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3BneyeHne MHopmaLnm n3 TeEKCTOB, rpadobl
3HaHUN N bonbLUME A3bIKOBbIE MOAENN

JNykawesuny H.B.

OOKTOP TEXHUYECKUX HaYK
BeOyLUUN Hay4dHbIn coTpyaHuk HUBL MI'Y nmenun M.B. JlomoHocoBa,
npodoeccop, 3aB. kKadpeapon BMK MIY,
npodpeccop dunonorndeckoro dakynsreta My
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3BneyeHne nHgpopmaLnm N3 TEKCTOB

3apaya npeobpasoBaHNA HECTPYKTYPUPOBAHHbIX AAHHbIX B CTPYKTYPUPOBAHHbIE

e /IMEeHoOBaHHblIE (KOHerTHble) « CBHA3aHHbIE C HUMU CODbLITUSA U C_baKTbl
CYLLIHOCTMU
- criusiHue/rnoariowleHuUe KomrnaHud. ..
» MEPCOHbI, KOMMaHUKN, agpeca, npuobpemeHue KOHMPOsibHO20
naTthl nakema axkuuu

» YNNOMUWUHaAHNA TEHOB U bernkoB u np.

« OTHOLLEHUS BblAENEHHbIX CYLLHOCTEN:

» MecTo paboTbl, JOMKHOCTb
> Bsanmopnencrteune 6enkos



 HoBble acnekThbl n3BnevyeHud
MHdopMaLnn N3 TEKCTOB

* 13BneyeHne BNoXeHHbIX
MMEHOBAHHbIX CYLLHOCTEN U
OTHOLLEHUN MEXOY HUMMU

e A3Bne4yeHne coobITUN

* CBA3b 3a4a4 N3BrneYeHuns
NHpopmaumn ¢ rpapamm 3HaHUM

[TnaH

« HenpoceteBble nogxoabl Ang
N3BrevYeHnsa nHpopmaLunu:

3BnedeHne cyLHoCTeN
3Bne4yeHne oTHOLLEHNU

3meHeHna npn nssnevyeHum
BNOXXEHHbIX CYLLHOCTEN U OTHOLLEHUU

CkBo3Hoe (end-to-end) nssneyenHmne
NHpopmauunm

N3BneuyeHne nHdopmauum 6onbLnmMmm
A3bIKOBbIMW MOAENSIMU



N3BneyveHue lnockue (flat) — 3agava pasmeTku
nocnenoBaTenbHOCTEN: HYXXHO NPUNUCAaTh HYXHbIN Ter
KaXXgoMy TOKEHY

«]» brat

KoanposaHue BIO

MynemeTsbl, aBTOMaThl U CHalinepckne BUHTOBKN U3bSATbI B apeHgayemMomMm amepukaHuamn aome B

LOC
Bullkeke

[Tpecc-cnyxba O
3| 05/08/2008 10:35
. MBL B-ORG
i Kupruaum B-GEOPOLIT

5| BULLIKEK, 5 aBrycta /HoBoCTU-Tpy3nsi/. MpaBooXpaHuUTE NbHbIE OpraHbl KUPriaun 0GHapYXun B

Jome, apeHayemoM rpaxxaaHamn  CLUA B BULLKeke, NynieMeTbl, aBTOMaThl U CHalinepckue

(GEOPOLIT
BWHTOBKM, COO6LUAET BO BTOPHUK Npecc-cyx6a MBL Kuprusuu.

"B X0f4€e NPOBEAEHNSI ONepaTUBHO-NPOGUIAKTUYECKOTO MEPONPUATIAS NOA KOAOBbIM HAa3BaHNEM

(MISC) ARTEFACT
@ | ApceHan” s HOBOCTpOIike bIHTbIMakK, B AOME, NMPUHAAIEXALLEM 66-NETHEMY FPaXKLAHUHY

PasmeuyeHHble gaHHble Collection5 (Mozharova, Loukachevitch, 2016)



Tekywiaa bazoBast TEXHONOMMA — KOANPOBLLMKN TpaHCOPMEPOB .
Mopoenb BERT (no3gHee RoOBERTa)

Output
Probabilities O

B-PER 0
| I_infear ] ‘ '
T2 css

S
(= 3ERES

[ Softmax |

Feed
Forward
s 1 ~\ [ Add & Norm J=—
—{ Add & Norm ) Multi-Head BERT
Feed Attention
Forward 7 7 E) N
-~ ‘ ‘
[ Add & Norm J=—
Nx< T
—| Add & Norm ) Masked e
Multi-Head Multi-Head
Attention Attention E[CLS] E1 Ez N
At ~» At~
— J U ———— . Mg X - -
Positio_nal D 69—® Positional 4 R 4 Y M
Encoding Encoding [CLS] Tok 1 Tok 2 s Tok N
Input Qutput
Embedding Embedding l
Inputs Outputs

(shifted right)

Figure 1: The Transformer - model architecture.

BERT — npegobyyeH Ha TEKCTOBbLIX KOMEKLMNAX
npeackasbiBaTb MaCcKMPOBaHHYHO CYLLHOCTb



F1

N3meHeHne pesynbtaToB Ha gatacete CONLL-2003: 4 tuna

cylwHocTteun (paperwithcode.com)

View | F1 v by Date v for All models

ACE + document-context

94 Cross-sentence context-(First)
Flair embeddings

BILSTM-CRF£ELMO
97 BI-LSTM-CNN

90

2016 2017 2018 2019 2020 2021 2022

Other models Models with highest F1



N3IMEHEHUA MMEHOBAHHbLIX CyU.lHOCTeIZ

Pacnpejenenne cynocreii 8 Sec  col

BERT MOXHO fo0DyYaTh Ha LeNeBbIX KOMMeKUMax 1 yryyiliaTe Ka4ecTBo

Tun cymuocTH Onucanne Kosmuectso

ORG opranu3aiun (11 Opranu3aiiiii, HCKJI0Yas FPYNibl Xa- 3791

KEepOoB)
PROGRAM | nporpammbl (HporpaMMHBIE TPOJAYKTEI H HX COCTAB/IAIO- 3497
HIHE: KO/bI, IPONEAYPHI)

TECH TEXHOJIOIMHN (MMEHOBAHHBIC METO/AbI 1 MOIXO0/1bI) 2962
LOC nokaiun (reorpacdpuueckue jokamum) 1376
PER NepCoHbl (MMeHa JIi0/1eil, KOTOPBIe He ABISI0TCH XaKepa- 1015

MH)
DEVICE yeroiiersa (pasinyHble 3JIeKTPOHHLIC | K()MIlb!()’l‘(‘pllbl(.‘- 539
yerpoiicrsa)

VIRUS Bupychl (BpegonocHoe 110 n ysssumocTn) 480

EVENT cOOLITHS 301

HACKER XaKepbl (OT/1e/IbHBIE XaKepbl H XaKepeKue Ipyniib) 60

CRF | BERT | RuBERT | RuCyBERT

DEVICE 31.78 | 34.04 |43.13 46.77
EVENT 42.70 | 60.38 | 64.49 67.86
HACKER | 26.58 | 42.69 |52.43 61.03
LOC 82.30 [ 90.00 | 91.28 90.01

ORG 68.15 | 76.10 | 78.95 78.58

PER 67.10 | 80.99 | 84.32 84.56
PROGRAM | 62.15 | 63.15 | 64.77 66.57
TECH 60.65 | 67.08 | 67.60 69.24
VIRUS 40.90 [ 40.21 |46.92 54.72
F-micro 63.95 | 69.37 | 71.61 72.74
F-macro H3.59 | 61.63 | 65.99 68.82
F-macro std | — 1.52 |0.93 0.86

Tikhomirov M. M., Loukachevitch N. V., Dobrov B. V. Recognizing named entities in specific domain //LobachevskKii
Tn1irnal nf Matheamatice — 2020 —- T A1 —_—C 1501_1RAN2



BrnoxeHHble MMeHOBaHHbIE CYLHOCTU

CyLHOCTN MOryT coaepaTtb Apyrme BrioXeHHbIe
CYLLIHOCTW

[Mpumepsbl: gatacet NNE (2019),
pycckosasblyHbIM gataceT NEREL

MOXHO onucbiBaTb U U3BMEKATb OTHOLLEHUSA

MEMBER_OF

WORKPLACE
mAbouARlykw INﬁ
HEADQUARTERED_IN OUNTR !

MeXay BI10XEHHbIMU CYLLIHOCTAMA

« CTaBuTb 3aga4vy nU3BrnevYeHns BNOXEHHbIX
CYLLHOCTEN Kak 3agady pa3MeTKN TOKEHOB
HeuenecoobpasHo

* Hy)KHO n3BreKkaTtb Ha4varno n KoHewl CyLLUHOCTU

ORGANI ZATIONJ \
NUMBER ORGANIZATION NUMBER [PROFESSION]

ODS umeer B 200-mecTHOW HuxHel nanare Yewckoro napnameHta 53 aenyrara,

Il [1o nosiBNIeHNA HEMPOCETEBLIX MoaeNen
3afa4ya n3eriedeHns BIIOXXEHHbIX CYLLHOCTEeN
NpaKkTU4YeCKN He pellarnachb



MeToabl n3BneyeHns BrioXKeHHbIX MMEeHOBAHHbIX
CYLLHOCTeu

Eiaffine Classifier

/\

FFNN_Start FFNN_End

>

«— | e |e

A A A
BERT, fastText & Char embeddings

Apxurekrypa Biaffine NER

“Former UM, Ambassodor ™, _

layer 5 L"'-rfm Kirkpatrick ' ",
Farmer LI of UM Ambsggadas
|.E',I'E|‘ 4 Amboisador Jeane' Jeone Erkpatrichk - -
S -1 - r
— Sl it

Fermer LML W Ambassadol__~ Ambasssdar

layer 3 astamiliairin  esre Leare Kirkgatrigh
w .__ql-.___.'-_ -_1-._ I 7

I rd ‘Poremer l.l'h; . UM, o Ambassader, . Jeane
aye ° v Ambassoder ., Jeane ' “Jirkpatrick'

layer 1 Fdi‘ﬂl.l!.l":.-_'. = UM s Ambassader = Tears = Kirkpatrick

inputs: Former U.N. Ambassador Jeane Kirkpatrick ...

labels: “ORG: ————ROLE SFIRST- __NAME
ROLE

FEF

Apxurektypa Pyramid NER



Meton Machine Reading Comprehension B 3agadye
N3BrevYeHns NMeHOBaHHbIX CYLLIHOCTEN

« Mogenb MRC paét otBeT A Ha Bonpoc e
Q, BbIbupas ero n3 koHtekcta C. 0
Takum obpa3om, OTBETOM ABMHAETCS nap wasane rone
NoanocnenoBaTerbHOCTb CroB | { |
NCXOOHOIo rlpeﬂj'IO)KeHl/Iﬂ KnaccudpmKaTop HauanbHeIX N03ULMIA KnaccndpuKaTop KOHeUHbIX No3MLMiA
t £
 3anpochb! (MPOMNTbI, MOACKAa3KW): (015 €urs o e €0y Cismm } LEL, €9, - €0}
« TonkoBaHWUS CYLLIHOCTEN =
« Knto4veBoe crnoBo Tuna BEGRT
« Hanboree 4aCTOTHblE CYLLIHOCTU B - - -
06y\-|a}OLLI,I/|X OaHHbIX [Moackaska BXOAHAR MOCNEA0BATENLHOCTE

{[CLS]? qd1, 92, - - -5 Qm; [SEPL Ly L2y =1y mn}



[laTtacetr NEREL — paTaceTt gna pycckoro si3bika c

BI1O>)KEHHbIMI CYLLUIHOCTAMN

person Il 9685
profession NG 8743
organizatior; I 7061 Dataset Lang #NEinst.  Max  #Rel inst.
event I 5931 . VDo
date 1N 4931 (Types) Depth (Types)
country Il 4448
city 1l 2296 I CoNLLO3 (Tjong Kim Sang and De Meulder, 2003)  en 345K 4) | -
number Il 1904 Ontonotes (Hovy et al., 2006) en 104K (19) 1 -
age Il 1193
b ———————— B oS 2 ACE2005 (Walker ctal., 2006) en 30K 6 83K(©)
state or prov - 751 NNE (Rlngland cl ul-. 20'9) cn 279K (l |4) 6 -
nationality 744 No-Sta-D (Benikova et al., 2014) de 41K (12) 2 -
fac:lity I 737 Digitoday (Ruokolainen et al., 2019) fi 19K (6) 2 -
aw I—— 734 lank et al., 202( g 4K (4 =
work_of art E— ol DAN+ (Plank et al., 2020) da 6.4K (4) 2
crime I 564
disease N 551 3 TACRED (Zhang et al., 2017) en 3) 1 22.8K (42)
location IIEEEEG_—_N 529 DocRED (Yao et al., 2019) en 132K (6) | 56K (96)
ideology N 524
E’::;if; -_ 3:192 4  Gareev (Gareev et al., 2013) ru 44K (2) | -
time I 135 Collection3 (Mozharova and Loukachevitch, 2016) ru 26.4K(3) | -
money N 325 FactRuEval (Starostin et al., 2016) ru 12K (3) 2 1K (4)
district I 201 BSNLP (Piskorski et al., 2019) ru 9K (5) 1 -
religion 168 RuREBUS (lvanin et al., 2020) ru 121K (5) 1 14.6K (8)
percent Il 8 Total RURED (Gordeev et al., 2020) o 226K(28) | 5.3K(34)
language Il 85 m Nested
family I 52
0 1 2 3 4
10 10 10 10 10 NEREL - ru 100K (29) 6 49 (73K)

Loukachevitch N. et al. NEREL: a Russian information extraction dataset with rich annotation for nested entities, relations, and wikidata entity links

// Language Resources and Evaluation. — 2024. — T. 58. — Ne. 2. — C. 547-583.



Pes3ynstatbl METOOOB M3BMEYEHUA BNOXKEHHbIX
MMeHOBaHHbIX cyllHocTen Ha gatacete NEREL

Method

Biaffine, fT

Biaffine, RuBERT, fT
Pyramid, fT
Pyramid, RUBERT, fT
Second best, fT
Second best, RUBERT
SpERT, RuBERT

MRC

[Mpobnema: MRC paboTtaeT gonro

81.64
80.7

75.87
79.54
78.48
82.53
82.90
85.04

77.69
77.84
72.40
79.91
63.65
84.41
82.14
84.95

F1

79.62
79.25
74.09
79.73
70.29
83.46
82.52
84.99



MRC — pa3Hble noackaskuy (NpomMnTbl)

OnpeaeneHunn
KOHTEeKCTHbIN
INNekcnyeckum (“npemusa’ -> AWARD)

CTpykTypHbINn (“‘npemus” -> [‘npemus” |
AWARDY])

lMonHbIN NeKkcuyecknm
lMonHbIN CTPYKTYPHbIN

N caMbIX YaCTOTHbIX NPUMEpPOB
cywHocTten (DATE - 3TO CyLLHOCTb, Takmne
kak B 2011 roqy, B noHeOenbHWK, 3aBTpa.)

N camMbIX 4YaCTOTHbIX KOMMNOHEHTOB
cywHocTten (DATE - aTO CyLHOCTb, Takne
Kak rofd, 3aBTpa, Mecsu.)

Bua noackaskm

O61asi mocraHoBkKa

Tounocts | Ilosmora | F1
Onpeenenns 78.76 72.44 74.31
2 caMbIX YacCT. CYIII. 78.59 72.19 74.17
D caMbIX 4HacCT. CYIIL. 79.23 71.58 73.89
10 cambIxX 4yacT. cyIi. 78.13 70.64 73.09
2 caMbIX YacT. KOMIL. 78.65 73.05 74.63
D caMbIX HacCT. KOMII. 78.54 C20¢ 74.62
10 campbix gyacT. koM. | 78.04 71.82 73.76
Onp. u 2 KoMmII. 78.37 71.74 73.96
Omp. u 5 KoMmII. 77.83 72.62 74.26
Omup. u 10 komI. 77.60 71.36 1322
KonrekcrHbiii 75.97 67.05 69.39
CTpyKTYpHBIii 80.69 71.47 74.43
Jlekcuuecknii 79.94 71.69 74.30
ILJI, BuyTp. 80.80 71.37 74.37
[1JI, BHemmH. 80.18 2.0 74.54
[IC, BayTp. 80.35 72.02 74.40

80.16 71.60 74.07

[1C. Buenn.

Rozhkov I. S., Loukachevitch N. V. Prompts in few-shot named entity recognition //Pattern Recognition and Image
Analysis. — 2023. - T. 33. — Ne. 2. — C. 122-131.



Pa3meTka BNOXXeHHbIX MUMEHOBaAHHbIX CYLLHOCTEU B
natacete NEREL-BIO

-
2
o TIME
z

<o AGE

%c;\ oe’;} Table 1 Statistics of NEREL-BIO.
Collection No. of No. of No. of nonzero

doc entities entity rypes
Abstracts in Russian 766 66 888 37
Abstracts in English 105 10 651 32
ORGANIZATION NEREL-BIO
pERSON g
Lo giomedical
Entities —

—_ ——

— —
INAA T L, )
ARSI -

p e

Isolated bronchus resection for central cancer

Loukachevitch N. et al. NEREL-BIO: a dataset of biomedical abstracts annotated with nested named entities //
Bioinformatics. — 2023. — T. 39. — Ne. 4. — C. btad161.



MeTtoa n3snevyeHna MMeHoBaHHbIX cyLlHocTen Binder
(2023)

3BriekaeT BIIOXXEHHbIE CYLLHOCTU
Acnornb3yeT KOHTpacTUBHOE Oby4eHne

Y Kaxkgoro tuna CyLHOCTU OOIMKHO ObITb
onuncaHue Ei

OcH

OBHaA naed KOHTpaCTnBHOIO

00yyeHus:

[bv—.—‘vﬁ
2 WaAill

Hy>XHO onmncaHns CyLLHOCTEN K
BXOAHblE JaHHble Npeobpa3oBaTh B
HEKOTOPOE BEKTOPHOE NMPOCTPAHCTBO,
4YTOObI CYLLHOCTM OKa3anucb dnmxe K
CBOEMY MpaBuUibHOMY TUMY

exp(sim(s; j,ex))

= — log

ZS'ES[ Us; j exp(sim(s’,ex))

Obought

Linear Layer
| 1 |

Entity Type Encoder
| I |

[CLS] ["Person" Description| [SEP]

Linear Layer
I R S B T Y

Text Encoder

[CLS] Jim bought 300 shares of Acme Corp [SEP]



3akrntoyeHune K pasgeny NER

 [Tnockmne vs. BnoXeHHble

CYLLHOCTHU
TectupoBaHne RUNNE-2022 Ha ocHoBe NEREL
 MeTtoa onga ncnonb3oBaHUSA Ha

OCHOBE KOHTPaCTMBHOIo 0by4eHuns

Binder
User Team | # of runs | F1iu set | 1o shot ‘ System Summary
’ Baseline | - | 0674 | 0447 | RuBERT
* Il MMeHOBaHHbIe CyLLHOCTN MOTYT Particivating Teams
N3BJ1EKATbCA U Ha npaBMﬂaX ksmith Pullenti 44 0.811 0.710 Rule-based
abrosimov_kirill  Saldon 20 0.741 0.644 Sodner model, labelling
* PacnonoxeHbl B O4HOM fulstock MSU-RCC | 7 0.749 0.604 | MRC model
npeﬂ'nomeHMM N KOMMNAaKTHO svetlan 23 0.607 0.572 n/a
LIORI 6 0.653 0.433 n/a
° Tpe6yeT pa3B|/|Ta;| botbot 3 0.460 0414 n/a
bond005 SibNN 20 0.743 0.404 Siemese network, Viterbi alg.
NWHCTPYMEHTAalIbHaA CUMCTEMA Stud2022 24 0.477 0395 | n/a
3anvucu I'IpaBI/IJ'I mojesty 2 0.619 0.172 n/a

Artemova E. et al. Runne-2022 shared task: Recognizing nested named entities //arXiv preprint arXiv:2205.11159. — 2022.



MeToabl n3snevyeHmsa oTHOLLEHUN

« CnoxHasa 3ajauva ajid MetoaoB Ha BnuaHne npmnsHakoB Ha Ka4ecTBO
npasunax u Knaccudeckmnx n3BnevyeHust oTHowweHun (Zhou et al. 2005)

MeToaoB MalLMHHOIO O6y‘—IeHI/IFI

« Cutyaums nameHmnaco C

Features P R F
NPUXoO0M HEUPOCETEBLIX Words 69.2 23.7 353
+Entity Type 67.1 32.1 43.4
noaxoaos, ele Jiyyuine +Mention Level 67.1 33.0 44.2
+Overlap 57.4 40.9 47.8
pe3ynbraTthbl Aann KOONPOBLLUNKA +Chunking 61.5 46.5 53.0
+Dependency Tree 62.1 47.2 53.6
TpaHcdopmepos (BERT) +Parse Tree 623 476 540

+Semantic Resources 63.1 49.5 §5.5




BERT B 3agade nsBne4vyeHna otHoweHun (Soares et al., 2019)

1) Standard - [CLS]
2) Standard — mention pooling

- Bxon:
CTaHOapTHbIN

- BbIxoa: max pooling BekTopoB
MeXAay CYLHOCTAMY

1) Standard — [CLS]

2) Standard — mention pooling

3) Positional emb. — mention pool
4) Entity markers - [CLS]

- Bxopa: pobaenstoTcs cney
TOKEHbI Ha rpaHuuax
CyLLHOCTEN

- Bbixoa: ambeauHr [CLS]
TOKEHA

0) 000

X
T

Deep Transformer (BERT)

TIIEER

[CLS] Entity1 ... ... Entity2.... [SEP]

é

Deep Transformer (BERT)

ANEERE WORE

[CLS] [E1] Entity 1[E1] ... ..

[E2] Entity 2 [/E2) [SEP]

[MNoaxoabl cBeAeHUS K 3aJade U3BreveHns

OTHOLLEHWIA

1) Standard — [CLS]

2) Standard — mention pooling

3) Positional emb. — mention pool
4) Entity markers — [CLS]

5) Entity markers — mention pool.

Standard — [CLS]

Standard — mention pooling
Positional emb. — mention pool
Entity markers — [CLS]

Entity markers — mention pool.
Entity markers - entity start

Db WN -
N~ S S~

s

Deep Transformer (BERT)

Swanmn womD

[CLS] [E1] Entity 1[/E1] ... ... [E2] Entity 2 [/E2] [SEP]

.,

Deep Transformer (BERT)

TIIIEETIY

[CLS] [E1] Entity 1[/E1] ... ...

[E2] Entity 2 [/E2] [SEP]



NEREL: 49 TMnoB oTHOLLEHUN

OTHOLIJeHMFI nogen:

« Workplace,
place of birth..

OTHOLIJeHI/IFl opraHusaumm

« Workplace,
headquartered..

OTHOLWEHNa cobbITUA

 Roles
« Temporal relations

* Place of event

e Causal relations
CUHOHUMUNYHbIE OTHOLLEHUS

Abbreviation
Alternative_name

ALTERNATIVE_NAME

————ALTERNATIVE_NAME j

PROFESSION
M3p Mockebl

ALTERNATIVE_NAME

participant_in I——
oint_in_time m—
takes_place_in mm—m
1485

headquartered_in I

wo?ks as I E—

origins_from ——
locafed_in nmmm——
1007

agent ImE——
age_is MNm———
755
743
584

produces I
has_cause Hmmm———
519

awarded_with Inm——
430

ki
inanimate_involved Immm——
subordinate _of
medical_condition Imm——
“parent_of IEnE——
place_resides_in Imm——— 312
240

part_of IE———

ideology_of =

subevent_of IENE————— 426

member_of I 426

convicted_of ImE———— 404

nows INE—— 393

383

359

founded by mmm————
owner_of I
abbreviafion IEEEE—————— 233
organizes ME———— 206
penalized_as I 197
spouse INE——— 191
date_of_creation mmmm— 169
date_of birth mmmm 161
date_of_death 155
religion_of mmmmmmmm 155
place_of_birth Hmmm— 142
age_died_at mmmm—— 142
schools_attended Mm—————— 138
sibling IE——— 120
place_of_death memmmm 109
cause_of_death Hmm——— 82
‘start_time I—— 75
date_founded_in memm 68
income NI 64
relative IENE——— 61 Total
expenditure INE——— 50
price_of I 49 mmm Cross_sentence
end_time 46 Nested+Cross_entities
date_defunct_in 9
10° 10’ 10° 10°

ALTERNATIVE_NAME

PARTICIPANT IN

EVEN

— ——

CEDI’EM COﬁHHHH MOy4aCTe0Ba/1 B TOPXECTBEHHOM OTKDbITUM HOBOI CLieHb B MOCKOBCKOM ,DpaMaTH'-IECI(OM TE&TDE M. M. H. EDMOIIOBOH




Pe3ynbraTthl n3Bne4yeHnUa OTHOLWLEHUW ONA gartaceTa
NEREL (I'aket OpenNRE)

Cls-pooling 51.0
Entity-pooling 65.0
ent.marker-ent 80.1
ent.marker-cls 75.9

Standard — [CLS] ‘i
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3Bne4vyeHmne nHdopmaLnm n3 TeKCTOB M rpadbl 3HAHUN

* HyxHbl 6onbwmne rpadbl 3HAHUN, YTOObI
MCNONb30BaTb NX B COBPEMEHHbIX 3aa4ax

* ['padpbl 3HAHUW HUKOrAA HE MOJSIHBI,
 [1n4A 3TOro Hy>XHO NPOBEPATL, ECTb NU HY>KHO MOMNONHATH

* /13BNeYeHHble CYLLHOCTU U OTHOLLEHUS
HY>KHO 3arpykaTb B 0a3y 3HaHWUM

Takasi CyLLUHOCTb 1 Takoe OTHOLLUEHNE B
base  [lononHeHne rpadoB 3HaHUN U3 TEKCTOB

* V3BneyeHne MMeHoBaHHLIX CYyLLHOCTEN
* /3Bne4yeHmne OTHOLLIEHNI MexXay

* CasasbiBaHue cyllHocTen (Entity VIMEHOBaHHbIMM CYLLHOCTAMY
Linking) * Entity linking (CBSi3bIBaHWe CyLLHOCTEN C
- M3BneYeHHble CYLLHOCTM HY>KHO rpachom)

CBA3aTb C Kakon-To Oa3on 3HaHUWN.

- A ecnu HeT Takou CcyLHOCTHM B Dase,

TO MOCTaBUTBL MYCTOM KOHLENT * [lpumepsl rpagos 3HaHUU: BuknaaHHble,

UMLS



[ padobl 3HAHUA

» CopepxaHue
 Cxema unm oHTomnorus
* Knacchbl, NOAKMNACChl, 3K3eMMIAPbI, TUMbI
OTHOLLUEHUN, aKCUOMBbI
* Bonblune 06beMbl KOHKPETHbIX
CYLLIHOCTEN U KOHKPETHbLIX OTHOLLUEHUN
(MCXOOHO B OHTOMOrUAX Obin 6ONbLUIUA
aKLUEeHT Ha abCTpakTHbIe CYLLHOCTU)
» basa gaHHbIX. HacTto xpaHuTca B BUAE
TPUNNETOB: CyObEKT-OTHOLLEHNE-0OBbEKT

capital of Russia

q0p

instance of

start time 1918

» 2 references

federal city of Russia

(o]

start time 1991

* I'paqa: MOXHO MUCMOJIb30BAaTb CTPYKTYPY CETU » 1 reference

an4a pas3rim4Horo poga 3aagav
big city

<0p

start time 1600s

~ 0 references

®parmeHT BUKMAAHHbIX AnA cywHocTn MockBsa



NEREL: Bce Tpn ypoBHA pasmMeTKn
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ALTERNATIVE_NAME

ALTERNATIVE_NAME

DEATH
\GE_DIED_AT

VE_N PART[CIPANT_IN\E <O
Ymep Anekce| CITY ID:T3
"Mockse"
Wikidata:Q649
Label:Mocksa
ALTERN - Description:cTonmua 1 kpynHeiwnii ropog Poccuin
__5N
DATE @i AGE e (Proression)

—_— —_— ~
5 vioHa 2016 roga B Mockse Ha 69-M rogy >KNU3HW CKoHYasncs

aKTép TeaTpa U KMHO, HApPOAHLIMA apTUCT Poccun

— .
) KLCOUNTRY

Anexceli XXapKos.

ALTERNATIVE_NAME

MEDICAL_CONDITION

CAUSE_OF_DEATH

HEADQUARTERED_IN
MEMBER_OF

ORGANIZATION
PROFESSION

[ORGANIZATION] COUNTRY]

B coo6LueHnun Ha caiite Cot3a KnHemartorpactoB Poccuy roBOpUTCS:

—ALTERNATIVE_NAME+

type _ type type type
WORK OF ART | PERSON | cIry | cITy
Aisa ' isa Ais a 4isa
Diary of Anne Frank Anne Frank Amsterdam Amsterdam
(Q6911) (Q4583) (Q727) (Q478456)
Famous diary of a 13-year German-born diarist Capital and most | City in Montgomery
:g W&J‘msh girl b and Holocaust populous city of | County in the state
I oaens!o | victim (1929-1945) | the Netherlands | of New York, USA
oo A ... = 2 A
Mention of ; ENSRL LB,
3HaMeHuTLIR "[HeBHUK -AMHN Opaux" OCTaHeTCH B Amcrepname
Famous "Diary of | Anne Frank [ | remains in _ Amsterdam |
(a)
type type type type type
ORGANIZATION COUNTRY  |omamszanow| |TRANSPORT|  CITY
Aisa A isa Aisa Aisa Aisa
ngland national England Bapld transit Metro
ation football (Q21) (Q3307433) (Q5503) (Q8158)
m (Q47762) Country in north- | British free | High-capacity | cityin
's national west Europe, part | daily public transport | Lampung,
iation football team | of the United newspaper | generally used in Indonesia
ting England Kingdom urban areas |
¥. ¥ W Teeracz, - x4
Mention of ., S T s 0
C6opHasn AHMUKW | | CcbirpaeT B BTOpPHUK, nuweTt | Metro
Football team of | England | |will play on Tuesday, writes | Metro

(b)

BrnoXxeHHble CYLLHOCTU NO3BOMAKT cAeNnaTb CBA3bIBAHME CYLLIHOCTEW 1151 BCEX YMOMSIHYTbIX CYLLHOCTEN




[Tlpumep cBA3bIBaAHUA MeOgULIMHCKMX NOHATUM B OaTaceTe
NEREL-BIO ¢ megunumHckon 6asom UMLS

ANATOMY o rE'm-:le-r Cancept
"aopTasnibHOro KnanaHa" [ANATOMY _ ~ £ N
. 5 T igh-sensitivity G- active protein |
|| B npescTaB/eHHol cTaTbe NPoBeAeH| LS : 1ero oTaena aopTbl.
‘ 5 ] " e i o ctive protein COD0ES60)
7 B ynonym:aopTasibHblii knanax, aortal'nyi klapan, klapan aorty, knanaH aopTbi coar ) Reactive Protein
[ANATOMY] o [C-FEARKTHEHGA
G v sensitaly C-rescid leenow
2| CoyeTaHue NOPOKOB A0PTA/LHOIO KnanaHa ¢ paclumpeHnem BocxoAslueit aopTel 6onee 45 MM npegnonaraeT 0OaHOBPEMEHHOE ey | -REAKTIVNY] BELOK
| NpoTe3npoBaHe aopTasbHOro KnanaHa 1 BOCXOASALLEN aopTbl. -PeaKmUEHEI Benox ERCK C- ~
3| Han6onee pacnpocTpaHeHHON Xupypruyeckoii TexHonorueii octaetcs onepauus Bentall-DeBono, rnaBHblii HEAOCTATOK KOTOPOIA CBSA3aH ¢ '\k K THE MG
UMMNaHTauMein MexaHuyeckoro npoTesa n Heo6X0ANMOCTbIO MOXW3HEHHOV aHTUKOArY/IIHTHON Tepanni. *, A
.
p - —
4| AnbTepHaTUBHOI METOANKOIA sBNsieTca npouegypa Pocca, kKoTopasi AeMOHCTPUPYET HU3KWIA pUCK TPOMBO3MBONINYECKIX OCNIOXKHEHUI 1
CBOGO/Y OT aHTUKOATY/IAHTHOM Tepanuu. AHanwna BbICOKOYYBCTEHTENEHOND L ~-pPE3akTHEHOMD
5/ B nepuog c 2002 no anpens 2015 rr. vysokochuvatvital nago MHW
6|8 HHUWUIMK nm.
7| akag.
| E.H.

Analysis of highly sensitive C-reactive protein

9| MewwankvHa BbINonHeHo 162 npoueAypbl Pocca y NauneHToB ¢ ConyTCTBYIOWMM PaclUMpeHeM BOCXoAsLLEeN aopTbl (6onee 45 Mm).

B
10| CpegHuil fuameTp aopTbl Ha ypoBHE CUHYcOB Banbcanbsbl cocTaBun 45,6+8,6 MM, BocxoAsLero otaena aoptsl 53,4+7,8 MMm.
@ (ENATOMY]

B UMLS He xBaTaeT pyCcCKOsi3bl4HbIX NEPEBOAOB, MO3TOMY B TAKUX CIy4yasix aBTOMaTU4Yeckoe CBs3biBaHME
3aTpyAHEHO

Loukachevitch N., Sakhovskiy A., Tutubalina E. Biomedical Concept Normalization over Nested Entities with Partial UMLS
Terminology in Russian //LREC-COLING 2024. — 2024. — C. 2383-2389.



A3Bne4yeHme coobITUN

* /AIMeHOBaHHble COObITUSA

3C bt

» Mockoeckuti MexxdyHapoOHbIU

KuHogbecmusarib e .

) "Mockee" ALTERNATIVE_NAME
o Oﬂ'Ha N3 MMEHOBAHHbIX CYLLUHOCTEN — WO -
Label:Mockea ORIGI RUW 1ARDEDWITH
[ H e M M e H O Ba H H bl e CO 6 bl T M ﬂ B ALTERest:nptlcun CTONMUA 1 upynnu ropog Poccun :/ [PROFESSION) L sr;m;m&

« Takag pasmMeTka BaXkHa He cama Mo R

cebe, a ¢ OTHOLLEHNAMUN-PONAMMU : °” -

[ORGANIZATION [CoUNTRY]

B coobLueHnn Ha caiite Cotoza waeMﬁmrpathcmB Poccuy roBopures:

* Y10 nmeHHO Byaem cuntatb cOObITUEM

* YTto npeacraBnsaeT n3 cebsi paameTka
cobCcTBEHHO-COOLITMA — event nugget

CmonkHymbCs ¢ npensimemeuem NEREL : pasmeTka rmaBHOro crosa unv 3aBUCUMbIX CITOB,
€CIN OHU YTOYHSAIOT CMbICIT MPOUCXOAALLETO.
PazmeyeHHble MMEeHOBaHHbIE CYLLIHOCTM He BKITOYaloTCS

—ALTERNATIVE_NAMEy



Pa3smeTka cobbITUN KOMMNbIOTEPHOW BE30MacHOCTH

Entity Precision, % Recall, % F1, %

ATTACK 69.58 72.55 71.04

DAMAGE 40.13 34.05 36.84

objeds, root DEVICE 62 56 77.09 69.07

oo \L (‘_AW / DISCOVER_VULNERABILITY 57.14 16.67 25.81

— oROCRAM SYSTEM] — FILE 51.90 63.56 57 14

-j GPE 96.90 95.06 95.97
BpesoHoc GHOSTPULSE npo6upaetcs Ha Windows-ycTpoiicTea uepes naKeTs! MSIX HACKER 90.70 92.58 91.63
HACKER_GROUP 88.55 84.76 86.61

INFOSOURCE 72.00 78.26 75.00

MALWARE 59.51 77.05 73.09

MONEY 80.00 88.89 84.21

ORGANIZATION 7776 7857 78.16

Pa3meTka cobbITUSA BKITIOYAET HE TOMbKO rnaBHoe CI10B, PATCH_VULNERABILITY 50.00 50.00 50.00
HO N Y4aCTHNKOB cobbITnS, pacnonoxeHHble PpAaOoM C HAM. PERSON 83.33 89.43 86.27
[Tocne n3BnevyeHns no HasesaHUo cobbITUS cpasy PROGRAM_SYSTEM 60.85 66.82 63.70
MOHATHO, YTO NPOUCXOAUNO PROTECTION 31.43 34.38 32.84
SPECIALIST 88.58 91.51 90.02

TIME 95.00 88.08 91.41

VULNERABILITY 81.12 81.49 81.31

WEBSITE 65.12 69.14 67.07

micro 72.64 76.06 74.31

macro 70.71 71.71 70.55




bornbline A3bIkoBble MOAENN B 3agadax U3BnevyeHus
nHdopmaummn (GPT n gp.)
“

DECODER BLOCK #2

C
C

[Masked Self-Attention

/U

'NPUt .,,___,__..,__,,_

<s> robot must obey

1 2 3 4 5 6 512

Model Zero-Shot Fine-Tuned
ChatGPT GPT-3.5 | Flair LUKE ACE

All 3.2 535 93.0 93.9 94.6

Loc 66.7 67.1 94.0 - -

Per 87.2 78.0 97.4

Org 514 50.0 91.9

Misc 4.1 4.8 83.0

Qin C. et al. Is ChatGPT a General-Purpose Natural Language Processing Task Solver? //Proceedings of
the 2023 Conference on Empirical Methods in Natural Language Processing. — 2023. — C. 1339-1384.



CneunanbHoe nuccnegoBaHne NoaxonoB K N3BNEYEHUIO
nHdopmaumm Ha ocHose ChatGPT

 Mexgy metogamun ChatGPT u * NCMNOMNb30BaHME NPOMMNTOB C
SOTA cyLiecTByeT 3HauYnTENbHbIN HECKONbKUMUN rnpumepamm odbIYHO
pa3pbiB B YPOBHE pe3yrbLTaTos. NPUBOAUT K 3HAYUTENbHbLIM

ynyJweHuam (okono 3,0~13,0), Ho
BCE elle ABHO OTCTaeT OT
pesynsraTtoB SOTA.

 Yem crnoxHee 3agaya, TeM
bornbLue paspbiB.

 ChatGPT MoXeT cpaBHATbLCS C
metogamu SOTA nnum npes3onTH
NX B HECKOJTbKNX MPOCTbIX
Criyyasx.

Han R. et al. Is information extraction solved by chatgpt? an analysis of performance, evaluation criteria,
robustness and errors //arXiv preprint arXiv:2305.14450. — 2023.



[TpoMnTbl ANga n3esnevyeHns cywHocTen: zero-shot n few-shot

Considering 4 types of named
entities including "Organization”,
"Person”, "Location" and
"Miscellaneous", recognize all
named entities in the given

sentence.

Answer in the format ["entity _type",
"entity_name"] without any
explanation.

If no entity exists, then just answer
ll[]ll.

Sentence: "In Home Health said it
previously recorded a reserve equal
to 16 percent of all revenue related
to the community liaison costs."

Answer

Considering 4 types of named entities including "Organization”,
"Person”, "Location" and "Miscellaneous"”, recognize all named
entities in the given sentence.

Answer in the format ["entity type", "entity _name"] without any
explanation. If no entity exists, then just answer "[]".

Sentence: "The arrangement calls for investors to make
additional payments to fund Equitas but also provides them with
3.2 billion stg in compensation to help reduce their prior
outstanding liabilities.”

Answer: ["Organization”, "Equitas"]
Sentence: "Results from the U.S. Open Tennis Championships

at the National Tennis Centre on Saturday (prefix number
denotes seeding):”

Answer: ["'miscellaneous”, "U.S. Open Tennis Championships"],
["location”, "National Tennis Centre"] ... (More examples are
omitted here.)

Sentence: "Women’s 3,000 metres individual pursuit qualifying
round" Answer: []

Sentence: "In Home Health said it previously recorded a reserve
equal to 16 percent of all revenue related to the community
liaison costs." Answer:



CpaBHeHue ChatGPT c nyywumu pesynsratamu Ha

KOJMIJ1eKUnAax
Zero-shot 5 npumepos
NER_-Flat CoNLLO3 94.6(Wang et al., 2021) 65.13 60.10(3.81) 70.53 (1.44)
FewNERD 67.1(Ding et al., 2021) 3428 31.56(2.44) 36.87 (0.71)
ACE04 88.5(Yang et al., 2023) 29.55 27.80(3.10) 38.52(2.51)
NER-Nested  ACEO05-Ent 87.5(Yang et al., 2023) 2477 23.38(1.92) 36.17 (1.78)
GENIA 81.5(Yang et al., 2023) 3943 38.09(1.65) 48.82(1.31)
CoNLLO04 - 65.82 59.21 (3.85) 55.32(4.56)
RE.RC NYT-multi 93.5(Zhan et al., 2022) 38.74 3096 (5.51) 26.88 (2.74)
TACRED 75.6(Li et al., 2022) 21.58 1947 (1.49) 27.84 (3.48)
SemEval2010 91.3(Zhao et al., 2021) 4232  39.27 (2.20) 39.44 (2.55)
CoNLL04 78.8(Lou et al., 2023) 23.04 1784(3.43) 24.30(1.29)
RE-Triplet NYT-multi 86.8(Wang et al., 2023b) 3.79 3.48 (0.24) 12.24 (0.59)
SemEval2010 73.2(Wang et al., 2023a) 7.65 5.82 (1.29) 12.85(1.14)

Han R. et al. Is information extraction solved by chatgpt? an analysis of performance, evaluation criteria,
robustness and errors //arXiv preprint arXiv:2305.14450. — 2023.



End-to-end Information extraction
(CkBO3HOE M3Brie4eHne nHgopmawmm)
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Structural output

Xu D. et al. Large language models for generative information extraction: A survey //Frontiers of Computer Science. — 2024. — T. 18.
—Ne. 6. — C. 186357.



3aknoyeHume

MeTtoabl:

* N3Bne4yeHne nHdopmaumm octaeTcs
Ha ocHoBe KoaMpOBLUMKOB TpaHCHOPMEPOB:

Ba)XHOM 3aJa4en aBTOMAaTU4YECKOW BERT v ap.
06paboTKkn TEKCTOB « KoHTpacTtneHoe oby4yeHune: Binder
* Ho HyXHa pa3meTka oby4atoulen
* BnoxeHHble MMEHOBaAHHbIE CYLLHOCTU KOMMEeKLMM
 PasmeTtka cobbiTnmn « Ha ocHoBe nopoxaatoLwmx noaxonos: GPT u
 Pa3meTka coObIiTU B BUAE BNOXEHHbIX AP. 5
)  [NonbiTka obonTnch 6€3 0by4vatoLmMX
VMMEHOBaHHbIX CYyLLHOCTEW Konnekumii: zero-shot n few-shot
« Tpu aTana aHanu3a TEeKCTOB: noaxoAasbl

3BREYEHINE CYLLHOCTE, OTHOLLEHMWIA,  Ho noka pesyrnbraThbl CyLLECTBEHHO XYyXe

CBA3bIBAHWE CYLLIHOCTEW —> MNOMOSTHEHNE
rpadooB 3HaHUU

[Tooxoabl: pipeline vs. end-to-end



