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1 BsepgeHue

Temarudeckoe MOAe/JMPOBAHUE — OJIHO U3 COBPEMEHHBIX HAIPAB/JICHUN CTATHCTUYE-
cKoii obpabomrku ecmecmeennozo aszwka (natural language processing, NLP), akrusno
pasBuBaloieecsi ¢ Kouima 90-x rojos. Temarndeckasi MOJIE/Ib KOJLUIEKIIUA TEKCTOBBIX J10-
KYMEHTOB OIIpeieisieT, K KaKINM TeMaM OTHOCHTCS KazKJblil JTOKYMEHT, W KaKWe CJIOBa
00pa3yIoT KaxKaylo Temy. lTemaTmdeckoe MOIeINpPOBAaHHE He IMPETEHIyeT Ha MOTHOIEH-
HOE NoHuMaHue ecmecmeeniozo a3vika (natural language understanding, NLU), ognako
BbIZABJICHUE TEMAaTUKNW MO2KHO CHYUTATDH OHpe,ZLe.HéHHbIM HIaroM B 9TOM HallpaBJICHUMU.

Bepoammuocmmuas memamuueckas modeav (probabilistic topic model, PTM) omucsi-
Baer KazKJIyl0 TeMy JIMCKPETHBIM PACIPEIEJIEHUEM BEPOSTHOCTEH CJIOB, & KaxK/Iblil J10-
KYMEHT — JIMCKPETHBIM PACIpe/IeieHneM BeposiTHOCTell TeM. TekeT npou3BOJIbHOI Jijiu-
Hbl MOZKET ObITh PEOOPA30BaH B TEMAaTHYECKOE BEKTOPHOE HPEJICTABICHUE, U3 KOTOPOIO
MOXKHO y3HATh, KaKasl JI0Js KayKJo# 13 TeM (ATOMAPHBIX CMBICJIOB) COJMEPXKUTCS B JaH-
HOM TekcTe. [ToX0KYI0 3aady PeIIalT MOJETH 8ekmophulr npedcmasaerud caoe (word
embedding) [80, 66|, mpemnoxkenuii [96, 150| u goxymenTos [36], omHaKO B HUX KOOD/IHHA~
Thl BEKTOPOB HE MMEIOT CMBICJIOBON MHTEPIIPETAIIH.

Temarmdeckoe MOeIHPOBaHUE IIOXOXKE TaKXKe Ha KAUCTEPU3AUU) JOKYMEHMOE
(document clustering). Oraudre B TOM, 94TO MPH KJIACTEPU3ANUE JOKYMEHT IEJTHKOM OT-
HOCHTCS K OJHOMY KJACTEPY, TOIJA KaK TeMaTHIeCKas MOJE/b OCYIIECTB/IAET MA2KYI0
kaacmepusayuto (soft clustering), pasesisist JOKyMEHT MezKJly HECKOJIBKUMHU KJIACTePAMU-
reMaMu. TemMaTudeckne MOIE/H HA3BIBAIOT TAKKe MOJEISIMH MIATKO OH-KIaCTepH3allii,
IIOCKOJIbKY CJIOBA TaKKe KJIACTEPU3YIOTCd IO TeMaM. DTO MO3BOJISET OOXOIUTH HpobJie-
Mbl CHHOHHUMHUHU U MOJuceMun cJ10B. CHHOHUMBI, yIIOTpeO/iseMble B CXOXKUX KOHTEKCTaX,
I'PYHIUPYIOTCH B OJIHUX U TeX ke Temax. MHorosmausbie €j10Ba U OMOHUMbI, HA00OPOT,
paCHpe,H,e.HHIOT cBOn BepOHTHOCTI/I 110 HECKOJIbBKHUM CEMAHTHYECCKU HE CBA3aHHBIM TEMaM.
Hampumep, 3HadeHne cIoBa «sSApO» MOXKET OBITH IIOHATO M3 TOTO, KaKas TeMa JOMUHU-
pyer B ero KOHTEeKCTe — MaTeMaTHuKa, (pu3nka, OHOJIOrus WK BOEHHAS] HCTOPHUSI.

MHorue npuJIOKEeHUsI TEKCTOBOI aHAJIMTHKU MCHOJIL3YIOT TeMATHYECKHE BEKTOPHbBIE
IPEJICTABICHAS TEKCTAa: BLIABJICHHE TPEHJOB B HOBOCTHBIX IOTOKAX, MATEHTHLIX Oa-
3aX, apXuBaxX HaydHbIX ybsmkanuii [160, 127|, MHOros3b9HBI HHDOPMAIMOHHBIH MO-
uck (138, 137|, momck TeMaTuvecKux cOOBIIECTB B CONMUATIBHBIX ceTax [162, 129, 102, 28|,
KiaccuduKalys 1 Kareropusaius JokymMentos [112; 163|, remarnueckasi cerMenTaiust
rekcToB |146], TermpoBanue BeG-crpanun 61|, obmapyzxenue rexcrosoro cmama |10].
CymecrByloT M He-TeKCTOBbIE HPHUJIOKEHUsI TEeMaTHUEeCKOIO MOJIEJIMPOBAHUA B aHAJIM3E
u3o6pazkeHunii u BujeonoTokos [51, 69, 44, 128|, B pekoMeHIaTe bHBIX cucreMax [154,
141, 65, 157, 156|, B momyasuuonnoii rerernke [105], B GuonndopMaTuke st aHATIA3A
HYKJIEOTUJHBIX [62] 1 amuHOKHCIOTHBIX HOCaeoBaresbHocreii [117, 60|. Ipyrue upusio-
JKEHUST TeMaTHYeCKUX Mojiesieii ynoMusaores B ob3opax [37, 23).

[TocTpoenne TeMaTHIeCKOit MO/IeJIN 110 KOJIJIEKIUU JOKYMEHTOB SBJISeTCS HEKOPPEKTHO
HOCTABJIEHHOW ONTUMU3AIMOHHON 3a/laueil, KOTopas MOXKeT UMeTb OeCKOHeYHOe MHOZKe-
crBo pemtennii. Corstacuo teopun peryisipusanun A. H. Tuxonosa |11], permenne takoit
3a/1a91 BO3MOYXKHO JIOOIPEJIEIUTh U CJIe/IaTh yCTOWYUBbIM. /IjIs1 9TOI0 K ONTUMU3AIMOHHO-
My KDPUTEpHUIO JT00ABISETCI Pe2YyAApUu3amop — AOMOJTHUTETbHBIN KPUTEPHil, yINTHIBAIO-
it cnenuduieckue 0COOEHHOCTU NPUKJIIATHON 33 a9 WM 3HAHUS TPeIMEeTHO 061acTh.
B c/10KHBIX 1HIPUJIOZKEHUAX JIONOJHUTEIbHBIX KPUTEPUEB MOKET ObITh HECKOJIBKO.

4



Addumusnas peeyaspusayus memamuueckur modeset (additive regularization of
topic models, ARTM) — 910 MHOrOKpUTEpHAJIBbHBIN MO/X0/], B KOTOPOM MO/JE/Ib OLHTHMH-
3UpyeTcsl MO B3BeleHHOl cymMe kputepues [3, 133]. ARTM no3BosisieT CTPOUTH MOJIEIN
¢ TpeOyeMbIMH CBOMCTBAMHU, [MEPEHOCH PEryJIgpH3aTOpbl U3 OJHUX MOJIe/el B JIPYTrue WIH
o0beuHssl Peryaspu3aTOpPbl OT pa3JudHbIX Mojeseil. /g obydenus J0ObIX Mojeieil u
uxX KOMOMHAIMil UCIIOJIb3yeTcss OJuH U TOT ke 0000meénnbiii EM-ajiropurM, K Koropomy
MOZKHO HOJIKJII0YATh peryisipu3aropbl kKak moaysu [131, 45, 58|. Waest mojyabHOCTH De-
aan30BaHa B OMOIMOTEKe TeMAaTHIeCKOTO MOJEJHPOBAHUS ¢ OTKPBITBIM KOJ0M BigARTM
(http://bigartm.org). ARTM me saBigercs emé OmHOI MOAENBIO MM METOIOM — 3ITO
OOl OIXO/ K IMOCTPOCHUIO ¥ KOMOMHUPOBAHUIO TEMATHIECKHX MO/IEIEH.

ﬂOMHHprIOH.LHM IIOJAX0J0M K TEeMaTUYECKOMY MOIECJIMPOBAHUIO B HaACTOdLIECe BpeM:d
siBJIsieTcs OaiiecoBckoe oOydenue. B ormume or ARTM, B HEM HET eCTECTBEHHOIO pPa3-
JeJICHHS MOJieJIeil Ha YHUBEPCAJBbHBINA aJlrOPUTM U OTTOPraeMble OT Hero MOJYJIH-PeryJis-
pus3aTopbl. [ KazK10# MOJIe/H MPUXOJIUTCA 3aHOBO IIPOBOJIUTH MAaTeMaTUIECKHIT BBIBOJ,
U IIPOrpaMMHYIO peanu3anuio. V3-3a c/10KHOCTH MaTeMaTHYecKOro allapaTa B CTATbIX
aCTO OIIYCKalOTCA BazKHbI€ JIJId IIOHUMaHUA JieTaJiu. I/IHOF,Z[a AaBTOPbI OI'PaHUYUBAIOTCA
VIPOIIEHHBIM OIMUCAHMEM MOJEIH B BHJE HOPOZKJIAIONIEro Iporecca (generative story)
win rpadudeckoii Horanuu (plate notation), ojHAKO HOC/IE YOI IEPEXOJL K AJITOPUTMY
U €ro peasu3allii OCTAaéTCd HEOHO3HAYHBIM U HEOUYEeBUIHBIM. DTH Dapbepbl IIPEIsSITCTBY-
0T IIHIPOKOMY PACIPOCTPAHEHUIO TEMATUICCKOIO0 MOJIETUPOBAHU: B HHIYCTPUU aHAIN3A
TEKCTOB peJIKO MO2KHO BCTPETUTDb IIPUMEPbl UCIIOJIb30BaHUA TEMATUICCKUX MO,Z[e.)'[eI';I CJIOZK-
nee Mopasibao yerapesureit LDA (Latent Dirichlet Allocation) [27].

OcHoBHast 1€/1b JAHHOTO 0030pa — IOKA3aTh Pa3HOOOpa3ue TeMaTHYeCKUX MOJIeJIel,
COCPEJIOTOUYUBINNCH Ha MEPBOM M BaKHEWIEeM dTale MOJETUpPOBaHUA — (DOpMaTH3AIUK
[IOCTAHOBKH 33Jla4ui. TemMaTudeckoe MOJEJTHPOBAaHUE 00/1a/1aeT OI'POMHBIM 3allacoM T'HO-
KOCTH, ITO3BOJISIONIUM 00pabaThiBaTh CJIOKHO CTPYKTYPUPOBAHHBIE JTAHHBIEC H IPUMEHSITD
TeMaTUYeCKUIl aHaJIu3 COBMECTHO C APYIr'uMU ME€TOJaMU aHaJIn3a TEKCTOB. BTOpaﬂ neJib —
IIOKa3aTb, 4TO pery/jdpu3dalud dBJIdeTCd He MeHee Bblpa3uTe/IbHbIM CPEACTBOM MOAEJ/INPO-
BaHusd, 4eM OaitecoBckoe obydenune. Ha 3Tom sg3bIKe BO3MOXKHO HE TOJBKO CTPOUTDH U KOM-
OMHUPOBATH TeMATHYECKHE MOJEIN, HO TaKzKe OObACHATD UX HAMHOI'O JIOCTYIIHEE H KOPO-
4e, He «3aMeTas I0J, KOBEP» CJIOKHBIX BBIK/IaJI0K. COINOCTAaBUMBIN 110 OXBATy U OOCTOSI-
TeJIbHOCTU 0030p 0aiiecOBCKUX Mojiesieil 3aHsl Obl COTHU CTPAHUIL.

Paszjenbr 2-4 gapisitorest 0a3oBbiMu. B pasjesie 5 msjiaraiorcss OCHOBbI 0ailecoBCKOTO
o0ydeHus; OH He o0g3aTesieH Jjis MOHUMAaHUs OCTAJIbHOIO MaTepuaJsia 0030pa, HO MOZKET
OBITH II0JIE3€H MPH YTEHHH HAYYHOI JIMTEepPaTyphbl MO TeMaTHIECKOMY MOJIETUPOBAHUIO.
B paszjenax 6-14 B TepMHHAX pery/isapu3aliii OIUCHIBAIOTCI Pa3/JIMIHbIE BHIbI TeMaTHde-
CKHUX MOJIesIeit. DTU pas3/ie/ibl IPAKTUIECKH He CBSI3aHbI JAPYT C JIPYTOM, UX MOYXKHO YUTATDH
B IPOU3BOJIbHOM IOPAAKE UJIA UCIIOJIb30BAaTh KaK IIyTeBOAUTE/Ib 110 CCbLJIKAM Ha JIMTepa-
Typy. B pazjese 8 upeiaraercs HoBoe u HaumboJiee HMIMPOKOE 0DOOIIEHNE TeMATUuIeCKUX
MoJiesiei /it 0OpabOTKU TPaH3aKIMOHHBIX JAHHBIX HMPOU3BOJIbHON mpupoanl. Pazmen 13
HOCBSIIEH TEMATHIECKAM MOJIEISIM JIUCTPUOYTUBHON CEMAHTUKH, YCIEIIHO KOHKYPHPYIO-
UM C BEKTOPHBIMU IIPeJICTaB/IeHusiMU CJIOB ceMeiicTBa word2vec. B pasjese 14 npejyiara-
€eTCsl HOBbBII THUII peryJjdpusanuu, HO3BOJ’[$IIOHLI/II71 Y4uTbiBaTh IIOPAJ0K CJIOB B JOKYMEHTAX
B 00XOJI, THIIOTE3bI «MEIIKA, CJI0B». Pa3mesn 15 MOCBAMIEH ONEHUBAHAIO KAYECTBA TEMATHIe-
ckux Mojesieii. Pazen 16 comep:KuT HadaIbHbIE CBeJieHUs 00 UCIOIb30BaHUU OUOJIHOTEKH
BigARTM. B pasnene 17 oOcyKaaeTcs IpUMeHEHHe TeMATHIeCKOTO MOIETHPOBAHUS I
pa3Be0IHOro HHMOPMAIUOHHOTO 1Moucka. B pasmenre 18 — Kparkoe 3aK/il04eHue.



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
IIPUBOAUTDL K 3aME€THOMY COKPAIICHUIO IJIMHblI HEKOTOPbLIX TEKCTOB.

Yoanenue pedkur cao6 M CTPOK, HE SIBISIFONIUXCS CIOBAME €CTECTBEHHOIO s3bIKa (Ha-
IIPUMED, COAEPKAMX HUQPHl UM CHEINCUMBOJIBL), 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-
e MpHUBJIeYeHns skcnepros [42, 70, 114].

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 PA3JINIHbIe MeTO/bI MAIIKHHOTO obydenus [87, 63, 93].

[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

e % g[8 Eals 00000 000000000

H D O \
pWIt): | 0023 g 0.014 6asnc 0.018 pacriosHasarute

0.016 reHom 0.009 cnexTp 0.013 cxoacTeo
0.009 Hykneotun 0.006 opTOroHanbHBIi 0.011 natTepH

Wi e Wi /

PaspaboTaH cneKkTpasibHO-aHaIMTUYECKNI NOAXOA K BbISBNEHWIO Pa3MbITbIX MPOTSKEHHBIX TOBTOPOB
B F€HOMHbIX NOcnefoBaTeIbHOCTAX. MeTos OCHOBaH Haj pasHOMaclITabHOM OLeHUBaHUW CXOACTBA
HYKNEOTUAHBIX NOCNEA0BaTENbHOCTEN B MPOCTPAHCTBE KO3(MDPULIMEHTOB pPasioXeHUs dparMeHToB
KpuBbIX GC- M GA-COAepXaHUs MO KNacCMYeCKUM OpTOroHanbHbIM 6asucaM. HaiaeHbl ycnosus
onTMMasbHOW anmnpoKcMMaLmn, obecrneymBaloLLe aBToMaTUYeCKoe pacrno3HaBaHve NoBToOpoB
pasnuYHbIX BUAOB (NPSIMbIX U MHBEPTUPOBAHHbIX, @ TaKkXXe TaHAEMHbIX) Ha CMeKTpanbHOU MaTpuue
CX0ACTBa. MeTon 0AMHAKOBO XOPOLO paboTaeT Ha pasHbiX MaclwTabax AaHHbIX. OH no3BonseT
BbISIBNSATb CeAbl CErMEHTHbIX AYNIMKaUNUiA U MeracaTe/IMTHbIE Y4acTKN B FeHOME, paiioHbl CUHTEHUU
Npu CpaBHEHUW Napbl rEHOMOB. Ero MOXHO MCNonb30BaTb ANS AE€TanNbHOMO U3yyeHUs dhparMeHToB
XPOMOCOM (MOMCKa PasMbITbIX YHaCTKOB C YMEPEHHOM AJIMHON MOBTOPSIOLErocs naTrepHa).

Puc. 1: IIpouecc n0pozK/1eHns TEKCTOBON KOJLJIEKIMU BEPOATHOCTHO TeMATHIECKOI MOAEbIO (2): B KazK-
JIOI TTO3WIMN ¢ JOKYMeHTa d; CHadasa mopoxaaercd rema t; ~ p(t|d;), 3arem Tepm w; ~ p(w|t;).

3ajaya TeMaTUYecKkoro MoAeIMpoBaHUs — 510 obpaTHas 3a/a4a: 10 3aJAHHOI KOJI-
seknuu D Tpefyercs HANTH HAPAMETDBI @y U 014, TIPU KOTOPHIX TEMATUYECKas MOJEIb (2)
XOPOIIO MpUbIHKAET YACTOTHBIE ONEHKH YCJIOBHBIX BeposTHOcTel p(w |d) = %
Pacupenenenne Buga p(t|x) Oymem HasbiBaTh memamukol odobekTa x. MOXKHO TOBO-
puTh 0 TeMartuke Jgokymenta p(t|d), repma p(t|w), repma B gokymente p(t|d, w).
L[eﬂbIO TeMaTUYICCKOTI'O MOAE/JIMPOBaHUA ABJIAETCA OlIpe/ie/IeHue TeMaTUKU JOKYMEHTOB
U CBSI3AHHBIX ¢ HUMHI 00beKTOB. Takzke TpeGyercs HaXOAUTh PaCIpe/IeeHust @, = p(w|t),

OIIMCbIBatoiue CEMaHTUKY Ka}K,H‘OI'?i TeMbl { CJI0BaMHU €eCTeCTBEHHOI'O A3bIKA.

Hu3kopaHrosoe maTtpu4yHoe pasnoxeHue. PaBeHcTBO (2) MOXKHO HepenncaTb B MaT-
pu4yHOM BHJE. B J1eBoii 9acTH paBeHCTBA HAXOJUTCS M3BECTHAsl MATPUIA YaCTOT TEPMOB
B Jokymenrax F = (p(w] d))WxD.
HEM3BECTHBIX MATPUIL — Mamputyvs mepmos mem P = (@) wxr 0 Mampuyo, mem 0oky-
menmos O = (0q) 1w p. O6brano aucso tem |T'| muoro mensie |D| u |W|, mosromy 3a1a9a
TEMATHYECKOTO MOJIEJTUPOBAHUSA CBOJUTCA K IIOMCKY HPHOJUKEHHOIO MATPUIHOIO PA3JIo-
xkenust F' =~ O, paur koroporo He upesbiniaer |1

[IpaBas yactb npejicras/isier coboit HpousBe/ieHue JBYX

Bce Tpu marpunst F, ®, O gapigrorca cmoxacmuveckumu, TO €CTh UMEIOT HeOTpHIa-
TeJIbHbIe HOPMUPOBAHHBIE CTOIONDIL fg, ¢, 04, IpeACTABIAIONINE TUCKPETHBIE PacIpeieie-
aus. [Ipoussenenne PO Oyem HA3BIBATD CMOTACTMIUYMECKUM MAMPULHOM PA3AOHCEHUEM.



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 [/l IOCTPOCHHUST BEPOSTHOCTHBIX MOJENeH CO CKPBITHIMA MepeMeHHbIME [39)].
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 OJHOKPATHOTO MPOXO/a KOJUIEKIIUU B IUKJE IO BCeM TepMaM w € d BceX JOKYMeH-
T0B d € D. BHyTpu 3100 muK/Ia KaxkJIasg HEPEeMEHHAS Pig, BBIYHC/ISETCS TOJBKO OJUH
pas. [Hosromy E-mar moxkuo Bcrpoursh BHYyTpb M-mara 6e3 JI0H0JHUTE/IbHBIX BbIYUC/IU-
TEJIbHBIX 3aTpaT U 0e3 XpaHeHUs] TPEXMEPHON MATPUILL Pigy. DTOT BAPUAHT Peau3alun
EM-anropurma O0yaeM Ha3BIBATH PayuoHaAbHbLM; OH TTIOKA3aH 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 ) puba — max; 9)

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

Perynapusauua. 3ajada Ha3biBaeTcst Koppexmmo nocmasaennot no Ajamapy, ecjiu eé
peleHue CymecTByer, eJJMHCTBEHHO U YCTORIUBO.

Bajiaua cTOXaCTHYeCKOTO MATPUIHOIO PABJIOKEHUS SIBJISIETCsI HEKOPPEKTHO 1OCTABJ/IEH-
HOIi, TAK KaK MHOXKECTBO €€ pellleHnil B 00I1eM ciaydae beckonedno. Ecin @O — pemrenne,
To ($S)(S71O) Takxke ABgeTcd pelIeHHeM I BeeX HeBBIPOXKICHHBIX MaTpuIl S, Ipu
yeaosun, 9ro Marpunsl @S n S71O — croxacTmueckue.

CymectByer ob1uil 10/1X0/1 K PEHIEHUI0 HEKOPPEKTHO MOCTABJIEHHBIX 00pATHBIX 33,144,
Ha3biBaeMblil peeyaspusayuet; [11]. Korga onrumusanuonnas 3ajada Hej00Npe/leeHa,
K OCHOBHOMY KPUTEPHUIO J00ABJISIOT JIOMOJHATEIbHBII KPUTEPHil — peryaspu3arop, yUu-
TBHIBAIOIIHUI crenuuKy pemaeMoil 3a/1a9u 1 3HAHAA MpeaMeTHO# obmactu. B mpakrude-
CKHX 3a/1a9aX aBTOMATHIECKOHl 00pabOTKN TEKCTOB JOMOJHUTEIbHBIX KPUTEPHEB U Or'pa-
HUYEHUIT Ha PelleHre MOXKeT ObITb MHOIO.

Addumusnasn peeyaapusayus memamuueckur modeset (ARTM) [3| ocnoBana na max-
CHMU3AIUN JIMHeHHOT KOMOMHAIuM Jiorapudma OpaBIONOA00H U  Pe2yapudamopos
R;(®,0) ¢ HeorpunaTe bHbIME Kodfiunuenmamy peysapusauuu T, = 1,... k:

k
DD nawln) guiba+ R(®,0) —» max;  R(®,0) =) 7R(P,0); (11)
’ i=1

deD wed teT

U OPPAHUYEHUSAX HEOTPUIATETbHOCTH U HOpMupoBKH (10).
[IpeobpazoBanne BeKTOpa KPpUTEPUEB B OJUH CKAJIIPHBIN KpUTEPUil — 3TO OuH U3 Da-
30BBIX IPUEMOB B MHOTOKPUTEPHUAJIbHON ONTUMU3ANNU, HA3BIBAEMBIN CKAAAPUIAGUUET.

Heobxogumbie ycnosusi makcumyma. 3agada (11), (10) ormocurest K Kiraccy HeBbI-
IYKJIbIX 33/[a4 MAaTeMaTU4eCKOro mnporpamMmMmupoBanus. /ljis Heé BO3MOXKHO HailTU JIUIIb
JIOKAJIbHBIIl 9KCTPeMyM, KadeCTBO KOTOPOro OyJieT 3aBHCETh OT HA4YaJIbHOI'O HMpHO/IHZKe-
ausg. Oanako g ARTM momck riobajbHOrO SKCTpeMyMa He CTOJIb BarKeH. Bapbupo-
BaHUe caMOil MOCTAHOBKH 3aJa4u IIyTEM II0JI00pa pPeryjdpu3aTopoB T;[; MOxKeT BJIHATD
Ha Ka4eCTBO peluieHud CUuJibHee, 1eM BbI60p METOJa OIITHUMU3AINN.

Bsesiém oreparop norm, KoTopblil npeoOpasyeT IPOU3BOJIbHbBINA 3a/laHHbI BEKTOD
(x;)ier B BEKTOD BepOATHOCTElH (P;)ic; TUCKPETHOTO PACIIPE/IEJEHNUS MYyTEM OOHYTEHHsI OT-
pUIATETHHBIX 3JIEMEHTOB U HOPMHUPOBKH:

p; = norm(x;) = ()¢ , JIs Beex i € I,

el > ()4

jel

rae (x)+ = max{0,z} — omepamus mos0KUTEIbHOI cpe3ku. Ecan x; < 0 prs Beex i € 1,
TO PE3yJILTATOM OllePATOPA NOTM 10 OIPE/IEJEHUIO SBJIETCs HYJIEBOIl BEKTOP.
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Teopema 1. Ilycrs ¢pyuakuus R(P,O) neupepbiBro sugpgpepennupyema. Torma rouka
(®, ©) JrokasprOro sxcrpemyma 3agaqn (11), (10) yaosaerBopsier cucreme ypaBHeHmii co
BCIIOMOTATETbHBIMH ePEMEHHBIMH Dig, = pP(t|d,w), ecim u3 eé pemeHus: HCKIIOYHTH
Hys1eBbIe cToI0bI Marpur; P, O:

Pidw = 1O (gowtﬁtd); (12)
OR
Pwt = I}u()erl/rllfl (nwt + @wtm) ; Nt = dGZD NdwPtdws (13)
OR
Org = né)erjgn <ntd + Qtdﬁtd) ; Ngg = wze;i Ndw Ptdw - (14)

[Joka3zaTtenbctBo. 3anumem neodxoaumbie ycaoBus Kapymra-Kyna-Takkepa jokajibHO-
ro skcrpemyma 3aga4an (11), (10):

0 OR
Y it = M A =05 A0 Appu=0; weW, teT; (15)
pw|d)  Opu

w OR
Z ndwp(i] |td) + 90y pa~+ tea =0;  pua =0,  paba =0; deD, teT; (16)

rae MHOXKuTen Jlarpam:xka A;, [y COOTBEICTBYIOT OrpAHMYCHUSM HOPMHUPOBKH, MHOZKH-
TeH Ay, fltg — OTPAHHMYCHHAM HEOTPUIATETHLHOCTH.

Pacemorpum ypasaenne (15). Ipeanosoxkum, 410 @, > 0. Torma Ay = 0. YMHOKEUB
0be uacTu paBeHcTBa (15) HA P,y U BBIIEJUB BCIOMOTATE/IbHBIE IEPEMEHHBIE Pygy U My,
onpenenénnbe B (12) u (13), mosyunm ypaBHeHHE QA = Ny, TJ1€

OR
Awt = Nyt + Sowta .
Pwt

BosMoxknbl jiBa ciry4as.

1. Ilycrb cymecrByer tepm u € W orakoii, yro A, > 0. Torma A\ > 0. Ecim A, <0
JIst HeKOTOporo w € W, To /i JaHHOTO W yPaBHEHUE HE MOZKET ObITH BBIIIOJTHEHO; MOJIY-
YeHHOE IIPOTUBOPEYNe 03HAYAET, UTO CAeTaHHOE BHAYAJIE PEIIOIOKEHUE (0, > () He Bep-
HO, CJIEJIOBATENBHO, 0,y = 0. O0beauHsas ypaBHEHHE O\ = Ay C HYJEBBIM pEIeHHeM
Ywt = 0 upu Ay <0, mosyaum @Ay = (Ayt) . CyMMupysi JIEBYIO 1 PaBYIO 9acTu 9TOr0
YPABHEHHUS 110 W, BEIPA3UM JABOHCTBEHHYIO HepeMeHuyio: Ay = > v (Ayy) 4. [logcrassis
[OJIyYEHHOE 3HAYeHHE \; B (DOPMYJLY Dy = /\it(Awt)Jr, HOJIy9UM HCKOMOe ypasHenue (13).

2. Ecmn Ay <0 g Bcex repmoB w € W, 1o Temy ¢ OymeM CIATATh BBIPOZKIEHHOM.
Torpma ypasuenuto (13) ymoBieTBopseT TOJbKO HYJIeBON BeKTOp ¢y = 0.

Anasiornano BbiBoguTcst ypaBHenue (14) orHocuresbHO nepeMenHbix Oy [Tpudém ec-
JIA Nyq + Otdge—}fd < 0 mrs Becex Tem t € T, 10 JoKyMeHT d OyeM CYUTATH BBIPOXKICHHBIM,
U B 9TOM CJydae ypaBHeHuto (14) yaoBieTBopsieT TOJIbKO Hys1eBoii BekTop 0y = 0.

Teopema nmokazana.

VcnoBusi BbIpOXAEHHOCTU. B pesyibrare perrenus cucreMbl ypabhenwii (12)—(14)
HEKOTOpbIe cTosbIpl B Marpunax ®, © moryT okasarbcsa HysteBbiMH. HyseBoii crosberr
HE YJIOBJIETBOPseT TPeOOBAHUIO HOPMUPOBKHU, HE SIBJISIETCS YCJOBHBIM paclpe/le/IeHueM,
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nosromy bopmaibHO He Moxker dburypupoBarh B perrennun 3agaqdu (11), (10). Jdoroso-
PUMCSI CUMTATH HYJIEBbIE CTOJONBI BHIPOXKJICHHBIMU TEMAMM U JOKYMEHTAMHU.
Tema t HA3BIBaETCS BBLPOIHCICHHOT, €CITI

OR
Nt + gowta— < 0 aug Beex w € W.

wt
BoIpoK IeHHOCTD SIBJISETCs CJAEJCTBHEM CHJIBHOIO Pa3pe:KUBAIOIIEro BO3AEHCTBHS pe-
ryasipusaropa R. Obnysienue crosbdma Marpuibl ¢ o3HAYAET, 4TO PEryisapu3aropy BbIIOI-
HO MCKJIIOYNTH JIAHHYIO TeMy u3 Moje/an. COKpaIeHne YUC/Ia TEM MOXKET ObITh YKeJIaTe b
HBIM OOOYHBIM 3P HEKTOM peryapu3aiui.
JlokyMeHT d Ha3bIBAETCS 6biPOAHCOCHHbIM, ECITH

OR
N + etdﬁT <0 g Beex t € T
1d

BprO)K,ZLeHHOCTb AOKYMEHTa MO2KET O3Ha41aTb, 4TO MO/JEJ/Ib HE B COCTOAHUU €I'0 OllU-
CaTb, HallpuMep, €CJiIn OH CJIMIITKOM KOpOTKI/Iﬁ nJix He COOTBETCTBYET TEeMaTUKE KOJIJICKIIUHU.
Obnysienne crosidbma Marpuibl © O3HAYAET, YTO PEryJIsapU3aTOpPy BBIFOJIHO HCKIYATH
JTAHHBI TOKYMEHT U3 KOJIIEKIIH.

Ha mpakTuke BBIPOKIEHHOCTH BO3HHKAET JIOBOJBHO PEIKO. Kcm BBIPOXKIEHHOCTD
HekesaTeJbHa, TO €€ MOYXKHO H30€KaTb, YMEHbIIasd KOIMDMUIUEHT peryIapu3alui.
HpI/I IIoCTelIeHHOM €r'0 YMEHbIICHUU HaCTyIllaeT MOMEHT, KOI'Zla YCJIOBHE BbIPDOXK/ICHHOCTH
TEeMbI HepeCTaéT BbBIIIOJIHATHCA XOTd 6bI AJid OJJHOI'O TepMa (COOTBeTCTBeHHO, ycJjioBue Bbl-
POZKJIEHHOCTH JTOKYMEHTA MePecTaéT BBIIOJHATHCSI XOTs OBl JJisl OJHOI TeMbl), U HYJIeBO’
CTOJIOEI] B MATPHIlE PEIIeHHs [TePEeXOJIUT B HEHYJIeBOIi, YIOBJIETBOPSIONIHI HEOOXOIMMBIM
YCJIOBHSIM SKCTpeMyMa 10 TeopeMe 1.

Mopenb BEpOSITHOCTHOrO /1IATEHTHOIO CeMaHTUYeckoro aHanusa (probabilistic
latent semantic analysis, PLSA) ucropuvecku siBisiercst nepBoil BEpOSITHOCTHON TeMa-
Traeckoit Mojesbio. Ona Oblia npemioxena Tomacom Xodwmanuwom B 1999 roxy |[50].
B ARTM ona coorBercTByer HysneBomy peryisipuzaropy, R(®,0) = 0. B stom ciyuae
cucrema (12)—(14) coBuagaer ¢ cucremoit (6)—(8), KOTOPYIO MbI HOJYUIHIH DAHee U3 e~
MeHTapHbIX coobpazkenuii. Borauciaenune E-nrara o dopmysie Baiteca (6) ocraérest nmpex-
HUM, OHO HE 3aBUCHUT OT PETYyJIsdpPU3aTOPOB.

B mozmenn PLSA He mMoxkeT ObITh BBIPOXK/IEHHBIX TE€M HJIM JOKYMEHTOB, HOCKOJIbKY I0-
SIBJICHHE HYJIEBBIX CTOJIOIOB B MATPHUIAX PEIIeHUs O3HAYAET COKPAIIEHIE YUCIa MapaMeT-
POB MOJIEJIH, YTO 3aBEOMO HEBBITOJHO C TOYKHU 3PEHUS MAKCHMU3AIUH [PABIOIOI00US.

PerynsipnzoBaHHbiii EM-anroputm sBiigercsa npuMeHeHHEM MeTOJa IIPOCTBIX HTepa-
uuit it pemenust cucremst (12)—(14). Cradasia BbIOHPAIOTCS HAYAJIbHBIE IPUOJIMZKEHUST
Ouwt, Ord, 3aT€M B IUKIIE 10 cxogumocTi depeiyiores F-wae (12) u M-wae (13)-(14). Pa-
[UOHAJIbHBI BapuaHT pery/spuzoBanHoro EM-ajaropurma cTpouTcsi aHAJIOTHYHO aJIro-
puTMy 2, TOIbKO Imaru 6 u 7 3amensiorcs dopmynamu M-mara (13)—(14).

NzBectno, yro EM-ajiropurm 6e3 peryispu3anun CXOIUTCsA B CJIa0OM CMBIC/Ie: Ha KazK-
J0iT mrepaiuu npasonogobue yseaudusaercs |39]. Anasorudubie ycsioBust caaboii ¢xo-

mumoctu g ARTM nosyuenst . A. Upxunbiv®.

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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Peasmzanuu EM-ajiropurma MoryT pas/imydarbcs 4acToTOW OOHOBJIEHMS HapaMeTpOB
MOJIESIU Py U Byg TIO TEPEMEHHBIM Ty U Nyg. JdacTbie OOHOBJIEHUS MOBBIIIAIOT CKOPOCTD
CXOJIMMOCTH, HO [OYTH He BJIHSIIOT HA 3HAYEHHEe MPaBJONoA00us B KOHIE urepanuii [5|.

B emozacmuneckom EM-anzopumme |5 st Kazkaoro repMa w; CHMIIMPYETCsT TOJBKO
osna rema t; ~ p(t|d, w;), 3arem na M-mare Bmecro p(t|d, w;) nojcraB/isercst BbIPOXK JIeH-
Hoe pactpeeenne p(t|d, w;) = [t = t;]. Dra njes sKCIIyaTUPyeTcs TakzKe B 6aiilecOBCKOM
oOydYeHNH TeMaTHIECKUX MOJesIeli Ha OCHOBe comIntupoBanus ['ubbca [122].

EM-110106HbBI€ 2JIrOPUTMbI TEMATHYECKOTO MOJIEJUPOBAHUs CpaBHUBAOTC B [18].

OnnaiiHoBbli EM-anroputm cuamraercss Hanbojiee OBICTPHIM U XOPOIIO PaciapaJLie r-
Baercs [49, 20]. OcHoBHasg ero ujes COCTOUT B TOM, UTO Ha OOJIBIION KOJJIEKIUH MATPH-
na ¢ moxker coWTHCh U IepecTarb MEHATHCA 3aJ0JIT0 JO0 OKOHYAHHS MEPBOW HUTEpaIlUu.
B rakux ciaydagx oJHOTO MpOXO/a IO KOJIJIEKIUU JOCTATOYHO JIJIs IIOCTPOEHUS MOJIE/IH.
[Tosromy oHJlaiiHOBBIE AJNOPUTMBI CIIOCOOHBI 0OpabaThIBATH HOTOKOBbBIE JIAHHBIE.

Jeranu napaJsienbHoil peasm3anun oddiaitnoBoro u omaaiinoporo EM-aaropurma
B 6ubsmoreke BigARTM onucaunsl B paszese 16, emé moapodbnee — B crarbe [45].

O crTpaTterusx perynspusauyuun. 3ajada TEMATHIECKOrO MOJIEJIUPOBAHHUA 110 CYTH sB-
JISIETCS MHOTOKpHUTepHaIbHON. TeMbl JOJIZKHBI y/I0B/I€TBOPSATH MHOIUM TPEOOBAHUSIM OJI-
HOBPEMEHHO: MHTEPIPETUPYEMOCTH, PAa3JIUIHOCTH, Pa3pekeHHOCTH u T.J. Kpome Toro,
TeMaTH4IecKas MOJeJ b OOBITHO HCHOJIB3YeTcs He caMa Mo cede, a KaK BCIIOMOTATETbHBII
WHCTPYMEHT JIJId PelleHns PA3JIHIHBIX 33729 TeKCTOBOIl aHAJIUTUKN — WH(MOPMAIHOHHO-
I'0 MOUCKA, BU3YAJIU3AIUN, KATEIOPU3AIMH, CEIMEHTAlluu, cyMMapu3anun u T. 1. Kazxas
3a/1a4a npebssisier csou rpeboBanus K mojesnn. B ARTM Bce rpeboBanust hopmasinzy-
I0TCS B BUJIe KpUTepues pery/ispusdanuu R; n 6agaHCUPYIOTCsS ¢ MOMOIIBIO KOd(hdunmen-
ToB 7;. KoadpdbunuenTsr 7; npuxomauTcs noadupaTh B KazK 0l 3ajade IKCIepUMeHTATbHO,
9TOOBI HAMTU KOMIIPOMUCC M€Ky BceMH KpuTepusaMmu. Bosiee Toro, /s m3MepeHUs Ka-
JecTBAa MOJIETN OOBIYHO UCIOJIB3YIOTCS HE CaMU PEeryIsapu3aTopbl R;, a KaKne-TO JApyrue
MEMPUKY Kavecmea. Peryisipuzaropbl JIOJZKHBL ObITh TVIQJIKUMU (DYHKIUAME, YI00HbBIMU
jytst Boraucsiennit na M-mmare. Merpukn kadecTBa JOJIZKHBI UMETh yJI00HBIE JI/Isi HHTEP-
IpeTaluu YicJI0Bble 3HadeHnd. K coxkanennio, 3tu TpeboBaHMS JaCTO BXOAAT B MPOTUBO-
peune. Hanmpumep, obmenpuHATbe METPUKU KadecTBa HWHAMOPMAIMOHHOTO TOUCKA TOYTH
HUKOI/IQ He SIBJIAIOTCS TVIAJKIMHI (DYHKITISIMA.

Ha npaxruke npodjiema Bbibopa K03 dunuenTos perysispusaliiy nepepacraer B 0oJiee
OOIILYIO MIPOOJEMY YNpPaGACHUA KAYECMEOM MOJETH MIyTEM H3MeHeHusT KOdhMOUIueHToB 7;
B X0z urepanuii. OJHA peryagpu3aTopbl MOTYT JeJ1aTh HOJATOTOBHTENBHYIO PA0OTY s
npyrux. Hekoropbie pery/isipu3aropbl PEKOMEH/IyeTCs BKJIOYATDH JIUIIb [IOCJIEe TOTO, KaK
EM-ajiropurm nHadgas cxogurbes. pyrue jiydine OTK/IOYATH MOCJIE TOrO, KAK OHU Bbl-
HOJIHWIA CBOIO pabotry. Hekoropbie pery/sipu3aropbl MOIYyT HEHTPAJIN30BATH JIPYT JIPY-
ra, u TOIJIa UX HPUXOAUTCI MPUMEHATH moodepéano. OOpa3HO roBops, Peryaspu3aTOpbI
KaK JIEKApCTBa JJI MOJETN, — B MaJjbIX /I03aX JedaT, B OOJIbIINX CMEPTETbHO OMACHBI,
B COYETAHMUAX MOIYT JlaBaTh HeoxkuaaHHble 3pdekTol. Cucremarusanus 3Tux 3pdeKToB
CTAHOBUTCS TIPeIMETOM dMiupudeckux ucciepoanuii 8 ARTM.

Cmpamezuet pe2ysapusayuy HA3BIBAIOTCI IIPABUIA U3MeHeHNsS KO3(DMUIMenTos pe-
ryagpusanuu 7; B xome urTepanmit EM-amropurva. 9T mpaBmia MOTYT HCIOJIb30BaTh
TEeKyIre 3HAYCHUsI METPUK KaveCTBa U MapaMETPOB MOJIEJIH.
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OTHocuTenbHble Ko3cduymneHTsl perynsapusaunn. Kosdduimenrsr perysispusaium,
TIHIATEJbHO 110I00PaHHbIE JIjIsi OJIHOW KOJIJIEKIIMH, MOI'YT IIJIOXO IOJXO/JMTH JIJIsi JPYIOii.
OHu MOryT 3aBHCETH OT pa3Mepa KOJIEKITNN, MOITHOCTH CJI0Baps, CpeIHeil TJINHBI JOKY-
MeHTOB. Ecm KOTeKnus MOMOTHIeTCs, TO CO BpeMeHeM MOZKeT MOTPeOOBAThCSA UX Iepe-
HacTpoiika. [Ipobsiema permraercs ¢ TOMOIIBI0O HODMUPOBKY U BBEJIEHUS OMHOCUMENDHHLT
K0ahPpuyueHmos pe2ysapu3ayu, BhIPAXKAIONIUX CTEHeHb BO3JEHCTBUS Pery/isipu3aTopa
Ha TeMaTH41eCKYIO MO/eJIb. OTHOCI/ITeﬂbeIe KOS(I)(I)I/ILLI/IGHTBI MEHbIIIE 3aBUCAT OT KOJIJIEK-
AN, U JIJIs HIX MOTYT OBITH YCTAHOBJIEHBI YHUBEPCAJIbHBIE PEKOMEHIyeMble 3HAYEeHUs.
Pacemorpum dbopmyny M-mrara (13) co B3BemieHHON CyMMO# perysisipu3aTopos R;:

k
OR;
wt = Norm | n.,,; + TiPwt =
Pwt lortt t ; ¥ tagowt

Beeném cymmaproe sosdeticmeue ry; peryisipusaropa R; Ha temy t u ero cymmaproe
soadeticmeue r; Ha BCE TEMBI:

Tit:Z‘SDwt@ ) Ti:ZTit-

wew 0w teT

BBenenne HOpMUDOBKH T; = %Z-Tﬁi MO3BOJISIeT UHTEPIPETHPOBATh KOIMDMUIHEHT T; KaK
ommocumenvroe sosdeticmeue peryadpuzaropa R; Ha TeMaTndeckyo Mmojenb. OH mOKa-
3bIBa€T, BO CKOJIbKO pa3 BJIMAHUE PEryjidpu3aTopa Ha MOAEJ/Ib CUJIbHEE BJAUAHUA NCXOAHbIX
jpannbix. [Ipu 7, — 0 peryasipusarop R; orkitoudaercsd. [Ipu 7; — oo nepeperyJisipusanus
MOZKEeT IPUBOIUTH K BBIPOKIEHUIO MOJIEIH.

Beenenne apyroit HOpMUDOBKHU T; = ﬂ-f—; MO3BOJISIET WHTEPIPETHPOBATh KO3 durm-
eHT 7; KaK omuocumenvroe so3delicmsue peryiagpusaTropa R; Ha oTJenbHyI0 TeMy t. Te-
1epb abCOIIOTHBIN KO3 UIMEHT peryjspu3anui 7; CTAHOBUTCS 3aBUCHIIMM OT TEMb,
OJHAaKO €ro OTHOCHUTEJIbHbIC BO3,H‘eI71CTBI/IH Ha BCE€ T€eMbl OJNHAKOBDI.

B obmewm ciyduae He M3BeCTHO, KaKasd U3 JBYX HOPMUPOBOK Jydire. /s obriHocTH

BBeJIEM BBIMYKJIYI0 KOMOMHAINIO TBYX HOPMHUPOBOK:

T =T %‘& + (1 —%‘)ﬁ ;
Tit T

e 7; — 0MHOCUMEsvHvll Koaphuyuenm pe2ysapudanuy; napaMeTp y; Ha30BEM cmene-
Hb10 UHIUBUIYAAU3GUUY BO3IEHCTBHS peryisgpu3aropa R; va temsl. [lpu v; = 1 koadu-
IUEHTHl 7; MAKCUMAJbHO PA3JIMYAIOTCA 110 TeMaM, BbIpaBHUBasd OTHOCHUTEIbHBIE BO3JIEii-
cTBUs peryiagpu3aropa R; Ha tembl. [Ipu v; = 0 ko3 dunuenTsr 7; He pasjHIaloTCd 10
remaM. [Tapamerp ~; npejiaraercs 1mo0uparTh IKCIEPUMEHTAJIbHBIM 1Y TEM.

Anasornano pacemorpum dbopmysy M-mara (14) co B3BeneHHON cyMMOil peryssipusa-
TopoB R;. Beném cymmapnoe sosdeticmeue q;q peryisipusaropa R; Ha 10KyMeHT d U ero
cymmaproe 6ozdeticmeue ¢; Ha KOJIEKIUIO:

qid = Z O1a ggf; ) q;i = Z qid-

teT

[IpejicraBum ko3buiienT pery/sipusanuu 7; B BUJIe

n n
T =T ’Yz'—d + (1 =)= ),
qid q;
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rJIe T; — OMHOCUMervhovil Koaphhuyuenm pe2ysapusauus, v; — cmenens uhdusudyaiuaa-
yuy Bo3JeiicTBus peryisipusaropa R; na jokymentsl. [Ipu v; = 1 koaddunuenrsr makcu-
MaJIbHO PA3JIMYAIOTCS 10 TOKYMEHTaM, BhIPAaBHUBAs OTHOCUTEIbHBIE BO3/IEUCTBUS PeryJis-
pusaropa Ha J0KyMeHTHI. [Ipu v; = 0 kKoaddunuenTs He pa3zandaroTcd M0 JOKYMEHTaM.

O6wumin perynsipusoBaHHbiii EM-anroputm. Paccmorpum emié ojua criocod BBIBOJA
EM-asropurMa, KOTOPBIl CIATAETCS KJIACCHIECKHAM, MOIXOMUT He TOJIBKO I TeMaThHde-
CKOT'O MOJIeJTHPOBAHNSI, 1 ITO3BOJIET JOKA3aTh, 9YTO 3HAYEHHNE ONTUMU3UPYEMOTO KPHUTEPHSI
MOHOTOHHO Y/IydIIaeTcsd Ha KayK/I0i mTeparun.

Beeném 6osiee ob1re 0003HaYeHUd:

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

Z = (t;)1_, — ckpumole nepemennbie;

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

Bagava 3aKI09aeTCs B TOM, IYTOOBI 110 BeIOOpKe X HaiiTh mapameTpsl Momenn (), mpu
KOTOPbIX JIOCTUTAETCS MAKCUMYM HENoAH020 npasdonodobus ¢ peryisipusaropom R(€)):

Inp(X|Q)+ R(Q) = anp(X,Z|Q) + R(Q) — max .

CJI02KHOCTD 9TOi MOCTAHOBKH 3aJIa4d B TOM, YTO CYMMHPOBAaHHUE IO, JIOTapudMOM
HPENITCTBYeT MPUMEHEHHIO M3BECTHBIX HMPOCTBIX CIIOCODOB pemrenusd. B ciydae temaru-
9ECKOI0 MOJIEIUPOBAHHS YHC/IO CJIATAEMBIX B CyMMeE » , IO BCEBO3MOXKHBIM 7-MEDHBIM
BEKTOpaM OrpoMHO u pasuo |T|™.

B obmem Busie EM-anroputM ObLT Hpe//IO2KeH KaK UTEePAIMOHHOE Yepe/IoBaHue JIBYX
IIArOB, HA KayKJIOM M3 KOTODBIX 3HadeHue (pyHKIHOHATA He yMeHbinaercs [39]. Bee BbI-
KJIQJKA U Pe3yJbTaThl, (opMyaupyeMble HHZKEe B o0mmux obo3Hadenuax X, 7, (), cupa-
BE/IJINBBI HE TOJIBKO JIJIsi TEMAaTHIECKOIO MOJEJMPOBAHUS, HO W JIjI IMHPOKOIO KJIAcCa
BEPOATHOCTHbIX MO,H,e.HeI;'I CO CKPbITbIMU II€PEMEHHbIMU.

Bocnonbsyemcs bopmyiioit yc/10BHON BepOSATHOCTH:

p(X, Z|Q) = p(Z| X, Q) p(X |Q) = p(X|Q) =252

Bsezném mpoussosibHoe pacupesenenne ¢(Z). B cuty mopmuposku ), ¢(Z) =1

Inp(X|Q) = ZQ(Z) Inp(X|[Q) = Z (Z2) ln%‘g;

Z Z
Jobasum n oraumeM Y, q¢(Z)Ing(Z2):
Inp(X|Q) = Zq YInp(X, Z|Q) —Zq(Z)lnq —I—Zq g}?m (17)
z
L(q,Q2) — HH}KH}I}I"OL};EHK& Inp(X|Q) (q(Z)||p(Z|X,Q))/

[TepBbie 1Ba cJaraeMbIX 3TOH CyMMbl 0003Ha4NM Yepe3 L(q, {)) — 9T0 HUKHSIS OEHKa JI0-
rapudma Heperyaspu3oBanHoro npasgononodust In p(X [Q2). Tperbe ciaaraemoe sBiisieTcst
KL-uBeprennueii Mexk/1y AByMs paclpeaeleHusIME, KOTOpad BCErIa HeOTPUIATEIbHA.

Byiem MakcumMu3upoBaTh HUKHIOIO OLEHKY PEry/isipu30BaHHOI'O 1IPABJIONOI00Us 110-
o4epéIHO TO 110 ¢, TO 1o ()

E-mar:  L(q, Q) + R(2) — max;
q
M-mrar:  L(q, Q) + R(Q2) — max.
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B zagade E-mara nogcrasum p(X, Z|Q) = p(Z| X, Q)p(X |Q) B dopmyay L(g,Q):

Zq(Z) Inp(Z|X,Q) + ;q(Z) Inp(X Q) —Zq(Z) Ing(2) —I—E(EZ_)/ — max.

Z Z

const const

OrbpacbiBast cjlaraeMbie, He 3aBUCHIIUE OT ¢, HOJIYIUM:

KL(¢(Z) || p(Z| X,)) — min.

TouHbIM pellleHreM JTAaHHOM 3aj1a4u siBisiercs pacupezesnenne ¢(Z) = p(Z| X, Q). llpu
ero nojcranoske B (17) KL-auBeprennust npunumaer nysesoe snadenne. [Tosromy L(g, §2)
SIBJISIETCsI JTOCTUTAeMON HUzKHel orenkoit st In p(X | ).

Takum obpazom, mbl BbiBen obmuit EM-ajaropury jyist onenuBanus napamerpon §2
BepoaTHOCTHOI Mogesnn p(X, Z |)) co CKpBITHIMU MePeMeHHBIME 2 :

E-mar: ¢(Z) =p(Z|X,Q); (18)
M-mar: Zq(Z) Inp(X,Z|Q)+ R(Q) — max . (19)

3a0/4H0 OblIa JOKA3aHA €I0 CTOOUMOCTNL 6 CAGOOM CMBICAL: HA KAXK/IOM IlIare perysis-
pusoBanHoe npasononobue Inp(X |Q) + R(§)) MOXkKeT TOIBKO yBeIHIHBATHCS.

EM-ajropur™ He rapaHTUpYeT HH JOCTUZKEHUS MAKCHMyMa C 33JaHHOH TOYHOCTBIO,
HU 1106asIbHOl cxoaumocTn. OUTuMU3AIMOHHAsL 3324 ABJIAETCH B ODIEM CJydae MHO-
FOSKCTpeMaﬂbHOﬁ. Ha IIPpaKTUKE 9TO O3Ha4daeT, 4TO Ka4eCTBO pelleHud MOZKET 3aBUCETb
OT BbIOOpA HAYAJILHOI'O HPUDJINZKEHUS.

O6wwmnin perynsipnsoBaHHbii EM-anropntm gns tematmyeckoro moaeinpoBaHus.
[Tpumenum EM-asnropurm (18)—(19) k 3apade TeMaTHIecKOro MOJAEJUPOBAHUS, BEPHYB-
IIICh K HAIIAM HCXOAHBIM oboznauenusy: X = (d;, w;)t,, Z = (t;)1,, Q = (P, 0).

Banumem cHadaja Gopmysny E-mara. Bocmosib3oBaBimmch ycaioBueM He3aBHCHMOCTH
9JeMeHTOB BbIOOpKH U npumenus dbopmyiy Baiteca (5), pasiaoxum pacupejesenne ¢(Z)
B IIPOU3BEICHUE YCIOBHBIX BEPOATHOCTEH TeM f; I/Id KazKIO0h IO3UIUN i:

q(2) =p(Z| X, Q) = Hp(ti|di>wz’) = Hnotfm(@witietidi)-

1=1

[ToacraBum B 06mryo dopmyrty M-mara (19) pacupenerenus p(X, Z|$2) u q(Z2):

Z q(Z)Inp(X,Z|Q)+ R(QY) — max;

ZET"
> ZHptk|dk,wk H (diwi ;| Q) + R(Q) — max.
t1€T  tn€T k=1 =1

Boipazum Jjiorapudm 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
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BamMerum, uTo cpejyu 1 cyMm 10 t; € T HerpuBUaJIbHA BCEra TOJIbKO OJHa — Ta, JJld
KOTOPOI#i t; = t),. Bee ocraibHble CyMMbl PacxoiyloTcs Ha 00pa3oBaHUe MOJIHBIX BEPOSAT-
nocreit Y, p(ty|dy, wy) = 1. Takum obpasom, dyHKua B 1€BOH TacTH yupoITaeTcs:

n
i=1 teT
3aMeHuM CyMMHUPOBAHUE [0 HO3UIUIM TEPMOB ¢ CYMMHPOBAHUEM 10 JOKyMeHTaM d,
3aTeM 10 TepMaM W B KazKJIOM JIOKYMEHTE, YUUTBbIBas KarKJblil TEPM Ng, pPa3. 3arem
Bocmosib3yemcs npencrasienueM p(d, w,t|Q) = p(w|t,®)p(t|d, O) p(d) = ©uibrapa, OT-
OpOCHB B HEM MHOYKHTEJIb Pg, HE 3ABHCAIIHA OT HCKOMBIX ITAPAMETPOB MOJIEJIN:

Z Z Z Nedw P t|d w) In(puwibia) + R(®,0) — max.

deD weW teT O6OBH&‘IHM Nwt

Bocmosb3yemest HammuMu crapbiMu 0003HAYEHUSIME JIst My U3 (7) 1 11 ngg 13 (8).
[Tosyunm KpuTepuii, B KOTOPOM 9aCTh CIAraeMbIX 3aBIUCUT TOJLKO OT P, a Apyrag 4acTb —
TOJIBKO 0T O:

zt: Nt 1N Qo + ; N Inbyy + R(P,0) — Ig%x
w t

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

@) = ant lngpwt — Z >\t <Z Gwt — 1) +
w,t t w
+ Zntd Inby — Z,ud <Z Org — 1) + R(CI), @)
d,t d t

[IpupaBuuBast Hy/II0 YaCTHBIE IIPOM3BOJHBIE JAIDAHKHUAHA 110 IIAPAMETPAM MOJIEJIH,
IIOJIyYUM ypaBHEHUs, coBlgaomue ¢ pemenneM (13)—(14) 3agadn MaKCHUMU3ALHUU Pery-
nsipu3oBaHHOrO log-papmomonobus B ARTM:

0¥ Nt OR 0% nyg OR
Oom w0 By~ g 0By MO
ANePwt = (nwt + Ot oR ) ; tabia = <ntd + Ora—— ok )
aSowt 89td
OoR OoR
pwt = NOIM (nwt + Puwt 8%) ; Oa = norm (ntd + 0iq %d)

Wrak, npumenenne obiero EM-aaropurma K 3ajade TeMaTHIECKOr0 MOAETNPOBAHUSI
caoBa npusoauT K (opmyaam ARTM. Takoii crmocod BbIBOIA JIHHHEE, HO €r0 IPerMYyTIe-
CTBO B TOM, YTO IOIYTHO JOKa3bIBaeTCA CXOuMOcTh EM-asropurma.

4 BepossiTHOCTHasa peryaspusauyuna n mogens LDA

MpuHUMN MakcumMyma anoOCTEpPUOPHON BEPOATHOCTU. [0 cux 1op Mbl LpejoJjara-
JIM, 9TO JIAHHbIE MOPOZXKIAIOTCS BEPOSITHOCTHONH MOJebio ¢ mapamerpamu (P, 0); KoTo-
pble He U3BECTHBI U He CAydailHbl. Temepb MpeanooKuM, 9TO MapaMeTpbl CaMH ABJIAIOT-
Csl CJLyYaiiHbIMU IIEPEMEHHBIMU U IIOJYUHSIIOTCH anpuopromy pacnpedeseruto p(P, O; )
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C HEeCJIyJaliHbIM GEKMOPOM 2unepnapamempos . B arom ciydae Makcumusaius COBMECT-
HOrO npasjononodust ganubix X = (d;, w;)’; u mozgesu (P, 0) npuBoauT K NPUHIUILY
MAKCUMYMa anocmepuopholi éepoamuocmu (maximum a posteriori probability, MAP):

n

(X, ®,0:7) = p(X|2,0)p(®,0:7) = p(®,0:7) [ [ p(di, wi[ ©,0) — max.

767
i=1 7

[Tocae sorapudmupoBanus nosydaem Moaudukanuio 3a1adu (9), B KOTopoii Jorapudm
AIPHOPHOI0 PACIPE/IEIeHIs CTAHOBUTCS PEryIapH3aTOPOM:

Z Z Ny 10 Z Puiba +Inp(P,0;7) — max. (20)
deD wed teT R(q;’@) =

Bo mHorux ciyuasix Bo3mozkeH u obparhbiii nepexos. Peryisipusarop R(®,0©), usna-
YJaJIbHO HEe HMEIONMii BepOATHOCTHON MHTEpIpPETAIUH, IIPeodpa3yercd B allpHOpHOe pac-
pejieJieHne Iy TéM CIOHeHIpoBanust 1 HopMupoBKu: p(P, 0) o exp(R(P,©)). Hopmu-
POBOYHBIN MHOXKHTEIb HE 3aBHCAT OT IIApPaMeTPOB MOJENH, IIO3TOMY /I MAKCHMH3AIUN
anocrepuopHoil BeposgirnocTu 110 (P, ©) OH He BasKeH, OJIHAKO JIJIs MAKCUMUBAIMU 110 M-
nepuapaMerpam y ero, CKopee BCero, NpuJaeTcs yInThbIBaTh.

Mopenb nateHTHoro pasmerieHus Oupuxne (latent Dirichlet allocation) 6bura npei-
nozkeHa B |27| qist pemenust npobiiembl nepeodydenus B Mojenu PLSA. TIpo6iema 3akitio-
qaysach B TOM, 9T0 MoJeab PLSA mpejckassiBaia BeposTHOCTH TepMOB p(w | d) HA HOBBIX
JIOKYMeHTaX 3aMeTHO XyzKe, 4eM Ha oOydJaromieil Kosuteknuu. OOBIYHO MepeodydeHne CBsi-
3aHO ¢ U30BITOYHON PA3MEPHOCTHIO IIPOCTPAHCTBA TAPAMETPOB, MOITOMY Ha Marpuiibl P, ©
cJie/lyeT HaKJ/IaJblBaTh JIONOJIHATEbHbIE Orpanndenus. B [27] ObI0 BBEJEHO 1IpeIoio-
KeHue, 410 CTOH6HBI 9TUX MATPUILL ABJIAIOTCA CﬂyqaﬁHbIMI/I BEKTOPpaMU U HHOPOZKIAITCA
pacrpenerenuamu Jupnxie ¢ rumepnapaverpamu o € RT u 8 € RY coorsercrpento:

: o -
Dir(0y4; o) = ﬁ : 0o 17 a; >0, o= ;Oét, Oa > 0, ;th =1
t

r _
(60) Hgogﬁf) 1a 611} > Oa 60 = Zﬁwa Puwt > 0, Z@wt - 1;

Dir(¢y; 8) = TIT(5.)

rie ['(2) — ramma-ynkuust. [lapamerpsl pacupesesienusi [upuxiie cBs3anbl ¢ MaTeMa-
THIEeCKIM OXKHIaHHEeM ITOPOKIAEMBIX CJIYUIaiHBIX BeKTOpoB: Ef;y = 3—(’;, Epuw: = %

Ucnonb3oBanue pacupejesiennit upuxjie onpaBiano mo Tpém mpuanHaM.

Bo-nepBoix, 1ByXypOBHEBas MOJETb TOPOXKIeHU JAHHBIX (DOPMATU3YET HpeaIoI0zKe-
HUE O CYIIEeCTBOBAHUU TEMATUIECKUX KJIACTEPHBIX CTPYKTYP B TEKCTOBOI KoJuteknuu. Pac-
upejesienne Jlupuxjie 10poziaer BEKTOPbI JIMCKPETHBIX pPacIpejieienuii ¢, = p(w|t),
KOTOPBIE CTAHOBSATCS IEHTPAMH TeMATHIeCKAX KIacTepoB. KaKplil TaKoil MEHTP MOPOZK-
JaeT TeMaTHIeCKe YacTh TOKYMEHTOB — BEKTOPbI JUCKPETHBIX pacipejeeruit p(w |t, d),
KOTOPBIE IJIOTHO IPYNIHUPYIOTCS BOKPYT CBOEro IMEHTPA.

Bo-Broprix, pacnpenenenns /lupuxie cmocoOHBI MOPOXK/IATh KaK pa3perKeHHbIe, Tak
U IUTOTHBIE BEKTOPBI TUCKPETHBIX pacipe/ienenuii, puc. 2. Ecin BeKTop mapamMeTpoB cocTo-
UT W3 PaBHBIX 3Ha4YeHUuil (3, T0 pacupejenenne upuxje HA3bIBACTCH CUMMEMPULHBIM.
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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.

[Ipu 5, =1 cumMmerpudHoe pacupeenenne /lupuxie cOBIagaeT ¢ PaBHOMEPHBIM Pac-
npee/eHneM Ha eJUHUYHOM CHMILIeKce. deM menpme 3, TeM GuzKe K HyJII0 YCJIOBHBIE
BEPOSITHOCTU 0y = p(w|t) B OPOXKIAEMbIX BEKTOPAX (©y.

[unoresa 0 pa3pe:keHHOCTH pacupejenenuii @, = p(w |t) popmasiuzyer ecrecrBeHHOE
LPE/IOI0AKEHNE, YTO KazKasd TeMa b UMeeT CEMAHMUMECKOe A0P0 — MHOXKECTBO TEPMOB,
XapaKTepU3yIONUX JAHHYIO TeMy U HMEIOIUX B Heil 60IbInne BepOATHOCTH. TaKuX TepMOB
B KaK/I0i TeMe He MOKeT ObITh MHOI'O, HOCKOJIbKY OOJIBIINHCTBO TEPMOB CJI0BAPS JOJI2KHBI
OTHOCUTBCA K CEMaHTUYCCKUM d/IpaM JIPYIruxX TEeM.

AHaJIOrMUHO, TUIIOTE3a O pa3pekeHHOCTU pactpeenenuil O, = p(t|d) dbopmanusyer
ecreCTBEHHOE IIPEeAIIoJIOZKeHue, 410 Ka)KﬂbH';I JAOKYMEHT OTHOCHUTCA K He60ﬂbHIOMy qucj1y
rem. Tpyaso npeacraBuThb cebe JOKYMEHT, B KOTOPOM 3aTPAaruBaiOTCS BCe TeMbI 0OJIBIIOM
TEKCTOBOM KOJUTEKITHH (& eC/TH 3TO SHIUKIIONEe/IUs, TO B KA4eCTBe JOKYMEHTOB CTOUT B3sTh
OT/IeJIbHBIE €6 CTATHH).

B-rperbux, paciupejesenue Jupuxiie sBjisieTcs COUPAZKEHHBIM K MYJIbTUHOMUAJIbHOMY
pacIpee/IeHrIo. JTO YPE3BbIYaiHO yI00HO JIjIsi 0aiiecOBCKOro 00ydYeHHsI, KOTOPOe pPac-
cMaTpHBaeTcd B caeaylomeM naparpade. VIMEHHO MaTeMaTHdecKoe yao0CTBO IIpeaoIpe-
JIEJIIIIO TIOIYJIAPHOCTD pacupenesenns /Iupuxie B TeMaTHIeCKOM MOJIEJUPOBAHNN.

Cormacuo (20), mogean LDA cooTBeTCTBYeT pery/isipu3aTop, ¢ TOYHOCTHIO 0 KOHCTAH-
Thl paBHbII cyMMe JiorapuMOB allpUOPHBIX pacupejieienuit Jlupuxiie:

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

teT deD
= Z Z (Bw — 1) In oy + Z Z(at — 1) In6yy. (21)
teT weW deD teT

[Ipumenenue ypasuenuii (13)—(14) k sTromy peryiasipusaropy gaér dbopmynbr M-nrara:
Pur = morm (ny; + By = 1); - bia = norm(ng + oy = 1).

IIpu B, =1, oy = 1 anpuopHoe pacupeenenne upuxiie coBoagaer ¢ paBHOMEPHBIM
pacipejie/ieHiHeM Ha CUMILTeKce, popMy/ibl M-1mara mepexodar B HeCMeIEHHbIe YaCTOTHBIE
OIEHKH YCJIOBHBIX BepogrHOCcTeii, a Mojgenb LDA mepexomur B PLSA [46].

[Ipu B, > 1, a; > 1 peryaspuszarop umeer crjazKupamoimuii 3hdexT, 3acTaB/isiss pac-
nupejesienust ©; u 0y npubInzKaTHCS K 3a/[aHHBIM PACIPEJIEICHIAM 3 U (¢ COOTBETCTBEHHO.

IIpu 0 < By, <1, 0 < oy < 1 perysisipuzarop umeer paspezkupaiomniuii 3¢ dexT u cro-
cobeH OOHY/IATH MaJible BepogTHOCTU. OIHAKO TpeOOBaHKUe CTPOTOil MOJI0KUTETLHOCTH I1a-
paMerpoB 3, U i B pacupeaeneHusax /lupux/e orpaHnInBaeT BO3MOKHOCTH YIIPABICHUS
paspezxkeHHOCThI0 MaTpuil ©, O B mogesn LDA.
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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.

Auseprenuuns Kynbbaka—Jleilbnepa (KL-dusepeeryus, OTHOCUTEIbHASI SHTPOIINS) Jia-
Jiee OyjleT OJIHMM W3 BaKHEHIINX MHCTPYMEHTOB KOHCTPYUPOBAHUS PEry/isipu3aTopoOB.
D10 HecuMMeTpudHas (DYHKIHUS PACCTOSIHUST MEXK/y JIMCKPETHBIMHU PaCIpeie/IeHusIMU
P=(p)i, u@=(q;)",, c coBmamatomumu nocurenxsamu, {i: p; > 0} = {i: ¢; > 0}:

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

e H(P)=—>,pilnp, — osnwmponus pacupenenenus P, H(P,Q)=—> .p;lng —
Kpocc-anmponus pacupegenennit P u (). Obo3nauenune KL; He saB/sieTcst 0OIMENPUHATHIM,
HO OHO yJI00HO, KOIJIa Ha/I0 II0KA3aTh, 110 KAKOMY HHJEKCY IIPOU3BOIUTCI CyMMUPOBAHHUE.

KL-muBeprennus HeoTpunaTeabHa W paBHA HY/IIO TOLJA H TOJHKO TOIJIA, KOTJIA Pac-
peje/ieHnsl COBIAIANOT, P; = ¢;.

Ecmu KL(P||Q) < KL(Q||P), To pacupenerenue P cuibHee BI0XKeHO B (), yem ) B P,
cm. puc. 3. Takum obpazom, KL gBiisiercss Mepoil BJIOXKEHHOCTH JIBYX PAaCIpe/Ie/IeHUIA.

Eciin P — smuupuueckoe pacupejeserue, a Q(a) — mapaMerpudeckasi MOJIeib, TO MU~
aumusamusd KL-juBeprediyun 9K BUBaJIeHTHA, MUHUMU3AIMHA KPOCC-9HTPOIUNA U MAKCHMHE-
3aIUl [IPaBI0IOI00MI:

KL(P||Q(a Zplln —)mln = Zp,lnq, a) — max.

=1

Makcumusarst 1paBo1o/100us (9) SKBUBAJEHTHA MUHUMHU3AIUN B3BEIIEHHON CyMMBI
KL-juBeprennuii Mezk/1y SMIMPUUECKUMU pacupeenenusyu p(w | d) = % 1 MOJIE/IbHbI-
vu p(w|d), mo Becem mokymentam d uz D:

Ng .
E ng KLw<—w H E gpw,ﬁtd) — min,

ng D0
deD teT

IJle BeCOM JOKYMeHTa d siBJIsSleTCs ero JjimHa ng. Eciam Beca ng yoOparb, TO BCe JTOKYMEH-
THI OY/JyT UCKYCCTBEHHO IPHUBE/IEHBI K OAUHAKOBOI jjuHe. Takasg momuduranus QyHK-
[IIOHAJIA KAYeCTBa MOXKeT ObITh II0JIe3HA IIPH MOJIEJTHMPOBAHUN KOJLIEKIIHI, COMepKAIIIX
JIOKYMEHTBI OJIMHAKOBO# BarKHOCTHU, HO CYIIECTBEHHO PA3HOMN JIJIMHBI.
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He-BeposiTHocTHas uHTepnpetaumns mogenu LDA. Peryssipusarop (21) M0OKHO 9K-
BUBaJIEHTHBIM 00pa3om 3anucarb depe3 KL-jiuBeprennuu:

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

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

Orcroma ciemyer, 9ro Mogeab LDA oka3biBaeT CriaKMBaoIIe U PaspezKuBaiONne
BO3eiicTBust Ha MaTpuibl P, ©. Bee crosbub marpunpt Y 10/12KHBL ObITH OJIM3KH K OLHOMY
U TOMY K€ pacipe/ie/IeHIIO %—z, npuaéM mapamerp [y CraHOBUTCS KOIDMUIIMEHTOM pery-
Jgpusanui. AHAJOIIYHO, BCe CTOIONBI MATPUIIBI © JTO0KHBI OBITH OJIM3KHU K pacipe/eie-
HUTO z—é, U 3TUM TpeboBaHUEM yIIpaB/sgeT KodhUImeHT peryasdapusanuu «g. Kpome srux
CIVIayKHUBAIOIINX BO3/ICHCTBUI UMEIOTCS cJIabble HeyIIpaB/igeMble pa3peKuBaloline Bo3/Ieii-
CTBUs: CTOJIONBI 00EUX MATPHIL JOJIKHBI ObITh JAJeKH OT PABHOMEPHOI'O PACIIPE/IeJICHUS.
JlaJjibiiie Bcero oT paBHOMEPHOI'O paclpe/iesieHusl HaXO0IATCsS BbIPOXK/IEHHbIE pacipe/ielie-
HU$, B KOTOPBIX €JUHUYHAsS BepPOITHOCTH CKOHIIEHTPHPOBAHA B €IUHCTBEHHOM dJIEMEHTE.
[TosToMy paspeKuBaHMe MIPUBOIUT K OOHY/JIEHIIO MaJIbIX BeposTHOCTeH B Marpunax ®, 0.

5 baiiecoBckoe oby4yeHue moaenun LDA

[eabio OGaiiecoBckoro obydenusi (Bayesian learning) sBiisiercst mosiydenue OIEHOK
IJIOTHOCTH PACIPEIEJICHUS VI HaPAMeTPOB BEPOATHOCTHOW MO BMECTO OOBITHBIX
TOY€YHbIX OICHOK.

[Iycte X — nabuogaeMast BBIGOpKa JaHHbIX, p(X |()) — BeposSTHOCTHAS MOJIe/b JaH-
HBIX ¢ mapamerpami €2, p(Q|vy) — anpuoproe pacnpedeserue B IPOCTPAHCTBE TTAPDAMETPOB
MOJIe/I, UMeolee rumnepuapaMerpsl . Torma anocmepuoproe pacnpedeserue napamer-
pos, corstacio dopmyJie Baiieca, numeer Bu/1

p(€, X [v)
p(X|[7)

rJ1e CHMBOJI X O3HAYaeT «PABHO ¢ TOUYHOCTBIO JO HOPMHUPOBKHI».
Ecyin HaM HyzKHA JIMIIb ONEHKA MAKCUMYMa, [IPABJIONOI00MS JIjI allOCTEPUOPHOTO Pac-
HpeJIeIeHus], TO JOCTATOYHO BOCIOJIB30BATHCH HPUHIUIIOM MAKCUMYMA GNOCMEPUOPHOT
8EPOAMHOCTIU, KOTOPbIH ObL/I pAaCCMOTPEH B IIPe/ibLLylieM pasjese. Toria 3ajia4a CBOJIUT-
cd K MaKCHMU3AIUHA Jorapudma mpaBIono00us ¢ BEpOITHOCTHBIM PeryIsapru3aTOpOM:

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

Inp(X|Q)+1Inp(Q]y) — max.

AJIbTepHATUBHBL Ty Th, HA3LIBAEMBIil Oatieco6ckuM 6b16000M, 3aKIIOUACTCI B TOM, ITO-
OBl BBIYHCJIUTD anocTepruopHoe pacipesenerue p(§| X, ) B sBHOM Bu/e. DTO HOJIEE CIOK-
Has 3a/a4a, IMOCKOJIbKY BMECTO TOYEYHON OLUEHKH CTPOMTCHA paciipejesenue. Teopernde-
CKH TaKOIi 1101X0/1, JaéT 60JiblIe nHMDOPMALUMY O apaMeTPax MOJE/IN: IO3BOJILeT CyIuTh 00
UX YyCTOWYIMBOCTH, HOJIYYATh JIOBEPUTE/IBHBIE U HHTEPBAJIbHBIE ONEHKU. JTO JAeHICTBUTE /b
HO OIIPpaBJAaHO BO MHOTHX 3aJavaX aHajm3a JaHHbIX. OJHAKO B IPAKTHKE TEMATHIECKOTO
MOJICTHPOBAHAS 3TH BO3MOXKHOCTH TaK M He HAILTH IMHPOKOrO IPUMEHEeHHS, M IIOJIyda-
eMble alloCTEePUOPHbIE paclpeleseHnst 00bIYHO Cpa3y NePEeBOJAATCA B TOYCUHBIE OLEHKH.
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C apyroit CTOPOHBI, MaTeMAaTUYECKUEe METObl DAeCOBCKOrO BBIBOIA BECHhMA I'DOMO3JIKH
U HE MO3BOJISIOT KOMOMHUPOBATH PEry/IsPU3ATOPBI CTOJIb 2Ke Jierko, kak B ARTM. Jlnsa
KazK/I0# MOJIETTN IPUXOUTCS 3aHOBO BBIMOTHATH MaTeMaTHIeCKHe BBIKJIAIKN, & BCJIE] 32
HUMU ¥ IIPOIPAMMHYIO PeaJTH3AIIIO.

HecvmoTps HAa M30BITOYHYIO CIOYKHOCTH W CBA3aHHBIE C 3TUM OrDaHHYeHus, OaiiecoB-
CKUil BBIBOJ JOMUHHPYET B HAy9IHOW JIMTEPATYPE [0 TEMATUYECKOMY MOJIEIUPOBAHUIO.
B srom paszene mbl paccMorpum JBa HambOJIee MOIMYJISIPHBIX [MO/IX0/a: BapUAIMOHHBII
baitecockmit BbIBOX (variational Bayes, VB) [126] u commimposanue ['u66ca (Gibbs
sampling, GS) [122]|. [Ins mpocToThl Mbl orpanmduMcs Mojesnabto LDA u yBuanm, 4910
oba moaxoma npuBoaaT K EM-momo0HBIM aaropurMaM, HE3HAYUTEJIbHO OTIMIAIONTIMCS
OT TOr0, KOTOPBIil Mbl YK€ BbIBO/IUJIN.

B nasbueiiiiem Mbl OyjieM paccMaTpuBaThb PasHOOOpa3Hbie TeMaTudecKue MOJIe/In
B TEPMUHAX PEry/isipU3aliu, JazKe eCJIM B UCXOHBIX PAad0TaX OHU CTPOUJIUCH C IIOMOIIBIO
GaitecoBckoro BbiBoJa. IlocTaHOBKA ONTHMU3AIMOHHON 3a1aun Buga (20) 1aéT BO3MOK-
HOCTH OT/JIEJIUTH PEryJIspu3aTop OT KOHKDETHOI MOJETN W HCIOJIb30BaTh €ro B JAPYTUX
MOJIEJISIX. DTO MPUBOAUT K MOJLYJIBHONU TEXHOJIOMMU TEMATUYEeCKOIO MOJEJTUPOBAHUS, KO-
Topas peasn3oBaHa B npoekre BigARTM. Pedopmasnnsanus OaitecoBCKHX MoJeseil yepe3
peryJIsipu3aluio, o HAIEMY OIBITY, BCEr/Ja BO3MOXKHA, M BCErJa MPUBOIUT K PAIUKAIb-
HOMY YIIPOIIEHHIO KaK CaMON MOJEN, TaK M €€ M3JIOKEHUs.

CgoiictBa pacnpegeneduns Qupuxne. B oboux nmoaxogax Oyger CyHECTBEHHO HCIIOJIb-
30BaThCd pacrupejenenne [upuxie, I03TOMY IPUBEIEM B CITPABOYHOM MOPSIIKE HEKOTOPBIE
ero CBoiicTBa.

o Maremaruueckoe oxuianue: Ef; = [ 0; Dir(0|a) df = 5 = notrm(at).

e Mona: 0, = 2‘5:71, = nogm(at —1).
e Jlucnepcus: DO, = %

e MaremaTudeckoe oxKujanue jiorapudpma:

Elnd, = /ln 0, Dir(0| o) dd = (o) — Y(ap),

e ¥(z) = 2@ — yravva-gyrxuus. Oynkius ¢ () odenb

(z)
1oxozka Ha Jiorapudm. V3BecTHa npocrasi, HO BECbMa, TOYHAs N
AIIPOKCUMAIUS IKCIOHEHTHI OT jiuraMMa-pyHKIUK (Ha rpa- 30 ;
25 3
(buKe UX JIMHUK TPAKTUYECKH HEPA3IHIMMBI): 20 ]
15
z? 0<z<1 o
5 T L 05 3
B(z) = exp(b(@) 4 27| 7
T =3 1<z 00510 15 20 25 30 35 40

BapuauunoHHbiii baecoBcknii BbiBoA,. llaest 51010 10iXx04a B TOM, 4TOObl HCKATH COB-
MECTHOE allOCTePUOPHOE PACLpe/le/IeHIe Jijld HapaMeTPOB MOJIEIM M CKPbIThIX IepeMeH-
ubix p(Z, ®, 0| X, «, ). HemocpeqcTBeHHOE BBIYUCIEHHE TAKOTO PACIPEIeTeHnsT Tpob.ie-
MaTH4HO. [109TOMY HAXOJAT ero NpUOIMKCHHE B BUJC PA3JIOKCHHs Ha MHOMKHTEIH, UC-
HOJIb3Ysl OCHOGHYI0 MEOPEMY GAPUAUUOHH020 0alieco6CK020 6b1600a.
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Teopema 2. Ilycrp 3ajanHo pasbuenne COBOKYIHOCTH IepeMeHHbIX Y Ha 0uoku Y,
j € J. Torpa pemienue 3aja4u KL( (Y) H p(Y|X, 7)) — min B ceMerlicTBe (hakToOpH30-

pannbix pacupegesaennii ¢(Y) = [ ¢;(Y;) yaosiaersopsier cucreme ypasrenuii
jeJ

Ing;(Y;) = Eqy Inp(X, Y'[7) 4 const, j € J, (22)

rae Ep; — maremarTmueckoe oxkmiaHue 10 BCeM HepeMeHHbIM Kpome Y, const — HOpMH-
POBOYHbIH MHOXKHTEJ/Ib DACLPEICJICHUS ;.

JlokazaresbcTBO MOXKHO Hajitu, Haupumep, B |21].

st pemenusi cucrembt (22) MOKHO UCHOJIB30BATh METOJ| IPOCTON 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, «, ) npoussenenuem n+|T|+|D|
pacipe/eenuii mo 6J10KaM MepeMeHHbIX t;, ¢, 04

q(Zv (I)v @> = H qj(Zv (I)v @) = H qi(ti) H Qt(ﬁpt) H Qd(9d>v

jeJ i=1 teT deD

rae J ={1,...,n} UT U D — unuexcol Bcex OJIOKOB MEPEMEHHBIX.

3ameruM, 4TO eciiu OJOKH IepeMEeHHbIX Y; He3aBHCHMBI, TO pelleHue Oyaer He IpH-
OJIMKEHHBIM, 8 TOYHBIM. TakuM 00pa3oM, HCIIOJIb30BaHUE BapUAIMOHHOIO DailecOBCKOIO
BBIBOJIA CBSI3aHO C IPEIOIOKEHIeM, 9TO MOYKHO IIpeHeOpedb 3aBUCUMOCTIMH MKy Te-
MaM# TEPMOB t;, BEKTOPDAMU TeM ¢; U BEKTOPAMH JOKYMEHTOB 0.

Yrobbl 3amucarh cuCTeMy ypaBHeHuii (22), pacouirem JorapudM pacapeeieHust
p(X,Z, 9,0 |, 3), nepesojs ciaraeMbie, He 3aBUCSIIEE OT HEPEMEHHbIX t;, @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) =

1=1 teT deD

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

Teneps nago 6parh MaTeMaTHdecKue oxuaanus Eg ; 0T 3Toii cyMMBbI 110 BceM pacipe-
jenerusim G (), qa(0a), ¢;(t;), Kpome j-ro. 3amMerum, 4TO €C/Iu cjaraeMoe S He 3aBUCUT
or j-it nepementoii, To E, .S = const, 4To CUJIbHO yUPOIIAET BBIK/IA/KH.

Pacemorpum ypasrenune (22) oTHOCHTETBHO ¢y(p4):

In ¢ (¢:) Z Eqinti=t]In@u,, +Z w— 1) In e + const =

weW
= Z Z Qz IHSOwt +Z —1 IHSOwt + const =
i=1 weW weWw
= Z (Z[wi:w]%(t) +Bw — 1) In ¢ + const =
weW “Ni=1

-~

WV
Nwt

=In Dlr((pt ‘ Bt)
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Takum obpaszom, ¢ (p;) sBisierca pacupejesenuem upuxje ¢ napamerpamu
Buwt = Nawt + Puw, TIOE Ny — OIEHKA YHC/Ia TeHepanuii TepMa w u3 Tembl t. [Ipu 6osbimmx
TNyt OHO CKOHIEHTPUPOBAHO B TOUKE 0y = NOTM(Sy¢)-

w

Pacemorpum ypasuenue (22) orHocuTeabHo qq(0y):

Ingy(04) = ZE yldi=d] In 6,4, —i—Zat— )In 6,y + const =

teT
_Z di dqu lnetd‘l’z —1 In 6,4 + const =
teT teT
- Z(Z [di=d]qi(t) +ou — 1) In ;4 + const =
teT
%/_/

Nid

=In Dll"(ed ‘ O~éd)

Takum obpasom, qq(04) siBiasiercs pacupejeiennem [upuxjie ¢ napamerpamu
Qg = Nyg + Oy, TOE Ny — OIEHKA YUCJIA TePMOB TeMbl ¢ B gokyMmente d. Ilpm Gosbmimx
N¢g OHO CKOHIIEHTPHPOBAHO B TOUKe Oy = norm(dyy).

t

Haxkownern, paccmorpum ypasuenue (22) orHocuTeabHo ¢;(t;):

Ing;(t) = Equi (In puy, +In6y,q,) + const =
= Eg(o0) In 0wyt + Egy(0,) In 04,0 + const.

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

Ing;(t) = w(nwit + ﬁw) - @D(Zw(”wt + 5111)) +
+ ¢ (g, + ar) — (X, (nua, + a)) + const.

JlorapuMupys nu HOpMUpPYH, MOJTydaeM paclpe/ie/ieHus epeMeHHbIX t;:

( et ) Bl + ) ) (23)
E(Zw(nwt + 610)) E(Zt(ntdi + at)) ’

¢i(t) = norm

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

1 1
(nwit + Buw; — 5 M, T 0 — 5)

1 1
nt+ﬁo—§ ndi+ao—§

N[

q(t) = norm

Bamerum, aro opmy.ia st g;(t) moxoxa na E-mar (12) 8 EM-anropurme st Mosesin
LDA: p(t|d;,w;) = normy(¢y,:0i4,). Bosee Toro, akKyMyJIupOBAHUE CUETUUKOB My U Mg
B TOYHOCTH coBIagaet ¢ popmyramu M-mara (13)—(14), ecam monarars ¢;(t) = p(t|d;, w;):

n n

nue =) _[wi=wlg(t),  na=) [di=dq?).

i=1 i=1
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Takum 06pasoM, perrenue cucreMbl (22) METOJAOM MPOCTBIX HTEPALUH HPUBOJAUT K
EM-1no100HOMY aJiropurmy. TO HEMHOI'O YAUBHTEIbHO, IOCKOJIBKY MbI HE HCIIOJIb30BAJIH
EM-anropur™, n jaxke He pelraind 3ajady MaKCUMH3AIUUA [IPAaBIONOI00HSI.

[Io oxoHuYaHUM UTepalyii KICKOMbIE IapaMeTPhl MO/IEJH MOXKHO OIEHHTL depe3 MaTe-
MaTHYeCKOe OKHIaHHe allOCTePUOPHLIX pacipeneneHnit upuxie:

Pur = morm (ny+By);  fia = norm (na+ay).

Ocuosroe orauune or EM-anroputma — B monpaskax (—1, —% win () K 9acTOTHBIM
OIIEHKAaM YCJIOBHBIX BEPOSITHOCTEH. DTH MONPABKU IPEeHEOPEKUMO MaJbl JIJI 3HAYUMBIX
TEeM, KOLJA Ny, Nyg > 1. Ecmm ke ny, g S 1, T0 caMu meMbl He SBJISIOTCSI 3HAYUMbI-
mu. Takune orsinaust B EM-110/100HBIX aJiropuTMax TeMaTudecKoro MOJIEJIMPOBAHMS MOXKHO
CYUTATH HECyIecTBeHHbIME [18].

K memocTraTkam BapHaIlmoOHHOTO 0aiiecOBCKOrO BBIBOJA MOYKHO OTHECTH TEXHUYIECKYIO
CJIO’KHOCTD J1I00aB/IeHHsI 1 KOMOMHHPOBaHUSA TPeOOBaHUII K MO B BUJIE ONTHMU3AI-
oHHbIX Kpurepuen. [ljs ydéra jonojiHuTe/ IbHONR uHGOpPMaluu B 0alieCOBCKOM I10/XO0/1e
HPUXOJIUTCS MEHSITh allpUOpHbIe paciipejesieHns. Korjga oHu He sSIBJISIIOTCS paciipe/ieie-
uugmu Jlupuxiie, BEIBOJ CTaHET 3aMETHO CJIOXKHEe.

CoamnnupoBanue 'mbbca. iest 31010 110/1X0/1a B TOM, 4TOOBI CHaYaJIa OIEHUTh CKPbITHIE
IIEPEMEHHbBIE € HOMOLIBIO coMILIUpoBanus Z ~ p(Z | X, a, ), 3arem HaiiTu alloCTePUOPHOE
pacrpeesnenne mapamerpos mogenu p(®, 0| X, 7 «, 5), upu ussectabix X u Z.

Paszbepémcs cHadasma ¢ amocTepuopHbIM pactpeenenuem. [lycrs p(®, 0| a, f)
anpuopHoe pacupeesnenne upuxie. Pacupeenenune upuxiie sBiisercs CONPszKEHHBIM
K MYJIbTHHOMHUAJIbHOMY, HO9TOMY allOCTEPUOPHOE TaKzKe Oy/1eT IPUHA/LIeKATh CeMeRCTBY
pacupejesennit Jupuxiie:

P(®,6|X, 7,0, 0) x p(®,0,X, Z|a, ) x p(X, 7|, €)p(®, 6 |1, )
o TT (eurtia) s T Dix(ie ) T] Din(Bal)

d,w,t teT deD
Ngwt  Bw—1 Ngwt ot —1
x H H Puwt  Puwt H H 0,4 Opg
teT dw deD w,t
Nwt+LBw—1 nig+oar—1
o [T TT 110
teT w deD t
X H DiT(SDt | 5t) H Dil"(ed | dd)> ﬁwt = nwﬁ‘ﬁw, Qg = Nyq+ 0y,
teT deD

[Je CUCTUUKU Mgty Myt W Mg OUPEIENSIIOTCH COMIACHO (4), Yepe3 3HAYEHUsI CKPBITHIX
[epEMEHHbIX /.

ComminpoBaHue CIy4daiiHOro BeKTOpa £ U3 MHOIOMEPHOTO paciipejesieHus OCHOBAHO
Ha meopeme 0 crodumocmu npouecca caomnaiuposarus 'ubbca.

Teopema 3. Ilporecc cOMITAPOBAHAS OJHOMEDPHBIX CJIVIAHHBIX BEJTHIHH

(k+1) p(X, Z1|7) - ,
5 (1] X, Zay) = 21
WX 20 7) = 0 2l

e k — Homep urepanun, Z\; = (tgkﬂ), . tz(.lflrl), tgi)l, o ,tslk)), CXOHUTCS K MHOT'OMEPHO-

My pacupegeiennto Z ~ p(Z | X, 7).
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JlokazaresbcTBO MOXKHO Hajitu, Haupumep, B |21].

H1o6bl BOCIIOJIB30BATHCSL ITOM TEOPEMOil, 110/102kuM Yy = (v, ) 1 Haiijém pacupejeie-
uue p(X, Z|«, 5). [logpiHTErpaibHOE PACIIPE/IeJIeHIe Mbl YK€ BBIBEJHU BbIIIE, HO Teleph
IpUIETC aKKypaTHee pa300paTbcd ¢ HOPMHUPOBOYHBIMU MHOZKUTEIAME:

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

/ / H wnwt Oud" Hpgd [ I Dir(e:]8) [ Dir(6a|)ddd® =

teT dED
ﬁw wt — o a
Z Hwﬁt tdpy de Loy 1) 1‘[6 b, =
teT N , deD t 0, N ,
o Dir(et | Bt) oc Dir(0q | &a)

Z Bw H Fﬁwt tO‘t Ht (Cia)
tI;J[“ L(3 ., But) dlg) ! Ht ) L2, da)

Pacupesenenne p(X, Z\; |a, B) ormmuaercs or noiydennoro sbie p(X, Z |, 3) jnmib
TeM, YTO OHO CTPOUTCsI 110 BbIOOPKe Oe3 i-it rouku (d;, wy, t;):

Z ﬂw H I ﬁwt tat Ht ( d)
p(X> Z i |a> .
\ teHT H I ﬁw (Z (ﬁwt wt dll) ‘ Ht (Zt( ))
e 0%, = [w=w;|[t=t;], 0}y = [t=t;][d=d;]. Tenepn, corsacuo dbopmyiie u3 reopembl 3,

1O/I€JIUM 110JIyYeHHbIe PACHPE/IE/IeHUs OJIHO HA JIPYToe, YTOObI 110JIy YUTh OJJTHOMEDPHOE Pac-
npejenenue g coMiiupoBanus ['uboca. [lpu jnenenun B dnciurese u 3HaMeHaTese CO-
KpaTdTCs BCe MHOXKHUTEIU KpPoMe i-X:

(X, Z|a, ) _

p(X, Z\i|aaﬁ)

DMty +Bu,) T (Mt +Bw) = 1) T(nga, + 0, ) T (O (g, + ) —1)
TNty + B — 1) Ty (Mot + ) Ty, +, — 1) TS, (g, + )

. I'(z)
B s10oM BbIpazkeHun BOCIOIB3YEMCSI CBORCTBOM raMMa-(yHKIHH N ey

p(tZ‘Xu Z\27avﬁ) =

=x—1:

p(t| X, 2y, ,5)—n<3€1"Tm

( Nt + Bwi -1 . Ntq, + ar — 1 )
Yot + Bw) =1 32, (g, + ) — 1 .

Bamernm, 4ro d1a Gopmyaa moxoxa Ha E-mar (12) B EM-aaropurve i MOJIe
LDA: p(t|d;, w;) = normy (@i, ). Mbl cHOBa moaydaem EM-nogo6HbIi aaropurM, XoTst
3a/la4a MaKCUMM3AlUU [IPAB/OI0A00us JlazKe He craBuiach. Kak u B cjiydyae ¢ Bapualu-
OHHBIMHA 6aﬁeCOBCKHM BbIBOJIOM, aJITOPUTM OTJIMYa€TCA HECYHIECTBEHHbIMU IIOIIPpABKaMU
K 9aCTOTHbIM OIl€HKaM YCJIOBHBIX BepOHTHOCTeﬁ. F.HaBHOG ero oriM4iue B TOM, 4TO Jid
Kazkjoro (d;,w;), @ = 1,...,n, OIPOUCXOAUT CIMILTHPOBAHKE TOJBKO OJIHOIl TeMbI t;, KO-
TOpas M y4aCTBYET B aKKYMY/JTHPOBAHUU CUETUUKOB Ny U Mig:

n n

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

i=1 i=1
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A nroputMm 3. Cosmnmposanue ['ub6ca

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 ANA BCeX JOKyMeHTOB d € D u TepMOB W=, ..., Wy, €d

4 ecim k > 2710 t:=tgy; ——Nuw), —=MNd; —-N¢; --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);
law =15 Ny T+ 0y tHng;

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

©

Dakruuecku, B dopmyaax M-mara cyMMUpyrOTcs He camu pacupejenenus p(t|d;, w;),
a MX dMIHpHYeCKHe OueHKH p;(t) = [t=t;] no commmmposanubiM Temam t;. Cymma 60s1b-
IIOr0 IHCJIa TAKUX OIEHOK CXOJUTCH K CyMMe UCXOJHBIX PACIpE/IeIeHHi, COIACHO 3aKOHY
OOBIINX YuCe.

[To oKOHYAHMH WTepaIyii HCKOMbBIE apaMeTpbl MOJEJU MOXKHO ONEHHTb Yepe3 MarTe-
MaTUYECKOe OXKMJIAHKE allOCTEPUOPHBIX pacupe/enenuii [upuxiie:

Pur = morm (ny+By);  fia = norm (nia+ay).

B asropurme 3 nokasana ujest peajgusaiyu, npejoxentas B [122]. CommmpoBannast
TeMa, 3aII0MUHAETCS B IIEPEMEHHOIT 14, U HA CJIe/YIONEil nrepaum, KOrja 9Ta TeMa H3Me-
HUTCS, CIETIUKH Ny U Nyg OYIyT YMEHBIIEHBI HA €JIUHUILY JIJIs CTAPOIl TEMbI, U yBEINIEHbBI
Ha €JUHUILY JJI HOBOM.

CxomncrBo EM-nonobubix anroputmos MAP, VB u GS 6b110 3amedeno B [18]. Hemo-
CTATKOM COMILTHpOBaHuA ['nb0ca, KaK W JPYTUX TEXHUK 0AileCOBCKOTO BBIBOJIA, SBJISAETCS
CJIOZKHOCTD JI0DaBJIeHrsI 1 KOMOMHUPOBAHUS PEry/isipu3aTopoB. B HuX HeT yji00HbIX Mexa-
HU3MOB PEryJisipu3aliuy, MOCKOJIbKY Her, COOCTBEHHO, u 3aja4du onrumusaiuu 10 (P, 0).
Y100BI yYecTb JTOMOJHUTENbHYI0 HHMOOPMAIUIO, TPUIETCI MEHATH AIIPHOPHOE pPaCIpe/ie-
JIeHUe, U ecJI OHO He OyJeT pacupenenenueM /lupuxie, BBIBOJ CTaHET 3aMETHO CJIOZKHeEe.

6 VIHTepnpeTnpyemocTb Tem

OTka3 oT ampHOpHBLIX pacupeaeneruii /lupuxie mo3possger 0606muTh Momeab LDA:
CHATH OPPAHMYEHUST HA 3HAKH IHIepnapaMerpoB B (21) u cBoGo/Hee 06pAIIATHCSI CO CIITa-
JKUBAHUEM U Pa3pe:KUBAHUEM JJIsl Y1y dIIeHHs HHTePIPETUPYEMOCTH TEM.

T'unomesa paspescennocmu SBJISIETCS OJJHUM U3 €CTECTBEHHbIX HEOOXOJMMbIX YCJIOBU
unrepiperupyemocru. [Ipejioaraercs, 4ro Kazxas TeMa XapaKTepusyercs HeOO/IbIIuM
YUCJIOM TEPMOB, U KazKJIblil JIOKYMEHT OTHOCUTCS K HeDOJIbIIOMY 4YuC/Iy TeM. B rakom
cIydae Cpead BEPOSTHOCTEH @, U Oyq JOJIZKHO OBITH MHOI'O HYJIEBBIX 3HAUEHUIA.

MHorokpaTHble IOIBITKA pa3pekuBanus Mojesn LDA npuBoauin K 4pe3sMepHo CI02kK-
HbIM KOHCTpyKuusMm [116, 41, 140, 64, 33| u3-3a BHyTPEHHEIO MIPOTHBOPEYHS MEXK/Y Tpe-
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OOBaHUSAMY PA3PEKEHHOCTU U OI'PDAHMYEHUSMU CTPOrOil 1OJIOKUTEJILHOCTU [1apaMeTpOB
B pacupejesienun dupuxiie. [Ipobiiema peraercss HEOXkKHJIAHHO HPOCTO, €CJIU OCTaBUTh
KPOCC-9HTPOIUAHBIHA peryagpu3arop (21) u paspeiurs rumeprnapaMerpam o, 3, TpUHHE-
MaTh JIFOObIe 3HAYEHHUs, BKJIOYas OTpunarenbHble. Ilo Bceii BHAMMOCTH, BIIEpBbIE OHA
ObLIa TMpe/iozKeHa B quHaMIdecKoil Mogenn PLSA mis o6paborku BuaeonoTokos [128],
rie JIOKYMEeHTaMU $BJISIJINCh KOPOTKUE BUjieO(PArMeHTbl, TepMaMu — IIPU3HAKYU HA U300~
ParKeHHSIX, TeMaMi — IOsIBJIEHHE OIIPeIeIEHHOrO 00beKTa B TeYeHUEe OLPEIETEHHOIO Bpe-
MEeHH, Halpumep, mnpoe3a aBromobmias. CHIbHO pa3pekeHHbIe paclpeeeHns MoTpedo-
BAJIACDH JIJIsT OIUCAHMS TEM C KPATKUM <«BPEMEHEM KH3HW».

CrnaxuBanue n paspexusanue. [lo anasoruu ¢ (21) BBegéM 0000IIEHHBINH PeryJisipu-
3aTOp CIIaKHBaHHA U pa3pezKuBaHMA:

R((I)a @) = Z Z Bt In @yt + Z Z Qg Inbyy.

teT weW deD teT

[ToxcraBus sror perymnsipuzarop B (13)—(14), nosxyunm dopmyssr M-mara:

Pt = 10 (g + Bt (24)

O = ngpm(ntd + oztd). (25)

[TosokuTeIbHOE 3HAYEHHE MapaMeTpa (yg WIH [3,; COOTBETCTBYET CIVIAayKUBAHUIO, OT-
punaTeIbHOE — pPa3pPeKUBAHUIO.

YacTtnuHoe oby4eHue. B mpomecce co3maHusi, UCIOIb30BAHNS WA OICHUBAHUSI TeMa-
TUYECKONW MOJIeJIM IKCIEPTHI, HOJIb30BATE/NN UM ACECCOPbI MOI'YT OTMEYaTh B T€MaX pe-
JIEBAHTHbBIE MJIM HEPEJIeBAaHTHbIE T€PMbl U JOKYMeHTbl. Pa3MedeHuble JaHHbIE TTO3BOJISIOT
(bukcupoBarh MHTEpPHIPETAME TEM U HOBBIIIAIT YCTORYMBOCTHL Mojesn. Pazmerka Mo-
JKeT 3aTParuBarh JIHIIb YaCTh JOKYMEHTOB H TeM, IIO9TOMY €€ HCHOJIb30BaHUE OTHOCUTCS
K 33Ja9aM wacmuurozo obyuenus (semi-supervised learning).

[Tycrs s KaxK10i rembl ¢ € T' 3a/1aHbl Y€TBIPE HOJAMHOKECTBA:

W, — «Genplit COIECOK» PeJIeBAHTHBIX TEPMOB;

W, — «4€pHbIil CIUCOK» HEPEeJTeBAHTHBIX TEPMOB;

D;" — «GeJiblit CIUCOK» PEJICBAHTHBIX JOKYMEHTOB;

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

Yacmuurnoe obyvenue no peaesaHmHocmuy SIBASeTCI YaCTHBIM CJIyYaeM DeryIspu3a-
TOPA CIVIAXKUBAHUS U PA3PeKUBAHUS DU

But = Brlw € W —B_[we W],
iy = ayld € D] —a_[d € D/,

rie S+ 1 oy — KOdDMUIUEHTH PeryIapu3aliii.

MpeametHbie n poHoBbIE TeMbl. YTOOLI MOJIEIb ObLIA HHTEPIIPETUPYEMOI, KazK/1as1 Te-
Ma JO0JIZKHA HMETb CeMAHMuUYeckoe A0po — MHOKECTBO TEPMOB, XapaKTepU3yIOIIHX OIIpe-
JIGJIEBHHYIO IIPEAMETHYI0 00/1aCTh U PEAKO yHoTped/sseMbiX B Apyrux remax. s sroro
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Puc. 4: Crpykrypa paspexennocru marput, ® u © ¢ upeiMerHbivMu U (DOHOBBIME TEMAMHU.

marpuipl ¢ 1 © HO/KHBI UMETH CTPYKTYPY Pa3PeKeHHOCTH, aHAJOTUIHYIO MTOKA3AHHON
Ha puc. 4. MHO)KecTBO TeM pa3buBaeTcsa Ha JBa IMOAMHOXKecTBa, 1 = S U B.

Ipedmemmnvie memo, t € S comepzkarT TePMUHBI HPEAMETHbIX obJacreil. VIx pacupee-
Jenust p(w | t) paspezKeHpl 1 CYIIECTBEHHO PA3JIMYHbI (JIeKoppeanpoBanbl). Pacipeenenus
p(d|t) TakKe pa3perKeHbl, TaK KakK KazKjas HpPeJIMeTHAasl TeMa MPUCYTCTBYeT B OTHOCH-
TeJIbHO HeDOJIBIION 10/1e JJOKYMEHTOB.

Donosvie memov, t € B copepxKar cjoBa 0o0OIIEH JIEKCUKH, KOTOPbIX He JIOJIZKHO ObITh
B IpeJMeTHBIX TeMax. VIx pacnpesesnenus p(w|t) u p(d|t) craazensl, Tak Kak 3TH CJI0Ba
HPUCYTCTBYIOT B OOJIBLIINHCTBE JTOKYMEHTOB. TeMaTuiecKyto MOIeIb ¢ (POHOBBIMU TEMAMM
MOZKHO pacCMaTpuBaTh Kak 0000meHe pobacTHbix Moesnei [31, 104], B KoTopbIx HCHOb-
30BaJ/IOCh TOJIBKO OJ{HO (DOHOBOE pacipe/iesIeHue.

CdrokycunpoBaHHbIii TeMaTUyecknii Nonck. Yacruunoe o0ydeHue TeM MOKHO PacCMaT-
pUBaTh KaK Pa3sHOBHIHOCTb TeMaTHYECKOro MHMOPMAIMOHHOIO MOuCcKa. B KadecTBe 3a-
Ipoca 33Ja6TCA ceMarmuyeckoe A0po OJHONR WU HECKOJIbKUX TeM. DTO MOXKET ObITh JIIOo-
boit dparmenT Tekcra, «Oesblii cnucok» TepMoB (seed words) wiam z-memku — TEMBI,
IPUIUCAHHBIE OT/EJbHBIM cjioBaM uin dbparmentam B jokymentax [15]. Temaruueckast
IIOMCKOBAg CUCTEMa JOJI?KHA He TOJBbKO HAlTH U PaHKUPOBATh PeJICBAHTHBIC JOKYMEHTHI,
HO U PAa3JIOKUTh IOMCKOBYIO BbIJIady IO TeMaM. B TUIHYHBIX HPUIOKEHHSX PEJIeBAHT-
HBIfl KOHTEHT COCTaBJIZeT HUYTOKHO MaJyIo JIOJIO0 KOJIeKuu. TemM He MeHee, HMEHHO
9TOT KOHTEHT JIOJIZKEeH OBITH TIIATe/bHO cucTeMaTu3upoBal. OOpa3Ho ropops, Tpedyercs
«kJsaccuunupoBaTh UroJiki B crore ceHay |28]. Tembl cranoBsrcest saemenTom rpadu-
yeckoro uHrepdeiica 1mo/ib30Bareis, MHCTPYMEHTOM HABUTAIMKU M IIOHUMAHUS TEKCTOBOM
KoJuteknuu. OTciojia BazKHOCTh TPEOOBAHUSA UHTEPIPETUPYEMOCTH KarK/JI0il TeMBI.

Hacruunoe obydeHue HCIOJAB30BAJIOCH Jisi HOMCKA W KJacTrepusaluu HoBocTeil [54],
IHOUCKa B COLMAJIbBHBIX Me€/ua I/IH(I)OpMaI_H/II/I, CBSI3aHHON C 60ﬂe3HHMI/I, CUMIITOMAaM1 1 Me-
Togamu stedennst [97, 98|, ¢ upecrynnocTbio u skcrpemusmom |73, 115], ¢ HannoHagbHO-
CTAME U MeZKHAIMOHATbHBIME OTHOIIeHHAME |28, 59, 95].

B mozgesn ATAM (ailment topic aspects model) B KauecTBe CrirazkuBaoIero pacipe-
JeJIeHUsT By, UCHOJIb30BAIACH OOJIbIIAsi KOJJIEKIMsT MeIMHCKUX crareii [98].

B mozenax SSLDA (semi-supervised LDA) u ISLDA (interval semi-supervised LDA)
JIUIsl TIOUCKA, 9THO-PEJIEBAHTHBIX TEM B MOCTAX CONUAJIBHBIX CeTeil MCI0JIb30BAJIOCh CI/Ia-
JKHBAHKE 110 CJIOBAPIO U3 HECKOJBKHUX cOoTeH STHOHUMOB [28]. B mogem SSLDA jyist kazk-
JIOfT 9THO-PEJIEBAHTHONW TEMbI 3a/1aéTCsi CBOW CJI0OBAPh STHOHMMOB, CBSI3AaHHBIX C OJHUM
onpeeaéHabIM 3THOCOM. B Momenn ISLDA mHOXKEcTBO Tem pa3duBaercs Ha HHTEPBAJIBI,
1 JIJI BCeX TeM KazK/IOro HHTepBaJia 3a/1aéTcs OOIIuil cJioBapb STHOHUMOB. | IpenmytecTBo
TUX MOJIeJIeil B TOM, 4TO MHTEpIpeTaliis Kax /0l TeMbl u3BecTHa 3apanee. Hejocrarku
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B TOM, 4TO TPY/JAHO IIpEAYyra/iblIBaTb YUCJIO TeM JJIdA Ka}K,H,OI'?'I 9THUYIHOCTHU U CTPOUTDL I10JIU-
ITHUYHBIC TEMbI JAJ14 BbIABJICHHUA MEZKITHUICCKHUX KOH(I).J'[I/IKTOB. AﬂbTepHaTI/IBHbIﬁ IHOAXO/,
3aK/II0YAETCA B TOM, YTOOBI 33/]aTh YHCJIO STHO-PEJIEBAHTHBIX T€M U IIPUMEHUTDH K HUM 00-
mmee CriakKuBaHue MO CI0BApI0 STHOHUMOB. TeMaTudecKas MOJETb caMa OIPeIeTnT, KaK
pa3zeauTh ux mo drauvHOCTsIM [16, 17]. HemoctaTok 9TOr0 mojaxoma B TOM, 4TO HHTED-
LHPETUPYEMOCTb HAUJEHHBIX TeM LIPUXOJUTCA HIPOBEPATH BPY4YHYIO.

OexkoppenunpoBaHue. Temaruueckasi MoJie/ib He JIOJIZKHA COJIEPKATH JLyOJIUPYIONIUXCS
UJIU 110X0KUX TeM. HeMm pasjimdHee Tembl, TeM uHdopMaTuBHee Moje/b. s noBbilenus
Pa3IUIHOCTH TeM Oy/1eM MUHUMHU3UPOBATH CYMMY MOIMAPHBIX CKAJISIPHBIX MPOU3BEIEHIIT
(01, Ps) = D PutPws MeKIy cTombnamu mMaTpuipl O. [lomyuunm peryasgpusarop:

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

teT seT\t weW

®opmysaa M-mara, cormacho (13), umeer Buj

Pt = DOL (nwt —TPur Y sows)- (26)
seT\t

DTOT peryaspu3aTop KOHTpACTUPYeT cTpoku MaTpuiipl P. B KaxK10ii cTpoke, He3aBU-
CHMO OT OCTaJIbHBIX, BEPOATHOCTH (P,,; HAUOOIee 3HATUMBIX T€M TepMa, W YBEeJTHINBAIOTC,
BEPOSTHOCTU OCTAJIbHBIX TE€M YMEHBIIAIOTCS M MOLYT OOpallaTbcsd B HyJb. Pa3pexkuBa-
HUe — 9T0 comyTerByionuii a¢dexr nexkoppeanposanus. B [124] 61 3ameden emé oun
noJie3ubIil 3 dexT: ciioBa 00MIell JeKCUKN IPYNIUPYIOTCS B OTAE/IbHBIE TeMbl. DKCIEPHU-
MEHTBI ¢ KOMOMHIUPOBAHUEM PEry/IsipU3aTOPOB CIVIAKUBAHUS, PA3Pe:KUBAHUS U JEKOppe-
muposanust B ARTM moarsepzkator s1o Habawoaenue [6, 135, 134].

exoppenupoBanue Brepsbie ObL10 Tpemaokeno B Mozgeaun TWC-LDA (topic-weak-
correlated LDA) B pamkax GaiiecoBckoro mogaxoma [124]. CoorBercrByiomee ampuopHoe
pacipejie/ieHie He sBJISeTCS CONPAZKEHHBIM K MYJIbTHHOMHAJIHLHOMY, ITO3TOMY OaiiecoB-
CKHUil BBIBOJL CTaJIKuBaeTcs ¢ TexandeckuMu Tpyaocramu. B ARTM pacaérabie ¢popmyibt
BBIBOJISITCSL B OJIHY CTPOKY.

KomOuHupoBaHue perynsipn3aTtopoB criaxkKuBaHus (POHOBBIX TEM, pPa3perKuBAHMA
HpeJMEeTHBIX TeM B Marpuie O u jieKoppe/upoBanus CTOAOIOB MaTpuibl ® ucnosib3o-
BAJIOCh y2Ke BO MHOI'MX paboTax Jijis yaydlleHns WHTepaperupyeMoctu tem [6, 134, 135,
136, 12]. Ilomobpas Ko3bGUIUEHTHI PEryIsipU3aIii, MOKHO OJHOBPEMEHHO 3HAYUTETHHO
VJAYYIIUTDL PAa3PEzKEHHOCTb, KOHTPACTHOCTL, YUCTOTY U KOI'€PEHTHOCTHL TeM IIPpU HE3Ha1Uu-
TeJIbHOIT moTepe npaaono0ous Moaeau [135]. Bouin BoipaboTanbl OCHOBHBIE PEKOMEH 1A~
MU: JIEKOPPeJIMPOBaHKe U ClJIa?KUBaHUE BKJIIOYATH Cpa3y, pa3pexkupanue — nocje 1020
uTepanuii, Koraa oopasyercd TeHJAEHIUs K CXOJUMOCTH ITapaMeTpOB MOIEIN.

Ta ke komOuHalMs pery/sipu3aropoB Obljla MCIIOJIH30BaHA JIJIs TEMATUYECKOI'O0 Pas3-
BeIOIHOrO moucka B [12]. Oka3anoch, 9To0 OHA CYIIECTBEHHO Y/IydIlaeT KA4ecTBO ITOUCKA,
XOTS HUKaKNe KpUTEePHUH KadecTBa MOUCKA HETOCPEeICTBEHHO He ONTHMHU3WPOBAJIUCH.
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Puc. 5: O6branas reMaTnveckas MOJIENb ONPENENIET PDACIPEIETCHe TeM B KaxKI0M JokymentTe 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.

7 MopenupoBaHue MyabTUMOAANbHbIX AaHHbIX

Myavmumodarvras memamuseckas modess OMUCBIBAET JOKYMEHTDI, COAePKAIIIe Me-
TaIAHHBIE HAPS/LYy ¢ OCHOBHBIM TEKCTOM. MeTaJaHHbIe MOMOraroT 60J1ee TOTHO OLpPeIe/IsaTh
TEMATUKY JOKYMEHTOB, M, HA0OOPOT, TEMATHYECKAsST MOJIE/Ib MOKET MCHOJIb30BATHCS JIJIsk
BbISBJICHUS CEMAHTUKKM METAJAHHBIX WJIM LUPEJACKA3aHUs HPOILYHIEHHBIX METa aHHbIX.

Kazkapiii Tun MerajgaHHbIX 00pa3yer OTAENbHYI0 MOOJaAbHOCTL CO CBOMM CJIOBAPEM.
CrioBa ecTeCTBEHHOTO 3bIKa, cioBocoderanus [139, 148|, reru [61], umenoBamube cy-
HOCTH [89] — 3TO HpUMEpPHI TEKCTOBBIX MOJAJBHOCTEl. B My/JbTHI3BIYHBIX TEMATHIECKUX
MOJIEJISIX [APAJUIEJbHBIX TEKCTOB MOJAJBHOCTAME sIBJISIOTC a3biku |137). st anasu-
38 KOPOTKUX TEKCTOB C OIIEYATKAMU HUCIIOJIB3YIOT MOJAJBHOCTD OYKBEHHBIX N-IPAMM, 4TO
I03BOJIFET YJIyqlIaTh KadecTBO nHMOpMauOHHOro moucka [52]. [IpumepamMu HETEKCTOBBIX
MOJIATBHOCTE sBJIsttoTCst (puc. 5): aBropsr [111], momenTsr Bpemenu [127, 160, 128|, kiac-
Cbl, KaHpbl win Kareropun [112, 163|, nurupyemble win murupyomme JT0KyMeHThl [40]
WM aBTOpbl [57|, 1MO/IB30BATEN SJIEKTPOHHBIX OUOIMOTEK, COMMAJIBHBIX CEeTel MM pe-
KOMeH/aTeIbHbix cucrem |65, 119, 141, 156, 157|, rpadudeckue s1emeHTH H306parKe-
uuii |26, 51, 69|, peknamuble 00bsaBIeHus Ha BeO-cTpanunax [101].

Bce mepeunciiennble ciydad, HECMOTPS Ha pa3sHOOOpasue MHTepIpEeTaIii, OIIChBa-
iorcss B ARTM enunbim popmasimamom mojasibaocTeit. KazKkapiit JOKyMEHT paccMaTpu-
BaeTCd KaK YHUBEPCAJIbHbI KOHTEHHep, COJepzKalluil TepMbl Pa3/IMYHbIX MOJAJIbHOCTE,
BKJIIOYAsl OObIUHbBIE CJIOBA.

[Iycre M — MHOXKeCTBO MojaJbHOCTel. KaxKkasg MOJaIbHOCTh UMEeT CBOM CJIOBaphb
repmoB W,,,, m € M. DTu MHOKECTBa IOIAPHO He mepecekatorcs. VIx oobepuaenue Oygem
obo3nauarb yepe3 W. Mogasbaocts Tepma w € W Oyjuem 0603Hauars yepes m(w).

TemaTuvyeckass MOJEIb MOJAJILHOCTH 1M aHAJOTHIHA MOJe T (2):

p(wl|d) = pr|t (t|d) = ngwﬂtd, weW,, debD. (27)

teT teT

Kaxk10it MOJAILHOCTH 1M COOTBETCTBYET CTOXacTHYecKasd Marpuna P, = (gowt)W T
m

CoBokynHocTh mMaTpun P,,, ecjim ux 3ammcarb B crosoer, oopasdyer W xT-marpuiy O.
Pacupeiesienne TeM B KazKJIOM JIOKYMEHTE SIBJISIETCsSI OOIIMM JIJIsi BCEX MOJIAJIbHOCTEH.
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MyJibTuMO/Ia/IbHAST MOJE/Ib CTPOUTCS IIyTEM MAKCUMU3AIKUKU B3BEIIEHHON CYyMMBbI JIO-
rapudMOB 1paBJIO000Us MOJ/IAJIbHOCTEH U pery/isipu3aTropoB. Beca 7, 1no3poJisoT cba-
JIAHCUPOBATh MOJIAJIBHOCTU 1O MX BaXKHOCTH U C YUETOM MX YACTOTHOCTHU B JJOKYMEHTAX:

Z T Z Z N lnz Vwibia + R(P,0) — Ig%x; (28)

meM deD weWy, teT
Z Owt =1 Qw2 0; Zetd =1; 0,4 2=0. (29)
weWn, teT

Teopema 4. Ilycre ¢yuknus R(P,O) neupepbiBro auepennupyema. Touka (P, 0)
JIOKaJILHOI'O dKcTpemyMa 3ajiaqdn (28)—(29) yzojerBopsier cucreMe ypaBHEeHHIT CO BCIIO-
MOraTeJbHbIMH IePEMEHHBIMH Dy, = P(t|d, w), ecjim u3 pelreHns HCKJIIIATD HYJIeBbIe
crosoner marpur P, O:

Praw = 1OTIN (SDwtetd)% (30)
OR
wt — w wth > wt — m(w w w) 31
Put gg%"vrfnl nt+g0ta(pwt TNyt dGZDT()ndptd ( )
’ 6,28 Y% (32)
=norm|( n — |; Neg = TonMdw Ptdw -
td et td td 90, ; td P dwPtd

Jlokazare/ibCTBO aHAJIOIUYHO TeopeMe 1, KoTopast siBJISIeTCs YaCTHbIM CJIy4aeM Teope-
MBI 4 JijIst cotydast oHol Mogaabsoctu, |[M| = 1, 7, = 1. [Tepexo oT 01HO# MOJATBLHOCTH
K IIPOU3BOJIBHOMY YHCJY MOJIAJIbHOCTeH CBOJUTCA K TPEM IIOIMpaBKAM:

1) mcXozHBIE JJAHHBIE 74y, JOMHOXKAIOTCS HA BECA MOJATBLHOCTEIL Ty (y);

2) marpuna ¢ pasbubaercs ua 6;10ku Py, KOTOPbIE HOPMHUPYIOTCS I0-OT/IEJIBHOCTH;

3) ecum TemMa BBIPOXK/IEHA /I MOJAJIBHOCTH 1, TO COOTBETCTBYIONMI cTo/0er 00Hy-
Jisiercst TOJIbKO B bJioke @, a He BO Bceit marpuie P.

B npoekte BigARTM peasin3oBaHa BO3MOKHOCTb KOMOMHUPOBATH JIF000€ YHCJIO MOJIAJIb-
HOCTel ¢ JIIoObIME peryisipu3aropamu [16].

MynbTuasbldHble mogenu. Myjibrus3bluHble TEKCTOBbIE KOJIJIEKIIUU UCIIOJIb3YIOTCS JI/1st
KPOCC-I3bIYHOT0 HH(MOPMAIMOHHOTO ITOUCKA, KOIJIA II0 3aIlIPpOCy Ha OJHOM d3bIKe Tpedyer-
cd HAlTH cCeMaHTUYIeCKU OJTM3KHUE JOKYMEHTHI Ha APYyTroM d3bike. /lis cBa3bIBaAHUS SI3bIKOB
UCIOJIB3YIOTCH apaJljie/ibHble TeKCThl WK JIBYs3bluHble cjioBapu. llepBbie My/ibTus3biu-
Hble TeMATHYeCKUe MOJIE/IH MOSBUINCH IOYTH OJHOBPpeMeHHO |38, 84, 94| u upencrasisiin
co00I1 MyJIBTUMOJIAJIBHYIO MOJI€JIb, B KOTOPOH MOJIAJIbHOCTIMU SBJISIOTCH SA3bIKU, U KarK-
Jlasl CBSI3Ka, MapaJiieJbHbIX TEKCTOB OObeJ UHsSeTCS B OJWH JOKyMeHT. OKa3aJgoCh, UTO
CBSA3BIBAHUASA JOKYMEHTOB JOCTATOYHO /I CHHXPOHU3AINHA TeM B JIBYX SI3bIKaX U KPOCC-
S3BIYHOTO TOouCKa. [lombITKu GoJiee TOYHOrO M TPYJI0EMKOIO BBIPDABHUBAHHS 110 IMPE/IJIO-
JKEHHUSIM UJIM [0 CJI0BaM MPAKTUYECKH HE yJIydHIaloT KadecrBO noucka. OOCTosTesibHbIi
0030p MyJIBTUSA3BIYHBIX TEMATHIECKUX MOJe/iell MoKHO Hafitu B [137].

Ha puc. 6 nokasaubl Hekoropbie u3 400 Tem, nocrpoennbix 1o 216 175 mapam pycckux
u aHrniickux crareit Bukuneuu [131]. st cBsI3bIBaHUS A3BIKOB HCIIOJIB30BATUCH TOTBKO
MO/Ia/TbHOCTH, BBIPABHUBAHUS U CJIOBAapH He HCIOJb30BaIUCh. Aceccop omeHmt 396 Tem
n3 400 KaK XOpOIIO MHTEPIPEeTUpPyEMbIE.
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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. 6: [Ipumepsbr TeM u3 ABYySI3bIYHON TemaTudecKoit monenn Buknnemwm. 1lokazannr mepsbie 10 ciioB
KazKJI0# TeMbl U uX BeposaTHOCTH p(w|t) B MPONEHTAX.

JI1s1 MCIOJIb30BaHusl JBYI3bIMHOIO CJI0BAPst B [ 7] GbLI LPE/JIOKEH PEryJisipu3aTop cria-
xkuauug. On HopMaIU3yer 1PeIIo/I0KEeHNe, YTO eCJIM CJI0BO U B A3bIKe k fBJIAETCs le-
PEBOJIOM CJIOBa 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

Corsacao dopmysie M-mara, BepoSTHOCTH CJIOBa B TeMe yBEJIHIUBACTCS, €CJIH OHO
uMeeT IepeBOJIbl, IMeIOIe BhICOKYI0 BEPOSITHOCTDb B JIAHHON TeMme:

Puwt = nogvrrl; (nwt + 7 E nut>.
we u

DTOT PEryJsspu3arop He yYUTHIBAJ, YTO IEPEBOJ CJA0BA MOXKET 3aBHCETb OT TEMBI,
W 4TO CpeJd IEepeBOJOB CJOBa MOTYT HAXOJMTLCA INEPeBOABI €ro OMOHHMOB. llosromy
B TOil ke paboTe ObLT HpeIOXKeH BTOPOIl peryIapu3aTop, KOTOPLIi BBOIUI B MOJIENb
HOBbBIE MAPAMETPBI Ty = P(U|w,t) — BEPOSITHOCTH TOTO, 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-uBepreriyy Kk BeposiTHOCTHOI
Mozen Toii 2Ke TeMbl p(u|t) = D TyutPuwt, TOCTPOCHHOI 1O EPEBOJAM CJIOB U3 A3BIKA (:

R(®,1I) =7 Z Zn“t hlZﬂ'uwt(pwt — max .
ueWwk teT weW? ’

@opwmysia M-mara renepb y4uTbiBa€T BEPOATHOCTU HMEPEBOJOB Tyqi. Kpome Toro, J1o-
OaBiisieTcsl peKyppenTHas (popmyJia Jijis OHEHUBAHUS ITUX BEPOSTHOCTEN:

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

Tuwt — NOTIM (qutnut) .
ueWk

34



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. 7: [Ipumepst TeM, B KOTOPBIX CJIOBO «CyMMay HMMEET PA3HbIE [IEPEBOJIbL.

CBs3bIlBaHue MapaJiieIbHBIX TEKCTOB CHJIbHEE YJIYUIIaeT KadeCcTBO IOUCKa, deM 00a
crocoba yuéra cyoBapeii [7|. Bropoit crocobd semuoro syumte mepsoro. Kpome toro, on
IIO3BOJIdEeT BbI6I/IpaTb BapUaHTBI IEPEBO/Ja B 3aBUCUMOCTU OT KOHTEKCTa, 4T0 MOzKeT 6bITb
[OJIE3HO JIJIsi CTATHUCTUYECKOI0 MAIllMHHOI'O IEePeBo/ia, puc. 7.

MopanbHOCTK KaTeropuii n aBTopoBs. /[loiycTtuM, 4T0O pacupe/ie/ieHus: TeM B JIOKYMEeH-
tax p(t|d) nopoxKIAI0TCst OHOM U3 MOJAJIBLHOCTEl, HALIPUMED, ABTOPAMU, PyOPUKAMU WU
KareropusMu. ByjeM cuuTaTh, 9T0 ¢ KazK/IbIM TEPMOM W B KazKJIOM JOKYMEHTe d CBA3aHa
He TOJILKO TeMa t € T, HO U KaTeropus ¢ M3 3aJaHHOro MHOxKecTBa Kareropuii C. Pac-
IMIPUM BEPOATHOCTHOE HPOCTPAHCTBO j10 MHOKecTBa D X W x T x C'. Ilycrb u3BECTHO
noamuozkectBo Kareropuit Cy C C) K KOTOPBIM MOXKET OTHOCUTHCS JTOKYMEHT d.

PaceMoTpuM MyJIBTUMOAIBHYIO TEMATHIECKYIO MOJIe/b (27), B KOTOPOil pactpe/ieie-
HUE BEPOSITHOCTH TeM JIOKYMEHTOB ;g = p(t|d) omuchBaeTCs CMEChIO paCIpeiesleHuii Tem
Kareropuii 1. = p(t|c) u kareropuii 10KyMeHTOB T.q = p(c|d):

pwld) = "pw|t) > pltleplcld) =Y Gutbiema. (33)

teT ceCy teT ceCy

1O TaKzKe 3aa9a CTOXaCTHICCKOr0 MATPHIHOIO PA3JI0KEHH, TOJILKO Ternepb Tpedy-
ercd Haiitu Tpu Marpunpi: ¢ — marpuna repmoB tem, U = (U )rxc — Mampuua mem
kamezoputi, Il = (Teq)oxp — Mampuua kamez2oputi 00KYMeHMO6.

Mozenb 0cHOBaHA Ha JBYX THIOTE3aX YCJIOBHON HE3aBHCHUMOCTH:

p(t|c,d) = p(t]|c) — remaruka joKyMeHTa d 3aBUCUT HE OT CAMOIO JIOKYMEHTa, & TOJIb-
KO OT TOro, KakKuM KaTeropudm OH IIPpUHAIJIC2KUT]

p(w|t, c,d) = p(w|t) — pacrnpesesieHne T€pMOB MOJHOCTHIO OLMPEIEISIETC TeMATHKOM
JOKYMEHTa M He 3aBHCHT OT CaMOTr0O JIOKYMEHTa U ero KaTerOpHii.

Kpowme roro, upejmnoiaraercs, 4ro m.q = p(c|d) = 0 mis Beex ¢ ¢ Cy.
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Baada MAKCUMU3AMUKE PEryJIspu30BaAHHOIO IIPABIOIOL00USI:

Z Z Ngw 1N Z Z OuwtWieTeq + R(P, ¥, 1) — max; (34)

[CRVNT
deD wed teT ceCy
Z Pwt = 1) Pwt 2 O; Zwtc = ]-7 wtc 2 07 Z Ted = 1) Ted 2 0. (35)
weWw teT ceCy

Teopema 5. Ilycrs ¢pyukuus R(P, U, 1) neupepoiBao nupdepennupyema. Touka Jjio-
kaubaOro skcrpemyma (P, W, 1) zazaun (34), (35) yaosaerBopsier cucreme ypaBHEHHIT cO
BCIIOMOIaTeJIbHBIMH IIEPEMEHHBIMHU Dyeqn, = P(t, | d, w), eciin u3 pelieHust HCKJIIOYUTH Hy-
jespre croyionsr marpur ©, U, I1:

Dicdw = NOIM._ (PuWyeTeq) ;
cdw (t,c)ETXCd( w clte )7
OR
Pt = norm| Nyt + Put=— |; Nyt = g E NdwPtedw)
weWw 0g0wt
deD ceCy
OR
Ve = norm | +@/}th ; Nie = g E NdwPtedw;
te deD wed
OR
Ted = n(é:gm Ned —i—ﬂcd? ; Ned = 5 E NdwPtedw -
C
d cd wed teT

Jlannast MOJie/ib, OCHOBaHHAsl HA, TPEXMATPUIHOM PA3/I0KEHUU, HAM0OOJ/Iee M3BECTHA
KakK asmop-memamuseckas modeas ATM (author-topic model), B koropoit nopozx patomieit
MOJIAJIBHOCTBIO SBJISIOTCs aBTOPBI JoKyMeHToB [111]. B memamuueckot modeau mezupo-
sanua doxymenmos TWTM (tag weighted topic model) mopox garomieii MOIATBHOCTHIO
SIBJISIFOTCSL Teru JIoOKyMeHTa [67]. AHajorudHas MOJeTb HCIOJb30BAIAChH JJist 06paboTKI
BHJIEONIOTOKOB B [51]|: OKyMeHTHI d COOTBETCTBOBA/IM IIOC/IEJA0BATEIBHBIM 1-CEKYH/IHBIM
BUJICOKJIMIIAM, TEPMbI W — JIEMEHTAPHBIM BU3YaJIbHBIM COOBITUSIM, T€Mbl ¢ — HPOCTHIM
JIEHCTBUSIM, COCTOSIIIIUM M3 COYETAaHUs COOBITHUIl, KaTeropuu ¢ — 00Jiee CJIOZKHBIM HOBEIe-
HUSM, COCTOAINIUM M3 COYeTAaHUS JICHCTBUI, IPUIEM CTABUIACH 33/a49a BLIJIEIUTH B KaK-
JIOM KJIAIIe OJTHO OCHOBHOE IIOBEJIeHHE.

Mogesib (33) MOXKHO YIPOCTUTH U CBECTH CHOBA K JIBYXMATPUIHOMY DA3JIOKEHUIO, eC-
JIN OTOXKJIECTBUTH TeMbl ¢ Kareropusivu, C' = T', u B3a1b equandnyio marpuiyy V. lannas
MoJesb u3BecTHa B ynreparype Kak Flat-LDA [112] u Labeled-LDA [108|. Eé Boipasureiin-
HbIe BO3MO:KHOCTH Oesmee, 1em y PLSA n LDA, tak Kak 3HadnTe/bHAS J0JIS JEMEHTOB
maTpuipl II = © GukcupoBaHbl U paBHBL HYJTIO.

Tpéxmarpuynble pa3oyKeHns IIOKA He peaJn30BaHbl B bubimoTexe BigARTM.

TemnopanbHblie mogenu. Bpems co3nanus JOKYMEHTOB BayKHO IIPU aHAJIN3€ HOBOCTHBIX
II0TOKOB, HAYYHBIX MyOJIMKanuii, maTeHTHBIX 6a3, JaHHBIX COIUAJbHBIX cereil. Temarude-
CKHe MOJIE/IH, YIUThIBAIOININe BpeMsi, Ha3bIBAIOTCS MeMnopasvoHbimu. OHI TO3BOJISIOT BbI-
JIEJIATH COOBITUIHBIE M IEPMAHEHTHBIE TEMbI, JeTeKTUPOBATH HOBBIE TEMbI, IPOCJEKUBATDH
pa3BUTHE TEM BO BPEMEHH, BbIJAEJISTH TPEH/IbI.

[Tycrb I — KOHEYHOE MHOKECTBO MHTEPBAJIOB BPEMEHH, U KarKJblil JOKYMEHT OTHO-
CHUTCS K OJJHOMY WJTM HECKOJLKHUM HHTepBajaMm, [; — MOJMHOKECTBO JOKYMEHTOB, OTHO-
CAMUXCsT K UHTepBAJIy i. ByJeMm mojararh, 9To TeMbl KakK pacupejesenus p(w |t) ne me-
HAIOTCsE BO Bpemenn. Tpebyercs Haiitu paciupeje/ienne Kax/oii reMbl Bo Bpemenu p(i|t).
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TpI/IBI/IaJ[beIﬁ IIOJAX0/1 3aKJIIOYaeTCd B TOM, LITO6bI IIOCTPOUTDH TEeMAaTUYCCKYIO MO/IE/Ib
Oe3 yuéra BpeMeHH, 3aTeM HalTH PAaCIpe/e/IeHue TeM B KaxkJoM uHTepBaJje p(t|i) kak
cpennee 0,y 1o Becem moKyMmMeHTaM d € D; M MepeHOPMHUPOBATL YCJOBHBIE BEPOATHOCTH:
p(i|t) = p(t\i)%. HeoctaTok JaHHOTO MOJXOJA B TOM, 9TO HHMDOpPMAIUS O BpEeMeHH
HUKAK HE HCIIOJIL3YeTCI IpH 00YYeHHU MOJEIH U He Bausger Ha (POPMHDPOBAHHIE TEM.

B ARTM »ta npobJjiema perraercst BBeieHuemM Mojaabuoctu spemenn 1. Vckomoe pac-
upesesenue p(i|t) = p; nosydaercs B crosbie Marpuipl $. Jonosnurenbabie orpanude-
HHUA Ha HOBEJCHUE TEM BO BPEMEHH MOXKHO BBOIUTDL C IOMOIILIO PEry/IspU3allim.

B oxHoii u3 mepBBIX TeMmmopasbHbIX TemaTwdeckux Mogeneit TOT (topics over
time) [147] kaxkqas TemMa MOJETUPOBATIACH HAPAMETPUIECKIM [3-DACIPeIeIeHIHEM BO BPe-
MEHHU. DTO CeMeHCTBO MOHOTOHHBIX M YHUMO/IAJbHBIX HEHPEPBIBHBIX (DYHKIUN, C TOMO-
IO KOTOPOI'O MOYKHO OLHUCHIBATH Y3KHe MUKU COObITUIHBIX T€M U OrpaHUYEHHbIR HAOOP
TPEHI0B. TeMbI, uMmernme CliopajndecKkue BCILJICCKH, JaHHad MO/EJ/Ib OIIUCbIBAECT I1JIOXO.

Hemapamerpudeckue TeMIOpaJbHBIE MO CIOCOOHDI OIIMCLIBATD IPOU3BOJILHLIC H3-
MEHEHHd TeM BO BpeMeHH. PaccMOTpHM JBa eCTeCTBEHHBLIX IPEINOI0KeHHd 1 (hOpMaJIn-
3yeM MX € HOMOIIBIO Pery/isdpu3alliH.

Bo-nepBbix, 1peJiiio/I02KuM, 4TO MHOI'UE T€Mbl SBJIAIOTCH COObITUIHBIMU U UMEIOT OT-
HOCHTE/ILHO HeDOJIbIIOe «BPeMsl KU3HUY», I0ITOMY B KasKJOM MHTEPBaJIe BPEMEeHU 1 LpPU-
CYTCTBYIOT He Bce TeMbl. [loTpebyeM paspekeHHOCTH pacupejesenuii p(t|i) ¢ moMoIbo
KPOCC-3HTPOLUIHOIO Pery/asapu3aTopa;

Ry(® wm ©) = —7 ZZInp(ﬂi).

i€l teT

Bo-BropbiX, 1peio/okuM, 9ro pacupejeienus pi|t) kak yHKIUE BPEMEHH MEHs-
IOTCsl HE CJMIIKOM OBICTPO M BBEJEM PEryJsiPU3ATOP CIUIAzKHMBAHUSL:

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

i€l tel

Oba peryssgpu3aTopa MOKHO 3amucaTh U Kak (GyHKmio or ¢, n kKak GyHKnuo ot O.
B cayuae peryngpusaropa Re(®) dbopmyna M-mara nveer Bu?

it = ngel"}n(nit + Topi Sign(pi—14 — Pit) + T Sign(Qiv1e — Pit) ), (36)

rjie GpyHKIEA sign Bo3ppaimaeT +1 s MOJTOKHUTEILHOrO apryMenTa u —1 Jjis OTpHUIia-
TeJILHOTO. Peryisipu3arop criaKuBaer 3HAYCHUs B KaZK/I0ii TOUKe BpeMeHHOro psiia p(i|t)
110 OTHOIIIEHUIO K COCEJIHUM TOYKAM CJIeBa U CIIpaBa.

8 MopenupoBaHue TpaH3aKLNOHHbIX AAHHbIX

OObIYHBIE TEMATUYIECKUE MOJIE/IA TEKCTOBBIX KOJIIEKIIHH OIMMCHIBAIOT BXOXK/ICHHS CJIOB
B JOKyMeHTbl. My bTUMOJaIbHBIE MOJIEJN OHNUCHIBAIOT JOKYMEHTBI, B KOTOPBIX COJEp-
JKaTCA TepPMbl Pa3/IMYHBIX MOJAJIbHOCTEI: CJ0Ba, OMI'PAMMBI, TEI'd, KaTerOPUU, aBTOPHI,
110JIb30BaTe/IM, U T. JI. BO BCex 9TUX ciydasix MOJIe/Ib OIMCHIBAET TapHbIe B3aUMO/IeHCTBUS

2 lo#ikos H. B. AmanTupHas peryaapH3anus BepOSTHOCTHBIX TeMATHIeCKHX Modeseil. Bakamappekas
mucceprarmsg, BMK MI'Y, 2015.
http://www.MachineLearning.ru/wiki/images/9/9f/2015_417 _DoykovNV.pdf
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MeEXK/AY AOKYMEHTaMHu U TepMaMu. B 60ﬂee CJIO2KHBIX IIPpUJIOZKEHUAX HCXO/JHbIEC JTaHHbIC
MOI'YyT OIIMCbhIBAThb TPaH3aKIUN (OTHOH_[eHI/Iﬂ, B3aUMOCBA3HU, B3aHMOﬂeﬁCTBHH) MeE2Ky Tpe-
Ms 1 60J1ee 00beKTaMI Pa3IHIHBIX MOaabHOCTeil. Hanpumep, B ceTn nHTepHeT-peK/IaMbl
«II0JTb30BATENb U KJAUKHY/JT OObsaBIeHAEe b HA CTPAHUIE S$»; B COIMUAJBHON COTH <«IIOJB30-
BaTeIb U HAIKCAJ CJIOBO W HA CTPaHUIE 0Jora d»; B CETH MPOIarK «IIOKYIaTe b b Ky
y HPOJIaBIA § TOBAP ¢»; B PEKOMEH/IATEIbHOI CucTeMe «KJIMEeHT U oneHu1 puaibm f B cu-
TYaTUBHOM KOHTEKCTE S».

B srux mpummepax B3amMmoeiicTBue TpEX OOBEKTOB HE CBOJUTCS K IMAPHBIM B3aWMO-
JeHCTBUSAM. DTO He BCerj/ia TaK, I B HEKOTOPBIX 3a/1a9aX CJIOKHBIE B3aUMOIEHCTBUS BCE
JKe paclaaroTcd Ha mapbl. Hampumep, B cucreMe peKOMeHIAIuil My3bIKH TpPaH3aKIHs
«TpeK 7 UCIIOJIHUTEJIA 4 HaXOAUTCA B aﬂb6OMe d, BblIIe/IIeM B I'OJAYy Y» OIIMCbIBaeTCHd,
Ka3a/10Ch Obl, 4eTBEPKON 00beKTOB (T, a, d, y). OjHAKO OHA paCHaAeTCs Ha IaPHbIE B3au-
mocssizu (d,r), (d,a), (d,y), KOTOpbIe MOI'YT OBITH OMUCAHBI OOBITHON MYJIBTHMOATBHOI
MO/TEJTBIO.

JI1s1 TeMaTHIeCKOro MOJETHPOBAHUS TPAH3aKIMOHHBIX JAHHBIX YIOOHO IOHATHE T'H-
neprpada. ['uneprpad obobiaer nonstTue rpada u orjimyaercs or Hero TeM, 4To pédbpamu
B HEM MOI'yT ObITh HE TOJIbKO IIapbl BEPUINH, HO U IIOJMHOYXKECTBA U3 TPEX u DoJiee Bep-
e, Bepimuaer runeprpada coOTBETCTBYIOT TepMaM Pa3InIHBIX MOTAIbHOCTE, peébpa —
TpaH3aKIuIM. 3a/a49a 3aKI09aeTC B TOM, YTOOBI 110 HA0/110/1aeMOil BLIOOpKE TpaH3aKIIHii
BOCCTAHOBUTH HEM3BECTHbBIE TeMaTUIecKue pacipejesnenus sepiun p(t|v). IIpeanonara-
€TCd, 4TO BEepOATHOCTb TPaH3aKIUKU TEM BblIIE, Y€M 60ﬂee CXOXKH TEMATUKU ee BEPIIUH.

B npoekre BigARTM peasinzoBana onucannasi Huzke rumeprpadoBasi TeMaTuaecKast
MO/TE/Ib TPAH3aKIINOHHBIX JAHHBIX.

TemaTtuyeckne mogenu Ha runeprpadax. [unepzpag I' = (V, E) oupejessiercss MHO-
JKeCTBOM BepIIH-TepMoB V' 1 MHOZKecTBOM pébep (rpansaxiuit) E. Kaxoe pedpo e uz E
obpasyercs IOMHOKECTBOM BepuiuH, e C V.

Kaxgag Bepmmuaa v € V' umeer modasvrocms m = p(v) W3 KOHEIHOTO MHOXKECTBA,
MozaibHocTeil M. MHOKECTBO BCeX BepUIMH pa30HBaeTcs Ha HeIepeceKarouuecs Io/I-
MHOZKeCTBa 110 MOAAJIbHOCTAM:

V= |_|Vm, Vi ={v € V: p(v) = m}.

meM

Hampumep, B 0OOBIMHBIX TeMATHIECKHAX MOJEIAX €CTh TOJBKO JBE MOJIAJIbHOCTH: JTOKY-
MeHTbl V) = D u TepMmbl Vo = W KaxKias TpaH3aKIus IPeJCTaBIseTCs pedpPoM U3 JIBYX
BepuiuH € = (d, w) u ONUCHIBAET BXOXKIeHUue TepMa w B JoKyMeHT d. [Tpu srom runeprpad
SIBJISIETCSL JIBY/I0JIbHBIM TPaOM.

B 6oJiee C102KHBIX HPUJIOKEHUSAX TPAH3AKIMA MOTYT UMETh pasJjindHbie ThIlbl. Harpu-
Mep, B CETH HHTEPHeT-peKJIAaMbl, KpOMe JAHHBIX Tuna (u,b, s) 0 KIMKax MOJb30BaTeseil
10 O0bABIEHHAM HA CTPAHHUIAX, MOI'YT HMEThCA JAHHBIE O IOCENEHUSX CTPAHMUI ITOJIb-
30BaTeaAMEU (U, S), O BXOXKJEHUH TEPMOB B TeKCTbl 0ObsiBienuii (b, w), crpanurn (s,w)
1 3aIPOCOB 1oJib30BaTesieil (u, w).

[Iycrb 3a1a8H0 MHOXKeCTBO TUIOB Tpau3akmuii K. Tpanszakyuonnoie dannoie Tuma k —
510 BbIGOpKa F), HesaBucuMblx Habmonenuit (e,t) € 2¥ x T, nopoxjaemas pacupe/iesie-
aueM py(e, t), cBouM st Kaxkoro tuna k € K. Kaxaoe pebpo e € Ej BXOAUT B BBIGOPKY
Nge Pa3, U € KazKJbIM BXOXK/IeHHEM pebpa CBsi3aHa CBOs JiaTeHTHas Tema t € T
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M — MHOXKECTBO MOJAJIbHOCTEI:
oo A

K — MHO>KeCTBO THUIIOB pEDep:

0 Bp 00 Oa Sa

T — MHOXKECTBO TE€M:
00000

Puc. 8: Ilpumep rumeprpada ¢ BepIimHAME TPEX MOIAILHOCTEH, pEOpaMu-TPAH3AKIIAIME TISITH THIIOB
" IATHIO TEMAMMU.

Ha puc. 8 nokazan npumep rumeprpada ¢ BepIInHaAMU TPEX MOoJaJbHOCTel, pédpaMu-
TPpaH3aKIUAMU IIATHA TUIIOB U IIATBIO TEeMaMU.

Bysiem nosiarars, 9To B Kaxk /10l TpaH3akiuu e € I umeercs ojiHa BbleJI€HHAs BEPIIN-
Ha d, HA3bIBaEMasl Konmeldnepom, u 0603HaYATh pebpo depe3 e = (d, x), Tje & — MHOXKe-
CTBO BCEX OCTAJIbHBIX BEPIINH pedpa e, 33 HCKJII0UYeHneM BepIInHbI-KOHTeiiHepa d. AHaJ0-
TUYHO JIOKYMEHTY, ¢ KOHTeHHepoM CBsi3aHO pacipenenenne teM p(t|d). MHOKecTBO Beex
BepIIUH-KOHTEIHEPOB 00603Ha4YuM depe3 D.

Hasiee npeano/iozxum, 4ro Hu pacupeje/enus reM p(t|d) B konreiinepe d, Hu pacipe-
JleJieHns BepInnH B TeMax p(v|t) He 3aBucar ot tuna pebpa k. Kaszamoch Obl, Ha IPAKTHKE
9TO IIPeIII0I0KeHIe MOYKET He BLIIOJIHATHCA. Hampumep, pacnpe/eneHns CJI0B B TeKCTaX
BeO-CTPAHUII, B MOJIHb30BATE/ILCKIX 3alPOCaX U B PEKJIAMHBIX OaHHEPAX MOIYT 3HAYUMO
pa3nyuarbes i OAHON u TOi ke TeMbl. OJHAKO TO OrpaHUYEHHE HETPYIHO 0DOUTH,
€CJIn IIOCTPOUTDL MOJEJIb C TpeMsdAd Pa3HbIMU MOAAJILHOCTAMU CJIOB JIJId 9THUX TpéX TUIIOB
TpaH3akKIuii. Bosee Toro, MexaHIH3M peryJspH3aii M03BOJIAET CBI3aTh YTH pPacIlpeeie-
HUS U CJIeJIATh UX ITOXOKHMI.

Hakowerl, BBeIEM Iruiioresy yC/JI0BHOI He3aBUCUMOCTH BepliuH B pédpax (d, x):

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

veT

[Tpu ce/taHHbIX JIONYHIEHUAX HPOLECC HOPOXK IeHust pebpa (d, z) € Ej cocrout us jByx
maros. CHavgasa mopoxkaaercs tema © w3 pacupeieienus p(t|d). 3arem mopoxgaercs
MHOZKeCTBO BepmuH = C V, IpuuéM KaxK1ad BepIIuHA v € T MOJAJLHOCTH 71 HOPOZKIa-
ercsi U3 cBoero pacmpesesnenns p(v|t) HaJ MHOKECTBOM Vi,.

Temaruueckasi Mo/ieJib BbIpazKaeT BEPOSITHOCTHU 1OsiBJIeHUs pedep runeprpada depes
pacupe/iejieHusi, CBsI3aHHbIE C UX BEPIITUHAMU:

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

teT VET teT vET

[TapameTpaMu 3TOif MOJE/NU SBIAIOTCA YCJIOBHBIE BEPOSITHOCTH BEpIIMH B TeMax
Yot = p(v|t), HOpMUDPOBAHHBIE 110 KAXKI0# MOJAJBHOCTH U € V,,,, U YCJIOBHBIE BEDOSTHOCTH
TeM B KoHTeiiHepax 0y = p(t|d). B Marpudnbix 0003HAYEHUSAX MApAMETPAMU SIBIISIFOTCS
marpuibl $,,, m € M u ©, Kak u B caydae MyJIbTHMOJATbHO TeMaTHIecKoii Moaenn (28).

Jlyist onTEMU3anMK MapaMeTpoB MOJETN MPUMEHHM MPUHIHIT MAKCAMyMa IpaBIOHO-
J100ust 115t Kazk10ro tuna pédep k u OyjeM MaKCUMU3UPOBATH B3BEHIEHHYIO CYMMY JIOTA-
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pudMOB 11paBO10100Ks ¢ Becamu Ty U pery/spusaropom R(P, O):

ZTk Z nkdxanthHgovt—l—R (I) @) —>max (37)

keK dx€eE} teT VEX
Z Sovtzla Pot 207 Zetd:1> 9td>0
’UEVm tET

Teopema 6. Ilycrs ¢pyukuust R(®, ©) nenpepsiro jucpepennupyema. Touka jiokajib-
roro makcumyma (9, 0) zazaun (37) yiaoiersopsier cucreme ypaBHEeHHI OTHOCHTEJIBHO
HapaMeTpoB MOJEIH Py, O H BcoMorarejibHbIX 1epeMeHHbIX Py = p(t|d, x), ecom u3
peIIeHusT HCKJIIOYUTh HyJIeBble cToJ01bl Marpur P, ©:

Ptdz = n?el"Tm (etd H @vt) . (38)

vET
OR
Pot = IlO%"/IIl Nyt + Sovtg— ; Nyt = Z Z [U S 5(7] TN kdxPtdx (39)
vEVm Pt keK deeEy,
Org = norm Nyg + Org—— OR Nyg = Z Z Tk NkdxPtda - (40)
eT 09td
keK dxeEy,

HokazareabcTBo. Bocnosb3yemea yeiaopusavmu Kapymra-Kyna-Takkepa. 3amumem
JIArpAHKUAH ONTHMHU3ANUOHHOMN 3ama4n (37):

Z(2,0) ZTk Z nkdzlnzetdn%tﬂLR (©,0) -

keK dxeE}, teT vET

SDIDRIGSEVRIES D) 9 SERIE

meM teT vEVm meM veV,, teT
- E Nd( E Oa — 1) - E E tdOa-
deD teT deD teT

[IpupaBHsieM HyJIIO IPOU3BO/IHbIE JIAIPAHZKUAHA 110 lTapaMeTpaM MO/IEJINu:

0% Ota Hu 2\ Put OR
= Z Z [v € Z] TkNpde Sl + — Au)t — Aoyt = 0;

Ot keK dzcEy, p(z|d) Ot

0L vew Pt OR

90, —Z ZTknkdx e|d)t+89 — Ma = fea = 0.
td LeK deeE, td

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

Z Z v € 93 TN kdx 2 luee 7l + O = )\u(v)t%t;

vt
k€K dz€E} N ( | d) , 0t
Ptdz=p(t|d,x)
O1a Hv z Pt OR
SN i # Orag— = pabia-
keK dzeEy . , td
Ptdx :p(t I dvx)
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3anuiiem 9TH ypaBHEHHsI KOpOo4de 4epe3 HepeMeHHble ., u3 (39) u ny u3 (40):

Potdmt = ot + Purga, M= pi(v); (41)
Oratta = Mua + 9td%i- (42)

Ecmu Ay > 0, To ub0 JieBast u mpaBast 4acTi paBeHCTBa (41) 06e MOJOKUTETbHBI,
b0 ¢, = 0. O0beauusd 3TH 1Ba caydas B OAHY (OPMYITY, MOTYIIM

vat)\mt = (nvt + @vt%)_g (43)

Eciu g > 0, ro 760 jieBast u npaBas 4actu paBeHcTBa (42) 0be M0JI0KUTeIbHbL, 00
0iq = 0. O0beunsist 3T JiBa Caydas B OJHY (HOPMYJTy, MOy IUM

Oratta = (nea + Qtd%)Jr- (44)

[Tpocymmupyem pasencrsa (43) no v € V,,,, pasencrsa (44) mo t € T, npumenuM ycJio-
BUd HOPDMUDPOBKHU U BbIPpAa3UM ,ZLBOfICTBeHHbIe lepeMeHHbIe:

Amt = Z(nvt + @vt%)p

VEVm
o OR
Hd = E (ntd + thagtd)Jr-
teT

[ToncraBuB A\, 1 g B (43) u (44), moayuum (39) u (40).

Ecmu A\, <0, T0 Ny + govt% < 0 g Becex v € V. B aTom cirydae Oyaem cuutaTh
TeMy t BbIpOKIeHHOi. IIpu sTom ¢,y = 0 g1 Beex v € V,,, cormacuo (39).

Ecma pg <0, TOo ngg + th% < 0 g Becex t € T. B srom cirydae OyleM CUUTATh
KoHTeituep d BoipozkaeHubiM. [Ipu atom Oy = 0 mist Beex t € T, corvtacuo (40).

Teopema Jjiokazana.

KoaddurumnenTtbl BansaHusa. Ha npakruke BO3MOXKHBI CHTYAIUM, KOIJA OIPE/IEJIEHHbIE
THIBI TPAH3AKIUI UrPAIOT BCIOMOTATEIbHYIO POJIb, U HE JIOJZKHBI BJIUATH JUOO HA Te-
MAaTHKY KOHTeiiHepoB, Jub0o HA paclpeje/eHus TEPMOB B TeMaX. Hampumep, TeKCTOBBIIL
KOMMEeHTapuii B TOProBOil TPAH3aKIUK He JOJIZKEH BJIUATH HA TEMATUKY IPOJIABIA U IO-
Kylare/is, HO UPU 9TOM BazKHO 110JIyYarb PACHPEJIeJeHHs] CJIOB KOMMEHTAPHEB B TEMaX.
B My/Ibrusi3pI9HON MOJIEJIN TOJIBKO MOJAJILHOCTD IJIABHOIO sI3bIKA JIOJIZKHA BJIHUATH HA T€-
MaTUKy MYJIBTUSA3bIYHOIO JOKYMeHTa. My3blKaJbHbIe TPEKH JOJIZKHbI BJIMsITh HA TEMBl,
ecJd OHM HAXOAWUTCHA B ILIEH-IHCTaX IOIb30BaTeseil, HO He B aab0OMaxX HCIOJTHHUTe Iel.

Js permenust Takux 331a4d B opmysnsr M-mara (39)—(40) BBogaTcsa koadduyuernmo
BAUANUA Tk, Ok, TPHHAMAIONINE 3HAYCHNA U3 oTpe3Ka [0, 1]:

= (v zPtdz
Tyt Z Z [v € x] 7oy, (v) kdzPtd

keK dxeEy,

Ngg = E E TEO kN EkdxPtdx -

kEK dzcEy
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9 MopagenupoBaHne 3aBNCNMOCTEN

Knaccudpmkauyms. Temamuueckas modeav kaaccugpurayuu Dependency LDA [112] sB-
Jasiercst DaifecoBckuM anasiorom mogenn (27) ¢ mogaabHoctsmu repmoB Wou kitaccos C.
Vmeetcst obydaromniasi BHIOOPKA JTOKYMEHTOB d, /I/Isi KazKJI0I'0 M3 KOTOPBIX U3BECTHO IOJI-
MHO)KecTBO KiaaccoB Cy C C. Tpebyerca kiraccudunupoBaTb HOBBIE JOKYMEHTBI C HEU3-
BecTHBbIM Cy. [Ijist 9TOr0 6y/1eM UCIHOIB30BATD AUHETHYIO BEPOATNHOCTIHYIO MOOEAD KAUC-
cuukayuu, B KOTOPOit 00beKTaMu SIBJISIOTCS JOKYMEHTHI d, IMPU3HAKH COOTBETCTBYIOT
TeMaM t U NpUHUMAIOT 3Hadenus Oy = p(t|d):

pleld) =" @etbia.

teT

HokymeHT d OTHOCHTCS K KJaccy ¢, ecau p(c|d) = ..

Koaddunuenrst juneiinoit mojgenu o, = p(c|t) u noporu 7, 00y4arTcs 110 BbIOOPKe
JoKyMeHTOB ¢ m3BecTHeIMU Cy. Ilpn3HakoBoe ommcanme HOBOIO JOKYMeHTa #j BBIUHCIIA-
eTCd TeMATHIeCKON MOJIEIbI0 TOJBKO IO €r0 TepMaM.

DkcmepumenTsl B [112] mokasanm, 9T0 TeMaTHYeCKHe MOJEIU MPEBOCXOAAT OObIU-
HbIe MeTOJbl MHOTOKJIACCOBOIl KiaaccupuKanmum Ha OOJBIINX TEKCTOBBIX KOJLIEKIIHIX
¢ OOJIBIIMM YHCJIOM HECOAJIAHCUPOBAHHBIX, IEPECEKAIOIIMXCs, B3aUMO3ABUCUMbBIX KJIACCOB.
B [132] Te ke BbIBO/BI Ha TEX K€ KOJJIEKIUSIX ObLIIM BOCIPOU3BEIEHBI JIJIs MYJIbTHMO/[AJb-
Hoit ARTM. Hecbanrancuposanrocmsd 03HAIAET, 9TO KJIACCHI MOI'YT COJEPZKaTh KaK MaJIoe,
TaK U OYeHb OOJIBIIOE YHCJIO JTOKYMEHTOB. B ciaydae nepecexaroujuxcsa KaaccoB TOKYMEHT
MOKET OTHOCHTBCSI KaK K OJHOMY KJIACCY, TaK U K OOJIBIIOMY YHCIY KJIacCOB. Baaumosa-
BUCUMDbLE KJTACCHI IMEIOT OOIIIe TePMbI B TEMbI, IO3TOMY HIPH KIACCH(MUKAIME JJOKYMEHTa,
MOI'YT BCTYIIATh B KOHKYPEHIIHIO.

Pezyasapusayus no ompuuamesvHvim NPUMepaM UCHOJIB3YeT JJaHHbIE O TOM, 9TO JI0-
KyMmeHT d u3 obydalonieii BBIGOPKH He NPHHAJJIEKUT mojMHOKecTBY Kiaccos C C C.
Jlj1st 9TOTO Cilydas 3aluiieM IpaBaonoodue BepoaTHOCTHON MO/e/ M OMHAPHBIX JIAHHBIX:

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

deD ceCy teT deD ceC) teT

[TepBoe ciaraemoe ectb log-nipaBiononobue MOJAJIbHOCTH KJIaccoB (27), ecju 1oJio-
KUTb Ng. = [c€Cy|. Bropoe ciaraemoe MOKHO paccMarpuBaTh KaK DPEryJsipu3arTop OT-
PHUIATEbHLIX PUMEPOB, MOCTPOEHHBIN 110 JAHHBIM O He-IPHHA/JIE?KHOCTH JTOKYMEHTOB
ki1accaMm. KosdduruenT peryigpu3anun 7 MOXKHO [I0JaraTh PABHBIM €IUHUIE.

Qacmommnas peeyaapusayus (label regularization) xopormro 3apekomenjoBaia cebs
B 3ajla4ax ¢ HecOagaHcupoBaHHBbIME Kiaccamu |74, 112]|. ITorpebyem, 4To6bl oneHka 6e3-
YCJIOBHOTO paCIpe/IeeHns KIaCCOB 0 KO/uteKnun p(c) = » ., ¢up(t) Oblia 6im3Ka K Ha-
OJIF0IAEMbIM YaCTOTaM KJaccoB p(c) = |17||Dc|, rae D.={d € D: c € Cy} — mMHOKeCTBO
JIOKYMEHTOB, OTHOCAIIUXCS K KJaccy ¢. Bplpa3um jaHHOe TpeOOBAHUE € HOMOIIBIO CIIa-
JKHBAIOIIET0 PEryasipu3aTopa KpOCC-9HTPOINH, KOTOPBII MOKHO HHTEPIPETHPOBATD U KaK
MAKCHUMU3AIUIO TPABIONOI00US MOJETH KJIACCOB p(C):

R(®) =17 Z |D.| lnz NyPer — Max,

ceC teT
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e ng = Mg — YUCIO0 TepMOB MoAa bHOcTH C', OTHOCSIIMXCS K TeMe t BO Beeil KoJl-
aeknuu. [ogcrasisist sror peryasipusarop B (13), nosyuanm dopmyssr M-mmara:

NiPet

Z NgPes

YacrorHas pery/sipu3aliys HCII0/Ib30Baiach B TeMarudeckoil mojgesun Prior-LDA, koropas
Oblia npejyiokena B [112] kak yiayumenue mogesn Flat-LDA.

Ot = rqlﬂoermry Net + 7| De| =———— (45)

Perpeccusa. 3ajgaqn npejcka3anusi YUCJI0BON BeJIMIrHbl KAK (DYHKIIMH OT TEKCTa BO3HIU-
KAIOT BO MHOI'UX IIPUJIOZKEHUAX JJIEKTPOHHON KOMMEPIMU: 1IPeJICKa3aHe pelTuHra ToBa-
pa, duabMa WM KHUTH 1O TEKCTY OT3bIBA; MpelcKa3aHue YHCJa KJIUKOB MO TEKCTY pe-
KJIAMHOTO OObSIBIEHNS; MIPe/ICKa3aHne 3apIIaThl 0 ONUCAHUIO BAaKAHCUU; IpeICKa3aHue
oJIe3HOCTH (Ymcia JANKOB) OT3bIBA Ha OTeJb, PECTOpaH, cepBuc. [lis BOCCTAHOBIEHHUSI
YUCJI0BbIX (DYHKIUI 110 KOHEUYHOU oOyualtoiieil BbIGOpKe nap «00beKT—O0TBET» UCIOJIb3Y-
I0TCsl PErPECCUOHHbBIE MOJIE/IU, O/IHAKO BCE OHU IPUHUMAIOT HA BXO/€ BEKTOPHbIE OIIUCAHUS
o0bexkToB. Temarudeckasi MOJE/Ib MO3BOJISIET 3aMEHUTb TEKCT JIOKYMeHTa d ero BeKTOp-
HbIM TpejcTaBierneM 4. C npyroit cTopoHbl, KpUTepUil ONTHMH3AINNEA PErPeCCHOHHON
MO/TIEJTI MOZKHO UCIOJIb30BATh B KAUeCTBe PEryasdpu3aTopa, YTOObl HAUTH TeMbI, HanOoJree
nuHGOPMATUBHBIE ¢ TOYKH 3DEHHs] TOYHOCTH HpejcKa3anuii |78, 121].

[IycTh gy Kaxk10r0 JOKyMeHTa d odydalomnieil BBIOopKu [ 3a1aHO 1e/1eBoe 3HAYCHUe
ya € R. Pacemorpum aunetinyro modeasv pezpeccuu, KOTOpas TpeIcKa3biBaeT MaTeMaTu-
q9eCKOe OKUJIaHue MeJIeBOl BeJNYnHbI:

Z/‘d thetdu

teT

rie v € RT — pekrop kosddunuentos. [IpuMennM MeTO HAMMEHLIINX KBAJIPAaTOB I
o0ydeHust BEKTOpa v IO BBIOOPKE JIOKYMEHTOB:

R(©,v) = —7 Z(yd - Z Utetd)

deD teT

[Toxcraiss sror peryaspusarop B (14) u npupaBHUBAs HYJIIO €10 IPOU3BOIHYIO 10 U,
nostyauM (popmysiel M-mara:

01a = norm <ntd + 70044 <yd — Z U595d> ) ;

seT

v = (067 'ay.

3sech opMyia i BEKTOpA U ABJISIETCS CTAHIAPTHBIM pelleHueM 3a/1a9i HAMMEeHb-
X KBAIPATOB pu (pUKCHPOBAHHOIT MaTpure ©. BeKTop v MOXKHO OOHOBJIATH 110 OKOHYA-
HUU KazKJIOI'0 1IPOX0Jia KOJLJIEKIUHU, JIn0o 1ocje 00pabOTKU KazKJIoro MmakeTa JIOKyMEHTOB
B oHJiaitHoBoM EM-ajiropurme.

B [121] moka3aHo, 9TO KAYECTBO PErPECCHU MOZXKET 3aBHCETb OT MHHUIIHATU3AIIMH TeMa-
TUYECKOU MO/IeJIN, U MPEJJIOZKeHO HECKOJbKO METO/A0B WHUIIUAJIU3AIUNA.

Ha npaxTuke oObIYHO HCIIOJIb3yeTcs H0JIee MPOCTON MOIX0/T: CHAYA/IA CTPOATCHd TeMa-
TU4YeCKUue IMPU3HaKOBble OllMCaHUA JJOKYMEHTOB C IIOMOHIILIO MOIEJ/IN LDA, 3aTeéM K I9THUM
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HpU3HAKaAM MOUYT JIODABJISATHCS €llé KaKhe-TO YUC/IOBble IPU3HAKU TEKCTOB, M, HAKOHEII,
o01iee IPU3HAKOBOE OIIUCAHKME UCIIOJIb3YeTCs JIjIsl PellieHus perpeccuontoi 3aiauu. Hejio-
CTATOK 3TOr0 IOJX0/Aa B TOM, 4TO Momeab LDA Hudero He 3Haer o perpeccun. Peryis-
pusamusg ARTM mo3Bosiger moodepeiHo yaydarb TO TeMATHIeCKYI0 MOJETb C yIETOM
pPerpeccuu, TO PerpecCuOHHYI0 MOJIETDb C YIETOM TeMaTHIeCKUX MpU3HAaKoB. B pesyrbrare
JIBE MOJIEJIM [PUCIIOCADJIUBAIOTCS JPYT K JIpyry. TeMbl moBOpaunBatoTcs TaKuM 00pa3oMm,
4TOObI ObITh MAKCUMAJILHO 110JIE3HBIMU B KAYECTBE IIPU3HAKOB PerpecCuOHHO Mojiesiu. [lo-
OaBJleHUe TOMOJTHUTETbHBIX HeTeMATHIeCKUX IPU3HAKOB B PET'PECCHOHHYIO MOJEIb B 9TOM
cIydae TaKyKe HE COCTAaBJIAET TPYA.

Koppensuuu tem. Modeaw koppeauposarnvx mem CTM (correlated topic model) npei-
Ha3HAa4YeHa JIJI BbISBJICHUs CBA3eil Mexkay Temamu [22]. Hampumep, craTbs 1m0 reoJoruun
6oJ1ee BepOSTHO CBA3aHA C apXeOJIOrneil, YeM ¢ FreHeTHKOi. 3HaHue 0 TOM, KaKHe TeMbl da-
Il COBMECTHO BCTPEYAIOTCA B JOKYMEHTAX KOJIIEKIIHH, [T03BOJIIET TOUHEee MOJIETHPOBATH
TeMaTUKy OTAEJIbHBIX JOKYMEHTOB B MYJIbTUAUCHUIIIMHAPHBIX KOJIJICKIUAX.

st onmcanust KOppeJsiuil y100HO UCIIOIb30BATh MHOTOMEPHOE HOPMAJILHOE PacIIpe-
nesienre. OHO He MOJXOJMUT JI/Isi OINMMCAHUSA HEOTPUIATE/HHBIX HOPMUPOBAHHBIX BEKTOP-
CTOJIONOB 0, HO HEILTOXO OIMCHIBAET BEKTOPHI UX JorapudmMoB 1,y = In ;4. [TosToMmy B MoO-
JieJIb BBOJUTCS MHOTOMEDHOE JIor-HOpMaJibHOe pactpesenenne (logistic normal) ¢ asyms
napaMeTpaMu: BEKTOPOM MaTeMaTUuIeCKOI'0 OKUJIAHUS (L U KOBAPUAIMOHHON MaTpuIleit Y

p(nal 1, B) = (2m) " F[S|7% exp(—3 (10 — 1) (4 — p)).

Nznavanbno mojens CTM 6bliia pazpaboTana B paMKax 0aiieCOBCKOTO IMOJXO0Ja, T/
BOBHUKAJIM JIONOJIHUTE/IbHbIE TeXHUYECKUE TPYAHOCTU U3-33 TOTO, UTO JIOI-HOPMAJIbHOE
pacipejieleHle He siBJISIeTCsl CONPSIKEHHBIM K MyJabTuHOMuajbHOMy. B pamkax ARTM
niaes CTM dbopmamusyercsa n peajusyeTcs HAMHOTO IIPOIIIE.

Onpeie/iuM peryasipu3aTop Kak Jorapudm IpaBIonoao0us JTOr-HOPpMaIbHOR MOIEeTN
JIJIE BBIDOPKU BEKTOPOB JIOKYMEHTOB 1)4:

_ _ T Ty —1
RO, 1, %) = TZ Inp(na|p, ) = —3 Z(ln@d — )" (In6y — p) + const — max.
deD deD
Cornacuo (14), dbopmyna M-mara s 0,y TpuHIMAeT BU/
Org = n%r%n (ntd - T 2; Z,;l (hl Osa — Ms))> (46)
se€

rie E,;l — 3JIeMEHTBI 0OPATHOI KOBapuaIuoHHoO#i MaTpuIpl. [lapaMerpsr X, 1 HOpMaIbHO-
ro pacipeje/ieHuss OOHOBJISIIOTCA IIOCJe KaxKI0I'0 IPOX0/1a KOJIJIEKIUH, JUOO0 IOCIe KarK-
JIOTO aKeTa JIOKYMeHTOB B oHJaiinoBom EM-ajropurme:

1
= — In 0,;
H |D|d€ZDHd
1 T
Y= 62(111(%_’“)(1:&0[1_’“) )
Pl ies

Takum obpa3om, TpyLOEMKas omepaliiss oOpalleHnss KOBAPHAIMOHHON MaTpPUIBI BBIIIOJI-
HSETCsl OTHOCUTETBHO peiko. B [22] ucnonb3oBanack LASSO-perpeccust, 9T00bI MOJTYIaTh
Pa3peKEeHHYI0 KOBAPUAIMOHHYIO MATPHILY.
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10 OnpepeneHuve 4yncna Tem
Pezyaapusamop ombopa mem npenioked B [134] njs yaaneHusi He3HAYNMBIX TeM U3

TeMaTudecKoit Mojen. OH OCHOBaH Ha Hjee KPOCC-9HTPOIUNHOIO pa3peKuBaHuA pacipe-
nenenns p(t), KOTOpOe JIErKO BBIPAZKAETCsI Yepe3 HapaMeTpbl TeMATHIeCKOH MO/eTH:

R(©) mz Inp(t) p(t) = p(d)bia.

[ToxcraBum sToT peryiaspusarop B dhopmyry M-mara (14):

n p(d)ed).

01 = nomm (nia — 7 7] pl0)

Bamenum 6y B 1paBoil 4acTu paBeHCTBA HECMEIIEHHON OLEHKON ~t2:

;4 = norm <ntd <1 P )) (47)
teT ng|T|

DTOT PEry/sipu3aTop pa3pezKuBaeT HeJUKOM cTpoku Marpuilpl ©. Ec/in 3nadenne caér-
YUK Ny B 3HAMEHATEJIE JIOCTATOIHO MAJIO, TO BCE HJIEMEHThI {-if CTPOKHM OKA3bIBAIOTCS PaB-
HBIMU HYJIIO, ¥ T€Ma ¢ TOJIHOCTBIO UCKJII0UaeTcs u3 mojeun. [Ipu ucio/ib3oBanuu JaHHOTO
pery/sgpu3aTopa CHada/a yCTaHABIUBACTCS 3aBe1oMO n36biTouHOe dncsio TeM |T|. B xome
ATEPAIMii 9UCI0 HYJTEeBBIX CTPOK MATPHUILI O IMOCTENeHHOe YBeTHINBACTCS.

Ot16op Tem B ARTM namuoro npoie HemapaMerpuieckux 0aiiecoBCKUX Mojesieit —
nepapxuueckoro mporecca Jupuxie (hierarchical Dirichlet process, HDP) [125] uiu mpo-
necca Kutaiickoro pecropana (Chinese restaurant process, CRP) [25].

B o6oux nogaxomax, ARTM u HDP, umeercs yupasisiionuii mapamerp, Boibupast Ko-
TOPBI, MOKHO MOJIy4aTh MOJETH ¢ YHCIOM TeM, pa3indaruMces Ha nopsaku (B ARTM
510 Kodbdunuent peryispusanuu 7, B HDP — kosdduruenr konnenrpauu 7).

B [136] Oblin ipoBeieHbl SKCIEPUMEHThI HA [MOJIYCHHTeTHIECKUX JIAHHBIX, [1PEICTaB-
JSIONHUX 000 cMech IBYX pacipeenennii p(w |d) — peaabHON KOJUIEKIHH, JIJIs KOTOPOi
YUCI0 TeM HEeH3BEeCTHO, U CHHTEeTHIECKON KOJIIEKIUH C 33JaHHBIM ducaoM TeM. CuHTe-
THYeCKasl KOJIEKIHSA CTPOMJIACH IIyTEM IepeMHOKeHHsa MaTpul] PO, moJiyIeHHBIX B pe-
3y/JIbTATe TEMATHIECKOTrO MOJEIUPOBAHUS TOW Ke peasibHOo Kojutekiuu. OKa3aaoch, 910
HDP u ARTM crocobubl omnpesie/isiTh KCTHHHOE YHCJIO TeM Ha CHHTeTHYEeCKUX W HOJIY-
cuHTeTHYecKNX JaHHbIX. IIpm stom ARTM omnpenenser ero 6ojee TOYHO U yCTONIUBO.
Oamako 4yem OJimzKe IHOJYCHHTETHYECKHE IAHHBIE K peaJbHBIM, TeM MeHee YETKO pas-
JIUYIAM JTHANA30H 3HAYEHHI T'HIeplIapaMeTrpoB 7T WX 7y, Ha KOTOPOM BOCCTAHABIHBAETCS
HpaBu/IbHOE YUC/I0 TeM. Ha peasibHbIX JIAHHBIX OH HEPA3JIMYUM BOBCE, MPUUEM JIjIst 000X
110,1x0/10B. Takum oOpa3om, 1po 0ba 110/1X0/1a HeJIb3s CKa3aTh, YTO OHU ONPEIE/IsIIOT Oll-
TUMAJIbHOE YUCJI0 TeM. B peasibHbIX TeKCTOBBIX KOJLIEKIUSIX HUKAKOTO «UCTUHHOTO YHUCJIA,
TeM» IPOCTO He cyImecTByeT. Uem OOJIbIIe KOIEKIs, TeM DoJiee MeJTKIe CeMaHTHIeCKIe
pas3andns, U /i OOJIBIIEro 4uc/ia TeM, BO3MOXKHO YIOBHTD.

DT coObOpaKeHUs MOITBEPKIAIOTCS OIMBITOM MOCTPOEHUSI NEPAPXUIECCKUX TEMATUIE-
ckux Mojeseil. TeMbl MOXKHO IpoOUTH Ha OoJiee MeJIKHe IOATeMbl BILIOTH JIO IIOPOra CTa-
THCTHIECKON 3HAYMMOCTH. BBIOOpP 5TOro mopora Takzke sABJISETCS SBPUCTHKOMN, I OT HETrO
3aBUCHT UTOTOBOE YUCJIO TEM.
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B xozie sxcnepumenTos |[136| Takzke BbISCHUIOCH, 9TO PEry/IspU3aTop 0TO0pa TeM HMe-
eT 110JIe3HbII conyTcTrByIOmuil 3pdexT: on yjajiser u3 Moje/au jiyo/upyonue, pacien-
JEHHDbIE U JUHEITHO 3aBHCHMbBIE TEMBI.

ITo ckopoctn Bermcaennit BigARTM ¢ perysigpusaTropom oTbopa Tem okasasucs B 100
pa3 ObicTpee ¢BOOOJIHO JOCTYIIHOM peasm3aiun HDP.

11 T[locTtpoeHune TemaTnyHecknx nepapxuii

HNepapxuyeckue TeMaTHIeCKue MOJEIN PEKYPCHUBHO JeIST TeMbl Ha mojareMbl. Tema-
THYECKHe MEPAPXUU CJIYzKAT JJisd MOCTPOEHHs pyOPHKATOPOB, CHCTEMATU3AIUU OOJIBITUX
00bEMOB TEeKCTOBOI nHMOpPMalu, HHHOPMAIMOHHOIO TOUCKA ¥ HABUTAIUU 110 OOJILITAM
MyJIBTHIUCIMILIMHAPHBIM KOJIIEKIUSM. 3a/la9a aBTOMATUYECKO PyOpHKAIuu TEeKCTOB
CJI0YKHA, CBOEll HEO/IHOBHAYHOCTBIO B CYObEKTUBHOCTHIO. Pa3/indus BO MHEHHSAX SKCIEPTOB
OTHOCHTEIBHO pyOpuKanuu J0KyMeHToB MoryT gocrurath 40% [1]. Heemorps na obuine
paboT 10 HepapxXuIecKuM TeMaTudeckum Mojesim [24, 68, 83, 159, 106, 142, 143, 144, 145],
OIITUMM3AIUS Pa3MepPa U CTPYKTYPbl HEPAPXUU OCTAETCS OTKPBITOM 11Pp0bJIeMOit; boJiee To-
ro, OIEHUBAHKUE KA4eCTBA HepapXuil — TakKe OTKpbiTas mpobsema [159).

Crpareruu moCTPOEeHUS TeMATHIECKUX HepapXuil BecbMa pa3HOOOPa3HbI: HUCXOIIIE
(MuBU3UMHbIE) U BOCXOJsIIHE (ArTIOMEPATHBHBIE), MPEJICTABISIONINE HePAPXUIO EPEBOM
WA MHOTOJIOJIBHBIM IpadoM, HapalmuBaronye rpad Mo YpoBHAM WK 110 BepIIHHAM, OC-
HOBAaHHbIE HA KJ/IACTEPU3AIMKU JIOKYMEHTOB ujin TepMoB. Hejib3s Ha3BaTh KaKylo-TO W3
CTpaTeruii mpeJllOYTUTE]bHON; y KaxK/I0M eCTh CBOU JJOCTOMHCTBA U HEJIOCTATKU.

B [34] mpeoxkena nucxonsmas crparerus Ha ocaoBe ARTM. Mepapxust mpeacras-
JISI€TCsI MHOTOJIOJIBHBIM IrpadoM ¢ (PUKCHPOBAHHBIM YHCJIOM YPOBHEH U 33/ JaHHBIM YUCJIOM
TeM Ha KaxKJIOM YPOBHE, BO3PACTAIOIIUM 110 yPOBHAM CBepXy BHU3. KarK/iblil ypoBeHb
npeJicraB/isier coboil OObIYHYIO <IJIOCKYIO» TEMaTUYeCKYI0 MO/Ie/Ib, II09TOMY BpeMms I10-
CTPOEHUS MOJIEJIM OCTAETCs JIMHEHHBIM 110 00bEMY KOJIJIEKIIMH.

Jlng MojenupoBaHus CBsa3eil MeXKJy YPOBHAMH B MOJETb BBOJATCI IapaMeTpPhbI
g = p(8|t) — yc/0BHBIE BEPOSITHOCTH HOJATEM B TeMaX. B My/IbTHIUCIUILIMHAPHBIX KOJI-
JIEKIIMS [OJITEMbI MOI'YT UMETb 110 HECKOJIbKO POJIUTE/IbCKUX TEM.

Perynsapu3satop mexypoBHeBbix CBsA3eil. Ha BepxHem ypoBHE uepapXuu CTPOUTCS
OOBIUHASI IIJIOCKAS TeMaTHIeCKast MOjieJib. [lycTb Mojiesib (-ro ypoBHsi ¢ MHO2KeCTBOM TeM T’
yZKe [O0CTpoeHa, U TpeGyercs MOCTPOUTH MOJEdb YpOBHs £+ 1 ¢ MHOXKECTBOM J[0UEPHUX
tem S (subtopics) u 66abmuM unciaom rem, |S| > |T'|. ITorpebyem, 4robbl pogUTEBCKIE
TeMbI XOopouro HpI/I6JII/I)KaJII/ICb BEPOATHOCTHBIMU CMECAMHA JJOYEPHUX TEM S:

Z n; KL, (p(w |t)

— min
‘ s%;s (pwsd}st) 0 )

> p(w\s)p(s\t)) = Znt KLw<”n—“f
ses teT

rae U = (g)sxr — Mampuya césaseli, KOTOpas CTAHOBHTCS JOMOJHUTEIbHON MaTpuIieil
HapaMeTpPOB JJIs TeMATHIEeCKONH MOJIE/N J0U9E€PHEr0 YPOBHSI.

D10 33/]a9a MATPUIHOIO PA3/I0KEHH IS MATPUIILI POJAUTEILCKOr0o yposHd O = W,
OOBIYHO MATPUYHBIE PA3JIOKEHHS UCIOIb3YIOTCs, YTOOBI IIPUOJIHM3UTD MATPHILY BBICOKOI'O
paHra Ipomu3BeieHneM MaTpull 6o1ee HU3KOro panra. OIHAKO B JAHHOM CJIydae, HA000pOT,
marpuua O nuskoro panra |T'| npubimkaerca npousseienuem marpun, W, B KoTOPOM
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marpuia P Jlo/KHA UMeTh HOJIHbIH paHr | S|, 4Tobbl J0UepHsis MOJIE/Ib OIUCHIBAJIA KOJI-
JIEKIIMIO TOYHEE, YeM POJAUTE/bCKasd. Peryaspu3arop CBA3BIBAET TEMATHIECKHE MOIEIN
cocesanx yposmeit { u f+ 1 Tax, 9TOOB POJAUTENLCKHE TeMbI () aIIpPOKCHMHIPOBAJICH
JINHEWHBIMU KOMOUHAIUAMHE JIOUEPHUX TeM g ¢ KOIDDUITHEHTAMEI Vg :

R((I)v \I]) =T Z Z Nt In Z @wsdjst- (48)

teT weW ses

Bagaua makcumuzanun R(P, ¥) ¢ To9HOCTBIO 10 00O3HAYEHUIT COBIAJAET ¢ OCHOB-
HOM 3a/adeii TeMaTn4eckoro mojesunposanus (9), ecjau c4uTaTh POJAUTEJNHLCKUE TeMbl t
nce6d0dOKYMEHMAMY C FACTOTAMEH TEPMOB TNy = TNyPye. DTO O3HAYAET, YTO BMECTO
JiobaBsienus ciaraeMoro B ¢opmysibl M-iiara JaHHbIH perysispu3arop MOXKHO peaJsin30-
BaTh emé mpoie. IlocTpous popuTeIbcKuili ypoBeHb, HAJI0 I00aBUTH B KOJLIEKITUIO POBHO
|T| nceBIOIOKYMEHTOB, 33/1aB UM B KAYECTBE YaCTOT TEPMOB 3HAUCHHUST TN, Marpua W
HOJIyYUTCs B CTOJIONAX MATPUIBI O, COOTBETCTBYIOMIUX HCEBIOJAOKYMeHTaM [34].

B 6ubsmorexe BigARTM 9TOT 110/1X0J1, peaIn30BaH B BUJE OTAeJIbHOrO Kiacca hARTM.

Perynsipusatop pa3pexunBaHns MexXypoBHEBbiX CBsA3el (opMalIn3yeT eCTeCTBeHHOe
IPEIIOJI0KEHHE, 9TO KazK1ad TeMa, I0YePHEero ypoBHs s € S uMeer HeboJIbIIoe YHCIIO CBSI-
3eil ¢ TeMaMu PoAUTEIbCKOrO ypoBHst t € T'. B wacrHoctu, eciiu Bee pacupejesenus p(t|s)
BLIPOZKJICHBI, TO €CTh KazKJad TeMa S MMeeT TOJLKO OJHY POAUTENLCKYIO TeMy t, TO BCd
nepapxud npuodpeTaeT BHJ JepeBa. [IpEMeHnM KpoCcC-S5HTPONUIIHLINA Peryasapu3aTop s
pa3pekuBanus pacupejesnenuil p(t|s), Boipasus ux uepes g 1o dopmyse Baiieca:

wst t
R(¥ TZZ 1npt|5 ZZI 5 @/Zznz

ses tET tET seS

[Tockosbky Marpuia W sBIgeTcs 4acThio MaTpuibl O, K Heil mpuMennma dopmyta (14),
u3 KOTopoit cieayer dopmysa M-miara i MOJe/In J0YePHEr0 YPOBHSI:

st = norm <nst + T(p(t\ s) — %)) (49)

L

7]y CTAHOBATCH erié

Corutacio 910ii dhopmy.ie, ycioBhbie BepogrTHocTH p(t|s), MeHblne
MEHbIIIe, W [IPH JIOCTATOYHO OOJIbIIOM T 00HyJIsifoTest |34].

12 MopgennpoBaHue cBsize MeXxxay AOKYMeHTamMu

Ccbinkn n umtuposaHue. VHorma mmeercss JONOJHUTEIbHAs WHMOPMAIUs O CBS3AX
MEKJLY JIOKYMEHTAMU U MPEeII0JIaraeTcsd, YTO CBI3aHHbIe JOKYMEHThI UMEIOT CXOXKYIO Te-
MaTuKy. CBs3b MOZKeT O3HAa4aTh, 4TO JIBA JOKYMEHTa OTHOCATCA K OJHOW pyOpuKe, COB-
MeCTHO YIOMUHAIOTCS WU CCBLIAIOTCA APYT Ha Apyra. PopMaansyeM 3TO MPeanoToKeHne
C MOMOIIIBIO PEryJsipu3aTopa:

=T Z Ndc Z O1abse,

teT

IJIe Nge — BEC CBI3U MEXKJy JOKYMEHTaMH, HAlPUMep, YHCJI0 CChLTOK u3 d Ha c. B [40]
npejjoxkena moxoxkas mozeab LDA-JS, B koropoit BMecTo MakcuMu3amuu KOBAapHUAIUU
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MuauMu3upyercsa auBeprennus Vencena-Illennona mexmay pacupegenenusvu 0y u 6.
Dopmysa M-mara mist 644, coracuo (14), nmeer Buj

Ora = norm (ntd + 70 Z ndcﬁtc)

ceD

D10 emé oHa PA3HOBUIHOCTH CriakuBaHus. BeposgrtaocTn 0,y B X0/e HTepanuii mpu-
OJIMZKAIOTCA K BEPOSITHOCTAM ;. TOKYMEHTOB, CBSI3aHHBIX C d.

Perysisipuzarop marpunpbt © cranoButcs Hed(DMEKTUBHBIM IPU MAKETHON 0OpaboTke
OOJIBIINX KOJUIEKIH, KOTJA JIOKYMEHTBI ¢, Ha KOTOPbIE CChLIAETCS JIAHHBIN JOKYMEHT d,
HAXOJIATCs B JIpyrux nakerax. [Ipobsiema peniaercst BBe/leHUEM MOJIAJILHOCTU JJOKYMEHTOB,
H& KOTOpbIE €CTh CCBLIKH U3 JPYTUX JIOKYMEHTOB. DTOT CIIOCOD MOPOXKIAeT HOBYIO IIPO-
OJIeMy: ecJil MOITHOCTD 3TO# MOJIAJIbHOCTH OKAaXKeTCsl paBHOI YHC/IY JOKYMEHTOB, TO MaT-
puna ¢ MoxKeT He IOMECTHTbCH B OIIEPATHBHYIO MaMsTh. MOXKHO COKPATUTh 3Ty MOJAIb-
HOCTb, OCTaBUB TOJIbKO HauboJ/iee BJIUATE/IbHbIE JOKYMEHTbI ¢, YUCJIO CChLJIOK Ha KOTOPbIE
Ne = Y4 Nde IPEBBIIIACT BEIOPAHHBLH HOPOL.

JlanHasi ujes MpHILIA W3 MOJEJNN BIMsSHUA HaydIHbIX myOaukanuii LDA-post [40].
B meit uconp3ytored aBe mopasabHOCTH: caoBa Wi u mutupyemble nokymeHTo Wo C D.
Mogenb BoisB/IsieT HanboJee BIUATE/IbHbIE JJOKYMEHThI BHYTpH Kazkjaoi TeMbl. Hemyiie-
Bble 3JIEMEHTbl B CTPOKe ¢ Marpuiibl Po 1OKa3bIBAIOT, HA KAKUE TEMbl IOBJIUSJI JIOKY-
MenT ¢ € Wy, Takzke Mojieib 1103BOJIIET pa3/indaTlh, KaKhe U3 CChLIOK CYHIECTBEHHO I10-
BJIMSIJI HA HAYUYHYIO CTATHIO, & KAKKe SBJISIOTCH BTOPOCTEIIeHHbIMU, YUCTO (DOPMaAJIbHbIMU
W «JAHBIO BEeKJIUBOCTU». CUUTaeTCsd, 9TO JOKYMEHT ¢ IOBJIUAI Ha JOKYMEHT d, ec/iu
d cchlaeTcd Ha ¢ U OHH MMEIOT 3HAYUTE/TbHYIO JIO0JII0 O0IIeil TeMaTUKH.

leonokauun. UMudopmaiys o reorpaduydeckoM IMOJIOKEHUU YACTO HCIHOJIb3YETCs IIPU
aHa/M3e JAHHBIX CONMUaJIbHBIX cereil. ['eorpaduyeckas npussska jjokymeHTa d Wjid ero
aBTOpa 3a1a6rcst Jubo 2eomezamu (HA3BAHUAME CTPAHBI, DEIHOHA, HACEJEHHOTO IYHKTA),
b0 zeonokayuet, — mapoii reorpadudeckux kKoopauHar fg = (x4,y4). B mepBom city-
4ae BBOJIMTCH MOJAJIbHOCTH I€OTErOB, BO BTOPOM CJIydae UCIOJIb3YETCS Perysispu3arop.
ARTM mno3Bosisier coBMenarsh B Mojiesn 00a Tuma reorpaduieckux JaHHbIX.

Hesibio MOJIe/IMPOBaHMS MOXKeT ObITh BbIJIEJIEHUE PEruOHaJIbHBbIX TeM, Olpe/le/ieHue
«apeaja OOMTaHUS» KaxKIOH TeMbl, IOUCK MOXOKUX TeM B NApYyrux permonax. Hampu-
Mep, B KadecTBe OJHOI u3 miutocTpanuii B [158] onpeaesstorcs pernoHbl MOy JISPHOCTH
HAIMOHAJIBHOM KyXHH 1O mocraMm moJb3oBaterneil Flickr. Ipyras wutocrparust us [79)
HOKA3bIBALT, 9TO TeMaTUIeCKas MOJIe/b, yauTbiBaiomas, nu3 kakoro mrara CITA mpuiwio
coobllenue, TOUHee HPOC/eKUBaeT 1y Th yparana «Karpunas.

Ksasparnanblii peryasipuzarop MarTpuibsl O, mpemioxenusiii B [158|, dopmanusyer
IpeIoa0KeHNe, 9TO JOKYMEHTHI CO CXOKUMU TeOJOKAUIMHA UMEIOT CXOXKYI TeMATUKY:

R(©) = =5 Y wea Y (tha— b)),

(c,d) te’T

IJIe Weq — BEC Hapbl JOKYMeHTOB (¢, d), BbipazKatomuii 6jim30crh reojiokanuii. Haupumep,
Weg = exp(—12), vie 12, = (v, — 24)* + (Yo — ya)* — KBaJpaT eBKJIUI0BA PACCTOAHUS.
DTOT perygpu3aTop TpedbyeT npu 00padboTKe KaxKJI0I0 JOKYMEHTa d JI0CTyIa K BEKTO-
paMm 6. Ipyrux JOKYMEHTOB, YTO 3aTPYIHSIET MaKeTHY0 00pabOTKY OOIBIINX KOJIIEKITHI.
AsbrepHaTuBHBINE C1IOCOD CryIazKMBaHUS OCHOBAH HA PEry/spu3anuun Marpuinbl .
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[Iycts G — MOmabHOCTB reoreros, @, = p(g|t). Temaruka reorera g BbIpazKkaercs
1o dopmyJie Baiteca: p(t]|g) = goth—;, e Ny, — 9Yacrora reoTera ¢ B MCXOAHBIX JAHHBIX,
ng =), Mgt — UACTOTA TeMbl ¢ B MOJAILHOCTH I€OTEroB, Bhiuucisgemas EM-anropurmom.

Kpasparuunbiii pery/isgpuszarop Marpuibl @ 110 MOJAILHOCTH re0TeroB (hopMaiu3yer
IPEI0I0KEHNE, 4TO reorpaduieckn OJIM3KUe Te0Tern UMEIOT CXOXKYH0 TeMATUKY:

R(®) = —- Z Wgg' Z <§0gt %)27

ggEG

IJIe Wy — BEC IMapbl reoTeros (g, ¢'), BeIpazkaiouuii ux reorpadudeckyio oiusocrs. Huxke
MBI PacCMOTPHUM 0000IIEeHNEe STOTO pPery/aspu3aropa Ha 0ojee MIMPOKUl KIacc 3ajad.

Mpadbl n coumnanbHblie cetn. B |79 upeioxkena Gosee obias TeMarnieckas MOJIENb
NetPLSA, yuursiBaomasi 1pou3BoJibHble rpadoBbie (cereBbie) CTPYKTYPbl HA MHOKECTBE
nokymenToB. [Tycrs 3aman rpad (V, E) ¢ MHOKecTBOM Bepiiu# V' 1 MHOKecTBOM pébep E.
Kazk1oit ero Bepiuae v € V' cooTBEeTCTBYET MOAMHOXKeCTBO JoKymenToB D, C D. Hanpu-
Mep, B pojin D, MOXkKeT BBICTYIIATh OTAE/IbHBII JJOKYMEHT, BCe CTaTbU OJHOI0 aBTOpa v,
BCE MOCTHI U3 OJIHOTO reorpaduaeckoro peruoHa v, u T. .

Temarnka Kaxk10if BepmiuHbl v € V' BbIpazkaercs depe3 napaMerpbl Mojen O:

ptlv) = 3 pltld)p(dlv) = Zetd

deD, dED

B mogesnn NetPLSA ucnosib3yercst KBaipaTudHbIil pery isipu3arop:

R(©) =~ TN wa Y (p(t]o) = pltu)?,

(u,v)EE teT

e Beca Wy, pédep rpada (u,v) 3aJal0TCst eCTeCTBEHHBIM 00pa30M, KOIJIA B 33/a4€ eCTh
COOTBETCTBYIONIAs JIONOIHUTEe/IbHAs undopmaius. Hatpumep, eciiu D, — Bce crarbu aB-
TOpa v, TO B KadecTBe Beca pebpa W, €CTeCTBEHHO B3ATb YHCJIO CTAaTeil, HAIIMCAHHDBIX
aBTOpaMu u M ¥ B coaBTopcTBe. Ecim 1mojobHol mHMOpManum HeT, TO BeC I0/araeTcs
PaBHBIM €/IMHHUTIE.

DTOT peryjapu3arop Tpedyer npu 00padboTKe KazKI0ro J0KyMeHTa d JI0CTyIa K BEKTO-
pam 0, Apyrux JOKyMEHTOB, 9TO 3aTpy/iHseT 3PPHEKTUBHYIO MAKETHYIO 00PabOTKY 00/Ib-
UX KOJLIEKIUNA. AJIbTepHATUBHBIA IyTh COCTOUT B TOM, YTOOBI MHOXKECTBO BEPIIUH I'Pa-
da V 06bgaBUTH MOJAJIBHOCTBIO U IEePeifiTh K peryisapu3anud MaTpuibl P.

B kaxapiit mokyment d € D, nobaBum TepM v MoJaJbHOCTH V. BblpaBI/IM TeMATHKY
BepuinHbl v yepe3 napamerpol ¢ no dopmyse Baiteca: p(t|v) = (v|t)p(v = gpvtwt‘, rue

;= Zv Ny — dacTora TeMbl ¢ B MojajbHocTu V', Beruncisiemass EM-ajaropurmom.

Perysisipuzarop NetPLSA coxpansier npexkuuit Buji, HO ctanoButcs (yukimeit or P:

R((I)):—% 3 wuvznf(‘g’; - |‘f)“:|) . (50)

Bo MHOIMX IPHIOKCHHAX BaKHBI HAIPABICHHOCTH CBfA3eH, KOTOPLIe KBaIPATHIHBIN
PEery/isipu3aTop He yuurbiBaeT. Hampumep, cBa3b (u,v) MOXKET 03HAYATH CCBLIKY H3 J10-
KyMmeHra u Ha JokymeHT v. B mogesm iTopicModel [123] upeammosaraercs, aro eciu
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(u,v) € E, 1o remaruka p(t|u) mupe remaruku p(t|v). [Tosromy munumusupyercs cym-
ma auseprenuuit KL(p(¢|v) || p(t|u)), npuuém ycaosusie pacupesenenus p(t|v) mMoxuo
BBIPA3UTh KakK depe3 O, tak u yepe3 P:

R(© wm &) = g 3w Y plt]v) Inp(t]u).

(u,v)EE teT

Kax 1moxasajim 9KCIepUMEeHTBI®, peryjiapusanus MaTpuiibl ® OIpuBoauT HpaKTHYecKH
K TeM Ke pesysbraram, 91o u peryispusanus O s mogeneit NetPLSA u iTopicModels.

13 MopgennpoBaHne co4eTaemMoCcTu C/0B

['mmore3a «Memika CJI0B» dABJISETCSI OJHUM U3 CAMBIX KPUTHKYEMBIX MOCTYJATOB Te-
MaTHYIeCKOTO MojienpoBaHus. OHa NOJHOCTBIO UTHOPHPYeT (hyHIaMeHTaTIbHOe CBOHCTBO
couemaemocmu ca06 (word co-occurrence) B ecTecTBeHHOM si3bike. CoueTaeMOCTh ObIBaeT
JIBYX BHJIOB: KOHMAKMHAA U QUCTNAHIMHAA.

st onmcaHus KOHTAKTHON COYETaeMOCTH W3 TEKCTA BbIJIE/ISIOTCS BCEBO3MOXKHbBIE
N-2pamms, — TOCJIeTOBATETbHOCTH U3 N MOAPI] UAYMHX cJ0B. Cpeau n-rpaMM IIpej-
CTaBJIAIOT WHTePeC KOJUIOKAIIUU U CJI0BOcOUeTanusd. Koarokayus — 9TO n-rpaMma, BCTpe-
JAOIAsAcd B KOPILyCe ropa3ao Jale, 94eM MOZKHO OBLIO Obl O2KHIATH MIPU YUCTO CIYyIailHOM
COEJIMHEHNN JIAHHBIX CJI0B. Ca0680covemarue — 9T0 N-IpamMma, CJI0Ba KOTOPOW CBSI3aHbI
[0 CMBIC/Iy W TPAMMATHYECKH, U 0D03HAYAIOT eJUHOe MOoHsATHE. B TeMaTudeckux MOe/sx
TeMaTUKy TaKUX N-TPaMM CJeIyeT ONpe/IedaTh, He pa3fiesids X Ha OTAeIbHbIe CJIOBA.

JluctanTHAA COYETaeMOCTh O3HAYaeT JYacToe MOsBJIeHHe CJIOB B OMHUX U TeX yKe KOH-
TeKCTaX, HAIIPUMeD, B OJHOM IPEe/IOKEHNN U B COCEHHUX IMPe/JIOKEeHUIX, HO He 00sI-
3aTeJIbHO BILIOTHYIO JPYT K JAPYTY.

Muorue ucciieoBanus HAIPABJIEHbI HA CO3/QHUE TEMATHIECKUX MOJEJIel, yIuThbIBa-
IONIUX MOPsiIOK CI0B. V3 Hux Hanbo/1ee BayKHBIMU HPEJACTABJISAIOTCS TPU HAIIPABJICHUS.

IlepBoe HampaBJsieHHe CBS3aHO C BbIJeTeHHeM HH(MOPMATUBHBIX N-IPDAMM — KOJLIO-
Kaluil, CJI0BOCOYETAHWII, TEDMIHOB, MMEHOBAHHBIX cymiHOcTeil. TeMbl, mocTpoennble HA
n-rpaMMax, HAMHOTO JIydllle HHTePIPETUPYIOTCs, YeM IIOCTPOCHHbIE Ha, yHUrpaMMax (0T-
JeJbHBIX c10Bax). [Ipobiiema B TOM, 4TO 4HCIIO BCeX n-rpaMM KaracTpodudecku ObCcTpO
pacTér ¢ pocToM 00bEéMa KOJLJIEKIIHH.

Bropoe mampaBienme cBI3aHO ¢ OCHOBHOU rUHOTe30il ducmpubymueroti cemarmuk:
CMBICJI CJIOBA OIpeJesiseTcs TeM, B OKPYKEeHIN KaKUX CJIOB OHO Yallle BCero ymoTpedJis-
ercs. [TosBiaenue nporpaMmbl word2vec [80] cTruMyIMpOBAIO PA3BUTHE GEKMOPHLLL Nped-
cmasaernudi caoe (word embedding). Oum HaxOAAT Maccy UpuMeHeHH Osarojapsi Tomy,
9TO CEeMAHTHYECKU OJIM3KUM CJIOBAM COOTBETCTBYIOT OJIM3KuE BEKTOPBHI. Temarudeckue
MO/JIeJTN TaK:Ke CIOCOOHBI CTPOUTH BEKTOPHBIE MpEJCTABIEHHS CJIOB, 00JATAONINE STHM
CBOIICTBOM, B TO Ke BpeMs COXPaHss CBOUCTBA MHTEPIPETUPYEMOCTU U PA3PEKEHHOCTH.

T'peTbe HampaBieHHE CBA3aHO C memamuyveckol cezmenmayuet, W TUIOTE30H, 9TO
TEKCT Ha, €CTECTBEHHOM SI3BIKE COCTOUT W3 IIOCJIE/I0BATETbHOCTH MOHOTEMATHIHBIX CO00-
nienuii. B qacTHOCTH, KazK10€ MPeJI0KeHne 9alile BCero OTHOCUTCS TOJIBKO K OJIHOI Teme.
3aja4un cerMeHTallud pacCMaTpPUBAOTCA B pasfene 14.

3Bynaros B.T. Hcnonb3oBanne TpadoBOil CTPYKTYPHI B TeMATHIECKOM MOJEIHPOBAHAH. Marumcrep-
ckaga auccepranus, MOTHU, 2016.
http://www.MachineLearning.ru/wiki/images/4/4d/Bulatov-2016-ms.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. 9: IIpumepsl TeM yHUIDAMMHOM MOJEJIM U COOTBETCTBYIOIIUX UM TeM OUIPAMMHOl Mojeu (110 KO-
Jekuuu crareit nay4unoii koudepenuu MMPO).

Mopgenn koHTakTHOW co4etaemocTwu. lcmonb3oBaHue n-rpaMM, KOJIIOKAIANA TN
CJIOBOCOYETAHMIT 3aMETHO Y/IY4IIaeT HHTEPIPETHPYEMOCTb TeM, UTO JIeMOHCTPHPYeT-
Cd MPAaKTUIeCKH B KazkI0# IyOJUKAIUU IO N-IPAMMHBIM TEMaTHIECKHM MOJIEIAM,
cM. Hanpumep |55].

[TepBast 6Gurpammuasi remarudeckas mogesnb BTM (bigram topic model) [139] npes-
CTaBJIssIa CODOIl IO CyTH MYJIHLTUMOJATBLHYIO MOJIEIb, B KOTOPOil KaKJIOMY CJIOBY U COOT-
BETCTBOBAJIA OT/IEe/IbHAS MOJATLHOCTE co ciaoBapéM W, C W, cocTtaBieHHBIM U3 BCEX CJIOB,
BCTPEYAIOIIMXCSA HEITOCPEJICTBEHHO II0CIe ¢JIoBa v. 3anuiieM log-papomnoaoodue 3Toit Mo-
JIeJIM B BUJIE PErY/IsipU3aTOPA:

R((I), @) == Z Z Z Ndvw In Z Sogtetda

deD ved weW, teT

rae @b, = p(w|v,t) — ycaoBHAs BEPOSTHOCTH CJIOB W MOCJE CJIOBA U B TeMe b Mgy, —
qacToTa OurpamMmbl «vw» B JokyMmente d. [tasubiit Hepoctarok moaesn BTM B Tom, aro
OHA YYMTBIBAET TOJILKO Ourpammbl. Bropas npobjiemMa B TOM, 4TO YHUCJIO0 BCeX OUrpaMMm
OBICTPO YBEJIMYUBAETCS C POCTOM KOJLJIEKIIMH, U UCII0JIb30BaTh Mojeib BTM nHa Gosibiiux
KOJLIEKIIHSAX 3aTPY/THUTE/IHHO.

Mozgeas TNG (topical n-grams) [148| ycrpamsger 9T Hem1oCTaTKH. YCIOBHOE PACIpe-
JIJIEHUE CJIOB OIIUCBHIBAETCsI BEPOATHOCTHOM cMeChIo P(w|v, 1) = &l + (1 —Eput) Puwt, T1€
Eowt — TEPEeMeHHasi, paBHAs BEPOSTHOCTH TOT'O, YTO HaPa CJAOB «VW» SBJISIETCH OUrpam-
moit B Teme t. B padore C. C. Crenuna’ nokasano, 4ro Ipa HEKOTOPBIX He 0CO00 JKECTKUX
HPEJIITOI0KEHUAX 10g-TIpaBIomo00ue 3Toi MOJIe/ i OIeHUBAETCS CHU3Y B3BEIICHHOW CyM-
moii log-tipaBaomnomobuii MogabHOCTeH yHArpaMyM u ourpamm B Mogenn ARTM. JIpyruvu
caoBamu, myabrumogaabiasgs ARTM MoxkeT ObITh HCIOIB30BAHA, JIJIsT HOMCKA, TPUO/INZKEH-
Horo pemrenus B mojean TNG.

B Toit ke pabore OblIM IPOBEJIEHBI YKCIIEPUMEHTHI ¢ OUIPAMMHON MYJILTUMOJIAJIbHOMN
mozenbio ARTM na mebosbmioii (Menee 1000 TOKYMEHTOB) KOJJIEKIIHH PYCCKOS3BITHBIX
crareil HayuHoit koudepenuu MMPO (MaTemaTnuecKue MeTO/bI PACMO3HABAHUSA 0Opa-
30B). ComocraB/ieHue TeM YHUIDAMMHON 1 GUrpaMMHOI MoJiesieil MoKa3aso, 4To Mo TeMaM

1C. C. Crennn. MyabTurpaMMubIe /ITATUBHO PEryJISpU30BaHHbIE TeMaTuieckue Moaenu. Marucrep-
ckaga auccepranusa, PUBT MOTU, 2015.
http://www.MachineLearning.ru/wiki/images/4/4a/Stenin2015MasterThesis.pdf
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OUIPAMMHO MOJE/IN OLPOIIEHHBIE MOCTOAHHBIE YIACTHUKHA KOH(MEPEHIINE MOIJIM OLpe/ie-
JINTH HAYYHYIO I'PYIIILY U JarKe aBTOPOB CTaTel, TOrJa KaK 110 TeMaM YHUTPAMMHONR MOIE/IN
¢JiesiaTh TO OBLIO MPOOJEMATUYHO, CM. puUC. 9.

B ARTM n-rpammHasi MO/€/Ib €CTECTBEHHBIM 00pPa30M OLPEILISIeTCS KAK MYJIBTHMO-
JlaJibHAsSI, B KOTOPO# /ISl KAayKJIOTO N BBIJAEJISETCs OT/e/bHAast MOJAAJIBHOCTh. s mpesi-
BAPUTEJILHOIO COKPAINEHHUsST CJA0BApPEil N-rpamMM IOJXOJUT METOJ, MOUCKA KOJIIOKAIHIT
TopMine [42]. On smHeitno Macirabupyercss Ha Gosbline KOJUTEKIUE U MO3BOJIsieT (op-
MHPOBATH CJIOBapb, B KOTOPOM KazKjias Nn-rpamMma 00/1a/1aeT TpeMs CBOHCTBAMMT:

(a) uMeeT BBICOKYIO 9aCTOTY B KOJLJIEKIIUH;

(6) coCTOUT W3 CJIOB, HECTYIAHHO YACTO 06PA3YIOIIUX N-TPAMMY;

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

Mero/ipl, IpeIozKeHHbIe B mocaeayonmx paborax, SegPhrase [70] u AutoPhrase [114],
JIEMOHCTPHUPYIOIIHE €IIE JIyUIINe Pe3yIbTATEL.

Mopgenb 6utepmoB. Kopomkumu mexcmamu (short text) Ha3bIBAIOT JOKYMEHTHI, JIJTHHA
KOTOPBIX HE JIOCTaTOYHA /T HAJIEXKHOTO OIpeieieHnsd nX TeMaTuku. lIpmMvepaMu KopoT-
KUX TEKCTOB sIBJISIIOTCsI coobIenust T BuTTEpa, 3ar0JI0BKM HOBOCTHBIX COOOIIEHUI, PeK/I1aM-
HbIC O6’bHBJ'[eHI/IH, PEIVIMKH B 3allUCAX JIAAJIOI'OB KOHTAaKT-IIEHTPa, OT/AC/IbHbIC IIPE/LJIOZKe-
Hust, u T.J1. VI3BeCTHBI 1IPOCTbIE 1OJXO/bl K [POOJeMe, HO OHM He BCEerjia PUMEHUMbI:
0ObeIUHATH COODIIEHHsI TT0 KAKOMY-JH00 MPU3HAKY (aBTOPY, BPEMEHHU, DErHOHY W T. JI.);
CYNTATh KaXKJ0€ COODOIIeHHEe OTJEJbHBIM JTOKYMEHTOM, pa3dpexusas p(t|d) Bmwiors 10
e,ZLI/IHCTBeHHOfI TEeMbl; JOIOJJHATH KOJIJICKIUIO AJIMHHBIMUA TEKCTaMU (HaHpI/IMep, CTraTbAMN
Bukunepun). OpnuM u3 Haubosiee YCHEIIHBIX M YHHBEPCAIBHBIX MOJAXOJ0B K Hpobieme
KODOTKUX TEKCTOB CUYHTAETCH MeMamuseckas modeasv bumepmos (biterm topic model,
BTM) [152].

Bumepmom na3biBaercs napa CJ0B, BCTPEYAIONIUXCH PAJIOM — B OJIJHOM KOPOTKOM CO-
OOIIEHNU WM B OJHOM HPEIJIOKEHHH WM B OKHe t+h ciaoB. B owmuune or Gurpammsr,
MEKJIy JBYMs CJIOBaMH OMTEpMa MOLYT HAaXOJIUTBLCS JIpyrue cjioBa. KoHKperusamnus Io-
HATHS <«PA/IOM» 3aBHUCHT OT IIOCTAHOBKHU 3aJIadd U OCOOEHHOCTEeN KoJLIeKIuu. Bopicokas
4acToTa OUTepMa B TEKCTOBOW KOJLIEKIMH SIBJISETCHA IPOsBJICHUEM JIUCTAHTHON codeTae-
MOCTHU JIAHHOM 11apbl CJIOB.

Mogens BTM onuchiBaeT BEpOSITHOCTH COBMECTHOTO MOsiBJIeHHsT CJI0B (u,v). Mexom-
HBIMU JTAHHBIMU SIBJISIFOTCS 9aCTOTHI T, OUTePMOB (U, V) B KOJUIEKIUH, W MATPUIA Be-

positHOCTell P = (Duy ) wxw, TIE Dup = norm (1,).
(u,v)EW?2

[Ipumem rumoresy yciaoBuoit mezaBucumoctu p(u,v|t) = p(u|t) p(v|t), To ecTb momy-
CTUM, 9TO CJI0Ba OUTEPMOB MOPOZKIAIOTCH HE3ABUCHMO JIPYT OT Jpyra U3 OJHOI 1 TOi Ke
rembl. Torjia, 110 popmyJie 1OJIHON BEPOSITHOCTH,

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

teT tel

r1e @y = p(w|t) u m = p(t) — mapamerpsl TeMATHIECKONH MOJETH. DTO TPEXMATPUIHOE
paznoxkenune P = ®IIOT rue II = diag(my,...,np) — AmaronagbHas marpuna. Moaeab
6I/ITepMOB He olipeae/deT TeMaTukKy AdOKYMEHTOB @ " 1109TOMY HE IIO/IBEP2KCHA BJIMAHUIO
3pdpeKToB, BbI3BAHHBIX KOPOTKUMH TEKCTaAMH.

ARTM mnosBoJiser 00beIMHATL MOJAEIbL OUTEPMOB ¢ OOBIYHON TEMATHICCKONR MOJIEIIBIO,
9100bI BCE-Taku 1mo/yuantTb marpuity O. /s sroro Bo3bmém log-ipasionogodue mo/iein
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OUTEpPMOB B KadecTBe peryJsipusaropa ¢ KoM UIueHTom 7:

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

[Ipumenenne ypasuenuit (13)—(14) k sromy peryisipusaropy gaér dbopmynbt M-nrara:

Pur = norm (nwt +7 Y nuwpmw); (51)
ueW
Praw = DO (PPt Pur) - (52)

Otu GOpMy/Ibl HHTEPIPETUPYIOTCA Kak JobaBienue ncesdo-dokymenmos. Kaxmpomy
caoBy © € W craBuUTCd B COOTBETCTBHE IICEBIO-IOKYMEHT d,, 00beIMHSIONMIi BCe KOH-
TEKCTBI CJIOBA 1, TO €CTh 9TO MEIIOK CJIOB, BCTPETUBIIMXCS PSJIOM CO CJIOBOM U 110 BCei
KOJLIEKIUU. YUCI0 BXOXKJIEHUH CJI0BA W B HCEBJIO-JIOKYMEHT d, PABHO TT,. BCnoMo-
raTesibHble TePeMEHHbIE Py, = P(t|u, w) coorBercTByioT dopmyae E-mara njs nceso-
JIOKYMeHTa d,,, eCJId JOOIpPee/IATh ero TeMATuKy Kak 0y, = notrm(ntgout). Jpyrumu cjto-

BaMM, B MOJIEJIH OMTEPMOB CTOJIOIBI MATPUIIBI O, COOTBETCTBYIOIIUE CEBA0-T0KYMEHTAM,
oOpazylorcs myTéM epeHOPMUPOBKHU CTPpOoK Marpuiibl P 1o dpopmysie Baiieca.

VBenunuuBasg KodhMUIMEHT 7, MOKHO JIOOUTbCA TOro, 4rodbbl Marpuiia ¢ dopmupo-
BaJIach IPAKTHIECKH TOJBKO 1o burepmaMm. B takom ciaydae momenb ARTM mepexoant
B MOJIe/Ib OUTEPMOB, KOTOpas CTPOUTCS IO KOJIJIEKIHH IICEB/I0-T0KYMEHTOB, 0€3 UCIIO/Ib-
30BaHUA UMCXO/HbIX JOKYMEHTOB.

Mopgenb cetn cnos. lesa MojennpoBaTh He JOKYMEHTHI, a CBI3U MEXK/Ly CJIOBaAMH, Obl-
J1a IIOJIOZKEHA B OCHOBY TE€MaTHUYeCKUX MOJeJIeil JUCTaHTHON HapHON COYeTaeMOCTH CJIOB
WTM (word topic model) [32] u WNTM (word network topic model) [164]. JTrobomubiTHo,
aro Gostee panusg mybaukanust Mogean WTM ocraiach He3aMedeHHOl (BHIMMO, KaK He-
GaitecoBckasi), U BO BTODOIi craThe gaxke HeT ccbuiku Ha Heé. Momenn WTM u WNTM
cBoagrcs K npumenennto PLSA u LDA cooTBercTBeHHO K KOJLUIEKIHUH IICEB0-TO0KYMEH-
TOB d,:

p(w|dy) pr|t (t|dy) Zgowtetu

teT teT

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

R®,0)=7 Y nuwln Y 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 [164| Ha KOUTeKIuaX 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-
CTble TEPMbI JIAHHOM TeMbl YaCTO BCTPEYAIOTCH DPsiIOM B JIOKyMeHTaxX KoJuiekinuu [91].
CoveraeMoCTb TEPMOB MOZKeT ONEHUBATHCS 110 caMoil Koyuteknuu D [85], wiu mo ¢Topos-
Heil KoJuteknuu, Hampumep, no Bukunemuu [88]. CpesiHsisi KOPepeHTHOCTh T€M CYUTAETCS
XOPOIIeil Mepoil HHTePIPETHPYEMOCTH TeMaTuIeckoii Mojgenu [92].

[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, coracuo (13), npuHuMaer Buj

Pur = noLm (nwt + T Z C’wvnvt>. (53)

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 noryunitace B [85] ais mogean LDA u anropurma coamimpoBanust ['u66ca,
HO ¢ DoJiee CJI0KHBIM 000CHOBaHUEM 4depe3 0000HEHHYI0 ypHOBYIO cxemy [loiist, u ¢ Dojiee
CJI0ZKHOM 3BPUCTHIECKON OHEHKOH Clyy .

B pa6ore |88] npemiozxken Jpyroit perysisipu3arop 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,

(54)
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-
JIeJICHUEM CJIOB, B OKPY?KeHHH KOTOPBIX OHO Berpedaercs [48|. CioBa, BerTpevarorumecs
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B CXOXKHMX KOHTEKCTaX, MMEIOT CXOXKYI0 CEeMaHTUKY U, COOTBETCTBEHHO, JIOJIZKHbI UMETh
osmskue BekTopbl. s bopmasusanuu sroro npuniuna B 80, 81| npemiaraercs Heckob-
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 pa3sioxkenusMu (66, 100, 71]. IiaBHOe oTindme 3aK/IF0YAETCI 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 [103] mpeioxken cmocobd MOCTPOCHUST MEMAMUNECKUL 6EKMOPHOLEL NPeICasAerull
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. 10 mokasanbl
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 [36], cienuasibro pa3paboTaHHYIO [JIsl TOUCKA CEMAHTHIECKH OJIu3-
KHX JOKYMEHTOB.

Kpowme toro, APTM mo3Bosisier 00001muTh TeMaTuIecKue MOJIE/IH JUCTPUOYTUBHON
CeMAaHTUKHU JIJIsi MyJIbTUMOAa/bHbIX KoJutekiuii [103]. 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. 10: Ilpumepsbl pemienus 3aja4d accoumauuii cjioB s mozeseii ARTM u word2vec. IlpuBogsrcs
qeThipe Hanbosee OJU3KHIE aCCOITNAIINMI.

14 MopennpoBaHue CBA3HOIro TekCcTa

['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(sld) = p(t]d) [T ptwlt) =" 6 [ e

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 In Z 014 H ons + R(P,0) — max, (55)

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
(55) siBJIsIETCST YACTHBIM CJIydaeM MOCTPOEHHs TeMaTHuecKoil Mogesu rumeprpada (37),
B KOTOPOM BEPIIMHbBI SIBJISIOTCS CJIOBAMU, a peOpa — LPE/JIOZKEHUSIMHU.

Teopema 7. Ilycrs ¢pyukmus R(P,O) menpepsiBro auggepernnupyema. Touka (P, O)
JIOKaJIBHOTO dKcTpeMyMa 3agaqn (55), (10) yzoBrerBopsier cucreme ypaBHEHHi €O BCIO-
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 00pa30M 3ajada CTABUTCS JIJIs MoJeau mnpejgioxkennii senLDA [19] u
JUIst MoJiesin KopoTkux coobmennit Twitter-LDA [161]. B ofoux 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-
ckas Mogzesib runeprpada (37) MozkeT 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 [109] ocuoBan nHa mnocr-obpaborke pacupespesnenunii 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-

>Tounee, B [109] npeIaranocs 1 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 MO3BOJISIET JIOCTHYb BBICOKOTO KadecTBa cermenTanuu |109).

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 .

Cornacho ypasaenuio (12), marpuna I1 asiserca dynknueit or & u ©. [Tosromy K pe-
ryagpuzaropy R(II(®,©)) B monHoit mepe mpumenuMa teopema 1. Ilpu srom 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, (56)

0
deD wed teT

U OrPAHUYEHUSAX HEOTPUIATETLHOCTH U HOpMupoBKH (10).

Teopema 8. IIycrp ¢pyaknun R(II(P,0)) u R (P, O) menpepriBrO guddeperupyempl
u ¢ynkmust R(I1) He 3aBucHT OT MEPEMEHHBIX Py, B CAydae ng, = 0. Toraa rouka (P, O)
JIOKaJIBHOTO 9KcTpeMyMa 3a4aqd (56), (10) yqoBaerBopser cucreme ypaBHEHHIT CO BCIIOMO-
rare/ibHbIMH HePEMEHHBIME Py, = P(t|d, W) U Diayy, €CIIH U3 PeleHns] HCKIIOYHTD HyJIeBble
crosibner marpui P, O:

Praw = 00T (Purbra); (57)
1 aR (1)
D w — w 1 — zdw ) 58
Ptd Ptd ( + ( aptdw Zp d Do )) (58)
8R’
(Pt = norm < > NawPraw + Pur ) : (59)
weWw 8S0wt
deD
OR'
614 = norm ( wzed NewPtdw + Ord 5 th) (60)

JlokazaresibcTBO TeopeMbl y100HO 0POPMUTH B BHJE CJIEAYIOMIUX TPEX JIEMM.
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Jlemma 1. st pyukumun 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 (12) a1 mepeMeHHbIX 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 2. Ilycre R(I1) He 3aBucHT OT IEpEMEHHDIX Pygyy 1pu 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 ) 61
P D Gt Pwt ! sz: apzdv a90111t c;zeZT pzdw agpwt ( )
8R 8pzdy H apzdw
) =40 i 62
“ aetd “ Z 8pm bia Zd ZT TRy (62)
B cuity siemmbl 1 cripaBeijinBoO TOXK1€CTBO
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 mosyaeHHOro Boipakenus B (61) u (62) 3aBepiraer JOKA3aTebCTBO.
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Jlemma 3. Pemenne ®,0 3agaun (56) yaosierBopsier cieiyiomieii cucreMe ypaBHeHHi
OTHOCHTEJIBHO MEPEMEHHBIX Oy, Oyg B BCIIOMOIraTeJIbHBIX TE€PEMEHHBIX Dy

Praw = 00T (Purbra); (63)
OR'
Pur = 0N ( > Nawbiaw + Y QuawDiaw + Sowtm> ; (64)
deD deD
OR
O = nl%rjlﬂn < wze;i NawPtdw + WZEd QtdwPraw + Ora %) . (65)

Dra JieMMa SBJISIeTCs HelOCPEJCTBEHHBIM CJIe/ICTBUEM TeOpeMbl 1 u jieMMbl 2.

OcTaoch TOJBLKO 3aMETUTDb, YTO BbLIJE/JIEHUE BCIOMOTATEJIbHON MEePEeMEeHHON Pygy CO-
racuo (58) mo3Bouisger nepenucath ypasuenns (64) u (65) B rpebyemom Buze (59)—(60).

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 (13)—(14) 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| Pzdw
B dopmyy (58):
~ _ 1
Ptdw = Ptdw — T(m - ptdw)'
Takum obOpaszoM, ecyin s HEKOTOPOR TEMBI Pigy, < %, TO Ha CJIeyIoNeil urepanun
BEPOSITHOCTD Pigy JJISl JIAHHOIO TepMa, w cTaHeT emnié Menbline. Temaruka Tepma Oy/er
IIOCTEeIEHHO KOHIEHTPUPOBATHCA B He60.f[b]].[0M qucJie TeM.

Emgé onpa maTepnperanyua 3TOro peryIapu3aropa CaedyeT U3 BO3MOKHOCTH 3aIHCATh
peryiasgpusanuio E-mrara s5KkBuBaeHTHBIM 06pa3oM depe3 dopmyasl M-mara (64)—(65):

(= = 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: (66)
deD seS, teT wWES
Omyckasi pyTHHHBIE BBIKJIAQIKH, IPUBEIEM Pe3yabTar mojcTanoBku (66) B (58):

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.

15 Kputepnn kayectBa TeMaTnHeCKnNx Mmogenei

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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BHewHne kputepun kpaiiie pa3zHooOpa3Hbl U 3aBUCAT OT pelIaeMoil HPUKJIAJIHON 3a/1a-
qu. [IpakTudyecku B KazkJ10# 1yOJIMKAIUK 110 TEMATHIECKOMY MO/IEJIMPOBAHUIO MCIIOJIb3Y-
ercsi KaKON-Ti00 BHEIIHWI KpUTEpHii: KauecTBo Kiaaccudukanuu J0KyMeHToB [112], Tou-
HOCTb M HOJIHOTA MHMOPMAIMOHHOTO ToucKa [155, 14, 7, 12|, yucsio HaiileHHBIX XOPOIIO
HHTEpIpeTHpyeMbIX TeM [17], kKadecTBo cermentanun Tekcros [109]. B [35] mpemaraercs
METOJUKA JUAI'HOCTUKN MO,ZLe.HefI, OCHOBaHHAa4d Ha COIIOCTAaBJICHUN HaI';I,H‘eHHbIX TeM C 3apa-
HEeEe U3BECTHLIMU KOHICIITAMM.

Mepnnekcna. Haubosiee pacupocrpaHéHHbIM BHYTPEHHUM KPHUTEPUEM SIBJISECTCH Nep-
naexcus (perplexity), ucnosnb3yemast st OIEHUBAHES MOJIe/Ieil A3bIKa B KOMIIBIOTEPHOI
JMHTBUCTUKE. DTO Mepa HeCOOTBETCTBHs WM «YAUBICHHOCTH» Moiean p(w|d) Tem Tep-
MaM W, KOTOPbIe MbI HADJII0/IaeM B JIOKyMeHTax d kojutekiuu D. Oua onpejessercs: depes
log-tipasononobue (9), mubo depes log-npasaonogobue (28) Kazx/10if MOJAIBHOCTH M

1
perp,,(Dip) =exp(——> > ng,Inp(wld) ), (67)
™ deD wew™
TAE Ny = >, Y. Ngy — JUIMHA KOJLUIEKIMU 1O M- MOAAILHOCTH. eM MeHbIne 1ep-
d€D weEW™

IJIEKCHS, T€M JIy4Ie MOJIe/Ib P IPEeJCKa3bIBaeT MOSBJICHHE TEPMOB W B JOKYMeHTax d.

[lepiuiekcusi uMeeT CJeAyONLYI0 HHTEpUpeTanuio. Kcjim TepMbl W HOPOKIAI0TCH
13 paBHOMepHOro pacupejenenus p(w) = 1/V wa ciaosape momuoctu V', 10 nepijiex-
cusgt Mojesin p(w) HA TaKOM TEKCTe CXOAUTCS K V' ¢ pOCTOM ero JIMHBL. eM cribHee
pacrpesesnenne p(w) OTIMYALTCS OT PABHOMEDHOTO, T€M MeHbIIe MepIlieKcust. B ciydae
YCJIOBHBIX BeposgTHOCTel p(w |d) MHTepIpeTaliss HEMHOTO Jpyras: eCoH KazKIblil JOKY-
MEHT reHepupyercss u3 V' DABHOBEDPOSITHBIX TE€PMOB (BO3MOXKHO, PA3JIMYHBIX B PA3HbBIX
JIOKYMEHTAX ), TO HePIUIEKCUsT CXOAuTest K V.

He,ZLOCTaTKOM IEePIIJICKCUU dBJIACTCA HEOYEeBUAHOCTDb €€ YMCJIeHHBIX 3Ha‘IeHI/II71, a TaKzKe
eé 3aBUCUMOCTH HE TOJIbKO OT KadecTBa MOJIEJIH, HO U OT psiia MOCTOPOHHUX (PaKTOPOB —
JUTHHBL JIOKYMEHTOB, MOIIHOCTH U Pa3PeKeHHOCTH CJ0oBapd. B dacTHOCTH, ¢ MOMOIIBIO
IIEePIJIEKCUU HEKOPPEKTHO CPpaBHUBATDHL TEMATUYCCKUE MOIEJ/IN O,ZLHOI';I U TOH 2Ke KOJIJICKIIUH,
IIOCTPOEHHbIE Ha PAa3HbIX CJIOBApPAX.

Ob6o3nauuM uepes pp(w |d) Mojesb, IOCTPOEHHYIO 110 00YYAONIEeH KOJLIEKIUH JIOKY-
merroB D. Ilepmiekcusi obydvarorieii BoiGOpku perp,,(D;pp) ABISETCS ONTHMHCTHIHO
CMEIIEHHON (3aHUKEeHHOI) XapaKTepUCTHKON KadecTBa Mojesn u3-3a 3bdekra mepeody-
yerus. OOOOMIAIONIYIO CIIOCOOHOCTD TEMATUIECKUX MOJIe/ el IPUHITO OIEHUBATD NepnAck-
cuet kKoumpoavhol ewbopku (hold-out perplexity) perp,,(D’;pp). Ob6bIYHO KOJUIEKIHIO
Pa3/e/IsAIoT Ha 00y YaolLy0 1 KOHTPOJILHYIO CJydaiiHbiM 06pasoM B mponopuuu 9 : 1 [27].

HemocTtaTkoM KOHTPOJIBHBII MEPILIEKCUN SBJISI€TCS BbICOKas 9YBCTBHTEIbHOCTD K Pe/I-
KHM M HOBBIM CJIOBaM, KOTOpbIE€ HMPAKTHYECKH OECIIOJIe3HBI JIJId TEeMAaTHYeCKHX MOJie-
jqeii. B paHHEHX 3KcmepuMeHTax ObLIO MOKa3aHo, 9ro LDA cymmecTBeHHO HTpPeBOCXOIHUT
PLSA 1o nepmiekcun, orkyaa 0661 caeqaan BoiBoj, 4o LDA menbie nepeobyuaercs [27).
B |4, 104, 5| GbLiu npe/iyiozKenbl pobacmmvie MeMamuieckue mModet, OMUCHIBAIOLINE PeJi-
KHe CJI0OBa CIeNUuaIbHbIM «(POHOBBIM» pacupejenenueM. [lepriekcus podacTHBIX BapHaH-
toB PLSA un LDA oka3zajach CyImecTBeHHO MeHbINeil 1 MPaKTUIeCKH OJMHAKOBOIA.

KorepeHTHOCTb. VHTEpHpeTupyeMOCTh TeMATHIECKON MOJEN SBJIAeTCs IJIOX0 (hopMa-
jqu3yeMbiM TpeboBanuem. CoepzKaTe/ IbHO OHO O3HAYAET, 9TO 110 CHUCKAM Hambo/ee da-
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CTOTHBIX CJIOB U JIOKYMEHTOB TeMbl JKCIIePT MOKeT HOHATb, O 4YéM dTa TeMa, U JiaThb eit
agekBarHoe HazBanue |30|. CBOHCTBO MHTEPUPETHPYEMOCTH BazKHO B HH(MDOPMAIMOHHO-
MIOUCKOBBIX CHCTeMAaX JIJIsl CUCTEMATU3AIUNA U BU3YaJIU3AIUNA PE3YIbTATOB TEMATUIECKOTO
MOUCKA WU KaTeropu3aluu JIOKYMEeHTOB.

BorpbmuHCTBO CyMEeCTBYIONMIX METOI0B ONEHUBAHUS WHTEPIPETHPYEMOCTH OCHOBAHO
Ha [IPUBJIEYEHHH SKCIepToB-aceccopoB. B [90] sxcmepram mperaragoch HEMOCPeICTBEHHO
OIEHUBATD MOJIE3HOCTh TeM [0 TPEXOAIbHOl miKaxe. B merome unrpysuit [30] mis kaxk-
JION HalijleHHOW TeMbl cocTaB/isiercs ciucok u3 10 nHauboJiee 4aCTOTHBIX CJIOB, B KOTOPBIi
BHEJIPS€TCd OJIHO cJiydaitHoe cjioBo. Tema cuumraercs MHTEPHPETUPYEMOM, €C/iu I110J1aB-
Jisgoree OOJIBIMMHCTBO JKCIEPTOB IMPABUJIBHO YKAa3bIBAIOT JIUIIHEE CJIOBO. DKCIEPTHBIE
IOJIXO/IbI HEOOXOAUMBI Ha CTAUU KMCCJIe/IOBAHUN, HO OHU 3aTPYIHSIOT aBTOMAaTHYECKOEe
IIOCTPOEHHe TeMaTHIecKuX Mojeneil. B cepuu pabor [90, 91, 91, 85| mokazano, 4to cpe-
JI1 BEJIMYUH, BBIYUCJISEMBIX 110 KOJIJIEKIIMU aBTOMATHYECKH, JIydIle BCEro KOppeJaupyer
C 9KCIIEPTHBIMU OLEHKAMU HHTEPIPETHPYEMOCTH kozepenmmocmo (coherence).

Tema nasbiBaercst Kozepenmmol (COrIACOBAHHO), €c/au TepMbl, HauboJee YacTbie
B JIAHHO¥ TeMe, HeCJIy4aiiHO 9aCTO COBMECTHO BCTPEYAIOTCS Ps/IOM B JIOKYMEHTaX KOJIJIeK-
mun [91, 92]. HucaeHHON MepOil KOPePeHTHOCTH TeMbI © SIBJISETCS MOTOYeYHAs B3auMHAs
undopmarus (54), Berauciasemas no k Hanbosee BEPOATHBIM CJIOBAM TEMBbI:

k=1 &
2
coher; = WE=D) Z Z PMI(w;, w;), (68)

i=1 j=i

rfie w; — =il TepM B MOpsJIKe YOBIBAHUSL Py, TUCTO K OOBIMHO mMOTaraercs paBHbM 10.

KorepeHTHOCTD MOJE/IH OIpee/IsdeTcs KaK CPeJHss KOepeHTHOCTh coher; Beex TeM.
KorepeHTHOCTH MOXKET OIEHHBATHCS O CTOPOHHE(l KoJuteKiuu (Hampumep, mo Bukunme-
qun) [88], 6o 10 TOM ke KOJUIeKIUH, 110 KOTOPOil crporTest Moge b [85.

Pa3pe>xeHHOCTb 1 pa3NN4HOCTb TeM. Pa3peKeHHOCTb MOJIe/IU U3MepsieTcs JoJeil Hy-
JIEBBIX 3jieMeHTOB B MaTpunax ® u O. B Mmozensx, pasgesnsionmx MHOKeCTBO TeMm 1’ Ha
upeamerHbie S u (GOHOBbIE B, Pa3peKeHHOCTb OIEHUBAETCS TOJBKO MO YaCTSIM MaTPHIIL
®, O, COOTBETCTBYIONUM HPEJIMETHBIM TEMAaM.

B [134] BBOssiTCS KOCBEHHbBIE MEPbI MHTEPIPETUPYEMOCTH TeM, He TPeDyIolie [pH-
BJIeUeHNd aceccopoB. [Ipenmonaraercd, 9To nHTEpIpeTHpyeMas TeMa J0IKHA COIePKATD
AeKcuveckoe A0p0 — MHOZKECTBO CJIOB, KOTOPBIE ¢ DOJIBIIONI BEPOITHOCTBIO YIIOTPEOITIOT-
cs B JIAHHOU TeMe U PeJIKO ylnoTpebJIsdioTes B JIpyrux remax. B rakom ciydae marpuiibl P
u O JI0/KHBI 00JIaaTh CTPYKTYPOil Pa3peKeHHOCTH, aHAJIOTUIHO puc. 4.

STapo Wy = {w e W ’ p(t|w) > 0.25} Tembi ¢ Oupee/IseTCs KAK MHOKECTBO TEPMOB,
KOTOPbIe MMEIOT BBICOKYIO YCJIOBHYIO BeposiTHOCTH p(t|w) = Putpt WL JAHHON TeMbl.
3arem 10 SIPY OIPEeIe/IsieTCs TPU MOKA3aTe /sl HHTEPHPETUPYEMOCTH TeMbI t:

pur, = > p(w|t) — wucmoma memwv, (4eM BbilIe, TeM JrydIiie);

weWy
cony = Wltl > p(t|w) — kowmpacmuocms memor (deM BBIIIE, TeM JIyUIIe);
weWy
; W
ker; = |W;| — pasmep adpa (OpHeHTHPOBOUHBIN OMTHMYM %)

[lokazaTenun pasmepa gapa, YUCTOTHI U KOHTPACTHOCTHU /I MOJEIN B TEJIOM OIIpe/ie-
JISIIOTCS KaK CPEeJIHUE 110 BCeM IMPEJIMETHBIM TemMaM t € S.
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Zoasn porosuix cao6 BO Beelt KOJLIEKIMU HpUHUMaeT 3HadeHust ot 0 1o 1:

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

deD wed teB

Eciin eé 3nadenue 0/im3ko K 0, TO MO/ie/ib HE CIIOCOOHA BBIJIE/IATH CJIOBA OOIIEH JIEKCUKH,
ecJIi 7Ke OHO OJIM3KO K 1, TO 9TO CBUJIETEIbCTBYET O BHIPOKJEHUU TEMATUIECKOW MOJIEJIH.

Takue KpuTepuu, Kak pa3mep sjapa Win J10Js (POHOBBIX CJIOB, MOI'YT HCIIOJIb30BATHCS
JIId KOHTPOJIA aJIeKBATHOCTH MoOJAenan. Upe3MepHas peryadpusanusd MOKeT MPUBOIUTH
K JerpaJdaluu TeM HJIM BbIPDO2K/ICHUIO MO/IeJIn JdJid CJIUIITKOM 60.)'[]3]].[0171 J0JIn JOKYMEHTOB.
OOpa3HO TOBOPs, PErYISPU3ATOPHI B MAJIBIX 034X SBJIAIOTCSA JIEKAPCTBAME, HO B CJIydae
epeIo3UPOBKN MOTYT IpeBpaliaThesd B 1. [109ToMy HYKHBI KpUTEpHUH, IyBCTBUTETHHBI
K Pa3JIMYHBIM TUNAM BBIPOXKIECHUA MOJIEIIH.

Ha npakTuke K TeMaTHIeCcKUM MOJEISIM MPEIbABISIOTCI COYeTaHUA Pa3HOOOPA3HBIX
Tpe6OBaHI/II71, AJId IIOCTPOCHUA MOJECJ/IN ITPUMEHAEeTCA MHOT'OKPpUTEPpUAJIbHAA OIITUMU3AL A,
IIO9TOMY M Ka4deCTBO MOJEJIN JOJI2KHO OHEHHUBATHCA 110 MHOI'MM KPUTEPUAM.

B npoekre BigARTM mnojjepkuBaercs OMOIMOTeKa CTAHJAPTHBIX METPHK KadecTBa
1 MeXaHU3MBbI JI00aB/IEHIS HOBBIX ITOJIb30BATE/ILCKUX METPHK.

16 TlpoekTt BigARTM

BigARTM — 3710 6ubjHOTEKAa C OTKPBITBIM KOJOM, ocHoBaHHas Ha Teopun ARTM.
Ona mMeeT pacmmpsieMblit BCTPOEHHBIN HAOOD peryJispu3aTopoB U METPHK KadecTBa, pea-
Ji3yer OHJIaftHOBbIN u o duiaitHoBbI MHOTONIOTOYHBIH TakeTHbIE EM-ajiropurm, obecre-
YUBAIOIIUI BICOKYIO 3P DEKTUBHOCTH 00pabOTKHU OOJIbIINX KOJIJIEKIIUI Ha OJJHOM KOMIIbIO-
repe. bubsinoreka spJjisgercs KpocciiargOpMeHHO: cOOPKY U MCIIOJIHEHUE MOZKHO [IPOU3-
soauth noa Windows 7/8/10, Mac OS u pasmuuaabivu guctpubyruBamu Linux. TTommep-
JKHUBAIOTCS porpaMMubie narepdeiicsl mox Python 2.7.% /3 % C++ a rakxke 3amyck B Buje
ucroHgeMoro buaapaoro daiinta. exonusrit kog BigARTM manucan Ha C++11. [logmeprku-
BAETCsl HECKOJIBKO HOIYJISAPHBIX (POPMATOB TEKCTOBBIX jlaHHbIX. VcueprbiBaiontyio nuudop-
MaluIo 110 OMO/IMOTeKe MOXKHO HailTu B JIOKyMeHTalluu Ha caiire http://bigartm.org.

Huke npejcraBied MUHEMAIbHBI Ko B Python, BeimostHsIONHIT 3arpy3Ky U mpeod-
pa3oBaHue JAHHBIX BO BHYTPEHHHI (DOpMAT IMaKeToB JTOKYMEHTOB (6amuel), CO3IAHEE
u oDydeHue MOJIE/IU, BbIYUC/IEHUE U BbIBOJL IEPILJIEKCUH.

1 # Import all necessary tools and data

from sklearn.feature_extraction.text import CountVectorizer

3 from sklearn.datasets import fetch_20newsgroups

4+ from numpy import array

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)
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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))
15 model.fit_offline(bv, num_collection_passes=20)

19 # Print perplexity values by iterations

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

MoprotoBka AaHHbIX. YHUBEPCAJIbHBIM O0bEKTOM, IIPUHUMAEMbIM Ha BXOJ BCEMH OIlle-
panuaMu BigARTM, apiserca BekTopusarop artm.BatchVectorizer. B npumepe Bblie
(mmaru 10-13) oH GBLI CO3/IaH IO MATPHIIE «MeIIKa CJI0B» n_wd U CJOBaps, 33IAK0IIEro Co-
OTBETCTBHE MEXK/ly CTPOKAMU MATPHILbI U CJIOBAMU KOJLIEKIUKH. B 9TOM ciiydae 1makeTbl co-
3/IAI0TCS B OIIEPATUBHOM IMAMSITH U IIOJIHOCTHIO YIAJISIOTCH U3 HEeE 110 3aBEPIIeHUH PadOThI
OuOIMOTEKH. DTOT CIHOCOD XPAHEHUsI JAHHBIX ITOAXOMAMT TOJBKO JJIsi HEOOJIBIINX KOJLIEK-
Ui, MEeJMKOM IMOMEIAIONINXC B MaMATH. Bo BceX OCTaJbHBIX CAy4asdgX HCIOJIb3YIOTCS
dopMaThl JIAHHBIX, IpeJIoJaraolne YTeHNe UCXOJIHBIX JIOKYMEHTOB C JIMCKA M 3aIUCh
ATOrOBBIX IIAKeTOB Ha Juck. Hambosee momynaspen dgpopmar TekcroBbix daiiios Vowpal
Wabbit, B koTopom Kaxkjjasi CTPOKa COOTBETCTBYET OJHOMY JOKYMEHTY U MMeeT B/

doc_ title token 1:value 1 token 2:value 2

Hanublit (popMar 1MO3BOJISIET NPEJACTAB/ISTH JOKYMEHTHl KaK «MEIIKOM CJIOB», TaK U
[OCJIe/I0BATE/IbHBIM TEKCTOM, & TaKZKe 3allUChIBATh B JIOKYMEHTHI TEPMbl PA3JIMYHBIX MO-
jasibrocreii. [Ipumep co3panust BekTopusaropa 10 Janabiv B popmare Vowpal Wabbit:

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

w

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

[Tapcunr GO0 KOJUTEKINH — OTHOCHTEIBHO JITATEIbHBII mpotece (J1azKe HeCMOTPsI
Ha t0o, 4r0 BigARTM yMeeT BBIIOJIHATDL €r0 B MHOIOIIOTOYHOM pe>K1/1Me), O9TOMY Y/I00HO
COXPAHHUTDH IAKETbl HA JUCK U UCIOJIb30BATh UX MHOINOKparHO. [Ipumep cosjanust BekTo-
pusaropa, 3arpyzKaroiero 1akerol ¢ JUCKa:

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

Cnosapu BigARTM mnpejHa3Ha4YeHbl /I XPaHEHHS JAHHBIX O CJIOBaX U HCIIOJIb3Y-
I0TCS B HEKOTODBIX Peryaspu3aTopax U MeTpuKaxX KadecTBa. (CJI0Bapi COOTBETCTBYET
o0bekT artm.Dictionary, KOTOpBII MOXKHO JinOO cOPMHPOBATH ABTOMATHYECKH BO
BpeMsi pa30OMeHusl KOJUIEKIMM Ha nakerbl (3ajaB B artm.BatchVectorizer mapamerp
gather_dictionary, no ymosdanuio paublii True), jaub0 CO3/1aTh BPYUYHYIO HA OCHOBE
cBoux JaHHBIX. OODBEKT ca0Bapsd MOXKHO COXPAHUTH B OMHAPHBIN MJIM TEKCTOBBIH haii,
3aTeM 3arpyzkaThb ero m3 3Toro daiira:

1 bv = artm.BatchVectorizer(data_path=’docword.vw.txt’,
data_format=’vowpal_wabbit’,
3 target_folder=’"my_collection_batches?’)
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4+ bv.dictionary.save(’my_collection_batches/dictionary?)

s # Load dictionary back during next BigARTM launch:

¢ dictionary = artm.Dictionary()

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

[ToroBbiit cjioBapb MOXKHO U3MeHATh. J[j1st 9TOro JIOCTATOYHO COXPAHUTH €ro Ha JIUCK
B TEKCTOBOM BH/IE, 3aTeM MOJAu(MUIUPOBATH HOJLYyYeHHbIH (haiiyl 1 3arpy3UTh €ro 00paTHO:

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

s # Then, load it back

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

CiioBapb, COXpaHEHHBIH B TEKCTOBOM dailjie, COCTOUT U3 CTPOK CJIEAYIOMEro BUIA:
token class id value tf df

riae token — cTpokoBoe TpejcTaBieHune cioBa, class id — mogambHOCTD, tf — abcosmor-
Hasg YacTOTa CI0Ba B KoJulekuuu, df — 4ucsio 10KyMeHTOB KOJLIEKIUH, B KOTOPBIX CJIOBO
BCTPETHIIOCH X0Ts Obl pa3. [Tosie value 1o yMo/r4annio 3a10/1HeTCs HOPMUPOBAHHBIM 3Ha-
genueM tf, HO MOzKeT ObITH M3MEHEHO (9Ta BO3MOXKHOCTH HCIIOJIL3YETCS KAK MEXaHH3M
nepejiadn JAHHBIX B HEKOTOPBIX DEryJIsIPU3aTOpax U MeTPHKAX KAdecTBa).

CiroBapu MOKHO (PHJIBTPOBATH BCTPOCHHBIME CpeAcTBaMu 110 3HadenuaMm tf u df, na-
HpUMEpP, MOXKHO OTOpPaChbIBATh CJMIIKOM YaCTble WU CJIMIIKOM PeJIKHe CJI0Ba. Y Ka3aHue
cJIoOBapsd B KOHCTpyKTOpe artm.ARTM ujim B metone artm.ARTM.initialize 3ajaér mo-
psIOK ¢TpoK B Marpunax ® u (1n,;) COITACHO MOPSIKY CJIOB B CIOBape. DTO BAKHO,
HALPUMED, /IS MOJAJbHOCTH METOK BPEeMEHH.

Perynspnsatopbl moryr BozjeiicrBoBarh Ha Marpuibl P, O win (ptdw). Perys-
puzaropbl ¢ MoryT BO3J/EHCTBOBATH Ha OTJE/IbHbIe MoOJa/abHocTH. Hajimuume napamer-
pa class_id yka3bIBaeT, 4YTO peryjgpu3arop paboraer ¢ OIHOIl MOJAJbHOCTHIO, IIO-
yMmosgannio ¢ @default_class. Hanumume mapamerpa class_ids yka3bIBaeT, UTO pery-
JIIpU3aTOp paboTaeT CcoO CIHUCKOM MOJAJIbHOCTEil, Mmo-ymoJsdanuio co Bcemu. Ilodurn Bee
IIapaMe€TpPbl BCEX PEeryjdpu3aTopoB MOKHO MEHATHb ME2K/Yy UuTepainudMu O6y‘{eHI/IH.

SmoothSparsePhiRegularizer — peayaapus3amop c2aaicusaHuA—pPaspPeHCuUsaHUl Mam-
puyo, P, peasmzoBan 1o (opmyiie (24) ¢ mHebobIM 0600IIEHIEM:

Owt = {lﬂt)ervlvn(nwt + 7Buf (Pur))-

Ecmu B onpenenennu KL-nuBeprennuu 3aMennThb Jorapudm Inz na dbyskmuo A(x),
to f(z) = xN(x). [lo ymomuanuto f(x) =1, aro u coorBercTByer Jorapudmy. B 6ub-
JIMOTEKe MOZXKHO 3aJaBarb f(r) Kak crenennyo ¢yukiuuio. Bekrop (5,) 3arpyxaercs u3
CJIOBaps M 3aa8TCsl 3HaYeHusiMU 1019 value kazxkoro ciosa. Jljst KaxK10ii TeMbl ¢ MOKET
OBITH 33/1aH CBOI Takoil BeKTOp. TakKuM CII0co00M MOXKHO 3a/1aBaTh «0OeJible» U «UEPHBIE»
CIIUCKH CJIOB JJI YaCTUIHOIO 00y JYeHus.

SpecifiedSparsePhiRegularizer — peeyaspusamop paspescerrnocmu P, peanuso-
BaH II0 TOil Ke dopMmyJie, HO T[3,, SIBIIETCA KOHCTAHTOI U MOAOHpAETCSI TaKHM 00pa3oM,
4TOOBI IO/ HYJIEBBIX 3JIEMEHTOB B Marpuile ¢ okazajgach He HHKe 3a/JJaHHOIO ITOPOTa.
[Tpu srom dyukuus f He ucnosbdyercs, 1o ecrb f(z) = 1.
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SmoothSparseThetaRegularizer — pe2ysapu3amop CaAaHCUSGHUA—DPA3PEANCUCAHUA
mampuyse O, peanuzoBan o (opmyie (25), ¢ aHAJIOrHIHBIM 0000IIEHIEM:

Ora = norm (na + T f (61)) -

QOyHKNuA [ Urpaer Ty Ke poJib, YTO U B PEry/IapH3aTope CriIaKuBaHusI—paspe:kupanns P.
MaccuB MHOKHTe e (; TO3BOJISIET YIIPABIATDH BO3AefiCTBAEM PeryaIdpu3aTopa Ha KazK 10l
i-it BHyTpeHHell urepaiuu oO6paboTKH JOKyMeHTa. BeKTop wim Marpuna ((yg) MO3BOJISET
YIPABJISATH BO3JAEHCTBUEM PEry/Isipu3aTopa Ha 3JIEMEHThI MaTpHIlbl O.

DecorrelatorPhiRegularizer — pezyasapu3amop 0eKkoppesuposarus mem 6 Mampu-
ye @, peasmzoBan coracHo (26). O nosb3oBaress Tpedyercst ykazarh Koddduipenr
peryagapu3alnuid T U CIACOK MOJAJBHOCTEl, HA KOTOPBbIe HY2KHO BO3JICiCTBOBATD.

TopicSelectionThetaRegularizer — pezyaapusamop ombopa mem 6 mampuye O,
peasuzoBan 10 dbopmyste (47). EAMHCTBEHHOE OTJIHYNe 3aKTI09AeTCsI B HATHIHHA MACCHBA,
MHOXKHTeJIE (v, KaK B PEryaspu3aTope CriakKuBaHuI—pa3peKuBaHug O.

SmoothTimeInTopicsPhiRegularizer — pe2yaapus3amop C2AaiHCUuUGAHUL MeM 10 MO-
dasvrocmu epemeny 6 mampuye P, peammzoBan o dopmyiie (36). st KoppekTHO# pa-
00Tbl peryssipu3aropa Tpedyercs yKas3arb UMs MOJAJbHOCTH BPEMEHU U PACIOJIOKHTH
TepMbl BpEMEHH B cjioBape U B Marpuiie ¢ B XpOHOJIOIHIECKOM TOPSIJIKE.

NetPlsaPhiRegularizer — peeyaapuszamop NetPLSA das modanvrocmu eepuiur 2pa-
da 6 mampuue P, onpenensercsa mo popmyse (50). B mokyMeHTax 10JKHBI OBITH 3apaHee
3alllCaHbl TepMbI BepinuH rpada v. B mapamerpax peryasapu3zaropa 3a/al0Tcd IMEHA Bep-
muH v, uX Beca (MomaocTH MHOKeCTB |D,|) 1 Beca pédep rpada wy,.

ImproveCoherencePhiRegularizer — pezyaapusdamop Ko2epernmuocmu, Peaan30Ban
o dopmyse (53) u B KadecTBe mnapamerpa Tpedyer CJI0Bapb MAPHOH COYETACMOCTH
ciioB Cy, (cOBpaTh ero MOKHO ¢ MOMOIIBI0 BCTPOEHHOTO MapCepa).

BitermsPhiRegularizer — pezyaapusamop O6umepmos, peaau3oBaH 1O (opmy-
aam (51)—(52) u B KauecTBe mapaMerpa TakK:Ke TPeOYeT CJI0BAPb YaCTOT OUTEPMOB 7,
(3aa4a ero cOOPKU JIOKUTCSA HA MOJH30BATE).

LabelRegularizationPhiRegularizer — wacmommnwid peeyaapusamop mampuio, ©
JUtst Kiracendukanuu ¢ HecOaJaHCHPOBaHHBIME KJiaccamu. PeasmuzoBan 1o gopmyie (45).
B kauecrBe mapamerpa rpedyer cjoBapb KJacCOB CO 3HAUYEHUsIMEU UX MOUHOCTedH |D,|.

HierarchySparsingThetaRegularizer — pe2ysapus3amop uepapruieckoz20 paspescu-
sanuA O, HCIOJb3yeTCs I pa3peKuBaHUs MATPHUILI CBA3EH MEK/Iy POJIUTETbCKIME Te-
MaMH{ U UX JOYePHUMHE IOTeMaMU B HepapXuIecKuX MOJe/ax, cormacuo dbopmyse (49).

TopicSegmentationPtdwRegularizer — pezyaapuszamop E-waza dra paspescusanus
ceemenmos 6 Mampuyas (P ), oupeaeasemblii o dpopmysie (66).

SmoothPtdwRegularizer — peeyasusamop E-waea das cenasrcusarus mampuy, (Praw )
110 JIOKaJIbHOMY KOHTeKcTy. [Ipubimnzkaer TemarndeckKuil npoduiib KaxK0r0 BXOXK/ICHHS
TepMa K yCpejHeHHOMY npoduiiio ero coceeit (1o okHy GUKCHPOBAHHON HIUPUHBI).

Peryisipuzaropbl MOryT BKJIIOYATHCS, OTKJIOUATHCA UM MOJAU(PUIIMPOBATHCS B JIIOO0M
MOMeHT Mezk/ay Bbi3oBamu fit_offline msm fit_online, 4To mO3BOJIAET, B COBOKYIIHO-
CTH C KOHTPOJIEM MeTPHK KadecTBa, I'MOKO IMepecTpamBaTh CTPATErHI0 PeryIsapH3alin
B COOTBETCTBUU C TEKYyIIUM COCTOAHHUEM MOJIECJIN. HpI/IMepZ
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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 kauectBa 100aBJIAIOTCAI 4depe3 moJigd scores oobekra ARTM. B sror momeHnT
Yy MHOI'HX METPHK MOXKHO 33/1aBaTh IapaMeTpbl. Belduc/ieHHbIe 3HAUYEeHUs] METPUK H3BJIe-
KAIOTCsI depe3 1oJjis score_tracker.

PerplexityScore — nepnaercus, Bbraucisiemas 1o gopmyie (67). Jius eé koppekr-
HO PabOThl HYKEH CJI0BaPb, COJ/IepKalliii HOPMUPOBAHHbIE YACTOTHI CJIOB B KOJLJIEKIIMH
(ne MomudunupoBanube 3HaveHus value st Kazkaoro ciosa). OHI UCHOTB3YIOTCSA B Ka-
9ecTBe AMMPOKCHMAIMH HYJIEBBIX 3HadeHuii p(w|d) u mMO3BOJISAIOT KOPPEKTHO ONEHUBATH
MOJIe/IX Ha OJIHOM CJIOBape, HO C Pa3HO CTeleHbI0 Pa3PesKeHHOCTH.

[Ipumep nojpk/0YeHnst neprieKcun Jist MoJasibaocru @default_class (crangapraast
MOJAJIBHOCTD CJIOB):

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

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

w

3HavdeHus MePIJIEKCHI MOXKHO BbIBECTH CJIeJyIommM obpasom (Bmecro value MozxHO
BBIBECTH, HAIPHMED, YUCTUTEb U 3HAMEHATe b MePILUIeKCUH M0 KazKI0# MOIATbHOCTH):

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

[Toste value cogepkuT BCIO KCTOPHIO 3HAYEHUIT METPUKH 110 OOHOBJIEHUSIM MaTpuIibl .
Y Jir060oro 1oJist J11000it MeTpUuKKM uMeeTcs BapuaHT ¢ npedukcom last_, KOTOPBIl BO3-
BpalllaeT 3HadeHNe MEeTPUKU Ha MOMEHT IOCJeHell CHHXPOHH3AIUN. DTO MOYKeT ObITh
[IOJIE3HO JJI IIOJIYYeHUd MaCCUBHBIX MeTpuk Tuna TopTokensScore.

SparsityPhiScore/SparsityThetaScore — paspescennocmu mampuy ® u ©. Orne-
HHUBAIOTCA ,Z[OJ'[eI';I 9JIEMEHTOB MaTpUIlbl, MCHbIIUX 3aJaHHOI'O 110JIb30BaTe/JIeM I10pOora.

TopTokensScore — mon-cao8a 6 Memax, CIMCOK U3 3aJaHHOI'0 4YHUCJIa CJIOB C HaW-
O0JIbIIIell BEPOITHOCTBIO IO Kaxkjioih Teme. Eciu B mapaMerpax 3TOil METPHUKH yKa3aTb
CJIOBapb MapHOil COYeTAEMOCTH CJIOB, TO OY/JeT BBIYHUC/IEHA KOTepeHTHOCTDb coher; 1Mo cruc-
KaM TOII-CJIOB B TeMax, cormacHo (opmyiie (68).

TopicKernelScore — #dpogvie Tapakmepucmukry mem: YIUCTOTa PUr,, KOHTPACTHOCTh
cong, pasMep sjpa ker; oneHuUBAOIIKMe Pa3IUIHOCTb M, KOCBEHHO, HHTEPIPETUPYEMOCTH
KazKJI0i Tembl t, cM. ¢Tp. 63. AHAJOIMYHO TOI-CJI0BAM, yKa3aHUe CJI0Baps MapHOil code-
TaeMOCTH 3aIyCKaeT MOJCYET KOTepeHTHOCTH, HO Telephb yzKe MO SapaM TeM.

BackgroundTokensRatioScore — dosa honosvixr cro6, OeHUBAET OO CJIOB, J1JId KO-
ropbix KL-uBeprenuust Mex iy pacipesesienusivu p(t) u p(w|t) Bbliie 3aaHHOTO HOPOTa.
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TopicMassPhiScore — wacmomu, mem n, u pacupejesenus p(t) = “L 1A Beex TeMm t,
BBIUUC/ISIEMbBIE 110 MATPUIE (Thyy)-

ItemsProcessedScore — wucao 06pabomannoir dOKYMERMOS, TEXHUIeCKasd METPUKA,
MIOKA3bIBAMOIIAs [0 UTEPANUAM KOJUYECTBO JIOKYMEHTOB (C MOBTOpaMHE), 00pabOTAHHBIX
EM-ajiropurMoM ¢ MOMEHTA BKJIIOYEHUS METPUKH.

PeakMemoryUsage — nukogoe nompebienue namamu, TeXHuIecKass MeTPHKa (J0CTyII-
Hast T01bKO B C++ unTepdeiice), npegocrapsionias uHbOPMAIHIO O MAKCUMAILHOM II0-
TpebGJIeHIH OTIePATHBHON MaMATH 32 BpeMd KazK/I0il HTeparui aaropuTMa.

[Torp30BaTes b MOXKET He TOJIBKO CO31aBaTh COOCTBEHHbIE METPUKHU, HO M BBIYUCIATDH
UX HAIPSIMYIO, C/I€/IaB BBIIPY3KY mapameTpoB mojenn ¢ u O.

Bbirpyska napametpoB mogenu. B ciiejyroniemM Kojie 110Ka3aHo, KaK MOy IUTh MaTpPU-
iy ® (rounee, nepsbie 10 rem JedoaTHONR MOIAIBLHOCTH):

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

w

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

C marpuneit © MoxKHO paboTarh Mo-pa3Homy. Bo-mepBbix, €6 MOKHO BOOOIIE HE Xpa-
HUATDH, €CJIU OHA He HyKHa. BO-BTOPBIX, MOKHO XPaHUTHL €€ B KIIIe, 3a/JaB Iepesl Hada-
JioM obydenus mapamerp cache_theta=True. B Tperbux, MOXKHO BKJIOUYATH XpaHeHne O
B ®-no006H0it MmaTpurie, 3a1aB napaMerp theta_name. 910 jacT CBOOOIHBIN JOCTYII K MAT-
pulle HA YTeHue U 3aluch B JII0O0I MoMeHT. B iepBom ciiy4dae BbI'PY3UTh MaTPUILy HEBO3-
MOKHO, B OCTAJIbHBbIX IIPUMEHUM CJIC/IYIOIANR KOJI;

1 # case 2

> model.get_theta()

3 # case 3

1 model.get_phi(model_name=model.theta_name)

Bce onucannbie Bbiliie BbI30Bbl BO3BpallaloT 00bekThl pandas .DataFrame.

[Tomumo omumcannoro mHTepdeiica BHITPY3KH MATPHUIl, €CTb BO3MOXKHOCTH MOTYYHTDH
yKa3aTeJb HAa MaTPUIy U HAOPAMYIO MOAUMUIHPOBATH MaMITh, MCIOIb3YEMYIO SIPOM
O6ubJIMOTEKH, YTO CYIIECTBEHHO YMEHbIIAET PAacXo/l MaMATH U BPEMs BbIUUCJICHUI.

MHoronoTtouHbii naketHbln EM-anroputm. Bubianmoreka BigARTM mo3Bosser obpada-
TbhIBaThb KOJIJIEKIIUU JOKYMEHTOB, HE IIOMellalouecd B OlIEPATUBHYIO IIaAMATD. ﬂﬂﬂ 9TOro
koJuiekist D ¢ nmomomipio BatchVectorizer paszbuBaercs na nakersi Dy, b=1,... B,
KasK/IbIil U3 KOTOPBIX XpaHUTCA B oTaeabHOM daitie. [lakeTsr oOpabarsiBatoTcs mo ode-
penu. Kaxxnplit makeT 3arpyzkaercd B IMaMdATh, OOHOBJIgET MATpHUIy $ U BBIrpyKaeTcs.
OOBIYHO HCHOJIB3YIOTCS TAKETHhl Pa3MepoM OT COTEH KHJIODAWT JI0 JIeCATKOB MerabaiiT.
Kosdbdunuenrsr peryssipusanuu 3a/1al0TCH B MOMEHT CO3/aHUsi MOJIE/IN, HO IIOTOM MOI'YT
ObITH B JIFOOOIT MOMEHT U3MEHeHbl, B TOM 4ucJje B xojue EM-urepaiimii.

Dynknusi ProcessBatches obpabarbiBaer 3a oaun pa3 MHOKecTBO mnaketoB {Dp},
cm. Asropurwm 4. [t Kazk10ro T10KyMeHTa d KaxKI0ro u3 nakeroB [, MpOU3BOIATCS HTe-
paruu BekTopa 6, co Bcrpoenusim E-mrarom npu dukcuposannoit marpuie ®. Ha moces-
Hell urepanuu JJOKYMeHTa, OOHOBJISIIOTCS CUETUUKHU Tl TEKYIIErO IMaKeTa.
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B Oub/inoreke peajin30BaHO HECKOJIBKO CTpaTeruil arperupoBaHus CUYETIUKOB, [1OJIY-
YEHHBIX OT PAa3HbIX ITAKETOB, B HTOTOBBIX CUETUMKAX Tlyy¢.

Odpratinoswtd anreopumm FitOffline cosepmaer MHOro upoOXoAOB 1O KOJLIEKIMH.
Ha kazk10M 1poxo/ie CUETUUKU Ny POpMUPYIOTCS 1IPU (DuKcupoBaHHO# MatTpune ® u cym-
MHUDPYIOTCA IO BceM jJokyMeHTaM. ObHoBIeHne P ¢ yu€éTOM BCeX Pery/spu3aTopoB MPOU3-
BOJIUTCS B KOHIIE KazK/IOr0 MIPOX0/ia KOJIIEKITUU B OJHOIOTOYHOM pexkume. OddaaiitHOBbI
pe:KMM OPUEHTUPOBAH HA 0OPADOTKY OTHOCHUTEIbHO HEOOJIbIINX KOJLIEKIIHI.

Onaatinosvti anzopumm FitOnline 6b11 npeniozken st momenn LDA B [49], mo3xe
Jutst Mogiesn PLSA B [20]. On peasuzoBan B 6ubsinorekax MalmmHHOIO 00ydenust Vowpal
Wabbit, Gensim u apyrux, m cumraercs Haubojee 3PQMEKTUBHBIM METOIOM 00y YeHUsI
TeMaTu4IecKux Mojeseii. Ero ocHoBHAs ujes 3aK/II09aeTcd B CIEIHAJIbHON OpraHu3aliu
[I0CJIe/IOBATEIbHOCTU BbIUKC/IeHHI 110 popmysnam E-mara nu M-mara. Ona He 3aTparuBaer
MeXaHH3MbI peryagpusanui u oauaakoBo npumvennma K PLSA, LDA u ARTM. Omnaiixo-
BBl aJIrOPUTM JIEJIaeT OJIUH IIPOXO/I 110 KOJLJIEKIIUU, OOHOB/Isist MaTpuily P 1mocjie Kazkibx
7) maKeToB: Ha mare 21 CYETUYUKH 7N, HAKOIJIEHHBIE 110 7) MOCJIEeTHUM IaKeTaM, CyMMU-
PYIOTCA CO CUETUUKAMU 7l,,¢, HAKOIVIEHHBIME 110 BCEM IIAKeTaM, € BECAMU Kgecay ¥ Kapply-
Ha mare 22 marpumia ¢ nepecauTbiBaeTcs 10 OOHOBJEHHBIM CUYETUYMKAM C YIETOM pery-
JNsapu3aTopoB. OHIANHOBLIN aIrOPUTM OPUEHTUPOBAH HA 00OPAOOTKY OOJIBIINX KOJLICKITHIT
UJIU TIOTOKOB JIAHHBIX.

Becobble K0appunuenTsl Kgecay U Kapply HO3BOJLIOT YIPABIATL TEMIOM 3a0blBaHUs
HpeJIbIAYIIUX aKeToB. IMeeTcst BO3MOXKHOCTD 3a/1aTh 3TH KOIM UIUeHTh 110 GopMyiam,
pexoMeH10BaHHBIM B [49]: Kaecay = 1 — pi, Kappiy = pi, tae p; = (79 + )", 3nauenue 7,
3aJ1al0Tcd B auamna3one oT 64 mo 1024, snavenus x — ot 0.5 g0 0.7.

Kounrpouib yeosuit cxogumoctn EM-ajiropurma Bozjiaraercs Ha mnojib3oBareis. [Ipo-
e BCEro 3a/IaBaThb YUCI0 HUTEPAIMil 0 KOJJIEKIINU U 110 KazKJIOMY JTOKYMEHTY.

B omnaitnoBom aJjiropurme pa3OueHue KOJJIEKIIUUA Ha ITAKeThl U IOPsI0K 00pabOTKU
[AKEeTOB MOIYT BJIHMATH Ha Pe3y/bTaT, B orimdue oT oddiraiiHoBoro ajaropurma. IrTodnI
YMEHBIIUTD 3TO BJAUSHUE, KOJICKIIHIO Pa30UBAIOT Ha HAKETHI CIyYailHBIM 0Opa30M.

B omaiinoBom aJsiropur™Me, Kak u B 0ddIaiiHOBOM, BHEIIHUNE MUK/ IO IaKeTaM BbI-
HOJIHSAETCS HapaJlJIeJIbHO B HECKOJILKO 1I0TOKOB. [Ipu arom obpaborka cjie/ytomeit nopiuuu
[IAKeTOB HEe HAYMHAETCsd, II0KAa He 3aBeplieHo oOHowJieHue marpuilbl P Ha marax 21-22.
B pesysibrare BbrYuc/MTEIBHBIE PECYPCHI HCHO/B3YIOTCH HEdMMEKTUBHO. DTa, npobiema
perraercs demepmMuHuUpOSEHHBIM ACUHTPOHHDLM OHAGATIHOBDLM AA20DUMMOM, B KOTOPOM
IPUMEHSIOTCS OOHOBJICHUS ¢ 3ama3/piBanueM [45].

B BigARTM odddraitHoBelil anropurMm 3amyckaercda dynkiueir ARTM.fit_offline,
omnaiiHoBbIii — dyukiueii ARTM.fit_online. /lyig BK/IIOYEHHUs JIeTEPMUHHPOBAHHOIO
ACHHXPOHHOI'O aJI'OPUTMa IIOCJIE/IHeHl HaJ/I0 1epeiaTh napaMerp async=True.

[TocTpoeHHy10 TEMATHIECKYIO MO/IE/Ib MOYKHO HCIIOIH30BATh JI/IsI TEMATH3AIUN 0TI b-
HBIX JIOKYMEHTOB 11pu (pukcupoBanHoit Mmarpuie ®. dra BO3MOKHOCTD peasin3yercs (pyHK-
nueit ARTM. transform, KoTOopas HPOIyCKaeT JIOKyMeHThl depe3 ProcessBatches.

Mepapxuyeckasa TemaTnyeckass mogesb peajin3oBana B BigARTM oT/ie/IbHBIM KJIaCCOM
hARTM. Yposuu uepapxuu cozjarorcs pynknueir add_level, jijisi KaxKJ0ro ypoBHs 3a/ia-
érca yncao TeMm num_topics. Oyuknusa add_level Bo3zBpamaeT 06beKT ARTM, ¢ KOTOPBIM
MOKHO paboTaTh KaK C OOBIYHOI <«ILIOCKOIi» MOJE/IbI0, B YaCTHOCTH, J00aBIATh K Heil
peryJisipu3aropbl. [Ipumep co3jianust 1By XypOBHEBOM MOJIeJIN:
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A nroputMm 4. Odduaitnoseiit u omaitnoseiit EM-asropurm i 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 MHUNHMAIA3UPOBATE Oy 1= ﬁ Juist Beex t € T

(S}

NOBTOPSATb
Didw = norm(apwté’td) st Becex w € d, t € T
teT

=]

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, ®);
IR

14 Dt 1= Izu%rvr[p(nwt + @wtm) 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 Pt 1= norm(nwt + @wtaa—R) st Becex w € W, t e T,
weW Puwt

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

Oyukiusd hier.fit_offline obydaeT TeMaTHYECKYIO HEPAPXUIO MO 33 JaHHON KOJLICK-
UK, UCIOJIB3Ys peryaspusarop (48) //is CBsI3bIBAHUS KAZKJIOTO YPOBHSI HEPAPXUU C PO/TH-
rejibckuM. Marpunbl @ u © Becex ypoBHeit MOTYT OBITH MOJIYY€HbI ¢ HOMOIIBIO (DyHKIUiT
hier.get_phi u hier.get_theta.

17 Pa3Beao4Hblii nHPOPMALNOHHbI NOUNCK

Barkubim npusioykeHneM TeMaTuIecKOTO MOJETUPOBAHUS SIBJISIETCI UHPOPMAUUOHHbLT
nouck (information retrieval) [155, 14]. CoBpemMeHHbIe HOMCKOBBIE CHCTEMbI LPE/HA3HAUE-
HbI, I'NIaBHbIM o6pa30M, AJId TIOUCKa KOHKPETHbIX OTBETOB Ha KOPOTKHUE TEKCTOBbIE 3allpO-
col. JIpyrue monckoBbie MOTPeOHOCTH BO3HUKAIOT Y II0JIb30BaTe I€il, KOTOPBIM HEOOXOIUMO
pa3o0bparbCsa B HOBOIl IMpeaMeTHOIl 00JIacTH WM IIONOJHHUTHL CBOil Oarazk 3manumii. [losb-
30BaTe/Ib MOYXKET HE BJIQJETh TEPMUHOJIOrHE, ¢1ab0 MOHUMATH CTPYKTYPY MPEIAMETHO
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00J1acTH, HE UMETh TOYHBIX (POPMYJIMPOBOK 3AIPOCA U HE MOIPA3YMEBATH €/IMHCTBEHHBIH
HpaBU/IbHBIA OTBeT. B Takux ciydasix HyKeH HOUCK HE MO KJIIOYEBBIM CJI0OBAM, a MO CMbIC-
Jly. 3aIpocoM MOXKeT OBITh JJIMHHBIH (pparMeHT TeKCTa, JIOKYMEHT WU MOJAO0PKa JIOKY-
MeHTOB. Pe3syrpraroM mouncka J0J12KHA OBITH YA00HO CHCTEMATH3UPOBaHHA HH(MOPMAINS,
«JTOPOYKHas KapTay MpeIMeTHOH 0bJacTh.

Jag 9TuxX ciaydaeB MOAXOMAUT MapaJurMa paseedounozo UH@OPMAUUOHH020 NOUCKG
(exploratory search) |75, 149|. Ero nesbio siBiisiercst mojtydenne OTBETOB HA CJIOZKHbBIE BO-
HPOCHI: «KaKHe TeMbl IPEJICTABICHBI B TEKCTE 3aIPOCa», «ITO YUTATH B MEPBYIO O04YePe/ib
[0 9TUM TeMaM», «9TO HAXOJUTCS HA CTBIKE TUX TEM CO CMEXKHBIMHU ODJIACTIAMEY, «Ka-
KOBa TeMaTHdecKas CTPYKTYpa JaHHON IMpeIMeTHON 00JacThy, «KaK OHA Pa3BUBAJIACh BO
BpeMeHN», «KAKOBBI IOCJeTHIe TOCTHZKEHU », «TJe HaXOIATCSI OCHOBHBIE TIEHTPBI KOMITE-
TEHTHOCTU», «KTO SIBJISIETCS IKCIIEPTOM 1O JAHHON Teme» u T. 1. [lonb3oBaresb 00baHOI
HOUCKOBOH CHCTEMbl BBIHYZK/IEH UTEPATUBHO 11epedOpMy/IMpoBaTh CBOM KOPOTKHUE 3aIPO-
Chbl, PACIIUPsis 30HY MOUCKA [0 MepPe YCBOEHUsI TEPMHUHOJIOTUU MPEAMETHOI objacTu, re-
PUOJIUYECKH IepecMaTpUBas U CUCTEMATU3UPYs Pe3yJIbTaThl MOUCKA. DTO TpedyeT 3aTpaT
BpeMeHN U BbICOKOW KBasmdukanuu. [Ipu oTcyTecTBUE HHCTpYMeHTa I MOJIydeHus «00-
et KAPTUHBI» OCTAETCS COMHEHNe, 9TO KaKUe-TO BayKHbIe ACEeKTHl U3y9aeMOoil mpobIeMbl
TaK U He Oblin Haifjienbl. Eciim 00pa3sHo peJcTaBuTh UTEPATUBHBIN HOUCK Kak OJIyzKjia-
HUe 110 JIAOUPUHTY 3HAHUN, TO Pa3BEJIOYHBIII HOUCK — ITO CPEJACTBO ABTOMATHUIECKOTO
HOCTPOEHMS KapThl /IJTd JTI000i 9acTu 3TOro JIaOUpPUHTA.

TemaTtuyecknii nouck. lloaHOTEKCTOBBIE MOMCKOBBIE CHCTEMBI OCHOBAHBI Ha HMHBEDPTH-
POBaHHbIX MH/AEKCaX, B KOTOPbLIX JIJIA KazKJ0I'0 CJIOBa XPAaHUTCA CIIMCOK COoAepzKallluX ero
nokymentos |9]. TTouckoBast cucrema uIer JTOKYMEHTBI, COJEPKAIie Bee CJI0Ba 3aIpoca,
[O9TOMY 110 JJIMHHOMY 3alIpOCy, CKOpee BCero, Hu4iero He Oyjier Haii/ieHo.

CucreMa TeMaTHIECKOr0 Pa3BeJOYHOIO IMOMCKA CHAYaJa CTPOUT TEMATHYECKYI0 MO-
JIeJIb 3aIpoca U ONpeIegeT KOPOTKHIl CIIMCOK TeM 3alpoca. 3aTeM Jjisl MOMCKA, JJOKYMEH-
TOB CXOKeil TeMaTHKU MPUMEHSIOTCS Te yKe MeXaHU3Mbl NHAEKCUPOBAHUS U IMMOUCKA, TOTb-
KO B POJIU CJIOB BBICTYHAIOT TeMbl. [[0CKOTbKY 4HMC/I0 TeM Ha HECKOJBKO IMOPA/IKOB MEHbIIIE
o0béMa cJI0Baps, TeMATUIECKUI TOUCK TPeOYeT HAMHOI'O MEHbIIE MaMATU 110 CPABHEHUIO
C IIOJIHOTEKCTOBBIM IIOMCKOM N MOXZKET 6bITb peaJjin30BaH Ha BeECbMa CKpOMHOﬁ TEXHUKE.
TeXHO.HOFI/II/I I/IH(I)OpMaI_[I/IOHHOFO IIOUCKa Ha OCHOBE TeMaTHU4Y€CKOI'O MOJE/JIMPOBaHUA B HA-
crosiee BpeMsl HAXOIATCS B CTINH HCCIe0BAHi U pa3paborok [122, 22,99, 29, 13, 141].

B nutepatype 1mo pa3BegoIHOMY HOUCKY TeMaTHIeCKOe MOJIETHPOBAHNE CTATNA HCIIOTb-
30BaTh OTHOCHTEJIbHO HemaBHo (113, 47, 110, 130], a MHOrHE 0630pBI O HEM BOOODIIE HE YIIO-
vuHaror [43, 107, 120, 56, 76, 53|. B uemasueii crarbe [130| BaxKHBIME TPEHMYIIIECTBAME
TEMATHYICCKUX MO,H,e.HeI.?'I Ha3bIBAIOTCHA FI/I6KOCTb, BO3MO2KHOCTH BHU3YyaJIU3allUX W HaBUI'd-
nuu. B 10O ke Bpemsi, B Ka4ecTBe HEJI0CTATKOB OTMEYalOTCs IPobJIeMbl ¢ HHTEPIPEeTUpye-
MOCTBIO TeM, TPY/IHOCTH ¢ MOIHpUKAIIIEH TeMaTUIeCKO MO/IE/IA IPU IOCTYILICHIU HOBBIX
JIOKYMEHTOB M BBICOKAsI BBIUUCIUTETbHAS CJOKHOCTD., DTU HPOOJIeMbl OTHOCATCA K yCTa-
PEBIINM MeTO/laM M YCIEITHO pelleHbl B MOCJeIHHe TOJbl: JeCATKH HOBBIX MOeseil pas3-
paboTaHbl JijIsl Y1y dlleHrus UHTEPUPETUPYEMOCTH; OHJIARHOBbBIE aJITOPUTMbI CLIOCOOHBI 00-
pabarbiBaTh DOJIbIIIE KOJUICKIMN U IOTOKK JOKYMEHTOB 3a JimHeiinoe Bpems |82, 20, 132].
C apyroit ¢ropoHbl, B padoTax 0 TEMATHICCKOMY MOJIEJIHPOBAHUIO PA3BEIOIHBIN HOMCK
JaCTO HA3BIBAIOT OJHAM U3 BaKHEUITNX MPUIOKEHNI, & OMEHKN Ka9ecTBa MONCKA MCIOTb-
3yroT Jist Baauganun Mogesteit [155, 14|, Oguako 9T wccjae0BaHus MOKA He MPHUBEIN
K CO3/I@HUIO OOIIEOCTYIIHBIX CHUCTEM Pa3BeJOYHOI0 Houcka. Bcé 310 roBopur o pa3ob-

72



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 [12| u yiayuamena B |153]. s u3Mepenus: kauecTBa pa3BegodHOIO TeMa-
TUYECKOI'O IOHUCKa HUCIIOJIb30BaJIMCh KPUTEPHUU TOYHOCTHU K IIOJIHOTbI Ha OCHOBE OLCHOK
aceccopos. st onenuBanus Obljla cocTaBjieHa BbIOOPKa 3aIIPOCOB — 3aJlaHUil pa3Be/104-
HOro nmoucka. Kazk eIl 3ampoc mpeacTaB/igil codoil TeKCT 00 bEMOM OKOJIO OJHOI CTpaHUIILI
dopmara A4, onuceiBafonuii TeMaTHKy moucka. Kaxkmoe 3aganne cHada 8 BBIIOJIHIIOCH
HE3aBUCUMO HECKOJIbKUMH aCeCCOpaMM, 3aTeM CUCTeMOU TeMaTH4eCKOI'O IOUCKA, 3aTeM
eé pe3yJ/ibTaT CHOBA OlleHUBaJICd aceccopamu. /laHHas METOJMKA HO3BOJISET, €JUHOK /b
c/iesiaB Pa3MeTKy pe3y/IbTaToB HOMCKA, MHOIOKPATHO OIEHUBATH KA4eCTBO PA3JIMYHbIX Te-
MaTHYEeCKHX MOJeIeil 1 MeXaHH3MOB MOUCKA. DKCIEPUMEHTHI HA KOJJIEKIUAX 175 Thicad
cTaTell PyCCKOSI3BITHOIO KOJIJIEKTUBHOTO Osora habrahabr.ru u 760 Thicad cTaTeii aHIIO-
sI3BIYHOrO OJ10ra techcrunch.com mokas3aJjd, 9TO TeMATHIYECKHH IOMCK HAXOIUT OOJIbIIe
peJIeBAaHTHBIX JIOKYMEHTOB, Ye€M aceccOpbl, COKpallas CpejlHee BpeMs IIOMCKa C 10JLy4a-
ca JIo CeKyHjipl. KoMOuHupoBaHue peryJsipu3aTopoB JeKOPPEJInPOBaHUsl, PAa3PeKUBAHUS
U CTVTayKUBAHUS BMECTe C MOJAJIbHOCTIAMHA N-TPaMM, aBTOPOB U KaTeTOphil 3HAYUMO YTy -
[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 HOUEPIHYTH U3 HHTEPAKTUBHOIO 0030pa’, KOTOpbIil HACUNTHIBA-

Shttp://textvis.lnu.se — HHTEPAKTUBHLIH 0030D CPECTB BUH3YaJI3aIINH 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»’ [118].

['pacbuueckoe orobparkeHue pesy/ibraToB TEMATUUYECKOIO MOJIEJTMPOBAHUS U Pa3Be04-
HOI'O HOKMCKA COIIACyeTcsi ¢ KoHmenuei daavnezo wmenus (distant reading), npeoxen-
HOIi corrosiorom Jureparypbl Ppanko Moperru [86]. O nporuBomnocTasisier 3T0T C1ocos
M3ydeHHs] TEKCTOB HaimeMy oObraHOMY urenuio (close reading). HeBo3aMoxKHO mpoduTarh
MUJJIMOHBl KHUI' UJIM CTATEil, HO BIIOJIHE BO3MOYKHO IIPUMEHUTH CTATUCTUYECKUE METOJIbI
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, 0CTalOTCA JIUIIbL (POPMBI, OTHOLICHUS, CTPYKTYPBI, MOJCIH» .

s oubsmorekn BigARTM B HacTosIIee BpeMsl Pa3BUBAETCS MHCTPYMEHT BU3YaJIn3a-
nuu ¢ seb-unrepdeiicom VisSARTM?, nopgep:kupatomuii Bazkueiimme (popMbl IpeICcTaB-
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.

18 3akJsiroyeHne

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

"Visual Information Seeking Mantra: «Overview first, zoom and filter, details on demand» [118].

8 « Distant reading is not an obstacle but a specific form of knowledge: fewer elements, hence a sharper
sense of their overall interconnection. Shapes, relations, structures. Forms. Models.» [86].

Y®emopaxa J. C. TexHomorns HHTepaKTHBHON BU3YAJM3aIlIN TEMATIIeCKIX Mofeeii. Bakamappekas
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 M IPUBOAUT K MOJIYJIbHONH TEXHOJIOIUU MoJeanpoBanus. Co3panme Mo/ie-
JIL ¢ TpeOYeMBIMH CBOIICTBaAMHU I10]] KOHKPETHOE MPHIOKEeHHe He TpedbyeT HU TPYA0EMKUX
MaTeMaTH9IeCKUX BBLIKJIAIOK, HA CO3JaHUsd aJTOPUTMHAIECKH CI0KHOTO KOJIA.

['taBHOe ommune 0ailecOBCKOIo 0OOydYeHHsi B TOM, YTO TaM JOHOJHUTEIbHbIE TPedo-
BaHMsI BCTPAUMBAIOTCS B HOPOXKJIAIONLYIO MOJI€/Ib, CUJIbHO YCJIOXKHSS BBIBOJ U HE OCTaB-
JIsI BO3MOXKHOCTEH J1jIsi MOJLYJIbHO# peaJin3aiuu. baitecoBckuilt BbIBOJL /it OOJIBITUHCTBA,
MoOJIeJielf, OMMMCAaHHBIX B JAHHOM 0030pe, TpeOyeT HeCKOJIbKUX CTPAHMIL BBIKJIAI0K. fI3BIK
KJIACCHYECKOil pery/sipu3aliui OKa3bIBaeTCs He MeHee BhIpAa3uTeIbHbIM, HO HAMHOTO OoJiee
npocteiM. ARTM cokparmaer BeIBO OyKBAJIBHO 0 HECKOJIBKUX CTPOK. EuHCTBEeHHOE, ITO
Mbl IIPUA 3TOM T€PsieM — BO3MOZKHOCTb OIEHUTH HE TOJILKO 3HAYEHUs IapaMeTPOB MOJIE/IH,
HO U MX pacipejiejieHus. B nmpakTuke reMaTndeckKoro MOJEJAUPOBAHUS ITa BO3MOXKHOCTH
HUKOT/Ia TOJTKOM He HCIOJIb3YyeTCsd, TaK 9TO IMOTeps He BeJIuKa.

JlomunupoBanue 6aiieCOBCKOIo mo/IX0/1a B TEeMATUIECKOM MOJICTUPOBAHUN U PA300IIEH-
HOCTh aKaJeMHYECKOI0 U MH/LYCTPUAJIBHOIO COOOIIECTBA NMPHUBOJIUT K PACIPOCTPAHEHUTIO
HEKOTOPBIX 3a0JIy2K/IeHuil, JOCTONHBIX YIIOMUHAHUS U KPUTUKHU.

o «Temaruueckoe mojeupoBanue — 310 B ocHoBHOM LDA». Her, ectb coTHu MOje1€1,
PEeHIAOIINX Pa3HOOOPA3HbIE 3a1a9K, ¢ KOTOPBIME ILJI0X0O cupasisercs LDA.

o «TemaTmyeckoe MO/IeTIPOBAHEE TOIXOIUT TOJIBKO /I aHAJII3a TeKCTOB». Het, ecTh
MOJIEJIH JIJIsI aHAJIN3a U300parkKeHuil, Bu/ieo, rpadoB, CUHTHAIOB, TPaH3aKIIUI.

o «Temarmueckoe MoJIeIMPOBaHIE — ITO pa3/ie/1 baiiecoBckoro obyuenus». Her, 60/1b-
HIMHCTBO MOJesteit ropasno upoire crposarcs B ARTM 6e3 GaitecoBCcKOro BuiBOJIA.

o «Temarnueckne MoAeJIn IPeACKa3blBalOT YaCTOThI CJIOB B JOKYMEHTAX>». cDOpMa.]'IbHO
Jda, HO UX IeJIb B JIPYI'OM — BbI4dBJICHUE KJIaCTepHOfI CTPYKTYPblI KOJIJIEKIIAU.

o «Tembl yacTo OKa3bIBAIOTCH JyOJUPYIOIMMU /U ILJIOXO HHTEPIPETUPYEMbIMUY.
9to Ttak B LDA. IIpobiema pemraercs ¢ IOMOIIBIO JPYTUX PEry/Isipu3aTOpOB.

o «TemaTmyeckne MOJeN OCHOBAaHBI Ha THIIOTE3€ MeITKa cJI0B». MHOrme, HO He Bce.
TemaTudeckue MoJeIN N-IpaMM, OUTEPMOB, IIPEI0KEHUN, CerMEeHTAIUN, PeryJid-
pusaropbl E-11ara mo3BosisiiorT yYuThiBaTh MOPSI/IOK CJIOB B JOKYMEHTAX.

o «Temaruueckue BEKTOPbI He OTPaXKalOT CMbIC] CJI0B, Kak word2vecs. Her, ecsin
CTPOUTH TEMATUYEeCKUe MOJIeJIM 110 JIAHHBIM O HAPHOW COYeTaeMOCTH CJIOB, KakK
n word2vec. Hanpumep, Moznenn OUTepMOB WM CETH CJIOB He TOJHKO OIPEesSIOT
CeMaHTHYeCKYI0 OJH30CTDh CJI0B, HO U 00JAIAI0T CBOMCTBAMU MHTEPIPETUDPYEMOCTH
U Pa3pPezKeHHOCTH.

o «Temarmueckas momenb LDA mepeobydaercs ropas3ao menbire, dem PLSA». Her,
X Ka4ecTBO IMPUMEPHO OJIMHAKOBO, OCOOEHHO Ha, 0OJibmuxX Kojutekmusax. LDA ocro-
pOKHEE OIEHUBAELT BEPOATHOCTH PegKux CaI0B. OJIHAKO OHM HAUMEHEE BAaYKHBI JIJIs
obOpa3oBaHusd TeM, X0Td (POPMAJIBLHO 3TO YJIYUIIAeT MPABJIOIO0I00Me MOIEH.

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 .

)



Hekoropsie npobsiembr moka ocratorcst orkpbitbivu B ARTM. Kak yckoputs cxo/u-
MocTh perysspuzoBannoro EM-airopurva? Kak nogdupars xkodddunuentsr peryJisipu-
3allid AJANTHBHO U IMOJHOCTBIO aBTOMATHYecKn B Xoje uTepanuit’ Kak pemuts mpobie-
My HecOaJTaHCHPOBAHHOCTH TeM, KOTJIa KPYIHbIE TeMbI IpOOATC, a MeJKHe CIUBAIOTCH !
Kak obecrneynTh mocrpoeHue MmoJHOTO HabOpa XOPOIIO HHTEPIPETHPYEMbIX TeM?

B jannbiit 0630p HE BOILIM HEKOTOPbIE BazKHbIe TUIIbI MOjesieil, HallpuMep, /i aHa-
JIn3a U300pazKeHuil U BUJIEOIIOTOKOB, aHHOTUPOBAHUS M300PazKeHuil, peKOMEH 1A Te/IbHbIX
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
uMeHnoBanus TeM. He naiuia orpazkenusi B 0630pe HOBas T€HJIEHIIUS CO3/IaHus I'MOPUJIHBIX
MOJIeJIel Ha OCHOBE TeMaTUu4eCKOr0 MO/IeJIMPOBAHUA U HEHPOHHBIX CeTe.

O0630p HanuCcaH O MaTepuaJiaM Crenkypca «BepogTHOCTHOE TeMaTHIeCKOe MOJIeTUPO-

sanue» ', koropwrit aprop unraer na paxyavrere BMK Mockosckoro Locynapcrsennoro

Yuusepcurera uMm. M. B. JlomonocoBa. u Ha Kadeape wmHTe/LIEKTYaJIbHBIX cucteM Moc-

koBckoro Pusuko-Texumdeckoro Nucturyra (HUY). O6HOBIsIeMAast 31€KTPOHHAS BEPCUST

nocrynHa Ha caiite MachineLearning.rul!.

Pabora Bbinosinena npu punancoBoii nojjiepkke Poccuiickoro dpounjia dpyniamenraib-
HbIX uccaegoBannii (npoekt Ne 17-07-01536) u npasuresncrBa Poccuiickoit @eepanmn
(corsamenue Ne 05.Y09.21.0018).
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