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AnHOTaIMs

Temarudeckoe MojieMpoBaHue — 3TO 0OJIACTH CTATHCTUYECKOrO aHaJIM3a TeK-
CTOB, aKTWUBHO pa3BUBaIOMIascd mocaenune 15 jer. BepoarHocTHasd Temarmdeckas
MOJIE/Ib BBIABJIACT TEMATUKY KOJLJIEKIINN TEKCTOBBIX JOKYMEHTOB, IIPEACTABIAA KazK-
JIVI0 TEMY YaCTOTHBIM CIOBApEM CJIOB. 3a/1a4a TEeMaTUIeCKOTO MOJIETUPOBAHUS CBO-
JIATCS K MATPUIHOMY PA3JIOKEHUIO U UMEET OECKOHETHOe MHOXKECTBO pereHuii. s
JoonpeaeieHnd PEenieHnsd BBOAATCA JOTOJIHUTE/IBbHBIE KPUTEPUN — DPEryjadpu3aTo-
pbl. JlaHHBIT 0030p OMUCHIBAET B TEPMHUHAX PETY/ISPU3AIUAN OCHOBHBIE THITHI TEMa-
TUYIECKUX MO,Z[;e.HefIZ MYJAbTUMOAAJIbHBIC, MYJIbTUA3BIYHBIC, MEPAPXUYECKNe, TEeMIIO-
pPAJIbHBIE, CEIMEHTUPYIONINE, TUCTPUOYTUBHBIE, TpadOoBble. ATUTHBHAS PETYIspPU-
samms remarnaecknx mozesneit (ARTM) nozsossier KOMOMHUPOBATH PEryJIsipU3aTO-
PBl U CTPOUTH TeMATWYECKWe MOJE/NN C 3aJaHHBIMEU CBoicTBaMu. MomynbHasd Tex-
HOJIOTWS MOJETUPOBAHUS ¥ MAPALICJIbHbIN OHMalHOBBI EM-aaropur™ mosoKeHb
B OCHOBY OMOJIMOTEKN TEMATHYIECKOTO MOJIETNPOBAHNS C OTKPBITBIM KOToM BigARTM.

1 BsBenenune

Temarnueckoe MOJEJIMPOBAHIE — 3TO OJHO W3 COBPEMEHHBIX HAIPABJIEHUN CTATHCTHYE-
CKOTO aHa/M3a TeKCTOB, aKTUBHO pa3BuBaionieecs ¢ Kouna 90-x romos. Beposmmuocmmas
memamuueckas modeaw (probabilistic topic model) BbIgIB/IIET TeMATHKY KOJUTEKITHH JTOKY-
MEHTOB, MPEJCTAB/IsIs KAXK/IYI0 TeMY JUCKPETHBIM Paclpe/Ie/leHueM BePOSTHOCTEH CJIOB,
a KarKJIblii JIOKYMEHT — JUCKPETHBIM PACIPE/IeIeHNEeM BEPOSTHOCTEH TeM.

Temarnueckoe MOJEJUPOBAHKUE IOXOXKE HA KJIACTEPU3ANUI0 JOKyMeHTOB. Orimdue
B TOM, UTO IIPU KJIACTEPU3ANUN JTOKYMEHT IETHKOM OTHOCHTCH K OJHOMY KJIACTEpPY, TOIIA
KAK TeMaTHYeCKash MOJETb OCYIIECTBISET «MATKYI KJaacrepusanuio» (soft clustering),
OTHOCSI JIOKYMEHT K HECKOJIbKUM KJIACTEPAM-TEMaM C HEKOTOPBIMH BEPOSITHOCTSIMH.
Temarnueckue MOJIE/IM HA3bIBAIOT TAKYKE MOJIEISAMI MIATKON OU-K/1acTepU3aium, mOCKO Ib-
Ky KarKJI0€ CJIOBO TAKKe PACIPEJIESISETCs 0 HECKOJIBKUM TEMaM.

[Tocennee CBOMCTBO MO3BOJIAET OOXOAUTH IIPOOJIEMBI CHHOHUMUK U TIOJUCEMHH CJIOB.
CHUHOHUMBI, B3aUMO3aMEHAEMbIe B CXOKHMX KOHTEKCTaX, IPYIIUPYIOTCS B OJHUX U TEX 7Ke
remMaX. MHOrO3HAYHBIE CJIOBA U OMOHUMBI, HAOOOPOT, PACHPEIEISIOT CBOM BEPOATHOCTH
110 HECKOJIBKUM CEMaHTHUYECKH HE CBI3aHHBIM TemMaM. Hamnpumep, 3HaueHue CJIoBa «sjipos»
MOZKeT ObITh MOHSITO U3 TOrO, KaKas TeMa JOMHUHUPYET B KOHTEKCTEe JIAHHOIO CJIOBA —
MaTeMaTuka, pu3nKa, GHOTOrUs WK BOGHHAS UCTOPUSL.

BMmecTo oTAENBHBIX CI0B MOJEIb MOXKET CTPOUTLCA Ha CJIOBOCOYCTAHUAX WJIH TEPMU-
nHax. Tema o6pa3yercs CeMaHTUICCKU CBSI3aHHBIMHU, YACTO COBMECTHO BCTPEUAIONIMMUCS
repMuHaMu. Takoe onpejie/ieHne «TeMbl» JIONYCKAET TOYHYI0 MaTeMaTHUecKyio (hopMa-
JIU3AIUI0, HO MOKET OTJIMYATHCA OT MPUHSITHIX B JIMHIBUCTHKE WJIM JINTEPATYPOBEICHUN.

CxkaToe onmucafue JTOKYMEHTa B BUJE BEKTOPa BEPOATHOCTEH TeM CONEPKUT BayKHEIi-
myo THAGOPMAIMIO O CeMAHTHKEe JOKYMEHTa M MOYKET HCHOJIb30BATLCH IS PEIICHUSI
MHOTHX 33129 TeKCTOBOH aHAJIUTUKH. TeMaTuueckume MOJIETH IPUMEHSIOTCH /ISt BhISB-
JIEHUs] TPEHJIOB B HOBOCTHBIX MOTOKAaX, MATEHTHBIX 0a3aX, apXuBaxX HAYUYHBIX MYOJINKA-
nuit [153, 121|, mHOTOSI3BITHOrO HHGOpMannoHHOrO Nowcka [132, 131], moncka remarnde-
CKHX COODINECTB B CONMATBHBIX ceTsx [155, 123, 97, 27|, kiaaccudukanum u KaTeropu3amumn
nokymenToB [106, 156, Temaruveckoii cermenranun tekcros [140], anamusa n306pazKeHnii
1 BUJICOTIOTOKOB [49, 66, 42, 122|, TerupoBanust Be6-cTpanuil [58|, 0OHAPYKEHUS TEKCTOBO-
ro criama [10], B pekomengaTesbubix cucremax (147, 135, 62, 150, 149, B 6uonudopmaTu-



Ke JIJIS aHAJIN3a HYKJIEOTHIHBIX [59] 1 aMHHOKUCIOTHBIX ToCIenoBareaprocreii [111, 57|,
B 33/aUax MOMYJIANHOHHOI reHeruku [99]. MHoOrme 1pyrue pasHOBUIHOCTH U MPHUIOZKEHHS
TEMATHIeCKUX MOJeseil ymoMiHATC B 00630pax [35, 22|.

[TocTpoenne TeMaTHIECKOH MOJIEN MO KOJIIEKITUN JIOKYMEHTOB SIBJISIETCST HEKOPPEKTHO
MOCTABJICHHOW ONTUMU3AIMOHHON 3a/a4ueil, KOTopas MOYKEeT UMeTh OECKOHeYHOe MHOZKe-
crBo perrennii. Cornacuo Teopuu peryiaspusamun A. H. Tuxonosa [11], pemerue Takoii 3a-
JIAYU BO3MOKHO JIOONPEIETUTh U CAETATh YCTOWIUBBIM, T00aBUB K OCHOBHOMY KPUTEPHIO
Pe2YAAPU3AMOP — JIONOJHUTE/IHLHBI KPUTEPHil, YAUTHIBAIONINI KaKne-anoo crermdnyae-
CK¥e OCODEHHOCTH MPWKJIAIHONW 339 WM 3HAHWS MpeaMeTHO# obsactu. B cimokHBIX
NPUIOKEHUAX JOMOJTHUTETLHBIX KPUTEPHEB MOYKET ObITh HECKOJIBKO.

Addumusnas pezyaspusayus memamuueckur modeset (additive regularization of
topic models, ARTM) — 3T0 MHOTOKpHTEPHAJIbHBIN MOIXO/, B KOTOPOM ONTHMHU3UPY-
ercsl B3BellleHHas cymMma kpurepues |3, 127|. BoJbIIMHCTBO M3BECTHBIX TEMATHYECKUX
Mojtesieit ub0 W3HAYATBLHO (DOPMYIUPYIOTCS B TEPMUHAX PEryIsSpU3aIuu, Jud0 JI0Mmyc-
kafoT Takyoo nepedopmyaunporky. ARTM mo3Bossier oTaensTh peryasipu3aTopbl OT O/I-
HUX MOJie/ielf ¥ UCIIOJb30BaTh B APYTUX. DTO MPUBOIUT K MOIYTHLHON TEXHOJOTHH MO/Ie-
nupoBanug. CobpaB OHOTHOTEKY YACTO MCIOJIb3YEMBIX PEryJIgapH3aTOpOB, MOXKHO 3aTeM
UX KOMOMHHPOBATH, YTOOBI CTPOUTH TEeMATHUECKHE MOJENH ¢ TPeOYeMBIMH CBOICTBAMM.
Onrumusanus JI0OBIX MOJeIeil 1 UX KOMOWHAINI MPON3BOANTCS OJIHUM U TeM ke 0000-
méaasiM EM-ajqropurMoM. DTu ujaen peaqn30BaHbl B OUOJIHOTEKE C OTKPBITHIM KOIOM
BigARTM, mocTymHoii mo ajapecy http://bigartm.org.

ARTM He gaBisgercsa emé oJIHONR TeMATHIECKONR MOJIEIbIO WM eI OJHUM YHCJICHHBIM
MEeTO/IOM. DTO OOIIUIA MOAXOI K MOCTPOCHUID U KOMOMHIUPOBAHUIO MOJIEIei.

B simreparype 1m0 TeMaTHIecKOMY MOEJIMPOBAHUIO B HACTOSIIEE BPEMsl JJOMUHUPYIOT
MeTO/IbI DaiiecoBcKOTo 00y4denus. I13-3a ci0KHOCTH MaTEMaTHIECKOTO AIlllapaTa B CTAThSIX
9aCTO OMyCKAIOTCsl BayKHBIE JIJIsT TOHUMAaHUsI jierajn. VHOrIa aBTOPHI OrpaHUINBAIOTCS
VIPOIIEHHBIM OMUCAHUEM MOJIEIH B BH/IE TIOPOK IAIOINIEro mporecca (generative story) mim
rpacduueckoit mwiockoit Hotanuu (plate notation). Tlocsemyromuii mepexon K ajaropuTmy
U ero MporpaMMHOIl pearu3anuu OCTAETCsI HEOJHO3ZHAYHBIM W HEOUEeBHUIHBIM.

[lesr maHHOTO TEOpPETHYECKOTO 0030pa — IMOKa3aTh Pa3sHOOOpas3we 3aja4d W MOIX0I0B
TEMATUIECKOTO MO/IeJINPOBAHMUSI, COCPEJIOTOUNBINICH HA MEPBOM M OYE€Hb BAYKHOM TAITe
MOJIETHPOBAHMS — KaK OT UCXOJTHBIX TPeOOBaHUI U MPEeIIoI0KeHUi mepeidTn K (popMaib-
HOIl TOCTAHOBKE ONTHUMU3AIMOHHON 3a0aun. Janbueiimme marn 8 ARTM mamuoro mporre
6aiftecoBCKOTO BBIBOJIA, UTO TO3BOJISIET COKPATUTH M3JIOKEHNE, /TayKe He CKPBhIBas MaTeMa-
THYEeCKUX BBIKJIM0K. COMOCTABUMBI TI0 OXBATy W OOCTOATEILHOCTH 0030p DailecOBCKUX
TeMaTUIeCKUX MOJeseil 3aHsi/1 Obl COTHU CTPAHWII.

Bsomubie pasnenst 2—4 aBiagioTca 6a30BbIMU. B paznenax 5—12 B TepMUHAX Pery/sipu-
3aIIU OMUCHIBAIOTCA PA3IUUHbIE BUJIBI TEMATHICCKUX MOJe/Iei. DTH pas3esbl TpaKTude-
CKHU He CBSI3aHBI JIPYT C IPYTOM, UX MOYKHO YUTATH B MIPOU3BOJTHHOM MOPAIKE WM UCIOTh-
30BaTh KaK MyTEBOJNUTEb 110 CChIIKAM Ha JuTepaTypy. Pa3zen 13 mocBsIén oneHnBaHuio
kadecTBa. B pazzene 14 obcyxkaaercss MpUMeHEHNe TEMAaTHIeCKOTO MOJETHPOBAHUST ISt
pa3Be0IHOr0 HHMOPMAIMOHHOTO TToucKa. B pasmene 15 — KpaTkoe 3aK/II0UeHHe.



2 OcHOBBI TEMATHYECKOI'O MOJEeJINPOBaAHNA

B sTom pazzese OyyT BBeIeHbI OCHOBHBIE TOHSATUS W TTOCTAHOBKA 33149 TEMATHYECKOIrO
MOJIe/TMPOBaHMS. ByjieT moKa3aH caMmblil IPOCTON U3 U3BECTHBIX CIIOCOOOB €€ peIeHus .

IIpenBapurenbuasg oopaborka Tekcra. [lepej nmocrpoenneM TeMaTuIecKuX Moje e
TEKCT eCTECTBEHHOT'O $I3bIKa OOBIYHO TOJIBEPIraeTCs Cepuu MpeodpPa3oBaHuil.

Jlemmamuszayus — 3TO MpUBeJIeHNe KazKI0TO CJIOBa B JOKYMEHTe K ero HOpMaJabHO
dopme. B pycckom g3bIKe HOPMATbHBIMI (hOPMAME CIUTAIOTCA: J/TIsI CYIIECTBUTETbHBIX —
UMEHUTEeIbHBI MaJge?K, e JMHCTBEHHOEe YHCJIO; JJId IMMpujIaraTeJibHbIX — UMEHUTEeJbHBIN T1a-
Je¥K, eJIMHCTBeHHOe YUCJI0, MYXKCKOW pOJ; JJId IJIaroJioB, IPUYaCTUi, JAeenpudacTuilt —
TJIaroJjyl B I/IHCI)I/IHI/ITI/IBG. XOpOLHI/IMI/I JIeMMaTHU3aTOpaMu JId PYCCKOI'O A3BIKa CYHUTAIOTCHA
nocJaeJHUIe Bepcuu mystem u pymorphy.

Cmemmune — 3TO OTOpachIBaHHe OKOHYAHWII M JPYTUX H3MEHsSIeMbIX YacTeil CJIOB.
OH TOAXOIUT I AHTJIUHCKOTO S3BIKA, S PYCCKOTO MPeIIouYTHTe/bHA JeMMaTH3aIIsI.

Yoasernue cmon-cao06. DTO FacThie CJI0BA, BCTPEYAIONINECS B TEKCTaX 000 Tema-
tukn. OHU OECTOIE3HBI TSI TEMATUIECKOTO MOJIE/TUPOBAHNS U MOTYT OBITH OTOPOIITEHHI.
K HuM oTHOCATCS TpeITOru, COI03bI, YUCIUTENbHbIE, MECTOMMEHHUs, HEKOTOPbIe TIIaro-
JIBI, TpHUIaraTeJbHbIe U Hapedus. YHUc/I0 TaKWX CJIOB OOBIYHO BapbHPYeTCs B IMpejesax
HECKOJIBKUX coTeH. VX oTrOpachbiBaHHe MOYTH He BJIHSET HAa O0ODBEM CJIOBapsi, HO MOZKET
IMpUBOAUTH K 3aME€THOMY COKPaIIEHUIO JJIMHBI HEKOTOPBIX TEKCTOB.

Yoanenue pedkur cao6 w CTPOK, HE SIBISIFOIIAXCST CIOBAMH €CTECTBEHHOTO s3bIKa (Ha-
IpUMep, cojiepKamux Mudpbl WK CHEICAMBOJIbI), TIOMOraeT BO MHOIO pa3 COKPAIIATh
00bEM cJIOBapsl, CHHKad 3aTpaThl BpEMEHH W MAaMITH Ha IOCTpoeHue Mojeneit. Penkue
CJI0BA, KaK MPAaBUIO, HEe BJIUSIOT Ha TEMATHUKY KOJLIEKIUH.

Buideaenue karouesvix ¢hpad — CI0BOCOUETAHUIT, XapaKTEPHBIX IS MPEIMETHO 00J1a-
CTH. I/IX HUCIIOJIb30BaHEe BMECTO OTAEJ/JIbHBIX CJIOB WJIN HapsAdy C HUMHU YJIy4dlIaeT UHTEP-
nperupyeMocTh TeM. Jjist uX BBIJeIeHNsI MOYKHO HCTIOJIB30BATh Te3aypych [8] miam MeTompr
ABTOMATHYECKOTO BBIJeIeHHsT TepMUHOB (automatic term extraction, ATE), ne tpebyio-
mue npuBIedeHns skcnepros [40, 67, 108].

Pacnosnasanue umenosarnnux cyupocmed; (named entities recognition, NER). 9o na-
3BaHUA O6’beKTOB peaJibHOI'O MHPa, OTHOCAIIUXCA K OHpe,ZLe.HéHHbIM KaTeropudam: mepco-
HbI, OPTaHU3AINH, T€0JIOKAINU, COOBITHS, JAThI, U T. . /19 pacrno3HaBanuss MMEHOBAHHBIX
CYITHOCTE UCTOIB3YIOTCS PA3JIHYHbIE METOIbI MAIIKHHOTO obydenus [83, 60, 89).

[Iycts D — MHOXKeCTBO (KOJITEKITHsI) TEKCTOBBIX JOKYMEHTOB, W — MHOXKeCTBO (CJ10-
Baph) BCEX YHOTPEO/ISIEMBIX B HUX TePMOB. Tepmamu MOTYT OBITH CJIOBA, HOPMAJTbHHbIE
bopmbr ¢/10B, CIOBOCOYETAHUST UM TEPMUHBI, B 3aBUCHMOCTH OT TOTO, KAKHe BUJIbI MTPe/I-
BapuUTEILHON 00PabOTKU TEKCTOB ObLIN BBITIOIHEHBI. KaxKapiit jokymenT d € D npejcras-

JgeT coDOit TOCIeI0BATeILHOCTD 1 TEPMOB Wy, . . . , Wy, U3 caosaps W.

l'umore3a 0 CyIIeCTBOBAHUM TEM: KaykJ0€ BXOXKJIEHHE TepMa W B JOKYMEHT d CBs-
3aHO C HEKOTOPOil TeMoil ¢ M3 3aJaHHOrO KOHEYHOTO MHOXKecTBa 1. Kosmrekmus T0Ky-
MEHTOB IIPeJICTaBAsIeT cODOI MOCIeI0BATEILHOCTD TPOEK 2, = {(wi, d;, t;) ’ 1=1,... ,n}.
TepMmbl w; 1 TOKYMEHTHI d; SIBISIOTCS HAOTIOTAEMBIMU ITIepeMeHHBIMI, TeMbI t; He U3BeCT-
HBL ¥ SIBJISIIOTCST AGMENMHbMU (CKPBITBIME) MEPEMEHHBIMIL.



l'umore3a «MerKa CJoB»: MOPSJI0K TEPMOB B JOKYMEHTAaX He BarKeH J/Isi BBISBICHUS
TeMaTUKHU, TO eCTh TeMAaTUKY JOKYMEHTa MOYKHO Y3HATH JIazKe MOcje TPOU3BOTBLHOI mepe-
CTAHOBKM TEPMOB, XOTsI JIJIsT 9eJI0BEKa TAKON TEKCT MOTEPSET CMBICI. DTO TIPEIIOJI0KEHIE
Ha3BIBAIOT IHIIOTE30i «Merka cioBy (bag of words). [Topsiiok JOKyMEHTOB B KOJLIEKIHH
TaKkyKe He MMeeT 3Ha4YeHHs] — JTO MPeII0J0KEeHHe HA3bIBAIOT I'MIIOTe30# «MeIKa JI0KY-
MEHTOB». ['MIIOTe3a «MeIIKa CJOB» MO3BOJSIET IMepeiTH K KOMIIAKTHOMY IpPEeICTABICHUIO
JIOKYMEHTa KaK MYAbmumHoscecmea — noaMuokecTBa d C W, B KOTOPOM KaxKIbIi 3J1e-
MeHT W € d TMOBTOPEH Ny, pa3s.

l'umore3za 0 BEpOATHOCTHOM IIOPOXKIAEHNU JAHHBIX: MHOXKecTBO =D x W x T
SIBJISIETCST KOHETHBIM 8EPOAMHOCMHLM NPOCMPAHCMEOM C HEN3BECTHON (yHKIMEH Bepo-
sraoctr p(d, w,t). VI3 97010 BepOSITHOCTHOIO MPOCTPAHCTBA, HE3ABHCHMO JIPYT OT JIpyTa,
nopoK aatoTess Tpoitku: (d;, wy, t;) ~ p(d,w,t). TIpeanonoxkenne o HE3ABHCHMOCTH STBJIsI-
eTCs BePOSITHOCTHBIM YTOUHEHHEM THIIOTEe3bl «MeIlKa CI0B». baromapss aToMmy mpearno-
JIOZKEHHUIO PeaTn30BaBIIYIOCS BBIOOPKY (2, 371eMeHTOB u3 () MOKHO pacCMaTpHBATh KakK
HOBOE BEPOSITHOCTHOE MPOCTPAHCTBO € 7 PABHOBEPOSITHBIMHU 3JIEMEHTAPHBIMU MCXOIAMU.
B upocrpancTBe 2, JIerKk0 HAXOAUTH BEPOSATHOCTH PA3IUIHBIX COOBITHIl, U OHU OYIYyT
COBIIAIATH C YaCTOTHBIME OIEHKAMHU BEPOSITHOCTEH Tex Ke cOOBITHil B mpocTpaHcTse ).

F'umore3a ycJIOBHOH HE3aBHCHMOCTH: IMOsIBJICHHE CJIOB B JOKyMeHTe d 1O Teme t
3aBUCAT OT TeMBI, HO He 3aBHCHT OT JOKYMEHTa d, W OMUCHIBACTCS OOIIUM JIIS BCEX JI0-
KyMEHTOB pacmpeenerneM p(w |t):

p(w|d,t) = p(w|t). (1)

BepositHOCTHas TEMaTMYeCcKas MOAEJb HOPOXKAeHusd Tekcra. CormacHo hopmy-
Jie TOJHOH BepOSITHOCTH U TUIOTe3e YCJIOBHOII HE3aBUCUMOCTHU, DACIPEJIENEHHE TEPMOB
B IOKyMeHTe p(w | d) OMUCBIBAETCS 6ePOAMHOCTIHOLG CMECHIO PACTIPEIETICHIH TEPMOB B Te-
Max @, = p(w|t) ¢ Becavu Oy = p(t|d):

plwld) = p(wlt,d)p(t|d) =D pw|t) p(t|d) = Quibia. (2)

teT teT teT

BeposTHOCTHAST MOZIENTb (2) OMHUCHIBAET MPOIECC MOPOKIEHHUS KOJIIEKINH MO0 H3BECT-
HBIM pactpeserernam p(w |t) u p(t|d). Dror mporece moka3au B axroput™e 1 u Ha puc. 1.

ITocTpoenne TeMaTn4eckoii Moaeanm — 3TO obpaTHas 3aa49a: 10 3aJaAHHON KOJLIeK-
nun D TpeGyercss HAfiTH TMApaMeTphl .,y U Oy, TIPH KOTOPHIX TeMaThHuecKas Mojenb (2)
XOPOTIO MPUB/IMKAET YACTOTHBIE ONEHKH YCJIOBHBIX BepositHocTel p(w |d) = "ﬁ”.
Pacupenenenne Buga p(t|x) Oymem HaszbiBaTL memamukoti oobekTa x. MOXKHO TOBO-
puTh 0 TeMaruke Jgokymenta p(t|d), repma p(t|w), repma B gorymente p(t|d, w).
[lesibl0 TEMATHIECKOrO MOJIE/INPOBAHMUS SIBJISIETCsI OTIPEJIEJIEHIE TEMATUKHU JIOKYMEHTOB
¥ CBSI3aHHBIX ¢ HUMH 00beKTOB. TakzKe TpeOyeTcst HaXOAUTh PACIPeIeTeHust @,y = p(w |t),

O ChIBAIOIINE CEMaHTUKY K&)K,Z[Oﬁ TeMBbI { CJIOBaMHI €CTECTBEHHOTO SI3bIKA.



AaroputMm 1. BepogaTHOCTHBI MPOIECC MOPOXKACHUS KOIEKIUHE JTOKYMEHTOB.

Bxona: pacnpenenennst p(w|t), p(t|d);
Bbixoa: Beibopka map (d;, w;), i =1,...,n;
1 gnascexde D

2 3a7aTh JJIMHY Ny JOKYMeHTa, d;

3 anascexi=1,...,ny4

4 d; := d,

5 BHIOpATH CirydaiiHyto Temy t; u3 pacnpejaesnennst p(t|d;);
6 BBIOPATH CYyYAlHBIN TepM w; U3 pacupeaenenus p(w|t;);

e o o A W

pwlt): |o023 LHK 0.014 6asuc 0.018 pacnoaHasaHue

0.016 reHom 0.009 cnextp 0.013 cxopcTBO
0.009 HykneoTna 0.006 opToroHanbHbIi 0.011 natTepH

W1, ooy Wiyt /

PaspaboTaH cnekTpasibHO-aHaNUTUYECKUIA NOAXOA K BbISBNEHUIO Pa3MbITbIX MPOTSXKEHHBIX MOBTOPOB
B FeHOMHbIX NocfieoBaTeIbHOCTSAX. MeTo4 OCHOBaH Ha| pa3HoMacwTabHOM OLEeHMBaHUM CXOACTBA
HYK€OTUAHbIX NOC/eaoBaTeNbHOCTEN B NPOCTPaHCTBe KO3 MULNEHTOB pa3noXxeHna dpparMeHToB
kpuBbiIX GC- n GA-coaep)aHusl Mo KlacCMYeCcKkMM opToroHanbHbiM 6a3sncam. HaraeHol ycnosus
onTUMasnbHO annpokcuMauumn, obecrneymBatoliMe aBToMaTMYeCKOe pacrno3HaBaHWe NOBTOPOB
pasnMyHbIX BUAOB (MPSAMbIX U UHBEPTUPOBAHHBIX, @ TakXXe TaHAEMHbIX) Ha CMeKTpasibHOl MaTpuue
cxoacTBa. MeToa 0AMHAKOBO XOpoLo paboTaeT Ha pasHbiX MacwTabax AaHHbIX. OH No3BoNsieT
BbISIBNSATb CNeAbl CErMEHTHbIX AYNANKaUUN U MeracaTenIMTHbIe Y4acTKU B FreHOMe, palioHbl CUHTEHUU
npu cpaBHEHMM Napbl FEHOMOB. Ero MoXHO Mcnonb3oBaTh ANs AE€TaNbHOMO U3ydeHus dparMeHToB
XPOMOCOM (NMomcKa pasMbITblX YHAaCTKOB C YMEPEHHOW ASIMHON NMOBTOPSIOLWErocs NaTrepHa).

Puc. 1: TIpomecc nopoKIeHAs] TEKCTOBO#H KOJLIEKITAN BEPOSTHOCTHON TEMATHIECKOH MOIENbIO (2): B KaxkK-
JIOH no3uiyu i JOKyMeHTa d; CHadasa nopoxkiaaercs rema t; ~ p(t|d;), 3arem Tepm w; ~ p(w|t;).

HuszkopanroBoe MaTpudHOe pasjioykeHme. PapeHcTBO (2) MOXKHO MePenncarh
B MAaTPpUYIHOM BHJE. B neBoit vactn pPaBEHCTBa HaXOJUTCA U3BECTHaA MaTpulla 4aCTOT TEpP-
MOB B JlokymenTax F = (p(w]| al))WX - [IpaBag qacthb npejicrapiger coboii nponsse/ienne
JIBYX HEHM3BECTHBIX MATPHUIL — Mampuybi mepmos mem O = (Qui)wxr 1 Mampuyv, mem
doxymernmos © = (0iq)rxp. O6brano wucao tem |T| muoro mensie |D| u |W|, mosromy
3a/[a9a TEMATHIECKOTO MOJIC/IMPOBAHUS CBOJIUTCS K MOUCKY MTPUOJIMKEHHOIO MaTPUTHOTO
pazioxkennst F' ~ ®O, panr koroporo He npesbimraer |7T|.

Bee tpu marpunst F, ®,© gABISIOTCH CMOTACmMuUMECKuUMU, TO €CTh UMEIOT HeOTPHUIA-
TeJbHBIe HOPMUPOBAHHBIE CTOTOIDL [y, P, 0, TPEJCTABISIONTHE THCKPETHBIE PACIpe/IeTe-

uust. [Ipounssesenne PO Oyaem HA3BIBATH CMOTACTNUMECKUM MAMPULHHM DA3NOHCEHUEM.

YacToTHBIE OIIEHKHN YCJOBHBIX BepogaTHOcTeii. B mpoctpancTse (2, BeposTHOCTH,
BBIpaKAOIINecs Yepe3 mepeMeHHbie d U w, COBNAJAI0T C YaCTOTAMH COOTBETCTBYIOIIMX



HaOJIOTAEMBIX COOBITHIA:

pdw) =22 pd)y="2 pw) =22 pw|d) = 22, (3)
n n n Ny

Ngw — TUCTO BXOXKJIEHHUI TepMa w B JOKYMEHT d;

ng = Zw Ngw — JJIAHA JTOKyMeHTa d B TepMax;

Ny = Z 4 Ndw — TUCJTIO BXOXKJIEHUI TepMa W BO BCE JOKYMEHTHI KOJIJIEKIINH,

n=> 4> ., Ndw — JJTMHA KOJUIEKIIAA B T€PMax.

BepogrnocTn, cBa3aHHBIE CO CKPBITOM MEpeMeHHOil ¢, TOXKe OMpeaeasIioTcsd KaK JaCTOTHI:

[ Nt Nd Nidw
) = = 1) = vt tld) = -4 tld. w) = - 4
p(t) - p(w|t) — p(t|d) n p(t]d, w) m—— (4)

Nidgw — TUCTO TPOEK, B KOTOPBIX T€PM W JOKYMEHTa d CBA3AH C TeMOIl t;
Nid = Y,y Nitdw — TACJIO TPOEK, B KOTOPBIX T€PM JIOKYMeHTA d CBA3AH C TeMOii t;
Nupt = »_ g Mitdw — TUCJIO TPOEK, B KOTOPBIX T€PM W CBSI3aH C TEMOI ¢;

=Y g2 Mtdw — THCIO TPOEK, CBI3AHHBEIX C TEMOil t.

B ormume or (3), 3TH YACTOTHBIE OIEHKU HE MOTYT OBITH BHIYUCIEHBI HEIIOCPEICTBEHHO
10 UCXOMHBIM JAHHBIM, TAK KAK TEMBI {; HEH3BECTHEL.

Coryracno 3aKOHy OOJIBINMUX YUCET, TPU 1 — OO YACTOTHBIE OLEHKH, ONPEIe/IsieMble
dbopmyravu (3)—(4), cTpeMsTCs K COOTBETCTBYIONIMM BEPOSITHOCTSIM B TIpOCTpaHcTBe ().

EM-anropurm. 3ameTnM, 9To BCe ONEeHKH (4) BRIPAXKAIOTCS 9epes Nyg, = NawP(t|d, w).
3uast ycsoBHBIe pacrpesenenusi p(t|d,w), MOXKHO OIEHUTH MCKOMbBIE MapaMeTpPhl TeMa-
THYECKOH MOJeTn @,y = p(w|t) u Oy = p(t|d). VI, HaoGopoT, 3HAs TapaMeTpbl MOJIEIH,
MOZKHO BBIPA3UTh yCJI0BHBIE BepogTHOCTH P(t|d, w) mo dopmyre Baiteca:

_plt,wld)  plw|t)p(t|d)  puiba
P W) =200d) = pwld) S pudb

seT

Takum obpa3om, MojydaeM CUCTEMY HEJTMHEHHBIX YPaBHEHUN OTHOCUTETHLHO IMapamMeT-
POB MOJENH Py, Oyq M BCIOMOTATEIBHBIX TEPEMEHHBIX Didws Nty Nid:

(pwt‘gtd
Didw = =5 5
! ZS (Pwsesd ( )
Nt
Put = ; Nyt = E NdwPtdw; (6)
2wt deD
n
O = . Nyg = E NdwPtdw - (7)

)
Zt’ Nyd wed
J1st eé perrenust y100HO IPUMEHSITH METO, TPOCTHIX HTEPAIHil: CHAYAIA BBIOHPAIOTCS
HaJaJbHble IPHOJIIZKEHNS HapaMeTPOB Py U O, HO HUM BBIMHCISIOTCS BCIOMOTATE/Ib-
HbIE IIePEMEHHBIE Pyqy,, KOTOPBIE MO3BOJISIOT HANTH Cleyiolee IPHOIIZKe e ITapaMeTpoB
Oyt 1 Oy Beraucsenust mo dopmynam (5)—(7) mpogozKaoTcst B THKJIE 10 CXOANMOCTH.



Aaropurm 2. Pannonanbusiit EM-anroputy st reMaruveckoii momenn (2).

Bxoa: kosteknust D, anciao vem |1

Bbixoa: napamerpsr mogean ¢ u O;

1 wHUNHaIN3upoBaTth ® u O;

2 NMOBTOPATb

3 OOHYJIUTD Ny, Nyg, Ny AMA Bcex d € D, we W, t e T,
4 anascexde D, wed

5 Nidw = ndwgpwtetd / ZT (pwferd;

6 VBETTHUIUTD Ty, Mg, T HA Nygy T BeeX t € T
7 Ouwt = Nt /1y mist Becex w € W, t € T

8 Oq := nyg/ng nascex d e D, t €T,

9 noka ® u O ue coiigyrcs;

DTOT WTEPANNOHHBIN TPOIECC SBJSIETCST YaCTHBIM ciaydaem EM-amropurva [37].
Bolunciienne yCJIOBHBIX PACIpeeeHlil CKPBITHIX TepeMeHHbIX 110 (opMmysie (5) Ha3biBa-
ercst E-mmarom (expectation), a Boramcsienne napamerpos Mogesn mo dbopmyaam (6)—(7) —
M-marom (maximization).

Janee mbr BoiBegeM EM-aiaroputm u3 obiei onTuMU3aIMOHHON TOCTAHOBKY 32 IatH.
Ceitgac MBI IPUIILIHA K HEMY 9JIeMEHTAPHBIM IIYTEM, KOTOPBIii He JaéT OTBETOB Ha BOIPOCHI,
CXOJIUTCS JIX AJITOPUTM K PEIIeHUIO CUCTeMbl YpaBHEHUil, eMHCTBEHHO JIM 9TO pelleHue,
1 TIOYEMY 9Ta CHCTEMA OIMMCHIBACT TEMATHIECKYIO MOJETh, TpudanKaoyo p(w|d).

Pamunonanbubeiiit EM-agropurm. Broiunciienne mepeMeHHBIX Ny, Nig, ¢ Ha M-Imare
TpedyeT OJHOKPATHOI'O IPOX0/1a BCeil KOJLIEKIWH B IUKJIEe 10 BceM JoKymeHTaM d € D
u BceM TepMaM w € d. BHyTpm 3TOro mukiia Kaykyi MepeMeHHYIO Pigy, JOCTATOYHO BbI-
YUCJISITH TOJILKO OJUH pa3, B TOT MOMEHT, KOrjla OHa HykHa. Takum obpaszom, E-mar
BCTpamBaeTcsa BHYTpb M-1mara 6e3 JOMOJTHUTETbHBIX BBIYUCIUTEIBHBIX 3aTpaT U 0e3 Xpa-
HEHUsI TPEXMEPHON MaTPHIIBI Pigy. DTOT BapuaHT peanu3anuu EM-anropurva Gymaem Ha-
3bIBATH PAUUOHAALHBLM, OH TIOKA3aH B aJropuTMe 2.

3 OnrtuMus3anmg W peryaapu3aliis

B sTom pasznene Oymer onucan oOnnii ONTUMA3AIMOHHBIN TOIX0 K TEeMATHICCKOMY MO/Ie-
JupoBanuio. Pazpadboranubrii 371ech dpopmaan3M OyIeT WCIOJIH30BATHCS Ha TMPOTIKEHUN
BCETO JAJbHEHTIIero U3JI0YKeHUs /IS TOCTPOEHUST PA3JIMIHBIX TeMAaTHIeCKUX MOJIeseil.

I[MTpuHIMn MakcuMyMa MPaBAOIMOA00MS  WCIIOJb3YeTCs B MATEMATHIECKON CTATHCTH-
Ke JIJIsT OIEHNBAHNS HEN3BECTHBIX MTAPAMETPOB BEPOSATHOCTHBIX MOJIE/IEH M0 HabII0IaeMbIM
naaabiM. COrIacHO 3TOMY HMPUHIIUILY, BHIONPAIOTCS TaK¥e 3HAYEHUsT HapaMeTpPoB, MPH KO-
TOPBIX HAOJI0IaeMas BRIOOpKa HAmbOJIee MpaBI0IoI00HA.

Oynryus npacdonodobus ONUpEIETdeTcss KaK 3aBUCHUMOCTh BEPOSITHOCTH BBIOOPKHU
OT mapaMeTpoB Mojie/id. Brarogapst mpeIno/I0KeHni0 0 He3aBUCUMOCTH HAOJTIOeH i, OHa



paBHa IIPOU3BEIECHUIO BepOHTHOCTeﬁ CJIOB B JIOKYMEHTaX:

p((diy wi)iy; @, 0) = gp(diawi) = H Hp(w‘d)ndw p(d)"™ — max.

,©
deD wed const

[IpoJiorapudmupoBas npasionoiodue, nepeiijieM oT NPpou3BeIeHUsT K CyMMe U OTOPO-
CUM cJjlaraeMble, He 3aBUCSIINE OT nmapamMeTpoB Mojesu. [loydanm 3a1ady MaKCUMU3AIUH
log-tipaB10110/1061s TP OTPAHUYEHUSAX HEOTPUIIATEIHHOCTH U HOPMUPOBKH:

S nawlnd uiba — max; (8)

deD wed teT
Z Pwt = 1; Pwt = 0; Zetd =1 Orq = 0. (9)
weWw teT

Perynapusammsa. 3amada HA3BIBACTCA KOPPEKMHO NOCMAGACHHOT I0 ATamapy, eciu eé
pelIeHne CymecTBYeT, eNHCTBEHHO U YCTOWIUBO.

3a/1a4a CTOXaCTHYECKOTO MATPUIHOTO PA3JI0KEHUS ABIACTCH HEKOPPEKTHO MOCTAB/ICH-
HOIT, TaK KaK MHOYKECTBO €€ pelrenunii B 001eM ciaydae beckonedno. Ecim $O — pemrenne,
to (®S)(S7'O) Tax:ke aBNfeTcA pelleHHeM I BeeX HeBBHIPOMKICHHBIX MaTpHI| S, IpH
yeaoBun, uro Marpunsl S n ST1O — croxacTudeckue.

CymecTByer o6IIMil IIOIXO0/I K PelIeHn0 HeKOPPEKTHO IIOCTABICHHBIX OOPATHLIX 33,144,
Ha3biBaeMblii peeyaapusayuet; [11]. Korma ontmvusanmonnasi 3ajada HemI00Npe/ieeHa,
K OCHOBHOMY KPUTEPHUIO JOOAB/ISIOT JOMOJHUTEILHbI KPUTEPUil — peryasipu3aTop, y9u-
THIBAIOMMI crenmudUKy pemraeMoil 3a1a4nl U 3HAHUS OpeaMeTHO obnactu. B mpakTuge-
CKHX 3aJa9aX aBTOMATHICCKONR 00pabOTKH TEKCTOB JOMOJHUTENLHBIX KPUTEPUEB U OTpa-
HUYCHWI HA pelleHne MOYXKET OBITh MHOTO.

Addumusnas peeyaapudayus memamueckur modeset (ARTM) [3| ocHoBana Ha max-
CUMU3aIyN JIMHEeHHOH KoMOuHanuu jgorapudma npaBIonog00ust 1 HECKOJIbKUX PE2YAADPU-

saamopos R;(®,0), i=1,... k:

k
Z Z Naw 10 Z Outbia + R(P,0) — max; R(®,0) = Z 7R (®,0);  (10)
’ i=1

deD wed teT

npu orpannyenusx (9), rae 7; — HeoTpHIATENbHBIE KodpPuyuenmu peeysapusayuu. IIpe-
oOpa3oBaHue BEKTOpa KPUTEPUEB B OJUH CKAJISAPHBIH KPUTEPHUIl — ITO NPUEM, TITHPOKO
UCITOJIH3YyeMbIif B MHOTOKPUTEPUAJIbHON ONTHUMU3ANNNA W HA3BIBAEMBINH CKAAAPUIGUUET.

Heobxomumbie ycsoBusi Makcumyma. 3agada (10), (9) oTHOCHTCS K KIaccy HeBbI-
IYKJIBIX 3aJa9 MaTeMaTHIeCKOro MporpaMMHupoBanusd. [Ins Heé BO3MOKHO HAHTH JIMIIL
JIOKAJIBHBI SKCTPEMyM, KadeCTBO KOTOPOTO 3aBUCHAT OT HAYAJbLHOrO INPUO/IMKCHH.
Ha nmpakTuke mouck 6oJiee niyboOKOro SKCTpeMyMa He CTOJIb BarKeH, KakK ajJeKkBaTHas ¢pop-
MAaJIM3aIMs JOHOTHATETLHBIX KPUTEPHEB U MOMCK KOMIIPOMUCCA MKy HUMHA.

BBeném omepaTop norm, KOTOPBI mpeoOpasyeT NpOU3BOJLHBINA 3aJaHHBIH BEKTOD
(x;)ier B BEKTOD BepOATHOCTE(H (P;)ic; JMCKPETHOTO PACIIPE/IEJIEHNUST Ty TEM OOHYIEHUsI OT-
PHIATEIBHBIX 3JIEMEHTOB U HOPMUPOBKH:

pi = norm(x;) = @)+ , Juist Beex i € I,

el > ()4

jel



rae (x); = max{0,z} — onepamus monoKUTEIbHOI cpe3ku. Ecan x; < 0 mist Beex i € 1,
TO pe3yIbTaTOM OIepaTopa NOrm SBJISETCS HYJIeBOU BEKTOD.

Teopema 1. Ilycrte ¢pymaknms R(P,O) mempepsiBao muggepennupyema. Torma Todka
(®,©) sokaapHOrO KCTpeMyma 3amaqn (10), (9) yaosmerBopsier cucteMe ypaBHEHHI €O
BCIIOMOraTe/JIbHbBIMU MEePEMEHHDBIMU D¢y,

Praw = 10T (PurBa); (11)
OR
wt = NOTIN | Nyt + Vo ; Nyt = NdwPtdw 12
Puwt W( t T @ ta(pwt) t dGZD ¢ (12)
OR
O = Org—— ; = g wPtdw> 13
id n?erTm (ntd—ir td aetd), Ntd 2 NdwPtd ( )

JIIST Bcex TeM t 1 JJOKYMEHTOB d, He BBIPOXKIEHHBIX B CMBICIE CCIVIONIHX OIIPeae/TeHHI:
a) MOJIeTb TEeMBI t 6bLPOAHCOCHA, ECTTH Ny + gpwt% < 0 g1 Bcex TepmoB w € W ;
w

6) mMozesip JoKyMeHTa d 6vpostcoena, ecan Ny + th% <0 gra Becex temt €T

Boipok/IeHHOCTh BO3HUKAET B TEX PEJIKUX Ha MPAKTUKE CJAydasiX, KOTJIa Pery/sipu-
3aTop R oka3piBaeT Upe3mMepHOe pa3perkKuBaroliee BO3/IEHCTBHE HA MAPAMETPHI MOJIEH.
Beipok1eHHBIE TeMBbl B JOKYMEHTBI HCKJIIOYA0TC w3 Mojean. CokpalleHne Jucjaa TeM
MOZKeT OBITh KeJaTeTbHBIM TOO0THBIM 3(hMHEKTOM peryiadapu3aiun. BeIpoKIeHHOCTb J10-
KYMEHTa, MOYKET 03HAYaTh, 9TO MOJETb HE B COCTOSHUU €0 OMUCATH, HAIIPUMEp, eCJTH OH
CJINTIIKOM KOpOTKI/Iﬁ nJin He COOTBETCTBYET TeMaTUKE KOJIJICKIIUH.

JokazaTenbcTBO. 3ammiieM HeoOxomxumbie yeiaosust Kapymra—Kyna-Takkepa Jioka/ib-
HOro KcTpemyma 3agaun (10), (9):

OR

Z Ndw + - )\t - /\wt; /\wt > 0; /\wtcpwt - 0; (14)
deD w|d) 0wt
w OR

Z N L td + 90 fa — fea;  fea = 05 peaBra = 0; (15)
2" d) OB

rjie MHOXKHUTEe N Jlarpanzka A, (tg COOTBETCTBYIOT OTPAHUYEHUSM HOPMUDPOBKH, Ay, flid —
OTpaHUYECHUAM HEOTPHUIATETbHOCTH.

YMHOKEM 00e dacTu paBeHcTBa (14) Ha (¢, 00e wacTu pasencrBa (15) Ha O, u
BBIJIEJTAM BCIIOMOTATE/IHHBIE TEPEMEHHBIE Digy, Mt B Mg

w OR OR
(pwt/\t anw Put td + Puwty = Nt + Pwt 3

wt
deD ) a()Dwt a()Dwt
(pwt‘gtd OR oR
0 = 0 0
tdlbd = wezwndw d) + Oam7— 90,7 =Ng + Ora77™ 90,

[Ipenmonoxenne \; < 0 TPOTUBOPEUNT YCIOBUIO HEBBIPOKAEHHOCTU TeMbl t. [Toaromy
PacCMOTPHUM TOJIBKO Caydaii, korma A; > 0. Torma 6o obe dacTu paBeHCTBa MOJIOXKU-
TEJLHBI, 00 Y, = 0. OObeuHIM 3TH JABa caydas B OTHY (HOPMYIIY:

OR
PutAt = | Nt + Put 77—

16
0w ( )

10



HAJOTHYHO, TPEII0I0KEeHN < 0 IpPOTHUBOPEYUT YCIOBUIO HEBBIPOKICHHOCTH JI0-
Anano 0, IpeJINoIoKeHne g < 0 mpoTUBOpe CJTOBHIO HEBBIPOXKJIEHHOCTH 0
kymenTa d. [losTromy paccMoTpuM TOJBKO caydait, korma g > 0. Torma mubo 0y = 0, mudo
0be JacTu paBeHCTBA MOJOKHUTETbHBI. O0beIUHUM STU JABA CAydasi B OAHY (DOPMYIIY:

R

Orapta = <ntd + etdﬁtd> R (17)

CymmupyeM JIeByIO U IpaByio Yactu pasencTsa (16) mo w, pasencrsa (17) mo t:

At = Z (nwt + @wt%)Jr% (18)
weW w

Hag = Z(ntd + etdaaTR) . (19)
teT td’ +

[Moncrasnss A\ u3 (18) B (16), moxyunm (12).
[Moacrasastst f1g w3 (19) B (17), momy«nm (13).
Teopema mokazaHa.

Mopgesb BEepOSITHOCTHOrO JIATEHTHOTO CEMaHTHYecKoro aHanam3a (probabilistic
latent semantic analysis, PLSA) — 310 mepBasi BEpOSITHOCTHAsI TeMaTHYeCKasi MOJeIh,
npeoxkennast Tomacom Xodbmvanuaom B 1999 rony [48]. B ARTM ona coorsercTByer HyJ1e-
BoMy peryispusaropy, R(®,0) = 0. B srom ciyuae cucrema (11)—(13) coBmazaer ¢ cucre-
Moii (5)—(7), KOTOPYIO MBI TIOJIYIHIN PDAHEe U3 JIeMeHTAPHBIX coobpazkenuii. Beruncienue
E-mara o dopmysie Baiieca (5) ocraérest mpu 060§ pery/isipusanum.

Perynapu3oBanusiit EM-anroputMm gBiagercd MpuMeHEHHEM METOJA MPOCTBIX HTe-
paruit gust permennst cucreMsl (11)—(13). Crauana BBIOHpAIOTCS HAYAJIBHbBIE TPHOJIIZKE-
HUST Pyt O1q, 3aTEM B IUKJIE IO CXOAUMOCTH depeayiorcs E-wae (11) u M-waz (12)-(13).
Pamuwonanbubiit BapuanT peryssipuzoBannoro EM-ajaropurMa cTpouTcst aHAJOTHYHO aJl-
TOPUTMY 2, TOJBKO Tmaru 7 u 8 3amensiorcs dpopmymamu M-mara (12)—(13).

N3BectHo, uTo EM-airopurm 6e3 peryaspu3aniun CXOIUTCS B CJIA00M CMBICTe: Ha KazK-
J0if mrepaln npapaonoaobue ypeanduBaercst [37]. Auasorndubie ycioBus caaboii ¢xo-
muvoctn aiasg ARTM nosyuenst . A. Upxuabiv®.

Peanuzanun EM-ajaropurmva mMoryT pasindarhCss 9acTOTON OOHOBJIEHUS HapamMeTrpoB
MOJIETTN Py U Oyg TIO EPEMEHHBIM 7Np U Nyq. JacThle OOHOBJIEHUS MOBBLIMIAIOT CKOPOCTD
CXOJIMMOCTH, HO MOYTH He BJIMSIIOT HA 3HAYEHHE MPABJIONOI00Us B KOHIE uTepanuii [5].

B cmozacmuveckom EM-anrzopumme 1jist KarxK10r0 CJIOBA W; CEMILINPYETCsT TOJIBKO 01~
na Tema t; ~ p(t|d,w;), 3arem na M-mare Bmecto p(t|d, w;) moaCTaBIsIETCST BHIPOXK ICHHOE
pacnpenenenne p(t|d,w;) = [t = t;].

Jlpyrue pazaopuanoctu EM-10100HBIX aIrOPUTMOB /T TEMATHIECKOTO MOJIETHPOBa-
HUS CpaBHUBAIOTCS B [18].

Wpxun U. A. CxoamMoCTh 9UCTEHHBIX METOI0B BEPOATHOCTHOTO TEMATHIECKOTO Mojie/upoBanust. Ma-
rucrepckasi nuccepramus, MOTU, 2016.
http://www.Machinelearning.ru/wiki/images/0/05/Irkhin2016msc.pdf
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Anropurm 3. Omnaiinossrit EM-anaropury gmg ARTM

Bxoa: komneknus Dy, BecoBble KOIMDPMUIMUCHTD Kgecay U Kappiy;
Bbixoa: marpuma P;

1 MHUIUAJIUZUPOBATD Oy st Beex w € W, t € T

2 Ny =0, Ny =0 myta Becex w e W, t €T,

3 gns Bcex makeros Dy, b=1,..., B

4 (Tiwt) = (Tuwe) + ProcessBatch (Dy, @);

5 €C/IM 1opa, BHIIOJHUTH CUHXPOHU3AINIO, TO

6 Nt = KgecayMuwt + KappryTwe A1 Becex w € W, t € T
._ OR .

7 Dt = rqluoervrvn(nwt + gpwtm) st Beex w € W, t €T,

8 Nt := 0 g Bcex w € W, t €T

9 cpyHkuma ProcessBatch (maker Dy, marpuna @) — Marpuma (7,,);
10 Ny := 0 gst Bcex w € W, t € T,
11 gnsi Bcex d € D,

12 MHUAIAAIA3APOBATH Oy 1= ﬁ st Beex t € T

13 NOBTOPSATb

14 Didw = n?erTm(cpwtﬁtd) g Beex w € d, t €T,

15 Orq = norm(z NawPtdw + thge—R) st Beex t € T
tET wed td

16 noka 6, me coiiaércs;

17 Nt -= Tt + NagwPrdw A9 Beex w € d, t € T

OmnmaitHoBbelit EM-anropurM cunrtaercss HaunboJiee OBICTPHIM U XOPOIIO paciiapaJi-
jgesmmBaercs. /st o6paboTku OOIBINMUX KOJLIEKIHI JIydIie BCero MOJAXOASIT AJTOPUTMbI
Online PLSA [20] u Online LDA [47|. [Tocaenunii peann3zoBan B 6ubanorexe OHIAHOBBIX
MeTO0B MamuHHOro ooydenuss Vowpal Wabbit u cunraercs oanoit u3 cambix apdexkTus-
HBIX pean3aIiii BepOSTHOCTHOIO TeMaTUIeCKOro MojenupoBanud. OCHOBHAS €ro Hies
B TOM, 9TO Ha OOJIBINMHUX KOJLIEKIUAX MaTpuna ¢ 0ObITHO cXOAUTCs MMOce 00pabOTKU OT-
HOCHTEJIHbHO HEOOJIBINON /1011 JOKYMEHTOB. Jlake 0JIHOrO MPOXO/Ia MO KOJLJIEKIUN ObIBaeT
JIOCTATOYHO /TSI TOCTPOEHUST MOJEIU. DTO MO3BOJISET MPUMEHSATH OHJIANHOBBIE aJrOPUT-
MBI JI/IsI aHAJIN3a MOTOKOBBIX JTAHHBIX.

AnropurM 3 MOKa3bIBA€T OPraHU3ANMI0 BBIYUCIUTETLHOIO MPOMEcca I KOJLIeK-
muu D, pa3douToii Ha makeTsl JOKyMeHTOB Dy, b= 1,..., B. O6paboTka KaxKI0ro ImaKeTa
BhITIOJTHsIeTCs (byHKIMeit ProcessBatch. /s kaxgoro jokymenTa d u3 nmakera Dy, npouns-
BOJIATCSI UTEPAIMH BEKTOPaA #y co BecrpoerHbiM E-trarom npu hukcupoBauuoit marpurie P.
Ha mocyieiaeit nteparun J0KyMeHTa OOHOBJISIIOTCS CIETUUKH T,y TEKYIIETo makeTa. B Mo-
MEHTBI CHHXPOHU3AIMH Ha mare 6 MpOUCXOJIUT CYMMHUPOBAHUE CUETIUKOB 71y, HAKOILICH-
HBIX IO HECKOJIBKHUM IIOCTEIHUM IMaKeTaM, CO CUETUMKAMHU N, HAKOILIEHHBIMHU IO BCEM
npeapIyuM makeram. Ha mare 7 npou3BoauTcst mepecaér Marpuilbl P 1mo 0OHOBIEHHBIM
cuérunkaM. KospdunmenTo! Kgecay ¥ Kappry HO3BOJIAIOT YIPABJIATH TEMIIOM 3a0bIBaHUSI
HOPEIbIIYIIIX TaKeTOB.

B onnaiinoBoM anropurmMe MOXKHO XpaHUTb MaTpuny ® B onepaTuBHON MaMgaTH, a MaT-
puity © BooOIIIe He XpaHUTh. TeMaTuIecKyo MOJAETb TOKYMeHTa MOYKHO IMOTyIaTh «Ha JIe-
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Ty» U Cpa3y UCIOIb30BaTh. KoaddurmenTs peryisgpusaun 3a/1ai0Tcsd B MOMEHT CO3/1a-
HUS MOJeJIU, HO MOTOM MOTYT OBITH B JIFOOOH MOMEHT W3MEHEHBI, B TOM YHCJIE B XO-
e EM-utepanmii. leraan napaJsiie/ibHoi peanu3ainyn o @raiiHOBOro m OHJIARHOBOIO
EM-anropurva B 6ubamnoreke BigARTM onmcanst B [43].

Huseprennua Kynnbaka—Jleitbaepa (KL-dusepeenyus, OTHOCHTETHHAST SHTPOITHS )
Jlajiee OyJeT OJHUM M3 BayKHEUINUX MWHCTPYMEHTOB KOHCTPYHPOBAHUS PEry/isipU3aTOPOB.
9T0 HecHMMeTpHUUYHAs (DYHKIUS PACCTOSHUS MEXKIY IUCKPETHBIMH PacIpeIe/eHusIMI
P=(p),u@=(q;)",, c coBmamaomumu Hocuresvu, {i: p; > 0} = {i: ¢; > 0}:

L(P||Q) = KL;i(p:]|¢:) szln H(P,Q)— H(P),

rne H(P) = —) ,pilnp; — snumponua pacupenenenns P, H(P,Q) = —) .p;Ing;, —
Kpocc-anmponus pacupeaenenuit P u ().

KL-auBeprennusi HeoTpunaTebHa W paBHA HY/IIO TOTIA W TOJHKO TOIJIA, KOTJA Pac-
npeje/ieHnsi COBIAIAIOT, P; = ¢;.

Ecmn KL(P||Q) < KL(Q||P), To pacnpenenenne P cuibHee BI0XKeHO B (), yem ) B P,
cM. puc. 2. Takum obpazom, KL gaBigerca Mepoit BIOXKEHHOCTH ABYX PaCIpe/Ie/TeHMIA.

Ecaun P — smmupudeckoe pacmpesenenne, a (Q(«) — mapaMeTpudeckast MOJIeTb, TO M-
auvu3anug KL-1uBepreHnun 3KBUBAJIeHTHA MUHUMU3AIMH KPOCC-SHTPOIUH U MaKCHMU-
3aIiu MPaBIONOI00MsI:

KL(P||Q(a sz In -

— min <= Zpllnql «) — max.

«
=1

Maxkcnvusaryst npasono00ust (8) SKBHBATCHTHA MIHIMA3AIUA B3BEMICHHOM CyMMBI
o A __ Ng
KL-nupeprenuuii Mezc/1y SMIIPUIECKAME pacupeienenuamu p(w |d) = 4 1 MOJeNbHbL-
vu p(w|d), mo Bcem gokymentam d u3 D:

Ndw
> ng KLw( : H Z@m@d) — 1min,
deD

rJie BeCOM JIOKYMeHTa d siBJIsSieTcsl ero Jjuna ng. Ecim Beca ng yoparb, TO BCe JIOKYMEH-
THhI OYJyT UCKYCCTBEHHO MPUBEJIECHBI K OAWHAKOBON jjune. Takas momuduranus QyHk-
MIOHATA KAYeCTBA MOXKeT ObITH MOJIe3HA TIPU MOIETUPOBAHUN KOJIEKIIHil, COAePIKAITUX
JIOKYMEHTBI OJITMHAKOBON BAaKHOCTU, HO CYIIECTBEHHO PA3HON JTHHBI.

4 bBaiiecoBckag peryiasapu3sanusga u moaeabr LDA

BaiiecoBckasa peryngapusanusg. J[o cux mop MBI Ipeanoaaraan, 9TO JaHHbIEe TOPOK-
JTAIOTCST BEPOSATHOCTHOI MO/enibio ¢ mapaMerpavu (P, ©), KoTopble He H3BECTHBI U HE CJTY-
vaitael. B 0aifecoBcKOM TOJX0e IMpernoaraeTcs, 4TO MapaMeTphl TaKiKe CIydaiiHbI
¥ TOYUHSIIOTCST HEKOTOPOMY anpuophomy pactpeienenuto p(P®, ©; ) ¢ HecaydaitHbIM 2u-
nepnapamempom . B 3rom ciydae MaKCUMU3AIMs COBMECTHOTO TTPABOIOI00US JTAHHBIX
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0.04 4 0.020 - 0.020
0.03 1 0.015 1 0.015 4

0.02 1 0.010 1 0.010 1

] Q ] _
0.01 0.005 0.005 7
0 A 0 - 0 4
0 50 100 150 200 0 50 100 150 200 0 50 100 150 200
KL(P||Q) = 0.44 KL(P||Q) = 0.44 KL(P|Q) = 2.97
KL(Q||P) = 2.97 KL(Q||P) = 0.44 KL(Q|| P) = 2.97

Puc. 2: Oueeprenmust Kynnbaka—Jleit6nepa KL(P||Q) siBisiercst HECHMMETPUIHON MepOil BIOXKEHHOCTH
pacupenenenuss P = (p;)_; B pacupenenernue Q = (¢;)1,. Brnoxkernnocrs P B () IpUOIU3UTEIHHO ONHA-
KOBa Ha JIEBOM U CpeJHeM rpadukax, BIOKEHHOCTh () B P — Ha JIeBOM U IMPaBOM IrpadpuKax.

¥ MOJIE/IN IPUBOJUT K MPUHITAILY MAKCUMYMA anocmepuoproti eepoammocmu (maximum
a posteriori probability, MAP):

n

p(D,®,0;7) = p(D[®,0)p(®,0;7) = p(®,0;7) [ [ p(di, w;|®,©) — max.

0.0
i=1 K

[Tocae morapudmMupoBanus nosydaem Moaudukanuio 3a1adn (8), B KOTOpoii Jgorapudm
AIMPUOPHOTO PACIIPE/IETICHUST SABJISIETCS PEryIapPU3aTOPOM:

DD )y @ubha+np(®,0;7) — max. (20)
deD wed teT R@“’@) o

B 6aiiecOBCKOM MOAXO0JE TPUMEHSIETCSl TaKzKe MPUHIUI MAKCHUMHU3AINN HEMOJHOTO
IPABJIONOI00KSI, B KOTOPOM TI0 cydaifubiM napaMerpaMm (®, ©) mpous3BOIUTCS WHTErpH-
pOBaHUE W ONTHMHU3UPYIOTCA TUIepIapaMerpbl v. CunuTaercd, 4To 3TOT HPHEM CHUZKAET
pPa3sMepHOCTh 3aJa9i U PUCK Iepeodydennd. [leficTBUTELHO, Pa3sMepHOCTh BEKTOpa 7,
KaK IPaBUJIO, MHOTO MeHbIIe pa3mepos marpun, ®,© m He 3aBHCAT OT 00BEMA KOJIEK-
nun. OHAKO IS PEIeHns MPUKIAIHBIX 331249 BCE PABHO HYXKHBI MIMEHHO 9TH MATPHIHL.
@opMyJIbI I HUX BBIBOAATCS TPOMO3IKMMH TPUOIMAKEHHBIMA METOJAMM, HO B HTOTE
masio ortnaaores or MAP-ornenox [18].

B 6aiiecOBCKOM MOIXO/Ie ONEHUBAIOTCS He caMu mapaMeTpbl P, O, a uX anocTepuopHoe
pacnpenenerne p(®, O | D;~y). s 3a1a9 TeMaTnIecKoro MoeIHPOBAHUsT B STOM HET 0CO-
6oro cmbica. Ha mpakTuke MOJyYeHHOe PACIPEIeIeHne UCTIOAB3YeTCS UCKIIOIATETHHO
JUISE TOTO, 9TOOBI BEPHYTHCSA K TOYCTHBIM OIEHKAM MATEMATHYECKOTO OyKuaanust. Hu wH-
TepBaJIbHLIE OIEHKH, HU aJbTePHATHBHBIE TOYEUHbIE ONEHKN MEIMAHbI MU MOIBI He HC-
IOJIB3YIOTCA B HPUIOKEHUAX TEMATHICCKOIO MOJETUPOBAHHUS.

Texuuku MpubIMKEHHOrO OafiecOBCKOro BhiBoAa (BapuaruoHHblii BeBOA [120], cam-
mmpoBanne ['mb6ca [116], pacmpocrpanenne oKugaHWs) He TMO3BOJSAIOT JIETKO KOMOWH-
HUPOBATH MOJETH U JOOABIATH PETyISPU3ATOPHI, HE UMEIONME BEPOATHOCTHONW HHTED-
nperanun. nsg KazKa0ii HOBOI MOIEIN IPUXOJUTCS 3aHOBO BBHIIOJIHATH MATEMATHICCKUE
BBIKJIAJKHA U MPOIPAMMHYIO PEATH3aIluio. B OPUKIAIHBIX IPOEKTaX CPOKH, CTOUMOCTD
1 PUCKH TAKUX Pa3pabOTOK CTAHOBATCS HEMPEOJOJUMBIM OapbepoM. I1o3TOMy Ha Hmpax-
THKE TOJIB3YIOTCS MPOCTOi yerapestneit mogenpio LDA | a baitecoBckoe TemaTnaeckoe Mo-
JIeTAPOBAHNE PEJIKO BBIXOJUT 33 PAMKH aKaJIeMUYeCKUX uccaegoBanuii. Tem He Menee,
B JIATEPATYPE 110 TeMATHIECKOMY MOJIETUPOBAHMIO 0aiileCOBCKUIL IOIX0, JOMUHUPYET.
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Muorokpurepua bHbIil He-OaitecoBekmii moaxom ARTM — 310 monbITKa H3MEHHTDb CH-
Tyanuio. baiiecoBckue TeMaTHndecKne MoOJeTn B OOJIBIINHCTBE CaydaeB yaaéTcs mnepedop-
MYJIHPOBATh B TEPMUHAX PEryJisipU3alii, 3aMicaB ocTaHoBKyY 3agaun B Bue (20). C sro-
0 MOMEHTa PeryJsipu3aTop OTAEIsIeTCS OT MOJIEJIN W MOYKeT ObITh NCIT0JIH30BaH B JIPYTHUX
MOJEJIAX. 9TO MpuBOAUT K MO,Z[y.HbHOfI TEXHOJIOTUN TeMaTHYeCKOIr'o MOJEJIUNPOBaHUA, KO-
TOopad peajM30BaHa U pa3BUBaeTcd B MpoekTe BigARTM.

JlarentHoe pasmemienue lupuxie. [I»sun Bmit, Duapio bla u Maiikn />Kopaan
nperoxunn Momeab LDA (latent Dirichlet allocation) [26] maga penrenns mpoGiemsr e~
peobyuenus B PLSA, koropas npejickasbiBaia BeposaTHOCTH 0B p(w | d) HA HOBBIX JOKY-
MEHTaX 3aMeTHO XYyzKe, 4eM Ha oOydatoteil Kosuiekiuu. [lo3zke BeIICHIIOCH, 9TO Ha OO0JIb-
ITUX KOJIJIEKITUASX 00€ MOJIEIN TIOYTH He epeodyydaloTcs, a UX MPaBIono00ust OTIHIAI0TCS
He3HaunTeabHO |73, 144, 69]. Pasaudaust nposiBISIFOTCS TOJIBKO Ha HU3KOYACTOTHBIX Tep-
MaX, KOTOpbIe He BayKHBI /I oOpas3oBanus TeM. B pobactubix Bapumantax PLSA u LDA
TaKie TepMbl UTHOPHUPYIOTCS, UYTO PE3KO CHUXKAeT KaK IepeoOyUeHHe, TaK W Pa3/THIne
B mpasaononobun mozeseit [98]. Cam Bonpoc o mepeobyveHnn MOCTaBIeH He BIIOJHe KOp-
pekTHO. Bo-1epBbix, TeMaTuyecKue MOJEN CTPOSATCSA He PaJii MpeJCKa3aHus CJIOB B JIO-
KYMEHTaX, & JIJIs BRISBJICHUS JJATEHTHON KJIACTEPHON CTPYKTYPhI KOJLIEKINU. BO-BTOPHIX,
nepeoOydeHne 3aBUCUT HE CTOJBKO OT CaMOil MOJEIH, CKOJIBKO OT TOTO, KAK MbI JOTOBO-
puMcs U3MepsTh eé KaduecTBo. [ m3mMepeHnst 0OBITHO HCIOIb3YeTCs MePILIeKCHsI, KOTO-
pasi cuJIbHO TTpadyeT 3aHUKEHHbIE BEPOSITHOCTH HU3KOYACTOTHBIX TEPMOB. Tem He Me-
Hee, LDA 10 cux mop cumrtaercs mozaenbo Nel B TeMaTHIeCKOM MOIEINPOBAHUU, & PO
PLSA BcomuHaroT Bcé peske.

Momens LDA ocHOBaHa Ha MPEIIIOIOKEHUN, UTO CTOJONBI Uy U ; ABIAIOTCS CIydaii-
HBIMH BEKTOPaMH, KOTOPbIE TMOPOXKIAIOTCS pacupeaenenuavu Jlupuxie ¢ mapaMerpaMu
a € RTlu g € RW! coorBercremnno:

: I'(« o
Dir(0q; o) = ﬁ : 0 17 ap >0, apg= ;Oét, O > 0, ;Qtd =1
t
) I'(5 _
Dlr(gOuﬁ):%H@gﬁ; 1a ﬁw >0a BOZZBUH SOwt>0, Z@wt:17

rie ['(z) — ramva-dynknus. [lapamerpsr pacnpenenenus: upuxie cBS3aHbI ¢ MaTeMa-
— Bu

THYECKUM OXKHJIAHHEM IMOPOZKIAEMbBIX CIyYaiiHBIX BEKTOPOB: Ef;y = g—;, Epuwt = B

Pacupenenenna Iupuxiie CriocOOHBI MOPOXKIATHL KAK PA3PEKEHHBIC, TAK U ILIOTHBIC
BEKTOPHI JUCKPETHBIX pactpejesnennit, puc.3. Yem menbime [,, Tem 0ojee pa3perkeHa
COOTBETCTBYIOMAS W KOMIIOHEHTA O,y B MOPOKIAEMbIX BEKTOpax ;. Ecam BeKTOp mna-
paMeTpoB COCTOMT U3 PaBHBIX 3HaUeHuil [3,, To pacupenenenne Iupuxie Ha3bIBaeTCH
cummempuunvim. Ipu 5, = 1 cuMmMerpuuHoe pacnpejenenne Iupuxie coBIagaeT ¢ pas-
HOMEPHBIM pacHpeeleHneM Ha eIHHUIHOM CHMILICKCE.

TeMaTI/ILIeCKaH MOJEJIb TOPOKAECHUA JaHHBIX ABJIAETCA ,Z[ByXypOBHeBOfIZ CHa4vaJIa
u3 pacupegesenns Inpuxie mopoxKaaioTcst BEKTOP-CTOIOIBI 0y, KOTOPBIE 3a4aI0T TeMBbI.
3arem u3 MOy IeHHBIX pacupeaenenuii p(w |t) = @, TOPOKIAIOTCS CI0BA, KOTOPBIE 00pa-
3YI0OT MOHOTEMATHYHBIE YACTH JOKYMEHTOB d, OMUCHIBAEMBIE SMIIMPUUCCKUMHE PACIPeIee-
ausvu p(w |, d). Takum ob6pa3oM, IBYXypOBHEBas MOJETb MOPOKIEHUS TEKCTA CIIOCOOHA

OIMCHIBATH KJIACTEPHBIE CTPYKTYPhI B TEKCTOBBIX KOJIJIEKIUAX. BeKTopbl pacipe/ie/iennii

15



02 02 02
.3[.,..!!-]'.. 1 .3‘;.,|JI'HTT1!. .3‘;.,TTTTTTTTTT
Dir(p;0.1) Dir(p;1) Dir(¢; 100)
(paBHOMEpHOE)

Puc. 3: [Ipumep TPéX HEOTPHUIATEILHBIX HOPMUPOBAHHBIX BEKTOPOB ¢; € R, mopoxadHHBIX cooTBer-
CTBEHHO TPeMs CUMMETPUYIHBIMU pacupeaenenusvu Jupuxie ¢ mapamerpamu 0.1, 1, 100

p(w |t) nAETEPHPETHPYIOTCS KAK IEHTPOUJIbI KJIACTEPOB, a pacnpenenenns p(w |t, d) sBis-
IOTCST TOYKAMK 9THX KJIACTEPOB.

Boujiee ybepurebubix JUHrBHCTHYECKUX ODOCHOBaHWil pactpejenenue Iupuxje ne
nMmeeT. Ero mmpokoe pacmpocTpaHeHHe B TeMATHIECKOM MOJETHPOBAHUU OOBICHIETCS
CKOpee MaTeMaTHIeCKUM YI00CTBOM U MOMYJIAPHOCTHIO DaiiecoBCKOro odbyuenus. Pacmpe-
nenenne /lupuxiie SBISETCS COMPIKEHHBIM K MYJTbTHHOMUATHLHOMY PACIPEIETeHUIO, YTO
CYIIECTBEHHO yIpoIaeT baifecoBcknit BbIBO/I. Biraromapst 3ToMy CBORCTBY OHO OKa3bIBAET-
csl «Ha, 0COOOM TIOJIOYKEHUU» B DAileCOBCKOM TEeMAaTUYeCKOM MOJICIMPOBAHUM, W OOJIHITHH-
CTBO MOJIeJIeii CTPOSATCS C UCIMOJIb30BaHueM pachpesenennii lupuxie.

Cormacuo (20), mogeaun LDA cooTBeTCTBYeT peryasipu3aTop, ¢ TOYHOCTHIO 0 KOHCTAH-
THI PaBHBI JIorapudMy anpuopHOro pacupejenenus lupuxie:

R(®,0) = lnH Dir(¢y; 8 H Dir(64; ) 4 const =

teT deD
_ZZ w— 1) ln@wt+zz a; — 1) In6yy,. (21)
teT wew deD teT

[Tpumenenue ypasuenuit (12)—(13) k sTomy peryiasgpusatopy gaér dbopmynbt M-mrara:
ot = " o — 1) 0., = —1).
Put qv%rvlrvn(n ¢+ Bw— 1) a = norm (neg + o — 1)

IIpu B, =1, ay = 1 anpuopHoe pactpeenenue /[upuxsie coBmagaeT ¢ paBHOMEPHBIM
pacrpejeenrneM Ha cuMiniekce, popmMysibl M-1mara mepexo/isiT B HeCMeIEHHbIE YaCTOTHBIE
OIEHKH YCJIOBHBIX BeposiTHOcTedl, a Mojgesnb LDA mepexomur B PLSA [44].

[Ipu 5, > 1, a; > 1 peryngpu3aTop UMeeT criaxKupatoimunii 3pdekT: oH geraer 601b-
IITe BEePOSATHOCTH €eIIé OOJIBbINe, TPU ITOM MaJble BePOATHOCTH 33 CYET HOPMHUPOBKH CTa-
HOBSATCS MEHBIIe, OJHAKO HUKOTIA He JTOCTUTAIOT HYJId.

IMpu 0 < B, <1, 0 < oy < 1 perysnsipuzaTop umeer paspekuparomiuii 3¢ dexT u cro-
cobeH OOHYJ/ISITH MaJjible BEPOSITHOCTH.

He-BeposTHocTHaa wuTepnperamusi momenu LDA. Peryrsapusarop (21) MoxKHO
9KBHBAJIEHTHBIM 00pa30oM 3amucath depe3 KL-auBeprenmun:

R((I)v@) = |W| ZKLw(ﬁ H (pwt) - BOZKLw(%g H Spwt) +

teT teT
+ T D KL (g7 | 0u) — 0 YKL (2 || ).
deD deD
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Orciona creayer, aro Momenb LDA oka3piBaeT CriaazkKuBaloliue W pa3perKuBaioOIIue
BO3eiicTBus Ha MaTpuibl P, ©. Bee cronbib maTpunbt Y 10/1KHBL OBITH OJTU3KI K OTHOMY
U TOMY K€ PacIpe/Ie/IeHUIO %—z, npuvaém mapamerp [y CTAaHOBUTCS KOI(DDUIHEHTOM pery-
Jsipu3anun. AHAJOTUYIHO, BCE CTOJIONB MATPUIBI O JIOIKHBI OBITH OJIM3KH K pPacipeiesie-
HUTO 3_3’ U 3TUM TpeboBaHUEeM yipaB/seT KoM UImeHT peryasipusanuu . Kpome srux
CTVTIAZKUBAIONINX BO3/IEHCTBUIT IMEIOTCS cIadble HeYNpaBIsdeMble pa3pezKUBAIOIINEe BO3 e~
CTBUS: CTOJIONMBI 00EUX MATPHUIL JOJZKHBI OBITH TaJeKH OT PABHOMEPHOTO PACIPEeIeTeHUSI.
JlaJjibiie Bcero oT paBHOMEPHOTO PAaCIpe/ie/IeHIsT HAXO/IsATCs BBIPOZKJICHHBIE PacIipe/ie/ie-
HUsI, B KOTOPBIX €JIMHUYHAS BEPOSITHOCTH CKOHIIEHTPUPOBAHA B €UHCTBEHHOM 3JIEMEHTE.

[TosTomy paspekuBaHWe MPUBOINT K OOHYJIEHUIO MaJIbIX BepPOSTHOCTEH B Marpunax ®, O.

5 UHTepnpeTupyemMocTb TeM

OTka3 oT anpuOPHBIX pacrupegensennii upuxiie mo3Bossier 0600muTh Moaeab LDA: cHaTh
OrpaHWYeHus Ha 3HAKW runeprnapamerpos B (21) u cBobogHee 06paIAThCS CO CrIaKiBa-
HUEM W pa3peknBaHueM JIJIs YJIYUIIeHUusT HHTEPIPETHPYEMOCTH TeMaTHIeCKUX MOo/IeJIeil.

T'unomesa paspescennocmu IBISETCS OTHAM U3 €CTECTBEHHBIX HEOOXOTUMBIX YCJIOBHUI
uHTeprpeTupyemMoctu. [Ipemmonaraercs, 9To KazxKaasd TeMa XapaKTepu3yeTcs HeOOTbITNM
YUCJIOM TEPMOB, M KayKJblif JOKYMEHT OTHOCHTCSI K HEDOJIBIIIOMY YHCIy TeM. B Ttakom
cIydae 3HAUUTE/IbHAST YaCTh BEPOSITHOCTEH (0 U Oy TOKHBI OBITH PABHBI HYJIIO.

MuorokpaTHbie TONBITKN pa3pekuBanus Mojenn LDA npuBoanin K 4pe3sMepHo CI0kK-
HbIM KoHCTpyKuusaMm [110, 39, 134, 61, 32| u3-3a BHyTpeHHErO MPOTHBOPEUNS MEXKIY Tpe-
OOBAHUAME PA3PEKEHHOCTH U OIPAHMYEHHUSMU CTPOrOil MOJOKUTETHHOCTH ITapaMeTpOB
B pacupeaesenun dupuxie. [Ipobiiema permaercss HEOKHIAHHO MPOCTO, €CJIU OCTaBUTh
KPOCC-9HTPONMIAHBIH peryasipu3atop (21) u paspemurh rumneprnapaMerpam o, 3, MpUHH-
MaTh J00ble 3HAYeHUs, BKJOYas OTpuiarejbHbie. 110 Bceit BUAMMOCTH, BIEpBbIE OHA
ObLIA TpeJIozKeHa B JuHAMIUecKoi Momenn PLSA jia o6paborku BuaeonoTokos [122],
rJie JOKYMEeHTaMH 9BJISLTNCh KOPOTKHE BHeodpParMeHThl, TepMaMi — IPU3HAKHT HA U300-
pParKeHHAX, TeMaMi — IOsIBJIEHHE OIIPeIeIEHHOrO 00beKTa B TeUeHUe OMpeIeTEHHOTO Bpe-
MeHU, HanpuMmep, mpoes aBromooussi. CujIbHO pa3perKeHHbIe PacIpejie/leHus moTpedo-
BAJIMCh JIJISI ONIMCAHWUST T€M C KPATKUM «BPEMEHEeM YKHU3HU».

CriaxkuBaHue u paspexkusanue. [lo anasornu ¢ (21) BBeaém 0600mIEHHBIIT peryis-
PU3ATOD CIVIAXKUBAHUSI U PA3PEKUBAHUSI:

R(®,0) = Z Z Bt In oy + Z Z Qg In Oyq.

teT weW deD teT

[ToxcraBus ToT peryaspusarop B (12)—(13), noxyunm dopmysasr M-mara:
P =101 (R + Bur);  bra = morm (nug + )

[Too)kuTeIbHOE 3HAYEHNE TAPAMETPA (g WU [3,; COOTBETCTBYET CIVIAYKUBAHUIO, OT-
punatreabHOe — pa3pezKNBaHUIO.

YacruuHoe obydeHme. B mnporecce co3mannsi, MCIOAb30BAHNS WM OINEHWBAHUS Te-
MATHYIECKOl MOIETH 3KCIEPTHhI, MOJIb30BATEN WX ACeCCOPBI MOTYT OTMEYATh B TeMax
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Puc. 4: Crpykrypa paspexkennoctu Marpull ¢ u © ¢ npeaMerHbiMu 1 POHOBBIMU TEMAMU.

peJieBaHTHbIE WJIM HepeJeBaHTHbIE TePMbl U JOKYMeHTbl. Pa3MedeHHble JIaHHbIE 103BO-
NS0T (DUKCHPOBATH MHTEPIPETAIIMA TeM U MOBBIIIAIT YCTORIMBOCTH MOJean. Pasmerka
MOZKeT 3aTparuBaTh JIMIIb YaCTh JOKYMEHTOB U TeM, IIOITOMY eé HCIOJb30BAaHHe OTHO-
CUTCS K 3aJa9aM wacmuynozo obyuenus (semi-supervised learning).

[Tycreb mis kaxka0it Temer ¢ € T 3a7aHbl YeThIPe OJIMHOKECTBA!

W — «Geblit CIUCOK» peJIeBaHTHBIX TEPMOB;

W, — «4€pHBIil CINCOK» HEPeJIeBAHTHBIX TEPMOB;
D;” — «Gemblit CIICOK» pe/leBAHTHBIX JOKYMEHTOB;
D; — «4€pHBIil CIICOK» HepeIeBAHTHBIX JTOKYMEHTOB.

Yacmuurnoe obyuenue no peaesarHmHoCcy SIBIASETCs YaCTHBIM CJIyYaeM PeryIspu3a-
TOpa CIJIA’KUBAHUs U Pa3pezKUBAHUS TTPU

Bt = Bylw € W' — B_[w e W,
g = ayld € D] —a_[d € D/,

rje Oy 1 ay — KO3 DUIUEHTHI Peryspu3alii.

IIpeamernbie u poHOBBIE TEMBI. UTOOBI MOJIETb ObLTA HHTEPIPETHPYEMOil, KazK/1as
TeMa JOKHA UMETh CeMAHMu1eckoe A0po — MHOZKECTBO CJIOB, XapaKTePU3YIOIIIX Olpe-
JIEJIEHHYIO TIPEIMETHYIO 00JIaCTh U PEJIKO yHoTpedJisieMbiX B Apyrux temax. s sroro
maTpuipl ® 1 © JOKHBI UMETH CTPYKTYPY Pa3pPeKeHHOCTH, aHAJOTHIHYIO TTOKA3aHHON
Ha puc. 4. MHOXKecTBO TeM pa3dbuBaeTcs Ha JBa moaMHOxKecTBa, ' = S U B.

IIpedmemmnvie memo, t € S comeprKaT TEPMHUHBI TPEeIMETHBIX obstacTeii. VX pacmpee-
nerust p(w | t) paspezKeHsl U CYIMECTBEHHO PA3INIHBI (JIeKOPPEINpPOBanbl). Pactipeienens
p(d|t) TakKe pa3perKeHbl, TaK Kak KayKjas HpPeJMeTHasl TeMa MPUCYTCTBYeT B OTHOCH-
TEJILHO HEDOJIBINON J0/1e IOKYMEHTOB.

Donosvie memov, t € B comepzKar cjaoBa 0oOIIEill JIEKCHUKH, KOTOPHIX HE JIOJKHO ObITh
B IpeJMEeTHBIX TeMax. VIx pacnpesesnenus p(w|t) u p(d|t) craazkensl, Tak Kak 3TH CJIOBA
PHUCYTCTBYIOT B OOJBITHHCTBE JTOKYMEHTOB. TeMaTn4aeckyto Moje b ¢ (hOHOBBIMU TEMAaMU
MOYKHO PAacCMaTpuBaTh Kak 06obiienne pobacTabix Mozeseii |30, 98], B KOTOPHIX HCHOJIb-
30BaJI0Ch TOJBKO OJHO (DOHOBOE pacipejesieHue.

CdokycupoBaHHBIII TeMaTHYeCKuii MONCK. YacTtuunoe odydeHue TeM MOYKHO pac-
CMaTpuBaTh KaK Pa3HOBUAHOCTbH TE€MaTUYIE€CKOI'O I/IH(bOpMaL[I/IOHHOFO IIONCKa. B Ka4gecTBe
3aMpoca, 3aJaETCT CeMaHMUYecKoe A0P0 OTHON WM HECKOJIbKHUX TeM. DTO MOXKET ObITh
m000# bparMenT Tekcra, «Gesblil cnucoky TepMoB (seed words) wiam z-memrku — TeMBI,
IPUNUCAHHBIE OTIENbHBIM cJoBaM win ¢dpparmMentam B gokyMmentax [15]. Temaruueckast
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MOMCKOBAasl CUCTEeMa JOJIZKHA He TOJbKO HANTH U paHKUPOBATh PETeBAHTHBIE JOKYMEHTHI,
HO U PA3JIOKUTh MOMCKOBYIO BBIJAYy IO TeMaM. B TUNHYHBIX HTPUIOKEHHSX pPe/IeBaHT-
HBIl KOHTEHT COCTaBJIIeT HUYTOXKHO MAaJIyIO JIOJIO KOJJIeKIuu. Tem He MeHee, MMEHHO
9TOT KOHTEHT J0JIZKeH ObIThH TIHIATEIbHO cucTemMaru3npoBan. OOpa3HO TOBOPs, TpedyeTcs
«kJaccuuIIpoBaTh UIOJKH B cTore ceHay [27|. Tembr craHoBsTcst amemeHToM rpadu-
qeckKoro mHTepdeiica Mmoab30BaTe/ s, THCTPYMEHTOM HABUTAIMH W IIOHUMAHHUSA TEKCTOBOI
Kosuteknuu. OTcioa BaykKHOCTH TPEOOBAHUSA MHTEPIPETUPYEMOCTH KarKI0il TeMBI.

Hacruanoe obydeHne HCIOIB30BAIOCH JJisi TIOMCKA W KJacTepusaiun HoBocTeil [52],
MOWCKA B CONUAIBHBIX MeJiia WH(MOPMAIUK, CBA3aHHON ¢ DOJIE3HSIMU, CHMITOMAaMA U Me-
tomamu jedennst [92, 93|, ¢ npecrynmHocThio U skcTpemusmoM [70, 109], ¢ HanmoHaIBHO-
CTIME W MeKHAIMOHATbHBIME OTHOMIeHuSME [27, 56, 91].

B mozenun ATAM (ailment topic aspects model) B kKauecTBe CIIazKUBAOIIETO PACIIpe-
JeJIEHUsT [3,,; UCIOJIBb30BATACH OOJIbIIAs KOJIIEKIUs MeTUIMHCKIX cTaTeil [93)].

B wmomemsix SSLDA  (semi-supervised LDA) u ISLDA (interval semi-supervised
LDA) st momcka STHODeJeBAHTHBIX TeM HCIOJIh30BAJOCHh CrUIa’KMBaHUE MO CIOBAPIO
M3 HECKOJBKUX COTeH STHOHUMOB [27]|. B momenn SSLDA i Kazk10it THOpeIeBAHTHOI
TeMBbI 3a/1aéTCs CBOW CJIOBAph STHOHUMOB, CBA3aHHBIX C OJHUM OIPEIETEHHBIM STHOCOM.
B momenn ISLDA mHOXKecTBO TeM pa30dHBaeTcs Ha MWHTEPBAJLI, H /IS BCEX TeM KayKIO0TO
nHTEepBaJa 3aJaéTcsd o0IIuil cjioBaph 3THOHUMOB. [IpermmyinecTBO TUX Mojie/iell B TOM,
YTO MHTEpPIpeTanus KazKJ0#W TeMbl W3BecTHa 3apanee. Hejgoctarku B TOM, 9TO TPYIHO
IpeayrajablBaTh YUCIO0 TeM I KaxKJA0W STHUIHOCTH M CTPOUTH MOJHITHUYHBIE TEMBI
JIJTST BBISIBJIEHHS MEXKITHHYECKUX KOHMIMKTOB. AJTBTePHATHBHBIN MOIXOM 3aKII0YAETCS
B TOM, YTOOBI 33J]aTh UUCIO STHO-TEM U IMPUMEHUTH K HUM O0IIee CryIaykKuBaHUe MO CJI0-
BapIO 3THOHUMOB. TeMarudeckass MOJIe/Ib CaMa OIPEJIE/IUT, KaK Pa3/Ie/IuTh UX 10 ITHUY-
Hoctsm |16, 17]. Hemocrarok sToro noaxoma B TOM, 9TO HHTEPIIPETHPYEMOCTh HAHIEHHBIX
TeM PUXOJIUTCS TPOBEPSATH BPYUHYIO.

JekoppesupoBanue. Temarndeckas MOJEIb HE JIOJZKHA COIEPKATH Iy OJIHPY IOIIIXCST
T TIOXOKUX TeM. YeMm pazamanee TeMbl, TeM nHGOPMATUBHEE MOJIe/b. /[1s1 MOBBITIIEHNsT
PA3TUIHOCTH TeM Oy/eM MUHUMU3UPOBATH CYMMY TOMAPHBIX CKAISPHBIX MPOU3BEICHUI
(P1, Ps) = D0 PutPws MeKIY cToaOmaME MaTpuisl ®. [lomyunm perynapusaTop:

R(@) - _% Z Z Z PuwtPuws-

teT seT\t weW

®opmyna M-mara, cormacuo (12), umeer Buj

Puwt = rboerl/li/n (nwt — TPuwt Z (pws) .

seT\t

DTOT peryaspu3aTrop KOHTPACTHPYET CTpoKH MaTpuilbl . B KaxKm0ii cTpoke, He3aBH-
CHMO OT OCTAJIbHBIX, BEDOSITHOCTH (0y,; HANDOIeE 3HATMMBIX TEM TePMa W YBEJIHIUBAIOTCS,
BEPOSITHOCTH OCTAJILHBIX TeM YMEHBINMAIOTCS W MOTYT OOpaliarhcsi B HyJb. PaspexuBa-
HEEe — 3TO comyTeTBytonmii addexT nekoppennpopanus. B [118] 61 3ameden emé oauH
noJie3HbI 3 dexT: c1oBa 00MIeil JeKCUKN IPYNIUPYIOTCS B OTAETbHBIE TeMbI. DKCIEePHU-
MEHTBHI ¢ KOMOMHHPOBAHUEM PEryIsaphH3aTOPOB CLIaKUBAHNSA, PA3pEKUBAHUS U JIEKOppe-
muposarust B ARTM moareepzkiator 1o Habawoaerue [6, 129, 128].
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JexoppennpoBanue Brepsbie ObL10 Tpemnokeno B Mogenaun TWC-LDA (topic-weak-
correlated LDA) B pamkax 6Gaiiecockoro mogaxoma [118]. CoorsercrByiornee ampuopHoe
pacrpejieleHre He SIBJISIETCsI COMPSI)KEHHBIM K MYJIbTHHOMUAILHOMY, TOTOMY Oaiiecos-
CKUil BBIBOJL CTaJIKUBaeTcs ¢ Texandeckuvu Tpyaaocramu. B ARTM pacaérabie hpopmyann
BBIBOJSATCS B OJHY CTPOKY.

KomOuHammsa peryagpu3aTopoB CIyIazkKuBaHUs (DOHOBBIX TE€M, Pa3PEKUBAHUS TTPE/I-
METHBIX TeM B MaTpuile O U JeKOppeTupOBaHUs CTOIOIOB MaTpunbl ¢ mCmorb30BaIaCh
y2Ke BO MHOTHX PaboTax JijIg y/IydlieHust nHTepperupyemoctu tem |6, 128, 129, 130, 12].
[TomobpaB KO3DGUIMEHTHI PEryIapu3anui, MOXKHO OJHOBPEMEHHO 3HAYUTETHLHO YIIyU-
IUTH PA3PEeKEHHOCTH, KOHTPACTHOCTh, YACTOTY W KOT€PEHTHOCTH TeM IPU He3HAYUTE Ib-
HOIi moTepe npapaononodust Mogeau [129]. Beutn BeipaboTaHbl OCHOBHBIE DEKOMEH IAIHN:
JIEKOppe/TNpOBaHNe W CryIayKnBaHUe BKJIOYATH cpasy, pa3peknBanne — mocae 1020 nre-
panuii, Korja oopa3yercs TeHJIeHIH K CXOAUMOCTH MapaMeTPOB MOJIEIH.

Ta ke KoMOWHAIUS PEryaspU3aTOPOB ObLTA MCIOTB30BAHA /I TEMATHIECKOTO DPa3-
BeI0IHOrO noncka B [12]. Oka3anoch, 9T0 OHA CYIIECTBEHHO YJIydIiaeT Ka4ecTBO ITOUCKA,
XOTsl HUKaKNe KPUTEPUH KAdeCTBA MOUCKA HEMOCPEJICTBEHHO He ONMTUMU3UPOBAJIHCH.

6 Ompenenenne 4Ymcjaa TeM

Pezyaspuzamop ombopa mem npepyoxen B [128| njst yaaaeHust He3HATHMBIX TeM U3 Te-
marndeckoit Mojgean. OH OCHOBaH Ha MJlee KPOCC-3HTPOIMIHOIO pa3pe:KUBaHUs pacipe-
nenenns p(t), KOTOPOE JIEFKO BHIPAZKAETCS I€PE3 MAPAMETPBI TEMATHIECKON MOJIE/H:

1
RO)=7n)_ e, e = > p(d)bua.
teT d
[ToxcraBum 5TOT peryaspusarop B dhopmyry M-mara (13):
_ __n p(d)
Oy = né)er%n (ntd T T p() Otd).

BamennM 6y B MpaBoil 9aCTH PaBEeHCTBA HECMEIIEHHON OIEHKOI ’;—’ij:

n
Ora = n?er%n<”td<1 - Tnt|T|)>'

DTOT Peryasipu3aTop pa3peKuBaeT MeJTUKOM cTpokn MaTpuilsl ©. Ecin 3navenne caér-
YHKA 7; B 3HAMEHATE e TOCTATOYHO MAaJI0, TO BCE JJIEMEHTHI t-ii CTPOKH OKa3bIBAIOTCS PaB-
HBIMH HYJTIO, I TeMa ¢ TOJHOCTBIO HCKII0YaeTcsa U3 Mojieau. [Ipn ucnoambp30BaHnn JaHHOTO
peryaspu3aTopa CHaua/a yCTAaHABIUBACTCS 3aBeI0MO U36bTouHOe uncyio Tem |T|. B xome
UTepaInii 9uCI0 HYJEBBIX CTPOK MATPHUILI O MOCTENEeHHOe YBeTMINBAETCS.

Ot6op Tem B ARTM mamHOro mpoine HemapaMerpuieckux 0aiiecOBCKUX Mojesieil —
nepapxudeckoro mpornecca Jupuxie (hierarchical Dirichlet process, HDP) [119] nin npo-
necca Kutaiickoro pecropana (Chinese restaurant process, CRP) [24].

B oboux nmogxomax, ARTM u HDP, umeercs ynpapiastonuii mapaMerp, BoIOHpas KO-
TOPBI, MOJKHO MOJIy9aTh MOJEIH ¢ YHCIOM TeM, pasandatormunmcs Ha nopsaku (B ARTM
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910 Kodhdurment peryagpusamun 7, B HDP — runepmapamerp ). ITosromy mpo oba
O/IX0/IA HeJTb3sl CKa3aTh, UTO OHHU ONPEIEIII0T ONTUMATBHOE TUCIO TEM.

B [130] 6b1in ipoBeieHbl SKCIePUMEHThI Ha, MOJIYCHHTeTHIECKUX JTAHHBIX, TPeICTaB-
JSIONX c0OOi cMech IBYX pactpeenennii p(w |d) — peaabHON KOJIEKIUH, J1JIsi KOTOPOi
UCTUHHOE YHCJIO TeM HEU3BECTHO, U CUHTETUYIECKON KOJIJICKIIUM C 3aJaHHBIM 9YUCJIOM TEM.
Oxkazasiocs, yro HDP 1 ARTM cmocobHbBI onpeaensaTh HCTHHHOE YHCI0 TeM Ha CHHTeTH-
YeCKHX U MOJyCHHTeTHdecKuX maHubiX. [Ipm stom ARTM ompenensier ero 6osee TOIHO
n yCTOﬁ‘{HBO. O,Z[HaKO qyeM 6JII/I)Ke MMOJIYCUHTETUYECKUE JaHHbIE K peaJIbHbIM, TEeM MeHee
IETKO pa3jinduM MOMEHT, KOrJa MOJeJ/Ib JOCTUraeT UCTUHHOT'O YUCJIa TEeM. Ha peaJIbHBIX
JIAHHBIX OH HEPA3JIUINM BOBCE, IPUIEM 1Is1 000X MOaX010B. OTCI01a MOKHO C/Ie/IaTh Bbi-
BOJI, YTO B PEAJbHBIX TEKCTOBBIX KOJIIEKIHSIX HUKAKOTO «UCTHUHHOIO YHCJA TeM» MPOCTO
He cymecTByeT. Uem OoJbIlle KOJIEKIUsI, TeM 0ojiee MeJIKne CeMaHTHYeCKHe pPa3/Tndusd
B TeMaX BO3MOXKHO YIOBUTH. DTH COOOPArKEHHS IMOJATBEPKIAIOTCA OIMBITOM HMOCTPOEHHS
NepapXuyuecKux TeMaTUuIeCKuX Mojiesieil u pyOpukaTopos. TeMbl MOXKHO JpobuTh Ha HoJsiee
MeJIKUe IoATeMbl BIIJIOTH J0 ITOpPOra CTATUCTUYECKON 3HAYMMOCTH. BbI60p 9TOTO Iopora
TaKKe ABISIeTCS SBPUCTUKON, U OT HErO 3aBUCUT MUTOTOBOE YUCJTO TEM.

B xoze sxcnepumvenTos [130] TakzKe BHIICHUIOCH, UTO PETYISPH3ATOP 0TOOPA TEM HMe-
eT TOJIe3HbIH comyTCcTBYONu 3(pdeKT: OH yaaasdeT U3 MOJAETN YO IUpYIONne, paciie-
JIEHHDbIE U JUHEHHO 33aBUCHMBbIE TEMBI.

ITo ckopoctn BhIumcaenuit BigARTM ¢ peryasipuzatopom orbopa Tem okazascs B 100
pa3 ObIcTpee cBOOOIHO JAOCTYIHON peanusamnun HDP.

7 MoagaabHOCTI

Myavmumodarvras memamuueckas modesb OMUCHIBAET JOKYMEHTHI, COIEPKAIINe MeTa-
JIAHHBIE HAPSIZLY ¢ OCHOBHBIM TEKCTOM. MeTagaHHbIe MTOMOTAOT 60JIee TOTHO ONPEIe/IsaTh
TEMATUKY JOKYMEHTOB, W, HA0OOPOT, TEMATHUECKAsS MOJETb MOKET HCIOIb30BATHCS JIJIst
BBISIBJICEHUST CEMAHTUKHE METaJAHHBIX WM TPEICKA3AHUS MPOIYIIEHHBIX METaIAHHBIX.

Kazkapiit Tunm MeTagaHHBIX 00pa3yeT OTAEIbHYIO MOOAAbHOCTMb CO CBOUM CIOBAPEM.
CiioBa ecTeCcTBEHHOIO s13bIKa, ciaoBocoderanusi [133, 142|, rern [58|, mmeHoBaHHbIE CyIII-
HOCTH [85] — 9TO mpuUMepsl TEKCTOBBIX MojaJbHOCTel. [ aHaIM3a KOPOTKUX TEKCTOB
C OIEeYaTKAMHU HCIOJIB3YIOT MOJATBHOCTD OYKBEHHBIX N-TPAMM, UTO MO3BOJISET YIyYIIATh
KauecTBo uHMpopMannonnoro moucka [50|. TIpuMepaMu HETEKCTOBBIX MOJAJBHOCTEll sB-
asiiorest (puc. 5): aBropel [105], MomenTsr Bpemenn [121, 153, 122, kiracchl, KaHpbl WIn
kareropun [106, 156, uutupyembie win nurupyonie goKymenThl 38| win aBropsr [55],
[OJIb30BATEIN JIEKTPOHHBIX OMOJIMOTEK, CONMATIBHBIX CETEl WM PEKOMEHIATEIHHBIX CH-
crem [62, 113, 135, 149, 150], rpaduueckue smements u3obpazkenuit |25, 49, 66|, pexaam-
Hble 0ObsIBIIEHNs Ha BeG-cTpanuax [96].

Bce mepednciieHHble Cydan, HECMOTPS Ha pa3HOOOpasue WHTepIpeTaIuii, OmuchBa-
forcst eauabM (popmasim3zmom momasabaocTeit B ARTM. Kaxkapiit qokymMeHT paccMarpu-
BaeTCd KaK YHABEPCAJbHBII KOHTeHep, coleprKalliil TOKeHbl PAa3/IMYHbIX MOJAJILHOCTE,
BKJTIOYasl OOBITHBIE CJIOBA.

[Iycts M — wmmOXKecTBO MopaabHOCTell. KaxKaas MoIaaIbHOCTh UMEET CBOM CJIOBaphb
tokeroB W,,,, m € M. 91tu MHOKeCTBa TIOMAPHO He nepecekatorcs. Vx obbeannenne Oyaem
obozmadars depe3 W. Moganbuocts Tokena w € W Gyzem obosmadars depe3 m(w).
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Puc. 5: O6branas reMaTndeckas MOJIENb OMPEIENsieT PACTPE/IeIeHNe TeM B KasKI0oM JokyMeHTe p(t|d) u
pacipe/ieieHle TepMOB B KaxK1oil Teme p(w |t). MyabTuMojaibHast MOJIE/Ib PACIPOCTPAHSAET CEMAHTHKY
TeM Ha 3JeMEHTBI BCEX OCTATHHBIX MOJATLHOCTEH, B TOM UHCIIe HETeKCTOBBIE.

TemaTuveckass MOJIENb MOJATLHOCTH 1M AHAJIOTHIHA MOJe T (2):

p(w|d) = pr|t (t|d) = ngwtﬁtd, weW,, deDb. (22)

terT teT

Kazkmoit MogaIbHOCTH M COOTBETCTBYET CcTOXacTu4deckad marpuna @, = ((pwt) W X T
Cosokynrocts Marpun P,,, ecsim ux 3anucares B crogder, obpasyer W xT-varpumy .
Pacnpenenenne teM B KazKI0M JOKYMEHTE SIBJISIETCS OOIUM JIJIST BCEX MOJAJIBHOCTEI.

MymnbTuMomaabaast MOJIE/Ib CTPOUTCS MYyTEM MAKCHMU3AIUN B3BENIEHHON CyMMBI JIO-
rapudMOB PaBIONOI00Us MOJAIBHOCTEH U peryaspu3aTopoB. Beca 7, mo3BoigioT cOa-
JIAHCHUPOBATH MOJAJTBHOCTH IO MX BayKHOCTH U C YIETOM HX YaCTOTHOCTU B JIOKYMEHTaX:

Z Tmz Z N angpthtd + R(®,0) — rg%x (23)

meM deD weW,, teT
Z Cwt =1; Qw2 0; Zetd =1; 6,4=0. (24)
wEWm teT

Teopema 2. Ilycre ¢pyukmus R(P, O) menpepoiro mucdepenmupyema. Toura (P, O)
JIOKAJILHOTO 3KcTpeMyMa 3ajgaqn (23)—(24) yzoBjaerBopsier cucreMe ypaBHEeHHI €O BCIO-
MoraTe/IbHBIMA TTePEMEeHHBIMH Pyiq,, AJIsT BCEX HEBBIPOXKEHHBIX TeM t W JOKYMEHTOB d:

Prdw = 1OTIO (@wtetd); (25)
OR
DOwt Bga/rg (nwt + Quwt 3%@) Nt deZD Tm(w) dwPtdw; (26)
OR
Oy = norm Ngg + Og— ) Nig = Z Z TmMdwPtdw - (27)
er 0014 meM weWwm

Teopema 1 gBjisiercsi YaCTHBIM CJIy49aeM TeOPEMbl 2 B Cjydae, KOrja MOJAJILHOCTH
TOBKO ofHa, |M| =1 u 7, = 1. Takum 06pazom, mepexo/ oT OJHONH MOJATHLHOCTH K TPO-
N3BOJILHOMY YHUCJIIY MOJAJIbHOCTEH CBOAUTCA K JABYM IOIpaBKaM:

1) marpuna ® pasbusaercs ua 6;10ku P,,, KOTOPble HOPMHUPYIOTCS TO-OTAEIbHOCTH;

2) MCXOMHBIE JAHHBIE Mg, JOMHOKAIOTCSI HA BeCa MOJATHHOCTEN Trm(w)-

B mpoekTe BigARTM peann3oBaHa BO3MOKHOCTH KOMOMHUPOBATH JIFOO0€ TMCIIO MOJIATh-
HOCTEel ¢ JI0ObIME peryisipu3aropamu [16].
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Tema Ne68 Tema Ne79
research 4.56 | nHCTUTYT 6.03 || goals 4.48 | maty 6.02
technology 3.14 | ynueepcuter  3.35 || league 3.99 | urpok 5.56
engineering  2.63 | nporpamma 3.17 || club 3.76 | cbopHas 451
institute 2.37 | y4ebHbIii 2.75 || season 3.49 | bk 3.25
science 1.97 | TexHunyecknii  2.70 || scored 2.72 | npotue 3.20
program 1.60 | TexHonorus 2.30 || cup 2.57 | kny6 3.14
education 1.44 | nay4HbIli 1.76 || goal 2.48 | dpytbonunct 2.67
campus 1.43 | nuccnepgosanne 1.67 || apps 1.74 | ron 2.65
management 1.38 | Hayka 1.64 || debut 1.69 | 3abueaTb 2.53
programs 1.36 | obpaszosaHne 1.47 || match 1.67 | komaHga 2.14
Tema Ne88 Tema Ne251
opera 7.36 | onepa 7.82 || windows  8.00 | windows 6.05
conductor 1.69 | onepHblii 3.13 || microsoft 4.03 | microsoft 3.76
orchestra 1.14 | gnpunxep 2.82 || server 2.93 | Bepcus 1.86
wagner 0.97 | nesey 1.65 || software  1.38 | npunoxeHue 1.86
soprano 0.78 | neBmua 1.51 || user 1.03 | cepeep 1.63
performance 0.78 | TeaTp 1.14 || security 0.92 | server 1.54
mozart 0.74 | napTusa 1.05 || mitchell 0.82 | nporpammHblii  1.08
sang 0.70 | conpaHo 0.97 || oracle 0.82 | nonb3oBaTtens 1.04
singing 0.69 | Barnep 0.90 || enterprise 0.78 | obecneyenne  1.02
operas 0.68 | opkecTp 0.82 || users 0.78 | cucrema 0.96

Puc. 6: [Ipumepsr Tem u3 ABysa3br9HON Temarwdeckoir mojenu Bukumneauu. [lokazansr nepsoe 10 cios
KaskJIOi TEMBbI M UX BEPOSTHOCTH p(w|t) B MPOIEHTAX.

MoaganbHOCTh A3BIKOB. MYTbTHA3BIYHBIE TEKCTOBBIE KOJIJIEKITUU HCIOTB3YIOTCT ISt
KPOCC-I3BITHOTO NHGMOPMAIIMOHHOTO TTOUCKA, KOTJA TI0 3aIIPOCY Ha OJHOM S3bIKe TpedyeT-
cs HAWTU CeMaHTHYeCKN OJIM3KHEe JOKYMEHTHI Ha JIPYToM g3bike. /[ cBI3bIBaHUS S3BIKOB
UCIOJIB3YIOTCS MapaJliebHble TeKCThl WK JIBYS3bIUHbIE cIoBapu. [lepBbie MyIbTUS3BIY-
Hble TeMaTH9IeCKne MOJIe/IH MOSBUINCH ToUTH onHOBpeMenHo [36, 80, 90| n npencrapisin
co00it MYTBTHMOJATBHYIO MOJIETh, B KOTOPO#l MOJTAJTBHOCTIMU SIBJISIOTCS SI3BIKH, U KarK-
Jlasg CBA3KA MapaslIeTbHBIX TEKCTOB OObeIWHSAEeTCI B OJHUH JOKYMeHT. (OKa3aJoch, 4TO
CBA3BIBAHUS TOKYMEHTOB JOCTATOYHO JIS CHHXPOHHU3AIUU TeM B JBYX S3BIKAX U KPOCC-
S3BIYHOTO TOouCcKa. [lombITKu Gojiee TOYHOTO M TPYJIOEMKOTO BBIPABHUBAHUS 110 MPE/IJIO-
JKEHUSIM WJIM 10 CJI0BaM MPAKTUYECKU He YJIYUNIAlT KadecTBO moucka. OOCTosTe TbHbII
0030p MY/JIbTUA3BIYHBIX TEMATHICCKUX MOJeseii MOKHO Hajitn B [131].

Ha puc. 6 nmokazanb HekoTopble n3 400 TeM, mocTpoeHHBIX 1O 216 175 mapam pycckux
v aHrniickux crareit Bukunemuu [125]. st cBSI3bIBAHUS A3BIKOB HCIIOIB30BATUCH TOJIBKO
MO/Ia/ThHOCTH, BBIPABHUBAHUS W CJIOBApU HE HCIOJIb30BaNCh. Aceccop omenma 396 Tem
n3 400 KaK XOpOITO WHTEPIPeTUpyeMbIe.

Jist memoib30Banust ABYSI3bITHOTO CJIOBAPS B 7] OBLT Ipe1iozkKeH perysipu3aTop cria-
)kuBanusd. O (dopmasu3yer mpeanoaokenne, 9TO eCJIU CJI0BO U B SI3bIKe k dBJIIeTCS Te-
PEBOJIOM CJIOBA W W3 sI3biKa £, TO TeMaTHKU TUX ca0B p(t|u) u p(t|w) KOMKHBL OBITH
oam3kn B cmbicsie KL-auBeprenmun:

R(®) = Z Znut In .

w,u teT

Cornacuo dopmyne M-mara, BepoSTHOCTH CJIOBa B TeMe YBEJIUIHBAECTCS, €CJIH OHO
nMeeT TIepeBOJIbl, IMeEIOIe BhICOKYIO BEPOSITHOCTH B JIAHHON Teme:

= nom (4 7Y )
we "

DTOT pPeryjsipu3aTop He YUUTHIBAJ, UTO TEPEBOJ CJA0BA MOYKET 3aBHCETh OT TEMBI,
U 9YTO CPEIH TEePEeBOJOB CIOBA MOTYT HAXOIUTLCA IMEePeBOALI ero OMOHUMOB. [loaTomy
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Tembl, B kOTOpbIX p(«sum>»|«cymmas, t) > 0.9

Tema Neb6 Tema Nel2 Tema Ne20
MHOXeCTBO set MaTemaTmka triangle BEKTOP vector
NPOCTPaHCTBO | space TPeyronbHNK square KOOpAMHaTa coordinate
rpynna point Teopema number NPOCTPaHCTBO field
TOYKa left TOYKa point npeobpasosaHue | tensor
3neMeHT limit mMaTemaTu4yeckunii | theorem 6a3nc transform
byHKL NS symmetry || yron angle TEH30p basis
npegen function KoopaunHaTa mathematics || cuna space
oTobparkeHne | open 3KOHOMUKA real BEKTOPHbI force
CMMETPUA property 4ucno theory TO4YKa rotation
OTKPbITbINA topology KBagpart geometry cncrema thermometer

Tembl, B KoTOpbIX p(«totaly |«cymmay, t) > 0.9

Tema Neb Tema Nel9 Tema Ne22
opbura space nporpamMMHblii software nrpa game
annapart nasum Bepcus version BUAEOCUTHAN character
KocMmmyecknii | orbit pabora news Nrpok video
3emns instrument || komnaHus company bunem player
noBepxHOCTb | earth AHOHUMHBII work ronoBoJIOMKA series
COJTHEYHBIN surface npumevaHmne note cepusi puzzle
cTaHuns solar TepMUHATOP release Ka4ecTBO movie
3anyck system XKypHan support LwaxmaTsl jason
cncrema landing peii terminator A>KeliCcoH world
aTMocdepa camera nepcoHax anonymous bykBa chess

Puc. 7: [Ipumepnbr TeM, B KOTOPHIX CJOBO «CYMMas MMEET PA3HbBIE MEePEBOIBI.

B TOil ke pabore OBLT HMpeIIOKeH BTOPOIl peryigapu3arop, KOTOPbI BBOAUI B MOIENb
HOBBIE MAPAMETPBI Ty = p(U|w,t) — BEPOSITHOCTH TOTO, YTO CJIOBO U SIBJISIETCS Iepe-
BOJIOM cJI0Ba w B TeMme t. [Ipeamonaraercs, aro Tema t, Kak pacnpejenenne p(u|t) = fut
HaJI CJIOBAMH A3bIKa K, JOAKHA OBITH 61M3Ka B cMbIce KL-1uBeprenyun K BeposaTHOCTHOI

MOJIE/TH TOIf 7Ke TeMBI p(u|t) = Y, TuywtPuwt, TOCTPOSHHOM 10 IEPEBOAAM CJIOB U3 S3bIKA (:

R(®,II) =7 Z Znut hlZﬂ'uwt(pwt — max.

ucWk teT weW?t

@opwmyna M-mara Tenepb yYUTHIBAET BEPOATHOCTU MEPEBOIOB Tyq. KpoMe Toro, 10-
OaByIsieTcsa peKyppeHTHasg popMy/ia JIIs ONEeHUBAHUSA STHX BEPOSITHOCTEI:

Puwt = nOII;I];I‘} <nwt +7 E qutnut>;
we w

Tuwt = NOTM (ﬁwutnut).
ueWk
Cesi3piBaHme NapaJsIelbHBIX TEKCTOB CUJIbHEE YJIydIlaeT KadeCTBO MOWCKA, 9eM 00a
criocoba y4éra cioBapeii |7|. Bropoit crocob wemuoro syunre nepsoro. Kpome toro, on
IIO3BOJIdET BbI6I/IpaTb BapHUaHTHI IEpEeBOJa B 3aBUCUMOCTHU OT KOHTEKCTa, 9TO MOZKeT 6bITb
MOJIE3HO IS CTATUCTUYECKOTO MAITHHHOTO MepeBOJIa, PUC. 7.

MopanpHOCTH KaTeropmit m aBTopoB. /JlomycTuMm, 9TO pacmpeeneHns TeM B JI0KY-
merTax p(t|d) MOpOKIAIOTCS OHON M3 MOJATHHOCTEH, HAPUMED, ABTOPAMHE, PYOPUKAMU
IIH KaTeropugaMu. ByaeM cuuTaThb, 9TO ¢ KaxKJIbIM TEPMOM w B KaKJIOM JOKyMeHTe d
CBsi3aHA He TOJILKO Tema t € T, HO W KaTeropusi ¢ u3 3aaHHOT0 MHOKecTBa Kareropuit C'.
Pacmupum BepositHOoCcTHOE TTpocTpancTBO 10 MHOXKecTBa D X W X T' x C. Tlycrh n3BectHO
noamuozkecTBo Kareropuit Cy C C) K KOTOPBIM MOYKET OTHOCUTHCS JTOKYMEHT d.
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PaceMoTpuM MyJIBTHMO/IATBHYIO TEMATHYECKYIO MOJeNb (22), B KOTOPOil pacipeeie-
HHEe BEPOSITHOCTU TeM JOKYMeHTOB Orq = p(t|d) omuchiBaeTCS CMECHIO PACHpeIeIeHI TeM
kareropuii Uy, = p(t|c) u kareropuit JOKyMeHTOB T.q = p(c|d):

p(w|d) = Zp w|t) Zp(ﬂ(?) (cld) = Zzwwﬂﬂtﬂcd (28)

teT ceCy teT ceCy

D70 TakKe 3a/a9a CTOXACTHIECKOTO MATPHYHOIO PA3JIOKEHNs, TOJIBKO Terepb Tpedy-
ercst Haiitu Tpu mMarpuis: ¢ — marpuia TepMoB TeM, U = (Vi )rxc — Mampuya mem
kamezoputl, I1 = (Teq)oxp — Mampuya kamezopuil JOKYMeHmos.

Mo/esib OCHOBAHA HA JIBYX TUMOTE3aX YCJOBHON HE3aBUCHMOCTH:

p(t|c,d) = p(t]|c) — Temarnka goKyMeHTa d 3aBUCHT HE OT CAMOTO JOKYMEHTa, & TOJIb-
KO OT TOro, KaKuM KaTeropudm OH IMPpUHAIJICKUT,

p(w|t,c,d) = p(w|t) — pacupejenerue TepMOB MOJHOCTHIO OMPEIEISIETCI TEMATHKOM
JOKYMEHTA M He 3aBHCHT OT CAMOTO JOKYMEHTA H ero KaTerOpHii.

Kpowme Toro, npeanonaraercs, 9to m.q = p(c|d) = 0 ps Beex ¢ ¢ Cy.

3ajada MAKCHMU3AIMN PEryYIsPU30BAHHOIO TIPABIOIIO00HSI:

Z Z N 1N Z Z OuwtWieTeq + R(P, U, 1) — max; (29)

(oA H
deD wed teT ceCy
Z Puwt = 1, Pwt > O, Z¢tc - 1a 77Z)tc > 07 Z Ted = ]-7 Ted > 0. (30)
weW teT ceCy

Teopema 3. Ilycte ¢yukmua R(P,V,1I) wempepsiBHO muchpepenmmpyema. Touka
(®, U, II) sokamprOrO 5KCTpeMyMa 3amaqn (29), (30) yaosmerBopsier cucremMe ypaBHEHHIH
CO BCITOMOTATEJIbHBIMH TEPEMEHHBIMH Dicqry = P(T, ¢|d, w):

tedw =  110TTI tWtcTed
pcw ( )ETXCd¢w¢CC7
OR
Pt = norm | Nyt + Put=— |; Nt = E E NdwPtedw;
weW &pwt
deD ceCy
OR
WVie = nOTM | e + Ype—— 3 Nge = E E NwPtedw
7vbtc d
€D wed
OR
Teq = NOTM | Neg + Ted= | ; Ned = g E NdwPtedw -
ceCy aﬂ-cd
wed teT

Jlannast MOJe/Th, OCHOBaHHAS HA TPEXMATPUIHOM PA3/I0KEHUHU, HAMOOJIee W3BECTHA
Kak asmop-memamuseckas modeas ATM (author-topic model), B Koropoit mopozx patorieit
MOJIATTBHOCTBIO ABJISIOTCS aBTOPBI ToKyMeHTOB [105]. B memamuueckot modeau mezupo-
sanusa doxymenmos TWTM (tag weighted topic model) mopox garomieii MOIATBHOCTHIO
SIBJISTIOTCST Teru JIOKyMeHTa [64]. AHasjorndHasi MOJEIh MCIOJb30BAIACh JJisi 06paboTKI
BH1OTOTOKOB B [49]. JIoKyMeHTHI d COOTBETCTBOBAJIN MOC/IEI0OBATENBLHBIM 1-CEKYHTHBIM
BUICOKTUIIAM, TEPMbI W — JIEMEHTAPHBIM BU3YAJbHBIM COOBITHSAM, TEMBI { — MPOCTHIM
JIeHCTBUSIM, COCTOATIINM U3 COUETAHUST COOBITHII, KATeropuu ¢ — 6oJiee CI0KHBIM MOBe e~
HUSM, COCTOSIIIIUM U3 COUETAHUs JAeHCTBUI, TPUIEM CTABUIACH 3a/1a9a BBIIETUTH B KaK-
JIOM KJIWITIe OJTHO OCHOBHOE MOBEJIeHHE.

Mogenb (28) MOKHO YIPOCTUTH M CBECTH CHOBA K JIBYXMATPUIHOMY DA3JIOKEHHUIO, eC-
JIX OTOXKJIECTBUTH TeMbl ¢ KaTeropuamu, C' = T', u B34Tb equHuunyio Marpuny V. Jannas
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MOJIeNTh W3BecTHa B inreparype Kak Flat-LDA [106] u Labeled-LDA [102]. Eé BbipasuTes-
HbIe BO3MOKHOCTH Oemmee, ueM y PLSA u LDA, tak Kak 3HaYNTe/NbHAS OIS 3JTeMEeHTOB
matpuipl [I = © GukcupoBanbl U paBHBI HYJIIO.

TpéxmaTprudanble pa3ioyKeHHs MMOKa He peaan3oBaHbl B Onbiamoreke BigARTM.

TemnopaJjibHBIE MOAEJN. BpeMms cO31aHua JTOKYMEHTOB BayKHO MPH aHAJIN3e¢ HOBOCT-
HBIX ITIOTOKOB, HAYYHBIX IyO/JIMKAIM, MATEHTHBIX 0a3, JaHHBIX COMMAJIBHBIX ceTeil. Tema-
TUIECKUE MOJE/IN, YUUTBIBAIOIINE BPEMS, HA3BIBAIOTCS MeMNOopasbHvLmu. OHI TO3BOIAIOT
BBIJIE/IATH COOBITHRHBIE U MePMAHEHTHBIE TEeMbI, 1eTeKTUPOBATH HOBBIE TEMBbI, IIPOCIEKH-
BAThL PA3BUTHE TeM BO BPEMEHH, BLIIETIATH TPEHIHL.

[Iycts I — KOHEYHOE MHOYKECTBO MHTEPBAJIOB BPEMEHU, U KaXKJbIil JOKYMEHT OTHO-
CUTCAd K OJHOMY MJIN HECKOJIbKUM HMHTEpBaJIaM, l)Z — MNOJAMHO2KECTBO JOKYMEHTOB, OTHO-
CAMUXCsT K WHTepBAJLY i. Byjem mojararh, 9ro TeMbl Kak pacnpejeserns p(w |t) ve me-
HSIOTCS BO BpeMeHH. Tpebyercss HATH pacipe/iesienne KaxK 10l TeMbl Bo Bpemenu p(i|t).

TpuBHAIbHBI IIOIX0, 3aK/II0YAETCA B TOM, YTOOBI MOCTPOUTH TEMATHYECKYIO MOIE/b
Ge3 yuéra BpeMeHH, 3aTeM HAfTH pacrpejejeHne TeM B KaxKJIoM uHTepBase p(t|i) kak
cpennee 0,y Mo Bcem jokymMeHTaM d € [); W mepeHOPMUPOBATH YCJIOBHBIE BEPOSITHOCTH:
p(i|t) = p(t\i)%. HemocraTok maHHOTO TMOAX0AA B TOM, 9TO WHMDOPMAIUS O BPeMeHH
HUKAK He MCIOJIb3YeTCsd MpH OOYyUeHHH MOJEIU U He BaugeT Ha (OPMUPOBAHUE TEM.

B ARTM »sta mpob/tema pelraeTcss BBeIeHHEeM MOJAIbHOCTH Bpemenn . lckomoe pac-
npenesnenne p(i|t) = @; nomydaercs B crosnbe marpuisl O. JlomorHuresbube orpanne-
HUA Ha IIOBeAEHUE TeM BO BPEMEHHU MOXKHO BBOJUTHL C IMTOMOIIBIO PEryjadpu3alun.

B oxHoit u3 mepmeix TemmopasbHbIX Temarwdeckux Mogeneii TOT (topics over
time) [141] kaxaasg TemMa MOJETMPOBATIACH HAPAMETPUICCKUM [3-PACTIPEIETIEHHEM BO BPe-
MeHHu. DTO ceMeHCTBO MOHOTOHHBIX M YHUMOJAJIHHBIX HEIPEPHIBHBIX (DYHKIHUIi, ¢ IMOMO-
MIBbI0 KOTOPOI'O MOYKHO OIMCHIBATH Y3KHE MUKH COOBITHRHBIX T€M U OrpaHHYeHHBIH HAGOD
TPpEeHI0B. TeMbI, UMenme CrnopajindecKkue BCIIJIECKH, JaHHad MO/EJ/Ib OIMMUCHhIBAET IIJIOXO.

HeHapaMeTqueCKHe TeMIIOpaJIbHbIE MOJIE/JIN CHOCO6HBI ONMUCBhIBATH IMPOU3BOJIbHBIE N3~
MEHEeHHs TeM BO BpeMeHH. PaccMOTPHM JIBa €CTeCTBEHHBIX MPeInoIoKeHnsa U hopMaJIu-
3yeM HX C HOMOIIBIO PEry/IspU3alliH.

Bo-11€pBBIX, OPEAION0KHEM, UTO MHOTHE TEMbI ABJSIOTCA COOBITUIHBIMU M UMEIOT OT-
HOCHTEJIbHO HEDOJIBIIOE «BPeMsl KU3HU», IO9TOMY B KarKJOM MHTEpPBaJie BPEMEHU { PH-
CyTCTBYIOT He Bce TeMbl. [loTpebyem paspekeHHOCTH pachpejesernii p(t|i) ¢ moMoIbo
KPOCC-3HTPONHUIAHOIO peryIsapr3aTopa;

Ry(® nmm ©) = —7y ZZlnp(ﬂi).

i€l tel

Bo-BTOpBIX, MpeAmoaoKuM, 9To pacipeenenns p(i|t) kak GyHKIHH BpeMeHH MeHsi-
IOTCSl HE CJIMIIKOM OBICTPO M BBEAEM PEryJIsiPU3aTOP CIUIasKUBAHUS:

Ry(® wmn ©) = =7 > Y [p(i|t) — p(i—1]1)].

i€l tel
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Oba peryngpu3aTopa MOXKHO 3anucaTh U Kak (pyHKmuio or ¢, n Kak pyHknuo ot O.
B cayuae peryngpuzatopa Ry(®) dbopmyna M-mara nveer Bui?

Pit = D?GTITH(nit + Towir sign(@i—1t — Yit) + Toir sign(Yip1 — %‘t)),

rjie pyHKIus sign Bo3ppaimaeT +1 s MOoJI0KUTETHLHOrO apryMenTa u —1 Jjis OTpuiia-
TeJILHOTO. Peryisipu3arop criaKnBaer 3HAYeHUsT B KazK/0i TOUKe BpeMeHHOTo psina p(i|t)
II0 OTHOIIEHUIO K COCETHUM TOUYKAM CJIEBa U CIPaBa.

8 3aBumcuMoCTH

Kmaccudukanusa. Temamuueckas modeav kaaccugurayuu Dependency LDA [106] siB-
nsiercs GaitecoBckuM anasorom mogenn (22) ¢ moganbHoctavu repmoB Wou kiaccos C.
Nmeercs obydaromiast BEIOOPKA JTOKYMEHTOB d, It KayKJIO0r0 U3 KOTOPBIX M3BECTHO IOJI-
muOkecTBO KjaaccoB Cy C C. Tpebyercs xiaccuduiupoBaTh HOBbIE JOKYMEHTHI C HEH3-
BectHBIM Cy. JIj1s1 3TOTO Oy/IeM UCIOIb30BATh AUHETHYIO BEPOAMHOCHYIO MOOEAL KAGC-
cuukayuu, B KOTOPOit 00bEKTaMU SIBISIIOTCS JTOKYMEHTHI d, MPU3HAKH COOTBETCTBYIOT
TeMaM t W MpUHUMAIOT 3HadeHust Oy = p(t|d):

Cy = {c €C ’ pleld) = pebia > %}.

teT

Kosaddunpnenrsr muneitnoit Mmogenn ¢, = p(c|t) n moporn v, oby4arorcst Mo BHIGOPKe
nokymenToB ¢ m3BecTHbiMU Cy. [Ipu3HakoBoe ommcanme HOBOrO JOKYMeHTA #j BHIYUCIIS-
eTCs TeMaTUIeCKOH MOJIE/IbI0 TOJIBKO TI0 €r0 TepMaM.

Dkcnepumentsl B [106] mokasamm, 9TO TeMaTHYECKHE MOJEIU TPEBOCXOIAT OObIU-
HbIe METOJbl MHOI'OKJIACCOBOH KIacCU(MUKAIUKA Ha OOJBIINX TEKCTOBBIX KOJLIEKITHSIX
¢ OOJIBIITMM YIHCJIOM HECOAJTAHCHPOBAHHBIX, TIEPECEKAIOIINXCS, B3aNMO3aBUCUMBIX KJIACCOB.
B [126] Te ke BbIBOMBI Ha TeX K€ KOJJIEKIUSX OBLIIH BOCITPOU3BEIEHBI JJIsi MYJIBTHMO/Ab-
noit ARTM. Hecbarancuposarrocms 03HATAET, 9TO KJAACCH MOTYT COJEPyKaTh KaK MaJioe,
TaK 1 OYeHb OOJIBIITOE YUCTO JOKYMEHTOB. B ciydae nepecekaroujuxca KIaccoB JOKYMEHT
MOZKeT OTHOCHUTBCA KaK K OJTHOMY KJIACCy, TaK U K OOJBIIOMY YHCIY KJIaccoB. Baaumosa-
BUCUMDbLE KTACCHI UMEIOT ODIIIe TePMbI W TEMbI, TO3TOMY MPHU KJIACCH(MUKAINH JJOKYMEHTa,
MOT'YT BCTYIIaTh B KOHKYPEHIIHIO.

B HekoTophix 3aauax kipaccudukanum nmeercss nHOpPMaInsg 0 TOM, 9YTO J0KYMEHT d
13 00ydalorneil BLIOOPKH He TPHHATEKUAT MOAMHOXKecTBY KiaccoB C) C C. lns sroro
caydasd 3alliilIeM IIPaBIoNoa00ne BepOATHOCTHON MOIe/n OMHAPHBIX JTaHHBIX:

L($,0) = TZ Z ancpctOtd + TZ Z ln(l — Z(pctetd> — max.

deD ceCy teT deD ceC teT

[TepBoe ciaraeMoe paBHAETCH log-MpaBIoONOIO0UI0 MOJATBHOCTH KAaccoB (22), eciu
OJIOKUTE Mg = [cE€ Cy]. Bropoe ciaraemoe MOKHO paccMaTpUBATh KaK PEryJsipH3aTop
HEe-IPpUHAJJICZKHOCTU JOKYMEHTOB KJIaCCaM.

2 Toitkos H. B. AjanTuBHasg peryiapu3anis BEPOATHOCTHBIX TeMaTHYeCKUX Mojeneil. BakanaBpckas
guccepramusg, BMK MI'Y, 2015.
http://www.MachineLearning.ru/wiki/images/9/9f/2015_417 _DoykovNV.pdf
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Perpeccusa. 3anaunm npejcka3aHus IUCIOBOI BeJMINHBI KakK (DYHKIIUUA OT TEKCTa BO3-
HUKAIOT BO MHOTUX IPHIOKEHUIX JTEKTPOHHOU KOMMEPIIUN: MpeICcKa3aHne peiiTuHra To-
Bapa, GpuabMa WM KHATH 110 TEKCTY OT3bhIBa; MPeAcKa3aHne YuCIa KJIUKOB M0 TEKCTY pe-
KJIAMHOTO OO'bSIBJIEHHUSI; TIPE/ICKa3aHne 3apILIaThl 110 ONMUCAHUIO BAaKAHCHW; TPEICKA3aHNe
nosie3HocTH (Yncsia JAfKoB) OT3bIBa Ha OTeJb, pecTopaH, cepsuc. st BoccTaHOBIEHMSI
YUCTOBBIX (DYHKIHI 110 KOHEUHOH oOydatomieil BEHIOOpKe map «00beKT—OTBET» HCIOIb3Y-
I0TCSI PErPECCHOHHBIE MOJIETN, OTHAKO BCe OHU MPUHUMAIOT Ha BXOJE BEKTOPHBIE OIUCAHUS
00bexkToB. Temarudeckast MOJe/b MMO3BOJISIET 3aMEHUTh TEKCT JOKyMeHTa d ero BeKTOpP-
HBIM TpejcTaBienueM ;. C Apyroil cTOpoHBI, KPUTEPUt ONTUMUBAINE PErpPecCHOHHOM
MOJIEJIA MOYKHO MCITOJIHb30BaTh B KQU4eCTBE PErysgpu3aropa, 9Todbl HAiTH TeMbl, Hanbojee
uHGOPMATUBHBIE ¢ TOUKH 3DEHHUs TOYHOCTH MpejcKazanuii |74, 115].

[IycTb A1 KaxKa10ro JOKyMeHTa d obydatomnieil BEIOOpKU [ 3aaHO 1e/1eBoe 3HAUEHNe
ya € R. PaccmorpuMm aunetinyro modeav peepeccuu, KOTOpas MpeICKa3biBaeT MaTeMaTH-
q9eCKOe OKUJIAHWe MMeJIeBOI BeJINYNHBI:

E(yld) = 3 v

teT

rie v € RT — sekrop xoaddumuentos. [IpuMennM MeTO HANMEHLIINX KBAJIPATOB I
o0ydeHHusI BEKTOpa v MO BBIOOPKE JTOKYMEHTOB:

R(O,v) = —7 Z(yd — Z vtetd)Q.

deD teT

[Toxcraisist sror peryasipusarop B (13) u npupaBHUBAsT HYJIIO €10 TPOU3BOIHYIO 110 U,
nostyauM (opmyas M-mara:

0ia = HOle (ntd + TU04q <yd - Z Usesd> ) ;

seT

v = (007)"'oy.

BamMeruM, 410 (hbopMmysia I BEKTOPa ¥ ABISIETCS CTAHIAPTHBIM pelleHreM 3a/1add HAH-
MEHBINX KBaJIpaToB npu (pUKCHpoBanHoit marpure O. BekTop v M0KHO OOHOBIATH 110
OKOHYAHWU KayKJ0T0 ITPOX0/1a KOJLIEKINN, JIKHOO 1mocjie 00pabOTKH KarK/I0r0 MmaKeTa JI0KY-
MEeHTOB B omjiaitnoBoM EM-anropurme.

B [115] moka3aHo, 4TO KAYECTBO PErPECCHU MOYXKET 3aBHCETh OT MHUIHATN3AIMH TeMa-
THYECKON MOJIENTH, W MPeJIT0KEeHO HeCKOJIbKO METOI0B MHUMMATA3AINN.

Koppeasimuu tem. Modeav koppeauposannvz mem CTM (correlated topic model)
npelHa3HAYEHA [JIsl BBISIBJIeHUs cBsizeil Mexxay Temamu [21]. Hampuwmep, crarhs mo reo-
Jorun OoJiee BEPOATHO CBA3aHA C apXeoJorueil, ueM ¢ reHeTHKOil. 3HaHHe O TOM, KaKhe
TEeMBI Jallle COBMECTHO BCTPEYAIOTCS B JOKYMEHTAX KOJIIEKIUH, IIO3BOISET TOUYHEe MOIe-
JIMPOBaTh TEeMaTUKY OTACJbHBIX JOKYMEHTOB B MYJbTUAUCIUIIINHAPHBIX KOJIJIEKOUAX.
JLnst onmcaHust KOppesstiuii yao0HO HCIOIh30BaTh MHOTOMEPHOE HOPpMaJIbHOE pacipe-
nesqenre. OHO He MOAXOAWT JJIsi OMMCAHWS HEOTPUIATEJIHHBIX HOPMHUPOBAHHBIX BEKTOP-
CTOJIOTOB 04, HO HEILJIOXO OMICHIBAET BEKTOPHI UX J0rapudmoB 1y = In 6;4. [TosTomy B MO-
JIeJTb BBOJUTCS MHOTOMEPHOE JIOP-HOpMasibHoe pactpeenenne (logistic normal) ¢ asyms
napaMeTpaMu: BEKTOPOM MaTeMaTUIeCKOT0 OKUJIAHUS (L U KOBAPUAIIMOHHON MaTpHIIEH i

p(nal 1, B) = (2m) 3B 72 exp (=3 (0 — 1) (4 — p)).
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Nznaganpao mogens CTM Obl1a pazpaboTana B pamMKax 0aiieCOBCKOTO MOIXO/A, T/
BO3HUKAJTM JIOMOJTHUTETbHbIE TeXHUYECKHe TPYJAHOCTH U3-33 TOTO, YTO JIOT-HOPMAJBHHOE
pacrpejieleHre He sIBJISIETCsI CONPSIKEHHBIM K MyJabTuHOMua bHOMY. B pamkax ARTM
uaess CTM dopmanusyercss u peajn3yercs HAMHOTO TTPOIIIE.

Onpegeum peryisipu3aTop Kak jorapudM mpaBaono100ust JOr-HOPMAJILHOW MOJIe/
JIJTST BHIOOPKU BEKTOPOB JIOKYMEHTOB 1)

RO, 1, %) = TZ Inp(ng|p,X) = —% Z(ln 0 — p)™= " (In 04 — p1) + const — max .

deD deD O
Cornacuo (13), dopmyna M-mara s 0,y npuHIMaeT Bu/
_ -1
O = norm (ntd - T ZT 2, (ln Osq — us)), (31)
s€

e X;,' — s/1eMeHTs 06paTHOl KoBapHanuoHHOil MaTpuipl. [lapaMeTpsl ¥, (i HOpMAIBLHO-
ro pacrnpe/ie/ienusi OOHOBJISIIOTCS TOC/Ie KazKJI0T0 MPOX0/Ia KOJLIEKIINH, JITOO TOC/Ie KaxK-
JIOTO TaKeTa JIOKYMEHTOB B oHjaiinoBoM EM-aaropurwme:

1
= — In 0,;
H |D|d€ZD d
1
ZZHZ(IHGd—M)(Ined—M)T.
Pl

Takum oOpa3om, TpymLoéMKas omnepalys oOpalleHusT KOBAPUAIMOHHONR MATPHUIIBI BHIMOJI-
HSIeTCsT OTHOCUTEIHHO peko. B [21] ncnop3oBanack LASSO-perpeccust, 9To0bI Moy 9aTh
paspeKeHHYI0 KOBAPUAIMOHHYIO MAaTPHILY.

9 CBga3u MexXJay JOKyMEHTaMu

Cchliku m muTupoBaHme. lHorma nmeercs: HOMOJHUTEIbHAS WHAOPMAINT O CBSI3STX
MEKIy JOKYMEHTaMH U MPEeJIIo/IaraeTcs, YTO CBSI3aHHbIe JOKYMEHTHI UMEIOT CXOXKYIO Te-
MaTuKy. CBsI3b MOXKeT O3HAYaTh, UYTO JIBA JOKYMEHTa OTHOCSITCS K OJHONW pyOpuKe, COB-
MECTHO YIOMHUHAIOTCS WK CCBLIAIOTCI APYT Ha Apyra. PopMaanzyeM 3TO Ipe o I0KeHIe
C TIOMOIIIHIO PEryJIsgpu3aTopa:

RO) =T Z Ndc Z O1abse,
d,c

teT

TJIe Nge — BeC CBI3M MEXKJy JOKYMEHTaMH, HalpUMep, YHCJI0 CChlIoK u3 d Ha c. B [38]
npeaIoXKeHa moxoxkas momenb LDA-JS, B KoTopoii BMECTO MaKCHMH3AIMH KOBAPHAIIN
MHHEME3HpYyeTcs auseprennns llencena-Illennona Mexxay pacmpenenenusmu 0y u 6,.
Dopmyna M-mara jis 6y, cormacuo (13), umeer Buj

04 = norm (ntd + 7044 E ndﬁtc)-
teT
ceD
910 emg oaHa Pa3HOBUIHOCTH CriazKuBaHus. BeposTHocTH 0y B X01€ UTeparuii mpu-

OJIMKAIOTCA K BEPOSITHOCTIM ;. TOKYMEHTOB, CBI3aHHBIX C d.
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Perynapuszarop marpunpl © cranoButcs HedhdEKTUBHBIM MpH MAKEeTHOH 0OpaboTKe
OOJIBINMUX KOJLIEKINi, KOT/Ia JOKYMEHTHI ¢, Ha KOTOPbIE CCHLIAeTCH JAHHBIA JOKYMEHT d,
HAXOJIATCs B Ipyrux nakerax. [Ipobyiema peraercs: BBeJIeHUEM MOJIAJIHLHOCTH JTOKYMEHTOB,
HA KOTOPBIE €CTh CCHIJIKN W3 JIPYTUX JOKYMEHTOB. JTOT CIIOCOD MOPOXK/IaeT HOBYIO MPO-
OJIeMy: ecJii MOITHOCTD 3TO# MOJIA/IbHOCTH OKAYKeTCsl PABHON YHC/IY JOKYMEHTOB, TO MaT-
puna ® MoxKeT He IIOMECTUTbCA B OIEPATHBHYIO MaMsITh. MOKHO COKPATUTh 3Ty MOIAThb-
HOCTb, OCTABHB TOJIBKO HanbO/Iee BAUATETbHBIE JOKYMEHTHI ¢, UACJI0 CCBLIOK Ha KOTOPBIE
Ne = Y4 Mde TPEBBIIIAET BEIOPAHHBII TOPOT.

Januast njest mpuiuia W3 MOJeJNN BIMsiHUS HaydHbIX myoaukanuii LDA-post [38].
B Heit ucnosip3ytorcs aBe moganbHOCTH: cjioBa Wi n murtupyembie gokymenTsl Wy C D.
Mogenb BeIBIgeT HAbOJEe BIUATE/NIbHbIE JOKYMEHTH BHYTpH KaxkKaoi TeMbl. Henyie-
BbIe 3JIEMEHTHI B CTpOKe ¢ MaTpuibl Py MOKA3BIBAIOT, HA KaKWe TEMBI IMOBJHUSI JIOKY-
MeHT ¢ € Wy, TakzKe Moje/Tb MO3BOJIIET pa3andaTh, KaAKHe U3 CCHLIOK CYIIECTBEHHO II0-
BJIVISIJIM HA HAYYHYIO CTAThIO, 8 KAKUE SIBISIFOTCSI BTOPOCTENEHHBIMU, YUCTO (DOPMaIbHBIMEI
WU «JTAHBIO BEXKJIUBOCTHY». CUNTAETCsI, 9TO JOKYMEHT ¢ TOBJIWSJ HA JOKYMEHT d, eCjIu
d cchlmaeTcd Ha ¢ U OHH UMEIOT 3HAYUTETbHYIO OO O0INeil TeMaTUKH.

l'eomokarmuu. Iudopmanusa o reorpaduIecKkoM MOJTOKEHAN YACTO UCIOIb3yeTCd MpH
aHa/M3e JAHHBIX COIHUAJBHBIX ceTeil. ['eorpadudieckas mpuBg3ka JOKyMeHTa d WA €ro
aBTOpa 3a1aércst b0 2eomezamu (HA3BAHUSME CTPAHBI, DEIMOHA, HACEJEHHOTO MYHKTA),
b0 2eonokayuet, — mapoii reorpadudeckux koopauHar lg = (x4,y4). B mepBom ciry-
Yae BBOJMUTCS MOJAJIHLHOCTH I'€OTEroB, BO BTOPOM CJIyUae HCIOJIb3YeTCsl Peryssipu3arop.
ARTM mnossosser coBMenarTh B Mojaean oba Tuna reorpaduyecKux JaHHBIX.

[Henpio MomeTMpOBaHUS MOXKET OBITh BBIJEIEHHE PErHOHAJIbHBIX TeM, OIpeeaeHne
«apeaJyia OOMTaHHSI» KaxKIOW TeMbI, MOUCK IMOXOXKHUX TeM B JApyrux pernonHax. Hampwu-
Mep, B KadecTBe OJHOI n3 miutoctpanuii B [151] onpeaesstorest pernoHbl MOy JIsipHOCTH
HAIMOHAJILHOM KyXHH 1O mocraMm moJb3oBareseiil Flickr. Ipyras wutocrparust u3 [75]
OKA3BIBALT, UTO TeMAaTHIeCKas MOJe/b, yINThIBatomast, n3 kakoro mrarta CIITA mpumwo
cooDIIeHne, TOUHee MPOCIeKUBaeT MyTh yparana «Karpuuas.

Ksajipatnunsiii perynsipuzarop Marpunbsl O, mpemioxenusiii B [151], dopmanuzyer
MPEeJIIOIOKEHWe, 9TO JOKYMEHTHI CO CXOKUMHU IeOJIOKAIUSIMA UMEIOT CXOXKYI0 TeMATHKY:

R(O) = =5 Y wea Y (tha— b0,

(cd)  teT

e Weq — BEC Mapbl TOKYMEHTOB (¢, d), BeIpazKaiomuii 6;1u30cTh reonokanuii. Hampuvep,
Weg = exp(—12), e 12, = (v, — 24)* + (Yo — Ya)*> — KBAJAPAT BKIUIOBA PACCTOAHU.

DTOT peryasspusarop TpedyeT npu 00paboTKe KarxKI0ro J0KYMeHTa d T0CTyIa K BEKTO-
pam 0. Apyrux JOKyMEHTOB, 9TO 3aTPYIHSET MaKeTHYI 00pabOTKy OOIBITNX KOJLIEKITHIA.
AnbTepHATHBHBIN CIIOCOD CIIIAsKUBAHUS OCHOBAH HA PETYJISIPU3AINE MATPUIBT P.

IIycts G — MOZAIBHOCTH reoTeroB, ¢g, = p(g|t). Temarnxa reorera g BeIpazKaeTcs
o dhopmyse Baiteca: p(t]|g) = wth—;, e n, — YacToTa reoTera ¢ B MCXOAHBIX TAHHBIX,
ng =), Mgt — UACTOTA TeMbI ¢ B MOJATLHOCTH T€OTEroB, BhivucIsgemMas EM-anropurmon.

KBasparuuuslii peryispu3aTop MaTpuibl @ 1m0 MOJATLHOCTH re0TeroB (hopMaTu3yeT
IPEIOIOKEHNe, 9TO reorpadudecKn OJIM3KHE TeOTErH NUMEIOT CXOXKYH0 TeMATHKY:

T Ogt  Pgrt\2
R S o)

g9,9'€G teT 9
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IJle W,y — BeC IMapbl TeoTeros (g, ¢'), BeIpazKkalonuii ux reorpadguieckyio 6aun3octs. Huxke
MBI PACCMOTPHUM 00OOIIEHNEe STOTO peryaspu3aTopa Ha 6ojee MIHPOKUil Kaace 3a1ad.

I'padsr u conmansubie cetu. B [75] npeayoxkena Gosiee 001as TeMaTHIeCKasi MOJE/h
NetPLSA, yuuTsiBaommas pou3Bo/IbHbIe IpadoBbie (CeTeBbIe) CTPYKTYPhl HA MHOYKECTBE
nokymeHToB. [Tycrs 3agan rpad (V, E) ¢ MHOXKECTBOM BepiuH V' 1 MHOKeCTBOM pébep E.
Kaxkmoii ero Bepmunae v € V' cOOTBETCTBYeT MOJAMHOXKeCTBO JToKyMeHToB D, C D. Hanmpu-
Mep, B pojin [, MOXKeT BBICTYIIATh OTJE/JbHBIN JJOKYMEHT, BCE CTAThU OJIHOIO aBTOpa v,
BCe MMOCTHI U3 OJHOIO reorpaduyuecKkoro permona v, u T. .

Temaruka Kaxk10il BepIInHEL v € V' BhIpazkaeTcs depes3 mapaMeTpbl Moaean O:

p(tlv) = 3 pltld)p(dlv) = Zem

deD, dED

B mogenn NetPLSA ucnosib3yercst KBapaTHIHBII Peryisipu3aTop:

R(©) = —3 N wa Y (p(t]o) = p(tu)?,

(u,v)EE teT

TIe Beca Wy, péoep rpada (u,v) 33Jal0TCs eCTECTBEHHBIM 00pa30M, KOI/Ia B 3a7a9e eCTh
COOTBETCTBYIOIIAA JOIOTHUTEIbHAA nndopmanusa. Hanpumep, eciu D, — Bce cTaTbl aB-
TOpa v, TO B Ka4ecTBe Beca pedpa wW,, €CTECTBEHHO B3STh YUCJIO CTaTell, HAMUCAHHBIX
aBTOpaMu 1 W ¥ B coaBTOpcTBe. Ecam momobHO wHMOpMaIun HET, TO BeC IMOJaraeTcs
PABHBIM €INHHUTIE.

DTOT peryagapu3aTop TpedyeT npu 00padboTKe KaxKI0T0 JOKYMEHTa d JTOCTyIa K BEKTO-
pam 6. Ipyrux JOKYMEHTOB, 9TO 3aTpyAHsSIeT 3hMEKTHBHYIO MAKEeTHYI0 00pabOTKY 0O0Jhb-
MTUX KOJITEKIUH. AJTbTePHATHBHBIN TyTh COCTOUT B TOM, YTOOBI MHOYKECTBO BEPIITUH I'Da-
da V 06baBUTH MOJAIBLHOCTHIO U TEPeiiTu K pery/isipusanuu MaTpuiibl P.

B kaxaprit gjokyment d € D, jpobaBum TOKeH v MogaJbHOCTH V. Bblpa31/1M TEeMATUKY
BepIIHHLL v uepe3 mapamerpbl @ mo dopmyne Baiteca: p(t|v) = (v|t)p(v Pot Top> TAE
ng =y, My — 9aCTOTA TeMbl ¢ B MoganbHOCTH V/, Berancagemas EM-amroparmom.

PeryﬂﬂpmaTop NetPLSA coxpanseT mpexKHuii BII, HO CTAaHOBUTCA dyHKIuei or P:

2
R( :__ Z wuvz (Sf?vt _ <Put>
D] 1D

(u v)eEE teT

Bo MHOrMX NPUIOKEHUAX BasKHBI HANPABJICHHOCTH CBA3€iH, KOTOPHIE KBaIAPATHYHBIIR
peryasgpu3aTop He yuutbiBaeT. Hampumep, ¢Bs3b (u,v) MOKET 03HAYATDH CCBLIKY W3 JIO-
KyMeHTa u Ha JoKymeHT v. B mogenu iTopicModel [117] mpeamonaraercsi, uto ecin
(u,v) € E, 1o remaruka p(t|u) mmpe Temaruku p(t|v). [losromy MUHEMUHPYETCST CyM-
ma mueeprenmuit KL(p(¢|v) || p(t|u)), npuuém yenosnsie pacnpenenennsi p(t|v) mMoxHO
BBIPA3UTh KaK 4depe3 @, Tak u depe3 P:

R(© nmu ) Z wuvat\'U Inp(t|u).
(uv )EE terT

Kax mokaszaju 9KCIepIMEeHTBI®, peryiapusanus MaTpuibl ¢ OpUBOIUT HpaKTHIeCKH
K TeM ke pesysbraram, 9To u peryiaspusanus O aas mogeneit NetPLSA u iTopicModels.

3Bynaros B.T. Ucnonb3oBanue rpadoBoil CIPYKTYPbl B TeMaTHYECKOM MOJIe/IMpOBaHuu. Marucrep-
ckas nuccepranus, MOTU, 2016.
http://www.Machinelearning.ru/wiki/images/4/4d/Bulatov-2016-ms.pdf
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10 UWepapxum Tem

Uepapxuveckne TeMaTHIeCKHe MOJIEIN PEKYPCUBHO JIEJISIT TeMbI HA TMOATEeMbI. 'Temarnde-
CKHUE UePAPXUM CJIYZKAT JJIs IOCTPOEHUsT pPyOPUKATOPOB, CUCTEMATU3AIUN OOJIBITUX 00bHE-
MOB TE€KCTOBOI nHMOpMAIIT, HTHGHOPMAIMOHHOTO TOUCKA U HABUTAIMH T10 OOJIBIITHM MY Th-
THAACITAILTMHAPHBIM KOJLTEKIIHAM. 3a1a9a aBTOMATHIECKOH pYOPUKAIMKE TEKCTOB CJI0YKHA
cBOeil HeOTHO3HAMHOCTBIO U CYObeKTUBHOCTHIO. Pa3muansa Bo MHEHUSIX SKCIIEPTOB OTHOCH-
TeJIbHO pyOpUKanuu 1okyMeHToB MoryT gocturarh 40% [1]. Hecmorpst Ha obusme paGor
110 MepapXuueckuM TeMaTuIecKuM MomessiM [23, 65, 79, 152, 100, 136, 137, 138, 139], on-
THMU3AIHS pa3Mepa U CTPYKTYPhI HePAPXUH OCTAETCsS OTKPBITOH pob.1eMoit; Hotee TOTO,
OIEHUBAHNE KAYECTBA MEPAPXUH — TaK:Ke OTKpbITas mpobiaema [152].

CrpaTerun mOCTPOEHUS TeMATHIECKUX HepapXmil BechMa pa3HOOOPA3HbI: HUCXOISIIHE
(muBU3MMHEbIE) W BOCXOAsIIHE (ArIOMepATHBHBIE), MPEJACTABISIONNE HePAPXUIO JEPEBOM
UM MHOTOJIOJIBHBIM rpadoM, HapamuBaonye rpad mo ypoBHSIM WJIKA 110 BepITHHAM, OC-
HOBaHHBIE HA KJIACTEPU3AIMK JIOKYMEHTOB ujin TepMoB. Hejb3s Ha3zBaTh Kakyoo-TO W3
CTpaTernit MpeanouTHTeNbHON; ¥ KaXK A0 eCTh CBOM JOCTOMHCTBA W HEJIOCTATKH.

B [33] npemoxkena uucxomsimas crparerus Ha ociose ARTM. Vepapxust mpeicraBis-
eTcst MHOTOJIOJIBHBIM T'PaOM € yBEJIUUYUBAIONIUMCS YUCJIOM TeM Ha KayKJIoM yposHe. Mo-
JieJIb CTPOUTCS 110 YPOBHSIM CBEPXY BHU3. UHUCJI0 YPOBHEH M YHCJIO TeM KayKJIOro yPOBHs
3ajaércs BpyuHyo. Kakaplit ypoBeHb MpeACcTaBisgeT co00i OOBIIHYIO «ILJIOCKYIO» TeMa-
THYECKYIO MOJEb, TI09TOMY BpeMs MOCTPOEHUSA MOJETH OCTAETCs JIMHEHHBIM M0 00bEMY
KOJIJTEKIIHH.

Jlas mMomenmpoBaHusl CBsI3ei MeKIy YPOBHSIMH B MOJEJb BBOJSTCS MapaMeTpbI
s = p(s|t) — yciOoBHBIE BEPOSITHOCTH TIOJTEM B TeMax. B ciydae MyJbTHANCIUIIIHHAD-
HBIX KOJIJIEKIIHiT O TeMaM Pa3perniaercsi UMeTh 10 HeCKOJIbKO poauTeabcknx tem. ARTM
O3BOJISIET YIPABIATH PA3pPE:KEHHOCTHIO 9TOr0 PACIPEIeIeHHS ¢ MTOMOIIBIO JTOMOTHUTE Th-
HOTO KPOCC-3HTPONMITHOTO peryagpu3aropa. MoxKHO yCHINBATh pa3pekeHHOCTh pacipe-
nenennii p(t|s) = @/)St;‘—z BILTOTH /IO BBIPOKIEHHOCTH, TOTJA KazK/Ias MoaTeMa Oy1eT nMeTh
POBHO OJIHY POJUTE/IHCKYIO TEMY, a BCS uepapxus Oy/1eT UMEeTh BU/L Je€PeBa.

Peryngapuszarop moarem. Ha BepxHeMm ypoBHE MepapXuu CTPOUTCS OObIUHAS TLJIOCKAST
TemaTudeckas Moaeab. [lycrh Mogeas f-ro ypoBHST ¢ MHOXKeCTBOM Tem 1’ yrKe mocTpoena,
1 Tpebyercsi MOCTPOUThH MOJIEbh YPOBHs {41 ¢ MHOXKecTBOM Jo4uepHux TeM S (subtopics)
1 66abmuM qucaoM TeM, | S| > |T|. TlorpeGyem, 9TOOBI POJUTENILCKHE TEMBI ¢ XOPOIIO
IPUOINKATACH BEPOSITHOCTHBIMU CMECSIMU JIOUEPHUX TEM S:

Znt KL, (p(w|t) Zp(w|s)p(s|t)> = Z"t KLw<nn_u;t

seS

Z(Pwswst) — %11\1517

seS )

tie ¥ = (Vg)sxr — Mampuya ceaseli, KOTOpask CTAHOBUTCSI JOTMOJHUTETHHOI MaTpuieil
HapaMeTpoB JJIsi TeMAaTHIECKOl MOJIe/H JT0UepHero YpOBH.

D10 331392 MATPIIHOTO pazaozkennd O = ®W qna marpuns ¢ poauTeIbCKOro ypos-
Hs1. OOBIYHO MBI UCIOJIb3YeM HU3KOPAHTOBBIE PA3JIOKEHWsl, MPHUO/INKasi MATPUILY BHICO-
KOO paHra Mpow3Be/ieHneM MaTpuil 60j1ee HU3KOro panra. OHAKO B JaHHOM CJIydae BCE
HaobopoT: mpenosaraercsi, 9ro Marpuibl ¢ u ¥ nmeror nosHbil panr | S|, 3aBe1oMo 1pe-
poimatommii rank ®° = |T|. Cpean MATPHYHBIX Pa3loyKeHmit 0bg3aTebH0 IMEIOTCS TOY-
HbIe peleHus, HO OHU HaM He MOoAXoadaT. Matrpuie ¢ BHINOJIHO UMETh MOTHBINA PAHT, YTOOBI
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ONICHIBATH KOJUIEKIIMIO TOUHee, 4eM 3To gesnaer Marpuia ®f. TpeboBanue, 4ToOb OHA 3a-
OHO mpubIzKaTa MaTpuiy $f, BBOTUTCA depes peryaspu3aTop:

R((I)a \I]) = TZ Z TNt lnzgpwswst-

teT weW ses

Bagada makcumuzaiun R(P, ¥) ¢ ToqHOCTHIO 10 0603HAYeHH COBIAIAET ¢ OCHOBHOI
3a/1aueil TeMaTHIecKoro MoJeupoBanus (8), ecau CanTaTh POAUTETbCKIE TeMbI t Nce6do-
JOKYMEHMAMY C FACTOTAMHE CIIOB TNyt = TNt Pyt. DTO O3HATAET, YTO BMECTO T00ABTEHUS
caaraemMoro B (hopmysibl M-11ara JaHHBIH peryIgpu3aTop MOXKHO Peami30BaTh eIlé mpoIre.
[TocTpouB poaNTEIHCKHI YPOBEHD, HAMO T00ABATH B KOJLIEKIMIO POBHO |T'| MCeBIOIOKY-
MEHTOB, 3a/JaB UM B Ka4eCTBE YaCTOT TEPMOB 3HAYUEHUA T7Tly¢. ManI/IHa \Ij IMOJIYyIUTCA
B CTOJIONAX MATPUIBI O, COOTBETCTBYIONINX TICEBIOIOKYMEHTAM.

B 6ubmmoTexe BigARTM 3TOT mMOIXOM peaan30BaH B BUIE OTAEIbHOTO Kjaacca hARTM.

11 CoBcTpedaeMoCTh CJIOB

['mmore3a «MeIKa CJIOBy SABISIETCS OJHUM U3 CAMBIX KPUTHKYEMBIX TOCTYJIATOB TeMa-
THYeCKOro MojenupoBanusd. [losTomy MHOTHE HCCIeTOBaHUS HAPABIEHL HA CO3TAHUE
DoJiee aJIeKBATHBIX MOJE/eil, YIUTHIBAIONINX MOPSAI0K Ccja0B. I3 Hux Hambo/iee BayKHBIMU
npeacTaB/Jad0OTCA TPU HallpaBJI€HUD.

[TepBoe HampaBjeHHe CBSI3aHO C BBIJAEJIEHUEM KOAAOKAUULT — CTATHCTUYECKHU YCTOI-
YUBBIX N-2pamm (TOCTEIOBATETHLHOCTEN TOAPSA UIAYIIUX 7 CJIOB). TeMbl, MOCTPOCHHBIE
Ha N-TpaMMaX, HAMHOTO JIYUIlle WHTePIPEeTHPYIOTCd, YeM IMOCTPOEHHbIE Ha YHUIDAMMAaX
(ormenpbHBIX caoBax). [Ipobiaema B TOM, 9TO 9YHCIO n-2pamm KatacTpodudeckn OBICTPO
pacTér ¢ pocToM 00bEéMa KOJIJIEKIIHH.

Bropoe mampapjienue CBsi3aHO C aHAIN30M COBMECTHOI BCTpedaeMocTu cjoB. [loss-
JIeHue mporpaMMbl word2vec 76| cTuMYIHPOBAIO PA3BUTHE GEKMOPHBLIL NPedCasierud
caos (word embedding). OHu HAXOAAT Maccy HpUMeHeHUi OGJarogapst CBOHCTBY ducmpu-
bymueHocmu — CeMaHTHYEeCKH OJIM3KUM CJI0BAM COOTBETCTBYIOT OJIM3KHE BEKTOPHI. Te-
MATHYECKHe MOJEJM CIIOCOOHBI CTPOWTH BEKTOPHBIE TPeJICTaBJIeHUs CJIOB, 00JIaaf0nmne
CBOICTBAMU MHTEPIPETUPYEMOCTH, PA3PEKEHHOCTH W JIMCTPUOY TUBHOCTH.

TpeTbe HApaBeHHE CBIA3aHO C MeMamuueckol cezmenmayueti W TUTOTE30H, 9TO
TEKCT Ha eCTECTBEHHOM S3BIKE COCTOUT W3 MOCJIEJI0BATETBHOCTH MOHOTEMATHIHBIX COO0-
menuii. B vacTHOCTH, KaxK10€e mpeIozKeHne Jale BCero OTHOCUTCS TOJTBKO K OJTHOI TeMe.
3aaun cerMeHTalnn pacCMaTPUBAIOTCS B paszese 12.

Kommokamuu. lcnosb30BaHne CJI0BOCOYETAHUI 3aMETHO Y/IyUNIaeT WHTEePIHpeTupye-
MOCTB TeM, 9TO JEMOHCTPHPYETCS MPAKTUICCKH B KarKIOH IMyOJUKAIMA 110 N-IPAMMHBIM
TEMATUICCKUM MOJIEJISIM, CM. Hanpumep [53].

[TepBas Gurpammvuas temarudeckasg Mozgenb BTM (bigram topic model) [133] mpen-
cTaBJsiIa COGOM MO CyTH MYJIBTUMOAAIBLHYIO MOJENIb, B KOTOPOil KayKJIOMY CJIOBY U COOT-
BETCTBOBAJIA OTIe/bHAas MOJAIBHOCTE co caoBapém W, C W, cocTaBIeHHBIM U3 BCeX CJIOB,
BCTPEYAIONIMXCA HEIIOCPEICTBEHHO MOCIe CJI0Ba v. 3anumeM log-ipaBronogobue 3Toii Mo-
JIeIA B BUJIE PETYIsApH3ATOPA:

R®,0)=> "> nawln) ¢!,

deD ved weW, teT
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pacno3sHaBaHue obpa3os B 6uonHdgopmaTmke TEOPUS BbIHNCANTENBHOW CAOXKHOCTM
unigrams bigrams unigrams bigrams
0b6beKT 3aja4a pacnosHaBaHuUs 3ajaya pasfensiTb MHOXECTBA
3agaya MHO>XXeCTBO MOTVBOB MHO>X€eCTBO KOHEYHOE MHOXECTBO
MHO>XeCTBO cmcTemMa Macok NOAMHOXECTBO  YCNOBME 3aAaun
MOTNB BTOPVYHAsI CTPYKTYpa ycnosmne 3afa4a O MOKpPbLITN
paspeLmmMocTb CTpyKTypa benka Knacc NOKPbITNE MHOXECTBA
BbIbOpKa pacnosHaBaHme BTOPUYHOW | pelueHne CUNBbHBIA CMbICT
Macka cocTosiHne obbekTa KOHEeYHblIi paspensiownii KomnuTeT
pacno3HaBaHme obyuatowas BbIbopka 4ncno MUHUManNbHbI acpdUHHBIA
NHOPMATUBHOCTL  OuUEeHKa MHAOPMATUBHOCTM | adppuHHbIN acpdpuHHbI KOMUTET
COCTOAAHNE MHO>XXeCTBO 06beKkTOB cny4aii adbprHHBIA pasgensiownii
3aKOHOMEPHOCTb paspewnmMocTs 3agaqn noKpbITNE obliee nonoxxeHmne
cucrema KpUTepuii paspeLnmocTm obwynii MHOXECTBO TOYeK
CTpyKTYypa NH(OPMATNBHOCTL MOTIBA | MPOCTPAHCTBO cny4yaii 3agaqn
3Ha4eHne nepBnYHas CTPyKTypa cxema obwuii cnyyai
perynspHocTb TYNNKOBOE MHOXECTBO KOMUTET 3agada MASC

Puc. 8: TIpuMepbl TeM yHUIDAMMHO# MOJEIH U COOTBETCTBYIOIIUX UM TeM OUIPAMMHON Mozeaun (Mo KO-
JekIuu crareil nayunoit koudepenruu MMPO).

rae @b, = p(w|v,t) — ycaoBHAsE BEPOSTHOCTH CJIOB W IMOCJE CJIOBA U B TeMe b Mgy, —
JacToTa OUrpaMMBbl «vw» B JJOKyMeHTe d. I'taBHBI HepocTtaTok Moaen BTM B Tom, uTo
OHA YYHUTLIBAET TOJBHKO OUrpaMMbl. Bropas mpobiema B TOM, 9TO YHCIO BCeX OGUTpAMM
OBICTPO YBEJIMINUBAETCS C POCTOM KOJLIEKIIWH, U MCIOJIh30BaTh Mojeab BTM nHa 6oabrux
KOJIIEKITUSTX 3aTPYIHUTETHHO.

Mogens TNG (topical n-grams) [142| ycrpamsier 31 HemocTaTKu. YCJIOBHOE Pacipe-
JIeJTeHHe CJIOB OMMUCBHIBACTCST BEPOATHOCTHOM cMechio p(w|v, 1) = &l + (1 —Eput) Puwt, TIE
Eowt — TEpeMeHHas, paBHAS BEPOSATHOCTH TOTO, YTO Mapa CJIOB «VW» SBISIETCI OUTpPaM-
moit B Teme t. B pabore C. C. Crennnat nmokaszano, 4To Ipu HEKOTOPBIX HE 0CODO JKECTKIX
PeIIo/I0KeHUIX log-ipaB1onoodne 3Toit MOIE/N OIEHNBAETCS CHI3Y B3BEIIEHHON CyM-
moit log-tipaBaonomobuit MmogabHOCTEH yHUTpaMM u durpamm B Mozen ARTM. JIpyruvu
cioBamu, MyabTEMOAATbHAA ARTM Mo)KeT OBITH HCIOTB30BAHA /TSI TIOUCKA TTPUOTHZKEH-
Horo pemrenus B mojgenn TNG.

B 1oit ke paboTe OBLTH MTPOBEIEHBI YKCIEPUMEHTHI ¢ OUTPAMMHON MYJIBTHMOIATHHOM
mozesbio ARTM na mebosbmioii (Menee 1000 JTOKYMEHTOB) KOJJIEKIIHH PYCCKOSI3BITHBIX
crareil HayuHoii koudepenun MMPO (MarTemarwdeckue MeTOIbI pACTO3HABAHUS 0Opa-
30B). ComocraB/ieHne TeM YHUIPAMMHON 1 OGUTPAMMHOI MojiesIeil moKa3aso0, 9To Mo TeMaM
OUTPAMMHOI MOJIETTH OMPOIIEHHBIE MOCTOSHHBIE YIACTHUKN KOHMEDPEHITUN MOTJIH OTIpe/ie-
JINTH HAYYHYIO TPYIIY U JaKe aBTOPOB CTaTell, TOr/Ia KaK Mo TeMaM YHUIPDAMMHON MOIeTH
¢/iesiaTh 3TO OBLIO MPOOJEMATHYHO, CM. PHUC. 8.

B ARTM n-rpamMHast MOI€/Ib €CTECTBEHHBIM 00pa30M OMPEILIIeTCS KaK MYJIBTHMO-
JaJbHAsI, B KOTOPOil /It KayKI0TO N BBIJAEISETCs OT/Ae/NbHAasT MOJAJIBHOCTh. st mpes-
BAPUTEIHLHOTO COKPAINEHUsS CJIOBapeil n-rpaMM TOJIXOJUT MeTOJ, MOWCKA KOJLTOKATIWIl
TopMine [40]. Ou suHeitHO MacmTabupyercss Ha GOJIbIIHE KOJUTEKIUE U MO3BOJIsieT (hop-
MHUPOBATH CJIOBAPbh, B KOTOPOM KazKJiasi n-rpamMma 00/1a/1aeT TpeMsi CBOHCTBAMMT:

(a) WMeeT BBICOKYIO YacTOTY B KOJLIEKIIUH;

(6) cocTouT W3 CJIOB, HECIYIAHHO YaCTO 0OPA3YIOIINX N-TPAMMY;

(B) me comepxkurces B (n+1)-rpammax, obmagaromux coiicrBamu (a) u (6).

4C. C. Crennn. MyabTurpaMMHbIe aJTATHBHO PEryiapu30BaHHbIE TeMaTmaeckue mMozenn. Marucrep-
ckas muccepranusi, DUBT M®TH, 2015.
http://wuw.MachineLearning.ru/wiki/images/4/4a/Stenin2015MasterThesis.pdf
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MeTosipl, IpeIoKeHHbIe B ocaeayonmx paborax, SegPhrase [67] u AutoPhrase [108],
JIEMOHCTPUPYIOIIHE eIé JTydIIie Pe3yaIbTaThl.

Burepmst.  Kopomxumu mexcmamu (short text) HA3BIBAIOT TOKYMEHTHI, [IHHA KOTO-
PBLIX He JOCTATOYHA T HAJEKHOIO OILpeJe/eHHs] UX TeMaTHKH. [IpumepaMu KopoTKux
TEKCTOB SIBJISIOTCSI COOOIIeHnst TBUTTEPA, 3ar0JIOBKH HOBOCTHBIX COOOIIEHHH, PEK/IaMHbIe
OO'bsIBIIEHNSI, PEIUINKH B 3AIUCSX JAUAJOIOB KOHTAKT-IEHTPA, u T. . V3BecTHBI mpocThIE
IOAXOJBI K IPOOJIeMe, HO OHU He BCerJa MPUMEHHMbI: 00beJINHITh COOOIIEHNS MO KaKO-
My-JTHOO0 TIpH3HAKY (ABTOPY, BPEMEHH, PETHOHY H T.J.); CUATATh KayKJ0e COOOIIeHne OT-
JeTBHBIM JOKYMEHTOM, pa3pexkusasd p(t|d) BIJIOTH 0 eIMHCTBEHHO{l TeMbI; JOIOIHATD
KOJIEKIIUIO JIMHHBIMI TeKcTamu (Hampumep, crarbsavmu Bukuneaun). Oxnum u3 Hanbo-
Jlee YCIIEITHBIX U YHHUBEPCAJBHBIX IMOAXOA0B K IPOOJEMe KOPOTKHX TEKCTOB CUUTAETCS
memamuneckas modeav bumepmos (biterm topic model, BTM) [145].

Bumepmom Ha3bIBaeTCS mapa CI0B, BCTPEUAIONIUXCS PSIOM — B OJHOM KOPOTKOM CO-
OOIIEHNN IJIN B OZHOM IIpEJJIOKEHHU WM B OKHe *h cioB. B orinmume or GurpaMMel,
MeK/ly ABYMSI CIOBaMU OHTEpMa MOIYT HAXOJUThCH Apyrue cjosa. KoHKperusarms 1mo-
HATHS «PSIZIOM» 3aBHCHT OT HOCTAHOBKU 33249l U OCOOEHHOCTEN KOJIJIEKIINH.

Mogens BTM onunchiBaer BepOSITHOCTH COBMECTHOTO MOsiBJIeHUsT cJIoB (u,v). Mexomn-
HBIMH JAHHBIMU SIBJISIIOTCS. YACTOTBL 7, OUTEPMOB (U, V) B KOJITEKINH, UIX MATPUIA Be-

posatHOCTell P = (Pyy)wxw, TIE Puy = NOTmM (N, ).
(u,v)EW?2

[Tpumem rumoresy ycaoroit wezaBucumoctu p(u,v|t) = p(u|t) p(v|t), To ecth momy-
CTHM, UTO CJIOBA GUTEPMOB MOPOZKIAIOTCS HE3ABUCUMO JPYT OT APYTra U3 OJHON U TOii JKe
tembl. Torya, o dbopMyse moTHONH BepOSTHOCTH,

p(u,v) =Y p(ult) p(v|) p(t) = D urpum,

teT teT

re @yt = p(w|t) u m = p(t) — mapameTpsl TEMATHIECKONH MOJEIH. DTO TPEXMATPUIHOE
paznoxenne P = ®IIPT rme Il = diag(my,...,mr) — auaronambHasg Marpuna. Momesrb
OMTEPMOB He OIpeJesseT TeMATUKY JOKYMEHTOB © U M03TOMY He MOABepKeHa BIUSHUIO
3 dherToB, BhIBBAHHBIX KOPOTKUMH TEKCTaAMH.

ARTM mno3BoJister 00beIUHATH MOJEIH OUTEPMOB ¢ OOBITHON TEMATHICCKONH MOJIEJIBIO,
YTOOBI BCE-TAKHM MOJIYUYHTH MaTpuily ©. Jlig storo Bo3dbMéM log-ipaBaonogodbue Moe/
OMTEPMOB B KauecTBe peryaspusaropa ¢ KoddduiueHTom 7:

R(®,II) =7 Z Ny 1N Z Out Pt T
u,v t

[Tpumenenue ypasuenuit (12)—(13) k sTomy peryiaspusatopy gaér dbopmynbt M-mrara:

Puwt = noerlg/n (nwt +7 E nuwptuw);
w
ueWw

= norm(n .
Pruw T ( t‘Pwt‘put)
Otn HOPMYJIbl HHTEPIPETUPYIOTCA Kak gobaBienue ncesdo-dokymenmos. Kaxkmpomy

cioBy u € W cTaBUTCS B COOTBETCTBUE ICEBIO-TOKYMEHT d,, OObLEIUHAIONNI BCe KOH-
TEKCTBI CJI0BA U, TO €CTh 9TO MEIIOK CJI0B, BCTPETUBIINXCSA PSIIOM CO CJIOBOM U II0 BCeil
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KOJTeKIIH. UUCI0 BXOXK/IEHHI CJI0BA W B ICEBIO-TOKYMEHT d,, PABHO T7,. Bcmomo-

raTesbHble TePEMEHHbIE Piy, = P(t|u, w) coorBercTByiOT hopmyae E-mara nis ncesjo-

JOKYMeHTa d,,, eC/Ii JOONPEIENTh ero TeMAaTuKy Kak Oy, = norm(n;py). JApyravu cio-
t

BaMM, B MOJIEJIH OUTEPMOB CTOJIOIBI MATPUIIBI O, COOTBETCTBYIOIINE TCEBI0-T0KYMEHTaM,
00pa3yTca MyTéM IepeHOPMUPOBKH cTpokK MaTpuiel @ mo dopmyste Baiieca.

VBennunbag KodhMUIEMEHT 7, MOYKHO JTOOUTHCA TOro, 4rodbsl Marpuia ¢ dopmupo-
BaJIach IMPAKTHIECKH TOJBKO 1Mo buTepmaM. B takom ciaydae momenb ARTM mepexomut
B MOJEIb OUTEPMOB, KOTOPasi CTPOUTCS MO KOJIJIEKIIMH TCEBI0-I0KYMEHTOB, 0€3 MCIOIh-
30BaHUA MCXOJHBIX JOKYMEHTOB.

Cetb cjyoB. Ujest MmojempoBaTh He JIOKYMEHTBI, a CBS3W MEXKJy CJI0BaMu, ObLIa Io-
JIOKeHA B OCHOBY TeMaTHYeCKuX Mojeneil coBecrpedaemoctun cioB WTM (word topic
model) [31] @ WNTM (word network topic model) [157]. Jlo6omnbiTHO, uTO GOJIEe paH-
uss myoaukamust Mojgenn WTM ocranach HesamedeHHON (BUIUMO, Kak He-GaifecoBckast),
1 BO BTOPO#i ctaThe gaxke HeT cchliaku Ha Heé. Mogesm WTM u WNTM cogsitest K mpu-
venennto PLSA u LDA cooTBeTCTBEHHO K KOJLIEKIUH MCEBI0-I0KYMEHTOB d,:

p(w|d,) pr|t (t|d,) Zcpwtetu

teT teT

Bamurmem log-ipasmononobue mogean p(w|d,) B BUIe peryasipusaropa:

R(@’ @) =T Z Ny In Z (pwtetuy

u,weW teT

TJI€ Ny — COBCTPEYAEMOCTH CJIOB U, W (KCTATH, Nyy = Moy )-

OcHOBHOE OTIMYME STUX MOJeaeil OT MOAEeJIW OUTEPMOB B TOM, YTO 3/1€Chb B SIB-
HOM BHJE CTPOUTCI MATPHUIA O I MCEeBI0-KOJLIEKIINH, TOTIa KaK B MOJIEJTH OUTEePMOB
© = diag(my, ..., m)PT 1 KOMUIECTBO MTAPAMETPOB BIBOe MeHbIe. Kak moka3aim skcnepu-
MEHTBI Ha KOJIJIEKIIUAX KOPOTKUX TeKcToB, Moaeab WNTM HeMHOro IpeBOCXOIUT MOJIEb
OUTEPMOB M CYIIECTBEHHO MPEBOCXOAUT OOBITHBIE TemMarndeckne mogenn [157]. Ha kos-
JIEKIIUSIX JIJIMHHBIX JIOKYMEHTOB TeMaTHUYeCKne MOJIEIN COBCTPEYaeMOCTH CJIOB He JIAf0T
3HAYUMBIX IIPEUMYIIECTB Mepe/i OOBIIHBIMU TeMATHIECKUMHI MOJIETISIMU.

Korepeatanocts. Tema Ha3biBaeTCs Kozepenmmoli (CONIACOBAHHOI), ecin HanboIee a-
CThIEe TEPMbI JAHHON TeMbI YaCTO BCTPEUAIOTCS PSIIOM B JOKyMeHTax Kounekiun [87]. Cos-
CTPEYAEMOCTh TEPMOB MOYKET ONEHUBATHLCS 10 caMoil Kosuteknuu D [81], wiu mo cropoH-
Heil KoJuteknuu, Harpumep, o Bukunemun [84]. CpesHsisi KOPepeHTHOCTh T€M CYUTAETCS
XOPOTIeil Mepoil HHTEePIPETHPYEMOCTH TeMaTn9Ieckoii Mojgesnn [88|.

[Iycrs 3amaner omeHkn coBMmecTHOl BeTpedaemoctn C,, = p(w|v) mag map TepMoB
(w,v) € W2, O6pran0 C,yy, ONEHUBAIOT KAK JOJIIO JOKYMEHTOB, COJAEPKAIIUX TEPM ¥, B KO-
TOPBIX TEPM W BCTpedaercs He jgasee deM depe3 10 ¢oB OT v.

Samummem (opmyity nosnoit BepostHOCTH p(Ww |t) = Y Clyypyr 1 3aMEHNM B HEll yCI0B-
HYIO BEPOSITHOCTB (yy MacTOTHOM ouenxoit: p(w|t) = -, Cyy’2t. Beengém peryispusarop,
TpeOyIoNMii, 9TOOBI TAPAMETPHI (0,; TeMATUIECKONW MOIEIN ObLIM COTIACOBAHBI C OICHKA-
mu p(w |t) B CMBICIE KPOCC-IHTPOIHH:

):Tznt Zﬁ(wlt)lncpwt.

teT weWw
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®opmyna M-mara, cormacuo (12), npuHUMaeT BUJL

Puwt = n()EI'%l (nwt + 7 E va”vt) .
w
veW\w

DTO crytaXKuBaloNuii peryasgpu3atop. OH yBeJHYUBAET BEPOATHOCTH T€PMa B Te€Me, eCJIH
TEPMBI, ¢ KOTOPBIMH OH 9aCTO COBMECTHO BCTPEYAETCS, OTHOCIATCA K JaHHoit Teme. TouHo
Takast ke dopmyaa noayunnach B [81] mag mogenn LDA u aaroputMma COMILTHPOBAHUS
['u606ca, HO ¢ OoJiee CJIOKHBIM 0DOCHOBAHUEM Hepe3 0000IEHHYI0 YpHOBYIO cxemy [loiis,
u ¢ OoJiee CIA0XKHON IBPUCTUIECKON OMEeHKOH C'yyy.

B paGore [84] mpeioxken Ipyroil peryisipu3aTop KOrepeHTHOCTH:

R(@) =T Z In Z Cuvcput(pvta

tel  uweW

B KOTOPOM OIEHKa COBMecTHOI BerpedaeMoctn Cl, = Ny, [PMI(u, v) > 0] ONpee/IAeTC
qepes nomoueunyto 63aumnyto ungopmayuto (pointwise mutual information)

ni
NN, ’

rjie Ny, — YHCJI0 JOKYMEHTOB, B KOTOPBIX TE€PMBI U,V XOTsS ObI OJUH Pa3 BCTPEYAIOTCS
psimom (He nmasee, dem depe3 10 cios), N, — 9YHCJIO JOKYMEHTOB, B KOTODBIX TE€PM U
BCTPEYAETCST XOTs OBl OJWH Pas.

Takuwm obpazom, eMHBI MOX0/1 K ONTHUMHU3AIMN KOTePEHTHOCTH TI0Ka, He BhIpaboTaH.
[IpeararaeMble KpUTEepUH HMOXOXKH HA MOJIEJIH OUTEPMOB U ceTH cJa0B. Bee onm dopma-
JIU3YIOT OOIIYIO MJIeI0, UTO €CJAU CJIOBA YacTO COBMECTHO BCTPEUYAIOTCS, TO OHH HMEIOT
CXOYKYIO TEMATHUKY.

PMI(u, v) = (32)

Mogenu BEeKTOPHBIX HNPEACTABJIEHUNM CJIOB CTABAT B COOTBETCTBHE KayKJIOMY CJIO-
BY W BEKTOP V,, UKCHPOBaHHOIT pazmepHocTr. OCHOBHOE TpeboOBaHME K 3TOMY 0TOOparKe-
HUIO — 9TOOBI OJIU3KUM IO CMBICJIY CJIOBaM COOTBETCTBOBAJIN Ojim3kne BeKTOPhI. Corac-
HO ducmpubymusnoti zunomese (distributional hypothesis) cmbica cioBa onpeensiercs
pacIpeieleHueM CJIOB, B OKPYKEHUH KOTOPBIX OHO BeTpevaercs [46]. Ciosa, Berpedaro-
IIecs B CXOKHX KOHTEKCTaX, MMEIOT CXOXKYI0 CEeMAHTHKY M, COOTBETCTBEHHO, MOJIZKHBI
nmverh Gau3kne BekTopbl. s dbopmanmsanum sroro npuanuna B |76, 77| npegiaraer-
CsT HECKOJIPKO BEPOSITHOCTHBIX MOJIe/Ieil, 1 BCe OHU PeaJIM30BaHbl B Iporpamme word2vec.
B gactrOCTH, MOETH Skip-gram mpe/icka3bBaeT MOsIBJIEHNE CJIOBA W B KOHTEKCTE CJIOBA U,
TO €CTh IIPH YCJIOBHH, UTO CJIOBO U HAXOIUTCS PSIIOM:

exp (V, Vu)
>0 XD (Vo V)

re (Vy, Vy) = Y, VwtVur — CKAJISIPHOE HPOM3BEIeHIe BEKTOPOB. B omimune or Temarmde-
CKHUX MOJeseii, HOpMHPOBKa BEPOSITHOCTEH TPOM3BOIUTCS HEJTMHEHHBIM IIPeodpa30BaHueM
SoftMax, a caMu BEeKTOpHBIE IIPeJICTaBIEHUs CJI0B HE HOPMHPYIOTCSI.

JLnst obydeHns MOIE/TA pelaeTcd 3aa4ua MaKCUMHI3aIun log-npaBaomnono0us, Kak mpa-
BIJIO, TPAJIMEHTHBIME METOTAMHU:

p(w|u) = Soitel\v/I[/ax (Vg V) = Iivoervg/n(exp (Vi V) =

Z Nyw I p(w|u) — max.
u,weW {vw}
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Onepauyus Pesynstat ARTM Pesynbrat word2vec
king — boy + girl queen, princess, lord, prince queen, princess, regnant, kings
moscow — russia + spain madrid, barcelona, aires, buenos madrid, barcelona, valladolid, malaga
india — russia + ruble rupee, birbhum, pradesh, madhaya rupee, rupiah, devalued, debased
better — good + bad really, something, thing, nothing worse, easier, prettier, funnier
cars — car + computer computers, software, servers, implementations | computers, software, hardware, microcomputers

Puc. 9: [Ipumeps! pemrenns 3a0a4 acconuanuii cios 1y moaesneit ARTM u word2vec. Ilpusoggarcs dersipe
Haubosee OJIU3KHUEe ACCOIUAIUHN.

ITocTamoBka 3a1a49n OUYeHb TOX0XKa Ha TeMaTndeckue Moaean BTM u WNTM. Monean
ceMeiicTBa word2vec u JIpyrue MOAeJUd BEKTOPHBIX MPEACTABJIEHUNA CJI0B TaKzKe SBJISIOT-
Csl MATPUYIHBIMU pazjioxkenusmu [63, 95, 68|. [1aBHoe oTMvme 3aK/I0IACTCS B TOM, YTO
B 3TUX BEKTOPHBIX MTPEICTABICHUSIX KOOPIUHATHI HE HHTEPIPETUPYEMBI, He HOPMHUPOBAHDI
U He pa3pekeHbl, TOrJa KaK B TEMATUIECKUX MOJIEISIX CJIOBAM COOTBETCTBYIOT Pa3perKeH-
Hble IMCKpeTHbIe pacnpeaeaenus: rem p(t|w). C apyroi ¢TOPOHBI, TEMATHYECKHE MOJIEIN
N3HAYAIBHO He IpeIHA3HAYAINCH IS ONpeIe/eHisT CeMaHTHIeCKOil OJTM30CTH CJIOB, IO-
3TOMY JIeJAi0T OHH 3TO ILJIOXO.

B pa6ore A.C.Ilonosa® mpe/ioKeH cIocob MOCTPOCHUS MeMAMUNECKUT GEKMOPHOLT
npedcmasaenuti cA06 1O TICeBI0-KOIEKINNA JOKYMEHTOB, aHaJOrn4IHbIil Mogeasym BTM
n WNTM. B 3azauax cemaHTHYeCKOil OJIM30CTH CJIOB OHU KOHKYPHUPYIOT C MOJEISIMH
word2vec W CYIIEeCTBEHHO ITPEBOCXOJAT OOBIYHBbIE TeMarudeckue Mmogesu. [Ipu sTom Te-
MaTH9IecKue BEKTOPHBIE TMPEeICTABICHAS ABIAIOTCSI NHTEPIPETHPYEMBIMA W Pa3peKeHHbI-
Mu. Mcnoab3ysa KpoCC-3HTPONUIITHBIE PETYIIPU3aTOPhI, PA3PEKEeHHOCTh BEKTOPOB YAAETCS
nosoguTh 10 93% 6e3 morepu kagecrsa. Ha puc.9 mokasaHbl npuMepsl PeHIeHAs 3a/a-
YU aCCONMAIUNA CJIOB C MOMOIIBIO MOJIe/Ieil, TTOCTPOEHHBIX 10 AHIJIOA3bIYHO Bukunreuu
(mamm 2016-01-13). KosmvecrBeHHBIE ONEHKH TOKA3bIBAIOT, YTO TEMATHYECKask MOJENb
JIUCTPUOYTUBHON CEeMAaHTHUKU pellaeT 3aJadl acCOIMHAMKH CJOB MHOIO JIyUIIe OOBIYHOM
reMmaTnueckoii momenun LDA, HO He CTOMb yCIENTHO KOHKYPHUPYIOT C JIYYIINM MOIEISM
cemeiicTBa word2vec, Kak B 3a/Ja9aX CEeMaHTHYECKOi OJIM30CTH.

Kpowme toro, APTM mo3Bosisier 0000IMHUTH TeMaTHIeCKue MOJENH JUCTPUOYTUBHON
CEMAHTUKHU JIJIsT MYJIbTUMOJIAJIBHBIX KOJIeKIuit. Vcrmob3ys fanubie 0 COBCTPEYaeMOCTH
TOKEHOB Pa3JIUYHBIX MOJATBHOCTEl, BO3MOXKHO CTPOUTH WHTEPIpPETHpPyeMble TeMaThude-
CKIe BEKTOPHBIE TPEICTABICHUS I BCeX MOJAJIbHOCTeil. B To ke BpeMsa mpuBiedeHune
JIONMOJTHATE/IbHOIT MH(MOPMAIMH O APYTHX MOJATbHOCTIX IMOBBIIIAET KAYeCTBO PEIIeHUs
33,1291 OJIM30CTU CJIOB.

12 Temaruyeckada cerMeHTAIINA

I'mmoresa «Merka cJaoB» u IIpeAIoJI0zKeHue o CTATUCTUYECKON HEe3aBUCUMOCTH coceJHUX
CJIOB TPpUBOJAT K CJHUIIIKOM Y4aCTOM XaOTHYHOI CMeHe TeMAaTHUKH MeXKYy coceJHuMU CJ10-
Bamu. Ecin mpoCcjJaeuTh, K KaKUM TeMaM OTHOCATCA IOoCJed0BaTe/IbHbIE CJIOBa B TEKCTE,
TO TeMaTHU4YeCKad MOJE/Ib B IeJIOM IIOKazKeTCAd HE€ HAaCTOJIBKO XOPOIIO HHTepHpeTpreMOﬁ,
KaK paHXKHPOBaHHLIE€ CIIMCKH HanboJiee YACTOTHLIX CJ0B B TeMax.

Tlomos A. C. Peryaspusanmst TeMaTHIecKWX MOJeNeil 17 BeKTOPHBIX MpecTaBiennii cios. Baka-
maBpckas guccepramus, BMK MI'Y, 2017.
http://www.Machinelearning.ru/wiki/images/4/45/2017PopovBsc.pdf
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Temaruueckne MoOIe/H CerMEHTAIMA OCHOBAHLI Ha 00Jiee PeATUCTHYHBIX THIOTE3aX
0 cBsI3HOM Tekcre. Kaxkaoe mpeamoKeHne OTHOCUTCA K OIHOM Teme, HHOIA K HeOOIbIIO-
My uauciay tem. Clenyoinee MpeaioKeHHe J9acTo MPOIOJIKAET TEMATHKY MPEIblIYIIEro.
CmeHa TeMbl Jalle TPOUCXOANT MeyKAy ad3amaMiu, emé Jalne MexKIy CEeKIUsIMI JOKYMeH-
ta. Kaxkaoe mpesioykeHne MOKHO CUNTATh «MEITKOM TEPMOBY.

Temaruuyeckasa Mmoaeab mpeajoxKeuuii. lomyctum, 910 KazK bl JOKyMeHT d pa3ouT
HA MHOKECTBO CEI'MEHTOB Sy. DTO MOTYT OBITH MpEeIIOKeHHsT, ab3aIbl WIH (hpasv, — CUH-
TaKCHYECKH KOPPEKTHBIe YacTH mpejioxkeHuit. Obo3HAYNM Uepe3 N, JIUHY CerMeHTa s,
Yepes3 Mg, — TUCTO0 BXOXKJIEHHII TepMa w B CETMEHT S.

[IpeamotoxKum, 91O BCE CJIOBA CETMEHTa, OTHOCSTCS K OJTHOI TeMe u 3anuiieM (hyHKITHIO
BEPOSITHOCTH CerMeHTa S € Sy 4epe3 mapaMeTpbl TeMATHIECKON MOJETH Oy, Oig:

p(s|d) = Zpt|d pr|t"sw—29tdng0"sw.
teT weES teT wEeES

Bynem cunrtarh KaxKaplii JOKYMEHT «MeIKOM CerMeHTOB». Tormna hyHKIMS BePOSITHO-
cTH BBIOODKH OyJ/ieT paBHA NMPOU3BEJICHUIO (DYHKIUI BeposTHOCTH cermMeHTOB. [locTtaBum
3a/[a9y MaKCUMHU3aIUU CyMMbI log-mipaBiomnonodus u peryJisipusaropa [

Z Z In Z O1a H pr=e + R(®,0) — max, (33)
deD seSy teT wWES 0

npu OOBIYHBIX orpanmdenusax (9). B wacToom cirydae, Korga KasKablil CEMMEHT COCTOUT
TOJIHKO M3 OJHOTO CJIOBA, JaHHAs 3ajaada mepexoaut B (10).

Teopema 4. Ilycrs ¢yukmus R(P,O) menpepsisro anggepernnnpyema. Touka (P, O)

JIOKaJIbHOTO 9KcTpeMyMma 3ajaqdn (33), (9) yzaoBiaerBopsier cucreMe ypaBHeHHI cO BCIIOMO-
raTeJbHBIMH MEPEMEHHBIMHI Pygs = p(t|d, s):

Ptds = norm(@td 11 @nsw)'

WES
oR

wt = NOTM | Nyt + Pt = | Nt = w e s s
Pt lora t T P taﬁpwt t deng[ ]ptd

$€0q

oR
0 — 0 et A
td norTm (ntd + Ota aetd) N SEZSdptd

Ananornunas 3a1ada CTaBWIACHh I MOIEJIN KOPOTKUX coobrmernii Twitter-LDA
[154], ToJbKO B pOJIM JTOKYMEHTOB BBICTYTIAJH ABTOPBI, B POJIM CEIMEHTOB — BCE CO00-
MMEeHus JAHHOTO aBTOPA.

Temarudeckass Mojesb npejnoxennii senLDA [19] umeer Gosiee BazKHOE CTPYKTYp-
HOE OTJIMYHe: BMECTO MATPHUIE! mapaMerpos 6y = p(t|d) B senLDA wucmosb3yercst BeKTOp
mapamerpoB m; = p(t). Tem cambiM WrHOpPHpYeTCsi pa3/ieJieHie MHOYKeCTBA BCeX MPeio-
JKEHUI KOJIEKIIUH 110 JOKYMEHTaM, 9TO MO3BOJISET YMEHBIIUTH YUC/I0 MapaMeTPoOB MO-
nenu. Econ B senLDA Hy»KHO y3HATH TeMATHKY JOKYMEHTa, TO €6 HeTPYIHO BBIYHC/INTD,
YCPEIHUB TEMATHKY BCEX €ro MpeTOKeHuil.
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TemaTuyeckasi MO€eJIb CE(TMEHTAUU. [enepb paccMOTPUM DOJIee CIOKHBIN cayJail,
KOI/Ia, TE€KCT COCTOWT W3 TPeJIOXKeHUil, n Tpebyercs OObeTUHUTh UX B OOJee KPYMHbIE
TeMaTUIeCKNe CerMEeHTbI, 'PAHUIIbI KOTOPBIX 3apaHee He OIpe/esIeHbI.

Memod TopicTiling [103] ocuoBan Ha mocr-o6paborke pacupenenennii p(t|d, w;),
1 =1,...,n, MOJIy9aeMbIX KaKO#-Tn00 TeMaTHIeCKOi MoIesbio, Hanpumep, LDA. Onpeme-
JIUM TeMATHKY TIPeJIIOKEHHs S KaK cpeanion Tematnky p(t|d, w) Beex ero caos®. [Tocun-
TaeM KOCHHYCHYIO OJIM30CTh TEMATUKU J7IS BCeX Tap COCeTHUX mpeokennii. Yem ryOzxke
JIOKAJIbHBI!T MUHUMYM OJIN30CTH, TEM BBIIIE YBEPEHHOCTD, YTO MEK/Ly JIAHHOI apoit mpe/i-
JIozKeHuit npoxoauT rpanuiia cermenToB. Mertoy TopicTiling ucro/ib3yer Hadbop IBpUCTHK
JIIST TIOJI00paA YUC/Ia MPEJJIOYKEHUit ¢jieBa U CIpaBa OT JIOKAJIbHOIO MUHUMYMa OJIN30CTH,
OTIpeJIeTIeHNsT YUCJIa CeTMEHTOB, MOAO0Opa YUCIa TeM W YHCJIa UTePaluii, ITHOPUPOBAHUS
CTOII-CJIOB, (DOHOBBIX TeM U KOPOTKUX MpeToyKeHnil. AKKypaTHas HACTPOIKA MapaMeTpoB
9TUX IBPUCTHK MO3BOJISET JTOCTUYb BBICOKOIO KavecTBa cermentanuu [103)].

TopicTiling He sBjIsSIeTCS MOJHONEHHOI TEMaTUYECKOH MOJIE/IBLIO CErMEHTAIUN TeKCTa,
MOCKOJIbKY TIOCT-00pabOTKa HUKAK He BJIMSET Ha caMu TeMbl. dTOObI HAWTH TeMbl, HAnOO-
Jiee BBITOJIHBIE JITISI CerMEeHTAIluu, TPeOYeTcs CIeNuaJbHbIil Peryaspu3aTop.

Perynapuzarop E-mrara. Hekoropble TpeboBanus K TeMaTHYeCKONH MOJe/u yjao0Hee
BBIDAYKATh Yepe3 pacipeieeHust Py, = p(t|d, w), a we depe3 @, n 4. Hanpumep, mo-
HOTEeMATUIHOCTH MPEIOAKEHNI UM CXOACTBO TeMATUKH COCEJIHUX TpeIoskennit. MoxkHo
VUNATLIBATH MOPSAIOK CJIOB BHYTPH JOKYMEHTOB B 0OXOJ THIOTE3LI «MEIIKA CJIOBY.

Pacemorpum peryiaspusarop R(IT) kak byHKIUIO OT TPEXMEPHOiT MATPHUIBI BCIIOMOTa-
TeJbHBIX nepeMeHHbIX 11 = (Paw ) 7x pxw . Cornacuo ypasuenuto (11), marpuna I1 ssaser-
cst dyukipeii or ¢ u O. [Tosromy k peryasipuzaropy R(II(P, ©)) npumennma teopema 1.

Paccmorpum 33189y MaKCUMU3AIUU PEry/IsPU30BAHHOTO 10g-TIpaBIononodus ¢ aByMs
peryIsgapu3aTopaMi, OJUH U3 KOTOPLIX 3aBUCUT OT I1:

DD nawln > uibia+ RII®, 0)) + R(2,0) — max, (34)

$,0
deD wed teT

)

IIPU OrPAHUYEHUSAX HEOTPUIATETHHOCTH U HOPMUPOBKH (9).

Teopema 5. Ilycrs ¢pyaknun R(II(P,0)) u R (P, ©) menpepsisraO mMuchepenimpyembl
u ¢pyukmus R(I1) He 3aBHCHT OT MePEMEHHBIX Pigy, B CIyTae ng, = 0. Tormga rouka (P, O)
JIOKaJILHOTO 9KcTpeMyMma 3ajadn (34), (9) yaoBiaerBopsier cucreme ypaBHeHHI cO BCIIOMO-
raTeJIbHBIMH MEPEMEeHHBIMH Py, = P(t|d, w) 1 Pygw:

Praw = 10T (Purba); (35)

Ptdw = Ptdw (1 L ( 8ptdw Z Pzdw adew) )) ; (36)

Pwt = noTm ( Z NdwDtdw + Puwt gzt) ; (37)
deD

O = norm ( wzed NawPrdw + Ota géz) (38)

6B [103] mpemmaramoch a1s KaskKI0TO C/I0Ba BbHIOMpaTh Hambosee BepoaTHyio Temy. O6a BapuanTa
HMEIOT TPAaBO Ha cylnecTBoBanme. Kakoil u3 HUX Jjrydine, MoKa He UCCIEI0BATOCH.
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Takum obpazom, B EM-anropurMe 1ig KazkKI0ro J0KYMeHTa d CHAYAIA BBITHCISTIOTCS
BCIIOMOTATETbHBIE IEPEMEHHBIE Dy gy, , 3ATEM OHU TPe0OPA3YIOTCS B HOBBIE TEPEMEHHBIE Pygy,
KOTODbIE MOJACTABIAIOTCA B 00branbie dopmysnst M-mara (12)—(13) Bmecto pig,. Taxoii
crocod BhIYUCIEHUI OyemM Ha3biBaTh pe2ysspusavuets F-waza.

[TepemenHbIe Prg,, MOTYT TPUHUMATH OTPHUIATE/IHHBIE 3HAYEHWS, MOITOMY B OOIIEM
caydae OHH He 00pa3yloT BEepPOSITHOCTHBIX pachpejenenuii. Tem He MeHee, ycaoBue HOD-
MUPOBKH JJIST HUX BBITIOJIHEHO BCErJIA.

PazpexkuBaromuii peryngpu3arop E-mrara aasg cermenramum. [Ipumenum pery-
ngpusanuio E-mara s mocTpoeHnsT TeMaTHIeCKOi MO/ CeFMEHTHPOBAHHOTO TEKCTA.
OnpeseuM TEMATHKY CerMeHTa § € Sy KaK CPeJHIOI0 TeMATUKY BCEX er0 TePMOB:

Ptds = t‘d S ZP t‘d w (w|3 Znswptdw

wes Ms wes

YT0o0bI KazKJIblii CEPMEHT OTHOCHJICS K HEDOJIBIIIOMY YHCJIy TeM, OyjaeM MUHUMU3UPOBATDH
KPOCC-9HTPOIMIO MeXKy pacupeienenusyvu p(t|d,s) u paBHOMEPHBIM DPACIpE/IeTeHIeM,
YTO MPUBEIET HAC K PA3PEKUBAIOIIEMY peryaspuzaropy E-mara:

R(H> =7 Z Z Z In Z N swPtdw- (39)

deD seSy teT WES

Omnyckast pyTHHHBIe BBIKJIAJIKH, MPUBEIEM pe3ybrar nojacranoBku (39) B (36):

~ o 1 T Nsw 1 Pzdw
Ptdw = Ptdw I E " — —
dw s€S, s DPtds 2T DPzds

Xots popMyIa BEIIISIAT TPOMO3IKOM, 3(hdEeKT MpuMeHeHUsT PeryIgapu3aTopa HOHATh
He TpyAHO. Ecam BepoITHOCTD pigs TEMBI B CETMEHTEe OKayKeTCs MeHbBITe HEKOTOPOTO TO-
pora, TO BEPOATHOCTH Pigy, OYAYT YMEHBIIATHCS JIIS BCEX TEPMOB W JAHHOTO CErMeHTA.
B urore Tremarnka KaykKJa0ro cerMeHTa CKOHIIEHTPUPYETCST B HEOOJIBIIIOM YHCJIe TeM.

B pesyibraTe paspekuBaHus TeMaTHKa COCEJIHUX CEIMEHTOB MOYKET OKa3aThCs OJIM3-
KO, I UX MOXKHO OyJIeT oObeJIWHUTH B OJUH TeMaTudecKuii cermeHT. HazoBém Temy t
¢ MaKCUMAaJIbHBIM 3Hadenuem p(t|d, s) domunupyrowed memoti cermenta s JOKyMeHTa d.
Ecnu Ttema JOMHHHpYET B COCETHHX CerMeHTaX, TO OHa OyAeT JTOMHUHHPYIOIIEeH W B UX
obbeauHennn. Kcian oObeAnHUTH TIOC/Ie0BaTeIbHbIe CEIMEeHThI C OJIMHAKOBOW JIOMHUHUDY-
foleit TeMoit B oJnH OoJiee KPYIHBIN CEIMEHT, TO JlaHHAs TeMa TaKyKe OCTaHeTCs B HEM
JIOMUHUPYIOIIE. DTO MPOCTast arioOMePATUBHAS CTPATErUs] TEMATHIECKOW CerMeHTAIlVH.
B ormmune ot TopicTiling, y Heé HeT 9BpUCTHYECKHUX TapaMeTPOB, KOTOPBIE HAJI0 HACTpa-
UBaTh, U OHA MOYTH He YBEJTHINBAET BpeMs MOCT-00paboTKku E-1mara.

13 Kpurepun KadecTrBa

KonudecTBeHHoe OlleHUBAaHHE TEMATHIECCKUX MOJeNell aBIsseTcs HeTPUBUATBLHON mpob.ie-
Moii. B oTmune ot 3a7a4 KaaccuUKAIMT WX PErpecCuu 3/eCh HeT Y6TKOrO MOHSITHS
«OImuOKUY Uan «morepus. Kpurepnn KadecTBa KjaacTepu3aliu TUIA CPEIHUX BHYTPUKIA-
CTEPHBIX WU MEXKKJIACTEPHBIX PACCTOSHUI TJI0XO MOAXOJAT JJIT ONEHUBAHUSA «MSTKOM»
COBMECTHOI KJIaCTepu3aliu JOKYMEHTOB U TEPMOB.
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Kpurepun KadecTBa TeMATHYCCKHX MOJEICH NPHHATO [eJUThL Ha BHYTPEHHHE
(intrinsic) u BHemHue (extrinsic). Buympennue kpumepuy, XapaKTepU3yIOT KAIeCTBO MO-
JIeJIM TI0 MCXOIHOM TeKCTOBON KOJUICKINU. Bhewmue Kpumepuu OIEeHUBAIOT IOJIC3HOCTh
MOZeJIN C TOYKHU 3PpEHUA MPUJIO2KEHHUA W KOHETHBIX I0JIb30BaTeJIe. MHOFﬂa IJId 9TOr0o
MPUXOJUTCsST COOMPATH JAOTOJIHUTEIbHBIE JaHHbIe, HAIIPUMED, OIEHKN acecCOPOB.

Brenrane kpurepun KpaiiHe pa3HoOOpa3HBI U 3aBUCAT OT PeIIaeMoil IPUK/IaIHONR 3a-
nadn. [TpakTudeckn B KaxK10i myOJIMKAIUN 10 TEMATHIECKOMY MOJIE/IMPOBAHUIO UCITOJIb-
3yercst Kakoii-mbo BHeNHWii Kpurepuii: KadecrBo Kiaaccudukanuu jgokymenTos [106],
TOYHOCTH W TOJHOTA WHpOpPMaImorHoro noncka (148, 14, 7, 12|, uncio HaiiieHHBIX XO-
poITio HHTepHpeTupyeMbix TeM [17], kauecTBo cermentaun TekctoB [103]. B [34] mpemta-
raeTcsd MeTOJINKa JUATHOCTHKHU MOjiesieil, OCHOBAHHAs HA COMOCTABJIEHUN HAUIEHHBIX TeM
C 3apaHee U3BECTHBIMU KOHIICTITAMHU.

ITepunexkcus. Hawubosiee pacnpocTpaHéHHBIM BHYTPEHHUM KPUTEPHEM SIBJISIETCS Mep-
naexcus (perplexity), ucnosnb3yemast st ONEHUBAHUS MOJIe/Ieil A3bIKA B KOMIIBIOTEPHOI
JIMHTBUCTUKE. DTO Mepa HECOOTBETCTBUS WU «YAUBIEHHOCTH» Mojenn p(w | d) TokeHaMm w,
HAOTI0TaeMbIM B JoKyMeHTax d koutekiun D. Ona onpesensiercs: depe3 log-rpaBiomnoio-
oue (8), a B cirydae MyJIBTUMOIATBHON Moen — depes log-npasaonogobue (23) oTaeabHOo
JJIST KaXKJI0U MOJAJIBHOCTH:

perplexity, . (D;p) = exp (—L Z Z New I p(w | d)), (40)

n
™ geD wewm

THE Ny = >, Y, Ny — JJIAHA KOJJIEKIUH 10 M-~if MOJATbHOCTH.
de€D wew™
YeM MeHbIe BeJMYNHA HepPIUICKCHH, TeM JIydIle MOIeab P IPeJICKa3biBaeT IOdBICHIe

TOKEHOB w B JOKyMeHTax d KoJeknun D.

[lepmiekcusgs umMeeT CJAeAYIONIYIO HHTEPHpETAIio. Ecaum TepMbl w MOPOXKIAI0TC
W3 paBHOMepHOro pachpejenenusi p(w) = 1/V Ha cioBape mormaocTH V|, TO mnepruiek-
cust Mozesin p(w) HAa TaKOM TeKCTe CXOAUTCS K V' ¢ poCcTOM ero JIHbBL. deMm cuiibHee
pacrpesesnerne p(w) OTIMYALTCS OT PABHOMEDHOTO, T€M MeHbIIe TepIieKcust. B ciydae
YCJIOBHBIX BepogTHOCTeH p(w|d) WHTepmpeTamusi HEMHOTO IPYrasi: eCJU KarKIblil TOKY-
MEHT TeHepupyeTcs u3 V' pPABHOBEPOSITHBIX TEPMOB (BO3MOMKHO, PA3JIUYHBIX B PA3HBIX
JOKYMEHTaX ), TO MepIUIeKCUsT CXOAUTCst K V.

Henocrarkom meprijiekcun siBIsIeTCs HEOUEBUIHOCTD €€ YNC/IEHHBIX 3HAYEHWI, 8 TAKKe
e€ 3aBHCUMOCTD HE TOJBKO OT Ka4ecTBA MOJIE/IN, HO W OT Psijia MOCTOPOHHUX (haKTOPOB —
JITHHBL JTIOKYMEHTOB, MOIIHOCTH U Pa3peKeHHOCTH CJ0Bapd. B WacTHOCTH, ¢ MOMOIIBIO
HEePILTEKCHN HEKOPPEKTHO CPaBHUBATH TEMATHIECKHE MOJIE/N OJTHONU U TOM yKe KOJITEeKITNH,
MOCTPOEHHBIE HA PA3HBIX CJIOBAPIX.

Ob6o3Haunm [epe3 pp(w|d) Moaeh, TTOCTPOEHHYIO O 00yYAIOINell KOJIIEKINH JTOKY-
mentoB D. [Mepriekcnst obyqatorieii Bbibopku Py, (D; pp) siBIsieTcsi ONTHMUCTHIHO CMe-
MEHHOI (3aHUZKEHHOMN) XapaKTepUCTHKONW KavecTBa Mojenn u3-3a shdexra mepeobyue-
Hust. OOOOIIAONIYIO CIIOCOOHOCTDh TeMATHYECKUX MOJEeIeill IMPUHITO OIEeHUBATDH NepPn.ack-
cueti konmpoavrot ewbopru (hold-out perplexity) 22, (D’; pp). OGBIYHO KOLIEKIHIO Pa3-
JeJISTIOT Ha 00y YOIy W KOHTPOJIBHYIO CIy9aiiHbiM 00pasoM B mporoprun 9 : 1 [26].

HemocratkoMm KOHTPOJIBHBI MEPILIEKCHN SIBISIETCS BBICOKAs 9YBCTBHTEIBHOCTH K PE/I-
KHM U HOBBIM CJIOBaM, KOTOpPbIe MPAKTUIECKH OECIOJE3HBI /I TeMAaTHIeCKUX MOJIe/Iei.
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B pamnnux skcmepuMenTax ObLTO moKaszano, 9To LDA cymecrBenno npesocxogur PLSA mo
NEPILIEKCHH, OTKY/Ia ObLI ¢iesial BeBogl, uto LDA MmenbIne nepeodyuaercs [26]. B [4, 98, 5]
OBLIN TIPEJJIOKEHBI  POOACHBIE MEMAMUYECKUE MOOEAU, ONMUCHIBAIOIINE PEIKHEe CJIOBA
crenuaabHbBIM «(hoHOBBIMY pactpesenenuneM. [lepriekcust podbactabix BapuantoB PLSA
n LDA oxka3zajach CyIecTBEHHO MeHbBINeil 1 MPAKTUIeCKH OJMHAKOBOIA.

KorepeaTanocTs. IluTeprnpernpyemMocTh TeMaTUIeCKONl MOJIE/NIH sIBJISETCS IJI0X0 (hop-
Masmm3yembiM TpeboBannem. CojepkaTe/lbHO OHO O3HAYAET, YTO MO CIHCKaM HamboJiee
JACTOTHBIX CJOB M JOKYMEHTOB TeMbI SKCHEPT MOZKEeT MOHATH, O YéM 3Ta TeMa, U JaTh
eit ajiekBarHoe Ha3Banue [29]. CBOWCTBO HHTEPIPETUPYEMOCTH BAYKHO B HH(MDOPMAIMOHHO-
MOMCKOBBIX CHCTEMaX JIJI CUCTEMATH3AIUU U BU3YAJIU3AIUN PE3YIbTATOB TEMATHIECKOTIO
MOWCKA W/ KATeropu3aliy JOKYMEHTOB.

BosibmuHCTBO CyIIEeCTBYIONUX METOJ/IOB OIEHUBAHUS MHTEPIPETUPYEMOCTH OCHOBAHO
Ha [PUBJIEYEHUN SKCIePTOB-aceccopoB. B [86] skcmepram mpeiaranioch HeMocpeacTBEHHO
OIEHUBATD TOJE3HOCTh TeM MO TPEXOAIBHOM 1Kaxe. B Meroie uaTpy3uii [29] misa kaxk-
JIO HaliJIeHHOW TeMbl cocTaB/sieTcss ciucok u3 10 HanboJiee 4aCTOTHBIX CJIOB, B KOTOPBIi
BHEJIPSIeTCsl OJIHO cJiyvaitnoe cjoBo. Tema cuumraercs MHTEPHPETHUPYEMOM, €Cu TO0aB-
JIsSTIoTTiee  OOJIBITUHCTBO JKCIEPTOB MPABUIBHO YKA3BIBAIOT JIMIHEE CI0BO. DKCIEPTHHIE
OJIXOJIbI HEOOXOAUMBI Ha CTAQIUU MCCJIeIOBAHUNi, HO OHH 3aTPYIHSIOT aBTOMATHIECKOEe
IIOCTPOEHHEe TeMaTHYeCKuX Mojeneil. B cepuu pabor [86, 87, 87, 81| mokazano, 4to cpe-
JIM BEJTUYNH, BBIYUCIAEMBIX IO KOJJIEKIIMH aBTOMATHYECKHU, JYUIIe BCETO KOpPpEeTHpyeT
C 9KCIIEPTHBIMHU OIEHKAMHU WHTEPIPETHPYEMOCTH Kozepenmmocmy (coherence).

Tema HasbIBaeTcst Kozepenmmol (COIACOBAHHON), eCcou TepMbl, HauboJiee YacThbie
B JAHHOI TeMe, HeCTYIaiHO YaCTO COBMECTHO BCTPETAIOTCS Ps/IOM B IOKYMEHTaX KOJTeK-
nun [87, 88]. HucieHHON Mepoil KOPePEHTHOCTH TeMBI § SIBJISETCS TOTOYeYHAs B3aUMHAs
undopmaius (32), Berauciasemas 1mo k Hanbosee BEPOATHBIM CJIOBAM TEMBbI:

k-1 k

PMI(t) = Y > PMI(w;, w;),

i=1 j=1

rjie w; — i-ii TepM B TOPsiJIKE YOBIBAHUS (D, YUCJIO Kk OOBIYHO TIOJIaraercss paBubiM 10.

KorepenTHOCTh MOAEIN ONpEeAeIsdeTcs KaK CpeaHss KOTepPeHTHOCThL TeMm. Korepent-
HOCTh MOKeT OIEHWBATHCS 110 CTOPOHHEH KoJuteKkiun (Hanpumep, no Buknmemun) [84],
GO TO TOft YKe KOJUIeKIUH, 0 KOTOPO# ¢TpouTcest Mojienb [81].

Pa3pexkeHHOCTh W Pa3IMYHOCTh Te€M. Pa3peskKeHHOCTh MOJAEIN U3MEPSAETCs IT0JIei
HYJIEBBIX 71eMeHTOB B Marpurax ¢ u ©. B Mojensax, pa3aensomnx MHOKeCTBO TeM T’ Ha
npeamerabie S U (hOHOBBIE B, Pa3speKeHHOCTh ONEHUBAETCS TOJBKO MO YaCTSIM MATPHIL
®, O, COOTBETCTBYIOIINM HPEAMETHBIM TEMaM.

B [128] BBOASITCSI KOCBEHHBIE MePHI WHTEPIPETHPYEMOCTH TeM, He TPeOYIOIe MpH-
BJIEYEHHUA aceccopos. IIpeanonaraercs, 9To nHTEpHpeTHpyemMast TeMa, J0JZKHA, COAePKATh
AEKCUYMECKOE A0PO — MHOKECTBO CJIOB, KOTOPBIE ¢ OOJIBINOi BEPOSITHOCTBIO YIIOTPEOISIOT-
csl B TAHHON TeMe U PeJIKO YIOTpebISIOTC B IPYTUX TeMaxX. B Takom ciydae mMaTpuiibl P
1 © JOKHBI 00/1aaTh CTPYKTYPOil Pa3peKeHHOCTH, AHAIOIMIHON puc. 4.

slapo Wy = {w € W | p(t|w) > 0.25} Tembi ¢ onpesensieTcst Kak MHOKECTBO TEPMOB,
KOTOPBIE UMEIOT BBICOKYIO YCIOBHYIO BeposiTHOCTH p(t|w) = Pty A JAHHO TeMBI.
3areM 10 sIpy ONPEeIsieTcss TPU MOKA3aTe I HHTePIPETHPYEMOCTH TeMBbl t:

43



pur, = > p(w|t) — wucmoma memwv, (€M BBIIIE, TeM JIydIIe);

weWy
cony = Wltl > p(t|w) — kowmpacmuocms memos (dem BbITIe, TEM JIydIIe);
weWy
. W
ker; = |W;| — pasmep adpa (OpHeHTHPOBOUHBIN OMTHMYM ‘|_T\|)

[Tokazaresnn pasmepa sijipa, YACTOTH U KOHTPACTHOCTHU JIJIsT MOJIETN B II€JIOM OIpe/ie-
JISTIOTCST KaK CPeJIHUe 10 BCeM MPEeIMeTHBIM TemMaM t € S.
Aonsa oroswixr caroe BO Beeil KOJTEKIUN

BackRatio = % Z Z Z Nawp(t]d, w)

deD wed teB

npuauMaer 3HadeHnss ot 0 go 1. 3Hadenus, 6iuskue K 0, TOBOPIT O TOM, UTO MOJIEb
HE CIIOCODHA OTJIE/IATH CJIOBa ODOIIeil JTeKCUKH OT CIeHaJIbHO TePMUHOIOTHH. 3HAUYECHHS,
Osim3Kue K 1, CBUJIETE/IHCTBYIOT O BBIPOXKJIEHUU TEMATHIECKON MOJIEIIH.

Takue kpurepuu, Kak pa3Mep sjipa WJIu /1015 (DOHOBBIX CJIOB, MOT'YT HCIIOJIb30BATh-
st JIJIsi KOHTPOJIS aJIeKBATHOCTH MOJIEIN. Upe3MepHasi peryisspu3aliis MOXKeT IPUBOJIUTD
K JIETPAJAIIN TeM U BBIPOXKICHUIO MOJIETN /I CJUIIKOM OOJBIION T0JIH JOKYMEHTOB.
Ob6pa3Ho TOBOPsI, PETYASPU3ATOPHI B MAJIBIX J03aX SBIAIOTCS JIEKAPCTBAMH, HO B CIydae
nepeIo3MPOBKU MOT'YT TpeBpaliaThcs B sij. MHOTMe KpuTepuu, BKJIIOYasi MEPILIEKCHIO,
c71aD0 IYBCTBUTE/IHHBI K HEKOTOPBIM THUIIAM BBIPOXKJICHUS, HAIIPUMED, KOIJIa B MPEIMeT-
HBIX TeMaX OCTAETCS CAUTITKOM MaJo CJIOB.

Ha mpakTuke K TeMaTHIECKUM MOJETSIM MPEIbABISIOTCI COUeTaHUI Pa3HOOOPA3HBIX
TpeboBaHUil. 3a/1aUl TeMATHIECKOTO MOJETHPOBAHUS 110 CYTH SIBISIOTCSI MHOTOKPHTEPH-
AJTbHBIMHA, TIO3TOMY W KadeCTBO MOJEN JIONZKHO ONMEHUBATHCA IO MHOTHUM KPHUTEPUIM.

B mnpoekte BigARTM mnojaep:kuBaercss OHOIMOTEKa CTAHIAPTHBIX METPUK KadecTBa
U MEXaHU3MBbI JI00AB/IEHUS HOBBIX MOJIb30BATE/IHCKUX METPHK.

14 PazsBemounblii mH(POPMAITMOHHBIN IIONCK

BaykabIM MpUIOKEHNEM TEMATHIECKOT0 MOJEJIUPOBAHUS SABJIACTCS UHEOOPMAUUOHHBLT NO-
uck (information retrieval) [148, 14]. CoBpemeHHBIE MOMCKOBBIE CHCTEMBI MPEJIHA3HATE-
HBI, TJIABHBIM 00OpPA30M, JJIs1 TIOMCKA KOHKPETHBIX OTBETOB HA KOPOTKHE TEKCTOBBIE 3AIPO-
col. /Ipyrue mouckoBbie TOTPEOHOCTH BOZHUKAIOT Y TOIH30BATE e, KOTOPBIM HEOOXOIIMO
pa3obparhCst B HOBOil MpeaMeTHON 00JIacTH WJIM TONOJHUTH CBOi Oaraxk 3uanmii. [Tosn-
30BaTe/;Ib MOYKET He BJIaJeTh TEPMUHOJOTHEil, ciab0o MOHUMATH CTPYKTYPY MPEIMETHOI
obJ1acTH, HEe UMETh TOYHBIX (DOPMYJIUPOBOK 3AMPOCA U HE MOPA3YMEBATH €/INHCTBEHHBIIH
IPAaBUJIbHBII OTBET. B TaKUX caydasx Hy»KeH MOUCK He MO KJII0YEBBIM CJI0BAM, & MO CMbIC-
JIy. 3aIpocoM MOKeT OBITh JJIMHHBIN (parMeHT TeKCTa, JOKYMEHT WU MOAOOPKa JIOKY-
MeHTOB. Pe3ybraToM moucka J0/1zKHa ObITh YI00HO CHCTeMATU3UPOBaHHAs NH(MOPMAIIHSI,
«JTOPOYKHAsT KapTay MPeIMEeTHOH 00/1acTh.

st 9TuX ciiydaeB MOJAXOAUT TMapaurMa pa3eedourozo UnGOpMayUOHH020 NOUCKA
(exploratory search) [71, 143]. Ero mesbio gBsieTcs mOJIydeHne OTBETOB Ha CJIOXKHbIE BO-
IIPOCHI: «KAKHMe TeMbI MPEJCTABICHBI B TEKCTE 3alPOCa», «ITO YUTATH B MEPBYIO OUYepPeIh
[0 9TUM TeMaM», «ITO HAXOAUTCS HA CTHIKE ITHX TeM CO CMEXKHBIMU ODJACTIME», «Ka-
KOBa TeMaTWYecKasi CTPYKTYPa JaHHON MPeJMeTHONH 001acTHy, «KaK OHa Pa3BUBAIACH BO
BPEMEHU», «KAKOBBI TIOCIEHIE JOCTHKEHU», «T/I€ HAXO/ISITCS OCHOBHBIE TIEHTPHI KOMITE-
TEHTHOCTH», «KTO SIBJISIETCS KCIIEPTOM TI0 JTaHHOIT Teme» u T. . Ilosb3oBarens 0OBIIHOMN
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MOMCKOBOI CHCTEMBI BBIHYZKJIEH UTEePATUBHO Meped>OpMyIupOBaTh CBOM KOPOTKUE 3aIIPo-
CBbI, PACHIUpsIsI 30HY IOUCKA IO Mepe YCBOEHUS TEePMUHOJOTHH HpeaMeTHOH 00JacTH, Ie-
PUOIMYECKH MTEPECMATPUBAS U CHCTEMATH3UPYsT PE3YAbTaThl MOKCKA. DTO TpedyeT 3aTpar
BpPeMeHM 1 BBhICOKOI KBasimpukanuu. [Ipr orcyrcTBun nHCTpYMEHTA JJIsT MOy IeHusi «00-
et KAPTHUHBI» OCTAETCSI COMHEHUE, YTO KAKNEe-TO BayKHbIE aCIeKThl N3y9IaeMoii pobIeMbl
TaK 1 He ObLIM HaiiaeHnbl. Ecium oOpa3sHo mpeacTaBUTh UTEPATUBHBIN MOMCK KakK OJIyK1a-
HUEe M0 JAOUPUHTY 3HAHWIl, TO Pa3BEJOYHBIN MOUCK — 3TO CPEJACTBO ABTOMATHYECKOTO
MOCTPOEHUST KAPThI JJIs JIFOOOH 9acTh TOro JTabupUHTA.

Temarnueckuii pa3Bego4Hblii mouck. OObuHbIE (MIOJHOTEKCTOBBIE) MOUCKOBBIE CH-
CTeMbl OCHOBAHbI HA WHBEPTHPOBAHHBIX MHJIEKCAX, B KOTOPBIX JIJI KayKJIOIO CJOBa Xpa-
HUTCsI CIMCOK cozeprkammnx ero gokymenTos [9]. TTowckoBasi crucrema HIimer JTOKYyMeHTH,
coJieprKalliue BCe CJIOBA, 3aIpoca, MOITOMY IO JJIMHHOMY 3alpoCy, CKOPee BCero, HUYero
He Oy/eT HaiiIeHo.

CucreMa TeMaTHYECKOT'O Pa3BeJIOYHOrO MOUCKA CHAaYAJa CTPOUT TEMATHUECKYIO MO-
JIe]Ib 3aMPOCca U OTPeJIe/IsIeT KOPOTKHIA CITMCOK TeM 3aMpoca. 3aTeM JIJIs TOUCKA, IOKYMeH-
TOB CXOYKeil TeMATUKU MPUMEHSIOTCS Te YK€ MeXaHU3Mbl UHIEKCUPOBAHUS U MTOUCKA, TOJIb-
KO B POJIU CJIOB BBICTYHAIOT TeMbl. [[0CKOJIbKY YUC/I0 TeM Ha HECKOJIBKO TIOPSI/IKOB MEHbIIIe
00bEéMa cI0Baps, TEMATHIECKUl MONCK TpeOYeT HAMHOIO MEHbIIe MaMATH IO CPABHEHUIO
C MOJTHOTEKCTOBBIM IOMUCKOM U MOYKET OBITh peajm30BaH HAa BeCbMa CKPOMHON TeXHUKeE.
Texnosiornn nHGOPMAIMOHHOTO MOUCKA HA OCHOBE TEMAaTUYECKOI0 MOJIC/IMPOBAHUS B Ha-
crosiIee BpeMsl HaXOIATCs B CTIHH MCCIe0BaHmil n pa3paborok 116, 21, 94, 28, 13, 135|.

B nureparype 1o pa3seio4HOMY MOUCKY TEeMaTUIECKOe MOJIETMPOBAHIE CTAIU UCITOJb-
30BaTh OTHOCUTENILHO HemaBHo (107, 45, 104, 124], a MHOTHE 0630PBI O HEM BOOOIIE HE YIIO-
vunaror [41, 101, 114, 54, 72, 51|. B uemaBueii crarbe [124| BaxKHBIME TPEUMYIIECTBAME
TeMaTUIECKUX MOjie/iell Ha3bIBAIOTCS I'MOKOCTH, BO3MOXKHOCTH BU3YaIU3AIMN U HAaBUTa-
muu. B 1o ke BpeMsi, B KauecTBe HEJOCTATKOB OTMEYAIOTCs MPOOIeMbl ¢ WHTEPIPETUpye-
MOCTBIO T€M, TPYIHOCTH ¢ MOIupUKAIINEH TeMaTUIeCKOW MOJIE/IA TPU TTOCTYILICHUU HOBBIX
JIOKYMEHTOB M BBICOKASI BBIUUCIUTETbHAS CJI0KHOCTD. DTU MPOOJIeMbl OTHOCATCA K yCTa-
PEBIIUM MeTOJaM M YCHEITHO pPelleHbl B MOCTeHIe TOBI: TeCATKH HOBBIX MOJAETel pas-
paboTaHbl /s VAYUIIeHHS HHTEPIPETHPYEMOCTH; OHJIARHOBBIE aITOPUTMbBI CIIOCOOHBI 00-
pabaThiBaTh GOJIBINIE KOJJIEKIHH U MOTOKHW JOKYMEHTOB 3a JinHeiiHnoe Bpems |78, 20, 126].
C npyroit cTopoHbI, B paboTax MO TEeMaTHIeCKOMY MOJIE/TUPOBAHWIO PA3BEIOTHBIN MTOUCK
4aCTO HA3BIBAIOT OJHUM U3 BayKHEHITNX MPUJIOKEHUIT, & OIEHKN Ka4eCTBA TOMCKA UCTIO b~
3ytor it Bamuganmun Mogeseii [148, 14|, Oguako 9T wccjaeI0BaHus MOKA He MPHUBEIN
K CO3JIaHUIO0 OOIIEOCTYIHBIX CHCTEM pa3BeJIOYHOTO MmouckKa. Bcé 31o rosopur o pa3ob-
MIEHHOCTU HAYYHBIX COODIIECTB, pa3padaThIBAIONINX 3TU JBa HanpaBjeHus. TeHIeHIns
K WX COJIMKEHUIO HAMETH/IACh JIUITh B MTOCJIETHUE TOJbI.

TemarTudeckast MOJEIb JIsi Pa3BEJOYHOIO MOWCKA, JIOJZKHA YAOBIETBOPITH MHOTUM
TpeboBaHUAM OTHOBpeMeHHO. OHA JOJIKHA COCTOIThH U3 XOPOIIO HHTEPIPETUPYEMBIX TeM,
IOCKOJIbKY TeMbl MHTEHCUBHO HCIOJIB3YIOTCS B IOJIH30BATENILCKOM HHTepdeiice 11 Ha-
BUTAINN TIO KOJIIEKITNN W BU3YaJU3AIUN Pe3yIbTaToB moucka. OHa J0/IZKHA OBITH paspe-
JKEHHOIT, 9TOOBI KazKbIil JOKYMEHT COCTOSI/T U3 HEDOJIHIIIOr0 YHC/Ia TeM — 3TO HeOOX0 MO
Tt 3(OPEKTUBHOTO XPAaHEHUsT HHBEPTUPOBAHHOTO nHAeKkca. OHa JO/IZKHA OBITH HepapX-
YecKoit, 9TOOBI MOTb30BATE/Ib MOT TOJYUUATH MPeJICTABIeHIe O TeMATHIeCKOi CTPYKTYpe
IpeaIMeTHOl 001acTH Ha JTI000M ypoBHE jJeTanu3anun. OHa T0M1KHA aBTOMATHIECKH OIpe-
JIeAITh 9UCT0 TeM Ha KayKJIOM YPOBHE MepapXud W aBTOMATHYECKHU CO3/aBATh W UMEHO-
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BaTh HOBBIe TeMbl. OHA JOJ2KHA ObITh MYJIHTUTPAMMHOM’, TaK KaK BBIJETEHHE KJIIOUEBBIX
¢dpa3 1 TEpMUHOB CYIIECTBEHHO YIyUIIaeT HHTEPIPETHPYEMOCTb TeMbl. OHa J0/12KHA OBIThH
MYJIBTUSI3BIYHON B TeX MPUJIOKEHUSX, Iyie TpedyeTcss KPOCC-SI3bIYHbII MOUCK, HATTPUMEp,
Ipu aHajan3e MaTeHTHBIX 0a3. OHa J0/KHA OBITH MYJIBTUMOMAIBHOI, YTOOBI yINTHIBATD
MeTaJaHHbIE JOKYMEHTOB, BKJ/IIOYad aBTOPOB U IIUTUPOBaHUE. OH& JOJIZKHa 6bITb TEMIIO-
pPaJbHOI, YTOOBI BBHIABIATH AUHAMUKY pa3BuUTHda TeM. OHa T0/IKHA OBITh CeIMEHTHPYIO-
1meit, 9To0bI HaXOAUTh HE TOJBKO PeleBAHTHbIE JTOKYMEHTBI, HO U YKa3bIBaTh KOHKPETHBIE
TeMaTUIeCKNe CerMeHTHI BHYTpH JO0KyMeHTOB. OHa 0/IKHA OBITH 00ydaeMoii 1Mo OIeH-
KaM acecCOpOB WJIN JIOTAM T0/Ib30BaTe e, YTOOBI TOCTOSTHHO Y/IyYIaTh KA9eCTBO MOUCKA.
Hakomner, peasnzanust 10/12KHa, OBITH OHJIARHOBOIT, MapaJsiieIbHON U PACIpPe/Ie/IEHHOI, YTO-
0b1 3 dekTHBHO 00pabaThIBAThL OOJBIINE KOIEKIINH TeKCTOB. TakuMm o0paszoM, MHOTHE
13 PaCCMOTPEHHBIX B JAHHOM 0030pe Mojeseil TOMKHBI ObITh 00beIUHEeHBI B KOMIIO3UIIAIO
JIJIS CO3MAHUA MOTHOMDYHKIMOHATILHOIO CEPBHUCA PA3BEIOTHOIO MOUCKA.

KauectBo paszBegounoro momcka. Mogens ARTM 1 paspegodHoro moucka ObLia
npenokena B [12] u yiayunrena B [146]. as n3mepenus: kadecTBa pa3BejodHOTO TeMa-
THYECKOT'O TOUCKA WMCIOJIH30BAJIUCH KPUTEPUU TOYHOCTH U IMOJHOTHI Ha OCHOBE OIEHOK
aceccopos. st onennBanus Obljla cOCTaBJIeHa BBIOOPKa 3aIIPOCOB — 3aJIaHUl pa3Be/104-
HOT'O MOMCKa. KaxKaplil 3ampoc MpeacTaBIsa cOO0 TEKCT 0ObEMOM OKOJIO OHOI cTpa-
HuIpl popmarta A4, ONUCHIBAIOIINIT TeMATHKY IOnCKa. KaxKkioe 3a1aHne CHAYAIA, BBIIOI-
HSIJIOCh HE3aBUCHUMO HECKOJbKHUMHU acecCoOpaMu, 3aTeM CHUCTEMON TeMaTHYeCKOTO TOUCKA,
3aTeM PeJIEBAHTHOCTDH HANIEHHBIX CUCTEMOM JIOKYMEHTOB CHOBA OIEHUBAJIACH ACECCOPAMH.
JlanHasi MeTOJIMKA MTO3BOJISIET, €IMHOYXK/IbI CJIe/IaB PAa3MeTKy Pe3y/IbTaTOB MOUCKA, MHOTO-
KpPaTHO OIIEHMBATH KAYECTBO PA3JUYHBIX TeMATHIECKUX MOJe/Ieil I MeXaHU3MOB ITOUCKA.
DKCIEepUMEHTHI Ha KOJLIEKIUIX 175 ThIcad cTaTeil PyCCKOS3BITHOTO KOJLIEKTUBHOTO OJ10Ta
habrahabr.ru u 760 Thica4 cTaTeil aHIJIOSA3BITHOTO OJ10Ta techcrunch. com mokas3ajn, YTo
TeMaTUIECKUl MOUCK HAXOJIUT OOJIbIIE PEJTEBAHTHBIX JIOKYMEHTOB, YeM aCecCOpbl, COKpa-
masi cpejiHee BpeMsl MOUCKa, € MOJIyvYaca JI0 CeKyHIbl. KoMOuHupoBaHue peryaspu3aTopos
JIEKOPPETNPOBAHNUS, pa3PeKUBAHUA U CIUIAXKUBAHUSA BMECTE C MOJAJTBHOCTIMU N-TPaMM,
aBTOPOB W KATErOpHil 3HAUUMO YIyUIIaeT Ka9eCTBO MOUCKA U MO3BOJSIET JOCTUYIb TOUHO-
ctu Borme 80% u moanors Beimze 90%.

Busyanuzanusa. Cucremarnzanus pe3yIbTaTOB TEMATHYECKOTO MOUCKA HEBO3MOXKHA
6e3 HHTePAKTUBHOTO TpadUIecKoro mpejcrasienus. B o630pe [2] onucsBaoTCsa 1 cpaBH-
BaioTcs 16 cpejcTB BU3ya/M3allud TeMaTHYeCKUX MOje/eil Ha OCHOBe BeO-uHTepdeiicoB.
Emé Gosbire uaeif MOYKHO MOYePIHYTh U3 HHTePAKTHBHOTO 0630pa’, KOTOPHIl Ha MOMEHT
HAIMUCAHWS JAHHOI cTaThy HACUYUTHIBAT 380 cpecTB BU3yaaum3anuu TekcToB. HecMoTps
Ha TaKoe DOTATCTBO TEXHUIECKUX PEIIeHUil, OCHOBHBIX Uil BU3yaTU3aIuN TeMATHIeCKIX
MojIesiell He TaK MHOTO: 3TO JIUOO ABYMEpPHOE OTOOpayKeHne CeMaHTUIECKOH OJTM30CTH TeM
B BuJie Tpada WM «JIOPOKHON KapThly, JUOO TeMaTu4decKas uepapxus, JUO0 JTUHAMUKA
pPas3BUTHS TeM BO BpeMeHH, Jiubo rpadoBasi CTPYKTypa B3aUMOCBs3€il MeXKy TeMaMu,
JIOKYMEHTaMU, aBTOPAMU WU UHBIMU MOJATBHOCTIMHE, JTUOO CEIMEHTHAs CTPYKTYpa OT-
JIETBHBIX JOKYMEHTOB.

[I'padudeckas Buzyaansarnus OOTBITIX JAHHBIX TPAKTHIECKA HECTI0Ie3HA B CTATHTHOM
UCIIO/THEHUHU, HO MOYKET OKa3aThCs MOIIHBIM KOTHUTUBHBIM CPEJICTBOM B CJIydae HMHTEPAK-

"http://textvis.lnu.se — MHTEPAKTUBHLIH 0030D CPEICTB BU3YaJM3AINHA TEKCTOB.
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THBHOI peanu3anuu. DTo ObLIO moHaTo 6osee 20 mer Hazam u chopmyaupoBano benom
[[TreiitepMaHOM B BHIE MAHMPOL BU3YANGHO20 NOUCKE UHHOPMAUUL: «CHATATIA KPYITHBI
1J1aH, 3aTeM Macluiabuposanne u pUILTPaIUs, JeTaju 1mo Tpebosanuio»® [112].

OrobparkeHne Pe3ybTaTOB TEMATHIECKOTO MOJETUPOBAHUSI W PA3BEIOTHOIO MOWCKA
COOTBETCTBYeT KOHIeNuu jgajabHero urenns (distant reading) commosiora Jjmreparypbr
®panko Mopertu [82]. O mpoTHBOMOCTABIZET FTOT CIOCOO M3YUEHHs] TEKCTOB HAIIEMY
oberaroMy utenuio (close reading). HeBO3MOXKHO IPOYUTATH MUJLTHOHBI KHUT UJIN CTaTel,
HO BITOJTHE BO3MOYKHO MPUMEHUTH CTATUCTUYECKUE METObl W IpadpUIecKyo BU3ya n3a-
U0, 9TOOBI TIOHSTH B ODIUX WepTax, O YéM BCS ITa JIUTEPATypa, U HAYIUTHCS ObICTpee
OTBICKUBATH HYKHOE. «/[arvHnee umenue — 3To crenuaibHas (popMa mpeJcTaBIeHnus 3Ha-
HHUil, B KOTOPOil MEHBIIe 3JeMEHTOB, I'pybee CMBICT UX B3aUMOCBA3€il, OCTAIOTCS JIUIID
bOPMBI, OTHOIIEHNS, CTPYKTYPbI, MOJIEIN»".

Mg oubmmorekn BigARTM B HacTodIIee BpeMs Pa3BUBAETCS MHCTPYMEHT BU3YaJIn3a-
nuu ¢ seG-naTepdeitcom VisSARTM!?, nognepsxusaromuit Bazkueiimme ¢hopMbI TIpeICTaB-
JleHust reMatudeckux mojesneit. arepecnoit Bosamoxkuocthio ViSARTM sristercst mocTpo-
eHne cnexmpa mem — PAHKHUPOBAHHOIO CIIMCKA T€M, B KOTOPOM CEMAaHTHYECKH OJTHM3KHe
TeMbl HAXOIATCA psaioM. ['pynmupoBaHue TeM MO CMBICTY TOMOTAeT MOJIb30BATEISIM OBICT-
pee HaXOJIUTh TeMbl, 0Opalas BHUIMaHIEe Ha PA3THIASI MEXKIY OJTH3KUMU TeMaMH.

15 3akjrouyeHue

TemaTudeckoe MoOge/MPOBaHHUE SBISETCA OJHUM U3 MHCTPYMEHTOB OOpabOOTKH U IMOHU-
MaHHUs TEKCTOB €CTECTBEHHOTO si3bIKa. BBIsIBJICHNE TeMaTHYeCKONH CTPYKTYPbI TO3BOJISET
CUCTEMATH3UPOBATH OOJIBINE TEKCTOBbIE KOJIJIEKIIMH, U3BJIEKATh U3 HUX MOJIE3HbIE 3aKO-
HOMEPHOCTH, ObICTpee, TOUHEee U TOJTHee HAXOANTh CeMaHTHIECKN OJIN3KY0 HHMOPMAIINIO.

[TonrTopa mecatumeTnss ”HTEHCUBHOTO PA3BUTUS TEMATHUIECKOTO MOJIETNPOBAHUS TPHU-
BeJIM K CO3/IaHUI0 coTeH Mojeneit. Cpenn HUX CHeNUuaIn3upOBAHHBIE MOIEH I obecIe-
YeHUs WHTEPIPETHPYEMOCTH, Pa3peKEeHHOCTH W PA3TUIHOCTH TeM; IMOCTPOEHUsS TeMaTH-
YeCKUX HepapXuil; BBISBICHUsS JUHAMUKHA PAa3BUTHUS T€M BO BpeMeHHU; 0OPaOOTKU MYJib-
THS3BIYHBIX KOJIJIEKINI; MMOCTPOEHUs MPeCKa3aTeIbHbIX MoJe/iell KacCuduKalum u pe-
I'PECCHH; UCIOIb30BaHUs MeTanHMOpMAIi 00 aBTOPaX, CChLIKAX, MOJTb30BATE/IIX, [e0I0-
KaIUsIX; YI€Ta COBCTPEYaeMOCTH CJIOB M CEIMEHTHON CTPYKTYPHI JOKYMEHTOB; U MHOTHE
napyrue. OCHOBHBIE THUIIBI TeMATHIECKUX MOje/ieil ObLTN BKJIIOUEHBI B JAHHBIH 0030D.

B 0630p He BomLIn HEKOTOPHIE BazKHbBIE TUIIHI MOJIeJIel, HATTpUMeEp, J/Isi aHAJI3a U300~
parkKeHuil W BHUJEONOTOKOB, AaHHOTUPOBAHUS M300parKeHUil, pEKOMEHIATEIHHBIX CHCTEM,
CyMMapu3allii TEKCTOB, aHaJN3a TOHAJHLHOCTUA U BBISIBJICHUS MHEHU, MCIIOJ/IH30BaHUS
U TIOCTPOEHUS OHTOJIOTHI, OOHAPYKEHUsI HOBBIX TeM H IPOCIE:KUBAHUS CIOYKETOB. Tak-
’Ke He ObLIH 3aTPOHYTHI BOIPOCH MHUIUATU3AINN U aBTOMATHIECKOTO UMEHOBAHUS TEM.
He nania orpakenus B 0030pe HAMETHUBITIASICS TEHJICHIUS CO3JaHsT THOPUIHBIX MOJIe el
Ha OCHOBE TeMaTUYeCKOI'0 MOJEJIUPOBAHUA U HEHPOHHBIX CeTei.

8Visual Information Seeking Mantra: «Overview first, zoom and filter, details on demand» [112].

9 «Distant reading is not an obstacle but a specific form of knowledge: fewer elements, hence a sharper
sense of their overall interconnection. Shapes, relations, structures. Forms. Models.» [82].

0®@enopaxa JI. C. TexHOMOTNS HHTEPAKTUBHON BU3YAIN3AIMN TeMATHIECKUX Mojeseil. BakasaBpckas
muccepramus, MOTU, 2017.
http://www.Machinelearning.ru/wiki/images/d/d8/Fedoriakal7bsc.pdf
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TemaTudeckoe MOIETUPOBAHUE UCIOIB3YETCS TSI CHCTEMATH3AINNA TeKCTOBOI nHMOp-
MaIlii ¥ pa3BeI0IHOI0 HHGOPMAIMOHHOTO IOMCKA B JIEKTPOHHBIX aPXUBAX HAYIHBIX Ty0-
JINKAINN, MaTeHTHBIX 0a3aX, HOBOCTHBIX MOTOKAX, COMUAJIBHBIX Meana. B mpakTudecknx
NPUJIOKEHUIX TEeMATHIECKHe MOJEIN JOKHBI 00/1aaTh MHOTUMHU W3 TEePEedrC/IeHHBIX
CBOWCTB OJIHOBPEMEHHO. DTU TMOTPEOHOCTH CTUMY/IUPYIOT Pa3BUTHE MHOTOKPUTEPUATIH-
HBIX METOJOB TeMaTHIecKoro mojenupoBanug. OJHAKO cO3MaHHe TaKUX METOIOB B paM-
Kax rpadudeckux Mojeneii n 06aitecoBCKOro oOyUeHHsST CONPSKEHO ¢ MaTeMaTHIeCKUMU
U TEXHUIECKUMU TPYTHOCTSIMU U MPEICTABISIETCS MPOOIeMATHIHBIM.

Dopmanusm agaurusaoil peryasipusanun (ARTM) nossossier onncarh GOJIBITHHCTBO
CYIIECTBYIOIUX Moje/eii Ha 0oJiee MPOCTOM MaTeMaTHIeCKOM si3biKe. TeMm He Menee,
BO MHOTIHX CJyYasX OH HPUBOIUT K TEM Ke CaMbIM aJrOPpUTMaM, UYTO U OaiieCOBCKMIi
BBIBOJI. B HEKOTOPBIX ciydasxX MPUXOTUTCS (HPOPMAJIM30BATh UCXOJHBIE HIEH U THIIOTE-
3Bl [TO-JIPYTOMY, HO pe3yJIbTaT TaK:Ke OKa3bIBAETCS OUeHb OTM3KUM. [ 1aBHAsS 0COOEHHOCTH
noaxona ARTM B Tom, 910 0H 1103BO/ISIET KOMOMHIPOBATH MO/IEIN, TPOCTO CKJIAIBIBAST UX
PeryIsipu3aTopbl. JTO MPUBOJUT K MOJLY/IHHOW TEXHOJOTHH TEMATHIECKOTO MOIEINPOBa-
HUS, KOTOpas peaqnm3oBaHa B npoekTe BigARTM. C moMotmbio 6GHOJIHOTEKH pery/isapu3aTo-
POB, UMEOIINX YHIHMDUIIPOBaHHBIH HHTepdeiic, MOKHO MMOPOXKIATH OIPOMHOE pa3HOOOpa-
31e TeMaTHYECKUX MOJIeeil Mo JTI00ble MPHIOKeHUs, 0e3 TPYJIOEMKIX MaTeMaTHIECKIX
BBIKJIAI0OK ¥ IIPOrPAMMHUPOBAHMS.

Hekoropsie mpobsemsr moka ocraiorcs oTKpeiThiMu B Teopun ARTM. Bo3smoxkuo i
emé YCKOPUTh CXOAMMOCTH peryngpuzoBannoro EM-anropurva? Kak yckopuTh momdop
ko dunmenTon peryagpusanun’ Bo3Mo:KHO U MOAOUPATH UX ATANTUBHO W MOJTHOCTHIO
aBTOMATHYECKHU B Xoze urepanuii? Kak obecnednTs mOCTpOeHHe IIOJTHOTO HaOOpa XOPOIIO
HHTEPIPETHPYEMBIX TEM?!

O030p HammcaH MO MaTepuaaM CIerkypca «BeposTHOCTHOe TeMaTwdIeckoe MO -
posanme» !, Koropsrit aBTop unTaer Ha ¢gakyabrere BMK Mockosckoro LocyaapcTBenno-
ro Yuupepcurera um. M. B. JIomonocoBa. O0HOBIsieMast 3JIeKTPOHHAST BEPCHST JOCTYITHA
na caiite MachineLearning.ru'?.

Pabotra BeimostHena npu buHaHCOBOI MogaepKKe Poccuiickoro dponaa dpyHmaMeHTa b-

HBIX uccaenoBanmit, mpoexT 17-07-01536, 16-37-00498.

Uhttp://www.MachineLearning.ru/wiki?title=BTM.
Phttp://www.MachineLearning.ru/wiki/images/d/d5/Voronl7survey-artm.pdf.
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