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The task of named entity recognition (NER) is to identify and classify words and phrases denoting named entities, such as
people, organizations, geographical names, dates, events, terms from subject areas. While searching for the best solution,
researchers conduct a wide range of experiments with different technologies and input data. Comparison of the results
of these experiments shows a significant discrepancy in the quality of NER and poses the problem of determining the
conditions and limitations for the application of the used technologies, as well as finding new solutions. An important
part in answering these questions is the systematization and analysis of current research and the publication of relevant
reviews. In the field of named entity recognition, the authors of analytical articles primarily consider mathematical methods
of identification and classification and do not pay attention to the specifics of the problem itself. In this survey, the field
of named entity recognition is considered from the point of view of individual task categories. The authors identified
five categories: the classical task of NER, NER subtasks, NER in social media, NER in domain, NER in natural language
processing (NLP) tasks. For each category the authors discuss the quality of the solution, features of the methods, problems,
and limitations. Information about current scientific works of each category is given in the form of a table for clarity. The
review allows us to draw a number of conclusions. Deep learning methods are leading among state-of-the-art technologies.
The main problems are the lack of datasets in open access, high requirements for computing resources, the lack of error
analysis. A promising area of research in NER is the development of methods based on unsupervised techniques or rule-base
learning. Intensively developing language models in existing NLP tools can serve as a possible basis for text preprocessing
for NER methods. The article ends with a description and results of experiments with NER tools for Russian-language texts.
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3agaun B 00/1aCTH PaCIIO3HABAHWS MMEHOBAHHBIX CYIITHOCTEIL:

TEXHOJIOTUN I THCTPYMEHTDI
H.C. Jlarytuna', A. M. Bacunwes', /1. [. 3apueBckuii’ DO 10.18255/1818-1015-2023-1-64-85

1Hpocnch1<m7[ rocynapcrBeHHbIN YHuUBepcuteT uM. ILT. lemunosa, yin. CoBerckad, a. 14, r. SIpocnasis, 150003 Poccns.

YK 004.912 ITosyueHa 21 oxkrsa6ps 2022 T.
Hayunag cratbes ITocie mopaborkm 1 dpeBpais 2023 r.
TTosHBIN TEKCT HA PYCCKOM SI3BIKE Ipnusra k nybaukauun 8 ¢pespaisa 2023 r.

3amaua pacrosHaBaHMSI MIMEHOBAHHBIX CyIHOCTel (named entity recognition, NER) cocrour B BoiesieHuy u Kinaccuguka-
LM CJIOB U CJIOBOCOUETAHMII, 0603HAUAIOILIX IMEHOBAaHHbIe OOBEKTHI, TAKUX KaK JIIOV, OpraHM3al, Treorpadudeckne
Ha3BaHN, NaThl, COOBITNS, 0603HAUEHMSI TEPMMHOB IPEeIMETHBIX 00iacTeil. B Imomckax Jydlnero pelreHus MCCIeno-
BaTeJIVI IPOBOJAT LIMPOKMIT CIIEKTP SKCIIEPUMEHTOB C PasHBIMM TEXHOJIOTVISIMU ¥ MCXOAHBIMU HaHHbIMU. CpaBHeHIe
Ppes3yJIbTaTOB 9TUX SKCIIEPMMEHTOB II0Ka3bIBaeT 3HAUNTeIbHOe pacxoxgeHne kauecTBa NER u craBuT mmpo6iemy omnpepe-
JIeHNS YCIIOBMIT ¥ TPaHMI] IPYMEHEHNS MCIIONb3yeMBbIX TeXHOIOTMI, a TAKXKe ITOJICKA HOBBIX IyTell pelreHns. BaxxHsIM
3BEHOM B OTBETaX Ha 3TM BOIIPOCHI SIBJISETCS CUCTEMATM3ALVs ¥ aHAIN3 aKTyaIbHBIX VICCIENOBAHVIL M ITyOIMKaLVIsT
COOTBETCTBYIOLIMX 0630poB. B 06iacTu pacrosHaBaHMs MMEHOBAHHBIX CYLIHOCTEl aBTOPBI aHAIMTUYECKUX CTaTell B
IIepBYIO Ouepe[b pacCMaTPUBAIOT MaTeMaTHUeCK/ue METOMbI BbIMENeHMs M KlacCupUKanmm 1 He YAeJISI0T BHUMaHIE
cnenuguke camoil 3agaun. B npemyaraemom o630ope 061acTh pacro3HaBaHUs IMEHOBAaHHBIX CYII[HOCTEN pacCMOTpPEHa ¢
TOUKI 3peHMS OTHeJIbHBIX KaTeropuit 3aad. ABTOPBI BBIAEJIIIN IIATh KaTeropuit: Knaccuueckas 3agaua NER, moasamaun
NER, NER B commanpubix cersix, NER B npenmernsix o6iactsx, NER B 3agauax 06paGoTKM ecTeCTBEHHOTO s3bIKa (natural
language processing, NLP). [t Ka)<[o7i Kateropuy o6Cy>KaaeTcss KaueCTBO pelleHysi, 0COGeHHOCTI METOLOB, IIPOGIeMbI
u orpaHuueHns. Mupopmanms 06 akTyaJbHBIX HayYHBIX paboTaxX KOl KaTeTOPMIU IS HAIJISIHOCTY IMPUBOAUTCI B
Buje TaOJNIBI, cofeprKalell MHPOpMaLMio 00 MCCAeJOBaHMSAX: CCBUIKY Ha paboTy, A3BIK JMCIIOJIB30BAHHOIO KOpIIyca
TEKCTOB I ero Ha3BaHUe, 6a30BbIIl METOM PELLIEHIS 3ajaul, OLleHKy KaueCTBa pelleHNs B BIUe CTAHAAPTHON CTaTHCTIYe-
CKOJI XapaKkTepucTuKu F-Mepsl, KoTopast ABJISeTCS CpeAHUM TapMOHIYECKIM MeKIY TOYHOCTBIO U IIOJTHOTOI pellleHMs .
O630p mo3BOJIAET CAETATh PSIX BBIBOJOB. B kauecTBe 6a30BBIX TEXHOJOTMIL JIMAUPYIOT METOMBI INIyOOKOro 06ydeHMs.
OcHOBHBIMI IIpOGIIEMaMI SBIISTIOTCS Je(PULIUT STaIOHHBIX HAOOPOB NaHHBIX, BEICOKME TPeOOBAHNIS K BHIUMCIUTEIbHBIM
pecypcam, oTcyTcTBIE aHanu3a ommnbok. IlepcriekTnBHBIM HalpaBieHneM uccienoanuii B oomactu NER saBisgercs pas-
BITUE METOOB Ha OCHOBe 00yueHns 0e3 yumTesis My Ha OCHOBe IIpaBIuL. Bo3aMo)xHOII 623011 pego0paboTKy TeKcTa IS
TaKMX METOJOB MOTYT CIY’XUTb MHTEHCUBHO Pa3BMBAIOILVIECS MOMENM SI3BIKOB B CYLLECTBYIOIIMX MHCTpyMeHTax NLP.
3aBepIIaoT CTAThIO OIMCAHYE VU Pe3yJIbTAaThl 9KCIIepuMeHTOB ¢ MHcTpyMeHTaMy NER 11 pycCKOsI3BIUHBIX TEKCTOB.

Kirrouessle ci10Ba: pacliosHaBaHe IMEHOBAHHBIX CYIIIHOCTEI!; aBTOMaTIdecKast 00paboTKa TeKCTa; 0630p; MHCTPYMEHTBI
00paboTKI eCTeCTBEHHOTO SI3bIKa
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Beemenue

NmenosanHnas cyHocts (named entity, NE) sBisieTca maeHTHPUKATOpOM UMEH JIOEl, Ha3BaHUIT
opraHm3anuii, reorpa@uuecKmx MECTOIIONIOKEeH!T, COOBITHIL, TAT U T. IT. B TEKCTe Ha €CTECTBEHHOM SI3bIKE.
Brepsrie TepmuH 6bLT UCIIONB30BaH B 1996 roxy [1]. C sToro momenra NER crano xiaccnueckoit 3amaueit
NLP.

Bousplroe kKonmuecTBo mccaeqoBaHmit, nocBaAnieHHbIX NER, Toka3sIBaeT He TOJIBKO aKTyaJIbHOCTD 3TOM
3aaun, HO U HeOOXOOMMOCTh 00OOIIeHN M aHaIN3a HAaKaIUIMBAEMBIX Pe3yJIbTaToB. IIpakTuuecku Bce
0030pbI, Kak panHue [2, 3], tak u mosgHue [4, 5] cucrematusupyoT Meronsl Boigenenus NE. [Ipu arom
MeTOIBI TIyOOKOro O0yUeHMsl IMOIyyaroT HanbosIblllee BHIMAHME, TaK KaK YacTO AAlOT caMble JIyUIliue
pe3ysbrarel. OMHAKO COpEBHOBAaHUS MEXIY uccaeqoBaTensmu B obmactu NLP nemoHcTpupyror, uto s
pasHbIX 3amay ogHu u Te Xe MeTonsl NER mokassIBaroT pasnmyHoe KauecTBO paborel [6, 7]. IlosTomy
aBTOPHI JAaHHOT0 0030pa pelIy CUCTeMaTu3upoBarh pe3yabratsl NER, oTTankusasce ot kareropmii 3a-
Iau B 9T0M 006acT. AHAIN3 OTHEIBHBIX 3a/1auU IT03BOJIUT O0JIee EeTATBHO ITOHATH TPAHUIBI IPUMEHEHUS
MeTtonoB BeifeneHus NE, orpeqenuTs nepcrieKTMBHbIE HAIIPaBIeHNS MCCIEeOBaHMIA, YBUOAETH CIIEKTP 00-
sacreit npumenenus nucrpymeatoB NER. O630p comepskut pabotsl 3a nepuop ¢ 2018 mo 2022 ronsl, HO
BKJIIOUAET U HEKOTOphIe O0oJlee paHHUE, T0KA3aBIIIIECS ABTOPAM 9TO CTATHY BKHBIMU U MHTEPECHBIMI.

Kaskmas xaTeropms 3amau ommcaHa B OT[EJIBHOM pa3sjejie CTaTbl U CHaO)KeHa TaOIUIell, arpernpy-
fo1ell mHpopManuio o6 MCCIeqOBaHNIX: CCHUIKY Ha paboTy, S3bIK MCIIOJIBb30BAHHOIO KOPITyca TEKCTOB,
6a30BBIII METOJ pellleHNs 3aaull, Ha3BaHe KOpPIIyca TeKCTOB, KauecTBO pelieHus F-mepa. Bropoir pas-
men mocBsileH kinaccudeckoit 3agaue NER, rabanua 1. Tpernmit pasgen paccmarpuBaer moxsagaun NER,
tabinia 2. Yerseproiit — NER B conmanpbix cersx, tabanna 3. [Iareiit — NER B mpenmeTHbIX 061aCTSX,
rabiuma 5. Ilectoit — NER B 3amauax NLP, tabanua 6. B cexpmMoM pasmese ommcaHbl 9KCIIEPUMMEHTHI C
tpems nHctpyMentamu NLP: spaCy, Stanford’s NER (Stanza) um DeepPavlov, mpenocrasisrommmu NER
API mnst pycckoro s3bika. ABTOpPBI He BKIOUIMIN B 0030p GOJBIIOE KOJIMUECTBO PabOT, HOCBAIEHHBIX
KUTAJICKOMY SI3BIKY, M3-3a JIMHTBUCTIUECKUX 0COOEHHOCTE, OTIIMUAIOIINX €r0 OT APYTUX SI3BIKOB.

1. Kiaccumueckas sagmaua NER

Knaccuueckas 3agaua NER craBut menpb pacrosHaBaTh B TeKCTe Ha €CTECTBEHHOM SI3bIKe TaKue emy-
HUIIBI KaK MIMeHa JII0fell, HA3BaHWs OPTaHU3alNIi, reorpaguyecKie MeCTOIOI0KEHNS, UMCIOBBIE BbIpa-
JKeHIs, BKIIOUAs BpeMs, ATy, HeHbIH, U KIacCUUIMPOBATh UX 10 COOTBETCTBYIOLMM Kareropuam. C
MOMeHTa Hauaja ucciegoBanuit Tpu kareropuu NE monyumian Hambosblilee pacIpoCTpaHeHe: MMeHa
moneit (PER), reorpaduueckne mecrononoxenus (LOC), nazpanusa opranmnsanuit (ORG), nuHorga mx Ha-
3p1BatoT generic NE [4]. NE, koTopble He COOTBETCTBYIOT HU OJHOMY TUIIY, MHOTA BBIAEISIOT B OTHENbHYIO
kareropuio miscellanea (MISC). B tabiniie 1 npusenens! 3HaueHns F-Mepbl 171 pasHBIX KATETOPUIL CYILI-
HocTell U cpenHee 3HaueHne — overall. Kpome Tpex ykaszanusix, B Tabianuy 1 Bouutu npoaykrsl (PROD) u
coobrtus (EVENT).

ITokasaTenpHbIlt pe3ynbrar pertenns sagauy NER mis aHramitckoro sispika MOKHO yBUIETH B pabo-
te [8]. s mocTpoeHusT MOIENN TeKCTa ABTOPBI IPUMEHWIN PeKyppeHTHbIe HelipoHHbIe cetn (RNN). [Tis
BbIOOpA apXUTEKTYPHI CETU UCIIOIb30BaJICS ITOAX0] Ha ocHOBe AuddepenumuposanHoro moucka (DARTS).
IKcIepuMeHTHI IIPOBOAVIINCE C aHIVIOA3BIYHBIM KopIrycoM TekcToB CoNLL-2003, KOTOPBII COTEepKUT de-
teIpe Tuna NE: PER, LOC, ORG, MISC. KauectBo NER F-mepa cocraBuina 93.47 %.

Bomskuit o kauectBy pesysbraT NER F-mepa 90.79 % mosyueH mIs aHIIMIICKOTO fA3BbIKa M B Ooiee
pauHeit pabore [9]. ABTopsl MHTErpupoBaan B aHcaMOib uerbipe mHCTpyMeHTa: Stanford Named Entity
Recognizer, lllinois Named Entity Tagger, Ottawa Baseline Information Extraction u Apache OpenNLP Name
Finder. Pabora mokasaina, uto o6yueHue B aHcaM0Jie MOKET CHM3UTh YaCTOTY OIIMOOK. ABTOPBI yKasaau
3HaueHue F-mepsl nusa Bcex Tpex kareropuit NE (cm. tab. 1). OQHAKO CTONIb BBICOKUIL PE3YJIBTAT MOKET
OBbITH 00YCIIOBJIEH KaueCTBOM ITOATOTOBIEHHOI'0 COOCTBEHHOI'O KOPITyca TEKCTOB.
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Table 1. Research devoted
to the classical task of NER

Ta6nuua 1. ViccnegoBaHus, NOCBSALLEHHbIE
Knaccuueckol 3agadve NER

F-mepa, %
ABTOpBI AspIk Meton Kopmyc TekctoB  Overall PER. LOC. ORG. PROD. EVENT
[8] AHTIINTICKIIL RNN+DARTS CoNLL-2003 93.47 - - - - -
[9] AHTIINIICKII ensemble learning ABTOPCKUIT 90.79 9591 91.27 85.18 - -
[10] AHTJIMIICKIIT BiLSTM-CRF OntoNotes5 87.95 - - - - -
AHTIMIICKIIA BiLSTM-CRF CoNLL-2003 91.73 - - - - -
[11] AHTJIUIICKIIT BiLSTM-CRF CoNLL-2003 92.42 - - - - -
HeMeLKIIT BiLSTM-CRF CoNLL-2003 86.21 - - - - -
TOJUTAaHICKUI BiLSTM-CRF CoNLL-2003 88.25 - - - - -
[12] HeMELKIIT BiLSTM-CRF CoNLL-2003 82.99 - - - - -
HeMeLKIII BiLSTM-CRF GermEval 81.83 - - - - -
[13] OpasmIIbCKMi LSTM-CRF LeNER-Br 92.53 9347 60.54 88.38 - -
[14] MCITAHCKUIT BiLSTM-CRF CoNLL-2002 87.08 - - - - -
[15] VICTIAHCKUIT (NLTK+GATE)-LSTM CoNLL-2002 92.0 - - - - -
[16] pyccKmit BiLSTM-CRF Gareev’s dataset ~ 87.17  95.08 - 84.41 - -
pycckumit BiLSTM-CRF Persons-1000 99.26  99.26 - - - -
pycckmit BiLSTM-CRF FactRuEval 2016  82.10 - - - - -
[17] IATCKUIT Danish BERT DaNE 83.76  93.52 87.30 78.27 - -
[18] YEIICKUIL BERT-CRF aBTOPCKUII 93.9 - - - - -
pyccKmit BERT-CRF aBTOPCKUIL 87.3 - - - - -
GosrapcKmit BERT-CRF aBTOPCKUIL 87.2 - - - - -
TIOJIbCKUI BERT-CRF aBTOPCKIIL 93.2 - - - - -
[19] GoJrrapcKmin BERT-CRF ABTOPCKUIT 89.6 93.9 948 85.1 59.5 50.0
YeHICKUIL BERT-BiLSTM-CRF aBTOPCKUI 94.4 957 983 950 79.6 55.0
TIOJIbCKMI BERT-CRF aBTOPCKUIL 93.7 93.0 955 955 54.1 100.0
pycckmit rule-based+ ML-techniques aBTOPCKIUIL 86.1 933 987 925 65.1 -
[20] apabckmit BERT AQMAR 65.5 744 684 346 - -
apabCKmit BERT NEWS 78.6 89.5 80.5 608 - -
[21] AHTIIMTICKIIL BERT+self-training CoNLL-2003 81.48 - - - - -
AHTJIMIICKIIA BERT Tweet 48.01 - - - - -
AHTIIMIICKUI BERT OntoNotes5 68.35 - - - - -
AHTUINIICKIIL BERT Webpage 65.74 - - - - -
AHTIINICKIIL BERT Wikigold 60.07 - - - - -
[22] MOPTYTaJIbCKIIT Local Grammar PrimeiroHarem 59.0 - - - - -
[23] TYpeLKIIt rule-based aBTOPCKIIL 88.71 88.58 84.71 91.47 - -
[24] duHCKMIT rule-based Digitoday 86.82 85.32 93.51 89.35 76.41  100.00
¢uHCKMIT BiLSTM-CRF Digitoday 84.59 80.90 89.76 88.62 74.23 80.00
[25] MaJIaiCKMit ELMO+MTBR Malay NER 96.32 - - - - -

BoJjiee Hame)KHO BBITVISAUT METO, IIOKa3bIBAIOIIIT CTAOVIIPHO BBICOKME PE3yJIbTaThl Ha pa3HbBIX KOP-

nycax [10]. KauectBo pesynbrara mokasano F-mepy 87.95 % mist Habopa manabix OntoNotes ¢ 18 Tumamn
cyurHocteit 1 91.73 % minsg Habopa manubix CoNLL-2003. ApxuTekTypa KiaccuduUKaTopa IpeacTaBisgeT
co6oit nmomyasapuslit Bi-LSTM-CRF. OcHOBOIT BEKTOpa UMCIOBBIX XapAKTEPUCTUK TEKCTA SBISAIOTCS 3Mbes-
JIVIHTL CJIOB, a TaKKe IapaMeTphbl CUMBOJIBHOTO YPOBHS.

Taxasg e apxuTekTypa HelipoHHBIX ceTell Bi-LSTM-CRF nexurt B ocHoBe uccienoBanmit NER mirg tpex
eBpOIIeICKMX A3BIKOB [11]. JIyummit pe3ysnpraT okasajucs A TeKCTOB Ha aHIuMiickom: F-mepa 92.42 %,
HEMHOI'0 HIDKe Ha rojutagackom: F-mepa 88.25 % u Ha HeMenkoM F-mepa 86.21 %. AHaJIOTMYHBIN IIOOX0N
JCITONIb30BAJICS [JIT HEMEeLKOro si3bika B pabore [12]. F-mepa okasanachk HYKe — OKOJIO 82 %, HO IIOUTHU
OJIMHAKOBA IJIS JBYX Pa3HBIX HAOOPOB JaHHBIX.

CrnemyeT OTMETUTh OUEBUIAHYIO IOIYJIIPHOCTh HEMPOHHBIX CeTell, MOAENMPYIOLNX HOJTYI0 KpaT-
kocpounyto nmamsaTs (LSTM), B yactHOCTM AByHampaBieHHYy!0 (Bi-LSTM), B pemennn 3agaun NER. Vx
KOMOMHAIS C YCIIOBHBIMI CJIYUaiTHBIMI ITOJISIMIY, BEPOSTHOCTHBIMIY MOEJISIMI JJISI CETMEHTAINI U Map-
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KMPOBKM nocienoBarenbHocrelt nanubix (CRF), crana crangapToM [ MOTyYeHNS ITyOOKMX KOHTEKCTHO-
3aBUICUMBIX NIPEACTABIEHNUIT TeKCTA [4]. ITa TEXHOIOTMA MOKa3bIBaeT BbicoKuit pe3ynbrat NER misa Gpa-
3uinbckux [13] F-mepa 92.53 % u ucnauckux [14] F-mepa 87.08 % texctoB. IHTEpECHO, UTO IJIST MCIIAHCKOTO
s3bIKa Oostee BbIcOKMit pe3yibtar (F-mepa 92.0 %) mosryuniicst mocie mpensapuresnsHoro oréopa NE ¢ mmo-
MOII[bIO CTAHAPTHHIX MHCTPYMeHTOB Auist 06paborku tekcra: NLTK n GATE [15]. [l pycckoro si3bIka 9Ta
TEXHOJIOTS TAaKXKe JAeT XOpolllee KaueCTBO peleHus 3axaun [16].

HeitpoHrHblIe ceTu jeaT B OCHOBe HellpoceTeBOi Mojeny ecrecTBeHHbIX 43bIKoB BERT. B mociennee
Bpemsa BERT minpoxo ncnonssyerca B sagauax NLP, B Tom uncite NER. 9ta Mogmennb mokasana xopoliee
kauectBo NER s matckoro s3sika F-mepa 83.76 % [17]. Kom6unaums rexuonoruit BERT-CRF okasanack
a¢ddexTUBHA Iy YeThIpeX CIAaBIHCKUX I3BIKOB [18, 19]. [leranbHble pe3yiIbTaThl STUX MCCIEeTOBaHUIL
pasMerieHs! B Tabauige 1.

OpHaxo IpuMeHeHNe HeIPOHHBIX CeTell HEBO3MO)KHO 6e3 IIpeqBapUTeIbHO pa3MeUueHHBIX KOPIIYCOB
OAHHBIX 00NBLIOrO 00beMa. ITOT (aKT HAKIAABIBAET CYLECTBEHHbIE OTPAHUUEHUS HA VICIOJIb30BaHIIE
yKa3aHHOJ TeXHOJOTMM B CIyduae Majoro KOJMUeCTBa TEKCTOB, B CIEICTBYE HOpOTrocTosiuero cbopa u
pasmerku. [losTomy MeHee TpeGOBaTeNIbHBIE K PECYPCAM METObI OCTAIOTCS IIPUBJIEKATEIFHBIMIL TSI YIC-
clemoBaTesiel.

Uccnenosarenu [21] usyuanyu npobieMy pacrio3HaBaHNUSI MMeHOBaHHBIX 00beKTOB (NER) ¢ momoiiisio
TeXHOJIOTMMY OIIOCpeNoBaHHOro o6yuenns. OnocpenoBanHoe oOyueHne He TpeOyeT GOJIBIIIOTO KOJIMYeCcTBa
PYYHBIX aHHOTAL[MII ¥ IIO3BOJISET ITOJyuaTh MapKephl TEKCTa uepe3 BHeIIHMe 0a3bl 3HAHUIL, OMHAKO B
pane ciyuaeB MapKephl CJIOB OKa3bIBAIOTCS OLIMOOUHBIMI MJIM OTCYTCTBYIOT. ABTOPBI IIpeJIaraloT HOBYIO
BBIUNCINTENBHYI0 cTPYKTypy — BOND, ncnonssyrouryto mogenu BERT u RoBERTa. BOND ucnonbssyer
IIpeIBApUTENIBHO 00yUeHHbIe I3bIKOBbIE MOJIEJIV O0IIIero Ha3HAUeHII, UTO II03BOJIIET el paboTaTh B yCJIO-
BMAX OTPAHMUYEHHBIX BBIUNMCINTEIbHBIX PECYPCOB U 00yUaroIuX KoprycoB. OQHAKO XOpolilee KaueCTBO
pelLIeHNs 0Ka3aJIoCh TOIBKO A1 omHOTo Kopiryca CoNLL-2003 F-mepa 81.48 %.

Onusepa u gp. [22] paspaboranu tokanpHyo rpammaTuky mint NER Ha mopryransckom sassike (Local
Grammar). OgHAKO KaueCTBO peLIeHNs 3a1aul 0Ka3ayrochk Hu3kumM, F-mepa 59.0 %. Topasmo syurre moka-
3anu ceOsl METOIbI, OCHOBaHHbIe Ha npaBmiax (rule-based) mus Typernkux texcros, F-mepa 88.71 % [23],
pycckux, F-mepa 86.1 % [19] n punckux F-mepa 86.82 % [24]. s puHCKOTO s13bIKa METOL, OCHOBAaHHBIN HA
IpaBmJax, Jaxke IIpeB3oliles nonyadapHyo TexHonoruio BILSTM-CRE, F-mepa 84.59 %.

Taknm o6pasom, 3agaua NER mocTaToUHO XOPOIIIO pelreHa Ak MHOTTX eCTECTBEHHBIX sI3BIKOB. OmHAKO
3TO MOKHO CKa3aTh YBEPEHHO TOJIBKO U HeOGOJIBIIIOrO KOJMUECTBA KAaTeTrOpMIil CYLIHOCTEN, B IIEPBYIO
ouepens 01 PER, LOC, ORG. [Ipyrue kateropun, Takue kak PROD, EVENT, DATE ncciegoBaHsl HAMHOTO
MEHBIIIe Ja)ke IJII aHTIMIICKOTO A3BbIKA. YaCTMYHO 3TO CBA3aHO C OTCYTCTBMEM pa3MeUYeHHBIX KOPITyCOB
MJIU UIX MAJIBIM 00beMOM.

WccnemoBaTeny B IOMCKAX JIYUIIETO PeIleHNs YacTO IIPOBOAAT IMPOKUI CIIEKTP SKCIIEPUMEHTOB C
PasHBIMU KOpITyCcaMM U PasHBIMU TeXHoJoruaMy. CpaBHeHNeE pe3yJIbTaTOB STUX SKCIEPUMEHTOB ITOKa-
3pIBaeT pacxokgeHue B kauecrBe NER. IT1oT daxT craBur mpobiieMy ornpemeeHus yCIOBUIL U TPAHNI]
IIpMMeHEHN VCIIOIb3yeMBIX TeXHOJIOTMII, a TaKKe ITOMCKAa HOBBIX pelreHyit. OqQuH U3 IyTell Ipeoo-
JIEHVs TaKuX Mpo0ieM: aHanu3 omnbok. K coxxareHno, HOHITh U OOBICHUTH IIPOIECCHI IIPOMCXOSIIIE
B HEJPOHHBIX CETAX TPYLHO, OoJiee IMePCIeKTUBHBIMI IJIS 9TOM L[eJIM KaXKYTCSI METOIbI OCHOBaHHBIE Ha
MpaBUJIAX.

2. ITomzamaum NER

KauecTBeHHOE BBIfEJIeHUE CTAaHOAPTHBIX TUIIOB NE Mo’keT BHeCTM CyllleCTBEHHBIN BKJIaJ B aHAJN3
€CTeCTBEHHOIO S3bIKa UM CTAaTh OCHOBOII pellleHMs 3afayu B o6iacTy MHPOPMAIMOHHOTO IMoucKa. I1oBbI-
urenue 3¢ PeKTUBHOCTU pelleHNs CIOKHOI 3a0auy HEBO3MOXKHO 0e3 OopOOHOT0 aHaIM3a ee JeTasell.
[TosTomy B 9TOM pasfeiie MbI 0OCYqUM IToA3amaun, BosHuKamomue B cpepe NER.
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Table 2. NER subtasks research Ta6nwuua 2. ViccnefoBaHus, NOCBSALLEHHbIE
noasagadvam NER
ABTOpPBI 3agaua AzbIx Meton Kopmnyc TexcroB  F-mepa, %
[26] BinoxeHHble NER  anrmmitckmit BiLSTM-CRF GENIA 74.79
BioxxegHsle NER  aHrimitckmit BiLSTM-CRF ACE 2005 72.25
[27] Binoxenuble NER  amrmmitckmit  BiLSTM-Detection Network-Classifier ACE 2005 78.2
[28] BiokeHHble NER  aHrmmitckmii Span-level Graph ACE 2005 85.11
[29] BnoxeHHble NER  anrmmiickmit CNN-BERT-BILSTM OntoNotes5 91.3
BroxeHHble NER  anromiickmi CNN-BERT-BILSTM CoNLL-2003 93.5
Bioxkeuuble NER HeMeILKIIT CNN-BERT-BiLSTM CoNLL-2003 86.4
BioxeHHBIE NER VICTIAHCKUL CNN-BERT-BiLSTM CoNLL-2002 90.3
BioxxeHuole NER IATCKUI CNN-BERT-BILSTM CoNLL-2002 93.7
[30] BnoxeHHble NER  anrmmiickmit BiLSTM GENIA 771
Biaoxkernubsie NER  anriamitckmit BiLSTM JNLPBA 78.4
[31] rpanuiel NE AHTIINTICKUIL CNN-BiLSTM-GRU OntoNotes5 93.94
[32] rpauuiisl NE MBPUT BiLSTM-CRF HAARETZ 85.22
[33] Hopmanusauus NE  aHriIuitcKuit BERT+NN NCBI, BC5CDR 89.1
[34] Hopmanu3anusa NE  aHIImitcKmit BioBERT NCBI, BC5CDR 86.6

NER B ycnoBuax orpaHmyeHHbIX HaOOpPOB 00yUaromMX JaHHBIX MOKHO pacCMaTpUBaTh KaK OTHEJb-
HYI0 BXHYI0 nmonsanauy BeigeneHns NE. B paGote [35] ara nmpobiema peraeTcs ¢ IIOMOIIBIO afalTalnn
MPOTOTUIIMYECKON HelipoHHO ceTu (prototypical network), cnermansaoit Mogenn, paspaboTaHHON IS
KiIaccuPUKAIMY B YCIOBUAX, KOTA pasMeUeHHBIX IIPUMEpPOB Majo. JTa ceTh OTOOpaskaeT OOBEKTHI B
BEKTOPHOE IIPOCTPAHCTBO, B KOTOPOM KJIacCU(IKALMI MOXKeT ObITh BBIIIOJTHEHA IIyTeM BBIUVICJIECHNS pac-
CTOSTHUII O IIPOTOTUIIHBIX IIpeCTaBIEHNI KKIOro Kiacca. B sKcIepuMeHTax aBTOPBI CTPOAT KOPITYC
TEeKCTOB Ha OCHOBe MaHHBIX 13 Ontonotes ¢ 18 pasmeuenHpMu Kareropusamu NE u yMeHbIIaoT Kosmge-
CTBO IIpUMepOB o0yuaroleil BBIOOpKM [0 20 [T OTHeNbHON KaTeropuu. KauecTBo pacrnosHaBaHMs Ipu
3TOM CHUJIBHO oTimdaeTcs mis Kaxporo tuna NE. OnuH u3 gydmmx pe3ysbratoB noixydaercs mis PER:
F-mepa 82.32 %, ORG: 69.2 %, LOC: 52.0 %, EVENT: 45.2 %.

Cpenu apyrux mopsafad camoe GOJIbIIIOe BHUMAHIE YefeTcsl BbIAEJIeHNIO BIIOKeHHbBIX IMEHOBAH-
HbBIX cylHocreil (nested named entity recognition). Hanpumep, dpassr «bank Kuras» u «YaHusepcurer
BammHrToHa» SBISIOTCS BIOXKEHHBIMI MMEHOBAaHHBIMI O0BEKTaMI, Ile B Ha3BaHUE OPraHM3aI(My BIIO-
JKEHO MeCTOI0JIoKeH e [36]. Yuénsle [26] npeaoXmiin HOBYIO HEIPOHHYIO MOJEIb IJIs MAeHTU (UKL
BJIO’KEHHBIX O0BEKTOB IyTeM AuHaMuueckoro HanokeHus cioes flatNER. Kaxasiit cioit Bkarouaer LSTM
n CRF, KoTOpEBIE CO3aI0T HOBOE IpeICTaBICHIIE I OOHAPY>KEHHBIX 00BEKTOB, 8 3aTeM IIepeJaloT UX B CJIe-
oyromii cioit. Monens nuHammuecku ckiaansiBaet cirou flatNER mo Tex mop, moka 06 beKThI M3BIE€KAIOTCA.
OmeHKa IOKa3pIBAET, UTO IIpejIaraeMplil IIOAXOM IIPEBOCXOIUT CUCTEMbI, OCHOBAaHHBIEC Ha CTAHIAPTHBIX
meromax NER, nocruras F-mepst 74.7 % u 72.2 % B Habopax manubix GENIA nu ACE2005 cooTBeTCTBEHHO.

AgTopsl cratbu [27] npencraisior nHCTpyMeHT MGNER 11 MHOTO3HAaUHOTO paclio3HaBaHUA NMEHO-
BaHHBIX cylrHocTell. OH CIpaBiIgeTca o CIy4asMI, KOIfia HECKOIBKO CYIIIHOCTEN B IIPeIIOKEeHNI MOTYT
OBITH IIePeKPBIBAIOILIMIICS VIV IIOJIHOCTBIO BIIOKEHHBIMI. TeKCT MOReINpPYyIOT 9MOeJAMHI CJIOB, ITOJIY-
yeHHbIe Ha OCHOBe UX Mopdosornuecknx xapakrepuctuk (POS-reros), mudopmarym o cioBax Ha ypoBHe
CHMBOJIOB U BCTpamBaHus s13b1K0BoI Momenu ELMo [37]. KauecTBo 9TOTO pelireHnss HEMHOTO BBIIIIE, UeM
y npenbiayieit paboTsl. Errfe BbIllie ITOKa3bIBaeT pe3yJIbTaT aJIfOPMUTM, OCHOBAHHBII Ha rpadax [28].

B paborax [29] u [30] mna BeigBIeHus BiroxeHHbIX NE onpenesaior Bce BO3MOKHBIE Ppasbl, KOTOpPHIE
MOTEHIMATBHO MOT'YT OBITh MMEHOBAHHBIMI CYLLIHOCTSIMY, ¥ KJIACCU(PUIMPYIOT UX C IIOMOIIBIO IITyOOKIX
HeJpOHHBIX ceTell. B oboux ciyuasx npumensercsa cetb BiLSTM. Onnako aBTOpHI mepBoit paboTsl [29]
NPUMEHSIOT 3TOT IOAXON I Kiaccudeckoit 3agauy NER miis ueTeIpex eBpOIEICKMX SI3BIKOB C MCITOJIb-
3oBanueM sMmbennuuros Ha ocHoBe CNN u BERT, a Bropoit [30] — pa6orator co cmeuudmueckumn NE
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MenuimHckoit obaactu. KauectsBo Beimenenus NE okassiBaeTcs BBILIE B CpegHeM Ha 13 %, 9TO BULHO U3
TaOIMLIBl 2.

IMogxom, MCIOMIB30BAHHBIN B ABYX MPEeNbIAYLINX paboTrax, CBA3aH C ele omHOU monsamaueir NER:
BoigeneHne rpanui NE. UccienoBarenu [31] ormeuaror, uto ommOKu, AOMYIeHHbIE IPU O0HAPYKEHUN
rpaHuIl 0OBEKTOB, OTPULIATENHHO BIMSIIOT HA ITOCIHENYIOLINE CHCTEMBI BBIOENEHUs M KiIacCuUKALUU
NE. Kpome Toro, oHU 00paIfaloT BHUMAHIE, UTO MHCTPYMEHT, KAUeCTBEHHO OIIpeNeIsIOLINII TPAHMIIbI
NE 6e3 ssBHOII meTanm3ainy KaTeropuu, MOXeT ObITh I10JIe3eH B KauecTBe IpeBapUTEIbHOI 06paboTKM
TEKCTa IS ITOCIeRYIOIIero aHaan3a B 3aBUCUMOCTYL OT IIPEAMETHOIL 061acTy. ABTOPBI CTPOSIT aHCaMOIIb
HEMpOHHBIX ceTell i getekuyy rpaauil NE 1 osgydaoT BbICOKOe KayecTBO pe3ysbTaTta: F-mepa 93.94 %.

Uspannsckue yuénsie [32] Taxke obpalaiorT BHUMaHMe Ha Ipobiemy Boigenenus rpanuif NE, Ho B
KOHTeKcTe Mopdoornuecky 60TaThIxX 13pIK0B. OHI IIpeIararoT [oKa3aTesb, KOTOPHI COOEPKUT aHHOTA-
1y NER Ha ypoBHe 1ekceM u MopdeM AJIs TeKCTOB Ha uBpure. MccieqoBareny NCIONB3YIOT CTAaHAPTHHIE
texHonoruu NER BiLSTM-CRF, no6aBnsis K XapakTepUCTHKaM YPOBHS CMMBOJIOB 1 CJIOB Mopdosoruye-
ckue napameTpbl. CBOI ITOAXOM aBTOPHI OLIEHMBAIOT IJIT KOPITyca eBpPeMCKUX MCTOPUUECKUX TEKCTOB U
nosyuatoT F-mepy 85.22 %.

Ewte ogroit monsanmaueit B o6;1actu NER siBnsiercs Hopmanusanus nMeHoBaHHBIX cyinHocTelt (NEN),
T. e. IpuBeeHMe BbigesneHHol NE k HeKoTopoil HauanbHOT popme. ITO HeoOXO0IMMO IS COIIOCTABIECHUSI
n ugeHTUdUKaMYU 06bEKTOB B TeX CIydasx, Koraa onHa u ta ke NE nMeeT CHOHUMBL, II0JIHOE Ha3BaHIEe
n abbpeBuarypy, pasHsle Ha3BaHusI. ABTOpPBI paboTs! [33] mpeqararoT aBTOMATM3MPOBAHHYI MOMENH
HOpMaJIM3aluy MMEHOBAHHBIX CYIIIHOCTEJ Ha OCHOBE HOBOJ HEVPOHHON CETH, CTPOAILIEN M COTIOCTABIIA-
fotieii rpager orHomenuit Mmexay NE. CorocraBienue 1 0GHOBIIEHe BeCOB pebep IM03BOJISIET MOTYUUTh
1HGOPMAITUIO O CEMaHTUUECKOM CXOCTBE MEKY COBIIAAIOIIMMI CYLITHOCTAMU. B KauecTBe mapameTpoB
cymiHocTelt ucnonbsyercsa mofensb BERT. Ta ke 3agada g Me JUIIMHCKMX TEKCTOB PeIIaeTcs YUeHBIMU B
pa6ore [34] ¢ ncnonssoBanneM BioBERT 1 MmaTeMarndyecknx KiIaccupuKaTopos.

Opuo u3 HanpasneHuit pasputus MeroqoB NER nexxut B obiactu mprMeHeHUS CIOXHBIX MOpdo-
JIOTUYECKNX, CUHTAKCUYECKUX U CEMAHTMUECKUX [TapaMeTPOB TEKCTAa. ABTOPBI paboTs! [38] ykassiBaior,
uro B obmactu NER maino mccieqoBaHbl JeKcuuecKne xapakTepucTnky rekcroB. OHu H06aBIILIOT K Iapa-
MeTpaM Tekcra u3 o6bruHoi Momenu LSTM-CRF xapakTepucTUKM CXOACTBA CJIOB C TUIIAMY CYII[HOCTEIL.
UccnenoBatenu mokasbIBaioT, yTo KayecTBO NER cpaBHUMO cO cTaHOApTHBIMU IIOAXOHAMU, HO IIPOM3-
BOIMUTEIBHOCT UX cUcTeMbI Bhilre. Ha He0OXOAMMOCTD MCIIONB30BaHYSI CMHTAKCUUECKOI MHPOpMAaLII
obparaeTcs BHUMaHme u B padore [39].

3. NER B connajgbHBIX CETAX

Table 3. Research about NER in social media Ta6bnwuua 3. ViccnegoBaHWs, NOCBSALWLEHHbIe
NER B coumanbHbIx ceTax
F-mepa, %
ABTOpBI A3bIK Merton Kopmyc TekcroB Overall PER. LOC. ORG. MISC
[40] AHTIUICKUI CNN-BiLSTM-CRF WNUT2017 41.86 58.66 52.86 26.55 -
[41] AHTIIMCKUIL CNN-BiLSTM-CRF TWITTER-2015 70.69  81.98 78.95 53.07 34.02
[42] MCITAHCKUIT BiLSTM-CRF ProfNER Gold Standard ~ 83.9 - - - -
[43] aarmmiickmit  InceptionV3-BERT-LSTM-CRF TWITTER-2015 73.47 86.44 77.16 5291 36.05
[44] AHTVINIICKUI BERT-MMI-CRF TWITTER-2015 73.41  85.24 8158 63.03 39.45
AHTTINICKUIL BERT-MMI-CRF TWITTER-2017 8531 91,56 84.73 82.24 70.10
[20] apabckmit BERT ABTOPCKIIT 57.3 - - - -
[45] MEePCULCKMIT BERT ParsNER-Social corpus ~ 89.65 - - - -
[46] VHIUIICKIIL Transformer+CRF aBTOPCKIIT 49.79 - - - -
[47] AHTTINTICKIIL CRF + PLP xommeHTapuu Yahoo! 71.0 - - - -
[15] AHTIIMIICKII (NLTK+GATE)-LSTM aBTOPCKIIT 90.0 - - - -
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Cpenu Bcex pabor B o6acti NER kak oTnenbHy o 3anauy MoKHO BeixeauTs NER B conmanbHbIX CETSIX.
C omHOII CTOPOHBI, €€ ITIOCTAHOBKA COBIIAIAeT C KJIACCUUYECKOI, C APYTOil CTOPOHBI, 0COOEHHOCTY TEKCTOB
B 3TOI 06JIACTY MIPMUBOSAT K OTJIMUMSAM B TEXHOJIOTMAX U KaueCTBe pelIeHIt.

HUcnonp3oBanne camoit pacipocrpanensoit komGuaanyuy BILSTM-CRF nuist BbIieIeHIIS YeTHIPeX CTaH-
maptHbIX Kareropuii cymiHocreii: PER, LOC, ORG, MISC, He mpuBOAUT K XOPOILUMM pe3yjbTaTaM. JTO
ITOKa3bIBAIOT MephI KauecTBa u3 pabor [40, 41], npusenennsie B Tabunile 3. CKopee BCero, 3T0 0OBACHS-
€TCsI KAaueCTBOM TeKCTOB COLIMATBHBIX CeTell U CIelM(pUUecKuM CTIIEeM UX aBTOpoB. B uacTHOCTH Ha 3Ty
0CO0EHHOCTH yKa3bIBalOT mcciegoBareny [40], onuceiBag kopayc WNUT2017. OgHako i MCIIAHCKOTO
a3bika TexHororusd BiLSTM-CRF nokasaia pe3yssTar ropasmuo Jydllle, ueM it aHraniickoro [42]: F-mepa
83.9 % mpoTus 70.69 %. BO3MOKHO 3TO TaKiKe CBI3aHO C 0COOEHHOCTSIMI KOPITyca TeKCTOB.

AzpikoBast momens BERT u momonHuTeIbHBIE XapaKTEPUCTUKM, M3BJIeUeHHbIE M3 U300pa)KeHni, co-
MIPOBOKIAOIIUX TEKCThI, IIO3BOJIVIIN IIOBBICUTH Pe3yIbTAaThI JJII aHIJIMIICKOTO g3bIKa. {7151 aHaIm3a n306-
paKeHUIT UCIIOIB30BAINCDH ClIeNMaNbHble MHCTPYMeHTHE: InceptionV3 [43] (F-mepa 73.47 %) u MMI [44].
F-mepa oxasanace paBHa 73.41 %.

BERT cran ocuoBoit NER B coumanbHbIX ceTIX OIS apa6c1<mx U MPAaHCKUX ucciaenoBaTeneii. OgHako
KaueCcTBO pacIo3HaBaHMs apabCKMX TeKCTOB HusKkoe: F-mepa 57.3 % [20], a mpaHCKuX BIIOJNIHE XOpollee:
F-mepa 89.65 % [45].

UccnemoBarenu [46] o6paTiiny BHUMaHMeE, UTO MHAMIICKYE TBUTHI BKIIOUAIOT MHOTO aHIJIMIICKIX CJIOB
Ha JIATMHMUIIE, B YaCTHOCTY, IIpu 0003HaueHNM MMeHOBaHHBIX cylHocTell. [Ing NER yuenble npuMeHuIn
HOBYIO [JI1 MOMEHTA BBIIIOJTHEHVS Pab0ThI apXUTEKTypy HeltpoHHoI cetu Transformer [48] BMecTo 06bIu-
Hoit BiLSTM c nenbio noBeIllIeHNd IIpousBoauTeabHOCcT. OgHAKO KauecTBO pelleHNs 3a7aull 0Ka3auloch
coBceM HU3KUM F-mepa 49.79 %. Ckopee Bcero 3To CBSI3aHO C CWJIBHO CIlelU(pUUecKNM CTIIIEM KOpITyca
TeKCTOB.

Hecraugaprusiit mogxox kK NER B koMMeHTapusax moib3oBaTeleit onmcad B pabore [47]. [Ipenarae-
MBIiT MHCTPYMEHT OCHOBaH Ha rpade kopedepentnoctn Mmerok NE 1 anropurme pacnpocTpaHeHUS METOK
IUIS BBISIBJIEHUSI MMEHOBAHHBIX CyIIIHOCTell. F-Mepa 71 % 3TOro pelreHus CpaBHMMA C ITOKa3aTeNIMU 00-
JIACTU B I1€JIOM.

CaMBliT XOpOILMIT pe3yJIbTaT ObLI IOJIyUYeH TypelKuMy yuéHbiMu [15] ¢ mokasarenem F-mepsr 90.0 %.
Vx merton cocrout m3 ABYX 3TamoB. Bo-mepBoix, obpaborka tekcra uHcTpyMeHTamu GATE um NLTK, B
pe3yJbTaTe KOTOpOil 00eceuBaloTCs BXOQHbIE JaHHbIe IS BTOPOTO 3Tama. Bo-BTOPHIX, MCIIOIb30BaHIE
00yUueHHOI peKyppeHTHOI HellpOoHHOII ceTu s onpenenenus NE.

OpnHoit u3 ocHOBHBIX Tpo6ieM NER B cOIManpHBIX CETIX SBIISETCS 3alIYMIEHHOCTh MCXOTXHOTO TEK-
cra [40, 47]. OgHako, Ha HAIl B3IVIA, He MEeHee Ba)KHOI npo6neM0171 SABJISIETCSI IIOCTOSHHOE BO3HUKHO-
BeHMe HOBBIX CYILITHOCTel [15], Tak Kak MHOTMe CTaHOApTHbIE TEXHOJOTUM 6a3UpyIOTCI HA JIEKCUUECKIX
pecypcax: cinoBapsax, Bukumnennu u T. 1. 9Tu pecypchbl 0OHOBIAIOTCI MedyieHHO. [JoaTomy pelreHneM mIpo-
6seMbI MOKeT OBITH HOPOTrOCTOsIIIIee IIOCTOSHHOE ITepeobyueHme MM CO3MaHIe METONOB He 3aBUCSIIINX
0T 00YYaIOIIIX KOPITYCOB, HAIIPMMeEP, TIATeIbHO IIPpOpaboTaHHBIX METOLOB, OCHOBAHHBIX Ha IIpaBUJIaX U
JCIIOJIb3YIOUINX SI3bIKOBbIE MOJEIN, OIIpefesSiollyie MapKephl CJIOB C BBICOKIM KaueCTBOM.

4. NER B nmpegMeTHBIX 00/1aCTAX

PacniosHaBaHMe MMEHOBAHHBIX CYLHOCTEN B IPEIMETHBIX OOJIACTAX CYLIECTBEHHO OTIMYAETCI OT
xiaccuueckoit 3agaun NER. B noceaem ciayuae xopoirro pa6oTaror MeToabl, PUKCUPYIOIIIe CEMAHTIKY
CJIOB Ha OCHOBE IIPOCTBIX TEKCTOB U OOIIMIX 0COOEHHOCTEN eCTeCTBEHHOTO 13bIKa. B ciryuae NER B mpenmert-
HOIT 06JIaCTU 9TOTO HeqOCTATOUHO [76]. BoiaBnenue camux NE u mnx kareropuit TpeGyeT MCIIOIb30BAHUS
napopMaIun crernUUHOI Iy KOHKPeTHO 061acTu.

Camoe 6osplioe Konmuectso ucciaeqosaumiit NER mocssamieno 6umoMequiimae. TO CBA3aHO CO 3HAUM-
TEJbHBIM KOJIMUEeCTBOM HOCTYITHBIX CJIOBApell ¥ pa3MeueHHBIX KOPIIYCOB TEKCTOB: 0 3aboneBanusax NCBI-
Disease, ¢ masBaumamu reqos u 0enkos BC2GM and JNLPBA, o xummuecknx Beiectsax BC4CHEMD,
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Table 4. Biomedical NER research Ta6bnuua 4. ViccnegoBaHus, NOCBSALLEHHbIe

NER B 6romegmuyHe

ABTOpPBI S3pIK Meron Kopmyc TexcroB  F-mepa, %
[49] AQHTJIMIICKUIT BiLSTM-CRF BC2GM 80.74
AHTJIMIICKUI BiLSTM-CRF BC4CHEMD 89.37
AHTJIMIICKUIL BiLSTM-CRF JNLPBA 73.52
AHTJIIMIICKUTL BiLSTM-CRF BC5CDR 88.78
AHTJINIICKUI BiLSTM-CRF NCBI-Disease 86.14
[50] AQHTJIMIICKIIT BiLSTM-CRF BC2GM 79.73
AHTJINIICKU BiLSTM-CRF BC4CHEMD 88.85
AHTJIMIICKUIL BiLSTM-CRF JNLPBA 77.58
AHTJIMIICKUTL BiLSTM-CRF BC5CDR-chem 93.31
AHTJINIICKUI BiLSTM-CRF BC5CDR-disease 84.08
AHTJIMICKUIT BiLSTM-CRF NCBI-Disease 86.36
[51] AHTJIMIICKUIT BiLSTM-CRF CRAFT 72.31
AHTIMIICKUTL BiLSTM-CRF BioNLP CG 78.20
AHTJIMIICKUIL BiLSTM-CRF PDR 83.44
AHTJIMIICKIIT BiLSTM-CRF JNLPBA 77.78
AHTJIMIICKUIL BiLSTM-CRF BC5CDR 90.57
AHTJIMIICKUIL BiLSTM-CRF NCBI-Disease 87.47
[52] aurnmiickuit  BERT+rule-based BC2GN 86.7
AHTJIMIICKUI BiLSTM-CRF BC3GN 50.1
AHTIMIICKUIL BiLSTM-CRF OSIRISv1.2 88.14
AHTJIMIICKII BiLSTM-CRF Thomas corpus 89.08
[53] AHTJIMIICKIIT Multi-BERT EN EHR 92.39
AHTJIMIICKIAI Multi-BERT EN UGT 84.88
pycckmit Multi-BERT RU UGT 60.45
pycckuit Multi-BERT RU EHR 85.00
[54] UTaJIBIHCKAI BiLSTM-CRF SIRM COVID-19 89.01
UTAIBTHCKIIT BERT SIRM COVID-19 88.58

BC5CDR. IlepBbie Tpu mcciaeqoBaHus, IpUBeAeHHbIE B TA0NMIE 4, UCIIONB3YIOT KIACCMUYECKYIO TEXHOIIO-
rnro NER BiLSTM-CRF pins ykasaHHBIX KOpIycoB TekcToB. KauecTBo pacrnosnaBanms NE cTaGuiIbHO BBI-
cokoe: F-mepa 73 % - 93 %. nTepecHo, uTo HabII0omaeTcss Koppesius Mexxay F-mepoil B pasHbIx paboTtax
M COOTBETCTBYIOIMMM KOpIIycaMu. ITo ImoKasbiBaeT, uto Texuonorus NER, 6asupyromascsa Ha II1y60KoM
o0yueHNN, BIIOJIHE MOAXOMNT Ui IIPeAMETHON 00JacTy 1 3aBUCUT OT KauecTBa U 00beMa 00yUarolero
KOpITyca TEeKCTOB.

Jlpyras TexHOJIOIrus, coueTaronias a3bIKoBy0 Monaesnb BERT u npasmiia, Takske MOKasbIBaeT XOPOILINE
pesyiubratel: F-mepa 86 % -89 % [52]. Kak ocHoBa perrenus 3amaun BERT ucnonbs3osan u B pabore [53].
HUccnemoBarenu onpemesny Ha3BaHMUs 3a00JIEBAHUITI I MeIMKAMEHTOB IJIsI TEKCTOB Ha AHIJIMIICKOM U
pyccKoM fA3bIKax. JIydime pe3ybTaThl MOTYUIIINCH AJI aHIINIICKoro: F-Mepa 92.39 %. ABTOpPBI CpaBHIIIN
texHonoruy BERT n BiLSTM-CRF u noxasann npeuMyIIecTBO IIepBOTo, B YaCTHOCTHU IJI PYyCCKOT'O SI3BI-
ka. Oquako Texuomorus BiILSTM-CRF 6buta ycnenrso npuMeHeHa [ UTATBIHCKOTO [54]. B pabote [77]
TaKKe BBIIBJIeHO Ipeumylnectso moxesau BERT. OgHako peanpHOe IpuMeHeHe METOIOB B IIPOMBIIILIEH-
HBIX IIporpaMMax TpeOyeT olfeHKM 3¢ (GeKTUBHOCTM C TOUKM 3peHMs BpeMeHM paboThl M MCIIOIb3yeMOil
mamsatu [64].

Xopormue pesyasrarel NER maer knaccuueckmit mogxon BILSTM-CRF B xumuueckoit obnactu [55, 56,
78], cm. Tabaniy 5. A taxke B nspineuenuu NE u3 HayuHsIx crateil [57] u B MaTepuanoBefesnu [58, 60].

HHTepecHO, UTO B TeKCTax O efe Jydllne ITokasaTenu F-mepsl, Oosnee 95 %, OKasaluch y METOMOB,
OCHOBAHHBIX Ha IIpaBUiax [62, 65]. Bo3aMo)XHO 3TO CBA3aHO C OCOOEHHOCTIMM CTPYKTYPBI T€KCTOB, VIC-
[I0JIb3YEMBIX B OCHOBE KOPIIYCOB, HaIpuMep, perenTtoB [63]. XoTa u cTaHOapTHHIN IIOAXOL ITOKA3bIBa-
eT BBICOKOe KauecTBO F-mepsl: 92.5% [61]. MeTonsl, ocHOBaHHBIe Ha IIpPaBUJIaX, OBLIM JICIIOJIH30BAHBI
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Table 5. Domain NER research Ta6nwuua 5. ViccnegoBaHus, NOCBsALLEHHbIE

NER B npegMeTHbIX 061acTaX

ABTOpPBI O6uactb S3pIK Merton Kopmyc TexcToB F-mepa, %
[55] XUMUS AHTJIMIICKUIT Att-BiLSTM-CRF CHEMDNER 90.84
[56] XUMUS AHTJIMIICKIIT BiLSTM-CRF CHEMDNER 90.0
[57] HayKa AHTIIMIICKUIT BiLSTM-CRF Macromolecules+ICPSR 90.9
[58] MaTepuayioBeleHMe  aHIJIMIICKUI BiLSTM-CRF aBTOPCKUIA 87.04
[59] IIPOV3BOMCTBO AHTJIMIICKUIA BiLSTM-CRF aBTOPCKUIL 88.0
[60] MaTepHaJioBeIeHIe  aHTJIMIICKII BiLSTM-CRF aBTOPCKUI 91.66
[61] ena AHTJIMIICKUIT BERT-BiLSTM-CRF YELP 92.5
[62] ena AHIJIMIICKIIL rule-based Allrecipes+MyRecipes 96.05
[63] ena AHTJIMIICKUIL BERT+BiLSTM+Dict ABTOPCKUIL 81.31
[64] TIPOAYKTHI QHTIIMIICKIIL Dict+CRF FoodBase 97.4
[65] IETOJIOTUS AHTJIMIICKIAIT rule-based Documents from USDA 97.0
[66] CaIoBOJICTBO AHTJIMIICKUIT rule-based+CRF article abstracts of journals 81.04
[67] K1Oep6e30rnacHOCTh  aHIVIMIICKIUIT rule-based+BiLSTM-CRF ABTOPCKUIL 75.05
[68] K10epOe30IacHOCTh  AHIVIMIICKIII BERT-BiLSTM-CRF Bridges dataset 96.87
[69] K16ep6e30nacHoCThb pyccKuit BERT ABTOPCKUIA 72.74
[70] IOPUCIIPYAEHLINS AHTJIMIICKIIL BERT-CRF EDGAR-NER 96.1
[71] IOPUCIIPYAEHIIS TYPELKIIT BiLSTM ABTOPCKIII 92.27
[72] apXeoJIorus TOJLIAHICKIII BERT-CRF aBTOPCKIIL 73.5
[73] reorpagus ¢$panLy3cKuit (CasEN+CoreNLP)-CRF GeoNER-corpus 85.2
[74] ¢$uHaHCH auriamitckuit ~ dependency parse trees+reg_exp TU Delft’s repository 80.0
[75] GuomequIIIHA AHTJIMIICKIIT CNN-BiGRU-CRF BioNLP13PC 85.11
KIIHO AHTJIMIICKIIA CNN-BiGRU-CRF MIT Movie 86.41
pecTopaHsl AQHTJIMCKUIL CNN-BiGRU-CRF MIT Restaurant 78.05
6€e3011acHOCTH AHTJIMIICKUIT CNN-BiGRU-CRF Re3d 68.52
¢$uHAHCH AHTJIMIICKII CNN-BiGRU-CRF SEC 83.44
[76] GuomequIIIHA AHTJIMIICKIIT entity selector-CRF NCBI 86.12
ob1me AHTJIMIICKUIL entity selector-CRF CoNLL03 92.40
Guosorus AHTJIMIICKIIA entity selector-CRF GENIA 75.59
¢uHaHCH AHTJIMIICKIIL entity selector-CRF SEC 75.59

TaxKe I oTOopa KaHAMAaTroB Ha poib NE g aHanmsa aHHOTAUMII cTaTeil B 00JIacTy CaXOBOJCTBA Ha
anrnuickom: F-mepa 81.04 % [66].

Asrops pabors! [70] Beigensuin NE B ropuauueckux texcrax. Ouu ucnons3oBanu monenb BERT o6y-
YeHHYI0 Ha o0uieM aHriaosspruHoM Koprryce CoNLL-2003 u Ha crenmannsupoBanHom EDGAR-NER u
CpaBHMBAIM Pe3yJIbTAThI C 60JIee paHHUMY MofenssMu. PaHHIEe MOogesy moKa3ann HeBbICOKYI0 9 deKTnB-
HOCTH B 00omux ciyuasnx. [ns 6onee nmpoasunyTeix Mmoaeieit CRF u BERT, o6yueHHBIX Ha IOPUANUIECKUX
TEKCTaX, KAUeCTBO PACIIO3HAaBAHUA CYIIECTBEHHO IIPEBBILIACT CIIydall oOydUeHNUs TeX >Ke MofeJell Ha 00-
VX aHITIMIICKMUX TeKcTaX. OMHAKo aBTOPBI He MOTYT CKa3aTh, CBA3AHO JIN C Pa3iINUMAMY B MOAEIIAX WU
pasINUMAMHU B TECTOBBIX KOJIJIEKIVSX.

CoueTaHne MeTOOB, OCHOBAaHHBIX Ha IIPaBIJIaX, ¥ TEXHOJIOTUII IITYGOKOTO 00y UeHNS OBLIO MICIIOTIB30-
Bano a1 NER B o6nactu kubepbesonacHoctn [67]. OgHAKO KaueCTBO OKa3aJIOCh HE CIMIITKOM BBICOKUIM:
F-mepa 75.05 %. HamHorO sty uiite pe3ysibTaThl B 9T0N o6nactu gajo ucrnonb3oBanue BERT mis TekcToB Ha
AHIJINIICKOM s3bIKe: F-Mepa 96.87 % [68]. I pycckoro sf3bIKa yuéHble OTMETIIIN, YTO aHHOTMPOBAHHBIII
Habop [MaHHBIX COMEPKUT HeOOIIBIIIOE KOJIMUIECTBO OOBEKTOB STUX THUIIOB [69], M MpeaIoKIIN aBTOMATH-
YeCcKUil MeTOx yBeanueHus Habopa maHHbIX ¢ ucrnonb3oBanmeM BERT. B utore xauecrso NER okasamoch
72.74 %.

Bnu3knii o KadecTBy pe3yJIbTaT IOJYUNIIM MCCIIeOBATEeNN apXeOoJOIMYecKIUX TeKCTOB Ha AaTCKOM
aspike: F-mepa 75.0 % [72]. B atoit pa6ote aBrops! npumenwin BERT mis mosryueHus xapakTepuCTHK CJIOB
n xiaccudukarop CRF mis onpenenenus kareropun NE. IToxoxuit moaxon 6bUI MCIIOIB30BaH IJIS BBISB-
JleHys reorpaduyecKux HasBaHUII BO (PPaHI[y3CKUX TEKCTaX, HO C Oojiee BBICOKMM pe3yibraToM: F-Mepa
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85.2 % [73]. Onpenenenue kauauaatoB NE oCyIIeCcTBIIOCH C MICIIOJIBb30BaHMEM CYLIECTBYIOLINX NHCTPY-
meHTOB CasEN, CoreNLP, Perdido, SEM and spaCy. [lepeBo cMHTaKCMUeCKMX 3aBUCHMOCTE, IOCTPOEHHOE
¢ momombio SpaCy IUId IOJIyd4eHMs TEeKCTOBBIX IIA0JIOHOB, MICIIONb3yeTcs B paboTe [74]. ABTOPBI 00b-
eVHIUIN 3Ty MH(POPMALMIO ¢ peryJIpHBIMM BbIpakeHmssMu un paspaborann AckNER, nHcTpyMeHT mis
BBIJleJIeHN GMHAHCOBOI MHGOPMAIIIL.

V3 ananmusa craTeit MbI BUAMM OOJIBIIIOE pasHOOOpasme IpeaMeTHbIX obacTell, BBIOpaHHbIX it NER.
Tax ke Kak ¥ B KJIacCIUeCKOII 3ajjaue, MEeTOIbI Ha OCHOBE I'NTy00KOT0 00ydYeHMs JAal0T XOPOIIe Pe3yIbTaThl
IpY HaIMuny G0JIBIINX pa3MeUeHHBIX KOPITYCOB TeKCTOB, UCIIOIb3yeMbIX It 00yueHus. B OopIInHCTBe
IpeIMEeTHBIX 00IacTell TAKMX JaHHBIX MaJIo [75]. IHTepecHO, UTO BO MHOTHUX MCCIIeOBAHMAX UCTOUYHIKOM
TEKCTOB fBJIAIOTCI Hay4HBbIe cTaTbl. CKOpee BCEro 3TO CBA3aHO ¢ 3QQeKTUBHOCTBIO cOOpa M pa3MeTKIU
TaHHBIX. 719 He60IBIINX KOPITYCOB JIydIlle paboTaloT METOIbI, OCHOBAHHBIE Ha ITPABIIIAX, HO OHM CMIIBHO
3aBJCAT OT OCOOEHHOCTEI A3BIKA U CTPYKTYPBI TEKCTA B LIEJIOM.

ITpo6reMsl pasHo0Opasus IpeAMeTHBIX 00JIacTell CCIe0BATe IV IIBITAI0TCS PELIUTh CO3TaHIeM YHI-
BepCAJIBHBIX MHCTPYMEHTOB, IIPUTOIHBIX AJIA MCIIONb30BAaHMSA B pasHBbIX cdepax ku3HM. B pabore [75]
[peqJIaraeTcs CucreMy, yxxe obyuennyio miust NER, agantipoBars K HOBOI IIpeqMeTHOI obiaactu. [pyrue
UCCIIeJOBaTeNN [76] CTPOAT MHCTPYMEHT Ha OCHOBe 6a3bl 3HaHUIL. VIHTepecHO, UYTO B 060MX CIydadx cpefi-
uasa F-mepa moxoxu: 80.3 % 1 84.82 % COOTBETCTBEHHO, HO BO BTOPOM BCE-Taku BblIle. KauecTBo paGoThI
3TMX JBYX CHUCTEM I PasHbIX IIPeIMeTHBIX 00JIacTell IpUBeJeHO B KOHIIe TaOIMIIBI 5.

Kpome TOro, B mocjiefHIUX 10 BpeMeHH! paboTax IMpHOOpeTaroT IOIyJSPHOCTb yKe CYLIeCTBYIOLIUe
nHCTpyMeHTHI 111 NLP. 9T0 cBA3aHO ¢ pa3BUTIMEM KadecTBa MX PabOTHI, OHO CYIECTBEHHO YBeJIIYIIIOCh
OyKBaJIHO 3a ITOCJIeJHIE HEeCKOJIBKO JIeT. 3aMeTHO TaK JKe, YTO IOJaBIIAIoIIee OOIBIINHCTBO PaboOT BBI-
IIOJIHEHO I TEKCTOB HA aHTJIMIICKOM f3BbIKe. OTO JlaeT GOraThIil CIIEKTDP JMICCIe0BATeIbCKIX 3a7ay Iy
HallMIOHAJIbHBIX A3BIKOB.

5. NER B 3agauax NLP

Table 6. Research devoted to NER in NLP tasks Tabnwuua 6. ViccnegoBaHMs, NOCBSALLEHHbIE
NER B 3agauvax NLP
Authors Task Language Method Text corpora  F-mepa, %
[79] AHHOTUPOBAHUE AHTJIVIICKIIL spaCy English-Inshorts -
[60] AHHOTMPOBaHIE AHTJIMIICKIIL BiLSTM ABTOPCKIIL 91.4
[80] aHHOTMPOBAaHME AHTJIMIICKUIL BiLSTM-CRF aBTOPCKUI 89.35
[81] AHHOTMPOBaHIE pyccKuit - ABTOPCKIIL -
[82] TeMaTudecKas KIacCUpUKaIus —aHIVIMIACKUIL weighting scheme NE aBTOPCKUIL -
[83] TeMaTuyecKas KIacCUpKAIVT —aHIVIMIACKIIT BiLSTM + CRF aBTOPCKUIL 88.0
[84] MAIIVHHBI I€PEBOT AHTJIVIICKUIL flairNLP CyOTUTpBI -
HeMEeIKIIT
[85] AHAJN3 TOHAJIBHOCTY aarmmiickmii  Stanford Named Entity Tagger ~ SES, MSR2016 -
[86] aHaJIu3 TOHAIBHOCTI AHTJINTICKIAIT LSTM ABTOPCKIIL -
[63] OHTOJIOTUS AHTJIMIICKUIT BERT-BiLSTM-CRF aBTOPCKUIL 81.31
KUTaMCKIIL
[87] BOIIPOCHO-OTBETHbIE CUCTEMBI  AHTJIMIICKIIN BERT aBTOPCKUIL -
[88] olpejeNeHue JDKI AHTJIVIICKIIL spaCy, Stanford’s NER OT3BIBBI -

C oxnoii croponsl, NER aBngeTcs kinaccuueckoil camocrogaTenbHoll 3agaueit NLP. C npyroii cTopoHHBI,
ecTh pAX 3ajau B oOyacTy o0paboTKM TeKcTa U u3BineueHus nHpopmanuy, B koropble NER Bxomgur xak
II0f13a/1aua VIV YacTh TEXHOJIOTUM pellIeHNd. B aToM pasgese MbI pacCMOTPMM IIpUMepHI TaKuX 3agad. s
Tex mccaenoBaHmit, B koTropbix NER paccmarpuBaeTcs Kak BeIqeeHHasI II03aaua, B Tabnuile 6 IpuBegeHa
OLlIeHKa KayecTBa ee pereHysa. OcTaapHble paboThI MIMEIOT APYTYIO LIeJIb Y MICIIOAb3YIOT MHCTPYyMeHTHI NER
KaK YacTh TEXHOJIOI'MM JOCTVKEHM 9TON LeJi ¥ KayecTBO HerocpencTBeHHO NER He oljeHUBaIOT.
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Cuurx u ap. [79] pemraror 3agauy aHHOTMPOBAHUS TEKCTA ¥ OTMEUAIOT, YTO OHOI 13 OCHOBHBIX IIPO-
6JieM KJIaCCUUYECKMX alITOPUTMOB SIBJISIETCS ITOTepst IMEHOBaHHBIX 00BEKTOB. B paboTe npenioxeH MeTox
COXpaHeH!s JIMEHOBAaHHBIX 0OBEKTOB, KOTOpbIE ITOJNIE€3HBI IIPY CO3MAaHNMM TOUHBIX aHHOTarmil. B kaue-
crBe nHcTpyMeHTa NER nmccinenoBarenu ucnonssyior spaCy. B npyroit pabore [60] paccmarpmsator NER
KaK OTHeJIbHYIO IT03afauy aHHOTMPOBAHNA TeKCTa U IIOCBAIIAIOT el CBoe McciaemoBaHue. /g pemeHus
JCIIOJIb3YyeTcs HelipoHHas ceTh Bi-LSTM. AHamornuHyio 3agauy B KOMMEPUECKUX JOKYMEHTaX pelIaioT
aBTOpHI [80]. ViMeHOBaHHBIE CYLIIHOCTY UTPAIOT BA)KHYIO POJIb B CUCTEME aHHOTUPOBAHIS PYCCKOSI3bIUHBIX
TeKcToB [81].

ABTOpBI paboThI [82] 0OTMeUAOT Ba)KHYIO POJIb MIMEHOBAaHHBIX OOBEKTOB B 3afaue KIacCU(UKAIIN
TEKCTOB I10 TeMaTuKe. B craThe paccmarpuBaercs GaitecoBckast Bepcus anroputma LDA. VccnemoBarennu
MOAMIUUMPYIOT aJIrOpMUTM, yBeauuuBasi Beca NE 1 IIOKaspIBAIOT, UTO MIMEHOBAHHBIE CYIITHOCTY XOPOIIIO
MTOAXOST AJIS MICIIOIB30BAHNS B KAUECTBE TEPMIHOB, CIIeIMPUUHBIX I IpeaMeTHOI oomacTu. Kumar A.,
Starly B. [83] ormeuaroT, UTO OJIHOI M3 CEPBE3HBIX IIPOOIIEM IIPU AHATU3E TEKCTOB IIPOMBIIILIEHHOTO IIPO-
M3BOJMCTBA SIBJIAETCS OTCYTCTBYE MOMENM PACIO3HABaHMS CIEIM(PUUHBIX NMEHOBaHHBIX 00BeKTOB. OHHI
npemaraor cobcreennyo moaers NER mis knaccudukanuy IpousBOCTBEHHBIX TEKCTOB I10 KATETOPUSM.

YuactHuKM KoHpepeHuuu no nepesony peun IWSLT 2021 [84] ncronbsyror nHcrpyMeHT flairNLP s
pacro3HaBaHMs MMEHOBAHHBIX CYIIHOCTEN, YTOOBI ITOBBICUTH KAUECTBO MAIIVHHOTO IIepeBofa CyOTuT-
pos. dpyras cnenmanusupoBannas cucrema Stanford Named Entity Tagger, kak uactp pelreHus 3amgaunu
aCIeKTHOTrO aHajM3a TOHAIBHOCTH, IIpuMeHsercs B pabote [85]. MccnenoBarenu [86] mis Toil ske 3amaun
CTPOSIT COOCTBEHHYIO CUCTEMY pacro3HaBaHms Ha ocHoBe LSTM.

Kuraiickue yuénble [63] mMCIIonb30Baiy CTaHAApTHYIO TexHoJoruo, coueramouryio BERT, BiLSTM n
CRF g NER kak yacth cucreMbl ITocTpoeHus rpada npeamerHoit obmactu. Paspaborannsiit AliMe KG,
rpa¢ 3HaHMII B 9IIEKTPOHHOI KOMMEPIMH, IIOMOTaeT ITOHATEH ITOTPeGHOCTH [10/Ib30BAaTeI€el, OTBETUTH Ha
MX BOIIPOCHI U CO3TATH ITOSICHAIOIINIE TEKCTHI, B TOM UICJIe PyKOBOJCTBO II0 IIOKYIIKaM, OTBETHI Ha BOIIPOCHI
0 HeJBIDKMMOCTH, CO3TaHme Touek nponax. [pyroe ucciaenoBanue [87] Hanpsamyto usydaer Borpoc NER
B BOIIPOCHO-OTBETHBIX CUCTEMAaX.

Crno)xHas 11eJ1b IIOCTPOEHMSI CUCTEMBbI aBTOMATIUECKOI JeTeKIyu JDKY Obliia mocTaBjieHa B padoTe [88].
ABTOpBI UCIIOJIB3YIOT IMEHOBAHHBIE CYIITHOCTU [JIT MOAEIMPOBAHNSA TpeX IPMHUMIIOB: IIPaBIMBEIE pac-
CKa3uMKI IPEOCTABIAIOT 60JIee IIOAPOOHbIe OTUEThI, IPAaBAVIBbIE TEKCTHI COEprKaT O0JIbIIIe YIIOMIHAHIL
KOHKPETHBIX JINI[, MECT U JaT, 8 OOMAHII[MKY CKJIOHHBI CKPBIBATh IIOTEHI[MATIFHO IIPOBepsIeMy o NHpopMa-
1ro. OCHOBOJ MOJENVPOBAHNS ABJIACTCSA HOJSI IMEHOBAHHBIX OOBEKTOB, IIOJYUEHHBIX C IIOMOIIBIO IBYX
nucrpymentos spaCy u Stanford’s NER.

Omnucanuble pabOThI IIOKA3bIBAIOT OUEHb IIIMPOKNE BO3MOXKHOCTY IpuMeHeHus texHosormit NER.
Oco6eHHO cTOMUT 00paTUTH BHUMAaHIE Ha y)Ke CyliecTByolue nHcTpyMeHTsl NLP. Tak sxe Kak m nuist u3s-
BJI€UEHIISI IMEHOBAHHBIX CYLIIHOCTEI B IIPEAMETHBIX 00JIaCTIX, OHU UACTO MCIIOJIb3yIOTCS COBpEMEHHBIMMI
MCCIIeNOBaTeNIMI. ITOT (PakT IMOCTYKIJI MOTUBAI[MENl I CPaBHUTEIBHOTO aHaIM3a KauecTBa paboThl
spaCy, Stanford’s NER (Stanza) u DeepPavlov st pycckoro si3pIKa, pOSHOTO IJISI aBTOPOB 0630pa.

6. OKcIepuUMEeHTBHI
6.1. HNHCcTpyMeHTHI 00pPa0OTKIU €CTECTBEHHOTO S3bIKa

Jns aHanm3a aBTOPBI BBIOpaAIM MHCTPYMEHTHI, KOTOpble AKTMBHO MCIIONb3YIOTCS B HayUHBIX MCCIIe-
OBaHMAX aKaJeMIUECKMMI KPyraMI ¥ B KOMMEPUYECKUX IPIIIOKEHNUIX. AKTYaJIbHOCTh M KaueCTBO MH-
CTPYMEHTOB 00ecIleunBaeTCss aKTUBHOCTHIO X pa3paboTUMKOB, KOTOpas BBIPaXKAeTCs B IIOCTOSTHHOM 00-
HOBJIEHIY IIPOTPAMMHOI peann3alumn.

spaCy — ato 6ubnmoreka Python ¢ oTKpBITEIM MCXOIHBIM KOJOM, KOTOpAs IPeOCTaBIIEeT MHCTPYMEH-
ThI 111 MHOTKX 3amau NLP, skimtouas mogcucremy NER [89]. Bubinoreka qoctaTouHo rGKas 1 IO3BOJISIET
JCIIONIB30BATh IS aHAJM3a TeKCTa KaK IIOJXO/bI OCHOBAHHBIE Ha IIPaBIJaX, TaK U Ha HEMPOHHBIX CETAX.
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[Tonp3oBarens MOXKeT MO0 MCIIONH30BATH CYLIECTBYIOIYI0O TEKCTOBYIO MOMENb, JIMO0 0O0yUNTH HOBYIO.
spaCy mpemocTaBisieT TpM IpeaBapUTEIbHO 00yUeHHbIe MOIENN IJIsI PYCCKOTO sI3bIKa, KOTOpbIe Hallese-
HBI Ha pasjMyHble BapMAHTHI OajaHca MeXAy TpeOOBaHMUIMI K KaueCTBY ¥ BBIUMCINTEIBHOI MOIITHOCT.
B mamHOM MCCIeqOBaHMM MBI UCIIONIB30BAIN CAMYIO GOJBIIYIO HJOCTYIHYI MOMAENb, ru_core_news_lg,
KOTOpast JOJDKHa obecIieunBaTh Hauryulllee kauectso. Yacts momeny NER 6b11a 06yueHa ¢ MCIIOIb30BaHM-
eM pa3MeueHHOTo Kopmyca TekcTos Nerus' 1 peanmnsoBana ¢ CIONb30BaHUEM PEKYPPEHTHOI HEPOHHOT
CeTH.

Stanford NLP Group mpegocrasnser rmaker Stanza NLP, KOTOpBIII BKIFOUaeT MHCTPYyMEHTSHI I aHAIN3a
TEKCTa ¥ IpeaBapUTeIbHO 00yueHHbIe Momeau it 6osee yem 70 s13b1k0B [90]. ITogcucremMa MHCTPyMeH-
tapus NER Bkifouaer B cebst momeny aist 17 a3b1k0B. Mogenb paciio3HaBaHMUsI MMEHOBAHHBIX CYIIIHOCTEI!
ncnoinb3yet oy BiLSTM ¢ npencraBieHNSIMY Ha YPOBHE CIMBOJIOB M CJIOB, & TAK>Ke CJI0V JEeKOIMPOBAHIISL
CRF pna momyuenus nporroszo NER. [lng pycckoro sisbika Stanza NLP mpemgocTaBiseT eqUHCTBEHHYIO
mopnens NER, koropas 6puta o0yuena Ha 6ase manubix WikiNER [91]. MHCTpYyMeHT TakKe IpeqoCTaBIIseT
cpencTBa AL 00yUeHNsI HOBOI MOMEJI.

IMocnemHMM MHCTPYMEHTOM, MCIIOJIB30BAHHBIM B 9KCIIEPUMEHTAX, SIBJISETCS AMAIOTOBBIN (PpeitMBOpK
DeepPavlov [92]. PpeitmBopk BriItouaeT B cebs rerrep NER u HaGop ripegBapurebHO 00y UeHHBIX MOIETEN.
Mopeny MOTyT MCIIOJIB30BATh Pa3jIMUHbIe KOHCTPYKLIM HEJIPOHHBIX CeTell, BKIIUas peKyppeHTHbIe Hell-
pounste cetur, BERT mnu ru6pumusie. DeepPavlov npegocrasisier Tpu mpeaBapuTeIbHO IOATOTOBIEHHbIE
MOV IJIsL PYyCCKOTO A3bIKa. Bee oHM GpuIN 06yUueHsI ¢ ucrnonb3oBanueM Habopa ganubix Collection3 [93].
[l Harero yccjleqOBaHMA MBI PEIIVIIN JICIIOIb30BaTh MOJENIb ner_rus_bert_torch, mocKoIbKy aBTO-
PbI MHCTPYMEHTa CUMTAIOT ee JIyUIllell MOeNbio, a Takxke Mcroab3yoT BERT, KOTOpBIN He MCIIOIB3YyeTcs
B OPYTIUX MHCTPYMEHTAax.

Hcnonp3oBaHMe ONMMCAHHBIX MHCTPYMEHTOB UM MOJeJell JOJDKHO IT03BOJIUTH IIPOBEPUTH XapaKTepu-
CTUKI Pa3JIMUYHBIX KOHCTPYKIMIT HEIPOHHBIX ceTell B 3amade NER n1a pycckoro AsbIka.

6.2. Kopmyc TexcTon

Yro6bl OLIEHUTH KaUeCTBO MHCTPYMEHTOB, MBI He MOIJIM 3a[€lCTBOBATh OOIIENOCTYITHbIE HAGOPHI
MAHHBIX, [IOCKOJIBKY OHU MCIIOJb30BaNNCh N1 obyuenns moneneit NER u manu 6b1 3HAUUTEIBHOE IIpeE-
JMIMYIIIeCTBO JIJIT COOTBETCTBYIOIIET0 MHCTpyMeHTa. [loaToMy [ MCIIONB30BaHMS B 9KCIIEPUMEHTAX MBI
chopmMupoBay COGCTBEHHBIN KOPITYC TEKCTOB. ITOT KOPIYC BKIIOUAET TEKCTHI M3 PA3IMUHbBIX MICTOUHIKOB:
crarbu 13 Bukumenuu, HOBOCTHBIE cTaThy, Guorpaduy MCIOIHNUTENEN U TEKCTHI eceH. Takum obpaszom,
9KCIEepPUMEHT IoKakeT KauecTBO NER 111 Mpom3BOIBHOTO aBTOPCKOIO TEKCTa 3 pyccKoro MHTepHera.

Koprmryc TekcToB, KOTOPBIN MBI COOpaNN, COREP>KUT 50 TEKCTOB M3 pa3iIMUHBIX MCTOUHNUKOB. B Kaskgom
TeKCTe MbI BpyUHYIO pasMeTIIM MMeHoBaHHbIe 00beKThI 11 Kateropuit PER, LOC, ORG n MISC. Konu-
vecTBO c10B U NE g kaxgoro TekcTa mokasaHo Ha puc. 1. B iieom kopmyc cogepsxkut 616 LOC, 680 PER,
698 ORG 1 966 06bexToB MISC.

KosnuectBo kKareropuit 6bUI0 OTpaHMUEHO T€MU, KOTOPHIE MPENOCTABISIOT 00yueHHbIe Mogenu. Mo-
IeJIb Stanza MO’KeT pacIio3HaBaTh CYIIIHOCTM BO BCeX UEThIpeX KaTeropumsx, Ho monenu spaCy u DeepPavlov
BoIAeNIAr0T ToNbKO KaTeropuu PER, LOC u ORG.

6.3. ApXHUTeKTypa UCHBITATEeJIbHOIrO CTEHAA

O1eHKa MHCTPYMEHTOB ObLjIa ITOJTHOCTHI0 ABTOMATU3MPOBAHA C MCIIOIb30BaHIEM CKPUIITOB Pythonz.
STU CKPUIITHI IPUMEHSIOT BBIOpaHHBIE MHCTPYMEHTHI U aHAIMSUPYIOT PE3yIbTaT pacllo3HABAHMS MMe-
HOBAHHBIX CyIIHOCTel. IIoTOK MaHHBIX BHYTPY MCIBITATEIBHOTO CTEHIA II0Ka3aH Ha puc. 2.

Kasxp1it BBIOpaHHBI MHCTPYMEHT sBisieTcs 6ubnmorekoit Python n, ciemosarensHo, DoKeH OBITH
BCTpOEH B IIPWJIOKEHNME [JI BBIMONHeHMs. [lIsg KaKOOTO M3 MHCTPYMEHTOB MBI paspaborain

'https://github.com/natasha/nerus
%https://github.com/yarfruct/ner-russian-language-experiments
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TEKCT B KaueCTBe BXOMHBIX NAHHBIX ¥ IPEeJOCTABIIAET pAacCIlO3HAHHBIE IMEHOBaHHBIe OOBEKTHI B 00LLIEeM
dopmare.

[Tomumo tumnos NE, MeToqpI MHCTPYMEHTOB IIPeJOCTABIIAIOT ITI0OKa3aTe ! IPOM3BOAUTEIBHOCTI, KOTO-
PBI€ IIO3BOJIAIOT OTCIIEKMBATD BpEMA BBITIOJIHEHNIS PACIIO3HABaAHVIA MMEHOBAHHBIX O6'I)CI(TOB. L[JIH YMEHb-
IIeHV BIVSHUA BaprabeIbHOCTI OTeIBHOTO 9KCIIePYMEHTa, KK/IBII 3aIlyCK MHCTPYMEeHTa ITOBTOPSIIC
10 pas. B kauecTBe pesyipTara B3sTHI Cpe[iHee apUpMeTIIecKoe I MeAaHa BpeMeHI BBIITOIHEHNS.

CrreqyIoIuM Ba)KHBIM KOMIIOHEHTOM JICITBITATeIBHOTO CTEH 1A ABJIETCS aHATM3aTOP PACIIO3HABAHNA
KaTeropuii MMeHOBaHHBIX cyIHocTell. OH 6epet kateropuu NE, BbIuMcIeHHbIE MHCTPYMEHTOM, U CPABHI-
BaeT MX C 3TAJJOHHBIMU. Pe3ynpraToM paboTsl KOMITOHeHTa ABgeTcs cruucok NE, B KoTopoM yKasbIBaeTcd,
ABJIAETCS JIM BhIYMCIeHHas KaTeropus NE mpasuiibHoi mn Her. Ilociaemunmit mar — ato pacdet F-mepsl.
OrweHKa pacCUMTHIBAETCS JUIS BCEX MMEHOBAHHBIX OOBEKTOB M I KasKIOl IO AepKIBaeMOIl KaTeTOPIIL.

IToMyMO KOMIIOHEHTOB, ITOKa3aHHBIX Ha PUC. 2, CYLLIECTBYeT CLIEHAPUII 3aIIyCcKa, KOTOPBII CII0COOeH
BBIITOJIHSTDH BCE OCTAJIbHbIE KOMIIOHEHTHI. Bo Bpe€MA OOHOTO BBIIIOJIHEHNI II0JIb30BAaTEJIb MOXKET BI)I6paTI)
MHCTPYMEHT, KOTOPBII OH XOYeT 3aIlyCTUTh, ¥ YKa3aTh MeCTOIIOI0KeHIe MCCIIeyeMOT0 KOPITyca TeKCTOB.
Kateropma MISC pacriosHaércsa Tonpko Stanza.

6.4. PesyIbTaThbl 3KCIIEPMMEHTOB

Table 7. Results of experiment Tabnunua 7. Pe3ynbTaThl 3KCNEPUMEHTOB

Stanza Stanza
c MISC 6e3 MISC spaCy DeepPavlov

F-mepa, % 82 87.1 79.5 89
F-mepa PER, % 94.1 94.1 86.1 93.8
F-mepa ORG, % 75.7 75.7 66 79.8
F-mepa LOC, % 95.9 95.9 88.2 94
F-mepa MISC, % 65.2 - - -
CpenHee BpeMs UCIIOIHEHNS, CEK. 138.376 138.376 80.604 79.938
MennaHHOe BpeMs UCIIOTHEHN, ceK. 138.042 138.042 78.81 79.36

OKCIepMMEHTHI IPOBOMVUINCh Ha IIEPCOHAIBPHOM KOMIIBIOTEpE, OCHAIIIEHHOM IIpoleccopoM Intel®
Core™ i5-9300H, paboTaroium mox yrpaBieHueM omepanmoHHoit cuctembl Ubuntu 20.04. B xome akc-
IIepUMEHTOB MCIIOJIB30BAJINCH ITOCIEAHYE BRITYIIIeHHbIe BEpCUM MHCTPYMeHTORB: Stanza 1.3, spaCy 3.2 u
DeepPavlov 3.7.9. Bce MHCTpYMeHTBI UCIIONIB3YIOT TOJIBKO IIPOLIECCOp It paboThl HETIPOHHOII CETI.

Pe3ynbraThl 9KCIIEpMMEHTOB IIpeACTaBIeHbI B Tabimie 7. Jlydmime pe3ysibpTaTsl MOKHO YBUIETb Y
DeepPavlov ¢ F-mepoit 89 %, Stanza u spaCy cienyor ¢ 82 % u 79,5 % cooTBeTCTBeHHO. ECNt He yUUTHIBATH
MISC, Stanza o6ecreunBaer F-mepy 87,1 %, cokpatias paspeiB Mexay DeepPavlov. Eciu yuntsiBats F-
Mepy U BpeMs BhIIoOIHeHus, DeepPavlov sBisgercs JydimM MHCTPYMEHTOM I COOPaHHOIO KOpITyca.
Bce mHCTpYMeHTBI JAIOT XOPOIIINIe pe3yJIbTaThl MJIf MMeHOBaHHBIX cyliHocTeil kaTeropuit PER 1 LOC, ro
rroxme pesyinbrarthl 11 kareropuy ORG. Kareropusa MISC taxke mroxo pacrosHaercs Stanza.

7. 3axiaroueHue

Cawmprit 6osbiroii mporpecc B o6aactyt NER mocTurHyT ¢ IoMOIIbi0 Mogeneit, OCHOBaHHBIX Ha IIy0o-
KOM O0yUYeHNU ¥ 3aBUCSAIIUX OT OOBEMHBIX 3TAJIOHHBIX HAOOPOB TaHHBIX. ITO OTHOCUTCS KaK OTHEIbHBIM
TUIIaM 3a7ad B 9TO 061acTH, Tak M K 00paboTKe TeKCTOB Ha HallMOHAJIBHBIX A3bIKax. Co3maHue pasMeueH-
HBIX KOPITYCOB JaHHBIX [IOMOraeT PEIINTb 3Ty IPoOIeMy, HO SIBIISIETCS OUeHb JOPOTOCTOSIIIIIM IIPOLIECCOM,
TPeOYIOIUM ITOCTOSTHHOTO OOHOBIIEHMS B CBI3Y C M3MEHAIOIIMMCS COCTOSIHIEM cdep >KU3HI.

OpHuM 13 nepCreKTUBHBIX HAIIpaBleHuIt uccieqoanmit B oosmactu NER sBiseTcs pa3BuTie MeTONOB
Ha OCHOBe 00yueHNs 6e3 yunTess WIM Ha OCHOBe IIpaBul. BosMoskHOII 623011 IpeqoOpaboTKy TeKCTa I
TaKUX METOJOB MOTYT CIIY>KUTb MHTEHCUBHO pa3BUBAOLIVIECS MO I3bIKOB B CYILECTBYIOLIUX MHCTPY-
meHTax NLP. Takoit mogxon MOKeT pelluTh MpobiieMy OOJBIINX BBIUMCIMTENBHBIX PECYPCOB, KOTOPHIE

78



Name Entity Recognition Tasks: Technologies and Tools

Tpe6YIOTC5I JJId aBTOHOMHBIX CIICTEM NER. KpOMe TOTO, MICIIOJIb30OBaHNE CJIOJKHBIX JIEKCMUECKIX IIapa-

METPOB TEKCTA N 6as IIpaBVUJI IIO3BOJIUT JIyUll€ ITOHATH U 00BACHUTH IIPOLECCHI N PEIYJIbTAThl PEIIEHMI

ITIOCTABJIEHHBIX 3agay.

References

[1]

[2]

(3]

[4]

[5]

[10]

[11]

R. Grishman and B. Sundheim, “Message understanding conference-6: A brief history”, in Proceedings
of the 16th International Conference on Computational Linguistics (COLING 96), Copenhagen, August
1996, 1996, pp. 466-471.

D. Nadeau and S. Sekine, “A survey of named entity recognition and classification”, Lingvisticae
Investigationes, vol. 30, no. 1, pp. 3-26, 2007.

R. Sharnagat, “Named entity recognition: A literature survey”, Center For Indian Language Technology,
pp. 1-27, 2014.

J. Li, A. Sun, J. Han, and C. Li, “A survey on deep learning for named entity recognition”, [EEE
Transactions on Knowledge & Data Engineering, vol. 34, no. 1, pp. 50-70, 2022.

G. Popovski, B. K. Seljak, and T. Eftimov, “A survey of named-entity recognition methods for food
information extraction”, IEEE Access, vol. 8, pp. 31 586-31 594, 2020.

J. Piskorski, B. Babych, Z. Kancheva, O. Kanishcheva, M. Lebedeva, M. Marcinczuk, P. Nakov, P.
Osenova, L. Pivovarova, S. Pollak, et al, “Slav-ner: The 3rd cross-lingual challenge on recognition,
normalization, classification, and linking of named entities across slavic languages”, in Proceedings of
the 8th Workshop on Balto-Slavic Natural Language Processing, 2021, pp. 122-133.

A. Starostin, V. Bocharov, S. Alexeeva, A. Bodrova, A. Chuchunkov, et al., “Factrueval 2016: Evaluation
of named entity recognition and fact extraction systems for russian”, in Computational Linguistics and
Intellectual Technologies, 2016, pp. 702-720.

Y. Jiang, C. Hu, T. Xiao, C. Zhang, and J. Zhu, “Improved differentiable architecture search for language
modeling and named entity recognition”, in Proceedings of the 2019 Conference on Empirical Methods in
Natural Language Processing and the 9th International Joint Conference on Natural Language Processing
(EMNLP-IJCNLP), 2019, pp. 3585-3590.

R. Speck and A.-C. Ngonga Ngomo, “Ensemble learning for named entity recognition”, in International
semantic web conference, Springer, 2014, pp. 519-534.

A. Ghaddar and P. Langlais, “Robust lexical features for improved neural network named-entity
recognition”, in Proceedings of the 27th International Conference on Computational Linguistics, 2018,
pp. 1896-1907.

A. Akbik, T. Bergmann, and R. Vollgraf, “Pooled contextualized embeddings for named entity
recognition”, in Proceedings of the 2019 Conference of the North American Chapter of the Association
for Computational Linguistics: Human Language Technologies, Volume 1 (Long and Short Papers), 2019,
pp. 724-728.

M. Riedl and S. Padd, “A named entity recognition shootout for german”, in Proceedings of the
56th Annual Meeting of the Association for Computational Linguistics (Volume 2: Short Papers), 2018,
pp- 120-125.

P. H. L. de Araujo, T. E. de Campos, R. R. de Oliveira, M. Stauffer, S. Couto, and P. Bermejo,
“Lener-br: A dataset for named entity recognition in brazilian legal text”, in International Conference
on Computational Processing of the Portuguese Language, Springer, 2018, pp. 313-323.

79



Lagutina N.S., Vasilyev A. M., Zafievsky D. D.

(18]

[19]

Y. Luo, F. Xiao, and H. Zhao, “Hierarchical contextualized representation for named entity
recognition”, in Proceedings of the AAAI Conference on Artificial Intelligence, vol. 34, 2020,
pp. 8441-8448.

N. Eligiizel, C. Cetinkaya, and T. Dereli, “Application of named entity recognition on tweets during
earthquake disaster: A deep learning-based approach”, Soft Computing, vol. 26, no. 1, pp. 395-421,
2022.

M. Y. Arkhipov, M. S. Burtsev, et al., “Application of a hybrid bi-lstm-crf model to the task of russian
named entity recognition”, in Conference on Artificial Intelligence and Natural Language, Springer,
2017, pp. 91-103.

R. Hvingelby, A. B. Pauli, M. Barrett, C. Rosted, L. M. Lidegaard, and A. Segaard, “Dane: A named
entity resource for danish”, in Proceedings of the 12th Language Resources and Evaluation Conference,
2020, pp. 4597-4604.

M. Arkhipov, M. Trofimova, Y. Kuratov, and A. Sorokin, “Tuning multilingual transformers for named
entity recognition on slavic languages”, BSNLP’2019, p. 89, 2019.

J. Piskorski, L. Laskova, M. Marcinczuk, L. Pivovarova, P. Pfiban, J. Steinberger, and R. Yangarber, “The
second cross-lingual challenge on recognition, normalization, classification, and linking of named
entities across slavic languages”, in Proceedings of the 7th Workshop on Balto-Slavic Natural Language
Processing, 2019, pp. 63-74.

C. Helwe, G. Dib, M. Shamas, and S. Elbassuoni, “A semi-supervised bert approach for arabic named
entity recognition”, in Proceedings of the Fifth Arabic Natural Language Processing Workshop, 2020,
pp- 49-57.

C. Liang, Y. Yu, H. Jiang, S. Er, R. Wang, T. Zhao, and C. Zhang, “Bond: Bert-assisted open-domain
named entity recognition with distant supervision”, in Proceedings of the 26th ACM SIGKDD
International Conference on Knowledge Discovery & Data Mining, 2020, pp. 1054-1064.

E. Oliveira, G. Dias, J. Lima, and J. Pirovani, “Using named entities for recognizing family
relationships”, in Anais do IX Symposium on Knowledge Discovery, Mining and Learning, SBC, 2021,
pp. 24-32.

R. Yeniterzi, G. Tur, and K. Oflazer, “Turkish named-entity recognition”, in Turkish Natural Language
Processing, Springer, 2018, pp. 115-132.

T. Ruokolainen, P. Kauppinen, M. Silfverberg, and K. Lindén, “A finnish news corpus for named entity
recognition”, Language Resources and Evaluation, vol. 54, no. 1, pp. 247-272, 2020.

Y. Fu, N. Lin, Z. Yang, and S. Jiang, “Towards malay named entity recognition: An open-source dataset
and a multi-task framework”, Connection Science, pp. 1-23, 2022.

M. Ju, M. Miwa, and S. Ananiadou, “A neural layered model for nested named entity recognition”, in
Proceedings of the 2018 Conference of the North American Chapter of the Association for Computational
Linguistics: Human Language Technologies, Volume 1 (Long Papers), 2018, pp. 1446—1459.

C. Xia, C. Zhang, T. Yang, Y. Li, N. Du, X. Wu, W. Fan, F. Ma, and P. Yu, “Multi-grained named
entity recognition”, in 57th Annual Meeting of the Association for Computational Linguistics, ACL 2019,
Association for Computational Linguistics (ACL), 2020, pp. 1430—1440.

J. Wan, D. Ru, W. Zhang, and Y. Yu, “Nested named entity recognition with span-level graphs”, in
Proceedings of the 60th Annual Meeting of the Association for Computational Linguistics (Volume 1:
Long Papers), 2022, pp. 892-903.

80



Name Entity Recognition Tasks: Technologies and Tools

[31]

[32]

[33]

[34]

[40]

[41]

[42]

J. Yu, B. Bohnet, and M. Poesio, “Named entity recognition as dependency parsing”, in Proceedings of
the 58th Annual Meeting of the Association for Computational Linguistics, 2020, pp. 6470-6476.

M. G. Sohrab and M. Miwa, “Deep exhaustive model for nested named entity recognition”, in
Proceedings of the 2018 Conference on Empirical Methods in Natural Language Processing, 2018,
pp. 2843-2849.

J. Li, D. Ye, and S. Shang, “Adversarial transfer for named entity boundary detection with pointer
networks”, in IFCAIL 2019, pp. 5053-5059.

»
5

D. Bareket and R. Tsarfaty, “Neural modeling for named entities and morphology (nemo”2)
Transactions of the Association for Computational Linguistics, vol. 9, pp. 909-928, 2021.

S.H. Jeon and S. Cho, “Edge weight updating neural network for named entity normalization”, Neural
Processing Letters, pp. 1-22, 2022.

D. Zhou and T. Liu, “Joint model of biomedical entity recognition and normalization labels based on
self-attention”, in Second International Symposium on Computer Technology and Information Science
(ISCTIS 2022), SPIE, vol. 12474, 2022, pp. 461-466.

A. Fritzler, V. Logacheva, and M. Kretov, “Few-shot classification in named entity recognition task”,
in Proceedings of the 34th ACM/SIGAPP Symposium on Applied Computing, 2019, pp. 993-1000.

J. R.Finkel and C. D. Manning, “Nested named entity recognition”, in Proceedings of the 2009 conference
on empirical methods in natural language processing, 2009, pp. 141-150.

M. Peters, M. Neumann, M. Iyyer, M. Gardner, C. Clark, K. Lee, and L. Zettlemoyer, “Deep
contextualized word representations. arxiv preprint arxiv: 180205365, in Proceedings of the 2018
Conference of the North American Chapter of the Association for Computational Linguistics: Human
Language Technologies, vol. 1, 2018, pp. 2227-2237.

A. Ghaddar, P. Langlais, A. Rashid, and M. Rezagholizadeh, “Context-aware adversarial training for
name regularity bias in named entity recognition”, Transactions of the Association for Computational
Linguistics, vol. 9, pp. 586—-604, 2021.

Y. Nie, Y. Tian, Y. Song, X. Ao, and X. Wan, “Improving named entity recognition with attentive
ensemble of syntactic information”, in Findings of the Association for Computational Linguistics:
EMNLP 2020, 2020, pp. 4231-4245.

G. Aguilar, S. Maharjan, A. P. Lopez-Monroy, and T. Solorio, “A multi-task approach for named entity
recognition in social media data”, W-NUT 2017, p. 148, 2017.

Q. Zhang, J. Fu, X. Liu, and X. Huang, “Adaptive co-attention network for named entity recognition
in tweets”, in Proceedings of the AAAI Conference on Artificial Intelligence, vol. 32, 2018, pp. 5674-5681.

A. Miranda-Escalada, E. Farré-Maduell, S. Lima-Lopez, L. Gasco, V. Briva-Iglesias, M. Agiiero-Torales,
and M. Krallinger, “The profner shared task on automatic recognition of occupation mentions in social
media: Systems, evaluation, guidelines, embeddings and corpora”, in Proceedings of the Sixth Social
Media Mining for Health (# SMM4H) Workshop and Shared Task, 2021, pp. 13-20.

M. Asgari-Chenaghlu, M. R. Feizi-Derakhshi, L. Farzinvash, M. Balafar, and C. Motamed, “Cwi: A
multimodal deep learning approach for named entity recognition from social media using character,
word and image features”, Neural Computing and Applications, pp. 1-18, 2021.

J. Yu, J. Jiang, L. Yang, and R. Xia, “Improving multimodal named entity recognition via entity span
detection with unified multimodal transformer”, in Proceedings of the 58th Annual Meeting of the
Association for Computational Linguistics, 2020, pp. 3342-3352.

81



Lagutina N.S., Vasilyev A. M., Zafievsky D. D.

[47]

(48]

[50]

[51]

[54]

[55]

[59]

M. Asgari-Bidhendi, B. Janfada, O. Roshani Talab, and B. Minaei-Bidgoli, “Parsner-social: A corpus for
named entity recognition in persian social media texts”, Journal of Al and Data Mining, vol. 9, no. 2,
pp. 181-192, 2021.

R. Priyadharshini, B. R. Chakravarthi, M. Vegupatti, and J. P. McCrae, “Named entity recognition for
code-mixed indian corpus using meta embedding”, in 2020 6th International Conference on Advanced
Computing and Communication Systems (ICACCS), IEEE, 2020, pp. 68-72.

M. C. Phan and A. Sun, “Collective named entity recognition in user comments via parameterized
label propagation”, Journal of the Association for Information Science and Technology, vol. 71, no. 5,
pp. 568-577, 2020.

A. Vaswani, N. Shazeer, N. Parmar, J. Uszkoreit, L. Jones, A. N. Gomez, L. Kaiser, and 1. Polosukhin,
“Attention is all you need”, Advances in neural information processing systems, vol. 30, pp. 5998—6008,
2017.

X. Wang, Y. Zhang, X. Ren, Y. Zhang, M. Zitnik, J. Shang, C. Langlotz, and ]. Han, “Cross-type
biomedical named entity recognition with deep multi-task learning”, Bioinformatics, vol. 35, no. 10,
pp. 1745-1752, 2019.

W. Yoon, C. H. So, J. Lee, and J. Kang, “Collabonet: Collaboration of deep neural networks for
biomedical named entity recognition”, BMC bioinformatics, vol. 20, no. 10, pp. 55-65, 2019.

L. Weber, M. Sénger, J. Miinchmeyer, M. Habibi, U. Leser, and A. Akbik, “Hunflair: An easy-to-use
tool for state-of-the-art biomedical named entity recognition®, Bioinformatics, vol. 37, no. 17,
pp. 2792-2794, 2021.

D. Kim, J. Lee, C. H. So, H. Jeon, M. Jeong, Y. Choi, W. Yoon, M. Sung, and J. Kang, “A neural named
entity recognition and multi-type normalization tool for biomedical text mining”, IEEE Access, vol. 7,
pp- 73729-73740, 2019.

Z. Miftahutdinov, I. Alimova, and E. Tutubalina, “On biomedical named entity recognition:
Experiments in interlingual transfer for clinical and social media texts”, in European Conference on
Information Retrieval, Springer, 2020, pp. 281-288.

R. Catelli, F. Gargiulo, V. Casola, G. De Pietro, H. Fujita, and M. Esposito, “Crosslingual named entity
recognition for clinical de-identification applied to a covid-19 italian data set”, Applied Soft Computing,
vol. 97, p. 106 779, 2020.

L. Luo, Z. Yang, P. Yang, Y. Zhang, L. Wang, H. Lin, and J. Wang, “An attention-based bilstm-crf
approach to document-level chemical named entity recognition”, Bioinformatics, vol. 34, no. 8,
pp. 13811388, 2018.

W. Hemati and A. Mehler, “Lstmvoter: Chemical named entity recognition using a conglomerate of
sequence labeling tools”, Journal of cheminformatics, vol. 11, no. 1, pp. 1-7, 2019.

Z. Hong, R. Tchoua, K. Chard, and 1. Foster, “Sciner: Extracting named entities from scientific
literature”, in International Conference on Computational Science, Springer, 2020, pp. 308-321.

L. Weston, V. Tshitoyan, J. Dagdelen, O. Kononova, A. Trewartha, K. A. Persson, G. Ceder, and
A. Jain, “Named entity recognition and normalization applied to large-scale information extraction
from the materials science literature”, Journal of chemical information and modeling, vol. 59, no. 9,
pp. 3692-3702, 2019.

A. Kumar and B. Starly, ““fabner”: Information extraction from manufacturing process science
domain literature using named entity recognition”, Journal of Intelligent Manufacturing, vol. 33, no. 8,
pp. 2393-2407, 2022.

113353

82



Name Entity Recognition Tasks: Technologies and Tools

[60]

[61]

[64]

[65]

[66]

[67]

[68]

[69]

[73]

[74]

S. Moon, G. Lee, S. Chi, and H. Oh, “Automated construction specification review with named entity
recognition using natural language processing”, Journal of Construction Engineering and Management,
vol. 147, no. 1, p. 04 020 147, 2021.

M. H. Syed and S.-T. Chung, “Menuner: Domain-adapted bert based ner approach for a domain with
limited dataset and its application to food menu domain”, Applied Sciences, vol. 11, no. 13, p. 6007,
2021.

G. Popovski, S. Kochev, B. Korousic-Seljak, and T. Eftimov, “Foodie: A rule-based named-entity
recognition method for food information extraction.”, in ICPRAM, 2019, pp. 915-922.

F-L. Li, H. Chen, G. Xu, T. Qiu, F. Ji, J. Zhang, and H. Chen, “Alimekg: Domain knowledge graph
construction and application in e-commerce”, in Proceedings of the 29th ACM International Conference
on Information & Knowledge Management, 2020, pp. 2581-2588.

N. Perera, T. T. L. Nguyen, M. Dehmer, and F. Emmert-Streib, “Comparison of text mining models for
food and dietary constituent named-entity recognition”, Machine Learning and Knowledge Extraction,
vol. 4, no. 1, pp. 254-275, 2022.

T. Eftimov, B. Korousic Seljak, and P. Korosec, “A rule-based named-entity recognition method for
knowledge extraction of evidence-based dietary recommendations”, PloS one, vol. 12, no. 6, 0179488,
2017.

Z.Liu, M. Luo, H. Yang, and X. Liu, “Named entity recognition for the horticultural domain”, in Journal
of Physics: Conference Series, IOP Publishing, vol. 1631, 2020, p. 012 016.

G. Kim, C. Lee, J. Jo, and H. Lim, “Automatic extraction of named entities of cyber threats using a
deep bi-Istm-crf network”, International journal of machine learning and cybernetics, vol. 11, no. 10,
pp. 2341-2355, 2020.

S. Zhou, J. Liu, X. Zhong, and W. Zhao, “Named entity recognition using bert with whole world
masking in cybersecurity domain”, in 2021 IEEE 6th International Conference on Big Data Analytics
(ICBDA), IEEE, 2021, pp. 316-320.

M. Tikhomirov, N. Loukachevitch, A. Sirotina, and B. Dobrov, “Using bert and augmentation in named
entity recognition for cybersecurity domain”, in International Conference on Applications of Natural
Language to Information Systems, Springer, 2020, pp. 16—24.

T. W. T. Au, L J. Cox, and V. Lampos, “E-ner—an annotated named entity recognition corpus of legal
text”, arXiv preprint arXiv:2212.09306, 2022.

C. Cetindag, B. Yaziciouglu, and A. Koc, “Named-entity recognition in turkish legal texts”, Natural
Language Engineering, pp. 1-28, 2022.

A. Brandsen, S. Verberne, K. Lambers, and M. Wansleeben, “Can bert dig it? named entity recognition
for information retrieval in the archaeology domain”, Journal on Computing and Cultural Heritage
(JOCCH), vol. 15, no. 3, pp. 1-18, 2022.

E. Kogkitsidou and P. Gambette, “Normalisation of 16th and 17th century texts in french and
geographical named entity recognition”, in Proceedings of the 4th ACM SIGSPATIAL Workshop on
Geospatial Humanities, 2020, pp. 28-34.

D. Alexander and A. P. de Vries, “” this research is funded by..”: Named entity recognition of
financial information in research papers”, in Proceedings of the 11th International Workshop on
Bibliometric-enhanced Information Retrieval co-located with 43rd ECIR, Sl: CEUR, 2021, pp. 102-110.

J. Li, S. Shang, and L. Shao, “Metaner: Named entity recognition with meta-learning”, in Proceedings
of The Web Conference 2020, 2020, pp. 429-440.

83



Lagutina N.S., Vasilyev A. M., Zafievsky D. D.

(81]

(82]

(85]

[86]

(88]

(89]

[90]

B. Nie, C. Li, and H. Wang, “Ka-ner: Knowledge augmented named entity recognition”, in China
Conference on Knowledge Graph and Semantic Computing, Springer, 2021, pp. 60-75.

B.-S. Lin, J.-H. Chen, and T.-H. Chang, “Nerve at rocling 2022 shared task: A comparison of three
named entity recognition frameworks based on language model and lexicon approach”, in Proceedings
of the 34th Conference on Computational Linguistics and Speech Processing (ROCLING 2022), 2022,
pp. 343-349.

T. Isazawa and J. M. Cole, “Single model for organic and inorganic chemical named entity recognition
in chemdataextractor”, Journal of Chemical Information and Modeling, vol. 62, no. 5, pp. 1207-1213,
2022.

B. Singh, A. Marathe, A. A. Rizvi, and A. R. Joshi, “Retaining named entities for headline generation”,
in Inventive Computation and Information Technologies, Springer, 2021, pp. 221-234.

Y. Ji, C. Tong, J. Liang, X. Yang, Z. Zhao, and X. Wang, “A deep learning method for named entity
recognition in bidding document”, in Journal of Physics: Conference Series, IOP Publishing, vol. 1168,
2019, p. 032 076.

S. M. Makeev, S. V. SHekshuev, M. G. Petrov, and S. D. Zyuzin, “Modul’ obrabotki estestvennogo yazyka
na osnove obuchennoj modeli nejronnoj seti s mekhanizmom poiska imenovannyh sushchnostej”,
Izvestiya Tul’skogo gosudarstvennogo universiteta. Tekhnicheskie nauki, no. 9, pp. 56—64, 2022.

K. Krasnashchok and S. Jouili, “Improving topic quality by promoting named entities in topic
modeling”, in Proceedings of the 56th Annual Meeting of the Association for Computational Linguistics
(Volume 2: Short Papers), 2018, pp. 247-253.

e

A.Kumar and B. Starly, ““fabner”: Information extraction from manufacturing process science domain
literature using named entity recognition”, Journal of Intelligent Manufacturing, pp. 1-15, 2021.

A. Siekmeier, W. Lee, H. Kwon, and ].-H. Lee, “Tag assisted neural machine translation of film
subtitles”, in Proceedings of the 18th International Conference on Spoken Language Translation (IWSLT
2021), 2021, pp. 255-262.

J. Ding, H. Sun, X. Wang, and X. Liu, “Entity-level sentiment analysis of issue comments”, in
Proceedings of the 3rd International Workshop on Emotion Awareness in Software Engineering, 2018,

pp- 7-13.

J. Yu, J. Jiang, and R. Xia, “Entity-sensitive attention and fusion network for entity-level multimodal
sentiment classification”, IEEE/ACM Transactions on Audio, Speech, and Language Processing, vol. 28,
pp. 429-439, 2019.

Z. A. Guven and M. O. Unalir, “Improving the bert model with proposed named entity recognition
method for question answering”, in 2021 6th International Conference on Computer Science and
Engineering (UBMK), IEEE, 2021, pp. 204-208.

B. Kleinberg, M. Mozes, A. Arntz, and B. Verschuere, “Using named entities for computer-automated
verbal deception detection”, Journal of forensic sciences, vol. 63, no. 3, pp. 714-723, 2018.

M. Honnibal, I. Montani, S. Van Landeghem, and A. Boyd, Spacy: Industrial-strength natural language
processing in python, zenodo, 2020.

P.Qi, Y. Zhang, Y. Zhang, J. Bolton, and C. D. Manning, “Stanza: A Python natural language processing
toolkit for many human languages”, in Proceedings of the 58th Annual Meeting of the Association for
Computational Linguistics: System Demonstrations, 2020. [Online]. Available: https://nlp.stanford.edu/
pubs/qi2020stanza.pdf.

84


https://nlp.stanford.edu/pubs/qi2020stanza.pdf
https://nlp.stanford.edu/pubs/qi2020stanza.pdf

Name Entity Recognition Tasks: Technologies and Tools

[91] J. Nothman, N. Ringland, W. Radford, T. Murphy, and J. R. Curran, “Learning multilingual named
entity recognition from wikipedia”, Artificial Intelligence, vol. 194, pp. 151-175, 2013.

[92] M. S. Burtsev, A. V. Seliverstov, R. Airapetyan, M. Arkhipov, D. Baymurzina, N. Bushkov, O.
Gureenkova, T. Khakhulin, Y. Kuratov, D. Kuznetsov, et al., “Deeppavlov: Open-source library for
dialogue systems.”, in ACL (4), 2018, pp. 122-127.

[93] V. Mozharova and N. Loukachevitch, “Two-stage approach in russian named entity recognition”, in
2016 International FRUCT Conference on Intelligence, Social Media and Web (ISMW FRUCT), IEEE, 2016,

pp- 1-6.

85



	Классическая задача NER
	Подзадачи NER
	NER в социальных сетях
	NER в предметных областях
	NER в задачах NLP
	Эксперименты
	Инструменты обработки естественного языка
	Корпус текстов
	Архитектура испытательного стенда
	Результаты экспериментов

	Заключение

