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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) [78, 66|, mpemnoxkenuii [95, 151] u gokymenTos [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, 126], MHOrOS3bIYHBI HHDOPMAIMOHHBIH MO-
uck (137, 136|, nonck TeMaTnveckux cooBIIECTB B CONUATIBHBIX cerax [162, 128, 101, 28|,
Kiaccudukaius u kareropusaius jgokymentos [111, 163|, Temarndeckasi cermMenTaiust
rekcToB |147|, TermpoBanue BeG-crpanun |61], obmapyzxenue rexcrosoro cmama |10].
CymecrByloT M He-TeKCTOBbIE HPHUJIOKEHUsI TEeMaTHUEeCKOIO MOJIEJIMPOBAHUA B aHAJIM3E
u306pazkeHunit 1 BujeonoTokos [51, 69, 44, 127|, B pekoMeHIaTe bHBIX cucreMax [154,
142, 65, 157, 156|, B momyasmuonnoii rerernke [104], B GuonndopMaruke st aHATIA3A
HYKJIEOTUJHBIX [62] 1 amuHOKHCIOTHBIX 1OCaegoBaresbHocreii [116, 60|. dpyrue npusio-
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.
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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, 132]. ARTM no3BoJisieT 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 kak moaysu [130, 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.[HM 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[EL 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.T[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. BTOpaH 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, HOBBOJ’[SIIOHLI/Iﬁ 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 MpuBJIedeHns skcnepros [42, 70, 113].

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 0Oydenus [86, 63, 92].

[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
oOydYeHHH TeMaTHIECKUX MOJesIeli Ha OCHOBe comIntupoBanus ['ubbca [121].

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.

O6wwmnii EM-anroputm c perynsipusauuein. Paccmorpum emé oaun crocod BbIBOIA
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.

O6wumin EM-anropntm ans rematnyeckoro mogenuposanus. Ilpumennm EM-anropurm
(18)—(19) x 3a1a11€ TeMATHIECKOTO MOJETUPOBAHHS, BEDHYBIINCEH K HAITIM HCXOTHBIM 000-
saadenuam: X = (d;, w;),, Z = (t;)1,, Q = (P,0).

Banumem cHadaja popmysny E-mara. Bocmosib3oBaBimmch ycaioBueM He3aBHCHMOCTH
9JeMeHTOB BbIOOpKH U npumenus dbopmyiny 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-
npejie/ieHneM Ha eJMHUYHOM CHMILIeKce. dem MeHblre [3,,, TeM 6/uzKe K HyJIH0 YCIOBHBIE
BEPOSITHOCTU 0y = p(w|t) B OPOXKIAEMbIX BEKTOPAX (©y.

[unoresa 0 pa3pe:keHHOCTH pacupejenenuii @, = p(w |t) popmasiuzyer ecrecrBeHHOE
IPEIIOJIOKEHHE, 9TO KazK1ad TeMa t UMeeT CeMaHMUYECKOE A0P0 — MHOKECTBO TEPMOB,
XapaKTepU3yONHX JAHHYI0 TeMy B KMEIONHX B Heil 60JIbIIne BepOITHOCTH. TakuX TepMOB
B KazKJI0M TeMe He MOzKeT ObITh MHOI'0, IIOCKOJIBKY OOJIbIIMHCTBO TEPMOB CJI0OBAPS JT0JIZKHbI
OTHOCUTBCA K CEMaHTUYCCKUM d/IpaM JIPYIruxX TEeM.

AHaJIOrMUHO, TUIIOTE3a O pa3pekeHHOCTU pactpeenenuil O, = p(t|d) dbopmanusyer
ecreCTBEHHOE IIPEeAIIoJIOZKeHue, 410 Ka)K,H‘bH';I JAOKYMEHT OTHOCHUTCA K He60ﬂbLHOMy qucj1y
reM. TpysHO HpeacTaBUTh cebe JTOKYMEHT, B KOTOPOM 3aTPariuBalOTCa BCE TEMbI OOJIBIION
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
pacupeie/IeHuIo. 9TO Ype3BbIlYaiino ya100HO0 11 6aileCOBCKUX METOI0B, KOTOPhIE PACCMaT-
PHBAOTCA B CJejytonieM naparpade. IMEHHO MaTeMaTudecKoe y100CTBO IPeI0IpeIe/I1I0
IOILY/IIPHOCTD paciipejiesienus JIupuxiie B TeMaTHIeCKOM MO/Ie/IUPOBAHKN.

Cormacuo (20), mogean LDA cooTBeTCTBYeT pery/isipu3aTop, ¢ TOYHOCTHIO 0 KOHCTAH-
Thl paBHbII cyMMe JjiorapuMOB allpUOPHBLIX pacupejeenuit 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
MOJICTHPOBAHUS STH BO3MOXKHOCTH TaK M He HAILIM IIMPOKOIO HPHMEHCHHd, H HOJIydae-
Mbl€ AllOCTEPUOPHBIE PACHPEAEICHUS OOBIYHO CPa3y NePEBOJAATCA B TOYEUHBIC OILECHKU.

22



Hecmorpsi Ha u30BITOYHYIO CJIOKHOCTH U CBSA3aHHBIE C 9TUM OI'DaHMYeHUs, DailecoB-
CKUil BBIBOJ JOMHHHPYET B HAy9IHOW JIMTEPATYPE [0 TEMATUYECKOMY MOJIEIUPOBAHUIO.
B stom pasmesie Mbl paccMOTpHM JiBa HamboJiee IOIMYJISPHBIX I0JX0/a: BapUAIMOHHBIM
baitecockmit BbIBOX (variational Bayes, VB) [125] u commuposanue ['m66ca (Gibbs
sampling, GS) [121]. [Ins mpocToTel Mbl orpaHmumMcs Mojesnabo LDA u yBuanm, 4910
oba nojxoja npuBogdAT K EM-110/100HBIM ajiropuT™MaM, HE3HAYUTEJAbHO OT/INYAIOIIMMCS
OT TOr0, KOTOPBIil Mbl YK€ BbIBO/IUJIN.

CgoiicTBa pacnpegeneduns Qupuxne. B oboux nmoaxogax Oyger CyHECTBEHHO HCIIOJIb-
30BaThCs paciipejieienne Jupuxiie, 10o3ToMy HPUBEIEM B CIIPABOYHOM IOPSIJIKE HEKOTOPHIE
ero cBoiicrsa.

e Maremaruueckoe oxuyanne: E6, = [ 6, Dir(f|a) df = o= no%"m(at).

e Moma: ét =

2‘5:% = nogm(at —1).

e Jlucnepcus: D@, = 2eleo=au)

a%(ao—l—l) :

e MaremaTudeckoe oxKujanue jiorapudpma:

Elng, = /ln 0; Dir(0| ) dO = () — Y(),

rie Y(x) = L@ juramma-byakius. Pyukiust () oueHb

(z)
1oxozka Ha Jiorapudm. V3BecTHa npocrasi, HO BECbMa, TOYHAs N
AIIPOKCUMAIUS IKCIIOHEHTHI OT Juramma-pyHKnun (Ha rpa- oo ]
25 4
(dbuKe UX JIUHUU TPAKTHYECKH HEPA3THINMBI): 20 ]
15 4
2, 0<z<l o8
E(z) = exp(ip(z)) ~ ! 01:
T =3 1< 00510 1520 25 30 35 40

BapuauunoHHbiii baecoBcknii BbiBog,. llaest 51010 10iX04a B TOM, 4TOObI HCKATH COB-
MECTHOE aIlOCTEePHOPHOE PACIpPEeJeICHIe NI apaMeTPOB MOJIEIH W CKPBLITHIX IIePEeMeH-
ubix p(Z, ®, 0| X, «, ). HemocpeqcTBeHHOE BBIUUCIEHHE TAKOTO PACIPEIeTeHUs Ipob.ie-
MATUYHO. HO@TOMy HaxXogdT ero HpI/I6JII/I}KeHI/Ie B BUJC PA3JI02KEHUA HaA MHO2KHUTEJIU, UC-
HOJIb3Ysl OCHOGHYI0 MEOPEMY GAPUAUUOHH020 0alieco6CK020 6b1600a.

Teopema 2. Ilycrs 3ajaHO pasOneHne COBOKYINHOCTH IepeMeHHbIX Y Ha OJiokn Y,
j € J. Torpa pemernne 3agaun KL (q(Y) H p(Y|X, 7)) — min B cemeiicrBe pakTopu30-
q

pannbix pacrapererennii ¢(Y) = [ ¢;(Y;) yaosiaersopser cucreme ypapreHmii
jed
Ing;(Y;) = Eq;Inp(X,Y |y) + const, j € J, (22)

rae Ep; — MaTemaTmieckoe oxKmjaHue 10 BCeM HepeMeHHBIM KpoMme Y, const — HOpMH-
POBOYHBI MHOXKHTE/Ib PACHPEACJICHUS (;.
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JlokazaresbcTBO MOXKHO Hajitu, Haupumep, B |21].

g pemenusi cucTeMbl (22) MOXKHO HCIOJBb30BATH METOJ MPOCTON UTepAIUH.

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

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

jeJ i=1 teT deD

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

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

Yrobbl 3amucarh cucreMy ypasHeHuii (22), pacmuirem JorapudM pacipeeseHus
p(X,Z,®,0 |, ), nepeBojis ciaraemble, He 3aBUCHINIE OT IIEPEMEHHBIX ;, ¢y, 04, B const:

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

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

i=1 teT deD

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

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

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

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

Pacemorpum ypasrenune (22) orHOCHTEIBHO Gi((p4):

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

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

7

WV
Nuwt

=In Dlr((pt ‘ Bt)

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

w
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Pacemorpum ypasuenue (22) orHocuresabno qq(6;):

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

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

=1In Dll"(ed ‘ O~éd)

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

t
Haxkower, paccMorpuM ypashenue (22) orHocuTeabHO ¢;(t;):

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

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

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

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

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

( E(nuw, + Bu,) . E (g, + o) ) (23)
E(Y,(nut+Bu)) E(XCi(nua, +ou)) )

q(t) = norm

N[

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

¢;(t) = norm

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

1
ne+fo—35  ne +ag—

Bamernm, uro dopmyta s ¢;(t) moxoxa na E-mar (12) 8 EM-anroputme /it Mo/esn
LDA: p(t|d;,w;) = normy(©y,:0:4,). Bosee Toro, akKyMyJIupOBaHUE CUETUUKOB My U Mg
B TOYHOCTH coBrajaer ¢ popmyaamu M-mrara (13)—(14), ecau nomarars ¢;(t) = p(t|d;, w;):

n

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

i=1 i=1

Takum 06pa3oM, pelreHne cucTeMbl (22) MeTOJOM MPOCTBIX HTepAIii MPUBOJUT K
EM-noobHOMY a/iropurmMy. TO HEMHOT'O YAUBHTEIBHO, IIOCKOJIBKY MBI HE HCIIO/IH30BaJIH
EM-aJiropur™m, u jaxke He peliajy 3a/[ady MaKCUMHU3AIUU PAaBIOI01001sI
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[To okoHuaHuM uUrepanuii UCKOMbIE ITapaMeTPbl MOJIEJIM MOXKHO OIEHUTH Yepe3 Mare-
MaTHYeCKOe OXKHUJIAHUE allOCTEPUOPHBIX pacupejieienuii upuxie:

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

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

AJITOPATMaX TEMaTHUIECCKOI'0 MOJE/JIUPOBAaHUA MO2KHO CHHUTATh HECYIIECTBEHHbIMHA [18]

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

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

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

dyw,t teT deD
Ngwt  Bw—1 Ngwt por—1
X H H Pt Sow? H H etd td
teT dw deD w,t
Nwt+Bw—1 nig+oar—1
o [T TT 110
teT w deD t
X H Dir(gpt | 5t) H Dir(@d | dd)> Buwt = Nt +Buw, Qg = Myq+ 0y, (24)
teT deD

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

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

Teopema 3. Ilporecc cOMITAPOBAHAS OJHOMEDPHBIX CJIVIAHHBIX BEJTHIHH

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

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

Jloka3aTebcTBO MOXKHO HaiiTu, Hanpumep, B [21].

YT00BI BOCIIOJIB30BATHCSL TON TEOpeMoii, moaokuM v = («, ) 1 HaiiéM pacmpe/ese-
aue p(X, Z|«, 3). IlockoJIbKy OHO He JOJIZKHO 3aBHCeTb oT mapamerpos (P, ©), mo HuMm
HpUJAETCs B3sATh MHTErpas. [loJplHTerpaibHoe pacupe/iejenne Mbl yzke BbiBesn B (24),
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HO Jinlllb C TOYHOCTBIO /IO HOPMUPOBOYHBIX MHOKUTEJIe. Tenepb OHHM HaM HOHaﬂO6HTCH,
1HO9TOMY pa3bepeéMcs ¢ HUMU aKKypaTHee:

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

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

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

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

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

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

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

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

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

p(X> Z\z |Oé,

p(tZ‘X7 Z\Z,Oé,ﬁ) =

=z —1

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

teT

n n

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

i=1 i=1

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

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

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

2 ona Bcex urepanuii k= 1,..., kpax
3 ans Bcex i = 1,...,n B34Tb JOKYMeHT d := d;, TepM W := wj
4 ecim k > 2710 t:=t; —-Nuy; ——Nyg; —-Ng; —-Ng;
_ Nwt+Bw L Nygtoe .
5 p(t|d,w) = ntoerTm(imwo —nd+a0) Jist Beex t € T

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

8 Puwt 1= My /Ny st Bex w € W, t € T}
9 O :=nyg/ng g seex d € D, t €T,

[To oKOHYAHMH WTepaIyii HCKOMbBIE apaMeTpbl MOJEJU MOXKHO ONEHHTb Yepe3 MaTe-
MaTHYeCKOe OXKUJIAHUe alloCTePHOPHBbIX pacupe/ejaennii Jupuxie u3 (24):

pur = 0t (nue+By); b = norm (nutay).

B asropurMme 3 mokasaHa ujes peajiusanuu, npeniokennas B [121]. Kaxgas urepa-
nus k B IpOIEcce COMILTHPOBAHUS COOTBETCTBYET OHOMY IIPOXOIy Kosutekiuu. Korma
JUTS TO3UIIMHT ¢ COMILIAPYETCS TeMa, t;, BCeM IIPe by UM HO3UMUIM 1, ..., 7 — 1 y2Ke mpu-
CBOEHBI TE€MbI HA JIAHHOI UTepaluu, a BCe MOC/ ey IoIue no3unuu i + 1, ..., n COXpaHsoT
rembl ¢ upejabiiymei (k — 1)-it urepanuun — B TOYHOCTH KakK TOro Tpebyer reopema 3.
CoMIImpoBaHHAsT TeMa 3alOMHHAETCA B IIEPEMEHHOI t;, 1 Ha CIeIyIOIeil nTeparun, Ko-
/18 9Ta TeMa U3MEHUTCS, CIETIUKH My U Mg OYIYT YMEHbBIIEHBl Ha eJIMHHILY JJIS CTapOil
TEeMBI, U YBeJIMIEeHbl Ha eIUHUILY J1JIsI HOBOI.

CxoacrBo EM-tiogobubix ajropurmos PLSA, MAP, VB, GS u emé necko/ibkux ux
BapuaHTOB ObLI0 3aMedeno B [18]. B pabore |5| commimpoBanue paccMaTpuBajgoch KaK OT-
JleJIbHAs 9BPUCTHKA, KOTOPYIO MOZXKHO HCIIOJIB30BaTh B JitoboM EM-1momo06HOM ajropurme
TeMaTHIeCKOI'0 MOIeINpOBaHnsd, HadnHag ¢ PLSA. DKcrmepuMeHTH MOKA3aJId, 9TO CIM-
IJIIPOBAHNEe HECYIIECTBEHHO BJIMAET HA CXOAMMOCTDH U JIPyrue cBoiicTBa Momenn. Kak 3B-
PUCTHKA, OHO MOXKET CBODOJHO COYETAThCS C JIFOOBIME PEryJisipu3aTOPaMH.

Ontumunsauusa runepnapametpos B mogenu LDA. Hauunas co crarbu [121], mosroe
BpPEMs 0CTaBaJIACh HOIYIAPHONR PEKOMEH AU UCIO/1b30BaTh B Mojean LDA cummerpuy-
Hble allPUOpPHBIe pacupeeaenus lupuxie ¢ mapamerpamu oy = 50/|T|, 5, = 0.01. Bosee
TOHKHE HCCJe0BaHUs MPUBEJN ¢ HOBOI pekoMenganuu [139]: onTUMU3MpOBATH BEKTOD
a=(ay,...,ar) B HeCUMMeTpudHOM pacupejesnerun Dir(6;|«) u nogbuparb 4ucjioBoii
napamerp [, < 1 B cummerpuanom pacupesesenuu Dir(p; | 3).

Just onrumusaiuu Bektopa o B [139] npemiaraercss MakCHMU3UPOBATH IIPAB/OIIO/0-
oue mopenu P(X, Z|«, ) upu dbukcupoBanubix Z u 3. OrbpaceiBast B (25) MHOXKHUTEIH,
HE 3aBHCAIIUE OT (v, IOJy4YaeM ONTHMH3AINMOHHYIO 3a1ady:

'y I'(ng + oy
P(X|a):gr(n;+Lo)g (rc(lat) )_>m3x.
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® &0
p(x) p(xly) p(x1, 22]y) p(xly1, v2)

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

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

B auccepranun |138] cpaBHuBasioch 6osiee jecsTKa YUCACHHBIX METOIOB €€ DeleHHs .
[TpuBeém Jinib caMblil TPOCTON U3 HUX — METO/I HEIOIBUZKHON TOYKM [84]:

Yoa (g + ar) — (o)
Yo U(ng+ ag) —Y(ag)’

rie P(r) — auramma-dyHkius. dr1a HopMysa BCTPDAUBALTCS B UTEPALUOHHbIH IPOLECC
EM-anropur™Ma MexXk1y MpOXOJdaMU MO BCeil KOJJIeKITUN.

DkcnepumenTsl B [139] mokazasu, 4T0 onTHMEU3AIHs BEKTOPA (v TOBBINIAET MPAaBIONO-
nobue Moziesn i CKOpocTh cxompumoctu EM-anropurma. B ciaydae cunbHO# Hecbarancupo-
sanmocmu mem (KOrja B KOJUIEKIMU OJHUX TeM DOJIbIIe, YeM JIPYIUX, B Pa3bl MU JazKe
HA MOPsIJIKK) ONTUMU3AIUS BEKTOPA (v MPUBOJAMUT K OOJI€e eCTeCTBEHHOMY (CYIIECTBEHHO
HEPABHOMEDHOMY ) PACIPEIETeHHIO KOJIJIEKIUA [0 TeMaM.

Q1= O

Mpacdhnyeckaa HoTauua. BepositHocrubie Temarudeckue mogean PLSA u LDA aB-
JI0TCA JaCTHBIME caydasgMu TpadoBbix Mojeneit. B epagosoti sepoammocmmot mode-
su (probabilistic graphical model, PGM) 3aBucuMocTu MexKy CJOydailHBIMU BeJHYHHA-
MU TPeJICTaBAAIOTCS B Bume rpada. Bepmuubl rpada cooTBeTCTBYIOT caydailHBIM ITe-
peMeHHbIM, péOpa — HEINOCPE/ICTBEHHbIM BEPOsiITHOCTHBIM B3aUMOCBSI3SIM MEKJIy HUMH.
Ha puc. 4 1nokasanbl 1npumepbl 3aBUCUMOCTENR MeK/1y cjydaiinbiMu nepemeHHbiMu. Ha-
OJr0/1aeMble TTepeMeHHble N300pazkKaroTcsd 3aKpallleHHbIM KpPYKKOM. BbpIOOpKa mepemeH-
HBIX, TeHePUPYEMBIX OJHUM pacIpe/iefieHneM, n300pazKaeTcsd MPsAMOYTOIbHUKOM, PHUC. .
Takue u3o0pazkenust OyjieM Ha3blBaTh 2pagiuueckoli nomayued (plate notation).
AsbrepHaTUBHON TEKCTYaIbHOM (OPMOIL MPE/ICTABICHIS BEPOSITHOCTHOR MOJE/IH SIB-
JSETCS 2eHePamueHas ucmopus (generative story), B KOTOPOIl ONUCHIBAETCS IIOC/IE0BA~
TeJIbHOCTD MIAroB, HeOOXOMUMBIX I MOPOXKAeHN s JaHHbIX. Ha puc. 6 mokazansl o0a mpei-
cTaBJieHns, rpadIecKoe U TeKCTyaJbHoe, I TemMarndeckux mojaeneit PLSA u LDA.
[Tonbopka rpadudecKux HOTAIMI HA PUC. 7 HILTIOCTPUPYET HOIBINOe CTPYKTYPHOE Pa3-
HOO6pa3I/Ie BEPOATHOCTHBIX TeMaTU1CCKHUX MO,H,e.HeI;'I. XOTH HaIlVIAJHOCTD ABJIdeTCd HEeOCIIO-
PUMBIM [PEUMYIIECTBOM, HEJOCTATKOB y rpadudueckoil HoTamuu ropas/ao oosibire. [ras-
HbIA — HeIIoJIHOTa U HEOAHO3HAYHOCTb MHTEPIIpEeTAllUU. HeKOTOpre ACIIEKTbl MO/IEJIMPO-
BaHUs HE MOT'YT ObITh OTOOparKeHbI OOIICIIPUHATHIME CpeJCTBaMu Ipadudeckoil HOTaIUH,
W aBTOPBI BEIHYKJeHBI n300peTaTh cCOOCTBEHHBIE. B pe3ysibraTe MO/Ieb MOYKeT BOCCTAHAB-
JIMBATHCA 110 KaPpTUHKE HCOAHO3HAYHO. FeHepaTI/IBHaH UCTopud JIMIIeHa 9T0I'0 HeJOCTAaTKa
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Mogenas PLSA:

KazKJiplit d € D 1mopozK1aeT CKPbIThIe TEMbI:

b~ pltld), = L. (O —@

. d t w

Kazkas TeMa t; MOpOXkKIaeT CJIOBO: g

w; ~ p(wlt;), i=1,...,nq. DI
Mopgeas LDA:

Q () VR

O TIOPOZKIAaeT BEKTOPHI JOKYMEHTOB: / /

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

iy ~ Dir(p[f), te€T;
nasmee Kak B PLSA. @

B ¢ T

Puc. 6: I'paduyeckas noranus gy mozeseir PLSA u LDA.
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Puc. 7: [Ipumepst rpaduveckux HoTaruil u3 myOaukanuii 10 TEMATUIECKOMY MOEJIHPOBAHUIO.

u Jgaér Oojiee TOUHOE ommcaHue Moiead. ['paduueckast HOTalUs U reHEpATUBHAsT UCTO-
pusd Moryr 6bITb 1IOJIE3HbI AJId IIOHMMAHUA o6mefx’1 njaen 1 KOHCTPYKIUU MOJEJIN. OﬂHaKO
X HE J0CTaTOYHO I HEPexXoja OT MOJEIN K ajaropurmy eé oOydenus. K coxkajieHuro,
BO MHOIHX IIyOJIMKAIUSIX aBTOPBI OIIYCKAIOT TOT MEPEXO/ JJId KPATKOCTH H3/T0KEHHSI,
YTO OTHIOAb He JI00aBJIeT ICHOCTH TaKUM padOTaM.

CpaBHervne ARTM un GaitecoBckoro noaxoga. K nejocrarkam 0ailecoBCKOro BbIBOIA
MO2KHO OTHECTHU TEeXHUYIECKYIO CJIO2KHOCTDbL ,H,O6aBJ’[eHI/IH u KOM6I/IHI/IpOBaHI/IH Tpe6OBaHI/II71
K MOJIeJIM B BHJIE ONTUMUBAIUOHHBIX KpuTepueB. B HEM HeT yjl00HBIX MEXaHU3MOB pery-
JIIPU3AIUH, TIOCKOJIBKY HEeT, COOCTBEHHO, U 3aa4du onTuMusanuu mo (P, ©). Yrobsbl yuecTsb
JTOTIOJTHATEIHbHY 0 HH(MOPMAIIHIO, IIPUXOIUTCS MEHITh AllPHOPHBIE PACIpee/IeHns, H eCI1
OHM He SBJISIOTCS pacipejiesienusmMu /{upuxiie, BbIBOJ| CTAHOBUTCH 3aMETHO CJIOZKHEe.
Pacupejiesienne {upuxiie oka3biBaeTcs «Ha 0COOOM IOJIOZKEHUUY> B 0AfI€COBCKOM 110/I-
xoze. OHo He uMeeT yOeIUTE/IbHBIX JUHIBUCTUICCKUX OOOCHOBAaHUIl, TeM He MeHee, B JiU-
Teparype OOJIBIIUHCTBO MOJIEIel CTPOATCA C €ro UCIOJb30BaHUEM. DTO 00bICHSIETCS ero
MaTeMaTHYE€CKNM y,ZLO6CTBOM, a UMEHHO, CBOIiCTBOM COHpH)KéHHOCTI/I C MYJIbTUHOMHUAJIb-
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ueiM pacupejgesenneM. B ARTM ner Hukakux OCHOBaHUI IPEIIOYUTATH PACIIPE/IEICHIE
Jupuxjie JpyruM peryJisipu3aropam.

[TocraHOBKa ONTHMHU3AIMOHHON 3aa4dn Buga (20) 1aéT BO3MOKHOCTH HHTEPIIPETH-
poBaTh AIPUOPHOE paCHpe/iesieHne KaK BEPOSATHOCTHBIN peryaspusarop, OTAEeJIUTb ero
OT KOHKPETHOW MOJIeJIM U UCIOJIB30BATHh B JAPYIUX MOJEIIX. AJJIMTUBHOCTD PeryJisipu-
3aTOPOB MPHUBOJUT K MOJYJIbHOM TEXHOJOTHH TEeMaTHIECKOTO MOJe/JTHPOBAHUA, KOTOpas
peanmm3oBaHa B mpoekTe BigARTM. Ilpm pemrennn npukmIagHbIX 3a7ad KOMOMHHPOBAHHE
TOTOBBIX PEry/spU3aTOPOB IMO3BOJISIET CTPOUTH MOJIEIN C 3aJJaHHBIMU CBOicTBaMH 6e3 J10-
IIOJIHUTEJIbHbIX MAaT€MaATUYCCKUX BbIKJIaJA0K U JOIIOJIHUTE/JIbHOI'O IIPOI'PaMMUPOBaHU . CO—
3JlaHUe TAKOM TeXHOJIOI'MU B paMKaX 0ailecOBCKOIO 10JX0/1a €/[Ba JIU BO3MOZKHO.

B nanbmeiimem Mbl OyjieM paccMaTpuUBaThb Pa3HOOOpa3HbIE TeMATHYECKHEe MOJIETN
B TEDMHUHAX PEry/ispu3aliiu, /IazKe eCu B UCXOJAHbIX paboTax OHM CTPOUJIUCH C IIOMONILIO
baitecoBckoro BbiBOja. Pedopmasinzanus 0ailecOBCKUX MoOJIe/ieil yepe3 peryJisipusaluio,
11O HallleMy OIIbITY, BCEr'/la BO3MO2KHA, U BCeEr/la IIPUBOJUT K PaJUKaJIbHOMY YIIPOHIEHUIO
n3J10zKeHns 6e3 CyIeCTBeHHbIX M3MEeHeHU B KOHEYHBIX aJaropurMmax. Mbl HUKOTIa He Oy-
JIeM I0JIb30BaThCs rpadudeckoii Hotanueit, mockoabKy B ARTM jornka moaemupoBaHus
€CTeCTBEHHO IIPUBOJUT K (DOPMyJIaM Pery/isipuzaTopoB, a Te, B CBOIO 04ePe/ib, OJHO3HAYHO
OLIPEJILJISIOT 1IEPEX0/] OT MOJIE/IU K aJI'OPUTMY €€ 00ydeHus.

6 VIHTepnpeTnpyemocTb Tem

Orka3 or anpuopHbiX pacupeienenuit Jlupuxie mo3Bojsier 0600mmTs Mogeab LDA:
CHATH OPPAHUYCHUST HA 3HAKH IHIepnapaMerpoB B (21) u cBoGoHee 06pAIATHCSI CO CIITa-
JKUBAHUEM U pa3pe:KUBAHUEM JJIsl Yy dIIeHHs HHTePIPETUPYEMOCTH TEM.

Tunomesa paspestcennocmu sIBJISI€TCS OJJHUM U3 €CTECTBEHHBIX HEOOXOIUMBIX YCJIOBHM
uurepiperupyemoctu. [Ipemoaraercs, 9To KazxKasd TeMa XapaKTepHu3yeTcs HeOOIbITNM
YUCJIOM TEPMOB, U KazKJbIil JTOKYMEHT OTHOCUTCS K HeDOJIBIIOMY 4YHCJIYy TeM. B Takowm
cJIydae Cpeiu BEPOSTHOCTEH @, U Oyq JOJIZKHO OBITH MHOI'O HYJIEBBIX 3HAYEHUI.

Muorue moneITKH paspe:kuBanus momenn LDA mpuBoamim K dpe3MepHO CI0KHBIM
KoHCcTpyKiusaMm [115, 41, 141, 64, 33| u3-3a BHyTpeHHEro IMPOTHBOPEYUs: MeK1y TpebGoBa-
HUSMH Pa3PEeKEHHOCTH U OI'PAHUYEHUSIMU CTPOTOM IIOJIO2KUTE/IHHOCTH [TapaMeTpOB B pac-
upejiejienun upuxiie. IIpobiiema peraercss HEOXKUIAHHO ITPOCTO, €CJIM OCTABUTH KPOCC-
SHTPONUIHBI pery/sgpusarop (21) u paspemuTsb runeprapamMerpaM o, [, IPUHAMATH
JIIoObIe 3HaYeHHs, BKJIOYas oTpuiarenbHble. [lo Bceit BuamMocTu, BliepBble OHA ObLIa
npeIozKeHa B auHaMuaeckoii Mogeau PLSA mis o6paborku BugeonoTokos [127], rie mo-
KyMEHTaMHU SBJISLINCH KOPOTKUE BUAO(PArMeHThI, TepMaMi — HPU3HAKU Ha H300pazKe-
HUSIX, TEMaMU — IOsIBJIEHHE OIPEAeAEHHOIO 00bEKTa B TEUEHHE OLPEAeIEHHOIO BPEMEHH,
HaIpuMep, 1mpoes aBroModusst. CUIbHO pa3perKeHHbIE PACIPE/Ie/JeHIs 0TPeOOBaINCH
JIJIS OIIUCAHKS TeM C KPATKUM <«BPeMeHEeM KHU3HH».

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

R((I)a @) = Z Z Bt In 0yt + Z Z Qg InOyy.

teT weW deD teT
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Puc. 8: Crpykrypa paspexennocru marput, ® u © ¢ upeiMerHbivMu U (DOHOBBIME TEMAMHU.

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

Put = qv%rvry(nwt + But); (26)

O = norm (ntd + atd). (27)

[Tosio)kuTe/IbHOE 3HAYEHHE TAPAMETPA (g WU [3,; COOTBETCTBYET CIVIAYKUBAHUIO, OT-
punaTeabHOe — pa3pezKUBaHUIO.

YacTtnuHoe oby4eHue. B mpomecce co3manusi, UCIOIb30BAHNS WA OICHUBAHUS TeMa-
THIECKOIl MOJIe/In SKCIEePTHI, MOJIb30BaTe/ Il U acecCOPbl MOTYT OTMe4YaTh B TeMaxX pe-
JIEBAaHTHbIE MJIM HEPeJIeBaHTHBIE T€PMbI U JIOKYMEHTbl. Pa3MedeHnHble JaHHbBIE TO3BOJISIOT
pukcupoBarTh MHTEpHIPETAIIMM TEM M MOBBIMIAIOT YCTOHYMBOCTH Mojesan. Pazmerka mo-
JKeT 3aTParuBaTh JIUIIb YaCTh JJOKYMEHTOB U TeM, [I0O3TOMY €é HCII0JIb30BaHNe OTHOCHTCS
K 33Ja9aM wacmuurozo obyuenus (semi-supervised learning).

[lycTs s xkaxko0it Tembl ¢ € 1’ 3a7jaHBl YeTbIPe MOAMHOYKECTBA!

W, — «Geblit CMCOK» PeJIEBAHTHBIX TEPMOB;

W, — «4€pHbIil CIINCOK» HEPEJIEeBAHTHBIX TEPMOB;

D;" — «GeJiblit CIUCOK» PEJICBAHTHBIX JOKYMEHTOB;

D, — «4€pHblil CIIMCOK» HEPEJEBAHTHBIX JIOKYMEHTOB.

Yacmuurnoe obyvenue no peaesaHmHocmy SIBASeTCI YaCTHBIM CJIyYaeM DeryIspu3a-
TOPa CIJIAYKUBAHUS U PA3PEKUBAHUS [1PU

ﬁwt - 5+[w € Wt+] - 6_['111 € VVt_L
a = aild € D] —a_[de D],

rie S+ 1 oy — KOodDDUIUEHTH PeryIapu3aliii.

MpeametHbie n poHoBbIE TeMbl. YTOOBI MOJIEIL ObLIA HHTEPIIPETUPYEMOI, KazK/1as Te-
Ma JIOJIZKHA UMETh CEMAHMUYecKoe A0p0 — MHOXKECTBO TEPMOB, XapaKTEPU3YIOIMX Olpe-
JICJIEHHYTO IIPEJIMETHYI0 00J1acTh U PesKo yunorped/seMbiX B JApyrux remax. JLis sroro
marpuipl 1 © HO/KHBI UMETH CTPYKTYPY Pa3PeKeHHOCTH, aHAJOIUIHYIO MTOKA3AHHOMN
Ha puc. 8. MHOKecTBO TeM pa3buBaeTcsa Ha JBa IMoAMHOXKecTBa, 1 = S U B.

Ipedmemmnvie memor t € S comepzkaT TEPMUHBI PEAMETHBIX obJacreil. VIx pacupee-
nerust p(w | t) paspezKeHbl U CYIIECTBEHHO PA3JINIHBI (IeKOpPeJTnpoBanbl). Pacipe/ienens
p(d|t) TakKe pa3perKeHbl, TAaK KakK KazKjas HpPeJIMeTHas TeMa MPUCYTCTBYeT B OTHOCH-
TEJIbHO HEDOJIBINON JI0J1€ JIOKYMEHTOB.
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Donosvie memov, t € B copepxKar cjioBa 0o0IIEH JIEKCUKH, KOTOPbIX HE JIOJIZKHO ObITh
B 1peMerHbix Temax. VIx pacupemesenust p(w|t) u p(d|t) criiazkenbl, Tak Kak 9TH CJIOBA
IPUCYTCTBYIOT B OOJIBITUHCTBE JTOKYMEHTOB. TeMaTndeckyio Moje/ib ¢ (hOHOBHIMU TEMaMU
MOZKHO pacCMaTpuBaTh Kak 0000meHe pobacTHbix Mozesnei [31, 103], B KoTopbIx HCHOIb-
30BaJIOCh TOJBKO OHO (DOHOBOE pacipesesieHue.

CdrokycunpoBaHHbIii TeMaTUyecknii Nonck. Yacruunoe o0ydeHue reM MOKHO PacCMaT-
puBaTh KakK Pa3HOBUIHOCTH TEMATHIECKOro nH(MOPMAIMOHHOIO MOUCKA. B KadecTBe 3a-
poca 3a1a6TCI CEMAHMUYECKOE AJPO OJHONW UM HECKOJbKHUX TE€M. DTO MOYKET ObITb JII0-
Goit dparmenT Tekcra, «Oesblii cnucok» TepMoB (seed words) wiam z-memku — TEMBI,
IPUNUCAHHBIE OTIEJbHBIM cioBaM win (dbparmentam B mokymentax [15]. Temaruueckast
IIOMCKOBasl CUCTEeMa JOJIZKHA He TOJbKO HAMTH ¥ PAHKUPOBATh PEI€BAHTHBIE JTOKYMEHTHI,
HO U PAa3J/IOKUTh MOMCKOBYIO BBIJIAYY MO TeMaM. B THHUYHBIX MPUIOKEHUSIX PEIeBAHT-
HBIfI KOHTEHT COCTABJISIET HUYTOXKHO MAJIYIO JIOJII0 KOJLIeKiuu. Tem He MeHee, MMEHHO
9TOT KOHTEHT JIOJIZKEeH OBITH TIIATe/bHO cucTeMaTu3upoBan. OOpa3Ho ropops, Tpedyercs
«kaccuUIUpoOBaTh UTOJKH B cTore ceHay [28]. Tembl craHoBsATCS 37€MeHTOM TIpadu-
JeckKoro mHTepdeiica moab30BaTe/isd, HHCTPYMEHTOM HABUTAIMH ¥ IIOHUMAHHSA TEKCTOBOA
koJiiekiun. OTCio/la BaXKHOCTH TPEOOBAHKS UHTEPIPETUPYEMOCTH KAZK IO TEMBbI.

Hacruanoe obydeHue HCIOJAB30BAJIOCH Jisi HOMCKA W KJacrepusaluu HoBocTeil [54],
HOUCKA B COIMUAJIBHBIX Me/na nH(MOPMAIMH, CBA3aAHHON ¢ DOJIE3HIAME, CAMIITOMAMU U Me-
Tomamu jedenus [96, 97|, ¢ npecrymHocThIO U SKCcTpemu3MoM [72; 114], ¢ HanIHOHAIBLHO-
CTAME M MeZKHAIMOHATbHBIME OTHOIICHHAME |28, 59, 94].

B mozenun ATAM (ailment topic aspects model) B KauecTBe CIyIazkKHBaOIIEro pacipe-
JleJIeHust [3,,; UCIOJIb30BATACh OOJIbIIas KOJIJIEKIUs MeUIMHCKIX cTaTeil [97].

B momenax SSLDA (semi-supervised LDA) u ISLDA (interval semi-supervised LDA)
JIUIsl TIOUCKA, 9THO-PEJIEBAHTHBIX TEM B MOCTAX CONUAJIBHBIX CeTeil MCIO0JIb30BAJIOCh Cr/Ia-
JKHBAHKE 110 CJIOBAPIO U3 HECKOJBKHUX cOoTeH STHOHUMOB [28]. B mogem SSLDA jyist kazxk-
JIOIl 9THO-pEeIeBAHTHONW TeMbl 3aJIaéTCs CBOW CJIOBApb STHOHUMOB, CBA3aHHBLIX C OJIHUM
onpeeaeHabIM 3THOCOM. B Momenn ISLDA mHOXKEcTBO Tem pa3duBaercs Ha HHTEPBAJIBI,
1 JIJI BCeX TeM KazK/IOro HHTepBaJia 3a/1aéTcs OOIImil cJioBapb STHOHUMOB. | IpenmytecTBo
TUX MOJIeJIeil B TOM, 9TO MHTEPIPEeTAlns KazKJI0i TeMbl u3BecTHa 3apanee. Hejpocrarku
B TOM, 9TO TPYJ/HO IIPE/yTabIBATH YUC/IO TEM JIJIsi KazKJI0f STHUIHOCTU ¥ CTPOUTH IIO/IU-
STHUYHBIE TEMBbI JIJIsI BbISBICHUS MEZKITHUIECKUX KOH(MIMKTOB. AJTbTePHATUBHBIN M0IXO0T,
3aK/II0YAeTCA B TOM, YTOOBI 33/]aTh YHCJIO STHO-PEJIEBAHTHBIX T€M U IIPUMEHUTH K HUM 00-
mee CrilaykKuBaHHe IO CJI0BAapIO0 STHOHUMOB. TemaTndeckas MOJIEIb caMa OIIPEJIe/THT, KaK
pazjentb ux 1mo yrananocrsM |16, 17). Hemgocrarok sroro mojxoma B ToM, 410 HHTED-
HPETUPYEMOCTDb HAIJICHHBIX TEM HPUXOIUTCS HPOBEPITH BPYIHYIO.

OexoppenupoBanue. Temaruueckast MOJE/Ib HE JOJKHA COAEPKATH JIyOJUPYOMINXCs
WA TTOXOKUX TeM. eM pasamdaHee TeMbl, TeM HH(GOPMATHBHEE MOAEIb. [/ MOBLIIICHHST
Pa3IMIHOCTH TeM OyJeM MHUHUMH3HPOBATH CYMMY MONAPHBIX CKAISPHBIX HPOU3BEICHMIA
(01, Ps) = D0 PutPws MezKIy cTombnamu mMaTpuipl P. [lomyunm peryasgpusarop:

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

teT seT\t weW
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Dopmysa M-mara, coracho (13), umeer Buj

Pt = DOLL (nwt — TQuwt Z sows)- (28)
seT\t

DTOT peryaspusarop KoHTpacrupyer crpoku marpuipl . B kax0i cTpoke, He3aBu-
CHMO OT OCTAJIbHBIX, BEPOATHOCTH (P,,; HAUOOIee 3HAYUMBIX T€M TePMa, W YBEeJTHINBAIOTC,
BEPOSTHOCTU OCTAJIbHBIX TE€M YMEHBIIAIOTCA M MOTYT OOpallaTbcsd B HYyJIb. Pa3pexkuBa-
HHEe — 3TO comyTcTBYoNmii a3dhdexT nekoppennpobanus. B [123] 611 3ameden emé oaun
noJie3HbIi 3 dexT: ciioBa 00MIell JeKCUKN IPYNIUPYIOTCS B OTAE/IbHBIE TeMbl. DKCIEPHU-
MEHTBHI ¢ KOMOMHUDOBAHUEM PErY/IsiPU3ATOPOB CIUIAKUBAHUS, PA3PEKUBAHUS U JIEKOPPE-
mauposanust B ARTM nogrsepzkiator sro naburojenue |6, 134, 133].

JexkoppenupoBanue Biepsbie ObL10 mpemaokeno B Mogeaun TWC-LDA (topic-weak-
correlated LDA) B pamkax GaiiecoBckoro moaxoqa [123]. CoorBercrByromee ampuopHoe
pacipejieleHle He SIBJISIeTCsl CONPSIKEHHBIM K MYJIbTHHOMHUAJIBHOMY, O9TOMY Oaitecos-
CKHUil BBIBOJL CTaJIKuBaeTcs ¢ TexandeckuMu Tpyaaocramu. B ARTM pacaérabie ¢popmyibt
BBIBOJISITCSL B OJIHY CTPOKY.

KomOuHupoBaHue perynsipn3aTtopoB criaxkKuBaHus (POHOBBIX TEM, pPa3perKuBaHU
IpeIMEeTHBIX TeM B MaTpuie O u JeKoppe/JnpOBaHHSA CTOJIOIOB MATPUILI P HCIOIB30-
BAJIOCH y2Ke BO MHOI'MX paboTax Jijisg yaydlleHns WHTepapeTupyeMoctu tem [6, 133, 134,
135, 12]. [Togobpas koabdunueHTs peryisipusalin, MOAKHO OJHOBPEMEHHO 3HAYUTEIHHO
VAYUIIUTh PA3PEKEHHOCTh, KOHTPACTHOCTD, YUCTOTY U KOIM€PEHTHOCTh TeM IPU HEe3HAUU-
TeJIbHOIT moTepe 1npaaono0ous Moaean [134]. Bouin BipaboTanbl OCHOBHBIE PEKOMEH 1A~
[UH: JEKOppeInpPOBaHue U ClIa’KUBaHUe BKJIIOYATh Cpa3y, pa3pexkupanue — mnocie 1020
uTepanuii, Koraa oopasyercd TeHJAEHIUs K CXOJUMOCTH ITapaMeTpOB MOIEIN.

Ta ke KOMOMHAIMS PEryJIgpu3aToOpoB OblLIa UCIOJIb30BAaHA JJIsI TEMaTHIECKOTO Pa3-
BeJIOYHOrO noucka B [12]. Oka3anoch, 9T0 OHA CYIIECTBEHHO YJIydIllaeT KadecTBO IIOUCKA,
XOTsI HUKAKWE KPUTEPUHU KadecTBa IMOMCKA HEIOCPEICTBEHHO HE ONTUMU3UPOBAJIUCH.

7 MopenupoBaHue MyabTUMOAANbHbIX AaHHbIX

Myavmumodanvhas memamuseckas moodess OIUCHIBAET JIOKYMEHTbI, COJIEPIKAIIUE Me-
TaJ[AHHbIE HAPSJLY ¢ OCHOBHBIM TEKCTOM. MeTajanHble oMOoraT 60J1ee TOUHO OLPEIe/IsATh
TeMaTHKY JOKYMEHTOB, H, HA00OPOT, TeMATUIECKAs MOJENb MOZKET HUCIIOJb30BATHCA JIJIsk
BbISAB/IEHUS CEMAHTHKA METAJIQHHBIX WM IPEJICKA3aHKUs POIYIIEHHBIX MeTaIaHHbIX.

Kazkaplit Tuin MeTaJaHHbIX 00pa3yer OTAEJbHYIO MO0AAbHOCTMb CO CBOUM CJIOBAPEM.
CJi0Ba ecTecTBEHHOIO s13bIKa, ciaoBocoderanus [140, 149|, reru |61], umenoBanubie cyui-
HOCTH [88] — 9T0 HpUMEphI TEKCTOBBIX MOJAJBHOCTEl. B MyJbTHI3BIYHBIX TEMATHIECKUX
MOJIEJISIX MAPAJIEJbHBIX TEKCTOB MOJATBHOCTAME SIBJISIOTCH a3biKu [136]. [Iis anasu-
38 KOPOTKUX TEKCTOB C OIleYaTKAMU HUCIIOJIb3YIOT MOJAIHLHOCTh OYKBEHHBIX N-IPAMM, 9TO
I03BOJISET YJIy4liaTh KadecTBo nHdopmanuonuoro noucka |52|. [Ipumepamn zeTekcTOBBIX
MoJasIbHOCTel siBjstiorest (puc. 9): asropst [110], moments Bpemenu [126, 160, 127], krac-
cbl, Kaupbl wian Kareropun [111, 163|, nurupyembie nim nurupyiomnme JoKymeHTsl [40]
WK aBTODBI [57|, mOIB30BaTE N SJTEKTPOHHBIX OUOJIHOTEK, COIMUAIBHBIX CEeTel N pe-
KOMeH/IaTeIbHbIX cucreM [65, 118, 142, 156, 157|, rpadudeckue s1emMeHTH H306parKe-
uuit |26, 51, 69|, pekiamubie 00bsiBIeHus Ha BeO-crpanuax [100].
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Puc. 9: O6branas reMarnveckas MOJIENb ONPENENIeT PDACIPEIETCHe TeM B KaxKI0M Jokymente p(t|d) u
pacupejieJienue TepMoB B Kaxk 10l Teme p(w |t). MynbTuMogaibHas MOJE/Ib PACIPOCTPAHSIET CEMAHTUKY
TEM HA, 3JIEMEHTBI BCEX OCTAJBHBIX MOJAJBLHOCTEH, B TOM 9HCJI€ HETEKCTOBLIE.

Bce nepeuunciiennbie cjydan, HECMOTPs Ha, pa3Hoodpasue MHTepIpeTaluii, OlnuchiBa-
iorcss B ARTM enunbim popmasimamom mogasibHocTeit. Kazkapiit JOKyMEHT paccMaTpu-
BaeTCd KaK YHUBEPCAJIbHBIA KOHTelHep, ColepzKalluii TepMbl Pa3JInYHbIX MOJAJbLHOCTE,
BKJIIOYasl OOBIYHbBIE CJIOBA.

[Iycte M — mHOXKECTBO MomajbHOCTel. Kazkmas MoIaIbHOCTh HMeeT CBOIl CJI0Baphb
tepmoB W, m € M. DTu MHOKeCTBa MMOIAPHO He mepecekatoTcs. VX oobeunenue o6yaem
obo3nauarb yepe3 W. Mogasbaocrs Tepma w € W Oyjuem 0603Hauars yepe3 m(w).

TemaTudeckass MOJEIb MOJAJTBHOCTH M aHAJOTHIHA MOJe T (2):

p(wl|d) = pr|t (t|d) = ngwﬂtd, weW,, debD. (29)

teT teT

Kaz10it Moj1a/ibHOCTH ™M COOTBETCTBYET CToXacTuydeckass marpuna O, = (gpwt)w T
m

Cosokynnocts marpun, P,,, ecsim ux 3anucars B crojbemn, odpasyer W xT-marpumy .
Paciipejiesiene TeM B KaxKJIOM JIOKYMEHTE SIBJIsieTCsl OOLIUM JIJIsi BCeX MOJIAJIbHOCTEIH.

MyﬂbTI/IMOﬂaJIbHaH MO/IEJIb CTPOUTCA HyTéM MaKCHUMHU3AIIUN B3BEILIEHHON CYMMBI JIO-
rapupmMoB 1paB/ 01101001 MO/IAJILHOCTEH U peryssipu3aropos. Beca 7, 1mo3BoJsior coa-
JIAHCHPOBATH MOJIAJIBLHOCTH 110 MX BasKHOCTH U C YIETOM HX YACTOTHOCTH B JIOKYMEHTAX:

Z Tmz Z N angpwﬂtd + R($,0) — Ig%x (30)

meM deD weWy, teT
Z Owt =1 Quwr 2 0; Zetd =1; 0, =0. (31)
wEWm tET

Teopema 4. Ilycrs ¢yukmus R(P,0) menpepsiBro guggepennupyema. Touka (P, O)
JIOKAJIbHOTO SKCTpeMyMa 3ajgaqn (3 ) (31) ymosrerBopsier cucreMe ypaBHEHHIT CO BCIO-
MOTraTe/IbHbIMH [HEPEMEHHBIMH Pyg, = pP(t|d, w), eciim u3 pereHus: HCKJIIOYUTD HyJIEBbIE
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crosioner marpui P, O:

Praw = 1010 (Purbra) (32)
OR
Puwt = ggﬁ/ﬁfg Tyt + @wtm ; Nt = deZDTm(w)ndwptdw7 (33)
6 = norm | nyg + 0 OR ). n —Z ZTTL (34)
td = et td td D0y ) td = P mTdwPtdw -

Jloka3zare/ibCTBO aHAJIOIUYHO TeopeMe 1, KOTopasi SIBJISeTCsl YaCTHBIM CJIy4aeM Teope-
Mbl 4 Jiist citydast oJHol Mojasbaoctu, | M| = 1, 7, = 1. Ilepexo or 0/HO# MOJAJIBHOCTH
K IIPOM3BOJILHOMY YHCJY MOJIAJbHOCTEH CBOJUTCA K TPEM IIOIMpPaBKAM:

1) mCcXoIHBIE JAHHBIE Tgy, JOMHOMKAIOTCA HA BECA MOIAJBHOCTEH Tin(w);

2) marpuna ¢ pasbuBaercsa ua 6;10ku D,,,, KOTOpPbIe HOPMHUPYIOTCS TIO-OTI€JIbHOCTH;

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

B nmpoekTe BigARTM peasn3oBaHa BO3MOKHOCTb KOMOMHIPOBATD JTI000€ THCI0 MOJAJIb-
HOCTEH ¢ JII0ObIMU peryssipusaropamu |16].

MynbTua3sbldHble mogenun. Myjibrus3bluHble TEKCTOBbIE KOJIJIEKIIUU UCIIOJIb3YIOTCS JI/1st
KPOCC-3bIYHOI'0 MH(POPMAIMOHHOT'O 1TOUCKA, KOIJIA 110 3alIPOCY Ha OJHOM s3blKe Tpedyer-
cd HAlTH cCeMaHTUYIeCKHU OJTM3KHUE JOKYMEHTDHI Ha APYyTroM d3bike. /lis cBa3bIBaAHUS SI3bIKOB
UCITONIB3YIOTCA TapaJiielbHble TEKCTHl W JABYSI3bIUHbIE cI0Bapu. [lepBble My TbTHA3BIU-
Hble TeMAaTHIeCKUe MOJIE/IH MOSBUINCH IOYTH OJHOBPpeMeHHO |38, 82, 93| u upencrasisiin
co00IT MyJIBTUMOJIAJIbHYIO MOJI€JIb, B KOTOPOI MOJIAJIbHOCTIMU SBJISIOTCH SA3bIKU, U KarK-
Jlast CBSI3Ka, MAaPa/IIEJIbHBIX TEKCTOB O0beAuHseTCss B OfuH JJOKyMeHT. OKa3aJoch, 9TO
CBSA3BIBAHUAS JOKYMEHTOB JOCTATOYHO /I CHHXPOHU3AINUHA TeM B JIBYX SI3bIKaX U KPOCC-
S3BIYHOTO TOouCKa. [lombITKu GoJiee TOYHOIO M TPYJT0EMKOIO BBIPDABHUBAHHS 110 IMPE/IJIO-
JKeHUSM WJIM 110 CJIOBAM IIPAKTUYECKH He YIYUIIA0T KadecTBO moucka. O0CToATe IbHbBIIM
0030p MyJIBTUSA3BIYHBIX TEMATHIECKUX MOJe/Iell MoKHO Hafitu B |136].

Ha puc. 10 nokazanbl Hekoropbie u3 400 rem, nocrpoennbix 1o 216 175 napam pycckux
v auryniickux crareit Bukuneun [130]. st cBsi3biBaHus S136IKOB HCIIOJIB30BAIUCH TOJIBKO
MO/Ia/TbHOCTH, BBIPABHUBAHUA U CJIOBAapH He HCIOJb30BaIUCh. Aceccop omeHmt 396 Tem
3 400 KaK XOpOIITO WHTEePIpeTUpyeMbIe.

JI1st uco/Ib30BaHus IBYSI3bIYHOTO CJIOBAPS B 7] OBLT Ipe1/iozKeH peryasipu3aTop Cria-
xuBauusgd. O dpopMau3yeT HpeIooKeHne, YTO eCJU CJI0BO U B A3bIKe k SBJIAETCH IIe-
PEBOJIOM CJI0Ba w U3 s3blka {, TO ux pacupesesaenus rem p(t|u) u p(t|w) moiaxKHbl ObITH
Oosmm3ku B cmbicsie KL-jauBeprenmuu:

R((I)) = Z Z Mot 1N ot

w,u teT

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

Pwt = NOTM (nwt + T E nut>.
weW* "
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Tema Ne68 Tema Ne79
research 4.56 | nHCTUTYT 6.03 || goals 4.48 | maTy 6.02
technology 3.14 | ynusepcuter  3.35 || league 3.99 | urpok 5.56
engineering  2.63 | nporpamma 3.17 || club 3.76 | cbopHas 451
institute 2.37 | y4ebHbiii 2.75 || season 3.49 | ok 3.25
science 1.97 | TexHnyecknin  2.70 || scored 2.72 | npoTus 3.20
program 1.60 | TexHonorus 2.30 || cup 2.57 | kny6 3.14
education 1.44 | nayuHblii 1.76 || goal 2.48 | dpyTbonucr 2.67
campus 1.43 | nuccnegosanne 1.67 || apps 1.74 | ron 2.65
management 1.38 | Hayka 1.64 || debut 1.69 | 3abuBaTb 2.53
programs 1.36 | obpa3sosaHune  1.47 || match 1.67 | komaHga 2.14
Tema Ne88 Tema Ne251
opera 7.36 | onepa 7.82 || windows  8.00 | windows 6.05
conductor 1.69 | onepHblii 3.13 || microsoft 4.03 | microsoft 3.76
orchestra 1.14 | pupunxep 2.82 || server 2.93 | sepcus 1.86
wagner 0.97 | nesey 1.65 || software  1.38 | npunoxetne 1.86
soprano 0.78 | neBnua 1.51 || user 1.03 | cepsep 1.63
performance 0.78 | Teatp 1.14 || security 0.92 | server 1.54
mozart 0.74 | napTus 1.05 || mitchell 0.82 | nporpammubiii  1.08
sang 0.70 | conpaHo 0.97 || oracle 0.82 | nonb3oBatens 1.04
singing 0.69 | BarHep 0.90 || enterprise 0.78 | obecne4yeHne 1.02
operas 0.68 | opkecTp 0.82 || users 0.78 | cuctema 0.96

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

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

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

R(®,1I) =7 Z Znut anWuwtgowt — max.

uceWk teT weW?*

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

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

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

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

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

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

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

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

PaccMoTpuM MyTBTUMOJATBHYI0 TEMATHIECKYIO MOJeTb (29), B KOTOPOi pacmpe/iese-
HUE BEPOSITHOCTHU TeM JIOKYMEeHTOB Oy = p(t|d) onmchiBaeTcsi CMEChIO PACIpPe/Ie/IeHHi TeM
Kareropuit 1. = p(t|c) n kareropuii J0KyMenToB T4 = p(c|d):

plwld) = pr|t Zpﬂc (c|d) = Zzs%t%cﬂcd (35)

tel ceCy teT ceCy

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

Mogesnb ocHOBaHA HA JABYX IHIIOTE3aX YCJAOBHON HE3aBUCHMOCTH:

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

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

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

3a1a49a MAKCUMH3AIUE PEryJISpPH30BAHHOIO IPABIOIOI00U:

DD nawlnd D putieTes + R(®, 0,10 = max; (36)

deD wed teT ceCy
Z Puwt = 1) Pwt 2 O; Zwtc = ]-7 wtc 2 07 Z Ted = 1) Ted 2 0. (37)
weWw teT ceCy

Teopema 5. Ilycre ¢yakmnus R(P, U, I1) menpepsiao maugdepenmnupyema. Touka Jio-
kaspHOr0 9KcTpemyMa (O, W, I1) sagaqn (36), (37) yaosaerBopser cucreMe ypaBHEHHI €O
BCIOMOIaTeJIbHBIMH IIEPEMEHHBIMHU Dyeqn, = P(t, | d, w), eciin u3 peleHust HCKJIIOYUTH Hy-
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JieBble croJionpl marpun ®, W, I1:

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

JlanHasi MOJie/Ib, OCHOBaHHAas Ha TPEXMATPUIHOM Pa3/IOXKEeHHH, Haubojiee M3BECTHA
Kak asmop-memamuseckas modeas ATM (author-topic model), B koropoil nopozx paomieit
MOJIAJIBHOCTBIO SBJISIOTCs aBTOPBI JoKyMeHToB [110]. B memamuueckot modeau mezupo-
sanua doxymenmos TWTM (tag weighted topic model) mopoxgaromieii MOIATBHOCTHIO
SIBJISIFOTCSL Teru JIOKyMenTa [67]. AHajorudHas MOJeIb HCIOJb30BAIAChH JJist 06paboTKI
BIJIEONIOTOKOB B [51]: MOKyMeHTHI d COOTBETCTBOBAIH MOCTIEI0BATETHHBIM 1-CEKYH/THBIM
BUJICOKJIMIIAM, TEPMbI W — JIEMEHTAPHBIM BU3yaJIbHBIM COOBITUSIM, T€Mbl ¢ — HPOCTHIM
JIEHCTBUSIM, COCTOSIIIIUM M3 COYETaHUs COOBITHUIl, KaTeropuu ¢ — 00J1ee CJIOZKHBIM HOBEIe-
HUSM, COCTOAINIUM M3 COYeTAaHUS JICHCTBUI, IPUIEM CTABUIACH 3a/a49a BLIJIEIUTH B KaK-
JIOM KJIAIIe OJTHO OCHOBHOE IIOBEJIeHHE.

Moygesb (35) MOKHO yIPOCTUTH U CBECTH CHOBA K JIByXMATPUIHOMY DA3JIOKEHUIO, eC-
JIN OTOXKJIECTBUTH TeMbl ¢ Kareropusivu, C' = T', u B3a1b equandnyio marpuiyy V. lannas
MO/JIesTb u3BecTHa B sinreparype Kak Flat-LDA [111] u Labeled-LDA [107]. Eé BoipasuTen-
HbIe Bo3MO:KHOCTH Oesmee, 1eM y PLSA n LDA, tak Kak 3HadnTe/bHAS JT0JIS JEMEHTOB
maTpuipl II = © dukcupoBaHbl U PaBHBI HYJTIO.

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

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

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

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

B ARTM »sta npob/iema pelmaercs BBeaeHneM MogaabHOCTH Bpemenn . lckomoe pac-
npenenenne p(i|t) = p; nomydaercsa B crosbne Marpuibl $. JonosHUTeIBHBIE OrPAHIYe-
HMsl Ha [OBEJECHUE TeM BO BPEMEHH MOYKHO BBOJIUTD C IIOMOIILIO PEryJspU3alyu.
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B oxnoit u3 nepsbix remmopasbHbix Temarudeckux Mmogeneit TOT (topics over
time) [148] kaxKjas TemMa MOJEIMPOBAIACH HAPAMETPUIECKUM [3-PACIPEEICHIEM BO BPe-
MeHH. DTO ceMeHCTBO MOHOTOHHBIX M YHHMO/AJIbHBIX HEIIPEPbIBHBIX (DYHKIHUIi, ¢ mOMO-
b0 KOTOPOI'O MOXKHO OIIMCHIBATH Y3KHE MUKH COOBITHHHBIX T€M U OpaHUYeHHBIH HAGOD
TpPeH0B. TeMbl, UMeIoIie CIOPauYeCKie BCIIECKH, JaHHAs MOJIE/b OMUCHLIBAET ILIOXO.

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

Bo-11€pBbIX, HPEIIIOJ0KKEM, YTO MHOTUE TEMbI ABJSIOTCA COOBITUIHBIMU M UMEIOT OT-
HOCUTEIbHO HEeGOJIBIIOE «BPEMs KHU3HU», IOITOMY B KazK/IOM MHTEpBaJe BPEMEHH | [pH-
cyTcrByIOT He Bce TeMbl. [lorpebyem paspexkeHHocTu pacupeseseruii p(t|i) ¢ moMomupio
KPOCC-9HTPOLUIHOIO Pery/isipu3aTopa;

Ry(® wm ©) = -7 » Y Inp(t]i).

1€l tel

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

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

i€l tel

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

Qi = ngerlm(mt + Toir Sign (i1 — i) + T2 sign(@it1 — it (38)

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

8 MopagennpoBaHmne TpaH3aKUMNOHHbIX AaHHbIX

OObIYHBIE TEMATUYIECKUE MOJIE/TA TEKCTOBBIX KOJIIEKIIHN OIMMCHIBAIOT BXOXK/ICHHS CJIOB
B JIOKYMeHTbI. MyJIbTUMOIa/IbHbIE MOJIE/IN OLUCHIBAIOT JOKYMEHTBI, B KOTOPbIX COJEpPzKAT-
Csl TePMbl Pa3JIMYHbIX MOJAJbHOCTEM: CjI0Ba, Tern, aBTOPhI, U T. JI. BO Bcex 3Tux ciydasix
MOJIeJ/Ib OIUCHIBAET IApPHBIE B3AMMOJICHCTBUS MEXKIy JOKyMeHTaMu U TepMaMu. B Gosee
CJIOZKHBIX MPUTOKEHUSIX MCXO/HbIE JAHHBIE MOIYT OMHCBHIBATH TPAH3AKINH (OTHOIIEHNS,
B3aUMOCBSI3U, B3AUMOJIEHCTBUS) MKy TpeMs U 6ojiee 00bEKTAMU PA3IUIHBIX MO/Ab-
Hocreit. Hanpumep, B cetu mHTEpPHET-PEKJIAMBI «I10JIB30BATE/Ib U KJIAUKHY/I 00bsBICHHE b
HA CTPAHUIIE S»; B COLUAJIBHON CETH «110JIb30BATE/Ib U HAIKCAJI CJIOBO W HA cTpaHule 6J1o-
ra d»; B CeTH IIPOJIAaK «IOKYIIaTe/ b b KU y IPOJIaBIia § TOBAp ¢»; B PEKOMEHIaTe/IbHOM
CHCTeMe «KJIMEeHT ¥ ONeHWJ (UIbM f B CHTYaTHBHOM KOHTEKCTE S».

B stux mpumepax B3ammojieiicTBue TpEX 0OBEKTOB HE CBOJUTCS K IMAPHBIM B3aMMO-
JielicrBusiM. B Ipyrux cjiydasix CJIOKHbIE B3aUMOJIEHCTBUS BCE 2Ke pacluaIaloTcs Ha Iaphbl.

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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Hanpumep, B cucreme pekoMmeH ialiuil My3blKM TPaH3aKIUs «TPEK T UCIOJIHUTE/IS 4 Ha-
XOJIUTCs B a/Ib0OMe d, BBIIIEJIIIEM B TO/LY Y» OMUCHIBAETCs, Ka3a/J10Ch Obl, YeTBEPKON 00b-
ekToB (7, a,d,y). OnHAKO OHa pacmajaercsd Ha napueie B3aumocsssu (d,r), (d,a), (d,y),
KOTOpBbI€ MOI'YT OBITH OIMKMCAHBI OOBIYHOI MY/JIBTUMOJIAIBHON MOJIEIBIO.

JInsg TeMaTHYecKoro MoOJe/UpPOBaHUA TPAH3aKIIMOHHBIX JAHHBIX Y/IOOHO IOHATHE I'd-
neprpada. ['uneprpad obobiaer nonsrue rpada u orjimyaercs or Hero TeM, 4To pédbpamu
B HEM MOI'YT ObITh HE TOJIbKO IIapbl BEPIIUH, HO U IIOJMHOYXKECTBA U3 TPEX u DoJiee Bep-
mud. Bepruabl runeprpada cooTBeTCTBYIOT TepMaM pa3IndHbIX MOJAJIbHOCTEl, pédpa —
TpaH3aKIuIM. 3a/a49a 3aKI09aeTC B TOM, YTOOBI 110 HA0/110/1aeMOil BLIOOPKE TpaH3aKI[Hii
BOCCTAHOBUTH HEM3BECTHBIE TeMaTUIecKue pacupejesnenus sepiun p(t|v). IIpeanonara-
€TCd, 4TO BEepOATHOCTb TPaH3aKIUXU TEM BbllIE, Y€M 60ﬂee CXO02KU TeMaTUKU €€ BEPIIUH.

B npoexre BigARTM peasmn3oBaHa olMCaHHas HUzKe runeprpadosast reMarndecKkast Mo-
AeJIb TPAH3aKIIUMOHHbIX JTaHHbIX.

Tematuyeckne mogenu Ha runeprpadax. [unepzpag I' = (V, E) onpenensercs MHO-
JKECTBOM BepIIH-TepMoB V' 1 MHOZKecTBOM pébep (rpansaxiuit) E. Kaxoe pedpo e uz E
obpasyercs 10JIMHO)KecTBOM Bepiiut, € C V.

Kaxgag Bepmmuaa v € V' umeer modasvrocms m = p(v) U3 KOHEIHOIO MHOXKECTBA,
mojasbaocTeir M. MHOXKECTBO BCeX BepIIMH pa30MBAETCA HA HEIepPeceKaloniuecs IOJI-
MHOKECTBA 110 MOJIAJTbHOCTSIM:

V= |_|Vm, Vi ={v € V: p(v) = m}.

meM

Hampumep, B 0OOBIMHBIX TeMATHIECKHAX MOJEIAX €CTh TOJBKO JBE MOJAJIbHOCTH: JTOKY-
MeHTbl V) = D u TepMmbl Vo = W KaxKias TpaH3aKIHs IPeJCTaBIseTcs pedpoM U3 JIBYX
BepuiuH € = (d, w) u OIUCHIBAET BXOXK IeHUue TepMa W B JoKyMeHT d. [Tpu srom runeprpad
SIBJIAETCS JIBYJI0JIbHBIM IpadoMm.

B Gouiee C/102KHbIX IIPUJIOKEHUAX TPaH3aKIUU MOI'YT UMETh pa3/indHbie Tuibl. Hanpu-
Mep, B CETH HHTEPHeT-PeKJAaMbl, KpOMe JAHHBIX Tuna (u,b,s) 0 KJIMKax MOJb30BaTeseil
10 O0bABIEHHAM HA CTPAHHUIAX, MOI'YT HMEThCA JAHHBIE O IOCENEHUSIX CTPAHHI ITOJIb-
30BaTeaAME (U, S), O BXOXKJEHHH TEPMOB B TEKCThbl OObsBienuii (b, w), crpanur (s,w)
¥ 3aI1POCOB 1oJib30BaTeieil (u, w).

[Iycrb 3a1a8H0 MHOXKeCTBO TUIOB TpaH3akuuii K. Tpanszakyuonnoie dannoie tuma k —
5T0 BbIOOpKa Fj He3aBHCHMbIX Habsonenuii (e, t) € 2V x T, mopoxKaaeMas pacIpejiesie-
aueM pg(e, t), ceouM st Kaxkoro tuna k € K. Kaxaoe pebpo e € Ej BXOAUT B BBIGOPKY
Nke Pa3, I C KaXKJIbIM BXOXK/IeHHeM peOpa CBsg3aHa CBOs JiaTeHTHas Tema t € T

Ha puc. 12 nokazan nupumep runeprpada ¢ BepiuimHamMmu Tpéx MoJlaJibHOCTel, pédbpaMu-
TpaH3aKUUIMU LUSITH TUIIOB U ATHIO TeMaMHu.

Bynem nosarars, 9To B KaxK 10il TpaH3aKIuu ¢ € F mMeeTcs O/HA BbII€JICHHAS BEPIIIH-
Ha d, HA3BIBaEMasl Konmeldnepom, U 0603HaYATh pebpo depe3 e = (d, x), Tje & — MHOXKe-
CTBO BCEX OCTAJIbHBIX BEPIIHH pedpa e, 33 HCKJII0OUYeHneM BepIInHbI-KOHTeiiHepa d. AHaI0-
I'MYHO JIOKYMEHTY, ¢ KOHTelHepoM CBsi3aHO pacupejeserue reM p(t|d). MuoxecTtBo Beex
BEPIIUH-KOHTeHHEPOB 0003HaYuM depes .

Hasiee npeno/iozxum, 4ro Hu pacupeje/enus reM p(t|d) B koureiinepe d, Hu pacipe-
JleJieHns BepIinH B TeMax p(v|t) He 3aBucar ot tuna pebpa k. Kaszamoch Obl, Ha IPAKTHKE
9TO IIPeIIIoI0KeHIe MOYKET He BLIIOJIHATHCA. Hampumep, pacnpe/ieseHns CJI0B B TeKCTaX
BeO-CTPAHUIL, B IOJb30BATEIbCKUX 3alPOCAX U B PEKJIAMHBIX OaHHEPAX MOIYT 3HAYUMO
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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. 12: [Ipumep rumeprpada ¢ BepIIMHAMEA TPEX MOJAJIBHOCTEH, pEOpaMU-TPAH3AKIIUAMHA MIATH TUTIOB
U IATBIO TEMAMU.

pasmyaTbesd s OJHON U TOil ke Tembl. OJHAKO 3TO OrpaHHYEHHE HETPYHO ODOHTH,
€CJIM MOCTPOUTH MOJIe/Ib C TPeMs PA3HbIMHU MOJIAJIbHOCTIMM CJIOB JIJIs 9TUX TPEX TUIIOB
rTpan3akiuit. bojiee TOro, MexaHu3M peryJisipusaliii M03BOJIIeT CBA3aTh ITU Paclipe/ie/ie-
HUS U CJeJIaTh UX MOXOKUMU.

Haxkowser, BBeIEM TUIIOTE3y YCJIOBHOII HE3aBUCHMOCTH BepIIHH B pébpax (d, x):

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

vET

[Tpu ce/taHHbIX JIONYHIEHUAX HPOLECC HOPOXK ieHust pebpa (d, z) € Ej cocrout us jByx
maroB. CHavaJjia nopoxjaercst reMa t u3 pacupegenenust p(t|d). Barem 1mopoxjaercs
MHOZKeCTBO BepmuH = C V, IpuuéM KaxK/1ad BepIIuHA v € I MOJAJLHOCTH 71 HOPOZKIa-
ercsi U3 cBoero pacmpesesnenns p(v|t) HaJ MHOKECTBOM Vi,.

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

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

teT VET teT VET

[Tapamerpamu 39TOit MOJEIN SIBJISIIOTCS YCJIOBHBIE BEPOSTHOCTH BEPHIMH B TeMax
Yot = p(v|t), HOpMUPOBaHHBIE 110 KAXKI0# MOJAJBHOCTH U € V;,,, 1 YCJIOBHBIE BEDOSTHOCTH
TeM B KoHTeiiHepax 0y = p(t|d). B Marpudsbix 0003HAYEHUAX MApAMETPAMU SIBJISIFOTCS
marpuibl $,,, m € M u ©, Kak u B caydae MyJIbTHMOAAIbHOI TeMaTnaeckoii moaenn (30).

['uneprpadoBas Moaenb ABJIAETCS IMHPOKUM ODOOIEHHEM OOBIYHBIX TeMATHIECKHX
mogiesieit. B wacrnocru, ona coorsercrByer mogenn PLSA B ciyuae, korjga MogaJibHO-
cru jise — Jokymentsl Vi =D u tepmbl Vo =W, Tun pédbep TOJBKO OJUH — LAPbI
(d,w) € D x W, B KOTOPBIX JOKYMEHTBI d BCErJIa ABJSIOTCS KOHTeHHEepaMU.

MineprpadoBbii EM-anroputm. [l oneHuBaHusl AapaMeTPOB MOJEJH HPUMEHUM
HPUHIUII MaKCUMyMa IIpaBJionoobdusi. ByjaemM MakcumuzupoBaTh CyMmy JorapudMoB
IIPAB/IONOA00K 0 BeeM TumaM pébep k ¢ Becamu Ty, u peryaspusaropom R(P, ©):

ZTk Z nkdxanthHgovt—l—R (I) @) —>max (39)

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

Teopema 6. Ilycrp ¢pyuakmnus R(P,©) menpepsiBro augdepenmupyema. Todka JTOKATb-
rvoro makcumyma (P, 0) zazaun (39) yiaosiersopsier cucreme ypaBHEeHHI OTHOCHTEJIBHO
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HapaMeTpoB MOJEIH Py, O u BcoMorarejibHbIX 1epeMeHHbIX Py = p(t|d, x), ecim u3
PeIIeHHs] HCKJIIOYUTH HyJIeBble cTo01b Marpun @, O:

Ptdz = n?el"Tm (etd H @vt) . (40)

vET
oR
pur = morm (nvt e ); Nt = Z Z [V € T] TkMkdePrda; (41)
vEVm Pt keK dreEy
OR
O = norTm (ntd + Og— 90 ) Nig = Z Z TN kdxPtda - (42)
td keK dzcEy

HokazareabcTBo. Bocnosb3yemca yenaopusavu Kapymra-Kyna—-Takkepa. 3amumem
JIArPAHKUAH ONTHMHU3ANUNOHHOMN 3ama4n (39):

0) = ZTk Z Nhda lnzemn%t + R(2,0) -

keK dzxec by, teT vET

SDIDRIGSEVRIES S5 9 SEREIE

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

[IpupaBHsieM HyJIIO IPOU3BO/IHbIE JIArPAHZKUAHA 110 ITapaMeTpaM MO/IEJ/INu:

0% Ora [ Lucw\o Put OR
= Z Z [V € x| TkNgds Sl + — Ayt — Ayt = 0;

Ot keK dzcEy, p(z|d) Ot

0L vex Po OR

90, —Z ZTknkdx e|d)t+ 20 — Ma = fa = 0.
td LeK dreE, td

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

Z Z RS 93 TiNkdz # + O = )\p(v)t%t;
%,_/

vt
keK dzeEy p(z|d) Ot
ptdz:p(t | d IE)
9 VET SOU 8R
Z Z Tk Nkda 1 ‘e 0 L O 50 = [4q04a-
keK ducEy, N , td
ptdz:p(t | d,.’E)

3anumieM 3TH ypaBHEHUsS KOPOUe depe3 MepeMeHHbie N,y u3 (41) u ngyg u3 (42):

Savt>\mt = Nyt + wm%; m = ,u(v)7 (43)
Orafta = N + etd%i- (44)

Ecmu Ay > 0, To qub0 JieBast u mpaBasi 4acTH paBeHCTBa (43) 06e MOJOKUTeTbHbI,
b0 @, = 0. O0beauusist 3T /1Ba Ciiydas B OHY (POPMYJLy, MOJTY IHM

vat)\mt = (nvt + @vt%)_g (45)
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Eciu g > 0, ro b0 jieBast u npaBas dactu paBeHcrsa (44) obe 10J102KUTebHbL, 100
0iq = 0. O0beunsist 3T JiBa Caydas B OJHY (OPMYJTy, MOy IUM

Oratta = (na + Qtd%)Jr- (46)

[Tpocymmupyem pasencrsa (45) no v € V,,,, pasencrsa (46) mo t € T', npumenuM yciio-
BUA HOPMHPOBKHU U BBIPA3HM JBOICTBEHHBIC IIEPEMEHHDIC:

Amt = Z(nvt + @vt%)p

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

[ToncraBuB Ay 1 g B (45) u (46), noayqaum (41) u (42).

Ecim A\ <0, 1O Ny + gpvt% < 0 s Becex v € V,,,. B arom ciydae Oyjaem cuaurarh
TeMy t BBIPOXK/CHHOI U moIaraTh ¢, = 0 11 Bcex v € V,,, uro cormacyercs ¢ (41).

Ecma pg <0, To ngg + thgTZ < 0 g Becex t € T. B srom cirydae OyJeM CUUTATh
KOHTeiiHep d BBIPOKJIEHHBIM U nosarath Oy = 0 mist Beex t € T, aro cormacyercst ¢ (42).

Teopema nmokazana.

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

Just pernenust Takux 3a4a4d B dopmyiasl M-nrara (41)—(42) BBousres koadduyuenmot
BAUANUA Ok, Of, IPUHAMAIOIIME 3HAUYCHUST U3 orpe3ka [0, 1]:

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

kEK dzcEy

Ntg = 5 5 TLO kN kdxPtdx -

keK dxeEy,

9 MopgenupoBaHue 3aBncumMocTeil

Knaccudpmkaums. Temamuueckasn modeav kaaccupurayuu Dependency LDA [111] saB-
asiercs BaifecoBckuM anasiorom mogenn (29) ¢ mogaabnocrsmu repmos Wou kitaccos C.
Vmeetcst obydaromniasi BHIOOPKA JTOKYMEHTOB d, /ISl KazKJI0I'0 M3 KOTOPBIX U3BECTHO IOJI-
MHO)KecTBO KjiaaccoB Cy C C. Tpebyerca kimaccudunupoBaTb HOBbIE JOKYMEHTHI C HEU3-
BectubIiM Cy. [j1st 317010 Oy/eM UCIOIb30BATh AUHETUHYIO 8EPOAMHOCTHYIO MOOEADL KAGC-
cuurayuu, B KOTOPOit 00beKTaMu SIBJISIOTCS JOKYMEHTHI d, MPU3HAKH COOTBETCTBYIOT
TeMaM t W MpUHUMAIOT 3Hadenust Oy = p(t|d):

pleld) = abh.

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

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

Dkcnepumentsl B [111] mokasanm, 9T0 TeMaTHYeCKHe MOJEIU MPEBOCXOAAT OObIU-
HbIe MeTOJbl MHOTOKJIACCOBOI Kiaaccuukanmuu Ha OOJBIINX TEKCTOBBIX KOJLIEKIHIX
¢ OOJIBIIIMM THCJIOM HeCOATaHCHPOBAHHBIX, IIEPECEKAIOIINXCS, B3aNMO3aBHCUMbBIX KJIACCOB.
B [131] Te 2Ke BBbIBOJIbI HA TEX K€ KOJLJIEKIMSX ObLJIN BOCIIPOU3BEIEHBI JIJI MYJIbTHMO/IAJIb-
Hoit ARTM. Hecbanrancuposanrocmsd 03HAIAET, 9TO KJIACCHL MOI'YT COJEPZKATh KAK MaJIoe,
TaK U O4YeHb OOJIBIIIOE YUCJIO JIOKYMEHTOB. B ciydae nepecerxarowurcs KI1accoB JTOKYMEHT
MOKET OTHOCHTBCSI KaK K OJHOMY KJIACCY, TaK U K OOJIBIIOMY YHCJIY KJIacCOB. Baaumosa-
BUCUMDbLE KJTACCHI IMEIOT OOIIIe TePMBbI B TEMbI, IO3TOMY HPH KIACCH(MUKAINE JJOKYMEHTa,
MOI'YT BCTYIIaTb B KOHKYPEHIHUIO.

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

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

deD ceCy teT deD ceC teT

[TepBoe ciaraemoe ecTb log-mpaBiononobue MOJATbHOCTH KJIaccoB (29), ecau moJo-
KUTb Ng. = [c€Cy|. Bropoe ciaraemoe MOKHO paccMarpuBaTh KaK DPEeryJsipuzarop OT-
punaTe/IbHbIX IIPUMEPOB, HOCTpOGHHbIﬁ IO JaHHbIM O HE-IIPUHA/JIC2KHOCTH JOKYMEHTOB
kJiaccam. KoaddunuenT pery/sipusainuu 7 MOXKHO 110JIaraTh PABHBIM €JIUHUIIE.

Yacmommnas peeyaapusayus (label regularization) xopormro 3apekomenjoBaia cebs
B 3ajiadax ¢ HecOasaHcupoBanubiMu Kiaccamu |73, 111]. ITorpebyem, arobbr onenka 6e3-
YCJIOBHOI'O PAaCIpeje/IeHns KIaccoB 110 Kouuteknuu p(c) = Y, ¢up(t) Obuia 6inska K Ha-
OJIF0JJAEMbIM YaCTOTaM KJaccoB p(c) = |17||Dc|, rae D.={d € D: c € Cy} — MHOKeCTBO
JIOKYMEHTOB, OTHOCSIIUXCSA K KJaccy c. BelpasuMm jaHHOe TpeboBaHHe ¢ IMOMOIIBIO CLa-
JKHBAOIIETO PEryJIpU3aToOpa KPOCC-3HTPOIME, KOTOPBIA MOXKHO HHTEPIPETHPOBATDL U KaK

MAaKCUMU3AIUIO PABJIOIOI00UsT MOJIEJIH KJIACCOB P(C):

R(®) =1 Z |D.| lnz N¢Per — MAx,

ceC teT

e ng = Mg — YUCIO0 TepMOB MoAaabHOCTH C', OTHOCSIIUXCS K TeMe t BO Beeil Koul-
aeknuu. [ojgcrapisist sror peryasipusarop B (13), nosyuanm dopmyssr M-mmara:

NiPe
Ot = rqlﬂoermry Net + T|DC|L ) (47)

Y s MsPes

YacToTHas perygapu3alisd ICI0Ib30BaIach B TeMaTnaecKoii mojaesu Prior-LDA | koTopast
ObL1a mpejyioxkena B [111] kak yayumenue mozgesnu Flat-LDA.

Perpeccusa. 3agaqn npejcka3anusi YUCJI0BON BeJIMIMHbl KAK (DYHKIIMH OT TEKCTa BO3HIU-
KaloT BO MHOTUX IPUJIOKEHUIX JTeKTPOHHON KOMMEPIUH: IpeIcKa3aHue peiiTHHra TOBa-
pa, duabMa WM KHUTU 110 TEKCTY OT3bIBA; MpeJ/ICKa3aHue YUCIa KJIMKOB IO TEKCTY pe-
KJIAMHOI'O OO'bsiBJIEHUSI; IIPEJICKA3aHIe 3aPILIAThl 110 OLUCAHUIO BAKAHCHUM; IIPEJICKA3AHKIE
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noJsie3HocTH (4nciia JAfKoB) OT3bIBa Ha OTeJb, PecropaH, cepsuc. s BoccTaHOBIICHHSI
YUCJI0BbIX (DYHKIUI 110 KOHEUHOU 00yuatoiieil BbIGOpKe nap «00beKT—O0TBET» UCIOJIb3Y-
IOTCS perpecCHOHHBIE MOJIENTH, OJHAKO BCe OHU MPUHUMAIOT HA BXO/Ie BEKTOPHBIE OIICAHUS
00bexkToB. Temarmueckas MoJeTb MO3BOJIAET 3aMEHUTh TEKCT MTOKYMeHTa d ero BeKTOp-
HbIM TpejcTaBierneM 6y, C npyroit cTopoHbl, KpUTepUil ONTHMHU3AINNEA PErPeCCHOHHON
MOJIEJIM MOZKHO MCIIOJIb30BATh B KQYECTBE Pery/isipu3aropa, 4Todbl HAlTH TeMbl, HanboJiee
nuHGOPMATUBHBIE ¢ TOYKH 3DEHHs] TOYHOCTH HpejcKa3anuii |76, 120].

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

E(y | d) = Z V104,

teT

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

R(©,v) = —7 Z(yd — Z vtﬁtd>2.

deD teT

[Toscraisist sror peryiasipusarop B (14) u npupaBHEBAs HYJIIO €10 HPOU3BOIHYIO 110 U,
nostyuum popmysibl M-mara:

614 = norm (ntd + 700 (yd -3 vﬁm) );

seT

v = (007)"10y.

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

B [120] moka3aHo, 9T0 KAYECTBO PErPECCHU MOZXKeT 3aBHCETb OT MHUIHAIU3AIINH TeMa-
TUYIECKON MOJEN, U MPeTozKeHO HECKOJIbKO METOM0B NWHUIUAIA3AIINAHN.

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

Koppensiuun tem. Modeaw koppeauposarnvx mem CTM (correlated topic model) mpei-
Ha3HA4YeHa JIIsl BbIsiBJIeHUsT CBsA3eil Mex 1y remamu [22]. Hanpumep, crarbs 1o reosoruu
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DoJ1ee BEPOSTHO CBSI3aHA C apXeosiorueil, 4eM ¢ reHeTHKOil. 3HaHue O TOM, KAKHe TeMbl da-
IIe COBMECTHO BCTPEYAIOTCS B JOKYMEHTAX KOJIJIEKIMH, [I03BOJIET TOUHEe MOJEINPOBATH
TeMaTUKYy OT/JeIbHBIX JOKYMEHTOB B MYJIbTHIUCIUILTHHAPHBIX KOJLIEKIIHAIX.

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

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

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

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

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

O,u,%
deD deD

Cornacuo (14), dopmyna M-mara s 0,y TpuHIMaeT BU/

Oiq = norm <ntd - T Z ! (hl Osq — Ms))> (48)

seT

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

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

Takum 0Opa3om, TpymoEMKas onepalys oOpalleHusT KOBAPUAIMOHHONR MATPHUIIBI BBIIIOJI-
HsETCsl OTHOCUTEIBHO peiko. B [22] ncnosbzoBanacs LASSO-perpeccust, 4robbl moJ1y9arh
pa3pekeHHY0 KOBAPUAIMOHHYIO MATPHILY.

10 OnpepeneHuve 4yncna Tem

Pezyaspusamop ombopa mem npenioxked B [133] njs yaaneHusi He3HAYNMBIX TeM U3
reMaTudeckoit Mojean. OH OCHOBaH Ha Hee KPOCC-9HTPOIURHOIO pa3peKuBaHUs PACIpe-
Jiesierust p(t), KOTOPOe JIENKO BbIPAXKAETCs Yepe3 HapaMeTpbl TeMaTUIeCKONR MOJIEJIu:

RO) =~y chinplt),  p(t) = 3 p(d)fia

7 1T i
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[ToxcraBum sror peryisipusarop B dopmysny M-mara (14):

O = norm <ntd — T%Z(g)) th).
BamennM 6,y B IpaBOil 4aCTH PaBEHCTBA HECMEIIEHHON OLEHKOI Z—’j:
n
Og = né)er%n(ntd <1 — Tnt|T| )) (49)

DTOT Peryasspu3aTop pa3pe:KuBaeT MeJTUKOM CTPOKH MaTpuilsl O. Eciiu 3nauenue caér-
9UKa N; B 3HAMEHATeJNe TOCTATOIHO MAJIo, TO BCe 3JIeMeHTHI {-il CTPOKH OKa3bIBAIOTCS PaB-
HBIMU HYJIIO, I TeMa ¢ TOJHOCTBIO HCKII0YaeTcsd u3 Mojenu. [Ipu ncnoab3oBanm JaHHOTO
peryJisipuzaropa CHadaJ/ia yCTaHaBJIUBACTCs 3aBe0MO u30bTouHoe uncao rem |T']. B xoze
UTEPAIMil YUCI0 HYJIEBBIX CTPOK MATPHUIBI O IMOCTENEHHOE YBEJIMINBACTCS.

Ot16op Tem B ARTM mamuOoro npoie HemapaMerpuieckux 0aiiecoBCKUX Mojesieit —
nepapxuuaeckoro mporecca Jupuxie (hierarchical Dirichlet process, HDP) [124]| uiu npo-
necca Kutaiickoro pecropana (Chinese restaurant process, CRP) [25].

B o6oux nogaxomax, ARTM u HDP, umeercs yupasisiomuii mapamerp, Boibupast Ko-
TOPBI, MOYKHO HOJIy4aTh MOJEIH ¢ YHCJIOM TeM, pasindaiomumcs Ha nopsaku (B ARTM
910 Kodbdunument peryasipusanuu 7, B8 HDP — kosddbunuenr konnenrparun ).

B [135] ObLu pOBeIeHbl SKCIEePUMEHThI Ha MOJTYCHHTeTHIECKUX JAHHBIX, MPeICTaB-
JSIONHUX coOO0i cMech IBYX pacipeenennii p(w |d) — peaabHON KOJUTEKIHH, JIJIs KOTOPOi
YUCJI0 TEM HEM3BECTHO, M CUHTETHYECKON KOJIIEKIUU C 3aJaHHBIM 9uc/aoM TeM. CuHre-
THYECKasl KOJJIEKIMS CTPOWJIACH IIyTéM nepemMHokenus mMarpun, PO, mosiyuaeHHbIX B pe-
3yJIbTATE TEMATHIECKOrO MOJEIUPOBAHUS TOW Ke peasibHo Kojutekiuu. OKa3ajaoch, 910
HDP u ARTM crnocoOHbI Ompee/issiTh UCTHHHOE YUCI0 TeM Ha CUHTeTUYECKUX W IOJIY-
cuHTeTHYeCKNX JaHHbIX. [Ipm stom ARTM omnpenenser ero 6ojee TOYHO W yCTONIUBO.
Onnako 4yem OJmyKe HOJYCHHTeTHYeCKHe TaHHBIe K peaJbHBIM, TeM MeHee YETKO pa3-
JIMYUM JIMANA30H 3HAYEHUI T'UIlepIrapaMerpoB T WJIU 7y, Ha, KOTOPOM BOCCTAHABJIMBAETCS
npaBu/bHOE YUC/I0 TeM. Ha peasibHbIX JIJAHHBIX OH HEPA3JIMYUM BOBCE, IPUUEM JIjIst 000X
noaxomoB. TakuMm oOpa3oMm, mpo oba MOAX01a Helb3s CKa3aTh, YTO OHU OIPeesIsdioT Oll-
THMAaJIbHOE YUCJIO0 TeM. B peaTbHbIX TEKCTOBBIX KOJLUIEKIUAX HUKAKOTO «MCTUHHOTO IHCIIA
TeM» IPOCTO He cymecTByeT. Yem HobIe KOMIEKINs, TeM Doee MeJTKIe ceMaHTHIeCKue
pazjimausi, u Jijisi OOJIBIIErO YHUC/Ia TeM, BO3MOXKHO YJIOBUTD.

DT coObOpaKeHUs MOITBEPKIAIOTCS OIMBITOM MOCTPOEHUSI NEPAPXUIECCKUX TEMATUIE-
cKuX Mojiesieir. TeMbl MOXKHO JpoOUTH Ha 00Jiee MeJIKHe 1OTeMbl BILJIOTH JI0 IIOPOra CTa-
THCTHYeCKOU 3HAUYnMOcTu. BrIOop 3TOrO mopora Takyke sIBISeTCS SBPUCTUKON, H OT HETO
3aBUCHT UTOTOBOE UUCJIO TEM.

B xoze sxciepumenTos |[135] Takzke BBISCHUIOCH, 9TO PEry/Ispu3aTop 0TO0pa TeM HMe-
eT 10JIe3HbII conyTcTBYIOmui 3pdexT: on yjajiser u3 Moje/au jiyo/upyoinue, pacien-
JIEHHBIE U JINHEITHO 3aBUCUMBIE TEMBbI.

ITo ckopoctn Berumcaenuit BigARTM ¢ perysngpusaTopom oTbopa Tem okasasucs B 100
pa3 ObIcTpee cBOOOIHO JOCTYIIHON peanu3amnuun HDP.

11 TllocTpoeHue TemaTuUdeCcKux nepapxuii

Nepapxmyeckne TemMaTndecKue MOJEIN PEKYPCUBHO JegT TeMbl Ha MoATeMbl. lema-
THYECKHe MePAPXUU CJIyzKAT JijIsd HOCTPOeHUs PyOPUKATOPOB, CUCTEMATU3AIMU OOJIbIITNX
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00bEMOB TEeKCTOBOI nHMOPMalu, HHHOPMAIMOHHOIO TOUCKA ¥ HABUTAIUU 110 OOJILITAM
MyJIBTHIUCIMILIMHAPHBIM KOJIIEKIUSM. 3a/1a9a aBTOMATUYECKON PyOpHKAIluu TEKCTOB
CJI0YKHA, CBOEIl HEO/ITHOBHAYHOCTBIO B CYObeKTUBHOCTBIO. Pa3/indus BO MHEHHSAX SKCIEPTOB
OTHOCHTEIBHO pyOpuKanuu J0KyMeHToB MoryT gocrurath 40% [1]. Heemorps na obuiie
paboT 10 HepapxXuIecKuM TeMaTudeckum Mojessim [24, 68, 81, 159, 105, 143, 144, 145, 146],
OIITUMU3AIUS Pa3MePa U CTPYKTYPbl HEPAPXUU OCTAETCH OTKPBITOM 11PODJIeMOit; boJiee To-
ro, OIEHUBAHKE Ka4eCTBA HepapXuil — TakKe OTKpbiTas mpobsema [159).

Crpareruu moCTPOeHUS TeMAaTHIECKUX HepapXuil BecbMa pa3HOOOPa3HbI: HUCXOIIIE
(MuBU3UMHbIE) U BOCXOJsIIHE (ArJIOMEPATHBHBIE), MPEJICTABISIONINE HEPAPXUIO JEPEBOM
WA MHOTOJIOJIBHBIM I'padoM, HapalmuBaronye rpad Mo YpoBHAM WK 110 BepIIHHAM, OC-
HOBAaHHbIE HA KJ/ACTEPU3AIMKU JIOKYyMEHTOB ujin TepMoB. HeJib3s Ha3BaTh KaKylo-TO W3
CTpaTeruii mpeJllOYTUTEJbHON; y KaxK/I0i eCTh CBOU JJOCTOMHCTBA U HEJIOCTATKU.

B [34] upegioxkena nucxonsimas crparerust Ha ocaope ARTM. Wepapxusi npejcras-
JISI€TCsI MHOTOJIOJIBHBIM IrpadoM ¢ (DPUKCHPOBAHHBIM YHCJIOM YPOBHEH U 33/ IaHHBIM YUCJIOM
TeM Ha KazKJIOM YPOBHE, BO3PACTAIONIAM II0 YPOBHAM CBepXy BHH3. KaxK/blii ypoBeHb
npeJicraB/isier coboit 0OObIYHYIO <IJIOCKYIO» TEMaTU4eCKYI0 MO/Ie/Ib, II09TOMY Bpems I10-
CTPOEHUS MOJIEJIM OCTAETCs JIMHEHHBIM 110 00bEMY KOJIJIEKIIMH.

st Mojie/iupoBaHus CBs3€fl Mex/ly YPOBHSMH B MOJE/Ib BBOJLTCH IIapaMeTpPbl
sy = p(s|t) — ycOoBHBIE BEPOATHOCTH HOATEM B TeMaX. B MyJbTHIUCIUILIHHAPHBIX KOJI-
JIEKIIHAS ITOJITEMBI MOT'YT UMETDb 10 HECKOJIBKO POIUTEIHCKUX TEM.

Perynsapu3satop mexypoBHeBbix CBsA3eil. Ha BepxHem ypoBHE uepapXuu CTPOUTCS
OOBIUHASI IIJIOCKAS TeMaTHIeCKast MOjieJib. [lycTb Mojiesib (-ro ypoBHsi ¢ MHOXKeCTBOM TeM T’
yZKe [OCTpoeHa, u TpeGyercs MOCTPOUTH MOJEdb YpOBHs {+1 ¢ MHOXKECTBOM J[OUEpHUX
tem S (subtopics) u 66abmuM unciaom rem, |S| > |T'|. ITorpebyem, 4robbl pognTEbCKHIE
TeMbl XOopouro HpI/I6JII/I)KaJII/ICb BEPOATHOCTHBIMU CMECAMHA JOYEPHUX TEM S:

> e KL (1) || X plwls)p(s11) = > m KL, (2 || 2 pusto) = min

teT ’

rae U = (g)sxr — Mampuya ceésaseli, KOTOpas CTAHOBHTCS JOMOJHUTENbHON MaTpuIieil
HapaMeTpOB JJIs TeMATHIEeCKONH MOJIE/N J0U9E€PHEr0 YPOBHSI.

D10 33a9a MATPUIHOIO PA3/I0KEHH IS MATPUIILI POJAUTEILCKOr0 yposd O = U,
OOBIYHO MATPUYHBIE PA3/IOZKEHUS UCIIO/Ib3YIOTCs, YTOOBI IPUOIU3UTH MATPUILY BBHICOKOTO
paHra mpousBejeHueM MaTpuil 6ojiee HU3KOro panra. OHaKo B JJAaHHOM CJIydae, Ha000poT,
maTpuna O Huskoro pamra |T'| mpubmmkaerca npomsseenuem Marpur, PV, B KOTOpoM
marpuia P Jo/KHA UMeTh HOJIHbIH paHr | S|, 4Tobbl J0UepHsis MOJE/Ib OIUChIBAJIA KOJI-
JIEKITUIO TOYHEe, YeM POJUTEeIbCKas. Peryasipu3arop CBs3bIBAET TEMATUIECKHE MOJIE/IN
cocesaux yposneit £ u £+ 1 Tax, 4TOOB POJAUTENbCKHE TEMbl (f AlPOKCUMUPOBAJIUCDH
JINHEWHBIMU KOMOMHAIUAMHE JIOUYEPHUX T€M g ¢ KOIDPUITHEHTAMEI Vg :

R((I)v \I]) =T Z Z Nt ln Z st¢st- (50)

teT weW seS

Bajaua makcumuzaiuu R(P, W) ¢ TOYHOCTBIO 10 0003HAYEHUIT COBHAJALT ¢ OCHOB-
HOM 3ajadueil TeMaTHIeCKOro MoAeuposanus (9), ecjau CYUTATh POAUTETbCKUE TeMbl t
ncesdodoKYMEHMAMY C IaCTOTAMH TEPMOB TNy = TNy Py DTO O3HAYAET, YTO BMECTO
JiobaByeHus ciaraeMoro B opmy/bl M-1mara JaHHBIH perysisgpu3aTop MOXKHO peajin30-
BaTh ewé npoie. [locrpous pojure/ibcKuil ypoBeHb, Ha/10 JI00aBUTh B KOJLJIEKIUIO POBHO
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|T'| 1ceBIO0KYMEHTOB, 3a/aB UM B KAYECTBE 4aCTOT TEPMOB 3HAYEHU TN,;. Marpuna W
HOJIyYUTCs B CTOJIONAX MATPUIBI O, COOTBETCTBYIOMIUX HCEBIOJAOKYMeHTaM [34].
JlaHHBINI TOAX0, K MOJETHPOBAHUIO NepapXuil peaan3oBaH B bubmmorexke BigARTM.

Perynspusatop pa3spexunsaHusi Me>XXypoBHeBbIX CBA3el (opMa/iu3yer ecTeCTBeHHOe
IPEIIOJI0KEHHE, 9TO KazK1ad TeMa, I0YePHEero ypoBHs s € S uMeer HeboJIbIIoe YUCIIO CBSI-
3eii ¢ TeMaMu poUTEbCKOro ypoBHst t € T'. B wactHocTH, ecaiu Bee pacupesesnerus p(t|s)
BLIPOZKJICHBI, TO €CTh KaKJasd TeMa S MMeeT TOJLKO OJHY POAUTENLCKYIO TeMy t, TO BCd
uepapxus upuobperaer Buji jepesa. [[puMenum Kpocc-3HTPOLUNHBINA PEry/isipu3aTop Jijist
paspexuBaHus pacipejesenuii p(t|s), Bbipazus ux vepes g 1o dhopmye Baiieca:

djst t
R(¥ TZZ 1npt|s ZZI 5 wznz

seS tET tET seS

[Tockosbky Marpuia W siBisercs dacTbio Marpuibl O, K Heit npuMennma dopmy.ia (14),
u3 KOTopoit cieayer dopmysa M-miara i MOJIe/ I J0YEPHEr0 YPOBHSI:

Vst = nsoelgn(nst + T( (t|s) — |;‘)> (51)

1

CoracHo s1oit opmyJie, yeaoBHBIE BEPOITHOCTH p(t|S), MeHbIIe 77> CTAHOBATCA emd

MEHDIIIe, f PH JOCTATOYHO GOJIBIIOM T OOHYy/IAIOTCs [34].

12 MopgennpoBaHue cBsi3e MeXxxay AOKYMeHTamMu

Ccbinkn n yuntupoBaHue. VHorma mMmeercsa TONOTHATETbHAS HHMOPMAIMA O CBA3IX
MeK/Iy JTOKyMeHTaMH U MpeloJiaraercs, 9TO CBI3aHHbIE JOKYMEHTHI UMEIT CXOXKYIO Te-
MaTuKy. CBs3b MOZKeT O3HAa4aTh, 4TO JIBA JOKYMEHTa OTHOCATCA K OJHOW pyOpuKe, COB-
MECTHO YIHOMUHAIOTCS UJIM CChLIAIOTCS JPYT Ha Jipyra. PopMasin3yeM 310 [IPe/Iio10KeHne
C HOMOIILIO PEryJsipu3aTopa;

=T Z Ndc Z O1abse,

teT

€ Nge — BEC CBA3M MEXK/ly JIOKYMEHTaMH, HalpEMep, YHCJI0 Cchbllok u3 d Ha c. B [40]
npejjioxkena moxoxkas mozeab LDA-JS, B koropoit BMecTOo MakCHMMuU3AIuu KOBAPHUAIUU
MEHIMHE3UpYeTcs museprennus llencena-lllennona Mexxay pacupeenenuamu Oy u 0,.
®opmyna M-mara jis 644, cormacuo (14), umeer Buj

01 = norm (ntd + 0a Y ndc9tc>.

ceD

D10 e oJHA PA3HOBUIHOCTH CriiazkuBanus. Bepositnoctu 0y B x0/€ urepanuit npu-
OJINZKAIOTCS K BEPOSITHOCTAM 0y, JOKYMEHTOB, CBSI3AHHBIX C d.

Peryngapusarop marpunbl © craHoBuTca HedMOEKTHBHLIM IPH MaKEeTHOH 0O0paboTKe
OOJIBIINX KOJLTIEKIHIA, KOTJa JTOKYMEHTBI ¢, Ha KOTOPBIE CCBhLIAETCA JaHHBI JTOKYMEHT d,
HAXOJATCs B Ipyrux nakerax. [Ipobsiema pemaercst BBeieHneM MOIaIbHOCTH JIOKYMEHTOB,
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HA KOTOPbBIE €CTb CCHLJIKU U3 JIPYIUX JOKYMEHTOB. DTOT CIOCOD MOPOXK/IAeT HOBYIO IIPO-
OJieMy: ecjii MOITHOCTb 3TOHM MOJIAJIbHOCTU OKAZKeTCs PABHOU YMCJLY JOKYMEHTOB, TO MaT-
puna ¢ MoKeT He IOMECTHTHCS B OMEPATUBHYIO MaMATh. MOXKHO COKPATHTH 3TY MOIATb-
HOCTh, OCTABUB TOJbKO HamboJIee BIUATETbHbIE TOKYMEHTHI €, YHCJI0 CCHLIOK Ha KOTODBIE
Ne = Y4 Mdc TPEBBIIIAET BBIOPAHHBLI ITOPOL.

Januasi njest npunuia w3 MOJEJNM BAMsiHUS HaydHbIX mybuaukanuii LDA-post [40].
B Heit ucnosib3ytorcs JiBe mojajibHocTu: cjioBa Wi n murupyembie jokymentol Wy C D.
Mopenb BbIIBISEeT HamboJIee BIUATETbHBIE TOKYMEHTH BHYTPH KayK/10il Tembl. Hemye-
Bble 3JIEMEHThl B CTPOKe ¢ MaTpulbl P, MOKA3bIBAIOT, HA KaKHe TeMbl MOBJIUAT JOKY-
MeHT ¢ € Wy, Takke Mo/iesb MO3BOJISET PA3INdaTh, KaKHe U3 CCBHLIOK CYNIECTBEHHO IIO-
BJIMSIJIM HA HAYUYHYIO CTATHIO, & KAKHUe SBJISIOTCSH BTOPOCTEIIeHHbIMU, YUCTO (DOPMaAJIbHbIMU
WU «JIAaHBIO BEXKJIUBOCTUY. CUnTaercs, 9To JOKYMEHT ¢ IOBJIMA HA JIOKYMEHT d, eCjIu
d cchuTaeTCs HA C ¥ OHU MMEIOT 3HAYHUTE/IbHYIO J0JI0 00IIel TeMaTuKu.

leonokauun. UMudopmaiys o reorpaduydeckoM IOJIOKEHUU HYACTO HCIHOJIb3YETCs IIPU
aHa/u3e JAHHBIX CONMUAJIbHBIX cereil. ['eorpaduueckas npussska jjokymeHTa d Wjid ero
aBTOpa 3a1a6Tcst Jubo 2eomezamu (HA3BAHUAME CTPAHBI, DEIHOHA, HACEJEHHOTO IYHKTA),
b0 zeonokayuet, — mapoii reorpadudeckux kKoopauHar fg = (x4,y4). B mepBom city-
Jae BBOJIUTCS MOJAJIBHOCTb [€OTEr0oB, BO BTOPOM CJIydae HCIOJIb3YeTCS DPeryaspu3aTop.
ARTM mno3Bosisier coBMenars B Mojiesn 00a Tuma reorpaduvaeckux JaHHbIX.

Hesibio MOJIe/IMPOBaHKS MOYXKeT ObITh BbIJIEJIEHUE PEruOHaJIbHBbIX TeM, Olpe/le/ieHue
«apeaJia OOMTaHMS» KazKJOW TeMbl, HMOUCK I[OXOXKHX TeM B JIpyrux peruonax. Harpu-
Mep, B KadecTBe OJHOI u3 miutocTpanuii B [158] onpeaesstorcs pernoHbl MOy JISIPHOCTH
HAIMOHAJIBHOM KyXHH 1O mocraMm moJb3oBatesneii Flickr. Ipyras wutocrparust us [77]
HOKA3bIBALT, 9TO TeMaTUIeCKas MOJIe/b, yauThiBaiomas, nu3 kakoro mrara CITA mpuimwio
cooblenue, TOUHee HPOC/IeKUBaeT 1y Th yparana «Karpunas.

KBasparuansiii peryusipuzarop Marpuibl O, npemioxenusiii B [158|, dopmanusyer
HPeJIIIOI0KEeHNe, YTO JOKYMEHTBI CO CXOKHUMU I'e0JIOKAIUSAMI UMEeIOT CXOKYI0 TeMaTHKY:

R(©) :__ZdeZ etd_etc )

teT

IJIe Weg — BEC napbl JOKYMEHTOB (¢, d), Bhipazkafomuii 6,1u30¢Th reosiokanuii. Hanpuwmep,
Weg = exp(—12), vie 12, = (v, — 24)* + (Yo — Ya)* — KBaJpaT eBKJIUI0BA PACCTOAHUS.

DTOT perygpu3aTop TpedyeT npu 0OpadboTKe KaxKJI0I0 JOKYMEHTa d JI0CTyIa K BEKTO-
pam 6. Apyrux JOKYyMEHTOB, 9TO 3aTPyIHSACT IIAKEeTHYIO0 00pabOoTKy OOJIBIINX KOJJICKIIHIi.
AbrepHATUBHBINA CII0CO0 CIrIIasKUBAHUS OCHOBAH HA PEryJIapH3alud Marpuinl P.

IIycts G — MOAabHOCTB reoreros, @gu = p(g|t). Temaruka reorera g BbIpazKkaercs
1o dopmyJie Baiteca: p(t]|g) = goth—;, e Ny, — Yacrora reoTera ¢ B MCXOAHBIX JAHHBIX,
Ny =), Mgt — UACTOTA TeMbl ¢ B MOJAILHOCTH €OTEroB, BhiuucIsgemMas EM-anropurmom.

Kpaaparuunblii peryasgpusarop marpuibl ® 10 MOAAJIBHOCTH reoTeros (hoOpMaJin3yer
IPEJIIOJI0KEeHHE, 9TO reorpadguieckn OJU3KUe ITe0Tern UMEIOT CXOKYI0 TeMATHKY:

Pgt Pyt
B =] 3y (2 22"
g9,9'€G g

IJIe Wy, — BeC IMapbl reoTeros (g, ¢'), Belpazkarommuit ux reorpadudeckyo 6aun3octs. Hiuke
Mbl paccMOTpUM ODODIIEHHE ITOI0 pery/sipusaropa Ha 0oJiee MUPOKUIl KJ1acce 3a/1a4.
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Mpadbl n coumnanbHblie cetn. B |77| upeioxkena Gosee 0bias TeMarndeckas MOJIENb
NetPLSA, yunursiBaomasi 1pou3BoJibHble rpadoBbie (cereBbie) CTPYKTYPbl HA MHOKECTBE
nokymenToB. [Tycrs 3aman rpad (V, E) ¢ MHOKecTBOM BepiiuH V' 1 MHOKecTBOM pébep E.
Kazk1oit ero Bepiusae v € V' cooTBeTCTBYET IMOAMHOXKeCTBO JoKymenToB D, C D. Hanpun-
Mep, B posid [, MOXKeT BBICTYIIATh OT/JEJbHBIN JJOKYMEHT, BCE CTaTbH OJHOIO aBTOpa v,
BCE MOCTHI U3 OJIHOTO reorpaduaeckoro peruoHa v, u T. JI.

Temarnka Kaxk 10l BepiiuHbl v € V' BbIpazkaercs depe3 napaMerpbl Mojen O:

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

deD, dED

B mogesnn NetPLSA ucnosib3yercs KBaipaTudHbIil peryJisipu3arop:
T 2
RO)==5 >, ww ) (plt|v) = p(t|u))",

rJie Beca Wy, pédep rpada (u,v) 3aJal0TCa ecTeCTBEHHBIM 006pa30M, KOTJIa B 3aja4de eCTh
COOTBETCTBYIOIAS JIONOJHATEMbHAs wHdopmanus. Hanpumep, eciin D, — Bce cTarbu aB-
TOpa v, TO B Ka4ecTBe Beca pedpa W, €CTECTBEHHO B3sTh YUC/IO CTaTel, HAIUCAHHBIX
aBTOpaMu U U v B coaBropcTBe. Kcim 1momo0HON nHOpManuu HET, TO BEC MMOJIaraeTcs
PaBHBIM €J/IMHUIIE.

DTOT perygpu3aTop TpedbyeT npu 0OpadboTKe KaxKJI0I0 JOKYMEHTa d JIOCTyIa K BEKTO-
paMm 0, Apyrux JOKYMEHTOB, UTO 3aTpy/aHgeT 3h(HEKTUBHYIO MAKETHYI0 00pabOTKy 0O0/Ib-
IUX KOJIIEKIUA. AJIbTePHATUBHBIA Iy Th COCTOUT B TOM, YTOOBI MHOYKECTBO BEPIINH I'Da-
da V 06bsaBUTH MOJAJILHOCTBIO U IepeiiTu K pery/ispusanuu MaTpuiibl D.

B kaxapiit nokyment d € D, nobaBum TepM v MoJajbHOCTH V. BbIpasum remaTuky
BEpINUHBL v Yepe3 mapamerpbl ¢ 1o dopmyie Baiteca: p(t|v) = p(v|t) 5 ((z govtﬁ, e
ng =), Ny — 9aCTOTa TeMbl ¢ B MogaabHOCTH V, BOoIducageMas EM-aaroparmom.

Perynapusarop NetPLSA coxpanser mpe:kKHuii B, HO cTaHOBUTCS (hyHKIHEH oT D:

R(®) = —3 TN wn Yo (Sg’; |(f)“:|)2. (52)

(u v)eEE teT

Bo MHOruX Hpu/IOKEHMsX BazKHbl HAIPABJECHHOCTH CBs3€il, KOTOPBIE KBaJIPATHYHBIN
peryasgpu3aTop He yuuTbiBaeT. Hampumep, ¢Bs3b (4, v) MOKeT 03HAYATH CCBLIKY W3 JIO-
KyMeHTa u Ha JoKymeHT v. B mogenu iTopicModel [122]| mpeamomaraercs, aro ecin
(u,v) € E, 1o remaruka p(t|u) mupe remaruku p(t|v). [Tosromy munumusupyercs cym-
ma juseprenunit KL(p(t|v) || p(t|u)), npuuém ycaosusie pacupesenenus p(t|v) MoxHO
BBIPA3UTh Kak depe3 O, tak u depe3 d:

R(© umu ) Z wuvat\v Inp(t|u).

(u v)eE teT

Kak mokasajiu SKCIepUMeHTBI®, pery/apusanusd MaTpuibl ¢ OpUBOIUT HpaKTHICCKH
K TeM Ke pesysbraram, 91o u peryispusanus O s mogeseit NetPLSA u iTopicModels.

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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13 MopgennpoBaHne co4eTaemMoCcTu C/I0B

['unoresa «MeliKa CJIOB» SBJISETCH OJIHUM U3 CAMbIX KPUTUKYEMbIX IOCTYJIATOB Te-
MATH9IeCKOTO MojeupoBanus. OHa HOJHOCTHIO UrHOpUPYeT (hyHaMeHTaIbHOE CBOHCTBO
couemaemocmu ca06 (word co-occurrence) B ecrecTBeHHOM si3bike. CoueTaeMocTh ObIBaeT
JIBYX BUJIOB: KOHMAKMHAA T OUCTNAHIMHAA.

st onmcanus KOHTAKTHOW COYETAeMOCTU U3 TEKCTA BbIJAEJISIOTCH BCEBO3MOXKHbBIE
N-2PamMMb, — TOCJIEI0BATEILHOCTH U3 N MOAPS uaymux cjg1oB. Cpegu n-rpaMm I1peji-
CTaBJIIOT UHTEPEC KOJIJIOKAIUMU U cJIoBOocoYeTanus. Koarokayus — 910 n-rpamma, BCTpe-
JAOIAsgcd B KOPILyCe ropa3ao Jale, 9YeM MOZKHO OBbLIO Obl O2KHIATH IPU YUCTO CIYyIaiiHOM
COeJIMHEHNN JTAaHHBIX CJI0B. Crosocouemanue — 3TO N-TpaMMa, CJI0Ba KOTOPOU CBI3aHBI
[0 CMBICTY W TPAaMMaTHYECKH, U 0003HAYAIOT eIHOe MOHATHEe. B TeMaTnuecKmx Momeisax
TeMaTUuKy TaKUX N-IpaMM CJIe/LyeT OlPeJe/idTh, He pa3/ie/isds UX Ha OTJ/ieJIbHbIE CJIOBA.

JluctanTHAA cOYeTaeMOCTb O3HAYaeT JacToe MOsIBIEHHe CJIOB B OMHHUX U TeX YKe KOH-
TeKCTaX, HAIIPUMeD, B OJHOM IpeJJIOKEHNN U B COCeHHUX IPe/IJIOKEeHUIX, HO He 00sI-
3aTeJIbHO BILIOTHYIO JPYT K APYTY.

Muorue ucciiejoBanus HalpaB/eHbl HA CO3/J@HUE TeMaTUYeCKUX MOJIeJIeil, yuuThbiBa-
IOLIUX HOPsJIOK cjioB. V3 HuX HamboJiee BaKHBIMU IIPEJICTAB/ILIOTCS TPU HAlPABJICHUS .

[lepBoe mampaBJsieHHe CBS3aHO C BbIJeTeHHeM HH(MOPMATUBHBIX N-IDAMM — KOJLIO-
Kalliii, CJI0OBOCOYETAaHMI, TEPMUHOB, UMEHOBAHHBIX cyliHocTeil. Tembl, 1OCTpOEHHbIE Ha
n-rpaMMax, HAMHOTO JIydille HHTePIPETUPYIOTCs, YeM IIOCTPOCHHbIE Ha, yHUrpaMMax (0T-
JeJbHBIX c10Bax). [Ipobiiema B TOM, 4TO 9HCII0 BCeX n-rpaMM KaracTpodudecku ObICcTpO
pacTér ¢ pocToM 00bEMa KOJIIEKIIH.

Bropoe mampaBienme cBSI3aHO ¢ OCHOBHOU TUNOTe30il ducmpubymueroli cemarmuky:
CMBICJI CJIOBA OIIPEJIe/ISIeTCs TeM, B OKPYKEHUU KAaKUX CJIOB OHO vallle BCero ynorpedJis-
ercst. [TosiBienue nporpammpl word2vec |78| crumysIMpoBaJio pa3BUTHE 6EKMOPHLLT Npeod-
cmasaerud caoe (word embedding). Ouu HaXOAAT Maccy HpuMeHeHHi Garogaps TOMY,
YTO CeMAHTHYeCKH OJU3KUM CJIOBAM COOTBETCTBYIOT OJIM3KHE BEKTOpHI. TeMaTmdeckue
MO/JIeJTN TaK:Ke CIOCOOHBI CTPOUTH BEKTOPHBIE MpEJCTABIEHHS CJIOB, 00JATAONINE STHM
CBOMCTBOM, B TO K€ BpeMsl COXpaHss CBOHCTBA MHTEPIPETUPYEMOCTU U PA3PEKEHHOCTH.

Tperbe HalpaB/ieHHE CBS3aHO C Mmemamuyueckol ceemenmayuet, ¥ TUIOTE30(, 4TO
TEKCT Ha eCTECTBEHHOM S3BbIKE COCTOUT W3 IOCJIeI0BATETbHOCTH MOHOTEMATHIHBIX COO0-
mennii. B qacTHOCTH, KazK10e IpeIIozKeHne Jale BCero OTHOCUTCS TOTBKO K OJTHOI TeMe.
3ajiaun cerMeHTalun pacCMaTpPUBAIOTCs B pasjese 14.

Mopgenun KoOHTakTHOW codetaemocTu. lcnosb3oBanue n-rpamMm, KOJLJIOKAIUN WK
CJAOBOCOYETAHUIT 3aMETHO YJIy4IIAeT HHTEPHPETHPYEMOCTb TEeM, YTO JIeMOHCTPHPYEeT-
cd MPaKTUIeCKH B KazkI0# IyOJUKAIUU IO N-IPAMMHBIM TEMaTHIECKHM MOJIEIIM,
cM. Hampumep [55].

[TepBast 6Gurpammuasi remarudeckas mogesnb BTM (bigram topic model) [140| npes-
cTaBJ/Isiia cOOOM 1O CyTH MYJIbTUMOJAJBHYIO MOJE/b, B KOTOPOH KaKJI0MY CJIOBY U COOT-
BETCTBOBAJIA OTAeIbHAS MOTAIBHOCTD co caoBapém W, C W, cocTtaBlieHHBIM U3 BCEX CJIOB,
BCTPEYAIONIMXCSA HEITOCPEJICTBEHHO II0CIe ¢JIoBa v. 3amnuiieM log-mpaBomnoaoodue 3Toit Mo-
JIeJII B BHJIE PeryJigpu3aTopa:

R®0)=> "> nawnd ¢!,

deD ved weW, teT
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pacno3HaBaHue obpasos B bGuonHgopmaTmuke TEOPUsi BbIYNCANTENBHOW CNOXKHOCTM
unigrams bigrams unigrams bigrams
obbekT 3aja4a pacnosHaBaHusi 3agaqa pasgensitb MHOXECTBA
3agaya MHOXECTBO MOTNBOB MHOXECTBO KOHEYHOE MHOXKECTBO
MHO>X€eCTBO cmcTemMa mMacok MOAMHOXECTBO  YC/OBME 3aAa4yn
MOTMNB BTOPMYHAS CTPYKTYypa ycnosue 3a4a4a O MOKPLITUN
paspewmnmMocTb cTpykTypa beska Knacc NOKPbLITNE MHOXKECTBA
Bbibopka pacrosHaBaHie BTOPUYHON | peLueHue CUJIBbHBIA CMbICT
Macka cocTosAHne obbekTa KOHEYHBbIN paspensrowmnin KOoMmnTeT
pacno3HaBaHue obyuatowasi Bbibopka 4mcno MUHNManNbHbI adpdUHHbIA
NHOPMATNBHOCTL  OLEHKa MHOPMATUBHOCTU | adddprHHBIIA adprHHBIA KOMUTET
COCTOsiHNE MHOXECTBO 0bbekTOB cnyyaii acpbuHHbIA pasgenstownii
3aKOHOMEPHOCTb paspeLnMoCTb 3agaqn NoKpbITNE obuiee nonoxexmne
cucrtema KpuTepuii paspewnmMmocTu obwynii MHOXXECTBO TOYeEK
CTPYKTypa NH(OPMATMBHOCTL MOTMBA | MPOCTPAHCTBO cnyyaii 3agaqn
3Ha4eHne nepsun4Has CTPYKTypa cxema obwuii caydaii
perynsipHoCTb TYMNMKOBOE MHOXECTBO KOMunTET 3agayqa MASC

Puc. 13: IIpumepst TeM yHUIPDAMMHON MOJIEJIU U COOTBETCTBYIOLIMX UM TeM OUIDaMMHO# Mozesu (110 KO-
Jekuuu crareit nay4unoii koudepennuu MMPO).

riae U, = p(w|v,t) — ycjaoBHAs BEPOSITHOCTH CJIOB W IIOC/IE CJIOBA U B TEME t; Ngyy —
qacTroTa OurpamMmbl «vw» B JokyMmente d. [tasubiit Hepoctarok mojaen BTM B Tom, aro
OHA YYHUTBIBaeT TOJBKO OMrpaMMbl. Bropas mpobiema B TOM, 9TO YHCJIO BCeX OUTpaAMM
OBICTPO YBETUIUBAETCS C POCTOM KOJJIEKIINH, U HCIOIb30BaTh Moaeab BTM na 60oapmux
KOJUTIEKITUSX 3aTPYIHUTETBHO.

Mogeas TNG (topical n-grams) [149] ycrpamsger 9Tu Hem10CTaTKH. YCIOBHOE PACIpe-
JIeJIEHHE CJIOB OMUCHIBAETCS BEPOSITHOCTHON CMeChIO P(w|v, 1) = &yl + (1 —Epwt) Prot, TIE
Eowt — UEPEeMeHHasl, paBHAs BEPOSTHOCTH TOT'O, YTO HAPa CJAOB «VW» SBJISIETCH OUrpam-
moit B Teme t. B pabore C. C. Crenuna’ nokasano, 4ro Ipa HEKOTOPBIX He 0CO00 JKECTKUX
HpeIIo/I0KeHusIX log-rpaBionoodue 3ot MO/Ie/ M ONEHUBACTCS CHI3Y B3BEHIEHHON CyM-
moii log-tipaBaomnomobuii MogabHOCTeH yHArpaMM u ourpamm B Mogean ARTM. JIpyruvu
cioBamu, MysabTuMOabHAasd ARTM MoxkeT ObITH UCIIOIB30BAHA /IS TIOUCKA TIPUOTHZKEH-
Horo pemrenus B mojean TNG.

B roit ke paboTe ObLTIN MPOBE/IEHBI SKCHEPIMEHTHI ¢ OUIPAMMHON MYJIBTHMOIATHHON
moziesiblo ARTM na mebosbmioii (Menee 1000 OKYMEHTOB) KOJUIEKIIMH PYCCKOSI3BIYHBIX
crareit HayuHoit koudepennun MMPO (Maremarndeckue MeTO/bl pACIO3HABAHUsS 0Opa-
308B). Corocrap/ieHue TeM yHUIDAMMHON 1 OGUrpaMMHOI MoJieIeil M0Ka3a/10, 4T0 10 TeMaM
OUrpaMMHOI MOJIETTH ONPOIIEHHBIE TOCTOSHHBIE YIACTHUKN KOH(EPEHITNN MO OIIpe/ie-
JIUTHh HAYYHYIO TPYIIY U JazKe aBTOPOB CTaTell, TOr1a Kak Mo TeMaM YHUIDAMMHON MO/IeTn
¢JiesiaTh 9TO OBLIO MPOOJEMATUIHO, CM. PHUC. 13.

B ARTM n-rpaMmMHasi MOJe/Tb eCTECTBEHHBIM 00Pa30M OIIPeIe/IIeTCs KaK MYJIbTHMO-
JlaTbHAS, B KOTOPOIl /I KayKJIO0TO N BBIJENSeTcs OT/AelbHas MOJAJIbHOCTH. s mpem-
BAPUTEILHOIO COKPAIEHHUS CJAOBAPEil N-rpamMM IOJXOJUT METOJ, MOUCKA KOJIIOKAIHIT
TopMine [42]. On smueitno macirrabupyercst Ha GoJiblne KOJUIEKIME U 1103BoJIsieT (op-
MHUPOBATH CJIOBAPb, B KOTOPOM KazKjasd n-rpamMma o0JaJgaeT TpeMs CBOUCTBAMM:

(a) uMeeT BBICOKYIO 9aCTOTY B KOJLJIEKIIUN;

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

(B) me comepxurcs B (n+1)-rpammax, obmagaomnux csoiicrBamu (a) u (6).

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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Mero/pl, npeioKenHbie B nocaeayonmx paborax, SegPhrase [70] u AutoPhrase [113],
JIEMOHCTPUDYIOIIME NI JIyUlIne Pe3yJbTarhl.

Mopenb 6utepmoB. Kopomkumu mexcmamu (short text) Ha3pIBAIOT JJOKYMEHTHI, JIJIMHA
KOTOPbIX HE JIOCTATOYHA JIJIsi HAJIE2KHOI'O OIIPEJIe/IeHUsI UX TeMaTuku. [Ipumepamu Kopor-
KHIX TEKCTOB ABJISIOTCS CoOOMeHust T BUTTEpa, 3ar0JJOBKH HOBOCTHBIX COOOIIEHNUI, PeKTaM-
Hble OObSBICHNUS, PEIJINKA B 3AMMCIX JHAJOIOB KOHTAKT-IIEHTPA, OTALIbHbIE IIPeT0XKe-
HUsI, U T.J. VI3BeCTHBI IPOCTHIE MOJXO/ABI K MpodJeMe, HO OHH He BCEerjaa IPUMEHHMBI:
00beJIMHATH COODIIEHHsI 110 KAKOMY-JIM00 NPU3HAKY (aBTODY, BDEMEHHU, PErHOHY W T. J1.);
CUMTATH KAaXKJI0€ COOOIIEHHE OTIEJbHBbIM JIOKYMEHTOM, paspexusas p(t|d) Biiorb 0
e/IMHCTBEHHON TeMbl; JIONOJIHATH KOJUICKIHIO JJIMHHBIMU TEKCTaMH (HALPUMED, CTaThsIMU
Bukunegun). OnauM u3 Hambosiee YCIEIHBIX U YHHBEPCATBHBIX MOAXOJ0B K mpobyeme
KODOTKUX TEKCTOB CUHTAETCS memamuseckas modeas bumepmos (biterm topic model,
BTM) [152].

Bumepmom HA3BIBAETCS Mapa CJI0B, BCTPEIAONUXCA PIIOM — B OJJHOM KOPOTKOM CO-
OOIIEHUK WM B OJHOM IIPEJJIOKEHUU WM B OKHe +h cjioB. B omimune or GurpaMmsl,
MEZKJIy JIBYMsl CJIOBaMK OMTEpPMa MOI'YT HAXOJAUTbCS JPYrue cjioBa. KOHKperusamus 1mo-
HSTHS «PAJOM» 3aBHCHT OT IIOCTAHOBKH 33Ja9d M OCODEHHOCTeHl KOJLIeKNuH. BbIcOKast
JacToTa OUTEepMa B TEKCTOBOiIl KOJIIEKIUU SIBJIS€TCS IPOSBJICHHEM JIUCTAHTHONW codeTae-
MOCTHU JTAHHOW Iapbl CJIOB.

Mogens BTM onuchiBaeT BEpOSITHOCTH COBMECTHOIO MOsiBJIeHHst CJI0B (u,v). Mexom-
HBIMU JIAHHBIMU $BJISIFOTCS 9aCTOTHI T, OUTEPMOB (U, V) B KOJUIEKIUU, UM MATPUIA Be-

postHOCTEHl P = (Pyy)wxw, D€ Puy = nOrm (N, ).
(u,v)eEW?2

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

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

teT tel

rie Y = p(w|t) u m = p(t) — napamerpbl TeMaTHUeCKOil MOJe/ M. DTO TPEXMATPUIHOE
paznoxkenue P = ®IIOT rue II = diag(my, ..., nr) — AuaronagbHas marpuna. Moaeab
OUTEpPMOB He OIpeIesIeT TEMATUKy JOKYMEHTOB © W [IOITOMY He IOJABEPIXKEHA BJIUSHIIO
3 eKToB, BHI3BAHHLIX KOPOTKUMH TEKCTaMH.

ARTM mnosBoJisger 00beTMHATL MOJAEIbL OUTEPMOB ¢ OOBIYHON TEMATHICCKONR MOJIEJIBIO,
9100bI BCE-Taku 1mo/yuanTh marpuity O. /s sroro Bo3bmém log-ipasionogodue mo/iein
OUTEpPMOB B KadecTBe peryJsipusaropa ¢ KoM UIUeHToOM T:

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

[Ipumenenue ypasuenuii (13)—(14) k sTomy peryasipusaropy gaér dbopmynbr M-nrara:

Put = NOLI <nwt +7 Z nuwpmw); (53)
ueW
Praw = DO (PPt Pur) (54)
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Otu HOpMyJIbl HHTEPIPETUPYIOTCA Kak gobaBienue ncesdo-dokymenmos. Kaxkmpomy
ciaoBy u € W craBuTCsS B COOTBETCTBUE ICEBHO-I0KYMEHT d,, OObeIUHAIOMMI BCE KOH-
TEKCTBHI CJIOBA U, TO €CTh 9TO MEIIOK CJI0B, BCTPETHBINUXCA PAJOM CO CJIOBOM U IIO BCEi
KOJLIEKIUU. IUC/I0 BXOXKJICHUIT CI0Ba W B IICEBAO-IOKYMEHT d, PABHO TT,. Bcrmomo-
raTesibHble TePeMeHHbIe Py, = P(t|u, w) coorBercTByioT dopmyie E-mara njs mnceso-
JIOKYMEHTa, d,,, €CJIn JI00IPEICIUTh €r0 TeMATUKY KakK Oy, = notrm(ntgput). Jpyrumu cJio-

BaMU, B MOJIE/IN OUTEPMOB CTOJIOIBI MATPHUILI O, COOTBETCTBYIOIINE ICEBIO-T0KYMEHTAM,
00pa3yioTcd MyTéM IepeHOPMUPOBKU cTpokK MaTpuiipl ® mo dopmyse bBaiieca.

VBennuuBasg KodMMUIEMEHT 7, MOKHO JIOOUTbCA TOro, 4rodbl Marpuiia ¢ dbopmupo-
BaJIaCh MPAKTHYECKU TOJIBKO 110 butepmam. B takom ciydae momenb ARTM mepexoaur
B MOJIeJIb OUTEPMOB, KOTOPasi CTPOUTCS 10 KOJIJIEKITMH ICeB/0-T0KYMEHTOB, 0e3 HCIO/Ib-
30BaHUs UCXOJIHBIX JOKYMEHTOB.

Mopgenb cetn cnoB. lesa MojennpoBaTh He JOKYMEHTHI, a CBI3U MEXK/Ly CJIOBaAMH, Obl-
Jla HOJIOZKEeHA B OCHOBY TeMaTHYeCKUX MO/ieJIell JTUCTaHTHOW IapHON co4YeTaeMOCTH CJIOB
WTM (word topic model) [32] # WNTM (word network topic model) [164]. JIo6onbiTHO,
qro bostee panusis mybuukanust mogesan WTM ocranach HesaMedeHHOi (BUIMO, KaK He-
baifecoBckasi), 1 BO BTOpOiil crarhe jgaxke Her cebuiku Ha Heé. Momenn WTM u WNTM
cBogrcs K npumenennto PLSA um LDA cooTBercTBeHHO K KOJLUIEKIHUH IICEB0-TO0KYMEH-

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

teT teT

Banurmem log-ipasmononobue mogenu p(w|d,) B Bige peryaspusaropa:

R®,0)=7 Y nuwln ) ol

u,weW tel

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

OCHOBHOE OTJIMYME ITUX MOJE/IeH OT MOAeIM OMTEPMOB B TOM, 4YTO 3/€Ch B sB-
HOM BHJIE CTPOMTCS Marpuia © Jyisd 1CeBJO-KOJLIEKIUH, TOIJIa KaK B MOJEJIM Ourep-
moB © = diag(my, ..., )P u KOJUUECTBO ApaMETPOB BjBOe MeHblie. Kak nokasa/iu
skcrepuMeHThI, Mojeab WNTM HeMHOro npeBoCXOguT MOje/b OUTEPMOB U CYIIECTBEH-
HO [IPEBOCXOJUT OOBIYHbIE TeMaTHIecKue Mo/eu [164| Ha KOUTeKIuIX KOPOTKUX TeKCTOB.
Ha ko/uteKnygax JJIMHHBIX JOKYMEHTOB TeMaTHICCKHEe MOIEIU IIAPHOil COYeTaeMOCTH CJIOB
He JaI0T 3HAYMMBbIX LPEUMYLIECTB Hepe OObIYHLIMU TeMATUICCKUMU MOJIC/ISMU.

KorepeHTHocTb. Tema nasbiBaercs kozepenmnol (cormacoBannoii), ecin Hanbosee ua-
CThle TepMbI JAHHOIl TeMbl YaCTO BCTPEYAIOTCS PsIOM B JOKyMeHTaX KoJutekuuu [90).
CoveraeMoCTb TEPMOB MOZKeT ONEHUBATHCS 110 caMoil Koyuteknuu D [83], wiu mo cTopos-
Heil KoJuteknuu, Hapumep, no Bukunemuu [87]. CpejiHsisi KOPePEHTHOCTh T€M CYUTAETCS
XOPOIIeil Mepoil HHTEePIPETUPYEMOCTH TeMaTudeckoii mojesnn [91].

[Tycrb 3azanbl onenku coderaemoctu Ch, = p(w|v) mus nap repmos (w,v) € W2
O6b1un0 Cyypy OUEHUBAIOT KAK JI0JIIO JIOKYMEHTOB, COIEPZKAIINX TEPM U, B KOTOPBIX TEPM W
BCTpevaeTcsl He Jlajiee yeM depe3 10 coB oT v.

Samummem dopmyity noanoil BepograHocTH p(w |t) = Y Clyypyt 1 3aMEHHM B Hell yCI0B-

HYIO BEPOATHOCTD oy MacTOTHOf onenkoit: p(w|t) = 3, Cyy 2. Beengm peryaspusarop,
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Tpebyonuii, 4T00bI IAPDAMETPBI (0, TEMATUYECKOI MO/Ie/ 1M OblIM COIJIACOBAHBI € ONEHKA~
mu p(w |t) B cMbIcsie KPOCC-9HTPOIIUHI:

R@) =73 "n 3 plw ) o

teT weWw

®opmysa M-mara, coracho (13), npuHuMaer Buj

Pur = norm (nwt + T Z C’wvnvt>. (55)

veW\w

D10 cryrakuBaroruii peryaspu3arop. OH yBeJHYUBAeT BEPOATHOCTH TEPMA B TE€MeE, eCJIH
TEPMbl, ¢ KOTOPLIMU OH 4YaCTO COYETAETCS, OTHOCATCA K JIaHHOH Teme. TOYHO Takas »Ke
dbopmysia noxyunsiace B [83] st mogean LDA u anropurma comismmposanust ['uG6ca,
HO ¢ DoJiee CJI0KHBIM 000CHOBaHUEM depe3 0000HEHHYI0 ypHOBYIO cxemy [loiist, u ¢ Oojiee
CJI0ZKHOM 3BpUCTHYECKON OMEHKOH Clyy.

B pabore |87| upemiozxken Jpyroit peryisipu3arop KOrepeHTHOCTH:

R@®) =7 ) Cupupu

teT u,veW

B KOTOPOM OILICHKa, HapHOii coueraemoct TepmMoB C, = Ny, [PMI(u, v) > O] olpee/IaeT-
sl 9epe3 nomoueunylo 63aumnyio ungopmayuto (pointwise mutual information)

DIN,,
1 1PNV

PMI(u,v) = NN

(56)
rjie Ny, — 4YUCJIO JIOKYMEHTOB, B KOTOPBIX TE€PMbl U,V XOTd Obl OJUH Pa3 BCTPEYAIOTCS
psiiom (He nasiee, dem gepe3 10 cioB), N, — 49HCJIO JOKYMEHTOB, B KOTODBIX TE€PM U
BCTPEYAETCA XOTd ObI OIUH pas.

TaxuM 00pa30M, eIUHBIA MOAXO0/ K ONTUMU3AIUHE KOTePeHTHOCTH MOKA He BHIPAOOTaH.
[IpemaraeMble KpETEpUH IMOXOKH HA MOJEIH OMTEpMOB U ceTu caoB. Bee omm dopma-
JH3YIOT OOUIYIO HJECI0, 9TO €CTH CJIOBA 9ACTO COBMECTHO BCTPEYAIOTCHA, TO OHH HMEIOT
CXOKYIO T€MATHKY.

Mopenn BeKTOpHbIX NPeAcTaB/IeHU C/NOB CTaBIAT B COOTBETCTBHE KaKJIOMY CJIOBY W
BEKTOP V,,, pukcupoBauuoit pazmeproctu. OCHOBHOE TPeOOBaHUE K STOMY OTOOPAKEHUIO —
9T00bI OJIM3KHUM TI0 CMBIC/IY CJI0BAaM COOTBETCTBOBa U Osim3Kue BeKTOpbl. CorytacHo duc-
mpubymuenot zunomese (distributional hypothesis) cmbica ciioBa onpezessiercs: pacipe-
JIeJIEHIeM CJIOB, B OKPY2KeHHH KOTODBIX OHO BeTpedaercs [48]|. CioBa, BeTpedaroriuecs
B CXOXKHX KOHTEKCTaX, MMEIOT CXOXKYI0 CEeMaHTHKY U, COOTBETCTBEHHO, JIOJIKHBI MMETh
osmskue BekTopbl. s bopmasmsanuu sroro npunimna B |78, 79| upemiaraercs HeCKOIb-
KO BEPOSTHOCTHBIX MO/IeJIEll, BCe OHU peasin30BaHbl B iporpamme word2vec. B yacruocru,
Moyie b skip-gram npejcKka3biBaeT MOsiBJIEHHE CJIOBA, W B KOHTEKCTE CJIOBA U, TO €CThb IPU
YCJIOBHH, YTO CJIOBO U HAXOJUTCH PSIIOM:

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

p(w|u) = Solfvtel\v/‘[/ax (Vi V) = 1}00€rvrl}q(exp (Vi V) =
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Accouynauyns Pe3synerat ARTM Pesynbrar word2vec
king — boy + girl queen, princess, lord, prince queen, princess, regnant, kings
moscow — russia + spain madrid, barcelona, aires, buenos madrid, barcelona, valladolid, malaga
india — russia + ruble rupee, birbhum, pradesh, madhaya rupee, rupiah, devalued, debased
better — good + bad really, something, thing, nothing worse, easier, prettier, funnier
cars — car + computer computers, software, servers, implementations | computers, software, hardware, microcomputers

Puc. 14: Ilpumepsbl peiienus 3aja4 accoumauuii cjioB s mozeseii ARTM u word2vec. IlpuBogsrcs
qeThipe Hanbosee OJU3KHIE aCCOITNAIINMI.

i€ Vi, Vu) = Dy VwtVur — CKAJISPHOE MPOU3BEJIeHe BeKTOPOB. B orimane or remarnde-
CKUX MOjieJieil, HOpPMUPOBKA BEPOSATHOCTEN ITPOU3BOJIUTC HEJIMHEHHBIM 1TPe00pa30BaHueM
SoftMax, a camu BeKTOpHBIE IIPEJICTAB/ICHUSI CJIOB HE HOPMUPYIOTCS.

JLns obydeHus MoJIe/Id pelaeTcsd 33 aua MaKCUMHU3aIuu log-1paBiono100us, Kak mpa-
BIJIO, TPA/IMEHTHBIMI METOaMMU:

Z Nyw I p(w|u) — max.
u,weW (v}

ITocTanoBka 3ama4un oYeHb TOX0KaA Ha TeMarndeckue Moaean BTM u WNTM. Monenan
cemeiicTBa word2vec u Jpyrue MOJIeJIM BEKTOPHbBIX ITPEJICTABICHUN CJI0B TaKzKe SABJIAIOT-
Csl MATPUIHBIMU pasjioxkenusmu [66, 99, 71|. ItaBroe oriudme 3aKI09a€TCS B TOM, YTO
B 9TUX BEKTOPHBIX IIPEJ/ICTABICHUSIX KOOPAUHATHI He HHTEPIPETUPYEMBbI, He HOPMUPOBAHBI
U He pa3perkeHbl, TOI/[a KaK B TeMAaTHYECKUX MOJIEJISIX CJIOBAM COOTBETCTBYIOT Pa3pezKeH-
Hble JIUCKpeTHbIe pacupe/eienus tem p(t|w). C apyroii cropoHbl, TeMaTuIecKue Mo/e 11
U3HAYAJIbHO HE IHpejHa3HAYAJIUCh /IS OlPe/eJIeHUs CEMAHTUYEeCKON OJIM30CTU CJI0B, 110-
9TOMY JeJal0T OHH 3TO ILIOXO.

B [102] mpesioxken cmocobd MOCTPOCHUST MEMAMUNECKUL 8EKMOPHOLL NPEICasAerul
caos (probabilistic word embedding, PWE) 1o mceBao-KoIIeKIun J0KyMeHTOB, aHAIO-
ruaabiii Mmogenaym BTM u WNTM. B s3amagax cemMaHTHYeCKOit OIM30CTH CJIOB OHH KOH-
KypUPYIOT C MOJIe/isiMi WOord2vec U CYIIECTBEHHO ITPEBOCXO/ST OObIYHbIE TeMATUIECKHE
Mojiesin. [Ipu 9TOM TemaTuvueckue BEKTOPHBIE IIPeJICTABICHUS SABJSIOTCI WHTEPIPETHPY-
eMBIMH U pa3pezKeHHbIMU. VICIo/ib3ys KpOCC-9HTPOIUMHBIE Pery/Isapu3aTopbl, pa3pezKeH-
HOCTb BEKTOpOB yaaérca nosoauTh 10 93% 6Ges morepu kauecrsa. Ha puc. 14 mokasanb
HPUMEPDHI PelieHns 3a/[a9u acCOIUAIUil CJIOB C IOMOIIIO MOJIE/IeH, ITOCTPOEHHbBIX 110 aH-
[JIOSI3bIIHON Bukwniemum.

KosmmuecrBennbie onenku mnokasbiBaior, ¥ro PWE pemraer 3aja4u acconupanuu CJaoB
HAMHOI'O JTy4Iie OOBIIHOI TeMaTndecKoil Mmojeun LDA, HO He ¢TO/Ib yCIemHo KOHKY pUpyeT
C JIVUIIUM MOJIeJIIM ceMeiicTBa word2vec, KaK B 33/a4aX CeMaHTHYECKOil O6JIM30CTH.

B 3agaue cemanTuueckoit 6sim3octu 1oKyMenToB PWE yBepenHo onepexkaioT BeKTOp-
uyto mozesnb DBOW [36], cienmasbro paspaboTaHHyIo JJisi TOUCKA CeMAHTHYECKU OJin3-
KHX JOKYMEHTOB.

Kpome toro, APTM mo3Bosisier 00001muTh TeMaTu4IeCKue MOJIE/H JUCTPUOYTUBHON
CeMaHTUKHU JIJIsi MYJBTUMOJIANbHBIX KoJutekiuii [102]. Vcmoab3yst qanHbIe 0 HApHOi CO-
YeTaeMOCTH TEPMOB PA3JIMIHBIX MOJAJTBLHOCTEH, BOBMOXKHO CTPOUTb MHTEPIPETUPYEMbIe
TeMaTU4IeCKue BeKTOPHBIE IPeJICTaBIeHUs /I BceX MojaJbHocTell. B To ke Bpems, npu-
BJIEYEHHE JIOMOJHUTEIbHON HHMOPMAIMU O JAPYIUX MOJIAJBHOCTAX IIOBBIIIAET KA4eCTBO
pelenus 3a/ia4u OJIM30CTH CJIOB.
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14 MopgennpoBaHne CBSA3HOIro TekCcTa

['urioresa «Menika CJIOB» M IPEJIIOJIOKEHNE O CTATUCTHIECKOW HE3aBUCHUMOCTH COCE/I-
HUX CJIOB HPHUBOJAT K CJAUIIKOM YaCTOW XaOTUYHON CMeHe TeMAaTHKU MEXKJy COCEJHUMU
caoBaMu. Ecim mpocieanTb, K KAaKIM TeMaM OTHOCSTCS IMOC/Ie/I0BaTeIbHbIe C/I0BA B TEK-
CTe, TO TeMaTHYeCKasl MOJIeSb B II€JIOM IOKAKeTCsl He HACTOJIbKO XOPOIIIO UHTEPIIPETUPY-
eMoil, KaK paHKHPOBAHHBIE CIIMCKH HambOJiee YaCTOTHBIX CJIOB B TE€MaX.

TemaTudeckue MO/ CEIMEHTAIIM OCHOBAHBLI Ha 0o0Jiee peaJTUCTUIHBIX TI'HIOTE3aX
0 CBA3HOCTH TeKcTa. Karkoe mpeioxKeHne, KaK MPAaBUIO, OTHOCUTCS K OTHOI—IBYM Te-
Mam. Cliemyrorniee MpeiokKeHne, Kak IIPABU/IO, HPOMAOJIZKAET TEMATHKY [PEIblILYIIEro.
CmeHa TeMbl PEJIKO IMPOMCXOAUT MEXKJLY HPEIIOKEHUAME, 9acTO MEXKLy a0d3alaMu, eIré
Jarme — MeK/Iy CeKIUIMH JoKyMeHTa. Kaxkmoe mpeioykenne MOKHO CIATATD «MEITKOM
CJIOBY WJIU «MEITKOM TepMOB». /IOKyMeHT MOYKHO CUNTATH «MEIIKOM e/ TOZKEeHMIT».

TemaTuyeckass mogenb npeasioxeHui. JlomycTum, 4To KaxKablil TOKYMEHT d pa3ouT
HA MHOYKECTBO CEIMEHTOB Sg. DTO MOI'YT ObITh HPeJIOKeHusi, ad3aIbl U hpasv, — CUH-
TAKCUIECKH KOPPEKTHbIE dacTu npeioxenuit. Ob03HaunuM 4epes ng JJIMHY CEerMEHTa S,
Yepe3 Mg, — UUCIO0 BXOXKIEHHUN CJI0BA W B CEIMEHT .

[Ipeamosioxkum, 910 BCE CJIOBA CEIMEHTa, OTHOCITCS K O/IHOf TeMe u 3anuiieM (hbyHKIIUIO
BEPOATHOCTU CEIMEHTa § € Sy depe3 mapaMeTpbl TeMaTUIECKONR MO Py, Giq:

p(s|d) = Zpt|d pr|t"sw—29thg0"“.

teT WES teT wWES

Bynem cunrarh Kaz/Jiplil JOKYMEHT «MEHIKOM CEeI'MEHTOB». Torja pyHKIus BEPOsiTHO-
ctu BbIOOpKM Oyjier paBHa Lpou3BejieHuio (PyHKIUN BeposdTHOCTH cermeHToB. [loctaBum
3a/la4y MaKCUMU3aluu cyMMbl log-1ipaB;io1io100us u peryJisipusaropa R

Z Z In Z 014 H pnew + R(P,0) — max, (57)

deD seSy teT wes

upu 00bruHbIX orpanndenusx (10). B wacrnom ciydae, Korja Kazkjplii CEIMEHT COCTOUT
TOJIBKO U3 OJIHOT'O CJIOBA, JaHHas 3a/ada rnepexoaur B (11). Bamernm rakzxke, 4ro 3a/1a4a
(57) siBisiercsi 4ACTHBIM CJIydaeM [OCTPOCHUsI TeMaTH4ecKoit Mojesu runeprpada (39),
B KOTOPOM BEPIIUHBI SBJSIOTCS CIOBAME, a peOpa — MpeI0KeHUIMHI.

Teopema 7. Ilycrs ¢pyukmus R(P,0) menpepsiBro guggepernnupyema. Touka (P, O)
JIOKaJIbHOTO dKcTpeMyMa 3agadn (57), (10) yzoBrerBopsier cucreme ypaBHEHHi €O BCIO-
MOraTe/IbHbIMH 1I€PEMEHHbIME Pygs = P(t|d, s), ecjm u3 pemeHus: HCKJIIOYUTH HyJIEBbIE
cros1oner marpui P, O:

Ptds = norm(@td H SOwt )7

weES
oR
wt = norm | n,, wi— |; Nyt = W E 8| Pras;
Pwt wel"W ¢t + @ t&Pwt ¢ deng[ | Pra
s€5q
OR
) = norm| n +0 ; Nyg = s
td 2 td td A, 90,y td SEZSdptd
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AnajsioruanpiM 00pa30M 3ajada CraBUTCs Jis Mojean npejyioxkennii senLDA [19] u
JUist MoJiesin Koporkux coobmenuit Twitter-LDA [161]. B oboux ciydasx peryssipusa-
TOPOM SBJILIOTCA allpHOpHBIe pacupenenenns dupuxie. B momenn Twitter-LDA B posn
JIOKYMEHTOB BBLICTYIIAIOT aBTOPBI, B POJIK CEIMEHTOB — COOOIIEHHS JTAHHOI'O aBTOPA.

Nineprpad)osbie Mogenn cBs3HOro tekcra. Kak yzke 0TMEYAI0Ch BBIIIE, TeMaTHUe-
ckas Mozesib runeprpada (39) MozkeT ObITH HEIOCPEICTBEHHO MPUMEHEHA /I HOCTPOe-
HUS TeMaTu4decKoit mojesn npejyiokennii. Ha camom jiesie, pedpom runeprpada MOKHO
OIMCATh HE TOJILKO IPEII0KEHNEe, HO U JIF0O0Ee MOJAMHOKECTBO TEPMOB, CBI3AHHBIX JPYT
C JIPyroM 110 CMbICJIY U [IOPOXK/IAEMbIX OJHOI 001l TeMOil.

Ecim tekcr npejsapure/ibHO 00pabOTaH CUHMAKCUYECKUM NAPCEPOM, TO B Kade-
cTBe péObep MOXKHO GpaTh BETKH WJIH HOIJIEPEBbsl CHHTAKCUIECKOTO JepeBa (cumnmazmot),
B YAaCTHOCTHU, UMEHHBLE 2PYNNnb, — TPAMMATUICCKH KOPPEKTHBIE CJIOBOCOYETAHHS, B KO-
TOPBIX TJIABHBIM CJIOBOM SIBJISI€TCS CYIIeCTBUTE/IbHOe. CHHTAKCHYECKHE CBS3U IIO3BOJISIIOT
YCTAHABJIMBATD CEMAHMUYECKUE POAYU CAO8 U BBLIEJIATH (PAKMb, B BUJAE TPOEK «OOBEKT,
CY6'beKT, ,ZLeI';ICTBI/Ie», KOTOpbI€ MO2KHO CHUTATL TeMaTU1eCKU OJHOPOAHbIMHU U OIIMCbIBATDL
pébpamu runeprpada.

MozKHO UCIIO/IB30BATH BHENTHUE JIMHTBUCTHYECKUE PECYPCHI — MEe3aypycol, W OHIMO-
sozuu, Takue Kak WordNet, PyTe3, Buku-CiioBapb u apyrue. OHE IO3BOJISIOT HaXO/JUTD
apbl TEPMHUHOB, C BBICOKON BEPOSITHOCTBHIO CBA3aHHBIE TeMaTHUYECKH, JTUOO BOOOIIE 000-
3HAYAIONINE B TEKCTE OJUH U TOT K€ O0BEKT. DTO MOTYT ObITH HMAPBl CUHOHUMOS, AP
2unonum—2uneporum (dacraoe—odIIee), napbl Meponum—roaonum (dacrb-iesnoe). Tepmu-
HbI, CBsI3aHHbIE TE3ayPYCHBIMHU OTHOIIEHUSIMH, MOKHO 00'be/IuHsAThH pedbpom runeprpada,
KOIJIa OHU HAXOJATCS B OJTHOM IPE/JIOKCHUH WU B COCEHUX IPE/JIOKEHHSX.

[MuneprpadoBast Mojie/ib He HAKJ/IQ/bIBAET HUKAKUX OI'DAHMYEHUIl HA MHOI'OKPATHOE
BXOK/IEHHE OJTHOT'O M TOT'O K€ CJIOBa B pa3Hble pébpa runeprpada. 1o J1aéT BO3MOKHOCTD
VUIUTBIBATD Pa3Hble THIILI CBA3€fl MEXKJIy CIOBAMHU, OIUCHIBas UX PA3/JUIHBIMU THIIAMH
pédep B runeprpade. Hamnpumep, M0KHO B eauHOM rutieprpadoBoil MoO/e/iM YIUThIBATH
O/IHOBPEMEHHO 1Ipe/IJIoyKeHus, (paKThl, CHHTAKCUYECKHE U Te3ayPyCHbIE CBS3H.

TemaTuyeckasa mogenb cermedtaymn. Tenepb pacemorpum 6oJjiee CJIOXKHbBIN CJLydaid,
KOIJIa TEKCT COCTOUT U3 LPEJJIOZKeHuit, u Tpedyercsd oObeJIMHUTh UX B OOJiee KPyIIHbIE
TeMaTH4IecKne CerMeHThI, TPAHUIbI KOTOPBIX 3apaHee He OIpPeJieseHbl.

Memod TopicTiling [108] ocuoBan nHa mnocr-obpaborke pacupespesnenuii p(t|d, w;),
1=1,...,n, DIOJTy9aeMbIX KaKOi-Tu00 TeMaTHIeCKOi MOIebio, HampuMep, LDA. Omnpeme-
JIIM TEMATHKY TIPEJIJIOKEHHs S KaK Ccpeauion Tematuky p(t|d, w) Beex ero cios®. [Tocun-
TaeM KOCUHYCHYIO OJIM30CTh TEMATUKU JIJIs BCEX Lap COCe/IHUX Mpeiokenunit. Hem riyoxke
JIOKQJIbHBITT MUHUMYM OJIM30CTHU, TeM BbIIE YBEPEHHOCTD, YTO MeK/1y JIAHHOM 11apoil pe/i-
JlozKeHuit npoxout rpauuia cermerntoB. Meros TopicTiling uctiosib3yer nabop 3BpucTuK
JUTS IOI0OpA YHCJIA TIPe/IJIOZKEHUi ceBa U CIpaBa OT JOKAJIHLHOTO MUHUMYMa OJIM30CTH,
OllpeJieIeHNsT IHCJIa CeTMEeHTOB, MOAOOpa YUCIa TeM W YHCJa UTepalnii, HTHOPUPOBAHUS
CTOTI-CJIOB, (DOHOBBIX TeM U KOPOTKUX HPEJI0OKeHNT. AKKypaTHasi HAaCTPOiiKa rmapamMeTpoB
9TUX IBPUCTHK [O3BOJISIET JIOCTHYb BBICOKOTO KadecTBa cermenTanuu |108].

>Tounee, B [108] npearanocs 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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TopicTiling He sBJjisieTcst MOJIHONEHHO TEMATUYECKON MOJIEJIBIO CEerMEHTAIuU TeKCTa,
IHOCKOJIbKY 1IOCT-00pabOTKa HUKAK He BJIMSeT Ha caMu TeMbl. dT0ObI HAUTH TeMbl, HaubO-
Jiee BBITO/IHBIE JIJIS CeIMEeHTAIluu, TpeOyeTcs CIeUaJbHbIi Peryaspu3aTop.

Perynapusatop E-wara. Hekoropsie TpeboBanust K TeMaTudeckKoit Mmojiesin yja1o0Hee Bbi-
pazKarb Yepe3 pacupeienenus Py, = p(t|d, w), a ne uepes g, u 0y Haupumep, rpebo-
BaHUA CXOJCTBa TEMaTUKHW T€PMOB BHYTPpU Hpe,HJ[O)KeHI/Iﬁ nJjim MexK/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.

Bynewm mpeanonarars, 9ro R gBJIsSeTCS TOCTATOYHO IVIAIKONH (DYHKIMeH BCeX mepeMeH-
HBIX Pig- KpOMeE TOro, cies1aeM BIIOJIHE eCTeCTBEHHOE JIOIYIIEHNe, 9TO €C/IU CJIOBA W HeT
B JIOKyMeHTe d, T0 (DyHKIUs R He 3aBUCUT OT HEPEMEHHON Py

Cornacuo ypasaenuio (12), marpuna I1 asiserca dynknueit or @ u ©. [Tosromy K pe-
ryagpuzaropy R(II(®,©)) B monHoit mepe mpumenuMa teopema 1. Ilpu srtom cucremy
ypaBHEHHIi y100Hee 3alUCaTh depe3 JacTHbIE MPOU3BOIHBIE PEryISIpH3aTOPa IO BCIIOMO-
raTe/JibHbIM II€peMEHHbIM H

PaccvoTpum 3a1a1y MakKCHMH3AIUH PErYIspA30BaHHOTO log-IIpaBaomoao0us ¢ 1By M
peryigpu3aTopaMi, OJUH U3 KOTOPLIX 3aBucuT otT II:

Y nawlnd uba+ RIN®, 0)) + R(2,0) — max, (58)

0
deD wed teT

IIPU OIPAHUYEHUSIX HEOTpUIATebHOCTH 1 HOpMupoBkH (10).

Teopema 8. Ilycrs ¢pyaknun R(II(P,0)) u R (P, ©) menpepriBrO gudeperupyempl
u ¢pyukuust R(I1) He 3aBUCHT OT 1IEPEMEHHBIX Dy, B Cirydae Ng, = 0. Torga rouka (P, ©)
JIOKaJIbHOr0 9KcTpemyma 3aaqn (58), (10) yaosaerBopsier cucreme ypaBHeHHI €O BCIIOMO-
rare/ibHbIMH HePEMEHHBIME Py, = P(t|d, W) U Digyy, €CIIH U3 PeleHns HCKIIOIHTD HyJIeBble
crostoner marpui P, O:

Ptdw = H%T%ﬂ (@wt@td)% (59)
~ 1 0R (IT) ) )
w — w 1+ — zdw ) 60
Dtd DPtd ( ( aptdw ZP d Dot ( )
0R’
put =m0 ( > NawPraw + Purs— 5 ) : (61)
deD Put
OR’
610 = norm ( wzed NawPiaw + Oias th) (62)

Jloka3zaresibCcTBO TeopeMbl y100HO 0POPMUTH B BHJE CJIEAYIONIUX TPEX JIEMM.

Jlemmva 1. s pyskmun pyg, (P, 0) = % u jroboro z € T

8pzdw apzdw ptdw(l - ptdw> t=z;
L L (e T ’ ’
Put 890101& td 89td Prd ([ ] Pzd ) —PtdwPzdw t 7A Z.
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HoxkazarenscrBo. Bocnosbsyemest popmynamu (12) ist HEpEMEHHDBIX Py

apzdw 0 ( Spwzezd ) o [Z:t] th Zu ¢wu9ud - etdgpwzezd .
= Qwt =

Pt agpwt - Pt a()Owt Zu Spwueud (Zu prueud)2
= Ptdw [Z :t] — PtdwPzdw = ptdw([z :t] - pzdw);
8pzdw 8 przezd o [Z :t] Pwt Zu Spwueud - prtﬁpwzezd o
Ora—— = Oua = b 5 =
a Pid aetd Zu (pwueud (Zu (pwueud)

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

JlemMa, JI0Ka3aHa.
Breném dynknuio or BcrioMorare/bHbIX HepeMeHHbIx 11

OR(I) > OR(I)

8ptdw 2T 8pzdw

Quaw (I1) =

Jlemma 2. Ilycrp R(II) e 3aBucHT OT mepeMeHHBIX Digy, mpu w ¢ d. Torma Bce 9acTHBIE
npoussogabie peryaspusaropa R(I1) Bopazkarorcs depe3 Quaw:

Z PrawQtaw (11 9td Z Praw Qtdw (11
deD wed
HoxkazareabcTBo. Bocronb3yemcs popmyiioit quddepennupoBanus CJI02KHOM DyHK-
a zav a zdv aR
UK U TEM, YTO pd—OHpr#v,ﬁ— pu t # z; ()—Onpnw€d:
wt 89 a Ptdw
aR H apzdv aR apzdw
o = ou 3 G = S5 e (63
Pwt (z,dw Pzdv Pwt deD 2T pzdw Puwt
8R 8pzdy H apzdw
0 =0 . 64
“ aetd “ Z 8pm bia Zd ZT TRy (64

B cuny nemwmbl 1 cripaBeJImBO TOXK/IECTBO

0R( apzdw H apzdw .
Z ZZ: apzdw aetd B

apzdw &pwt
= Z ORI >ptdw ([Z =] —Pzdw) = Ptdw (8R(H) _Z Pzdw 8R(H)) = PrawQtdw (IT).

apzdw 8ptdw 2T apzdw

[ToacranoBka 1mo/y4eHHOro Bbipakenus B (63) u (64) 3aBepiraer JOKA3aTebCTBO.

Jlemma 3. Pemenne ®, 0 3ajaun (58) yiossaerBopsier cieiyiomieii cucreMe ypaBHeHHi
OTHOCHTE/IBHO HEPEMEHHBIX Py, Oyg B BCIIOMOIraTeJIbHBIX TE€PEMEHHBIX Dy

Ptdw = ﬂg%ﬂ (@wtetd)7 (65)
OR' \
Put = TOLIN ( Z NwPtdw + Z QtawPtdw + Puwt &Pwt) (66)
deD deD
OR'
Ora = norm < wze;l NewPtdw + wZEd QtawPtdw + Oram— ) ) (67)
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DTa JIeMMa SIBJISIETCS HEITOCPE/ICTBEHHBIM CJIEJICTBUEM TEOPeMbl 1 U JIeMMbI 2.

OcTaJyioch TOJIBKO 3aMETUTh, YTO BbIJEJIEHHE BCIOMOTATEJHbHOW HEPEeMEHHON Dy, CO-
rtacHo (60) mosBosister nepenucars ypasuenus (66) u (67) B rpebyemom Bujye (61)—(62).

Teopema JjiokazaHa.

Takum obpaszom, B EM-ajiropurMe st Kazk0ro J0KyMeHTa d CHadaJ/1a BbIIHCIISTIOTCS
BCIIOMOTATebHbIE IEPEMEHHBIE Dygy,, 3ATEM OHU IIPeodPA3YIOTC B HOBBIE TIEDEMEHHBIE Py,
KOTOpbIe MOACTABAA0TCA B hopmymnsr M-mara (13)—(14) BMeCTO pigy. Takoii crocob BbI-
qucJieHuit OyjieM Ha3biBaTh pe2yaapusavuet E-waza wim nocm-obpabomrot FE-waza.

3ameTuM, 94TO MEPEMEHHBIE Pig,, MOTYT HIPUHUMATD OTPUIATE/IbHBIE 3HAYCHUST, [I0ITOMY
B 00IIEeM ciiydae OHU He 00pa3yloT BEpOSTHOCTHBIX pacipeseieHuii. Tem He menee, Jijist
HUX BBIIOJHEHO YC/JIOBHE HOPMHUPOBKH Y, Pray = 1.

Paspexusanue pacnpegenenuii p(t|d,w). Ilorpedyem, 4T0Obl KazKblii TEPM B JJOKY-
MEHTe OTHOCHJICSI K HebosbmoMy 4ducay TeMm. s sroro 6ymaem paspekuBarhb pacipese-
nerust p(t|d, w), makcumusupyst ux KL-TuBepreHIun ¢ paBHOMEPHBIM DaCIPe/IeTeHIeM:

KL(I_TIF\ | p(t]d, w)) — max.

CyMMmupys 10 BceM TepMaM BCeX JOKYMEHTOB, HMOJIYIUM Pery/ispu3aTop:

R(IT) = —é Zanw Zlnptdw — max.

deD wed teT
[ToacTaBuM MIPOU3BOTHYIO

OR(II) 7 ngy

apzdw B |T|pzdw
B (opmymy (60):
ﬁtdw = Ptdw — T(% - ptdw) .

Takum 06pa3oM, eciiu i HEKOTOPOil TeMBI Pigy, < ﬁ, TO Ha CJIEJYIONEH uTepanun
BEPOSITHOCTD Pigy JJISl JIAHHOIO TepMa, w cTaHeT emnié Menbiie. Temaruka Tepma Oy/er
IIOCTEeIIEHHO KOHIEHTPUPOBATHCA B He60.f[b]].[0M qucJie TeM.

Emg ogua uaTepupeTanys Toro perysapu3aropa CaeayerT U3 BO3MOKHOCTH 3aIUCATH
pery/sipusanuio E-nrara sKBuBajeHTHBIM 00pa3om depe3 dopmysibl M-mara (66)—(67):

1 Tt 4 8R'
wt — NOTIN| Nyt — TN | = — — wt =~ |5
Pt = TOU| Ty 7] ) T 00,

1 n OR'
th = ntoerTm <ntd — Tnd<m — n—tj) + etdaTtd).

Eciu Heperyisipu30BaHHBIE YaCTOTHBIE ONEHKH YCJIOBHBIX BepogTHOCTell p(t|w) = oty
w

p(t]d) = Z—tj CTAHOBATCSI MEHbIIIE BEPOSITHOCTH PABHOMEPHOI'O PACIIPE/IEIEHU s ﬁ, TO IPO-
HCXOJIUT PAa3pe:KUBaHUE PACIPEIETCeHUN p,; U Opg; ¢ HTEpANUIMI UX 3HAYECHHS YMEHbIIA-
I0TCS U MOT'YT 00palaThCs B HyJib. Takum 00pa3oM, MPOUCXOJAUT COrTTACOBAHHOE PAa3PerKH-

Banue marpuit  u O, nox yupassienuem oHOT0 0011er0 KOd(MhUunuenTa pery/isipu3aium 7.
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PaspexuBatwowuin perynapusatop E-wara gna cermentayuun. Baxneiimmas ocoben-
HOCTb peryJisipusaropa E-mara 3ak/io4aercsd B TOM, YTO OH IO3BOJISET yYUThIBATH CO-
ceJCTBO CJIOB BHYTPH [JOKYME€HTa B O6XO£L TUImoTe3bl <«MeEIIKa CJI0B». HpI/IMeHI/IM pery-
JIAPU3aITUIO E-mara AJIgd IIOCTPOEHUA TeMaTU4YeCKOM MoOJeJ/m CerMeHTHPOBaHHOI'O TEKCTa.
Ompegenm TeMATHKY CerMeHTa S € Sy Kak cpe;LHIOIO TEeMaTHUKY BCeX ero TepMOB:

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

wes 5 wes
YT00bl KazK/Iblli CErMEHT OTHOCHJICH K HEeGOJIBIIOMY YUCIy TeM, OyjeM MHUHUMU3HPOBATDH
KPOCC-9HTPOLMIO MexKjy pacipejesenusivu p(t|d, s) u paBHOMEPHBIM PaCIpe/IeJIeHUEeM,
4TO HPUBEJAET HAC K Pa3perkuBaloleMy pery/gpusaropy E-mara:

R ==7>_ > D ) Neupiau: (68)
deD seS, teT wES
Omyckasi pyTHHHBIE BBIKJIAQIKI, IPUBEIEM pe3yabTar mojctanosku (68) B (60):

~ T Nsw 1 Pzdw
Pt = pra (1 - -3 P (L

n, n
dw seS, S DPtds 2T DPzds

Xots popMy/Ia BBIVISIAT TPOMO3IKOM, 3(DMEKT MpUMeHeHUsl Peryiapu3aTopa HOHATD
He TpyAHO. Ecan BepoaTHOCTD Pigs TEMBI B CETMEHTe OKaryKeTCd MeHbIe HEKOTOPOTO TO-
pora, TO BEPOATHOCTH Pygy, OY/LYT YMEHbIIATHCS JIJIS BCEX TEPMOB W JAHHOI'O CEIMEHTA.
B urore remarnka KarkJ0ro cerMeHTa CKOHIEHTPUPYETCs B HEOOJIbIIOM YHUCJIe TEM.

B pesyisibrare paspexkuBaHusi TeMaTHKA COCEJHUX CEI'MEHTOB MOYKET OKa3aTbCs 0J1M3-
KOil, ¥ UX MOXKHO OyJeT oO0beJUMHUTH B OJUH TeMmMaTudeckKuii cermenT. Hazosém Temy ¢
¢ MakcuMaJbHBIM 3HadenueM p(t|d, s) domunupyrowets memoti cermenta s JOKyMeHTa d.
Eciu TemMa JOMUHHpYET B COCEJIHHX CerMEeHTaX, TO OHa OyJAeT JOMHUHHPYIOIIECH U B UX
obbeuHennu. Ecim oObe InHUTh 10C/Ie/10BaTe/IbHbIE CEIMEHThI C OJIMHAKOBOM JIOMUHUPY-
o1eil remoit B ojiuH OoJiee KPYIHBIN CEIMEHT, TO JIAHHAS TEeMa TaKyKe OCTaHeTCsd B HEM
JIOMHHHUPYIOIIEH. DTO MpOocTas arioMepaTUBHAs CTPATErds TeMAaTUIEeCKOW CerMeHTAIlHH.
B ormmane ot TopicTiling, y Heé HeT 9BpUCTUYECKUX ITapaMeTpoB, KOTOPbIe HAJI0 HACTpa-
UBaTh, X OHA IIOYTH HE YBEJMIUBAET BpeMs IOCT-00paboTku E-1mara.

15 Kputepnn kayectBa TeMaTnHeCKnNX Mmogenei

KpI/ITepI/II/I KadyeCTBa TeMaTHu4YeCKUux MO,Z[eJ’[eIL/,I IIPpUHATO JIeJIUTb Ha BHYTPEHHHE
(intrinsic) u BHemnue (extrinsic). Buympennue Kpumepuy, XapakKTepusyoT KadecrBO Mo-
JIQJIM 110 MCXOJIHON TEKCTOBOW KOJLIEKIMU. BHewHue Kpumeput OUeHUBAIOT HOJIE3HOCTh
MOJEIU C TOYKH 3peHHs IPUJIOKEHHS M KOHEYHBIX MOJb3oBaresecil. Horma g sToro
IPUXOIUTCA COOMPATD JOIOJHATEIbHBIC JAHHbLIC, HAIIPUMED, OUEHKH aceCCOPOB.

BHewHne kputepnn kpaiine pa3sHOOOpPa3HBI U 3aBUCIT OT PeIlaeMoil MPUKJIAIHON 3a/1a-
qyu. [Ipakrudecku B Kaxk/I0# 1yO/IMKAIMK 110 TEMATHYECKOMY MO/JIEJIMPOBAHUIO UCIIOJIb3Y-
ercsi KaKoi-/1n00 BHEIIHUI KpuTepuii: KauecTBo Kiaccudukanuu goKymenTos [111], Tou-
HOCTb M HOJIHOTA MHMOPMAIMOHHOTO noucka |155, 14, 7, 12|, 4ucsio HaiiileHHbIX XOPOIIO
HHTEPIpeTHpyeMbIX TeM [17], kKadecTBo cermentanun Tekcros [108]. B [35] mpemaraercs
MeTOJUKa JUATHOCTUKH MOJiesieil, OCHOBaHHAs Ha CONMOCTABJIEHNN Hall/IeHHBIX TeM C 3apa-
HEee M3BECTHBIMU KOHIEITAMU.
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Mepnnekcna. Haubosiee pacupocrpaHéHHBbIM BHYTPEHHUM KPHUTEPUEM SIBJISETCH Nep-
naexcus (perplexity), ucnosb3yemast Jjisi OIEHUBAHUS MOJIE/Ieil A3bIKa B KOMIIBIOTEPHOI
JMHTBUCTUKE. DTO Mepa HeCOOTBETCTBHS WM «YAUBICHHOCTH» Mojean p(w|d) Tem Tep-
MaM w, KOTOpbIe MbI HAa0JTI0/1aeM B JIoKyMeHTax d Kosuiekiuu D. OHa ompejessercs depes
log-ipaBononobue (9), mubo depes log-npasaonoaodue (30) KazxK10ii MOJATBHOCTH M:

1
perp,,(D;p) =exp( —— > > nayInp(wld) ), (69)
™ deD weWw™
TAE Ny = >, Y. Ngy — JUIMHA KOJLUIEKIMU 1O M- MOAAILHOCTH. eM MeHbIne 1ep-
d€D wEW™

IJIEKCHS, T€M JIy4Ile MOJIe/Ib P IPEJICKa3bIBAeT MOSBJICHHE TEPMOB W B JOKYMeHTax d.

[lepiiekcusi uMeeT CJjeAyOULYI0 UHTEpUpeTanuio. Kcjim TepMbl W HOPOZKIAI0TCH
13 paBHOMEepHOro pacupejeinenus p(w) = 1/V wa ciaosape momuocru V', 10 nepijiex-
cust MoJiesin p(w) Ha TAKOM TEKCTe CXOAMTCH K V' ¢ pocroM ero JyimHbl. YeMm cujibHee
pacrpesesnenne p(w) OTIMYALTCS OT PABHOMEDHOTO, T€M MeHbIIe MepIlieKcust. B ciydae
YCJIOBHBIX BeposgTHOCTel p(w |d) MHTepIpeTalisi HEMHOIO Jpyras: eCoH KazKJIbli JOKY-
MEHT reHepupyeTcss u3 V' DABHOBEDPOSITHBIX TEPMOB (BO3MOXKHO, PA3JIMYHBIX B PA3HbBIX
JIOKYMEHTAX ), TO HePIUIEKCUsT CXOAuTest K V.

He,ZLOCTaTKOM IEePIIJICKCUU dBJIAeTCAd HEOYEeBUAHOCTDb €€ YMCJIeHHBIX 3Ha‘{eHI/II71, a TaKzKe
eé 3aBUCUMOCTH HE TOJIbKO OT KadecTBa MOJIEJIH, HO U OT psijia MOCTOPOHHUX (PaKTOPOB —
JUTHHBL JIOKYMEHTOB, MOIIHOCTH U Pa3PeKeHHOCTH CJoBapd. B dacTHOCTH, ¢ MOMOIIBIO
HEPILIEKCUU HEKOPPEKTHO CPaBHUBATH TeMATHIECKHE MOJIE/IA OJTHON U TOM Ke KOJIJIeKITUH,
IIOCTPOEHHbIE Ha PAa3HbIX CJIOBApPAX.

Ob6o3nauuM uepes pp(w |d) Mojesb, IOCTPOEHHYIO 110 00YYAIONIEH 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 IPUHATO OIEHUBATD NePnAck-
cuet kKoumpoavhol ewbopku (hold-out perplexity) perp,,(D’;pp). Ob6bIYHO KOJIEKIHIO
Pa3/e/IsAIoT Ha 00y YaolLy0 1 KOHTPOJIBHYIO CJydaiiHbiM o6pasoM B mponopuuu 9 : 1 [27).

HemocTtaTkoM KOHTPOJIBHBII MEPILIEKCUN SBJISI€TCS BbICOKas 4YBCTBHTEIbHOCTD 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 caejnan BoiBoj, 4ro LDA mMenbiie nepeobyuaercs [27).
B |4, 103, 5| 6bLiu npe/iyiozKeHbl pobacmmvie MeMamuieckue mModet, OMUCHIBAIOLIAE PeJi-
KHUe CJIOBa clienuaJ/ibHbiM «(POHOBBIMY pacupejiejienueM. [lepijiekcusi podacTHbIX BapuaH-
toB PLSA un LDA oka3zajach CyImecTBeHHO MeHbIeil 1 MPaKTUIeCKH OJMHAKOBOIA.

KorepeHTHOCTb. VHTepuperupyeMocTb TeMaTudecKoil MOJe/In SBJIseTcs 11J10X0 (popMa-
nu3yeMbIiM TpeboBanueMm. CojepzKaTe/IbHO OHO O3HAYaeT, 4TO IO CIUCKaM HamboJiee da-
CTOTHBIX CJIOB U JIOKYMEHTOB TeMbl 9KCIEePT MOZKeT HOHSATb, O Y€M 3Ta TeMa, U JaTb ei
azekBaTHOe Hasanue [30]|. CBOHCTBO MHTEPHPETHPYEMOCTH BasKHO B HH(MDOPMAIMOHHO-
HOMCKOBBIX CHCTEMaX /IJI CUCTEMATU3AIUU U BU3YAJU3AIUN PE3Y/IBTATOB TEMATHIECKOIO
HOKMCKA UJIM KATeropu3aliiy JOKYMEHTOB.

BoJibMHCTBO CyIIECTBYIONUX METOJ/IOB OIEHUBAHUS MHTEPIPETUPYEMOCTH OCHOBAHO
Ha [PUBJIEYEHHH KCIePTOB-aceccopoB. B [89] skcmepram mperaragoch HEMOCpeICTBEHHO
OIEHUBATD MOJIE3HOCTh TeM [0 TPEXOaIbHOl 1iKaxe. B merome uurpysuit [30] mis kaxk-
JION HalijIeHHOW TeMbl cocTaB/isiercs ciucok u3 10 nHauboJiee 4aCTOTHBIX CJIOB, B KOTOPBIi
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BHE/IPSIeTCsl OJIHO CJiydaifHoe cj10BO. Tema cuMTaercs MHTEPHPEeTUPYEMOi, ecjid I10JaB-
Jisiforee OOJIBIMMHCTBO KCIEPTOB MPABU/IBHO YKA3bIBAIOT JIMIIHEE CJIOBO. DKCIEPTHBIE
[OJIXO/IbI HeOOXOIUMBI Ha CTAUU KMCCJIe/IOBAHUN, HO OHU 3aTPYIHSIOT aBTOMAaTHYECKOEe
IIOCTPOEHHe TeMaTHIeCKuX Mojerneil. B cepuu pabor [89, 90, 90, 83] mokazano, 4to cpe-
JI1 BEeJTUYNH, BBIYUC/IAEMBIX IT0 KOJJEKIINH aBTOMATHYECKHU, JYUIe BCEro KOpPpeJTupyeT
C 9KCIIEPTHBIMU OLEHKAMU HHTEPIPETHPYEMOCTH kozepenmmocmo (coherence).

Tema nasbiBaercst Kozepenmhol (COrIACOBAHHOM), ec/au TepMbl, HaubOJIee YacTbie
B JJAHHOI TeMe, HeCIYIaifHO 9aCTO COBMECTHO BCTPEJAIOTCS Ps/IOM B IOKYMEHTaX KOJIeK-
muu [90, 91]. HucaeHHON MepOil KOPePEHTHOCTH TeMbI © SIBJISETCS MOTOYeYHAs B3auMHAs
undopmarus (56), Borauciasemas 1o k Haubosee BEPOATHBIM CJIOBAM TEMBbI:

k=1 k
2
coher; = m Z Z PMI(w;, w;), (70)

i=1 j=i

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

KorepeHTHOCTD MOJE/IH OIpee/IsdeTcs KakK CpeJHss KOIepeHTHOCTh coher; Beex TeM.
KorepeHTHOCTH MOKET OIEHUBATHCS [0 CTOPOHHE(l Ko/uteKiuu (Hampumep, o Buknme-
qun) |87, 6o 10 TOM ke KOJUIeKIUH, 110 KOTOPOil crporTest Moge/b |83

Pa3pe>keHHOCTb 1 Pa3/InyHOCTb TeM. Pa3pe:keHHOCTb MOJIEIH U3MEpSAeTCs 0/l Hy-
JIEBBIX 3jieMeHTOB B MarTpunax ® u O. B Mozensx, pasgensionmx MHOKeCTBO TeMm 1’ Ha
upeaMerabie S 1 GoHoBble B, paspeKeHHOCTh OLEHUBAETCS TOJLKO 110 4aCTIM MaTPUIL
®, ©, COOTBETCTBYIONIMM IIPEJIMETHBIM TEMaM.

B [133] BBOASITCS KOCBEHHBIE MePbI HWHTEPIPETUPYEMOCTH TeM, He TPeGYIOIue MpH-
BJIeYEeHUs aceccopoB. [Ipe/oaraercs, 4To HHTEPIpETUpYyeMas TeMa, JOJIZKHA CONEPKATH
AEKCUMECKOe AOPO — MHOMKECTBO CJIOB, KOTOPBIE ¢ GOJIBIION BEPOATHOCTHIO YIIOTPEDIAIOT-
Cd B JAHHOH TeMe M PeKO yHoTpeOJsioTcsa B APYyruxX TeMax. B rakoM ciaydae marpuipl P
1 O J0/KHBI 00J1a1aTh CTPYKTYPORl pa3pe:KeHHOCTH, aHAJOMMYHON puc. 8.

Snapo Wy = {w ew ‘ p(t|w) > 0.25} TeMBbI ¢ ONpee/IeTcs KaK MHOXKECTBO TEPMOB,

_ ne T

KOTOPbIE HMEIOT BBICOKYIO YCJIOBHYIO BEPOATHOCTb P(t|w) = @it I JTAHHON TeMbl.
3areM 1O sApy ONpeeasercd TPU IMOKa3aTe/1s NHTEPIPEeTHPYEeMOCTH TeMbl t:

pur, = > p(w|t) — wucmoma memuv, (uem Bblie, TEM JIy4IIe);

weWy
_ 1 :
cony = > p(t|w) — kowmpacmuocms memor (deM BBIIIE, TeM JIyUIIe);
eWy

w
_ - W]
ker; = |W;| — pasmep adpa (opueHTHPOBOYHBIN ONTHMYM W)

[Tokazare/iu pa3mepa sjipa, YUCTOTHl U KOHTPACTHOCTHU JIJI MOJIEJIU B LEJIOM OIIpejie-
JISIIOTCS. KaK CPEeJIHUE 110 BCeM MPEJIMETHBIM TemMaM t € S.
Zons gporosoir caoe BO Beeil KOJLIEKIUU MpUHEMaeT 3HadeHus otT 0 1o 1:

) 1
BackRatio = " Z Z Z Nawp(t|d, w).
deD wed teB

Ecin eé 3nadenue 0/im3ko K 0, TO MO/ie/ib He CIIOCOOHA BBIJIE/IATH CJIOBA OOIIEH JIEKCUKH,
eCJIM 7Ke OHO OJIM3KO K 1, TO 9TO CBHJIETE/IbCTBYET O BBIPOKICHIN TEMATHIECKOM MO,

Takne KpuTepnn, KaK pasMep sijpa Uid J10Js0 (POHOBBIX CJIOB, MOI'YT HCIIOIb30BATHC
JIJISE KOHTPOJIS aJIEKBATHOCTU MOJIe/IM. Upe3MepHasi pery/isipusalus MOKEeT IIPUBOJUTH
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K JIerpaJialiui TeM WJId BbIPOZKJIEHUIO MOJIEJIH JIjIsi CJUMIIKOM OOJIBIION J10JIM JIOKYMEHTOB.
O0pa3HO TOBOPS, PEry/ISPU3aTOPHl B MAJIbIX 033X SIBJISIOTCS JIEKAPCTBAME, HO B CJIydae
epeIo3UPOBKA MOTYT IpeBpaIiaThesd B 1. 1109ToMy HYKHBI KpUTEpUH, IyBCTBUTETHHBI
K PAa3JIMYHbIM THUIIAM BBIPOXKJIEHUS MOJIEJIN.

Ha IIPpaKTHKE K TeMaTUYC€CKUM MO/IEJ/IAM HPEAbABIAIOTCA COYCTaHUA pa3HOO6pa3HbIX
Tpe6OBaHI/II71, JJId IIOCTPOCHUA MOJEC/IM ITPUMEHAEeTCA MHOI'OKPpUTEPpUaJIbHAA OIITUMU3AL A,
I[IO3TOMY M Ka4deCTBO MOJe/JIN JOJIZKHO OI€HUBATbLCA IIO MHOI'MM KPHTEPHUAM.

B npoekre BigARTM mnojjepkuBaercs OHOIMOTeKa CTAHJIAPTHBIX METPHK KadecTBa
1 MeXaHU3MbI ,Z[O6aB.HeHI/IH HOBbBIX I10JIb30BAaTE€/JIbCKUX METPUK.

16 TlpoekTt BigARTM

BigARTM — 3710 6ubjnOTeKa C OTKPBITBIM KOJOM, ocHOoBaHHas Ha Teopun ARTM.
OHa uMeer pacmupsieMblii BCTPOECHHBIH HAOOP PEry/isipu3aTopoB U METPUK KavdecTBa, pea-
Ji3yer OHJIaftHOBbIN u odduiaitnoBbIi MHOTONIOTOYHBIH HakeTHbIE EM-ajiropurm, obecre-
YUBAIOIINI BEICOKYIO 3 HEKTHBHOCTHL 00paObOTKU OOJTBIINX KOJIJIEKIIHI Ha OJHOM KOMITBIO-
Tepe. bubimoreka gapjsgercs KpocciiaTrgOpMeHHO: cCOOPKY U HCIIOJHEHUE MOYKHO IIPOU3-
soauth noa Windows 7/8/10, Mac OS u pasmuaabivu guctpubyruBamu Linux. ITommep-
JKHUBAIOTCSL IporpaMMubie nurepdeiics nox Python 2.7.% /3% C++, a rakxke 3amyck B Buje
ucnoJiHgemMoro ounaproro daiia. Mexoanerit ko BigARTM nanucan na C++11. [lognepxu-
BAETCs HECKOJIbKO TOIYJISIPHBIX (POPMATOB TEKCTOBBIX JaHHbIX. VcuepbiBaroOLy 0 nHdOp-
MaIFIo 0 OMOINOTeKe MOKHO HAailTH B JTOKYMeHTAIluN Ha caiiTe http://bigartm.org.

Huxke upejcrasien MuHMMaJibHbIA Ko B Python, Bbinosnsionuii 3arpysky u mnpeood-
pa30BaHKe JIAHHBIX BO BHYTDEHHHI (DOpMAT IMaKeToB JOKYMEHTOB (6amued), CO3/IaHue
n 0DydYeHure MOJIe/IU, BLIYUC/JIEHUE U BbIBOJL HEPIJIEKCHH.

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)

14 # Learn simple PLSA model

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

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

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

19 # Print perplexity values by iterations

20 print(model.score_tracker[’perp’].value)
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MoprotoBka AaHHbIX. YHUBEPCAJIbHBIM O0bEKTOM, IPUHUMAEMbIM Ha BXOJ BCEMH Olie-
panusaMu BigARTM, siBisieTcsd BekTOopu3arop artm.BatchVectorizer. B upumepe Bbiie
(mmaru 10—-13) oH GBLI CO3/IAH IO MATPHIIE «MeIIKa CJI0B» n_wd U CJOBaps, 33IAK0IIEro Co-
OTBETCTBHE MEZK/Iy CTPOKAMH MATPHUIIBI U CJIOBAMHU KOJLIEKIUU. B 3TOM cirydae makeTsr co-
3/1aI0TCS B OIEPATHBHOI MAMSITH U MOJTHOCTBIO YIAJSIOTCI U3 HEe€ 110 3aBEePIICHUN PADOTHI
OuOIMOTEKH. DTOT CIHOCOD XPAHEHUsI JAHHBIX ITOAXOMAMT TOJBKO JIJisi HEOOJIBIINX KOJLIEK-
Ui, HEeJUKOM HOMEMAIONNUXC B HaMsiTu. BO BCeX OCTa/IbHBIX CJIy4YasiX HCIOJIb3YIOTCS
dopMaThl JIAHHBIX, IpeJIo/Iaraolle YTeHNe UCXOJIHBIX JIOKYMEHTOB C JIMCKA W 3aIUCh
UTOrOBBIX IIAKeTOB Ha juck. Hambosee momynaspen dpopmar rekcroBbix daiiios Vowpal
Wabbit, B koTopoM KazKjasl CTpOKa COOTBETCTBYET OJHOMY JOKYMEHTY M UMEET BHJL

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

ﬂaHHbeI (I)OpMaT IIO3BOJIdeT HpeAcTaB/IATb JOKYMEHTbl KaK «MEIIKOM CJIOB», TaK U
nocJjie10BaTe/IbHbIM TEKCTOM, a TaKzKe 3allMCbIBaTb B JJOKYMEHTbI T€PMbl PA3JIMYHbIX MO-
naabHocreii. [lpumep cos3manus BekTopusaTopa 10 gaHHbiM B ¢popmare Vowpal Wabbit:

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

3aech data_path — myTh K dailny ¢ mokymeHTaMu, mapamMeTp target_folder yka-
3BIBaeT HA HECYIIECTBYIOMYIO OUPEKTOPHUIO IJId COXPAHCHUA I'OTOBBIX IIAKETOB.

[Tapcunr GO0 KOJUTEKINH — OTHOCHTEIBHO JITUTeIbHBII mpotece (J1azKe HeCMOTPsI
Ha TO, 9T0 BigARTM yMeeT BBILOJHSATH €r0 B MHOTOIOTOYHOM DEZKHME), OITOMY YI0OHO
COXPAHHUTDh IMAKEeThl Ha JUCK U MCIOJIb30BATh UX MHOTOKpaTHO. IIpuMep cozpanmst BekTo-
pHu3aTopa, 3arpyzKalomero maKeTbl ¢ JUCKA:

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

CnoBapu BigARTM upejHa3Ha4deHbl /IJIsd XPAHEHHUS JIAHHBIX O CJIOBaX U HUCIOJIb3Y-
I0TCS B HEKOTOPBIX Pery/sipu3aropax u merpukax kKadectsa. Cj0Bapio COOTBETCTBYET
o0bekT artm.Dictionary, KOTOpBII MOXKHO JinOO cHOPMHPOBATH ABTOMATHYECKH BO
BpeMs pa30uMeHns KOJUIEKIIMH Ha MakerTbl (3a7aB B artm.BatchVectorizer mapamerp
gather_dictionary, no ymosdanuio paBublii True), OO CO31ATh BPYUYHYIO HA OCHOBE
cBoux JaHHBIX. OODBEKT cJa0Bapsd MOXKHO COXPAHUTH B OMHAPHBIN MJIM TEKCTOBBIH aii,
3aTeM 3arpyzKarhb ero u3 3roro Qaiiia:

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

2 data_format=’vowpal_wabbit’,

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

5 # Load dictionary back during next BigARTM launch:

6 dictionary = artm.Dictionary()

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

['oToBBIil ci10Bapb MOXKHO M3MeHATh. /[ 9TOr0o JOCTATOYHO COXPAHUTH €ro Ha JUCK
B TEKCTOBOM BHJIE, 3aTeM MOJAu(MUIUPOBATH HOJLYyYeHHbIH (hailyl 1 3arpy3UTh €ro 00paTHO:

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

CiioBapb, cOXpaHEHHBIH B TEKCTOBOM (ailjie, COCTOUT U3 CTPOK CJIELYIONIEro BUJA:
token class_id value tf df

rje token — crpokoBoe npejcrasjienue cioBa, class id — mogasibHOCTb, tf — abcosror-
Has 4aCTOTa CJIOBA B KOJLIeKIuH, df — 9uC/10 J0KYMEHTOB KOJLJIEKIUU, B KOTOPHIX CJIOBO
BCTPETU/I0CH X0Tst Obl pa3. [Toste value 110 ymMoI9aHuIo 3a10/1HsIeTCsl HODMUPOBAHHBIM 3HaA-
derueM tf, HO MOKeT ObITh M3MEHEHO (Ta BO3MOXKHOCTH HCIIOJIbB3YeTCs KaK MEXaHH3M
nepejiadn JAHHBIX B HEKOTOPBIX PEryJsipPU3aToOpax U MeTPHKAX KauecTBa).

CuroBapu MOKHO (pHJIBTPOBATH BCTPOECHHBIME CpeJCTBaMu 10 3HadenuaM tf u df, na-
HpUMep, MOXKHO OTOPACHIBATH CJMIIKOM 4YacTble WJIM CJIUIIKOM PeJIKUe CJI0Ba. Y Ka3aHue
cJIoBapsd B KOHCTpyKTOpe artm.ARTM wjim B metone artm.ARTM.initialize 3ajaér mo-
psIOK cTpoK B Marpunax ® u (1n,;) COITACHO MOPSIKY CJIOB B CIOBape. DTO BAKHO,
HAIIpUMeD, JJI MOJIAJbHOCTA METOK BPEMEHU.

Perynspusatopbl moryr BozjeiicrBoBarh Ha Marpuibi P, O wujimn (ptdw). Peryus-
puzaropbl ¢ MoryT BO3J/EHCTBOBATH Ha OTJE/IbHbIe MoOJa/abHocTH. Hajimune napamer-
pa class_id yka3bIBaeT, 4YTO peryjgpuzarop paboraer ¢ OIHOIl MOJAJbHOCTHIO, IIO-
yMmosgannio ¢ @default_class. Hanumume mapamerpa class_ids yka3bIBaeT, UTO pery-
JIApU3aTOp paboraer cO CHUCKOM MOJAJIbHOCTE, 1mo-ymoJidanuio co Bcemu. [lourn Bee
IIapaMe€TpPbl BCEX PEeryjdpu3aTopoB MOKHO MEHATHL ME2K/Yy UuTepainudMu O6y‘{eHI/IH.

SmoothSparsePhiRegularizer — peayaapus3amop c2aaicusaHuA—pPaspPeHCuUSaHUL Mam-
puyo, ©, peammzoBan o dopmyie (26) ¢ HeGOIBIIIM 0000IIEHEEM:

Owt = gﬂ()ervlvn(nwt + 7Buf (Pur))-

Ecmu B onpenenennu KL-nuBeprennuu 3aMenunThb Jjorapudm Inz na dbyskmuo A(x),
to f(z) = xN(x). [lo ymomganuto f(x) =1, aro u coorBercTByer Jorapudmy. B 6ub-
JIMOTEKe MOZXKHO 3aJaBarb f(x) Kak crenennyo ¢yukiuio. Bekrop (5,) 3arpyxaercs u3
CJIOBapsl U 33148 TCs 3HAYCHUMHE 110151 value Kazk 1010 ciioBa. Jljis KazK 101 TeMbl ¢ MOKeT
ObITDH 3a/1aH CBOM TaKoil BeKTOP. TakuM criocoboM MOZKHO 3a/1aBaTh «OeJibley U «UE€pHbIE»
CIIMICKH CJIOB )Tl YACTHIHOTO OOYYeHUs .

SpecifiedSparsePhiRegularizer — peeyaspusamop paspescenrnocmu P, peanuso-
BaH 110 TOi ke hopmysie, HO T[3, SABJILETCI KOHCTAHTON U MOAOUPAETCS TAKUM 00pa3oM,
4TOOBI IO/ HYJIEBBIX 3JIEMEHTOB B Marpuile ¢ okazajach He HHKe 3a/JJaHHOIO ITOPOTa.
[Ipu sTom dyukius f He ucnosib3yercs, To ectb f(x) = 1.

SmoothSparseThetaRegularizer — pe2ysapu3amop C2AaHCUBGHUA—PA3PEANCUCAHUA
mampuyse O, peanuzoBan o dopmyie (27), ¢ aHAJIOrHIHBIM 0000IIEHHEM:

Ora = norm (na + T f (01))-

Oyuknust f urpaer Ty ke pojib, YTO U B PEry/IsIpU3aTOPe CryIaKuBaHus—pa3pekuanus P.
MaccuB MHOKHTe e o TO3BOJSIET YIIPABIATH BO3AefiCTBAEM Peryadpu3aTopa Ha KazK 10l
i-it BHyTpeHHell urepaiuu oO6paboTKH JOKyMeHTa. BeKTop wim Marpuna ((vg) MO3BOJISET
YIPABJISATH BO3JAEHCTBUEM PEry/Isipu3aTopa Ha 3JIEMEHThI MaTpPHIlbl O.
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DecorrelatorPhiRegularizer — pezyasapu3amop JeKkoppesuposarus mem 6 Mampu-
ye @, peasmzoBan coriacHo (28). Ot mosb3oBaress Tpedyercst ykazarh Koddduipenr
peryagapu3alnuid T U CIACOK MOJAJBLHOCTEl, HA KOTOPBbIe HY2KHO BO3JICCTBOBATD.

TopicSelectionThetaRegularizer — pezyaapusamop ombopa mem 6 mampuye O,
peasmzoBan 110 dhopmysie (49). ExuucrBenHoe omiinane 3aK/I09aeTCst B HAJTUIHA MACCHBA,
MHOXKHUTEJIEH (v;, KAK B PEryjsipu3aTope CrilazKuBaHUus—pa3pe:kuBaHus O.

SmoothTimeInTopicsPhiRegularizer — pe2yaapus3amop C2AaAHCUBAHUL MeM 10 MO-
danvrocmu epemeny 6 mampuye P, peamuzoBan o dopmyie (38). st KOpPEKTHON pa-
O0TBI peryjasgapu3aropa TpedyeTcsd yKa3aTb HMs MOJAJbLHOCTH BPEMEHH H PACIOJIOKHTD
TepMbl BpEMEHHU B cjioBape u B Marpuiie ¢ B XPOHOJIOIHYECKOM ITOPSJIKE.

NetPlsaPhiRegularizer — pezyaspuzamop NetPLSA dasn modasvrocmu sepuun epa-
da 6 mampuue P, onpenensercsa mo popmysie (52). B mokyMeHTax JI0JKHBI ObITH 3apaHee
3allMCAaHBl TePMbBI BepIInH rpada v. B mapamerpax peryaspu3aropa 33/ ai0Tcs IMeHa Bep-
IIHH v, uX Beca (MOmHOCTH MHOKeCTB |D,|) 1 Beca pédbep rpada wy,.

ImproveCoherencePhiRegularizer — pezyaapusdamop Ko2epernmuocmu, Peaan30Ban
o dopmyse (55) u B KadecTBe mnapamerpa Tpedyer cJI0Bapb MAPHOH COYETACMOCTH
ciioB Cly, (cOBpaTh ero MOKHO ¢ MOMOIIBI0 BCTPOEHHOTO TMApCepa).

BitermsPhiRegularizer — pezyaapusamop O6umepmos, peaau3oBaH 1O (opMmy-
aaM (53)—(54) u B KadecTBe HmApAMETPA TaKxKe TPEOYeT CJIOBAPb YaCTOT OUTEPMOB Ty,
(3aa4a ero cOOPKHU JIOZKUTCSA HA 110JB30BATEJI).

LabelRegularizationPhiRegularizer — wacmommnwi pezyassapusamop mampuio,
JUtst Kiaccudukanun ¢ HecOaJaHCHPOBaHHBIME Kaaccamu. PeannsoBan o dgopmyie (47).
B kadecTBe mapamerpa Tpebyer CIoBapb KJIACCOB €O 3HAYEHUSIME UX MOITHOCTeR |D.|.

HierarchySparsingThetaRegularizer — pe2ysapusamop uepapruieckoz20 paspescu-
saHus ©, HCHOJIB3YeTC /I PA3PEKUBAHUS MATPHILBI CBA3EH MKy POAUTEIHCKUME Te-
MaMH{ U UX JOYePHUMHE IIOJTeMaMU B HepapXuIecKuX MoJe/dax, cormacuo dbopmymre (51).

TopicSegmentationPtdwRegularizer — pezyaapusamop E-waza ora paspescusanus
ceemenmos 6 Mampuyas (P ), oupeaeasemslii o dopmysie (68).

SmoothPtdwRegularizer — peeyasusamop E-waeza das cenaorcusarus mampuy, (Praw )
0 JIOKAJbHOMY KOHTeKcTy. [Ipubimkaer TemarndecKuil mpoduib KazKJ0ro BXOXK/ICHHS
TepMa K yCpeJHeHHOMY TpOMUIo ero coceeil (o okuy (GUKCHPOBAHHON MIUPUHBI).

Perysisipuzaropbl MOryT BKJIIOYATHCS, OTKJIOYATHCA UM MOJAU(PUIIMPOBATHCS B JIIOO0M
MOMeHT MezKy BbizoBaMu fit_offline mim fit_online, 4TO HO3BOJIAET, B COBOKYIIHO-
CTU € KOHTPOJIEM METPHUK KadyecTBa, I'MOKO IepecTpauBaThb CTPATEruio peryJispu3aliiiu
B COOTBETCTBUHU C TEKYIIUM COCTOsiHHeM Mojesn. [Ipumep:

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
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o model.regularizer[’decor’].tau = 3e+5
10 model.fit_offline(batch_vectorizer=bv, num_collection_passes=15)

MeTpukn kadectBa 100aBJIAIOTCA 4depe3 1moJig scores obbekra ARTM. B sror momenT
Y MHOI'dX METPpUK MOZKHO 3adaBaTb IIapaMeTpPbI. BbI‘{I/IC.HeHHbIe 3Ha4YC€HUAd METPpUK U3BJIC-
KAIOTCsI depe3 1oJjisd score_tracker.

PerplexityScore — nepnaercus, Boraucisiemas 1o gopmyde (69). Tius eé koppekr-
HO# PabOThl HYKEH CJIOBaPb, COJ/IEpKallMii HOPMUPOBAHHbIE YACTOTHI CJIOB B KOJLJIEKIIMH
(me MomudunupoBannbe 3HadeHus value st Kazkaoro ciosa). OHI UCHOTB3YIOTCA B Ka-
9ecTBe AMMPOKCHMAIMH HYJIEBBIX 3HadeHuii p(w|d) u mMO3BOJSAIOT KOPPEKTHO OINEHUBATH
MOJIEJIM Ha OJHOM CJI0Bape, HO C PA3HOMN CTeNeHbI0 Pa3PezKeHHOCTH.

[Ipumep MOAKIIOYEHHsI MEPILIEKCUH J7ist MoJaibHocTu @default_class (crangapTHast
MOJIATTBHOCTH CJIOB):

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

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

w

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

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

I[Toste value comepzKuT BCIO HCTOPHIO 3HAYEHUI METPUKH 110 OOHOBJIEHUAM MaTpHilbl .
Y Jir06oro 1oJist J1000it MeTpUuKKM uMeeTcs BapuaHT ¢ npedukcom last_, KOTOPBIl BO3-
Bpallla€T 3Ha4YeHue METPUKU Ha MOMEHT HOCJ’[e,Z[HeI;'I CUHXPOHU3AIUU. STO MOzZKeT 6bITb

IIOJIE3HO 114 IIOJIyYC€HUd MacCUBHBIX MeTpuk Tuira TopTokensScore.

SparsityPhiScore/SparsityThetaScore — paspesicernrnocmu mampuy © u O. One-
HUBAIOTCS JI0JI€il 3JIEeMEeHTOB MAaTPHUIlbl, MEHBIINX 33JaHHOIO I0JIb30BaTEIeM IIOPOTa.

TopTokensScore — mon-cao8a 6 Memax, CIUCOK U3 3aJaHHOI'0 4YHUCJIa CJIOB C HaU-
00JIbIIIell BEPOITHOCTBIO IO Kaxkjioih Teme. Eciu B mapaMerpax 3TOil METPHUKH yKa3aTb
CJIOBapb MapHOil COYeTAEMOCTH CJIOB, TO OY/JeT BBIYHC/IeHA KOT'epeHTHOCTDb coher; 1o cruc-
KaM TOII-CJIOB B TeMax, coracHo dopmyiie (70).

TopicKernelScore — Adposvie xapakmepucmury mem: IACTOTA PUr,, KOHTPACTHOCTH
cong, pasMep sjpa ker; oneHuBaOIIMe Pa3InIHOCTb M, KOCBEHHO, HHTEPIPETUPYEMOCTH
KazKJI0# Tembl t, cM. ¢Tp. 66. AHAJOrMYHO TOI-CJI0BAM, yKa3aHUe CJI0Baps MapHOil code-
TAEMOCTH 3AIIyCKAeT IOJICYET KOTePEHTHOCTHU, HO TelePb yKe IO s/IpaM TeM.

BackgroundTokensRatioScore — doas honosux 06, OlleHUBACT JIOJIIO CJIOB, JIJIsi KO-
ropbix KL-muBeprenius MexK /1y pacupeaenenuamu p(t) u p(w|t) Bbliie 3aJaHHOTO MOPOTA.

TopicMassPhiScore — wacmomo, mem ny u pacupenenenus p(t) = % JJIs BCceX TeM t,
BBIYHCJIsIEMbIe 110 MATPHILE (T4 ).

ItemsProcessedScore — wucao 06pabomannoir dOKYMEHMOS, TEXHNIeCKasd METPUKA,
IOKA3bIBAMOIIAs [0 UTEPANUAM KOJUIECTBO JIOKYMEHTOB (C MOBTOpaMH), 00pabOTAHHBIX
EM-ajiropurMoM ¢ MOMEHTA BKJIIOYEHUS METPUKH.
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PeakMemoryUsage — nukogoe nompebienue namamu, TeXHuIecKass MeTPHKa (J10CTyII-
Has TOJBKO B CH++ I/IHTepd)eﬁce), 1PEe/IOCTaBIIsIONIast HMOPMAIKMIO 0 MAKCUMAJIbHOM 10~
TpebGJIeHIH OTIePATUBHON MaMATH 32 BpeMd KazK/I0il HTeparui aaropuTMa.

[lonb30BaTe/ib MOXKET He TOJBKO CO3/aBaTh COOCTBEHHBIE METPHUKHU, HO U BBIYUC/ISTH
UX HAIIPIMYIO, C/IeJIaB BBIIPY3KY ImapameTpoB mozenn ¢ u O.

Boirpyska napametpos mogenu. B cienyronem Kojge HOKa3aHO, KaK MOJYyYATh MAaTpPH-
iy ® (rounee, nepsbie 10 Tem 1edoaTHON MOAATBLHOCTH):

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

Ykazanue napamerpa model_name=model.model_nwt 103BoJisieT aHAJOIMYHBIM OOpa-
30M IIOJIYYUTHb 3HAUYEHUA Ty BMECTO Dyt

C marpuneit © MoxKHO paboTarhb 1mo-pasHomy. Bo-mepBbix, €6 MOKHO BOOOIIE HE Xpa-
HUTb, €CJIM OHA He HyKHa. BO-BTOPbIX, MOXKHO XPAHUTH €€ B K3llie, 3a/iaB lepej| Hava-
JioM obOydenus mapamerp cache_theta=True. B Tperbux, MOXKHO BKJIIOUYAUTH XpaHeHne O
B $-mo100H0it MaTpurle, 3a1aB napaMerp theta_name. 910 jacT CBOOOIHBIM JOCTYII K MAT-
puIle Ha YTeHHe U 3aIlUCh B JII000l MOMEHT. B mepBoM ciiydae BHIIPDY3UTh MaTPHUILy HEBO3-
MOKHO, B OCTAJIbHbIX IIPUMEHUM CJIC/LYyIOIANR 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 ommcannoro mHTepdeiica BHITPY3KA MATPHUIl, €CTb BO3MOXKHOCTH MOJTYYHTDH
yKa3are/jib Ha MaTPUIly U HAUPAMYIO MOJAUMPUIMPOBATH HaMSATh, UCIOJIb3YEMYIO $/IPOM
OubJIMOTEKH, YTO CYIIECTBEHHO yMEHbBIIAET PACXO/ HaMsATH U BPeMs BbIUUCJICHUIA.

MHuoronoTo4uHbli NnakeTHbli EM-anroputm. bubsmmoreka BigARTM nossouisier obpaba-
TbhIBaTb KOJIJIEKIIUU JJOKYMEHTOB, HE IIOMeIaloIuecd B OlIEPATUBHYIO IIaMATD. ﬂﬂﬂ 9TOro
koJuiekiust D ¢ nmomomipio BatchVectorizer paszbuBaercs na nakersi Dy, b=1,... B,
KasK/IbIil U3 KOTOPBIX XpaHUTCA B oTaeabHOM daitie. [lakeTsr oOpabarsiBatoTcs mo ode-
penu. Kaxknaplit makeT 3arpyzkaercd B MaMdATh, OOHOBJIgET MATpHUIly ® u BBIrpyKaeTcs.
OOBIYHO HUCIOJIB3YIOTCS MAKEThl PA3MEPOM OT COTEH KHIOOAT J10 JECITKOB Meradaiir.
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 onun pa3 MHOKecTBO maketoB {Dp},
cm. Asropurm 4. Jist KaxK0ro JoKyMeHTa d KazK0ro u3 makeroB Dy IpOu3BOAATCH UTe-
paruu BeKTopa 6, co Bcrpoennnim E-mmarom npu dukcuposannoit marpuie ®. Ha moces-
Heil uTepanuu JOKyMeHTa OOHOBISIOTCS CUYETIUKU T,y TEKYIIEro ImakeTa.

B 6ubamoreke peaJm30BaHO HECKOJBKO CTPATETWil arperupOBAHUS CUETIHKOB, IOJTY-
YEeHHBIX OT PA3HBIX MAKETOB, B HTOTOBBIX CUETUUKAX Myt.

Odpratinosnds anzopumm FitOffline coBeprmaer MHOro mpPOXOAOB IO KOJIEKIIHM.
Ha kaxkmoMm mpoxo/ie CaéTInKY 1, GopMupPYOTCs npu (puKcupoBaHHO MaTpure ¢ u cym-
MHUPYIOTCH 110 BceM jjokyMenTaM. OOHoBIeHHe O ¢ yI€TOM BCEX PEry/sipu3aTopOB MPOU3-
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AgroputMm 4. Odduaiinosslit u onsaiinobeiiit EM-agropury aius ARTM.

1 cbyHkums (7,,;) := ProcessBatches (muoxkectBo makeros { Dy}, marpuna P);
2 Ny ;=0 g Becex w € W, t €T,

3 0N BCcex nakeros D, BCcex JIOKyMeHTOB d € Dy

4 MHUNHMAIA3UPOBATE Oy 1= ﬁ Juist Beex t € T

(S}

NOBTOPSATb
Didw = norm(gpthtd) st Becex w € d, t € T
teT

=]

o OR )
7 O := ntoerTm( > NawPrdw + 9td89_td> Juist Beex t € T
wed

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 NOBTOPSATb

13 (nwt) :== 3.1, ProcessBatches(Dj, ®);

14 Dwt = Izu%rvr[p(nwt + @wt%) 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 Pwt = norm(nwt + @wtaa—R) st Becex w € W, t e T,
weW Puwt

BOJUTCSI B KOHIIE KazK/IOI0 MPOXO0/1a KOJUIEKIIUU B OAHOIOTOYHOM pexkume. OddiaiitHOBbIT
pPe:KMM OPUEHTUPOBAH Ha 0OPADOTKY OTHOCHUTEIbHO HEOOJIbIINX KOJLIEKIIH.

Onaatinosvti anzopumm FitOnline 6b11 npeniozken st momenun LDA B [49], mo3xe
st mogean PLSA B [20]. Ou peasmsoBan B 6ubamoTekax MammaHOro obydenns Vowpal
Wabbit, Gensim u apyrux, m cumraerca Haubosee 3h(MEKTUBHBIM METOJIOM O0Yy4YeHUS
TeMaTudeckux Mojeseit. KEro ocHoBHast ujies 3aK/I04aeTcsd B ClelUa/ibHOM OpraHu3aliuu
HOC/IeJIOBATE/IbHOCTH Bbrauc/enuii mo popmynam E-mmara u M-mrara. Ona He 3arparusaer
MeXaHu3Mbl perysgpusaiyuu u oauaakoBo npumennma Kk PLSA, LDA u ARTM. Ownuraituo-
BBIl aJITOPUTM JleJlaeT OJUH MIPOXOJI MO KOJLIEKITUU, OOHOBJIAd MaTpuiy P mocie KazKIbIxX
7) MaKeTOB: Ha 1mare 21 cYETINKU 7, HAKOIJIEHHBIE IO 1) TMOCIETHIM MTaKeTaM, CyMMH-
PYIOTCA CO CUETUUKAMU 7l,,¢, HAKOIIEHHBIME 10 BCEM IIAKeTaM, € BECAMU Kgecay ¥ Kapply-
Ha mare 22 marpuiia ¢ nepecuurbiBaercs 10 OOHOBJIEHHBIM CYETUYMKAM C y4ETOM pery-
Jsipu3aTopoB. OHJIANHOBBII aJArOPUTM OPUEHTHPOBAH HAa 00PAOOTKY OOJIBIIMNX KOJLJICKIIHIT
WU TIOTOKOB JIAHHBIX.

Becobble K09pPunuenTsl Kgecay U Kapply HO3BOJLIOT YIPAB/IATL TEMIOM 3a0blBaHUs
Hpe/IbIAYIIUX akeToB. IMeeTcst BO3MOXKHOCTD 3a/1aTh 3TH KO3M UuIueHTh 110 hopMyiam,
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pexoMeH10BaHHBIM B [49]: Kaecay = 1 — pi, Kappiy = pi, tae p; = (79 + )", 3nauenue 7,
3ajiatorcs B jguanasone ot 64 o 1024, suavenus k — or 0.5 jo 0.7.

KonTponb ycnosuit cxoagumoctn EM-anropurma Bo3maraercd Ha MoJb3oBaTend. [Ipo-
TIe BCEro 3a/aBaTh YUCJI0 UTePAIyil M0 KOJJIEKIIUA U O KayK/IOMY JTOKYMEHTY.

B omnaitnoBom aJjiropurme pa3OueHHe KOJIJIEKIIUUA Ha ITAKeThl U IOPsI0K 00pabOTKU
IAKeTOB MOI'YT BJIMSATH Ha pe3y/brar, B owmmdune or oddiiaiinoBoro ajaropurma. Irodbt
YMEHBIIHUTH TO BJIMsSHUAE, KOJJIEKIIMIO pa30MBAIOT HA LAKEThI CJAydailHbIM 0Opa3oM.

B ommaiinoBom aJsiropur™Me, Kak u B 0ddIaiiHOBOM, BHEIIHUNE MUK/ IO IAaKeTaM BbI-
HOJTHSIETCS TapaJlIeJIbHO B HECKOJIBKO TOTOKOB. [Ipu sToM oOpaboTka ciieyiomnieil mopnum
[IAKeTOB He HAYMHAEeTCs, II0KA He 3aBeplieHo oOHoByeHue marpuilbl ¢ Ha marax 21-22.
B pesysibrare BbIYuc/HMTEIbHBIE PECYPCHI HCHO/B3YIOTCH HEdMdMEKTUBHO. DTa, npobiema
perraercs demepmMuHUpoO8aHHbIM ACUHTPOHHBLM OHAGTHOBVIM GAZOPUMMOM, B KOTOPOM
IPUMEHSIOTCsE OOHOBJIEHUS ¢ 3ana3jpiBanueM [45].

B BigARTM odddraaitHoBelil anroputMm 3amyckaercd ¢ynkiueir ARTM.fit_offline,
omnmaiiHoBbIii — dyukiueii ARTM.fit_online. /lyig BK/IIOUYEHHUs JIeT€PMUHHPOBAHHOIO
ACHHXPOHHOTI'O aJIrOpUTMa HOCIeHeil Ha/Jl0 epeiaTh napaMerp async=True.

[TocTpoeHny1o TeMaTHYeCKyIO MO/I€/Ib MOYKHO MCIIO/Ib30BATH JIJIsi TEMATU3AIUU OT/IE/Ib-
HBIX JOKYMEHTOB 1pu (pUKCHPOBaHHOK Marpuie $. D1a BO3MOKHOCTH peain3yercs (pyHK-
mueii ARTM. transform, KoTopas IPOIyCKaeT JOKyMeHThl depe3 ProcessBatches.

Mepapxuyeckasa TemaTnyeckass mogesb peajin3oBana B BigARTM oT/ie/IbHBIM KJIaCCOM
hARTM. ¥YpoBHE nepapxuu co3jatorca pyuknueir add_level, jiid KazKJ0ro ypoBHS 3aJia-
érca gncao Tem num_topics. Oyuknusa add_level Bo3BpamaeT 06beKT ARTM, ¢ KOTOPBIM
MOKHO paboTaTh KaK C OOBIYHOI <«ILIOCKOIi» MOJEJ/IbI0, B YaCTHOCTH, J00aBILATh K Heil
peryJisipu3aropbl. [Ipumep co3janust 1By XypOBHEBOM MOjIeJIN:

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

Oyukiusd hier.fit_offline obydyaeT TeMaTHIECKYIO HEPAPXUIO MO 33 JaHHON KOJLIEK-
MK, UCHOJIBb3Ys perysipusarop (50) /uist CBA3bIBAHUS KAZKJIOT0 YPOBHSI HEPAPXHUU € PO/
rejibckuM. Marpunbl @ u © Becex ypoBHeit MOTYT OBITH MOJIyY€HbI ¢ HOMOIIBIO (DyHKIUiT
hier.get_phi u hier.get_theta.

17 Pa3Beao4Hblii nHPOPMALMNOHHbI NONCK

Barkubim npusioykeHneM TeMaTHIecKOTO MOJETUPOBAHUSL SIBJISIETCS UHPOPMAUUOHHBLT
nouck (information retrieval) [155, 14]. CoBpemMeHHbIe HOMCKOBBIE CUCTEMbI LIPE/HAZHAUE-
HBI, IJTABHBIM 00Pa30M, /151 MOMCKA KOHKPETHBIX OTBETOB HA KOPOTKHE TEKCTOBBIE 3aIIPO-
col. JIpyrue monckoBbie MOTPeOHOCTH BO3HUKAIOT Y II0JIH30BaTe I€il, KOTOPBIM HEOOXOIUMO
pa3obparbCsa B HOBOIl IpeaMeTHOIl 00JIacTH WM IIOMNOJHHUTHL cBOil Oarazk 3umanumii. [losb-
30BaTe/Ib MOXKET He BJIaJIeTh TEPMUHOJIOTHEH, ¢/1ad0 IOHUMATH CTPYKTYPY IIPEIAMETHON
00J1acTH, HE UMETh TOYHBIX (POPMYJIMPOBOK 3alpoca U He HO/pa3yMeBaTh €MHCTBEHHbIil
paBUJIbHBIA OTBET. B Takux C/iydasiXx Hy?»KEeH HOUCK He 110 KJIFOYEBbIM CJI0BAM, & 10 CMbIC-
Jly. 3aIpocoM MOKeT OBITh JJIMHHBIN (pparMeHT TeKCTa, JIOKYMEHT WU MOAO0PKa JIOKY-
MeHTOB. Pe3ypraroM moucka g0/zKHa OBITH YA00HO CHCTeMATH3NPOBAHHAS HH(MOPMAIHSI,
«JIOPOKHAs KapTay LPeAMeTHO 00/1acTu.
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it aTux ciydaeB MOJAXOAUT IHapaJurMa paseedouro2o UnGOPpMaAyUuOHH020 NOUCKA
(exploratory search) |74, 150]. Ero nesbio siBiisiercst mojtydenne OTBETOB HA CJIOZKHbBIE BO-
IPOCHI: «KaKWe TeMbl MPeICTaBIeHbl B TEKCTe 3alpocay, «ITO YATATh B MEPBYIO OYepeib
O 3THM TeMaMy», «ITO HAaXOJUTCS HA CTBIKE TUX Te€M CO CMEYKHBIMHU ODJACTAMEY», «Ka-
KOBa TeMaTHdecKas CTPYKTYpa JaHHON IMpeIMeTHONH 00JacThy, «KaK OHA Pa3BUBAJIACh BO
BPEMEHH», «KAKOBBI LIOCJIE/IHUE JIOCTUZKEHU», «IJIe HAXO/ATCH OCHOBHbBIE HEHTPbI KOMIIe-
TEHTHOCTUY», <KTO SIBJISIETCs IKCIIEPTOM 110 JIAaHHO# Temey u T. /1. Ilosib3oBaresib 0ObIuHON
HOUCKOBO CHCTeMbl BBIHYZK/IEH UTEPATHBHO MepedopMyInpOBaTh CBOM KOPOTKHUE 3aIPO-
CBI, pACIIupssd 30HY MOUCKA [0 Mepe YCBOEeHUs TePMHUHOJOIUU MpeIMeTHOI 00JIacTH, Ie-
PUOIUYECKH IepecMaTpUBas U CUCTEMATU3UPYs Pe3yJIbTaThl IOUCKA. DTO TpedyeT 3aTpaT
BpEMEHH M BbICOKO# kBasmmbukanuu. [Ipu orcyrcrBun uncTpyMenTa Jjist MOy YeHust «00-
et KAPTUHBI» OCTAETCS COMHEHHUE, Y4TO KAKUe-TO BazKHbIE aCHEKThl U3y4aeMoil pob/ieMbl
TaK U He OblLin Haifjienbl. Eciim 00pa3sHo peJcTaBuTh UTEPATUBHBIN HOUCK Kak OJIyzKjia-
HUe 10 JAOUPUHTY 3HAHWN, TO Pa3BeJIOYHBIIl MOUCK — 3TO CPEJCTBO aBTOMATHIECKOTO
HOCTPOEHMS KapThl /e JTI000i 9acTu 3TOro JIabUpUHTA.

TemaTtuyeckunii nouck. [IoJHOTEKCTOBBIE MOMCKOBBIE CHCTEMbI OCHOBAHBI Ha HMHBEPTH-
POBAHHBIX MHJEKCAX, B KOTOPbIX JJIsi KayK/IOI0 CJI0BA XPAHUTCS CIUCOK COJIEPKAIIUX €ro
nokymerToB [9]. TTouckoBast cucrema HINET JTOKYMEHTHI, COIEpZKAIIIe BCe CJI0BA 3aIpoca,
[OTOMY IIO JIMHHOMY 3allpOCy, CKOpee BCero, Hu4ero He oOyaeT HaiiaeHo.

CucreMa TeMaTHYECKOI'O0 Pa3BeJOYHOrO IOUCKA CHAaYa/a CTPOUT TEMATHYECKYIO MO-
JieJIb 3aIIpoca U Ollpe/ieigeT KOPOTKHil CIIMCOK TeM 3alpoca. 3aTeM Jijis MOUCKA JIOKYMEeH-
TOB CXOKeil TeMATUKHU IPUMEHSIIOTCA T YK€ MEXaHU3Mbl HHIECKCHPOBAHUS U ITOUCKA, TOJIb-
KO B POJIM CJIOB BBICTYHAIOT TeMbl. [[0CKOJIBKY YHC/I0 TEM Ha HECKOJIBKO HOPSIKOB MEHbIIIE
00béMa CJI0Bapsl, TEMATUICCKUI TOUCK TPeOyeT HAMHOI'O MEHbIIE MaMATH 10 CPABHEHUIO
C MOJIHOTEKCTOBBIM IMOMUCKOM U MOXKET OBITH peaii30BaH Ha BeCbMa CKPOMHON TeXHUKE.
Texnosiornn nHGOPMAIMOHHOIO IMOKCKA HA OCHOBE TEMAaTUIECKOIO MOJICIMPOBAHUSA B Ha-
crosiee BpeMsl HAXOIATCS B CTIIH HCCIe0BaHui U pa3paborok [121, 22, 98, 29, 13, 142].

B nmureparype 1o pa3Beio4HOMY IIOUCKY TeMaTHIECKOe MOJICTHPOBAHIE CTAIU UCIIOb-
30BaTh OTHOCHTEJILHO HegaBHO [112, 47,109, 129], a MHOrHE 0630pbHI O HEM BOODIIE HE YIIO-
munator |43, 106, 119, 56, 75, 53|. B negasnreii crarbe [129| BaxKHBIME IIPEUMYIIECTBAME
TEMATUIECKUX MOJIe/Iell HAa3bIBAIOTCs I'MOKOCTH, BO3MOXKHOCTH BU3ya/JId3allid U HABUIa-
nuu. B 1O ke BpeMs, B KauecTBe HEJOCTATKOB OTMEYAIOTCs IPOOIeMbl ¢ HHTEPIIPEeTUpye-
MOCTBIO TeM, TPY/IHOCTH ¢ MOIH(pUKAIIIEH TeMAaTHIeCKO MO/IE/IA IIPU IHOCTYILICHIU HOBBIX
JIOKYMEHTOB M BBICOKAsI BBIYUC/IUTEIbHAS CJI0KHOCTD., DTU HPODJIEMbl OTHOCATCHA K yCTa-
PEBIIUM METOJAM U YCIIEIIHO PENIeHbl B HMOCJEJIHUE I'OJbI: JeCATKA HOBBIX MOJEJel pas-
paboTaHbl JJIsl Y1y dlIeHHsT HHTEPIPETHPYEMOCTH; OHJIARHOBBIE aJITOPUTMbI CIIOCOOHBI 00-
pabaThiBaTh GOJIBIIIE KOJJIEKIHH U MOTOKH JOKYMEHTOB 3a JuHeitnoe Bpems (80, 20, 131].
C apyroit cTopoHbI, B padoTax IO TeMAaTUICCKOMY MOJICJIMPOBAHUIO PA3BEIOTHBIHN IOUCK
JaCTO HA3BIBAIOT OJIHUM U3 BaXKHEHIINX HPUJIOKEHHIT, & OIEHKN Ka1eCTBA IOMCKA UCIIOIb-
3yfor Jyist Bajuganuu Mogesteit |155, 14|, Oguako 91 ucciae0BaHus 0K HE [PUBEJIN
K CO3/I@HUIO OOIIEOCTYIIHBIX CHUCTEM Pa3BeJOYHOI0 Houcka. Bcé 310 roBopur o pa3ob-
MEHHOCTU HAYYHBIX COOOIIECTB, pa3pabaThIBAIONIMX TU JiBa HAIpaB/IeHUd. TeHIeHIUs
K UX COJIMKEHUIO HAMETH/IACh JIMIIb B ITOCJIETHUE TOJbI.

TemaTudeckas MOJEIb /st Pa3BeJOYHOrO IMOMCKA JIOJNZKHA YAOBIETBOPATH MHOTI'UM
TpeboBaHUIM OHOBpeMeHHO. OHAa JIOJIZKHA COCTOATH U3 XOPOIIO HHTEPIIPETUPYEMbBIX TEM,
HOCKOJIbKY T€Mbl MHTEHCHUBHO HCIHOJIB3YIOTCS B IOJIB30BATEIbCKOM HHTEepdeiice s Ha-
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BHUTAIMHU 110 KOJUIEKIIMU ¥ BU3yAJIU3aIUd Pe3yabraroB nmoucka. OHa J0/2KHa ObITH pa3pe-
JKEHHOIT, 9T00BI KazKAbIi JOKYMEHT COCTOsI/I U3 HEOOJIBIIIOI0 YHC/Ia TEM — 9TO HEOOXOUMO
Jis 3 hEeKTUBHOrO XpaHeHUs HHBEPTHPOBAHHOrO HHAeKca. OHa J10/I2KHa OBITH HepapXu-
YeCcKOil, 9TOOBI I0JIb30BATE/Ib MOT IIOJIYUUTH IIPeJICTaBIeHIEe O TeMAaTUIeCKOH CTPYKTYpe
peIMeTHOI 001acTH Ha JIIoO0M ypoBHe jeTaju3anuu. OHa JT0KHA aBTOMaTHIeCKH OIpe-
JIEJIATH 9UCJI0 TEM Ha KarKJIO0M yPOBHE HEPAPXUHM M ABTOMATHYECKH CO3/aBaTh U HMEHO-
BaTh HOBbIe TeMbl. OHA J0JI2KHA ObITh MYJHTUIPAMMHON, TaK KaK BbIJAEJIEHHE KJIOUEBBIX
¢dpa3 1 TepMUHOB CYIIECTBEHHO Y/Iy4IIaeT HHTEPIPETHPYEMOCTb TeMbl. OHa J0/12KHA OBITD
MYJIbTHSA3BIYHON B TeX MPHJIOKEHUSX, Iyl TpedyeTcss KPOCC-SI3bIYHbII MOUCK, HAIIPUMEp,
IpU aHaJU3e HaTeHTHBIX 6a3. OHa JI0/zKHA OBITH MYJIHTUMOJIAJILHON, 9TOOBI YINTHIBATD
MeTaJaHHbIe JOKYMEHTOB, BKJIIOYas aBTOPOB M IuTupoBanue. OHa J0/2KHA OBITH TEM-
HOPAJIbHOM, 4TOOBI BBISIBJIATH AMHAMHUKY pas3Burust TeM. OHa J0J2KHA ObITh CErMEHTH-
pyfoieit, 9To0bl He TOJIBKO HAXOJMTh PEJIEeBAHTHBIE JTOKYMEHTHI, HO U YKa3bIBATh B HUX
KOHKpeTHbIe cerMeHThl. OHa JI0/IzKHA OBITh 00y4YaeMoil 110 OIeHKaM acecCOpOB HJIU JIOraM
oJb30BaTe Ieil, IYTOOBI IOCTOSHHO YJIydIlaTh KadecTBO Imoucka. Hakowmer, peasu3aiius
JIOJI2KHA OBbITH OHJIAHOBOIM, lapaJlIe/IbHON U pacipe/ieieHHOoi, 4To0bl 3 dekTuBHO 00pa-
barbiBaTh DOJIBIINE KOJLUIEKIIUMA TEKCTOB. TakKuM 00pa30M, MHOI'ME BO3MOXKHOCTH JI0JIZKHbI
ObITH O0'bEIMHEHBI JIJIsi CO3/aHUsI CEPBUCOB PAa3BE0YHOIO ITOUCKA.

KadectBo pa3Bego4Horo noucka. Mogenr ARTM s pa3BemgodHoro momcka ObLIa,
npeioxkena B [12] u yayumena B [153]. [j1s m3Mepenus KadecTBa pa3BeJOYHOTO TeMa-
TUYECKOI'O IOHUCKa HUCIIOJIb30BaJIMCh KPUTEPHUU TOYHOCTHU KU IIOJIHOTbI Ha OCHOBE OLCHOK
aceccopos. st onenuBanus Obljla cocTaBjieHa BbIOOPKa 3aIlIPOCOB — 3aJlaHU pa3Be/104-
HOIO noucka. Kazkipiit 3a1poc npejicran)isi codoit TeKcT 06'bEMOM 0KOJIO O HOM CTPpaHUIIbI
dopmara A4, onuceiBafonuii TeMaTHKy moucka. Kaxkmoe 3aganne cHada 8 BBIIOJIHIIOCH
HE3aBUCUMO HECKOJBKHMH aCeCcCOpaMH, 3aTeM CHCTeMOW TeMaTHYeCKOTO IOUCKA, 3aTeM
eé pe3yJibTaT CHOBa OIlEHUBAJICA aceccopamu. /laHHas MeTOJMKA MO3BOJISET, €IUHOZKIbI
c/iesiaB Pa3MeTKy pe3y/ibTaToB HOMCKA, MHOIOKPATHO OIEHUBATH KAYeCTBO PA3JIMYHbIX Te-
MaAaTHUYECKUX MO,H,e.HeI.?'I 1 MEXaHU3MOB ITIOUCKA. SKCHepI/IMeHTbI Ha KOJIJICKIUAX ]_75 ThICAY
cTaTell PyCCKOSI3BITHOIO KOJIJIEKTUBHOTO Osora habrahabr.ru u 760 Thicad cTareii aHIIO-
sI3BIYHOrO OJ10ra techcrunch.com mokas3ajd, 9TO TeMATHYECKHH IOMCK HAXOIUT OOJIbIIe
peJIeBaHTHBIX JIOKYMEHTOB, YeM acecCOpbl, COKpalllad cpejHee BpeMs IIOMCKa C IOJIyda-
ca JI0 ceKyH/ibl. KoMOMHUpOBaHUE PEry/isipu3aTopoB JEKOPPE/JIUPOBAHUS, PA3PEKUBAHMS
1 CIVIaKMBAaHUA BMeCTe ¢ MOJAJBHOCTAMHA N-IPaMM, aBTOPOB U KaTeropruil 3HaYUMO yJ1yd-
IaeT Ka4eCTBO MOMCKA U IIO3BOJIAET JOCTHYDL TOYHOCTH Bhle 80% u momnors Boime 90%.

Busyanusauunsa. Cucremarusaius pe3yIbTaToOB TEMaTHIECKOTO IIOUCKA HEBO3MOXKHA 6e3
HHTEPAKTHBHOIO rpaduveckoro mpejacrabienns. B o63ope [2] onuchiBaiorcs u cpaBHU-
Batorcd 16 cpejcTB BU3yaJM3allud TeMaTHYeCKUX MOjie/ieil Ha OCHOBe BeO-unrepdeicos.
Em@ 60/1bie ueit MOKHO HOUYEPIHYTH U3 HHTEPAKTUBHOIO 0030pa’, KOTOpbIil HACUNTHIBA-
etr 6oJsiee 400 cpejicTB BudyaJin3aiuu TekcToB. HecmoTpst Ha Takoe 001raTcTBO TEXHUYECKUX
pelIeHuil, OCHOBHBIX U/Ieil BU3yaJIM3aIlUid TeMaTHIeCKUX MOJIesieil He TaK MHOT'O: 9TO JIHOO
JIByMepHOe 0TOOparkeHne CeMaHTUYIeCKON OJIM30CTH TeM B BHJie Ipada WIH «I0POXKHOMN
KapTbly, JIMOO TeMaTudeckas uepapxus, Jiubo JIMHAMUKA Pa3BUTUS T€M BO BpeMeHH, Jinho

Shttp://textvis.lnu.se — HHTEPAKTUBHLIH 0030D CPECTB BUH3YaJI3aIINH TEKCTOB.
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rpacdoBasi CTPyKTypa B3aUMOCBS3eil MexK/ly TeMaMu, JJOKYMEHTaMu, aBTOPpaMu UJIM UHbI-
MU MOJQJIbHOCTSIMU, JINOO CEIMEHTHAas CTPYKTYPa OT/E/bHbIX JIOKYMEHTOB.

I'padudeckas Busyaansarnus OOTBITNX JAHHBIX IPAKTHIECKN OECI0Ie3Ha B CTATHIHOM
UCIIOJTHEHUH, HO MOZKET OKa3aThCs MOITHBIM KOTHUTHBHBIM CPEJICTBOM B CIydae HHTePAaK-
THBHOI peain3anuu. D710 ObLIO moudaTo 6ojee 20 jer Haza  u chopmyiupoBano benom
[TueiiiepManoM B BUJE MAHMPYL BU3YAADHO20 NOUCKE UHEOPMAUUY: «CHAYAJIA KDPYITHBIT
iaH, 3areM macuiabuposanue u bujabTpalus, jgerajiu 1o rpebosanuio»’ [117).

['padudeckoe oTobpazkeHme pe3yaIbTaTOB TEMATHIECKOTO MOIETUPOBAHUS U Pa3Be109-
HOTO MOKMCKA COJIACYeTCsl ¢ KOHMenueii daavrezo wmenus (distant reading), mpeiozxen-
HOIi corrosiorom Jmureparypbl Ppanko Moperru [85]. Ou nporuBomnocTasisier 10T C1ocos
U3y4eHUs] TeKCTOB HameMy obbranomy urenuio (close reading). Hesosmorxkno npounrars
MUJJIMOHBl KHUI' UJIM CTATEil, HO BIIOJIHE BO3MOYKHO IIPUMEHUTH CTATUCTUYECKUE METOJIbI
U rpaduyueckyo BU3yaau3aluio, 4To0bl HOHATHh B OOIIUX YepTax, O 4€M BCsd ITa JuTepa-
Typa, 0 HAy9IUThCA ObICTpee OTBICKHBATH HYzKHOe. «/lajbHee dYTeHHe — 3TO cHeluaJIbHAs
dopma mpencraBieHus 3HAaHWI, B KOTOPOWl MeHbBINE 3JIeMEHTOB, rpybee CMBICT HX B3au-
MOCBSI3€i1, OCTAIOTCS JIMIIDL (POPMbI, OTHONICHUS, CTPYKTYPbI, MOJCIN»®.

s oubsmorekn BigARTM B HacTosIIee BpeMsl PaA3BUBAETCS MHCTPYMEHT BU3YaJIn3a-
nuu ¢ seb-unrepdeitcom VisSARTM?, nopaep:kupatomuii Bazkueiimme (popMbl IpeICcTaB-
JIeHIsI TeMaTHIecKux mojeneii. iarepecnoit Bo3amoxkuOCTHIO ViSARTM gBiserca mocTpo-
eHle cnexkmpa mem — PAHKUPOBAHHOTO CIIMCKA TeM, B KOTOPOM CeMaHTHUYECKH OJU3KHUe
TeMbl HAXOJIATCs psiJioM. ['pyliiupoBanue TemM 1o CMbIC/LY IIOMOTAeT 0JIb30BATE/IIM ObICT-
pee HAXO/JUTh TeMbl, AKIEHTUPYs BHUMAaHUE HA PA3JIMIUSAX MEXK/y OJIM3KMMU T€MaMU.

18 3aksiroyeHne

TemaTudeckoe MOJIE/UPOBAHUE SBJISIETCS OJHUM M3 MHCTPYMEHTOB CTAaTHUCTUIECKOTO
aHa/In3a TEKCTOB. 3a MOJTOPa JIeCATUIeTHs] NHTEHCUBHBIX HCCJEIOBAHUI CO3/aHbI COTHH
TeMaTudecKux mozesieit. OCHOBHbBIE X BU/IbI BKJIIOYEHBI B JAHHBII 0030D.

Hecmorpsi Ha yciiexu remMaTudeckux MoJie/ieil, 0 KOTOpbIX COOOMIAIOT HAyYHbIe 11y0/1u-
KaIliH, Ha IIPAKTUKE HCII0JIb3YeTCs B OCHOBHOM yCTapeBIIas MOJE/Tb JATEHTHOIO pa3Mele-
uus Tupuxie (LDA). Boubimoe paznoodbpasue Mojeseil, CJI0KHOCTh HX MATeMATHIECKOTO
OIMCAHUS Ha s3bIKe 0aiieCOBCKOTO OOYYeHMsI, HECOBMECTUMOCTD peasin3aluii co3aaoT Oa-
pbepbl JIJIs PAKTUYECKOI'O pUMeHeHus OoJjiee MUPOKOro CIIEKTPa MOJIEJIE.

Teopust addumuenoti pezyaspusayuu memamuyueckur modeaett (ARTM) u npoekr
C OTKPBITBIM KOJI0OM BigARTM Hamesiensl Ha mpeojosienne 3Tux 6apbepoB. B ARTM rema-
THYECKad MOJICJIb ONPENENAATCa IIPOCTONH BEPOATHOCTHON ITOPOZKAAIOME MOJETbIO, OIHn-
CBIBAIOIIEll CTPYKTYPY HPOCTPAHCTBA HMapaMeTPOB, U «MEIIKOM PEery/ispu3aTOpOBy, 3aia-
omux JA0IIO0JIHUTEJ/IbHBIC Tpe6OBaHI/IH. PerJ’[HpI/I3aTOpbl AJJATUBHDBI, B3aUMO3aMEHACMblL
U JIEFKO OTTOprafoTcs or Mojesieir. VX MOKHO KOMOMHUPOBATH HPAKTUYECKUA B JIIOOBIX
codeTaHudx, 4T0 U IPpUBOJAUT K MO,ZLyJ'[bHOfI TEXHOJIOI'MU MO/IEJIMPOBAaHUA. CO3,Z[aHI/Ie MOZIe-
JIL ¢ TpeOYeMBIMH CBOIICTBaMHU I10]] KOHKPETHOE MPHIOKEeHHe He TpedbyeT HU TPYI0EMKUX
MaTeMaTHIeCKHX BBIK/JIAJI0K, HU CO3JIAHUA AJITOPUTMUYECKH CJIOZKHOTO KOJIA.

"Visual Information Seeking Mantra: «Overview first, zoom and filter, details on demand» [117].

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.» [85].

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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['taBHOe ommune 0ailecOBCKOIo OOydYeHHsi B TOM, YTO TaM JOHOJHUTEIbHbIE TPedo-
BaHMsI BCTPAUBAIOTCS B HOPOXKJIAIONLYIO MOJI€JIb, CUJIbHO YCJIOXKHSS BBIBOJ U HE OCTaB-
Jisish BOBMOXKHOCTeH JIjIsT MOJLY/IbHOM peasn3anuu. BaiiecoBckuil BBIBOJ /1 OOJIBIINHCTBA
MoJIeJielf, OMMCAaHHbIX B JAHHOM 0030pe, TpeOyeT HeCKOJIbKUX CTPAHMIL BBIKJIAI0K. fI3BIK
KJIACCHYECKOil pery/isipu3aliui OKa3bIBaeTcs He MeHee BhIpa3uTeIbHbIM, HO HAMHOTO OoJiee
npocteiM. ARTM cokpaiaer BoiBOj OyKBaJIBLHO /10 HECKOJIBKUX CTPOK. EmHCTBEHHOE, 9TO
Mbl IIPUA 3TOM T€PsieM — BO3MOZKHOCTb OIEHUTH HE TOJILKO 3HAYEHUs IapaMeTPOB MOJIEJIH,
HO ¥ UX paclpejie/ieHnsa. B npakTuke TeMaTudecKoro MOJIEJTHMPOBAHUSA 3TA BO3MOKHOCTD
HUKOT/Ia TOJIKOM HE HCIIOJIb3YeTCsd, TaK YTO IOTeps He BeJIHKA.

JlomunupoBanue 6aiieCOBCKOIo mo/IX0/1a B TEMAaTUIE€CKOM MOJICTUPOBAHUN U PA300IIEH-
HOCTh aKaJeMHYECKOI0 U MH/LYCTPUAJIBHOIO COOOIIECTBA NMPUBOJIUT K PACIPOCTPAHEHUIO
HEKOTOPBIX 3a0J/1y2KIeHUM, JOCTOMHBIX YIIOMUHAHUSA U KPUTUKH.

e «Temarmueckoe moaennpoBanne — 310 B ocHoBHOM LDA». Het, ecTb coTHE MOe1€id,
perranmux pa3sHoodpa3Hbie 3a/1a491, ¢ KOTOPbIME 1JI0X0 cipasisercs LDA.

o «Temaruueckoe Mo/ieIMpPOBaHNe MIOAXOIUT TOJBKO /IJIsI aHAJIN3a TeKCTOB». HeT, ecThb
MOJIeJIN JIJIsI aHAJIN3a N300parkeHuii, Bujeo, rpados, CUIHAJIOB, TPaH3aKINN.

o «Temarmueckoe MoJIeIMPOBaHIE — ITO pa3/ie/1 baiiecoBckoro obyuenus». Her, 60/1b-
IIHHCTBO Mojeseil ropasao npoire crpoarca B ARTM 6e3 6aiiecoBCKOro BBIBOIA.

o «Temaruueckne MOJeJId IIPEACKA3bIBAOT 9aCTOTBI CJIOB B JOKYMEHTaX». CDopMa,ano
Jda, HO UX IeJIb B JPYI'OM — BbIsZBJICHHE KJI&CTepHOfI CTPYKTYPbI KOJIJIEKIIUH.

o «Tembl YacTo OKa3bIBAIOTCA JAyOJUPYIOIMIMMHU WU ILJIOXO HHTEPIPETUPYEMBIMEY.
1o Ttak B LDA. IIpobiema pemraercs ¢ IOMOIIBIO JPYTUX PEry/Isipu3aTOpOB.

o «Temaruyeckue MOje/IM OCHOBaHbI Ha I'MIIOTE3€ Melika cjaoB». MHorue, HO He Bce.
TemaTudeckue MoJEIN N-IPpaMM, OUTEPMOB, IIPEI0KEHUN, CerMEHTAIUN, PEeryJisd-
pu3aTopbl E-1mara mo3Bosgi0T YIUTBIBATDH MOPS/IOK CIOB B JOKYMEHTaX.

o «Temaruueckue BEKTOPbI He OTPaXKalOT CMbIC] CJ10B, Kak word2vec». Her, ecjin
CTPOUTDH TeMaTHYecKne MOJENTH IO JaHHBIM O MapHOU COYeTaeMOCTH CJIOB, Kak
n word2vec. Hanpumep, Moznenn OUTepMOB WM CETH CJIOB He TOJHKO OIPEIesISIOT
CeMaHTHYeCKYyI0 OJIM30CTh CJI0B, HO U 00J1a/IaI0T CBOMCTBAMU MHTEPIPETUDPYEMOCTH
1 Pa3PeKeHHOCTH.

o «Temarmueckas momenb LDA mepeobGydaercs ropas3ao menbire, dem PLSA». Her,
X Ka4eCTBO IMPUMEPHO OJIMHAKOBO, OCOOEHHO Ha, 0OJibmuxX Kojuteknusax. LDA ocro-
pOKHEE OIEHUBAELT BEPOATHOCTH PegKux CaI0B. OIHAKO OHM HAUMEHEE BAYKHBI JIJIsI
obOpa3oBaHusd TeM, X0Td (POPMAJIBLHO 3TO YJIYUIIAeT MPaBJION0I00Me MOIEH.

o «Temarmueckass mozesnb LDA umeer mamuoro menbine napamerpon, dem PLSA».
Her, marpunpt @ u © onenuBaiorcs B 00enx MOJE/IsIX, OCKOJbKY OHM HYZKHBI JIJIsT
npuaokennii. Ha camom gene B LDA Gosbire mapaMerpoB, J100aBISOTCI 5 U (.

Hekoropsie npobsiemsr moka ocratorcst orkpbiteivu B ARTM. Kak yckoputs cxo/u-
MocThb peryssipuzoBannoro EM-ajropurva? Kak nogdupars xkodddunuenTsl peryJisipu-
3allid AJANTHBHO U TMOJHOCTBIO aBTOMATHYecKHn B Xoje uTeparnuit’ Kak pemurs mpobie-
My HecOAJJaHCHPOBAHHOCTH TeM, KOIJIa KPYIHbIE TeMbI IpOOATC, a MeJIKHe CIUBAIOTCI !
Kak obecrnieants mocrpoenue 1moiHOro Habopa XOPOHIOo HHTEPHPETUPYEMbBIX TeM !
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B nannbiit 0030p He BOILIM HEKOTOPbIE BarKHbIE THIIBI MO/IEJIel, HAIPUMED, JIJIsd aHa-
JIn3a U300pazKeHuil U BUJIEOIIOTOKOB, aHHOTUPOBAHUS M300PazKeHuil, peKOMEH/1aTe/IbHbIX
CACTeM, CYMMapH3alliyl TEeKCTOB, aHaIU3a TOHAJBHOCTU U BBIABJICHUS MHEHUH, HCIIOJIb-
30BaHUs W MMOCTPOEHUs OHTOJIOTHI, OOHAPYZKEHUS HOBBIX TEM W MPOCTeKUBAHUSI HOBOCT-
HBIX CIOZKeTOB. Takyke He OBITN 3aTPOHYTHI BOMPOCHI MHUIMAIN3ANNNA M aBTOMATHIECKOTO
uMenoBaHus tem. He Halia orpazkenusi B 0030pe HOBasl TEH/IEHIIUS CO3/aHUsi THOPUTHBIX
MOJIeJIeil Ha OCHOBE TeMaTu4eCKOr0 MO/ICJIMPOBAHUA U HEHPOHHBIX CeTe.

O0630p HanucaH O MaTepuaJiaM Crenkypca «BepogTHOCTHOE TeMaTHIeCKOe MOJIeTUPO-

sanue» 'Y, koropwrit aprop unraer na paxyavrere BMK Mockosckoro LocynapcrsenHoro

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

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

nocrynda Ha caiite MachineLearning.rull.

Pabora Bbinosinena npu punancoBoii nojjiepzkke Poccuiickoro dounjia dpyniamenraib-
HbIX uccaegopannii (npoekt Ne 17-07-01536) u npasuresncrBa Poccuiickoit @egepanmn
(corsamenue Ne 05.Y09.21.0018).
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