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AnHOTaIMs

Temarudeckoe MoOJeIUPOBAHUE — 3TO OOJACTH CTATUCTUYECKOTO AHAJM3a, TEK-
CTOB, AaKTUBHO Pa3BUBAIOIIAsICH mocaeauane 15 jet. Temarndeckas: MOIeIb KOJLIEKITHT
TEKCTOBBIX TOKYMEHTOB OIpeesdeT, K KAKIM TeMaM OTHOCUTCSI KayKJIbIil JOKYMEeHT,
U KaKWe CJI0Ba 00pasyoT KaxK/ 1yt TeMmy. B 6a30Boit mocTaHOBKe 3a/1a4a TEMATHIECKO-
0 MOIEJIMPOBAHNS MMeeT DECKOHETHOe MHOYKECTBO perrnernii. UToObI JoompeseanTh
pellienre, BBOASITCS JOMOJTHUTETbHBIE KDUTEPUU — pery/aspu3aropsl. Ouu dpopmain-
3yI0T TpebOBAHUS W OTPAHUYEHUs, BOSHUKAIOIINE B KOHKPETHBIX 3aa49aX nHMHOPpMa-
IIMOHHOTO TIONCKA, KJIACCU(PUKAINN, KJIACTEPU3AINN, CEIMEHTAINN, CYMMapU3aIlun
TeKCcTOB. JlaHHbBIN 0030D ONMUCHIBAET B TEPMUHAX PETY/ISIPU3AINNA OCHOBHBIE TUIIHI TE-
MaTHIeCKUX MOJeeil: MyJIbTUMOIaIbHbIe, MYILTUI3BITHbIE, TEMITOPAJIbHEIE, Tepap-
xudaeckue, rpadossie, runeprpadoBbie, TUCTPUOYTUBHBIE, CerMeHTupyommue. Mare-
MATHYECKUii almapar aJIATUBHON peryagpu3anun remarnaeckux mogeseiit (ARTM)
TO3BOJIIET OOBLEINHATE PEryJIAPU3ATOPHI B JIMHEHHBIE KOMIIO3UIUN, 9TOOBI CTPOUTH
MOJeMN C 33aJaHHBIMU cBoiicTBamu. MomyabHasg TEXHOJIOTUS TEeMATUIeCKOTO MOJie-
JINPOBAHMS TOJIOYKEHA B OCHOBY OMOJIMOTEKN C OTKPBITHIM KOIOM BigARTM.

1 BgBepeHue

TemaTmdyeckoe MOEUPOBAHEE — 3TO OJTHO M3 COBPEMEHHBIX HAIIPABJICHUN CTATHCTH-
YeCKOI'0 aHaJIn3a TeKCTOB, aKTUBHO pa3BuBaolieecs ¢ kKouna 90-x romos. Bepoamuocmmuas
memamuueckas modeawv (probabilistic topic model) BoIsiB/IsIeT TeMATHKY KOJUIEKIHH JTOKY-
MEHTOB, MPEJICTABJIASA KaXKJIYIO TeMy JUCKPETHBIM paclpeie/ieHueM BepOsiTHOCTEH CJIOB,
a KayKJbIil JIOKYMEHT — JUCKPETHBIM pAaCIpeeeHneM BepOSITHOCTeN TeM.

Tematudeckoe MOJeTMPOBAHUE MOXOXKE HA K/JIACTEPHU3AIUIO JTOKYMeHTOB. OTrmdne
B TOM, UTO IPH KJIACTEPUIANUN JOKYMEHT IEJTUKOM OTHOCUTCS K OJTHOMY KJIaCTepy, TOT/Ia
KAK TeMaTHYeCKash MOJETb OCYIIECTBISET «MATKYI KJaacrepusanuio» (soft clustering),
paszenss JOKYMEeHT MeKIy HeCKOJbKIMH KIacTepaM-TeMaMu. TemMaTudeckue MOJIeTN Ha-
3BIBAIOT TAKKe MOJEJISIMU MSTKOW OM-KJIaCTepU3aIiu, MOCKOJIbKY KayKJI0€ CJIOBO TaKyKe
pacrpesessieTcsi Mo HeCKOJIbKUM KJIaCTepaM-TeMaM. DTO MO3BOJISAET OOXOAUTH MTPOOIEMBbI
CHHOHUMUW U TojucemMuu cj1oB. CHHOHUMBI, B3aWMO3aMEHSIEMbIE B CXOXKHUX KOHTEKCTaX,
IPYNNUPYIOTCS B OJHUX W TeX Ke TeMaX. MHOTro3HAadHBIEe CJIOBA U OMOHHMBI, HA0DOOPOT,
paCIpeIesITIOT CBOU BEPOSITHOCTHU MO HECKOJTbKHM CEMAHTHYECKH He CBI3AHHBIM TEeMaM.
Hanpuwmep, 3nauenue cjioBa «si/ipo» MOYXKET ObITH MOHSATO U3 TOr0, KaKas TeMa JOMUHUDY-
eT B KOHTEKCTe JAHHOTO CJI0BA — MaTeMaTuka, (pu3nka, OMOJIOrus U1 BOCHHAS] UCTOPHUSI.

Tema obpasyercs CeMAHTUYECKH CBS3aHHBIMHU, JACTO COBMECTHO BCTPEYAIONIIMUCS
CJIOBAMU, CJIOBOCOYETAHUSIMHM WJIM TEPMHHAMH. TaKoe ONpeJe/IeHue «TEeMbI» JOIYCKAeT
TOYHYIO MaTeMaTUIeCKyio (pOpMaIn3aIuio, HO MOKET OTJINYATHCSA OT HNPUHATHIX B JIMHT-
BUCTHKE WU JINTEPATYPOBEJICHUH.

OCHOBHOl TETHI0 TEMATHIECKOTO MOJIETUPOBAHUS SIBISIETCS MOHUMAHUE OOJIBINON
TEKCTOBOW KOJIJIEKITUU, CUCTeMAaTH3allusd KOHTEHTa, Pa3JI0oKeHUe KayKJIOro JIOKyMEeHTa
Ha <«3JeMEeHTapHbIe CMBICTBIy. OTCIO/Ia BBHITEKAIOT MHOTOYHUCJTEHHBIE 0OJIee KOHKPETHBIE
NPUTOKEHUT TEeMATHIeCKOr0 MOJETUPOBAHU: BBISBIEHHE TPEHJIOB B HOBOCTHBIX MOTO-
Kax, MATeHTHBIX 0a3aX, apXuBax HAy4HBIX myGaukanumii [156, 124], MHOrOsS3bIUHBIH HH-
dbopmaronnsrii monck [135, 134], mouck remarmyecKux COOBIIECTB B CONUAIBHBIX Ce-
Tax [158, 126, 99, 27|, knaccudukanus u kareropusanus 1okymenTos [109, 159], remaru-
deckas cerMeHTanust TekctoB [143|, reruposanue Be6-crpanut [59], obHAPYKeHHE TEKCTO-
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Boro crnama [10]. CyIecTByoT i He-TeKCTOBbBIE TIPUIOKEHUS B AHAJIN3E U300PAKeHUIT 1 BY-
neonotokos [50, 67, 43, 125|, B pekoMen gaTeabubix cucremax [150, 138, 63, 153, 152], B o-
myaAIHOHHOI rereTrke [102], B Guonndopmaruke st aHATW3a HYKJICOTHIHBIX [60] 1 amu-
HOKHUCJIOTHBIX mocseoBaresbrocteil [114, 58|. MHorne apyrue pasHOBHIHOCTH M HPUIIO-
JKeHUsT TeMaTHIeCKUX Mojiesieii ynoMuHaoorest B o63opax [36, 22|.

[TocTpoenne TeMaTHIeCKO MOIEH MO KOIIEKITUN JIOKYMEHTOB SBJISIeTCSI HEKOPPEKTHO
[IOCTABJIEHHOI ONTUMHU3AIMOHHON 3a/1aueil, KOTopas MOXKeT HMeTh OECKOHETHOe MHOZKe-
crBo perrennii. Cormacuo Teopun peryiasipusamun A. H. Tuxonosa [11], perenne Takoii 3a-
Jla9 BO3MOYKHO JIOOTIPE/IEIUTh U CAeIATh YCTOWIUBBIM, T00ABUB K OCHOBHOMY KPHUTEPHUIO
Pe2YAAPU3AMOP — JIONOJHUTE/ILHBIH KPUTEPHil, YAUTHIBAIONINNI KaKne-anoo crermndnyae-
CKHMe OCODEHHOCTH MPHUKJIATHON 33/a9¥ WM 3HAHWUS MpeaMeTHO# obsactu. B cloKHBIX
IPUTOKEHUAX JTOMOTHUTETHHBIX KPUTEPHEB MOYKET ObITH HECKOTBKO.

Addumusnas pezyaspusayus memamuueckur modeseti (additive regularization of
topic models, ARTM) — 510 MHOrOKpHTEpHATBHBI TTOX0/, B KOTOPOM ONTHMU3HPYETCSI
B3BeleHHas cymmva kpurepues [3, 130]. Muorue temarnyaeckue Moaeau JnOO W3HATAIb-
HO (GOPMYTUPYIOTCS B TepMUHAX PeryJIsdpU3aluu, JUOO0 TOMYyCKAIOT TaKyio mepedopMy-
aupoBky. ARTM mo3Bo/isieT mepeHOCHTh PeryIsapu3aTopbl U3 OJHUX MOjeneil B Jpyrue,
KOMOWHHUPOBATH PETyJISPU3ATOPHI I/l MOCTPOEHUs Mojieneil ¢ TpeOyeMbIME CBOWCTBAMH,
MCIT0JIH30BaTh 0000ménHBITT EM-aaroputm st oOyvueHust JIFOOBIX MOJeIeil U X KOMOu-
Hanwuii. Bce 9T BO3MOYKHOCTH B COBOKYITHOCTH TIPUBO/IST K MOJIY/IBHOW TEXHOJOTHH Te-
MAaTHYIECKOTO MOJEJTUPOBAHUS, KOTOPas peaan30BaHa B OUOJIHOTEKe C OTKPBITBIM KOJIOM
BigARTM (http://bigartm.org). [Toguepkuém, uro ARTM He sgBagercs emg oxHoN MO-
JIeTTbIO WK METOIOM — 3TO ODIIUil MOIXO0/T K TIOCTPOSHUIO U KOMOMHIUPOBAHUIO MOJIEel.

B nacrositiiee Bpemst JOMUHUPYIOIUM B TEMATHIECKOM MO/I€JTNPOBAHUN sIBJISIETCsT Daii-
ecoBckuit ogxom. O TpedyeT /151 KazK10ii HOBOI MOIE/IN 3aHOBO TPOBOIUTH MaTEMATHU-
YeCKWe BBIKJIAIKHU U MPOTPAMMHYIO PEAJN3ANNI0. JTO 3aTPYIHAEST KOMOUHUPOBAHIE MO/IE-
Jeit 1 co3manue MOIYJIbHON TexHoorun. KpoMe TOro, n3-3a CJI0KHOCTH MaTEMATHIECKOTO
anmapara B CTAThIX YACTO OMYCKAIOTCSA BayKHBbIE NI MOHUMAaHUs jaetaiu. VHorma aBTo-
Pl OrPAHUYUBAIOTCS YIPOIIEHHBIM OIMMCAHUEM MOJIEIN B BHUJIE MMOPOZKIAIOIIEr0 MPOIecca
(generative story) win rpadudeckoii miockoi Hotamun (plate notation), ogHaKko mocIeIy-
IOIUiT IePeXo/L K aJITOPUTMY H €r0 PEaJH3aIluid OCTAETCS HEOHO3ZHAYHBIM U HEOUEBHUIHBIM.

OcHoOBHas TeJIb JTaHHOTO 0030pa — MOKa3aTh Pa3HOOOpasme TeMaTHIeCKHX MOJeeil,
COCPEOTOYNBIIUCH HA TIEPBOM U BazKHEUIITEeM dTare MOJIeJTUPOBAHIS — MEePEX0/Ie OT UCXO -
HBIX TPeOOBAHUI U MPEJINOI0KeHnH K (pOpMaJILHOI MOCTAHOBKe 3aja4un. Bropas meib —
O0KA3aTh, YTO PEry/ISPU3AINS SIBJISETCS HE MEHee BhIPA3UTEIbLHBIM CPEICTBOM MOJIE/IN-
poBanus, yeM OailecCOBCKHE MOPOK/IAIONINE MOJEIN; U YTO HA ITOM s3bIKE BO3MOXKHO HE
TOJTBKO CTPOUTH W KOMOWHUPOBATH TeMATUUECKUE MOJEH, HO TaKyKe O0ObACHITH UX J0-
CTyIHee W KOpOdYe, He CKPBbIBAas MaTEeMATHYECKUX BHIKIAIOK. COMOCTABUMBII MO OXBATY
1 00CTOATETLHOCTH 0030p 0aieCOBCKUX TeMATHIECKUX MO/Ie/Ieil 3aHsLI OB COTHH CTPaHMUII.

Paznennt 24 apisiiores 6a3oBbiMu. B paszienax 5-13 B repMuHax perysisipu3aliiiy Onu-
CBHIBAIOTCST PA3JINIHBIE BUJIBI TEMATHIECKAX MOJIeJIeil. DTH Pa3/iesibl IPAKTUIECKH He CBsi-
3aHBI IPYT C JPYTOM, UX MOXKHO YATATH B TPOU3BOILHOM MOPSIKE NN UCHOJIH30BATH KaK
OYTEBOJIUTENb IO CChLIKAM Ha JuTeparypy. Pazmen 14 mocBAMEH ONMEHUBAHUIO KAYeCTBA.
B paznene 15 paccmaTpuBatoTcs ocobeHHOCTH peanmsanun ouOamorekn BigARTM. B pas-
sesie 16 obcyktaeTcs NMpUMEHEHHe TeMaTHYeCKOTO MOJIe/IMPOBAHUs JJIsi Pa3BeL0YHOIO
nHOpPMaIMOHHOTO NoucKa. B pazzene 17 — kpaTkoe 3aK/I04eHUe.



2 OcHoBblI TeMmaTn4eckoro MogenimpoBaHuA

B sTom pazzesie OyyT BBe/IeHBI OCHOBHBIE TIOHSITUSI U MMOCTAHOBKA 3a/Ia9M TeMaTHIe-
CKOTr'0 MOJIe/InpoBaHus. By/er nmokas3aHn mpocToil IBpUCTUYECKUIT CITOCOD €€ pereHus.

MpeaBaputenbHas obpaborka Tekcrta. Ilepes mocrpoeHmeM TeMATHYECKHX MOJesel
TEKCT eCTECTBEHHOT'O A3BIKA OOBIYHO IOJBEPTaeTCs CepHH IMPeodPa30BaHUil.

Jlemmamusayus — 3TO TPUBEIEHNE KAayKIOTO CJIOBA B JOKYMEHTE K €r0 HOPMAJIHHOM
dopme. B pycckom g3bIKe HOPMATbHBIMI (hOPMAME CUUTAIOTCA: J/IsI CYIIECTBUTETbHBIX —
IMEHHUTEIbHBIN TaIe2K, e JHHCTBeHHOE YHCI0; M IIPUIaraTeIbHbIX — HMMEHUTE/TbHbIH 1Ta-
JIeZK, €IMHCTBEHHOE YHCI0, MYKCKON POJI; J/Is IJIAroJIOB, MPUYACTUM, JeenpudacTuii —
r1arosl B WHGUHATHBE. XOPOIUMH JTEMMATH3ATOPAME IS PYCCKOTO SI3bIKA, CAUTAIOTCS
HOCJIe/IHIEe BePCUU mystem u pymorphy.

Cmemmune — 3TO OTOpachIBaHHe OKOHYAHWII M JPYTUX H3MEHsSIeMBbIX YacTeil CJIOB.
OH TOAXOMUT /It AHTIUICKOTO SI3BIKA, JJIsT PYCCKOTO MPEAMOYTHTE/THHA TEMMATH3AINS.

Ydanenue cmon-ca06. DTO YaCTble CI0BA, BCTPEYAOIIHECcs B TeKCTaxX J000il TeMa-
tukd. OHI OeCIOIe3HbI /I TeMATHIeCKOr0 MOJAETUPOBAHUS U MOTYT OBITH OTOPOIIEHBI.
K HuM OTHOCATCST TIpeyIOTH, COM3bI, YNCAUTEIbHBIE, MECTOMMEHHUs, HEKOTOPhIE IJIaro-
JIbI, TIPUJIaraTe/bHble U Hapedus. UuCI0 TaKuX CJI0B OOBIYHO BapbUPYETCs B Mpeesax
HECKOJIBKUX coTeH. VX orOpachbiBaHHe MOYTH He BJIHSET HAa O0ODBEM CJIOBapsi, HO MOZKET
HPUBOJIUTH K 3aMETHOMY COKPAIIEHHUIO JIUHBI HEKOTOPBIX TEKCTOB.

Yoanenue pedkuz cao6 W CTPOK, HE SIBISIFOIIUXCS CIIOBAMH €CTECTBEHHOTO s3bIKa (Ha-
IpUMep, cojiepKamux Mudpbl WK CHEICAMBOJIbI), TIOMOraeT BO MHOIO pa3 COKPAIIATh
00bEM cJIOBapsl, CHHKad 3aTpaThl BpEMEHH W MAMITH Ha IOCTpoeHue Mojeneii. Penkue
CJI0Ba, KaK MPAaBUIO, HEe BJIUSIOT Ha TEMATHUKY KOJLIEKIUH.

Buideserue karouesvix ¢hpas — cIoBocoUeTaHUIT, XapaKTePHBIX /I IIPeIMETHOI 00.1a-
ctu. VX mcrmonb3oBaHue BMECTO OTIENBHBIX CIOB MM HAPSAAY C HUMH YIyUIIaeT HHTEep-
IIPETUPYEMOCTD TeM. JIJist UX BBIJeTeHHs] MOYKHO HCTIOIB30BAThH Te3ayPyChl [8] mwiu MeTobt
ABTOMATHYECKOTO BbIJeIeHNsT TepMUHOB (automatic term extraction, ATE), ne tpebyo-
e TpuBJIedeHns skcnepros [41, 68, 111].

Pacnosnasanue umenosarnur cyuyrocmed; (named entities recognition, NER). 9o na-
3BaHUs 00BEKTOB PeaTbHOI0 MUPA, OTHOCSIINXCS K OMPEIETEHHBIM KATErOPUsIM: TTePCO-
HbI, OPIraHU3AINHN, T€0TOKAINH, COOBITHSI, TATHI, U T. JI. JIJIsT pacmo3HaBaHusT MMEHOBAHHBIX
CYIITHOCTE MCMOJIB3YIOTCST PA3JINIHble MeTObI MAITUHHOTO obydenus [85, 61, 91].

[Iycts D — MHOXKeCTBO (KOJITEKITHsI) TEKCTOBBIX JOKYMEHTOB, W — MHOXKeCTBO (CJ10-
Baph) BCEX YHOTPEOIsIeMBIX B HUX TePMOB. Tepmamu MOTYT OBITH CJIOBA, HOPMAJbHbIE
bopmbr ¢/10B, CIOBOCOYETAHUST UM TEPMUHBI, B 3aBUCHMOCTH OT TOTO, KAKHe BUJIBI MTPe/I-
BapuUTEILHON 00PabOTKU TEKCTOB ObLIN BBITIOIHEHBI. KaxKaprit jokymenT d € D npejcras-
7eT coboii MOCIeT0BATETBHOCTD Ng TEPMOB W1, . . ., Wy, U3 caoBapd W.

MmnoTte3a o cyuiecTtBoBaHun TeM. Kaxkaoe BXOXKIeHHE TepMa w B JOKYMEHT d CBSI3aHO
¢ HEKOTOPO#l TeMoil t W3 3aJaHHOT0 KOHEYHOro MHOKecTBa 1. Komneknusa JOKyMeHTOB
peJIcTaBiIsieT coboii MOoC/IeI0BaTeIbHOCTh TPOoeK (2, = {(wi, d;, t;) } i=1,... ,n}. Tep-
Mbl W; W JOKYMEHTHI d; SIBJISIIOTCS HAOJIIOAAeMbIMU TePEMEHHBIMU, TeMbI t; HE W3BECTHBI
U ABJISTIOTCS AQGMEHMHbLMU (CKPBITHIMA) MEPEMEHHBIMH.
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MmnoTte3za «mewka cnoBy. [lopsaok TepMOB B JOKYMEHTaX He BarKeH /s BHISIBJEHUS
TeMaTUKH, TO eCTh TeMATUKY JOKYMEHTa MOYKHO Y3HATH JIazKe MOcje TPOU3BOTBLHOI mepe-
CTAHOBKM TEPMOB, XOTsI JIJIsT YeJI0BEKA TAKOH TEKCT MOTEPSET CMBICI. DTO TIPEIIOJI0KEHIE
Ha3bIBAIOT IHIIOTE30i «Merka cioBy (bag of words). [Topsiiok JOKyMeHTOB B KOJLIEKIHH
TaKyKe He MMeeT 3Ha4YeHHs] — JTO MPeII0J0KEeHHe HA3bIBAIOT I'MIIOTe30# «MeIKa JI0KY-
MEHTOB». ['MIIOTe3a «MeIIKa CJOB» MO3BOJSIET IMepeiTH K KOMIIAKTHOMY HpPEeICTABICHUIO
JIOKYMEHTa KaK MYAbMUMHOHCECTNEG — TTOAMHOXKecTBa TepMoB d C W, B KOTOpOM KazK-
JIBIIE TepM W € d TTOBTOPEH Mgy, pas.

f'MnoTe3a 0 BepOSATHOCTHOM MOpPOXXAeHUN AaHHbiX. Muoxkectso 2 = D X W x T gaB-
JIAETCA KOHEUHBIM 6EPOATMHOCTIIHOLM NPOCTPAHCTGEOM ¢ HEN3BECTHON (hyHKIHUeHd BeposaT-
woctu p(d, w,t). Komiekius TOKYMEHTOB siBJIsieTcsi BBIGOPKO Tpoek (d;, wy, t;), MOPOK-
JAEMBIX CJIyYaifHO M He3aBHCHMO JIPYT OT Apyra u3 pacupemnenenns p(d,w,t). 1o mpes-
HOJIOYKCHUE ABJIACTCA BEPOATHOCTHBIM YTOYHCHUEM THIMOTE3bI «MENIKA CJI0BY.

Baarogapst nmpeanoioKenuio 0 He3aBUCUMOCTH, PEaJn30BaBIIYIOCA BBIOOPKY (2, d/e-
MEHTOB 13 {2 MOKHO PaCCMATPHUBATEL KAK HOBOE BEPOATHOCTHOE IPOCTPAHCTEO C 11 PABHOBE-
POSATHBIME 3JIeMEHTAPHBIMA HCXOJaMH. B mpocTpancrse (), IerKo HAXOIUTh BEPOATHOCTH
Pa3JINYHBIX COOBITHI, IPUYEM OHH COBIAJAIOT ¢ YACTOTHBIMU OLEHKAMH BEpOATHOCTEIl
Tex ke coOwThii B mpocTpancTse ). B wactnocrn, B npocTpancTse (2, BeIpaKeHHe

By w,t) = — 3 [ds = d) [u; = w] [t = 1

i=1

PaBHO BEPOSITHOCTH TOTO, 9TO TEPM W JOKYMEHTa d CBsI3aH C TeMOil ¢, a B mpocTpancTie )
OHO PaBHO BLIOOPOYHON YACTOTHOI ONEHKE BEPOSTHOCTU TOTO YK€ COOBITHUSI.
JloroBopuMcst B Ja/IbHEHTIIEM 3alUCHIBATH BCE BEPOSTHOCTH B IIPOCTPAHCTBE (), ecn
HE OrOBOPEHO MHOro. B Oo/IbIIMHCTBE CIydaeB BBIKJIAJIKUA OYIyT CIPaBEIJIMBBI B 060UX
npoctpancTBax. [IpocrpancTso (2, umeer hopmaabHOE OrpaHUYeHUE — OHO CTPOUTCS TIO
durcupoBannoii Koytekuu. Eciu B KOJLTEKITUIO T00ABISIOTCSI HOBBIE JIOKYMEHTHI, TO TTPO-
CTPAHCTBO (), U3MEHSIeTCsI, TOTJA KaK MPOCTPAHCTBO ) MOYKET MOJIaraThCsl HEM3MEHHBIM.

MmnoTte3a ycnosHoii He3aBucumocTu. llogpiaenne TepMoB B JOKyMeHTe d 1O Teme t
3aBHCUT OT TE€MbI, HO HE 3aBUCHT OT JOKYMEHTa d, U OMUCBIBAETCS OOIIUM I BCEX JIO-
KyMEHTOB pacipeenerneM p(w |t):

p(wld,t) = p(wlt). (1)
BepositTHocTHass TemaTudeckass mogenb nopoxpgeHusi Tekcta. Cormacuo dopmy-
Jie TIOJHOW BEPOATHOCTW W TUNOTE3€e YCJAOBHOW HE3aBUCHUMOCTH, PaclpeesieHhe TePMOB

B 0KyMeHTe p(w | d) OMUChIBAETCST 8EPOAMHOCMHOT CMECHIO PACTIDEIeJIeHHI TEPMOB B Te-
Max @, = p(w|t) ¢ Becavu Oy = p(t|d):

plw|d) = " plw|t,d)p(t|d) =Y plw|t) p(t|d) = Cuibia. (2)

teT teT teT

BepositHocTHasT MOJIe/Th (2) OMUCHIBAET MPOIECC MOPOKICHUST KOJJIEKIMH 110 N3BeCT-
HBIM pactpesenernam p(w |t) u p(t|d). Dror mporece mokazau B axroputMe 1 u Ha puc. 1.
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AaroputMm 1. BepogaTHOCTHBI MPOIECC MOPOXKACHUS KOIEKIUHE JTOKYMEHTOB.

Bxona: pacnpenenennst p(w|t), p(t|d); AnnHB TOKyMEHTOB Ng4;

Bbixoa: Beibopka map (d;, w;), i =1,...,n;
11:=0;
2 pna secex d € D
3 anascex j=1,...,ng

1:=14+1; d; :=d,
BHIOpATH Caydaiinyo Temy t; u3 pacnpeaesnenust p(t|d;);
BBIOPATH CYyUaliHBIN TepMm w; u3 pacupeaenenus p(w |t;);

[=2 B0 S

re — EEEERO00000000000000

H D O \
pwlt): [o023 DHK 0.014 6asnc 0.018 pacnoaHasaHve

0.016 reHom 0.009 cnextp 0.013 cxoacTeo
0.009 Hykneotup 0.006 opToroHabHlit 0.011 natTepH

Wi, e, Wiy /

Pa3paboTaH cnekTpasibHo-aHaNUTUYECKUI NOAXOA K BbISIBIEHUIO PAa3MbITbIX MPOTAXKEHHBIX TOBTOPOB
B FEHOMHbIX MocfiefoBaTelbHOCTAX. MeToA OCHOBaH Ha pa3HoMaclwTabHOM OLeHMBaHUM CXOACTBa
HYK/TEOTUAHBIX MOCNef0BaTENIbHOCTEN B NPOCTPAHCTBE KO MDULNEHTOB pasnoXeHns dparMeHToB
KkpuBbIX GC- n GA-cofepxaHusa Nno KacCuyeckuM OpToroHanbHbIM 6a3ncam. HaiaeHbl ycnosus
OonTMMasbHOWM annpokcMMaumm, obecneyvBatoLne aBToMaTMyeckoe pacno3HaBaHMe NoBTOPOB
pasfnnyHbIX BUAOB (MPSIMbIX M MHBEPTUPOBAHHbIX, @ TakXe TaHAEMHbIX) Ha CNeKTpasbHON MaTpuue
cxoacTea. MeTo 0AMHAKOBO Xopowo paboTaeT Ha pasHbix MacwTabax AaHHbIX. OH no3sonser
BbISIBNATL CNeAbl CErMEHTHbIX AYNANKaUMn U MeracaTenITHblE y4acTKn B reHoMe, palioHbl CUHTEHUN
npu CpaBHEHWW Napbl reHOMOB. Ero MOXHO MCNonb30BaTh ANS AE€TaNbHOro U3y4yeHUs parMeHToB
XPOMOCOM (MOMCKa pa3MbITbIX y4acTKOB C YMEPEHHOW AIMHON NOBTOPSIOWErocs natrepHa).

Puc. 1: IIpomecc mOpoKIeHUsT TEKCTOBON KOJIJIEKIMU BEPOATHOCTHON TEMATHIECKON MOIENbIo (2): B KakK-
JIOH no3uiyu i JOKyMeHTa d; CHadasa nopoxkiaaercs rema t; ~ p(t|d;), 3arem Tepm w; ~ p(w|t;).

3apaya TemMaTM4eckoro MOAesIMpoBaHusl — 3To obpaTHas 3aJa4a: M0 3aJaHHOi KOJI-
gekiun D TpeGyercst HaliTn napaMerpbl Q. 1 0y, P KOTOPBIX TEMATHIECKAst MOJIEb (2)
XOPOTIO MPUB/INKAET YACTOTHBIE ONEHKH YCJIOBHBIX BepositHocTel p(w |d) = "ﬁ”.
Pacnpenenenne Buga p(t|x) Oymem HasbiBaTh memamukot oobekta x. MOXKHO TOBO-
puTh 0 TeMartuke Jgokymenta p(t|d), repma p(t|w), repma B gokymente p(t|d,w).
[e/1b10 TEMATHIECKOTO MOJAESTUPOBAHNS ABISETCS ONpeIeIeHIe TEMATUKI JTOKYMEHTOB
¥ CBSI3aHHBIX ¢ HUMH 00beKTOB. TakzKe TpeOyeTcst HaXOAUTh PACIPeIeTeHHsT @,y = p(w | 1),

O CBhIBAIOIINE CEMaHTUKY K&)K,Z[Oﬁ TeMbI { CJIOBaAMHU €CTECTBEHHOT'O SI3bIKA.

Hu3kopaHroBsoe maTpu4yHoe pasnoxeHue. PapercTso (2) MOXKHO Hepenucatb B MaT-
pUYIHOM BHUJIE. B JIeBOII JacTu PaB€HCTBa HaXOAUTCA HU3BECTHadA MaTpUlla 9aCTOT TEPMOB
B JIOKyMeHTax F' = (p(w | d))WX D [IpaBag gacThb mpeacTaBIgeT coO0it TPOU3BeIeHNe IBYX
HEM3BECTHBIX MATPUIL — Mamputyve mepmos mem P = (@) wxr 1 Mampuyv, mem 0oKy-
mernmos © = (04) 7« p. O6brano uncso tem |T'| muoro menbie |D| u |W|, nosromy 3amada
TEMaTUIECKOT'O MO/JIE/JINPOBaHUA CBOAUTCA K IMOUCKY HpI/I6.HI/I}KéHHOFO MATPUYIHOTO Pa3J10-
xkenus F' =~ ®O, paur koroporo e npesbimaer |T|.

Bce tpu marpunst F, ®, O gapisrorcs cmoxacmuveckumu, TO €CTh UMEIOT HeOTPUIa-
TeJIbHbIe HOPMUPOBAHHBIE CTOJIONBI fg, 0, 04, TPEICTABISIONINE TUCKPETHBIE PACIpeieie-
Hus. [Ipouzsenenne PO OymeM HA3BIBATH CMOLACNUNECKUM MAMPULHBLM DA3AOHCEHUEM.



HactoTHble oueHKN YyCNOBHbIX BeposiTHOCTel. B mpocTpancrse (2, BEpOATHOCTH, BBI-
pazkaroIuecs depe3 mepeMeHHble d U w, COBNAIAI0T ¢ YaCTOTAMI COOTBETCTBYIOIIUX Ha-
OJII01aeMbBIX COOBITHIA:

Ndw Ngq Ny N
p(d, ’LU) = 77 p(d) = Z7 p(’w) = 77 p(’w|d) = n—dv (3)
Ngw — YHUCJIO0 BXOXKJIEHUiT TepMa w B JIOKYMEHT d;
ng = Zw Ngw — JJIMHA TOKYMEHTa d B TepMax;
Ny =Y 4 Ndw — THCTO BXOXKICHHI TepMa w BO BCE JOKYMEHTBI KOJLIeKIH;

n=> 4> ., Ndwy — JJIMHA KOJUIEKIINN B TE€PMaX.

BepositHOCTH, CBS3aHHBIE CO CKPBITOW NMEPEMEHHON ¢, TOXKe ONPEeEeIIOTCd KaK 9acTOThI:

[ Nt Nd Nidw
) = = ) = vt tld) = - tld.w) = ' 4
p(t) - p(w|t) n p(t|d) ’ p(t|d, w) m— (4)

Nidw — YUCJIO TPOEK, B KOTOPBLIX TepM W JOKYMeHTa d CBA3aH ¢ TeMOil ¢
Ntd = Y, tdw — THCIO TPOEK, B KOTOPBIX TePM TOKyMeHTa d CB3aH C TeMoil ¢;
Nt = Y g Mdw — TUCTO TPOEK, B KOTOPLIX TEPM W CBI3AH C TEMOI ¢;

=24 Mdw — TUCIO TPOEK, CBS3AHHBIX C TEMOii t.

B ormame or (3), 9TH 9aCTOTHBIE OIEHKU HEe MOTYT OBITH BHIYUC/IEHBI HETOCPEJICTBEHHO
IO UCXOAHBIM JaHHBIM, TaK KaK TEeMbI tz HEN3BECTHHI.

Cormacno 3aKOHY OOJBIINX YUCET, IPH 7 — OO YACTOTHLIE OLEHKH, OIPEeIe/TdeMble
dbopmynamu (3)—(4), cTpeMsTCs K COOTBETCTBYIONIUM BEPOSITHOCTSIM B TIPOCTPAHCTBE ).

EM-anropntm. 3amernM, 4ro Bce ONEHKH (4) BBIPAKAIOTCI U€PE3 Nygyy = NawP(t|d, w).
Buas ycsioBHBIe pactpesenenust p(t|d,w), MOXKHO OIEHUTH MCKOMBIE MAPAMETDBI TeMa-
THYECKOH MOJeTn @,y = p(w|t) u Oy = p(t|d). V1, naoGopor, 3Has mapamMerpbl MOJIEJH,
MOKHO BBIDA3UTh yCJIOBHBIE BepositHoCTH p(t|d, w) no dopmyse Baiieca:

Cpltwld)  plOptld)  pubh
Pl w) = 20D = pwld) Y. ol

Takum obpa3oM, MoaydaeM CUCTeMY HeJTUHEHHBIX YpaBHEHUH OTHOCUTETHLHO IMapaMeT-
POB MOJENH Py, O3 N1 BCIOMOTATETBHBIX TEPEMEHHBIX Didws Nty Nid:

(pwtetd
Ptdw = ; 5
! ZS (Pwsesd ( )
Nt
Pwt = < Nwt = NdwPtdw (6)
Zw’nw/t deZD
n
Oa = ——a Mg = E NdwPtdw - (7)

)
Zt/ Nyd wed
Jlng eé pemenns ya06HO OPEMEHSATH METOJ IIPOCTHIX UTePAIMii: CHAYAIA BEIOMPAIOTCS
Ha4YaJIbHbBIE HpI/I6JII/I>KeHI/I${ HapaMeTpOB Sowt nu th, II0 HUM BBIYHUCJIAIOTCA BCIIOMOT'aTeJIb-
HBIE TIEPEMEHHBIE Dig,y, KOTOPBIE HO3BOJISIOT HAWTHU CJleyloliee NpubInzKeHne mapaMeTpoB
Ouwt 1 By, Beruncnenust o dopmyaam (5)—(7) mpogoszKamoTest B MUKJIE 0 CXOAUMOCTH.
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Aaropurm 2. Pannonanbusiit EM-anroputy st reMaruveckoii momenn (2).

Bxona: kosteknust D, anciao rem |T|, Hadaapubie npubanzxkenusi marpur, ¢ u ©;
Bbixoa: napamerpsr mogen ¢ u O;

1 NOBTOPSITb

2 OOHYJIUTD Ny, Nyg, Ny AN Bcex d € D, we W, t e T,

3 anascexde D, wed
4

5

Nidw = ndwgpwtetd / ZT (pwferd AJIST BCEX te T;
YBEJIUYIUTD Nty Nig, N HA Nygy, s Beex t € T

6 Ouwt = Nyt /My 1151 Beex w € W, t € T,
7 Oq := nyg/ng nnascex d € D, t €T,
8 noka ¢ u O me coiimyres;

DTOT MTEPANMOHHBIA MPONECC SABIAETCA YaCTHBIM caydaeM EM-aaropurMa, mpeaHa-
3HAYEHHOIO JIJIsl TOCTPOEHNUST BEPOSITHOCTHBIX MOJIeJIeli O CKPHITHIME TTepeMeHHbIME [38].
Brorauciienne yeJIoBHBIX pacipeieieHnii CKPBITHIX mepeMenHbix (5) HasbiBaercst E-mmarom
(expectation), Beraucsrenne mapamerpos mogenn (6)—(7) — M-marom (maximization).

Jlamee Mbl BoIiBegeM EM-aaropurm u3 obIeil OnTUMI3AIMOHHON TOCTAHOBKH 33 IatM.
Ceiiyac MBI IPUILIA K HEMY 3JI€MEHTAPHLIM IIyTEM, KOTOPBIHA J1aéT MPOCTOe HHTYUTHBHOE
IMOHUMaHue CyTu EM—aJ[FOpI/ITMa, HO OCTaBJIAET 663 OTBETOB BazKHbI€ BOIIPOCHI: CXOJUTCHA
JIM aJITOPUTM K PENIeHUI0 CHCTEMbl yPaBHEHU, eJIMHCTBEHHO JIM ITO PEeIIeHne, U moyemy
9Ta CHCTEMa ONMCHIBALT TEMATHYECKYIO MOJIeb, npudanzKaonyo p(w |d).

PayvoHanbHbii EM-anroputm. Boraunciienne nepeMenHbIX Ny, Ny, Ny Ha M-1m1are Tpe-
OyeT OZHOKPATHOIO MPOX0Ja KOLIEKINH B IUKJE 0 BCeM TepMaM w € d Bcex JT0KYyMeH-
ToB d € D. BHYTpH 3TOr0 NMUKJIa KaxKJaasd MEePEMEHHAS Pig, BBIUYHCIAETCI TOJIBKO OJIUH
pa3. [losTromy E-mmar BcrpanBaercsa BHYTpb M-Imara 6e3 JOMOJTHATETbHBIX BBITHCTUTE b
HBIX 3aTpaT U 0e3 XpaHeHHd TPEXMEPHOIl MATPHUIIBI Pigy,. DTOT BApUAHT peaTU3AIUH
EM-asiropur™ma Oy/iemM Ha3bIBaTh PAUuUOHAAbHBLM; OH TIOKA3aH B ajaropurme 2.

3 Makcumusayus n perynapmusaums npasagononobus

B stom pa3zmene BBoguTcsa obmmii popMam3M ONTHMHUBAINT W PEryIdpH3aIiun, KOTO-
phIii s1ajiee Oy/IeT UCIOIb30BATHCS JIJIsI OITUCAHUST BCEX TeMaTHIeCKUX MO/IeJIei.

MpuHUMN MakcMMyma NpasaonoaobuMsA HCIOIbL3YeTCs B MATEMATHIECKON CTaTHCTHKE
JITST OIeHUBAHUS HEM3BECTHLIX ITAPaAMeTPOB BEPOATHOCTHBIX MOJeNei Mo HabII0IaeMbIM
naaabiM. COrIacHO 3TOMY HMPUHIIUILY, BHIONPAIOTCS TaK¥e 3HAYEHUsT HapaMeTpPoB, MPH KO-
TOPBIX HaDJIIOIaeMasi BHIOOpKa, HamboJiee MpaBIoo 00Ha.

Oynryus npasdonodobus ONUpeIeTdeTcss KaK 3aBUCHUMOCTh BEPOSITHOCTH BBIOOPKHT
OT mapaMeTpOB MOJIEN. brarogaps mpeanomo:KeHnio 0 He3aBUCHMOCTH HAOTIOIeHIii, OHa
paBHA IMPOU3BEICHUIO0 BEPOITHOCTEl TEPMOB B JOKYMEHTAX:

p((dz, wz)?zl, (I), @) = Hp(d“ U}Z) = H Hp(w ‘ d)"dw p(d)ndw — rg%x .

deD wed const
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[IposorapudmMupoBaB IpaBaOIOI00He, EPeilIEM OT TPOU3BEICHUI K CYMMe H OTOPO-
CHM CJIaraeMble, He 3aBHCAINIE OT MapaMeTpoB Moae u. [lomydanm 3amady MaKCHMI3AIIHT
log-tipaB10110/1061s TP OTPAHUYEHUSAX HEOTPUIIATEIHHOCTH U HOPMUPOBKH:

Z Z New 1N Z Putbra — rg%xs (8)

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

Perynapusauusa. 3amaua Ha3bIBaeTCsS Koppexmmo nocmasaennot mo Amxamapy, ecan eé
pelreHne CymecTByerT, eJMHCTBEHHO U YCTONINBO.

3aa9a CTOXaCTUIECKOTO MATPUIHOTO PA3/IOKEHUST sIBJISIETCS] HEKOPPEKTHO TIOCTABJIEH-
HOIT, TaK KaK MHOYKECTBO €€ perrennii B 001eM ciaydae beckonedno. Ecim ®O — pemrenne,
to (®S)(S71O) Takke ABIAETCS pelleHHeM JjIs BCeX HEBBIPOXKICHHBIX MaTpull S, mpu
yesoBun, uro Marpunsl ®S n ST1O — croxacTuueckue.

CymectByer 00TIHIA OIXOM K PEIIEHUI0 HEKOPPEKTHO TIOCTABIEHHBIX OOPATHBIX 33144,
Ha3biBaeMblii peayaapusayuet; [11]. Korma ontmvusannonnas 3ajada HemI00Npe/ieeHa,
K OCHOBHOMY KPUTEPHUIO J00ABJISIIOT JIOMOJHUTEIHHBIIT KPUTEPHil — PeryJsipu3aTop, y4u-
THIBAIONIH crienuduKy pernraeMoil 3a/ja4u U 3HaHus npeaMeTHoi obactu. B mpakTnye-
CKUX 3aJI1a9aX aBTOMATHYIECKO 0OpabOTKN TEKCTOB JOMOTHUTETLHBIX KPUTEPUEB U Or'pa-
HUYEHWil Ha peleHne MOXKeT OBITbH MHOTO.

Addumusnas pezysapusayus memamuueckur modeset (ARTM) [3| ocHoBana Ha Mak-
CUMU3AINN JINHEHO# KoMOuWHamuu JjorapudMa TpaBIONOg00UsT W Pe2yapu3amopos
R;(®,0) ¢ HeorpunaTe bHBIME Kodfipuyuenmamy peysapusauuy T, = 1,... k:

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

deD wed teT

PN OTPAHUYEHUAX HEOTPUIATEJIbHOCTH W HOPMUPOBKHA

Z Puwt € {Oa 1}§ Puwt = 0; Zetd € {Oa 1}§ Oq = 0. (11)

weWw teT

Yea0BHsSI HODMHPOBKH € ATbTEPHATHBHOMN TpaBoii qacTeio (11) ocrabisor yeaosus (9),
JIOTYCKasl TIOSIBJIEHUE HYJIEBBIX CTOJIONOB B Marpuiax perienns ¢ u ©.

[IpeobpazoBanne BeKTOpa KPUTEPUEB B OJUH CKAJISIPHBINT KpUTEPHUil — 3TO OJUH U3 Da-
30BBIX IIPUEMOB B MHOTOKPUTEPHAJIHHON ONTHMU3AINYT, HA3BIBAEMbBIH CKAAAPUIGUUET].

Heobxogumbie ycnosusi makcumyma. 3agada (10), (9) oTHOCHTCS K KIACCY HEBBI-
IYKJIBIX 3aJa9 MaTeMaTHIeCKOro MpOorpaMMHUpOBanusd. [Ins Heé BO3MOKHO HAHTH JIMIIL
JIOKAJIBHBI SKCTPEMyM, KadeCTBO KOTOPOTO 3aBUCHAT OT HAYAJbLHOrO IPUO/IMKCHH.
Ha mpakTuke nouck 6oJiee 1irybOKOr0o SKCTpeMyMa, He CTOJIb BayKeH, KaK aJieKBaTHas (pop-
MAaJIM3aIMs JOHOTHATETLHBIX KPATEPHEB U MOMCK KOMIIPOMUCCA MKy HUMH.

BBeném omepaTop norm, KOTOPBIE TpeoOpasyeT NpOU3BOJNLHBINA 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
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rae (x); = max{0,z} — onepamus monoKUTEIbHOI cpe3ku. Ecan x; < 0 mist Beex i € 1,
TO pe3yIbTaTOM OIepaTopa NOrm IO ONpeeneHnIo SBIAeTCs HyIeBOil BEKTOP.

Teopema 1. Ilycrs ¢pyraknus R(P,0) menpepwisao angdepennupyema. Torma touka
(®, ©) snokampHOrO KCTPeMyMa 3agaqn (10), (11) yaoBaerBopsier cucreme ypaBHEHHIT ¢O
BCITOMOTATETBHBIMH TTEPEMEHHBIMH Dy gy,

Praw = n%r%n(wwtetd); (12)
OR
Pwt = norm Nyt + Pt = >, Nyt = NdwPtdws (13)
ew ( 0Pt dze;)
OR
Oig = norTm (ntd + Oiq B 9td) Nig = wzed NdwPtdw- (14)

[Jdoka3aTenbctBo. 3anumem neodxoauMmelie yeaosus Kapymra-Kyna-Takkepa JokaabHO-
ro skcrpemyma 3agaqdu (10), (9):

OR

Z Ndw |d 8 =M= Awt; Awt =05 Ao = 05 (15)
JeD w Pwt
w OR

Z ndw cp i + = ftg — s fed = 05 feaBig = 0; (16)
weWw aetd

rIe MHOXKHTENN Jlarpamzka \g, jig COOTBETCTBYIOT OTPAHMYEHUSM HOPMHUPOBKHU, MHOMKH-
TN Ay, [htg — OTPAHUYEHUSM HEOTPUIATETHHOCTH.

YMHOKIM 00e wacth paBencTBa (15) Ha 4, 06e wactu pasencrBa (16) Ha Oy, n
BBIJEJINM BCIIOMOTATE/ILHBIE TEPEMEHHBIE Digu, Mt U Nig:

w 9 OR OR
PuwtAt = Z dw (‘0 : td + Qutm— = Nt + Puwt 75—
deD a()Dwt a()Dwt

(Pwtetd aR 8R
0 = w 0 0
tdlhd wezwnd p(w|d) + O 90,, =Ng + Ora7™ 90,

Ecimm Ay < 0, T0 ¢y = 0 jy1a Becex w € W. B srom ciiyuae Ttema ¢ UCKII09aeTCS
M3 MOJIEJIH, YTO JOMYCKAETC OCAabIeHHbIM YeaoBrHeM HopMupoBku (11).
Ecau \; > 0, To 160 06e 9acT paBeHCTBA MOJIOKUATETbHBL, 00 Y,y = 0. O0be uHIM
STU JBa Caydas B OTHY (DOPMYIIY:
OR
(pwt/\t = <nwt + (pwt—)_’_

17
0P ( )

Ecmu pg < 0, To 6y = 0 moa Bcex t € T. B aTom ciaydae JOKYMeHT d MCKJTIOYAETCS
M3 MOJIEJIH, YTO JOMYCKAETC OCAabIeHHbIM YeaoBrHeM HopMupoBku (11).

Ecmu pg > 0, To 60 64y = 0, 160 0He 9acTu paBeHCTBA MOJOKHUTETbHB. O0be TMHIM
9TU JIBa CJaydasi B OJHY (DOPMYyJIy:
OR )

0,1 (18)

Orapta = <”td + Oy~
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CymmupyeM JIeByIO U paByio YacTu pasencTsa (17) mo w, pasencrsa (18) mo t:

Ay = Z (nwt + @wta—R)Jr% (19)

weWw a‘Pwt
OR
= E O g— ) . 20
Hd 2 <ntd+ tdaetd)Jr (20)

[Moacrasnstst Ay w3 (19) B (17), moxyanmm (13).

[Moacrasnstst f1g w3 (20) B (18), momyunm (14).

Teopema mokazana.

Bynem maspiBaTh MOmesb 6uiposicdernioti no meme t, ecau @, = 0 mig Becex w € W, u
supodtcdentots no dokymenmy d, ecau O,y = 0 aas Becex t € T'. BRIpo:KIeHHOCTH BOBHUKAET
B CJIyUasX, KOTJIa peryasapu3arop X oka3piBaeT upe3MepHOe pa3perknuBaloIiee BO3IeiCTBIE
Ha TTapaMeTphl MOJe/d. BBIPOXK/IeHHbIE TeMbl U JOKYMEHTHI MPUXOJNTCS WCKJII0YATh U3
mostesin. Ha mpakTuke BBIPOYK/IEHHOCTh BO3HUKAET JOBOJILHO Peko. CokpaleHune 9uc/ia
TeM MOYKeT ObITh YKeJIaTeIbHBIM MOO0YHBIM (D eKTOM peryssipusaiuu. BeIpok 1eHHOCTD
JIOKYMEHTa MOXKeT O3Ha4aTh, YTO MOJIEIb He B COCTOSIHUU €ro ONMUCATh, HAPUMED, eCIn
OH CJIMIIIKOM KOPOTKHi WM HE COOTBETCTBYET TeMATUKe KOJLICKIIHU.

Mopgenb BEpOSITHOCTHOrO NaTEHTHOrO CemMaHTu4eckoro aHanu3sa (probabilistic
latent semantic analysis, PLSA) — 310 mepBasi BepOSITHOCTHAsI TeMaTHYeCKasi MOJe/Ih,
npenoxkennast Tomacom Xodbmvanuaom B 1999 roxny [49]. B ARTM ona coorsercTByer HyJIe-
BoMy peryispusaropy, R(®,0) = 0. B srom ciyuae cucrema (12)—(14) coBmazaer ¢ cucre-
Moii (5)—(7), KOTOPYIO MBI IOJIYIHIN PAHEe U3 JIeMEHTAPHBIX coobpazkenuii. Beruncienue
E-mara no dhopmyse Baiieca (5) ocraéres npu so6oit peryiasipusanuu. B momenn PLSA
HE MOZKET 6bITb BBIDOZKJICHHBIX TEM HWJIN JOKYMEHTOB.

Perynsapu3soBaHHbiii EM-anroputm sgjisiercst npuMeHeHuEM MeTOJla ITPOCTHIX HTepa-
nuit st pemmenust cucremsr (12)—(14). Cradana BoIOHPAIOTCS HAYAJIbHBIE TPHOJIIZKEHUST
Ouwt, 0id, 38TEM B IUKJIE 0 CXOAUMOCTH depeayiorcs FE-wae (12) u M-wae (13)—(14). Pa-
MIOHATBHBIN BapuaHT peryiasgpuzoBanHoro EM-aaropuTva cTpoOWTCS aHAJIOTHYHO AJro-
puT™y 2, TOIBbKO Tmarn 6 u 7 3amenstiorcs dopmynamu M-mrara (13)—(14).

N3BectHo, uTo EM-airopurm 6e3 peryaspu3anun CXOIUTCS B CIa00M CMBICTE: Ha KazK-
J0if mrepain npapaonoaobue ypeamduBaercst [38]. Awasorudubie ycioBust caaboii ¢xo-
muvoctn amsg ARTM nosyuenst . A. Mpxuabiv®.

Peanuzanun EM-ajaropurva mMoryT pasjandarhCss 9acTOTON OOHOBJIEHUS HapamMeTrpoB
MOJIETTH Py U Oyg TIO TEPEMEHHBIM 7p U Nyq. JacThle OOHOBJIEHUS MOBBLIMIAIOT CKOPOCTD
CXOJIMMOCTH, HO MOYTH HE BJIMSIIOT HA 3HAYEHHE MPABJIONOI00Us B KOHIE uTepanuii [5|.

B emozacmuueckom EM-anzopumme [5| 1as KazKI0ro repMa w; CeMIUTHPYETCsT TOJBKO
onHa Tema t; ~ p(t|d, w;), 3arem na M-mare Bmecto p(t|d, w;) moacTaBIseTCsST BBIPOK IEH-
Hoe pacrnpesenenne p(t|d, w;) = [t = t;]. Dra nues sIKCIIIyaTHpPyeTcs TakzKe B 6aiieCOBCKOM
00y IeHNH TeMATHICCKUX MOJe/eil Ha ocHOBe ceMmiiupoBanust ['ub6ca [119).

EM-1o06HbBIe aJrOPUTMbI TEMATHYECKOTO MOJIEJNPOBaHNs CpaBHUBAOTCS 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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OnnaiinoBbiii EM-anropntm cunraercsa Hambosiee OBICTPBIM U XOPOIIO PaCIapasIIe -
Baercsa [48, 20]. OcHoBHAsg ero ujest COCTOUT B TOM, UTO Ha OOJIBIION KOJLIEKIUA MATPH-
na ® Moxker CONTHCH M IepecTaTh MEHSIThCsS 3aJI0JI'0 0 OKOHYAHUsS MEPBOI WTepaInui.
B takux ciaydasix 0HOTO MPOXO/a MO KOJIIEKIUU TOCTATOYHO JIJIsT TIOCTPOEHUST MOJIEIH.
[TosTomy oHaitHOBBIE AJTOPUTMBI CITIOCOOHBI 0OpPabATHIBATH MOTOKOBHIE JaHHBIE.

Jeranun mapasnenbHoil peanm3anuu oddaaitnoBoro u omnaiinoporo EM-aaropurma
B Gubmoreke BigARTM ommncanbl B paszese 15, emé mompodbnee — B crarbe [44].

O cTpaTterusax perynsapusauuun. 3ajgada TEMATHIECKOTO MOJIEJIUPOBAHUS MO CYTH SIB-
JIIeTCSI MHOTOKpPUTEepHaIbHOM. TeMbl JIOJIZKHBI yI0BJIETBOPITH MHOIUM TPEOOBAHUSAM O/I-
HOBPEMEHHO: HHTEPIPETUPYEMOCTH, PAa3JHIHOCTH, Pa3pe:KeHHOCTH u T.;1. Kpowme Toro,
TeMaTH4IecKass MOJIe/b OOBITHO MCIOIb3yeTcd He caMa 1o cebe, a KaK BCIOMOTATeTbHbIH
UHCTPYMEHT JIJIsi PENIeHUs] Pa3/JIMIHbIX 33/a4 TeKCTOBOI aHAJIUTHKU — UHMOOPMAIMOHHO-
ro MOWCKa, BU3yaJIM3aliU, KATeropu3aluu, CerMeHTaln, cyMMapusanuu u T. 1. Kaxjas
3a/1a4a npebsanisier cBon Tpedoanust Kk mozgenn. B ARTM Bce Tpebosanust hopmainzy-
I0TCS B BUJE KPUTEPUEB Peryaspu3anuu [; nu 6amaHcupyOTCs ¢ MOMOIIbI0 KoM dUIneH-
ToB 7;. KosdpunuenTsr 7; mpuxoauTcesa moadupaTh B KazKJI0# 3a1ade SKCIePpUMEeHTATbHO,
YTOOBI HAMTH KOMIIPOMUCC MEKJy BCeMHu KpuTepusMu. bosee Toro, s n3MepeHnsa Ka-
YecTBa MOJEIN OOBIYHO MUCHOJIB3YIOTCS HEe CaMU Peryjsipu3aropbl R;, a Kakue-To JIpyrue
MEMPUKY Kavecmea. Peryasspu3aTopbl JOIKHBI OBITH TVIAJAKUMU (DYHKIHUAMU, YAOOHBIME
i BeraucaeHuit Ha M-mmare. MeTpukn KadecTBa JIOKHBI UMeTh YIOOHBIE JIsI HHTEp-
HpeTaIuu IUCI0BbIe 3HaUYeHndA. K coxkateHuio, 3Tu TpeboBaHUg IaCTO BXOIST B IIPOTUBO-
peune. Hampumep, obnienpuHATbBIe METPUKU KadecTBAa HHAOPMAIMOHHOIO MOUCKA IMOYTH
HUKOTJIA HE SIBJISIOTCS TVIAJKUMU (DYHKIUSIMHU.

Ha npakrtuke npob/iema Boibopa KO3 HUIUEHTOB pery/isipu3aluu nepepacraer B 00-
Jiee OOILYIO POOJIEMY YNPasAeHUA KGYECMEOM MOJIETN, MOCKOJIbKY HUYTO HE 3alperaer
U3MeHATh KO MUIUEHTH 7; B Xo1e urepaiuit. OJHE peryIgapu3aTopbl MOTYT Je1aTh MO/I-
TOTOBUTEJIBHYIO PADOTY I/ Apyrux. HekoTopsle peryaspu3aTopbl peKOMEHIyeTCsa BKJIIO-
JaTh, Korya EM-aaropurm yzKe Hava1 CXoAUThes. pyrue jytdiie oTKI09aTh MOCJe TOTO,
KaK OHU BBITIOJIHUIN CBOIO pabory. Hekoropbie peryisipuzaTopbl MOTYT HefTpaIn30BaTh
JIPYT JpyTra, U TOTrJIa WX HPUXOIUTCI NPUMEHSATh M00YepE/IHO. Peryasapu3aTopbl, KakK sijibl
JIIST MOJETH, — B MAaJIbIX J03aX OHHU JedaT, B OOJBIINX OHH CMepPTeIbHO OIMACHBI, B CO-
YeTaHUU JPYyr C JAPYrOM OHH MOTYT JaBaTh HeokuaaHHbIE 3hdekTol. CucreMaru3anug
1 UCIOJIb30BaHue 3TuX 3HHEKTOB CTAHOBUTCS mpeameroMm nccaemoBanns B ARTM.

Cmpamezueti peeyasapusayuy, Ha3biBaeTcss (GYHKIHUS KOIDDUIMEHTOB pPeryaspu3a-
MU T; OT HOMepa uTepanyuu. B gacTHOCTH, OHA MOYXKET UCIOJIL30BATh TEKYIIHUe 3HAYCHUS
HapaMeTpoB MOJIEJIM U METPUK KadecTBa.

OTHocuTenbHble Ko3cduuymeHTsl perynsapusauuu. Emé ogna mpobiaema 3ak/Iova-
ercss B TOM, 4TO KOI(PUIMEHTHI pery/sipu3aluu, TIATe/JIbHO MOJ00pAHHbIe JIJIs OXHOM
KOJLJIEKIIMH, CKOpee BCEero, OYIyT ILI0XO paborarh Ha Apyroil. OHW MOryT 3aBHCETH OT
pazmepa KOJLIeKIIHH, MOIMHOCTH CI0OBAaps, CpeIHell JINHBI JOKYMEHTOB. Ecanm Kosmek-
IS TOIMOJTHSIETCS, TO CO BPEMEHEeM MOKeT MOoTpebOBAThCA UX mepeHacTpoiika. [Ipobaema
perniaeTcs BBEIeHIHEM HOPMHUPOBOYHBIX KOIMDMUIIMEHTOB U 0MHOCUMEALHOLT KOIPPHUUUEH-
MO8 PE2YAAPU3AUUL, BHIPAZKAIOIINX CTEIIEHb BO3IEHCTBUS PEry/IsipU3aTOPa HA TeMATHIe-
CKYIO MOJeEJIb. OTHOCI/ITe.HbeIe KOSCI)CI)I/IL[I/IGHTBI MeHbIIIe 3aBUCAT OT KOJIJICKIIUWU, WU JIJIdA
HUX MOTYT OBITH YCTAHOBJIEHBI YHUBEPCATHHBIE PEKOMEHIYeMble 3HATCHUSI.
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Pacemorpum dbopmyny M-mrara (13) co B3BemieHHON CyMMO# peryisipu3atopos R;:

OR;
Pur =m0l <nwt + Z TiPut a%t)

Breném cymmaproe sosdeticmeue ry; peryisipuzaropa R; Ha Temy t u ero cymmaproe
soadeticmeue 1; Ha BCE TEMBI:

Z
Tt = SOwt ) T = E Tit-

0
weW Put teT

BBenenne HopMupoBKHu 7; = %irﬂi MO3BOJISIET UHTEPIPETUPOBATH KOADDUIUEHT 7; KaK
omuocumensvhoe sosdeticmeue peryasipuzaropa [; Ha Temarndeckyo moaeab. OH moKa-
3bIBAET, BO CKOJILKO Pa3 BJIWSHUE PETyIspr3aTopa Ha MOJIETb CUJIbHEe BAUSHAS NCXOTHBIX
maHauX. [Ipu 7; — 0 peryngapuszatop R; oTkiaodaercd. [Ipu 7, — 0o mepeperyrgapu3anus
MOZKeT MPHUBOJIUTH K BBIPOXKJIEHUIO MOJIEIH.

BBenenne apyroit HOpMUPOBKH T; = 7”'2;‘—’; MO3BOJISIET MHTEPIPETUPOBATL KO3 duIm-
eHT 7; KaK omuocumenvroe soddelicmeue perynsgpusaropa R; Ha oTaenbHyo Temy t. Te-
nepb abCOMIOTHBIN KOY(MDMDUITHEHT peryaspu3aiii 7; CTAHOBUTCA 3aBUCSIINM OT TEMBbI,
O/IHAKO eT0 OTHOCUTEJbHBbIE BO3/IEHCTBUS HA BCEe TEMBI OJMHAKOBHI.

B obmem ciydae He m3BeCTHO, Kakas W3 JABYX HOPMHUPOBOK Jjyuire. J[mg obiHOCTH
BBEJIEM BBIITYKJIYIO KOMOMHAIMIO JBYX HOPMHUPOBOK:

- g n
=T\l —+ 1 —y)—),
it T
re 7; — 0MmHOCumMesvhulli Koaphuyuenm peaysapudanuy; napaMeTp y; Ha30BEM cmene-
Hb10 UHOUBUIYANU3GUUY BO3IEHCTBHS peryiaspu3artopa R; #a temsl. [lpu v; = 1 ko3 du-
IMUEeHTbhI 7; MAaKCUMaJIbHO Pa3JUYal0TCA MO T€MaM, BbIpaBHUBadAd OTHOCUTEJ/IbHbIC BO3,ZL€I71—
cTBUs peryngpu3aropa R; Ha Tembl. [Ipu v; = 0 KoaddunuenTsl 7; He pas3IHIalOTCA IO
temaM. [TapameTp ~; mpegiaraercsa mogOupaTh KCIEPUMEHTATBLHBIM IIYTEM.
Ananornuno pacemorpum dhopmyiny M-mara (14) co B3BemeHHONH cyMMOil peryisipu3a-
TopoB R;. BBeném cymmapnoe sosdeticmeue q;q perynsgpuszaropa R; Ha TOKYMeHT d U ero
cYMMapHoe 6o3deticmeue ¢; Ha KOJLIEKITHIO:

Gia =Y _ |0u g?d L G=)

teT deD

[IpenctaBum KO3 DUITEHT peryaspu3alun 7; B BHJE

T =T 'Yi@ + (1 —%')ﬁ )
did a;
IJIe T; — OMHOCUMEALHBLT KoIPPuyUeHnm pe2ysapusayu, y; — cmenensd uHiusuUdYaIu3a-
yuy Bo3JeiicTBUs perysipusaropa R; na qokymentsl. [Ipu v; = 1 koapdunuments makcu-
MaJIbHO PA3JIMYAI0OTCS 110 JIOKYMeHTaM, BhIpaBHUBas OTHOCHTE/ILHBIE BO3AEHCTBUAS PeryJisi-
puzaTopa Ha JTOKyMeHTHI. [Ipu v; = 0 ko3 pumueHTs He Pa3IuIaOTCA M0 JOKYMEHTAM.
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4 baiiecoBckasa perynsipusauuna n mogens LDA

BaiiecoBckas perynapusaumsa. Jlo cux mop Mbl HPEIIoaraim, YTo JaHHbIe TTOPOXKIa-
FOTCsT BEPOSITHOCTHOM MO/Ie/TbIo ¢ Tapamerpamu (P, ©), KoTopbie He H3BECTHBI U He CJIy vaii-
Hel. B 0OaiiecoBCKOM MOIX0JIe MPEIIoIaraeTcs, 9To mapaMeTpbl TaKyKe CIyYailHbl U MO/I-
IHHSIOTCS HEKOTOPOMY anpuophomy pactpenenernio p(P®, ©;~) ¢ HecaydallHbIM 2unep-
napamempom . B 3TOM ciydae MaKCUMHU3AIUSI COBMECTHOTO TPABIOMOIO0US JTAHHBIX
¥ MOJIeJIH TIPUBOIUT K HPUHIUITY MAKCUMYMA GnOCMepuophot eepoamuocmy (maximum
a posteriori probability, MAP):

n

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

¢79’
i=1 K

[Tocae jmorapudmMupoBanus noydaem Moaudukanuio 3a1aun (8), B KOTOpoii Jorapudm
AIIPHOPHOrO PACIPEIETCHIS ABISIETCI PeryIsapu3aTOPOM:

Zanw 1n2<pwt0td +Inp(P,0;v) — max. (21)
deD wed teT R@“’@) o

B 6aﬁeCOBCKOM IMoJAXo[Je IMpUMeHdeTCdA TaKzKe MPUHOUII MaKCUMHU3alluh HEIMOJIHOTO
IPABIONOA00HsI, B KOTOPOM 110 caydaifHbiM napaverpam (P, ©) mpous3BoauTcsi HHTErpH-
pOBaHUe W ONTUMH3UPYIOTCS runepnapameTpsl y. CUuTaeTcsd, 94TO 9TOT MPUEM CHUZKAET
pPa3MepHOCTh 33JIa4M W PHUCK TmepeoOydenus. leficTBUTEIbHO, pa3MepHOCTh BEKTOpa 7,
KaK MPAaBUJIO, MHOTO MeHbIe pa3MepoB Marputl ¢, © u He 3aBUCUT OT 00bEMA KOJLIEK-
JERGRY O,ZLHaKO JJId pelieHrud MPpUuKJIaJHbIX 3aJda4 BCE PaBHO HY2KHbBI UMEHHO 3TU MaTpPHUIbI.
(DOpMYJIbI AJIgd HUX BBIBOOATCA T'POMO3AKUMHA HpI/I6JII/I)KéHHbIMI/I MeTOJaMHu, HO B UTOIC
masio ortnaaores or MAP-ornenox [18].

B 6aitecoBckoM moxo/ie oleHnBaOTC He caMu mapaMeTrpsl $, O, a ux amocrepuopHoe
pacnpenenenne p(®, O | D;~y). Iiag 3a1a9 TeMATHIECKOTO MOJICTUPOBAHUS B STOM HET 0CO-
6oit HeoOxommmocTn. Ha mpakTuke mojiydeHHOe pacipejeieHne HCIOIb3yeTCsl HCKIIOYN-
TeJIbHO JId TOrO, I{TO6bI BEPHYTHCA K TOYEYHBIM OIIEHKaM MaTeMaTUYI€CKOI'O OXKUIaHHWAA.
HI/I aIllOCTEepUuOpPHBIE pacClipede/JIeHusd, HU NHTEePBAJIbHbIC OIICEHKU, HU JazKe aJIbTEePpHaTUBHBIE
TOYEUHBIEe OTIEHKH MEIUAHBI WU MOJbI B MPUJIOKEHUIX He UCIOIb3YIOTCS.

Texunkn mpubIHKEHHOrO 0ARECOBCKOrO BBIBOJA (BapuanmoHHBIH BBIBOA [123], com-
mmpoBanne ['mb6ca [119], pacnpocrpanenne oxKugaHus) He IMO3BOJSAIOT JIETKO KOMOWH-
HUPOBATH MOJEJIN U JIOOABJISATH PEryasspu3aTopbl, HE UMEIOIINe BePOSTHOCTHON HMHTEP-
nperanuu. st Kayk 0¥ HOBOIT MOJIe/IM TPUXOIUTCS 3aHOBO BHITTOJIHATH MaTeMaTHIECKHe
BBIKJIAQJIKH ¥ TPOTPAMMHYIO Dean3anuio. B MpUKIaIHBIX TPOEKTaX CPOKH, CTOMMOCTD
U PUCKH TaKUX pas3pabOTOK CTAHOBATCS HEMpeomoJuMbiM OapbepoMm. [losTomy Ha mpak-
THKE TOJIB3YIOTCS MPOCTOi yerapesineit mogenpio LDA | a baitecoBckoe TemaTnaeckoe Mo-
JIeITMPOBaHMe PEeJIKO BBIXOJIUT 33 PaMKH aKaJeMUYecKux wucciaegoBanmii. Tem He meHee,
B JINTEPATYPE MO TEMATHIECKOMY MO/IETUPOBAHUIO DAECOBCKUI MOIXO0JT TOMUHUPYET.

Muorokpurepua bHbIil He-OaitecoBekmii moaxom ARTM — 310 monbITKa H3MEHHTDb CH-
ryanuio. BaitecoBckue TeMaTndeckue Mojien B OOJIBITHHCTBE CJIyYaeB yaaéTcesa nepedop-
MYJIHPOBATH B TEPMUHAX PEryJIsipU3AlNK, 3alMICAB IIOCTAHOBKY 3aaun B Buje (21). C sro-
0 MOMEHTa PeryJsipu3aTop OTAEAsIeTCS OT MOJIEJIN U MOYXKeT ObITh NCIT0JIH30BaH B JIPYTHUX
MOJEJIAX. 9TO IpuBOAUT K MO,Z[y.HbHOfI TEXHOJIOTUN TeMaTHYeCKOIr'o MOJEJIUPOBaHUA, KO-
TOopad peajiM30BaHa U pa3BUBaeTcd B MpoekTe BigARTM.
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02 02 02
.3[.,..!!-]'.. 1 .3‘;.,|JI'HTT1!. .3‘;.,TTTTTTTTTT
Dir(p;0.1) Dir(p;1) Dir(¢; 100)
(paBHOMEpHOE)

Puc. 2: [Ipumep TPéX HEOTPHUIATETLHBIX HOPMUPOBAHHBIX BEKTOPOB ¢; € R0, mopoxadHHBIX cooTBeT-
CTBEHHO TPeMs CUMMETPUYIHBIMU pacupeaenenusvu Jupuxie ¢ mapamerpamu 0.1, 1, 100

Mopenb nateHtHoro pasmewernuss Oupuxne. lssua Bisii, Duapio bla u Maiika
Hzxopnan npemaoxunn mogenb LDA (latent Dirichlet allocation) [26] agist pemmenust mpo-
6embl nepeobyuennst B PLSA, koropast mpejckasbiBaia BeposiTHOCTH TepMoB p(w | d)
Ha HOBBIX JIOKYMEHTaX 3aMeTHO XyzKe, 4eM Ha oOydalomieil koJuiekmuu. [To3zke BbIsic-
HIJIOCH, UTO HA OOJIBIIUX KOJIIEKIIUAX 00€ MOJE/N MOUTH He MepeodydaroTcs, a X IpaB-
JIOTOIO0UST OTINYAIOTCS He3HauuTe bHo [75, 147, 70]. Paznudus mposiBASIOTCS TOJIBKO
HA HU3KOYACTOTHBIX TepMaX, KOTOpbIe He BayKHBI I oOpa3oBaHus TeM. B pobacTHBIX
Bapuantax PLSA u LDA rtakue TepMbl HTHOPUPYIOTCSI, ITO PE3KO CHUKALT KaK Mepeody-
dqeHue, Tak W pasjaudne B npaiononodun mozeseii [101]. Cam Bonpoc o nepeobydennn
[IOCTaBJIeH He BIOJHE KOPPEKTHO. Bo-NepBBIX, TeMATHIECKHEe MOJIETN CTPOSTCS He PaJiu
npecKa3aHus TePMOB B JOKYMEHTaX, a JI/IsI BBISIBICHUSA KJIACTEPHOH CTPYKTYPHI KOJLIEK-
. Bo-BTOPBIX, BeIWYMHA MepeodyUeHns 3aBHCHT HE TOJBKO OT CaMOil MOJeTd, HO W
OT TOT0, KaK MbI JJOTOBOPUMCS M3MepsTh e€é KadecTBO. /[1s1 u3aMepenusi 0OBIYHO UCIOJIb-
3yeTcsi NePIJIEKCHsI, KOTOPasi CHJILHO MTpadyeT 3aHUKEHHbIE BEPOSTHOCTH HU3KOYACTOT-
HBIX TepMOB. Bo3moxkuo, npeBocxoacTBo LDA mamg PLSA He cToab cymecTBeHHO, KAK 9TO
IPUHATO cYuTaTh. TeMm He Menee, LDA ne daxTo gBiasgercsa camoii mCIOIbL3yeMoil Tema-
THYECKOU MOIEJIBIO.

Momens LDA ocHoBaHa Ha MPeIOI0KEHUH, 9TO CTOJIONGI 0y W (o; SIBISIOTCS CJIydaii-
HBIMHU BEKTOPaMU, KOTOPbIE MOPOXKIAIOTCS pacupeenenusivu Jlupuxjie ¢ mapaMerpaMu
a € RITlu g € RWI coorercremnno:

F(Oéo)

Dir(0g; o) = =———— ar—l a >0, ay=)>) « Oig > 0 Oy = 1;

( d ) HF(at> 1:[ td ) t ) 0 Zt: ty td ) zt: td )
t

. I'(5) w1
Dlr(@t;ﬂ) = H‘pg;t ) Bw > 07 BO = Zﬁwa Puwt > 07 Z‘Pwt = 1;

[TT(Bw) w " m
w

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

THYIECKUM OYKHUIAHWEM IMOPOZKIAEMbBIX CIyYaiiHBIX BEKTOPOB: Ef;y = g—;, Epuw: = %—1;

Pacrpejenenust Iupuxiie criocoOHbI MOPOXK/IATH KaK pPa3perKeHHble, TaK U IJIOTHbHIE
BEKTOPHI JUCKPETHBIX pacrpejesennit, puc.2. Yem menbime [,, Tem 0ojee pa3perkeHa
COOTBETCTBYIOMAs W KOMIIOHEHTA (0,; B TMOPOKIAEMbIX BEKTOpaX ;. LCaIm BeKTOp ma-
paMeTpoB COCTOMT W3 PaBHBIX 3HadYeHuit [,, To pacupeaenenune /Iupuxsie Ha3bIBaeTCS
cummempuunvm. Ilpn B, = 1 cummerpudnoe pacupeaenenne /lupuxie coBmagaer ¢ pas-
HOMEDPHBIM paclipejie/ieHneM Ha eIMHUTIHOM CUMILIEKCE.

Temarudeckast Mojeab IMOPOXK/IEHUS IAHHBIX SIBJISETCS JIBYXYPOBHEBOI: CcHadaJIa
u3 pacupejaenenus Jlupuxiie mOpoXKIAIOTCSI BEKTOP-CTOJIOIBI O, KOTOPBIE 33AI0T TEMBI.
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3areM u3 MOTYYEHHBIX pactpeneaeHuil p(w|t) = @, TOPOXKIAIOTCI TEPMbI, 00Pa3yio-
ue TeMaTHIecKe YacTu J0KyMeHTOB p(w | t, d). Takum o6pa3oM, TByXypOBHEBAs MOJIETH
OIMCHIBAET KJIACTEPHBIE CTPYKTYPHI B TEKCTOBBIX KOJLJIEKIUIX. BEeKTOPBI pacipe/ie/ieHnii
p(w |t) mHTEPIIPETHPYIOTCST KAK MEHTPHI KIacTepoB, a pacupenenenus p(w |t, d) sBiastorcs
TOYKaMM 9TUX KJIaCTEPOB.

Bonee ybenuTeNbHBIX JMHTBHCTHYECKHX OOOCHOBAaHUiI pacmpenenenne /lupuxie me
nMmeeT. Ero mmpokoe pacmpocTpaHeHne B TeMATHIECKOM MOIETHPOBAHUN OObSICHSIETCS
CKOpee ero 4YucTo MaTeMaTHIeCcKUM yI00CTBOM /i DaitecoBckoro obydenus. Pacnpeee-
Hue Jlupuxie gBJIsgeTcst CONPSIKEHHBIM K MYJIBTHHOMUAAJIHLHOMY PACITPEIE/IEHUIO, UTO CY-
IIECTBEHHO yTpornaeT OaifecoBCKuil BEIBOI. Bitaromgapst 3ToMy CBOICTBY OHO OKa3bIBAETCSI
«Ha 0CODOM IMOJTIOKEHUN» B 0aileCOBCKOM TEMATHIECKOM MOIEJTHPOBAHUN, U OOJIBITHHCTBO
Moeeil CTposATCs ¢ MCIOIbL30BAHUeM pacrpeaenennii lupuxie.

Cormacuo (21), mogeaun LDA coOTBETCTBYeT peryisipu3aTop, ¢ TOYHOCTHIO 0 KOHCTAH-
THI PaBHBI JlorapudMy anpruopHOro pactpeaesienust upux.e:

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

teT deD
—ZZ o — 1) lncpwt—f-zz ,— 1) Inby,. (22)
teT weW deD teT

[Tpumenenne ypasuenwuit (13)—(14) k sTromy peryasipusaropy gaér dbopmynbr M-nrara:
ot = " o — 1) 0., = —1).
Put qv%rvlrvn(n ¢+ Bw— 1) a = norm (neg + o — 1)

[Ipu B, =1, oy = 1 anpuopHoe pacupeenenune /[upux/e coBnajgaer ¢ paBHOMEPHBIM
pacipejie/ieHIHeM Ha CUMILTeKce, popMy/abl M-1mara mepexoadar B HeCMeIEHHbIe YaCTOTHBIE
OIEHKH YCJIOBHBIX BepogTHOCTell, a Mojenb LDA mepexomur B PLSA [45].

[Ipu B, > 1, o4 > 1 peryasipuzarop uMeer criaazkuBawmunit 3 dexT: ox gemaer 60/b-
e BEPOSATHOCTHU eIIé OOJIbINe, ITPU ITOM MaJjible BEPOSITHOCTH 3a CYET HOPMUPOBKH CTa-
HOBSITCSI MEHBIIIe, OJTHAKO HUKOI/IA He JOCTHTAIOT HYJIS.

[Ipu 0 < By, < 1, 0 <y < 1 peryrgpusaTrop uUMeeT paspexkuBaionuii apdexT u cmo-
cobeH OOHY/IITH MaJble BePOITHOCTH.

Auseprenuymnn Kynbbaka—Jleiibnepa (KL-dusepzeriyus, OTHOCHTEIHHASI SHTPOIIHS ) Jia-
Jee OyZeT OJHUM W3 BasKHEHIINX WHCTPYMEHTOB KOHCTPYMPOBAHUS PEryasiPU3aTOPOB.
1o HecuMMeTpudHad (YHKIUS PACCTOAHUS MeYKJy JMCKPETHBHIMH paclpeIeeHusIMI
P=(p), u@=(qg), c coBnagaomumu Hocuressivu, {i: p; > 0} = {i: ¢; > 0}:

L(P|lQ) = KLi(pilla:) szln H(P,Q)— H(P),

e H(P)=—>.p;Inp; — aumponus pacupenerennss P, H(P,Q)=—> .pilng —
Kpocc-anmponua pacupenenennit P u (). Obo3nauenune KL; He gaBasgeTcs oOMEnpUHATHIM,
HO OHO YI00HO, KOTJa HAJI0 MOKA3aTh, 10 KAKOMY HHJIEKCY IIPOU3BOJIUTCSI CYMMIPOBAHUE.
KL-muBeprennus HeoTpunaTeaIbHa W paBHA HY/IIO TOLIA M TOJHKO TOLJA, KOTIA Pac-
[peJleJIeHnst COBIAJIAIOT, P; = (.
Ecmn KL(P||Q) < KL(Q||P), To pacupenenenne P cuibHee BI0XKeHO B (), yem ) B P,
cM. puc. 3. Takum obpazom, KL gaBigerca Mepoit BIOKEHHOCTH ABYX PaCIpe/Ie/TeHMIA.
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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
L(P||Q) = 0.44 KL(P||Q) = 0.44 KL(P|Q) = 2.97
L(Q||P) = 2.97 KL(Q||P) = 0.44 KL(Q|| P) = 2.97

Puc. 3: Oueeprenmust Kynanbaka—Jleitbnepa 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.

Ecaun P — smmupudeckoe pacnpesenenne, a (Q(«) — mapaMeTpudeckast MOJIeTb, TO M-
anvusanns KL-auBepreniun 3KBUBaIeHTHA MUHAUMU3AINN KPOCC-IHTPOIUH U MAKCHMU-
3aIiu MPaBI0NOI00MsI:

KL(P[|Q(a sz ln

—)mln — E piIng;(o) — max.
e}
i=1
Maxkcnvusaryst npasono00ust (8) SKBHBATCHTHA MIHIMU3AIUA B3BEIICHHOM CyMMBI
_ i 5 _ gy _
KL-nupepreniuii Mez /1y SMINPUIeCKIMI pacupeetenusyu p(w|d) = T4 u Mote bHbL
vu p(w|d), mo Bcem gokymentam d u3 D:

Ndw
an KLw( d H Z@m@d) — %lléfl
deD

rJie BeCOM JIOKYMeHTa d siBJIsieTcsl ero JjuHa ng. Ecim Beca ng yoparb, TO BCe JIOKYMEH-
THhI OY/JyT UCKYCCTBEHHO MPUBEJIECHBI K OAMHAKOBON jjune. Takas momuduranus QyHk-
MIOHATA KAYeCTBA MOXKeT ObITH MOJIe3HA TIPU MOJIETUPOBAHUN KOJIEKIIHil, COAePIKAITUX
JIOKYMEHTBI OJITMHAKOBON BaKHOCTHU, HO CYIIECTBEHHO PA3HON JTUHBI.

He-BeposiTHocTHas uHTepnpetauua mogenu LDA. Peryaspuszarop (22) MOXKHO 9K-
BUBAJICHTHBIM 00pa3oMm 3amnucarh depe3 KL-juBeprenmnun:

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

teT teT
+ |T|ZKLt(|T1\ H 0:4) OZOZKLt H O1a).
deD deD

Orcroga crenyer, aro Momenb LDA oka3biBaeT Criia;kKMBaloIiue U Pa3perKHBAOIIIe
BO3eiicTBUs Ha MaTpuibl P, ©. Bee cronbib maTpunbl  10/1KHBL OBITH OJIU3KH K OTHOMY
U TOMY K€ pacipe/e/IeHuI0 B—w, npuaém mapamerp [y CTaHOBUTCS KOIMDMUITMEHTOM Pery-

Bo
nﬂpnsamm AHasoruaHO, BCe ¢TOMOIB MATPUILLI © MOJIKHBI OBITH OJIM3KHA K paCIpeieie-
HIIO . 1 3TUM TpeboBaHHEM yIpaBisgeT KO3 MUIHEHT peryasapusanun «y. Kpome stux

CI‘JIa}KI/IBaIOIlLI/IX BO3JIEHCTBHUIT UMeI0Tca c1abble HeyIIpaBseMble pa3peKuBaloIne Bo3aeii-
CTBHSI: CTOJIONBI 00EUX MATPHUIL JOJKHBI ObITh JaJeKH OT PABHOMEPHOTO PaCIpe/ie/IeHH.
JlaJjibiie Bcero oT paBHOMEPHOTO PACIIpe/ie/IeHIsT HAXO/IsATCS BbIPOZKJICHHBIE PacIipe/ie/ie-
HHSI, B KOTOPBIX eNHUYHAS BEPOSITHOCTH CKOHIIEHTPUPOBAHA B €IMHCTBEHHOM 3JIEMEHTE.
[TosToMy paspekuBaHMe TPUBOIUT K OOHYIEHUIO MAJIBIX BeposITHOCTeH B MaTpunax ¢, ©.
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5 WHTepnpeTtnpyemocTtb TeM

OTKa3 oT ampHOpHBLIX pacrnpeaeneruii /lupuxie mo3BossgeT 0606mmuTh Momenab LDA:
CHSITH OPPAHMYEHHUST HA 3HAKH IHIeprapaMerpoB B (22) u cBoOoHee 0OPAIIATHCSI CO CTITa-
JKUBAHUEM W Pa3pe:KUBAHUEM sl Y1y YIIeHsT HHTEPIPETUPYEMOCTH TEM.

Tunomesa paspestcernocmu IBISETCS OTHUM W3 €CTECTBEHHBIX HEOOXOIMMBIX YCIOBHUIt
uHTepupernpyemMoctu. [Ipemmoraraercst, 9To KaxKaas TeMa XapaKTepU3yeTcss HeOOIbITHM
YUCJIOM TEPMOB, U KaxKIBIH JTOKYMEHT OTHOCHUTCS K HeDOJBIIOMY YHCIYy TeM. B Takom
cIydae Cped BePOSITHOCTEH @, U Oyg JOJIZKHO OBITH MHOTO HYJIEBBIX 3HAYCHUI.

MHorokpaTHble IOILITKA pa3peKuBanusg Mogean LDA npuBoaman K 4pe3sMepHo CI0K-
HBIM KOoHCTpyKuusaMm [113, 40, 137, 62, 32| u3-3a BHyTpeHHEr0 MPOTHBOPEUNS MEXKIY Tpe-
DOBAHUSAME PA3PE’KEHHOCTH W OIPAHUYEHUSIMUA CTPOrOil MOJIOKUTETHLHOCTH ITapaMeTpOB
B pacupeaesienun upuxie. [Ipobiiema permaercss HEOKHWIAHHO MPOCTO, €CJIU OCTaBUTh
KPOCC-9HTPONMUAHBIN peryagpu3atop (22) u pa3peinTh MUneprnapaMerpam o, (3, TpUHE-
MaTh JITOObIe 3HAUYEHHUsI, BKJOYad OoTpunarenbHbie. [lo Bceit BHIUMOCTH, BIIepBblie OHA
ObLIA TIpeJIozKeHa B JuHAMIUecKoit Mogenn PLSA jua o6paborku BuaeonoTokos [125],
rje JOKYMEHTaMU sBJISIINCh KOPOTKHE BHIeodpParMeHThl, TepMaMi — IMPU3HAKHN Ha W300-
parKeHHsIX, TeMaMi — TOsIBJIEHHE ONPeIeJIEHHOr0 00heKTa B TeUeHne OMPEeIeIEHHOTO Bpe-
MeHH, Hanpumep, npoesz apromobmiss. CHIBHO pa3perKeHHbIe pacCIpeaeaeHust ToTpedbo-
BAJIUCD /I OIUCAHUS TeM C KPATKUM «BPeMeHeM KHU3HU».

CrnaxuBaHue n paspexusanue. [lo ananoruu ¢ (22) BBeJéM 0000UIEHHBINH PEryJIsipu-
3aTOp CrlaKHBaHUA U pa3peKUBaHUA:

R(®,0) = Z Z Bt In @y + Z Z Qg InOyy.

teT weW deD teT

[ToxcraBus sror peryasipuzarop B (13)—(14), noxyanm dopmysasr M-mara:

Put qv%rvlrvn(nwt + But); (23)
Orq = n;)ErTm (ntd + atd). (24)

[TomoxKuTebHOE 3HAUEHHE TTapaMeTpa (g WA [,y COOTBETCTBYET CIIAKUBAHUIO, OT-
pHUIIaTEIHHOE — pa3peKHBAHUIO.

YactnyHoe oby4eHune. B mpomecce co3manus, UCMOIH30BAHNS WIH ONEHUBAHUS Te€Ma-
TUYeCKOil MOJIETH IKCIEPTHI, HOTh30BATEN HJIN acecCOPbl MOIYT OTMedaTh B TeMaX pe-
JIeBaHTHBIE MJI HEPeJieBaHTHBIE TePMbI U JIOKyMeHThl. Pa3meueHHble JaHHBIE TO3BOJISIIOT
(bukcupoBarh MHTEpIpETAIMM TeM U IOBBIIIAIT yCTORYMBOCTH Mojesn. Pa3merka Mmo-
JKeT 3aTParuBaTh JINIIb YaCTh JIOKYMEHTOB U TeM, IO9TOMY €€ HCHOJIb30BAHNE OTHOCUTCS
K 33JaU9aM uacmuurozo obyuenus (semi-supervised learning).

[TycTs mma xaxkoit Temel ¢ € T' 3agaHBl 9eTHIPe MOIMHOMKECTBA!

W — «Gemblit CIIICOK» PeIeBAHTHBIX TepPMOB;

W, — «4€pHblil CIUCOK» HEPEeJTeBAHTHBIX TEPMOB;
D;” — «Gemblit CIECOK» pe/leBAHTHBIX JOKYMEHTOB;
D; — «9€pHBIil CIUCOK» HEPEJTeBAHTHBIX JTOKYMEHTOB.
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Puc. 4: Crpykrypa paspexkennoctu Marpull ¢ u © ¢ npeaMerHbiMu 1 POHOBBIMU TEMAMU.

Yacmuurnoe obyvuenue no peaesaHmHocmy SIBISETCS YACTHBIM CIYYaeM Peryaspu3a-
TOpa CIJIA’KWUBAHWS W Pa3perKNBAHUA TIPU

Bwt = B-l—[w € Wt+] - ﬁ—[w S VVt_]v
i = ayld € D] —a_ld e D/,

rie B+ 1 oy — KOIDDUIUEHTH PeryIsipu3aliii.

MpeameTHbie n choHoBbIE TeMbl. YToOBI MOJIE/Ib ObLIa HHTEPIPETUPYEMOIl, KasK1as Te-
Ma JOJIZKHA UMETh CeEMAHMUYECKOe AJPO — MHOKECTBO TEPMOB, XapaKTepU3yIOIuX Ompe-
JIEIEHHYTIO TIPEIMETHYI0 00JIaCTh W PeIKO ynorped/sieMbiXx B apyrux temax. JLjas sroro
MaTpuipl ® 1 © MOMKHBI HMETh CTPYKTYPY Pa3perKeHHOCTH, aHAJOIHYIHYIO ITOKA3aHHO
Ha puc. 4. MHOXKecTBO TeM pa3duBaeTcs Ha JBa moaMHOxkKecTBa, 1= S U B.

IIpedmemmnvie memw, t € S comepzKaT TePMUHBI PEeAMETHBIX obsacreil. 1Ix pacmpee-
nerust p(w | t) pa3peKeHbl W CYIIECTBEHHO PA3JINIHBI (IeKOppeJnpoBanbl). Pactpeenenst
p(d|t) TakKe pasperkeHbl, TAK KaK KayKjas MPeJIMeTHAas TeMa MPUCYTCTBYET B OTHOCH-
TeJLHO HeOOJIBIION H0/1e JTOKYMEHTOB.

Donosvie memov, t € B comepzKar cjaoBa 0oOIIEll JIEKCUKH, KOTOPHIX HE JIOJKHO ObITh
B npeaMeTHBIX TeMax. VIx pacnpenesnennst p(w|t) u p(d|t) criaaxensl, Tak Kak 3TH CJI0Ba
IPUCYTCTBYIOT B OOJBIINHCTBE TOKYMEHTOB. TeMaTniecKyto Moaeab ¢ (POHOBBLIMHU TEMAMH
MOYKHO PacCMaTpUBAThL Kak 0000meHne pobacTabix Mozenei [30, 101], B KoTopbIx nemosib-
30BaJIOCh TOJIBKO OJTHO (DOHOBOE paCIpe/IeIeH e.

CdokycnpoBaHHbIii TeMaTudeckuii nonck. Yactuanoe o6yveHne TeM MOKHO PACCMaT-
pUBaTh KaK Pa3HOBUIHOCTH TeMATHYeCKOro MHMOPMAIMOHHOTO MOWCKa. B KadecTBe 3a-
POCa 3aIAETCS CEMAHMUYECKOE AJPO OTHONW WU HECKOJBKHUX Te€M. DTO MOYKET ObIThH JII0-
boit dparmenT Tekcra, «Oesblii cnmcok» TepMoB (seed words) wiaM z-memku — TEMBI,
IPUNUCAHHBIE OTIENbHBIM coBaM win ¢dbparmMentam B gokyMmentax [15]. Temaruueckast
MOUCKOBAs CUCTEMA JOJIZKHA HE TOJTBKO HANTH M PAHXKHUPOBATH PeJIEBAHTHBIE TOKYMEHTHI,
HO W PAa3JIOKUTh MOMCKOBYIO BBIJIAYY MO TeMaM. B THOUYHBIX MPUIOXKEHUSIX DETeBAHT-
HBIfI KOHTEHT COCTABJISIET HUYTOXKHO MAJIYIO JIOJII0 KOJIIEKINH. TemM He MeHee, WMEHHO
9TOT KOHTEHT J0JIZKEeH ObIThH TIHIATEIbHO cucTeMaru3npoBan. OOpa3HO TOBOPsi, TpedyeTcs
«kaccuuIIpoBaTh UrOJKKH B cTore ceHay [27|. Tembr craHoBsiTcst 37eMeHTOM rpadu-
JecKOro mHTepdeiica mop30BaTe s, THCTPYMEHTOM HABUTAIUNN W MIOHUMAHUS TEKCTOBOI
KosueKIuu. OTCio/la BaXKHOCTh TPEOOBAHUS MHTEPIPETUPYEMOCTH KAaXKIONH TeMBbI.
Hacruanoe obydeHne HCIOIB30BAIOCH JJisl TIOMCKA W KJacrepusamun HoBocTeil [53],
MOUCKA B COMUAJIBHBIX Meana HH(MOPMAINH, CBI3AHHON ¢ DOIE3HIAME, CAMITOMAMHI H Me-
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romamu Jjedenus [94, 95|, ¢ mpecrynHOocThIO U 9KCTpemu3MoM [71, 112], ¢ HannOHAIBLHO-
CTIME W MeKHAIMOHATbHBIME OTHOMIeHuSME [27, 57, 93].

B mozenun ATAM (ailment topic aspects model) B kKauecTBe CIIa’KUBAOIIETO PACIIPe-
JeJIeHUsT [3,,; UCIOIb30BAIACH OOJIbIIAst KOJIJIEKIMsT MeUIHHCKIX cTaTeii [95].

B mozensx SSLDA (semi-supervised LDA) u ISLDA (interval semi-supervised LDA)
JIUTST TIONCKA, 9THO-PEJIEBAHTHBIX TeM B MOCTAaX COMUAJIBHBIX CeTeil MCIO0Jb30BAIOCH CT/Ia-
JKHBaHKeE TI0 CJOBAPIO U3 HECKOJIBKHUX cOoTeH STHOHNMOB [27]. B momemn SSLDA st kaxk-
JIOIl 9THO-pEeIeBAHTHONW TeMbl 3a/1aéTCs CBOH CJIOBaApb STHOHHUMOB, CBA3aHHBIX C OJHUM
onpeaenéHasIM 3THOCOM. B Momenn ISLDA mMHOXKeCcTBO TeM pa3dUBaeTcs Ha HHTEPBAJILI,
U JIJIsT BCEX TeM KayKJI0r0 MHTePBAJIA 33aéTCst 00IIuil cioBaph 3STHOHUMOB. [IpenmytecTso
TUX MOJeJIeil B TOM, 9TO WHTEPIpPeTalns KazKJI0il TeMbl m3BecTHa 3apaHee. Hempocrarku
B TOM, 9TO TPY/HO MPEIYTa bIBATH TUCIO TeM JJIsi KazK/I0il STHUIHOCTH W CTPOUTH O/~
STHUYHBIE TEMBI JIJI5 BBIABICHUS MEKITHHIECKHX KOH(MIUKTOB. ATbTePHATHBHBIN MOIXOT
3aKTI0YAETCA B TOM, YTOOBI 33aTh YHCJI0 STHO-PEIEBAHTHBIX T€M U MIPUMEHUTH K HUM 00-
Iee CrUIayKUBaHUe 10 CJI0BAPIO STHOHUMOB. Temarudeckasi MOJIEIb caMa OIPeJIE/INT, KaK
pazgeanth ux mo sranaHocTsiM |16, 17]. HemocraTok 3Toro moaxoma B TOM, 9TO HHTED-
IPETUPYEMOCTh HAilJIeHHBIX T€M MPUXOIUTCS MPOBEPSITH BPYTHYIO.

OekoppenunpoBaHue. Temarndeckasi MOJe/Ib He J0JZKHA COAEPXKATh JIyOJIUPYIONIAXCS
WM TIOXOXKUX TeM. UeM pasaudHee TeMbl, TeM HH(pOpMaTUBHEE MOAEb. [/1g MOBBIIIeHHS
Pa3IMIHOCTH TeM OyJeM MUHHMHU3UPOBATH CYMMY IOMAPHBIX CKAJISIPHBIX MPOU3BEICHMIT
(P1, Ps) = D0 PutPws MeKIY cToaOmaME MaTpuisl $. [lomyunm perynapusaTop:

R((I)) - _% Z Z Z PuwtPws-

teT seT\t weW

®opmyna M-mara, cormacuo (13), umeer Buj

Pur =m0l (nwt — TPuwt Z wws)- (25)

seT\t

DTOT peryaspu3arop KOHTpacTupyer cTpoku marpuilsl . B kaxk10it cTpoke, He3aBU-
CHMO OT OCTAJIbHBIX, BEPOSITHOCTH (0,,; HAMOOIe€ 3HATUMBIX T€M TepMa, W yBeTNINBAIOTCS,
BEPOSITHOCTU OCTAJTHHBIX TeM YMEHBINAIOTCS W MOTYT obpamaTrbcsd B HyIb. Pa3pe:kuBa-
HUEe — 3TO ComyTCTBYIoNmi 3dhdexT nekoppennpobanns. B [121] 611 3aMeven emé oaun
noJte3HbI 3 dexT: cioBa 00MIeil JeKCUKN TPYNIUPYIOTCS B OTAETbHBIE TeMbI. DKCIEePHU-
MEHTBHI ¢ KOMOMHUDOBAHWEM PErY/IsIPU3ATOPOB CTIAKWBAHWS, PA3PEKUBAHUS U JIEKOPPE-
muposanusi B ARTM moareepzkator sro nHabiawogenue [6, 132, 131].

HexoppennpoBanne Brepsbie Obl10 npemaoxkeno B Mogean TWC-LDA (topic-weak-
correlated LDA) B pamkax 6Gaiiecockoro moaxoma [121]. CoorsercrByiolnee ampuopHoe
pacrmpejieieHne He SBJISeTCS CONPIKEHHBIM K MYJbTHHOMHATIBLHOMY, TOITOMY Oaiiecos-
CKHil BBIBOJI CTAJIKUBAETCA ¢ TexHudecKuMu Tpyanoctamu. B ARTM pacuérnbie (¢hopmysn
BBIBOJISITCSI B OJTHY CTPOKY.

KombOuHupoBaHue perynsapu3aTtopoB cCriaykuBaHusg (POHOBBIX TEM, pPa3pPeKUBAHUA
npeIMeTHBIX TeM B MaTpuie O u jjeKkoppe/upoBaHus CTOAOIOB MATPUIBI P HCMOIB30-
BAJIOCH Y2K€ BO MHOI'MX paboTax Jijig yaydlleHdns WHTepapeTupyeMoctu tem [6, 131, 132,
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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.

133, 12]. TTomobpas K03 MUIUEHTHI PEryIsipU3AIIH, MOKHO OJHOBPEMEHHO 3HAYUTETHHO
VIIYYIIUTh Pa3pesKeHHOCTh, KOHTPACTHOCTh, YMNCTOTY W KOT€PEHTHOCTH TeM NP He3HAUN-
TeJIbHOIT moTepe npaaonoa0oust Moaeau [132]. Bouin BipaboTaHbl OCHOBHBIE PEKOMEH 1A~
[AN: JeKOPPeINPOBaHNe U CTJIaKUBAHWE BKJIIOYATH Cpa3y, pa3pexkuanne — mnocie 10-20
uTepanuii, Koraa oopa3yerca TeHISHIUI K CXOAUMOCTH ITapaMeTpOB MOJIEH.

Ta »xe komMOUHaIMS pPeryasipu3aToOpoB OblLIa MCIIOJIH30BaHA JIJIsI TEMATHIECKOTO Pas3-
BEJIOYHOrO moucka B [12]. OKa3amoch, 4To OHA CYIIECTBEHHO YIyUIIaeT KAuecTBO IOUCKA,
XOTS HUKaKNe KPUTEPUH KadecTBa MOUCKA HETIOCPEICTBEHHO He ONTHMHU3HPOBAINCH.

6 MopgenupoBaHue MyabTUMOAANbHbIX AAHHbIX

Myavmumodarvras memamuieckas Modeas OMACHIBAET TOKYMEHTHI, COIEPZKAIINEe Me-
TaIAHHbIE HAPSLY C OCHOBHBIM TeKCTOM. MeTa aHHbIe TOMOTAT 00/1ee TOTHO OTPeIe/IsITh
TEeMaTHKy JOKYMEHTOB, W, HA000POT, TEMATHIECKAST MOJELTh MOZKET HUCIOIH30BATHCS JIJIsT
BBISIBJIGHUST CEMAHTUKNA METAIAHHBIX WJIA MPEeACKA3aHUST MPOMYIIEHHBIX MeTa aHHbBIX.

Kazkaprit Tunm MeTagaHHBIX 00pa3yeT OTAEIbHYIO MOJAAbHOCTMb CO CBOUM CIOBAPEM.
CiioBa ecTeCTBEHHOIO s13bIKa, ciaoBocoderanusi [136, 145|, rern [59], mmeHnoBaHHbIe CyIII-
HOCTH (87| — 9TO HpUMEpPHI TEKCTOBBIX MOJAJBHOCTEl. B MyJbTHI3BIUHBIX TEMATHUECKUX
MOJIEJISIX MAPAJLIETBLHBIX TEKCTOB MOJATBLHOCTIME SIBJISIOTC A3bIKu [134]. st anasu-
32 KOPOTKHUX TEKCTOB C OMEYATKAMHU HCIOJIB3YIOT MOJAJIHHOCTh OYKBEHHBIX N-I'PAMM, UTO
T03BOJISET YJIyqniaTh KadecTBo nHbopMmanuonuoro moncka [51]. [Ipumepamn HeTeKCTOBBIX
MoJasIbHOCTEI siByIstioTest (puc. 5): aBropsr [108], Momentsr Bpemenu [124, 156, 125], krac-
Ccbl, KaHpbl win Kareropun [109, 159], nurupyemble win murupyroomme JOKyMeHTH [39]
WK aBTOpbI [56], MOIB30BATE N FMEKTPOHHBIX OUOJIMOTEK, COIMUANBHBIX CEeTel WU pe-
KOMeHIaTebHbIX cucreM [63, 116, 138, 152, 153|, rpadudeckne s1eMeHTH H306parKke-
uuit |25, 50, 67|, pekaamubie 00bsiBIeHNsT Ha BeO-cTpanuax [98].

Bce mepeunciennbie cioydanm, HeCMOTps Ha pa3HOOOpaswe WHTEPIpeTaIuii, OMuChiBa-
foTcst eaquabiM (popmasim3zmom MomasabaocTeit B ARTM. Kaxkapiit qokyMeHT paccMarpu-
BaeTCd KaK YHABEPCAJbHBII KOHTeHep, coleprKalluil TOKeHbl Pa3/IMYHbIX MOJAJIBHOCTE,
BKJTIOYAS OOBIYHBIE CJTOBA.
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[Iycts M — mmOXKecTBO MopaabHOCTell. KaxKaas MoIaaIbHOCTh UMEET CBOM CJIOBaph
tokeHoB W,,,, m € M. DTu MHOXKeCTBa IMONAPHO He mepecekaroTcs. VIx obbeaunenne 6yaem
obozmadars 1epes W. Moganbuocts Tokena w € W Gyzem obosmadars depe3 m(w).

Temarndeckast MOJIEJIb MOJAJIBHOCTH 1M aHAJIOTHIHA MoJe I (2):

p(w|d) = pr|t (t|d) = ngwtetd, weW,, deD. (26)

terT teT

Kaxk m0it MogaIbHOCTH 1M COOTBETCTBYET CTOXacTudeckas marpuna P, = (gpwt) W X T
Cosokynrocts Mmarpun P,,, ecsim ux 3amucares B crogbern, obpasyer W xT-marpumy .
Pacnpenenenne tem B KazKI0M JOKYMEHTE SIBJISIETCS OOIUM JIJIST BCEX MOJAJBHOCTEIA.

MynbruMomanbHasg MOJIETb CTPOUTCS IMYTEM MAaKCHUMH3AIUNA B3BEIIEHHOW CYMMBI JI0-
rapudMOB IIPaBIONOI00UI MOJAIBHOCTEH U peryaspu3aTopoB. Beca 7, mo3BoigioT cOa-
JIAHCUPOBATH MOJAJIBHOCTH 110 WX BayKHOCTH U C YIETOM WX YACTOTHOCTH B JIOKYMEHTAX:

Z Tmz Z Ndw angpthtd + R(®,0) — ma@x (27)

meM  deD weW,, teT
Z Puwt € {Oa 1}§ Puwt = 0; Zetd € {Oa 1}§ Oq = 0. (28)
wEWm teT

Teopema 2. Ilycre ¢pyukmus R(P,O) menpepoiro mucdepenmupyema. Toura (P, O)
JIOKAJIBHOTO dKCTpeMyMa 3ajgaqn (27)—(28) yaosmerBopsier cucteMe ypaBHEHHI €O BCIO-
MoOraTeJIbHBIMA TTePEMEeHHBIMH Pyiq,, AJIsT BCEX HEBBIPOXKIEHHBIX TeM t W JOKYMEHTOB d:

Prdw = 1OTIO (Spwtetd); (29)
OR
Pt = ggﬁ/rg (nwt + Qut &pm) Nyt = deZDTm(w)ndwptdm (30)
OR
Oy = norm Ngg + Og— ) Nig = Z Z TmMdwPtdw - (31)
er 9014 meM weWm

Teopema 1 gBigercd YaCTHBIM CJIy9aeM TeOpeMbl 2 B Cjaydae, KOrja MOJATbHOCTH
TOBKO ofHa, |M| =1 u 7, = 1. Takum 06pazom, mepexo/ oT OJHONH MOJATBLHOCTH K TPO-
U3BOJILHOMY YHUCJIY MOJAIBHOCTEIl CBOIUTCS K JBYM MOMPABKAM:

1) marpuna ¢ pasbubaercs ua 6;710ku Py, KOTOPbIE HOPMHUPYIOTCS TT0-OTAEIBHOCTH;

2) MCXOJHBIE JAHHBIC Ngy, JOMHOKAIOTCH HA BECA MOJAIBHOCTEH T (y)-

B mpoekTe BigARTM peann3oBaHa BO3MOKHOCTbH KOMOMHIPOBATD JTI000€ THCIO0 MOTATb-
HOCTEel ¢ JII0ObIME peryisipu3aropamu [16].

Myﬂ bTUA3bI4YHbIE MOAENN. MYJIBTI/IHCSBI‘{HBIG TEKCTOBbIC KOJIJICKIIUW UCIIOJIB3YIOTCA IJIA
KPOCC-SI3bITHOT0 MH(MOPMAIIMOHHOTO TOMCKA, KOT/Ia 110 3aIIPOCy Ha OJIHOM si3bIKe TpedyeT-
cd HAllTH ceMaHTUYIeCKN OJTM3KUEe JOKYMEHTHI Ha APYTroM g3bike. /I cBI3bIBAHUS SI3BIKOB
UCITONB3YIOTCA TapaJienbHble TeKCTHl W JABYSI3bIUHBIE CTOBapu. [lepBble My/TbTHA3BIU-
Hble TeMaTHIeCKUe MOJIETH MOSBUINCH TIOUTH OJHOBpeMeHHO [37, 82, 92| u npencrasisin
€000t MYJIbTUMOJAJIBHYIO MO/IE/Ib, B KOTOPOil MOZAJILHOCTAMU ABJIAIOTCS A3BIKU, U KarK-
Jasd CBA3Ka HapaJlJIeJIbHBIX TEKCTOB O6’be,Z[I/IH${eTC${ B OJUH JOKYMEHT. OKBB&.HOCB, qTO0
CBA3BIBAHUA JOKYMEHTOB JOCTATOTHO /I CHHXPOHU3AIUHU TeM B JIBYX SI3bIKaX W KPOCC-
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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.

SI3BIYHOTO TouCcKa. [lombITkKu GoJiee TOYHOrO U TPYJIOEMKOTO BBIPABHUBAHUS 110 MPEJIJIO-
JKEeHUSIM WU MO CJI0OBaM MPAKTUYECKW He YJIYUIIAlT KadecTBO moucka. OOCTOATeTbHbII
0630p MYJIBTUAZBITHBIX TEMATHIECKUX MOJeIell MoKHO Hafitu B [134].

Ha puc. 6 nmokazanb HekoTopble n3 400 TeM, mocTpoeHHBIX 1O 216 175 mapam pycckux
u aHrniickux crareit Bukunennn [128]. [Iist cBsi3bIBaHUST SI3BIKOB HCIIOJIB30BAINCH TOJTHKO
MO/Ia/ThHOCTH, BBIPABHUBAHUS W CJAOBApU HE HCIOJIb30BaINCh. Aceccop omenua 396 Tem
n3 400 KaK XOpOITo WHTEPIpPeTHpyeMbIe.

JI1s1 MCTIOIL30BAHNUS JIBYSI3BIYHOTO CJIOBAPS B [7] OBLT Ipe/iozkeH peryisipu3aTop Cria-
)kuBanusd. O popmasu3yer mpeamnoaokenne, 9TO eCJIu CJI0BO U B SI3bIKe k dBJIIeTCS Te-
PEBOJIOM CJI0Ba W U3 sA3blka ¢, To ux pacupegesnenns tem p(t|u) u p(t|w) moyKmsl OLITH
oam3kn B cmbiciie KL-auBeprenmun:

R(®) = Z Znut In .

w,au  teT

Coryracuo dopmysie M-mmara, BepOSITHOCTH C/IOBA B TeMe YBEJIHIHBAETCS, €CJU OHO
nMeeT TIepeBOIbl, UMeEIOIHe BhICOKYIO BEPOSITHOCTh B JIAHHON Teme:

e = o (s + 7 Y.
we "

DTOT peryagapu3aTop He YUIHTLIBAJ, YTO MEPEBOJ, CJI0BA MOXKET 3aBHCETh OT TEMBI,
1 9TO CpPeJd MEepeBOIOB CJI0BA MOTYT HAXOJUTLCA MEPEBOABI €ro OMOHHMOB. IloaroMy
B TOii ke pabore OBLT HMpeIIOKeH BTOPOIl peryigapu3aTop, KOTOPbIi BBOAUI B MOIENb
HOBBIE MAPAMETPBI Ty = P(U|w,t) — BEPOSITHOCTH TOTO, YTO CJIOBO U SIBJISIETCS Iepe-
BOJIOM cJI0Ba w B TeMme t. [Tpeamonaraercs, aro Tema t, Kak pacnpejesnenne p(u|t) = ft

HAJI CJIOBAMU sI3bIKa k, T0JIZKHA OBITH OJin3Ka B cMbicie KL-uBeprenium K BeposiTHOCTHOI
MOJIE/TH TOif 7Ke TeMBI P(u|t) = Y, TuywtPuwt, TOCTPOSHHOM 10 IEPEBOAAM CJIOB U3 S3bIKA (:

R(®,1I) =7 Z Znut IHZWuwt(pwt — max.

ueWk teT weW?*
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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.

@opwmya M-mrara Tenepb yYUTHIBAET BEPOATHOCTU MEPEBOOB Tyq. KpoOMe Toro, j10-
baBJisieTcsl peKyppenTHasi (popmyJia Jijist ONEHUBAHUS ITHX BEPOSITHOCTEIA:

weWw?

Pyt = NOrm <nwt + 7 E qut”ut) ;
u

Tuwt = NOTM (qutnut).
ueWk
Cesi3piBaHme NapaJsielbHBIX TEKCTOB CUJIbHEE YJIydIlaeT KadeCTBO MOWCKA, deM 00a
criocoba y4éra cioBapeii |7|. Bropoit crocobd wemuoro syunre nepsoro. Kpome Ttoro, on
MO3BOJISIET BRIONPATH BADUAHTHI MEPEBO/IA B 3ABUCUMOCTH OT KOHTEKCTA, YTO MOYKeT OBITh
MOJIE3HO IS CTATUCTUYECKOTO MAINTHHHOTO TepeBOJIa, PUC. 7.

MopanbHOCTU KaTeropuii n aBTopoB. /lomycTuM, 94TO pactupe/ie/ieHusi TeM B JIOKYMEH-
tax p(t|d) mopoxaaroTest OHOM 13 MOJATBHOCTEIl, HATIPUMED, ABTOPAMHU, PYOPUKAME I
KareropusiMu. byjeM cauTarh, 9TO C KayKIbIM TEPMOM W B KaXKJIOM JOKYMEHTe d CBsI3aHa
He TOILKO Tema ¢ € T, HO M KaTeropud ¢ U3 3aJaHHOr0 MHOXKecTBa Kareropuii C. Pac-
IIIPUM BEPOSTHOCTHOE MPOCTPaHCTBO 10 MHOXKecTBa D X W x T x C'. Ilycth u3BecTHO
noamuozkecTBo Kareropuit Cy C C) K KOTOPBIM MOYKET OTHOCUTHCS JTOKYMEHT d.

PaccMoTpuM MyIBTHMOIATBHYIO TEMATHIECKYIO MOJIeTh (26), B KOTOPO# pacrpe/ieie-
HIE BEPOSITHOCTH TeM JIOKYMEHTOB Oy = p(t|d) onmmuchiBaeTcsi CMeCho pacipeiesieHuii Tem
Kareropuii 1. = p(t|c) u kareropuii 10KyMeHTOB 7.q = p(c|d):

plw|d) = pr|t Zpﬂc (c|d) = ZZ‘Pwtwthcd (32)
teT ceCy teT ceCy

DTo TaKKe 337294 CTOXACTUICCKOTO MATPUIHOTO PA3JI0KEHUs, TOJILKO Terepb Tpedy-
ercst HafiTn Tpu Marpuipi: ¢ — marpuna TepmoB TeM, ¥ = (Ui )rxc — Mampuya mem
kamezoputi, Il = (Teq)oxp — Mampuua kamezopuli oKYMeHmMOos.
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Mogenb 0CHOBaHA HA JABYX IHIIOTE3aX YCIOBHONH HE3ABUCHMOCTH:

p(t|c,d) = p(t|c) — remaruka gokymMeHTa d 3aBUCAT HE OT CAMOTO JOKYMEHTA, & TOJIb-
KO OT TOro, KaKuM KaTeropudm OH IMPpHUHAIJICKUT,

p(w|t, c,d) = p(w|t) — pacnpejiesieHre T€PMOB MOJHOCTHIO OMPEIEIISIETCS TEMATHKOM
JAOKYMEHTa U HE 3aBUCUT OT CaMOT'O JOKYMEHTa N ero KaTeFOpI/Iﬁ.

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

3a1a49a MAKCHMHU3AIUE PETyIsSpPH30BAHHOTO IPABIONOI00US:

DD nawtn D Puitheme + R(®, W,T) — max; (33)

deD wed teT ceCy
Z@wte{ovl}a (pwt>07 Z¢tce{071}a wtc>0) Zﬂ-cde{ovl}a 7Tcd>0- (34)
weWw teT ceCy

Teopema 3. Ilycrs ¢pymknus R(P, U, 11) mempepsiBro mupdepenmupyema. Touka so-
kasapHOTO 9KcTpemyMa (®, W, IT) samaun (33), (34) yaosaerBopsier cucteMe ypaBHEHHI CO
BCIIOMOTATETbHBIMH MEPEMEHHBIMH Pyeqry, = P(t, ¢|d, w) J1st Bcex HEBBIPOK AeHHBIX t, ¢, d:

tedw — norm tWtcTed ) 5
Produ (t,c)ETXCd((pw Vrerea):
OR
Pt = norm | Nyt + Pt =— |; Nt = E E NdwPtedw;
weW &pwt
deD ceCy
OR
Yy = norm | ng. + Yre—— |; Nge = E E NdwPtedws
teT 87vbtc
deD 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 kKoropoit mopozx patorieit
MOJIATTBHOCTBIO ABJISIOTCS aBTOPBI ToKyMeHTOB [108|. B memamuueckot modeau mezupo-
sanua doxymenmos TWTM (tag weighted topic model) mopox garomieii MOIATBHOCTHIO
SIBJISTIOTCST Terw JIOKyMeHTa [65]. AHasjorndHasi MOJEIh MCIOJIb30BAIACh JJisi 06paboTKI
BH1eonoTOKOB B [50]. IoKyMeHTHI d COOTBETCTBOBAJIN MOC/IE0BATENBLHBIM 1-CEKYHIHBIM
BU/ICOKJTMITAM, TEPMBI W — 3JEeMEHTAPHLIM BU3YATBHBLIM COOBITUSIM, TeMBI ¢ — MPOCTBIM
JIeHCTBUSAM, COCTOSTINM W3 COUYETAHUS COOBITHUl, KATETOpUU ¢ — 0OJIee CJIOXKHBIM MOBeIe-
HUSIM, COCTOSITIIUM U3 COYETAHUs JIeHCTBUI, TPUIEM CTABUIACH 33/1a49a BBHIJIE/INTH B KarK-
JIOM KJIWITIe OJTHO OCHOBHOE MOBEJIeHHE.

Mogmenb (32) MOKHO YIPOCTUTH M CBECTH CHOBA K JIBYXMATPUIHOMY DA3JIOKEHHUIO, eC-
JIH OTOXKJIECTBUTH TeMbl ¢ KareropuaMu, C' = T', u B34Tb equHndHyt0 MaTpuiyy V. lanHas
MOJIeTTh W3BecTHa B inreparype Kak Flat-LDA [109] u Labeled-LDA [105]. Eé BoipasuTeb-
HbIe BO3MOKHOCTH Oemmee, ueM y PLSA u LDA, tak Kak 3HaYATe/NbHAS IO 3JTeMEHTOB
matpuipl [I = © GukcupoBanbl U paBHBI HYJIIO.

TpéxmaTprudanble pa3ioyKeHHs MOKa He peaan3oBaHbl B Onbamoreke BigARTM.

TemnopanbHblie mogenn. Bpemsa co3manns JOKYMEHTOB BayKHO IIPU aHAIN3€ HOBOCTHBIX
IOTOKOB, HAYYHBIX MyOJUKAIM, MATEHTHBIX 0a3, JAHHBIX COIUAIBHBIX ceTeil. TemaTute-
CK¥e MOJIEJIN, YIUTHIBAIOIINE BPEMsl, HA3BIBAIOTCS MeMNopasbhoimu. OHI MTO3BOJISAIOT BbI-
JIeJISITh COOBITUITHBIE U TePMaHEeHTHbBIE TEMbI, IeTEeKTUPOBATH HOBBIE TEMbI, ITPOC/IeKNBAThH
pa3BUTHE TeM BO BPEMeHH, BBIJAEIATH TPEH/IbI.
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[Tycrs I — KOHEYHOE MHOYXKECTBO MHTEPBAJOB BPEMEHH, U KarKIbIi JOKYMEHT OTHO-
CHUTCH K OJHOMY WJIM HECKOJLKUM HHTepBajgaM, D; — MOJIMHOKECTBO JOKYMEHTOB, OTHO-
CAMUXCsT K MHTepBAJIy i. Byjem mojararh, 9ro TeMbl Kak pachpejesenns p(w |t) ve me-
HSIOTCST BO BpeMeHH. Tpebyercst HallTH pacrpe/iejieHne Kax10il TeMbl Bo Bpemenu p(i|t).

TpuBHATbHBII IIOIX0, 3aK/II0UAETCA B TOM, YTOOBI MOCTPOUTH TEMATHYECKYIO MOIE/b
Ge3 yuéra BpeMeHH, 3aTeM HAfTH pacrpejejeHne TeM B KaxKJIoM uHTepBase p(t|i) kak
cpeanee Oy 1m0 Becem pokymentam d € D; W MEepPeHOPMUPOBATH YCJOBHBIE BEPOATHOCTH:
p(i|t) = p(t\i)%. HemocraTok maHHOTO TMOAX0AA B TOM, 9TO WHMDOPMAIUS O BPeMeHH
HUKAK He MCIOJIb3YeTCs MpH OOYyUeHHH MOJETU U He BaugeT Ha (hOPMUPOBAHHE TEM.

B ARTM »ta nmpobJtema perraercst BBeieHnemM Mogaabaoctn spemenn I. Vckomoe pac-
npenesnenne p(i|t) = @; nomydaercs B crosnbne marpuisl O. JlomorHuresbube orpannte-
HUs Ha MOBEJEHHE TeM BO BPEMEHH MOYKHO BBOJUTE C IIOMOIILIO PEryIspU3alii.

B oxHoit m3 mnepmeix TemmopasbHbIX Temarwdeckux Mogeneii TOT (topics over
time) [144] kaxgas TemMa MOJEIMPOBATIACH TAPAMETPUIECKIM [3-PACIpe/IeIeHIEM BO BPe-
MeHHu. DTO ceMeHCTBO MOHOTOHHBIX M YHUMOJAJIHHBIX HEIPEPLIBHBIX (DYHKIHUIi, ¢ IOMO-
MIBI0 KOTOPOI'O MOYKHO OIIMCHIBATH Y3KHME MUKH COOBLITHRHBIX T€M U OrpaHHYeHHBIH HAGOD
TpeHa0B. TeMbl, IMeoNre CIIoPaAUuIecKnue BCIUIECKH, JaHHas MOJEIb OMUCHIBACT TLIOXO.

Henapamerpuieckue TeMIOpaIbHbIE MOJEIN CIOCOOHBI OMUCHLIBATH TPOU3BOILHBIE W3-
MEHEeHHs TeM BO BpeMeHH. PaccMOTPHM JiBa €CTeCTBEHHBIX MPeInoIoKeHnsa U hopMaJIm-
3yeM UX C MOMOMIIBIO Pery/Ispu3aIyi.

Bo-11€pBBIX, OPEAION0KHEM, YTO MHOTHE TEMbI ABJSIOTCA COOBITUIHBIMU M UMEIOT OT-
HOCUTETHLHO HeOOJBIIOE «BPeMs YKU3HM», MOTOMY B KazKIOM MHTEpBaJe BPEMEHH | MpH-
CYTCTBYIOT He Bce TeMbl. [loTpebyem paspe:keHHOCTH pactpeenenuii p(t|i) ¢ mOMOMIBIO
KPOCC-3HTPONUIHOTO Peryasipu3aTopa;

Ry(® nmm ©) = —7y ZZlnp(ﬂi).

i€l tel

Bo-BTOpBIX, MpeanonokuM, 9To pacupeaenenns p(i|t) kKak DYHKINE BPEMEHH MeHs-
I0TCSl HE CJIMIIKOM OBICTPO W BBEJEM PEryJIsipH3aTOD CIUIAKHUBAHUS:

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

i€l tel

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

Pit = H?el“lm(nit + Towpir sigN(Pi—1,0 — Pir) + Topir SigN(Pig1,e — @it))a (35)
re YHKIMA Sign Bo3BpamaeT +1 JId MOJ0KUTETHHONO apryMeHTa U —1 71 OTpuIia-

TEJILHOTO. Peryisipu3arop CriaKuBaeT 3HAUEHUs B KazK/I0i TOUKe BpeMeHHOTo psiia p(i|t)
MO OTHOIIEHNIO K COCEJTHUM TOYKaM CJIeBa, W CITPaBa.

2 Toitkos H. B. AjanTuBHasg peryiapu3anis BEPOATHOCTHBIX TeMaTHYeCKUX Mojeneil. BakanaBpckas
muccepramus, BMK MI'Y, 2015.
http://www.Machinelearning.ru/wiki/images/9/9f/2015_417_DoykovNV.pdf
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7 MopenupoBaHue TpaH3aKLNOHHbIX AAaHHbIX

OObI9HBIE TEMATHYECKHE MOJIEJIM TeKCTOBBIX KOJIIEKIIHiT OMMCHIBAIOT BXOXK IEHUS CJIOB
B JIOKyMeHTBhl. MyabTuMogaIbHbIe MOJIEIN ONMHUCHIBAIOT JOKYMEHTHI, B KOTOPBIX CO/Ep-
JKaTCS TOKEHBI PA3/JUIHBIX MOJAIbHOCTEl: CJI0Ba, OUTPAMMBI, TEI'd, KaTeTOPUH, aBTOPHI,
OJTb30BATEHU, U T. 1. BO Bcex 3TUX Caydasgx MOJETb ONUCHIBACT MapHbIE B3aUMOIeICTBHS
MEXKJIy JOKYMEHTaMHU U TOKeHamMu. B OoJiee CIOKHBIX MPUIOKEHUAX UCXOIHBIE JAHHBIE
MOTYT ONHUCHIBATH TPAH3AKIMN (OTHOIIEHHsI, B3AMMOCBSI3U, B3aUMOJIEHCTBHsI) HE TOJHKO
MeKIy mapamMu 00beKTOB PA3INIHBIX MOIAJIHLHOCTElH, HO U MexK 1y Tpoiikamu. Hampuwmep,
B CETH MHTEPHET-PEKJTaMbl «II0JIb30BATeTb U KIUKHY 00baBIeHne b Ha cTpaHuIe d»; B Co-
[UATBHON CeTH «IIOJIb30BATEb U HAIKCAJI CJIOBO W HA CTpaHUIE 0J0ra d»; B CETH MPOIAZK
«IOKyIaTe b b KymuJa y MpoJaBla S TOBAp ¢»; B PEKOMEHIATETbHO CHCTeMe «KJIHEHT 1
oneHm1 (pugbM f B CHTYaTHBHOM KOHTEKCTE S».

B stux mpumepax B3ammoeiicTBue TPEX OOBEKTOB HE CBOAUTCS K MAPHBIM B3aWMO-
neiictBusiM. B cucreme pekoMeHIaImit My3bIKH TPAH3AKIUs «TPEK ' UCIOJHUTEIS ¢ Ha-
XOJIUTCS B aJbOOMe d, BBIIIEIIEM B TOY 4» OIMCHIBACTCA, Ka3aJ0Ch ObI, YeTBEPKOil 00b-
ekToB (1, a,d,y). OnHAKO OHA pacmaIaeTcs Ha mapHble B3anmocssasu (d,r), (d,a), (d,y),
KOTOPBIE MOTYT OBITH ONMHUCAHBI OOBITHONW MYJIBTUMOIAIHHON MOJIEJIBIO.

JI1st TeMaTHIecKOTO MOJETUPOBAHUS TPAH3AKIIMOHHBIX JAHHBIX yI00OHO TOHSITHE TH-
neprpada. ['uneprpad ododImaeT noustue rpada u oTIMIaeTCs OT HEro TeM, 4To pédpaMu
B HEM MOTYT OBITH He TOJIBKO IMapbl BEPIINH, HO U MOJAMHOYKECTBA U3 TPEX U 00Jiee BEPIINH.
Kazkmass TpaH3aKIus COOTBETCTBYET HEKOTOpOMY peOpy rumeprpada. 3amada 3akmoda-
ercss B TOM, 4TOOBI 10 HaOJIIOaeMOil BHIOOPKE TpaH3aKIUil BOCCTAHOBUTH HEU3BECTHHIE
TEeMaTHKN BepIiH v — pacnpenenenus p(t|v). [Ipeamonaaraercsi, 970 BEPOSITHOCTH TPaH-
3aKIUU TE€M BBITIE, YeM 00JIee CXOXKHW TeMATHKN 00Pa3yIoInX €€ BepInH.

B mpoekre BigARTM peannzoBana onucanHas HUKe THIeprpadoBas TeMaTHIeCKas
MOJIe/Tb TPAH3AKITHOHHBIX JTAHHBIX.

Tematuyeckne mopenu Ha runeprpadax. lunepepag I' = (V, E) onpenensiercss MHO-
»KecTBOM BepiuH V' u MHOXKecTBOM pébep F. Kaxkmoe pedbpo e € E sBiisieTcst mMOIMHOZKe-
cTtBoM BepiuH, e C V. ['unmeprpad Ha3bIBaeTCSI 0pUEHMUPOSAHHBLM, €CTTA B KAXKJIOM ero
pebpe 3a7aH TOPS/TIOK BEPIIHH.

Kaxkmas sepmmua v € V' umeer wmodasvrocms m = p(v) u3 KOHETHOTO MHOZKECTBA
moasabaocTeit M. MHOXKecTBO BCex BepinmuH pa30WBAETCS HA HEMEePECEKAIOIMUecs MO/l
MHOKECTBA 110 MOJAJTBHOCTSIM:

V= || Vi, Vm={veV:uw)=m}

meM
Tunom (usu cueznamypoti) mpansaryuy e = (vVq, ..., U,) HA3BIBAETCS TOCTIEI0BATE b
HOCTBb MOZAJIbHOCTEIl BepinH k(e) = (mq,...,myp), mj = p(v;), j=1,..., h. Maoxectso

BCeX THUIIOB HAOJIIOAAaeMbIX TpaH3aKIiuii obo3Haunm 1depe3 K. Bribopka TpaH3akimii pas3-
OMBaeTCcsa Ha HellepeceKaroIuecsd IMOAMHOXKECTBA, 110 THIIAM:

E:|_|Ek, E,={e€ E: k(e) = k}.
keK
Hanpumep, B 0OBIYHBIX TeMATHIECKUX MOJEJISIX BBOJATCS TOJBKO J[BE MOJAJIBHOCTH:

mokyMeHTwl V), = D u repMmbl Vo = W, e IMHCTBEHHBIM TUIIOM TPAH3AKIIAN SBISETCS BXOXK-
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M — MHOXKeCTBO MOJAJILHOCTEIH:
oo A

K — MHOXKeCTBO THUIIOB pédEp:

0.5 0p 90 Op Ba

T' — MHOXKECTBO TE€M:
00 00O

Puc. 8: Ilpumep rumeprpada c BeprmmHaM TPEX MOJAIBHOCTEH, PEOPAMU-TPAHIAKIUAMU ISTH TUIIOB
U TSTHIO TEMAMU.

JIeHIe TepMa w B JOKYMEHT d; KaKJasl TPAH3AKIUS IPEICTABIIETCS PeOPOM U3 JIBYX
BepiuH e = (d, w); OpHeHTHPOBAHHBI rpad SIBIAETCS TBYIOJTbHBIM.

Ha puc. 8 nokazan npumep runeprpada ¢ BepiuimHaMu Tpéx MojaJbHocTell, pédbpamu-
TPAH3AKIUSIMA TSITH TUTOB U MATHIO TEMaMHU.

Kaxmomy tumy pédbep k COOTBETCTBYET JIUCKPETHOE BEPOSTHOCTHOE ITPOCTPAHCTBO
Q= Vi, X -+ x Vi, X T ¢ bynkiumeit BepogrocTn py: 4 — [0, 1]. IIpexnonaraercs,
ITO MPAH3AKUYUOHHBE dantble — 3T0 oObeguHerue |K| BHIGOPOK HE3ABUCUMBIX HAOJIIO-
nenuii (e,t) € €, Kaxkaas W3 KOTODPBIX TOPOXKIAETCsI CBOMM pachpejeserneM py(e,t),
k € K. Kaxmoe pedbpo runieprpada e € Ej BXOIUT B BEIDOPKY N, pa3, U € KaXKJIbIM BXOXK-
JeHneM pebpa CBsi3aHa CBOsI JlaTeHTHast Tema t € T

Bynem monarath, 9T0 /1 KayKI0T0 THA péGep k mepBas MOTATBHOCTD 1M SIBJISIETCS
Kowmetinepom, U 00603HaUaTh depe3 (d,z) € Ej mpousBoiabHOe pebpo Tumna k, tae r —
MHOKECTBO BCeX OCTAJbHBIX BepIIHH pebpa, 3a uckmaodenneMm d. ObozHaumm uepe3 D
MHOKECTBO BCEX BEPITHH-KOHTEITHepOB B runeprpade.

CrestaeM JBa OCHOBHBIX JIONYIIEHWST, HA KOTOPBIX OyIeT OCHOBaHA BEPOSTHOCTHASI MO-
JIeTh TIOPOKIEHUST TPAH3AKITHOHHBIX JTAHHBIX.

Bo-mepBbIx, MpeamnoIoKuM, 9T0 pacipeieenne TeM B BepIlInHe-KOHTeliHepe d He 3a-
BHCHT OT Tuna pebpa: pi(t|d) = p(t|d) nnsa Becex k € K. D1o 06obIIeHne 00bITHOIO st
MYJIBTHMO/IAIHHBIX TEMATHIECKUX MOJe/ell MPenoI0KeH s, ITO PACIpeIe/IeHne TeM
B JIOKYMEHTE SIBJISIETCST OOIINM JIJIsT BCEX MO/IAThHOCTEIA.

B 10 ke BpeMmsi, pacupejieieHus BepIINH B TeMax pi(v|t) He HpeamoararTcs O/Iu-
HAKOBBIMHU [IJIsI BCeX THUMOB pébep k. Hampumep, pacmpeneneHusi CJIOB, UCIOTb3YEMBIX
B TEKCTaX BeO-CTPAHMUIL, B MOJTH30BATETHCKUX 3aIIPOCaX U B PEKJTAMHBIX OaHHEpPAX, MOTYT
3HAYUMO PA3IUIATHCS JIJIsT OJIHOM W TOit ke Tembl. JlomoHUTEILHOE TPEOOBaHME, ITOOBI
9TU pachpeseieHnust ObLIN MOXOXKHM, MOYKET OBITh YITEHO C MOMOIIBIO PEry/Isipu3aTopa.

Bo-BTOpBIX, BBEIEM TUIIOTE3y YCJIOBHOI HE3aBHCHMOCTH BepITHH B pébpax (d, x):

pr(z|t) = Hpk v|t).

veET

[Ipu caenaHHBIX JOMYNMEHUAX MPOIECC MOPOKICHUs KaxKaoro pebpa (d,x) € Ej co-
crour u3 aByxX maroB. CHavyana mopoxgaercs tema t u3 pacnpenenenus p(t|d). 3arem
TOPOZK AETCsT MHOZKECTBO BEPIINH & = {Vs, ..., Uy}, KQJKIast U; U3 CBOETO PACIIPeeIeHHsI
pr(v;|t) max MoganbrOCTRIO Vi, OMpeiesigeMoii THIIOM TpaH3aKimuu K.

Temaruueckast Mo/ie/ib BbIpaykKaeT BEPOSITHOCTHU TOsiBJIeHWs pédep runeprpada depes
pacipeeenns, CBI3aHHbIEe C UX BEPIIHHAMU:

pi(d, ) = pr(d)pr(e|d) = pi(d) Y p(t|d) [ [ oe(vlt) = pa(d) Y 0w | [ otr-

teT vET teT vVET
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[TapamMeTpaMu 3TOIl MOJENN SBIAIOTCA YCJIOBHBIE BEPOATHOCTH BEpIIMH B TeMaxX
Yotk = Pr(v|t), HOpMUpPOBaHHBIE MO KAXKIOH MOTATHLHOCTH v € V,, U YCJOBHBIE BEPOST-
HOCTH TeM B KoHTeilinepax Oy = p(t|d). BepositHocTu pi(d) Jerko OneHMBAIOTCS 1O Ha-
OJIIOZAeMBIM JJAHHBIM M He 3aBHCAT OT IIapaMeTPOB MOJIC/IN.

Takum obpasom, runeprpadoBasi TeMaTHdecKasi MOJIE/Ib OIPeIe/IAeTCs:

1) opmentuposanubiM runeprpadom I' = (V) E),

V]

MHOXKeCTBOM MozgaJabHocTeit M,

w

pa3dMeHneM MHOZKECTBA BEPIIWH MO MOTAILHOCTIM fi: V — M,

Gt

paszbueHneM MHOXKecTBa pébep mo TtumaMm k: E — K,

D

CTeNeHbIo h 1 HADOPOM MOJAJILHOCTEH My, . . ., My, I KaxKI0ro Tiia pédep k € K,

\]

)
)
)
) MHOKECTBOM THUIIOB pébep K,
)
)
) MHOKecTBOM TeM T,

)

oo

BEPOSITHOCTHBIM MTPOCTPAHCTBOM (), C paclupemeseHnemM py Ias Kaxaoro k € K,

9) mapamerpamu MOJETH Yy = Pr(v|t) u 0, = p(t|d).

[Muneprpadosast Moje/ b ONMKUCHIBAET MUPOKUIT KJIACC TeMaTudecKux Mojeneit. B qacr-
HOCTH, OHA cooTBeTcTBYeT Mozaenu PLSA B ciaydae, Korma MOmMaabHOCTH JBE — JOKYMEH-
et Vi = D u tepmbt Vo = W, Tun pébep Topko oxus — mapsl (d,w) € D x W.

Jl1g onTuMu3anuu mapamMeTpoB MOJETH MPUMEHUM TPUHIUN MAKCHMyMa TPaBIOIO-
JIOOUS I KazKJI0ro TUuna pédep k u 6yaeM MaKCUMH3UPOBATH B3BEIIEHHYIO CYMMY JIOTa-
pudMOB TPaBIOMOAO0HS ¢ BeCAME Ty, U peryiagpu3aropoM R(P, O):

Z Th Z Ngy I Z 0:4 H otk + R(P,0) — rg%x; (36)

keK dxeE), teT VET
Z Vo € {0,1}, @or = 0; Zetd € {0,1}, 6,4 > 0.
VEVm, teT

OrpaHnvueHng-paBeHCTBA IPEIYCMATPUBAIOT BO3MOXKHOCTH OOHY/TEHUS PACIIPE/Ie/IeHHil.
Ecim . = 0 1utst Becex v € V,,,, TO Tema ¢ He ydacTByeT B HOpOKaeHnu pédep Tuia k ¢ Bep-
muHaMu MogaabHocT m. Ecim 0, = 0 myist Beex t € T', TO cIUTAETCS, 9TO TeMaTHIECKasT
MOJIe/Ib He B COCTOSIHUU OIIMCATHL COAEPKUMOE KOHTelHepa, d.

Teopema 4. Ilycrs ¢pyarmus R(P, ©) menpepsisro mucpepenmupyema. Touka Tokaab-
roro makcumyma (®,0) zazaun (36) yaoiaerBopsier cucreMe ypaBHEHHI OTHOCHTETIBHO
mapaMeTpPOB MOAETH Py, Oyq W BCIIOMOTATEIBHBIX MEPEMEHHBIX Diide, Mid T Moyt

Pktdz = 1OTI (etd H SOvtk) : (37)

veET
OR
Putk = NOIM (nvtk + %tk—>; ok = Y [V € 2] ThNaaPrtda (38)
vEVm a‘pvtk drely,
OR
0,0 = O ) - Drtda- 39
1d né)er%n (ntd + Ora B 9td) Nitd kezf(d;k Tk dzPktd (39)
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HoxkazareabcTBo. Bocnosbsyemcsa yenopusamu Kapymra-Kyna-Takkepa. 3amumem
JIarpaHKUAH ONTHMHU3ANNOHHON 3aa4n (36):

@) = ZTk Z Nz lnzeth@vtk + R(Cb,@) -

keK dx€FE}, teT VET

3D IO IFFELIED 35 D) B p

keK meM teT vEVm keK meM veEVy, teT
- § Hd( E Ora — 1> - E E HaOa-
deD teT deD teT

[IpupaBHsSIeM HYTIO MPOW3BOIHLIE JarpaHKHaHa MO TapaMeTpaM MOJIeu:

0% Osa Hugz\v Putk OR
= VE T| TEeNdx — Nep(w)t — Mep(wyot = 0;
agovtk d;k[ P, Gl T D T At
vEx Putk aR
E E Tk;nda: + — g — peg = 0.
aetd keK dreE, (z|d) 9ua

YMHOXKHUM JIEBYIO U TPABYI0 9aCTH IIEPBOTO PABEHCTBA HA, Oy, BTOPOTO — Ha Oiy:
Ora [ L, cr Puth OR
Z [v € 2] TN, (u—erd)u + %tka— = Akp(o)t Potk;
o pr(® Dotk
Prtde=p(t|d,x)
Ora H Dotk OR
Z Z TekNde ———  ~ UEI - + Oy ,Udetd-
l' | d) aetd
kJEK diL‘EEk
pktdx:p(tldvm)

3anuireM 3TH ypaBHEHUs] KOPOUe Yepe3 MepeMeHHbIe Ny U3 (38) u ngyg u3 (39):

vatk)\ku(v)t = Ntk + vatk%; (40)
_ R
Oratta = Mud + Braz, - (41)

Ecimi A < 0, TO TeMa t BBIPOXKIEHA: Yy = 0 1711 Beex v € V.
Ecau Agpe > 0, To 1160 06e gactu paserctBa (40) MOTOKUTETBHBI, JHOO Qpy = 0.
O0beaunsist 06a ciaydast B 0aHy (POPMYILY, TOJIYIUM
(pvtk}\ku(v)t = (nvtk + (pvtk%)_’_' (42)

Ecmu pg < 0, To KouTelinep d BoIpoKaeH: O,y = 0 nnsa Bcex t € T
Ecau pg > 0, To mbo obe vactu pasencrsa (41) momoxurenbusl, au6o 6 = 0. O6b-
enHsIst 00a cJIydast B OJHY (DOPMYJIY, MOJIYIUM

Oratta = (g + etdaag—Z)Jr- (43)

[Tpocymmupyem pasencrsa (42) mo v € V,,, pasencrsa (43) mo t € T, mpuMeHUM yCJI0-
BUd HOPDMUDOBKHU U BbIPpa3UM ﬂBOﬁCTBeHHbIe InepeMeHHbIe:

OR .
Akmt = E (nvtk + @vtkm)Jrv

UGVm
_ § OR
Ha = (ntd + 0td89td)+
teT

[ToncraBuB gy 1 pig B (42) u (43), moayunm (38) u (39). Teopema gokaszana.
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8 MopenupoBaHue 3aBncumocTeii

Knaccudmkayus. Temamuueckas modeas xaaccugurayuu Dependency LDA [109] siB-
nsercs GaitecoBckuM anasorom mogenn (26) ¢ moganbHocTsvu repmoB Wou kiaccos C.
Unmeercst obyuaromniasi BHIOOPKA JTOKYMEHTOB d, JI/IsT KarKJI0I0 3 KOTOPBHIX U3BECTHO TOJI-
mMHO)KecTBO KjaccoB Cy C C. Tpebyercs kiaccndunnpoBaTh HOBBIE JOKYMEHTHI C HEU3-
BecTHbIM Cy. [Ijist 9TOr0 O6y/1eM UCIOIB30BATH AUHETHYIO BEPOANHOCMHYIO MOOEAL KAAC-
cupurayuu, B KOTOPO 00BEKTAMHU SABJIAIOTCS JTOKYMEHTHI d, TPU3HAKH COOTBETCTBYIOT
TeMaM t U MpUHUMAIOT 3HadeHust Oy = p(t|d):

pleld) = pabr.

teT

HokymeHT d oTHOCHTCST K KJaccy ¢, ecan p(c|d) = ..

Koaddunuenrs: uneitnoit Mmogenu ¢, = p(c|t) u moporu 7y, obydarorcst mo BEIGOPKE
JOKYMEHTOB C M3BECTHBIMU Cd- HpI/I3HaKOBOG OIMcCaHue HOBOI'O JOKYMEHTa 9d BBIYUCJIA-
eTCcsl TeMaTUu4deCKOMn MO/JEJIBIO TOJIBKO IIO €ro TepMaM.

Dkcrepumentsl B [109] mokasasm, 9TO TeMaTHYECKHe MOJEIN TPEBOCXOAAT OObIY-
HbI€ METO/bI MHOTOKJIACCOBO KJIaCCI/ICbI/IKaI_[I/II/I Ha 6OJIBH_II/IX TEKCTOBBIX KOJIJICKIIUAX
¢ 6OJBIINM YUCTIOM HecOATaHCUPOBAHHBIX, MEPECEKAIONINXCA, B3AaNMO3aBUCUMBIX K/J1ACCOB.
B [129] e ke BBIBO/IBI HA TEX YK€ KOJIEKIUX OBLIH BOCIPOU3BEIEHBI JIJIsi MYILTHMOIATb-
uoit ARTM. Hecbararncuposarrocms 03HATAET, 9TO KJIACCHI MOTYT COIEPKATH KaK MAJIOe,
TaK W OYeHb DOJILIIOE YUCJIO JOKYMEHTOB. B ciydae nepecekaroujuxrca KiaaccoB JJOKYMEHT
MOZKET OTHOCUTHCS KaK K OJIHOMY KJIACCy, TaK U K OOJIBIIOMY YHCIY KJaccoB. Baaumosa-
BUCUMDBLE KJTACCHI UMEIOT ODIIHMe TePMbI U TEMbI, [I09TOMY MPHU KJIACCU(DPUKAIIUU JIOKYMEHTa
MOT'YT BCTYIIATh B KOHKYPEHIIHIO.

Pezynapusayus no ompuyamesvrovLm npumepam UCIONb3YeT JTaHHBIE O TOM, UYTO J0-
KyMeHT d u3 obydaloneil BRIOODKH He NPHHAJIEKUT MoAMHOXKecTBY Kiaaccos C) C C.
JLs1 3TOTO CIydas 3aluIIeM MpaBIonog00ne BepOSTHOCTHONR MOJAe T OMHAPHBIX JTAHHBIX:

L($,0) = Z Z lnz Yetbra + TZ Z ln(l — Z gpctetd> — max.

deD ceCy teT deD ceC teT

[TepBoe ciaaraemoe ecTh log-mpaBaonogobue MOJATbHOCTH KIaccoB (26), ecau moJio-
KUTh ng. = [c€Cy|. Bropoe ciaraemMoe MOKHO pacCMATPUBATH KAK DPETYJISIPU3ATOD OT-
punaTe/JIbHBIX TPUMEPOB, HOCTpOQHHbe/i MO JaHHBIM O HE-TMIPUHAIAJIEC2KHOCTH JOKYMEHTOB
kjaccam. KoadbdunmenT peryasipusanuu 7 MOXKHO T0JIaraTh PaBHBIM €INHUIIE.

Yacmomnas peeyaapusayus (label regularization) xoporro 3apekomenjoBaia cebst
B 3ajadax ¢ HecOasancupoBanubiME Kiaaccamu [72, 109]. TTorpebyem, aTober onerka 6e3-
YCJIOBHOTO paCIpe/eIenns KIacCoB M0 Kouteknnn p(c) = » ., @up(t) Oblia 6im3Ka K Ha-
OJIIOIAEMBIM YACTOTAM KJIACCOB p(c) = |1?||Dc|v rie D. ={d € D: ¢ € Cy} — MHO)KeCTBO
JIOKYMEHTOB, OTHOCAIINXCS K Kaaccy ¢. Bolpasum gaHHOe TpehGOBaHHE ¢ IMOMOIIBIO CT/Ia-
JKUBAOIIETO PEryJIsiPU3ATOPa KPOCC-3HTPOIHH, KOTOPHI MOYKHO HHTEPIPETHPOBATH U KaK
MaKCHMU3AIMIO TPABIONOI00US MOJEIN KJIACCOB p(C):

R(®) =71 Z |D.| lnz N¢Per — MAax,

ceC teT
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e ny = »_ .M — TUCT0 TOKeHOB MopanbHocTH C, OTHOCAINNXCS K TeMe ¢ BO BCeil KOJI-
neknuu. [loacrasigs 5Totr peryaspusarop B (13), momyunm dbopmyss M-mmara:

NPt
©., = norm +7|D 44
e wOErW (nCt T| | § s(pcs) ( )

YacToTHas peryasipu3aliys HCIoIb30BaJach B TeMarudeckoii mogenn Prior-LDA, koropast
obLTa mpeyToxkena B [109] kak ymyumenue mogenn Flat-LDA.

Perpeccusa. 3anaqun npecka3anusi YUCIOBON BeJIMIWHBI KAK (DYHKIIUHA OT TEKCTa BO3HI-
KAIOT BO MHOTUX MPUJIOKEHUAX JEKTPOHHON KOMMEPIUH: TpeJicKa3aHe peiTHHra TOBa-
pa, duabMa WM KHUTH MO TEKCTY OT3bIBA; MpEICKA3aHUe YHCJIa KJIUKOB MO TEKCTY pe-
KJIAMHOTO OObSIBIEHUS; IPe/ICKa3aHue 3apIIaThl M0 ONUCAHUIO BAKAHCUU; MPEICKA3aAHIe
OJIE3HOCTH (Juc/ia JANKOB) OT3bIBA HA OTENb, PECTOpaH, cepBuc. [l BOCCTAHOBICHMUSI
YUCJIOBBIX (DYHKIUI 110 KOHEYHOU 0Oydalomieil BEIOOpKe nap «00beKT-OTBET» UCIOJIb3Y-
I0TCSl PErPECCUOHHBIE MOJIE/IN, OJITHAKO BCE OHU MPUHUMAIOT Ha BXOJ€ BEKTOPHBIE OTTUCAHUS
00bekToB. Temarmdeckas MOJETb TMO3BOISIET 3aMEHUTh TEKCT JTOKYMeHTa d ero BeKTOp-
HBIM TpejcTaBaenueM 6,;. C Apyroii cTOpOHBI, KPUTEPUl ONTUMUBAIME PETrPecCHOHHOM
MOJTETTH MOZKHO UCIOJB30BATh B KAUECTBE PErYIsIpU3aToOpa, YTOOLI HAUTH TeMbI, HanOoIee
nHGOPMATHBHBIE ¢ TOYKH 3DEHHsT TOYHOCTH NpejcKa3anuii |76, 118|.

[Tycts mast Kaxkaoro JoKyMeHTa d obOyd4aromieir BHIOOPKN [ 3aaHO IiejIeBoe 3HAUYeHNe
ya € R. Pacemorpum aunetinyo modeav pezpeccuu, KOTOpas MPeICcKa3bIBaeT MaTeMaTu-
YecKoe OKHIaHUe MEeTeBOil BeTMIIMHBI:

E(y | d) = Z vtetda

teT

rie v € RT — sexTop kosdpdunuentos. [IpuMennM MeTon HaMMEHBLIINX KBaJIPaTOB JIs
o0ydeHusI BEKTOpa v MO BHIOOPKE JTOKYMEHTOB:

R(©,v) = —71 Z(yd - Z 'Utetd)

deD teT

[Toacraiss 3roT peryaspusarop B (14) u IpupaBHUBAS HYJIIO €10 TPOU3BOIHYIO IO U,
nostyaum popmysisl M-mara:

etd = no%“m (ntd + Tvtetd <yd - Z U505d> ) ;

seT

v=(007)"'ey.

Bamernm, 910 dopMysIa s BEKTOPA U SBISIETCS CTAHJIAPTHBIM PereHneM 3a/1a9i Hau-
MEHBIUX KBaJIpaToB Mpu (HUKCUPOBAHHON MaTpuie O. BekTop v MOXKHO OOHOBIATH IO
OKOHYAHUU KazKJIOTO MPOX0/Ia KOJIEKITUH, JIUOO0 TMocae 00pabOTKH KayK/IOTO MaKeTa JOKY-
MeHTOB B oHJaiiHoBoM EM-airopurme.

B [118] moka3aHo, 9T0 KA4€CTBO PErPecCHU MOZKeT 3aBHCETh OT WHUIIHAJIN3AINN TeMa-
THYIECKON MOJIeNIH, U MPe/I0KeHO HeCKOJIbKO MeTO0B NWHUIHATA3AIIN.
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Koppensiunu tem. Modeaw koppeauposarnux mem CTM (correlated topic model) mpe-
Ha3HAYEeHA JIJIs BBISIBJICHUs CBsA3eil Mexkay Temamu [21]. Hampumep, craThs mo reogorun
DoJIee BEPOSITHO CBSI3aHA C apXeoJIorneil, 4eM ¢ TeHeTHKOIl. SHAHWe O TOM, KAKHe TeMbl JYa-
II[e COBMECTHO BCTPEYAIOTCS B JOKYMEHTAX KOJIJIEKIIHH, TO3BOJISIET TOYHEE MOJIETUPOBATH
TEMATUKY OTIEIbHBIX JOKYMEHTOB B MYJIbTHIUCIUILIMHAPHBIX KOJLIEKIIHASIX.

Jlng onucanus Koppeasdiyii y100HO UCIOIb30BATH MHOTOMEPHOE HOPMAJIHHOE PacIIpe-
nenenne. OHO He TOJXOMUT Il OMUCAHWS HEOTPHUIATE]bHBIX HOPMUPOBAHHBIX BEKTOP-
CTOJIOIOB 0, HO HEIJIOXO OMMCHIBAET BEKTOPHI UX JorapudmoB 1,y = In 6,4. [TosTomy B MO-
JieJTb BBOJIMTCST MHOTOMEPHOE JIor-HOpMasibHoe pactpesenenne (logistic normal) ¢ asymst
napamMeTpaMu: BEKTOPOM MaTeMATHIECKOTO OYKUIAHWS [/ ¥ KOBAPUAIMOHHO MaTpuIei 3.

p(nal 1, B) = (2m) 38|72 exp (=3 (10 — 1) (g — p)).

Nznaganpno mogens CTM Obl1a pazpaboTana B pamMKax 0aiieCOBCKOTO IMOIXO/a, T/
BO3HUKAJIM JIOMOJJHUTEIhHbIE TeXHUIECKNe TPYAHOCTH W3-33 TOTO, 9TO JIOT-HOPMAJIHHOE
pacrpejieleHre He sIBJISIETCsI CONPSIKEHHBIM K MyJabTuHOMua bHOMY. B pamkax ARTM
uness CTM dopmanusyercss u peajn3yercss HAMHOTO TTPOIIIE.

OnpeneauM peryaspu3aTop Kak jgorapudM TpaBaonoI00us JOr-HOPMAJIbHOW MOJIen
JIJTST BHIOOPKU BEKTOPOB JIOKYMEHTOB 1)

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

deD deD Ot
Cornacuo (14), dopmyna M-mara mist 0,y npuHIMaeT Bu/
Og = norm (ntd - T Z DI (hl Osa — Ns))> (45)

seT

rie Et_sl — 3JIEeMEHTBI 0OPATHOI KOBAPUAIMOHHON MaTpuIlel. [TapaMerps X, 1 HOpMAJIBHO-
ro paciupee/ieHus OOHOBJISIOTCS IOC/Ie KayKIO0r0 IPOX0/1a KOJJIEKIUN, JU00 MOCTe KarK-
JIOTO TIaKeTa JIOKYMeHTOB B oHjaiinoBom EM-aiaropurwme:

1
= — In 6y;
H |D|deZDnd
1 T
E—ﬁZ(lned—,u)(lnﬁd—,u)
deD

Takum oOpa3om, TpymLoéMKas omnepalys oOpalleHrsT KOBAPUAIMOHHONR MATPHUIIBI BHIMOJI-
HSIeTCsT OTHOCHTEIhHO peko. B [21] ncnopsoBanack LASSO-perpeccust, 9To0bI Moy 9aTh
Pa3peKeHHy0 KOBAPUAIMOHHYIO MATPHILY.

9 OnpeaeneHne 4yncna Tem

Pezyaspuzamop ombopa mem npegoxker B [131] qyst ynaneHusi He3HAYNMBIX TeM W3
rTemMaTudeckoil Mojen. OH OCHOBAH Ha HJlee KPOCC-3HTPONUITHOIO pa3pesKuBaHud Paclpe-
nenenns p(t), KOTOPOE JIEFKO BBIPAZKAETCS 1€Pe3 MAPAMETPBI TEMATHIECKON MOJIE/H:



[ToxcraBum 5TOT peryaspusarop B dhopmyry M-mara (14):

n p(d) )

0,y = norm (ntd —T—
teT

T]p()
BamennM 6;; B mpaBoil YacTH paBeHCTBA HECMEIIEHHON OIeHKO Z—’j:
n
Oiq = n&rjgn(ntd <1 — Tnt|T| )) (46)

DTOT Peryasipu3aTop pa3peKuBaeT MeJTUKOM cTpokn MaTpuilsl ©. Ecin 3navenne caér-
9UKa N; B 3HAMEHATEJIe JIOCTATOIHO MAJIO, TO BCE HJIEMEHTHI {-if CTPOKY OKA3bIBAIOTCS PaB-
HBIMU HYJIIO, U TEMA t TTOJITHOCTHIO NCKJIIOYAELTCS 13 MO/ICJIN. HpI/I HUCIIOJIB30BaHUN JAHHOI'O
peryasgpu3aTopa CHauaIa yCTaHABIUBACTCS 3aBeI0MO U36bTouHOe uncyio Tem |T|. B xome
UTEPAINii YUCT0 HYJEBBIX CTPOK MATPHUILI O MOCTENEeHHOe YBETHIHBACTCS.

Ot6op Tem B ARTM mHamHOro mpoime HemapaMeTpuiecKuX 0aiieCOBCKUX Momeneil —
nepapxudaeckoro mpornecca Jupuxie (hierarchical Dirichlet process, HDP) [122| nin npo-
necca knraiickoro pecropana (Chinese restaurant process, CRP) [24].

B oboux nmogxomax, ARTM u HDP, umeercs ynpapiastonuii mapaMerp, BoIOHpas KO-
TOPBIii, MOYKHO MOJIYYaTh MOJETH ¢ YHCJIOM TeM, pa3IndaiormuMces Ha nopsaku (B ARTM
s10 Kodbdunuent peryaspuzanuu 7, B HDP — koaddurment KoHmeaTpaum 7).

B [133] 6blin poBeieHbl SKCIePUMEHThI Ha, MOJIYCHHTeTHIECKUX JTAHHBIX, PeICTaB-
JSONX c0O0i cMech IBYX pactpeenennii p(w |d) — peaabHON KOJIEKIUH, JIJIsi KOTOPOi
YUCTO T€M HEM3BECTHO, W CHHTETHYECKON KOJIEKIUU C 3aJaHHBIM ducaoM TeM. CuHTe-
THYecKas KOJUIEKIUS CTPOWJIACH IMYTEM MmepeMHOKeHusd MaTpur, PO, moJyueHHBIX B pe-
3yAbTATE TEMATHIECKOTO MOJETUPOBAHUS TOM Ke peaabHoil Kosutekiuu. OKa3aaoch, 9TO
HDP u ARTM criocobubr ompeie/isiTh HCTHHHOE YHCJIO TeM HA CHHTETHIECKUX W MTOJTyCHH-
rerndeckux gaHubX. [Ipu srom ARTM omnpenensier ero 6o/1ee ToaHo u ycroianpo. O 1HaKO
qeM 6JII/I)Ke MMOJIYCUHTETUYECKUuEe JaHHbI€e K peaJIbHbIM, T€M MeEHeEe IETKO pa3janvdumM Jua-
NAa30H 3HAYEHUI THIepIIapaMeTpoB T WX Y, HA KOTOPOM BOCCTAHABIMBAETCS MPABUILHOE
qucao TeM. Ha peaTbHBIX JAHHBIX OH HEPA3JIUINM BOBCE, MPUUIEM JIsT OOOUX MOIXOJIOB.
Takum obpazom, mpo 0ba MOJAX0JA HEJIb3sT CKa3aTh, YTO OHHU OMPEILSIIOT ONTHMAJJIHLHOE
YHUCJIO TEM. B peaiIbHBIX TEKCTOBBLIX KOJIJIEKIIUAX HUKAKOTO «MCTUHHOT'O YHUCJ/Ia TeM» IIPO-
CTO He cymiecTByeT. Yem 60JIbIe KOJLIEKINns, TeM OoJiee MeJIKne CeMaHTHIeCKHe Pa3Inaust
B TeMaX BO3MOYKHO VJIOBUTD.

DT coobpazKeHus MOATBEPKIAIOTCS OMBITOM MOCTPOEHUS MePAPXUIECKUX TeMATHIe-
ckux Mojesneit. TeMbl MOXKHO TpobUTH Ha HoJiee MeJTKHUe MOATeMbl BILIOTH JI0 MOPOTa CTa-
THUCTUYECKONW 3HAYUMOCTU. BBIOOpP 3TOr0 mopora TakKe sIBISIETCS IBPUCTUKON, ¥ OT HEro
3aBUCUT UTOTOBOE YUCJIO TEM.

B xoze skcnepuMenTos [133| Takzke BHIICHUIOCH, UTO PETYISPH3ATOP 0TOOPA TEM HMe-
eT MOJIe3HBIN COMyTCTBYIONHi 3deKrT: oH yaaasdeT u3 Momean AyOTUPYONIe, PACIIe-
JEHHbIe U JTUHEHHO 3aBUCUMbBIE TeMBbI.

ITo ckopoctn BhIuMcaenuit BigARTM ¢ peryasipuzatopoMm otbopa Tem okazascs B 100
pa3 ObicTpee cBOOOIHO J0CTYITHON peanu3amnuun HDP.

10 TllocTpoeHue TemaTudecKux nepapxuii

HNepapxudeckne TeMaTHdecKue MOJIEJM PEKYPCUBHO JeIsAT TeMbl Ha MOATeMbl. Tema-
THYECKHE MEePAPXUU CAYKAT /s MOCTPOEHHS PyOPUKATOPOB, CHCTEMATU3AINN OOJTBITAX
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00BbEMOB TeKCTOBOI nH(MOpMaIny, HHOOPMAINOHHOIO MOUCKA ¥ HABUTAIIUU 10 OOJILITAM
MYJTBTHIMCIUILTAHAPHBIM KOJLTEKIUAM. 3a/Java aBTOMATHYeCKOH PYOPHUKAIMN TEKCTOB
CJIOYKHA CBOEil HEOTHO3ZHATHOCTHIO U CyOheKTUBHOCTHIO. Pa3indns BO MHEHUSIX IKCIIEPTOB
OTHOCHTEIHHO pyOpuKamuu J0KyMeHToB MoryT gocrurath 40% [1]. Hecmorpst Ha obuine
paboT 110 HepapxXuaecKuM TeMaTndeckum Mogessiv |23, 66, 81, 155, 103, 139, 140, 141, 142],
ONITUMH3AIUS pa3Mepa U CTPYKTYPhl HEPAPXUU OCTAETCS OTKPBITOI Tpob.ieMoit; boJiee To-
ro, OIEHUBAHNE KAYeCTBAa HepapXuii — TakyKe OTKpbiTasi mpobsema [155].

Crparernn mOCTPOEHUST TEMATHIECKUX HePAPXUl BEChMa PA3HOOOPA3HBI: HUCXOISIIIIE
(muBU3MMHbIE) W BOCXOsIIHE (ArJIOMepATHBHBIE), MPEJACTABISIONNE HePAPXUIO JEPEBOM
UM MHOTOJIOJIBHBIM rpadoM, HapamuBaIie rpad mo ypoBHIM WK [0 BEPITHHAM, OC-
HOBAaHHBIE HA KJIACTEPU3AIMH JOKYMEHTOB WM TepMoB. Henrb3s Ha3BaTh KaKyo-TO W3
CTpaTerunit MpeamnouTHTeNbHON; ¥ KaxKI0i eCTh CBOM JOCTOMHCTBA W HEJIOCTATKH.

B [33] mpeioxkena nucxonsmas crparerus Ha ocaoBe ARTM. Mepapxust mpeacras-
JISIETCST MHOTOTOJTBHBIM rpadoM ¢ (DUKCUPOBAHHBIM YHCJIOM YPOBHEH U 33 JaHHBIM YHC/IOM
TeM Ha KayKJIOM yPOBHE, BO3DACTAIOIINM [0 YPOBHSM CBepxy BHUW3. Kakaplit ypoBeHb
HPEeJCTABIAET COOOI OOBIUHYIO «ILTOCKYIO» TeMaTHUEeCKYI0 MOJIeIb, TIO9TOMY BpeMs II0-
CTPOEHUS MOJIE/TH OCTAETCA JIMHEHHBIM 10 00BHEMY KOJIIEKITHH.

Jlnsg MomenupoBaHUsS CBs3eil MeXKJIy YPOBHAMH B MOJETb BBOJIATCI IapaMeTpPh
s = p(s|t) — ycoOBHBIE BEPOSTHOCTH MOATEM B TeMaX. B MyJbTHINCIMIIMHAPHBIX KOJI-
JIEKITUSI TTOITEMBI MOTYT UMETh [0 HECKOJBKO POIUTETHCKUX TEM.

Perynsipuzatop mMexypoBHeBbix cBsi3eii. Ha BepxHeMm ypoBHe HepapXul CTPOUTCS
OOBITHAS MJIOCKAST TEMATHIeCKasT MOe b, [[ycTh Moze/ b (-T0 ypoBHST ¢ MHOKeCTBOM TeM 1’
V7K€ TIOCTPOeHa, W TPeOYeTcst MOCTPOUTh MOJIeb ypoBHst £+ 1 ¢ MHOKECTBOM JOYEpHUX
tem S (subtopics) u 66bIEM gnCTOM TeM, |S| > |T'|. IlorpeGyeM, 9TOOB POANTETHCKUE
TeMbI ¢ XOPOIIIO TPUBINZKAIICH BEPOITHOCTHBIMU CMECSIMHI JOYEPHUX TEM S:

> e KL (plwt) | X plwls)p(s]1) = > KL, (22 | X pustor) = min.

teT ’

rae U = (Yg)sxr — Mampuya ceésazeli, KOTopask CTAHOBHTCS JOTMOJHUTEIBHON MaTpuIeil
HapaMeTpoB JJIsi TeMAaTHIECKOl MOJIe/H T0UepHero YpOBH.

D70 331aa MATPHIHOTO PA3IOKEHH 1S MATPUIIL POIUTETLCKOr0 ypoBHd O = U,
OOBIYHO MATPUYHBIE PA3JIOKEHUS UCIOIb3YIOTCS, YTOOBI MPUOTH3UTh MATPHILY BBICOKOTO
paHra mpousBeaeHneM MaTpuil 6ojiee HU3KOro padra. OgHaKO B JaHHOM CIydae, Hao00poT,
marpuna O muskoro panra |T'| mpubmmkaerca npousseaenuem matpun, W, B KoTOpOM
marpuna $ JoKHA UMeTh TOJMHBI paHr |S|, 4To0bl JT0YepHsIs MOJIEb OMUCHIBATA KOJI-
JIEKIIUIO TOYHEEe, UYeM POJUTETbCKad. Peryasapu3aTop CBA3BIBAET TeMATHYECKHE MOIETN
cocemaux yposHeit £ u £+ 1 Tak, 9TOObI POJUTETHLCKHE TeMbl ¢! allPOKCHMHIPOBAIUCH
JINHEWHBIMU KOMOMHAIUSMHE JIOYEPHUX TEM Qg C KOIDDUITUEHTAMET Vg

R((I)7 \I]) =T Z Z Nt In Z prswst- (47)

teT weW seS

Bamaua makcumusamun R(P, W) ¢ TOIHOCTBIO 10 0OO3HAYEHUIT COBMATAET ¢ OCHOB-
HOM 3a/aueli TeMATHYECKOTO MOJeJUpoBaHus (8), €CoU CUUTATH POJUTENHCKHE TeMbl t
nce6dodOKYMEHMAMY C FACTOTAMH TEPMOB TNy = TNyPyi. DTO O3HATAET, UTO BMECTO
Jo0baBJieHnsT caaraeMoro B ¢opmysibl M-1mara JaHHBI PEryjasgpu3aTop MOXKHO Peain30-
BaTh emé mporre. [locTpouB poauTeILCKIil YPOBEHDb, HAJIO J00ABUTH B KOJLIEKIIHIO POBHO
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|T| nceBIOIOKYMEHTOB, 33/]aB UM B KAYECTBE YACTOT TEPMOB 3HAUCHUS TN,;. Marpuna W
MOJIYYATCS B CTOJIONAX MATPUILI O, COOTBETCTBYIOIIUX MCEBI0JOKYMeHTaM [33].
B 6ubanorexe BigARTM 3TOT MOJXO0/ pean30BaH B BUJE OTAeIbHOTO Kiacca hARTM.

Perynsipuzatop paspexunsaHusi Me>XXypoBHeBbIX CBsA3eil (hopMaTU3yeT eCTeCTBEHHOe
IPEIIIOIOKEHNE, UTO KazKIas TeMa J0UePHEro ypoBH s € S uMeeT HeGOIbIIoe YUCI0 CBSI-
3eif ¢ TemaMu pouTebeKOro yposHst t € T'. B wactHocTn, ecain Bee pacnpesesnennst p(t|s)
BBIPOYKJIEHBI, TO €CTh KayKJas TeMa S WMeeT TOJbKO OJHY POJAMTENhCKYI0 TeMy t, TO Bcd
nepapxus npuobperaer BU AepeBa. [IpIMeHIM KpOoCC-3HTPONUIHBIA peryaspu3aTop I
paspekuBaHus pacupenenenuii p(t|s), Bbipa3us ux depes 1y mo dhopmyre Baiteca:

wst t
R Tzzmh””'s RPN S

seS teT teT seS

[Tockonbky Marpuia W gBIgeTcs 4acThio MaTpuibl O, K Heil mpuMennma dopmyra (14),
3 KOTOpoii cienyer dhopmyna M-mara g MOAe n J09epHero YpOBHS:

o= nggg (a7 (o019) = 7)) ()

1

77]> CTAHOBATCH ere

CoracHo »1oit dopmyJie, yeaoBHBIE BepOITHOCTH p(t|S), MeHbIIHe
MeHbIIle, W MPH JOCTATOYHO OOJIBITOM T 0OHYyJIsFoTCst [33].

11 MopagennpoBaHune cBsize Mexxay AOKYMeHTaMu

Ccbinkn n unmtupoBaHue. lVHorma mMeercst JOMOJHUTEIbHAs WHMOPMAIUS O CBS3SAX
MEKJY JIOKYMEHTAMU U MPEeI0JaraeTcsd, YTO CBA3aHAbIE JOKYMEHTHI UMEIOT CXOXKYIO Te-
MaTuky. CBsi3b MOXKET O3HAYaTh, 9TO JBa JOKYMEHTa OTHOCSTCS K OJHOW PyOpHKe, COB-
MECTHO YIOMUHAIOTCS WU CCHLIAIOTCA APYT Ha Apyra. PopMaan3yeM 3TO MPeanoToKeHne
C TIOMOIIIBIO Peryadapu3aTopa:

=T Z Ure Z O1abse,

teT

7€ Nge — BEC CBSI3U MEXKJIy JOKYMEHTAMHU, HAPUMED, YHCJI0 CChLIOK u3 d Ha c. B [39]
npeaIoXKeHa moxoxkas momenb LDA-JS, B KoTopoii BMECTO MaKCHMH3AIMH KOBAPHAIIN
MUHIME3HpyeTcst auBeprenuns Vencena-Illennona Mexkay pacrpenenennsvi Oy u 6,.
®opwmyaa M-mara mist 644, cormacho (14), nmeer Buj

Orq = nl%rjlfﬂ (ntd + 7014 Z ndc‘gtc> .

ceD

DTO emmé oJHa PA3HOBUIHOCTH CriazkuBaHusd. Beposataoctn 6, B X01e uTepanuit mpu-
OJTMKAIOTCA K BEPOSITHOCTIM ;. TOKYMEHTOB, CBI3aHHBIX C d.

Perynsipuzarop marpunbt © cranoButTcs Hed(DMEKTHBHBIM TPU MAKETHONH 00paboTke
OOJILINKMX KOJIJIEKIU, KOTJIa JTOKYMEHTHI ¢, Ha, KOTOPbIE CCHLIAETCs JIAHHBINA JIOKYMEHT d,
HAXOJATCA B Ipyrux nakerax. [Ipobyiema permaercs BBeenneM MOJATEHOCTH TOKYMEHTOB,
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HA KOTOpBbIE €CTh CCHLIKH U3 JAPYTUX JOKYMEHTOB. DTOT CIIOCOD MOPOXKIAET HOBYIO IPO-
OJIeMY: ecJTU MOIITHOCTD 3TO# MOJIAJIBHOCTH OKAXKeTCsl paBHON YHC/TY JOKYMEHTOB, TO MaT-
puna (I) MO2KET He IMOMECTUTHCA B OIIEPATUBHYIO MaMATh. MO)KHO COKPATUTh 9Ty MOAaJIb-
HOCTbH, OCTaBUB TOJILKO HaI/I60.Hee BJIndATE/IbHbIE JOKYMEHTBI C, YMCJIO CCBhIJIOK Ha KOTOPbIE
Ne = Zd Nge TPEBBITIAET BHIOPAHHBIN MTOPOT.

JlanHast ujes TPUILIA W3 MOJENN BIMSHUA HaydIHbIX myoaukanuit LDA-post [39)].
B meit ncnonp3yiorea aBe MomanbHOCTH: c1oBa Wi m mutupyemble mokyMeHTH Wy C D.
MO,ZLe.Hb BbBIABJIAET HaI/I60.Hee BJINATEJbHbIE JOKYMEHTHI BHYTPpU Ka)KILOfI TEMDbI. HeHYJIe—
Bbl€ JJIEMEHTbI B CTPOKEe C MaTpUuIlbl (I)Q IMOKa3bIBAIOT, Ha KaKWe TeMbl IMOBJIUAJ JOKY-
MeHT ¢ € Ws. Takke Moje/ib 1MO3BOJISIET Pa3/iMdaTh, KAKHE W3 CChLJIOK CYIIECTBEHHO TT0-
BJIMSLTH HA HAYUHYIO CTATHIO, & KAKHe ABISIIOTCA BTOPOCTEIIEHHBIMHU, YHCTO (DOPMATHHBIME
W «JAaHBIO BEeXKJIHBOCTH». CUNTAaeTCsA, 9TO JOKYMEHT ¢ TMOBIUAI Ha JOKYMEHT d, ec/iu
d cchlmaeTcd Ha ¢ U OHH UMEIOT 3HAYUTETbHYIO OO O0INeil TeMaTUKH.

Meonokayun. Nudopmanus o reorpadudeckKoM MOTOKEHUH YACTO HCIOIb3YETCS IIPH
aHa/M3e JAHHBIX COIHUAJBHBIX ceTeil. ['eorpadudieckas mpuBg3ka JOKyMeHTa d WA €ro
aBTOpa 3a1a6Tcst b0 2eomezamu (HA3BAHUSME CTPAHBI, DEIMOHA, HACEJEHHOTO MYHKTA),
b0 2eosokayuel, — mapoii reorpadudeckux koopamHar lg = (x4,y4). B mepBom ciry-
Yae BBOJMTCS MOJAJIHLHOCTH I'€0TEroB, BO BTOPOM CJIyUae HCIOJIb3YeTCsl Peryssipu3arop.
ARTM mnossossier coBMemarh 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 [154] onpeaesstorcest pernoHbl MOMyJIsipHOCTH
HAIMOHAJILHOM KyXHH 1O mocraMm moJb3oBateseiil Flickr. pyras wutocrpamust u3 [77]
IOKA3BIBALT, UTO TeMAaTHIeCKas MOJe/b, yINThIBatomast, n3 kakoro mrarta CIITA mpumwo
cooDIIeHne, TOUHee MPOCIeKUBaeT MyTh yparana «Karpuuas.

Ksajipatnunbiii perynspuzarop Marpunbsl O, mpemioxenusiii B [154|, dopmanuzyer
MPEeJIIOIOKEHWEe, 9TO JOKYMEHTHI CO CXOKUMHU IeOJTOKAIUSIMUA UMEIOT CXOXKYI0 TeMATHKY:

R(©) = =2 > war Y (bra = ),

(cd)  t€T

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

DTOT peryasspusarop TpedyeT npu 00paboTKe KarxKI0ro J0KYyMeHTa d T0CTyIa K BEKTO-
pam 0. Apyrux JOKyMEHTOB, 9TO 3aTPYIHSET MaKeTHYI 00pabOTKy OOIBITNX KOJIEKITHIA.
AnbrepHATUBHBIN CITOCOD CTIaKWBAHWST OCHOBAH HA PETY/ISPU3AIUN MATPHUILT 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,
n; = Zg Ng¢ — YaCTOTA TeMbl ¢ B MOJAJILHOCTH Te0Teros, Bbrunucidemas EM-aaropurmom.

KBasparnuuslii peryispu3aTop MaTpuibl @ 1m0 MOJATLHOCTH re0TeroB (hopMaTu3yeT
IPEIOIOKEHNE, 9TO reorpadudecKn OJIM3KHe TeOTerH NUMEIOT CXOXKYH0 TeMATHKY:

T Ogt  Pgrt\2
R@®) = =3 37wy 3 ni (24— 2L)
g9,9'€G teT 9 9

IJIe Wy, — BEC IMapbl reoTeros (g, ¢'), Beipazkatommuit nx reorpadundeckyo 6an3octs. Hike
MBI PAcCCMOTPHUM 00OOIIEHNEe ITOTO pPeryaspu3aTopa Ha 6ojee MIHPOKUil Kaace 3a1ad.
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Mpadbl 1 coymanbHbie cetn. B [77| npeaioxkena Gosee obIas TeMaTHIeCKas MOJIENb
NetPLSA, yuuTsiBaommas pou3Bo/IbHbIe IpadoBbie (CeTeBbIe) CTPYKTYPhl HA MHOYKECTBE
nokymenToB. [Tycrs 3aman rpad (V, E) ¢ MHOKecTBOM Bepiin V' i MHO)KecTBOM pEbep E.
Kazx 1oit ero Bepimmae v € V' coorBeTCTBYET MOAMHOXKECTBO JoKyMenToB D, C D. Hanpu-
Mep, B pojin [, MOXKeT BBICTYIIATh OTJE/JbHBIN JJOKYMEHT, BCE CTAThU OJIHOIO aBTOpa v,
BCE TOCTHI U3 OJTHOTO reorpaduyuecKoro peruoHa v, u T. 1.

Tematnka KaxKa0it BepImHbl v € V' BbIpazKaeTcsd depe3 mapaMeTpbl Mojean O:

p(tlv) =Y p(tld)p(d|v) = Zetd

deD, dED

B monenmn NetPLSA ucnosb3yercss KBaIpaTHUIHBI pPeryisipu3aTop:
T 2
RO)= 7 3 w3 (plt]0) — plt] )’

rJie Beca wy, pédep rpada (u,v) 3a1a0TCs ecTecTBEHHBIM 06pa30M, KOTJIa B 3ajade eCTh
COOTBETCTBYIOIIAs JIONOJTHUTE/IbHAs nndopmanus. Hanpumep, ecin D, — Bce ctaTbu aB-
TOpa v, TO B KadecTBe Beca pedpa W, €CTeCTBEHHO B3ATb YHCJIO0 CTAaTeil, HAIMCAHHBIX
aBTOpaMu u W v B coaBTopcTBe. Eciam momoOHON mHMOpMAIUN HET, TO BeC IOJaraeTcs
PABHBIM €IUHHUTIE.

DTOT peryasipusarop TpedyeT npu 00paboTKe KarxKI0ro J0KYyMeHTa d T0CTyIa K BEKTO-
pam 6, Apyrux JOKYMEHTOB, 9TO 3aTpy/aHseT 3(PHEKTUBHYIO MAKETHYI0 00pabOTKY 0O0JIb-
IIIX KOJUTEKIUA. ATbTepHATHBHBIA IIYyTh COCTOUT B TOM, YTOOBI MHOXKECTBO BEPIIHH I'Pa-
da V 06bIBUTH MOJATBHOCTBIO U TMepeiiTh K peryasapu3anad MaTpuisl O.

B kaxkaprit jokyment d € D, go0aBuM TOKeH v MogaJbHOCTH V. BBIpa3zuMm TeMaTuky
BepINMUHBI U Yepe3 mapamerpbl ¢ 10 dopmyre Baiteca: p(t|v) = (U|t)§((z) = govtw TREC
n; = Zv Ny — YacToTa TeMbl ¢ B MojaabHocTn V, Beruncisgemast EM-aaropurmom.

Perynspuzarop NetPLSA coxpansier npekuuit Buj1, HO cTaHOBUTCS (hyHKIHEH oT D:

R(®) = —% Z wuv2n3<‘%j| - |%u:|> . (49)

Bo MHOTHX TPHIOKEHUSAX BAasKHBI HATPABIEHHOCTH CBsI3€ii, KOTOPbIe KBaIPATHIHbIIi
peryaspusaTop He yuuthiBaer. Hanpuwmep, ¢Bsa3b (u,v) MOXKeT 03HAYAThH CCBLIKY W3 JO-
KymeHTa u Ha JgokymeHT v. B mozmenn iTopicModel [120] npeammomaraercsi, ato ecian
(u,v) € E, 1o Temarnka p(t|u) mupe Temaruku p(t|v). IloaToOMy MUHHUMH3HPYETCS CyM-
ma auseprernuit KL(p(¢|v) || p(t|u)), npuuém yenosuste pacupenenenns p(t|v) MoxHO
BBIPA3UTh KaK uepe3 O, Tak u depe3 P:

R(© nmu ) Z wuvat\'U Inp(t|u).

(u v)EE teT

Kax moxazajm 9KCIePUMEeHTBI®, PeryIapusanus MaTpuibl ® mIpUBOIAT HPAKTHICCKH
K TeM »Ke pe3ysabTaraM, u4To u peryiagapusanus O mas mogeneir 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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12 MopgennpoBaHue coBCTpe4aeMoCTun CJIOB

FI/IHOTGSa «MeENIKa CJIOB» ABJIAETCA OAHUM U3 CaMbIX KPDUTHKYEMBIX ITOCTYJIATOB Te-
MaTHYeCKOTOo MoJie/iupoBanus. [[osToMy MHOTHE UCC/Ie0BaHNST HATIPABICHBI HA CO3/IaHUE
OoJee aJIeKBATHBIX MOJIeNiel, YIUThIBAIOMINX MOPSI0K CJI0B. 113 HUX Hambosee BayKHBIMH
MpPEe/ICTABIAIOTCS TPU HANpPaBICHU.

[IepBoe HampaBieHWe CBA3aHO C BBIJIETEHUEM KOAAOKAUUT — CTATHCTUIECKH YCTOI-
GUBBIX N-2pamm (TTOCTEIOBATETHHOCTEN TMOAPS/ WAYIIHX 7 CJOB). TeMbl, MOCTPOEHHBIE
Ha N-rpaMMax, HAMHOIO JIy4Ille UHTEPHPETUPYIOTCA, YeM IHMOCTPOCHHbIE Ha YHUTIPAMMaX
(ormenbHBIX coBax). IIpoGaeMa B TOM, YTO YHCJIO N-2pamM KAaTacTpoduuecKu GBICTPO
pacTér ¢ pocToM 00bEMA KOJIIEKIIH.

Bropoe mampaBieHne cBg3aHO ¢ aHAJIW30M COBMECTHO# BCTpedaeMOCTH CJIOB. [losB-
JIeHWe porpaMMbl word2vec |78] cTuMympoBaio pa3BuTHE GEKMOPHHIT NPedcmasierud
cao6 (word embedding). Orn HaxoAAT Maccy HpUMeHeHHit Grarogapsi TOMY, 9TO CeMaH-
TUYECKHN 6JII/13KI/IM CJIOBaM COOTBETCTBYIOT 6.)'II/I3KI/Ie BEKTOPHI. TeMaTI/ILIeCKI/Ie MOJEJIN TaK-
JKe CIIOCOOHBI CTPOMTH BEKTOPHBIE MpPeACTaBICHUs CJOB, 00aIal0Nie STUM CBOHCTBOM,
1 B TO XK€ BpeMs COXPAHSIIONIAEe CBOICTBA MHTEPIPETUPYEMOCTH U Pa3pPesKeHHOCTH.

Tpernbe HampaBjeHue CBI3aHO C MEMAMUYECKOT ceeMenmayuet W THIOTe30i, 4YTo
TEKCT Ha €CTECTBEHHOM A3bIKE COCTOUT HU3 ITOCJICI0BATCIHBHOCTH MOHOTEMATHUYIHBIX COO6—
mennii. B wacTHOCTH, Kask10€ MpeIoyKeHne Jalie BCero OTHOCUTCS TOJIBKO K OJHOI Teme.
Bagaun cerMeHTaIul pacCMaTpUBAIOTCA B pas3aene 13.

Konnokauuu. Ucnosb3oBanne CJI0BOCOYETAHMIT 3aMETHO YJIydINAeT HHTEPIPETHPYe-
MOCTH TE€M, 9TO JEMOHCTPUPYETCS NPAKTHIECKH B KayKJIO0M IMyOJMKAIMY 110 N-IPAMMHBIM
TEMATHIECKUM MOJIEJISIM, CM. Harnpumep [54].

[TepBas Gurpammvuas temarudeckas Mogenb BTM (bigram topic model) [136] mpen-
cTaBJisiia coBOil 0 CYyTH MYJIBTUMOIAIBHYIO MOJETb, B KOTOPOH KazKJIOMY CJIOBY U COOT-
BETCTBOBAJIA OTIEIbHAS MOJATBHOCTD O coBapéMm W, C T, cocTaBIeHHBIM U3 BCEX CJIOB,
BCTPEYAONIMXCsI HETIOCPEICTBEHHO TIOC/IE CJI0Ba v. 3anminem log-npasaonomobue 31oii Mo-
JleJTM B BUJIE PErYJIsipU3aTOpA:

R(®,0) = Z Z Z Ndyw 1N Z Puotd;

deD ved weW, teT

rae @b, = p(w|v,t) — ycaoBHAS BEPOSATHOCTH CJIOB W MOCJE CJIOBA U B TeMe b Mgy, —
JacToTa OUrpaMMBbl «vw» B JOoKyMeHTe d. I'taBHBI HepocTtaTok Moaean BTM B Tom, uTo
OHA YYHUTBHIBAET TOJBLKO OMrpamMMmbl. Bropas mpobseMa B TOM, UTO YHCIO BCeX OUTpaMM
OBICTPO YBEJIMINBAETCS C POCTOM KOJLIEKIIWH, U MCII0JIh30BaTh Moaeab BTM nHa Gobrux
KOJIJIEKITUSTX 3aTPYIHUTETHHO.

Mozgens TNG (topical n-grams) [145] ycrpansger 9T HemocTaTKu. YCIOBHOE PACIpe-
JieJIeHIe CJIOB ONMUCHIBAETCS BEPOSTHOCTHON CMeChI0 P(w|v, 1) = &yt @l + (1 —Epwt) P, TAE
Eowt — TEpeMeHHasI, paBHas BEPOSITHOCTH TOTO, UTO Iapa CI0B «Vw» SBIAETCI OUrpaM-
moit B Teme t. B padore C. C. Crennna’ mokasano, 9To0 IpH HEKOTOPBIX HEe 0CO0O0 JKECTKIX
PeIIo/I0KeHUIX log-ipaB1onoodne 3Toit MOIE/N OIEHNBAETCS] CHI3Y B3BEIIEHHON CyM-
moii log-tipaBaonomobuit MmogabHOCTEH yHUrpaMM u durpamm B Mozen ARTM. JIpyruvu

4C. C. Crennn. MymbTHTpaMMHBIE 3 TATHBHO PEryISpH30BAHHBIE TeMaTHIecKue Moaenu. Marucrep-
ckas muccepranusi, DUBT M®TH, 2015.
http://www.Machinelearning.ru/wiki/images/4/4a/Stenin2015MasterThesis.pdf
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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. 9: TIpuMepbl TeM yHUIDAMMHO MOJEIN U COOTBETCTBYIOIIUX UM TeM OUrPAMMHON Mozeaun (Mo KO-
JekIuu crareil nayunoit koudepenruu MMPO).

crnoBamu, myabruMonaabaasgs ARTM moxkeT ObITH HCIOMB30BAHA 1S IOUCKA, TPUOTHKEH-
Horo pemenus B mojgenn TNG.

B Toit ke pabore ObLTIN TPOBEIEHBI SKCIEPUMEHTHI ¢ OUIPAMMHON MYTBTUMOIATBHOMN
mozenbio ARTM ua mebosbmioii (Menee 1000 JTOKYMEHTOB) KOJIJIEKIUH PYCCKOS3BIUHBIX
crareil HayuHoit koudepenuu MMPO (MaTeMaTHuecKue METO/bI PACIO3HABAHUSA 0Opa-
30B). Corocrap/ieHrie TeM YHUIDAMMHON 1 GUTPaAMMHOI MoJieseil MoKa3aso, 9To Mo TeMaM
OUTPAMMHOI MOJIEIN OMPOITEHHBIE TOCTOSTHHBIE YIACTHUKN KOH(DEPEHIINN MOTJIH OTIPe/Ie-
JINTH HAYUIHYIO IPYIIIY 1 JarKe aBTOPOB CTaTell, TOraa KaK 1Mo TeMaM YHUTPAMMHONR MOIEeTN
¢JieslaTh 9TO OBLIO MPOOJIEMATHYIHO, CM. pHUC. 9.

B ARTM n-rpamMHast MOJI€/Ib €CTECTBEHHBIM 00pa30M OMPEILIIeTCS KaK MYJIBTHMO-
JanabHadg, B KOTOPO I KarKJIO0TO M BBIJEISIETCA OTAeJbHAasd MOIAJTBHOCTL. Jlid mpe-
BapPUTETHLHOIO COKPAIEHUs CJAOBapeil n-rpaMM MOJXOJUT METOJ, MOUCKA KOJIOKAIHii
TopMine [41]. On smHeitno Macrrrabupyercst Ha GOJIbIHEe KOJUIEKIIME U MO3BOJIsieT (op-
MHUPOBATH CJIOBAPbh, B KOTOPOM KazKJiasi n-rpamMma 00/1a/1aeT TpeMsi CBOHCTBAMMT:

(a) WMeeT BBICOKYIO YacTOTY B KOJLIEKIIUH;

(6) coCTOUT W3 CJIOB, HECTYIAWHO YACTO OGPA3YIOIIUX N-TPAMMY;

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

MeTop!, mpeIozKeHHbIe B HocIeayomux paborax, SegPhrase [68] u AutoPhrase [111],
JIEMOHCTPHUPYIOIIHE €IIE JIyUIIHe Pe3yIbTATHI.

Burtepmbl. Kopomxumu mexcmamu (short text) HA3BIBAIOT JOKYMEHTBI, JJINHA KOTO-
PBIX He JIOCTATOYHA JJIsi HAJEKHOTO ONpe/ie/ieHnus X TeMaruku. [IpumepaMu KOpOTKHX
TEKCTOB sIBJISTIOTCS cOoD0IIeHus TBUTTEpa, 3ar0JIOBKH HOBOCTHBIX COOOIIEHU, PeKIaMHbIe
O0'bSIBJICHUS, PEIJINKHA B 3aIUCIX JIMAJIOIOB KOHTAKT-IIEHTPa, W T. . VI3BeCTHBI TTpOCThIE
MOJIXOJbI K TpobJieMe, HO OHH He BCerja MPUMEHHMBI: 00beINHATH COOONIEHUs 10 KaKo-
My-TH00 MPU3HAKY (ABTOPY, BPEMEHH, PETHOHY W T.JI.); CYMTATH KayKJ0e COOOIIeHHe OT-
JeJbHBIM JIOKYMEHTOM, pa3pexkuBast p(t|d) BIIOTH 10 €MHCTBEHHOI TeMBbI; TOMOJHATH
KOJUIEKIIMIO JUIMHHBIME TeKCTaMu (Hanpumep, crarbsivu Buknneaun). Ogaum n3 Hanbo-
Jiee YCIEIHBIX U YHUBEPCAJBHBIX IMOJXO/I0B K IMPOo0JeMe KOPOTKUX TEKCTOB CUYUTAECTCS
memamuueckas modeav bumepmos (biterm topic model, BTM) [148].

Bumepmom na3biBaeTcss napa CJI0B, BCTPEYAIONIUXCS PSIJIOM — B OJITHOM KOPOTKOM CO-
OOINeHNU WX B OJHOM MHpPEITOKEeHWH WJIH B OKHe t+h ciaoB. B orimmume or GurpaMmbl,
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MeXKIy IBYMs CJIOBaMHU OHTepMa MOTYT HaXOIUThCS Apyrue ciaosa. KoHKpernm3amus mo-
HATHS «PSIOM» 3aBHCUT OT IOCTAHOBKH 3aJa9d W OCOOEHHOCTEl KOJITeKITHH.

Mogens BTM onunchiBaer BepOSITHOCTH COBMECTHOTO MOsiBJIeHUsT cJoB (u,v). Mexomn-
HBIMU JTAHHBIMHA SIBJISTIOTCS 9aCTOTHI T, OMTEePMOB (U, V) B KOJUIEKIUH, W MATPUIIA Be-

posatHOCcTell P = (Pyy)wxw, TIE Puy = NOrm (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,

plu,0) = p(ult) p(v]t) p(t) = Cupun,

teT teT

re @ur = p(w|t) u m = p(t) — mapamerpsl TEMaTHYECKONH MOJEIH. DTO TPEXMATPUIHOE
paznoxenne P = ®IIPT rme Il = diag(my,...,mr) — auaronambHasg Marpuna. Momerb
OMTEPMOB He OIpeJesseT TeMATUKY JOKYMEHTOB © U M03TOMY He MOABepKeHa BIUSHUIO
3} eKToB, BHI3BAHHLIX KOPOTKUMH TEKCTAMH.

ARTM no3BoJisier 00beIUHATH MOJEIH OUTEPMOB ¢ OOBITHON TEMATHIECKONH MOJIEJIBIO,
YTOOBI BCE-TAKM MOJIYUHTH MaTpuily ©. Jlig storo Bo3dbMéM log-nipaBaonogodue Moe/
OMTEPMOB B KauecTBe peryaspusaropa ¢ KoddduiueHTom 7:

R((I)a H) =T Z Ny In Z PutPot Tt -
u,v t

[Tpumenenue ypasuenuit (13)—(14) k sTromy peryaspusaropy aaér dbopmynbt M-mrara:

Pwt = IL)OEI"%l (nwt +7 Z nuwptuw); (50)
ueW
Pruw = ntOeI'Tm(nthwthut). (51)

O1tn GHOpMYIbl HHTEPIPETUPYIOTCA Kak JgobaBieHue ncesdo-dokymenmos. Kaxkmpomy
cioBy u € W cTaBUTCS B COOTBETCTBUE ICEBIO-TOKYMEHT d,, OObEIUHAIONNI BCe KOH-
TEKCTHI CJIOBA U, TO €CTh 3TO MENIOK CJIOB, BCTPETHUBIIHUXCS PSIIOM CO CJOBOM U IO BCei
KOJLIEKIIMHU. UMCJIO BXOXKIEHWI CJI0BA W B ICEBIO-A0KYMEHT d, PaBHO T7N,,. Bcrmomo-
ratesibHble TIePeMeHHbIe Py, = P(t|u, w) coorBercTByior dopmyiae E-mmara nis nceso-
JIOKYMeHTa, d,,, eCJIH JOOIpee/IuThL ero TeMATHKY Kak fy, = notrm(ntgput). Jpyrumu cito-

BaMH, B MOJIeJI OUTEPMOB CTOJIOIBI MATPHUIIBI O, COOTBETCTBYIOIINE TCEBI0-T0OKYMEHTaM,
00pa3yroTcs MyTéM epeHOPMUPOBKHU CTPpOK MaTpuibl ® mo dpopmyse Baiieca.

VeemnmunBas K03pdOUIUEHT T, MOKHO J00UTHCS TOTrO, uT0o0bl Marpuna ¢ dopmupo-
BaJIach IMPAKTHYECKH TOJBKO 1Mo buTepmaMm. B takom ciaydae momenb ARTM mepexomut
B MOJI&/Ib OUTEPMOB, KOTOPas CTPOUTCS MO KOJIJIEKIHH ICeBI0-T0KYMEHTOB, 0€3 UCIO/Thb-
30BAaHUS MCXOIHBIX JTOKYMEHTOB.

Cetb cnoB. lges MogenmpoBaTh He JOKYMEHTHI, & CBA3M MKy CTOBAMHE, OBLTA IOJTOKe-
Ha B OCHOBY TeMaTHIeCKUX Mojeseil coerpedaemoctu ¢ioB WTM (word topic model) [31]
1 WNTM (word network topic model) [160]. JTroGombiTHO, 9TO GOsIee paHHsIsT My OJIHKAIHST
mozesn WTM ocranachk HesaMedeHHOIT (BHINMO, KaK He-GailecoBCKast), 1 BO BTOPO#l cTa-
The Jaxke Her ccbliky Ha Heé. Momesmm WTM u WNTM cBoggarca Kk npumenennio PLSA
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1 LDA cooTBeTCTBEHHO K KOJUIEKIUHU IICEBI0-I0KYMEHTOB d,,:

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

teT teT

Banurmem log-ipapaononobue mogenu p(w |d,) B BUge peryaspusaropa:

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 CTPOUTCSI MATpPHIA O I MCEeBI0-KOLIEKIINNI, TOTIa KaK B MOJIEJTH OUTEPMOB
© = diag(my, ..., m)PT u KOMUIECTBO MTAPAMETPOB BIBOe MeHbIe. Kak moka3aim skcnepu-
MEHTHI Ha KOJJIEKIIUAX KOPOTKUX TeKcToB, Moaeab WNTM HeMHOro IpeBOCXOIUT MOJIEb
OUTEPMOB M CYIIECTBEHHO MPEBOCXOAUT OOBIYHBIe Temarndeckne mogean [160]. Ha kos-
JIEKIIUSIX JIJIMHHBIX JIOKYMEHTOB TeMaTHUYeCKHe MOJIEIN COBCTPEYaeMOCTH CJIOB He JIAf0T
3HAYUMBIX IIPEUMYIIECTB Mepei OOBIIHBIMU TeMATHIECKUMU MOJIETSIMU.

KorepeHTHocTb. Tema HasbiBaercsi kozepenmiuotl (CoriacoBaHHOI), ecan Hanbosee da-
CThIe TEPMbI JIAHHOI TeMbl YACTO BCTPEYAIOTCS PsIOM B JIOKYMEHTaX KoJutekuuu [89).
CoBCTpeuaeMoCTh TEPMOB MOYKET OIEHUBATBCA 10 camoii Koutekiuu D [83], wiu mo cro-
POHHell KOJLIeKIuu, HanpuMep, mo Bukuneanu [86]. CpeHss KOPepeHTHOCTh TeM CYHTa-
eTcsi XOpOoIieli Mepoii WHTepIpeTnpyeMocTn TemaTindeckoil Mmozgesn [90].

[Tycts 3amanbl oneHKH coBMecTHOI Berpedaemoctn Cly,, = p(w|v) ayist map TepMoB
(w,v) € W2. O6bran0 C)Y)py OMEHUBAIOT KAK JOJIO JOKYMEHTOB, COIEP/KAIAX TePM U, B KO-
TOPBIX TEPM W BCTpeYaercda He gajee deM depe3 10 ¢I0B oT v.

Bamumrem dopmy:ty monuoit BepoaTHocTH p(w |t) = Y CiyyPypr 1 3aMEHEM B Hell yCI0B-
HYIO BEPOSITHOCTD (0, 9aCTOTHOI omenkoii: p(w |t) = Y Cyy ‘2. Beenéum peryaspusarop,
TPeOYIONTHiA, YTOObI HAPAMETPHI (0y; TEMATHIECKONH MOJE/N ObLIN COTJIACOBAHBI C OIEHKA-
mu p(w|t) B CMBICTE KPOCC-IHTPOIIH:

):TZnt Zﬁ(w\t)lmpwt.

teT weWw

®opwmyaa M-mara, cormacho (13), mpuHEUMaeT BU

pur =m0l (nwt +7 Z vanvt>- (52)
veW\w

910 criaaxkKupaiomuii peryasgapu3arop. OH yBeIMINBAET BEPOITHOCTH TepMa B TeMe, eC/In
TePMbI, C KOTOPBIMH OH 9aCTO COBMECTHO BCTPEYAELTCsI, OTHOCATCS K JaHHOi Teme. TodHo
Takast e ¢dopmyaa noaydnaack B [83] miast momenn LDA n ajropurtma cOMILIHPOBAHMS
['u606ca, HO ¢ OoJiee CJIOKHBIM 0DOCHOBaHUEM 4epe3 0000IEHHYI0 YpHOBYIO cxemy [loiis,
u ¢ OoJiee CIA0XKHON IBPUCTUIECKONH OMEeHKOi C'yyy.

B paGore [86] mpeioxken Ipyroil peryisipu3aTop KOrepeHTHOCTH:

@) =T Z In Z Cuvcput(pvta

teT u,veW
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B KOTOPOM OIleHKa coBMecTHOH BeTpedaeMocTu (', = Ny, [PMI(u, v) > 0] OIpeIeseTCs
qepes nomoueunyto e3aumnyto ungopmayuto (pointwise mutual information)

| D[ Nuw

53
NN, ’ (53)

PMI(u,v) = In
e N,, — 9HuCJI0 JIOKYMEHTOB, B KOTOPBIX TEPMBI U,V XOTS Obl OJWH Pa3 BCTPEUAIOTCS
psiiom (He nanee, wem depe3 10 cioB), N, — UHCIO JOKYMEHTOB, B KOTODBIX TEPM U
BCTpEUAETCHI XOTs OBl OIUH pa3.

Takuwm obpa3om, eMHBI MOAX0/1 K ONTHUMHU3AIMN KOTePEHTHOCTH TI0Ka, He BhIpaboTaH.
[Tpeataraevbie KpuTepun MOXOXKHW HA MOJIEJIM OMTEPMOB U ceTu cjaoB. Bee onu dopma-
JIN3YIOT OOIIYI0 HJIEI0, 9TO €CJAN CJI0Ba YacTO COBMECTHO BCTPEYAIOTCS, TO OHU MMEIOT
CXOXKYIO TeMaTHUKY.

Mopenn BeKTOpHbIX NpeacTaBAeHNiA CAOB CTaBAT B COOTBETCTBHE KayKIOMY CIIOBY W
BEKTOP V,,, puKCupoBaHHOi pazmepHocTr. OCHOBHOE TPeDOBAHUE K 3TOMY OTOOPAKEHUTO —
9TOOBI OJIM3KHUM TIO CMBICY CJIOBaM COOTBETCTBOBAIN Ojim3Kume BeKTOpb. CortacHo duc-
mpubymuenot zunomese (distributional hypothesis) cmbica cioBa onpezessiercs: pacmpe-
JIeJIEHHeM CJIOB, B OKPY2KEHHH KOTOPBIX OHO BeTpeuaercs [47]. CioBa, BeTpedaronmmecs
B CXOKHX KOHTEKCTaX, HMEIOT CXOXKYI0 CEeMaHTHKY U, COOTBETCTBEHHO, OJKHBI UMETh
6m3kue BekTopbl. g dbopManuzanun 5Toro npuHImna B [78, 79| npemmaraercs HeCKOIb-
KO BEPOSITHOCTHBIX MOJIeJIeil, BCe OHU pean30BaHbl B iporpamme word2vec. B vactHocTn,
Motes1b skip-gram mpecka3biBaeT MOsiBJIEHNWE CJI0OBA, W B KOHTEKCTE CJIOBA U, TO €CTh TPU
YCJIOBUHU, YTO CJTOBO U HAXOTUTCH PSIIOM:

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

p(w|u) = Soitel\v/I[/ax (U, V) = Iivoervg/n(exp (V) I/u>) =
re (Vy, Vy) = Y, VwtVur — CKAJISIPHOE HPOM3BEIeHNe BEKTOPOB. B omimane or Temarmde-
CKHX MOJIeJIeil, HOPMHPOBKA BEPOATHOCTEl MPOU3BOINTCA HEJNHEIHBIM IIpeo0pa30BaHIeM
SoftMax, a caMi BEeKTOPHBIE IIPEJICTABICHAS CJIOB HE HOPMUPYIOTCSI.
Jlist obyueHust MOIEIM pemaercst 3a1a49a MakcumMu3annn log-npasrononodus, Kak mnpa-
BUJIO, IPAMCHTHBIMU METOIAMMU:

Z Nyw I p(w|u) — max.
u,weW {vw}

ITocTamoBka 3a1a49n 0YeHb TOX0XKa Ha TeMaTndeckue Moaean BTM u WNTM. Monean
ceMeiicTBa word2vec u JIpyrue MOJEeJUd BEKTOPHBIX MPEICTABJIEHUNA CJI0B TaKzKe SBJISIOT-
Csl MATPUIHBIMU pazjioxkenusmu [64, 97, 69|. TaBuoe oTuvme 3aK/I09IATCS B TOM, YTO
B 3TUX BEKTOPHBIX MMPEJICTABIEHUSIX KOOPANHATHI HE HHTEPIPETHPYEMBI, HE HOPMUPOBAHBI
1 He pa3perkeHbl, TOrIa KaK B TeMAaTHIECKUX MOJIEJISIX CJIOBAM COOTBETCTBYIOT pa3perKeH-
Hble IHCKpeTHbIe pacnpeeaenus: rem p(t|w). C apyroi ¢TOPOHBI, TEMATHYECKHE MOJIEIN
N3HAYAIBHO He IpeIHA3HAYAINCH IS ONpeIe/eHisT CeMaHTHIeCKOil OJTM30CTH CJIOB, IO-
9TOMY JeJal0T OHH TO ILIOXO.

B [100] mpesioxken cmocob MOCTPOCHUST MEMAMUNECKUT 6EKMOPHLLL NPeOCmasierud
caos (probabilistic word embedding, PWE) 1o miceBao-kosiekiun J0KyMeHTOB, aHAIO-
ruaabiii Mmogeaam BTM n WNTM. B 3amauax ceMaHTHIecKoit OJIM30CTH CJIOB OHH KOH-
KYPUPYIOT ¢ MOJEIIME Word2vec U CYIIeCTBEHHO ITPEBOCXOJAT OOBIUYHBIE TeMaTHUeCKHe
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Accoumnayus Pe3synbratr ARTM Pe3ynbrar 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. 10: Ilpumepsl perienus 3aja4d accormanuii cmos mias Mozeneir ARTM u word2vec. Ilpusogsarcsa
qeThipe Hanbosee OJU3KHIE ACCOITHAINMT.

Mmojiesin. [Ipu 9TOM TemaTn4yeckne BEKTOPHBIE MPEJICTABICHUS SIBISIOTCS UHTEPHPETHPY-
eMBIMI W pa3pekKeHHBIMU. VICmomb3ysa Kpocc-35HTPONUHBIE Peryasapu3aTOpbl, pa3pesKeH-
HOCTb BEKTOPOB yaaérca mosoauTh 10 93% 6Ges morepn kagectsa. Ha puc. 10 mokasaHbl
IPUMepPHl PeIleHus 3314l aCCOIUAINi CJIOB ¢ IMOMOIIBI0 MOAEeH, MIOCTPOEHHLIX 10 aH-
IIOA3LIYHON Bukumemum.

KonuuecTBeHHble olleHKH IOKa3biBaioT, uTo PWE pemraer 3amadym acconualiui CJIOB
HAMHOT'O JTy4IIte OOBIYHOI TeMaTndecKoil Mmogean LDA, Ho He ¢TO/Ib yCIemno KOHKY pUpyeT
C JIyUIUM MOJesiM ceMmeiicTBa word2vec, Kak B 3ajadax CeMaHTHIeCKOil OJIM30CTH.

B 3agaue cemanTuueckoit 6;iu3octu 1oKkyMenToB PWE yBepeHHO omepekaioT BeKTOp-
uyto mozaens DBOW [35], cienuaibao pa3paboTaHHYIO ISl TTOUCKA CEMAHTHYECKH OJIH3-
KIX JOKYMEHTOB.

Kpowme toro, APTM mo3Bosisier 0000IMUTh TeMaTHIecKue MOJENH JUCTPUOYTUBHON
CeMAHTUKHU JIJIsT MyJTbTUMOIATBHBIX Kojutekruit [100]. Vcnonb3yst JaHHBIE O COBCTpeva-
eMOCTH TOKEHOB Pa3/JIHYHBIX MOJAJLHOCTEH, BO3SMOXKHO CTPOUTH MHTEPIPETHDYEMbIe Te-
MaTHYeCKHe BEKTOPHBIE MpeJICTaBJIeHus JIjIsI BCceX MojajabHocTeil. B To ke Bpems, npu-
BJICYEHHE JIONOJTHUTETLHON MHMOPMAIMU O JIPDYTUX MOJAJIHHOCTSAX IOBBIIAET KAv4eCTBO
perrreHnst 3372491 OJU30CTH CJIOB.

13 TemaTunyeckasi cermeHTauunst TEKCTOB

I'mmoresa «Mernka CJIOB» U IIpeamnoJgaozkKeaue o CTATUCTUIECKON HE3aBUCUMOCTH cocea-
HHUX CJIOB IIPpUBOAAT K CJIUIITKOM 4aCTONH XaOTHYHOI CMEHe TeMaTUuKHU MeXK 1Yy COCeJHUMUN
caoBamu. Ecian npocaeaguTb, K KaKUM TeMaM OTHOCATCA IIOCJaea0BaTe/JIbHbIE CJI0Ba B TEK-
CTe, TO TeMaTH4YeCKad MOJEJIb B IIE€JIOM IIOKazKeTCd HE HaCTOJIbKO XOPOIIIO HHTEPIIPETUPY-
eMOfI, KaK paHXKHNpPpOBaHHBIE CIIMCKH HanboJjiee YJaCTOTHBIX CJIOB B TeMax.

Temarudeckue Moje/i CerMeHTAIMM OCHOBAaHbI Ha 0o0Jiee PEAJTUCTHUIHBIX THUIIOTE3aX
0 CBI3HOM TeKcTe. Karkmoe mpeiioKenne, Kak MPaBUI0, OTHOCUTCS K OTHOW—TBYM TeMaM.
Crenyrolree mpeaToKeHne, Kak IPaBUIO, MPOJ0IKAET TeMATUKY Tpeabayinero. Cvena
TeMBbl Jallle MPOUCXOANT MerK/1y ab3alaMu, elié Jalie MeK/Iy CEeKIusIMu JoOKyMenTa. Kaxk-
J0€e TIPeJII0YKeHNe MOYKHO CUUTATh «MENTKOM CJIOBY WM «MENTKOM TEePMOBY.

TemaTuyeckass mogenb npeasioXXeHui. JlomycTum, 9To KaxKablit TOKYMEHT d pas3OuT
HA MHOYKECTBO CETMEHTOB Sy. TO MOTYT OBITh HMpeI0KeHusi, ad3aIbl W (hpasv, — CUH-
TAKCUIECKW KOPPEKTHBIE 9acTu npetoxkenuit. Ob0o3HaIMM 1depes ng JJINHY CErMEeHTa S,
Yepe3 Mg, — UUCTO BXOKIEHWN CJI0BA W B CETMEHT .
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[IpeamoioKuM, ITO BCe CI0OBA CeIMEHTa OTHOCATCA K OJTHOI TeMe U 3anuiieM (hyHKITHIO
BEDOSITHOCTU CerMeHTa s € Sy 4epe3 mapaMeTpPhl TeMATHIECKOH MOJETH Oy, Oig:

p(s|d) = Zpt|d pr|t"sw—29tdng0"sw.

teT wes teT wes

Bynem cunrtarh KaxKaplii JOKYMEHT «MeIKOM CerMeHTOB». Torna hyHKIMS BePOSITHO-
cTH BBIOODKH OyJ/ieT paBHA NMPOU3BEJIeHUI0 (DYHKIUI BeposTHOCTH cerMeHTOB. [locTtaBum
3a/[a9y MaKCUMU3aIUU CyMMbI log-mipaBiononodus u peryJisipusaropa R

DD ) Ou]] el + R(®,6) = max, (54)

deD seSy teT wWES

npu 00brHBIX orpanndenusix (11). B wacrHom ciaydae, Korjga KasKblii CEPMEHT COCTOUT
TOJIHKO M3 OJHOTO CJI0BA, JaHHAs 3ajaada mepexoaut B (10).

Bamernm, ato (54) sIBIIsIeTCsST 9aCTHBIM cirydaem runeprpadooii Mmogenn (36), B KoTo-
poii pébpa rumeprpada coOOTBETCTBYIOT IPE/ITOKEHUSIM, 1 KaK/10€ pedPO COCTOUT U3 BCEX
CJIOB JIAHHOTO TPeITOKeHUs.

Teopema 5. I[lycrs ¢pyukmmus R(P,O) menpepsisro anggepernnnpyema. Touka (P, O)

JIoKaibHOro sKcTpemyma 3agaqan (54), (11) yaosmerBopsier cucreme ypaBHeHHIT cO BCIoO-
MoraTeJbHBIMA MEePEMEeHHBIMH Pygs = p(t|d, s):

Ptds = norm(Qtd H SOwt )7

wEeES
OR
Puwt = nor{g/n (nwt + Pt B ) Nyt = Z Z [w € 5] Pras;
we Put deD seSy
OR
O = norm| n + 6 Ngg = N
td 2 ( td td 39td) td sezsdptd

AnanornaueIM 00pa30M 3ajiada CTABUTCS JIIs Mojenu npejoxennii senLDA [19] u
JUIsT MOJesin KOpoTKux coobmiennit Twitter-LDA [157]. B ofoux ciaydasgx peryispusa-
TOPOM SIBJISIFOTCsI anpuopHbie pacnpegenenus: Iupuxie. B mogenn Twitter-LDA B posan
JIOKYMEHTOB BBICTYIIAIOT aBTOPBI, B POJIM CEI'MEHTOB — BCE COODIIEHUS JIAHHOTO aBTOPA.

Tematnyeckas mogenb cermeHtaumun. Temepb paccMoTpuM OoJee CIOXKHBIH Caydail,
KOIJIa TEKCT COCTOUT U3 NPEJJIOKeHuit, u Tpedyercs oObeJIUHUTh X B Oojiee KPyITHbIE
TeMaTU4YeCKNe CerMEeHTbI, 'PAHUIIbI KOTOPBIX 3apaHee He OIpe/esIeHbI.

Memod TopicTiling [106] ocuoBan nHa mocr-o6paborke pacupenenennii p(t|d, w;),
1=1,...,n, MOJIy9aeMbIX KaKOH-Tn00 TeMaTHIeCKOi MoIesbio, Hanpumep, LDA. Onpeme-
JIIM TeMaTHKY TIpe/JIoZKeHHs s KaK cpejHion TeMaTuky p(t|d,w) Bcex ero cios®. Ilocun-
TaeM KOCHHYCHYIO OJIM30CTh TEMATUKU J7I BCeX Tap COCeTHUX mpeaokennii. Yem ryOze
JIOKATBHBIE MUHAMYM OJIM30CTH, TEM BBIIIIEe YBEPEHHOCTD, YTO MeK/Ty JTaHHO Mapoil mpei-
JIozKeHuit npoxoauT rpanutia cermenToB. Meroy TopicTiling ucro/ib3yer Hadbop IBpUCTHK
JIIST TIOJI00paA YUC/Ia IPEJJIOYKEHUit ¢/ieBa U CIpaBa OT JIOKAJIbHOIO MUHUMYMa OJIN30CTH,

STounee, B [106] mpearamsoch a1 KazI0ro caoBa BeOMpaTh Hambomee epoaThyto Temy. Oba Bapu-
aHTa UMEIOT MPaBo Ha cyiecTBoBanue. Kakoit u3 HuX Jydine, OKa He HCCIETOBAHO.
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OTIpeJIeTIeHNsT YUCJIa CeTMEHTOB, MOAO0Opa YUCIa TeM W YHCJIa UTePaluii, ITHOPUPOBAHUS
CTOI-CJIOB, (DOHOBBIX TeM U KOPOTKHUX MpeToyKeHnil. AKKypaTHas HACTPOIKA MapaMeTpoB
9TUX IBPHUCTHK MO3BOJISIET JTOCTHYhL BBHICOKOTO KadecTBa cermenTannu [106].

TopicTiling He sBjIsSIeTCS MOJHONEHHOI TEMaTUYECKOH MOJIE/IHLIO CErMEHTAIUN TeKCTa,
MOCKOJIbKY TIOCT-00pabOTKa HUKAK He BJIMSET Ha caMi TeMbl. dTOObI HAWTH TeMbl, HANOO-
Jiee BBITOJIHBIE JITIS CeIMEeHTAIluN, TPeOYeTcs CIeNUaJIbHbIi Peryaspu3aTop.

Perynsipnsatop E-wara. Hekoropsie TpebOBaHMS K TeMATHIECKON MOJETN YA0OHEe BbI-
pazkaTh depe3 pacrpeleeHust Dy, = p(t|d, w), a e depes @, n 0yy. Hampumep, Tpebdo-
BaHHUA CXOJCTBa TEMAaTHUKNW TEPMOB BHYTPpH Hpe,ZLJIO)KeHI/II'_/‘I njanm MexK/Jy COCeJHUMU IPeaJIo-
KEHUAMN. OHI/I MMO3BOJIAIOT YYUTHIBATH MOPAJOK CJIOB BHYTPpU JOKYMEHTOB B O6XOIL TUIIO-
Te3bl «MEITKa CJIOB». B 0bImeM ciryvae oHE BBIpazKaloTcs B Buje peryaspusaropa R(I1),
rie 11 = (praw)Tx Dxw — TPEXMEpHAsi MATPUIIA BCIOMOTATETHHBIX TEPEMEHHBIX.

Bynem mpennonarars, 9ro R gBISeTCS TOCTATOYHO IIAIKONH (DYHKIHeH BCeX mepeMeH-
HBIX Pygy- KPOME TOTO, Cl1e/1aeM BIIOJIHE €CTECTBEHHOE JIOMYIIEHNe, 9TO €C/IU CJIOBA, W HeT
B JIoKyMeHTe d, To MyHKIHS [ He 3aBUCUT OT IMePEMEHHON Pigy, -

Cornacuo ypasueruio (12), marpuna I1 ssisercsa dyuknueit or @ u ©. [Tosromy K pe-
ryagpusaropy R(II(®,0)) B moanoit mepe mpumenmva teopema 1. [Ipm stom cucremy
ypaBHeHHIi yIo0Hee 3aluCcaTh Yepe3 JacTHhIE MPOU3BOIHBIE PEryISIpH3aTOPa MO BCIIOMO-
raTeJIbHBIM IIepeMeHHbIM H

Paccmorpum 3a/1auy MakKCUMU3AIUN PEryisspu30BaHHOrO log-paBaonopodus ¢ JIByMsi
peryispu3aTopaMi, OJUH U3 KOTOPBIX 3aBUCUT OT II:

DD nawlnd | uibia+ RII®, 0)) + R($,0) — max, (55)
deD wed teT .0
IIPU OTPAHUYEHUSAX HEOTPUIATETHLHOCTH U HOpMUpoBKH (11).
Teopema 6. Ilycrs pyaknun R(II(P,0)) u R (P, ©) menpeprisraO Muchpeperimpyembl
u pynkmst R(I1) mHe 3aBucnT OT MepeMeHHBIX Py, B Caydae ng, = 0. Toraa rouka (P, O)

JIOKaJIbHOTO 3KcTpemyma 3agaqn (55), (11) yaosmerBopsier cucreme ypaBHeHHiT co BCIo-
MOTaTeTbHBIMA MEePEMEHHBIMH Pigy, = P(t|d, w) o Pray:

Ptaw = H?el"Tm (Sf?wtetd); (56)

Ptdw = Ptduw (1 + L ( aptdw Z Dzduw adew) )) , (57)

ur = norm ( > NawPraw + Pu ;jt) : (58)
deD

Ora = norm ( wzed NwPidw + Ora géj;) (59)

JlokazaTeTbcTBO TEOpeMbl YA00OHO OPOPMHUTDH B BUJIE CJAEAYIONIHX TPEX JIEMM.

Jlemma 1. Jnss pyakmmm pyg, (P, 0) = % u moboro z € T

ptalw(1 _ptdw>7 t= Z;

0 zdw 0 zdw
—PtdwPzdw, t 7£ Z.

Pwt 7 8g0 td an 90,4 = Dtdw _pzdw) =

wt
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HokazarenbcTBo. Bocnosb3yemest opmynamu (12) 11 epeMeHHBIX Py

© apzdw _ 0 ( (pwzezd ) _ [Z:t] etd Zu (pwueud - etdgpwzezd _
v a(;Dwt ! a()Owt Zu (pwueud ! (Zu (pwueud)2
= Ptdw [Z:t] — PtdwPzdw = ptdw([Z:t] - pzdw);
apzalw o 0 (pwzezd o [Z :t] Puwt Zu (pwueud - (pwtcpwzezd o
Ora—— = Oua = b 5 =
a Pid aetd Zu prueud (Zu (Pwueud)

= Ptdw [Z:t] — PtdwPzdw = ptdw([z:t] - pzdw)-

Jlemma mokasaHa.
Breném dyHKIEIO OT BCrioMoraTe/ibHbIX mepeMeHHbIx [1:

OR(I) S OR(IT)

ap tdw ap zdw

Quaw (I1) =

zeT

JIemma 2. [lycrs R(II) He 3aBucHT OT mepeMeHHBIX Pygy, 1TpH W ¢ d. Torma Bce wacTHbIe
npomzsognbie peryisipusaropa R(I1) Beipazkarorest wepe3 Qi :

Z Ptaw Qtdw (11); 9td Z Ptdw Qtdw (11

deD wed

HoxkazareabcTBo. Bocronb3yemcest (hopmyiioit quddepennupoBanms CJI0KHOM (DyHK-

apzdv apzdv R(H)
I U TE€M, 9TO =0npn w #v; —— =0mnpu t # z; =0 opun w € d:
wt aetd a Ptdw
Pw = Puw 3 (60)
e Pwt ! ; apzdv a()Owt deZD ZGZT pzdw a(;Dwt
8R apzalv H apzdw
) =0 ) 61
" aetd " Z apzdv bia Zl Z; Opea 00 (&)
B cuity siemmbl 1 cripaBejinBo TOXKI€CTBO
Z H apzdw Z H apzdw _
2T apzdw a(;Dwt apzdw aetd
OR(I1 OR(II
- Z a ptdw Z_t] _pzdw) = ptdw( P ( )_Z Pzdw 9 ( )) = ptdetdw (H)
2T Pzdw 'Pdw 2T Pzdw

[ToncranoBka moyIeHHOTO Bhipazkenus B (60) u (61) 3aBepimaer T0Ka3aTEIbCTBO.

Jlemma 3. Pemrenne ®, 0 3ajaun (55) yJaoBraeTBopsieT caeAyoIeii cacreMe ypaBHEHHI
OTHOCHTEJTBHO MEPEMEHHBIX ¢, Org T BCIIOMOTaTETBHBIX TTEePEMEHHBIX Dy,

Praw = 10T (Punbra); (62)
OR'
Put = TOLIN ( Z NdwPtdw + Z QtdwPtdw + Pwt 7 B ) ; (63)
deD deD Put
Orq = norm Z n + Z Q +6 OF (64)
td 2 dwPtdw 2 tdwPtdw td Ay 90,
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DTa JIeMMa SIBJISEeTCS HEeIOCPeJICTBeHHBIM CIeJICTBHEM TeOpeMbl 1 H JIeMMBI 2.

Ocraoch TOMBKO 3aMETUTh, UTO BbIJIEJIEHHE BCIOMOTATETbHON TMepeMeHHON Dyg, CO-
rracHo (57) mo3BoJiger nepenucath ypasuenns (63) u (64) B rpebGyemom Buze (58)—(59).

Teopema mokazana.

Takum obpazom, B EM-anropurMe 1ig KazkK/I0ro J0KyMeHTa d CHAYAIA BBITHCISTIOTCS
BCIIOMOTATE/IbHBIE TIEPEMEHHBIE Pygy,, 32TEM OHU TPEOOPA3YIOTCS B HOBBIE IEPEMEHHBIE Dygyy
KOTODbIe MOACTaB/IA0TC B opmymnst M-mara (13)—(14) BMecTo pigy. Takoit crocob BbI-
YUCTeHNN OyJIeM Ha3bIBaThb pezyaapusauuet E-waza nim nocm-obpabomroti E-waza.

3aMeTuM, 4TO MepeMeHHBIE Dig,, MOTYT IPUHAMATH OTPHUIATETbHBIE 3HAYEHHA, TOITOMY
B 00IeM cJiydae OHH He 00pa3yioT BEepOSITHOCTHBIX pachpejenenuii. Tem He meHee, Jisd
HUX BBITIOJTHEHO YCJIOBUE HOPMUPOBKH Zt Dtaw = 1.

PaspexxuBaHue pacnpepenenuii p(t|d,w). Tlorpebyem, 9To6B KazKablii TEPM B JOKY-
MEHTE OTHOCHJICS K HeGOJIBIIOMY ducjy TeM. J[jist 9Toro OyaeM pa3peKuBarTh pacipejie-
nenust p(t|d, w), makcumusupyst ux KL-quBepreHiun ¢ paBHOMEPHBIM PaCIpeieIeHIeM:

KL(l—%‘ | p(t]d, w)) — max.

CyMmMupyst IO BCEM TepMaM BCeX JOKYMEHTOB, TOJIYIUM PeryIspu3aTop:

R(IT) = —é Zanw Zlnptdw — max.

deD wed teT

[TogcraBuM MPON3BOIHYIO

OR(II) T New

apzdw B |T|pzdw
B dopmyay (57):
ptdw = Ptdw — T(ﬁ - ptdw)'

Takum 06pa3oM, eCIu I HEKOTOPOIl TeMbI Digyy < ﬁ, TO Ha CJICIYIOIel uTepanun
BEPOATHOCTD Py IS JAHHOTO TepMa w CTaHeT emné MeHbIIe. TemaTmka TepMa Oyaer
IIOCTEIICHHO KOHIEHTPUPOBATLCA B HEOOJIBITOM YHCIIE TEeM.

Emgé onna uHTepOpeTanysa 3TOr0 peryIdapu3aTropa CaeayeT U3 BO3MOKHOCTH 3alllCaTh
peryasgpuzanuio E-mara 5KkBUBATEHTHBIM 06pa3oM depe3 dopmyiast M-mara (63)—(64):

1 Tt 1 OR’
wt — NOTIN| Nyt — TN | =5 — — wt =~ |5
Pot = D\ et 7] ) T 00,

1 n OR'
Qtd = n]?e%m (ntd — TNgq (m — n_tdd) —+ etdﬁtd> .

Eciu Heperyisipu30BaHHBIE 9aCTOTHBIE ONEHKH YCJIOBHBIX BeposiTHOCTel p(t|w) = el g
p(t|d) = "4 CTAHOBSTCS MEHbIIe BePOSTHOCTH PABHOMEPHOTO PACIpe/ie/IeH s %T‘, TO IPO-
MCXOUT Pa3PesKUBAHNE PACTIPEACICHUN Oy U Oyg; C UTEPAIUAMI UX 3HAYCHUSA YMEHbIIA-
I0TCSI U MOT'YT O0paIlaThCcs B HYJIb. TaKuM 00pa30oM, TPOUCXOIUT COIVIACOBAHHOE Pa3peKu-

Banue Matpur ¢ u ©, o ynpasieHueM OHOTO 001Iero Ko3MUIneHTa Peryaspu3aiim 7.
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PaspexuBatownii perynspusatop E-wara gns cermentaumu. Baxwueiimas ocoben-
HOCTH peryigpu3aTopa E-mrara 3aka04aercs B TOM, YTO OH IIO3BOJISET YUUTHIBATH CO-
CeJICTBO CJIOB BHYTPH JOKYMEHTa B OOXOJ T'MIOTE3bI «MeIKa CJIOB». lIpuMenum pery-
JIAPU3aIUTO E—maFa AJIgd TIOCTPOEHUA TEeMaTU4dEeCKOMI MOZeJIn CerMeHTUPOBaHHOT'O TEKCTa.
Ompenenm TeMATHKY CerMeHTa § € Sy Kak Cpe,ZLHIOIO TEMaTHUKYy BCEX ero TePMOB:

Ptds = t‘d S ZP t‘d w (w|3 Znswptdw

wes wes

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

R(H> =7 Z Z Z In Z N swPtdw- (65)

deD seSy teT WES

Omyckast pyTHHHBIe BBIKJIAJIKH, MPUBEIEM pe3ybrar nojacranoBku (65) B (57):

~ T Nsw 1 Pzdw
DPtdw = Ptdw 1— (—— ))
! ! ( Ndw Z N Dtds ZGZT Dzds

SESy

Xots hpopMyJ/ia BBITVISLIAT TPOMO3IKOM, 3(DMEKT MIpUMeHeHUs Pery/isipu3aTopa NOHATh
He TPYIHO. K/ BepOSITHOCTD Pigs TEMBI B CEIMEHTE OKAKeTCsl MEHbIIe HEKOTOPOTO I0-
pora, TO BEPOATHOCTH Pigy, OYAYT YMEHBIIATHCS JIIS BCEX TEPMOB W JAHHOTO CErMeHTA.
B uTore Temarmka KazKI0ro cerMeHTa CKOHIEHTPUPYETCA B HEOOBIIOM UHUCJIE TEM.

B pesynbraTe paspeKumBaHUs TeMaTHKa COCEIHUX CEIMEHTOB MOYKET OKa3aThCs OJIM3-
KO, U WX MOYKHO Oyaer oObeJIWHNUTh B OAWH TeMaTudeckuii cerment. Hazopém temy ¢
¢ MakcuMaJbHBIM 3Hadenuem p(t|d, s) domunupyroueds memoti cermenta s JOKymMeHTa d.
Eciim Tema goMuHHpyeT B COCEHMX CerMeHTaX, TO OHa OyJeT JOMUHHPYIOIIEH W B UX
oobeauHeHnu. Ecimu o0be IMHUTH MOCTeI0BaATE/IbHBIE CEIMEHTBI ¢ OJJMHAKOBOW JTOMUHUDPY-
fomeil TeMoit B oiMH 60J1ee KPYIHBIA CEIMEHT, TO JaHHas TeMa TaKyKe OCTAHeTCS B HEM
JIOMUHUPYIOIIEH. DTO MPOCTasi arJoMepaTuBHASI CTPATETHsT TEMATHIECKOIl CerMeHTaInn.
B ortmamne ot TopicTiling, y Heé HeT 9BpuCTHYECKHUX TTApAMETPOB, KOTOPbIE HAJI0 HACTPa-
UBaTh, U OHA MOYTH HE YBEJMYUBAET BpeMs 1OCT-00paboTku E-rmara.

14 Kputepnn kadyectBa TeMaTNHeCKNX Moaeneii

Kpurepun KadecTBa TeMATHYCCKHX MOJEICHl NPHHATO [eJUThL Ha BHYTPEHHHE
(intrinsic) u BHemHue (extrinsic). Buympennue kpumepuy, XapaKTepU3yIOT KAIeCTBO MO-
JIeJTI IO MCXOHOI TeKCTOBOH KOJUIeKIINU. Brewmue kpumeput ONEeHHBAIOT IOJIE3HOCTD
MOZeJIn C TOYKHU 3pEHUA NMPUJIO2KEHHUA W KOHETHBIX I0JIb30BaTeJIe. MHOFﬂa IJId 9TOTr0
MPUXOUTCST COOMPATH JOTOJHUTEIbHBIE JaHHbIe, HAIIPUMED, OIIEHKU acecCOPOB.

BHewHne kputepun kpaiine pa3HooOpa3HbI U 3aBUCIT OT PeNIaeMoil MPUKJIAIHON 3a/1a-
. [[pakTudeckn B KaxKJI0i MyOJTUKAIIIN 110 TEMATHIECKOMY MOJIETUPOBAHUIO UCTIOJIb3Y-
ercsi KaKOH-T00 BHEIIHWI KpuTepuii: KauecTBo Kaaccudukanuu 0KyMenTos [109], Tou-
HOCTb ¥ MOJIHOTA MWHMOPMAIMOHHOTO ToucKa [151, 14, 7, 12|, 4ucsio HaiiIeHHBIX XOPOIIO
wHTEpHpeTupyeMbix tem [17], kadecTBo cermentarun TekctoB [106]. B [34] npepraraercs
METOJIMKa JUATHOCTHKY MOJIesieil, OCHOBaHHAs Ha COMOCTABJICHUU HAWJIEHHBIX TEM C 3apa-
Hee M3BECTHBIMU KOHIIENITaMH.
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Mepnnekcus. HauGosmee pacumpocTpaHEHHBIM BHYTPEHHUM KDPHTEPUEM SIBIISIETCS nep-
naexcus (perplexity), ucmosb3yemast [IUisl ONEHUBAHKS MOJIeNIell S3bIKa B KOMIBIOTEPHOI
JIMHTBUCTHKE. DTO Mepa HeCOOTBETCTBHUS WU «YAUBIEHHOCTH» Mojesnn p(w |d) TokeHam w,
HAOTI0TaeMbIM B JIOKyMeHTax d kojtekiuun D. Ona omnpejesnsiercss depes log-mrpaBmaomno-
no6ue (8), mmbo gepes log-npasgonogodue (27) KazxK 10 MOJATBHOCTH M

perp,,(D;p) = eXp(—LZ > Naw 1np(w|d)), (66)

™ deD wewm™

THe Ny = >, Y. Ngy — JUIAHA KOJUIEKIUA [0 M- MOJATBHOCTH. eM MeHbIe Tep-
dED weW™
H.HeKCI/IH, TEM JIy‘HHe MO/JeJIb p Hpe,ZLCKaBbIBaeT IMOoABJIEHUE TOKEHOB W B ,Z[OKyMeHTaX d

[lepmiekcusgs mMeeT CJAeAYIONIYIO HHTEPHpETAIuio. Ecaum TepMbl w MOPOXKIAI0TC
3 paBHOMepHOTO pacmpenenenns p(w) = 1/V wa ciaoBape momuoctu V', TO meprmiek-
cust Mojiesin p(w) Ha TAKOM TEKCTe CXOAUTCS K V' ¢ poCcTOM ero JyiuHbl. YeM cuibHee
pacrpesesnerne p(w) OTIMYAETCS OT PABHOMEDHOTO, T€M MeHbIIe TepIieKcusi. B ciydae
YCJIOBHBIX BepositHOCTel p(w |d) MHTepHpeTaysi HEMHOTO JApyras: eCau KazKIbli JOKY-
MEHT TeHepupyeTcs u3 V' pPABHOBEPOSTHBIX TEePMOB (BO3MOMKHO, PA3JIUIHBIX B PA3HBIX
JOKYMEHTaX ), TO MepILIeKCUs CXOAUTCs K V.

HenmocraTkom mepriekcuu sBIgeTcsa HeOUeBUTHOCTD €€ YUCTeHHBIX 3HAUEHN, a TaKzKe
e€ 3aBHCUMOCTD HE TOJBKO OT Ka4ecTBA MOJIE/IN, HO W OT Psijia MOCTOPOHHUX (haKTOPOB —
JUIMHBI JIOKYMEHTOB, MOITHOCTH W Pa3pPEKEHHOCTH CJI0Bapsi. B 9wacTHOCTH, ¢ MOMOIIHIO
HEePIJIEKCHU HEKOPPEKTHO CPABHUBATH TEMATHIECKNE MOJIE/IN OIHO U TOil Ke KOJIIeKITIH,
IOCTPOEHHBIE HA PA3HBIX CJIOBAPIX.

O603uaunM uepe3 pp(w |d) MOJeTH, TTOCTPOSHHYO MO 00YYAIONIeH KOIEKINH JTOKY-
menroB D. Tlepmiekcusi obydwaroreii BoiGOpkH perp,,(D;pp) ABISETCS ONTHMHCTHIHO
CMEIIEHHON (3aHNKEeHHOI) XapaKTepUCTHKON KadecTBa Mojesn u3-3a 3bdekra mepeody-
gernst. ODODIIAIONIYIO CITOCOOHOCTh TEMATHIECKUX MOJEJeil TPUHITO OIEHUBATH NEePNALK-
cuet konwmpoavrot swbopku (hold-out perplexity) perp,,(D’; pp). OOBIYHO KOJIEKIHIO
pa3IeIgoT Ha 00YJAILy0 U KOHTPOJBHYIO CaydaiiHbiM 06pa3oM B mpomnoprun 9 : 1 [26].

HemocrarkoMm KOHTPOJIBHBI TEPILIEKCHT STBJISIETCS BHICOKAST IYBCTBUTEIHLHOCTD K PEJI-
KAM W HOBBIM CJIOBaM, KOTOPbIE MPAKTHIECKH OECIOJIe3HBI JIJIT TeMATHIeCKUX MOJIe-
jgeii. B paHHuUX 3KcmepuMeHTax ObLIO Mokaszano, aro LDA cymecTBeHHO HTPEBOCXOIUT
PLSA 1o neprmiekcun, oTKy1a ObLI ¢enal BeiBoj, 4o LDA MenbIe nepeobyuaercs [26].
B [4, 101, 5] 6111 mpe/IoKeHbl pobacmHvie MeMaAmuieckue Moodeu, OTTUCHIBAIONINE PE/I-
KHIe CJIOBa CIeuaaIbHbIM «(POHOBBIM» pacupeaenenueM. [lepmiekcus pobacTHBIX BapHaH-
toB PLSA un LDA oxka3zajach CyImecTBeHHO MeHbINeil 1 MPAKTUIECKH OJMHAKOBOIA.

KorepeHTHOCTb. VHTEpIpeTHPYEMOCTh TEMATHIECKONH MOJETN SBJIAETCS IJI0X0 (hopMa-
nu3yeMbiM TpeboBauueMm. CoaeprKaTebHO OHO O3HAYAET, 9TO 10 CIHUCKAM Hambo/ee da-
CTOTHBIX CJIOB U JOKYMEHTOB TEMbI 3KCIIEPT MO2KET IMOHATH, O 9EéM ITa TeMa, U JaTh el
aJleKBaTHOE Ha3BaHUE [29]. CBOICTBO MHTEPIPETHPYEMOCTH BayKHO B MWH(MOPMAIMOHHO-
MMOMCKOBBIX CUCTEMAaX JJI CUCTEMATU3AIUNA U BU3YAJIU3ANNNA PE3YIbTATOB TEMATUUYECKOTO
MMONCKA WU KATEeTOpU3aluu JTOKYMEHTOB.

BorbmuHCTBO CyMIEeCTBYIONMUX METOIOB OIEHUBAHUS WHTEPIPETUPYEMOCTH OCHOBAHO
Ha [PUBJIEYEHUN dKCIepTOB-aceccopoB. B [88] skcnepram nperaranoch HemocpeacTBEHHO
OIIEHUBATH IOJIE3HOCTh TeM O TPEXOa/LILHON TiKajie. B MeTone nnrpysmii [29] JUIS KazK-
JIOit HaliIeHHOW TeMBbl COCTaB/sIeTCs CIUCOK n3 10 Hamboiee YACTOTHBIX CJIOB, B KOTOPBIi
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BHEJIPSETCS OJHO CJIyYaiiHoe CI0BO. TeMa cUuTaeTcd WHTEPIPETHPYEMOii, eCcJau IMOIaB-
JgIoTee  DOTBITUHCTBO IKCIEPTOB MPABUIBHO YKA3BIBAIOT JIMIIHEE CI0BO. DKCHEPTHBIE
HOJIXO/IBI HEOOXOINMBI Ha CTAJINM WCCIETOBAHUI, HO OHM 3aTPYIHSIOT aBTOMAaTHYECKOe
IOCTPOEHNe TeMaTHIecKuX Mojeseil. B cepun pabor [88, 89, 89, 83| mokazano, 4to cpe-
JIM BEeJIMYWH, BBIYUCISEMBIX 10 KOJIJIEKIINN aBTOMATHYECKH, JIydIle BCero KOPpPeJnpyeT
C 9KCIIEPTHBIMU ONEHKAMHI HHTEPIPETHPYEMOCTH kKozepenmmocms (coherence).

Tema Ha3bIBaeTCs Kozepenmuoli (CONITACOBAHHOI), €CoU TepMbl, HAHOOJee TACTbIe
B JIAHHO# TeMe, HECTYyJaifHO 9acTO COBMECTHO BCTPEUYAIOTCS PSIOM B JOKYMEHTAX KOJLJIEK-
muu [89, 90|. HucsienHoit Mepoit KOPePeHTHOCTH TeMBbI © sIBJISIETCST TIOTOYeYHAsT B3auMHast
nndopmarust (53), Beranciasiemas o k Hanbosiee BEPOSTHBIM CJIOBAM TEMBbI:

k-1 k
2
coher; = m Z Z PMI(w;, w;), (67)

i=1 j=1

rjie w; — i-if TepM B TOPsiJIKE YOBIBAHUS (Dyp, YUCJIO Kk OOBIYHO TOJIaraercss paBubiM 10.

KorepenTtHOCTh MOMIEIN OMPeEIe/IsieTcsT KakK CPeHsIsl KOTePeHTHOCTh coher; Bcex Tem.
KorepeHTHOCTh MOXKeT OIEeHMBATHCS MO CTOPOHHEl KoJUteKIun (Hampumep, 1mo Bukuiie-
mun) [86], 16O 1O TOM YKe KOJUIEKIUH, TI0 KOTOPOii CTPOUTCs MOJeb [83)].

Pa3pe>xeHHOCTb 1 pa3nn4HOCTb TeM. Pa3pe:kKeHHOCTb MOJIE/IN U3MepsieTcs JoJeil Hy-
JIeBBIX 37eMeHTOB B Marpuiax ¢ m ©. B momenax, pasmendionux MHOXKeCTBO TeM T’ Ha
npeaMeTHbie S U (DOHOBBIE 3, Pa3peKeHHOCTh OIEHUBAETCS TOJBKO MO YACTIM MATPHIIL
®, O, COOTBETCTBYIONNM MPEIMETHBIM TEMaM.

B [131] BBOASITCS KOCBEHHBIE MePHI WHTEPIPETHPYEMOCTH TeM, He TPeOYIOIe MpH-
BJIeUeHust aceccopoB. [Ipesnoaraercs, 4To HHTEPHIpPETHPYEMasi TeMa, JIOJIZKHA COJIePZKATh
AeKcuveckoe A0Po — MHOYKECTBO CJIOB, KOTOPBIE C DOJIBINOI BEPOSITHOCTHIO YIIOTPEOIAIOT-
cd B JIAHHON TeMe U PeJIKO YIOTPeOIdioTcd B APYTuX TeMax. B TakoM ciydae marpuiisr P
u O JI0/KHBI 00JIaaTh CTPYKTYPOil Pa3peKeHHOCTH, aHAJIOTUIHO puc. 4.

slapo Wy = {w € W | p(t|w) > 0.25} Tembi ¢ onpesessieTcst Kak MHOKECTBO TEPMOB,
KOTOPBIE UMEIOT BBICOKYIO YCIOBHYIO BeposiTHOCTh p(t|w) = Pyt A JAHHOI TeMBI.
3areM O APy ONpeeNsdeTcs TPU MOKa3aTe /sl NHTePIPETUPYEMOCTH TeMbl t:

pur, = > p(w|t) — wucmoma memwv, (€M BBIIIE, TEM JIydIlle);
weWy
con = Wltl > p(t|w) — kouwmpacmuocms memos (dem BBITIe, TEM JIydIIe);
weWy
ker; = |W;| — pasmep adpa (OpHeHTHPOBOUHBIN OMTHMYM %)

[TokazaTenun paszMepa gapa, YUCTOTHI U KOHTPACTHOCTHU IS MOJETN B IEJIOM OTpe/Ie-
JIIOTCA KaK CpeJIHHe 10 BCeM MpeJIMeTHBIM TeMaMm t € S.
Loasn poroevix ca06 BO Beeil KOJLIEKIMN TpUHUMAaeT 3HadeHust ot 0 1o 1:

1
B ' :_E E E )
ackRatio - Nawp(t|d, w)
deD wed teB

Ecnn eé 3nauenne 6;iu3ko K 0, TO MOJI€/Ib He CIOCOOHA BBIAETATH CJIOBA OOINE JTeKCUKH,
eCJIM K€ OHO DJIM3KO K 1, TO 3TO CBHAETEIBCTBYET O BHIPOKICHUN TEMATHIECKON MOIE/IN.

Takwne kpurepuu, Kak pasMep sijapa UIn 107t (POHOBBIX CJIOB, MOT'YT HMCIIOJIH30BATHCS
JUTT KOHTPOJIS aJeKBATHOCTH MOIETH. Upe3MepHas peryaspu3alis MOXKeT IPHBOINTH

93



K JIETPAJAIIN TeM U BBIPOXKICHUIO MOJIETN /I CJUIIKOM OOJIBIION T0JH JOKYMEHTOB.
Ob6pa3Ho TOBOPsI, PETYASPU3ATOPHI B MAJIBIX J03aX SBIAIOTCSA JIEKAPCTBAMH, HO B CIydae
epeI03UPOBKN MOTYT TpeBpaIaThcs B 1. [109TOMY HYKHBI KpUTEPHUH, 1yBCTBUTEIHLHBI
K PA3JIMYHLIM THTIAM BBIPOYKIEHUS MOJIEJIN.

Ha mpakTuke K TeMaTHIECKUM MOJETSIM MPEIbABISIOTCS COUeTaHUA Pa3HOOOPA3HBIX
TpeOOBAHUIA, /TSI TOCTPOCHUS MOJIETH IPUMEHSIETCI MHOTOKPHUTEPUATbHAS ONTHMU3AIIHS,
MOTOMY M Ka4eCTBO MOJEIH JOJYKHO OIMEHWBATHCS MO MHOTUM KPUTEPUSIM.

B mnpoekre BigARTM mnoaaep:kuBaercss OHOIMOTEKa CTAHIAPTHBIX METPUK KadecTBa
1 MeXaHU3MbI J00aBJIeHUS HOBBIX MOJIH30BATEILCKUX METPUK.

15 [MpoekT BigARTM

BigARTM — 310 6uO/MOTEKA C OTKPBITHIM KOJOM, ocHOBaHHasi na Teopun ARTM.
Ona mMmeer pacimpsieMblit BCTPOGHHBIN HAOOP Peryisipu3aTopoB U METPUK KadecTBa, pPea-
JI3yeT OHIaiHOBLII 1 oddTaiiHOBBI MHOTOMOTOYHBIH makeTHbI EM-anrropurM, obecie-
YUBAIOIINI BHICOKYIO 3P DEKTHBHOCTH 00paOOTKU OOJIBITUX KOJIJIEKIIHI Ha OJJHOM KOMITHIO-
tepe. bubyimoreka siBsercss KpocciaaTrgOpMeHHOit: COOPKY U MCIIOJTHEHUE MOYKHO MPOU3-
soauth noa Windows 7/8/10, Mac OS wu pasawaubivu auctpubyruBamu Linux. TTommep-
JKHUBAIOTCS porpaMMubie naTepdeiicst mox Python 2.7.% /3% C++ a takke 3amyck B Buje
ucroTageMoro omaapuoro daitta. Mexonnsrit kox BigARTM nanmcan Ha C++11. [logmeprku-
BaETCsI HECKOJIBKO TOMYISIPHBIX (hOPMATOB TEKCTOBBIX JaHHBIX. VcuepnbIBaONIY 0 HHGOP-
MaINIo 10 OMOINOTeKe MOYKHO HAilTH B JTOKYMeHTAIlMN Ha caiite http://bigartm.org.

Huzke npepcraBien MuHHMAaIbHBI Koa B Python, Boimomusromuit 3arpysky u mpeoo-
pa3oBaHue JIAHHBIX BO BHYTPEHHWIH (DOPMAT IMAKeTOB JOKYMEHTOB (b6amuell), CO3IAHEE
1 00ydYeHHe MOJEIU, BBITUCIEHNEe U BBIBOJ, MEPILIEKCHH.

1 # Import all necessary tools and data

from sklearn.feature_extraction.text import CountVectorizer
from sklearn.datasets import fetch_20newsgroups

from numpy import array

5 import artm

¢ # Extract data using sklearn and numpy

7 cv = CountVectorizer (max_features=1000, stop_words=’english?’)
s n_wd = array(cv.fit_transform(fetch_20newsgroups().data).todense()).T
o vocabulary = cv.get_feature_names()

10 # Create batches and dictionary

11 bv = artm.BatchVectorizer(data_format=’bow_n_wd’,

12 n_wd=n_wd,

13 vocabulary=vocabulary)

14« # Learn simple PLSA model

15 model = artm.ARTM(num_topics=15, dictionary=bv.dictionary)

16 model.scores.add(artm.PerplexityScore(name=’perp’,

o

17 dictionary=bv.dictionary))
1s model.fit_offline(bv, num_collection_passes=20)

10 # Print perplexity values by iterations

20 print(model.score_tracker[’perp’].value)

04



MoprotoBka gaHHbIX. YHHBEPCATBHBIM O0BEKTOM, MPUHAMAEMbIM Ha BXOJ BCEMH OIIe-
panuaMu BigARTM, gaBiseTca BekTopu3aTop artm.BatchVectorizer. B mpumepe Bblme
(maru 10-13) om ObLI CO3AMH 1O MATPHIE «MeIIKa CJI0By Nn_wd U CJIOBaps, 33/aI0IIero co-
OTBETCTBHE MEK/1y CTPOKAMH MATPHUIIBI U CIOBAMHU KOJLIEKIMU. B 3TOM ciIydae makeTsl co-
3AI0TCSI B ONMEPATHBHON MaMSITH U MOJTHOCTHIO YIAJISIOTCS W3 HEeE 110 3aBEPIIeHNN PAOOTHI
OuOIMOTEeKH. DTOT CIOCOO XPAHEHUs JAHHBIX IMOIXOIUT TOJIBKO IS HEOOJIBIINX KOJLIEK-
Ui, MEeJUKOM MOMEIAMIINXCSI B MaMATH. Bo BCeX OCTAJTbHBIX CAYYaAX HCIOJIb3YIOTCS
dopMaThl JaHHBIX, TPEINoIarafollie YTeHNe UCXOIHBIX JTOKYMEHTOB C JWCKA W 3aluch
UTOTOBBIX IAKeTOB Ha AucK. Hambosiee monyasipen popmar TekcToBbix (haiisoB Vowpal
Wabbit, B koTopom Karkjas ¢CTpoKa COOTBETCTBYET OJHOMY JOKYMEHTY U MMeeT B

doc_title token 1:value 1 token 2:value 2

Janubrit ¢popMaT mo3BOJISET TPEJACTABIATH JTOKYMEHTHI KAK «MEITKOM CJIOB», TaK W
MOC/IEIOBATETLHBIM TEKCTOM, & TaKyKe 3alUCHIBATH B JIOKYMEHTHI TOKEHbBI PA3THIHBIX MO-
nasbHocTeii. [Ipumep co3panust BeKTopusaTopa 1o Janubiv B (popmare Vowpal Wabbit:

1 bv = artm.BatchVectorizer(data_path=’docword.vw.txt’,
2 data_format=’vowpal_wabbit’,
3 target_folder=’my_collection_batches?)

31ech data_path — nyTh K daitay ¢ jgokymentamu, nmapamverp target_folder yka-
3BIBAET HA HECYMIECTBYIOILYIO JAPEKTOPUIO JJid COXPAHEHUSA TOTOBBIX MAKETOB.

[TapcuHr GO0 KOJUIEKIUHE — OTHOCHTEIBHO JITTHTEIbHBII potece (J1aze HeCMOTpsI
Ha TO, 4TO BigARTM yMeeT BBINOJIHATL €r0 B MHOTOIIOTOYHOM pe}KI/IMe), O3TOMY YI00HO
COXPAHUTh TAKEThl HA JUCK W MCIOJIb30BATh WX MHOIOKpaTHO. [Iprmep co3mannst BEKTO-
pu3aTopa, 3arpyzKaroiero makeTsl ¢ IUCKa:

1 bv = artm.BatchVectorizer(data_path=’my_collection_batches?’,
2 data_format=’batches’)

CnoBapu BigARTM mupeaHa3HaduYeHbl I XPaHEHHS JAHHBIX O CJIOBAX U HCIOJIB3Y-
I0TCSI B HEKOTOPBIX peryidpu3aropaXx H MeTpukax KadecrBa. CJI0Bapio COOTBETCTBYET
00beKkT artm.Dictionary, KOTOpPBIii MOXKHO JHOO CHOPMHPOBATH ABTOMATHYECKH BO
BpeMsi pa30OMeHnsl KOJUIEKIMK Ha makerThl (3a7aB B artm.BatchVectorizer mapamerp
gather_dictionary, no ymosdauuio paBublii True), b0 cO31aTh BPYUYHYIO HA OCHOBE
cBonX JaHHBIX. OOBEKT Ca0Bapss MOKHO COXPAHUTH B OMHAPHBIN WM TEKCTOBBIH (aii,
3aTeM 3arpy:zKaTh ero u3 3toro daiima:

1 bv = artm.BatchVectorizer(data_path=’docword.vw.txt’,

2 data_format=’vowpal_wabbit’,

3 target_folder=’"my_collection_batches?’)
 bv.dictionary.save(’my_collection_batches/dictionary?)

s # Load dictionary back during next BigARTM launch:

¢ dictionary = artm.Dictionary()

7 dictionary.load(’my_collection_batches/dictionary.dict?)

[loToBhit ciioBaph MOXKHO M3MEHSITh. [Ijist 3TOT0 JO0CTATOYHO COXPAHWTH €ro Ha JUCK
B TEKCTOBOM BHJIE, 3aTeM MOINMHUIIUPOBATH MOTYIeHHBI (haill i 3arpy3uTh €ro 00paTHO:

dictionary.save_text (’my_collection_batches/dictionary.txt?’)
> # Change file according to your needs
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3 # Then, load it back
 dictionary.load_text(’my_collection_batches/dictionary.txt?’)

CrnoBapb, COXpaHEHHBI B TEKCTOBOM aiijie, COCTOUT U3 CTPOK CJIEIYIONEro BUIA:
token class id value tf df

rie token — cTpokoBoe mpejcTaBiIeHne cioBa, class id — momanbHOCTB, tf — abcomoTHAs
YacTOTa BCTPEUYAEMOCTH CJIOBA B KOJLTeKIuH, df — YHCI0 JOKYMEHTOB KOJLJIEKIUH, B KO-
TOPBIX CJIOBO BCTPETHJIOCH XOTs OBl pas. [lose value mo yMo4aHuio 3am0/IHIeTCaS HOPMU-
pOBaHHBIM 3HaueHneM tf, HO MoKeT ObITh W3MeHeHO (9Ta BO3MOYKHOCTH MCIOJIb3YeTCsT Kak
MeXaHW3M Tepeadn JaHHBIX B HEKOTOPHIX PEryJsipu3aTopax W MeTPHKaX KadecTBa).

CioBapu MOKHO (DUJIBTPOBATH BCTPOEHHBIME cpeacTBamu 1o suadenusam tf n df, na-
IpHUMep, MOXKHO OTOPACHLIBATEL CJIMIIKOM YACThIE MM CAUIIKOM PEIKHE CI0Ba. YKa3aHHe
caoBaps B KOHCTpyKTOope artm.ARTM mnm B MeTome artm.ARTM.initialize 3amaér mo-
psiiok cTpoK B Marpunax ® u (1n,;) COMIacHO MOPSAKY CIOB B cI0OBape. DTO BayKHO,
Hanpumep, AJJd MOJAJIbHOCTH METOK BPEMEHU.

Perynsipusatopbl MoryT Bo3jeiicTBoBaTh Ha MaTpunbl ¢, © win (ptdw). Perymsa-
puzaTtopsl ¢ MOTyT BO3AEiiCTBOBATL Ha OTAEJbHBIE MOJaJdbHOCTH. Hanmume mapamert-
pa class_id ykaswiBaeT, 4TO Peryasipu3aTop pabdoTaer ¢ OIHON MOJAJHbHOCTHIO, ITO-
ymosrdanuio ¢ @default_class. Haymuuwe mapamerpa class_ids ykasbiBaer, 4TO pery-
JIIpU3aTOpP paboOTaeT CcoO CIHUCKOM MOJAJBHOCTEi, Mo-yModaHuio co Bcemu. Iloutn Bce
mapaMeTphbl BCEX Peryasphu3aTOPOB MOYKHO MEHSTh MEKy UTepaIusIMi 00yIeHH.

SmoothSparsePhiRegularizer — pe2yAapudamop C2AGHCUBAHUA—PA3PEHCUBAHUSL MAM-
puyw, ©, peasmmzoBan 1o dopmyie (23) ¢ HeGOIBITIM 0000IIEHIEM:

Pt = rqluoerlg/n(nwt + 7B f (Pur))-

Ecau B onpenenennn KL-nuseprennun 3avennth Jjorapuds Inz na dbyskmmo A(x),
to f(x) = zN(x). Ilo ymomuanuio f(x) =1, aro u coorBercrByer jorapubmy. B 6ub-
JHOTEeKe MOZXKHO 3a71aBaTh f(x) Kak cremennyo ¢yukmuio. Bektop (f,,) 3arpyxaercs u3
coBaps U 3aJa€TCsl 3HAUYeHUsIMU 1o value Kazkmoro caoBa. JIjist KaxK1oii TeMbl ¢ MOXKET
OBITH 3aJ]aH CBOM Takoii BeKTOp. TakuM crmoco6oM MOXKHO 3a1aBaTh «OeIble» U «IEPHBIE>
CITMCKM CJIOB JJIS 9ACTUIHOTO 00YYeHUsT.

SpecifiedSparsePhiRegularizer — peeyaapusamop paspescennocmu P, peannso-
BaH 10 TOif ke (bopmyste, HO T3, SABISETCA KOHCTAHTON M MOJOUPAETCS TAKHM 0OpPa30M,
9TOOBI JIOJIsT HYJIEBBIX 3JIEMEHTOB B Marpuile ¢ okazajgach He HHUKe 3aJJAHHOTO MOPOTa.
[Tpu stom dyukius f He ncnosab3yercs, To ecth f(x) = 1.

SmoothSparseThetaRegularizer — pe2yaapusamop Ca2AaHCUBGHUA—PA3PEAHCUCAHUA
mampuys, O, peanuzoBan o (opmyie (24), ¢ AHATOTHIHBIM 0000IIEHIEM:

Oia = norm (ntd + Tauq f (etd))-

OyHKIU f UTpaeT Ty Ke POJib, YTO U B PEryIsSpu3aTope CriiaKuBaHUsI—pa3pe:kuBaHus P.
MaccuB MHOXKUTEJIEH (y; TIO3BOJISIET YIIPABJISTH BO3AefiCTBIEM Pery/isipu3aTopa Ha KarK 0l
i-it BHyTpeHHell urepaiun 0O6paboTKH JOKyMeHTa. BekTop mian Marpuna ((yg) MO3BOJISIET
YIPABIATH BO3JEHCTBHEM PEryJIgpu3aTopa Ha 3JeMEHTHl MAaTPHUILI O.
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DecorrelatorPhiRegularizer — pezyaapusamop Jexkoppesuposarus mem 6 Mampu-
ue @, peammzoBan cormacHo (25). OT moab3oBaTens Tpebyercss ykasaTh KoIMDhUImenT
peryagapu3alud 7T U CIUCOK MOJAJBHOCTE, Ha KOTOPhIe HY2KHO BO3/IEiiCTBOBATD.

TopicSelectionThetaRegularizer — pezyasapuzamop ombopa mem 6 mampuye O,
peanmsoBan 10 dbopmysie (46). EAuHCTBEHHOE OT/IHYNe 3aKTI0IATCs B HATUIUUA MACCHBA,
MHOXKHUTEJIel (v;, KAK B Peryasapu3aTope CriaKuBaHUsI—Pa3pe:kuBaHus O.

SmoothTimeInTopicsPhiRegularizer — pe2ysapu3amop CAGHCUBAHUL MeM NO MO-
dasvrocmu epemeny, 6 mampuye P, peammzosan o dopmyie (35). st KOppeKTHO# pa-
00THI peryjsipu3aropa Tpedyercss yKas3aTh UMs MOJAJHLHOCTH BPEMEHU W PACIOJIOKHTH
TOKEHBI BpEMeHHU B cJIoBape W B MaTpuie ¢ B XpOHOJTOTHIECKOM TOPSIIKE.

NetPlsaPhiRegularizer — peeyaapuzamop NetPLSA daa modarvrocmu eepuiur 2pa-
da 6 mampuue P, onpenensiercs mo opmysie (49). B mokymMeHTax H0JKHBI OBITH 3apaHee
3amnmcaHbl TOKeHbI BepinH rpada v. B mapamerpax peryisgpuszaropa 3aIai0Tcs NMeHa
BEPINUH v, UX Beca (MomHOCTH MHOKeCTB |D,|) 1 Beca pébep rpada wy,.

ImproveCoherencePhiRegularizer — pezyasapusamop Kozepenmuocmu, peaan30BaH
o dopmyre (52) u B KauecTBe mapamerpa TpeGyeT CIoBapb COBCTpedaeMoCTH CJIOB Clyy,
(cobparh ero MOXKHO C TIOMOIIBIO BCTPOEHHOTO Mapcepa).

BitermsPhiRegularizer — peeyaapusamop 6Oumepmos, peann3oBaH 10 HOPMY-
nam (50)—(51) m B KauecTBe mapaMeTpa TakK:Ke TPeOYeT CIOBAPb YACTOT OUTEPMOB 7,
(3a1a4a ero cOOPKU JIOKUTCA HA TMOJB30BATEN).

LabelRegularizationPhiRegularizer — wacmomnuwiti peeyaapuzamop mampuiyos
JUtst Kyaccndukanum ¢ HecOaJaHCHPOBaHHBIME Kaaccamu. PeamnsoBan o dopmyiie (44).
B kadecTBe mapamerpa TpebyeT coBapb KJIACCOB €O 3HAYEHUSIMH MX MOITHOCTER |D.|.

HierarchySparsingThetaRegularizer — pe2yaapusamop uepapruveckoz20 paspesrcu-
saruA ©, NCIOTB3YeTCd T pa3pe:KUBAHUS MATPHUIIBI CBA3EH MKy POIUTETHCKAMU Te-
MaMd U UX JOYePHUMHE TTOJTeMaMy B HepapXuIecKuX MOJe/sx, cormacHo dbopmye (48).

TopicSegmentationPtdwRegularizer — pezyasapuzamop FE-waza dra pazpescusanus
ceemenmos 6 Mampuyar (P, ), ONpeaeasemsrii o dopmye (65).

SmoothPtdwRegularizer — pezyaausamop E-waza das cenasncusarua mampuyy (Pray )
10 JIOKAJIbHOMY KOHTeKcTy. [Ipubin:kaerT temarndeckuii npodu/ib KaxKJI0r0 BXOXKIEHUS
TepMa K ycpejHeHHOMY TpOMUIo ero coceeit (1o okHy GUKCHPOBAHHON MIUPUHBI).

PeryngapusaTopbl MOTYT BKJIIOYATHCS, OTKIIOUATHCS WU MOIUMDUITIPOBATHCS B JTIO00i
MOMeHT Mezkay BbizoBamu fit_offline wim fit_online, 4To mO3BOJIgET, B COBOKYIIHO-
CTH C KOHTDPOJEM MeTPHK Ka4decTBa, M'MOKO MepecTPauBaTh CTPATETHIO PeryIapu3alii
B COOTBETCTBUU C TEKYIIUM COCTOAHHUEM MOJEJIN. HpI/IMepi

1 reg = artm.DecorrelatorPhiRegularizer(name=’decor’, tau=le+b)
> model.regularizer.add(reg)
3 model.scores.SparsityPhiScore(name=’sparse’)

s model.fit_offline(batch_vectorizer=bv, num_collection_passes=10)
6 print model.score_tracker(’sparse’).last_value

s # Printing result: 0.15 - too small. Let’s increase tau
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o model.regularizer[’decor’].tau = 3e+b
10 model.fit_offline(batch_vectorizer=bv, num_collection_passes=15)

MeTpukn kadectBa j100aBJAIOTCS 4depe3 1oJisi scores oobekta ARTM. B sror momenT
Yy MHOTHX METPHK MOXKHO 33JaBaTh MapaMeTphl. BeIUnCIeHHbIe 3HAYEeHNsS MeTPUK H3BJe-
KalOTCs Uepe3 IMoJs score_tracker.

PerplexityScore — nepnaercus, Boranciasgemas 1o dpopmyie (66). Ins eé Koppekr-
HOIT PabOTHI HYKEeH CJ0BapPh, COAEP:KAIINI HOPMUPOBAHHBIE YACTOTHI CJIOB B KOJIICKIIHH
(He MomudunmpoBanHbie 3HadeHnst value auist Kazkaoro ciosa). OHI UCHOTB3YIOTCS B Ka-
decTBe AMMPOKCHMAINN HYJIEBBIX 3HadeHuii p(w|d) w MO3BOJISIOT KOPPEKTHO ONEHNBATH
MOJIESTA Ha OJTHOM CJI0OBape, HO C pa3HOil CTEeMeHbI0 Pa3perkKeHHOCTH.

[Tpumep nmoaKIOYeHNsI MePIIeKCHH st MoJaibHocTn @default_class (crangaprTHast
MOJAJIBHOCTD CJIOB):

# m = artm.ARTM(...)
> m.scores.add(artm.PerplexityScore (name=’perp’,
3 class_ids=[’@default_class’],
4 dictionary=dictionary))

3HavdeHus MePIJIEKCHI MOYKHO BBIBECTH CJIeyIommM obpasom (Bmecto value MoxHO
BBIBECTH, HATIPUMED, YUCTUTEb U 3HAMEHATE b MePIUIeKCHI M0 KaxKI0# MOIAIbHOCTH):

i print (model.score_tracker[’perp’].value)

[Toste value comepKuT BCIO MCTOPHIO 3HAYEHUIT METPUKH 110 OOHOBJIEHUSIM MaTPHUIlhl .
Y moboro mosg 000i MEeTPUKH HMeeTcd BapHaHT ¢ npedHKcoM last_, KOTOpBIA BO3-
BpalllaeT 3HAYEHWEe METPUKU HAa MOMEHT TOCTeTHell CHHXPOHH3AIUH. DTO MOYKeT ObITh
[IOJIE3HO JJIA IOJIYYeHUd MaCCUBHBIX MeTpuk Tuna TopTokensScore.

SparsityPhiScore/SparsityThetaScore — paspescernrnocmu mampuy © u O. Orne-
HHUBAIOTCA ,Z[Oﬂeﬁ JIEMEHTOB MaTPHUILbl, MEHBIINX 3aJaHHOT'O ITOJIB30BaTe/JIeM IMOpOora.

TopTokensScore — mon-cao8a 6 memax, COIUCOK U3 3aJaHHOTO YHUCJIa CJIOB C HaU-
00JIbIIell BEPOATHOCTHIO IO Kayka0it Teme. Ecim B mapamerpax 3Toit MeTpPUKH yKa3aTh
CJI0Baph, COJIEPZKAINil JaHHbIE O TOMAPHOI BCTPEYAEMOCTH CJIOB, TO OYIET BBIYHMCJIEHA
KOMepPEeHTHOCTh coher; o CIHUCKaM TOI-CJIOB B TeMaxX, COrTacHO hopmyie (67).

TopicKernelScore — Adposvie Tapakmepucmuky mem: 9UCTOTa PUr,, KOHTPACTHOCTh
cong, pasMep d1pa ker; oneHHBaOIIRe PAa3IUIHOCTb M, KOCBEHHO, HHTEPIPETHPYEMOCTh
KazKJ10ii TeMBbI t, CM. ¢Tp. H3. AHAJOTMYHO TOI-CJIOBAM, YKa3aHHE CJIOBAPSI COBCTPEIAEMO-
cTeil 3amycKaeT MOJACYET KOTePEeHTHOCTH, HO TeNeph yiKe 10 sd/IpaM TeM.

BackgroundTokensRatioScore — dosa horosvix cr06, OEHUBAET OO CJIOB, 1T KO-
topbix KL-nuBepreniust Mexk 1y pacnpenesennsmu p(t) u p(w|t) Bbile 3a1aHHONO MOPOTA.

TopicMassPhiScore — wacmomuo, mem ny n pacupenenenus p(t) = % JJI BCceX TeM t,
BBIYHCISIEMBIE 110 MATPHIE (T4t ).

ItemsProcessedScore — wucao 06pabomanHvls JoKyMeEHMO8, TEXHUIECKAsT METPUKA,
MTOKa3bIBAIOIIAsT [0 UTEPANNSM KOJMNYECTBO JIOKYMEHTOB (C TOBTOpaMH), 00paboTaHHBIX
EM-anropurMoM ¢ MOMEHTa BKJIIOUEHUS METPUKH.
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PeakMemoryUsage — nukogoe nompebieHue namamu, TeXHuIecKas MeTPUKa (JIO0CTYII-
Hast To1bK0 B C++ unrepdeiice), npegocrapisionias uHMOPMAIUIO O MAKCUMATLHOM TI0-
TpebJIeHNN ONePATUBHON MaMSITH 33 BpeMs Kayk/I0W WTepaInun aJropuTMa.

[Tosib30BaTe/ b MOXKET HE TOJIHLKO CO3/aBaTh COOCTBEHHBIE METPUKHU, HO U BBIYUC/ISITH
UX HAIPSIMYIO, C/IeJIaB BBIIPY3KY mapamMeTpoB mozjenn ¢ u O.

Bbirpy3ska napametrpoB mogenu. B ciemyroriem Koje mokasaHo, KaK MOJyIATh MaTPU-
iy ¢ (rounee, nepsoie 10 Tem 1edoaTHONR MOTATBLHOCTH):

1 model.get_phi(topic_names=model.topic_names[: 10],
2 class_ids=[’@default_class’],
3 model_name=model.model_pwt)

Ykazanue napaMmerpa model_name=model.model_nwt m03BOJISIET aHAJOTHIHBIM OOpa-
30M MOJTYYHUTH 3HAYEHUS Nyyr BMECTO (Dyyt.

C matpurneit © MoxKHO paboTaTh Mo-pa3HoMy. Bo-mepBeIX, €6 MOKHO BOODIIE HE Xpa-
HUTh, €CJTH OHA He HYKHa. BO-BTOPBIX, MOXKHO XpPAaHUTHL €€ B K3Ile, 3aJaB Iepej Hada-
JioMm obydenust mapamerp cache_theta=True. B Tperbux, MOXKHO BKJIOYNTH XpaHenune O
B ®-mo106HO#T MaTpuIle, 3a1aB napamerp theta_name. 9T0 J1acT CBOOOIHBIN JOCTYIT K MaT-
puIle HA YTeHWe W 3anuch B JII000I MoMeHT. B iepBom ciiydae BHITPY3UTHh MaTPHUILY HEBO3-
MOYKHO, B OCTaJIbHBIX TTPUMEHHUM CJIeTYIOIHIi KO

# case 2
> model.get_theta()
3 # case 3
+ model.get_phi(model_name=model.theta_name)

Bce onucannbie BoITe BBI3OBLI BO3BPAIIAOT 00HEKTH pandas .DataFrame.

[Tomumo onucannoro murepdeiica BHIIPY3KH MaTPHIl, €CTh BO3MOXKHOCTH IMOJIYyYUTH
yKazaTe/lb Ha MATPUIy W HANPAMYIO MOAMMUINPOBATH MAMATh, UCIOTB3YEMYIO IIPOM
OUOIMOTEKH, YTO CYMECTBEHHO YMEHBIAeT PACXO] MAMATH U BPeMs BBITHCICHHI.

MHoronoTto4Hbii naketTHbln EM-anroputm. Bubtamoreka BigARTM mo3Bosser obpada-
TBIBATh KOJLIEKITUU JOKYMEHTOB, He TOMEIIAONINecs B OMePaTUBHYIO MaMATh. [ 3Toro
KosLneknusg [ ¢ momombio BatchVectorizer pasbuBaercsa Ha makerol Dy, b=1,..., B,
KazKJIpIl U3 KOTOPBIX XpaHUTCcs B oT/ebHoM (aitie. [TakeTsr obpabaThiBaloTcst MO ode-
pernu. Kaxkprit maker 3arpy:kaercst B MaMsiTh, OOHOBJIsieT MATPUIy P U BBITDYKAETCH.
OOBIYHO UCHOTB3YIOTCS TAKETHl Pa3MepoM OT COTeH KHJIODAHWT [0 JeCATKOB MerabaiirT.
KosddbunuenTsr peryngpuszanun 33 a0TCA B MOMEHT CO3IaHUS MOJIE/H, HO MOTOM MOTYT
OBITH B JITOOOI MOMEHT M3MEHEHBI, B TOM 4ducje B xome EM-ureparmii.

Oyuknus ProcessBatches ofGpabarsiBaer 3a omumH pa3 MHOXKecTBO maketoB {Dp},
cM. Anropurm 3. [l KazKI0ro J0KyMeHTa d KazKI0To U3 HakeToB D, MPOM3BOISITCS HUTe-
panuu BeKTOpa f; co BcTpoerHbiM E-ttarom npu hukcuposanuoit marpune ®. Ha mocsre-
Heil uTepanuu J0KyMEHTa OOHOBJISIIOTCS CUYETIUKHU Tl,,; TEKYIIEro IMaKeTa.

B 6ubinoreke pean3oBaHO HECKOJIBKO CTpaTeruii arperupoBaHus CUETINKOB, MMOJIY-
YEHHBIX OT PA3HBIX MAKETOB, B HTOTOBBIX CUETUUKAX Myy-

Odpratinoswtd anreopumm FitOffline cosepmaer MHOro mpoxXomoB 1O KOJIEKIHN.
Ha kak10M 1poxo/ie CUETIYUKH Ny POPMUPYIOTCST TP (puKcHpoBaHHOM MaTpuie ¢ u cym-
MHUPYIOTCA 1O BceM jJokyMeHTaM. O6HOBIeHHE P ¢ yIETOM BCEX PEryasphu3aTOPOB MPOU3-
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Anropurm 3. Oddnaiinoswiii n omnaiinoserit EM-anxropurm ais ARTM

1 cpyHKLNA (71,:) := ProcessBatches (muozxkecrBo makeros { Dy}, marpuia D);
2 Ny =0 gt Becex w € W, t €T
3 0N Bcex maketos [y, BCeX JOKyMeHTOB d € D,

4 HHAIUAATA3APOBATDL Oy 1= ﬁ s Beex t € T
NnoBTOPSITb
6 Didw = n?erTm(cpwtﬁtd) s Beex w € d, t €T
7 Opg := norm( > NawPrdw + Qtdaae—il) ansg Beex t € T
€ wed
noka 6, me coiiaércs;
Nawt = Nt + NawPtdw I Beex w € d, t € T

10 cbyHkuums FitOffline (komnexiua D = {D,: b € B});
11 MHUIHAJU3UPOBATD (O Jisd Bcex w € W, t € T

12 NOBTOPSITb

13 (nwt) == 3., ProcessBatches(Dj, ®);

— OR .
14 Dwt = rqluoervrvn(nwt + @wtm) st Beex w € W, t €T,

15 noka P me coitnéres;

16 cpyHkums FitOnline (komnexims D = {Dy,: b € B}, mapamMeTpsl Kgecay; Kappiy, 1)
17 WHUIHATI3UPOBATD (O, I Bcex w € W, t € T}

18 Ny := 0 gt Bcex w € W, t € T

1w anai:=1,...,|B/n]

20 (Mwt) := ProcessBatches({Dyi—1)+1,- .-, Dpi}, ®);

21 Nt = KaecayMuwt + KappryTwe A1 Becex w € W, t € T

22 Pwt = rqluoervrvn(nwt + @wt%) st Beex w € W, t €T,

BOJUTCSI B KOHIIE KayK/IOT0 MMPOXO/1a KOJIEKIIUU B OJHOOTOUHOM pexkume. OddaaiiHOBBII
peKUM OPHEHTHPOBAH Ha 0OPAbOTKY OTHOCHUTETHHO HEOOJTBIINX KOJLIEKITHI.

Onnatinoswts anzopumm FitOnline 6ot mpeoxken st mogenn LDA B [48|, mosxe
qtst moziesn PLSA B [20]. On peanuzoBan B 6ubinorekax ManmmHHOrO o0ydennst Vowpal
Wabbit, Gensim u apyrux, m cumrtaercs Haunbosaee 3PQMEKTUBHBIM METOIOM 00y JIeHUsI
TeMaTHIecKuX Momeneii. Ero ocHoBHAs maest 3aK/II0OYAETCA B CHEIUAJBHON OpraHm3aIiun
OCIeJOBATETHHOCTH BBHIYUCIeHHit mo (popmynam E-mrara nu M-mrara. Ona He 3aTparuBaer
MeXaHI3MbI peryasgpusanui u onuaakoBo npumvennma K PLSA, LDA u ARTM. Onnaiimo-
BBIi aJITOPUTM JIeJIaeT OJUH MIPOXO/I 10 KOJLJIEKIINN, OOHOB/IsIsT MaTpuily @ mocse KaykIbrx
7) MakeToB: Ha mrare 21 CYETIYUKH 7N, HAKOIJIEHHBIE TIO 7) TOCJEeTHUM IMaKeTaM, CYyMMU-
PYIOTCS CO CIETUIHKAMHI ¢, HAKOIIEHHBIMA IO BCEM TAKETaM, C BECAMH Kgecay M Kapply-
Ha miare 22 marpuma ¢ nepecauTbiBaeTcs MO0 OOHOBJEHHBIM CUETUMKAM C YIETOM pery-
ngapu3aTopoB. OHIANHOBLIN aIrOPUTM OPUEHTHPOBAH HA 00PAOOTKY OOJIBIINX KOJLIEKITHi
UJIU TIOTOKOB JAHHBIX.

Becosble k09 PuuueHTsl Kgecay U Kapp1y MO3BOJISIOT YHPAB/IATL TEMIIOM 3a0bIBAHUS
HPEeJIbIIYIIIX TaKeToB. MIMeeTcss BO3MOXKHOCTD 334aTh 3TH KOIMDDUIUEHTHI 10 (hopMyIaM,
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PEKOMEHIOBAHHBIM B [48]: Kaecay = 1 — piy Kappry = pi, Ta€ p; = (70 + @)~ ", 3Hadenne 7
3a1al0TCd B auama3one oT 64 mo 1024, snavenus x — ot 0.5 g0 0.7.

Konrposib yenosuii cxomumoctn EM-ajiropurma Bozaraercs Ha mojb3oBareis. [Ipo-
e BCEro 3a/[aBaTh YUCI0 UTEPAIMil 110 KOJJIEKIINU U 110 KayKJIOMY JTOKYMEHTY.

B omnaitnoBom ajiroputme pazduenue KOJIJIEKIIMU Ha IMAKEThl U TOPsiJIOK 00pabOTKU
NAaKeTOB MOTYT BJIMATH Ha pPe3yabTaT, B ommmume oT oddiraitnoBoro aaropurma. UToObl
YMEHBITATH 3TO BJIUIHUE, KOJUIEKIUIO PA30UBAIOT HA MAKETHI CAYYAHBIM 00Pa30M.

B omnnaitnoBoMm ajiroputme, Kak u B 0daaiiHOBOM, BHEITHUI MUKJI 10 MaKeTaM Bbl-
MOJTHSIETCST TapaJIJIeJIbHO B HECKOJILKO TIOTOKOB. [Ipu 3TroM obpaboTka cjieyiomnieit mopnum
aKeToOB He HAaYMHAETCs, IMOKa He 3aBeprieHo oOHoByieHue marpuilbl ¢ Ha marax 21-22.
B pesynbrare BBIUHCIHTENbHBIE PECYPCHI HCIOIB3YIOTCA HeIMMEKTHBHO. DTa mMpodaemMa
perraeTcs demepMuHUpO8aHHbIM ACUHTPOHHBLM OHAGTHOBVLM GAZOPUMMOM, B KOTOPOM
IIPUMEHSIOTCST OOHOBJIEHUS ¢ 3ama3jbiBanueM [44].

B BigARTM odduraitnoBerii asroputm 3amyckaercss dynknmeit ARTM.fit_offline,
omnaiinoBblit — dyukimeit ARTM.fit_online. /[yt BKJIIOYEHUs] JIETEPMUHHUPOBAHHOTO
ACHHXPOHHOTO aJTOPUTMAa MOCTeHeil Ha0 mepeaTh mapaMeTrp async=True.

[TocTpoeHHy10 TEMATHIECKYIO MOIETb MOXKHO HCIIOTB30BATH JIJI TEMATU3AIUN OT e/ Th-
HBIX JIOKYMEHTOB 1pu (bUKCUPOBAHHON MaTpuIe ¢. DTa BO3MOXKHOCTD peaan3yercs GpyHK-
mueii ARTM. transform, KoTopas IpoIycKaer JOKyMeHTHl depes ProcessBatches.

Mepapxunyeckas tematnyeckas mogenb peann3oBaHa B BigARTM oTme/bHBIM KIaCCOM
hARTM. Yposuu nepapxuu cozjatorcs pyuknueit add_level, st KaxKJ0ro YPOBHS 3a/1a-
ércs umncyio Tem num_topics. Oyuknust add_level Bo3sparniaer 06bekT ARTM, ¢ KOTOPBIM
MOZKHO paboTaTh KakK C OOBIYHON <«IJIOCKOiT» MOJIE/IbIO, B YaCTHOCTH, JIOOABIATH K Hei
peryngpu3aTopsl. lIpumep co3nannsa AByXypOBHEBOI MOIeH:

1 hier = artm.hARTM()
> levelO = hier.add_level(num_topics=5)
3 levell = hier.add_level(num_topics=25, parent_level_weight=1)

Oyukmnust hier.fit_offline obyvaer TemMaTn4yecKyo nepapxuio Mo 3aaHHOI KOJLIeK-
UK, UCTIOJIB3Ys peryaspu3arop (47) I7is CBI3bIBAHUSA KAaZKIOTO YPOBHSI HEPAPXUU C POJTH-
tebekuM. Marpurbl ¢ u © Bcex ypoBHeit MOTYT OBITH MOJTYYeHBI C TOMOMNIbIO (DYHKITHIT
hier.get_phi u hier.get_theta.

16 Pa3BepoyHblii MHPOPMALMOHHBbIV NONCK

BakubiM npuioKeHneM TeMATHIECKOTO MOJETUPOBAHUS SABISIETCI UHPOPMAUUOHH LT
nouck (information retrieval) [151, 14]. CoBpeMeHHBIE TIOUCKOBbIE CHCTEMBI MTpeIHAZHAYE-
HbBI, TJIABHBIM 00PA30M, JJIs TIOMCKA KOHKPETHBIX OTBETOB Ha KOPOTKHE TEKCTOBBIE 3AIPO-
col. [Ipyrue nouckoBbie HOTPEOHOCTH BO3HUKAIOT y TTOIH30BATE e, KOTOPHIM HEOOXOIIMO
pa3obparhCs B HOBOil MpeaMeTHON 00JIacTH WM TONOJHUTH CBOi Oaraxk 3Hanmii. [Tosn-
30BaTe;ib MOYKeT He BJIAJeTh TePMUHOJOTHUeil, ciabo MOHUMATH CTPYKTYPY MpPeIMeTHO
00JacTH, HEe UMETh TOYHBIX (DOPMYJIUPOBOK 3AIPOCa U He MOJIPA3yMeBATh €/INHCTBEHHBIH
IPaBUILHLIN OTBeT. B TakuX crydasx HyzKeH MOUCK He MO KJTIOYEBBIM CJIOBaM, a MO CMBIC-
Jy. 3a1mpocomM MoXKeT ObITh JINHHBINE (bparMenT TeKcTa, JOKYMEHT WU MOoA00pKa JOKY-
MeHTOB. Pe3ybraToM moucka J0/12KHa ObITh YI00HO CHCTeMATU3UpOBaHHAsT NH(MOPMAIIHSI,
«JTIOPO’KHASA KapTay MPeIMEeTHON 001acTH.
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JIst 9THX CJIy9aeB MOAXOAUT MAPATUIMa Pa3eedounozo uH@BOPMAUUOHH020 NOUCKA
(exploratory search) 73, 146]. Ero mesbio gB/sieTcs morydeHne OTBETOB Ha CJIOXKHbIE BO-
IIPOCHI: «KAKWe TeMbl MPEJICTABIEHbI B TEKCTE 3alPOCay, «9TO YUTATh B MEPBYIO OYepe/Ih
10 STHM TeMaM», «9TO HAXOAUTCS HA CTHIKE ITUX TeM CO CMEeKHBIMH OOJACTSIMU», «Ka-
KOBa TeMaTudecKasi CTPYKTYpa JaHHOI peIMeTHOi 001acTiy, «KaK OHa PAa3BHBAJIACH BO
BPEMEHI», «KAKOBBI MOC/IEHIE TOCTHKEHUSI», «I/Ie HAXOIATCS OCHOBHbIE TIEHTPHI KOMIIe-
TEHTHOCTH», «KTO SIBJISIETCS IKCIEPTOM TI0 JTAHHON TeMes u T. 1. [Tosb3oBaTesb 0OBIIHO
IOUCKOBOI CHCTEMbBI BBIHYZKJIEH UTePATHBHO mepedOpMyInpoBaTh CBOM KOPOTKHE 3aIpo-
ChI, PACIIUPsIsi 30HY MOMCKA 110 Mepe YCBOEHHsI TEPMUHOJOIHH TIPeIMeTHO 0baacTu, me-
PHOJIMYIECKH TTIePECMATPHUBAsT M CHCTEMATH3NPYsI Pe3YJIbTATHI TOUCKa. JTO Tpebyer 3arpar
BPEMEHH ¥ BBICOKOi KBasmdukamuu. [Ipi 0TCyTCTBIN HHCTPYMEHTA JJTST IOy IeHUs «00-
el KAPTHHBI» OCTAETCSI COMHEHHE, YTO KAKHEe-TO BayKHBIE aCIIeKThI N3y4aeMoii IIpOBIeMbl
Tak u He ObLIM HalimeHsl. Eciu 06pa3Ho MpeIcTaBuTh UTEePATHBHBI MOUCK KaK OJIyIKIa-
HUe 10 JAOUPUHTY 3HAHWUiT, TO Pa3BeJOYHBI MOUCK — 3TO CPEACTBO aBTOMATHYECKOIO
MOCTPOEHUST KaPThI JJIs JIFOOOH 9acTh TOro JabupUHTA.

TemaTtuyeckunii nouck. [loTHOTEKCTOBBIE MOMCKOBBIE CHCTEMBI OCHOBAHBI Ha MHBEPTH-
POBAHHBIX WHIEKCAX, B KOTOPBHIX /T KayK/IOTO CJIOBA XPAHUTCS CIUCOK COMIEPXKAIIAX ero
nokymenTos [9]. TTonckoBast cucrema WIeT JTOKYMEHTHI, COIEprKaIlie Bee CJI0Ba 3a1poca,
MOITOMY TI0 JIJIMHHOMY 3allpOCy, CKOpee BCero, Hu4ero He oOy/aer HaiijeHo.

Cucrema TeMaTHIeCKOTO PA3BEIOYHOTO TOUCKA CHAYAJA CTPOUT TEMATHIECKYIO MO-
JIe]Ib 3aMPOCca U OTPeJIe/IsIeT KOPOTKHIA CITMCOK TeM 3aMpoca. 3aTeM JIJIs TOUCKA, JIOKYMeH-
TOB CXOXKeil TeMaTHKN MTPUMEHSIOTCS Te YKe MeXaHU3Mbl NHAEKCUPOBAHUS U IMMOUCKA, TOTb-
KO B POJIM CJIOB BBICTYHAIOT TeMbI. [[0CKOBKY YHCI0 TeM Ha HECKOJIBLKO MOPI/TKOB MEHBITIE
00bEéMa cI0Baps, TEMATHIECKU MONCK TpeOYyeT HAMHOIO MEHbIIe MaMATH 0 CPABHEHUIO
C MOJIHOTEKCTOBBIM MOUCKOM U MOYKET OBITh peajiM30BaH Ha BeChbMa CKPOMHON TEXHUKeE.
Texnosiornn nHGOPMAIMOHHOTO MOUCKA HA OCHOBE TEMATUYECKOI0 MOJIC/IMPOBAHUS B Ha-
crosiiee BpeMsl HaXOIATCs B CTIHN MCCIeI0BaHmil u pa3paborok [119, 21, 96, 28, 13, 138|.

B nureparype 1o pa3seio4HOMY MOUCKY TEeMaTHIECKOe MOJIETMPOBAHIE CTAIU UCITOb-
30BaTh OTHOCUTEIbHO HemaBHo (110, 46, 107, 127], a MHOTHE 0630PBI O HEM BOOGIIE HE YIIO-
vuHaror (42, 104, 117, 55, 74, 52|. B uemaBueii crarbe [127| BaxKHBIME TIPEUMYIIECTBAME
TeMaTUIECKUX MOjIie/iell Ha3bIBAIOTCS I'MOKOCTH, BOBMOXKHOCTH BU3YaIU3AIMU U HaBUTa-
nuu. B 1o ke BpeMsi, B KauecTBe HEJOCTATKOB OTMEYAIOTCs MPODIeMbl ¢ HHTEPIPETUpye-
MOCTBIO T€M, TPYIHOCTH ¢ MOIupUKAIINEH TeMaTUIeCKOW MOJIE/IA TPU TTOCTYILICHUU HOBBIX
JIOKYMEHTOB M BBICOKAST BBIUUCIUTETbHAS CJI0KHOCTb. DTU MPOOJIeMbl OTHOCATCA K yCTa-
PEBIINM MeTOJaM M YCIEITHO pPelleHbl B TMOCTeIHIe TOBI: TeCATKH HOBBIX MOJETel pas-
paboTaHbl /s YAYUIIeHHS HHTEPIPETHPYEMOCTH; OHJIARHOBBIE aJTOPUTMBI CIIOCOOHBI 00-
pabaThiBaTh GOJIBINIE KOJJIEKINH U MOTOKK JOKYMEHTOB 3a JnHeitnoe Bpems (80, 20, 129).
C nmpyroit cTOpoHbI, B paboTax MO TEeMaTHIeCKOMY MOJIE/TUPOBAHWIO PA3BEIOTHBIN MOUCK
YaCTO HA3BIBAIOT OJIHUM U3 BayKHEHITNX NPUJIOKEHUIT, & ONEHKN Ka4eCTBA TOMCKA UCTIOIh-
3ytor it Bamuganun Mogeseit [151, 14]. Oguako 9T uccjaeoBaHus MOKa He MPHUBEN
K CO3JIaHUIO OOIIEJOCTYIHBIX CHCTEM pa3BeJIOYHOTO MmoucKa. Bcé 31o rosopur o pas3ob-
MIEHHOCTU HAYYHBIX COODIIECTB, pa3padaThiBAIONINX 3TU JBa HanpaBjaeHus. TeHIeHIns
K WX COJIMYKEHUIO HAMETH/IACh JIUITh B MOCJETHUE TOJbI.

TemarTudeckasi MOJEIb JJIsi PA3BEJOYHOIO MOWCKA JIOJZKHA YAOBIETBOPITH MHOTUM
TpeboBaHusIM OHOBpeMeHHO. OHA JI0I7KHA COCTOSITh M3 XOPOIIO HHTEPIPETUPYEMBIX TeM,
OCKOJIbKY TeMbl MHTEHCUBHO HCIOJIB3YIOTCS B IOJTH30BATENILCKOM HHTepdeiice 11 Ha-
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BHUTAIMHU TI0 KOJJIEKIIMU U BU3YATU3AIUN Pe3yabTaToB mnoucka. OHa J0KHA OBITH pa3pe-
JKEeHHOi1, ITOOBI KaxK bl JOKYMEHT COCTOSIT U3 HEOOIBIIOr0 YHCIa TeM — 3TO HeOOXOTIMO
Tt 3OPEKTUBHOTO XPAaHEHUsT HHBEPTUPOBAHHOTO nHAeKca. OHa J0/IZKHA OBITH HepapXu-
9eCcKoif, 4TOOBI 1MOJIL30BATEIb MOT TOJIYINTh MPEACTaABICHNE O TEMATHIECKON CTPYKTYype
npeaMeTHO 00/1acTu Ha JJI000M ypoBHE fAetajn3anun. OHa J0/1KHA aBTOMATHIECKH OTIPe-
JeTATh 9UCI0 TeM Ha KaykKJIOM YPOBHE MepapXWW W aBTOMATHYECKH CO3/IaBaTh W UMEHO-
BaTh HOBBIE TeMbl. OHA J0J2KHA ObITh MYJHTUTPAMMHOMN, TaK KaK BBIJETEHHE KIIOUEBBIX
dpa3 1 TEPMUHOB CYIIECTBEHHO Y1y YIIaeT HHTEPIPETHPYEMOCTh TeMbl. OHa J0/1KHA OBITH
MYJIbTUSI3BIYHON B TeX MPUJIOKEHUSX, Ijie TpedyeTcs: KPOCC-SI3bIYHbII MOUCK, HATTPUMEp,
Ipu aHajan3e MaTeHTHBIX 0a3. OHa J0/KHA OBITH MYJIBTUMOMAIBHOI, YTOOBI yINTHIBATD
MeTaJaHHble JJOKYMEHTOB, BK/IIOUas aBTOPOB U nmuTHpoBaHme. OHA J01KHA OBITH TEMIIO-
pPaJbHOI, YTOOBI BBHIABIATH AUHAMUKY pa3BuUTHd TeM. OHa T0/IKHA OBITh CEIMEHTHPYIO-
1meit, 9To0bI HaXOAUTh HE TOJBKO PeleBAHTHbIE JJOKYMEHTBI, HO U YKa3bIBaTh KOHKPETHBIE
TeMaTUIeCKNe CerMeHTHI BHYTpH JO0KyMeHTOB. OHa 0/IKHA OBITH 00ydaemMoii 1Mo OIeH-
KaM aCcecCOpOB HJIH JIOTAM MOJIb30BaTe 1€, 9TOOBI MOCTOSIHHO YJIYYIIATh KA4eCTBO MOUCKA.
Haxomern, peanuzanus 10/2KHa OBITH OHIANHOBOM, TapasIeJbHONR U paCIpeIeJIEHHOI, ITO-
ob1 3 dekTHBHO 00pabaThIBAThL OOJBIINE KOIEKIINH TeKCTOB. TakuMm 00paszoM, MHOTHE
13 PAaCCMOTPEHHBIX B JAHHOM 0030pe Mojeseil TOMKHBI ObITh 00beIUHEeHBI B KOMIIO3UIIAIO
JIIST CO3aHMs MOJTHOMDYHKIIMOHAJILHOTO CEPBUCA PA3BEIOYHOTO MTOUCKA.

KayectBo pa3Bego4Horo noucka. Mogenr ARTM g pasBeiodHoro momcka ObLia,
npeioxkena B [12] u yayummena B [149]. [Ij1s m3MepeHusi KauecTBa pa3BeOUHOTO TeMa-
THYECKOT'O TOUCKA HUCIOJIH30BATUCH KPUTEPUU TOYHOCTH U IMOJHOTHI HA OCHOBE OIEHOK
aceccoposB. st onennBanus Obljla cOCTaBJIeHa BBIOOPKa 3aIIPOCOB — 3aJIaHU pa3Be/104-
HOTO moucKa. KazKiplii 3ampoc mpeacTaBysyi coboil TeKCT 00BEMOM OKOJIO OIHOIT cTpa-
HuIpl popmaTta A4, ONUCHIBAIOIINIT TeMATHKY IOuCKa. KaxKkioe 3a1aHne CHAYAIA, BBIIOI-
HSITOCh HE3aBUCHUMO HECKOJTBKHMHU acecCOpaMH, 3aTeM CHCTeMON TeMaTHIeCKOTO IOMCKA,
3aTeM peeBAHTHOCTD HAalIEHHBIX CUCTEMON TOKYMEHTOB CHOBA OIEHUBAIACH ACECCOPAMH.
Jlannast MeToMKa TTO3BOJISIET, €IMHOXK B C/Ie/IaB PA3MeTKY pPe3y/IbTAaTOB IMOUCKA, MHOTO-
KpaTHO OII€EHUBATHh Ka4eCTBO Pa3JIUYHBIX TEeMaTUYCCKUX MO,ZLe.HeIL/‘I 1 MEXaHU3MOB IIOUCKaA.
DKCHePUMEHTHI HA KOJLIEKIUAX 175 ThICAY cTaTell pyCCKOSI3bITHOTO KOJLUIEKTHBHOTO HJIOTA
habrahabr.ru u 760 Thica4 cTaTeil aHIJIOSA3BITHOTO OJ10Ta techcrunch. com mokas3asn, YTo
TeMaTUIECKUil MOMCK HAXOIUT OOJIbIIE PETeBAHTHBIX JTOKYMEHTOB, YeM acecCOpbI, COKpa-
mast CpejiHee BPeMsl MOMCKA C TMO/IyvYaca 10 CeKyH ibl. KoOMOMHUpOBaHIE Pery/isipu3aTopoB
JeKOppe/IMPOBAaHNUS, PA3PEeKUBAHUS U CIJIAKUBAHUS BMeECTe C MOJAJbHOCTIMU T-T'PAMM,
aBTOPOB 1 KaTeFOpHﬁ SHAQYUMO YyJIy4dlIaeT KadeCTBO IMOUCKa M IMO3BOJIAET JOCTHYH TOYHO-
ctu Borme 80% u moanors Beimze 90%.

Busyanusauusa. Cucremarusaius pe3y1bTaTOB TEMATHIECKOTO MONCKA HEBO3MOZKHA, Oe3
MHTEPAKTHBHOIO rpaduveckoro npejacrabienus. B o63ope [2] onmchiBaiores u cpaBHu-
BaloTCa 16 Cpe/CTB BU3YAJIU3AIMHE TEMATHIECKUX MOJIeseil Ha OCHOBe BeO-mHTepdeiicoB.
Em@ Gosplre uaeil MOXKHO MOYePIHYTh U3 HHTePAKTUBHOTO 0630pa’, KOTOPEIl Ha MOMEHT
HAIMUCAHWS JAHHOI cTaThy HACUYUTHIBAT 380 cpelcTB BU3yaaum3anuu TekcToB. HecMoTps
Ha TaKoe DOTaTCTBO TEXHWIECKUX PEIIeHUil, OCHOBHBIX Uil BU3yau3alii TeMATHIeCKUX
MoJieJieil He TaK MHOTO: 9TO JIM00 JAByMepHOe 0TOOpasKeHne CeMaHTHYIeCKOi 0JIM30CTH TeM

Shttp://textvis.lnu.se — MHTEPAKTHBHBII 0030p CPEJICTB BH3YATU3AINN TEKCTOB.
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B BUJe rpada WIN «TOPOXKHONU KAPThI», MUO0 TeMaTudecKas Mepapxus, JUO0 TUHAMIKA
pa3BUTHUS TeM BO BpeMeHH, JHOO rpadoBasg CTPYKTypa B3aMMOCBA3eil MeXKIy TeMaMH,
JIOKYMEHTaMHU, aBTOPAMU UM WHBIMU MOJAJBHOCTSIME, JTUOO CErMEHTHAsI CTPYKTypa OT-
JIEJIBHBIX JTOKYMEHTOB.

[I'padudeckas Buzyaansarus OOTBITIX JAHHBIX TPAKTHIECKA HECIOIe3HA B CTATHTHOM
UCIIOJTHEHUHT, HO MOZKET OKA3aThCI MONTHBIM KOTHUTHBHBIM CPEJICTBOM B CIydae HHTePaK-
THBHOI peajn3anuu. 1o ObLI0 moHaTo 6osee 20 jer wHazam u cdhopmyanpoBano benom
[TaeitmepManoM B BUIE MAGHMPL BU3YAALHO20 NOUCKE UHPOPMAUUU: «CHATATIA KPYTHBII
1J1aH, 3aTeM Maciuabuposanne u pUILTPaIUs, JeTaju 1mo Tpebosanuio» [115].

OrobparkeHue pe3yJbTaTOB TEMATHIECKOTO MOJETUPOBAHUS W PA3BEIOTHOIO MOMCKA
COOTBETCTBYeT KOHIeNuu jgajabHero urenns (distant reading) commosiora Jmreparypbr
®panko Mopertu [84]. On nporuBonocrap/ser 3ToT €ocod W3ydeHHs! TEKCTOB HAIEMy
oberaromy urennio (close reading). HeBo3mokHO povunTaTh MUJITHOHBI KHUT UJIN CTaTel,
HO BIIOJTHE BO3MOYKHO MPUMEHUTH CTATUCTUYECKUE METOJAbI M IpaddUIecKyi0 BH3yaTn3a-
MU0, YTOOBI TIOHATH B OOIIUX YepTax, O YéM BCA ITa JUTEPATypa, U HAYUUTHCS ObICTpee
OTBICKUBATH HYKHOE. «/[arvHnee umenue — T0 crenuaibHas (popMa mpeJcTaBIeHns 3Ha-
HUil, B KOTOPOil MEHBIe IJEeMEHTOB, IPydee CMBICT WX B3aMMOCBS3€il, OCTAIOTCS JIUITh
(bOPMBI, OTHOIIEHNUS, CTPYKTYPHI, MOJETIN»S.

g 6ubmmorekn BigARTM B HacTodIIee BpeMs Pa3BUBAETCS MHCTPYMEHT BU3YaJIN3a-
mun ¢ Be6-untepdeiicom VisARTM?, mopepxupatonuii Bazkneiimue GpopMbl Ipe/cTaB-
JleHust reMatudeckux mojeneit. arepecnoit BosamoxkuocThio ViSARTM sristercst mocTpo-
eHue Cnexmpa mem — PaHZKUPOBAHHOIO CIIMCKA T€M, B KOTOPOM CEMaHTHYECKH OJIM3KHe
TeMBI HaXOIATC pAsoM. ['pynmupoBanue TeM mo CMBICTY TOMOTaeT MOJIb30BaTeTIM OBICT-
pee HAXOIUTH TeMbI, OOpaIias BHUMAHIE HA PA3JIAUUAT MEXKIY OJTU3KUMU TeMaMH.

17 3akawyeHne

Temarudueckoe MojeIMPOBAHNE SIBJISIETCST OJHUM U3 WHCTPYMEHTOB 00paOOTKU U MTOHU-
MaHHUsI TEKCTOB €CTECTBEHHOIO SI3bIKA. BBIABIEHNE JTATEHTHOW TEMAaTHIECKOW CTPYKTYPHI
O3BOJISIET CUCTEMATH3UPOBATH OOJIBIITNE TEKCTOBBIE KOJIIEKIINN, U3BIeKaTh U3 HUX 10163~
Hble 3aKOHOMEPHOCTH, HAXO/[IWTh CeMaHTHYECKH OJIM3KyI0 wHOpMaInio. Temarndeckoe
MOJIEJIMPOBAHUE HMCIOJIB3YETCs JJIsi aHAJIN3a apXWBOB HAYYHBIX IMyOJIMKAIWil, TATeHTHBIX
0a3, HOBOCTHBHIX MOTOKOB, COIUAIBHBIX M€/IHa.

[TonTopa mecaTuieTuss HHTEHCHBHOTO PA3BUTHS TEMATHIECKOTO MOJIEJTUPOBAHUA MPHU-
BeJIN K CO3JaHNI0 coTen Mozeseil. Cpean HUX ClienuaIu3upOBaHHBIE MOJIEN I TOCTPO-
eHNs TeMaTUYeCKUX MepapXMil; BhISBJIEHUs] JUHAMUKN PA3BUTHSI TeM BO BpeMeHH; oOpa-
OOTKN MYJIBTUSI3BIYHBIX KOJLJIEKIINIT; MOCTPOEHUSI TIPeICKa3aTeIbHbIX MOoeeil Kiaccudu-
KaIlUM ¥ PEerpeccuu; odbecrnedeHns HHTEPIPETHPYEMOCTH, PAa3PeKeHHOCTH W Pa3TuIHOCTH
TeM; HCIOJb30BaHUd MeTanHpOopMaIum 00 aBTOpax, CChLIKAX, MOJb30BATE/NIAX, T'e0T0Ka-
[USIX; YI6Ta COBCTPEIAEMOCTH CJIOB M CEIMEHTHOH CTPYKTYPBI JOKYMEHTOB, U MHOTHE
apyrue. OCHOBHBIE THITBI TEMATHIECKUX MOJIe/Ieil ObLIN BKIIOYEHBI B JaHHBIH 0030D.

"Visual Information Seeking Mantra: «Overview first, zoom and filter, details on demand» [115].

8 « 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.» [84].

Y®enopaxa . C. Texmomornsa HHTepaKTHBHON BU3YATH3AINN TeMATHIeCKIX Mofeneii. Bakamappekas
muccepramus, MOTU, 2017.
http://www.Machinelearning.ru/wiki/images/d/d8/Fedoriakal7bsc.pdf
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B mpakTtuyeckux mpHIOXKEeHHIX TeMaTHIeCKHe MOJETH JOJKHBI 0071a1aTh OJHOBpEe-
MEHHO MHOTUMH U3 TePEUYUCTEHHBIX BBITIE CBOWCTB. DTH TOTPEOHOCTH CTUMYJIUPYIOT Pas-
BUTHE MHOTOKPUTEPUATHHBIX METOI0B TEMATHIECKOTO MOIenpoBanus. Teopust addumus-
not peeyaspusayuy memamuyeckus modeset (ARTM) nossossier KOMGHHIPOBATH MO/Ie-
JIA, TIPOCTO CYMMUPYsl UX peryjsipu3aropbl. Kaxaas Mojie/lb 3a/1aéTcsd CTPYKTYPHOI Oc-
HOBOiI B BH/Ie HU3KOPAHIOBOTO MATPUYHOIO PA3IOKEHUS U «MEIIKOM PEeryJIgapu3aToOpOB».
PerynspuzaTopbl MOTyT JIETKO OTAEISATHCA OT OJHHUX MOJETeil W MCIOJIH30BATHCI B JIPY-
IUX. DTO MPUBOIUT K MOYIBHON TEXHOJOTHH TEMATHIECKOTO MOJIEJTUPOBAHUS, KOTOPAsI
W Peain30BaHa B MMPOEKTE ¢ OTKPHITHIM KOooM BigARTM. Berpoennas 6ubanorexa yaundn-
[UPOBAHHBIX, COBMECTUMbBIX M B3aMMO3aMEHSI€MbBIX PEry/IsipU3aTOPOB MO3BOJISIET COOUPATH
TeMaTUIeCKue MOJIENTH I Pa3IuIHbIX HPUJIOKEeHHI 6e3 TPYJI0EMKHX MaTeMaTHIECKHX
BBIKJTQJIOK U O€3 HAIMCAHUsS HOBOT'O KOJIA.

Kpowme toro, ARTM ymuporiaer onncanme m3BeCTHBIX MO/IeJIe, KOTOPbIe UCXOIHO BBO-
JIMJTUCH Ha g3bIKe DaiiecoBckoro obyuenusd. I1yTh oT popmantm3anum Moge/ i K aaropuTMy
eé ooyuenns B ARTM cyrmmecTBeHHO KOpoUde. DTO YAOOHBIN S3bIK /I U3y IeHHUsT TeMaTHIe-
CKOT'0 MOJIETHPOBAHMS, KOTOPBIi CHUZKAET MOPOT BXOJA B JTaHHYIO 00JACTh UCC/IeT0BaHMI
JIIST IPUKJIQ/IHBIX CHEIMUAJIUCTOB U Pa3pabOTIYNKOB MH(MOPMAIMOHHBIX CHCTEM.

B sToT 00630p HE BOILIM HEKOTOpHIE BaKHbIE THUIBI MOJETeH, HAIIpUMEp, I aHa-
JIN3a W300pazKeHnit 1 BUJIEOIOTOKOB, aHHOTHPOBAHUS M300PazKeHnii, peKOMEHIATe THbHBIX
CUCTEM, CYMMapH3alliid TEKCTOB, aHa/In3a TOHAJbHOCTH M BBLISBJIEHUS MHEHUI, UCIOJIb-
30BaHUS W IMOCTPOEHUsI OHTOJIOTHI, OOHAPYKEHUsI HOBBIX TE€M U MPOCIEKUBAHUS HOBOCT-
HBIX CIO’KeTOB. Takyke He OBLIM 3aTPOHYTHI BOIIPOCHI HHUITUAJTU3AINA U aBTOMATHIECKOTO
nMeHoBaHusg TeM. He Hamia orpazkenns B 0630pe HOBas TEHJIEHITHS CO3IaHUs THOPHTHBIX
MOJIeJIel HA OCHOBE TEeMATUYECKOTO MOJETUPOBAHAS W HEMPOHHBIX CETEN.

O0630p HaIECAH IO MaTepuajgaM CIenKypca «BepodaTHocTHOe TeMaTHIecKoe MOJIe/H-
posanue» '’ koroprrit aBTop unTaet Ha gaxynprere BMK Mockosekoro [ocyrapeTserno-
ro Yuupepcurera uM. M. B. JlomonocoBa. O0HOBIsIeMast 3/TeKTPOHHAST BEPCUA JOCTYITHA
na caiite MachineLearning.ru'’.

Pabotra BeimostHena npu buHaHCOBOI MogaepKKe Poccuiickoro dponaa pyHmaMeHTa Ib-
HBIX mccaemoBanmii, mpoekT 17-07-01536, 16-37-00498.
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