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1 BsepgeHue

Temarnyeckoe MOJEJIMPOBAHUE — OJHO U3 COBPEMEHHBIX HallpaBJIEHUN 00pabomkuy
ecmecmsennozo asvika (natural language processing, NLP), akruBHO pasBuBaromieecs
¢ kouna 90-x romos. Temarmueckass MO/e/b KOJIIEKIUH TEKCTOBLIX JOKYMEHTOB OIIpe-
JIeJIIeT, K KaKUM TeMaM OTHOCHTCS KarKJIblil JJOKYMEHT, U KaKHe CJI0Ba 00pa3yoT KazK1yTo
remy. Temarudeckoe MOIE/IMPOBAHUE HE MPETEH/IYET HA IHOJHOIEHHOE NOHUMAHUE eCIme-
cmeennozo aszvka (natural language understanding, NLU), oxnako BblsiBjieHHE TeMAaTHKI
MOKHO CUHTATDH OIIPEIETEHHBIM IIArOM B 9TOM HAIPABICHUH.

Bepoammuocmmuas memamuueckas modeav (probabilistic topic model, PTM) omucsi-
BaeT Kask/IyI0 TeMy JIMCKPETHBIM pacCIpeeeHHeM BepPOSTHOCTEl CJI0B, a KarKJIbIil 10-
KYMEHT — JIMCKPETHBIM paciipejesienueM BeposgrTHocTeit Tem. [Tocrpoennast Mojelib Crio-
cobHa, 1peobpa3oBaTh JIIO0OW TEKCT B BEKTOP BepositHOcTelr TeM. [ToxoxKyio 3ajady pe-
HIAIOT MOJEJH 6eKmophux npedcmasaerud caos (word embedding) |86, 72|, npe/ioxke-
uuit [104, 161] u nqokymentos [39], oHaKO B HUX KOODIMHATHI BEKTOPOB HE HMEIOT HHTED-
HpeTaIun.

Temarmdeckoe MOeIHPOBAHUE IIOXOXKE TaKXKe Ha KAGCTEPUIAUUO JOKYMEHMOE
(document clustering). Oraudare B TOM, 4TO MPH KJIACTEPU3ALIUHA JOKYMEHT II€JTUKOM OT-
HOCHUTCS K OJHOMY KJIACTEPY, TOIJIA KaK TeMaTU4YecKasl MOJE/b OCYIIECTB/ISAET MA2KYH0
kaacmepusayuto (soft clustering), pasesisist JOKyMeHT MezK Ly HECKOJIbKUMHU KJIACTeDAMU-
remamu. TemMarudeckne MOJETH HA3BIBAIOT TAKKe MOJEISIMI MATKOH OM-K/IacTepH3allii,
IIOCKOJIbKY CJIOBA TaKKe KJIACTEPU3YIOTCd II0 TeMaM. DTO MO3BOJISET OOXOIUTH Hpod.ie-
MbI CHHOHMMHH U IIOJuCeMHuHn C10B. CHHOHUMBI, YIIOTpeO/IgeMble B CXOKHX KOHTEKCTaX,
IPYHIUPYIOTCA B OJHUX U TeX K€ TeMaX. MHOro3HadHble CJIOBA U OMOHHUMBI, HA0DOPOT,
paCIpPeIe/IAIOT CBOM BEPOSTHOCTH 10 HECKOJbKUM CEMAHTHYECKH HE CBSI3AHHBIM TEMaM.
Hampumep, 3HadeHne cioBa «sapo» MOXKeT ObITh IOHATO W3 TOIO, KAKasg TeMa JJOMUHH-
pyer B ero KOHTEeKCTe — MaTeMaTHKa, (pu3uka, OHOJIOrus WK BOEHHAS] HCTOPHUSI.

MHorue mpHIOKeHHsT TEKCTOBOW aHAJUTHKH HCIOJIL3YIOT TeMaTHIeCKHe BEeKTOPHBIE
[IpeCTaB/JeHNs] TEKCTa: BBIABJIEHHE TPEH/J0B B HOBOCTHBIX IIOTOKAX, IIATEHTHBIX Oa-
3aX, apxuBax HaydHbIX IyOsmkanuii |171, 136], MHOrOsI3bIYHBI HHDOPMAIMOHHBI 10~
uck |147, 146|, nouck TemMarndeckux coobiiecTs B conuasibHbix cersax |173, 138, 110, 29),
kiaccuduKals 1 Kareropusamus J0KyMeHToB [121, 174|, Temarndeckasi cerMeHTaIust
TekcToB [157], TermpoBanme BeG-crpanun [66], obmapyzxkenume TercroBoro cmama [10].
CyIecTByIOT U He-TEKCTOBBIE MPHJIOXKEHNsT TeMAaTHIeCKOrO0 MOIEIHPOBAHAS B AaHAJIU3E
u300pazKkeHuit ¥ BueonoTokoB |55, 75, 48, 137|, B pekomenjareibHbiX cucremax |165,
152, 70, 168, 167|, B monyasiunonnoii reweruke [113], B 6Guonndopmaruke st anagmsa
HYKJIEOTUJHBIX [67] 1 aMHHOKHCIOTHBIX 1OCJe0oBaresbHocreii [126, 65]. dpyrue upusio-
JKeHUsT TeMaTHIeCKuX Mojesieii ynomunaoores B o63opax [40, 24, 31, 117].

[TocTpoenne TeMaTHIECKOI MOJIEH 0 KOIIEKITNHI JIOKYMEHTOB ABJISeTCSI HEKOPPEKTHO
[IOCTABJIEHHOIl ONTUMHU3AIMOHHON 3a/1aueil, KOTopas MOXKeT HMeThb OECKOHEeTHOe MHOZKe-
crBo pertennii. Corstacuo teopun peryisipusanuu A. H. Tuxonosa |11], permrenne takoit
3191 BO3MOYKHO JIOOIPEJIEIUTD U CJeJIaTh YCTONIUBBIM. [[jIst 9TOr0 K ONTUMHU3AIMOHHO-
My KPUTEPUIO JIODABJISETCH PE2YAAPUAMOP — JTOUOJHUTEIbHBIIT KPUTEPUIA, yIUTHIBAIO-
it crenuduiaeckne 0COOEHHOCTH IPUKJIATHON 33,124 WM 3HAHUSA IPeIMEeTHOI 00/1acTH.
B c/10:KHBIX IPHTOZKEHUSIX TOIOJTHATEIHHBIX KPUTEPUEB MOXKET OBITH HECKOJIBKO.

Addumusnas pezyaspusayus memamuueckur modeset (additive regularization of
topic models, ARTM) — 910 MHOrOKpHTEpHAJIBbHBIN MO/X0/], B KOTOPOM MOJE/Ib OLHTHMH-
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3UpyeTcst 10 B3BeneHHoi cymme kpurepues |3, 144]. ARTM nosBosisier crpourb Mojesn
¢ TpedyeMbIMU CBOMICTBAMU, LEPEHOCs PEryJISIPU3aTOPbl U3 OJHUX MOjIe/Iell B Apyrue ujin
o0beuHssl Peryasipu3aToOpbl OT pa3JudHbIX Mojeseil. /g obydenus JOObIX Mojeieil u
UX KOMOWHAIHMI HMCIOJIb3YeTCS OJUH M TOT YK€ aJITOPUTM, K KOTOPOMY Pery/spu3aTopbl
MOJKJTI0UAOTC Kak Moy [140, 49, 63]. MoayibHOCTS peain3oBana B GubIHOTEKe TeMa-
THYECKOIO MOJICJIMPOBAHUS ¢ OTKPBITHIM KOjtoM BigARTM, http://bigartm.org [140, 49).
[Toguepkuém, aro ARTM He sBisieTcst emé oaHOi MOJIEJIbI0 WM METOJIOM — 9TO OOIIMii
[OJIXO/T K IIOCTPOCHHUIO ¥ KOMOMHUPOBAHUIO TEeMATHICCKUX MOJIEJICH.

JloMuHUPYIONUM TIOJIXOA0M K TE€MAaTHYEeCKOMY MOJIEJIMPOBAHHUIO B HACTOMAIIEE BpPEMs
siBJigeTcs DaiiecoBckoe obOydenme. B ommmuame or ARTM, B HEM HET ecTeCTBEHHOI'O pa3-
JIeJIeHUST MOJIe/Iell Ha YHUBEPCAJIbHBIN aJIlTOPUTM M OTTOPIraeMble OT HErO MO/Ly/IH-PeryJis-
puszaTopsbl. JJist KarxK10# MOJIEH NPUXOJAUTCA 3aHOBO IIPOBOANTH MATEMATHIECKHI BBIBOJI,
U [POIPpaMMHYIO peajin3anuio. I3-3a ¢j10:KHOCTH MaTeMaTu4ecKoro aliapara B CTaTbsX
JaCcTO OIIYCKAIOTCS BarkKHBIE J/IsI MOHUMAaHUS JeTaju. VIHorma aBTOpPbI OrpaHUYUBAIOTCS
VIPOIIEHHBIM OMUCAHUEM MOJeJH B BHJE MOPOZKJIAOIIEro Iporecca (generative story)
i rpadudeckoii Horanuu (plate notation), ojHAKO HOC/IEYIONHI IIEPEXOJL K AJITOPUTMY
U €ro peasnu3allii OCTAéTCsd HEOJAHO3HAYHBIM M HEOYEBUIHBIM. DTH DAPbEPbI IIPEISTCTBY-
0T MUPOKOMY PACIIPOCTPAHEHUIO TEMATUYECKOIO MOJICIMPOBAHUS: B HH/IYCTPUU aHAJM3A
TEKCTOB PEJ/IKO MOZKHO BCTPETUTH IIPUMEepbl UCIIOJIb30BaHUs TEMATHIECKHX MOl CI0K-
ree Mopasbao yerapesmreit LDA (Latent Dirichlet Allocation) [28].

OcHoBHas 1€/1b JAHHOTO 0030pa — IOKA3aTh Pa3HOOOpa3ue TeMaTHIeCKUX MOJIeIel,
COCPEJOTOYUBIINCH HA HMEPBOM WM BarkKHEHIIeM yraie MOJeIupoBanus — (hopMaIu3aiun
HOCTAHOBKM 3a/lauu. Temarndeckoe MOje/IMpoBaHue 00/1a/IaeT OI'POMHBIM 3allacoM I'MO-
KOCTH, ITO3BOJISIONIUM 00pabaThiBaTh CJIOXKHO CTPYKTYPUPOBAHHBIE JTAHHBIEC H IPUMEHSITD
TeMaTUIeCKUil aHAII3 COBMECTHO C JPYIUMHU METO/IaMU aHAJIUu3a TeKCToB. Bropas meib —
[OKa3aTh, YTO PEryJisgpu3alisd IB/IsdeTCsI He MeHee BhIPA3UTeIbHBIM CPEJICTBOM MO/IE/TUPO-
BaHus, 4em DaitecoBckoe oOydenue. Ha 31oM si3pike BO3MOYKHO HE TOJIBKO CTPOUTH M KOM-
OMHUPOBATH TEMATHYECKHE MOIE/IN, HO TaKzKe 00bACHATH KX HAMHOI'O JIOCTYIIHEE H KOPO-
4e, He «3aMeTas I0J, KOBEP» CJIOKHBIX BBIK/IaJI0K. COIOCTABUMBIN 110 OXBATy U OOCTOSI-
TeJIbHOCTH 0030p DaiieCOBCKUX MOJIe/Ieil 3aHa/I Obl HECKOJIBKO COTE€H CTPAHUIL.

Paznensr 2—4 gapngrorcsa 0a30BeIiMU. B paszgese 5 msiaraorcs OCHOBBI 0ailecOBCKOTO
o0Oy4deHusi; OH He o0sd3aresieH Jijisd HOHUMaHUs OCTAJIbHOIO MaTrepuaJjia 0030pa, HO MOZXKET
OBITH II0JIE3€H [PH YTEHHH HAYYHON JIMTEPATypPhl 1O TEMATHIECKOMY MOJIEIUPOBAHUIO.
B paszjenax 6-13 B TepMHHAX pery/isgpu3aliii OIUCHIBAIOTCI Pa3/IMIHbIE BHIbI TeMaTHde-
CKHUX Mojesieil. DTH pas3/ie/ibl IPaKTUIeCKN He CBA3aHBI JAPYT C JIPYTOM, UX MOYKHO YUTATD
B [IPOU3BOJILHOM IOPSIJIKE MU HCIIOJIH30BAaTh KaK IIyTEBOJIUTEb 110 CChLIKAM Ha JUTepa-
Typy. B pazjese 8 upeiaraercss HoBoe u HaumboJiee HMIMPOKOe 0DOOIIEHNE TeMATUIeCKUX
MojIesIelt st 00pabOTKU TPAH3aKIMOHHBIX JaHHBIX HPOU3BOJIbHON mpupoabl. Pasmen 12
HOCBSIIEH TEMATHYECKUM MOJE/ISAM JIUCTPUOYTUBHON CEMAHTHKH, YCIEIIHO KOHKYPHPYIO-
UM C BEKTOPHBIMU IIPEJICTaBICHUSIMHE CJIOB ceMeiicTBa word2vec. B paszaene 13 npe/iara-
eTCs HOBBIH THII PEry/IspU3aIiu, IO3BOJIAIONINI YIUTBIBATD MOPSIOK CJIOB B JIOKYMEHTaX
B 00XOJ TMIIOTE3bl «MeIIKa CJI0B». Pasmesn 14 onucbiBaeT KPUTEPUH OLEHKH KavecTBa Te-
MaTH4YecKuX Mojeseil. Pazaen 15 conepkut HadaJibHbIe CBejleHns 0 bubamoreke BigARTM.
B pazjeiie 16 obcyzkiaercs npuMeHeHre TeMaTu4ecKOro MOJIEJIMPOBaHus /I pa3Be/10d-
HOTO MH(OPMAIMOHHOTO ToKucKa. B pasjene 17 — Kparkoe 3aK/JII04eHHe.



2 OcHoBbI TeMmaTn4eckoro MoAaesimnpoBaHUA

B sTom pasnesie OyayT BBe/IeHBI OCHOBHBIE IOHSATHUS U ITOCTAHOBKA 3a/Ia9l TeMaTHIe-
CKOI'0 MOJIeTUpoBaHus. ByeT mokas3aH MpocTOil 9BPUCTUYECKHUIl CIIOCOD €€ pereHus.

MpeagBaputenbHas obpaboTka TekcTa. [lepej nmocrpoeHneM TeMaTHYeCKUX MOJIEJIel
TEKCT eCTeCTBEHHOI'O $3bIKa OOBIUHO 110/IBEPIraeTcs cepuu 11peodpa3oBaHuil.

Jlemmamusayus — 3T0 IpUBeIeHNEe KayKIOTO CJIOBA B JOKYMEHTe K ero HOPMAaJbHOMN
dopwme. B pycckom si3bike HOpMaJIbHBIME (POPMAMU CHUTAIOTCS: JIJIS CYIIIECTBUTE/IbHBIX —
UMEHUTEbHbI IMade2K, e JMHCTBEHHOe Y1 CJI0; JJIA IIpU/laraTeJibHbIX — UMEHUTEeJIbHbIA 11a-
Je2K, €JIMHCTBeHHOe 4YUCJI0, MYXKCKOU pOJL; JJId IJIAroJIOoB, LIPUYACTU, Jeenpudacruit —
1aroa B WHGUAATHBE. XOPOIIUMH JeMMATU3ATOPAMU JJIS PYCCKOTO S3bIKA CUYHTAIOTCS
nocjaeHIe BepCHH mystem U pymorphy.

Cmemmune — 310 OTOpaChIBaHME OKOHYAHUII M JIDYI'MX H3MEHSEMbIX 4YacTeil CJIOB.
OH TOAXOMUT I AHTTIUICKOTO S3bIKA, JJIs PYCCKOTO MPeANOYTUTeTbHA JeMMATH3AINS.

Yoasernue cmon-ca06. DTO HacTbie CJI0OBA, BCTPEYAIONIMECs B TEKCTax Ji000it Tema-
tuku. OHu O6ECHOJIE3HBI JIjIsI TEMATHIECKOTO MOJIE/UPOBAHUSA U MOI'YT ObITh OTOPOIIEHHI.
K HmM oTHOCHATCA TpeyIoTH, COIO3bI, YNCIUTETbHBIE, MECTOMMEHUs, HEKOTOPbIe IJIaro-
JIbI, TIpUJIaraTeabHble U Hapedusd. Yuciao TakKuX cJI0B OOBIYHO BapbHpYyeTCd B IMpejerax
HECKOJIbKUX coreH. Vx orOpacbiBaHue 1OYTH HE BJIMsSeT HAa O0bEM CjoBaps, HO MOZKET
IIPpUBOAUTDL K 3aME€THOMY COKDPaICHUIO AJIMHbI TEKCTOB.

Yoanenue pedkur cao6 M CTPOK, HE SIBJISIFONIUXCS CIOBAME €CTECTBEHHOIO sA3bIKa (Ha-
IIPUMED, COAEPKAIMX HUAPHI UM CHENCUMBOJIBL), IIOMOIA€T BO MHOI'O pa3 COKDAIATh
00bEM cJlOBapsi, CHHMKas 3aTpaThl BPEMEHH M IIAMsTH Ha HOCTpoeHue mojeseit. Pejakue
CJIOBa, KaK IIPpaBUJIO, HE BJIUAIOT Ha TE€MaTUKY KOJIJIEKIUU.

Buideaenue karovesoix pad — ca0BOCOUETAHUIT, XaPAKTEPHBIX JJIsl IPEJIMETHON 00J1a-
CTH. I/IX HCIIOJIb30BaHUE BMECTO OT/I€JIbHbLIX CJIOB WJIM HapsAJy C HUMU yJly4dllaeT UHTEP-
nperupyemMoctb TemM. Jljisi uX BblJEIeH s MOKHO HCIIOJIb30BATH Te3ayPychl |8 mim Mmeropl
ABTOMATHYECKOIO BbIJeIeHHs TepMUHOB (automatic term extraction, ATE), ne tpebyro-
Iue MpHUBJIEYeHNs IKCepTos [46, 76, 123].

Pacnosnasanue umenosarnux cyupocmetd; (named entities recognition, NER). Do na-
3BaHUS O0OBEKTOB PeaJbHOI0 MHPA, OTHOCIIINXCSA K ONPeIeTEHHBIM KATerOpUsaM: IepCco-
HbI, OPTaHU3AIUU, T€OTOKAINH, COOBITH, JAThI, U T. /I. /|79 pacno3HaBaHUI NMEHOBAHHBIX
CYIITHOCTE UCMOIB3YIOTCS PA3JIHIHbIEe MeTObI MAIIKHHOrO obydenus [95, 68, 101].

[Tycre D — MHOKeCTBO (KOJLIEKIIUS) TEKCTOBBIX JOKYMEHTOB, W — MHO)KecTBO (CJ10-
Bapb) BCEX YHOTPEO/IsieMBbIX B HUX TePMOB. Tepmamu MOLYT ObITH CJIOBa, HOPMAJbHbIE
(OpMBI CJI0B, CTOBOCOYETAHNUSI WJIM TEPMUHBI, B 3aBUCAMOCTH OT TOI'O, KAKHe BU/IbI IIPE/I-
BapUTEJIbHOI 00pabOTKU TEKCTOB ObLIU BBIMOJIHEHBI. KaxKapril JokyMeHT d € D mpejcras-

Jiger coDoit 110C/1e/10BaTeIbHOCTD 1q TEPMOB W1, . . . , Wy, U3 caoBaps W.

MmnoTte3a o cyuiecTtBoBaHun TeM. Kaxkaoe BXOXK/IeHHE TepMa W B JOKYMEHT d CBSI3aHO
C HEKOTOPOi#l Temoil t U3 3a/laHHOIN0 KOHedHOro MuoxkectBa 1. KoJuieknust JJOKyMeHTOB
IPeJICTABIAeT CODOI IOCTIeI0BATEILHOCTE TPoeK (), = {(wi, d;, t;) } i=1,... ,n}. Tep-
MBI wW; U JOKYMEHTHI d; ABJSIOTCA HAOJIOJAeMbIMHU ITEPEMEHHBIMHU, TEMBbI t; He U3BECTHBI
U SIBJIAIOTCSH AGMENMHbMU (CKPBITBIME) MEPEMEHHBIMH.
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N'mnoTte3za «mMewka cnoBy». [lopsga/loKk TePMOB B JIOKYMEHTaX HE BayKeH JIjIs BblsiBJIEHUS
TEeMaTUKH, TO €CTh TeMAaTUKY JJOKYMEHTa MOXKHO Y3HATh JlazKe I0CJIe IPOU3BOJILHON nepe-
CTAHOBKH T€PMOB, XOTs JIJIsl 9eJIOBEKA TaKOM TEKCT IHOTePSIeT CMBIC/I. DTO IIPEIII0I0KEHIe
Ha3BIBAIOT IHIOTE30ii «Memka cioBy (bag of words). [Topsiiok JOKYMEHTOB B KOJLIEKIHH
TaKzKe He IMeeT 3HAYeHHs — JTO IPeIlo/IoyKeHne HA3BIBAIT I'HIIOTE30i «MeIIKa JTOKY-
MEHTOB». FI/IHOTe3a «M€EIIKa CJIOB» ITIO3BOJIAET HepeﬁTI/I K KOMIIaKTHOMY IIpeACTaBJJICHUIO
JIOKYMEHTa, KaK MYAbMUMHOHCECTNBG — TTOAMHOXKecTBa TepMoB d C W, B KOTOPOM KazK-
JIBliE TepM w € d MMOBTOPEH Mgy, pa3.

MMnoTe3a o BEpOATHOCTHOM nopoxxaeHnn aaHHbix. Muoxkecrso 2 = D x W x T aB-
JISI€TCS KOHEUHBIM 6EPOATNHOCTHbIM NPOCMPAHCIMGEOM ¢ HeU3BeCTHOM QyHKIMel BeposaT-
Hoctu p(d, w,t). Kommekius JOKYMEHTOB sIBJIsieTCsi BBIGOPKOH Tpoek (d;, wy, t;), HOPOK-
JAeMBIX CJIyYaifHO U HEe3aBHCHMO JIPYT OT Apyra u3 pacupenenenns p(d,w,t). 1o mpes-
IIOJIOZKCHHE ABJISCTCA BEPOATHOCTHLIM yTOYHEHHEM IHIOTe3bI «MENIKa CJIOBY.

Biaronapsa mpeaiioo;KeHuio 0 He3aBUCHMOCTH, PeATH30BABILYIOCS BLIOOPKY (), 3J1e-
MeHTOB 13 {2 MOKHO PACCMaTPUBATH KaK HOBOE BEPOATHOCTHOE IIPOCTPAHCTBO € 1 PABHOBE-
POATHBIMU dJIEMEHTaPpHbIMHU HCXO/JaMU. B IIPOCTPaHCTBE Qn JIE'KO HaXOAUThb BEPOATHOCTU
pa3/IMYHbIX COOBITUIH, HPUYEM OHHM COBIIQJIAIOT C YACTOTHBIMU OIEHKAMHU BEPOSITHOCTE
Tex zKe coOpITuil B mpocTpancTse (). B wacTHOCTH, B IpocTpancTse (), BBIpazKeHHe

Bdw,t) = - > lds = d) i = w] 1 =

PaBHO BEPOSITHOCTH COOBITHS «TepM W JOKYMeHTa d CBS3aH C TeMOil t», a B IPOCTpaH-
cTBe ) OHO PaBHO BBHIOOPOYHOIT YACTOTHOMI OIEHKE BEPOSATHOCTH TOIO Ke COOBITHSI.

JloroBopuMcs B JaJibHEHIIEM 3allChIBATh BCe BEPOSTHOCTH B IIPOCTpPAHCTBE (), ecn
HE OroBOpeHO WHOro. MHOTHWe BBIKJIAJIKH OY/IyT CIIpaBe/IUBBl B 000MX IIPOCTPAHCTBAX.
[Tpocrpancrso (), umeer hopMaIbHOE OrPAHUYEHHE — OHO CTPOUTC 110 (DUKCUPOBAHHOI
KOJLIEKIHU. Fcjim B KOJIJIEKIUIO J00aBJISIOTCS HOBBIE JOKYMEHTBI, TO HPOCTPAHCTBO 2,
N3MEHSeTCsI, TOTa KaK IPOCTPAHCTBO ) OCTaETCA HEM3MEHHBIM.

MmnoTte3a ycnosHoii He3aBucumocTu. llosBiaenune TepMoB B goKymeHTe d 10 Teme t
3aBUCUT OT T€Mbl, HO HE 3aBUCUT OT JIOKyMeEHTa d, 1 OIIUCBhIBACTCA O6H.[I/IM JJid BCEX 10-
KyMeHTOB pacupe/ejenueM p(w |t):

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

BepositHocTHast TemaTudeckast mogenb nopoxaeHust Tekcta. CoruacHo Gopmy-
Jle HOJIHON BEepOSITHOCTH M TUIOTe3e YCJIOBHOII He3aBHCUMOCTHU, DACIPEJIEJEHHE TEPMOB
B JIOKyMeHTe p(w | d) OMUCBIBAETCS 6EPOATNHOCTIHOT CMECHIO PACIPE/IeTIeHIN TEPMOB B Te-
Max @, = p(w|t) ¢ Becamu O,y = p(t|d):

plwld) =" p(wlt,d) pt|d) => p(w|t) pt|d) = @uibra. (2)

teT teT teT

BepogiTHOCTHAsST MOJIETh (2) OMUCHIBAET MPOIECC MOPOKICHUST KOJIJIEKIUH 110 H3BeCT-
HbIM pacupejenenusm p(w |t) u p(t|d). Dror nupouece nokazan B ajiropurme 1 u Ha puc. 1.
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AgropurMm 1. BeposiTHOCTHBI 1POIECC MOPOK/IEHUS KOJIJIEKIIUK JIOKYMEHTOB.

Bxoga: pacupenenenus p(w|t), p(t|d); nauHB TOKYMEHTOB Ng;

Bbixoa: Beibopka nmap (d;,w;), i =1,...,n;
11:=0;
2 ona Bcex d € D
3 anascex j=1,...,ng

1:=14+1; d; :=d,
BBIOpATH Coydaiinyo Temy t; u3 pacupejaesnenus p(t|d;);
BbIOpATH CJydaiiHblii TepM w; u3 pacupejgenenus p(w|t;);

(<IN B

w0y 2 QEEREO00000000000000
I~

HDD \

pwlt): o023 BHK 0.014 6asuc 0.018 pacnosHasatme
0.016 rexom 0.009 cnexTp 0.013 cxopcTeo
0.009 Hykneotua 0.006 opToroHanHblit 0.011 nattepH

Wi, ey Wpyt /
Pa3paboTaH CneKTpasibHO-aHaIMTUYECKMIA NOAXO/ K BbIIBNIEHNIO Pa3MbITbiX NPOTAXEHHBIX TOBTOPOB

B FEHOMHbIX MOEfieA0BaTeNbHOCTAX. MeTos OCHOBaH Ha pa3HOMacLITabHOM OLIEHMBaHUM CXOACTBA
HYKNEOTUAHbIX MOCIEA0BaTENLHOCTEN B MPOCTPaHCTBE KO3(MMOULIMEHTOB PasnoxXeHUs (hbparMeHTos
KpuBbIX GC- 1 GA-COAEPKaHWS MO KNAacCUYECKUM OPTOroHabHbLIM 6a3ucaM. HaliaeHb! ycnosus
OnTUManbHO annpokcuMaLmMm, obecneynBatoLLe aBTOMaTUYECKOe pacno3HaBaHWe NnoBTOpoB
pas/siMyHbIX BUAOB (MPSIMbIX U MHBEPTUPOBAHHBLIX, @ TaKKe TaHAEMHbIX) Ha CNEKTPasbHOM MaTpuLue
cXoAcTBa. MeTos 0ANHAKOBO XOPOLO paboTaeT Ha pasHbIX MacwTabax AaHHbIX. OH No3Bonser
BbISIBIATb CEAbl CErMEHTHbIX AYMIMKALMWIA U MeracaTesiIuTHbIE YYacTKU B FEHOME, palioHbl CUHTEHWUM
MpU CpaBHEHUW Napbl reHOMOB. Ero MOXHO MCMoNb30BaTh 415 AETaSbHOTO U3yUYeHUs (PparMeHToB
XPOMOCOM (MOMCKa PasMbITbIX YUYACTKOB C YMEPEHHOM ANMHOMN MOBTOPSIOWErOCs NaTTepHa).

Puc. 1: IIpomuecc nopoxKaeHus TEKCTOBON KOJIJIEKIMU BEPOATHOCTHON TEMATUIECKON MOJENbIO (2): B KaxK-
JIOi mo3uIuu i JOKyMeHTa d; CHadaja nopoxkaaercs rema t; ~ p(t|d;), sarem Tepm w; ~ p(w|t;).

3apadva TemMaTUYHeCcKOro MOAENNPOBAHUS — 910 OOpaTHAsE 3a/ia4a: 10 33 JaHHOI KOJI-
jekiuu D rpefyercst Haifitn napaMerpbl @, 1 0y, NP KOTOPBIX TEMATHIECKAs MOJIEb (2)
XOPOUIO IPUOJIMZKAET HACTOTHBIE OLCHKH YCJIOBHBIX BeposTHoCTel p(w |d) = 7.
Pacupenenenne Buga p(t|x) Oymem HaszbiBaTh memamukol odobekTa x. MOXKHO TOBO-
puTh 0 TeMartuke Jokymenta p(t|d), repma p(t|w), repma B gokymente p(t|d, w).
[1e1b10 TEMATHIECKOTO MO/ICTHPOBAHIS SB/ISCTCS BBISBICHIE TEMATHICCKOI KaacTep-
HOM CTPYKTYPbI TEKCTOBON KOJLIEKIIUH, OIIPE/IeJIeHUE TEMATHKH JOKYMEHTOB U CBSI3aHHBIX
C HUMH OOBEKTOB, OLMCAHME CEMAHTUKU KAXK/IOi TeMbl ¢ CJI0BAME €CTECTBEHHOIO $I3bIKA

C IOMOIIBIO pactpejeienuii p(w |t).

Hu3kopaHrosoe maTpu4yHoe pasnoxeHue. Pasencrso (2) MOXKHO Hepenucarb B Mat-
pUYvIHOM BHUJIEC. B JIEBOII yacTu pPaB€HCTBa HaXOAUTCA U3BECTHadA MaTpUlla 4aCTOT TEPMOB
B JIOKyMeHTax F = (ﬁ(w | d))WX - [IpaBasg qacTh npejcTap/sger coboil MPOU3BeIeHIe IBYX
HEU3BECTHBIX MATPULL — MAMPutbe Mepmos mem D = (Qui)wxr 1 MAMPUyLL mem 00ky-
menmos © = (0iq) 1w p. O6brano uncio rem |T'| muaoro mensbiie |D| u |[W /|, nosromy 3aaua
TeMaTU4IeCKOI'0 MO/eJIMPOBaHUA CBOAUTCA K IHOUCKY HpI/I6ﬂI/I)KéHHOFO MATPpUYIHOT'O Pa3J10-
xkenust F' =~ ®O, paur koroporo ue upesbimaer |T].

Bee Tpu marpunp F, ®,© gprdiorcda cmoracmuueckumu, TO CTh UMEIOT HeOTPHIA-
TeJIbHBIC HOPMHPOBAHHLIC CTOJIONLL fq, ¥, 04, IPeACTABIMIONIE JUCKPETHBIE PacIpeee-
nus. [Ipoussegenne PO HA3BIBACTCH CMOTACTMUMECKUM MATMPULHBIM PA3AOHCEHUCM.



YacTtoTHble OLeHKN YCNOBHbIX BepoaTHocTel. B npocrpancrse (), BepoaTHOCTH, BBI-

n )
pazKalommuecst yepes nepeMeHnbie d U w, COBIAAAIT ¢ 9acTOTaMU COOTBETCTBYIONINX Ha-
OJII0TaeMBIX COOBITHUH:

N Ng on N
Ngw — TUCJIO BXOXKJICHHUII TepMa w B JOKYMEHT d;
Ng =Y, Ndw — MJIIHA JOKYMEHTA d B TepMax;
Ny =Y g Ndw — YHCJI0 BXOXK/ICHUI TepMa W BO BCE JOKYMEHTbl KOJLJIeKIK;

n=> 4> ., Ndy — JJIIHA KOJUIEKIIIH B T€PMaX.

BepogTHocTr, cBA3aHHBIE CO CKPBITOM IepeMeHHOil ¢, ToKe OmpeaeasoTcsd KaK 9aCTOTHI:

Ty TNt Mg Nidw
t) = — t) = — t|d) = — t|d = : 4
pt)=—  plwli) o p(t]d) ' p(t|d,w) m—— (4)

Nigw — YUCIO TPOEK, B KOTOPBIX TepM W JOKyMeHTa d CBA3aH C TeMoil t;
Td = Y, Mdw — GUCIO TPOEK, B KOTOPBLIX T€PM JOKYMEHTa d CBS3aH ¢ TeMOI ¢
Mgt = Y g Mdw — GUCIIO TPOEK, B KOTOPLIX TEPM W CBSA3AH C TEMOH ¢;

=4 Ntdw — TUCIO TPOEK, CBI3AHHBIX C TEMOii t.

B ormaume or (3), 9TH YaCTOTHBIE OIEHKU HE MOTYT OBITh BHIYUC/IEHBI HEIIOCPEICTBEHHO
10 MCXOMHBIM JAHHBIM, TAK KAK TEMBI {; HEU3BECTHDI.

CoruiacHo 3aKOHY OOJIBIINX YHUCEJ, HPU N — OO YACTOTHBIE OLEHKM, OIPE/Ie/IsIeMble
dbopmysnamu (3)—(4), crpeMsTcs K COOTBETCTBYIONMM BEPOSTHOCTSIM B IIpOCTpaHcTBe ().

EM-anroputm. Bamernm, 4ro Bce OneHKE (4) BBIPAKAIOTCH 9€PE3 Mgy, = NawP(t | d, w).
Buas ycsoBHble pacupegenenust p(t|d, w), MOKHO OIEHUTH MCKOMbBIE IAPAMETPBI TeMa-
THYECKOH MOJeTH @,y = p(w|t) u Oy = p(t|d). V1, HaoGopot, 3Has mapaMeTpbl MOJIEJH,
MOKHO BBIPA3UTh yCJIOBHBIE BepositHocTH p(t|d, w) no dopmyse Baiieca:

Cptwld)  plol0p(tld) ol
P W)= 20T = pwld) S pudder )

Takum 06pa3om, 1OJIy4aeM CUCTeMY HEJIMHEHHbIX YyPAaBHEHUN OTHOCUTE/ILHO IapaMeT-
POB MOJENH Py, Bt N BCHIOMOTATEIbHBIX MEPEMEHHDBIX Didws Nty Nid:

(pwt‘gtd
Ptaw = ) 6
! Zs Sowsesd ( )
Nt
Put = = M= NawPraw’ (7)
Zw/nw’t deD
n
etd = - . Nyg = E Ndw Ptdw - (8)

Y
Zt’ Ny wed
J1st €€ perrenust y100HO IPUMEHSITH METO/, IPOCTBIX UTEPALHIL: CHAYAIA BBIOMPAIOTCS
HavaJIbHble IPUOJIIZKEHUS HapaMeTPOB Py U 04, IO HUM BBIYHCIISIOTCS BCIOMOIATe/Ib-
HbI€ [IePEMEHHBIE Pyqy,, KOTOPbIE I03BOJISIOT HANTH CJle/yolee IPUOJIIZKe e IIapaMeTpoB
Oyt 1 Oy Boraucsenus no gopmynam (6)—(8) mpogoszKaloTes B MUKJIE 10 CXOAUMOCTH.
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Agaropurm 2. Pannounanbusiit EM-anropurm st remarndeckoii mosenn (2).

Bxoga: kosutekrust D, qucsio tem |T'|, Hadanbuble npubiauzkenus marpur ¢ u ©);
Bbixoa: mapamerpsr mogenn ¢ u O;
NOBTOPSATb
OOHYJIMTD Mty Nyg, Ny it Bcex d € D, we W, t €T
anascexde D, wed
Nidw = Ndw PutBid / > Pwrbrq nas Beex t € T,
YBEJIUIUTD My, Mg, Ny HA Nyqy, A7 BeexX t € T

oA~ W N

Ouwt = Nyt /My 1151 Beex w € W, t € T,
7 Oq := nyq/ng nius Bcex d € D, t € T}
noka ® u O ue coiiyrcs;

(=]

(v ]

DTOT UTEPAIMOHHBIN PONECC SABJISETCS YaCTHBIM cirydaem EM-anropurma, npejna-
3HAYEHHOTO [IJIsl IOCTPOCHHUST BEPOSTHOCTHBIX MOJENeH CO CKPBITHIMU MepeMeHHbIME [42)].
Brruunciienne yeJ0BHBIX pacipe/ie/eHnil CKPBITBIX mepeMeHHbX (6) HaspiBaercs E-mrarom
(expectation), Beraucsienue napamerpos mogean (7)—(8) — M-marom (maximization).

HaJgiee mbl BbiBejieM EM-ajiropurm u3 o01ieil onTuMu3ainoOHHON TOCTAHOBKY 3 Ia4H.
Ceityac Mbl IPHILIM K HEMY 9JIEMEHTAPHBIM IyTEM, KOTOPbIil JaéT HPOCTOE HHTYUTHBHOE
nonnManue ¢yt EM-asropurva, HO ocTaBisger 63 OTBETOB BazKHbIE BOIPOCHL: CXOTHTCS
JIM QJITOPUTM K DEIIeHHIO CHCTEMbI YPABHEHHUIl, ¢ TUHCTBEHHO JIM 9TO PEIIeHHe, U HOYeMy
9Ta CHCTEMa OIUCHIBALT TEMATHYECKYIO MOJIEeNb, npudanzxKaronyo p(w |d).

PayvoHanbHbii EM-anroputm. Boruuciienne nepeMeHHBIX N, Ny, 1; Ha M-1mare Tpe-
OyeT OJHOKPATHOrO IIPOXOJa KOJLIEKIMH B IUKJE IO BCeM TepMaM w € d Bcex JIOKyMeH-
ToB d € D. BHyTpH 3TOr0 NMMKJ/Ia 3HAYCHUE Dygy, BBITUCIISETCA TOJBKO OAuH pa3. [Toaromy
E-mrar moxkno Berpouth BHYTph M-1ara 6e3 JONO0JHATEIbHBIX BbIYUC/AUTE/IbHBIX 3aTpaT
u 0e3 XpaHeHHusT TPEXMEPHON MATPHUIBI Pigy. DTOT BapuaHT peasmsanun EM-agaropurma
Oy/ZeM Ha3bIBaTb PAyuUOHAAbHbLM; OH IOKA3aH B aJropuTMe 2.

3 ApautmnBHasa peryasipnsayus

B srom pasjesie BBojuTes 001mit popMasiu3M ONTUMUBAIME U PEry/isipU3aluu, KOTO-
pBIil 1ajee OyAeT HCIOTb30BATHCS IS OMUCAHUS BCEX TeMATHIeCKUX MOJIeseil.

MpuHUMN MakcMMyMa NPaBAONOAODMA KCIOJIb3YeTCs B MATEMAaTHIECKON CTaTUCTHKE
JIJIs OIEHUBAHUS HEU3BECTHBIX 11apAMETPOB BEPOSATHOCTHBIX MOJe/eil 110 HaDJII0aeMbIM
JaHHEbIM. COrTacHO 3TOMY IPUHIIHILY, BEHIOMPAIOTCS TaKie 3HAYeHHs ITapaMeTpPOB, IPU KO-
TOPBIX HaOJIIOIaeMas BBIOOpKaA HamboJiee [paBI0I0I00Ha.

Dynkyus npasdonodobus oupeseIssercs Kak 3aBUCUMOCTh BEPOATHOCTH HADJIIO1aeMO
BoIGOpKU X = (d;, w;)!_; or napamerpos mogesnn ®, ©. B cuity rumoressr 0 He3aBUCHMOCTH
9JIEMEHTOB BbIOODKU OHA PAaBHA IIPOU3BEJEHUIO BEPOATHOCTEN TEPMOB B JIOKYMEHTAX:

p(X;9,0) = gp(di,wi) =[[ [Ip(wld)" p(d)"+ — max.

deD wed const
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[IpoJiorapudmuposas npasonoiodue, nepeitjiéM OT HPOU3BEJIeHUs K CyMMe 1 0TOPO-
CUM CJjlaraeMble, He 3aBHUCHIIUEe OT napamMeTrpoB Mojesn. [lojiyuum 3ajiady MakCuMuUu3alum
log-tipaB/10110/1061s P OTPAHUYCHUAX HEOTPUIATETHHOCTH U HOPMUPOBKH:

DD nawln ) puiba — max; 9)

deD wed teT
Z Ouwt = 1; @y = 05 Zetd =1; Org = 0. (10)
weWw teT

Perynsipuzauuns. 3ajaua Ha3bIBaeTCA KOppekmHo nocmasaernol o Ajamapy, eciu eé
pelIeHne CynecTByer, eAMHCTBEHHO U YCTORIMBO.

3a/1aua CTOXaCTUIECKOIO MATPUIHOIO PA3JIOKEHUS ABJISeTCI HEKOPPEKTHO [OCTABIEH-
HOIT, TaK KAK MHOXKECTBO €€ pelreHuii B 001meM ciay4dae beckonedno. Ecim $O — pemenne,
1o (PS)(S71O) Takke sABasiercs penieHueM Jyis BCeX HEBBIPOZK/ICHHBIX MaTpull S, 1pu
yeaosuu, uro marpunsl ®S n S71O — croxacruueckue.

CymecrByer o61uii HOAX0/ K PEIIEeHUI0 HEKOPPEKTHO MOCTAB/ICHHBIX 00PATHBIX 3a,1a4,
HasbiBaeMblii peeyaspusayuet [11]. Korja onrummsanuonnas 3ajada HeJI00NDEIE/ICHA,
K OCHOBHOMY KPUTEPUIO J00AB/ISIOT JONOJTHUTEIbHbII KPUTEPUIT — PEry/aspu3arop, yJu-
THIBAIONMI crenuduKy pelaemoii 3aa4n U 3HAHUA IpeJMeTHOil obsactu. B mpakrude-
CKHUX 33/J]a4aX aBTOMATUIECKON 00pabOTKH TEKCTOB JOMNOJHUTENbHBIX KPUTEPHEB U OIPa-
HUYEHUiT Ha peleHue MOxkKeT ObITh MHOIO.

Addumusnas pezysapusayus memamuueckur modeset (ARTM) [3| ocHoBana na Mak-
CHUMU3AIUK JIMHEHHOH KOMOMHAIMK Jorapudma IIPaBIOHOJA00Hd U PE2YAApu3amopos
R;(®,0) ¢ neorpunarebubiMu kodpduyuenmamu peyaspusayuu 7, i = 1,... k:

k
DD nawln ) Quiba+ R(®,0) & max;  R(®,0) =) 7R(2,0); (1)
’ i=1

deD wed teT

IIPU OIPAHUYEHUSIX HEOTpUIATeIbHOCTH U HOpMupoBKH (10).
[IpeobpazoBanne BeKTOpa KPUTEPUEB B OJIUH CKAJSIPHBIIl KpUTepUil — 9TO OJuH u3 Ha-
30BbIX IPUEMOB B MHOI'OKPUTEPUAJIbHON OUTUMU3AIMU, HA3bIBAEMBIN CKAAADPUIAUUET.

Heobxoanmble ycnoBusi makcumyma. KiiaccuueckuM HHCTPYMEHTOM PeLIeHUs 3a-
Jda4 OUTUMU3aIUU C O'PAHUYCHUAMU PDABEHCTBAMHU U HEPAaBEHCTBaMU ABJIAIOTCA YCAOBUA
Kapywa—Kyna—Taxxkepa. PaccMoTpuM 3a1ady MaTeMaTHIECKOTO MPOrPaMMHUPOBAHUSI

f(z) — max;
gi(r) <0, i=1,...,m;
hj(!L’)ZO, ]:1,,/{5

Teopema 1. Ilycrs pyukmun f(x), g;(x), h;j(z) HenpepsBHO AHpDEpenmIpyeMsr B T04-
ke x. Ecim x — touka sokajpHOrO MakcmMyMa H 3a/a4a VAOBJICTBOPSAET YCJIOBHIM De-
TYJISAPHOCTH, TO CYH[ECTBYIOT 3Ha4deHHus (i, © = 1,...,m, X\;, j = 1,...,k, HaspiBaembre

11



MHOHCUITNEAAMU ﬂaepanofca, Takue, 4710:

(0. m k
o =0 LlanA) = f@) = 3 pigi(z) — 20 Ajhy(a);
x =1 j=1
< gi(z) < 0; hj(x) =0; (mcxogmsre orpanmaeHn:1) (12)

w; = 0; (1BOficTBeHHBIC OrPAHHICHHST)

| i gi(x) = 0; (ycaoBue gononnsionieii HezKECTKOCTH)

YciioBusE peryJisipHoCTd MOTYT (DOPMYJIMPOBATHCH 110-pa3HoMy. B 3ajia4ax ¢ JinHelHbI-
MU OIPaHAYCHUAMU OHH BBIIIOJHEHBI BCEr/a.

Bagaqa (11), (10) oTHOCHTCS K KJIACCY HEBBILYKJIBIX 33149 MATEMATHIECKOIO HPOrPaM-
MupoBaHusd. /i Heé BO3MOXKHO HAUTH JINIIb JTOKAJbHBII 9KCTPEMYM, Ka4eCTBO KOTOPOTO
Oy/JIeT 3aBUCETh OT HaYaJIbHOrO npudamxkenus. Oanako 3amerum, 4To B ARTM Bapbupo-
BaHUE CaMOl 1MOCTAHOBKH 3a/la4u ILyTEM 110JI00pa peryJispu3aropoB T;[; MoxeT BJIHUATH
Ha pellleHue CHJIbHee, YeM CIOCO0 MHHUIIMAIN3AINN.

Bsesiém oreparop norm, KoTOpblil npeoOpasyeT IPOU3BOJIbHbBINA 3a/laHHbI BEKTOD
(%;)icr B BEKTOP BEPOATHOCTEN (P;)ics JUCKPETHOIO PACHPE/IE/IeHUs 11y TEM OOHY/IEHUS OT-
PULATEJILHBIX 9JIEMEHTOB U HOPMUPOBKU:

p; = norm(x;) = ()¢ , JIs Beex i € I,

D SEN

jel

rae (z); = max{0,z} — onepanus nosoxureabHoi cpesku. Ecin x; < 0 s Beex @ € I,
TO Pe3yJIbTATOM OIEepaTOpa NOTIM MO ONpPEEICHHIO ABIACTCA HYJIEBOH BEKTOD.

Teopema 2. Ilycre ¢pyukuus R(P,O) neupepbiBro pugpgpepennupyema. Torna rouka
(®, ©) srokanpHOrO 3KCTPeMyMa 3aMaqu (11) ¢ orpanmaenmsvu (10) yoBaerBopsier cucre-
Me ypaBHEHHIl CO BCIIOMOTaTeJIbHBIME MEPEMEHHBIME Dig, = P(t|d, w), eciim w3 pemmenmst
HCKJTIOYHATH HYJIeBbIe CTOJIOMBI MaTpui P, O:

Peaw = 10T (Purba); (13)
OR )
wt = NOTIM| Ny + Doy ) Nt = NdwPtdw; 14
Pwt W(tsptawm t C;)dtd ()
OR
O = nor%n <ntd + Oy B Qtd) Ntd = wze;i NdwPtdw- (15)

Hoka3zarenabcTBo. Sanumem jarpankual 3agadn (11) ¢ orpanndennsivu (10):

Z(9,0) Z Z Ngw In Z Putba + R(P,0) —

deD wed teT

- Z%ﬁ(Z Pwt — 1) _'_Z Z >\wt90wt -
teT weWw teT weW

- Z Hd <Z Ora — 1) + Z Z teaBrd,
deD teT deD teT

12



/1€ MHOXKUTEIU Ay, [ig COOTBETCTBYIOT OIPAHUYCHUSIM HOPMUPOBKU, Ay, flyg — OTPAHUYE-
HUsIM HeoTpunareabroct. Samuem yciaosust Kapyma-Kyna-Takkepa (12), npupaBusi
HYJIIO IIPOU3BOIHBIE JAarpaHzKUaHA MO IapaMeTpaM MOJen:

0
> iy + Nt =0 Au>0 Agu=0; well, teT; (16)
p ) a(pwt

(w|d
deD
w OR
anw Put —pta+ g =0; g =0;  paba =0; deD, teT. (17)
S plwl|d) = 00y

Pacemorpum ypasrenne (16). [Ipeanosokum, 910 @, > 0. Torma Ay = 0. YMHOXKUB
o6e gactu paBencTBa (16) Ha @,y U BBIIEJIUB BCIOMOTATEIbHBIE EPEMEHHbBIE Dygy U Ny,
onpesesnénnsie B (13) u (14), nosyunm ypasHeHue

OR
Nyt + Pt 57— = Pt At-

890101&

Obo3uaunm ero JieByio dactb depe3 A Torma Ay = @i

BosMoxknbl jiBa ciryuas.

1. Ilycrs cymecrByer repm u € W rakoii, uro A, > 0. Torma A\; > 0. Ecan A, <0,
TO ypaBHEHHE He MOYKeT ObITh BBIIOJHEHO, W IOJYIeHHOe MPOTHBOPEYHE 03HAYAET, UTO
c/leJTaHHOE BHAdaJsle IpeINosIoKeHne ¢, > (0 He BepHO, CIem10BaTeNbHO, @, = 0. O0b-
eIUHssT YPaBHEHUE ©yuA\; = Ny ¢ HYJIEBBIM perenueM p,; = 0 mpu Ay, < 0, moayaum
VuwitAt = (Ay)+. CymMMupysi JIeByI0 U IPaBYyIO YaCTH 9TOIO YPABHEHUsS 10 W, BbIPA3UM
ABocTBeHHyI0 nmepemMennyio: Ay = » v (Ayy) 4. Tlogcrasiss noaydennoe 3mauenume Ay
B POPMYILY Oy = /\it(Awt)Jr, IIOJIy4UM HCKOMOe ypaBrenue (14).

2. Ecim Ay < 0 gyia Bcex TepmoB w € W, To Temy t OyieM CYHTATD BBIPOZK/IEHHOIA.
Torpma ypasrenuto (14) ymoBieTBopsieT TOJbKO HYJIeBON BeKTOp ¢y = 0.

Anasiorndno BbiBoguTCst ypaBHenue (15) orHocurTesbHO nepeMenHbix Oy [Tpudém ec-
i Nyg + 9td§9—}fd < 0 mrs Becex Tem t € T, 1o joKyMeHT d OyeM CYUTATH BBIPOKICHHBIM,
U B 9TOM CJydae ypaBHeHuIo (15) yaoBIeTBOpsieT TOIBKO Hys1eBoii BekTop 0y = 0.

Teopema JjiokazaHa.

VcnoBusi BbIpOXAeHHOCTU. B pesymbrare pemrenns cucreMsl ypasuenmii (13)—(15)
HEKOTOpbIe ¢TOJIONbI B Marpunax P, © moryr okazarbes myseBbimu. HysteBoit crosiberr
HE YJIOBJIETBOPSET TPeOOBAHUIO HOPMUPOBKHU, HE SIBJISIETCS YCJIOBHBIM PACIIPEIEJCHUEM,
nosromy (bopMaIbHO He MOKeT dburypupoarh B perrenun 3agaqdu (11), (10). Joroso-
PHMCs CYMTATh HyJEBbIEe CTOJOIBI BHIPOZKIEHHBIMA TEMAMH U JOKYMEHTaMH.

Tema t HA3BIBaETCS BBLPOIHCOCHHOT, €CITI

OR
890101‘/

BoIpoK IeHHOCTD SBJI€TCS CJAEJCTBHEM CUJIBHOTO pa3peKUBAIOIIEro BO3ICHCTBHS pe-
ryagpusaropa R. Obnynenue crosbdia Marpuipl ¢ o3HaYaeT, 4TO peryisapu3aTopy BBITOI-
HO UCKJIIOYUTH JAHHYIO Temy u3 Mojesn. COKpaleHe 9uc/ia TeM MOXKET ObITh 2Ke/1aTe b
HbIM 11000YHBIM 3P DEKTOM peryJisipu3aliuu.

JlokymeHT d Ha3BIBACTCS BbPOAHCIEHHLM, ECIIH

OR

Neg + etdﬁd <0 g Beex t € T
t

Nt + Pt < 0 mag Becex w € W.
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BbipoxK/IeHHOCTD JIOKyMEHTa MOYXKeT O3Ha4aTh, YTO MOJIE/Ib HE B COCTOSHUU €r0 OIH-
caTb, HAIIPUMEP, €CJIU OH CJUIIKOM KOPOTKUI UM HE COOTBETCTBYET TeMATUKe KOJIJIEKIIUHU.
Obnysenne crosbina MaTpuipl © O3HAYAET, YTO PEry/asapu3aTopy BLIIOJHO UCKIIOYUTDH
JIAHHBIH TOKYMEHT W3 KOJIJIEKITIH.

Ha mpakTuke BBIPpOXKJIEHHOCTb BO3HUKAeT peIKo. Kcim oHa HekenaTeslbHa, TO €€
HeTpYyHO u3bexkarh. [Ipu nocrenennom ymenbiienuu kKoddduiipenta pery/isipusaiun Ha-
CTyHAaeT MOMEHT, KOI'JIa YCJIOBUE BbIPOXKJIEHHOCTU IEPECTAET BBIIOJHATHCS XOTHA Obl JijIs
OJIHOTO TepMa B TeMe (MM XOTsi Obl Jijisl OJJHON TeMbl B JOKYMEHTE), U HYJIEeBOH CTO/I0eI
B MaTPHUIIE PelleHus ePeXOIUT B HEHYIEBOil, YI0BIeTBOPSIONII HEOOXOTMMBIM YCIOBUIM
3KCTpeMyMa II0 TeopeMe 2.

Mopenb BEpOSITHOCTHOrO /1IATEHTHOIO CeMaHTUYeckoro aHanusa (probabilistic
latent semantic analysis, PLSA) ucropuvecku siBisiercst nepBoil BepOSITHOCTHON TeMa-
traeckoit Mojiebio. Ona Oblia mpemioxena Tomacom Xodwmanaom B 1999 roxy [54].
B ARTM ona coorBercTByer HyseBomy peryisipuzaropy, R(®,0) = 0. B srom ciyuae
cucrema (13)—(15) coBmagaer ¢ cucremoit (6)—(8), KOTOPYIO MbI HOJYUIHIH DAHee U3 e~
MeHTapHbIX coobpazkenuit. /lobasiienue peryssipusainuu e Meusier popmysty E-miara.

B mogenmn PLSA ne moxker ObITb BBIPOXKJIEHHBIX TE€M WJIM JIOKYMEHTOB, HOCKOJIBKY
BBIPOXKJIEHHOCTH CBS3aHA C OTPHUIATEILHOCTHIO IPOM3BO/IHBIX PEIYJIspU3aToOpa.

PerynsipnzoBaHHbiii EM-anroputm sBiigercsa npuMeHeHHEM MeTOJa IIPOCTBIX HTepa-
nuit gy pemennst cucrembl (13)—(15). Cradana BbIOHPAIOTCS HAYAJIbHBIE TPHOJIINZKEHUS
Ouwt, Ord, 3aT€M B 1IUKIIE 10 cxogumocTi depeayiorcs F-wae (13) u M-waez (14)-(15). Pa-
[MOHAJIbHBII BapuaHT perysispu3oBaHHoro EM-ajropurma CTpPOUTCS aHAJOIMYHO aJIro-
purmy 2, TosibKO 1maru 6 u 7 3amensiiorcst popmyaamu M-mara (14)—(15).

NzBectno, yro EM-ajsropurm 6e3 peryaspu3anun CXOIUTCA B CJIa0OM CMBIC/Ie: Ha KazK-
J0if mrepaluu npapaonoaobue ypeaumduBaercs [42]. Auasorudubie ycioBus caaboil ¢xo-
mumoctr g ARTM noayuenst V. A. Vpxunbim®.

Peanmzanuun EM-ajiropurma mMoryT pas/mdarbes 4acTOTONl OOHOBJIEHUS ITapaMeTpoB
MOJIEJIH Py U Oy 11O TIEPEMEHHBIM T U Tyg. 1acTbie OOHOBJIEHHS MOBBIIIAIOT CKOPOCTH

CXOJIMMOCTH, HO HOYTH He BJIMSIIOT HA 3HAYEHHE [PABJONOA00Hs B KOHIE urepanuii [5|.

OnnaiinoBbiii EM-anropntm cunraerca Hambosiee OBICTPBHIM U XOPOIIO PaCIapasIIe -
Baercs [53, 21|. OcHoBHasg ero ujes COCTOUT B TOM, YTO Ha OOJIBIION KOJLJIEKIUH MATPH-
na ® Moxker CONTHCh M lepecTarb MEHSIThCs 3aJI0JII'0 IO OKOHYAHUs IIEPBOM MTEpAIUH.
B rmakux cjiaydasix 0JHOTO HPOXOJa M0 KOJJIEKIUU JIOCTATOYHO JIjI TOCTPOCHUS MOJIEJIH.
[Tosromy oHJlaiiHOBBIE AJTOPUTMBI CIIOCOOHBI 0OpabaThIBATH HOTOKOBbBIE JIAHHbIE.

Jeranun napaJjienbHoil peasm3anun oddiaitHoBoro u omaaiinoporo EM-aaropurma
B 6ubsnorexe BigARTM onucausl B paszese 15, emé mogpobnee — B crarbe [49].

O cTpaTterusx perynspusauyuun. 3ajada TEMATHIECKOIO MOJIEJIUPOBAHHUSA 110 CYTH sB-
JIdeTcd MHOFOKpI/ITepI/IaﬂbHOﬁ. TeMbI AO0JIZKHBI YI0OBJIETBOPATH MHOI'MM Tpe6OBaHI/IHM O~
HOBPEMEHHO: MHTEPIPETUPYEMOCTH, PA3JIMYHOCTH, Pa3pezKeHHocTu u T.J. Kpome rtoro,

Mpxun U. A. CxouMOCTh YUCIEHHBIX METOJIOB BEPOATHOCTHOTO TEMATHYECKOTO MOjie/IupoBanus. Ma-
rucrepckas auccepranus, MOTU, 2016.
http://wwuw.MachineLearning.ru/wiki/images/0/05/Irkhin2016msc.pdf
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TeMarudeckas Mo/Ie/Ib OObIYHO UCHOJIb3yeTcs He cama 110 cede, a KaK BCIHOMOIaTe/IbHbII
UHCTPYMEHT JIjIsl PEHIeHUs PA3JIMIHBIX 33/a9 TeKCTOBOI aHAJMTUKU — UH(OPMAIHOHHO-
ro MOHMCKA, BU3YaJM3aliU, KATeropu3allui, CeFMEeHTAIu, cyMMapu3anuu u T. 7. Kaxkias
3a/1a4a IpeIbaBisgeT cBou TpeboBanus K mozenn. B ARTM Bce TpeboBanus dpopmainzy-
I0TCS B BHUJIe KPUTEPUEB pery/spusanuu [; u 6amancupyiorcs ¢ MOMOMIbI0 KOdhduIueH-
TOB T;. KoadpdpunueHrol 7; HpUXOJIUTCs 1M0A0MPATh B KarK/JI0H 3a/ia4e SKCIEePUMEHTAIbHO,
9T00bI HAWTH KOMIIPOMUCC MEK/ly BCeMu Kpurepusimu. Bojiee TOro, jijisi u3MepeHust Ka-
YecTBa MOJIEIN OOBIYHO HCIOJIb3YIOTCSI HEe CaMU Peryjidapu3aropbl R;, a KaKne-To JIpyrue
MeMPUKY Kkawecmea. Peryagpu3aTopbl JTOMKHBI OBITH TVIAJAKUMHU (DYHKIHAMEA, YAOOHBIME
Jig Beraucsaenuii Ha M-mrare. MeTpuku KadecTBa JIOJKHBI UMeTh YIOOHBIE J/Isi HHTEp-
HpeTanyuu 4uc/oBble 3Hadenus. K coxkasienuio, 3ru TpeboBaHus 4acTO BXOJAAT B IIPOTUBO-
peune. Hampumep, obmienpunsaTbie METPUKN KadecTBa WH(MOPMAIMOHHOIO TIOUCKA, [TOYTH
HUKOI/IQ HE SIBJIAIOTCS TJIAJKUMU (DyHKIUSIMU.

Ha npakTuke mpob/iema BoiOOpa KO3(hDUIUEHTOB peryisapu3aliiy IepepacraeT B OoJee
OOIILYIO MIPOOJEMY YNpPaGACHUA KAYECMEOM MOJETH MIyTEM H3MeHeHusT KOdhMOUIUeHToB T;
B x0ji¢ ureparuii. OHU Pery/spu3aTopbl MOUYT Je/IaTh HOAIOTOBUTE/ILHYIO PAbOTY JI/Ist
Jipyrux. Hekoropbie pery/isipu3aTopbl PEKOMEH/IYeTCsl BKJIIOYaTh JIUIIb 10CJEe TOI'O, KaK
EM-ajropurm Havas cxojurbes. Jpyrue Jjiydiie OTK/IOYATh MOCJE TOI'O, KAK OHHM Bbl-
HOJTHUJIA CBOIO pabory. Hekoropble peryiasgpu3aTopbl MOI'YT HEATpa/In30BaTh JIPYT JpY-
ra, ¥ TOTJa UX MIPUXOJUTCA MPUMEHATH moodepénuo. OOpa3Ho roBops, peryaspu3aTopbl
KaK JIEKapCTBa /I MOJIeJIM, — B MaJIbIX JI03aX Jiedar, B OOJIbIINX CMEPTe/IbHO OLACHbI,
B COYETAHUAX MOTYT JlaBaTh HeoxkupaHubie dpderror. Cucremaruzamnus 3rux 3PGeKTon
CTAHOBUTCS IIPeIMETOM dMiupudeckux ucciepoanuit 8 ARTM.

Cmpamezuet, pezyrapusauyuy Ha3bIBAIOTCS IIPAaBUIA U3MeHEHUd KO3(DMUIMEHTOB pe-
ryadgpusanuua 7; B Xoje urepanmit EM-anropurva. DT mpaBmia MOIYT HCIOJIb30BATD
TeKyIIue 3HAYeHUA METPUK KadecTBa M ITapaMeTpPOB MOJIEIH.

OTHocuTenbHble Ko3chduymneHTsl perynsapusaunn. Kosdduiuenrsl peryjispusaium,
THIATEJbHO 110I00PaHHbIE JIJIsi OJIHOW KOJLJIEKIIMH, MOI'YT IIJIOXO IOJXO/JMTH JIJIsi JPYIOii.
Onu MoryT 3aBHCETH OT pa3Mepa KOJIJIEKINU, MOITHOCTH CJI0BApsi, CPeHell JJIMHBI JTOKY-
MEHTOB. Ec/in KOJLIeKIHs MMOMOIHIeTCs, TO CO BpeMEeHeM MOKeT IMOTpedOBAThCA HX Iepe-
Hactpoiika. [Ipobiema perraercs ¢ MOMOIILI0O HODMHPOBKHU U BBEJICHUS OMHOCUMEALHLL
K0PPUUUEHMOE PE2YAAPU3AUUY, BHIPAZKAIONIAX CTEIeHb BO3/IEHCTBULA Pery/spu3aTopa
Ha TeMaTH41eCKYIO MO/eJIb. OTHOCI/ITe.HbeIe KOS(I)(I)I/ILLI/IGHTBI MEHbIIIE 3aBUCAT OT KOJIJIEK-
muu, 1 JaJjid HuX MOryT 6bITb YCTaHOBJIEHbI YHUBEPCaJIbHbIEC PEKOMEH/YyeMbI€ 3HAQUEeHU .
Pacemorpum dbopmyny M-mrara (14) co B3BemieHHON CyMMO# perysisipu3aTopos R;:

k
OR;
Pwt = norm{ 1., + E TiPwt
weW : 0Pt
=1
Beeném cymmaproe sosdeticmeue r;; peryiagpusaropa R; Ha TeMy t U ero cymmaphoe
go3delicmeue T; Ha BCE TEMbI:

OR; o '
Tit—Z’SOwtm ) Tz—teZTth-

_zn ~
BBenenne HOpMUpPOBKHU T; = Tiy, HO3BOJIACT HHTEPIPETHPOBATH KO3 dunmenT 7; Kax
omuocumenvroe eoddeticmeue peryigapusaropa R; Ha TeMaTHYecKyi0 Mojesab. OH moka-
3bIBAET, BO CKOJILKO Pa3 BJUSTHUE PErysipu3aTopa Ha MOJIe/b CUJIbHEe BIAUSHUS UCXOHBIX
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spannbix. [Ipu 7, — 0 peryasipusarop R; orkitoudaercsd. [Ipu 7; — oo nepeperyJsisipusaius
MOzKeT IIPUBOAUTDL K BbIPDOZKACHUIO MO/EJIN.

Bpesnenne 1pyroit HOpMHPOBKH 7; = T;* IO3BOJIAET HHTEPIPETUPOBATL KOdDDHIIH-
eHT 7; KaK omuocumenvroe so3deticmsue peryiagpusaTropa R; Ha oTjenbHyI0 Temy t. Te-
nepb abCOMIOTHBIN KOI(MDMOUIUEHT pPerysdpu3anui 7; CTAHOBUTCI 3aBUCANIAM OT TEMBI,
OJHAaKO €ro OTHOCHUTEJ/IbHbIC BO3ﬂefICTBHH Ha BCE€ T€eMbl OJNHAKOBDI.

B obuiem ciiydae He u3BeCTHO, Kakas W3 JIBYX HOPMUPOBOK Jiyuiie. [[jisi obuiHocTn

BBeJIEM BBIMYKJIYI0 KOMOMHAINIO TBYX HOPMHIPOBOK:

Ti=T; %‘& + (1 —%‘)ﬁ )
Tt T

rjie 7; — ommuocumenvroili Koahduuuenm pe2ysapuzayuy; mapaMeTp 7y; Ha30BEM cmene-
Hb10 UHIUBUIYAAU3GUUY BO3IEHCTBHS perysgpu3aropa R; va temsl. [lpu v; = 1 koadu-
[UEHTHl T; MAKCUMAJIbHO PA3/IMYalOTCs 110 TeMaM, BbIDABHUBAsI OTHOCUTEIbHBIE BO3/EI-
crBug peryJsipusaropa R; va tembl. [Ipu v; = 0 koaddunuenrsl 7; He pas/jimvatoTcs 10
temaM. llapamerp ~; mpejiaraercs mojgoupaTh SKCIEPUMEHTAJIbHBIM IIYTEM.

Ananornano pacemorpum dbopmyry M-mara (15) co B3BemeHHON cyMMOIl peryisipu3a-
TopoB R;. Beném cymmapnoe sosdeticmeue q;q peryispusaropa R; Ha 10KyMeHT d U ero
cymmaproe soadeticmeue ¢; Ha KOJJIEKITHIO:

Gia =Y _ |0 géz L G= ) G

teT

[IpencTaBum K03 DUIMERT peryIdpu3anui 7; B BUIE
- nyg n
=T v—+ 1 —7)— ),

did qi
rJe T; — 0OMHOcuUmMervhovil KoapPhuyuenm pe2ysapusauus, v; — cmenens uhdusudyaiuaa-
yuy Bo3JeiicTBus peryispusaropa R; na jokymentsl. [Ipu v; = 1 koaddunuenrsr makcu-
MaJIbHO PA3JIMYAl0TCs 110 JJOKYMEHTaM, BbIpABHUBAs OTHOCUTE/IbHbIE BO3/IEHCTBUS PeryJis-
pusaropa Ha J0KyMeHTHI. [Ipu v; = 0 ko3 dunuenTs He pa3zaudaroTcd T0 JOKYMEHTaM.

O6wumin EM-anroputm c perynsipusauymuein. Paccmorpum Kiaaccumaeckuii BeiBoj EM-
aJIrOPUTMa, KOTOPBIH MO3BOJISIET J0KA3aTh ero cXoauMocTh [42]. OH HOIXOAUT HE TOJIBKO
JIJISI TEMATUYEeCKOI'0 MOJIEJIMPOBAHUS, 1I09TOMY BBe/IEM OoJjiee obiire 0003HAYEHUS:

X = (d;, w;)!_; — UCXOJHBIE JAHHbIE, HabAI00aEMBIE NEPEMEHHBIE;

Z = (t;)1_, — cKkpumole nepemenmbie;

) = (®,0) — mapamerpsl nopoxaatomieit mogenu p(X, Z | Q).

Bajadya 3aKI09aeTC B TOM, 9TOOBI IO BBIOOpKe X HaiiTn mapamerpbl Momenn §2,
P KOTOPBIX JOCTUTAETCS MAKCUMYM MAP2ZUHAAU306aHH020 Npasdonodobus (marginal
likelihood)? ¢ peryJisipuzaropom R(Q):

Inp(X|Q)+ R(Q) = anp(X, Z|Q)+ R(Q) — max . (18)
zZ
Dra 33124 Hey100HA TeM, 9TO CyMMUPOBAHKE 1101 JIOrapuMOM IIPOU3BOUTCS 1O BCe-

BO3MOYKHBIM 3HAQUYEHUsIM CKPbITHIX IEPEMEHHbIX Z. B ciiydae TeMarudeckoro MOJE/Inpo-
BAHUsI 9TO MHOYKECTBO BCEX N-MEPHBIX BEKTODOB TeM, ero MOIIHOCTh paBHa |T'|™.

2Marginal likelihood ma pycckmii HHOTJa HePeBOIUTCA KaK HpeebHOe MK HeIOTHOe IPaBI0IoI00mIe.
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Teopema 3. FEcun ynknmonasn (18) gocrarouno riajakuii, 1o Todka ) ero JIOKaJIbHO-
o MAKCUMyMa yJOBJIETBODET CUCTeMe YDaBHEHUI, pelleHue KOTOPOH MeTOJ0M HPOCThIX
Areparnnii CBOJUTCI K 9€PEJOBAHUIO JBYX IIATOB:

E-mar: q(Z) =p(Z|X,Q); (19)
M-nrar: Z qZ2)Inp(X,Z|Q) + R(Q) — max. (20)

Jloka3areabCTBO. 3alUIIeM HEOOXOAUMbBIE YCIOBUS JTOKAJILHOIO SKCTPEMYMa /I 3a-
Jladi MaKCUMU3AIUU 1 Kkoro ¢gynkinuonasaa (18):

1 op(X,Z|Q)  0OR(Q)
=0.
(X9 2" T an
U3 dopmyiibl yesosuoii BepositHoctu cieayer p(X [) = i E)Z(\?g; Bocnosbsyemest
STUM TOZKJECTBOM, BHOCS p(X—lm) 110/, 3HAK CYMMHPOBAHU:
Zp (Z]X.0) 9p(X.Z|0) | ORQ) _
(X, Z]Q) By o
OR(Q)

= 0.

Zp Z|X,Q) lnp(X Z19) + =5

[Tosnyuennoe ypaBHEHHE BJILAETCS HEOOXOIMMBIM YCIOBHEM JOKAJILHOIO SKCTPEMyMa,
sagaun M-trara (20), eciu bukcupoBars pacipegesnenue p(Z | X, ) Tak, 47066 OHO HE 3a-
Buceso or napaverpa ). Vimenuno 1o u gocruraercst Borauciaenuem ¢(Z) na E-mare (19)
u nocseayromiei ero noacranoBkoit B (20). Takum 06pa30M, Mbl HOJIy4MJI CUCTEMY yDaB-
HEHUHi, SKBUBAJIEHTHYIO HEOOXOAMMBIM yCJI0BUsAM MakcuMmyMma dyHKipuonasa (18).

Teopema nmokazana.

Teopema 4. B unrepamuonnom nponecce (19)—(20) suauenne pynknmonasa ne yMeHb-
[IaeTcsT Ha KazK0M IIare.

Hoxka3arenbcTBo. Bsejém npoussosibhoe pacupeseserue ¢(Z). Bocnosbsyemcst

yCJIOBHEM HOPMHUPOBKE ), ¢(Z) = 1 u toxaectBom p(X |Q2) = ig@l g;

Inp(X|Q) = Zq ) Inp(X Q) = Zq(Z)lnM.

) 7R )
Jobasum n oraumeM Y, q¢(Z)Ing(Z2):
(X, Z[Q) a(2)
Inp(X|Q) = () In ——F—= + ) In ———. 21
L(2.) KL((2) [p(Z] X,0) >0

Bropoe cmaraemoe B 310l cymme gaBiagerca KL-muBeprenmnueil MexKay ABYMs paclpe-
JIeJICHHSIMU, KOTOpasd Bceria HeoTpunareabHa. [loaTomy mepsoe ciaraemoe, 0003Ha4eHHOE
uepe3 L(q,2), saBjsiercst HUXKHEl OleHKO# jiorapudma 1pasonogodus Inp(X Q).
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Jist Makenvusanuu peryispusoBanaoro log-npaspononobus ln p(X |2) + R(Q2) o €2
Oy/1leM MaKCHMHU3MPOBATDH €r0 HHKHIOIO OIEHKY 1100YepPEIHO TO 110 ¢, TO 1o {2

E-mar: L(q,Q) + R(Q2) — max;
q
M-mrar:  L(q, Q) + R(Q2) — max.

Makcnvusanus L(g,€2) no ¢ sxsusarenrtna vunnvusamun KL(q(Z) || p(Z]X,Q))
0 ¢, MOCKOJNBKY HX cyMMa (21) me 3aBucut ot q. Munmvmym KL-muBeprenmun pasen
mymo u gocruraerca npu ¢(Z) = p(Z| X, ), aro coBuagaer ¢ dopmysoii E-mara (19).
Obnysenne KL-guseprennuu B (21) o3nagaer, uro L(q,()) sBisiercst gocturaeMoiil HUzK-
ueit onenkoit Juist Inp(X |QY), a 3ajada makcumusanuu Ha M-mare couagaer ¢ (20).

Takum o6pazom, EM-asropurym (19)—(20) siBjstercst 4aCTHBIM CJIy 9a€M HTEPALUOHHOIO
nporecca 6JI0IHO-OKOOpAMHATHO T onTumuzanuu dynkimuonana L(qg, Q)+ R()), na kax-
JIOM IIIare KOTOpOoro 3Hadenue GyHKIMOHAIA MOZKET TOJBKO yBEJTUIUTHC.

Teopema JjiokazaHa.

EM-ajiropur™m He rapaHTHpyeT HU JIOCTUKEHUs MAaKCUMyMa C 3aJIaHHOI TOYHOCTHIO,
HU 1V100a/ibHO cxoguMocT. OnTuMHU3alMOHHAA 3a/a49a SIBJIAETCA B ODIIEM CJIydae MHO-
rodKcrpeMasibHoii. Ha mpakTuke 310 0O3HaYaeT, 9TO Ka4eCTBO PElIeHHs] MOXKET 3aBHCETD
0T BbIOOpA HAYAIBLHOI'O HPHOJIHKEHN.

Obwwmin EM-anroputm gns tematmnyeckoro mogenuposarvus. llpumvennv EM-as-
roput™ (19)—(20) K 3amade TEMATHYIECKOrO MOJEIUPOBAHHS, BEPHYBIINCH K HCXOTHBIM
obosmadenusv: X = (d;, wy),, Z = (t;),, Q@ = (P, 0).

Caeayromas JeMMa, II0Ka3bIBAET, 4TO B CJYUYae TeMaTHIECKOIO MOICIMPOBAHUS CYyMMa,
110 BCEBO3MOXKHBIM Z B 3aade M-mara (20) cymecrBeHHO yIPOIIAETCS.

Jlemma 1. Touka (P, 0) JioKajbHOrO MAKCHMyMa PEryJisipu30BaAHHOIO log-1paBomoio-
6ust B 3aja4de TeMaTHieckoro mogenuposanus (11) ymopaerBopsier cucreme ypaBHEHHI,
pelIeHne KOTOPOii MeTO[JOM MPOCTBIX HTePAaIHi CBOJUTCI K 9ePEeIOBAHHIO JABYX IIAIOB:

E-mar:  p(t|d,w) = norm(@wt(?td), agBeex d € D,we W, teT; (22)
M-mar: Z Z anwp t|d, w) In(uwbia) + R(®,0) — max. (23)
deD weW teT

Joka3zareabCcTBO. 3anuiieMm cHadaja Gopmyay E-mrara. Bocmosib3oBaBimcs ycJio-
BHEM HE3aBHCHMOCTH 3JIEMEHTOB BbIOOpKH 1 npumenus dbopmysy Baiteca (5), pasioxum
q(Z) B upousBejieHEe YCJIOBHBIX BEPOSTHOCTEH TE€M 10 BCEM HO3UIUAM i:

q(Z) = p(Z] X, ) :Hp(ti|diawz Hnorm Puit,Od,) -
i=1

=1

[ToacraBum B 06mryo dopmyrty M-mara (20) pacupenerenus p(X, Z|$2) u q(Z2):

Z q(Z)Inp(X,Z|Q) + R(Q) — max;

ZeTm

Z antﬂdk,wk 1an (diywi t; | Q) + R(Q) — max.

t1€T  tn€eT k=1

18



Boipazum jiorapudm nmpoussejienus yepe3 cymmy JiIorapudMoB U EPEeCTaBUM MECTaMU
3HAKU CYMMUPOBaHUS:

ZZ Z Hp tk‘dkvwk lnp(dzawut |Q) "‘R( ) — max

=1 t1€T  tneT k=1

BamMerum, 4To cpejyu n cyMm 10 t; € T HerpuBUaJbHA BCEra TOJIbKO OJHa — Ta, JJid
KOTOPOIi t; = t),. Bece ocraabHble CyMMBI PacXoAylOTCd Ha 00pa3oBaHUe MOJHBIX BEpOsT-
nocreit Y, p(ty|dy, wy) = 1. Takum obpasom, dynknua B 1€BOf TacTH yuportaeTcs:

n
SN pltldi, wy) Inp(d;wit|Q) + R(Q) — max
i=1 teT
3aMeHruM CyMMUPOBAHUE [0 HO3UIUIM TEPMOB ¢ CYMMHPOBAHUEM 10 JOKyMeHTaM d,
3aTeM IO TepMaM w B KazKJOM JIOKYMEHTe, YIUTLIBas KazKJIblil TepM Mg, pa3. 3arem
Bocmosib3yemcs npencrasienueM p(d, w,t|Q) = p(w|t,®)p(t|d, O) p(d) = ©uibrapa, OT-
6poCUB B HEM MHOXKUTEJb Pg, HE 3aBUCAIIMI OT HCKOMBIX IIAPAMETPOB MOJIE/IH:

Z Z Z Nawp(t|d, w) ln(cpthtd) + R($,0) — Ig%x

deD weW teT

JlemMa, JI0Ka3aHa.

Bamada (23) sBisieTcss MAKCUMH3AIUeH PEryIsipu30BAHHOTO MPaBIONOA00usI it Be-
positHOCTHON MOoJenu p(w,t|d), KOTopas HACTpAMBAETCSI MO SMIUPUIECKAM YaCTOTAM
Nidw = NawP(t|d, w). D10 10sIe3HAST TPOMEKYTOUHASA (POPMA OCTAHOBKU 3a/a4U TeMaTH-
YEeCKOIro MoAeJ/JIMpoOBaHud IIPU U3BECTHLIX PaCHpe/le/IEHUAX CKPbITbIX IIepEMEHHbIX.

[Tokazkem, ato or Heé serko nepeiitn Kk EM-aaropurmy st ARTM (14)-(15). Boc-
IOJIb3YeMCsl IPEKHUMU OOO3HAUCHUSAMH Ny U3 (7) u nyg u3 (8). Torma kpurepmii (23)
PACKJIAIBIBACTCA B CYMMY JABYX CJIAra€MbIX H PEryJdpH3aTopa; HepBOe 3aBHCUT TOJLKO
or ¢, BTopoe — TOIBKO OT O:

Z Nt IN oy + Z N Inbyy + R(P,0) — max.

.0
w,t d,t

Jlist penieHusi 3a/ladd  MaTEMATUYECKOI'O IPOI'PAMMHUPOBAHUS HPUMEHUM YCJIOBUS
Kapyma-Kyna—Takkepa. ljist 91010 cHavaJja BBIIKAIIEM JIAIDAHKHUAH:

0) = ant In @y — Z A <Z Puwt — 1) +
w,t t w
+ Zntd Inby — Z,ud <Z Org — 1) + R(CI), @)
dt d t

[IpupaBauBasg Hy/II0 YACTHLIC IPOM3BOAHLIC JArPAHZKHAHA IO IIapaMeTpaM MOJIEJIH,
HoJIyduM ypaBrenust, copuajaomue ¢ pemennem ARTM (14)-(15):

0. Tt OR 0% nyg OR
Oom ~ Pur | B M0 By~ O 08y MO
APt = (nwt + @wta—R) ; tabra = <ntd + Ora—— R )
aSowt 89td
OR OR
pwt = NOIM (nwt + Puwt 8%) ; Oa = norm (ntd + 0iq %d)
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Nrak, npumenenue obmero EM-ajropurma K 3ajiade TeMaTudeckoro Mo/e/IuPOBaHUs
cuoBa upusoaur K Gopmyram ARTM (13)—(15). Taxoii cocod BbIBOJA JIHHHEE, HO €ro
HPEUMYIIECTBO B TOM, YTO IIOIMYTHO OOOCHOBBIBAETCS CXOAUMOCTb EM-asropurma.

4 BeposiTHOCTHas perynsipmn3auynda n mogenb LDA

MpuHuMN MakcMMyma anocTepuopHOl BeposATHOCTM. Jlo cuX mop MBI Hpeamo/ara-
JIM, 4TO JIAHHbIE HOPOXKJIAIOTCA BEPOSITHOCTHON MOoJjie/ibio ¢ napamerpamu (@, 0), koro-
pble He U3BECTHBL U He cjydaiinbl. Telnepb Hpejino0zKiuM, YT0 HapaMeTpPbl CaMy sBJ/ISIOT-
Csl CyJaflHBIMU MEPEeMEHHBIME U HOJYHHSIOTCS anpuophomy pacnpedeaenuto p(P, O; )
C HECJIYIalHBIM 6EKMOPOM 2unepnapamempos . B 3ToM ciydae MaKCUMH3AU COBMECT-
HOrO mpasjononodus msanubix X = (d;, w;)’; u momenu (P, 0) OpUBOAUT K MPUHIIUILY
MAKCUMYMA anocmepuopholi éepoamuocmu (maximum a posteriori probability, MAP):

P(X, ®,0;7) = p(X|@, ) p(®, 0;7) = p(®, 0:7) | [ p(di, wi] @, 0) — max.
i=1 T

[Tocae sorapudmupoBanus nosydaem Mojudukanuio 3a1adu (9), B KOTopoii Jorapudm
AIIPUOPHOIO paclpejie/ieHus] CTAHOBUTCS PEryJispu3aTOPOM:

Zzndw lnzwwtetd +1np(q)a@77) - gng (24)
deD wed teT R(q)"’@) =

Bo mHorux ciyuasix Bo3mozkeH u obparhbiii nepexos. Peryisipusarop R(®,0©), usna-
Ya/IbHO He MMEIONMii BepOSTHOCTHO MHTEepupeTaluu, 11peodpasyercs B allpUOPHOE pac-
pejie/ieHune Iy Tém sciuoHenupoanust u Hopmuposku: p(P, 0) o< exp(R(P, ©)). Hopmu-
POBOYHBIN MHOXKHUTEIb HE 3aBHCUT OT ITapaMeTPOB MOJIENH, TIOITOMY Il MAKCHMHI3AINH
arocrepropHoii BepostaocTH 110 (P, ©) OH He BayKeH, OJHAKO JJI MAKCUMU3AIUH [0 [H-
nepuapaMerpam y ero, CKopee BCero, NpuiaeTcs yuIuThbIBaTh.

Mopenb nateHTHoro pasmerieHus Oupuxne (latent Dirichlet allocation) 6bura npei-
nozkeHa B [28] aist pemenust npobiiembl nepeodydenus B Mojesnu PLSA. TIpo6iema 3akitio-
qasach B TOM, 9T0 Mojeab PLSA mpejckassiBaia BeposTHOCTH TepMOB p(w | d) HAa HOBBIX
JIOKyMEHTaX 3aMeTHO XyzKe, 4eM Ha oOydatomieil Kouieknuu. OObIYHO 1epeodyYeHre CBsi-
3aHO ¢ U30BITOYHON PA3MEPHOCTHIO IIPOCTPAHCTBA TAPAMETPOB, MOITOMY Ha Marpuiibl P, ©
cJie/lyeT HaKJ/IaJblBaTh JIONOJIHATEbHbIE OrpaHndenus. B [28] Ob10 BBEJEHO 11peiosio-
JKeHHe, 9TO CTOJIOIBI STUX MATPHUI] ABJIAIOTCA CJYIANHBIME BEKTOPAMH U IIOPOZKTAIOTCS
pacrpenerennamu Jupnxie ¢ rumepnapaverpamu o € RT n 8 € RV coorsercrsenno:

Dir(0y; ) = Hé( ))HQ"“_ oy >0, 040:;@1&> 0iq > 0, ;Qtdzl;
I'(Bo)
[TT(Bw) w

w

Dir(p; f) = o [T Bu>0, Bo=3Buw @uwt >0, Sow=1

rae ['(z) — rammva-dyuakius. [Tapamerpsl pacupejgesenus Jlupuxiie CBs3aHbl ¢ MaTeMa-
_ Buw
Bo -~

THIECKUM OXKHIAHHEM ITOPOZKIAEMbIX CJIydaiiHbIX BeKTOPOB: Ef;y = g—é, Epuwt =
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02 02 02
.3[.,.,99-]'., . .j[._!{ITTTYT!o j‘._TTTTTTTTTT
Dir(p;0.1) Dir(p;1) Dir(¢; 100)
(paBHOMEpHOE)

Puc. 2: IlpuMep Tpéx HEOTPHIATETLHBIX HOPMHUPOBAHHBIX BEKTOPoB ¢; € R0, mOpoxkAgHHBIX cooTBeT-
CTBEHHO TpPeMs CHMMETPUIHBIMU pacnpeaenennsamu Jupwuxie ¢ mapamerpamu 0.1, 1, 100.

Vcnonb3oBanue pacipejeieduii /lupux/ie onpasiaHo M0 TPEM HPUIHHAM.

Bo-nepBbix, ABYXypPOBHEBasA MOJIE/Ib IIOPOZK ICHUs JAHHBIX (DOPMAIU3YET IPEIOI0AKE-
HHE O CYNIECTBOBAHUM TEMATHIECKUX KJIACTEPHBIX CTPYKTYP B TEKCTOBOI KoJuIekiuu. Pac-
upejesienne Jlupuxjie 10poziaer BEKTOPbI JIMCKPETHBIX pPacipejieienuii ¢, = p(w|t),
KOTOpbIE CTAHOBATCH IEHTPAMH TeMAaTUIeCKUX KJaacTepoB. Kazkaplil Takoil IEHTD MOpOzK-
JaeT TeMaTHIeCKe YacTh JOKYMEHTOB — BEKTOPbI JUCKPETHBIX pacipejeeruii p(w |t, d),
KOTOPbI€e ILJIOTHO TPYINIUPYIOTCA BOKPYI CBOErO HEHTPA.

Bo-Bropbix, pacupejesenus lupuxjie criocobHbl MOPOXK/IATh KaK pa3peKeHHble, TaK
¥ IJIOTHBIE BEKTOPbI JIMCKPETHBIX pacipesesenuii, puc. 2. Ecin BekTop napamerpos cocro-
UT M3 PaBHBIX 3HAaYeHUil [,, T0 pacupejenenne Iupuxjie HA3BIBACTCS CUMMEMPUUHBLM.
[Ipu 5, =1 cumMmerpudHoe pacupenenenne /lupuxie COBIaIaeT ¢ PaBHOMEPHBIM Pac-
npejie/ieHneM Ha eJMHUYHOM CHMILIeKce. dem MeHbire [3,,, TeM G/1uzKe K HyJIH0 YCIOBHBIE
BEPOSITHOCTU 0,y = p(w|t) B OPOXKIAEMbIX BEKTOPAX Py

[unoresa 0 pa3pe:KeHHOCTH pacupejenenuii @, = p(w |t) popmasiuszyer ecrecrBeHHOe
LPE/IIOI0AKEHNE, YTO KazKaasd TeMa b UMeeT CEMAHMUMECKOe A0P0 — MHOXKECTBO TEPMOB,
XapaKTepU3yONHX JAHHYI0 TeMy 1 KMEONHUX B Heil 60JIbIne BepOITHOCTH. TakuX TepMOB
B KazKJI0M TeMe He MOKeT ObITh MHOI'O, IIOCKOJIBKY GOJIbIIMHCTBO TEPMOB CJI0OBAPS T0JIZKHbI
OTHOCUTBHCH K CEMaHTHYECKUM sJIPaM JIPYTUX TEM.

AHaJIOrMuHO, TUIIOTE3a O pa3pekeHHOCTU pacupeenenuil O,q = p(t|d) dopmanusyer
€CTECTBEHHOE IPE/IIIO/I0KEHHEe, YTO KazK/Iblil JOKYMEHT OTHOCUTCH K HEDOJbIIOMY HYUCILY
reM. TpyaHO HpeacTaBUTh cebe JTOKYMEHT, B KOTOPOM 3aTPariBalOTCa BCE TEMbI GOJIBIION
TEKCTOBOM KOJUTEKIHH (& eC/TH 3TO SHIUKIIONEe/IUs, TO B KA4eCTBe JOKYMEHTOB CTOUT B3sTh
OTJIEJIbHBIE €6 CTAThH).

B-Tperbux, pacupejgenenne Jlupuxiie sBIsgercs CONPAKEHHIM K MYy IbTUHOMHAJIBHOMY
pacupeeaeHnio. 1o Ype3BblYaiiHo y100H0 jijist 6alleCOBCKUX METOI0B, KOTOPhIE PACCMAaT-
pHBAOTCA B ciejyonieM naparpade. IMEHHO MaTeMaTudecKoe y100CTBO e 10l peIe/I1I0
IOIIY/IIPHOCTD paciipejiesienus JIupux/ie B TeMaTHIeCKOM MO/Ie/IUPOBAHKN.

Cormacuo (24), mogean LDA cooTBeTCTBYeT pery/isipu3aTop, ¢ TOYHOCTHIO 0 KOHCTAH-
ThI paBHBIA cymMMe JjiorapudMOB aupuOPHBIX pacupeaesennii Jupuxie:

R(®,0) = lnH Dir(epy; 5) H Dir(64; ) 4 const =

teT deD
= Z Z (Bw — 1) In@uy + Z Z(at — 1) In6yy. (25)
teT weW deD teT

[Ipumenenue ypasuenuii (14)—(15) k sTomy peryasipusaropy gaér dbopmynbr M-nrara:

Pur = morm (ny; + By = 1) g = norm(ng + oy = 1).
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0.04 A 0.020 0.020
0.03 1 0.015 1 0.015 1

0.02 4 0.010 1 0.010 §

: Q . .
0.01 ] 0.005 0.005 ]
0 A 0 - 0 -
0 50 100 150 200 0 50 100 150 200 0 50 100 150 200
KL(P||Q) = 0.44 KL(P||Q) = 0.44 KL(P||Q) = 2.97
KL(Q||P) = 2.97 KL(Q||P) = 0.44 KL(Q||P) = 2.97

Puc. 3: Jueeprennusa Kynbbaka—J/leitbnepa KL(P||Q) saBisiercs HECHMMETPUIHON MEPOH BIOKEHHOCTH
pacnpenenenuss P = (p;)_; B pacupenenernue Q = (¢;)"_,. Broxkernnocts P B () IpUOIU3UTEIHHO OJNHA-
KOBA HA JIEBOM U CpeJHeM rpaduKax, BJOKEHHOCTh () B P — Ha jJieBOM ¥ mpaBoM rpaduKax.

[Ipu B, =1, ay = 1 anpuopuoe pacupejesenne lupuxjie coBmagaer ¢ paBHOMEPHBIM
pacipejie/ieHiHeM Ha CUMILTeKce, popMy/bl M-1mara mepexoidar B HeCMEIEHHbIe YaCTOTHBIE
OIEHKH YCJIOBHBIX BepogrHOCcTeil, a Mojgenb LDA mepexomur B PLSA [50).

[Ipu B, > 1, oy > 1 peryaspuszarop umeer crjazKupamomuii 3hdexT, 3acTaB/isis pac-
upejesienust ©; u 0y npubInzKATHCS K 3a/[aHHBIM PACIPEIeIeHIAM 3 U (¢ COOTBETCTBEHHO.

IIpu 0 < B, <1, 0 < a4 < 1 perysngpu3aTop uMeer paspezkuparomiuii 3¢ dekT u cro-
cobeH OOHY/IATH MaJible BepogTHOCTU. OIHAKO TpeOOBaHMe CTPOTOil MOJI0KUTETbHOCTH I1a-
pameTpoB (3, U oy B pacupezesnerusx Jlupuxjie orpaHnIuBaeT BO3MOKHOCTH YIIPaBJICHHS
paspexkeHHOCThIO MaTpuil ©, O B Mmogesn LDA.

Auseprenumns Kynbbaka—Jleilbnepa (KL-dusepeeryus, OTHOCUTEIbHAST SHTPOIINS) Jia-
Jiee OyjleT OJIHMM W3 BaKHEHIINX MHCTPYMEHTOB KOHCTPYUPOBAHUS PEry/isipu3aTopOB.
910 HecmMMeTpuUYHAsS (DYHKIUS DPACCTOSHUS Me¥KIY MAUCKPETHBIMH DacIpeeeHusIMu
P=(p)i, u@=(q;)",, c comamaomumu nocurensamu, {i: p; >0} = {i: ¢; > 0}:

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

e H(P)=—>.p;Inp; — osnmponus pacupenernenus P, H(P,Q)=—> .pilng —
kpocc-anmponus pacupenenenuii P u (). Obo3nadenne KL; He gaBsercsa oOMenpuHITHIM,
HO OHO YJI00HO, KOT/JIa HAJI0 [TOKA3aTh, 10 KAKOMY HH/IEKCY IIPOU3BOJUTCI CYMMIPOBAaHUE.

KL-auBeprennys HeoTpunare/ibHa U paBHA HYJII0 TOLIA M TOJBKO TOLJA, KOJAA Pac-
HpeJleIeHnsl COBIAJIAIOT, P; = (.

Ecmu KL(P||Q) < KL(Q||P), To pacupenerenue P cuibHee BI0KeHO B (), yem ) B P,
cM. puc. 3. Takum obpazom, KL gBiigerca Mepoil BJIOXKEHHOCTH JABYX PaCIpe/Ie/IeHUI.

Eciin P — smuupuueckoe pacupejeserue, a Q(a) — nmapaMerpudeckasi MOJIejib, TO MU~
HuMmu3anusg KL-a1uBepreHnun S5KBUBaT€HTHA MAHAMU3AINNA KPOCC-SHTPOIINH U MAKCHMU-
3aIil [IPaBI0IOI00M:

KL(P[[Q(cx sz ln

—)mln — E piIng; (o) — max.
(0%
=1

Makcumusarst paBaono06us (9) SKBUBAJEHTHA MUHUMEU3AIUN B3BEIIEHHON CYyMMBI

KL-juBeprennuii Mezk/1y SMIMPUUECKUMU pacupeenenusyu p(w|d) = % 1 MOJIE/IbHbI-
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mu p(w|d), mo Beem nokymentam d u3 D:
an KL, (nﬂ H Z (Pwt‘gtd) — min,
Ngq [N
deD teT

IJie BeCOM JOKYMeHTa d sBJjseTcs ero JauHa ng. Ecim Beca ng yoparb, TO Bce JIOKYMeH-
Tl OY/JyT UCKYCCTBEHHO IPHUBEICHBI K OAUHAKOBOM juHe. Takasg momuduraus QyHK-
[MOHAJIA KAavYeCTBa MOKeT ObITh I10JI€3HA 1PU MOJIEJIMPOBAHUM KOJLIEKIU, COeprKAIINX
JIOKYMEHTBI OJIMHAKOBO# BarKHOCTHU, HO CYIIECTBEHHO PA3HON JIJIMHBI.

He-BepositHocTHasi untepnperauuss mogenu LDA. Perynspuszarop (25) MOXKHO 9K-
BHBaJIGHTHBIM 00pa3oM 3amucarh depe3 KL-muBepredun:

R((I)v@) = |W| ZKLw(ﬁ H (pwt) - ﬁOZKLw(% H SOwt) +

teT teT
+ T KL (o7 || i) — a0 D KLy (2 || 61a).
deD deD

Orcroga cienyer, aro Mozaenb LDA oka3biBaeT CIyIa;kKHBaioliue U Pa3perKhBarOIIie
BO3eiicTBust Ha MaTpuibl P, ©. Bee crosbup marpunpt Y 10/12KHBL ObITH OJIM3KH K OJHOMY
U TOMY K€ pPacipe/ie/IeHIIO g—z, npuaéM mapamerp [y CraHOBUTCS KOIDMUIIMEHTOM pery-
Jsipu3anuu. AHAJOTUYHO, BCE CTOJIONB MATPUIBI O JI0/IZKHBI ObITH OJIM3KH K Pacupejeie-
HUTO z—é, U 3TUM TpeboBaHUEM yIIpaB/sgeT KoM @UIeHT peryasdapusanun «g. Kpome srux
CIVIayKHUBAIOIIMX BO3/ICHCTBUN UMEIOTCS cJIadble HeyIIpaB/igeMble pa3peKuBaloliue Bo3/Ieii-
CTBUs: CTOJIONBI 00EUX MATPHIL JOJIKHBI ObITh JAJIeKU OT PABHOMEPHOI'O PACIIPEIeJICHUS.
JlaJjibiiie Bcero oT paBHOMEPHOI'O paclpe/iesieHusl HaXOIATCs BbIPOXK/IEHHbIE paciipe/ielie-
HUS, B KOTOPBIX €JMHUYHASI BEPOSITHOCTH CKOHIIEHTPUPOBAHA B €JMHCTBEHHOM 3JIEMEHTE.

[TosToMy paspeKuBaHMe IPUBOIUT K OOHYJIEHIIO MaJIbIX BeposTHOCTel B Marpunax ®, 0.

5 bBaiiecoBckoe oby4yeHue mogenu LDA

[lenabto OGaiiecoBckoro obydenusi (Bayesian learning) sBisiercst mosiydeHue OIEHOK
IJIOTHOCTU PACHPEe/IeHHsT JIjIsi HaPAMETPOB BEPOSITHOCTHONW MOJIEIN BMECTO OOBIYHBIX
TOY€YHbIX OICHOK.

[Iycte X — nabuogaeMast BBIGOpKa JaHHbIX, p(X |[()) — BeposSTHOCTHAS MOJe/b JaH-
HBIX ¢ mapamerpami €2, p(Q|vy) — anpuoproe pacnpedeserue B IPOCTPAHCTBE TTAPDAMETPOB
MOJIeI, MMerollee THIepuapaMerpsl . Torma anocmepuoproe pacnpedeserue mapamer-
pos, corstacio dopmyJie Baiieca, numeer Bu/1

p(€, X [v)
p(X|[7)

rJle CMMBOJI X O3HAYaeT «PABHO C TOYHOCTHIO /IO HOPMUPOBKUY.

Eciin nam Hy2KHa JIMIIb OIIEHKA MaKCUMYMa, IPaB/I0110/1001s JIJIsI AIIOCTEPUOPHOIO Pac-
npejiesieHus, TO JIOCTATOYHO BOCHOJIb30BATHCH MPUHIHUIIOM MAKCUMYMA GNOCMEPUOPHOT
8EPOAMHOCTIU, KOTOPBIHA OBLT pacCMOTPEH B IpebIayIneM pasjese. Torna 3aiada cBOIUT-
cd K MaKCHMU3AIUHA Jorapudma mpaBIono00us ¢ BepOITHOCTHBIM PeryIsapu3aToOpOM:

pQX, ) = o< p(§, X |) o< p(X Q) p(Q2]),

Inp(X|Q) +1Inp(Q2]|y) — max.
R
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AJIbrepHATUBHBIN Iy Th, HA3BIBAEMbIIT 0GUECOBCKUM 8bL6000M, 3AKTIOUAETCS B TOM, YTO-
Obl BBIYUC/IUTD allocTepuopHoe pacupejeenue p(€| X, ) B sBHoM Bujie. D10 HoJiee CJI0xK-
Has 33/1a49a, MOCKOJbKY BMECTO TOYEIHON OIEeHKH mapamerpa () CTPOUTCS ero pacipe/ieie-
aue. TeopeTnyueckn Takoil MOAX0/1 TaéT 6OJbIIe HHGOPMAIUH O TapaMeTpax MOJETN: M03-
BOJISET CYyIUTHh 00 X YCTONYMBOCTH, MOTYYATh JTOBEPUTEIbHBIE I NHTEPBAIbHBIE OIEHKH.
OHAaKO B HPAKTHKE TEMATHYEeCKOIO MOIEJIUPOBAHUS TH BO3MOXKHOCTH TaK W HE HAILIH
IIUPOKOI'0 IIPUMEHEHMs, U I0JIy4aeMble allOCTePUOPHbIE paclpe/ie/ieHus OObIYHO Ccpa3y
IepeBOJATCS B TOUEUHbIE ONMEHKN MATeMaTUIeCKOTO OYKUTAHWS.

HecMmoTps Ha n306BITOYHYIO CJIOXKHOCTD U CBI3aHHBIE C ITUM OIDaHUYeHus, OaiiecOBCKOe
oOydeHHe TOMHHHUDYET B JUTepPAType IO TEMATHIECKOMY MOJeJIHpPOBAHUIO. MBI paccMoT-
puM JiBa HauboJiee MOMYJIsIPHBIX MO/X0/Ia: BADHAIMOHHBIN OaiiecoBCKuii BbiBO/J (variational
Bayes, VB) [135| u commiuposanue ['n66ca (Gibbs sampling, GS) [131]|. dust npocrorst
orpannunmMmcs mogeabio LDA u yBuauMm, uro oba noaxoga npuBogdat K EM-1mogo0HbIM
JITOPUTMAaM, HE3HAUYUTEIHHO OTIHIAONIIMCSI OT TOTO, KOTOPBI MBI YK€ BBIBO/IUJIN.

CsoiictBa pacnpegenedunsa Qupuxne. B oboux nmoaxogax Oyger CyHECTBEHHO HCIIOJIb-
30BaThCs paciipejieienne Jupuxiie, 1o3ToMy HPUBEIEM B CIIPABOYHOM IOPSIJIKE HEKOTOPbIE
ero CBoiicTBa:

e EO, = [0, Dir(f|a) df = o= no%"m(at) — MaTeMaruvdeckoe oxujanue 0;

N o ar—1 __ o .
o 0= = no;rm(at — 1) — mona;

o DO, = 7(23(?50:113) — JIUCIIePCHS;

e Elnf, = [In6, Dir(f|a)dd = ¢(ar) — 1(ap) — maremarnieckoe oxuganue lnb;.

Huramma-dyuknus () = I;((;)) OueHb 1OXOKa Ha jorapudm.
I3BecTHA mpoOCTas, HO BeCbMa TOYHAS AlIIPOKCUMAIUA KCIIO- a5 ]
HeHTHl AuraMva-pyHknun (Ha rpaduke UX JHHAH IPAKTHYECKH g, |
HePA3THIUMbI ): 2
1,0 ’
. 0<z <1 o4

E(z) = exp(¢(x)) = ;’_ %7 1 ; .7}.\ 7 0 0705 1.0 15 20 25 30 35 40

BapuauunoHtbiii banecoBcknii BbiBog,. llaes 5Toro moaxoaa B TOM, 4TOObI HCKATL COB-
MECTHOE allOCTEPUOPHOE paclipejiejieHue JIjIsd apaMeTpPOB MOJIEJIN U CKPBITHIX IIepeMeH-
ubix p(Z, P, 0| X, «, 5). HenocpejcrBennoe BbIUUC/IEHUE JIAHHOIO PACHpPeIe/IeHUst 11Po-
6J'[€M&TI/ILIHO. HOSTOMy HaXO0ddT ero HpI/I6.HI/I)KeHI/Ie B BU/E PA3JIOZKEHUA Ha MHOZKHUTEJIU,
UCIIOJIB3YS OCHOGHYIO TEOPEMY BAPUGUUOHHO020 baTlec08CK020 6bl600a.

Teopema 5. Ilycrp 3asan0 pasonenne MHOXKeCTBa 11epeMeHHblx Y Ha O0ioku Yj, j € J.
Torza pemenne sazaun KL(q(Y') H p(Y|X,7)) = min B cemeiictse pakTOpH30BaHHBIX
q

pacupesesennii ¢(Y) = [] ¢;(Y;) yaosuaersopsier cucreme ypasnenuii
jeJ

Ing;(Y;) = Eq;Inp(X,Y |y) + const, j € J, (26)
e Eg\; — MareMaTHdecKoe OxKmaHme IO BCeM IIeDEMeHHBIM KpoMe Y;, const — HOPMIH-

POBOYHbIH MHOXKHTEJ/Ib DACLPE/CJICHUs ;.
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JlokazaresbcTBO MOXKHO Hajitu, Haupumep, B |22].

g pemenusi cucteMbl (26) MOXKHO HCIOJB30BATH METOJ MPOCTON UTepAIUH.

[Tpumenum 31y Teopemy K Haiiemy ciy4ar, korja Y = (Z,®,0), v = (a, 8). Byaem
npubimxkare pacupenenenne p(Y | X, v) = p(Z, P, 0| X, «, 5) npoussenenuem n+|T|+|D|
pacipe/eenuii mo 610KaM MepeMeHHbIX t;, ¢, 04

q(Z,@,@ Hq]ZCI)@ H Hqt Sot HQd 9d

jeJ i=1 teT deD

rae J ={1,...,n} UT U D — unpmexcol Bcex GJIOKOB MEPEMEHHBIX.

3ameTuM, 4TO ecjiu OJIOKH IepeMeHHbIX Y; He3aBHCHMBI, TO pelllenue OyjieT He IIpH-
OIMKEHHBIM, a TOYHBIM. TakuM oOpa3oM, HCIOJIb30BAHHE BAPHAIMOHHOIO DaiieCOBCKOIO
BBIBOJIA CBSI3aHO C IIPEJIIIOI0KEHIEeM, 9TO MOXKHO IIpeHeOpedb 3aBUCHMOCTSIME MKy Te-
MaM# TePMOB t;, BEKTOPDAMH TeM (; U BEKTOPAMU JIOKYMEHTOB 0.

Yrobbl 3amucarh cucTeMy ypaBHenuii (26), pacouimem JorapudM pacpeeeHust
p(X,Z,®,0 |, ), nepeBojis ciaraemble, He 3aBUCHINIE OT IIEPEMEHHBIX ;, ¢y, 04, B const:

np(X, Z,®,0]a, f) = Inp(X, Z|®,0)p(®|5)p(O|a) =

:lan(di,wi,ti |®,0) + lnHDir(gptW) +1In H Dir(0y| o) =

i=1 teT deD

—Zln gpwm@td +Z w—1) lngpwt—l—z +—1)In 6,y + const.

Tenepn Ha0 GpaThb MareMaTHUecKue OxKujgaHus E, ; 0T 9TOi CyMMBI 10 BCEM pacIIpe-
q\j

jenerusim G (o), qa(0a), ¢;(t;), Kpome j-ro. 3amMerum, 4TO €Cjiu cjaraeMoe S He 3aBUCUT

or j-it nepementoii, To E, .S = const, 4T0 CHJIbHO yUPOIIAET BBIK/IA/KH.

Pacemorpum ypasrenne (26) orHocuTebHO qi(pr):

In Qt SOt Z qu(t t —t In @1, +Z —1 In ¢,,; + const =

weW
- Z > Jwi=wlgi(t) In e+ (Bu—1) gy, + const =
i=1 weW weWw
= Z (Z[wi:w]%(t) +Bw — 1) In ¢ + const =
weW “Ni=1

7

WV
Nuwt

=In Dlr((pt ‘ Bt)

~ Takmvm  obpasom, ¢ (@) aABngerca pacupenenenmeM Jlupuxie ¢ mapaMeTpamm
Buwt = Nt + Buw, THE Ny — OLEHKA YUCIa MeHepaluil TepMa w u3 TeMmbl t. [Ipu Goabimnx
Nyt OHO CKOHLIEHTPUPOBAHO B TOUYKE 0y = Norm(Sy).

w
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Pacemorpum ypasrenune (26) orHocuresabno qq(6,):

Ingy(04) = ZE yldi=d] In6y,q4, —i—Zozt— )In 6,y + const =

teT
= Z d;=d| ZQZ In 6, + Z +—1)In b,y + const =
teT teT
= Z(Z [d;=d]q;(t) +a; — 1) In 0,4 + const =
teT
%,_/
Nid

=1In Dll"(ed ‘ O~éd)

Takum obpasom, qq(04) siBiasiercs pacupejenennem [upuxsie ¢ napamerpamu
Qgd = Nyq + i, TJI€ Nyg — OLEHKA 4YUCIa TepMOB TeMbl t B jokymenrte d. Ilpu Gosibiimx
Nyg OHO CKOHIIEHTPUPOBAHO B TOUKe Oy = norm(dyy).

t
Haxkower, paccMorpuM ypashenue (26) orHocuTeabHo ¢;(t;):

Ingi(t) = Ep, (hl Ouyt; + 100y, 4, ) + const =

= Eg(p) In 0wyt + Eq(0,) In 04,0 + const.

Mbr yzxe 3HaeM, 910 ¢(@1) 1 qq(64) aBasiorcs pacupenesennsmu Jupuxie. Bocmosib-
3yeMCsl U3BECTHBIM BbIDAZKEHHEM JIJIsi MATeMAaTHIeCKOro OKuJaHust jJorapudma t-it Kom-
OHEHTHI CJIydaiiHoro BekTopa (6;), mopoxaemoro pacupeaesaenueM lupuxiie:

= 1 (gt + Bu) — 0 (D0 (Mt + Bu)) +
+ 1/’("tdi + at) - ¢(Zt(ntdi + Ozt)) + const.

Jlorapudmupyst 1 HOpMuUpysi, 1OJIly4aeM pacilpe/ie/ieHus epeMeHHbIX ¢

( E(nuw, + Bu,) . E (g, + o) ) (27)
E(Y,(nut+Bu)) E(XCi(nua, +ou)) )

q(t) = norm

N[

Wi, C UCHOJIb30BaHueM npubiuxkenust F(zr) = exp(¢(x)) =~z —

¢;(t) = norm

1 1
Nyt + Buw; — 5 Tad, T 04— 3
teT % '

1
ne+fo—35  ne +ag—

Bamernm, uro dopmyta s ¢;(t) moxoxa na E-mar (13) 8 EM-anroputme /i Mo/iesin
LDA: p(t|d;,w;) = normy(©y,:0:4,). Bosee Toro, akKyMyJIupOBaHUE CUETUUKOB My U Mg
B TOYHOCTH coBrajaer ¢ popmyaamu M-mrara (14)—(15), ecau nomarars ¢;(t) = p(t|d;, w;):

n

nwe =Y [wi=wla(t),  na=Y [di=dag(t).

i=1 i=1

Takum 06pa3oM, perrenne cucTeMbl (26) METOIOM MPOCTBIX HTEpAIii MPUBOJUT K
EM-noobHOMY a/iropurmMy. TO HEMHOT'O YAUBHTEIBHO, IIOCKOJIBKY MBI HE HCIIO/IH30BaJIH
EM-aJiropur™m, u jaxke He peliajy 3a/[ady MaKCUMHU3AIUU PAaBIOI01001sI
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[To okoHuaHuM uUrepanuii UCKOMbIE ITapaMeTPbl MOJIEJIM MOXKHO OIEHUTH Yepe3 Mare-
MaTHYeCKOe OXKHUJIAHUE allOCTEPUOPHBIX pacupejieienuii upuxie:

pur =10t (nue+By); b = norm (nutay).

Ocuosroe orimuune or EM-anropurma — B nonpaskax (—1, —% win 0) K 9acTOTHBIM
OIIEHKAM YCJIOBHBIX BeposiTHOCTEeH. [Ipu My, nyg > 1 9Tn nonpaBku npeHeOpeKnuMo Ma-
Jibl. OHEM BIUSIOT JIMIG HA OJIM3KHE K HYJIIO YCJOBHBIE BEPOSTHOCTU Py U Byq, KOTOPHIE
He FABJIAIOTCSI 3HAYUMBIM [T TeMarudeckoil momenun. Takwme orimunmsa B EM-1mom00HBIX

AJITOPATMaX TEMaTHUIECCKOI'0 MOJE/JIUPOBAaHUA MO2KHO CHHUTATh HECYIIECTBEHHbIMHA [19]

Camnnunposanue 'mbb6ca. Maes 3Toro moaxoma B TOM, YTOOBI CHAYAA OLEHUTD CKPBITHIE
IepeMeHHbIe ¢ HOMOTIBIO coMILTHpoBanus Z ~ p(Z | X, «, ), 3aremM HANTH allOCTEPUOPHOE
pacupe/einenue napamerpos mogesu p(®, 0| X, Z, «, 5), upu uzsecrabix X u Z.

Pasbepémcst cHauasia ¢ anocrepuophbiM  pacipeseinenuem. [lycrs p(®, 0| a, 5)
arnpuopHoe pacupeiesnenne upuxie. Pacipeenenune dupuxiie sBiisercs cONpsizKEHHbIM
K MYJIbTHHOMHUAJIBLHOMY, IOSTOMY AIlOCTEPUOPHOE TaKzKe OyaeT IPUHAIeKATD CeMeRCTBY
pacupenenennii JIupuxie:

P(®,61X, 7,0, 0) x p(®,6, X, Z|a, ) x p(X, 7|, €)p(®, 6 |1, )
o TT (euitia) s T Dix(i ) T] Din(bal)

dyw,t teT deD
Ngwt  Bw—1 Ngwt por—1
X H H Pt Sow? H H etd td
teT dw deD w,t
Nwt+Bw—1 nig+oar—1
o [T TT 110
teT w deD t
X H Dir(gpt | 5t) H Dir(@d | dd)> Buwt = Nt +Buw, Qg = Myq+ 0y, (28)
teT deD

Tl CYBTUUKH Ngyt, Nyt U Nyg OUPEJEISIIOTC CONTACHO (4) Yepe3 3HAYEHUsT CKPBITHIX I1e-
pPEMeHHBIX /.

CoMmminpoBaHue CIy4daiiHOro BeKTOpa £ U3 MHOIOMEPHOTO paciipejesieHus OCHOBAHO
HA Meopeme 0 CToOUMOCTNY NPOUeccd camniuposarus 1ubbca.

Teopema 6. I[Iporecc cOMIIAPOBAHAS OJHOMEDPHBIX CJIVIAHHBIX BEJTHIHH

(k+1) p(X. Z]y)
t ~p(ti| X, 2y, y) = o, i=1,.00m;
T (X 2])
e k — Homep urepanun, Z\; = (tgkﬂ), . tz(.lflrl), tg_’?l, o ,tslk)), CXOHUTCS K MHOT'OMEPHO-

My pacupegeiennto Z ~ p(Z | X, 7).

Jloka3aTeIbcTBO MOXKHO HaiiTu, HampuMmep, B [22].

YT00BI BOCIIOJIB30BATHCSL TON TEOpeMoii, moaokuM v = («, ) 1 HaiiéM pacmpe/ese-
aue p(X, Z|«, 3). IlockoJIbKy OHO He JOJIZKHO 3aBHCeTb oT mapamerpos (P, ©), mo HuMm
HpUAETCs B3sTh MHTErpas. [loJplHTerpaibHoe pacupe/iejenne Mbl yzxke BbiBesn B (28),
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HO Jinlllb C TOYHOCTBIO /IO HOPMUPOBOYHBIX MHOKUTEJIe. Tenepb OHHM HaM HOHaﬂO6HTCH,
1HO9TOMY pa3bepeéMcs ¢ HUMU aKKypaTHee:

p(X, 7], B) = / / P(X, 7|3, 0)p(®,0|a, )dBdO

/ / H ‘P"“ 01" HPZ" [ Dir(e:]8) [ [ Dix(0a|e)d®de =

teT deD
Bw wt — a a
Z ngﬁ ldQDt deH t t Hetd 1d9d:
teT < __ _—_ deD -
x Dlr(apt | B¢) x D1r(9d |é&q)

Z ﬁw H r ﬁwt tat Ht (atd)
“Urvers, ) W Tra T ay 29)

Pacupenenenne p(X, Z; | a, 3) ormmyaercs or nosydennoro soime p(X, Z | o, ) muuib
TeM, YTO OHO CTPOUTCs 110 BbIGOPKE 0e3 i-ro sjementa (d;, w;, t;):

Z ﬁw H 1—‘ﬁwt tat Ht ( d)
tl; (Z (ﬁwt wt dll) ! Ht (Zt( ))

e 0L, = [w=w;|[t=t;], 0}y = [t=t;][d=d;]. Tenepn, corsacuo dbopmy.ie u3 reopembl 6,
IIO/IC/TIM IIOJTyYeHHBIE PACIPEICTCHAS OJHO Ha APYroe, ITO0BI MOy IUTh OJTHOMEPHOE Pac-
Ipeie/IeHne /I COMILTHPOBAHMS TeMbI t;. [Ipu gejenun B 9ucmTese u 3HAMEHATEIE CO-
KPATsITCsl BCE MHOXKHUTE/M KPOME TeX, KOTOPbIE 3aBUCAT OT djiementa (d;, w;, t;):

P(X.Z|a,f) _
p(Xa Z\Z | «, 5)
_ F(nwiti +6w1) F(Zw(nwh ‘l'ﬁw) _1) F(ntidi+ati) F(Zt(ntdi +at) _1)
F(nwiti +/8'wi _1) F(Zw(nWti+/8w)) F(ntidi+ati _1) F(Zt(ntdi +at)) .
B 5TOM BbIpazKeHHH BOCIIOJb3YEeMCsI CBOWCTBOM raMMa-(yHKIIII Fzﬁ)l)
( nwit _I_ ﬁwi - 1 . ntdi + Oy — ]- )
Zw(nwt + Buw) — 1 Zt(ntdi +aoy) =1

[To cyru 310 onenka ycjaoBHOi BepositHocT P(t|d;, w;) = normy(y,:0q,) va E-mare
EM-anropurma g mogean LDA. Takum obpasom, MBI cHOBa mosydaeM EM-1momo0HbLiT
AJITOPUTM, XOTd 3a/a4a MAKCUMU3AIMH PAB/IONI0I00M jTazKe He cTaBUIach. Kak u B ciy-
Yae ¢ BapualluOHHbIMUA 6aﬁeCOBCKHM BbIBO/IOM, aJI'OPUTM OTJ/IMYaeTCd HECYIeCTBECHHbIMU
IolpaBKaMi K 4aCTOTHBIM OEHKaM YCJIOBHBIX BepOHTHOCTeﬁ. F.J'[aBHOG ero orjiniue B TOM,
aro Jyist KaxJaoro (d;, w;), @ = 1,...,n, HIPOUCXOJAUT CIMILIMPOBAHUE TOJIBKO OJIHOM Te-
MBI t;, KOTOpas M Y4acCTBYeT B aKKYMY/JIUPOBAHUU CUETUUKOB Ny U Mg

p(X> Z\z |Oé,

p(tZ‘X7 Z\Z,Oé,ﬁ) =

=z —1

p(t| X, Z\;, a, ) = norm

teT

n n

Mot = 3 _[wi=w][t;=t],  ng=Y [di=d][ti=1].

i=1 i=1

DakTuyecku, Ha M-mare cyMMHUpYIOTCS He camu pacupenpenenus p(t|d;, w;), a ux sM-
nupudeckne oneHku p;(t) = [t=t;] mo comminposanusiv TeMam t;. CyMMa TaKHX OIEHOK
CXOJUTCs K CyMME MCXOJIHBIX PACIPE/Ie/IeHNUT, COrJIACHO 3aKOHY OOJIbINUX YUCelI.
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A nproputMm 3. Cosmmimpoanue ['uboca.

Bxoga: kosutekrust D, gucio tem |T'|, mapamerpsr «, [3;
Bbixoa: pacupenenenus ¢ u O;

1 Nty Mg, Mgy Mg =0 g Becex d € D, we W, teT,

2 ona Bcex urepanuii k= 1,..., kpax
3 ans Bcex i = 1,...,n B34Tb JOKYMeHT d := d;, TepM W := wj
4 ecim k > 2710 t:=t; —-Nuy; ——Nyg; —-Ng; —-Ng;
_ Nwt+Bw L Nygtoe .
5 p(t|d,w) = ntoerTm(imwo —nd—}—ao) Jist Beex t € T

COMILTUPOBATEL OJHY TeMy ¢ u3 pacupeienenus p(t|d, w);
Ui =1, 4Ny ttngg; t+ng +ng;

Ouwt = Nt/ 1151 Beex w € W t € T
Orq := nyq/ng nsi Becex d € D, t € T

©

[To okoHuaHuu urepanuii UCKOMbIe IapaMeTPbl MOJIEJIM MOXKHO OIEHUTH Yepe3 Mare-
MaTHYeCKOe OXKUJIAHUe alloCTePHOPHbIX pacupe/ejaennii Jupuxie u3 (28):

Pur = norm (nyy+By);  bia = norm(nia+ay).

B asropurme 3 nokasana ujesi peasusanun, npepioxkennas B [131]. Kaxgas urepa-
s k B HPOIECCe COMILIMPOBAHUSI COOTBETCTBYET OJIHOMY IPOX0ay Kojutekiuu. Kora
JUTS TO3UIIMHN ¢ COMILIAPYETCS TeMa, t;, BCeM IIPeIbLIy UM HO3UIUIM 1, ..., 7 — 1 y2Ke mpu-
CBOEHBI TeMBbI Ha JAHHOI HTepaIuu, a Bce IMOCeYoNue MO3UIuK ¢ + 1, ..., 1 COXPAHAIOT
TeMbl ¢ Tpeapiaymieii (k — 1)-if urepaiuu — B TOYHOCTH KaK TOro tpebyer reopema 6.
CoMILImpoBaHHAsl TeMa 3allOMUHAELTCH B EPEMEHHON t;, 1 Ha Ccjie/ytomeil ureparyu, Ko-
[Jla 9Ta TeMa U3MEHUTCS, CUETIUKH My U Nyg OYJLyT YMEHBIIEHbI HA €JMHUILY JJIs CTapOit
TEeMBI, U YBeJIMIEeHbl Ha eIUHUILY J1JIsT HOBOI.

CxonacrBo EM-togobupix aiaropurmoB PLSA, MAP, VB, GS u emé HeckoJIbKHX HX
BapUAHTOB ObLIO 3aMedero B [19]. B pabore [5| commmupoBanue paccMaTpuBaIOCh KakK OT-
JieJIbHAs IBPUCTUKA, KOTOPYIO MOXKHO HCIIOJIb30BaTh B jiio0om EM-1oi00H0M ajiropurme
TEeMATUIECKOI0 MOJIe/InpoBanus, HadnHas ¢ PLSA. DkcrnepuMeHThl MOKA3aJ/M, 9TO CIM-
IJIIPOBAHNE HECYIIECTBEHHO BJIMAET HA CXOAUMOCTDH U JIPyrue cBoiicTBa Momenn. Kak 3B-
PUCTHKA, OHO MOKET CBODOJIHO COYETATHCs C JIFOOBIMHU Peryisipu3aTopaMu.

Ontumunsayusa runepnapametrpos B mogenu LDA. Bo muorux paborax, Hadumnas
¢ |131], ucnosb3yiorcs cuMMeTprUYHbIE AIPUOPHbIE pacipe/iesenus /lupuxie ¢ napamer-
pamu oy = 50/|T|, B, = 0.01. Boree Toukue uccienosanus [149] mokaszamnu, 910 JIy€iie
ONTHMH3UPOBATH BEKTOP & = (1, ..., Q) B HECHMMETPHIHOM pacipejeserun Dir(fy | «)
v 1oa6uparTh 4ucjioBoii napaverp 3, < 1 B cummerpuanom pacupeenerun Dir(py; | 5).

Just onrumusaiuu Bektopa o B [149| npeiaraercss MakKCHMU3UPOBATH IIPAB/OIIO/0-
oue mopen P(X, Z|«, ) upu dukcupoBaunbix Z u 5. OrbpaceiBast B (29) MHOXKUTEIH,
He 3aBHUCSIIUE OT (v, HOJYy9aeM ONTHMH3AMNOHHYIO 33/1a9y:

'y I'(ng + oy
P(X|a):gr(n;+Lo)g (rc(lat) )_>m3x.

29



® &0
p(x) p(xly) p(x1, 22]y) p(xly1, v2)

Puc. 4: [IpeacraBienne yCIOBHBIX 3aBUCHMOCTEN B IpaduIecKoil HOTAIUN.

w1 wy W3 Wik w
k
Puc. 5: T'paduveckas HoTanus BEIOOPKH W1, . . . , Wk, HOPOKIAeMOil pacnpeaeneruem 3y, = p(w).

B auccepranuu [148] cpaBHEBAIOCH GOslee TeCATKA YUCIEHHBIX METOIOB €€ DelleHHs .
[TpuBeém Jiuiib caMbiil HPOCTONW U3 HUX — METO/I HEIOIBUZKHON TOYKM [93]. B mém Bek-
Top o = () HEPECUUTHIBALTCS 110 PEKYPPEHTHOM (hbopmyJie

Yoa (g + ar) — (o)
Yo t(ng + ag) — (o)’

Q= Ot

rae ¥(x) — puramva-byHkus. 91a HopMysa BCTpAHBAETCsl B UTEPAIMOHHBIN MPOIIECe
EM-anropur™Ma MexXk1y MpOXOJaMU MO BCeil KOJIJIeKITUN.

Dkcuepuments! B [149| mokazasu, 9T0 OUTHMH3ANNA BEKTOPA (¢ IOBBIIIAET IIPABIONO-
Jiobme MOJIeJIn U CKOpOCTh cxoaumoctu EM-anropurva. B ciydae cunbHoi necbarancupo-
sanrocmu mem (KOTJa B KOJUIEKIUH OJHUX TeM DOJIbIIe, YeM JIPYTUX, B Pa3bl WIH JTazKe
Ha TOPS/IKH ) ONTUMU3AIIA BEKTOPA (v IPUBOIUT K 00JI€e eCTECTBEHHOMY HEPABHOMEPHOMY
paciipejie/IeHUI0 KOJIJIEKIIMH 110 TeMaM.

pacdunyeckas Hotauusa. Bepogrhocrabie Temarndeckue Mogean PLSA u LDA as-
JIIIOTCS 9aCTHBIME ciiydasmu rpadoBbix mojeseit. B epagosot seposamrocmmot mode-
sy (probabilistic graphical model, PGM) 3aBucumoctu Mexy ciydailHBIMU BeJHYUHA-
MU TPeJICTaBAAIOTCS B Bume rpada. Bepmuubl rpada cooTBeTCTBYIOT caydailHBIM ITe-
peMeHHBIM, PEOpa — HENOCPEeJCTBEHHBIM BEPOSTHOCTHBIM B3aMMOCBA3SIM MKy HIMH.
Ha puc. 4 mokazaHbl mpuMepbl 3aBUCUMOCTeNl MeXKIy CAyJallHbIMU mepeMeHHbIMU. Ha-
OJIf0/1aeMble TIepEMEHHbIe N300PazKaroTCs 3aKPaIleHHbIM KPYKKOM. BbIOOpKa mepemen-
HBIX, T€HEPUPYEMbBIX OJHUM PACIpPe/Ie/IeHueM, n300parKaeTcs: MPsMOYTOJIbHUKOM, PHUC. .
Taxue nzobpazkenust OyjieM Ha3biBarTh epadiuueckoti nomayued (plate notation).

AsbrepHaTUBHON TEKCTYabHOM (OPMOIL MPE/ICTABICHIS BEPOSITHOCTHOW MOJIE/IH B~
JSeTCs 2enepamuehas ucmopus (generative story), B KOTOPOI OLHMCBHIBAETCS AJTOPHTM
HOPOK/IeHus Jianubix. Ha puc. 6 nokasanbl 06a upejicraBjienus, rpapuieckoe u TeKCTy-
aJbHOe, 11 TeMaTndeckux Mozeneit PLSA u LDA.

[Toxbopka rpadudeckux HoTalUi HA PUC. 7 UILIIOCTPUPYeET OOJIBIIOE CTPYKTYPHOE pas3-
HOOOpa31e BEPOATHOCTHBIX TEMATUICCKUX MO/Ie/1eit. XOTs HAJISIIHOCTD SIBJISIETCS HEOCIIO-
PUMBIM MPEUMYTIECTBOM, HEJOCTATKOB Y TpadudecKoil HOTauu ropasao OoJbIre. [ras-
HBIl — HEMOJTHOTA W HEeOJHO3HAYHOCTHh MHTepHpeTanuu. HekoTopsle acmeKThl MOAETIPO-
BaHUs HEe MOI'YT ObITh OTOOparKeHbl ODIIEIIPUHATHIME CPeJICTBaMU I'pauieckoit HoTanuu,
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Mogenas PLSA:

Kaxk /bl d € D 1OpoK/1aeT CKPBITHIE TEMBbI:

i p(tld), i =1, @+CO—@

. d t w

KaxKJad TeMa t; TOPOXKIAeT CIOBO: Nd

w; ~ p(wlt;), i=1,...,n4. 2l
Mopgeas LDA:

Q ) )

O TIOPOZKIaeT BEKTOPHI JOKYMEHTOB: / /

04 ~ Dir(d|a), d € D; “ 0 ! -
£ MOPOZKIAET BEKTOPbI TEM: DI

@y ~ Dir(p|3), t €T}

najee kak B PLSA. 9—‘>©/

¢ Tl

Puc. 6: l'eneparusaas ucropus u rpadudeckas Horauus qis mozesneir PLSA u LDA.

BON ®®
)
) )
Go— @) S|
| Y T x
\ﬁ: Kl @N: D

3

Parse trees

@ grouped into M

documents
\‘?Ao OR ?

°© M

™o

Puc. 7: [Ipumepst rpaduveckux HoTarnuil u3 myOaukanuii 10 TEMATUIECKOMY MOEJIHPOBAHUIO.

U aBTOPBI BbIHY K/ IeHbl n300perarh codcTBeHHbie. B pe3yiibrare Mojie/ib MOZKEeT BOCCTaHAB-
JIUBATHCS 10 KADTHHKE HEOTHO3HAYHO. ['eHepaTuBHAS NCTOPHUS JIHIIEHA STOT0 HEJTOCTATKA
u 26T Oosiee TOUHOE ommcaHue Mojesan. ['padudeckas HOTAUsd U TeHePpATUBHAS UCTOPUS
MOTYT OBITH IOJIE3HBI JIjIsl IOHUMAaHUs 00Ielt ujaen u KoHcTpykiuu mojesan. OHako ux
He JIOCTaTOYHO, YTOOBl OJHO3HAYHO BOCIIPOU3BECTHU IIEPEX0J, OT MOJIEJN K AJITOPUTMY €€
oOyuenus. K coxkajieHUIO, BO MHOTMX I1yOJIMKAIUAX aBTOPbI OIYCKAIOT TOT LHEPexXoJ Jijis
KPATKOCTHU W3JI0KEeHHs, YTO OTHIOJAb He JT00aBJIdeT SICHOCTH TAKUM paboTaM.

CpasHernne ARTM n Gaiecosckoro noaxoga. K nejocrarkam 6ailecoOBCKOro BBIBOJIA
MOXKHO OTHECTH TEXHUYECKYIO CJIOXKHOCTH J00aB/JI€HUA U KOMOMHHUPOBAHUS TPeOOBaHMIA
K MOJIEJIM B BU/I€ ONTUMH3AIMOHHBIX KpuTepues. B HEM HeT yj00HBIX MeXaHU3MOB pery-
JIIPU3ALIUH, IIOCKOJIBKY HET, COOCTBEHHO, U 3a1a4u onruMusanuu 1o (¢, ©). Yrobbl yuecrsb
JIOIIOJIHUTEJIbHY IO UH(DOPMAIIUIO, IPUXO/IMTCS MEHSATH allpUOPHbIE PACIIPE/IC/ICHUs], U eCJIN
OHH He SBJISIOTCS pacipeje/ieHuamMu /lupuxiie, BbIBOJ CTAHOBUTCA 3aMETHO CJIOYKHee.
Pacmpejenenne /lupuxiie oka3biBaeTCs «Ha 0COOOM IOJIOXKEHUUY» B 0aileCOBCKOM IOJI-
xoze. OHo He uMeeT yOeIUTE/IbHBIX JUHIBUCTUICCKUX OOOCHOBAaHUIl, TeM He MeHee, B JiU-
Teparype OOJIBIMUHCTBO MOJEJIEH CTPOATCHA ¢ €ro HCIOJAb30BAHUEM. DTO 00bICHIETCS ero
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MaTeMaTH4YeCKUM yJI00CTBOM, a UMEHHO, CBOMCTBOM COIPSIZKEHHOCTU C MYJIbTHHOMUAJIb-
ueiM pacupejgesenneM. B ARTM ner Hukakux OCHOBaHUI IPEJIIOYUTATH PACIIPE/IEICHIE
Jlypuxite IpyTUM peryJispu3aTopaM.

[TocraHoBKa ONTHMU3AIMOHHON 3ajadu Bua (24) 1aéT BO3MOXKHOCTH MHTEPIIPETH-
pPOBATh ANPUOPHOE pacIlpe/iesieHne KaK BePOATHOCTHBIN DPerysispu3aTop, OT/JEJUTh ero
OT KOHKPETHOH MOJIeJIl U HCIOJIB30BATh B JAPYTUX MOJEIIX. ATUTUBHOCTDH PEry/sipH-
3aTOPOB IPHUBOAUT K MOJIYJIBHOI TEXHOJOTHH TEMATHYeCKOTrO MOJETMPOBAHUs, KOTOpas
peajm3oBaHa B npoekrTe BigARTM. Ilpm pemrenun npuxiiaJHbIX 3a/7a4 KOMOMHUPOBaHUE
I'OTOBBIX PErYJIsiPU3aTOPOB IO3BOJISIET CTPOUTH MOJIE/IU C 3aJJaHHbIMU CBOMCTBaMU Oe3 J10-
HNOJTHATETHbHBIX MAaTEMATHIECKUX BBIKIAIOK U IMporpaMvupoBanus. Co3manne Takoil Tex-
HOJIOTHH B paMKaX 0aiileCcOBCKOTO IOJX0/1a €/1Ba JIM BO3MOZKHO.

B nanpueirem Mbl Oy/1eM paccMaTpUBaTh BCe TeMAaTHYECKHe MOJEJN B TEDMUHAX pe-
IYASpU3aui, JazKe ecad B UCXOMHBIX PaboTaX OHH CTPOWINCH 0aileCOBCKIMHU METOIAMH.
Pedopmanuzanus GaiiecoBcKUX Mojieseil depe3 peryaspu3alinuio, KaK IPaBuIo, He Mpe/-
craBJ/isieT 0co0oro Tpyjia, 0oJiee TOro, HIPUBOJAUT K PA/IMKAJIBHOMY YIPOIIEHUIO U3/I02KEHU S
6e3 CyllecTBEHHbIX U3MEHEeHUI B KOHEYHbIX ajiropurmax. Mbl HUKOI/IQ He OyjieM 110J1b30-
BaTbCs rpadudeckoil HoTanueil, mockoabkKy B ARTM cioxkubie rpadoBbie Moae i BOOO-
e He BO3HHUKAIOT. [lepexo oT KpuTepus peryssdpu3anun K aJrOpuTMy OOyJIeHHs MOIeTN
IPOUCXOIUT IPOCTO IO TeOPeMe, U He HyKJaeTCs B HATJISTHBIX OMUCATEIbHBIX CPEJCTBAX.

6 Crna>kmBaHue u pa3pexuBaHune

Orka3 or anpuopHbiX pacupeienenuit Jlupuxie mo3Bojsier 0600mmTs Mogeab LDA:
CHSTHb OPDAHMYECHUSI HA 3HAKH IHIlepIapaMerpoB B (25) u cBobo/Hee 06pAIIAThCs CO Crila-
JKUBAHUEM U pa3pe:KUBAHUEM JJIsl Yy dIIeHHs HHTePIPETUPYEMOCTH TEM.

T'unomesa paspesrcennocmu: Kazkias TeMa, XapaKTepH3yeTcss HeOOJIbITUM YUCI0M Tep-
MOB; KazKJbIil TOKYMEHT OTHOCUTCS K HEOOJIBIIIOMY YHCJIY TeM. JHAUYUTeIbHas JacTb Be-
posSITHOCTeH Y,y U Oy PABHBI HYJIIO.

Pa3pezKeHHOCTD HpeICTaB/IAeTCsd eCTEeCTBEHHBIM HEOOXOIMMbIM YCJIOBHEM HUHTEPIPETH-
PyeMOCTH TeMaTH4IecKoit Mojen. Kpome Toro, pa3pe:keHHble CTPYKTYPBI JJAHHBIX U JII0-
PUTMOB ITO3BOJISIOT 3aMETHO COKPAIATh BPeMs BLIUUC/ICHUNE U PACXOJ] MAMATH KaK B IIPO-
[ecce MOCTPOEHUsT MOJIEJIHM, TAK U HPU JajJIbHEHRIeM €€ UCIOJIb30BAHIM.

Muorue monbITKH paspe:kuBanus momenn LDA mpuBoamim K dpe3MepHO CI0ZKHBIM
KoHCTpyKuusiM 125, 45, 151, 69, 35| u3-3a BHYTPEHHErO IIPOTHUBOPEYUsI MEXKJy paspe-
JKEHHOCTBIO U IOJIOKHMTE/ILHOCTHIO HapamMeTpoB B pacupejesnenun dupuxiie. [Ipobiiema
PEIIAeTCsl HEOKUTAHHO TIPOCTO, €CJU B peryispusarope (25) mo3BOJUTH THIepIapamMer-
paM o, (3, IpUHAMATh OTpUIATeTbHbIe 3HadeHus. 110 Bceit BUauMOCTH, BllepBbIe OHA OBLIA
npeJIozKeHa B auHaMuaeckoii Mmogenu PLSA mis o6paborku Bujeonorokos [137], rie mo-
KyMEHTaMU $BJISIJIMCh KOPOTKUE BUJICO(DPAIMEHTbI, TeEPMAaMU — HPU3HAKU HA MU300pazKe-
HUSIX, TeMaMi — IOsIBJIEHHE OILPEIEJIEHHOIO 00bEeKTa B TEYEHUE OIPEIeJIEHHOIO BPEMEHH
(HampuMep, mpoe3 aBTOMOOUIIs depe3 MepeKpécToK). CHIbHO pa3perKeHHbIE PACIIpeie-
JIEHHAS MOTPeOOBAJIMCH JI/IsI ONUCAHUS T€M ¢ KPATKUM «BPEMEHEM KH3HU».

0O0606uweHne LDA. Makcumusanus alocTepruopHOil BepogTHocTH B Mojean LDA mpuso-
JuT K peryispusaropy (25). O6061muM ero mo IByM HAIPaBIeHHIM. Bo-epBbIX, CHEMEM
OrpaHUYEHHUS HEOTPHUIATEJILHOCTH C HapaMeTpoB [, U ;. BO-BTOPBIX, MO3BOJIUM 3414~
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BaTh 9TH HapaMeTPbl WHIMBUAYAJIBHO I Kaxka0il siueiiku marpun @ u ©. [loaydunm
0000WEHHDBLT PE2YAAPUIATNOP CAAANCUBAHUSL U PASPEACUBAHUS:

R((I)7 @) = Z Z Bwt In Puwt + Z Z (677 In th.

teT weW deD teT

[ToxcraBus sTor peryaspusarop B (14)—(15), noxyunm dopmyasr M-mara:
Pt = 1010 (Mt + B ); (30)

0,q = n;)erTm(ntd + atd). (31)

[TosioxkureibHOE 3Ha4YeHHE HApaMeTpa [y W (yg COOTBETCTBYET CIVIAYKUBAHUIO, OT-
pUIATE/IbHOE — PA3PEKUBAHUIO.

[Ipu Takom 0GOBIIEHNE HEKOPPEKTHO (J1a U HEeT HeOOXOAMMOCTH) TOBOPHTH 00 alpu-
opHbIX pactpeenenuax lupuxie. OO00MEHHBIH PEryasipu3aTop UMeeT CaMOI0CTaTOIHOe
obocHOBaHMe U HHTepIperanuu. [Ipr 5ToM OH OcTaB/IsSeT MAKCHIMATILHY IO CBODOY BBIOOpA,
KakKue sg4yeikn MaTpul, pa3pezKuBaTb, KaKue ClylazKuBaThb, U HACKOJIbKO CUJIbBHO.

YacTtnuHoe oby4eHue. B mpomecce co3maHusi, UCIOIb30BAHNS WA OICHUBAHUS TeMa-
THYeCKOU MOJIETN SKCIEPTHI, MOIb30BATETN WU ACECCOPBI MOT'YT OTMeYaThb B TeMaX pe-
JIEBAaHTHBIE WJIM HEPEJIEBAHTHBIE TEPMbI U JIOKYMEHTbI. Pa3MedeHHble JaHHbIE TO3BOJIAIOT
(pukcupoBaTh UHTEPHPETANUA TEM M MOBLINIAIOT YCTONYMBOCTH MOjesu. Pazmerka mo-
JKeT 3aTParuBaTh JUIIb YaCTh JOKYMEHTOB M TEM, 109TOMY €€ HCIIOJIb30BAHUE OTHOCUTCS
K 33Ja9aM wacmuurozo obyuenus (semi-supervised learning).

[lycts nma xKaxkmoit Tembl ¢ € T' 3aJaHBI YeThIPe MOIMHOYKECTBA:

W — «GeJblii CIIHCOK» PeJIeBAHTHBIX TepPMOB;

W, — «4€pHblil CIIUCOK» HEpeJIEBAHTHBIX TEPMOB;

D;" — «Benblit cMCOK» PEJIEBAHTHBIX JOKYMEHTOB;

D, — «4€pHBIl COUCOK» HEPeJeBAHTHBIX JOKYMEHTOB.

Yacmuurnoe obyvenue no peaesaHmHocmy SIBASeTCI YaCTHBIM CJIyYaeM DeryIspu3a-
TOpa CIJIAYKWBAHUS U PA3PEKUBAHUS MIPU

Bur = Bilw € W = B_[w € W],
iy = ayld € D] —a_[d € D/,

rie O+ 1 oy — KO3 UIUEHTH PeryIapu3aliii.

MpeametHbie n choHoBble TeMbl. YToObl MOJIE/Ib Obljla HHTEPUPETUPYEMOIl, KazK 1ast Te-
Ma JI0JIZKHA UMETh CEMAHMUYECKOE A0PO — MHOKECTBO TEPMOB, XapaKTepU3yIOIuX Olpe-
JIEICHHYIO IIPEAMETHYI0 00JIaCTh U PEAKO ymoTpeb/sgeMbIX B Apyrux rtemax. [lus sroro
mMarpuipl P u O JOMKHBI IMETh CTPYKTYPY Pa3peKeHHOCTH, AHAJOTHIHYIO IIOKA3aHHOI
Ha puc. 8. MHOoKecTBO TeM pa3buBaeTcsa Ha JBa IMoAMHOXKecTBa, 1 = S U B.

Ipedmemmnvie memo, t € S comepzkarT TePMUHBI PEAMETHbIX obJacreil. VIx pacupee-
Jenust p(w | t) paspezKeHbl 1 CYIIECTBEHHO PA3JIMYHbI (JIeKoppesnpoBanbl). Pacipejenenus
p(d|t) Takzxke paspezkeHbl, TaK KaK Kazkjas HPeJMeTrHasi TeMa HPUCYTCTBYET B OTHOCH-
TeJIbHO HEeOOJIBIION 10J1e TOKYMEHTOB.

Donoevie memv, t € B cogepKaT ca0Ba OOMIEH JIEKCUKH, KOTOPBIX He JOJZKHO OBITh
B 1peJMerHbix Temax. VIx pacupemesenust p(w|t) u p(d|t) criiazkenbl, Tak Kak 9TH CJIOBA
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Puc. 8: Crpykrypa paspexenuoctu marpuil ¢ u © ¢ npeavernpiMu 1 POHOBBIMU TEMAMU.

IIPpUCYTCTBYIOT B 60ﬂb]HI/IHCTBe JOKYMEHTOB. TeMaTI/ILIeCKyIO MOZAEJIb C (I)OHOB])IMI/I TeMaMn
MOZKHO pacCcMaTrpuBaTh Kak 00001eHe pobacTHbix Mozesei |33, 112], B KoTopbix HCHosib-
30BaJIOCh TOJILKO OJIHO (DOHOBOE pacIpe/e/IeHUe.

CdrokycunpoBaHHbIii TeMaTU4ecknii Nonck. Yacruunoe o0ydeHue TeM MOKHO PacCMaT-
puBaTh KaK Pa3HOBH/HOCTb TeMaTUYeCKOro MHMOPMAIMOHHOIO 1OUCKa. B KadecTse 3a-
Ipoca 33Ja6TCA cemarmuyeckoe A0po OJTHONR WU HECKOJIbKUX TeM. DTO MOXKET ObITH JII0-
boit dparmenT Tekcra, «Oesblii cnucok» TepMoB (seed words) wiaM z-memku — TEMBI,
IPUNUCAHHBIE OTIEJbHBIM cioBaM win (dbparmentam B nokymentax [16]. Temaruueckast
IIOMCKOBAg CUCTEMa JOJI?KHA He TOJBbKO HAlTH U PAHKUPOBATH PeJICBAHTHBIC JOKYMEHTHI,
HO U Pa3JI02KUTb IIOUCKOBYIO BbLAQ4y IIO T€MaM. B TUIMWYHbIX HPUJIOZKEHUAX PeJIeBaHT-
HbI KOHTEHT COCTaBJIsieT HUYTOXKHO MaJIYIO JA0JIIO KOJIJICKIIUH. TeM HEe MeHee, MUMCEHHO
9TOT KOHTEHT JIOJIZKEeH OBITH TIIATe/bHO cucTeMaTu3upoBan. OOpa3Ho ropops, Tpedyercs
«kaccuuIUpoOBaTh UTOJKH B cTore ceHay [29]. Tembl craHoBsaTCS 37M€MeHTOM TIpadu-
yeckoro uHrepdeiica 1mo/ib30Bareis, MHCTPYMEHTOM HABUTAIMKU M IIOHUMAHUS TEKCTOBOM
koJiiekiu. OTCio1a BaXkKHOCTH TPEOOBAHKS HUHTEPIPETUPYEMOCTH KAZK IO TEMBbI.

Yacruunoe obydeHHe HCIOJIB30BAIOCH Jisl OMCKA W KJacTepusaruu HOBocTeil [59),
IHOUCKa B COLMAJIbBHBIX Me€/ua I/IH(bOpMa]_[I/II/I, CBSI3aHHOH C 60ﬂe3HHMI/I, CUMIITOMaAaMU U Me-
togamu Jtedennst [105, 106, ¢ nupecrynnocTbio u 9KcrpemMusmom |79, 124], ¢ HannoHaIbHO-
CTSIMU U MeXKHAIMOHAJBHBIME OTHOLIeHusIMuU |29, 64, 103].

B mozenun ATAM (ailment topic aspects model) B KauecTBe CIryIazkKHBAOIIEro Pacipe-
JIeJIeHUsT By, UCHOJIb30BAIACH OOJIbIIAsi KOJIEKIMs: MeuiuHcKux crareii [106].

B mozenax SSLDA (semi-supervised LDA) u ISLDA (interval semi-supervised LDA)
JIJIS TIOMCKA 3THO-PEJIEBAHTHBIX TEM B IIOCTAaX COIHUAJIBHBIX CeTell MCIOJIb30BaIOCh CIla-
JKHBAHKE 110 CJIOBAPIO U3 HECKOJbKHUX cOoTeH STHOHUMOB [29]. B mogem SSLDA jyist kazxk-
JIOfT 9THO-PEJIEBAHTHOW TEMbI 3a/1aéTCsi CBOW CJI0OBAPh STHOHMMOB, CBSI3AaHHBIX C OJHUM
onpeeaeHabIM dTHOCOM. B Momenn ISLDA mHOXKEcTBO Tem pa3duBaercs Ha HHTEPBAJIBI,
1 JIJI BCeX TeM KazK/IOro HHTepBaJia 3a/1aéTcs OOIImil cJioBapb STHOHUMOB. | IpenmytecTBo
TUX Mojeseil B TOM, 9TO MHTepIpeTalus KazKJ0il TeMbl u3BecTHa 3apanee. HemgocraTku
B TOM, 4TO TPY/JAHO IIpEAyra/ibIBaTb YUCJIO TeM JJIdA Ka}K,ZLOI';I 9THUYIHOCTHU U CTPOUTDL I10JIU-
ITHUYHBIC TEMbI /14 BbIABJICHNA MEZKITHUICCKHUX KOH(bJ'[I/IKTOB. AﬂbTepHaTI/IBHbIﬁ IHOAXO/,
3aKJII01aeTCd B TOM, LIT06]31 3a/laThb YUCJIO 9THO-PEJIEBaHTHbLIX TeM U IPDUMEHUTb K HUM 06—
mee Crila)kKuBaHHe IO CJI0BAapIO0 STHOHUMOB. TemaTndeckas MOJEIb caMa OIIPEJIe/THT, KaK
pa3jenuTh ux mo drauaHocTsM [17, 18]. HemoctaTok 9TOr0 mojaxoma B TOM, 9TO HHTED-
IPeTUPYEMOCTh HAaNlJEHHBIX TeM IPUXOJUTCS IPOBEPATh BPYUYHYIO.
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OekoppenunpoBaHue. Temaruueckasi MoJie/ib He JIOJIZKHA COJIEPKATH JLyOJIUPYIONIUXCS
UJIM 110X0KUX TeM. HeMm pasjimdHee Tembl, TeM uHdopMaTuBHee Moje/b. s moBbiienus
Pa3IUIHOCTH TeM Oy/eM MUHUMHU3UPOBATH CYMMY MOMAPHBIX CKAJISIPHBIX MPOU3BEIEHIIT
(Ot Ps) = D PutPws MeKIy cToabnamu mMaTpuipl O. [lomyunm peryasgpusarop:

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

teT seT\t weW

®opmysa M-mara, cormacuo (14), umeer Buj

Pt = DOLL <nwt — TQuwt Z sows)- (32)
seT\t

DTOT peryasapuszarop KoHTpacrupyer crpoku marpuipl . B kax10it cTpoke, He3aBu-
CHMO OT OCTAJIbHBIX, BEDOSITHOCTH (P,,y HAMOO/Ie€ 3HAYUMBIX TEM TePMa W yBEJIUIUBAIOTCS,
BEPOSTHOCTU OCTAJIbHBIX TE€M YMEHBIIAIOTCA M MOTYT OOpallaTbcsd B HYyJIb. Pa3pexkuBa-
HHEe — 3TO comyTcTByonmii adhdexT nekoppennpobanus. B [133] 611 3ameven emé oaun
oJIe3HbIH 3D deKT: c/ioBa 00IIeil JeKCHKH I'PYIIUPYIOTCI B OTJ/IEJIbHBIE TeMbl. DKCIIePH-
MEHTBI ¢ KOMOMHUDOBAHUEM PErY/IsiPU3ATOPOB CIUIAKUBAHUS, PA3PEKUBAHUS U JIEKOPPE-
mauposanust B ARTM nogrsepzkiator sro naburojenue |6, 144, 143].

exkoppenupoBanue Biepsbie ObL10 Tpemaokeno B Mozgenaun TWC-LDA (topic-weak-
correlated LDA) B pamkax GaiiecoBckoro mogaxoma [133]. CoorBercrByiomee ampuopHoe
pacipejie/ieHie He sBJISIeTCS CONPAZKEHHBIM K MYJIbTHHOMHAJIHHOMY, MTO3TOMY OaiiecoB-
CKUil BBIBOJI CTajiKuBaercs ¢ rexamdeckumu tpyanoctavu. B ARTM pacuérnas dhopmy-
Ja (32) BBIBOAUTCS B OJHY CTPOKY.

KomOuHupoBaHue perynsipn3aTtopoB criaxkKuBaHus (POHOBBIX TEM, pPa3perKuBaHM
HpeJMEeTHBIX TeM B Marpuile © u JekoppesupoBaHus cToJionos marpunbl P ucrnosb3osa-
JIOCh BO MHOPHX paboTax Jjisl yIydIleHns HHTepapeTupyeMoctu tem |6, 143, 144, 145, 13].
[TomobpaB KO3 DUIHUEHTHI Peryaspu3aiuil, MOXKHO OJHOBPEMEHHO 3HAYUTEIbHO Y/Iyd-
IIATH pa3pezKeHHOCTh, KOHTPACTHOCTD, YUCTOTY U KOT€PEHTHOCTb TeM MPHU He3HATUTETh-
HOI 1oTepe 1MpaBIoo00us MOJIeJIN [144]. Bolin Beipaboranbl OCHOBHBIE PEKOMEH/IAIIAH:
JIEKOppe/IupOBaHue U CIVIayKUBAaHUE BKJIOYATH Ccpasy, paspexkuBanue — mociae 10-20 ure-
panuii, Korja odpasyercs: TeHJICHIUs K CXOJAMMOCTH apaMeTpoB MO/IE/IN.

Ta ke KOMOWHAIMA PEryJIgpU3aTOPOB CYIIECTBEHHO Y/IydYINaja KadeCTBO TeMaTHde-
CKOTO pa3BeJovHOro moucka B [13, 164, 57|, XoTs HUKaKWe KPUTEPHU KAYeCTBA ITOUCKA
HEeloCpe/JCTBEHHO HE OIITUMHU3UPOBAJIUCD.

7 MopenupoBaHue MyabTUMOAANbHbIX AAHHbIX

Myavmumodanohas memamuieckas, modess OMUCHIBACT JOKYMEHTBI, COJePKAIIUE Me-
TaIAHHBIE HAPS/LY ¢ OCHOBHBIM TEKCTOM. MeTajlaHHbIe OMOraioT 50J1e€ TOYHO OLPEJIesTh
TeMaTuKy JOKYMEHTOB, 1, HA0DOPOT, TeMaTudeckas MOJIE/Ib MOYKET HCIIOJIb30BAThCS JIJIs
BbldBJICHUA CEMAaHTUKU METaJaHHbIX WJIN IIPEACKa3aHUA HPOIIYINEHHbIX METa/laHHbIX.

Kazkplit Tun MeragaHHbIX 00pa3yer OTAeIbHYI0 MOJaAbHOCG CO CBOUM CJIOBAPEM.
CrioBa ecTeCTBEHHOTO 3bIKa, cioBocoderanus [150, 159, rern [66], umenoBamube cy-
HocTH |97 — 9TO HPUMEPBI TEKCTOBBIX MOJAJIBHOCTEl. B MyJIbTHSI3BIYHBIX TEMATHICCKHUX
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Puc. 9: O6branas reMarnveckas MOJIENb ONPENENIeT PDACIPEIETCHe TeM B KaxKI0M Jokymente p(t|d) u
pacupejieJienue TepMoB B Kaxk 10l Teme p(w |t). MynbTuMogaibHas MOJE/Ib PACIPOCTPAHSIET CEMAHTUKY
TEM HA, 3JIEMEHTBI BCEX OCTAJBHBIX MOJAJBLHOCTEH, B TOM 9HCJI€ HETEKCTOBLIE.

MOJIEJISIX MAPAJIETbHBIX TEKCTOB MOJAJBHOCTAME SIBJISIOTCH a3bIKu [146]. st anasu-
3a KOPOTKHX TEKCTOB C OlleYaTKAMU UCIOJIB3YIOT MOJAAJIbHOCTD OYKBEHHBIX N-IPAMM, YTO
I03BOJISET YJIy4liaTh KadecTBo nHdopManuoHuoro noucka |56]. [Ipumepamn veTekcToBBIX
MoJasIbHOCTEl siBjstiorest (puc. 9): asropst [120], momentst Bpemenu [136, 171, 137|, kirac-
Ccbl, KaHpbl win Kareropun [121, 174], nurupyemble nim nurupyomnme JOKyMeHTbl [43]
WK aBTOPBI [62], moIb30BaTe N 3JIEKTPOHHBIX OUOJIHOTEK, COIMUAIBHBIX CEeTel N pe-
KOMeHaTe bHbix cucreM |70, 128, 152, 167, 168|, rpadudeckue s1eMeHTH H306pazKe-
uuit |27, 55, 75|, peknamuble 00bsaBIeHus Ha BeO-crpanunax [109).

Bce nepeuunciiennble ciydan, HECMOTPSA Ha pa3HooOpasme MHTepPIpeTalyii, OMMChiBa-
iorcss B ARTM enunbim popmasimamom mogasibaocTeit. KazxKkapiit JOKyMEHT paccMaTpu-
BaeTCd KaK YHUBEPCAJIbHbI KOHTeHHep, COJepzKalluil TepMbl Pa3/IMYHbIX MOJAJIBLHOCTE,
BKJIIOYAsl OObIUHbBIE CJIOBA.

[Iycre M — muoxKecTBO MOjasibHOCTEl. KazKiast M0OJabHOCTh UMEET CBOI CJIOBapb
tepmoB W,,,, m € M. DTu MHOXKeCTBa MOIAPHO He mepecekatoTcsd. VX oobeunenue 6yaem
oboznauars depe3 W. Moganbraocrs Tepma w € W Gymem obo3HadaTh depes m(w).

TemarTudeckas MOJEIb MOJAJTBHOCTH 1M aHAJOTHIHA MOJe T (2):

p(w|d) = pr|t (t|d) = ngwtﬁtd, weW, deDb. (33)

teT teT

Kaxk10it Moja/ibHOCTH M COOTBETCTBYET cToXacrudeckas marpuna P, = (gpwt) W XT"
Cosokynnocts marpun, P,,, ecsim ux 3anucars B crojbern, odopaszyer W xT-marpuny .
Pacmpenenenne teM B KazKI0M JOKYMEHTE SIBJISETCA OOIUM JJIS BCEX MOIAJIBHOCTEA.

MyabTuMOIaIbHAS MOJIE/Ib CTPOUTCA IYyTEM MAKCHMHU3AIUU B3BEIIEHHON CYMMBI JIO-
rapudMOB MIPaBIONOI00UsI MOIAIBHOCTEH U peryasapu3aTropoB. Beca 7, mo3poJgioT coa-
JIAHCHPOBATH MOJIAJIBLHOCTH 110 MX BAasKHOCTH U C YIETOM MX JACTOTHOCTH B JIOKYMEHTAX:

Z Tmz Z N angpthtd + R($,0) — Ig%x (34)

meM deD weWy, teT
Z Ouwt = 15 @yt = 05 Zetd =1; Org = 0. (35)
wEWm tET
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Teopema 7. Ilycre ¢pyuknus R(P,O) neupepbiBro jauepennupyema. Touka (P, 0)
JIOKaJILHOI'O dKcTpemyMa 3ajiaqdn (34)—(35) yzosierBopsier cucreMe ypaBHEeHHI CO BCIIO-
MOraTeJbHBIMH IePEMEHHBIMH Dy, = P(t|d, w), ecjim u3 pelreHns HCKJIIYATD HYJIEBbIe
crosoner marpur P, O:

Prw = 10T (Purba); (36)
OR
wt — w wta | wt — m(w wPtdw 37
DOt B(E)Ia/ns nt+§0ta¢wt Nt ;T()nd Ptd (37)
0 norm | ngg + 6 Ok n Z Z NP (38)
= — | = Tm, ) w -
td ot td + Uid 90, td 2. 2o dwDtd

JlokazaTe/IbcTBO aHAJIOTUYIHO TeopeMe 2, KOTOpas sIBJISeTCsS YaCTHBIM CJIydaeM Teope-
MBI 7 JIJIst cotydast ofHoii Mogaabuoctu, |[M| = 1, 7, = 1. [lepexos oT 01HO# MOJATBLHOCTH
K IIPOM3BOJILHOMY YHUCJIy MOJIAJIbHOCTEH CBOJUTCH K TPEM IOLpaBKaM:

1) ucxouble JJAHHBIE Mg, JOMHOMKAIOTCH Ha BECA MOJAJIBHOCTEH T (w);

2) marpuna ¢ pasbubaercs ua 610ku Py, KOTOPbIE HOPMHUPYIOTCS I0-OT/IEJIbHOCTH;

3) ecsm TeMa BBIPOXK/IEHA [T MOJAJIBHOCTH 11, TO COOTBETCTBYIONHI cTOJI0EI] OOHY-
JigeTcs TOJIbKO B OJioke P,,, a He Bo Bceit marpuie P.

B nmpoekTe BigARTM peasn3oBaHa BO3MOKHOCTb KOMOMHIPOBATD JTI000€ THCI0 MOJAJIb-
HOCTEH ¢ JIIoObIMU peryssipusaropamu |17).

MynbTua3sbldHble mogenu. Myjibrus3bluHble TEKCTOBbIE KOJIJIEKIIUU UCIIOJIb3YIOTCS JI/1st
KPOCC-I3bIYHOTI0 HH(MOPMAIMOHHOTO ITOUCKA, KOIJIA 110 3aIlIPpOCy Ha OJHOM d3bIKe Tpedyer-
cd HAlTH cCeMaHTUYIeCKHU OJIM3KHUE JOKYMEHTDHI Ha APYyTroM d3bike. /lis cBa3bIBaAHUS S3bIKOB
UCITONIB3YIOTCA TapaJielbHble TeKCThl U JABYS3bIUHbIE cI0Bapu. [lepBble My TbTHA3LIU-
HbIE TEMATHYECKHEe MOJE/IH HOSIBIJIUCH 11049TH o/HoBpeMenHo |41, 91, 102| u upeacrasisiin
co00I1 MyJIBTUMOJIAJIBHYIO MOJI€JIb, B KOTOPOI MOJIAJIbHOCTIMU SBJISIOTCH A3bIKU, U KarK-
Jlasl CBSI3Ka, MapaJiie/IbHBIX TEKCTOB OObeJ uHsSeTCS B OJWH JOKyMeHT. OKa3ajgoCh, YTO
CBSA3BIBAHUASA JOKYMEHTOB JOCTATOYHO /I CHHXPOHU3AINHA TeM B JIBYX SI3bIKaX U KPOCC-
S3BIYHOTO TOouCKa. [lombITKu Gojiee TOYHOrO M TPYJT0EMKOIO BBIPDABHUBAHHS 110 IMPE/IJIO-
JKEHHUSIM UJIM [0 CJI0BaM MPAKTUYECKH HE YJIydHIaloT KadecTBO noucka. OOCTosTesbHbIi
0030p MyJIBTUSA3BIYHBIX TEMATHYECKUX MOJe/Ieil MOKHO Hafitu B |146].

Ha puc. 10 nokazanbl Hekoropbie u3 400 rem, nocrpoennbix 1o 216 175 napam pycckux
u aHrniickux crareit Bukuneauu [140]. Iyist cBsi3bIBaHUS A3BIKOB HCIIOJIB30BATUCH TOTBKO
MO/Ia/TbHOCTH, BBIPABHUBAHUS H CJIOBAapH He HCIOJb30BaIUCh. Aceccop omeHmt 396 Tem
n3 400 KaK XOpOIIO MHTEPIPEeTUpPyEMbIE.

Juist uenoib30Banus JABYSI3bIMHOTO CJI0OBAPs B |7] ObLT IPe/IoZKeH Peryjisipu3aTop cria-
xkuBanus. O popmasm3yer mMpeIrnoIoKeHne, 9T0 eC/Id CJIA0BO U B S3bIKe k sIBJISETCS T1e-
PEBOJIOM CJI0Ba w u3 s3blKa ¢, TO ux pacupenenenns teM p(t|u) u p(t|w) moaKHBI OBITH
om3ku B cMmbicsie KL-auBeprenmun:

R(®) = Z Znut In .

w,u teT

Corytacuo dopmysie M-mara, BepOSTHOCTH C/I0BA B TeMe YBEJIUIMUBACTCS, €CJU OHO
uMeeT 1epeBo/ibl, UMeIOIHe BhICOKYIO BEPOSTHOCTD B JIAHHON Teme:

Pwt = NOTM (nwt + T E nut>.
weW* "
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Tema Ne68 Tema Ne79
research 4.56 | nHCTUTYT 6.03 || goals 4.48 | maTy 6.02
technology 3.14 | ynusepcuter  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 | ok 3.25
science 1.97 | TexHnyecknin  2.70 || scored 2.72 | npoTus 3.20
program 1.60 | TexHonorus 2.30 || cup 2.57 | kny6 3.14
education 1.44 | nayuHblii 1.76 || goal 2.48 | dpyTbonucr 2.67
campus 1.43 | nuccnegosanne 1.67 || apps 1.74 | ron 2.65
management 1.38 | Hayka 1.64 || debut 1.69 | 3abuBaTb 2.53
programs 1.36 | obpa3sosaHune  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 | pupunxep 2.82 || server 2.93 | sepcus 1.86
wagner 0.97 | nesey 1.65 || software  1.38 | npunoxetne 1.86
soprano 0.78 | neBnua 1.51 || user 1.03 | cepsep 1.63
performance 0.78 | Teatp 1.14 || security 0.92 | server 1.54
mozart 0.74 | napTus 1.05 || mitchell 0.82 | nporpammubiii  1.08
sang 0.70 | conpaHo 0.97 || oracle 0.82 | nonb3oBatens 1.04
singing 0.69 | BarHep 0.90 || enterprise 0.78 | obecne4yeHne 1.02
operas 0.68 | opkecTp 0.82 || users 0.78 | cuctema 0.96

Puc. 10: IIpumepsr Tem u3 ABysA3bIYHON TemaTudeckoit momenn Bukunenmm. [loxaszansr nmepsbie 10 ciioB
KazKJI0# TeMbl U uX BeposaTHOCTH p(w|t) B MPONEHTAX.

DTOT PEryjsspu3arop He yUUTHIBAJ, UTO IEPEBOJ CJA0BA MOXKET 3aBHCETb OT TEMBI,
U 4TO Cpeau 1HepeBoAOoB CJ/IOBa MOI'YT HaXOAUTbCHA IIepeBO/ibl €I'0 OMOHUMOB. HOSTOMy
B TOil ke paboTe ObLT HpeIOZKeH BTOPOIl peryIdapu3aTop, KOTOPLIi BBOIUI B MOJIENb
HOBBIE MAPAMETPBI Ty = P(U|w,t) — BEPOSITHOCTH TOrO, YTO CJIOBO U SIBJISIETCS Iepe-
BOJIOM ciioBa w B Teme L. IIpejnosaraercs, uro Tema ¢, Kak pacnpenesenue plu|t) = 2t

HA/I CJIOBAMU SI3bIKA K, 10/IzKHA ObITH Osin3ka B cMmbicsie KL-uBepreniyy Kk BeposiTHOCTHOI
Moziesn Toit 2Ke TeMbl p(u|t) = > TyutPuwt, TOCTPOCHHOI 110 MEPEBOLAM CJIOB U3 A3bIKa {:

R(®,1I) =7 Z Znut anWuwtgowt — max.

uceWk teT weW?*

@opwmysia M-miara renepb y4uTbiBaeT BEPOATHOCTU HEPEBOJOB Tyqt. Kpome Toro, J1o-
baBJiseTcsd peKyppeHTHas opMyJ/ia Jijisd ONEHUBAHUSA STHX BEPOSITHOCTEH:

Puwt = nOl{/Ir/rl} <nwt +7 § qut”ut) ;
we "

Tuwt = norm(wwutnut).
ueWwk
CBs3bIlBaHue MapaJlieIbHBIX TEKCTOB CHJIbHEE YJIYVUIIaeT KadecTBO IOUCKa, deM 00a
crocoba yuéra cyoBapeii [7|. Bropoit crocobd semuoro syumre mepsoro. Kpome toro, on
IIO3BOJIdEeT BbI6I/IpaTb BapUaHTBI IEPEBOJa B 3aBUCUMOCTU OT KOHTEKCTa, 4T0 MOzKeT 6bITb
[I0JIE3HO JIJIsi CTATHUCTUYECKOI0 MAallMHHOIO 1epeBojia, puc. 11.

MopanbHOCTU KaTeropuii n aBTopoB. /[loiycTtuM, 4TO pacupe/ie/ieHus: TeM B JIOKYMeH-
tax p(t|d) nopoxKIAI0TCst OJHOM U3 MOJAJIBLHOCTEl, HALIPUMED, ABTOPAMU, DyOPUKAMU WU
KATeropusiMu. by/ieM cuauTarh, 4T0 ¢ KazK/bIM TEPMOM W B KaXKJ0M JOKyMeHTe d CBsi3aHa
He TOJIbKO Tema t € T', HO U KaTeropus ¢ W3 3aJ[aHHOTr0 MHOXKecTBa Kareropuii C. Pac-
IMIUPUM BEPOATHOCTHOE HPOCTPAHCTBO 10 MHOKecTBa D X W x T x C. Ilyctb u3BecTHO
noamuozkectBo Kareropuit Cy C C) K KOTOPBIM MOXKET OTHOCUTHCH JTOKYMEHT d.
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Tembl, B kKOTOPBIX p(«sum>»|«cymmay, t) > 0.9

Tema Neb6 Tema Nel2 Tema Ne20
MHO>XXeCTBO set MaTeMaTuka triangle BEKTOP vector
NPOCTPaAHCTBO | space TPeyroJibHMK square KOOPAMHATA coordinate
rpynna point Teopema number NPOCTPAHCTBO field
TOYKa left TOYKa point npeobpasosaHune | tensor
3NIeMEHT limit MaTemaTmyeckmnii | theorem 6a3uc transform
dyHKU M symmetry || yron angle TEH30p basis
npegen function KoopamnHaTa mathematics || cuna space
oTobpakeHne | open 3KOHOMUKA real BEKTOPHbI force
CNUMMETPUS property 4ncno theory TOYKa rotation
OTKpbITbIA topology KBagpaTt geometry cucrtema thermometer

Tembl, B koTOpbIX P(«total»|«cymmax,t) > 0.9

Tema Neb Tema Nel9 Tema Ne22
opbuta space NporpamMMHblii software nrpa game
annapart nasum Bepcus version BNAEOCUTHAN character
kocMuyeckuii | orbit paboTa news NrpoK video
3emMns instrument || komnaHus company bunem player
noeepxHocTb | earth AHOHUMHBII work ros0BOJIOMKA series
CONHEYHBIN surface npumMe4vaHmne note cepus puzzle
CcTaHuns solar TEpMUHATOP release Ka4ecTBo movie
3anyck system >KypHan support LIAaXMaThbl jason
cucrtema landing peii terminator [KECOoH world
aTMocdepa camera nepcoHax< anonymous bykBa chess

Puc. 11: IIpumepsl TeMm, B KOTOPBIX CJIOBO «CyMMay UMEET Pa3HbIE IIEePEBO/IbI.

PaccMoTpuM MyIBTUMOIATBHYI0 TEMATHIECKYIO MOJIeTb (33), B KOTOPO# pacmpe/iese-
HUE BEPOSITHOCTHU TeM JIOKYMEeHTOB Oy = p(t|d) onmchiBaeTcsi CMEChIO PACIpPe/Ie/IeHHi TeM
Kareropuit 1. = p(t|c) n kareropuii J0KyMenToB T4 = p(c|d):

plwld) = pr|t Zpﬂc (c|d) = Zzs%t%cﬂcd (39)

tel ceCy teT ceCy

D10 TaKzKe 3aa9a CTOXaCTHICCKOr0 MATPHIHOIO PA3JI0KEHH, TOJILKO Ternepb Tpedy-
ercs Hajitu Tpu Marpuipi: ¢ — Marpura TepmoB TeM, ¥ = (Ui )rxc — Mampuya mem
kamezoputi, Il = (Teq)oxp — Mampuya kamezoputdl 00KYMeEHMOE.

Mogesnb ocHOBaHA HA JABYX IHIIOTE3aX YCJAOBHON HE3aBUCHMOCTH:

p(t|c,d) = p(t]|c) — Temaruka goKyMeHTa d 3aBUCAT HE OT CAMOTO JOKYMEHTa, & TOJIb-
KO OT TOI0, KAKUM KaTeropusiM OH IPHHAIICKHT;

p(w|t, c,d) = p(w|t) — pacrnpejeseHne TepMOB MOJHOCTHIO OLMPEIETAETC TeMATHKOM
JIOKYMEHTa M He 3aBUCHT OT CaMOr0 JIOKYMEHTa U €ro KaTreropuii.

Kpowme roro, upesmoiaraercs, 4ro m.q = p(c|d) = 0 mis Beex ¢ ¢ Cy.

3a1a49a MAKCUMH3AIUE PEryJISpPH30BAHHOIO IPABIOIOI00U:

Z Z N lnz Z OuwtWieTeq + R(O, U, 11) — éﬂg}ﬁ (40)

deD wed teT ceCy
Z Puwt = 1) Pwt 2 O; Zwtc = ]-7 wtc 2 07 Z Ted = 1) Ted 2 0. (41)
weWw teT ceCy

Teopema 8. Ilycrs ¢yukmnus R(P,V,I1) menpepsiao maugdepenmnupyema. Touka Jio-
kaspHOro dKcTpemyMa (O, W, I1) sagaqn (40), (41) yxosaerBopsier cucreMe ypaBHEHHIT €O
BCIOMOIaTeJIbHBIMH IIEPEMEHHBIMHU Dyeqn, = P(t, | d, w), eciin u3 peleHust HCKJIIOYUTH Hy-

39



JieBble croJionpl marpun ®, W, I1:

Predw = 10rm (QuiicTea);
(t,e)ETxCy
OR
Pt = norm| Nyt + Put=— |; Nyt = g E NdwPtedw)
weWw 0g0wt
deD ceCy
R
wtc = norm/| 7 + ¢tc— y Nie = E E NdwPtedw
teT 0@/}tc
deD wed
OR
Ted = l'lglém Ned + chﬁ ; Ned = E E NdwPtedw -
c
d cd wed teT

JlanHasi MOJie/Ib, OCHOBaHHAas Ha TPEXMATPUIHOM Pa3/IOXKEeHHH, Haubojiee M3BECTHA
Kak asmop-memamuseckas modeas ATM (author-topic model), B koropoil nopozx paomieit
MOJIAJIBHOCTBIO SIBJISIOTCs aBTOPBI JoKyMeHToB [120]. B memamuueckot modeau mezupo-
sanua doxymenmos TWTM (tag weighted topic model) mopoxgaromieii MOIATBHOCTHIO
SBJISIIOTCSL Teru JIoKyMenTa [73]|. AHajorndHas MOJeTb HCIOJb30BAIAChH st 06paboTKI
BIJIEOIOTOKOB B [55]|: MOKyMeHTHI d COOTBETCTBOBAIH MOCTIEI0BATETHHBIM 1-CEKYHTHBIM
BUJICOKJIMIIAM, TEPMbI W — JIEMEHTAPHBIM BU3yaJIbHBIM COOBITUSIM, T€Mbl ¢ — HPOCTHIM
JIEHCTBUSIM, COCTOSIIIIUM M3 COYETaHUs COOBITHUIl, KaTeropuu ¢ — 00J1ee CJIOZKHBIM HOBEIe-
HUSM, COCTOAINIUM M3 COYeTAaHUS JICHCTBUI, IPUIEM CTABUIACH 3a/a49a BLIJIEIUTH B KaK-
JIOM KJIAIIe OJTHO OCHOBHOE IIOBEJIeHHE.

Mogesb (39) MOXKHO yIPOCTUTH U CBECTH CHOBA K JIByXMATPUIHOMY DA3JIOKEHUIO, €C-
JIN OTOXKJIECTBUTH TeMbl ¢ Kareropusivu, C' = T', u B3a1b equandnyio marpuiyy V. lannas
MO/IesTb u3BecTHa B sinreparype Kak Flat-LDA [121] u Labeled-LDA [116]. Eé BoipasuTen-
HbIe Bo3MO:KHOCTH Oesmee, 1eM y PLSA n LDA, tak Kak 3HadnTe/bHAS JT0JIS JEMEHTOB
maTpuipl II = © dukcupoBaHbl U PaBHBI HYJTIO.

Tpéxmarpuunble pa3/ioyKeHHs 1I0Ka He peajn3oBaHbl B Oubimnoreke BigARTM.

TemnopanbHblie mogenu. Bpems co3manus J0KyMEHTOB BayKHO IIPU aHAJIU3€ HOBOCTHBIX
II0TOKOB, Hay4HBIX MyOJIMKanuii, naTeHTHhIX 0a3, JaHHbIX COLUAJbHbIX cereil. Temarnde-
CKHe MOJIE/IN, YIUTBIBAIOIIIE BpeMs, HA3bIBAIOTCA MmemnopaivHbimu. OHI HO3BOIMIOT BbI-
JIeIATh COOBITUIHBIE W HepMAaHEeHTHBIC TeMbl, JeTeKTUPOBATH HOBBIE TEMbI, IIPOCICKHBATD
pa3BUTHE TEM BO BPEMEHH, BbIIEIATH TPEHIbI.

[Tycrb I — KOHEYHOE MHOXKECTBO MHTEPBAJIOB BPEMEHH, U KarK/bli JOKYMEHT OTHO-
CUTCS K OJHOMY HJIM HECKOJLKHM HHTepBajaM, [); — IIOAMHOKECTBO JOKYMEHTOB, OTHO-
CAMUXCsI K UHTepBAJIy i. ByJeMm mojararh, 9To TeMbl KakK pacupejeserus p(w |t) ne me-
HAIOTCsE BO Bpemenn. Tpebyercs Haiitu pacupeje/ienne Kax/oii reMbl Bo Bpemenu p(i|t).

TpuBMAJIbHBIN II0AX0/, 3aKJI0YAETCA B TOM, YTO0ObI HOCTPOUTH TEMATHYECKYIO MOJE/Ib
Ge3 yuéra BpeMeHH, 3aTeM HAfTH paclpe/e/eHne TeM B KaxKJIoM uHTepBase p(t|i) Kak
cpeamee 0y 1o BeeM JoKymenTaM d € D; M HepeHOPMHPOBATH YCJIOBHBIC BepPOATHOCTH:
p(ilt) = p(t|z’)%. Hejocratok jlaHHOrO 10/X0/1a B TOM, 4TO UHMOPMAILUs O BPEMEHH
HUKAK He MCIIOJIb3YeTCs HpH O0yYeHHU MOJEIU U He BaudeT Ha (POPMUPOBAHME TEM.

B ARTM »sta npob/iema pelmaercs BBeaeHneM MogaabHOCTH Bpemenn . lckomoe pac-
npenenenne p(i|t) = p; nomydaercsa B crosbne Marpuibl $. JonosHUTeIBHBIE OrPAHIYe-
HMsl Ha [OBEJECHUE TeM BO BPEMEHH MOYKHO BBOJIUTD C IIOMOIILIO PEryJspU3alyu.
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B oxnoit u3 nepsbix remmopasbHbix Temarudeckux Mmogeneit TOT (topics over
time) |158] kazKjast TemMa MOJEIMPOBAIACH HAPAMETPUIECKUM [3-PACIPEIEICHIEM BO BPe-
MeHH. DTO ceMeHCTBO MOHOTOHHBIX M YHHMO/AJIbHBIX HEIIPEPbIBHBIX (DYHKIHUIi, ¢ mOMO-
b0 KOTOPOI'O MOXKHO OIIMCHIBATH Y3KHE MUKH COOBITHHHBIX T€M U OpaHUYeHHBIH HAGOD
TpPeH0B. TeMbl, UMeIoIie CIOPauYeCKie BCIIECKH, JaHHAs MOJIE/b OMUCHLIBAET ILIOXO.

HeHapaMeTpI/I‘{eCKI/Ie TeMIIOpaJibHbl€ MOJ/EJIN CHOCO6HBI OIIUCbIBATH IIPOU3BOJIbHbBIC W3-
MEHEHUud TeM BO BPEMEHHU. PaCCMOTpI/IM JABa €CTEeCTBCHHbIX IIPEAIOJIOZKEHUA U (bOpMaJ[I/I—
3yeM HX C HOMOIIBIO PEry/IspU3alliH.

Bo-11€pBbIX, HPEIIIOJ0KKEM, YTO MHOTUE TEMbI ABJSIOTCA COOBITUIHBIMU M UMEIOT OT-
HOCUTEIbHO HEeGOJIBIIOE «BPEMs KHU3HU», IOITOMY B KazK/IOM MHTEpBaJe BPEMEHH | [pH-
cyTcrByIOT He Bce TeMbl. [lorpebyem paspexkeHHocTu pacupeseseruii p(t|i) ¢ moMomupio
KPOCC-3HTPOLHMHAHOIO PEry/iapu3aropa;

Ry(® wm ©) = -7 » Y Inp(t]i).

1€l tel

Bo-BTOPBIX, MPEMOIOKAM, 9TO pactpejenerus p(i|t) kak GyHKIUH BpeMeHH MeHs-
I0TCs HE CJIMIIKOM OBICTPO M BBEJEM PEryIApU3aTOP CIIayKUBAHUS:

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

i€l tel

Oba peryJisipu3aTopa MOXKHO 3anucarTh u Kak (Gyskiuio or ¢, u kak pynknuio or O.
B ciyuae peryispusaropa Ry(®) dopmyna M-mara nveer s’

Qi = ngerlm(mt + Toir Sign (i1 — i) + T2 sign(@it1 — it (42)

rjie pyHkius sign Bosppainaer +1 Jijis M0JI0KUTeJIbHOrO aprymenTa u —1 Jijisg oTpuiia-
TeJIbHOIO. Pery/isipusarop criiazkuBaer 3Ha4eHus B KaxKI0i TOUKe BpeMEeHHOro psija p(i |t)
10 OTHOIIIEHHUIO K COCEIHUM TOYKAM CJIEBa U CIIpaBa.

8 MopagennpoBaHmne TpaH3aKUMNOHHbIX AaHHbIX

OObIYHBIE TEMATUYIECKUE MOJIE/TA TEKCTOBBIX KOJIIEKIIHN OIMMCHIBAIOT BXOXK/ICHHS CJIOB
B JIOKYMeHTbI. MyJIbTUMOIa/IbHbIE MOJIE/IN OLUCHIBAIOT JOKYMEHTBI, B KOTOPbIX COJEpPzKAT-
Csl TePMbl Pa3JIMYHbIX MOJAJbHOCTEM: CjI0Ba, Tern, aBTOPhI, U T. JI. BO Bcex 3Tux ciydasix
MOJIeJ/Ib OIUCHIBAET IApPHBIE B3AMMOJICHCTBUS MEXKIy JOKyMeHTaMu U TepMaMu. B Gosee
CJIOZKHBIX MPUTOKEHUSIX MCXO/HbIE JAHHBIE MOIYT OMHCBHIBATH TPAH3AKINH (OTHOIIEHNS,
B3aUMOCBSI3U, B3AUMOJIEHCTBUS) MKy TpeMs U 6ojiee 00bEKTAMU PA3IUIHBIX MO/Ab-
Hocreit. Hanpumep, B cetn nHTEpHET-pPEKJIAMBI «I10JIb30BATE/b U KJIAUKHYJI 00bsB/IeHHE b
Ha CTPAHUIE S»; B COLMAJIBHON CeTHU <«II0JIb30BaTe/b U HAlMCaJ CJIOBO W HAa CTPAHUIE
oJiora d»; B CeTH IPOJIaK «IOKyHaTe b b KYIIII y MPOJaBIa S TOBAP ¢»; B MaCCaKUPCKUX
aBHUAIlePEeBO3KaX «KJIMEHT U BbLIETeJ U3 adPOIOpTa T B a3POIOPT Y CAMOJETOM aBUAKOM-
HAaHUK (»; B PEKOMEHJIATEJbHOI CHCTeMe <«KJIMEHT U ONeHWT (BuibM f B CHTYaTHBHOM
KOHTEKCTE S». EIié 0JiHOif MO/Ia/IbHOCTHIO MOXKET OBbITh JlaTa ¥ BPpeMsi TPAH3aKIIHH.

3 Ilo#ikos H. B. AanTupHas peryaapH3anus BepOATHOCTHBIX TeMATHIeCKHX Mojeseil. Bakamappekas
mucceprarmsg, BMK MI'Y, 2015.
http://www.MachineLearning.ru/wiki/images/9/9f/2015_417 _DoykovNV.pdf
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Bo Bcex npuBeiéHHBIX HpUMEpax B3auMOJIEHCTBHE 00bEKTOB HE CBOJUTCS K HAPHBIM
B3auMmo/ieiicTBusiM. B ipyrux ciydasx C/I0KHbIE B3aUMOJIEHCTBHS BCE Ke PaCHaIaloTCs
Ha napbl. Hanpumep, B cucreMe peKOMeH Ialliii My3bIKI TPAH3AKIHUA «TPEK 7" HCIIOJIHUTE-
Jisk @ HAXOJUTCS B aJibOOMe d, BBIIIEIIIEM B IOy Y» OIUCBIBACTCS, Ka3aJ0Ch Obl, 4eTBED-
Koit 06bekTOB (7, a,d,y). OjHAKO OHA pacmaaercs Ha mapHble B3auMmocsssu (d,r), (d,a),
(d,y), Koropbie MOTYT ObITH ONUCAHBI OOBIYHON MYJILTHMO/AJIBHON MOJIEIIBIO.

Jlist TeMaTHaecKOro MOJEJTMPOBAHUS TPAH3AKIIMOHHBIX JAHHBIX yJI0OOHO HMOHSITHE T'H-
neprpada. 'uneprpad obobmiaer nongrue rpada u OTIXIAETCA OT HEI0 TeM, 9T0 pedbpaMu
B HEM MOrYT OBITh HE TOJILKO Iapbl BEPIINH, HO U IIOJMHOXKECTBa U3 TPEX U OoJiee Bep-
mud. Bepruabl runeprpada cooTBeTCTBYIOT TepMaM pa3IndHbIX MOJAJIbHOCTEl, pédpa —
TPpaH3aKIUsIM. 3a/1a9a 3aK/I0YAETC B TOM, 9T00bBI 110 Ha0/110/1aeMOil BEIOOPKE TpaH3aKIuit
BOCCTAHOBUTH HEU3BECTHbIE TeMaTuveckue pacupejeenus sepiiun p(t|v). [peanonara-
eTCsl, 9TO BEPOSTHOCTH TPAH3AKIUU TEM BbIIIE, 4eM D0JIee CXOXKHU TeMATUKHU €€ BEepIInH.

B mpoekTe BigARTM peamm3oBaHa oNncaHHasd HUZKe THIEeprpadoBas TeMaTHuIecKasd MO-
JieJIb TPAH3aKIIMOHHBIX JIAHHBIX.

TemaTtuyeckne mogenu Ha runeprpadax. [unepzpag I' = (V, E) oupejessiercss MHO-
JKeCTBOM BepIIHH-TepMOB V' 1 MHOZKecTBOM pébep (Tpansakimit) F. Kaxaoe pebpo e u3 E
obpa3yercsl IOAMHOKECTBOM BepiuH, e C V.

Kaxgag Bepmmua v € V' umeer modasvrocms m = p(v) W3 KOHEIHOTO MHOXKECTBA,
mojasibrocreir M. MHOXKeCTBO BCeX BEpIIMH Pa30MBAETC HA HEIEPECEKAONMecs IOJl-
MHOZKeCTBa 110 MOAAJIbHOCTAM:

V= |_|Vm, Vin ={v e V:pu(v) =m}.

meM

Hanpumep, B 0OObIMHBIX TeMATHIECKUX MOJEIAX €CTh TOJbKO JBE MOJAJIbHOCTH: JTOKY-
MenTbl Vi = D u tepmbl Vo = W kaxKjias TpaH3aKIys IPEJICTaB/IsIeTCs pedpPoOM U3 JIBYX
BepuiuH € = (d, w) u OIUCHIBAET BXOXKIeHUue TepMa w B JoKyMeHT d. [Tpu srom runeprpad
SIBJISIETCS JIBYJOJbHBIM TpadOM.

B 6oJ1ee c/10KHBIX TPUIOKEHUAX TPAH3AKIIMA MOTYT UMETh pa3/indHble TUIIbl. Hampu-
Mep, B CeTH MHTePHEeT-PeKJIaMbl, KpOMe JaHHBIX THIA (U, b, §) 0 KIHKAX IMOJb30BaTe el U
110 00'bsIB/IEHUSM b Ha CTPAHUIIAX S, MOI'YT UMEThCs JIAHHBIE O MOCEIIEHUIX CTPAHUIL T0JIb-
3o0BaTesIsIME (U, S), O COJEPKAHUU TePMOB W B TeKcTaxX 00bsiBjienuil (b, w), crpanul (s, w)
H 3alIPOCOB MoJIb30Bareseil (u, w).

[lycts 3amano MuokKecTBO TUIOB Tpan3akiuit K. Tpanzakuyuonnsie darnnvie Tuma k —
510 BbIGOpKa F), HesaBucuMblx Habmonenuit (e,t) € 2¥ x T, nopoxkjaemas pacupe/iesie-
uuem py(e, t), ceoum jis kaxaoro tuia k € K. Kaxjoe pedbpo e € Ey BXoauT B BBIOOPKY
Nke Pa3, U € KazKJbIM BXOXK/IeHHEM pebpa CBsi3aHa CBOs JiaTeHTHas Tema t € 1.

Ha puc. 12 nokasan npumep runeprpada ¢ BepimHaMi TPEX MOIAIbHOCTEH, pédpamMu-
TPAH3AKIUIMH IIATH THIIOB U HATHIO TEMaMHU.

Bynem monarars, 9T0 B KaxK710ii TpaH3aKuu e € F nMeeTcs ogHa BbIIeeHHAs BePIITH-
Ha d, Ha3bIBaeMas KoHmelnepom, u obo3nadarb pebpo uepes € = (d, x), rjae £ — MHOXKe-
CTBO BCEX OCTAJIbHBIX BEPIIHH pedpa e, 33 UCKJIIOYeHUEeM BePINuHbI-KOHTeiHepa d. AHaJI0-
I'MYHO JIOKYMEHTY, ¢ KOHTelHepoM CBs3aHO pacupeseserue reM p(t|d). MuoxectBo Beex
BePIINH-KOHTeHHePOB 0003HaYuM depe3 .

Hasee mpeanosiokuM, 9to HE pacipejenenus teM p(t|d) B koureitnepe d, Hu pacipe-
JlesieHust Bepiiud B reMax p(v|t) e 3aBucsar or tuna pebpa k. Kaszasioch Obl, Ha HpaKTUKe
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M — MHO2KECTBO MOJAJIbHOCTEI:
oo A

K — MHOXKeCTBO THUIIOB pELEp:

0 Bp 00 Oa Sa

T — MHOXKECTBO TeM:
00000

Puc. 12: [Ipumep rumeprpada ¢ BepIIMHAMEA TPEX MOJAJIBHOCTEH, pEOpaMU-TPAH3AKIIUAMHA MIATH TUTIOB
U IATBIO TEMAMU.

9TO IPe/IIOJIOZKeHne MOXKeT He BBIMOJTHAThCA. Hanpumep, pacupejiesieHus cI0B B TeKCTaX
BeO-CTPAHWI], B MTOJTH30BATEJIbCKUX 3alpOCaX U B PEKJAMHBIX OaHHEpaX MOIYT 3HAYUMO
pa3nyuarbes Jiid OAHON u TOi ke TeMbl. OJIHAKO TO OrpaHUYEHHE HETPYIHO 0DOUTH,
ecJi1 1IOCTPOUTb MOJIe/Ib C TPeMsl Pa3HbIMHU MOJAJBHOCTSMHU CJIOB JIjisl 9TUX TPEX THUIIOB
TpaH3akiuit. bosee TOro, MeXaHU3M peryJspu3alu 03BOJIAET CBA3aTh ITH pacupeesie-
HUA U CeJIATh UX IOXOXKUMU.

HaxkoHser, BBeIEM TUIIOTe3y YCJIOBHOI HE3aBUCHMOCTH BepIIHH B pEbpax (d, x):

p(z|t) = Hp v|t).

veT

[Tpu ce/taHHbIX JIONYHIEHUAX HPOLECC HOPOXK IeHust pebpa (d, z) € Ej cocrout us jByx
maroB. CHavaJjia nopoxjaercst reMa t u3 pacupegenenust p(t|d). Barem 1mopoxjaercs
MHOZKeCTBO BepmuH T C V, Ipu4éM Kazk/as BepUIMHaA U € T MOJAJBLHOCTU 1M HOPOK 1aer-
Csl HE3ABUCUMO OT JIPYTUX BEePIIUH U3 CBOEro pacipejesenus p(v|t) HaJL MHOKECTBOM V.

TemaTu4ecKasg MOJEIb BBIPazkKaeT BEPOSTHOCTH IOABICHHA pédep rumeprpada depes
YCJIOBHBIE PACLpe/Ie/IeHus], CBI3aHHbIe C UX BePLUIMHAMMU:

p(z|d) = Zpt\d Hpv|t :ZthHgovt.

teT VET teT vET

[TapamerpaMu 3TOil MOJEIN SIBJISIOTCS YCIOBHBIE BEPOSTHOCTH BEpIIMH B TeMaxX
wut = p(v|t), HODMUPOBaHHBIE 10 KAZKI0H MOJAJIBHOCTH ¥ € V), U YCJIOBHbBIE BEPOSITHOCTH
TeM B KoHTefiHepax 0y = p(t|d). B Marpudnbix 0003HAYEHUSAX MApAMETPAMU SIBIISIFOTCS
marpuipbt $,,, m € M u ©, Kak u B ciydae MyJbTHMOJAJILHO TeMaTnaeckoii Mosesn (34).

[MuneprpadoBast Mojie/ib sBJIsieTCd MUPOKUM ODOOIIEHUEM OOBIYHBIX TeMaTUYEeCKUX
mozeneii. B gactHocrn, ona coorBercrByer momenn PLSA B ciydae, Korga MoIaJbHO-
ctu jBe — JoKymMeHTBl Vi = D u tepmbl Vo = W, Ttun pébep TOJBKO OMUH — AP
(d,w) € D x W, B KOTOPBIX JOKYMEHTBI d BCEr/Ia ABJISIOTCS KOHTeHHEepaMu.

MNineprpadpoBbiii EM-anroputm. Jlng onenuBanus mapaMeTpoB MOJEIN IIPUMEHUM
HPUHIUII MaKCUMyMa IIpaBJionoobusi. ByjaemM MakcumuzupoBaTh CyMmy JorapudMoB
1IPaBIo110/100us 110 BceM Tunam pébep k ¢ Becamu Ty, u peryjsgpusaropom R(P, O):

ZTk Z nkdxanthHgovt—l—R (I) @) —>max (43)

keK dx€eE) teT VEX
Z Sovtzla Pot 207 Zetd:1> 9td>0
’UEVm tET
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Teopema 9. Ilycrs ¢pyukuust R(®, ©) nenpepsisro jucpepennupyema. Touka jiokajib-
rvoro makcumyma (9, 0) zazaun (43) yiaosiersopsier cucreme ypaBHEeHHI OTHOCHTEJIBHO
napaMerpoB MOJETH Py, Ui M BCIIOMOTaTeTbHBIX IIEPEMEHHBIX Py = p(t|d, x), ecin u3
PeLIeHHs] HCKJIIOYUTh HyJIeBble cTo101bl Marpur P,,, O:

Ptdz = n?el"Tm (etd H @vt) . (44)

veET
OR

ot = 0O Tt + Puus—— | Mo = Y [v € 2] TelkdaPraas (45)

vEYm Pt keK dzeEy
0 10,28 D3 (46)

= norm n Nig = TN kda PDide-
td 2 td =y D01y td kTlkdzPtd
keK dxeEy,

okazarenbcrBo. Bocnob3yemes yeaosusamu Kapyma-Kyna—Takkepa (12). 3amnu-
IeM JIarpaHKHaH ONTUMU3AMOHHON 3a1aan (43):

L(®.0)=) 7 Y man) a]]ew+ R(®6)-

keK dzxec by, teT vET

SDIDRWIGSEFERIED D) 2) LIS

meM teT vEVm meM veV,, teT
- E ,Ud< E Oa — 1) + E E a0
deD teT deD teT

[IpupaBHsSeM HYJI0 MPOW3BOAHBIE JarpaHKHaHA MO TapaMeTpaM MOJIesu:

0% Ora [ Lycrp Put OR
= Z Z [v € ] TkNpds S + — Ayt + Apoyor = 0;

Ot k€K dz€E), p(:L’ | d) Ot
0L e Ot OR

_Z Z Tknkdm e, + — pta + piea = 0.
bra keK dzc (z|d) 90ua

YMHOKHUM JIEBYIO U HPABYIO 9aCTH IIEPBOI0 PABEHCTBA HA, (O, BTOPOIO — Ha Oiy:

g g v S 93 TN kdz # + O = )\p(v)t%t;
%,_/

vt
keK decEy p(z|d) 0t
Ptde=p(t|d,x)
9 Hv T P 8R
SN i |€ ) N~ 50, — Ml
keK dreEy, . , td
ptdz:p(t | d,.’E)

3anuiiem 9TH ypaBHEHHsI KOpO4de 4epe3 HepeMeHHble N, u3 (45) u nyg u3 (46):

PotAmt = ot + Porgas, M= pa(v); (47)
Oratta = Nea + 9td539—i- (48)

Eciu Ay > 0, 1o b0 JieBast u npasast 4acru paseHcTBa (47) 00e MOIOKUTE/IbHBL,
b0 @, = 0. O0beauusist 3T /1Ba Ciiydas B OHY (POPMYJLy, MOJTY IHM

vat)\mt = (nvt + @vt%)_g (49)
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Eciu g > 0, ro b0 jieBast u npaBas dactu paBeHcrsa (48) obe 10J102KuTebHbL, JH00
0iq = 0. O0beunsist 3T JiBa Caydas B OJHY (OPMYJTy, MOy IUM

Oratta = (na + Qtd%)Jr- (50)

[Tpocymmupyem pasencrsa (49) no v € V,,,, pagencrsa (50) mo t € T', npumenuM yciio-
BUSI HOPDMUPOBKH M BBIPA3HM JIBOCTBEHHBIC IIePEeMEeHHbBIE:

Amt = Z(nvt + @vt%)p

’UGVm
- OR
Hd = E (ntd + Qtd—agtd)Jr-
teT

[TopcraBuB Ay u g B (49) u (50), moayqaum (45) u (46).

Ecim A\ <0, 1O Ny + gpvt% < 0 s Becex v € V,,,. B arom ciydae Oyjaem cuaurarh
TeMy t BBIPOXK/CHHOI U moIaraTh ¢, = 0 11 Becex v € V,,, uro cormacyercs ¢ (45).

Ecma pg <0, To ngg + thgTZ < 0 g Becex t € T. B srom cirydae OyJeM CUUTATh
KOHTeiiHep d BBIPOKJIEHHBIM U nosarath Oy = 0 mist Beex t € T, aro cormacyercst ¢ (46).

Teopema nmokazana.

Koadcddurymerror BavsaHmna. Ha npakruke BO3SMOXKHbBI CHTYAIUU, KOIJIA OIPEIETEHHbIE
THIIBI TPAH3aKIHU HIPAIOT BCIOMOTATEIbHYIO POJib, U HE JIOJKHBI BJIUATL JTHOO Ha Te-
MAaTHKY KOHTeWHepoB, JIMOO Ha paclpejie/ieHus TepMOB B Temax. Hampumep, TeKCTOBBI
KOMMeHTapI/IfI B TOpFOBOﬁ TPpaH3aKIUW HE JO0JIZKEH BJIMATH Ha TEMATUKY IIPpO/aBla U I10-
KyllaTeJid, HO IIPU 9TOM BazKHO 110JIy4aTb pacClpe/e/leHrud CJI0B KOMMEHTapueB B TeMaX.
B MynmpTHA3BIIHON MOAETN TOJIBKO MOIAJIBHOCTD TJIABHOTO S3bIKA JIOJZKHA BIAUATH HA Te-
MaTHKy MYJIbTHUSI3BIYHOTO JOKyMeHTa. My3bIKaabHbIe TPEKU JOJKHBI BJIUSITH Ha TEMBI,
€CJIM OHU HAXOJIUTCH B ILIEH-JIICTaX IIOJIb30BaTeseil, HO He B aabOOMaxX HCIOTHUTEE.

Just pernenust Takux 3aa4d B dopmyisl M-nrara (45)—(46) BBousres koadduyuenmo
BAUANUA Ok, Of, IPUHAMAIOIIME 3HAUYCHUST U3 orpe3ka [0, 1]:

= w(v xPtda
Mo =3 Y [V € 2] ThOku(w) kdaPra

kEK dzcEy

Ntg = 5 5 TLO kN kdxPtdx -

keK dxeEy,

9 MopgenupoBaHue 3aBncumMocTeil

Knaccudpmkauyms. Temamuueckas modeav xaaccupurayuu Dependency LDA [121] sB-
asiercs BaifecoBckuM anasiorom mogenn (33) ¢ mogaabHoctssmu repmos Wou kitaccos C.
Vmeetcst obydaromniasi BHIOOPKA JTOKYMEHTOB d, /ISl KazKJI0I'0 M3 KOTOPBIX U3BECTHO IOJI-
MHO)KecTBO KjiaaccoB Cy C C. Tpebyerca kimaccudunupoBaTb HOBbIE JOKYMEHTHI C HEU3-
BectubIiM Cy. [j1st 317010 Oy/eM UCIOIb30BATh AUHETUHYIO 8EPOAMHOCTHYIO MOOEADL KAGC-
cuurayuu, B KOTOPOit 00beKTaMu SIBJISIOTCS JOKYMEHTHI d, MPU3HAKH COOTBETCTBYIOT
TeMaM t W MpUHUMAIOT 3Hadenust Oy = p(t|d):

pleld) = abh.

teT
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Hokyment d orHocuTCs K Kjaccy ¢, ecu p(c|d) = 7.

Kosddunuenrs: nuneitnoit Mmogenu ¢, = p(c|t) u moporu -y, obydarorcs mo BIGOPKe
JoKyMeHTOB ¢ m3BecTHeIMU Cy. Ilpu3HakoBoe ommcaHme HOBOIO JOKYMeHTa #j BBITHCIIA-
ercst TeMaTUu4eCKOn MO/EJIBIO TOJIBKO IIO €r'o TepMaM.

DkcnepumenTsl B [121] mokasasm, 9TO TeMaTHYeCKHe MOJEIU MPEBOCXOAAT OObIU-
HbIe MeTOJbl MHOTOKJIACCOBOI Kiaaccuukanmuu Ha OOJBIINX TEKCTOBBIX KOJLIEKIHIX
¢ OOJIBIIIMM THCJIOM HeCOATaHCHPOBAHHBIX, IIEPECEKAIOIINXCS, B3aNMO3aBHCUMbBIX KJIACCOB.
B [141] Te 2Ke BBbIBOJIbI HA TEX K€ KOJLJIEKIMSX ObLJIN BOCIIPOU3BEIEHBI JIJI MYJIbTHMO/IAJIb-
Hoit ARTM. Hecbanrancuposanrocmsd 03HAIAET, 9TO KJIACCHL MOI'YT COJEPZKATh KAK MaJIoe,
TaK U O4YeHb OOJIBIIIOE YUCJIO JIOKYMEHTOB. B ciydae nepecerxarowurcs KI1accoB JTOKYMEHT
MOKET OTHOCHTBCSI KaK K OJHOMY KJIACCY, TaK U K OOJIBIIOMY YHCJIY KJIacCOB. Baaumosa-
BUCUMDbLE KJTACCHI IMEIOT OOIIIe TePMBbI B TEMbI, IO3TOMY HPH KIACCH(MUKAINE JJOKYMEHTa,
MOI'YT BCTYIIaTb B KOHKYPEHIHUIO.

Pezynrapusayus no ompuyamesvHvim npumepam ACIOIb3YeT JaHHbIE O TOM, 9TO JI0-
KyMeHT d u3 obydaiomeil BBIOODKH He NPHHAJJIEKUT moAMHOXKecTBY Kiaccos C C C.
JI1s1 9TOTO C/Iydas 3aluiieM IIPaBIono00ne BepOATHOCTHON MOe i OMHAPHBIX JTaHHBIX:

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

deD ceCy teT deD ceC teT

[TepBoe ciaraemoe ecTb log-mpaBionogobue MOJATbHOCTH KJIaccoB (33), ecau moJio-
KUTb Ng. = [c€Cy|. Bropoe ciaraemoe MOKHO paccMarpuBaTh KaK DPEeryJsipuzarop OT-
punaTe/IbHbIX IIPUMEPOB, HOCTpOGHHbIﬁ IO JaHHbIM O HE-IIPUHA/JIC2KHOCTH JOKYMEHTOB
kJiaccam. KoaddunuenT pery/sipusainuu 7 MOXKHO 110JIaraTh PABHBIM €JIUHUIIE.

Yacmommnas peeyaapusayus (label regularization) xopormro 3apekomenjoBaia cebs
B 3ajiadax ¢ HecOasancupoBanubiMu Kiaccamu |80, 121]. ITorpebyem, arobbl onenka 6e3-
YCJIOBHOI'O PAaCIpeje/IeHns KIaccoB 110 Kouuteknuu p(c) = Y, ¢up(t) Obuia 6inska K Ha-
OJIF0JJAEMbIM YaCTOTaM KJaccoB p(c) = |17||Dc|, rae D.={d € D: c € Cy} — MHOKeCTBO
JIOKYMEHTOB, OTHOCSIIUXCSA K KJaccy c. BelpasuMm jaHHOe TpeboBaHHe ¢ IMOMOIIBIO CLa-
JKHBAOIIETO PEryJIpU3aToOpa KPOCC-3HTPOIME, KOTOPBIA MOXKHO HHTEPIPETHPOBATDL U KaK

MAaKCUMU3AIUIO PABJIOIOI00UsT MOJIEJIH KJIACCOB P(C):

R(®) =1 Z |D.| lnz N¢Per — MAx,

ceC teT

e ng = Mg — YUCIO0 TepMOB MoAaabHOCTH C', OTHOCSIIUXCS K TeMe t BO Beeil Koul-
aeknuu. [ojgcrapisist sror peryasipusarop B (14), nosyuaum dopmyssr M-mmara:

NiPe
goct::rquoermr;l nct+T|Dc|L ) (51)

Y s MsPes

YacToTHas perygapu3alisd ICI0Ib30BaIach B TeMaTnaecKoii mojaesu Prior-LDA | koTopast
ObL1a mpejyioxkena B [121] kak yayumienue mozgesu Flat-LDA.

Perpeccusa. 3agaqn npejcka3anusi YUCJI0BON BeJIMIMHbl KAK (DYHKIIMH OT TEKCTa BO3HIU-
KaloT BO MHOTUX IPUJIOKEHUIX JTeKTPOHHON KOMMEPIUH: IpeIcKa3aHue peiiTHHra TOBa-
pa, duabMa WM KHUTU 110 TEKCTY OT3bIBA; MpeJ/ICKa3aHue YUCIa KJIMKOB IO TEKCTY pe-
KJIAMHOI'O OO'bsiBJIEHUSI; IIPEJICKA3aHIe 3aPILIAThl 110 OLUCAHUIO BAKAHCHUM; IIPEJICKA3AHKIE
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noJsie3HocTH (4nciia JAfKoB) OT3bIBa Ha OTeJb, PecropaH, cepsuc. s BoccTaHOBIICHHSI
YUCJI0BbIX (DYHKIUI 110 KOHEUHOU 00yuatoiieil BbIGOpKe nap «00beKT—O0TBET» UCIOJIb3Y-
IOTCS perpecCHOHHBIE MOJIENTH, OJHAKO BCe OHU MPUHUMAIOT HA BXO/Ie BEKTOPHBIE OIICAHUS
00bexkToB. Temarmueckas MoJeTb MO3BOJIAET 3aMEHUTh TEKCT MTOKYMeHTa d ero BeKTOp-
HbIM TpejcTaBierneM 6y, C npyroit cTopoHbl, KpUTepUil ONTHMHU3AINNEA PErPeCCHOHHON
MOJIEJIM MOZKHO MCIIOJIb30BATh B KQYECTBE Pery/isipu3aropa, 4Todbl HAlTH TeMbl, HanboJiee
nHGOPMATUBHBIE ¢ TOYKH 3DEHHsI TOYHOCTH HpejcKasanuii |84, 130].

[IycTb ajist Kaxk10ro JoKyMeHTa d obydatomieit Bbioopku [ 3aaHO 1e/1eBOe 3HAYCHUE
ya € R. Pacemorpum aunetinyro modeasv pezpeccuu, KOTOpas IpeIcKa3biBaeT MaTeMaTu-
YeCcKoe OKHIaHWe NEeTeBOil BeJTMIIMHbI:

E(y | d) = Z V104,

teT

rie v € RT — Bekrop kosddunuentos. [IpuMennM MeTO HAMMEHLIINX KBAJIPATOB LI
o0y4eHust BEKTOpa v 110 BbIOOPKE JIOKYMEHTOB:

R(©,v) = —7 Z(yd — Z vtﬁtd>2.

deD teT

[Toscraisist sror perysasipusarop B (15) u npupaBHEBAs HYJIIO €10 HPOU3BOIHYIO 110 U,
nostyuum popmysibl M-mara:

614 = norm (ntd + 700 (yd -3 vﬁm) );

seT

v = (007)"10y.

3ech hopMmysia i BEKTOPa U ABJISETCsl CTAHJIAPTHBIM PEHIeHHeM 3a/a9i HAMMEHb-
X KBaIpaTOB 1pu (puKCupoBanuoit marpuie ©. BekTop v MOZKHO 0OHOBJISITH 110 OKOHYA-
HUU KazKJOT0 IIPOX0Ja KOJLIEKIUHU, JTUOO mocje oOpabOTKU KazKJIOoro MMakeTa JIOKyMEHTOB
B oHJaiinopom EM-ajropurme.

B [130] moka3aHo, 9T0 KAYECTBO PErPECCHU MOZXKeT 3aBHCETb OT MHUIIHAIN3AIIMH TeMa-
TUYIECKON MOJEN, U MPeTozKeHO HECKOJIbKO METOM0B NWHUIUAIA3AIINAHN.

Ha npaxTuke oObIYHO HCIIOJIb3yeTcs H0J1ee IMPOCTON MOJIX0/T: CHAYA/Ia CTPOATCI TeMa-
THYEeCKUEe MPU3HAKOBBIE OMUCAHUS JTOKYMEHTOB C moMoinbio mojean LDA, 3arem k s1um
HpU3HAKAM MOIYT JIODABJISATHCS €llé KaKhue-TO YUC/IOBble IPU3HAKU TEKCTOB, M, HAKOHEII,
o0I1ee IPU3HAKOBOE OIUCAHKE UCIIOIb3YeTCs JIjIsl pellleHus perpeccuonnoi 3aaaqu. Heto-
CTATOK 3TOr0 IOJXO/Aa B TOM, 4TO Momeab LDA Hudvero He 3Haer o perpeccun. Peryiis-
pusanusgs ARTM mo3Bosiser moodepesHo yaydmiaTb TO TeMATHIECKYI0 MOJEIb C YIETOM
perpeccuu, TO perpecCuOHHYIO MO/Ie/Ib € y4ETOM TeMaTU4YeCKUX pu3Hakos. B pesyiibrare
JIBE MOJIEJIA [PUCIIOCADJIUBAIOTCS JPYT K JIpyry. TeMbl HoOBOpauuBatoTCs TaKuM 00Pa3oMm,
4TOObI ObITh MAKCUMAJILHO 110/IE3HBIMU B KAYECTBE IIPU3HAKOB PerpecCuOHHOi Mojiesiu. [lo-
OaBJIeHHe JIONOTHUTE/TbHBIX HeTeMaTHIeCKUX IPU3HAKOB B PEIPECCHOHHYIO MOJIE/Ib B 9TOM
caydae TaKzKe He COCTaBJsgeT TPyIa.

Koppensiuun tem. Modeaw koppeauposarnvx mem CTM (correlated topic model) mpei-
Ha3HA4YeHa JIUIsl BbIsiBJIeHUsT CBsA3eil Mex 1y remamu [23]. Hanpumep, crarbs 1o reosoruu
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DoJ1ee BEPOSTHO CBSI3aHA C apXeosiorueil, 4eM ¢ reHeTHKOil. 3HaHue O TOM, KAKHe TeMbl da-
IIe COBMECTHO BCTPEYAIOTCS B JOKYMEHTAX KOJIJIEKIMH, [I03BOJIET TOUHEe MOJEINPOBATH
TeMaTUKYy OT/JeIbHBIX JOKYMEHTOB B MYJIbTHIUCIUILTHHAPHBIX KOJLIEKIIHAIX.

g onmcanus KOppeadiyil y100HO UCIOIb30BATh MHOTOMEPHOE HOPMAJIBHOE PacIIpe-
neqenne. OHO He TMOJXOAUT Il OMHCAHWS HEOTPHUIATE]bHBIX HOPMHPOBAHHBIX BEKTOD-
CTOJIONOB 04, HO HEILJIOXO OIKMCHIBAET BEKTOPHI UX Jjorapudmos 1,y = In 6,4. [TosTomy B MO-
JIeJIb BBOJIUTCST MHOTOMEPHOE JIor-HOpMaJibHOe pacipesesenue (logistic normal) ¢ aByms
napaMeTpaMu: BEKTOPOM MaTeMAaTHIECKOTO OyKUIAHWS [ B KOBAPUAIMOHHOM MaTpuIeit >

p(nal 11, 5) = (27) 73 [2] 72 exp (=L (a — 1) ™S (na — ).

Nznavanbno mojens CTM 6bli1a pazpaboTana B paMKax 0aiieCOBCKOTO IMOJXO0Ja, T/
BO3HUKAJIM JIONOJHUTETbHbIE TeXHHYEeCKHe TPYJAHOCTU U3-32 TOTO, YTO JIOT-HOPMAJbHOE
pacipe/ie/leHle He siBJISeTCsl CONPSIKEHHBIM K MyJbTuHOMuajibHOMy. B pamkax ARTM
niaes CTM dopmasnusyercs u peajin3yercs HAMHOI'O IIPOIIIE.

Oupejeum perysisipu3aTop Kak Jorapudm mpaBiono100ust JOr-HOPMaJJIbHOW MOJIe/n
JIJTsL BBIOOPKU BEKTOPOB JIOKYMEHTOB 17)4:

RO, pu, %) = TZ Inp(ng|p, ) = —% Z(ln 0q — p)™2 " (In 04 — p1) + const — max .

O,u,%
deD deD

Cornacuo (15), dopmyna M-mara mis 0,y TpuHIMaeT BU/

Oiq = norm <ntd - T Z ! (hl Osq — Ms))> (52)

seT

rie Et_sl — 3JIeMEHTBI 0OPATHOI KOBapUuaImoHHO# MaTpunpl. [lapaMerpsr X, 1 HOpMaIbHO-
ro pacupe/ie/ieHusi OOHOBJISIIOTCS 1I0CJIe KazKJI0I'0 IPOX0/1a KOJLJIEKIUU, JTU0O0 1OC/Ie KarK-
JIONO aKeTa JIOKYMeHTOB B oHJaiinoBom EM-ajropurme:

1
= — In Ay,
1
Y= ﬁZ(med — 1) (In 6y — p)
deD

Takum 0obpa3oM, TpyAoéMKas ouepalus 0OpalleHusl KOBAPUALUOHHON MaTpULbl BbILIOJI-
HsIETCsl OTHOCUTEIBHO pesko. B [23] ucnosbzoBanacs LASSO-perpeccust, 4robbl mo/1y9arh
pa3pekeHHY 0 KOBAPUAIMOHHYO MAaTPUILY.

10 Mopgenn c nepeMeHHbIM HUCJIOM TeM
DHTponuiiHoe pa3pexuBaHue asnsi otbopa Tem mpeioxkeno B [143| mia yaanenus

HE3HAYUMbBIX TE€M U3 TeMarTudeckoir mojesn. Mjes 3akiodaercs B pa3spekKUBaHUHM Pac-
upesesienus p(t), KOTOpoe BbIPAKAETCsI Yepe3 mapaMerpbl Oyy:



[ToxcraBum sror peryisipusarop B dopmysny M-mara (15):

n p(d
0,y = norm (ntd - T—p( )Qtd).
teT 7| p(t)
BamenuM 6,y B IpaBoOil 4aCTH PaBEHCTBA HECMEMIEHHON OLEHKOI Z—’j:
0 ( (1 n )) (53)
=norm|(n -7 )
T e n|T]|

DTOT PEry/Isipu3aTop pa3pezKuBaeT HeJUKOM cTpoku Marpuilpl ©. Ec/in 3nadenne caér-
YUKa 7y B 3HAMEHATe e JJOCTATOYHO MAJIO, TO BCE 3JIEMEHTHI {-if CTPOKH OKA3bIBAIOTCS PaB-
HBIMHU HYJTIO, M TeMa t IMOJIHOCTBIO HCK/II0YaeTcd u3 Mojeau. [Ipu ucmoib30Banum JaHHOTO
peryJisipuzaropa CHadaJ/ia yCTaHaBJIUBACTCs 3aBe0MO u30bTouHoe uncao rem |T']. B xoze
I/ITepaL[I/Iﬁ YHUCJIO HYJIEBBIX CTPOK MaTpHUILbI @ IocreleHHoe yBeJininuBaeTcd.

Ot16op Tem B ARTM namuOro npoie HermapaMerpuieckux 0aiiecoBCKUX Mojesieit —
uepapxudeckoro npornecca Jupuxie (hierarchical Dirichlet process, HDP) [134]| nim npo-
necca Kutaiickoro pecropana (Chinese restaurant process, CRP) [26].

B ob6oux nmoaxomax, ARTM u HDP, umeerca ynpapiastonuii mapaMerp, BoIOHpas KO-
TOPBIl, MOKHO MOJIy4aTh MOJETH ¢ YHCIOM TeM, pa3indatruMces Ha nopsaku (B ARTM
510 Ko3bdunuent peryspusanuu 7, B HDP — kosdduruenr konnenrpauu 7).

B [145] 6bn pOBeIeHbl SKCIEPUMEHThI Ha MOJTYCHHTeTHIECKUX JTAHHBIX, MPeICTaB-
JIoIuX coboi cMech JByX pacipeeienuii p(w|d) — peajbHON KOJLIEKIMH, Jijisi KOTOPOi
YUCJIO TeM HEeu3BeCTHO, U CUHTETUYECKON KOJIVIEKIMKU C 3aJaHHbIM 4YHUCJIOM TEM. CI/IHTe—
THYECKas KOJLJIEKIUs CTPOUJIACH IIyTEM IepeMHoxKkeHust Marpul, PO, mojydeHHbIX B pe-
3yJIbTaTe TEMATHIECKOTO MOJIETMPOBAHKS TOH 2Ke peabHoil Kosuteknun. OKa3aaoch, 9TO
HDP u ARTM crocobubI onpee/issiTh KCTHHHOE YUCI0 TeM HA CHHTETHIeCKUX H ITOJTYCHH-
rerundeckux JaHHEbIX. ARTM omnpenenser ero tounee u ycroitaumsee. OmHaKO dem OJImzKe
IIOJIYCUHTETUYCCKUE JJaHHbIE K peaJiIbHbIM, T€M MEHEE 4ETKO pa3/induM Jiualla30H 3Ha4e-
HUil ruepuapaMeTpoB T WA 7, Ha KOTOPOM BOCCTAHABJIMBAETCS MPABUIHLHOE YHCJIO TEM.
Ha peanbHBIX JAHHBIX OH HEPA3JIMIUM BOBCE, MIPUIEM Jijid 000uX 110/1X0/10B. Takmm obpa-
30M, PO 00a IMOJX0/a HEeJIb3d CKa3aTh, YTO OHU OIIPEIE/ISIIOT ONTHUMAJIbHOE YHCIO TEM.

ITo ckopoctn Berumcaennit BigARTM ¢ perysgpusaTopom oTbopa TeMm okazasucs B 100
pa3 ObIcTpee cBOOOIHO JOCTYIIHON peau3amuun HDP.

B xoze skcrepuMenToB [145| Takzke BBIICHUIOCH, 9TO PETyISpH3aATOP 0TO0PA TeM HMe-
eT II0JIE3HBbII conmyTcTBYIOMuil 3pdekT: OH yaagasdeT U3 MOJEIU JIyOIupYyIONiue, paciiel-
JIEHHBIE W JIMHEHHO 3aBUCUMbIE TEMBI.

HOKa OCTaETCH OTKPbITBIM BOIIPOC, CyHIeCTBYET JIU B Pe€aJlbHbIX TEKCTOBbIX KOJIJICKIIUAX
«HCTUHHOEY» WJIA «OUTHMAJIbHOE» 9uc/i0 TeM. C OfHO CTOPOHBI, PA3yMHO IIPEJII0/Iararh,
YTO CYIIECTBYET KOHETHOE YUC/I0 TeM, O KOTOPBIX ULy T Jiioau. C Apyroii CTOPOHBI, B KaK-
JIOIl TeMe mMeeTCsl KOHEeYHOe YHCJIO acIeKTOB, U B KaKJOM TEKCTe aBTOPBI 3aTParuBaioT
JINIIb 9aCTh U3 HUX. acTo BCTpedaronyecs coueTaHusd acleKTOB MOXKHO PacCMaTpHBATD
b0 Kak IojremMbl, Ju0O KaK HposiBjieHue obOuieil rembl. BHyTpu TeMbl MOXKET HE Cy-
mecrBoBaTb 4ETKOM KﬂaCTepHOﬁ CTPYKTYPbI, 1 Ha KaKO€ 4YuCJIO HOATEM HJIM aCIHEKTOB
pa3dbuTh TEMY — TO BOIIPOC HAIIEro 1pou3BoJia. TeMbl MOXKHO JpOOUTH HA JIIOOOE YhC-
JIo OoJiee MeJKuX ImoiareM. Uem OoJiblile KOJLIEKIHS, TeM 0oJiee MeJKHe CeMaHTHIeCKHe
pas/Imdus MezKJy TeMaMH BO3MOKHO Y/JI0BUTH. OIHAKO JazKe IIPU MPUMEHEHUHU, Ka3a/10Ch
6bI, CTpOrux, CraTUCTUYCCKUX KpuUuTepueB [Jid BblABJICHHUA 3HAYUMbIX pa3.HI/ILII/II71 MEZK/Y
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TeMaM¥, BOBHUKAET IIPOU3BOJI 1IPU BbIOOPE YPOBHS 3HAYUMOCTH. BbIOOpP 9TOr0 110pOIroBo-
I'0 3HAYEHUS TAKKe SBJISeTCS IBPUCTUKONW, U OT HEI'O 3aBUCUT UTOIOBOE YHUCJIO TEM.

DT COOOpaKEHUsT MPUBOIAT K MJI€E, 9TO BMECTO HMOUCKA ONTHMAJBHOIO HYUCIA TEM
(KOTOPOrO MOZKET MPOCTO HEe CYIECTBOBATH), UMEET CMbBICJ CTPOUTH HEPAPXUIECKHE Te-
MaTHYecKHe MOJIEIN, B KOTOPBIX TeMBI IIOCIeI0BATETbHO IPOOITCS Ha MTOITEMBI, & YPOBEHb
JETAIbHOCTH (MM 2PAHYAUPOSAHHOCTIU) TEMATHIECKOIO HPEICTABICHNST BHIOUPACTCS MC-
XO/Isi U3 oTpedbHoCTell NPUKJ/IA/HON 3a/a49H.

Nepapxuyeckoe Tematnyeckoe moaennposaHue. lepapxudyeckue reMaTudaecKue Mo-
JIe/Td PeKYPCUBHO JeJIAT TeMbl Ha HOATEeMBI. TeMaTHdecKne Hepapxuu CIy:KaT JJId I0-
CTpOeHUsl pyOPHKATOPOB, CHCTEMATU3AIMH OOJIBIINX OOBbEMOB TEKCTOBOM HMHMOpPMAIHH,
nHAGOPMAIMOHHOIO [TOMCKA U HABUTAIMK 110 OOJIBIIMM MYJIBTHIMCIUILINHAPHBIM KOJLIEK-
nusM. 3a/1a9a aBTOMATHYECKOH PyOpUKAIUU TEKCTOB CJIOXKHA CBOEH HEOIHO3HAYHOCTHIO
1 CyObeKTUBHOCTHIO. Pasjimaust BO MHEHUSIX SKCIIEPTOB OTHOCHTEIbHO PYOPUKALMH JI0-
KymentoB MoryT mocrurarb 40% [1]. Hecmorpst Ha obuime pabor Mo HepapXUvecKuM Te-
MaTHIecKuM MoiesasM (25, 74, 90, 170, 114, 153, 154, 155, 156|, onrumusamnus pazmepa
1 CTPYKTYPBhI HEPApPXUU OCTAETCsS OTKPBLITOI mpob/iemoii; 6oJee TOro, OleHNBAHIE Kade-
CTBa Mepapxuii — Takzke OTKpbITas 1pobsema [170].

Crparerun mOCTPOEHUS TEMATHIECKUX HEePAPXHIl BeCbMa Pa3HOOOPA3HbI: HUCXOISIIIE
(uBU3MMHEBIE) U BOCXOjsIye (ArJIOMEpATHBHBIE), MPEJACTABISIONNE HEPAPXUIO JIEPEBOM
UM MHOTOJIOJBHBIM rpadoM, HapamuBaoIiue rpad mo ypoBHIM WX [0 BEPIIHHAM, OC-
HOBAHHbIE HA KJIACTEPU3AIUU JTOKYMEHTOB HMJH TepMmoB. Henb3s Ha3BaTh KaKymo-TO U3
CTpaTeruii mpeoITUTeIbHON; ¥ KazK/I0il eCTh CBOU JOCTOMHCTBA M HEIOCTATKH.

BeposiTHOCTHAs Mogenb MeXXypoBHeBbIX cBs3eil. B [36] upeoxkena nucxosmas
crparerusi Ha ocHoBe ARTM. Mepapxust npejcrapiisiercs MHOIOI0/IbHBIM rpadom ¢ (puk-
CHPOBAHHBIM YHCJIOM YPOBHEl U 33 aHHBIM YUCJIOM TeM Ha KaKJOM YPOBHE, BO3PACTAIO-
UM 10 YPOBHSAM CBepxXy BHU3. KaKplil ypoBeHb MpecTaB/sieT cOO0i OOBIYHYIO «ILIOC-
KYI0» TEeMAaTUYIECKYIO MOJIE/b, IO3TOMY BpPeMs MOCTPOCHUSI MOJEIN OCTACTCS JUHEHHBIM
110 00'bEMY KOJLJIEKIIHH.

st MoseupoBaHus CBsA3€il MeKJy yPOBHSIMH B MOJE/]b BBOJIMTCS IIAPAMETPHI
g = p(8|t) — yciioBHbBIE BEPOSTHOCTH HOATEM S B TeMax t. B MyJibruuciuiIMHApHbIX
KOJIJTEKITUSI TTO/ITEMbI MOI'YT UMETDb 10 HECKOJBKO POIUTETHCKUX TEM.

Ha Bepxmem ypoBHe HepapXuu CTPOUTCH OObIYHAS ILIOCKAsd TeMaTHYeCKasl MOJIEb.
[Iyctb Mojesib £-ro ypoBHS ¢ MHOXKECTBOM TeM 1’ yzKe TOCTpoeHa, U Tpebyercs MOCTPOUTH
MOJIeJib ypoBHs {41 ¢ MHOXKecTBOM Jl09epHUX TeM S (subtopics) u 66ibmmM 4ucaiom Tem,
|S| > |T'|. [Torpebyem, 4T06bI POAUTENILCKUE TEMbI T XOPOIIO HPUOJIMZKAJIUCH BEPOSITHOCT-
HBIMH CMECSIMH JIOYEPHUX TEM S:

Znt KLw(p(w\t) Zp(w\s)p(ﬂt)) — Znt KLw(nn_u;t

teT ses

Z(pwsq/}st) — %1\11}7

ses )

e ¥ = (Vg)sxr — Mampuuya cesseli, KOToOpas CTaHOBUTCsI JIONOJHUTE/IbHOI Marpuiieil
apaMeTpPOB /I TeMATHIEeCKO MOIEIN J0IePHEro YPOBHS.

DT0 33a9a MATPHIHOTO PA3IOKEHH IS MATPUIILI POJAUTETLCKOro yposHd ®f = U,
OOBIYHO MATPUYHBIE PA3JIOKEHHS UCIOIb3YIOTCs, YTOOBI IIPUOJIHM3UTD MATPHILY BBICOKOI'O
paHra mpousBeaeHneM Marpuil 0ojiee HU3KOro paura. OHAKO B JJAHHOM CJ1ydae, Hao00poT,
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marpuna ®f Huskoro panra |T'| npubmuzkaerca npoussegenuem Marpun, W, B Koropom
marpuia P Jlo/KHA UMeTh HOJIHbIH paHr | S|, 4Tobbl J0UepHsis MOJE/Ib OIUCHIBAJIA KOJI-
JIEKIIUIO TOYHEE, YeM POJUTe/TbCKad. Peryaspu3aTop CBA3BIBACT TeMATHYECKHE MOJIETN
cocesanx yposmeit { u £+ 1 Tax, 9TOOB POJAUTETHCKHE TeMbI () alIpPOKCHMHIPOBAJICH
JINHEWHBIMU KOMOMHAIUAMHE JIOUYEPHUX TeM g ¢ KOIDPUITHEHTAMEI Vg, :

R((I)v \I]) =T Z Z Nt In Z @wsdjst- (54)

teT weW ses

Bagaua makcumuzaiuu R(P, W) ¢ TOYHOCTBIO 10 0DO3HAYEHUIT COBHAJALT ¢ OCHOB-
HOM 3a/adeii TeMaTn4eckoro mojesunposanus (9), ecjau c4uTaTh POJAUTEJNHLCKUE TeMbl t
nce6d0dOKYMEHMAMY C FACTOTAMEH TEPMOB TNy = TNyPye. DTO O3HAYAET, YTO BMECTO
JiobaBjeHus ciaraeMoro B ¢opmy/bl M-1mmara JaHHBIH perysisgpu3aTop MOXKHO peasn30-
BaTh emé mpoie. IlocTpous poguTeIbcKuii ypoBeHb, HAJI0 JI00aBUTH B KOJLIEKITUIO POBHO
|T'| 1ceBIO0KYMEHTOB, 3a/1aB UM B KAYECTBE 4aCTOT TePMOB 3HAYEHUs TN,;. Marpuna W
HOJIyYUTCs B CTOJIONAX MATPUIBI O, COOTBETCTBYIOMIUX HCEBIOJAOKYyMeHTam [36].

JlaHHbIiT TOX0/1 K MOJIEJIMPOBAHUIO NepapXuil peajn3oBan B 6ubanorexke BigARTM.

Pa3pexxunBaHne mexxypoBHeBbIx CBs3eil (hbopMaIu3yeT eCTeCTBEHHOE MPeII0I0KCHHe,
4TO KazKJad TeMa J0YepHero ypoBHd S € S uMeer HeDOJIbLIOE YHMCJIO CBA3CH ¢ TeMaMu
poauTe/ibekoro yposus t € T. B wacrnocru, eciu Bce pacupesesierusi p(t|s) BoIpozx ie-
HbI, TO €CTh KazKJlas TeMa S UMEeT TOJIbKO OJIHY POJUTE/IbLCKYIO TeMy t, TO BCS uepapxusi
npuobperaeT BUJ AepeBa. I[puMEHIM KpOCC-3HTPONMAHBIIA peryIapr3aTop I Pa3peKi-
BaHUsl pacipejesnenuii p(t|s), BIpasus ux depes 1y 10 dopmyse Baiieca:

R(V :—TZZ 1npt|s ZZl szznz

seS tET tET seS

[Tockonbky Marpuina W sBIgeTcs 4acThio MaTpuibl O, K Heil mpuMennma dopmyta (15),
u3 KOTopoii cienyer dhopmyaa M-mara Jijig MoJe I J09epHero YpOoBHS:

v = (a4 {0l015) = 7)) )

L

7]y CTAHOBATCH erié

Corutacio 910ii dhopmy.ie, ycioBhbie BepogrTHocTH p(t|s), MeHblne
MEHbIIe, W [PH JIOCTATOYHO OOJIbIIOM T 00HyJIsiforest |36].

" nst

[Ipu paspekuBanuu pacupenenenuii p(s|t) = 2L BaykHO, 4T0ObI BEKTOPLL p(t|s) = o~

OCTABAJIACH PACIIPEIEICHUIME, TO €CTh YTOOLI Y K&)K;Lon HOATEMBI § OCTABAJIACH XOTS ObI

OJlHAa POJMTENLCKad Tema. Ha modepreMm yposHe S He TOMKHO 00pa3oBaThbCd HU OJHOM

MEMBI-CUPOMBL S, KOTOPasi COBCEM He uMeJjia Obl POJAUTE/IbCKUX TeM t.

nst

11 MopgennpoBaHune cBsizen Mexxay AOKYyMeHTaMu

Ccbinkn n umtuposaHue. VHorma mmeercss JONOJHUTEIbHAs WHMOPMAIUs O CBS3AX
MeK/Iy JTOKyMeHTaMH U MpeIoJiaraercs, 9TO CBI3aHHbIE JOKYMEHTBI UMEIT CXOXKYIO Te-
MaTuKy. CBs3b MOZKeT O3HAa4aTh, 4TO JIBA JOKYMEHTa OTHOCATCA K OJHOW pyOpuKe, COB-
MECTHO YIHOMUHAIOTCS WJIM CChLIAIOTCS JPYT Ha Jipyra. PopMasindyeM 310 [IPe/Iio102KeHne
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C [OMOIIBIO PEryJIsipu3aToOpa:

R(O) =T Z Nde Z O1abrc,
d,c

teT

IJIe Nge — BEC CBI3U MEXKJy JOKYMEHTaMH, HalpPUMep, YHCJI0 CChLIOK u3 d Ha c. B [43]
npeIokeHa moxoxkasa Momenb LDA-JS, B KoTopoii BMECTO MaKCHMU3AIMH KOBAPHAIII
MHHEME3HpYyeTcs auseprennus llencena-Illennona Mexxay pacupenesnenusavu 0y u 6,.
Dopmysa M-mara mist 644, coracuo (15), nmeer Buj

01 = norm (ntd + 0 Y ndc9tc>-

ceD

D10 emé oHa PAa3HOBUIHOCTH CriIakuBaHus. BeposgrtaocTn 0,y B X01e HTepanuii mpu-
OJIMZKAIOTCA K BEPOSITHOCTAM ;. TOKYMEHTOB, CBSI3aHHBIX C d.

Perysisipuzarop marpunpbt © cranoButcs Hed(DMEKTUBHBIM IPU MAKETHON 0OpaboTke
DOJIBIINX KOJUIEKIH, KOTJA JIOKYMEHTBI ¢, Ha KOTOPbIE CChLIAETCS JIAHHBIN JOKYyMEeHT d,
HAXO0JIATCA B IPYrux nakerax. IIpobiiema peraercs BBeieHHEM MOJAJIBHOCTH JTOKYMEHTOB,
H& KOTOpbIE €CTh CCBLIKH U3 JPYTUX JIOKYMEHTOB. DTOT CIIOCOD MOPOXKIAeT HOBYIO IIPO-
OJIeMy: ecJii MOITHOCTD 3TO# MOJIaJIbHOCTH OKAaXKeTCsl paBHOI YHC/IY JOKYMEHTOB, TO MaT-
puna ¢ MOKeT He IIOMECTUTbCs B OllePATUBHYIO HaMsTh. MOKHO COKPATUTH 3Ty MOJIAJIb-
HOCTb, OCTaBUB TOJIbKO HanbOJ/1ee BJIUATE/IbHbIE JJOKYMEHTDI ¢, YUCJIO CChLJIOK Ha, KOTOPbIE
Ne = Y4 Mde IPEBBIIIAET BBIOPAHHBLI IOPOL.

JlanHast ujes MpUILIA W3 MOJEJNN BIHSHUA HaydIHbIX myOaukanuii LDA-post [43].
B meit uconp3ytored aBe momasabpHOCTH: caoBa Wi u mutupyemble nokymeHTo Wo C D.
Moyiesib BbisiB/isier HanboJjiee BUsSTe/IbHbIE JIOKYMEHTbl BHYTpU KaxKji0i TeMbl. Henyiie-
Bble 3JIEMEHTbl B CTPOKe ¢ Marpuiibl Po 1OKa3bIBAIOT, HA KAKUE TEMbl IOBJIUSJI JIOKY-
MenT ¢ € Wy, Takzke Mojieib 1103BOJIIET pa3/indaTlh, KaKhe U3 CChLIOK CYHIECTBEHHO I10-
BJIMSLTH HA HAYYHYIO CTATHIO, & KAKHe ABJIIOTCA BTOPOCTEIIEHHBIMU, YHCTO (DOPMaJIbHBIMH
W «JAHBIO BEeKJIMBOCTU». CUnTaeTcs, 9TO JOKYMEHT ¢ IOBJIUA] Ha JOKYMEHT d, ec/iu
d cchuTaeTCs HA C ¥ OHU MMEIOT 3HAYUTEIbHYIO J0J1I0 00IIel TeMaTuKu.

lNeonokauun. UMudopmaiys o reorpaduydeckoM IOJIOKEHUU YACTO HCIHOJIb3YETCs IIPU
aHaJIn3e JAHHBIX COIUAJBbHBIX ceTeil. ['eorpaduieckaa mpuBga3ka goKyMeHTa d WA €0
aBTOpa 3a71a6Tcst JTub0o 2eomezamu (HA3BAHUAME CTPAHBI, DEIHOHA, HACEJEHHOTO MIYHKTA),
b0 zeosokayuet, — mapoii reorpadudeckux kKoopauHar fg = (x4,y4). B mepBom city-
4ae BBOJIMTCH MOJAJIbHOCTH I€OTErOB, BO BTOPOM CJIydae UCIOJIb3YETCS Perysispu3arop.
ARTM mno3Bosisier coBMenarh B Mojiesin 00a Tuma reorpaduvaeckux JaHHbIX.

Hesibio MOJIe/IMPOBaHKS MOXKeT ObITh BbIJIEJIEHUE PErMOHaJIbHBIX TeM, Olpe/le/ieHue
«apeaja OOMTaHUS» KaxKIOH TeMbl, IOUCK MOXOKUX TeM B NApYyrux permonax. Hampu-
Mep, B KadecTBe OJHOI u3 mitocTpanuii B [169] onpeaesstorcs pernoHbl MOy JISIPHOCTH
HAIMOHAJIbHOM KyXHH 1O mocraMm noJb3osareseil Flickr. dpyras mumocrpamust us [85]
HOKA3bIBALT, 9TO TeMaTUIeCKas MOJIe/b, yauTbiBaiomas, nu3 kakoro mrara CITA mpuiwio
coobllenue, TOUHee HPOC/IeKUBaeT 1y Th yparana «Karpunas.

Ksasparuanblii peryasipuzarop Marpuibsl O, mpemioxenusiii B [169|, dopmanusyer
IpeIoa0KeHNe, 9TO JOKYMEHTHI CO CXOKUMU TeOJOKAUIMA UMEIOT CXOKYI0 TeMATUKY:

R(©) = —% Z Wed Z(etd - th)z,
(c,d)

teT
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IJIe Weg — BEC napbl JOKYMEHTOB (¢, d), Bhipazkafomuii 6,u30¢Th reosiokanuii. Hanpumep,
Weg = exp(—72), vie 12, = (v, — 24)* + (Yo — ya)* — KBaJpaT eBKJIUI0BA PACCTOAHUS.

DTOT perygpu3aTop TpedyeT npu 00padboTKe KaxK/JI0I0 JOKYMEHTa d JIOCTyIa K BEKTO-
pam 6. Apyrux JOKYyMEHTOB, 9TO 3aTPYIHSACT IIAKEeTHYIO0 00paboTKy OOJIBIINX KOJLJICKIIHIi.
AbrepHATUBHBIN CII0CO0 CrIasKUBAHUS OCHOBAH HA PEryJIapH3alud Marpuinl P.

[Iycts G — MOmabHOCTB reoreros, @, = p(g|t). Temaruka reorera g BbIpazKkaercs
1o dopmyJie Baiteca: p(t]|g) = goth—;, e Ny, — Yacrora reoTera ¢ B MCXOAHBIX JAHHBIX,

t = D, Mgt — TACTOTA TeMbI t B MOJAJILHOCTH IeOTeroB, Bpraucisemas EM-aaroparymowm.

Kpaaparuunblii peryasgpusarop marpuibl ® 10 MOAAJIBHOCTH reoTeros (hopMaJin3yer

IPEJIIOJIOKEeHHe, 9TO reorpadguieckn OJU3KUe Ie0Tern UMEIOT CXOKYI0 TeMATHKY:

R(®) = —5 Z Wgyg Z <909t %)27

ggEG

/1€ Wy — BEC IMapbl reoTeros (g, ¢'), BeIpazkaiouuii ux reorpadudeckyio oiusocrs. Huxke
Mbl paccMOTpPUM ODODIIEHHE ITOI0 pery/sipusaropa Ha 0oJiee MUPOKUl KJ1acce 3a/1a4.

Mpadbl n coumnanbHblie cetn. B |85 upeioxkena Gosee obias TeMarnieckas MOJIEb
NetPLSA, yuursiBatomasi Ipon3BoJibHbIe IpadoBbie (CeTeBble) CTPYKTYPhl HA MHOZKECTBe
nokymerToB. [Tycrs 3aman rpad (V, E) ¢ MHOKecTBOM Bepiiu# V' 1 MHOKecTBOM pébep E.
Kazk1oit ero Bepimae v € V' cooTBETCTBYET IMOAMHOXKeCTBO JoKymenToB D, C D. Hanpun-
Mep, B pojin D, MOXKeT BbICTYIIATh OTJI€/IbHBIN JIOKYMEHT, BCE CTaThH OJIHOIO aBTOpa v,
BCE HOCTHI U3 OJHOrO reorpapuueckoro permoHa v, u T. JI.

Temarnka KazK10il BepPIIMHBL v € V' BbIpazkKaercs depe3 mapaMeTpbl Mojean O:

p(t|v) =" plt|d) p(d|v) = Zth

deD, dED

B monenn NetPLSA ucmosib3yercss KBaipaTHIHBII Peryispu3aTop:

R(©) =~ 2N wa Y (p(t]o) = p(tu)?,

(u,v)EE teT

e Beca Wy, pédep rpada (u,v) 3aJal0TCst eCTeCTBEHHBIM 00Pa30M, KOIJIA B 33/a4€ eCTh
COOTBETCTBYIOIIAs JIONOTHUTE/IbHAA nundopmanus. Hanpumep, eciu D, — Bce cTaTbl aB-
TOpa v, TO B KadecTBe Beca pebpa W, €CTeCTBEHHO B3ATb YHCJIO CTAaTeil, HAIIMCAHHBIX
aBTOpaMu u W ¥ B coaBropcrBe. Ecim 1mompodHO mHMOpMalun HET, TO BEC I0JIaraercs
PaBHBIM €JIMHUIIE.

DTOT peryjapu3arop Tpedyer npu 00paboTKe KazKI0ro J0OKyMeHTa d JI0CTyIa K BEKTO-
paMm 0, Apyrux JOKYMEHTOB, UTO 3aTpy/aHgeT 3h(HEKTUBHYIO MAKETHYI0 00pabOTKy 0O0/Ib-
X KOJITEKIU. AJTbTepHATHBHBIA IIyTh COCTOUT B TOM, YTOOBI MHOYKECTBO BEPIIHH I'Da-
da V 06bgaBUTH MOJAIBHOCTBIO U IEePeiiTh K peryisdapu3anud MaTpuibl P.

B kaxapiit nokyment d € D, nobaBum TepMm v MoAajgbHOCTH V. BbIpasum remaTuky
BepIIMHbL U Yepe3 mapamerpsl @ 110 dopmyse Baiteca: p(t|v) = (U|t)§((z = Putpys TAC
n; = Zv Ny — dacTora TeMbl ¢ B MojajabHocTu V', Beruncisiemast EM-ajaropurmom.

Perynapusarop NetPLSA coxpanser mpe:kHuii BuI, HO cTaHOBUTCS (hyHKIHEH oT D:

R(®) D) Z wuvz (&0)—11]_ |910)u:|>2 (56)

(u v)eE teT
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Bo mMHOrux npujiozKeHusix BaxKHbl HALIPABJIEHHOCTU CBsA3€il, KOTOPbIE KBaJIpaTHYHbII
peryssipu3arop He yuurbiBaer. Hanpumep, cBs3b (U, V) MOXKET 03HAYATh CCHLIKY M3 J10-
KyMeHTa u Ha JoKymeHT v. B mozmenu iTopicModel [132] mpeamomaraercsi, aro eciu
(u,v) € E, 10 Temarnka p(t|u) mupe tematuku p(t|v). IlosToMy MEHEMEH3HPYETCS CyM-
ma useprennuit KL(p(t|v) || p(t|u)), npmaém ycnosusie pacupeaenenns p(t|v) MozxKHO
BBIPA3UTh Kak depe3 O, tak u depe3 d:

R(6 wm &) = g 3w Y p(t]o) mp(t|u).

(u,v)EE teT

Kak noxasa/im 9KCHepUMEeHTHI?, pery/iapusanud Marpuibl @ IpUBOIUT IPAKTHICCKH
K TeM Ke pesysbraram, 910 u perysspusanus O s mogeneit NetPLSA u iTopicModels.

12 MopgennpoBaHue co4eTaeMoCTn CJ/10B

['unoresa «MeliKa CJI0OB» SBJISETCH OJIHUM U3 CAMbIX KPUTUKYEMbIX IOCTYJIATOB Te-
MATH9IeCKOT0 MojeupoBanus. OHa HOJHOCTHIO UrHOpUPYeT (hyHaMeHTaIbHOE CBOHCTBO
couemaemocmu ca06 (word co-occurrence) B ecTecTBeHHOM si3bike. CoueTaeMOCTh ObIBaeT
JIBYX BUJIOB: KOHMAKMHAA T OUCTNAHIMHAA.

g onucaHus KOHTAKTHOW COYeTaeMOCTH U3 TEeKCTA BBIJEISIOTCS BCEBO3MOZKHBIE
N-2PamMMb, — TOCJIECI0BATEILHOCTH U3 N MOAPS uaymux cjg1oB. Cpegu n-rpaMm mpeji-
CTABJIIOT UHTEPEC KOJIJIOKAIUU U cJI0BOcoYeTanus. Koarokayus — 910 n-rpamma, BCTpe-
4JaIOMIAsICs B KOPILYCe ropa3/10 dale, 4eM MOZKHO ObLI0 Obl 0KU/IaTh IIPU YUCTO CJIYIaiiHOM
COeJIMHEHNN JTAHHBIX cJI0B. Crosocouemanue — 3TO N-TpaMMa, CJI0Ba KOTOPOU CBI3aHBI
[0 CMBICTY W TPAaMMaTHYECKH, U 0D03HAYAIOT eIHOe MOHATHE. B TeMaTnuecKmx Mome sax
TEeMATUKy TaKUX N-I'PaMM CJIe/LyeT OlPeJe/idTh, He pa3/ie/isds UX Ha OTJ/ieJIbHbIE CJIOBA.

JlucranTHas coYeTaeMOCTb O3HAYAET 4ACTOE IOSBJIEHUE CJIOB B OJIHMX M T€X YKe KOH-
TeKCTaxX, HAllpUMep, B OJIHOM LPEJJIOZKEHUHM UJIM B COCEJIHUX IPEJJIOZKEHUsIX, HO He 00si-
3aTeJIbHO BILUIOTHYIO JAPYT K JIPYTY.

Mmuorue nccienoBanusi HanpaBJieHbl Ha CO3/JaHIE TeMaTHIeCKUX Mo/iesieil, yIuThiBa-
IONIIX MOPSI0K cI0B. V3 HUX Hanbosee BaXKHBIMH MPECTABIAIOTCS TPU HAIIPABJIEHUS.

[IepBoe HalpaB/ieHUE CBA3aHO C BblJle/IeHUEM HHMOPMATUBHBIX N-IPaMM — KOJIJIO-
Kalliii, CJI0OBOCOYETAaHUIl, TEPMUHOB, UMEHOBAHHBIX cyliHocTeil. Tembl, OCTpOEHHbIE Ha
n-rpaMMax, HAMHOIO JIydllle HHTePIPETUPYIOTCs, YeM IIOCTPOCHHbIE Ha, yHUrpaMMax (0T-
JeJbHBIX cI0Bax). [IpobremMa B TOM, 9TO YHCIIO BCEX N-TpaMM KaTacTpoduuecKu OhICTPO
pacTér ¢ pocToM 00bEMa KOJIIEKIIH.

Bropoe nanpas/ienue cBS3aHO ¢ OCHOBHOW runore3oit ducmpubymueroti cemanmuky:
CMBICJI CJIOBA OIIPEJIe/ISIeTCs TeM, B OKPYKEHUU KAaKUX CJIOB OHO vallle BCero ynorpedJis-
ercst. [TosiBienue nporpammpl word2vec |86] crumysImpoBaio pa3sBUTHE 6EKMOPHLLT Npeod-
cmasaenudi caoe (word embedding). Ouu HaXOAAT Maccy HpuMeHeHHi Garogaps TOMY,
YTO CeMAHTHIeCKH OJU3KUM CJIOBAM COOTBETCTBYIOT OJIM3KHE BEKTOpHI. TemaTwdeckue
MO/JTIeJTN TaK:Ke CIOCOOHBI CTPOUTH BEKTOPHBIE MpEJCTABIEHHS CJIOB, 00JIATAONTNE STHM
CBOMCTBOM, B TO K€ BpeMsl COXpaHss CBONCTBA MHTEPUPETUPYEMOCTU U PA3PEKEHHOCTH.

4Bynaros B.T. Ucnonb3opanne rpadoBoil CTPYKTYPEL B TEMATHIECKOM MOJEINPOBAHHE. Marucrep-
ckaga auccepranus, MOTHU, 2016.
http://www.MachineLearning.ru/wiki/images/4/4d/Bulatov-2016-ms.pdf
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Tperbe HalpaBjieHUe CBA3aHO C MEMAMUYECKOl ceeMenmayuet v TUIIOTe30i, 4To
TEeKCT Ha €CTEeCTBEHHOM A3bIKE€ COCTOUT M3 IIOCJICJ0BATC/JIBHOCTH MOHOTEMATHUYIHbIX COO6—
mennii. B qacTHOCTH, KazK10€e MpeozKeHne Jalie BCero OTHOCUTCS TOTbKO K OJHOI TeMme.
Bajaun cerMeHTaIuu pacCMaTpUBaloTCa B pasjerie 13.

Mogenn koHTaKTHOW co4detaemocTu. lcnosib30BaHue n-rpaMM, KOJLIOKAIMH I
CJIOBOCOYETAHUN 3aMETHO Y/IydllaeT HHTePIPEeTUPYEMOCTb TeM, 4T0 JIeMOHCTPUDYeT-
Cd IPpaKTU4Y€CKU B Ka)KﬂOﬁ Hy6.HI/IKa]_H/H/I IO N-'paMMHbIM TEeMaTUYC€CKUM MOIEJIAM,
cM. Hanpumep |60].

[TepBas Gurpammvuas temarmdeckas Mozaeab BTM (bigram topic model) [150] mpen-
craBJisiia coboii o CyTu MyJbTUMOJAILHYIO MOJIE/b, B KOTOPOIl KaXKJIO0MY CJIOBY U COOT-
BETCTBOBAJIA OT/IeJbHAsL MOJIAJIBHOCTH €O ci1oBapém W, C W, cocraBiieHHbIM U3 BCEX CJIOB,
BCTPEUAIOIMXCsl HELOCPEJICTBEHHO HOCJIe CJIoBa v. Sauuiem log-pasio1o106ue 31oii Mo-
JIeJI1 B BUJIE DEryJ/Isipu3aTopa:

R®0)=> "> "> nawlnd_ ¢!bu,

deD ved weW, teT

rae @b, = p(w|v,t) — ycaoBHAs BEPOSTHOCTH CJIOB W HOCJE CJIOBA U B TeMe t; Mgy, —
JacToTa OUrpaMMbl «vw» B JIoKyMeHTe d. ItaBHbIil HeoctaTrok Mozaen BTM B Tom, dTo
OHA YYHUTBIBAET TOJLKO OurpamMmbl. Bropas mpoG/ieMa B TOM, 9TO YHCJIO BCeX OUTpaMM
OBICTPO YBEJIUUUBACTCA C POCTOM KOJIJIEKIIMH, W UCIO0/Ib30BaTh Mojeb BTM na GoJbinx
KOJLJIEKIUSIX 3aTPY/HUTEIBHO.

Mogeas TNG (topical n-grams) [159]| ycrpamsier 91u He10CTaTKH. YCJIOBHOE PACIpe-
JIeJIeHIe CJIOB OMUCHIBAETCS BEPOSITHOCTHON CMeChIO P(w|v, 1) = i@l + (1 —Epwt) Prot, TIE
Eowt — TEepeMeHHasl, paBHas BEpPOATHOCTUH TOTO, UTO Iapa CJI0B «Vw» SBJIAETCAd OUrpam-
Moii B Teme t. B pabore C. C. Crenuna® moka3aHo, 4To IpU HEKOTOPBLIX He 0C000 JKECTKIX
HpeIIo/I0KeHusIX log-1rpaBionoodue 3Toit MO/IE/ M ONEHUBACTCS CHU3Y B3BEHIEHHON CyM-
moit log-tipaBomo106uit MmogabHOCTEH yHUrpaMm u durpamm B Mozein ARTM. JIpyrumu
caoBamu, myabrumoaaabiasgs ARTM MoxkeT ObITh HCHOIB30BAHA, JIJIsT TOMCKA, TPUOJINZKEH-
Horo permrenus B mojenn TNG.

B Toit ke pabore ObLIN IPOBEIEHBI SKCIIEPUMEHTHI ¢ OUIPAMMHON MYJIBTUMOIATHLHOMN
moziesiblo ARTM na mebosbmioii (Menee 1000 OKYMEHTOB) KOJUIEKIIMH PYCCKOSI3BIYHBIX
crareit HayuHoit koudepennun MMPO (Maremarndeckue MeTO/bl pACIO3HABAHUsS 0Opa-
308B). Corocrap/ieHue TeM yHUI'DAMMHON 1 GUrpaMMHOI MoJieIeil MoKa3a/10, 4T0 10 TeMaM
OUTpaMMHOI MOJIETH OIPOIIEHHBIE MOCTOAHHBbIE YIACTHUKHA KOHMEPEHIIUE MOIJIH OIpe/ie-
JINTH HAYYHYIO I'PYIIILY U JIJaKe aBTOPOB CTaTell, TOrIa KaK [0 TeMaM YHUTPAMMHONW MO T’
c/iesiaTh 3TO ObLIO POOJIEMATUYHO, CM. pUC. 13.

B ARTM n-rpamMHasi MO/J€JIb €CTECTBEHHBIM 00pa30M OLPEILIIeTCsS KAK MYJIBTHMO-
JlaJibHAsSI, B KOTOPO# JIIsi KAayKJIOTO N BBIJAEJSETCS OT/e/IbHAast MOJAAJIbHOCTh. s mpesi-
BapUTEJLHOI'O COKpAIEHUs CJIOBapeil n-rpaMM IOJXOJUT METOJI, IOUCKA KOJLIOKAIHii
TopMine [46]. On suHeitno Macirabupyercss Ha GoOsblIHe KOJUIEKIUE U MO3BOJIsieT (op-
MHPOBATh CJ0Bapb, B KOTOPOM KazKJasd n-rpaMMa 00J1aj1aeT TpeMs CBOHCTBaMHU:

(a) uMeeT BBICOKYIO 9aCTOTY B KOJLIEKIIUN;

°C. C. Crenun. MyabTUrpaMMHbIE aJIIMTHBHO PETY/IAPU30BAHHBIE TeMaTUYeCKue Mojieau. Marucrep-
ckaga auccepranusa, PUBT MOTU, 2015.
http://www.MachineLearning.ru/wiki/images/4/4a/Stenin2015MasterThesis.pdf
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pacno3HaBaHue obpasos B bGuonHgopmaTmuke TEOPUsi BbIYNCANTENBHOW CNOXKHOCTM
unigrams bigrams unigrams bigrams
obbekT 3aja4a pacnosHaBaHusi 3agaqa pasgensitb MHOXECTBA
3agaya MHOXECTBO MOTNBOB MHOXECTBO KOHEYHOE MHOXKECTBO
MHO>X€eCTBO cmcTemMa mMacok MOAMHOXECTBO  YC/OBME 3aAa4yn
MOTMNB BTOPMYHAS CTPYKTYypa ycnosue 3a4a4a O MOKPLITUN
paspewmnmMocTb cTpykTypa beska Knacc NOKPbLITNE MHOXKECTBA
Bbibopka pacrosHaBaHie BTOPUYHON | peLueHue CUJIBbHBIA CMbICT
Macka cocTosAHne obbekTa KOHEYHBbIN paspensrowmnin KOoMmnTeT
pacno3HaBaHue obyuatowasi Bbibopka 4mcno MUHNManNbHbI adpdUHHbIA
NHOPMATNBHOCTL  OLEHKa MHOPMATUBHOCTU | adddprHHBIIA adprHHBIA KOMUTET
COCTOsiHNE MHOXECTBO 0bbekTOB cnyyaii acpbuHHbIA pasgenstownii
3aKOHOMEPHOCTb paspeLnMoCTb 3agaqn NoKpbITNE obuiee nonoxexmne
cucrtema KpuTepuii paspewnmMmocTu obwynii MHOXXECTBO TOYeEK
CTPYKTypa NH(OPMATMBHOCTL MOTMBA | MPOCTPAHCTBO cnyyaii 3agaqn
3Ha4eHne nepsun4Has CTPYKTypa cxema obwuii caydaii
perynsipHoCTb TYMNMKOBOE MHOXECTBO KOMunTET 3agayqa MASC

Puc. 13: IIpumepst TeM yHUIPDAMMHON MOJIEJIU U COOTBETCTBYIOLIMX UM TeM OUIDaMMHO# Mozesu (110 KO-
Jekuuu crareil nay4unoit koudepenuuu MMPO — «Maremarudeckue MeTozpl pacio3HaBanus 06pa3os» ).

(6) cocrouT U3 CJIOB, HECLYYaHO 4ACTO 0OPA3YIOIIUX N-IPAMMY;

(B) me comepxxurcst B (n+1)-rpammax, obsagaomux csoiicrsamu (a) u (6).

Mero/pl, npeioKenHbie B nocaeayonmx paborax, SegPhrase [76] u AutoPhrase [123],
JIEMOHCTDHDYIOIIHE eI JIy9IIne Pe3yIbTaThL.

Mopgenb 6utepmoB. Kopomkumu merxcmamu (short text) Ha3BIBAIOT JOKYMEHTBI, -
Ha KOTOPBIX He JOCTaTOYHa JIJId HaJEzKHOTO ollpeje/ieHus UX TeMaTHKH. [Ipumepamu Ko-
POTKHMX TEKCTOB SIBJISIOTCH cOO0IeHus TBuTTEepa, 3aroJJOBKU HOBOCTHBIX COODIIEHU, pe-
KJIaMHbI€ 06'])HB.HGHI/IH, PEIVIMKHK B /IMaJIO'aX, OTAE/IbHbIC IIPpEAJIO2KCHUA, U T. /. WsBecTHBI
IIPOCTBIE ITOIXOIBI K IPobeMe, HO OHH He BCerJa IPUMEHHMbI: 00beJNHATH COOOIIEHH 110
KAKOMY-JH0O0 MPH3HAKY (ABTODPY, BPEMEHH, PETHOHY H T.JI.); CINTATh KazKJI0€e COODIIeHUe
OT/IEJIBHBIM JIOKYMEHTOM, pa3pexkuBas p(t|d) BIIOTH 10 €IMHCTBEHHO TeMBbI; JOMOTHATD
KOJUIEKIIMIO JUIMHHBIME TeKcTaMu (Haupumep, crarbsaivu Bukuneaun). Oqaum u3 Haubo-
Jiee yCIIelIHblX W YHHBEPCaJIbHbIX IIOAXO/A0B K HpO6ﬂeMe KOPOTKHX TEKCTOB CYHUTaeTCA
memamuueckas modeav bumepmos (biterm topic model, BTM) [163].

bumepmom HasbiBaeTcd Napa CJI0B, BCTPEYAIONIUXCA PAJOM — B OJHOM KOPOTKOM CO-
OOIIeHUN WU B OJHOM IIPeJJIOKeHHU HId B OKHe £/ cioB. B oriamdme oT OurpaMMsl,
MEZK/JIy JIByMs CJIOBaMU OMTEPMa, MOI'YT HAaXOJUThCs Jipyrue cjoba. KoHkperusanus 1o-
HATHUS <«PSAJIOM» 3aBHCUT OT IIOCTAaHOBKHU 3aJa4M U OCODeHHOCTell KosuleKnuu. Bbicokas
qaCTOTA 6I/ITepMa B TEKCTOBOM KOJIJICKIIUHN YABJIACTCA HPOABJICHUEM ,Z[I/ICTELHTHOI';I coderae-
MOCTHU JTAHHOW Iapbl CJIOB.

Mogens BTM onuchiBaeT BEpOSITHOCTH COBMECTHOTO MOsiBJIeHHsI CJIOB (u,v). Mexom-
HBIMH JAHHBIMU SIBJISTIOTCS 9ACTOTBI My, OUTEPMOB (U, V) B KOJIJIEKINH, UJIH MATPHUIA Be-

postHOCTEHl P = (Py)wxw, TIE Puy = NOrmM (N, ).
(u,v)eW?

[Ipumem rumoresy ycaoBaoit mezaBucumoctu p(u,v|t) = p(u|t) p(v|t), To ecTb momy-
CTHM, 9YTO CJI0Ba OHTEPMOB MOPOZKIAIOTCH HE3ABUCHMO JAPYT OT JAPYTra W3 OJHOI U TOM Ke
rembl. Torjia, 110 popmyJie 1OJIHON BEPOSTHOCTH,

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

re @ = p(w|t) u m = p(t) — mapamerpsl TeMATHIECKONH MOJETH. DTO TPEXMATPUIHOE
pazioxenue P = ®IIPT, e Il = diag(my, ..., mr) — jauaronaibHas Mmarpuna. Mosjeib
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OMTEPMOB HE OLPEIE/ISIeT TEMATUKY JOKYMEHTOB © U H0ITOMY HE MOJABEPKEHA BJIUSIHUIO
3pdpeKToB, BbI3BAHHBIX KOPOTKUMH TEKCTaAMH.

ARTM mno3BoJiser 00beMHATL MOJAEAbL OUTEPMOB ¢ OOBIYHON TEMATHIECKONR MOJIEIIBIO,
9T00BI BCE-TaKH MOIYyIuTh Marpuiy O. /g sroro Bo3bMméM log-mpaBiomoobue Moen
OUTEPMOB B KadecTBe pery/spusaropa ¢ KoddduiuenTom 7:

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

[Ipumenenne ypasuenuit (14)—(15) k sromy peryisipusaropy gaér dbopmynbt M-nrara:

Pur = norm (nwt +7 Y nuwpmw); (57)
uceW
Diww = ntoerTm(ntsOthOut)- (58)

Otu HOpMyJIbl HHTEPIPETUPYIOTCA Kak gobaBiienue ncesdo-dokymenmos. Kaxkmpomy
ciaoBy u € W craBuTCs B COOTBETCTBUE ICEBHO-I0KYMEHT d,, OObeIUHAIOMMI BCE KOH-
TEKCThI CJIOBA U, TO €CTh 9TO MENIOK CJIOB, BCTPETHBIIMXCSA PAJIOM CO CJOBOM U 1O BCeit
KOJLIEKIUU. IUC/I0 BXOXKICHUIT CI0Ba W B IICEBAO-IOKYMEHT d, PABHO TT,. Bcmomo-
raTesibHble TepeMeHHbIe Py, = P(t|u, w) coorBercTByioT dopmyae E-mara nis ncesjo-
JOKyMeHTa, d,,, eCJIl JT0OIPEAEJUTh ero TEMAaTUKYy Kak 0;, = notrm(ntgout). Hpyrumu cJio-

BaMM, B MOJIE€JIH OUTEPMOB CTOJIOIBI MATPUIIBI O, COOTBETCTBYIOIIUE CEBA0-T0KYMEHTAM,
00pa3yloTcd MyTéM IepeHOPMUPOBKU cTpoK MaTpuiipl ¢ mo dpopmyste bBaiieca.

VBennuuBasg KodMMUIEMEHT 7, MOKHO JIOOUTbCA TOro, 4rodbl Marpuiia ¢ dhopmupo-
BaJIach IIPAKTHIECKH TOJBKO 1o burepmaMm. B Takom ciaydae momenb ARTM mepexoant
B MO/IE/Ib OUTEPMOB, KOTOpPas CTPOUTCS 1O KOJJIEKIHH ICEBI0-I0KYMEHTOB, 0€3 HCIO0JIb-
30BaHUA UMCXO/HbIX JOKYMEHTOB.

Mopgenb cetu cnos. Ujesa MojempoBaTh He JOKYMEHTBI, a CBS3H MEXKJLy CJOBaMH,
OblJIa I0JIOYKEHA B OCHOBY TeMAaTHYECKHX MOojeseil JUCTAHTHON HapHO cOYeTaeMOCTH
ciaoB WTM (word topic model) [34] u WNTM (word network topic model) [175|. JIro-
boubITHO, 4TO GoJIee paHHsis ybaukanus |34] ocrasach He3aMedeHHOI (BUAMMO, KaK He-
baiiecoBckast), u craTha [175] maxke me cepimaerca wa meé. Mogearu WTM u WNTM cBo-
narcs K npuverernio PLSA u LDA cooTBeTcTBEHHO K KOJLIEKIIUN IICEBI0-TOKYMEHTOB d,,:

p(w|d,) pr\t (t|dy) Z%tem

teT teT

Banumem log-ipasmononobue moaenu p(w|d,) B Bige peryaspusaropa:

R(®,0)=7 Y nuwln > oub,

u,weW tel

7€ Ny — YacToTa OurepMa (U, v) B KOJUIEKIUH (KCTATH, Myy = Ty )-

OCHOBHOE OTJIMYHME STUX MOJeJell OT MOAeTH OMUTEpPMOB B TOM, 4YTO 37€Ch B sB-
HOM BHJIE CTPOMTCS Marpuia © Jyuisd 1CeBJ0-KOJLIEKIUH, TOIJIa KaK B MOJEJIHM Ourep-
moB © = diag(my, ..., )PT u KOJUUECTBO IApaMeTpPoOB BjBOe MeHbiie. Kak nokasa/iu
skciiepuMeHTbl, Mojiejib WNTM HeMHOro 1npeBocxojuT Moje/ib OUTEPMOB U CYILIECTBEH-
HO [IPEBOCXOJUT OOBIYHbIE TeMaTHIecKue Moje/u [175] Ha KOJUTeKIUAX KOPOTKUX TeKCTOB.
Ha kosutekusix JJIMHHBIX TOKYMEHTOB TeMaTHIeCKHe MOJE/TN TapHOil COYeTaeMOCTH CJIOB
HE JIAI0T 3HAYMMBbIX HPEUMYIIECTB HePe/] OObIYHBIMU TEMATUIECKUMU MOJIE/ISIMH.
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KorepeHTHocTb. Tema nasbiBaercs kozepenmnol (cornacoBannoii), ecin nanbosee ua-
CThle TEPMbI JAHHOIl TeMbl YaCTO BCTPEYAIOTCH DPsiIOM B JIOKyMeHTaX KoJuiekinuu [99).
CoveraeMoCTb TEPMOB MOZKeT ONEHUBATHCS 110 caMoil Koyuteknuu D [92], wiu mo ¢Topos-
Heil KoJuteknuu, Hampumep, o Bukunemuu [96]. CpesiHsisi KOPepeHTHOCTh T€M CYUTAETCS
XOPOIIeil Mepoil HHTePIPEeTHPYEMOCTH TeMaTudeckoii Mojgesnu [100].

[Tycrb 3azanbl onenku coderaemoctu Ch, = p(w|v) g nap repmos (w,v) € W2,
O6b14n0 C)p)py OLEHUBAIOT KAK JOJIIO0 JOKYMEHTOB, COAEPKAIMX TEPM U, B KOTOPbIX TEPM W
BCTpedvaeTcsl He Jlajiee yeM depe3 10 coB oT v.

Samummem dopmyity noanoil BepograHocTH p(w |t) = Y ClYyypyt 1 3aMEHHM B Hell yCI0B-
HYIO BEPOSTHOCTD {0, IAaCTOTHOI omeHKoii: p(w |t) =Y Cyy "L, BeeaéM peryaspusarop,
TpeOYIONMiA, 4TOObI HAPAMETPBI (0y; TEMATHYECKONR MO/IEJU ObLIN COrJIACOBAHbBI C OLCHKA-

mu p(w |t) B cMbICsie KPOCC-9HTPOIIUHI:

R@) =73 n, 3 plw| ) o

teT weWw

®opmysa M-mara, coracho (14), npuHuMaer Buj

Pur = noLm (nwt + T Z C’wvnvt>. (59)

veW\w

D10 cryrakKuBaroImii peryaspu3arop. OH yBeJHYUBAET BEPOATHOCTH T€PMA B Te€MeE, eCJIH
TEPMBI, C KOTOPBIMU OH 9aCTO COYETAETCS, OTHOCATCA K JaHHOW Teme. TOYHO Takas zKe
dbopmyna noxyunmitace B [92] pis mogean LDA u anroputma coammmpoBanus ['ub6ca,
HO ¢ DoJiee CJI0KHBIM 000CHOBaHUEM 4depe3 0000HEHHYI0 ypHOBYIO cxemy [loiist, u ¢ Dojiee
CJI0ZKHOM 3BPUCTHIECKON OHEHKOH Clyy .

B pa6ore |96] npemiozxen Jpyroit peryisipu3arop KOrepeHTHOCTH:

R@®) =7 ) Cupupu

teT u,veW

B KOTOPOM OIleHKa HapHOii cogeraemoctu TepMoB Cy,, = Ny, [PMI(u, v) > O] ompeie/igeT-
CsL 9epe3 nomoueunyto s3aumnyto ungpopmayuto (pointwise mutual information)

| D[ Nuw

PMI =1
(u,v) =1In NN,

(60)
rjie Ny, — YHCJIO JJOKYMEHTOB, B KOTOPBIX TE€PMbI U,V XOTsS ObI OJUH Pa3 BCTPEYAIOTCS
psiiom (He nmasee, dem depe3 10 cioB), N, — YHCIO JOKYMEHTOB, B KOTODBIX TE€PM U
BCTpeYaeTcs XoTs Obl OJUH pa3.

Takum obpazom, eJiuHbBI 110/1X0/1 K OITUMHU3AIMN KOI'ePEHTHOCTH 1I0Ka, He BhIpaboTaH.
[IpeararaeMble KpuTepuHu IOXOXKH HA MOJIEJH OUTEPMOB U ceTH cjaoB. Bece onm dopma-
JIL3YIOT OOIIYIO MJICI0, YTO €CJAU CJIOBA YacCTO COBMECTHO BCTPEUYAIOTCS, TO OHH HMEIOT
CXOXKYIO TeMaTHUKYy.

Mopenn BeKTOpHbIX NPeACTaB/IEHU CNOB CTaBAT B COOTBETCTBHE KaKIOMY CJIOBY W
BEKTOD V,,, pukcupoBauuoit pazmepuoct. OCHOBHOE TPeOOBaHUE K STOMY OTOOPAKEHUIO —
4TOOBI OJIM3KHM I10 CMBIC/JIY CJIOBAM COOTBETCTBOBaJIM OJiM3KHe BeKTOpbl. CoriacHo duc-
mpubymuenot zunomese (distributional hypothesis) cmbica ciioBa onpezessiercs: pacmpe-
JIJICHUEM CJIOB, B OKPY?KeHHH KOTOPBIX OHO Berpedaercs [52|. CioBa, BeTpevarormecs

o8



B CXO2KHX KOHTEKCTaX, UMEIOT CXO02KYIO CEeMaHTUKY Hu, COOTBETCTBEHHO, JOJI2KHbl HUMETb
osmskue BekTopbl. s bopmasmusanuu sroro npunimna B [86, 87| npemiaraercs HeCKOIb-
KO BEPOSTHOCTHBIX MOJIeJIeil, BCe OHU pean30BaHbl B iporpamme word2vec. B qactHocTH,
MoJiesib skip-gram mnpejcKa3biBaeT MOABICHUE CJI0BA W B KOHTEKCTE CJIOBA U, TO €CTh IPH
YCJIOBHH, YTO CJIOBO U HAXOJUTCH PSIIOM:

exp (Vi V)
>0 XD (Vy, V)

p(w|u) = Solfvtel\v/‘[/ax (Vi V) = 1}00€rvrl}q(exp (Vi V) =

re (Vy, Vy) = ), VwtVut — CKAJIAPHOE HPOM3BEIEHIEe BEKTOPOB. B omindne or Temarmde-
CKHX MOJIeJIei, HOPMHPOBKA BEPOATHOCTE MPOU3BOINTCSA HEJNHEIHBIM IIPeo0pa30BaHIeM
SoftMax, a camu BeKTOpHBIE IIPEJICTAB/ICHUSI CJIOB HE HOPMUPYIOTCS.

st 0OyueHust MOIe/ M pemaeTcs 3a/1a49a Makcumu3anuu log-npas 10101001, Kak mnpa-
BUJIO, I'PAAMEHTHBIMU METOIAMU:

Z Nuw I p(w|u) — max.
u,weW {vw}

ITocTanoBka 3ama4un oYeHb TOX0XKa Ha TeMarndeckue Moaean BTM u WNTM. Monenan
ceMeiicTBa word2vec u JApyrue MOJE/JU BEKTOPHBIX IIPEACTABJICHUNA CJI0B TaKzKe ABJIAI0T-
Csl MATPUYHBIME pa3siokenusmu |72, 108, 77|. I'taBHOe oT/inYIme 3aKIF0YAETCI B TOM, YTO
B 9TUX BEKTOPHBIX IIPEJICTABICHUSIX KOOPAUHATHI He HHTEPIPETUPYEMBbI, He HOPMUPOBAHBI
U He pa3perkeHbl, TOIJ[a KaK B TeMATHYECKUX MOJIEJISIX CJIOBAM COOTBETCTBYIOT Pa3pezKeH-
HblE JIUCKpeTHbIe pacupe/eienus TeM p(t|w). C apyroii cropoHbl, TeMaTuIecKue Mo/e/1u
U3HAYAJIbHO HE IHpejHa3HAYAJIUCh /IS OlPe/eJIeHUs CEMAHTUYEeCKON OJIM30CTU CJI0B, 110-
9TOMY JeJal0T OHH 3TO ILIOXO.

B [111] mpesioxken cmocob MOCTPOCHUST MEMAMUNECKUL 6EKMOPHOLL NPEICasAeHull
caos (probabilistic word embedding, PWE) 1o mceBao-KoIeKIun JOKyMeHTOB, aHAIO-
ruaabiii Mmogenaym BTM u WNTM. B s3amagax cemaHTHYeCKOit OJIM30CTH CJIOB OHH KOH-
KypUPYIOT C MOJIe/isiMi WOord2vec U CYIIECTBEHHO ITPEBOCXO/ST OObIYHbIE TeMATUYECKHE
Moziesid. [Ipu 9rom Temarndyeckne BEKTOPHbIE HPE/ICTABICHUS SIBISIOTCS UHTEPIIPETHPY-
eMBIMH U pa3pezKeHHbIMU. VICIo/ib3ys KpOCC-9HTPOIUMHBIE PeryIsapu3aTopbl, pa3pezKeH-
HOCTb BEKTOpOB yaaérca nosoauTh 10 93% 6Ges morepu kauecrsa. Ha puc. 14 mokasanb
HPUMEPDHI PelieHns 3a/[a9u acCOIUAIUl CJIOB C IIOMOIIIO MOJIE/IeH, ITOCTPOEHHBIX 110 aH-
[JIOSI3bI9HON Bukmnie .

KosmmuecrBennbie onenku mnokasbiBaior, ¥ro PWE pemraer 3aja4u acconupanuu CJaoB
HAMHOT'0 JIy4Iie 00bI9HOiT TemaTndeckoit mojean LDA, HO He ¢ToJIb YCHENTHO KOHKY PHPYeT
C JIVYIIUM MOJIeJIIM ceMeiicTBa word2vec, KaK B 33/a4aX CeMaHTHIECKOil OJIM30CTH.

B 3agaue cemanTuueckoit 6sin3octu 1oKyMeHToB PWE yBepenHo onepekaioT BeKTOp-
uyto mozaenb DBOW [39], cienmasibro pa3paboTaHHYIO sl TOUCKA CEMAHTHIECKH OJIH3-
KHX JOKYMEHTOB.

Kpome toro, ARTM mno3Bosisier 0000muTh TeMaTudIeCKue MOJIE/IH JUCTPUOYTUBHON
CeMAaHTUKHU JIJIsi MyJIBTUMOAa/bHbIX KoJutekiuii [111]. Vcnoab3yst qaunbie o naphoit co-
YeTaeMOCTH TEPMOB PA3JIMYHBIX MOJIAJILHOCTEH, BO3MOXKHO CTPOUTH MHTEPIPETUPYEMbIE
TeMaTU4IeCKne BeKTOPHBIE IPEeJICTaBIeHU /I BceX MojabHocTell. B To ke Bpems, npu-
BJICUEHHE JIOMOJTHUTETbHON MHMOPMAIMU O JIPYTUX MOJAJIbHOCTAX IOBBIIMIAET KA4eCTBO
pelenus 3a/ia4u OJIM30CTH CJIOB.
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Accouynauyns Pe3synerat ARTM Pesynbrar 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. 14: Ilpumepsbl peiienus 3aja4 accoumauuii cjioB s mozeseii ARTM u word2vec. IlpuBogsrcs
qeThipe Hanbosee OJU3KHIE aCCOITNAIINMI.

13 MogennpoBaHune CBA3HOIo TeKCTa

['mnoTes3a «MeIIKa CJIOB» W IMPEINOJ0XKEHHE O CTATUCTUIECKON HEe3aBHCHMOCTH COCE/I-
HHUX CJIOB HPHUBOJLAT K CJAUIIKOM YaCTOW XaOTUYHON CMeHe TeMaTHKW MEXKJy COCEJIHUMU
ciaoBamu. Eciim npociieintb, K KAaKMM TeMaM OTHOCSTCs I10C/Ie/[0BATE/IbHbIE CJIOBA B TEK-
cTe, TO TeMaThu4decKas MOJIe/Ib B IEJIOM TOKAXKeTCsd He HACTOJIBKO XOPOIIO UHTEPIIPETUPY-
eMOil, KaK paHKHPOBAaHHBIE CIHUCKH HauboJiee JaCTOTHBIX CJIOB B TeMaX.

Temarudeckue Mojieji CerMeHTAIMd OCHOBaHbI Ha 0OoJiee PeajMCTUYHBIX T'HUIIOTEe3aX
0 CBSIBHOCTH TeKcTa. Kaxkjioe npejiozKenue, Kak MpaBuio, OTHOCUTCS K OJHON—IBYM Te-
Mam. Cremyroriee MpejIoKeHHe, KaK I[IPABUJIO, MPOJ0JIZKAET TEMATHKY IPeJIblIyIIero.
CmeHa TeMbl PeJKO IPOMCXOIUT MEXKJIY IPEeIOKEHUAME, 9acTO MeXKLy ad3allaMu, elré
Jare — MeK/Iy CeKIMUIMH JoKyMeHTa. Kaxkmoe mpeioykenne MOKHO CINTATD «MEITKOM
CJIOBY WJIM «MEIIKOM TepMOB». JIOKyMEHT MOYXKHO CUUTATH «MEIIKOM IPE/IJI0KEHUIT».

Tematunueckas mogenb npegnoxxeHuin. Jlomycrum, 910 KazxKblii JOKyMeHT d pa3dout
HA MHOYKECTBO CEIMEHTOB Sg. DTO MOI'YT ObITh HpeJIOKeHusi, ad3aIbl Ui hpasv, — CUH-
TaKCUIECKH KOPPEKTHbIE YacTU mpe/ioxKenuit. OO03HAYNM 4depe3 ng JJIHHY CerMeHTa S,
Yepe3 Mg, — UUCTIO0 BXOXKICHHUN CJI0OBA W B CEIMEHT S.

[IpeamosioxKum, 910 BCE CJIOBA CEIMEHTa, OTHOCITCS K O/IHOf TeMe u 3anuiieM (hbyHKIHIO
BEPOSITHOCTU CerMeHTa S € Sy 4epe3 napaMeTpbl TeMATHIECKON MOJECTH Oy, Big:

p(s|d) = Zpt|d pr|t"5w—29tdngpmw.

tel wWES teT wWES

Bynem cuntarh KazKplil JOKYMEHT «MEIIKOM CeIMEHTOB». Torja (pyHKIUs BEpOATHO-
cTi BoIOOpKM Oy/ieT paBHa 1pou3BejeHni0 PyHKIUH BepodgTHOCTH cerMeHToB. [loctaBum
3a/la4y MaKCUMU3aluu cyMMbl log-1ipaBio1o100us u peryJisipusaropa R:

Z Z lnz Ota H ou + R(®,0) — max, (61)

deD seSy teT weSs

upu 00bruHbIX orpanndenusx (10). B wacrnom ciydae, Korja Kazkjplii CEIMEHT COCTOUT
TOJIBKO U3 OJHOTO CJIOBA, JaHHad 3a1ada mepexoaut B (11). Bamernm rakzxke, 4To 3a71a4a
(61) stBAsIeTCST YACTHBIM CJIydaeM MOCTPOEHUs TeMaTHYecKoil Mogesu rumeprpada (43),
B KOTOPOM BEPIIMHbBI SIBJISIOTCS CJIOBAMU, a peOpa — LPE/JIOZKEHUSIMHU.

Teopema 10. Ilycrp ¢ynkmus R(P, O
JIOKAJIBHOT'O SKcTpeMyMa 3ajgaqn (6 )

) HempepeiBHO gupepeniupyema. Touka (P, O)
(10) yoBrerBopsier cucreMe ypaBHEHHIl cO BCIIO-
MOraTe/IbHbIMH 1I€PEMEHHbIME Pygs = P(t|d, s), ecjm u3 pemeHus: HCKJIIOYUTH HyJIEBbIE
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crosibner marpui P, O:

Puas = norm (01 TT &ii);

WES
OR
Put = nOW| Mt + Pui o ) N = Y Y [w € 5] pras
deD seSy
OR
0,y = norm|( n Org— | Nyg = )
td orl td T Oid 90,, )’ td ; Dtds
s€Sq

AnasorndaeiM 006pa30M 3ajada CTAaBUTCS JJIs MoJeau mnpejgoxkennii senLDA [20] u
JUIst MoJiesin KopoTkux coobmennit Twitter-LDA [172]. B oboux ciydasgx perysspusa-
TOPOM SBJILIOTCA alpHOpHbIe pacupenenenns dupuxie. B momenn Twitter-LDA B posn
JIOKYMEHTOB BBICTYHAIOT aBTOPbI, B POJIU CEIMEHTOB — COOOIIEHHST JIAHHOTO aBTOPA.

Nineprpad)oBbie Mogenn cBA3HOro Tekcrta. Kak yke 0TMEYaI0Ch BbIIIE, TeMaTHYe-
ckast Mogzesib runeprpada (43) MoxkeT ObITh HEIOCPECTBEHHO HPUMEHEHA JIJIst HOCTPOe-
HUs TeMaTU4decKoir Mojesn npejioxkennit. Ha camowm nee, pedbpom rumneprpada MoKHO
OIMCATh HE TOJILKO IIPeJIoyKeHue, HO U JII0O0e MOJMHOKECTBO TEePMOB, CBI3AHHBIX JIPYT
C JIPYTOM IIO CMBICJIY U HMOPOK/IAEMBIX OJHOi 00OIIeil TeMOii.

Ecim rtekcr npejsapute/ibHO 00pabOTaH CUHMAKCUYECKUM NAPCEPOM, TO B Kade-
crBe pébep MOXKHO GpaTh BETKH MJIH HOJIEPEBbsi CHHTAKCUIECKOTO JepeBa (cunmazmot),
B YAaCTHOCTHU, UMEHHBLE 2PYNNb, — TPAMMATUICCKH KOPPEKTHBIE CJIOBOCOYETAHUS, B KO-
TOPBIX TJIABHBIM CJIOBOM SIBJISI€TCS CYIIECTBUTE/IbHOE. CHHTAKCHYECKHE CBSI3U IIO3BOJISIIOT
YCTAHABIUBATD CEMAHMUYECKUE POAU CAO6 U BBLICIITH (Pakmob, B BUJE TPOEK «OODBEKT,
CY6'beKT, ,ZLeI';ICTBI/Ie», KOTOpbI€ MO2KHO CHUTATL TeMaTU1€eCKU OJHOPOAHbIMHU U OIIMCbIBATDL
pébpamu rutieprpada.

MozKHO UCIIO/IB30BATH BHEITHUE JIMHTBUCTHYECKUE PECYPCHI — MEe3aypyco, W OHIMO-
sozuu, Takue KaKk WordNet, PyTe3, Buku-CiioBaps u apyrue. OHE TO3BOJISIOT HaXO/JIUTD
apbl TEPMHUHOB, C BBICOKON BEPOSITHOCTBHIO CBA3aHHBIE TeMaTHUYECKH, JTUOO BOOOIIE 000-
3HAYAIONINE B TEKCTE OJUH U TOT YK€ O0BEKT. DTO MOTYT ObITH MAPBl CUHOHUMOS, AP
eunonum—2uneporum (dacraoe—odIIee), napbl Meponum—roaonum (dacrb-iesnoe). Tepmu-
HbI, CBsI3aHHbIE TE3ayPYCHBIMU OTHOIIEHUSIMH, MOKHO 00'be/IuHsdAThH pedbpom runeprpada,
KOIJIa OHU HAXOJATCS B OJTHOM IPE/JIOKCHUH WU B COCEHUX IMPE/JIOKEHHUSX.

['uneprpadoBasg Mojesib He HAK/IaJIbIBaeT HUKAKHUX OIDAHHMYCHHUIl HA MHOTI'OKpPATHOE
BXOK/IEHHE OJTHOT'O M TOT'O Ke CJIOBa B pa3Hble pébpa runeprpada. 1o 1aéT BO3MOKHOCTD
Y4uTblBaTh Pa3HbIC THIIbI CcBs3el MeXK/AY CJIOBaMH, OIIMCbIBad HUX PA3JIMYHbIMHU THUIIaMU
pédep B runeprpade. Hamnpumep, M0KHO B eauHOl rutieprpadoBoil Mo/e/id yIUThIBATH
OJIHOBPEMEHHO IIpe/IJI0KeHHs, (paKThl, CHHTAKCHYECKHE U Te3aypPyCHbIE CBS3H.

Tematuyeckas mogenb cermeHtaunm. Temepnb paccMorpum 0osee CJIOKHBIA CIIydai,
KOIJa TEKCT COCTOMUT U3 IpeIJOKeHWii, u Tpedyerca o0bLeIMHAThL UX B 0o0Jiee KPYIHbBIE
TeMATHIECKHE CErMEHTDI, TPAHUIIBI KOTOPBIX 3apaHee He OIIPEIe/ICHDL.

Memod TopicTiling |[118| ocuoBan nHa mnocr-obpaborke pacupespesnenuii p(t|d,w;),
1 =1,...,n, moJy9aeMbIX KaKO#-1u00 TeMaTuIeckoit Mosiesibio, Hanpumep, LDA. Oupee-
JIIM TeMaTHKY IIpe/jIoZKeHHs S KaK cpejmioln TeMaTuky p(t|d, w) Beex ero cios®. Ilocun-

6Tounee, B [118] npeTaranocs 1y Kax/I0ro CJ0Ba BHIOMpaTh Haubosee BeposTHyIo Temy. Oba Bapu-
aHTa UMEIOT MpaBo Ha, cylnecTBoBanue. Kakoit u3 HUX JIydine, MOKa HE HCCIET0BAHO.
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TaeM KOCUHYCHYIO OJIM30CTh TEMATUKU JIJIs1 BCEX LIap COCe/IHUX Mpeiiokenunit. Hem riyOxke
JIOKQJIbHBITT MUHUMYM OJIM30CTH, TeM BbIIE YBEPEHHOCTD, YTO MeK/1y JIAHHOM 11apoil 1pe/i-
JIOZKeHH# npoxoauT rpanuia cermenToB. Merto TopicTiling ucmonib3yer Hadbop IBPUCTHK
JIUIS TIOJI00pa YUCa MIPeJIOKEHUil ¢/ieBa U CIpaBa OT JIOKAJIbHOIO MUHUMYMa OJIM30CTH,
OIIpeJIe/IeHHST YUCIAa CEITMEHTOB, IMOAO0pa YHCIa TeM U YHCJIa UTepalldii, HT'HOPHPOBAHUSI
CTOTI-CJIOB, (DOHOBBIX TeM U KOPOTKUX HPEJIOKeHNT. AKKypaTHasi HaCTPOiiKa mapamMeTpoB
9TUX IBPUCTHK [O3BOJISIET JIOCTHYb BBICOKOTO KadecTBa cermenTanuu |118].

TopicTiling He gBsgeTcsa MOJHOINEHHOII TeMaTHIECKOl MOJIE/IBIO CEerMEHTAIUN TeKCTa,
IIOCKOJIbKY IIOCT-00pabOTKa HUKAK He BJIMSET Ha caMid TeMbl. UTOObI HAUTH TeMbl, HAauOO-
Jiee BBITOJIHBIE JIJIS CeIMEHTAINU, TpeOyeTcs CIeNUaIbHBII Peryaspu3aTop.

Perynapusatop E-wara. Hekoropsie TpeboBanust K TeMaTudecKoit Mmojiesin yjao0Hee Bbi-
pazKarb Yepe3 pacupeienenus Py, = p(t|d, w), a e uepes p,; u 0y Haupumep, rpebo-
BaHUA CXOJCTBa TEMaTUKHW TEPMOB BHYTPpU Hpe,HJ[O}KeHI/Iﬁ nJim MezK/1y COCeJHUMU 1IPeJJIO-
keaugayu. OHHE MO3BOJMIOT YINTHIBATH MOPSI0K CJI0B BHYTPH JOKYMEHTOB B 00XOJ THIIO-
Te3bl «MeEIIKa CJI0B». B 0bIeM ciydae oHH BbIpazkaloTcs B Buje peryiasipusaropa R(IT),
vie I = (praw)Tx Dxw — TPEXMEPHAsi MATPUIA BCLHOMOIATE/IbHBIX IEPEMEHHbIX.

Byaewm mpejiiosarars, 4ro R saBjsgercs JOCTaTOYHO IVIaJIKOM (yHKIMe BceX 1epeMeH-
HBIX Pygyy- KPOME TOTO, CJ1e/1aeM BIIOJIHE €CTECTBEHHOE JIOIYIIEHUE, 9TO €C/IU CJIOBA W HeT
B JIOKyMeHTe d, TO (DyHKIUdA R He 3aBUCUT OT MEPEMEHHON Py .

Cornacuo ypasaenuio (13), marpuna I1 asiserca dynknueit or & u ©. [Tosromy K pe-
ryagpuzaropy R(II(®,©)) B monHoit mepe mpumenuMa Teopema 2. Ilpu stom cucremy
ypaBHeHUIT y100Hee 3alucaTh Yepe3 4aCTHbIE MPOU3BOHBIE PEry/ISpPU3aTOPa, MO BCIIOMO-
raTeJibHbIM II€peMEeHHbIM H

PaccvoTpum 3a1a1y MakKCHMH3AIUH PEryIspA30BaHHOIO log-IIpaBaomnoao0us ¢ 1By M
peryigpu3aTopaMi, OJUH U3 KOTOPLIX 3aBucuT oT II:

Y nawlnd | ubia+ RII®, 0)) + R(2,0) — max, (62)

0
deD wed teT

U OrPAHUYEHUSAX HEOTPUIATETLHOCTH U HOpMupoBKH (10).

Teopema 11. Ilycrp ¢pyukmun R(II(P,0)) u R'(P,0) menpepsiBro muchepeniupye-
Mol u ¢pyakmusa R(I1) He 3aBucHT OT mEepEMEHHBIX Dig, B CIydae ng, = 0. Torga touka
(®, ©) sokampHOrO KCTPeMyMa 3agaqn (62), (10) ygoBaerBopser cucreme ypaBHEeHHIT €O
BCIIOMOIaTeJIbHBIMH I[IEPEMEHHBIMHU Dy, = P(t|d, W) U Piay, €CJIM U3 PEIIEHUS HCKJIFOYUTH
HyJsieBble cToji01pl Marpui; P, O:

Praw = 00T (Purbra); (63)
1 aR (1)
D w — w 1 — zdw ) 64
Ptd Ptd ( + ( aptdw Zp d Do )) (64)
8R’
(Pt = norm < > NawPraw + Pur ) : (65)
weWw 8S0wt
deD
OR'
614 = norm ( wzed NewPtdw + Ord 5 th) (66)

JlokazaresibcTBO TeopeMbl y100HO 0POPMUTH B BHJE CJIEAYIOMIUX TPEX JIEMM.
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Jlemma 2. st pyakumun pyg, (P, 0) = % u Jiroboro z € T

apzdw apzdw ptdw(l - ptdw>7 = <5
Pw _ed = Ptdw z=t — Pzdw) =
‘ &Pwt ! aetd ! ([ ] ) —PtdwPzdw, t 7& Z.

okazarenbcrBo. Bocnosb3yemest popmynamu (13) /1 mepeMeHHbBIX Pygy:

g 2zt OPduw = oy 0 ( Puw:0z4 ) o [2=t]01a >, Puwulud — Oraw:0:d _
Ot 0Pt Zu Puwulud (Zu @wueud>2
= Prdw|2=1] = PawPzdw = Praw([2 =1] = Pzdw);
g,, 2Pz Opzdw _ 9, 0 < Puwz0:a ) _ 9, [z=t]puwt Y\, Puulud — PuwtPuw:bzd _
0Pt 0ta \ >y Puulud (>, Pwubud)?

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

JlemMa, JI0Ka3aHa.
Bsejiém dyHKIuIO 0T BCrioMorare/ibHbIX nepeMeHHbix I1:

Z pzdw 8R

Jlemma 3. Ilycre R(I1) He 3aBucHT OT IEpEMEHHDIX Pygy pu W & d. Torya Bce yacTHbie
npomzsoauble peryispuzaropa R(I1) Beipazkarorces gepe3 Quay:

Qtdw ( — aptd

Pzdw

Spwt Z Ptduw Qtdw (11 9td Z Ptdw Qtdw (11

deD wed

HoxkazareabcTBo. Bocronb3yemcs popmystoit quddepennupoBanms CJI0KHOM DyHK-

0 zdv 0 2dv OoR
UK U TEM, YTO pd—OHpr#v,ﬁ— put # z; ()—Onpnw€d:
&pwt aet a Ptdw
w = Puw ) 67
P D Gt Pwt ! sz: apzdv a90111t c;zeZT pzdw agpwt ( )
8R 8pzdy H apzdw
) =40 . 68
“ aetd “ Z 8pm bia Zd ZT TRy (68)
B cuity jiemMMbl 2 cripaBeijinBO TOXKJIECTBO
8R( 8pzdw H 8pzdw
9 =
ZEZT 8pzdw 830101‘/ ZZ apzdw td a‘gtd
OR OR(I1 OR(I1
- Z P ( )ptdw ([Z _t] pzdw) = Ptdw ( P ( ) _Z Pzdw ( )) = ptdetdw (H)
2€T Pzdw 'Ptdw 2T apzdw

[ToacranoBka 1mo/ty1eHHOro Boipakenus B (67) u (68) 3aBepiraer JOKA3aTebCTBO.
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Jlemma 4. Pemenne ;0 3ajgaun (62) yaosaerBopsier cieiyiomieii cucreMe ypaBHeHHi
OTHOCHTEJIBHO MEPEMEHHBIX Oy, Oyg B BCIIOMOIraTeJIbHBIX TE€PEMEHHBIX Dy

Praw = 00T (Purbra); (69)
OR'
Pur = 0N ( > Nawbiaw + Y QuawDiaw + Sowtm> ; (70)
deD deD
OR
O = nl%rjlﬂn < wze;i NawPtdw + WZEd QtdwPraw + Ora %) . (71)

Dra JieMMa SBJISeTCs HelOCPEJCTBEHHBIM CJIE/ICTBUEM TEOPEMbI 2 U JIEMMBbI 3.

OcTaoch TOJBLKO 3aMETUTDb, YTO BbLIJE/JIEHUE BCIOMOTATEJIbHON MEePEeMEeHHON Pygy CO-
rmacuo (64) mosBouster nepenucarsh ypasuenns (70) u (71) B rpebGyemom Bue (65)—(66).

Teopema JjiokazaHa.

Takum obpaszom, B EM-ajiropurMe st Kazk10ro J0KyMeHTa d CHada/1a BbIIHCIISTIOTCS
BCHOMOTATE/IbHbIE IEPEMEHHBIE Dy, 33TEM OHU IPE0OPA3YIOTCS B HOBbIE IEPEMEHHBIE Dygy,
KOTOpbIe MOACTABAAITCH B hopmymnsr M-mara (14)—(15) BMECTO pigy. Takoii crocob BbI-
qucJIeHuil Oy1eM Ha3bIBaTh pezyaapusayuet F-waza wiu nocm-obpabomrot E-waza.

3aMeTuM, 9TO HEPEMEHHBIE Dygyy MOTYT IPHHUMATDH OTPUIATEIbHBIE 3HAYCHH S, TIOITOMY
B 001IeM ciiydae OHM He 00pa3yloT BePOSTHOCTHBIX pacupejesenuil. Tem ne Menee, jiyist
HUX BBILIOJIHEHO YCJIOBHE HOPMHUPOBKH Y, Praw = 1.

Pa3pexuBanune pacnpegenennii p(t|d,w). [Horpebyem, 4robbl KazK/Iblii TEPM B JIOKY-
MEHTE OTHOCHJICH K HeBOJIbHIOMY duciy TeM. [y 31oro OyjuemM pa3peuBarh Pacipe/ie-
nerust p(t|d, w), makcumusupyst ux KL-TuBepreHun ¢ paBHOMEPHBIM PaCIPeIeTeHIeM:

KL(|—C1” | p(t|d,w)) — max.

CyMMupys 10 BceM TepMaM BCeX JOKYMEHTOB, HMOJYIUM Pery/ispu3aTop:

R(IT) = —é Zanw Zlnptdw — max.

deD wed teT

[TojcraBuM 1IPOU3BOIHYIO
OR(II) T Ngw

apzdw |T| DPzdw
B dopmyiy (64):
~ _ 1
Ptdw = Ptdw — T(m - ptdw)'
Takum obpazom, ec/id it HEKOTOPOH TEeMbI Pigy < %, TO Ha CJIEIYIONIEN UTepaluu
BEPOSITHOCTD Pigy JJISl JIAHHOIO TepMa, w cTaHeT emnié Menbline. Temaruka Tepma Oy/er
IIOCTEeIEHHO KOHIEHTPUPOBATHCA B HEOOJIBIIIOM YHCJIE TEM.

Emgé onpa maTepnperanyua 3TOro peryIapu3aropa CaedyeT U3 BO3MOKHOCTH 3aIHCATh
peryiagpusanuio E-mrara sKkBuBaieHTHBIM 06pa3oM depe3 dopmyasl M-mara (70)—(71):

(= = 52) o)
Pwt =NOTM | Nyt — TN | 777 — — | + Quwtz— |

weWw |T‘ Ny 890101‘/
. 1 Ntd 0R'
04 = ntoerTm (ntd — Tnd<m — n—d) + thaTtd )



5o — Nt
Ecsin Heperyisipu3oBaHHble YaCTOTHBIE OIEHKHN YCJIOBHBIX BEPOATHOCTENl p(t|w) =ty
A Ntd
p(t]d) = ™2 craHOBATCSI MEHbIIIEe BEPOSITHOCTH PABHOMEDHOTO PACIIPE/IeTeHUST |T‘ TO IIPO-
HCXOJIUT paBpe}KI/IBaHI/Ie pacipeeeHuit p,; 1 yq; ¢ UTEpAIUAMA UX 3HAYEHUs YMEHbIIIA-
I0TCS U MOI'YT 00palliaThCs B HyJIb. TakKuMm 00pa3oM, IIPOUCXO/UT COIVIACOBAHHOE Pa3PerKu-

Banue marpuit  u O, nox yupassienuem oHOr0 001e10 KO3 hUunuenTa peryisipu3aium 7.

PaspexuBarowuin perynapusatop E-wara gna cermentayuun. Baxneiimas ocoben-
HOCTb peryJisipusaropa E-mara 3ak/io4aercsd B TOM, YTO OH IO3BOJISET yYUThIBATH CO-
CeJICTBO CJIOB BHYTpHU JIOKYMeHTa B 00XOJ I'MIOTE3bl «MellKa CJioB». [Ipumenum pery-
JIAPU3aITUIO E-mara AJIgd IIOCTPOEHUA TeMaTHU4YeCKOI MoOZeJ/In CerMeHTHPOBaHHOI'O TEKCTa.
OnpenenM TeMATHKY CerMeHTa S € Sy KaK CpeJHIOI0 TeMATHKY BCEX ero TepMOB:

Ptds = t‘d S Zp t‘d U) (’UJ|8 Znswptdw

wESs wes

YT0OBI KazK/BIii CErMEHT OTHOCHJICA K HEOOBIIOMY YHCIY TeM, Oy1eM MHEHAMU3HPOBATDH
KPOCC-9HTPOLMIO MexKjy pacipejesenusivu p(t|d, s) u paBHOMEPHBIM PaCIpe/IeIeHUEeM,
4TO HPUBEAET HAC K Pa3perkuBaloleMy peryigpusaropy E-mara:

R ==7> > D ) neupiau: (72)
deD seS, teT wWES
Ormyckasi pyTHHHBIE BBIKJIAQIKH, IPUBEIEM Pe3YJIbTaT MoACTaHoBKA (72) B (64):

Dtdw = Dtdw | 1 — 7 Z Nsw L . szdw

n n
dw s€S, s Dtds 2T Dzds

Xors hpopmyJia BbIVISLIAT I'POMO3JIKON, 3DdeKT IpuMeHeHus pery/isipu3aTopa HOHATh
He TPY/JIHO. FEciin BepOSATHOCTD Pigs TEMbl B CEI'MEHTE OKaXKeTCsl MeHbIlle HEKOTOPOI'O I10-
pora, TO BEPOATHOCTH Pigy, OYJIYT YMEHBIIATHCS JIjI BCEX TEPMOB W JAHHOI'O CErMEeHTA.
B uTore Temarnka KazKJI0ro cerMeHTa CKOHIEHTPUPYETCA B HEOOJIBIIIOM YUCJIE TEM.

B pesynbraTe paspexkuBaHus TeMaTHKa COCEIHUX CEIMEHTOB MOYKET OKa3aTbCs OJIM3-
KOW, 1 MX MOXKHO Oyjer oObeJMHUTh B OJuH TeMmarudeckuii cerment. HazoBém temy t
¢ MaKCUMaJibHbIM 3HavYeHueM p(t|d, s) domunupyroueti memotdl cermenTa S JOKymeHTa d.
Eciu TemMa JOMUHHpYET B COCEJIHHMX CerMEHTaX, TO OHa OyJAeT JOMHUHHPYIOIIECH U B UX
obbeauHennu. Ecin o0be IMHUTD TIOCIeI0BaTe/IbHbIE CEIMEHTBI C OJJMHAKOBOW JTOMUHUDY-
fomeil Temoit B o/iuH 60J1€€ KPYIHBINA CEIMEHT, TO JIaHHas TeMa TaKzKe OCTaHeTCS B HEM
JIOMUHHUDPYIOIIEH. DTO npocTasi arjioMepaTuBHAs CTPATEIMs TEMATUIECKO CerMeHTaIuu.
B ommnune or TopicTiling, y Heé HeT 9BpucTUYeCKUX IapaMeTpoB, KOTOPbIe HAJI0 HACTPa-
UBaTh, U OHA IIOYTHU HE YBeJIMYUBAET BpeMs 10CT-00paboTku E-mara.

14 Kputepnun kadectBa TeMaTudeCcKnx mMoaesei

KpI/ITepI/II/I KadyeCTBa TeMaTHu4Y€eCKUuxX MO,Z[eJ’[eIL/,I IIPpUHATO JIeJIUTb Ha BHYTPEHHHE
(intrinsic) u BHemnue (extrinsic). Buympennue Kpumepuy, XapakKTepusyoT Ka4ecrBo Mo-
JIeJIM 110 UCXOMHON TEKCTOBOW KOJLIEKIHU. BHewnue kpumeput ONEHHBAIOT HOJIE3HOCTh
MOJEIU C TOYKH 3peHHs IPUJIOKEHHS U KOHEYHBIX MOJb3oBareseil. IHorma g sToro
HPUXOJUTCsE COOMPATH JIONOJIHUTEIbHBIE JaHHbIE, HALIPUMED, OLEHKH aceCcCOPOB.
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Ha npakruke K TeMaTudeCKUM MOJIEJISIM IPEbiAB/ISIOTCH Pa3/indHbie HAOOPbI Tpe-
boBaHuii, a Jijis MOCTPOEHUS MOJIE/IN IIPUMEHSIETCS MHOIOKPUTEPHUAJIbHAS OINTUMU3AIIUSA.
[TosTomy m KadecTBO MOJEN JIOJZKHO OIMEHUBATHCI IO MHOTUM KPUTEPHUIM.

B ARTM wus0birounast perysspusanus MOXKeT HPUBOJAUTD K jerpaanuu Momgesun. O0-
Pa3HO I'OBOPs, PEry/isipu3aTopbl, KakK JIeKapCcTBa /I MOJIe/Id, TPeOYIoT 110J00pa Tepa-
IIEBTHYECKON J103bI BO3/eiicTBus (Kodbdumuenta peryispusaiim), a B Caydae mepejo-
3UPOBKH MOT'YT NPHBOJMUTH B BBIPOXKJICHHUIO Mojeu. J[jis oOHapyKeHus KaxKJI0TO THUIIA
BBIPOK/IEHHOCTU HYKHbI CBOM KPHUTEPUU KadeCTBa.

B npoekre BigARTM mnojjepkuBaercs OHOIMOTeKa CTAHJAPTHBIX METPHK KadecTBa
U IPeyCMOTPEHbI MEXaHU3MBI JI0OABJICHHS HOBBIX MOJIb30BATE/TLCKUX METPHUK.

BHewHne kpuntepun Becbma pa3HooOpa3Hbl M 3aBUCAT OT KOHEYHOU pelraeMoi 3a/1adu.
[IpakTuyecku B KazKJ0i MyOJTUKAIHUK 110 TEMATHIECKOMY MOJETHPOBAHUIO UCIIOIb3yeTCs
KAKOMi-Tn00 BHENIHUIT KpUTepHil: KauecTBO KaaccuduKamu J0KyMeHToB [121], TounocTsb
1 moJiHOTA MHMpOpMaAIMOHHOTO moucka [166, 15, 7, 13|, uncio HaiileHHBIX XOPOLIO HHTED-
nuperupyembix Tem [18|, kadecrBo cermenranuu rekcros [118|. B [37] npegraraercst mero-
JIMKQ JIMArHOCTUKHM TEMATUYEeCKUX MOjieieil, OCHOBaHHAasl HA COIOCTABJIEHUM HANJIEHHBIX
TeM CO CliellMa/IbHbIMU HADOpaMU B3aUMOCBA3aHHBIX CJIOB, Ha3bIBAEMbIMU KOHUENMAMU.

Mepnnekcna. Haubosiee pacupocrpaHéHHBbIM BHYTPEHHUM KPHUTEPUEM SIBJISETCH Nep-
naexcus (perplexity), ucrnosib3yemast Jisi ONEHUBAHUST BEPOSITHOCTHBIX MOJIEJIEH sI3bIKa
B KOMHbIOTepHOf/'I JINMHI'BUCTUKE. STO Mepa HeCOOTBETCTBUA HJIN «y,ZLI/IB.HéHHOCTI/I» MOJAeJIn
p(w|d) repmam w, KoTopble BeTpedarorces B JoKyMmenTax d. Oua omnpejensercs depes log-
npasononobue (9), 6o depes log-npasponomodue (34) KazKI0# MOAATLHOCTH M

1
deD wewm
TAE Ny = >, Y. Ngy — JUIMHA KOJLUIEKIMU 1O M- MOAAILHOCTH. eM MeHbIne 1ep-
deD weWwm

IJIEKCHsI, TeM JIy9Ile MOJEIb P IPeICKa3bIBAeT MOsIBIeHNe TEPMOB W B JIOKYMeHTax d.

[lepiiekcusi uMeeT CJeAyONLYI0 HHTEpUpeTanuio. Kcjim TepMbl W HOPOKIAI0TCH
13 paBHOMepHOro pacupe/enenus p(w) = 1/V Ha cioBape moraocTr V', TO mepIuieKcust
SI3BIKOBO#T MOJIe/TN p(w) HA TAKOM TEKCTe CXOAUTCS K V' ¢ POCTOM ero JinHbl. deM cusibHee
pacrpesesnenne p(w) OTIHYALTCS OT PABHOMEDHOTO, T€M MeHbIIe MepIlieKcust. B ciydae
YCJIOBHBIX BepogitHoCTell p(w|d) uHTepuperamus HEMHOIO JIpyrasi: €CJIu KarK/Ibli JIOKY-
MEHT reHepupyercss u3 V' DaBHOBEDPOSITHBIX TE€PMOB (BO3MOXKHO, PA3JIMYHBIX B PA3HbBIX
JIOKYMEHTAX ), TO HePIUIEKCUsT CXOAuTest K V.

He,ZLOCTaTKOM IIEePIIJICKCUU dBJIAeTCAd HEOYEeBUAHOCTb €€ YMCJIeHHBIX 3Ha‘{eHI/II71, a TaKzKe
€€ 3aBHCHMOCTH HE TOJBKO OT KA4eCcTBa MOJEJHM, HO M OT Pa3MEPHBIX XapPaKTEPUCTHK
KOJIJICKIIMW — JIJIMHbI JIOKYMEHTOB, MOIIHOCTU CJIOBAp#A, Pa3pezKEHHOCTHU BEPOATHOCTHOI'O
pacipejeeHns TepMOB. B 9acTHOCTH, C IIOMOIIBIO MEPILIEKCHH HEKOPPEKTHO CPABHUBATH
TeMaTHIeCKHe MOJETH OJHON M TOil Ke KOJIIEKIUH, IIOCTPOEHHBIE Ha PA3HBIX CI0BAPSIX.

Ob6o3nauuM uepes pp(w |d) Mojesb, IOCTPOEHHYIO 110 00yYAONIEeH KOJLIEKIUH JIOKY-
mertoB D. [lepriekcus obydatomieii Bbioopku 2, (D; pp) siBIsieTcsi ONTUMUCTUIHO CMe-
MEHHOI (3aHMZKEHHON) XapaKTepPUCTHKON KadecTBa Mojean u3-3a shdexra mepeobyde-
Hust. O00OOIIAONIY IO CIIOCOOHOCTD TEMATHIECKUX MOJE/ICH MPUHITO ONEHUBATH NEPNACK-
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cuet konmpoavrol ewbopry (hold-out perplexity) Z2,,(D’; pp). O6bIMHO KOLIEKIMIO Pa3-
JIEJISIOT Ha 00YYaIoNLyI0 U KOHTPOJIbHYIO CJIydaiiHbiM 00pasoM B npomnopuuu 9 : 1 [28].

B pannunx skcnepumenTax 06110 moka3ano, ¥ro LDA cymecrsenno npesocxoaut PLSA
110 [EPILIEKCUH, OTKY/1a ObLI ¢jiestan BbiBoj, 410 LDA menbiie nepeodydaercs |28]. [Tosxe
OBLTO ITOKA3aHO, UTO Ha OOJIBIINX KOJIIEKIuIX mepiiekcus mogeneii PLSA u LDA orin-
qaeTcs He3HaUuTeabHO [83, 162, 78|.

Ha camowm jiesie mpupojia «uepeobydenusi» 0oJibliie CBsi3aHa ¢ 0COOEHHOCTSMU HEPILIEK-
CHH, 9eM C Ka9eCTBOM caMuX Mojesneil. [lepmiekcus ayBcTBUTEIbHA K MAJIBIM 3HAYEHUSIM
IpeICKA3aHHON BEPOATHOCTH T€PMOB, MOCKOIBKY p(w|d) crout mox sorapudmom. Crira-
»kuanne B LDA 3aBbIlaeT OMEeHKH BepOSTHOCTEH peaKuX TepMoB, modroMy LDA mmeer
MEHBIIIYIO KOHTPOJIBHYIO nepiuiekcuio. MojempoBatie BEPOATHOCTH PEJIKUX CJIOB BAZKHO
JUUISE CTATUCTUIECKOIO MAIIIMHHOTO MEPEBO/IA U JPYIUX IIPUJIOKEHUH KOMIIbIOTEPHOM JIMHI-
BUCTHKHU, OTKY/Ia IepIJIeKCHsI U MPHUILIA B TeMaTHIecKoe MojenupoBanne. OaHAKO JIist
HOHMMAHHUsT TeMATHIECKOil KJIACTePHON CTPYKTYPbI TEKCTOBON KOJIIEKIMH W BBISIBICHUS
TeMATUKH OT/ETbHBIX JOKYMEHTOB DeJIKHe TepMbl KaK pa3 HAUMeHee BazKHBI.

B [4, 112] 6b11u 1peIozKeHbI pobacmHbie MeMAMUYECKkue MoOeU, OMIUCHIBAIOIIIE PE/JI-
KIe TePMbl CIEeNUAJbHBIM «(DOHOBBIM» pachpejenenneM. KOHTpOIbHAsS HEepILIeKCHsT PO-
bactapix BapuanToB PLSA n LDA oka3aJiach CymecTBeHHO MeHbIei 1 IIPaKTUIeCKu 0/11-
HAKOBOM.

B [5] 6b1710 mOKa3aHO, 9TO HA JOCTATOMHO GOIbIIEX KoJLIeKnusx (n > 10°%) obyuaromas
¥ KOHTPOJIbHAs HEPILIEKCUs OJIMHAKOBO PAHKUPYIOT CPABHUBAEMbBIE MOJIEJIH, TO €CTh [PH-
BOJISIT K OJIMHAKOBBIM KA4ECTBEHHBIM BBIBOJAM. TakuM 00pa30M, Jijisi CPABHEHUsT MO/IeJIeit
HeT 0c000it HEOOXOMUMOCTH BBIYUC/IATH KOHTPOJIBHYIO MEPILTEKCHIO.

[Tpu BbIYKMC/IEHUE TIEPIIEKCUE MOXKET BO3HUKHYTH 1POOJIeMa HyJIEBOH BEpPOSTHOCTH
p(w|d) = 0. Tepm w B jJokymMeHTe d BCTpeYaercs, TeM He MEHee, MOJE/Ib [PeICKA3bIBAET
JIUIST HETO HYJIEBYIO BEpOSITHOCTh. B 9acTHOCTH, IIpU BBIYUCTIEHUH KOHTPOJIBHON MepILIeK-
CHH B JIOKYMEHTe MOKeT BCTPETUTBLCS HOBBI TepM, KOTOPBIi HU pa3y He BCTPETUJICS
upu obydenuu. B rakux cjydasix B IepIJIEKCHMM BO3HUKaeT OECKOHEYHO 0OJIbIIOoe cJiara-
emoe (—In0 = +o00). [Ipocreiitiee perrenne 31oi HPOGJIEMBI 3AKJIIOYACTCH B TOM, 4TOObI
[POUTHOPUPOBATH BCE TaKHe TEPMbl M HOCYUTATH UX JOJII0 B KOJUIEKIUU KaK €IE OJHY
Mepy KadecTBa Mojenu. /Ipyroe pemienue — cienys [5]|, cautarh Bce Takue TEpMbI HeTe-
MaTHYCCKHMH U OMUCHIBATL HX BEPOATHOCTb JacTOTHOM omenKoit p(w |d) = ™= Iloxoxmit
pe3yJIbTaT MOJYYUTCs IIPU UCHOJIb30BAHUU TEMATHYECKOW Mojen ¢ Heobydaemoit (poHo-
Boit Temoit p(w|b) = ™. Taxas Moje/b HUKOIA He Oyjer JaBaTb HyJIeBYIO BEPOSTHOCTD
TepMa, eCJId, KOHEYHO, BEPOSITHOCTD (DOHOBOIT T€MbI B JIOKYMEHTE HE PaBHA HYJIIO.

NHTepnpeTnpyemMocTb TeMaTHYECKOl MOJEIN dBJSeTCS ILTOXO (DOPMATU3YEMBIM Tpe-
oopanueM. CojepzKaTe/IbHO OHO O3HAYAET, YTO II0 CIHCKAM HambOJiee YACTOTHBIX CJIOB U
JIOKYMEHTOB TeMbI YKCIIEPT MOYKET HOHATb, O UYéM dTa TeMa, U JaTb eil aJleKBaTHOe Ha-
spanue |32]. [Ipumepnr X0opoImo WHTEPHPETHPYEMBIX TeM IOoKa3aHbl Ha puc. 10 u puc. 13.
CBOICTBO HHTEPIPETUPYEMOCTH BazKHO B HH(MOPMAIMOHHO-TIOMCKOBBIX CHCTEMAX, HCIIO/Ib-
3YIONUX aBTOMATHYECKH Haii/leHHbIe TeMbl KaK MHCTPYMEHT BU3YaJIU3AIMH PE3y/JIbTaToOB
[IOKMCKa, HAIpUMEP JIJId BBIBOJIA MOSCHEHUWI WJIM CHUIIETOB, JIMOO KaK MHCTPYMEHT pPyO-
PUKAIUK WA HABUIAIMH 110 TEKCTOBON KOJIIEKIIUH.

BosibImuHCTBO CYIIEeCTBYIONUX METOJ/IOB OIEHUBAHUS HHTEPIPETHPYEMOCTH OCHOBAHO
Ha [IPUBJIEYEHHN KCIePTOB-aceccopoB. B [98] skcmepram mperarasoch HemoCpeCcTBEHHO
OIIEHUBATDH I0JIE3HOCTH TeM 110 TPEXOaJ/IIbHO IIKaJie, paccMaTpuBas CIUCKH CJIOB, PaH-
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JKupoBaHHble 110 yobiBanuio p(w|t). B memode unmpysud |32| mist kazxK 10it rembl cocran-
JseTcs CuucoK m3 10 BepXHUX CJIOB CHUCKA, B KOTOPbIl MCKYCCTBEHHO BHEAPAETCS OJHO
caydaiiHoe ¢j10Bo. Tema cauTaeTcs HHTEPIPeTUPYEMOil, eC/IH MOAABIAoNee GOJIBIINHCTBO
9KCIIEPTOB IPABUIbHO YKA3bIBAIOT JIMIIHEE CJIOBO.

B OpuKJIaIHBIX COIUOJOIHYIeCKUX uccaenoBanusx [29, 64, 103| mus sxcnepraOro omge-
HUBAHUA TE€Mbl UCIIOJIB3YIOTCSI HE TOJBKO CIIMCKHM BEPXHUX CJIOB, HO M CIIMCKH JIOKYMEHTOB,
paHzKupoBaHHbIe 110 yObiBanuio p(d|t). Dra Merojuka GoJsiee TPYIOEMKA, MOCKOJbKY IKC-
IIePT MPOYUTHIBAET JOKYMeHThl. Ho oHa Gosiee Ha/IE2KHA B TeX CJIydadx, KOIJIa HPUKJIA/I-
HOIi 11e/JIbI0 TEMATHIECKOIO MOJIEJIMPOBAHUSA ABJISIeTC IIOMCK TeM OIpENeJEHHON HAIIpaB-
JeHHOCTH (HAampuMmep, 00CYZKJIeHUil MeKITHHIECKAX OTHONICHHI B COIUAIBHBIX CETsIX),
3aTeM Ka4eCTBEHHOE IMOHMMAHHe CEMAHTUKH KazKJ0#l TeMbl (B 4aCTHOCTH, KAKHE YTHUY-
HOCTH U KaKue 1po0JIeMbl 3aTparuBaer Kazk/as TemMa), 1 HAKOHell KOJMYeCTBEHHOe OIeHH-
BaHue 0O6bEéMa JaAHHOIT TeMbl (1€, KOIJIa i KaK 4acTo BO3SHUKAET JaHHbIl quckypce) |17, 18|.

KorepeHTHOCTb. DKciepTHbIE I0IXO0/Ibl HEOOXOANMBI Ha CTAIMU HCCJIeI0BaHUi, HO OHU
3aTPYAHAIOT aBTOMATHYECKOE OCTPOEHNEe XOPOLINX TeMAaTHYeCKuX Mojeneii. B cepun pa-
oot 98, 99, 100, 92| 6bLI0 TOKA3AHO, YTO CPE/M KPUTEPUEB KAYECTBA, BHIYUCISIEMBIX 110
KOJUIEKIIMH ABTOMATHYECKH, COIVIACOBAHHOCTH WM Kozepenmmuocmob (coherence) sydrie
BCEI'0 KOPPEJMPYET C IKCIHEPTHLIMHU ONEHKAMU UHTEPIPETUPYEMOCTH.

Tema Ha3bIBaeTCs KozepenmHol (CONTACOBAHHOI), €CTH TepMbl, HAHOOJee TaCTbie
B JAHHOIT TeMe, HEeCIy9aifHO 9acTO COBMECTHO BCTPEYAIOTCA PAJOM B JOKYMEHTAX KOJLICK-
muu |99, 100]. Yucsenuoii Mepoit KOrepeHTHOCTH TeMBbl ¢ SBJISETCS NOMOYEYHAA B3AUMHAA
ungopmayus (60), Berauciasiemast 110 k HanboJiee BEPOSTHBIM CJI0BAM TEMbI:

k-1 k

% - ﬁZZPMHwi,wﬁ, (74)

i=1 j=i

rjie w; — i-il TepM B HOPSIIKE YOBIBAHUS (D4, YUCJAO0 k OOBIYHO mosiaraercs pasubiM 10.

KorepeHTHOCTD MOJIe/TH OLpeeIseTcs KaK CPeaHss KOTePEHTHOCTD 6, IO BCEM TeMaM.
KorepeHTHOCTb MOXKET OIEeHHBATHCS MO CTOPOHHEIl KOJUIeKIuu (HampuMmep, o Bukuiie-
qun) [96], 160 1o TOH YKe KOJUIEKIUH, 110 KOTOPOil CTPOHTCsS MOJeb [92].

Pa3pe>xeHHOCTb 1 nekcunyeckmne sgpa Tem. PaspekeHHOCTh MOJIe/IM U3MEPSeTCs J10-
Jieit HyJieBbIX 3jieMeHToB B Marpuiiax ¢ u ©. B mozeisax, pa3aeasommux MEOKeCTBO TeM 1’
Ha npejMeTHbie S u (HoHOBbIE B, pa3peKeHHOCTh ONEHUBAELTCS TOJIBKO 1O cTosOmam P
U CTpOKaM ©, COOTBETCTBYIOIIUM MPEJIMETHBIM TEeMaM.

HenocraTtok Takoro ompejenenus pa3pexKeHHOCTH B ero HeycroitamocTu. Ha mpak-
tuke mMarpunpl ¢ u O moryr comepkarh OOJBHIYIO JIOII0 3HAYEHUIT, OJU3KUX K HYJIIO.
Nx obuy/ienue npakTUYeCKU He HOBJIMAET Ha MOJIEJ/Ib, HO PE3KO IIOBBICUT Pa3PEKEHHOCTb.

B |64] upegraraercsi cauTarb cyuecmseenolmy JHIIb T€ YCJIOBHbIE BEPOSITHOCTH, 3HA-
YeHNs KOTOPBIX BBIIIE, YeM Y PABHOMEDHOTO PaCIpe/ie/IeHus:

Wt:{wew}¢wt>|—&/‘}§
Td:{tET}th>ﬁ}.

B skcmepumventax ma 300 ThICA9aX MOCTOB conmuaabHOI ceTtn mpu 120 Temax pa3perKeH-
nocts ¢ npesbicuiaa 96%, paspexennocrts © — 88%. Ilpu 3TOM 4MCIO €I0B, BOLIEINIMX
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x0Ts Obl B 0JIHO U3 MHO)KecTB W, 0ka3ajioch paBHbIM 8 ThiCs4aM lipu cjioBape 154 rbics-
4u ¢j10B. Takum 00pa3oM, HeJIOCTATKOM JIAHHOIO 110/1X0/1a MOZKHO CYUTATh UTHOPUPOBAHKE
OOBITUHCTBA CJIOB.

B [143] upemaraercs onpenessTh Aekcuseckoe A0po memb, KaK MHOZKECTBO CJIOB, KO-
TOpPBIE ¢ DOJBINOI BEPOATHOCTHIO YIOTPEOISIOTCSA B TeMe ¢ i PeJIKO YIOTPeOISTIOTCI B APY-
rux remax: W, = {w € W ’ p(t|w) > 0.25}, rue p(t|w) = Put et

Heszasucumo or Toro, kakum 006pa30M OIIPee/IsseTcs JIEKCUIECKOe sIPO, BBEJIEM TPHU
HOKa3aTess, XapaKTePU3YONUX Pa3peykeHHOCTb MaTpunbl P:

pur, = > p(w|t) — wucmoma memov. (4eM BbIIIE, TEM JIydIIle);
weWy

cony = Wlt\ w;{/ p(t|w) — konwmpacmmuocmo memo, (deM Bblllle, T€M JIy9IIle);
t

_ - W]
ker; = |Wy| — pasmep adpa (opueHTUPOBOUHBII ONTHMYM W)

[Tokazare/iu pazmepa sjipa, YUCTOTHl U KOHTPACTHOCTHU JIJI MOJIEJIN B LEJIOM OIIpejie-
JIIIOTCS KaK CpeHUe O BCeM mpeaMeTHBIM TeMaM ¢t € S. KOCBeHHO OHM ABJISIIOTCS TaKzKe
U Mepoil MHTEePIPETUPYEMOCTU MOJEJN, IMOCKOJIBKY WHTEePIPEeTHPyeEMbIE TeMbl JI0JI2KHbI
00/1a1aTh He CJIMIIKOM MaJIeHHbKUM, HO M HE CJHUIIKOM OOJIBIIAM JIEKCHICCKUM SJIPOM.

dons doHosoit nekcuku. Ilycrs B C T — moaMHOKeCTBO (DOHOBBIX TEM, B KOTOPBIX
cobpana obmeynorpeduTeibHas Jekcuka. OupeaeanM doato ornosol asekcuky st BCei
KOJUIEKIIMH ¥ JIJIsSI OTAEJIbHOrO JOKyMeHTa, d:

B= 5SS (il d.w);

deD wed teB

%d = nidz anwp(t|d> ’LU)

wed teB

o dponosoit ekcukn mpuHuMaeT 3uadenus or 0 10 1. Eciaum ona 6sm3ka K 0, To Mo-
JleJIb He CIIOCOOHA BBIJIEJISATH CJIOBA OOINEil JIEKCHMKH, eCJId »Ke OHa OJim3Ka K 1, TO 3TO
CBUJIETE/IbCTBYET O BbIPOXKJieHuu Mojiesin. B npodeccnonalibHbIX TeKcTax J10J1s (pOHOBOIM
JIEKCUKH MOzKeT cocTaBidrhb or 30% 10 90%. Bosmozkna curyanus, Koraa cpeasee no KoJl-
JIEKIUIHU 3HaYeHne A YKIaIbIBAeTCd B 9TH OPUEHTHPOBOIHBIE HOPMBI, OJTHAKO B BHIXOIUT
3a UX MPeJIeJIbl JIJI 3HAYUTE/TbHOM T0/IH JJOKYMEHTOB., DTO MOXKET IOCTYKUTb CUTHAJIOM
K OYHCTKe KOJIJICKIIUU UJIM BHECEHWIO UCIIPABICHUNA B MOJIE/Ib.

Takue KpuTepuu, Kak paspeKeHHOCTh, Pa3Mep siapa WK 10/ (POHOBOM JIEKCHKH MO-
ryT UCII0JIb30BAaTbCAd JIJIsA KOHTPOJIA I/I36bITO‘{HOFO pa3pezKuBaHud MOJEJIN.

PaznuyHoctb Tem. Biejém dynkuuio paccrosinusi mexiy remamu p(t,t') kak pacipe-
jeserusivu p(w | t) u p(w|t'). Hanpumep, 310 Mozker ObiTh paccrosiuue XeJJIMHrepa, KoCu-
HYCHOE pacCTOsHue WIn paccrognne ZKakkapa Meky JeKCHIeCKUMU S/IPAMH JIBYX TEM.
Onpenennm 115 KazkI0i TeMbl ¢ paccrodnue 10 OimzKaiimeil K Heil Tembl '
: /
Ry = t;ggtp(t,t ).

Ecsn paccrosinue 10 Osmzkaifieii rembr %; MaJio, 1o tembl t u t' aybaupyror apyr
JIpyTa, U, BO3MOYKHO, CJEAYeT IPEIIPUHATD YCUIHs, YTOOBl O0beUHUTDH 3TH TEMBI.

Ecau paccrosuusg Z; BeJMKU i BCEX T€M, TO 3TO O3HAYAET, YTO BCE TEMbI IIOHAPHO
CYIIECTBEHHO Pa3JindHbl. Takylo Moje/ib Oy/IleM Ha3bIBATD TOPOULO 0eKOPPEAUPOSAHHOT.
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TecTbl ycnoBHOW He3aBMCUMMOCTU. ['uiore3a ycj0BHON HE3aBUCUMOCTH siBJisieTcs 0a30-
BBIM [PEJII0IOZKEHUEM BEPOSITHOCTHOIO TEeMaTHIeCKOro MojeinpoBanus. OHa J0IyCKaer
TPHU SKBHUBAJEHTHBIX ITPeICTABIECHUS:

p(w,d|t) = p(w|t) p(d|t); (75)
p(w|d,t) = p(w]t); (76)
p(dw,t) = p(d|t). (77)

Ha npakruke Bce 3Tu pacupejenenus HeusBecTHbl. [locsie mocrpoenusi Mogesiu
(1 Ha Kaxgaom mare EM-ajaropurma) J0CTYIHBI JIMIIb ONEHKH THX PACIPE/le/IeHuil.
B Kazk/10M 13 TPEX PABEHCTB PACIPE/IeJIeHUE B IIPABOIl 4aCTU OLEHUBAELTCsL 110 GOJIbIIEMY
00bEMY JIAHHBIX, YeM pacupejeieHue B jeBoil yactu. [1osromy B KauecTse HyJeBOH Iu-
nore3bl OyeM Gparh MpPeJIIoI0KeH e, YTO IMIUPUIECKOe DACIPE/IeIeHIe B JIeBOil YacTu
HOPOK/IaeTCsl (COMIACYeTCs ¢) BEPOSITHOCTHOI MOJIEJIBIO U3 PABOl 4acTH.

Hecmorpst Ha dopMasibHYI0 9KBHBAJIEHTHOCTb, Tpu upejcrasienus (75), (76), (77)
IPUBOJIAT K PA3JMIHBIM KOHCTPYKIMSM CTATUCTHYECKMX TECTOB ¢ PA3HBIMU BO3MOZKHO-
CTSIMU IIPUMeHeHus. PaccMoTpum ux noapobHee.

1. PasenctBo (75) TpancdopMupyercs B HyJIeBYIO THIIOTE3Y O TOM, ITO JJIsl 3aJaHHON
TeMbl ¢ COBMECTHOE pacIIpe/ie/ieHie TePMOB B JIOKYMEHTaX IIOPOKIaeTcs (haKTopH30BaH-
HBIM PACIIPEJIeJIeHUEM:

Hy: p(w,d|t) ~ p(w|t) p(d|t). (78)

JIJ1s1 HpOBEPKH JAHHON I'MIOTE3bI MOZKHO UCIO/IL30BATH CTATHCTHKY B3aMMHOIT nHMOP-
MaIlUH, peIoKeHHyIo B [88]:

i . plw.d]t)
= KLU d1f) [ ptwlp(d1) = D, 3 st 1) n o by

deD wed

Jist nostydenust yA06HON BBIYHCIUTETBHOI (bopMy,an BOCIIOJIb3YEMCsl OIIPeJIeJIeHueM

) . d Ny

yeaoBroil Bepostroctn: p(w, d|t) = p(t]d, w) p(w | d)EL p(t p(d|t) = p(t\d)%, dbopmyoii

E-mara (13) u wacrornoii oneukoii yciosuoii sepogrnoctu p(w,d|t) = 4w [logcrapum
IIOJIYYCHHbIC BbIPpazKCHUA B St:

Pl dlt) _p(tld w) o ld) _ paw o (wld),
DD pwlDptld)  puba plwld)
)
)

g, = Z Z ntdw :

deD wed

( ) Ziej'ﬁxi e o ) ) .e [
rae avgl v, r;) = 721_61 o CpeaHeB3BEeHICHHOE 3HAYECHUU X; C BeCaMU 7y;, .

el

Crarucruka S; paBHa CPeJHEB3BEIIEHHOMY 3HAYEHUIO JiorapudMuueckoi GyHKuuu
p(w|d
norepb {(w,d) = In ﬁf’j}dg 110 BCEM TepMaM W BCEX JOKYMEHTOB d, B3SATbIM C BECAMU Mgy, -
Oyukius ((w,d) nosnoxuresbaa, korjga p(w|d) < p(w|d). Tloreps rem Bbiiie, yem
XyZKe TeMaTUIeCKas MOJIE/Ib MPEJICKA3bIBACT BEPOATHOCTD NOAB/ICHUS TEPMa B JJOKYMEHTE

= = RN — Mdw

p(w|d) no cpaBHeHuIO ¢ TPHBHAIBHOI YacTOTHOI onenKol p(w |d) = .
Craructuka S; SBISETCS MEPOH CeMaHTHIECKOIl HEOTHOPOIHOCTH TeMbl t. Eciu B Mo-

AeJIn OKa3aJIOChb CJIMIIKOM MHOI'O CEMaHTHUYEeCKU HEOJHOPO/HbIX TeM, TO ueﬂecoo6pa3H0

= g (a2 ), (79)

d,w
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HOCTPOUTDH JIPYI'YIO MOJIE/Ib, YBEJUYUB YUC/I0 TeM. TeMbl ¢ aHOMaJIbHO OOJIBIIIMMU 3HAYE-
HUSMEU Sy MOTYT B JlajIbHEIIIIeM PACHIEIIAThCs Ha 00JIee MeJIKHe TeMbl B HePAPXUICCKUX
TEMATUIECKUX MOJIEJISIX.

2. PagenctBo (76) rpancdopMupyeTcs B HyJI€BYIO TUIIOTE3Y O TOM, YTO SMIUPUAIECKOE
pacipejie/ieHie TePMOB TeMbI ¢ B JOKYMeHTe d TIOPOKIaeTcs OOIUM JIJI BCeX JIOKYMEHTOB
paclipe/iejieHueM TePMOB:

Hy: plwld,t) ~ p(w]t). (80)

Jl1g mpoBepKu JAaHHOI TMIOTE3bl OTHOCHTETHHO (PUKCHPOBAHHOTO JOKYMEHTA d BBe-
JIEM CTATHCTUKY Ha ocHOBe KL-nuBepreHnuu u, omyckasi aHAJOTUYHBIE BBIKJIAIKH, 3aIlH-
meM eé depes cpe/lHeB3BelnieHHoe JiorapudMuieckoit (pyHKIuu 1morepb:

Sta = KL(3(w| 1) || plaw] ) = ave (nigu 10 221D, (81)
wed p('lU | d)

Craructuka Sy sBJISIETCS MEPOil HECOTJIACOBAHHOCTU JOKYMEHTa d ¢ TeMOil t.

Yewm OoJibliie 3HadeHHE Sy, T€M CHJIbHEE JTOKYMEHT d OTKJIOHSETCS OT CeMaHTHYe-
CKH OJIHOPOJIHOTO KjacTepa TeMbl t. CrarucTtuka Sy MOMXKET NPUMEHSATHCS s 0TOOpa
peJieBaHTHBIX JOKYMEHTOB DU CYMMAapHU3allil WA BU3YAJIU3AIlUN TeMbl, y/IaJeHus HeTe-
MaTU3UPYEMbIX WMJIM «I'PA3HBIX» JOKYMEHTOB, BbIOOpa 4MCJIa MUTEPAIUil 110 JIOKYMEHTY,
BblJIeJIEHUS JIOKYMEHTOB Jijist (pOpMUPOBaHUs HAYAJIbHBIX HPUOJIUAKEHUIT HOBBIX TEM.

3. Pasencrio (77) tpancdopmupyercs B HyJeBYIO IHIOTE3Y O TOM, YTO IMIIHPHIECKOE
pacipejieleHre TepMa W IO JJOKYMeHTaM B TeMe ¢ MOPOXKIaeTcs OOIIIM /1T BCeX TEPMOB
pacipejieleHIeM TeMbl 110 JOKYMeHTaM:

Hy: pld]w,t) ~ p(d]t). (82)

L1t poBepKM JIAHHOW T'MIIOTE3bl OTHOCUTE/ILHO (DUKCUPOBAHHOI'O TEPMa W BBEJIEM
crarucTuKy Ha ocHOoBe KL-muBeprennmun. CHOBa omyckas BBIKJIAJIKH, 3alUIIEM eé depes
CpeIHeB3BelleHHOe JorapudMudeckoit (pyHKIUN TOTeph:

Sue = KL(3(d [w0,2) || p(d]0)) = v naus 1n 2010 ). (83)
deD p(w|d)

Cratucruka Sy, SABJISETCA MEPOil HECOIVIACOBAHHOCTH T€PMa W € TeMOii t.

AHOMAJIbHO BBICOKHE 3HAYEHUS S,y TOBOPAT O TOM, UTO TepM OTHOCHUTCH K OOIIEYIIO-
Tpebure/ibHOI Jiekcuke. [l Bbljie/IeHUs TAKUX TEPMOB B (DOHOBbIE T€MbI MOYKHO YCUJIUTh
Pery/Isipu3aTOpbl JIEKOPPEJMPOBanus 1 criazkupanus |[144]. AnomasbHO HuU3KHE 3HAdYe-
Hus Sy TOBOPAT O TOM, YTO TEPM W SBJIAETCS 00sS3aTE/IbHBIM B TeMe U BXOJIUT B €&
ceMaHTHYecKoe sapo. TeMbl, cofepzKaiiue OOJIBIIOE YHCJIO TAaKUX TEPMOB, MOTYT OBITh
06pa30BaHbl MAGIOHHBIME (bpa3aMu, 9aCTO IMOBTOPSIOIINMUCS B TEKCTaX KoJLIeKnnu [88].

J171s1 IpOBEPKH CTATHCTHIECKOH TUIIOTE3BI 00 YCIOBHON HE3aBUCHMOCTH 3HATEHUE CTa-
TUCTUKH S, 1Peodpasyercs B JIOCTHraeMblii ypoBeHb 3Hauumoctu p-value = F'(S,), rue
F — dbyukius pacupejesienust CrarucTuku Sy, MOy YeHHAS B YCIOBUSIX HCTHHHOCTU HYJI€-
BOit runoresbl. Ec/in jgocturaembrit ypoBeHb 3HAIUMOCTH OJIM30K K €UHUIE, TO JETACTCS
BBIBOJ[, UTO JIaHHBIE IPOTHBOpeYAT HyJeBoil rumorese. Oynkuus pacupenenenns F(S,)
CTPOUTCS IO CHHTETHYECKON KOJIJIEKIIUH, MeHepUPYEeMOil MyTéM COIMILTHPOBAHUS TEPMOB
w ~ p(w|d) remaruaeckoit Mojesbo [12].
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O06006uéHHbIe cpeaHeB3BeleHHble CTAaTUCTUKKU. OB0OLIUM BBEAEHHDIE BbILIE CTATH-
cruku Sy, Sy, Sy Ha Cilyuail 1pousBosibHON dyHKIMK 110Teph £(d, w):

Sy = avg (ntdw, /(d, w)) — HEOJHOPOIHOCTH TE€MBbI ¢ B KOJLIEKIIHH;
d,w

Siq = avg (ntdw, ((d, w)) ~— HEeCOIVIACOBAHHOCTH JIOKyMeHTa, d ¢ TeMOii t;
wed

Swi = avg (ntdw, ((d, w)) — HECOIVIACOBAHHOCTb T€PMa W C TeMO t.
deD

[Ipu smorapudmvudeckoii dynknuu moreps {(d, w) = ﬁ 8’;"33 00001IEHHbIE CTATUCTUKN

St, Sta, Swt mepexondar B (79), (81), (83) coorBeTcTBEHHO.

B obmem ciyuae or dhyHKIUK mOTEPh MOTpedyeM, YTOOBI OHA HE 3aBHCea OT TeMbI U
ur0o0bl 3HaueHue £(d, w) ObLIO TEM BBIIIE, YEM XyZKe TeMATHIECKasd MOJIE/Ib IPEICKA3bIBALT
IIOdBJICHHUE TepMa W B JOKYMEHTE d

Jlastee paccMOTpHM HECKOJBKO YaCTHBIX CJIYYaeB TOil 00meil KOHCTPYKIIHH.

Mepbl Hecors1acoBaHHOCTU, TOJIePaHTHbIE K MOBTOPSEMOCTN CNoB. ['umoresa yc/ios-
HOI HE3aBUCUMOCTHU SIBJIAETCS M30BITOYHO CHUJIbHBIM IIPEIIoioKenrneM. Hekoropbie si3bi-
KOBbI€ siBJIEHUsI MOIYT (POPMaJIbHO €€ HapyllaTh, HE HPUBOJAS K CEMAHTUIECKON HEO/I-
sopojanocru. Hanpumep, sisiienue nosmopsemocmu caoeé (word burstiness) — eciu cjioBo
BCTPETUJIOCH B TEKCTE OJUH a3, TO OHO ¢ GOJIBINOI BEPOSATHOCTBIO BCTpeTHTCs ermé [44, 71].
Tema MoOxKeT cojiepzKaTb MHOIO CHHOHHUMOB, U3 KOTOPBIX KazKIblil aBTOp YIOTped/isder
JINIIb HeKoTopble. Tema MoxkeT 00Jia/1aTh HECKOJbKUMHU AaCIHeKTaMU, KarKJIblii cO cBOeil
JIEKCUKOI, OJJHAKO B TEKCTE MOYKET U/TU Pedb TOJHKO O YaCTH acCleKToB. Bceejcrsue
9TUX sIBJIEHUI B JIOKYMEHTE MOXKET BCTPETUTHCA HAMHOIO MEHBIIE CJIOB TEMbI, IPH ITOM
HEKOTOpbIe M3 HHUX OYJIyT BCTpedaThCd HAMHOIO Yallle, YeM MOYKHO OBLIO ObI OXKHJIATD
B YCJIOBHSIX CTPOIOTO BBIIIOJTHEHUS TUIIOTE3bI YCJIOBHON HE3aBUCUMOCTH.

Craructuu Sy, Stq, Syt HETPYIHO CIEJIATH TOJEPAHTHBIMU K ITIOBTOPSIEMOCTH CJIOB, €C-
JIM 3aMEHHTb 9aCTOTHI CJIOB B JOKyMEHTAX OMHADHBIMU UHIUKATOPAMU: Ny = Mgy = 1].
JLJ1st 9TOrO 0CTATOYHO BMECTO BECOB Mgy = NawDidw B3ATHh BECA Diguw:

St = avg(Praw, ((d,w));  Sia = avg(Praw, ((d,w));  Sur = avg(praw, £(d, w)).

d,w wed deD

Yro0bl (DYHKIMIO HOTEPH TAKKE CJE/JIATh TOJEPAHTHOMN K HOBTOPAEMOCTH, Oy/IeM CpaB-

. o A __ Ny .

HUBATh MOJEJIbHYIO BepoarHocTb p(w|d) ¢ yacrornoit onenkoit p(w|d) = “£, B KoTopoit

CYBTUNK Mgy, 3AMEHEH euHUIeil uin, it OGIHOCTH, TapaMeTpoM « (YMeHbIIeHne o Jie-
JIAeT CTATHCTHKY emé 0ojiee TOJIEPAHTHBIME K HAPYIICHUSIM HYJIEBOH I'MIIOTE3bI):

((d,w) = [p(w|d) < n%}

Tenepb craructuru Sy, Siq, Syt UPUHUMAIOT 3HaYeHUs U3 orpeska [0, 1] u BbIpaxKaior
JIOJII0 TEPMOB TeMbI t, JIJIsi KOTOPBIX MOJE/b IIPEACKA3BIBAET CJIMIIKOM MAJIYIO BEPOSIT-
HOCTh. Btaromaps cTo/ib yHHBEpCaIbHO HHTEPIPETANMA CTATUCTUKA ¢ OMHAPHOI (hyHK-
el ToTepb MOXKHO HCIOIL30BATDH JIJIsI CPABHEHHS T€M B MOJENSX ¢ PA3IAYHBIM THCJIOM
TEeM, C PA3JIUIHBIME CJIOBAPIMH U JArKe MOCTPOEHHBIX 110 PA3JIHIHBIM KOJLIEKIIHSIM.

72



Mepnnekcnsa Tembl. 3amerum, 910 jorapudM MEPIIEKCHA TEMATHICCKON MOJIEN MOXK-
HO 3allUCaTh Yepe3 CpeHeB3BenieHny 0 GyHkiuo norepb £(d, w) = In m, HPUYEM KaK
JUIS BCel KOJLIEKIINU, TaK U JJI OTAeJbHOIO JOKYMEHTA:

In & = an (ntdun In p(w|d)) = avg (ndw’ In p(ul)\d));

d,w,t dw
In = avg (muaw, In g5) = a8 (M, 0 i)

[Io anajioruu ompejieiuM depe3 00OOIEHHDBIE CPe/IHeB3BEIIEHHbIE JorapudM nepn.aek-
cuy memo, t KaK 10 BCell KOJJIEKITUN, TaK U 10 OT/EJbHOMY JOKYMEHTY:

In2, =5, :%g(ntdwalnp(ww))'

In gztd = Siq = av g(ntdwa In p(w|d)>

wed

BHadyeHne nepiiekcun Py He OIpeneseHo, eClad Ng, — 0 11a Bcex w € d, TO ecThb
eCJIM TeMa, IIOJTHOCTHIO OTCYTCTBYeT B JOKYMEHTE.

Aueeprenuns Kpeccu-Pupga. Ilpu dbysxmum noreps /(d,w) = A(A1+1)((ﬁg‘|dg) —1)
00OOIIEHHBIE CPEIHEB3BEIICHHbIE CTATUCTHKHU IIepexondar B auseprennuio Kpeccu—Puna.
DTO mapaMeTrpuvecKoe CeMeiicTBO CTaTHMCTUK MCHOJIb3YeTCsl JIJIsd IIPOBEPKU THIOTE3 O CO-
IJIACHH SMITUPUYECKOTO PACHpPEEIeHHs] ¢ 3a/laHHbIM JMCKPETHBIM pacipejesienuem |38].
[Tpu KOHKpeTHBIX 3HAYEHHsIX Tapamerpa A quseprennust Kpecen—Pua nepexonur (¢ 1o4-
HOCTBIO JI0 MHOXKHTENs]) B CTATUCTUKY Xu-KBajgpar [lupcona (A = 1), auBepreHuumio

Kyns6aka—/leitbnepa (A — 0), craructuky ®@pumana—TbOKN WK paccTogHue XeJInHre-

a (A= —%), MOTH(DUIIMPOBAHHYIO CTATUCTHKY JIOTapudMa OTHOIICHUS IPAB/IOIO0I00MI
(A = —1), MoauduIuPOBAHHYIO CTATUCTUKY XH-KBaJApar HeiiMmaHna win B3BelIeHHOE €B-
KJIJI0BO paccrosinue (A = —2). Bee 91 crarncruku sBIIslioTCst HECUMMETPHYHBIME (DY HK-

MUSIMHI [IApbl JUCKPETHBIX paCIpee/eHnil, 3a HCKIYEHHeM pPAaCCTOSHHA XeJTHHIepa.
[IpermytecTBO MapamMeTpUIECKOTO ceMeiicTBa B TOM, YTO CBOOOIOH BBIOOpa MmapamMeTpa A
MOKHO PACIOPSIUTHCS JIJI ONTUMU3AINNANA KAKOr0-/TH00 BHEIIHEr0 KPUTEPHs KAadecTBa.

15 [lpoekT BigARTM

BigARTM — 3710 6ubjnOTeKa C OTKPBITBIM KOJOM, ocHoBaHHas Ha Teopun ARTM.
OHa nMeeT pacmupseMblii BCTPOCHHBIH HAOOP Pery/aspu3aTopoB U METPUK KadecTBa, pea-
Ji3yer OHJIaftHOBbIN u odduiaitnoBbIi MHOTONIOTOYHBIH HakeTHbIE EM-ajiropurm, obecre-
YUBAOIIUI BICOKYIO 3 DEKTUBHOCTH 00pabOTKHU OOJIbIINX KOJIJIEKIIUI Ha OJJHOM KOMIIbIO-
Tepe. bubimoreka gapjsgercs KpocciiaTrgOpMeHHO: cOOPKY U HCIIOJHEHUE MOYKHO IIPOU3-
soauth noa Windows 7/8/10, Mac OS u pasmuanbivu guctpubyruBamu Linux. ITommep-
JKHUBAIOTCS porpaMMubie narepdeiicsl mox Python 2.7.% /3 % C++ a rakxke 3amyck B Buje
ucnoJiHgemMoro ounaproro daiia. Mexoanprit ko BigARTM nanucan na C++11. [lognepxu-
BAETCsl HECKOJIBKO HOIYJISAPHBIX (POPMATOB TEKCTOBBIX jlaHHbIX. VcueprbiBaiontyio nuadop-
MaluIo 110 OMO/IMOTeKe MOXKHO HailTu B JIOKyMeHTalluu Ha caiire http://bigartm.org.

Huzke npejcraBien MuHEMAaIbHBIE Ko B Python, BbimomHsromuil 3arpy3ky u mpeoo-
pa3oBaHue JAHHBIX BO BHYTPEHHHH (DOpMAT IMaKeTOB JTOKYMEHTOB (6amuell), CO3IAHEE
u oDydeHue MOJIE/IU, BbIYUC/IEHUE U BbIBOJL IEPILJIEKCUM.
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1 # Import all necessary tools and data

from sklearn.feature_extraction.text import CountVectorizer

s from sklearn.datasets import fetch_20newsgroups

from numpy import array

5 import artm

¢ # Extract data using sklearn and numpy

7 cv = CountVectorizer (max_features=1000, stop_words=’english’)

s n_wd = array(cv.fit_transform(fetch_20newsgroups().data).todense()).T
o vocabulary = cv.get_feature_names()

10 # Create batches and dictionary

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

12 n_wd=n_wd,

13 vocabulary=vocabulary)

14 # Learn simple PLSA model

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

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

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

19 # Print perplexity values by iterations

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

S

MogroTtoBka AaHHbLIX. YHUBEPCAJIbHBIM O0OBLEKTOM, IPUHAMAEMBIM Ha BXOJ BCEMHU OIIe-
panuaMu BigARTM, gaBiserca BekTopusarop artm.BatchVectorizer. B npumepe Bbiie
(mmaru 10-13) oH GBLI CO3/IaH IO MATPHIIE «MeIIKa CJI0B» n_wd U CJOBapsi, 33IAI0IIEro Co-
oTBeTCTBUE ME2K/Ly CTPOKaMU MaTpHUIlbl U CJIOBaMU KOJIJIEKIIUU. B 9TOM CJIy4dae IIaKeTbl CO-
3JIaI0TCS B OLIEPATUBHOMN HaMTH U HOJHOCTHIO YJIAJIMIOTCH U3 He€ 110 3aBepiIeHnu PadoThl
Ooub/IMOTEeKH. DTOT CIOCOO XpaHeHUs JAHHBIX IIOJXOJIUT TOJIBKO JJIg HEOOJIBIINX KOJLIEK-
Ui, MEeJJMKOM IMOMEIIAIONINXCS B MaMATH. Bo BceX OCTaJbHBIX CAyYasgX HCIOJIb3YIOTCS
dopMaThl JIAHHBIX, IpeJIoJaraolne YTeHNe UCXOJIHBIX JIOKYMEHTOB C JIMCKA M 3aIUCh
UTOIOBBIX IIAKeTOB Ha JucK. Hambosiee monyssipen ¢opmar rekcroBbix (aiisioB Vowpal
Wabbit, B KoTopoM Kazkjiast CTPOKa COOTBETCTBYET OJIHOMY JIOKYMEHTY ¥ UMEET BHJL

doc_title token 1:value 1 token 2:value 2 ...

ﬂaHHbeI q)OpMaT IIO3BOJIdeT LpeAcTaB/IATb JOKYMEHTbl KaK «MEIIKOM CJIOB», TaK U
nocJjie10BaTe/IbHbIM TEKCTOM, a TaKzKe 3allMCbIBaTb B JJOKYMEHTbI TE€PMbl PA3JIMYHbIX MO-
naabHocreii. [lpumep co3manus BekTopu3aTopa 110 ganubiM B ¢popmare Vowpal Wabbit:

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

3aech data_path — myTh K dailny ¢ mokymeHTamu, mapamMeTp target_folder yka-
3bIBaeT HA HECYILIECTBYIOIIYIO JAUPEKTOPUIO JJid COXPAHEHUA IOTOBBIX IIAKETOB.

[Tapcunr 60/1bI10§T KOJUIEKIUKE — OTHOCHTEJILHO JIJTATEJIbHBII porece (JazxKe HeCMOTpst
Ha t0o, 4T0 BigARTM yMeeT BLIIOJIHATDL €ro B MHOFOHOTquONIpexKHME),HoaTOMy’yao6Ho
COXPAHHUTDH ITAKETbl HA JUCK U UCIOJIb30BATh UX MHOIOKparTHO. [Ipumep cosjanust BeKTo-
pu3aropa, 3arpyzKaroiero Imakerol ¢ JUCKa:

1 bv = artm.BatchVectorizer(data_path=’my_collection_batches’,
2 data_format=’batches’)
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CnoBapu BigARTM upejHa3Ha4deHbl JiJIsd XPAHEHHUS JIAHHBIX O CJIOBaX U HUCIOJIb3Y-
I0TCS B HEKOTOPBIX Pery/sipu3aropax u merpukax kadectsa. Cj0Bapio COOTBETCTBYET
00beKkT artm.Dictionary, KOTOpPBII MOXKHO JHOO cHOPMHPOBATH ABTOMATHYECKH BO
BpeMs pas30ueHns KOJUIEKIIMH Ha MakerTbl (3a7aB B artm.BatchVectorizer mapamerp
gather_dictionary, no ymosdanuio paBublii True), OO CO31ATh BPYUYHYIO HA OCHOBE
cBoux JaHHbIX. OOBEKT CJA0Bapsd MOXKHO COXPAHUTh B OMHAPHBINA MJIM TEKCTOBBIH (haii,
3aTeM 3arpyzKarhb ero u3 3roro Qaiiia:

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

2 data_format=’vowpal_wabbit’,

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

s # Load dictionary back during next BigARTM launch:

6 dictionary = artm.Dictionary()

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

['oToBBI#l C/TOBaph MOXKHO U3MEHITH. /I 3TOTO HOCTATOYHO COXpAHHUTH €ro Ha JUCK
B TEKCTOBOM BHJIE, 3aTeM MOAUMHUIUPOBATH MOJTYICHHBIH (hailsl 1 3arpy3UuTh €ro 0OpaTHO:

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

3 # Then, load it back

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

CrioBapb, COXpaHEHHBIM B TEKCTOBOM ailjie, COCTOUT U3 CTPOK CJIEIYIONEro BU/IA:
token class id value tf df

rae token — cTpokoBoe TpejcraBieHune cioBa, class id — mogambHOCTD, tf — abcosmor-
Has 9acToTa CJI0Ba B KOIEKnud, df — 4ucIo JOKyMEHTOB KOJLIEKIH, B KOTOPBIX CJIOBO
BCTPETHIIOCH X0Ts Obl pa3. [Tosie value o yMo/r4annio 3a10/1HIeTCs HOPMUPOBAHHBIM 3Ha-
YeHueM tf, HO MOZKeT 6bITb HU3MEHEHO (STa BO3MO2KHOCTDH HCIIOJIB3YETCA KaK MEXaHU3M
nepejiadn JAHHBIX B HEKOTOPBIX DEryJIsIPU3aTOpax U MeTPHKAX KAdecTBa).

CiroBapu MOKHO (pHJIBTPOBATH BCTPOECHHBIME CpeJCTBaMu 10 3HadenuaM tf u df, na-
IpUMep, MOXKHO OTOPACBIBATh CJMIIKOM YacTble HJIM CJIUIIKOM PeJIKHe CJI0Ba. Y Ka3aHue
cioBaps B KOHCTpyKTOope artm.ARTM minu B Merosme artm.ARTM.initialize 3asaér mo-
psioK ¢TpoK B marpunax ® u (7n,;) COIIACHO HOPSJKY CJIOB B CJIOBape. DTO BaXKHO,
HallpuMep, [1Jid MOAaJIbHOCTH METOK BPEMEHU.

Perynspunsatopbl moryr BozjeiictBoBarh Ha Marpunbl P, O wmwin (ptdw). Perymsa-
puzaTopbl ¢ MOryT BO3/eliCTBOBATH Ha OTJEIbHBIE MoJjajabHOCTH. Hanumdume mapamer-
pa class_id ykasbiBaeT, 4TO Ppery/sipusarop padoraer ¢ OJHON MOJAJBHOCTBHIO, I10-
ymosrdanuio ¢ @default_class. Hasimuue napamerpa class_ids ykasbiBaer, 4ToO pery-
JIApU3aTOp paboraer cO CHUCKOM MOJAJIbHOCTE, 1mo-ymoJidanuio co Bcemu. [lourn Bee
HapaMeTpbl BCEX Pery/spu3aTOpoOB MOKHO MEHSTh MEK/Iy UTepaIlusaMi O00yIeHH.

SmoothSparsePhiRegularizer — pe2yaapusdamop C2AGHCUCAHUA—PASPEHCUBAHUL MAN-
puyo, ¢, peasmzoBan 1o dopmyiie (30) ¢ mHebOIbITM 0600IIEHIEM:

Owt = {lﬂt)ervlvn(nwt + 78w f ().
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Ecim B oupenesenun KL-juBeprennuu 3amenurs jiorapudm Inz wa dyskinuo A(x),
to f(x) = xN(x). Ilo ymomuanuto f(xr) =1, uro u coorsercreyer Jiorapudpmy. B 6ub-
JMOTeKe MOXKHO 3ajaBarh f(x) Kak cremennyio dbyuknuio. Bekrop (3,) 3arpyxkaercsa u3
cJIoBaps U 3aa6TCa 3HAYEHUIMHU 1014 value KazKkoro cioBa. [lJist KazK10ii TemMbl ¢ MOZKET
OBITH 33/1aH CBOIT Takoil BeKTOp. TaKuM CII0coO0M MOXKHO 3a/1aBaTh «0eJibie» U «UEPHBIE»
CIIMCKM CJIOB /IS YACTUIHOIO 00Y4eHus.

SpecifiedSparsePhiRegularizer — peeyaspusamop paspescenrnocmu P, peanuso-
BaH 110 TOi ke hopmyisie, HO T[3, SABJIIETCI KOHCTAHTON U MOAOUPAETCS TaKUM 00pa3oM,
4TOObL JI0JIs1 HYJIEBBIX 3JIeMeHTOB B Marpulle ¢ okazajiach He HHUKe 3aJIJAHHOI'O HOPOra.
[Ipu sTom dyukius f He ucnoib3yercs, To ectb f(x) = 1.

SmoothSparseThetaRegularizer — pezayaapusamop CaaaHCUBAHUA—PA3PEANCUCAHUA
mampuy, O, peanuzosan o dopmyie (31), ¢ aHATOrHIHBIM 0000TIEHIEM:

O = n?er%n (ntd + Taiatdf(‘gtd))-

OyuKIus f Urpaer Ty Ke PoJib, YTO ¥ B PEryJIspU3aTOpe CrilazKuBaHusI—pa3pe:kuBaHust P.
MaccuB MHOKHUTEJIEH (v TTO3BOJISIET YIIPABJISTH BO3/IefiCTBUEM Pery/isipu3aTopa Ha KazK10i
i-il BHyTpeHHell urepaiuu 06paboTku JoKyMeHTa. Bekrop ujm marpuna (yg) 103B0JIser
YIIPABIATH BO3AEHCTBHEM PeryIgpu3aTopa Ha 3JeMeHThl MaTpHIbl O.

DecorrelatorPhiRegularizer — pezyasapu3amop 0eKkoppesuposarus mem 6 Mampu-
ue P, peammzoBan cormacHo (32). O moab3oBaresns Tpebyercss ykasaTh Kodhhuiment
peryagapu3alniuid T U CIACOK MOJAJBLHOCTEl, HA KOTOPBbIe HY2KHO BO3JICCTBOBATD.

TopicSelectionThetaRegularizer — pezyaapusamop ombopa mem 6 mampuye O,
peasusoBan 10 dbopmyste (53). EAMHCTBEHHOE OTJIHYNe 3aKTI0IAeTCsI B HATHIHHA MACCHBA,
MHOXKHUTEJIEH (v;, KAK B PEryjsipu3aTope CriiazKuBaHus—pa3pe:kuBaHus O.

SmoothTimeInTopicsPhiRegularizer — pe2yaapu3amop C2AGHCUBAHUA MeM NO MO-
dasvrocmu epemeny 6 mampuye P, peammzoBan o dopmyse (42). st KOppekTHO# pa-
00Tbl peryssipusaropa Tpedyercs yKas3arb UM MOJAJbHOCTH BPEMEHU U PACIOJIOKHTH
TepMbl BpEMEHH B CjioBape U B Marpuiie ¢ B XpOHOJIOIUIECKOM TOPSIJIKE.

NetPlsaPhiRegularizer — pezyaapuszamop NetPLSA das modanvrocmu sepuiur 2pa-
da 6 mampuue P, onpenensercsa mo popmysie (56). B mokyMeHTax J10JKHBL OBITH 3apaHee
3alllCaHbl TepMbI BepinuH Ipada v. B mapamerpax peryiasapu3zaropa 3a/al0Tcd IMEHA Bep-
muH v, ux Beca (MomaocTH MHOKeCTB |D,|) 1 Beca pédep rpada wy,.

ImproveCoherencePhiRegularizer — pezyaapusdamop Ko2epenmuocmu, Peaan30Ban
no dopmyse (59) u B KadecTBe mnapamerpa Tpedyer CJI0Bapb MAPHOH COYETACMOCTH
cii0B Cyyy (cOBpaTh €ro MOXKHO € HOMOIIBI0 BCTPOEHHOTO 1apcepa).

BitermsPhiRegularizer — peeyaapusamop 6Oumepmos, peanus3oBaH 110 HOpPMY-
aam (57)—(58) u B KauecTBe mapaMerpa TakK:Ke TPEOYeT CJI0BApb YaCTOT OUTEPMOB 7,
(3aa4a ero cOOPKU JIOKUTCSA HA MOJH30BATE).

LabelRegularizationPhiRegularizer — wacmommnwi pezyassapusamop mampuio,
JUtst Kiraccudukanun ¢ HecOaJaHCHPOBaHHBIME Kaaccamu. PeannzoBan o ¢gopmyie (51).
B kauecrBe mapamerpa rpedyer cjoBapb KJacCOB CO 3HAYEHUsIMEU UX MOUiHOCTed |D,|.
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HierarchySparsingThetaRegularizer — pe2ysapus3amop uepapruieckoz20 paspexcu-
saHus ©, HCHOIB3YeTCs /I PA3PEKUBAHUS MATPHILBI CBA3EH MKy POAUTEIHCKUMU Te-
MaMH{ U UX JOYePHUMHE IOJTeMaMU B HepapXuIecKuX MoJe/dax, cormacuo dbopmye (55).

TopicSegmentationPtdwRegularizer — pezyasapuszamop E-waza das pazpesrcusanus
ceemenmos 6 Mampuyas (P ), oupeaeasemblii o dopmyse (72).

SmoothPtdwRegularizer — pezyasusamop E-waza das cerancusanus mampuys Py )
110 JIOKaJIbHOMY KOHTeKcTy. [Ipubimzkaer temarndeckuil npoduiib Kax 010 BXOXK/ICHHS
TepMa K yCpejHeHHOMY npoduiio ero coceeit (1o okxy GUKCHPOBAHHON HIUPUHBI).

PeryngpusaTopsl MOTYT BKJIIOUATHCs, OTKIIOUATHCI NN MOAUMDUIIPOBATHCS B JTIO00i
MOMeHT Mezk/ay Bbi3oBamu fit_offline msm fit_online, 4To mO3BOJIAET, B COBOKYIIHO-
CTH C KOHTPOJIEM METPUK KadecTBa, I'MOKO IepecTpauBaTh CTPATEIHIO PeryJ/isipu3aliiiu
B COOTBETCTBUU C TEKYyIIUM COCTOAHUEM MOJICJIN. HpI/IMepZ

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

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

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

©

MeTpukn kadecrtBa jiobaB/idioTCd 4depes 1oJisi scores oObekra ARTM. B sror moment
y MHOTHX METPHK MOYKHO 3a/1aBaTh MapaMeTpbl. BoIYUC/IeHHbIE 3HAYECHUST METPUK H3BJIE-
KATCs depe3 IMoJisd score_tracker.

PerplexityScore — nepnaercus, Borancisiemas 1o gopmyde (73). lius eé koppekr-
HO PabOThl HY’KEH CJIOBaPb, COJ/IEPKAllMil HOPMUPOBAHHbIE YACTOTHI CJIOB B KOJLJIEKIIUH
(ne moudunupoBannbie 3Hadenns value st kazkaoro ciosa). OHI UCHOJIB3YIOTCS B Ka-
decTBe AMPOKCHMAIMH HYJIEBBIX 3HadeHuii p(w|d) u mMO3BOJISAIOT KOPPEKTHO OINEHUBATH
MOJIeJIA Ha OJIHOM CJIOBape, HO C Pa3HOil CTeleHbI0 Pa3PeKeHHOCTH.

[Ipumep nopk/0YeHnst neprieKcun st MoJasibHocru @default_class (crangapraast
MOJAJIBHOCTD CJIOB):

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

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

w

3HavyeHus] MEPIUIEKCHI MOXKHO BBIBECTH CJIeIyIommM obpa3om (Bmecto value MoxHO
BBIBECTH, HAIIPHMED, YUCIUTENb U 3HAMEHATE/Ib MePIIEKCUH [0 KazK/J0# MOJAJIbHOCTH):

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

[Toste value cojepkuT BCIO KCTOPHIO 3HAYEHUIT METPUKH 110 OOHOBJIEHUSIM MaTpuIibl .
Y moboro moJig 1000 METPUKH HMeeTcsd BapHaHT ¢ HpedHuKcoM last_, KOTOpBIA BO3-
BpalllaeT 3HadeHNe MEeTPUKU Ha MOMEHT IOCJeHell CHHXPOHH3AIUH. JTO MOYKeT ObITh
ITOJIE3HO JJIA IIOJIyYeHUd MAaCCUBHBIX MeTpuk Thna TopTokensScore.
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SparsityPhiScore/SparsityThetaScore — paspesicernrnocmu mampuy © u O. One-
HHNBAIOTCA ,ZLOJIeI'?'I 9JIEMEHTOB MaTpUIlbl, MCHbIIUX 3aJaHHOI'O 110JIb30BaTe/JIeM I10pOora.

TopTokensScore — mMonN-cA06a 6 MeMAT, CIUCOK U3 3aJ@HHOIO YUCJA CJOB C HaM-
0oJIbLIel BEPOATHOCTLIO 110 KakJ0il reme. Eciu B napamerpax 3Toil METPUKHM yKa3aTlb
CJIOBapb MAPHOIl COYETaeMOCTH CJIOB, TO OYIeT BLIYUCICHA KOTepeHTHOCTh coher; 1o cruc-
KaM TOII-CJIOB B TeMax, cormacHo (opmyie (74).

TopicKernelScore — Adposvie Tapakmepucmuky mem: IACTOTa PUr,, KOHTPACTHOCTD
cong, pa3Mep sdjipa ker; oneHuBaOIIEe pa3IuIHOCTb M, KOCBEHHO, HHTEPIPETUPYEMOCTh
KazK/10if TeMbl £, cM. ¢Tp. 69. AHAJOIHYIHO TOI-CJIOBaM, yKa3aHHe CJI0Baps MapHOU code-
TAEeMOCTH 3aIyCKAeT MOJACYET KOIePEHTHOCTH, HO TeNePhb YIKe IO SJpaM TeM.

BackgroundTokensRatioScore — doss horosux 06, OEeHUBAET JIOJIIO CJIOB, JIJIsi KO-
ropbix KL-uBeprenuust Mex iy pacipesesienusivu p(t) u p(w|t) Bbliie 3aaHHOTO OPOTa.

TopicMassPhiScore — wacmomu, mem n, u pacupejesenus p(t) = % JJId BcexX TeMm t,
BBIUUC/ISIEMbBIE 110 MATPUIE (Thyy)-

ItemsProcessedScore — wucao 06pabomarHols JoOKYMEHIMO6, TEXHUYECKAsl METPUKA,
IOKa3bIBAIOIIAs [0 UTE€PANUAM KOJIUYECTBO JIOKYMEHTOB (C IOBTOPaME), 00pabOTaHHbBIX
EM-ajiropurMoM ¢ MOMEHTA BKJIIOYEHUS METPUKH.

PeakMemoryUsage — nukogoe nompebienue namamu, TeXHuIecKass MeTPUKa (J10CTyII-
Has TOJIBKO B CH+—+ I/IHTepd)eﬁce), 1PEIOCTAaBIISIONIast UHMOPMAIKMIO 0 MAKCUMAJIbHOM I10-
TpebGJIeHIH OIIePATUBHON MaMATH 32 BpeMd KazK/I0il HTeparui aaropuTMa.

[Tosib30BaTe b MOXKET HE TOJILKO CO3/[aBaTh COOCTBEHHbIE METPUKHU, HO U BBIYUC/ISATH
UX HAIIPIMYIO, C/IeJIaB BBIIPY3KY ImapameTpoB mozenn ¢ u O.

Bbirpy3ka napamerpos mogenu. B creayiomem Koje MOKa3aHO, KAK HOJYYUTH MATPH-
iy ® (rounee, nepsoie 10 rem JedoaTHONR MOIAIBLHOCTH):

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

YKazanue napaMmerpa model_name=model.model_nwt m03BOJIIeT aHAJOTUIHBIM OOpa-
30M IIOJIYYUTb 3HAUYEHUA Ty BMECTO Dyt

C marpuneit © MoxKHO paboTarhb Mo-pa3Homy. Bo-mepBbix, €6 MOKHO BOOOIIE HE Xpa-
HUTb, €CJIM OHA He HyKHa. BO-BTOPbIX, MOXKHO XPAHUTH €€ B K3llie, 3a/iaB lepej| Hava-
JioM obydenus mapamerp cache_theta=True. B Tperbux, MOXKHO BKJIOUYUTH XpaHeHne O
B $-no006H0it MmaTpurie, 3a1aB napaMerp theta_name. 910 jacT CBOOOIHBIM JOCTYII K MAT-
puIle Ha YTeHHe U 3aIlUCh B JII000l MOMEHT. B 1mepBoM ciiydae BHITPDY3UTh MaTPHUILy HEBO3-
MOKHO, B OCTAJIbHbIX IIPUMEHUM CJIC/LYIOIAN KOJI;

1 # case 2

> model.get_theta()

3 # case 3

1 model.get_phi(model_name=model.theta_name)

Bce onucannbie Bbiliie BbI30BbI BO3BpallaloT 00bekThl pandas .DataFrame.

[Tomumo ommcannoro mHTepdeiica BHITPY3KH MATPHUIl, €CTb BO3MOXKHOCTH MOTYYHTDH
yKa3aTeJb HAa MaTPUIy ¥ HAOPAMYIO MOAUMUIHPOBATH MaMITh, MCIOIb3YEMYIO SIPOM
O6ubJIMOTEKH, YTO CYIIECTBEHHO YMEHbIIAET PAacXo/l HaMATH U BPEMs BbIUUCJIEHUI.
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MHoronoTo4uHbli NnakeTHbii EM-anroputm. bubsmmoreka BigARTM nossouisier obpaba-
ThIBaThb KOJIJIEKIIUU JOKYMEHTOB, HE IIOMellalouecd B OlIEPATUBHYIO IIaMATD. ﬂﬂﬂ 9TOro
Kosuneknusa ) ¢ momombio BatchVectorizer pasbuBaerca Ha nmakerol Dy, b=1,..., B,
KazKJIpIil U3 KOTOPBIX XpaHHUTCA B OTAeabHOM daiine. IlakeTsl obpabaTsiBaroTCda 1Mo Ode-
penu. Kaxkplil makeT 3arpyzkaercs B MaMATh, OOHOBJIgeT Marpuily ® m BBIIpyzKaeTcs.
OObIYHO HCHOJIB3YIOTCH HAKETbl PA3MEPOM OT COTeH KHJIODANWT JI0 JecaTKOB Merabaiit.
Kosdbdunuenrst peryssipusanuu 3a/al0TCH B MOMEHT CO3/aHUsi MOJIEJIN, HO IIOTOM MOI'YT
ObITH B J11000H MOMEHT M3MeHEeHBI, B TOM 4ucie B XoJe EM-ureparmii.

Dynknusi ProcessBatches obpabarbiBaer 3a onun pa3 MHO)KecTBO mnaketoB {Dp},
cm. Asropurm 4. Jjist KaxK0ro JoKyMeHTa d KazK0ro u3 makeroB Dy IpOu3BOALATCI UTe-
pamun BeKTopa fy co BecrpoennbiM E-marom npu dukcuposannoii marpune ®. Ha moces-
Hell uTepanun J0KYyMEHTa, OOHOBJILIOTCH CICTUUKH 71, TEKYIIEro IaKeTa.

B 6ubsmmoreke peaim30BaHO HECKOJIBKO CTpATErdil arperupoBaHus CYETIUKOB, HOJIY-
YeHHBIX OT PA3HbIX MAKETOB, B UTOTOBBIX CUETUUKAX Tly¢.

Odpratinoswt anreopumm FitOffline cosepmaer MHOro upOXoAOB 1O KOJLIEKIMH.
Ha kazk10M mpoxojie CIETIUKH N,y POPMEPYIOTCS TP (pUKCHpoBaHHOM MaTpuiie ¢ u cym-
MHUDPYIOTC IO BceM jJokyMeHTaM. ObHoBIeHHe P ¢ yI€TOM BCEX Pery/spu3aTopoB MPOU3-
BOJHUTCSI B KOHIIE KazK/IOI0 MPOXO0/1a KOJUIEKIIUU B OAHOIOTOYHOM pexkume. OddiaiiHOBbI
pPe:KMM OPUEHTUPOBAH HA 0OPADOTKY OTHOCHUTEIbHO HEOOJIbIINX KOJLIEKIIHI.

Onaatinosvti anzopumm FitOnline 6b11 npeniozken st momenn LDA B [53], mo3xe
Jutst Mogiesn PLSA B [21]. On peasuzoBan B 6ubsinorekax MalmmHHOIO 00y4denust Vowpal
Wabbit, Gensim u apyrux, m cumraercs Haubosee 3M@MEKTUBHBIM METOIOM 00y YeHUs
TeMaTu4IecKux Mojeseii. Ero ocHoBHas ujes 3aK/II09aeTcd B CIEIHAJIbHON OpraHu3aliu
[I0CJIe/IOBATEIbHOCTU BhIUKC/IeHHI 110 popmysnam E-mara u M-mara. Ona He 3aTparubaer
MeXaHI3MbI peryagpu3anui 1 oauaakoBo npuvennma K PLSA, LDA u ARTM. Omnraiixo-
BBl aJIrOPUTM JIEIaeT OJUH IIPOXO/I 110 KOJLJIEKIIUU, OOHOB/Isist MaTpuily P mocjie Kazkibx
7) MaKeToB: Ha miare 21 CYETUYUKH 7N, HAKOIJIEHHBIE 110 7) MOCJEeTHUM IaKeTaM, CyMMU-
PYIOTCA CO CUETUUKAMU 7l,,¢, HAKOIJIEHHBIME 110 BCEM IIAKeTaM, € BECAMU Kgecay ¥ Kapply-
Ha mare 22 marpumia ¢ nepecqurbiBaeTcs M0 OOHOBJIEHHBIM CYETUYMKAM C YIETOM pery-
JNsapu3aTopoB. OHIANHOBLIN aIrOPUTM OPUEHTUPOBAH HA 00PAOOTKY OOJIBIINX KOJLICKITHIT
UM OTOKOB JIaHHBIX.

Becobble K0apPunuenTsl Kgecay U Kapply HO3BOJLIOT YIPAB/IATL TEMIOM 3a0blBaHUs
HPEeJbIIYIIUX HaKeToB. VMeeTcss BOBMOXKHOCTD 3a/1aTh 3TH KOIMDDUIUEHTHI 110 (hopMyIaM,
PeKOMeHI0BAHHBIM B [53|: Kaecay = 1 — pi, Kappiy = pi, tae p; = (79 + )", 3nauenue 7
3ajiatorcs B juanasone ot 64 o 1024, suavenus k — or 0.5 jgo 0.7.

Kounrpouib yeosuii cxogumoctn EM-ajiropurma Bozjiaraercs Ha mnojib3osareis. [Ipo-
IIIe BCEero 3a/1aBaTb YMACJI0 ATepalnuil N0 KOJJIEKIIMA U 110 KazKJIOMY JOKYMEHTY.

B omnaitnoBom aJjiropurme pa3OueHue KOJJIEKIIUUA Ha ITAKeThl U HOPI0K 00pabOTKU
[IAKeTOB MOI'YT BJIMSATH Ha pe3y/brar, B owimdue or oddJiaiinoBoro ajaropurma. rodbt
YMEHBIIHUTH 9TO BJIMsSIHUAE, KOJJIEKIIMIO pa30MBAIOT HA LAKEThl CAydailHbIM 0Opa3oM.

B ownJiaitnoBom asiropurme, Kak 1 B 0dIaiiHOBOM, BHEIIHUI [UKJI 110 [aKeTaM Bbl-
HOJIHSAETCS HapaJlJIeJIbHO B HECKOJILKO 1I0TOKOB. [Ipu arom obpaborka cjie/ytomeit nopuuu
[IAKeTOB He HAYMHAETCsd, II0Ka He 3aBeplieHo oOHowJieHue marpuibl P Ha marax 21-22.
B pesynbrare BbIMHC/IHTENIbHBIE PECYPCHI HCIOIB3YIOTCA HeI(MDMEKTHBHO. DTa MpodiemMa
perraercsa demepMuHUpO8aHHbIM ACUHTPOHHOLM OHAGTHOBDLM GAZOPUMMOM, B KOTOPOM
IPUMEHSIOTCsE OOHOBJIEHUS ¢ 3ana3/piBanueM [49).
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AgroputMm 4. Odduaiinosslit u onsaiinobeiiit EM-agropury aius ARTM.

1 cbyHkums (7,,;) := ProcessBatches (muoxkectBo makeros { Dy}, marpuna P);
2 Ny ;=0 g Becex w € W, t €T,
3 0N BCcex nakeros D, BCcex JIOKyMeHTOB d € Dy

4 UHULUAJIUBUPOBATD By := ﬁ Juis Beex t € T
5 NnoBTOPSITb
6 Didw = ngerTm(apthtd) st Becex w € d, t € T
7 0,4 = norm( > NawPrdw + Qtda%—R) s Beex t € T
tel L cd td
noka 6, ve coitgércs;
9 Nt = Nt + NawPtdw A1 Beex w € d, t € T

10 dpyHkuuma FitOffline (kostekuuss D = {Dy: b € B});
11 WHHUIUAJTU3UPOBATD (O, Jjid Bcex w € W, t € T

12 NOBTOPSATH

13 (nwt) :== 3.1, ProcessBatches(Dj, ®);

o AR .
14 Dt 1= Iiuoervr[}l(nwt + ‘Pwtm) st Becex w € W, t e T,

15 noka ¢ me coiigércs;

16 dpyHkumsa FitOnline (kosnexmusa D = {Dy: b € B}, mapaMerpsl kgecay; Kappiy: 1);
17 MUHUIUAJU3UPOBATD (O JiJisd Bcex w € W, t € T}

18 Ny := 0 jiy1st Bcex w € W, t € T,

wanai:=1,...,|B/n|

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

21 Nt := KaecayMwt + KappryTwe 114 Beex w € W, t € T

22 Dt 1= Iiuoervr[}l(nwt + @wt%) st Becex w € W, t e T,

B BigARTM odduraitnoBeiii asropurm 3amyckaercss ¢ynknueit ARTM.fit_offline,
onsiaiinoBblit — dyukimeit ARTM.fit_online. /lyisi BKJIIOYEHUS JIeT€PMUHUPOBAHHOIO
ACUHXPOHHOI'O aJArOPUTMAa IOCAeAHel Hamno0 nepesarb napaMerp async=True.

[TocTpoeHny1o TeMaTHYeCKy 0 MO/Ie/Ib MOZKHO MCIIO/Ib30BATh JIJIsi TEMATU3AIUU OT/e/Ib-
HBIX JIOKYMEHTOB 11pu (puKcupoBanHoit Mmarpure ®. dta BO3MOKHOCTD peasin3yercs (pyHK-
mueii ARTM. transform, KoTopas IPOIyCKaeT JOKyMeHThl depe3 ProcessBatches.

16 Pa3BepoyHblii MHPOPMALNOHHBIV NONCK

BazkHBIM npHIOKEHHEM TeMATHIECKOTO MOJETHPOBAHUS ABIAETCSI UHPOPMAUUOHH LT
nouck (information retrieval) [166, 15]. CoBpemMeHHbIe HOMCKOBBIE CHCTEMbI LPE/HAZHAUE-
HbI, I'NIaBHbIM o6pa30M, AJId TIOUCKa KOHKPETHbIX OTBETOB Ha KOPOTKHUE TEKCTOBbIE 3allpO-
col. JIpyrue nmouckoBbie noTpeOHOCTH BOBHUKAIOT y MOJIH30BATE/I€il, KOTOPBIM HEOOXOIUMO
pa3obparbCsa B HOBOIl IpeaMeTHOIl 00JIacTH WM IIOMNOJHHUTHL cBOil Oarazk 3umanumii. [losb-
30BaTe/;ib MOXKET He BJIaJeTh TePMUHOJIOrHeil, ciabo MOHHMATh CTPYKTYPY IIPEIMETHOI
obJiacTH, HE UMETh TOYHBIX (DOPMYJIUPOBOK 3allpoca U HE 1O0J/Pa3yMeBaTh €JIMHCTBEHHbIH
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IPABUJIbHBIA OTBeT. B TaKux cirydasix Hy?KeH HOMCK He [0 KJIIOYEBBIM CJI0BAM, & [0 CMbIC-
Jy. 3anpocoM MozKer ObITh JIIMHHBIA (hparMeHT TeKcTa, JOKYMEHT MM 1H0J00PKA JTOKY-
MeHTOB. Pe3ysibraToM moncka go/KHa ObITH yI00HO cucTeMaTH3npoBantas nHdopMaus,
«JIOPOZKHASI KApTay IPEIMETHON 00IaCTH.

JI1st 9THX CJIydaeB MOAXOAUT MApaIUrMa pas3eedounozo un@opMAtuoniozo NoucKa
(exploratory search) [81, 160]. Ero mesbio siBsiercs mOJIydeHHe OTBETOB Ha CJIOZKHbIE BO-
IIPOCHI: «KAKHUEe TeMbl [PEJICTABICHbI B TEKCTE 3allPOCa», <9TO YUTATh B HEPBYIO 0Yepe/ib
10 9THM TeMaM», «9TO HAXOAUTCS HA CTHIKE TUX TEM CO CMEKHBIMH ODJACTSIMU», <Ka-
KOBa TeMaTH4YeCKast CTPYKTYpa JaHHOM IPeIMeTHO 00/1acTHY, «KaK OHA PA3BHBAJIACH BO
BPEMEHU», «KAKOBBI [OC/IEHUE TOCTHZKEHUS», «I/I¢ HAXOIATCHA OCHOBHDIE IEHTPHI KOMIIe-
TEHTHOCTU», «KTO SIBJISIETCS SKCIIEPTOM II0 JAHHON Teme» u T. 1. [lorb3oBaTesns 0ObIHOlM
IIOMCKOBOIT CHCTEMbBI BBIHYZK/JIEH UTE€PATHBHO 11epeOpMyInpOBATH CBOM KOPOTKHE 3aIPO-
Cbl, PACHIUPsisi 30HY MOMCKA 110 Mepe YCBOECHHsI TEPMUHOJIOIHHU 1IPEIMETHOl obactu, 1e-
PUOJIMYIECKH IEPECMATPHUBAs U CHCTEMATU3UPYsI PE3YJIbTATH IIOUCKA. DTO Tpebyer 3arpar
BPEMEHH U BBICOKOiT KBasmdukamun. [Ipi oTcyTCTBIN HHCTPYMEHTA JJIs IOJIY IeHUs <00~
el KAPTHHBI» OCTAETC COMHEHHE, YTO KAKHEe-TO BayKHBIE aCIEKThI N3y IaeMOii IIPOOIeMbI
Tak ¥ He ObLaH Haiinensl. Ecin o6pa3Ho mpeIcTaBUTh UTEPATHBHBI MOUCK KaK OJIyzKia-
HUe [0 JIAOUPUHTY 3HAHUIT, TO Pa3BEJOYHBIH MOUCK — ITO CPEJACTBO aABTOMATHYECKOIO
HOCTPOEHUST KAPThI JIJIs JIOOOH YacTu 9TOro JadDupuHTa.

TemaTtuyeckunii nouck. lloaHOTEKCTOBBIE MOMCKOBBIE CHCTEMBI OCHOBAHBI Ha MHBEDPTH-
POBAHHBIX MHIEKCAX, B KOTOPBIX /T KaK/IOTO CJIOBA XPAHUTCS CIUCOK COJIEPZKAIIAX ero
nokymentos |9]. TTouckoBast cucrema uIner JTOKYMEHTHI, COJEpKAIie Bee CJI0Ba 3aIpoca,
[O9TOMY 110 JJIMHHOMY 3alIPOCy, CKOpee BCero, Hu4dero He Oyjier Haii/ieHo.

CucreMa TeMaTHIECKOr0 Pa3BeJOYHOIO IMOMCKA CHAYaJa CTPOUT TEMATHYECKYI0 MO-
JIeJIb 3alPOCa M ONpEeIe/geT KOPOTKHI CIIMCOK TeM 3allpoca. 3areM sl HOMCKa JOKY-
MEHTOB CXO2Kell TeMaTuKu IIPUMEHAIOTCA T€ 2K€ MeXaHU3Mbl MHACKCHUPOBaHUA W 1HOUC-
Ka, TOJbKO B POJIM CJOB BBICTYMAlOT TeMbl. [IOCKOIBKY 4YHCIO TeM Ha HECKOJIBKO II0-
PSJIKOB MEHbIIE 00bEMa CJIoBaps, TeMAaTHYeCKUH MOMCK TpeOyeT HaAMHOI'O MEHbIIE IIa-
MATHU 11O CPaBHEHUIO C IIOJIHOTEKCTOBBIM IIOMCKOM W MOZKET 6bITb peaJin30BaH Ha BeCb-
Ma, CKpOMHO#M TexHuke. TexHnosiorun nHMOPMAIMOHHOIO IOUCKA HA OCHOBE T€MaTHYeCKO-
o MO/ICJIMPOBAHUS B HACTOSINEE BPEMs HAXOJATCS B CTAUU HMCCJIEJ0BaHUN U pa3pado-
Tok [131, 23, 107, 30, 14, 152].

B nutepatype 1mo pa3BegoIHOMY HOUCKY TeMaTHIeCKOe MOJIETHPOBAHNE CTATNA HCIIOTb-
30BaTh OTHOCHTEJIbHO HemaBHO (122, 51, 119, 139], a MHOrHE 0630pBI O HEM BOODIIE He YIIO-
vuHaror [47, 115, 129, 61, 82, 58|. B uemasueii crarbe [139| BaxKHBIME IPEHMYIIECTBAME
TEMATUYICCKUX MO,ZLe.HefI HaA3bIBAIOTCA FI/I6KOCTb, BO3MO2KHOCTH BHU3YyaJIU3allUX W HaBUI'd-
nuu. B 10O ke Bpemsi, B Ka4ecTBe HEJI0CTATKOB OTMEYalOTCs IPobJIeMbl ¢ HHTEPIPeTUpye-
MOCTBIO TeM, TPY/IHOCTH ¢ MOIH(pUKAIIIEH TeMaTHIeCKO MO/IE/IA IIPU IHOCTYILICHIN HOBBIX
JIOKYMEHTOB M BBICOKAsI BBIUUCIUTETbHAS CJIOKHOCTD. DTU HPOOJIeMbl OTHOCATCA K yCTa-
PEBIINM MeTO/IaM M YCIEITHO pelleHbl B MOCJeIHHe TOJbl: AeCATKH HOBBIX MOeseil pas3-
paboTaHbl JjIsd YJ1ydllleHrss UHTEPHPETUPYEMOCTH; OHJIAHHOBbBIE aJITOPUTMbI CLIOCOOHBI 00-
pabarbiBaTh DOJIBIIIE KOJJICKIMN U MOTOKK JOKYMEHTOB 3a JinHeiinoe Bpems |89, 21, 141].
C apyroit ¢croposbl, B padoTax M0 TEMATHICCKOMY MOJIEJIHPOBAHUIO PA3BEAOIHBIN HOMCK
JaCTO HA3BIBAIOT OJHAM U3 BaKHEUITNX MPUIOKEHNI, & OMEHKN Ka9ecTBa MONCKA MCIIOTb-
3y[OT Jist Baauganun Mogesteit [166, 15]. Oguako 9T mccjae0BaHus MOKA He MPUBEIN
K CO3/I@HUIO OOIIEOCTYIIHBIX CHUCTEM Pa3BeJOYHOI0O Houcka. Bcé 310 roopur o pa3ob-
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MEHHOCTU HAy4HBIX COO0DIIECTB, pa3padaThbiBAIONIUX ITU JiBa HalpaBjieHus. TeHeHIus
K UX COJIMKEHUI0 HAMETHJ/IACH JIMIIh B ITOCJIEHUE TO/bI.

Temarndeckast MOJE/Ib JJIsi PA3BEJOYHOIO HMOMCKA JIOJZKHA YAOBICTBOPATH MHOI'UM
TpeboBaHuIM OAHOBpeMeHHO. OHAa JIOJIZKHA COCTOSIThH M3 XOPOIIO HHTEPIPETUPYEMBIX TEM,
IIOCKOJIbKY Te€Mbl MHTEHCUBHO HCIOJIb3YIOTCS B II0JIb30BATEILCKOM HHTepdeiice s Ha-
BHUTAIUHU 110 KOJUIEKIIMU U BU3YaJIU3AIUU Pe3y/IbTaToB rnoucka. OHa J0KHA OBITH pa3pe-
JKEHHOi1, 9TOOBI KazK/IbIil JOKYMEHT COCTOSIT U3 HEOOJIBIIIOr0 THC/Ia TeM — 3TO HeOOX0 MO
st 9 MEKTUBHOIO XpaHeHUsT HHBEPTUPOBAHHOIO HHAeKca. OHa JM0JIZKHA ObITH HepapXu-
9eCKOM, 9TOOBI 0JIb30BATE/Ib MOI' IIOJIYUUTh [IPEJICTABIEHIE O TEMATHYECKOH CTPYKTYpe
peIMeTHOl 001acTH Ha JIIoO0M ypoBHe jeTaju3anuu. OHa JT0zKHA aBTOMaTHIeCKH OIpe-
JIEJIATD YUCJI0 TeM Ha KazKJO0M YPOBHE HEPAPXUHM U aBTOMATHYECKH CO3/I1aBaTh U MMEHO-
BaTh HOBbIe TeMbl. OHA JI0JIZKHA ObITH MYJIBTUTPAMMHOM’, TaK KaK BbIJEJICHHE KJIIOUEBBIX
¢dpa3 1 TEPMUHOB CYIIECTBEHHO Y1y YlIae€T HHTEPIPETHPYEMOCTb TeMbl. OHa J0/2KHA ObIThH
MYJIbTHSA3BIYHON B TeX MPHJIOKEHHUSIX, IJe TPedyeTcss KPOCC-sI3bIIHbII TOMCK, HAIIPUMED,
Hpu aHajm3e naTeHTHbIX 0a3. OHa JI0/KHA ObITh MYJIBTUMOJAJIBHON, 9TO0BI yINTHIBATH
MeTaJaHHble JOKYMEHTOB, BKJIOYas aBTOpOB U IuTHpoBanue. OHa J0/2KHA OBITH TEM-
OPAJIbHOM, YTOOBI BBISBIATDL JUHAMHUKY pa3Burusa TeM. OHa J102KHA ObITH CerMEHTH-
pyfoieit, 9To0bl He TOJIBKO HAXOJMTh PEJEeBAHTHBIE JTOKYMEHTHI, HO U YKa3bIBATh B HUX
KOHKpeTHbIe cerMeHThl. OHa JI0/I2KHA ObITh 00y4aeMOil 110 OIEHKAM acecCOPOB WU JIONaM
HOJIb30BaTe 1eil, 94TOOBI IOCTOSHHO YJIy4IlIaTh KadecTBO MOoucKa. Hakoner, peasu3aiius
JIOJI2KHA OBITH OHJIAHOBOI, apaJsie/IbHOR U pacipeneéHHoi, 4To0bl 3 deKTHBHO 00pa-
O6aTBIBATh OOJIbINNE KOJIJIEKIIMH TeKCTOB. TakuM 00pa3oM, MHOIHE BO3MOXKHOCTHU JIOJIZKHBI
ObITH O0'bEIMHEHBI JIJIsi CO3/aHUsI CEPBUCOB PAa3BEI0YHOIO ITOUCKA.

KadectBo pa3Bego4Horo noucka. Mogenr ARTM s pa3BemgodHoro momcka ObLIa,
upegioxkena B |13] u yuyumena B [164, 57|. [list usMepenust KadecrBa pa3BegouHOrO Te-
MAaTHUYECKOI'0 IHOUCKa HUCIIOJIb30BAJIMChb KPpUTEPUU TOYHOCTHU U IHOJIHOTbI Ha OCHOBE OLCEHOK
aceccopos. st onenuBanus Obljla cocTaBjieHa BbIOOPKa 3aIIPOCOB — 3aJ/IaHU pa3Be/104-
HOro moucka. Kazk eIl 3ampoc mpeacTaB/igil coboil TeKCT 00 bEMOM OKOJIO OTHOM CTpaHUIILI
dopmara A4, onuceiBafonuii TeMaTHKy moucka. Kaxkmoe 3aganne cHada 8 BBIIOJIHAIOCH
HE3aBUCUMO HECKOJIbKUMH aCeCCOpaMM, 3aTeM CUCTeMOW TeMaTH4eCKOI'O IOUCKA, 3aTeM
eé pesyJsibTaT CHOBA OlleHUBaJICd aceccopamu. /laHHas METOJMKA HO3BOJISET, €JUHOZK /b
c/leJ1aB Pa3MeTKy Pe3yJibTaToB IOMCKa, MHOIOKPATHO OIEHUBATH KAYeCTBO PA3JIUYHBIX Te-
MaTHYEeCKHX MOJeIeil 1 MeXaHM3MOB MOUCKA. DKCIEPUMEHTHI HA KOJJIEKIUaX 175 Thicad
cTaTell PyCCKOSI3BITHOIO KOJIJIEKTUBHOTO Osora habrahabr.ru u 760 Thicad cTaTeii aHIIO-
sI3BIYHOrO OJ10ra techcrunch.com mokas3ajd, 9TO TeMATHIYECKHH IOMCK HAXOIUT OOJIbIIe
peJIeBAaHTHBIX JIOKYMEHTOB, Ye€M aceccOpbl, COKpallas CpejiHee BpeMs IIOMCKa C 10JLy4a-
ca JIo cekyHjipl. KomOuHupoBanue peryJisipu3aTopoB JeKOPPEInPOBaHUsl, PAa3PeKUBAHUS
U CTVIayKUBAHUS BMECTe C MOJAJIbHOCTIAMH N-TPaMM, aBTOPOB U KaTerOphil 3HAYUMO YTy d-
[IaeT Ka4eCTBO MOMCKA U IIO3BOJIAET JOCTHYDL TOYHOCTH Bhlre 80% u momnors! Boime 90%.

Busyanusauunsa. Cucremarusanus pe3yJbTaToOB TeMATHIECKOTO MOUCKA HEBO3MOXKHA 0e3
HHTEPAKTHBHOIO rpaduveckoro mpejacrabienns. B o63ope [2] onuchiBaiorcs u cpaBHU-
BatoTca 16 Cpe/lCcTB BU3yaJU3AIMH TeMATHIECKHX MOJeseil Ha OCHOBe BeO-mHTepdeiicoB.
Em@ 60/1bie neit MOKHO HOUYEPIHYTH 13 HHTEPAKTUBHOIO 0030pa’, KOTOPbIil HACUNTHIBA-

"http://textvis.lnu.se — MHTEPAKTUBHBII 0030p CPEJICTB BH3YAIU3AINN TEKCTOB.
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er 6oJsiee 400 cpejicTB BudyaJin3aiuu TekcToB. HecmoTpst Ha Takoe 001raTcTBO TEXHUYECKUX
pelnieHuii, OCHOBHbIX UJIell BU3yaJIM3alUU TeMATUYeCKUX MOJiesieil He TaK MHOI'O: 9TO Jinho
JIByMepHOe 0TOOparkeHne CeMaHTUIECKON OJM30CTH TeM B BHJie Ipada WJIH «I0POXKHON
KapThl», JTHOO TeMaTu4IecKas nepapxus, Tu00 JUHAMUKA Pa3BUTH TEM BO BPpeMeHH, JTU00
rpadoBasgd CTPYKTypa B3aUMOCBs3eil MeK/Iy TeMaMt, JOKYMeHTaMd, aBTOPaMU WJIH HHbI-
MU MOJQJIbHOCTSIMU, JINOO CEIMEHTHAs CTPYKTYPa OTJE/bHbIX JIOKYMEHTOB.

['padpuueckast Busyasusaiust OOJILIIUX JIAHHBIX IPAKTUYECKU DECIIo/Ie3Ha B CTATHIHOM
UCIIOJTHEHUH, HO MOZKET OKa3aThCs MOITHBIM KOTHUTHBHBIM CPEJICTBOM B CIydae HHTePaK-
THBHOI peain3anuu. D710 ObLIO moHdaTo 6osee 20 jer Ha3a  u chopmyiupoBano benom
[[TreitnepMaHOM B BHIE MAHMPHL BU3YAALHO20 NOUCKE UHPOPMAUUL: «CHATATA KPYTHBII
iaH, 3areM macuiabuposanue u bujabTpalus, jgerajiu 1o rpebosanuio»® [127).

['pacbuueckoe orobparkeHue pesy/ibraToB TEMATUUYECKOIO MOJIEJTMPOBAHUS U Pa3Be04-
HOI'O HOKMCKA COIIACyeTcsi ¢ KoHmenuei daavnezo wmenus (distant reading), npeoxen-
HOIi corrosiorom Jsureparypbl Ppanko Moperru [94]. On nporuBomnocTasisier 10T C1ocos
M3ydeHHs] TEKCTOB HaimeMy oObraHOMY urenuio (close reading). HeBo3aMoxKHO mpoduTarh
MUJIIMOHBI KHUT WJIA CTaTel, HO BIIOJHE BO3MOYKHO HPUMEHUTH CTATHCTHIECKUE METO/IbI
U rpauyeckyo BU3yaau3aluio, 4To0bl HOHATHh B OOIIUX YepTrax, O 4€M BCsd ITa JuTepa-
Typa, U HAy4YUThCs ObICTPEE OTBICKMBATH HYyzKHOE. «/lajibHee yreHne — 310 cueruajibHas
dopma mpencraBieHus 3HAaHWI, B KOTOPOWl MEHbBINE 3JIEMEHTOB, rpybee CMBICT HX B3au-
MOCB#3€il, 0CTaIOTCA JIUIIbL (POPMBI, OTHOLICHUS, CTPYKTYPBI, MOJCTH»".

s oubsmorekn BigARTM B HacTosIIee BpeMsl Pa3BUBAETCS MHCTPYMEHT BU3YaJIn3a-
nuu ¢ seb-unrepdeitcom VisSARTM!?, nopepxuparomuit Bazkueiinme ¢popMbl IpeICTaB-
Jienust remarudeckux mozeseit. Marepecnoit Bosmoxkuoctoio ViSARTM sasiisiercst moctpo-
eHre cnexkmpa mem — PAHKUPOBAHHOTO CIIMCKA TeM, B KOTOPOM CeMAaHTUYECKH OJU3KHUe
TeMbl HaXOIdTcd paAnoM. ['pynmupoBanue TeM Mo CMBICTY TOMOTaeT HOJIb30BaTeIsIM OBICT-
pee HaXOJUTh TEMbI, AaKIEHTUPY BHUMaHHE Ha PA3TUIUIX MeXK/1y OJU3KIMU TeMaMH.

17 3akyeHne

TemaTudeckoe MOJE/TUPOBAHUE SBJISIETCS OJHUM M3 MHCTPYMEHTOB CTATUCTUIECKOTO
aHa/In3a TEKCTOB. 3a MOJITOPa JIeCATUICTHs] NHTEHCUBHBIX HCCJAEIOBAHUI CO3/aHbl COTHH
TeMaTudecKux Mojesieit. OCHOBHBIE UX BUJIbI BKJIIOYEHBI B JAHHBII 0030p.

Hecmorpsi Ha yciiexu reMaTudeckux Mo/ie/ieil, 0 KOTOpbIX COODMIAIOT HAYyYHbIe 11y0/11-
KaIlMK, Ha IIPAKTUKE KCII0JIb3YeTCsl B OCHOBHOM YCTAaPEBIIash MOIE/b JJATEHTHOIO Pa3Mere-
uus Tupuxie (LDA). Boubimoe paznoodbpasue Mojeseil, CJI0KHOCTh HX MATeMATHIECKOTO
OIMCAHUS Ha s3bIKe 0aiieCOBCKOTO OOYYeHMsI, HECOBMECTUMOCTD peasin3aluii co3aaoT Oa-
pPbepbl I MPAaKTHIECKOTO MpUMeHeHus 6ojiee MUPOKOro CIIEKTPa MOJIeJIeil.

Teopust addumuenoti pezyaspusayuu memamuyueckur modeaett (ARTM) u npoekr
C OTKPbITHIM KO/IOM BigARTM nanesienbl Ha npeojosienue 3rux dapbepos. B ARTM rema-
TUYECKad MO/ICJIb OUPENEJATCd IPOCTONH BEPOATHOCTHON IOPOZKAAIOMEeil MOJAe b0, Olu-
CBIBAIOIIEl CTPYKTYPY HPOCTPAHCTBA MapaMeTPOB, U «MEIIKOM PEery/ispu3aTOpOB», 3aia-
IOIUX JIONOJTHUTEIbHBIe TpeboBaHus. Peryisgpu3aTropbl aJ/IUTUBHBI, B3aUMO3aMEHIEMbI

8Visual Information Seeking Mantra: «Overview first, zoom and filter, details on demand» [127].
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.» [94].
O @enopaxa [1. C. TexHOMOrNS HHTePAKTUBHON BU3yaIN3alAI TeMAaTHIeCKHX Mojeseil. BakasaBpckas
muccepranust, MO®TU, 2017 (www.MachineLearning.ru/wiki/images/d/d8/Fedoriakal7bsc.pdf).
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U JIEFKO OTTOprafoTcs or Mojesieir. VX MOKHO KOMOMHUPOBATH HPAKTUYECKUA B JIIOOBIX
COYeTaHUsIX, 9TO HPUBOAUT K MOJYJIBHOI TeXHOJOrnu MojeupoBanust. Co3manue Mo/e-
JIL ¢ TpeOYeMBIMH CBOIICTBAMHU I10]] KOHKPETHOE MPHIOKEeHHe He TpebyeT HU TPYA0EMKUX
MaTeMaTUYeCKUX BBIKJIA0K, HU CO3JaHUS AJITOPUTMUUIECKH CJOXKHOT'O KOJA.

B GaitecoBckom 0Oy4YeHHUH JOMOJHHUTEIbHBbIE TpeOOBAHUS BCTPAUBAIOTCA B CTPYKTY-
Py HOpOXK/1afomieit MojieIn, CUJIBHO YCJOXKHAS BBIBOJ U HE OCTaBJIdAd BO3MOXKHOCTEH 114
MO/LyJIbHOI peasim3anuu. baitecoBckuil BbIBOJ, /I DOJIBIIMHCTBA MOJieJieil, OIMMCaHHbIX
B JIAHHOM 0030pe, TpeOyeT HEeCKOJbKHX CTPAHMI BBIKIAJIOK. ZI3BIK K/IacCHuecKoil pery-
JISIPU3AINN OKA3bIBAETCS He MeHee BhIpa3HTeTbHBIM, HO HAMHOTO 0oJtee mpocTbiM. ARTM
COKpaIIaeT BBIBOJI OYKBAJIbHO JI0 HECKOJIBKHUX CTPOK. EIMHCTBEHHOE, YTO MBI IIPH 3TOM Te-
pdeM — BO3MOXKHOCTD OIIEHUTH HE TOJILKO 3HAUEHUS [TapaMeTPOB MO/IeJIN, HO U UX Pacipe-
JiesieHnsi. B npakTuke TeMaTuieckoro MoJIe/JIMPOBaHUs 3Ta BO3MOKHOCTH HUKOT/IA TOJKOM
He UCII0JIb3YeTCHd, TaK 4TO IMOTEePd HE BEJINKA.

JlomuaupoBaHKe 0aileCOBCKOIO I0/IX0/1a B TEMATHIECKOM MOJIEJIUPOBAHUHI H PA300OIIEH-
HOCTb aKaJeMUYEeCKOTO M HHJIYCTPHAJIBHOTO COOOIIECTBA IPUBOIUT K PACIPOCTPAHEHUIO
HEKOTOPBIX 3a0JIy2K/IeHuil, JOCTONHBIX YIIOMUHAHUS U KPUTUKHU.

o «Temaruueckoe mojeupoBanue — 310 B ocHoBHoM LDA». Her, ectb coTaHu Moje1€it,
PemaonuX pa3HooOpa3Hble 33/1a41, C KOTOPBIMHA ILIOX0 ciipaB/sercs LDA.

o «Temaruueckoe Mojie/IMPOBaHKE IOJAXO/UT TOJBKO JIJIsl aHAJIU3a TeKcToBy. Het, ecTb
MOJIeJIN JIJIsI aHAJIN3a N300parkeHuii, Buaeo, rpados, CUIHAJIOB, TPaH3aAKINN.

o «Temarmueckoe MoJIeIMPOBaHIE — ITO pa3/ie/1 baiiecoBckoro obyuenus». Her, 60/1b-
HIMHCTBO MOJesteit ropasno upoire crposarcs B ARTM 6e3 GaitecoBCcKOro BuiBOJIA.

o «Temaruueckne MOJeJId IIPEACKA3bIBAOT 9aCTOTBI CJIOB B JOKYMEHTaX». CDopMa,ano
Jda, HO UX IeJIb B JPYI'OM — BbIsZBJICHHE KJI&CTepHOﬁ CTPYKTYPbI KOJIJIEKIIUH.

o «Tembl yacTo OKa3bIBAIOTCH JyOJUPYIOIIMMU /U ILJIOXO HUHTEPIPETUPYEMbIMUY.
9to Ttak B LDA. IIpobiema pemraercs ¢ IOMOIIBIO JPYTUX PEry/Isipu3aTOpOB.

o «Temaruyeckue MOJje/IM OCHOBaHbI Ha I'MIIOTE3€ Melika cjaoB». MHorue, HO He Bce.
Temarudeckue mojesn n-rpamm, OUTEPMOB, LPEJIOKEHUH, CEIMEHTAIMN, PeryJis-
pusaropbl E-11ara mo3BosisiiorT yYuThiBaTh MOPSI/IOK CJIOB B JOKYMEHTAX.

o «Temarnmyeckue BEKTODBI He OTPazKaloT CMbICJ CJIOB, Kak word2vec». 910 Tax
B OOBIYHBIX MOIEJIAX, KOTOPbIEC CTPOATCHA 110 YaCTOTaM CJIOB B JJOKYMEHTaX. Ho moxk-
HO CTPOUTL TeMaTU4YeCKue MOLEJIN II0 YaCTOTaM IHapPHbIX COYeTaHUI CJIOB, KakK
u word2vec. Temarnueckue BeKTOpBI B MoJeaax GurepmoB (BitermTM) wiu ceru
caoB (WNTM) e TOTBKO ONpEIEIAiOT CeMaHTHICCKYIO OIH30CTh CJIOB, HO U 00JIa-
JTAIOT CBOICTBAMHU HHTEPIPETHPYEMOCTH U Pa3PesKeHHOCTH.

o «Temarmueckas momenb LDA mepeobGydaercs ropas3ao menbire, dem PLSA». Her,
X Ka4ecTBO IIPUMEPHO OJMHAKOBO, OCOOEHHO Ha 0OJbINNX Kosutekmuax. LDA ocro-
pOZKHee OIEHUBAET BEPOSATHOCTU PEJIKUX CJ0B, KOTOPbIe IHPAKTUYECKH HE BayKHBI
JiJIst obpazoBaHus TeM, X0Td (POPMaJILHO ITO Y/IydIIaeT PaB/ioinofodue Mo/ eJIn.

o «Temarmueckas momenb LDA mmeer HaMHOroO MeHbIme mapameTpoB, demM PLSA».
Her, marpunpr ¢ u © onenuBarorcs B 00eHX MOJIEIIX, IOCKOIbKY OHH HYZKHBI JIJIsI
upusioxkenuit. Ha camom gesie 8 LDA Gosibmie napaMerpos, 100aBasgoTcsa 5 U .
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Hekoropsie npobsembr moka ocraforcs orkpbeitbivu B ARTM. Kak mogbupars k03¢-
(punmenThl perysgpusanui aJalTHBHO U MOJHOCTHIO aBTOMATUYECKH B XOJj€ UTePAIuii’
Kak pemmuth mpobiemy HecOaTaHCHPOBAHHOCTH TeM, KOTJA KPYIHBbIE TeMbI JIpoOITCd,
a MeJkue ciauBaloTcda! Kak yCKOPHTB CXOAUMOCTB peryisgpuszoBannHoro EM-amropurma?
Kak obecrneduTh mocrpoeHue MmoJHOTO HabOpa XOPOIIO HHTEPIPETHPYEMbIX TeM?

B mannbiit 0630p He BONLIM HEKOTOPbIE BaXKHbIE THUIIBI MOJIE/ICil, HAIPUMED, sl aHA-
Jin3a n300pazkeHuil ¥ BUIEONOTOKOB, AaHHOTUPOBAHUSI N300PaKEHUiT, PEKOMEH,1aTeIbHBIX
CHCTeM, CYMMapHU3allud TEeKCTOB, aHAJIM3a TOHAJHHOCTH W BBISIBJIEHUs MHEHUil, HCIOIb-
30BaHUs W MMOCTPOEHUs OHTOJIOTHI, OOHAPYZKEHUS HOBBIX TEM W MPOCTeXKUBAHUSI HOBOCT-
HBIX CIOZKeTOB. Takyke He OBIJTN 3aTPOHYTHI BOMPOCHI MHUIMAIN3ANANA ¥ AaBTOMATHIECKOTO
umeHoBanus TeM. He Hamia orpazkenusi B 0030pe HOBast TEH/ICHIUsI CO3/aHMUs TUOPUTHBIX
MOJIeJIel Ha OCHOBE TeMaTUu4eCKOr0 MO/IeJIMPOBAHUA U HEHPOHHBIX CeTe.

O0630p HanuCcaH O MaTepuaJiaM Crenkypca «BepogTHOCTHOE TeMaTHIeCKOe MOJIeTUPO-
Banue» !, koropwlit aprop unraer na paxyavrere BMK Mockosckoro ocynapersenHoro
Yuusepcurera uMm. M. B. JlomonocoBa u Ha Kadeape nHTE/LIEKTyaIbHBIX cucTeM MOCKOB-

ckoro ®@usnko-Texandeckoro Vuacturyra. Ob6HOBIAEMas JIEKTPOHHAS BePCUS TOCTYITHA

na caiite MachineLearning.ru'?.

Pabora Bbinosinena npu punancoBoii nojjiepkke Poccuiickoro dpounjia dpyniamenraib-
HbIX uccaegoBannii (nmpoekrsl 17-07-01536, 20-07-00936) u npasuresnbcrBa Poccuiickoit
Deneparun (coramenue 05.Y09.21.0018).
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