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TexHoIOrMM, OCHOBaHHbIE Ha 00pabOTKE eCTECTBEHHOI'O S3bIKa,
CTaHOBATCS Bce Oonee pacrnpocTpaHeHHBIMH. K mpumepy, TenehoHBI
U MOOWJIBHBIC ~ KOMITBIOTEpPHl  IOAJCPKUBAIOT  HPEACKA3bIBAHUE TEKCTa
U pacrio3HaBaHHE  PYKONWCH,  JBIKKHM  BeO-MOMCKa  JalOT  JOCTYI
K uH(GOpMAIMK, CKPBITOW B HECTPYKTYPUPOBAHHOM TEKCTE, MAIIUHHBIN
HEepPEeBOJ MO3BOJISAET MOJYYaTh TEKCT HANHMCAHHBIA, HApHUMEp, Ha KUTaHCKOM
SI3bIKE M YUTATh €ro Ha ucnaHckom [1].

ITpumepam MONOOHBIX CEPBHUCOB ABIAIOTCA miuardopma pid 00paboTKu
TEKCTOBOW M 3BYKOBOH WH(pOpPMAmMM I PaA3IMYHBIX TEMaTHYCCKHX
JIOMEHOB corpus.by, HaIlMOHAJBHBIH KOPIyC PYCCKOTO S3BIKA ruscorpora.ru,
nporpammubli  mpoaykt Snpmekca SpeechKit Cloud API [2], koropsrit
MO3BOJIICT  Pa3pabOTYMKaM  IPWIOKECHUH  MCHONB30BAaTh  pPEYEBEIC
TEXHOJIOTMH, a TaKXke ceMaHTH4Yeckuil Tte3aypyc  WordNet-Affect
(http://wndomains.fbk.eu/wnaffect.html).

ITpoOeMBl pH aBTOMATH3aLMH 00PabOTKM €CTECTBEHHOI'O 53BIKA 4aCTO
3aKJIOYAlOTCsAd B IIOHHMAaHUM CaMOro s3bIKa, TIeHepaluu (GopMalbHbIX,
MaIIMHOYNUTAEMBIX JIOTHYECKHX  (OPM, BOCHPUSATHH JAHANIOra  MEXIY
YEJIO0BEKOM U MAallIMHOM.

PazpaboranHoe  BeO-IpUIIOKEHHE  BKIOYaeT B cebs  GyHKUMH
ABTOMAaTHYECKOr0 pedepupoBaHUs TEKCTOB, aHAIH3 M IIOCICAYIOUIYIO
BU3yaJIM3alUI0 3aBUCHMOCTEH CIIOB B IPEUIOKCHUH, IOMCK CYIIHOCTSH B
TEKCTe, CPAaBHEHHE NPEATIO0KEHHH I10 MOBTOPSEMOCTH M CHHOHHMHYECKUM
KOHCTPYKIIMSAM, CPAaBHUTEIBHYIO OLICHKY CEMAaHTHYECKOrO 3HAYCHHS CIIOB,
AQHAJN3 TOHAIBHOCTH MPEAT0XKCHHUS.
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ITpu pa3paboTke MpOEKTa B KaueCTBE OCHOBHBIX IPOTPAaMMHBIX CPEICTB
OBLIM  3a/ICWCTBOBAHBI A3BIKM TNporpamMmMmupoBaHus Java, Python u wux
OMOMMOTEeKHM, TMaKeT NPHUKJIAAHBIX TmporpamMm Matlab, 06a3a maHHBIX
PostgreSQL u Docker mis obecriedeHuss aBTOMaTH3allMM pa3BepPTHIBAHUS
W yIpaBlIeHUs] TPWIOKEHUSIMH. B KadecTBe JOMOJHUTENBHBIX CPEICTB
pa3pabOTKM HCHONB30BANUCh KOHTEWHep cepBieTtoB Tomcat, Maven
B KauecTBe (peiMBOpKa aBTOMaTH3alMu CcOOPKM TMPOEKTa, CHUCTEMa
KOHTpOJIS Bepcuil git, cpena paspabotku Intellij Idea, B xauecTBe cucTemsbl
ynpasieHust npoektoM - YouTrack, a takxe Amazon Web Services ans
pa3BepTHIBAHUS MPHUIOKEHHUS B 00aYHOM XpaHUJIHIIE.

[IporpammHas peanu3anusi TNpPOEKTa OCHOBaHAa Ha  apPXUTEKType
MHUKpPOCEPBHMCOB, 4YTO  MO3BOJIIET  HCIIOJb30BAaTh  pa3JIMYHbIE  SA3BIKU
NpPOrpaMMHpPOBaHUs IS CO3/aHHUS MOJyJIel, HHTETPUPYEMbIX B OOLIMiA
MPOEKT, ¥ OPTraHU3alMNM XPAHWINILA JAHHBIX.

B ocHoBe mpoekTa NexuT peanu3oBaHHas nporpammHo LSTM-cers -
0COOBIi THUII PEKYppPEeHTHOH HEHPOHHOW ceTH, CcrnocoOHbIH o00ydaTbes
JIOJTOBPEMEHHBIM 3aBUCHUMOCTSIM. Takue CceTH MNpeKpacHO CHpPaBISIOTCS
C pelIEHMEM MHOTMX 3a/Jad U HaxoAAT WIMPOKOE INPUMEHEHHE B JJAHHOE
Bpems [3]. KuroueBoii ocobGeHHOCThIO LSTM-ceTu sBIsSETCS COCTOSHHUE
SYEHKHU, KPOME TOTO, Takas CeTh MMEET BO3MOXKHOCTh YHAIATh U N00aBIATH
UHPOpPMAIIMIO B COCTOsSHWE suedku. J[lns oOydeHHs peaTH30BaHHOM
HeHpOHHON ceTn Obul Mcronb3oBaH TekcT KHuUrd JI. Ksppomna «Anmca B
cTpane uyzaec» [4].

Busyanuzauus 3aBUCUMOCTEH MEXJy CIOBAMHM B MPEIJIOKEHUHU COCTOMUT
U3 TPEX OCHOBHBIX KOMIOHEHTOB (puc. 1):

- CIOBa M COOTBETCTBYIOLIME TETH 4dYacTeld pedd, OoToOpakaeMble
Ha rpaduKe TOPU30HTANBHO;

- IYTH pa3HOH JUIMHHBI, COCAMHSIIOIINE [1BA CIOBA C COOTBETCTBYIOLIMMU
METKaMH, [TOKa3bIBAIOIINE UX TUI OTHOIIEHUS;

- CTpellka B Haudajge UAM KOHIE KaXAOW Oyru, yKas3blBarolas
Ha HalpaBJICHUE.

v

Robots popular culture

N

Pucynox 1 — Busyanusayus yacmeil peyu u ceszeii 8 npeonodcenuu
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JIOTIOMHUTENBHO peaqu30BaHa BO3MOXKHOCTh MOJYYUTh aHAJIOTUIHYIO
JIPEBOBUIHYIO cXeMy (puc. 2).

The quick brown fox jumped over the lazy dog

()
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Pucynox 2 —  [pesosudnas euzyanuzayus npeonodceHus

PacnoznaBanue  cymHocTeil  Bkioudaer B ce0s  pacro3HaBaHuUE
MepcoHaXka, OpraHu3alii, MecTa NEHCTBHUS, JaThl W Tak jganee (puc. 3).
[Ipennoxenue BBoauTCS Ha (opMy, BOo Bkiajgke Entity koTpoil BeIOMparoTcs
CYIIHOCTH, KOTOpPBbIE€ MBI XOTUM paclo3HaTh, BO BKiajake Model BriOupaercs
SI3BIK (AaHTIMHCKUN MJIM HEMEIKUH).

Named Entity Visualizer

When Sebastian Thrun started working on self-driving cars at Google in 2007, few people outside of the
coTpsny took him seriously®

When Sebastian Thrun started working on sett-driving cars at Google in 2007 owe .few

people outside of the company took him seriously.

Pucynox 3 — Pacnosnaeanue cywHocmeti 6 mexkcme
CeMaHTUYECKUH aHaJIM3 CJOB OCHOBAaH Ha }1068.BJ'ICHI/II/I TEroB YacTeu
peud u Ha3BaHMM cymHocTell oObekra. Kpome Toro, HeoOXoauMo
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00beJUHITh UMEHOBaHHBIC 00BEKTHl U 0a30BbIe CYIIECTBUTEIbHBIC (pasbl B
OT/I€JIbHBIC TOKCHBI, YTOOBI MOJTYYUTh OJMH BEKTOP.

O6paboTka ceMaHTHKH CIOB peann3oBaHa Ha sa3bike Python, mus
3 pexTuBHON pabOTH MUCHONB3YETCS HECKOJIBKO MOTOKOB 00pabOTKH.

B kauectBe mpumepa paccmorpuM aHanu3z (passl «All their good ideasy.
[TepBOHAYaNbHO LMKJIMYECKH BBIACISIOTCS TOJIBKO  CYIIECTBUTENIbHbBIC
U TIpujaraTeiabHble, TO €CTh TOJBKO «good ideas», mamee ciroBOocodeTaHHE
3alKMCHIBAETCS B COOTBECTBYIOLIMI TOKeH. ECIM TOKEH COCTOMT HE
13 HECKOJIBKHX CJIOB, TO MbI BBIXOJHMM M3 IUKJIa U 0OpabaThiBaeM €ro 3aHOBO
KaK ONMHOYHBIA. J[anmee TokeHBI MIyT Ha BXox B MeTox model.similarity, raoe
BBIYHCISIOTCS 3HAYCHUS ISl CPABHEHHUS C APYTMMH TOKEHAMH IPU IOMOLIH
JIATEHTHO-CEMaHTHYECKOTr0 aHaimu3a [4].

UTto6sl 00paboTaTh CIIOBOCOYETAHHE, HEOOXOJAMMO IMOMECTUTHh €ro Ha
¢dopmy u BeIOpaTh BO BKIajAKe Sense HAacTpoWku dacted peun. I[lo
YMOJIYAHUIO, BO BKJaJKe Sense BbIOMpPACTCS aBTOMATHYECKH PEXHM,
OJTHAKOHO MOXHO HaCTPOUTH BBIBOJ  TOJIBKO rJ1arojoB WITH
cymecTBUTeNbHbIX. CeMaHTHYeCKHi aHanu3 ¢pa3 B MNPOICHTAX IOKa3aH
Ha pUcyHke 4.

machine learning 90%
computer vision 86%
data analysis 84%
neural nets 83%
relational databases 82%
algorithms 81%
neural networks 80%
image recognition
Pucynox 4 —  Cemanmuueckuti auaius clo68 HA OCHOBe cauma
https://www.reddit.com/

Jist cpaBHEHUS TPENJIOKEHHN HCHOJb30BaJUCh HECKOJBKO BHUJIOB
HEUpPOHHBIX  CETeH: 0a30BBI  aNrOpPUTM  KJIacCH(PUKANWHU, KOTOPBIH
BBIUHMCIISIET BEKTOPHOE CpelHEe, HeMpOHHAas CeTh Ha OCHOBE JaHHBIX caifTa
https://www.quora.com/ W HEHpOHHas CETh Ha OCHOBE JMJAaHHBIX CalTa
https://stackexchange.com/. 3HaumTensHas pa3HHOAa B BBIXOAHBIX JAaHHBIX
MOXET OBITh 00BsICHEHA Pa3HBIMH 00JIACTAMH TEKCTa, HA KOTOPOM OHH OBLIH
00y4eHBI.
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ITono6HOE CpaBHEHHE MHCHOJNB3yeTCS JUId IIOMCKAa Cllama, a TaKxke
AKTyaJIbHO Ul OOJBLIMHCTBA TMCKYCCHOHHBIX ()OPYMOB, IJIe OJHH M T K€
BOIIPOCHI 33/1aI0TCS IIOBTOPHO.

C momoIbpi MeTo/aa HauBHOro OaliecoBCKOro kiaccudukaropa [6] ObL1
HOCTPOEH KJIACCH(PUKATOP TEKCTOB, KOTOPBIH HCIONB3yeTcs s 06a30BOTrO
CPaBHCHHMS MPEIJIOKECHHH.

UroObl CpaBHUTH NPEJIOKEHUS HEOOXOAUMO H00aBUTH UX B (opMmy
(puc. 5), KoTopas oTOOpakaeT pe3yNbTaT BBIUUCICHHI MPUBEJCHHBIMU BhIIIE
METOJIaMH.

Sentence Similarity

This is another sentence

98% 92% 94%

RARELINE auoks STACKENCHANGE

Pucynox 5 —  Cpasnenue npeonoscenuil
YUT0oOBl NOCTPOUTH IEPEBO TOHAIBHOCTH, HY)XHO JI00aBUTH IPEIJIOKECHUE
Ha ¢opmy u BoO Bkiagke Model BoIOpaTh SA3bIK (QHITIMHCKUNA WIIM HEMELKHIA).
JlepeBpo ormpeneneHUss TOHAJIBHOCTH TOKa3aHO Ha pucyHke 6. Ilpu
00aBOGHUU Cpa3y HECKOJIbKUX TNPEUIOKEHHH, TO HX rpapuvecKue
npejacTaBlieHus OyayT oToOpa)xaThCsi BO BKIIAJKax APYT MOJ JIPYTOM.

The quick brown fox jumped over the lazy dog. @
( @
Those B _ are _ B
® @® @® (O]
> who @ P corrupt
find = - without
@ (O] L]
< : being  charming
.'\;:; 3 (O] |’¥4;.
ugly meanings  in ~
un ® @®
beautiful things
Pucynox 6 — Jepeso onpedenenusi moHarbHOCMu mekcma
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Ha ocnoBe LSTM-cetm peann3oBaH MOIydb YHOPOIIEHUS TEKCTa,
pe3yJNbTaTOM KOTOPOro ABIsieTcs KpaTkuil pedepar (cMm. puc. 7). CymecTByer
BO3MOXHOCTh BHIOpaTh fA3BIK B BhIMajaawineM MeHio «Model» u KoIu4ecTBoO
IpelIoXKeHUH B BhIamamomeM MeHIo «Number of sentences», 10 KOTOpOro
HEOOXOANMO YNPOCTUTH TEKCT.

Alice and Bob are friends. Alice is fun and cuddly. Bob is cute and quirky. Together they go on wonderful adventures in
the land of tomorrow. Alice's cuddliness and Bob's cuteness allow them to reach their goals. But before they get to them,

they have to go past their mortal enemy — Mr. Boredom. He is ugly and mean. They will surely defeat him. He is no match
for their abilities.!

Alice and Bob are friends. Together they go on wonderful adventures in the land of tomorrow. Alice's cuddliness and Bob's
cuteness allow them to reach their goals. But before they get to them, they have to go past their mortal enemy — Mr.

Boredom.

Pucynox 7 —  Vnpowenue mexcma

Pa3paboTaHHbIil TPOrpaMMHBIA MPOIYKT BKJIHOYaeT B ceOs (QyHKIUU
ABTOMAaTHYECKOTO pedepupoBaHUs TEKCTOB, AaHAIN3 M IIOCICAYIOUIYIO
BH3YQJIM3alMI0 3aBHCHMOCTEH CIIOB B NPEINIOKEHUH, IOUCK CYIIHOCTEH
B TEKCTE, CpPAaBHEHHE IMPENJIONKEHUH IO MOBTOPSIEMOCTH M CHHOHUMHYECKUM
KOHCTPYKIIMSIM, CPaBHUTENbHAs OIICHKA CEMaHTHYECKOTO 3HAauYeHHs CIIOB,
aHaJM3 TOHAJIBHOCTH MPEIJIOKEHHUS.

Be6-npunoxenue mnpencraBiaseT co0OM 3aKOHYEHHBIH INPOrpaMMHBIH
OPOAYKT W MOXET HCIIOJB30BaThCS I HCCIeNoBaHWM B obxactu
€CTECTBEHHOI'O f3bIKa W MPHUKJIAJHOHW JIMHTBUCTHKH, aHANH3a CTPYKTYPBHI
Y CEMaHTHKH I3bIKa U aHANN3a OOJBIIMX TEKCTOBBIX JaHHBIX.

TIpoekT pasBopaumBaeTcsi Ha IuiaTGopme OONAYHBIX TEXHOJOTHH
Amazon Web Services, ero MojepHH3alMs MOXET OBITh HalpaBicHa
OpraHM3alHUI0 CIEeNUPUKN TaKOH paboThl, a TAK)KE BHEAPEHHE B HETO HOBBIX
MPOTPAMMHBIX MOJAYJEH.
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