8. Tulka T. Learning WebAssembly #7: Introducing WASI [Enextponnuii pecypc] / Tomas
Tulka. — 2021. — Pexxum moctymy no pecypcey: https://blog.ttulka.com/learning-webassembly-7-
introducing-wasi.
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PO3POBKA HEHPOHHOI MEPEXI JIJISI IIOIIYKY IMEHOBAHUX CYTHOCTEM 3
BUKOPUCTAHHAM MOJEJII MOBHU BERT

Anomauia. Y cmammi po3ensaHymo o0cobaugocmi NOWLYKY IMEeHOBAHUX CYMHOCMel Y
mekcmi. 3anponoHo8ano memoo, wo O6azyemvcs Ha UKOPUCIAHHI OBOHANPABILEHUX DEKYPEHNHUX
HeUpPOHHUX MepediC.

Knrwouogi cnosa: nowyk imeHo8aHux cymuocmeul, aBmomamu3sayis, eiuOuHHe Ha8UaHHs.

Abstract. This article is related to investigation of Named Entity Recognition techniques.
Bidirectional Long Short-Term Memory neural network is proposed as a problem solution.

Keywords: named entity recognition, automatization, deep learning.

Beryn. [Hpopmanis cborogHi € OAHMM 13 HAWOUIBII LIHHUX PECYypCiB, ajke il MOXKHa
BUKOPHUCTAaTH 3 METOI ONTHUMI3allii AEIKUX IPOLECIB HA MiJMPUEMCTBI, MOKPALUTH MapKETUHT
KOMIIaHii, CIIPOTHO3yBaTH I[IHW Ha akKIlii TOI[0. 3aBIJKH MEpPEeXi IHTEPHET MpoIec 300py JaHHX
CTaB 3HAYHO HPOCTIIINM, 1110 T03BOJISIE OTPUMYBATH BEJIMKI 00’ €MU JIaHUX 32 JiueHi roquHu. Yepes
e mpo0byieMa aBTOMAaTU3allil mpouecy o0poOKH JaHUX MOCTAE JOCUTH TOCTPO, OCKUIBKH MOTpedye
CTBOpPEHHS HOBUX €(DEKTUBHHMX METO/IB aHAJI3Y.

OmHuM 13 HaWOIBII MTOMIMPEHUX BUIIB JAaHUX € TEKCTOBI JIaHi. Ix MoxHa 3HalTH Oynb-1e,
MOYMHAIOYM BiJI HAYKOBHX CTAaTCH 1 3aKiHUYIOYM KOMEHTApSMH B 1HTEpHETi. AHaii3 TEKCTOBHX
JAHWX HAJEeKUTh 10 Kiacy 3a1a4d o0poOku npupoanboi moBu (Natural Language Processing). NLP
BKIIIOYae B ce0e BEIMKMH CIEKTp 3ajad, M0 BIJHOCATHCA A0 OOpOOKM TPHPOTHOI MOBH,
MOYMHAIOYM B1JI 3BHYAWHOT KiIacH(iKaiii CiB, 3aKIHUYIOYM CKJIQJHUMH CHUCTEMaMH, IO 3/aTHI
MIPOBOANTH KOMIUIEKCHUN aHAaJli3 BEJIUKUX 00 €MIB TEKCTY.

Onniero 13 ocHoBHUX 3amad NLP € po3mizHaBanHs iMeHoBaHux cyTHocter (Named Entity
Recognition). NER — me 3amaua BumoOyTky iHdopmarii, 10 monsrae y TOHIYKY IMEHOBaHHX
CYTHOCTEW y HECTPYKTypoBaHOMY TeKCTi. KaTeropii cyTHOCTE# 3anexaTh BiJl HABUAIHHHUX JTAHHX.
HalinomupeHimmmy KaTeropisiMu €: iMeHa JII0JIel, oprasisailiif, Jokarii, Ha3BU TBOPIB MHCTELTBA
ta icropuunux noxAiii. NER no3Bossie otpumarn indopmariito mpo koro abo 1o e MoBa y TEKCTI.
Taka iHpopMallisi Moke OyTH BHKOPHUCTaHA y TOJAJBIIOMY aHaji3i, HaMpPUKIAM, JJIs MO0YyI0BU
MEeBHOI CTAaTUCTHKH, BU3HAUYEHHS TPEHIIB TOIIO.

AHami3 cTaHy nuTaHHs. B OCHOBI BCIX cy4YacHMX pIIICHb IS TONIYKY IMEHOBAaHHMX
CYTHOCTEH y TEKCTi JexxaTb HeWpoHHI mepexi. Lleit miaxig HaOyB MOMYJSPHOCTI yepe3 JeKiabKa
npuunHd. [lepm 3a Bce, HEHpOHHI Mepexi € OUTbII JOIUTBHUMH JJIS 3a1ad, M0 HOTpeOyITh
HeuiTKoi JIoriku. HacTynmHOI NpUYMHOIO € BapiaTUBHICTH MOJIENEed HEWPOHHUX MEpex, 10
J03BOJISIE  TJIAIITOBYBAaTH 1X mia Okl  KOHKpeTHI Bumanku. llle oxaniero mepeBaroro
BUKOPHCTAaHHSI MEPEX € MOJIHMBICTh HABUUTHU OJIHY MEpEXY 3 BHKOPUCTAHHSIM Pi3HHX HaOOpiB
JTAaHHUX TPAIOBATU 3 PI3HUMHU MOBaMHU.

[Tepmra 3amaya, sika MOCTAE MiJ] 9ac PO3POOKH apXiTEKTYPH HEHPOHHOT Mepexi st 00poOKU
MOBH, — 11€ 00poOka BxigHUX AaHuX. [Ipobiiema mossrae B ToMy, 110 HEHPOHHI MEPEXKI MPAIIOIOTh
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3 YUCJIOBUMHU JIaHUMHU, & HE 3 TeKCTOM. /)i IIbOTO BUKOPHCTOBYIOTH BEKTOPHI ToaHHs ciiB. CI0BO
MOJIAETHCS Y BUIJISI/IL BEKTOPY, Y IKOMY KO>KHE 3HAUEHHS BIJIIOB1/Ia€ MEBHIM XapaKTepUCTHUIIl CI0Ba
[1].

Ha 3amiHy KIacHYHUM MOJENSAM, SKIi TPOCTO BIAJAAIOTh BEKTOP TMOTPIOHOTO CIIOBA,
MPUXOJATH MOJENi, IO BPaXxOBYIOTh KOHTEKCT, B SIKOMY CIJIOBO 3aCTOCOBYETHCS (HANpUKIA,
monens ELMO). Taki mozeni € 6inbin e()eKTHBHUMH, 110 JO3BOJSIE IPOBOIMTH aHANTI3 TEKCTY 0e3
BUKOPHMCTaHHS JOJATKOBHX IIapiB HEUPOHHOI MEPEXKI.

Haii6inmem mockonanoro monernmo nonxanHs ciiB € BERT Big Google. BERT 3a cBoim
3MICTOM € aJrOPUTMOM IONIYKOBOi CHCTEMH, B OCHOBI SIKOTO JIKUTh HEHPOHHA Mepexka, 37aTHa
HAJUIATH MOIIYKOBY CHCTEMY PO3yMiHHSIM KOHTEKCTY. ['onoBHOI0 ocobnuBicTio BERT € 3patHicTh
aHaJI3yBaTH 3alUT SIK IJIbHE PEUYEHHS Ta MiAOUpaTH pe3ysbTaT, OPIEHTYIOUUCh Ha KOHTEKCT. Taka
ocobnuBicTe Jno03Bosise Mozeni BERT y 3amagax mnomyky I1MEHOBaHMX CYTHOCTEH MaTH
edexTuBHICTh Ha piBHI 3 KitacnaHuMHU BiLSTM-CRF monensimu [2].

Po3po0ka HelipoHHOT Mepe:ki 115 MOIIYKY iMEeHOBAHUX CYTHOCTEH 3 BUKOPUCTAHHAM MoJei
moBu BERT

OCHOBHUM METOJIOM IIOIIYKY IMEHOBAHUX CYTHOCTEH y TeKCTi € BuKopuctanHi BiLSTM-
CRF wneiiporaux mepex [3]. Taki Mepexi JO3BOJISIOTh €DEKTHBHO aHAIII3yBaTH ITOCIIIIOBHICTh CIIiB
Ta MPaBWJIFHO BU3HAYATH HAJIEKHICTH TOTO YH IHIIOTO CJIOBA JI0 Kiacy. SIK MpaBWIIo, IPU TaKOMY
MiIX0/Il BUKOPHUCTOBYIOTh 3BUYAIHI 3a31aJIeTiIb BU3HAYCHI BEKTOPHI MOJAHHS CIIB, IO J03BOJISE
OTpUMATH XOpOIIi pe3yJbTaTH, aie A OUTbII CKJIaJHUX BHUMAAKIB Ta MOB BIH € MEHII
e(EKTUBHUM.

[ Teru ciiB ]

CRF map
HelipOHHOI Mepexi

BiLSTM miap
HelipOHHOI MepeKi

BexkrtopHi
Ipe/ICTaBIeHHs CIIB

CharacterBERT

i

Bx1aHuil TEKCT

L. S

Pucynox 1 — Ctpykrypa Mepexi

SKio 3aMicTh 3BUYAMHOTO CTATHYHOTO BEKTOPHOTO TIOJBHHS BHUKOPHUCTOBYBAaTH MOJIEIH
BERT, T0o MOXHa oTpuMatu OuTbI TOYHI pe3yabTaTH. Lle mocsaraerbes 3a paxyHok Toro, mo BERT
BMi€ aHaANI3yBaTH 3HAUYEHHS CJIOBA B KOHTEKCTI BCHOT'O PEUEHHS, Yepe3 110 HOTro BEKTOpHE MOIaHHS
Oyze OUTBII TOYHO BiAMOBIAATH #HOro 3HaYeHHIO. L{e 103BOIUTH OibI TOYHO KiIacu(]iKyBaTH CIOBa
y pedenHi [4].

OcoOnuBicth apxitektypu BERT mnonsrae y Tomy, mo 1 Mozenb Yy CBOW OCHOBI
BHUKOPHCTOBYE CKJIaZIOB1 YaCTHHHU ciioBa. Lle 103BoJsie OLIbIl TOYHO aHANII3yBaTH HEB1IOMI CllOBa 3a
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paxyHOK PO3IiICHHA 1X HA YaCTHUHHU, SIKi € Y CJIOBHUKY Mojeni. Hanpuknan, SKimo Moienb OTpuMae
HeBiome cnoBo «Rolex», BoHo Oyne po3ourte Ha Taki yacTHHU «Ro» Ta «##lex». Takum 4nHOM Ha
BUXO/I1 Oyie OTPUMAHO J1Ba BEKTOPH.

Opnun i3 BapianTiB BERT e CharacterBERT. Ha BigMiHy Bif opHriHaiy, Taka MOJAEIH Y
SKOCTI YaCTUH CJIOBAa BUKOPUCTOBYE OKpeMi JiTepu. BekTop cioBa hopMyeThes 3a paXyHOK aHaTi3y
JiTep 1 iX mopsAky. Y mpolleci HaBYaHHS Mepexa cama (opMmye MEBHI MpaBuiia Ta BUOKPEMITIOE
YACTHUHU CIIB, sIKI MOKYTh OyTH KIIFOUOBUMH. [ 0JIOBHOIO MEpeBaror0 TaKOro MiIX0Iy € Te, IO JaHa
apxIiTEKTypa € OUIbLI CTIMKOIO 1O MOMHIIOK Y TEKCTI [5].

Bukopuctanns CharacterBERT mist ¢opmyBaHHS BEKTOPHOTO TMONAHHS CIIIB  IiIBHIIYE
e(eKTUBHICTh POOOTH MEpeXi, 0OCOOJIMBO y BUIIAAKAX, /1€ HASBHI IOMUJIKU Y TEKCTI.

CtpyKkTypa Mepesxi 300paxeHa Ha pUCYHKY 1.

BucHoBok. Y craTTi Oys0 pO3IIIsHYTO MiAX1J A0 MOUIYKY IMEHOBAaHMX CYTHOCTEH y TEKCTI,
mo BukopuctoBye BILSTM-CRF neiiponny Mepexy Ta BEKTOPHI IMOJAHHS CIiB, sIKi (POPMYIOTHCS 3
BukopuctanHsM Mojeni MoBu CharacterBERT. 3ampomoHoBaHa cTpykTypa Mepeki 03BOJISIE
JOCATTH KpalIUX MOKa3HUKIB €(PEKTUBHOCTI 1 HAJIHHOCTI 32 paXyHOK BUKOPUCTAHHS MiIXO/IB, SIK1 €
OB CTIMKMMU /10 TIOMMJIOK Y TEKCTI.
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CBITJIIA TAM’STI BAZATHOMY HAYKOBIIIO BIJ] YUHIB I KOJIET I1O POBOTI

25 ciunsg 2021 poky micisi TpuBanoi XBOpPOOW MILIOB 3 KUTTS BUAATHUN
BUYCHUH, BUHAXIIHHK, IH)KEHEp, IOUPEKTOp IHCTUTYTy 30JI0TOr0 IepeTuHy,
JIOKTOp Hayk, npodecop Onexciii [lerpoBuu Ctaxos.

Omnexciit IlerpoBuu HapomamBcst 7-ro TpaBHS 1939 poxky Ha craHmii
[Maptu3anun XepcoHcbkoi obmacti. Y 1961 pormi BiH 3akiHYMB XapKiBChKUH
apiamifamii 1HCTUTYT. llpaioBaB acWCTEHTOM 1 JOLEHTOM XapKiBCHKOTO
IHCTUTYTY  paJiOCIICKTPOHIKM, 3aBimyBadeM kadenpu  iHdopmariiiiHo-
BUMIpDIOBAIBHOI ~ TEXHIKM  TaraHpo3bKOrO  PagiOTeXHIYHOTO  iHCTUTYTY,
3aBigyBadeM Kadeapu 00YMCIIOBAILHOI TEXHIKA BIHHHAIEKOTO MOJIITEXHITHOTO
iHCTUTYTY (HWHI — DBIiHHMIBKHH HalllOHATBHHUHA TEXHIYHUH YHIBEPCHUTET),
1977-1988 pp., mupexropom CHemialbHOTO KOHCTPYKTOPCHKO-TEXHOIOTTIHOTO
oropo «Mopynb» mpu BiHHHIIBEKOMY mOiTeXHIiYHOMY YHiBepcuteTi, 1986—1989
pp., 3aBinyBaueM Kadeapu NMPUKIaIHOI MATEMATHKH Ta O0UYHCIIOBAIBHUX CHCTEM BIHHHUIIBKOTO TEXHIYHOTO
yHiBepcutety, 1989—1995 pp., mpodecopoMm kadenpm wmareMaTHku BiHHHUIIBKOTO IIEAArOTiYHOTO
yniBepcutety, 2001-2002 pp., 3aBinyBauem kadenpu iHpopmaTukn BiHHHLIBKOTO AEPKaBHOTO arpapHOTrO
yHiBepcutery, 1997-2003 pp. Ha mouatky 2004 poky Omexkciii IlerpoBnu mepeixmxae no Kanamu. Bin
posroprae nismmbHicT MixkHapoaHoro Kimy0y 3onotoro Ileperuny, crae nupexropoM IHCTUTYTy 30510TOTO
[NepeTtuny, npalroe HayKOBUM KOHCYIbTaHTOM KaHazncbkol koM otepHoi ¢ipmu «Esinex», ska 3aiimaeTbes
PO3pOOKOI0 IPOTrPaMHUX MPOAYKTIB Ha OCHOBI «(PiO0HAYTiI€BOD» TEOPil KOTyBaHHS.

[MigroryBaB 30 kanaupatiB Hayk. 4 y4Hi npodecopa CraxoBa 3aXMCTHIM JOKTOPCBHKI IUCEpTaLii:
O. 1. Azapos, B. A. Jlyxenpsknii (BiHHUIBKHI HamioHaNBHUHN TexHIYHWH yHiBepcuter), H. B. Amimos
(XapkiBcbkuit iHCTUTYT pagioenekTponikn), FO. M. Bumnskos (Taranpo3bkuil pafioTeXHIYHUH IHCTHTYT).

Omnexkciit IlerpoBrna CtaxoB € aBTopoM 500 myOmikariii, 14 moHorpadii Ta 65 Mi>KHApOJAHUX TATEHTIB,
130 cBiouUTB HA BUHAXIJ,.

3a yac cBO€i BUKIIAIalbKOT 1 HAYKOBOI AiSITFHOCTI BiH:

® CTBOPHB HOBHUI HallpsIMOK B TEOPii BUMipYBaHHS — allTOPUTMIYHY T€OPil0 BUMIipIOBaHHS,

® CTBOPUB HOBHI HAMPSIMOK y PO3BUTKY OOYMCIIOBAIBHOI TEXHIKH, 8 caMe HOBI CHCTEMHU YHCIICHHS,
3acHOBaHI Ha umcnax PidoHaydi Ta 30/M0Tid mpomopuii, BUCYHYB mpoekT «Komm'torepu Pibonauyin.
CBiTOBHI TpiOpUTET B I[HOMY HANpsAMKY 3axumieHnd 65 3apyOixammu mateHtamu CIUIA, fAnonii, Anrmii,
Himewunnu, ®@pannii, Kanagu ta iHImX Kpais;

e y3araJibHUB:«3amaqy npo 3onotuit [lepeTuH», BIIKpUB HOBHH Kjac ippallioHATEHAX YHCeN — 30JI0TI
p-Ilepetnnu, sKi € HAHBAXKIMBINIO MaTeMaTHYHOIO BIIACTUBICTIO TpUKyTHHKA [lackans;

® po3poOuB Teopito marpuipb DiOOHAYUI 1 «30JI0TUX» MaTPHUIh T4 CTBOPUB HA X OCHOBI HOBY TEOpItO
KOJIyBaHHS 1 Kpunrorpadii;

® PO3pOOHB HOBHH Kjac TimepOoIivHuX QYHKIIH — Timepoomiyni ¢pyHkIii @idoHaqdi i JIroka (crinpHO

3

I. Tkagenko Ta b. Po3iHnM), 3 AKX BUIUIMBA€E «Oe3MepepBHUN» MiAXim 1m0 Teopii uncen diboHaudi i HOBI
migxoaw B TeopeTWuHid ¢isumi (HOBa HeeBKIinoBa reoMmerpiss JlobGadeBchbkoro, HOBa TeOMETpis
MIHKOBCBKOT0, SIKa € TIepOOoIiTHOI0 IHTEPIIPETAIIEI0 CIIeliaabHOoi Teopii BimHocHOCTI EffHIITeHHA);

e po3poOuB HOBUI HaykoBUi npuHnun — Y3arameHeHuid [lpuaiun 3omororo Ileperwny, skwmii
BruTIOYae «[IpuHmn auxoToMii» 1 kiacuanuii «IIpuaiun 3omotoro [lepetuny»;

® pPO3pOOHUB HOBY Teopito «popmyi biHe», Teopito «30J0TUX» anreOpaiuHuX PIBHAHB 1 BIIKPUB HOBHI
KJIaC YHCIIOBUX ITOCITIIOBHOCTEH — y3arajibHeHi yuciia JIroka (cribHo 3 b. Po3iHnMm);

e po3pobuB maremarnyHy Teopito ['apMoHii, AK HOBHI MDKIUCIHUITIIHAPHUN HANPSAMOK, IO TIOETHYE
OCHOBHU MaTE€MaTHKH, TEOPETUYHOT (Pi3UKH Ta KOMI'TOTEPHOI HAYKH T4 MaTEMaTHYHOI OCBITH.

Y 2003 p Omexciit IletpoBunu CraxoB omyOmikyBaB Oiorpadiuny kaury «lIlim 3makom 3omoToro
[leperuny: cnoBigs cuHa crynbariBus». [Ipo HaykoBy Oiorpadito Onekcig IleTpoBrua mocuTh HOKIaIHO
omucaHo B crarTi foro apyra Opis IBanoBnya Lumobanicta «IloaBmkHUK B Haymi: po npodecopa Onekcis
CraxoBay.

Onexkciii [TerpoBuu CTaxoB BIHCaB CBOE iM'sl B TAHTEOH BYCHUX, JUIA SKUX rapMoHis [Ipupoau Oyna He
MIPOCTO KPACHBHM CIIOBOM, a BimoOpakaacs y BUIJISIII 3aKOHIB 1 pOPMYIL.

3 Bigxoxom 3 xutTs Onekcis [lerpoBuua CrtaxoBa Hayka 3a3Haia BEJIMKOI BTpaTd. AJjie Iie OUTbIITy
BTpaTy MOHECIH WOTO0 PifHI Ta OMH3bKI.

Mu mpo criBuyBaeMo pigHuM i 6nmm3pkuM Onexcist [lerpoBuya.

Lapcrso tiomy HebecHe i mam'sTh MOACHKA.
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