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(57) W3o0peTenne OTHOCHTCS K BBIYMCIUTELHBIM CHCTEMAM B IIMPOKOM CMbICHE. Boee KOHKPETHO - K

cucTeMaM M crocobaM 0O0pabOTKH €CTECTBEHHOTO SA3BIKA, MCKYCCTBEHHOTO SI3BIKA, JIFOOBIX 3HAKOBBIX
cucteM. MOXKET HCIOJIb30BAaThCsl B CHCTeMax 00paboTku wHpoOpManuu, 0a3axX JaHHBIX, IEKTPOHHBIX
XpaHUIUIIAX. TEXHUYCCKUM PE3yJIBTATOM SIBISCTCS MOBBIIICHUE TOUYHOCTH MPEACTABICHUS TEKCTOBBIX
JAaHHBIX B BEKTOpHOM (hopmare, 3a CUET IPUMCHEHHUS BEKTOPHBIX MPEACTaBACHUI m-skip-n-rpaMm ciioB
U UX MPUMEHEHHs Ui MOCIEAYIOIeH KIacTepU3alui TEKCTOBOTO JOKYMEHTa sl MpeoOpasoBaHust
€ro B BCKTOPHBIA BHUJ. 3asiBICHHBIA TEXHUYCCKHHA PE3YNIbTAaT JOCTHTACTCS 33 CYET BBIMTOIHCHUS
KOMITBIOTEPHO Peai3yeMoro croco0a noay4eHus BEKTOPHOT'O MTPE/ICTABICHUS AIEKTPOHHOT'O IOKYMEHTA,
BBIMOJHIEMOI0 C MOMOIINBIO IPOIECCOPa M COMACPIKAINEro I3Talbl, HA KOTOPHIX (HOPMUPYIOT IO
MEHBIIICH Mepe OMHy MOJenb pasMmernieHus m-skip-n-rpamMm mo kiactepam, mpu 3Tom m-skip-n-
rpaMMa MpeACTaBIsIeT MO MEHbIIeH Mepe OTAeNbHOE CIOBO, M MpH (OPMHUPOBAHHU YIIOMSHYTOM
MOJICJIH OCYIICCTBIISIIOT OIpPE/AEICHHE CIUCKA HCIONb3yeMbIX m-skip-n-rpamm; mnpeoOpa3oBaHue B
BEKTOPHOE MPECTABICHUE KX I0W m-skip-n-rpaMMBbI U3 CIIMCKA; KIIACTEPHU3AIMI0 M-SKip-n-rpaMM 1o ux
BEKTOPHBIM MPEICTABICHHUSIM; BBITIOIHIIOT 00PabOTKY 110 MEHbIIIEi Mepe OJJHOTO TEKCTOBOTO JIOKYMEHTA
C TOMOIIBIO IMOJYYEHHOW MOJEIH pa3MenleHuss m-skip-n-rpamm, B XOfie¢ KOTOPO# OCYIIECTBISIOT
MOJICYCT BCTPEUYAEMOCTH m-sKip-n-rpaMM B TEKCTOBOM JOKYMEHTE; OMPEACIISIIOT KJIACTEPhl TEKCTOBOTO
JIOKyMEHTa Ha OCHOBAHUH BCTPEYAEMOCTH M-skip-n-rpaMm; CyMMHUPYIOT KOJIMYECTBO BCTPEUAEMOCTH M-
skip-n-rpamMM U3 KaXJ0ro kiacrepa; GOPMHPYIOT BEKTOPHOE MIPEACTABICHUE TEKCTOBOTO JOKYMEHTA Ha
OCHOBAHHH YIOPAIOUCHHOHN MOCIIEA0BATEIBHOCTH CYMM m-skip-n-rpamm.
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CIIOCOBb U CUCTEMA INOJYYEHHA BEKTOPHOT'O IPEACTABJIEHHUA
SJEKTPOHHOI'O JOKYMEHTA

OBJIACTb TEXHUKH

[0001] Hacrosiimee m3o0peTeHHe OTHOCHTCS K BBIYHCIUTENbHBIM CHCTEMaM B IIHPOKOM
cMbiciie. bonee KOHKPETHO — K CHUCTeMaM H crocobaMm oOpalOTKH €CTECTBEHHOIO SI3bIKA,
UCKYCCTBEHHOTO $I3bIKa, JIFOOBIX 3HAKOBBIX CHCTEM. MOXKET HCIOJBb30BATBCS B CUCTEMax

o0paboTku uHpopMaIuH, 6a3ax JaHHBIX, SJIEKTPOHHBIX X PAHMIHIIIAX
YPOBEHb TEXHUKH

[0002] ABromatuueckasi o0paboTka, mepenadya, XpaHeHHE JOKYMEHTOB, MOXET BKJIFOYATh
KJIACCU(UKALIMIO HCXONHBIX IOKYMEHTOB, WX KJIACTEPU3ALMI0 W WHbIE JACHCTBHS IyTEM
COOTHECEHHsI BEKTOPHOTO NPEACTABICHUS IOKYMEHTa C IPYTMM BEKTOPHBIM IIPEICTaBICHUEM
IOKYMEHTa, JII0OOr0 MHOKECTBA WJIM TPYIIBl JOKYMEHTOB. BapumaHThl peann3anmuu JaHHOTO
n300peTeHNst MOryT OBbIThb CXOXHM C pPEIIeHUs MM, UW3JIOKEHHBIMM paHee B IaTeHTax
RU 2701995 C2, RU 2583716 C2, RU 2254610 C2.

[0003] OCHOBHBIE HETOCTATKH CYLIECTBYIOIINX PeLIeHNI 00yCIOBIEHBI CIEIYIOIIIM:

— TIpH KJIACTEPHU3ALMHU CJIOB TEPSIETCS CEMAHTHUECKAs CBSI3b MEXKAY CJIOBAMU B TEKCTE;

— MpoBOAMMAs KJjlacTepu3auus He obnanaer o0o0Inaromel cnocoOHOCTBIO ISl ONHUCAHMS
IIAPOKOTO CIEKTPA BO3MOXKHBIX CKPBITBIX TEMATUK TEKCTA;

—  CJIOBO MOYKHO COTIOCTaBHUTb TOJIBKO C OJJHUM KJIACTEPOM, YTO MPUBOAUT K MOTEPE CMBICTIA
CJIOBa B PA3JIMYHBIX KOHTEKCTAX, HAMPUMEp, KIIHOU» KaK PY4eE€K BOIBI M KKIHOUY» Kak
3JIEMEHT KPUNTOTrpapUUECKUX CUCTEM,

— TMOJIyYEHHYIO KJacTepu3auuio Hed()(PEeKTHBHO HCIONB30BaTh U Pacyéra PacCTOSHUM,
MIOCKOJIBKY MHOTO OOIIHX CJIOB BO BCEX TEKCTaX;

— HEBO3MOXHO YUECTh HOBBIC CJIOBA, KOTOPBIX PAHBIIC HE OBLIO B HCIIOJIb3yEMOM CJIOBApPE,

— OrpaHUYCHUEC MMPUMECHCHUA IJIA KJ'IaCCI/I(I)I/IKaLII/IOHHbIX 3aaay.



CYINHOCTD U3OBPETEHUA

[0004] 3asBNeHHOe W300pETEHHE HANPABICHO HAa pelIeHHe TEXHUYECKOW NpoOseMsl,
3aKJIOYAOINEHCs B MOBBIIIEHNH Ka4eCTBa aHaIMn3a (KiIaccu(puKays, KJacTepu3alins) TeKCTOBBIX
JaHHBIX C OMOIIBIO HX MPeo0pPa3OBaHUM B BEKTOPHYIO (GOpMY.
[0005] TexHudyeckuM pe3yabTaTOM sBJAETCS MOBBILEHWE TOYHOCTH TPEACTABICHUS
TEKCTOBBIX JAHHBIX B BEKTOPHOM (popMmare, 3a cHeT MPUMEHEHUs] BEKTOPHBIX NPEICTABICHUH m-
skip-n-rpaMm CJI0B U MX IPUMEHEHHsI 1151 TIOCIEAYIOLIEH KIaCTePU3aLMU TEKCTOBOTO IOKYMEHTA
111 IPeoOpa3OBaHKsI €r0 B BEKTOPHBIN BUJI.
[0006] JIONMOTHUTENBHBIM PE3YJBTATOM 3asIBJIEHHOTO PELICHUS SBJISIETCA TaAK)KEe COXPAHECHHE
CEMAaHTUYECKOTO CMbIC/Ia TEKCTa MPU €ro MepeBojie B BEKTOPHOE IMpEACTaBlIeHHE, 3a CYET
KJIACTEPU3ALINN HETTOCPEICTBEHHO M-sKip-n-rpaMm CJIOB.
[0007] 3asiBIE€HHBbIII TEXHUYECKUH pe3ysNbTaT JOCTUraeTcs 3a CuYeT BBIIOJIHEHUsS
KOMITBIOTEPHO-PEATU3YEMOT0 CIIoco0a IMOyUeHUsI BEKTOPHOTO IMPENCTABIEHHS SJIEKTPOHHOTO
JIOKYMEHTA, BBITIOJHIEMOTO € TIOMOLIBIO IIPOLIECCOPA U COAEPIKALIETO HTAIbI, HA KOTOPBIX:
—  (opMupYIOT MO MeHbIIEH Mepe OIHYy MOAENb pa3MeUleHHs m-skip-n-rpamMMm 1o
KJIacTepaM, Mpu 3ToM m-skip-n-rpamMma npeacTaBisieT IO MEHbLIEH Mepe OTAENbHOE
CJIOBO M MPH (POPMUPOBAHUH YIIOMSIHYTOH MOZAEIHN OCYIIECTBIISIIOT:
e onpezaeNeHHE CIHICKA HCIOIb3YEMBIX m-skip-n-rpamm;
e npeoOpa3zoBaHME B BEKTOPHOE MPEACTABICHHNE Kakaon m-skip-n-rpaMmsl 13
CIIHCKA;
®  KJIACTEpPHU3ALHMIO M-sKip-n-rpamMM IO MX BEKTOPHBIM IPEACTABICHUSM,
—  BBINOJHSIOT 00pabOTKY IO MEHbLIEH Mepe OAHOTIO TEKCTOBOTO TOKYMEHTA C TIOMOLIBIO
MOJIY4EHHOM MOJIETH pa3MeneHus: m-skip-n-rpamMmm, B XoJie KOTOPOWU:
® OCYIIECTBJISIIOT TOACYET BCTPEYAEMOCTH m-skip-n-rpaMM B TEKCTOBOM
JIOKYMEHTE;
® ONpenesiIoT  KJAacTepbl TEKCTOBOIO  JOKYMEHTa Ha  OCHOBaHHHU
BCTPEYAEMOCTH m-skip-n-rpamm;
® CYMMHPYIOT KOJHYECTBO BCTPEYaeMOCTH m-sKip-n-rpaMM U3 KaXKIOTo
KJIacTepa,;
® (opMuPYIOT BEKTOPHOE TMpPENCTaBIIEHHEe TEKCTOBOTO MJOKYMEHTa Ha
OCHOBAHUH YIOPSIIOYEHHON MOCIIEI0BATEIBbHOCTH CYMM m-skip-n-rpamm.
[0008] B ogHOM 9acTHOM BapuaHTe pean3alui Croco0a UCTIONB3YIOT HEYeTKOe pa3oueHme

crnrcka m-skip-n-rpaMm Ha KJ1acTephl.



[0009] B npyrom wacTHOM BapuaHTe peanu3anu cnocoda kaxkmas m-skip-n-rpamma
OTHOCHTCSI K HECKOJIbKUM KJIaCTepaM.

[0010] B npyrom wacTHOM BapuaHTe peanusaluu crnocoda kaxaas m-skip-n-rpaMma uMeeT
BEC, XapaKTepU3yoLuii ee OJIM30CTh K 3aJaHHOMY KJIACTEpY.

[0011] B napyrom uacTHOM BapHaHTe peanu3aluu crocoda knactepusaius m-skip-n-rpamm
IO MX BEKTOPHBIM IPE/ICTABICHUSM BBINOJHAETCS O0Jiee OHOTO pasa.

[0012] B npyrom wacTHOM BapuaHTe peaju3alyu Crocoda AOMOJHUTEIBHO HUCIOIb3YHOTCS
BeCa IS KJIacTepoB m-skip-n-rpamm, XapakTepH3yIOLIHe 3HAUUMOCTh KJIACTEPOB 11 BEKTOPHOTO
MIPEICTaBJICHUs] JOKYMEHTA.

[0013] B npyrom 4acTHOM BapHWaHTe peajH3alud Croco0a AOMOJHHUTEIBHO MPOU3BOIUTCS
NOJIy4eHHE BEKTOPHBIX MpEnCcTaBieHU m-skip-n-rpamMMm, He BXONSALIMX B CIHUCOK, U HUX
COOTHECEHHE N0 BEKTOPHBIM IPECTABICHUSM K 10 MEHbIIIeH Mepe OJTHOMY KJlacTepy.

[0014] B npyroM 4HacTHOM BapHWaHTe peajH3aliH Crocoda CIHCOK MM YacTh CITHUCKA
UCTIONB3yeMbIX m-skip-n-rpaMm (GOpMHUPYETCST MCXOASl U3 BCTPEYaEMOCTH m-skip-n-rpamMm B
TEKCTOBBIX JIAHHBIX, OJYYa€MbIX U3 BHEIIHIX HCTOUHUKOB JJAHHBIX.

[0015] 3asBIEHHOE PELIEHHUE TAKXKE OCYIIECTBJISIETCS C TMOMOIIBK) CHUCTEMbl IMOJYYEHUs
BEKTOPHOI'O TMPEICTABIEHUS 3JIEKTPOHHOIO JAOKYMEHTA, KOTOPasi COAEPKUT MO MEHbLIEH Mepe
OJIMH MPOLIECCOP U 10 MEHbILEH Mepe OJHY MaMAThb, XPAHSALIYIO0 MAIIMHOYUTAaEMble MHCTPYKLIHH,
KOTOPBIE MTPU UX UCTIOIHEHUH MTPOLIECCOPOM PEATM3YIOT BbILIEYKAa3aHHBIH CIIOCO0.

[0016] 3asBIEHHBIN TEXHUYECKUN pe3yJbTaT TaKXKe AOCTUIaeTcs 3a CUET KOMIIBIOTEPHO-
peanuzyeMoro crnocoda MOWUCKA HCTOYHUKOB MH(POPMALUH, BBIIOJHIEMOTO C IOMOLIBIO
IpoLeccopa U COAEPIKALIEro STalbl, HA KOTOPbIX:

— (QopmupyroT 1O MeHbLIElH Mepe OAHY MOZENb pa3MeleHus m-skip-n-rpaMm 1o
KJIacTepaM MO 3aJaHHON TeMaTuKe, NP 3TOM m-skip-n-rpaMma NpEACTaBIsIET IO
MEHbBLIEH Mepe OTHEeNbHOE CJIOBO W Npu (HOPMUPOBAHUHM YIOMSIHYTOH MOZIENH
OCYILECTBIISIOT:

® OmpeneNeHre CIHUCKA UCTIONb3yeMbIX m-skip-n-rpamm;

e rmpeoOpa3oBaHHE B BEKTOPHOE IPEACTaBICHHE Kaxaoi m-skip-n-rpamMmer u3
CIINCKA,

e KJacTepu3alMio m-skip-n-rpaMm 1o ux BEKTOPHBIM MPEICTABICHHSM;

— TMOJNY4arOT MO MeHbIIeH Mepe OOUH HCTOYHUK WH(POPMALUU B BHAE SJIEKTPOHHOTO
TEKCTOBOT'O IOKYMEHTA,

—  BBINOJHSIOT 00pa0OTKy MOJYYEHHOTO TEKCTOBOTO JOKYMEHTA C MOMOIIBIO MOJYYEHHOM

MOJIENTU pa3MeIleHust m-skip-n-rpamMm, B X0J1e KOTOPOH:
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® OCYIIECTBJSIFOT IOACYET BCTPEYAEMOCTH m-skip-n-rpaMM B  TEKCTOBOM
TOKYMEHTE;
® ONpenessIoT KJIACTEPhl TEKCTOBOIO JOKYMEHTA HA OCHOBAHUU BCTPEYaEMOCTH M-
skip-n-rpamm;
® CYMMHPYIOT KOJIMYECTBO BCTPEYAEMOCTH M-sKip-n-rpamMm U3 KaKIOro KJiactepa,
e (GOpMHUPYIOT BEKTOPHOE NPEICTABICHHUE TEKCTOBOTO JOKYMEHTa Ha OCHOBAHHH
YIOPSITOYEHHOH MOCIeN0BATeIbHOCTH CyMM m-skip-n-rpamm;
— ONpEeAeNsIOT MPUHAJICKHOCTh BEKTOPHOIO TMPEACTABICHHUS JOKYMEHTa 3aJaHHON
TEMaTHKe.
[0017] B nHacrosmem nokyMeHTe moj «m-skip-n-rpamMmoii cioB» (Wiu mpocto «m-skip-n-

rpammoit»  //  http://www.machinelearning.ru/wiki/images/7/78/2017_417_DrapakSN.pdf)

NIOHUMAETCS COBOKYIHOCTb IIOCJIENOBATEIPHOCTH W3 N CIIOB, KOTOpas TIOJy4eHa U3
NIOCJIEIOBATENILHOCTH CJIOB U3 HEKOTOPOT'O TEKCTA, COXPAHSSI B HEH MOCIEAOBATENIbHOCTD CJIOB B
TEKCTax, MPU 3TOM M3 HUCXOIHOW IOCIIENOBATEIBbHOCTH CJIOB YIAJIEHO M CJIOB IOCHE KaKAOTrO
onHoro u3 n ¢joB. Hampumep, 0-skip-1-rpamMma cjioB 3T0 MPOCTO OTAENbHBIE CJIOBA U3 TeKcTa. 0-
skip-2-rpamMma 310 Ourpammsl CJIOB (T1apa MOAPSA UAYLIHNX CJIOB B TekcTe), 0-skip-3-rpamma 310
TPUTPAMMBI CJIOB (TpOIKa MOIPSIA UAYIIUX CIOB B TekcTe). s moctpoenus 1-skip-2-rpammbl
Oepercsi MOCIeNOBATENbHOCTD U3 TPEX CJIOB, B KOTOPOH yAAJsieTCcsl BTOPOE CIOBO - TO €CTh, 3TO
nepBoe U TpeThe CoBo. [t moctpoenust 2-skip-4-rpammbl Oepercs nmocaenoBaTebHOCTh U3 10
CIIOB, B Heil Oepercsi mepBoe CJIOB, 3aTeM 2 CJIOBa YAAJSeTCs], 3aTeM OepeTcsi Clienyroliee CIoBo,
najee ynansercs 2 CIeAyroIunX CIOBa, M TaK, IOKa He OyAeT MojydeHa MocaeoBaTeIbHOCTD U3
4 cnos. Hanpumep, nmeem Ipemsio’KeHHE «B COOTBETCTBHU C OJHMM WM Oojiee BapUaHTaMH
peanu3aluy HacTOSIIEero M300peTeHus». B Hell yoansioTcsi ClIOBa COOTBETCTBHH C», «HIIU
Ooneey, «peanuzanuu Hactosiero». Torna 2-skip-4-rpamma ajisi JTaHHOTO MpeNJIoKeHus: OyneT
BBINJISIZIETh KAaK «B OJIHUM BapuaHTamMH n3zobperenus». IIpu 3ToM mpu mocrpoeHuu m-skip-n-
IPaMM 3a «CJIOBO» MOTYT MPUHUMATHCS, KaK TOJIBKO CJIOBA SI3bIKA, TAK U JIFOOOH 3HAK NPETTMHAHUS,
NPEAJIOr, COK3 WM JI0ast CaMOCTOSITeNbHAsl €AMHULA s3blka. Bcerony nmanee, 0e3 mortepu
OOIHOCTH AJIS YIIPOIIEHUS H3JIOKEHUS], TTOJ «CJIOBOMY («CJIOBAaMH» M MPOYHNM) Oy1eT MOHUMATh
JTF0OYI0 BO3MOXKHYIO m-skip-n-rpamMmy CJIOB U MOC/IEAOBATEIbHOCTh M-sKip-n-rpaMM CJIOB, €ClTu
HE CKa3aHO MHOE, HalpUMep, OTAENbHBIX CIIOB», OJWHOYHBIX CIOB» M momobHoe. Ilpu s3Tom
Takxke OyZeM HCIOIb30BATh M CaM MCXOAHBIN TEPMUH m-skip-n-rpamma.

[0018] ITon «amOenuHroM» cioBa (ot aHra. embedding — BIOKEHHE) UITH K€ «BEKTOPHBIM
NPEACTaBICHUEM» CJIOBAa WJIM MPOCTO «BEKTOPOM» CJOBa OyJaeM IMOHMMAaTh TaKOH YHCIIOBOM

BEKTOP, KOTOPBIN MMOJTYYEHBI U3 CJIOB UM APYTUX SI3bIKOBBIX CYIMHOCTEH, U KOTOPBIA ONPEAEEH
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IUIL CJIOBA, U MMeeT (PUKCHUPOBAHHYIO Pa3MEPHOCTb Ui METOAa €ro mojydeHus. [[pyrumu
CJIOBAMH, BEKTOPHBIM IPEICTABJIEHUEM CJIOBA SIBJSIETCS YIOPSAOYEHHAs! MOCIEA0BATENIbHOCTD
YHCEJ — YUCIIOBOM BEKTOP HEKOTOPOrO pasMepa, KOraa Kaxa0e CJI0BO UMEET CBOM ONpeNeNEHHbIN
YHCIIOBOM BekTOp. B camoM mpocTom ciyuae SMOEIAMHIH CJIOB MOXKHO IMOJYYUTh HyMepaLuei
CJIOB B HEKOTOPOM CJIOBape€ U IIOCTAHOBKOI 3HAa4UeHMs PaBHOro 1 B BEKTOpE, pPa3MepHOCThb
KOTOPOI'O paBHA YHCJIY CJIOB B 3TOM cjoBape. Ilpu 3TOM Ha OCTaJbHBIX NO3ULMSX OYyAyT
HAXOMUThCs 3Ha4YeHusi paBHblie 0. Hampumep, ansi pycckoro si3blka MOXKHO HMCIOJB30BATh
Tonkossiii cnoBaps Jans. B HEM mpoHyMepyeM Bce CiI0oBa OT NMEePBOro 10 nocienHero. Tak cioBo
«abaxyp» Oynmer umeTh 3HavYeHue | Ha mo3unuu 3, «abaHaT» - UMETh 3Ha4YeHue | Ha Mmo3uIKHU 7,
u tak nanee. Ecnm B cioBape 200000 cnos, To sMOenuHr Oyzaer umerb pasmepHocTb 200000.
[TonoOHBI MeTOx MOCTPOEHUs] SMOENAMHIOB Has3biBalOT — one-hot encoding. Omnucanue
N300peTeHNs He OTPAaHUYHMBAET CIIOCO0 MOJTyUEHHs BEKTOPOB CJIOB. JlaHHBIE BEKTOpPA MOTYT OBITH
NIOJIy4EHBI, HapuMep, HEHPOHHOH CEThI0, pean3yiollell MaTeMaTHYecKoe npeoOpa3oBaHue M3
NPOCTPAHCTBA C OJHUM HU3MEPEHHEM Ha CJIOBO B HEKOTOPOE MPOCTPAHCTBO BEKTOpa ¢ OObIIeiH
pasMepHOCThIO. MHBIMH MeTOmaMHM, MO3BOJSIFOIIMMH COTMOCTABUTh KaxKaoi m-skip-n-rpamme
CBOM BEKTOP YHCEN 3aJaHHOM pa3MepHOCTH. JlaHHOE BEKTOPHOE MPEACTABICHUE CJIOB MOXKHO
NOJIy4aTh M3 YK€ M3BECTHBIX HaOop BekTopm3upoBaHHbIX cioB (Word2Vec, Glove, FastText u
apyrue), moaupuuupyst ux wim 6e3 takosoro. Ilpu 3ToM mon kiactepusaniedl TTOHHUMAETCs
IPYNIIUPOBKA MHOXKECTBA OOBEKTOB HAa MOAMHOXKECTBA (KJIACTEpPbl) TAKUM OOpa3oM, YTOOBI
O0OBEKTHI U3 OJHOrO KJacTepa ObuM Oosiee MOXOKU APYT Ha Pyra, 4eM Ha OOBEKThI U3 APYTUX
KJIACTEpOB IO 3aJaHHOMYy Kputepuro. Iloxg «Becom» 3jeMeHTa, HalpUMep «BeC KJacTepa» WU
«Bec m-skip-n-rpaMmbl», MOXXHO MOHHUMATh MAaTEMAaTHYECKYI0 KOHCTPYKLHUIO, KO3((HUIHUEHTS],
MHO’KUTEJTH, UCTIONIb3yeMbIe MPH MPOBEAEHUH CYyMMHPOBAHUS, HHTETPUPOBAHUS UJIA YCPETHEHUS
1 MIPOYETo C LEJIbIO MPUAAHUS HEKOTOPBIM 3JIEeMEHTaM OOJIbIIeH 3HAUUMOCTH B PE3YJIbTHPYIOIIEM
3HAYEHHH 110 CpPaBHEHHIO C IPYrMMH 53jeMeHTamu. «Bec» MOXKHO Ompenenuty U Kak
JOTOJHUTEBHBIT MHOXHTEIb, KO3(P(HUUMEHT WIM YHCIO, COMOCTABISIEMOE OTACIbHBIM
claraeMbpIM WM OPYyTrUM (PakTopam, B CKAJISIPHOM TNPOU3BENEHHH 3JEMEHTOB HCIIOJIB3yEeMOTO

BEKTOPHOTO MIPOCTPAHCTBA.
KPATKOE OITMCAHHUE YEPTEXKEH

[0019] Hacrosimee nzo0pereHue MLTIOCTPUPYETCs Ha MpuUMepax, 6e3 Kakux Obl TO HH OBbLIO
OTpaHUYEHUIl;, €ro CyIHOCTbh CTAHOBHUTCS MOHSITHOM MpPHU PACCMOTPEHUH IMPHUBEIEHHOTO HUXKE

HOI[pO6HOFO OIIMCaHUuA 1/1306peTeH1/1$1 B COYCTAHUHU C YCPTECIKAMU, IIPU 3TOM:



[0020] Ha ®ur. 1 cxemaTndecku NmokasaH NpUMep MPOLECcCa aBTOMATUYECKOrO MOJYYEHHUs
BEKTOPHOT'O NPECTABIECHUs TOKYMEHTA.

[0021] Ha @ur. 2 cxemaTueckn oKa3aH MpUMep MPOoLecca MoJy4eHUss MHOXKeCTBa HabOpoOB
KJIACTEPOB C BECAMH ISl KAXKJIOT0 KJIacTepa B KaXK10M HabOpe KJIacTepOB.

[0022] Ha ®ur. 3 cxemaTH4eCcKH MoKa3aH MpUMep MpoLecca MoTy4eHus MHOKeCTBa m-skip-
n-rpaMM CIIOB, TA€ Kaxaas m-skip-n-rpaMm ciioBa HEYETKO OTHOCUTCS K KaXIOMY KJIacTepy B

KaK710M Habope KJIaCTepOB.

[0023] Ha ®ur. 4 cxemaruuecku IOKa3aH MpUMEp IMpoOLEecca H3BJICHEHUs IPU3HAKOB
JOKYMEHTA.
[0024] Ha ®ur. 5 cxemarndecku MNOKa3aH MPUMEpP COIMOCTaBJICHUS KJIACTEPOB CJIOB C

NMO3NLUAMU BEKTOpAa AOKYMEHTA, AJIA ABYMEPHOIr'O Ciiydass BEKTOPHOI'O NPCACTABICHUA CJIOB U
YETKUM COOTHECCHHUEM CJIOBA K ONHOMY KJIaCTEPY.

[0025] @ur. 6 WLTIOCTPUPYET OOIIYI0 CXEMY BBIYHCIUTEILHOTO YCTPOHCTBA.
OCYHWECTBJIEHUE U30BPETEHUA

[0026] B HacTosimeM JOKYMEHTE OIUCBHIBAIOTCS CIIOCOOBI  TIOJYYEHHsS] BEKTOPHOTO
NPEACTaBJICHUS 3JIEKTPOHHOTO JOKYMEHTa JJIs JanbHeimel o0paboTky, mepenayn 1 XpaHEeHuUs.
Hzobperenne MokeT ObITh NPUMEHEHO K JIOOBIM €CTECTBEHHBIM SI3bIKaM, HCKYCCTBEHHBIM
A3BIKAM, JIFOOBIM 3HAKOBBIM CHUCTEMA, IIPU 3TOM, Aajie€ B HACTOSIIIEM JOKYMEHTE, Bce 3TO Oynem
Ha3bIBaTh NPOCTO «sI3bIKOM». Takum 00pazom, aajee, oA «SI3bIKOM» ITOHUMAIOTCS €CTECTBEHHBIE
SI3BIKH, UICKYCCTBEHHBIE SI3bIKH, JIFOObIE 3HAKOBBIE CHCTEMBI.

[0027] ABromarnueckass 00paboTKa, mepenada, XpaHeHHE JOKYMEHTOB, MOXKET BKIIFOYATh
KJIACCU(UKALIMIO HCXONHBIX JOKYMEHTOB, HX KJIACTEPU3ALMUI0 W HWHBIE JEHCTBHUSA MyTeM
COOTHECEHMsI BEKTOPHOI'O IMpPENCTaBJIEHUsI TOKyMEHTa C APYTUM BEKTOPHBIM IpPEACTaBJICHUEM
JIOKyMEHTa, JII0OOro MHOYKECTBA MJIH TPYIIIbI JOKYMEHTOB.

[0028] Ha ®ur. 1 npencrasnena obmasi OJIOK-CXeMa 3asiBJICHHOTO Croco0a MOTydYeHHs
BeKTOpHOHU (popmbl mokymeHnTa. Ha nepsom stane (101) peanusarmm n300peTeHMs TPOU3BOIUTCS
NOJIy4eHHE MOJENH pa3MerneHus: m-skip-n-rpamMm mo kiacrepaM. Takas MOzeb MPEnCTaBIseT
coboii crimcok m-skip-n-rpaMM Kaskaast U3 KOTOPBIX COOTHECEHA MO MEHbINEH Mepe K OJHOMY U3
kiactepoB. IIpumep Takol MOmenu Ui 4aCTHOTO Clydas, Koraa m-skip-n-rpamMMbl SIBISTEOTCSI
CHMBOJIAMH H CJIOBAMH M3 PYCCKOTO sI3bIKa, U pa3ouBky Ha 1000 k1acTepoB npuBenéH B TaOIMLIE

HIKE!:

Tabmuua 1. IIpumep Momenu pasmenieHust m-skip-n-rpamm 1o kiacrepam
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m-skip-n-rpamma KJIacTep
! 737
, 737
737
3TOHN 737
MUJITTUMETP 414
Ha 737
K 737
MUHUCTP 457
CIIUH 414
JIEHb 368
um 414
NPE3UAEHT 457
BBICTYIIUT 537
Hezene 368

ITponecc momy4eHust MOAEIHN pa3MelleHust m-skip-n-rpamm 1o kjacrepam.

[0029] JList popMupOBaHUSI MOAETU CHaYala OMPEAENsIeTCsl CIIICOK MCIOIb3yeMbIXx m-skip-
n-rpamMMm. B 4acTHOM ciydae 3TO MOKeT ObITh TOJKOBBIN CJIOBAPh SI3bIKA, CJIOBAPU SMOEIUHIOB
cioB (Word2Vec, Glove, FastText u npyrue), Cricok Bcex CJIOB U3 CTaTel ¢ caiita « Bukumenusy.
B Takom ciyyae Crucok CJIOB JOJKEH ObITh OOJIBIIIM, YTOOBI IOKPBITH TOCTATOUHOE KOJTMYECTBO
CJIOB M3 aHAIM3UPYEMbBIX JOKYMEHTOB. B Ipyrom 4acTHOM cily4ae TaHHbIH CITUCOK MTPOXOIUT eII1e
yepes HOPMAaJIU3ALIHIO CJIOB - nporecc, Korna MOJIYYaroT JIEMMBI
(https://ru.wikipedia.org/wiki/JlemmaTu3zarsi), CTEeMMHUHTH

(https://ru.wikipedia.org/wiki/CteMMuHr), MOpGOIOrHuecKrue KOpHU, MOP(HOIOrUIeCKre OCHOBBI

cioB. B wacTHOM ciy4ae 3aryiaBHbie (TIPOMMCHBIE) M CTPOUHbIE OYKBBI HE PA3IMYAIOTCS MPU
dbopmupoBanuu m-skip-n-rpamm. B mpyrom 4acTHOM ciiydae 3arjiaBHbie OyKBbI Pa3IMYAFOTCS OT
CTPOYHBIX U X HAJIUYHE 0OPa30BBIBAET pa3Hble m-skip-n-rpamMmbl. [ToMIMO CJIOB €CTECTBEHHOTO,
(bopMabHOTO, UCKYCCTBEHHOT'O SI3bIKOB B CIIMCOK MOT'YT BKITFOYAThCS 3HAKH MPETTMHAHSL, LA PBI,
ab0peBHaTypbl, HapULATEIbHbIE HMMEHA, WMEHa COOCTBEHHbIC, COKPAIIEHHs, CIEeLHATbHbIC
cuMBOJIBl (@7, #Ne§%%"*() }{|\ u mpoume), MareMaTHUECKHE CHMBOJIbI MU JIOOBIE ApYrue
NeYaTHbIE TOCIIEAOBATEIbHOCTH CUMBOJIOB. B 4acTHOM cCiy4ae MOJKHO pacCMaTpUBATh JFOOYIO
MOCJIEIOBATENILHOCTD MEYATHBIX 3HAKOB B 3HAKOBOW CHUCTEME IPHU BBEAEHHOM 3HAKE Pa3IeNICHUs
cnoB. Pa3mep cmmcka, KOHKpeTHble m-skip-n-rpaMMbl, HCHOJIB30BAHHE HOPMAIHU3ALUH
BBIOMPAIOTCS] UCXOJS U3 PellaeMOoil 3a7a4H, TOCTYIHBIX BBIYHUCIUTENbHBIX PECYPCOB M IPYIUX

¢dakTopoB.



[0030] Hanee xaxnas m-skip-n-rpamMmma w3 cnucka mpeoOpPa3OBbIBACTCS B BEKTOPHOE
npezncrasieHue. Hacrosiimee onrcanue He OrpaHUMYMBAET CIIOCOO MOJMYYEHUs, PA3MEPHOCTb MU
BUJI BEKTOPHOTO NPEACTaBICHHUs. [[J1s 5TOro MOXKHO MCIIONB30BATh CIIOCOOBI, KOTOPbIE OCHOBAHbI
Ha anroputMax u wmopensix Word2Vec, Glove, FastText, Universal Sentence Encoder,
nomnojiHeHne ¢ TpaHcopmauumeii cuHryspHeiM paznokenuem, Tf-Idf. B omHom uactHOM
BAPUAHTE peaju3aluy BeKTOp m-skip-n-rpaMmbl mpencraBisieT CoOOW  KOHKATEHALHIO
HECKOJIbKMX BEKTOPOB 3TOH m-skip-n-rpaMmbl, MOJYYEHHBIX 10 Pa3HbIM CIIOCO0aM.

[0031] Jlanee BBIMOJNHAETCS KJacTepusalus BeKTOpoB m-skip-n-rpamm. Hacrosimee
ONMUCaHWE HE OrPaHMYMBAET CIOCOO KJacTepu3alMu Chucka m-skip-n-rpaMmer. MOXKHO
UCTIOJIb30BAaTh TaKUE aJrOPUTMBI Kilactepu3amnmn kak K-Means, Affinity propagation, Mean-shift,
Spectral clustering, Ward hierarchical clustering, Agglomerative clustering, DBSCAN, OPTICS,
Gaussian mixtures, Birch. KoHeuHbIM pe3yapTaTOM KjacTepU3alUU SIBJISIETCS COOTHECEHHE
Kaxa0i m-skip-n-rpaMmbl IO MEHBIIIEH Mepe K OTHOMY KJiacTepy.

[0032] ITo 3aBepieHUIO MONYyYEeHUS MOJENU pa3MemeHuss m-skip-n-rpaMM BBITIOJTHSIETCS
o0OpaboTka TEKCTOBBIX JOKyMeHTOB Ha stame (102) ¢ ee mpumeHenuem. Ilo 3aBepuueHHIO
NPUMEHEHUsT MOJENH TNOoJy4aeM BeKTOpHbIM Bua nokymeHta (103). Ecmm ocranmces eme
HeoOpaOoTaHHBIE TOKYMEHTBI, TO NMEPEXOAUM KO CIEeAYIoLUeMy TOKyMeHTy. Tak moka He Oyzer
o0paboTaH KaXKaAblil JOKYMEHT.

[0033] Ha ®ur. 2 npuseneH npumep 3Tanos GOpMUPOBAHMS MOJENN pa3MeleHus: m-skip-n-
rpamMm 1o kiacrepam (101). 3nech ocymecTBiseTcs NOIyYeHHE MHOXKECTBA HAOOPOB KJIACTEPOB
C BecaMH JJIsl KKAOro Kjacrepa B KakaoM HabOope. B Havanme mpousBomum BbiOOp 0a30BOTO
cnucka m-skip-n-rpamm, 3arem mnoaydaemM ux Bektopa (1011). Hacrosimee onmcanue He
OTPAaHUYMBAET KaK-THOO CIUCOK, BUA m-skip-n-rpaMM M 3Ha4Y€HHsI APAMETPOB M M N B HUX.
OTIUYUTENTbHOW YaCThI0 M300PETEHHsl SIBJISIET CaMa BO3MOJKHOCTb HCIIOJIb30BAHHSI HE TOJBKO
OTHENbHBIX, OJMHOYHBIX CJIOB $3bIKa, HO JOObIX m-skip-n-rpamm ciioB. [lpu 3TOM He
OrPaHUYMBAETCS BO3MOXKHOCTb BBIOOpA TAKMX N U M, YTO MOJTyYeHHbIE m-sKip-n-rpaMMbl OyayT
COBIIA/IaTh, HANPUMEP, C OTAEIBHBIMH CJIOBaMH, OWIpaMMaMH CJIOB, TPUTPAMMaMH CJIOB H
POYHM.

[0034] DTOT 3Tanm MOXET PEeaJN30BBIBATBCS MYyTEM HCIOJIB30BAHUSI TOTOBBIX ClIOBapei
(Word2Vec, Glove, FastText u napyrue), ompenejleHHEM BCEBO3MOXHBIX WM TOJIBKO
UHTEpecyImux m-skip-n-rpaMM HCKJIIOYUTENBHO B KJIACCE AHAIU3UPYEMBIX TEKCTOBBIX
JIOKYMEHTOB (110 UMeroInuecs: 0a3e JaHHBIX MIIH yaeOHOM Ha0Ope) UiTH JIFOOBIM UHBIM CIIOCOOOM.
Jlanee mosyuaeM BEKTOPHOE IMpPEACTaBICHUE BBIOpaHHBIX m-skip-n-rpamm moObIM criocobom
(amropurmsl u monenn Word2Vec, Glove, FastText, Universal Sentence Encoder, nononxenue ¢

TpaHchopmanueil CHHryJsipHbIM pasznokenueM, Tf-Idf u apyrue) (1011). Ha stane 1012

8



IPOBOAMM MHOTOKPATHYIO KJIACTEPU3ALMI0 BEKTOPHOTO MpencTaBieHus: m-skip-n-rpamm CiioB.
JlaHHas KJlacTepu3anus MPOU3BOAUTCS JTFOOBIM U3BECTHBIM CIIOCOOOM KJIACTEPU3ALUN OOBEKTOB
pU KOTOPOM H3HA4YaJIbHO (puxcupyercss TpedyemMoe KOJUUeCTBO KiacTepoB. OTIHYUTENbHON
0COOEHHOCTBIO M300PETeHUs] SABISIETCS TO, YTO KJIACTEPU3ALUS MOXKET MPOBOIUTHCS HECKOJBKO
pa3. Ilpu 3TOM OHa MO’KET NMPOU3BOAMUTHCS HA PA3HOE KOJHUYECTBO KJIACTEPOB OAHUM U TEM K€
AJITOPUTMOM KJIACTEPHU3ALMM, HAa OJMHAKOBOE KOJMYECTBO KJIACTEPOB OJHHUM U TEM IKe
AJITOPUTMOM KJIACTEPU3ALMH, HO C PAa3HbIMH HAYAJbHBIMH MHHUIMAIM3ALUSIMHU, HA OJUHAKOBOE
KOJIMYECTBO KJIACTEPOB PA3IUYHBIMH AJITOPUTMAMU KJIACTEPHU3ALMHU HITH JTFOOBIM HHBIM CITIOCOOOM
MIOJIY4EHUS PA3JIMYHBIX COBOKYITHOCTEH KJIacTepU3alnuii OObEKTOB.

[0035] Taxum oOpazom GpopmupyeTcs MHOkeCTBO HabopoB kiactepoB K={ki, ka, ..., kn-1, kn}

(aranm 1013). Ans kaxnmoro Cij kiacrepa — j-0ro kKjiacrepa B i-oM pa3OMeHHH Ha KJIacTephl, Tae [ =

1,N, j=1,M, 3anaercs cBOil BeCOBOH KO3((PHUIMUEHT (jj, KOTOPBIA MOXKET XapaKTepU30BaTh
3HAYUMOCTb 3TOTO KJIACTepa Uil BEKTOPHOTO NpeAcTaBiIeHus fokyMeHTa (3tan 1014). Onucanne
N300peTeHNsI He OrPAaHMYMBAET METOABI ITOJYUEHHUs BECOBBIX KOA(PPUIIMEHTOB (ij M UX 3HAYCHUSI.
OTnuuTeNbHONW YacThi0 HM300pPETeHHsl SBISIET caMa BO3MOXKHOCTb HCIIOJB30BAHUS BECOBBIX
K03} PHULIMEHTOB IS KJIACTEPOB, YTO MO3BOJIIET XaPAKTEPU30BATh 3HAUMMOCTh K)KIOTO KJIacTepa
Il BEKTOPHOTO IpencTaBieHMsi AOKyMeHTa. ONHON M3 BO3MOXKHBIX pealu3alMil sBISETCS
MOJXOJ, KOTAa MPOM3BOIUTCS BbIAENEHUE «MYCOPHBIX» KIJACTEPOB U HCKJIKOYEHHE JAHHOTO
KJIacTepa, HarpuMmep, oOHyeHueM ero Beca. [Ipu 5ToM «MyCOpHBIMY» KJIACTEPOM MOTYT SIBJISIThCS
KJIaCTEPBI C BLICOKOM 0JIeH «CTOM-CIIOBY, OOIINX CJIOB, HE HECYIINX HH(POPMATUBHOCTD CJIOB AJIS
KOHKPETHOH pelraeMoii 3a/1a4y aHAJIN3a TeKCTOBBIX JAHHBIX. 3HAYEHUs BECOBBIX KO3 HIineHToB
MOXKHO TOJYYUTh KaKUMH-THOO aBTOMATH3HMPOBAHHBIMU  BBIYHCICHUSMH, OIPEAEIHThH
SKCIIEPTHOW OLICHKOH, JII0OBIM MHBIM criocoboM. IIpu 3TOM BO3MOXKHA CHTyalusi, KOra BCe
KJIACTEPBI SIBJISIFOTCS PABHO3HAYHBIMH HJIM, KAK OTMEYEHO BBIIIE, KOTAA KaKue-JIMOO KiacTepbl
BOOOIIE MCKIIIOYAOTCS U3 HMCIOJb30BaHUS. Pe3ynbTaTOM JAaHHOTO 3Tara SIBJSIETCS MHOXKECTBO
HaOOpOB KJIACTEPOB C BECAMH JIJIsl KAJKAOTO KiacTepa B KakaoM Hadope (3tam 1015).

[0036] Ha ®ur. 3 nmpuseaeH npuMmep 3TanoB MOJYy4YE€HUS HEYETKOIO COOTHECEHHUs CJIOB U3
cnucka. J[Jst BceX WM 4acTH CJIOB U3 CJIOBAapsl MPOBOAMM pazOueHne Ha kjactepsl N pa3 (3tamn
1013) crneayromum oOpa3oM: ISl KOKIOW KJIACTePU3ALUU MOXKET BBIOUPATHCS OMPEAESICHHOE
KOJINYECTBO KJIACTEPOB; BBIOMPAETCS HEKOTOPBIM METOJ KJIACTEPU3ALUH, KOTOPBIA MO3BOJSET
KJIaCTepU30BaTh OOBEKTHI HA 3aJaHHOE WJIM HEONPENEICHHOE KOJIMYECTBO KIACTEPOB, H
TIPOM3BOAUTCA KnacTepusanus. Kaxmyro kmacTepusamuro obosHadum ki, rne i = 1, N. Torna
ofmmee MHOXeCTBO HaOOpoB kiactepoB obo3Hauum K={ki, k2, ..., kn.a, kn}. Kaxnmas i-as

kJjacrepusauus ki Oyaer nmpencrasisite co00it Habop u3 M; knacrepos. Kaxkabiii j-biii KitacTep B i-
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oM pa3buennn Ha kiactepsl obo3Haumm Cij , toe { = 1, N, j = 1, M, Jlanee, misi maHHOTO
MHOKecTBO HabopoB kiactepoB K={ki, ki, ..., kn.1, kn} BbIOMpaeM mokaszaTtenu COOTHECEHHSI
cinoBa k kijacrepam (stanm 201). Ilokasarenb COOTHECEHUs CJIOBa K KjacTepaMm IO3BOJISIET
OTIPENIENIUTh HEUETKOE pacIpesieieHre CIIOB M0 KacTepaM. B kauecTBe Takoro nokasaTesiss MOKET
ObITb paccTOsiHHE OT m-skip-n-rpaMM 10 ILeHTpa kijacrepa. JlaHHOe pacCTOSHHE MOXET
HOPMHPOBATBCS 110 PACCTOSHUAM JI0 LIEHTPA BCEX KJIACTEPOB, WM MO PACCTOSHUSM TOJBKO JIO
HECKOJIbKMX (BO3MOJKEH BapHWaHT OJKaimux) kiactepoB. Jlpyroil BO3MOMKHBIM BapHaHT
peanu3aimu M300peTeHUs COCTOUT B TOM, YTOOBI OMPEHENSATh PACCTOSHUE O OIMpPABIEHHOTO
KOJINYECTBA OMKAWITNX OOBEKTOB MPH YETKOH KJIACTEPU3ALMH U PACCYUTHIBATD A0 OOBEKTOB
U3 KOKAOT0 KJIacTepa B 5TOM OIPABJIEHHOM KosndecTse. [Ipu 3ToM onncanmne n3o0peTeHne HUKaK
HE OrPaHHYUBAET CIIOCO0, MEPY M MOKa3aTesb MOJyUYeHHs] HEYETKOTO COOTHECEHUs1 00OBeKTa K
kiactepy. OTIIMYUTENBHON OCOOEHHOCTBIO M300PETEHUS SIBJISIETCSI BO3MOYKHOCTD HCIIOJIB30BATh
HEUeTKOe COOTHeceHHe m-skip-n-rpaMM K Kkijactepam. TakuM o00pasoM Ui  KaXAOro
HCIIOIb3yEMOTO S-TO CJI0BA ONMpeNeNseTcsl HEKOTOphIil mokasatenb W, KOTOpBIi XapakTepusyer
B KaKOU CTETeHH S-0€ CJIOBO OTHOCUTC K kjactepy Cij (3tam 302).

[0037] Kaxxmoe coBo MBI MOKEM OTHECTH K JIEOOOMY KOJIHMYECTBY KiactepoB. [1omobHyro
pa3OMBKy Ha KJacTepbl C HEYETKHM pa30UeHHeM IO KJacTepaM MOXKHO MOJYYHTb, HAIPUMEP,
METOZIOM He4eTKOH knacrepu3anuu «C-CpeqHIX», WIN C UCTIOJIb30BAHNUEM OLIEHKH CIEUAINCTA.
ITpu 3TOM MOTYT OBITH BHIOPAHbI TAKUE MTOKA3ATENH, YTO KAKA0E CJIOBO OYAET OTHOCUTHCS TOJIBKO
K OZIHOMY KJIacTepy, Hampumep, B cliydae, KOrja 3Ha4eHUE I0KAa3aTelsisl COOTHECEHHsI PaBHO
eIMHMLIE JUUTsI OHOTO KiiacTepa (He o0si3aTesbHO caMoro OJHM3KOro K BEKTOPY CJIOBA) M PaBHO
HyJISIM JUIsl BCEX OCTaJbHbIX. B HEKOTOpBIX CiydasiXx pe3ysibTaThl TAaKOro BbiOOpa OymyT
XapaKTepU30BaTh YETKYIO KJIACTEPU3ALMIO, HO BO3MOKHBI BAPHAHTHI PeaM3aluu U300pETeHus,
xoraa m-skip-n-rpamm He Bcerna OyieT OTHOCHUTCSI K caMOMy OnM3KoMy kiactepy. To ecTsh, mpu
5TOM Pe3yJIbTaThl TAKOTO BBIOOpPA MOKa3aTesiel COOTHECEHMs, B 00LIeM ciiydae, He 00s3aTeIbHO
OyyT COOTBETCTBOBATh pe3yJibTaTaM padOThl ANTOPUTMOB HYETKOW KJIACTEPHU3ALUU CIIOB.
Onncanne H300peTeHHsT HE OrPAHUYMBAECT KOJHYECTBO pPa3OMBOK Ha KJACTEPBI, KOTOPBIX,
OYEBHJIHO, TOJDKHO ObITh Oosbine Hys (>0). Onucanne n300peTeHHs HE OTPAHHYUBAET METPUKY
U MaTeMaTU4YeCKHe MPOCTPAHCTBA U MPOU3BEIACHHS KJIACTEPU3ALMH M COOTHECEHUs CIIOB C
KJIacTepaMu.

[0038] Oransl (201) u (202) umeror obmue npeamecTyomue maru ¢ stanamu (1014) u
(1015). MannbiMu stanmamu sBisiroTes stanbl (1011, 1012, 1013). Onucanne m3oOpeTeHus He
OrPAaHUYMBAET B3aWMHYIO BBINOJHEHHsS YIOMSHYTBIX JTAlOB LIArOB M HX COBOKYITHOE

HCIIOJB30BAHUE, a AACT TOJBKO ITOACHCHHA K HUM.
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[0039] ITpumep packpseitast stana (102) mpencrasnen Ha Pur. 4. Ha Bxon stama (102)
NOJAETCsl IOKYMEHT € JaHHBIMH B TEKCTOBOM BHze. B 4acTHOM BapuaHTe peanm3anuu criocoda
CHavaJsia MPOU3BOAMNTCS OonpeaeneHne m-skip-n-rpaMm, KOTOpbI€ IPUCYTCTBYIOT B JOKYMEHTE U
KOTOpbIE MIPUCYTCTBYIOT B ciMicke m-skip-n-rpamm mozenu pasmernenus (3ram 1021).

[0040] ITpu peanmuzanuu stana (1021) BeInonHAETCS NOACYET KOJNYECTBA BCTPEYaeMOCTH M-
skip-n-rpamMm u3 c(OpMHPOBAHHOTO CIHCKA B TOKYMEHTE. 3aTe€M CMOTPUTCS K KaKUM KJIacTepam
OTHOCSITCS 3TH m-skip-n-rpammbl. TToncyuThiBaeTCsl KOJMUECTBO m-skip-n-rpamMm U3 TOKyMeHTa
BHYTPH Ka)XXJIOT0 KJ1acTepa.

Hamnpumep, nmeem cnenyrolee npenjiokeHne: KMUHUCTP BBICTYIIUT Ha 3TOH Henene». B HéM, B
COOTBETCTBHUH C MPUMEPOM 13 Tabyuiel 1, kinactep 457 Bcrpeuaercs 1 pas («<MUHHCTpPY), KIIacTep
537 - 1 pa3 («BicTynUTY), KJactep 737 — 2 pa3za («Hay, «3TONY), knacrep 368 — 1 pa3 («Henmemne»).
Torna uTOroBeIi BEKTOP JOKYMEHT OyIeT MPEACTABIIATh COOOM BEKTOP, Y KOTOPOTO HA MO3UIIUSIX
457, 537 u 368 Oyner crosiTh 3HaueHue |, Ha mo3uumu 737 3HaUeHWE 2, HA BCEX OCTAJbHBIX
no3uuusax — 3HaueHue 0. B apyrom dacTHOM BapHaHTe peanu3aliy Criocoda HCIONb3YeTCs
NOCJIENYIOLIasi HOPMUPOBKY JAHHOTO BeKTOpa. B paccMoTpeHHOM npumepe m-skip-n-rpaMmsl 13
CHHCKa BCTpedaroTes S pa3. Torma HOpMUPOBAHHBIN BEKTOP OyIeT MpPeACTaBisITh COOOH BEKTOD,
y KoToporo Ha no3uusix 457, 537 u 368 Oyzaer crosth 3Hadenue 0,2, Ha o3uLwH 737 3HaYEHHUE
0,4, Ha BCEX OCTaJIbHBIX MO3UIUsIX — 3HauUeHue 0.

[0041] Janee HauuHaeTcsi GOPpMUPOBAHHE BEKTOpa NOKyMeHTa. Kaxxmas mo3uuust B 3TOM
BEKTOPE COOTBETCTBYET oOmpeaeseHHoOMy kKiacrepy. Chauana Oepércs m-skip-n-rpamma u3
JOKYMEHTa, U1 MOCIEAYIOLIEro ONpefAeleHuss K KakOMy KJIacTepy OHa OTHOCHUTCS IO
cOpMHPOBAHHOM MOJIEITH pa3MelieHus: m-skip-n-rpamMm. 3aTemM 3HaYeHHE, HA COOTBETCTBYIOLIEH
KJIaCTEpPy MO3HUIIMU B BEKTOPE TOKYMEHTA, YBEIUYMBAEM Ha KOJIMYECTBO 3TOH m-skip-n-rpaMmel B
nokymente (3tam 1022). B omHOM M3 4YaCTHBIX BAapHAHTOB CIOCOOA peau3allid 3HAYCHHE B
MO3MLIMK BEKTOpAa YBEJIMYMBAEM HE Ha KOJMYECTBO m-skip-n-rpamMm, a Ha NPOHM3BENEHUE
KOJIMYEeCTBAa M Beca m-skip-n-rpammbl it 3Toro kjacrepa (3ran 1022). Ha cnenyromem sTarme
(1023) monmyuyeHHBIE 3HAYEHHs HAa TO3ULUSAX BEKTOpa JOKYMEHTAa YMHOXAaeM Ha
COOTBETCTBYIOI[ME Beca KjacTepoB. Pe3ynbTaToM sBIsieTCsl BEKTOPHOE IpeCTaBlIeHHE
nokyMmeHTta (3tan 1024).

[0042] B coorBerctBUM ¢ omHMM WM OoJiee BapUAHTAMH peaU3alUdd HACTOSIIErO
n300peTeHus, MpUMep Crnocoda aBTOMATH3UPOBAHHOTO MOJYYEHHUsST BEKTOPHOTO MPEICTABICHUS
3JIEKTPOHHOT'O JIOKYMEHTa MOJKET BKJIIOYATh B ce0sl cienyromue 3Tanbl. BeiOupaercst BekTop,
Pa3MEpPHOCTh KOTOPOTO COBMAJAeT C OOIMM KOJHMYECTBOM IIOJIyUEHHBIX KJIACTEPOB BO BCEX

KJIaCTEpHU3aLUAX. I[aHHbIﬁ BEKTOP MHULHUATU3ZUPYEM MTPOU3BOJIbHBIMU HaYaJIbHBIMU 3HAYCHUSIMMU.
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Onncanne wu300peTeHUss HE OrPAaHUYMBAET 3HAYEHUS, WCHOJb3yeMble Ui Ha4daJIbHOU
WHULUAJIN3aLl11 BEKTOPA.

[0043] Bo3MOXXHO Takke HCIOJIB30BaTh, HAPUMEpP, HyseBble 3HaueHus. Kaxnas no3unus
BEKTOpPa CTPOrO COOTBETCTBYeT omnpeaeneHHoMmy knactepy (Pur. 5). OcymectBisercs
U3BJIEYEHUE CJIOB M3 JOKyMeHTa. JlaHHOe HU3BJlE€YEHHE MOXKHO MOJIyYUTb, HaIpUMeEp,
NOCJIEAOBATENbHBI POXOAOM MO JOKYMEHTY, HCIOJIb30BaTh HEKOTOPOE MpPEACTABICHHUE
JIOKYMEHTa, KOTOPOE YK€ MMEET U3BJICYCHHBIE CJIOBA U UX KOJIMYECTBA, JIFOOBIM UHBIM CIIOCOOOM.
JIIsl KaKAOTO CJI0BA MCIIOJB3YIOT BECa COOTHOLICHUS JJIsl KaXKIOTO KjlacTepa B KaKAOM Habope
(sTam 202).

[0044] Jlns mpuMepa pacCMOTPUM TMOCIEAOBATENBHOE H3BJICUEHHE CJIOB M3 TEKCTa, HE
OrpaHUYMBAs BAPUAHTHI pEATU3ALUN H300peTeHHs. BBIMONHASTCS MONyYeHHe CIOBa M3 TEKCTA.
Ilo Becam COOTHOLIEHUS CIOBA C KAXKABIM KJIACTEPOM BBIIIOJIHAETCS MOUCK MO3ULIUU B BEKTOpE
IOKYMEHTa, 3HAYEHHsI B KOTOPBIX HEOOXOAUMO YBEeNHUnTh. OCyIIECTBIsIEM YBEIMUEHHE JaHHbBIX
3HAYEHUH B BBIABJICHHBIX IMO3UIMAX HA HEKOTOPOE 3HAYEHHE. JTO 3HAUYEHHE MOXET OBITh
¢ukcupoBaHHBIM, JHOO H3MEHSEMBIM B 3aBUCHMOCTH OT YCJIOBHH B mpouecce 00paboTKu
noKyMeHTa. JlaHHOE 3HaYeHHE YK€ MOXKET YUUTBIBATh B ce0€ BEC COOTHOIIEHUS CIIOBA C KaXK/IbIM
KJIACTEPOM.

[0045] Bo3moskeH Takke BapuaHT H300peTEHNs, KOT/a yBeJINIeHNEe 3HAaUeHUH Ha TIO3ULUH B
BEKTOpPE NPOUCXOANT Ha (UKCUPOBAHHOE 3HAYEHHUE, KOTOPOE 3aTeM YMHOXKAeTCs Ha BeC
cooTHOWeHHs cioBa. ONucaHue HACTOSINErO PEIlEeHUs HE OTPaHUYMBAET METOIAbl U3MEHEHUs
3HAQUEHUN HA MO3ULMSAX B BEKTOPE, KOTOpbIE CBS3aHbI C JAHHBIM CIOBOM. BO3MOXHO Taxke
YUUTBIBATD B UTONOBOM HM3MEHEHUHM 3HAYEHUN B BEKTOPE HEYETKOE COOTHECEHUE CJIOBA K
pasnuuHbIM kiactepam. IIpu 3TOM He OrpaHMYMBAIOTCA 3HAYEHUs] U3MEHEHUN 3HA4YeHUH,
KOTOpBIE, B O0LIEM Cilydae, MOTYT OBbITh M OTpHLIATENIbHBIMU. 11 pacueTa 3Ha4eHUH, Ha KOTOpbIe
WU3MEHSIOTCA 3HA4€HUs B MO3ULMSAX BEKTOPOB, MOJKHO HCIIOJNB30BaThb PAa3M4YHbIE METOJBI,
KOTOpBIE IO3BOJISIFOT YYUTHIBATD U JTFOObIE MHBIE XaPAKTEPUCTUKH CJIOB. TaKiM MPUMEPOM MOKET
OBITh UCIIOJIb30BAHIE METOMIA YACTOThI HCIIOJIb30BAHMS CJIOB - OOPATHOW YacTOTHI JOKYMEHTa)
(TF-IDF, Term Frequency - Inverse Document Frequency), uiu mpocTto 4acToThl ¢ioB. Takke,
JUIsl pacdyeTa 3HAYEHUH, MOXKHO YUYHUTBIBATH BEC KJACTEPA, XAPAKTEPU3YIOLIUN 3HAYUMOCTb
KJIaCTepa MJil BEKTOPHOIO MNpEACTaBleHUs AOKyMeHTa. IIpoxoas Tak mo BCeMy TEKCTy,
MPOU3BOAMM YBEIUYEHHE COOTBETCTBYHOIIUX MO3ULUN B BEKTOpe AOKyMeHTa. Mtorom mpoxona
MO>KET CTaTh BEKTOPHBIN BUJ JOKYMEHTA.

[0046] Hacrosiimee onucaHue He OrpaHMYMBAET MOAXOAbI IO MCIOJB30BAHUID BECOB
KJIACTEPOB, XaPaKTEPU3YIOLINE 3HAYUMOCTb Ka)KI0r0 KJIacTepa AJisi BEKTOPHOIO MPENCTaBICHHUS

AOKYMEHTA, 1 BECOB COOTHOLICHUSA CJIOBA JJIA KAaXKAO0I'0 KJIaCTEPa B KaAXKI0OM Ha6ope. 3asiBIeHHOE
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pelLIeHne 1aeT BO3MOXKHOCTh HCIOJB30BATh JAHHBIE BECa NMPU COCTABIEHHH BEKTOPHOTO BHIA
nokymeHTa. [lomyueHHbIe 3HaYeHNUsI MOTYT HCIIOJIB30BAThCS 11 BEKTOPHOTO BH/IA JOKYMEHTA WIIN
mo0oe HUX MHOXECTBO M TIOAMHOXKECTBO HCIIONIB30BaThbcl B OOpaOOTKE [aHHBIX, B
CaMOCTOSITEJIbHOM BHZ€ WJIH B COBOKYIHOCTH C APYIMMM AaHHBIMM, AJI INOJYYEHHs HOBOTO
BEKTOPHOI'O BUJA NOKYMeHTa. [IprMepoM Takoro COBOKYITHOTO UCIIOJIB30BAHUS MOKET CIIY>KUTh
KOHKaTteHaus: ¢ BektropoM Merona TF-IDF. B nmaHHOM ciydae OCyIIECTBIISIETCS COCTaBJICHHE
BEeKTOpHOTO TpeacrarieHus: gokymenta no meroay TF-IDF. CocraBienue BekTopa JOKyMEHTa
MOKET OCYILECTBJIATBCSI C TIOMOLIBIO BBINOJHEHUS 3asBJICHHOro crnocoba. IIpomsBoputcs
KOHKATEHAIMsI IBYX BEKTOPOB (OMEpalMi0 COCIUHEHHUs, CKJIEHBAHHs BEKTOPOB). Pesymbrarom
KOHKAaTE€HAIINH U OyJeT SIBJSITbCS BEKTOP AOKYMEHTA. J[OMOJHUTENbHO BO3MOYKHO JalibHEHIIee
NpoBeNeHNe aNreOpanyecKux npeoOpa3oBaHUI HA/ MOJNYYEHHBIM BEKTOPOM JOKYMEHTA.

[0047]

[0048] B oiHOM 4acTHOM BapHaHTe peain3aiuy Croco0a UCTIONB3YeTCsl HEYeTKOe pa3oueHme
cnrcka m-skip-n-rpamm Ha knacrepa. B sTom BapuanTte kaxxnas m-skip-n-rpamMm cOOTHOCHTCS
Oonbire yem k ogHOMY Kiactepy. Kaxknas m-skip-n-rpaMm nmMeer CBOE COOTHECEHHUE K KIIacTepy
B 3aBHCHUMOCTH OT PacCTOSIHUS JI0 3TOro Kjactepa. IIpu 3ToM st pacyera JAaHHOTO PaCCTOSTHHUS
MOTYT UCTIOJIb30BaThCSI M KOOPAUHATHI LIEHTPA KJIacTepa, ¥ KOOPAUHATHI M-sKip-n-rpaMM U3 3TOTO
U Jpyrux KiactepoB. B uwacTHOM ciydae Takoro crmocofa kiacrepusauuu m-skip-n-rpamma
OTHOCUTCSI KO BceM kiactepaMm. [IpumepoM anroputma Ui peanu3aldy AaHHOM YacTHOM
BapuaHTe Kjacrepuzauuu ssisercss C-Means.

[0049] B oHOM M3 YaCTHBIX BAPHAHTOB peau3alliy Kakaas m-skip-n-rpaMMa OTHOCHUTCS K
HeCcKOJbKUM kiactepam. Ilpu sTom m-skip-n-rpaMma MOXKET OTHOCHUTBCS K OJHOMY HJIM OoJjiee
KJIaCTepaM B OMHAKOBOM CTEIEeHH.

[0050] B npyrom 4acTHOM BapHWaHTe peanu3aluy Kaxpaas m-skip-n-rpamMma HUMeeT Bec,
XapaKTePU3YIOIUH €€ COOTHECEHHE K 3aJaHHOMY KJlacTepy. B oTiindme ot mpenbIyux 4aCTHbIX
BApUAHTOB B JAHHOM CJIy4ae BEC MOXKET XapaKTepPH30BaTh HE TOJIBKO OJM30CTh m-sKip-n-rpaMmsl
K kyacrepy. Ilpu pacdere 7aHHOTO BECa MOKET YUUTBIBATHCS, HAIPUMED, MNIOTHOCTh KJIACTEPOB,
9ro0BI mM-skip-n-rpaMMy COOTHOCHTH B OOJBILIEH CTENEHW K MEHee IUIOTHOMY OJHM3KOMY
KJactepy. Bec sBisieTCst MHOXKUTENEM, KOTOPBIA MCTIONB3YETCS Il KAKIOH m-sKip-n-rpaMMsl ¢
KaXXJIbIM KJIacTepoM. Bec MokeT mpuHUMATh U HyJIEBOE 3HAYCHHE.

[0051] Eme B omHOM 4YaCTHOM BapHWaHTe peau3allud KjacTepu3alus crucka m-skip-n-
rPaMM IO UX BEKTOPHBIM MPEICTABIEHISIM BBIOIHAETCS OoJiee OMHOro pasa. B TakoM BapuaHTe
KJIaCTepU3aLUs IIPOU3BOAUTCS HECKOJIBKO Pa3 Ha pa3HOE KOJIMYECTBO KIACTEPOB OAHUM H TEM XKe
aNrOpUTMOM  KyacTepusanuu. HTOroBblii BEKTOp HOKYMEHTa OyAeT TpencTaBisTbh CoOOi

KOHKATEHAITMIO BEKTOPOB MO KaXOH u3 Kiacrepusauuu (mpumep Ha Pur. 5). B npyrom ciydae
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UCTIONIb3YEOTCS Pa3HbIE AJTOPUTMBI KJIACTEPU3ALMH IJIs1 pa30MeHNs] Ha OIMHAKOBOE KOJHUYECTBO
KJIacTEepOB WJIM HA pPa3HOE KOJWYECTBO KJIACTEPOB. B emme omHOM ciiyyae HCIONB3YeTCs
OJIMHAKOBOE KOJIMYECTBO KJIACTEPOB M OJUH M TOT XK€ aJITOPUTM, HO C Pa3sHbIMH HAadaJbHBIMU
MHULMAIN3ALUSAMHE, €CJIH alITOPUTM IOZIPa3yMeBaeT BO3MOKHOCTD PA3JIMYHOIO Pe3ysbTaTa Mpu
pazHbix uanuanusanusx (K-Means, C-Means, Spectral clustering, Gaussian mixtures u apyrue).
KonuuectBo kiacrepusalmii, KOJHMUYECTBO KJIACTEPOB B KAXIOW KJIACTEPU3ALUU U AJITOPUTM
KJIaCTepH3aLui NOAOHPAETCs B 3aBHCUMOCTH OT pelraeMoii 3agaun. B wacTHOM ciywae, eciu
cniucok m-skip-n-rpamm 6osiee 10000, MOKHO MCMOJIB30BATh PA30MBKY Ha KJIacTepa pasMEpaMU:
50, 100, 200, 300, 500, 700, 1000, 1500, 2000, 3000, 5000. B uHOM YacTHOM cly4ae
COCTAaBIISIFOTCS OTAEIIbHBIE CITUCKHU, Hartpumep, s 0-skip-1-rpamm (oguHOYHBIX CiioB), 0-skip-2-
rpamMm (Gurpamm cioB), 0-skip-3-rpamm (Tpurpamm ciaoB). Kaxknaplii U3 3THX CIIHCKOB OTIEIBHO
KJIACTEPU3YETCS HECKOJIBKO pa3. ITOroBeIM BEKTOPOM JOKYMEHTa OyIET SIBISTHCS KOHKATCHALUS
BEKTOPOB MO KaXI0H U3 KJIACTEPH3ALMHU IS KAJKAOTO CITHCKA.

[0052] B npyrom 4acTHOM BapHaHTe peajH3alHy U KaKIOro Kiacrepa m-skip-n-rpaMm B
KQXKJIOM KJacTepu3auuu (€Cq UX HECKOJBKO) HCIIONB3VIOTCS Beca. JTH BeCa XapaKTEPU3VIOT
3HAYUMOCTh KJIACTEPOB MJIsi BEKTOPHOTO MPENCTABJIEHHs NOKyMeHTa. Beca Moryr mmerb u
HyJIeBble 3HaueHUs. B TakoMm ciyuae KOJIMYECTBO BCTPEYaeMOCTH m-skip-n-rpaMM B 3TOM
KJacTepe 0OHyJIAeTCs. DTOT MOAX O MOJIE3eH, KOraa TpedyeTcs HCKIIIOYUTD U3 BEKTOPa KJlacTepa,
KOTOpBIE COZIEPIKAT CTOI-CJIOBA — CJIOBA, HE HECYIINE TEMAaTUYECKOT0 cMbIcha (1, K, V, 0, TIPH, Ha
U npoune). B wacTHBIX ciydasx Beca AN KJIACTEPOB MOTYT PACCUUTHIBATBHCS METOIAAMHU
MAIIMHHOTO O0y4YeHHs], 3aJaBaThCsI KAK HKCIIEPTHAsI OLIEHKA.

[0053] Taxxe, m-skip-n-rpaMma MOKeT pacIIUpPSATbCS HOBbIMH m-skip-n-rpammamu. B
TAKOM BapuaHTe BbIOMpaeTcsi crocod pacdera Bekropa m-skip-n-rpammel. Eciu B AOKyMEHT
BCTpeuaeTcst m-skip-n-rpaMma, KOTOpOil HET B CITUCKE, TO IJIS1 HE€ PACCUUTHIBAETCS BEKTOPHOE
npezacrasieHue (BekTop). Jlanee 3TOT BEKTOP COOTHOCHUTCS K KJIaCTepaM, KOTOPBIE MOJYYEeHbI Ha
sTarne Kiacrepusanuu crnucka m-skip-n-rpamm. I[Ipu 3TomM HOBast m-skip-n-rpaMma COOTHOCHTCS
IO MEHbIIEH Mepe K OTHOMY Kiactepy. JanmpHelmue maru cnocoda aHAJIOTUYHBI CITYYar0, €CIH
3Ta m-skip-n-rpamMma npucyTCTBYET B MOAEINH pa3MeIleHus: m-skip-n-rpaMm mo Kjiactepam.
[0054] Crucok wuCHoiB3yeMbIx m-skip-n-rpaMM MOkeT (hOPMUPOBATHCS UCXOIs U3
BCTPEYAEMOCTH m-skip-n-rpaMM B TEKCTOBBIX JAHHBIX, MMOJYYa€MbIX M3 BHEIIHUX HCTOYHHKOB
TaHHBIX. TakKuM MHOKECTBOM TEKCTOB MOJKET OBITh JIF00O0H BHELTHHI MaCCUB TEKCTOBBIX JAHHBIX.
310 MOXeT ObITh, HANpPUMEP, MHOMKECTBO AHAJM3MPYEMBIX TEKCTOB DPAa3JINYHONH TEMATHKH,
coOupaeMbIX, HAIPUMEP, Yepe3 HOBOCTHbIE caliThl. O0OpadoTKa, KiaccupuKaIus U KJIacTepH3aLHsI
cobupaemMoii HHPOPMALMHU MO3BOJISIET HAWTH CEMAHTUYECKHE CXOJACTBA, aHAJIOTH, PEan30BaTh

pPaHKMPOBAHUE PE3YyJIbTATOB IMOWCKA WM PEIIUTh JIOOYI0 Ipyryro 3amady oOpaboTKU si3bIKa.
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IIpumeHeHNe 3asBJIEHHOTO PELIEHUs] HEe OTPaHMYMBAET MCTOYHMK M IPUPOAY HCIIONIb3YEMOTrO
MHO>KECTBA TECTOBBIX JAHHBIX.

[0055] IIpumepom peanu3anuu TaKOrO BapUaHTa SBJSIETCA CiIy4dail peLIeHHs 3aAadyu
KJaccu(pUKAILMM TEKCTOBBIX IOKyMeHTOB. Torma cmucok m-skip-n-rpamm ¢GopMHpyeTcs IO
UCXOAHOMY Habopy nokymeHToB. Hampumep, OepyTcsi Bce OAMHOYHBIE CIIOBA M OWUIpaMMBI,
KOTOpbIEe BCTpe4aroTcs B 3TuX TekcTax. M 200000 caMbIx yacThix Ourpamm. J1Jist 3TUX CIIUCKOB
pacCUMTBIBAIOTCS WX BEKTOPHble IpeacTaBieHus. Jlanmee »Tu  BekTOpa MOJAIOTCS HA
KJIACTEPU3ALINIO, KOTOPAsi PEaTU3yeTCsl OMUCAHHBIMU CIIOCOOAMU.

[0056] [Ipu peanuzamyu HACTOSMIEr0 M300pPETeHUsT BCE OMUCAHHBIE BAPHAHTHI MOKHO
UCTIOJIb30BaTh B JIFOOOH BO3MOXHOIH COBOKYITHOCTH M coueTaHuu. [IpuMepoM Takoro 4acTHOTO
BapUAHTA SIBJISIETCS CIIydad, KOTAa IO MMEIOMIeMyCsi HaOOpy IaHHBIX BBIOMPAIOTCS BCE
BCTPEUAIOLINECS OAMHOYHBIE CJIOBA, OMIrpaMM CJIOB, TPUTpaMM CJOB. B Kkaxmom crmcke
pacCcUMTBIBAIOTCS BEKTOpa N-rpaMM cioB. Jlajgee Kaxablli CHHCOK BEKTOPOB MNOJNAETCsS Ha
MHOTOKPATHYIO KJIACTepU3aLMi0. B KakaoH KiacTepu3auuu it K&KAOH n-rpaMMbl BEIOUPAETCsI
BEC COOTHECEHHS] €€ K KiacTtepy. 3areM OepéM KaXKIblii aHaJM3UpyeMbli AOKyMeHT. llo
BCTPEYAEMOCTHU N-rpaMM MOJy4aeM BEKTOp MO KaKIOM kiacTepus3aluy. 3HauY€HUs B KJacTepax
YMHOXKAIOTCA Ha Beca kiacTtepoB. Kaxaplii TakoW BeKTOp Hopmupyercs. Bce BekTopa
KOHKAaTeHUPYIOTC B oOmmii BekTtop. OmmcaHne mnareHTa HE OrPaHUYMBAET COBOKYITHOCTH
UCIOJIb30BAHUS PA3JINYHBIX TOAXOO0B.

[0057] OTnmuuurenpHON  OCOOCHHOCTBEO  M300peTeHHs]  SIBISIETCSl  MPENOCTaBJIEHUE
BO3MOJKHOCTH yu€Ta paHee Heu3BeCTHbIX m-skip-n-rpamm. He orpannumsas n3o0pereHre MOsKHO
NPUBECTH CIIEAYIOIMHA MOAXOA Iyl yuéra HOBBIX m-skip-n-rpamm. Hampumep, mpoxoznst mo
TEKCTOBOMY TPENCTABJICHUIO JOKYMEHTAa NPU BBIABJICHUHM M-sKip-n-rpaMMbl, KOTOPOH HET B
UCTIONIb3YEMOM ClIoBape, (popMHpyeTCsi MOCIenyroliee BeKTOPHOE MPEACTABICHUE NaHHOH m-
skip-n-rpammer. [locne vero m-skip-n-rpamMma OTHOCHTCS K ONPEAENICHHOMY KJIACTEpy, LIEHTP
KOTOPOTO SIBJIIETCS OJIMKANIITUI K HEH.

[0058] 3asBnennblil crocod (100) MoXKeT MPUMEHSIThCS B YaCTHOCTH ISl TIOMCKA U oTOOpa
peneBaHTHOW WH(pOpPMALNY, HAPUMEDP, HOBOCTEH, CBSI3aHHBIX C 33AaHHOW TeMaTukod. Criocod
(100) MOXeT TPUMEHATHCS B COCTaBE ABTOMATHU3UPOBAHHOH IUIATPOPMBI MO YIPABICHHIO
knbepbezonacHocTi0. COOp HOBOCTEH SIBISIETCS BAKHOM (YHKIMEH IJIsl MOMCKa MH(POpMAaLIUH,
NOTEHIMAJIbHO HUMEIOIEH OTHOIIEHHEe K KHOepOe30maHOCTH ¢ pPa3MYHbIX HCTOYHHKOB
(HOBOCTHBIE TEMAaTUYECKHE CANTBI, COLL.CETH, IPYMIIbI B MecceHmkepax u Tm). COop HOBOCTEH
OCYIIECTBISIETCS PA3IMYHBIMU U3BECTHBIMU MexaHn3Mamu (RSS monnucku u T.11.).

[0059] Opranmzanus B3aumozeiicTeus mexay TIP u NLP-monenpio ocyuiecTBisieTcsi mo

APIL, nmyrem ornpaBku http get u http patch 3ampocoB. B ¢opmare json ocymectsisercs
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nojydeHue tena HoBoctH u3 TIP, 3arem mpoucxomut npenoOpaborka HoBocTH. Creayromum
IIaroM BBIMONIHSETCA KJacCH(UKanMs, B CJIydae eClIM HOBOCTb OTHECEHa K KJaccy
«TIPUMEHUMOMY, clenyeT kiactepusanus. [loaydeHHbIN pe3yabpTaT o NPUHAAJIEKHOCTH HOBOCTH
K KJlaccy U kjiacrepy nepenaercst B TIP, myrem ornipasku http patch 3ampoca.

[0060] NLP-moznenp BBINONHAET KJIACCU(PUKALMIO U KJIACTEPH3ALMIO MNMPUMEHMMBIX K
kubepOe3onacHOCTH HOBOCTeH. JIisi pemeHus 3amauu KiacCU(UKALMU HCIOIB3YETCS METO
BEKTOPHOT'O MPECTABIICHHSI TEKCTOB, PACKPBITHIN B onucaHuH. Jlanee HOBOCTH, MPEACTABIISIOIINE
UHTEpeC I Leei KudepOe30naHOCTH, MPOXOISIT MPOLECC KIACTEPU3ALUN HA OrpaHHYEHHBIH
HaOop rpynn (HarnpuMep, HOBOCTH Ha TEMY MOSIBJICHHS HOBBIX YS3BUMOCTEH, BBIXOA OOHOBJICHHH
6ezonacHoctH, nosieiierre Hoporo BITO u T.m). s kacTtepusalvy UCTIONB3YETCs BEKTOPHOE
NPEACTaBJICHNUE TEKCTa HOBOCTH, PACKPBITOE B ONMMCAHUH. Pa3z0neHne no kiacrepaM mpoOUCXOIUT
NyTEM pacyeTa HEKOTOPOrO PACCTOSHUS MEXAY BEKTOPHBIMH IPENCTABJICHUSIMH HOBOCTEH, B
cllydae eCiH TOJy4YeHHOE 3HAYeHHE MEHbIIE 3aJaHHOTO MJIM aJalTHBHOTO Mopora (Hampumep,
0.5), HOBOCTH OTHOCSITCSI K OTHOMY HMJTH HECKOJIbKHM KJIACTEPaM.

[0061] Ha @ur. 6 mpencraBneH oOwmmii BHUA BBIYUCIUTENBHOTO ycrpoictBa (400),
NPUTOAHOTO /ISl PeajiM3aliy 3asBIEHHOTO pelieHus. Y cTpoicTBo (400) MOXKET MpencTaBisTh
co0oii, HampuMmep, CcepBep WIM HHOW THUIl BBIYUCIUTEIBHOTO YCTPOMCTBA, KOTOPBIA MOXKET
NPUMEHSTBCS Ul PeaTU3aliy 3asiBJIEHHOIO TEXHUYECKOro pellieHus. B ToMm uucie BXOAWTH B
COCTaB 0OJJAYHOM BBHIMUCIUTENBHON TIATPOPMBI.

[0062] B of0mem caydae BprauciutensHoe ycTpoicTtBo (400) comep:kut oObeAHMHEHHBIE
o0rmeli muHOH MHGOPMALIMOHHOTO OOMEHa OMH HJIH HECKOJIbKO mporeccopoB (401), cpenctsa
namsty, takue kak O3Y (402) u I13Y (403), unrepdeticel BBoga/BeiBoaa (404), ycrpoiicTsa
BBONa/BbIBOAA (405), M yCTPOICTBO [Tt ceTeBOoro B3aumoneictaus (400).

[0063] ITpoueccop (401) (Mnu HECKOJBKO MPOLIECCOPOB, MHOTOSIAEPHBIN MPOLIECCOP) MOTYT
BBIOMPATHCS M3 aCCOPTUMEHTA YCTPOICTB, MIMPOKO MPUMEHSIEMBIX B TEKYIIEe BPeMsi, HAIIpUMep,
koMmmanuii Intel™, AMDT™ MediaTEK™

Apple™, Samsung Exynos™ Qualcomm

2 2 2

Snapdragon™ u T.1. B kauectBe npoueccopa (501) MOKET Takke MPUMEHSThCS rpadUIeCcKHid
npoueccop, Hanpumep, Nvidia, AMD, Graphcore u mp.

[0064] O3Y (402) mpencrapnsier COOOH OMEPATHBHYIO MaMATh W TPEIHA3HAYEHO JIJIst
XPaHEHHsI UCTIONHAEMBIX MporeccopoM (401) MaIIMHOUNTAEMbIX MHCTPYKIUH AJIS1 BBITOJHEHNE
HEOOXOIMMBIX ONEPaLHii 10 JIorn4eckoii o0padoTke nanHbIx. O3V (402), Kak mpaBUIIO, CONEPIKUT
UCTIOJIHSIEMbIE WHCTPYKIMU ONEPALMOHHOM CHCTEMBI W COOTBETCTBYIOIIUX IPOTPAMMHBIX
KOMITOHEHT (TIPHJIOKEHHSI, IPOTPAMMHBIE MOAYJIH U T.I1.).

[0065] I13VY (403) npencrasiser co0oi OHO UK O0Jiee YCTPONUCTB MOCTOSTHHOTO XPAHEHUS

TaHHBIX, HarpuMep, kectkuit nuck (HDD), TBepaorenbHblil Hakonutenb faHHBIX (SSD), ¢uoi-
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namsite (EEPROM, NAND u 1.11.), ontudeckue Hocurenu unpopmauuu (CD-R/RW, DVD-
R/RW, BlueRay Disc, MD) u np.

[0066] Jlns opranu3anuy paboTel KOMIIOHEHTOB ycTpoiicTBa (400) n opraHuzaimu padoThI
BHEIIHUX MOAKJIIOYAEMbIX YCTPONUCTB MPUMEHSIOTCS pa3indHble BUAbI uHTepdeiico B/B (404).
BbiOop  COOTBETCTBYyHOIIMX  HHTEP(EHCOB  3aBHCUT OT  KOHKPETHOTO  MCHOJHEHHS
BBIYHUCIIUTENIBHOTO YCTPOMCTBA, KOTOPbIE MOTYT MPEACTaBNIATh coOOMH, He orpaHnumBasick. PCI,
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 t.11.
[0067] JLis obecriedeHrst B3aUMOIEHCTBUS MOJIb30BATEIS C BBIYUCIUTEIBHBIM YCTPOMCTBOM
(400) npumensiroTcst pasnuunble cpenctsa (405) B/B unpopmanuy, Hampumep, KIaBHATYPA,
MCIIIel (MOHHUTOp), CEHCOPHBIA AUCIUICH, Tad-Taj, JYKOWCTHK, MAHHITYJIATOP MbIIIb, CBETOBOE
nepo, CTUIIYC, CEHCOpHAas MaHeNb, TPEKOOJ, MUHAMUKH, MHKPO(OH, CpPeAcTBa JONMOJHEHHOW
peaNbHOCTH, ONTHYECKHE CEHCOpPBI, IUIAHIIET, CBETOBble HHAMKATOPBI, IMPOEKTOp, Kamepa,
cpeacTBa OHOMETPHUECKOW HIeHTH(UKAUNK (CKaHep CEeTYAaTKHU TIJja3a, CKaHep OTIEYaTKOB
NaJIbLEB, MOAYJIb PACTIO3HABAHUS TOJIOCA) U T.I1.

[0068] CpenctBo cereBoro B3ammopeicTeusi (406) obecneunBaer mnepenady JaHHBIX
ycrpotictBoM (400) mocpeacTBOM BHYTPEHHEH MM BHELTHEH BBIUHUCIUTENbHON CETH, HAPUMep,
Wnrtpaner, Unrepuer, JIBC u 1. B kauectBe omgHoro wmmu Gonee cpeacts (406) mosker
UCTIOJIb30BaThCs, HO He orpanmuuBaThcsi: Ethernet xapra, GSM monem, GPRS monem, LTE
mozneM, SG monem, monyJib cryTHUkoBOH cBsizu, NFC moxaynb, Bluetooth u/unmu BLE monyib,
Wi-Fi monyas u zip.

[0069] JIOTIONHUTENBHO MOTYT MPHUMEHSTbCA TAK)KE CPEACTBA CIyTHUKOBON HaBUraluu B
cocrase ycrpoiictsa (400), Hanpumep, GPS, TJTOHACC, BeiDou, Galileo.

[0070] Takum oOpa3oM, 3asBIEHHOE pelIeHHe TMO3BOJSIET JOCTHYb  CJIEIYHOIINX
MPEUMYILIECTB!

¢ [IOBBICHTb COXPAHHOCTh CEMAaHTHYECKOTO CMBICIIA Ty TEM KJIACTEpU3ALUH m-sKip-n-rpaMmm
CJIOB, a HE TOJIBKO OTJENIbHBIX CJIOB KaK MPOU3BOAUTCS B U3BECTHBIX MAaTEHTaX.

e [JloBbICUTH TOYHOCTH MPEACTABIEHHUS TEKCTa C IMOMOLIBIO JIATEHTHBIX TEMaTHUK Yepes3
OCYIIECTBIICHHE MHOTOKPATHON KJIACTEPU3aLMs OJHUX U TeX e m-skip-n-rpamMm CJoB, B
OTJIMYUU OT W3BECTHBIX NATEHTOB, IJie HUIZIE HE YKa3aHO, YTO MOXKET MPOU3BOAUTHCS
MHOT'OKpaTHasl WM MOBTOpPHAs Kjactepusauus. B moaxone Halero nmateHTta, HalpuMmep,
MO>KHO MPOU3BOANTSH Kiactepu3anus Ha 100, 200,357, 500, 500 (cuoBa Ha S00, HO ¢ HOBOM

uHnnuamsanueii), 1000, 5000, 10000 knacTepos.
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e CoOXpaHHUTb PA3JIUYHYIO CEMAHTUKY CJIOB, IPOU3BOJIS COMOCTABJIEHNE CIIOB K HECKOJIbKUM
KJIacTepaM, TeM CaMbIM COXPAaHSETCSl HEOAHO3HAYHOCTh TEPMHHOB, B OTJIMYHE OT
U3BECTHBIX IIATEHTOB, I/I€ HMEEM OTHECEHHE Ka)kJOro CJOBa TOJBKO K OJHOMY
(Ommkatitmemy) Kiactepy.

e JlyréMm wucnonb3oBaHMS BeCOB (AQNPHOPHBIX MJIM AarlOCTEPUOPHBIX) JUIA KJIACTEPOB
BO3MOJKHO CHHU3HTbh 3HAYUMOCTH HJIM BOOOIIE UCKJIIOYHUTH KJlacTepa ¢ OOIUMH CIIOBAMH,
TEM CaMbIM TOBBICUTh KA4€CTBO aHAIN3a, B YACTHOCTHU pacuéra OJIM30CTH IBYX TEKCTOB, B
OTJIMYHE OT U3BECTHBIX MATEHTOB, I7I€ HET HUKAKUX BECOB KJIACTEPOB.

e [IOBBICHTH TOYHOCTh aHAIN3A Yepe3 0OpabOTKy HOBBIX, PaHEE HEU3BECTHBIX CJIOB.

e PacmmpuTrh NpUMEHEHHE MOJTy4aeMOT0 BEKTOPHOTO MPEACTABICHUS U HEMOCPEICTBEHHOE
UCTIOJIb30BaHUE TMOJIy4aeMOro BEKTOpa, 0e3 oOydeHHs KJIACCH(PUKATOPOB, M 3aaad
BBISIBJICHHSI CEMAHTUYECKHX CXOJCTB, IMOMCKA aHAJOIOB, PAH)KUPOBAHHE PE3YJIbTATOB
MIOWCKA 1 TIPOYHX.

[0071] IIpencraBnenHbple MaTepuasibl 3asBKU PACKPBIBAOT IPEANOYTUTENbHBIE MPUMEPHI
peanm3anuy TEXHHYECKOTO PELISHUs] U HE OJKHBI TPAKTOBATHCS KaK OrPaHUYMBAOLINE WHBIE,
YaCTHBIE NMPUMEPBI €r0 BOIUIOLIEHMS, HE BBIXOAINNE 3a IMpPEIesbl UCTIPAIINBAEMOI MPaBOBOM
OXpaHbl, KOTOpbIE SIBIISIOTCS OYEBHIHBIMU JJISI CIIELUAINCTOB COOTBETCTBYIOINEH OONacTH

TEXHUKH.

18



DPOPMYVYJIA

I. KoMmneroTepHo-peanu3yemblii  Cocod  MONYyYeHUs  BEKTOPHOTO  NPEACTaBICHUS

QJICKTPOHHOI'O AOKYMECHTA, BBITIOJIHSIEMBIN C NMOMOILIbKO IIpoHeccopa U conepmamnﬁ OTallbl, Ha

KOTOPBIX:
—  (dopmupyroT mo MeHbIeH Mepe OOHY MOJeNb pasmMelneHuss m-skip-n-rpamm 1o
KJIacTepaM, Ipu 3TOM m-skip-n-rpaMma mpencTaBisieT 0 MEeHbLICH Mepe OTAEIbHOe
CJIOBO U MPH (POPMUPOBAHUH YIIOMSIHYTOH MOAEIH OCYIIECTBIISIIOT:
e onpeAesieHHe CIHICKA UCTIOIb3YEMbIX m-skip-n-rpamm;
e npeoOpa3oBaHUE B BEKTOPHOE MPEICTABICHHE KX 10l m-skip-n-rpaMmb U3
CIIHCKA;
e  KJACTEepHU3ALHIO M-skip-n-rpaMm 1o uxX BEKTOPHBIM MPEICTABIEHHSIM;
—  BBINOJHSIOT 00pabOTKY 110 MEHBLIEH Mepe OAHOTO TEKCTOBOTO IOKYMEHTA C TIOMOLIIBIO
MOJIY4€HHOW MOJIENN pa3MeIneHus: m-skip-n-rpamMm, B Xozie€ KOTOPOIi:
® OCYIIECTBJSIIOT TOACYET BCTPEYAEMOCTH m-skip-n-rpaMM B TEKCTOBOM
JIOKYMEHTE;
® ONpemesiIoT  KJAacTepbl TEKCTOBOIO  JOKYMEHTa Ha  OCHOBaHHWHU
BCTPEYaEeMOCTH m-skip-n-rpamm;
® CYMMHPYIOT KOJHYECTBO BCTPEYaeMOCTH m-skip-n-rpaMM U3 KaXXIOro
KJ1acTepa,;
e (GOpPMHPYIOT BEKTOPHOE TPENCTABICHHE TEKCTOBOIO IOKYMEHTa Ha
OCHOBaHHH YIOPSIIOYEHHON TOCNIEIOBATENILHOCTH CYMM m-sKip-n-rpamm.
2. Crioco® 1o m. 1, OTIMYAOIIMICS TE€M, YTO UCIOJB3YIOT HEUeTKOe pa3OHeHHne CIHUCKa m-

skip-n-rpamMm Ha KJjacrepa.
3. Croco® mo m. 1, orTaMyaromuiicss TeMm, 4TO Kaxzash m-skip-n-rpamMma OTHOCHUTCS K
HECKOJIbKUM KJIaCTepaM.

4. Cnocob6 mo m. 1, ormnmuaromuiics Tem, 4ro Kakaas m-skip-n-rpamMma uMeeT Bec,

>
XapaKTEePU3YIOLININ €€ COOTHECEHUE K 3aJJaHHOMY KJIacTepy.

5. Croco® mo m. 1, oTnuuaromuiicss Te€M, YTO Kiactepu3anus m-skip-n-rpaMMm 1O HX
BEKTOPHBIM MPEACTABICHUSM BBIMOIHSIIETCS OOJiee OTHOTO pasa.

6. Cnocob mo m. 1, OTIMYAIOUIUICS TeM, YTO JOIOJHUTEIBHO HCIIONB3YIOTCS Beca st

KjacTepoB m-skip-n-rpamM, XapakTepU3YIOIIUE 3HAYUMOCTb KJACTEPOB IUII BEKTOPHOTO

NnpeaAcCTaBJICHUSA JOKYMCHTA.
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7. Croco® mo m. 1, OTIMYArOIMICA T€M, YTO AOIMOJHHUTEIBHO MPOU3BOAUTCS IOJyUEHHE
BEKTOPHBIX IMPEACTaBICHUH m-skip-n-rpaMM, He BXOISIIUX B CIIUCOK, U UX COOTHECEHHE IO
BEKTOPHBIM IPEICTABIECHUSIM K I10 MEHBIIEH Mepe OTHOMY KJIacTepy.

8. Crioco0 mo 1. 1, oTauyaromuics TeM, 4TO CIUCOK HJIM YacTh CIHUCKA UCIIOIb3yEeMbIX m-
skip-n-rpamMm (popMHpyeTCcsi UCXONs U3 BCTpedaeMOoCTH m-skip-n-rpaMm B TE€KCTOBBIX JAaHHBIX,
MOJIy4ae€MbIX U3 BHELUTHUX UCTOYHHKOB JJAHHBIX.

0. Cucrema nosryueHus BEKTOPHOT'O IPEACTaBJICHNUS 3JIEKTPOHHOIO JOKYMEHTA, COZiep Kalast
IO MEHbIIeH Mepe OIWH MpOIEeCcCOp M MO MEHbIIeH Mepe OOHY IaMsATh, XPaHSIIYIO
MAIIUHOYUTAEMbIE HHCTPYKIMH, KOTOPbIE IPU X HCIIOJHEHHH MPOIIECCOPOM PEATU3YIOT CIIOCO0
1o JrdomMy u3 . 1-8.

10. KomrmbroTepHO-peann3yembiii criocod morucka HICTOYHUKOB HH(POPMAIUH, BBIMOTHIEMbIH C
MIOMOIIBEO TIPOLIECCOPA U COAEPIKAIINN 3TAIbl, HA KOTOPBIX:

— (QopmupyroT mo MeHbIIEH Mepe OAHY MOAeNb pa3MeleHHss m-skip-n-rpaMMm 1o
KJlacTepaM MO 3aJaHHON TeMaTuke, NpPH 3TOM m-skip-n-rpaMma NpEeACTaBIsIET 10
MEHBILIEH Mepe OTHENbHOE CJIOBO W NpH (HOPMUPOBAHUH YIOMSIHYTOH MOZIENH
OCYIIECTBIISIOT:

e OmpeneNeHHe CIIUCKA UCTIONb3yeMbIX m-skip-n-rpamm;

e 1mpeoOpa3oBaHHE B BEKTOPHOE IPEACTaBI€HHE Kaxaol m-skip-n-rpaMmer u3
CIIHCKA;

e KJacTepu3alMo m-skip-n-rpaMm 1o Ux BEKTOPHBIM NPECTABICHUSM;

— TMOJY4YaroT 1O MEHbIIeH Mepe OOMH WCTOYHHK HH(OPMALUU B BHAE 3JIEKTPOHHOTO
TEKCTOBOT'O JOKYMEHTA,

—  BBINOJHSIOT 00pa0OTKy MOJYYEHHOTO TEKCTOBOTO JOKYMEHTA C MOMOLIBIO MOJYYSHHOM
MOJIeNTU pa3MeIleHusi m-skip-n-rpamMm, B X011e KOTOPOU:

® OCYIIECTBJSIFOT TMOJACYET BCTPEYAEMOCTH m-skip-n-rpaMM B  TEKCTOBOM
IOKYMEHTE;

®  ONpEenessIFoT KJIACTEPhl TEKCTOBOIO JOKYMEHTA HA OCHOBAaHHH BCTPEYAEMOCTH M-
skip-n-rpamm;

® CYMMHPYIOT KOJHYECTBO BCTPEYAEMOCTH M-skip-n-rpaMm U3 KaxI0ro KJIacTepa;

¢ (HOPMHUPYIOT BEKTOPHOE NPEACTABICHHE TEKCTOBOIO JOKYMEHTA Ha OCHOBAHUHU
YIIOPSIIOYEHHOH MMOCIeN0BATEIbHOCTH CYyMM m-skip-n-rpamm;

— ONPEeAeNsIOT NPUHAIIEKHOCTh BEKTOPHOIO TMPEACTABICHHUS JOKYMEHTa 3aJaHHON

TCMATHUKE.
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