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AnHOTaIMs

Temarudeckoe MoJeIUPOBAHUE — 3TO OOJACTH CTATUCTUYECKOTO AHAJM3a, TEK-
CTOB, aKTHUBHO pa3BUBAOMIasica mocaennne 15 jer. BepostHocTHAas Temarmaeckas
MOJIe/Th BBIABJISIET TEMATHUKY KOJJIEKITNN TEKCTOBBIX JOKYMEHTOB, TPeICTaABIAT KaK-
JIyTO TeMY TaCTOTHBIM CJIOBAPEM CJIOB. 33/1a7a TEMATUIECKOTO MOIETHPOBAHNS CBO-
JIATCS K MATPUIHOMY PA3JIOKEHUIO U UMEET OECKOHETHOe MHOXKECTBO pereHuii. s
JTIOOTIpesieIeHns PeIeHnsl BBOAATCI TOTIOJTHUTEbHbIE KPUTEPUU — Peryasgpu3aTo-
pot. Jauublit 0630p ONMUCHIBAET B TEPMUHAX PEry/ISPU3ANNU OCHOBHBIE THIIHI TEMa-
TUIECKUX MOJeseil: MyJIbTUMOJAIbHBIE, MYJIbTUA3LIUYHbIE, NEePAPXUIECKNE, TEMIIO-
pasibHBbIE, CErMEHTHUPYIOIINEe, TUCTPUOYTUBHBIE, TpadOBbie. A IIUTHBHAS PETYIAPU-
sarust remarunaeckux Mozeseil (ARTM) mosBosisger KOMOHHUPOBATEL PEryJIsipH3aTO-
PBI U CTPOUTH TEMATHIECKUE MOJE/JN C 3aJaHHBIMU CBOCTBaMu. MoOmy/TbHAs Tex-
HOJIOTUS MOJETMPOBAHNS W MapaLIeJbHbIN OHMAlHOBBI EM-aaroput™ momoiKeHb!
B OCHOBY OMOJIMOTEKN TEMATHYECKOT0 MOJIEIMPOBAHNS C OTKPBITHIM KOgoM BigARTM.

1 Bseaenne

TeMaTnueckoe MOJIEJIUPOBAHHE — 3TO OJHO M3 COBPEMEHHBIX HAIPABICHHN CTATHCTHYIC-
CKOr0 aHaJn3a TeKCTOB, aKTHBHO pa3BuBamomeecd ¢ Kouna 90-x romos. Bepoammocmman
memamuueckas modeawv (probabilistic topic model) BbIsiBIIsIeT TeMATHKY KOJUTEKIHH JTOKY-
MEHTOB, MPEJCTAB/IAA KarKIyI0 TeMy JUCKPETHBIM paclpeleeHneM BepOATHOCTeH CJI0B,
a KazKJIplil JJOKYMEHT — JUCKPETHBIM PACHPEICICHICM BePOATHOCTEH TeM.

TemMaTnueckoe MOJEIUPOBAHUE IIOXOXKE Ha KJIACTEPH3ANUI0 JOKYMeHTOB. OTamdme
B TOM, UTO IIPU KJIACTEPU3AIMMA TOKYMEHT HEJTMKOM OTHOCHTCA K OJHOMY KJIACTEPY, TOTIA
KaK TeMaTHdecKasl MOJEeIb OCYIIECTBISET «MSATKY KJaacrepuszanmio» (soft clustering),
OTHOCS JIOKYMEHT K HECKOJIBKAM KJacTepaM-TeMaM ¢ HEeKOTOPBHIMH BEePOATHOCTAMHE.
TemaTnvecKne MOJe/N Ha3bIBAIOT TAKyKe MOACTIAMEI MATKON OM-KIacTepU3ainu, TTOCKOIb-
Ky KayKJ0€ CJIOBO TAKZKe PACHPEILTIeTCs 110 HECKOJILKIM TeMAaM.

[Tocnennee cBORCTBO MO3BOJLET OOXOAUTL MPOOJEMBI CHHOHUMUHU B HOJUCEMAH CJIOB.
CUHOHMMBI, B3aMMO3aMeHAeMbIe B CXOKMX KOHTEKCTaX, MPYIIUPYIOTCA B OJHAX W TEX 7Ke
TemaX. MHOTO3HAYHBIE CJIOBA M OMOHUMBI, HA0OOPOT, PACHPEICITIOT CBOM BEPOSATHOCTH
10 HECKOJLKHAM CeMaHTHYeCKH He CBA3aHHBIM TeMaM. HampuMep, 3Ha4eHne CJI0Ba «IIpo»
MOZKeT OBITH IIOHATO U3 TOTO, KaKad TeMa JOMHHUPYET B KOHTEKCTE JAHHOTO CIOBA —
MaTeMaTHKa, (PU3UKA, OHOIOrHA WX BOSHHAA MCTOPHUSL.

BMmecTo oTAeIBHBIX CJIOB MOJEIb MOXKeT CTPOMTHLCA Ha, CAOBOCOYCTAHUAX WJIM TEPMU-
nax. Tema oGpa3yercss CeMaHTHICCKU CBSA3aHHBIMHU, 9aCTO COBMECTHO BCTPEYAOMIMMUCS
TepMHHAMH. Takoe oIpeieleHnne «TeMbl» JOIMYCKAET TOYHYI MaTeMaTHUeCKylo (hopMa-
JIT3AIMI0, HO MOKET OTJIMYATHCS OT NPUHATHLIX B JIMHIBUCTHKE WM JTUTEPATYPOBEICHUH.

Crkaroe onmcanue JTOKYMEHTa B BUJIE BEKTOPa BEPOATHOCTEH TeM CONePKUT BasKHEii-
myro mHGOPMAIUIO O CeMaHTHKEe JOKYMEHTa M MOYKeT HCHOJIb30BATLCA IS PEIICHHs
MHOTHX 3aJ1a9 TeKCTOBOH aHAJINTUKH. TemMaTWdecKue MOAEIM IMPUMEHSIOTCA IS BhISB-
JIeHHsI TPEHIOB B HOBOCTHBIX IOTOKAX, MATCHTHBIX 0a3aX, apXMBaX HAYUYHBIX IIyOJHKA-
nuit [153, 121|, MuOTOSAI3BIYHOrO HHMOpPMATHOHHOTO ToucKa [132, 131], moucka remarude-
CKUX COOBINECTB B CONUATBHBIX cerax [155, 123, 97, 27|, knaccudukanuu u KaTeropu3aiumn
nokymenToB [106, 156], remarudeckoii cermenTannu rekcros [140], anannsa nzobparkenuii
¥ BUJIEOTIOTOKOB [49, 66, 42, 122|, Termposanust Beb-crpanuir [58|, oOHAPYKEHUST TEKCTOBO-
ro criama [10|, B pekoMengaTebubIx cucreMax [147, 135, 62, 150, 149, B 6uonrdopmaTu-



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

[TocTpoenne TeMaTHIecKOit MOJIE/IH 110 KOJIJIEKITUU JJOKYMEHTOB SIBJISIETCS HEKOPPEKTHO
MOCTABJICHHOW ONTUMU3AIMOHHON 3a/a4ueil, KOTopas MOYKEeT UMeTh OECKOHeYHOe MHOZKe-
crBo perrennii. Cornacuo Teopuu peryiaspusamun A. H. Tuxonosa [11], pemerue Takoii 3a-
JIAYU BO3MOKHO JIOONPEIETUTh U CAETATh YCTOWIUBBIM, T00aBUB K OCHOBHOMY KPUTEPHIO
Pe2YAAPU3AMOP — JIONOJHUTE/IHLHBI KPUTEPHil, YAUTHIBAIONINI KaKne-anoo crermdnyae-
ckue OCOOEHHOCTH TMPUKJIAJIHON 3a/Ja4u WM 3HAHUS NPEIMeTHONH obsacTu. B c/I0KHBIX
NPUIOKEHUAX JOMOJTHUTETLHBIX KPUTEPHEB MOYKET ObITh HECKOJIBKO.

Addumusnas pezyaspusayus memamuueckur modeset (additive regularization of
topic models, ARTM) — 3T0 MHOTOKpHTEPHAJIbHBIN MOIXO/, B KOTOPOM ONTHMHU3UPY-
ercsl B3BellleHHas cymMma kpurepues |3, 127|. BoJbIIMHCTBO M3BECTHBIX TEMATHYECKUX
Mojiesielt b0 M3HadaIbHO (DOPMYJIUPYIOTCS B TEPMHUHAX PeryJsipu3aluu, JUO0 JOIyc-
kafoT Takyoo nepedopmyaunporky. ARTM mo3Bossier oTaensTh peryasipu3aTopbl OT O/I-
HUX MOJie/ielf ¥ UCIIOJb30BaTh B APYTUX. DTO MPUBOIUT K MOIYTHLHON TEXHOJOTHH MO/Ie-
nupoBanug. CobpaB OHOTHOTEKY YACTO MCIOJIb3YEMBIX PEryJIgapH3aTOpOB, MOXKHO 3aTeM
UX KOMOMHHPOBATH, YTOOBI CTPOUTH TEeMATHUECKHE MOJENH ¢ TPeOYeMBIMH CBOICTBAMM.
Onrumusanus JI0OBIX MOJeIeil 1 UX KOMOWHAINI MPON3BOANTCS OJIHUM U TeM ke 0000-
méaasiM EM-ajqropurMoM. DTu ujaen peaqn30BaHbl B OUOJIHOTEKE C OTKPBITHIM KOIOM
BigARTM, mocTymHoii mo ajapecy http://bigartm.org.

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

B smreparype mo TemaTnyueckoMy MOJIEIMPOBAHUIO B HACTOSIIEE BPEMsi JOMUHUPYIOT
MeTO/IbI DaiiecoBcKOTo 00y4denus. I13-3a ci0KHOCTH MaTEMaTHIECKOTO AIlllapaTa B CTAThSIX
9aCTO OMyCKAIOTCsl BayKHBIE JIJIsT TOHUMAaHUsI jierajn. VHOrIa aBTOPHI OrpaHUINBAIOTCS
VIPOIIEHHBIM OMUCAHUEM MOJIEIH B BH/IE TIOPOK IAIOINIEro mporecca (generative story) mim
rpacduueckoit mwiockoit Hotanuu (plate notation). Tlocsemyromuii mepexon K ajaropuTmy
U ero mporpaMMHOI peanu3alii OCTAETCA HEOHO3HAYHBIM U HEOUEBUHBIM.

[les» manHOTO TEopeTHYecKoro ob63opa — MoKa3aTh pa3HOOOpa3ue TeMATHIECKUX MO-
JieJieid, coCpe0TOUYMBINUCH Ha MTEPBOM U OYEHb BayKHOM JTalle MOJEIUPOBAHUS — KaK OT
HCXOIHBIX TPeOOBAHUN U IPEIIOI0KeHN mepeiit K popMaIbHOI MOCTAHOBKE ONTHMMI3a-
monHoit 3a1aun. Jansreiimme marn B ARTM namuoro mpoiie 6aiiecoBCKOro BEIBOJIA, UTO
MO3BOJISIET COKPATUTh W3JI0YKEHNe, He CKPhIBasl BAZKHBIX JleTajeil 1 MaTeMaTHIeCKuX Bbi-
K13/10K. COnmoCcTaBUMBIil IO OXBATY U 0OCTOSITETHHOCTH 0030p DalfeCOBCKUX TEMATHIECKUX
Mojiesiei 3aHs1 ObI COTHU CTPAHUIL.

Bsogubie pasnenst 2—4 aBiagioTca 6a30BbIMU. B paznenax 5—12 B TepMUHAX Pery/asipu-
3aIIU OMUCHIBAIOTCA PA3JIUUHbIE BUJIBI TEMATHICCKUX MOJe/Iei. DTH pas3aesibl IpaKTude-
CKHU HE CBS3aHBI JIPYT C JIPYTOM, UX MOYKHO YATATH B MIPOU3BOJTHHOM MOPAIKE UM UCIOThb-
30BaTh KaK IyTEBOJUTE/b IO CChIJIKAM Ha JuTeparypy. Pazaen 13 mocBAIIEH oneHnBaHuio
kadecTBa. B pasjesie 14 obcyzKaaercs MPUMEHEHUe TeMAaTUIeCKOTO MOJETUPOBAHUS JIJIsT
pa3Be0IHOr0 HHMOPMAIMOHHOTO TToucKa. B pasmene 15 — KpaTkoe 3aK/II0UeHHe.



2 OcHOBBI TEMATHYECKOI'O MOJEeJINPOBaAHNA

B sTom pazzesie OyyT BBeIeHbI OCHOBHBIE TOHSATUS W TTOCTAHOBKA 3319 TEMATHYECKOIO
MOJIe/TMPOBaHMs. ByjieT moka3aHn camblil POCTON U3 U3BECTHBIX CIIOCOOOB €€ peIeHus .

IIpeaBapurenpuas odopaborka Tekcra. [lepen mocTpoeHneM TeMaTHIECKUX MOJe el
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 npuBIedenns skcnepros [40, 67, 108].

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 HCMOIB3YIOTCST PA3JINIHble MeTObl MAITHHHOTO obydenus 83, 60, 89).

[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.

l'umore3a o0 cyIiecTBOBAaHUHU TEM: KaykJIO€ BXOXKJIEHHE TepMa W B JOKYMEHT d CBs-
3aHO C HEKOTOPOil TeMoil ¢ M3 3aJaHHOrO KOHEYHOTO MHOXKecTBa 1. Kosmrekmus T0Ky-
MEHTOB IpeJCTaBJIsAeT CODOIl MoCIe10BaATEeIbHOCTD TPOeK £, = {(wi, d;, t;) ’ 1=1,... ,n}.
Tepmbl w; 1 TOKyMeHTHI d; STBJISTIOTCS HAOJIIOJaeMbIMU TIePpeMEeHHBIME, TeMbI t; He N3BECT-
HbI U SBJISIIOTCS AGMeHMHbLMYU (CKPBITHIME) TTePEMEHHBIMU.
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l'umore3a «MerKa CJoB»: MOPSJI0K TEPMOB B JOKYMEHTAaX He BarKeH J/Isi BBISBICHUS
TeMaTUKHU, TO eCTh TeMAaTUKY JOKYMEHTa MOYKHO Y3HATH JIazKe MOcje TPOU3BOTBLHOI mepe-
CTAHOBKM TEPMOB, XOTsI JIJIsT 9eJI0BEKa TAKON TEKCT MOTEPSET CMBICI. DTO TIPEIIOJI0KEHIE
Ha3BIBAIOT IHIIOTE30i «Merka cioBy (bag of words). [Topsiiok JOKyMEHTOB B KOJLIEKIHH
TaKkyKe He MMeeT 3Ha4YeHHs] — JTO MPeII0J0KEeHHe HA3bIBAIOT I'MIIOTe30# «MeIKa JI0KY-
MEHTOB». ['MIIOTe3a «MeIIKa CJOB» MO3BOJSIET IMepeiTH K KOMIIAKTHOMY IpPEeICTABICHUIO
JIOKYMEHTa KaK MYAbmumHoscecmea — noaMuokecTBa d C W, B KOTOPOM KaxKIbIi 3J1e-
MeHT W € d TMOBTOPEH Ny, pa3s.

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

F'umore3a ycJIOBHOH HE3aBHCHMOCTH: IOsIBJICHHE CJIOB B JOKyMeHTe d 1O Teme t
3aBUCUT OT T€MbI, HO HE 3aBUCHUT OT JOKYMEHTa d, 1 OIHUCBHIBACTCA O6H.[I/IM JJId BCEX 10-
KyMEHTOB pacmpeenerneM p(w |t):

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

BeposTHOCTHAs TemMaTndeckad MoOAeab MopoxKaeHusd tekcra. Cormacno dpopmy-
JIe TOJTHOH BepOSATHOCTH W THIOTE3e YCJOBHOH HE3aBUCMMOCTH, PACHpeIe/eHne TePMOB
B oKyMeHTe p(w | d) OMUChIBAETCST 8EPOAMHOCMHOT CMECHIO PACTIDE/IeJIeHHI TeEPMOB B Te-
Max g, = p(w|t) ¢ Becamu Oy = p(t|d):

plwld) = p(wlt,d)p(t|d) =D pw|t) p(t|d) = Quibia. (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 aaroputMe 1 u Ha puc. 1.

ITocTpoeHnmne TemaTn4yeckoii Mogesnm — 310 o6paTHast 3a/a9a: M0 3aJaHHON KOJIIeK-
nuu D TpeGyercss HANTH TapaMeTphbl @,; U O, TP KOTOPBHIX TeMATHYeCKas MOJIETb (2)
XOpOIIO NPHOINZKAET YACTOTHBIE OLEHKH YCTOBHBIX BepoaTHOCTel p(w[d) = 7.
Pacnpesenenne Buna p(t|x) 6yaem HazbiBaTh memamukol o0bekTa . MOKHO TOBO-
puTh 0 TeMaruke Jgokymenta p(t|d), repma p(t|w), repma B gorymente p(t|d,w).
HeJIBIO TEMaAaTUYIECKOTO MOAECJINPOBaHUA ABJIAETCA ONIpeae/IeHne TEMaTUKN JOKYMEHTOB
¥ CBSI3aHHBIX ¢ HUMH 00beKTOB. TakzKe TpeOyeTcst HaXOAUTh PACIPeIeTeHust @,y = p(w |t),

OIIMCBhbIBaIOIIME€ CEMaHTUKY Ka}K,H,OI'?'I TeMbI { CIOBAMH €CTEeCTBEHHOT'O SI3bIKA.



AaroputMm 1. BepogaTHOCTHBI MPOIECC MOPOXKACHUS KOIEKIUHE JTOKYMEHTOB.

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

2 3a7aTh JJIMHY Ny JOKYMeHTa, d;

3 anascexi=1,...,ny4

4 d; := d,

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

e o o W

pwlt): |o023 LHK 0.014 6asnc 0.018 pacnoaHasaHue

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

W1, ooy Wiyt /

PaspaboTaH cnekTpasibHO-aHaNUTUYECKUIA NOAXOA K BbISIBNEHUIO Pa3MbITbIX MPOTSXKEHHBLIX TOBTOPOB
B FeHOMHbIX NocfieoBaTeIbHOCTSAX. MeToA OCHOBaH Ha| pa3HoMacwTabHOM OLEeHMBaHUWN CXOACTBA
HYKE€OTUAHbIX NOCeaoBaTeNbHOCTEN B NPOCTPaHCTBE KO3 MULNEHTOB pa3noXeHna dpparMeHToB
kpuBbIX GC- n GA-coaep)xaHusl Mo KlacCM4yeckMM opToroHanbHbiM 6asncam. HaraeHol ycnosus
onTUManbHOI annpokcuMauumn, obecrneymBatoliMe aBToMaTMYeCKOe pacrno3HaBaHWe NOBTOPOB
pasnMyHbIX BUAOB (MPSAMbIX U UHBEPTUPOBAHHBIX, @ TakXXe TaHAEMHbIX) Ha CMeKTpasnbHOl MaTpuue
cxoactBa. MeToa oAMHAKOBO Xopolo paboTaeT Ha pasHbiX MacwTabax AaHHbIX. OH No3BoNsieT
BbISIBNSATb CleAbl CErMEHTHbIX AYyNINKaUUn U MeracaTenIMTHbIe Y4acTKU B reHOMe, palioHbl CUHTEHUU
npu cpaBHEHMM Napbl FEHOMOB. Ero MOXHO Mcnonb30BaTh ANS AE€TaSbHOMO U3ydeHus dparMeHToB
XPOMOCOM (NMomncKa pasMbITblX YHAaCTKOB C YMEPEHHOW ASIMHON NMOBTOPSIOLWErocs NaTrepHa).

Puc. 1: TIpomecc nOpoKIeHAs] TEKCTOBO#H KOJLIEKITAN BEPOSTHOCTHONH TEMATHIECKOH MOIENbIO (2): B KaxK-
JIOH mo3uiyu i JOKyMeHTa d; CHadasa nopoxkiaaercs rema t; ~ p(t|d;), 3arem Tepm w; ~ p(w|t;).

HuskopaHroBoe MaTpudHOe pasJioyKeHme. PaBeHCTBO (2) MOXKHO [epenncaTh
B MaTPUYHOM BH/JIe. B 1eBoil 9acTi paBeHCTBA HAXOAUTCS N3BECTHASI MATPHUIIA 9aCTOT TeP-
MOB B JlokymenTax F = (p(w | al))WX - [IpaBag qacthb npejicrapiger coboii nponsse/ienne
JIBYX HEH3BECTHBIX MATPUIL — Mampuyv, mepmos mem D = (i) wxr U Mampuyov, mem
doxymernmos © = (0yq)7xp. O6brarO mcao Tem |T| muOrO Menbine |D| u |[W|, mosromy
33/[a9a TeMATHIECKOTO MOJIETHPOBAHUST CBOJUTCS K HOUCKY MPUOINAKEHHOIO MATPHIHOIO
pazioxkenust F' ~ ®O, panr koroporo He npesbinraer |7T|.

Bce tpu marpunst F, ®, O gapisrorcs cmoxacmuveckumu, TO €CTh UMEIOT HeOTPUIa-
TeJIbHbIe HOPMUPOBAHHBIE CTOIONBI fg, 0, 04, TPEACTABISIONINE TUCKPETHBIE PACIpeieie-
uust. [Ipounsseenne ®O Oyaem HA3BIBATH CMOTACTNUMECKUM MAMPULHHLM DA3NOHCEHUEM.

YacToTHBIE OIEHKHN YCJIOBHBIX BepOodTHOCTeill. B mpocrpancrse (), BeposTHOCTH,
BBIDAZKAIONINECS Yepe3 MmepeMeHHble d W w, COBMAJAIOT ¢ YaCTOTAMH COOTBETCTBYIOTIIX



HaOJIOTAEMBIX 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 =Y, Ndw — JJINHA TOKYMeHTA d B TEPMax;
Ny = 4 Ndw — THCTIO BXOXKICHHI TepMa w BO BCE JOKYMEHTBI KOJLIeKIIH;

n=> 4> ., Ndw — JJIMHA KOJUIEKIINN B TEPMaX.

BepogrnocTn, cBa3aHHBIE CO CKPBITOH NMEpeMeHHOil ¢, ToXKe OmpeaeasioTcsd KaK JaCTOTHI:

[ Nt Nd Nidw
t) = — t) = — t|d) = — t|d = ; 4
PO =" pwln =" gl =T ) = 2, (@)

N¢dw — TACIO TPOEK, B KOTOPHIX TEPM W JOKYMeHTa d CBA3aH C TeMOil t;
Ntd = Y, Ttdw — THCIO TPOEK, B KOTOPBIX TePM TOKyMeHTa d CBA3aH C TeMoil t;
Nupt = D4 Mitdw — TUCJIO TPOEK, B KOTOPBIX T€PM W CBSI3aH C TEMOI ¢;

=>4 . Mtdw — TUCIO TPOEK, CBA3AHHBIX C TeMOii t.

B ormume or (3), 3TH 9ACTOTHBIE OIEHKU HE MOTYT OBITH BHIYUCIEHBI HEIIOCPEICTBEHHO
IO UCXOAHBIM JaHHBIM, TaK KaK TEeMbI tz HEN3BECTHHI.

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

EM-agropurm. 3ameTnM, 9To BCe ONEeHKH (4) BRIPAKAIOTCS 9epes Nyg, = NawP(t|d, w).
Buast yciaoBuble pacupegenerns p(t|d,w), MOKHO OIEHUTH UCKOMbBIE MAPAMETPBI TE€Ma-
THYECKOH MOJen @,y = p(w|t) u Oy = p(t|d). VI, nHaobopot, 3Has mapamMerpbl MOJIEJH,
MOZKHO BBIPA3UTh yCJI0BHBIE BepogTHOCTH P(t|d, w) mo dopmyre Baiteca:

Cpltwld)  plOptld) b
P W) ="l T pwld) S gl

seT

Taxum obpa3om, MoydaeM CUCTEMY HEJTUHEHHBIX YPaBHEHUN OTHOCUTETHLHO IapamMeT-
POB MOJENH Py, O3 N1 BCIOMOTATETBHBIX TEPEMEHHBIX Didws Nty Nid:

(pwtetd
Pedw = ; 5
! Zs (pwsesd ( )
Nt
Put = =< > Nyt = g NdwPtdw; (6)
Z M’
w deD
n
Oa = ﬁ; Ntg = E Ndw Ptdw - (7)
v wed

JIng eé pemenus yJ100HO OPUMEHATL METO/ IPOCTLIX UTepaIyii: CHAYAIa, BEIOMPAIOTCS
Ha4YaJIbHbBIE HpI/I6JII/I>KeHI/I${ HapaMeTpOB Sowt nu etd, 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).

Bxoa: kosteknust D, anciao vem |1

Bbixoa: napamerpsr mogean ¢ u O;

1 wHUNHaIN3upoBaTth ® u O;

2 NMOBTOPATb

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

5 Nidw = ndwgpwtetd / ZT (pwferd;

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

8 Oq := nyg/ng nascex d e D, t €T,

9 noka ® u O ue coiigyrcs;

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

Janee mbl BoiBegeM EM-aiaroputm 3 obiei onTuMU3aIMOHHON TOCTAHOBKY 32 1atH.
Ceiigac MBI IPUIILIHA K HEMY 9JIEMEHTAPHBIM IIYTEM, KOTOPBIii He JAaET OTBETOB Ha BOIPOCHI,
CXOJIUTCS JIX AJITOPUTM K PEIIeHUI0 CUCTeMbl YpaBHEHUil, eJMHCTBEHHO JIM 9TO pelleHue,
1 TIOYEMY 9Ta CHCTEMA OIMMCHIBACT TEMATUIECKYIO MOJETh, TpudanKaomyo p(w|d).

Pamunonanbubeiiit EM-agropurm. Broiuncienne mepeMeHHBIX Mg, Nig, ¢ Ha M-Imare
TpebyeT OJHOKPATHOI'O MPOXO/a BCell KOJIEKIUU B IHKJE MO BCeM JOKyMeHTaM d € D
1 BceM TepMaM w € d. BHyTpr 3TOT0o NMUK/Ia KaXKIYI0 TEPEMEHHYIO Dygy, JOCTATOYHO BbI-
YUCJISATH TOJILKO OJUH pa3, B TOT MOMEHT, KOIjla OHa HykHa. Takum obpaszom, E-mar
BcTpanBaeTcst BHyTph M-1ara 6e3 [I0M0JIHUTE/IbHBIX BBIYNC/IUTE/IHHBIX 3aTpaT U 6e3 Xpa-
HEHUsI TPEXMEPHON MaTPHIIBI Pigy. DTOT BapuaHT peanu3anuu EM-anropurva Gymaem Ha-
3bIBATH PAUUOHAALHBLM, OH TIOKA3aH B aJropuT™Me 2.

3 OnrumMusanumg W peryasapu3aliis

B sTom pasznene Oymer onucan oOnnii ONTUMA3AIMOHHBIN TOIX0 K TEeMATHICCKOMY MO/Ie-
nupoBannio. Pazpadborannblii 371ech popMaan3M OyaeT HUCIOTb30BATHCA Ha MPOTAKEHUH
BCEro JaJbHEHIIero n3/JI0KeHUs g TOCTPOCHU Pa3JIUIHBIX TeMaTHIeCKIX MOJIeseil.

ITpunmun MmakcumMyMa IIPaBaOIOa00Nd HCIOIL3YeTCS B MATEMATHIECKON CTATHCTH-
Ke JIJTsI OIeHUBAHIS HEM3BECTHHIX IIapaMeTPOB BEPOATHOCTHBIX MO e 10 Hab T 1aeMbIM
maHabM. COrTacHO 3TOMY IIPHHIIUILY, BEIOMPAIOTCS TaKie 3HAUYEHHUS IapaMeTpPOB, IPU KO-
TOPHIX HaDJIIOIaeMasi BHIOOpKa, HamboJiee MpaBIono 00Ha.

Dynryus npacdonodobus ONPEIETASTCS KaK 3aBUCHAMOCTH BEPOSITHOCTH BBIOOPKHU
OT mapaMeTpPOB MOJIEN. brarogaps mpeanomo:KeHnio 0 He3aBUCHMOCTH HAOTIOIeHIii, OHa



paBHa IIPOU3BEIECHUIO BepOHTHOCTeﬁ CJIOB B JIOKYMEHTaX:

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

,©
deD wed const

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

S nawlnd uiba — max; (8)

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

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

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

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

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

saamopos R;(®,0), i=1,... k:

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

deD wed teT

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

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

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

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

el > ()4

jel



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

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

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

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

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

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

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

OR

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

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

rjie MHOXKUTe/ M Jlarpanxka M, [ig COOTBETCTBYIOT OIPDAHUYEHUSIM HOPMUPOBKH, MHOYKU-
TETH Ay, g — OTPAHUICHUAM HEOTPHUIIATETHHOCTH.

YMHOKEM 00e dacTu paBeHcTBa (14) Ha (¢, 00e wacTu pasencrBa (15) Ha O, u
BBIJIEJINM BCIIOMOTATE/IHHBIE TEPEMEHHBIE Digu, Mt U Nig:

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

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

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

OR
PutAt = | Nt + Put 77—

16
0w ( )
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HAJOTHYHO, TPEII0I0KEeHN < 0 IpPOTHUBOPEYUT YCIOBUIO HEBBIPOKICHHOCTH JI0-
Anano 0, IpeJINoIoKeHne g < 0 mpoTUBOpe CJTOBHIO HEBBIPOXKJIEHHOCTH 0
kymenTa d. [losTromy paccMoTpuM TOJBKO caydait, korma g > 0. Torma mubo 0y = 0, mudo
0be JacTu paBeHCTBA MOJOKHUTETbHBI. O0beIUHUM STU JABA CAydasi B OAHY (DOPMYIIY:

OR
Orapta = <ntd + etdﬁtd> R (17)

CymmupyeM JieByIO U lpaByto dactu paBencTsa (16) mo w, pasencrsa (17) mo t:

Ap = Z (nwt + Pwt el )+§ (18)

weWw 0w
OR
Hd ;ET <ntd + Otq 39td)+ (19)

[Moncrasnss A\ u3 (18) B (16), moxyunm (12).
[Moacrasnstst f1g w3 (19) B (17), momyunm (13).
Teopema nokazana.

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

Perynapu3oBanusiit EM-anroputMm gBiagercd MpuMeHEHHEM METOJA MPOCTBIX HTe-
paruit gust perrenust cucreMsl (11)—(13). Cradana BBIOHpAIOTCS HAYAJIBHbBIE TPHOJIIZKE-
HUST Pyt O1q, 3aTEM B IAKJIE IO CXOAUMOCTH depeayiorcs F-wae (11) u M-waz (12)-(13).
Pamuonanbubiit BapuanT peryssipuzoBananoro EM-ajaropurMa cTpouTcst aHAJOTHYHO aJl-
TOPUTMY 2, TOJBKO Taru 7 u 8 3amensiorcs dopmyramu M-mara (12)—(13).

N3BectHo, uTo EM-airopurm 6e3 peryaspu3aniun CXOIUTCS B CIA00M CMBICTE: Ha KazK-
JOif mTepauu npapaonoodue ypeaumduBaercs [37]. Aanorudubie yciaoBus caaboii ¢Xo-
muvoctn aiasg ARTM nosyuenst . A. Upxuabiv®.

Peanuzanun EM-ajaropurmva mMoryT pasindarhCss 9acTOTON OOHOBJIEHUS HapamMeTrpoB
MOJIETTA Py U Oig TIO TIEPEMEHHBIM 7 W Nyg. 1acTbie OOHOBJIEHHUS TOBBIMIAIOT CKOPOCTh
CXOJIMMOCTH, HO MOYTH HE BJIMSIIOT HA 3HAYEHHE MPABJIONOI00Us B KOHIE uTepanuii [5|.

B cmozacmuueckom EM-anzopumme st KazKJI0TO CIOBA W; CEMILTHPYETCS TOJIBKO OJ1-
na Tema t; ~ p(t|d,w;), 3arem na M-mare Bmecto p(t|d, w;) moaCTaABIsETCST BHIPOXK ICHHOE
pacnpenenenne p(t|d,w;) = [t = t;].

Hpyrue pasaosugnoctn EM-mo00HBIX aJTOPATMOB JIJTIsI TEMATHIECKOTO MOJIETHPOBA-
HUS CpaBHUBAIOTCA B [18].

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

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

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

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

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

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

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

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

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

8 Nt := 0 g Bcex w € W, t €T

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

12 MHUAIAAIA3APOBATH Oy 1= % st Beex t € T

13 NOBTOPSATb

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

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

16 noka 6, me coiiaércs;

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

OmnmaitHoBbelit EM-anropurM cunrtaercss HaunboJiee OBICTPHIM U XOPOIIO paciiapaJi-
nenuBaercd. g oOpaboTKu OOMBIINX KOJIEKIUH JIYUIIe BCEro MOIXOMST aJTOPUTMBI
Online PLSA [20] u Online LDA [47]. [Tocieanuii peann3oBal B OuGIHOTEKe OHIATHOBBIX
MeTO0B MamuHHOro ooydenuss Vowpal Wabbit u cunraercs oanoit u3 cambix apdexkTus-
HBIX peain3alyii BePOSTHOCTHOIO TEMAaTHIeCKOro MojenupoBanus. OCHOBHAsI €ro ujest
B TOM, 9TO Ha OOJIBINMHUX KOJLIEKIUAX MaTpuna ¢ 0ObITHO cXOAUTCs MMOce 00pabOTKU OT-
HOCHTEJTbHO HEOOBINON M0 JOKYMEeHTOB. Jlake 0IHOrO MPOXO/a MO KOJLIEKITUN ObIBAeT
JIOCTATOTHO JIJII TIOCTPOEHUSA MOJEIU. DTO MO3BOJSIET MPUMEHITh OHJIANHOBBIE aJTOPUT-
MBI JI/IsI aHAJIN3a MOTOKOBBIX JTAHHBIX.

AnropurM 3 MOKa3bIBA€T OPraHU3ANMI0 BBIYUCIUTETLHOIO MPOMEcca I KOJLIeK-
mun D, pa3douToii Ha makeTsl JOKyMeHTOB Dy, b =1, ..., B. O6paboTka KaxKI0ro ImaKeTa
BhITIOJTHsieTCs (pyHKImMeit ProcessBatch. /s kaxkgoro qokymenTa d u3s nmakera Dy, npouns-
BOJISATCSI UTEPAIMH BEKTOPa #y co BecrpoerHbiM E-trarom npu hukcupoBauuoit marpurie P.
Ha mocyietaeit nteparun J0KyMeHTa OOHOBJISIIOTCS CIETUUKH T,y TEKYIIETo makeTa. B Mo-
MEHTBI CHHXPOHHU3AIMH Ha mare 6 MpOUCXOIUT CYMMHUPOBAHUE CUETIUKOB 71, HAKOILICH-
HBIX IO HECKOJIBKHUM IIOCTEIHUM IMaKeTaM, CO CUETUMKAMHU N, HAKOILIEHHBIMHU IO BCEM
npeabpIyuM makeram. Ha mare 7 npou3BoauTcst mepecaér Marpuilbl P mo 0OHOBIEHHBIM
cuérunkaM. KospdunmenTo! Kgecay ¥ Kappry HO3BOJIAIOT YIPABJIATL TEMIIOM 3a0bIBaHUSI
IPeIbIIYIIIX TaKeTOB.

B ontaiinoBOoM ajiropuTMe MOXKHO XpaHUThH MATpuUIly P B OlepaTuBHOI TAMSATH, a MAT-
puity © BooOIIIe He XpaHUTh. TeMaTuIecKyo MOJAETb TOKYMeHTa MOYKHO IMOTyIaTh «Ha JIe-
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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. 2: Oueeprenmust Kynnbaka—Jleit6nepa KL(P||Q) siBisiercst HECHMMETPUIHON MepOil BIOXKEHHOCTH
pacupenenenuss P = (p;)_; B pacupenenernue Q = (¢;)1,. Brnoxkernnocrs P B () IpUOIU3UTEIHHO ONHA-
KOBa Ha JIEBOM U CpeJHeM rpadukax, BIOKEHHOCTh () B P — Ha JIeBOM U IMPaBOM IrpadpuKax.

TY» W cpa3y MCIOJIb30BaTh. Koaddunmenrsl peryaspusanum 3a/1al0TCsd B MOMEHT CO3/1a-
HUS MOJIEeJIH, HO TOTOM MOTYT OBITH B JIIOOON MOMEHT H3MEHEHBI, B TOM YHCJE B XO-
ne EM-urepamuii. leranun mapaJuienbHoi peanu3amuu oddIaiHOBOrO U OHIANHOBOIO
EM-anropurva B 6ubamnoreke BigARTM onmcansl B [43].

Huseprennua Kynnbaka—Jleiibnepa (KL-dusepeeryus, OTHOCATETIHHAS SHTPOIHSA )
Jlajiee OyJeT OJHUM M3 BayKHEUINUX MWHCTPYMEHTOB KOHCTPYHPOBAHUS PEry/isipU3aTOPOB.
9T0 HecUMMeTpUYIHAST (DYHKIUS PACCTOSIHUSI MEYXKY JIUCKPETHBIMH PaCIpee/IeHusIMI
P=(p)i, u@Q=(q;)",, c coBmamatomumu Hocuresvu, {i: p; > 0} = {i: ¢; > 0}:

L(P(Q) = KL;(pill¢:) szln H(P,Q)— H(P),

e H(P) = —) .piInp;, — awmponua pacupenenenns P, H(P,Q) = —> . p;lng —
Kkpocc-anmponus pactpegenenuit P u Q.

KL-muBeprennusi HeoTpuriaTebHa U paBHA HY/TIO TOTJAA W TOJBKO TOTJA, KOTJIA Pac-
peIeJIeHnsT COBIAIAIOT, P; = (.

Ecmu KL(P||Q) < KL(Q||P), To pactupenenenune P cunbHee BIOXKeHO B ), ueM ) B P,
cm. puc. 2. Takum obpazom, KL gpiisiercsi Mepoil BJIOXKEHHOCTH JBYX PaCIpE/IC/ICHUIA.

Ecau P — smnupudeckoe pacrpejenenne, a (Q(a) — mapaMerpudeckasi MOJe/ b, TO M-
anvu3anus KL-auBepreHnnn S5KBUBaIEHTHA MUHUMU3AIANA KPOCC-IHTPOTTHH U MAKCUMU-
3aIiN [IPABIOMOI00MS:

KL(P||Q(« szln —>m1n = ZpllnqZ Q) — max.

1=1
MaxkcnMu3aryst npaBIono 00Hst (8) 9KBUBAJCHTHA MEHUMH3AINH B3BEIICHHON CyMMBI
o A __ Ng
KL-nupeprenuuii Mezc/1y SMIIPUIECKAME pacupeienenuamu p(w |d) = & 1 MOJeIbHbL-
vu p(w|d), mo Bcem gokymentam d u3 D:

Ndw
an KLw( . H watﬁtd) — rggl
deD

IJIe BeCOM JOKYMeHTa d SBJIeTCS ero JInHa ng. Ecam Beca ng yopaTh, TO Bee JOKYMEH-
THI OYJyT UCKYCCTBEHHO MPUBEJIECHBI K OAMHAKOBON jjune. Takas momuduraus QyHk-
[MOHAJIA, KAYeCTBA MOXKET OBITh TOJIE3HA, MPH MOJIEJTMPOBAHUY KOJLIEKIUH, CO/IepzKAIIIX
JIOKYMEHTBI OJITMHAKOBON BaKHOCTU, HO CYIIECTBEHHO PA3HON JTUHBI.
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4 DbaiiecoBckag peryiaspu3sarusga u moaeab LDA

BaitecoBckasa perynspusarnud. /Jlo cux mop Mbl npejro/iarain, 9To JaHHble TOPO¥K-
JAIOTCST BEPOSITHOCTHOIN MOJIe b0 ¢ mapamerpamu (P, ©), KoTopble He H3BECTHBI U HE CJIy-
vaitael. B 0aifecoBcKOM TOJX0e IMpearoaraeTcs, 4TO MapaMeTphl TaKiKe CIydaiiHbI
I TIOIMHSIOTCS HEKOTOPOMY anpuophomy pacupenenennio p(P, ©; ) ¢ HecaydaitHbiM 2u-
nepnapamempom . B 3ToM ciaydae MaKCEMU3AIIS COBMECTHOTO ITPAaBIOIOI00US TAHHBIX
¥ MOJIeJTH TIPUBOIUT K HPUHIUITY MAKCUMYMA GnOCMepuophot epoamuocmy (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:

DY nawIn > puibia + Inp(®,0;7) — max. (20)
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 UHTEPBaJIbHbIE OIEHKU, HU AJbTEPpHATUBHbLIE TOYE€YHBIC OIEHKHN MeJIUaHbl WJIU MOJbI
HE UCIOJIB3YIOTCHI B MPUIOXKEHUSIX TeMATHIEeCKOTO MOJIETUPOBAHUS.

Texunkn mpubIHKEHHOrO 0AECOBCKOrO BBIBOJA (BapuanuoHHBI BBIBOA [120], coMm-
mmpoBanne ['mb6ca [116], pacnpocrpanenne oKugaHus) He TMO3BOJSAIOT JIETKO KOMOH-
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 PEryJIsipU3ANNE, 3alMICAB TIOCTAHOBKY 3a1auu B Bue (20). C sro-
0 MOMEHTa PeryJsipu3aTop OTAEAsIeTCS OT MOJIEJIN U MOYXKeT ObITh NCIT0JIH30BaH B JIPYTHUX
MOJEJIAX. 9TO IpuBOAUT K MO,Z[y.HbHOfI TEXHOJIOTUN TeMaTHYeCKOIr'o MOJEJIUPOBaHUA, KO-
TOopad peajiM30BaHa U pa3BUBaeTcd B MpoekTe BigARTM.
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02 02 02
.3[.,..!!-]'.. 1 .3‘;.,|JI'HTT1!. .3‘;.,TTTTTTTTTT
Dir(p;0.1) Dir(p;1) Dir(¢; 100)
(paBHOMEpHOE)

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

JlarentHoe pasmemienue lupuxie. [I»sun Bmit, Duapio bla u Maiikn />Kopaan
nperoxmin mogesas LDA (latent Dirichlet allocation) [26] mast penrennst mpobiemsr re-
peobyuenust B PLSA, koropast npejckaspiBasia BeposiTHOCTH ¢JI0B p(w | d) Ha HOBBIX JOKY-
MEeHTaX 3aMeTHO XyKe, 4eM Ha o0ydJaronieil Kosutekiun. [1o3ke BhISICHUIIOCH, YTO Ha, 00JIh-
X KOJUTEKITAAX 00€ MOJIEIN MOUTH He MepeodydaoTcs, a UX IPaBI0IoI00usd OTTHIAI0TCS
He3HaunTeabHo |73, 144, 69]. Pasnuuns OposiBISIFOTCS TOJTHKO HA HU3KOYACTOTHBIX Tep-
MaX, KOTOpbIe He BayKHBI /I oOpas3oBanus TeM. B pobactubix Bapumantax PLSA u LDA
TaKue TePMbl UTHOPHUPYIOTCSI, 9TO PE3KO CHUKAET KaK MepeodydeHre, TaK W PasInIune
B npasaononobun mozeseit [98]. Cam Bonpoc o mepeobyveHnn MOCTaBIeH He BIIOJHe KOp-
pekTHO. Bo-mepBbIX, TeMaTHIECKHe MOJETH CTPOATCA He Pajii IpecKa3aHus CJI0B B JI0-
KyMEeHTaX, & J7Is BHIABIEHUs JTJATEHTHONH KJIACTEePHOH CTPYKTYPHI KOJLIEKIHH. Bo-BTOPHIX,
nepeoOydeHne 3aBUCUT HE CTOJBKO OT CaMOil MOJEIH, CKOJIBKO OT TOTO, KAK MbI JOTOBO-
puMcst U3MepsITh eé KauecTBo. [L1st m3mMepernst 0ObIYHO MCIOIB3YETCs MEPIIEKCHsI, KOTO-
past cuIbHO THTpadyeT 3aHNKEeHHbIE BEPOSTHOCTH HU3KOYACTOTHBIX TEPMOB. Tem He Mme-
Hee, LDA 1o cux mop cumraercs momenbio Nel B TeMaTHIeCKOM MOIETHPOBAHUHU, a IIPO
PLSA BcmommuaioT BCé pexe.

Momens LDA ocHoBaHa Ha MPEIIIOIOKEHUN, UTO CTOJONB Uy U ; ABIAIOTCS CIaydaii-
HBIMH BEKTOPaMU, KOTOPhIE TOPOKIAIOTCS pachpeaenennsvu JIupuxie ¢ mapaMerpaMu
a € RTlu g € RWI coorBercraemnno:

I'(ao)

Dir(0y; o) = m t (95371, ap >0, ap= ;at, O > 0, ;Qtd =1;
¢

r _
(ﬁo> H(plﬁu? 1a ﬁw > Oa 50 - Zﬁwv Pwt > 0, Z@wt - 17

Dir(¢y; 8) = TIT(5.)

rie ['(z) — ramva-dynknus. [lapamerpsr pacnpenenenus: upuxe cBS3aHbI ¢ MaTeMa-
THYECKUM OXKHJTAHHEM IMOPOZKIAEMbBIX CIyUYaiiHBIX BEKTOPOB: Ef;y = Z‘—é, Epuwt = g—”g

Pacnpenenennss dupuxie crmocoOHBI MOPOXKIATh KaK pas3perkKeHHble, TaK W IJIOTHHIE
BEKTOPHI JUCKPETHBIX pactpejesnennit, puc.3. Yem menbime [, Tem 0ojee pa3perkeHa
COOTBETCTBYIOIIAST W KOMIIOHEHTA (»,; B MOPOKIAEMBIX BEKTOpaxX ;. Ecam BeKTOp Tma-
paMeTpOB COCTOUT W3 PaBHBIX 3Ha4YeHUil [(3,, TO pacupeienenne /Iupuxie Ha3bIBAETCS
cummempuurvim. Ipn 5, = 1 cumMerpuaroe pacipenenenne /lupuxiie cOBIaIaeT ¢ paB-
HOMEPHBLIM pacIpeeaeHueM Ha eJUHIYHOM CHUMILICKCE.

TeMaTI/ILIeCKaH MOZEJIb TOPOKACHUA JaHHBIX ABJIAETCA ,Z[ByxypOBHeBOﬁZ CHa4vaJIa
u3 pacrnpejesienns: Jlupuxiie mopokKIa0TCsT BEKTOP-CTOJIOIBI ), KOTOPBIE 33al0T TEMBI.

3aTeM W3 MOJIyUEHHBIX pacupeienenuii p(w|t) = @,; MOPOKIAIOTCI CJIOBA, 00pa3yo-
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ue TeMaTHIecKne 9acTu JOKyMeHTOB p(w | t, d). Takum o6pa3oM, TByXypOBHEBAS MOJIETH
OMMUCHLIBAET KJIACTEPHBIE CTPYKTYPHI B TEKCTOBLIX KOJIEKIUSAX. BEeKTOPHI pacnpeaeaeHmii
p(w |t) mHTEPIIPETHPYIOTCST KAK MEHTPHI KJIacTepoB, a pacupenenenus p(w|t, d) sBiastorcs
TOYKAMHU ITUX KJIACTEPOB.

Boijiee ybepurebubix JUHrBHCTHYECKUX OOOCHOBaHWil pactpejenenue Iupuxje He
nMmeeT. Ero mmpokoe pacmpocTpaHeHHe B TeMATHIECKOM MOJETHPOBAHUU OOBICHIETCS
CKOpee MaTeMaTHIeCKUM YI00CTBOM H MOMYJIAPHOCTHIO DaiiecoBCKOro odbyuenus. Pacmpe-
nenenne Jlupuxiie sIBJISIETCST COMPSIKEHHBIM K MYJIBTHHOMUAJIHLHOMY PACIPEIEIeHUI0, 9TO
CYIIECTBEHHO YIPOIIaeT DaiteCOBCKUIT BRIBO. Brarogapst 3ToMy CBONCTBY OHO OKA3bIBALT-
csl «Ha, 0COOOM TIOJIOYKEHUN» B DaileCOBCKOM TEeMAaTUYeCKOM MOJIC/IMPOBAHUM, W OOJIHITHH-
CTBO MOJIeJIeli CTPOSATCS C UCIMOJIb30BaHueM pachpesenennii lupuxie.

Cormacuo (20), mogeaun LDA coOTBETCTBYeT peryasipu3aTop, ¢ TOYHOCTHIO 0 KOHCTAH-
THI PaBHBI JIorapidMy anpuopHOro pacupejenenus Jupuxie:

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

teT deD
_ZZ o — 1) lncpwt—f-zz ,— 1) Inby,. (21)
teT weW deD teT

[Tpumenenne ypasuenuit (12)—(13) k sromy peryasipusaropy gaér dbopmynbr M-nrara:
ot = " o — 1) 0., = —1).
Put qv%rvlrvn(n 4 Bw—1) a = norm (neg + o — 1)

Ilpu B, =1, o, = 1 anpuopHoe pacupejenerue upuxie cOBIAIACT ¢ PABHOMEPHBIM
pacipe/ieieHneM Ha CUMILTIEKce, (popMy/Ibl M-1mara mepexosiT B HeCMEIEHHBIe YaCTOTHBIE
OIEHKH YCJIOBHBIX BeposiTHOcTeidl, a Mojgesnb LDA mepexomur B PLSA [44].

[Ipu B, > 1, o4 > 1 peryasipuzarop uMeer criaazkuBawomunit 3 dexT: ox gemaer 60/b-
e BePOSITHOCTH €Ié OOJIBINe, TPU ITOM MaJjible BEPOSATHOCTH 32 CIET HOPMHUPOBKH CTa-
HOBATCSI MEHBIIe, OJJHAKO HUKOT/IA He JOCTUTAOT HYJIS.

[Ipu 0 < B, < 1, 0 <y < 1 peryrgpusaTrop uMeeT paspexkuBaionuii ahdexT u cmo-
cobeH OOHYJ/ISITH MaJjible BEPOSITHOCTH.

He-BeposTHocTHaa wuTepnperanusi momenu LDA. Peryrspusarop (21) MoxKHO
SKBHBAJIEHTHBIM 00pa30oM 3amucaTth depe3 KL-auBeprenmun:

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

teT teT
+ \T|ZKLt(|T1‘ | 6ua) — aOZKLt(g—é | 6a).-
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
JIHpI/ISaI_LI/II/I 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 UHTepnpeTupyemMocTb TeM

OTka3 oT anpuOPHBIX pacrupegensennii upuxiie mo3Bossier 0600muTh Moaeab LDA: cHaTh
OrpaHWYeHHs] HA 3HAKHU TuneprnapamerpoB B (21) u cBobGojHee 0OpAIIATHCS CO CIIAKUBa-
HUEM U pa3peKUBaHUEM JIJId YIYUIIeHnsd HHTEPIPEeTUPYEMOCTH TeMAaTHIeCKAX MoJeseil.

T'unomesa paspescennocmu IBISETCS OTHAM U3 €CTECTBEHHBIX HEOOXOTUMBIX YCJIOBHUI
uHTeprpeTupyemMoctu. [Ipemmoaraercs, 9To KazxKaasd TeMa XapaKTepu3yeTcs HeOOTbITNM
YUCJIOM TEPMOB, U KaxKIBIH JOKYMEHT OTHOCHUTCS K HeDOJBIIOMY YHCIy TeM. B Takowm
cIydae Cpeau BEePOSITHOCTEH @, 1 Oyy JOJIZKHO OBITH MHOTO HYJIEBBIX 3HATEHUI.

MHorokpaTHble IONBLITKA pa3peKuBanusg Mogean LDA npuBoaman K 4pe3sMepHo CI0K-
HbIM KoHCTpyKumsiMm [110, 39, 134, 61, 32| u3-3a BHyTpeHHErO MPOTHBOPEUHSsT MEZK /Iy Tpe-
OOBaHUSIMU PA3PEKEHHOCTH W OIPAHMYEHUSIMH CTPOTOil MOJIOKUTEIHHOCTH TapaMeTpPOB
B pacupeaesenun dupuxie. [Ipobiiema permaercss HEOKHWIAHHO MPOCTO, €CJIU OCTaBUTh
KPOCC-9HTPONUMAHBIH peryagpu3atop (21) u paspemurs rumneprnapaMerpam o, (3, TpUHE-
MaTh JITOObIe 3HAYEHHUsI, BKJIOYad oTpunarenbHbie. [lo Bceit BHAUMOCTH, BIIepBblie OHA
ObLIA TIpeJIozKeHa B JuHAMIUecKoil Momenn PLSA jua o6paborku BuaeonoTokos [122],
rjie JIOKYMeHTaMHU siBJISIINCh KOPOTKHUE BuieoparMeHThl, TepMaMi — IIPU3HAKN Ha N300-
pakKeHusIX, TeMaMi — MOsBJIEHHE ONPE/IeJIEHHOTO 00beKTa B TeUeHre OIPeIeIEHHOTO Bpe-
MEeHH, HampuMmep, npoessa aBromobmid. CHIbHO pa3perkKeHHbIe pacipeeaeHus MoTpedo-
BAJIUCDH /I OIUCAHKS TeM C KPATKUM <«BPeMeHeM KHU3HU».

CraakuBaHmne u paspexkupaHue. [lo anajornu ¢ (21) BBegéM 0OOOIEHHDBI peryIis-
pHU3ATOP CrIaKUBAHUA U PA3PEKNBAHNS:

R(®,0) = Z Z Bt In @y + Z Z Qg InOyy.

teT weW deD teT

[ToxcraBus 1ot peryaspuzarop B (12)—(13), noxyunm dopmysasr M-mara:
Put = r}ﬂ()ervrvn(nwt + But); b= norm (T4d + ua).

[TomoxKuTebHOE 3HAUEHHE TTapaMeTpa (g WA [,y COOTBETCTBYET CIIAXKUBAHUIO, OT-
punareabHOe — pa3peKNBAHUIO.

YacruuHoe obydeHue. B mporecce co3manus, UCIOTH30BAHUS WX OINEHUBAHUS Te-
MaTHYIECKOH MOJETN SKCHEPTHI, MOJIH30BATENN WM ACECCOPHI MOTYT OTMEYaTh B TeMax
pesleBaHTHBIE WJIM HepeJeBAHTHbIE TePMbI M JOKYMEHTH. Pa3medeHHbIe JaHHBIE MO3BO-
NS0T (DUKCUPOBATH MHTEPIIPETAINN TeM W MOBBLIMIAIOT YCTOWYUBOCTH Mojenu. Pazmerka
MOKEeT 3aTPAaruBaTh JIUIIb YaCTh JOKYMEHTOB U TeM, MOITOMY €€ UCIOJb30BAHUe OTHO-
CUTCS K 3aJa9aM wacmuynozo obyuenus (semi-supervised learning).

[Tycrs ma kaxkmoit Templ ¢ € 1" 3aaHBl YeTBIPe TOAMHOKECTBA:

W — «Geblit CIICOK» PeJIeBaHTHBIX TEPMOB;

W,” — «4€pHBIil CINCOK» HEPeJIeBAHTHBIX TEPMOB;

D;" — «Genplit CIMCOK» Pe/IeBAHTHBIX JOKYMEHTOB;

D, — «4€pHBIii COUCOK» HEPEJeBAHTHBIX JOKYMEHTOB.
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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.

IIpeamerHblie u (pOHOBBIE TE€MBI. UTOOBI MO/E/b ObLIa WHTEPIPETHPYEMOil, KarKaast
TeMa, JIOJIZKHA UMETh CeMaHMUUEcKoe A0p0 — MHOXKECTBO CJIOB, XapaKTepU3yIOIIiX OIpe-
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 PACCMATPHUBATL Kak 0600IeHne podbacTubix Mozeseit [30, 98], B KOTOPBIX HCHOJIb-
30BaJIOCh TOJIBKO OJTHO (DOHOBOE paCIpe/IeIeH e.

CdokycupoBaHHBIII TeMaTHYeCKuii mouckK. Yactuanoe oOydeHHe TeM MOYKHO pac-
CMATpUBATh KaK PAa3HOBHIHOCTH TEMATHIECKOr0 MH(MOPMAIMOHHOIO MOUCKa. B KadecTBe
3aMpoca, 3aJaeTCT CeMaHMUu eckoe A0p0 OTHON WM HECKOJIbKHUX TeM. DTO MOXKET ObITh
a1060# bparvenT Tekcra, «Gesblii cnucoky TepMoB (seed words) wiam z-memru — TeMBbI,
IPUNUCAHHBIE OTIENbHBIM coBaM win ¢dbparmMentam B gokyMmentax [15]. Temaruueckast
MOMCKOBAasI CUCTeMa JOJIZKHA He TOJbKO HANTH U paHKUPOBATh PETeBAHTHBIE JTOKYMEHTHI,
HO U PA3JIOKUTHh MOMCKOBYIO BBIJAYy IO TeMaM. B TUOHYHBIX HTPUIOKEHHSX pPe/IeBaHT-
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-
yeckKoro wHTepdeiica Mmoab30BaTe/ s, THCTPYMEHTOM HABUTAIMH W IIOHUMAHHUSI TEKCTOBOI
Kosuteknuu. OTcioa BasKHOCTH TPEOOBAHUSA MHTEPIPETUPYEMOCTH KarKI0il TeMBI.
Hacruanoe obydeHne HCIOIB30BAIOCH JJisi TIOMCKA W KJacTepusaiun HoBocTeil [52],
IOWCKAa B CONMUATBHBIX Meaua MH(MOPMAINH, CBI3aHHON ¢ DOJe3HAMHI, CHMITOMAMA U Me-
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rogamu Jjedenus [92, 93|, ¢ npecrynuocThio 1 dKcTpemusMoM [70, 109], ¢ HAIHOHAIBLHO-
CTIME W MeKHAIMOHATbHBIME OTHOMIeHusME [27, 56, 91].

B mozenun ATAM (ailment topic aspects model) B kKauecTBe CIIa’KUBAOIIETO PACIIPe-
JeJIeHUsT [3,,; UCIOIBb30BAIACH OOJIbIIAst KOJIJIEKIMsT MeUIHHCKIX craTeil [93].

B wmomemsix SSLDA  (semi-supervised LDA) u ISLDA (interval semi-supervised
LDA) st momcka STHODeJIeBAHTHBIX TeM HCIOJIh30BAJOCHh CIUIa’KHBaHUE MO CIOBAPIO
M3 HECKOJIBKHUX COTeH 3THOHNMOB [27|. B mogean SSLDA it kayk10if STHOpeIeBAHTHOM
TeMBbI 3aJ1aéTCs CBOM CJIOBAph STHOHUMOB, CBA3aHHBIX C OJHUM OIPEIETEHHBIM STHOCOM.
B momenn ISLDA mHOXKecTBO TeM pa30dHBaeTcs Ha MWHTEPBAJLI, H /IS BCEX TeM KayKIO0TO
WHTEPBaJIa 33a6TCst 00U CJ0Baph STHOHUMOB. [IpemMymiecTBO 3THUX MoOjeeil B TOM,
9TO WHTEPIpeTanus Kayk/10il TeMbl W3BecTHa 3apaHee. HemgocTtaTkum B TOM, 9TO TPY/IHO
IpeayraJblBaTh 9HUCI0 TEM JJIs KayK/I0{ STHUYHOCTH W CTPOUTH MOJUITHUYHBIE TEMBI
JIJTST BBISIBJIEHHS MEXKITHHYECKUX KOHMJIMKTOB. AJTBTePHATHBHBIN MOIXOM 3aKTI0YAETCS
B TOM, YTOOBI 33]aTh UUCIO STHO-TEM U IMPUMEHUTH K HUM O0IIee CrIaykKuBaHUe MO CJI0-
BapIO 3THOHUMOB. TeMarTudeckasi MOJEIb CaMa OTPeJIE/INT, KAaK Pa3/IeIuTh UX 10 STHUI-
Hoctsm |16, 17]. Hemocrarok sT0ro noaxoma B TOM, 9TO HHTEPIIPETHPYEMOCTh HAHIEHHBIX
TeM MPUXOIUTCS MPOBEPSATH BPYUIHYIO.

JekoppesupoBanue. Temarudeckas MOJEIb HE JIOJZKHA COIEPKATH Iy OJIMPY IOIIIXCST
IJTH TIOXOKUX TeM. YeMm pazamaHee TeMbl, TeM nHGOPMATUBHEE MOJE/b. /[1s1 MOBBITIIEHNsT
PA3TUIHOCTH TeM Oy/IeM MUHUMU3UPOBATH CYMMY TOMAPHBIX CKAISPHBIX MPOU3BEICHUI
(P1, Ps) = D0 PutPws MeKIY cToaOmaME MaTpuisl $. [lomyunm perynapusaTop:

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

teT seT\t weW

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

Pwt = I%v()el"%l (nwt — TQuwt Z (Pws) .

seT\t

DTOT peryaspu3arop KOHTpacTupyer cTpoku marpuilsl . B kaxkm0it 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 comyTeTBYIoNmi 3dhdexT nekoppennpobanns. B [118] 61 3aMevuen emé oaun
noJte3HbI 3 dexT: cioBa 00MIeil JeKCUKN TPYNIUPYIOTCS B OTAETbHBIE TeMbI. DKCIEePHU-
MEHTBHI ¢ KOMOMHUDOBAHWEM PErY/IsIPU3ATOPOB CTIAKWBAHWS, PA3PEKUBAHUS U JIEKOPPE-
muposanusi B ARTM moareepzkator sro nHabiawogenue [6, 129, 128].

HexoppennpoBanne Brepsbie Obl10 npemaoxkeno B Mogean TWC-LDA (topic-weak-
correlated LDA) B pamrax 6Gaiiecockoro moaxoma [118]. CoorsercrByiornee ampuopHoe
pacrmpejieieHne He SBJISeTCS CONPIKEHHBIM K MYJbTHHOMHATIBLHOMY, TOITOMY Oaiiecos-
CKHil BBIBOJI CTAJIKUBAETCA ¢ TexHudecKuMu Tpyanoctamu. B ARTM pacuérnbie (¢hopmysn
BBIBOJISITCSI B OJTHY CTPOKY.

KomOuHammsa peryagpu3aTopoB CryazkKuBaHus (DOHOBBIX TE€M, Pa3PEKUBAHUS TTPE/I-
METHBIX TeM B MaTpuiie O u JeKoppeupoBaHus CTOAOIOB MaTpuibl ® mcmon30BaIaCh
y2Ke BO MHOTHX PaboTax Jijig y/IydlleHust uHTepperupyemoctu tem [6, 128, 129, 130, 12].

19



[TomobpaB KO3DGUIMEHTHI PEryIapu3anui, MOXKHO OJHOBPEMEHHO 3HAYUTETHLHO YIIYU-
IITUTH Pa3PeKEeHHOCTh, KOHTPACTHOCTD, YHCTOTY U KOT€PEHTHOCTb TeM MpPU He3HAUHTETh-
HOII TToTepe MPaBIoNoA00NsT MO/IEJIN [129]. Boiin BeipaboTaHbl OCHOBHBIE PEKOMEHIAIINN:
JIEKOppe/TNpOBaHNe W CryIayKnBaHUe BKJIOYATH cpasy, pa3peknBanne — mociae 1020 ure-
panmii, Korjga odpa3yercsi TeHIEHIUS K CXOJAMMOCTH MapaMeTpoB MOIEIN.

Ta ke KoOMOWHAINS PeryasipU3aTOPOB OblJIa MCIOIB30BAHA JIJIT TEMATHIECKOTO Da3-
BeI0IHOrO noncka B [12]. Oka3anoch, 9T0 OHA CYIIECTBEHHO YJIydIiaeT Ka4ecTBO ITOUCKA,
XOTs HUKAKWe KPUTePUH KadecTBa IMOUCKA HEMOCPEICTBEHHO He ONTUMU3UPOBAJNCH.

6 Ompenenenne 4Ymcjaa TeM

Pezyaspuzamop ombopa mem nipepyoxken B [128| njs yaameHust He3HATUMBIX TeM U3 Te-
mMarndeckoii mogenn. OH OCHOBAH Ha HMIee KPOCC-SHTPOIMAHOIO pa3pe:KUBAHUS PACIpPe-
nenenns p(t), KOTOPOE JIEFKO BBIPAZKAETCS I€PE3 MAPAMETPBI TEMATHIECKON MOJIE/H:

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

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

n
)|

DTOT PEryasipu3aTop pa3perkKuBaeT MeJUKOM CTPOKN MaTpuiibl ©. Ecin 3Havenne cuér-
YuKa N; B 3HAMeHaTeJie IOCTATOYHO MAJIO, TO BCe 3JIeMEHTHI ¢-if CTPOKHM OKA3bIBAIOTCS PaB-
HBIMH HYJTIO, U TeMa, ¢ TTOJTHOCTHIO UCKII0YaeTcsd w3 Moaenn. [Ipn ucnorb30BaHun TaHHOTO
peryasipu3aTopa CHaua/a yCTAaHABIUBACTCS 3aBeI0MO H36bTouHOe uncyio Tem |T|. B xome

UTepaInii 9UCI0 HYJEBBIX CTPOK MATPHUILI O MOCTENEeHHOe YBeIMINBAETCS.

Ot6op Tem B ARTM mHamHOro mpoime HemapaMeTpHiecKuxX 0aileCOBCKUX Momeneil —
nepapxudaeckoro mpornecca Jupuxie (hierarchical Dirichlet process, HDP) [119] nin npo-
necca knraiickoro pecropana (Chinese restaurant process, CRP) [24].

B ob6oux noaxomax, ARTM u HDP, numeercss ynpasisitonuii mapamerp, BoiOUpast KO-
TOPBIi, MOJKHO MOJIy9aTh MOJEIH ¢ YHCIOM TeM, pasandatormumcs Ha nopsaku (B ARTM
510 Kodbburpent peryasipusamun 7, B HDP — runepmapamerp ). ITosromy mpo oba
MOJIXO/IA HeJIb3s CKa3aTh, YTO OHU OMPEJE/ISI0T ONTHMATLHOE YUCI0 TeM.

B [130] 6611 ipoBeieHbl SKCIePUMEHThI Ha, MOJIYCHHTeTHIECKUX JTAHHBIX, PeICTaB-
JAI0MmuX coboit cMech IBYX pactpeenennii p(w|d) — peanbHON KOLIEKIUNA, TSI KOTOPOit
UCTUHHOE YUCJIO TeM HEU3BECTHO, U CHHTETUIECKOI KOJLIEKIINH C 33JAHHBIM YHCJIOM TeM.
Oxkazasiocs, yro HDP 1 ARTM cmocobHbBI onpeaensaTh HCTHHHOE YHCI0 TeM Ha CHHTeTH-
YeCKUX W moJycuHTeTndecknx jaHubiX. [Ipm stom ARTM omnpenensier ero 6osee Tono
u ycroitanBo. OgHako deM OJIMKe MOJYCHHTETHIECKNe JAHHBIE K PeajbHbIM, TeM MeHee
9ETKO PA3JUIUM MOMEHT, KOTJa MOJIEJb JIOCTUTAaeT UCTHUHHOTO 4ucia TeM. Ha peaabHBIX
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JIAHHBIX OH HEPA3TUIUM BOBCE, TPUIEM JIJI 000UX MOAX0I0B. OTCI0/1a MOYKHO C/I€JIATh BbI-
BOJI, YTO B PEATbHBIX TEKCTOBBIX KOJIJIEKIUIX HUKAKOTO «UCTUHHOTO YHCJIA T€M» MTPOCTO
He cymiecTByeT. Hem 0oJibIlle KOJLIEKIIWS, TeM 0oJjiee MeJIKHe CeMaHTUYeCKHe Pa3/In<dust
B TeéMaX BO3MOXKHO YJIOBUTbD. 9TI/I COO6pa)KeHI/I${ MOATBEPZK AAI0OTCA OIBITOM ITOCTPOCHUA
nepapxuaecKuX TeMATHIECKUX MOjIeseit 1 pyopukaTopoB. Tembl MOXKHO APOOUTH HA OoJtee
MeJKHe MOJATEeMBI BILTOTH JIO MOPOra CTATUCTUYECKOH 3HAYMMOCTH. BuIOOp 3TOr0 mopora
TaK¥Ke SBISIETCS IBPUCTUKOIl, M OT HETO 3aBUCUT UTOTOBOE YUCO TEM.

B xoze sxcnepumvenTos [130] TakzKe BHIICHUIOCH, UTO PETYISPH3ATOP 0TOOPA TEM HMe-
eT TOJIE3HbIN conyTCTBYIONU 3(pdeKT: OH yaajasier u3 MoJean JIyOupyIonue, paciern-
JIEHHDbIE U JUHEIHO 33aBUCHMBbIE TEMBI.

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

7 MoagaabHOCT]

Myavmumodarvhas memamuueckas modeas ONACHIBACT TOKYMEHTHI, COAEPKAIINEe MeTa-
JAHHBIE HAPALY C OCHOBHBIM TeKCTOM. MeTagaHHbie MOMOTaloT 60JIee TOTHO ONPEeACIsaTh
TEMATUKY JOKYMEHTOB, W, HA00OPOT, TEMATHUYECKAasT MOJIEIb MOKET MCHOJIb30BATHC JIJIst
BLISIBJICHUA CEMAHTUKH METAJAHHLIX WM IPEICKA3AHUS MPOIYIICHHBIX METAIAHHBIX.

Kazkaplii T MeTagaHHBIX 00pa3yeT OTACALHYI0 M00aAbHOCTG CO CBOUM CJIOBAPEM.
CrioBa ecTecTBeHHOTO sI3bIKa, cioBocoderanns [133, 142, reru [58], umeHoBaHHbIE CyTII-
HOCTH [85] — 9TO mpuUMepsl TEKCTOBBIX MojaJbHOCTel. [ aHaIM3a KOPOTKUX TEKCTOB
C ONeYaTKaMM UCIOJIB3YIOT MOJAJLHOCTH OYKBEHHBIX N-TPAMM, UTO MO3BOJISET YJIy4IlaTh
KavecTBo mHpopmanuonHoro noucka [50|. TIpumepamu HETEKCTOBBIX MOJAJIBHOCTEl SIB-
asiiorest (puc. 5): aBropel [105], MomenThr Bpemenn [121, 153, 122, kiracchl, KaHpbl WIn
kareropun [106, 156, nutupyembie win nuTupyonme g0KyMenTsl [38| win aBropsr [55],
IOIB30BATENN 3JEKTPOHHLIX OHOINOTEK, COMUANBHBIX CeTeil WIN PEKOMEHIATEILHBIX CH-
crem [62, 113, 135, 149, 150|, rpaduaeckue snementsr n3obpazkenuit |25, 49, 66|, pekaam-
Hble 00bsIBIIeHNsT Ha BeG-cTpanniax [96].

Bce nepeunciennbie ciaydam, HECMOTPS Ha pa3HooOpa3ve WHTEPHPETAIuii, ONUChIBa-
forcst eaquabIM (popmasim3zmom MomasabaocTeil B ARTM. Kaxkapiit qokymMeHT paccMarpu-
BaeTCd KaK YHABEPCAJbHBII KOHTEHHep, coMepKallluii TOKeHbl PA3JIMYHbIX MOJAJIBHOCTEI,
BKJII0Yasl OOLIYHBIE CJIOBA.

[Iycts M — mmOXKecTBO MopaabHOCTell. KaxKaas MoIaaIbHOCTh UMEET CBOM CJIOBaphb
tokeHoB W,,,, m € M. DTu MHOXKeCTBa MONAPHO He mepecekaroTcs. VIx oobeaunenne 6yaem
obozmadars depe3 W. Moganbuocts Tokena w € W Gyzem obosmadars depe3 m(w).

Temarndeckast MOJEJIb MOJAJTBHOCTH 1M aHAJIOTHIHA MoJe I (2):

plw|d) = pr|t (t|d) = ngwtetd, weW,, deDb. (22)

terT teT

Kazkmoit MoJaIbHOCTH M COOTBETCTBYET CTOXacTu4deckad marpuna @, = ((pwt) W X T
Cosokynrocts marpun P,,, ecsim ux 3amucares B crogbern, obpasyer W xT-marpumy .
Pacnipenenenne teM B KazK0M JOKYMEHTE SIBJISIETCS OOIUM JIJIST BCEX MOJAJBHOCTEI.

MymabTuMomaabaast MOIE/ b CTPOUTCS MYyTEM MAKCHMU3AIUN B3BEMIEHHON CyMMBI JIO-
rapudMOB IIPaBIONOI00UI MOJAIBHOCTEH U peryaspu3aTopoB. Beca 7, mo3BoagioT coa-
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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.

JIAHCUPOBATh MOAAJIBHOCTH 110 UX BazKHOCTH U C y‘{éTOM UX 9aCTOTHOCTU B JOKYMEHTAX:

Z T Z Z N lnz Owtbia + R(P,0) — rg%x; (23)

meM  deD weEWn, teT
Z Ywt = 1;  Quwr = 0; thd =1; 04 =>0. (24)
wEWm teT

Teopema 2. Ilycre ¢pyukmus R(P, O) menpepoiro mucdepenmupyema. Toura (P, O)
JIOKAJIBHOTO dKcTpeMyMa 3agaqn (23)—(24) yaosmerBopsier cucteMe ypaBHEHHI €O BCIIO-
MOraTeJIbHBIMHA ITEPEMEHHBIMH Digy, /LTSI BCEX HEBBIPOXKJICHHBIX TeM t i JOKYMEHTOB d:

Praw = 10T (Purfa); (25)
OR
wt — w w ; wt — m(w wPtdw 26
Pwt lrulg%ri(n ¢+ @ ta@wt) Lz dGZDT (w)NdwDtd (26)
’ 6,28 S % (27)
=norm|( n — | Nyg = TonMdwPiduw -
td pats td td 90rg ; td P dwPtd

Teopema 1 gBjisiercsi YaCTHBIM CJIy9aeM TeOPEMbl 2 B Cjydae, KOrja MOJAJILHOCTH
TOHKO oA, |M| =1 u 7, = 1. Takum 06pazom, mepexo OT OJHONH MOJATHLHOCTH K TPO-
U3BOJTBHOMY YHCJY MOTAJIBHOCTEll CBOMAUTCS K JIBYM HOIIPABKAM:

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

2) MCXOJIHbBIE JAHHBIE 7g, TOMHOKAIOTCS HA BECA MOIAIBHOCTEH Tpy(y)-

B mpoekTe BigARTM peann3oBaHa BO3MOKHOCTh KOMOMHUPOBATH JIFOO0€ TMCIO MOJATh-
HOCTEl ¢ JIIoObIMH peryisipu3aropamu [16].

MopamabHOCTh A3BIKOB. My/IbTUS3bIUHBIE TEKCTOBBIE KOJIJIEKIIUNA HCIIOJIB3YIOTCSA IS
KPOCC-I3bIYHOTO HHMOPMAIIMOHHOTO MTOUCKA, KOIJIA 110 3aIpOCy Ha OJHOM s3bIKe TpedyeT-
cd HAlTH ceMaHTUYIeCKU OJTM3KHE JOKYMEHTHI Ha APYTroM g3bike. /[ cBI3bIBAHUS S3BIKOB
HCIOTB3YIOTCS MapaJiiebHble TeKCThl WK JIBYA3bIUYHBIE CloBapu. IlepBble MyIbTUS3BIU-
Hble TeMaTH9IeCKne MOJe/IH MOSBUINCH ToYTH onHoBpemenHo |36, 80, 90| n npencrapisin
€000t MYJIbTUMOJAJIBHYIO MO/IE/Ib, B KOTOPOil MOZAJILHOCTAMU ABJIAIOTCS A3BIKU, U KarK-
Jlasi CBSI3Ka, MapaJsiiebHBIX TEKCTOB OObeIUHSETCS B OJUH JOKyMeHT. OKa3ajaoch, UTO
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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.

CBA3bIBaHUA JOKYMEHTOB JOCTATOYHO JAJId CMHXPOHHU3AIUU TEM B ABYX 4A3bIKaX W KPOCC-
A3BIYHOI'O ITOHNCKAa. HOHbITKI/I 60.)'[66 TOYHOIO " pr,Z[OéMKOFO BbIpaBHUBaHUA I10 IIPeEaJIo-
JKEeHUSIM WU MO CJI0OBaM MPAKTUYECKW He YJIYUIMIAlT KadecTBO moucka. OOCToATeTbHbII
0030p MY/JIbTUA3BIYHBIX TEMATHICCKUX MOJeseii MOKHO Hajitn B [131].

Ha puc. 6 nmokazanb HekoTopble n3 400 TeM, mocTpoeHHBIX 1O 216 175 mapaMm pycckux
u aHrniickux crareit Bukunemun [125]. [Iist cBsi3bIBaHUST SI3BIKOB HCIIOJIB30BATINCH TOJHKO
MO/Ia/ThHOCTH, BBIPABHUBAHUS W CJAOBApU HE HCIOJIb30BaINCh. Aceccop omenua 396 Tem
n3 400 KaK XOpOITO WHTEPIpeTHpyeMbIe.

JI71st MCTIOIL30BAHNUS JIBYSI3BIYHOTO CJIOBAPS B [7] OBLT Ipe/iozkeH peryisipu3aTop Cria-
)kupanusd. O dopmasu3yer mpeamnogokenne, 9TO eCJIU CJI0BO U B SI3bIKe k dBJIgeTCS Te-
PEBOJIOM CJI0Ba w u3 s3bika ¢, TO TeMaTHKH THX cJa0B p(t|u) u p(t|w) gomKHBl OLITH
oam3kn B cmbiciie KL-auBeprenmun:

R(®) = Z Znut In .

w,u teT

Coryracuo dopmysie M-mmara, BepOSITHOCTH C/IOBA B TeMe YBEJIUIHBAETCS, €CJU OHO
nMeeT TIepeBOIbl, IMeIOIe BBICOKYI0 BEPOSITHOCTD B JIAHHON Teme:

Pt = NOTm (nwt + 7 E nut>.
weW?t "

DTOT pPeryjsipu3aTop He YUUTHIBAJI, UTO TEPEBOJ CJI0BAa MOYKET 3aBHCETh OT TEMBI,
1 49TO Cpead IEpPeBOJOB CJI0BA MOTYT HAXOAUTLCS IEPEBOABI €ro OMOHHMOB. IIo3ToMmy
B TOi 2Ke pabore ObLT IMpeaIoKeH BTOPOH peryaspu3aTop, KOTOPBIA BBOIWI B MOIETH
HOBBI® TAPAMETPHI Ty = P(u|w,t) — BEPOATHOCTH TOTO, YTO CJIOBO U SIBISETCS Tepe-
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 BeposiTHOCTHOIM
MOJIe/IN TOif 2Ke TeMbl P(U|t) = Y TywtPuwt, TOCTPOCHHON 110 HEPEBOIAM CJIOB U3 sI3bIKA {:

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.

MoganbHOCTH KaTeropuii m aBTopoB. Jlomycrum, 9To pacnpepeaenust TeM B JOKY-
meHTax p(t|d) MOpoKIAIOTCS OJHOM M3 MOJATHHOCTEl, HAPUMED, ABTOPaMH, PyOpUKaMu
WM KaTeropuamu. ByaeMm caurarh, 9TO ¢ KazKIbIM TEPMOM W B KaxKJIOM JOKyMeHTe d
CBSI3aHA He TOJLKO TeMa ¢ € T, HO M KaTeropus ¢ U3 3aJaHHOr0 MHOXKecTBa Kareropuii C'.
Pacmupum BepossTHOCTHOE MpocTpaHcTBO 10 MHOXKecTBa D X W X T x C'. [lycTth u3BecTHO
noaMuozkectso kareropuii Cy C C', K KOTOPBIM MOYKET OTHOCUTHCSA JOKYMEHT d.

PaccMoTpuM MyIBTHMOIATBHYIO TEMATHIECKYIO MOJIeTh (22), 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 (28)
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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Mo/esib OCHOBAHA HA JIBYX TUMOTE3aX YCJOBHON HE3aBUCHMOCTH:

p(t|c,d) = p(t|c) — remaruka gokyMeHTa d 3aBUCAT HE OT CAMOTO JOKYMEHTA, & TOJIb-
KO OT TOTO, KAKHM KATErOpUsAM OH IPHHAJJIEKUT;

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

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

Bajaua MaKCUMU3AINK PETYIsPU30BAHHOTO MPABIOIOI00USI:

Z Z Naw 10 Z Z CutVteTea + R(P, U, IT) — max; (29)

deD wed teT ceCy
Z Puwt = 17 Pwt = Oa Zwtc = 17 wtc = 07 Z Ted = 17 Ted 2 0. (30)
weW teT ceCy

Teopema 3. Ilycre Gyukmus R(P, Y, 11) menpepsiBno anddepennupyema. Touka
(®, U, II) sokamprOrO KCTpeMyMa 3amaqn (29), (30) yaosmerBopsier cucreMe ypaBHEHHIT
€O BCIIOMOTaTeJTbHBIMH MePEMEHHBIMHA Dycqy, = P(t, ¢|d, w):

Diedw = NOTI Qo WieTed;
O he)eTxey T T
OR
Pwt = norm | 1, + Q= |; Nt = E E NdwPtedw;
weWw &pwt
deD ceCy
OR
Yie = norm | Ny + Ype—— |; Nge = g E NwPtedw)
teT 8@/),50
deD wed
OR
Teq = NOTM | Neg + Teg=— | ; Ned = g g NdwPtedw -
ceCy aﬂ'cd
wed teT

Jlannast MOJe/Th, OCHOBaHHAS HA TPEXMATPUIHOM PA3/I0KEHUHU, HAMOOJIee W3BECTHA
Kak asmop-memamuseckasn modeas ATM (author-topic model), B kKoropoii mopoz natoreit
MOJIATTBHOCTBIO ABJISIOTCS aBTOPBI ToKyMeHTOB [105]. B memamuueckot modeau mezaupo-
sanua doxymenmos TWTM (tag weighted topic model) mopoxgaromieii MOIATBHOCTHIO
SBJISIIOTCSL TErn JIOKyMeHTa [64]. AHajornuHas MOJeTh HCIOJb30BAIACH st 06pabOTKI
BH1OTOTOKOB B [49]. JIoKyMeHTHI d COOTBETCTBOBAJIN MOC/IEI0BATENbLHBIM 1-CEKYHIHBIM
BU/ICOKJIMIIAM, TEPMBI W — JJ€MEHTAPHBIM BU3YAJbHBIM COOBITHSIM, TEMbI ¢ — MPOCTHIM
JIEHCTBUSIM, COCTOSIIIIUM W3 COYETAHUST COOBITHUIl, KAaTeropun ¢ — 00Jiee CJIOKHBIM MOBeIe-
HUSIM, COCTOANIAM W3 COUeTAaHHUS JIeHCTBUI, TPUIEM CTABUIACH 33Ja4Ya BBIJIETUTH B KarK-
JIOM KJIAIIe OJTHO OCHOBHOE TIOBeJeHHe.

Mogesib (28) MOYXKHO YIPOCTUTH U CBECTH CHOBA K JIBYXMATPUIHOMY DPA3JIOKEHUIO, eC-
JIN OTOYXKJIECTBUTH TeMbl ¢ Kareropusivu, C' = T', u B3aTh equandayto marpuiyy V. lanras
MoJIesTb u3BecTHa B sinreparype Kak Flat-LDA [106] u Labeled-LDA [102]. Eé Boipasures-
Hble Bo3MOkHOCTH Oesaee, vem y PLSA u LDA, tak kak 3naunTe/ibHAsT J0JIsT 9JEMEHTOB
MaTpunpl II = © dukcupoBaHbl U paBHBI HYJTIO.

TpéxmaTpuunble pa3moKeHns IMOKA He peaJn30BaHbl B bubmmoTexe BigARTM.

TemmopanbHbIe MOmean. Bpewms co3manus JOKYMEHTOB BayKHO MPH aHAJJIM3€ HOBOCT-
HBIX ITIOTOKOB, HAYYHBIX MyO/JIMKAIMA, TATEHTHBIX 0a3, JaHHBIX COMMAJILHBIX ceTeil. Tema-
THYECKUEe MOJIETN, YIUTBIBAIONINE BPeMs, HA3BIBAIOTCS MeMnopasvHoLmy. OHI MO3BOJIIIOT
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BLIJE/IATH COOBITHAHbBIE U IEPMAHEHTHBIE T€MBbI, JeTeKTUPOBATHL HOBBIE TEMBbI, IPOCIEXKI-
BaTh Pa3BUTHE TeM BO BPEMEHU, BBIICIATH TPEHJIBL.

[Iycts I — KOHEYHOE MHOYKECTBO MHTEPBAJIOB BPEMEHU, W KaXKJbIil JOKYMEHT OTHO-
CUTCS K OJIHOMY WJIM HECKOJILKUM HHTepBajaaM, [D; — HOIMHOXKECTBO JOKYMEHTOB, OTHO-
CSNIXCA K MHTEPBATY 4. ByaeMm momarath, 9TO TeMbl Kak pacmpesenenus p(w |t) He me-
HSIOTCST BO BpeMeHH. Tpebyercst HallTH pacrpe/iejieHne Kazk10il TeMbl Bo Bpemenu p(i|t).

TpuBHANLHBIA OIXOI 3aKII0YAETCI B TOM, YTOOBI IIOCTPOUTH TEMATHICCKYIO MOIEh
Oe3 yuéra BpeMeHH, 3aTeM HAWTH paclpeesieHne TeM B KaykJIoM WHTepBase p(t|i) Kak
cpefnee 0y o Beem JoKyMmenTaM d € D; W HepeHOPMHPOBATH YCIOBHBIC BePOATHOCTIH:
p(i|t) = p(t\i)%. HemocraTok maHHOTO TMOAX0OAa B TOM, 9TO WHMDOPMAIUS O BPEMeHH
HUKaK HE MCHOJIb3YeTCd IIpu O6y‘{eHI/II/I MOJZIeJIN 1 HE BJIHUACT HA d)OpMHpOBaHHe TEM.

B ARTM »sta mpob/teMa pelraeTcss BBeIeHHeM MOJAIbHOCTH Bpemenn . lckomoe pac-
npenesnenne p(i|t) = @; nomydaercs B crosnbe marpuisl O. JlomorHuresbube orpannte-
HUA Ha IMOBeAEHUE TeM BO BPEMEHHU MOXKHO BBOJUTHL C IMIOMOIIBIO PEryjadpu3alun.

B oxmHoii u3 mepBBIX TeMmmopasbHBIX TemaTuueckux Mogeneit TOT (topics over
time) [141] kaxkgas TemMa MOJEIMPOBATIACH TAPAMETPUIECKIM [3-pACpe/e/IeHIHeM BO BPe-
MEHHU. JTO CeMeHCTBO MOHOTOHHBIX M YHUMO/IAJTHHBIX HEMPEPBIBHBIX (DYHKIUH, C MTOMO-
IO KOTOPOTO MOYKHO OIMUCHIBATH Y3KHE MUKW COOBITUIHHBIX T€M M OrpaHUYeHHbINH HabOP
TperaoB. TeMbl, UMene CIopaJAudecKie BCIUIECKH, JaHHas MOIETb OMUCHIBAECT ILIOXO.

HeHapaMeTqueCKHe TeMIIOpaJIbHbIE MOJIE/JIN CHOCO6HBI OIMMUCBhIBATH IMPOU3BOJIbHBIE N3~
MEHEHHd TeM BO BPpEMEHH. PaCCMOTpI/IM JABa €CTECTBEHHBIX IPEAIOJIOZKEHUA 1 d)OpMaJIH—
3yeM HX C IOMOIILIO Pery/Ispr3alii.

Bo-niepBbix, mpeio/iozKuM, 9T0 MHOTHE TeMbI SBJISIOTCA COOBITHITHBIMU W UMEIOT OT-
HOCHTEJIbHO HEDOJIBIIOE «BPEeMsi KU3HU», IO9TOMY B KazKJOM HMHTEpPBaJie BPEMEHU { PH-
CYTCTBYIOT He Bce TeMbl. [loTpebyem paspe:keHHocTn pacmpeaenenuii p(t|i) ¢ mOMOMIBIO
KPOCC-95HTPOIMUIAHOIO Peryasspru3aTopa.:

Ry(® wmm ©) = —7y ZZInp(ﬂi).

i€l teT

Bo-BTOpBIX, MpeAnoaoKuM, 9To pacipeenenns p(i|t) kak GyHKIHH BpeMeHH MeHsi-
IOTCSl HE CJIMIIKOM OBICTPO M BBEAEM PEryJIsPU3aTOP CIrUIasKUBAHUS:

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 + o sign(i—1,e — i) + Topir sign(@ir1, — @it))a
rae byHKIEA Sign BO3BpaImaeT +1 I8 IOJOXKHATEILHOrO apryMenTa u —1 1 oTpuia-

TEJILHOTO. Peryisipu3arop CriaKuBaeT 3HAUEHUS B KazK /01 TOUKe BpeMeHHOTo psiia p(i|t)
IO OTHOIIEHUIO K COCETHUM TOYKAM CJieBa U CIIPaBa.

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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8 3aBumcuMoCTH

Kmaccudukanusa. Temamuueckas modeawv kaaccugurayuu Dependency LDA [106] siB-
astercst HaifecoBckuM anasorom mozenn (22) ¢ mogaabHocTsiMu repmoB Won kiaccos C.
Nmeercs obydaroriass BHIOOPKA JTOKYMEHTOB d, It KayKJI0r0 U3 KOTOPBIX M3BECTHO IOJI-
MHOKecTBO KJytaccoB Cy C C. Tpebyerca kmaccupunupoBaTh HOBbIE JOKYMEHTHI C HEU3-
BecTHBIM Cy. JIj1s1 3TOTO Oy/IeM HCIOIB30BATh AUHETHYIO BEPOAMHOCTHYIO MOOEAL KAGC-
cuukayuu, B KOTOPOit 00bEKTaMU SIBISIIOTCST JOKYMEHTHI d, MPU3HAKW COOTBETCTBYIOT
TeMaM ¢ ¥ NPHHEMAIOT 3HadeHust Oy = p(t|d):

Cy = {c €C ) pleld) =Y pubia > %}.

teT

Koaddunpmenrsr muneitnoit Mmogenn ¢, = p(c|t) n moporn v, obydarorcst Mo BHIGOPKe
nokymenToB ¢ m3BecTHbiMU Cy. [Ipn3HakoBoe ommcanme HOBOrO JOKYMeHTA O; BBIYUCIIS-
eTCsl TeMATUIECKON MOJIEIBI0 TOJBKO IO €r0 TePMaM.

Dkcnepumentsl B [106] mokasamm, 9TO TeMAaTHYECKHE MOJEIU TPEBOCXOAAT OObIU-
HbIe METOJbl MHOI'OKJIACCOBOM KIacCU(MUKAIUKA Ha OOJBIINX TEKCTOBBIX KOJLIEKITHSIX
¢ OOJIBIITMM YIHCJIOM HECOAJTAHCHPOBAHHBIX, TIEPECEKAIOIINXCS, B3aNMO3aBHUCUMBIX KJIACCOB.
B [126] Te ke BbIBOBI Ha TeX K€ KOJJIEKIUSX OBLIIH BOCITPOU3BEIEHBI JJIsi MYJIBTHMO/ATb-
ot ARTM. Hecbararncuposarnrocms 03HATIAET, 9TO KJIACCH MOTYT COJEPyKaTh KaK MaJioe,
TaK 1 OYeHb OOJIBIITOE YUCTO JOKYMEHTOB. B ciydae nepecekaroujuxca KIaccoB JOKYMEHT
MOZKeT OTHOCHUTBCA KaK K OJTHOMY KJACCy, TaK U K OOJBIIOMY YHCIY KJIaccoB. Baaumosa-
BUCUMDBLE KTACCHI IMEIOT ODOIIHe TePMbI U TEMBI, II09TOMY HpHU KJIacCH(MUKAIINN TOKYMEHTa
MOT'YT BCTYIIaTh B KOHKYPEHIIHIO.

B HekoTophix 3aauax kipaccudukanum nmeercss nHOpMaInsg 0 TOM, 9YTO J0KYMeHT d
13 obydaloneil BLIOOPKH He TPHHATEKUT MOAMHOXKecTBY Kiaccos C) C C. lns sroro
caydasd 3alliilneM IIPaBIoNoa00ne BepOATHOCTHON MOIe/ I OMHAPHBIX JTaHHBIX:

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

deD ceCy teT deD ceC teT

[TepBoe caraeMoe paBHAETCH log-MpaBIoONOI00UI0 MOJATBHOCTH KIaccoB (22), eciu
OJIOKUTE Nge. = [cE€ Cy]. Bropoe ciaraemoe MOKHO paccMaTpUBATh KaK PEryJsipH3aTop
HEe-IPpUHAJJICZKHOCTU JOKYMEHTOB KJIaCCaM.

Perpeccus. 3amaunm mpeacka3zaHusg YUCI0BOIM BEJTUINHBI KaK (DYHKITMH OT TEKCTa BO3-
HUKAIOT BO MHOTHUX MPUIOKEHUIX TEKTPOHHOI KOMMEPIIMHI: Npe/ICKa3aHue PeHTHHTa TO-
Bapa, GpUIbMa WK KHUTU MO TEKCTY OT3bIBA; MPEJCKa3aHue YUC/a KJIUKOB MO TEKCTY pe-
KJIAMHOTO OO'bsIBJICHUST; TTPEJCKA3aHIe 3apILIaThl 110 ONMUCAHWIO BAKAHCHH;, ITPECKa3aHIe
nosie3HoCTH (Yncsia JAfKoB) OT3bIBa Ha OTeJb, pecTopaH, cepsuc. st BoccTaHOBIEHMUSI
YUCTOBBIX (DYHKIHI 110 KOHEUYHOH oOydaiomieil BEHIOOpKe map «00beKT—OTBET» HCIOIb3Y-
I0TCSl PErPeCCHOHHBIE MOJIeJIN, OTHAKO BCe OHU IPUHUMAIOT Ha BXOJe BEKTOPHbIE ONMICAHUS
00bekToB. Temarmdeckass MOJETb TMO3BOISIET 3aMEHUTh TEKCT JTOKYMeHTa d ero BeKTOp-
HBIM TpejcTaBienueM ;. C apyroifi cTOpoHBI, KPUTEPUit ONTUMUBAINE PErpecCHOHHOM
MOJIEJI MOZKHO HMCIIOJIb30BATh B KQYECTBE PEry/isipu3aropa, YTodbl HAUTH TeMbl, Hanbojiee
nHMOPMATUBHBIE ¢ TOUKH 3DEHUs] TOYHOCTH HpejcKazanuii |74, 115].
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[IycTb A1 KaxKa10ro JOKyMeHTa d obydatonieil BEIOOpKU [ 3aaHO Ie/1eBoe 3HAUEHNe
ya € R. PaccmoTrpuMm aunetinyo modeav peepeccuu, KOTOpas MpeIcKa3biBaeT MaTeMaTH-
q9eCKOe OYKUIAaHWe MMeJIeBOI BeJINYNHBI:

E(y | d) = Z vtetda

teT

rie v € RT — BexTop ko3ddummenton. [IpuMernM MeTOn HANMEHBIINX KBaJIpaToB J/Is
o0yd4eHusi BEKTOpPa v MO BBIOOPKE JIOKYMEHTOR:

R(©,v) = —71 Z(yd — Z vtetd)Q.

deD teT

[Toacraiss 3ror peryaspusarop B (13) u IpupaBHUBAsS HYJIIO €10 TPOU3BOIHYIO 10 U,
nosryauM (opmyasl M-mara:

etd = HOEIH (ntd + Tvtetd <yd - Z U505d> ) ;

seT

v = (007)"'0y.

Bamernm, aTo dopMysIa JJIs BEKTOPA U SBJISIETCS CTAHJIAPTHBIM PereHneM 3a/1a9i Hau-
MEHBIUX KBaJIpaToB Ipu (HUKCUPOBAHHON MaTpuie O. BekTop v MOXKHO OOHOBIATH IO
OKOHYAHUU KazKJIOTO MPOX0/Ia KOJIEKITUH, MO0 TMocae 00pabOTKH KazK/IOTO MaKeTa JOKY-
MeHTOB B oHJaiiHoBoM EM-airopurme.

B [115] moka3aHo, 9TO KA4eCTBO PErpPecCHi MOZKeT 3aBHCETh OT WHUIIHAJIN3AINN TeMa-
TUYIECKO MOJEN, W MPeToKeHO HECKOJTbKO METOI0B MHUINAIN3AINAHN.

Koppeasimuu tem. Modeav koppeauposarnvz mem CTM (correlated topic model)
npeJHA3HAUEHA JIJIsl BBISBJIEHUs CBs3eil Mexxay Temamu [21]. Hampumep, craths mo reo-
jgorun 0oJiee BEPOSITHO CBSI3aHA C apXeOJIOrHei, YeM ¢ TeHeTHKOW. 3HaHWe O TOM, KaKne
TEMBI Yallle COBMECTHO BCTPEYAIOTCS B JOKYMEHTAX KOJIJIEKIUH, TIO3BOJISIET TOYHEE MOJIe-
JIUPOBATH TEMATUKY OTAETbHBIX JOKYMEHTOB B MYJIbLTHIUCIUAILIMHAPHBIX KOJLIEKITHSIX.
Jlng onucanus Koppeasdiuii yI00HO UCIOIb30BATH MHOTOMEPHOE HOPMAJIHHOE PacIIpe-
nernenne. OHO He TOJXOMUT Il OMUCAHWS HEOTPHUIATE]HHBIX HOPMUPOBAHHBIX BEKTOP-
CTOJIOIOB 0, HO HEIJIOXO OMMCHIBAET BEKTOPHI UX JorapudmoB 1,y = In 6,4. [TosTomy B MO-
JieJTb BBOIUTCST MHOTOMEPHOE JIor-HOpMasibHOe pactpeenenne (logistic normal) ¢ asymst
napaMeTpaMu: BEKTOPOM MaTeMATHIECKOTO OYKUIAHWS [, ¥ KOBAPUAIMOHHO MaTpuIiei >.:

p(nal 1, B) = (2m) 38|72 exp (=3 (0 — 1) (g — p)).

Nznaganpuo mogens CTM Obl1a pazpaboTana B pamMKax 0aiieCOBCKOTO MOIXO/a, T/
BO3HUKAJIHM JIONOJTHUTETbHbIE TeXHUYECKHE TPYJAHOCTH U3-33 TOTO, YTO JIOT-HOPMAJBHOE
pacrpejieleHre He sIBJISIETCsI CONPSIKEHHBIM K MyJabTuHOMua bHOMY. B pamkax ARTM
uness CTM dopmanusyercss u peajn3yercss HAMHOTO TTPOIIIE.

Onpegenum peryisipu3aTop Kak jorapudM mpaBaono100ust JOr-HOPMAJILHOW MOJIe/
JIJTST BRIOOPKU BEKTOPOB JIOKYMEHTOB 1)

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

O,u,%
deD deD
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Cornacuo (13), dopmyna M-mara jis 0,y IpUHAMAET BU/

bia = norm (ntd — 7Y 5 (b — us)), (31)

seT

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

1
= — In 6
H |D|deZDnd
1 T
Y= HZ(Ined—u)(lned—u) .
| |deD

Takum obpa3oM, TpymoéMKas omepalus OoOpalleHnss KOBAPHAIMOHHON MaTpPUIBI BBIIOJI-
HETCsl OTHOCUTETBHO penko. B [21] ucnonb3oBanack LASSO-perpeccust, 9T00bI MOy IaTh
Pa3peKeHHY0 KOBAPUAIMOHHYIO MATPHILY.

9 CBg3u MexXay JOKyMeHTaMu

Ccoliku U nmuTUpoBaHue. VIHorma mmeeTcs JOTMOJTHUTETIbHAA WHMOPMAIUSI O CBI3AX
Me¥XK/ Iy JOKYMeHTaMH U MpeIoiaraercsd, 9TO CBI3aHHbIe JOKYMEHTH UMEIOT CXOXKYIO Te-
MaTuky. CBsi3b MOXKET O3HAYaTh, 9TO JBa JOKYMEHTa OTHOCSTCS K OJHOW PyOpHKe, COB-
MECTHO YIHOMUHAIOTCS WJIN CChLIAIOTCS APYT Ha aApyra. PopmandyeM 3T0 MPeaoaoKeHne
C TIOMOTIIHIO PEryasdpu3aTopa:

RO)=7> na Y by,
d,c

teT

TJIe Nge — BEC CBSI3U MEXKJIy JOKYMEHTAMHU, HAPUMED, YHCJI0 CChLIOK u3 d Ha c. B [38]
npeaIoXKeHa moxoxkas momenb LDA-JS, B KoTopoii BMECTO MaKCHMH3AIMH KOBAPHAIIN
MUHUMU3UPYETCS JIUBEPreHIUs Mencena-ITTennona MexX Iy pacupenenenusvu 0y u 6.
®opwmyaa M-mara miast 644, cormacuo (13), nmeer Buj

Orq = nl%rjlfﬂ (ntd + 704 Z ndc‘gtc> .

ceD

DTO emmé oHa PA3HOBUIHOCTH CriazkuBanus. Beposartaoctn 6, B X01e uTepanuit mpu-
OJIMKAIOTCSA K BEPOSITHOCTSM ;. JTOKYMEHTOB, CBSI3aHHBIX C d.

Perynsipuzarop marpunst © cranoButcs Hed(DEKTHBHBIM TPHU MAKETHONH 00paboTke
OOJILINKMX KOJIJIEKIU, KOTJIa JTOKYMEHTHI ¢, Ha, KOTOPbIE CChLIAETCs JIAHHBINA JIOKYMEHT d,
HAXOJATCA B Ipyrux makerax. [Ipobiema pemaercs BBemenneM MOJATEHOCTH TOKYMEHTOB,
Ha KOTOPBIE €CTh CCBLIKU U3 JIPYTUX JOKYMEHTOB. DTOT CIOCOD MOPOXKIaeT HOBYIO TPO-
OJIeMY: eCJTM MOTITHOCTD 3TON MOTAILHOCTU OKAYKeTCs PABHOI YUCTY JTOKYMEHTOB, TO MaT-
puna ¢ MoKeT He IIOMECTUThCS B OIIEPATHBHYIO NaMsTh. MOXKHO COKPATUTH 3Ty MOJAJIb-
HOCTb, OCTaBUB TOJILKO HanbO/1ee BIUATETbHBIE JOKYMEHTBI ¢, YUCJIO CCHIIOK Ha, KOTOPHIE
Ne = )4 Nde TPEBHIMIACT BEIOPAHHBIH TOPOL.
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JlanHast ujes TPUILIA W3 MOJENN BIMSHUA HaydIHbIX myoaukanuit LDA-post [38].
B meit ncnonp3yiorea aBe MomanbHOCTH: c1oBa Wi m mutupyemble mokyMeHTH Wy C D.
MO,ZLe.Hb BbBIABJIAET HaI/I60.Hee BJINATEJIbHBIE JOKYMEHTHI BHYTPpU Ka)KILOfI TEMDbI. HeHYJIe—
Bbl€ JJIEMEHTbI B CTPOKEe C MaTpUulbl (I)Q IMOKa3bIBAIOT, Ha KaKWe TeMbl IMOBJIUAJT JOKY-
MeHT ¢ € Ws. Tak:ke Moje/ib M03BOJISIET Pa3/indaTh, KAKHE W3 CChLJIOK CYIIECTBEHHO T10-
BJIMSLTH HA HAYUHYIO CTATHIO, & KAKHe ABISIIOTCA BTOPOCTEIIEHHBIMHU, YHCTO (DOPMATbHBIME
W «JaHBIO BEeXKJIUBOCTH». CUNTAaeTCsA, 9TO JOKYMEHT ¢ TMOBIUAI Ha JOKYMEHT d, ec/iu
d cchlIaeTcst Ha ¢ 1 OHU UMeEIOT 3HAYUTEIbHYIO JIOJII0 O0IIeil TeMaTuKM.

T'eonokarmuu. UMudopmarus o reorpadpuieckoM MOJOKEHUN YACTO HCIOJIb3YeTCsl MPHU
aHa/IM3e JAHHBIX COIHUAJBHBIX ceTeil. ['eorpadudeckas mpuBg3ka JOKyMeHTa d WA €ro
aBTOpa 3a71aércst b0 2eomezamu (HASBAHUAME CTPAHBI, DEIHOHA, HACETEHHOTO MYHKTA),
b0 2eonokayuett — mapoii reorpadudeckux koopauHat {4 = (x4,Yyq). B mepBom ciy-
4ae BBOJIMTCS MOJAJHLHOCTH M€OTErOB, BO BTOPOM CJIy4ae MCIOJIb3YETCS Perysspu3aTop.
ARTM mno3Bosisier coBMeIaTh B MOJIN 00a THIIA TeorpaduIecKnX JaHHbBIX.

[Hesibio MO/IEIMPOBaHMS MOYKET OBITh BBIJIEJICHUE PErHOHAJbHBIX TEM, OIpejeeHune
«apeaJjia OOWTAHMs» KarKJIO0H TeMbl, MOWCK IOXOXKHUX TeM B JAPyrux permoHax. Hampwm-
Mep, B KadecTBe OHOI n3 miutoctpanuii B [151] onpeaesstorcest pernoHbl MOMyJIsipHOCTH
HAIIMOHAJIBHOM KyXHH 1O moctaM moJb3oBareneil Flickr. Ipyras wutocrparmust us [75]
OKA3BIBALT, UTO TeMAaTHIeCKas MOJIe/b, yINThIBatomast, n3 kakoro mrarta CIITA mpumwto
coobIenue, TOUHee MPOCIeKUBAET My Th yparana «Karpunas.

Ksajipatnunbiii perynsipuzarop Marpunbsl O, mpemioxenusiii B [151], dopmanusyer
HPEIIOI0KEHNEe, YTO JOKYMEHTBI CO CXOKHMHU T'eOJOKAIUAMHI HMEIOT CXOKYI0 TeMATHKY:

R( :__ZdeZ etd_etc )

(c,d) teT

IJle Weqg — BeC mapbl JOKYMeHTOB (¢, d), Bhipazkatomuii 6Ju30cTh reosokanuii. Hampumep,
Weqg = exp(—7r2,), tie 12, = (v, — 24)® + (Yo — Y4)? — KBaJApaT eBKJINI0BA PACCTOSHUS.

DTOT peryasipusarop TpedyeT npu 00paboTKe KarxKI0ro JOKYMeHTa d JT0CTyIa K BEKTO-
pam . Ipyrux JOKyMEHTOB, UTO 3aTPYAHAET MaKeTHYI0 00paboTKy OOTBIINX KOJIIEKITHA.
AnpTepHATHBHBII CTOCOD CIUTAYKUBAHUSI OCHOBAH HA PEryISpH3anuud MaTpuiibl .

[Tycts G — mozmaibHOCTB reoTeroB, ¢y = p(g|t). Temarnka reorera ¢ BbIpazKaeTcs
o dhopmyse Baiteca: p(t]|g) = wth—;, e n, — YacToTa reoTera ¢ B MCXOAHBIX TAHHBIX,

t=>. o Mgt — TACTOTA TeMBI { B MOJAJIBHOCTH Te0TeroB, soiuucisemas EM-anropurvowm.

Kpaparuunbiii peryisipuzarop MaTpuibl $ mo MogaJ bHOCTH TeoTeroB (hopMaJIn3yerT

[PEJITOJIOKEHHE, YTO Teorpadruyeckn OJIU3KHE Te0Tern UMET CXOKYI0 TeMATHKY:

Pgt Pyt
B =5 3 ey (22 - 22’
ggeG g

IJle W,y — BeC Mapbl TeoTeros (g, ¢'), BeIpazKkalonuii ux reorpaduieckyio 6au3octs. Huxke
MBI PACCMOTPHUM 00OOIIEHIE STOTO pPeryaspu3aTopa Ha 6ojee MIHPOKUil Kaace 3a1ad.

I'padsr u conmansubie cetu. B [75] npeyoxkena Gosiee 001as TeMaTHIeCKasi MOJIE/b
NetPLSA, yuursiBaormasi Ipon3BoJibHble rpadoBbie (ceTeBbie) CTPYKTYPhl HA MHOKECTBe
nokymeHToB. [Tycrs 3agan rpad (V, E) ¢ MHOXKeCTBOM BepiiuH V' 1 MHOZKeCTBOM pébep E.
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Kaxkmoii ero Bepmune v € V' cOOTBETCTBYeT MOJAMHOXKeCTBO ToKyMeHToB D, C D. Hanmpu-
Mep, B poan [, MOXKeT BBICTYIIATh OTAEJbHBIN JOKYMEHT, BCE CTAThH OJHOIO aBTOpa v,
BCe MOCTHI U3 OJHOIO reorpaduuecKkoro permona v, u T. .

TemaTnka Kaxk10if BepImuHbl v € V' BBIpaykaeTcs depe3 mapaMerpbl Mojaean O:

p(t]v) = 3 pltld) p(dv) = Zem

deD, dED

B monenmn NetPLSA ucnonb3yercss KBaIpaTHUIHBI pPeryispu3aTop:

R(©) =3 Z wuvz (t|v) — (t|u))2,

(u,v)EE teT

rJie Beca wy, pédep rpada (u,v) 3amal0TCs ecTecTBEHHBIM 06pa30M, KOTJIa B 3ajade ecTh
COOTBETCTBYIOIIAs JIONOJTHUTE/IbHAs nndopmarusi. Hanpumep, eciu D, — Bce ctaTbu aB-
TOpa v, TO B Ka4ecTBe Beca pedpa wW,, €CTECTBEHHO B3STh UYUCJO CTaTel, HAMUCAHHBIX
aBTOpaMu u W ¥ B coaBTopcTBe. Eciam momobHON mHMOpMAIUU HeT, TO BeC IOJaraeTcs
PABHBIM €IMHHTIE.

DTOT peryaspusarop TpedyeT npu 00paboTKe KarxKI0ro JOKYMeHTa d JT0CTyIa K BEKTO-
pam 0, Apyrux JOKYMEHTOB, 9TO 3aTpy/aHseT 3DHEKTUBHYIO MAKETHYI0 00PabOTKY 0O0/Ib-
MMUX KOJLIEKINA. AJIbTepHATHBHBIA MyTh COCTOUT B TOM, YTOOBI MHOYKECTBO BEPIIUH TPa-
da V 06bIBUTH MOJATBHOCTBIO U TMepeiiTh K peryasapu3anad MaTpuisl O.

B kax bt mjokyment d € D, mobaBuM TOKeH v MoJaJTbHOCTH V. BprHBI/IM TEMATHUKY
BepIUHBL U Yepe3 mapamerpbl ® 1m0 dopmyre Baiteca: p(t|v) = ('U|t) (U) = govtwt‘, rie

;= Zv Ny — YacToTa TeMbl ¢ B MojaabHoCcTH V, Beruncisgemast EM-aaropurmom.
Perynspuzarop NetPLSA coxpansier npekuuit Buj1, HO cTaHOBUTCS (hyHKIHEH oT D:

R@) =3 3w yond(5 - @“:')2

(u v)EE te’T

Bo MHOIMX TMPHJIOKEHUSAX BazKHbI HAIPABICHHOCTH CBs3eil, KOTOPble KBaJAPATHIHBIIT
PEeryJIsipu3aTop He ydurbiBaeT. Hampumep, cBs3b (4, v) MOXKET O3HAYATH CCBLIKY H3 JI0-
KyMeHTa u Ha JoKymeHT v. B mogenu iTopicModel [117] mpeamonaraercsi, uto ecin
(u,v) € E, 10 Temarnka p(t|u) mupe Temaruku p(t|v). IloaToMy MUHHUMH3HPYETCS CyM-
ma mueeprenmuit KL(p(¢|v) || p(t|u)), npuuém yenosnsie pacnpenenennsi p(t|v) mMoxHO
BBIPA3WUTh Kak depe3 O, tak u depe3 d:

R(© nmu ) Z wuvat\'U Inp(t|u).

(u v)EE terT

Kax mokaszajiu 9KCIepIMEeHTBI®, peryiapusanusg MaTpulbl  OpUBOIUT HpaKTHIeCKH
K TeM ke pesysbraram, 9To u peryiaspusanus O aast mogeneit NetPLSA u iTopicModels.

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

Hepapxuyeckue TeMaTHIeCKIe MOJIEH PEKYPCUBHO JEIIT TeMbl HA MOATeMbI. TemaTute-
CKHUe HePAPXUH CJAYKAT /s MOCTPOEHUs pyOPUKATOPOB, CHCTEMATH3AINN OOJTBIINX 00bE-
MOB T€KCTOBOI mHMOPMAINN, THHOPMAIMOHHOTO TONCKA, U HABUTAIMH 110 OOJIBIITHM MYJIh-
THANCIATIIMHAPHBIM KOJLIEKIIHSAM. 3a1a9a aBTOMATHIECKOH PYOPUKAIIMKE TEKCTOB CJI0YKHA,
cBOeil HeOTHO3HAMHOCTBIO U CYObeKTUBHOCTHIO. Pa3muansa Bo MHEHUSIX SKCIIEPTOB OTHOCH-
TeJILHO PYOpPUKAIMA JTOKYMeHTOB MoryT gocturath 40% [1]. Hecmorps wa obusme pabot
110 MepapXUUecKuM TeMaTHuIecKuM Momensm [23, 65, 79, 152, 100, 136, 137, 138, 139], on-
TUMU3AINS pa3Mepa U CTPYKTYPhl HePAPXUH OCTAETCsT OTKPHITOI TPpod1eMoit; Hosiee Toro,
OIeHMBAHMEe KAYeCTBA MePApXHil — Tak:Ke OTKpbITas mpobiaema [152].

CrpaTerun mOCTPOEHUS TeMATHIECKUX HepapXmil BechMa pa3HOOOPA3HbI: HUCXOISIIIE
(MUBU3UMHBIE) W BOCXOJSIIHE (ATTTOMEPATHBHBIE), MPEICTABISIONINE HEPAPXUIO JEPEBOM
WA MHOTOIOJBHBIM rpacdoM, HapaluBaiome rpad Mo YPOBHSIM WA 110 BePITHHAM, OC-
HOBaHHBIE HA KJIACTEPU3AIMKM JTOKYMEHTOB mn TepMoB. Henb3st Ha3BaTh KaKyloO-TO W3
CTpaTernii MPeJIOYTATEAbHON; Y KaxKI0iH eCTh CBOW JJOCTOMHCTBA W HEJOCTATKU.

B [33] npemioxkena uucxopsimas crparerus Ha ociose ARTM. Vepapxust nmpecraBis-
eTCsT MHOTOJOJIBHBIM TPadOM € yBEJINUIHBAIOIINMCS IHCJIOM TeM Ha KaykI0M yposHe. Mo-
JIeJIb CTPOUTCSI 1O YPOBHSIM CBepXy BHM3. UHCI0 YPOBHEH W YHCJIO TeM KayKI0ro yPOBHS
3ajaércs BpyuHyo. Kakaplit ypoBeHb MpeacTaBisgeT co00i OOBIIHYIO «ILJIOCKYIO» TeMa-
THYECKYIO MOJEb, TIO9TOMY BpeMs MOCTPOEHUSA MOJETH OCTAETCs JMHEHHBIM M0 00BbEMY
KOJIJTEKIIHH.

Jlnst MomenmpoBaHUsT CBsi3eil MeKIy YPOBHSMH B MOJIETh BBOIATCS TapaMeTpPhI
s = p(s|t) — ycOBHBIE BEPOSITHOCTH TIOJTEM B TeMax. B ciydae MyJbTHANCIUIIIHHAD-
HBIX KOJLTIEKIINiI TOATeMaM pa3penIaercs UMeTh 10 HeCKOIbKO poauTeabckux TeM. ARTM
MO3BOJISIET YIPABIATH PA3pPE:KEHHOCTHIO 9TOr0 PACIPEIeIeHHS ¢ MTOMOIIBIO JTOMOTHUTE Th-
HOTO KpOCC—SHTpOHHﬁHOFO peryasipu3atopa. MoKHO yCHJIMBATH Pa3pPeKEHHOCTH pacipe-
aenenuit p(t|s) = gt BIIOTH 10 BHIPOXKIEHHOCTH, TOTa KayKIas MoaTemMa OyeT nvMeTh
POBHO OJIHY pO,ZLI/ITeJIbCKYIO TeMy, a BCs Mepapxust OyJeT mMeTh BHJL IepeBa.

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

Znt KLw< (w]t) H pr\s) s\t) Znt KL, (nwt

teT SES

Z@wswst) — %11\11;17

)

tie ¥ = (Vg)sxr — Mampuya ceaseli, KOTOpask CTAHOBUTCSI JOTOJHUTETHHOI MaTpuiieit
napaMeTpoB JIsi TEMATHYECKOIl MOJIe/IN JIOUYePHEr0 YPOBHSI.

D10 331392 MATPIIHOTO pazaozkennd O = ®W qna marpuns ¢ poauTeIbCKOro ypos-
Hg. OOBIYHO MBI UCIOJb3YeM HHU3KOPAHTOBBIE DA3IOKEHUs, TMPUOINKAsT MATPHUILY BLICO-
KOO paHra mpou3Be/ieHneM MaTpull 60s1ee HU3KOTO panra. OHAKO B JAHHOM CJIydae BCE
HaobopoT: mpenosaraercsi, 9ro Marpuibl ¢ u ¥ nmeror nosHbil panr | S|, 3aBe1oMo 1pe-
poimatomuit rank ®° = |T|. Cpean MaTpUIHBIX pa3ioyKeHnii 003aTeIHLHO NMEIOTCS TOY-
HBIE PeIleHus, HO OHU HaM He moaxoadar. Marpurne ® BBITOIHO UMETh MOTHBINH PAHT, YTOOBI
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ONICHIBATH KOJUIEKIIMIO TOUHee, 4eM 3To gesnaer Marpuia ®f. TpeboBanue, 4ToOb OHA 3a-
OHO mpubIzKaTa MaTpuiy $f, BBOTUTCA depes peryaspu3aTop:

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

teT weW ses

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

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

11 CoBcTpedaeMoCTh CJIOB

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

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

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

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

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

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

R®,0)=> "> nawln) ¢!,

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

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

rie @Y, = p(w|v,t) — ycIoBHAS BEPOSATHOCTH CJIOB W MOCJE CJIOBA U B TeMe b Mgy, —
JacToTa OUrpaMMBbl «vw» B JOKyMeHTe d. I'taBHBI HepocTtaTok Momen BTM B Tom, uTo
OHA YYHMTBHIBAET TOJILKO Ourpammbl. Bropasi mpob/ieMa B TOM, 4TO YHCJIO BCeX OUTpaMM
OBICTPO YBEJIMINUBAETCS C POCTOM KOJLIEKIIWH, U MCIOJIh30BaTh Mojeab BTM nHa Goabrux
KOJIIEKITUSTX 3aTPYIHUTETHHO.

Mogens TNG (topical n-grams) [142| ycrpamsier 91 HemocTaTKu. YCIOBHOE Pacipe-
JieJIeHHE CJIOB OMUCHIBAETCST BEPOSITHOCTHON CMeChIo P(w|v, 1) = &yl + (1 —Epwt) Pty TIE
Eowt — TEpeMeHHasI, paBHas BEPOSITHOCTH TOTO, UTO Iapa CI0B «Vw» SBIAeTCI OUrpam-
Moit B TeMe t. B padore C. C. Ctennaa’ mokasano, 9T0 IpH HEKOTOPHIX He 0CO00 JKECTKIX
HPEeIIoI0KeHuIX log-rpaBaonoaooue 3Toil MOIe/H OIeHUBAETCS CHU3Y B3BEIIeHHON CyM-
moit log-tipaBaonomobuit MmogabHOCTEH yHUTpaMM u durpamm B Mozen ARTM. JIpyruvu
ciaoBamu, myabrumogaabias ARTM MoxkeT ObITH UCTIOIB30BAHA, JIJIT TOMCKA, TPUOINKEH-
Horo permrenus B mojgenn TNG.

B Toii ke pabore ObLIM TTPOBEJIEHBI YKCIIEPUMEHTHI C OUTPAMMHON MYJIHTUMOIATHLHON
mozenbio ARTM na mebosbmioii (Menee 1000 JTOKYMEHTOB) KOJIJIEKIUH PYCCKOSI3BIUHBIX
crareil HayuHoit koudepenuu MMPO (MaTeMaTHuecKue METO/bI PACIO3HABAHUS 0Opa-
30B). ComocraB/ieHne TeM YHUIPAMMHON 1 OGUTPAMMHOI MojiesIeil moKa3aso0, 9To Mo TeMaM
OUTPAMMHOI MOJIEIN OMPOITEHHBIE TOCTOSTHHBIE YIACTHUKN KOH(DEPEHIINN MOTJIH OTIPe/Ie-
JINTh HAYIHYIO TPYIITY U JaKe aBTOPOB CTaTell, TOr1a KaK Mo TeMaM YHUTPAMMHON MO1eIn
¢/iesiaTh 3TO OBLIO MPOOJEMATHYHO, CM. PHUC. 8.

B ARTM n-rpamMHast MOJI€/Ib €CTECTBEHHBIM 00pa30M OIPEILIIeTCS KaK MYJIBTHMO-
JaJbHAsI, B KOTOPOil /It KayKI0TO N BBIJAEISETCs OT/Ae/NbHAasT MOJAJIBHOCTh. st mpes-
BapPUTETHLHOIO COKPAIEHUs CJAOBapeil n-rpaMM IOJXOJUT METOJ, MOUCKA KOJLIOKAIHii
TopMine [40]. Ou suHeitHO MacmTabupyercss Ha GOJIbIIHE KOJUTEKIUE U MO3BOJIsieT (hop-
MHUPOBATH CJIOBAPbh, B KOTOPOM KazKJiasi n-rpamMma 00/1a/1aeT TpeMsi CBOHCTBAMMT:

(a) UMeeT BBICOKYIO YACTOTY B KOJLIEKIIUH;

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

(B) me comepxurest B (n+1)-rpammax, obsagaomnux csoiicrsamu (a) u (6).

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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MeTosipl, IpeIoKeHHbIe B ocaeayonmx paborax, SegPhrase [67] u AutoPhrase [108],
JIEMOHCTPUPYIOIIHE eIé JTydIIie Pe3yaIbTaThl.

Burepmsbl.  Kopomkumu mexcmamu (short text) HashiBarOT JOKYMEHTHI, JJIHHA KOTO-
PBIX He JOCTATOYHA IS HAJEKHOTO OIpeeTeHNsT X TeMaTHKH. IIpmvepaMu KOpOTKHX
TEKCTOB SBJIAIOTCA co00IeHns TBUTTepa, 3ar0TOBKI HOBOCTHBEIX COOOIIEHNUIl, peKIaMHbIe
00BbSABIIEHNS, PEIVINKI B 3aMUCIX INAJOTNOB KOHTAKT-IEHTpa, U T.J. VI3BecTHBI mpocTsie
OJIXO/IbI K IIPO0JIEMe, HO OHU He BCerjia HPUMEHHMbI: 00beJMHSTh COOOIIEHUsI 110 KaKO-
My-Jau00 Mpu3HAKY (aBTOPY, BPDEMEHH, DETHOHY W T.JI.); CYUTATh KayKJ0e COOOIIeHHe OT-
JeTBHBIM JTOKYMEHTOM, pa3pekuBas p(t|d) BOIOTH A0 €UHCTBEHHOI TEMBI; TOMOJHATD
KOJLJIEKTIMIO JUTHHHBIMA TeKCTaMu (HampuMep, crarbsavu Bukunemun). Onaum u3 Hanbo-
Jlee YCIHEITHBIX W YHHBEPCAIbHBIX MOAXOJ0B K IPOOIeMe KOPDOTKHX TEKCTOB CUUTAeTCS
memamuneckas modeav bumepmos (biterm topic model, BTM) [145].

Bumepmom Ha3pIBaeTCs Mapa CJIOB, BCTPEYAIONINXCS PSIOM — B OJHOM KOPOTKOM CO-
OOIIIeHNW WJIM B OIHOM IPeJI0KeHUn WJn B OKHe +h cjioB. B oramume ot Ourpammsl,
MeXK/ly JIByMsI CJIOBaMU OMTepMa MOI'YT HaXOJIUThCsl Jipyrue cjosa. KoHkpernsarus mo-
HSITHS «PsIJIOM» 3aBHCUT OT IIOCTAHOBKH 33/a4U M OCOOEHHOCTEN KOJIJIEKINH.

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

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

[Tpumem rumoresy ycmoBroit HezaBucumoctu p(u,v|t) = p(u|t) p(v|t), To ecTh momy-
CTUM, 9TO CJIOBa GUTEPMOB TMOPOZKIAIOTCS HE3ABHCHMO JIPYT OT JApyra W3 OJHOI U TOi Ke
tembl. Torja, mo popmysie MoHON BEPOSITHOCTH,

plu,v) = plult)p(v|t) p(t) = Y pupume,

teT teT

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

ARTM mnosBosger o0beIUHATL MO OUTEPMOB ¢ OOBIYHON TeMATHICCKONR MOJIEIBIO,
9T00bI BCE-Taku MOayanTh Marpuity O. /s sroro Bo3pméM log-ipaBionomobue mMoiean
OUTEPMOB B KavuecTBe perysipusaropa ¢ K03 UIMEeHTOM T:

R(®,II) =7 Z Ny I Z Out Pot Tt
u,v t

[Tpumenenne ypasuenwuit (12)—(13) k sromy peryasipusaropy gaér dbopmynbr M-nrara:

Pyt = NOrm (nwt + 7 E nuwptuw);
weWw
ueW

t = Nnormin; t t)-
Pruw = DOTL (nepurpur)
Otn HOPMYIbl HHTEPIPETUPYIOTCA Kak gobaBienue ncesdo-dokymenmos. Kaxkmomy

caoBy u € W craBUTCS B COOTBETCTBHUE ICEBIO-A0KYMEHT d,, OObeIWHSIONINI BCe KOH-
TEeKCTHI CJIOBA U, TO €CTh 3TO MEIIOK CJ0B, BCTPETUBIINXCA PAIOM CO CJIOBOM U IO BCeit
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KOJTeKIIH. UUCI0 BXOXK/IEHHI CJI0BA W B ICEBIO-TOKYMEHT d,, PABHO T7,. Bcmomo-

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

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

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

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

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

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

teT teT

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

R(@’ @) =T Z Ny In Z (pwtetuy

u,weW teT

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

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

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

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

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

):Tznt Zﬁ(wlt)lncpwt.

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

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

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

B paGore [84] mpeioxken Ipyroil peryisipu3aTop KOrepeHTHOCTH:

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

tel  uweW

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

ni
NN, ’

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

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

PMI(u, v) = (32)

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

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

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

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

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

Z Nyw I p(w|u) — max.
u,weW {vw}
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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. 9: [Ipumeps! pemrenns 3a0a4 acconuanuii cios 1y moaesneit ARTM u word2vec. Ilpusoggarcs dersipe
Haubosee OJIU3KHUEe ACCOIUAIUHN.

ITocTamoBka 3a1a4un 0YeHb TOX0XKa Ha TeMaTndeckue Moaean BTM u WNTM. Monean
cemeiicTBa word2vec U JIpyrue MOJEIN BEKTOPHBIX ITPEJICTABICHUN CJIOB TaK¥Ke SBJISIOT-
Csl MATPUIHBIMU pazyioxkenusmu [63, 95, 68|. [1aBHoe oTIMvmMe 3aK/I0YATCS B TOM, YTO
B 9TUX BEKTOPHBIX MPe/ICTABIEHUIX KOODANHATHI He HHTEPIPETUPYEMbI, He HOPMUADPOBAHBI
U He pa3pekeHbl, TOrJa KaK B TEMATUIECKUX MOJIEISIX CJIOBAM COOTBETCTBYIOT Pa3perKeH-
Hble IHCKpeTHbIe pacnpeaeaenus: rem p(t|w). C apyroi ¢TOPOHBI, TEMATHYECKHE MOJIEIN
U3HAYAIBHO HE MpeJHA3HAYAJINCH JIJIS ONPeJIe/IeHIsT CeMaHTUIeCKO# OJIM30CTH CJIOB, T0-
3TOMY JeJal0T OHH 3TO ILJIOXO.

B pa6ote A.C.Ilonosa® npeaioxen cocod HOCTPOCHUS MEMAMUNECKUT 6EKMOPHBLL
npedcmasaenutdl cA06 TO TICEBIO-KOIEKIINE JOKYMEHTOB, aHaaorndubiii mogeram BTM
n WNTM. B 3azauax cemMaHTHYeCKOil OJIM30CTH CJIOB OHU KOHKYPHUPYIOT C MOJEISIMH
word2vec W CYIIECTBEHHO ITPEBOCXOJAT OOBIYHBbIE TeMarudeckue Mmogesu. [Ipum sTom Te-
MaTH4YeCcKne BeKTOPHBIE MpeICTaBIeHNs SBIII0OTCS HHTEPIPETUPYEMBIME 1 pa3peyKeHHbI-
Mu. Vcnoab3ysd KpOCC-3HTPONUITHBIE PeryIspu3aTOPhl, Pa3pezKeHHOCTh BEKTOPOB YIAETCs
nosonuth 10 93% 6Ges morepn kKadecrsa. Ha puc.9 mokasaHbl IpUMEpHl PEIICHHS 3a/1a-
YU aCCONMAIUNA CJIOB C MOMOIIBIO MOJIE/Ieil, TTOCTPOEHHBIX 10 aHIJIOA3bIYHO Bukunreuu
(mamm 2016-01-13). KosmvecrBeHHBIEe ONEHKH TOKA3bIBAIOT, YTO TEMATHYECKask MOJEb
JMUCTPUOYTUBHOI CEMAHTHKY pPelraeT 3aJa9d acCOIHUAIHUUA CJIO0B MHOTO JydIlle OOBITHON
TeMaTuaeckoit Mogesn LDA, HO He CTOh YCIENTHO KOHKYPUPYIOT C JIYUIIUM MOJETSIM
ceMeiicTBa word2vec, KaK B 3a/[a9aX CEMAHTUIECKOI OJTU30CTH.

Kpowme toro, APTM mo3Bosisier 0000IMUTH TeMaTHIeCKue MOJEH JUCTPUOY TUBHON
CEMAHTUKHU JIJIsi MYJIbTUMOJIAJIBHBIX KOJIeKIuit. Vcrmob3ys ganubie 0 COBCTPEYaeMOCTH
TOKEHOB PAa3JIMYHBIX MOJIAJIbHOCTEH, BO3MOYKHO CTPOUTH MHTEPIPETUPYEMbIe TeMaThude-
CKHe BeKTODHBIE Ipe/ICTaBIeHNs /I BCeX MOJaJbHOCTeil. B To Ke BpeMs mpuBedenue
JIOTIOJTHATEIHHON WHMOPMAIUN O JIPYTUX MOJATHHOCTIX MOBBIIIAET KAYECTBO PEITeHUs
3a1a4n OJIM30CTH CJIOB.

12 TemaTudeckasd cerMeHTaIINs

['mmoTe3a «MemKa CJI0B» W MPEINOTOKEHNe O CTATHCTUIECKON He3aBUCHMOCTHU COCETHIX
CJIOB TPUBOAAT K CJIAIIKOM YacTON XaOTWYHONH CMEHe TeMaTHUKHW MerKJy COCEJHUMHA CJIO-
BaMu. Ecjm npociieuTh, K KAaKMM TeMaM OTHOCSTCS MOC/Ie/IOBATe/IbHbIE C/IOBA B TEKCTE,
TO TeMaTU4YeCcKasd MOJEJb B IEJOM MTOKAYKeTCs He HACTOJIBKO XOPOITO WHTEPIPETAPYEMOT,
KaK PAHKHPOBAHHBIE CIIHUCKHA HAMOOJIee YACTOTHBIX CJTOB B TEMAX.

*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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Temaruueckne MoOIe/H CerMEHTAIMA OCHOBAHLI Ha 00Jiee PeATUCTHYHBIX THIOTE3aX
0 cBsI3HOM Tekcre. Kaxkaoe mpeamoKeHne OTHOCUTCA K OIHOM Teme, HHOIA K HeOOIbIIO-
My uauciay tem. Clenyoinee MpeaioKeHHe J9acTo MPOIOJIKAET TEMATHKY MPEIblIYIIEro.
CmeHa TeMbl Jalle TPOUCXOANT MeyKAy ad3amaMiu, emé Jalne MexKIy CEeKIUsIMI JOKYMeH-
ta. Kaxkaoe mpesioykeHne MOKHO CUNTATh «MEITKOM TEPMOBY.

Temaruuyeckasa Moaeab mpeajoxKeuuii. lomyctum, 910 KazK bl JOKYMeHT d pa3ouT
HA MHOKECTBO CEI'MEHTOB Sy. DTO MOTYT OBITH MpeITOKeHHsT, ab3aIbl WIH (hpasv, — CUH-
TaKCHYECKH KOPPEKTHBIe YacTHu ImpejioxkeHuit. Obo3HAYNM Uepe3 N, JIUHY CerMeHTa s,
Yepes3 Mg, — TUCTIO0 BXOXKJIEHHII TepMa w B CETMEHT S.

[IpeamotoxKum, 91O BCe CJIOBA CEIMEHTa, OTHOCSITCS K OJTHOI TeMe u 3anuiieM (hyHKITHIO
BEDOSITHOCTU CerMeHTa s € Sy 4epe3 mapaMeTpPhl TeMATHIECKOH MOJETH Oy, Oig:

p(s|d) = Zpt|d pr|t"sw—29tdng0"sw.

teT wWES teT wWES

Bynem cunrtarh KaxKaplii JOKYMEHT «MeIKOM CerMeHTOB». Torna hyHKIMS BePOSITHO-
cTH BBIOODKH OyJ/ieT paBHA NMPOU3BEJIEHUIO (DYHKIUI BeposTHOCTH cerMeHTOB. [locTtaBum
3a/[a9y MaKCUMHU3aIUKU CyMMbI log-mipaBononobus u perysisipuzaropa R

Z Z In Z O1a H onew + R(P,0) — max, (33)

deD seSy teT wESs

npu 06braHBIX orpannveHusx (9). B wacTHOM ciydae, Korja KayKiblii CErMEeHT COCTOUT
TOJIHKO M3 OJHOTO CJIOBA, JaHHAs 3ajaada mepexoaut B (10).

merpepeiBHO auggepenmnupyema. Touka (P, O)

Teopema 4. Ilycre ¢pynrmus R(P, O)
(9) yaosrerBopsier crcremMe ypaBHEHHIT €O BCTOMO-

JIOKAJILHOTO 9KcTpeMyMma 3aja4dn (33),
raTeJIbHBIMA MePeMEeHHBIMH Pygs = p(t|d, s):

Dids = norTm(Qtd 11 @nsw)

wes
OR
Puwt = NOTM (nwt + Put g ) Mt = Z Z [w € 5] Pras
ew Puwt deD ses,
d
OR
O, = norm Ngg + 6 : Nyg = s
td 2 td td o, D01y td Sezgdptd

Ananornunag 3ajaada CTaBWIACH JIJIS MOJEJIH KOPOTKUX coobmienuii Twitter-LDA
[154], ToBKO B poOJIM JIOKYMEHTOB BBICTYNAJIH ABTOPBI, B POJIM CEIMEHTOB — BCE COO0-
IIEeHUs JAHHOTO aBTOPA.

Temarudeckass Mojesb npejnoxennii senLDA [19] umeer Gosiee BazKHOE CTPYKTYp-
HOe OTJIMYHe: BMECTO MATPHUIBI mapamerpos 0y = p(t|d) B senLDA ucnonn3yercst BeKTOp
napametpoB m; = p(t). Tem cambiM UTHOpPHpYeTCsT pa3ieieHne MHOXKECTBA BCEX MPEJIo-
JKeHni KOJIJICEKIIUU 11O JOKYMEHTaM, 9TO HO3BOJIAET YMEHLIIIUTH YHUCJ/IO IMapaMeTpOB MO-
nenu. Ecian B senLDA Hy»kHO y3HATH TeMATHKY JOKYMEHTa, TO €€ HETPY/IHO BBITHC/IUTH,
YCPEJIHUB TeMATUKYy BCEX ero MpeToKeHnH.
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Temaruyeckas Mo/IeJib cerMeHTanuu. lenepb paccMoTpuM 6oJiee CIOKHBIN Caydaii,
KOIJIa TEKCT COCTOUT U3 HpPeTOXKeHWit, u TpeOyeTcs OObeIUHUTh UX B 00Jee KPYITHBIE
TeMaTU4YeCKue CerMeHTbhl, 'PaHUIIbI KOTOPBIX 3apaHee He OIIpede/IeHbI.

Memod TopicTiling [103] ocuoBan Ha mocr-o6paborke pacupenenennii p(t|d, w;),
1 =1,...,n, MOJIy9aeMbIX KaKO#-Tn00 TeMaTHIeCKOi MoIesbio, Hanpumep, LDA. Onpeme-
JIIM TEMATHKY TIPEJJIOKEHNst § Kak cpeHion Tematnky p(t|d, w) Beex ero cios’. ITocun-
TaeM KOCHHYCHYIO OJTU30CTh TEMATUKHU /I BCeX Hap COCeTHUX MpeiTokeHuii. Yem riyozke
JIOKAJTHHBIHE MUHUMYM OJIM30CTH, TEM BBIIIE YBEPEHHOCTD, UTO MeXKy JTaHHOI mapoiil mpe/I-
JIOZKeHU# nmpoxoauT rpanuta cermenToB. Metona TopicTiling ucmonb3yer HabOp IBPUCTHK
JIIST TIOJI0OpaA YUCIa MPEJIJIOYKEHUit ¢jieBa U CIpaBa OT JIOKAJIbHOIO MUHUMYMa OJIN30CTH,
OTIpEJIeJIeHNST IHC/Ia CETMEHTOB, TMOA00pa IUC/Ia TeM W YHCJIa UTePalnii, ITHOPUPOBAHUSI
CTOII-CJTOB, (DOHOBBIX TeM U KOPOTKHUX MPeII0KeHil. AKKypaTHas HACTPOiiKa ImapaMeTpoB
9TUX IBPUCTHK MO3BOJISET JTOCTUYb BBICOKOIO KavecTBa cermentanuu [103)].

TopicTiling He gBasgeTCS MOJTHONEHHOI TeMaTHIECKO MOJIE/TbI0 CerMEHTAINN TeKCTa,
IOCKOJIbKY TIOCT-00pabOTKa HUKAK He BJIHSET Ha caMid TeMbl. UTOObI HAUTH TeMbl, HAHOO-
Jiee BBITOJIHBIE JIJI CeIMEHTAINN, TpeOyeTcs: ClieNuaIbHBII Peryaspu3aTop.

Perynsapuzarop E-miara. Hekotopsle TpeboBaHHS K TeMaTHIECKOH MOJeNTH ya00Hee
BBIDAYKATH U€pe3 PACHPEIETeHUT Py, = pP(t|d, w), a He epe3 ¢, u 0. Hanpumep, mo-
HOTEMATHIHOCTD TPEIJIOKCHNH WIM CXOJACTBO TeMATHKN COCEJIHUX MPEeIIOKEHUIA.

Pacemorpum perynspuzatop R(I1) kak GbyHKIHIO 0T TPEXMEPHOI MATPHUIIBI BCIIOMOTA~
TeJbHBIX nepeMeHHbIX 11 = (Paw ) 7x pxw . Cornacuo ypasuenuto (11), marpuna I1 ssaser-
cst dyukipeii or ¢ u O. [Tosromy k peryasipuzaropy R(II(P, ©)) npumennma teopema 1.

Paccmorpum 33189y MaAKCUMU3AIUU PEryIPU30BAHHOTO 10g-TIpaBaononodus ¢ aByMs
peryasapu3aTopaMm, OJMH U3 KOTOPLIX 3aBucut ot I1:

Z Z N 1N Z Outbig + RI1(P,0)) + R(P,0) — max, (34)

$,0
deD wed teT

U OrPAHWYEHHUSIX HEOTPUIATETHLHOCTH U HOPMUPOBKH (9).

Teopema 5. Ilycrs ¢pyaknun R(II(P,0)) n R (P, ©) menpeprisrO guddepenupyempl
u ¢pyukmus R(I1) He 3aBHCHT OT MePEMEHHBIX Pigy, B CIyTae ng, = 0. Tormga rouka (O, O)
JIOKAJIBHOTO 9KcTpeMyMa 3ajaqn (34), (9) yaoaerBopsier cucreme ypaBHEHHIH O BCITOMO-

raTeJbHbIMH MEPEMEHHBIMH Pygy, = P(t|d, w) 1 Dig:
Pdw = 1OTI (Putbra); (35)
Ptdw = Ptduw (1 + L ( aptdw Z Dzduw adew) )) , (36)
ur = norm ( > NawPraw + Pur ;jt) : (37)
deD
Ora = norm ( wzed NawPtdw + Ora géj;) (38)

6Tounee, B [103] mpeyaramsoch A1 KaxI0ro caoBa BeIOMpaTh Hambosee BepoaTHyto Temy. Oba Bapu-
aHTa UMEIOT MPaBo Ha cyiecTBoBanue. Kakoit u3 HuX Jydine, OKa He HCCIETOBAHO.
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Takum obpazom, B EM-anropurMe 1ig KazkKI0ro J0KYMeHTa d CHAYAIA BBITHCISTIOTCS
BCIIOMOTATETbHBIE IEPEMEHHBIE Dy gy, , 3ATEM OHU TPe0OPA3YIOTCS B HOBBIE TEPEMEHHBIE Pygy,
KOTODbIE MOJACTABIAIOTCA B 00branbie dopmysnst M-mara (12)—(13) Bmecto pig,. Taxoii
crocod BhIYUCIEHUI OyemM Ha3biBaTh pe2ysspusavuets F-waza.

3amMeTuM, 9TO MepeMEeHHbBIe Pig,, MOTYT IPUHUMATH OTPUIATETbHBbIE 3HAYEHUS, TOITOMY
B 00IIeM CcJIydae OHU He 00Pa3yIoT BePOSITHOCTHBIX pacipejenenuii. Tem He menee, ycjoBue
HOPMUPOBKU [IJIgd HUX BBIIIOJIHEHO BCEr/a.

Bazkmneiiree coiicTBo peryssipuzaTopoB E-mmara 3ak/0daercss B TOM, 9TO OHU TO3BO-
JIAIOT YIYUTBIBATH NOPAAOK CJIOB BHYTPU JOKYMEHTOB B O6XOIL TUIIOTE3bI «MEIITKa CJI0OB».

PaspexxuBaromuii perynspusarop E-miara gima cermenramuu. [Ipumenum pery-
ngpuzanuio E-mara ajs mocTpoeHns TeMaTHIecKOil MOJIeIH CerMeHTHPOBAHHOTO TEKCTa.
OnpenenM TEMATUKY CerMeHTa § € Sy KaK CPeJTHIOI TeMATUKY BCEX ero TepMOB:

1
Ptds = p(t|da 3) = Zp(ﬂd,il)) p(w|8) = 7’L_ Znswptdw'
wes s wes

YUT00BI KazKIBIil CEMMEHT OTHOCHIICA K HEeGOBIIOMY YHCTY TeM, OylIeM MEHAMU3HPOBATDH
KPOCC-9HTPOINIO MexKy pactpesenenusivu p(t|d, s) u paBHOMEPHBIM DACIIpe/eIeHIeM,
9TO NPUBEIET HAC K Pa3peskuBaloleMy peryiapusaropy E-mara:

R(H) =T Z Z Z In Z N swPtdw- (39)

deD seSy teT wWES
Omyckasi pyTHHHBIE BBIKJIQKI, IIPUBEIEM Pe3yabTar mojcTanoBku (39) B (36):

~ T Nsw 1 Pzdw
Ptdw = Ptdw 1-— ( — — )) .
' ' ( Ng Z Ny DPtds zEZT DPzds

w SESy

Xots popmy/ia BBIVISLIAT TPOMO3IKOM, 3(DMEKT NpUMeHeHUs Pery/isipu3aTopa NOHATh
He TPyIHO. Eciu BeposSTHOCTD Pigs TEMBI B CEIMEHTE OKAYKeTCd MeHbIIe HEKOTOPOTO II0-
pora, TO BEPOATHOCTH Pigy, OYAYT YMEHBIIATHCS JIIS BCEX TEPMOB W JAHHOTO CErMeHTA.
B uTore Temaruka KazKI0ro cerMeHTa CKOHIEHTPUPYETCA B HEOOJBIIOM UUCJIE TEM.

B pesynbraTe paspeKuBaHUs TeMaTHKa COCEIHUX CEIMEHTOB MOYKET OKa3aThCs OJIM3-
KO, I UX MOXKHO OyJIeT oObeJIWHUTH B OJUH TeMaTudecKuii cermeHT. HazoBém Temy t
¢ MakcuMaJbHBIM 3Hadenuem p(t|d, s) domunupyroueds memoti cermenta s JOKymeHTa d.
Ecin tema joMuHHpYyeT B COCEJIHUX CerMeHTaxX, TO OHa Oy/eT JOMUHUPYIOIEit U B UX
obbeauHennn. Kcian oObeAnHUTH TIOCIe0BaTeIbHbIe CEIMEHThI C OJIMHAKOBOW JJOMHUHUDY-
fomeil TeMoit B oiMH 60J1ee KPYIHBIA CEIMEHT, TO JaHHas TeMa TaKKe OCTAHeTCS B HEM
JIOMUHHUPYIOIIEil. DTO MpOoCTast arTOMEepaTUBHASA CTPATErds TeMATUIECKOW CerMeHTAIlMH.
B ormuune ot TopicTiling, y Heé HeT 9BpUCTHYECKHUX TapaMeTpPOB, KOTOPBIE HAJJI0 HACTpa-
UBaTh, U OHA MOYTH HE YBEJMYUBAET BpeMs MOCT-00paboTku E-rmara.

13 Kpurepun KadecrBa

KosmmuecTBenHoe oneHnBaHne TeMATHIECKUX MOJIeJIel SBJISeTCs HeTPUBUAJIBLHONW 1Tpod.Ie-
Moii. B oTmune ot 3a7a4 KaaccuUKAIMT WX PErpecCuu 3/eCh HeT Y6TKOrO MOHSITHS
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«OMMOKM» WIN «IIOTepu». KpUTepnn KauecTBa KIACTePU3AIMN TUIA, CPEIHAX BHYTPHK/IA-
CTEPHBIX WM MEXKK/JIACTEPHBIX PACCTOAHUII ILIOXO MOAXOMAT JIJIs ONCHUBAHUSA «MATKOM»
COBMECTHOM KJIACTEPU3AINN JOKYMEHTOB U TEPMOB.

Kpurepun KadecTBa TEeMATHYECKAX MOJeaeil NPUHATO [IeINTh HA BHYTPEHHHE
(intrinsic) u BHemrHue (extrinsic). Buympennue Kpumepuy, XapakTepu3yoT KaqecTBO MO-
JIJIM 110 MCXOIHON TEKCTOBOW KOJLIEKIMU. BHewnue Kpumeput ONeHUBAIOT MOJIe3HOCTH
MOZEJIN C TOYKHU 3PpEHUA MPUJJIO2KEHHUA W KOHETHBIX I0JIb30BaTeJIe. MHOFﬂa IJId 9TOr0
IPUXOIUTCA COOMPATH JOIOJHATEIbHBIE TAHHLIC, HAIIPAMED, OHEHKH aceCCOPOB.

Bremmrame kputepuu KpaiiHe pa3HooOpa3Hbl U 3aBUCAT OT perraeMoil MpuKJIaJHON 3a-
nmaun. [IpakTnaecku B KaK/10# mMyOIUKAIINN IO TEMATHIECKOMY MOIETUPOBAHUIO UCTIOb-
3yeTcs Kakoii-mubo BHENHUii Kpurepuil: KavuecrBo Kiaaccudukanuu JoKyMeHToB [106],
TOYHOCTH W TOJHOTA WHpOpPMaImorHoro noncka (148, 14, 7, 12|, uncio HaiiieHHBIX XO-
porro uHTepHpeTupyeMbix tem 17|, kagectBo cermentanun Tekcton [103|. B [34] nmpera-
raeTcs MEeTOJIMKa JUATHOCTHKYU MOJie/ieil, OCHOBAHHAs HA COTOCTABJICHUH HANJIEHHBIX TEeM
C 3apaHee U3BECTHBIMU KOHIIETITAMM.

ITepunexkcus. Hawubosiee pacnpocTpaHéHHBIM BHYTPEHHUM KPUTEPHUEM SIBJISIETCS Mep-
naexcus (perplexity), ucnonb3yemast st ONEHUBAHUS MOJIe/Ieil A3bIKA B KOMIIBIOTEPHOI
JIMHTBUCTUKE. DTO Mepa HECOOTBETCTBUS WU «YAUBIEHHOCTH» Mojenn p(w | d) TokeHaMm w,
HAOTI0TaeMbIM B JoKyMeHTax d koutekiun D. Ona onpesensiercs: depe3 log-mrpaBiomnoio-
oue (8), a B cirydae MyJIBTUMOIATBHON Moen — depes log-npaBaonogobue (23) oTaeabHOo
JJIST KaxKJI0U MOJAJIBHOCTH:

1
lexity, (D;p) = exp| —— ol d)), 40
perplexity,,(D;p) = exp( ——> 7 > nawInp(w|d) (40)

™ deD wewm

THE Ny = >, Y, Ny — JJIAHA KOJUIEKIUH 10 M~if MOJATbHOCTH.
deD weWwm
YeMm MeHbIIe BeJIMYUHA HEePIJIEKCHU, TeM JIydlle MOJAeIb P IPeJCKa3blBaeT IOABICHIE

TOKEHOB W B JOKyMeHTax d KoJuiekrun D.

[Tepriekcusi uMeeT CJeAYIONIYIO UHTEPHpETAuio. Ecam TepMbl w MOPOXKIAI0TCS
3 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. YeM cuibHee
pacrpesesnerne p(w) OTIMYAETCS OT PABHOMEDHOTO, T€M MeHbIIe TepIieKcust. B ciydae
VCJIOBHBIX BeposiTHOCTel p(w |d) MHTepHpeTaysi HeMHOIO Jpyrasi: eCau KazKIbli JOKY-
MEHT TeHepupyeTcss u3 V' DaBHOBEPOSITHBIX TePMOB (BO3MOYKHO, PA3JIMYHBIX B PA3HBIX
JOKYMEHTaX ), TO MepILIeKCUs CXOAUTCs K V.

HeﬂOCTaTKOM MEepIJIeKCUU dBJIACTCA HEOYEBUAHOCTD €€ YUCJIEHHBIX 3Ha“IeHI/II71, a TaKzKe
eé 3aBHCUMOCTD HEe TOJTBKO OT KadecTBa MOJIEJH, HO U OT Psjia MOCTOPOHHUX (haKTOPOB —
JUTHHBI JTOKYMEHTOB, MOITHOCTH W Pa3pPEKeHHOCTU CI0Bapsd. B dacTHOCTH, ¢ MOMOMIBIO
NePIIEKCHN HEKOPPEKTHO CPABHUBATH TEMATHIECKIEe MOJIEN OTHOM U TOil 2Ke KOJLIEeKITIH,
IMOCTPOEHHBIE Ha PAa3HBIX CJIOBapAX.

O603maunM uepe3 pp(w |d) MOJeTb, TTOCTPOCHHYO MO 00YYAIONIeH KOJLIEKINH JIOKY-
mentoB D. [Mepriekcnst obyqatorieii Bbibopku Py, (D; pp) siBIsieTcsi ONTHMUCTHIHO CMe-
MEHHOI (3aHMZKEHHON) XapaKTepPUCTHKON KadecTBa Momean n3-3a ahdexra mepeobyde-
Hust. OOOOIIAIONIYIO CIIOCOOHOCTDh TeMATHYECKUX MOJEeIeil IMPUHITO OIEHUBATDH NePn.aAck-
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cueti konmpoavnot ewbopru (hold-out perplexity) 22, (D’; pp). OGbIYHO KOLIEKIHIO Pa3-
JIEJISIOT HA 00YYAOIIYI0 U KOHTPOJIBHYIO CIyYaiiHbiM 00pasoM B mporopuuu 9 : 1 [26].

HemoctarkoM KOHTPOJIBHBIN MEPILIEKCHH SIBJISIETCS BBICOKASI IYBCTBUTEIBHOCTD K PeJI-
KAM W HOBBIM CJIOBAM, KOTOPbIe MPAKTHIECKH OECIOJIE3HBI /IS TeMATHIeCKUX MOIeIeil.
B pannunx skcmepumenTax 06110 mokaszano, 9to LDA cymecrsenno npesocxogut PLSA mo
NEPILIEKCHH, OTKY/Ia ObLI ¢iesial BeiBogl, uro LDA menbIne nepeodbyuaercs [26]. B [4, 98, 5]
OBLTH TPEJJIOKEHBl pobacmuvie memamuyeckue Mmodeat, OMUCHIBAIOIIAE PEJIKHe CI0BA
crenuaJIbHbIM «(OHOBBIMY» pacipesenerneM. [lepmiekcus pobacTHbX BapuantoB PLSA
n LDA oxka3zajach CyIecTBEHHO MeHbBINeil 1 MPAKTUIeCKH OJMHAKOBOIA.

KorepeaTHocTs. llHTepnpeTnpyeMocTh TeMAaTUUIECKONH MOJIENTH SIBJISIETCS ILIOX0 (hop-
Maan3yeMbiM TpeboBanueM. CojepzKaTeTbHO OHO O3HAYAeT, UYTO IO CIIHUCKaM Hambosee
JACTOTHBIX CJIOB U JOKYMEHTOB TE€Mbl SKCIEPT MOXKET MOHATh, O U4éM 3Ta TeMa, U JaTh
eit ajekBarHoe HazBanue [29]. CBOWCTBO HHTEPIPETHPYEMOCTH BaKHO B HH(MDOPMAIMOHHO-
MOMCKOBBIX CHCTEMaX JIJI CUCTEMATH3AIUU U BU3YAJU3AIUN PE3YIbTATOB TEMATHIECKOIO
MOMCKA WU KATerOpU3allii JOKYMEHTOB.

BosbmuHCTBO CYIMEcTBYIONUX METOJI0B OIEHUBAHUS HHTEPIPETHPYEMOCTH OCHOBAHO
Ha [IPUBJIEYEHUN KCIePTOB-aceccopoB. B [86] sxcmepram mpeiaranioch HeMoCpeICTBEHHO
OIEHUBATD TOJE3HOCTh TeM MO TPEXOAIBHOM 1Kaxe. B Meroe unTpy3uii [29] misa kaxk-
JIO HaliJIeHHOW TeMbl cocTaB/sieTcss ciucok u3 10 HanboJiee 4aCTOTHBIX CJIOB, B KOTOPBIi
BHEJIPSIeTCsl OJIHO cJiydaitnoe cjoBo. Tema cumraercs MHTEPHPETHUPYEMOM, €CJu TOaB-
Jigrornee OOJBITMHCTBO KCIEPTOB MPABUIBHO YKA3BIBAIOT JIUIIHEE CJIOBO. DKCIEPTHBIE
OJIXOJIbI HEOOXOIUMBI Ha CTAIUU MCCJIeIOBAHUNi, HO OHHU 3aTPYIHSIOT aBTOMATHIECKOEe
IIOCTPOEHNEe TeMATHYECKuX Mojeneil. B cepuu pabor [86, 87, 87, 81| mokazano, 4to cpe-
JIM BEJIMYUH, BBIYUC/ISEMbBIX 110 KOJJIEKIIMU aBTOMAaTHYECKH, JIydIlle BCEro KOppeaupyer
C 9KCIIEPTHBIMHU OIEHKAMHU WHTEPIPETHPYEMOCTH Kozepenmmocmy (coherence).

Tema HasbIBaeTcst Kozepenmmol (COTIACOBAHHON), eCou TepMbl, HauboJiee FacThbie
B JIAHHOII TeMe, HECTyUaifHO YaCTO COBMECTHO BCTPEYAIOTCA PAJIOM B JOKYMEHTaX KOJLIEK-
nun [87, 88]. HucieHHON MepoOil KOPePEHTHOCTH TeMBI { SIBJISIETCS TOTOYeYHAs B3aUMHAs
undopmaius (32), Berauciasemas 1mo k Hanbosee BEPOATHBIM CJIOBAM TEMBbI:

k-1 k

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

i=1 j=i

rae w; — i-ii TepM B NMOPSAIKE YOBIBAHUS (Oy¢, TUCIO k OOBIYHO IOJIAraerca pasHbIM 10.

KorepeHTHOCTb MOAETN ONpEeNeasaeTcsa KaK CpeaHss KOTepeHTHOCThL TeM. Korepent-
HOCTb MOYKET OIEHUBATHCS 1O CTOPOHHEH KoJUeKiuu (Hampumep, mo Buxwumemaun) [84],
aubo 1o TOit Ke KOJIJIEKINH, 110 KOTOPOil cTponTcst Mozens [81].

Pa3pexkeHHOCTh U Pa3JIMIHOCTHh T€M. Pa3pe:KeHHOCTbh MOJETN u3MepseTcsd T0JIeil
HYJIEBBIX 37eMeHTOB B MaTpunax ¢ u ©. B Momenax, pazaendiomux MHOXKeCTBO TeM 1’ Ha
npeaMeTHbie S U (DOHOBBIE 3, pa3peKeHHOCTh OIEHUBAETCS TOJBKO MO YACTIM MATPHIIL
®, O, COOTBETCTBYIONUM MPEIMETHBIM TEMaM.

B [128] BBOASITCSI KOCBEHHBIE MePHI WHTEPIPETHPYEMOCTH TeM, He TPeOYIOIe MpH-
BJIeUeHNs aceccopoB. [Ipemmonaraercs, 9To WHTEpNpeTHpyeMast TeMa J0IKHA CO/IePKATh
AeKcuveckoe A0po0 — MHOYKECTBO CJIOB, KOTOPBIE ¢ DOJBINOH BEPOSITHOCTHIO YIIOTPEOIAIOT-
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cd B JAHHOI TeMe U PeJIKOo yHOTpebIAoTCs B ApYyrux TeMax. B Takom ciaydae maTpunbt P
n © J0KHBI 001a1aTh CTPYKTYPOil pa3pekKeHHOCTH, aHAJTOTHIHOH puc. 4.

dnpo W = {w eWw ’ p(t|w) > 0.25} TeMHBI { onpeJengeTcd KaK MHOXKECTBO TEPMOB,
KOTOPBIE MMEIOT BBICOKYIO YCIOBHYIO BepOATHOCTH p(t|w) = cpwtg—; JIIS TAaHHON TeMBI.

3arem 10 SAPY ONMPee/IsieTCs TPHU MOKa3aTe/Isi HHTEPIPETUPYEMOCTH TeMbI t:

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

weWy
cony = \Wltl > p(t|w) — korwmpacmuocms memo, (UeM BBIIIE, TeM JIYUIIe);
weWy
, W
ker; = |W;| — pasmep adpa (OpHEHTHPOBOUHBIN OMTHMYM ‘|_T\|)

[Tokazareu pazmepa sijipa, YUCTOTHl U KOHTPACTHOCTHU JIJII MOJE/IU B IEJIOM OIpejie-
JISTIOTCST KaK CPeJIHUe 10 BCeM MPEIMeTHBIM TemMaM t € S.
oas horoswix caro6 BO Beeil KOJLTEKIUN

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

deD wed teB

npuauMaer 3HadeHnss ot 0 go 1. 3Hadenus, 6iuskue K 0, TOBOPIT O TOM, UTO MOJENb
HE CIIOCOOHA OTIEISITH CJI0BA ODIIEil JIEKCHKH OT CHEeIUaJbHON TePMUHOJIOTHH. SHAYEHUST,
6JII/13KI/Ie K 1, CBUIETEJILCTBYIOT O BBHIPDOZKJICHUUN TEeMaTUYECKOMI MO/ICJIN.

Takwne kpurepun, Kak pasmep siapa WK 1019 (POHOBBIX CJIOB, MOTYT HCIIOJIH30BAThH-
cst JI7Isi KOHTPOJIS aJIeKBATHOCTH MOJIEIN. Upe3MepHasi perysspu3alis MOXKeT IPUBOJIUTD
K JIETPAJIAIIN TeM UJIN BBIPOXKICHUIO MOJIETN /I CJUIIKOM OOJIBIION T0JH JOKYMEHTOB.
Ob6pa3Ho TOBOPS, PETYASPU3ATOPHI B MAJIBIX J03aX SBIAIOTCS JIEKAPCTBAMH, HO B CIydae
nepeIO3MPOBKU MOT'YT TpeBpaliaThcs B sij. MHOTMe KpuTepuu, BKJIIOYas MEPILIEKCHIO,
cJ1aD0 IYBCTBUTE/IHLHBI K HEKOTOPBIM THUIIAM BBIPOXKJICHUSI, HAIIPUMED, KOIJIa B MPEIMeT-
HBIX TeMaX OCTAETCS CJAUTITKOM MaJO CJIOB.

Ha MMpaKTHUKE K TeMaTUuYeCKUM MO/JEJ/JIAM NPEAbABIAIOTCA COUYEeTaHUA pa3H006pa3HbIX
TpeboBaHuil. 33291 TEMATHIECKOTO MOJETUPOBAHNUSI 10 CYTH SBJISTIOTCS MHOTOKPUTEPU-
AJbHBIMU, TIO3TOMY W KA9eCTBO MO/IeTN JIOJI?KHO OIMEHUBATHCS TT0 MHOTHUM KPUTEPHUSIM.

B npoekre BigARTM mnoajep:kuBaercd OMOTMOTeKa CTAHIAPTHBIX METPHK KadecTBa
1 MeXaHU3MBbI J100aB/IeHHS HOBBIX MOJIb30BATE/IHCKAX METPHK.

14 PazsBemounblii mH(MPOPMAITMOHHBIN IIONCK

BakHbIM TpUIoKEeHIeM TeMATHIECKOTO MOJIETUPOBAHUS ABISIETCI UH@OPMAUUOHHBLT NO0-
uck (information retrieval) [148, 14]. CoBpeMeHHbBIE MOMCKOBBIE CHCTEMBI MpeIHA3HAYE-
HbBI, TJIABHBIM 00PA30M, JJIs TIOMCKA KOHKPETHBIX OTBETOB Ha KOPOTKHE TEKCTOBBIE 3AIPO-
col. [Ipyrue nmouckoBbie TOTPEOHOCTH BO3HUKAIOT y TT0IH30BAaTE e, KOTOPHIM HEOOXOIIMO
pa3obparhCs B HOBOil MpeaMeTHON 00JIacTH WM TOMOJHUTH CBOi Oaraxk 3nanmii. [Tosn-
30BaTe;ib MOYKeT He BJIAJeTh TePMUHOJOTHUeil, cabo MOHUMATH CTPYKTYPY MpPEIMeTHO
00JacTH, HEe UMETh TOYHBIX (hOPMYJIUPOBOK 3AIPOCaA U He MOPA3yMeBATh €/INHCTBEHHBIH
IPaBUIBHLIN OTBeT. B TakuX ciIydasx HyzKeH MOUCK He MO KJIIYEBBIM CJIOBaM, a MO CMBIC-
Jy. 3ampocomM MoXKeT ObITh JJINHHBINA (bparMenT TeKcTa, JOKYMEHT WU MOA00pKa JOKY-
MeHTOB. Pe3yibraToM moucka J0/1zKHa ObITh YI00HO CHCTeMATU3UPOBaHHAsT NH(MOPMAIIHSI,
«JTOPOYKHAS KapTay MpeIMeTHOH 061acTh.
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JIst 9THX CJIy9aeB MOAXOAUT MAPATUIMa Pa3eedounozo uH@BOPMAUUOHH020 NOUCKA
(exploratory search) |71, 143]. Ero mesbio gB/IsieTcst mOJIydeHne OTBETOB Ha CJIOXKHbIE BO-
IIPOCHI: «KAKWe TeMbl MPEJICTABIEHbI B TEKCTE 3alPOCay, «9TO YUTATh B MEPBYIO OYepe/Ih
10 STHM TeMaM», «9TO HAXOAUTCS HA CTHIKE ITUX TeM CO CMEeKHBIMH OOJACTSIMU», «Ka-
KOBa TeMaTudecKasi CTPYKTYpa JaHHOI peIMeTHOi 001acTiy, «KaK OHa PAa3BHBAJIACH BO
BPEMEHI», «KAKOBBI MOC/IEHIE TOCTHKEHUSI», «I/Ie HAXOIATCS OCHOBHbIE TIEHTPHI KOMIIe-
TEHTHOCTH», «KTO SIBJISIETCS IKCIEPTOM TI0 JTAHHON TeMes u T. 1. [Tosb3oBaTesb 0OBIIHO
IOUCKOBOI CHCTEMbBI BBIHYZKJIEH UTePATHBHO mepedOpMyInpoBaTh CBOM KOPOTKHE 3aIpo-
ChI, PACIIUPsIsi 30HY MOMCKA 110 Mepe YCBOEHHsI TEPMUHOJOIHH TIPeIMeTHO 0baacTu, me-
PHOJIMYIECKH TTIePECMATPHUBAsT M CHCTEMATH3NPYsI Pe3YJIbTATHI TOUCKa. JTO Tpebyer 3arpar
BPEMEHH ¥ BBICOKOi KBasmdukamuu. [Ipi 0TCyTCTBIN HHCTPYMEHTA JJTST IOy IeHUs «00-
el KAPTHHBI» OCTAETCSI COMHEHHE, YTO KAKHEe-TO BayKHBIE aCIIeKThI N3y4aeMoii IIpOBIeMbl
Tak u He ObLIM HalimeHsl. Eciu 06pa3Ho MpeIcTaBuTh UTEePATHBHBI MOUCK KaK OJIyIKIa-
HUe 10 JAOUPUHTY 3HAHWUiT, TO Pa3BeJOYHBI MOUCK — 3TO CPEACTBO aBTOMATHYECKOIO
MOCTPOEHUST KaPThI JJIs JIFOOOH 9acTh TOro JabupUHTA.

Temarnueckuii pa3Beno4nblii mouck. OObuHbIE (MIOJHOTEKCTOBBIE) MOUCKOBBIE CH-
CTeMBbl OCHOBAHBI Ha WHBEPTUPOBAHHBIX WHJIEKCAX, B KOTOPBIX /I KarK/IOTO CJIOBA Xpa-
HUTCSI CIMCOK cozeprkammnx ero gokymenTos [9]. TlonckoBasi crucrema HImer JTOKYyMeHTH,
coJiepKalliue BCe CJIOBA, 3aIpoca, MOITOMY IO JJIMHHOMY 3alpoCy, CKOPee BCero, HUYero
He OyzeT HaiigeHo.

Cucrema TeMaTHIeCKOrO PA3BEIOYHOTO TOUCKA CHAYAJA CTPOUT TEMATHIECKYIO MO-
JIeJTb 3aIpoca U ONpeie/igeT KOPOTKHIl CIIMCOK TeM 3ampoca. 3aTeM JIsI MOUCKA JTOKYMEeH-
TOB CXOXKeil TeMaTHKN TPUMEHSIOTCSA Te YKe MeXaHN3Mbl HHAEKCUPOBAHUSI U IMMOUCKA, TOTb-
KO B POJIN CJIOB BBICTYHAIOT TeMbI. [[0CKOBKY YHMCI0 TeM Ha HECKOJIBLKO TMTOPSTKOB MEHBITIE
00bEMa ciIoBapsi, TEMATUIECKUil MONCK TpedyeT HAMHOIO MEHBIIEe HaMsITH 0 CPaBHEHWIO
C TIOJITHOTEKCTOBBIM IMOMCKOM W MOXKeT ObITh peajin30BaH Ha BeChMa CKPOMHOI TEeXHHKE.
Texnomorun nHMOPMAIMOHHOTO MONCKA HA OCHOBE TEMATHYECKOI0 MOJIEIUPOBAHUS B Ha-
crosIee BpeMsl HAXOIATCS B CTINN UCCIeI0BaHuil U pa3paborok [116, 21, 94, 28, 13, 135].

B nutepatype mo pa3Beo0IHOMY TOUCKY TeMAaTHIECKOe MOJIETHPOBAHNE CTATHA HCIIOTb-
30BaTh OTHOCUTELHO HemaBHo (107, 45, 104, 124], a MHOTHE 0630PBI O HEM BOOOIIE HE YIIO-
vunaror [41, 101, 114, 54, 72, 51|. B uenaBueii crarbe [124| BaxKHBIME TPEUMYIIECTBAME
TeMaTHIECKUX MoOJiesieil Ha3hIBAIOTCS T'MOKOCTh, BO3MOYKHOCTH BU3YAJIN3AIUN W HABUTA-
nun. B 1o ke Bpemsi, B Ka4ecTBe HEIOCTATKOB OTMEYAITCS TPODJIEeMbl ¢ HHTEPIPeTUpye-
MOCTBIO TeM, TPYAHOCTH ¢ MOAMMpUKAIIIEH TeMaTHIeCKOH MOIE/TN IPU TOCTYILIEHIN HOBBIX
JIOKYMEHTOB M BBICOKASI BHIUUCIUTETbHAS CJI0KHOCTH. DTU MPOOJIeMbl OTHOCATCA K yCTa-
PEBIIUM MeTOJIaM M YCIENTHO pelleHbl B TMOCTeIHIe TOBI: TeCATKH HOBBIX MOJETell pas-
paboTaHbl JJIs YIYIIIeHusT HHTEPIPETHPYEMOCTH; OHJIAHOBBIE aJITOPUTMbI CITIOCOOHBI 00-
pabaThiBaTh GOJIBINIE KOJJIEKIHH U TOTOKK JOKYMEHTOB 3a JinHeiiHnoe Bpems |78, 20, 126].
C apyroit ¢cTOpoHbI, B padoTax MO TEMATHIECKOMY MOJIEJIHPOBAHUIO PA3BEIOTHBIN TOMCK
JaCTO HA3BIBAIOT OJHUM U3 BayKHEUTITHX MPUIOKEHUI, & OMEHKN Ka9ecTBa MONCKA HCIOTb-
3ytor it Bamuganun Mogeseit [148, 14]. Oguako 9T wccaeI0BaHus MOKa He MPHUBEN
K CO3JaHUIO ODIIEeJOCTYIHBIX CHUCTEM pa3BeJIOTHOr0 Moncka. Bcé 310 roBopuT 0 pas3od-
MIEHHOCTU HAYYHBIX COODIIECTB, pa3padaThiBAIONINX 3TU JBa HanpaBjaeHus. TeHIeHIns
K UX COJIMKEHWIO HAMETHUJIACH JIMITh B TOCJIEeHNAE TOJIbI.

Temarudeckast Mojesb JIsI Pa3BeJOYHOIO IMOMCKA JIOJIXKHA YAOBIETBOPSITH MHOTHM
TpeboBaHUAM OTHOBpeMeHHO. OHA JTOIKHA COCTOIThH U3 XOPOIIO HHTEPIPETUPYEMBIX TeM,
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IOCKOJIbKY TeMbl MHTEHCUBHO HCIOJIB3YIOTCS B IOJH30BATENILCKOM HHTepdeiice 11 Ha-
BHUTAIMHU TI0 KOJJIEKIIMU U BU3YATU3AIUN pe3yabTaToB noucka. OHa J0KHA OBITH pa3pe-
JKEeHHOI, 9TOOBI KarK bl JOKYMEHT COCTOSIT N3 HEOOJIBIIION0 YHCIa TeM — 3TO HEOOXOIIMO
115t 9 PEKTUBHOIO XpaHeHusT HHBEPTHPOBAHHOTO wHAeKca. OHa M0JIKHA OBITH HepapXu-
9eCKOi, 9TOOBI MOJIH30BATEIb MOT TOJYYNTEH MPEJICTaBIeHne 0 TEMATHIeCKOi CTPYKType
IpeaIMeTHOl 001acTH Ha JTI000M ypoBHE jJeTanu3anun. OHa T0:KHA aBTOMATHIECKH OIpe-
JIeJIATH YUCJ0 TeM Ha KaxKJIO0M YPOBHE HEPAPXUM U aBTOMATHYECKH CO3/1aBaTh U MMEHO-
BaTh HOBBIe TeMbl. OHa J0JKHA ObITH MYJHTUTPAMMHOMN, TaK KaK BBIJEJIEHNE KIUEBBIX
dpa3 ¥ TEPMUHOB CYIIECTBEHHO Y/IyYIIaeT HHTEPIPETHPYEMOCTh TeMbl. OHa J0/IKHA OBITH
MYJIBTHSI3BIYHON B Te€X MPUIOKEHUSX, IJe TPedyeTcst KPOCC-I3bITHBI MONCK, HATIPUMED,
IpU aHAJIU3e MATeHTHBIX 6a3. OHa J0MKHA OBITH MYJTBTUMOIATBHON, YTOOBI YINTHIBATDH
MeTaJaHHble JJOKYMEHTOB, BK/IIOUas aBTOPOB M nmuTHpoBaHme. OHA J0TKHA OBITH TEMIIO-
PaJbHOI, YTOOBI BBHIABIATH AUHAMUKY pa3BuUTHda TeM. OHa T0/IKHA OBITh CeIMEHTHPYIO-
1meit, 9T00bI HAXOAUTh HE TOJHKO PeIeBAHTHBIE JOKYMEHTHI, HO U YKa3bIBATh KOHKPETHBIE
TeMaTHIECKNEe CEerMeHTHl BHYTpH J0KyMeHTOB. OHa J0/KHA OBITH 00y4YaeMmoii Mo OIeH-
KaM aceccopoB HJIH JIOTAM MOJb30BaTe eil, 9TOObI MOCTOSAHHO YIYUIIATh KAUECTBO MOUCKA.
Haxkomern, peanuzamnus 10/12KHa OBITH OHIANHOBOM, MapaIeJbHONR U paCIpeIeIEHHOI, ITO-
ob1 3 dekTHBHO 00pabaThIBAThL OOJBIINE KOIEKIINH TeKCTOB. TakuMm o0paszoM, MHOTHE
13 PaCCMOTPEHHBIX B JAHHOM 0030pe Mojeeil J0IKHBI ObITh 00beIMNHEHbI B KOMITO3UIIIIO
JIIST CO3MAHUST MOTHOMDYHKIMOHAILHOIO CEPBUCA PA3BEIOTHOTO MONCKA.

KauectBo paszBegounoro momcka. Mojgens ARTM g paspegodHoro moucka ObLia
npeioxkena B [12] u yayummena B [146]. [Ij1st m3MepeHusi KauecTBa pa3BeOUYHOTO TeMa-
TUYIECKOI'0 NOHCKa HUCIIOJIb30BaJIUCh KPUTEPUU TOYHOCTU MW ITMOJIHOTHBI Ha OCHOBE OIEHOK
aceccoposB. st onennBanus Obljla cOCTaBjIeHa BBIOOPKa 3aIIPOCOB — 3aJIaHU pa3Be/104-
HOT'O MOMCKa. KaxKaplil 3ampoc MpeacTaBIsa coO0i TEKCT 0ObEMOM OKOJIO OHOI cTpa-
HuIpl popmara A4, ONUCHIBAIOIINIT TeMATHKY IOoucKa. KazKkioe 3a1aHne CHAYAIA, BBIIOI-
HSITOCh HE3aBHCHUMO HECKOJBKHMHU acecCOpaMH, 3aTeM CHCTeMON TeMaTHIeCKOTO IOMCKA,
3aTeM PeJIEBAHTHOCTDH HANIEHHBIX CUCTEMON JIOKYMEHTOB CHOBA OIEHUBAJIACH ACECCOPAMH.
JlanHasi MeTOJIMKA TTO3BOJISIET, €IMHOYXK/IbI CJIe/IaB PAa3MeTKYy Pe3y/IbTaTOB MOUCKA, MHOIO-
KpPaTHO OIEHMBATH KAYECTBO PA3JUUHBIX TEeMATHIECKUX MOJe/eil I MeXaHU3MOB IOUCKA.
DKCIEepUMEHTHI Ha KOJLIEKIUIX 175 ThIcad cTaTeil pyCcCKOS3bITHOTO KOJLIEKTUBHOTO OJ10Ta
habrahabr.ru u 760 Teica4 cTaTeil aHIJIOA3BITHOTO OJ10Ta techcrunch. com mokas3asu, YTo
TeMaTHIeCKU# MOUCK HAXOAUT DOJIBIE PEIEBAHTHBIX JIOKYMEHTOB, Y€M aCecCOPh, COKPa-
masi cpejiHee BpeMsl MOUCKa, C MOJIyvaca JI0 CeKyHIbl. KoMOuHMpoBaHue peryaspu3aTopos
JeKOppe/IMPOBAaHNUS, PA3PeKUBAHUS U CIJIAXKUBAHUS BMeECTe C MOJAJbHOCTIMU T-T'PAMM,
aBTOPOB U KATEropHuil 3HAUUMO YIyUIIaeT Ka9eCTBO MOMCKA U MO3BOJSIET JOCTUYb TOUHO-
ctu Borme 80% u moanors Beimze 90%.

Busyanuzanusa. Cucremarn3anusi pe3yabTaTOB TEeMATHIECKOTO MOUCKA, HEBO3MOXKHA
6e3 HHTePAKTUBHOTO TpadUIecKOro mpejcrasienus. B o63ope [2] onucsBaloTCsa 11 cpaBH-
BaloTCd 16 CpeacTB BU3YAJIH3AIUA TeMATHIECKHX MOjeseil Ha OCHOBe BeO-uHTepdeicoB.
Emé GombIe maeil MOKHO MOYePIHYTh U3 HHTePAKTHBHOTO 0630pa’, KOTOPHIl Ha MOMEHT
HAITMCAHUS JAHHOW cTaThbu HAacUYUThIBaJ 380 cpejiCTB BU3ya/M3aluu TeKcToB. HecmoTps
Ha TaKoe 0OTATCTBO TEXHUYECKUX PEIEHUl, OCHOBHBIX UJIeil BU3yaIU3alMH TEMATHICCKIX

"http://textvis.lnu.se — MHTEPAKTHBHBII 0030p CPEJICTB BH3YATU3AINN TEKCTOB.
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Mojiesielt He TaK MHOTO: 3TO JIH0OO ABYMEpPHOE OTOOpayKeHne CeMaHTUIECKOH OJTM30CTH TeM
B Bujie Tpada WIH «TOPO:KHON KapThl», JUOO TeMaTHUecKas Hepapxus, JTHOO JTUHAMUKA
pa3BUTHUsI TeM BO BpeMmeHwu, OO rpadoBasi CTPYKTypa B3aMMOCBs3eil MeKIy TeMaMH,
JIOKYMEHTaMHU, aBTOPAMU UM WHBIMU MOJIAJBHOCTSIME, JTUOO CErMEHTHAsI CTPYKTypa OT-
JIEJIBHBIX JIOKYMEHTOB.

['pacdbuueckag Buzyan3anmsa OOJIBITIX JAHHBIX TPAKTUUECKH OECIIOIe3HA B CTATHIHOM
UCIIOTHEHUHU, HO MOYKET OKa3aThCA MOIITHBIM KOTHUTUBHBIM CPEJICTBOM B CJIydae HHTEPAK-
THBHOI peau3anuu. DTo ObLIO mouaTo 6osee 20 mer Hazam u chopmyaupoBano benom
[[TaeitepManoM B BHIE MAGHMPYL BU3YAALHO20 NOUCKE UHPOPMAUUL: «CHATATIA KPYTHBII
11aH, 3aTeM Maciuabuposanne u pUILTPaIUs, JeTaju 1o Tpebosanuio»® [112].

Orobparkenne Pe3ybTaTOB TEMATHIECKOTO MOJETUPOBAHUSI W PA3BEIOTHOIO MOWCKA
COOTBETCTBYET KOHIenuu jgaabiero urenns (distant reading) commosora ureparypbi
®panko Mopertu [82]. OH mpoTHBOMOCTABIZET FTOT CHOCOG M3YUEHHsS] TEKCTOB HAIIEMY
oberaromy urennio (close reading). HeBo3mokHO povYuTaTh MUJITHOHBI KHUT UJIN CTaTel,
HO BITOJTHE BO3MOYKHO MPUMEHUTH CTATUCTUYECKUE METObl W IpadpUIecKyio BU3ya n3a-
U0, 9TOOBI TIOHSTH B ODIUX WepTax, O YéM BCS ITa JIUTEPATypa, U HAYIUTHCS ObICTpee
OTBICKUBATH HY:KHOE. «/[arvree umenue — 9TO crenuaabHasg (hopMa IpecTaBIeHns 3Ha-
HUil, B KOTOPOil MEHBIIe 3JeMEHTOB, Ipybee CMBICT UX B3aUMOCBA3€il, OCTAIOTCS JIUIIb
(bOPMBI, OTHOIIEHUS, CTPYKTYPHI, MOJEIN»" .

s onbsmorekn BigARTM B HacTosIIee BpeMsl Pa3BUBAETCS WHCTPYMEHT BU3YaJn3a-
nuu ¢ seG-naTepdeiicom VisSARTM!?, nognepsxusaromuit Bazkueiimme ¢hpopMbI TpeICTaB-
JIeHUsI TeMaTHIecKuXx moeneii. HTepecnoii Bo3moxkuoCTHI0 ViSARTM gBisercs mocTpo-
eHne cnexmpa mem — PaAHKHUPOBAHHOIO CIIMCKA T€M, B KOTOPOM CEMAaHTHYECKH OJTM3KHe
TeMbl HAXOIATCA psaoM. ['pynnupoBaHue TeM MO CMBICTY TOMOTAeT MOJIb30BATEISIM OBICT-
pee HAXOIUTH TEMbI, OOpAaIlasi BHUMAHNE HA PA3JIUUUsT MEXKIY OJTU3KUMU TeMaMM.

15 3akJjrouyeHue

TemaTudeckoe MoJeIMPOBAHKE SIBJISIETCS OJHUM U3 WHCTPYMEHTOB OOpabOTKHM W IMOHU-
MaHHUs TEKCTOB €CTECTBEHHOTO SI3bIKA. BBISB/IeHUE JTATEHTHOW TEMATUYECKOW CTPYKTYPHI
O3BOJISIET CACTEMATH3UPOBATH OOJIBIITNE TEKCTOBBIE KOJIIEKIINN, U3BIeKATh U3 HUX 10163~
HbIe 3aKOHOMEPHOCTH, HAXOIUTh CeMAaHTHUYEeCKH OJU3KYI0 mHOpMaImio. TeMarmdaeckoe
MOJIE/TMPOBAHNE UCIOJIB3YeTCs JIjIsi aHAJIM3a aPXUBOB HAYUYHBIX ITYOJIUKAIWil, MTATEHTHBIX
6a3, HOBOCTHBIX MMOTOKOB, COIUAIBHBIX M€/IHa.

[Tonropa jiecaTuieTus MHTEHCUBHOTO PA3BUTHS TEMATUYECKOTO MOJICIMPOBAHUS TTPU-
BeJIM K CO3JAHUIO coTeH Mojeneii. Cpelu HUX CHEIUATH3HPOBAHHBIE MOJIETN s IIOCTPO-
eHUs TeMaTUIeCKUX HepapXuii; BHIABICHUS TUHAMHKHU PA3BUTHS TeM BO BpeMeHH; oOpa-
OOTKH MYJIBTHSI3BIYHBIX KOJIIEKIH; MOCTPOeHN pecKa3aTeIbHbIX Mojeeil Kiaaccudu-
KallUl ¥ perpeccuu; odbecredennsi HHTEPIPETUPYEMOCTH, PA3PEKEHHOCTH W Pa3/JIUIHOCTH
TEeM; MCIOJIb30BaHusl MeTanH(opMaIum 00 aBTopax, CChLIKaX, MOJIb30BATE/ISX, I'e0T0Ka-

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

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

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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UAX; yIETa COBCTPEYaeMOCTU CJIOB U CEerMEHTHOII CTPYKTYpBI JOKYMEHTOB; M MHOTHE
npyrue. OCHOBHBIE TUIIBI TEMATHIECKUX MOJeeil ObLTN BKIIOYEHBI B TaHHBIH 0630D.

B npakTtuveckux MpUIOKEHUSIX TeMaTHYeCKHe MOJE/TN JIOJKHBI 00/1aaTh OJIHOBpPe-
MEHHO MHOTUMU W3 TePEUNCAeHHBIX BbIIIE CBOWCTB. DTH MOTPEOHOCTH CTUMYJIAPYIOT Pas3-
BUTHE MHOTOKPUTEPUATHHBIX METOI0B TEMATHIECKOTO MOIenpoBanus. Teopust addumus-
Hot peeyaapusayuu memamuyeckus modeset (ARTM) mo3Boger KOMGHHAPOBATH MOJIE-
JIA, TIPOCTO CYMMHUDPYS UX peryadpu3aTopbl. Kaxmaas Momensb pasaenseTcs Ha CTPYKTYp-
HYIO OCHOBY, KOTOpasl 3aJa€TCsl HU3KOPAHTOBBIM MAaTPUYHBIM DPA3JIOKEHHEM, U «MeITOK
pPeryJsipu3aTopoBy. PeryjisipuzaTopsl JIETrKO OTTOPraloTcst OT OJHOI MOJIE/IM U MOTYT OBITh
UCIIOIb30BAHBI B JAPYTUX MOJEISX. DTO MPUBOJIUT K MOJIYJIHHONW TEXHOJOTHH TEeMaTHYIe-
CKOI'0 MOIEJHUPOBAHUA, KOTOpad U peaan30BaHa B IIPOEKTe ¢ OTKPLITHIM KomoM BigARTM.
Berpoennas 6ubnnoreka yHUMGUIUPOBAHHBIX, COBMECTUMBIX W B3aMMO3aMEHSIEMBIX Pery-
JISIPU3ATOPOB MO3BOJIAET COOMPATH TeMATUIECKUe MOJENH I PA3JIUYHBIX MPUIOKEHU
6e3 TPYA0EMKUX MaTEeMAaTHYeCKUX BBIK/IAJIOK U 0€3 HAlMCAHUs HOBOTO KOJA.

Kpowme toro, ARTM ymuporiaer onucanme m3BeCTHBIX MO/Ie/Iel, KOTOPbIe UCXOTHO BBO-
JIJTACH Ha I3bIKe OaiiecoBcKoro obydenud. I1yTh or (hopmanuzanum Moae n K aaropuTMy
eé ooyuenns B ARTM cymecTBeHHO KOpode. DTO yIOOHBI A3BIK /TSI U3y IeHUs] TeMATH-
Jeckux Mojeneil. OH cHUKaeT mOpor BXOAa B 00JACTb TEeMATHIECKOTO MOJETHPOBAHUS
JIJIST IPUKJIAQ/IHBIX CHEIMUAJIUCTOB U Pa3pabOTIYNKOB MH(MOPMAIMOHHBIX CHCTEM.

B sror 0030p He BOILIM HEKOTOpPBIE BaKHbIE THUIBI MOJIEIEH, HAIPUMED, s aHa-
Mn3a M300parkeHWit W BUAEONOTOKOB, AHHOTHPOBAHUS H300pazKeHUil, PEKOMEHIATeThb-
HBIX CHCTeM, CyMMapHu3allii TeKCTOB, aHaJIN3a TOHAJIBLHOCTU U BBIABJICHUS MHEHUI, UC-
MOJIb30BAHUS ¥ MOCTPOEHUs] OHTOJIOTHII, OOHAPYZKEHUS HOBBIX T€M U MPOCTEKUBAHUS
ciokeToB. Takzke He OBLIM 3aTPOHYTHI BONPOCH WHUIUAJIUZAINMN U aBTOMATHYECKOTO
nMenoBanus teM. He naria orpazkenusi B 0630pe HOBasl TEHJICHITNS CO3/IaHUS THOPUTHBIX
MOJeJ/Ieil Ha OCHOBE TeMaTU4YeCKOr'0 MO/ICJIMPOBAHUA U HEHPOHHBIX CeTel.

O030p HammcaH MO MaTepuajaM CHernkypca «BeposTHOCTHOe TeMaTwudIeckoe MO -
poBanue» !, KoTopeiit aBTop unTaet Ha dgaxyaprere BMK Mockosekoro [ocyrapeTserno-
ro Yuupepcurera uM. M. B. JlomonocoBa. O0HOBIsIeMast 3/TeKTPOHHAST BEPCUA JOCTYITHA
na caiite MachineLearning.ru'?.

Pabora Boimosinena npu punancoBoii nojepkke Poccuiickoro dponia dpyniamenraib-
HBIX uccaempoBanmnit, mpoekT 17-07-01536, 16-37-00498.

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

48



Crmcok aurepaTypbl

[1]

2]

[3]
[4]

[5]

[6]

Azeee M. C., Zlobpos B. B., JIyxawesuw H. B. Asromarndeckass pyOpUKallds TEKCTOB: METObI
u nipobiaembr [/ Yuénoe sanucku Kaszanckozo 2ocydapemeennozo ynusepcumema. Cepus Pusuro-
mamemamuveckue nHayku. — 2008. — T. 150, Ne 4. — C. 25-40.

Adicuna P. M. O630p CpeACTB BU3yaJM3aIUN TEMATHIECKUX MOJeseil KOJITEKIUil TeKCTOBBIX J0-
KyMeHTOB // Mawunnoe obyvenue u anaaus danwor (hitp://jmlda.org). — 2015.— T. 1, Ne 11. —
C. 1584-1618.

Boponyoe K. B. AnpuTuBHAS PEryIsprU3amus TEMATHIECKAX MOJETEH KOJIEKIUHA TEeKCTOBBIX J0-
kymeHToB // Jokaadw PAH.— 2014.— T. 456, Ne 3. — C. 268-271.

Boponuyos K. B., ITomanenxo A. A. Perynsapusanusi, poOacTHOCTb U Pa3PEKEHHOCTh BEPOATHOCT-

HBIX TeMaTHIecKux mozmerneit // Komnvromeprue uccaedosarnus u modesuposarue. — 2012. — T. 4,
Ne 4. — C. 693-706.

Boponuos K. B., ITomanenxo A. A. Momudukanun EM-anropurma jisg BEpOSATHOCTHOIO TeMa-
Tudeckoro Mozenuposanus [/ Mawunnoe obywenue u anasus danwnwx. — 2013.— T. 1, Ne 6. —
C. 657-686.

Boponuyos K. B., Ilomanenxo A. A. Perynspusaius BepOSITHOCTHBIX TEMATHYECKUX MOIeNel mis
TMOBBINIIEHHSI HHTEPIIPETHPYEMOCTH ¥ OTIpeiesieHnst uncia reM // KoMnbrorepHas IMHIBUCTHKA, W WH-
TeIeKTya bHbIe TexHomoruu: [lo marepuanam exkeroguoit MexxayHapoaHo# KoHdepeHnn «/lma-

nors (BekacoBo, 4-8 nionst 2014 r.). — Bemr. 13 (20). — M: Usa-so PI'TY, 2014. — C. 676-687.

[7] Aydapenxo M. A. Perynspusanusi MHOrOs3BIYHBIX T€MATHYECKUX Mojeseidl // Bowuucaumensvroie

18]
[9]

[10]

[11]
[12]

[13]

[14]

[15]

[16]

[17]

Mmemoodv, u npozpammuposarue. — 2015. — T. 16. — C. 26-38.

Jyrawesuw H. B. Tezaypycs! B 331a9ax nH(OPMAIMOHHOTO moucKa. — U3garensctso MY numenn
M. B. Jlomonocosa, 2011.

Mawnwune K. /1., Paexasawn II., IIIomue X. Beemerne B mH@OpPMAIMOHHDBINA MTONCK. — BuibsaMmc,
2011.

Hasnos A. C., /lobpos B. B. Meron obHapyKEeHUsT MACCOBO MIOPOXK IEHHBIX HEECTECTBEHHBIX TEKCTOB
Ha OCHOBE aHAJIN3a TeMATHIECKON CTPYKTYPHI // Boruucaumenvhvie Memodvs U npozpamMmuposarue:
HOBBLE BuIMUCAUMEAbHUE mexhoaozuu. — 2011. — T. 12. — C. 58-72.

Tuxonos A. H., Apcenun B. 5. MeToan! penienus HeKOPPEKTHLIX 3amad. — M.: Hayka, 1986.

SAnuna A. O., Boponuyos K. B. MynbruMonaabHble TEMATHYECKUE MOJETH IS PA3BEJIOYHOrO MO-
HCKa B KOJJIEKTHBHOM GOiore // Mawunnoe obyuenue u anasus dannoir. — 2016. — T. 2, Ne 2, —
C. 173-186.

Airoldi E. M., FErosheva E. A., Fienberg S. E., Joutard C., Love T., Shringarpure S.
Reconceptualizing the classification of PNAS articles // Proceedings of The National Academy
of Sciences. — 2010. — Vol. 107. — Pp. 20899-20904.

Andrzejewski D., Buttler D. Latent topic feedback for information retrieval // Proceedings of the
17th ACM SIGKDD International Conference on Knowledge Discovery and Data Mining. — KDD
"11.— 2011. — Pp. 600-608.

Andrzejewski D., Zhu X. Latent Dirichlet allocation with topic-in-set knowledge // Proceedings of
the NAACL HLT 2009 Workshop on Semi-Supervised Learning for Natural Language Processing. —
SemiSupLearn '09. — Stroudsburg, PA, USA: Association for Computational Linguistics, 2009. —
Pp. 43-48.

Apishev M., Koltcov S., Koltsova O., Nikolenko S., Vorontsov K. Additive regularization for topic
modeling in sociological studies of user-generated text content // MICAI 2016, 15th Mexican
International Conference on Artificial Intelligence. — Vol. 10061.— Springer, Lecture Notes in
Artificial Intelligence, 2016. — P. 166-181.

Apishev M., Koltcov S., Koltsova O., Nikolenko S., Vorontsov K. Mining ethnic content online
with additively regularized topic models // Computacion y Sistemas. — 2016.— Vol. 20, no. 3. —
P. 387-403.

49



[18]

[19]

[20]

21]
[22]
23]
[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]
[32]
[33]

[34]

[35]

[36]

Asuncion A., Welling M., Smyth P., Teh Y. W. On smoothing and inference for topic models //
Proceedings of the International Conference on Uncertainty in Artificial Intelligence. — 2009. —
Pp. 27-34.

Balikas G., Amini M., Clausel M. On a topic model for sentences // Proceedings of the 39th
International ACM SIGIR Conference on Research and Development in Information Retrieval. —
SIGIR ’16. — New York, NY, USA: ACM, 2016. — Pp. 921-924.

Bassiou N., Kotropoulos C. Online PLSA: Batch updating techniques including out-of-vocabulary
words // Neural Networks and Learning Systems, IEEE Transactions on.— Nov 2014.— Vol. 25,
no. 11. — Pp. 1953-1966.

Blei D., Lafferty J. A correlated topic model of Science // Annals of Applied Statistics. — 2007. —
Vol. 1.— Pp. 17-35.

Blei D. M. Probabilistic topic models // Communications of the ACM.— 2012.— Vol. 55, no. 4. —
Pp. 77-84.

Blei D. M., Griffiths T., Jordan M., Tenenbaum J. Hierarchical topic models and the nested chinese
restaurant process // NIPS. — 2003.

Blei D. M., Griffiths T. L., Jordan M. I. The nested chinese restaurant process and bayesian
nonparametric inference of topic hierarchies // J. ACM.— 2010.— Vol. 57, no. 2. — Pp. 7:1-7:30.

Blei D. M., Jordan M. I. Modeling annotated data // Proceedings of the 26th Annual International
ACM SIGIR Conference on Research and Development in Informaion Retrieval. — New York, NY,
USA: ACM, 2003. — Pp. 127-134.

Blei D. M., Ng A. Y., Jordan M. I. Latent Dirichlet allocation // Journal of Machine Learning
Research. — 2003. — Vol. 3. — Pp. 993-1022.

Bodrunova S., Koltsov S., Koltsova O., Nikolenko S. I., Shimorina A. Interval semi-supervised
LDA: Classifying needles in a haystack // MICAI (1) / Ed. by F. C. Espinoza, A. F. Gelbukh,
M. Gonzalez-Mendoza. — Vol. 8265 of Lecture Notes in Computer Science.— Springer, 2013. —
Pp. 265-274.

Bolelli L., Ertekin S., Giles C. L. Topic and trend detection in text collections using latent Dirichlet
allocation // ECIR. — Vol. 5478 of Lecture Notes in Computer Science. — Springer, 2009. — Pp. 776—
780.

Chang J., Gerrish S., Wang C., Boyd-Graber J. L., Blei D. M. Reading tea leaves: How humans
interpret topic models // Neural Information Processing Systems (NIPS). — 2009. — Pp. 288-296.

Chemudugunta C., Smyth P., Steyvers M. Modeling general and specific aspects of documents with
a probabilistic topic model // Advances in Neural Information Processing Systems. — Vol. 19. —
MIT Press, 2007. — Pp. 241-248.

Chen B. Word topic models for spoken document retrieval and transcription. — 2009.— Vol. 8,
no. 1.— Pp. 2:1-2:27.

Chien J.-T., Chang Y.-L. Bayesian sparse topic model // Journal of Signal Processessing
Systems. — 2013. — Vol. 74. — Pp. 375-389.

Chirkova N. A., Vorontsov K. V. Additive regularization for hierarchical multimodal topic
modeling // Journal Machine Learning and Data Analysis. — 2016.— Vol. 2, no. 2. — Pp. 187-200.

Chuang J., Gupta S., Manning C., Heer J. Topic model diagnostics: Assessing domain relevance
via topical alignment // Proceedings of the 30th International Conference on Machine Learning
(ICML-13) / Ed. by S. Dasgupta, D. Mcallester. — Vol. 28. — JMLR Workshop and Conference
Proceedings, 2013. — Pp. 612-620.

Daud A., Li J., Zhou L., Muhammad F. Knowledge discovery through directed probabilistic topic
models: a survey // Frontiers of Computer Science in China. — 2010.— Vol. 4, no. 2. — Pp. 280-301.

De Smet W., Moens M.-F. Cross-language linking of news stories on the web using interlingual
topic modelling // Proceedings of the 2Nd ACM Workshop on Social Web Search and Mining. —
SWSM ’09. — New York, NY, USA: ACM, 2009. — Pp. 57-64.

20



[37]

[38]

[39]
[40]
[41]

[42]

[43]

[44]

[45]

[46]
[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

Dempster A. P., Laird N. M., Rubin D. B. Maximum likelihood from incomplete data via the EM
algorithm // J. of the Royal Statistical Society, Series B.— 1977. — no. 34. — Pp. 1-38.

Dietz L., Bickel S., Scheffer T. Unsupervised prediction of citation influences // Proceedings of
the 24th international conference on Machine learning. — ICML ’07. — New York, NY, USA: ACM,
2007. — Pp. 233-240.

Fisenstein J., Ahmed A., Xing E. P. Sparse additive generative models of text // ICML’11.—
2011. — Pp. 1041-1048.

El-Kishky A., Song Y., Wang C., Voss C. R., Han J. Scalable topical phrase mining from text
corpora // Proc. VLDB Endowment. — 2014.— Vol. 8, no. 3. — Pp. 305-316.

Feldman S. E. The answer machine // Synthesis Lectures on Information Concepts, Retrieval, and
Services. — Morgan & Claypool Publishers, 2012. — Vol. 4. — Pp. 1-137.

Feng Y., Lapata M. Topic models for image annotation and text illustration // Human Language
Technologies: The 2010 Annual Conference of the North American Chapter of the Association for
Computational Linguistics. — Association for Computational Linguistics, 2010. — Pp. 831-839.

Frei O., Apishev M. Parallel non-blocking deterministic algorithm for online topic modeling //
AIST’2016, Analysis of Images, Social networks and Texts. — Vol. 661. — Springer International
Publishing Switzerland, Communications in Computer and Information Science (CCIS), 2016. —
P. 132-144.

Girolami M., Kabdn A. On an equivalence between PLSI and LDA // SIGIR’03: Proceedings of
the 26th annual international ACM SIGIR. conference on Research and development in informaion
retrieval. — 2003. — Pp. 433-434.

Grant C. E., George C. P., Kangilal V., Nirkhiwale S., Wilson J. N., Wang D. Z. A topic-based
search, visualization, and exploration system // FLAIRS Conference.— AAAI Press, 2015.—
Pp. 43-48.

Harris Z. Distributional structure // Word. — 1954. — Vol. 10, no. 23. — Pp. 146-162.

Hoffman M. D., Blei D. M., Bach F. R. Online learning for latent Dirichlet allocation // NIPS. —
Curran Associates, Inc., 2010. — Pp. 856—864.

Hofmann T. Probabilistic latent semantic indexing // Proceedings of the 22nd annual international
ACM SIGIR conference on Research and development in information retrieval. — New York, NY,
USA: ACM, 1999. — Pp. 50-57.

Hospedales T., Gong S., Xiang T. Video behaviour mining using a dynamic topic model //
International Journal of Computer Vision.— 2012.— Vol. 98, no. 3. — Pp. 303-323.

Huang P.-S., He X., Gao J., Deng L., Acero A., Heck L. Learning deep structured semantic models
for web search using clickthrough data // Proceedings of the 22Nd ACM International Conference
on Conference on Information and Knowledge Management. — CIKM ’13. — New York, NY, USA:
ACM, 2013.— Pp. 2333-2338.

Jacksi K., Dimililer N., Zeebaree S. R. M. A survey of exploratory search systems based on LOD
resources // Proceedings of the 5th International Conference on Computing and Informatics, ICOCI
2015.— School of Computing, Universiti Utara Malaysia, 2015. — Pp. 501-509.

Jagarlamudi J., Daumé III H., Udupa R. Incorporating lexical priors into topic models //
Proceedings of the 13th Conference of the European Chapter of the Association for Computational
Linguistics. — EACL’12. — Stroudsburg, PA, USA: Association for Computational Linguistics,
2012. — Pp. 204-213.

Jameel S., Lam W. An N-gram topic model for time-stamped documents // 35th European
Conference on Information Retrieval, ECIR-2013, Moscow, Russia, 24-27 March 2013. — Lecture
Notes in Computer Science (LNCS), Springer Verlag-Germany, 2013. — Pp. 292-304.

Jiang T. Exploratory Search: A Critical Analysis of the Theoretical Foundations, System Features,
and Research Trends // Library and Information Sciences: Trends and Research / Ed. by C. Chen,
R. Larsen. — Berlin, Heidelberg: Springer Berlin Heidelberg, 2014. — Pp. 79-103.

ol



[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]
[69]
[70]
[71]

[72]

Kataria S., Mitra P., Caragea C., Giles C. L. Context sensitive topic models for author influence in
document networks // Proceedings of the Twenty-Second international joint conference on Artificial
Intelligence — Volume 3. — IJCAT’11. — AAAIT Press, 2011. — Pp. 2274-2280.

Koltcov S., Koltsova O., Nikolenko S. Latent Dirichlet allocation: Stability and applications to
studies of user-generated content // Proceedings of the 2014 ACM Conference on Web Science. —
WebSci’1l4. — New York, NY, USA: ACM, 2014. — Pp. 161-165.

Konietzny S., Dietz L., McHardy A. Inferring functional modules of protein families with
probabilistic topic models // BMC Bioinformatics. — 2011.— Vol. 12, no. 1. — P. 141.

Krestel R., Fankhauser P., Nejdl W. Latent Dirichlet allocation for tag recommendation //
Proceedings of the third ACM conference on Recommender systems. — ACM, 2009. — Pp. 61—
68.

La Rosa M., Fiannaca A., Rizzo R., Urso A. Probabilistic topic modeling for the analysis and
classification of genomic sequences // BMC Bioinformatics. — 2015.— Vol. 16, no. Suppl 6. —
P. S2.

Lample G., Ballesteros M., Subramanian S., Kawakami K., Dyer C. Neural architectures for named
entity recognition // HLT-NAACL / Ed. by K. Knight, A. Nenkova, O. Rambow. — The Association
for Computational Linguistics, 2016. — Pp. 260-270.

Larsson M. O., Ugander J. A concave regularization technique for sparse mixture models //
Advances in Neural Information Processing Systems 24 / Ed. by J. Shawe-Taylor, R. Zemel,
P. Bartlett, F. Pereira, K. Weinberger. — 2011. — Pp. 1890-1898.

Lee S. S., Chung T., McLeod D. Dynamic item recommendation by topic modeling for social
networks // Information Technology: New Generations (ITNG), 2011 Eighth International
Conference on. — IEEE, 2011. — Pp. 884-889.

Levy O., Goldberg Y. Neural Word Embedding as Implicit Matrix Factorization // Advances in
Neural Information Processing Systems 27 / Ed. by Z. Ghahramani, M. Welling, C. Cortes, N. D.
Lawrence, K. Q. Weinberger. — Curran Associates, Inc., 2014. — Pp. 2177-2185.

Li S., Li J., Pan R. Tag-weighted topic model for mining semi-structured documents // IJCAT’'13
Proceedings of the Twenty-Third international joint conference on Artificial Intelligence. — AAAI
Press, 2013. — Pp. 2855-2861.

Li W., McCallum A. Pachinko allocation: Dag-structured mixture models of topic correlations //
ICML. — 2006.

Li X.-X., Sun C.-B., Lu P., Wang X.-J., Zhong Y.-X. Simultaneous image classification and
annotation based on probabilistic model // The Journal of China Universities of Posts and
Telecommunications. — 2012. — Vol. 19, no. 2. — Pp. 107-115.

Liw J., Shang J., Wang C., Ren X., Han J. Mining quality phrases from massive text corpora //
Proceedings of the 2015 ACM SIGMOD International Conference on Management of Data.—
SIGMOD ’15. — New York, NY, USA: ACM, 2015. — Pp. 1729-1744.

Liu Y., Liu Z., Chua T.-S., Sun M. Topical word embeddings // Proceedings of the Twenty-Ninth
AAAT Conference on Artificial Intelligence. — AAAT’15. — AAAT Press, 2015. — Pp. 2418-2424.

Lu Y., Mei Q., Zhai C. Investigating task performance of probabilistic topic models: an empirical
study of PLSA and LDA // Information Retrieval. — 2011.— Vol. 14, no. 2. — Pp. 178-203.

M. A. Basher A. R., Fung B. C. M. Analyzing topics and authors in chat logs for crime
investigation // Knowledge and Information Systems.— 2014.— Vol. 39, no. 2. — Pp. 351-381.

Marchionini G. Exploratory search: From finding to understanding // Commun. ACM. — 2006. —
Vol. 49, no. 4. — Pp. 41-46.

Marie N., Gandon F. Survey of linked data based exploration systems // Proceedings of the 3rd
International Workshop on Intelligent Exploration of Semantic Data (IESD 2014) co-located with
the 13th International Semantic Web Conference (ISWC 2014), Riva del Garda, Italy, October 20,
2014. — 2014.

52



73]

[74]

[75]

[76]
[77]

[78]

[79]

[80]

[81]

[82]
[83]

[84]

[85]

[86]

[87]

[88]

[89]

Masada T., Kiyasu S., Miyahara S. Comparing LDA with pLSI as a dimensionality reduction
method in document clustering // Proceedings of the 3rd International Conference on Large-scale
knowledge resources: construction and application. — LKR’08. — Springer-Verlag, 2008. — Pp. 13—
26.

McAuliffe J. D., Blei D. M. Supervised topic models // Advances in Neural Information Processing
Systems 20 / Ed. by J. C. Platt, D. Koller, Y. Singer, S. T. Roweis. — Curran Associates, Inc.,
2008. — Pp. 121-128.

Mei Q., Cai D., Zhang D., Zhai C. Topic modeling with network regularization // Proceedings
of the 17th International Conference on World Wide Web. — WWW?’08. — New York, NY, USA:
ACM, 2008. — Pp. 101-110.

Mikolov T., Chen K., Corrado G., Dean J. Efficient estimation of word representations in vector
space // CoRR.— 2013.— Vol. abs/1301.3781.

Mikolov T., Sutskever I., Chen K., Corrado G., Dean J. Distributed representations of words and
phrases and their compositionality // CoRR.— 2013.— Vol. abs/1310.4546.

Mimno D., Hoffman M., Blei D. Sparse stochastic inference for latent Dirichlet allocation //
Proceedings of the 29th International Conference on Machine Learning (ICML-12) / Ed. by
J. Langford, J. Pineau. — New York, NY, USA: Omnipress, July 2012. — Pp. 1599-1606.

Mimno D., Li W., McCallum A. Mixtures of hierarchical topics with pachinko allocation //
ICML. — 2007.

Mimno D., Wallach H. M., Naradowsky J., Smith D. A., McCallum A. Polylingual topic models //
Proceedings of the 2009 Conference on Empirical Methods in Natural Language Processing: Volume
2 - Volume 2. — EMNLP ’09. — Stroudsburg, PA, USA: Association for Computational Linguistics,
2009. — Pp. 880-889.

Mimno D., Wallach H. M., Talley E., Leenders M., McCallum A. Optimizing semantic coherence
in topic models // Proceedings of the Conference on Empirical Methods in Natural Language
Processing. — EMNLP ’11. — Stroudsburg, PA, USA: Association for Computational Linguistics,
2011.— Pp. 262-272.

Moretti F. Graphs, maps, trees : abstract models for literary history. — London; New York: Verso,
2007.

Nadeau D., Sekine S. A survey of named entity recognition and classification // Linguisticae
Investigationes. — 2007. — Vol. 30, no. 1. — Pp. 3-26.

Newman D., Bonilla E. V., Buntine W. L. Improving topic coherence with regularized topic
models // Advances in Neural Information Processing Systems 24 / Ed. by J. Shawe-Taylor,
R. Zemel, P. Bartlett, F. Pereira, K. Weinberger. — 2011. — Pp. 496-504.

Newman D., Chemudugunta C., Smyth P. Statistical entity-topic models // Proceedings of the
12th ACM SIGKDD International Conference on Knowledge Discovery and Data Mining. — KDD
'06. — New York, NY, USA: ACM, 2006. — Pp. 680-686.

Newman D., Karimi S., Cavedon L. External evaluation of topic models // Australasian Document
Computing Symposium. — December 2009. — Pp. 11-18.

Newman D., Lauw J. H., Grieser K., Baldwin T. Automatic evaluation of topic coherence //
Human Language Technologies: The 2010 Annual Conference of the North American Chapter of
the Association for Computational Linguistics. — HLT ’10. — Stroudsburg, PA, USA: Association
for Computational Linguistics, 2010. — Pp. 100-108.

Newman D., Noh Y., Talley E., Karimi S., Baldwin T. Evaluating topic models for digital
libraries // Proceedings of the 10th annual Joint Conference on Digital libraries. — JCDL ’10. —
New York, NY, USA: ACM, 2010. — Pp. 215-224.

Ni J., Dinu G., Florian R. Weakly supervised cross-lingual named entity recognition via effective
annotation and representation projection // The 55th Annual Meeting of the Association for
Computational Linguistics (ACL). — 2017.

93



[90]

[91]

[92]

(93]

[94]

[95]

[96]

[97]

[98]

[99]

[100]

[101]

[102]

[103]

[104]

[105]

[106]

Ni X., Sun J.-T., Hu J., Chen Z. Mining multilingual topics from wikipedia // Proceedings of the
18th International Conference on World Wide Web. — WWW ’09. — New York, NY, USA: ACM,
2009. — Pp. 1155-1156.

Nikolenko S. I., Koltcov S., Koltsova O. Topic modelling for qualitative studies // Journal of
Information Science. — 2017.— Vol. 43, no. 1. — Pp. 88-102.

Paul M. J., Dredze M. Drug extraction from the web: Summarizing drug experiences with multi-
dimensional topic models // Human Language Technologies: Conference of the North American
Chapter of the Association of Computational Linguistics, Proceedings, June 9-14, 2013, Westin
Peachtree Plaza Hotel, Atlanta, Georgia, USA. — 2013. — Pp. 168-178.

Paul M. J., Dredze M. Discovering health topics in social media using topic models // PLoS ONE. —
2014. — Vol. 9, no. 8.

Paul M. J., Girju R. Topic modeling of research fields: An interdisciplinary perspective //
RANLP. — RANLP 2009 Organising Committee / ACL, 2009. — Pp. 337-342.

Pennington J., Socher R., Manning C. D. Glove: Global vectors for word representation //
Empirical Methods in Natural Language Processing (EMNLP). — 2014. — Pp. 1532-1543.

Phuong D. V., Phuong T. M. A keyword-topic model for contextual advertising // Proceedings of
the Third Symposium on Information and Communication Technology. — SoICT ’12. — New York,
NY, USA: ACM, 2012.— Pp. 63-70.

Pinto J. C. L., Chahed T. Modeling multi-topic information diffusion in social networks using
latent Dirichlet allocation and Hawkes processes // Tenth International Conference on Signal-Image
Technology & Internet-Based Systems. — 2014. — Pp. 339-346.

Potapenko A. A., Vorontsov K. V. Robust PLSA performs better than LDA // 35th European
Conference on Information Retrieval, ECIR-2013, Moscow, Russia, 24-27 March 2013. — Lecture
Notes in Computer Science (LNCS), Springer Verlag-Germany, 2013. — Pp. 784-787.

Pritchard J. K., Stephens M., Donnelly P. Inference of population structure using multilocus
genotype data // Genetics. — 2000. — Vol. 155. — Pp. 945-959.

Pujara J., Skomoroch P. Large-scale hierarchical topic models // NIPS Workshop on Big
Learning. — 2012.

Rahman M. Search engines going beyond keyword search: A survey // International Journal of
Computer Applications. — August 2013. — Vol. 75, no. 17.— Pp. 1-8.

Ramage D., Hall D., Nallapati R., Manning C. D. Labeled LDA: a supervised topic model for credit
attribution in multi-labeled corpora // Proceedings of the 2009 Conference on Empirical Methods
in Natural Language Processing: Volume 1. — EMNLP ’09. — Stroudsburg, PA, USA: Association
for Computational Linguistics, 2009. — Pp. 248-256.

Riedl M., Biemann C. TopicTiling: A text segmentation algorithm based on LDA // Proceedings
of ACL 2012 Student Research Workshop. — ACL ’12. — Stroudsburg, PA, USA: Association for
Computational Linguistics, 2012. — Pp. 37-42.

Rénnguist S. Exploratory topic modeling with distributional semantics // Advances in Intelligent
Data Analysis XIV: 14th International Symposium, IDA 2015, Saint Etienne. France, October 22
-24, 2015. Proceedings / Ed. by E. Fromont, T. De Bie, M. van Leeuwen. — Springer International
Publishing, 2015. — Pp. 241-252.

Rosen-Zvi M., Griffiths T., Steyvers M., Smyth P. The author-topic model for authors and
documents // Proceedings of the 20th conference on Uncertainty in artificial intelligence. — UAI
’04. — Arlington, Virginia, United States: AUAI Press, 2004. — Pp. 487-494.

Rubin T. N., Chambers A., Smyth P., Steyvers M. Statistical topic models for multi-label document
classification // Machine Learning. — 2012.— Vol. 88, no. 1-2. — Pp. 157-208.

04



[107]

[108]

[109]

[110]

[111]

[112]

[113]

[114]

[115]

[116]

[117]

[118]

[119]

[120]

[121]

[122]

[123]

Scherer M., von Landesberger T., Schreck T. Topic modeling for search and exploration in
multivariate research data repositories // Research and Advanced Technology for Digital Libraries:
International Conference on Theory and Practice of Digital Libraries, TPDL 2013, Valletta,
Malta, September 22-26, 2013. Proceedings / Ed. by T. Aalberg, C. Papatheodorou, M. Dobreva,
G. Tsakonas, C. J. Farrugia. — Berlin, Heidelberg: Springer Berlin Heidelberg, 2013. — Pp. 370-373.

Shang J., Liu J., Jiang M., Ren X., Voss C. R., Han J. Automated phrase mining from massive
text corpora // CoRR.— 2017.— Vol. abs/1702.04457.

Sharma A., Pawar D. M. Survey paper on topic modeling techniques to gain usefull forcasting
information on violant extremist activities over cyber space // International Journal of Advanced
Research in Computer Science and Software Engineering. — 2015.— Vol. 5, no. 12. — Pp. 429-436.

Shashanka M., Raj B., Smaragdis P. Sparse overcomplete latent variable decomposition of counts
data // Advances in Neural Information Processing Systems, NIPS-2007 / Ed. by J. C. Platt,
D. Koller, Y. Singer, S. Roweis. — Cambridge, MA: MIT Press, 2008. — Pp. 1313-1320.

Shivashankar S., Srivathsan S., Ravindran B., Tendulkar A. V. Multi-view methods for protein
structure comparison using latent dirichlet allocation. // Bioinformatics [[ISMB/ECCB]. — 2011. —
Vol. 27, no. 13. — Pp. 61-68.

Shneiderman B. The eyes have it: A task by data type taxonomy for information visualizations //
Proceedings of the 1996 IEEE Symposium on Visual Languages. — VL’96. — Washington, DC,
USA: IEEE Computer Society, 1996. — Pp. 336—-343.

Si X., Sun M. Tag-LDA for scalable real-time tag recommendation // Journal of Information &
Computational Science. — 2009. — Vol. 6. — Pp. 23-31.

Singh R., Hsu Y.-W., Moon N. Multiple perspective interactive search: a paradigm for exploratory
search and information retrieval on the Web // Multimedia Tools and Applications. — 2013.—
Vol. 62, no. 2. — Pp. 507-543.

Sokolov E., Bogolubsky L. Topic models regularization and initialization for regression problems //
Proceedings of the 2015 Workshop on Topic Models: Post-Processing and Applications. — New
York, NY, USA: ACM, 2015. — Pp. 21-27.

Steyvers M., Griffiths T. Finding scientific topics // Proceedings of the National Academy of
Sciences. — 2004. — Vol. 101, no. Suppl. 1. — Pp. 5228-5235.

Sun Y., Han J., Gao J., Yu Y. iTopicModel: Information network-integrated topic modeling //
2009 Ninth IEEE International Conference on Data Mining. — 2009. — Pp. 493-502.

Tan Y., Ou Z. Topic-weak-correlated latent Dirichlet allocation // 7th International Symposium
Chinese Spoken Language Processing (ISCSLP). — 2010. — Pp. 224-228.

Teh Y. W., Jordan M. I., Beal M. J., Blei D. M. Hierarchical Dirichlet processes // Journal of the
American Statistical Association. — 2006. — Vol. 101, no. 476. — Pp. 1566-1581.

Teh Y. W., Newman D., Welling M. A collapsed variational Bayesian inference algorithm for latent
Dirichlet allocation // NIPS. — 2006. — Pp. 1353-1360.

TextFlow: Towards better understanding of evolving topics in text. / W. Cui, S. Liu, L. Tan, C. Shi,
Y. Song, Z. Gao, H. Qu, X. Tong // IEEFE transactions on visualization and computer graphics. —
2011.— Vol. 17, no. 12. — Pp. 2412-2421.

Varadarajan J., Emonet R., Odobez J.-M. A sparsity constraint for topic models — application to
temporal activity mining // NIPS-2010 Workshop on Practical Applications of Sparse Modeling:
Open Issues and New Directions. — 2010.

Varshney D., Kumar S., Gupta V. Modeling information diffusion in social networks using
latent topic information // Intelligent Computing Theory / Ed. by D.-S. Huang, V. Bevilacqua,
P. Premaratne. — Springer International Publishing, 2014.— Vol. 8588 of Lecture Notes in
Computer Science. — Pp. 137-148.

95



[124]

[125]

[126]

[127]

[128]

[129]

[130]

[131]

[132]

[133]

[134]

[135]

[136]

[137]

[138]

Veas E. E., di Sciascio C. Interactive topic analysis with visual analytics and recommender
systems // 2nd Workshop on Cognitive Computing and Applications for Augmented Human
Intelligence, CCAAHI2015, International Joint Conference on Artificial Intelligence, IJCAT, Buenos
Aires, Argentina, July 2015. — Aachen, Germany, Germany: CEUR-WS.org, 2015.

Vorontsov K., Frei O., Apishev M., Romov P., Suvorova M. Bigartm: Open source library for
regularized multimodal topic modeling of large collections // AIST’2015, Analysis of Images,
Social networks and Texts. — Springer International Publishing Switzerland, Communications in
Computer and Information Science (CCIS), 2015. — P. 370-384.

Vorontsov K., Frei O., Apishev M., Romov P., Suvorova M., Yanina A. Non-bayesian additive
regularization for multimodal topic modeling of large collections // Proceedings of the 2015
Workshop on Topic Models: Post-Processing and Applications. — New York, NY, USA: ACM,
2015. — Pp. 29-37.

Vorontsov K. V., Potapenko A. A. Additive regularization of topic models // Machine Learning,
Special Issue on Data Analysis and Intelligent Optimization. — 2014.

Vorontsov K. V., Potapenko A. A. Tutorial on probabilistic topic modeling: Additive regularization
for stochastic matrix factorization // AIST’2014, Analysis of Images, Social networks and Texts. —
Vol. 436.— Springer International Publishing Switzerland, Communications in Computer and
Information Science (CCIS), 2014. — Pp. 29-46.

Vorontsov K. V., Potapenko A. A. Additive regularization of topic models // Machine Learning,
Special Issue on Data Analysis and Intelligent Optimization with Applications. — 2015. — Vol. 101,
no. 1. — Pp. 303-323.

Vorontsov K. V., Potapenko A. A., Plavin A. V. Additive regularization of topic models for topic
selection and sparse factorization // The Third International Symposium On Learning And Data
Sciences (SLDS 2015). April 20-22, 2015. Royal Holloway, University of London, UK. / Ed. by A. G.
et al. — Springer International Publishing Switzerland 2015, 2015. — Pp. 193—-202.

Vulic I., De Smet W., Tang J., Moens M.-F. Probabilistic topic modeling in multilingual settings:
an overview of its methodology and applications // Information Processing & Management. —
2015.— Vol. 51, no. 1.— Pp. 111-147.

Vulié 1., Smet W., Moens M.-F. Cross-language information retrieval models based on latent topic
models trained with document-aligned comparable corpora // Information Retrieval. — 2012.—
Pp. 1-38.

Wallach H. M. Topic modeling: Beyond bag-of-words // Proceedings of the 23rd International
Conference on Machine Learning. — ICML ’06. — New York, NY, USA: ACM, 2006. — Pp. 977—
984.

Wang C., Blei D. M. Decoupling sparsity and smoothness in the discrete hierarchical Dirichlet
process // NIPS. — Curran Associates, Inc., 2009. — Pp. 1982-1989.

Wang C., Blei D. M. Collaborative topic modeling for recommending scientific articles //
Proceedings of the 17th ACM SIGKDD International Conference on Knowledge Discovery and
Data Mining. — New York, NY, USA: ACM, 2011. — Pp. 448-456.

Wang C., Danilevsky M., Desai N., Zhang Y., Nguyen P., Taula T., Han J. A phrase mining
framework for recursive construction of a topical hierarchy // Proceedings of the 19th ACM
SIGKDD International Conference on Knowledge Discovery and Data Mining. — KDD ’'13. — New
York, NY, USA: ACM, 2013. — Pp. 437-445.

Wang C., Liu J., Desai N., Danilevsky M., Han J. Constructing topical hierarchies in heterogeneous
information networks // Knowledge and Information Systems. — 2014. — Vol. 44, no. 3. — Pp. 529—
558.

Wang C., Liu X., Song Y., Han J. Scalable and robust construction of topical hierarchies //
CoRR.— 2014.— Vol. abs/1403.3460.

26



[139]

[140]

[141]

[142]

[143]

[144]

[145]

[146]

[147]

[148]

[149]

[150]

[151]

[152]

[153]

[154]

Wang C., Liu X., Song Y., Han J. Towards interactive construction of topical hierarchy: A recursive
tensor decomposition approach // Proceedings of the 21th ACM SIGKDD International Conference
on Knowledge Discovery and Data Mining. — KDD ’15.— New York, NY, USA: ACM, 2015.—
Pp. 1225-1234.

Wang H., Zhang D., Zhai C. Structural topic model for latent topical structure analysis //
Proceedings of the 49th Annual Meeting of the Association for Computational Linguistics:
Human Language Technologies - Volume 1. — HLT ’11.— Stroudsburg, PA, USA: Association
for Computational Linguistics, 2011. — Pp. 1526-1535.

Wang X., McCallum A. Topics over time: A non-markov continuous-time model of topical trends //
Proceedings of the 12th ACM SIGKDD International Conference on Knowledge Discovery and Data
Mining. — KDD ’06. — New York, NY, USA: ACM, 2006. — Pp. 424-433.

Wang X., McCallum A., Wei X. Topical n-grams: Phrase and topic discovery, with an application
to information retrieval // Proceedings of the 2007 Seventh IEEE International Conference on Data
Mining. — Washington, DC, USA: IEEE Computer Society, 2007. — Pp. 697-702.

White R. W., Roth R. A. Exploratory Search: Beyond the Query-Response Paradigm. Synthesis
Lectures on Information Concepts, Retrieval, and Services. — Morgan and Claypool Publishers,
2009.

Wu Y., Ding Y., Wang X., Xu J. A comparative study of topic models for topic clustering of
Chinese web news // Computer Science and Information Technology (ICCSIT), 2010 3rd IEEE
International Conference on. — Vol. 5. — july 2010. — Pp. 236—240.

Yan X., Guo J., Lan Y., Cheng X. A biterm topic model for short texts // Proceedings of the 22Nd
International Conference on World Wide Web. — WWW ’13. — Republic and Canton of Geneva,
Switzerland: International World Wide Web Conferences Steering Committee, 2013. — Pp. 1445—
1456.

Yanina A., Vorontsov K. Multi-objective topic modeling for exploratory search in tech news //
AINL. — 2016 (to appear).

Yeh J.-h., Wu M.-I. Recommendation based on latent topics and social network analysis //
Proceedings of the 2010 Second International Conference on Computer Engineering and
Applications. — Vol. 1. — IEEE Computer Society, 2010. — Pp. 209-213.

Yi X., Allan J. A comparative study of utilizing topic models for information retrieval // Advances
in Information Retrieval. — Springer Berlin Heidelberg, 2009. — Vol. 5478 of Lecture Notes in
Computer Science. — Pp. 29-41.

Yin H., Cui B., Chen L., Hu Z., Zhang C. Modeling location-based user rating profiles for
personalized recommendation // ACM Transactions of Knowledge Discovery from Data. — 2015.

Yin H., Cui B., Sun Y., Hu Z., Chen L. LCARS: A spatial item recommender system // ACM
Transaction on Information Systems. — 2014.

Yin Z., Cao L., Han J., Zhai C., Huang T. Geographical topic discovery and comparison //
Proceedings of the 20th international conference on World wide web / ACM. — 2011. — Pp. 247—
256.

Zavitsanos E., Paliouras G., Vouros G. A. Non-parametric estimation of topic hierarchies from
texts with hierarchical Dirichlet processes // Journal of Machine Learning Research.— 2011.—
Vol. 12. — Pp. 2749-2775.

Zhang J., Song Y., Zhang C., Liu S. Evolutionary hierarchical Dirichlet processes for multiple
correlated time-varying corpora // Proceedings of the 16th ACM SIGKDD international conference
on Knowledge discovery and data mining. — 2010. — Pp. 1079-1088.

Zhao W. X., Jiang J., Weng J., He J., Lim E.-P., Yan H., Li X. Comparing Twitter and
traditional media using topic models // Proceedings of the 33rd European Conference on Advances
in Information Retrieval. — ECIR’11. — Berlin, Heidelberg: Springer-Verlag, 2011. — Pp. 338-349.

o7



[155] Zhao X. W., Wang J., He Y., Nie J.-Y., Li X. Originator or propagator?: Incorporating social role
theory into topic models for Twitter content analysis // Proceedings of the 22Nd ACM International
Conference on Conference on Information and Knowledge Management. — CIKM ’13. — New York,
NY, USA: ACM, 2013.— Pp. 1649-1654.

[156] Zhou S., Li K., Liu Y. Text categorization based on topic model // International Journal of
Computational Intelligence Systems.— 2009.— Vol. 2, no. 4. — Pp. 398-409.

[157] Zuo Y., Zhao J., Xu K. Word network topic model: A simple but general solution for short and
imbalanced texts // Knowledge and Information Systems.— 2016.— Vol. 48, no. 2. — Pp. 379-398.

o8



