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AHHoOTauuA

B crartbe OnmChIBAacTCS MOAXOA U MPOTPAMMHOE CPEJICTBO IS ABTOMATH3UPOBAHHOTO TOTOJHEHUS
[PEJAMETHO-OPUEHTUPOBAHHBIX TPpa)OB 3HAHUI HOBBIMH (paKTaMU, U3BJICUEHHBIMU U3 CEMAHTUUECKH aH-
HOTHUPOBAHHBIX TAOJMYHBIX JaHHBIX. J[JI1 CEMAHTHYECKOTO aHHOTHPOBAHUS CTOJIOIOB TAOIHII Mpe/iara-
€TCSI MCIIOJIb30BaTh KOMOMHALIMIO U3 TPEX IBPUCTHUYCCKUX METOJOB, UCIIOJIB3YIOIINUX PE3yJIbTaThl Paciio-
3HaBaHUsI IMCHOBAHHBIX CYI[HOCTCH B SUCHUKAX, JCKCHYCCKOE COIMOCTABICHHE U TPYIIHPOBKY XapakKTe-
puctuk. Ipeaymaraemplii IOAXO pealn30BaH B BH/E CICIHAIBLHOIO 00pabOTYMKA, BXOSINEIO B COCTAB
nporpaMMHO# minatdopmer Talisman. IlpencraBieH nmpuMep M SKCIEPHUMEHTAIbHAs OLCHKa Ipeasarae-
MOTO TOIX0/a Ha ATAle CCMaHTHYCCKOTO aHHOTHPOBAHMS CTOJIOIIOB C HCITOJIb30BAaHUEM TECTOBOTO HabO-
pa TabJIMYHBIX JAHHBIX, KOTOPBIA BKJIIOYACT MIECTh TEMATHUECKHX KATETOPHIA: «COTPYAHUKH OpraHU3a-
LUM», «OTKPBITBIE BAKAHCHUU», «PHIHOK aBTOMOJICIECH», «M3BECTHBIC YUYEHBIE», «IPOJaXKa KHHUI», «Pei-
TUHT TEHHHCHCTOBY». B KauecTBEe METPUK OIICHKH HCIIOJB30BAIUCh TOYHOCTh, OJTHOTA U F-Mepa. UToro-
Basl OLICHKA I10 BCEM ILECTH KaTErOpUsIM COCTaBMIIA: TOUHOCTH — 79%, moaHOTHI — 63%, F-Mepsl — 70%.
[onmy4yeHHBIC pe3yIbTaThl IOKA3BIBAIOT NEPCICKTHBHOCTD MCIIOJIh30BAHUS Pa3padOTaHHOTO TOAXO0Ia IS
MIOTIOJTHEHHST TIPEJAMETHO-OPHUCHTUPOBAHHBIX IpadoB 3HAHUN HOBBIMU (PaKTaMH, W3BICUYEHHBIMU W3 Ce-
MaHTHYECKH aHHOTHPOBAHHBIX TAOJMYHBIX TaHHBIX. [IpUBECHBI OrPaHUICHUS MPEIIaracMoro moaxo/a.

Knrouesvie cnosa: zpag 3namuil, cemanmuueckdas uHmepnpemayus mabauy, anHHOMUposauue mabauy,
u3zeneueHue cywHocmetl, NnonoaHeHue epagha 3Hanuil, mabauuHvle OauHbie.

Humuposanue: /lopoonvix H.O., IOpun A.IO. Pa3zpaboTka mpeaMeTHbIX rpadoB 3HAHWH Ha OCHOBE Ce-
MaHTHYECKOTO aHHOTHUPOBAHUS TAOMMYHBIX HaHHBIX. Onmonozeusa npoekmuposanus. 2024. T.14, Ne4(54).
C.555-568. DOI:10.18287/2223-9537-2024-14-4-555-568.
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MU 00JIAaYHOHM CEepBHUC-OPUEHTHPOBAHHONW LU(POBOI MIaTGopMbl cOOpa, XpaHeHHss U 00pabOTKU 00JIb-
mrx 00bEMOB pa3sHOPOPMATHBIX MEXKIUCIHHUIIMHAPHBIX AaHHBIX U 3HAHUI, OCHOBAaHHBIC HAa IPUMEHEHUH
HCKYCCTBEHHOT'O MHTEJJIEKTA, MOJICJIbHO-YIIPABIISIEMOT0 M0JX0/ia ¥ MalMHHOTro 00yueHus» (Ne rocperu-
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BBegeHue

WuTtemiekTyanbHble HHPOPMALMOHHO-AHATUTHYECKHUE CUCTEMbI aKTUBHO MPUMEHSIOTCS B ce-

. -1
pe KopnopaTHUBHOTO Moucka uHpopManuu (Hanpumep, Microsoft SharePoint’, Oracle Secure
. 2 : 3 N :
Enterprise Search”, Elasticsearch’® n nap.), BeaeHus 0a3 3HaHMI W aHanmu3a TeKcToB (Palantir

! https://www.microsoft.com/ru-ru/microsoft-365/sharepoint/collaboration.
2 https://www.oracle.com/middleware/technologies/oses-downloads.html.
3 https://github.com/elastic/clasticsearch/releases/tag/v8.15.0.
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Gotham’, I0Platform’, Aiimexo «X-files 2.0»° u np.), monutopurra CMU U COLMATBHBIX CeTeil
(LexisNexis', Meouanozus®, BrandAnalytics® u np.), kKoHKypeHTHOIT passenku (Maltego'’, Hensoldt
Analytics', Bumox-OSINT" w 1p.), IpOrHO3HPOBAHKS M AHAIUTUKH NaHHEIX (SAS Analytics’, IBM
Watson Studio™, PolyAnalyst Megaputer” u np.).

s moctpoeHust MoJ00HOTO PoOJia CUCTEM MOTYT OBITh MCIOJIb30BaHbI rpadbl 3Hanmii (173),
MpeHa3HAYCHHBIC I HAKOIUICHHUS W Tepeladd 3HAHUN O peallbHOM MHpPE, TPU ITOM UX Y3IIbI
MIPEJICTaBIISIOT UHTEPECYIOINe 00bEKThI, a pEOpa — OTHOIICHUS MEXIY dTUMHU oObekTamu [1, 2].
bazoBoii crpykrypHoii enunuuei ['3 sBiseTcs TpUILIET: <cyOvekm™, <npeouxkam>, <00beKkm>.
Kaxxnas mogoOHasi CyniHOCTh M3 3TOro TpHUILIeTa UACHTU(DUUUPYETCS TI00adbHbIM YHUPHUIIHPO-
BaHHBIM HJeHTU(UKaTopoM pecypca (Uniform Resource Identifier, URI) [3]. I'3 moryt ObITh Mac-
mTabupoBaHbl At 00paboTKH OoNMbIINX 00bEMOB AaHHBIX. ['3 MOXKHO pa3enuTh Ha JIBa TUIIA: 2/0-
banvhble kpocc-Oomennvle I'3 u npedmemno-opuenmuposannsie 1'3. TlepBblii TUTT BKIIIOYAET TaKHUe
MEXKIYHApOJHBIE IMPOEKTHI C OTKPBITBIM HCXOIAHBIM KOJOM, Kak DBpediaM, Wikidata' 7, Yagolg,
BabelNet'’ u nponprerapable pemenus, Takue kak Google Knowledge Graph® u Probase®. Taxue
rpadbl, Kak MPaBUIIO, COJIEPKAT OOIBIIOE KOIMUECTBO OOBEKTOB U3 MHOTUX obsacTeil. Bropoiil Tun
OPHEHTUPYETCS Ha ONMUCAHWE 3HAHHWH, KOTOPBIE OTHOCATCS K ONpEIeNEHHON KOHKPETHOH o0iacTu
win npeanpusartuto. [Ipenmernsie ['3 MmoryT noanaepxkuBath 3 HEKTUBHBINA MOUCK 3HAHUHN U SBISATh-
Csl OCHOBOM JIJIs pa3InyHbIX npuitoxkenuii [2, 3]. Micnons3oBanue ['3 npu nmocTpoeHUN UHTEIJIEKTY-
QIBbHBIX CHCTEM I03BOJSET 3(PPEKTUBHO CTPYKTYpUPOBATH 3HAHUS M BBISBIIATH CKPBHITHIC CBA3H U
3aBUCHMOCTH MEXKy Pa3IMYHBIMUA TOHSITHUSMH, 9TO OBIBACT ITOJIC3HO IS MIPUHSATHUS PEIICHUA WIIH
nporaosupoBanus [4]. OgHako pazpabotka ['3 sBuseTcs Tpyno€MKo 3aaaueil 1 MOXKET MOTpedo-
BaTh 00pa0OTKH OONBIINX OOBEMOB JAHHBIX, MOTYYCHHBIX U3 PA3UYHBIX MH(POPMAITMOHHBIX HC-
TOYHHUKOB (Hampumep, 6a3 JaHHbBIX, SIEKTPOHHBIX TOKYMEHTOB, BeO-pecypcoB) [5, 6]. Takum obpa-
30M, HCCJICIOBAaHUs, OPHCHTUPOBAHHBIC HA aBTOMATU3AIMIO IMOCTPOCcHHsI ['3 ¥ MOMOIHEHUS UX HO-
BbIMH (DaKTaMU MPHU PEIICHUH MPAKTUIECKHX, c1abo (popmManu30BaHHBIX 3a/1a4 B Pa3IUYHbIX MPeE-
MmeTHbIX obnactsax (IIpO), sBnsOTCSA aKTyalbHBIMHU.

OCHOBHOU TEHJICHITUEH 3/1€Ch SIBIISICTCSI HCIIOJIb30BAHNUE PA3IMIHBIX WH()OPMAIIMOHHBIX UCTOY-
HUKOB. OJIHUM M3 TaKMX UCTOYHHKOB SIBISIFOTCS TaOmuiel [7]. B oOmem crnydae xaxnaas CTpoka
TaOIMITBI IPECTABISET COOO0M 3amnch, a KaKbIid cTonoer, — arpulyTt uinu nose. CornacHo [8] u3
TaOJIUII, COIePIKALTUXCS KAaK B BEO-MPOCTPAHCTBE, TaK U B COCTABE PA3NIMYHBIX AJIEKTPOHHBIX JOKY-
MEHTOB, MOYKHO M3BJIEYb MHOXECTBO IMOJIE3HBIX (hakTOB. TaONHIIbI HEOAHOPOIHBI TIO CBOCH CTPYK-
Type U He CONMPOBOXKAAOTCS SIBHON CEMaHTUKOM, HEOOXOIMMOMN /Il aBTOMATUYECKOM MHTEpIpeTa-
UM CBOETO COZACp)KaHUS. DTO 3aTPYAHAET aKTUBHOE MPAKTUYECKOE HCIIONBb30BaHUE TAOIMYHBIX
nanHbIx (T[I) B aBTOMaTHueCKOM M aBTOMATH3WPOBAHHBIX PEKUMAaX.

* https://www.palantir.com/platforms/gothany.

> https://iqmen.ru/igplatform.

® https://www.i-teco.ru/iskusstvennyyintellekt/x-files-2-0/.

7 https://www.lexisnexis.com/en-us/gateway.page.

¥ https://www.mlg.ru/.

? https://brandanalytics.ru/.

1 https://www.maltego.cony.

" https://analytics.hensoldt.net/.

12 https://norsi-trans.ru/catalog/osint/vitok-my/.

13 https://www.sas.com/en_in/home.html.

' https://www.ibm.com/products/watson-studio.

'S https://www.megaputer.ru/.

' https://www.dbpedia.org/.

7 https://www.wikidata.org/wiki/Wikidata:Main_Page.

'8 https://yago-knowledge.org/.

' https://babelnet.org/.

20 https://blog. google/products/search/introducing-knowledge-graph-things-not/.
2! https://www.microsoft.com/en-us/research/project/probase/.
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[Tonxon kK aBTOMaTU3UPOBAHHOMY HAIOJHEHHIO ['3 CYIIHOCTSIMU Ha OCHOBE aHaJIM3a TaOIUIY
ObLT TpeuIokeH B [9]. OCOOEHHOCTHIO ATOTO MOIX0Ja SBISETCS BO3MOKHOCTH aBTOMATHUYECKOTO
BOCCTaHOBJIEHUS ceMaHTUKH T/ Ha OCHOBE MPUMEHEHUs THOPUAHOTO METO/Ia, COUYETAIOIIEro B cede
TEXHUKHU MAITUHHOTO O0YYCHUS, BEKTOPHBIX MMPEACTABICHUI U MHTYUTUBHO TIOHATHBIX YBPHUCTHUK.

B nmanHoii paborte mpearaercsi CrielUaIn3upoOBaTh MPEATOKEHHBIM OOIMN MOIX0J K KOH-
KpPETHOW MpaKTU4eCKon 3amaue uiBiedeHus GaktoB u3 TJ] B pamkax WHIYCTpHAIBLHON HMUQPPOBOI
matdopmer  Talisman™, paspaboTaHHOlH VHCTHTYTOM CHCTEMHOTO MPOTPAMMHPOBAHHMS HMCHH
B.I1. irannukoBa Poccuiickoit akagemun Hayk (UCIT PAH). [Tnardopma Talisman npencrasmisier
co00if HabOp CBSI3aHHBIX MMPOTPAMMHBIX HHCTPYMEHTOB JJI aBTOMATU3alluK THIOBBIX 3aja4 o0pa-
00TKM TaHHBIX (COOp, MHTETpaIus, aHaIu3, XpaHeHue, Busyanusanus). [Inarpopma obecrieunBaet
OBICTPYIO pa3pabOTKy aHAIUTUYECKUX CUCTEM, OOBEAMHSIONMX MHPOPMAIUIO U3 BHYTPEHHUX 0a3
JAHHBIX U OTKPBITHIX UICTOYHUKOB ceTu HTepHeT.

1 CocTosiHMe nccrnegoBaHUMN

ABTOMaTHUECKOE CO3JaHHC MMPCIAMCTHO-OPUCHTHUPOBAHHBIX I'3 u nonoaHEeHWEe MX HOBBIMH (I)aK—
TaMH HEBO3MOXHO 0€3 aBTOMAaTHYECKOTO paclio3HaBaHUsi CTPYKTyphl U coxaepxanus T/[. Boccra-
HOBJICHUEM l'IOI[O6HOl"O poda CEMAHTHUKHU 3aHUMACTCA TAKOC HAYUYHOC HAIIPABJIICHUC KAK cemarmu-
yeckasi unmepnpemayus (annomuposanue) Tadbmut [10]. TlepBeie paboThl B JaHHOW 00JIaCTH OBLTH
HallpaBJICHBI Ha COIIOCTABJICHHC OTACJIbHBIX 3JICMCHTOB Ta6HI/IH C INOHATHUAMHN H3 FB, OHTOJIOI'NH
unu pyroro BHemHero cioaps [11, 12]. CemanTudeckast HHTEpIpeTalys Tabaull BKIOYAET B Ce-
051 yeTbIpe ocHOBHBIE 3amaun [10]:

- aHHomupoearue sA4Yeek — COIIOCTABJICHUC 3HAUCHUH sS9eeK C CYHIHOCTIAMU (BKSGMHHﬁpaMI/I

knaccoB) u3 uenesoro '3 (LI'3);

- aHHomupoeanue Cm0]l61/;06 — COIIOCTAaBJICHUE OTACIIBbHBIX CTOJ'I6IIOB Ta6J'H/IIH)I C CEeMaHTHn4c-

ckuMu tunamu (knaccamu) uz LI'3;

" GHHOMUPOBAHUE OMHOULEHUL MeHCOY CMOoAOYaMu — COTIOCTABIICHUE CBSA3EH MEXIy CTOJIOIaMu

co cBoiictBamu (mipeaukaramu) u3 L{I'3;
= aHHoOmupoeanue ma6]lul4bl — COMOCTaBJICHUE BCEH Ta6J'II/II_IBI HCJIIMKOM C HCKOTOPBIM KJIACCOM U3

LI'3 (obHapy>keHUE TEMBbI TAOIHIIBI).

Pa3zButue I/ICCJ'ICI[OBE[HI/II\/’I B 3TOH 00JIaCTH MOYKHO Pa3aC/IMTh HA IBA OCHOBHBIX 3TaIlla:

Oram 1 (2010 — 2019 22.). Ha maHHOM 3Tane oCymecTBIsUIach o0mast opMyIHpoBKa MPOOIEMBI CEMAaHTHIESCKON
MHTEPIIPeTaluy TaOJINI, OTPeIeNsUINCh OCHOBHBIC 1I€JIH U 33/1a4i. DTall XapaKTepHU3yeTcsl MOsIBICHHEM padoT, HaIpaB-
JICHHBIX B OCHOBHOM Ha aHaJIM3 €CTECTBEHHO-SI3bIKOBOTO COJICP)KAHNSI M KOHTEKCTA TaOJIHII C HCTIOJIb30BAHIEM METOIOB
COTIOCTABJICHUS] OHTOJIOTHH, ITOMCKA CYIIHOCTEeH (Kak B INI00aNbHBIX ['3, Tak M B IPeIMETHO-OPUEHTUPOBAHHBIX OHTO-
JIOTHSIX), CBSI3BIBAHMS CYIIHOCTEH C JIEMEHTaMU BUKnIienu 1 peicTaBIeH!s B BEKTOPHOM IPOCTPAHCTBE CYIIHOCTEH
I'3 [13-16]. 31mech MOXHO OTMETHTh MTEpAllMOHHBIE METOJBI Ha OCHOBE HCIIOJIBb30BaHMS BEPOSTHOCTHBIX I'Pa)OBBIX
moaenei [17, 18] u moaxoIbl HA OCHOBE METOJIOB MamiMHHOTO 00y4enwus [17, 19, 20].

Iran 2 (2019 2. — no nacmosuyee epems) XapakKTepPU3yeTCsl POCTOM Ynciia paboT M MOTyUYEeHUEM PE3YIbTaTOB IS
OTAETBHBIX 3a/1a4 CEMAaHTHUYECKOH MHTeprnperanun Tadiui. ITosSBIAIOTCS KOMMEpUECKHE PELICHHs 110 ONPEIEICHHIO
CEMaHTHYECKOTO THIA CTOJIOIOB TaOJIunI, pacmmpsomue GyHKIHOHAIBHOCTh CUCTEM IIOJITOTOBKH M aHAIIN3a JAaHHBIX,
Taknx Kak Microsoft Power BI”, Trifacta™ u Google Looker Studio®™. Ha nauHOM 3Tare GOJIbITyIO HOMyJISPHOCTE MO-
JYYUITN TIOAXO0/BI, OCHOBAaHHBIE Ha IIyOOKOM MamMHHOM 00ydeHuu (Hampumep, JHSTabEL [21], Sato [22]), B T.4. ¢
HCTIOJIB30BaHUEM TPEAOOYUYCHHBIX s3bIKOBBIX Mozeneit (Hampumep, TURL [23], TaBERT [24], TABBIE [25] u np.).
C 2019 roja exerogHo NPOXOAUT copeBHOBaHue SemTab’®, HanpaBieHHOE HA BBIABICHHE PEIICHUI IS COMOCTABJIe-
nust T/] ¢ I'3, B paMkax KOTOpOro copMyJInpoBaHbl OCHOBHBIE METPUKH M KPUTEPHUU OLIEHKH CHCTEM aHHOTHPOBAHUS

%2 http://talisman.ispras.ru.

% https://powerbi.microsoft.com.

* https://www.trifacta.com.

% https://lookerstudio.google.com.

%6 http://www.cs.ox.ac.uk/isg/challenges/sem-tab/.
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Tabnui. KpoMe TOro, MOSIBISIETCS MHOKECTBO OTKPBITBIX HAOOPOB MAHHBIX JUIS TECTUPOBAHUS MPOU3BOAMTEIHLHOCTH
27 28
takux cucteM (Hanpumep, WebTables™ , WikiTables™ wu ap.).

Taxum 00pa3oM, 3a MOCIEeIHUE TO/bl TOCTUTHYTHI 3HAUUTEIbHBIC YCIIEXH B 00JaCTH HCCIEN0-
BaHUI 1o aBTromMaruyeckomy nonumanuto T/[. Onnako HaGmogaercs pa3pbiB Mexy 3 (eKTuBHO-
CTBIO CYHIECTBYIOIIMX PEUICHUH HA TeCTaX M UX MPUMEHHUMOCTBIO Ha MPAKTHKE. DTO 00yCIOBICHO
OTCYTCTBHEM KaueCTBEHHBIX HAOOPOB pa3MEUEHHBIX 00YYaIOIUX JaHHBIX U CI0KHOCTBIO HACTPOii-
KM CYIIECTBYIOIIMX MOJIeNel, MOAXO0I0B M cucTeM sl KOHKpeTHBIX [IpO u 3ama4. B 6onbmmHCcTBE
MIOJIXOI0B OTCYTCTBYET 3Tall U3BJIEUCHHS HOBBIX (DAKTOB U3 CEMAaHTHUYECKH aHHOTHPOBAaHHBIX T/l u
nonosHeHust uMu L{I'3. 910 00ycnaBIuBaeT akTyallbHOCTh Pa3pabOTKU METOI0JIOTUYECKOTO U TPO-
IPaMMHOI0 OOecIieyeHus, HallPaBJICHHOIO Ha KOMIUIEKCHOE pelIeHHE 3a7ay CEMaHTHYECKOW WH-
TepIIpeTay TabauIl U u3BjIeYeHNus (HakToB B KOHKpeTHBIX [1pO.

2 [lpepnaraembin noaxon

2.1 CyuwecTBylowmmn 3agen

B paGote [9] mpenioxkeH MoaxoJ] K aBTOMAaTHYECKOMY H3BJICUEHHIO KOHKPETHBIX CYIIHOCTEH
(dakToB) n3 Tabymi u HamoaHeHUIO UMH [[I'3. OCcOOEHHOCTHIO 3TOTO TMOAXOMA SBIISIETCS BO3MOXK-
HOCTb MOJJIEP’KKH aBTOMAaTU3MPOBAHHOTO BOCCTAHOBJICHUS CEMAHTUKU TaOJIMI] HA OCHOBE MOJIENU
[IpO (oHTONOrMM HA TEPMHUHOIOTHMYECKOM ypoBHE — TBox). bnarogaps 3ToMy BO3MOKHO 3a7aBaTh
SBHYIO CEMaHTHYECKYI0 aHHOTALMIO JJIS OTJAENbHBIX 3JEMEHTOB TaOiulbl (CTOJIOIOB M CBA3EH
MEX/1y HUIMH) U U3BJIEKaTh KOHKPETHBIE CYIIIHOCTH U3 siueek. [Ipu 3ToM moaxon no3BosisieT pemuTh
JIBE 3aJa4l CEMAaHTMUYECKOW MHTEpIpeTaluy TabIull: aHHOTUPOBAHHUE CTOJIOIIOB M AaHHOTHUPOBAHUE
OTHOIIEHUH Mexay cronbuamu. [loaxom uMeer psj orpaHUYEeHUI: OPUEHTHPOBAaH Ha 00pabOTKY
TOJIbKO PEJIALIMOHHBIX TaONHUL, MpeacTaBieHHbIX B Gpopmare CSV; ucnoassyer I'3 obuero Ha3Ha-
yenust DBpedia nns aHHOTUPOBAHUS UCXOAHBIX TAOJIHULL.

Ha pucynke 1 npencrasieHa cxema, WILTIOCTPUPYIOIIAs IPUMEP CEMAHTUYECKOTO aHHOTUPOBA-
HUs TaOJIMILBl U U3BJICUEHUS] KOHKPETHBIX CyLIHOCTEN (pakToB) U3 €€ cTpoku. B nmpumepe ucnosib-
30BaHa TabJIHUIa MEXTyHapOAHOTO peiTHHTra Accoluauy TeHHUCUCTOB-Tpodeccruonanon (47P).

PeATuHr ATP. 24 nioHa 2024 r.

1 1 CuHHep Utanus 9890 »
2 5 8360
[xokoBuy ~ Cepbus — —
- <> <>
3 &= Anbkapac WUcnanus 8130 XML < XML
4 W 3Bepes A. FepmaHua 6905 ‘xsd:positiveInteger  dbo:TennisPlayer ' dbo:Country lxsd:poslﬁvelmuer
YposeHb Mopenu o A A
npeametHo# o6nactu (TBox) 4 e
S M Mepseses  Poccus el —_r— s e
yw (ABox) | |
6 M py6nés Poccus 4420 5 dbr:Daniil_Medvedev | | dbr:Russia 6445
1 A A
?.__9‘3‘2:?_"1“_”955_"19_‘65___: ’ i i
7 mm Xypkay MonbLia 4235 {__.(dborbirthPlace; | E
! dbp:points |

Pucynok 1 — Cxema ceMaHTHYECKOTO aHHOTUPOBAHUS TAOIUIIHI U M3BJIeUeHHUs ()aKTOB HA OCHOBE TOX0/a 13 [9]

27 https://webdatacommons.org/webtables/.
28 https://paperswithcode.com/dataset/wikitables-turl/.
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2.2 [locTtaHoBKa 3agayun

B kauecTBe BXOJHBIX JaHHBIX PAcCMATPUBAIOTCS BEPTHKAIbHBIC TAOIHIIBI, MMPEACTABISIONTNE
co00l MacCHB JaHHBIX, PACIIOJIOKEHHBIX B (popme cTonO1OB (BEpTUKAIBHBIX KOJOHOK). CTonbern
MOJKET COJIEPKaTh 3aroJIOBOK (IManky). B Takux Tabnuiax cToibIlbl MOTYT OBITh IBYX THIIOB:

" Kamezopuanbuslli cmosbey (cmonbey UMEHOBAHHBIX CYUWHOCMell) COACPKUT HA3BaHUS HEKOTO-

PBIX UMEHOBAHHBIX CYITHOCTEH;

" JlumepanvHuli cmonbey CONEPKUT JIMTEpajbHble 3HAUCHUS (Hampumep, natel, yucna, URL-
azpeca).

BepTukanbHas Tabmuna MoOKeT ObITh HEHOPMAaJU30BAaHHOW, OJHAKO JIOJKHA YIOBJIETBODSTH
CJIEIYIOIIUM JIBYM IPEANOI0KEHUSIM (OrPAaHUUYECHUSIM):

IIpeononoocenue 1. B o6pabarbiBaeMbIX TaOIUIIAX HET O0BEAMHEHHBIX STUYCCK.

IIpeononoorcenue 2. icxonnple TabIUIbl 00pabaThIBAIOTCS HE3aBUCUMO JIPYT OT JIpyra.

B kauectBe 1II'3 ucnonesyercs '3 mnardgopmer Talisman KG = {DM ya }, rae KG — I'3 nnar-

dopwmel Talisman; DM — monens TpO, 3aaaro1ias OHTOJIOTHYECKYIO CXeMY ¢ aOCTPaKTHBIM OITHCA-
HUEM TIOHSTHIA ¥ UX OTHOLICHUU; F — HAO0Op KOHKPETHBIX CYHTHOCTEH ((PaKTOB), KOTOPHIC THITH3H-
pytotcsi Ha ocHoBe mojnenu [IpO. Ilpu stom DM = {CT,PT,PVT,BVT,RT }, rae CT — Tun KOH-

nenTa (HarpuMep, nepcona, opeanusayusi, npooykyus); PT — TUT XapaKTepUCTUKU (Hampumep, ao-
pec npoocusanus, paboyuii meieghon, oama podicoenus); PVT — Tun 3HaYeHUS XapaKTECPUCTHKU
(mammpumep, adpec, oama, paccmosinue),; BVT — 6a30BbI THUTI 3HAYCHHS XaPAKTEPUCTUKH (HAIIPH-
Mep, KoopouHamsl, dama, uHmepean oam, cmpoxka u T.1.); RT — TUI CBS3H, ONpeneaEHHBIA MEXKIY
JIBYMsl TUIIAMH KOHIIENITOB (HAampuMep, «pabomaem  6», «YUUMCA  6»,  <ABIAEHICA).
F= {C, P, AV ,R,M }, rae C — KOHIENT (HapuMep, 0npedenéHHblll 4ello8eK, KOHKPEmMHAas Opeanu-
3ayus UM npodykm); P — xapaktepuctuka (CBOWCTBO) KOHIICNTA, MPEICTABISAIONIAs UHTEPEC IS
KOHEYHBIX TOJIb30BaTeNIe, XapaKTepUCTHKAa MOXeT ObITh uACHTU(UUUpYIOLEH (Hampumep,
«Hazeauue», KOTOPOE OJHO3HAYHO XapaKTEPH3YeT KOHKPETHBIX 00BEKT); AV — KOHKpETHOEe aro-
MapHOE 3HAYCHHE XapaKTEPUCTHKHU (HATPUMED, 803pACH 4el08eKa WIH HoMep MOOUIbHO20 melle-
@ona); R — cBsI3b, 3a/a1011asi OTHOLIICHHE MEXIY IBYMs KOHIlenTaMu; M — yloMUHaHHEe, KOTOPOe
npecTaBisieT co0oi (pparMeHT TekcTa, MPsMO YKa3bIBAIOIIMKA Ha OOBEKT, COOBITHE WM MOHSATHE
pearbHOro / BUPTYalIbHOTO MUPA, COOTBETCTBYIOIIEE HEKOTOPOMY KOHIICTITY, XapaKTEPUCTHKE WIIH
cBs3u. [Ipumep ucnonszoBanus '3 Talisman npuBeaéH Ha pucyHke 2.
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H A
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| dakT ynomunanma 1 $aKT ynommHaHwA 2 | ¢akT ynommHanma 3 |
HcxoodHeiii P et Pttty ' P i ltteled [y ]
iHemnuonar Australian Open:nposogunca 14-28 AHBapA 2024r. 8:MenbbypHe;
meKkecm I IINIIITIIIIIIININIII L tnInomoniTIoe

Pucynok 2 — [Ipumep ucnonbp3zoBanus rpada 3Hanui matdopmsl Talisman
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[Ipennaraemsplii MOAXO/A peaqu3yeT CEMaHTUYECKOE€ AHHOTHUPOBAHUE CTOJIOLOB M OTHOLICHUI
MEXy HUMH, KOTOPOE 3aKJIF0YAETCs B COMOCTABICHUH CTOJIOAM OINpENeIEHHBIX MuUnog xapaKme-
pucmuk, HaX0KJIEHUN HanboJee MOAXOAIIer0 TUIAa KOHIIETITa Ha X OCHOBE, & TAK)KE BBISBICHUE
MUNnoe ceszeli MeXly onpeieIEHHbIMU TUIIAMU KOHLIENITOB.

2.3 OTtanbl noaxoaa

Pa3pabGoTtanHnblii 1moaxoj HampaBiieH Ha 00pa0oTky 7Talisman-nokymeHTtoB B dopmare TDM
(Talisman Document Model) Bepcun 1.0, KoTOpble MOTYT COJiepKaTh HAOOp BEPTUKAIBHBIX TAOJIHII.
TDM wcnionw3yetcs B Talisman niast yHu(UIMPOBAHHOTO MPEACTABICHNS JaHHbBIX, H3BICUEHHBIX U3
¢aitnoB pasnuunbix GopmaroB (PDF, DOCX, CSV, HTML). OcHOBHBIE 3Tambl MpeaIaracMoro
M0/IX0/1a MIPEACTaBICHBI HA PUCYHKE 3.

3anpoce!

Talisman- y UcxopHbie J
AOKYMEHTbI 7, 1T N . } ____________________ ) daHHbIE ONA AHHOMUPOBAHUSA
. E CeMaHTHUYECKaa MHTepnpeTayma Tabaumy |
'
1. Npepo6paboTka Tabnu 1 |
( asnopzuﬁea:ue UMEHHOBO‘:HX H oML A T E dakmei-KoHyenmol, rpag =
[PTEET i |(Ha ocHOBe $HaKTOB yNOMMHAHWIA 1 GaKTOB 3Ha4eHui) | ! ‘ ¢ 3HaHUK
cywHocmel,nepeuyHoe useneyeHue pakmos) H DaKMbi-3HAYEHUSR, ... Tali
: * : alisman
- ' : :
' ]
CemaHTUYECKUNA H 3. AHHOTUpPOBaHue cTonbyos E 4. U3BneyeHue paKTos
= | aHanmsaTop (IE) E (20nocosaHue boabwuHcMeoM, cxodcmeo no madl (dobasnerue hakmos 6 yenesoli epagh
— ]
H 3020/108KY, 2PYNNUPOBKA XAPAKMEPUCMUK) ' 3HaHull)
' H

PI/ICYHOK 3 — OCHOBHBIE ATaITbI npegjiaracMoro noaxoaa

9ran 1: [lpedobpabomka mabauy. Ha naHHOM 3Tare OCyIIECTBIISCTCS PACIIO3HABAHHE HMEHO-
BaHHBIX cymHocTel (Named Entity Recognition — NER) nnst KaXI0U STYEHKU B HCXOIHOM TabmuIle.
Jliist 3T0# 1enu ueroib3yeTcst noooydeHHast monenb XLM-RoBERTa [26], koTopasi pacio3Haér B
TEKCTE BXOXKICHHE HEKOTOPHIX MMEHOBAHHBIX CYIIHOCTEH (IIepCOH, KOMIIaHH, MECTOMONIOKECHHHA U
1p.). Mogens nooby4anacek Ha Habopax nanubix: CoNLL 2003 (English), OntoNotes (English), On-
toNotes (Chineese) n DocRED (English). Onpenenénnsie NER-METKH MUMEHOBAHHBIX CYHTHOCTEH
MIPUCBANBAIOTCS KaKJOM siuelike B MCXOJHOM TaliuIle, XapakTepusys cojeprKalivecs B HEH JaH-
HbIe. B 3aBUCHMMOCTH OT MPUCBOCHHON NER-METKH U3 SYEeK aBTOMATHUYECKU M3BIEKAIOTCS (haKmbi-
YROMUHAHUA N (PaKmul-3HayueHus, COOTBETCTBYIOIINE THITY 3HAUYCHHS XapaKTEPUCTHUK, ONPEIeIEH-
Homy B Mozenu [IpO. Ha nanHom mare u3 sueexk MOTyT ObITh U3BJICUEHBI MPEABAPUTEIbHBIC (aK-
Mmbl-xapaxmepucmuxu u ghaxmoi-koHyenmul. JlJaHHBIN 3Tall BBIIOJIHAETCS CPEICTBAMU cemManmuye-
ckoeo ananuzamopa (IE), Bxojsiero B coctas miatdopmsl Talisman.

Iran 2: [louck munos kanouoamos. J{ns kaxaoro croiadia GopMupyeTcss HA0Op KaHIUIaTHBIX
TUTIOB XapaKTEPHUCTUK, MONyuyeHHbIXx U3 Mmoaenu I[IpO Ha ocHOBe ompenenéHHBIX @ axkmos-
yrnomunanui M pakmos-3uauenui. CToaoubl, 1Uig KOTOPbIX (aKThl HEe ObUIN U3BJIEUEHBI HA TIPEbI-
JyIIEeM IIare, UCKJIIOYAIOTCs U3 MOCIeAyIoIIel 00pad0TKN TaOIMIIbI.

Jran 3: Cemanmuueckoe anHomupoganue cmondoyos. Ha nanHoM sTamne ocylecTBIsIeTCs Bbl-
0op Hambosee MOIXOSIIETO0 TUIA XapAaKTePUCTHKU U3 MHOKECTBA KaHAMJATOB IS MPUCBOCHUS
ero ctoioIy. [l 3Toro ucnoyib3yercsi CrieluaibHBINA arperupoOBaHHbBIN METOJ] COCTOSIIECH U3 KOM-
OWHALIUY CIIETYIOIINUX IBPUCTHUK.

»  [onocosanue oOonvuiuncmeom. JlaHHAs IBPUCTUKA SIBISETCS MPOCTHIM 0a30BBIM pPELIECHUEM,
KOTOPOE 3aKJIF0YAeTCsl B TOM, YTO HanboJyiee MOIXO AN TUIl U3 HaOopa KaHAWIATOB Ha3Ha-
qaeTcs CTOJIOIy Ha OCHOBE MPSMOTO BBIBOJA U3 TE€X (HaKmos-Xxapakmepucmuk, KOTOPbIE Yyxke
ObUTH W3BIICYCHBI ISl SYECK CTOJIONA CPEACTBAMHM CEMAaHTHUYECKOTo aHamu3aropa. T.e. uis
KaXKJ0ro ONpeAeNnEéHHOro akxma-xapaxmepucmuxku HaXOAUTCS HAOOP BO3ZMOXKHBIX THUIIOB, KO-
TOPBIM OH COOTBETCTBYeT. Jlaiee MmoACUuTHIBACTCS KOIMYECTBO (YaCTOTA MOSIBICHUS) KaXKIOTO
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TUna-kauauaara. s npuBeneHuss 1aHHOrO 3Ha4YeHHs K aAuamna3ony oT 0 go 1 mpumensiercs

MeToJ HopManu3auuu [27].
= Cx00cmeo no 3a20n106Ky. OCyIIECTBISETCS JEKCUYECKOE COMOCTAaBICHUE 3arojioBKa cToj0ma ¢

HA3BAaHMSIMH THUIIOB XapaKTEPUCTHK M3 MHOXKECTBA KaHIUATOB HA OCHOBE paccTostHus JIeBeH-

HITeHA U B 3aBUCUMOCTH OT 3TOT0 PACcCTOSHUS Aa€Tcs OLEHKa KaXJIOMy TUIy Kanaunaara. Ec-

JIY B CTOJIOIIE BBIZICIICHBI (hakmul-KoHyenmsi (Ha dTAIe MPeIoOopad0TKH), TO Ha3BaHHUE 3ar0JI0OB-

Ka CpaBHHBAETCS HE C HA3BaHUSAMU TUIIOB XapaKTEPUCTHK M3 MHOXKECTBAa KaHIUIATOB, a C

HAa3BaHMSIMH TUIIOB KOHIICTITOB, KOTOPHIE CBS3aHbI C JAHHBIMU THIIAMH XapaKTEPUCTHK.
= [ pynnuposka xapakmepucmux. JlaHHas 3BpUCTUKA OCHOBAaHA Ha MPENOJOKEHUH, YTO B Ta0-

JIUIE MOKET OBITh OJMH I HECKOJIBKO KAaTErOPHAIBHBIX CTOJIOIOB, B KOTOPBIX CEMAaHTHYE-

CKUW aHaJIM3aTop YK€ M3BJIEK HEKOTOpbIE haxkmul-KoHyenmsl ¢ UACHTUDUUUPYIOIUMU Dak-

mamu-xapaxmepucmuxamy (HaIpUMep, XapaKTEPUCTUKA «HA36aHue» I HEKOTOPOro KOH-

HenTa opeanuzayuu). Jns Kaxaoro KareropualbHOTO CTONOLA MOACUUTHIBACTCS KOJIUYECTBO

BO3MOXKHBIX XapaKTePUCTHK, KOTOPHIC PACIOaraloTcs B JAPYTrUX HE KAaTETOPHAIBHBIX (JTUTeE-

palIbHBIX) CTONOIAX U OTHOCSATCSA K JaHHOMY KOHIenTy. Jlanee ompenensercs, KakoMy KaTero-

pUATBHOMY CTOJIOIY COOTBETCTBYET MAKCHMAJIbHOE KOJMYECTBO XapaKTEPHCTUK. Takomy

CTOJNOIY ¥ CTOJIOIAM C XapaKTepUCTUKaMU COOTBETCTBYET OLICHKA paBHAs €AMHHUIIE.

Ha ocHoBe 3TuX 3BpUCTHUK OIpeAenseTcst 001mas (arperupoBaHHas) OlleHKa TOTro, 4TO OIpese-
NEHHBINA TUI XapaKTEPUCTUKU U3 HAOOpa KaHAMIATOB SIBISETCS HanOoJee MOAXOAAIIUM sl aHHO-
TUPOBAHHUS CTOJIONA TAOJIHIIBI.

Jran 4. M3enreuenue ¢hakmos. Ha 0CHOBE yCTaHOBJICHHBIX aHHOTAIMM CTOJIOIOB M3 TaOIUIIBI
U3BJICKAIOTCSI HOBBIC  (DaKkmbl-KOHYenmol, (QaKkmol-3HaueHus, aKmol-ynoMuHaHus, akmoi-
xapaxkmepucmuky KOHLIETTOB. [Ipyu 3TOM u3BNEUEHHBIE (aKmbl-ynoMuHaHUs BKIIOYAIOT 3HAUCHUE
Bcel stueiiku 1enukoM. M3BiieueHne (akToB OCYIIECTBISICTCS MTOCTPOYHO ClIeBa HampaBo. Daxmbi-
Xapaxkmepucmuky CO3J1aI0TCS TOJIBKO JJIi CaMOro JIEBOTO KaTerOpuUajIbHOTO CTONOIa B TaOiwuIle.
Ecim B Tabnuile B Ka4ecTBE aHHOTAIMH JUISI HECKOJBKHX KaTETOPHAIBHBIX CTOJIOIOB OMpPEIeICH
OJIMH W TOT € THIT XapaKTCPUCTUKHU (HAIpuMep, eCIIi B TAOJIHIIC €CTh J[Ba CTOJIOIA ¢ MePCOHaMHU, a
BCE OCTAJIbHBIE CTOJOIBI OMPEEICHbl KaK HEKOTOPhIE XapaKTEPUCTUKU MEPCOHBI, TO TOJBKO IS
(haxmos-konyenmog W3 MEPBOrO CTOJNONA CO3AIOTCS COOTBETCTBYIOIIHME XapakTepucTuku). [Ipm
3TOM HJICHTU(UIUPYIOUIUE XapaKTePUCTHKU (Ha3BaHWs) U3BJIEKAlOTCsA Bcerga. Ha ocHoOBe m3BIe-
YEHHBIX (HaKmoe-KoHyenmos 13 TaOIUIBI TAKXKE MOCTPOYHO H3BIICKAIOTCS BCE BO3MOXKHBIC (hax-
Mbl-Cc653U, ONPEACISAIONINE OTHOIICHUS MEXAY ABYMs KOHIIEITaMU. Bce M3BIeYEHHBIE TaKUM 00-
paszoM (axtel mononusitor I3 Talisman.

2.4 TlporpammHas peanusaums

[Ipenmnaraemslii moaxoa peanu3oBaH B GpopMe crenuanbHOro oopadorunka «fables-annotatory
Ha si3bike Python 3.10. JlanHBI 00pabOTYMK BXOAMUT B COCTaB MojacucTeMbl Talisman Information
Extraction (Talisman-IE) u nipenctaBisieT coboil mporpaMmHoe cpenactBo (REST-cepéep), BbINOI-
Hsroniee 00padboTky BxoaHoro Talisman-noxkymenta. O6paboTunK Takke moyrydaet Ha Bxoq JSON-
00BEKT, 3aaI0NIUI MTpaBUiIa W/WIK OTpaHUYEHUs (KOH(UTYpaIHio) TpaHC(hOopMalUuK BXOAHBIX J10-
KYMEHTOB B 00pabOTYHKeE.

Kondurypauus miis o6padoruuka «tables-annotatory:
{

"table_indices": "<nopsazkoewe HoOMepa Tabsmi>",
"column_indices": {
"<nmopankoeble HOMepa Tabmauu>": "<nopAaOKoBble HOMepa CToJouos>",
by
"header numbers": [ <Homep cTpoku 1>, ..., <HOMED CTPOKM n> ]
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[TapameTpsl KOHPUTYpAITUH, ONMIMOHATLHBIN OJIOK:

= «table_indices» — 3amaét HOMepa TaOMIHII, BCTPEUAIOIINXCS B UCXOJAHOM JOKYMEHTE, KOTOPBIE HEOOXOIMMO FC-
KITFOUYHTH U3 00paboTku. J{7Is 3TOTO yKa3bIBaeTCs CTPOKa, B KOTOPOH depe3 3alsATyI0 MOTYT OBITh yYKa3aHbI Kak OT-
JICITbHBIC TIOPSIIKOBBIC HOMEpa TaONUI, TaK U WX IUAMa30Hbl, Hanpumep: «I, 2, 3, 5-8, 10». Ecau B nuamna3one
yKa3aTh CICIHUAIBHOC 3HAYCHUE «endy», TO OTCUET TAOJHIl MPOJOJKUTCS aBTOMAaTHUCCKU 10 KOHIA JOKYMCHTA,
Hanpumep: «/, 3, 5-end». Otcuér TabNuUIl B TOKYMEHTE HAUNHACTCS C CAMHUIIBI;

»  «column_indices» — 3ana€t HOMepa CTOJOIOB, KOTOPbIC HEOOXOIUMO UCKIIFOUUTh M3 00paOOTKU B 3aJaHHBIX Ta0-
suiax. s 3Toro ykaspiBaeTcs ClI0Baph, I¢ KIIF0Y — 3TO HOMEpa TaOJIHIl WM UX TUAMa30H, a 3HAYCHUE — 3TO HO-
Mepa CTOJIOIOB WM MX TUAma30H, OTHOCSINUECS K YKa3aHHbIM TaOiuuaMm. /laHHbIC HOMEpa TaOJuIl U CTOJIOIOB
SIBIIIFOTCS] TEKCTOBBIMH 3HAYCHUSMH U COCTABIIIOTCS 110 TAKOMY K€ IIPUHIIAITY, KaK U mapameTp «fable_indicesy;

" «header numbers» — 3aqaéT CIICOK HOMEPOB CTPOK, SIBIISIOMIUXCS 3aroJI0OBKOM TaOuiel. [To ymorgaHwro mepBast
CTpOKa TaOJMIIBI CUUTACTCS 3arojOBKOM. Homepa CTpOK MOMKHBI OBITH YHCIOBBEIMH 3HAUCHHUSIMH, yYKa3BIBAIOTCS
6e3 kaBbraek. OTCYET CTPOK B TAOIUIC HAUWHACTCS C CAMHUIIBL.

Ecnu HeoOxonumo o6pabotare Bce TaOIHIBI U3 JOKYMEHTa M IPU BO3MOXXHOCTH HM3BJICYb U3
HUX (DaKThI, TO KOHQUTYPALHS IO YMOTYAHUIO HE 3a1aéTCs.

3 lMpumep

Pazpaborannsbiit 00paboTuuk «tables-annotatory UCTIONB30BaH JJI PEUICHUS 3a/1a4l aBTOMATH-
3MPOBAHHOTO HAIMOJHEHUs MPeIMETHO-OpUEeHTHPOBaHHBIX 13 mnardopmsel Talisman HOBbIMU (ak-
tamu, u3BneuéHubpMu u3 T/[. TectupoBanue paspaboTaHHOTO 00padOTYHKA MPOU3BOAMIOCH MPH
aHaJIM3€ TECTOBBIX TAOJMI, COOPAHHBIX 110 KATETOPUSIM: «COMPYOHUKU OP2AHUZAYUUY, KOMKDbIMbLE
BAKAHCUUY, (PBIHOK ABMOMOOeNel», KU38ECHbIE VUEHBIE», KNPOOANCA KHUSY, KPEtmUH2 MEeHHUCU-
cmos». JIns popmupoBanus rectoBoro Habopa T/l MCHOIB30BATIKCH CIEAYIOLINE BeO-PECYPCHI:
= CaifThl HAYYHBIX W OOPA30BATEIBHBIX yupexkaeHui (Hanmpumep, MJCTY CO PAH™, Hpkym-

CKUTE HAYUOHANBHBII UCCTE008AMENbCKUTI MEXHUYeCKUll yHusepcumen’ ),
= Gaux earancuii Upkymekoii obnacmu’ u Be6-cepsuc hh (Mpkymck)™;
= BeG-cepBuC «Aumo»’;

" pYCCKOSI3bIYHAS YacTh Buknmeami’;
= BeG-marasun «JIabupunmy’;
=  BeO-cepBHUC MOACUYETA PEUTHHTAa TEHHUCHCTOB 110 BepcuU A7 P,

Hanubie cobupanuch u3 BeO-Tabauil U coxpansumch B ¢popme DOCX-nokymentoB. CpenHee
KOJINYECTBO CTOJIOLIOB B COOpaHHBIX TabiMLaxX — 5, a cpeiHee KOJIUYECTBO CTPOK — 12.

®parment mozenu [IpO, ucnonb30BaHHON B MpoOlECCEe CEMAaHTHUYECKOIO0 aHHOTHPOBAHMSI Tal-
il 1 Ha dtane nonosuHenus T/I, mokazan Ha pucyHke 4. Jlanneni I'3 npencrasieH B BUAe OpUEH-
THPOBAHHOTO rpada, TOCTYI K KOTOPOMY OCYIIECTBIISIETCS C ITOMOIIbIo HuTepdeiica GraphQL®’. B
MOJIETIM OIHUCaHbl OCHOBHBIE THUIIBI KOHIIENITOB, Takue Kak «llepconma» (NER-metku: PERSON,
PER), «Opeanusayus» (NER-metku: ORGANIZATION, ORG), «Baxancus» (HET COOTBETCTBYIO-
meit NER-metku), «4démomobunvy (NER-metku: PRODUCT) wu «Knuea» (NER-veTku:
WORK OF ART).

Ha pucynke 5 nokaszan npumep oO6pabOoTaHHONW MCXOJHON TAaOMHUIIBI U3 KATETOPHH «peumune
menHUucucmosgy (CM. pucyHox 1).

% http://idstu.irk.ru.

30 https://www.istu.edu.

3! https://trudvsem.ru/vacancy/search? regionlds=3800000000000.
32 https://irkutsk.hh.ru.

33 https://www.avito.ru.

** https://ru.wikipedia.org.

35 https://www.labirint.ru.

38 https://www.labirint.ru.

37 https://live-tennis.eu/ru/atp-live-ranking.
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Pucynok 4 — @parmeHT MoeNu IpeIMETHOH 00acTh U3 neieBoro rpada snauuid Talisman

tennis-players-table.docx

WHgopmaums No TeHHUCUCTaM:

MecTto B

Quin o
pelitnHre

TeHHncHeT CrpaHa Jlara poxaeHua

AHHVK CHHHEP Wranua 16 aBrycra 2001 9890 1

Hoeak flxokosuy CepBua 22 man 1987 8360 2

Kapaoc Asbkapac Wcnanus 5 man 2003 &130 3

AnexcaHap

6905 4
3eepes

lepmanns anpens 1997

Aannn
Meagenes

11 deepana

1996 6445 5

Poccua

Pucynok 5 — @parmMeHT 00pab0TaHHON HCXOTHOH TaOIHUIIBI U3 KATETOPHU «PEUMmuUHe MeHHUCUCIOB)Y

I CTPOKa—pHarpaas!
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Ha ratdopme Talisman

%

JL1st IoTydeHUs SKCIIEPUMEHTAITLHOM OIICHKH CEMaHTHYEeCKOTO aHHOTHUPOBAHUS CTOJIOIOB Ta0-
JMI] ¢ TIOMOINBI0 00paboTunka «fables-annotator» UCHONB30BATUCH: mouHocmy (precision), noi-

noma (recall) u F-mepa (F1):

o P
precision = ok recall =——

, 1

_ 2x precision x recall

precision + recall

rae P — KOJIMYeCTBO MPaBUIbHO aHHOTUPOBAHHBIX CTOJIOIOB (MAeaNbHbIX aHHOTalui); C — KOJIu-
YeCTBO aHHOTUPOBAHHBIX CTOJI0110B; CN — o0111€e KOJMYECTBO CTOJIOOB B HCXOAHOM TabHIIE.

[TonyueHHasi oneHka MpeacTaBlieHa B
tabnuue 1. AHamu3 MoKasan Ompeaessito-
1iee 3HauY€HUE ATara pacro3HaBaHUs HUMe-

Tabnuma 1 — DkcriepuMeHTaIbHAST OLIEHKA JIJIS TAOITHUI]

13 Pa3HBIX KaTeropui

HOBAHHBIX CyIIHOCTeH (DTarm 1), B 4acTHO- Kareropusi Tadmiy Tounocts | IMoanora | F-mepa

Compyonuxu opzanuzayuu 1.00 0.80 0.89
CTH, HCKIIOYEHHE U3 Npoliecca 06paboTku Omxkpuimule sakancuy 0.20 0.16 0.18
CTOJIOLOB, JUIsl KOTOPBIX HE OblLIK Onpese- Puvinox asmomobunei 1.00 0.83 0.91
nenbl NER-MeTku (HanpuMmep, IS CTONO- | Mssecmuvie yuenvie 0.75 0.75 0.75
Ia ¢ Ha3BaHUCM OprblmOZZ 6dKaHcuu N Hpoaa:)fca KHUZ 0.80 0.67 0.73
Ta6HI/IH u3 KaTeropHH ((gaKchuu»)’ qT0 Pevimune mennucucmos 1.00 0.60 0.75
IIPUBOJIUT K HU3KUM OLIEHKAM. Hmozoseasn ouenka 0.79 0.63 0.70

Jpyrumu orpaHuYeHUSIMH pa3pabOTaHHOTO MOIX0/1a SBIISIOTCS:
*  00paboTKa TONBKO BEPTUKAIBHBIX TAOJIHIL;
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" U3 sYeeK TabJIUIbl U3BJICKAIOTCS 3HaUCHUs (YIIOMUHAHMS) LIETMKOM (HampuMep, He U3BJIEKaeT-
cst oTaenbHO «HMmay, «Damunuay» n «Omuecmeo» n3 ssuerku ¢ «PHOy);

=  He (popMHUpPYETCS OJHO 3HAUCHUE U3 3HAYCHHUI HECKOJIbKUX AYEEK;

"  HE pacCMAaTPUBAIOTCS CIIOXKHBIE COCTABHBIC 3HAUCHUSI XapaKTEPUCTHK;

"  HE U3BJICKAIOTCS XapaKTEPUCTUKHU CBS3EH.

3aknroyeHue

B cratee mpexacraBieH TOAXOJ K aBTOMAaTHU3MPOBAHHOW  pa3paboOTKe MPEeIMETHO-
opueHTHpoBaHHBIX ['3 Ha ocHOBe cemaHTHueckoro aHHotupoBanus TJI. [lpemnaraemerii moaxon
BKJIFOYAET KOMOWHAIIMIO IBPUCTUUYECKUX PEIICHUN JJI1 aHHOTUPOBAHUS CTOJOIOB TaOJIHUIl M aHHO-
TUPOBAHUs OTHOIICHWH MEXAy cros0naMu. B KadecTBE BXOJHBIX JIaHHBIX HCIOJIB3YIOTCS
Talisman-noxymentsl, a B kauectse L{I'3 — I'3 mnatdopwmel Talisman. Iloaxon peanu3oBaH B popme
CHENHNabHOTO MOy s-00padoTunka «tables-annotator» nns Talisman-IE.
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Abstract

The article outlines an approach and software tool for the automated enrichment of domain-oriented knowledge graphs
with new facts derived from semantically annotated tabular data. For semantic annotation of table columns, a combina-
tion of three heuristic methods is proposed, leveraging named entity recognition in cells, lexical matching, and feature
grouping. This approach is implemented as a dedicated handler within the Talisman software platform. An example and
experimental evaluation of the approach during the semantic annotation of columns are provided using a test set of
tabular data across six thematic categories: "organization employees," "open vacancies," "car model market," "famous
scientists," "book sales," and "tennis player rankings." Evaluation metrics included precision, recall, and F-measure,
with final results across all six categories as follows: precision - 79%, recall- 63%, F-measure - 70%. These results
highlight the potential of the developed approach for enriching domain-oriented knowledge graphs with new facts from
semantically annotated tabular data. The limitations of the proposed approach are also discussedfrom semantically an-
notated tabular data. The paper also provides a number of limitations of the proposed approach.
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