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Po3pobiieno meroa ¢popmyBaHHsi HA0OpPy AaHMX AJs NepeBipKU BUBYEHHS FOTOBMMM MOJEJSIMU
3as1eskHocTi Tpan3uTuBHOCTI. ChopmoBaHuii HAGIP JaHMX BUKOPHCTAHO ISl TECTYBAHHA SIKOCTI BUBYEHHS
MO/IeJIAIMU 32J1€)KHOCTI TPAH3UTHUBHOCTI Y 3aia4i Joriunoro BucHoBky (NLI). TecryBanHs HaGopy 1anux
po3mipom 10 000 3paskis (MultiNLI1) BindyBanocs na moaeni RoBerta. Takox qocizkeHo, mo y 3agadqi
JIOTiYHOT0 BUCHOBKY KJIAC HOOIOHUI € GLIbII CIPAMOBAHUM, HisK npomupiuus i neiimpanvuuii. bo sikmo
NMOMIHSITH MiclAMH NepeyMOBY i rinore3y y Hadopi faHux, To TouHicTh Moaeai RoBerta 3menmyerscs
Ha koegiuient 2,97, 1,17, 1,26 pas xaacy noodionuii (0,98 ® 0,33), neumpansnuui (0,90 ® 0,77) ta
npomupiyus (0,98 ® 0,78) Bignosinno. Yac irepauii mociaimxenns cranosuth 0,0028 ¢, Tomy Jauune
MOJIOBHHA HA0OPY TaHUX MOTpedye npuodau3Ho 84 rox oouuciaensb. le qocainkeHHs akTyajJbHe, OCKIIbKA
MOKJIMBICTHh MoJesieil MPUPOAHOI MOBH AOCHIIKYBATH TAaKi 3aJIeKHOCTI, K TPAH3UTHUBHICTH, SIKa He
3aJ]aHa SIBHO Y HA0OPi TPeHYBAJILHUX JaHUX, € BA)KJIMBHM €JIeMeHTOM BMiHHS MoOJeJiell y3arajlibHIOBATH.
Busijieno, mo monear RoBerta no6pe BuB4a€e TpaH3UTHBHI 3aJI€5KHOCTI Yy 3a7a4i JIOTIYHOT0 BUCHOBKY,
00 Ha Bcix 3pa3kax 3i c()opMOBaHOro0 HAGOPY AaHUX NPABWIBbHO KJIacudikyBala HAJIEKHICTD 10 KiIaciB
nooionuil, npomupiuua Ta HEUMPAILHUIL.

Kiiro4oBi cjioBa: onpanoBaHHs NPUPOIHOI MOBH; peUYEHHS; TDAH3UTHBHE BiTHOLIEHHSI; MAIIMHHE
naBuanus; Tpanchopmepu; MultiNLI; NLI; NLU; NLP; RoBerta; BERT; attention; coder-decoder.

Beryn

3apmanns NLI (natural language inference, Bu3HaueHHs1 JIOTIYHUX 3B’SI3KIB MiK TEKCTaMH) €
xopomumM opiertupom st gociimkenas NLU (natural language understanding, po3ymiHHsS OpUpOAHOT
MOBH), JI¢ /1B PEUYCHHS MEPEAAI0Th MOET s ineHTu(iKalii 38’ sI3Ky MiXK HUMH, BUOPABIIHN OJKH i3 TPHOX
BapiaHTiB: noAIOHMH (JIOTiYHMI HACTINOK), HelTpaibhuil i mpoTupiuds. Ycmix y NLI He motpebye ckimaanux
HABUYOK MAIIMHHOT'O HABUYaHHS, a IIBUIIC 3JaTHOCTI PO3YMITH 3HAYCHHS pPEYCHBb, JICKCHYHY Ta
KOMITO3UIIHHY CEMaHTHKY, & TAaKOX TaKi SABUINA, IK KBaHTU(IKaIlis, yac, IepeKOHAHHS, MOJAIbHICTD,
JIGKCHYHY Ta CHHTAKCHYHY HEOJHO3HAUHICTh. JIOCTiPKeHHS IPYHTYEThCS Jiuiie Ha Habopi ganux MultiNLI
(https://cims.nyu.edu/~sbowman/multinli/), sikuii BBaskaeThCst HAWOLIBITMM HAOOPOM JAaHUX JJISL JIOTIIHOTO
BHCHOBKY TIPHPOJHOI MOBH Ta MiaTpumye kimbka MoB. MUItiNLI ckimamaerbes 3 map pedeHsb, aHOTOBaHUX
TEKCTOBOIO iH(OPMAIIi€F0, 1 OXOIUTIOE Pi3Hi )KaHpH TekcTy [1].
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MNepeaymosa linotesa Knac

The new rights are nice enough Everyone really likes the newest benefits neutral

This site includes a list of all award winners and a searchable database of Government Executive articles. The Government Executive articles housed on the website are not able to be searched. contradiction
uh i don't know i i have mixed emotions about him uh sometimes i like him but at the same times i love to : | like him for the most part, but would still enjoy seeing someone beat him. entailment
yeah i i think my favorite restaurant is always been the one closest you know the closest as long as it's it r My favorite restaurants are always at least a hundred miles away from my house. contradiction
idon't know um do you do a lot of camping | know exactly. contradiction
well that would be a help i wish they would do that here we have got so little landfill space left that we're g We have plenty of space in the landfill. contradiction
yeah i know and i did that all through college and it worked too | did that all through college but it never worked contradiction
Calcutta seems to be the only other production center having any pretensions to artistic creativity at all, bu Most of Mrinal Sen's work can be found in European collections. neutral

If that investor were willing to pay extra for the security of limited downside, she could buy put options witt THe strike price could be $8. contradiction
3) Dare you rise to the occasion, like Raskolnikov, and reject the petty rules that govern lesser men? Would you rise up and defeaat all evil lords in the town? neutral

The most important directions are simply up and up leads eventually to the cathedral and fortress commar Go downwards to one of the gates, all of which will lead you into the cathedral. contradiction
The bhakti movement of the Tamils brought a new warmth to the hitherto rigid Brahmanic ritual of Hinduisr The Tamils' bhakti movement froze the previously warm ritual of Hinduism. contradiction
see now in a situation like that the boys are only sixteen years old and they were sexually involved with her Everyone involved was the same age. contradiction
You and your friends are not welcome here, said Severn. Severn said the people were not welcome there. entailment
um-hum um-hum yeah well uh i can see you know it's it's it's it's kind of funny because we it seems like w We don't loan a lot of money. neutral

i'm not sure what the overnight low was I don't know how cold it got last night. entailment
s0 i have to find a way to supplement that I need a way to add something extra. entailment
the hologram makes up all these things and uh i mean i i it's funny i it's no' i it is amusing to see what the hologram creates. entailment

5 The share of gross national saving used to replace depreciated capital has increased over the past 40 ye Gross national saving was highest this year. neutral

So far, however, the number of mail pieces lost to alternative bill-paying methods is too small to have any r The amount of lost mail is huge and really impacts mail volume contradiction
you want to punch the button and go You don't want to push the button lightly, but rather punch it hard. neutral
Buffet and a la carte available. It has a buffet. entailment

Blue says Blumenthal claimed Clinton had told him that Lewinsky had made unwanted sexual advances. Clinton said that Monica Lewinsky made unwanted sexual advances during her time as a journalist in the White House neutral
We also have found that leading organizations strive to ensure that their core processes efficiently and effe Leading organizations want to be sure their employees are safe. neutral

oh uh-huh well no they wouldn't would they no No, they wouldn't go there. neutral

Puc. 1. Ilpuxnao 3pasxie MultiNLI (https://cims.nyu.edu/~sbowman/multinli/)

JInst [OCTiKEHHsT 3aCTOCOBAHO TaKi IHCTPYMEHTH MAITHHHOTO HABYAHHS, SIK TPaHC(POPMEPH, KOJep-
nekozepu, Mexanism yBaru (attention), mogeni BERT i RoBerta ta na6ip manux MultiNLI.

AHaJIi3 OCTaHHIX KOCTIAKEeHb Ta MyOJTiKanii

Transformer — me apxiTekTypa HeHpoHHOT Mepexi, po3pobieHa sl 3aBlaHb OMPAOBAHHS
npuposaoi Mo (NLP). Bona crana ojHi€r0 i3 Haifmpiie BAKOPUCTOBYBAHUX 1 OMYJIIPHUX apXITEKTYp Y
HJIIL. Lis apxiTekTypa IpyHTY€ETHCS Ha MEXaHi3Mi CAMOKOHTPOJIIO, SKHUI Ja€ 3MOTY Kpalle 3p03yMiTH
KOHTEKCT 1 3B’SI3KHM MiXK CIIOBaMH, OCKUIBKH MOJIETh PO3TJIsIIae Pi3HI YaCTHHH BXiJHOI mmociigoBHOCTI. Ha
BiZMiHY Bif Tpaauuiiiaux Mozeneit HJIII, Takux sik peKypeHTHI HEHMpOHHI MepexKi Ta 3rOpPTKOBI HEHPOHHI
Mepexi, Transformer e mBuamMM 1 epEeKTHBHIMINM, OCKUIBKH 00pOOJIsie YCIO MOCHTiIOBHICTh MapajebHo.
Bin ckmagaerscs i3 Komepa Ta AeKojepa, KOKEH 3 SKUX CKIIAJaeThCs 31 CTeKa inmeHTHaHux mapis. Koxep
Oepe BXiIHY IMOCIIIOBHICTh 1 BUPOOJIS€ MOCTIIOBHICTh MPUXOBAHUX CTaHIB, TOMI AK JeKoAep Oepe BHUXIiA
Kojlepa Ta HaJae KiHIEBY BHXIIHY IMOCIiAOBHICTh. | kKomep, i Jexonep BUKOPUCTOBYIOTh CaMOYBAry Jyis
00pOOIICHHS BXIHUX JaHHUX 1 CTBOPEHHI BUXiqHUX qaHuX. OHi€ro i3 ronoBHEX mepesar Transformer e iioro
3IaTHICTh OOPOOJISATH BXIJIHI MOCHTITOBHOCTI 3MIHHOI JOBXHHHM 0€3 HEOOXIJIHOCTI JOMOBHEHHS ab0 CKO-
pouenHs. lle gocsraeTbcs 3a paXyHOK BUKOPUCTAHHS MO3UI[IMHOTO KOMYBaHHS, SIKE KOJY€E TO3HUIIII0
KOXKHOT'O CJIOBA Y BXiJIHii MOCIIIOBHOCTI sIK BekTop. Transformer gocsir Haiicy4acHiIoi mpoayKTHBHOCTI B
HIMPOKOMY Jiana3oHi 3aBaanb HJIII, ypaxoByrouu MalliMHHUHN MePEeKal, MOJCIOBAaHHSI MOBH, BiJIIIOBIII Ha
3amuTaHHs Ta aHaji3 HacTpoiB. bararo nomymsipaux moaeneit HJIII, takux sk BERT, GPT-3 i ROBERTA,
OCHOBaHi Ha apxitekTypi Transformer.

To3uyiiine kooysamnHs — 1Ie TEXHIKa, Ky BUKOpUCTOBYIOTh Y HJIIT 1151 KOotyBaHHS BiJHOCHOT MO3MIIIT
TOKeHiB y mocnigoBHOocTi. Y HIIII mociigoBHOCTI TOKEHIB 9acTO OOPOONIAIOTECS TAKUME MOJIEISIMH, SIK
Transformer, ocHoBanuMU Ha MexaHi3Max yBaru. OCKITBKH Y IIMX MOJAESIX HEMA€ MOHSATTS MOPSAAKY, M
MOTpiOCH JOJAaTKOBUH CHUTHAN ISl TMOJAHHS MOCHiAOBHOCTI. Ilo3umiiiHe KOAyBaHHS IOCATa€ LOIO,
JIOJTAI0YM BEKTOP KOAYBaHHS 1O BOYIOBYBaHHS KOXHOTO Mapkepa, KWl (ikCye TO3HWIliI0 Mapkepa B
MOCIiTOBHOCTI. BekTop KomyBaHHsS OOYHCIIOIOTH Ha OCHOBI ITO3UIlIT MapKepa B TIOCITIIOBHOCTI Ta PO3MIipy
mpocTopy BOyJoByBaHHs. lleli BeKTOp KOIyBaHHS JOJAEThCS 10 BOYJIOBYBaHHS TOKEHA, IO JA€ 3MOTY
MOJIeJTi pO3pPi3HATH TOKEHH Ha OCHOBI IXHBOI MO3MIII1 B TOCIiTOBHOCTI. [ TAKHUX 3aBIaHb, SK MOJICITIOBAHHS
MOBH, MAIIMHHMIA TIepEeKiIa] i Knacu(ikailis TeKCTY, BAKJIMBO OXOIUTH SIK CEMaHTHKY TOKEHIB, TaK 1 IXHIO
MO3HMITIIO B TIOCIIAOBHOCTI, i Mozenb Transformer i3 mosumiiHuM KOAYBaHHAM MOKE JOCSTTH I[OTO.


https://cims.nyu.edu/~sbowman/multinli/)
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Puc. 2. Apximexmypa Tpancgopmep (https://arxiv.org/pdf/1706.03762.pdf)
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Kooep-oexooep — 1ie I apXiTEKTypH HEHPOHHOI MEpeXi, SIKMH 3a3BUYail BUKOPUCTOBYETHCS IS
00poOIeHHs! MPUPOAHOI MOBH Ta JUIS 3aBJaHb MALIMHHOTO Mepekiaany. BiH ckinanaeTbes 3 1BOX OCHOBHUX
KOMIIOHEHTIB. Kojlepa Ta jAekojepa. SIk moka3aHo Ha puc. 1, xomep mpuiMae BXigHY ITOCIHIJOBHICTH i
NEepETBOPIOE ii Ha BEKTOPHE MoJaHHs (PiKCOBaHOI JOBXKUHH, sIKE (DiKcye icToTHY iH(opMauito BBeneHHs. Llei
BEKTOP MepeaacThCsl Ha IEKOJEp, SIKU TeHepy€e BUXiAHY MTOCIIIOBHICTh HA OCHOBI BXiHOro BekTopa. Taka
apxiTekTypa mHoOpe MiIXOQUTh IS 3aBJIaHb i3 PI3HOIO JOBXHHOI BXOJY i BUXOAY, OCKUTEKH BOHA MOXE
00pOOIATH MOCTIIOBHOCTI 3MIHHOI JTOBXKMHM JUISL BBEICHHA Ta BHBeACHHs. lIpukiagaMu Takux 3aBIaHb
MOXYTh OyTH MaIIMHHUI MepeKiaj, KOHCIEKTYBaHHs TeKCTy. Kojep MiCTUTH WIICTh iJ€HTHYHUX IIApiB,
CKJIaJeHuX pa3oM. Ha kokHOMy i3 HuX [Ba MiApiBHI: 0araToroioBa caMmoyBara Ta MOBHICTIO TIOB’s3aHa
Mepeka IPSMOTro 3B’3Ky. ICHye 3anMIIKOBHI 3B’S30K HABKOJIO KOXKHOTO 3 JABOX MiJIpiBHIB, YCIiJ 32 HUM
piBerp Hopmaiizauii. Kogep 3a3Buuail Mae CTeK PeKypeHTHHX a00 3rOPTKOBHX HEHPOHHUX MEpeXK, fKi
00pOOISIOTH BXiAHY MOCHIJOBHICTh IO OHOMY MapKepy 3a pa3 i CTBOPIOIOTH HOCIiAOBHICTh MPUXOBaHUX
ctaniB. Bin Oepe BXifHy MOCTiNOBHICTH, HAIPUKJIIA PEUCHHS Ha OHIN MOBI, 1 mepeTBOpIOE i Ha BEKTOPHE
nojanHs (DiKCOBaHOI JOBKUHHM, SKE HA3MBAETHCS BEKTOPOM KOHTEKCTY. Jlekomep OTpuMye BEKTOpP BiX
KOZIepa Ta reHepye BUXiAHY MOCIiIOBHICTE. Jlexonep 4acTo Mae 3aIMIIKOBI 3B’ A3KH Ta HOpMali3awilo, SIK i
KOJIep.

MacmraboBanuii Mexanizm yBaru (attention) e ogHuM i3 OCHOBHHX KOMIIOHEHTIB TpaHchopmepa.
Came MexaHi3M yBaru 0ormomarae MoZesi Kpallle FeHepyBaTH BUXiAHY MTOCIi0BHICTh, 30CEPEeIKYIOUHCEH Ha
HAUBIAMOBITHIIMX YacTHHAX BXiMHOI MOCTiIOBHOCTI. BiH 00uYmMCIIIOE 3BaKEHY CyMy 3HAa4YeHb HAa OCHOBI
HaOOpy map KJIF0Y-3HAYCHHS, 1€ Bard O0YHCIIOITH SIK CKAIISIPHUHN JOOYTOK 3aluTy i3 KOKHUM KITFOUEM 13
3actocyBanusaM (yHKIl softmax mms Hopmamizariii Bar. KpiMm Toro, mo6 rpami€HTH He CTaad 3aHAATO
BEJINKUMHU, CKaJISIpHUI T00yTOK MacTa0yIOTh KBaJAPAaTHUM KOPEHEM i3 pO3MIPHOCTI KIFOUOBHX BEKTOPIB.
VY pe3ynbTaTi 3BaykeHa cyMma IOTIM BUKOPHUCTOBYETHCS SIK BXiJHA iH(OpMaIis A HACTYIHOTO PiBHS B
Mepexi.

Po3paxyHok yBaru ajis HA0opy 3amnuTiB 30epiraeTbes B Matpuili Q. Kimtoui 30epiratoThCsi B MaTpHIIi

K, a 3Hauenns B marputi V. Dopmyra MexaHi3My yBaru 3a CKaJsipHUM JJOOYTKOM:
t

Attention(Q,K,V) = softmax oK V.
%

BukopuctoByroth iBi ¢yHkuii yBaru. [lepma — aqutuBHa, a qpyra — MyJbTHIDTIKATHBHA yBara. 3a
CKJIaJIHICTIO BOHHU MOJIOHI, ajie MPOAYKT MIBHIMINN i e€pEeKTHBHIMN 3 TMOINIALY NPOCTOPY, OCKUIBKH
peari3oBaHuil 32 JOIOMOT'OI0 BUCOKOOTITUMI30BAHOTO KO/Iy MHOXECHHSI MaTPHII.

Sxuio 3HadeHHs dj HEBeJIMKI, ABa MiAXOAW NPaUIOIOTh MOAIOHO, ane aJiWTHBHA yBara Ipalioe
Kpalie, HDK yBara 3a CKaJSIPHUM MPOAYKTOM 0e3 MaciuTaOyBaHHs, KOJMHM 3HadeHHA dj Oinmbmi. Toukosi
JI00YTKH 3pOCTarOTh 1 MiAMTOBXYIOTh (QyHKIII0 SOftmax, e BoHa Mae Haa3BHYaHHO Malli TPAi€HTH, KOJIH
3Ha4yeHHs dj Benuki. Takuii MexaHi3M 3BepHEHHS yBard Ayxe KopucHuil y 3aBmanHsx NLP, e Bximgni
MOCJIIOBHOCTI OyBalOTh Iy’K€ JOBI'MMH, OCKIJIBKH BiH Ja€ MOJEII 3MOTY 30CEpPESIKYBATHUCS JIMIIEC Ha
HalpeJIeBaHTHININX YaCTHHAX MOCIIOBHOCTI Ta, SIK HACIIAOK, MiABHUIIY€E TOUYHICTh MOZEIi. baratoromoswuii
MEXaHi3M YBaru 3a3BH4ail BUKOPHUCTOBYIOTh y MOJEIAX HEUPOHHMX Mepex A 3aBaaHb NLP, Takux sik
MAaIlIMHHUH Tepekian i kiacudikariis Tekcry. Lle qae Momeni 3Mory aHami3yBaTH OJTHOYACHO Pi3HI YACTHHH
nmocIiioBHOCTI. Takuii MexaHi3M TOKpaluB 3AaTHICTh aHANI3yBaTH CKJIAMHI 3B’S3KH MK YaCTHHAMHU
BX1JHUX JAHUX.

Kpaiue niHiiiHO MPOEKTYBATH 3alUTH, KIFOYi Ta 3HAYCHHS KiIbKICTh pa3iB N i3 pisHUME NPOEKIiIME
Ha dy, dy, 1 d;, po3Mipu 3aMicTh TOTO, OO BUKOPUCTOBYBATH €IUHY YBary 3 dpoder PO3MIPEHUMH KITFO-
YaMH, 3HaYeHHSIMH Ta 3anutamu. OYHKIIIIO 3BEpHEHHS YBarud peaii3yloTh NnapaieibHO Ha MPOTHO30BAaHHX
BEPCIsIX 3aIUTiB, KJIFOYiB 1 3HAYEHb, OTPUMYIOUYH BUXiHI 3HAYCHHS, 5K € d,,-BUMIPHUMH.

[lotiM a1 KOXKHOI TOJNOBH OOYMCIIOIOTH 3BAKEHY CyMY BXiJHOI HOCIIZOBHOCTI, a pe3yJibTaTH
00’eqHyIOTh pa3oM, o0 chopMyBaTH €AMHUI BHXimHUHA BekTop. Ilicis mpOro BHXiA yBaru 3 KiIbKOX
TOJIOBOK IEpeAacThesl uepe3 0a30Buid piBeHb HEMPOHHOT Mepexi mpsaMoro 3B’s3Ky. baratoronosuii gokyc
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Jla€ 3MOTY MOZETSIM OOMiHIOBaTHCA iH(QOPMALI€IO 13 PI3HUX MIANPOCTOPIB MEPETIISAY B PI3HUX HOTOKEHHSIX.
3a 0MOMOroI0 YCepeIHEHHSI MU KOHTPOJIIOEMO 1€, OCKIIBKA BUKOPHUCTOBYETHCSI OJJHA TOJIOBA MEXaHI3My
yBaru.
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Puc. 3. Mexanizm ysazu (https://arxiv.org/pdf/1706.03762.pdf)

€ Tpu pi3HI crlocoOM BUKOPUCTaHHS 0araTOCTOPOHHBOTO MeXaHi3My yBaru B Transformer:

1. V kogepi-aexkoepi 3BepTaroTh yBary Ha KJIIOYi Ta 3HAUEHHs 11aM’sITi, 10 NePelatoThCs 3 BUXOLY
KOZEepa, aje 3aluTH BiA JeKolepa OCTAaHHBOTO PiBHA. 30KpeMa, Ha KOXKHOMY KpoLi yacy B JeKonepi
MEXaHi3M yBard OOUYHMCIIIOE BEKTOP Bard yBard HaJ 3aKOJ0OBaHOIO BXiJHOIO MociinoBHicTIO. Lle nae 3mory
KO>XKHiHM mo3uwii B AeKoAepi BiABiAyBaTH BCi Mo3uLii y BXiaHii mocaigoBHOCTI. Lle qyke cxoske Ha 3arajibHi
HiAXO0IM 10 yBaru Konepa-aexoaepa B MoJesix Seg-to-seqg.

2. Y konepi Self-Attention koxep mae taky camy yBary 1o cede. Ha piBHi caMocBiToMOCTi Bce e 3
OJTHOTO Miclsl. Y LBOMY HiAXOAl BUXiJ OepyTh 3 MONMEPEIHBbOTO PiBHA Koxepa. KoxkHa rojoBa MexaHizMy
yBard 3BepTa€ yBary Ha iHIIYy YaCTHHY BXiJZHOI MOCIIZOBHOCTI Ta OOYHMCIIIOE BEKTOp Baru yBaru. ¥ Kozaepi
KO’KHA TTO3UIIist MOXe OYTH B Oy/b-sIKiit 200 BCIX MO3HIIISX MOMEPETHBOTO PiBHS JACKOAEPA.

3. IToxiOHO camoyBara JeKojiepa Ja€ 3MOT'y JIeKOoAepy NepeOyBaTH y BCIX MOJIOKEHHIX JeKOIepa 10
[OT'O TIOJIO’KEHHS. Ha KO)KHOMY KpOIli 4acy J€KOJep 3BEPTAETHCS JI0 MOMEPEHBO 3TreHePOBaHIX MapKepiB
y IUIBOBIHM MOCHIOBHOCTI, 100 OOYUCIUTH BEKTOp BarkM MexaHi3my yBaru. Lle peamizoBaHo BcepenuHi
MaciitaboBaHOT yBard TOYKH, 1 BCi 3Ha4YeHHs y SOftmax MacKyroTbCsl BBEACHHSM, 1100 3amo0irTu JIiBOMY
NOTOKY iH(opMarrii.

TpanchopMaTop MOKE OXOMHTH CKJIAIHI BiTHOCHMHH MIX BXOJIOM 1 BHUXOJOM, BHKOPHCTOBYHOUH
0araToroyioBuii MexaHi3My yBard, TOMY Li¢ OJHa 3 HalycmimHimmx mozaeneit y NLP [3].

3aranoM y cTpyKTypi mooeni BERT € nBa eramu. Ilo-nepie, e nonepeane HaBYaHHs, a MO-Apyre —
TOYHE HalalmTyBaHHsI. MoOJenbh HABUYAETHCS HEKOHTPOJIbOBAaHMM CrOCOOOM (maHi 6e3 MITOK) y pi3HHX
3aBJAHHAX MiJ Yac MONMEPEeAHbOT0 HaBUaHHA. MoJelnb iHiliali3yeThCsl HABUYCHUMH ITapaMeTpamMy, a MoTiM
yci mapaMeTpy HAJAIITOBYIOTHCS 3a IOMOMOTOK KOHTPOJIbOBAHOTO MiAX0Ay (IaHi 3 MiTKaMH) Uil TOYHOTO


https://arxiv.org/pdf/1706.03762.pdf)
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HaJaITyBaHHs. J{J1s1 KO>KHOTO 3aBIaHHS ICHYIOTh Pi3HI TOYHO HaJlAIITOBAaHI MOJEI, HE3BAKAIOUH Ha T€, IO
BOHU 1HILIAMI3YIOTbCS 1ACHTHYHHMH MOIEPEIHbO HABUCHHMHU MapaMeTpamu. BiIMiHHOIO 0COOIHMBICTIO
TaKoi MoJielni € Te, IO AJISl Pi3HUX 3aBJaHb BUKOPUCTOBYETHCS Ta cama apxiTekrypa. Lle o3Hauae, 1o icHye
JIMIIEe HEeBEJHMKa BiAMIHHICTD MK OCTATOYHOIO apXiTEKTypOIO Ta MONEPEeIHbO HABUYCHOIO apXiTEKTYpOIO.
Apxitektypa mozeni BERT — 1e Gararomaposuii kogep Transformer, sikuit € nBonanpasnenum. bJ{ ms
BERT wmae Toi#i camuii posmip monemni, mo # mogens GPT mepmoro nokoniaas OpenAl. Ognak B GPT
Transformer oOmexeHa caMOCBIIOMICTh, TOMY BiH MOXKE JMBHUTHCS JIHIIE JIIBOPYY Y KOHTEKCTI, TOMI SIK
BERT mae nBonanpasneny camocBigoMicTs. BERT HaBuaeThcs BUKOHAHHIO 3aBIaHHSA A Ha3Bow “Moge-
aroBanHs 3amackoBanoi moBu” (Masked Language Modeling, MLM): iiomy maioTh pedyeHHs 3 ISSIKHUMHU
CJIOBaMH, BUIIaJKOBO 3aMacKOBAaHHMH, 1 IPOCAThH Neper0auyuTy 3aMacKOBaHi CJIOBa HA OCHOBI KOHTEKCTY —
iHIMX cniB y peuyeHHi. lle gomomarae Mozeni BUBYUMTH 3B’S30K MK CIIOBaMH Ta 3pO3YyMITH 3HAYCHHS
peuennsa. BERT Takox HaB4YaeTbCs BHKOHYBaTH 3aBHaHHS miag Ha3zBoio “llepenOaueHHss HACTYIHOTO
peuenns” (NSP): iiomy maroTh mapy pedeHb i MpOCATH MEpenOavnTH, YU € APYyre PEUCHHS HACTYIHHM Y
JOKYMEHTI Micysl EpUIOro peueHHs, 4 Hi. [loganHs BXiAHUX AJaHUX MOXKE IPEACTAaBISATH OJHE PEUCHHS Ta
napy pedeHb, m100 MOAENb MpaLioBana 3 Pi3HUMHM HACTYIIHUMH 3aBAaHHSIMHU. 1loCHigoBHICTH y LbOMY
KOHTEKCTI — 1€ TIOCJIIJOBHICTh TOKEHIB, MEPEJaHNX Yy MOJEINb, sIKa MOXKE CKJIAJaTHCS 3 OJHOTO abo ABOX
peueHb pasoM. BOynoByBanHsi, BukoprucToByBaHe B BERT, nasuBatots BOymoByBanusm WordPiece. 1le
CrHeuianbHUl MapKep Ha MOYaTKy KOXHOI MOCHIiZOBHOCTI. € 1Ba cOCOOM PO3PI3HEHHS PEUYCHb. MEPIINA
NOJISIra€ Y BUKOPUCTAHHI CIELIabHOIO CUMBOJIY Ui PO3IUIEHHS, a IHIIMK — Y JOJaBaHHI A0 KOXKHOTO
MapKepa BUBUEHOTO BOYIOBYBaHHS, IKE BKa3ye, UM HAJEKUTh BOHO JI0 TOTO, UM JI0 iHIIOro peudenns [4, 11].
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ROBERTa (mamiiiHO omTHMi30BaHuii miaxia momepenuporo Hauanus BERT) e Bapiantom momeri
BERT (nBoHampasineHe npeacTaBieHHs Kojepa 3 TpancdopmaTopis). Ajie BiH Mae BEeTMUE3HUI HAGIp JaHUX
JUTsL TIoriepeiHboro HaByauHs nopiHsaHo 3 BERT (160 I'b tekcroBux manux). Llei miaxia BUKOPUCTOBYE
JUHAMIYHE MAacCKyBaHHS, SKE€ BUIQJKOBHUM CIIOCOOOM MAacCKye Pi3HI TOKEHH B KOXKHY €MOXY HaBYaHHS.
RoBERTa HaBuaeThCsi BUKOHYBAaTH 3aBJaHHS 3 MOZCTIOBAHHA MOBH B MacKax 3aMiCTh IepeadadeHHs
HACTYIHOTO peueHHs. Y MepIiii pearizamii 1OBiIbHA 3aMiHA Ta MACKyBaHHS BHKOHYIOTHCS OJUH pa3 Ha
MOYaTKy Ta 30epirar0ThCs MiJ 4Yac HABYAaHHS, ajle Ha MPAKTHUIN JaHi AyOJIOITHCS, TOMY JJIs KOXKHOTO
pedyenHss Macka He 3axau ogHakoBa. NSP a6o Next Sentence Prediction — me 3aBmaHHs ABiHKOBOI
KIacudikarii, moo mependavnTH, Yu ABa PEUSHHS WIYTh OJTHE 32 OHUM Y TeKcTi. [Ipukiany njis HaBYaHHS
CTBOpPEHI BWJIYYCHHSM IIOCIIIJOBHUX DPEYCHb 13 HaBYAJIbHUX TEKCTOBUX JaHHUX, TOMI SK 3alepeYCHHS
c(hOopMOBaHO 3 BUKOPUCTAHHSIM pEUYeHb 13 pi3HUX AOKYMEHTiB. 3aBnanns “[lepenOadueHHs] HACTYITHOTO
peUeHHS” BUKOPHUCTOBYIOTDH JJIsl MOKPAILEHHS BUKOHAHHS 3aBIaHb, AK-OT BUCHOBOK IPUPOAHOI MOBH, fIKi
HOTPeOyIOTh PO3yMiHHS 3B’ SI3KY MiXk pedeHHsMu [5, 12].

Ha6ip danux MultiNLI (Multi-Genre Natural Language Inference) — me momynspHHUil eTalOHHUI
Ha0ip AaHuX A7 3aBJaHb PO3YMIiHHSA NPUPOTHOI MOBH B MalIMHHOMY HaBuaHHi. Bin mictuts 433 000
NPUKJIANB, 1 e poOUTh HOro OJHHUM i3 HaHOUIBIMIMX HAOOPIB AaHUX AJISI BUCHOBKIB MPUPOJHOIO MOBOIO.
Cxuamnicte MUultiNLI  BuIna 3aBIsiKd BUKOPHCTAHHIO JAHUX 13 IECATH KAHPIB MUCHMOBOI Ta PO3MOBHOI
aHryifcekoi MoBH. Lle mae 3MOry OIIHUTH MOJENI AJIs MaiyKe MMOBHOI CKJIaJIHOCTI MOBH Ta 3a0e3redye
OYEBH/IHI HAJAIITYBAHHS JUIS OLIHFOBAaHHS ajanTallii npeamerHoi obmacti. Habip manmx MultiNLI ckia-
JIAETBCS 13 Tap pedueHb i3 PI3HUX KaHPIB, 30KpeMa XyJ0XKHBOI JIITepaTypH, YpsSIOBUX 3BITIB i PO3ZMOBHOL
moBu. KoxkHa mapa pedyeHb TO3HA4Y€HA OJHUM 13 TPHOX THUIMIB 3B’S3KYy. BTSATHEHHS, MPOTHPIdYs abo
HerrpanbHae. 3apnanaa NLP 3anexars Bin po3yminns npupoanoi MoBu abo NLU amnst gocsirHeHHs ycmixy
[12-21]. Byno mokianeHo 6araTo 3yCuiib Ui BAOCKOHAJICHHS 3aBIaHb MPUKJIAJHOTO PO3YMIHHS TPUPOTHOT
MOBH, 1100 MOJIENTb MOTJIa YCIIIIHO CHPABISATHCS 3 UMM MPOoOJieMaMu. 3arajioM Mojeib MOBHHHA OyTH
toyHoto B NLU, a TakoXx y 10JaTKOBUX 3aBJaHHSX MAIIMHHOTO HABYAHHS, TAKUX SIK AOCTYI OO HaM’ STi Yi
CTPYKTYpPOBaHE Tepea0avyeHHs. YHACIiOK I[bOTO JOBOJI CKIIAIHO MPaBWIBHO OMiHWUTH, K Mojem NLP
PO3YMIIOTh 3HA4YeHHS MOBHU. BilHOIICHHS HAciTyBaHHS BKa3ye Ha Te, IO i3 MEPIIOro PEYECHHS JIOTIYHO
BUILTMBAE JIpyre, TOOTO SIKIIO TepIle peuyeHHs ICTHMHHE, TO JPYyre PEUCHHs TaKoXK Mae OyTH ICTHHHUM.
BinHocuHM mpoTHpivys 03HAYAIOTH, L0 MIEPLIE PEYCHHS CYIepeUnTh APYToMYy, TOOTO SKIIO MEPIIE PeUCHHS
ICTHHHE, TO Jpyre pedeHHs NMOBWHHO OyTu xuOHMM. HelTpanbHuil 3B’S30K O3Haua€, IO MK JBOMa
pEUYCHHSIMHU HEMa€ JIOTiYHOro 3B’s13Ky. Mertomounorist 30upanns ganux y MultiNLI gyxe cxoxxa na SNLI.
Bin MicTHTB apy pedeHs i3 MonepeIHbOro JKepeia, a IOTiM aHOTaTOPa MOMPOCHIIN CKIACTH HOBE PEUEHHS.
Habip nanux Oyno cTBOpeHO, 00 CTUMYJIIOBATH AOCIHiIPKEHHS PO3YMiHHS MPUPOAHOI MOBU B KiJIBKOX
JKaHpax, a He JIMIIe B OJHOMY KaHpi, sK 1ie OyJio 3 OaraTbMma nomnepenHiMu Habopamu aanux. Lle poOuTh
MOJIeNTi CKIIQJIHIIMMU Ta pealiCTHYHIITNMH s e(heKTHBHOT poOOTH Ha IIbOMY Ha0OPi JaHUX.

Tekct ans pedens npunynierb MultiNLI moxoauTs i3 mecsaTu JpKepen MOBHICTIO JOCTYITHOTO
TekcTy. ToMy BiH Ma€e OyTH Pi3HOMAHITHUM 1 IPEJICTABISATH aMEPUKAHChKY aHTIiichKy (puc. 5). [Tapu
pedenb y Habopi ganux MultiNLI B3sTO 3 mecsTu pi3HUX kKaHPIB, cepel SKUX TelepOHHI PO3MOBH,
NyTIBHUKU Ta YpsAOoBi AoKyMeHTH. Lle rapanTye, mo Halip AaHUX OXOIUIIOE IMUPOKHH CIIEKTP TEM i
CTUJIIB HAITUCAHHS.

30JI0TY BiZIMITKY TPUCBOIOBAIN KOXHIN IMapi peueHb, SAKi MPEACTABISIOTH OIIBIIICTh TOJIOCIB MiXK
BiZIMITKOIO, IPHUCBOEHOIO ITOYATKOBUM aHOTATOPOM, 1 YOTUPMA BiAMITKAMH, IPUCBOEHUMH aHOTaTOPaMH,
sKki mepeBipsnu. Jleska HeBeNMKa KUIBKICTh PEUYeHb HE Maia KOHCEHCYCy. Taki pedyeHHS He Ciifg
BUKOPUCTOBYBaTH B CTaHJAPTHUX OI[IHKaX 1 BBOJWUTH B PO3MOJLJ, allé BOHH MAarOTh THPE SIK 30JI0TY
Mo3HauKy. SIK MOKa3aHo Ha puc. 5, Habip JaHWX MICTUTH Napy peveHb, )KaHP, 30JI0TY MITKY Ta BCl MIiTKH,
npu3HaYeHi aHoTaTopamu [1].
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Knac 1 Knac 2 Knac 3 Knac 4 Knac 5 Xawp Dixanbhuii kKnac Peuenns 1 (nepepymosa) Peuenns 1 o6po6neqe Peuenns 2 (rinotesa) Peuenns 2 o6pobneqe

neutral entailment neutral neutral neutral slate neutral The new rights are nice enoi (( The ( new rights ) ) (are (1 Everyone really likes the ( Everyone ( really ( likes ( th
This site includes a list of all (( This site ) ( ( includes (((( The Government Execu ( ( ( The ( Government ( Exec

entailment entailment entailment i i i uh i don't know i i have mixe ((((uh (i((don't)(know ( Ilike him for the most p (I ((((((like him) (for (the
yeah i i think my favorite res (yeah ((ii) (think ((my (fa My favorite ((My (favorite )
i don't know um do you do ¢ (i ((do n't) (know (um (dc | know exactly. (1((know exactly).))

well that would be a help i w ( well ( that (would (be ((a We have plenty of spac: (We (( have ( plenty ( of ( sp

yeah i know and i did that al (yeah (((iknow )and ) (i (¢ |did that all through col (I (((did (thatall)) ( throuc
neutral neutral entailment neutral neutral travel neutral Calcutta seems to be the or (( (( ( Calcutta ( seems ( to ( Most of Mrinal Sen's wc (( Most ( of ( ( Mrinal ( Sen '
slate contradiction If that investor were willing t (( If (( that investor ) ( were ( THe strike price could t ( ( THe ( strike price ) ) ({ cot

neutral neutral neutral neutral neutral slate neutral 3) Dare you rise to the occa ((3 -RRB-) (( Dare (you (( Would you rise up and ¢ ((( Would you ) (((rise up)
i tai i travel contradiction ‘The most important directiol (( The (( most important ) di Go downwards to one ¢ ( Go ( ( downwards ( to ( one

travel icti The bhakti of the ({( The ( bhakti movement) The Tamils' bhakti move ( ( ( The ( Tamils ') )  bhakti

see now in a situation like th ( (((see now ) (in ((((((at Everyone involved was (( Everyone involved ) ( (wa

entailment entailment i i i fiction entailment You and your friends are not (( (( You and ) ( your friends Severn said the people (Severn ((said ( ( the peop!
contradiction neutral contradiction neutral neutral telephone  neutral um-hum um-hum yeah well | (( (um-hum (um-hum yeah We don't loan a lot of m (We (((do n't) (loan ((alc
entailment entailment il il il il i'm not sure what the overni (i (('m not ) (sure (what (( | don't know how cold i (1(((do n't)(know ((how
entailment entailment entailment entailment i i 501 have to find a way to su (so (i ( have (to (find (a (w | need a way to add sor (1 ((need ((away) (to(ad
entailment entailment tail t tail t i i the hologram makes up all t ({ ((((((the hologram ) ((n Sometimes it is amusin (Sometimes (it ( (is (amusi
neutral neutral neutral neutral neutral government neutral 5 The share of gross nationz (( (5 ( The share ) ) ( of ( ( gn Gross national saving w ( ( Gross ( national saving ) )

So far, however, the number (( So far) (, ( however (, ( (' The amount of lost mail (( ( The amount ) ( of (lost m

neutral neutral contradiction entailment neutral telephone  neutral you want to punch the buttc (you (want (to ( (( punch (1 You don't want to push (You (((do n't) (want (to (
entailment entailment entailment entailment entailment travel entailment Buffet and a la carte availat (((Buffetand) (ala)) ((cz It has a buffet. (It ((has (abuffet)).))

neutral neutral entailment neutral neutral slate neutral Blue says Blumenthal claim¢ ( Blue ( ( says ( Blumenthal ( Clinton said that Monic: ( Clinton ( ( said ( that ( (Mot
contradiction neutral neutral neutral neutral government | neutral We also have found that lear (We (also ( ( have ( found (1 Leading ions v (( Leading izations ) ( (
neutral neutral neutral neutral neutral telephone  neutral oh uh-huh well no they woul (oh ((uh-huh (well (no ((tl No, they wouldn't go th (No (, (they (((would n't)

Puc. 5. Ilpuxnaou 3 MultiNLI (https://www.cs.princeton.edu/courses/archive/spring20/cos598C/lectures/lec18-
annotation-artifacts.pdf)

Ilix yac aHami3y JiTepaTypd BHSBICHO ¥ iHIII cripoOu cHopMyIIroBaTH 3a1ady, CXOKY Ha 3aaady
tpanzutuBHOCTI. Y crarti “Does BERT Know that the I1S-A Relation Is Transitive?” mepeBipeHo BMiHHS
mozeni BERT BuBYaTH 3a1€KHOCTI TPaH3UTUBHOCTI Y KOHTEKCTi BimHomieHHs “€” (IS-A). ToOTo sikuiich
OJIMH MPEMET UM MPOLEC € MiAMHOKHHOIO 1HIIOro npeaMera ado npouecy. Hanpukian, ciioH € TBapHUHOIO,
OTXKe, MHOXXMHA CIIOHIB € TMiJIMHOXHHOIO TBapuH. {7 1Or0 BHKOPHCTAHO CEMAHTHYHHHA CIIOBHUK
WordNet, y sskoMy € OHTOJIOTi4HI 3B’SI3KM MK aHIJIiHChKIME cioBamu. OIUH 3i 3B S3KiB MiXK CIIOBAMH —
3B’5130K “€” (IS-A), skuii BUKOPHCTAHO y TIpoaHaii3oBaHii podoTi. Tam 3acTOCyBay OCTAHHIHN 1Iap MO
Bert, mo6 orpumaru Bkiaagenus ciiB (word embedding). ITicast mporo 3HalILIA HaHOIMKYE CIOBO i3
TPEHYBAIBHOTO HaOOpy JaHWX, KOPUCTYIOUHCH €BKIIJIOBOIO BiJICTAaHHIO MK BekTopamu. OUikyBayioch,
10 HalOMMK4Ye CIOBO BigoOpaxaTuMme BigHowieHHS “€”. Bymo BusiBieHo, mo moxens Bert y 82 %
BUIIA/IKiB MPaBUJIbHO KiIacudikye, mo “A € B”, sxmo “A e 5”1 “b e B”. [https://aclanthology.org/2022.acl-
short.11.pdf]

OnucaHuii BUIIE MiJXiJ BIAPI3HAETHCSA BiJ 3alpOIOHOBAHOrO y Iii po0O0Ti, 00 BiH BUKOPHCTOBYE
WordNet st popmyBaHHs HOBOro HabOpy AaHMX, a y Liit poboTi Bukopuctano Habip manux MultiNLI sk
Ha01p JaHKX, Ha OCHOBI SKOT0 (hOpMy€eThCs HOBHI. [lelt Hablip naHuX crieliani30BaHui I 3a1a41 JIOTTYHOTO
BUCHOBKY. Takox y wiii poOOTi IpOTECTOBaHO caMe BMIiHHSA MOJIENIi BUBYATH TPAH3UTHUBHI 3aJICKHOCTI Y
3a/1a4i JIOTIYHOI'O BUCHOBKY, @ HE Y KOHTEKCTI OHTOJIOITYHOI HAJCKHOCTI CJIIB J0 IIUPIIUX MOHSIThH, K Y
WordNet. Kpim nporo, mporectoBana y 1iii poOOTi MOJIEIb CIeliaTi3oBaHa Ha 3a/1a4i JIOriYHOTO BUCHOBKY,
00 pamiie y)ke HaTpeHoBaHa KoMmaHiero Facebook na nabopi manux MultiNLI.

DopMyJIHOBAHHS METU TA MOCTAHOBKA 3a1a4i

Meta poOOTH — BU3HAUUTH 3AATHICTh MOBHHUX MOJIEJICii BUBYATH TPAaH3UTHUBHI 3aJIC)KHOCT] y 3amaui
soriudoro BucHOBKY (NLI), a 3aBnanus — copmyBatu Habip TaHUX HA OCHOBI HasSBHOTO HAOOPY JaHUX Ta
3aMpONOHOBAaHUX MIPABUII PO3MiUyBaHHs HAOOPY AaHUX, AJIsl TeCcTyBaHHS sikocTi Mmoaeni RoBerta. s 3amadi
JIOTiYHOTO BUCHOBKY c(hopMoOBaHO Habopu naHux, oauH i3 sikux — MultiNLI, onucauuii pasnime. Takox €
roToBa MOAENb 3 apXiTekTyporo RoBerta, ska HarpeHoBaHa Ha bOMY HAaOOpi JaHUX. Y pe3yJbTaTi LBOTO
BOHA HaBYMJIACh KiIacH(iKyBaTu pe4yeHHS HA TPH KJIacH. MOAiOHUH, mpoTupivus i HeHTpanpHuid. Jlerans-
Hile: MeTa 1i€i poOOTH — AOCHIAWTH, YU BOHA TaKOX BHBUWIA (yHAAMEHTAIbHY 3aJ€KHICTb TpaH3H-
THUBHOCTI, SIKa TIOBUHHA BUKOHYBATHCh Y BHITAJKYy JIOTIYHOI imrutikamii. ToOTO, KO MOAens 3Hae, 1Mo i3
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peyenns 1 BUNIMBAE peyenns 2, a i3 peyenHs 2 BUILIUBAE peyeHHs 3, TO BOHA TIOBUHHA TeHEpalli3yBaTH i
3pO3yMiTH, IO i3 peueHHA 1 BUIIMBae peyeHHs 3. SIKIIO 1€ 3amucatd y BUITIALL (OPMaJIbHOTO 3aKOHY
TPaH3UTHBHOCTI /s imrmtikanii: 4 — b1 b — B, 10 A — B. llpuknaniB i3 TakuMu 3aJICKHOCTIMH HE
NOBHHHO OYyTH y IIOYaTKOBOMY Habopi JaHUX, Ha SIKOMY TPEHYETbCS MOJIEINb, 1100 MOJENb MOTJIa BUBUUTH
TaKi 3aJeXKHOCTI. Y 1iil po6oTi Ha ocHOBI Habopy nanux MultiNLI chopmoBano HOBuHiT Habip AaHUX IS
TECTYBaHHS SKOCTI BUBYEHHS TPaH3UTHBHHUX 3alie)KHOCTed. Bu3HaueHo mpaBuia, 3a sSIKHMU T€HEPYBaBCS
HOBHI Habip TaHUX Ha OCHOBI Habopy manux MultiNLI.

Takox y 1iii poOOTi TMepeBipeHO CHPSIMOBAHICTh KOXKHOTO i3 KiaciB y Habopi manux MultiNLI. ¥V
sagagi NLI soriunmii BUCHOBOK € HampsiMieHuM BimHorneHHsMm [2]. Hanpuknan, skimo i3 pewenns 1
BUIUTUBAE peyenHs 2, TO 1ie He O3HAYaE, 0 13 peyenHs 2 BUILTUBAE pedeHHs 1. MeHIa cripsMOBaHiCTh Y
KJacax npomupiuus i Heumpanvhuil. MoXXeMo NepeBipUTH 3B’ 130K Y 3BOPOTHOMY HampsIMKY. 3amMicThb TOTO,
11100 poOMTH BUCHOBOK 3 IIEPILIOT0 PEUEHHS Ha APYTe, MOMIHAEMO iX MiCLSIMH 1 3p0OMMO BUCHOBOK 3 JPYTOrO
peueHHs Ha mepiie. SKimo ToYHicTh TOTOBOT Mozeni, Takoi sk RoBerta, 3MeHryBaTuMeTbCA AJIS SIKOTOChH
KJIaCy, MOXKEMO 3pOOUTH BUCHOBOK, ITI0 BiJHOIICHHS IS IEIKUX KJIAaciB € HAMPSAMIICHIITUM, HIX 1HIII.

Mogpens, sika Oyne BUKOPUCTOBYBaTHCS, Mae Ha3By RoBerta, Bona gocsirae Kpammx pe3ynbTaTiB Ha
pisHEX Tectax 0e3 ToHkoro HamamrtyBaHHs Ans GLUE. Ile Benwuesna mojens riarOOKOTO0 HaBYaHHS,
HaByeHa Facebook i morpeHoBaHa Ha 3ramaHomy panime Ha6opi manux (MultiNLI). Ile BmockonaneHa
monenb BERT, sky mokpamieHo 3aBAsku HABUAHHIO MOJIENI HA OUTBINHA KUTBKOCTI TaHUX MPOTSATOM TpH-
BaNiLIOro mepioxy. Y wid poOOTI Mozedb HE TPEeHyBajach, OCKUJIBKM MH IOCTAaBHJIM METY IOCIIiANTH,
HACKIUIBKY SIKICHO BOHA BHBYA€E TPAH3UTHBHI BiIHOIICHHS, cpOpMyBaBIIM HOBHI HAaOIp AaHUX s 11 TecTy-
BaHHs. OCHOBHUM 3aBJIaHHSM OyJI0O caMe BU3HAUCHHS MPaBUII, HA OCHOBI SKMX (POPMyBaTUMETHCS HOBHH
Ha0ip JaHuX.

Buxiiaa 0cCHOBHOro Marepiairy
Ha ocHoBi 3HaHb ipeIMETHOT 00J1aCTi CTBOPEHO TaKi MpaBUIIa IS IEPEBIPKH TPAH3UTHBHOCTI!

(Entailment, Label)Label,
(Contradiction, Contradiction)Entailment,
(Contradiction, Entailment)Contradiction,

(Contradiction, Label)Neutral,

(Neutral, Label)Neutral,
ne Entailment — xnac noodi6nui (noriunuii Hacminok); Label — mitka; Contradiction — xnac npomupiuus;
Neutral — knac netimpanvuuil. Binnomenuns Entailment € opieHTOBaHUM BiTHOIICHHSM.

Li npaBuia OyseMo BUKOPUCTOBYBATH, 00 chopMyBaTH HOBUI Habip maHuX. BizbMeMoO aiist IpUK-
nany npaBwio (Contradiction, Entailment)Contradiction. lle o3Ha4ae: SKIIO y Mepliii mapi pedeHsb €
Kiac npomupivus (contradiction), a y mpyriii mapi pedens knac nodionuu (entailment), to moxua chop-
MYBaTH TPUKIA]] JJIsi HOBOTO HaOOpy JaHWX, B3SBIIM MEpIIe peUeHH i3 MepIoi napH i apyre i3 Apyroi, i
MOCTaBUTH MiX HUMH KJIac 3aJIeKHOCTI npomupiuus. ToOto, sikmio “A contradiction B” i “B entailment B”,
To “A contradiction B”.

VY TeKcTOBOMY BHUCHOBKY (HACIIiyBaHHs) 3aBIaHHS € IEPEIyMOBOIO, a BiHOILICHHS TilIOTE3H BBa-
KaeThesl cnpsiMoBaHuM. Hanpukiiaz, BisbMeMo “Munynoro poky s 0yB y OcHaOpIoKy” SIK IepeayMOBY Ta
peuenHs “S OyB 3a KOpZAOHOM pik ToMy”. Y IIbOMY NPHUKIAAl YiTKO 0a4MMO, 10 BiHOLICHHS € CIIPSIMO-
BaHMUM, MOXEMO BHBECTH TiIIOTE3y 3 EPEIyMOBH, alie HE MO’KEMO 3pOOUTH HAaBIAaKH, TOMY IO SKIIO XTOCh
OyB 3a KOpPAOHOM, 1€ HEe O3Hauae, Mo BiH OyB y OcHabpioky. Jluiie aesiki aBTOpy BUKOPHCTOBYBAIU CIIPSI-
MOBAHICTb CITIBBITHOILIICHHS JIOTIYHUN HACIIZOK: 1Ie 03Havae, 110 ko 1 ® H, ManoimMoBipHO, 1110 3BOPOT-
Huil H ® T Takok BUKOHYETHCS. 3 JIOTIYHOTO MOy BiJHOIICHHS HACIIyBaHHS MMOAIOHE J0 IMILIIKAIIiT,
siIKa, BCyIeped eKBiBaJCHTHOCTI, HE € cumerpuuHorw [2, 8, 9]. 3 ycix muX mpaBuil JMIIE TMepIiie MOXKHA
BPaxOBYBATH CTPOTO. SKIIIO € JIOTIYHUI HACTIIOK Y MEpIii mapi Ta JIOTIYHUI HACHIIJIOK y JPYTiH, Tl Ma€e
OyTH BIHOIIEHHS JIOTIYHOTO HACIIJIKY MiX IEpPeAyMOBOIO MEPIIOl MapH Ta TillOTE30 0 JPYyroi Hap.
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Hanpuknan, nepia mapa: “4 6yB y Ocnabproky” i “S 6y yHimeuunni”, npyra mapa: “f 6yB y Himeuuuni”
ta “4 BigBinaB Himeuunny”, notim “4 Oy y Ocnabpioky” i “S BinBinaB Himeuunny” — Hacnigok. AHano-
TiYHO MU MOKEMO TOSICHUTH JUIS 1HILIUX MITOK.

VY Tabn. 1, 2 HenpaBwibHI Kinacudikamii BuaiieHi cipuMm (GoHOM. TyT MOXHa BUKOPHUCTOBYBATH
METPHUKY TOYHOCTI, OCKIIbKU Ki1acH 30anancoBaHi. 30a1aHCOBAHOCTI KJIaciB JOCSTHYTO THM, 110 el HaOip
JIAHUX MU 3reHEPYBajy OCHOBI MPABHJI 1 JJIS KOYKHOTO 13 KJIACiB B3STO OJHAKOBY KIJIbKICTh HPUKJIAIIB 13
opurinaigbpHoro Habopy manux (MultiNLI).

Cdopmosano Habip mauux po3mipom 10 THCSY PHKITaAiB HA OCHOBI Habopy marux MUltiNLI. ¥V ta6m. 1
HaBEJICHO TPHKJIa] Mapu peueHb (mepeaymosu i rinoresu) i3 MultiNLI, a y tabn. 2 chopmoBanuii HaGip
JIAHUX Ha OCHOBI MMpaBuII, ONMCcaHuX paimre. Tooto skimo y MultiNLI apyre pedeHHs y sskoMych MpUKIai
TOTO>KHE 13 TIEPIINM Y 1HIIIOMY, MOYKHA 111 IPUKIIA]N 3’ €HATH 1 BCTAHOBUTH 3AJICXKHICTb 13 IEPIIOTO PEUCHHS
NEepIIOTO NPUKIaLy OO APYroro pedeHHs APYroro mpukiamy. MiTka Kiacy, sika MICTUTUMETHCS y pe3yiib-
Ty0uOMy HaOOpi JaHUX, BU3HAYAETHCS 32 TPaBIIIAMH, ONTUCAHUMH BHUIIIE.

[licna TectyBanus mozeni RoBerta Ha pesynbryrouoMmy HaOopi naHux Oy0 BUSBIEHO, 110 BOHA Mpa-
BWJIBHO KJIacH}ikye yci nmpukianu. ToOTo MokeMo 3pOOUTH BUCHOBOK, IO TPAH3UTHUBHI 3aJIEXKHOCTI MOJIENb

BUBYMJIA SIKICHO.

Tabruys 1
Kuacudikanist opurinanbHUX JaHUX
[lepa napa Hpyra napa
ITepenba-
. Copasxns | Ilepeny- . [ependauy- | CripaBxHs
IlepenymoBa I'inoresa 4yBaHa . T'inoresa . .
. MiTKa MOBa BaHa MiTKa MiTKa
MITKa
Borocs, 1o Hi, Sl tak HE | Jno2iunuU noeiynutl | S tak He | Bu mykaere He B | neumpany- | netimpans-
MaHOBE JIyMaro HAcniooKk | Hacaiook | IyMaro TOMY MicCIIi HUtl HUtl
Borocst, mo Hi, Sl Tak HE | s102iuHUL noeiynuy | S Tak HE 51 moHATTS Heumpans- npomu-
TMaHOBE JlyMaro Hacniook | Macnidok | Aymaro HE Maro HUll piuys
Twu 3HaemnI i BiH TH S He A02TUHULl | N02TYHUL A 51 3Ha10 npomupivus | npomu-
3HAEII S HE 3HAIO 3HAIO0 HACMIOOK | HACMIOOK | HE 3HAK0 pivus
30BciM Hi — a0, S tak He | soeciumuii | nociunuti | S Tak He | Bu 1mykaete He B | Hetimpanb- | Helmpany-
MpUHAMHI, 5 TaK JTyMato HACNIOOK | Hacniook JyMaro TOMY MicIi HUll HUll
HE lyMario
30BciM Hi — a0, A rtak He | noeiunuii | noeiynui | S Tak He S noHATTA HE | Heumpanvb- | npomu-
MpUHANMHI, 5 TaK JTyMato HAacniook | Hacniook | IyMaro Maro HUtl piuys
HE TyMaro
Ara, e pasna, e | Lle BipHO | sociunuti | noeiunuu | Le Bipao | lle nmpaBuibHO A02TuHUll | JNociuHul
mpaBja, TakK HACNIOOK | HACHiOoK Hacniook Hacniook
Hinxom Abco- JOSTYHULL | JI02iuHUl AbGco- | Hemae cymHIBY, | Heimpans- | Helimpaib-
JIFOTHO HACNIOOK | Hacniook JIFOTHO 1o S e 3po0ITIo HUll HUll
Iinkom Abco- A02TUHULl | N0STYHUL Abco- beszymoBHO A02TuHUl | JNociuHul
JFOTHO HAcniooK | HACiOOK | JIOTHO HAcMiOOK | HACROOK
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Tabauys 2

Kuaacudikanisi cTBOpeHuX NPUKJIAAIB JaHUX i3 TPAH3HTHBHUMH BilHOIIEHHAMM

) ITepenbauyBana .
IlepenymoBa I'imote3a P . Y CrpaBixHs MiTKa
MiTKa
Borocs, mo Hi, maHoBe Bu mrykaete He B TOMY MicCIli | HEHTpaIbHUN HEUTpaabHUI
Borocs, mo Hi, maHoBe S nonsTTs HE Maro TPOTUPITYS HEUTpaIbHUI
Twu 3Haem 1 BiH, TH 3HAEI, 5 HE 3HAIO 4 3nar0 MIPOTHPITUSA IPOTHPITYSL
30BciM Hi — abo0, mpuHAiiMHI, A1 Tak He | Bu mykaete He B TOMy MicIli | HEUTpaIbHUAN HEHTpaTbHUHA
JyMaro
30BciM HI — 200, IpUHAWMHI, s TaKk He | Sl MOHATTS HE Maro MIPOTHPITYS HEHTpaTbHHUH
JTyMaro
Ara, 1ie mpaBja, 1e NpaBa, TaK e mpaBuibHO JIOTIYHWN HACIIOOK | JIOTIYHUH
HACiIOK
inxom Hemae cymHIBy, mo 5 1€ | HEHTpaIbHUN HEUTpaabHUI
3po0ITE0
Hinkom beszymoBHO JIOTIYHUI HACTIAOK | JIOTTYHUN
HACIII0K

Takox mepeBiprMO, 1110 OTPUMAEMO, SIKIIIO TIOMIHATH MICIIME TIepine i qpyre peueHHs (Tadum. 3, puc. 6).

Jpyre pedeHHs pO3IiIsAaTUMEThCS K epeayMoBa, a nepiie — sik rinoresa [10]. Habip nanux e Benudye3HoO0

BUIAJKOBOIO MiAMHOXHHOIO, 110 MictuTh 10 000 3paskis, siki B3iTO 3 HaOOpy AaHuX (Yac po3paxyHKY

CTaHOBUB OiJIbIIe HIXK 2 TOM).

Metpuka kjaacudikanii Bix rimore3u 10 nepearyMoBu

Tabauys 3

. [epenymoBa ® linore3a ® nepenymoBa
TouHicTh . . . . 3MEHIIICHHS Ha
rimoresa (y 3BOpOTHI#i OCITiTOBHOCTI)
3araiapHa 0,95 0,63 1,51
Juts xnacy nodibnu 0,98 0,33 2,97
3a KJ1acoM HetimpanbHutl 0,90 0,77 1,17
it xacy npomupiuus 0,98 0,78 1,26

Sk 6aunmo (tabiu. 3), TouHicTh 3MeHIIMIacs Ha Koedimient 2,97, 1,17, 1,26 mis kinacy nodibuuil,

Helumpaibhe Ta npomupivyys BINNOBIAHO. 3BIJCH MOXXHA 3pOOMTH BHUCHOBOK, IO 1OOiOHUI Kjac €

HAMCIPAMOBAHIIIMM BiJHOLICHHSM, MOTIM #pomupiyys, a TOTIM Heumpanvhuu. 1[I uncna Hacmpasni

IHTYITHBHO 3pO3yMiJi, TOMY LIO SIKIIO OAHE 3 PEYCHb CYNEPEUnTh 1HIIOMY, i€ 3a3BHYail 03Hayae, 1110 BOHO

Moxke OyTH B 3BOPOTHIM IMOCIIZIOBHOCTI BiJ JPYroro peueHHs Mo mepmoro. Jist xmacy ueiumpanvruil

TOYHICTh 3HIXKYETHCS 1€ MEHILIE MOPIBHIHO 3 npomupiuusm, OCKUIBKA HEHTpalbHI PeUeHHs 3a3BUYai 11e
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yacTille € HeWTpalbHUMH B iHIIOMY HampsiMKy. Lo cTocyeTbesa kiacy nodi6uuii, HAmpsIM Kilacy Tyxe
CHJIBHHHM, 1 MO’XKEMO MIATBEPAUTH 1€ HU(PpaMH, TOMY 110 TOUHICTb CTa€ HIKYOKO MIPUOJIM3ZHO yTPHUYi, AKIIO
MOMIHSTH PEUYCHHSI MICIISIMHU.

1,25
H Big nepegymoBsu Ao rinotesu M Big rinoTe3un ao nepeaymoBsu (y 3BOPOTHOMY NOPAAKY)

1,
0,75
0,5

0.25 I
0,

ToyHicTb TouHicTb Ana knacy TOuYHICTb 32 KNnacom TouHicTb AnA Knacy
«noAibHNN» «HeWTpanbHa» “cynepeyHictb”

KoediLieHT 3MiHK TOYHOCTI 414 Knacy “cynepedHicts”

KoedilieHT 3MiHM TOYHOCTI 32 KNACOM KHEWTPabHa»

3aranbHuit KoediliEHT 3MiHM TOYHOCTI ANA BCiX KNacis

Koed)iu'iEHT SMikm TosHocT] AR nacy «nop‘iﬁHMﬁ» _

0, 0,75 15 2,25 3, 3,75

Puc. 6. Pezyromamu nepegipxu mooeri

ITapasenpHO BUKOHAHO BUMIPIOBaHHS Yacy BUKOHAHHs niporpamMu (puc. 7). Lle akTyanapHO y 3B 3Ky 3
aktuBHuM miepexogom 3 Web 2.0 na Web 3.0 3 ypaxyBaHHSIM SIK CEMaHTHKH KOHTEHTY, TaK i METOJIB
HITYYHOTO 1HTEJEKTY OMNpAIfOBaHHS [[LOTO KOHTEHTY JJIsl IIOBEPHEHHSI KOPUCTYBauy IpaBa BIACHOCTI Ha
cBoi fani Ta KoHTeHT. [lapanenbHo Oyap-siki Aii B iHTepHETI NOBMHHI 3a0e3MeuyBaTH HE JIMIIEC TOYHICTH
IIYKaHOTO Pe3yJIbTaTy, ajie i ONEPaTUBHICTh HOr0 OTpUMaHHsA. BopoTh0a Midk TAKMMH aHTAaroHi3MaMH, sSIK
TOYHICTh Ta MIBHIKICTh B IHTEPHET-NIPOCTOPI, € BIYHUM NMUTaHHAM. KpiM TOro, OUIBLIICTH KOPUCTYBadiB
MAaIOTh CEPEAHbOCTATUCTHYHI KOMIT'IOTEpH Uil pOOOTH B iHTEpPHETI, TOMY MPOAaHANI30BAaHO IIBUAKOMIIO
3aMpONOHOBAHOTO METOIY Ha NMEPCOHATILHOMY KOMIT IOTEPI.
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Ines momnsirae B TOMy, 1100 MEPEBIpUTH, YH € TiMOTE3U (APYTi peyeHHs), sKi € nepegymoBamu (mepiii
peueHHs) B iHIIUX 3pa3kax. Lle macTb 3Mory cTBOpUTH Habip AaHUX, MI00 MEPEBIPUTH, HACKIIBKH 100pe
MOJIC/Il BJIOBJIIOIOTh TPAH3UTHBHE BiTHOIICHHS. BUKOPHCTOBYETHCS CHJIbHA BiAIMOBIJHICTH, aje TaKOX
MOYKHa 3aCTOCOBYBAaTH HEUITKY BiINOBigHICTh. BuOipKy Habopy AaHMX MEpeBipeHo, OCKUIBLKU HAa0Ip AaHUX
BEJIMUYE3HUH, 1 00UMCIICHHS JIJIs1 BChOI0 HAOOPy MaHuX 3aiiMe O0araTo Jacy.

TimeElapsed = (IterationsNumber - IterationTime)?

300

250 1

200

150 -

100

0 50000 100000 150000 200000 250000 300000 350000 400000

Puc. 7. I'paghix uacoeoi ckradnocmi 8UKOHAHHIA KOOY

UYac itepanii Ha koM totepi cranoBuB 0,0028, Tomy Mu MokeMo moOymyBaTh rpadik yacy odduc-
nennsi. OTKe, HAaBITh IS MOJOBHHH HA0OPY MaHUX NOTPiOHO 84 roauHu obuKcieHs (puc. 7).

BucHoBkH

PoGora HariieHa Ha Opi€HTOBAaHHMI Ha JaHi MiAXiM IO MiABUINEHHS TOYHOCTI MOJENI 32 paXxyHOK
MOTINIICHHS SIKOCTI JaHUX 3aMiCTh MOKPAIICHHS apXiTEKTypu Mojeii. Ines monsrae B Tomy, 1100
MOKpaIUTH Habip JaHWX 3a OTIOMOTOK BiTHOCHH TPAH3UTHBHOCTI, MO0 JOTMIOMOTTH MOJIENI MAIIMHHOTO
HaBYaHHS BHMBYATH TaKi 3aJIGKHOCTI, ajie B PE3yJbTaTi BUSABHJIOCH, IO MOJEIb J00pe BUBYAE TaKi
3aNIeKHOCTI 0€3 T0aTKOBOTO JOTpeHYBaHHs. Pazom 31 30araueHHSIM HAOOPY MaHUX JOCHTIHKEHO, HACKIITBKU
nmo0pe momnepeHbO HaBUYEHA MOJIENb BUBYAE Taki 3B s3KU. OTiKe, MOCIiKEHHS MOXHA PO3IUTUTH Ha JIBI
OCHOBHI wacTWHH. (GopmyBanus Habopy mammx (10 000 3paskiB) i moCHiKEHHS MOJENI MAIIMHHOTO
HaB4aHHs Roberta, mornepenp0 HaBUEHOT Ha TaKUX Habopax JaHux. BusiBieHo, 1o HasiBHA MoJieIb Roberta
JIo0pe BIIOBIIIOE TPAH3UTHUBHI 3aJISKHOCTI, OCKUIBKU TMPaBHIBHO KiacudikyBaia BCi MPUKIAaIH i3 HOBOTO,
chopMoBaHOTO HAOOPY JMaHUX. TaKoX TOCIIIKEHO, 10 BiAHOMICHHS “MOMIOHUI” € CHpSIMOBAHIIINM, HiX
“cynepeuHicTp” i “HeliTpanbHe”.

TounicTh 3MeHIIMIacs Ha koeditient 2,97, 1,17, 1,26 nyis knaciB nodionuil, Helimpaivuil Ta npomu-
piuua BiAMOBiAHO. 3BicK MOXKHA 3pOOMTH BHCHOBOK, L0 #00iOHUL KJac € HaWCIPSMOBAHIIINM BiTHO-
HICHHSM, BIATaK cymepeunicmyv, a TOTIM Heumpanvuicmy. 1li ducna HacmpaBni iHTYITUBHO 3po3yMii,
OCKIJIBKH SIKIIIO OJTHE 3 PEUYCHB CYIIEPEUHUTh 1HIIIOMY, 11 3a3BUYali 03HAYAE, 1110 BOHO MOXE OYTH B 3BOPOTHIM
MOCIIIOBHOCTI BiJl APYroro pedyeHHs 1o mepmoro. s Kiacy HeumpanbHuii TOUYHICTh 3HIKYETHCS IIIE
MEHIIIE TIOPIBHSHO 3 npomupiyysim, OCKUIbKA HEHTPaIbHI peUeHHS 3a3BHYAi 11Ie YacTillle € HeHTpalbHIMU
B iHImoMy HanpsaMmKky. Il{o crocyeTbes Kinacy nodioHutl, HapsSM JTy’Ke CHIIBHUN, 1 MOYKEMO ITiITBEPIUTH IIe
udpamMu, TOMY 110 TOYHICTh CTaNa HIDKYOK MPHOIU3HO yTPHYI.
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Po3pobnenunit npoToTHI AEMOHCTPY€E BUKOHAHY poOOTYy Ta OCHOBHMH (hyHKIioOHaT BeOgomaTka. Hac
itepauii Ha komn totepi ctanosus 0,0028, Tomy moxHa moOyxyBatu rpadik yacy o0uncienss. OTxe, HaBiTh
JUTSL TIOJIOBUHH HaOOpy JIaHUX HaM NMOTPiOHO 84 rox 004nCIIeHb.
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Summary. A method for data set formation has been developed to verify the ability of pre-trained
models to learn transitivity dependencies. The generated data set was used to test the quality of learning
the transitivity dependencies in the task of natural language inference (NLI). Testing of a data set with a
size of 10,000 samples (MultiNLI) used to test the RoBerta model. It was found that this model is good at
studying transitive dependencies in the task of logical inference because all samples from the formed
dataset were correctly classified as belonging to the class similar, contradiction and neutral. It was also
investigated that in the task of logical inference, the class similarity is more directed than contradiction
and neutral. Because if the premise and hypothesis in the data set are swapped, the accuracy of the
RoBerta model decreases by a factor of 2.97, 1.17, 1.26 for the similar (0.98 ® 0.33), neutral (0.90 ® 0.77),
and contradiction (0.98 ® 0.78) classes, respectively. The study iteration time is 0.0028 seconds, so only
half of the data set requires approximately 84 hours of collection. This research is relevant because the
ability of natural language models to explore such dependencies as transitivity, which is not explicitly
specified in the training data set, is an important element of the model’s ability to generalize. It was found
that RoBerta’s model is good at studying transitive dependencies in the logical inference task because it
correctly classified belonging to the class similar, contradiction, and neutral on all samples from the
generated data set.

Key words: natural language processing; sentences; transitive relation; machine learning;
transformers; MultiNLI; NLI; NLU; NLP; RoBerta; BERT; attention; coder-decoder.
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