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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.

7



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

12



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

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

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

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

OR
Nyt + Pt 57— = Pt At-

890101&

Obo3uaunm ero JieByio dactb depe3 A Torma Ay = @i

BosMoxknbl jiBa ciryuas.

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

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

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

Teopema JjiokazaHa.

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

Tema t HA3BIBaETCS BBLPOIHCOCHHOT, €CITI

OR
890101‘/

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

JlokymeHT d Ha3BIBACTCS BbPOAHCIEHHLM, ECIIH

OR

Neg + etdﬁd <0 g Beex t € T
t

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

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

Mopenb BEpOSITHOCTHOrO /1IATEHTHOIO CeMaHTUYeckoro aHanusa (probabilistic
latent semantic analysis, PLSA) ucropuvecku siBisiercst nepBoil BepOSITHOCTHON TeMa-
traeckoit 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-mar: Zq(Z) Inp(X,Z|Q)+ R(Q) — max . (20)

dokazaTenbCTBO. 3anunem HeoOXOAUMbIE YCJIOBUS JIOKAJIBHOTO IKCTPEMYMa JIJIst 3a-
Jla9i MaKCUMU3AIUU 11 Koro ¢gynknuonasaa (18):

1 op(X, Z|Q2 Q
Z p(X, Z[9) + OR(Q) —0.
p(X|9Q) o0 o0
13 dopmyiasl yeaoBHOiT BepositHOCTH caeayer p(X ) = i gé'g; Bocnonbsyemcs

9TUM TO2K/I€eCTBOM, BHOCA 110/ 3BHaK CYMMUPOBaHUA:

1
p(X[Q)

Zp (Z|X,Q) op(X, Z\Q)+8R(Q)_0_
(X,Z|9Q) Py o
OR(Q)

Zp Z|X,Q) lnp(X Z|Q) +

HO.)Iy‘{eHHoe YpaBHEHHUE HABJIACTCA HeO6XO,ZLI/IMbIM ycjioBueM JIOKaJIbHOI'O 9KCTpeMyMa
sagaun M-trara (20), eciu bukcupoBars pacipegesnenue p(Z | X, ) Tak, 47066 OHO HE 3a-
Brces0 oT napamerpa ). Vimenno sto u mocruraercsd BoraucienneM ¢(Z) na E-mare (19)
1 mocJsieyoreii ero mojctanoBkoii B (20). TakuM 06pa3oM, Mbl HOJTYYUIH CHCTEMY YPaB-
HEHUil, SKBUBAJICHTHYIO HEOOXOAMMBIM yCJIOBHsIM MakcumyMma yHknuonaaa (18).

Teopema JjiokazaHa.

Teopema 4. B unrepamuonnom nponecce (19)—(20) suauenne pynknmonasa ne yMeHb-
HIAETCST HA KAZKJ[OM IIAre.

Hoxka3arenbcTBo. Bsejém npoussosibHoe pacupeseserue ¢(Z). Bocnosbsyemcst

YCJIOBHEM HOPMHDPOBKH Y, ¢(Z) = 1 u Toxaecrsom p(X |Q2) = ig‘? g;

Inp(X[Q) = > ¢(2)Inp(X]Q) = 3 g(2) m E5E.
VA Z

Jobasum u oraumeM Y, ¢(Z)Ing(Z2):

Inp(X|Q) = Zq YInp(X, Z|Q) — Zq(Z)lnq(Z) —I—Zq(Z)lnp(gﬁi)’m. (21)
Z Z

~~

L(q,Q2) — umxussa onerka Ilnp(X|Q) KL(q(Z2)|lp(Z ] X,£2))=0

IlepBbie gBa caraeMblX 9T0it CyMMbl 0603Ha4nM depe3 L(q, ) — 5T0 HIKHsISA OIEHKA
norapudma npasrononobus Inp(X |Q). Tperve ciaaraemoe sisiercss KL-auBepreniueit
MEZK/JLy JIByMsl PaCIpe/le/IeHUs MU, KOTOpas BCErjia HeOTPULATE/IbHA.
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Js makenvusanuu dyuximponata Inp(X Q) + R(Q) no Q 6yneM MakcuMu3upoBaTh
HUZKHIOIO OIEHKY DPeryJsipu30BAHHOIO IPABIOIOL00HS OOYEPEIHO TO 110 ¢, TO 110 §):

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

B zagade E-mara nogacrasum p(X, Z|Q) = p(Z| X, Q)p(X |Q) B dopmyay L(g, Q):

> q(Z)np(Z] X, Q) + ; ¢(Z)Inp(X[Q) = " q(Z)Ing(Z) + i@ — max.

q
4 const Z const

OrbpacbiBast cjlaraeMbie, He 3aBUCHIIUE OT ¢, Oy IUM:

KL(¢(Z) || p(Z| X, ) — min.

TouHbIM pellleHneM JAHHON 3ajadn sBJsiercst pacupeenenue ¢(Z) = p(Z| X, ), aro
cosmazaer ¢ (19). IIpu ero moxcranoske B (21) KL-auBeprenius npuauMaeT HyJIeBOE 3Ha~
aenue. [losromy L(q, Q) sBisiercst gocturaeMoil HuzKHedi onenkoit js Inp(X|Q), a 3a-
Jada Makcumusaiuu Ha M-mrare cosmagaer ¢ (20).

Taxum o6pazom, EM-asropurym (19)—(20) siBjstercst 9aCTHBIM CJIy 9a€M HTEPALUOHHOIO
porecca 6JI0IHO-OKOOpAMHATHO T onTumuzanuu dynkimuonana L(qg, Q)+ R()), na kax-
JIOM IIIare KOTOPOro 3HadeHue (GyHKIMOHAIA MOZKET TOIBKO yBEJTHIUTHC.

Teopema nokazana.

EM-anroput™m He rapaHTUpYeT HH JOCTHKEHUS MAaKCHMyMa € 3a/JaHHOW TOTHOCTHIO,
HU [V100a/IbHOil cxoauMocT. ONTUMHU3AIMOHHAA 3a/a49a SIBJIAeTCd B ODIIEeM CIydae MHO-
roskcrpeMasibuoit. Ha npakruke 310 0O3Ha4aer, 9T0 Ka4eCTBO PEIIeHUs] MOZXKET 3aBUCETh
oT BbIOOpA HAYAJIBHOI'O HPUOJIMKEHUS.

Obwumin EM-anroputm gns tematmnyeckoro mogenuposarvus. llpumvennv EM-as-
roput™ (19)—(20) K 3amade TEMATHYIECKOrO MOJEIUPOBAHUS, BEPHYBIINCH K HCXOTHBIM
oboznavenusim: X = (d;, w;)?y, Z = (t;),, @ = (P, 0).

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

JIemma 1. Touka (®,0) JI0KaIbHOrO MAKCHMYMAa PETYISIPA30BAHHOIO log-mpaBiomoo-
6us B 3ajade TeMarHieckoro mojenuposanus (11) ymopaerBopsier cucreme ypaBHEHHI,
periieHne KOTOPOH MeTOJIOM IIPOCThIX HTEPAIUH CBOJUTCS K YePEJOBAHUIO JIBYX HIAIOB:

E-mar: p(t|d,w) = ntorTm(gothtd), st Beex d € D, we W, teT; (22)
€

M-mar: Z Z anwp(ﬂd,w) ln(gpwtetd) + R($,0) — Ig%x. (23)

deD weW teT

JokazareabcTBo. 3amumeM cHadaga dopmyry E-mara. Bocmosb3oBasmmcs ycemo-
BIEM He3aBHCHMOCTH JIEMEHTOB BBIOODKH U IpuMeHuB dhopmyny Baiieca (5), pasiokum
q(Z) B upousBejieHHEe YCJOBHBIX BEPOSTHOCTEH TE€M 10 BCEM HO3UIHUAM i

n

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

=1 =1
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[TogcraBum B 0611yI0 bopmyiay M-mara (20) pacupenesnenust p(X, Z |Q) u q(Z):

Z q(Z)Inp(X,Z|Q)+ R(QY) — max;

ZET"

Z ZHP (t | di, wi) 1 H (diywint; | Q) + R(Q) — max

€T tneT k=1

Boipazum jiorapudm nmpoussejienus yepe3 cyMmmy JiIorapudMoB U [EePEeCTaBUM MECTaMU
3HAKU CyMMUPOBaHUS:

Xn: Z : Z ﬁp(tk | di, wi) Inp(d;,w; t; | Q) + R(QY) — max.

1=1 t1€T €T k=1

BamMerum, 4To cpejyu n cyMm 10 t; € T HerpuBUaJIbHA BCEra TOJIbKO OJHa — Ta, JJid
KOTOPOIi t; = t),. Bee ocraibHble CyMMbl PacxoiyloTcs Ha 00pa3oBaHue MOJIHBIX BEPOSAT-
nocreit Y, p(ty|dy, wy) = 1. Takum obpasom, dyHKua B 1€BOH TacTH yupoITaeTcs:

i=1 teT

3aMeHHM CyMMEUPOBAHUE 110 MO3UIHSIM T€PMOB i CYMMHPOBAHHEM IO JOKYMeHTaM d,
3aTeM 10 TepMaM W B KazKJIOM JIOKYMEHTE, YUUTBbIBas KaKJblil TEPM Ng, pa3. 3arem
BOCIOJIb3yeMcs t1pejcrasienuem p(d, w,t|Q) = p(w|t, ®) p(t|d, 0)p(d) = @uibiapa, or-
OpOCHB B HEM MHOXKHTEJb Py, HE 3ABUCAIIMA OT HCKOMBIX IIADAMETPOB MOJIEJIN:

Z Z Z ngwp(t|d, w) In(puibia) + R(®,0) — max.

deD weW teT

JlemMa, J0Ka3aHa.

Bagada (23) sBisiercss MAKCUMHU3AIMER PEryisipu30BAHHOIO [PAaBJONOA00HsT JJist Be-
positHocTHON Mosesin p(w, t|d), Koropas HACTPaMBAETCH 1O SMIIMPUYECKUM UYACTOTAM
Ndgw = NawP(t|d, w). D10 MOME3HAST TPOMEZKYTOUHAS (POPMA TOCTAHOBKH 3a/a9l TeMaTH-
YECKOI0 MO/IeJIUPOBAHUS [IPH M3BECTHBIX PACIPEIEJTEHUIX CKPBITHIX II€PEMEHHBIX.

[Tokazkem, ato or Heé serko nepeiitn Kk EM-aaropurmy st ARTM (14)-(15). Boc-
HOJIb3YEMCsT IPEKHUMU 0003HAYEHUAME Ny U3 (7) 1 ngg u3 (8). Torga kpurepnii (23)
PACKJIAJIbIBAETCS B CYMMY JIBYX CJIAra€MbIX M PEryJIsipU3aTopa; I€PBOe 3aBUCUT TOJIBKO
or ¢, BTopoe — TOIBLKO OT O:

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

s perenus 3ajiadu MaTeMaTHYeCcKOr'o IPOrPaAaMMHUPOBAHMS ITPUMEHUM YCJIOBHS
Kapymra-Kyna—Takkepa. /[j1g 3Toro cHadaja BBIMAIIEM JAIDAHKHAH:

@) = ant ll’lg@wt — Z )\t (Z ngt — 1) +
w,t t w
+ > nalnta— 3 pa(Y b= 1) + R(D,0).
d,t d t
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[IpupaBHuMBas HyJIIO YaCTHBIE IIPOM3BOAHBIE JArPAHKUAHA 10 HapaMerpaM MOIEJIH,
HoJIyuuM ypaBrenust, copuajaomue ¢ pemennem ARTM (14)-(15):

0. Tt OR 0L Ny OR
o Pur | B D g~ g 00y MO
APt = (nwt + @wta—R) ; tabra = <ntd + Ora—— R )
a wt + 89td
OR OR
pwt = NOIM (nwt + Puwt 8%) ; Ora = norm (nm + 0ia %d) .

Wrak, npumenenne obiero EM-aaropurma K 3ajade TeMaTHIECKOIO MOAETNPOBAHUSI
cuosa npusouT K (popmyaam ARTM. Takoii criocod BbIBOIA JJIMHHEE, HO €10 ITPEHMYIIe-
CTBO B TOM, 4TO HOIYTHO 0DOCHOBBIBaETCs cXoumoctTb EM-ajiropurma.

4 BeposiTHOCTHas perynsipmn3ayuna n mogenb LDA

MpuHUMN MakcuMyMa anocTeprMopHOWN BEpOATHOCTU. /lo cux mop Mbl mpesio/ara-
JIM, 9TO JAHHbIE HOPOXKJIAIOTCA BEPOSITHOCTHON MoJie/ibio ¢ napamerpamu (@, 0), koro-
pble He U3BECTHBL U He Cjydaiinbl. Telepb Hpejino0zKiuM, YT0 HapaMeTpPbl CaMy sBJ/ISIOT-
Csl CyJaflHBIMU MEPEeMEHHBIME U HOJYHHSIOTCS anpuophomy pacnpedeaenuto p(P, O; )
C HECJIYYIalHBIM 6EKMOPOM 2unepnapamempos . B 3ToM ciydae MaKCUMH3AIU COBMECT-
HOrO 11paBaooa00us ganubix X = (d;, w;)?; u mogesu (P, O) UpUBOAUT K HPUHIMILY
MAKCUMYMA anocmepuopholi éepoamuocmu (maximum a posteriori probability, MAP):

p(X, @, ;) = p(X|@,0) p(®,0;) = p(®, 0:7) | [ p(di; w2, 0) — max.
i=1 o
[TocJie JsiorapudmMupoBanus 10Jy4aeM MOJAUMUKAIMIO 3313491 (9), B KOTOpPOit Jjiorapucm
AIIPUOPHOI'0 paclpe/e/ieHusd CTAHOBUTCS Peryjidpu3aTopoM:

Zanw angothtd + lnp((ID 0;v) — max. (24)

$,0,y
deD wed teT ( )

Bo mHorux ciyuasix Bo3mozkeH u obparhbiii nepexos. Peryisipusarop R(®,0©), usna-
Ya/IbHO He MMEIONUii BePOSTHOCTHON MHTEepupeTaluu, 1peodpasyercs B allpUOPHOE pac-
npejie/ieHue Iy Tém dcioHenupoanust u Hopmuposku: p(P, 0) o exp(R(P, ©)). Hopmu-
POBOYHBIN MHOXKHUTEIb HE 3aBHCUT OT IIapaMeTPOB MOJIENH, TIOITOMY il MAKCHMH3AINH
arocrepropHoii BepostaocTH 110 (P, ©) OH He BayKeH, OJHAKO JJI MAKCUMHU3AIUH O IH-
meprapaMeTpam y ero, CKopee BCero, MpueTcs yIUThIBATh.

Mopenb nateHtTHoro pasmerieHus Oupuxne (latent Dirichlet allocation) 6bura npe/i-
JozkeHa B |27| auist penienust npobsiembl nepeodydenus B Mojesn PLSA. TIpobiema 3akiiio-
qaysach B TOM, 9T0 MoJeab PLSA mpejcka3siBaia BeposTHOCTH TepMOB p(w | d) HA HOBBIX
JIOKYMeHTaX 3aMeTHO XyzKe, 4eM Ha oOydaromieil Kosuteknuu. OOBIYHO MepeodydeHne CBsi-
3aHO ¢ U30BITOYHON PA3MEPHOCTHIO IIPOCTPAHCTBA MAPAMETPOB, MOITOMY Ha Marpuiibl P, ©
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02 02 02
.y:.,..?!-T., . .j[._!{ITTTYT!. 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.

cJie/lyeT HAKJ/IaJblBaTh JIONOJIHATEbHbIE OrpaHndenus. B [27] ObI0 BBEJEHO 1IpeIosio-
JKeHUe, 9TO CTOJIOIBI STUX MATPHUIL ABILAIOTCA CJAYIAWHBIMU BEKTOPAMHU U IOPOXKIAIOTCS
pacupenenenuamu lupuxie ¢ runepnapaderpamu o € RT u f € RW coorsercrsenno:

. I'(a) -1
Dir(0g; o) = =" P ar >0, ayg=> a bOiq >0, Oy = 1;
o) = oy 110 o a0 0
t
. I'(By e
Dlr(sot;ﬁ) = ﬁ H@ﬁt 1a 611} > 0, 60 - Zﬁwa Pwt > Oa Z@wt - 1;
[1T(Bw) " " m
rie ['(2) — ramma-ynkuust. [lapamerpsl pacupesesenust [upuxiie cBs3anbl ¢ MareMa-
THIECKUM OXKHIAHHEM ITOPOZKIAEMbIX CJIydaiiHbIX BEKTOPOoB: Ef;y = g—é, Epuw: = %—Z

Ncnoab3osanue pacupeaeienuii JTupuxjie onpasiaHo 10 TPEM HPUYMHAM.

Bo-11epBbIX, ABYXYPOBHEBAs MO/IE/b IIOPOKICHH JAHHBIX (DOPMAIH3YeT IPEIo/I0zKe-
HHE O CyIIECTBOBAHUN TeMATHIECKUX KJIACTEPHBIX CTPYKTYP B TEKCTOBOM Kosuteknuu. Pac-
upejesienne Jlupuxjie 10poziaer BEKTOPbI JIMCKPETHBIX PACIpejieienuii ¢, = p(w|t),
KOTOPbIE CTAHOBATCA HEHTPAMHU TeMaTHIeCKuX KJacTepoB. Kazkaplil Takoil HeHTp mopozK-
JIAeT TeMATHYeCKUe YaCTU JIOKYMEHTOB — BEKTOPbI JIUCKPETHBIX pactpesesenuit p(w|t, d),
KOTOPbI€e ILJIOTHO TPYINIUPYIOTCA BOKPYI CBOErO MEHTPA.

Bo-Bropbix, pacupesenenns /lupux/e cIoCOOHBI HOPOXK/JIATH KaK pa3pe:KeHHbIEe, TaK
¥ IJIOTHBIE BEKTOPBI JUCKPETHBIX pacipe/enenuii, puc. 2. Ecjin BeKTop napaMerpoB cocTo-
UT U3 paBHBIX 3Hadenuii [, 10 pacupegesnenue Jlupuxiie HA3BIBACTCA CUMMEMPULHBLM.
[Ipu B, =1 cummerpuunoe pacupegeienue Jlupuxiie COBIAAET ¢ PABHOMEPHBIM PaC-
npejie/ieHneM Ha eJIMHUYHOM CHMILIeKce. dem Menblire [3,,, TeM 6/uzKe K HyJIH0 YCIOBHBIE
BEPOATHOCTU Q,y = P(w|t) B HOPOKIAEMBIX BEKTOPAX ;.

['umoresa 0 pa3peKeHHOCTH pacpe/eeHuil ¢, = p(w |t) dopmanusyer ecrecTBeHHOE
LPE/IOI0AKEHNE, YTO KazKaasd TeMa b UMeeT CEMAHMUYECKOe A0P0 — MHOXKECTBO TEPMOB,
XapaKTePU3yIOUMX JAHHYIO TeMy M MMEIOIMX B Heil 60JbIIne BepOATHOCTH. TaKuX TepMOB
B KazKJI0 TeMe He MOzKeT ObITh MHOI'0, IIOCKOJIBKY OOJIbIIMHCTBO TEPMOB CJIOBAPS JTOJIZKHbI
OTHOCHTBCH K CEMAHTHYECKHM $IJIPAM JIPYIHX TEM.

AHAJIOrUYHO, TUIOTE3a O pa3peeHHocTH pacupenenenuii 0,y = p(t|d) dopmanusyer
€CTECTBEHHOE IIPENOJI0KEHNE, YTO KazK bl JJOKYMEHT OTHOCUTCS K HEeDOJIbIIOMY YUCJLY
reMm. TpyjiHo npejcraBuTh cede JIOKYMEHT, B KOTOPOM 3aTParuBaloTCcs BCe TeMbl OOJIbIION
TEKCTOBOM KOJLIEKIMK (& €C/IM 9TO SHIMKJIONE/1sl, TO B KAI€CTBE JOKYMEHTOB CTOUT B34Th
OT/IeJIbHBIE €6 CTAThH).

B-tperbux, pacupeenenne [ Iupuxiie aBisiercsa CONPSAKEHHBIM K MYJIbTHHOMUAILHOMY
pacupeeaeHnio. D10 Ype3BblYaiiHo y100H0 it 6alleCOBCKUX METOI0B, KOTOPhIE PACCMAaT-
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puBatorcs B cjejiytoniem naparpade. Imenno maremarudeckoe y100CTBO HPEJIOIPEIETUIIO
HOIYJISPHOCTH pacipe/iesienust Jlupuxiie B reMaTudeckoM MOJIeJIMPOBAHKMY.

Cormacuo (24), mogean LDA cooTBeTCTBYeT pery/isipu3aTop, ¢ TOYHOCTHIO 0 KOHCTAH-
ThI paBHBI cyMMe JiorapuMOB allpUOPHBIX pacupeienenuit lupuxie:

= lnH Dir(py; 5 H Dir(64; ) 4 const =

teT deD
_ZZ _1 ln(pwt+zz Oét—l lnﬁtd (25)
teT weW deD teT

[Ipumenenue ypasuenuii (14)—(15) k sTomy peryiasipusaropy gaér dbopmynbr M-nrara:
pur =m0t (nye + By = 1); - g = norm (g + oy — 1),

IIpu B, =1, oy = 1 anpuopHoe pacupeenenne upuxiie coOBOa aeT ¢ paBHOMEPHBIM
pacipejie/ieHHeM Ha CUMILTeKce, opMy/bl M-1mara mepexoidar B HeCMeIEHHbIe YaCTOTHBIE
OIEHKH YCJIOBHBIX BepogrHOcTeii, a Mojgenb LDA mepexomur B PLSA [46].

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

IIpu 0 < By, <1, 0 < oy < 1 perysisipuzarop umeer paspezkupaiomiuii 3¢ dexT u cro-
cobeH OOHY/IATH MaJible BepogTHOCTU. OIHAKO TpeOOBaHUe CTPOTOil MOJI0KUTETbHOCTH T1a-
paMerpoB 3, U i B pacupeaeneHusx /lupux/ie orpaHnInBaeT BO3MOKHOCTH YIIPABICHUS
paspezxkeHHOCThI0 MaTpui ©, O B Mmogesn LDA.

Auseprenuymns Kynobbaka—Jleibnepa (KL-dusepzeryus, OTHOCUTEIbHASI SHTPOIIHS) Jia-
Jee OydeT OJHAM U3 BasKHEHIINX MHCTPYMEHTOB KOHCTPYHPOBAHHUS PEryJIsSpH3aTOPOB.
1o HecMMMeTpudyHad (DYHKIUS PACCTOSAHUS MEXK/y JAMCKPETHBIMH PaClpele/eHusIMUI
P=(p), u@=(qg)",, c coBuajgaomumu nocuressivu, {i: p; >0} = {i: ¢; > 0}:

L(P[Q) = KLi(pil¢:) sz ln H(P,Q) — H(P),

e H(P)=—>,pilnp, — osnwmponus pacupenenenus P, H(P,Q)=—> .p;lng —
Kkpocc-anmponus pacupegenennit P u (). Obo3nadenune KL; He sB/sieTcst 0OIMENPUHATHIM,
HO OHO y/J00HO, KOI/Ia HA/I0 IOKA3aTh, 10 KAKOMY HHJEKCY IIPOU3BOIUTCI CyMMUPOBAHHUE.

KL-nuBeprennus nHeoTpunare/jbHa U paBHA HY/IIO TOTJIA W TOJbKO TOIJ/A, KOTJA Pac-
npeje/ieHusi COBIAJIAIOT, P; = ¢;.

Eciim KL(P||Q) < KL(Q||P), ro pacupejesienne P cujibHee BI0KeHO B Q, yem @) B P,
cm. puc. 3. Takum obpazom, KL gBiisiercss Mepoit BJIOXKEHHOCTH JIBYX PAaCIpe/Ie/IeHUIA.

Ecau P — smnupudeckoe pachpejenerue, a (Q(a) — mapaMerpudeckasi MOJe b, TO M-
aumusanusg KL-auBepredinun SKBUBAICHTHA MUHUMHU3AIMNA KPOCC-SHTPOIUUA U MAKCHMHE-
3aluu [IPaB/I0000us:

KL(P[[Q(cx sz ln

—)mln — E piIng; (o) — max.
[e%
i=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 4
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.

Makcumusarst 1paBo1o/100us (9) SKBUBAJEHTHA MUHUMHU3AIMYI B3BEIIEHHON CyMMBI
o N __ Nng
KL-nupeprennuii Mezc/1y SMIMPUIECKIMU pacupeteneuamu p(w |d) = 74 1 MOneIbHbL-
mu p(w|d), mo Beem nokymentam d u3 D:

Nng .
E ng KLw(—w H E gpw,ﬁtd> — min,

ng [ONC)
deD teT

IJie BeCOM JOKYMeHTa d sBJseTcs ero JauHa ng. Ecim Beca ng yoparb, TO Bce JIOKYyMeH-
Thl OyJIyT MCKYCCTBEHHO HPUBE/IEHBbI K OJMHAKOBOi jijinne. Takast moaudukanus yHK-
[MOHAJIA KAav4eCTBa MOKeT ObITh 110JI€3HA 1PU MOJIEJIMPOBAHUM KOJLJIEKIU, COMeprKAIINX
JIOKYMEHTBI OJIMHAKOBOW BaKHOCTH, HO CYIIECTBEHHO PA3HON JIJIMHBI.

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

R(CI),@) = |W| ZKLw(ﬁ H @wt) - 6OZKLUJ(%5 H prt) +

teT teT
+ |T|ZKLt(|—,}F‘ | 6:a) —QOZKLt(g—S | 6ua).
deD deD

Orcroga cienyer, aro Mozaenb LDA oka3biBaeT CIyIa;kKmBaioliue U pPa3perKhBarOIIIe
BO3eiicTBus Ha MaTpuibl P, ©. Bee crosbub marpunpt Y 10/12KHBL ObITH OJIM3KH K OJHOMY
U TOMY K€ Pacipe/ie/IeHuIO g—z, npuaéM mapamerp [y CraHOBUTCS KOIDMUIIMEHTOM pery-
Jsipu3anuu. AHAJOTUYHO, BCE CTOJIONB MATPUIBI O JI0/IZKHBI ObITH OJIM3KH K Pacupeesie-
HUTO 3—;, U 3TUM TpeboBaHUEM yIIpaBisgeT KO3 UImeHT peryasdapusanuu «g. Kpome srux
CIVIayKHABAIOIIMX BO3/ICHCTBUN UMEIOTCS cJIadble HeyIIpaB/igeMble pa3peKuBalolIne BO3/Ieii-
CTBHS: CTOJIONBI 00EUX MATPHUIL JOJKHBI ObITh JaJIeKH OT PABHOMEPHOT'O PaCIpe/ie/IeHH.
JlaJjibiiie Bcero oT paBHOMEDPHOI'O paclpe/iesieHusl HaX0IATCsS BbIPOXK/ICHHbIE pacipe/ielie-
HUS, B KOTOPBHIX €JMHUYHAsI BEPOSITHOCTH CKOHIIEHTPUPOBAHA B €JMHCTBEHHOM 3JIEMEHTE.

[TosToMy paspeKuBaHMe MIPUBOIUT K OOHYJIEHIIO MaJIbIX BeposTHOCTeH B Marpunax ®, 0.

5 bBaiiecoBckoe oby4yeHue mogenu LDA

[leabto OGaiiecoBckoro obydenusi (Bayesian learning) sBisiercst mosiydeHue OIEHOK
IJIOTHOCTH PACIIPE/ICTCHUs [IJIsI apaMeTPOB BEPOATHOCTHON MOJIEIN BMECTO OOBIYHBIX
TOY€YHbIX OICHOK.
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[Tycrb X — nabuoaemast BbIOOpKa Janubix, p(X |€)) — BeposTHOCTHAST MOJIE/Ib JIAH~
Hbix ¢ napamerpamu 2, p(€|y) — anpuoproe pacnpedeserue B IPOCTPAHCTBE HAPAMETPOB
MOJIEJIH, UMeoIee TUIepIapaMerpbl v. Toraa anocmepuophoe pacnpedesenue napamer-
poB, coracHo dopmysie Baiieca, umeer BujI

p(Q2, X |7)
p(X[7)

rae CMMBOJI X O3Ha49aeT «paBHO C TOYHOCTBHIO JO HOPMHUPOBKHM».

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

Eciiu HaM HyzKHA JIMIIb ONEHKA MAKCUMYMa, [IPABJIONOI00MS JIjI allOCTEPUOPHOTO Pac-
npejesieHus, TO JIOCTATOYHO BOCIOJIB30BATHCS IPUHIHUIIOM MAKCUMYMO GNOCMeEPUOpHos
8EPOAMHOCTIU, KOTOPBIHA OBLT pacCMOTPEH B IpebLayIneM pasjese. Torna 3aada cBOIUT-
cs K MaKCHUMU3alyu Jjorapudma npasionoodus ¢ BEpOATHOCTHBIM PeryJispu3aTopoM:

Inp(X|Q) +1Inp(Q2]y) — max.
R

AJIbrepHATUBHBIN Iy Th, HA3BIBAEMbIiT 0GUECOBCKUM 8bL6000M, 3AKTIOUAETCS B TOM, YTO-
OBl BBIYHCJIUTE anocTepruopHoe pacipesenerue p(§| X, ) B sBHOM Bu/e. DTO GO CIOK-
Has 3a/a49a, MOCKOJIbKY BMECTO TOYEUHOU ONEHKH CTPOMTCA pacipejesnenue. Teoperude-
CKH TaKOil MoaX0/1 1aéT 60.1bIne nHMOPMAIMH O TapaMeTpax MOJIEIN: O3BOJISET CYIUTh 00
UX yCTOWYMBOCTH, OJIY4aTh JOBEPUTE/IbHBIEC M HHTEPBAJIbHBIE OEHKH. DTO AefiCTBUTE b~
HO OIIPaBJIAHO BO MHOI'MX 3a/a9axX aHa/u3a AaHHBbIX. OJHAKO B IPAKTHKE TEMATHIECKOIO
MOJIC/TUPOBAHMS 9TH BO3MOYKHOCTU TaK M HE HAILIU IIMPOKOTO IPUMEHEHHS, W IOJIyda-
eMble aIlloCTePHOPHBIE PACIpE/Ie/IeHAd OOBIYHO Cpa3y IEepeBOJIATCA B TOYEUHbIE ONEHKH
MaTeMaTHIeCKOIrO OXKHUIAHU.

Hecmorps Ha ©30BITOYHYIO CJI0YKHOCTD M CBSI3aHHBIE C 9THM OTpaHUYeHusd, OailecoOBCKOe
oOydeHne JOMUHUPYET B JIITEPATypPe IO TeMAaTUIeCKOMY MOJIeTUpOBaHui0. Mbl paccMoT-
puM JiBa HauboJIee MOIMYISPHBIX OIX0/1a: BAPUAIMOHHbBINA OalieCOBCKUIT BBIBOJ, (variational
Bayes, VB) [125] u commuposanue ['u66ca (Gibbs sampling, GS) [121]. st upocrorst
orpanuunmMmcs mogeabio LDA u yBuauMm, uro 0ba noaxoga npuBogdat K EM-1mogo0HbIM
aJITOPUTMaM, HE3HAYUTE/TbHO OTIMYAIOMIUMCSA OT TOr0, KOTOPBI MBI YZKe BBIBOJIMJIH.

CsoiicTBa pacnpegenenns Oupuxne. B oboux moaxoaax Oyaer CymecTBEHHO HCIOJIb-
30BaTbCd paciipe/iesienue /lupuxie, mo3ToMy IpuBeiéM B CIIPABOYHOM IIOPSIIKE HEKOTOPBIE
ero CBOICTBA.

at

e Maremarnueckoe oxugauue: Ef; = [0, Dir(f|a) df = o= nogm(at).

e Moga: 6, = —55_1 =

— noirm(ozt —1).

at(ap—an)

[ ] ﬂHCHepCHﬂ: D9t = m
0

e Maremaruieckoe oxkujianue Jjiorapudpma:

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

24



e () = I;((;)) — nuramma-dyukius. Qyukust ¢)(x) odeHb

moxozka Ha JjiorapudM. I3BecTHa npocras, HO BeCbMa TOYHAsI :‘5’

AIIIPOKCUMAIIMST IKCIIOHEHTHI OT juraMmma-pyHkinun (Ha rpa- 30 4
25
¢duKe UX JIMHUU HPAKTHUYECKH Hepa3ﬂI/IqI/IMbl): 20 |
15
2 0<e<l
o5 X ; 05 3
B(z) = exp(b(a) ¢ 7| |
T — 2 1 ST 0 05101520 25303540

BapuauunoHtbiii banecoBcknii BbiBog,. llaes 5Toro moaxoaa B TOM, 4TOOBI HCKATH COB-
MECTHOE allOCTEPHOPHOE paclpejieseHrue JIJId MapaMeTpPoB MOJEIN U CKPBLITBIX IIepeMeH-
ubix p(Z, P, 0| X, a, f). HenocpecrBeHHoe BbIYUC/IEHIE TAKOTO Paciipe/ie/ieHust npob,ie-
MATUYHO. HOSTOMy HaxXogdT ero HpI/I6JII/I)KeHI/Ie B BUJC PA3JI02KEHUA HaA MHO2KHUTEJIU, UC-
HOJIB3YS 0CHOBHYM MEOPEMY BAPUGUUOHHO020 bATieCcO8CK020 6bIB0AA.

Teopema 5. Ilycre 3ajaHO pasOneHne COBOKYINHOCTH IepeMeHHbIX Y Ha OJiokn Yj,
j € J. Torma pemenne 3amaun KL (q(Y) H p(Y| X, fy)) — min B ceMeficTBe (paKTOpH30-

BaHHBIX pacrpeenennii ¢(Y) = H ¢;(Y;) yzosierBopser cucreMe ypaBHeHHIT

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

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

JlokazaresibcTBO MOXKHO Hajitu, Haupumep, B |21].

g pemenusi cucteMbl (26) MOXKHO HCIOJBb30BATH METOJ MPOCTON UTEepAIUH.

[IpumenuM 3Ty TeopeMy K Hammemy ciydato, korga Y = (Z,®,0), v = («, 3). Byzaem
npubsmxkare pacupenenenne p(Y | X, v) = p(Z, ®, 0| X, «, ) npoussenenuem n+|T|+|D|
pacipe/esiennii mo 0JI0KaM MePeMEHHBIX t;, Yy, O4:

Q(qu)v(a):HQJ(qu)v@) H HQt (Pt HQd ‘9d

jeJ i=1 teT deD

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

3ameTuM, 4TO ecjiu OJIOKH IepeMeHHbIX Y; He3aBHCHMBI, TO pellleHue OyjaeT He IIpH-
OJIMKEHHBIM, & TOYHBIM. TakuM 00pa3oM, HCIIOJIb30BaHUE BapUAIMOHHOIO DallecOBCKOIO
BbIBO/la CBA3aHO C IIPEAIIOJIOZKEHUEM, YTO MO2KHO HpeHe6pe‘{b 3aBUCUMOCTAMUA MEXKJLY Te-
MaMH TepMOB t;, BEKTOPAMH TeM (; I BEKTOPAMH JIOKYMEHTOB 0.

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

lnp(X Z,8,0|a,8) =lnp(X, Z|®,0)p(®|5)p(©]a) =

_1an d;,w;, t;]®,0) + In [ [ Dir(p, | 8) + In [ [ Dir(0a|er) =

=1 teT deD

= Z ln gowlt 0, d + Z 1) In oy + Z a;—1)In 6, + const.

dt
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Teneps Ha0 Gparh MaTemaTndeckne oxupanus Eg ; 0T 910ii cymmbl 110 Bcem pacipe-
jenerusim G (o), qa(0a), ¢i(t;), Kpome j-ro. 3amMerum, 4TO €CjIu cjaraeMoe S He 3aBUCUT
OT j-# IepeMeHHOil, TO quS = const, 4TO CUJABbHO yIPOIIAeT BBbIKJIA/IKHU.

Pacemorpum ypasrenune (26) orHocuTeabHO ¢ (1)

In ¢ (1) Z qu(t [ti=1t]In Yy, +Z w—1)In g, + const =

weW
— Z Z w]qs(t) In P +Z »— 1) In @, + const =
i=1 weW weW
= Z <Z 1gi(t) +Bw — 1) In @+ + const =

weW
\

J/

~~
Nwt

= In Dir(¢p; | Bt)

Takum obpaszom, ¢ (p;) sBisierca pacupejesenunem upuxje ¢ napamerpamu
Buwt = Nt + Buw, TAE Ny — ONEHKA YUCJIa MeHepalui TepMa w u3 TeMbl t. [Ipu 6oabmmx
TNyt OHO CKOHIEHTPUPOBAHO B TOUKE 0y = NOTM([y)-

w

Pacemorpum ypasuenune (26) orHocuresabno qq(6;):

Ingq(04) = ZE yldi=d] Inby,4, +Z +—1)In b,y + const =

teT
= Z [d; =d] ZqZ )In 6,y + Z a;—1)In by + const =
teT teT
= Z(Z [d;i=d|q;(t) +ap — 1) In ;4 + const =
teT
—,_/

Nid

= In Dir(6,| aq).

Takum obpasom, qq(0g) siBasiercs pacupejeennem upuxse ¢ napamerpamu
(g = Nyqg + Oy, TAE Nyg — OIEHKA YUCJIA TePMOB TeMbl ¢ B goKyMmente d. Ilpm Gosbmimx
N¢g OHO CKOHIIEHTPHPOBAHO B TOUKe Oy = norm(dyy).

t

Haxkownern, paccmorpum ypasuenue (26) orHocureabto ¢;(t;):

Ing(t) = Eqi (hl Put; +1n Qtidi) + const =
= EQt(sot) In @y, + EQd(ed) In ;.4 + const.

Msl yzke 3HaeM, 9T0 ¢;(@;) U qq(0y) aBastorcs pacupenenennamu Jupuxie. Bocmosib-
3yeMCd U3BECTHBIM BbIpazK€HUEM [IJId MaTeMaTUI€CKOI'O OXKHUIaHUA J_[OFapI/I(bMa t-i1 KOM-
IIOHEHTHI CIy4aiinoro Bekropa (6;), nopoxmaemMoro pacupeaenenuem Iupuxiie:

Ingi(t) = ¥ (Mt + Bun) = (. (e + Bu) +
+ ¢ (nug, + o) — (X, (nug, + a)) + const.
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JlorapudmMupyst 1 HOPMUPYs, [IOJIyHIaeM PaACIPE/Ie/IeHUsT IePEMEHHbIX ;:

¢;(t) = norm E(n“’it i Bwi) ) E(ntdi + ozt)
N\ B+ 5)) B (S + 1)

W, C UCTIOJb30BanneM npubamkenust F(x) = exp(Y(z)) =~z —

1 1
(nwit_'_ﬁwi —5 N, T 0q — 5)
1 1]

nt+ﬁo—§ ndi+ao—§

(27)

1.
5

() =
¢i(t) = norm
Bamerum, aro popmyiia s 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), ecam momarars ¢;(t) = p(t|d;, w;):

n n

Nt = Y _[wi=w]q(t),  ma=» [di=d]qt).

i=1 =1

Takum obpasom, pemrenue cucreMbl (26) METOJAOM MPOCTBIX HTEPALUH HPUBOJAUT K
EM-1no100HOMY aJiropurmy. T0 HEMHOI'O YAUBHTEIbHO, IOCKOJIBKY MbI HE HCIIOJIb30BAJIH
EM-anropur™, n jaxke He pelraind 3aJady MaKCUMH3AIUKA [IPAaBIONOI00HSI.

[lo oxoHUYaHUK UTepalyii KICKOMbIE IapaMeTPhl MO/IEJH MOXKHO OIEHHTL depe3 MaTe-
MaTHYIeCKOe OXKHJIAHUE allOCTEePUOPHBbIX pacupejesniennii Jupuxie:

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

Ocuosroe orauune or EM-anroputma — B momnpaskax (—1, —% win () K 9acTOTHBIM
OIIEHKAaM YCJIOBHBIX BeposTHOCTeH. 1Ipu ny, Nyg > 1 3Tu nomnpaBku mpeHeOpe:KuMo Ma-
Jibl. OHEM BIUSIOT JIUINTG HA OJIM3KHE K HYJIIO YCJOBHBIE BEPOSTHOCTU Py U Byq, KOTOPHIE
HE SBJMIOTCA 3HAQUUMBIM JJI TeMaTudecKoir Mmogenu. Takwme ornmumsa B EM-1momo0HBIX
aJrOpUTMaX TEMATHIECKOIO MOJETUPOBAHESI MOXKHO CUYATATH HecyliecTBeHHbIMHA [18].

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

Paszbepémcst cHadasia ¢ amocrepuopHbiM pactpeienenuem. Ilycrs p(®,0|a, ) —
anpuopHoe pacupeesnenne upuxie. Pacupeenenune upuxiie sBiisercss CONPszKEHHBIM
K MYJIbTHHOMHUAJIbHOMY, HO9TOMY allOCTEPUOPHOE TaKzKe Oy/1eT IPUHA/LIeKATh CeMeRCTBY
pacupejesennit Jupuxiie:

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

d,w,t tel deD
Ngwt  Bw—1 Ngwt o —1
x H H Puwt  Puwt H H 04" Oy
teT dyw deD w,t
Nwt+Pw—1 nig+oar—1
o [T T TT 110
teT w deD t
X H Dir(gpt | 5t) H Dir(@d | dd)> Buwt = Nt +Buw, Qg = Myq+ 0y, (28)
teT deD
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[J€ CYBTUUKH Nyt Nyt U Nyg OUPEJEISIOTC COIACHO (4) Yepe3 3HAYeHUsT CKPBITHIX 11e-
PEMEHHbIX /.

CoMILTHpoBaHye CIYYaifHOIO BEKTOpa Z W3 MHOTOMEDPHOT'O pacHpejeseHdus OCHOBAHO
Ha meopeme 0 crodumocmu npovecca camnauposarus I'ubbca.

Teopema 6. IIporecc coMIIMPOBAHUST OJJHOMEPHBIX CJLY9aHHbIX BEJIHYHH

(k+1) (X, Z|v)
t; p(t:| X, Zvi,y) = ———= =1,...,n;
YT R(X, 2yl
e k — Homep urepanun, Z\; = (tgkﬂ), . tfkfl), tg_’?l, o ,tslk)), CXOIHUTCS K MHOT'OMEPHO-

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

JlokazaresbCcTBO MOXKHO Haijitu, Haupumep, B |21].

YT00BI BOCIIOJIB30BATHCST ITON TEOpeMoii, moaokuM v = («, ) 1 HaiiiéM pacmpeese-
aue p(X, Z|«, 3). IlockoJIbKy OHO He JOJIZKHO 3aBHCeTb oT mapamerpos (P, ©), mo HuMm
HpUAETCs B3sATh MHTErpas. [loJplHTerpaibHoe pacupe/iejenne Mbl yzke BbiBesn B (28),
HO Jinlllb C TOYHOCTBIO /IO HOPMUPOBOYHBIX MHOXKUTeJIEeH. TeHepb OHU HaAM HOHaﬂO6HTCH,
1HO9TOMY pa3bepeéMcs ¢ HUMU aKKypaTHee:

wx.Zla.5) = [ [ (X, 2]0,0)p(.0]a g)avde -

/ / H‘pnm nthP [ Dir(e:]8) [ Dix(0a|e)d®de =

teT deD
w a o
H Z 5 / ﬁwt ldSOt de H t t /H9 td— 1d9d:
teT o N , deD t Gd N ,
o Dir(et | Bt) oc Dir(0q | &a)

Z Bw H FBwt tOét Ht (atd)
EH L(Bw) T(X,, But) dg) 4 Ht Y T(S, dua) (29)

Pacupenenenne p(X, Z\; |a, f) ormmdaercs or noiydennoro sbire p(X, Z |, ) aunib
TEeM, YTO OHO CTPOHUTCs MO BBHIGOPKe 6e3 i-ro anementa (d;, w;,t;):

p(X, Zyla, B H (>, Bw) Il 1—‘ﬁwt H tat [T (G d)
) 1 ) d .
teT H F ﬁw (Z (ﬁwt u]t dED Ht (Zt( ))
e 0., = [w=w;|[t=t;], 06, = [t=t;][d=d;]. Teneps, cormacuo dopmymne u3 Teopemsl 6,
IIOJIEJIUM TI0JIyYeHHBIE PACIPEIEIEHUsT OHO Ha JPYTOe, YTOObI MOy YUTh OJHOMEPHOE pac-
pejieieHne Jijist COMILUIMPOBaHUs TeMbl t;. [Ipu je/leHnn B 4ucjuTesie U 3HaMEeHaTee Co-
KPATsITCsl BCE MHOXKUTE/M KPOME TeX, KOTOPbIe 3aBUCAT OT djieMenta (d;, w;, t;):

_ p X, Z|a,B)

p(tz|X? Z\iaa>5) - p(X, Z\Z|Oé,5) -

_ F(nwiti+/8wi) F(Zw(nwh_l—ﬁw)_l) F(ntidi+ati) F(Zt(ntdi+at)_1)
LRt + By = 1) T3, (ot + Bu)) T+, = 1) T2, (na, + )
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i L) _ .
B s1oM BbIpazkeHu#n BOCIOJIb3YEMCs CBOMCTBOM raMma-(pyHKIUU a1 — %~ 1:

p(t| X, Z\;, a, ) = norm Myt + P — 1 w1
€ \ D, (Mt + Bw) =1 32 (ta, + ) — 1
[To cyru 310 onenka ycjaoBHOi BepositHocT P(t|d;, w;) = normy(Yy,:0q,) va E-mare
EM-asiropurma myst mogesn LDA. Takum obpasom, mbl cHOBa mnojydaem EM-momobnbrit
AJI'OPUTM, XOTd 3a/a9a MaKCUMU3aAlUU HpaBﬂOHO,ZLO6I/Iﬂ JazKe He CTaBUJIaCb. KaK " B CJ1y-
Jae ¢ BApUAIMOHHBIMU 0GalieCOBCKUM BBIBOJOM, aJTOPUTM OTJIMYAETCS HECYIIECTBEHHBIME
IIOIIPABKAME K YACTOTHBIM OLEHKAM YCJIOBHBIX BeposaTHOCTell. [J1aBHOe ero OTIndue B TOM,
qaro Jyist Kaxaoro (d;, w;), @ = 1,...,n, HIPOUCXOJAUT CIMILIMPOBAHUE TOJIBKO OJIHOM Te-
Mbl t;, KOTOpas M y4acTBYeT B aKKYMYJIUPOBAHUU CUETUUKOB Ny U Mgt
n n
Nt = > _[wi=w][t;=t,  ng=Y [di=d][t=1].
i=1 =1
DakrTuyecku, Ha M-mare cyMMEUpYIOTCS He camu pacupenpenenus p(t|d;, w;), a ux sM-
nupudeckne oneHku p;(t) = [t=t;] mo comminpoBanubiM TeMam t;. CyMMa TaKUX OIEHOK
CXOJUTCA K CYMMe MCXOJHBIX PACIPEIeIeHHi, COIJIACHO 3aKOHY GOJIBIINX THCEI.
HO OKOHYaHUU I/ITepaHI/Iﬁ HCKOMBbBIE IIapaMeTpPpbl MOJIEJIN MOZKHO OLEHUTHL 4Yepe3 MaTe-
MaTHYeCKOe OKUJIAHUe alloCTePHOPHBIX pacupe/ejaennii Jupuxie u3 (28):

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

B asropurMme 3 mokasaHa ujes peajausanuu, npepiokennas B [121]. Kaxgas urepa-
nust k B HPOIECCe COMILITMPOBAHUSI COOTBETCTBYET OJHOMY IPOXO/y Kojuiekiuu. Kormaa
JIJIS TO3UIAM ¢ COMILJIUPYETCd TeMa t;, BceM IpeJblymum no3uruam 1, ..., 72— 1 yxke npu-
CBOEHbI TeMbl Ha, JIAHHON UTepalyu, a BCe HOC/e/yiolye no3unuu ¢+ 1, ..., n COXpaHgior
TeMbl ¢ Tpeabiaymieii (k — 1)-if urepaiuu — B TOYHOCTH KaK TOro tpebyer reopema 6.
CoMmiinpoBaHHAsI TeMa 3allOMUHAETCS B IIEPEMEHHON t;, ¥ Ha CJeyIomeil nrepalun, Ko-
[JIa 9Ta TeMa U3MEHUTCS, CIETUUKH N, U Nyg OYIYT YMEHBIIEHbI Ha eIUHUILY JIs CTapoii
TeMbl, ¥ YBeJIMYEHbl HA €JUHUILY JIJI HOBOI.

CxoacrBo EM-niogobubix ajropurmvoB PLSA, MAP, VB, GS u emé necko/ibkux ux
BapHUAHTOB ObLIO 3aMedeno B [18]. B pabore [5| commaupoBanue paccMaTpuBaIOCh KakK OT-
JieJIbHAS IBPUCTHKA, KOTOPYIO MOXKHO HCIIOJIb30BaTh B JitoboM EM-mogobnom aiaropurme
TeMaTHIeCKOI'0 MOJIeINpOBaHnsd, HadnHag ¢ PLSA. DKcrmepuMeHTH MOKA3aJId, 9TO CIM-
IJINPOBAHUE HECYIECTBEHHO BJIMSAET HA CXOJUMOCTb U JIpyrue cBoiicrBa Moje/n. Kak 3B-
PUCTHKA, OHO MOZKET CBODOJIHO COYETATHCS C JIIOOBIMU Pery/ispu3aTopaMu.

Ontumunsauynsa runepnapametrpos B mogenu LDA. Bo muorumx paborax, HadmHas
¢ |121], ucnosb3yiorcs cuMMeTpHUYHbIE AIPUOPHbIE pacipe/iesenus lupuxie ¢ napamer-
pamu oy = 50/|T|, B, = 0.01. Bosee Toukue uccmenoanus |139] nokasasuu, 4o jydrie
ONTHMH3UPOBATH BEKTOP & = (1, ..., Q) B HECHMMETPHYHOM pacipejeserun Dir(fy | «)
U OA0MPAThH YUCIOBOIl mapamerp (3, < 1 B cummMerpuanoMm pactpeenenun Dir(yy|f3).

g ontuMusanuu BekTopa « B [139] mpemiaraercs MaKCHMU3UPOBATH IIPABIOIO/0-
oue mopen P(X, Z|«, ) upu dukcupoBaunbix Z u 5. OrbpaceiBast B (29) MHOXKUTEIH,
HE 3aBUCHIIUE OT (v, MOJIyd4aeM ONTUMU3AIMOHHYIO 3a1a4y:

'y I'(ng + oy
P(X|a):gr(n;+20)g (rc(lat) )_>m3x.
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A nproputMm 3. Cosmmimpoanue ['uboca.

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

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

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

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

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

©

B nuccepranun |138] cpaBHuBasioch Gosiee jecsTKa YUCACHHBIX METOIOB €€ DeleHHs .
[IpuBegM Ui caMblii TPOCTOI U3 HUX — METO[| HemoABUKHON Touku [84]. B HéM Bek-
TOp v = () MEPECYUTHIBACTCS TI0 PEKYPPEHTHOH hbopMmyre

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

rie ¥(x) — aurammva-byHkus. 91a HopMysa BCTpaAHBAETCsl B UTEPAIMOHHBIN MPOIIECe
EM-anropur™Ma MexXk1y MpOXOJaMU MO BCeil KOJJIeKITUN.

Ay 1= Qi

Dkcuepuments! B [139] mokazasu, 9T0 OUTHMH3ANNA BEKTOPA (¢ IOBLIIIAET IIPABIONO-
Jobue Mojiesin 1 CKOpocThb cxoguMoctu EM-anropurma. B ciyuae cuibHoil necbarancupo-
sarnocmu mem (KOrma B KOJIEKIUE OJHAX TeM OOJIbIIe, 9eM JAPYIUX, B Pa3bl WIH JaKe
Ha [OPSIKH) ONTHMU3AINS BEKTOPA (v IPHBOIUT K OOJIee eCTECTBEHHOMY HEPABHOMEDPHOMY
paclpeIeeHUI0 KOJLJICKIUHI 110 TeMaM.

Mpacdhnyeckaa HoTauua. BeposrHocrabie Temarudeckue mogean PLSA u LDA aB-
JIIIOTCS 9acTHbIME ciiydasmu rpadoBbix mojeseit. B epagosoti seposamrocmmot mode-
su (probabilistic graphical model, PGM) 3aBucuMocTu MexKy CJOydailHBIMU BeJHYAHA-
MU TpPeJICTaBIAAIOTCA B Buie rpada. Bepmuubl rpada cooTBeTCTBYIOT caydailHBIM ITe-
peMeHHBIM, PEOpa — HENOCPEeJCTBEHHBIM BEPOSTHOCTHBIM B3aMMOCBA3SIM MKy HIMH.
Ha puc. 4 1nokasanbl 1npumepbl 3aBUCUMOCTeNR MeK/1y cjydaiinbiMu nepemeHHbiMu. Ha-
OJIf0/1aeMble TIepEMEHHbIe N300PazKaroTCsl 3aKPAIleHHbIM KPYKKOM. BbIOOpKa mepemen-
HbIX, '€HEPUPYEMbIX OJHUM pacCIIpejiesieHrneM, U300pazKaeTcs MPsiMOYIOJIbHUKOM, PHC. .
Takue u3o0pazkenus OyieM Ha3blBaTh 2pagiuueckoli nomayued (plate notation).

AsbrepHaTUBHON TEKCTYabHOM (OPMOIL MPE/ICTABICHIS BEPOSITHOCTHOW MOJIE/IH B~
JFeTCA 2enepamushas ucmopus (generative story), B KOTOPOI OHMHCBHIBAETCS ATTOPHTM
nopoxKaeHns JaHHbIX. Ha puc. 6 mokazansl oba mpeacTaBiaeHns, rpaduaecKoe U TeKCTY-
aJbHOe, 11 TeMaTndeckux Mozeneit PLSA u LDA.

[Tonbopka rpadudyecKux HOTAIHIT HA PUC. 7 HILTIOCTPUPYET OOTBINOe CTPYKTYPHOE Pa3-
HOOOpa3ue BepOATHOCTHBIX TeMAaTHIECKUX Mojieseil. XOoTd HATTISTHOCTD SIBJIAeTCS HeOCIO-
PUMBIM [PEUMYIIECTBOM, HEJOCTATKOB y rpadudueckoit HoTamuu ropasao oOosibire. ras-
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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).

Mogenas PLSA:

Kaxk /bl d € D 1mOpoK/1aeT CKPbITHIE TEMBbI:

ti ~p(tld), i =1,... ,ng Q_M

. d t w

KazKJIad TeMa t; TOpOoXKIaeT CJIOBO: nd
Mogeas LDA:
Qv II0OPOZKJIaeT BEKTOPbI JIOKYMEHTOB: C}—'C}—’

04 ~ Dir(f|a), d € D; “ 0 ! -
[ TOpOKIaeT BEKTOPBI TEM: 1D

¢r ~ Dir(p|B), t € T;
naJsiee Kak B PLSA. @ ’( )

B ¢ |T|

Puc. 6: TeneparuBhasi ucropusi u rpadudeckas noraius st mogesneir PLSA u LDA.

HbIfl — HENOJIHOTA U HEOJIHO3HAYHOCTh MHTepliperanuu. HekoTopble acuekTbl MOJIE/JUPO-
BaHUs HE MOI'YT ObITh OTOOparKeHbl ODIIEIIPUHATHIME CPeJICTBaMU I'pacuieckoit HoTanuu,
W aBTOPBI BEIHYKJeHBI n300peTaTh cCOOCTBEHHBIE. B pe3ysibraTe MO/Ieb MOYKeT BOCCTAHAB-
JIUBATHCH 10 KADTHHKE HEOTHO3HAYHO. ['eHepaTuBHAS NCTOPHUS JIUIIEHA STOT0 HEJTOCTATKA
u jiaér 60J1ee ToUHOE onucanue Mojesu. ['padudeckas HOTalMs U I'eHepaTUBHAS UCTOPUS
MOTYT OBITH IOJIE3HBI JIjIsi IOHUMaHUs 00Ielt ujaen u KoHCcTpykiuu mojesan. OiHaKO ux
He JIOCTaTOYHO, YTOOBl OJHO3HAYHO BOCIIPOU3BECTHU IIEPEXOJ OT MOJIEJN K AJITOPUTMY €€
obydennsd. K coxkaeHunio, BO MHOTHX IMYOIUKAIUIX aBTOPBI OMYCKAIOT 3TOT MEPEXO/T s
KPATKOCTHU W3JI0KEeHHs, YTO OTHIOJb He JT00aBJIdeT SCHOCTH TAaKUM paboTaM.

CpaBHervune ARTM un bGaitecoBckoro noaxoga. K nejocrarkam 0ailecoBCKOr0O BbIBOIA
MO2KHO OTHECTHu TeXHI/I‘{eCKyIO CJIOZKHOCTb ,ZLO6aBJ’[eHI/IH n KOM6I/IHI/IpOBaHI/IH Tpe6OBaHI/II71
K MOJIeJIM B BHJIE ONTUMUBAIMOHHBIX KpuTepueB. B HEM HeT yjl00HBIX MEXaHU3MOB pery-
JIIPU3AIUH, TIOCKOJIBKY HEeT, COOCTBEHHO, U 3aa4du onTuMusauu mo (P, ©). Yrobsbl yuecTsb
JIOIMOJTHATE/IbHY 10 HH(MOPMAIIUIO, ITPUXOTUTCS MEHATD allPHOPHBIE PACIIPE/IC/ICHU, U €CJIN
OHM He SBJISIOTC pacipejiesienusMu /{upuxiie, BbIBOJ| CTAHOBUTCH 3aMETHO CJIOZKHEe.
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Puc. 7: [Ipumepst rpadudeckux HOTAIMI U3 TyOIUKANNN IO TEMATHIECKOMY MOIEIMPOBAHUIO.

Pacupejiesienne {upuxiie oka3biBaeTcs «Ha 0COOOM IOJIOZKEHUUY> B 0AfleCOBCKOM 1101~
xoze. OHO He MMeeT yOeTuTeTbHbIX JJHHTBUCTUIECKHX O0OOCHOBAHMWIA, TeM He MeHee, B JIH-
Teparype OOJIBIIUHCTBO MOJIEJIEl CTPOATCSA C €ro UCIOJb30BaHUEM. DTO 00bICHSIETCS ero
MaTeMaTu4eCcKuM yJI00CTBOM, 8 UMEHHO, CBOMCTBOM COIPSIZKEHHOCTU C MYJIbTHHOMUAJIb-
ueiM pacupejgesienneM. B ARTM ner Hukakux OCHOBaHUI IPEIIOYUTATH PACIIPE/IEICHIE
Jlupuxjie JIpyruM peryJisipu3aropam.

[TocTaHOBKA ONTHMHU3AIMOHHON 3aja4dn Buga (24) 1aéT BO3MOXKHOCTH HHTEPIIPETH-
pPOBATh ANPUOPHOE pacCIpe/iesieHne KaK BePOATHOCTHBIN DPeryssipu3aTop, OT/AEJUTh ero
OT KOHKPETHOW MOJIeJIM U UCIHOJIB30BATH B JPYIUX MOJEIIX. AJJIMTUBHOCTD PeryJisipu-
3aTOPOB IIPUBOJUT K MOJLYJIbHOM TEXHOJIOI'MH TEMaTHYeCKOI'0 MOJIeJIMPOBAHUs, KOTOpas
peasm3oBaHa B npoektTe BigARTM. Ilpm pemrenun npuxiiaJHbIX 3a/7a4 KOMOMHUPOBaHUE
TOTOBBIX PEryISpU3aTOPOB MO3BOJIET CTPOUTH MOJIEIN ¢ 33JaHHBIMU CBOCTBaMHU 0e3 J0-
HOJTHUTETbHBIX MAaTEMATHIECKAX BBIKIAIO0K U IMporpaMvupoBanusd. Co3manne Takoil Tex-
HOJIOI'MU B paMKax 0aileCOBCKOIO 10/X0/1a €/1Ba JIU1 BO3MOZKHO.

B sasibheitiiiem mMbl OyjieM paccMaTpuBaTh BCe TeMaTudecKue MOJIe/In B TePMUHAX pe-
I'yJIsipU3AIUK, JIa2Ke eCJIU B UCXO/IHbIX paboTax OHU CTPOMJIUCH DAeCOBCKUMH METO/IAMU.
Pedopmanuzanus GaitecoBcKUX Mojeseil depe3 pery/aspu3alinio, KaK IPaBujIo, He Mpe/-
CTaBJIgeT 0coOOrO TPyAa, OoJIee TOro, MPUBOIUT K PAJUKATIBHOMY YIIPOIIEHUO H3JI0KEHUS
0e3 CyllecTBEHHbIX U3MEHEeHUI B KOHEYHbIX ajiropurmax. Mbl HUKOI/IQ He OyjieM 110/1b30-
BaTbCs rpadudeckoit nHoranueit, mockosbky B ARTM cioxkubie rpacdosbie Mmojesn BOOO-
e He Bo3HMKAIOT. [lepexo o1 Kpurepus peryjsipusaliii K aJropuTMy o0ydeHus MOJIe/IN
IPOUCXOIUT IPOCTO O TeOpeMe, I He HyKJIaeTCs B HATJISTHBIX OMUCATEIbHBIX CPEJCTBAX.

6 WVHTepnpeTtnpyemocTtb Tem

OTka3 oT ampHOpHBLIX pacupeaeneruii /lupuxie mo3possger 0606muTh Momeab LDA:
CHSTHb OPPAHMYCHUSI HA 3HAKH IHIleprHapaMerpoB B (25) u cBobo/Hee 06pAIAThCs CO Cria-
JKABAHUEM U Pa3peKUBAHUEM JJIsl YAY4IIeHud UHTEePIPETUPYEMOCTH TeM.

T'unomesa paspestcennocmu sIBJISIETCS OJJHUM U3 €CTECTBEHHBIX HEOOXOIUMBIX YCJIOBUM
uaTepperupyeMoctu. [Ipeamonaraercs, 9To KazK/aas TeMa XapaKTepu3yeTcs HeOOIbIIIM
YUCJIOM TEPMOB, W KazKJIblii JTOKYMEHT OTHOCHUTCA K HeDOJBIIOMY 9HCJIy TeM. B Takowm
cJIydae Cpeu BEPOSITHOCTEH Y,y U Oyq JOJIZKHO OBITH MHOI'O HYJIEBBIX 3HAYEHUI.
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Muorue monbitkn paspexkubanusi Mogen LDA mpuBoamim K 9pe3MepHO CJI0ZKHBIM
KoHCcTpyKuusim [115, 41, 141, 64, 33| u3-3a BHyTPEHHEr0 IPOTHUBOPEYUst MeKy TpeboBa-
HUSIMH PAa3PeKeHHOCTH U OI'PAHUYEeHUSIMU CTPOTOi IOJIOKUTETbHOCTH [IapaMeTPOB B pac-
npenenenun /lupuxie. [Ipobiaema pernraercs HEOXKMTAHHO MPOCTO, €CAU OCTABUTH KPOCC-
SHTPONUIHBIN peryagpu3aTop (25) W paspelnTb TUlepnapaMeTpaM o, [, TPUHAMATH
JiIoOble 3HauveHus, BKJO4Yas orpuniaresbhbie. [Io Bceil BujumMocTu, BiiepBble OHA ObLia
npe/iozkena B auHamMudeckoii mojgesn PLSA st o6paborku Bujgeonorokos |127], rue jo-
KYMEeHTaMH $BJISLIACH KOPOTKHE BUAeO(pparMeHThbl, TepMaMi — HPU3HAKH Ha M300pazKe-
HUAX, TEMaMHI — IOsIBJIeHHEe ONpPEeeTEHHOIO 00beKTa B TeUeHHe ONMpeJIeTEHHOIO BpEMeHH,
HarpuMep, mpoesn aBroMobmasd. CUIbHO pa3pezKeHHble pacHpefeseHns MOTpebOBATICH
JIJISE OLIUCAHUS TEM C KPATKUM «BPEMEHEM YKU3HUY.

CrnaxxusaHue n paspexusaHue. [lo anasoruu c (25) BBejéM 0000MIEHHBINH peryssipu-
3aTOp ClVlazKUBaHUA U Pa3pezKUBaHUA:

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

teT weW deD teT

[ToxcraBus sror perymnsipuzarop B (14)—(15), nosxyanm dopmyssr M-mara:

Pt = 10 (g + Bt (30)
O = ngpm(ntd + oztd). (31)

[TosioxkuTe/IbHOE 3HAYEHHE TAPAMETPA (g WU [3,; COOTBETCTBYET CIVIAYKUBAHUIO, OT-
punarejbHOe — pa3pezKNBAHUIO.

YHacTtunyHoe oby4eHue. B nponecce co3panusi, MCIO/Ib30BAHUS WM OLEHUBAHUA TEMa-
THYECKON MOJIe/IN SKCIEPTHI, MOJb30BATE/ I U acecCOpPbl MOTYT OTMEYaTbh B TeMax pe-
JIEBAHTHBIE MJIU HepeJIeBAHTHLIE TepMbl M JIOKYMEHTBI. Pa3MedeHHble JaHHbIE ITO3BOJIIIOT
¢duKCcHpOBaTH MHTEPIPETAIUUA TEeM M IOBBIIIAIOT YCTONYUBOCTH Mojeau. Pa3zmerka Mo-
JKEeT 3aTParuBaTh JIMIIb YaCTh JIOKYMEHTOB U TE€M, [HO9TOMY €€ MCII0/Ib30BAHUe OTHOCHTCS
K 33/[a9aM wacmuunozo obyuenus (semi-supervised learning).

[Iycrb j1a Kaxk10it Tembl ¢ € T' 3a/1aHbl YeTbipe HOJMHOXKeCTBa:

W — «BeJiblit CIICOK» PEJICBAHTHBIX TEPMOB;

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

D;” — «GeJiblit CIUCOK» PEJICBAHTHBIX JOKYMEHTOB;

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

Yacmuunoe obyuerue no pesesaHmHOCMY ABISETCS YaCTHBIM CJIyYaeM perysspu3a-
TOpa CIJIAKUBAHUS U PA3PEKUBAHUS [IPU

But = By[w € W] = B_[w € W],
ag = aild € D] —a_[de D],

e B+ u oy — K0IDDUIUEHTHI Pery isipu3aliii.
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Puc. 8: Crpykrypa paspexennocru marput, ® u © ¢ upeiMerHbivMu U (DOHOBBIME TEMAMHU.

MpeametHbie n choHoBbIe TeMbl. YToObl MOJIE/Ib Obljla HHTEPUPETUPYEMOIl, KazK1ast Te-
Ma, JOJIZKHA UMETh CEMAHMUYECKoe A0P0 — MHOZKECTBO TEPMOB, XapaKTepU3yIOIuX Olpe-
JIICHHYIO IIPEAMETHYI0 00JIaCTh U PEAKO ymoTpeb/sgeMbIX B Apyrux rtemax. [lus sroro
marpuibl  u O JOJKHBI UMETh CTPYKTYPY Pa3peKEeHHOCTH, aHAJOTMYHYIO IIOKA3aHHON
Ha puc. 8. MHOXKecTBO TeM pa3duBaercs Ha JBa HOAMHOXKecTBa, 1= S U B.

IIpeomemmvie memo, t € S copepzkaT TEPMHHBL IIPEJIMETHBIX obaacTeil. VX pacipe/ie-
nerust p(w | t) paspezKeHbl U CYIECTBEHHO PA3JINIHBI (IeKOpPEeJInpoBanbl). Pacipeienenus
p(d|t) Takxke paspezkeHbl, TaK KaK KazKjas HPeJMeTrHasi TeMa HPUCYTCTBYET B OTHOCH-
TEJIHbHO HEBOJIBIION /10J1€ JI0KYMEHTOB.

Qonosvie memov, t € B comepzxKar caoBa 00UIEH JIEKCHKH, KOTOPBIX HE JOJIZKHO ObITh
B 1peMerHbix Temax. VIx pacupemesenust p(w|t) u p(d|t) criiazkenbl, Tak Kak 9TU CJIOBA
HPUCYTCTBYIOT B OOJIBIIMHCTBE JOKYMEHTOB. TeMaTu4ecKyIo Moje/1b ¢ (POHOBLIME TEMaMU
MOZKHO pacCcMaTrpuBaTh Kak 00001eHne pobactabix Mozeseii |31, 103], B KoTopbix ncnosib-
30BaJIOCH TOJLKO OIHO (DOHOBOE PACIpEIeICHHE.

CdokycupoBaHHbIi TemMaTnydecknii nouck. Yacruuxoe ob6ydeHne TeM MOKHO paccMar-
puBaTh Kak Pa3HOBUIHOCTH TEMATHIeCKOro nH(pOPMAIMOHHOIO MOUCKa. B KadecTBe 3a-
poCca 3aIA6TCI CEMAHMUYECKOE AJPO OJHONW UM HECKOJbKHUX TE€M. DTO MOYKET ObITb JII0-
boit dparmenT Tekcra, «Oesblii cnucok» TepMoB (seed words) wiaM z-memku — TEMBI,
IPUNUCAHHBIE OTIEJbHBIM coBaM win ¢dbparmentam B mokymentax [15]. Temaruueckast
IIOMCKOBasl CUCTEeMa JOJIZKHA He TOJbKO HAMTH U PAHKUPOBATh PEI€BAHTHBIE JTOKYMEHTHI,
HO U Pa3JI0KUTh MOUCKOBYIO BBIJIAYY MO TeMaM. B THNUYHBIX MPUIOKEHUSIX PEJIeBAHT-
HBIfI KOHTEHT COCTABJISET HUYTOXKHO MAJIYIO JIOJII0 KOJLIeKIuu. Tem He MeHee, MMEHHO
9TOT KOHTEHT JIOJIZKEeH OBITH TIIATe/bHO cucTeMaTu3upoBal. OOpa3Ho ropops, Tpedyercs
«kaccuUUpoBaTh UIOJKH B cTore ceHay [28]. Tembl craHOBsaTCS 37M€MeHTOM TIpadu-
JecKoro mHTepdeiica Mmoab30BarTe/isd, HHCTPYMEHTOM HAaBUTAIMH M IIOHUMAHHSA TEKCTOBOIA
koJiiekin. OTCio/[a BaXKHOCTH TPEOOBAHKS HHTEPIPETUPYEMOCTH KAZK IO TEMBbI.

Yacruunoe obydeHHe HCIOJIb30BAIOCH JJisl OMCKA W KJacTepusaiuu HoBocTeil [54],
[IOKMCKA B CONUAIbHBIX Me/iia HH(MOPMAIUH, CBI3aHHON ¢ DOJIe3HAMHI, CHMITOMAaMU U Me-
togamu stedennst [96, 97|, ¢ upecrynnocThio u dkcTpemusMoM [72; 114], ¢ HannoHagbHO-
CTSIMU U MEKHAIMOHAJBHBIME OTHOLIeHusIMU |28, 59, 94].

B mozenun ATAM (ailment topic aspects model) B KauecTBe CIryIazkKHBAOIIEro pacipe-
JeJIeHust [3,,; UCIOJIb30BATACH OOJIbIIast KOJIJIEKIUs MeTUIMHCKIX cTaTeil [97].

B mozensax SSLDA (semi-supervised LDA) u ISLDA (interval semi-supervised LDA)
JIJIS TIOMCKA STHO-PEJIEBAHTHBIX TEM B IIOCTAaX COIHUAJIBHBIX CeTell MCIOJIb30BaIOCh CIIa-
JKHBaHUE [0 CJIOBAPIO W3 HECKOJIbKUX coTeH STHOHUMOB [28|. B mogenmun SSLDA s kax-
JIOfT 9THO-PEJIEBAHTHONW TEMbI 3a/1aéTCsi CBOW CJI0OBAPh STHOHMMOB, CBSI3AaHHBIX C OJHUM
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onpeenéuaabiM 3THOCOM. B Mosiesin ISLDA muO)KecTBO TEeM pa3buBaercs Ha MWHTEPBAJIBI,
U JIJI BCEX TeM KarK/IOI'o MHTepBaJia 3a/1aéTcs 0011uil cjioBapb 3THOHUMOB. [Ipenmyiiectso
9TUX MOjeseil B TOM, 9YTO HHTepIpeTalysd KaK/I0ii TeMbl W3BecTHA 3apanee. HemoctaTkm
B TOM, 9TO TPY/IHO MpeIYyTaAblBaTh YUCJI0 TeM JJId KaKA0il STHUIHOCTU U CTPOUTD MOJIH-
STHUYIHBIE TEMBI JIJIsI BBIABIEHUS MEKITHHIECKNX KOH(MIUKTOB. ATbTePHATHBHBIN OIXO0T
3aKJ/II0YAeTCs B TOM, YTOObI 33/1aTh YMCJIO ITHO-PEJIEBAHTHBIX T€M U IIPUMEHUTH K HUM 00-
1iee CrjlaKuBaHue 10 CJI0BapI0 STHOHUMOB. Temarnueckas MOJIE/Ib caMa, OIPEJIeJIUT, KaK
pa3jeauTh ux mo drauvHOCTsIM [16, 17]. HemoctaTok 9TOr0 moaxoma B TOM, 4TO HHTED-
IpPeTUPYEMOCTDh HAWJEHHBIX TeM HMPUXOJIUTCI MPOBEPITH BPYUIHYIO.

OexkoppenupoBanune. TemaTmueckas MOACTb He JOJZKHA COACPAKATH JIyOJUPYOMIIXCS
WJIM TOXOXKHUX TeM. eM pasjuunee TeMbl, TeM MHGOpMaTUBHEE MOAEb. [1Jist OBBIIIEHMS]
Pa3JIMYHOCTH TeM OyJeM MUHMMU3UPOBATH CyMMY MOHAPHBIX CKAJSPHBIX IPOM3BEICHMUIl
(D1 0s) = D PutPws Mexay crosmbuamu Marpunst ®. [loryaum perymspusarop:

R((I)) = —% Z Z Z (Pwt()pws-

teT s€T\t weW

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

Pur =m0l <nwt —TPur Y ()Ows)- (32)
seT\t

DTOT peryaspusarop KoHTpacrupyer crpoku marpuipl . B kaxk0it cTpoke, He3aBu-
CHMO OT OCTAJIbHBIX, BEDOSITHOCTH (P,,y HAMOO/I€€ 3HAUYUMBIX TEM TePMa W yBEJIUIUBAIOTCS,
BEPOSTHOCTU OCTAJIbHBIX TE€M YMEHBIIAIOTCS M MOTYT OOpallaTbcsd B HYyJIb. Pa3pexkuBa-
HHEe — 3TO comyTcTBYoNmii a3dhdexT nekoppennpobanus. B [123] 611 3ameden emé oaun
oJIe3HbIH 3D deKT: cjioBa 00IIell JeKCHKH I'PYIIUPYIOTCI B OTJ/IE/IbHBIE TeMbl. DKCIIePH-
MEHTBHI ¢ KOMOMHUDOBAHUEM PErY/IsiPU3ATOPOB CIUIAZKUBAHUS, PA3PEKUBAHUS U JIEKOPPE-
mauposanust B ARTM nogrsepzkator sro naburoenue |6, 134, 133].

JexoppesnupoBanue Buepsbie 0bL10 npemioxkeno B Mojgean TWC-LDA (topic-weak-
correlated LDA) B pamkax GaiiecoBckoro moaxoma [123]. CoorBercrByiomee ampuopHoe
pacipejie/ieHie He sBJISeTCS CONPAZKEHHBIM K MYJIbTHHOMHAJIHLHOMY, MO3TOMY OaiiecoB-
CKMHil BBIBOJI CTAJIKHBAETCS ¢ TexHudecKuMu Tpyanoctamu. B ARTM pacuérnbie dhopmyisn
BBIBOJISITCSL B OJIHY CTPOKY.

KomOuHupoBaHue perynsipn3aTtopoB criaxkKuBaHus (POHOBBIX TEM, pPa3perKuBaHMA
HpeJMEeTHBIX TeM B Marpuile © u jJekoppesupoBaHust cToJionos Mmarpunbl P ucrnosb3osa-
JIOCh BO MHOPHX paboTax Jjisl yIydIleHuns nHTepuperupyeMoctu tem |6, 133, 134, 135, 12].
[TomobpaB KO3 DUIHUEHTHI Peryaspu3aiimi, MOXKHO OJHOBPEMEHHO 3HAYUTEIbHO Y/Iyd-
IUTh PA3PEKEHHOCTb, KOHTPACTHOCTh, YUCTOTY U KOI'€PEHTHOCTb TeM IIPU He3HAYUTe Ib-
HOIT morepe npasonono6ust Moeau |134]. Bt Boipaboratbl OCHOBHBIE DEKOMEH IAIMN:
JIEKOppe/InpOBaHue U CIVIazKUBAaHUE BKJIOYATDH cpasy, paspekuBanue — mociae 10-20 ure-
paruii, Korja odpa3yercs TeHJICHIHS K CXOJMMOCTHU ITapaMeTpOB MOJIEIH.

Ta xe KOMOMHAIMS PEryJIgpu3aToOpoB OblLIa UCIOJIb30BAaHA JJIsi TEMaTHIECKOTO Pa3-
BeIOIHOrO moucka B [12]. Oka3anoch, 9To0 OHA CYIIECTBEHHO Y/IydIlaeT KA4ecTBO ITOUCKA,
XOTsl HUKAKNe KPUTEPUU KAauyeCcTBa IOUCKA HEIOCPEJCTBEHHO He OITUMU3UPOBAJIKCD.
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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.

7 MopenupoBaHue MyabTUMOAANbHbIX AaHHbIX

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

Kazkapiii Tun MerajgaHHbIX 00pa3yer OTAENbHYI0 MOOJaAbHOCTL CO CBOMM CJIOBAPEM.
CrioBa ecTecTBEHHOTO 3bIKa, cioBocoderanus [140, 149, reru [61], umenoBanube cym-
HOCTH [88] — 9TO HpUMEpPHI TEKCTOBBIX MOJAJBHOCTEl. B My/JbTHI3bIYHBIX TEMATHIECKUX
MOJIEJISIX [APAJUIEJbHBIX TEKCTOB MOJAJBHOCTAME sIBJISIOTC A3biKu |136). Jist anasu-
38 KOPOTKUX TEKCTOB C OIIEYATKAMU HUCIIOJIB3YIOT MOJAJBHOCTD OYKBEHHBIX N-IPAMM, 4TO
I03BOJIFET YJIyqlIaTh KadecTBO nHMOpMauOHHOro moucka [52]. [IpumepamMu HETEKCTOBBIX
MoJaTbHOCTel sBJsttoTCst (puc. 9): aBropsr [110], MmomenTsr Bpemenu [126, 160, 127|, kiac-
cbl, KaHpbl win Kareropun [111, 163|, nurupyemble win murupyomme T0KyMeHTh [40]
WM aBTOpbl [57|, 1MO/IB30BATEN SJIEKTPOHHBIX OUOIMOTEK, COMMAJIBHBIX CEeTel MM pe-
KOMeH/aTeIbHbIx cucrem |65, 118, 142, 156, 157|, rpadudeckue s1emeHTH H306parKe-
uuii |26, 51, 69|, peknamuble 00bsaBIeHHs Ha BeO-crpanunax [100].

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

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

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

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

teT teT

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

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

Z Tin Z Z N lnz Vwibia + R(P,0) — Ig%x; (34)

meM deD weW,, teT
Z Ouwt = 15 @yt = 05 Zetd =1; Org = 0. (35)
weWn, teT

Teopema 7. Ilycrs ¢pynknus R(P,O) neupepbiBro auepennupyema. Touka (P, 0)
JIOKaJILHOI'O dKcTpemyMa 3ajiaqdn (34)—(35) yzosierBopsier cucreMe ypaBHEeHHIT €O BCIIO-
MOraTeJbHbIMH IePEMEHHBIMH Dy, = P(t|d, w), ecjim u3 pelreHns HCKJIIIATD HYJIeBbIe
crosoner marpur P, O:

Praw = 10T (PurBa); (36)
OR
wt — w wth > wt — m(w w w) 37
Put gg%"vrfnl nt+g0ta(pwt TNyt dGZDT()ndptd ( )
’ 6,28 Y% (38)
=norm|( n — Nid = TonMdwPidw -
td et td td 90, ; td P dwPtd

Jlokazare/ibCTBO aHAJIOIUYHO TeopeMe 2, KOTOpast siBJISeTCs YaCTHbIM CJIy4aeM Teope-
MBI 7 JIJIst cotydast oHoii Mogaabaoctu, |[M| = 1, 7, = 1. [lepexos oT 01HO# MOJATBLHOCTH
K IIPOU3BOJIBHOMY YHCJY MOJIAJIbHOCTeH CBOJUTCA K TPEM IIOIMpaBKAM:

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

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

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

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

MynbTuasbldHble mogenu. Myjibrus3bluHble TEKCTOBbIE KOJIJIEKIIUU UCIIOJIb3YIOTCS JI/1st
KPOCC-I3bIYHOT0 HH(MOPMAIMOHHOTO ITOUCKA, KOIJIA II0 3aIlIPpOCy Ha OJHOM d3bIKe Tpedyer-
cd HAlTH cCeMaHTUYIeCKU OJTM3KHUE JOKYMEHTHI Ha APYyTroM d3bike. /lis cBa3bIBaAHUS SI3bIKOB
UCIOJIB3YIOTCH apaJljie/ibHble TeKCThl WK JIBYs3bluHble cjioBapu. llepBbie My/ibTus3biu-
Hble TeMAaTHYeCKUe MOJIE/IH MOSBUINCH TOYTH OJHOBPpeMeHHO |38, 82, 93| u upencrasisiin
co00I1 MyJIBTUMOJIAJIBHYIO MOJI€JIb, B KOTOPOH MOJIAJIbHOCTIMU SBJISIOTCH SA3bIKU, U KarK-
Jlasl CBSI3Ka, MapaJiieJbHbIX TEKCTOB OObeJ UHsSeTCS B OJWH JOKyMeHT. OKa3aJgoCh, UTO
CBSA3BIBAHUASA JOKYMEHTOB JOCTATOYHO /I CHHXPOHU3AINHA TeM B JIBYX SI3bIKaX U KPOCC-
S3BIYHOTO TOouCKa. [lombITKu GoJiee TOYHOrO M TPYJI0EMKOIO BBIPDABHUBAHHS 110 IMPE/IJIO-
JKEHHUSIM UJIM [0 CJI0BaM MPAKTUYECKH HE yJIydHIaloT KadecrBO noucka. OOCTosTesibHbIi
0030p MyJIBTUSA3BIYHBIX TEMATHIECKUX MOJe/ieil MoxKHO Hafitu B |136].

Ha puc. 10 nokazanbl Hekoropbie u3 400 rem, nocrpoennbix 1o 216 175 napam pycckux
u aHrniickux crareit Bukuneauu [130]. Iist cBsi3bIBaHUS A3BIKOB HCIIOJIB30BATUCH TOJTBKO
MO/Ia/TbHOCTH, BBIPABHUBAHUSA U CJIOBAapH He HCIOJb30BaIUCh. Aceccop omeHmt 396 Tem
n3 400 KaK XOpOIIO MHTEPIPEeTUpPyEMbIE.
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Tema Ne68 Tema Ne79
research 4.56 | nHCTUTYT 6.03 || goals 4.48 | maTy 6.02
technology 3.14 | ynusepcuter  3.35 || league 3.99 | urpok 5.56
engineering  2.63 | nporpamma 3.17 || club 3.76 | cbopHas 451
institute 2.37 | y4ebHbiii 2.75 || season 3.49 | ok 3.25
science 1.97 | TexHnyecknin  2.70 || scored 2.72 | npoTus 3.20
program 1.60 | TexHonorus 2.30 || cup 2.57 | kny6 3.14
education 1.44 | nayuHblii 1.76 || goal 2.48 | dpyTbonucr 2.67
campus 1.43 | nuccnegosanne 1.67 || apps 1.74 | ron 2.65
management 1.38 | Hayka 1.64 || debut 1.69 | 3abuBaTb 2.53
programs 1.36 | obpa3sosaHune  1.47 || match 1.67 | komaHga 2.14
Tema Ne88 Tema Ne251
opera 7.36 | onepa 7.82 || windows  8.00 | windows 6.05
conductor 1.69 | onepHblii 3.13 || microsoft 4.03 | microsoft 3.76
orchestra 1.14 | pupunxep 2.82 || server 2.93 | sepcus 1.86
wagner 0.97 | nesey 1.65 || software  1.38 | npunoxetne 1.86
soprano 0.78 | neBnua 1.51 || user 1.03 | cepsep 1.63
performance 0.78 | Teatp 1.14 || security 0.92 | server 1.54
mozart 0.74 | napTus 1.05 || mitchell 0.82 | nporpammubiii  1.08
sang 0.70 | conpaHo 0.97 || oracle 0.82 | nonb3oBatens 1.04
singing 0.69 | BarHep 0.90 || enterprise 0.78 | obecne4yeHne 1.02
operas 0.68 | opkecTp 0.82 || users 0.78 | cuctema 0.96

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

JI1s1 MCIOJIb30BaHusl JBYI3bIMHOIO CJI0BAPst B [ 7] GbLI LPE/JIOKEH PEryJisipu3aTop cria-
xkuauug. On HopMaIU3yer 1PeIIo/I0KEeHNe, YTO eCJIM CJI0BO U B A3bIKe k fBJIAETCs le-
PEBOJIOM CJIOBa w U3 s3blKa ¢, TO ux pacupenenenns teM p(t|u) u p(t|w) moaKHBI OBITH
om3ku B cMmbicsie KL-auBeprenmun:

R(®) = Z Znut In .

w,u teT

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

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

DTOT PEryJsspu3arop He yYUTHIBAJ, YTO IEPEBOJ CJA0BA MOXKET 3aBHCETb OT TEMBI,
W 4TO CpeJd IEepeBOJOB CJOBa MOTYT HAXOJMTLCA INEPeBOABI €ro OMOHHMOB. llosromy
B TOil ke paboTe ObLT HpeIOXKeH BTOPOIl peryIapu3aTop, KOTOPLIi BBOIUI B MOJIENb
HOBbBIE MAPAMETPBI Ty = P(U|w,t) — BEPOSITHOCTH TOTO, YTO CJIOBO U SIBJISIETCS Iepe-
BOJIOM ciioBa w B Teme L. IIpejnosaraercs, uro Tema ¢, Kak pacnpenesenue plu|t) = 2t

HA/I CJIOBAMU SI3bIKA K, 10/IzKHA ObITH Osin3ka B cMmbicsie KL-uBepreriyy Kk BeposiTHOCTHOI
Mozen Toii 2Ke TeMbl p(u|t) = D TyutPuwt, TOCTPOCHHOI 1O EPEBOJAM CJIOB U3 A3BIKA (:

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

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

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

Tuwt — NOTIM (qutnut) .
ueWk
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Tembl, B kKOTOPBIX p(«sum>»|«cymmay, t) > 0.9

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

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

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

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

CBs3bIBaHue MapaJlieIbHBIX TEKCTOB CHJIbHEE YJIYUIIaeT KadeCcTBO IOUCKa, deM 00a
crocoba yuéra cyoBapeii [7|. Bropoit crocobd semuoro syumte mepsoro. Kpome toro, on
IIO3BOJIdEeT BbI6I/IpaTb BapUaHTBI IEPEBO/Ja B 3aBUCUMOCTU OT KOHTEKCTa, 4T0 MOzKeT 6bITb
[I0JIE3HO JIJIsi CTATHCTUYECKOI0 MAIlMHHOIO 1epeBojia, puc. 11.

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

PaceMoTpum MyJIBTUMOAIBHYIO TEMATHIECKYIO MOJIe/b (33), B KOTOPO#l pactpe/ieie-
HUE BEPOSITHOCTH TeM JIOKYMEHTOB ;g = p(t|d) omuchBaeTCs CMEChIO paCIpeiesleHuii Tem
Kareropuii 1. = p(t|c) u kareropuii 10KyMeHTOB T.q = p(c|d):

pwld) = "pw|t) > pltleplcld) =Y Gutbiema. (39)

teT ceCy teT ceCy

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

Mozenb 0cHOBaHA Ha JBYX THIOTE3aX YCJIOBHON HE3aBHCHUMOCTH:

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

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

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

Z Z N In Z Z prtwtcﬂ-cd + R((I)a \II’ H) — nax; (40)

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

Teopema 8. Ilycrs ¢pyukuus R(P, U, 11) neupepoiBao gupdepennupyema. Touka Jjio-
kasbaOro skcrpemyma (P, W, 1) zazaun (40), (41) yaosaerBopsier cucreme ypaBHeHHIT co
BCIIOMOIaTeJIbHBIMH IIEPEMEHHBIMHU Dyeqn, = P(t, | d, w), eciin u3 pelieHust HCKJIIOYUTH Hy-
jespre croyionsr marpur ©, U, I1:

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

Jlannast MOJie/ib, OCHOBaHHAsl HA, TPEXMATPUIHOM PA3/I0KEHUU, HAM0OOJ/Iee M3BECTHA
KakK asmop-memamuseckas modeas ATM (author-topic model), B koropoit nopozx patomieit
MOJIAJIBHOCTBIO SBJISIOTCs aBTOPBI JoKyMeHToB [110|. B memamuueckot modeau mezupo-
sanua doxymenmos TWTM (tag weighted topic model) mopox garomieii MOIATBHOCTHIO
SIBJISIFOTCSL Teru JIoOKyMeHTa [67]. AHajorudHas MOJeTb HCIOJb30BAIAChH JJist 06paboTKI
BHJIEONIOTOKOB B [51]|: OKyMeHTHI d COOTBETCTBOBA/IM IIOC/IEJA0BATEIBHBIM 1-CEKYH/IHBIM
BUJICOKJIMIIAM, TEPMbI W — JIEMEHTAPHBIM BU3YaJIbHBIM COOBITUSIM, T€Mbl ¢ — HPOCTHIM
JIEHCTBUSIM, COCTOSIIIIUM M3 COYETAaHUs COOBITHUIl, KaTeropuu ¢ — 00Jiee CJIOZKHBIM HOBEIe-
HUSM, COCTOAINIUM M3 COYeTAaHUS JICHCTBUI, IPUIEM CTABUIACH 33/a49a BLIJIEIUTH B KaK-
JIOM KJIAIIe OJTHO OCHOBHOE IIOBEJIeHHE.

Mogenb (39) MOXKHO YIPOCTUTH U CBECTH CHOBA K JIBYXMATPUIHOMY DA3JIOKEHUIO, eC-
JIN OTOXKJIECTBUTH TeMbl ¢ Kareropusivu, C' = T', u B3a1b equandnyio marpuiyy V. lannas
MoJe/b u3BecTHa B yinreparype Kak Flat-LDA [111] u Labeled-LDA [107|. Eé Boipasureiin-
HbIe BO3MO:KHOCTH Oesmee, 1em y PLSA n LDA, tak Kak 3HadnTe/bHAS J0JIS JEMEHTOB
maTpuipl II = © GukcupoBaHbl U paBHBL HYJTIO.

Tpéxmarpuynble pa3oyKeHns IIOKA He peaJn30BaHbl B bubimoTexe BigARTM.

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

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

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

B oxHoii u3 mepBBIX TeMmmopasbHbIX TemaTwdeckux Mogeneit TOT (topics over
time) [148] kazxkqas TemMa MOJETUPOBATIACH HAPAMETPUICCKIM [3-DACIPEIeIeHIHEM BO BPe-
MEHHU. DTO CeMeHCTBO MOHOTOHHBIX M YHUMO/IAJbHBIX HEHPEPBIBHBIX (DYHKIUN, C TOMO-
IO KOTOPOI'O MOYKHO OLHUCHIBATH Y3KHe MUKU COObITUIHBIX T€M U OrpaHUYEHHbIR HAOOP
TPEHI0B. TeMbI, uMmernme CliopajndecKkue BCILJICCKH, JaHHad MO/EJ/Ib OIIUCbIBAECT I1JIOXO.

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

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

Ry(® wm ©) = —7 ZZInp(ﬂi).

i€l teT

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

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

i€l tel

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

Vit = ngel"}n(nit + Topi sign (i1, — Pir) + T2 i sigN (i1 — Pit)), (42)

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

8 MopenupoBaHue TpaH3aKLNOHHbIX AAHHbIX

OObIYHBIE TEMATUYIECKUE MOJIE/IA TEKCTOBBIX KOJIIEKIIHH OIMMCHIBAIOT BXOXK/ICHHS CJIOB
B JIOKyMeHTBI. My TbTHMOAATbHBIE MOIEIN OMUCHIBAIOT JOKYMEHTBI, B KOTOPBIX COJEpKAT-
¢ TePMBI pa3JMIHBIX MOJAJTbHOCTE: CJI0Ba, TeTW, aBTOPHI, U T. /1. Bo Bcex 3TuUX caydadx
MO/I€JIb OIMCHIBAET IAPHBbIE B3aMMOJIEHCTBUS MeXK/y JOKyMeHTamMu u repMaMu. B OoJiee

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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CJIOZKHBIX HPUJIOKEHUSIX MCXOJHbIE JAHHBIE MOI'YT OLHHMCBHIBATH TPAH3AKIUH (OTHOIIEHHS,
B3aMMOCBSI31, B3aUMOJECHCTBUS) MEXK/y TpeMs U Oojiee 00bEKTAMU PA3IUIHBIX MO/Ab-
Hocreii. Hanpumep, B ceTn HHTepHET-peKJIaMbl «II0JIb30BaTe/b U KJIUKHYJ 00bsaB/IeHne b
HA CTPAHUIIE S$»; B CONUAIBHON CETH «II0/Ib30BATE b U HAIKCAJI CJIOBO W HA CTpAaHUIE OJ10-
ra d»; B CeTH IIPOJIAK «IOKYIIaTe/ b b KU y IPOJIaBIia § TOBAp ¢»; B PEKOMEHIaTe/IbHOM
CUCTeMe «KJIMEHT U OmneHu)l (puwibM f B CUTyaTUBHOM KOHTEKCTE S».

B srux npumepax B3ammoeiicrBue TpEX 0OBEKTOB HE CBOJUTCS K IMAPHBIM B3aUMO-
jeiictBusiM. B Apyrux ciydasx CJIOXKHBbIE B3aUMOIEHCTBHS BCE YKe PACIIaIal0TCs Ha HaPbI.
Hanpumep, B cucrteme pekoMeHJaluil My3bIKH TPaH3aKIUs «TPEK 7" HCIIOJHUTENS a Ha-
XOJUTCS B a/ibbOMe d, BBIIIE/IIIEM B IOy 4» OIMCBIBACTCH, Ka3aJ0Ch Obl, YeTBEPKOil 00b-
ektoB (r,a,d,y). OpHako oHa pacuajaercs Ha naphbie B3aumocsssu (d,r), (d,a), (d,y),
KOTOPBIE MOI'YT OBITH ONMHCAHBI OOBIYHONW MYJIBTUMO/IAJIBHON MOJIEJIBIO.

Jlist TeMaTHIecKOro MOJEJTMPOBAHUS TPAH3AKIIMOHHBIX JAHHBIX yJIOOHO HOHSITHE T'H-
neprpada. 'uneprpad obobmiaer nongrue rpada 1 OTIXIAETCA OT HEro TeM, 9T0 pedpaMu
B HEM MOrYT OBITh HE TOJILKO Iapbl BEPIINH, HO U IIOJMHOXKECTBa U3 TPEX U OoJiee Bep-
mud. Beprmuabl runeprpada cooTBeTCTBYIOT TepMaM pa3IndHbIX MOJAJIbHOCTEl, pédpa —
TPpaH3aKIUsIM. 3a/1a9a 3aK/I0YAETC B TOM, 9TO0BI 110 Ha0/110/1aeMOil BEIOOPKE TpaH3aKIuit
BOCCTAHOBUTH HEU3BECTHbIE TeMaTuveckue pacupeje/enus sepiiun p(t|v). [peanonara-
eTcs, YTO BEPOATHOCTH TPAH3AKIIUU TeM BBIIIE, YeM 0ojiee CXOKU TeMATHKHU €€ BepPIIIHH.

B mpoekTe BigARTM peamm3oBaHa oNucaHHasd HIZKe THIEpPrpadoBas TeMaTHuIecKasd MO-
JieJIb TPAH3aKIIMOHHBIX JIAHHBIX.

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

Kaxas sepumna v € V' umeer modasvrocms m = p(v) U3 KOHEYHOIO MHOZKECTBA
MomaabHOCcTell M. MHOXKECTBO BCeX BepIInH pa30UBaeTcs Ha HeMepeceKaroluecs I0jI-
MHOZKECTBA, 110 MOJATbHOCTSIM:

V= |_|Vm, Vi ={v € V: p(v) = m}.

meM

HaHpI/IMep, B O6bI‘{HbIX TeMaTUYCeCKUX MO/AeJ/IAX €CTbh TOJIbKO JIB€ MOJdaJIbHOCTHU: JJOKY-
MeHTbl V) = D u TepMmbl Vo = W KaxKias TpaH3aKIus IPeJCTaBIseTCs pedpPoM U3 JIBYX
BepinuH € = (d, w) 1 ONUCHIBAET BXOXK/IEHHEe TepMa w B JOKyMeHT d. IIpu sTom runeprpad
SABJISIETCSL JIBY/IOJIbHBIM I'PaOM.

B 6oJ1ee ci102KHBIX HPUJIOKEHUSX TPAH3AKIIUU MOI'YT UMETh pa3JjindHble Tuiibl. Harpu-
Mep, B CeTU UHTEPHET-PEKJIAMbl, KPOMe JIAHHBbIX Tuia (u,b,s) 0 KJIMKaxX 10Jb30BaTe el
10 O0bABIEHHAM HA CTPAHHUIAX, MOI'YT HMEThCA JAHHBIE O IOCENEHUSIX CTPAHMUIL IIOJIb-
30BaTeaAME (U, S), O BXOXKJEHHH TEPMOB B TEKCTbl OObsiBienuii (b, w), crpanur (s,w)
U 3alIPOCOB moJIb30Bareseil (u, w).

[Iycrb 3a1a8H0 MHOXKeCTBO TUIOB TpaH3akmuii K. Tpanszaxyuonnoie dannoie Tuma k —
910 BRIGOPKa F), HesasucuMbix Habmonennit (e,t) € 2¥ x T, nopoxaemas pacupesesie-
HueM py(e, t), cBouM 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 nokasan npumep runeprpada ¢ BepiimHaMu TPEX MOIAIbHOCTEH, pédpamMu-
TPpaH3aKIUAMU IIATHA TUIIOB U IIATBIO TEeMaMU.
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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.

Byewm mosararh, 4To B Kaxk 10l TpaH3akiyum ¢ € F umeercs o1Ha BblAeJeHHAs BePILU-
Ha d, Ha3bIBaEMast Konmelnepom, u 06o3ua4aTh pebpo yepes3 e = (d, ), rjae r — MHOKe-
CTBO BCEX OCTAJIbHBIX BepIINH pebpa e, 3a NCKII0YeHNeM BepIInHbI-KonTeiinepa, d. AnaJo-
TUYHO JIOKYMEHTY, ¢ KOHTeiHepoM CBsi3aHO pacipeenenne teM p(t|d). MHOKecTBO Beex
BePIINH-KOHTeHHePOB 0003HaYuM depe3 .

Hasiee npeno/iozxum, 4ro Hu paciupejeenus reM p(t|d) B koHureiinepe d, Hu pacipe-
Jlesienust Bepiind B reMax p(v|t) He 3aBucsar or tuna pebpa k. Kaszasoch Obl, Ha IpaKTUKe
STO IpPe/IOJ0KEeHIE MOXKET He BBIIOJHATLCA. Hampumep, pacupeaeeHus CJI0B B TEKCTaxX
BeO-CTpaHmIl, B IIOJIb30BATEJILCKUX 3aIIPOCAX U B PEKJAMHBLIX OAHHEpPAX MOIYT 3HAYIMO
pasJn4arbea g OAHOI u Toil ke Tembl. OJHAKO 9TO OrpaHHYEHHEe HETPYIHO O0OHTH,
€CJIM IIOCTPOUTH MOJE/Ib C TPEeMs Pa3HbIMU MOJAJIBHOCTAMU CJIOB JIJIsI STHX TPEX THUIIOB
rTpan3akuuii. Bosiee TOro, MexaHu3M peryJsapHu3aldi H03BOJIAET CBA3aTh ITH Pacpeeie-
HUA M CIEJATh UX IOXOXKUMI.

HaxkoHer, BBeIEM TUIIOTE3y YCJIOBHOII HE3aBUCHMOCTH BepIIHH B pEbpax (d, x):

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

veT

[Tpu ¢eIaHHbIX JOIYIHEHUX IPOIECC nopoxkaenus pebpa (d, ) € Ej, cocrout u3 aByx
maroB. CHavajia nopoxKaercst reMa t u3 pacupegenenust p(t|d). Barem 1mopoxjaercs
MHOKeCTBO Bepiind * C V, npu4ém Kaxk/ias BepliuHa v € T MOJAJIbLHOCTH M HOPOZK/ia-
ercsi U3 cBoero pacmpesesnenns p(v|t) HaJ MHOKECTBOM Vi,.

Temarnueckast MOJE/Nb BhIPAzKaeT BEPOATHOCTH IMOsiBIeHHs peédep rumeprpada depes
pacipe/e/ieHns, CBA3aHHble C UX BEPIIXHAMU:

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

teT VET teT vET

[TapamerpaMu 3TOil MOJEIN SIBJISIOTCS YCIOBHBIE BEPOSTHOCTH BEPIIMH B TeMaxX
wut = p(v|t), HOpMUPOBaHHBIE 0 KaZKI0H MOJAAJIBHOCTH ¥ € V), U YCJIOBHbBIE BEPOSITHOCTH
TeM B KoHTeiiHepax 0y = p(t|d). B Marpudsbix 0003HAYEHUAX MApAMETPAMU SIBJISIFOTCS
marpuipbt $,,, m € M u ©, Kak u B ciiydae MyJbTHMOJAJILHO TeMaTnaeckoii Mosesn (34).

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

MNineprpadpoBbiii EM-anroputm. Jlng onenuBanus mapaMeTpoB MOJEAN IIPUMEHIM
HPUHIUII MaKCUMyMa IIpaBJionoobusi. ByjaemM MakcumuzupoBaTh CyMmy JorapudMoB
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1paBIo10/100us 110 BCceM Tunam pébep k ¢ Becamu Ty u peryjsgpusaropom R(P, O):

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

keK dxeEy, teT vET
Z‘Pvtzla Yot = 0; Z@dzl, O = 0.
VEVm teT

Teopema 9. Ilycrs ¢pyukuust R(®, ©) nenpepsiro jucpepennupyema. Touka jiokajib-
moro makcumyMa (@, 0) zagaun (43) ymorerBopsier cucreMe ypaBHEHHH OTHOCHTEIBHO
napaMerpoB MOJETH Py, Oiq M BCIIOMOraTeTbHBIX IEPEMEHHBIX Py = p(t|d, x), ecin u3
PeIIeHHs] HCKJIFYUTh HyJIeBble cTo01bl MaTpul ®,,, O:

Ptdz = NOrm (9td 11 %t) : (44)

vET
OR
Gyt = NOTIN| Ty + @vt& ’ Nyt = Z Z [U c SL’] TN kdxPtdx (45)
vEVm Pt kEK dzcEy
OR
Org = norTm Neg + Org—— 90 Ntg = Z Z Tk NkdxPtda - (46)
td keK dzcEy

HoxkazarenscTBo. Bocnosbsyemes yeaosusimu Kapyma-Kyna-Takkepa (12). Banu-
IeM JIarpaHKHaH ONTUMU3AIMOHHON 3a1aan (43):

Z(2,0) ZTk Z nkdzlnzetdn%tﬂLR (©,0) -

keK dx€E} teT veET

DI MFOIFIEEIES D) D) DEVENE

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

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

0% Ora [ Lycrp Put OR
= Z Z [v € Z] TkNpge S + — Au)t — Aoyt = 0;

avat keK dzcEy, p(:L’ | d) a‘pvt

0L ves Pt OR

ET _Z ZTknkdm e‘d)tﬂLaQ — g — pea = 0.
td  LeK deeE, td

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

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

vt
k€K dz€E} N ( | d) , 0t
Ptdz=p(t|d,x)
O1a Hv z Pt OR
SN i # Orag— = pabia-
keK dzeEy . , td
Ptdx :p(t I dvx)

44



3anuiiem 9T ypaBHEHHUsI KOpOUde 4epe3 HepeMeHHble M, u3 (45) u nyg u3 (46):

Potdmt = ot + Purga, M= pi(v); (47)
Oratta = Nya + 9td%%d- (48)

Ecmu Ay > 0, To ub0 JieBast u mpaBasi 4acTi paBeHCTBa (47) 06e MOJOKUTeTbHbI,
b0 ¢, = 0. O0beauusd 3TH 1Ba caydas B OAHY (OPMYITY, MOTYIIM

vat)\mt = (nvt + @vt%)_g (49)

Eciu g > 0, ro b0 jieBast u npaBas dactu paBeHcTBa (48) obe 10J102KuTebHbL, 100
0iq = 0. O0beunsist 3T JiBa Caydas B OJHY (HOPMYJTy, MOy IUM

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

[Tpocymmupyem pasencrsa (49) no v € V,,,, pagencrsa (50) mo t € T', npumenuM ycJio-
BUd HOPDMUDPOBKHU U BbIPpAa3UM ,ZLBOfICTBeHHbIe lepeMeHHbIe:

Amt = Z(nvt + @vt%)p

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

[ToacraBus A\, 1 g B (49) u (50), momyumm (45) u (46).

Ecmu A\, <0, T0 Ny + govt% < 0 g Becex v € V. B aTom cirydae Oyaem cuutaTh
TeMy t BBIDOXKCHHOI U moIaraTh ¢, = 0 1/ Becex v € V,,, uro cormacyercs ¢ (45).

Ecma pg <0, T0 ngg + th% < 0 g Becex t € T. B srom cirydae OyleM CUUTATh
KOHTeiHep d BBIPOKJIEHHBIM U nostarath Oy = 0 mist Beex t € T, uro cormacyercs ¢ (46).

Teopema JjiokazaHa.

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

Jns permenust Takux 3a71a4d B popmysnsr M-mara (45)—(46) BBogaTcsa koapduyuenmo
BAUANUA Tk, Ok, TPHHAMAIONINE 3HAYCHNA U3 oTpe3Ka [0, 1]:

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

keK dxeEy,

Ngg = E E TEO kN EkdxPtdx -

kEK dzcEy
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9 MopagenupoBaHne 3aBNCNMOCTEN

Knaccudpmkauyms. Temamuueckas modeav xaaccugpurayuu Dependency LDA [111] sB-
asiercst DaifecoBckuM anasorom mogenn (33) ¢ mogasabHoctsmu repmos Wou kitaccos C.
Vmeetcst obydaromniasi BHIOOPKA JTOKYMEHTOB d, /I/Isi KazKJI0I'0 M3 KOTOPBIX U3BECTHO IOJI-
MHO)KecTBO KiaaccoB Cy C C. Tpebyerca kiraccudunupoBaTb HOBBIE JOKYMEHTBI C HEU3-
BecTHBbIM Cy. [Ijist 9TOr0 6y/1eM UCIHOIB30BATD AUHETHYIO BEPOATNHOCTIHYIO MOOEAD KAUC-
cuukayuu, B KOTOPOit 00beKTaMu SIBJISIOTCS JOKYMEHTHI d, IMPU3HAKH COOTBETCTBYIOT
TeMaM t U NpUHUMAIOT 3Hadenus Oy = p(t|d):

pleld) =" @etbia.

teT

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

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

Dkcmepumentsl B [111] mokasasm, 9T0 TeMaTHYeCKHe MOJEIU MPEBOCXOAAT OObIU-
HbIe MeTOJbl MHOTOKJIACCOBOIl KiaaccupuKanmum Ha OOJBIINX TEKCTOBBIX KOJLIEKIIHIX
¢ OOJIBIIMM YHCJIOM HECOAJIAHCUPOBAHHBIX, IEPECEKAIOIIMXCs, B3aUMO3ABUCUMbBIX KJIACCOB.
B [131] Te ke BbIBO/BI Ha TEX K€ KOJJIEKIUSIX ObLIIM BOCIIPOU3BEIEHBI JIJIsl MYJIbTHMO/ A b-
Hoit ARTM. Hecbanrancuposanrocmsd 03HAIAET, 9TO KJIACCHI MOI'YT COJEPZKaTh KaK MaJIoe,
TaK U OYeHb OOJIBIIOE YHCJIO JTOKYMEHTOB. B ciaydae nepecexaroujuxcsa KaaccoB TOKYMEHT
MOKET OTHOCHTBCSI KaK K OJHOMY KJIACCY, TaK U K OOJIBIIOMY YHCIY KJIacCOB. Baaumosa-
BUCUMDbLE KJTACCHI IMEIOT OOIIIe TePMbI B TEMbI, IO3TOMY HIPH KIACCH(MUKAIME JJOKYMEHTa,
MOI'YT BCTYIIATh B KOHKYPEHIIHIO.

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

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

deD ceCy teT deD ceC) teT

[TepBoe ciaraemoe ectb log-nipaBiononobue MOJAJIbHOCTH KJIaccoB (33), ecuu 1oJI0-
KUTb Ng. = [c€Cy|. Bropoe ciaraemoe MOKHO paccMarpuBaTh KaK DPEryJsipu3arTop OT-
PHUIATEbHLIX PUMEPOB, MOCTPOEHHBIN 110 JAHHBIM O He-IPHHA/JIE?KHOCTH JTOKYMEHTOB
ki1accaMm. KosdduruenT peryigpu3anun 7 MOXKHO [I0JaraTh PABHBIM €IUHUIE.

Qacmommnas peeyaapusayus (label regularization) xopormro 3apekomenjoBaia cebs
B 3ajla4ax ¢ HecOagaHcupoBanHbiME Kiaccamu [73, 111]. ITorpebyem, aTobel oneHka 6e3-
YCJIOBHOTO paCIpe/IeeHns KIaCCOB 0 KO/uteKnun p(c) = » ., ¢up(t) Oblia 6im3Ka K Ha-
OJIF0IAEMbIM YaCTOTaM KJaccoB p(c) = |17||Dc|, rae D.={d € D: c € Cy} — mMHOKeCTBO
JIOKYMEHTOB, OTHOCAIIUXCS K KJaccy ¢. Bplpa3um jaHHOe TpeOOBAHUE € HOMOIIBIO CIIa-
JKHBAIOIIET0 PEryasipu3aTopa KpOCC-9HTPOINH, KOTOPBII MOKHO HHTEPIPETHPOBATD U KaK
MAKCHUMU3AIUIO TPABIONOI00US MOJETH KJIACCOB p(C):

R(®) =17 Z |D.| lnz NyPer — Max,

ceC teT
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e ng = Mg — YUCIO0 TepMOB MoAa bHOcTH C', OTHOCSIIMXCS K TeMe t BO Beeil KoJl-
aeknuu. [ogcrasisist sror peryasipusarop B (14), nosyuanm dopmyssr M-mmara:

NiPet

Z NgPes

YacrorHas pery/sipu3aliys HCII0/Ib30Baiach B TeMarudeckoil mojgesun Prior-LDA, koropas
Oblia npejyiokena B [111] kak yiaygmenune mogesn Flat-LDA.

e = notm | ne + T|D| =—— (51)

Perpeccusa. 3ajgaqn npejcka3anusi YUCJI0BON BeJIMIrHbl KAK (DYHKIIMH OT TEKCTa BO3HIU-
KAIOT BO MHOI'UX IIPUJIOZKEHUAX JJIEKTPOHHON KOMMEPIMU: 1IPeJICKa3aHe pelTuHra ToBa-
pa, duabMa WM KHUTH 1O TEKCTY OT3bIBA; MpelcKa3aHue YHCJa KJIUKOB MO TEKCTY pe-
KJIAMHOTO OObSIBIEHNS; MIPe/ICKa3aHne 3apIIaThl 0 ONUCAHUIO BAaKAHCUU; IpeICKa3aHue
oJIe3HOCTH (Ymcia JANKOB) OT3bIBA Ha OTeJb, PECTOpaH, cepBuc. [lis BOCCTAHOBIEHHUSI
YUCJI0BbIX (DYHKIUI 110 KOHEUYHOU oOyualtoiieil BbIGOpKe nap «00beKT—O0TBET» UCIOJIb3Y-
I0TCsl PErPECCUOHHbBIE MOJIE/IU, O/IHAKO BCE OHU IPUHUMAIOT HA BXO/€ BEKTOPHbIE OIIUCAHUS
o0bexkToB. Temarudeckasi MOJE/Ib MO3BOJISIET 3aMEHUTb TEKCT JIOKYMeHTa d ero BeKTOp-
HbIM TpejcTaBierneM 4. C npyroit cTopoHbl, KpUTepUil ONTHMH3AINNEA PErPeCCHOHHON
MO/TIEJTI MOZKHO UCIOJIb30BATh B KAUeCTBe PEryasdpu3aTopa, YTOObl HAUTH TeMbI, HanOoJree
uHGOPMATUBHBIE ¢ TOYKH 3DEHHs] TOYHOCTH HpejcKa3anuii |76, 120].

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

Z/‘d thetdu

teT

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

R(©,v) = —7 Z(yd - Z Utetd)

deD teT

[Toxcraiss sror peryaspusarop B (15) u IpupaBHUBAs HYJIIO €10 IPOU3BOIHYIO 10 U,
nostyauM (popmysiel M-mara:

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

seT

v = (067 'ay.

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

B [120] moka3aHo, 9T0 KAYECTBO PErPECCHU MOZXKeT 3aBHCETb OT MHUIIHATU3AIIMH TeMa-
TUYECKOU MO/IeJIN, U MPEJJIOZKeHO HECKOJbKO METO/A0B WHUIIUAJIU3AIUNA.

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

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

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

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

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

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

_ _ T Ty —1
RO, 1, %) = TZ Inp(na|p, ) = —3 Z(ln@d — )" (In6y — p) + const — max.
deD deD
Cornacuo (15), dopmyna M-mara s 0,y TpuHIMAeT BU/
Org = n%r%n (ntd - T 2; Z,;l (hl Osa — Ms))> (52)
se€

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

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

Takum obpa3om, TpyLOEMKas omepaliiss oOpalleHnss KOBAPHAIMOHHON MaTpPUIBI BBIIIOJI-
HSETCsl OTHOCUTETBHO peiko. B [22] ucnonb3oBanack LASSO-perpeccust, 9T00bI MOJTYIaTh
Pa3peKEeHHYI0 KOBAPUAIMOHHYIO MATPHILY.
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10 OnpepeneHuve 4yncna Tem
Pezyaapusamop ombopa mem npenioked B [133] njs yaaneHusi He3HAYNMBIX TeM U3

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

R(©) mz Inp(t) p(t) = p(d)bia.

[ToxcraBum sToT peryiaspusarop B dhopmyry M-mara (15):

n p(d)ed).

01 = nomm (nia — 7 7] pl0)

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

019 = norm(ntd <1 P )) (53)
teT ng|T|

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

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

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

B [135] Oblin ipoBeieHbl SKCIEPUMEHTBI HA [MOJIYCUHTeTHIECKUX JIAHHBIX, [1PEICTaB-
JSIONHUX 000 cMech IBYX pacipeenennii p(w |d) — peaabHON KOJUIEKIHH, JIJIs KOTOPOi
YUCI0 TeM HEeH3BEeCTHO, U CHHTEeTHIECKON KOJIIEKIUH C 33JaHHBIM ducaoM TeM. CuHTe-
THYeCKasl KOJIEKIHSA CTPOMJIACH IIyTEM IepeMHOKeHHsa MaTpul] PO, moJiyIeHHBIX B pe-
3y/JIbTATe TEMATHIECKOTrO MOJEIUPOBAHUS TOW Ke peasibHOo Kojutekiuu. OKa3aaoch, 910
HDP u ARTM crocobubl omnpesie/isiTh KCTHHHOE YHCJIO TeM Ha CHHTeTHYEeCKUX W HOJIY-
cuHTeTHYecKNX JaHHbIX. IIpm stom ARTM omnpenenser ero 6ojee TOYHO U yCTONIUBO.
Oamako 4yem OJimzKe IHOJYCHHTETHYECKHE IAHHBIE K peaJbHBIM, TeM MeHee YETKO pas-
JIUYIAM JTHANA30H 3HAYEHHI T'HIeplIapaMeTrpoB 7T WX 7y, Ha KOTOPOM BOCCTAHABIHBAETCS
HpaBu/IbHOE YUC/I0 TeM. Ha peasibHbIX JIAHHBIX OH HEPA3JIMYUM BOBCE, MPUUEM JIjIst 000X
110,1x0/10B. Takum oOpa3om, 1po 0ba 110/1X0/1a HeJIb3s CKa3aTh, YTO OHU ONPEIE/IsIIOT Oll-
TUMAJIbHOE YUCJI0 TeM. B peasibHbIX TeKCTOBBIX KOJLIEKIUSIX HUKAKOTO «UCTUHHOTO YHUCJIA,
TeM» IPOCTO He cyImecTByeT. Uem OOJIbIIe KOIEKIs, TeM DoJiee MeJTKIe CeMaHTHIeCKIe
pas3andns, U /i OOJIBIIEro 4uc/ia TeM, BO3MOXKHO YIOBHTD.

DT coObOpaKeHUs MOITBEPKIAIOTCS OIMBITOM MOCTPOEHUSI NEPAPXUIECCKUX TEMATUIE-
ckux Mojeseil. TeMbl MOXKHO IpoOUTH Ha OoJiee MeJIKHe IOATeMbl BILIOTH JIO IIOPOra CTa-
THCTHIECKON 3HAYMMOCTH. BBIOOpP 5TOro mopora Takzke sABJISETCS SBPUCTHKOMN, I OT HETrO
3aBUCHT UTOTOBOE YUCJIO TEM.
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B xozie sxciepumenTos |135] Takzke BbISCHUIOCH, 9TO PEry/Ispu3aTop 0TO0pa TeM HMe-
eT 110JIe3HbII conyTcTrByIOmuil 3pdexT: on yjajiser u3 Moje/au jiyo/upyonue, pacien-
JEHHDbIE U JUHEITHO 3aBHCHMbBIE TEMBI.

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

11 T[locTtpoeHune TemaTnyHecknx nepapxuii

HNepapxuyeckue TeMaTHIeCKue MOJEIN PEKYPCHUBHO JeIST TeMbl Ha mojareMbl. Tema-
THYECKHe MEPAPXUU CJIYzKAT JJisd MOCTPOEHHs pyOPHKATOPOB, CHCTEMATU3AIUU OOJIBITUX
00bEMOB TEeKCTOBOI nHMOpPMalu, HHHOPMAIMOHHOIO TOUCKA ¥ HABUTAIUU 110 OOJILITAM
MyJIBTHIUCIMILIMHAPHBIM KOJIIEKIUSM. 3a/la9a aBTOMATUYECKO PyOpHKAIuu TEeKCTOB
CJI0YKHA, CBOEll HEO/IHOBHAYHOCTBIO B CYObEKTUBHOCTHIO. Pa3/indus BO MHEHHSAX SKCIEPTOB
OTHOCHTEIBHO pyOpuKanuu J0KyMeHToB MoryT gocrurath 40% [1]. Heemorps na obuine
paboT 10 HepapxXuIecKuM TeMaTudeckum Mojessim [24, 68, 81, 159, 105, 143, 144, 145, 146],
OIITUMM3AIUS Pa3MepPa U CTPYKTYPbl HEPAPXUU OCTAETCS OTKPBITOM 11Pp0bJIeMOit; boJiee To-
ro, OIEHUBAHKUE KA4eCTBA HepapXuil — TakKe OTKpbiTas mpobsema [159).

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

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

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

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

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

— min
‘ s%;s (pwsd}st) 0 )

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

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

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

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

teT weW ses

Bagaua makcumuzanun R(P, ¥) ¢ To9HOCTBIO 10 00O3HAYEHUIT COBIAJAET ¢ OCHOB-
HOM 3a/adeii TeMaTn4eckoro mojesunposanus (9), ecjau c4uTaTh POJAUTEJNHLCKUE TeMbl t
nce6d0dOKYMEHMAMY C FACTOTAMEH TEPMOB TNy = TNyPye. DTO O3HAYAET, YTO BMECTO
JiobaBsienus ciaraeMoro B ¢opmysibl M-iiara JaHHbIH perysispu3arop MOXKHO peaJsin30-
BaTh emé nporte. [locTpous poguTeabeckuit ypoBeHb, HAIO T00ABUTH B KOJIJIEKITUIO POBHO
|T| nceBIOIOKYMEHTOB, 33/1aB UM B KAYECTBE YaCTOT TEPMOB 3HAUCHHUST TN, Marpua W
HOJIyYUTCs B CTOJIONAX MATPUIBI O, COOTBETCTBYIOMIUX HCEBIOJAOKYMeHTaM [34].

JlaHHBIT TOAX0/1 K MOJIEJIMPOBAHUIO NepapXuil peasn3oBan B 6ubjanorexke BigARTM.

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

wst t
R(¥ TZZ 1npt|5 ZZI 5 @/Zznz

ses tET tET seS

[Tockosbky Marpuia W sB/IgeTcsa 4acTbio Marpuibl O, K Heil npuMennma dopmyta (15),
u3 KOTopoit cieayer dopmysa M-miara i MOJe/In J0YePHEr0 YPOBHSI:

Vst = nge:%n(nst + T(p(t\ s) — %)) (55)

L

7]y CTAHOBATCH erié

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

12 MopgennpoBaHue cBsize MeXxxay AOKYMeHTamMu

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

=T Z Ndc Z O1abse,

teT

IJIe Nge — BEC CBI3U MEXKJy JOKYMEHTaMH, HAlPUMep, YHCJI0 CChLTOK u3 d Ha c. B [40]
npejjoxkena moxoxkas mozeab LDA-JS, B koropoit BMecTo MakcuMu3amuu KOBAapHUAIUU
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MuauMu3upyercsa auBeprennus Vencena-Illennona mexmay pacupegenenusvu 0y u 6.
Dopmysa M-mara mist 644, coracuo (15), nmeer Buj

Ora = norm (ntd + 70 Z ndcﬁtc)

ceD

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

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

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

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

Hesibio MOJIe/IMPOBaHMS MOXKeT ObITh BbIJIEJIEHUE PEruOHaJIbHBbIX TeM, Olpe/le/ieHue
«apeaja OOMTaHUS» KaxKIOH TeMbl, IOUCK MOXOKUX TeM B NApYyrux permonax. Hampu-
Mep, B KadecTBe OJHOI u3 miutocTpanuii B [158] onpeaesstorcs pernoHbl MOy JISPHOCTH
HAIMOHAJIBHOM KyXHH 1O mocraMm moJb3oBatesneil Flickr. Ipyras wutocrparus us [77]
HOKA3bIBALT, 9TO TeMaTUIeCKas MOJIe/b, yauTbiBaiomas, nu3 kakoro mrara CITA mpuiwio
coobllenue, TOUHee HPOC/eKUBaeT 1y Th yparana «Karpunas.

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

R(©) = =5 Y wea Y (tha— b)),

(c,d) te’T

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

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

R(®) = —- Z Wgg' Z <§0gt %)27

ggEG

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

Mpadbl n coumnanbHblie cetn. B |77| upeoxkena Gosee obias TeMarnieckas MOJIENb
NetPLSA, yuursiBaomasi 1pou3BoJibHble rpadoBbie (cereBbie) CTPYKTYPbl HA MHOKECTBE
nokymenToB. [Tycrs 3aman rpad (V, E) ¢ MHOKecTBOM Bepiiu# V' 1 MHOKecTBOM pébep E.
Kazk1oit ero Bepiuae v € V' cooTBEeTCTBYET MOAMHOXKeCTBO JoKymenToB D, C D. Hanpu-
Mep, B pojin D, MOXkKeT BBICTYIIATh OTAE/IbHBII JJOKYMEHT, BCe CTaTbU OJHOI0 aBTOpa v,
BCE MOCTHI U3 OJIHOTO reorpaduaeckoro peruoHa v, u T. .

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

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

deD, dED

B mogesnn NetPLSA ucnosib3yercst KBaipaTudHbIil pery isipu3arop:

R(©) =~ TN wa Y (p(t]o) = pltu)?,

(u,v)EE teT

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

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

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

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

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

R((I)):—% 3 wuvznf(‘g’; - |‘f)“:|) . (56)

Bo mMHOrEX mpumioXKeHHAX BaKHbI HAIPABJIEHHOCTH CBA3€il, KOTOPbIE KBaJIpPaTHIHBII
peryasgpu3aTop He yuauTbiBaeT. Hampumep, ¢Bs3b (4, v) MOKeT 03HAYATH CCBLIKY H3 JO-
KyMmeHTa u Ha JokymeHT v. B mogesn iTopicModel [122] upeammosaraercs, aro eciu
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(u,v) € E, 1o remaruka p(t|u) mupe remaruku p(t|v). [Tosromy munumusupyercs cym-
ma auseprenuuit KL(p(¢|v) || p(t|u)), npuuém ycaosusie pacupesenenus p(t|v) mMoxuo
BBIPA3UTh KakK depe3 O, tak u yepe3 P:

R(© wm &) = g 3w Y plt]v) Inp(t]u).

(u,v)EE teT

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

13 MopgennpoBaHne co4eTaemMoCcTu C/0B

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

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

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

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

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

Bropoe mampaBienme cBI3aHO ¢ OCHOBHOU rUHOTe30il ducmpubymueroti cemarmuk:
CMBICJI CJIOBA OIpeJesiseTcs TeM, B OKPYKEeHIN KaKUX CJIOB OHO Yallle BCero ymoTpedJis-
ercs. [TosBiaenue nporpaMMbl word2vec [78| cruMyIMpOBAIO DA3BUTHE 6EKMOPHLLL Nped-
cmasaernudi caoe (word embedding). Oum HaxOAAT Maccy UpuMeHeHH Osarojapsi Tomy,
9TO CEeMAHTHYECKU OJIM3KUM CJIOBAM COOTBETCTBYIOT OJIM3KuE BEKTOPBHI. Temarudeckue
MO/JIeJTN TaK:Ke CIOCOOHBI CTPOUTH BEKTOPHBIE MpEJCTABIEHHS CJIOB, 00JATAONINE STHM
CBOIICTBOM, B TO Ke BpeMs COXPaHss CBOUCTBA MHTEPIPETUPYEMOCTU U PA3PEKEHHOCTH.

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

3Bynaros B.T. Hcnonb3oBanne TpadoBOil CTPYKTYPHI B TeMATHIECKOM MOJEIHPOBAHAH. Marumcrep-
ckaga auccepranus, MOTHU, 2016.
http://www.MachineLearning.ru/wiki/images/4/4d/Bulatov-2016-ms.pdf
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pacno3HaBaHue obpasos B bGuonHgopmaTmuke TEOPUsi BbIYNCANTENBHOW CNOXKHOCTM
unigrams bigrams unigrams bigrams
obbekT 3aja4a pacnosHaBaHusi 3agaqa pasgensitb MHOXECTBA
3agaya MHOXECTBO MOTNBOB MHOXECTBO KOHEYHOE MHOXKECTBO
MHO>X€eCTBO cmcTemMa mMacok MOAMHOXECTBO  YC/OBME 3aAa4yn
MOTMNB BTOPMYHAS CTPYKTYypa ycnosue 3a4a4a O MOKPLITUN
paspewmnmMocTb cTpykTypa beska Knacc NOKPbLITNE MHOXKECTBA
Bbibopka pacrosHaBaHie BTOPUYHON | peLueHue CUJIBbHBIA CMbICT
Macka cocTosAHne obbekTa KOHEYHBbIN paspensrowmnin KOoMmnTeT
pacno3HaBaHue obyuatowasi Bbibopka 4mcno MUHNManNbHbI adpdUHHbIA
NHOPMATNBHOCTL  OLEHKa MHOPMATUBHOCTU | adddprHHBIIA adprHHBIA KOMUTET
COCTOsiHNE MHOXECTBO 0bbekTOB cnyyaii acpbuHHbIA pasgenstownii
3aKOHOMEPHOCTb paspeLnMoCTb 3agaqn NoKpbITNE obuiee nonoxexmne
cucrtema KpuTepuii paspewnmMmocTu obwynii MHOXXECTBO TOYeEK
CTPYKTypa NH(OPMATMBHOCTL MOTMBA | MPOCTPAHCTBO cnyyaii 3agaqn
3Ha4eHne nepsun4Has CTPYKTypa cxema obwuii caydaii
perynsipHoCTb TYMNMKOBOE MHOXECTBO KOMunTET 3agayqa MASC

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

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

[TepBast 6Gurpammuasi remarndeckas mogesnb BTM (bigram topic model) [140| npes-
CTaBJIssIa CODOIl IO CyTH MYJIHLTUMOJATBLHYIO MOJIEIb, B KOTOPOil KaKJIOMY CJIOBY U COOT-
BETCTBOBAJIa OTJEIbHAS MOJAJILHOCTE co cioBapém W, C W, cocTraB/ieHHBIM U3 BCEX CJIOB,
BCTPEYAIOIIMXCSA HEITOCPEJICTBEHHO II0CIe ¢JIoBa v. 3anuiieM log-papomnoaoodue 3Toit Mo-
JIeJIM B BUJIE PErY/IsipU3aTOPA:

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

deD ved weW, teT

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

Mozgeab TNG (topical n-grams) [149] ycrpamsger 9Tu Hem1oCTaTKH. YCIOBHOE PACIpe-
JIJIEHUE CJIOB OIIUCBHIBAETCsI BEPOATHOCTHOM cMeChIo P(w|v, 1) = &l + (1 —Eput) Puwt, T1€
Eowt — TEPEeMeHHasi, paBHAs BEPOSTHOCTH TOT'O, YTO HaPa CJAOB «VW» SBJISIETCH OUrpam-
moit B Teme t. B padore C. C. Crenuna’ nokasano, 4ro Ipa HEKOTOPBIX He 0CO00 JKECTKUX
HPEJIITOI0KEHUAX 10g-TIpaBIomo00ue 3Toi MOJIe/ i OIeHUBAETCS CHU3Y B3BEIICHHOW CyM-
moii log-tipaBaomnomobuii MogabHOCTeH yHArpaMyM u ourpamm B Mogenn ARTM. JIpyruvu
caoBamu, myabrumogaabiasgs ARTM MoxkeT ObITh HCIOIB30BAHA, JIJIsT HOMCKA, TPUO/INZKEH-
Horo pemrenus B mojean TNG.

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

1C. C. Crennn. MyabTurpaMMubIe /ITATUBHO PEryJISpU30BaHHbIE TeMaTuieckue Moaenu. Marucrep-
ckaga auccepranusa, PUBT MOTU, 2015.
http://www.MachineLearning.ru/wiki/images/4/4a/Stenin2015MasterThesis.pdf
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6I/IFpaMMHOI71 MoO/eJin OlIpolIeHHbIe TOCTOAHHbIC YYaCTHUKU KOH(I)epeHI_H/II/I MOIJIA ollpe/ie-
JINTb HAYy YHYIO I'PYIIILY U JlazKe aBTOPOB crareil, Tor/ia KakK 110 TeMaM YHUI'PAMMHOM Mo/ieJin
¢JieJiaTh TO OBLIO MPOOJIEMATUIHO, CM. PHUC. 13.

B ARTM n-rpaMmMHasi MOJe/Tb eCTECTBEHHBIM 00Pa30M OIIPeIe/IIeTCs KaK MYJIbTHMO-
JlaJibHAs, B KOTOPOW JIjIsi KazK/JIOI'0 N BbIJIEJISIETCs OT/ie/IbHAs MOJa/JIbHOCTh. [ljisi npeji-
BAPUTEILHOIO COKPAIEHHUsS CJAOBAPEHl N-rpamMM IOJXOJUT METOJ, MOUCKA KOJIIOKAIHIT
TopMine [42]. On smueitno macirrabupyercst Ha 6oJiblHe KOJUIEKIME U 1103BoJIsieT (op-
MHUPOBATbh CJIOBAPh, B KOTOPOM KazKjias n-rpamMma 00/1aJaeT TpeMms CBOWCTBAMU:

(a) numMeeTr BbICOKYIO 4aCTOTY B KOJIJIEKIIUU;

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

(B) me comepxures B (n+1)-rpammax, obmagaonux csoiicrBamu (a) u (6).

Mero/pl, npeioKenHbie B nocaeayonmx paborax, SegPhrase [70] u AutoPhrase [113],
JIEMOHCTPHUPYIOIIHE €MIE JIyUIIHe Pe3Y/IbTATHI.

Mopenb 6utepmoB. Kopomkumu mercmamu (short text) Ha3bIBAIOT JOKYMEHTHI, /U~
Ha KOTODBIX HE JOCTATOYHA JI/IS HAJEKHOTO OLpejeeHns UX TeMaTuku. lIpuvepaMu Ko-
POTKHUX TEKCTOB SIBJISIOTCH CO00IeHns ['BUTTEpPA, 3ar0/I0BKH HOBOCTHBIX COODINEHUIl, pe-
KJIaMHbI€ O6'])HB.H€HI/IH, PEIVIMKHK B /IMaJIO'aX, OTAE/IbHbIC IIPpEAJIO2KCHUA, U T. /. I/I3BeCTHbI
LPOCTBIE 1OJIXO/IbI K 1pobJieMe, HO OHU HE BCErJIa IIPUMEHUMbL: 00'beIMHATH COOOIIEHUS 110
KaKOMY-/1100 npu3HaKky (aBTOPY, BDEMEHHU, PErHOHY M T./1.); CYUTATh KazK/10€ COOOIIeHHe
OT/IEJIBHBIM JIOKYMEHTOM, pa3pexkuBas p(t|d) BIIOTH 10 €MHCTBEHHOI TeMBbI; JOMOTHATD
KOJJIEKIIMIO JUTHHHBIMA TeKcTaMu (Hampumep, crarbavu Bukuneaun). Oxaum u3 Hanbo-
Jlee YCIEIIHBIX U YHHBEPCAJIbHBIX IMOAXOI0B K HPOOJeMe KOPOTKUX TEKCTOB CUUTAETCS
memamuueckas modeav bumepmos (biterm topic model, BTM) [152].

Bumepmom Ha3bIBaeTCA mapa CJI0OB, BCTPEIAIOMIUXCS PIOM — B OJHOM KOPOTKOM CO-
OOIIEHUN HJIM B OJHOM IIpe/IOKEHHH WM B OKHe *h coB. B omimdne ot Gurpammsr,
MeK/ly IBYMS CI0OBaMU OHTepMa MOIYT HAaXOJUTbCA Apyrue ciosa. KoHKperusarms Io-
HATHS «PsiJIOM» 3aBHCHT OT [OCTAHOBKH 3a/Ja4d U OCOOEHHOCTEH Kosulekiuu. Bpicokast
qaCTOTa 6I/ITepMa B TEKCTOBOMH KOJIJICKIIUHN 4ABJIACTCA HPOABJICHUEM ,Z[I/ICT&HTHOI';I coderae-
MOCTHU JIAHHOM 11apbl CJIOB.

Mogens BTM onucbiBaeT BEpOSITHOCTH COBMECTHOTO MOsiBJIeHHsT CJI0B (u,v). Mexom-
HBIMH JIAHHBIMU $BJISIFOTCS 9aCTOTHI T, OUTEPMOB (U, V) B KOJUIEKIUU, UM MATPHUIA Be-

postHOCTEHl P = (Py)wxw, TIE Puy = nOrm (N, ).
(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 MOPOZKIAIOTCH HE3ABUCHMO JIPYT OT Jpyra U3 OJHOI 1 TOi Ke
rembl. Torjia, 110 popmyJie 1OJIHON BEPOSITHOCTH,

plu,0) = plult) p(v]t) p(t) = Cupunt,

teT tel

r1e @y = p(w|t) u m = p(t) — mapamerpsl TeMATHIECKONH MOJETH. DTO TPEXMATPUIHOE
paszioxenue P = ®IIPT, e Il = diag(my, ..., mr) — auaroHaibHas Marpuna. Mosjeib
6I/ITepMOB He olipeae/deT TeMaTukKy AdOKYMEHTOB @ " 1109TOMY HE IIO/IBEP2KCHA BJIMAHUIO
3 eKToB, BEI3BAHHLIX KOPOTKUMH TEKCTaMH.

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

R(®,1I) =7 Z Ty IN Z Out Pot Tt
u,v t

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

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

Otu HOpMYyJIbl HHTEPIPETUPYIOTCA Kak gobaBiienue ncesdo-dokymenmos. Kaxkmpomy
cioBy u € W craBUTCS B COOTBETCTBUE ICEBIO-TOKYMEHT d,, OObLEIUHSAIONINI BCe KOH-
TEKCTBI CJI0BA U, TO €CThb 9TO MEMIOK CJI0B, BCTPETUBIIUXCS PSIOM CO CJIOBOM U IIO BCEil
KOJUIEKIMH. HC/I0 BXOXKJIEHHI CJI0BA W B ICEBIO-I0KYMEHT d,, PABHO TN,. Bcromo-
rarejibHble IIEPEMEHHBIE Ppyy = P(t|u, w) coorBercrByor dopmyse E-miara s ncesio-
JIOKyMeHTa, d,, eCJIu JOOILPEAE/JNTh ero TeMaTHKy Kak Oy, = notrm(ntgput). Jpyrumu cjio-

BaMH, B MOJI€/IH OUTEPMOB CTOJIOIBI MATPHUILI O, COOTBETCTBYOIINE IICEBI0-TOKYMEHTAM,
00pa3yloTcd MyTéM IepeHOPMUPOBKU cTpokK MaTpuiipl ¢ mo dopmyste bBaiieca.

VBenunuuBasg KodbMUIMEHT 7, MOKHO JIOOUTbCA TOro, 4rodsl Marpuiia ¢ dopmupo-
BaJIach IPAKTHIECKH TOJBKO 1o burepmaMm. B takom ciaydae momenb ARTM mepexoant
B MO/IE/Ib OUTEPMOB, KOTOpPas CTPOUTCS 1O KOJJIEKIHH ICEBI0-I0KYMEHTOB, 0€3 HCIO0JIb-
30BaHUAd MCXO/HbIX JOKYMEHTOB.

Mopgenb cetu cnos. Ujesa MojempoBaTh He JOKYMEHTBI, a CBS3H MEXKJLy CJOBaMH,
OblLJIa I0JIOYKEHA B OCHOBY TeMAaTHYECKHX MOoJjeseil JUCTAHTHON HMapHO cOYeTaeMOCTH
caioB WTM (word topic model) [32] u WNTM (word network topic model) [164]. Jlio-
boubITHO, 4TO GoJIee paHHsis yb/auKanus |32] ocragach He3aMedeHHOI (BUAMMO, KaK He-
baitecoBckasi), u crarbs [164] maxke nme cepuiaercs na weé. Mogesn WTM u WNTM cso-
narcs K npuverernio PLSA u LDA cooTBeTcTBEHHO K KOJLIEKIIUN IICEBI0-TOKYMEHTOB d,,:

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

teT teT

Banumem log-tipasiononobue mogesnu p(w|d,) B Buje peryisipusaropa:

R(®,0)=7 Y nuwln > oub,

u,weW tel

€ Ny — YacToTa OurepMa (U, V) B KOJUIEKIUH (KCTATH, My = Ty )-

OCHOBHOE OTJIMYHME STUX MOJeJell OT MOAeTH OMUTEpPMOB B TOM, 4YTO 37€Ch B sB-
HOM BHJIE CTPOMTCS Marpuia © Jyuisd 1CeBJ0-KOJLIEKIUH, TOIJIa KaK B MOJEJIHM Ourep-
moB © = diag(my, ..., )PT u KOJUUECTBO IApaMeTpPoOB BjBOe MeHbiie. Kak nokasa/iu
skciiepuMeHTbl, Mojiejib WNTM HeMHOro 1npeBocxojuT Moje/ib OUTEPMOB U CYILIECTBEH-
HO [IPEBOCXOJUT OOBIYHbIE TeMaTHIecKue Moje/u [164| Ha KOUTeKIuaX KOPOTKUX TeKCTOB.
Ha kosutekusix JJIMHHBIX TOKYMEHTOB TeMaTHIeCKHe MOJE/TN TapHOil COYeTaeMOCTH CJIOB
HE JIAI0T 3HAYMMBbIX HPEUMYIIECTB HePe/] OObIYHBIMU TEMATUIECKUMU MOJIE/ISIMH.
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KorepeHTHocTb. Tema nasbiBaercs kozepenmnol (cornacoBannoii), ecin nanbosee ua-
CTble TEPMbI JAHHOIl TeMbl YaCTO BCTPEYAIOTCH PsiIOM B JIOKyMeHTax KoJuieknuu [90).
CoveraeMoCTb TEPMOB MOZKeT ONEHUBATHCS 110 caMoil Koyuteknuu D [83], wiu mo cTopos-
Heil KoJuteknuu, Hampumep, no Bukunemuu [87]. CpesiHsisi KOPepEHTHOCTh T€M CYUTAETCS
XOPOIIeil Mepoil HHTePIPETHPYEMOCTH TeMaTuIeckoii mojgesnn [91].

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

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

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

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

teT weWw

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

Pur = noLm (nwt + T Z C’wvnvt>. (59)

veW\w

D10 cryrakKuBaroImii peryaspu3arop. OH yBeJHYUBAET BEPOATHOCTH T€PMA B Te€MeE, eCJIH
TEPMBI, C KOTOPBIMU OH 9aCTO COYETAETCS, OTHOCATCA K JaHHOW Teme. TOYHO Takas zKe
dbopmyna nonyunnace B [83] ais mogean LDA u anroputma coamimmpoBanust ['ub6ca,
HO ¢ DoJiee CJI0KHBIM 000CHOBaHUEM 4depe3 0000HEHHYI0 ypHOBYIO cxemy [loiist, u ¢ Dojiee
CJI0ZKHOM 3BPUCTHIECKON OHEHKOH Clyy .

B pabore |87| upemiozxen Jpyroit peryisipu3arop KOrepeHTHOCTH:

R@®) =7 ) Cupupu

teT u,veW

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

| D[ Nuw

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

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

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

Mopenn BeKTOpHbIX NPeACTaB/IEHU CNOB CTaBAT B COOTBETCTBHE KaKIOMY CJIOBY W
BEKTOD V,,, pukcupoBauuoit pazmepuoct. OCHOBHOE TPeOOBaHUE K STOMY OTOOPAKEHUIO —
4TOOBI OJIM3KHM I10 CMBIC/JIY CJIOBAM COOTBETCTBOBaJIM OJiM3KHe BeKTOpbl. CoriacHo duc-
mpubymuenot zunomese (distributional hypothesis) cmbica ciioBa onpezessiercs: pacmpe-
JIeJICHUEM CJIOB, B OKPY?KeHHH KOTOPBIX OHO Berpedaercs [48|. CioBa, BerTpevarorumecs
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B CXO2KHX KOHTEKCTaX, UMEIOT CXO02KYIO CEeMaHTUKY Hu, COOTBETCTBEHHO, JOJI2KHbl HUMETb
osmskue BekTopbl. s bopmasmsanuu sroro npuniuna B |78, 79| upemiaraercs HeCKOIb-
KO BEPOSTHOCTHBIX MOJIeJIeil, BCe OHU pean30BaHbl B iporpamme word2vec. B qactHocTH,
MoJiesib skip-gram mnpejcKa3biBaeT MOABICHUE CJI0BA W B KOHTEKCTE CJIOBA U, TO €CTh IPH
YCJIOBHH, YTO CJIOBO U HAXOJUTCH PSIIOM:

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

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

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

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

Z Nuw I p(w|u) — max.
u,weW {vw}

ITocTanoBka 3ama4un oYeHb TOX0XKa Ha TeMarndeckue Moaean BTM u WNTM. Monenan
ceMeiicTBa word2vec u JApyrue MOJE/JU BEKTOPHBIX IIPEACTABJICHUNA CJI0B TaKzKe ABJIAI0T-
Csl MATPUIHBIMU pasjioxkenusmu [66, 99, 71|. ItaBroe oriudme 3aKI09a€TCS B TOM, YTO
B 9TUX BEKTOPHBIX IIPEJICTABICHUIX KOOPAUHATHI He HHTEPIPETUPYEMBbI, He HOPMUPOBAHBI
U He pa3perkeHbl, TOIJ[a KaK B TeMAaTHYECKUX MOJIEJISIX CJIOBAM COOTBETCTBYIOT Pa3pezKeH-
HblE JIUCKpeTHbIe pacupe/enenus TeM p(t|w). C apyroii cropoHbl, TeMaTuIecKue Mo/e/1u
U3HAYAJIbHO HE IHpejHa3HAYAJIUCh /IS OlPe/eJIeHUs CEMAHTUYEeCKON OJIM30CTU CJI0B, 110-
9TOMY JeJal0T OHH 3TO ILIOXO.

B [102] mpesioxken cmocobd MOCTPOCHUST MEMAMUNECKUL 8EKMOPHOLEL NPeOCasAerud
caos (probabilistic word embedding, PWE) 1o mceBao-KoIeKIun JOKyMeHTOB, aHAIO-
ruaabiii Mmogenaym BTM u WNTM. B s3amagax cemaHTHYeCKOit OJIM30CTH CJIOB OHH KOH-
KypUPYIOT C MOJIe/isiMi WOord2vec U CYIIECTBEHHO ITPEBOCXO/ST OObIYHbIE TeMATUYECKHE
Moziesid. [Ipu 9rom Temarndyeckne BEKTOPHbIE HPE/ICTABICHUS SIBISIOTCS UHTEPIIPETHPY-
eMBIMH U pa3pezKeHHbIMU. VICIo/ib3ys KpOCC-9HTPOIUMHBIE PeryIsapu3aTopbl, pa3pezKeH-
HOCTb BEKTOpOB yaaérca nosoauTh 10 93% 6Ges morepu kauecrsa. Ha puc. 14 mokasanb
HPUMEPDHI PelieHns 3a/[a9u acCOIUAIUl CJIOB C IIOMOIIIO MOJIE/IeH, ITOCTPOEHHBIX 110 aH-
[JIOSI3bI9HON Bukmnie .

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

B 3agaue cemanTuueckoit 6sin3octu 1oKyMeHToB PWE yBepenHo onepekaioT BeKTOp-
uyto mozaenb DBOW [36], cienuasibro pa3paboTaHHYIO [JIsl TOUCKA CEMAHTHIECKH OJIu3-
KHX JOKYMEHTOB.

Kpowme toro, APTM mo3Bosisier 00001muTh TeMaTuIecKue MOJIE/IH JUCTPUOYTUBHON
CeMAaHTUKHU JIJIsi MyJIBTUMOAa/bHbIX KoJutekiuii [102]. Vcnoab3yst qaunbie o naphoif co-
YeTaeMOCTH TEPMOB PA3JIMYHBIX MOJIAJILHOCTEH, BO3MOXKHO CTPOUTH MHTEPIPETUPYEMbIE
TeMaTU4IeCKne BeKTOPHBIE IPEeJICTaBIeHU /I BceX MojabHocTell. B To ke Bpems, npu-
BJICUEHHE JIOMOJTHUTETbHON MHMOPMAIMU O JIPYTUX MOJAJIbHOCTAX IOBBIIMIAET KA4eCTBO
pelenus 3a/ia4u OJIM30CTH CJIOB.
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Accouynauyns Pe3synerat ARTM Pesynbrar word2vec
king — boy + girl queen, princess, lord, prince queen, princess, regnant, kings
moscow — russia + spain madrid, barcelona, aires, buenos madrid, barcelona, valladolid, malaga
india — russia + ruble rupee, birbhum, pradesh, madhaya rupee, rupiah, devalued, debased
better — good + bad really, something, thing, nothing worse, easier, prettier, funnier
cars — car + computer computers, software, servers, implementations | computers, software, hardware, microcomputers

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

14 MopennpoBaHue CBA3HOIro TekCcTa

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

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

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

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

p(s|d) = Zpt|d pr|t"5w—29tdngpmw.

tel wWES teT wWES

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

Z Z lnz Ota H ou + R(®,0) — max, (61)

deD seSy teT weSs

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

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

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

Puas = norm (01 TT &ii);

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

AnasorndaeiM 00pa30M 3ajada CTABUTCS JIJIs MoJeau mnpejgioxkennii senLDA [19] u
JUIst MoJiesin KopoTkux coobmennit Twitter-LDA [161]. B ofoux ciydasgx perysspusa-
TOPOM SBJILIOTCA alpHOpHbIe pacupenenenns dupuxie. B momenn Twitter-LDA B posn
JIOKYMEHTOB BBICTYHAIOT aBTOPbI, B POJIU CEIMEHTOB — COOOIIEHHST JIAHHOTO aBTOPA.

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

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

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

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

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

Memod TopicTiling [108] ocuoBan nHa mnocr-obpaborke pacupempesnenunii p(t|d, w;),
1 =1,...,n, moJy9aeMbIX KaKO#-1u00 TeMaTuIeckoit Mosiesibio, Hanpumep, LDA. Oupee-
JIIM TeMaTHKY IIpe/JIoZKeHHs S KaK cpejmioln TeMaTuky p(t|d, w) Beex ero cios®. Ilocun-

>Tounee, B [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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TaeM KOCUHYCHYIO OJIM30CTh TEMATUKU JIJIs1 BCEX LIap COCe/IHUX Mpeiiokenunit. Hem riyOxke
JIOKQJIbHBITT MUHUMYM OJIM30CTH, TeM BbIIE YBEPEHHOCTD, YTO MeK/1y JIAHHOM 11apoil 1pe/i-
JIOZKeHH# npoxoauT rpanuia cermenToB. Merto TopicTiling ucmonib3yer Hadbop IBPUCTHK
JIUIS TIOJI00pa YUCa MIPeJIOKEHUil ¢/ieBa U CIpaBa OT JIOKAJIbHOIO MUHUMYMa OJIM30CTH,
OIIpeJIe/IeHHST YUCIAa CEITMEHTOB, IMOAO0pa YHCIa TeM U YHCJIa UTepalldii, HT'HOPHPOBAHUSI
CTOTI-CJIOB, (DOHOBBIX TeM U KOPOTKUX HPEJIOKeHNT. AKKypaTHasi HaCTPOiiKa mapamMeTpoB
9TUX IBPUCTHK [O3BOJISIET JIOCTHYb BBICOKOTO KadecTBa cermenTanuu |108].

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

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

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

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

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

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

0
deD wed teT

U OrPAHUYEHUSAX HEOTPUIATETLHOCTH U HOpMupoBKH (10).

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

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

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

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

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

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

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

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

Z pzdw 8R

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

Qtdw ( — aptd

Pzdw

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

deD wed

HoxkazareabcTBo. Bocronb3yemcs popmystoit quddepennupoBanms CJI0KHOM DyHK-

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

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

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

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

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

Teopema JjiokazaHa.

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

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

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

KL(|—C1” | p(t|d,w)) — max.

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

R(IT) = —é Zanw Zlnptdw — max.

deD wed teT

[TojcraBuM 1IPOU3BOIHYIO
OR(II) T Ngw

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

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

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

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



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

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

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

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

wESs wes

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

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

Dtdw = Dtdw | 1 — 7 Z Nsw L . szdw

n n
dw s€S, s Dtds 2T Dzds

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

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

15 Kputepnn kayectBa TeMaTnHeCKnNx Mmogenei

KpI/ITepI/II/I KadyeCTBa TeMaTHu4Y€eCKUuxX MO,Z[eJ’[eIL/,I IIPpUHATO JIeJIUTb Ha BHYTPEHHHE
(intrinsic) u BHemnue (extrinsic). Buympennue Kpumepuy, XapakKTepusyoT Ka4ecrBo Mo-
JIeJIM 110 UCXOMHON TEKCTOBOW KOJLIEKIHU. BHewnue kpumeput ONEHHBAIOT HOJIE3HOCTh
MOJEIU C TOYKH 3peHHs IPUJIOKEHHS U KOHEYHBIX MOJb3oBareseil. IHorma g sToro
HPUXOJUTCsE COOMPATH JIONOJIHUTEIbHBIE JaHHbIE, HALIPUMED, OLEHKH aceCcCOPOB.
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BHewHne kputepun kpaiiie pa3zHooOpa3Hbl U 3aBUCAT OT pelIaeMoil HPUKJIAJIHON 3a/1a-
qu. [IpakTudyecku B KazkJ10# 1yOJIMKAIUK 110 TEMATHIECKOMY MO/IEJIMPOBAHUIO MCIIOJIb3Y-
ercsi KaKOi-Ti00 BHEIIHUI KpUTepuii: KauecTBo Kiaaccudukanuu J0KyMenTos [111], Tou-
HOCTb M HOJIHOTA MHMOPMAIMOHHOTO ToucKa [155, 14, 7, 12|, yucsio HaiileHHBIX XOPOIIO
HHTEpIpeTHpyeMbIX TeM [17], kKadecTBo cermentanun Tekcros [108]. B [35] mpemaraercs
METOJUKA JUAI'HOCTUKN MO,ZLe.HefI, OCHOBaHHAa4d Ha COIIOCTAaBJICHUN HaI';I,H‘eHHbIX TeM C 3apa-
HEeEe U3BECTHLIMU KOHICIITAMM.

Mepnnekcna. Haubosiee pacupocrpaHéHHbIM BHYTPEHHUM KPHUTEPUEM SIBJISECTCH Nep-
naexcus (perplexity), ucnosnb3yemast st OIEHUBAHES MOJIe/Ieil A3bIKa B KOMIIBIOTEPHOI
JMHTBUCTUKE. DTO Mepa HeCOOTBETCTBHs WM «YAUBICHHOCTH» Moiean p(w|d) Tem Tep-
MaM W, KOTOPbIe MbI HADJII0/IaeM B JIOKyMeHTax d kojutekiuu D. Oua onpejessercs: depes
log-tipaBononobue (9), mubo depes log-npasaonogobue (34) Kazx/10if MOJAIBHOCTH M

1
perp,,(Dip) =exp(——> > ng,Inp(wld) ), (73)
™ deD wew™
TAE Ny = >, Y. Ngy — JUIMHA KOJLUIEKIMU 1O M- MOAAILHOCTH. eM MeHbIne 1ep-
d€D weEW™

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

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

He,ZLOCTaTKOM IEePIIJICKCUU dBJIACTCA HEOYEeBUAHOCTDb €€ YMCJIeHHBIX 3Ha‘{eHI/II71, a TaKzKe
e€ 3aBHCHMOCTD He TOJBKO OT KadecTBa MOJIE/H, HO H OT PsJjia MOCTOPOHHUX (PaKTOPOB —
JUTHHBI JTOKYMEHTOB, MOITHOCTH U Pa3peKeHHOCTH CJI0Baps. B 9acTHOCTH, ¢ HOMOIIBIO
IIEePIJIEKCUU HEKOPPEKTHO CPpaBHUBATDHL TEMATUYCCKUE MOIEJ/IN O,H,HOI';I U TOH 2Ke KOJIJICKIIUH,
IIOCTPOEHHbIE Ha PAa3HbIX CJIOBApPAX.

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

HemocrarkoM KOHTPOJIBHBII HEPILTIEKCHH SIBJISIETCA BBICOKAs IyBCTBHTEIHLHOCTD K PeJI-
KAM M HOBBIM CJIOBaM, KOTOpbIE IPAKTHIECKH OECIIOJIe3HBI JIJId TeMATHIeCKHX MOJIe-
jqeii. B paHHEHX 3KcmepuMeHTax ObLIO MOKa3aHo, 9ro LDA cymmecTBeHHO HTpPeBOCXOIHUT
PLSA 1o nepmiekcun, orkyaa 0661 caeqaan BoiBoj, 4o LDA menbie nepeobyuaercs [27).
B |4, 103, 5| 6bLiu npe/iyiozKeHbl pobacmmvie MeMamuieckue mModet, OMUCHIBAIOLIAE PeJi-
KHe CJI0Ba CIEeIuaJIbHBIM «(OHOBBIM» pacipesensenneM. [lepiurekcus podacTHBIX BapHaH-
toB PLSA un LDA oka3zajach CyImecTBeHHO MeHbINeil 1 MPaKTUIeCKH OJMHAKOBOIA.

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

BorpbmuHCTBO CyMEeCTBYIONMIX METOI0B ONEHUBAHUS WHTEPIPETHPYEMOCTH OCHOBAHO
Ha [IPUBJIEYEHHN KCIePTOB-aceccopoB. B [89] skcmepram mperaragoch HEMoCpeCTBEHHO
OIEHUBATD MOJIE3HOCTh TeM [0 TPEXOAIbHOl miKaxe. B merome unrpysuit [30] mis kaxk-
JION HalijleHHOW TeMbl cocTaB/isiercs ciucok u3 10 nHauboJiee 4aCTOTHBIX CJIOB, B KOTOPBIi
BHEJIPS€TCd OJIHO cJiydaitHoe cjioBo. Tema cuumraercs MHTEPHPETUPYEMOM, €C/iu I110J1aB-
Jisgoree OOJIBIMMHCTBO JKCIEPTOB IMPABUJIBHO YKAa3bIBAIOT JIUIIHEE CJIOBO. DKCIEPTHBIE
IOJIXO/IbI HEOOXOAUMBI Ha CTAUU KMCCJIe/IOBAHUN, HO OHU 3aTPYIHSIOT aBTOMAaTHYECKOEe
IIOCTpOEHHe TeMaTHIeCKuX Mojereil. B cepuu pabor [89, 90, 90, 83] mokazano, 4to cpe-
JI1 BEJIMYUH, BBIYUCJISEMBIX 110 KOJIJIEKIIMU aBTOMATHYECKH, JIydIle BCEro KOppeJaupyer
C 9KCIIEPTHBIMU OLEHKAMU HHTEPIPETHPYEMOCTH kozepenmmocmo (coherence).

Tema nasbiBaercst Kozepenmmol (COrIACOBAHHO), €c/au TepMbl, HauboJee YacTbie
B JIAHHO¥ TeMe, HeCJIy4aiiHO 9aCTO COBMECTHO BCTPEYAIOTCS Ps/IOM B JIOKYMEHTaX KOJIJIeK-
muu [90, 91]. HucaeHHON MepOil KOPePEHTHOCTH TeMbI © SIBJISETCS MOTOYeYHAs B3auMHAs
undopmarus (60), Berauciasemas mo k Hanbosee BEPOATHBIM CJIOBAM TEMBbI:

k=1 &
2
coher; = WE=D) Z Z PMI(w;, w;), (74)

i=1 j=i

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

KorepeHTHOCTD MOJE/IH OIpee/IsdeTcs KaK CPeJHss KOepeHTHOCTh coher; Beex TeM.
KorepeHTHOCTH MOXKET OIEHHBATHCS O CTOPOHHE(l KoJuteKiuu (Hampumep, mo Bukunme-
qun) |87, 6o 10 TOM ke KOJUIeKIUH, 110 KOTOPOil crponTest Moge b |83

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

B [133]| BBOssiTCS KOCBEHHbBIE MEPbI MHTE€PIPETUPYEMOCTH TeM, He TPeDyIoIie [pH-
BJIeUeHNd aceccopoB. [Ipenmonaraercd, 9To nHTEpIpeTHpyeMas TeMa J0IKHA COIePKATD
AeKcuveckoe A0p0 — MHOZKECTBO CJIOB, KOTOPBIE ¢ DOJIBIIONI BEPOITHOCTBIO YIIOTPEOITIOT-
cs B JIAHHOU TeMe U PeJIKO ylnoTpebJIsdioTes B JIpyrux remax. B rakom ciydae marpuiibl P
u O JI0/KHBI 00JIaIaTh CTPYKTYPOil Pa3peKeHHOCTH, AHAJIOTUIHON puc. 8.

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

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

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

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

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

deD wed teB

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

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

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

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

16 TlpoekTt BigARTM

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

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

1 # Import all necessary tools and data

from sklearn.feature_extraction.text import CountVectorizer

3 from sklearn.datasets import fetch_20newsgroups

4+ from numpy import array

5 import artm

¢ # Extract data using sklearn and numpy

7 cv = CountVectorizer (max_features=1000, stop_words=’english’)
s n_wd = array(cv.fit_transform(fetch_20newsgroups().data).todense()).T
o vocabulary = cv.get_feature_names()

10 # Create batches and dictionary

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

12 n_wd=n_wd,

13 vocabulary=vocabulary)
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14 # Learn simple PLSA model

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

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

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

19 # Print perplexity values by iterations

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

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

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

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

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

w

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

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

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

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

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

s # Load dictionary back during next BigARTM launch:

¢ dictionary = artm.Dictionary()

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

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

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

s # Then, load it back

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

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

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

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

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

SmoothSparsePhiRegularizer — peayaapus3amop c2aaicusaHuA—pPaspPeHCuUsaHUl Mam-
puyo, P, peasmzoBan 1o gopmyiie (30) ¢ mHebObIIM 0600IIEHIEM:

Owt = {lﬂt)ervlvn(nwt + 7Buf (Pur))-

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

SpecifiedSparsePhiRegularizer — peeyaspusamop paspescerrnocmu P, peanuso-
BaH II0 TOil Ke dopMmyJie, HO T[3,, SIBIIETCA KOHCTAHTOI U MOAOHpAETCSI TaKHM 00pa3oM,
4TOOBI IO/ HYJIEBBIX 3JIEMEHTOB B Marpuile ¢ okazajgach He HHKe 3a/JJaHHOIO ITOPOTa.
[Tpu srom dyukuus f He ucnosbdyercs, 1o ecrb f(z) = 1.
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SmoothSparseThetaRegularizer — pe2ysapu3amop CaAaHCUSGHUA—DPA3PEANCUCAHUA
mampuyse O, peanuzosan o dgopmyie (31), ¢ anagornaHbBIM 0600IEHIEM:

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

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

DecorrelatorPhiRegularizer — pezyasapu3amop 0eKkoppesuposarus mem 6 Mampu-
ye @, peasmzoBan coracHo (32). Ot mosb3oBaress Tpebyercst ykaszarbh Koddduipenr
peryagapu3alnuid T U CIACOK MOJAJBHOCTEl, HA KOTOPBbIe HY2KHO BO3JICiCTBOBATD.

TopicSelectionThetaRegularizer — pezyaapusamop ombopa mem 6 mampuye O,
peasuzoBan 1o dbopmyste (53). EAMHCTBEHHOE OTJIHYNe 3aKTI0IAeTCsI B HATHIHHA MACCHBA,
MHOXKHTeJIE (v, KaK B PEryaspu3aTope CriakKuBaHuI—pa3peKuBaHug O.

SmoothTimeInTopicsPhiRegularizer — pe2yaapus3amop C2AaiHCUuUGAHUL MeM 10 MO-
dasvrocmu epemeny 6 mampuye P, peammzoBan o dopmyie (42). st KOppekTHO# pa-
00Tbl peryssipu3aropa Tpedyercs yKas3arb UMs MOJAJbHOCTH BPEMEHU U PACIOJIOKHTH
TepMbl BpEMEHH B cjioBape U B Marpuiie ¢ B XpOHOJIOIHIECKOM TOPSIJIKE.

NetPlsaPhiRegularizer — peeyaapuszamop NetPLSA das modanvrocmu eepuiur 2pa-
da 6 mampuue P, onpenensercsa mo popmysie (56). B mokyMeHTax J10JKHBL OBITH 3apaHee
3alllCaHbl TepMbI BepinuH rpada v. B mapamerpax peryasapu3zaropa 3a/al0Tcd IMEHA Bep-
muH v, uX Beca (MomaocTH MHOKeCTB |D,|) 1 Beca pédep rpada wy,.

ImproveCoherencePhiRegularizer — pezyaapusdamop Ko2epernmuocmu, Peaan30Ban
o dopmyse (59) u B KadecTBe mnapamerpa Tpedyer cJI0Bapb MAPHONH COYETACMOCTH
ciioB Cy, (cOBpaTh ero MOKHO ¢ MOMOIIBI0 BCTPOEHHOTO MapCepa).

BitermsPhiRegularizer — pezyaapusamop O6umepmos, peaau3oBaH 1O (opmy-
aam (57)—(58) u B KauecTBe mapaMerpa TakK:Ke TPeOYeT CJI0BAPb YaCTOT OUTEPMOB 7,
(3aa4a ero cOOPKU JIOKUTCSA HA MOJH30BATE).

LabelRegularizationPhiRegularizer — wacmommnwid peeyaapusamop mampuio, ©
JUtst Kiracendukanuu ¢ HecOaJaHCHPOBaHHBIME KJiaccamu. PeasuzoBan o ¢gopmyJe (51).
B kauecrBe mapamerpa rpedyer cjoBapb KJacCOB CO 3HAUYEHUsIMEU UX MOUHOCTedH |D,|.

HierarchySparsingThetaRegularizer — pe2ysapus3amop uepapruieckoz20 paspescu-
sanuA O, HCIOJb3yeTCs I pa3peKuBaHUs MATPHUILI CBA3EH MEK/Iy POJIUTETbCKIME Te-
MaMH{ U UX JOYePHUMHE IIOTeMaMU B HepapXuIecKuX MoJe/sax, cormacuo dbopmynre (55).

TopicSegmentationPtdwRegularizer — pezyaapuszamop E-waza dra paspescusanus
ceemMenmos 6 Mampuyas (P ), oupeaeasemblii o dopmyse (72).

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

Peryisipuzaropbl MOryT BKJIIOYATHCS, OTKJIOUATHCA UM MOJAU(PUIIMPOBATHCS B JIIOO0M
MOMeHT Mezk/ay Bbi3oBamu fit_offline msm fit_online, 4To mO3BOJIAET, B COBOKYIIHO-
CTH C KOHTPOJIEM MeTPHK KadecTBa, I'MOKO IMepecTpamBaTh CTPATErHI0 PeryIsapH3alin
B COOTBETCTBUU C TEKYyIIUM COCTOAHHUEM MOJIECJIN. HpI/IMepZ
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1 reg = artm.DecorrelatorPhiRegularizer(name=’decor’, tau=le+b)
> model.regularizer.add(reg)
3 model.scores.SparsityPhiScore(name=’sparse’)

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

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

©

MeTpukn kauectBa 100aBJIAIOTCAI 4depe3 moJigd scores oobekra ARTM. B sror momeHnT
Yy MHOI'HX METPHK MOXKHO 33/1aBaTh IapaMeTpbl. Belduc/ieHHbIe 3HAUYEeHUs] METPUK H3BJIe-
KAIOTCsI depe3 1oJjis score_tracker.

PerplexityScore — nepnaercus, Borancisiemas 1o gopmyde (73). s eé koppekr-
HO PabOThl HYKEH CJI0BaPb, COJ/IepKalliii HOPMUPOBAHHbIE YACTOTHI CJIOB B KOJLJIEKIIMH
(ne MomudunupoBanube 3HaveHus value st Kazkaoro ciosa). OHI UCHOTB3YIOTCSA B Ka-
9ecTBe AMMPOKCHMAIMH HYJIEBBIX 3HadeHuii p(w|d) u mMO3BOJISAIOT KOPPEKTHO ONEHUBATH
MOJIe/IX Ha OJIHOM CJIOBape, HO C Pa3HO CTeleHbI0 Pa3PesKeHHOCTH.

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

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

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

w

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

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

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

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

TopTokensScore — mon-cao8a 6 Memax, CIMCOK U3 3aJaHHOI'0 4YHUCJIa CJIOB C HaW-
O0JIbIIIell BEPOITHOCTBIO IO Kaxkjioih Teme. Eciu B mapaMerpax 3TOil METPHUKH yKa3aTb
CJIOBapb MapHOil COYeTAEMOCTH CJIOB, TO OY/JeT BBIYHUC/IEHA KOTepeHTHOCTDb coher; 1Mo cruc-
KaM TOII-CJIOB B TeMax, cormacHo (opmyie (74).

TopicKernelScore — #dpogvie Tapakmepucmukry mem: YIUCTOTa PUr,, KOHTPACTHOCTh
cong, pasMep sjpa ker; oneHuUBAOIIKMe Pa3IUIHOCTb M, KOCBEHHO, HHTEPIPETUPYEMOCTH
KazKJI0# Tembl t, cM. ¢Tp. 67. AHAJOrMYHO TOI-CJI0BAM, yKa3aHUe CJI0Baps MapHOil code-
TaeMOCTH 3aIyCKaeT MOJCYET KOTepeHTHOCTH, HO Telephb yzKe MO SapaM TeM.

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

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

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

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

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

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

w

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

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

1 # case 2

> model.get_theta()

3 # case 3

1 model.get_phi(model_name=model.theta_name)

Bce onucannbie Bbiliie BbI30Bbl BO3BpallaloT 00bekThl pandas .DataFrame.

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

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

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

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

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

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

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

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

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

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

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

Mepapxuyeckasa TemaTnyeckass mogesb peajin3oBana B BigARTM oT/ie/IbHBIM KJIaCCOM
hARTM. Yposuu uepapxuu cozjarorcs pynknueir add_level, jijisi KaxKJ0ro ypoBHs 3a/ia-
érca yncao TeMm num_topics. Oyuknusa add_level Bo3zBpamaeT 06beKT ARTM, ¢ KOTOPBIM
MOKHO paboTaTh KaK C OOBIYHOI <«ILIOCKOIi» MOJE/IbI0, B YaCTHOCTH, J00aBIATh K Heil
peryJisipu3aropbl. [Ipumep co3jianust 1By XypOBHEBOM MOJIeJIN:
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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(apwté’td) st Becex w € d, t € T
teT

=]

7 0,4 = norm( > NawPrdw + Qtda%—R) s Beex t € T
tel L cd td
noka 6, ve coitgércs;

9 Nt = Nt + NawPtdw A1 Beex w € d, t € T

10 dpyHkuuma FitOffline (kostekuuss D = {Dy: b € B});
11 WHHUIUAJTU3UPOBATD (O, Jjid Bcex w € W, t € T
12 NOBTOPSATH
13 (nwt) :== 3.1, ProcessBatches(Dj, ®);
IR

14 Dt 1= Izu%rvr[p(nwt + @wtm) st Becex w € W, t e T,

15 noka ¢ me coiigércs;

16 dpyHkumsa FitOnline (kosnexmusa D = {Dy: b € B}, mapaMerpsl kgecay; Kappiy: 1);
17 MUHUIUAJU3UPOBATD (O JiJisd Bcex w € W, t € T}

18 Ny := 0 jiy1st Bcex w € W, t € T,

wanai:=1,...,|B/n|

20 (Twt) := ProcessBatches({Dyi—1)+1, - .-, Dyi}, ®);

21 Nt := KaecayMwt + KappryTwe 114 Beex w € W, t € T
22 Pt 1= norm(nwt + @wtaa—R) st Becex w € W, t e T,
weW Puwt

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

Oyukiusd hier.fit_offline obydaeT TeMaTHYECKYIO HEPAPXUIO MO 33 JaHHON KOJLICK-
UK, UCHOJIB3Ys peryaspusarop (54) 171 CBI3bIBAHUS KAZKIOTO YPOBHS HEPAPXUU C POTH-
rejibckuM. Marpunbl @ u © Becex ypoBHeit MOTYT OBITH MOJIYY€HbI ¢ HOMOIIBIO (DyHKIUiT
hier.get_phi u hier.get_theta.

17 Pa3Beao4Hblii nHPOPMALNOHHbI NOUNCK

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

Jag 9TuxX ciaydaeB MOAXOMAUT MapaJurMa paseedounozo UH@OPMAUUOHH020 NOUCKG
(exploratory search) |74, 150]. Ero nesbio siBiisiercst mojtydenne OTBETOB HA CJIOZKHbBIE BO-
HPOCHI: «KaKHe TeMbl IPEJICTABICHBI B TEKCTE 3aIPOCa», «ITO YUTATH B MEPBYIO O04YePe/ib
[0 9TUM TeMaM», «9TO HAXOJUTCS HA CTBIKE TUX TEM CO CMEXKHBIMHU ODJIACTIAMEY, «Ka-
KOBa TeMaTHdecKas CTPYKTYpa JaHHON IMpeIMeTHON 00JacThy, «KaK OHA Pa3BUBAJIACh BO
BpeMeHN», «KAKOBBI IOCJeTHIe TOCTHZKEHU », «TJe HaXOIATCSI OCHOBHBIE TIEHTPBI KOMITE-
TEHTHOCTU», «KTO SIBJISIETCS IKCIIEPTOM 1O JAHHON Teme» u T. 1. [lonb3oBaresb 00baHOI
HOUCKOBOH CHCTEMbl BBIHYZK/IEH UTEPATUBHO 11epedOpMy/IMpoBaTh CBOM KOPOTKHUE 3aIPO-
Chbl, PACIIUPsis 30HY MOUCKA [0 MepPe YCBOEHUsI TEPMHUHOJIOTUU MPEAMETHOI objacTu, re-
PUOJIUYECKH IepecMaTpUBas U CUCTEMATU3UPYs Pe3yJIbTaThl MOUCKA. DTO TpedyeT 3aTpaT
BpeMeHN U BbICOKOW KBasmdukanuu. [Ipu oTcyTecTBUE HHCTpYMeHTa I MOJIydeHus «00-
et KAPTUHBI» OCTAETCS COMHEHNe, 9TO KaKUe-TO BayKHbIe ACEeKTHl U3y9aeMOoil mpobIeMbl
TaK U He Oblin Haifjienbl. Eciim 00pa3sHo peJcTaBuTh UTEPATUBHBIN HOUCK Kak OJIyzKjia-
HUe 110 JIAOUPUHTY 3HAHUN, TO Pa3BEJIOYHBIII HOUCK — ITO CPEJACTBO ABTOMATHUIECKOTO
HOCTPOEHMS KapThl /IJTd JTI000i 9acTu 3TOro JIaOUpPUHTA.

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

CucreMa TeMaTHIECKOr0 Pa3BeJOYHOIO IMOMCKA CHAYaJa CTPOUT TEMATHYECKYI0 MO-
JIeJIb 3aIpoca U ONpeIegeT KOPOTKHIl CIIMCOK TeM 3alpoca. 3aTeM Jjisl MOMCKA, JJOKYMEH-
TOB CXOKeil TeMaTHKU MPUMEHSIOTCS Te yKe MeXaHU3Mbl NHAEKCUPOBAHUS U IMMOUCKA, TOTb-
KO B POJIU CJIOB BBICTYHAIOT TeMbl. [[0CKOTbKY 4HMC/I0 TeM Ha HECKOJBKO IMOPA/IKOB MEHbIIIE
o0béMa cJI0Baps, TeMATUIECKUI TOUCK TPeOYeT HAMHOI'O MEHbIIE MaMATU 110 CPABHEHUIO
C IIOJIHOTEKCTOBBIM IIOMCKOM N MOXZKET 6bITb peaJjin30BaH Ha BeECbMa CKpOMHOﬁ TEXHUKE.
TeXHO.HOFI/II/I I/IH(I)OpMaI_[I/IOHHOFO IIOUCKa Ha OCHOBE TeMaTHU4Y€CKOI'O MOJE/JIMPOBaHUA B HA-
crosiee BpeMsl HAXOIATCS B CTIIH HCCIe0BaHui U pa3paborok [121, 22, 98, 29, 13, 142].

B nutepatype 1mo pa3BegoIHOMY HOUCKY TeMaTHIeCKOe MOJIETHPOBAHNE CTATNA HCIIOTb-
30BaTh OTHOCHTEJIbHO HemaBHO (112, 47, 109, 129], a MHOrHE 0630pBI O HEM BOODIIE HE YIIO-
vuHaror [43, 106, 119, 56, 75, 53|. B uemaBueii crarbe [129| BaxKHBIME TPEHMYIIECTBAME
TEMATHYICCKUX MO,H,e.HeI.?'I Ha3bIBAIOTCHA FI/I6KOCTb, BO3MO2KHOCTH BHU3YyaJIU3allUX W HaBUI'd-
nuu. B 10O ke Bpemsi, B Ka4ecTBe HEJI0CTATKOB OTMEYalOTCs IPobJIeMbl ¢ HHTEPIPEeTUpye-
MOCTBIO TeM, TPY/IHOCTH ¢ MOIHpUKAIIIEH TeMaTUIeCKO MO/IE/IA IPU IOCTYILICHIU HOBBIX
JIOKYMEHTOB M BBICOKAsI BBIUUCIUTETbHAS CJOKHOCTD., DTU HPOOJIeMbl OTHOCATCA K yCTa-
PEBIINM MeTO/laM M YCIEITHO pelleHbl B MOCJeIHHe TOJbl: JeCATKH HOBBIX MOeseil pas3-
paboTaHbl JijIsl Y1y dlleHrus UHTEPUPETUPYEMOCTH; OHJIARHOBbBIE aJITOPUTMbI CLIOCOOHBI 00-
pabarbiBaTh DOJIBIINIE KOJUIEKIMN U MOTOKK JOKYMEHTOB 3a JuHeiinoe Bpems |80, 20, 131].
C apyroit ¢ropoHbl, B padoTax 0 TEMATHICCKOMY MOJIEJIHPOBAHUIO PA3BEIOIHBIN HOMCK
JaCTO HA3BIBAIOT OJHAM U3 BaKHEUITNX MPUIOKEHNI, & OMEHKN Ka9ecTBa MONCKA MCIOTb-
3yroT Jist Baauganun Mogesteit [155, 14|, Oguako 9T wccjae0BaHus MOKA He MPHUBEIN
K CO3/I@HUIO OOIIEOCTYIIHBIX CHUCTEM Pa3BeJOYHOI0 Houcka. Bcé 310 roBopur o pa3ob-
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MEHHOCTU HAy4HBIX COO0DIIECTB, pa3padaThbiBAIONIUX ITU JiBa HalpaBjieHus. TeHeHIus
K UX COJIMKEHUI0 HAMETHJ/IACH JIMIIh B ITOCJIEHUE TO/bI.

Temarndeckast MOJE/Ib JJIsi PA3BEJOYHOIO HMOMCKA JIOJZKHA YAOBICTBOPATH MHOI'UM
TpeboBaHuIM OAHOBpeMeHHO. OHAa JIOJIZKHA COCTOSIThH M3 XOPOIIO HHTEPIPETUPYEMBIX TEM,
IIOCKOJIbKY Te€Mbl MHTEHCUBHO HCIOJIb3YIOTCS B II0JIb30BATEILCKOM HHTepdeiice s Ha-
BHUTAIUHU 110 KOJUIEKIIMU U BU3YaJIU3AIUU Pe3y/IbTaToB rnoucka. OHa J0KHA OBITH pa3pe-
JKEHHOi1, 9TOOBI KazK/IbIil JOKYMEHT COCTOSIT U3 HEOOJIBIIIOr0 THC/Ia TeM — 3TO HeOOX0 MO
st 9 MEKTUBHOIO XpaHeHUsT HHBEPTUPOBAHHOIO HHAeKca. OHa JM0JIZKHA ObITH HepapXu-
9eCKOM, 9TOOBI 0JIb30BATE/Ib MOI' IIOJIYUUTh [IPEJICTABIEHIE O TEMATHYECKOH CTPYKTYpe
peIMeTHOl 001acTH Ha JIIoO0M ypoBHe jeTaju3anuu. OHa JT0zKHA aBTOMaTHIeCKH OIpe-
JIEJIATD YUCJI0 TeM Ha KazKJO0M YPOBHE HEPAPXUHM U aBTOMATHYECKH CO3/I1aBaTh U MMEHO-
BaTh HOBbIe TeMbl. OHA JI0JIZKHA ObITH MYJIBTUTPAMMHOM’, TaK KaK BbIJEJICHHE KJIIOUEBBIX
¢dpa3 1 TEPMUHOB CYIIECTBEHHO Y1y YlIae€T HHTEPIPETHPYEMOCTb TeMbl. OHa J0/2KHA ObIThH
MYJIbTHSA3BIYHON B TeX MPHJIOKEHHUSIX, IJe TPedyeTcss KPOCC-sI3bIIHbII TOMCK, HAIIPUMED,
Hpu aHajm3e naTeHTHbIX 0a3. OHa JI0/KHA ObITh MYJIBTUMOJAJIBHON, 9TO0BI yINTHIBATH
MeTaJaHHble JOKYMEHTOB, BKJIOYas aBTOpOB U IuTHpoBanue. OHa J0/2KHA OBITH TEM-
OPAJIbHOM, YTOOBI BBISBIATDL JUHAMHUKY pa3Burusa TeM. OHa J102KHA ObITH CerMEHTH-
pyfoieit, 9To0bl He TOJIBKO HAXOJMTh PEJEeBAHTHBIE JTOKYMEHTHI, HO U YKa3bIBATh B HUX
KOHKpeTHbIe cerMeHThl. OHa JI0/I2KHA ObITh 00y4aeMOil 110 OIEHKAM acecCOPOB WU JIONaM
HOJIb30BaTe 1eil, 94TOOBI IOCTOSHHO YJIy4IlIaTh KadecTBO MOoucKa. Hakoner, peasu3aiius
JIOJI2KHA OBITH OHJIAHOBOI, apaJsie/IbHOR U pacipeneéHHoi, 4To0bl 3 deKTHBHO 00pa-
O6aTBIBATh OOJIbINNE KOJIJIEKIIMH TeKCTOB. TakuM 00pa3oM, MHOIHE BO3MOXKHOCTHU JIOJIZKHBI
ObITH O0'bEIMHEHBI JIJIsi CO3/aHUsI CEPBUCOB PAa3BEI0YHOIO ITOUCKA.

KadectBo pa3Bego4Horo noucka. Mogenr ARTM s pa3BemgodHoro momcka ObLIa,
upegioxkena B [12| u yiayuamena B |153]. s u3Mepenus: kauecTBa pa3BegodHOIO TeMa-
TUYECKOI'O IOHUCKa HUCIIOJIb30BaJIMCh KPUTEPHUU TOYHOCTHU K IIOJIHOTbI Ha OCHOBE OLCHOK
aceccopos. st onenuBanus Obljla cocTaBjieHa BbIOOPKa 3aIIPOCOB — 3aJlaHUil pa3Be/104-
HOro nmoucka. Kazk eIl 3ampoc mpeacTaB/igil codoil TeKCT 00 bEMOM OKOJIO OJHOI CTpaHUIILI
dopmara A4, onuceiBafonuii TeMaTHKy moucka. Kaxkmoe 3aganne cHada 8 BBIIOJIHIIOCH
HE3aBUCUMO HECKOJIbKUMH aCeCCOpaMM, 3aTeM CUCTeMOU TeMaTH4eCKOI'O IOUCKA, 3aTeM
eé pe3yJ/ibTaT CHOBA OlleHUBaJICd aceccopamu. /laHHas METOJMKA HO3BOJISET, €JUHOK /b
c/iesiaB Pa3MeTKy pe3y/IbTaToB HOMCKA, MHOIOKPATHO OIEHUBATH KA4eCTBO PA3JIMYHbIX Te-
MaTHYEeCKHX MOJeIeil 1 MeXaHH3MOB MOUCKA. DKCIEPUMEHTHI HA KOJJIEKIUAX 175 Thicad
cTaTell PyCCKOSI3BITHOIO KOJIJIEKTUBHOTO Osora habrahabr.ru u 760 Thicad cTaTeii aHIIO-
sI3BIYHOrO OJ10ra techcrunch.com mokas3aJjd, 9TO TeMATHIYECKHH IOMCK HAXOIUT OOJIbIIe
peJIeBAaHTHBIX JIOKYMEHTOB, Ye€M aceccOpbl, COKpallas CpejlHee BpeMs IIOMCKa C 10JLy4a-
ca JIo CeKyHjipl. KoMOuHupoBaHue peryJsipu3aTopoB JeKOPPEJInPOBaHUsl, PAa3PeKUBAHUS
U CTVTayKUBAHUS BMECTe C MOJAJIbHOCTIAMHA N-TPaMM, aBTOPOB U KaTeTOphil 3HAYUMO YTy -
[IaeT Ka4eCTBO MOMCKA U IIO3BOJIAET JOCTHYDL TOYHOCTH Bhlre 80% u momnors! Boime 90%.

Busyanusauunsa. Cucremarusanus pe3yJbTaToOB TeMATHIECKOTO MOUCKA HEBO3MOXKHA 0e3
HHTEPAKTHBHOIO rpaduveckoro mpejacrabienns. B o63ope [2] onuchiBaiorcs u cpaBHU-
BatoTca 16 Cpe/lCcTB BU3yaJU3AIMH TeMATHIECKHX MOJeseil Ha OCHOBe BeO-mHTepdeiicoB.
Em@ 60/1bie neit MOKHO HOUEPIHYTH U3 HHTEPAKTUBHOIO 0030pa’, KOTOpbIil HACUNTHIBA-

Shttp://textvis.lnu.se — HHTEPAKTUBHLIH 0030D CPECTB BUH3YaJI3aIINH TEKCTOB.
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er 6oJsiee 400 cpejicTB BudyaJin3aiuu TekcToB. HecmoTpst Ha Takoe 001raTcTBO TEXHUYECKUX
pelnieHuii, OCHOBHbIX UJIell BU3yaJIM3alUU TeMATUYeCKUX MOJiesieil He TaK MHOI'O: 9TO Jinho
JIByMepHOe 0TOOparkeHne CeMaHTUIECKON OJM30CTH TeM B BHJie Ipada WJIH «I0POXKHON
KapThl», JTHOO TeMaTu4IecKas nepapxus, Tu00 JUHAMUKA Pa3BUTH TEM BO BPpeMeHH, JTU00
rpadoBasgd CTPYKTypa B3aUMOCBs3eil MeK/Iy TeMaMt, JOKYMeHTaMd, aBTOPaMU WJIH HHbI-
MU MOJQJIbHOCTSIMU, JINOO CEIMEHTHAs CTPYKTYPa OTJE/bHbIX JIOKYMEHTOB.

['padpuueckast Busyasusaiust OOJILIIUX JIAHHBIX IPAKTUYECKU DECIIo/Ie3Ha B CTATHIHOM
UCIIOJTHEHUH, HO MOZKET OKa3aThCs MOITHBIM KOTHUTHBHBIM CPEJICTBOM B CIydae HHTePaK-
THBHOI peain3anuu. D710 ObLIO moHdaTo 6osee 20 jer Ha3a  u chopmyiupoBano benom
[[TreitnepMaHOM B BHIE MAHMPHL BU3YAALHO20 NOUCKE UHPOPMAUUL: «CHATATA KPYTHBII
iaH, 3areM macuiabuposanue u bujabTpalus, jgerajiu 1o rpebosanuio»’ [117).

['pacbuueckoe orobparkeHue pesy/ibraToB TEMATUUYECKOIO MOJIEJTMPOBAHUS U Pa3Be04-
HOI'O HOKMCKA COIIACyeTcsi ¢ KoHmenuei daavnezo wmenus (distant reading), npeoxen-
HOIi corrosiorom Jureparypbl Ppanko Moperru [85]. Ou nporuBomocTasisier 10T C1ocos
M3ydeHHs] TEKCTOB HaimeMy oObraHOMY urenuio (close reading). HeBo3aMoxKHO mpoduTarh
MUJJIMOHBl KHUI' UJIM CTATEil, HO BIIOJIHE BO3MOYKHO IIPUMEHUTH CTATUCTUYECKUE METOJIbI
U rpauyeckyo BU3yaau3aluio, 4To0bl HOHATHh B OOIIUX YepTrax, O 4€M BCsd ITa JuTepa-
Typa, U HAy4YUThCs ObICTPEE OTBICKMBATH HYyzKHOE. «/lajibHee yreHne — 310 cueruajibHas
dopma mpencraBieHus 3HAaHWI, B KOTOPOWl MEHbBINE 3JIEMEHTOB, rpybee CMBICT HX B3au-
MOCB#3€il, 0CTalOTCA JIUIIbL (POPMBI, OTHOLICHUS, CTPYKTYPBI, MOJCIH» .

s oubsmorekn BigARTM B HacTosIIee BpeMsl Pa3BUBAETCS MHCTPYMEHT BU3YaJIn3a-
nuu ¢ seb-unrepdeiicom VisSARTM?, nopgep:kupatomuii Bazkueiimme (popMbl IpeICcTaB-
Jienust remarudeckux mozeseit. Marepecnoit Bosmoxkuoctoio ViSARTM sasiisiercst moctpo-
eHre cnexkmpa mem — PAHKUPOBAHHOTO CIIMCKA TeM, B KOTOPOM CeMAaHTUYECKH OJU3KHUe
TeMbl HaXOIdTcd paAnoM. ['pynmupoBanue TeM Mo CMBICTY TOMOTaeT HOJIb30BaTeIsIM OBICT-
pee HaXOJUTh TEMbI, AaKIEHTUPY BHUMaHHE Ha PA3TUIUIX MeXK/1y OJU3KIMU TeMaMH.

18 3akJsiroyeHne

TemaTudeckoe MOJE/TUPOBAHUE SBJISIETCS OJHUM M3 MHCTPYMEHTOB CTATUCTUIECKOTO
aHa/In3a TEKCTOB. 3a MOJITOPa JIeCATUICTHs] NHTEHCUBHBIX HCCJAEIOBAHUI CO3/aHbl COTHH
TeMaTudecKux Mojesieit. OCHOBHBIE UX BUJIbI BKJIIOYEHBI B JAHHBII 0030p.

Hecmorpsi Ha yciiexu reMaTudeckux Mo/ie/ieil, 0 KOTOpbIX COODMIAIOT HAYyYHbIe 11y0/11-
KaIlMK, Ha IIPAKTUKE KCII0JIb3YeTCsl B OCHOBHOM YCTAaPEBIIash MOIE/b JJATEHTHOIO Pa3Mere-
uus Tupuxie (LDA). Boubimoe paznoodbpasue Mojeseil, CJI0KHOCTh HX MATeMATHIECKOTO
OIMCAHUS Ha s3bIKe 0aiieCOBCKOTO OOYYeHMsI, HECOBMECTUMOCTD peasin3aluii co3aaoT Oa-
pPbepbl I MPAaKTHIECKOTO MpUMeHeHus 6ojiee MUPOKOro CIIEKTPa MOJIeJIeil.

Teopust addumuenoti pezyaspusayuu memamuyueckur modeaett (ARTM) u npoekr
C OTKPbITHIM KO/IOM BigARTM nanesienbl Ha npeojosienue 3rux dapbepos. B ARTM rema-
TUYECKad MO/ICJIb OUPENEJATCd IPOCTONH BEPOATHOCTHON IOPOZKAAIOMEeil MOJAe b0, Olu-
CBIBAIOIIEl CTPYKTYPY HPOCTPAHCTBA MapaMeTPOB, U «MEIIKOM PEery/ispu3aTOpOB», 3aia-
IOIUX JIONOJTHUTEIbHBIe TpeboBaHus. Peryisgpu3aTropbl aJ/IUTUBHBI, B3aUMO3aMEHIEMbI

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

8 « Distant reading is not an obstacle but a specific form of knowledge: fewer elements, hence a sharper
sense of their overall interconnection. Shapes, relations, structures. Forms. Models.» [85].

Y®emopaxa J. C. TexHomorns HHTepaKTHBHON BU3YAJM3aIlIN TEMATIIeCKIX Mofeeii. Bakamappekas
muccepranust, MO®TU, 2017 (www.MachineLearning.ru/wiki/images/d/d8/Fedoriakal7bsc.pdf).
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U JIEFKO OTTOprafoTcs or Mojesieir. VX MOKHO KOMOMHUPOBATH HPAKTUYECKUA B JIIOOBIX
COYeTaHUsIX, 9TO M IPUBOAUT K MOJIYJIbHONH TEXHOJIOIUU MoJeanpoBanus. Co3panme Mo/ie-
JIL ¢ TpeOYeMBIMH CBOIICTBaAMHU I10]] KOHKPETHOE MPHIOKEeHHe He TpedbyeT HU TPYA0EMKUX
MaTeMaTH9IeCKUX BBLIKJIAIOK, HA CO3JaHUsd aJTOPUTMHAIECKH CI0KHOTO KOJIA.

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

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

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

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

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

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

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

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

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

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

o «Temarmueckas momenb LDA mmeer HaMHOroO MeHbIme mapameTpoB, demM PLSA».
Her, marpunpr ¢ u © onenuBarorcs B 00eHX MOJIEIIX, IOCKOIbKY OHH HYZKHBI JIJIsI
upusioxkenuit. Ha camom gesie 8 LDA Gosibmie napaMerpos, 100aBasgoTcsa 5 U .
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Hekoropsie npobsiembr moka ocratorcst orkpbitbivu B ARTM. Kak yckoputs cxo/u-
MocTh perysspuzoBannoro EM-airopurva? Kak nogdupars xkodddunuentsr peryJisipu-
3allid AJANTHBHO U IMOJHOCTBIO aBTOMATHYecKn B Xoje uTepanuit’ Kak pemuts mpobie-
My HecOaJTaHCHPOBAHHOCTH TeM, KOTJIa KPYIHbIE TeMbI IpOOATC, a MeJKHe CIUBAIOTCH !
Kak obecrneynTh mocrpoeHue MmoJHOTO HabOpa XOPOIIO HHTEPIPETHPYEMbIX TeM?

B jannbiit 0630p HE BOILIM HEKOTOPbIE BazKHbIe TUIIbI MOjesieil, HallpuMep, /i aHa-
JIn3a U300pazKeHuil U BUJIEOIIOTOKOB, aHHOTUPOBAHUS M300PazKeHuil, peKOMEH 1A Te/IbHbIX
CHCTeM, CYMMapHU3allud TEeKCTOB, aHAJIM3a TOHAJHHOCTH W BBISIBJIEHUs MHEHUil, HCIOIb-
30BaHUs W MMOCTPOEHUs OHTOJIOTHI, OOHAPYZKEHUS HOBBIX TEM W MPOCTeXKUBAHUSI HOBOCT-
HBIX CIOZKeTOB. Takyke He OBIJTN 3aTPOHYTHI BOMPOCHI MHUIMAIN3ANANA ¥ AaBTOMATHIECKOTO
uMeHnoBanus TeM. He naiuia orpazkenusi B 0630pe HOBas T€HJIEHIIUS CO3/IaHus I'MOPUJIHBIX
MOJIeJIel Ha OCHOBE TeMaTUu4eCKOr0 MO/IeJIMPOBAHUA U HEHPOHHBIX CeTe.

O0630p HanuCcaH O MaTepuaJiaM Crenkypca «BepogTHOCTHOE TeMaTHIeCKOe MOJIeTUPO-

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

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

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

nocrynHa Ha caiite MachineLearning.rul!.

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