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IKCIEePUMEHTHI 110 BBIPABHUBAHUIO CYHIITHOCTEH
HA PYCCKO-aHIVIMACKOM HA0Ope JaHHBIX
C HECOMOCTABUMBIMHM CYUIHOCTSMHM

3.B. Ananosuy!, JI.I'. Kepnoro?

"'HUCH CO PAH
2HTY

AHHoTanms. B nocnenHue roapsl KpaTHO BO3pOC MHTEpeC K rpadam 3HaAHHMA
(I'3) xak B HAy4YHOM, TaK ¥ B IPOMBIIJICHHOM COOO0IIeCTBE. ['3 UTparoT BaxkKHYIO
ponb B Takux npuioxeHusx MU kak oOpaboTka TEKCTOB HAa €CTECTBEHHOM
A3BIKE, BKJIF0YAst BOIIPOCHO-OTBETHBIE CUCTEMBI, PEKOMEHATEIbHBIE CUCTEMBI U
MOUCKOBBIE IBWKKHU. VIHTerpanus pa3inyHbIX rpadoB 3HAHUH SBISETCS OAHOM
U3 aKTyaJbHEHIIMX 3aJad M UCHOJb3yeTCs, HalpuMmep, Al pa3paboTKu
CIIO)KHBIX IM(POBBIX ABOWHUKOB MPOMBIIUIEHHBIX cucteM.  OnHoll u3
KOMITOHEHT pEIICHUs 3ala4u MHTerpanun ['3 ABisgercs 3a1a4a BbIpaBHUBAHUS
cymHuocreit (BC), nmpitatoniasics uaeHTHGUIMPOBATh B pasHbIx ['3 cymiHOCTH,
OIMCBIBAIOLINE OJJUH U TOT € 00BEKT peaIbHOro Mupa. YacTHBIM CiTydaeM 3ToH
3ajaun  SABJSIETCSA 3ajjadya KPOCC-A3BIKOBOW MICHTU(UKAUM CYIIHOCTEH,
peleHre KOTOpoM TpedyeTcs A MMIOPTO3aMElLeHMs, HalpuMep IOUCKa
SKBHMBAJICHTHBIX JIEKAPCTB, 3am4acTeil uiau ycrpoicTs ains Mareprera Bemeit. K
COXAJICHUIO, B PEaJIbHBIX I'padaX 3HAHUN MHOTME CYIIHOCTH MOTYT HE UMETh
SKBUBAJCHTOB B Jpyrux Trpadax 3HaHMi. B nganHoil paboTe omucaHbl
SKCIIEPUMEHTBHI 110 BEIPABHUBAHMIO CYIHOCTEN NPU HAJIWMYNUU HECOMOCTABUMBIX
CYITHOCTEH Ha MpUMEpPE PyCCKO-aHTTUHCKOTO Habopa JaHHBIX

KiarwueBbie caoBa: rpadbsl 3HaHWN, BBIPAaBHUBAaHHE CYIIHOCTEH,
HCECOMMOCTAaBUMBIC CYIIIHOCTH

Entity alignment experiments on Russian-English
dataset with unmatchable entities

Z.V. Apanovich', D.G. Kernogo?

"'IIS SBRAS
2 NSU

Abstract. In recent years, interest in knowledge graphs (KG) has increased
exponentially in both the scientific and industrial communities. KGs play an
important role in Al applications such as natural language processing including
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question-answering systems, recommender systems, and search engines.
Integration of different KGs is one of the most pressing problems and is used, for
example, to develop complex digital twins of industrial systems. One of the
components of the KG integration problem is the entity alignment problem,
which attempts to identify entities in different KGs that describe the same real-
world object. A special case of this problem is the problem of cross-language
entity alignment (EA), which is closely related to the problem of import
substitution, such as finding equivalent drugs, spare parts, or devices for the
Internet of Things. Unfortunately, in real KGs, many entities may not have
equivalents in another KG. This paper describes entity alignment experiments
using the example of a Russian-English dataset with unmatchable entities.

Keywords: knowledge graph, entity alignment, unmatchable entities

1. BBeaenue

I'padbr 3HaHUil XpaHAT ¢GakThl 00 00BEKTaX peajbHOr0 MHpa B BUJE
PETSAIMOHHBIX U JIMTEPATBHBIX TPUILIET. PeNIMOHHbIE TPUIIETH U300paKaIOT
OTHOIIIEHUE MEXIY JABYMsI CYITHOCTSIMU (TO €CTh, 0OBEKTAMU PEAIbHOTO MHUPA,
UMEIOIUMH YHUKaTbHBI UHTepHEeT-uneHTnukatop, IRT) u umetor dhopmar tr_r
= (cybvexmuasn cyuwHocmns, omHouieHue, 00veKmuas cyuwHocmy). JintepaabHbie
TPUIUIETHI XpaHAT HHPOpPMaIIUIO 00 aTpudyTax CymHOCTeH 1 UMEIOT popmar & [
= (cybvexmuas cywpocmos, ampuoym, 1umepanibHoe 3Ha4eHue).

Ha pucynke 1 noka3anbl pparMeHThI U3 aHTJIOS3BIYHON U PYCCKOSI3BIYHOM
Bepcuii  DBpedia, onwuceiBatonme HoBocuOupckuil  rocyaapCTBEHHBIM
yHuBepcuTeT. IIpuMepoM peisiiMOHHONM TPHUILIETHI SBJISAETCS  TPUILIETa
(Hosocubupckuii_eocyoapcmeennsiii yHugepcumem, pekmop, M. 1. @edopyx),
a pUMepoOM JTUTEpaIbHON TPUILIETHI SIBJISIETCS TpUILIETA
(Hosocubupckuii_eocyoapcmeennniii yHugepcumem, ocHosan, 1959). Ha
PUCYHKE KpACHBIMH JIMHUAMH HW300paKEHBl OTHOIICHUS SKBUBAJICHTHOCTHU
owl:sameAs, wuMeromuecs MEXAY CYIIHOCTSAMU B PYCCKOS3BIYHOM H
aHTJIOS3BIYHOM Tpadax 3HaHUN. MOXKHO BUAETH, YTO AHTJIOA3BIYHON CYITHOCTH
dbr:Fedoruk, Mikhail Petrovich B aHTIOS3bIYHOM I'pade 3HAaHUI COOTBETCTBYET
pycckosizbiyHasi cymHoctb M. Il. @edopyk, aHTIOSN3BIYHOMY TPEIUKATY
dbo:rector — PyCCKOSI3BIUHBIN TPEAUKAT peKmop, a aHTJIOS3BIYHON CYITHOCTH
dbr:Novosibirsk State_University — pycCcKosI3bIUHasI CYIIHOCTb Hosocubupckutl
eocyoapcmeennvlti yHueepcumem. IIOHATHO, YTO B HJI€aje€ AHTJIOS3BIYHBIA U
PYCCKOSI3BIYHBIN CIIUCKU COTPYITHUKOB, PEKTOPOB U cTyJeHTOB HoBoCcHOMpcKkoro
YHUBEPCUTETA JODKHBI OBl COBIMANaTh B pa3HbIX Trpadax 3Hanwii. OmgHAKO HA
MPAKTUKE 3TU CHUCKH OYEHb HEMOJIHBIE U MIO3TOMY MOTYT CHJIBHO OTIIMYATHCS, a
TaKkKe HaOJI0AIOTCAd HEKOTOPhIE PpAa3Iuyusi B OINUCAHMSIX HKBUBAJICHTHBIX
CYLIHOCTEM.

[Ipexne Bcero, cienyeT oOpaTUTh BHUMAHUE HA Pa3HOE HAMMMCAHUE UMEH B
PYCCKOSI3BIYHOM M aHIJIOSI3BIYHOM Bepcusix rpadoB 3HaHui. Takke, B
AHTJIOS3BIYHOM M PYCCKOS3BIYHOM BEPCHM YKa3aHbl pa3HbIEe T'OJbl OCHOBAHMUS
yHuBepcuteTa. Kpome 3T0ro, B aHrI0sI36I9HON U PYCCKOSI3bIYHOM Bepcuu rpadoB
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3HAHUH NPUBEICHBI PAa3HbIE CIIUCKH JIIOJEH, KOTOPBIE CBSI3aHBbI (TO €CTh, YUYUIUCh
uinu paboranu) ¢ HI'Y. Hanmpumep, B 00eux Bepcusx omucaH BbITyCKHUK HI'Y
Edbum 3enpmanoB, noayuuBmmid OUICOBCKYIO MPEeMHIO MO Matematuke. Ho
TOJIBKO B aHTJIOSI3bIYHOW BEPCUHU €CTh MH(OpMAIUs PO TO, YTO BBITYCKHUKOM
HI'Y Obi1 u Aunpelt BopoHKOB, HE TOJIBKO MOJYYUBIIMM TpeMHUr0 IpOpaHa
(dbr:Herbrand Award), WO W SBIAIOIIMICT pa3pabOTUYMKOM MPOTrpaMMBbI
EasyChair (dbr: EasyChair), KOTOpOH NOJIb3yIOTCS HAay4YHBbIE COTPYIHHKUA BO
BCEM MUpE JJIs IPEJCTaBICHHs CTaTeil Ha HayyHble KoHpepeHuuu. [lockomabky
onucaHusi 0OOBEKTOB PEaIbHOTO MHUpa, TakuX Kak AHapelr BopoHkoB, u npemus
OpbOpaHa B MOMEHT HalMCaHUs JaHHOW CTaTbU OTCYTCTBYIOT B PYCCKOSI3BIYHOM
Bepcun  DBpedia, mnpw MONBITKE COMOCTABICHUS  AHIJIOSI3BIYHOM |
PYCCKOSI3BIYHOW  BEpPCHUl  BO3HMKAIOT TaK HA3bIBa€MbIE 6ucsauue WU
Heconocmaesumbie CymHOCTU dbr:Andrei_Voronkov w dbr:Herbrand Award.

[ToHsiTHO, UTO Hanbosee MOJHOE OMUCAHUE CYUIHOCTH MOKHO MOJYYUTh
00bEIMHEHNEM BCEX TPUILIET, OMUCHIBAIOLIUX OJHY U TY K€ CYIIHOCTh B Pa3HbIX
I'3. Ho nns pemeHust 3TOW 3ajladyd JIOJKHBI OBITh MPABUIIBHO YCTAHOBIICHBI
COOTBETCTBHS MEXIY CYLIHOCTSIMHU.

owl:sameAs

dbr:FiBlds.Eif_l__/ \‘an npemius
\ A
dbo:award Harpagkl v npemun
dbr:Efim m‘-—\ /‘—-I'E_.—lr:enbmaﬂns
owl:sameAs
+dbr: Fedoruk, Mikhail_Petrovich M._N._depopyk Anema-marep
dbo:almaMater
A A
dbo:rector peKTOR,
1958 (xsd:integer) Qovosibirsk_State_Universit TOE0CHBMP T FOCYAADPCTBEHHLIT 1959
dbbp:-established YHABEPCHUTET

owl:sameAs OCHOBAH

dbo:almaMayer
. . Hesus
dbr:EasyChair dbomgtto

dboRrewalf or

- Mkl HE COEnaem BaC yMHEE,
dbr:Andrei_Voronkov I The Real Science I Mbl HaYIHM BAG AYMETS!

dbo:award

dbr:Herbrand_Award

Puc. 1. CooTBeTcTBHE MEXIY CYIHIHOCTSIMHU B QHTJIOA3BIYHOM U PYCCKOSI3bIYHOM
rpadax 3HaHUI

CoBpemennble Meroasl BC ocCHOBaHbl Ha MpPEANOJOXKEHHHM, YTO
DKBUBAJICHTHBIE CYIIIHOCTH HMEIOT IOXO0XKHE OKpyxkeHud. 1loaTomy akTuBHO
VCTIOJIB3YIOTCSI METO/IbI, TEHEPUPYIOIIME BEKTOPHBIE IPEACTABICHUS 3aJaHHON
Pa3MEpPHOCTH JIsl CYITHOCTEN M OTHOIIEHUN rpadoB 3HaHUM, TaK Ha3bIBAEMbIE
enodcenus WA amoeoouneu (embeddings). IlockoibKy B pyCCKOS3BIYHOM
JuTepaType, CBsS3aHHOW C rpadaMu 3HAHUNA, TOKa HET YCTOSBILIEUCS
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TEPMUHOJIOTHH, B JAITBHEHIIIEM MBI OYJE€M HCIIOJIh30BaTh TAKUE TEPMUHBI, KaK
B8EeKMOPHOE npedcmasienue, 8loxiceHue, U IMOe0O0uHe B3auMO3aMEHSIEMO.

JlocTOMHCTBaMM TOJIX0/1a HA OCHOBE AMOENJIMHIOB SIBJISIOTCSI BBICOKAS
MacIITa0UPyeMOCTh W HEOOJBIINE YCUJIUS TMpPH IOJATOTOBKE OOYyYaroIIuX
BBIOOPOK.

[ToHSATHO, UTO PYCCKOSA3BIYHOMY MOJIb30BATEII0 HHTEPECHBI, ITPEXKJIE BCETO,
AKCIIEPUMEHTHI, UCTIOJIb3YIOIINE PYCCKOS3bIUHbIE JaHHbIEe. B pabote [1] onucan
PYCCKO-aHTTUNCKUM HAOOP JaHHBIX TSI IKCIIEPUMEHTOB C allTOPUTMAMHU KPOCC-
SI3LIKOBOTO BBIPABHHUBAHUS CyITHOCTEH. B pabote [2] mokazaHo, 4TO KauecTBO
BBIPABHUBAHUSI CYIIHOCTEW MOKHO CYIIECTBEHHO YIYUYIIUTh, yIIy4lllasi KaueCTBO
MOCTPOCHUSI AMOEIJMHTOB JUIsl MMEH CymHOcTed. Takke ObUIM HaWJEHBI
HAWJIy4IlIlie KOMOHWHAIIMM METOJOB TOCTPOEHUS SMOEJAMHTOB JJIsi HUMEH
CYIIHOCTEM.

2. BoipaBHMBaHHE CYIIHOCTEH MPHU HAJUYHUA HECOMOCTABUMBIX
CyLIHOCTei

Meton BbIpaBHUBAHUS CYLIHOCTEN HA OCHOBE BEKTOPHBIX IPEACTABICHUN
COCTOMT KaK TMpaBWIO W3 JBYX KOMIIOHEHT: BBIYUCIEHUS BEKTOPHBIX
MPEICTABIICHUN JJI CYIIHOCTEH, MPUHAUICKAIUX pa3HbIM rpadaM 3HAHUU, U
CONOCTABJICHUSI 3TUX BEKTOPHBIX IMPEICTaBICHUI. BpluKcClieHHME BEKTOPHBIX
MPEACTABICHUNM Il CYIIHOCTEH W3 JABYX TpadoB 3HAHUN OCYIIECTBIACTCS
pa3AeNbHO, MO3TOMY ATH NPEICTABICHUS MOTYT NONACTh B Pa3HbIE BEKTOPHBIE
OPOCTPAHCTBA. 3HAYUT, HEOOXOAMMO HX cOOpaTb B €AMHOM BEKTOPHOM
MPOCTPAHCTBE, UTO JIeJIaeTCsl IIPU MOMOIIM TaK Ha3biBaeMbIX «seed alignmentsy,
KOTOPBIE COAEPKAT Maphl SKBUBAJICHTHBIX CYIIHOCTEH B JIBYX rpadax 3HaHUIL.
PaccTostnue Mexay mapamMu BBIPOBHEHHBIX CYIIHOCTEH BBIYUCISIOTCS TIPU
MOMOINMA TaKUX (YHKIUHA KaK KOCHHYCHas OJM30CTh, MaHXAITTCHOBO WJIH
€BKJIMJ0BO PACCTOSAHUE U JP.

o nemaBHero BpemeHu pemieHus BC mnpeamonaranud, 4To Kaxzaas
CYIIHOCTh B MCXOJHOM ['3 MMeeT 3KBHBAJIEHTHYIO CYIIHOCTH B IieieBoM [73.
[TosToMy 5Ta SKBUBAJIEHTHAs CYIIHOCTh HMCKaJlach KakK OMKaWIIui cocen
LEJIEBOM CYITHOCTH B IPOCTPAHCTBE BJIOKEHUS.

Tabnuna 1. XapakTepuCTUKU PYCCKO-aHTJIMHCKOTr0 Habopa JTaHHbIX.

Azpik '3 | Cymnoctn | OtHOmeHust | AtpuOytsl | Kon-Bo Kom-BO
pern. aTpuo.
TPUILIET TPUILIET
Ru [ 15000 66 15018 30489 54499
En | 15000 163 15106 43796 76852
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Ha npakTtuke, Bcerga CyIIECTBYIOT HECONOCTaBUMbBIE CYIIHOCTH.
Hanpumep, oqun u3 cambix Oosibinx rpadoB 3HaHui wikidata.org comepxut
SKBUBAJICHTHBIE CYIIHOCTH W3 MHOTMX JPYTMX HAaOOpOB JaHHBIX, TaKUX Kak
viaf.org, ror.org, imdb.com, u Jip, B TO BpeMs KaK Ka)KJblil U3 MEPEUNCICHHBIX
HAa0OpOB JAaHHBIX MMEET CYIIHOCTH, OTCyTCTByIomue B Apyrux [3. Iloatomy
uneanbHas cucrema BC nomkHa ObITh criocoOHa 0OHapy>KUBaTh U 00pabaThHIBAThH
HECOIMOCTaBUMBIE CYIITHOCTH.

Takxe HEOOXOIUMBI CIieUAIbHBIE HA0OPHI TAHHBIX UIsI PaOOTHI C 3TOMH
npoOsiemoii. OCHOBHOM BBI30B CBS3aH C TE€M, YTO HAJ0 TapaHTUPOBATh, UTO
«BHCSIUME» CYIIHOCTH JIEUCTBUTEIBHO HE UMEIOT SKBUBAJICHTHBIX CYITHOCTEN BO
BTOpOM Habope gaHHbIX. CHavana co3maercs Ba noarpada, B KOTOPBIX Kaaas
CYILIHOCTh MMEET SKBHBAJIECHT BO BTOPOM TIpade, a 3aTeM ciaydyailHbIM 00pazom
ylajsieTcs ABa HelepeceKaromuxcsi HOJMHOKECTBA CYIIHOCTEN U3 ABYX rpadoB
3HaHWW. DKBUBAJICHTHI yJAJICHHBIX CYIIHOCTEH CTAaHOBSITCS HECOMOCTABHMBIMHU
cymHocTaMu. CTpyKTypa Habopa JaHHBIX C HECOIMOCTABUMBIMU CYIIHOCTSIMHU
nokazaHa Ha pucyHke 2. B kadecTtBe CTapTOBBIX HAOOpPOB TpPHILIET
UCITIOJIB30BAJICS PYCCKO-aHTJIMACKUI HAOOp HaHHbIX [1].

KG1 KG2 KG1 KG2
15000-n-m 15000-n-m
15000 4 15000
n n
m m

Puc. 2. IToctpoenne Habopa TaHHBIX ¢ HECOMOCTABUMBIMH CYIITHOCTSIMHU

JIJist 5KCIEPUMEHTOB C HECOMOCTABUMBIMU CYIIIHOCTSMH HCHOJIb30BAJIMCH
nBa ¢perimBopka: EntMatcher [3] u UEA [4]. HocTouHcTBOM (periMBOpKa
EntMatcher sBnsercst GonbIoi Ha0Op aarOPUTMOB IMOCTPOCHHUS BEKTOPHBIX
IPE/ICTABIICHUM, a TAKK€ MHOMXECTBO CTPATETUH YCTAHOBIJIEHUSI COOTBETCTBUS
MEXJIy CYIIHOCTSIMU W3 pa3iuyHbIX rpadoB 3HaHuii. Ho 3TOT (PpeiimBOpk He
peaHa3HaYeH Il padOThl C HECOMOCTaBUMBIMH cymIHOCTIMH. C apyroit
CTOPOHBI,  (ppeMBOpPK UEA wu3HavanpHO co3maH it paboOThI ¢
HECOTIOCTAaBUMBIMH CYIITHOCTSIMHU, HO €TI0 HA0Op METOIOB TOCTPOEHUS BEKTOPHBIX
MPEICTABIICHUA M CIIOCOOOB YCTAHOBIICHUS COOTBETCTBUSI MEXKITY CYIIHOCTSIMH
odyeHb orpanuueH. [losTomy ObUIO peann3oBaHO pacmUpeHue 00ouX
bperimBopkoB. DpeiimBopk  EntMatcher Obl1  pacmmpeH BO3MOXXHOCTBIO
paboTaTh ¢ HECOMOCTABUMBIMU CYITHOCTSAMH JOOABJICHUEM B HEro peanu3aluu
metoga TBNNBS [4]. ®DpeiimBopk UEA 0Obu1 pacuiupeH peanusanueil Mmeroaa
NOCTPOEHUsI BEKTOPHBIX mpeactaBieHuil cymHocteir RREA [5]. 3atem o6a
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bpeiiMBOpKa HMCIOJIB30BAIKMCH [IJII IKCIIEPUMEHTOB HA PYCCKO-aHTJIMHCKOM
Ha0oOpe MaHHBIX C HECOINOCTAaBUMBIMU CYIIHOCTSMU C OOJBIIMM Ha0OpOM
pa3IUYHBIX TAPAMETPOB.
Takum 006pa3om OBLIO MPOBEACHO TPHU TPYIIIHI AKCIIEPUMEHTOB:
1. Beruucienmne »>MOe€qIUHIOB METOIOM RREA ¢ ycraHoBieHuneM
COOTBETCTBHUSl MEXAY CYUIHOCTSIMA TIpU TMOMOIIM BEHIE€PCKOTO
anroputMa [6];

2. Bpruncnenne 3MOENIUHTOB METOIOM RREA c¢ ycraHoBieHHeM
COOTBETCTBHS MEXK]1y CYLITHOCTAMH ITpu oMoty anroputma TBNNBS;
3. Bobluncnenue sMOEIIUHTOB METOIOM RREA c¢ ycraHoBieHuem

COOTBETCTBUS MEXY cylmHOCcTAMHU MeToaoM UEA.

ITockonpKy BO BCeX TpexX TIpyIlmax »>SKCIEPUMEHTOB Il TE€HEpaluu
IMOEIIMHTOB UCTIOIB30Bajcs anroput™ RREA, B nansueiiniem sta uadopmanus
OyJIeT omyckaTbesi U OyJileM TOBOPUTH TOJIBKO O pPa3HBbIX METOAaX yCTaHOBJICHUS
COOTBETCTBUSI MEXKAY CYIIHOCTSIMM.

3. AJITOPUTMBI, UCII0JIb30BAHHbIE B IKCIIEPUMEHTAX
110 BLIPABHUBAHMIO CYLIIHOCTEH.

3.1 Anroputm RREA

B kadectBe anropurma MOCTPOEHHS BEKTOPHBIX MPEICTABICHUN IS
CyIIHOCTEN rcnolib3oBaics anroput™ RREA [4], nockonabKy OH AEMOHCTPUPYET
KaueCTBO BBIPABHUBAHMS CYIIHOCTEH, MPEBOCXOAIINE, HANpUMEp, TaKOu
anroput™ kak RDGCN. D1OoT MeTOx MCHONB3yeT MOAXOA K BBIPABHUBAHUIO
CymHOCcTe Ha ocHOBe rpadoBbix HelpoHHBbIX ceTel (Graph Neural Networks,
GNN), u ero OCHOBHOU cHenudUKON SBISETCS TO, UYTO TpeasiaracTcs
UCIIOJB30BaTh OPTOTOHANIbBHYIO Matpuily TpaHchopmanuu. C 3TOM 1EbIo
BBOJUTCS MPAHCHOPpMaAYUs PeTAYUOHHO20 OMPANCEHUS, KOTOPAsl yIOBIETBOPSIET
JIBYM YCIIOBUSIM:

1. Jduddepenumarus otHomeHu. [y JFOOBIX OTHOUIEHUM T3 U Ty, U
CYUIHOCTH € BEKTOpPHOE TMpEACTaBICHUE CYUIHOCTH h, IOJKHO
NEPEBOJIUTHCS B pa3HbIe MPOCTPAHCTBA.

2. IlpoctpancTBeHHass uzomeTpus. HopMbl BEKTOPHBIX MpeICTaBICHUN
CYIIHOCTEH HE JMODKHBI MEHSTHCA TNPU TPUMEHEHUH OIEpaIiy
TpaHnchopmanuu. PaccTosiHUS MEXTy BEKTOPHBIMH TPEACTABICHUSIMU
CYIIHOCTEM JOJDKHBI COXPAHATHCS.

Orta omeparus ist JIF0O0T0 BEKTOPHOTO MPEICTABICHUS OTHOIICHUS /1, CTPOUT
MaTpUIly OTPAKEHUS W WCHOJb3YeT 3Ty MaTPHUIly B KaueCTBE MATPHUIIBI
TpaHChHOpPMAIIHH.

3.2 Anroputm TBNNS.

Jns  uaeHTUdUKAUMU — BUCSYMX  CYIIHOCTEH  HCHONB30BAJICS  METOJ
JBYCTOPOHHETO OJrKaiiiero cocega ¢ MoporoBeiM 3HaueHueM TBNNS
(Thresholded Bi-directional Nearest Neighbor Search) [5].
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Meton TBNNS 3anaer Tpu ycloBHs, IPH KOTOPBIX Hapa CyUIHOCTEN U U3
['31, u v u3 I'32 cunuraercs BEIPOBHEHHOM:

- V sIBJIsIeTCS OmmKammm cocenoM U B ['32 13 BceX OCTaNbHBIX CYITHOCTEN
B 132;

- U ABJIsIETCA OJKaimM coceoM v B I'31 U3 Bcex OCTaabHbIX CYIITHOCTEH
B 131;

- paccTosTHUE MEXIY U M UV MEHBIIIE HEKOTOPOTO Topora 6.
CymHocTH, HE  YIOBJETBOPSIOIIME  3TOMY  YCIOBHIO,  CUHTAKOTCA
HECONOCTAaBUMBbIMHU. J[aHHOE OrpaHUYECHHUE SBJIACTCS JOCTATOYHO KECTKUM WU
TpeOyeT TIIATEIbHOW HACTPOUKHU MOPOTOBOTO 3HAYEHUSI.

3.3 Cneunduka npuMEHEHNs BEHT€PCKOI0 aJropuTMa.

3ajady CONOCTaBJIEHUS CYIIHOCTEM MOYKHO pelaTh Kak 3a1ady
Ha3HAYEHHUs CYIIHOCTSAM M3 oaHoro I'3 cymHocreir u3 Broporo I'3. lns sToro
HAJ|0 HATH MUHUMAJIBHYIO CYMMY MOIIAPHBIX PACCTOSHUNA MEXY CYIIHOCTSIMHU
Benrepckuii anroputMm CONOCTaBIISIET BCE CYIIHOCTH CO BCEMHU CYLIHOCTSIMM,
coOnronast  TpeOOBaHHWE  B3aMMHO-OJTHO3HAYHOTO  COOTBETCTBUSL ~ MEXKIY
CYILIHOCTSIMH.

Benrepckuil anroputM HUCHONB3YyeT KBaJApaTHYIO (opMy y MaTpHIIbI
pacCTOSTHUM MEXAy CYIIHOCTAMH JIByX TpadoB 3HaHUM, T.K. CTPOMUTCS
MIapOCOYETAHUE MUHUMAIBHOW CTOMMOCTH. [loaTOMY B MaTpuily pacCTOSHHI
N00aBJIAIOT (DUKTUBHBIE CYIIHOCTH B TOT Tpad 3HAHWUN, Y KOTOPOTO MEHBIIE
cymHocTel. IToroBbie BHIPOBHEHHBIE CYIIIHOCTH MMOJTY4Yal0TCsl yAAJIIEHUEM Tap, B
KOTOPBIX Y4aCTBYET (PUKTHUBHAS CYLIHOCTb.

3.4 UEA - anropuT™ BbIpaBHUBAHUs CYIIHOCTEN O€3 yunuTes.

Cneuunduyeckoit ocobennocteio Meroga UEA (Unsupervised Entity
Alignment) siBisieTcsi €ro CrnocoOHOCTh pabOTaTh B OTCYTCTBUE MHOXKECTBA
NpPEABAPUTEILHO BBIPOBHEHHBIX CyHIHOCTEH. OH MOXKET HCHOJIb30BATh
CTOPOHHIOI HMHGOpPMAIINIO, TaKyl0 Kak, HalpuMep, METKH CYIIHOCTEH s
MOCTPOCHUS NTpeABapUTENbHOIO BolpaBHUBaHUA. AnroputM UEA nonydaer Ha
BXOJl HayalbHbIE CTPYKTYpPHbIE W TEKCTOBbIE SMOEIJAUHTU CYIIHOCTEH,
CYMMHPYET WX TPOMOPIUOHAIEHO B COOTBETCTBUU C KOAPPUIMEHTOM o, U
coxpaHseT uX. B 1aHHOM ciy4yae, HadajdbHble 3MOEIIUHIH BBIYUCISUIMCH
metooM RREA.

Texyme 5MOeIIMHTH HCMONB3YIOTCS B JalbHEWIEM MOBTOPHOM
oOyuenunu. Takxke XpaHUTCS CIIMCOK BBHIPOBHEHHBIX Map CYHTHOCTEH, B KOTOPHII
J00aBJISIOTCS HOBBIE BBHIPOBHEHHBIE Mapbl CYIIHOCTEH, HO HE yHaJIAl0TCs (3TO
BBIXOJ] BCErO aJropuTMa).

Haneiie BbimosiHseTcss TBNNS ¢ HEKOTOPhIM MOPOTrOM PacCTOSIHUA
BbIpaBHuBaHus 6. TBNNS nosyyaeT Ha BXOJ] TeKylue 3MOEAMHTH U HA0O0p ellle
He BBIpOBHEHHBIX cymiHocTel B ['31 u ['32, u nobaBsieT HOBBIE Maphl B CIIUCOK
BBIPOBHEHHBIX.
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Jlanpiiie TPOUCXOAWT TMOBTOPHOE OOy4YeHHE IMOEIIUHTOB HAa TEKYIIEM
CIIMCKE BBIPOBHEHHBIX map. HoBbie Tekyiiue 3MOENIUHTH TOJydaroTcs U3
CYMMHUPOBAHHUS TEKYUIMX U TOJYYUBIIUXCS TMPU TOBTOPHOM OOYYECHHH
AMOEITUHTOB C BECOBBIM KOAhPUITHEHTOM f.

3aTeM MoporoBoe 3HaueHue § yBelIMUMBAETCS HA HEKOTOPOE 3HAUYECHHE, U
cHoBa npumensiercs TBNNS, u Tak mo nukiny, moka ajiroput™M HE NEPECTAHET
100aBJISATh HOBBIE CYIITHOCTH B BRIPOBHEHHBIC. MITOTOBBIN CIMCOK BHIPOBHEHHBIX
CYIIHOCTEHN UCIOIb3YETCs JJIs MOTYyUYEHUS TTOJHOTHI TOUHOCTH U F1-Mepbl.

4. Pe3y.JILTaTl>I IKCIIEPUMECHTOB ¢ HECOINIOCTABUMBIMHA CYIITHOCTAMM

Ucnonb3oBancs moauduimpoBanubii  EntMatcher ¢ B0O3MOXKHOCTBIO
BbIpaBHMBATh Trpadbl 3HAHUN C pa3HbIM KOJUYECTBOM HECOMOCTaBUMBIX
cymHocTed. B kaduectBe Habopa JaHHBIX MCIOJB30BaH HA0Op JAHHBIX ru_en.
AJITOPUTM BBIYUCIIEHUS AIMOEIMHTOB 00yUaJscs Ha JBYX MOJIHBIX rpadax 3HaHUI
1 4500 U3BECTHBIX SKBUBAJIEHTHBIX Mapax CylmHOCTeN. Mcnoib30BauCh TOJIBKO
PENSALUHUOHHBIEC TPUILIETHI.

TecTupoBanue MpoBOUIIOCH HA OCTAaBIIUXCS Mapax (MakcumyM 10500 map
cymHocteit, makcumyMm 70% oT monHOro pasmepa aaHHbix). Ha Bxon moxpenn
MOJIaBAIUCh CYIHOCTH M3 JieBoro rpada 3uanumii (I'31). Ha BeIXOme mogmenu
NpEACKA3aHHbIE  BBIPOBHEHHbIE  Mapbl.  MCMOAB30BalUCh  CIIEIYIOLINE
0003HaYECHHUS:

I'31 u I'32 - KoMYecTBO CYIIHOCTEHN B COMOCTABISAEMBIX I'padax 3HaHUI.

HI'31 n HI'32 - kommyecTBO HECONMOCTABUMBIX CYLIHOCTEN B COOTBETCTBYIOLIMX
I'3.

Kopp - konudecTBoO nmpaBUIIbHO BHIPOBHEHHBIX TIap.

P, R, F1 — Ttounocts, mosHora u F1-mepa.

4.1. ConocraBieHueM pacCTOSHUM BEHTEPCKUM aITOPUTMOM

Pe3ynbTaThl NMPUMEHEHUS BEHTEPCKOTO aJIrOpUTMa JJIsl BbIPABHUBAHUS
CYIIIHOCTEH MpecTaBieHbl B Tabnuile 2. MOXHO 3aMETUTh, YTO C YBEJIMUYCHUEM
KOJIMYECTBA HECOMOCTABUMBIX CYIIHOCTEW MAaJal0T BCE TPU METPUKH, YTO
0KMJAEMO, T.K. BEHIE€PCKHI aJrOpUTM BBIPABHUBAET BCE CYLIHOCTH JIPYT C
JIPYTOM.

Ecnu HecomocTaBuMbIE CYHUIHOCTH HAXOJSATCA TOJBKO B OJHOM Tpade
3HAHUM, TO TOJIHOTA PAaBHA TOYHOCTH.

Haxo1eHne HeconoCcTaBUMbIX CYLITHOCTEN TOJIBKO B JIEBOM, HJIM TOJIBKO B
npaBoM rpade 3HaHU# JaeT IPUMEPHO OJMH U TOT Ke PE3yIIbTaT.

HaxosxaeHne HecomocTaBUMBIX CYITHOCTEH B 00oux Trpadax 3HaAHWN JaeT
qyTh Xyxke F1-score mpu G0JbIIOM KOTMUECTBE HECOMOCTABUMBIX CYIIIHOCTEH.

Tabnuma 2. ConocTaBieHne pacCTOSHUN MEKY CYIITHOCTSIMH BEHT€PCKUM
aJTOPUTMOM C Pa3HBIM KOJMYECTBOM COMOCTABUMBIX cyniHocTer B ['31 u ['32.

I'31

132

HI'31

HI'32

Kopp.

P

R

Fl

10500

10500

0

0

5424

0.517

0.517

0.517
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10250 10250 |250 250 4783 0.467 0.478 0.472
10000 | 10000 | 500 500 4395 0.440 0.463 0.451
10250 10500 |0 250 5134 0.501 0.501 0.501
10000 | 10500 |0 500 4832 0.483 0.483 00.483
9500 10500 |0 1000 4344 0.375 0.457 0.457
10500 | 10250 | 250 0 5120 0.500 0.500 0.500
10500 | 10000 | 500 0 4879 0.488 0.488 00.488
10500 | 9500 1000 0 4329 0.456 0.456 0.456

4.2. ConocraBnenue cymHocten merogqoM TBNNS
Pe3ynbTaThl 3amycka ¢ pa3HbIMU 3HAYECHUSIMU TIOPOTa PACCTOSIHUS MEXK]Y
CYITHOCTSIMH, BKJIFOUasi OECKOHEUYHBIN Mmopor ¢, 0003Ha4YCHHBIN B TAOJIHIIE KaK
INF, npencraBieHbl B TaOIUIIE HUKE.

C UCIIOJIB30BAHUCM IIOpOTra JUCTAHIIMU U C PA3HBIM KOJIMYICCTBOM

Tabmuna 3. ConocraBienue cymuoctei anroputMom TBNNS

conocTtaBUMbIX cymHocTeil B I'31 u ['32

I'31 32 HI'31 |HI'32 | Kopp. |Ilopor |P R F1

8000 | 8000 |2500 |2500 |208 0.025 [0.756 |0.038 |0.072
8000 | 8000 |2500 |2500 |643 0.05 0.703 |0.117 |0.200
8000 | 8000 2500 |2500 |869 0.075 10.675 |0.158 |0.256
8000 | 8000 2500 [2500 |[1068 |0.1 0.657 |0.158 |0.256
8000 | 8000 |2500 |2500 1260 |0.15 0.657 10.194 10.300
8000 | 8000 |2500 [2500 |1360 0.2 0.622 10.229 |0.335
8000 | 8000 |2500 |2500 |1387 ]0.25 0.607 10.247 |0.351
8000 |8000 |2500 [2500 1408 0.3 0.591 10.252 |0.353
8000 | 8000 |2500 |2500 |1406 |0.35 0.576 |0.256 |0.354
8000 | 8000 2500 [2500 |[1384 [0.4 0.557 10.256 |0.350
8000 | 8000 |2500 [2500 |1414 10.45 0.542 10.257 10.349
8000 8000 2500 [2500 |1397 0.5 0.535 10.254 0.345
8000 | 8000 |2500 [2500 |1386 |INF 0.539 10.252 10.434

He cunbHO Oosbllioe, U HE CUJIBHO Majoe 3HaueHue mopora (6) maer
HEOOJIbIIIOE YNYUIlIEHWE pe3yjbTaTa IO TPEM METPUKAM IO CPABHEHHUIO C
OeCKOHEYHbIM 3HaueHueM nopora. CIUIIKOM Majblii TOPOT YXYAIIAET MOJHOTY
(R) u Fl-score, Ho yBennuuBaet TO4YHOCTH (P).

4.3. DKCIEpUMEHTHI C HECONIOCTABUMBIMU cyliHOCTsIMU B UEA

Ha Bxox UEA nogaBainchk TOJBKO HaYaIbHBIC CTPYKTYPHBIE SMOCITUHTH,
00y4YeHHBIC Ha TPEHUPOBOUYHBIX IMapax (MCIOIb30BATUCH TOJBKO PEISIIMOHHBIC
TpuIuieThl). Pe3ynbTarhl 3amycka mpuBENeHBI B Tabnuie Hibke. B cTonbie
“IIpen.” mokazaHO KOJMYECTBO MPEACKA3aHHBIX AP BHIPOBHEHHBIX CYIIHOCTEH.
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B cronbue “Com.“ moka3aHO KOJMYECTBO COMOCTABUMBIX CYLTHOCTEH Cpeau
npeacka3zaHHbpix. B cronbme “Kopp.” mnoka3zaHO KOJHWYECTBO MPaBUIIBHO
comocTaBleHHbIX cyniHocTed. B cronbduax P, R u F1 mokaszanbl 3HaueHus
NOJIHOTHI, ToYyHOCTH U Fl-mepbl. Kak 0OBIYHO, ¢ yBEIMYEHHEM KOJIMYECTBA
HECOITOCTaBUMBIX CYLIHOCTEH MaJJal0T BCE METPUKHU.

Ta6nuna 4. PesynbraTel 3amycka UEA Ha HECOMMOCTaBUMBIX CYIIHOCTSIX

I'31 I'32 | HI'31 | HI'32 | IIpen. | Con. | Kopp- |P R F1
coTl.
8188 | 7029 |3931 |0.462 | 0.480 |0.471
7074 | 5576 | 3230 |0.431 |0.457 | 0.443
5978 14305 |[2501 [0.385 |0.418 | 0.401
4928 3265 | 1956 |0.356 | 0.397 | 0.375
3857 2297 |1453 |0.323 | 0.377 | 0.348

10500 | 8500 | 2000
10500 | 7500 | 3000
10500 | 6500 | 4000
10500 | 5500 | 5000
10500 | 4500 | 6000

(=] [l fer) e} fau

4.4. CpaBHEHHE PE3YJIbTATOB BCEX METOJIOB

Hwxe mpuBeneHa cBoaHas TabiivMila CpaBHEHUS pe3yiibTaTax 3amycka Tpex
MeTo710B Ha RREA u Habope TaHHBIX €n_ 1u ¢ HECOMOCTaBUMBIMU CYIIIHOCTSIMHU.
Hcnons3oBanubii  mapametp TBNNS 6 - OeckoHeuHbii. Pe3ynbTaTh
MOKA3bIBAIOT, YTO Hawmiydlied Fl-mepbl M MOJHOTBI JOCTUT WTEPATHUBHBIN

anroput™ UEA, a Haumyyiield TOUHOCTH ¢ HU3KOHM moiHoToi naet EntMatcher
coBmecTHO ¢ TBNNS.

Tabnuma 5. CBoaHas Tabnuia pe3yiabTaToB Pa3HbIX AITOPUTMOB
CONIOCTABJIEHUS CYLIHOCTEN

31 32 |HI31 |HI32 | Meton P R F1
10500 | 8500 [2000 |0 UEA 0.462 1 0.480 |0.471
EntMat+TBNNS [0.708 | 0.319 |0.439
EntMat+Hungarian | 0.416 | 0.416 | 0.416
10500 | 7500 3000 |0 UEA 0.431 10.457 |0.443
EntMat+TBNNS | 0.683 | 0.294 |0.411
EntMat+Hungarian | 0.376 | 0.376 | 0.376
10500 | 6500 [4000 |0 UEA 0.385 1 0.418 |0.401
EntMat+TBNNS | 0.630 | 0.271 |0.379
EntMat+Hungarian | 0.343 | 0.343 | 0.343
10500 | 5500 |5000 |0 UEA 0.356 | 0.397 ]0.375
EntMat+TBNNS | 0.598 | 0.264 | 0.366
EntMat+Hungarian | 0.320 | 0.320 | 0.320
10500 | 4500 |6000 |0 UEA 0.323 10.377 ]0.348
EntMat+TBNNS | 0.534 | 0.236 | 0.328
EntMat+Hungarian | 0.285 | 0.285 | 0.285
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5. 3akaouenue

3amaua BeIpaBHHBaHUS Tpad)OB 3HAHUN MPU HATUYUM HECOTIOCTABUMBIX
CYIIIHOCTEN COOTBETCTBYET CUTYALUsIM B PEaJbHOM KM3HHM MU IIOITOMY BECbMa
aKkTyasibHa. B maHHO# paboTe MpeacTaBieHbl PE3yibTaThl SKCIEPUMEHTOB IO
BBIPABHUBAHUIO CYIIIHOCTEN B PYCCKO-aHTIIMICKOM Ha0Op€e TaHHBIX MTPU HATTMIUH
BUCAYMX CyIIHOCTe. Becbma xopomo cebsi 3apeKoMeHAOBal  METOJ
BbIpaBHUBaHUs cymHocTel 0e3 yuutens (UEA), mo3BosSFONIMil mporpecCuBHO
CO3/1aBaTh Napbl BRIPOBHEHHBIX CYLIHOCTEN. B ganbHeiiem 0y1yT paccMOTpEHBI
BApUAHThl ATOM METOJMKHU, HWCIONb3YIOUIUME JIONOJHUTEIbHBIE aTPUOYTHI
CYIIHOCTH M, B YaCTHOCTH, MYJIbTUMOJQJIbHBIC Tpadbl 3HAHUH.

CremyeT OTMETHTB, UTO PE3YJIbTAThl METOJAOB BHIPABHUBAHHUS CYIIIHOCTEN
pa3InyaroTCa B 3aBUCUMOCTH OT Map SI3bIKOB, UCHOJb3YEMbIX IpadaMu 3HAHUU.
Kak mnpaBuiio, Hamdydiive pe3ysbTaThl JNAIOT aHTJIO-PPAHIY3CKUE M aHIJIO-
HEMEIIKME BhIPABHUBAHUS. YXV/IICHUE PE3yJIbTaTa HAa aHTJIO-PYCCKOM Habope
JAHHBIX CBS3aHO, C OJHON CTOpPOHBI, C s3bIKOBOM cnerupuroi. C apyroit
CTOPOHBI, HA KQYECTBO BBIPABHMBAHUS BIIMSET HE TOJIBKO Ka4€CTBO AJITOPUTMA,
HO W CTPYKTypa camMoro HaOopa JaHHBIX, MPEXKIE BCEro, IJIOTHOCTh H
pacrpejielieHre cTeneHen BepinH B rpadax 3Hanwmii [7].
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