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1 BsepgeHue

Temarudeckoe MOAe/JMPOBAHUE — OJIHO U3 COBPEMEHHBIX HAIPAB/JICHUN CTATHCTUYE-
CKOli obpabomku ecmecmeennozo aswka (natural language processing, NLP), akTuBHO
pasBuBalomeecsa ¢ Konna 90-x rogos. Temarudueckas MOJe/b KOJJIEKIIMH TEKCTOBBIX JIO-
KYMEHTOB OIIPE/IE/ISIeT, K KaKUM TeMaM OTHOCHTCS KazKJIblii JIOKYMEHT, U KaKHhe CJIOBA
0bpa3yioT Kaxkiylo Temy. Temarudeckoe MOIE/IMPOBAHUE HE MPETEHJyeT Ha ITOJHOIEH-
HOE NoHuMaKue ecmecmeeniozo asvika (natural language understanding, NLU), ognako
BBISBJICHIE TEMATHKH MOYKHO CUHTATH ONPEICTEHHBIM IIAIOM B 9TOM HallpaBJICHHH.

Bepoammuocmmuas memamuueckas modeav (probabilistic topic model, PTM) omucsi-
BaeT KaxK/yIo TeMYy JIUCKPETHBIM pacIpe/ie/IeHHeM BepOSTHOCTE CJIOB, a KayKJIblil JIOKY-
MEHT — JIMCKPETHBIM pacipe/ieienuem Bepostaocteit rem. [Tocrpoennast Mmosiesib criocobna
1peodbpa3oBaTh JIFOOOH TEKCT B BEKTOP BepositHOCcTel Tem. [Toxoxkyio 3a/a4y pemaoT Mo-
Jesn eekmopros npedemasaenuts caros (word embedding) |78, 66|, npeioxkennii |95, 151]
U JIOKYMeHTOB [36], 0HaAKO B HUX KOOPIMHATHI BEKTOPOB HE MMEIOT HWHTEPIPETAIN.

TemaTudeckoe MOJIEIMPOBAHUE IIOXOXKE TaKKe HA KAACMEPUIAUUIO  QOKYMERIIOE
(document clustering). Oraudre B TOM, 94TO OPH KJIACTEPU3ANUE JOKYMEHT IEJTHKOM OT-
HOCUTCS K OJHOMY KJ/IACTepy, TOIJIa KaK TeMaTUYeCKash MOJIEIb OCYIIECTBIISET MAZKYIO
kaacmepusayuto (soft clustering), pasesisist JOKyMeHT MezK Ly HECKOJIbKUMHU KJIACTeDAMU-
remamu. Temarudeckne MOJE/IM HA3BIBAIOT TAKXKE MOJIEISMU MSTKOW OU-K/1acTepu3aliui,
IIOCKOJIbKY CJIOBA TaKKe KJIACTEPU3YIOTCd II0 TeMaM. DTO MO3BOJIIET OOXOIUTH HpodJie-
Mbl CHHOHHUMHUHU U MoJuceMun cJ10B. CHHOHUMBI, yIIOTpeO/isieMble B CXOXKUX KOHTEKCTaX,
IPYIIUPYIOTCSI B OJIHUX U TeX Ke TeMaX. MHOrosmadnble cJI0Ba U OMOHHUMbBI, HA00OPOT,
paCIHpeesISIOT CBOM BEPOSITHOCTHU 110 HECKOJbKUM CEeMAHTHYECKUH HE CBSI3AHHBIM TEMaM.
Hanpumep, 3nadenue cjioBa «sapo» MOKeT ObITh HOHSITO U3 TOIO, KaKas TeMa JIOMUHU-
pyeT B ero KOHTEKCTe — MaTeMaTuka, (pu3uKa, OMOJIOrUs WM BOCHHASA UCTOPHUSL.

Mmuorue npuaoKeHusl TEKCTOBOW aHAJUTUKH HCIIOJIB3YIOT TeMAaTHYeCKHe BEKTOPHDLIE
[PEJICTAB/ICHUS TEKCTa: BbIBJIEHHE TPEHJIOB B HOBOCTHBIX IIOTOKAaX, MATEHTHLIX Oa-
3aX, apXuBaxX HaydHbIX ybsmkanuii [160, 126], MHOrOS3bIYHBI HHDOPMAIMOHHBIH MO-
uck |137, 136|, nouck remarndeckux coobiiecTs B conuasibHbix cersax |162, 128, 101, 28|,
Kiaccudukays 1 kareropusaius jgokymentos [111, 163|, Temarndeckasi cermenTamust
TekcToB [147], TermpoBanme BeG-crpanun [61], obmapyzxenume TercroBoro cmama [10].
CymecTBYIOT U HEe-TEKCTOBBIE MPHJIOKEHUsSI TEeMAaTHYeCKOrO MOJETUPOBAHUA B aHAJIH3eE
n306pazkeHnit 1 BujeonoTokos [51, 69, 44, 127|, B pekoMeHIaTe bHBIX cucreMax [154,
142, 65, 157, 156|, B monyasiunonnoii reweruxe [104], B 6Guonndopmaruke Jyisi aHagnsa
HYKJIEOTUJHBIX [62] 1 amuHOKHCIOTHBIX HOCaeoBaresbHocreii [116, 60|. Ipyrue npusio-
JKEHUST TeMaTHYeCKUX Mojiesieii ynoMusaores B ob3opax [37, 23).

[TocTpoenne TemaTnIecKoi MOE/H MO KOJIJIEKIUHN JIOKYMEHTOB SBJISIETCSI HEKOPPEKTHO
[IOCTABJIEHHOIl ONTUMHU3AIMOHHON 3a/1aueil, KOTopas MOXKeT HMeTh OeCKOHEeTHOe MHOZKe-
crBo perrennii. Corsacao Teopuu peryiasgpusanun A. H. Tuxonosa [11], perrenne Taxoii
381491 BO3MOXKHO JIOOIPEIE/IUTD U CJAeAaTh yCTORIuBbIM. [[JIst 9TOro K ONTUMHU3AIMOHHO-
My KPUTEPUIO JIODABJISETCH PE2YAAPUAMOP — JOUOJHUTEIbHBIIT KPUTEPUId, yIUTHIBAIO-
it crieruduydeckre 0COOEHHOCTH IPUKJIAIHON 3a/1a91 WK 3HAHUS 1IPEJIMETHOI 00/1acTu.
B c/I0KHBIX PUIOKEHUAX JOMOJTHATEIbHBIX KPUTEPUEB MOYKET OBITh HECKOJIBKO.

Addumusnas pezyaspusayus memamuueckur modeset (additive regularization of
topic models, ARTM) — 5T0 MHOTOKpHUTEPHATIbHBIN MOAXO0/], B KOTOPOM MOJIE/Ih OMTHMU-
3upyercst 10 B3BeneHHoi cymme kpurepues |3, 132]. ARTM nosBossier crpourb Mojesn
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¢ TpebyeMbIMU CBOMCTBAMU, [IEPEHOCH PEryJIsdpu3aTOpPbl U3 OJHUX MOJIe/Iell B JIpyrue ujiu
00be/IMHSISI PEryJIsipu3aTopbl OT pa3/iMdHbIX Mojiesieit. [Lis o0ydenus: J00bIX Moje/ei u
nX KOMOMHAIIMN HCIIOJIB3YeTCd OJUH M TOT 2Ke 0000meénubrii EM-aaropurM, K KOTOPOMY
MOKHO HOJIKJIOUATh PEryasipu3aropbl Kak momysu [130, 45, 58|. Waest Moy IbHOCTH pe-
aan30BaHa B OMOIMOTEKe TeMAaTHIeCKOTO MOJEJHPOBAHUS ¢ OTKPBITBIM KOJ0M BigARTM
(http://bigartm.org). ARTM He sBisiercs emé opHON MOJIEJIBIO HJIM METOJOM — ITO
o0MIMit 110/IX0/1 K IIOCTPOCHUIO U KOMOMHMUPOBAHUIO TEMATUIECKUX MOJIEJIEH.

JloMUHUPYIONUM TIOIXOA0M K T€MAaTHYEeCKOMY MOJIEJIMPOBAHHUIO B HACTOMAIIEE BpPEMS
siBJigeTcs DaiiecoBckoe obOydenme. B ommmuame or ARTM, B HEM HeT ecTeCTBEHHOI'O pa3-
JieJIeHHS Mojiesiell Ha YHUBEpPCAJIbHBIH aJrOpUTM U OTTOPraeMble OT Hero MOJLYJIH-PEery.Jisd-
pu3aToOpBhbI. ﬂﬂﬂ Ka)K,Z[OfI MoOAeJIn MTPpUXoAuTcCd 3aHOBO IIPOBO/UTH MaTeMaTUu4eCKui BbIBO/I
U IIPOrPAMMHYIO peajin3anuio. I3-3a cja0KHOCTH MaTeMaTHYeCKOro allapara B CTaTbsX
aCTO OIIYCKalOTCA BazKHbI€ JIJId IIOHUMaHUA JleTaJiu. I/IHOF,Z[a ABTOPbI OI'PaAHUYUBAIOTCA
VIPOIIEHHBIM OMUCAHUEM MOJeJH B BHJE MOPOZKJIAIOIIEro Iporecca (generative story)
win rpaduveckoii Hotanuu (plate notation), oHAKO HOC/IEIYIONHI TIEPEXO K AJITOPUTMY
U €ro peajn3alui OCTaETCs HEOJIHO3HAYHBIM U HEOUEBUIHBIM. DTH DAapPbepPbl MPENsiTCTBY-
0T IIUPOKOMY PaCIPOCTPAHEHUIO TEeMaTUY€CKOI'O MOJAC/JIMPOBaHUA: B UH/YCTPHUHU aHAJIN3a
TEKCTOB peJKO MO2KHO BCTPETUTDb IIPUMEPbl UCIIOJIb30BaHUA TEMATUICCKUX MO,Z[eJ'[eI';I CJIOZK-
ree Mopasbao yerapesmreit LDA (Latent Dirichlet Allocation) [27].

OcHoBHasg 1eJIb JIAHHOTO 0030pa — IMOKa3aTb pPa3HooOpa3me TeMaTHYeCKHX MojeJieil,
COCPEeA0TOYUBIIMCH Ha II€pBOM U BazKHeHIeM dT1alle MOAEJIMPpOBAHUA — (bOpMaJ’[I/I3aLLI/II/I
IOCTAHOBKM 3a/la4du. TemMaTudeckoe MoJie/IMpoBaHue 00/1a/aeT OIPOMHBIM 3allacoM I'Mb-
KOCTH, 1O3BOJILIONIUM 00pabaTbiBaTh CJIOKHO CTPYKTYPUPOBAHHbBIE JIAHHBIE U IPUMEHSTh
TeMaTUIeCKUil aHAII3 COBMECTHO C JPYTUMHU METO/IaMU aHAJIUu3a TeKCToB. Bropas meib —
[OKa3aTh, YTO PEryJisgpu3alisd IB/IsdeTCsI He MeHee BhIPA3UTeIbHBIM CPEJICTBOM MO/IE/TUPO-
BaHusd, 4eM OaitecoBckoe obydenune. Ha 3Tom g3bIKe BO3MOXKHO HE TOJBKO CTPOUTDH U KOM-
6I/IHI/IpOBaTb TeMaTHu4eCKue MOJ/IeJIn, HO TaKzKe O6'bHCHHTb HUX HaMHOI'O JIOCTYIIHEeE U KOPO-
4e, He «3aMeTras 10J] KOBEP» CJIOXKHBIX BBIK/IAI0K. COnoCcTaBUMBIil 110 0XBaTy U 0OCTOsI-
TeJbHOCTH 0030p DaiieCOBCKUX MOJe el 3aHs Obl COTHH CTPAHUIL.

Paznensr 2—4 gapngrorcsa 0a30BeIiMU. B paszgesie 5 msiaraorcs OCHOBBI 0ailecOBCKOTO
o0ydeHus; OH He o0g3aTe/ieH Jjis MOHUMAaHUs OCTAJbHOIO MaTepuaJsia 0030pa, HO MOZKET
ObITH 110JI€3€H [PU YTEHUM HAYYHON JIMTEPATYpPbl 10 TeMaTHYeCKOMY MO/JIEJIMPOBAHUIO.
B pazaesax 6-14 B TepMuHax pery/isipu3aliiii OMKChIBAIOTCS PA3JIMYHbIE BH/bI TEMaTH Y-
CKHUX Mojesieil. DT pas3/ie/ibl IPAKTUIeCKN He CBA3aHBI JAPYT C JIPYTOM, UX MOYXKHO YUTATD
B [IPOU3BOJILHOM IOPSIJIKE MU HCIIOJIH30BAaTh KaK IIyTEBOJAUTEb 110 CChLIKAM Ha JUTepa-
Typy. B pazaene 8 npejnaraerca HoBoe u HamboJjee IMIHPOKOEe 0DOOIIEHHEe TeMaTHIeCKHX
MoJiesieit Jijisi 00paboTKu TpaH3aKIMOHHBIX JIaHHBIX HPOU3BOJIbHONW 1pupojibl. Pasien 13
HOCBHIIEH TEMATUIECKUM MOJIE/ISAM JUCTPUOYTUBHON CEMAHTUKH, YCIEITHO KOHKYPUPYIO-
UM C BEKTOPHBIMU IIPeJICTaB/IeHusiMU CJIOB ceMeiicTBa word2vec. B pasjese 14 npejyiara-
eTCs HOBBIH THII PEry/IspU3aIi, IO3BOJIAIONINI YIUTBIBATD MOPSIOK CJIOB B JIOKYMEHTaX
B 00OXO/I THIIOTE3bl «MeIIKa CJIOB». Pa3esn 15 MoCBAIIEH ONEHUBAHUIO KA4eCTBA TeMaThde-
ckux moyiesieit. Pazjest 16 cojepkut HadaabHbIe CBeJeHus 00 UCII0JIb30BaHuN OUOINOTEKN
BigARTM. B pazzene 17 obcyzkjaercs IpUMeHEHHE TeMaTHYeCKOI'0 MOJEJMPOBAHUS JIJIst
pa3BeouHOro uHMOPMaUOHHOIO 1oucKa. B pasjese 18 — Kparkoe 3ak/iloueHue.



2 OcHoBbI TeMmaTn4eckoro MoAaesimnpoBaHUA

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

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

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

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

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

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

Buideaenue karovesoix pad — ca0BOCOUETAHUIT, XaPAKTEPHBIX JJIsl IPEJIMETHON 00J1a-
CTH. I/IX HCIIOJIb30BaHUE BMECTO OT/I€JIbHbLIX CJIOB WJIM HapsAJy C HUMU yJly4dllaeT UHTEP-
nperupyemMoctb TemM. Jljisi uX BblJEIeH s MOKHO HCIIOJIb30BATH Te3ayPychl |8 mim Mmeropl
ABTOMATHYECKOIO BbIJeIeHHs TepMUHOB (automatic term extraction, ATE), ne tpebyro-
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 HA3BIBACTCS CMOTACTNUYECKUM MAMPULHOLM PA3NOHCEHUEM.



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

3 ApautmnBHasa peryasipnsayus

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

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

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

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

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

DD nawln ) puiba — max; 9)

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

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

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

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

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

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

deD wed teT

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

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

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

Teopema 1. Ilycrs pyukmun f(x), g;(x), h;j(z) HenpepsBHO AHpDEpenmIpyeMsr B T04-
ke x. Ecim x — touka sokajpHOrO MakcmMyMa H 3a/a4a VAOBJICTBOPSAET YCJIOBHIM De-
TYJISAPHOCTH, TO CYH[ECTBYIOT 3Ha4deHHus (i, © = 1,...,m, X\;, j = 1,...,k, HaspiBaembre
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MHOHCUITNEAAMU ﬂaepanofca, Takue, 4710:

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

w; = 0; (1BOficTBeHHBIC OrPAHHICHHST)

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

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

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

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

p; = norm(x;) = ()¢ , JIs Beex i € I,

D SEN

jel

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

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

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

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

Z(9,0) Z Z Ngw In Z Putba + R(P,0) —

deD wed teT

- Z%ﬁ(Z Pwt — 1) - Z Z )\wtgowt -
teT weWw teT weW

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

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

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

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

OR
Nyt + Pt 57— = Pt At-

890101&

Obo3uaunm ero JieByio dactb depe3 A Torma Ay = @i

BosMoxknbl jiBa ciryuas.

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

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

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

Teopema JjiokazaHa.

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

Tema t HA3BIBaETCS BBLPOIHCOCHHOT, €CITI

OR
890101‘/

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

JlokymeHT d Ha3BIBACTCS BbPOAHCIEHHLM, ECIIH

OR

Neg + etdﬁd <0 g Beex t € T
t

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

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

Mopenb BEpOSITHOCTHOrO /1IATEHTHOIO CeMaHTUYeckoro aHanusa (probabilistic
latent semantic analysis, PLSA) ucropuvecku siBisiercst nepBoil BepOSITHOCTHON TeMa-
traeckoit Moziebio. Ona Gblia mpemioxena Tomacom Xodwmanaom B 1999 roxy [50].
B ARTM ona coorBercTByer HyseBomy peryisipuzaropy, R(®,0) = 0. B srom ciyuae
cucrema (13)—(15) coBmagaer ¢ cucremoit (6)—(8), KOTOPYIO MbI HOJYUIHIH DAHee U3 e~
MeHTapHbIX coobpazkenuit. /lobasiienue peryssipusainuu e Meusier popmysty E-miara.

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

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

NzBectno, yro EM-ajsropurm 6e3 peryaspu3anun CXOIUTCA B CJIa0OM CMBIC/Ie: Ha KazK-
J0if mrepaluu npapaonoaobue ypeaumduBaercs [39]. Auasorudubie ycioBus caaboil ¢xo-
mumoctr g ARTM noayuenst V. A. Vpxunbim®.

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

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

OnnaiinoBbiii EM-anropntm cunraerca Hambosiee OBICTPBHIM U XOPOIIO PaCIapasIIe -
Baercs [49, 20]. OcHoBHas ero ujes COCTOUT B TOM, YTO Ha OOJIBIION KOJIEKIUA MATPH-
na ® Moxker CONTHCh M lepecTarb MEHSIThCs 3aJI0JII'0 IO OKOHYAHUs IIEPBOM MTEpAIUH.
B rmakux cjiaydasix 0JHOTO HPOXOJa M0 KOJJIEKIUU JIOCTATOYHO JIjI TOCTPOCHUS MOJIEJIH.
[Tosromy oHJlaiiHOBBIE AJTOPUTMBI CIIOCOOHBI 0OpabaThIBATH HOTOKOBbBIE JIAHHbIE.

Jeranun napaJjienbHoil peasm3anun oddiaitHoBoro u omaaiinoporo EM-aaropurma
B 6ubsnorexe BigARTM onucausl B paszese 16, emé mogpodbnee — B crarbe [45].

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

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

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

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

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

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

OR; o '
Tit—Z’SOwtm ) Tz—teZTth-

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

Bsenenue apyroit HOpMHPOBKH T; = 7*2-:,‘—; O3BOJISIET MHTEPIPETUPOBATL KO3 dumm-
eHT T; KaK omuocumenvroe soddeticmeue peryasgpusaropa R; Ha oTaenbHyio Temy t. Te-
nepb abCOMIOTHBINA KO MDUITMEHT pery/aspu3aiii 7; CTAHOBUTCHA 3aBUCIIIMM OT TEMBbI,
OJHAaKO €ro OTHOCHUTEJ/IbHbIC BOSﬂeﬁCTBHH Ha BCE€ T€eMbl OJNHAKOBDI.

B obuiem ciiydae He u3BeCTHO, Kakas W3 JIBYX HOPMUPOBOK Jiyuiie. [[jisi obuiHocTn
BBEJIEM BBIIIYKJIYIO KOMOMHAIMIO JBYX HOPMHPOBOK:

7= T e+ (=)= ),
it T
e 7; — 0MHOCUMENvHL KodPduyuenm pe2ysapudanuy; napaMeTp y; Ha30BEM cmene-
Hb10 UHIUBUIYAAU3GUUY BO3IEHCTBHS perysgpu3atopa R; ua temsl. [lpu v; = 1 ko3 du-
IUEeHTbl 7; MAaKCUMaJIbHO Pa3J/JIM4Yal0TCAd 110 T€MaM, BblpaBHUBadAd OTHOCUTEJ/IbHbIC BO3,ZL€I71—
cTBUs peryiagpu3zaropa R; Ha tembl. [Ipu v; = 0 KoaddunuenTsr 7; He pasjHIaloTCA IO
temaM. Ilapamerp ~y; mpejiaraercsd mojgoupaTh SKCIEPUMEHTAJIbHBIM Iy TEM.

Anasornano pacemorpum dbopmysy M-mara (15) co B3BeneHHO cyMMOil peryssipusa-
TopoB R;. BBeném cymmapnoe sosdeticmeue q;q perynspusaropa R; Ha 10KyMeHT d U ero
cymmaproe sosdeticmeue ¢; Ha KOJJIEKITHIO:

Gia =Y 9td§7}j; L G=)

terT deD

[IpejicraBum ko3 uiierT pery/sipusanuu 7; B BUJIe
~ nq n
=T\ v—+ 1 —7)— ),

did di
IJe T; — omHocumenvrul Koaphuyuenm pezyrapudayuu, v; — cmenensb uniusudyaiusa-
yuy Bo3JeiicTBus peryisipusaropa R; na jokymentsl. [Ipu v; = 1 koaddunuenrsr makcu-
MaJIbHO PA3JIMYAI0TCs 110 JJOKYMEHTaM, BbIpABHUBAs OTHOCUTE/IbHbIE BO3/IEHCTBUS PeryJis-
pusaropa Ha jgoKymeHTbl. [Ipu v; = 0 koaddunuenTs He pa3/jIMIarOTCs 110 JOKYMEHTAM.

Obwwmin EM-anroputm c perynsipusauymein. Paccmorpum Kiaaccumaeckuii BeiBoj EM-
aJIrOPUTMa, KOTOPBIH 1MO3BOJISIET JI0KA3aTh ero cXouMocTh |39]. OH HoaXoauT He TOJIBKO
JIJISI TEMATUYEeCKOI'0 MOJIEJIMPOBAHUS, 1I09TOMY BBe/IEM OoJjiee obiire 0003HAYEHUS:

X = (d;, w;)!.; — UCXOJHbIE JAHHbIE, HaOA0JAEMBLE NEPEMEHHBIE;

Z = (t;)_, — ckpumole nepemenmbie;

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

Bajaua 3aK/I09aeTCs B TOM, 9T00bI 110 BbIOOpke X Haiitun mapamerpbl mojenn €2,
IIPU KOTOPBIX JIOCTHIAETCS MAKCHMyM npedeavrozo npasdonodobus (marginal likelihood)
¢ peryasipuzaropom R(€):

Inp(X|Q)+R(Q) = anp(X, Z|Q)+ R(Q) — max . (18)

DTa 3a/[a4a HeyI00Ha TeM, YTO CYMMUPOBAaHUE HO/T JIOTAPU(MOM IIPOU3BOIUTC IO BCE-
BO3MOZKHBIM 3HAYEHHUSIM CKPBITHIX ITepEeMEeHHBIX /. B caydae TeMaTHIeCcKOro MOIETHpPO-
BaHUs 9TO MHOYKECTBO BCEX N-MEPHBIX BEKTOPOB T€M, ero MOIHOCTh pasHa |T'|™.
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Teopema 3. FEcun ynknmonasn (18) gocrarouno riajakuii, 1o Todka ) ero JIOKaJIbHO-
o MAKCUMyMa yJOBJIETBODET CUCTeMe YDaBHEHUI, pelleHue KOTOPOH MeTOJ0M HPOCThIX
Areparnnii CBOJUTCI K 9€PEJOBAHUIO JBYX IIATOB:

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

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

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

= 0.

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

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

Teopema nmokazana.

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

Hoxka3arenbcTBo. Bsejém npoussosibhoe pacupeseserue ¢(Z). Bocnosbsyemcst

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

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

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

Bropoe cmaraemoe B 310l cymme gaBiagerca KL-muBeprenmnueil MexKay ABYMs paclpe-
JIeJICHHSIMU, KOTOpasd Bceria HeoTpunareabHa. [loaTomy mepsoe ciaraemoe, 0003Ha4eHHOE
uepe3 L(q,2), saBjsiercst HUXKHEl OleHKO# jiorapudma 1pasonogodus Inp(X Q).

17



Jist Makenvusanuu peryispusoBanaoro log-npaspononobus ln p(X |2) + R(Q2) o €2
Oy/1leM MaKCHMHU3MPOBATDH €r0 HHKHIOIO OIEHKY 1100YepPEIHO TO 110 ¢, TO 1o {2

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

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

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

Teopema JjiokazaHa.

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

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

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

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

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

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

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

=1

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

Z q(Z)Inp(X,Z|Q) + R(Q) — max;

ZeTm

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

t1€T  tn€eT k=1

18



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

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

=1 t1€T  tneT k=1

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

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

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

deD weW teT

JlemMa, JI0Ka3aHa.

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

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

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

.0
w,t d,t

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

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

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

0. Tt OR 0% nyg OR
Oom ~ Pur | B M0 By~ O 08y MO
APt = (nwt + @wta—R) ; tabra = <ntd + Ora—— R )
aSowt 89td
OR OR
pwt = NOIM (nwt + Puwt 8%) ; Oa = norm (ntd + 0iq %d)
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Nrak, npumenenue obmero EM-ajropurma K 3ajiade TeMaTudeckoro Mo/e/IuPOBaHUs
cuosa npusouT K (popmyam ARTM. Takoii criocod BbIBOIA JIMHHEE, HO €10 ITPEHMYIIe-
CTBO B TOM, YTO IOIyTHO ODOCHOBBIBAETCA CXOAuMOCTh EM-anropurma.

4 BeposiTHOCTHas perynsipmn3auynda n mogenb LDA

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

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

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

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

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

Mopenb nateHTHoro pasmerieHus Oupuxne (latent Dirichlet allocation) 6bura npei-
nozkeHa B [27| aist pemenust npo6iiembl nepeodydenus B Mojesnu PLSA. TIpo6iema 3akitio-
qasach B TOM, 9T0 Mojeab PLSA mpejckassiBaia BeposTHOCTH TepMOB p(w | d) HAa HOBBIX
JIOKyMEHTaX 3aMeTHO XyzKe, 4eM Ha oOydatomieil Kouieknuu. OObIYHO 1epeodyYeHre CBsi-
3aHO ¢ U30BITOYHON PA3MEPHOCTHIO IIPOCTPAHCTBA TAPAMETPOB, MOITOMY Ha Marpuiibl P, ©
cJie/lyeT HaKJ/IaJblBaTh JIONOIHATEbHbIE OrpaHndenus. B [27] ObI0 BBEJEHO 1IpeIosio-
JKeHHe, 9TO CTOJIOIBI STUX MATPHUI] ABJIAIOTCA CJYIANHBIME BEKTOPAMH U IIOPOZKTAIOTCS
pacrpenerennamu Jupnxie ¢ rumepnapaverpamu o € RT n 8 € RV coorsercrsenno:

Dir(0y; ) = 1{;0(40)) I1 O‘t_l, o >0, ap= ;at, 0iq > 0, ;Qtd =1;
_ T(B)
[1T(Bw) w

w

Dir(py; 8) = T Bu>0, Bo=3 0w @u>0, 3 ouw=1;

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

THYECKMM OZKH/IAHMeM HOPOZ/IaeMbIX Cilydaiiibix BekTopos: Efiq = o4, Epy = e -

0
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02 02 02
.3[.,.,99-]'., . .j[._!{ITTTYT!o j‘._TTTTTTTTTT
Dir(p;0.1) Dir(p;1) Dir(¢; 100)
(paBHOMEpHOE)

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

Vcnonb3oBanue pacipejeieduii /lupux/ie onpasiaHo M0 TPEM HPUIHHAM.

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

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

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

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

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

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

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

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

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

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

0.02 4 0.010 1 0.010 §

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

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

[Ipu B, =1, ay = 1 anpuopuoe pacupejesenne lupuxjie coBmagaer ¢ paBHOMEPHBIM
pacipejie/ieHiHeM Ha CUMILTeKce, popMy/bl M-1mara mepexoidar B HeCMEIEHHbIe YaCTOTHBIE
OIEHKH YCJIOBHBIX BepogrHOCcTeil, a Mojgenb LDA mepexomur B PLSA [46].

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

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

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

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

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

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

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

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

KL(P[[Q(cx sz ln

—)mln — E piIng; (o) — max.
(0%
=1

Makcumusarst paBaono06us (9) SKBUBAJEHTHA MUHUMEU3AIUN B3BEIIEHHON CYyMMBI

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

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

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

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

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

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

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

5 bBaiiecoBckoe oby4yeHue mogenu LDA

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

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

p(€, X [v)
p(X|[7)

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

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

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

Inp(X|Q) +1Inp(Q2]|y) — max.
R
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AJIbrepHATUBHBIN Iy Th, HA3BIBAEMbIIT 0GUECOBCKUM 8bL6000M, 3AKTIOUAETCS B TOM, YTO-
Obl BBIYUC/IUTD allocTepuopHoe pacupejeenue p(€| X, ) B sBHoM Bujie. D10 HoJiee CJI0xK-
Has 3a/a49a, MOCKOJIbKY BMECTO TOUYEUHOU ONEHKH CTPOHMTCA pacipejesnenue. Teoperude-
CKH TaKOil MoaX0/1 1aéT 60.1bIne nHMOPMAIMH O TapaMeTpax MOJIEIN: O3BOJISET CYIUTh 00
UX YCTOWYMBOCTH, IIOJIY4aTh JOBEPUTEIbHBIEC U HHTEPBAJIbHBIE OIMEHKU. DTO JAeiICTBUTE/b-
HO OIIPaBJAHO BO MHOI'MX 3a/a9axX aHa/u3a JaHHBIX. OJHAKO B IPAKTHKE TEMATHIECKOIO
MOJICJIMPOBAHKS 9TH BO3MOXKHOCTH TaK W HE HAILIU IIHPOKOIO IMPUMEHEHHS, W IOJIyda-
eMble aIloCTepPHOPHBIE PACIpE/Ie/IeHAd OOBIYHO Cpa3y IEepeBOJIATCA B TOYEUHbIE OINECHKH
MaTeMaTHIeCKOrO OXKHUIAHU.

Hecmorpst Ha m30BITOYHY IO CJI02KHOCTH M CBSI3aHHBIE C 9THM OrpaHUYeHns, DaiecoOBCKOe
o0ydeHne JOMUHUPYET B JIATEPATYPE 0 TeMATHICCKOMY MOJEIUpPOBaHui0. Mbl paccmMoT-
puM JiBa HauboJ1ee MOIMYISPHBIX IOIX0/a: BAPUAIMOHHbBINA OalieCOBCKUIT BBIBOJ, (variational
Bayes, VB) [125] u commuposanne ['u66ca (Gibbs sampling, GS) [121]. s npocToTst
orpaHmIuMcsa Moaenbio LDA m yBmmamm, uro oba moaxoga mpuBogarT K EM-momo0HBIM
AJITOPUTMAM, HE3HAYUTEIHHO OTJIMIAIOIMIMMCA OT TOI0, KOTOPBI MbI Y7K€ BBIBOIMJIL.

CsoiicTBa pacnpegenenns Oupuxne. B oboux moaxoaax Oymer CymiecTBEHHO HCIIOJIb-
30BaTbhCs pacipeaeienne Jlupuxiie, mosroMy mpuBeiéM B CIIPABOYHOM IOPSIIKE HEKOTOPBIE
ero CBOHCTBA.

o Maremaruueckoe oxuianue: Ef; = [ 0; Dir(0|a) df = 5 = notrm(at).
Y Ty S
e Mona: 0, = 2= = no;rm(ozt —1).
. — at(aw—at)
e Jlucnepcusa: DO, = W

e MaremaTudeckoe oxKujanue jiorapudpma:

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

e ¥(z) = “% — ravva-gyrxuus. Oynkius ¢ () oenb

I'(z)
moxozka Ha JjiorapudM. I3BecTHa npocras, HO BeCbMa TOYHAsI :‘5’
AIIIPOKCUMAIIMST IKCIIOHEHTHI OT juramma-pyHkinun (Ha rpa- 30
25 4
(buKe UX JIMHUK TPAKTUYECKH HEPA3IHIUMBI): 20 ]
15
2 0<r<1 e
b3 XTx L 05 ]
E(x) = exp(i(z)) = q 27 7
T — 3, 1< 00510 1520 25 30 35 40

BapuauunoHHbiii baecoBcknii BbiBoA,. llaest 51010 10iXx04a B TOM, 4TOObl HCKATH COB-
MECTHOE allOCTePUOPHOE PACLpe/le/IeHIe Jijld HapaMeTPOB MOJIEIM M CKPbIThIX IepeMeH-
ubix p(Z, ®, 0| X, «, ). HemocpeqcTBeHHOE BBIYUCIEHHE TAKOTO PACIPEIeTeHnsT Tpob.ie-
MaTH4HO. [109TOMY HAXOJAT ero NpUOIMKCHHE B BUJC PA3JIOKCHHs Ha MHOMKHTEIH, UC-
HOJIb3Ysl OCHOGHYI0 MEOPEMY GAPUAUUOHH020 0alieco6CK020 6b1600a.
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Teopema 5. Ilycrp 3asanHo pasbuenne COBOKYNHOCTH IepeMeHHbIX Y Ha 0uokn Yj,
j € J. Torpa pemienue 3aja4u KL( (Y) H p(Y|X, 7)) — min B ceMerlicTBe (hakToOpH30-

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

Ing;(Y;) = Eqy Inp(X, Y'[7) 4 const, j € J, (26)

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

JlokazaresbcTBO MOXKHO Hajitu, Haupumep, B |21].

st pemenusi cucrembt (26) MOKHO UCHOJIB30BATh METOJ, IPOCTON UTEPAIUH.

[Tpumenum 31y Teopemy K Haiiemy ciy4ar, korja Y = (Z,®,0), v = (a, 8). Byaem
npubimxkare pacupenenenne p(Y | X, v) = p(Z, P, 0| X, «, ) npoussenenuem n+|T|+|D|
pacipe/eenuii mo 6J10KaM MepeMeHHbIX t;, ¢, 04

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

jeJ i=1 teT deD

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

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

Yrobbl 3amucarh cucTeMy ypaBHenuii (26), pacouimem JorapudM pacrpeeeHust
p(X,Z, 9,0 |, 3), nepesojs ciaraeMbie, He 3aBUCSIIEE OT HEPEMEHHbIX t;, @y, 04, B const:

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

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

1=1 teT deD

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

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

PaccmorpuM ypasuenne (26) OTHOCHTETBHO ¢ (py):

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

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

-~

WV
Nwt

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

w

Paccmorpum ypasuenne (26) orHocuTeabHo ¢q(64):

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

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

Nid

=In Dll"(ed ‘ O~éd)

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

t

Haxkownern, paccmorpum ypasaenue (26) orHocureabHo ¢;(t;):

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

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

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

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

( et ) Bl + ) ) (27)
E(Zw(nwt + 610)) E(Zt(ntdi + at)) ’

¢i(t) = norm

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

1 1
(nwit + Buw; — 5 M, T 0 — 5)

1 1
nt+ﬁo—§ ndi+ao—§

N[

q(t) = norm

Bamerum, aro popmy.ia st g;(t) moxoxa na E-mar (13) 8 EM-anropurme st mosesin
LDA: p(t|d;,w;) = normy(¢y,:0i4,). Bosee Toro, akKyMyJIupOBAHUE CUETUUKOB My U Mg
B ToYHOCTH coBIagaet ¢ popmyramu M-mara (14)—(15), ecom momarars ¢;(t) = p(t|d;, w;):

n n

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

i=1 i=1
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Takum obpasom, pemrenue cucreMbl (26) METOJAOM MPOCTBIX HTEPALUH HPUBOJAUT K
EM-10106HO0MYy ajiropurmy. 9T0 HEMHOTO YUBUTEIHHO, HOCKOJIBKY MbI HE UCIOJIB30BAJIN
EM-anroputym, n make He peliajn 3a/1a9y MaKCHMU3AIUAN TPABIOMOI00US.

[lo okoHuaHNU UTepalnuili HCKOMbIe ITapaMeTpPbl MOJIeJIH MOXKHO OIeHUTH depe3 MaTe-
MaTH4YeCcKoe OXKUJIaHNe alloCTEPHOPHBIX pacupeenenuiil /lupuxie:

+ = norm (N + : 0;q = norm (ng+ay).
Pur = m0orm (1 + B ); orm ( )
Ocuosroe orauune or EM-anroputma — B monpaskax (—1, —% win () K 9acTOTHBIM
OIIEHKAaM YCJIOBHBIX BeposTHOCTeH. 1Ipu n, nyg > 1 3Tu nomnpaBku mpeHeOpe:KuMo Ma-
Jibl. OHEM BIUSIOT JIMING HA OJIM3KHE K HYJIIO YCJOBHBIE BEPOSTHOCTU QO U Byq, KOTOPHIE

HE SBJMIOTCA 3HAQYUMBIM JJIg TeMaTudecKoir Mmogenu. Takwme ornmumsa B EM-1momo0HBIX
aJrOpUTMaX TEMATHIECKOIO MOJETHPOBAHESI MOXKHO CUYHTATH HecyllecTBeHHbIMHA [18].

CoamnaunpoBanue 'mbbca. iest 31010 110/1X0/1a B TOM, 4TOOBI CHaYaJIa OIEHUTh CKPbITHIE
IepeMeHHbIe ¢ HOMOTIBIO0 caMILTHpoBanust Z ~ p(Z | X, «, ), 3arem HANTH allOCTEPUOPHOE
pacrpeesnenne mapamerpos mogienu p(®, 0| X, 7 «, ), upu ussectabix X u Z.

Paszbepémcst cHadasia ¢ amocTepuopHbiM pactpeenenuem. [lycrs p(®,0|a, ) —
anpuopHoe pacupeesnenne upuxie. Pacipeenenune dupuxiie sBiisercs cONpPsizKEHHbIM
K MYJIbTMHOMHAJIbHOMY, II09TOMY allOCTEPUOPHOE TaKzKe Oy/leT HPUHA/JIeZKATh ceMefcTBY
pacupejesenuit Jupuxiie:

p(®,01X,Z o, 8) x p(9,0,X, 7|, ) x p(X,Z|P,0)p(P,0]|, )
o [ (wibia)" T] Dir(i|8) ] | Dir(bal o)

dyw,t teT deD
Ngwt , Bw—1 Ndwt o —1
x H H Pt Pt H H 04" 0y
teT dw deD w,t
nwt+ﬁw_1 ntd“rat_l
o [[1Tewi ™ 1111
teT w deD t
x H Dir(e: | 8) H Dir(04|da);  But = M+ Buw,  Gta = mya+ou, (28)
teT deD

L€ CYBTUUKH Nyt Nyt U Ngg OUPEJEISIOTC COIACHO (4) Yepe3 3HAYeHUsT CKPBITHIX 11e-
pPEMeHHBIX /.

CommiupoBaHue CIy4daiiHOro BeKTOpa 4 U3 MHOIOMEPHOTO paciipejesieHus OCHOBAHO
HA Meopeme 0 CToOUMOCTNY NPOUeccd camniuposarus 1ubbca.

Teopema 6. I[Iporecc cOMITAPOBAHAS OJHOMEDPHBIX CJIVIAHHBIX BEJTHIHH

(k+1) P(X> Z | 7) .
t; ~pti| X, Zy,y) = ", i=1,...,n;
G1X, 2 7) p(X, Z\i[7)
rae k — HOMep mreparun, Z\; = (tgkﬂ), . tl(-lf{l), tg_’?l, o ,tslk)), CXOHUTCS K MHOT'OMEPHO-

my pacmpeneneauto Z ~ p(Z| X, 7).

Jloka3aTebcTBO MOXKHO HaiiTu, Hanpumep, B [21].
YT00BI BOCIIOJIB30BATHCSL TON TEOpeMoii, moaokuM v = («, ) 1 HaiiéM pacmpeese-
uue p(X, Z|a, 3). [TockojibKy OHO He JI0JIZKHO 3aBucerb oT napamerpos (®,0), no Hum
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HpUAETCs B3sATh MHTErpas. [loJplHTerpaibHoe pacupe/ejenne Mbl yzxke BbiBesn B (28),
HO JIMIIIb C TOYHOCTBIO JIO HOPMUPOBOYHBIX MHOKUTe/Ieil. Teliepb oHM HAM 1HOHAI00ATCH,
no3ToMy pas3bepéMcs ¢ HIMU aKKypaTHee:

MXZMﬁ%i//MXZ@@W@ﬁMﬂMM9=

/ / H wnwt Oud Hpgd [ I Dir(e:|8) [ Dir(ba| @)ddde =

teT deD
Bw ot — « &
Z Hw tdpy de T t 0 Hetd 'do, =
teT < __ _—_ deD t
x Dlr(apt | Be) x D1r(9d |é&q)

Z ﬁw H r ﬁwt tat Ht (atd)
U zmmgdnt JT(S, du) 29)

Pacupenenenne p(X, Z\; |a, 8) ormudaercs or noiydennoro sbire p(X, Z |, ) aunib
TEeM, YTO OHO CTPOHUTCs MO BBIGOPKe Ge3 i-ro anementa (d;, w;,t;):

o (2w Bw) T1, Fﬁwt tO‘t [T, (64 — 610)
PIX, Zf e f) Enrm}@:% gdnt YO0 (G — 8L))

L= lw=wl[t=t;], &, = [t=t;][d=d;]. Tenepn, cornacuo dbopmyse u3 Teopemsi 6,
IIO/IC/TIM IIOJTyYeHHBIE PACIPEICTCHAS OJHO Ha APYToe, ITO0BI MOy IUTh OTHOMEPHOE Pac-
peIeJIeHne JIJIs COMILTMPOBaHUst TeMbl t;. [Ipu jejieHun B qucjmTe/ie 1 3HAMeHaTe/1e Co-
KPATsITCsl BCE MHOXKHUTE/M KPOME TeX, KOTOPbIE 3aBUCAT OT djiementa (d;, w;, t;):

re o

_ X, Z]|a,B) _

p(tz|X? Z\iaa>5) - p(X, Z\Z|Oé,5) -

_ F(nwztz_‘_ﬁw@) F(Zw(nwh_l_ﬁw)_l) F(ntidi+ati) F(Zt(ntdi+at)_1)
F(nwiti+6wi_1) F(Zw(nWti+/8w)) F(ntidi+ati _1) F(Zt(ntdi_l_at)).

I'(z)

B s1oMm BbIpazkeHHH BOCIOJIb3YeMCsI CBOMCTBOM raMma-(yHKITUN o) — L~ 1:

p(t] X, 2y, 0, 6) = norm

( Nt + Bwi -1 . Ntd, + ay — 1 )
YoMt + Buw) =1 32 (g, + ) — 1

[To cyru 310 OneHKa ycJaoBHOI BeposTHOCTH P(t|d;, w;) = normy(¢y,0iq,) Ha E-mare
EM-anropurma g mogean LDA. Takum obpasom, MBI cHOBa mosydaeM EM-1momo0HbLiT
AJI'OPUTM, XOTd 3a/a9a MaKCUMU3AlUU HpaB,H‘OHO,H,O6I/IH JazKe He CTaBUJIaCb. KaK " B CJ1y-
Yae C BapualluOHHbIMUA 6aﬁeCOBCKHM BbIBO/IOM, aJI'OPUTM OTJ/IMYaeTCd HECYIeCTBECHHbIMU
IolpaBKaMi K 4aCTOTHBIM OEHKaM YCJIOBHBIX BepOHTHOCTeﬁ. F.J'[aBHOG ero orjiniue B TOM,
qaro g Kaxaoro (d;, w;), ¢ = 1,...,n, OIPOUCXOJUT CIMILTUPOBAHIE TOJBKO OJHON Te-
MBI t;, KOTOpas M Y4acTBYeT B aKKYMYJIUPOBAHUU CUETUUKOB Ny U Mgt

n n

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

i=1 i=1
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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;

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

©

DakrTuyecku, Ha M-mare cyMMEUpYIOTCS He camu pacupenpenenus p(t|d;, w;), a ux sM-
nupudeckne oneHku p;(t) = [t=t;] mo comminpoBanbiv TeMam t;. CyMMa TaKHX ONEHOK
CXOJIUTCS K CyMMe UCXOJHBIX DACIPE/eIeHNH, CONIACHO 3aKOHY OOJIBIINX YHCElI.

[To okoH4YaHUU UTepaIuii HCKOMbIE [APAMETPBI MOJIEJH MOYKHO OIEHUTDH Yepe3 MaTe-
MaTHYeCKOe OXKUJIAHHE alloOCTePUOPHBIX pacupesaesrenuii Jupuxie u3 (28):

pur = n0mm (nue+By); b = norm (nutay).

B asropurme 3 nokasana ujesi peasusanun, nupepioxkennas B [121]. Kaxgas urepa-
nus k B IpOIEcce COMILTHPOBAHUS COOTBETCTBYET OHOMY IIPOXOIy Kosutekiuu. Korma
JUUTS TO3UIIMHN ¢ COMILIAPYETCS TeMa, t;, BCeM IIPe by UM HO3UMUIM 1, ..., 7 — 1 y2Ke mpu-
CBOEHBI TeMBbI HA JAHHOI HTepaIuu, a Bce IMOCeIYoNue MO3UIuK ¢ + 1, ..., 1 COXPaHAIOT
rembl ¢ upejabiiyiei (k — 1)-it urepainuun — B TOYHOCTH KakK TOro Tpebyer reopema 6.
CoMIumpoBaHHasT TeMa 3alIOMHHAETCS B IIEPEMEHHOI t;, U HA CJIeyIOIell nrepanuu, Ko-
/18 9Ta TeMa U3MEHUTCS, CIETIUKH My U Mg OYIYT YMEHbBIIEHBl Ha eIMHUILY JJIS CTapOil
TEeMBI, U YBeJIMIEeHbl Ha eIUHUILY J1JIsI HOBOI.

CxoacrBo EM-mogobubix aiaropurmoB PLSA, MAP, VB, GS u emé HeckoJbKHX HX
BapHUAHTOB ObLIO 3aMedeno B [18]. B pabore [5| commaupoBanue paccMaTpuBaIOCh KakK OT-
JleJIbHAs 9BPUCTHKA, KOTOPYIO MOXKHO HCIIOJIB30BaTh B JitoboM EM-1mom006HOM ajropurme
TEMATUIECKOI0 MOJIe/InpoBanus, HadnHas ¢ PLSA. DkcrepuMeHThl MOKA3aJ/M, 9TO CIM-
IJIMPOBAHUE HECYHIECTBEHHO BJIMSET HA CXOJIUMOCTH U JIpyrue cBoiicTBa mojean. Kak 3B-
PHUCTUKA, OHO MOYKET CBODOJIHO COYETATHCs C JIDOBIMU PEryJisipu3aTopaMu.

Ontumunsayusa runepnapametpos B mogenu LDA. Bo muorux paborax, Hadumnas
¢ |121], ucnosb3yiorcs cuMMeTpHUYHbIE AIPUOPHbIE pacipe/iesenus Jupuxie ¢ napamer-
pamu oy = 50/|T|, B, = 0.01. Bosree Toukue uccrenosanus [139] mokaszanu, 910 JIyHimie
ONTUMH3UPOBATH BEKTOP & = (1, ..., Q) B HECHMMETPHYHOM pacupejererun Dir(fy | «)
¥ 1oa06uparTh 4uc/i0Boii napaverp 3, < 1 B cummerpuanom pacupeenerun Dir(py; | 5).
g ontuMusanuu BekTopa « B [139] mpemiaraercs MaKCHMU3UPOBATH IIPABIOIO0-
oue mopen P(X, Z|«, ) upu dbukcupoBaunbix Z u 5. OrbpaceiBast B (29) MHOXKUTEIH,
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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).

HE 3aBucdimue OoT «, I1oJilydaeM OIITUMU3AIUOHHYIO 3ada41y:

'y I'(ng + oy
P(X|a):d€1_£r(n;+léo)g (F(O‘Z) )—>me’

B auccepranuu [138] cpaBHEBAIOCH GoJlee TeCATKA YUCIEHHBIX METOIOB €€ DElleHHs .
[IpuBeséM uInb caMblii TPOCTOI U3 HUX — METO[| HermoABUKHON Touku [84]. B HéM Bek-
TOp v = () TMEPECYUTHIBAECTCS 110 PEKYPPEHTHOH hbopmyre

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

Q1= O

rae ¥(x) — puramva-byHkus. 91a HopMysa BCTpAUBAETCsI B UTEPAIMOHHBIN MPOIIECe
EM-ajiropurma Mek/1y 1IPOXOJIaMU 110 BCeH KOJIJIEKIUH.

Dkcuepuments! B [139] mokazasu, 9T0 OUTHMH3ANNA BEKTOPA (¢ IOBBIIIAET IIPABIONO-
nobue Moziesn i CKOpocTh cxompumoctu EM-anropurma. B ciaydae cunbHO# Hecbararncupo-
sanrocmu mem (KOTJa B KOJUIEKITUU OJHUX TeM DOJIbIIe, YeM JIPYTUX, B Pa3bl WIH JTazKe
Ha TOPS/IKH ) ONTUMU3AIIA BEKTOPA (v IPUBOIUT K 00JI€e eCTECTBEHHOMY HEPABHOMEPHOMY
pacipe/ieIeHHI0 KOJUIEKIIUK 110 TeMaM.

pacdunyeckas Hotauusa. Bepograocrabie Temarndeckue Mogean PLSA u LDA as-
JI0TCA JaCTHBIME ciydasgMu TpadoBbix Mojeneit. B epagosoti sepoammocmmot mode-
su (probabilistic graphical model, PGM) 3aBucuMocTu MexKy CJOydailHBIMU BeJHYAHA-
MU 1peJICTaB/IdioTcd B Buje rpada. Bepumnbl rpada coorBeTCTBYIOT CJIydallHbIM Iie-
peMeHHbIM, PEOpa — HEHOCPEJICTBEHHBIM BEPOSTHOCTHBIM B3aMMOCBSI3SIM MEXK/ly HUMHU.
Ha puc. 4 mokazaHpl mpuMepbl 3aBUCUMOCTeNl MeXKIy CIydallHbIMU mepeMeHHbIMU. Ha-
OJrr0/1aeMble TTepeMeHHble N300pazkKaroTcsd 3aKpalleHHbIM KpPYKKOM. BbIOOpKa mepemeH-
HBIX, TeHePUPYEMBIX OJHUM pacIpe/iefieHneM, n300pazKaeTcsd MPsAMOYTOIbHUKOM, PHUC. .
Taxue nzobpazkenust OyjieM Ha3biBarTh epadiuueckoti nomayued (plate notation).

AsbrepHaTUBHON TEKCTYabHOM (POPMOIL MPE/ICTABICHIS BEPOSITHOCTHOW MOJIE/IH SIB-
JSeTCA 2enepamushas ucmopus (generative story), B KOTOPOI OHMHCHIBAETCS ATTOPHTM
nopoxKIeHns JaHHbIX. Ha puc. 6 mokazansl oba mpeacTaBieHns, rpaduaeckoe U TeKCTY-
aJibHOe, Jist TemaTudeckux mogeseit PLSA u LDA.
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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: l'eneparusaas ucropus u rpadudeckas Horauus qis mozesneir PLSA u LDA.
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Parse trees

@ grouped into M

documents
\‘?Ao OR ?

°© M

™o

Puc. 7: [Ipumepst rpadudeckux HOTAIWI U3 TyOIUKANNN IO TEMATHIECKOMY MOIEINPOBAHUIO.

[Toabopka rpadudeckux HoTalUi HA PUC. 7 UILIIOCTPpUPYeET OOJIBIIOE CTPYKTYPHOE pas3-
HOOOpa31e BEPOATHOCTHBIX TEMATUIECKUX MO/Iejieit. XOTs HAVISIIHOCTD SIBJISIETCS HEOCIIO-
PUMBIM HPEUMYIIECTBOM, HEJOCTATKOB Yy IrpadudecKoil HoTaluu ropasio OoJibiie. [1as-
HBIl — HEIOJTHOTA W HEeOJHO3HAYHOCTH MHTeplperanuu. HekoTopble aceKkThl MOJIETHPO-
BaHUs HE MOT'YT OBITh OTOOpaKeHbI OOIICIIPUHATHIME CpeJICTBaMu Ipadudeckoil HOTaIUH,
U aBTOPBI BbIHY K/ IeHbl n300perarh coOcTBeHHbie. B pe3yiibrare Mojie/ib MOZKeT BOCCTaHAB-
JINBATHCSI 110 KAPTUHKE HEOJIHO3HAYHO. ['eHepaTuBHAS UCTOPUSI JIMIIEHA STOTO HEJOCTATKA
u J1aéT 60J1e€ TOYHOE onucanue Mojes u. I'padudeckas HOTAIMs U T'eHepaTHBHAs HCTOPHS
MOTI'YT OBITHb HOJIE3HBI JIsi MOHUMAaHUs OOINell ujer U KOHCTPYKIuu Mojenn. OHaKO UX
HE JIOCTATOYHO, YTOOBI OJHO3HAYHO BOCIPOU3BECTH IEPEXOJ] OT MOJEJH K aJrOPUTMY eé
obyuenusi. K coxkajieHuIo, BO MHOTHX IyOJIMKAIUSIX aBTOPbI OMYCKAIOT 3TOT MEPEXO/L JIJIst
KPATKOCTU U3JI0KEHHUsI, YTO OTHIOAb HE JIODABJISIET SICHOCTU TAKUM PabOTaM.

CpaBHervune ARTM un GaitecoBckoro noaxoga. K nejocrarkam 0ailecoBCKOroO BbIBOIA
MOXKHO OTHECTH TEXHUYECKYIO CJIOXKHOCTH J00aB/JI€HUA U KOMOMHHUPOBAHHUS TPeOOBAHMIA
K MOJIeJIM B BHJE ONTHMU3AIMOHHBIX KpuTepueB. B HEM HeT yj00HBIX MEXaHU3MOB pery-
JIPU3ALIUH, IIOCKOJIBKY HET, COOCTBEHHO, U 3a1a4u onruMusanuu 1o (¢, ©). Yrobbl yuecrsb
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JAOIIOJIHUTEJIbHY IO I/IH(i)OpMaHI/IIO, IIPpUXOAUTCA MEHATDH allpUOPHbIE pacClipeae/IeHnud, u eCJInu
OHM He SBJIIOTCS paciipejiesienusmMu /{upuxiie, BbIBOJ| CTAHOBUTCH 3aMETHO CJIOZKHEe.

Pacupejiesienne {upuxiie oka3biBaeTcs «Ha 0COOOM IOJIOZKEHUUY> B 0AfleCOBCKOM 101~
XoJJe. OHO HE mMeeT y6e,ZLI/ITe.HbeIX JIMHI'BUCTUYECKUX O6OCHOBaHI/II71, TeM HE MeHee, B JIU-
Teparype OOJIBIIUHCTBO MOJIEIeHl CTPOATCSA C €ro UCIOJb30BaHUEM. DTO 00bICHSIETCS ero
MaTeMaTHIeCKHM yI00CTBOM, a MMEHHO, CBOMCTBOM COINPIKEHHOCTU C MYJIbTHHOMHUAJIb-
ueiM pacupejgesenneM. B ARTM nmer Hukakux OCHOBaHUI IPEIIOYUTATH PACIIPE/IEICHIE
Jupuxjie JpyruM peryJisipu3aTropam.

[TocraHoBKa ONTHMU3AIMOHHON 3ajadu BuIa (24) 1aéT BO3MOXKHOCTH MHTEPIIPETH-
poBaTh ANPUOPHOE PACIPE/ICICHIE KAK BEPOSTHOCTHBIH Perysisipu3arop, OTJ/E/JUTh ero
OT KOHKPETHOW MOJIeJIM U UCIOJIB30BATh B JAPYIUX MOJEIIX. AJJIMTUBHOCTD PeryJisipu-
3aTOPOB IIPUBOJIUT K MOJLY/JbHONW TEXHOJOTHH TEMAaTHYECKOI'O MOJEIUPOBAHUS, KOTOpas
peanm3oBaHa B mpoekTe BigARTM. Ilpm pemrennn npukmIagHbIX 3a7ad KOMOMHHPOBAaHHE
IOTOBBIX PErYJISPU3ATOPOB MO3BOJISIET CTPOUTH MOJIE/IN C 33 [aHHBIMU CBOCTBaMu 0€3 J10-
IIOJIHUTEJIbHbIX MAaTE€MaTUYCCKUX BbIKJIaJAO0K U HPOI'PaMMUPDOBAHUA. CO3,Z[aHI/Ie TaKON Tex-
HOJIOTMH B PaMKax 0aileCOBCKOTO IO/X0/IA €/1Ba, JIU BO3MOZKHO.

B nasnbueitiiem Mbl Oyj1eM paccMaTpuBaTh BCe TEMATHYECKHE MOJIE/IA B TEPMUHAX Pe-
IYJISPU3AIUN, JazKe eCJIU B UCXOJAHBIX PadoTaxX OHU CTPOUJIMCH DAleCOBCKUMU METOIAMHU.
Pedbopmanuzanus 6aitecoBCKUX Mojiesieil yepe3 peryispu3aluio, KaK IPaBIIo, He Mpeji-
CTaBJIsieT 0co0Oro Tpysa, 6ojee TOro, MIPUBOIUT K PATUKAIBHOMY YIIPOIIEHUIO U3/I0KEHHS
0€e3 CyNIeCTBEHHBIX MU3MEHEHUI B KOHEYHBIX ajropurMax. Mbl Hukorga He OyieM moJjib30-
BaTbCs rpadudeckoit nHoranueit, mockosbky B ARTM ciioxkubie rpacdosbie Mojesn BOOO-
e He BO3HUKAIOT. [lepexo/ o kpurepusi peryssipu3amnuu K aJropurMmy 00ydeHus: MO/IeIn
IPOUCXO/IUT IIPOCTO MO TEOpeMe, M He HYZK/IAeTCs B HALVISTHBIX OMUCATE/TbHBIX CPEJCTBAX.

6 WVHTepnpeTtnpyemocTtb Tem

Orka3 or anpuopHbiX pacupeienenuit Jlupuxie mos3Bojsier 0600mmuTs Mogeab LDA:
CHATH OPPAHMYCHUST HA 3HAKH MHIEPIApaMeTpoB B (25) u cBoOOHee 0OPAIIATHCSI CO CIITa-
JKUBAHUEM U pa3pe:KUBAHUEM JJIsl Yy dIIeHHs HHTePIPETUPYEMOCTH TEM.

Tunomesa paspescernocmu IBIAETCI OJHAM U3 €CTECTBEHHBIX HEOOXOTMMBIX YCJIOBHUI
uHrepiperupyemoctu. [Ipemoaraercs, 9To KazxKaasd TeMa XapaKTepHu3yeTcs HeOOIbITNM
YUCJIOM TEPMOB, M KazK/Iblif JOKYMEHT OTHOCHUTCS K HEOOJIbIIOMY YuCIy TeM. B rakom
cJIydae Cpeu BEPOSITHOCTEH @,y U Oyg JOJIZKHO OBITH MHOI'O HYJIEBBIX 3HAYCHUI.

Muorue monbitkn paspexkupanusi Mogen LDA npuBoamim K 9pe3MepHO CJI0ZKHBIM
KoHCcTpyKiusim [115, 41, 141, 64, 33| u3-3a BHyTPEHHEr0 IPOTHUBOPEYUst MezK Ly TpeboBa-
HUSIMH PAa3PeKeHHOCTH U OI'PAHUYEeHUSIMU CTPOTOi IOJIOKUTEIHbHOCTH [IapaMeTPOB B pac-
npenenenun /lupuxie. [Ipobiaema pernraercs HEOXKMTAHHO MPOCTO, €CAU OCTABUTH KPOCC-
SHTPONUIHBIN peryagapu3aTop (25) U paspelnTb TUnepnapaMeTpaM o, [, TPUHAMATH
JIIoOble 3HauveHus, BKJO4Yas orpuiiaresbhbie. [Io Bceit BujumMocTu, BiiepBble OHA ObLia
npe/iozkeHa B auHaMudeckoii mojgesn PLSA st o6paborku Bujgeonorokos |127], rue so-
KyMEHTaMU $BJISIJINCh KOPOTKUE BUJICO(DPAIMEHTbI, T€EPMAMU — HPU3HAKU HA M300pazKe-
HUAX, TEMaMHI — IOsBJIEeHHe ONpeJeTEHHOI0 00beKTa B TeUeHHe OMpeJIeTEHHOIO BpEeMeHH,
HalpuMep, mpoesn aBroMobmasd. CUIbHO pa3pezKeHHbIe pacHpeseseHns MOTpebOBATICH
JIJISE OLIUCAHUS TEM C KPATKUM «BPEMEHEM YKU3HUY.
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CrnaxxuBaHue n paspexusaHue. [lo anasoruu ¢ (25) BBejéM 0000MIEHHBIN peryJisipu-
3aTOp ClVlazKUBaHUA U Pa3pezKUBaHUA:

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

teT weW deD teT

[ToxcraBus sTor peryaspusarop B (14)—(15), noxyunm dopmyasr M-mara:

Pt = 10 (s + Bt (30)

O = ngpm(ntd + oztd). (31)

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

YHactunyHoe oby4eHue. B nponecce co3manusi, MCIO/Ib30BAHUS WM OLEHUBAHUA TEMa-
THIECKOH MOJIETH SKCIEPTHI, MOJIb30BATETH WX ACECCOPHI MOIYT OTMEYaTh B TeMaX pe-
JIEBAaHTHBIE WJIM HepeJeBaHTHBIE TePMbI U JIOKYMEHTBI. Pa3MedeHHbIe JaHHDBIE ITO3BOJIAIOT
duKCcHpOBaTH MHTEPHPETAIMA TEM ¥ IOBBIIMIAIOT YCTONYUBOCTH MOJAEAU. Pa3merka Mo-
JKeT 3aTParuBaTh JIMIIb 4aCTh JJOKYMEHTOB M TE€M, [IO3TOMY €€ HCIIOJIb30BAHHE OTHOCHTCS
K 33/[a9aM wacmuunozo obyuenus (semi-supervised learning).

[IycTb s kaxk1oit Tembl ¢ € T' 3ajaHbl YeThIPe MOIMHOXKECTBA:

W — «GeJblit CIIHCOK» PeJIeBAHTHBIX TepPMOB;

W, — «4€pHblil CIIUCOK» HEpeJIEBAHTHBIX TEPMOB;
D;" — «GeJiblit CIUCOK» PEJICBAHTHBIX JOKYMEHTOB;
D, — «4€pHbIil CIUCOK» HEPEJEBAHTHBIX JOKYMEHTOB.

Yacmuunoe obyuerue no pesesaHmHOCmY ABISETCS YaCTHBIM CJIydaeM perysspu3a-
TOpa CIVIA?KUBAHUS U pa3perKuBaHUS MPHU

Bur = Bylw € W = pB_[w e W],
g = ayld € D] —a_[d € D],

rie O+ 1 oy — KOdDMUIUEHTH PeryIsapu3aliii.

MpeametHbie n poHoBbIE TeMbl. YTOOBI MOJIEIL ObLIA HHTEPIIPETUPYEMOI, KazK/1as Te-
Ma JO0JIZKHA UMETb CeMAHMuUYeckoe A0po — MHOKECTBO TEPMOB, XapaKTepU3yIOIIIX OIpe-
JIETEHHYTIO MIPeIMETHY0 00JIaCTh U PeIKO yHoTpeO/seMbIX B JApyrux temax. /Ljas sroro
marpuipl ¢ 1 © HO/KHBI UMETH CTPYKTYPY Pa3PeKeHHOCTH, aHAJOIUIHYIO MTOKA3AHHOM
Ha puc. 8. MHOKecTBO TeM pa3duBaercs Ha JBa HOAMHOXKecTBa, 1= S U B.

Ipedmemmnvie memo, t € S comepzKarT TePMUHBI HPEAMETHbIX obJacreil. VIx pacupee-
nerust p(w | t) paspezKeHbl U CYIIECTBEHHO PA3JINYHBI (IeKOpPeJTnpoBanbl). Pacipeienenus
p(d|t) TakKe pa3perKeHbl, TAaK KaK KazKjas HpPeJIMeTHasl TeMa MPUCYTCTBYeT B OTHOCH-
TeJIbHO HeDOJIBIION 10/1€ JIOKYMEHTOB.

Donosvie memov, t € B copepxKar cjoBa 00OIIEH JIEKCUKH, KOTOPbIX He JIOJIZKHO ObITh
B 1peJMerHbix Temax. VIx pacupemesienust p(w|t) u p(d|t) criazkenbl, Tak Kak 9TU CJIOBA
HPUCYTCTBYIOT B OOJIBIINHCTBE JTOKYMEHTOB. TeMaTudecKyto MOIeIb ¢ (POHOBBIMU TEMAMM
MOKHO pacCMaTpuBaTh Kak 0000meHe pobacTHbix Mozenei [31, 103], B KoTopbIx HCHOIb-
30BaJIOCh TOJIBKO OJIHO (DOHOBOE pPACIPE/Ie/ICHHE.
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Puc. 8: Crpykrypa paspexennocru marput, ® u © ¢ upeiMerHbivMu U (DOHOBBIME TEMAMHU.

CdokycnpoBaHHbIi TemaTudeckuii nonck. Yacrtuanoe obyveHne TeM MOKHO pacCMaT-
puBarTh KaK Pa3HOBH/HOCTb TeMaTHYeCKOro MHMOPMAIMOHHOIO 1oucKa. B KadecTse 3a-
POCa 3a0A8TCA CEMAHMUMECKOE A0PO OJHON MJIM HECKOJBLKUX T€M. DTO MOXKET ObITh JIHO-
boit dpparment Tekcra, «Oesblii cuimcok» repMoB (seed words) wiu z-memku — TEMBbI,
IPUNUCAHHBIE OTIEJbHBIM coBaM win dbparmentam B mokymentax [15]. Temaruueckast
IIOMCKOBAsl CHCTeMa JOJZKHA He TOJLKO HAWTH U PAHKHPOBATH PEJICBAHTHLIC JOKYMEHTEI,
HO U Pa3JI02KUTb IIOUCKOBYIO BbLAQ4y IIO T€MaM. B TUIUYHbIX HPUJIOZKEHUAX PeJIeBaHT-
HbI KOHTEHT COCTaBJIsieT HUYTOXKHO MaJIYIO JA0JIIO KOJIJICKIIUH. TeM HEe MeHee, MUMCEHHO
9TOT KOHTEHT JIOJIZKeH ObITh TIHATE/JbHO cucreMaru3upoBaH. OOpa3HO roBops, Tpedyercs
«kaccuUuUpoOBaTh UTOJKH B cTore ceHay [28]. Tembl craHoBsATCS 37M€MeHTOM TIpadu-
Jeckoro uaTepdeiica moIb30BaTe/Id, THCTPYMEHTOM HABUTAIMH ¥ HOHMMAHUS TEKCTOBOIL
koJuiekiu. OTCio/la BaXKHOCTH TPEOOBAHKS HHTEPIPETUPYEMOCTH KAZK IO TEMBbI.

Yacruunoe obydeHHe HCIOJIB30BAIOCH JJisl OMCKA W KJacTepusaiuu HOBocTeil [54],
[IOKMCKA B CONUAIbHBIX Me/iia NH(MOPMAIUH, CBI3aHHON ¢ DOJIe3HAMHI, CHMITOMAaMU U Me-
togamu stedenns [96, 97|, ¢ upecrynHocThio u dkcTpemusMoM [72; 114], ¢ HannoHagbHO-
CTSIMU U MEKHAIMOHAJBHBIME OTHOLIeHusIMU |28, 59, 94].

B mogesn ATAM (ailment topic aspects model) B KauecTBe CrirazkuBaoIero pacipe-
JeJIeHUsT By, UCHOJIb30BAIACH OOJIbIIAsi KOJJIEKIMsT MeUIMHCKUX crareii [97].

B momenax SSLDA (semi-supervised LDA) u ISLDA (interval semi-supervised LDA)
JUIS TIOMCKA 9THO-PEJIEBAHTHBIX TeM B HOCTAaX COINUAJIBHBIX CeTell MCI0JIb30BaJIOCh CIVIa-
JKHBAHKE 110 CJIOBAPIO U3 HECKOJBKHUX cOoTeH STHOHUMOB [28]. B mogem SSLDA jyist kazxk-
JIOIl 3THO-peIeBAaHTHONU TeMbl 33/Ia€TCs CBOU CJIOBApb 3THOHUMOB, CBSI3aHHBIX C OJHUM
onpeeaeHabIM dTHOCOM. B Momenn ISLDA mHOXKEcTBO Tem pa3duBaercs Ha HHTEPBAJIBI,
U JIJI BceX TeM KazK/I0ro HHTepBaJIa 33aéTcd obIuil cioBapb STHOHUMOB. [IpenmymecTBo
TUX MOJIeJIeil B TOM, 4TO MHTepIpeTalns KazKJ/0il TeMbl U3BecTHa 3apaHee. Hepocrarku
B TOM, YTO TPY/HO IPEAYyTIa/bIBATh YUCJIO TeM I KazK/0if STHUYHOCTU M CTPOUTH II0JIU-
STHUYHBIE TEMBbI JIJIsI BbISBICHUS MEZKITHUIECKUX KOH(MIMKTOB. AJTbTePHATUBHBIN M0IXO0T,
3aKJIFO9AEeTCd B TOM, YTOOBI 33/1aTh YHCJI0 ITHO-PEJTEBAHTHBIX TeM U IPUMEHUTb K HIM 00-
Iee CIUIayKUBaHHe I10 CJI0BAPIO0 STHOHUMOB. TemaTndeckas MOJeIb caMa OIIPeIesIuT, KaK
pazjentb ux 1mo yrananocrsM |16, 17). Hemgocrarok sroro mojxoma B ToM, 410 HHTED-
HPETUPYEMOCTb HAMJIEHHBIX TEM IPUXO/JUTCH LPOBEPITH BPYUHYIO.

OekoppennpoBaHue. Temarudeckas Moje/ib He JIOJKHA COJAEPKATH JTYOJUPYIONIUXCS
WU TTOX0KHUX TeM. YeM pazjumdnee TeMbl, TeM HH(pOpMaTUBHEE MOEb. /I MOBBIIIeHHS
pasjimgHoOCTH TeM OyJ/ieM MUHMMHU3UPOBATH CYMMY HOIAPHbBIX CKAJISPHBIX HPOU3BE/IEHUIT
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(P, 0s) = Zw PuwtPws MekJy crojidonamu marpuiibl . [losyuum perysisipuzarop:

R((I)) = —% Z Z Z (Pwt()pws-

teT seT\t weW

Dopmysa M-mara, coracuo (14), umeer Buj

Ppur = ol (nwt — TPuwt Z wws). (32)
seT\t

DTOT Peryaspu3aTop KOHTpACTUPYeT cTpoku MaTpuiipl P. B KaxK1oii cTpoke, He3aBU-
CHMO OT OCTAJIbHBIX, BEPOATHOCTH (P,,; HAUOOIee 3HAYUMBIX T€M TePMa, W YBEeJTHINBAIOTC,
BEPOSITHOCTU OCTAJIbHBIX T€M YMEHBINAIOTCS W MOIYyT oOpamarbcs B HyJb. PaspexuBa-
HUe — 9T0 comyTerByionuii a¢dexT nexkoppeanposanus. B [123] 61 3ameden emé oun
noJie3HbIi 3 dekT: ciioBa 00MIeil JeKCUKN IPYNIUPYIOTCS B OTAE/IbHBIE TeMbI. DKCIEPHU-
MEHTBI ¢ KOMOMHUPOBAHUEM PEry/IsipU3aTOPOB CIVIAKUBAHUS, PA3Pe:KUBAHUS U JEKOppe-
muposanust B ARTM moarsepzkiator s1o Habawoaenue [6, 134, 133].

exoppenupoBanue Biepsbie ObL10 Tpemaokeno B Mozgenaun TWC-LDA (topic-weak-
correlated LDA) B pamkax GaitecoBckoro nogaxoia [123|. CoorBercrByiomiee anpuopHoe
pacipe/ieleHne He SBJISeTCsl CONPSIKEHHBIM K MYJIbTHHOMHUAJIBHOMY, O9TOMY Oaiiecos-
CKHil BBIBOJT CTAJIKHBAETCS ¢ TexHudecKuMu Tpyaaoctamu. B ARTM pacuérnbie dhopmyiisn
BBIBOJIATCA B OJIHY CTPOKY.

KombunHnpoBaHve perynsipu3atopoB cria:kubBaHus (POHOBBIX TEM, pa3perKHBaHUSI
IpeIMEeTHBIX TeM B MaTpuile © n JeKOppeTupoBaHus CToJOOB MaTpunbl P mcmorp3oBa-
JIOCh BO MHOIHX paboTax Jjisl yIydIleHuns HHTepuperupyeMoctu tem |6, 133, 134, 135, 12].
[TogobpaB ko3 duUeHTH pery/isipu3aiii, MOXKHO OJHOBPEMEHHO 3HAYUTEJIbHO YJIyU-
HIATh Pa3PEKEHHOCTH, KOHTPACTHOCTD, YUCTOTY U KOI'€PEHTHOCTH TEM IIPU HE3HAUYUTEJIb-
HOIi moTepe mpapaononoous Moeau [134]. Beuin BepaboTaHbl OCHOBHBIE DEKOMEHIAITHH:
JIEKOPpe/IMPOBaHUEe U CIVIaXKUBaHUe BKJ/IOYATH Cpa3y, pa3dpekuBanne — mnocje 1020 ure-
paruii, Korja o0pa3yercs TeHJICHIHS K CXOJMMOCTHU ITapaMeTpOB MOJIEIH.

Ta xe KOMOMHAIMS PeryJispu3aToOpoB Obljla UCIOJIBL30BAHA JIJIsi TEMATUYECKOI'O Pa3-
BeJIOYHOrO noucka B [12]. Oka3anoch, 910 OHA CYIIECTBEHHO YJIydIllaeT Ka4ecTBO IIOUCKA,
XOTsI HUKQKUe KPUTEPUH KAadeCTBa MOUCKA HEIOCPEJCTBEHHO HE ONTHMU3MPOBAJIUCH.

7 MopenupoBaHue MyabTUMOAANbHbIX AAaHHbIX

Myavmumodasvras memamuseckas modeasb OMUCHIBACT JOKYMEHTbBI, COJAEPKAIIIE Me-
TaJJaHHBIe HAPSIY ¢ OCHOBHBIM T€KCTOM. MeTaJaHHbIe IOMOTratoT DOJIee TOTHO ONPEIe/IITh
TeMATUKY JOKYMEHTOB, U, HA0OOPOT, TeMATHIECKasT MOJETb MOXKET HCIOIb30BATHCS JIJIst
BBISIBJIEHHS CEMAHTUKH METaJAHHBIX WM HPEICKA3AHUA MPOILYIIEHHBIX MeTaIAHHBIX.

Kazkaplit Tuin MeTagaHHbIX 00pa3yer OTAEAbHYIO MO0AAbHOCTMb CO CBOUM CJIOBAPEM.
CJi0Ba ecTecTBEHHOIO s13bIKa, ciaoBocoderanus [140, 149|, reru |61], umenoBanubie cyui-
HOCTH 88| — 9TO HPUMEPBI TEKCTOBBIX MOJAJIBHOCTEl. B MyJIbTHSI3BIYHBIX TEMATHICCKHUX
MOJIEJISIX MAPAJIETbHBIX TEKCTOB MOJATBHOCTAME SIBJISIOTCH a3biKu [136]. [Iis anasu-
38 KOPOTKHUX TEKCTOB C OMEeYaTKAMU HCIIOJIB3YIOT MOJAJBHOCTD OYKBEHHBIX N-IPAMM, 9TO
03BOJISET YJIyqliaTh KadecTBo nHdopmanuonuoro noucka |52|. [Ipumepamn zeTeKCcTOBBIX
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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.

MoJasIbHOCTeH siBjstiorest (puc. 9): asropst [110], Moments Bpemenu [126, 160, 127], krac-
cbl, KaHpbl win Kareropun [111, 163|, nurupyemble win murupyomnme T0KyMeHTh [40]
WK aBTOPBI [57|, mOIB30BaTE N FJTEKTPOHHBIX OUOJIHOTEK, COIMUAIBHBIX CEeTell HJIH pe-
KOMeH/aTeIbHbIx cucrem |65, 118, 142, 156, 157|, rpadudeckue s1emeHTH H306parKe-
uuit |26, 51, 69|, pekiamubie 00bsiBaeHus Ha BeO-crpanunax [100].

Bee nepednciiennbie ciiydan, HECMOTPS Ha Pa3HOOOpa3ue WHTEPIpEeTaluii, OnucbiBa-
iorcss B ARTM enunbim popmasimamom mogasibaocTeit. KaxKkapiit JOKyMeHT paccMaTpu-
BaeTCd KaK YHUBEPCAJIbHbI KOHTeHHep, COJepzKalluil TepMbl Pa3/IMYHbIX MOJAJIBLHOCTE,
BKJTIOYasl OOBITHBIE CJIOBA.

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

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

p(wl|d) = pr|t (t|d) = ngwﬂtd, weW,, debD. (33)

teT teT

Kazk10it MOJaIbHOCTH M COOTBETCTBYET CTOXacTHYecKad marpuna O, = (SOwt) W XT"
CoBokynHocth mMaTpun P,,, eciim ux 3amnucarb B crosber, odbpasyer W xT-marpuiy P
Pacmpenenenne teM B KazKI0M JOKYMEHTE SIBJISETCA OOIUM JJIS BCEX MOIAJIBHOCTEA.

MybTuMOIaIbHAS MOJIE/b CTPOUTCA IYyTEM MAKCHMHU3AIUN B3BEIIEHHON CYMMBI JIO-
rapudMOB MIPaBIONoI00UsI MOJIAJBHOCTEH U peryasapu3aTropoB. Beca 7, mo3poJgioT coa-
JIAHCUPOBATh MOAAJIbHOCTHU 110 UX Ba2KHOCTHU U C yqéTOM UX 9aCTOTHOCTU B JJOKYMEHTaX:

Z Tmz Z N angothtd + R(®,0) — rga@x (34)

meM deD weWnp, teT
Yotw=1 w20 D bu=1 6a>0. (35)
wEWm tET

Teopema 7. Ilycrs ¢pyukmus R(P,O) menpepsiBro guggepernnupyema. Touka (P, O)
JIOKAJIBHOTO dKCTpeMyMa 3aadd (3 ) (35) ymoBsieTBoOpsieT cucTeMe ypaBHEHHIT €O BCIIO-
MOraTeJbHbIMH IEDEMEHHBIMHA Digyy = P(t|d, w), eciim u3 pemeHns HCKJIOYUTh HyJIeBble
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crosioner marpui P, O:

Praw = 1010 (Purbra) (36)
OR
Puwt = ggﬁ/ﬁfg Tyt + @wtm ; Nt = deZDTm(w)ndwptdw7 (37)
01 = norm | ng + 6 R . n —Z ZTTL (38)
td = et td td 901y ; td = P mdwPtdw -

Jloka3zare/ibCTBO aHAJIOIUYHO TeopeMe 2, KOTOpasl SIBJISeTCs YaCTHBIM CJIy4aeM Teope-
Mbl 7 JijIst citydas oJHOM Mojasbaoctu, | M| = 1, 7, = 1. Ilepexos 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.

38



Tembl, B kKOTOPBIX p(«sum>»|«cymmay, t) > 0.9

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

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

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

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

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

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

tel ceCy teT ceCy

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

Mogesnb ocHOBaHA HA JABYX IHIIOTE3aX YCJAOBHON HE3aBUCHMOCTH:

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

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

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

3a1a49a MAKCUMH3AIUE PEryJISpPH30BAHHOIO IPABIOIOI00U:

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

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

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

Mogesb (39) MOXKHO yIPOCTUTH U CBECTH CHOBA K JIByXMATPUIHOMY DA3JIOKEHUIO, €C-
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 (42)

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

8 MopagennpoBaHmne TpaH3aKUMNOHHbIX AaHHbIX

OObIYHBIE TEMATUYIECKUE MOJIE/TA TEKCTOBBIX KOJIIEKIIHN OIMMCHIBAIOT BXOXK/ICHHS CJIOB
B JIOKYMeHTbI. MyJIbTUMOIa/IbHbIE MOJIE/IN OLUCHIBAIOT JOKYMEHTBI, B KOTOPbIX COJEpPzKAT-
Csl TePMbl Pa3JIMYHbIX MOJAJbHOCTEM: CjI0Ba, Tern, aBTOPhI, U T. JI. BO Bcex 3Tux ciydasix
MOJIeJ/Ib OIUCHIBAET IApPHBIE B3AMMOJICHCTBUS MEXKIy JOKyMeHTaMu U TepMaMu. B Gosee
CJIOZKHBIX MPUTOKEHUSIX MCXO/HbIE JAHHBIE MOIYT OMHCBHIBATH TPAH3AKINH (OTHOIIEHNS,
B3aUMOCBSI3U, B3AUMOJIEHCTBUS) MKy TpeMs U 6ojiee 00bEKTAMU PA3IUIHBIX MO/Ab-
Hocreit. Hanpumep, B 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 MyJIbTHMOJAIbHOl TeMaTnaeckoii Moaenn (34).

['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 (43)

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

Teopema 9. Ilycrs ¢yuakmnus R(P, ©) menpepsiBro augdepenmupyema. Touka JTOKATb-
rvoro makcumyma (9, 0) zazaun (43) yuaosiersopsier cucreme ypaBHEeHHIT 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:

Prdx = 1O (etd H w) : (44)

VET
OR
Pu = norm (nvt + Pu ); Nyt = Z Z [V € 2] ThNkdePrdas (45)
m Pot keK dzcEy
OR
O, = norm g + Org—— Nig = TN kdxPtda - (46)
eT 00
td keK drcEy

HoxkazarenscrBo. Bocnosbsyemes yeaosusimu Kapyma-Kyna-Takkepa (12). Banu-
IIeM JIArDAHKHAH OLNTHMU3AIMOHHOI 3a/1aun (43):

= ZTk Z Nkdx lnzeth¢vt+R(®v 9) -

keK dx€E} teT vET

RO IELIED D) 9) EIE

meM teT vEVm meM vEVy, teT
- E Nd( E Ora — 1) - E E tdBra-
deD teT deD teT

[IpupaBHsieM HyJIIO IPOU3BO/IHbIE JIAIPAHZKUAHA 110 ITapaMeTpaM MO/IEJINn:

0% Ota Hu o\ Put OR
= Z Z [v € Z] TkNpde S + = Ayt — Auyor = 0;

Oput keK dzcEy, p(x|d) Opui
0% e Vot OR

_Z Z TkNkeda e, + — pta — pa = 0.
6.4 keK dueEy (z|d) 90ra

YMHOXKHIM JIEBYIO U IPaBYI0 YacTH IIEPBOrO PABEHCTBA Ha (., BTOPOro — Ha Oi4:

d u xgou 8R
S Y el Pl 00
N————

vt
keK dzeEy p(z|d) Ot
ptdz:p(t | d IE)
9 d VET SOU 8R
Z Z Tk Nkdx L‘ed)t thaT = [tqba-
keK ducEy, . , td
ptdz:p(t | d,.’E)

3amnuirem 3TH ypaBHEHHsI KOpOUue depe3 [mepeMeHHble N, u3 (45) u ny u3 (46):

Potdmt = Mot + Purgas, M = p(v); (47)
Oratta = Nea + etd(%—i- (48)

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

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

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

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

Amt = Z(nvt + @vt%)p

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

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

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

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

Teopema nmokazana.

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

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

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

kEK dzcEy

Ntg = 5 5 TLO kN kdxPtdx -

keK dxeEy,

9 MopgenupoBaHue 3aBncumMocTeil

Knaccudpmkaums. Temamuueckasn modeav kaaccupurayuu Dependency LDA [111] saB-
asiercs BaifecoBckuM anasiorom mogenn (33) ¢ mogaabHoctssmu repmos Wou kitaccos C.
Vmeetcst obydaromniasi BHIOOPKA JTOKYMEHTOB d, /ISl KazKJI0I'0 M3 KOTOPBIX U3BECTHO IOJI-
MHO)KecTBO KjiaaccoB Cy C C. Tpebyerca kimaccudunupoBaTb HOBbIE JOKYMEHTHI C HEU3-
BectubIiM Cy. [j1st 317010 Oy/eM UCIOIb30BATh AUHETUHYIO 8EPOAMHOCTHYIO MOOEADL KAGC-
cuurayuu, B KOTOPOit 00beKTaMu SIBJISIOTCS JOKYMEHTHI d, MPU3HAKH COOTBETCTBYIOT
TeMaM t W MpUHUMAIOT 3Hadenust Oy = p(t|d):

pleld) = abh.

teT

45



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

Yacmommnas peeyaapusayus (label regularization) xopormro 3apekomenjoBaia cebs
B 3ajiadax ¢ 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 (14), nosyuaum dopmyssr M-mmara:

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

Y s MsPes

YacToTHas perygapu3alisd ICI0Ib30BaIach B TeMaTnaecKoii mojaesu Prior-LDA | koTopast
ObL1a mpejyioxkena B [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 perysasipusarop B (15) u npupaBHEBAs HYJIIO €10 HPOU3BOIHYIO 110 U,
nostyuum popmysibl M-mara:

614 = norm (ntd + 700 (yd -3 vﬁm) );

seT

v = (007)"10y.

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

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

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

seT

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

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

Takum 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 (15):

O = norm <ntd — T%Z(g)) th).
BamennM 6,y B IpaBOil 4aCTH PaBEHCTBA HECMEIIEHHON OLEHKOI Z—’j:
n
Orq = né)er%n(ntd <1 — Tnt|T| )) (53)

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 Mt In Z st¢st- (54)

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 dopmyiia (15),
u3 KOTopoit cieayer dopmysa M-miara i MOJIe/ I J0YEPHEr0 YPOBHSI:

Pt = nsoelgrL(nst + T( (t]s) — |;‘ )) (55)

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,.
®opmyaa M-mara gis 6,4, cormacuo (15), 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 w35 - ) (56)

(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.

Mopgenb 6utepmoB. Kopomkumu mexcmamu (short text) Ha3BIBAIOT JOKYMEHTBI, -
Ha KOTOPBIX He JOCTaTOYHa JIJId HaJEzKHOTO ollpeje/ieHus UX TeMaTHKH. l[Ipumepamu Ko-
POTKHUX TEKCTOB sBJILIOTCA coobenus TBuTTepa, 3aroJ0BKI HOBOCTHBIX COODILEHH, pe-
KJIaMHBIe OObsIBJICHU, PEIJIUKH B JIMaJI0raX, OTAe/IbHbIe [IPeJjIozKeHus, u T. 1. II3BecTubl
IIPOCTBIE ITOIXOIBI K IPobeMe, HO OHH He BCerJa IPHMEHHMbI: 00beINHATH COOOIIEHH 110
KAKOMY-JTH0O0 MPH3HAKY (ABTODPY, BPEMEHH, PETHOHY H T.JI.); CIATATh KazKJ0€e COODIIeHUe
OT/IEJBHBIM JOKYMEHTOM, pa3pexkuBas p(t|d) BIIOTH 10 €MHCTBEHHOl TeMBbI; JOMOTHATD
KOJUIEKIIMIO JUIMHHBIME TeKcTaMu (Haupumep, crarbsaivu Bukuneaun). Oqaum u3 Haubo-
Jlee yCIEHIHBIX U YHHBEPCAJbHBIX HOJXOJI0B K IIPODO/ieMe KOPOTKUX TEKCTOB CYUTACTCH
memamueckas modeav bumepmos (biterm topic model, BTM) [152].

bumepmom HasbiBaeTcd Napa CJI0B, BCTPEYAIONIUXCA PAJOM — B OJHOM KOPOTKOM CO-
OOIIeHUN WU B OJHOM IIPeJJIOKeHHH HId B OKHe +h ciaoB. B oramume oT OurpaMMsl,
MeZKJly JIBYyMs CJI0BaMH OUTepMa MOLYT HAXOJAUTbCA Apyrue cjosBa. KoHkperusanus 1o-
HATHUS <«PSAJIOM» 3aBHCUT OT IIOCTAHOBKHU 3aJa4M U OCODeHHOCTell KosuleKnuu. Bbicokas
gacToTa OuTepMa B TEKCTOBON KOJIJIEKIIMU fABJIAETCH MPOdABJIEeHHeM JUCTAHTHOH coderae-
MOCTHU JTAHHOW Iapbl CJIOB.

Mogens BTM onucbiBaeT BEpOSITHOCTH COBMECTHOTO MOsiBJIeHHsT CJI0B (u,v). Mexom-
HBIMU JIAHHBIMU SIBJISIIOTCS 9aCTOTHI Ty, OUTEPMOB (U, V) B KOJUIEKIUH, WM MATPUIA Be-

postHOCTEHl P = (Pyy)wxw, TIE Puy = NOTmM (Ny,).
(u,v)eEW?2

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

plu,0) = plult) p(v|t) p(t) = Y pupume,

teT tel

re @ = p(w|t) u m = p(t) — mapamerpsl TeMATHIECKONH MOJETH. DTO TPEXMATPUIHOE
paznoxkenune P = ®IIOT rue II = diag(my, ..., 7p) — AmaronagbHas marpuna. Moaeab
OUTEpPMOB He OIpeIesIeT TEMATUKy JOKYMEHTOB © W IIOITOMY He IOJABEPXKEHA BJIUSHIIO
3pdpeKToB, BhI3BAHHBIX KOPOTKUMH TEKCTaAMH.

ARTM no3BoJisier 00beuHATH MOJAEIb OUTEPMOB ¢ OOBIYHON TEMATHICCKONR MOJIEJIBIO,
9TO0BI BCE-TAaKd MOIYyIHTh Marpuiy O. /g sroro Bo3bMméM log-mpaBiomomobue Moen
OUTEPMOB B KadecTBe pery/spusaropa ¢ Koddduiuenrtom 7:

R(®,1I) =7 Z Ty IN Z Out Pot Tt
u,v t

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

Puwt = IllvOErVE/n <nwt +7 Z nuwptuw); (57)
ueW
Pruw = n]?e%m(ntwwtwut) . (58)

Otu GOpMyIbl HHTEPIPETUPYIOTCA Kak JobaBienue ncesdo-dokymenmos. Kaxmpomy
cioBy u € W craBUTCS B COOTBETCTBUE ICEBIO-TOKYMEHT d,, OObLEIUHSAIONINI BCe KOH-
TEKCThI CJI0BA U, TO €CTh 9TO MEMIOK CJI0B, BCTPETUBIIUXCHA PSIAOM CO CJAOBOM U 110 BCeit
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KOJUIEKIMH. HC/I0 BXOXKJIEHHI CJI0BA W B ICEBIO-I0KYMEHT d,, PABHO TN,. Bcromo-

rare/ibHble IIEPEMEHHBIE Ppyy = P(t|u, w) coorBercrByor dopmyse E-mara s nceso-

JOKYMeHTa d,,, eC/Ii JOOIPEIEUTh ero TeMATUKy Kak 6, = norm(n;p,,). JIpyrumu cio-
¢

BaMH, B MOJI€/IH OUTEPMOB CTOJIOIBI MATPHUILI O, COOTBETCTBYOIINE IICEBI0-T0KYMEHTAM,
oOpazylorcs ImyTéM HepeHOPMUPOBKHU CTPpOoK Marpuiibl P 1o ¢popmysie Baiieca.

VBejmmauBas KodpduimenT 7, MOXKHO J100UTHCs TOro, 4T0odbl Marpuna ® dopmupo-
BaJIaCh MPAKTHYECKU TOJIBKO 110 butepmam. B takom ciydae momenb ARTM mepexoaur
B MOJIe/Ib OUTEPMOB, KOTOpas CTPOUTCS IO KOJIJIEKIHH IICEBI0-T0KYMEHTOB, 0€3 UCIIO/Ib-
30BaHUS MCXOIHBIX JOKYMEHTOB.

Mogenb cetn cnoB. Ujes MOae/upoBaTh HEe JOKYMEHTBI, & CBS3U MeKJy CJIOBaMH,
Obljia I10JIOZKEHA B OCHOBY TeMaTHYECKHUX MoOJjiejieil JUCTaHTHON [apHOW COYeTaeMOCTH
ciaoB WTM (word topic model) [32] u WNTM (word network topic model) [164]. JIro-
bonbITHO, 4TO GosIee paHHss yb/auKanus |32] ocragach He3aMedeHHOI (BUAMMO, KaK He-
baiiecoBckast), u craTha [164] maxe e cepimaerca ma meé. Mogearu WTM u WNTM cBo-
narcs K npumerernio PLSA u LDA cooTBeTcTBEHHO K KOJLIEKIIUN IICEB/I0-TOKYMEHTOB d,,:

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

teT teT

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

R®,0)=7 Y nuwlnd ol

u,weW tel

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

OCHOBHOE OTJIMYHE STUX MOJeJell OT MOAeTH OMUTEPMOB B TOM, 9YTO 37€Ch B sB-
HOM BHJIE CTPOMTCS Marpuna © Jyisd 1CeBJO-KOJLIEKIUH, TOIJIa KaK B MOJEJIHM Ourep-
moB © = diag(my, ..., )P u KOJUUECTBO ApaMeTPOB BjBOe MeHbiie. Kak nokasa/iu
skciiepumeHTbl, Mojejib WNTM HeMHOro 1npeBocxojut Moje/ib OUTEPMOB U CYILIECTBEH-
HO [IPEBOCXOJUT OOBIYHbIE TeMaTHIecKue Mo/eu [164| Ha KOJUTeKIuaX KOPOTKUX TeKCTOB.
Ha kosuteknusix JJIMHHBIX TOKYMEHTOB TeMaTHIeCKHe MOJE/TN TapHOil COYeTaeMOCTH CJIOB
HE JIAI0T 3HAYMMBbIX HPEUMYIIECTB Hepe/] OObIYHBIMU TEMATUIECKUMU MOJIE/ISIMH.

KorepeHTHocTb. Tema nasbiBaercs kozepenmnol (coracoBannoii), ecin nanbosee ua-
CTble TEPMbI JIAHHOI TeMbl YaCTO BCTPEYAIOTCH PsiIoM B JIOKyMeHTax KoJuaekiuu [90).
CoueraeMoCTb TEPMOB MOZKET OLEHUBATHCA 110 camMOoil KoJuiekiuu D [83], wiu 1o cropou-
Heil KoJuteknuu, Hapumep, no Bukunemuu [87]. CpejiHsisi KOPePEHTHOCTh T€M CYUTAETCS
XOPOIIeil Mepoil HHTePIPEeTHPYEMOCTH TeMaTudeckoii Mojgesnu [91].

[lycrs saganb ouenku coderaemoctu Cy, = p(w|v) aaa nap tepmon (w,v) € W2
O6b14n0 C)pypy OLEHUBAIOT KAK JOJIIO JOKYMEHTOB, COAEPKAIMX TEPM U, B KOTOPBIX TEPM W
BCTpedaercd He Jlajiee yeM depes 10 cjioB ot v.

Samummem dopmyity noanoil BepograocTH p(w |t) = Y Clyypyt 1 3aMEHHM B Hell yCI0B-
HYIO BEPOSTHOCTD (0, IaCTOTHOI omeHKoii: p(w |t) =Y Cyy "L, BBeaéM peryaspusarop,
TpeOyIoNMMii, 9TOOBI IIAPAMETPDI (0, TeMATHICCKONH MOIEIU ObLIM COIACOBAHLL C OIICHKA-
mu p(w |t) B cMbICsie KPOCC-9HTPOIIMHI:

) =73 0 37 plw ) n oy

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

Pt = DOL <nwt +7 Y vanvt>- (59)
veW\w

D10 cryraxkupaonmii pery/sipu3arop. OH yBe/JIMYUBAET BEPOATHOCTH TEPMA B TE€ME, €CJIH
TEPMbI, ¢ KOTOPBIMU OH 4aCTO COYETAeTCsl, OTHOCATCS K JlaHHoit Teme. TouHno Takast ke
dbopmysna nomyunsiace B [83] aust mogean LDA u anropurma comismpoBanust ['u66ca,
HO ¢ DoJiee CJIOKHBIM 00OCHOBaHHEM 4epe3 00600mennyo ypHoByio cxemy lloiis, u ¢ 6osee
CJI0ZKHOM 3BpUCTHYIECKON OMEHKOH Clyy.

B pabore |87| upemiozxen Jpyroit peryisipu3arop KOrepeHTHOCTH:

R(q)) =T Z In Z Cuvsoutspvta

tel u,veEW

B KOTOPOM OIleHKa HapHOii cogeraemoctu TepMoB Cly,, = Ny, [PMI(u, v) > O] ompeJie/igeT-
Csl 9epe3 nomoueunylo 63aumnyio ungopmayuro (pointwise mutual information)
| D|Nuy
PMI(u,v) = In ———, 60
() N,N, (60)

rjie Ny, — 4YUCJIO JIOKYMEHTOB, B KOTOPBIX TE€PMbl U,V XOTsd Obl OJUH Pa3 BCTPEYAIOTCS
psiiom (He nmasee, dem depe3 10 cioB), N, — YHCIO JOKYMEHTOB, B KOTODBIX TE€PM U
BCTpeYaeTcs XoTd Obl OJIMH pa3.

Taxum obpa3oM, eIMHBIH MOIX0/T K ONTUMHU3AIME KOTePEHTHOCTH IIOKA He BhIPabOTaH.
[IpejiaraeVblie KpUTEpUU MOXOXKHM HA MOJIe/IM OUTEPMOB M ceTu CJIoB. Bce onu dpopma-
JIU3YIOT ODIIYIO MJICI0, YTO €CJIU CJIOBA 4YacTO COBMECTHO BCTPEYAIOTCd, TO OHU UMEIOT
CXOXKYI0 TeMaTHuKY.

Mopenn BeKTOpHbIX NPeACTaB/IeHU CNOB CTaBAT B COOTBETCTBHE KarKIOMY CJIOBY W
BEKTOD V,, (PUKCUPOBAHHOI pa3zmepHocT. OCHOBHOE TpeOOBaHHE K 3TOMY OTOOpaKEeHUIO —
4TOOBI OJIM3KHM I10 CMBIC/IY CJIOBAM COOTBETCTBOBaJIM OJiM3KHe BeKTOpbl. CoriacHo duc-
mpubymuenot eunomese (distributional hypothesis) cmbica cioBa onpejessiercs: pacipe-
JIeJICHUEM CJIOB, B OKPY’KeHHH KOTOPBIX OHO Berpedaercs [48|. CioBa, BerTpevarormecs
B CXO2KHX KOHTEKCTaX, UMEIOT CXO02KYIO CEeMaHTUKY Hu, COOTBETCTBEHHO, JOJI2KHbl HUMETb
6u3kue BekTopbl. g dbopMausanuu SToro npuHImna B 78, 79| npemmaraercs HECKOIb-
KO BEPOSITHOCTHBIX MO/IeJIeil, Bce OHI peaJin30BaHbl B mporpaMmMe word2vec. B wactHocTH,
Motesb skip-gram mpejacKa3biBaeT MOsBJIEHHE CJI0BA W B KOHTEKCTE CJIOBA U, TO €CTh IPH
YCJIOBHH, YTO CJIOBO U HAXOAUTCHA PSIIOM:

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

e (Vy, Vy) = Y, VwtVur — CKAJIAPHOE HPOM3BEIEHIE BEKTOPOB. B omindne or Temarmde-
CKUX MOjIeJieil, HOPMUPOBKA BEPOSATHOCTEN ITPOU3BOJIUTC HEJIMHEHHBIM 1TPe00pa30BaHueM
SoftMax, a camu BeKTOpHBIE IIPEJICTAB/ICHUSI CJIOB HE HOPMUPYIOTCS.

st 00y ueHust MOJIEJIM PeIaeTcs 3a/iada MaKcuMmusale log-pas1ono100ust, Kax mpa-
BIJIO, I'PAMEHTHBIMU METOTAMU:

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

Z Nyw I p(w |u) — max.
u,weW {vw}
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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.

IIocTanoBka 3a/1aum o4eHb IoX0XKa Ha TeMaTndeckue Mojaean BTM u WNTM. Monenn
ceMeilicTBa word2vec u JApyrue MOJEJU BEKTOPHBIX IIPEACTABJICHUNA CJI0B TaKZKe ABJIAIOT-
csl MATPUYIHBIMU passiokenusiMu |66, 99, 71|. TviaBroe ormyme 3aK/I109aeTCst B TOM, 4TO
B 9TUX BEKTOPHBIX IPEJICTABJIEHUSIX KOOPJUHATHI HE HHTEPIPETUPYEMbI, HE HOPMHUPOBAHbI
1 He pa3pekeHbl, TOr/a KaK B TEMATUICCKUX MOJIEIIX CJI0BAM COOTBETCTBYIOT Pa3pezKeH-
Hble IUCKpeTHbIe pactupeeienus teM p(t|w). C apyroii cTOPOHbI, TEMATHIECKHE MOJIEIN
N3HAYAIbHO HE IpeIHA3HAYAJINCh JIJI OIIpeJie/IeHIs CeMaHTUIeCKOil OJIM30CTH CJIOB, II0-
TOMY JIeJIAI0T OHHU 9TO ILJIOXO.

B [102] npeyioxken crocobd mocTpoeHUsT MEMAMUMECKUT 6EKMOPHOLEL NPeICasAerul
caos (probabilistic word embedding, PWE) 1o nceBno-kosiekiuu JOKyMEHTOB, aHAJI0-
ruunbiii Mogenssm BTM u WNTM. B 3amauax cemMaHTHUecKoil OJIM30CTH CJIOB OHU KOH-
KypPHUPYIOT ¢ MOJEIIMH Word2vec U CYIIECTBEHHO ITPEBOCXOJAT OOBIYHBIE TeMaTHIEeCKHe
Mojiesid. [Ipu 9rom Temarndyeckne BEKTOPHbIE HPE/ICTABICHUS SIBISIOTCS UHTEPIIPETHPY-
eMbIMU M pa3pezkeHHbIMU. VICI0Jib3yst KPOCC-9HTPOIUNHBIE PEryJsipu3aTopbl, Pa3pezKeH-
HOCTb BEKTOPOB yaaérca noBoaurh 10 93% 6e3 norepu kauecrsa. Ha puc. 14 nmokasambl
HpPUMEPBI PellleHus 3a/1a9l aCCOIUAIMi CJIOB C IIOMOIIBIO MOJIe/Ieil, MOCTPOECHHBIX 0 aH-
[JIOA3bI9HON Bukuie .

KosmmuecrBennbie onenku mnokasbiaior, ¥ro PWE pemraer 3aja4u acconpanuu CJaoB
HAMHOT'0 JIy4Iie 00bI9HOil TemaTndeckoit mojean LDA, HO He ¢ToJIb YCHENTHO KOHKYPHPYeT
C JIydIIuM Moje/isiM ceMmeiicTBa word2vec, Kak B 3ajadax CeMaHTHIeCKO#l OJIM30CTH.

B 3agaue cemanTuueckoit 6sim3octu 1oKyMenToB PWE yBepeHHo onepekaioT BeKTOp-
ayto mozaenb DBOW [36], cienuasibao pa3paboTaHHYIO sl TOUCKA CEMAHTHIECKH OJIH3-
KUX JOKYMEHTOB.

Kpowme toro, APTM mno3Bosisier 00001muTh TeMaTu4IecKue MOJIE/H JUCTPUOYTUBHON
CeMAaHTUKHU JIJIsi MyJIBTUMOJAa/IbHbIX KoJutekiuii [102]. Vcnoab3yst jaunbie 0 napHoif co-
YeTaeMOCTH TEPMOB PA3JIMIHBIX MOJAJHHOCTEH, BOBMOXKHO CTPOUTb MHTEPIPETUPYEMbIe
TeMaTU4IeCKue BeKTOPHBIE IPEeJICTaBIeHUs /I BceX MojabHocTell. B To ke Bpems, npu-
BJICUEHHE JIOMOJTHUTETbHON MHMOPMAIMU O JIPYTUX MOJAJIbHOCTAX IOBBIIIAET KAYeCTBO
pelenus 3a/ia4u OJIM30CTH CJIOB.

14 MopgennpoBaHune CBSA3HOIro TekcTa

['mnoTe3a «MeIIKa CJIOB» U MPE/IOIOKEHNEe O CTATUCTUIECKO HEe3aBHCUMOCTHU COCE/I-
HUX CJIOB IPUBOJAT K CJMIIKOM 4YaCTOW XaOTHUYHON CMeHe TeMAaTUKH MeKJLy COCeIHUMU
cjaoBamu. Ecjin npoc/ie/inThb, K KAKUM T€MaM OTHOCSTCS HOCJIe/I0BATE/IbHbIE CJI0BA B TEK-
cTe, TO TeMaTU4ecKas MOJIE/Ib B IEJI0M HOKAZKeTCs He HACTOJIbKO XOPOIIO UHTEPIIPETUPY-
eMoii, KaK PaHKHPOBAaHHbBIE CIIMCKH HAamOOJiee JACTOTHBIX CJIOB B TEMaX.

Temarmdeckne Mojenn CerMeHTAIlMH OCHOBAHBI Ha 0OJiee PeaJuCTUYHBIX THIOTe3aX
0 CBsI3HOCTH TeKcTa. Kazkjjoe 1pe/jiozKenne, Kak 1PaBuio, OTHOCUTCH K OJHOW—JIBYM Te-
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Mam. Clemyroniee MpeiokeHne, Kak IIPABU/IO, HPOMAOJIZKAET TEMATHKY PEIblLYIIEro.
CmeHa TeMbl PEJIKO IMPOMCXOAUT MEXKJLY HPEIIOKEHUAME, 9acTO MEXKLy a0d3alaMu, eiré
Jarme — MeK/Iy CeKIMUIMH JoKyMeHTa. Kaxkmoe mpetoykeHne MOKHO CINTATD «MEITKOM
CJIOBY WJIU «MEITKOM TepMOB». /IOKyMeHT MOYKHO CUNTATH «MEIIKOM IIPe I TOZKEeHMIT».

TemaTuyeckass mogenb npeasioXxeHui. JlomycTum, 4To KaxKIblil TOKYMEHT d pa3ouT
HA MHO?KECTBO CEIMEHTOB Sy. 9TO MOI'YT OBITH HpeI0KeHns, ad3aIbl W (pasv, — CHH-
TaKCHYECKH KOPPEKTHBIe YacTH IpejiokeHuit. O0o3HaYMM depe3 N, JJIUHY CerMeHTa S,
9epes Ny, — YUCI0 BXOXK/ICHUIl CJI0BA W B CEI'MEHT S.

[Ipeamo102KuM, 9T0 BCe CJI0BA CEIMEHTa OTHOCATCA K OJHOI TeMe u 3anuiemM QyHKIIO
BEDOSITHOCTH CerMeHTa S € Sy 4epe3 mapaMeTphl TeMATHIECKON MOJETH Oy, Oig:

p(s|d) = Zpt|d pr|t"5w—29thg0"m.

teT WES teT WES

Bynewm cunrtarh KazKaplii JOKyMEHT «MeIIKOM cerMeHTOB». Torja dbyHKIS BepOSITHO-
ctu BbIOOpKM Oyjier paBHa Lpou3BejieHuio (PyHKIUI BeposdTHOCTH cermeHToB. [loctaBum
3a/la4y MaKCHUMHU3aluu cyMMbl log-1ipaB;io1i0/100us u peryJisipusaropa [

Z Z lnz Osa H on + R(®,0) — max, (61)

deD seSy teT wes

npu 00brvHBIX orpanunvenusx (10). B gacrHoM ciydae, Korjga KayKjblii CEPMEHT COCTOUT
TOJIBKO U3 OJHOTO CJIOBA, JaHHad 3a1ada mepexoaut B (11). Bamernm rakzxke, 4To 3a71a4a
(61) siBisiercsi 4ACTHBIM CJIydaeM [OCTPOCHUsI TeMaTH4ecKoit Mojesu runeprpada (43),
B KOTOPOM BEPIIUHbBI SIBJISIOTCS CJIOBaMu, a PEOpa — LPe/JI0KEHUSIMU.

Teopema 10. Ilycrs pyuknus R(P, ©) neupepbiuo jaupepennupyema. Touka (P, O)
JIOKaJIbHOTO 3KcTpemyMa 3ajgaqn (61), (10) yaosaerBopsier cucreme ypaBHeHmii co BCIo-
MOrare/IbHbIMH 1I€PEMEHHbIME Pygs = P(t|d, s), ecjm u3 pemeHus: HCKJIIOYUTH HyJIEBbIE
crostoner marpui P, O:

Prds = norm(ﬁtd [T e );

wES
OR
Put = DOIM <nwt + Puwty — ) ; Nt = Y Y [w € 8] pras;
ew Opur deD ses,
d
OR
Org = norm TNyg + 0 Ngg = ..
td 2 < td td 89td) td sezszdptd

AnajsiornanpiM 00pa30M 3ajada CraBUTCs i Mojean npejyioxkennii senLDA [19] u
JUtst MoJiesin Koporkux coobienunit Twitter-LDA [161]. B oboux ciydasx peryssipusa-
TOPOM SBJILIOTCA allpHOpHBIe pacupenenenns dupuxie. B momenn Twitter-LDA B posun
JIOKYMEHTOB BBLICTYIIAIOT aBTOPBI, B POJIK CEIMEHTOB — COOOIIEHHS JTAHHOI'O aBTOPA.

Nineprpad)osbie Mogenn cBs3HOro tekcra. Kak yzke 0TMEYaI0Ch BBIIIE, TeMaTHYe-
ckas Mozesib runeprpada (43) MoKeT OBITh HEIOCPEICTBEHHO MPUMEHEHA /I HOCTPOe-
HUS TeMaTUu4decKoit mojiesn mpejyiokennii. Ha camom jiesie, pedpom runeprpada MOKHO
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OIMCATh HE TOJILKO IPEII0KEHNEe, HO U JIF0O0Ee MOJAMHOKECTBO TEPMOB, CBI3AHHBIX JPYT
C JIPyroM IO CMBbICJIY U [IOPOXK/IAEMbIX OJHOI 001l TeMOil.

Ecim tekcr npejsapure/ibHO 00pabOTaH CUHMAKCUYECKUM NAPCEPOM, TO B Kade-
crBe pébep MOXKHO GpaTh BETKH MJIM HO/JIEPEBbsi CHHTAKCUYIECKOTO JepeBa (cunmazmot),
B YAaCTHOCTHU, UMEHHBLE 2PYNNb, — TPAMMATUIECCKH KOPPEKTHBIE CJIOBOCOYETAHUS, B KO-
TOPBIX TJIABHBIM CJIOBOM SIBJISI€TCS CYIIeCTBUTE/IbHOe. CHHTAKCHYECKHE CBS3U IIO3BOJISIIOT
YCTAHABIUBATD CEMAHMUYECKUE POAU CAOS U BBIICIITH (hakmob, B BUJE TPOEK «OOBEKT,
CyObeKT, JefCTBHEY, KOTOPhIE MOYKHO CIMTATH TEMATHICCKH OJHOPOJIHBIMU U OIMCHIBATH
pébpamu rutieprpada.

MozKHO UCIIO/IB30BATH BHEITHUE JIMHTBUCTHYECKUE PECYDPCHI — MEe3aypycol, Wi OHIMO-
aoeuu, Takue Kak WordNet, PyTes, Buku-CiioBapb u apyrue. OHu 1103BOJISIIOT HaXOJIUTh
apbl TEPMHUHOB, C BBICOKON BEPOSITHOCTBHIO CBA3aHHBIE TeMaTHUYECKH, JTUOO BOOOIIE 000-
3HAYAIONINE B TEKCTE OJUH M TOT K€ 00BEKT. DTO MOIYT OBITH Hapbl CUHOHUMOS, AP
eunonum—zuneporum (4acTHOe—001Iee), APl MepoHUM—ToAoHuM (dacTb—1iesoe). TepMu-
HbI, CBA3aHHbIE TE€3ayPYCHBIMU OTHOIIEHUSIMH, MOXKHO OObeAUHATH pedpoM rumeprpada,
KOI/Ia OHU HAXOJSTCS B OJHOM IHPEIJIOKEHUH UM B COCEIHMUX HPEIJIOKEHHUSIX.

[NuneprpadoBast Mojesib He HAKJIaJAbIBAET HUKAKHX OIDAHHMYEHHIl Ha MHOI'OKDATHOE
BXOXK/ICHHE OJIHOI'O U TOTO K€ CJI0Ba B pasuble pédpa runeprpada. 1o 1aéT BO3MOKHOCTH
VUIUTBIBATH Pa3Hble THIILI CBA3€fl MEXKJIy CIOBAMHU, OIUCHIBas UX PA3/JUIHBIMU THIIAMH
pébep B runeprpade. Hanpumep, MoKHO B euHOil rumeprpadoBoii MOJIE/JH YINTHIBATD
OJIHOBPEMEHHO IIpe/IJI0KeHHs, (paKThl, CHHTAKCHIECKHE U Te3aypPyCHbIE CBS3H.

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

Memod TopicTiling [108| ocuoBan nHa mnocr-obpaborke pacupempesnenuii p(t|d, w;),
1=1,...,n, DIOJIy9aeMbIX KaKOi-Tn00 TeMaTHIeCKOi MoIebio, HampuMep, LDA. Omnpeme-
JIIM TEeMATHKY TIPEJJIOKEHHs S KaK cpeauion Tematuky p(t|d, w) Beex ero cios®. [Tocun-
TaeM KOCUHYCHYIO OJIM30CTh TEMATUKU JIJIs BCEX Lap COCe/IHUX 1peiokennit. Yem riyoxke
JIOKQJIbHBIYT MUHUMYM OJIM30CTHU, TEM BbIIE YBEPEHHOCTD, YTO MeK/1y JIAHHOH 11apoil 1pe/i-
JlozKeHuit npoxoyut rpauuiia cermerntoB. Meros TopicTiling uctiosib3yer nabop 3BpucTuK
JUTS IOIDOpA YHCJIA TIPE/IJIOZKEHUi ceBa U CIpaBa OT JOKAJIHLHOTO MUHUMYMa OJIM30CTH,
OllpeJieIeHNsT IHCIa CeTMEeHTOB, MOAOOpa YUCIa TeM W YHCJa UTePalnii, HTHOPUPOBAHUS
CTOII-CJIOB, (DOHOBBIX TeM U KOPOTKUX Hpe//IozKeHnit. AKKypaTHas HACTPOIKaA apaMeTpoB
9TUX IBPUCTHK MO3BOJISIET JIOCTHYb BBICOKOTO KadecTBa cermenTanuu |108].

TopicTiling He sBJisieTcst MOJIHONEHHO TEMATUYECKON MOJIEJIBIO CerMEHTAIuU TeKCTa,
HIOCKOJIbKY 1I0CT-00pabOTKa HUKAK He BJIMSeT Ha caMu TeMbl. dT0ObI HAUTH TeMbl, HAanbO-
Jlee BbITOJIHbIE JIJIs CeI'MEHTAInu, Tpedyercs ClelUa/IbHbII Pery/ispu3arop.

Perynsipuzatop E-wara. Hekoropbie TpeboBaHuS K TeMAaTHIECKON MOJIETN YA00HEe BbI-
pazkaTh 4epe3 PaCIpeeeHust D, = p(t|d, w), a e depes @, u 0yy. Hampumep, Tpebdo-
BaHUA CXOJCTBa TEMAaTUKHW TEPMOB BHYTpU Hpe,ZLJ'[O)KeHI/Iﬁ nJjim MexK/1y COCelJHUMU 1IPeJIJIO-
KEHUAMU. OHI/I IIO3BOJIAIOT YYUTbIBATDL IOPAJOK CJIOB BHYTPpU JOKYMEHTOB B O6XO,ZL TUIIO-

>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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Te3bl «MEIKa CJI0B». B 0bleM ciyvae oHU BbIpaxKatorcs B Buje peryisipusaropa R(I1),
vie 11 = (praw)Tx Dxw — TPEXMEPHAsi MATPUIA BCLHOMOIATE/IbHBIX IEPEMEHHbIX.

Bynem nmpennonarars, aro R gBageTcsd TOCTATOYHO IaIKONW DYHKIHeH BceX mepeMeH-
HBIX Pigw- KpOMe TOrO, clie1aeM BIIOJTHE eCTeCTBEHHOE JIOIMYIeHne, YTO €CJIH CJI0Ba W HET
B JIOKyMeHTe d, TO (DyHKIUdA R He 3aBUCUT OT MEPEMEHHON Py .

Corutacho ypasuennio (13), marpuna II ssisiercs dynknueit or © u ©. [Tosromy K pe-
ryasipuzaropy R(II(®,©)) B noinoii mepe upumenuma reopema 2. [Ipu srom cucremy
ypaBHeHuii yiobHee 3amucarb Yepe3 YacTHbIE MPOU3BO/IHBIE PEry/Ispr3aTopa M0 BCIIOMO-
raTeibHbIM mepeMeHHbiM 11

Pacemorpum 3aj1ady MaKCUMU3AIUN PETYJIsipU30BAHHOTO l0g-TIpaB1ono1o0us ¢ By Ms
peryjsipu3aTopaMu, OJIUH U3 KOTOPbIX 3aBucut ot 1I:

DD nawIn D uibia + RII®, 0)) + R(®,0) — max, (62)

®,0
deD wed teT

IIPU OIPAHUYEHUSIX HEOTpUIATebHOCTH 1 HOpMupoBkH (10).

Teopema 11. [lycre ¢pyukinuun R(I1(P,0)) u R (P,0) neupepsisao juggepennupye-
Mol 1 pynkius R(I1) He 3aBucuT OT 11IEPEMEHHBIX Pigy, B Ciydae Ng, = 0. Torga rouka
(®, ©) sokapHOrO KCTPeMyMa 3agaqn (62), (10) yoBaerBopser cucreme ypaBHEeHHIT €O
BCIIOMOTATETbHBIMH MEPEMEHHBIMH Py, = P(t|d, W) U Py, €CTH U3 pelleHnst HCKTIOIHTh
HyJieBble cToji01pl Marpui; P, O:

Prw = 10T (PurBa); (63)
Ptdw = Ptdw (1 + — ! ( 8ptdw szdw adew )) ; (64)
Pur = norm ( dEZD Nawbtdw + Put ;it) (65)

0ia = norm ( ng;i NgwDtdw + Otd ggz) (66)

JlokazareibcTBO TEOpeMbl YA00HO OPOPMHUTD B BUJIE CJEAYIONINX TPEX JIEMM.

Jlemma 2. st pyukumun pyg, (P, 0) = % u jioboro z € T

8pzw apzw pwl_pw> =z
d 9 d —ptdw([z—t]—pzdw) :{ td ( td )

(pw _— = d— =
! 8Q0wt ! 89td —PtdwPzdw, t 7& Z.

HoxkazarenscrBo. Bocnosbsyemest popmynamu (13) jist HEPEMEHHDBIX Pygyy:

%utapﬂ - 0 ( Puw:0zd ) = 0y [2=1]04 Zu Cuwubud — OrdPuw=0=a _
0Pt 0Pt Zu Puubud (Zu prueud)2
= Prawl2=1t] = PrawPzdw = Praw([2=1t] = Pzdw);
g, Lz OPdw . 0 ( Puwz0q ) — 6, [2=1t]Pwt Yy Pwubud — PutPw:0zd _
OVtd 0044 Zu Puwublud (Zu <Pwu9ud)2

= Ptdw [Z:t] — PtdwPzdw = ptdw([zzt] - pzdw)-
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JlemMa JloKa3aHA.
Bsejém dyHKIuo o BcrioMorare/ibHbIX nepeMeHHbix I1:

OR(T) OR(IT)
w II) = - zdw .
Qtd ( ) 8ptdw Zp ¢ 8pzdw

zeT

Jlemma 3. Ilycre R(I1) He 3aBucuT OT 1IEpEMEHHBIX Pygy, 1pu w ¢ d. Torya Bce yacTHbie
HpOI/I3BO,ZIHbIe peryﬂHpIBaTopa R(IT) Boipaxkarorcst 4epe3 Quauy:

OR(II
Zptdetdw ; etd 89( ) - Zptdetdw(H
deD wed
HoxkazareabcTBo. Bocronb3yemces popmystoit quddepennupoBanms CJI02KHOM (DyHK-
o OP-dv OR(11
UK U TEM, YTO pd:Oanw#v;ﬁ:Oant%z; ():Onpnwgd:
&Pwt 00,4 OPtaw
8R apzdv 8R apzdw
w = Puw ) 67
e ! Z apzdv a9011115 dEZDzEZT pzdw 890101& ( )
8R 8pzdv H apzdw
) . 68
00, 89td bra Z 8pzdv 0014 % 26; 8pzdw * 00,4 (68)
B cuiy jsiemmbl 2 cripaBeiinBO TOXK I€CTBO
Z H 8pzdw Z H 8pzdw _
8pzdw 890101& e apzdw a‘gtd
OR OR(II OR(II
- Z apidw) Ptaw ([Z = t] _pzdw) = Dtdw ( 8pfdw) _Z Pzdw 8p£dw)) = ptdetdw (H)

zeT

[TogcranoBka Moy IeHHOTO BhIpakenus B (67) u (68) 3aBepimaer J0Ka3aTEIbCTBO.

Jlemma 4. Pemenne ;0 3agaun (62) yaosaerBopsier cieiyiomieii cucreMe ypaBHeHHi
OTHOCHTE/IBHO HEPEMEHHBIX Py, Oyg B BCIIOMOIraTeJIbHBIX TE€PEMEHHBIX Dy

Praw = 10T (PurBa); (69)
OR'
Put = TOLIN ( Z NdwPrdw + Z QtdwPrdw + Put 8g0wt) (70)
deD deD
0 —norm<Zn —l—ZQ +46 8R’> (71)
td 2 dwPtdw 2 tdw Ptdw td 90,

DTa JIeMMa SIBJISIETCS HEIMOCPE/ICTBEHHBIM CJIEJICTBHEM TEOPEMBbI 2 U JIEMMbI 3.

OcTaJyioch TOJIBKO 3aMETUTh, YTO BbIJEJICHHE BCIOMOTATEJHbHOW HEPEeMEHHON Dy, CO-
rmacuo (64) mosBouster nepenucars ypasuenns (70) u (71) B rpebGyemom Bue (65)—(66).

Teopema nokazana.

Takum obpazom, B EM-ajropurme 11 KazK/10ro J0KyMeHTa d CHAYa Ia BBITHCISIOTCS
BCIIOMOTATE/IbHBIE IEPEMEHHBIE Dygy,, 3ATEM OHU IIPE0OPA3YIOTCS B HOBBIE IEPEMEHHBIE Py,
KOTODbIe MOACTaB/IATCA B hopmysst M-mara (14)—(15) BMeCTO pigy. Takoit criocob Bbi-
qucJieHuit OyjieM Ha3biBaTh pe2yaapusayuet E-waza wim nocm-obpabomrot F-waza.

3amMeTnM, 9TO MepeMeHHbBIE Pyg,, MOTYT IPUHAMATH OTPHUIATETbHbIE 3HAUEHN S, [TOITOMY
B O0IeM cJiydae OHH He 00pa3yloT BEepPOSTHOCTHBIX pacipejesnenuii. Tem He menee, i
HUX BBILIOJIHEHO YCJIOBHE HOPMHUPOBKH Y, Praw = 1.
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Pa3pexuBanue pacnpegenennii p(t|d,w). [Horpebyem, 4robbl KazK/blii TEPM B JIOKY-
MEHTE OTHOCHJICH K HeBOJIbHIOMY duciy TeM. i 91oro Oyjuem pa3peuBarh Pacipe/ie-
nerust p(t|d, w), makcumusupyst ux KL-TuBepreHIun ¢ paBHOMEPHBIM PaCIPe/IeTeHIEeM:

KL(%‘ | p(t|d, w)) — max.

CyMMupys 110 BCEM TepMaM BCEX JOKYMEHTOB, HOJIYYUM Peryjispu3arop:

R(IT) = Z Z N Z In pig, — max.

deD wed teT
[ToacTaBuM MIPOU3BOTHYIO

OR(Il) 7 ngy

apzdw |T| Pzdw
B dopmyiy (64):
ﬁtdw = Ptdw — T(% - ptdw)-

Taxum 00pa30M, €C/IM JJIsi HEKOTOPOI TeMbI Pygy < ﬁ, TO Ha CJaeaylomeil nrepanuu
BEPOATHOCTD Pygyy JJIA JAHHOTO TEPMa W CTAHET emeé MeHbime. TemaTwmka TepMa OyaeT
IIOCTENEeHHO KOHIEHTPUPOBATHCA B HEOOJIBIIOM YHC/IE TEM.

Emg ogua uHTepupeTays Toro Perysapu3aropa CaeiyerT U3 BO3MOKHOCTH 3aIUCATH
peryspusanuio E-nrara sxBuBaieHTHBIM 00pa3om depe3 dopmysisl M-mara (70)—(71):

1 TNt i 8R/
wt = NOrM | Ny — TNy | = — — wt=—— |
Put = T ! VAR 7 0w

1 n OR'
Qtd = ntOEI‘Tm<7’Ltd Tnd<|T‘ n—t:) +9td—)-

Ecisin Heperyispu30BaHHble YaCTOTHBIE OIEHKHN YCJIOBHBIX BEPOATHOCTENl ﬁ(t|w) =y
p(t]d) = "td CTAHOBATCA MEHBIIIE BEPOATHOCTH PABHOMEPHOI'O PACIIPE/IETICHA IT\ TO IIPO-
HCXOJUT pa3pe>KHBaH1/1e pacupeeseHuit .y 1 iq; ¢ nTEpanUuAMU UX 3HAYCHMs yMEHbIIA-
I0TCS U MOI'YT 00palliaThCs B HyJIb. TakKuMm 00pa3om, IIPOUCXO/UT COIVIACOBAHHOE Pa3PerKu-

Banue marpuit  u O, nox yupassienuem oHOT0 0011er0 KOd(MhunuenTa pery/isipu3aium 7.

Paspexusarwowuin perynapusatop E-wara gna cermentayuun. Baxneiimas ocoben-
HOCTDb peryJgpusaropa E-mara 3ak/aiodaercsd B TOM, YTO OH IO3BOJISET YIUTBIBATH CO-
CEeJICTBO CJIOB BHYTPU JOKYMeHTa B OOXOJ[ I'MIIOTE3bI «MeIIKa CJIoB». [IpuMenum pery-
JIAPU3AUTO E—mara AJid IIOCTPOECHU A TeMaTU4YeCKON MoZeJin CerMeHTUPOBAaHHOI'O TEKCTa.
Ornpejie/iuM TeMATUKY CeIrMeHTa § € Sy KaK CPeJHIOI0 TeMATUKY BCEX ero TePMOB:

Ptds = p(t|da ‘9) = Zp(t|daw (’lU|S Znswptdw

8

wes wes

Yr1o0bl KazK/Jiblil CE'MEHT OTHOCHJICS K HEDOJIBIIOMY 4YHCJY TeM, OyjeM MUHUMU3UPOBATDH
KPOCC-9HTPOLMIO MexKjy pacipejesenusivu p(t|d, s) u paBHOMEPHbBIM PaCIpe/ eI HUEeM,
9TO MPUBEJET HAC K PA3PEKUBAIOIIEMY pery/spusaropy E-mara:

R(H> =-7 Z Z Z In Z N swPtdw- (72)

deD seS, teT wES
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Omnyckast pyTHHHbBIE BBIKJIQJIKH, IPUBEAEM De3yJibrar nojacraHoBku (72) B (64):

~ . T j : Nsw 1 2 : Pzdw
Ptdw = Ptdw ]- - n— n - -
dw seS, s Dtds T Dzds

Xots GpopMy/Ia BBIVISIAT TPOMO3IKOM, 3(DMEKT NpUMeHeHUsl Peryiapu3aTopa HOHATD
He TpyaHO. Ec/inm BEpOSATHOCTD Pigs TEMBI B CEIMEHTE OKAZKeTCsS MEHBIE HEKOTOPOro I0-
pora, TO BEPOSITHOCTH Pigy OYAYT YMEHBINATHCS JIJIsi BCEX TEPMOB W JIAHHOIO CErMEHTA.
B urore remaruka Kazioro cerMeHTa CKOHIEHTPUPYETCsl B HEOOJIBIIOM HYHC/IE TEM.

B pesynbraTe paspexKuBaHus TeMaTHKa COCEIHUX CEIMEHTOB MOYKET OKa3aTbCs OJIM3-
KOil, 1 UX MOXKHO OyJeT oO0beJMHUTH B OJUH TeMmMaTudeckKuii cermeHT. Hazosém Temy ¢
¢ MaKcuMaJibHbIM 3HavYeHnueM p(t|d, s) domunupyroueti memotd, cermenTa S JOKymeHTa d.
Ecian tema goMuHHpPYET B COCEJHHX CEIMEHTaX, TO OHA Oy/eT JIOMUHUDYIOHIEH W B UX
obbeunennn. Ecimm 00beIMHUTD 110C/Ie/I0BATE/IbHBIE CEIMEHTDI C OJIMHAKOBOW JOMUHUPY-
fomeil Temoit B o/iuH 60J1€€ KPYIHBIA CEIMEHT, TO JIaHHas TeMa TaKzKe OCTaHeTCS B HEM
JIOMHHHUPYIOIIEH. DTO MpOocTas arioMepaTUBHAs CTPATErds TeMAaTUIECKOW CerMeHTAIlHH.
B ommnune or TopicTiling, y Heé HeT aBpucTudecKux napaMerpoB, KOTOpbie HaJI0 HACTpa-
UBaTh, U OHA IIOYTHU HE YBeJIMYUBAET BpeMs 10CT-00paboTku E-mara.

15 Kpurtepnmn kavectBa temaTuydecknx moaesie

Kpurepun KadecrBa TeMATHYCCKHX MOJAEICH NPHHATO [eJUThL Ha BHYTPEHHHE
(intrinsic) u BHemHue (extrinsic). Buympennue Kpumepuy, XapaKTepu3yoT KaIecTBO MO-
JIeJIM 110 MCXOJHOM TeKCTOBON KOJUIeKIUU. Bhewmue Kpumepuu OLEeHUBAIOT II0JIE€3HOCTh
MoAe/JIM C TOYKHU 3pEHUA IPUJIO2KEHUA U KOHETHbIX 110J1Ib30BaTeJIe. I/IHOF,ZLa AJId 9TOIro
IPUXOJUTCA COOMPATDH JOIOJHATEIbHBIE JAaHHbIe, HAIIPAMEp, ONEHKH aceCCOpPOB.

BHewHne kputepnn kpaiine pa3sHOOOpPa3HBI U 3aBUCIT OT PeIlaeMoil MPUKJIAIHON 3a/1a-
qyu. [Ipakrudecku B KaxkJI0# 1yO/JIMKAIUK 110 TEMATHYECKOMY MO/JIEJIMPOBAHUIO UCIIOJIb3Y-
ercsi KakKoi-/1n00 BHEIIHUI KpuTepuii: KauecTBo Kiaccudukanun goKymenTos [111], Tou-
HOCTb ¥ HOJIHOTA MHMOPMAIMOHHOTO noucka |155, 14, 7, 12|, 4ucsio HaiiileHHbIX XOPOIIO
HHTEPIpeTHpyeMbIX TeM [17], kKadecTBo cermentanun Tekcros [108]. B [35] mperaraercs
MeTOJUKa JUATHOCTUKH MOoJieseil, OCHOBaHHAs Ha CONOCTABJIEHNU Hall/IeHHBIX TeM C 3apa-
HEe M3BECTHBIMU KOHIEITAMU.

Mepnnekcna. Haubosiee pacupocrpaHéHHbIM BHYTPEHHUM KPHUTEPUEM SIBJISETCH Nep-
naexcus (perplexity), ucnosnb3yemast st OIEHUBAHES MOJIe/Ieil A3bIKa B KOMIIBIOTEPHOI
JMHTBUCTUKE. DTO Mepa HeCOOTBETCTBHS WM «YAUBICHHOCTH» Mojean p(w|d) Tem Tep-
MaM w, KOTOpbIe MbI HAa0JTI0/IaeM B JIoKyMeHTax d Kosuiekiuu D. OHa ompejessercs depes
log-tipasononobue (9), mubo depes log-npasaonogobue (34) Kazx/10if MOJAIBHOCTH M

1
perp,,(Dip) =exp( === | > nawlnp(w|d) ), (73)
™ deD wewm
TAE Ny = >, Y. Ngy — JUIMHA KOJUIEKIMU 1O M- MOJAJBHOCTH. HeM MeHble mep-
dED wEW™

IJIEKCUd, TeM Jiy4dlle MOJ/JeJIb p HPEACKa3blBaeT 1OABJIEHUE TEPpMOB W B JOKYMeEHTaX d.
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[lepiiekcusi uMeeT CJeAyIONLYI0 HHTEpUPeTanuio. Kcjim TepMbl W HOPOKIAI0TCH
13 paBHOMEpHOro pacupejeinenus p(w) = 1/V wa ciaosape momnoctu V', 10 nepijiek-
cug Mozesm p(w) HA TAKOM TEKCTe CXOAUTCA K V' ¢ pOCTOM €ero JiuHbL. dem cuibHee
pacupesgeserne p(w) OTIMYAETCS OT PABHOMEPHOTO, TEM MeHbIIe IepIiekcus. B caydae
VCJIOBHBIX BeposaTHoCTeil p(w |d) uHTepIperanus HEMHOTO JIpyras: eCJIM KasKJIbli JOKy-
MEHT reHepupyercss u3 V' DABHOBEDOSITHBIX TE€PMOB (BO3MOXKHO, PA3JIMYHBIX B PA3HbBIX
JIOKYMEHTAX ), TO HePIUIeKCUsT CXOAuTest K V.

HenocraTkoMm nepnsiekcun sBJisieTcsl HeOUeBU/THOCTD €€ INCIeHHbIX 3HAUeHN, a TaKzZKe
€€ 3aBUCUMOCTb HE TOJIbKO OT KayecTBa MOJIEJIM, HO U OT PsJia HOCTOPOHHUX (PaKTOPOB —
JIJIMHBL JIOKYMEHTOB, MOIIHOCTH U Pa3PeKeHHOCTH CJI0Baps. B 4acTHOCTH, ¢ HOMOIIBIO
HEPILIEKCUU HEKOPPEKTHO CPaBHUBATH TEMATHUYECKUE MOJIEJIN O/IHOM 1 TOil yKe KOJIJIeKIUH,
IOCTPOEHHBbIE HA PA3HBIX CJIOBAPAX.

Ob6o3nauuM uepes pp(w |d) Mojesb, ITOCTPOEHHYIO 110 00YYAONIEeH KOJLIEKIUH JIOKY-
menToB D. ITlepiuiekcusi obyuaroeii BoiGopku perp,,(D;pp) sBJsiercs OINTHMUCTUIHO
CMEIIEHHON (3aHUKEeHHOI) XapaKTepUCTHKON KadecTBa Mojesn u3-3a 3bdekra mepeody-
yeHus. OOOOIIAIONIYIO CIIOCOOHOCTD TEMATUIECKUX MOJIe/ el IPUHITO OIEHUBATD NePn.Ack-
cuet Konmpoavhol ewbopku (hold-out perplexity) perp,,(D’;pp). OOBIYHO KOJIEKITHIO
Pa3/e/ISAIoT Ha 00y YaoILy0 1 KOHTPOJIBHYIO CJydaiiHbiM 06pas3oM B mponopuuu 9 : 1 [27).

Henoctarkom KOHTPOJIBHBIN MEPILIEKCUN ABJIAETCA BBICOKAS IyBCTBUTETbHOCTD K Pe/I-
KHM M HOBBIM CJIOBaM, KOTOpbIE€ HMPAKTHYECKH OECIIOJIe3HBI [/ TEeMAaTHYeCKHX MOJIe-
jgeit. B pannux skcnepumeHTtax ObLIO mokaszano, dro LDA cymecTBeHHO HpPEeBOCXOHUT
PLSA 1o nepmiekcun, orkyaa 0661 caejaan BoiBoj, 4o LDA Menbie nepeobyuaercs [27).
B [4, 103, 5| 6bL1H mpe/IoKeHbl pobacmHvie MeMamuieckue Modeu, OTTUCHIBAIONIHE PEJI-
KHe CJI0OBa CIeNuaaIbHbIM «(POHOBBIM» pacupejenenueM. [lepriekcus podacTHBIX BapHaH-
toB PLSA u LDA oka3zajach CyImecTBeHHO MeHbINeil 1 MPaKTUIeCKH OJMHAKOBOIA.

KorepeHTHOCTb. lHTEpIpeTNpyeMOCTh TeMATHIECKON MOJETN ABJIAETCS II0X0 hopMa-
jqu3yeMbiM TpeboBanuem. CoepzKaTe/IbHO OHO O3HAYAET, 9TO 110 CHUCKAM Hambo/ee da-
CTOTHBIX CJIOB U JIOKYMEHTOB TeMbl JKCIIEPT MOKeT HOHATb, O 4YéM 3Ta TeMa, U JIaThb eit
agekBarHoe HazBanue |30|. CBOHCTBO MHTEPUPETHPYEMOCTH BazKHO B HH(MDOPMAIMOHHO-
IOMCKOBBIX CHUCTeMaX JIJIs CHCTeMaTU3aIlui U BU3yaJU3allud Pe3yJIbTaTOB TeMaTUIYeCKOro
IIOMCKA WU KaTeropu3alluu JIOKYMEHTOB.

BOJIbL[II/IHCTBO CyleCTBYImux METO/0B OLCHUBAHUA UHTEPHPETUPYEMOCTU OCHOBAHO
Ha [PUBJIEYEHHN KCIePTOB-aceccopoB. B [89] skcmepram mperaragioch HEMoCpeICTBEHHO
OIEHUBATD MOJE3HOCTh TeM [0 TPEXOaIbHOl miKaxe. B merome uurpysuit [30] mis kaxk-
JIOi HaliJICHHOW TeMbl COCTaB/IsAeTCs CIUCOK u3 10 HamboJiee YACTOTHBIX CJIOB, B KOTOPBIi
BHE/IPSieTCsl OJIHO CJiydaifHoe cji0BO. Tema cuMTaercs MHTEPHPEeTUPYEMOi, eCcJid I10/aB-
Jisiforee OOJIBIMMHCTBO JKCIEPTOB MPABUJIBHO YKA3bIBAIOT JIMIIHEE CJIOBO. DKCIEPTHBIE
[O/IXO/IbI HEOOXOUMBI Ha CTAUU KMCCJIe/IOBAHUN, HO OHU 3aTPYIHSIOT aBTOMAaTHYECKOEe
IIOCTPOEHHe TeMaTHIeCKuX Mojerneil. B cepuu pabor [89, 90, 90, 83] mokazano, 4to cpe-
J7 BEeJINYWH, BBIYUCJIAEMBIX IT0 KOJJIEKIIMA aBTOMATUYECKH, JIYUIle BCEr0 KOPPEeJUupyeT
C 9KCIIEPTHBIMU OLEHKAMHU MHTEPIPETHPYEMOCTH kozepenmmocmo (coherence).

Tema HasbBaeTCs Kkozepenmioll (COTIACOBAHHON), €CaH TepMbl, HamboOJIee FacThie
B JAHHOIi TeMe, HecIy4ailHo 9acTO COBMECTHO BCTPedaloTcd pAJIOM B JOKYMEHTaX KOJIJIeK-
muu |90, 91]. Hucsiennoit Mepoit KOrepeHTHOCTH TeMbl T sIBJISIETCs II0OTOYeYHAs B3aUMHAs
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undopmarus (60), Boranciasiemast 110 k Hanbosiee BEPOSTHBIM CJIOBAM TEMBbI:

k-1 k

coher;, = ﬁ Z Z PMI(w;, w;), (74)

i=1 j=i

e w; — i-ii TepM B NOPsAJIKE YOBIBAHUSA Dy, TUCTO K OOBIMHO mOTaraerca pasabiM 10.

KorepenTHOCTb MOJEJIN OLPEIe/ISsercd KaK CPeHsd KOIePeHTHOCTh coher; Bcex TeM.
KorepenTHOCTh MOXKET OIEHHBATHCS 110 CTOPOHHEl KoJuteKiuu (Haupumep, 1o Bukuie-
qun) 87|, 1ubo 110 TOit 2Ke KOJUIeKIUH, 110 KOTOPOii ¢TpouTCest Moje/b |83].

Pa3pe>xeHHOCTb 1 pa3nn4yHOCTb TeM. Pa3peKeHHOCTb MOJIe/IU U3MepsieTcs JoJeil Hy-
JIEBBIX 3jieMeHTOB B Marpunax ® u O. B Mozensx, pasgesnsionmx MHOKeCTBO Tem 1’ Ha
npeaMeTHbie S 1 (POHOBBIE B, pa3pe:KeHHOCTb OIEHHBAETCS TOJBKO IO JACTSIM MATPHIIL
®, O, COOTBETCTBYIONIUM IPEIMETHBIM TEMaM.

B [133]| BBOssiTCS KOCBEHHbBIE MEPbI MHTEPIPETUPYEMOCTH TeM, He TPeDyIoIie [pH-
BJIeUeHUsT aceccopoB. [Ipesmnonaraercs, 9o uHTEPIPETUPYEMAs TeMa, JIOJIZKHA CO/IEPKATD
AeKcueckoe A0p0 — MHOZKECTBO CJIOB, KOTOPBIE ¢ DOJIBIIOI BEPOSITHOCTHIO YIIOTPEOIAIOT-
cd B JAHHOI TeMe U PeJIKO yHoTpeb/IAoTed B Ipyrux TeMax. B rakom ciaydae marpunbt P
1 O J0/KHBI 00J1aaTh CTPYKTYPOil pa3peKeHHOCTH, aHAJIOTHIHOM puc. 8.

Snapo Wy = {w eW ’ p(t|w) > 0.25} TeMBI ¢ ONpEee/sIeTcs KaK MHOXKECTBO TEPMOB,
KOTOPbIe MMEIOT BBICOKYIO YCJIOBHYIO BeposiTHOCTH p(t|w) = Putpt WISl JAHHON TeMbl.
3arem 10 SIPY OIPEeIE/IseTCs TPU MOKA3aTe /sl HHTEPHPETUPYEMOCTH TeMbI t:

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

weWy

cony = Wltl EZ p(t|w) — konwmpacmmuocmo memo, (d4eM BbIIle, T€M JIydIle);

w t

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

[Tokazare/iu pa3mepa sijipa, YUCTOTHl U KOHTPACTHOCTHU JIJI MOJIEJIN B LEJIOM OIIpejie-
JIIIOTCS KaK CpeJHUe IO BCeM MPeIMeTHBIM TeMaM t € S.
Zons gporosoir caoe BO Beeil KOJLIEKIUU MpUHEMaeT 3HadeHus ot 0 1o 1:

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

deD wed teB

Ecin eé 3nadenune 6/m3k0 K 0, TO MO/Ie/Ib He CIIOCOOHA BBLAEILATDH CJIOBA OOINEll JTeKCUKH,
ecJIu 2Ke OHO OJIM3KO K 1, TO 9TO CBHJIETEIbCTBYET O BBIPOXKICHUU TEMATHIECKON MOJIE/TH.

Takue kpurepuu, Kak pasMep sijipa Uan J10Jisi (POHOBBIX CJIOB, MOI'YT HUCIIOJIH30BATHCS
JIJIsE KOHTPOJIS aJIEKBATHOCTU MOJIe/IM. Upe3MepHasi pery/isipusalus MOKEeT IIPUBOJUTH
K JIETPaJIAIiii TeM WU BBIPOXKJICHUIO MOJIE/IH /I CJUIIKOM OOJIBIION T0JIH JTOKYMEHTOB.
Ob6pa3Ho TOBOps, PEryasapu3aTOPbl B MAJBIX J103aX SBJIAIOTCSA JIEKAPCTBAMH, HO B CJIydae
epeIo3UPOBKN MOTYT IpeBpaIiaThbesd B /1. 1109ToMy HYXKHBI KpUTEpUH, TyBCTBUTETbLHBI
K pa3J/IMYHbIM THIIaM BbIPDOXKJICHUA MOIAECJIN.

Ha IIPpaKTHKE K TeMaTUYC€CKUM MO/IEJ/IAM HPEAbABIAIOTCA COYCTaHUA pa3HOO6pa3HbIX
Tpe6OBaHI/II71, AJId IIOCTPOCHUA MOJECJ/IN ITPUMEHAEeTCAd MHOT'OKPpUTEPpUaJIbHAA OIITUMU3ALUA,
[MO3TOMY U KAQ4eCTBO MOJIEJN JOJZKHO OIEHUBATBHCA MO MHOTUM KPHATEPUAM.

B npoekre BigARTM mnojjepkuBaercs OMOIMOTeKa CTAHJAPTHBIX METPHK KadecTBa
1 MEeXaHU3MbI ,Z[O6aB.HeHI/IH HOBbBIX I10JIb30BAaTE€/JIbCKUX METPUK.
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16 TlpoekTt BigARTM

BigARTM — 310 Oub/mOTEKA C OTKPBITHIM KOJOM, OocHOBaHHas Ha Teopuu ARTM.
OHa uMeer pacimupsieMblii BCTPOECHHbBIH HAOOP PEry/isipu3aTopoB U METPUK KavdecTBa, pea-
JIN3yeT OHJIAfiHOBLIN U oddraiitHOBBI MHOTOIIOTOYHBIH akeTHbI EM-anropurm, obecre-
YUBAIOIINI BBICOKYIO 3 HEKTHBHOCTHL 00paOOTKU OOJBIINX KOJIJIEKIHI Ha OJHOM KOMITBIO-
Tepe. bubimoreka gapjsgercsa KpocciiaTrgOpMeHHO: cCOOPKY U MCIIOJTHEHUE MOYKHO IIPOU3-
Bozuth 1o Windows 7/8/10, Mac OS u pasiuaubivu guctpubyrusamu Linux. ITomuep-
JKHUBAIOTCS IporpaMMubie nurepdeiics nox Python 2.7.% /3% C++, a rakxke 3amyck B Buje
ucroageMoro buaapuoro daiina. exonusrit kog BigARTM manucan Ha C++11. [logmeprku-
BaeTCsl HECKOJIBKO IOIMYJISPHBIX (POPMATOB TEKCTOBBIX JIAHHLIX. VcuepbIBaONIy 0 HHGOP-
MaIfIo 10 OMOINOTeKe MOKHO HAiTH B JTOKYMeHTAIluu Ha caiiTe http://bigartm.org.

Huxke upejcrasien MuHMMaJIbHbI KO B Python, Bbinosnsionuii 3arpysky u npeod-
pa30BaHKe JIAHHBIX BO BHYTDEHHHI (DOpMaT IakeroB JOKYyMeHTOB (6amued), CO3/IaHue
1 o0ydeHHne MOJIEIU, BbIYUCICHIE U BBIBOJ, MEPILICKCUH.

1 # Import all necessary tools and data

> from sklearn.feature_extraction.text import CountVectorizer

3 from sklearn.datasets import fetch_20newsgroups

4+ from numpy import array

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)

MoprotoBka AaHHbIX. YHUBEPCAJIbHBIM O0bEKTOM, IPUHUMAEMbIM Ha BXOJ BCEMH Olie-
panusgvu BigARTM, siBisieTcs BekTOpu3arop artm.BatchVectorizer. B upumepe Bbiie
(maru 10-13) on ObLI CO3/1aH 110 MATPHIE «MEIIKA CJI0By» N_wd U CJI0BAPs, 33/JAf0IEro Co-
OTBETCTBHE MeXKIY CTPOKAMU MAaTPHUIIBI M CJIOBAMU KOJUIEKIHH. B 3TOM cirydae makeThl co-
37Iaf0TCS B OMEPATUBHON NAMATH U MOJHOCTBIO YIAJAIOTCI U3 Heé O 3aBepIIeHnHn PadOTHI
OuOIMOTEKH. DTOT CIHOCOO XPAHEHHUsI JAHHBIX ITOAXOMAMT TOJBKO JIJIsi HEOOJIBIINX KOJLIEK-
Ui, [EeJIMKOM [OMEIAIONIMXCH B HaMATH. BO BceX OCTa/IbHBIX CJIydasX HCIOJIb3YIOTCS
dopMaThl JIAHHBIX, HPEJIOJIArafolMe YTeHNe UCXO/IHbIX JIOKYMEHTOB C JIMCKA M 3alUCh
UTOrOBBIX IIAKeTOB Ha Juck. Hambosee momynaspen ¢gpopmar rekcroBbix daiiios Vowpal
Wabbit, B koTopom Kazkast CTpOKa COOTBETCTBYET OJHOMY JOKYMEHTY M HMeeT B

doc_ title token 1:value 1 token 2:value 2
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ﬂaHHbeI (I)OpMaT IIO3BOJIdeT HpeAcCTaB/IATb JOKYMEHTbl KaK «MEIIKOM CJIOB», TaK U
nocJjie10BaTe/IbHbIM TEKCTOM, a TaKzKe 3allMCbIBaTb B JJOKYMEHTbI T€PMbl PA3JIMYHbIX MO-
naabHocreii. [lpumep co3manus BekTopu3aTopa 110 ganubiM B dpopmare 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 ¢ gokymeHTaMu, nmapamMeTp target_folder yka-
3bIBaeT HA HECYILIECTBYIOIIYIO JAUPEKTOPUIO JJid COXPAHEHUA IOTOBBIX IIAKETOB.

[Tapcunr GOJBINOI KOJUTEKIINE — OTHOCHTEIBHO JITUTeIbHBI mpotece (JazKe HeCMOTPsI
Ha t0o, 4r0 BigARTM yMeeT BbIIOJIHATDL €r0 B MHOIOIIOTOYHOM pe>K1/1Me), O9TOMY Y/I00HO
COXPAHHUTDH ITAKETbl HA JUCK U UCIOJIb30BATh UX MHOINOKparTHO. [Ipumep cosjanust BeKTo-
pusaropa, 3arpyzKaroiero 1akerol ¢ JUCKa:

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

Cnosapu BigARTM mnpejHa3Ha4YeHbl /I XPAaHEHHS JAHHBIX O CJIOBaX U HCIIOJIb3Y-
I0TCsl B HEKOTOPBIX peryjgpu3aropax M MeTpukax KadecrBa. (CJoBapio COOTBETCTBYET
00beKkT artm.Dictionary, KOTOpPBII MOXKHO JHOO cHOPMHPOBATH ABTOMATHYECKH BO
BpeMsi pa30MeHusl KOJUIEKIMK Ha nakerbl (3aj7aB B artm.BatchVectorizer mapamerp
gather_dictionary, no ymosdanuio pasublii True), jaub0 CO3/1aTh BPYUYHYIO HA OCHOBE
cBoux JaHHBIX. OODBEKT cJa0Bapsd MOXKHO COXPAHUTH B OMHAPHBIN HJIM TEKCTOBBIH aii,
3aTeM 3arpyzKaThb ero u3 3roro Qaiiia:

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

2 data_format=’vowpal_wabbit’,

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

s # Load dictionary back during next BigARTM launch:

¢ dictionary = artm.Dictionary()

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

[oroBbiit ciioBapb MOXKHO U3MeHsITh. [ljisi 9TOro JOCTATOYHO COXPAHUTH €0 Ha JIUCK
B TEKCTOBOM BHJIE, 3aTeM MOAU(MHUIUPOBATH MOJTYICHHBIH (hailyl 1 3arpy3uTh €ro 0OpPaTHO:

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

3 # Then, load it back

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

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

rae token — cTpokoBoe TpejcraBieHune cioBa, class id — mogambHOCTD, tf — abcosmor-
Hasg 9acTOTa CI0Ba B KoJuieknuu, df — 4uc/io 10KyMeHTOB KOJLIEKIUH, B KOTOPBIX CJIOBO
BCTPETUI0CH X0Ts Obl pa3. ITose value 110 ymMor9anuio 3an0/1us1ercss HOpMUPOBAHHBIM 3Ha-
YEeHUEeM tf, HO MOzZKeT 6bITb N3MEHEHO (3Ta BO3MO2KHOCTDH HCIIOJIB3YETCA KaK MEXaHU3M
nepejiadn JAHHBIX B HEKOTOPBIX DEryJsIPU3aTOpax W MeTPHKAX KAuecTBA).

CuroBapu MOKHO (pHJIBTPOBATH BCTPOECHHBIME CpeJCTBaMu 10 3HadenuaM tf u df, na-
HpUMeD, MOXKHO OTOPACHIBATL CJMIIKOM YaCThle MJIM CJAUIIKOM PEAKHE CI0Ba. Y Ka3aHHe
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cJIoOBapsd B KOHCTpyKTOpe artm.ARTM wjim B metone artm.ARTM.initialize 3ajaér mo-
psiIoK ¢TpoK B marpunax ® u (n,;) COIIACHO HOPSAJKY CJIOB B CJIOBape. DTO BaXKHO,
HAIIpUMeD, JJI MOJAJbHOCTA METOK BPEMEHU.

Perynspnsatopbl moryTr BozjeiictBoBarh Ha Marpunbl P, O wmwin (ptdw). Perymsa-
puzaropbl ¢ MoryT BO3J/EHCTBOBATH HA OTJE/IbHbIe MoOJa/abHoCcTH. Hajimuune napamer-
pa class_id ykasbiBaeT, 4TO Ppery/spusarop padoraer ¢ OJHON MOJAJBLHOCTBHIO, I10-
ymosrdannio ¢ @default_class. Hasimuume napamerpa class_ids ykasbiBaer, 4To pery-
JIApU3aTOp paboTaeT cO CIUCKOM MOJAJIbHOCTEil, Mmo-ymMoJdanuio co Bcemu. Ilodurn Bce
HapaMeTpbl BCEX Pery/spu3aTOpOB MOXKHO MEHSTh MEK/Iy UTepaIlusaMi 00yIeHH.

SmoothSparsePhiRegularizer — pe2yaapusdamop C2AGHCUCAHUA—PASPEHCUBAHUL MA-
puyo, ®, peammzoBan o dopmyiie (30) ¢ HeGOIBIIIM 0600IIEHEEM:

Put = qvoervrip(nwt + 78w f ().

Ecim B oupenesenun KL-juBeprennuu 3amenurs jiorapudm Inz wa dyskinuo A(x),
to f(x) = xN(x). Ilo ymomuanuto f(xr) =1, uro u coorsercreyer Jiorapudpmy. B 6ub-
JIMOTeKe MOXKHO 3ajaBarh f(x) Kak cremennyio dbynknuio. Bekrop () 3arpyxkaercsa u3
cJIoBaps U 3aa6TCda 3HAYEHUIMHU 0.1 value Kazkoro ciosa. /st KazK10ii TeMbl ¢ MOZKET
OBITH 33/1aH CBOI Takoil BeKTOp. TaKuM CII0cOO0M MOXKHO 3a/1aBaTh «0eJible» U «IEPHBIE»
CIIMCKM CJIOB /IS YACTUIHOIO 00Y4eHus.

SpecifiedSparsePhiRegularizer — pezyaspusamop paspescennocmu P, peanmso-
BaH 110 TOi ke hopmysie, HO T[3, SABJILETCI KOHCTAHTON U MOAOUPAETCS TaKUM 00pa3oM,
4TOObL JI0JIs1 HYJIEBBIX 3/IeMeHTOB B Marpuile ¢ okazajiach He HHUKe 3aJIJAHHOI'O HOPOra.
[Tpu srom dyukuus f He ucnosbdyercs, 1o ecrb f(z) = 1.

SmoothSparseThetaRegularizer — pe2ysapu3amop CaAaHCUSGHUA—DPA3PEANCUCAHUA
mampuyse O, peanuzoBan o gopmyie (31), ¢ anagornaHbIM 0600IEHIEM:

O = n?er%n (ntd + Taiatdf(‘gtd))-

Oyukius f Urpaer Ty ke pPoJib, 9TO U B PEryJIsIpU3aTope CrilazKuBaHusI—pa3pe:kuBaHust P.
Maccus MHOXKHUTEJIEH (y; TTO3BOJISIET YIIPABJISATH BO3/IEfiCTBUEM Pery/isipu3aTopa Ha KazKJ10i
i-il BHyTpeHHel urepaiuu 00paboTKu JOKyMeHTa. BekTop ujm marpuna (yg) 103B0JIseT
YIIPABIATH BO3JAEHCTBHEM PeryIgapu3aTopa Ha 3JeMeHThl MaTpHIbl O.

DecorrelatorPhiRegularizer — pezyasapu3amop 0eKkoppesuposarus mem 6 Mampu-
ue P, peammzoBan cormacHo (32). O moab3oBaresns Tpebyercss ykasaTh Kodbhuiment
peryagapu3alniuid T U CIACOK MOJAJBLHOCTEl, HA KOTOPBbIe HY2KHO BO3JICiCTBOBATD.

TopicSelectionThetaRegularizer — pezyasapuszamop ombopa mem 6 mampuye O,
peasmsoBan 1o dbopmyste (53). EAUHCTBEHHOE OTJIHYNe 3aKTI0IAeTCsI B HATHIHHA MACCHBA,
MHOXKHTeJIE (v, KaK B PEryasipu3aTope CriIakKuBaHusI—pa3peKuBaHug O.

SmoothTimeInTopicsPhiRegularizer — pe2yaapu3amop C2AGHCUBAHUA MeM NO MO-
danvrocmu epemenu 6 mampuye P, peamuzoBan o dopmyse (42). st KOpPEKTHON pa-
O0TBI peryjsapu3aropa TpedyeTcsd yKa3aTb HMs MOJAJbHOCTH BPEMEHHU H PACIOJIOKHTD
TepMbl BpEMeHH B cjioBape u B Marpuiie ® B XpOHOJIOIMYECKOM TOPSIJIKE.
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NetPlsaPhiRegularizer — pezyaspuzamop NetPLSA dasn modasvrocmu sepuun epa-
da 6 mampuue P, onpenensiercs no popmysie (56). B mokymenTax jg0/zKHbL ObITH 3apaHee
3aIMCaHbl TepMbl BepH rpada v. B mapaMerpax peryirgpusaropa 3a1ai0TcCsa IMEHA Bep-
IINH v, uX Beca (MouHOCTH MHOKECTB |D,|) 1 Beca pédbep rpada wy,.

ImproveCoherencePhiRegularizer — pezyaapusamop Ko2epeHmuocmu, Peaan30BaH
no dopmyre (59) u B KadecTBe mapamerpa Tpebyer CI0Bapb MAPHOH COYETAEMOCTH
ciioB Cy, (cOBpaTh ero MOKHO ¢ MOMOIIBI0 BCTPOEHHOTO TMApCepa).

BitermsPhiRegularizer — pezyaapuszamop O6umepmos, peaau3oBaH 1O Gopmy-
aam (57)—(58) u B KauecTBe mapaMerpa TakK:Ke TPeOYeT CJI0BAPb YaCTOT OUTEPMOB 7,
(3aa4a ero cOOPKHU JIOZKHUTCSA HA 110JH30BATEJI).

LabelRegularizationPhiRegularizer — wacmommnwi pezyassapusamop mampuio,
Jtst Kiracendukanuyu ¢ HecOaJaHCHPOBaHHBIME KJaccamu. Peasuzosan o gopmyde (51).
B kauecrBe mapamerpa rpedyer cjoBapb KJacCOB CO 3HAYEHUsIMEU UX MOUHOCTeH |D,|.

HierarchySparsingThetaRegularizer — pezayaapusamop uepapruieckoz20 paspescu-
saHus ©, HCHOIB3YeTCH JIJIsi PA3PEKUBAHUS MATPHILBI CBA3EH MEXK/1y POAUTEIHCKUME Te-
MaMH{ U UX JIOYEPHUMHE IIOJTeMaMi B HEPAPXUIECKUX MOJe/IsAX, coriacHo dbopmyie (55).

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

SmoothPtdwRegularizer — peeyasusamop E-waea das cenasrcusarus mampuy, (Praw )
110 JIOKaJIbHOMY KOHTeKcTy. [Ipubiunzkaer temarndeckKuil npoduiib Kax 010 BXOXK/ICHUS
TepMa K yCpejHeHHOMY npoduiio ero coceeit (1o okxy GUKCHPOBAHHON HIUPUHBI).

Perysisipuzaropbl MOryT BKJIIOYATHCS, OTKJIOYATHCA I MOJAU(PUIIMPOBATHCS B JIIOO0M
MOMeHT MezKy BbizoBaMu fit_offline mim fit_online, 4TO HO3BOJIAET, B COBOKYIIHO-
CTH C KOHTDPOJIEM MeTPHK KadecTBa, I'MOKO IMepecTpamBaTh CTPATErHI0 PeryIsapH3aliin
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
o model.regularizer[’decor’].tau = 3e+5
10 model.fit_offline(batch_vectorizer=bv, num_collection_passes=15)

MeTpukn kadectBa jio0aB/idioTCd 4depes 1oJisi scores oObekra ARTM. B sror moment
y MHOTHX METPHK MOYKHO 3a/1aBaTh MapaMeTpbl. BoIYuC/IeHHbIE 3HAYECHUST METPUK H3BJIE-
KATCs depe3 IMoJisd score_tracker.

PerplexityScore — nepnaercus, Boranciasiemas 1o gopmyde (73). lius eé koppekr-
HO¥ PabOThl HYKEH CJI0BaPb, COJ/IEPKallMii HOPMUPOBAHHbBIE YACTOTHI CJIOB B KOJLJIEKIIMH
(ne MomudunupoBanube 3HaveHus value st Kazkaoro ciosa). OHI UCHOTB3YIOTCSA B Ka-
decTBe AMNPOKCHMAIMH HYJIEBBIX 3HadeHuii p(w|d) u MO3BOJISAIOT KOPPEKTHO OINEHUBATH
MOJIEJIN Ha OJIHOM CJIOBApe, HO C PA3HOI CTelNeHbI0 PA3PEeKEeHHOCTH.
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[Ipumep nopk/09eHnst neprieKcun Jjist MoJasibHocru @default_class (crangapraas
MOJAJIBHOCTD CJIOB):

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

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

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

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

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

[Toste value cojepkuT BCIO KCTOPHUIO 3HAYEHUIT METPUKH 110 OOHOBJIEHUSIM MaTpullbl .
Y moboro moJig 1000 MEeTPUKH HMeeTcCsd BapHaHT ¢ HpedHuKcoM last_, KOTOpBIA BO3-
BpalllaeT 3HadeHNe MEeTPUKU Ha MOMEHT IOCJeHell CHHXPOHH3AIH. DTO MOYKeT ObITh
[IOJIE3HO JJI IIOJIYYeHUd MAaCCUBHBIX MeTpuk Tuna TopTokensScore.

SparsityPhiScore/SparsityThetaScore — paspesicerrnocmu mampuy © u O. One-
HHUBAIOTCA ,ZLOJIeI'?'I 9JIEMEHTOB MaTpUIlbl, MCHbIIUX 3aJaHHOI'O 110JIb30BaTe/JIeM I10pOora.

TopTokensScore — mon-cao8a 6 memax, CIUCOK U3 3aJaHHOI'0 4YHUCJa CJIOB C Hau-
0oJIbIIEll BEPOATHOCTHIO 110 Kaxkja0# Teme. Ecim B mapamerpax 3T10il METPUKH yKa3aTh
CJI0BAPbh MAPHOI COYETAEMOCTH CJIOB, TO OyIeT BBIYHUCJIEHA KOIepEeHTHOCTh coher; 1o cuuc-
KaM TOII-CJIOB B TeMax, coracHo dopmyiie (74).

TopicKernelScore — Adposvie xapakmepucmukry mem: IACTOTA PUr,, KOHTPACTHOCTH
cong, pa3Mep sdjipa ker; oneHuBaOIIEe pa3IuIHOCTD M, KOCBEHHO, HHTEPIPETUPYEMOCTH
KazKJI0# TeMbl t, cM. ¢Tp. 67. AHAJIOrMYHO TOI-CJI0BAM, yKa3aHUe CJI0Baps MapHOil code-
TAEeMOCTH 3aIYCKAeT MOJACYET KOIePEHTHOCTH, HO TeNePhb YIKe IO gJpaM TeM.

BackgroundTokensRatioScore — dosa honosvix o6, OeHUBAET OO CJIOB, J1JId KO-
ropbix KL-muBeprenius MexK/ 1y pacipeaenenuamu p(t) u p(w|t) Bblie 3aJaHHOTO MOPOTA.

TopicMassPhiScore — wacmomu, mem ny u pacupejesenus p(t) = “L s Beex TeMm t,
BBIUUC/ISIEMbBIE 110 MATPUIE (Thyy)-

ItemsProcessedScore — wucao 06pabomannoir dOKYMERMOS, TEXHNIeCKasd METPUKA,
IOKA3bIBAMOIIAs [0 UTEPANUAM KOJUIECTBO JIOKYMEHTOB (C MOBTOpaME), 00pabOTAHHBIX
EM-ajiropurMoM ¢ MOMEHTA BKJIIOYEHUS METPUKH.

PeakMemoryUsage — nukogoe nompebienue namamu, TeXHuIecKas MeTPHKa (J10CTyII-
Hast T01bKO B C++ unTepdeiice), npegocrapsioniasg uHbOPMAIHIO O MAKCUMAILHOM II0-
TpebJIeHIH OTIePATUBHON MaMATH 32 BpeMd KazK/I0il HTeparui aaropuTMa.

[Tosib30BaTe/ib MOXKET He TOJILKO CO3/[aBaTh COOCTBEHHbIE METPUKHU, HO U BbIYUC/ISTH
UX HAIPSIMYIO, C/I€/IaB BBIIPY3KY mapameTpoB mojenun ¢ u O.

Bbirpy3ska napametrpos mogenu. B ciiejyromniemM Koje 110Ka3aHo, KaK MOy IYUTh MaTpPU-
iy ® (rounee, nepsbie 10 rem JedoaTHONR MOIAIBLHOCTH):

1 model.get_phi(topic_names=model.topic_names[: 10],
2 class_ids=[’@default_class’],
3 model_name=model.model_pwt)
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Ykazanue napamerpa model_name=model.model_nwt 103BoJisieT aHAJOIUYHBIM ODpa-
30M IIOJIYYUTH 3HAUYEHUA Ty BMECTO Dyt

C marpuneit © MoxKHO paboTarhb 1mo-pasHomy. Bo-mepBbix, €6 MOKHO BOOOIIE HE Xpa-
HUATDH, €CJIU OHA He HyKHa. BO-BTOPBIX, MOKHO XPaHUTHL €€ B KIIIe, 3a/JaB Iepesl Hada-
JioM o0ydenus mapamerp cache_theta=True. B Tperbux, MOXKHO BKJIIOUYAUTH XpaHeHne O
B ®-110/106H0#1 MmaTpure, 3a1aB napamerp theta_name. 910 jacT CBOOOIHBINH JOCTYI K MAT-
pulle HA YTeHue U 3aluch B JII0O0I MoMeHT. B iepBom ciiydae BbIDY3UTh MaTPUILy HEBO3-
MOKHO, B OCTAJIbHbIX IIPUMEHUM CJIC/IYyIOIAN KOJI;

1 # case 2

> model.get_theta()

3 # case 3

1 model.get_phi(model_name=model.theta_name)

Bce onucannble BbIlle BBI3OBLI BO3BpAIaloT 00beKThl pandas.DataFrame.

[Tommmo onmcannOro mHTepdeiica BBITPY3KH MATDPHI, €CTh BO3MOXKHOCTH HOJTYIHTH
yKazaTelb Ha MATPUIy H HAIPAMYIO MOAU(MHUINPOBATH MAMSATh, UCIOIB3YEMYIO dIPOM
OubJINOTEKH, YTO CYNMIECTBEHHO YMEHbBIIaeT PACXO MAMATH U BPeMs BBITHCJIEHUII.

MHuoronoTo4uHbl NnakeTHblii EM-anroputm. bubsmmoreka BigARTM nossouisier obpaba-
THIBATH KOJUIEKIIMK JOKYMEHTOB, HE MOMEIIAONINECs] B OHePATUBHYIO maMsTh. [ljist 9Toro
Kosuneknus ) ¢ momombio BatchVectorizer pasbuBaerca Ha nmakerol Dy, b=1,..., B,
KasK/JbIil U3 KOTOPBIX XpaHUTCA B oTaeabHOM daitie. [lakeTsr oOpabarsiBatoTcs mo ode-
peau. Kaxkplit maker 3arpyzkaercs B maMsiTh, OOHOBJsieT MaTpuily ® u BbIrpyKaeTCs.
OOBIYHO HUCIOJIB3YIOTCS MAKEThl PA3MEPOM OT COTEH KHIOOAT /10 JECITKOB Meradaiir.
Kosddunuenrsr perysispusanu 33/1al0TCS B MOMEHT CO3/IaHUs MOJIEJ/IH, HO IIOTOM MOLYT
OBITH B JTI000IT MOMEHT U3MEHeHbI, B TOM 4ucjie B Xoae EM-ureparnmii.

®ynknus ProcessBatches obpabarsiBaer 3a omumn pa3 MHO)KecTBO maketoB {D},
cm. Asropurwm 4. [t Kazk10ro 10KyMeHTa d KaxK0ro u3 nakeToB D, MPOU3BOIATCS HTe-
panuu BeKTOpa Oy co BerpoerubiM E-trarom npu pukcuposanunoit marpune ®. Ha nocsre -
Hell urepanuu J0KyMEHTa OOHOBJISIIOTCS CYETUYUKU Ty TEKYHIETrO ITaKeTa.

B Oub/inoreke peajin30BaHO HECKOJIBKO CTpaTeruil arperupoBaHus CUYETIUKOB, [1OJIY-
YEHHBIX OT PA3HBIX MAKETOB, B HTOTOBBIX CUETUUKAX Myp-

Odpratinoswds anzopumm FitOffline coBeprmaer MHOro mpPOXOA0B IO KOJIEKIIHM.
Ha kaxkmoMm mpoxo/ie CaéTInKm 1, GopMupyroTCs npu (pukcupoBaHHO MaTpure ¢ u cym-
MUDPYIOTCS 10 BceM mokyMeHTaMm. OOHOBIeHNe P ¢ yIéTOM BCeX peryiasapu3aTopoOB HPOU3-
BOJIMUTCSl B KOHIIE KazKJIOI'0 MPOX0/1a KOJIJIEKIUU B OIHONOTOYHOM pezkume. OddiaitHoBbIit
pPe:KMM OPUEHTUPOBAH Ha 0OPADOTKY OTHOCHUTEIbHO HEOOJIbIINX KOJLIEKIIHI.

Onnatinoswti anzopumm FitOnline 6br1 npegoxen s mogenu LDA B [49], mosxe
st mogean PLSA B [20]. Ou peasmsoBan B 6ubamoTekax MammaHOro obydenns Vowpal
Wabbit, Gensim u apyrux, m cumraerca Haubosee 3h(MEKTUBHBIM METOJIOM O0Yy4YeHUS
TeMaTHIecKnX Mojesneii. Ero ocHOBHas mies 3aK/I0OYaeTCd B CHEIUAJBHONU OpraHm3arun
HOC/IeJIOBATE/IbHOCTH Bbrauc/enuit mo popmynam E-mmara u M-mrara. Ona He 3arparusaer
MeXaHu3Mbl peryssgpusainyuu u oguaakoBo npumennma Kk PLSA, LDA u ARTM. Ownuraitno-
BBl aJIrOPUTM JIEIaeT OJIUH IIPOXO/I 110 KOJLJIEKIUU, OOHOB/Isist MaTpuily P 1mocjie Kazkibx
7) MaKeTOB: Ha mare 21 CIETIYUKH 7N, HAKOIJIEHHBIE TIO 7) TMOCJEeTHUM MMaKeTaM, CyMMU-
PYIOTCA CO CUETUUKAMH 7l,,¢, HAKOIICHHBIMH 11O BCEM IIaKeTaM, C BECAMHU Kgecay U Kapply-
Ha mare 22 marpunia @ nepecuurbiBaercs 10 OOHOBJIEHHBIM CYETUYMKAM C y4ETOM pery-
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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(apwﬁtd) 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 MOBTOPSATH

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

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

JNsapu3aTopoB. OHIANHOBLIN aIrOPUTM OPUEHTUPOBAH HA 00PAOOTKY OOJIBIINX KOJLICKITHIT
UM TIOTOKOB JAHHBIX.

Becobble K0apPunuenTsl Kgecay U Kapply HO3BOJLIOT YIPAB/IATL TEMIOM 3a0blBaHUs
HIpeIblIyIIX MaKeToB. VIMeeTcs BO3MOKHOCTD 33/1aTh T KOI(MMUIUEHTHI 10 (hOpMyIaM,
PeKOMeHJO0BAHHBIM B [49]: Kaecay = 1 — pi, Kappry = pi, Tae p; = (70 + @) ~", 3Hadenue 7y
3ajiatorcs B juanasone ot 64 o 1024, suavenus k — or 0.5 jgo 0.7.

Kounrpouib yeosuit cxogumoctn EM-ajiropurma Bozjiaraercs Ha mnojib3osareis. [Ipo-
1Ie BCEro 3a/iaBarlb YMUCJIO UTepaluil 10 KOJJIEKIIUU U 110 KaK/JI0MY JOKYMEHTY.

B omnjaitnoBom ajiropurme pazbuenue KOJIJIEKIUU Ha [IAKETbl U LOPsI0K 00pabOTKu
[IAKeTOB MOI'YT BJIMSATH Ha pe3y/brar, B owimdue or oddJiaiinoBoro ajaropurma. Irodbt
YMEHBIIUTD 3TO BJAUSHUE, KOJJICKIIHIO Pa30UBAIOT HA HAKETHI COyYailHBIM 0Opa3oM.

B ownJiaitnoBoMm asiropurme, Kak 1 B 0dIaiiHOBOM, BHEIIHUI HUKJI 110 [TaKeTaM Bbl-
HOJTHAETCS TapaJjiebHO B HECKOIBKO MOTOKOB. [Ipu 3TOM 00paboTKa ciaeyromeil mopun
[IAKeTOB He HAYMHAEeTCsd, II0KA He 3aBepIiieHo oOHoByeHue marpuilbl ¢ Ha marax 21-22.
B pesysibrare Bbrauc/mMTEIbHBIE PECYPCHI HCHO/IB3YIOTCH HEdMdMEKTUBHO. DTa, npobiema
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peniaercs JemepmMuHUPOSAHHIM ACUHTPOHHOIM OHAGTUHOBLIM AAZOPUMMOM, B KOTOPOM
IPUMEHSIOTCsE OOHOBJICHUS ¢ 3ana3/piBanueM [45].

B BigARTM odddraaitHoBeIil anropurMm 3amyckaercda ¢ynkiueir ARTM.fit_offline,
onsiaiinoBblit — dyukiueit ARTM.fit_online. /lyisi BKJIIOYEHUS JIeT€PMUHUPOBAHHOIO
ACUHXPOHHOI'0O aJIrOPUTMa IOCAeAHel Hamno nepesarb napaMerp async=True.

[TocTpoeHHyI0 TeMATHIECKYIO MO/Ie/Ib MOYKHO HCIIOJIb30BATH JIJIs TEMATH3AIUN OTAeTb-
HBIX JIOKYMEHTOB 11pu (puKcupoBaHHoit Mmarpuie ®. dta BO3MOKHOCTD peasin3yercs (pyHK-
nueit ARTM. transform, KoTopas HPOIyCKaer JIOKyMeHThl depe3 ProcessBatches.

Mepapxunyeckas tematnyeckas mogenb peann3oBaHa B BigARTM oTie/IbHBIM KJIACCOM
hARTM. Yposuu uepapxuu cozjarorcs pynknueir add_level, jijisi KaxKJ0ro ypoBHs 3a/ia-
ércs umcsio Tem num_topics. Oyuknus add_level Bosspaniaer 0obekT ARTM, ¢ KOTOpbIM
MOZKHO paboTaTh KakK ¢ OObIMHON <«IJIOCKOIT» MOJIeJIbIO, B YaCTHOCTH, JI00AB/IATH K Heil
peryngpu3aTopsl. llpumep co3nanus a1ByXypOBHEBOI MO/eJIN:

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

Oyukiusd hier.fit_offline obydaeT TeMaTHYECKYIO HEPAPXUIO MO 33 JaHHON KOJLICK-
MK, UCHOJIb3YsE perysipusarop (54) /iUist CBA3bIBAHUS KAZKJIOM0 YPOBHSI HEPAPXHUU € PO/
rejibckuM. Marpunbl @ u © Becex ypoBHEit MOTYT OBITH MOJIYYEHbBI ¢ HOMOIIBIO (DyHKIUIT
hier.get_phi u hier.get_theta.

17 Pa3BepoyHblii nHPOPMALMNOHHBIV NONCK

BaKHbIM MPHIOKEHHEM TEMATHICCKOTO MOJETUPOBAHUS ABISICTCS UHPOPMAUUOHHOLT
nouck (information retrieval) [155, 14]. CoBpemMeHHbIe HOMCKOBBIE CHCTEMbI LIPE/HAZHAUE-
HbI, I'NIaBHbIM O6pa3OM, AJId TIOUCKa KOHKPETHbIX OTBETOB Ha KOPOTKHUE TEKCTOBbIE 3allpO-
cbl. JIpyrue nouckoBbie moTpeGHOCTH BO3HUKAIOT Y 10/Ib30BaTe/1eil, KOTOPHIM HEOOX0MMMO
pa3obparbCsa B HOBOIl IpeaMeTHOR 00JIacTH WMJIM IIONOJHUTHL cBOil Oarazk 3manumii. [losn-
30BaTeNIb MOXKET He BJIAJeTh TEPMUHOJIOTHE(l, ¢1ab0 MOHHMATH CTPYKTYPY MpPEIMETHOl
00JTaCTH, He UMETh TOYHBIX (DOPMYJIHPOBOK 3aIIPOCA U HE MOAPA3YMEBATH €UHCTBEHHBII
HpaBI/IﬂbeIfI OTBET. B TaKUX CJIydadX HY2KEH IHOUCK He 11O KJIIOYEBbIM CJIOBAM, a 110 CMbIC-
JIy. 3alpOCOM MOZKET OBITh JIJIMHHBINA (DPpArMeHT TeKCTa, JIOKYMEHT UJIU MOJI00PKA JIOKY-
MeHTOB. Pe3ysibraToM momncka go/KHa ObITH yI00HO cucTeMaTH3npoBantas nHdopMaus,
«JIOPOZKHAST KapTay IPEIMETHON 00IaCTH.

Jist 91X ciydaeB HOAXOAUT IAPATUIMA Pa36edounozo UHGOPMAUUONHO20 NOUCKG
(exploratory search) [74, 150]. Ero mesbio siB/sieTcs mOJIydYeHHe OTBETOB Ha CJIOZKHDIE BO-
IIPOCBL: «KAKHe TEMBI MIPEJICTABICHBI B TEKCTE 3aIIPOCa», «9TO IUTATh B MEPBYIO OYEPeb
10 9TUM TE€MaM», «ITO HAXOTUTCH HA CTBIKE STHX TeM CO CMEXKHBIMU OOJTACTIMU», «Ka-
KOBA TeMaTudyecKas CTPYKTYpPa JIAHHON 11peMeTHOl 00/1acTn», «KaK OHA Pa3BUBAJIACH BO
BPEMEHN», «KAKOBbI IIOCJICJHUE JOCTUZKEHUA»>, «T 1€ HaXOAATCA OCHOBHbIC HEHTPbI KOMIIE-
TEHTHOCTUY», «KTO SBJISIETCS JKCIEPTOM 110 JAHHOU Teme» u T. /1. [lojib3oBaresb 0ObIvHO
IIONCKOBOM CHCTEMBI BBIHYZKJCH HTEPATHBHO HepedOPMYIHPOBATH CBOH KOPOTKUE 3aIIPO-
CBI, PACIIHPsIs 30HY MOMCKA IO Mepe YCBOCHUS TEPMUHOJIOTHH IIPEIMETHOI 00/1acTH, IIe-
PUOMYECKH EePECMATPUBAs U CUCTEMATU3UPYs PE3YJIbTATHI IIOUCKA. DTO TpedyeT 3aTpar
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BpeMeHU U BbICOKO KBajmdukanuu. [Ipu orcyrcrBun nHCTpyMEeHTa JIJIsd HOJIYYeHUusd «00-
el KapTUHbIY OCTAETCs COMHEHHEe, YTO KAKUEe-TO BaKHble aCIIeKThl n3y4aeMoil 1pobJjieMbl
TaK U He ObLIKM Haiijenbl. Ecium oOpa3sHo mpejacTaBUTh UTEPATUBHBIN IMOMCK KakK OJIyzK 1a-
HUEe 0 JAOUPUHTY 3HAHWil, TO Pa3BEJOYHBIN MOUCK — 3TO CPEJCTBO aBTOMATUYECKOTO
[OCTPOEHHS KAPTHI [T JII0OOH 9acThU 3TOro JIabUpPUHTA.

TemaTtuyeckunii nouck. [IoHOTEKCTOBBIE MOMCKOBBIE CHCTEMbI OCHOBAHBI Ha HMHBEDPTH-
POBAHHBIX MHJEKCAX, B KOTOPbIX JJIsi KayK/I0OI0 CJI0BA XPAHUTCS CIUCOK COJIEPKAIIUX ero
nokymeHToB [9]. TTouckoBast cucrema HINMET JTOKYMEHTHI, COIEpKAIIIe BCe CJIOBA 3aIpoca,
[OTOMY IIO JIMHHOMY 3allpOCy, CKOpee BCero, Hu4ero He oOyaer HaiiaeHo.

CucreMa TeMaTHYECKOI'O0 Pa3BeJOYHOrO IOUCKA CHAaYa/a CTPOUT TEMATHYECKYIO MO-
JieJIb 3aIIpoca U Olpe/ieigeT KOPOTKHil CIIMCOK TeM 3alpoca. 3aTeM Jijis MOUCKA JIOKYMEeH-
TOB CXOKeil TeMATUKHU IPUMEHSIIOTCA T YK€ MEXaHU3Mbl HHIECKCUPOBAHUS U ITOUCKA, TOJIb-
KO B POJIM CJIOB BBICTYHAIOT TeMbl. [[0CKOJIBKY 9HC/I0 TEM Ha HECKOJIBKO HOPSIKOB MEHbIIIE
00béMa CJI0Baps, TEMATUICCKUI TOUCK TPeOyeT HAMHOI'O MEHbIIE MaMATH 10 CPABHEHUIO
C MOJIHOTEKCTOBBIM IOUCKOM U MOXKET OBITH peaii30BaH Ha BeCbMa CKPOMHON TeXHHKE.
Texnosiornn nHAGOPMAIMOHHOIO MOKCKA HA OCHOBE TEMAaTUIECKOI0 MOJICIMPOBAHUSA B Ha-
crosiiee BpeMst HaXO/ATCs B CTa/IUH MCCJIeI0BaHuil u pa3paborok [121, 22, 98, 29, 13, 142|.

B nmureparype 1o pa3Belo4HOMY IIOUCKY TeMaTHIeCKOe MOJICTHPOBAHIE CTAIN UCIIOb-
30BaTh OTHOCHTEJILHO HegaBHO [112, 47,109, 129], a MHOrHE 0630pbI 0 HEM BOODIIE HE YIIO-
munator |43, 106, 119, 56, 75, 53|. B negasreii crarbe [129| BaxKHBIME IIPEUMYIIECTBAME
TeMaTUIeCKUX MOjie/iell Ha3bIBAIOTCS I'MOKOCTH, BOBMOXKHOCTH BU3Yya/IU3alldd U HaBUTa-
nuu. B TO ke BpeMs, B KauecTBe HEJOCTATKOB OTMEYAIOTCs IPOOIeMbl ¢ HHTEPIIPETUpye-
MOCTBIO T€M, TPY/IHOCTH ¢ MOIH(pUKAIIIEH TeMAaTHIeCKOH MO/IE/IA IPU IHOCTYILICHIU HOBBIX
JIOKYMEHTOB M BBICOKAsI BBIYUCAUTEIbHAS CJI0KHOCTD. DTU HPODJIEMbl OTHOCATCHA K yCTa-
PEBIIMM METOJAM U YCIIEIIHO PEMIeHbI B HMOCJEJIHUE I'OJbI: JIeCATKA 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 0 TeMAaTUICCKOMY MOJICJMPOBAHUIO PA3BEIOTHBIN IOUCK
JACTO HA3BIBAIOT OJHUM U3 BayKHEHIINX HPUJIOKEHHIT, & ONEHKN Ka4eCTBA IHOMCKA UCIIOJIb-
3yfor Jyist Bajuganuu Mogesteit [155, 14|, Oguako 911 ucciae0BaHus 0K He [IPUBEJIN
K CO3/IaHUIO ODIIEOCTYIIHBIX CHUCTEM Pa3BeJOYHOI0 Houcka. Bcé 310 roopur o pa3ob-
MEHHOCTU HAYYHBIX COOOIIECTB, pa3pabaTbIBAIONIMX TU JBa HAIpaB/IeHUd. TeHIeHIUs
K UX COJIMKEHUIO HAMETH/IACh JIMIIb B ITOCJIETHUE TOJbI.

TemaTudeckas MOJEIb /s Pa3BeJOYHOrO IMOMCKA JIOJNZKHA YAOBIETBOPATH MHOI'UM
TpeboBaHUIM OHOBpeMeHHO. OHAa JI0JIZKHA COCTOAThH U3 XOPOIIO HHTEPIPETUPYEMbBIX TEM,
HOCKOJIBKY TE€Mbl MHTEHCHBHO HCHOJIB3YIOTCS B II0JIb30BATEILCKOM uHTEpdEiice s Ha-
BUTAIUU 110 KOJIJIEKIIMU ¥ BU3YaJIM3AIUK PE3Yy/IbTaToB noucka. OHa J0/zKHA ObITH paspe-
JKEeHHO{1, YTOOBI KazK/IbIil JOKYMEHT COCTOSIT U3 HEOOJIBIIIOr0 YHC/Ia TeM — 3TO HeOOX0 MO
Jts 3 hEeKTUBHOrO XpaHeHus HHBEPTHPOBAHHOTO HHAeKca. OHa JI0/IZKHA OBITH HepapXu-
4eCKOil, 9TOOBI MOJIb30BATE/Ib MOT IIOJIYUUTH IIPeJICTaBIeHIEe O TeMAaTUIEeCKOH CTPYKTYpe
npeaMeTHOl obsracTu Ha JI000M ypoBHe Jetajn3anun. OHa J0/2KHA aBTOMATHIECKH OIIPe-
JIEJIATH 9UCJI0 TEM Ha KarKJIO0M yPOBHE HEPAPXUHM U aBTOMATHYECKH CO3/1aBaTh U MMEHO-
BaTh HOBbIE TeMbl. OHa JI0JI2KHA ObITh MYJIBTUIPAMMHON, TaK KaK BBbIJAEJIEHHE KJIOUEBBIX
¢dpa3 1 TepMUHOB CYIIECTBEHHO Y/Iy4IIaeT HHTEPIPETHPYEMOCTb TeMbl. OHa J0/12KHA OBITD
MYJIbTHSA3BIYHON B TeX MPHJIOKEHUSX, Iy TpedyeTcs KPOCC-SI3bIYHbII MOUCK, HAIIPUMEp,
Ipu aHajm3e naTeHTHbIX 0a3. OHa J0/KHA ObITh MYJIBTUMOJAJIBLHON, 9TO0BI yINTHIBATDH
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MeTaJaHHbIe JOKYMEHTOB, BKJIIOYas aBTOPOB M IuTupoBanue. OHa J0/2KHA OBITH TEM-
HOPAJIbHOM, 9TOOBI BBISIBJIATH AMHAMHUKY pas3Burus TeM. OHa J0J2KHA ObITh CErMEHTH-
pyloreii, 9ToObl He TOJBKO HAXOJHWTb pPEJeBAHTHBIE JTOKYMEHTBI, HO U YKa3bIBaTb B HUX
KOHKpeTHbIe cerMeHThl. OHa JI0/1zKHA OBITh 00y4aeMoil 110 OIeHKaM acecCOpOB HJIU JIOraM
oJTb30BaTe Ieil, IYTOOBI IOCTOSHHO YJydIlIaTh KadecTBO Imoucka. Hakowmer, peasn3arius
JIOJI2KHA OBbITH OHJIAHOBOI, lapaJ/lIe/IbHON U pacipe/ieéHHoi, 4To0bl 3 dekTuBHO 00pa-
barbiBaTh DOJIBIINE KOJLIIEKIIUA TEKCTOB. TakKuM 00pa30M, MHOI'ME BO3MOXKHOCTH JIOJIZKHbI
OBITH OObEIAUHEHBI /I CO3JAHUs CEPBUCOB Pa3BeI0THOIO ITOUCKA.

KayecTtBo pa3Bego4Horo noucka. Mogeabr ARTM s pa3BempodHoro momcka Oblia,
npeyioxkena B [12] u yayumena B [153]. [Ij1s m3Mepenus KaduecTBa pa3BeJOYHOTO TeMa-
THYECKOI'O IOUCKA HCIOJIH30BAJIUCH KPUTEPUU TOYHOCTH U IMOJHOTHI HAa OCHOBE OIEHOK
aceccopoB. lyig onenunBanus Oblia cocTaBjeHa BBIOOPKa 3aIIpOCOB — 3aJIaHUil pa3Be104-
HOI'O noucka. Kazkipiit 3a1poc npejicran)isi codoit TeKcT 06'bEMOM OKOJIO OJHOM CTPaHUIIbI
dopmara A4, onuceiBatonuit temaTuky noucka. Kaxkoe 3ajanue cHadajia BbIIOJIHSIOCH
HE3aBUCUMO HECKOJBKUMH aCeCCOpaMH, 3aTeM CHCTeMOW TeMaTHYeCKOTO IOUCKA, 3aTeM
eé pe3yJibTaT CHOBa OIlEHUBAJICA aceccopamu. /laHHas MeTOJMKa MO3BOJISET, €IUHOZK DI
c/ieJlaB Pa3MeTKy pe3y/bTaToB IOMCKA, MHOMOKPATHO ONEHUBATDH KAYeCTBO PA3JIMIHBIX Te-
MaAaTHUYECKUX MO,ZLe.HefI 1 MEXaHU3MOB ITIOUCKA. SKCHepI/IMeHTbI Ha KOJIJICKIIUAX ].75 ThICAY
crareil pyCCKOA3bIMHOIO KOJLIEKTUBHOI'O OJsiora habrahabr.ru u 760 Thicsiu crareil aHrio-
sI3BIYHOrO OJ10ra techcrunch.com mokas3ajd, 9TO TeMATHYECKHH IOMCK HAXOIUT OOJIbIIe
peJIeBaHTHBIX JIOKYMEHTOB, YeM acecCOpbl, COKpallad cpejHee BpeMs IIOMCKa C IOJIyda-
ca JI0 CeKyH/ibl. KoMOMHUpOBaHUE PEry/ispu3aTOpPOB JIEKOPPEIUPOBAHU, PA3PeKUBAHUS
U CIVIaKMBAHU4 BMeCTe ¢ MOJAJBHOCTAMHA N-IPaMM, aBTOPOB U KaTeropruil 3HaYUMO yJ1yd-
HaeT KadyecTBo IIOUCKA U 103BoJideT J1ocTudb Tounoctu Bbiiie 80% u nosnors soie 90%.

Busyanusauusa. Cucremarusanus pe3y/braToB TEMATHIECKOI0 HOUCKA HEBO3MOZKHA, Oe3
MHTEPAKTHBHOIO rpadudeckoro npejacrasienus. B 0b63ope [2] onmcwiBaiorcs u cpaBHu-
BatoTca 16 Cpe/lCcTB BU3yaJH3AIMH TeMATHIECKHX MOJeseil Ha OCHOBe BeO-mHTepdeiicoB.
Emé Gobine ueil MOXKHO HOUePIHYTH 13 HHTePAKTUBHOrO 0030pa’, KOTOphlil HaCUUTHIBA-
eT 6os1ee 400 cpeACcTB BU3yaJn3anunu TeKCTOB. HecMoTpsa Ha Takoe HOraTcTBO TEXHUIECKIX
pelnieHuii, OCHOBHbIX UJIell BU3yaJIM3alUU TeMATUYeCKUX MOJiesieil He TaK MHOI'O: 9TO Jinho
JIByMepHOe 0TOOpaKeHue CeMaHTU4YecKOi O/im30cTH TeM B Bujie rpada mim <«JI0POXKHON
KapTbly, JIMOO TeMaTudeckas uepapxus, jiubo JIMHAMUKA Pa3BUTUS T€M BO BpeMeHH, Jinho
rpadoBasg CTPYKTypa B3aUMOCBs3eil MeK/Iy TeMaMH, JOKYMeHTaMd, aBTOPAMU VTN HHbI-
MU MOJAJTBHOCTSIMH, JTUOO CerMEHTHAs CTPYKTYpa OTJAETbHBIX JTOKYMEHTOB.
['padpuueckast Busyasusaius OOJIbIINX JIAHHBIX IPAKTUYECKU DEeCIIo/ie3Ha B CTATHIHOM
UCIIOJIHEHUHU, HO MOYKET OKa3aThCs MOIIHbIM KOI'HUTUBHBIM CPEJICTBOM B CJIy4ae MHTEPAK-
THBHON pea/in3anuu. D10 ObLIO moHATO Oosiee 20 jer Hazam u chopmyanpoBano benom
[[TreiinepMaHOM B BHIE MAHMPbL BU3YAALHO20 NOUCKE UHPOPMAUUL: «CHATATA KPYTHBI
IL1aH, 3aTeM MacliabupoBanue  bUILTpaIUs, JeTajld 1o Tpebopanuio» [117).
I'padudeckoe oTobpazkenne pe3yabTaTOB TEMATHIECKOTO MOIETNPOBAHUS U Pa3Be109-
HOI'O HOKMCKA COIIACyeTcs ¢ KoHuenuei daavnezo wmenus (distant reading), npeoxen-
HOI corosiorom Jmreparypbl @panko Moperru [85]. On nporusonocrasisier 10T crrocod

Shttp://textvis.lnu.se — HHTEPAKTUBHLIH 0030p CPEACTB BU3YaJM3AIINH TEKCTOB.
"Visual Information Seeking Mantra: «Overview first, zoom and filter, details on demand» [117].
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U3y4eHUs] TeKCTOB HameMy obbranomy urenuio (close reading). Hesosmorxkno npounrars
MUJJIMOHBl KHUI' UJIM CTATEil, HO BIIOJIHE BO3MOYKHO IIPUMEHUTH CTATUCTUYECKUE METOJIbI
1 rpaduyuecKyio BU3yaIU3AIMIO, YTOOLI HOHATH B OOIUX YepTax, O UYéM BCd dTa JuTepa-
Typa, 1 Hay4IUThCdA OBICTpee OTBICKHBAThH HYyzKHOe. «/la/ibHee dTeHne — 3TO cHeruabHast
dopMma mpejcTaBIeHus 3HAHU, B KOTOPOW MEHbIIIE 3JeMEHTOB, Ipydee CMBIC X B3au-
MOCBSI3€i1, OCTAIOTCS JIMIIDL (POPMbI, OTHOINICHUS, CTPYKTYPbI, MOJCIN»®.

g 6ubmmorekn BigARTM B HacTodIIee BpeMsl pa3BUBAeTCS HHCTPYMEHT BU3YaJIn3a-
nun ¢ Be6-unrepdeiicom VisARTM?, nomjepzxupatomuii Bazkneiimue GpopMbl IIpecTaB-
Jienust remarudeckux mozeseit. arepecnoit Bosmoxkuoctsio ViSARTM sasiisiercst moctpo-
eHue Cnexmpa mem — PAHZKUPOBAHHOI'O CIIMCKA TE€M, B KOTOPOM CeMaHTHYeCKH OJIM3Kue
TeMbl HAX0JIATCs psiJioM. ['pyliiupoBanue TemM 1o CMbIC/LY IIOMOTAET 0JIb30BATE/IIM ObICT-

pee HaXOJUTb TeMbl, aKIHEHTUPYA BHUMAaHHUE Ha PA3JIHIUAX ME2KIY OU3KIMHI TEMaMIM.

18 3aksiroyeHune

TemaTudeckoe MOJIE/UPOBAHUE SBJISIETCS OJHUM M3 MHCTPYMEHTOB CTAaTUCTUIECKOTO
aHaJIM3a TEKCTOB. 3a MOJITOPA JIECATUIETUS] NHTEHCUBHDBIX HCC/ICI0BAHUN CO3/aHbI COTHH
reMaTudecKux Mozesieir. OCHOBHbBIE WX BUJIbI BKJIIOYEHBI B JIAHHBII 0030D.

Hecmorps Ha ycrmexu treMaTudecKux Mo/jie/ieil, 0 KOTOPBIX COOOMIAIOT HaydHbIe IIy0/11-
KaIliH, Ha IIPAKTUKE HCII0JIb3YeTCs B OCHOBHOM yCTapeBIIas MOJIE/Tb JATEHTHOIO pa3Melre-
uust Tupuxie (LDA). Boubinoe paznoobpasue Mojesieil, CJI0KHOCTh UX MaTeMATHIECKOIO
OIIMCAHUS HA si3blKe 0aiieCOBCKOIO 00yueHMsl, HECOBMECTUMOCTD peaJiu3aluii co3aior oa-
pPbepbl I MPAaKTHIECKOTO MpUMeHeHus 6ojiee MUPOKOro CIIEKTPa MOJIeJIeil.

Teopust addumuenoti peeyaspusayuu memamuyeckur modeaeti (ARTM) u npoekr
C OTKPbITHIM KO/IOM BigARTM Haresienbl Ha npeojosenue 3rux dapbepos. B ARTM rema-
TUYECKad MO/ICJIb OUPENEJATCd IIPOCTONR BEPOATHOCTHON IOPOZKAAIOMEil MOJe b0, Olu-
CBIBAIOIIEll CTPYKTYPY HPOCTPAHCTBA MapaMeTPOB, U «MEIIKOM PEery/ispu3aTOpoB», 3aJia-
IOIMUX JIONOJTHUTEIbHBIe TpeboBaHus. Peryisgpu3aTropbl aJ/IUTUBHBI, B3aNMO3aMEHIEMbI
U JIEFKO OTTOprafoTcs or Mojesieir. VX MOKHO KOMOMHUPOBATH HPAKTUYECKUA B JIIOOBIX
COYETAHUSIX, YTO U HPUBOJUT K MOJLYJILHON TeXHO0ruu MojiesiupoBanus. Co3panue Moe-
JI ¢ TpedyeMbIMU CBOICTBAMU 110J] KOHKPETHOE HPUJIOKEeHUe He TpedyeT HU TPYI0EMKUX
MaTeMaTHIeCKHX BBIK/JIAJI0K, HU CO3JIAHUA AJITOPUTMUYECKH CJIOZKHOTO KOJIA.

['taBHOe ommune 0ailecOBCKOIo OOy4YeHHsi B TOM, YTO TaM JOHOJHUTEIbHbIE TPedo-
BaHUs BCTPAMBAIOTCI B IOPOXKJIAIONLYIO MOJI€/Ib, CUJIbHO YCJIOXKHSS BBIBOJ M HE OCTaB-
Jisish BOBMOXKHOCTeH I MOJLY/IbHOM peasu3anuu. BaiiecoBckuil BBIBOJ /s OOJIBIINHCTBA
MoJieJielf, OMMMCAaHHbIX B JAHHOM 0030pe, TpeOyeT HeCKOJIbKUX CTPAHMIL BBIKJIAI0K. fI3BIK
KJIACCHYECKOil pery/sipu3aliui OKa3bIBaeTCs He MeHee BhIpa3uTeIbHbIM, HO HAMHOTO OoJiee
upocteiM. ARTM cokpaiaer BbiBoj OyKBaJIBHO /10 HECKOJIBKUX CTPOK. EimHCTBEHHOE, 9TO
MbI IIPH 9TOM TepsieM — BO3MOZKHOCTb OIEHUTH He TOJIbKO 3HAYEHUs [1apaMeTpOB MO/IE/IU,
HO ¥ UX paclpejie/ieHnsa. B npakTuke TeMaTUdecKoro MOJIEJTHUPOBAHUSA 3Ta BO3MOKHOCTD
HUKOTJIA TOJIKOM H€ HCIIOJIb3YeTCsd, TaK YTO IOTeps He BeJIHKA.

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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JlomunupoBanue 6ailecCOBCKOIo 10/1X0/Ia B TEMATUYECKOM MO/IE/IMPOBAHUU U PA300IIEH-
HOCTb aKa/JI[EMUYECKOI'0 ¥ HMHJLyCTPUAJIBHOIO COOOIIECTBA IPUBOJIUT K PACIPOCTPAHEHUIO
HEKOTOPBIX 3a0/1y2K/IeHU, JIOCTOHBIX YIIOMUHAHUSA U KPUTHUKH.

«Temarnueckoe mojesimposanue — 310 B ocuoBuom LDA». Her, ectb cornu moieseit,
PemaonuX pa3HooOpa3Hble 3a/1a41, ¢ KOTOPBIMHA ILIOX0 ciipaB/sercs LDA.

«TemaTumdaeckoe Mo/IeTMpOBaHAE TOIXOUT TOJIBKO /I aHAJIN3a TeKCTOB». Her, ecTh
MOJIEJIH JIJI aHAJIU3a U300parKeHuil, Buieo, rpadoB, CUHTHAIOB, TPaH3aKIUI.

«Temarmyeckoe MojeImpoBanue — 3TO pasjies baiiecoBckoro odyuenusi». Her, 60J1b-
IIHHCTBO Mojeseil ropasao mnpoire crpogrca B ARTM 6e3 6aiiecoBCKOro BBIBOIA.

«Temarunueckue MOJeJId IIPEeACKA3bIBAOT 9aCTOTBI CJIOB B JOKYMEHTaX». cDOpM&J’IbHO
Jda, HO UX IeJb B JPYI'OM — BbIsfBJICHHE KJI&CTepHOfI CTPYKTYPbI KOJIJIEKIIUH.

«Tembl 9acTO OKa3BIBAIOTCSA JyOJUPYIONIMMU WX ILIOXO HHTEPIPETUPYEMBIMEY.
1o Ttak B LDA. IIpobiema pemraercs ¢ IMOMOIIBIO JPYIUX PEry/Isipu3aTOpOB.

«TemaTnyeckne MOJen OCHOBaHBI Ha THIOTE3e MeIlTKa cJI0B». MHoOrme, HO He Bce.
Temarudeckue mojesn n-rpamm, OUTEPMOB, IPE/JIOKEHUH, CeIMEHTAIMU, PeryJis-
pusaropbl E-11ara mo3Bosisiior yYuThiBaTh MOPsI/IOK CJIOB B JOKYMEHTaX.

«Temarnyeckue BEeKTOpPbI HE OTPazxKalT CMbICJ C€JI0B, Kak word2vecs. Her, ecjiu
CTPOUTH TEMATUYEeCKUe MOJIeJIM 110 JIAHHBIM O HAPHOW COYeTaeMOCTH CJIOB, KakK
n word2vec. Hanpumep, Moznenn OUTepMOB WM CETH CJIOB He TOJHKO OIPEIesSIOT
CeMaHTHYeCKYyI0 OJH30CTDh CJI0B, HO U 00JAIAI0T CBOMCTBAMU MHTEPIPETUDPYEMOCTH
U Pa3pezKeHHOCTH.

«Temarnueckas momenb LDA mepeobydaerca ropasmo menbine, veM PLSA». Her,
X Ka4ecTBO IIPUMEPHO OJMHAKOBO, OCOOEHHO Ha 00bImnX Kosutekmuax. LDA ocro-
poxKHee OLeHUBaCT BEPOATHOCTHU pPEeAKUX CJIOB. O,ZLH&KO OHM HaMMEHE€ BazKHbI JJIdA
obpazoBanus TeM, X0Ts (POPMaAJILHO TO YJIYUIIAeT HPaB/IOI0I001e MOJIEJIH.

«Temarnueckast mogesib LDA umeer mamMuOro menbine napamerpon, dem PLSA».
Her, marpunst ® u © onenuBaiorcs B 00enx MOJE/IsIX, OCKOJIbKY OHM HYZKHBI JIJIsT
npuaokenuii. Ha camom gese B LDA Gosbire mapaMerpoB, J100aBISOTCI 5 U (.

Hekoropsie npobsiembr moka ocratorcst orkpbiteivu B ARTM. Kak yckoputh cxo/u-
MOCTDb peryJgpu3zoBannoro EM-anropurma? Kak moabupars KoddpunueHTs perysispu-
3ald aIAITHBHO U IIOJHOCTHIO aBTOMAaTHYEeCKH B Xoje urepanuii?’ Kak pemuts mpobJie-

My HecOaJJAHCMPOBAHHOCTH TEM, KOIJIa KPYIHbIE T€MbI JIPOOSTCS, a MEJKUEe CJAUBAIOTCS !
Kak obecrnieants mocrpoenue 1moiHOro Habopa XOpOIHIo HHTEPHPETUPYEMbBIX TeM !

B nannbiit 0630p He BOILIM HEKOTOPBbIE BayKHbIE TUIBI MOje/Ieil, HAllpuMep, JJjisd aHa-
Jin3a n300pazkeHuil ¥ BUAEONOTOKOB, AaHHOTUPOBAHUS N300PaKEHUiT, PEKOMEH,1aTeIbHBIX
CHCTEeM, CYMMapHU3allid TEKCTOB, aHAJIM3a TOHAJHHOCTH WU BbISIBJICHUS] MHEHUIl, MCIO/Ib-
30BaHUs U IMOCTPOEHUsI OHTOJIOTHI, OOHAPYZKEHUSI HOBBIX TEM U MPOC/IEZKUBAHUS HOBOCT-
HBIX CI02KeTOB. Takzke He ObLIM 3aTPOHYTHI BOIPOCH HHUIHATU3AINE U ABTOMATHIECKOT'O
nMeHoBanus TeM. He Hama orpazkenus B 0030pe HOBasl TEH/ICHITHS CO3/aHUsT THOPUTHBIX
MOJIeJIel Ha OCHOBE TeMaTu4eCKOr0 MO/ICJIMPOBAHUA U HEHPOHHBIX CeTe.
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