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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, BBOJSTCS JOMOJHUTEIbHBIE KPUTEPUN — peryasgpu3aTopbl. Ouu dopma-
JIU3YIOT TPeOOBAHUS U OTPAHUYEHNSI, BOSHUKAIOIINE B KOHKPETHBIX 33a4uaX nH(POp-
MAIMOHHOTO TIOUCKA, KJIACCH(MUKAINY, KJIACTEPU3AINNA, CEIMEHTAINN, CYyMMapU3a-
1y TeKCTOB. /laHHbI 0030D OMMUCHIBAET B TEPMUHAX PErYJIAPU3ANNAN OCHOBHBIE TH-
Bl TEMATUYIECKUX MOfeseil: MyJabTUMOIAIbHbIe, MYJIbTUI3BIUHbIE, TEMIOPATIbHLIE,
nepapxudeckue, rpadoBbie, IUCTPUOYyTUBHBIE, cermenTupyionue. Maremarnaeckuit
ammapar aJIUTUBHON peryispusanun rtemarudeckux mogeseit (ARTM) mossosisi-
eT 00beNHATEL PEryIApU3aTOPbl B JIMHEIHBIE KOMIIO3UIINN, ITOOBI CTPOUTH MOJE/TH
€ 33JAaHHBIMU cBolicTBaMu. MoyabHag TEXHOTOTUS TEMATHIECKOTO MOJAETNPOBAHIS
MOJIOYKEHA B OCHOBY OMOJIMOTEKM C OTKPBITHIM KOmoM 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 myGauxanumii [154, 122], MHOrOsS3bIUHBIH HH-
dbopmaronnsrii monck [133, 132|, mouck remMarmyecKuxX COOBIIECTB B CONUAJIBHBIX Ce-
Tax [156, 124, 98, 27|, knaccudukanus u kareropusanus 1okymenTos [107, 157], remaru-
deckas cerMeHTanust Tekctos [141], Teruposanue Be6-crpanur [58|, obHAPYKeHHE TEKCTO-
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Boro crnama [10]. CyIecTByoT i He-TeKCTOBbBIE TIPUIOKEHUS B AHAJIN3E U300PAKeHUIT 1 BY-
JeonoTokoB [49, 66, 42, 123|, B pekoMenqaTebHbIX cucremax [148, 136, 62, 151, 150], B mo-
myasonHoit rererrke [100], B Guonrdopmarnke st aHATW3a HYKJICOTHIHBIX [59] 1 amu-
HOKHUCJIOTHBIX TocsieoBaresbrocTeil [112, 57|. MHorne apyrue pasHOBHIHOCTH M HPUIIO-
JKeHUsT TeMaTHIeCKUX Mojiesieii yoMuHaooTest B o63opax [35, 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
B3BellleHHas cymva kpurtepues [3, 128]. Muorue Temarndeckue MoAe u OO W3HATAb-
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 —
MOKa3aTh, YTO PEryJIsipU3allus siBJISETCSd HE MeHee BbIPA3UTE/JbHBIM CPEJCTBOM MO/ -
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 puBIedenns skcnepron [40, 67, 109).

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 HCMOJIB3YIOTCsT PA3JINIHble MeTObl MAIUHHOrO obydenus [84, 60, 90].

[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-
3HAYEHHOTO JIJIsl TOCTPOEHNUST BEPOSITHOCTHBIX MOJIeJIeli O CKPHITHIME TTepeMeHHbIME [37].
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 OJIMH CKAJSIPHBIN KpUTEpuii — OAuH u3 6a30-
BBIX PUEMOB B MHOTOKPUTEPHUAJIHHOI ONTUMU3AINN, HA3BIBAEMBIH CKAAAPUIAUUET.

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 JOMYCKAETCs yeaoBueM 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 JOMYCKAETCs yeaoBueM 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 rony [48]. B ARTM ona coorsercTByer HyJe-
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 mrepaln npapaonoaobue ypeamduBaercst [37]. Auasorudubie 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 ceMminupoBanust ['ubbea [117).

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 [47, 20]. OcHoBHasg ero ujest COCTOUT B TOM, UTO Ha OOJIBIION KOJLIEKIUA MATPH-
na ¢ MoxkeT CONTHCH M TmepecTarh MEHSTHCS 3300 10 OKOHYAHWS MePBOil WTepaluu.
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 omucanbl B paszese 15, emé moapodbnee — B crarbe [43].

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.

TexHuKM MpUGTHKEHHOrO 0aliecOBCKOrO BBIBOJA (BapuAIMOHHBIH BuIBOI [121], cam-
mmpoBanne ['mb6ca [117], pacmpocrpanenne o:KugaHus) He TMO3BOJSAIOT 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[yI[bHOﬁ 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-
JIOTOO0UST OTINYAIOTCS He3HAUuTeIbHO [74, 145, 69]. Paziudus mposBagiOTCS TOJIBKO
HA HU3KOYACTOTHBIX TepMaX, KOTOpbIe He BayKHBI I oOpa3oBaHus TeM. B pobacTHBIX
Bapuantax PLSA u LDA rtakwe TepMbl UTHOPUPYIOTCs, 9TO PE3KO CHUXKAET KaK Tepe-
obydeHne, Tak ¥ pasiandue B npapgomnonooun momesneii [99]. Cam Bonpoc o nepeodyuennu
[IOCTaBJIeH He BIOJHE KOPPEKTHO. Bo-NepBBIX, TeMAaTHIECKHEe MOJIETN CTPOSTCS He Pajiu
npecKa3aHus TePMOB B JOKYMEHTaX, a JIJIs BBISIBICHUSA KJIACTEPHOH CTPYKTYPHI KOJLIEK-
. Bo-BTOPBIX, BeIUYMHA MepeobyUeHns 3aBHCHT HE TOJBKO OT CaMOil MOJeTd, HO W
OT TOTr0, KaK MbI JJOTOBOPUMCS M3MepsTh e€é KadecTBO. /[1s1 u3aMepenusi 0OOBIYHO UCIOJIb-
3yeTcsi NePIJIEKCHsI, KOTOPasi CHJILHO MTpadyeT 3aHUKEHHbIE BEPOSTHOCTH HU3KOYACTOT-
HBIX TepMOB. Bo3moxkuo, nmpeBocxoacTBo LDA max PLSA He cToab cymecTBeHHO, KaK 9TO
OPUHATO cYuTaTh. TeMm He Menee, LDA ne dbaxTo gBiasgercsa camoii mCIoab3yeMoil Tema-
THYECKOU MOIEJIBIO.

Momens LDA ocHoBaHa Ha MPeIIOI0OKEHUH, 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 Mojgenb LDA mepexomur B PLSA [44).

[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 [111, 39, 135, 61, 32| u3-3a BHyTpeHHErO MPOTHBOPEUNS MEXKY 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 JuHAMIUecKoil Mogenn PLSA mia o6paborku BuaeonoTokos [123],
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 PACcCMATPHUBATL Kak 0600IeHne podbacTHbix Mozeneit [30, 99], B KOTOPBIX HCHOJIb-
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 JJisi TIOMCKA W KJacTepusaiun HoBocTeil [52],
MOUCKA B COMUAJIBHBIX Meana HH(MOPMAINH, CBI3AHHON ¢ DOIE3HIAME, CAMITOMAMHI H Me-
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rogamu Jjedenus [93, 94|, ¢ npecrynuocThio u dKkcTpemuzMoM [70, 110], ¢ HATHOHATIBLHO-
CTIME W MeKHAIMOHATBHBIME OTHOMIeHuSME [27, 56, 92].

B mozenun ATAM (ailment topic aspects model) B kKauecTBe CIIa’KUBAOIIETO PACIIPe-
JeJIeHUsT [3,,; UCIOIb30BATACH OOJIbIIAst KOJIJIEKIMsT MeUIHHCKIX craTeil [94].

B wmomemsix SSLDA  (semi-supervised LDA) u ISLDA (interval semi-supervised
LDA) st moncka 3THO-PeJIEBAHTHBIX TEM WCIIOJb30BAJIOCh CLIIA’KUBAHKE 110 CIOBAPIO
M3 HECKOJIBKUX cOTeH STHOHMMOB [27|. B Mmomesnn SSLDA sist Kazk10it 9THO-pesieBaHTHOI
TeMBbI 3aJ1aéTCsI CBOM CJIOBAph STHOHUMOB, CBA3aHHBIX C OJHUM OIPEIETEHHBIM STHOCOM.
B momenn ISLDA mHOXKecTBO TeM pa30dHBaeTcs Ha MHTEPBAJLI, H /IS BCEX TeM KayKIO0TO
HHTEepBaJIa 330aéTCsd OOIIHil cI0Baph 3THOHUMOB. [IpenmMyInecTBo 3THX MoOeIeid B TOM,
YTO MHTEPIpeTanus KaykKJI0i TeMbl W3BEeCTHa 3apaHee. HemocTtaTrku B TOM, 9TO TPYIHO
npeayraablBaTh YUCIO0 TeM I KarKA0W STHUIHOCTH W CTPOUTH MOJUITHUYHBIE TEMBI
JIJTST BBISIBJIEHHS MEXKITHHYECKUX KOHMIMKTOB. AJTBTePHATHBHBIN MOIXOM 3aKTI0YAETCS
B TOM, UTOOBI 33J1aTh YHCJIO STHO-PEJIEBAHTHBIX TeM U IMIPUMEHUTH K HUM OOIIee CriaKu-
BaHWe 10 CJIOBApPIO STHOHUMOB. TeMarTwdecKast MOJIEIb CaMa ONPEIe/NT, KakK pPa3Ie/uTh
ux 1o sranaHocTsIM |16, 17|. HegocraTok 5T0ro0 mogxoia B TOM, 9TO WHTEPIPETHPYEMOCTh
HAIEHHBIX TEM MPUXOIUTCH MPOBEPSATH BPYUHYIO.

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-
HUE — 3TO ComyTCTBYIoNmi 3dhdexT nekoppennposanns. B [119] 6Lt 3aMeven emé oaun
noJte3HbI 3 dexT: cioBa 00MIeil JeKCUKN TPYNIUPYIOTCS B OTAETbHBIE TeMbI. DKCIEePHU-
MEHTBHI ¢ KOMOMHUDOBAHWEM PErY/IsIPU3ATOPOB CTIAKWBAHWS, PA3PEKUBAHUS U JIEKOPPE-
mauposanusi B ARTM moareepzkator sro nHabiawogenue [6, 130, 129)].

HexoppennpoBanne Brepsbie Obl10 npemaoxkeno B Mogean TWC-LDA (topic-weak-
correlated LDA) B pamrax 6Gaiiecockoro mogaxoma [119]. CoorsercrByiornee 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 Y2Ke BO MHOI'MX paboTax Jijig yaydllleHdns WHTepaperupyeMoctu tem [6, 129, 130,
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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.

131, 12]. TTomobpas K03 MUIUEHTHI PEryIsIPU3AIIE, MOKHO OJHOBPEMEHHO 3HAYUTETHHO
VIIYYIIUTh Pa3pesKeHHOCTh, KOHTPACTHOCTh, YMNCTOTY W KOT€PEHTHOCTH TeM NP He3HAUN-
TeJIbHOIT moTepe npasaonoaooust Moeau [130]. Bouin BripaboTaHbl 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 [134, 143|, rern [58|, umenoBaHHbIe CyII-
HOCTH [86] — 3TO mpUMEpPHI TEKCTOBBIX MOJAIBHOCTEl. B My/JbTHI3BIUHBIX TEMATHUECKUX
MOJIEJISIX MAPAJLIETBLHBIX TEKCTOB MOJATBLHOCTIME SIBJISIOTCS a3bIKu [132]. [Iist anasu-
32 KOPOTKHUX TEKCTOB C OMEYATKAMHU HCIOJIB3YIOT MOJAJIHHOCTh OYKBEHHBIX N-I'PAMM, UTO
O3BOJISET YJIyqniaTh KadecTBo nHbopmarnuonroro moucka [50]. [Ipumepamn HeTeKCTOBBIX
MoJasIbHOCTEI siBstioTest (puc. 5): aBropsr [106], MomentTsr Bpemenu [122, 154, 123], k1ac-
Cbl, KaHpbl wian Kareropun [107, 157|, murupyemble win murupyroomme JOKyMeHTH [38]
WK aBTOPBI [55], MOIB30BATEN FMEKTPOHHBIX OUOJIHOTEK, COIMUANBHBIX CEeTel WJIN pe-
KOMeHIaTebHbIX cucreM (62, 114, 136, 150, 151|, rpadudeckne s1emMeHTH H306parKe-
uuit |25, 49, 66|, pekaamuble 00bsiBIeHNsT Ha BeO-cTpanuax [97].

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 Ywt = 1;  @uwr = 0; Zetd =1; 0, =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 TOUTH OfHOBpeMerHO [36, 81, 91| u npeacrasisin
€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.

A3BIYHOI'O ITOHNCKAa. HOHbITKI/I 60.)'[66 TOYHOIO " pr,Z[OéMKOFO BbIpaBHUBaHUA I10 IIPeEaJIo-
JKEeHUSIM WU MO CJI0OBaM MPAKTUYECKW He YJIYUIIAlT KadecTBO moucka. OOCTOATeTbHbII
0030p MY/JIbTUA3BIYHBIX TEMATHICCKUX MOJeseii MOKHO Hajitn B [132].

Ha puc. 6 nmokazanb HekoTopble n3 400 TeM, mocTpoeHHBIX 1O 216 175 mapam pycckux
u aHrniickux crareit Bukunemnn [126]. [Iist cBsi3bIBaHUST SI3BIKOB HCIIOJIB30BATINCH 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 Puwt = 1, Pwt > O, Z¢tc - 1a 77Z)tc > 07 Z Ted = ]-7 Ted > 0. (34)
wEW 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 ABJISIIOTCS aBTOPBI ToKyMeHTOB [106]. B memamuueckot modeau mezupo-
sanua doxymenmos TWTM (tag weighted topic model) mopox garomieii MOIATBHOCTHIO
SIBJISTIOTCST Teru JIOKyMeHTa [64]. AHajorndHasi MOJEIh MCIOJIb30BAIACh JJisi 06paboTKI
BH1eOTOTOKOB B [49]. JIoKyMeHTHI d COOTBETCTBOBAJIN MOC/IE0BATENBLHBIM 1-CEKYHIHBIM
BU/ICOKJTMITAM, TEPMBI W — 3JEeMEHTAPHLIM BU3YATBHBLIM COOBITUSIM, TeMBI ¢ — MPOCTBIM
JIeHCTBUSAM, COCTOSTINM W3 COUYETAHUS COOBITHUl, KATETOpUU ¢ — 0OJIee CJIOXKHBIM MOBeIe-
HUAM, COCTOAIIUM U3 COYETAHUA ,Z[eﬁCTBHﬁ, HpI/I‘{éM CTaBHJIaCh 3a/laYa BbBIJCJIUTH B KazK-
JIOM KJIWITIe OJTHO OCHOBHOE MOBEJIeHHE.

Mogmenb (32) MOKHO YIPOCTUTH M CBECTH CHOBA K JIBYXMATPUIHOMY DA3JIOKEHHUIO, eC-
JIX OTOXKJIECTBUTH TeMbl ¢ KaTeropuamu, C' = T', u B34Tb equHuunyio Marpuny V. Jlannas
MOJIeTTh W3BecTHa B inreparype Kak Flat-LDA [107] u Labeled-LDA [103]. 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) [142] kaxqas TeMa 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 JOKyMeHTBI. My/IbTUMOa/IbHBIE MOJIETH OMUCHIBAIOT JOKYMEHTHI, COJEepP Kallne TOKe-
HBI Pa3JIMIHBIX MOJATBLHOCTEl: CJI0B, OUTpaMM, TeroB, KaTeropuii, aBTOPOB, MOTb30BaTe-
neit, m T. 1. Bo Bcex 3TuX caydasx MOJeTb ONUCHIBAET MAapHbIE B3aUMOIEHCTBUS MEKITy
JIOKYMEHTaMI B TOKeHaMH. B 0ojiee CIOKHBIX HPUIOKEHHSX HCXOIHbIE JTaHHBIE MOTLYT
ONMCHIBATH TPAH3AKIMHK (OTHOIEHNUS, B3ANMOCBSI3H, B3aUMOJIEHCTBHsI) He TOJIBKO MKy
napamMu 00bEeKTOB PAa3JTHIHBIX MOJAJTHLHOCTElH, HO U MeZK 1y Tpoiikamu. Hampumep, B cetn
HHTEePHET-PEKIAMbI «II0JTb30BaTeb U KJIUKHYJI 00bdaBIeHHe b HAa cTpaHuie d»; B COIU-
AJTbHOI CeTH «IOJb30BATENb U HAMUCAJ CJIOBO w HA CTpaHUIe 0Jora 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:

JTOKyMeHTBI Vi3 = D u Tepmunnl Vo = W eIMHCTBEHHBIM THIOM TPaH3aKIIH SBISIETCS
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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.

BXOXK/IEHUE TepMHUHA W B JOKYMEHT d; KarK/as TPAH3aKIHS MPEJICTABIIETCs pebpoM 3
JIBYX BepinH € = (d,w); OpUEeHTHPOBAHHBI Ipad ABISIETCS JIBYI0JIbHBIM.

Ha puc. 8 nokazan npumep runeprpada ¢ BepiuimHaMu Tpéx MojaJbHocTell, pédbpamMu-
TPAH3AKIUSIMA TSITH THTOB 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

30



[TapameTpaMu 3TOi MOJENIH ABJILAIOTCA YCJIOBHBIE BEPOSITHOCTH BEPIIMH B TeMaX
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-
OJIIOAEMBIM JJAHHBIM W HE 3aBHCST OT apaMeTpPOB MOJIE/IN.

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

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

V]

MHOXKeCTBOM MozgaJabHocTeit M,

w

pa3dmeHneM MHOZKECTBA BEPIIWH MO MOTAILHOCTIM fi: V — M,

ST

paszbueHneM MHOXKecTBa pébep mo TtumaMm k: E — K,

(=2

crenenbio h u HabopoOM MOJAJIBHOCTENH My, . . ., My, JIJI KaxK10r0o THia péoep k € K,

~J

)
)
)
) MHOKECTBOM THUIIOB pébep K,
)
)
) muOXKecTBOM Tem T,

)

oo

BEPOSITHOCTHBIM IIPOCTPAHCTBOM (), C pacupemeseHnemM py Ias Kaxaoro k € K,

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

[Muneprpadosast Moje/ b ONMKUCHIBAET MUPOKUI KJIaCC TeMaTudecKux Mojeseit. B qact-
HOCTH, OHa cooTBeTcTBYeT Mojen PLSA B ciaydae, Korma MOJaIbHOCTH JIBe — JOKYMEH-
et V) = D u tepmunst Vo = W, tun pédep Tosbko oquma — mapel (d,w) € D x W.

Jl1g onTuMu3anuM mapaMeTpoB MOJETH MPUMEHUM TPUHIUN MAKCHMYyMa ITPaBIOIO-
JIOOMST JIJIsT KazKJ0ro Tuna peéoep k u O6yjaeM MakKCUMU3UPOBATH B3BEIIEHHYIO CYMMY JIOTa-
pudMoB mpaBIonoIE6Us ¢ BecaMu Ty, u peryasipuzaropom R(P, O):

Z Th Z Ngy I Z 04 H Otk + R(P,0) — rg%x; (36)

keK dx€Ey, teT vET

> e €{0.1},  @u >0, keK meM teT
vEVm

d 0uef0,1},  04>0, teT deD.

teT

OrpaHnveHnsi-paBeHCTBA MPELYCMATPUBAIOT BO3MOYKHOCTEH OOHY/IEHUST PACIIPEIeIeHHIA.
Ecim . = 0 putst Becex v € V,,,, TO Tema t He ydacTByeT B HOpOxKaeHnu pédep Tura k ¢ Bep-
muHamMu MogaabHocT m. Ecim 6, = 0 nyig Becex t € T', TO cIUTAETCA, 9TO TeMAaTHIECKAsT
MOJIeTb HE B COCTOSHUHU OIMCATEH COAEP:KUMOe KOHTeitHepa, d.

Teopema 4. Ilycrs ¢ynkmms R(P, ©) wenpepsisro augdepenmmpyema. Touka JoKaIb-
roro makcumyma (®,0) zazaun (36) yaoiaerBopsier cucreMe ypaBHEHHI OTHOCHTETIBHO
apaMeTpPOB MOAETH Pytk, Oiq T BCIIOMOTATETBHBIX MEPEMEHHBIX Ditdr, Ntd T Myt

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

Knaccudmkauyms. Temamuueckas modeav kaaccupurayuu Dependency LDA [107] sis-
astercst HaifecoBckuM anasorom mozenn (26) ¢ mogaabHocTsiMu repmoB Wou kiaccos C.
Nmeercs obydaroriast BEIOOPKa JTOKYMEHTOB d, It KayKJI0rO U3 KOTOPBIX M3BECTHO IOJI-
MHOKecTBO KJytaccoB Cy C C. Tpebyerca kmaccupunupoBaTh HOBbIE JOKYMEHTHI C HEU3-
BecTHBIM Cy. JI71s 3TOr0 OyIeM HCIOIb30BATL AUHETHYI0 BEPOAMHOCMHYIO MOOEAL KAGC-
cugpurayuu, B KOTOPOil 00bEKTAMHU SIBJIAIOTCS JIOKYMEHTHI d, TPU3HAKH COOTBETCTBYIOT
TeMaM ¢ ¥ NPHHEMAIOT 3HadeHust Oy = p(t|d):

p(c|d) = Z PetOrd-
teT

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

Koaddunuents: uneitnoit Mmogenu ¢, = p(c|t) u moporu 7y, o6ydarorcst mo BEIGOPKE
JnokyMeHToB ¢ u3BecTHbIiMu Cy. IlpusHakoBoe ommcanme HOBOTO JOKYMEHTa j BBIUMUC/IA-
eTCs TeMaTUIeCKOH MOJIE/IBI0 TOJIBKO TI0 €r0 TepMaM.

Okcnepumentsl B [107] mokasasm, 9T0 TeMaTHYECKHe MOJEIN TPEBOCXOAAT OObIY-
HbIE METOJbl MHOT'OKJIACCOBOW KJIacCU(pUKAIUKA HA OOJIBIINX TEKCTOBBIX KOJLICKIIHSX
¢ 6OJBIINM YUCTIOM HecOATaHCUPOBAHHBIX, TEPECEKAIONINXCA, B3AaNMO3aBIUCHMBIX K/JIACCOB.
B [127] Te ke BBIBO/IBI HA TEX YK€ KOJIEKIUSX 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 KTACCHI IMEIOT ODOIIHe TePMbI U TEMBI, II09TOMY HIpHU KJIacCH(MUKAIINN TOKYMEHTa
MOTI'YT BCTYIIATh B KOHKYPEHIIHIO.

Pezynapusayus no ompuyamesvrovLm npumepam UCIONb3YeT JTaHHBIE O TOM, UYTO J0-
KyMeHT d n3 obydaromieit BBIOGODKH He NPHHAJIEKUT moAMHOXKecTBY KiaccoB C C C.
JList 3TOTO Cilydasi 3aIluIleM MpaBIonogo0ne BePOSITHOCTHON MO OMHAPHBIX JIAHHBIX:

L(®,0) = TZ Z lnz Oetbra + TZ Z ln(l — Z goctﬁtd> — max.

deD ceCy teT deD ceC teT

[TepBoe ciaraeMoe paBHsieTCs l0g-TIPABIOMOI00HI0 MOJTATBLHOCTH KiaccoB (26), ecin
OJIOKUTE Nge. = [cE€ Cy]. Bropoe ciaraemoe MOKHO paccMaTpUBATh KaK PEryJsipH3aTop
OTPHIATETHHBIX MPUMEDOB, (CJIyYaeB He-TIPHHAJIEKHOCTH JTOKYMEHTOB KJIaccaM).

Yacmomnas peeyaapusayus (label regularization) xoporo 3apekomengoBaia cebst
B 3ajauax ¢ HecOamancupoBanubivu Kiaaccamu [71, 107]. Tlorpebyem, aTobel orneHka 6e3-
YCTIOBHOTO paCIpejie/ieHnsT KIacCoB 10 Ko/uteKnun p(c) = Y, ¢qp(t) Oblra 6an3Ka K Ha-
OJIFOIA@MBIM 9aCTOTaM KJIACCOB P(c) = fﬂ\DCL rie D.={d € D: c € Cy} — MHOKeCTBO
JIOKYMEHTOB, OTHOCAIINXCA K KJIaccy ¢. Boipasum mannoe TpebOBaHUE ¢ MOMOIIBIO CIUIa-
JKUBAIOIIETO PEry/IsPU3aTopa KPOCC-3HTPOINY, KOTOPbIH MOYKHO HHTEPIPETHPOBATH U KAK
MAKCHMU3AIUIO TPABIOIOI00US MOIETH KJIACCOB P(C):

R(®) =171 Z |D.| lnz Nt Per — Max,
ceC teT

e ny = » .M — THCT0 TOKeHOB MopanbHocTH C, OTHOCAIINXCS K TeMe ¢ BO BCeil KOJI-
neknuu. [loacraBigs 5TotT peryaspusarop B (13), momyunm dbopmysbr M-mmara:

NPe
et = norm (nct + T|Dc|ﬁ). (44)
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YacToTHas peryIsgapu3alis NCI0Ib30BaIach B TeMaTn4aecKoii mogaesn Prior-LDA, koTopas
obLTa mpeyoxkena B [107] kak ymyumenune mogenn Flat-LDA.

Perpeccusa. 3agaqun npecka3anusi YUCIOBON BeJIMIWHBI KAK (DYHKIIUHA OT TEKCTa BO3HI-
KAlOT BO MHOTUX MPUIOKEHUSX JTEKTPOHHON KOMMEPIUN: Mpe/IcKa3aHue peiiTHHra TOBa-
pa, duabMa WM KHUTH MO TEKCTY OT3bIBA; MpEICKA3aHUe YHCJIa KJIUKOB MO TEKCTY pe-
KJAMHOTO OObSIBIEHUS; MIPe/ICKa3aHue 3apIIaThl M0 OMUCAHUIO BAKAHCUU; MPEICKA3aAHIe
nosie3HoCTH (Uncsia JAffKoB) OT3bIBa Ha OTeJb, pecTopaH, cepsuc. st BoccTaHOBIEHMSI
YUCJIOBBIX (DYHKIUI 110 KOHEUYHOU 0Oydalomieil BEIOOpKe nap «00beKT-O0TBET» UCIOJIb3Y-
I0TCS PerpecCHOHHBIE MOJIETH, OJHAKO BCe OHU MPUHUMAIOT HA BXO/I€ BEKTOPHBIE OTTMCAHUS
00bekToB. Temarmdeckass MOJETb TMO3BOISIET 3aMEHUTh TEKCT JTOKYMeHTa d ero BeKTOp-
HBIM TpejcTaBienueM ;. C Apyroit cTOpoOHBI, KPUTEPUl ONTUMUBAIME PETrPecCHOHHOM
MOJIEJI MOZKHO HMCIIOJIb30BATh B KQYECTBE PEry/isipu3aropa, YTodbl HAlTH TeMbl, Hanbojiee
nHGOPMATHBHBIE ¢ TOYKH 3DEHHsT TOYHOCTH NpejcKazanuii |75, 116].

[Tycts mast Kaxka0ro JoKyMeHTa d oby4aromieir BHIOOpKN [ 3aaHO IejIeBoe 3HAYeHNe
ya € R. Pacemorpum aunetinyo modeav pezpeccuu, KOTOpas MpeICcKa3bIBaeT MaTeMaTu-
YecKoe OKUIaHUe MEeTeBOil BeTMIIMHBI:

E(yld) = 3 v

teT

rie v € RT — BexkTop ko3ddunmenton. [IpmMernM MeTon HANMeHBIINX KBaJIpaToB J/Is
o0y4eHusi BEKTOpa v MO BBIOOPKE JIOKYMEHTOR:

R(O,v) = —7 Z(yd — Z vtetd)2.

deD teT

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

Oia = no%"m (ntd + TU04q <yd - Z Usesd> ) ;

seT

v=(007)"'ey.

BamMeruM, 410 (bopMysIa I BEKTOPa ¥ ABISIETCS CTAHIAPTHBIM pelleHreM 3a/1add HaH-
MEHBINX KBaApaToB npu (HUKCHpoBaHHON Marpuie O. BekTop v M0KHO OOHOBIATH 110
OKOHYAHWU KayKJ0T0 ITPOX0/1a KOJLIEKINN, JIKHOO 1mocjie 00pabOTKH KarK/I0r0 MmaKeTa JI0KY-
MeHTOB B oHJaiiHoBoM EM-airopurme.

B [116] moka3ano, 9T0 KAYECTBO PErPECCHU MOYXKET 3aBHCETh OT MHUIMATN3AIMH TeMa-
THYECKON MOJIENTH, U MPeIT0KeHO HeCKOJIBKO MeTOI0B MHUMATA3AINN.

Koppensauuu tem. Modeav koppeauposannvx mem CTM (correlated topic model) mpe-
Ha3HAYeHA JIJIs BBISIBJICHUs CBsA3eil Mexkay Temamu [21]. Hampumep, craTbs mo reogorun
DoJ1ee BEepOSITHO CBA3aHA C apXeoJIOrneil, YeM ¢ FeHeTHKO. 3HaHue 0 TOM, KaKHe TeMbl da-
Il COBMECTHO BCTPEUYAIOTCA B JOKYMEHTAX KOJIIEKIINH, TO3BOJISET TOUHEee MOIETHPOBATH
TeMaTUKy OTAEJbHBIX JOKYMEHTOB B MYJbTUAUCHUIIINHAPHBIX KOJIJICKIIHUAX.

Jl1st onmcanust KOppessuil y100HO UCIIOIH30BATH MHOTOMEPHOE HOPMAJIHLHOE PacIIpe-
nenenne. OHO He MOJXOAMUT /I OIMHCAHUSA HEOTPUIATETHHBIX HOPMUPOBAHHBIX BEKTOD-
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CTOJIONOB 04, HO HEILIOXO OMUCHIBAET BEKTOPHI UX J0rapudmoB 1y = In 6;4. [TosTomy B MO-
JIeJTb BBOJUTCS MHOTOMEPHOE JIOP-HOpMasibHoe pactpeenenne (logistic normal) ¢ asyms
napaMeTpamMu: BEKTOPOM MaTeMaTUIeCKOT0 OYKUJIAHUS (L U KOBAPUAIIMOHHON MaTpHIIEH Y

p(nal i, 2) = (20) 32|72 exp(—L(na — )" (0 — ).

Nznaganpao mogens CTM Obl1a pazpaboTana B pamMKax 0aiieCOBCKOTO MOIXO/A, T/
BO3HUKAJIHM JOMOJHUATETbHBIE TeXHHUYECKHe TPYAHOCTH H3-3a TOrO, UTO JIOT-HOPMAJIbHOE
pacmpejieleHne He sBJISeTCS CONPSKEHHBIM K MyabTHHOMHaabHOMY. B pamkax ARTM
uness CTM dopmanusyercss u peajn3yercss HAMHOTO TTPOIIIE.

OnpeneuM peryasipu3aTop Kak Jorapudm mpaBaonoao0us JT0T-HOpMaIbHOR MOIETN
JIJTST BHIOOPKU BEKTOPOB JIOKYMEHTOB 1)

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

O,u,%
deD deD

Cornacuo (14), dopmyna M-mara st 0,y npuHIMaeT Bu/

O = norm (ntd - T Z ¥t (ln Osq — us)), (45)

seT

e X;,' — s1eMenTs 06paTHOl KoBapHaIMOHHOi MaTpuiel. [TlapaMeTphl ¥, (i HOpMAIbHO-
ro pacrpejieneHus OOHOBISIOTCS TOCTe KayKJI0rO MPOX0Ia KOIEKIH, JU00 MOCTe KarK-
JIOTO TaKeTa JIOKYMEeHTOB B oHjaiinoBoM EM-aaropurwme:

1
= — In 6y,
2 |D|deZDnd
1
Y= ﬁZ(lned—,u)(lned—,u)
deD

Takum obpa3oM, TpymoéMKas omepalust oOpalleHnsl KOBAPHAIMOHHON MaTpPUIBI BBIIOJI-
HETCsl OTHOCUTETBHO peko. B [21] ucnonb3oBanack LASSO-perpeccust, 4T00bl MOy IaTh
paspeKeHHYI0 KOBAPUAIMOHHYIO MATPHILY.

9 MopagenupoBaHune cea3eil MeXxxay AOKYMeHTaMu

Ccbinkn n untupoBaHue. lHorma mmeercst JOMOJHUTEIbHAs WHMOPMAIUS O CBSI3SAX
MEKJY JIOKyMEHTaMU U MPeI0JaraeTcsd, YTO CBA3aHAbIE JOKYMEHTHI UMEIOT CXOXKYIO Te-
MaTnuky. CBsi3b MOXKET O3HAYaTh, 9TO JBa JOKYMEHTa OTHOCSTCS K OJHOW PyOpHKe, COB-
MECTHO YIOMUHAIOTCS WU CCHLIAIOTCA APYT Ha Apyra. PopMaan3yeM 3TO MPeanoaToKeHne
C TIOMOIIIBIO peryadapu3aTopa:

R(©) =7 Z N Z Otabre,
d,c

teT

IJIe Nge — BEC CBSI3M MEXKJy JOKYMEHTaMH, HalpUMep, YHCJI0 CChlIoK u3 d Ha c. B [38]
npeaIoXkeHa moxoxkas momenb LDA-JS, B KoTopoii BMECTO MaKCHMH3AIUH KOBAPHAIII
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MHEHUME3HpYyeTca auseprennua llencena-Illennona mexay pacupefenenusMu 0y u 0.
Dopmyna M-mara jias 6,4, cormacuo (14), umeer Buj

Ora = ntoel"Tm (ntd + 7014 Z ndcetc> .

ceD

910 emé oaHa Pa3HOBUIHOCTH CriiazKuBaHus. BepostHocTH 0y B X01€ UTepaiumii mpu-
OJIMKAIOTCSA K BEPOSITHOCTSM ;. JTOKYMEHTOB, CBSI3aHHBIX C d.

Peryngpuszarop marpunpl © cranoButcs HedhdEKTUBHBIM MpH MAKeTHOH 0OpaboTKe
OOJIBINMUX KOJLIEKINi, KOT/Ia JOKYMEHTHI ¢, Ha KOTOPbIE CCHLIAeTCH JAHHBIA JOKYMEHT d,
HAXOIATCA B IPYTuX makerax. [Ipobiema peraercs BBeeHIEM MOJATLHOCTH JOKYMEHTOB,
Ha KOTOPBIE €CTh CCHIIKH U3 JAPYIUX JOKYMEHTOB. DTOT CIOCOD MOPOKIAET HOBYIO MPO-
OJ1eMy: eCcJIM MOIITHOCTh 3TON MOJAJILHOCTH OKAYKeTCsl pABHOI YHMC/Iy JOKYMEHTOB, TO MaT-
puna ¢ MoyKeT He MOMECTUTHCS B ONEPATHBHYIO MaMsITh. MOKHO COKPATUTH 3Ty MOIAIh-
HOCTb, OCTABHB TOJILKO HambOJIee BAUATETbHBIE JOKYMEHTHI ¢, UACJI0 CCBLIOK Ha KOTOPBIE
Ne = )4 Nde TPEBHIMIACT BEIOPAHHBIH TOPOL.

Januast njest mpunuia w3 MOJeJSN BIMsiHUS HaydHbIX myoaukanuii LDA-post [38].
B Heit ucnosip3ytorcs jaBe moganbHOCTH: cjioBa Wi u murtupyembie gokymenTsl Wy C D.
Mogenb BoisiBIsieT HanbOJIEe BIAUSTENIbHBIE JOKYMEHTH BHYTPH KaykKaoi TeMbl. Heryiie-
BbIe 3JIEMEHTHI B CTpOKe ¢ MaTpunbl Py MOKA3BIBAIOT, HA KaKWe TEMbI IMOBJHUSI JIOKY-
MeHT ¢ € Wy, TakzKe Moje/b MO3BOJISIET pa3andaTh, KaKHe U3 CChLIOK CYIIECTBEHHO II0-
BJIMSLTH HA HAYUHYIO CTATHIO, & KAKHe ABISIIOTCA BTOPOCTEIIEHHBIMHI, YHCTO (DOPMATHHBIMHE
W «JaHBIO BEeXKJIMBOCTH». CUNTAETCsT, 9TO JOKYMEHT ¢ TOBJINSI Ha JOKYMEHT d, eC/Iu
d cchlIaeTcst Ha ¢ 1 OHU UMeEIOT 3HAYUTEeIbHYIO JIOJII0 O0IIeil TeMaTHKM.

Meonokayun. Mudopmanus o reorpadudeckKoM MOJOKEHUH YACTO HCIOJIb3YETCS IIPH
aHa/M3e JAHHBIX COIHUAJBHBIX ceTeil. ['eorpadudeckas mpuBg3ka JOKyMeHTa d WA €ro
aBTopa 3a71aércst b0 2eomezamu (HA3BAHUSME CTPAHBI, DEIMOHA, HACEJEHHOTO MTYHKTA),
b0 2eosokayuet, — mapoii reorpadudeckux koopamHar lg = (x4,y4). B mepBom ciry-
Jae BBOJIUTCSA MOJAJTHHOCTH T'€OTEroB, BO BTOPOM CJyYae HCHOTb3YETCS Peryaspu3aTop.
ARTM mnossosser coBMemarh B Mojaean oba Tuna reorpaduyecKux JaHHBIX.

[Henbio MomeTMPOBaHUS MOXKET OBITh BBIJEIECHHE PErHOHAJIbHBIX TeM, OIpeeaeHne
«apeaJjia OOWTAHMs> KarKJI0H TeMbl, MOWCK IOXOXKHUX TeM B JAPyrux permoHax. Hampwm-
Mep, B KadecTBe OJHOI n3 miutocTpanuii B [152] onpeaessiorcst pernoHbl MOMyJIsipPHOCTH
HAIMOHAJILHOM KyXHH 1O mocraMm moJb3oBarereii Flickr. pyras wutocrparust u3 [76]
OKA3BIBALT, UTO TeMAaTHIeCKas MOJeNb, yInThIBatomast, n3 kakoro mrarta CIITA mpumwo
cooDIIenne, TOUHee MPOCIeKUBaeT MyTh yparana «Karpuuas.

Kpagparnansiii peryasipuzarop Marpuibl O, npemioxenusiii B [152], dopmannsyer
MPEeJIIOIOKEHWEe, 9TO JOKYMEHTHI CO CXOKUMHU IeOJOKAIUSIMUA UMEIOT CXOXKYI0 TeMATHKY:

R(O) = =5 Y wea Y (tha— b0,

(cd)  t€T

e Weq — BEC Mapbl TOKYMEeHTOB (¢, d), BeIpazKaiomuii 6;1u30¢Th reonokanuii. Hampuvep,
Weg = exp(—712), e 12, = (v, — 24)* + (Yo — yYa)*> — KBAAPAT BKIUIOBA PACCTOAHUI.
DTOT peryaspusarop TpedyeT npu 06paboTKe KarxKI0ro J0KYyMeHTa d T0CTya K BEKTO-
paMm 6. Ipyrux JOKYMEHTOB, 9YTO 3aTPYAHSAET MaKeTHYI0 00pabOTKY GOJILIINX KOJLIEKIIWIA.
AnbTepHATHBHBIN CIIOCOD CTIaYKMBAHUSA OCHOBAH HA PErYISpH3aIldud MATPHUIEL P.
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IIycts G — MOZAIBHOCTH reoTeros, ¢g, = p(g|t). Temarnxa reorera g BeIpazKaeTcs
o dhopmyse Baiteca: p(t]|g) = wth—;, e n, — YacToTa reoTera ¢ B MCXOAHBIX TAHHBIX,
ng =), Mgt — UACTOTA TeMbI ¢ B MOJIATBHOCTH [€0TeroB, BhIUUCasgeMas EM-aaroparMont.

KpaapaTuunslii peryagpu3arop MaTpuibl ® 1m0 MOAATBHOCTH reoTeroB (hOpMaIn3yeT
IIPEINOIOKEeHNe, 9TO reorpaduieckn OJU3KHEe TeOTern UMEIOT CXOKYI0 TeMATHKY:

R(®) =—5 Z Wgg' Znt<¢gt S:;g//t) ;

ggeG g

IJle W,y — BeC IMapbl TeoTeros (g, ¢'), BeIpazKkaloluii ux reorpaduieckyio 6au3octs. Huzxke
MBI PacCCMOTPUM ODOOIIEHHE 3TOTO peryasipu3aropa Ha 0oJiee MMUPOKHiT KIacce 3a/1ad.

Mpadbl 1 couymanbHbie cetn. B [76| npeaiokena Gosee obIas TeMaTuIeCKas MOJIENb
NetPLSA, yuursiBaommas Ipou3Bo/IbHbIe TpadoBbie (CeTeBbIe) CTPYKTYPhl HA MHOKECTBE
nokymenToB. [Tycrs 3aman rpad (V, E) ¢ MHOKecTBOM Bepiin V' i MHOKecTBOM pébep E.
Kaz 10it ero Bepimmae v € V' coorBeTCTBYET MOAMHOXKECTBO JoKyMenToB D, C D. Hanpu-
Mep, B poau D, MOXKeT BBICTYIATh OTAEJbHBII JTOKYMEHT, BCe CTATbU OJHOTO aBTOpa v,
BCE TOCTHI U3 OJTHOTO reorpaduuecKoro peruoHa v, u T. 1.

Tematuka KaxKa0it BepIuHbl v € V' BbIpazKaeTcd depe3 mapaMeTpbl Mojean O:

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

deD, deD

B monenmn NetPLSA ucnonb3yercss KBaIpaTHUIHBIH Peryisipu3aTop:

R(©) = —3 N wa Y (p(t]o) — p(tu)?,

(u,v)EE teT

TIe Beca Wy, péoep rpada (u,v) 33Jal0TCsS eCTECTBEHHBIM 00pa30M, KOT/Ia B 3a7a9e eCTh
COOTBETCTBYIOIIAA JOIOTHUTEIbHAA nHdopmanusa. Hanpumep, eciu D, — Bce cTaTbl aB-
TOpa v, TO B KadecTBe Beca pedpa W, €CTeCTBEHHO B3SATh YHCJIO CTaTeill, HAMCAHHBIX
aBTOpaMu U4 W ¥ B coaBTOpcTBe. Ecam momobHO wHMOpMaIun HeT, TO BEC IMOJaraeTcs
PaBHBIM €JIMHUIIE.

DTOT peryagapu3aTop TpedyeT npu 00padboTKe KaxKI0To JOKYMEeHTa d JTOCTyIa K BEKTO-
pam 6. Ipyrux JOKYMEHTOB, 4TO 3aTpyAHsSeT 3hMEKTHBHYIO MAKEeTHYIO 00pabOTKY 0OO0Jhb-
IIIX KOJUTEKIUA. ATbTepHATHBHBIA IIYyTh COCTOUT B TOM, YTOOBI MHOXKECTBO BEPIIHH I'Pa-
da V 06baBUTH MOJATBLHOCTHIO U TEPeiiTu K pery/isipusanuu MaTpuiibl P.

B kaxaprit gjokyment d € D, jgobaBum TOKeH v MogaJbHOCTH V. Bblpa31/1M TEeMATUKY
BepIIHHLL v uepe3 mapamerpbl @ mo dopmyne Baiteca: p(t|v) = (v|t)p(v = Qutpeys TH€

;= Zv Ny — YACTOTa TeMBI ¢ B MOZAJIBLHOCTH V, BeIuncageMasa EM-anropurmomM.

Perynapusarop NetPLSA coxpanser nmpe:kKHHii BUI, HO CTAHOBUTCH (byHKIME oT P:

A =5 3 e (= ) 10

(u v)eEE teT

Bo muOrEX mpunioxKeHusix BayKHbI HAIPABJIEHHOCTH CBs3€il, KOTOPbIe KBaJIPATHIHBII
peryasgpu3aTop He yuuthiBaer. Hanpuwmep, ¢Bsa3b (u,v) MOKeT 03HAYATH CCBLIKY W3 JIO-
KyMeHTa u Ha JoKymeHT v. B mogenu iTopicModel [118] mpeamomaraercs;, uro ecin
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(u,v) € E, 1o Temarnka p(t|u) mupe Temaruku p(t|v). IloaTOMy MHUHHMH3HPYETCS CyM-
ma musepremnuit KL(p(¢|v) || p(t|u)), npuaém yenosusie pacupesenenus p(t|v) MOxHO
BBIPA3WUTH Kak depe3 O, tak u depe3 P:

R(© nmn @) = Z wuvaﬂv YInp(t|u).

(u v)EE teT
Kax mokaszajm 3KCIHepHMEHTHI®, peryasapu3aiid MaTpulbl @ IpHBOIUT NpaKTUIeCKH
K TeM »Ke pe3ysabTaraM, 4To u peryiagapusanus O mas mogeneir NetPLSA u iTopicModels.
10 OnpepeneHuve 4yncaa Tem

Pezyaapuzamop ombopa mem npenioxked B [129] nis yaaneHus: He3HAYNMBIX TeM U3
TeMaTuIecKoit Mogaean. OH OCHOBaH Ha Hee KPOCC-SHTPOIMUIRHOIO pa3peKnBaHus pacipe-
nesennst p(t), KOTOpOe JIErKO BBIPAYKAETCsI Yepe3 HapaMeTpbl TeMaTHIeCKOH MO/IeIH:

R©) =~ 3" (). () = 3 pldp

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

n p(d)
770 )

O = norm (ntd —T—

BamennM 6;; B mpaBoil YacTH paBeHCTBA HECMEIIEHHON OIeHKO ’;—’ij:

Orqg = norm (ntd <1 — TntTT‘ )) (47)

DTOT peryasspu3aTop pa3peKuBaeT MeJTHKOM CTPOKH MaTpuIlnl ©. Ecin 3navenne caér-
YHKa N; B 3HAMEHATEe JTOCTATOYHO MAJIO, TO BCE 3JIEMEHTHI {-ii CTPOKH OKA3BIBAIOTCS PaB-
HBIMU HYJIIO, ¥ TeMa ¢ TIOJIHOCTHIO UCKJIIOYaeTCs u3 Mojaeau. [Ipu ucmob30BaHm JaHHOTO
pery/sipu3aTopa CHada/a yCTaHABINBALTCS 3aBeoMo n3bbTounoe ducsio tem |T|. B xoze
UTEpAIWii 9UCI0 HYJEBBIX CTPOK MATPHUILI O MOCTENEeHHOe YBeTMINBAETCS.

Ot6op Tem B ARTM mHamHOro mpoime HemapaMeTpuiecKux 0aiieCOBCKUX Momeneil —
nepapxudeckoro mporecca Tupuxiie (hierarchical Dirichlet process, HDP) [120]| wiu mpo-
necca knraiickoro pecropana (Chinese restaurant process, CRP) [24].

B ob6oux nogaxomax, ARTM u HDP, umeercss ynpasisitonuii mapamerp, BoiOupast Ko-
TOPBI, MOJKHO MOJIy9aTh MOJEIH ¢ YHCIOM TeM, pasandatormunmcs Ha nopsaku (B ARTM
s10 Koabdunuent peryaspuzanuu 7, B HDP — koaddurment KoHmeaTpaum 7).

B [131] 6blin pOBeIeHbl SKCIEPUMEHTHI Ha MOJTYCHHTeTHYECKUX JIAHHBIX, PEICTAB-
JSIONX c060i cMech IBYX pactpeenennii p(w |d) — peaabHON KOJIEKIUH, JIJIsi KOTOPOit
9UCJI0 TeM HEW3BECTHO, W CHHTETHYECKON KOJIIEKIUU C 3aJaHHBIM 9ucjaoMm Tem. CuHTe-
THYeCKasi KOJJIEKIWSI CTPOWJIACh IYyTEM MepeMHOKeHuss MaTpul] PO, moiyaeHHBIX B pe-
3YIbTATE TEMATHIECKOrO MOJIETHPOBAHUS TOM Ke peajbHoil Kosmeknun. OKa3aaoch, 9To

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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HDP u ARTM crocobHBI onpee/isiTh HCTHHHOE YUCTI0 TeM HAa CHHTETHIeCKUX U IMOJTYCHH-
rerndeckux gaHHbIX. [Ipr srom ARTM onpenenser ero 6o/ee To9HO U yeToiianpo. O1HaKO
qeM 6JII/I)Ke MOJIYyCUHTETUYECKUuEe JaHHbI€e K peaJIbHbBIM, T€M MeEHeEe IETKO pa3jainvdumM Jua-
Ma30H 3HAYEHU I runepiapamMeTrpoB 7 WJIn 7y, Ha KOTOPOM BOCCTaHABJINBAECTCA NPaBUJIBHOE
YHUCJI0 TEM. Ha PeaJIbHBIX JaHHBIX OH HEepa3/JIMYUM BOBCE, HpI/I‘{éM JJI O6OI/IX IIOJXO0I0B.
Takum obpazom, mpo 0da MOAXOAA HETb3s CKa3aTh, YTO OHHU OMPEIETISIOT ONTHMAJILHOEe
9UCT0 TeM. B peaTbHBIX TEKCTOBLIX KOJIEKIHUIX HUKAKOTO «HCTHHHOTO YUCTIA T€M» TPO-
CTO He cymiecTByeT. Yem 60JIbIe KOJLIEKIns, TeM OoJiee MeJIKne CeMaHTHIeCKUe Pa3/Inaust
B TeéMaX BO3MO2KHO YJIOBUTD.

DT coobpazkeHus MOATBEPKIAIOTCS OMBITOM MOCTPOEHUS MePAPXUIECKUX TeMATHIe-
CcKUX Mojesieii. TeMbl MOYXKHO JApOoOUTH Ha 00Jiee MeJIKHe TOATeMbl BIJIOTH JI0 TTOPOra CTa-
THCTUYECKONW 3HAYUMOCTU. BBIOOpP 3TOr0 mopora TakKe sIBISIETCS IBPUCTUKON, ¥ OT HErO
3aBUCHT UTOTOBOE YUCTIO TEM.

B xoze sxcnepumvenTos [131] Takzke BBISICHUIOCH, 9TO PEry/IsSpH3aTOp 0TO0pA TeM HMe-
eT T0JIe3HbII conyTCTBYIONU 3(pdeKT: OH yaagasieT u3 MoOJean JIyOIupyIonue, pacier-
JEHHbIe U JTUHEHTHO 3aBUCUMbBIE TEeMBbI.

ITo ckopoctn BhIuMcaenuit BigARTM ¢ peryasipuzatopom otbopa Tem okazascs B 100
pa3 ObIcTpee cBOOOIHO JOCTYIHON peanu3amnun HDP.

11 T[locTpoeHune TemaTnyHecKnx nepapxuii

Hepapxuyeckne TeMaTHIeCKue MOIEIN PEKYPCUBHO AT TeMbl Ha MoATeMbl. Tema-
THYECKHE HEePAPXUH CJIYZKAT /sl MOCTPOEHHsI PYyOPUKATOPOB, CHCTEMATH3AINN OOIBITHX
00BbEMOB TeKCTOBOI nH(MOpMaIn, HHOOPMAINOHHOIO MOUCKA W HABUTAIIUU 10 OOJILITAM
MYJTBTHIUCIUILTAHAPHBIM KOJLTEKIUAM. 3aJada aBTOMATHYeCKOH PYOPHUKAIIMH TEKCTOB
CJI0YKHA, CBOEIl HEOTHO3ZHAYHOCTHIO B CYObEKTUBHOCTHIO. Pa3inaus BO MHEHHSAX SKCIEPTOB
OTHOCHTEIHHO pyOpuKanuu J0KyMeHToB MoryT gocrurath 40% [1]. Heemorpst Ha obuine
paboT 110 HepapxXudecKuM TemMaTndeckum Mogessiv |23, 65, 80, 153, 101, 137, 138, 139, 140],
ONITUMH3AIUS pa3Mepa U CTPYKTYPhl HEPAPXUU OCTAETCs OTKPBITOI Tpob.ieMoit; boJiee TO-
ro, OIEHUBAHNE KAYeCTBa HepapXuii — TakyKe OTKpbiTasi mpobsema [153].

Crparerun mOCTPOEHHST TEMATHIECKUX HePAPXHil BeChMa Pa3HOOOPa3HbI: HUCXOISIINE
(MUBU3UMHbIE) W BOCXOJSIIHE (ATTTOMEPATHBHBIE), MPEJICTABISIONINE HEPAPXUIO EPEBOM
WA MHOTOJIOJBHBIM IpadoM, HapaluBaome rpad Mo YpOBHSIM WUJIH 110 BepIIHHAM, OC-
HOBaHHBIE HA KJIACTEPU3AIMKM JOKYMEHTOB WM TepMoB. Henb3st Ha3BaTh KaKyloO-TO W3
CTpaTernii MPeJIOYTATENBHON; Y KaxK/I0iH eCTh CBOW JOCTOMHCTBA W HEJIOCTATKU.

B [33] mpeioxkena nucxonsmias crparerus Ha ocaoBe ARTM. Mepapxust npeacras-
JISTETCST MHOTOJIOJIBHBIM rpadoM ¢ (PUKCHPOBAHHBIM YHCJIOM YPOBHEH U 3aIaHHBIM YHUCIOM
TeM Ha KaykJOM YPOBHE, BO3PACTAIOIINM 110 YPOBHSIM CBepxXy BHH3. KaKablii ypoBeHB
HPEeJCTABIAET COOOH OOBIUHYIO «ILTOCKYIO» TeMaTHIECKYI0 MOJIeIb, TIO9TOMY BpeMs II0-
CTPOEHUSI MOJIE/TH OCTAETCA JIMHEHHBIM 0 00BbEMY KOJIIEKITHH.

Jlnsg MomenupoBaHUsS CBs3eil MeXKJIy YPOBHAMH B MOJETb BBOJIATCI IapaMeTpPhI
sy = p(s|t) — ycIOBHBIE BEPOATHOCTH MOATEM B TeMaX. B MyJbTHIUCIUILIMHAPHBIX KOJI-
JIEKIIHAS MOJATEMBI MOTYT UMeTh IO HECKOJBKO POIUTETHCKUX TEM.

Perynsapusatop mexypoBHeBbix cBsi3eil. Ha BepxHem ypoBHE HepapXum CTPOUTCS
00OBIUYHAA [IOCKAA TEMATHUICCKAST MOJeEJIb. HyCTb MOJIeJIb f-ro YPOBHA C MHOZKECTBOM TEM T

39



yKe MOCTpoeHa, U TpeGyeTcs MOCTPOUTH MOJETb YpoBHs £+ 1 ¢ MHOMKECTBOM IOYEPHUX
tem S (subtopics) u 66bITEM gnCTOM TeM, |S| > |T'|. IlorpeGyeM, 9TOOB POAUTETHCKHE
TEMBI ¢ XOpo1uIo HpI/I6JII/I)KaJII/ICb BEPOATHOCTHBIMU CMECAMHA JOYEPHUX TEM S:

ZntKLw< (w]t) H pr|s) s|t> Znt KL, (nwt

teT

Z(Pwswst) — %11\1517

)

rae U = (Yg)sxr — Mampuya ceésaseli, KOTopasi CTAHOBHTCS JOTMOJHUTEIBHON MaTpuIeil
napaMeTpoB JJIsi TEMATHIECKON MOJIe/IN JT0YePHEro YPOBHS.

D70 331aa MATPHIHOTO PA3IOKEHH 1S MATPUIILI POIUTETLCKOro ypoBHd O = U,
OOBIYHO MATPUYHBIE PA3JIOKEHHS UCIOIb3YIOTC, YTOOBI MPUOJTH3UTH MATPHILY BBICOKOTO
paHra mpou3BeeHneM MaTpuil 6o1ee HU3KOro panra. OHaKo B JaHHOM Caydae, Ha000pOT,
varpuna O muskoro panra |T'| mpubmmkaerca npousseaenuem matpun, W, B KoTOpOM
marpuna ¢ qoKHA UMeTh TOJHBI paHr |\S|, 9To0bI 104YepHsis MOJeb OMUCHIBATA KOJI-
JIEKITHIO TOYHee, YeM POIUTETLCKas. Peryaspu3arop CBA3bIBAeT TEMATHIECKHE MOIETN
cocemaux yposHeit ¢ u £+ 1 Tak, 9TOOBI POJUTETHLCKHE TeMbl ¢! allPOKCHMHIPOBAIUCH
JUHEHHBIMA KOMOMHAIUSIMHI JOUYEPHUX TeM ¢ ¢ KodDdurmenrama g,

R(@’ \Ij) =T Z Z Nt lIl Z (pwswst' (48)

teT weW seS

Bagada makcummzanun R(P, ¥) ¢ TouHOCTHIO 10 00O3HAUEHHUIT COBMAJAET ¢ OCHOB-
HOM 3ajadeil TeMaTHIeCKOr0 MOJEIHPOBaHus (8), €C/aH CYUTATh POAUTETHCKHE TEMBI t
nce6dodOKYMEHMAMY C FACTOTAMEH TEPMOB TNy = TNyPyi. DTO O3HATAET, UTO BMECTO
JobaBaeHus caaraeMoro B opmyabl M-mmara JaHHBIH peryisapu3aTop MOMKHO pPeaTn30-
BaTh emé mpoire. [TocTponB ponuTeTbcKuii YpoBeHb, HAI0 JT00ABUTH B KOJLIEKITUIO POBHO
|T'| nceBIOMOKYMEHTOB, 3a/aB UM B KAYECTBE YaCTOT TEPMOB 3HAYEHUST TN, Marpuia W
MOJIYYUTCST B CTOJIONAX MATPHUIBI O, COOTBETCTBYIOIIMX MCEBIOAOKYyMeHTam [33].

B 6ubanorexe BigARTM 3TOT MOJXO0/ pean30BaH B BUJE OTAeIbHOrO Kiacca hARTM.

Perynsipuzatop paspexunsaHusi Me>XXypoBHeBbIX CBsA3eli (hopMaTU3yeT eCTeCTBEHHOe
IPEITOI0KEHNE, 9TO KaK1as TeMa J0UePHEro ypoBHs s € S uMeeT HeGOIbIIoe 9UC/I0 CBSI-
3eif ¢ TemaMu pouTesbeKOro yposHst t € T'. B wactHocTH, ecain Bee pacnpesesnennust p(t|s)
BBIPOYKJIEHBI, TO €CTh KayKJas TeMa S WMeeT TOJbKO OJHY POAMTENhCKYI0 TeMy t, TO BcA
nepapxus npuobperaer BU AepeBa. [IpIMeHIM KpOoCC-3HTPONUIHBIA peryaspu3aTop I
paspekuBaHus paciupeaenenuii p(t|s), Boipa3us ux epes 1y mo dhopmyre Baiteca:

R = 7 S5 hnat]s) = S S

ses teT teT seS

[Tockonbky Marpuna W gBISeTCsS 4acThio MaTpuibl O, K Heil nmpuMennma dopmyra (14),
u3 KOTopoit cieayer dopmysiaa M-mara i MOIe/IN H09ePHEro YPOBHS:

st = norm (nst + T(p(t\ s) — |;—‘)> : (49)

1

77]> CTAHOBATCH eIIé

Cormacuo 310ii dhopmye, yeaoBHBIE BepoaTHOCTH p(t]|s), MeHbImHe
MEHbIIIe, ¥ TPH JTOCTATOYHO GOJIBIIOM T OOHYIAIOTCS [33].
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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 |77| cTuMyINpOBaIO Pa3BUTHE GEKMOPHHIT NPedcmasierudl
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
TEMATHIECKHM MOJIEJISIM, CM. Harnpumep [53].

[TepBas Gurpammvuas temarudeckas Mozgenb BTM (bigram topic model) [134] 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,
BCTPEYAOIIMXCsT HEIOCPEeJICTBEHHO MoCJIe CJIoBa v. 3anuiiem log-npasiononobue 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) [143| ycrpansger 5Tu 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 [40]. On smHeitno Macrrrabupyercst Ha GOJIbIIHE 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).

Meropl, npeioxKeHHbIe B ocaeayonmx paborax, SegPhrase [67] w AutoPhrase [109],
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) [146].

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) [158]. JTroGombITHO, 9TO GOsTee 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 Temarndeckue mogean [158]. Ha kou-
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 JAHHOI TeMbl YACTO BCTPEYAIOTCS PsIOM B JIOKYMEHTaX KOJuIekiuu [88].
CoBCTpeuaeMoCTh TEPMOB MOYKET OIEHUBATBCA 10 caMoii Koutekiuu D [82], wiu mo cro-
POHHell KOJLIeKIuu, HanpuMep, mo Bukuneanu [85]. CpejiHss KOPepeHTHOCTh TeM CYHTa-
eTcsi XOpOoITieli Mepoii HHTePIPeTHPYEMOCTH TeMaTHIecKoil Mozesn [89).

[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, ¢ KOTOPBIMI OH YaCTO COBMECTHO BCTPEUYAETCs, OTHOCATCI K JAHHON Teme. TouHO
Takast e ¢opmysa noaydnaach B [82] miast mogenn LDA n anaropurma cOMILIHPOBaHMs
['u606ca, HO ¢ OoJiee CJIOKHBIM 0DOCHOBaHUEM 4epe3 0000IEHHYI0 YpHOBYIO cxemy [loiis,
u ¢ OoJiee CIA0XKHON IBPUCTUIECKONH OMEeHKOi C'yyy.

B paGore [85] mpeioxken Apyroil 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|N,,
In 1w
N, N,

rjie Ny, — YHCJI0 JOKYMEHTOB, B KOTOPBIX TE€PMBI U,V XOTsS ObI OJUH Pa3 BCTPEYAIOTCS
psiiom (He nanee, wem depe3 10 cioB), N, — UHCIO JOKYMEHTOB, B KOTODBIX TE€PM U
BCTpEUAETCHI XOTs ObI OIUH pa3.

Takuwm obpazom, eMHBI MOX0/1 K ONTHUMHU3AIMN KOTePEHTHOCTH TI0Ka, He BhIpaboTaH.
[Tpeataraevbie KpuTepun MOXOXKHW HA MOJIEJIM OMTEPMOB U ceTu cjaoB. Bee onu dopma-
JIN3YIOT OOIIYI0 HJIEI0, 9TO €CJU CJI0Ba YacTO COBMECTHO BCTPEYAIOTCS, TO OHU MMEIOT
CXOXKYIO TeMaTHUKY.

PMI(u,v) = (53)

Mopenun BeKTOpHbIX NPeACcTaB/IeHU CNOB CTaBAT B COOTBETCTBHE KarKIOMY CJIOBY W
BEKTOD V,, (DUKCHPOBAHHOI pa3zmepHocTH. OCHOBHOE TpeOOBaHKE K 3TOMY OTOOPaKEHUIO —
YTOOBI OJIM3KHM IO CMBICTY CJIOBAM COOTBETCTBOBaJIM OJIM3KHEe BeKTOpbI. CormacHo duc-
mpubymuenot zunomese (distributional hypothesis) cmbica ciioBa onpesessiercss pacmpe-
JIeJIEHHeM CJIOB, B OKPY’KeHHH KOTOPBIX OHO BeTpedaercs [46]. CioBa, BeTpedarormecs
B CXOXKUX KOHTEKCTaX, UMEIOT CXO2KYIO CEeMaHTUKY U, COOTBETCTBEHHO, JO0JI2KHbI HUMETbH
6am3kue BekTopbl. st bopmasmzanuu sToro npuHimna B 77, 78] npemiaraercst HECKOIb-
KO BEPOATHOCTHBIX MOJIeJieii, I Bce OHHM peajn30BaHbl B MporpamMe word2vec. B gactHO-
cTH, MOJeNThb skip-gram mpejacKa3bIBaeT MOABIECHNE CI0BA W B KOHTEKCTE CJIOBA U, TO €CTh
PN YCJOBUHW, YTO CJIOBO U HAXOMUTCH PSIOM:

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

re (Vy, Vy) = ), VwtVur — CKAJISIPHOE HPOM3BEIeHIe BEKTOPOB. B omimune or Temarmde-
CKUX MOjIesieil, HOpMUPOBKA BEPOSATHOCTEN MTPOU3BOJIUTCS HEJTUHEHHBIM TPeoOpa30BaHueM
SoftMax, a camu BeKTOpHBIE TIPeICTABIEHUSI CJIOB HE HOPMUPYIOTCSI.

JLnst obydeHns MOIe/IN pelaeTcd 3aa4ua MaKCUMHu3aIun log-npaBaomnono0us, Kak mpa-
BIJIO, TPAIMEHTHBIME METOTAMHU:

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

Z Nyw I p(w|u) — max.
u,weW <

ITocTamoBka 3a1a49n 0YeHb TOX0XKa Ha TeMaTndeckue Moaean BTM u WNTM. Monean
cemeiicTBa word2vec W Jpyrue MOJE/NN BeKTOPHBIX MPEJCTABICHUI CJIOB TAKyKe SBISIOT-
csl MATPUIHBIMEU passioxkenusivu [63, 96, 68|. TsaBroe orTmvme 3aKI09aETCST B TOM, 9TO
B 9THX BEKTOPHBIX MPEJICTABICHUSIX KOOPINHATHI HE HHTEPIIPETUPYEMbI, HE HOPMUPOBAHDI
U He pa3pekeHbl, TOrJAa KaK B TEMATHYECKAX MOJEIAX CJIOBAM COOTBETCTBYIOT Pa3perkeH-
Hble IHCKpeTHbIe pactpeeaenus: TeM p(t|w). C apyroi ¢TOPOHbI, TeMATHYECKHE MOJIEIN
M3HAYAALHO HE NPEeJIHA3HAYAINCH JIJIst ONPEIeJICHU CeMaHTHIECKONH OJN30CTH CJIOB, TMO-
STOMY JeJIAI0OT OHU 3TO IJIOXO.

B pa6ote A.C.Ilonosa® mpeioxen cocod HOCTPOCHUS MEMAUMUNECKUT 6EKMOPHBLEL
npedcmasaenuli ¢A06 TO TCEBIO-KOJIEKIIMA TOKYMEHTOB, aHAJOTHIHbIH Momensm BTM

*Tlonos A. C. Perynapusanus TeMaTHUecKuX MoOjeseil /1jis BEKTOPHBIX HpejcTasienuii cios. Baka-
maBpckas guccepramus, BMK MI'Y, 2017.
http://www.Machinelearning.ru/wiki/images/4/45/2017PopovBsc.pdf
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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.

n WNTM. B zamagax cemMaHTH9YecKoil OJU30CTU CIOB OHU KOHKYPHUPYIOT C MOJETSIMU
word2vec W CYIIECTBEHHO IMPEBOCXOAAT OOBIYHBIE TeMaThdecKue mojenn. [Ipm sTrom Te-
MaTU4YeCKue BEKTOPHBIC MPpeACTABJICHUA ABJIAIOTCA WHTEPHPETUPYEMBIMA U PA3PEZKEHHDBI-
Mu. Mcnoab3ysa KpoCC-3HTPONUITHBIE PETYIIpPU3aTOPhI, PA3PEKEeHHOCTH BEKTOPOB YAAETCS
nosoauth 10 93% 6Ge3 morepu kauecTsa. Ha puc. 10 moka3aHbI IpUMepHl pelleHns 3a/1a-
YU aCCOMUAIHII CJIOB ¢ MOMOIIBIO MOJEeil, TOCTPOEHHBIX MO aHIIOA3BIIHON Bukuemn
(mamm 2016-01-13). KosmvecrBeHHBIE ONEHKH TOKA3bIBAIOT, YTO TEMATHYECKask MOJEJb
JIMCTPUOYTUBHONW CEMAHTUKU PeIraeT 3aJadd acCOIUAIMKU CJIOB MHOTO JIy4ile OOBIYHOMN
reMmaTnueckoii momenun LDA, HO He CTOMb yCIENHO KOHKYPHUPYIOT C JIYUIINM MOIEISIM
ceMeiicTBa word2vec, KaK B 3aa9aX CEeMAaHTHYECKOH OJIM30CTH.

Kpome Toro, APTM mo3Bosser o000IMUTL TeMATHIECKHe MOMENTH TUCTPUOYTHBHON
CeMaHTHUKH /I MYJIbTUMOIATBHBIX KOJIeKInil. crmonp3ysa Janabsle 0 COBCTPEYaeMOCTH
TOKEHOB Pa3JIUYHBIX MOJATBHOCTE(l, BO3MOXKHO CTPOUTH HMHTEPIpPETHpPyeMble TeMaThude-
CKUe BEKTOPHbBIE MPeEACTaBJIeHud OJjid BCEX MO,ZLa.HbHOCTef/'I. B TO 2Ke BpeM¢ IpuBJIeYeHUe
,Z[OHOJIHI/ITGJIBHOﬁ I/IHCI)OPM&HHH O Apyrux MO/JaJIbHOCTAX IOBbLINIAECT Ka4YeCTBO DPeEIIeHUA
33,1291 OJIM30CTU CJIOB.

13 TemaTunyeckasi cermeHTauunst TEKCTOB

['urtoresa «Mmernika CJIOB» W MPEINOJIOKEHNE O CTATUCTHIECKOW HEe3aBUCHMOCTH COCE/I-
HUX CJIOB IPUBOJAT K CJAUNIKOM YAaCTOW XaOTHIHON CMeHe TeMATHKW MeKJy COCETHUMU
croBaMu. Ecm mpocaeanTh, K KAaKIM TeMaM OTHOCSTCS TOCTe/I0BAaTeNbHbIE CI0BA B TEK-
cTe, TO TeMaTudecKas MOJe]b B IEJIOM TTOKaKeTCd He HAaCTOJBKO XOPOIITO WHTEPIPETAPY-
eMOif, KaK paHKHMPOBAHHbBIE CIIMCKU HaubOJIee 9acTOTHBIX CJIOB B T€MaX.

Temarudeckue Moje/i CerMeHTAIMM OCHOBAaHbI Ha 0o0Jiee PEAJTUCTHUIHBIX THUIIOTE3aX
0 cBsI3HOM TekcTe. Kark ioe npejjioyKenne, Kak IMpaBujIo, OTHOCUTCS K OJHOW—IBYM TeMaM.
Crenymoiee npeaioKenne, Kak MPaBUIO, MPOJOIKAET TeMATHKY Tpeablayiiero. Cvena
TeMBbI Jallle MPOUCXOIUT MeXK Iy ab3amaMu, eIé Jalie MexK 1y CeKIUIMu ToKyMeHnTa. Kazk-
J0€e TPeJII0KEeHNe MOXKHO CUUTATh «MENIKOM CJIOBY WJIHN «MEITKOM T€PMOBY.

TemaTuyeckass mogenb npeasioXXeHuni. JlomycTum, 9To KaxKablit TOKYMEHT d pa3OuT
HA MHOKECTBO CEIMEHTOB Sy. DTO MOTYT OBITH Mpe/ITIOKeHHsT, ab3aIbl WIH (hpasv, — CUH-
TaKCHYECKH KOPPEKTHBIe YacTHU ImpejioxkeHuit. Obo3HAYNM Uepe3 N, JIUHY CerMeHTa s,
9epes Ny, — YUCI0 BXOYK/IEHUIl CJI0BA W B CETMEHT S.

[IpeamooKumM, 9TO BCe CJIOBA CEIMEHTa OTHOCATCS K OHOI TeMe U 3amuineM (hyHKITHO
BEPOSITHOCTH CerMeHTa S € Sy 4epe3 mapaMeTpbl TeMATHIECKON MOJETH Oy, Big:

p(sldy =Y p(t|d) [T plwlty =" 6] el

teT wes teT wes
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Bynem cuutaTth KaxKaplii JOKYMEHT «MEIIKOM CeIrMEHTOB». Torja (pyHKIUsS BEPOIATHO-
CTH BBIOOpPKM Oy/eT paBHA NMpOU3BeIeHUI0 (DYHKIUH BEpPOITHOCTH cerMeHTOB. [locTtaBum
3a/[a9y MaKCUMU3aIUU CyMMbI log-mipaBomnono0us u peryJisipuzaropa [

2.2 ) Ou]] el + R(®,6) = max, (54)

deD seSy teT wWES

npu OOBIYHLIX orpanmdenusx (11). B gactHoM cirydae, Korjga KasKIblil CETMEHT COCTOUT
TOJIHKO M3 OJHOTO CJI0BA, JaHHAas 3ajaada nepexoaut B (10).

Teopema 5. Ilycrs ¢pyukmms R(P, O) menpepsisro anggepernnnpyema. Touka (P, O)
JIOKaJIBHOTO dKcTpemyMa 3agaqn (54), (11) yaoBrerBopser cucreme ypaBHEHHi €O BCIO-
MoraTeJbHBIMA MEePEMEeHHBIMI Pygs = p(t|d, s):

Dids = norm(Qtd 11 SOnsw)

wES
OR
Put = noLm (nwt +Pug — ), Nt = Y Y [w € 8] pras;
Put deD seSy
OR
O = norm| n + 6 Ngg = o
td 2 ( td td 39td) td sezsdptd

AnanornaueIM 00pa30M 3ajiada CTABUTCS JIIs Mojenu npejoxennii senLDA [19] u
JUIsT MOJes i KopoTKux coobmiennit Twitter-LDA [155]. B ofoux ciaydasgx peryispusa-
TOPOM SBJILIOTCA allpuoOpHBIe pacupenenenns dupuxie. B momenn Twitter-LDA B posn
JIOKYMEHTOB BBICTYIAIOT aBTOPHI, B POJIN CEIMEHTOB — BCE COODIINEHUs JAHHOI'O aBTOpA.

TemaTuueckasa mogenb cermedHtaumun. Tenepb paccmorpum Gosiee CJAOKHBIN CIydaid,
KOIJIa TEKCT COCTOUT U3 NPEJJIOXKeHui, u Tpedyercs oObeJIUHUTh X B Oojiee KpyITHbIE
TeMaTUIecKne CerMeHTHI, TPAHUILI KOTOPBIX 3apaHee He OIpPeJIe/eHbI.

Memod TopicTiling [104] ocuoBan nHa mocr-o6paborke pacupenenennii p(t|d, w;),
1 =1,...,n, IOJIyIaeMbIX KaKOii-TuO0 TeMaTHIecKoii Mosenbio, Hanpumep, LDA. Ompee-
JIMM TEeMATHKY TIPeJIOKeHHs S KaK cpeanion Tematnky p(t|d, w) Beex ero cios®. ITocun-
TaeM KOCUHYCHYIO OJIN30CTh TEMATUKHU JIJIsT BCEX Tap COCEIHUX mnpeiokenuit. Yem rybke
JIOKQJILHBI!T MUHUMYM OJIM30CTH, TEM BBIIIE YBEPEHHOCTD, YTO MEK/Ly JIAHHON apoit mpe/i-
JIozKeHuit npoxoauT rpanutia cermenToB. Mertoy TopicTiling ucroib3yer Hadbop IBpUCTHK
JUTSL IOJIDOPA YHCIA TIPEJIJIOZKEHU CIeBa U CIpaBa OT JOKAJIHLHOTO MUHUMYMa OJIU30CTH,
OTIpeJIeTIeHNsT YUCJIa CeTMEHTOB, MOAO0Opa YUCIa TeM W YHCJa UTePaluii, ITHOPUPOBAHUS
CTOTI-CJTOB, (DOHOBBIX TeM U KOPOTKUX MPEJIOKeHwiT. AKKypaTHast HAaCTPOiiKa mapamMeTpon
9TUX 9BPHUCTHK MO3BOJISIET JTOCTHYDL BBICOKOTO KadecTBa cermenTannu [104].

TopicTiling He sBjsIeTCst TMOJHONMEHHOI TEMAaTHYECKON MOJIE/IBIO CErMEHTAIUN TeKCTa,
MIOCKOJIbKY TIOCT-00pabOTKa HUKAK He BJIMSET Ha caMu TeMbl. dTOObI HAWTH TeMbl, HANOO-
Jiee BBITOJIHBIE JIJI CeIMEHTAINU, TpeOyeTcs: CleNuaIbHBII Peryaspu3aTop.

6Tounee, B [104] mpeyiaranoch a1 KazI0ro caoBa BeIOMpaTh Hamboee BepoaTHyto Temy. Oba Bapu-
aHTa UMEIOT MPaBo Ha cyiecTBoBanue. Kakoit u3 HuX Jydine, OKa He HCCIETOBAHO.
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Perynsipusatop E-wara. HekoTopsie TpebOBaHMS K TeMATHIECKON MOJIETN YI0OHEe BbI-
pazkaTh Uepe3 pacHpeleeHus P, = p(t|d, w), a e vepes @, u 0,y. Hanpumvep, MoHO-
TEMATUIHOCTD TPEIJIOKCHANH WM CXOACTBO TEMATHKH COCeJIHMUX IPEJI0KCHUI.

Pacemorpum perynspuzatop R(I1) kak GbyHKIHIO 0T TPEXMEPHOI MATPHUIIHI BCIIOMOTA~
TeJbHBIX epeMeHHbIX 11 = (Paw ) 7x pxw . Cormacuo ypasuenuto (12), marpuna I1 ssiaser-
cst byukipeii or ¢ u O. [Tosromy k peryasipuzaropy R(II(P, ©)) npumennma teopema 1.

Paccmorpum 33189y MaKCUMU3AIUU PEryIsPA30BAHHOTO 10g-TIpaB1ononodus ¢ aByMs
peryasapu3aTopaMm, OJMH U3 KOTOPLIX 3aBucut ot I1:

DY nawln > pubu+ RII®,0)) + R(®,0) — max, (55)

deD wed teT ’

IIPU OTPAHUYEHUAX HEOTPUIATETHLHOCTH U HOpMUpoBKH (11).

Teopema 6. Ilycrs ¢pyaknqun R(II(P,0)) n R (P, ©) wenpeprisrO guddepenupyempl
u pynkmst R(I1) He 3aBucuT OT MepeMeHHBIX Py B Caydae ng, = 0. Toraa rouka (P, O)
JIOKaJIBHOTO dKcTpeMyMa 3agaqn (55), (11) yaoBrerBopser cucreme ypaBHEHH €O BCIO-
MOTaTebHBIMA MEePEMEHHBIMH Pigy, = P(t|d, w) I Pray:

Ptaw = H?el"Tm (Sf?wtetd); (56)
Ptdw = Prdu (1 + i (%%SZ) - ;pzdw%)) ; (57)
ur = norm ( deZD NdwDrdw + Put ;Zt) : (58)

Oia = norm ( wzed NwPtdw + Otd géj;) (59)

Takuwm odbpazom, B EM-airopurme j1j1s1 Kayk10ro JOKyMeHTa d CHAYAJI BHITUCISIIOTCS
BCIIOMOTATE/IbHBIE TIEPEMEHHBIE Dygy,, 32TEM OHU TPEOOPA3YIOTCS B HOBBIE IEPEMEHHBIE Dygyy
KOTODbI® TIOJCTABIAIOTCS B 00bIuHbIe hopmyrabl M-mara (13)—(14) BMeCTO pigy. Taxoii
croco0d BBIYHUCTIEHUI OyaeM Ha3bIBaTh pezyaspusavuet F-waza.

3aMeTuM, 9TO MepeMeHHBIE Dig,, MOTYT IPUHAMATH OTPHUIATETbHBIE 3HAYEHH, TOITOMY
B 00ITIeM CJIydae OHH He 00Pa3yIoT BEPOSITHOCTHBIX pacipeseneHuii. Tem He MeHee, ycIOBHe
HOPMHUPOBKHI Zt Ptdw = 1 JAJIT HUX BBHITTOJHEHO BCETJIA.

Bazxmeiimee cBoiicTBo peryngpu3zaTopoB E-1mara 3akaodaercs B TOM, YTO OHH TO3BO-
JISTIOT YYIUTHIBATH MOPSIIOK CJIOB BHYTPU JOKYMEHTOB B 00XO/I THIIOTE3BI «MEIKa CJIOB».

Pa3pexuBatownii perynsipmnsatop E-wara gnsa cermedtayun. [Ipumennm perynspu-
3alluIo E-mara JJId IOCTPOEHU A TeMaTU4deCKoil MOJe/In CeTMEHTUPOBaHHOI'O TEKCTa. Onpe—
JeJIUM TeMaTHKY CerMeHTa S S Sd KaK CpeJHIOI0 TeMaTHKY BCE€X ero TepMOB:

DPtdas =P t|d3 ZPHdw (w|8 Znswptdw

wes wes

YT0o0bI KazKJIblii CEPMEHT OTHOCHJICS K HEDOJIBIIIOMY YHCJIy TeM, OyjaeM MUHUMU3UPOBATDH
KPOCC-9HTPOIMIO MeXKJy pacupeienenusyvu p(t|d, s) U paBHOMEPHBIM DPACIPE/eTeHIeM,
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4TO HPHUBEIET HAC K Pa3peskuBaloeMy peryigpusaropy E-mara:
RID==7>_ 2 D ) noupaw. (60)
deD seSy teT WES
Omyckast pyTHHHBIe BBIKJIAJIKH, MPUBEIEM pesybrar nojacranosku (60) B (57):

~ o 1 T j : Nsw 1 Pzdw
Ptdw = Ptdw - TL— n - -
dw seS, s DPtds T DPzds

Xots popmy/ia BBIVISLIAT TPOMO3IKOM, 3(DMEKT NpUMeHeHUs Pery/isipu3aTopa NOHATh
He TpyAHO. Ecam BepoITHOCTD pigs TEMBI B CETMEHTEe OKayKeTcs MeHbBITe HEKOTOPOTO T0-
pora, TO BEPOATHOCTH Pigy, OYAYT YMEHBIIATHCS JIIS BCEX TEPMOB W JAHHOTO CErMeHTA.
B uTore Temarumka KazKI0ro cerMeHTa CKOHIEHTPUPYETCA B HEOOJBIIOM UUCJIE TEM.

B pesyibraTe paspekuBaHus TeMaTHKa COCEIHUX CEIMEHTOB MOYKET OKa3aThCs OJIM3-
KO, 1 WX MOYKHO Oyaer oObeJIWHNUTh B OAWH TeMmarudeckuii cerment. Hazopém temy ¢
¢ MakCUMAaJbHBIM 3Hadenuem p(t|d, s) domunupyrowed memoti cermenta s JOKyMeHTa d.
Eciu Ttema mOMHHHpYET B COCETHHX CerMeHTaX, TO OHa OyAeT JTOMUHHPYIOIIeH W B UX
oobeauHeHnu. Ecimn o0be IuHUTH MOCTIeI0BaTe/IbHbIE CEIMEHTRI ¢ OJJMHAKOBOW JTOMUHUDPY-
foleit TeMoit B oJnH OoJiee KPYIHBIN CEIMEHT, TO JlaHHAs TeMa TaKyKe OCTaHeTCsd B HEM
JIOMUHUPYIOIIEH. DTO MpPOCTasi arJioMepaTuBHASI CTPATETHsT TEMATHIECKOIl CerMeHTaInn.
B ortmamne ot TopicTiling, y Heé HeT 9BpUCTHYECKUX TTApAMETPOB, KOTOPbIE HAJI0 HACTPa-
UBaTh, U OHA MOYTH He YBEJTHINBAET BpeMs HMOCT-00paboTKu E-1mara.

14 Kputepnn kadyectBa TeMaTNHeCKNX Moaeneii

Kpurepun KadecTBa TeMATHYCCKHX MOJEICHl NPHHATO [eJUThL HA BHYTPEHHHE
(intrinsic) u BHemnHue (extrinsic). Buympennue kpumepuy, XapaKTepU3yIOT KAIeCTBO MO-
JIeJIM TI0 MCXOIHOM TeKCTOBON KOJUICKINU. Bhewmue Kpumeput OIEeHUBAIOT IOJIC3HOCTh
MOZeJIn C TOYKHU 3PpEHUA MPUJIIO2KEHHUA W KOHETHBIX I0JIb30BaTeJIed. MHOFﬂa IJId 9TOTr0
MPUXOUTCST COOMPATH JAOMOJHUTEIbHBIE JaHHbIe, HAIIPUMEpD, OIEHKN acecCOPOB.

BHewHne kputepnn xpaiine pa3sHOOOPA3HBI U 3aBUCIAT OT PEIIaeMOil MPUKJIAIHON 33/ a-
qn. [IpakTudeckn B KaxKI0il MyOTUKAIMK 10 TEMATHIECKOMY MOJETUPOBAHUIO UCIOTb3Y-
ercsi KaKOH-Tu00 BHEIIHUI KpuTepuii: KauecTBo Kaaccudukanuu g0KyMenTos [107], Tou-
HOCTh ¥ MOJIHOTA WHMOPMAIMOHHOTO Toncka [149, 14, 7, 12|, yucsio HaiiieHHBIX XOPOTITO
wHTEpHpeTupyeMbix Tem [17], kadecTBo cermentarun TekctoB [104]. B [34] npegraraercs
MeTO/INKa JNArHOCTUKN MOjiesieif, OCHOBaHHAs Ha COMOCTABJIEHNN HAMIEHHBIX TEM C 3apa-
Hee M3BECTHBIMU KOHITEITTAMM.

Mepnnekcus. HauGosmee pacumpocTpaHEHHBIM BHYTPEHHUM KDPHTEPUEM SIBISIETCS nep-
naexcus (perplexity), ucmosb3yemast [IJisl ONEHHBAHUS MOJIeNIell S3bIKa B KOMIBIOTEPHOI
JIMHTBUCTHKE. DTO Mepa HeCOOTBETCTBHUS N «YAUBIEHHOCTH» Mojesnn p(w |d) TokeHam w,
HAOJTI0TaeMbIM B JIOKyMeHTax d kojtekiuun D. Ona omnpejessiercss gepes log-mrpaBmaomno-
no6ue (8), mmbo gepes log-npasgonogodue (27) KazxKI0i MOIATBHOCTH M

1
perp, (Dip) = exp( —— | > naymp(w|d) ), (61)

™ deD wewm
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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

[Tepmmekcust mMeeT CIEAYIONYIO HHTEpPHIpeTanuio. ECan TepMbl w IOPOXKIAIOTC
13 paBHOMepHOTO pacmpenenenns p(w) = 1/V wa ciaoBape momuoctu V', TO meprmiek-
cust Mojiesin p(w) Ha TAKOM TEKCTe CXOAUTCS K V' ¢ pOCTOM ero JyiuHbl. HeM cuibHee
pacrpesesnerne p(w) OTIMYALTCS OT PABHOMEDHOTO, T€M MeHbIIe TepIieKcust. B ciydae
YCJIOBHBIX BeposiTHOCTel p(w | d) WHTepHpeTaysi HEMHOTO Jpyrasi: eCau KazKIbli JOKY-
MEHT TeHepupyeTcs u3 V' pPABHOBEPOSTHBIX TEePMOB (BO3MOMKHO, PA3JIUIHBIX B PA3HBIX
JOKYMEHTaX ), TO MepILIeKCUs CXOAUTCs K V.

HemocraTkoMm mepriiekcun gBIsSeTCs HeOUeBHIHOCTD €€ YNCIeHHBIX 3HAYEHMI, a TaKKe
e€ 3aBHCUMOCTD HE TOJBKO OT Ka4ecTBA MOJIE/IN, HO W OT Psijia MOCTOPOHHUX (haKTOPOB —
JUIMHBI JIOKYMEHTOB, MOITHOCTH W Pa3pPEKEHHOCTH CJI0Bapsi. B 94acTHOCTH, ¢ MOMOIIBHIO
HEePILIEKCHN HeKOPPEKTHO CPABHUBATH TEMATHIECKIE MOJIEN OIHOI K TOH Ke KOITeKITIH,
IOCTPOEHHBIE HA PA3HBIX CIOBAPIX.

Ob6o3naunm 4epe3 pp(w|d) Moeh, TTOCTPOEHHYIO MO 00YYAIOIIell KOJIEKINH TOKY-
menroB D. Tlepmiekcusi obydwatoreii BoIGOpKH perp,,(D;pp) ABISETCS ONTHMHCTHIHO
CMEIIEHHON (3aHNKEeHHOI) XapaKTepUCTHKON KadecTBa Mojesn u3-3a 3bdekra mepeody-
geHnst. OBOOIIAIONIYIO CIIOCOOHOCTh TEMATHIECKUX MOJe /el IPUHITO OIEHUBATD Nepn.ack-
cuet konwmpoavrot ewbopku (hold-out perplexity) perp,,(D’; pp). OOBIYHO KOJIEKIHIO
pa3IeIgoT Ha 00YJAILy0 U KOHTPOJBHYIO CaydaiiHbiM 06pa3oM B mpomnoprun 9 : 1 [26].

HemocrarkoMm KOHTPOJIBHBI TEPILIEKCUT STBJISIETCS BHICOKAST TYBCTBUTEIHHOCTD K PJI-
KAM W HOBBIM CJIOBAM, KOTOPbIe MPAKTHIECKH OECIOJIe3HBI /IS TeMATHIeCKUX MOIeIeil.
B pamnnux skcmepuMenTax ObLTO mMoKaszaHo, 9To LDA cymecrBenno npesocxomur PLSA mo
NEPILIEKCHH, OTKY/Ia ObLI ¢jiesial BeiBogl, urTo LDA MenbIne nepeodyuaercs [26]. B [4, 99, 5]
OBLTH TPEIIOXKEHBI PoOaCmHbIE MeMAMUYECKUE MOOJeAU, ONMUCHIBAIOIINE PEIKHEe CJIOBA
crenuaabHbBIM «(hoHOBBIMY pactpesesnenuneM. [lepriekcusi podbactabix BapuantoB PLSA
n LDA oxka3zajach CyIecTBEHHO MeHbBINeil 1 MPAKTUIeCKH OJMHAKOBOIA.

KorepeHTHOCTb. VHTEpHnpeTupyeMoCTh TeMaTHIECKONH MOJEN SBJISeTCs MJI0X0 (hopMa-
nu3yeMbiM TpeboBauueMm. CoeprKaTebHO OHO O3HAYAET, 9TO 10 CIHUCKAM Hambo/ee da-
CTOTHBIX CJIOB M JOKYMEHTOB TeMbl IKCIEPT MOYKET MOHSTH, O YEM 3Ta TeMa, W JIaTh el
aziekBaTHOe HasBaHue [29]. CBOHCTBO MHTEPHPETHPYEMOCTH BasKHO B HHMDOPMAIMOHHO-
MOUCKOBBIX CHCTEMAX IS CUCTEMATH3AINN W BU3YAJIU3AINHA Pe3yTbTaTOB TEMATHIECKOTO
IMOUCKa HUJIN KaTeropudanuun JOKYMEHTOB.

BOJIbL[II/IHCTBO CYIIECTBYIOIUX METO/A0B OIEHUBaHUA MHTEPHNPETUPYEMOCTU OCHOBAHO
Ha PUBJIEYEHUN KCIePTOB-aceccopoB. B [87] skcmepram mpeiaranioch HemoCpecTBEHHO
OIEHUBATD TOJE3HOCTh TeM MO TPEXOAILHOM 1Kaxe. B Meroge unTpy3uit [29] misa kaxk-
JIOit HaliIeHHOH TeMBbl COCTaB/sIeTCs CIUCOK u3 10 Hambosiee YACTOTHBIX CJIOB, B KOTOPBIi
BHEJIPSIETCS OJIHO cJiyvaitnoe cjoBo. Tema cumraercs MHTEPHPETHUPYEMOM, €Cu TOIaB-
JIsTIoITiee  DOJIBITUHCTBO JKCIEPTOB MPABUIBHO YKA3BIBAIOT JIMIHEE CJIO0BO. DKCIEPTHHIE
OJIXOJbI HEOOXOAUMBI Ha CTAQIUU MCCJIEeIOBAHUNA, HO OHHU 3aTPYIHSIOT aBTOMATHIECKOEe
IIOCTPOEHNEe TeMaTHYECKuX Mojeneil. B cepuu pabor [87, 88, 88, 82| mokazano, uTo cpe-
JIN BEJIMYWH, BBHIYUCISIEMBIX MO KOJIIEKIINNA aBTOMATHYECKH, JyUIle BCEr0 KOPpeJaupyer
C 9KCIIEPTHBIMHU OIEHKAMHU WHTEPIPETHPYEMOCTH Kozepenmmocmy (coherence).

Tema HasbIBaercst Kozepenmmol (COTIACOBAHHON), eC/ou TepMbl, HauboJee FacThbie
B JTAHHOM TeMe, HeCTYIaiiHO 9aCTO COBMECTHO BCTPEYAIOTCS PSJIOM B JOKYMEHTAaX KOJLTEK-
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nun [88, 89|. HucieHHON MepOil KOPePEHTHOCTH TeMBI § SIBJISIETCS TOTOYeYHAs B3aUMHA
undopmaius (53), Berauciasemas 1mo k Hanbosee BEPOATHBIM CJIOBAM TEMBbI:

k-1 k

coher, = ﬁ Z Z PMI(w;, w;), (62)

i=1 j=i

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

KorepenTHOCTh MOIEIN OMpPeEIe/IsieTcsT KakK CPeIHsIsl KOTePeHTHOCTh coher; Bcex Tem.
KorepeHTHOCTh MOXKeT OIEeHMBATHCS MO CTOPOHHEl KoJUteKIun (Hampumep, 1mo Bukuiie-
mun) [85], 16O 1O TOM YKe KOJUIEKIHH, 0 KOTOPOIi CTPOUTCs MOJeb [82].

Pa3pe>keHHOCTb 1 Pa3/INYHOCTb TeM. Pa3pe:KeHHOCTh MOIETH U3MepSeTcs I0ael Hy-
JIeBBIX 3j1eMeHToB B Marpunax ® n ©. B Mozmengax, pa3mendiomux MHOXKeCTBO TeM T Ha
npeaMeTHbie S 1 (HoHOBBIE B, paspeKeHHOCTh ONEHUBAETCS TOJLKO 110 IaCTAM MATPUIL
®, O, COOTBETCTBYIONIMM IPEJMETHBIM TEMAM.

B [129] BBOASITCS KOCBEHHBIE MePhI WHTEPIPETHPYEMOCTH TeM, He TPeOYIOIie Mpu-
BJI€YEHNsS aceccopoB. [Ipeanonaraercs, 4To HHTEPIpeTupyeMas TeMa, JOJIAKHA COIEPKATH
AEKCUMECKoe A0PO — MHOMKECTBO CJIOB, KOTOPBIE C GOJIBINON BEPOATHOCTHIO YIIOTPEOIAIOT-
¢ B JAHHON TeMe M PeIKO YIOTpeOIaIoTCa B APYTUX TeMax. B takoM ciaydae MaTpuipl P
1 O JI0/KHBL 00J131aTh CTPYKTYPOil Pa3peskKeHHOCTH, aHAJIOTMYHON puc. 4.

slapo Wy = {w € W | p(t|w) > 0.25} Tempbi ¢ onpesessieTcst Kak MHOKECTBO TEPMOB,

_ ne i

KOTOPBIE UMEIOT BBICOKYIO YCIOBHYIO BeposiTHOCTH p(t|w) = Putyt AN JAHHOI TeMBI.
3areM O sApy ONpee/NsseTca TPH IMOKa3aTes HHTEPIPETHPYEeMOCTH TeMbl t:

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

weWy
cony, = == > p(t|w) — wommpacmmocmo memvi (dem BBIIIe, TeM TydIre);
t ‘Wt| =it ) )
t

w
_ . W]
ker; = |W;| — pasmep adpa (oOpreHTHPOBOUHBIN OMTHMYM |—T‘)

[TokazaTenun paszMepa gapa, YUCTOTHI U KOHTPACTHOCTHU IS MOJETN B IEJIOM OTpe/Ie-
JIIOTCA KaK CpeJHHe 10 BCeM MpeJIMeTHBIM TeMam t € S.
Zons ¢porosuir caoe BO Beeit KOJIEKIUN TpUHUMAaeT 3HadeHus: oT 0 1o 1:

BackRatio = % Z Z Z Nawp(t|d, w).

deD wed teB

Ecin eé 3nadenune 6/m3ko K 0, TO MO/ie/ib He CIIOCOOHA BBIAEIATH CJIOBA OOIEll JIEKCUKH,
eCJIM K€ OHO OJIM3KO K 1, TO 3TO CBHAETEIBCTBYET O BHIPOKICHUN TEMATHIECKON MOIE/IN.

Takue KpuTepuu, Kak pasMep sapa Win J07s (POHOBBIX CJIOB, MOI'YT HCIIOJIH30BATHCS
JIJIST KOHTPOJIA aJeKBATHOCTH MOJeH. Upe3MepHas peryaspu3alus MOKeT TPUBOIUTH
K JIerpaJaiii TeM W BBIPOKIEHUIO MOIEIN /IS CJAUIIKOM OOJIBIION H0JIH JOKYMEHTOB.
OBGpa3HO TOBOPSI, PETYASPU3ATOPHI B MAJIBIX J03aX SBIAIOTCS JIEKAPCTBAMH, HO B CIydae
nepe03NPOBKI MOTYT MPeBpAIIaAThCA B s, [[03TOMY HY>KHBI KPUTEPUHU, IyBCTBATETHHBI
K Pa3IUIHLIM TUIIAM BBIPOXKIECHHS MOJIEIN.

Ha mpakTnke K TeMaTHIeCKHM MOJIEISIM IPeIbIBISIOTCI COUeTAHUS Pa3HOOOpa3HBIX
TpebOBAHUIA, /I IIOCTPOEHUST MOJEIN MIPUMEHSIeTCI MHOTOKPUATEpUAIbHAS ONTUMI3AIINSI,
MO3TOMY M KAaueCTBO MOJEIN JOJKHO OIEHUBATHCS 110 MHOTHM KPUTEPHSIM.

B mpoekte BigARTM mnojaep:kuBaercss OHOTMOTEKa CTAHIAPTHBIX METPUK KadecTBa
1 MeXaHU3MbBI J00aBJIeHUs HOBBIX II0JIHL30BATEILCKIX METPHK.
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15 [MpoekT BigARTM

BigARTM — 310 OuOGIHOTEKAa C OTKPBITBIM KOJOM, ocHoBaHHasg Ha Teopun ARTM.
Ona mMmeer pacimpsieMblit BCTPOCHHBIN HAOOP peryispu3aTopoB U METPHK KadecTBa, pPea-
Ji3yeT oHJIaitHOBbIN U odduraiinoBbIi MHOTONOTOYHBIH TakeTHbIE EM-ajiropurm, obecrie-
YUBAIOIINI BHICOKYIO 3P DEKTHBHOCTH 00padOTKU OOJIBITUX KOJIJIEKIIHI Ha OJJHOM KOMITHIO-
tepe. bubyimoreka siBsercss KpocciaaTrgOpMeHHOit: COOPKY U MCIIOJTHEHUE MOYKHO MTPOU3-
soguth nox Windows 7/8/10, Mac OS u pasmuunbivu auctpubyrusamu Linux. TTommep-
JKHUBAIOTCS porpaMMubie naTepdeiicst mox Python 2.7.% /3% C++ a takke 3amyck B Bujie
ncroaHsgemoro onHaproro daiira. Mexognwrit kox BigARTM manucan Ha C++11. [lognepxn-
BaETCs HECKOJIBKO TOMYJISPHBIX (POPMATOB TEKCTOBBIX JIAaHHBIX. VcuepbiBaONLy 0 HHGOP-
MaINIo 10 OMOINOTeKe MOYKHO HAilTH B JTOKYMeHTAIlnN Ha caiite http://bigartm.org.

Huke npejcraBied MUHUMAIbHBIH Ko B Python, BeIMOMHSIIONHIIT 3arpy3Ky U mpeod-
pa3oBaHue JAHHBIX BO BHYTPEHHWIH (DOPMAT IMAKeTOB JOKYMEHTOB (b6amuell), CO3IAHEE
n ODydYeHue MOJIEIN, BIYUCICHUE W BBIBOJ, MEPILICKCUH.

1 # Import all necessary tools and data

> from sklearn.feature_extraction.text import CountVectorizer

3 from sklearn.datasets import fetch_20newsgroups

4+ from numpy import array

s 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’,

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)

MoaroTtoBka AaHHbIX. YHUBEPCATBHBIM O0OBLEKTOM, MPUHAMAEMBIM HA BXOJ, BCEMHU OIle-
panuaMu BigARTM, gaBiseTca BekTopu3aTop artm.BatchVectorizer. B mpumepe Bblme
(maru 10-13) oH GBI CO3/IAH TI0 MATPHIIE «MEIIKa CJI0B» n_wd U CJIOBAPS, 33IAI0IIET0 CO-
OTBETCTBUE ME2K/Yy CTPOKaMU MAaTPUIbl U CJIOBaMU KOJIJIEKIIUA. B 9TOM CJIy4ae IMMaKeThbl CO-
3/1aI0TCS B OIMEPATHBHOM MaMSITH U MOJTHOCTHIO YIAJISIOTCS U3 HEeE 110 3aBEPIIeHNN PADOThI
OuOIMOTEeKH. DTOT CIOCOO XPAHEHUs JAHHBIX IMOIXOIUT TOJIBKO I HEOOJIBIINX KOJLIEK-
Ui, MEeJUKOM MOMEIAMOININXCS B MaMATH. Bo BCeX OCTAJTbHBIX CAYYaAX HCIOIb3YIOTCS
dopMaThl JTaHHBIX, HTpeImoaraolle IYTeHne UCXOJHBIX JTOKYMEHTOB C JIMCKA U 3aIuCh
UTOTOBBIX IIAKeTOB Ha AucK. Hambosiee monysasipen ¢popmar TekcToBbix (haiisioB Vowpal
Wabbit, B koTopoM Kazkjast CTPOKa COOTBETCTBYET OJIHOMY JOKYMEHTY ¥ UMEET BU]L

doc_title token 1:value 1 token 2:value 2 ...
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Jauubrii ¢popMaT mo3BOJISIET TPEICTABIATH JTOKYMEHTHI KAK «MEITKOM CJIOB», TaK W
OC/IEIOBATETLHBIM TEKCTOM, & TaKyKe 3alUChIBATH B JIOKYMEHTHI TOKEHbBI PA3THIHBIX MO-
nasgbHocTeii. [Ipumep co3panust BeKTopusaTopa 1o JanubiM B popmare Vowpal Wabbit:

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

3ech data_path — nyTh K daitay ¢ jgokymentamu, nmapamerp target_folder yka-
3BIBaET HA HECYIIECTBYIOIIYIO JIAUPEKTOPHUIO JII COXPAHEHU TOTOBBIX MaKeTOB.

IIapCHHF60HbﬂnﬁiKOHHQKHHHA*OTHOCHTeﬂbHO;UHHEHbeHiHpOHﬁCC(ﬂ&H«BHeCMOTpH
Ha TO, 4TO BigARTM yMeeT BBIIOJHSATH €r0 B MHOTOIMOTOYHOM DEYKHME), OITOMY YI00HO
COXPAHWUTDh MAKeThl Ha JUCK W MCHOJIH30BATh UX MHOTOKpaTHO. [IpuMep cozpanms BekTo-
pHU3aTOpa, 3arpyzKaloIero maKeThl ¢ JIUCKA:

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

CnoBapu BigARTM mupeaHa3HadeHbl /i XPAHEHUS JIAHHBIX O CJIOBaX M HCIOJIb3Y-
IOTCSI B HEKOTOPBIX PEeryasipu3aropax W MeTpukax kadectsa. (CJI0Bapi COOTBETCTBYET
o0beKkT artm.Dictionary, KOTOPBII MOXKHO JHOO cHOPMUPOBATH ABTOMATHYECKH BO
BpeMsl pas30OuMeHns KOJLIEKIMH Ha TMakeThl (3a7aB B artm.BatchVectorizer mapamerp
gather_dictionary, mo ymosuanuio paBublii True), 00 CO3JATh BPYUYHYIO HA OCHOBE
cBouX JIaHHBIX. OOBEKT CJIOBapsi MOYKHO COXPAHWTH B OMHAPHBIN WJIM TEKCTOBBIN hail,
3aTeM 3arpyzKarh ero u3 3roro Qaiiia:

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

2 data_format=’vowpal_wabbit’,

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

s # Load dictionary back during next BigARTM launch:

6 dictionary = artm.Dictionary()

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

[oToBBIit cTOBapbh MOXKHO M3MEHATh. J[71s1 3TOr0 JOCTATOYHO COXPAHUTH €ro Ha JUCK
B TEKCTOBOM BHJIE, 3aTeM MOANMUIIUPOBATH MOJIYUYeHHBIH (hailyl 1 3arpy3uTh €ro 00paTHO:

1 dictionary.save_text (’my_collection_batches/dictionary.txt?)
> # Change file according to your needs

3 # Then, load it back

1 dictionary.load_text(’my_collection_batches/dictionary.txt?)

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

e token — cTpokoBoOe npejcTaBenne ¢ioBa, class id — mopanbHOCTh, tf — abcosorHast
JACTOTA BCTPEUACMOCTH CJIOBA B KOoJLteKnuu, df — 4meio 10KyMeHTOB KOJLIEKIUHU, B KO-
TOPLIX CJIOBO BCTPETUJIOCH XOTa ObI pas. ITose value o yMoT9anmio 3amoiHsaeTcs HopMu-
POBAHHBIM 3HaueHUeM tf, HO MOXKeT OBITH W3MEHEHO (3Ta BO3MOYKHOCTH HCIIOIb3YETCs KAk
MeXaHW3M Tepeadn JaHHBIX B HEKOTOPHIX PEryJsipu3aTopax W MeTPHKaX KadecTBa).
CioBapu MOKHO (DUJIBTPOBATH BCTPOEHHBIME cpejacTBamu 1o 3uadenusam tf n df, na-
IpHUMep, MOXKHO OTOPACHLIBATEL CJIMIIKOM YACThIE MM CAUIIKOM PEIKHE CI0Ba. YKa3aHUe
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coBaps B KOHCTpyKTOope artm.ARTM mnm B MeTome artm.ARTM.initialize 3amaér mo-
POk cTpoK B mMarpunax ® u (n,;) COIACHO MOPSAIKY CJIOB B CJOBAape. DTO BarKHO,
Hanpumep, AJJId MOJAJIbHOCTH METOK BPEMEHU.

Perynsapunsatopbl moryT Bo3jeiictBoBarh Ha Marpuinbl P, O wian (ptdw). Peryns-
puzaTtopsl & MOTyT BO3AEiiCTBOBATHL Ha OTAEJbHBIE MOJaJ bHOCTH. Hanmume mapamert-
pa class_id yKa3bIBaeT, UTO peryasgpu3arop paboTaeT ¢ OIHOI MOIAJTBHOCTHIO, IIO-
yMmoganmnio ¢ @default_class. Hannume mapamerpa class_ids yKa3bIBaeT, UTO pery-
JIIpU3aToOp padoTaeT coO CHUCKOM MOJAJIbHOCTEil, Mmo-ymodanuio co Bcemu. [lodutnm Bee
IMapaMeTpPbl BCEX PEeryjadpu3aTopoOB MOXKHO MEHATH MEXKAYy UuTepanudMn O6y‘{eHI/IH.

SmoothSparsePhiRegularizer — pe2yaapu3amop c2aaincusaHuA—paspercusanul Mam-
puyw, P, peasmmzoBan o dopmyie (23) ¢ HeGOIBITIM 0000IIEHIEM:

Put = rivoervg/n(nwt + 78w f (Pur))-

Ecaun B ompenenenun KL-muBeprennuu 3amenutsb jorapudm Inz wa dbysrmmo A(x),
to f(x) = xN(z). Ilo ymomuanuo f(x) =1, aro u coorBercTByer Jorapudmy. B 6ub-
JMOTeKe MOXKHO 3ajaBarh f(x) Kak cremennyio dynknuio. Bekrop (f,,) 3arpyxaercs u3
cJIOBapst M 331a8TCs 3HAUYEHUSIMHE 110151 value Kazk10ro cyioBa. JIjis KaxK 101 TeMbl t MOYKeT
OBITH 3a/1aH CBOI TaKoil BeKTOP. TakuM criocoboM MOYKHO 33/[aBaTh «OeJ/ibiey U «IEpHbBIE»
CIIUCKHU CJIOB JIJIsI YaCTHIHOTO OOy IeHUsI.

SpecifiedSparsePhiRegularizer — pez2yaapusamop paspescennocmu P, peannso-
BaH 10 TOif ke (bopmyste, HO T3, SABISETCA KOHCTAHTON M MOJOUPAETCS TAKHM 0Opa30M,
YTOOBI JIOJIsI HYJEBBIX 3JeMEeHTOB B Marpuile ¢ okazajgach He HHKe 3aJaHHOTO MOPOTA.
[Tpu srom dbyuknus f we ucmonablyercsd, o ectb f(z) = 1.

SmoothSparseThetaRegularizer — pe2yaapusamop C2AQHCUBGHUA—DPA3PEAHCUCAHUA
mampuys, O, peanuzoBan o dopmyie (24), ¢ AHATOTHIHBIM 0000TIEHIEM:

Ora = ntoel"Tm (ntd + Taiatdf(etd))-

OyHKIU f UTpaeT Ty Ke POJib, YTO U B PEryasapu3aTope CriaKuBaHUsI—pa3pe:kuBaHus P.
MaccuB MHOXKHUTE e (;; TO3BOSIET YIIPABIATH BO3AEHCTBAEM PeryaIapu3aTopa Ha KazxKI0i
i-if BHyTpeHHeil urepamun oO6paboOTKN JOKyMeHTa. BekTop mim matpuma (yg) mO3BOIIET
YIPABISATH BO3AEHCTBHEM PEryIsipu3aTopa Ha 3JeMEeHThl MaTPUIbl O.

DecorrelatorPhiRegularizer — pezyaapusamop dekoppesuposarus mem 6 Mampu-
ye @, peammzoBan cormacHo (25). Ot moab3oBaress Tpebyercst ykasarTh Kodbbuipent
peryJsipu3alu T U CIIUCOK MOJIAJIbHOCTEH, Ha KOTOpble HYKHO BO3/IefiCTBOBATS.

TopicSelectionThetaRegularizer — pezyaapuzamop ombopa mem 6 mampuye O,
peasmzoBan 10 dbopmyste (47). ExnHcTBeHHOE OTIIMYNe 3aKII0YAETCsT B HATMIHHA MACCHBA,
MHOYKHUTEJIEH (v;, KAK B PEeryaspu3aTope CriaKuBaHUs—pa3pe:kuBanus O.

SmoothTimeInTopicsPhiRegularizer — pe2yaapusamop c2AaiHCu6aHUL MeM N0 MO-
dasvrocmu epemeny, 6 mampuye P, peammzosan o dopmyie (35). st KOppeKTHOH pa-
00THI peryjsipu3aropa TpedyeTcss yKas3aTh UMs MOJAJHLHOCTH BPEMEHU W PACIOJIOKHTH
TOKEHBI BpeMeHHU B cJIoBape u B MaTpuie ¢ B XpOHOJTOTHIECKOM TOPSIIKE.
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NetPlsaPhiRegularizer — peeyaapuzamop NetPLSA daa modarvrocmu eepuiur 2pa-
da 6 mampuue @, onpenensercs mo dopmye (46). B mokyMeHTax J0JKHBI OBITH 3apaHee
3amnmcaHbl TOKeHbI BepinH rpada v. B mapamerpax peryisgpuszaropa 3aIai0Tcss UMeHa
BEPINUH v, UX Beca (MomHOCTH MHOKeCTB |D,|) 1 Beca pébep rpada wy,.

ImproveCoherencePhiRegularizer — pe2yaapusdamop Ko2epernmmocmu, Peaan30Ban
o dopmyse (52) u B KadecTBe mapamerpa Tpebyer caoBapb cOBCTpedaeMocTH 0B Cyy,
(cobparh ero MOXKHO € TIOMOIIBIO BCTPOEHHOTO Mapcepa).

BitermsPhiRegularizer — peeyaapusamop 6Gumepmos, peann3oBaH 10 HOPMY-
aam (50)—(51) m B KadecTBe mapamMeTpa TaKKe TPeOyeT CJIOBApPb YaCTOT OHTEPMOB Ty,
(3a1a4a ero cOOPKU JOKUTCA HA TMOJB30BATEN).

LabelRegularizationPhiRegularizer — wacmomnuwili peeyaapuzamop mampuiovs
JUTs KyTaccuuKanum ¢ HecOaIaHCHPOBaHHBIME Kaaccamu. Peann3oBan no dgopmyie (44).
B kauecTBe mapamerpa Tpebyer CIoBapb KJIACCOB CO 3HAYEHUSME UX MOITHOCTEH |D.|.

HierarchySparsingThetaRegularizer — pe2yAapu3amop Uepapruveckoz0 paspescu-
saruA ©, NCIOTB3YeTCd T pa3pe:KUBAHUS MATPHUIIBI CBA3EH MKy POIUTETHCKAMU Te-
MaMHI U UX JIOYEPHUMHE TIOJTeMAMU B HePAPXUIECKUX MOJEIAX, cormacHo dbopmyie (49).

TopicSegmentationPtdwRegularizer — pezyaapuszamop E-waza ora pazpescusanus
ceemenmos 6 Mampuyar (P, ), Onpeaeasemslii o dopmyie (60).

SmoothPtdwRegularizer — pezyaausamop E-waea das cenasncusarua mampuyy (Pray )
0 JOKAJTBHOMY KOHTeKCTy. lIpumbmmxaer Temarndeckuil mIpoduIb KazKI0T0 BXOXK/ICHHAI
TepMa K ycpeaHeHHOMY mpoduiio ero coceseil (1o okHy (hUKCHPOBAHHOI ITUPHHDI ).

PeryngapusaTopbl MOTYT BKJIIOYATHCS, OTKIIOUATHCS WU MOIUMDUITTPOBATHCS B JTIO00i
MOMeHT Mezkay BbizoBamu fit_offline wyim fit_online, 4To mO3BOJIgET, B COBOKYIIHO-
CTH C KOHTPOJIEM METPHK KadecTBa, I'MOKO IMepecTpanBaTh CTPATEIHIO Pery/sipu3aliu
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
o model.regularizer[’decor’].tau = 3e+b
10 model.fit_offline(batch_vectorizer=bv, num_collection_passes=15)

MeTpukn kadectBa 100aBIAIOTCA 4depe3 Mo scores oObekra ARTM. B sror momenT
Yy MHOTHX METPHK MOXKHO 33JaBaTh MapaMeTpbl. BeluncIeHHbIe 3HAYEeHUsS MeTPUK H3BJe-
KAIOTCsI dYepe3 1oJist score_tracker.

PerplexityScore — nepnaekcus, Boranciagemas 1o dpopmyie (61). Ins eé Koppekr-
HOIT PabOTHI HYKEeH CJ0BapPh, COAEP:KAIINI HOPMUPOBAHHBIE YACTOTHI CJIOB B KOJIICKIIHH
(He MomudunmpoBanHbie 3HadeHust value auist Kazkaoro ciosa). OHI HCHOTB3YIOTCS B Ka-
decTBe AMMPOKCHMAINH HYJIEBBIX 3HadeHuii p(w|d) w MO3BOJISIIOT KOPPEKTHO ONEHNBATH
MOJIESTA Ha OJTHOM CJI0OBape, HO C pa3HOil CTEMeHbI0 Pa3perkKeHHOCTH.
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[Tpumep MOAKIIOYEHHs] MEPILIEKCUH s MoJaibuocTu @default_class (crangapTHast
MOJIATTBHOCTH CJIOB):

. # m = artm.ARTM(...)

> m.scores.add(artm.PerplexityScore (name=’perp’,

3 class_ids=[’@default_class’],
4 dictionary=dictionary))

3HavdeHus MePIIEKCHI MOYKHO BBIBECTH CJIeIyIommM obpasom (Bmecto value MoxHO
BBIBECTH, HATIPUMED, YUCTUTEb U 3HAMEHATE b MePILUIeKCHI M0 KayKI0# MOIAIbHOCTH):

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

[Toste value comepKuUT BCIO HCTOPUIO 3HAYEHWH METPUKH 110 OOHOBICHUSAM MATPUILI .
Y moboro moJist 1000 METPUKH MMeeTcs BapuaHT ¢ npedukcoM last_, KOTOPBIA BO3-
BpalllaeT 3HAaYeHWe METPUKN HAa MOMEHT TOC/eIHell CHHXPOHW3AIUH. JDTO MOYKeT ObITh
MMOJIE3HO JJIA TOJIyYeHUsd MAaCCUBHBIX MeTpuk Thmna TopTokensScore.

SparsityPhiScore/SparsityThetaScore — paspescernrnocmu mampuy © u O. Orne-
HUBAIOTCS JT0JIeil 97IeMEeHTOB MATPHUIIBI, MEHBITHX 33/IAHHOTO TT0JIH30BATEIeM MOPOra.

TopTokensScore — mon-ca068a 6 memax, CIUCOK W3 3aJaHHOTO YHUCJIA CJIOB C HaW-
OOJIbIIIell BEPOSITHOCTBIO IO KaxkKjaoi Teme. Eciu B mapaMerpax 3TOil METPHKH yKa3aTb
CJIOBapbh, COJEpIKAINM JTaHHBIE O MOMAPHONH BCTPEYAEMOCTH CJIOB, TO OYJIET BBIYUCICHA
KOTepPEHTHOCTH coher; Mo CIHCKaM TOM-CJIOB B TeMax, cornacuo ¢dopmyse (62).

TopicKernelScore — Adposvie Tapakmepucmuky mem: 9UCTOTa PUr,, KOHTPACTHOCTh
cong, pa3Mep sjipa ker; oneHuBaolire pa3audHOCTb M, KOCBEHHO, HHTEPIPETUPYEMOCTH
KazKJ10ii TeMBbI t, cM. ¢Tp. 1. AHAJIOTMYHO TOI-CJIOBAM, YKa3aHHE CJIOBAPSI COBCTPEIAEMO-
CTeil 3aImycKaeT MOJACYET KOTePpEeHTHOCTH, HO Telmeph yiKe IO sSIpaM TeM.

BackgroundTokensRatioScore — dossa horosux 06, ONEHUBAET JIOJIO CJIOB, JIJIst KO-
topbix KL-nuBepreniust Mexx 1y pacnpenesennsmu p(t) u p(w|t) Bbile 3a1aHHONO MOPOTA.

TopicMassPhiScore — wacmomu, mem ny u pacupejaenenus p(t) = % JJ1d BCEX TeM T,
BBIUUC/ISIEMBIE TT0 MATPHIIE (Thyy)-

ItemsProcessedScore — wucao 06pabomanHvls JoKyMeHMO8, TEXHUIECKAsT METPUKA,
MTOKa3bIBAIOIIAsT [0 UTEPANNSM KOJNYECTBO JIOKYMEHTOB (C TOBTOpaMH), 00pabOTaHHBIX
EM-anropurMoM ¢ MOMEHTa BKJIIOUEHUS METPUKH.

PeakMemoryUsage — nukogoe nompebienue namamu, TeXHuIecKas MeTpUKa (JO0CTyII-
Hast To1bKO B C++ nHTepdeiice), npegocrapsionias nHOOPMAIHIO O MAKCHMAIBHOM T10-
TpebJIeHNN ONePATUBHON MaMSITH 33 BpeMs KaykJI0W WTepalun aJropuTMa.

[Tonb30oBaTe b MOXKET He TOJTBKO CO3/aBAaTh COOCTBEHHBIE METPHUKHU, HO U BBIYUCSTH
X HAIPIMYIO, CJeIaB BBITPY3KY HapaMeTpoB mozaenn ¢ u ©.

Boirpyska napamertpos mogenu. B cienyoonmem Kojie HOKa3aHO, KaK MOJYyUYATHL MATPH-
1y ® (tounee, nepsoie 10 Tem 1edoaTHON MOJATLHOCTH):

1 model.get_phi(topic_names=model.topic_names[: 10],
2 class_ids=[’@default_class’],
3 model_name=model.model_pwt)
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Ykazanue napaMmerpa model_name=model.model_nwt mo3BOJISIET aHAJOTHIHBIM OOpa-
30M MOJTYYHUTH 3HAYEHUS Nyyr BMECTO (Dyt.

C matpurneit © MoxKHO paboTaTh Mo-pasHoMy. Bo-mepBeIX, eé MOKHO BOODIIE HE Xpa-
HUTH, €CJIM OHA He HyKHAa. BO-BTOPBHIX, MOKHO XPAaHUTH €€ B K3IIe, 3aJaB Iepej Hada-
JioMm obydvenust mapamerp cache_theta=True. B Tperbux, MOXKHO BKJIOYNTH XpaHenune O
B $-mo00HOIT MaTpuIle, 3a1aB napaMerp theta_name. 9To JacT CBOOOIHBIN JOCTYII K MAT-
puIle Ha YTeHHe U 3aIuch B JTI000if MOMEHT. B mepBoM ciiydae BHITPY3UTh MATPHUILy HEBO3-
MOYKHO, B OCTaJIbHBIX ITPUMEHHUM CJIeIYIOIIHi KO

1 # case 2

> model.get_theta()

3 # case 3
 model.get_phi(model_name=model.theta_name)

Bce onucannbie Bbiliie BHI30BBI BO3BpAINAOT 00beKThl pandas .DataFrame.

[Tomumo onucannoro muarepdeiica BHIIPY3KH MaTPHIl, €CTh BO3MOXKHOCTDH IMOJIYyYUTH
yKa3arejb Ha MATPUIy U HANPAMYIO MOIU(PHUIMPOBATH MaMSTh, UCIOJIB3YEMYIO SPOM
OuOIMOTEKH, YTO CYIIECTBEHHO YMEHBIIAET PACcXo/l MaMsITH ¥ BPEMsi BbIYHC/ICHHUII.

MHoronoTto4Hbii naketTHbln EM-anroputm. Bubtamoreka BigARTM mo3Bosser obpada-
TBIBATh KOJLIEKITUU JOKYMEHTOB, He TIOMEIIAONINecs B OMePaTUBHYIO MaMATh. [ 3Toro
koJuteknust D ¢ nomombio BatchVectorizer pasbuBaercs na nakersl Dy, b=1,... B,
KazKJIpIl U3 KOTOPBIX XpaHUTCcsA B oT/ebHoM (haitie. [TlakeTsr obOpabaThiBaloTcst MO Ode-
pean. Kakaplit makeT 3arpyzkaercs B MaMdaTh, OOHOBJIgeT Marpuily ¢ m BBITpyKaeTcd.
OOBIYHO UCHOTB3YIOTCS TTAKETHl Pa3MepoM OT COTEH KHJIODAHWT [0 JeCATKOB MerabaiirT.
KosddbunuenTsr peryigpuszanun 33/ a0TCA B MOMEHT CO3/IaHUS MOJIE/H, HO TOTOM MOTYT
OBITH B JITOOOI MOMEHT U3MEHEHbI, B TOM 4ducje B xojue EM-ureparmii.

Oyukmust ProcessBatches obpabareiBaer 3a oxmn pa3 MuoxkectBo makeros {D,},
cm. Anropurm 3. Jlst KaxKa0ro JoKyMeHTa d KayKJI0ro u3 makeToB [, MTPOU3BOIATCS WTe-
parun BekTopa 0y co BcTpoeHubiM E-mmarom npu dukcuposannoit marpurne $. Ha mocme-
Heil uTepanun JOKyMeHTa OOHOBISIOTCI CUETUUKH 7,y TEKYIIEro IMaKeTa.

B 6ubmmoreke peann3oBaHO HECKOJIBKO CTpATErdil arperupoBaHUs CUETUUKOB, MOJIY-
YEeHHBIX OT PAa3HBIX ITAKETOB, B HTOTOBBIX CUETUMKAX Tyy¢.

Odgpratinoswtd anreopumm FitOffline cosepmaer MHOro mpoxXomoB 1O KOJIEKIHN.
Ha ka»k10M 1poxo/ie CHETIYUKH N,y POPMUPYIOTCS TP (puKcHpoBaHHO# MaTpuie ¢ u cym-
MUPYIOTCsS 10 BceM jgokyMenTaM. QoHoBIeHHE O ¢ yIETOM BCEX PETYISPU3ATOPOB MPOU3-
BOJUTCSI B KOHIIE KayK/IOT0 MMPOXO/1a KOJIEKIIUU B OJHOOTOUYHOM pexkume. OddaaiiHOBBIH
peKUM OPHEHTHPOBAH Ha 0OPADOTKY OTHOCHUTETHHO HEOOJTBIINX KOJLIEKITHI.

Onaatinosviti anzopumm FitOnline 6bu1 penozken st momenn LDA B [47], mo3xe
qtst moziesn PLSA B [20]. On peanuzoBan B 6ubinorekax ManmHHOrO obydennst Vowpal
Wabbit, Gensim u apyrux, m cumrtaercs Haunbosaee 3PQMEKTUBHBIM METOIOM 00yJIeHUsI
TeMaTuaeckux mozeseii. Ero ocHoBHas miest 3aK/IF09AETCA B CHEIUAJIBHON OpraHu3aun
I0CJIeIOBATETLHOCTH BhIUKCIeHMi 10 popmyaam E-mara n M-mara. Ona He 3aTparuBaer
MeXaHI3MbI peryasgpusanui u onuHakoBo npumvennya K PLSA, LDA u ARTM. Onnaiimo-
BBl &JITOPUTM JIeJTaeT OJMH MPOXO/I O KOJIIEKIUH, OOHOBIASI MaTpuIly P mocse KarxKaIbx
7) MakeToB: Ha mare 21 CYETIYUKH 7N, HAKOIJIEHHBIE TIO 7) TOCJEeTHUM MaKeTaM, CYyMMU-
PYIOTCA CO CUETINKAMU 71,1, HAKOIJICHHBIME MO BCEM TTAKETaM, € BECAMA Kgecay W Kapply-
Ha miare 22 marpuma ¢ nepecauTbiBaeTcs M0 OOHOBJEHHBIM CUYETUMKAM C YIETOM pery-
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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 HHUIAATA3APOBATE Oy 1= ﬁ s Beex t € T
5 NnoBTOPSITb
6 Didw = norTm(cpthtd) s Beex w € d, t €T
te
7 Opg := noerm( > 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 = norm(nwt + @wta‘?—R) st Beex w € W, t €T,
weW Pwt

Jnsipu3aTopoB. OHIANHOBBII aaIrOpUTM OPHEHTHPOBAH HA 0O0PAOOTKY OOJIBIINX KOJLIEKIIHIT
WJIM TIOTOKOB JIAHHBIX.

Becosble K09 PuuueHTsl Kgecay U Kapp1y MO3BOJISIOT YHPAB/IAThL TEMIIOM 3a0bIBAHUS
HpeIbIAYIINX MakeToB. IMeeTcst BO3MOXKHOCTD 33,/1aTh 3TH KO3MOUIUEHTHI 110 (DOpMYyIaM,
pexoMeHTOBAaHHBIM B [47|: Kaecay = 1 — pi, Kapply = pi, Ta€ p; = (79 + )", 3HaUenue T,
3aJ1al0Tcd B auama3one oT 64 mo 1024, snavenug x — ot 0.5 g0 0.7.

KonTpons ycnosuii cxogumoctn EM-anropurma Bo3maraercsa Ha mosb3oBaTend. [Ipo-
e BCEro 3a/IaBaTh UUCI0 UTEPAIHil O KOJJIEKIINT U 10 KayKJIOMY JOKYMEHTY.

B omnaitmoBoMm anropurme pazOmeHHe KOJIEKIMH Ha IMAaKeThl U HMOPAI0K 00pabOTKU
MAKeTOB MOTYT BJIHMATH Ha Pe3y/abTaT, B oTimdue oT oddraiiHOBOro aaropurma. ITodnI
YMEHBIIUTH 3TO BJAUSHUE, KOJJICKIIMIO Pa30MBAIOT HA MAKETHI CIydYaiiHbIM 0Opa30M.

B ommaiinoBom asropurMe, Kak u B 0@ IaiHOBOM, BHEIIHANA MUK IO MAKETAM BbI-
MOJTHSIETCST TapaJIJIeJIbHO B HECKOJILKO TIOTOKOB. [Ipu 3TroMm obpaboTka cjieyiomneit mopnun
aKeToB He HAaYMHAEeTCs, IMOKa He 3aBeplieHo oOHoByeHue marpuilbl ¢ Ha marax 21-22.
B pesynbrare BBIUHCIHTENbHBIE PECYPCHI HCIOAB3YIOTCA HeIMDMEKTHBHO. DTa mMpodaemMa
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perraeTcss demepMuHuUpOSEHHBLM ACUHTPOHHDLM OHAATIHOBIM AA20DUMMOM, B KOTOPOM
IPUMEHSIOTCST OOHOBJICHUS ¢ 3ama3/fpiBanueM [43].

B BigARTM odduraitnoBrerii asroputm 3amyckaercss ¢ynknmeit ARTM.fit_offline,
onnaiHOBBIE — dyHKimeii ARTM.fit_online. /lig BKIIOUEHHs JIeTePMUHHPOBAHHOTO
ACHHXPOHHOTr'O aJTOPATMAa MOCTIEIHEel HANO NepeaTh napaMeTp async=True.

HOCTpOGHHyIO TeMaTU4YeCKYIO MOJEJIb MO2KHO UCITOJIB30BaTh AJId TeMAaTU3alluN OTAE/Ib-
HBIX JOKYMEHTOB Ipu (pUKCHpoBaHHOi MaTpuie $. 9Ta BO3MOKHOCTH peann3yercsa (pyHK-
mueii ARTM. transform, KoTopas IPOIycKaeT JOKyMeHTHI depe3 ProcessBatches.

Mepapxuyeckasa TemaTnyeckas mogesnb peann3oBana B BigARTM oTaebHBIM KIaCCOM
hARTM. YpoBHE nepapxuu co3garorcsa (pyuknueir add_level, g KazKJI0ro YPOBHS 3aJ1a-
érca gncao Tem num_topics. Oyuknusa add_level BoszspamaeT 06beKT ARTM, ¢ KOTOPBIM
MOKHO paboTaTh KaK C OOBIYHON <«ILIOCKOI» MOIE/IbI0, B YaCTHOCTH, J00aBILAThL K Heil
peryssipu3atopsl. [Ipumep co3ganust AByXypPOBHEBOI MOJIeIN:

it 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 TemMaTnyecKyo nepapxuio Mo 3aaHHOI KOJLIeK-
UK, UCTIOJIB3Ys peryaspu3arop (48) /s CBI3bIBAHUSA KAZKIOTO YPOBHSI HEPAPXUU C POJTH-
tebekuM. Marpurbl ¢ u © Bcex ypoBHeit MOTYT OBITH MOJYYEHBI C HOMOMNIBIO (DYHKITHI
hier.get_phi u hier.get_theta.

16 Pa3Beao4Hbli MHPOPMALMOHHbI NONCK

BarkubIM npuIoyKeHHEM TEMATHIECKOTO MOJETUPOBAHUSI SIBISIETCS UHPOPMAUUOHH LT
nouck (information retrieval) [149, 14]. CoBpeMeHHBIE TIOUCKOBbIE CHCTEMBI MpeIHAZHAYE-
HBI, TJIABHBIM 00OpPA30M, JJIs1 MIOMCKA KOHKPETHBIX OTBETOB HA KOPOTKHE TEKCTOBBIE 3AIPO-
cbl. /Ipyrue mouckoBbie TOTPEOHOCTH BOSHUKAIOT Y TMOIB30BATE e, KOTOPBIM HEOOXOIIMO
pa3obparhCs B HOBOil MpeaMeTHON 00JIacTH WJIM TONOJHUTH CBOi Oaraxk 3nanmii. [Tosn-
30BaTe/;ib MOYKET He BJIaJeTh TEPMUHOJOTHEil, c1ab0o MOHUMATH CTPYKTYPY MPEIMETHOI
obJ1acTH, HEe UMETh TOYHBIX (DOPMYJIUPOBOK 3AMPOCA U HE MOAPA3YMEBATH €/INHCTBEHHBIH
MPaBUJIbHBII OTBET. B TaKMX caydasx Hy»KeH MOUCK He MO KJII0YEBBIM CJI0BAM, & MO CMbIC-
JIy. 3ampocoM MOKeT OBITh JJIMHHBIN (parMeHT TeKCTa, JOKYMEHT WU MOAOOPKa JIOKY-
MeHTOB. Pe3ybraToM moucka J0/12KHa ObITh YI00HO CHCTeMATU3UpOBaHHAsT NH(MOPMAIIHSI,
«JTOPOYKHAsT KapTay MPeIMEeTHOH 00/1acTh.

Jnsg 3TuxX caydaeB MOAXOMUT MAPAIUTMa paseedouroz0o UHGOPMAYUOHHOZ0 NOUCKA
(exploratory search) [72, 144]. Ero nesbio siBjisieTcst ojlydeHne OTBETOB Ha CJIOXKHbBIE BO-
MPOCHI: «KaKWe TeMbl MMPEJICTABIEHBI B TEKCTE 3aMPOCay, «ITO YUTATH B MEPBYIO 0YePeib
[0 ITHUM TeMaM», «ITO HAXOJIUTCS HA CTBIKE THUX TEM CO CMEKHBIMHU ODJTACTIAMEY, «Ka-
KOBA TeMATHUIECKasd CTPYKTypa JAHHON MpeaMeTHON 001acTy, «Kak OHa PAa3BUBAIACH BO
BPEMEHW», «KAKOBBI TOCTIETHIE TOCTUKEHUI», «TJIe HAXOISITCS OCHOBHBIE IMEHTPBI KOMIIe-
TEHTHOCTH», «KTO SIBJISIETCS KCIIEPTOM TI0 JTaHHOiT Teme» u T. 1. Ilosb3oBarens oOBIIHOMN
MOWCKOBOH CHCTEMbBI BBIHY?K/IEH UTEPATHBHO MepedopMyInpoBaTh CBOM KOPOTKUE 3aIPo-
ChI, PACITUPsisi 30HY TOUCKA MO Mepe YCBOEHUsI TEPMUHOJIOTUU MPEIMETHOI 0b1acTu, me-
PHOIMYECKH TIePeCMATPUBAS U CHCTEMATH3IUPYS PE3YIbTATHI MOUCKA. JTO TpedyeT 3aTpaT
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BpeMeHN ¥ BLICOKON KBasudukanuu. [Ipn oTcyTcTBUN HHCTPpYMEHTA I MOJTyYeHus «00-
et KAPTUHBI» OCTAETCS COMHEHUE, YTO KaKNe-TO BayKHbIE ACEKTH N3yIaeMOii MpohIeMbl
TaK U He Oblin Haiijenbl. Ecim oOpa3Ho npejacTaBuTh UTEPATUBHBIN TMOMCK Kak OJIyZK ia-
HUEe 10 JJAOUPUHTY 3HAHWIl, TO Pa3BEJOYHBIN MOUCK — 3TO CPEJACTBO aBTOMATUYECKOTO
MOCTPOEHUST KAPThI JIJIsA JIFOOOH 9acTh TOro JTabupUHTA.

TemaTtuyeckunii nouck. [loaHOTEKCTOBBIE MOMCKOBBIE CHCTEMBI OCHOBAHBI HAa MHBEPTH-
POBAHHBIX HWHIEKCAX, B KOTOPBHIX /T KayK/IOTO CJIOBA XPAHUTCS CIUCOK COJIEPXKAIIAX er0
nokymenTos [9]. TTouckoBast cucrema WIreT JTOKYMEHTHI, COIEprKAIlie Bee CJI0Ba 3a1mpoca,
MO3TOMY T10 JJIMHHOMY 3aITpoCy, CKOpee BCero, Hm4ero He Oyjer Haii1eHo.

CucremMa TeMaTHYECKOr0 Pa3BeIOYHOrO MOMCKA CHAaYaJa CTPOUT TEMATHYECKYI0 MO-
JIeJIb 3aIpoca U ONpeiesieT KOPOTKHIl CIIMCOK TeM 3ampoca. 3aTeM JJIs MOUCKA, JTOKYMEeH-
TOB CXOXKeil TeMaTHKN MTPUMEHSIOTCSA Te YK€ MeXaHU3Mbl NHAEKCUPOBAHUS U IMMOUCKA, TOTb-
KO B POJIN CJIOB BBICTYHAIOT TeMbI. [[0CKOBKY YHMCI0 TeM Ha HECKOJIBLKO MTOPSTKOB MEHBITIE
0o0béMa cIoBaps, TEMATHIECKUl MONCK TpeOYyeT HAMHOI'O MEHbIIe MaMATH 10 CPABHEHUIO
C TIOJIHOTEKCTOBBIM IMOMCKOM W MOYKeT ObITh peajin30BaH Ha BeChMa CKPOMHOI TEeXHHKE.
Texnomorun nHMGOPMAIMOHHOTO MONCKA HA OCHOBE TEMATHYECKOr0 MOJIEINPOBAHUS B Ha-
crosIee BpeMsl HAXOIATCS B CTINN UCCIeI0BaHuil u pa3paborok [117, 21, 95, 28, 13, 136].

B aureparype 1o pa3BegoaHOMY MOUCKY TEMATHIECKOe MOJIEJTNPOBAHNE CTATNA HCIIOIb-
30BaTh OTHOCUTEIbHO HemaBHo (108, 45, 105, 125], a MHOTHE 0630PBI O HEM BOOGIIE HE YIIO-
vunaror [41, 102, 115, 54, 73, 51|. B uemaBueii crarbe [125| BaxKHBIME TPEUMYIIECTBAME
TeMaTHIeCKUX MoJiesieil Ha3hIBAIOTCS T'MOKOCTh, BO3MOYKHOCTH BU3YAJIM3AIUN W HABUTA-
. B To ke Bpemsi, B Ka4ecTBe HEJOCTATKOB OTMEYAITCS MTPODJIEeMbl ¢ HHTEPIPeTUpye-
MOCTBIO Te€M, TPYIHOCTHU C MoaupuKameit TeMaTuaeckoit MO PH MOCTYILJIEHUH HOBBIX
JIOKYMEHTOB M BBICOKASI BBIUUCIUTETbHAS CJI0KHOCTH. DTU MPOOJIeMbl OTHOCATCA K yCTa-
PEBIINM MeTOJaM M YCHENTHO pPelleHbl B TMOCTeIHUe TOBI: TeCATKH HOBBIX MOJETel pas-
paboTaHbl /s VAYUIIeHHS HHTEPIPETHPYEMOCTH; OHJIARHOBBIE aITOPUTMbBI CIIOCOOHBI 00-
pabaThiBaTh GOJIBINIE KOJJIEKIHH U MOTOKK JOKYMEHTOB 3a JinHeiitHnoe Bpems |79, 20, 127].
C apyroit ¢cTOpoHbI, B paboTax MO TEMATHIECKOMY MOJIEJIUPOBAHUIO PA3BEIOTHBIN TMOMCK
JaCTO HA3BIBAIOT OJHUM U3 BayKHEUTITHX MPUIOKEHUI, & OMEHKN Ka9ecTBa MONCKA HCIOTb-
3ytor it Bamugamun Mogesteit [149, 14|, Oguako 9T uccaeI0BaHus MOKA He MPUBEN
K CO3JIaHUIO OOIIEOCTYIIHBIX CHCTEM pa3BeJIOYHOTO MmoucKa. Bcé 31o rosopur o pas3ob-
MIEHHOCTU HAYYHBIX COODIIECTB, pa3padaThIBAIONINX 3TU JBa HanpaBjaeHus. TeHIeHInsT
K UX COJIMYKEHWIO HAMEeTHUJIACH JIMITh B TOCJIEeIHNAE TOJIbI.

Temarudeckast Mojesb IS Pa3BeIOYHOIO IMONCKA JIOJIXKHA YAOBIETBOPSITH MHOTHM
TpeboBaHUAM OZHOBpeMeHHO. OHA JOJIKHA COCTOSIThH W3 XOPOIITO HHTEPIPETHPYEMBIX TEM,
OCKOJIbKY TeMbl MHTEHCUBHO HUCIOJIB3YIOTCS B IOJH30BATENILCKOM HHTepdeiice 11 Ha-
BHUTAIMHU 10 KOJIJIEKITMU U BU3YATU3AIUN Pe3yabTaToB noncka. OHa J0KHA OBITH pa3pe-
JKEHHOM, 9TO0BI KazKAbIil JIOKYMEHT COCTOsIJI 13 HeOOJIBIIIOTO YHUC/Ia TeM — 3TO HEOOXOIUMO
115t 9 PEKTUBHOrO XpaHeHusT HHBEPTHPOBAHHOTO wHAeKca. OHa M0JKHA OBITH HepapXu-
9ecKoif, 9TOOBI 1MOJIL30BATEIb MOT' TOJIYINUTh MPEACTaABICHNE O TEMATHIECKON CTPYKTYype
IpeaIMeTHO 001acTH Ha JTI0O00M ypoBHE jJeTanu3anun. OHa T0M:KHA aBTOMATHIECKH OIpe-
JIeAITh 9UCT0 TeM Ha KayK/IOM YPOBHE MepapXud W aBTOMATHYECKHU CO3/aBATh W UMEHO-
BaTh HOBBIE TeMbl. OHA JOKHA ObITh MYJIHTUTPAMMHOMN, TaK KaK BBIJETEHHE KJIIOUEBBIX
dpa3 1 TEPMUHOB CYIIECTBEHHO Y1y YIIaeT HHTEPIPETHPYEMOCTh TeMbl. OHa J0/IKHA OBITH
MYJIbTUSI3BIYHONW B TeX IMPUJIOKEHUX, TJie TPedyeTcst KPOCC-3bIIHbIN TOUCK, HAIPUMep,
IpU aHAJIU3e MATeHTHBIX 6a3. OHa J0MKHA OBITH MYJTBTUMOIATBHON, YTOOBI YINTHIBATDH
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MeTaJaHHble JJOKYMEHTOB, BK/IIOUas aBTOPOB U nmuTHpoBaHme. OHA J0TKHA OBITH TEMIIO-
PaJIbHOI, YTOOBI BBHIABIATH AUHAMUKY pa3BuUTHd TeM. OHa T0/IKHA OBITh CeIMEHTHPYIO-
1meit, 9T00bI HAXOAUTh HE TOJHKO PeJIeBAHTHBIE JOKYMEHTBI, HO U YKa3bIBATh KOHKPETHBIE
TeMaTUIECKNEe CEerMeHTHl BHYTpPH J0KyMeHTOB. OHa J0/KHA OBITH 00y4YaeMoii 1Mo OIeH-
KaM aceccopOB WJIH JIOTAM MOJIb30BaTe e, 9TOOBI MOCTOSTHHO YJIYYITaTh KAYeCTBO MONCKA.
Haxkomern, peanuzamnus 10/12KHa OBITH OHIANHOBOM, TapasIeJbHONR U pacIpeIe IEHHOI, ITO-
0b1 3 dekTHBHO 00pabaThIBAThL OOJBIINE KOIEKIINH TeKCTOB. TakuMm o0paszoM, MHOTHE
13 PaCCMOTPEHHBIX B JAHHOM 0030pe Mojeseil J0IKHBI ObITh 00beINHEHbI B KOMITO3UIIIIO
JIJIST CO3/IAaHMST TTOJTHOMDYHKIIMOHAJIBHOTO CEPBUCA PA3BEI0UHOIO MMOUCKA.

KayectBo pa3sBego4Horo noucka. Mogenr ARTM g pasBeodHoro momcka ObLia,
npeyioxkena B [12] u yayummena B [147]. s u3MepeHusi KauecTBa pa3BeOUHOTO TeMa-
TUYIECKOI'0 IOHCKa HUCIIOJIb30BaJIUCh KPUTEPUU TOYHOCTU MW IOJIHOTHBI Ha OCHOBE OIEHOK
aceccoposB. st onennBanus Obljla cOCTaBJIeHa BBIOOPKA 3aIIPOCOB — 3aJIaHU pa3Be/104-
HOT'O MOMCKa. KaxKaplil 3ampoc MpeacTaBIsa coO0i TEKCT 00BEMOM OKOJIO OHOI cTpa-
HuIpl popmara A4, ONUCHIBAIOIINIT TeMATHKY IOuCKa. KaxKkioe 3a1aHne CHAYAIA, BBIIOI-
HSLTOCh HE3aBHCHUMO HECKOJTBKHMHU acecCOpaMH, 3aTeM CHCTeMON TeMaTHIeCKOTO IOUCKA,
3aTeM PEeJIEBAHTHOCTD HANIEHHBIX CUCTEMON JIOKYMEHTOB CHOBA OIEHUBAJIACH ACECCOPAMH.
Jlannast MeToIMKa TTO3BOJISIET, €IMHOXK B C/Ie/IaB PA3MeTKY pPe3y/IbTAaTOB IMOUCKA, MHOTO-
KpPaTHO OIIEHMBATH KAYECTBO PA3IUYHBIX TEeMATHIECKUX MOJe/Ieil I MeXaHU3MOB ITOUCKA.
DKCIEepUMEHTHI Ha KOJIEKIUIX 175 Thicad cTaTeil pyCCKOS3bITHOTO KOJLIEKTUBHOTO OJ10Ta
habrahabr.ru u 760 Thica4 cTaTeil aHIJIOSA3BITHOTO OJ10Ta techcrunch. com mokas3asn, YTo
TeMaTHIeCKU# MONCK HAXOAUT DOJIBIIE PEIEBAHTHBIX JIOKYMEHTOB, Y€M aCecCOPhI, COKPa-
masi cpejiHee BpeMs MOUCKa, C MOJIyvaca JI0 CeKyHIbl. KoMOuHupoBaHue peryasspu3aTopos
JEeKOppe/IMPOBAaHNUS, PA3PEeKUBAHUS U CIJIAKUBAHUS BMeCTe C MOJAJbHOCTIMU 7-T'PAMM,
aBTOPOB W KATErOpHil 3HAUUMO YIyUIIaeT Ka9eCTBO MOUCKA U MO3BOJSIET JOCTUYIb TOUHO-
ctu Borme 80% u moanors Beimze 90%.

Busyanusauusa. Cucremarusaius pe3y1bTaTOB TEMATHIECKOTO MONCKA HEBO3MOZKHA, 0e3
MHTEPAKTUBHOrO rpaduveckoro mpejacrabienus. B o63ope [2] onucwiBaiores u cpaBHu-
BalOTCA 16 CpencTB BH3yAJM3AIME TEMATHIECKHX MOJeseil Ha OCHOBe BeO-mHTepdeicoB.
Emé GombIre maeil MOyKHO MOYePIHYTh U3 HHTePAKTHBHOTO 0630pa’, KOTOPEIl Ha MOMEHT
HAITMCAHUS JIAHHOW cTaThbu HAacUYuThIBaJ 380 cpejicTB BU3yaJ/M3aluu TeKcToB. HecmoTps
Ha TaKoe 6OFaTCTBO TEXHNYECKUX pemeHHﬁ, OCHOBHBIX I/Iﬂeﬁ BU3yaJin3allil TeMaTUICCKUX
Mojiesielt He TaK MHOTO: 3TO JIH0OO ABYMEpPHOE OTOOpayKeHne CeMaHTUIECKOH OJTM30CTH TeM
B BUJe rpada WINH «IOPOKHONW KAPTHEI», MUOO TeMaTHYecKas HepapXxus, JUOO TUHAMEIKA
pa3BUTHUS TeM BO BpeMeHH, JHO0 rpadoBasg CTPYKTypa B3aMMOCBA3€il MEKIy TeMaMH,
JAOKYMEHTaMH1, aBTOpaMW WJIN UHbBIMU MOAAJIBHOCTAMH, .HI/I6O CerMmeHTHasdA CTPYKTypa OT-
AEJbHBIX JOKYMEHTOB.

['paduueckas Busyaan3aius OOJTBIINX JAHHBIX IIPAKTHIECKH OECIOIe3HA B CTATHIHOM
HCIIOTHEHUHT, HO MOYKET OKA3aThCsA MOITHBIM KOTHUTHBHBIM CPEJICTBOM B CIy9Yae HHTePaK-
THBHOI peanu3anuu. ITo ObLIO moudaTo 6osee 20 mer Hazam u cdhopmyaupoBano benom
[[TueitmepManoM B BHIE MAHMPYL BU3YAALHO20 NOUCKE UHPOPMAUUL: «CHATATA KDY THBII
J1aH, 3aTeM Maciuiabuposanne u pUILTpaIUs, JeTajiu 1o Tpebosanuio»® [113].

"http://textvis.lnu.se — MHTEPAKTHBHBII 0030p CPEJICTB BH3YATU3AINN TEKCTOB.
8Visual Information Seeking Mantra: «Overview first, zoom and filter, details on demand» [113].
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Orobparkenue pe3yJbTaTOB TEMATHIECKOTO MOJETUPOBAHUS W PA3BEIOTHOIO MOUCKA
COOTBETCTBYET KOHIenuu jgaabiero urenns (distant reading) commosora jureparypbi
®panko Mopertu [83]. On mporuBonocrap/ser 3ToT €ocod W3ydeHHs! TEKCTOB HAIEMy
oberaromy urennio (close reading). HeBo3mokHO pouuTaTh MUJITHOHBI KHUT UJIN CTaTel,
HO BIIOJIHE BO3MOYKHO NPUMEHUTH CTATUCTUYECKUE METOJIbl U I'PapUUecKyio BH3yaJIn3a-
U0, YTOOBI TOHATH B ODOIUX YepTax, O UYéM BCA ITa JUTEPATypa, U HAYUUTHCS OLICTpee
OTBICKUBATH HYXKHOE. «/lasvree umenue — ITO cuenuaabHasg popMa MpeICTaBICHUS 3HA-
HUil, B KOTOPOil MEHbIIE 3JEMEHTOB, I'pybee CMbBICJ UX B3aUMOCBs3€il, OCTAIOTCS JIUIID
(bOPMBI, OTHOIMIEHUS, CTPYKTYPBI, MOJETIN»".

g onbsmorekn BigARTM B HacTosIIee BpeMsl Pa3BUBAETCS WHCTPYMEHT BU3YaJn3a-
mun ¢ Beb-unTepdeiicom VisSARTMY, noniep:kupatomuii Bazkneiimue (hbopMbl TIpe/cTaB-
JIeHUsI TeMaTHIecKux mozeneii. arepecnoii Bo3moxkuocThI0 ViSARTM gaBisercs mocTpo-
eHre cnexkmpa mem — PAHKUPOBAHHOTO CITHCKA TeM, B KOTOPOM CeMAaHTUYECKH OJTU3KUe
TeMbI HAXOJIATCs psiJioM. ['pynnupoBanue TeM Mo CMBIC/IY TTOMOTAET MOJIH30BATEISIM ObICT-
pee HaXOJUTh TeMbl, OOpallasi BHUMaHue Ha PAa3/JIUUYds MEXK/y OJTM3KUMU TeMaMH.

17 3aknrwyeHune

TemaTudeckoe MoIeTMPOBaHKE SIBISETCSI OTHUM I3 HHCTPYMEHTOB 00PAOOTKHU U MOHU-
MaHWS TEKCTOB €CTECTBEHHOTO SI3bIKA. BBISBIEHUE JIATEHTHON TeMAaTHIECKON CTPYKTYPHI
MO3BOJISIET CHCTEMATH3UPOBATH OOJIBIIIIE TEKCTOBBIE KOJIIEKIINN, U3BJIEKAThH U3 HUX M0JIe3-
HbIe 3aKOHOMEPHOCTH, HAXOMAUTh CeMAaHTHUYEeCKH OJU3KYI0 mHOpMaImio. TeMarmdaeckoe
MOJIe/THPOBAHIE UCIOIb3yeTcd s aHAJIM3a apXUBOB HAYUYHBIX NMYOJIUKAIMil, MATEHTHBIX
6a3, HOBOCTHBIX IMOTOKOB, COIMUAIBHBIX Me/IHa.

[ToTopa jecaTuieTnst MHTEHCUBHOTO PA3BUTHS TEMATHIECKOTO MO/IETNPOBAHUS TTPHU-
BeJIN K CO3JaHNI0 coTeH Mozeseil. Cpean HUX ClienuaIn3upOBaHHBIE MOJEN I TOCTPO-
eHUST TeMATUIECKUX MEPAPXUil; BHISBIEHWUS JTUHAMUKN PA3BUTHsI TeM BO BPEMEHHU; 00pa-
OOTKH MYJIbTHSI3BIYHBIX KOJIIEKITH; MOCTPOEeHN pecKa3aTeIbHbIX Mojeeil Kiaaccudu-
KAIlUM ¥ PEerpeccuu; odbecrnedeHns HHTEPIPETHPYEMOCTH, PAa3PeKeHHOCTH W Pa3TuIHOCTH
TeM; UCIIOJIb30BaHus MeTanH(pOPMAI 00 aBTOPaX, CCHLIKAX, MOJIH30BATEISIX, T€0T0KA-
[USIX; Y96Ta COBCTPEIAEMOCTH CJIOB W CEIMEHTHOIl CTPYKTYPBhI JIOKYMEHTOB; W MHOTTE
npyrue. OCHOBHBIE THITBI TEMATHIECKUX MOJIe/Ieil ObIIN BKIIOYEHBI B JTaHHBIT 0030D.

B mpakTtumyeckux mpHIOXKEHHIX TeMaTHIeCKHe MOJETH JOJKHBI 001a1aTh OJHOBpEe-
MEHHO MHOTUMH U3 TIePEUYNCTEHHBIX BBIIIE CBOWCTB. DTH TOTPEOHOCTH CTUMYJIUPYIOT Pas-
BUTHE MHOTOKPUTEPUATHHBIX METOI0B TEMATHIECKOTO MOIenpoBanus. Teopust addumus-
not peeyaspusayuy memamuyeckus modeset (ARTM) nosBossier KOMGHHIPOBATH MO/Ie-
JIM, TPOCTO CYyMMUPYST WX Peryaspu3aTropbl. Kaxkmas Moaeab 3aaéTCsa CTPYKTYPHOR OC-
HOBOi1 B BI/Ie HU3KOPAHIOBOTO MATPUYHOIO PA3IOKEHUS U «MEIIKOM PEeryIgapu3aToOpOB».
PerynspuzaTopbl MOTyT JIETKO OTAETISITHCA OT OJHHUX MOJETeil W UCIOJIH30BATbCI B JIPY-
IUX. DTO MPUBOIUT K MOIYIBHON TEXHOJOTHH TEMATHIECKOTO MOJEJTUPOBAHUS, KOTOPAs
W PeaJIn30BaHa B MMPOEKTE ¢ OTKPHITHIM KOooM BigARTM. Berpoennas 6ubanorexa yaudn-
[IIPOBAHHBIX, COBMECTUMBIX U B3AMMO3aMEHSIEMbIX PeryJIsipu3aTopOB MO3BOJISIET COOMPATH

9 «Distant reading is not an obstacle but a specific form of knowledge: fewer elements, hence a sharper
sense of their overall interconnection. Shapes, relations, structures. Forms. Models.» [83].

O ®@enopaxa 1. C. TexHOMOrna MHTePAKTUBHON BU3yaIN3alil TeMATHICCKHX Moeneil. BakamaBpekas
muccepramus, MOTU, 2017.
http://www.Machinelearning.ru/wiki/images/d/d8/Fedoriakal7bsc.pdf
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TeMaTUIecKue MOJETH I PA3TUIHbIX MPUIOKEHUN 6e3 TPYJ0EMKHUX MAaTeMaTHIeCKUX
BBIKJTIQJIOK U 0e3 HAIMMCAHUS HOBOTO KOJIA.

Kpowme toro, ARTM ymuporiaer onncanme m3BeCTHBIX MO/IejIei, KOTOPbIe UCXOIHO BBO-
JIMJTUCH Ha sA3bIKe DaiiecoBckoro obydenus. [1yTh oT hopmaimszanum Mojie/ i K aaropuTMy
eé ooyuennss B ARTM cyrmecTBeHHO KOpOYe. DTO yaA00HBI SI3BIK JI/TsT U3y I€HUs] TeMaTHIe-
CKOTO MOJIeIUPOBAHNS, KOTOPBIil CHUYKAET TMOPOT BXOJA B JAHHYIO 00JACTD UCCIIeTOBAHMIT
JUTST TPUKJIATHBIX CIIEIMUATICTOB U PA3pabOTINKOB NH(MDOPMAIMOHHBIX CHCTEM.

B sror 0030p He BOILIM HEKOTOpPBIE BaKHbIE THUIBI MOJIEIEH, HAIPUMED, s aHa-
JIN3a U300pazKeHuii U BUJIEOMOTOKOB, aHHOTHPOBAHUS M300ParKeHUil, pEKOMEHIATeTHLHBIX
CUCTEM, CYMMapH3alliu TEKCTOB, aHa/In3a TOHAJbHOCTH WM BBLISBJICHUS MHEHUI, UCIOJIb-
30BaHUS W MMOCTPOEHUS] OHTOJIOTHIT, OOHAPYZKEHUS HOBBIX TE€M W MPOCTEKUBAHUSI HOBOCT-
HBIX CIOZKeTOB. Takyke He OBLTN 3aTPOHYTHI BOMPOCH! MHUITHMAINZANUNA U ABTOMATHIECKOTO
nMeHoBanus TeM. He Hamma orpazkenus B 0030pe HOBasI TEH/IEHITNS CO3AHUS TUOPUTHBIX
MOJeJ/Ieil Ha OCHOBE TeMaTU4YeCKOr'0 MO/ICJIMPOBAHUA U HEHPOHHBIX CeTel.

O630p nHammcan 110 MaTepuajaM crernkypca «BeposTHOCTHOE TeMaTHdeckoe MOJIesH-
posanme» !, Koropsrit aBTop unTaer Ha ¢akyasrere BMK Mockosckoro LocyaapcTBenno-

ro Yuusepcurera um. M. B. JIomonocoBa. O0HOBIsIeMast 3JIeKTPOHHAST BEPCHST JOCTYITHA

ma caiite MachineLearning.ru'.

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