPH, SIK1 4aCTO BUKOPUCTOBYIOTHCS JIJIst
kiacudikariiii 300paxenp, Bkiodaroth AlexNet, VGG (Visual Geometry Group), ResNet
(Residual Networks), Inception, EfficientNet ta inmi. ¥ 06araTbox BHIAIKaX TaKOX
BUKOPUCTOBYIOTbCSI ~ayTMEHTAllHI TEXHIKM JUIsl MIABULIEHHS  KUIBKOCTI  Ta
PI3HOMAaHITHOCTI TPEHYBAJIbHUX JTaHUX.

HeiiponHi Mepexi - 11e MOTY>KHUN 1HCTPYMEHT, KM MOXe BHUKOPUCTOBYBATHUCS
JUIS  TIPOrHO3yBaHHs dacoBux psjie. (repository.kpi.kharkov.ua) Boum MoxyTh
HABUUTHCA BUSBISATH CKJIAJHI 3aKOHOMIPHOCTI B JaHUX, SKI MOXYTh OyTH

(dspace.wunu.edu.ua) BukoprcTaHi AJIs IPOrHO3YBAaHHS MAaHOYTHIX 3HAYCHb.


http://repository.kpi.kharkov.ua/bitstream/KhPI-Press/43000/1/2019_3_3_Momit_Method.pdf
http://dspace.wunu.edu.ua/bitstream/316497/39803/1/%d0%9b%d1%8f%d1%89%d0%b8%d0%bd%d1%81%d1%8c%d0%ba%d0%b8%d0%b9%d0%9f%d0%b5%d1%82%d1%80%d0%be_%d0%94%d0%9f_2018.pdf
http://dspace.wunu.edu.ua/bitstream/316497/39803/1/%d0%9b%d1%8f%d1%89%d0%b8%d0%bd%d1%81%d1%8c%d0%ba%d0%b8%d0%b9%d0%9f%d0%b5%d1%82%d1%80%d0%be_%d0%94%d0%9f_2018.pdf

[IporHo3yBaHHS YaCOBHX PSIIB - 1€ MTPOIIEC OIIHKY MalOyTHIX 3HAYEHb YaCOBOTO
psy Ha ocHOBI Horo (repository.kpi.kharkov.ua) munynux 3uadens. L{e koprcHa 3aa4a
B Oarathox cdepax, Takux sk O13Hec, EKOHOMIKa, (piHAHCH Ta HayKa.

IcHye OaraTo pi3HMX THIIIB HEHMpOHHHMX Mepex, ski (apeps.kpi.ua) moxHa
BUKOpHCTOBYBaTH Jiis (dspace.wunu.edu.ua) nporuo3yBaHHs 4acoBUX psfmiB. Jleski 3
HAWUTOLIUPEHIIINX TUIIB BKIIIOYAIOTh:

- pexypenTHi HeponHi Mepexi (RNN): RNNs no6pe miaxomasarbs s
IIPOTHO3YBaHHs YacoBUX psiB, (repository.kpi.kharkov.ua) siki € quaHaMigHAMU, TOOTO
3MIHIOIOTBCS 3 YACOM.

- rauboki HeitponHi Mepexi (DNN): DNNs MoxyTb Oyt OiIbIl TOYHUMH, HIXK
RNNSs, ane BOHM TaKOX MOTPEOYIOTh OUTBIIE JaHUX JIJIs HAaBYaHHS.

- nexonpomoriiiHi HedpoHHI Mepexi (CNN): CNNs nobpe miaxomsTh s
MPOTHO3YBAaHHS YAaCOBHX PsAIiB, SIKIi MalOTh Bi3yaldbHy CKJIAIOBY, HaIpPHUKIAI,

300paskeHHs a00 BifIEO.

[Tpuxman BupileHHs OJAHIET 3 3aJaya TOB’A3aHUX 3 MPOTHO3YBAHHSIM YaCOBHUX

PAMIB 3 3aCTOCYBaHHS HeWpoHHMX Mepex (dspace.wunu.edu.ua) HaBeIeHO Ha PUCYHKY
3.36.

T v 2 =
) from pts.l’nodel.simple_FeedFor‘war‘d import SimpleFeedForwardEstimator
from pts import Trainer

estimator = SimpleFeedForwardEstimator(freq="D",
prediction_length=68,
#input_size=25,
context_length = 65,
trainer=Trainer(batch_size=32, epochs=18, earning_rate=8.881, device=device))

predictor = estimator.train(training _data=training_data, num_workers=2)

100% | 249 [(00:00<00:00, 85.00is, epoch=1/10, avg_loss=6.33]
100% | :2/49 [(00:00<00:00, 86.19iUs, epoch=2110, avg_loss=5.76]
100% [ </ (00:00<00:00, 80.77its, epoch=3/10, avg_loss=5.63]
100% [ :2/49 [00:00<00:00, 88 46iUs, epoch=4/10, avg_loss=5 6]

100% [ :2/49 [00:00<00:00, 80.27iUs, epoch=5/10, avg_loss=5.53]
100% [ -2/49 [00:00<00:00, 86.35is, epoch=6/10, avg_loss=5.45]

Lkl

Puc. 3.36. Inimiamizamis moaeni SimpleFeedForwardEstimator


http://repository.kpi.kharkov.ua/bitstream/KhPI-Press/43000/1/2019_3_3_Momit_Method.pdf
http://apeps.kpi.ua/downloads/sarpo%202018.pdf
http://dspace.wunu.edu.ua/bitstream/316497/39803/1/%d0%9b%d1%8f%d1%89%d0%b8%d0%bd%d1%81%d1%8c%d0%ba%d0%b8%d0%b9%d0%9f%d0%b5%d1%82%d1%80%d0%be_%d0%94%d0%9f_2018.pdf
http://repository.kpi.kharkov.ua/bitstream/KhPI-Press/43000/1/2019_3_3_Momit_Method.pdf
http://dspace.wunu.edu.ua/bitstream/316497/39803/1/%d0%9b%d1%8f%d1%89%d0%b8%d0%bd%d1%81%d1%8c%d0%ba%d0%b8%d0%b9%d0%9f%d0%b5%d1%82%d1%80%d0%be_%d0%94%d0%9f_2018.pdf

SimpleFeedForwardEstimator iHiiianizoBana 1 HaBU€Ha Ha IIOJICHHUX JIaHUX 3a 3
POKH, BCHOTO I HaBuaHHsA Oyno oopano 10 emox. [Iporno3 poGuscs Ha 60 qHiB 1 OyB

OTPHMMaHHUM HACTYITHUHN PE3yJIbTar.
) from gluonts.dataset.util import to_pandas

for test entry, forecast in zip(test data, predictor.predict(test data)):
to_pandas(test _entry)[-6@8:].plot(linewidth=2)
forecast.plot{color="g"', prediction_intervals=[58.8, %8.6, 95.8])
plt.show( )#grid(which="both")
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Puc. 3.37. Pesynbrar nporuosy npeacraBieHuil Ha rpadiky

[IpuBeneHo He TUIBKM pe3yJIbTaT MPOTHO3Y, a TAKOX 1 JOBIpYl 1HTEpBAIM IJIs

1[bOTO NMPOTHO3Y Ha piBHsIX B 50, 90 Ta 95%. Byno po3paxoBaHi HACTYyITHI METPUKHU SIKOCTI.

mape(d["2021-058-01":"2021-89-29"], preds), mae(df["2021-08-01":"2021-89-29"], preds), rmse(df["2021-08-01":"2821-09-29"

(30.669483889701993, 8.144896591822308, 9.81228426925222)

Puc. 3.38. Metpuku sikocTi moOya0BaHOT MOAETI

TakuMm YwHOM, MOJENb TpPHU MPOTHO3YBaHHI Ha 60 AHIB BHEpea IMOKas3aia

BiJicoTKOBY nommiiky 1o merpuiii MAPE B 30,7%, no abcomoTHIi MeTpulll MOJENIb B



cepenHboMy mnomuisiiack Ha 8.14 omunuib. Ha rpadiky oTpuMaHuii TporHo3 B

nopisHsHHI 3 (@peps.kpi.ua) peasbHUMHU TaHUMU Oyji€ BUIJISIIATH HACTYITHUM YHHOM.

Jun jt:ll N.Ilg Selp
Puc. 3.39. IIporuo3 vs peaibHi JaHi.
3po3yMiJio, 110 MOKHAa BUKOPUCTOBYBATH 1 OUIBII CKIIaaH1 Mozem. Hanpuxman,

HamiBkacToMmHy LSTM mopens.

class LSTM{nn.Module):

def init_ (self, num _classes, input size, hidden size, num_layers):
super({LSTM, self). init ()

self.num_classes = num_classes
self.num_layers = num_layers
self.input_size = input_size
self.hidden_size = hidden_size
self.seq length = seq_length

self.lstm = nn.L5TM{input_size=input size, hidden size=hidden size,
num_layers=num_layers, batch_first=True)

self.fc = nn.lLinear(hidden_size, num_classes)
def forward(self, x):

h @ = Variable(torch.zeros(
self.num_layers, x.s5ize(@), self.hidden_size))

c @ = Variable(torch.zeros(
self.num_layers, x.size(8), self.hidden size)})

# Propagate input through L5TM

Puc. 3.40. Peamzaiia LSTM monem


http://apeps.kpi.ua/downloads/sarpo%202018.pdf

Mopens Oyna HaTpeHOBaHa 3 3acTocyBaHHIM 200 enox, pe3yJsibTar NpeAcTaBiIeHO

Ha pUCYHKY 3.41.

plt.plot(dataY¥Y_plot)
plt.plot(data_predict)
plt.suptitle(’'Time-Series Prediction’)

plt.show()
Time-Series Prediction
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Puc. 3.41. Pesynbratr MoaemntoBanHs 3a gonomoru LSTM moneni Ha 10 nepioaiB

BIICpE]I

B pe3ynbTaTi Oyau oTpuMaHi HaCTYMHI METPUKH SIKOCTI.
MAPELoss(testY[seq length:], lstm(testX)[seq_length:] )

tensor(1@.4931, grad fn=<MulBackward@:)

Ha TecrtoBiii BuOOpii Oyna orpumana nommika Bckoro B 10,49%, cumin
MIIKPECIUTH, 1110 TporHo3 OyyBaBcs Ha 10 mepioniB Brepea. Pe3ynbrar oTpumaHoro
MIPOTHO3Y MO>KHA BBKATH 33/I0BUIbHUM.

Knacudikaris 300paxeHb 1 HEHpOMEpPEKeBI MOJENII MPOTHO3YBAaHHS YaCOBUX
PSAIIB - 1Ie aKTUBHI 001aCT1 JOCIIKEeHbB. J{OCIIHUKH MPaIO0Th HaJl pO3POOKOI0 HOBUX

METO/IB, SIKI MOXYTh ITIIBUIIUTH TOYHICTH ITUX 3aBJaHb.



TakuM 4YMHOM, HaBeJIEHI MOJei sKi 0a3yloThCs SK Ha CTBOPEHI BJIACHUX
apXiTEeKTyp, TaK 1 BHUKOPHCTAHHS B)KE PO3POOJICHUX 1 MPEATPEHOBAHUX IOKAa3aloTh
JOCTAaTHBO HEMoraHi pe3yibTath. OJHAK, CIiA BIAMITHUTH, IO PO3pOoOKa Cy4YacHHX 1
e(DEeKTUBHUX apXITEKTYp HEUPOHHUX MEPEXK I CUITY 37e01IbIIe BETUKIUM KOMITaHIsM,
K1 MalOTh MIEBHI PECYPCH, K IS IIBUIKOTO HABUYAHHS MOJIETIEH 1 MepeBipKH TNOTe3, TaK

1 BIATIOBITHUH KaIpOBHUI TOTCHITIAIL.

3.4. Po3po0Oka MikpocepBicy aHali3y TOHALHOCTI TEKCTY

Ji1st po3poOKu MiKpocepBica AOLUTbHO BUKOPUCTOBYBATH 3pYUHUH Ta €PEKTUBHUIMA
¢peiimopk, omHuMm 3a Takux @perimBopkiB € Flask. Flask Ha3uBaroTh Takox
MIKpO(pEeHMBOPKOM, HEOOTSHKIIUBHI, Ty’Ke MTPOCTUI 1 Ma€ 3MOTY B3aEMOJIISITH 3 PI3HUMHU
JIOJIAaTKOBUMH 1HCTPYMEHTaMU, HAIPUKIAJ, jinja, pi3HOMAHITHUMHU Oa3amMu JaHUX Ta
inme. [Ipo neit peiimBopk Bxke OyJio 3rajjaHo paHillie, HaBeACHI MOro mepeBaru Ta
HEJIOJIIKH.

st podotu 3 Flask nouineHo BukopuctoByBatu IDE abo Tak 3BaH1 1HTErpOBaHe
cepenonuie po3podku (Integrated Development Environment). Ilepen 6e3nocepentim
3actocyBanHsM Flask, ioro tpeba BcTtaHoBHTH Ta iMIopTyBaTu. KomaHma nomaBaHHS

Flask no npoexty mae HaCTYNHUNA BUTJISIA!

(venv) C:\Users\Davos\projects\sent_analisys>pip install flask

Caig mAKpECIUTH, MO 7Sl MPOEKTY JOLIIBHO CTBOPIOBATH TaK 3BAHE BIPTyaJbHE
cepenoBulle (venv), BOHO JO3BOJIIE BCTAHOBIIOBATH 010J110TEKU O€3MOCEPEIHBO IS
JAHOTO TPOEKTY. BaxxnmBuM aTpulOyToM B po3poOlii € CTBOpeHHS (ailry Imia Ha3BOIO
requirements.txt, B 1ei Qaiin 3aHOCAThCA BCl 010J10T€KH, $KI HEOOXITHI s
poboTocpoMokHOCTI TpoekTy. [lpuknan cTpykTypu Takoro ailily HaBeIeHO Ha

pucyHky 3.42.



main.py = req.bd css style.css a homehtml
asgiref==3.5.2
backports.zoneinfo==08.2.1
Django==4.0.6
sqlparse==0.4.2
tzdata==2022.1
Flask==3.0.0
fsspec==2023.12.2
gitdb==4.0.11
GitPython==3.1. 40
huggingface-hub==0.28.1
idna==3.6
importlib-metadata==56.8.0
importlib-resources==6.1.1
itsdangerous==2.1.2
Jinja2==3.1.2
joblib==1.3.2

Puc. 3.42. Tlpuknan ctpykrypu (aiiny requirements.txt

Oxkpim Flasky HeoOXxiHO BCTAaHOBUTH 1 ClieliaidbHI O10I0TEKU AJIsl POBEICHHS
aHai3y TOHAJBLHOCTI TEKCTY. B manomy npoekTi Oyjie BUKOPUCTAHO JBI Taki 010110TeKa,
sKi Bke OyNM 3arajiadi pasiine, a came nltk Ta transformers. Ix Tesx Tpe6a BcTaHOBUTH 32
JOTIOMOTH KOMaHAu pip install <na3Ba 610moTekn™>, eaune, 11 010a10Teku transformers

Ma€ CCHC 3aCTOCOBYBATHU ACAKSC YTOUHCHHS.

(venv) C:\Users\Davos\projects\sent_analisys=pip install transfurmers[turch]l

Puc. 3.43. Tlpukman nogaBaHHs y IpO€EKT O0i0moTekn transformers

JlominpHO 10AaBaTH HE BCIO 010J110TEKY, BOHA JOCTATHBO Ba)kKKa IO IIaM’sIT1, a CaMe
torch Bepcito. Coig BIAMITHTH, IO J0 [hOTO, IPH JEMOHCTpAIlli MOMXJIMBOCTEH
HEHPOHHHMX MEPEX Ta MPOCTUX apXiTEKTYp BUKOPUCTOBYBABCS came pytorch.

[Ticnst ycTaHOBKM HEOOX1THUX 010J110TEK, MOXKHA TMIPUCTYIATH 10 O€3MOCepeTHBOT
PO3POOKH MIKPOCEPBICY.

CrioyaTKy po3rIsTHEMO HACKIIBKH MIKpOCEPBIC Oy/Ie CIIPABIISITHCH 3 IIOCTABIICHOIO

3a1a4€r0, a caMe BCTAHOBJIEHHS TOHAJIBHOCTI TEKCTOBUX JaHUX Ha 0a3l 010110TekH nltk.



B nltk BuxopuctoByerhcsi ekoHomiuHa Rule-based Monens, /st BcTaHOBICHHS
TOHAJIBHOCTI TEKCTIB BHUKOPUCTOBYETHCS CIICILIaIbHUK CJIIOBHHK 3 YypaxyBaHHSIM
TOHAJIBHOCTI 200 MouyTTiB. [l iMImopTy BCix HEOOX1AHUX 010J1I0TEK Ta CIENiaJbHOTO

CJIOBHHUKA NOCTATHBO YOTUPHOX CTPOYUOK KOOY.

L main.py = reg.bt gss Style.css s home.html

from flask import Flask, render_template, reguest

from nltk.sentiment.vader import SentimentIntensityAnalyzer
import nltk

nltk.download('vader_lexicon"')

Puc. 3.44. ImnopT ocHOBHUX 010110TeK HEOOXIAHUX JJIsI IPOEKTY

Takox, 3a I01OMOTH JieKopaTtopy Tpeda mpomnucaTy Bl poyTH (route). B ganomy
Bunaaky, (dspace.wunu.edu.ua) tak sik e MiKpoCepBic, MPU3HAYCHHS SKOT'O BUKOHAHHS
KOHKPETHOI 3a/1a4l, BUCTAYUTh 1 OJJHOTO TAKOTO JEKOPaTOpy 1 OKpeMoro (yHKIIII, B AKII

OyJie peani3oBaHO CIieHapiii poOOTH MIKPOCEPBICY.

* main.py = req.xt g5 Style.css o home.html

@app.route('/', methods=["GET", "POST"])
def main():
if request.method == "POST":
inp = request.form.get('inp')
sid = SentimentIntensityAnalyzer()
score = sid.polarity_scores(inp)
if score["neg"] != 0O:
return render_template('home.html', message=f"Negative with score {score['neg']}")
else:
return render_template('home.html', message=f"Positive with score {score['pos']}")
return render_template('home.html")

main() if request.method == "POST" if score["'neg"] =0

Puc. 3.45. Kox 3 crienapieM poO60TH MIKpOCEPBICY.

OcHoBHa 3amaua, sKy Oynae BHUpINIyBaTH pO3POOJICHUI MIKpOCEpBIC, IIe
BCTAaHOBJICHHSI TOHAJBHOCTI TEKCTY, TOOTO, SIKIIO CIPOCTUTH, TO HA BXIJ MOJEl

HEOOX1HO TepeIaTh SKUIICh KOMEHTap a00 TEKCT, a MOJIe)Ib IOBUHHA BUIATH BIJITIOBI/Ib,


http://dspace.wunu.edu.ua/bitstream/316497/39803/1/%d0%9b%d1%8f%d1%89%d0%b8%d0%bd%d1%81%d1%8c%d0%ba%d0%b8%d0%b9%d0%9f%d0%b5%d1%82%d1%80%d0%be_%d0%94%d0%9f_2018.pdf

91 KOMEHTap € MO3WTUBHUM a00 HEraTMBHUM, TAaKOX peali30oBaHO BHUBIJ Score, TOOTO
HACKUIBKH MOJIEJTb BIICBHEHA Y CBOEMY IPOTHO3I.

Takum umHOM, y 3MiHHY inp (input) mepemaeTbcsl AesSKUi pAnok. 3MmiHHa sid
BIJIMOBIZAAE 3a IHIIIATI3AINI0 MOJENl, B sKy Oe3locepeaHio MepeacThess OTpUMaHUN
psanok. B 3MiHHY score 3armicy€eThCs BIATOBI b MOACTI 1 1ali (JOPMYETHCS TIOB1IOMITCHHS
JUTSI KOPUCTYBayva.

Jlnst  opopMiieHHST caMOi CTOPIHKH 3a JOIOMOTH $KOi KOPHCTyBad Oyje

KOMYHIKYBaTH 3 MikpcepBicoMm cTBopeH okpemuit HTML daitn.

< main.py = reqtut ecss Style.css # home.html
<!DOCTYPE html>
<html lang="en">
<head=
<meta charset="UTF-8">
<link href="https://cdn.jsdelivr.net/npm/bootstrap@5.3.2/dist/css/bootstrap.min.css" rel="stylesheet"
<title>Sentiment Analysis</title>
<link rel="stylesheet" type="text/css" href="{{ url_for('static’, filename='styles/style.css')}}"
</head>
<div class="container">

<div class="container-1g">
<h1>SENTIMENT ANALYSIS</hl>
<form method="POST" class="form">
<input type="text" name="inp" placeholder="Enter Your Feeling" id="inp">
<input type="submit" name="submit" id="btn" class="btn btn-primary">

</form>
<hl class="output">{{message}}</hl>
</div>
</div=
<body>

html head link

Puc. 3.46. HTML ¢aiin ayist cCTBOpEHHS JJOMAIIHBbOI CTOPIHKU
Jlnst octatoyHOr0 OQOPMIIEHHS JOMAIIHBOI CTOPIHKH, TAKOXK 3a/JaHl mapameTpu
ctuiro. [{ns poro Oynu CTBOpEH1 AUPEKTOPIi static Ta style.

sent_analisys
static
styles
css Style.css
ternplates
a - home.html

main.py

Puc. 3.47. CTtpyKTypa OpOEKTY



B nupexropii style O6yno cTtBopeHo css (hailyl 3 3a3HaYCHHSIM BCiX HEOOXIJTHHUX

napaMmeTpis.

~ main.py = req.but css Style.css - homehtml

*.css files are supported by Intelli) IDEA Ultimate

1 body {

2 font: 100% Arial, Helvetica, sans-serif;
3 line-height: 1.5;

position: relative;

background-color: rgb(3, 65, 65);;
font-weight:normal;

font-style:normal;

width: 1280px;
1 margin: 20 avto;
11 padding: 20px;
12 I

1 .container-1g {

15 width: B208%;

1 height: 550px;

17 color: rgb(20,28,20);

1 background-color: rgb(247, 247, 247);
1 border-radius: 28px;

2 text-align: center;

21 I
g .heading {
? text-align: center;

Puc. 3.48. Ctpyxkrypa daiiny style.css

HaBenemo mpukiiag poOOTH PO3pOOIIEHOTO MIKpOCEpBICY. Y SKOCTI TECTOBOTO

psizka BUKOpUcTaeMo npocte no3utuBHe «I like it».



@® 127.0.0.1:5000 2 % @& ® C

SENTIMENT ANALYSIS

I Like it

Positive with score 0.714

Puc. 3.49. Ilpukian po6oTu MiKpOCEpBICY AJIA MO3UTUBHOTO PsIKA

Mogens BrieBHEeHa Ha 71%, 110 iepeIaHnil PSAJIOK € MO3UTUBHUM.

CnpoOyemo MmepeBIpuTH MOJIEIb Ha PAAKY 3 HETaTUBHOIO TOHAJIBHICTIO.

r

SENTIMENT ANALYSIS )

I hate this

Negative with score 0.787

Puc. 3.50. IIpuknan ¢pyHKIIOHYBaHHS MOEII HA MIPUKJIIAl HETATUBHOTO PSJIKA



TakuMm 4MHOM, MOJIeNIb BIieBHEHA Ha 79%, 1110 TiepeaHuil psAJIOK € HETaTUBHUM.
Ane € 1 neski mpooOiemMu y 1iel 6a30Boi MojelNi, a came, repeaMo HaCTYIMHUHN psIok «l

like this placey.

SENTIMENT ANALYSIS

| like this place]

Positive with score 0.556

Puc. 3.51. Ominka psaxy moneuito ToHanbHOCTI psnky «I like this place»

Takum ynHOM, He3Baxkawouu Ha Te, mo (dspace.wunu.edu.ua) psaok «I like this
place» Mae MO3UTHBHUI OKpac , MOJEIb BIEBHEHHS B LIbOMY BChOro Ha 56%. Tomy
JIOIIIBHO 3aMIHUTH MOJIEh 1 BUKOPUCTOBYBATH HEUPOHHY MEPEXKY.

B nepmmii pa3 qoBeaeThCs 3aBaHTAXXUTH MOJICIIH 1 TOKEHAM3ED.

No model was supplied, defaulted to distilbert-base-uncased-finetuned-sst-2-english and revision afef99b (https://huggingface.co/distilbert-base
Using a pipeline without specifying a model name and revision in production is not recommended.

config.json: 100%| || ©29/629 [00:08<080:08, 20.2KB/s]

model.safetensors: 100% || INIIMNINNN 208v/2¢681 [03:12<00:00, 1.39MB/s]

tokenizer_config.json: 100%[[EMMMMM 45.0/48.0 [00:00<00:00, 3.08kB/s]

vocab. txt: 100%|[INNIIMEIEN| 232x/232k [00:00<00:60, 928kB/s]

VY skocti Mogem Oyino B3sTo obsermeny mozaenb BERT (distilbert). Ilpu mpomy

Tpeba O0yJio 3p0OUTH MiHIMAILHI 3MIHU B KOA1 (JIUB. PUCYHOK).


http://dspace.wunu.edu.ua/bitstream/316497/39803/1/%d0%9b%d1%8f%d1%89%d0%b8%d0%bd%d1%81%d1%8c%d0%ba%d0%b8%d0%b9%d0%9f%d0%b5%d1%82%d1%80%d0%be_%d0%94%d0%9f_2018.pdf

from transformers import pipelind
app = Flask(__name__)

@app.rovte('/', methods=["GET", "POST"])
def main():
if request.method == "POST":
inp = request.form.get('inp')
nlp_sa = pipeline("sentiment-analysis")
score = nlp_sa(inp)
return render_template('home.html', message=f"{score[@]['label']} with score {round(score[8]
return render_template('home.html")

OTtpumaemo oniHky ToHaJIbHOCTI psijika «I like this place» HelipoHHOIO Mepekero.

i SENTIMENT ANALYSIS )

i like this place

POSITIVE with score 1.0

Puc. 3.52. Pe3ynbTaT OI[iHKM TOHATLHOCTI PsiIKa HEUPOHHOIO MEPEKEIO
Takum unHOM, Monenb BERT wmaiike Ha 100% BneBHEHa, IO JaHUM PSAIOK €

MO3UTHUBHUM 1 X04a 3a3Ha4€HO, 110 score aopiBHIOE 100%, 11e He 30BCIM TakK, peaabHui

score AificHO ay»ke 0iam3bpKkuii 10 1, a came 0.99985.

3.5. BucHoBK# 10 po3ainy



He TinbkM HEMpOHHI MEpeXi MOKa3ykTh HEMOraHi pe3yJbTaTH MNpH poOoTi 3
TEKCTOBUMHU JaHuUMHU. Kiacudni MeTomu oOpoOKM JaHMX Ta MOMAENi MAaIluHHOTO
HaBUYaHHS BCE TAKOXK JAIOTh Ay>Ke TapHi pe3yibratu. Oco0IMBO MepeBara TaKux METO/IiB
NPOSIBIISIETHCSI KOJIM JaHWX HEAOCTAaTHhO Oarato i HEHMpoHHA Mepeka TOIMPOCTy He
BCTHUTA€ SIKICHO HAaBYUTECh, Y TAKOMY BHIAAKy Ha JOMOMOTY MPUXOMISTH MPOBIPEHI
KJIACUYHI METOIUKH.

Knacudikaris 300paxeHb 1 HEHpoOMepekeBl MOJCHI MPOTHO3YBAaHHS YaCOBUX
PAIB - TIe aKTUBHI 00J1aCT1 AOCTIHKEeHB. J[OCIiTHUKY MPaIioroTh Haj pO3pOOKOI0 HOBHUX
METO/IIB, SIK1 MOXYTh I1JBUIIUTH TOYHICTh ITUX 3aB/JIaHb.

AHaJI3 pi3HUX MIJAXOIB B OIIHIII TOHAJBLHOCTI TEKCTIB, JIaB 3MOTY BUSBHUTH, IO
JUISL  pO3pOOKH MipKOcepCcy HalOuibil e()EKTUBHUM € BUKOPUCTAHHS CYy4YaCHHUX
HEHUPOHHUX Mepek, a came mojeni BERT pi3Hoi Moaudikariii, ogHak TyT Tpeba odupatu

MIK TOYHICTIO Ta IIIBUIKICTIO.



BUCHOBKHA

O0’ekTOM JOCIIIKCHHS € mpolec po3pobku mporpamaux (elartu.tntu.edu.ua)
3aco01B peasizallii HeHpoMepeKeBOTO MOICTIOBAHHS.

[IpenMeToM JOCHIDKEHHSA € METOAM 1 TMPaKTUYHI MIIXOAW JO PO3pOOKHU
MporpamMHUX 3aco0iB peaizailii HeMpoOMePEKeBOT0 MOJICITIOBAHHS.

B mepmomy posnauii mpoaHalli3oBaHO MPeAMETHY 001acTh. JlOCHIIIKEHO BILIMB
HEHPOHHUX Mepek Ha Oi3HeC Ta JIOAChKE JKUTTA. PO3INAHYTI HampsMKd
HelpoMepexeBoro MojenoBants. [IpoBeeHo aHalli3 0 anmapaTHOro Ta MPOrPaMHOIO
3abesneuenns st (elartu.tntu.edu.ua) po3poOku HEHPOHHUX MEPEK.

VY npyromy po3aiii po3risiHyTI OCHOBHI 0107110TEKH JIs 111 pO3POOKH HEHPOHHUX
Mepex. [IpoananizoBaHo IHCTPYMEHTH peatizalilii HHMpOHHUX MEpeX Ta OCOOJIMBOCTI Ta
BIIMIHHOCTI 3TOPTKOBUX Ta PEKYPEHTHUX HEUPOHHHUX MEPEXK.

B TperboMy po3aini peani3oBaHO BUPIMICHHS 3aaadl Kiacu@ikaili TEKCTY
KJIACHYHUMHU aJITOPUTMAaMU MAIlIMHHOTO HaBuyaHHA. [IpogemMoHCTpoBaHO crocoOu
BHUpILIEHHS 337a4 00pOOKH IPUPOAHOI MOBH 3a AOIIOMOTH HEMPOHHUX Mepex. BUKOHaHO
peaizaliio BUpPIIIEHHS 3a1a4d Kiacudikaiii 300pakeHb 1 HEHPOMEpEeKEBUX MOjeNen
MIPOTHO3YBaHHA YacOBUX PsiB. Po3pobiieHo MikpocepBic aHali3y TOHATBHOCTI TEKCTY.

PesynbTaToMm pobOTH € po3poOJieHH MIKPOCEPBIC aHali3y TOHAJIBHOCTI
TEKCTY,IKUH MOXe OyTH BHUKOPUCTAHMN CHEIlajiCTaMu PI3HOTO MPOQUI0, TAKUMU SIK
aHAITUKW, MAPKETOJIOTH, CITy>K0a MIATPUMKH 1 T.I.

MikpocepBicu MalOTh HU3KY II€peBar, siki poOJsiTh iX NpUBaOIMBUM BUOOPOM /IS
OIIIHKA TOHAIBHOCTI TekcTy. Lli mepeBarn MOXyTh JOMOMOTTH 3POOUTH OIHKY
TOHAJILHOCTI TEKCTY OUIBIII aJalTUBHOIO, MACIITA0OBAHOO Ta CTIMKOIO JJO TOMMIIOK.

Po3pobienuii MiKpocepBiC € CaMOCTIMHUM 1 aBTOHOMHHUM, OCKUIBKH BIH HE
3aJIeKUTh BiJI IHIIMX MIKpOCepBiciB. BiH Moke OyTH po3MillieHH Ha OyIb-IKOMY cCepBepl

Ta B3aEMOJIISITH 3 IHIIMMU MikpocepBicamu uepe3 HTTP-3anuTu 1 Bignosifi.


http://elartu.tntu.edu.ua/bitstream/lib/30648/3/aref_Petruk_O_2020.pdf
http://elartu.tntu.edu.ua/bitstream/lib/30648/3/aref_Petruk_O_2020.pdf

CIIMCOK BUKOPUCTAHUX JKEPEJI
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https://huggingface.co/ — Jlata moctymy: 01.10.23
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edition, 2017. — 512 p.

14. Deep Learning (Adaptive Computation and Machine Learning series) / lan
Goodfellow, Yoshua Bengio, Aaron Courville. - The MIT Press, 2016. — 800 (ela.kpi.ua)
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JIOJIATOK A

®parMeHT KOy CTBOPEHHS MIKPOCEPBICY

from flask import Flask, render_template, request
from (cloud.google.com) nltk.sentiment.vader import SentimentintensityAnalyzer
# import nltk

# nltk.download('vader_lexicon')

#ImmopT HEOOXimHUX 016Ti0TEK

from transformers import pipeline

# CTBOpeHHs naimiaiiny

nlp_sa = pipeline("'sentiment-analysis™)
result_pos = nlp_sa('l like this place")#[0]

print(result_pos)

app = Flask(__name_ )

@app.route('/', methods=["GET", "POST"])
def main():
if request.method == "POST":

inp = request.form.get('inp")

nlp_sa = pipeline(*"sentiment-analysis™)

score = nlp_sa(inp)

return render_template(‘home.html’, message=f"{score[0]['label']} with score
{round(score[0]['score'],2)}")

return render_template(‘home.html")


https://cloud.google.com/appengine/docs/standard/python3/building-app/authenticating-users?hl=fr

JIOJATOK B

dparmMeHT Koy CTBOPEHHs MiKpocepBicy (peamisariis template)

<IDOCTYPE html>
<html lang="en">
<head>
<meta charset="UTF-8">
<link href="https://cdn.jsdelivr.net/npm/bootstrap@5.3.2/dist/css/bootstrap.min.css"
rel="stylesheet" integrity="sha384-
T3c6ColibuLrA9TneNEoa7RxnatzjcDSCmMG1IMXXSR1GASXEV/Dwwykc2MPK8M2HN"
crossorigin="anonymous'>
<title>Sentiment Analysis</title>
<link rel="stylesheet" type="text/css" href="{{ url_for('static’, filename="styles/style.css")}}"
</head>
<div class="container">
<div class="container-lg">
<h1>SENTIMENT ANALYSIS</h1>
<form method="POST" class="form">
<input type="text" name="inp" placeholder="Enter Your Feeling" id="inp">

<input type="submit" name="submit" id="btn" class="btn btn-primary">

</form>
<h1 class="output">{{message}}</h1>
</div>
</div>

<body>

</body>

</html>



JIOJATOK B

®dparmenT Koy BupimeHnas NLP 3amau

# ImnopT HeoOXiqHUX 610TI0TeK
from transformers import pipeline

nlp_sent_anal = pipeline(*"sentiment-analysis™)

result_1 = nlp_sent_anal('Many people think you have the best work’)[0]
print(f'label: {result_1['label']}, with score: {round(result_1['score'], 4)}")
result_2 = nlp_sent_anal("Only stupid people think you have the best work™)[0]
print(f'label: {result_2['label']}, with score: {round(result_2['score], 4)}")

from transformers import AutoTokenizer, AutoModelForSequenceClassification

tokenizer = AutoTokenizer.from_pretrained(*cardiffnlp/twitter-roberta-base-sentiment-latest")
model = AutoModelForSequenceClassification.from_pretrained("cardiffnlp/twitter-roberta-base-
sentiment-latest™)

from scipy.special import softmax

sequence_0 = "Many people think you have the best work™

sequence_1 = "Only stupid people think you have the best work™
sentences = [sequence_0, sequence_1]
for i in sentences:

tokenizers = tokenizer(i, return_tensors ='pt')

output = model(**tokenizers)

scores = output[0][0].detach().numpy()

scores = softmax(scores)



print(f*"{i}:
neg: {round(scores[0]*1,3)},
neutral:{round(scores[1]*1, 3)},
pos: {round(scores[2]*1, 3)}""



