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K croco0y W CHCTeMe H3BJICUCHUS MMEHOBAaHHBIX CYIIHOCTEH M3 TEKCTOBOW HMH(pOpPMAalWU HAa OCHOBE
JIBYXypOBHEBOH KIIacCH(PHUKAIINI IMEHOBAHHBIX CYITHOCTEH. TEXHUIECKUM Pe3ylIbTaTOM OT pealln3allii
3asBJICHHOTO CIOCO0a SBJISIETCS MOBBINICHUE TOYHOCTH PACIIO3HABAHUS MMCHOBAaHHBIX CYIIHOCTEH, 32
CUeT NBYXypOBHEBOHM KiaccH(MKAIMH. YKAa3aHHBIA TEXHWYECKUI pe3ysbTaT OCTHUTAaeTcsl Omaromaps
OCYIIECTBICHUIO KOMITBIOTEPHO-pEan3yeMoro crocoba W3BJICYCHHS WMCHOBAHHBIX CYIIHOCTEH U3
TEKCTOBOW HWH(pOPMAIIUK C TMOMOIIBI0 MOJEIA MAIIUHHOTO OOYYEHHUS, BBIMOIHAEMOrO C TOMOIIBIO
[0 MEHBIIEH Mepe OTHOTO IpoIleccopa M COAEPKAIIEro ATalbl, HA KOTOPHIX ITOMYYar0T BXOJIHBIC
TEKCTOBBIC JAHHBIC W BBIOJHSIOT MX O0pa0OTKy, mpudeM 00paboOTKa BKIFOYAET IO MEHBIICH Mepe
CEerMEHTAIIMI0 U TOKEHHU3AIMI0 CETMEHTHUPOBAHHBIX JAHHBIX; BBITOJHSIIOT BEKTOPHU3AIUIO MOJYYEHHBIX
TOKEHOB; OCYIIECTBIISIOT 00paOOTKY IMOTYyYSHHBIX JAHHBIX C TOMOIIBIO MOZEIN MAIITTHHOTO 00y4YeHHS Ha
0a3e HEMPOHHOW CETH; M3BIEKAIOT TI0 MEHBIIICH Mepe OHY UMEHOBAaHHYIO CYITHOCTh C ONpPEACICHHBIM
M0 MEHBIIIEH Mepe OJHUM MOITUIIOM KJlacca.
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MIIK: GO6F 17/00
CIIOCOB H CUCTEMA U3BJIEYEHUSI HUMEHOBAHHBIX CYIIIHOCTEA

OBJACTDb TEXHUKH

[0001] 3asiBICHHOE TEXHUYECKOE PelIeHHe B 00IeM OTHOCUTCS K 00J1aCTH BBIYUCTUTEIbHOM
TEXHUKH, @ B YAaCTHOCTH K CIOCOOy M CHCT€Me HU3BJIEUCHHs MMEHOBAHHBIX CYIIHOCTEH W3

TEKCTOBOH MH(OpPMAIMK HA OCHOBE JIBYXYPOBHEBOH KJIaCCU(UKALIH UMEHOBAHHBIX CYLTHOCTEH.
YPOBEHb TEXHUKH

[0002] 3anmaua pacrno3HaBaHMUs HMEHOBaHHBIX cyurHocter (Named-entity recognition, NER)
SIBJISIETCS. OJHOM M3 CaMbIX MOMYJSIPHBIX 3a7ad OOpaOOTKH TEKCTOB HA €CTECTBEHHOM SI3BIKE
(Natural Language Processing, NLP), a Takke npuMeHseTcss B OOJBIIOM KOJIHYECTBE
NPUIOKEHUI aBTOMaTHUeCKOoW oOpaboTku TekcToB M mMH(popManuoHHoro nomcka. Tak, NER
MOXET OBITh HCIIOJIb30BaHA JUISI U3BJICYEHUS] U3 HOBOCTHBIX MCTOYHHUKOB MMEH JIFO/IeH, Ha3BaHUI
opraHuzaimii, reorpapudeckux Mect u ap. Takxke 3amaya NER akTHBHO NpuMeHsieTCs TpU
NIOCTPOCHUU IHAJOTOBBIX CHUCTEM (4aT-O0TOB, YMHBIX IOMOIIHHKOB). Jlysi pacmo3HaBaHUs
MMEHOBAHHBIX CYIIHOCTEH MCIOJB3YIOTCS TMOAXONbl, OCHOBAHHBIE HA BBIACIEHHH B TEKCTE
NIOCJIEZIOBATENILHOCTEH CIIOB, SIBJISIOLIMXCS MMEHOBAHHBIMU CYIIHOCTSIMH, M KiacCU(PHKALUU
BBIJIENIEHHBIX HMMEHOBAaHHBIX CyinHocTell. IIpumepamu Ki1acCOB HMMEHOBAaHHBIX CYIIHOCTEH
ABJISIFOTCSl MMEHA JIO/IeH, Ha3BaHUH OpraHu3auui, reorpaduyeckux Ha3BaHUM, NMPOYHME THUIIBI
MMEH COOCTBEHHBIX, a TAK)KE BBIPAXKEHUS CIIELIUAIIBHOTO BH/A, TAKHE KaK 0003HAYEHUsI MOMEHTOB
BPEMEHH, J1aT, IEHEeXKHbIE CYMMBI U TIPOLIEHTHBIE BBIPAKEHUSL.

[0003] OnHako HECMOTPsI HA BOCTPEOOBAHHOCTh METOJIOB PELICHHS 33a4H PACIIO3HABAHUS
UMEHOBAHHBIX CYIHOCTEH, B HACTOALIEEC BPEMS CYLIECTBYIOT TPYAHOCTH C PACIO3HABAHUEM
UMEHOBAHHBIX CYLIHOCTEH, KOTOPbIE MOTYT MEPEeCeKaThCsl MEeKAY COOOW W MpHU 3TOM 00JIaaaTh
aTpuOyTtamu (TIOAKJIACCAaMI/TIOATHITAMHE ), KOTOPBIE, B CBOIO OYepeb, NOMYCKAIT €IHHCTBEHHBIH
WIM MHOKECTBEHHBbIH BbIOOp. Takue mnpoOnembl, Kak TMPaBWIO, CBOAATCS K 3aaaye
MHOT'OKJIACCOBOW KJaccu(pUKaniu (€ciu TOATUI BCErAa NMPUHUMAET POBHO OJHO 3HAYECHHE,
multiclass classification) 00 MHOromero4Hoil kinaccupukanuu (€Ca TOATHII MOXKET
NPUHUMATh OJHO, HECKOJNBKO WM HHU onHOro 3HaueHusi, multilabel classification). Hanpumep,
€CJIM IMEHOBAHHAs! CYIIHOCTb — Ha3BaHME (PUIIbMA, TO MHOTOKJIACCOBBIM TTOATUIIOM MOKET OBITh
BO3PACTHOH PEUTHHI, a MHOTOMETOYHbIM — >KaHpbl. Kpome TOro, BakHOH oO0NacTeio, rne
TpeOyeTcsi M3BJIEUEHHE CIIOKHBIX CYIIHOCTEH, HampuMep, HMEIOIIUX HECKOJBKO MOJTHIIOB

CYIIHOCTH, NEPECEKAIOIINXCs CYIHOCTEH, BIOKEHHBIX CYLTHOCTEH U T. 1., sABJsieTcss 00paboTka



IOPUINYECKUX JOKYMEHTOB, HalpuMep, CyAeOHbIX peureHud. [loaTomMy H3BIEUEHHE CIIOKHBIX
MMEHOBAHHBIX CYILIHOCTEH SIBJISIETCS CYLIECTBEHHON 3a1a4ueH.

[0004] W3 ypoBHS TEXHUKU HU3BECTEH CIOCOO KiIacCU(UKALUN TOKYMEHTOB, PACKPBITHIA B
narenre CHIA Ne US 10552501 B2 (OATH INC), ony6n. 04.02.2020. Vka3aHHBIH cnocod
obecneynBaeT BO3MOXKHOCTb KJIACCH(PUKALIMK HOBOTO AOKYMEHTA OJHOBPEMEHHO HECKOJIBbKUMHU
merkamu (Multilabel classification) 3a cuer mnpencraBieHHs Pa3MEYEHHBIX JOKYMEHTOB B
BEKTOPHOM IPOCTPAHCTBE TAKUM 00pa3oM, YTOOBI JOKYMEHTHI M CBSI3aHHbIE C HMUMH METKH
pacroyarajuch B HEMOCPEACTBEHHOW Onm3oct Apyr or Apyra. Jns knaccudukamuyu HOBOTO
JOKYMEHTa YKa3aHHbIH JOKYMEHT MPEACTABISAETCS B BEKTOPHOM IPOCTPAHCTBE U BBINOJHAETCS
nouck OGnmsoctu (Hanpumep, Metogom K-Onmmkaimmx coceneli) B BEKTOPHOM MPOCTPAHCTBE ISt
uneHTH(GHUKauu Habopa OMIKafIINX METOK K HOBOMY JIOKYMEHTY.

[0005] K HemocTaTkaM yka3aHHOTO criocoba MOKHO OTHECTH HEBO3MOXKHOCTh MPUMEHEHHSI
ykazaHHOro criocoba B 3amadax NER, a Take HEBO3MOXXHOCTb BBIIIOJIHEHHS ABYXYPOBHEBOU
KJIacCU(pUKALMM JAHHBIX, OCHOBAHHOW Ha OIPEIeNIeHNH TIOATUIIOB KJlacCa HMEHOBAaHHOMN
CYLIHOCTH.

[0006] W3 ypoBHS TEXHUKH M3BECTEH MOAXOMA K PACIO3HABAHUIO MMEHOBAHHBIX CYLIHOCTEH
ot DeepPavlov, URL: http://docs.deeppavlov.ai/en/master/features/models/ner.html. Ykazannas
MOZIeNIb KJIaCCU(PHUIHMPYET CIIOBA TEKCTa IO THUIY WMEHOBAHHBIX CYI[HOCTEH, K KOTOPBIM OHHU
MIPUHAJJIEKAT.

[0007] Henocratkamu  yka3aHHOTO  peLIEHUs  SIBJISIIOTCSL  OTCYTCTBHE  MOAAEPIKKH
HepPEeCeKArOIUXCs CYIHOCTEH M Ki1acCH(UKAIIMY MOATHIIOB KJIACCOB MMEHOBAHHBIX CYLIHOCTEH,
YTO BJIMSAET HA TOYHOCTb KJIACCU(UKAIMU MOJENbI MAIIMHHOrO OOY4YEeHHS HMEHOBAHHBIX
CYIIHOCTEH M, KaK CJIEICTBHE, He 00ECIeUnBAeT BBICOKOTO KauecTBa MPH MPUMEHEHHHU MOJIENH
MAIIUHHOTO OOYYEHUs ISl M3BJICYSHHUS] UMEHOBAHHBIX CYLTHOCTEH.

[0008] O0muMu  HEmoCTaTKaMH  CYLIECTBYIOINUX  PEINeHUN  SIBJISIETCS  OTCYTCTBHE
3¢ dexTuBHOro crnocoda M3BJICUEHHs UMEHOBAHHBIX CYIIHOCTEH W3 TEKCTOBOW HWH(OpMaLuH,
00ecreYnBaromero BO3MOXKHOCTh KJIACCU(UKAMH HMEHOBAHHBIX CYIIHOCTEH Ha MOITHIIBI
Kjlacca, K KOTOpPOMY NPHUHAJUIEKUT yKa3aHHAs CYLIHOCTb, U H3BIEUEHUS MepPeCceKarolnuXCsl
cymHoctedi. Kpome TOro, Takoro pona pelieHue JOJDKHO 00ecrnedynBaTh BO3MOXKHOCTH
pacrno3HaBaHUs UMEHOBAHHbBIX CYIIIHOCTEH C BHICOKMM KaueCTBOM 32 CUET MOBBILIEHUS TOYHOCTH

KJIacCU(UKALIUH UMEHOBAHHBIX CYLTHOCTE.
PACKPBITHE U3OBPETEHU A

[0009] B 3asgBneHHOM TEXHHUYECKOM PELICHUH MPEAJaraeTcsi HOBBIA IMOAXOA K

PacIiO3HaBaHUIO MMEHOBAHHBIX CYIIHOCTEH B TEKCTOBOH MH(popmauuu. B nanHOM perneHuun
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UCTIONIb3YETCS  QITOPUTM  MAIIMHHOTO  OOy4YeHHs, KOTOPBIH TIO3BOJIAET  OCYILIECTBISTH
IBYXYPOBHEBYIO KJIAaCCH(UKALNI HMEHOBAHHBIX CYIIHOCTEH, YTO MOBBINAET TOYHOCTb HX
pacro3HaBaHUsl W KA4yeCTBO IPHMEHEHHMs MOJEIM MAIIUHHOrO OOy4YeHHUs IJIsl WU3BJICUYEHUS
VMEHOBAHHBIX CYLIHOCTEM.
[0010] Takum oOpa3oM, permaercss TeXHHUYecKas npobiiema oOecredeHusi BO3MOKHOCTH
U3BJICYEHHSI TTEPECEKAIONINXCSl IMEHOBAHHBIX CYIHOCTEH M KJIAaCCU(PUKALMK TTOATHUIIOB Kjacca
MMEHOBAHHBIX CYLIHOCTEH.
[0011] TexHUUECKUM pPe3yJIbTaTOM, JOCTUTAIOIIUMCS MPH PELICHUH NaHHOW NpoOJeMbl,
SIBJISIETCS]  TOBBILIEHHWE TOYHOCTH pPACMO3HABAHMS HMMEHOBAHHBIX CYILIHOCTEM 3a CYeT
IBYXYPOBHEBON KJIACCU(PUKALIIH.
[0012] JIONOMHUTENPHBIM TEXHUYECKUM PEe3yJbTaTOM, MNPOSBIAIOIIUMCS IPU PELIeHUH
BBILIEYKA3aHHOW  MpoOJeMbl,  sIBISETCST ~ OOecrieueHHe  BO3MOXKHOCTH — W3BJICUCHUS
MEPECEKAOLUXCST U BIOKEHHBIX CYLIHOCTEH.
[0013] VYka3aHHbIE TEXHUYECKHE PEe3yJIbTAThl JOCTUTAOTCS OJlarofapsi OCYIIECTBIICHUIO
KOMITBIOTEPHO-PEATU3YEMOr0  CIIoco0a M3BJICYEHHST MMEHOBAHHBIX CYLIHOCTEH M3 TEKCTOBOH
uHpOpPMALMK C MOMOIUBID MOAETH MAIIWHHOTO OOYYEHUs], BBIOJHSIEMBI C IMOMOINBIO II0
MEHBIIEH Mepe OAHOIO MPOLECCOPA U COACPIKALIUN 3Talbl, HA KOTOPbIX:

a) TMONy4alOT BXOJHBbIE TEKCTOBBIE JAHHBIE M BBINOJHIIOT HUX 00pabOTKy, Npuuem

oOpaboTka BKJIOYAET 10 MeEHbIIEH Mepe CerMEHTAlMI0 U  TOKEHHU3ALHIO

CCIrMCHTHUPOBAHHBIX JAHHBIX,
b) BBITIOJIHAKOT BEKTOPU3ALUIO MOJTYYCHHBIX TOKECHOB,

C) OCYIIECTBISIFOT OOpabOTKY MOJIyYEHHBIX NAHHBIX C MOMOLIBIO MOZIEIH MALIMHHOIO
oOy4yeHuss Ha 0Oa3e HEHPOHHOH CeTH, NpUYeM B XOJe YKa3aHHOW o00padoTKH

OCYILIECTBIIACTCA:

e npeoOpa3oBaHWe BEKTOpPA KaKIOTO TOKEHA, MOJYYEeHHOro Ha 3Tame b), B
BEKTOP BEPOSITHOCTEH  MPHUHAIJIEKHOCTH  COOTBETCTBYIOIIETO  TOKEHA

3aJaHHOMY KJIacCy;

e npeobpa3oBaHHe BEKTOpAa TOKEHA, IOJYYEHHOrO Ha 3Tame b), B BEKTOD
Jorapu(gMOB BEPOSITHOCTEH MPUHAIEKHOCTH COOTBETCTBYIOIErO TOKEHA I10

MEHBIIIEH MEPE OAHOMY MIOATUITY KJIaCCa U3 3aJaHHBIX MMOATUIIOB KJlacCa,

L4 O6’beI[I/IHeHI/Ie noapsana uAymunux TOKCHOB ¢ OAMHAKOBbIM KJIACCOM I1O MEHBbIIEeH

Mepe B OJJHY UMEHOBAHHYIO CYLIHOCTb,



® ONpenesieHUEe MPUHAMJICKHOCTH IO MEHbIIEH Mepe OAHOW HMEHOBAHHOMN
CYIIIHOCTH IO MEHbLIEH Mepe OJHOMY MOATUIY KJIACcCa, MPUYEM ONpPEeIICHUE

BBITTOJIHACTCA C IOMOILIBIO 3TAlla, [P KOTOPOM!

O BEKTOpHI JIOrapu()MOB BEpOATHOCTEH NPUHAIEKHOCTH TOKEHOB I10
MEHbIIEH Mepe OAHOMY MOATHUIly KJacca CyMMHUDPYIOTCA U
CPaBHUBAIOTCSI € 3a/IaHHBIM ITOPOTrOBBIM 3HaUEHHUEM (IIPU OIIpeeIeHIH

noaTuvIa Kjacca, UMEHIIEro MHOXKECTBO HOL[TI/IHOB); 58]0

O BEKTOpHI JIOrapu()MOB BEpPOSATHOCTEH NPUHAIJICKHOCTH TOKEHOB IIO
MEHbIIEH Mepe OAHOMY MOATHIY Kjacca CyMMHUPYIOTCA U
CPaBHUBAIOTCSI MEXKIY COOOH, MpUYeM B XOZe CPAaBHEHHs BbIOUPAETCSI
MOJTHIT, IMEIOLIHH MAaKCHMAaJbHYIO BEPOSTHOCTDb (IIPH OINpPENeIeHUH

MONTHUIIA KJIACCa, UMEFOIIETO TOIBKO OJWMH MOMTHII),

d) u3BNEKAOT MO MEHbIIEH Mepe OAHY MMEHOBAHHYIO CYIIHOCTb C OINpPENENIEHHBIM I10

MEHBIIEH MEPE OAHUM MMOATHUIIOM KJracca.

[0014] B ogHOM M3 YacTHBIX BAPUAHTOB PeaIM3alHK CIIOCO0a CErMEHTAIUs MPEICTaBIsIeT
co0oii pa3OneHne TEKCTOBBIX JAHHBIX MO MEHbBIIEH Mepe Ha OHO MPEIJIOKEHHUE.
[0015] B npyrom yacTHOM BapuaHTe peann3alni crnocoda TOKEHU3aLHs CErMEHTHPOBAHHBIX
BXOJIHBIX TEKCTOBBIX JAHHBIX COACPIKUT 3Tal TOKEHU3aLMU JAaHHBIX HA MOJCIIOBA.
[0016] B npyrom 4acTHOM BapHaHTe peanu3aluyd Cnocod0a TOKEHM3alusl AAaHHBIX Ha
MOJICIIOBA BBINOJIHAETCS MO MEHbIIEH Mepe ¢ MCMNONb30BAHMEM alrOpuTMa TOKEHU3aLuHy,
BeIOMpaemoro u3 rpymmsl: anroputm BPE, anropurm WordPiece.
[0017] B npyrom 4acTHOM BapHaHTe peajlu3alud Crocoda BEKTOp KaKIOro TOKEHA
MPeCTaBIIsIET COOO0I BEKTOP (PUKCUPOBAHHOTO pa3Mepa.
[0018] B npyrom 4acTHOM BapHaHTe peajH3alHMH CIIOCOO MOTOIHUTENBHO CONEPKUT 3Tarl
O0TOOpaKeHUs 1O MEHbIIEH Mepe OJTHOW M3BJIEYEHHOU CYIHOCTH.
[0019] Kpome Toro, 3asiBieHHBIE TEXHUYECKUE PE3YJIbTaThl JOCTUTAOTCS 32 CUET CUCTEMBI
U3BJICYEHUS] IMEHOBAHHBIX CYIIHOCTEH U3 TEKCTOBOH MH(OPMAIHH, CONEPIKALICH:
® 110 MEHbIIEH Mepe OANH MPOLIECCOD,
e 110 MEHBIIEH Mepe OJHY NaMsTh, COEIMHEHHYIO C MPOLECCOPOM, KOTOpask COAECPKUT
MAaIlMHOYNUTAEMble MHCTPYKLUHU, KOTOPbIE MPU UX BHIIOJHEHUM IO MEHBLIEH Mepe
ONHUM  IPOLECCOPOM  O0ECNeuMBAIOT  BBINOJHEHHE  Ccrocoba  W3BIEUEHHS

MMEHOBAHHBIX CYLTHOCTEN M3 TEKCTOBOW MH(OPMALIUU.



KPATKOE OITHCAHHUE YEPTEXXEN

[0020] [Ipu3HakM W TMpPEUMYLIECTBA HACTOALIEr0 W300pETEHHs] CTaHyT OYEBHIHBIMU M3
IPUBOIUMOTO HIDKE IOAPOOHOTO ONMUCAHMS N300PETEHUs U MTPUIIAraeMbIX YePTEKeH.

[0021] @ur. 1 ummrocTpupyer GJI0K-CXeMy BBIITOJHEHHS 3asBJIEHHOTO Cr1ocoda.

[0022] @ur. 2 wunocTpupyeT OJOK-CXeMy BBIMIOJHEHHs aJrOPUTMa IBYXYPOBHEBOM
KJ1acCU(UKALI UMEHOBAHHBIX CYITHOCTEH.

[0023] @dur. 3  WUIOCTPUPYET  ApXUTEKTYPy  MOMAENHd  MAIIMHHOrO  OOydeHus,
NpeAHA3HAYSHHYIO JUIS ABYXYPOBHEBOM KJIaCCU()UKALIMN MMEHOBAHHBIX CYIIHOCTEH.

[0024] @ur. 4 WUTFOCTpUpPYET mpUMep OOIIEero BUAA BBIYHCIUTEIBHONH CHUCTEMBI, KOTOpas

obecrnieunBaeT peanmr3anuro 3a4BJICHHOIO pEIICHMA.

OCYHWECTBJIIEHUE U30BPETEHUA

[0001] Huxe OyayT onucansl MOHATHS U TEPMUHBI, HEOOXOMMBIE ISl TOHUMAHHSI JAHHOTO
TEXHUYECKOTO PEIIEHUs.

[0002] Mopnens B MammuHHOM 00ydennn (MQO) — COBOKYITHOCTb METOIOB HCKYCCTBEHHOTO
MHTEJUIEKTA, XapaKTePHONW YePTOH KOTOPBIX SIBIISIETCS HE MPSIMOE PELICHUE 3a/1a4H, a OOy4eHHUE B
nporecce MPUMEHEHHsI PEIIEHHH MHOYKECTBA CXOIHBIX 3a/1a4.

[0003] F1-mepa npencraisier coOO0M COBMECTHYIO OLIEHKY TOUHOCTH M ITOJIHOTHL

[0004] PacniosnaBanne nmenoBaHHbIxX cyurHocteid (Named-entity recognition, NER) — sto
noj3azavda M3BJIeYeHUs MHGPOpPMAIMM, KOTOpas HaIlpaBlieHa Ha TOHCK M KJIACCU(PUKALUIO
YIIOMHUHAHUN HMEHOBAHHBIX CYLIHOCTEH B HECTPYKTYPHPOBAHHOM TEKCTE€ IO 3apaHee
OTpeJIeNIEHHBbIM KaTeropusiM, TAKUM KaK UMEHa JIUL, OpraHU3aL1H, MECTOIOIOKEHNUS, IEHEKHbIE
3HA4YEeHUs], IPOLIEHTBI U T. [I.

[0005] MHoromerouHasi  kiaaccupukamus  (MyabTHieidn  kmaccugpukauums, multilabel
classification) — 3amaua o kinaccupUKaMK MOATUIIA, MPUHUMAIOIIETO OJHO, HECKOIBKO WA HU
OJTHOTO 3Ha4YeHMs. Y Ka3aHHAas 3a7ada UTMPOKO M3BECTHA U3 YPOBHS TEXHHKH U Ooiee moxpoOHO
packpeiTa, Hampumep, B HCTO4YHHKe https://en wikipedia org/wiki/Multi-label classification,

Hatiaeno 11.06.2021.

[0006] MHuoroknaccoBass  knaccudukamus (multiclass  classification) — 3agada o
Ki1accuUKaLUK MOATUIA, MPHUHUMAIOLIEr0 BCEraa POBHO OJHO 3HaveHHe. YKazaHHas 3aaaqa
HIUPOKO MU3BECTHA U3 YPOBHA TCXHUKU U 60.]'[66 HOI[pO6HO pacCKpbITa, HAMMPUMEDP, B UCTOYHHUKE

https://en.wikipedia.org/wiki/Multiclass classification, Haiineno 11.06.2021.

[0007] 3asiBJICHHOE TEXHHYECKOE PeIleHUe IMPeniaraeT HOBBIM MOIX0[, 00eCIeYnBAO M
MOBBIIIEHUE TOYHOCTH PACTIO3HABAHUSA M U3BJICUEHUS MMEHOBAHHBIX CYLIHOCTEH W3 TEKCTOBOM

uHpOpMaLMHU 3a CYET JBYXYPOBHEBOH KJIACCU(PUKALMM WMEHOBAHHBIX CylIHOCTeH. OCHOBHOMN
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0COOEHHOCTBIO 3asIBJIEHHOTO TEXHHYECKOTO PEINeHHs SIBJIIETCS BO3MOXKHOCTH PACIO3HABAHUS
NEPECEKAOINXCsl MMEHOBAHHBIX CYLIHOCTEH, a Takke IOATUIIOB KJIacca HMEHOBAHHBIX
CYLIHOCTEH, YTO, B CBOKO OU€pe/b, IOBBIIIAET TOYHOCTb PACIIO3HABAHNS UMEHOBAHHOM CYIIHOCTH
U JelaeT BO3MOXKHBIM IPHUMEHEHHE YKa3aHHOTO peIleHHUs, B YaCTHOCTH, IJsi 00paboTku
IOPUANYECKUX TOKYMEHTOB.

[0008] JlaHHOE TEXHMYECKOEe PELICHHe MOXET OBbITh PeaM30BaHO Ha KOMIIbIOTEpE, B BHIE
aBTOMAaTU3UPOBAHHONW HMH(pOpMaOHHON cuctembl (AMC) uiau MalmMHOYMTAEMOTO HOCHUTEIS,
COZePIKALIer0 MHCTPYKLIMHU JJISl BBIMTOJHEHHS BBILIEYOMSHYTOTO Criocoda.

[0009] TexHUYECKOE pelleHre MOXKET ObITh pPeaJu30BaHO B BHIE pacHpelesIeHHOM
KOMITBIOTEPHON CUCTEMBI.

[0010] B nanHOM periennn moj CUCTEMOM MOapa3yMeBaeTCst KOMIbIOTepHAas cuctema, JBM
(3nexTpoHHO-BBIUKCUTENBHAS MaminHa), UITY (uucnoBoe mporpammHoe ympasierue), ITJIK
(mporpaMMHPYEMbIi IOTHYECKUH KOHTPOJUIEP), KOMIIBIOTEPU3UPOBAHHbIE CHCTEMBI YIIPABJICHUS
U JHoOBle Ipyrue yCTPOMCTBA, CIOCOOHBIE BBIMOJNHATH 33JaHHYIO, YETKO ONPENeTEHHYIO
MOCJIEIOBATEIHHOCTh BBIYUCIIUTEIBHBIX ONepanuii (1eWCTBUN, HHCTPYKIIHH).

[0011] ITox ycrpotictBoM 00pabOTKH KOMaHA MONPa3yMeBaeTCs JIEKTPOHHBIN OJIOK JTUOO
UHTErpaibHas cxema (MUKPOIPOLECCOp), UCTIONHSAOLIAs MAITMHHbBIE HHCTPYKLUH (TIPOrpamMMsbl )/
[0012] VYerpolicTBo 00pabOTKH KOMaHZ CUMTBIBAET M BBINOJHSIET MALIMHHbBIE HHCTPYKIUH
(mporpammbl) ¢ 0OHOTO MK OoJiee yCTPOHCTBA XPaHEHUs JaHHBIX, HATIPUMeEP TaKUX YCTPOHCTB,
KaK OIepaTUBHO 3anmoMuHaromue ycrpoiictea (O3Y) u/uiam NOCTOSIHHBIE 3aNOMUHAIOIINE
ycrpoiictea (II3Y). B kauectse [13Y MoryT BhICTYNaTh, HO, HE OTPAHUYUBASCH, JKECTKUE TUCKU
(HDD), ¢pasur-namsate, TBepaorensabie Hakonurenu (SSD), ontuyeckue Hocutenu nanHbx (CD,
DVD, BD, MD u 1.11.) u nip.

[0013] IIporpamma —  MOCHNENOBATENIBHOCT ~ MHCTPYKLUM, TNPEAHA3HAYEHHBbIX IS
UCTIOJIHEHHSI YCTPOICTBOM YIPABJICHUS BBIMUCIUTEIBHON MAIIMHBI WK YCTPOUCTBOM 00pabOTKH
KOMaHI.

[0014] TepMUH «MHCTPYKIMUY, UCTIONB3YEMBIH B 3TOH 3asBKE, MOJKET OTHOCHTBCS, B 00IIEM,
K IIPOrpaMMHBIM MHCTPYKLUSM UJIH MPOTrPpaMMHbBIM KOMaH/1aM, KOTOpbIE€ HAIIMCAaHbl HAa 3alaHHOM
SI3BIKE MPOTPAMMHPOBAHUS UL OCYIIECTBIIEHUS] KOHKPETHON (DYHKIMH, TAKOW KakK, HAIPHUMED,
NoJIyueHHue apTeakToB MPOrpaMMHO-AINAPATHOrO pelieHus, (GopMHpoBaHue IH(PPOBOro
CTaHAAapTa NPOTPAMMHO-ANMNAPATHOTO peleHnus, (OPMUPOBAHUE pE3YJIBTATOB IPOBEPKHU
POTrPaMMHO-ANMNAPATHOTO PELIeHNs, AaHAIW3 JAAaHHbIX WU T. . MHCTpyKIuUM MOryT OBITH
OCYILIECTBIIEHbl MHOXXECTBOM CIIOCOOOB, BKIIIOHAIOIUX B ce0s, Hampumep, OOBEKTHO-
OpHEHTUpPOBaHHbIEe MeTonbl. Hampumep, MHCTPYKIMH MOTYT OBITH peann30BaHbl, OCPEICTBOM

a3plka nporpammupoBanust C++, Java, Python, pasnmuneix Oubnmorex (Hampumep, MFC;
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Microsoft Foundation Classes) u T. 1. MTHCTpyKUNH, OCYIIECTBIISIONINE MTPOLIECCHI, ONTUCAHHBIE B
5TOM pEIIEHUH, MOTYT TepPenaBaThCsl KaK IO MPOBOIHBIM, TaK U MO OECIPOBOAHBIM KaHAJIaM
nepenadu ganHbX, Hampumep Wi-Fi, Bluetooth, USB, WLAN, LAN u T. .
[0015] Obyuenne momenu MO mnpou3BOOWIOCH HAa 3apaHee pa3sMEUeHHBIX NaHHBIX. Ha
MOMEHT CO3[JaHUSI MOZEH ObLI MCHOJb30BaH naracer (HaOop maHHbIX) u3 1700 pasmMedeHHbIX
cyneOHbix akToB. OOyueHuwe monenu nByxypoBHeBoil NER 3akimo4anock B pacrno3HaBaHUU
OCHOBHBIX 3aJIaHHBIX KJIACCOB MMEHOBAaHHBIX CYIHOCTEH B TekcTe (mara, CyneOHOe pelieHue,
YYaCTHHUK, CyMMa M T.J.) M AAJbHEHIIEM ONpPENeJIeHUH IMONTUIIOB Kjacca IJisl BBIIBJICHHBIX
MMEHOBAHHBIX CYLIHOCTEM.
[0016] OcHOBHas MeTpHKa KauecTBa, B3BEIIeHHas 1O kjaccam f-1 mMepa, coCTaBlisieT OKOJIO
0.8. Huxe npuBeneHbpl METPUKH HAa PE3OIIOTUBHOM YacTH pelleHus cyna. Pe3omoTuBHas 4acTb
peLIeHnsI CyAa — 3TO YacTh, KOTOPAasi COAEPIKHUT BbIBOABI Cy1a 00 yIOBJIETBOPEHHH HCKa OO 00
OTKa3€ B Y/IOBJIETBOPEHUH UCKA IOJIHOCTBIO MIIH B YaCTH, YKa3aHUE Ha pacripeneneHue CyaeOHbIx
PacxomoB, CPOK M MOPSIOK OOKAJIOBAHMS PEIIEHUs Cy/a. Pe30MOTHBHAS 4acTh PEeIleHHs Cyna
JOJDKHA COIEpIKaTh BBIBOIBI Cy/ia 00 YAOBIETBOPEHUH UCKa JHOO 00 OTKa3e B YAOBIETBOPEHUHU
MCKA MOJTHOCTBIO WJIM B YACTH, YKA3aHUE Ha pacnpeeseHne CyaeOHbIX PACXOA0B, CPOK U OPSIIOK
00>KaJIOBaHUsI PEIIEHHs CyIa.
[0017] Merpuku f-1 wMepbl 1 pasnUYHBIX KJIACCU(UIIMPOBAHHBIX HMEHOBAHHBIX
CYIHOCTEH, W3BIICUEHHBIX W3 PE3OJIIOTUBHONH YacTU CyneOHBIX pELIeHUH, NOJy4YeHHbIE B
pe3ynbraTe 0OyueHus: MOAEIN MALIMHHOIO 00yueHus 1ByxypoBHeBoil NER:

e Kunacc cymnocru: Jlara.

e IlogTumsl kyacca CYILIHOCTH:!

Jata oObsiBieHHs OJHOTO TekcTa 0.92

Jata oObsIBIEHUS TEKCTa PE30OTUBHON vacTu 0.84

Jara npensiaymero onpeaeneHus 0.88
— Jlara npenpiayuiero nocraHosseHus 0.97
e Kiracc cymuoctu: CyneOHoe perieHue.
e [loaTunel knacca CyIHOCTH:
— Pemenue o npekpaiienun npoussoacTsa 0.95
— Pemenne 06 ormene TpeOoBaHuit 0 BKitoueHun 0.85
— Pemenne o Bximouennu Tpebosanmii B peectp 0.85
— Pemenne 06 ocraBienuu TpedboBanuu 6e3 cyaednoro nporecca 0.86

e Kiacc cymuoctu: Cymma.



e [loaTunel knacca CyIHOCTH:
— Cywmma ocHoBHoro fosra 0.89
— IlpouenTsl 3a nosnb3osBanue cpeacrteamu 0.92
— Cymma mrpaga 0.88
— Cymma nenu 0.96
e Kiacc cymnoctu: Odepens.
e [loaTumnel kiacca CyIHOCTH:
— 1-s ouepenn 1.0
— 2-s ouepens 0.85
— 3-s ouepens 0.83
e Kiacc cymHocT: Y4acTHHK.
e [loaTunel knacca CyIHOCTH:
—  Jomxuuk 0.89
—  Kpenurop 0.90
— Hossit kpegutop 0.80
[0018] Ha ®wur.1 npencrasnena Onok cxema crmocoda 100 u3BjIeUeHUS HMMEHOBAHHBIX
CYIIHOCTEH M3 TEKCTOBOW MH(OPMAIH, KOTOPBIH PACKPBIT MO3TANHO Ooyiee MOAPOOHO HIDKE.
Vkazanubiii coco0 100 3aximouyaercss B BBINOJHEHMH 3TAIOB, HAINPABJIEHHBIX Ha 00palOOTKy
pasIuuHBIX LU(PPOBBIX HaHHBIX. OO0paboTKa, KaKk MPaBUIIO, BBHIMOIHAETCS C MOMOLIBIO CHCTEMBI,
KOTOpas MOJKET IPENCTABISATh, HAMpPUMeEp, CepBep, KOMIBIOTEP, MOOWIBHOE YCTPOMCTBO,
BBIYMCIIUTENIBHOE YCTPOUCTBO U T. A. bosee moapoOHO 3/1eMEeHTbI CUCTEMBbI PaCKPBITHI Ha Dwur. 4.
[0019] Ha stane 110 nony4aroT BXOIHbIE TEKCTOBBIE JAHHBIC M BBIMOJHIIOT UX 00padoTKy,
npudeM 00paboTKa BKJIIOYAET 1O MEHbINEH Mepe CEerMEHTAUI0 W TOKEHHU3ALHUIO
CEerMEHTUPOBAHHBIX aHHBIX.
[0020] Ha ykaszannom stane 110 cucrema 400 nosydaeT BXOAHBIE TEKCTOBBIE JaHHBIE, U3
KOTOPBIX TpeOyeTcst U3BJedb HEOOXONUMYI0 HH(OpMAIUI0. BXOaHBIE TEKCTOBBIE JTaHHBIE MOTYT
NPEACTaBJIATH COOOMH, HANpUMep, CyneOHbIe PEIeHNUs, TOTOBOPBI KYILIH NMPOAAKH, AHHOTALUH, U
T. 1., HE OTPaHUYMBAsACh. BXOmHbBIE TEKCTOBBIE NaHHBIE MOTYT OBITH IOJYYEHBI, HAIMPHUMED,
MOCPEICTBOM 3arpy3Kku uepe3 unrepdeiic BBoga-spisoaa B cucreMy 400 u/uiu mocpencTBOM CeTH
CBs13U (Kak 1o OecrpoBOTHOMY, TaK U MO MPOBOAHOMY COEUHEHHIO). B O/THOM 4acTHOM BapHuaHTe
OCYILIECTBIIEHHUSI BXOIHbIE TEKCTOBBIE JAHHbBIE MOTYT OBITh TIOJYUEHBI 10 MEHBIIIEH Mepe 13 OJHON
6a3el manHbx (BJl), B koTOpO#l comep:kurcss TekcToBas uH(popmanms. B apyrom udacTHOM

BapUaHTE OCYLICCTBJICHUA BXOOHBIC TCKCTOBBIC JAHHBIC MOIYT OBITD MOJIY4YCHBI OT yCTpOﬁCTBa



NOJIb30BATENS, HANPUMEP IOPTATHBHOTO MWJM CTAllMOHAPHOTO KOMIIBIOTEPA, MOOMIIBHOTO
tenedoHa wim cMapTdOHa, TUIAHIIETA U T. 1., HE OTPaHUINBASICh.

[0021] Jlanee BbImonHsAETCST 00pa0OTKAa MOJYYEHHBIX TEKCTOBBIX JAaHHBIX. BXOAHOH TekCT
CErMEHTUPYETCsl HAa paBHbIE OTPE3KH, HAIpUMeEp, Ha MPEIJIOKEeHMs], IPEJIOKEeHHsI Ha CJIOBa U
TOHU3UpPYETCs. BXOMHON TEKCT MOXKET CErMEHTHPOBATbCs, HANpUMep, Ha MPENJIOKeHHs, a
KKIBII CErMEHT Jajiee MOKET OBbITh pa3/eneH Ha TOKEeHbL 1o TOKEHOM B JAHHOM peIIeHUH
clenyeT MOHUMATh MOCIEN0BATENbHOCTh CUMBOJIOB B JOKYMEHTE, KOTOpasi UMeeT 3HAYeHUe s
aHanuza. Tak, TOKEHaMHU MOTYT SIBJIATbCS, HAIpUMep, OTAENbHBbIE CJIOBa, YaCTHU CJIOB U T.J.
CermeHrauus Ha NPEIVIOKEHUS MOXKET MPOBOAMUTHCS MPHU MOMOLIY, HANPUMED, JIEKCHUYECKUX
aHaMM3aTopoB, Takux kKak razdel, rusenttokenize, NLTK u 1.1 Jlekcuueckwii aHaimu3 — 3TO
NPOIIECC aHAJTUTUYECKOTo pa3dopa BXOAHOH MOCIEAOBATENIbHOCTH CUMBOJIOB HA PACIIO3HAHHBIE
rpymmbl  (JIEKCeMbI) € LEJIbI0  TOJYYeHHS  Ha  BBIXOAE  MIACHTU(UIIUPOBAHHBIX
MOCJIEIOBATENIbHOCTE M, HA3bIBAEMBIX «TOKEHaMU». Kpome TOro, cermeHTalusi BXOAHOIO TEKCTa
MOXeT OBbITh OCYIIECTBJIEHa HA OCHOBE PErYJSIPHBIX BbIpaxkeHUH. IIporecc TokeHU3au Takxe
MOET OBITh BBITIOJHEH MPHU TOMOIIH JIEKCHYECKUX AaHAJIM3aTOPOB, KOTOpPbIE OBLTH OINHCAHBI
BeIe. /[t cenmanucTa B MaHHOW OOJACTH TEXHHMKH OYEBHIHO, UYTO MOXKET OBITh MPUMEHEH
mo00i JIEKCHYECKUI aHAM3aTOpP WM3BECTHBIM M3 YPOBHS TEXHUKH W JAHHOE peIleHHe He
OTrPaHUYMBAETCs PUBEAEHHBIMU BbIIIE TPUMEPaMHU.

[0022] B eme oqHOM 4aCTHOM BapHaHTE OCYILECTBJICHHs] TOKEHU3ALUs MOXKET MIPEACTABIISATh
co0oii pa3OueHne TeKCTa Ha CJI0Ba MO Mpodesy MeXIy CJIOBaMH M TOKEHU3ALMIO KaKIOTro CIOBa
Ha MOJCJIOBA C MOMOIIbI0 anropurMa WordPiece 11 monyueHHs: nociea0BaTeIbHOCTH TOKEHOB.
Hanpumep, nnst texcra «JloyKHMK OOSi3aH MOracuUTh 3aJ0JDKEHHOCTBY MOCIEN0BATENbHOCTD
TOKEHOB OyneT npeactaBisTh: Jlon', '##xuuk', '0', '##0s', '##3aH', 'no', '##rac', '‘#iute', '3a, '‘#non'
'H##xen' '##HocTh'. B Apyrom 4acTHOM BapuaHTE OCYLIECTBICHHsS TOKEHH3ALMsI TEKCTA MOJKET
ObITh BBITIONTHEHA ¢ ToMoInbio anroputma BPE (Byte Pair encoding). Y ka3aHHBIH anrOpuTM TakKe
pa3OuBaeT TEKCT Ha MOJCIOBA, Kak mokaszaHo Bbime. ChopMupoBaHHBI HAOOP TOKEHOB Jajiee
oOpasyer cioBapb (pukcupoBaHHOTO pasmepa (Hampumep, 30000 TokeHOB). JIJiss 3TOr0 4acTo
BCTPEUAIOLINECS TPYIITBI CHMBOJIOB HE 3aMEHSFOTCS HA IPYTOM CUMBOJ, & OOBEIUHSIOTCS B TOKEH
U 100aBJISIFOTCS. B CJIOBApb. 3a CYET 3TOr0 ajirOpUTM TOKeHu3anuu Ha ocHoBe BPE mosBomsier
pacro3HaBaTh Kak MOKHO OOJbIIE CJIOB IIPU OTPAaHUYEHHOM 00BEME CIIOBAPSI.

[0023] Ha stane 120 BBINOJHSKOT BEKTOPU3ALMIO MOJYYEHHBIX TOKeHOB. Ha ykazaHHOM
stane 120 BbINONHAETCS BEKTOPU3ALUs KaKAO0r0 TOKEHA, IOJy4€HHOIO B IPOLIECCE TOKEHU3ALNH,
HamnpuMep, € TMOMOIIBI0 HpsMoro koauposaHusi (one hot encoding). Tak, Hampumep, npu
TOKEHM3aUuu Ha OCHOBE anroputMa BPE, kaxaplli TOKEH, MOJIY4YEHHBIM B XOJ€ YKa3aHHOIO

npouecca TOKCHU3aluu, NpeacTaBjiCH B CJIOBApE CBOUM HUHIACKCOM, 0T06pa>1<a}01um‘/'1 NO3UIUKO B
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yKa3aHHOM cjoBape. Takum 00pa3oM, Kax bl TOKEH MPeACTaBisieT ONHAPHBINA BEKTOD (3HAYECHUS
O wim 1), a eqMHMLA CTABUTCS TOMY B3JIEMEHTY, KOTOPBIH COOTBETCTBYET HOMEpPY TOKEHA B
CJIOBape, YTO MO3BOJIAET MPEACTABUTh KAXKAbII TOKEH B BUAE BEKTOpa (PUKCHPOBAHHOM IUINHBI,
COOTBETCTBYIOLIEH pasMepHOCTU ciioBapsi. s crenuanicTa B JaHHOW 0OJIaCTU TEXHUKH OyneT
OYEBUAHO, 4YTO [JIsl BEKTOPU3AaLUU TOKEHOB MOTYT NPUMEHSATb W [APYTue aJIrOPUTMBI
BEKTOPHU3AllMM, HampuMep, ¢ mnomoimeio anroputmMoB Word2vec, fastText m T. 1., He
OrpPaHUYUBASICh.

[0024] Hanee crioco6 100 nepexoaut k stany 130. Ha stane 130 ocymecTBisitoT 00paboTKy
MIOJIY4E€HHBIX JTAHHBIX C TOMOIIBIO MOJEIM MAIIUMHHOTO 00y4YeHust Ha O6aze HelpoHHOI cetn. Kak
YKa3bIBAJIOCh BBIIE, MOJENTb MALIMHHOTO OOyueHusi Opuia oOyueHa Ha 3apaHee Pa3MEYeHHBIX
TaHHBIX. METPUKN Ka4eCcTBa MOJEIH ObLIH MPUBEACHBI BhILIE.

[0025] B xone 06paboTku TaHHBIX C MOMOIIBIO MOIETH MAIIUHHOTO O0YYEHUS BBITIOTHSIETCS
CIEAYIOIAsl  IIOCJIEIOBATEIbHOCTh LIarOB  alTOPUTMa JIBYXYPOBHEBOH  KiacCH(pUKALUU
MMEHOBaHHBIX cymHocTeit 200, KoTophiii 0ToOpakeH Ha Dur. 2. YKa3aHHbBIE [Iard BbITOIHSIIOTCS
C TIOMOIIBIO MOJIENIA MAIIMHHOTO 00yUeHUs1, TOCTPOSHHON Ha 0a3e HeHpOHHOM ceTu. B kayecTse
HEHPOHHOW CeTH MOKeT OBITh HCIIOJIb30BaHA, HAmNpUMeEp, HEHpOHHas ceTb TpaHchopmep
(Transformer), pexkyppeHTHass HEHpOHHas CeTb U T. ., He OrpaHu4nBasichb. OCOOEHHOCTHIO
YKa3aHHOH MOJENM MAIIMHHOTO OOy4YeHHs] SBJSIETCS  BO3MOJKHOCTH  3((EKTUBHOTrO
pacro3HaBaHUsl NEPECEKAIOIUXCs U BJIOXKEHHbIX MMEHOBAHHBIX CYIIHOCTEH 3a CuUeT HX
IBYXypOBHEBOH Kkjaccubpukanuu. Tak, yKa3aHHOE TEXHHUYECKOE pELIeHHe IO3BOJIAET
OCYIIECTBIISITh MHOTOKJIACCOBYIO KJIACCU(HKALNIO (€CJIN TTOATHIT BCEria NPUHUMAET POBHO OJTHO
3HayeHue, multiclass classification) mu60 MHOrOMETOUHYIO KJIaCCU(PUKALIUEO (€CITH MTOATUIT MOKET
MPUHUMATh OIHO, HECKOJIBKO WJIM HHM OHOTO 3HaveHwus, multilabel classification). Kpome Toro,
3a CUET MOBBIIIEHHUS] TOYHOCTH KJIACCU(UKALIUH MOJENBI0 MALTMHHOTO O0Y4YeHHsT HMEHOBAHHBIX
CYIIHOCTEH, KakK CJIEICTBHE, OOECIeYMBAETCS BBICOKOE KAueCTBO HW3BJICUEHHsS] MMEHOBAHHBIX
CYILIHOCTEM.

[0026] Tak, HarpuMep, 3a CUET pean3alui HACTOSIIEH MOJETH MAIITUHHOTO OOYYEeHHS JIJIsI
nByxypoBHeBoii NER  (aByxypoBHeBasi  kjaccH(PUKAalUsi HMEHOBAHHBIX  CYLIHOCTEH)
o0ecrieynBaeTcsl BO3MOXKHOCTh PACMO3HABAHWS HMEHOBAaHHBIX CYIIHOCTEH B CyAeOHBIX
pemenusix. CIOXKHOCTb TAKOW 3a7auu, KaK ObUIO OMHCAHO BBILIE, 3aKJIFOYAETCS B TOM, UYTO TAKHe
peleHuss MOTYT COJEp KaTh MEepPEeceKaroluecss U BIOKEHHbIE CYLIHOCTH, a paclpeaesieHHe Io
MOATHIIAM KJIacCa MOJKET SIBJISIThCS HecOamancupoBanHbIM. Hanpumep, koraa Ha 1000 cymuocTei
tuna «Pemenne» ecte TONbKO 7 ¢ noaTUnoM «OTMEHUTh CTapoe pellieHue, BKIOUNUTh B PEECTP
BO BTOPYIO OY€pelb», BBIyUUTb CYLIHOCTb CO CJIOXHBIM TUNOM «Pemenne. OTMEHUTh cTapoe

pelieHne, BKIIOYUTh B PEECTP BO BTOPYIO ouepensby oObrdHas Mmoaenb MO (MamuHHOE 00yueHue)
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He cMoOkeT. Mopenp MammHHOrO oOydeHus anst nByxypoHeBoii NER, B cBoro ouepens,
OCYIIECTBJSIET KJIACCHU(PUKALMIO CYIIHOCTH Ha Oojiee KPyNHbIA Tun (Kjiacc), Hampumep,
«Pemenune», TOUHOCTb PaClO3HABAHUSA KOTOPOrO ropa3fo BBILIE, Y€M Y YIIOMSIHYTOU CYIIHOCTHU
CO CJOXHBIM THIIOM, M Jajiee BbIOMpAaeT MOATUN I YKa3aHHOTO PACIO3HAHHOIO KJacca,
Harpumep, OAWH M3 ISTHAALATH IMOATUIIOB, YTO YINPOINAET 3ahady Ui MOJEINH, MOBBIIAET
TOYHOCTb KJIACCU(UKALWYU U, KAK CJIEIACTBHE, TOBBIIIAET KAYeCTBO M3BJECYEHUS MMEHOBAHHBIX
CYIIHOCTEH.

[0027] BosBpaiasice k aaroputmy 200, Ha sTarne 210 BBIMONHSIOT NMPeoOpa3OBaHUE BEKTOPA
Ka)KJIOrO TOKEHA, MOJIyYEHHOIO B XO/1€ BEKTOPU3aL1H, B BEKTOP BEPOSITHOCTEN MPUHAAJIEKHOCTH
COOTBETCTBYIOLIEr0 TOKEHA 3alaHHOMY Kiiaccy. Ha ykazanHowm stamne 210 BEKTOp Ka)KI0ro TOKEHA
nojaercsi B nepBblil kKiaccudukatop. B kadecTse kimaccupukaTtopa MOXKeT ObITh HCTIOJIB30BaH,
HampuMep, MHOTOCJIOWHBIM IEPUENTPOH C CUTMOMAHOW (yHKIMeld aktuBauuu. B npyrom
YaCTHOM BapUAHTE OCYINECTBIEHHS B Ka4yeCTBE KiacCH(PHUKaTopa MOXKeT ObITh HCIONb30BaH
MHOTOCJIOMHBII TepuentpoH ¢ ¢yHKuMeH akTuBauuu softmax (codTmakc), Hampumep, NHpU
MHOT'OKJIACCOBOH, a HE MyJIbTUMETOYHOH Kinaccupuxanyy. OyHKIUSA akTUBALMH Softmax mmupoko
W3BECTHA U3 YPOBHS TEXHUKH (CM., Hapumep, https://ru. wikipedia.org/wiki/Softmax). Pesynprarom
NPUMEHEHHUS HTOTO KIIacCU(UKATOPa K BEKTOPY SIBJISIETCSI BEKTOP BEPOSTHOCTEH MPUHAIIEXKHOCTH
COOTBETCTBYIOLLErO TOKEHA 3aAaHHOMY Kiaccy. Kak ymoMHHanoCh BbIlIE, KOJIUYECTBO KJIACCOB U
UX HyMepaLus 3aJar0Tcs 3apaHee nepen oOydeHHeM MOJEeNH, B 3aBUCUMOCTH OT Tpedyemoi
3a7a4H.

[0028] Ha stane 220 BBIMOSHSIOT MpeoOpa3oBaHHe BEKTOpPAa TOKEHA, MOJyYEHHOTO B XOJ€
BEKTOPHU3ALMM, B BEKTOP JIOrapu(MOB BEPOSITHOCTEH MNMPUHAIIEKHOCTH COOTBETCTBYIOLIETO
TOKEHA MO0 MEHbIIEH Mepe OJHOMY MOJATUIY KJlacca U3 3aJJaHHbIX MOATUNOB kJjacca. Ha stane 220
BEKTOP TOKEHA TaKKe MOAAETCs Ha BTOpOH kiaccugukarop. CTout orMeTuTh, uto 3Tam 210 u stan
220 MOTYT BBINOJHATHCS MAPAJIENIbHO U HE3aBUCUMO JIPYT OT apyra. Bropoit kinaccudukartop
MOXET TPENCTABIATh COOOH, HaNpUMep, MHOTOCJIOMHBIN NEPUENTPOH ¢ CHTMOUAHON (pyHKIMEH
aKTHBALUU. Pe3yrpTaToM NMPUMEHEHUsT BTOPOrO KiacCHU(HKATOpa K BEKTOPY OYAET SIBJISATHCS
BEKTOp JIOrapu(h)MOB BEPOSTHOCTEH MPUHAIJIC)KHOCTH COOTBETCTBYIOIIETO TOKEHA MO MEHBIIEH
Mepe OJHOMY MOATUINY KJ1acca U3 3aJaHHBIX MOATUIIOB KJacca.

[0029] Ha stane 230 oO0bequHSIOT MOAPSA MOyIIHE TOKEHBI ¢ OJAMHAKOBBIM KJIACCOM IIO
MEHBIIEH Mepe B OJHY MMEHOBAHHYIO CYIIHOCTb. Ha ykaszannom stame 230 nompsig uaymue
TOKEHbl OOBEAMHSIOTCS B CrHaHbl. llog crmaHOM B JaHHOM pELIEHWH CIENyeT IOHUMAThb
HeTIpepbIBHBIN (parMeHT Tekcta (nHTepBait ciioB). [IOCKONBKY HMEHOBAHHBIE CYIIHOCTH — 3TO
OOBEKTHI ONPEAETIEHHOIO THUIIA, Yallle BCEr0 COCTaBHBIC, JUIA MPEACKa3aHus Kiacca M MOATHIIOB

BCEH CYLITHOCTH TOKEHBI OOBEAMHSIOTCS B 3aMKHYTBIH MHTEPBAJ CJIOB YKa3aHHOW CyIiHOCTU. B
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OJTHOM YacCTHOM BapHaHTe OCYLIECTBJIEHUS MOAPSA HUIAylLHe TOKEHbl C OJUHAKOBBIM KJIACCOM
OOBEIUHSIOTCS B POBHO OHY MMEHOBAHHYIO CYLIHOCTH (CMaH CYyIMHOCTH). B mpyrom gactHOM
BapUaHTE OCYLIECTBICHMs, HAIIPUMED, B CIIydae UCTIOIb30BaHus cxeMbl pasmMeTku BIO (packpreita
Oosee moapoOHO HIDKE), MOCIEAOBATEILHOCTD MOAPSIT UAYIINX TOKEHOB C OMHAKOBBIM KJIACCOM
MOXKeT ObITh pa30uTa Ha HECKOJIbKO HMMEHOBAHHBIX CYILIHOCTEH, HampuMmep, Ha IBa CIaHa
cyIqHocTed. /s cnenuanucra B JaHHOW 00JIaCTH TEXHUKU OYEBUAHO, YTO OOBEIMHEHHE OAPSIA
UAYIIUX TOKEHOB C OJJMHAKOBBIM KJIACCOM IO MEHbIIEH Mepe B OJHY MMEHOBAHHYIO CYI[HOCTb
Oyne 3aBUCETh OT CXEMbl Pa3METKH U YKa3aHHbIE TOKEHbI MOTYT ObITb OOBETUHEHBI KaK B OIHY
UMEHOBAHHYIO CYILIHOCTb, TaK U B MHO)KECTBO HMMEHOBAHHBIX CYIIHOCTEH (Hampumep, IBe
UMEHOBAHHBIE CYIIHOCTH).

[0030] Ha stane 240 onpenenstoT NpuHAAIEKHOCTh IO MEHbLIEH MEPE OJJHONM UMEHOBAHHON
CYLIHOCTH 10 MeHbllIelH Mepe OJHOMY MOATHIY KJacca, IPUYeM OINpeesIeHHE BbIOIHSIETCS C
MIOMOIIBIO 3Tara, MPH KOTOPOM: BEKTOPHI JIOrapu(MOB BEPOSTHOCTEHN MPUHAIIIEKHOCTH TOKEHOB
N0 MeHbllell Mepe OJHOMY MOATHUIY Kjacca CyMMHUPYIOTCS M CPaBHHUBAIOTCS C 3aJaHHBIM
NOPOTOBBIM 3HaYeHHUEM (TP OTPEIeSICHIH MTOITHIIA KJIACCa, MMEIOIEro MHOKECTBO MTOITUIIOB),
WUIH BEKTOPBI JIOTAPU(PMOB BEPOATHOCTEHN MPUHAIICKHOCTH TOKEHOB 110 MEHBIIEH Mepe OTHOMY
NOATHITY KJacCa CYMMHUPYIOTCSI U CPaBHHMBAIOTCS MEXAY COOOM, MpHUYeM B XOI€ CPaBHEHUS
BBIOMpAETCA TMONTUI HMMEIOIINNA MAaKCUMAIbHYIO BEPOSTHOCTH (IIPU OINpPENEeNeHUH IOATUIA
KJIacca, UMEFOIIEro TOIBKO OJIUH TOATHII).

[0031] VYKa3aHHBII 3Tall MOXET BBIMOJHATHCS BTOPBIM M TPETBUM KJIACCH(PUKATOPOM.
Tperuit knaccudukaTrop MOBTOPSIET BTOPOH BO BCEM, KpoMme (YHKLUH akTuBauuu (softmax
BMECTO CHIMOMJIbI) M YHCJIa KJjaccoB. Tperuil kiaccudukaTtop OTBEHYAaeT 3a TUIIbI, MUMEOIIHe
POBHO OIHO 3HaueHue noatumna. Takum oOpa3oM, Ha yKa3aHHOM 3Tane 240 MoaeTb MAIIMHHOTO
oOy4eHus1 onpenenser MO0 MOATHII MMEHOBAHHOW CYIIHOCTH JJIsl KJIacCa, UMEIOIIEro BBIOOD
TOJIBKO OJHOTO MOATHIA W3 HECKOJIbKHX, C TMOMOIIBI0 TPEThEero KiacCHu(HKaTopa Ha OCHOBE
¢yHkuMu akTHBanuK softmax 3a cuer BbIOOpA MOATHIA KJACCA, WMEIOINEr0o MaKCHMAJIbHYIO
BEPOSITHOCTb CPEAM BCEX IIONTHIIOB STOro Kiacca, JIMOO OmnpeaessieT MOATHIIBI Kjacca
MMEHOBAHHOM CYIIIHOCTH IS KJIACCA, MMEIOIIIET0 MHOKECTBEHHBIH BBIOOP MOATHIIOB, C TIOMOLIIBIO
BTOPOTO KJIacCH(HUKATOpA, ONMMCAHHOTO BhIle. [Ipudem, 11 onpeaeneHnst HECKOJIBbKHUX MOATHIIOB
KJacca BEKTOpa JIorapu(pMOB BEPOSTHOCTEH NPUHAIJIEKHOCTH TOKEHOB IO MEHbBINEH Mepe
OJTHOMY MOJTHUITY KJIacCa CYMMHPYIOTCSI U CPaBHUBAIOTCA C 3aJJaHHBIM ITOPOTOBBIM 3HAUEHUEM.
IToporoBoe 3HaUeHHE MOXKET OBITH 3aJaHO Ha CTaTUN OOYYEHHUS MOZEINH, a TAKKe MOXKET ObITh
3aJaHO BPYYHYIO, B 3aBUCUMOCTH OT TpeOyeMOil TOYHOCTH ONpeAeIeHNs] IOATUIIOB KJIacca.

[0032] BepxHeypoBHEBast apxUTEKTypa YKa3aHHON MOJENH NpeAcTaBieHa Ha dwur. 3.

12



[0033] Ha ®ur. 3 nmpencrasiena Moneiab MaIMHHOTO oOy4deHust 300 st ABYXYpPOBHEBOM
KJaccu(prKau UMEHOBAHHBIX CYIIHOCTEH MOCTpOeHHasi Ha 0a3e MoneH riyOoKoro oOy4eHwHs
310, conepsxammeli knaccuduxarops! 320 u 330. B onHOM 4acTHOM BapuaHTe OCYLIECTBICHHS B
kadecTBe Mozienu 310 mosker ObITh mpumeHeHa State-of-the-Art-monens Ha 6aze BERT, onnako
IJIs CHIELMAITICTA B JAHHOW 00JIACTH TEXHUKU OYEBHIHO, YTO MOXKET IIPUMEHSIThCS JTH00ast MOAEIb
MamrHHOTrO o0yueHus. Knaccugpukaropsr 320 u 330 MOTyT SIBISTHCS KaK IPOTPAMMHBIMH, TaK U
MPOrpaMMHO-AIAPaTHBIMK MOAYJISIMH, Peaiu30BaHHBIMU Ha Oase cuctembl 400.

[0034] B kayecTBe HarsimHOrO mpuMepa padboThl ykazaHHOH moxenn 300 Ha BXOm Momenu
Obula MonaHa ClenyroInas TeKCTOoBas MH(pOpPMAIHs, CErMEHTUPOBaHHAs Ha TOKeHbl 311: «Asia
Bibi pochodzi z Pakistanu». Bxonubie Tokensl 311 najnee MOMOTHUTENBHO TOKEHU3UPYIOTCS C
nomoiibto aiaroputMa BPE, kxak Obuio omucanHo Beime, Ha TOokeHbl 312. Tokenwsr 312 nanee
NoJarTCs B sMOeiep Uit BeKTopu3auuu. Beixogom smOenepa sSBIsIOTCS BEKTOPU3UPOBAHHBIE
ToKeHbl 313, KOTOpble MOCTYMalOT B HSHKOAEpP. JHKOAEp IJIs KaXAOrO0 BXOAHOIO TOKEHA
BO3BpAIA€T BEKTOP BEIIECTBEHHBIX 4HCeNT (PUKCHpOBaHHOrO pasmepa 314, ompenenseMoro
apxuTekTypor Mmozenu. [lanee TokeHbl pazmMedaroTcs knaccudukaropom 315 B COOTBETCTBHH CO
cxemoii BIO. Cxema 3aximouaercs B TOM, 4TOOBI K MeTKe cymHocTH (Harpumep, PER nnist mepcon
wm ORG nns opranmzanuii) 1o6aBUTh HEKOTOPBIH NpeduKc, KOTOPhI 0003HAYAET MO3ULIHIO
TOKE€HA B ClaHe CymHocTu. bonee moapobno: B — ot ciioBa beginning — mepBbIii TOKEH B CIIaHe
cyurHocTH, | — oT ciioBa inside — 3TO TO, YTO HAXOAUTCA B cepenuHe. ECiiu TokeH He OTHOCUTCS
HU K KaKOH CYLIHOCTH, OH IIOMEYAeTCsl CIEeHNaIbHON METKOH, OOBIMHO UMeroIel 0003HaYeHne
OUT wmm O. Takum oOpazom, pa3MmedeHHble TOKeHbl 315 najee mMOmarOTCs Ha BXOI
kiaccudpukaropam 320 u 330. [{nsa cneumanucta B JaHHOH 0OJACTH TEXHHKH OYE€BHUAHO, YTO
nomumo cxembl BIO MoryT ucnonb3oBarbest 1 Apyrue CXxembl pa3MeTky, Harpumep, cxema 10 u
T.J., HE OrpaHn4MBasch. Kak ymoMHMHANOCh BbIIIE, B 3aBUCHMOCTH OT BBIOMPAEMOW CXEMbI
pa3MeTKH TMOAPSA HIOYLIHE TOKEHbI C OJMHAKOBBIM KJIACCOM MOTYT OBbITb OOBEOMHEHBI IO
MEHbLIeH Mepe B OJHY MMEHOBAHHYIO CYIIHOCTb (CHaH CyIIHOCTH). Tak, Hampumep, B Ciiy4ae
pasmerku BIO, TokeHbI MOTYT OBITH OOBEIMHEHBI B ABA ClIaHA CYIIHOCTH. PaccMOTpUM mpumep:
nocienosatesnbHOoCcTh B — PER, I — PER, B — PER Oyner npeobpa3oBana B Ba criaHa CyIIHOCTH,
r7e MepBOY MMEHOBAHHOHN CYIIHOCTBIO OYAET SIBISTHCS MEPBBIE 1BA MOAPSI HIYLIUX TOKEHA C
OJIMHAKOBBIM KJIACCOM, & BTOPOH MMEHOBAHHOM CYITHOCTBIO OyIIeT SIBISATHCS TPETUH TOKEH.
[0035] Knaccugpukarop 320 knaccupuuupyer MOATHIBL, KOTAa BO3MOXEH BBIOOP POBHO
onuoro moxarumna. st PER (nmepconsr) 3to mon (myskckol, skenckuit), mist LOC (Jokanuu) 3To
reorpadudeckasi XxapakTepucTuka (ropoj, CTpaHa, KOHTUHEHT, MOpe).

[0036] Knaccugpukarop 330 kmaccuuuupyer MOATUIIBI, KOTZa BO3MOXKEH BBIOOP OIHOTO,

HECKOJIbKUX NMOATHUIOB UK HU ogHoro. [lng ORG (oprannzanuu) 310 ceprl AeITEeTbHOCTH.
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[0037] Kak BumHO Ha ®@ur. 3, Ha KaXIbIi TOKEH KJIacCHU()PHUKATOP BBbINAET MpPEICKA3aAHHS
BEKTOpa JIOrapu(MOB BEPOATHOCTEH NPUHAUICKHOCTH TOKEHOB IO MEHbIIEH Mepe OIHOMY
NOATHUILYy KJIacca, a 3aTeM arperupyer Mx IO BCEM TOKEHaM C OAMHAKOBBIMHU KJIACCAMH,
OOBbEMHEHHBIMH B CyI[HOCTH (cmaH cymHoctd). Ha oOcHOBaHMM BEpOSTHOCTEH B
arperupoOBaHHBIX BEKTOPaX BBIOMPAIOTCS UTOTOBBbIE MOATHIILI, KaK OBLIO OMHCAHO BBIIIE (dTAl
240). B nansOM npuMepe AJisi TOKEHOB «Asia» u «Bibi» MakcuManabHYIO BEpOSTHOCTb HUMEIOT
kiaccel B-PER u I-PER cootBercrBenHo, rae B u I mo3ummst TokeHa B cmade cyuiHoctd. OHu
oobenuusitorcst B cman PER w3 nByx monmpsin uaymmux TOKEHOB. [ KakAoro M3 HHX
BBIYUCISIFOTCSI BEPOSITHOCTH (JIoraprMbl BEpOSTHOCTEH) MPUHAJICIKHOCTH K MOATHIIAM Kjlacca
PER, B nanHOM cityuae o (My»KCKOM, skeHCKuH). ITocie arperaiui BEKTOPOB BEPOSITHOCTEH 1O
TOKEHAM CIaHa BHIOMPAETCS MOATHIT CYIIHOCTH (TIOJT — SKEHCKHUI).

[0038] Takum obpazom, Ha sTame 130 ¢ MOMOINBIO MoAeNnud MamuHHOTO OOydeHust 300
BBINTOJIHSIETCS ABYXYPOBHEBAs KJIACCU(PHUKAINA UMEHOBAHHBIX CYLTHOCTEH.

[0039] Hanee cniocod 100 nepexoaur k stamy 140. Ha stane 140 u3BnekarOT MO MEHBIIEH
Mepe OJHY MMEHOBAaHHYIO CYIIHOCTb C OIpEJEeJeHHbIM IO MEHbIIEHl Mepe OJHUM IMOATHUIIOM
KJlacca.

[0040] JlaaHbIE O KJjAacCU(UIIMPOBAHHBIX WMEHOBAHHBIX CYIIHOCTSX Jajee MOTyT ObITh
HANpaBJIeHbl B XPAaHWININE NAHHBIX U1 UX MOCIEAYIOIIEro OTOOpa’k€HUs! MOJIb30BATENIO I10
COOTBETCTBYIOLIEMY 3aIpPOCy, HAIIPUMep, C IOMOIIbIO uHTepdetica BBoaa-BbiBo1a cucTemMbl 400.
Kpome Ttoro, B eme OJHOM 4YacTHOM BapHaHTE OCYIIECTBIEHUs KJIACCUPHUIIPOBAHHBIE
MMEHOBAHHbIE CYIIHOCTH MOT'YT OBbITh MPEICTABJICHBI B BUE TAOJIMLIbI, CONEP AU CYLTHOCTD U
3HAYEHHUE CYLIHOCTH.

[0041] Takum 00pa3om, 3a CYET IBYXYPOBHEBOH KJIACCU(UKALIMU CYIIHOCTEH, COMePIKALINX
KaK MHOXXECTBEHHOE 3HAu€HUEe MMOJTHUIIOB Kjacca, TaK U OJHO 3HAa4YeHHe MOATHUIIOB KJacca,
MOBBIIIAETCS TOYHOCTh PACIIO3HABAHUS HMMEHOBAHHBIX CYIIHOCTEH TEKCTOBOH WH(pOPMALHH.
Kpome Toro, ykazaHHOe pelleHHe Tak)Ke IO3BOJSIET H3BJIEKaTb MMEHOBAHHBIE CYLIHOCTU W3
CJIOKHBIX FOPUINYECKUX JOKYMEHTOB 3a CUET BO3MOXKHOCTH PAacCO3HABAaHMsI MEepPECeKaAroLUXCs
CYIIHOCTEH M KJIaCCU(PUKALNHY TIOATHIIOB KJIACCA CYLTHOCTH.

[0042] Ha ®uwur. 4 npencrasieH npumep oOIIEro BHAA BBIUUCIUTENBbHON cucTteMbl (400),
KOTOpasi 00eCneunBaeT peaIH3atio 3asBJICHHOTO CII0co0a TN SBIISIETCS YaCThEO KOMITBFOTEPHON
CUCTEMbI, HAlpUMEp, CEPBEPOM, MEPCOHAIBHBIM KOMIBIOTEPOM, YACTbIO BbIYUCIUTENBHOIO
Kjacrepa, o00pabaTeIBalOLIUM HEOOXOAMMBIE IaHHbIE MJIi OCYLIECTBIIEHHS 3asBJIEHHOTO

TEXHUYICCKOTO PCIICHUS.

[0043] B obuem ciydae cucrema (400) conepsKUT TaKne KOMITOHEHTBI, KaK: OJIMH WiIH Oojee

npoueccopos (401). mo MeHplueld Mepe onuy namaTth (402). cpencTtBo xpaHenus nadHbix (403).
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unrepdeiicel BBona/Beioaa (404), cpencrso B/B (405), cpencrso ceTeBOro B3aUMOICHCTBUS

(406). xoTOPbIE OOBLEAUHSAOTCS ITOCPEACTBOM VHUBEPCAJIbHON HUHBL

[0044] ITpoueccop (401) BBIMOIHAET OCHOBHBIE BRIYUCIUTEIbHBIE OEPAIINU, HEOOXONUMBbIE

i1 00paboTKM maHHBIX Opd  BhlmoaHeHuu cnocoda (100). ITpoueccop (401) ucmosHseT

HEOOXOIMMbIE MAIITMHOYHUTAEMbIE KOMAH/IbI, COIEPKAIINECs B ONepaTUBHON namsitu (202).

[0045] Hawmsare (402), xak npaBuio, BbinojgHeHa B Buae O3V W conep:kuT HEOOXOAUMYIO

[IPOrPAMMHVIO JIOTUKY. 00eCIIeunBaroIIyI0 TpeOyeMbli QVHKIIMOHAJ.

[0046] CpenctBo xpaHeHus naHHbIX (403) MoxkeT BeIMONHAThes B Bunae HDD, SSD nuckos,

perin Maccusa, QusLI-aMsaTi, onTudeckux Hakonuresneil nadopmaumu (CD, DVD. MD. Blue-

Ray nuckoB) u T. 1. Cpenctsa (403) HO3BOISIOT BBIMOJHATE AOJTOCPOYHOE XPAHEHHUE PA3JIUIHOTO

BUIa WHDOpMALMU, HANPUMED HUCTOPpUK 00pabOTKM TPAH3AKLUMOHHBIX 3a0pOCcOB  (JIOrOB),

I/II[eHTI/Id)I/IKaTODOB IIOJIL30BATEJIEN U T. II.

[0047] JLns opraHusanmy paboThl KOMIOHEHTOB cucteMbl (400) W opraHu3anuu PadOTHI

BHEIIHUX MOAKJIIOYAEMBIX VCTPONCTB MPUMEHSIOTCS pasanunble Buabl uatepdeiicos B/B (404).

BbI6OD COOTBCTCTBVYIOIIIHNX I/IHTeDd)efICOB 3aBUCHUT oT KOHKPETHOI'O HUCIMOJIHCHUA

BBIYKUCJIUTENLHOIO YCTPOMCTBA, KOTOPBIE MOLYT IIPEACTABJNTL COOON, He orpanuumnBasichk. PCL
AGP, PS/2. IrDa, FireWire, LPT. COM. SATA_ IDE. Lightning, USB (2.0. 3.0, 3.1. micro, mini,
type C), TRS/Audio jack (2.5, 3.5, 6.35). HDMI, DVI. VGA. Display Port. RJ45. RS232 u 1. .

[0048] Bribop unTepdeiicoB (404) 3aBUCHT OT KOHKPETHOTO WCIOJIHEHUs: cuctembl (400),

KOTOpasi _MOKeT ObITh _peann3oBaHa Ha 0a3e IMHPOKO KJACCA YCTPOWCTB, HAIMPUMED,

[IEPCOHAJLHBINA KOMITBIOTED, MEWH(pPEHM, HOYTOVK, CEepBEPHBIN KJACTED, TOHKWM KJIHUEHT,

cMapTdOH, cepBep U T. IL.

[0049] B xavectBe cpenctB B/B manHbix (405) MOKET WCIOJIb30BAThCS. KJIABHATYPA,

JUKOUCTHUK, nAucIuied  (CEHCOPHBIM JUCIUIe), MOHHUTOD, CEHCODHBIM JHUCIUICH, Tadraj,

MaHUNVJIATOP MbIIIb, CBETOBOEC TIIEPO, CTHUIYC, CEHCOpPHAasA TIaHEIb, TDGK6OJ’[, JAUMHAMUKH,

MI/IKDOd)OH, CpENCTBA JIONOJHEHHON PEalbHOCTH, ONTHYECKHE CEHCOPHI, INJIAHINET, CBETOBLIE

HUHAUKATOPBIL, NPOCKTOP, KaMEpad, CPpeaACTBa 6I/IOM6TDI/I‘16CKOI>'I I/II[eHTI/Id)I/IKaHI/II/I (CKaHeD CETYATKH

rjiasa, CKaHEp OTINEYATKOB NAJbLHEB, MOAVYJIb PACITIO3HABAHUA FOJ'IOC&) UT. I

[0050] CpenctBa cereBoro  B3aumonewctBusi  (406) BbIOUPAOTCS W3 YCTPOWCTB,

obecrieuynBarOIUi CETEBOH IIpUeM U Iepenady nadubix, Hanpumep, Ethernet kapty, WLAN/Wi-

Fi monyie, Bluetooth moayab, BLE moavies, NFC moavis, IrDa. RFID monyas, GSM monem u

.. C nomomno cpencrs (405) obGecrieuusaercs opragusauys oOMeHa NAaHHLIMU MEXKIY.

Hanpumep, cucremoli (400), npencTaBieHHON B BUAE CEPBEPA U BLIYMCIUTENLHLIM YCTPOUCTBOM

OOJIb30BATENIA, HA KOTOPOM MOI'YT OTO6Da}KaTbC$I NOJIVUCHHBIC TaHHBIC (DGSVJ'IbTaTbI NPpOBCACHUA

IIPOBEPKHU APXHUTCKTYPBI  TPOTrpaMMHO-AINNapaTHOoro DeLHeHI/IH) no npoBOAHOMY HJIHU
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OecrpoBOAHOMY KaHay nepenayd nadHbeix, Hampumep, WAN, PAN, JIBC (LAN), Unrpaser,
Hurepuer, WLAN, WMAN nimu GSM.

[0051] KoHkpeTHbIN BBIOOp 3JIeMEHTOB ycrpoiictBa (400) juisl peanu3anyy  pa3iddHbIX

IPOrPaMMHO-ANMNAPATHLIX aPXUTEKTYPHBIX PEIIEHUN MOYKET BapbUPOBATHCS C COXPaHEHHUEM

obecneunBaemMoro TpebyeMoro yHKIMOHAIIA.

[0052] IIpencraBiaeHHble MaTepuajbl 3asBKU PACKPBIBAIOT MNPEANOYTUTEIbHBIC HPUMEPHI

peaan3anuu TEXHUYCCKOI'0 PCIICHUA M HE JOJIXKHBI TPAKTOBATHCA KAaK OIrpaHUYHMBAIOINNEC WHBIC,

YAaCTHBIE IIPUMEDPHI €r0 BOILIOLIEHMs, HE BBIXOMSIIME 34 MPEeNebl MCIPAIIMBAEMON IIPABOBOM

OXPAaHBl, KOTOPBIE SIBISIOTCS OYEBHAHBIMHU JUISL CHEIMAJIHNCTOB COOTBETCTBYVIOIIEN obsactu

TeXHUKH. Takum O6D&30M, 00beM HaCcTOAIICTO TEXHHYCCKOI'O PEIICHHA OIrpaHUYCH TOJIBKO

00BbEMOM ITpuaraeMoi GopMyJIbl.
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DPOPMYVYIJIA

1. KomneroTepHO-peanu3yemblii croco0 M3BIeUEHHs] IMEHOBAHHBIX CYLIHOCTEH M3 TEKCTOBOM

I/IH(bOpMa]_II/II/I C NMOMOIIbKO MOACIHN MAIIMHHOI'O o6yquI/m, BBITIOJTHSIEMBIN C IMIOMOLIBIO IIO

MEHbIIIEI Mepe OTHOTO MPOLIECCOpa U COAEP KA HTAITbI, HA KOTOPBIX:

a)

b)

NOJIy4alOT BXOJHBIE TEKCTOBbIE JaHHbIE U BBINONHAIT HMX 00paboTKy, mpuuem
o0paboTka BKJIOYAET IO MEHbIIEH Mepe CerMEeHTAlMI0 U TOKEHHU3ALHIO

CCIrMCHTHUPOBAHHBIX JaHHBIX,
BBITIOJIHAKOT BEKTOPU3ALIUIO TTOJYYCHHBIX TOKCHOB,

OCYIIECTBJSIFOT O0pabOTKYy MOJNYYEeHHBIX JAHHBIX C MOMOINBIO MOAETH MAIIUHHOTO
oOy4yeHuss Ha Oa3e HEHPOHHOH CeTH, NpPUYEeM B XOJe YKa3aHHOW o00padoTkH

OCYLICCTBIIACTCA:

e npeoOpa3oBaHHE BEKTOpPA KAKIOTO TOKEHA, TMOJYYEeHHOro Ha 3Tame b), B
BEKTOP BEPOSITHOCTEH  MPHUHAIJIEKHOCTH  COOTBETCTBYIOIIETO  TOKEHA

3aJaHHOMY KJIacCy;

e npeoOpa3oBaHne BEKTOpa TOKEHA, IOJYYEHHOrO Ha 3Tame b), B BEKTOD
Jorapu(gMoB BEPOSTHOCTEH MPUHAIJIEKHOCTH COOTBETCTBYIOIErO TOKEHA I10

MEHbIIIEH MECpPE OAHOMY IIOATUITY KJIaCCa U3 3aJaHHBIX IMOATUIIOB KJiaCCa,

L4 O6’be)Z[I/IHeHI/Ie noapsAn MAymHrx TOKCHOB ¢ OAWMHAKOBBIM KJIaCCOM IIO MEHbIIIEi

Mepe B OJIHY UIMEHOBAHHYIO CYIIIHOCTB;

e OmnpenesieHue MPUHAMJICKHOCTH IO MEHbIIeH Mepe OAHOW HMEHOBAHHOMN
CYIIHOCTH IO MEHbLIEH Mepe OJJHOMY MOATUIY KJIacca, MPUYEM ONpeNesICHIE

BBITIOJIHACTCA C IIOMOIIBIO STalla, IIPU KOTOPOM!

O BEKTOpHI JIOrapu(MOB BEPOSATHOCTEH NPUHAIUICKHOCTH TOKEHOB IIO
MEHbIIEH Mepe OAHOMY MOATUIY KJacca CyMMHPYIOTCS U
CPaBHUBAIOTCSI € 3aIJaHHBIM ITOPOTOBBIM 3HAYEHHEM (TIPU OTIPEIEICHUH

noaTuIa Kjacca, UMEHIECro MHOXKECTBO HOI[TI/IHOB); HUIn

O BEKTOpHI JIOrapu(MOB BEPOATHOCTEH NPUHAUICKHOCTH TOKEHOB I1O
MEHbIIEH Mepe OAHOMY MOATHUIY KJacca CyMMHPYIOTCA U

CPaBHUBAIOTCSI MEXIY COOOH, MpUYEM B XOZ€ CPAaBHEHHs BbIOMpPAETCS
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MOATHIT, UMEIOLIHH MaKCHMAaJbHYI0 BEPOSATHOCTD (IIPH OINpPEeIeHUH

noaTuIa Kjacca, UMECHOIICro TOJbKO OUH HOI[TI/IH).

d) wu3BNEKalT MO MeHbIIeH Mepe OAHY MMEHOBAHHYIO CYIIHOCTb C OIpPENENICHHBIM I10

MEHbIIIEH MEpPEC OAHUM ITOATUIIOM KJlacCa.

Crioco0 mo 1. 1, XxapakTepHu3yIOLIHICS TeM, YTO CerMEHTALIUs MPEICTABIISIET COOOM pa3duenue

TEKCTOBBIX JJAHHBIX IO MEHbIIIEH MEPE Ha OAHO MPEATIOKEHUE.

Criocob mo m. 1, XapakTepu3yIOIUNHCs TeM, YTO TOKEHHU3ALKs CErMEHTUPOBAHHBIX BXOHBIX

TEKCTOBBIX JAaHHBIX COACPKUT STaIll TOKECHU3AIMHU JAaHHBIX Ha IMOACJIOBA.

Crocob mo 1. 2, XapakTepU3YIOIIMICS TeM, YTO TOKEHW3alWs MaHHBIX Ha TIOJICIOBA
BBITIOJTHSIETCSI, TIO MEHBINEH Mepe C UCTIOIb30BAHUEM aJITOPUTMA TOKEHU3ALUU, BBIOUPAEMOTO

u3 rpynmsl: anroput™ BPE, anropurm WordPiece.

Criocob mo 1. 1, XapakTepru3yIOIUNACS TEM, YTO BEKTOP KaXKIIOTO TOKEHA MPEICTaBIsieT COO0H

BEKTOP (PMKCHPOBAHHOTO pa3Mepa.

Croco0 mo 1.1, XapakTepu3yIUHCs TEM, YTO TOTOJHUTEIBHO COAEPIKHUT 3TAl OTOOPasKEHHSI

10 MEHbIIEH Mepe ONHOU U3BJIEYEHHON CYLIHOCTH.

Cucrema u3BieUeHUS UMEHOBAHHBIX CYLIHOCTEN M3 TEKCTOBOW MH(OPMALINU, COEpPIKaIIas:
® 110 MEHBIIEH Mepe OAUH MPOLIECCOD;
® 110 MEHbIIEH Mepe OJIHY MaMsTh, COEIUHEHHYIO C MPOLECCOPOM, KOTOpasi COAEPIKUT
MaIIMHOYUTAEMbIE MHCTPYKLMH, KOTOPbIE MPU UX BBINOJIHEHUH MO MEHbLIEH Mepe

OJTHUM TIPOLIECCOPOM OOECIEUMBAIOT BBIMIOJHEHHE CIocoba crocod mo jrdoMy u3

. 1-6.
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I:I MOCJICAYOIMUE JOKYMCHTEI YKA3AHBI B PO JODKCHU U

" «T» - Goee MO3MHMUIA JOKYMCHT, OITy OJIMKOBAHHBIH ITOC/IC AATHI IPHOPUTETA H
Oco0bIe KATETOPHUH CCHUIOYHBIX JOKYMCHTOB!

«A» - DOKYMCHT, OLPCICIHIFOIIUA OOIIHH YPOBCHD TCXHHKH

«D» - DOKYMEHT, IIPUBCACHHBIN B €BPA3HICKON 3a4BKE

«E» - Gomee paHHMIT JOKYMCHT, HO OIMYOJIHMKOBAHHBIA HA JATY IIOJAYH

eBpa3miicKoil 3aABKY M IIOCTE HES

«O» - MOKYMEHT, OTHOCSINUHCSA K YCTHOMY PACKPBITHIO, SKCIIOHHPO-
BAHHFO H T.1.

"P" - IOKYMEHT, OIlyOJIMKOBAHHEIN IO JATHI IIOJAYH ¢BPa3HiiCKON
3a4BKH, HO IIOCJIC AATHI HCIIPALIMBACMOr0 npuopuTeTa”

[IPHBEACHHBIH I MOHAMAHI H300PSTCHI

«X» - HOKYMCHT, UMCIOINUiT HAnOO0JIee OIM3K0C OTHOMICHHUE K MPCAMETY HOUCKA,
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CTH

«Y» - HOKYMCHT, HMCIOINUiT HAnOO0JIee OIM3K0C OTHOMICHHUE K MPCAMETY HOUCKA,
MOpOYAaInHii H300PeTaTeNbCKALl YPOBSHD B COUCTAHNH C APYTUME JOKYMCH-
TaMH TOII Jke KaTerOpHK

«&» - MOKYMEHT, SBIITIOMANCA TATCHTOM-aHATIOTOM

«L» - JOKYMEHT, IPUBCACHHBIH B OPYIUX IELIX
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