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MOJAEJIN NPEACTABJIEHUSA CMBICJIA TEKCTA B 3AJAYAX
ABTOMATHYECKOI'O CPABHEHUSA JOKYMEHTOB
MODELS OF TEXT MEANING REPRESENTATION
IN AUTOMATIC DOCUMENT COMPARISON

AHHOTaIlI/ISI. B COBPCMCHHYIO DJIIOXY aBTOMATHYECKOEC CpPaBHCHHUE TEKCTOB HMMECT
KPUTHYECKU BaXHOe 3HayeHue. KiroueBol 3amayeld INpU  CPAaBHEHUM TEKCTOB  SIBIAECTCS
OpeaAcTaBJICHUE TEKCTa B YHCIIOBOM (bopMaTe, IIOHATHOM [JIs1 MAalllMHBI. B ,Z[aHHOfI CTaThEC
AHAIIU3UPYCTCA 3BOJIIOLNUA METOHOB HNPCACTABICHUA TCKCTOB — OT CTATUCTHYCCKUX IOAXOLOB OO
COBpPEMEHHBIX KOHTEKCTYAJIbHBIX Moz[eneﬁ.

Abstract. In the modern era, automated text comparison is critically important. A key
challenge in text comparison is representing text in a machine-readable numerical format. This article
analyzes the evolution of text representation methods, from statistical approaches to modern
contextual models.

KuroueBble cjoBa: Hpel[CTaBJIeHI/Ie CMBICJIa TEKCTAa, CCMAaHTHYCCKAas CXOXKECTh, 06pa60TKa
CCTCCTBCHHOI'O A3bIKa, CPABHCHUC JOKYMCHTOB, NLP.
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B mnocnennue ronel o0BbEM TEKCTOBBIX JaHHBIX B MHpE pacTeT ¢ OecrpeleleHTHON
CKOpPOCTBIO. B CBA3M ¢ 3TUM MHOTMM OpraHM3alysM, a TaKKe YacTHBIM JIMIIaM HE0O0XOAMMO
3¢ peKTHBHO 00pabaThiBaTh, aHAIM3UPOBATH U COMOCTABIATH pa3iuyHble NaHHBIE. [losTOMy Ha
CEerOJIHSAIIHUHI JIeHb 0CO0YI0 aKTyalbHOCTh MPUOOPETAET aBTOMATUYECKOE CPABHEHUE JJOKYMEHTOB,
KOTOpPO€ JIEKUT B OCHOBE MHOXECTBA KPUTHMYECKHM BaXXHBIX IPWIOKEHUNW TaKUX Kak:
MHGOPMAIMOHHBIN MMOKUCK, BBIBICHUE IUIaruarTa, IpyninupoBKa JOKYMEHTOB (HalpuMep, HOBOCTEH)
[0 TEeMaM, CUCTeMbl pekoMeHJanuil u T.4. LleHTpanpHas 3agava, oObeAMHSIOIIAS IOJ0OHbBIE
MIPUIIOKEHHUS, — 3TO KOJIMYECTBEHHAsI OLIEHKA CEMAaHTHUYECKON (CMBICIIOBOI) CXOKECTH MEXY ABYMS
wi Oonee eauHUALAMH TeKCTa. CTOUT OTMETHTbH, YTO MAIIMHBI HE MOTYT HampsMylo paboTaThb C
HEoOpaOOTaHHBIM TEKCTOM; UM HEOOXOAMMO YHCIOBOE MPECTaBIEHUE, KOTOPOE OTPAXKAET CMBICI
TekcTa. KadecTBO 3TOro mpeicTaBiIeHHs HANpsMYIO ONPEAEISeT YCIEUIHOCTh JTHO0H CHCTEMBI
CPaBHEHHS JOKYMEHTOB.

Hcropus pasButus MOAENEH MPEACTABICHUS CMBICIA TEKCTa — 3TO MYTh OT IPOCTBIX
MOJICYETOB K TJIyOOKMM, KOHTEKCTHO-3aBUCHUMBIM MOJEINISM, KOTOpbIE CIIOCOOHBI YJIaBIMBATh
CMBICIIOBBIC HIoaHCHI [1]. Tak, paHHHE MOXO0/IbI K PE/ICTABICHHUIO CMBICIIA TEKCTa OBUIH OCHOBAHBI
Ha YaCTOTHOM paclpe/ie]IeHuH CJIOB M CTaTUCTUYECKOM aHanuze. Monens «Memiok cios» (Bag of
Words nimn BoW) siBiisieTcst OMHUM U3 CaMbIX MPOCTHIX U (yHIAMEHTANBHBIX 0AXx0/10B. CyTh BoW
3aKJIF0YAeTCsl B NMPEACTABICHUU TEKCTOBOTO JOKYMEHTa B BHJAE BEKTOPA, Ile KaXI0€ M3MEPEHHUE
COOTBETCTBYET YHUKAJIIBHOMY CJIOBY M3 COBOKYITHOCTH BCEX JTOKYMEHTOB, a 3HAYCHHEM SIBJISETCS
4acToTa BCTPEYAaEMOCTH CJIOBa B JaHHOM JOKyMeHTe. [Ipm naHHOM mnonaxone cpaBHEHHE 2
JIOKYMEHTOB CBOJMTCS K BBIUMCJICHMIO METPUKH CXOXKECTH MEXAY WX BEKTOpaMH (Harpumep,
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KOCHHYCHOT'O paccTosiHus). Eciy BEKTOpbI yKa3bIBalOT B OJHOM HaIpaBlIEHUH, 3TO O3HAYaeT, 4TO
JIOKYMEHTBI UCIIOJIB3YIOT CXOXKUI HAOOp CIIOB C TIOXO0KEH 4acTOTOMH.

OnHako y Takoro nojxo/1a ecTh psij 3HAYMMBbIX OTPaHUYEHUN:

1. UrnopupoBanue nopsiaka cioB. Tak, BoW moJHOCTBIO TepsieT HHPOPMAITUIO O CTPYKTYpe
MIPEITI0KEHUSI.

2. [Ipo6nema cunonnmuu. Mcnons3ys BOW HEBO3MOKHO MOHATH, YTO CIOBA «aBTOMOOUIIBY,
«aBTO» U «MAalllMHA» UMEIT CXOXKHUM cMbICH. J[Jis Hee 3TO 3 pa3HbIX, HE CBSI3AHHBIX U3MEPECHUS B
BEKTODE.

3. Pa3pexxeHHOCT, W Pa3MEpPHOCTh. BEKTOpHI TONYdYalOTCs OYCHb OOJBIIUMH U
pa3peKeHHBIMH, YTO KpaitHe Hed(D(PEKTUBHO I BHIYUCICHUIA.

Mognens TF-IDF (Term Frequency — Inverse Document Frequency) siisietcs AajibHEHIIUM
pa3ButueM BOW. OHna Takke co3gaeT BEKTOpP YacTOT, OJJHAKO B3BEIIMBAET KaXKJO€ CIOBO, YTOOBI
OLICHUTh €ro BaXKHOCTb. | F — 3T0 yacToTa cioBa B JokymeHre, a IDF — ato norapudmuueckast mepa
TOT'0, HACKOJIBKO PEJIKO CJIOBO BCTPEUYAETCA BO BCEX JOKYMEHTaX JaHHOTO KOpIyca.

Takum o6pazom, TF-IDF ornnyHO moaxomuT juis nmoucka HMHGOpMalWMUd WM BbIAEICHUS
KIIFOUeBbIX cloB. [Ipu cpaBHEHUU JOKYMEHTOB JaHHAs MOJENb NpUIAeT OOJIBIIUNA BEC CIIOBaM,
KOTOPBI€ SIBIIAIOTCS YHHKAJIbHBIMH ¥ BaXHBIMH [UJI1 JAaHHOTO TEKCTa, W MCHBIIMH —
001IeYTOTPEOUTENHEHBIM CIIOBAM.

Hecmotps Ha Gonbiryto s dextuBHOCTh TI0 cpaBHeHHI0 ¢ BoW, TF-IDF Takxke He pemiaer
psaa GyHIaMEHTaNbHBIX MPOOJIEM: OHa UTHOPHUPYET MOPSAOK CIOB U HE UMEET IMPEJICTaBICHHS O
Pa3IUYHBIX CEMAHTHUECKHUX CBS3AX (CHHOHMMAaX, aHTOHUMAaX ).

PeBonrorust B 00pabOTKEe E€CTECTBEHHOTO f3bIKa MPOU3OIIA C MOSBICHHEM BEKTOPHBIX
npencrasieHuit cinos (word embeddings). BmecTo pa3peskeHHBIX BEKTOPOB B THICSUYHM U3MEPEHUH,
3TU MOJIENU MPEJCTABISAIOT CIO0BAa B BUJE IUIOTHBIX BEKTOPOB M3 HECKOJIBKUX COTE€H M3MEPEHHUM.
KitoueBas uzes 3akiarodaercs B TOM, YTO CJIOBA, BCTPEYAIOIIMECS B CXOKUX KOHTEKCTaX, JOJIKHBI
UMETh OJTU3KHE BEKTOPBHI.

Word2Vec u GloVe — »To nBa Hambosee MOMyJISAPHBIX MOAX0Ja K CO3aHHI0 CTATUYECKUX
npencraeneHuii [2]. Word2Vec ucnonb3yer «HeriyOOKyr» HEHPOHHYIO CETh JJIS MPEICKa3aHus
a1b0 ciioBa Mo ero KoHTekcTy (Momens CBOW), mubo koHTekcTa 1o ciioBy (Mozenb Skip-gram).
GloVe, B cBOIO ouepesib, CTPOUTCS HA OCHOBE IIOOATBHON MaTPHIlbI COBMECTHOM BCTPEYACMOCTH
CIIOB BO BceM Kopmyce. JlaHHbIE MOJENM YCHEIIHO ONpEeAeNsioT CEeMAHTUYECKHUE OTHOLICHHS.
Hampumep, oHU TIO3BOJISIFOT BHITIOTHATH BEKTOPHYIO apu(METHKY:

1. BekTop «KOpOJIbY - BEKTOP «MYXUYHHA» + BEKTOP «KEHIINHA» = BEKTOP «KOPOJIEBAY.

2. Bextop «MockBay - BekTop «Poccus» + BekTop «SmoHus» =~ BeKTOp «TOKHOY.

Jlisa cpaBHeHHUs psiia JOKYMEHTOB (@ HE OTHENbHBIX CJIOB) HEOOXOAMMO arperupoBaTh
BEKTOPBI BCEX CIOB JOKyMeHTa. [IpocToif criocod arperupoBaHusi — 3TO yCpeIHEHHE BEKTOPOB N
B3BCIIIEHHOE YCpPETHEHHE, T/Ie B KaUeCTBE BECOB MCTONB3YyIOTCs 3HaueHust TF-1DF.

TeMm He MeHee, U Y JaHHOTO MOJIX0/1a €CTh CBOU OIPaHUYEHUS:

1. ¥V xaxnoro cioBa €cTb TOJBKO OJUH BEKTOp, HE3aBUCHMO OT KOHTEKcTa. Bektop cinosa
«TyK» OyJIeT OJJUHAKOBBIM B MPEAJIOKEHUIX «MOU ChIH CTPEIISI U3 JIyKa» U «TETs pe3aja ITyK».

2. YcpeaHeHHe BEKTOPOB — 3TO METOJl, KOTOPBIA YacTO «Pa3MbIBAECT» MCTHUHHBIA CMBICI
JIOKyMEHTA.

3. Monenu He MOTYT 00pabaThIBaTh PEIKHE CI0BA, KOTOPHIX HE OBUIO B 00yYaromeM clioBape.

Mopnens FastText pemmna npo6iaemy pabOThl ¢ peAKUMH CIIOBaAaMH, ONPELIIsisi BEKTOPBI HE
JUISL LIEJIBIX CJIOB, @ JUISl N-TPaMM CHMBOJIOB, U3 KOTOPBIX COCTOST ciioBa. B cBsaA3m ¢ atum FastText
OYEHb IOJIE3€H ISl CPAaBHEHUS JTOKYMEHTOB, COACPKAIIUX ONEYaTKU, PEIKUE CIIOBA, KaprOHU3MbI
WJIM HEOJIOTU3MBI, TaK KaK MOJIEJIb MOXKET CT€HEPUPOBATh BEKTOP J1aXe JUIsl HEU3BECTHOT'O CJIOBA U3
€ro COCTaBHBIX yacTei [3].
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Onnako HanOoJee BaKHBIN IIPOPHIB B IIPEJCTABICHUE CMbICIIA TEKCTA CBA3aH C MOSIBICHUEM
KOHTEKCTYaJIbHBIX MOJIEJIeH, KOTOpbIe ObLIIM OCHOBaHBI Ha apxutektype Transformer. B ornuuue ot
CTaTMYECKUX MPEICTABICHUMN, 3TH MOJIEIN I€HEPUPYIOT JUHAMUYECKHUI BEKTOP JJIsl KX 10T 0 CJIOBA,
KOTOPBIN 3aBUCHUT OT €0 OKPY’KEHUS B IIPEIUIOKCHHH.

ELMo (Embeddings from Language Models) cran oaHuM u3 MEpBBIX MOIMYJISAPHBIX
KOHTEKCTyaJIbHBIX 10X0/10B. OH HCHOJB3YyET JByHAaIpaBiieHHbIE HelpoHHble ceTh (bi-LSTM) nmns
aHaJIM3a KOHTEKCTA CJIEBA U CIIPaBa, CO3/aBas IPEICTaBICHAE, KOTOPOE MEHSIETCS B 3aBUCUMOCTH OT
npennoxenus. Xotst ELMo u crana npopbIBHOI MOZEINbIO, TEM HE MEHEE, pEBOIIIOIMEN B 00paboTKe
ecrectBeHHOro s3pika Obta BERT. Orta mogmens ucmomb3yer apxutTekTypy Transformer s
OJTHOBPEMEHHOT'0 aHaJIM3a BCETro TEKCTa B 00€ CTOPOHBI (I1yOoKas AByHanpaBieHHOCTh). Tak, BERT
oOydJaeTcst Ha ABYX 3a/1avax:

1. Masked Language Model: ™mopmens mpeacKa3plBaeT CIy4allHO «CHPATAHHBICH
(3aMacKMpOBAHHBIE) CJIOBA B MPEAJIOKEHHH.

2. Next Sentence Prediction: momens ompenenseT, SBISETCS JIM BTOPOE MPEIIOKCHUE
JIOTUYECKHUM NPOAOJKEHUEM IIEPBOTO.

Xotsa BERT M0kHO UCIIONIB30BAaTh 1JIs CPABHEHUS TEKCTOB, JAHHBIN IT0AXO0/] BBIYUCIUTEIIBHO
o4YeHb 3aTpateH. [loaTomy i 3a1a9 CeMaHTHYECKOTO CpaBHEHUs ObLIT pa3padboran Sentence-BERT
(SBERT). SBERT ucnonb3yer cuaMcKyto (siamese) apXuTekTypy, TJe ABa JOKYMEHTa/IPeI0KEHHS
HE3aBUCUMO NPOroHsATCA 4epe3 oauH M ToT ke BERT, a 3ateM ux BBIXOJHBIE BEKTOPHI
CpPaBHUBAIOTCS (HAmpWMep, C TOMOINBK KOocuHycHOM cxoxkectn). SBERT o00yuyen Tak, 4rto
CEeMaHTHYECKHU OJIN3KUE MPEIOKCHHUS MMOJYYatoT B BEKTOPHOM IPOCTPaHCTBE OJM3KKe BEKTOPHI [4].
Ha ceronusunuii nens SBERT ctan crangaprom aiis 3a1ad ceMaHTu4deckoi cxoxkectu. OH codueTaer
rnyOokoe KoHTekcTyaidbHoe mnoHuManue BERT ¢ addextuBHOCTBIO, HEoOXomumon amis
MacHITabHOTO CpaBHEHUS.

Opnnaxo u TpaHcoOpMeEphl CTAIKUBAIOTCS C ONPENEICHHBIMU BbI30BaAMMU:

1. Tpancdopmepsl TpeOYIOT 3HAUYUTEIBHBIX BEIUUCIUTEIBHBIX PECYPCOB ISl pabOTHI.

2. Mopenu, o0y4yeHHble Ha OOIIMX TeKcTax (Hampumep, Ha TekcTax Bukumeaun), MoryT
TUI0X0 paboTaTh CO CHENMANTU3UPOBAHHBIMU JIOKYMEHTaMH (MEIUIIMHCKUMH, IOpUANYECKUMH). B
CBSI3U C 3TMM BO3HHMKAeT MOTPEOHOCTH B JIOMEHHO-CIEIUPUUHBIX MoJenax (K npumepy, BioBERT
JUTsl OMOMETUITMHCKUX TEKCTOB).

3. Mogenu, oOy4yeHHbIE Ha CO3JaHHBIX YEJIIOBEKOM TEKCTaxX, HAClEQYIOT MpPEIB3SITOCTH
(reHaepHbIe, pacoBbIE U T.J.), YTO HEOOXOIUMO YUUTHIBATh MPU UX MPUMEHEHUH.

Wrak, »BOMIOLMS MOZENIEH MPEICTaBICHHUs TEKCTAa MPOLLIA IyTh OT MPOCTBIX YaCTOTHBIX
CUETYMKOB CJIOB JI0 CJOXKHBIX HEHPOHHBIX apXUTEKTYp, CIIOCOOHBIX YJIaBIUBAaTh KOHTEKCT M
CMBICJIOBBIE HIOAHCHI. Il 3a1a4 aBTOMaTHYECKOTO CPAaBHEHUS JIOKYMEHTOB 3TO O3HAYaeT MEepexo.
OT COIOCTABJICHUS MO KITFOUEBBIM CJIOBAM K ITyOOKOMY CEMaHTHUECKOMY COMOCTABICHHIO TEKCTOB.

Ecnu nns npocTeix 3a1ay (Hanpumep, rpyninyupoBKa JOKYMEHTOB IO TEMaM) BCE €I11€ MOTYT
ob1Th noctatoubl TF-IDF, FastText, To 1u1st CI0KHBIX M TpeOYIOUIMX BBICOKON TOYHOCTH MPOTrpamMm
(BBISIBJICHUE IIarMaTa, CEMAHTUYECKUN MOMCK) CTAaHAAPTOM CTaJIMd KOHTEKCTYyajbHbIE MOJEIM Ha
ocHoBe TpaHc(opmepoB. Ha mpakTuke ke BEIOOp MOJIeNIH NPEICTaBIEHHUS CMbICIIAa TEKCTA TS 3a]jauu
aBTOMATUYECKOTO CpPaBHEHUS JTIOKyMEHTOB 3aBHCUT OT OajaHca MexAy TpeOyeMoil TOUHOCThbIO U
JOCTYITHBIMU BBIUUCIIUTEIbHBIMUA PECYPCAMH.

Bbynymue uccnenoBanus, BEposTHO, OyIyT COCPEIOTOUEHBI Ha MOBBIIEHUN 3(PHEKTUBHOCTH
TpaHC(GOpPMEPOB, HX aJalTallud K MYJIbTHUMOJAJbHBIM JaHHbIM (CpaBHEHHE TEKCTa C
M300paXeHUSIMU, ayJUO0 WU BUJIEO0), YITYyUIIIEHUH KPOCC-SI3bIKOBOIO CPABHEHUS U PEILICHUU ITPOOIIEM,
CBSI3aHHBIX C IIPEIB3SATOCTHIO JAHHBIX.
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