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1 BsepgeHue

Temarmdeckoe MOJE/JHPOBAHIE — OIHO M3 COBPEMEHHBIX HAIIPABJIEHHN 00pabomku
ecmecmsennozo asvika (natural language processing, NLP), akruBHO pasBuBaromieecs
¢ kouna 90-x rogos. Temarnmueckass MOJ€e/Ib KOJIJIEKIUU TEKCTOBBIX JIOKYMEHTOB OIIpe-
JIeJISIeT, K KAKMM TeMaM OTHOCUTCS KarK/IbIil JJOKYMEHT, U KaKue CJI0Ba 00Pa3yioT KazK1ylo
remy. Temarudeckoe MOIE/IMPOBAHUE HE MPETEH/IYET HA IHOJHOIEHHOE NOHUMAHUE eCIme-
cmeennozo asvka (natural language understanding, NLU), onHaKo BbISIBJIeHIE TEMATHKI
MOKHO CUHTATDH OIIPEIETEHHBIM IIArOM B 9TOM HAIPABICHUH.

Bepoammnocmmuas memamuueckas modeav (probabilistic topic model, PTM) omucei-
BAaET KaXK/yI0 TEeMy JUCKPETHBIM PACHpPeIe/IeHUeM BEPOSTHOCTEH CJIOB, & KazKJIblil JTOKY-
MEHT — JUCKPETHBIM pacipe/iesieHrneM BepositHocTeil Tem. Temarudaeckast MOJIE/Ib mpe-
obpa3yer 1000l TEKCT B BEKTOp BepogTHocTelr TeM. I1oX0xkKyro 3a7ady pemarT Moaean
sexmophoir npedemasaenutl caos (word embedding) [94, 79|, upemoxkenuii [112, 169]
1 T0KyMeHTOB [44]. OcobeHHOCTh BEPOATHOCTHBIX TEMATHYECKUX BEKTOPHBIX IIPe/ICTABIe-
HUIl TEKCTA B TOM, 9TO OHU WHTEPHPETUPYEMbIE U PA3PEKEHHBIE.

Temarndeckoe MOJEJIMPOBAHUE IOXOXKE TAKXKE HA KAACMEPU3AUUIO JOKYMEHMOB
(document clustering). Oraudre B TOM, 94TO OpH KJIACTEPU3ANUE JOKYMEHT IEJTHKOM OT-
HOCHTCS K OJHOMY KJACTepy, TOI/Ia KaK TeMaTHIecKas MOJEIb OCYIIECTBIAET MAZKYH
kaacmepusayuto (soft clustering), pasessis JOKyMEHT MeK Ly HECKOJIBKAMHE KJIACTePAMU-
remamu. Temarudeckune MOJE/IM HA3BIBAIOT TAKXKE MOJIEISIMU MSTKOW OU-K/1acTepu3aliui,
HOCKOJIBKY CJIOBA, TAKKe KJIACTEPU3YIOTCH 0 TeMaM. DTO MO3BOJISET 00XOAUTH MpodIIe-
Mbl CHHOHUMHH U TOJUCeMuu CJ10B. CHHOHUMBI, YIOTpeO/IgeMble B CXOKUX KOHTEKCTaX,
IPYNOUPYIOTCS B OJHUX M TeX Ke TeMaxX. MHOro3HadHble CJIOBa W OMOHHMBI, HA00OOPOT,
PaCIpeIesISIOT CBOM BEPOATHOCTH 10 HECKOJIBKHM CeMAHTHIECKH HE CBSI3aHHBIM TE€MaM.

Muorue npuioKeHnusi TEKCTOBOW aHAJUTHKH HCIOJIB3YIOT TEMATUYECKUEe BEKTOPHBIE
HpeJICTaB/IEHUs] TEKCTA: BBISBICHUE TPEH/JOB B HOBOCTHBIX IMOTOKAX, MATEHTHHIX Oa3ax,
HaydHbIX 1myOsmkanusx [179, 144|, muorosispraubiii undopmanuonnsiii mouck |154, 153],
KiaccuduKals U Kareropusaius J0KyMeHToB [129, 182|, Temarnueckasi cerMeHTaIust
TekcToB [165, 126], cymmapusanus TeKcToB [83], MOUCK TeMATHIeCKHX COOBIIECTB B COIH-
astbHbIX cersix [181, 146, 118, 34|, rerupoBanue Beb-crpanuil |73], obHapyKeHHe TEKCTOBO-
ro cuama [14|. CyuecTByOT u He-TeKCTOBbIE IIPUJIOKEHUST TEMATHYECKOIO MO/IEIHPOBAH ST
B aHaJmu3e n300pakeHuii u BuIeonotokos (62, 82, 55, 145|, B peKOMEH/IATEJIbHBIX CHCTE-
max [173, 160, 77, 176, 175|, B nomyasnuonsoii reseruke [121], B 6uoundopmaruke 1jist
aHAJIN3a HYKJICOTUAHBIX |74] 1 aMHHOKHCIOTHBIX HOCIe0BaTenbHocTeil [134, 72]. Ipyrue
IPUJIOZKEHUST TEMATHYECKUX MOojiesieli ynoMuHaoorces B ob3opax |45, 29, 36, 125].

[TocTpoenune TemMaTnIecKoi MOIE/IH O KOJIJIEKIUHN JIOKYMEHTOB SBJISETCSl HEKOPPEKTHO
HOCTABJIEHHOW ONTUMU3AIMOHHON 3a/laueil, KOTopas MOKeT UMeTb OeCKOHeYHOe MHOZKe-
crBo perrennii. Corsacao Teopuu peryagpusanun A. H. Tuxonosa [15], perrenne Taxoit
31291 BO3MOXKHO JOOIPEIeIUTD U CAeIaTh YCTORINBBIM. /IJIs 9TOro K ONTHMHA3AIIOHHO-
My KPUTEPHIO T00aBISETCI Pe2yAApu3amop — AOMOJTHUTETbHBIN KPUTEPHii, yINTHIBAIO-
it crieruduydeckre 0COOEHHOCTH IPUKJIAIHON 3a,/1a91 WA 3HAHUS ITPEJIMEeTHOI 00/1acTu.
B c/10:kHBIX NPUIOZKEHUSIX JIOTOJHATE/IBHBIX KPUTEPUEB MOXKET OBITh HECKOJIBKO.

Addumusnas pezyaspusayus memamuueckur modeset (additive regularization of
topic models, ARTM) — 3T0 MHOTOKpHUTEPHATIBHBIN MOAXO0/], B KOTOPOM MOJIE/Ih OMTHMH-
3uUpyeTcsl MO B3BeleHHO cymme kputepues [4, 151]. ARTM no3BoJisieT ¢TPOUTH MOJIEIN
¢ TpedyeMbIMU CBOMICTBAMU, HEPEHOCs PEryJIIPU3aTOPbl U3 OJHUX MOjeJIell B Apyrue ujin



00be/IMHSISI PEryJIsipu3aTopbl OT pa3/iMdHbIX Mojesieit. [Ljis o0ydenus: J100bIX Moje/iein u
UX KOMOMHAIMI MUCIOJIb3YETCS OJUH M TOT K€ aJI'OPUTM, K KOTOPOMY PeryJ/isipu3aTopbl
IOJIKJTIOYAIOTCS Kak Moy in [149, 56, 70]. Mosy/ibHas TEXHOTOTHS peaan30BaHa B OUGIHO-
TeKe TeMaTUIeCKOro MOJe/JTNPOBaHUsS C OTKPBITBIM KOsioM BigARTM, http://bigartm.org
[149, 56]. TToguepkuém, aro ARTM He siBJsieTcst emié OHOil MOJIETbIO WK METOIOM — 3TO
o0MIMit 110/1X0/1 K IIOCTPOCHUIO U KOMOMHUPOBAHUIO TEMATUIECKUX MOJIEJIEH.

ﬂOMHHprIOH.[HM IIOJAXO0J0M K T€MaTUYECKOMY MOAEJIMPOBAHUIO B HaCTOdLICe BpeM:d
siBJigeTcs OaiiecoBckoe obOydenme. B ommmume or ARTM, B HEM HET ecTeCTBEHHOIO pa3-
JieJIeHHS Mojiesieil Ha YHUBEpPCAJIbHBIH aJrOpUTM U OTTOPraeMble OT Hero MOJLYJIH-PEery.Jisd-
puzaTopbl. [ KazxK10# MOJIe/TH MPUXOJIUTCA 3aHOBO IIPOBOJIUTH MAaTeMaTUIECKHI BBIBOJ,
U IIPOrPAMMHYIO peajin3anuio. I3-3a cj0KHOCTH MaTeMaTHYeCKOro allapara B CTaTbsX
HaCTO OIIYCKalOTCA BazKHbI€ JIJId IIOHUMaHUA JIieTaJiu. I/IHOF,Z[a AaBTOPbI OI'PaAHUYUBAIOTCA
VIPOIIEHHBIM OIMUCAHMEM MOJEIH B BHJE HOPOZKJIAIONIEro Iporecca (generative story)
win rpadudeckoii Hotanuu (plate notation), oHAKO HOC/IEIYIONHI TIEPEXO K AJITOPUTMY
U €ro peasu3allii OCTAaéTCd HEOJHO3HAYHBIM U HEOUYEeBUIHBIM. DTH Dapbepbl MIPEIsSITCTBY-
0T IIUPOKOMY PaCIHPOCTPAHEHUIO TEMaTUYE€CKOI'O MOJAC/JIMPOBaHUA: B UH/AYCTPHUHU aHAJIN3a
TEKCTOB peJIKO MO2KHO BCTPETUTDb IIPpUMEPbl UCIIOJIb30BaHUA TEMATUICCKUX MO,Z[eJIeI'?'I CJIOZK-
uee Mopasibao yerapesureit LDA (Latent Dirichlet Allocation) [33].

OcHoBHasg 1eJIb JIAHHOTO 0030pa — IMOKa3aTb pa3HooOpa3me TeMaTHYeCKHX MojeJieii,
COCPEJIOTOUYUBIIKCH HA BazKHEHIIIeM dTale MOJIe/IMpOBaHud — (popMaIn3aiui MOCTAHOBKH
3ajiaqn. Temarudeckoe Moje/InpoBanue 00J1a/1aeT OIPOMHBIM 3a11aCOM I'MOKOCTH, 1O3BOJIs-
o1uM 00pabaTbiBaTh CJA0ZKHO CTPYKTYPUPOBAHHbIE JIAHHBIE U IPUMEHATH TeMaTUYeCKU
aHaJIM3 COBMECTHO C JIDYIMMHU METOJaMM aHaJM3a TEeKCTOB. Bropas nejb — 1nokas3arh,
YTO PEery/asdpu3alus sBJIsSeTcs He MeHee BhIpa3uTe/IbHBIM CPeJICTBOM MOJIETUPOBAHNUS, YeM
baitecoBckoe obydenune. Ha 3ToM g3bIKe BO3MOXKHO HE TOJBKO CTPOUTb M KOMOMHHUPOBATD
TeMaTUIeCKue MOJIEN, HO TaKzKe 00bICHATh UX HAMHOTO JIOCTYIIHEee U Kopode, 0e3 «3ame-
TaHHUuA 11O KOBép)) CJIO?KHOM MaTeMaTUuKH. COHOCTaBI/IMbIﬁ 11O OXBaTy " O6CTOHTeﬂbHOCTI/I
0030p DaliecoBCKUX MojieJieil 3aHs/1 Obl HECKOJIBKO COT€H CTPAHMUIIL.

Pazniensr 2-4 ansiorca 6a3obiMu. B pasgenax 5—6 uznaraerca teopus OaiiecOBCKO-
ro Mojxo/a; OHA He o0g3aTe/bHa JIjIsd MOHUMAHUS MOC/IeIYIONero Marepra/ia, HO MOZKET
OBITH IOJIE3HA IPH YTEHUU HAYJHOU JimTepaTypbl. B pasmenax 7-14 B TepMuHAX pery-
JIAPpU3aluu OIIUCbhIBAIOTCA Pa3J/IMYHbIEC BU/Ibl TeMaTUYCCKUX MO,Z[e.)’[eI';I. OHI/I IIPpaKTUYCECKHU
HE CBA3aHbl JIPYI' C APYI'OM, UX MO2KHO 4YUTaTb B IIPOU3BOJIbHOM ILOPAAKE WJIX UCIHOJIb30-
BaTb KaK IIyTeBOJUTE/b MO JuTepaType. Pa3mensr 15-16 onuchBalOT KpUTEPUH KadecTBA
TeMaTudecKux Mmojeneit. B pazaene 17 paccMaTpuBaroTCs 0COOEHHOCTH peaTu3alii aJIro-
putMmoB. Pa3zen 18 comepKuT HavdaabHbIe cBeleHNs 0 Oubsmoreke BigARTM. B pasznesne 19
o0cyzK 1aeTcsl IMPUMEHEeHne TeMaTHIeCKOro MOJIE/IMPOBaHuUs /I Pa3Be0dHOIo nHpopma-
HUOHHOIO 1oucka. B pasjese 20 HaxoauTcs KpaTKoe 3aKJIF0UeHUe.

HI/I)Ke IIpuBeJIcHa CXEMa 3aBUCUMOCTU PA34AEJIOB. Pa3ﬂe.}’[bl BEPXHEIr'o pdja ABJIAIOTCA
OCHOBHBIMH, HUKHETO — JIOTIOJIHUTEIbHBIMU.
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2 OcHoBbI TeMmaTn4eckoro MoAaesimnpoBaHUA

B srom pasmene Mbl BBeJIEM OCHOBHBIE MOHATHS U IOCTABUM 33/a9y TeMaTHIeCKOTO
MO/IeJTUPOBAHUS KaK 3329y MPUOTMKEHHOTO HI3KOPAHTOBOI'O CTOXACTUIECKOTO MaTpPUU-
HOro passioxkenusi. C nomoribio gpopmysbl Baiieca n 4acTOTHBIX OIMEHOK yCJIOBHBIX BEPO-
STHOCTEH Mbl 110JIyYUM UTEPAIMOHHbIN 11polecc, HasbiBaeMblit EM-ajropurmom. TTouemy
OH JIeHiCTBUTEJIbHO PellaeT 1OCTaB/JIeHHYIO 3a/ilady, Y3HAeM B CJle/lyIoleM pasjelle.

MpegBaputenbHas obpaboTka TekcTta. [lepej nmocrpoeHnemM TeMaTHYeCKUX MOJIEJIel
TEKCT eCTeCTBEHHOI'O f3bIKa OOBIYHO MO/BEPIaeTcs CepHH MpeoOpPa30BAHMIL.

Jlemmamusayus — 3T0 NpUBe/IeHNEe KayKIOTO CJIOBA B JOKYMEHTe K ero HOPMAaJIbHOMN
dopme. B pycckom g3bIKe HOpMATbHBIMA (DOPMAMU CIUTAIOTCS: IS CYTIEeCTBUTETbHBIX —
UMEHUTE/IbHBIHN 1aJ1e2K, €JIMHCTBEHHOe YUCJI0; JIJIsl IIPUJIAraTe/ IbHbIX — MMEHUTe/IbHbII 11a-
Je2K, €JIMHCTBeHHOE 4YUCJI0, MYXKCKOU pOJI; JJId IJIAroJIOoB, LIPUYACTU, JAeenpudacruit —
iarosi B MHGUHUTUBE. XOPOIUIUMH JIEMMATU3ATOPAMU JIjIsi PYCCKOI'O $I3bIKA CUHTAIOTCS
nocJjaeHIe BepCHH mystem U pymorphy.

Cmemmure — 3TO OTOpPachIBaHWe OKOHYAHWII W JPYIUX H3MeHAeMbIX 4YacTeil CJIOB.
OH 1OAXOMUT It AHTVIUHCKOTO SI3bIKA, JIJIsi PYCCKOTO IPEANOYTUTE/IbHA JTEMMATU3AIHS.

Yoasernue cmon-ca06. DTO HacTbie CJI0OBA, BCTPEYAIONIMECs B TEKCTax Ji000it Tema-
THUKU — HPEJJIOIH, COI03bl, YMC/IUTE/]bHbIE, MECTOUMEHMsI, HEKOTOPbIE I[JIAr0Jibl, HpUJia-
raTejbHble, Hapednd. UMcI0 TakKuxX CI0B OOBIYHO BapbUpYyeTCd B IpeesiaX HEeCKOTbKUX
coren. Ouu GecroJIe3HbI 71 TeMATHIecKuX Mojeneii. 1Ix orOpacbiBanyie mouTH He BIUSET
Ha 0OBEM CJI0Bapsi, HO MOYKET HPUBOJUTH K 3aMETHOMY COKPAIIEHUIO JIJINHbI TEKCTOB.

Yoanenue pedkus ca06 u CTPOK, HE SIBISIIONIUXCS CJIOBAME €CTECTBEHHOIO s3bIKa (Ha-
IIPUMED, COAEPKAIMX HUAPHl UM CHENCUMBOJIBL), IIOMOIA€T BO MHOI'O pa3 COKDAIATh
00BEM cJIOBaps, CHUKas 3aTPAThl BPEMeHH W MaMATH Ha MocTpoeHue Mofeneii. Pegkue
CJI0Ba, KaK MPAaBUJIO, He BIULIOT HA TeMATHKY KOJIJIEKITIH.

Buoiwdenenue karouesoir ¢hpas — XapaKTepHBIX CJIOBOCOYETAHUN W TEPMUHOB IIPEIMeT-
HO¥ 00J1aCTU — UCHOJIL3YeTCs JIjIsd yJIydlleHuss UHTEePUPETUPYEMOCTU TeM. BbijiesisiTh ux
MOZKHO C [OMOIIBIO Te3aypycoB |12| wim MeTo10B aBroMaTHdecKoro BblJAEIeHHs] TEPMUHOB
(automatic term extraction, ATE), e TpeGytomux npus/edenus skcnepros [52, 84, 131].

Pacnosnasanue umenosarnnx cyusrocmetd; (named entities recognition, NER). 9o na-
3BaHUS O0OBEKTOB PeaJbHOI0 MEPA, OTHOCIIINXCS K ONPeIeTEHHBIM KATerOpUsIM: IepCco-
Hbl, OPraHU3AIUK, I'€0JI0OKAIUU, COObITHS, JIAThl, ¥ T. J1. [lj1g pacio3HaBanus MMEHOBAHHBIX
CYIHOCTEH UCIOJIB3YIOTCs PA3JIMYHble MeTO/bI MauHHOro obydenus [103, 75, 109].

[Tycre D — MHOKeCTBO (KOJUIEKIIUS) 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/laHHOI0 KOHedHOro MuoxkectBa 1. KoJuieknus JJOKyMeHTOB
upejcrapjager cobOf 110C/1e10BaTe/IbHOCTh TPoeK (), = {(wi, d;, t;) } i=1,... ,n}. Tep-
MBI wW; U JOKYMEHTHI d; ABJSIOTCA HAOJIOJAeMbIMHU ITEPEMEHHBIMHU, TEMBbI t; He U3BECTHBI
U SBJISTIOTCST AQMEHMHbLMU (CKPBITHIMHA) MEPEMEHHBIMHE.



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 nopoxxaeHnun aaHHbix. Muoxkecrso 2 = D X W x T aB-
JISIETCS KOHEUHBIM 6EPOATNHOCTHbLM TPOCMPAHCIMEOM ¢ HeH3BeCTHO (hbyHKIHel 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-
IIOJIO2KEHUE ABJIdEeTCA BEPOATHOCTHBIM YyTOYHEHHUEM I'MIIOTE3bl «MeEIIKa CJIOB».

Buiarogaps npeiiosozKeHuio 0 He3aBUCMMOCTH, PEAIHM30BaBILYIOCS BLIOOPKY (), 3J1e-
MEHTOB 13 () MOXKHO paCcCMaTpUBATh KaK HOBOE BEPOATHOCTHOE IIPOCTPAHCTBO C 1 pABHOBe-
POATHBIME 3JIeMEeHTaPHLIMA HCXOJZaMH. B mpocrpancrse (2, JIerKO HAXOAUTL BEPOSATHOCTH
Pa3IMYHLIX COOBITHIL, IPUYEM OHH COBHAJAIOT ¢ YACTOTHLIMH ONEHKAME BepOATHOCTEl
Tex Ke coObiTuil B mpocrpancrse (2. B wacrHoctu, B npocrpancrse (2, Boiparkenue

pldw,t) =~ ld; = d] s = w] [t = 1

1=1

PaBHO BEPOSTHOCTH COOBITHS «TepM W JOKYMeHTa d CBS3aH C TeMOil t», a B IPOCTpaH-
cTBe ) OHO PaBHO BBHIOOPOUYHOIT YACTOTHOMI OIEHKE BEPOSITHOCTH TOIO K€ COOBITHSI.

JloroBopumMcs B JAaJibHEHIIEM 3allChIBATh BCe BEPOSTHOCTH B IIPOCTpPAHCTBE (), ecn
HE OroBOpeHO uHOro. MHOrue BbIKJIQJKU Oy/lyT ClpaBe/IuBbl B 000MX IIPOCTPAHCTBAX.
[Tpocrpancrso (), umeer hpopMaIbHOE OrPAHUYEHHE — OHO CTPOUTCS 110 (PUKCUPOBAHHOI
KOJLIEKIHU. Fcjim B KOJIJIEKIUIO J00aBJISIOTCS HOBBIE JOKYMEHTBI, TO HPOCTPAHCTBO 2,
N3MEHSeTCsI, TOTa KaK IPOCTPAHCTBO ) OCTaéTCa HeM3MEHHBIM.

MmnoTte3a ycnosHoi He3aBucumocTu. llogsienune TepMoB B JOKymMeHTe d 1O Teme t
3aBHCAT OT TE€MbI, HO HE 3aBUCHT OT JOKYMEHTa d, U OMUCBIBAETCS OOIIUM JIjIs BCEX JIO-
KyMEeHTOB pacipejesnerueM p(w |t):

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

BepositTHocTHass TemaTudeckass mopenb nopoxpgeHusi Tekcta. CornacHo ¢dopmy-
Jie HOJTHOH BepOATHOCTH M THIIOTe3e YCJOBHOH HE3aBHCHMOCTH, PACIpeIe/eHHe TepMOB
B JoKyMeHTe p(w | d) onuchiBaercs 6eposmHoCmHot CMeCh0 PACIPEIeIeHI TePMOB B Te-
Max @ = p(w]t) ¢ Becamu Oy = p(t|d):

plwld) = p(wlt.d)p(t|d) = Y pw|t) pt|d) = Y ubra. 2)

teT teT teT

BeposgiTHOCTHAST 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.



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

~

pei —% |4l DD0000000000000

H Uo \\\\

pwlt): 0023 DHK 0.014 Gaanc 0.018 pacnoaHasate
0.016 reHom 0.009 cnextp 0.013 cxoacTeo
0.009 HykneoTug 0.006 opTOroHanbHbiit 0.011 naTTepH

Wi, ooy Wyt /
Pa3pa60TaH cnempaano—aHanMqueCKwﬁ noaxo4 K BbIABNEHUIO Pa3MbITbIX MPOTAXEHHbIX MOBTOPOB

B r€HOMHbIX MoefiefoBaTeNbHOCTAX. MeToa OCHOBaH Hay pa3HOMacLUTabHOM OLEHWBaHUN CXOACTBa
HYKIEOTUAHBIX NOCNef0BaTENbHOCTEN B NPOCTPAHCTBE KOIPMULMEHTOB pasnoXeHust hparMeHToB
kpuBbix GC- n GA-coaepXaHus No KnacCUYecKnM opToroHasbHbiM 6asucam. HaliaeHbl ycnosus
onTWManbHO annpokcuMauum, obecneymsaiole aBTOMaTUYECKoe pacrno3HaBaHue NnoBTopoB
pasfiMyHbIX BUAOB (MPSAMbIX M MHBEPTUPOBAHHBIX, @ TaKXXe TaHAEMHbIX) Ha CMeKTpanbHOW MaTpuue
cxoAcTBa. MeToa 0AMHAKOBO XOpOLWOo paboTaeT Ha pasHbIX MaclwTabax AaHHbIX. OH nossonser
BbIABNATL CNeAbl CErMEeHTHbIX ,Clyl'll'll/lKaLlI/IFI W MeracaTeNIMTHble y4acCTKn B reHoMe, paﬁOHbI CUHTEHUN
npu CpaBHEHUU Napbl rEHOMOB. Ero MOXHO Mcnonb3oBaTb AN AeTaNbHOro Usy4yeHus q.)parMeHTOB
XPOMOCOM (MOUCKA Pa3MbITbIX YHACTKOB C YMEPEHHOM A/IMHOIN NOBTOPSIOLWLErocs naTrepHa).

Puc. 1: IIpouecc 110pozK, IeHust TEKCTOBOH KOJLIEKIMU BEPOATHOCTHO TeMaTu4ecKoil Mojes1bio (2): B Kaxk-
JOf mo3uIyu § JOKyMeHTa d; CHadasa mopoxkaaerca rema t; ~ p(t|d;), 3arem Tepm w; ~ p(w|t;).

3ajaya TemMaTnYeckoro MoAesIMpoBaHUsl — 3T0 OOpaTHAs 3a/ada: [0 3aJaHHOI KOJI-
gekiuu D rpefyercst Haifitn napaMerpbl @,y 1 0y, NP KOTOPBIX TEMATHIECKAs MOJIEb (2)
XOPOUIO IPUOJIMZKAET HACTOTHBIE OLCHKH YCJIOBHBIX BeposTHoCTel p(w |d) = 7.
Pacupenenenne Buga p(t|x) Oymem HasbiBaTh memamukol odobekTa x. MOXKHO TOBO-
purh 0 remaruke jokymenrta p(t|d), repma p(t|w), repma B jokymente p(t|d, w).
[Te/1bI0 TEMATHYECKOIO MOJIEJIMPOBAHUS SBJIAETCs BbISBJIEHUE TEMATUYECKON KJacrep-
HOM CTPYKTYPbI TEKCTOBON KOJIEKIIUH, OIIPE/IEJIeHUE TEMATUKH JOKYMEHTOB U CBSI3aHHBIX
C HUMH OOBEKTOB, OLMHUCAHIE CEMAHTHKH KAK/I0ii TEMBI { CJIOBAMH €CTECTBEHHOTO S3BIKA

C TIOMOINBIO pactpeseneruii p(w |t).

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))WX - [Ipasast yacTb npejcrasiiser coboii IpousBeieHue JByxX
HEM3BECTHBIX MATPUIL — Mamputvs mepmos mem P = (@) wxr 0 Mampuyo, mem 0oky-
menmos O = (0q)rxp. O6brano aucso tem |T'| muoro mensie |D| u |W|, mosromy 3a1aua
TEMATHYECKOTO MOJIEJTUPOBAHUSA CBOJUTCA K IIOMCKY HPHOJUKEHHOIO MATPUIHOIO PA3JIo-
xkenust F' =~ O, paur koroporo He upesbiniaer |1

Bce tpu marpunst F, ®, O apisrorcs cmoxacmuveckumu, TO €CTh UMEIOT HEOTPUIa-
TeJIbHbIE HOPMUPOBAHHBIE CTOJIONDL f4, ©f, B4, TPEJACTABISIONINE JUCKPETHBIE PACIPEIeIe-
uus. [Ipoussesenne ®O HA3BIBACTCH CIMOTACTNUMECKUM MATIDUYHBIM PA3AOHCEHUEM.



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

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

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

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

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

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

Nydgw — TACIO TPOEK, B KOTOPBIX TepM W JOKYMeHTa d CBA3aH C TeMOil t;
Td = Y, Mdw — GUCIO TPOEK, B KOTOPBLIX T€PM JOKYMEHTa d CBS3aH ¢ TeMOI ¢
Nt = Y g Mdw — TUCTO TPOEK, B KOTOPBIX TEPM W CBA3AH C TEMOI ¢;

=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-
TUIECKON Moje/ i @, = p(w|t) u Oy = p(t|d). U, naobopor, 3Hasi napamerpbl MOJeJH,
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, B3 M BCHOMOTATEIbHBIX HEPEMEHHDBIX Diguws Mty Mid, Tt

(Pwt‘gtd
Praw = <=—5 6
! ZS Sowsesd ( )
Ny
deD weWw
n
Ora = n_t:; Ntqg = Z NdwPtdw - (8)
wed

Jluist eé perienust y100HO HIPUMEHSTHh METO/I HPOCThIX UTePallii: CHavaJ/1a BbIOMPAIOTCs
HAYAIbHbIE IPUO/IHKEHHS TAPAMETPOB Oy U Oy, MO HAM BBIYUCIISIFOTCS BCIOMOIATE b-
HBIE [IEPEMEHHBIE Dty , KOTOPBIE [O3BOJISIOT HANTHU CJie/Iyolee IpUOJIMKeHIe IapaMeTpoB
Oyt 1 Oy Beraucsenns mo dopmynam (6)—(8) mpogorKaoTcs B MHK/IE 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 MTEPAIMOHHBIA HPONECC SIBJIAETCS YaCTHBIM ciydaeM EM-ajaropurma, mpeHa-
3HAYEHHOI'O JIJIsl HOCTPOEHUs] BEPOSITHOCTHBIX MOJIEJIeH CO CKPHITHIMU IlepeMeHHbIMu [47].
Boruuciienne yegoBHBIX pacupejiesieHuil CKphIThIX 1epeMenHbix (6) HasbiBaercs E-marom
(expectation), Beraucsienue napamerpos mogean (7)—(8) — M-marom (maximization).

Jlanee mbl BoiBegeM EM-aaropurm u3 obiieil onTUMU3AIMOHHON [TOCTAHOBKH 32 1AM,
Ceiiyac Mbl IPHUILIA K HEMY 3JIEMEHTAPHBIM ILyTEM, KOTOPBIH JaéT MPOCTOe HHTYUTUBHOE
IIOHUMaHue CyTu EM—aﬂFOpI/ITMa, HO OCTaBJIdeT 6e3 OTBETOB BazKHbl€ BOIIPOCHI: CXOJUTCHA
JIL AJITOPUTM K PElIeHUI0 CUCTEMbl yPABHEHUU, €/IMHCTBEHHO JIM ITO pPelleHue, U 1oYemMy
9Ta CUCTEMA OIMCHIBAET TEMATUIECKYIO MO/Ie/Ib, HpubinzKaolyo p(w|d).

PayvoHanbHbii EM-anroputm. Bbruuciienue nepemMenHbiX Ny, Ny, Ny Ha M-1mare Tpe-
OyeT OJHOKPATHOrO IIPOXOJa KOJLIEKIMH B IUKJE IO BCeM TepMaM w € d Bcex JTOKyMeH-
ToB d € D. BHYTpH 3TOro NuKJjaa 3HAYCHUE Dy, BBITUCISIETCA TOJBKO OuH pa3. I[losaTomy
E-mar MoxkHO BCTpouTh BHYTph M-1ara 6e3 JOMOJTHUATETbHBIX BBIYHC/IUTEIbHBIX 3aTpaT
u 0e3 XpaHeHHusT TPEXMEPHON MATPHUIBI Pigy. DTOT BapuaHT peasmsanun EM-agaropurma
OyZeM Ha3bIBATh PayuUOHAALHLLM; OH MOKa3aH B Ajropurme 2.

3 ApautmnBHasa peryasipnsayus

B srom pasjiesie mbl BBejiéM 001muit (hopMasin3M aIUTUBHON perysisipu3alum, KOTo-
PbIil 103BOJIIET HAJIE/IATh TEMATHYEeCKUEe MOJIe/IM PA3HOOOPA3HBIMU 110JIE3HBIMU CBOMCTBA-
Mmu. Y10 9TO 3a cBOICTBA U KaK OHU (DOPMAJIUIYIOTCS C MOMOIIBIO PETYIIPU3AINH, OyIeM
pa3dupaThCd B CJIEIYIONNX pa3feiax. 37eChb MbI IMOCTABUM ONTUMU3ANHOHHYIO 33Ty
C OTPAHWYEHUSIMU U JIOKaZKeM JIEMMY O MaKCHMU3AIUU Ta/IKOi (DYHKIINU HA €TMHAIHBIX
CUMILIEKCAX, HIPUMEHUMOCTb KOTOPOl BBIXOJIUT JIAJIEKO 38 PAMKU TEMATUYECKOIO MO/Ie/IU-
poBanusi. C mOMOIIBIO 9TOH JieMMbl Bee moceayomue EM-momnobubie ajropurmbr OyayT
BBIBOJMTHCS B 11apy CTPOYeK (MM 9yTh DOJIbIIE — [0 YUCIY MATPHIL B MOJIEJIH).

MpuHUMN MakcMMyMa NPaBAONOAODMA KCIOJIb3YeTCs B MATeMaTHIeCKON CTaTUCTHKE
JIUTsT ONeHNBAHUS HEM3BECTHBLIX ITapaMeTPOB BepOATHOCTHBIX MOJeseil o HabJII0TaeMbIM
JaHabiM. COryIacHO TOMY HMPUHIIHUILY, BBIOUPAIOTCH TaKue 3HAYCHUs IapaMeTpoB, IIPH KO-
TOPBIX HaOJII0IaeMas BBIOOpKa HamboJiee [MpaBI0I0I00HA.
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QynryuA npasdonodobus OUPEILIIAETC KaK 3aBUCUMOCTD BEPOSITHOCTH HADJII0/1aeMOoit
BoIGOpKU X = (d;, w;)!_; o1 napamerpos mozesnn ®, ©. B cuity rumoress 0 He3aBUCHMOCTH
9JIeMeHTOB BBIOODKH OHA PaBHA MPOU3BEJEHUIO BEPOSITHOCTEHl TEPMOB B TOKYMEHTaX:

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

deD wed const

[IpoJiorapudmuposas npasonoiodue, nepeitjiéM 0T HPOU3BEIeHUs K CyMMe U 0TOPO-
CUM cJjlaraeMble, He 3aBHUCHIIUEe OT napamMeTrpoB Mojesn. [lojiyunm 3ajiady MakCuMu3alium
log-tipaB/10110/1061s IpU OTPAHUYCHUAX HEOTPUIATETHHOCTH U HOPMUPOBKH:

DD nawlnd euibia — max; 9)

deD wed teT
Z Ywt = 15 pur = 0; Zetd =1; 64=0. (10)
weW teT

Perynsipnsaynsi HeKOppeKTHO NOCTAB/IEHHbIX 3a4a4. 3a/a9a HA3bIBACTCI KOPPEKMHO
nocmasaerHot 1o AjaMapy, eciii eé pelieHne CymecTByer, e JMHCTBEHHO W YCTOInBO.

3aada CTOXaCTHIECKOTO MATPHIHOIO PA3/IOKEHNUS AB/ISeTCS HEKOPPEKTHO IIOCTABJIEH-
HOIi, TAK KaK MHOXKECTBO €€ pellleHnii B 001eM ciaydae beckonedno. Ecin @O — pemrenne,
To ($S)(S71O) Takxke ABigercsd pelleHHeM I BeeX HeBBIPOXKICHHBIX MaTpuIl S, Ipu
yeaosuu, uro Marpunsl ®S n ST1O — croxacruueckue.

CymiecrByer o0mumii M0/IX0/ K PEHIEHUI0 HEKOPPEKTHO MOCTABICHHBIX 00PATHBIX 3a/1a4,
Ha3bIBaeMblil pezyaapusayuets [15]. Korma ontuvusanuonHas 3ajada HeJI0OMpe/eeHa,
K OCHOBHOMY KPUTEPHUIO J00ABJISIOT JIOMOJHATEIbHBII KPUTEPHil — peryaspu3aTop, yUu-
TBHIBAIOIIUI crenuuKy pemaeMoil 3a/1a9d 1 3HAHUA HMpeaMeTHO#l obmactu. B mpakrude-
CKHX 3a/la9aX aBTOMATUIECKOH 00pabOTKN TEKCTOB JOMOJTHUTEIbHBIX KPUTEPUEB U Or'pa-
HUYEHUIT Ha PelleHre MOXKeT ObITb MHOIO.

Addumusnas pezysapusayus memamuueckur modeset (ARTM) [4] ocaoBana na Makx-
CHMU3AIUN JIMHeHHOT KOMOMHANuM Jiorapudma OpaBIONOA00H U Pe2yAapudamopos
R;(®,0) ¢ HeorpunaTe bHbIME Kodfipunuenmamy pezysapusauuu T, = 1,... k:

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

deD wed teT

U OrPAHUYEHUSAX HEOTPUIATETLHOCTH U HOpMupoBKH (10).
[IpeobpazoBanne BeKTOpa KpUTEPUEB B OJUH CKAJIAPHBIN KpUTEPUil — 3TO OJuH U3 Da-
30BBIX NIPUEMOB B MHOIOKPHUTEPUAJIBLHON ONTUMU3AINYI, HA3BIBAEMbBIH CKAAAPUIAUUEN.

Heobxoanmble ycnoBusi makcumyma. KiiaccuueckuM HHCTPYMEHTOM PeLIeHUs 3a-
Jda4 OUTUMU3aIUU C O'PAHUYCHUAMU PDABEHCTBAMHU U HEPAaBEHCTBaMU ABJIAIOTCA YCAOBUA
Kapywa—Kyna—Taxxepa. PaccmoTpum 3aj1ady MaTeMaTHIeCKOro HPOrpaMMUPOBAHMS

f(z) — max;
gi(r) <0, i=1,...,m;
hj(!L’)ZO, ]:1,,/{5
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Teopema 3.1. Ilycrs ¢yukumnn f(x), ¢i/(z), hj(x) meupepsiBHO pucdepenupyensr
B TouKe x. Ecim x — Toduka JIOKaJIbHOrO MAKCHMyMa U 331444 yAOBJIETBOPSET yCJAOBHIM

PEryJIsIpHOCTH, TO CYIIECTBYIOT 3HAYCHHS [, i = 1,...,m, A;, j = 1,..., k, HaspiBaembre
mroocumenamu Jlaepanoica, Takme, Iro:
(0. m k
—— =0, Llw;pA) = f(x) = X2 pagi(x) = 22 Ajhy(x);
ox i=1 j=1
gi(z) < 0; hj(x) =0; (mcxoxmbre orpannienusi) (12)

w; = 0; (aBoiicrBennble orpannyenmsi)

| 1igi(x) = 0; (yeaosue jonossiomteli HeKECTKOCTH)

VeI0BHS PeryasipHOCTH MOTYT (bOPMYIUPOBATHCA MO-pa3sHoMy. B 3a1adax ¢ IMHEHHbI-
MU OI'PAHUYEHUSIMHU OHU BBINOJIHEHBI BCEr/IA.

Bagaqa (11), (10) oTHOCHTCS K KJIACCY HEBBITYKJIBIX 33/[a9 MATeMATHIECKOIO HPOrPaM-
MupoBanus. st Heé BO3MOXKHO HAUTH JIMIIb JIOKAJIbHBIH 9KCTPEMYM, Ka4eCTBO KOTOPOIO
Oy/ieT 3aBUCeTDh OT Hada bHOrO mpub/mkenns. Oxnako 3amerum, 9yro B ARTM Bapbupo-
BaHUe caMOil MOCTAHOBKH 3aJa4u IIyTEM II0JI00pa pPeryjdpu3aTopoB T;[; MOxKeT BJIHATD
Ha pelleHne CUJIbHee, YeM CIIOCO0 MHUIUATUBAIMH.

Jlemma 0 MakcMmMu3sauum Ha eAUHUYHbIX cuMniaekcax. Beeaém oneparop norm, Ko-
TOPBIA 11peodpasyer POU3BOJIbHBINA BEKTOD (T;)ic; B BEKTOD BeposiTHOCTEi (p;)ier JUC-
KPETHOI'O paclpeneIeHus MyTéM OOHY/JIeHHs OTPHIATEILHBIX 3JeMEHTOB U HOPMHUPOBKU:

p; = norm(x;) = ()4 JTd Beex i € 1,

iel (@)

kel

rae (z)1 = max{0,z} — onepanus nosoxureabHoi cpesku. Ecin x; < 0 s Beex @ € I,
TO Pe3yJIBTATOM OIIEPATOPA NOTM 110 ONPEJIEJICHUIO SABJISETCsl HYJIEBOIl BEKTOD.

Jlemma 3.2 (o makcumusanum Ha cumiuiekcax). Ilycrs ¢ynkmms QQ()) mempepbis-
Ho quggepennupyema 1mo Habopy BeKTopos () = (w;)jes, w;j = (wij)ier,, Boobme ropop4,
pasmaabix pasmepuocreii |I;|. Torga BeKTopbl wj JIOKAJIBHOIO SKCTPEMYMa 384491

Q) — max;

Zwijzl, ]€J7

i€l
wijEO, iEIj,jEJ;

upu yeaosun (i € Ij) wijze Q > 0 yZ0BJ€TBOPSIOT yPABHEHUSIM

oQ
wij = norm| wij=—— |, @€ Ij; 13
i€l < " 8wij) I ( )
upu yeaosun (Vi € 1) wij5— a <0u(Fiel;) w; an 0 — ypaBHeHUsIM
oQ
J— g% =
Wi nggn( Wij aWij), (S P
npu ycropun (Vi € 1) wi; 8(19 = 0 — 0AHOPOTHBIM YPABHEHHAM W;j5-— a =0,i¢€ 1.
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Jdoka3zaTeabCTBO. 3alniieM JIarPaHKUaH ONTHMHU3ANMOHHON 3a/1a91 ¢ OrPpAHUIEHH-
AMU HEOTPULATE/IbHOCTU U HOPMUPOBAHHOCTU BEKTOPOB:

g(Q) :Q(Q)_Z)\j Z(A}ij—l —i-zz,uijwij,

jed i€l jed i€l

rae MHOXKUTEJIN )\j COOTBETCTBYIOT OI'DAHUYECHUAM HOPMHUDOBKHU, Mij — OI'PaHUYCHUAM
HeoTpurarTeapbHocTH. Januiiem yciaous Kapyma—Kyna—Takkepa (12), npupaBHsIB HYJIO
MPOU3BO/IHBIE JTarpaHzKHaHA IO ITapaMeTpaM MOJIEH:

0L oQ

_— = — )\z -+ Hij = O, HijWij = 0. (14)

8&]2']' 8wij

IIpeamonoxum, 910 w;j > 0. Torma p;; = 0. YmuoxkuB 06e gactn pasencrsa (14) ma

Wij, MOJIyIUM ypPaBHEHHE

oQ \
Wij5—— = WijAj-

8wij

OG6o3HaYNM JIeBYIO 9acTb 3TOro paBeHcTBa depe3 A;;. Torma A;; = wjjA;.

BosMoxkubl Tpu ciiydas.

1. Ilycrs cymecrsyer unnexc k € I; taxoit, uro Ag; > 0. Torma A; > 0. Ecin A;; <0,
TO ypaBHEHHE HE€ MOzKeT 6bITb BbIIIOJIHEHO, W IIOJIYY€HHOE€ IIPpOTUBOpEYHEe O3HadaeT, 1TO
cAeTaHHOe BHa4Yase INpeIIoJiozKenne w;; > 0 He BepHO, ciaeqoBaTeqbHO, w;j = 0. O0b-
eIUHSAA ypaBHeHHe w;;\; = A;; ¢ HyJeBbIM pemrenneM w;; =0 mpu A;; < 0, momaydum
wijAj = (Aij)+. CyMMEpY# JIEBYIO U IPABYIO YACTU ITOTO YPABHEHHSI 110 {, BBIPA3UM JBOIi-
CTBEHHYIO EPEMEeHHYIO: \j = Y . Ij(Aij)Jr. [Moacrasistst nosydennoe 3uadenue \; B Gop-
Myny wi; = 5 (Aij)+, momydum uckomoe ypasuenue (13).

J

2. Ecim A;; <0 gy Beex ¢ € I; m xora Obl OJHO U3 TUX HEPABEHCTB CTPOroe,
To A; < 0, I aHAJOrHIHBIM 00pa30M MBI IIOJIydaeM BTOPOe HCKOMOE ypaBHEHHe.

3. Ecm A;; = 0 gna Bce>a< i € I, T0 A\j =0, 1 BEKTOp w;; OIIpejiesideTcs U3 CHCTeMbI
OJTHOPOJTHBIX YPAaBHEHU I wijaTQ» = 0 mpu yCJI0BHAX HEOTPHUIATETHHOCTH U HOPMHPOBKH.

)

JlemMa JloKa3aHA.

?)Ha“leHI/Ie JIEMMbI O MAKCUMHMU3allUM Ha €JUMHHUYHBIX CHMIIJIEKCAX BbIXOAUT HaJEKO 3a
npejesibl TEeMaTUuIecKOro mMojeupoBanus. OHa MO3BOJISET CTPOUTH JIFOObIE MOJIE U, Ta-
paMeTpaMi KOTOPbIX ABJIAIOTCA AUCKPETHbIEC BEPOATHOCTHbBIC pacClIipeldc/ICHUd.

B remarndeckoM MOIETMPOBAHUE MBI HUKOL/IA, He Oy/IeM pacCMaTpUBATh BTOPOIi U Tpe-
THil caydail JeMMbl 3.2, cuuTas UX BBIPOXKJIeHHbIMU. Eciau B dopmyse ocrosnozo peuse-
nus (13) HOPMUPOBOYHBI 3HAMEHATEIb OKAZKETCsl PABHBIM HYJIIO, TO COOTBETCTBY IO
BEKTOD w; Oy/leM HoJ1araTh HyJIeBbIM 1 HCKJIIOYATh er0 U3 MOJE/IH, COKPAIlasd Pa3MepHOCTb
HPOCTPAHCTBA [TAPAMETPOB U CUUTAs ITO 1OJIE3HBIM H(PdEeKTOM pery/isipusanuu.

JI1s1 perreHust CHCTEMBI ypaBHEHHiT yI00HO HCIOIB30BATh METOJ, IPOCTON HTepalu.
CHauajia BbIOHpaeTcd HadasbHOe IPUOIHZKeHHe JJid BeeX BeKTOPOB wj, 3aTeM HX 3Hade-
HUsI MHOTOKDATHO OOHOBIstioTCs 1m0 dhopmyiie (13). OuepéaHocTb u MepHOAUIHOCTH 00-
HOBJIEHUN MOI'YT BJIMATH Ha CXOAUMOCTDH IIpoHecCCa u KOHEYHBbIN pe3yJibTar. BaMeTI/IM, qTO
OOHOBJICHHS IOXOKHM Ha I'PaJMEeHTHBIR MeTOoJ| MAKCUMU3AIUT Wij = W;; + 77537%, KOTOPbIA
He YYHTBIBAeT OrpaHHYEHHil HEOTPHUIATEIbHOCTH W HOPMHPOBKH. Kpome TOro, B Haliem
clydae He BO3HHKAeT 1mpobJjieM ¢ BHIOOPOM I'DAIMEHTHOTO Irara 1).
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OcHoBHasa Teopema ARTM. Ilpumenum jemmy 3.2 Kk HAOOPY BEKTOP-CTOJIOIOB JBYX
marpui, 2 = (®,0). B jganbHeiiiem sra jileMMa HPUIOJAUTCS HAM U B 00JI€€ CJIOZKHBIX
caydasdx, Korjaa Marpuil 6yjer 6oJblie JIBYX.

Teopema 3.3. Ilycrs pyukmus R(P, O) menpepoisao gugdepennupyema. Torga rouka
(®, ©) srokanpHOrO 3KCTPeMyMa 3amaqu (11) ¢ orpanmaenmsvm (10) yoBaeTBopsier cucre-
Me ypaBHEeHHIl CO BCHOMOIaTe/IbHBIMH [EPEMEHHBIME Py, = P(t|d, w), ecin u3 penrenust
HCKJIIOYUTH HyJieBbie cToJ101bl Marpui ©, O:

Prdw = 1OTIN (@wt@d)% (15)
OR
wt = NOTIN | Nyt + Yoy ) Nyt = NdwPtdw 16
Pwt wW(twtﬁgowt) t deZDdtd ()
OR
Og = né)erjgn <ntd + Qtdﬁtd) ; Ntqg = wze;i NdwPtdw- (17)

okazareabcTBo. Bocosibdyemcst jseMMoii 3.2 0 MAKCUMU3AIUN HA €IMHUIHBIX CUM-
ILIEKCAX, BBIJEIHB BCIIOMOTATEIbHBIE [IEPEMEHHBIE Digy,, OUpeetéHnbe B (15):

= norm (th Z ndw ) + Owt &Pwt) = norm (Z NdwPidw + Puwt &Pwt) )

deD deD

y ORY OR
Oa = norm <9td Ze;i Ndw 7% ( ) + etd%) = norm (% NawPtdw + Oid %td)

&

Pw

Teopema nmokazana.

YcnoBus BbIpOXAEHHOCTU. Paccmorpum yciioBusi, 1npu Koropbix dopmysibl M-inara
(16)—(17) moryT naBarb BBIPOZKIEHHBIE HyseBble cToJ0Ib B Marpunax ¢ u O.
Tema t HA3BIBAETCS BBLPOIHCOCHHOT, €CITI

OR
Nt + gowt% < 0 nag Becex w € W.
wt

BoIpoK I€HHOCTD SIBJISETCs CJAEJCTBHEM CHJIBHOIO PA3pPe:KUBAIOIIEr0 BO3AEHCTBHS pe-
ryasipusaropa R. Obnysienue crosbdma Marpuibl ¢ o3HAYAET, 4TO PEryIsapu3aTopy BbIIOI-
HO HCKJIIOYUTD JIAHHYIO TeMy u3 Mojean. CoKpallleHue 9icjia TeM MOXKeT ObITh KeJIaTe Ib-
HBIM [OOOYHBIM 3P HEKTOM peryiapu3aiui.

JlokyMeHT d Ha3bIBAETCS 6biPOAHCOCHHbIM, ECITH

OR
N + Qtdaed <0 g Beex t €T
t

BBIpOoKIeHHOCTD JIOKyMEHTa MOKeT O3HAadaTh, YTO MO/JE/Ib HE B COCTOSHUU €r0 OlH-
caTh, HAIPUMED, eCJIU OH CJIMIIKOM KOPOTKHU TN He COOTBETCTBYET TeMATHKe KOJIIEKITIH.
Obnysenne crosbina MaTpuipl © O3HAYAET, YTO PEry/asapu3aTopy BLIIOJHO UCKJIIOYUTDH
JIAHHBIH JTOKYMEHT W3 KOJIJIEKITIH.

Ha npakTuke BBIDOXKJIEHHOCTb BO3HUKAeT PeJIKO. Kcim OHa HexkeslaresbHA, TO €€
HeTpYyHO u3bexkarh. [Ipu nocrenennom ymenbiienuu kKoddduiiperra pery/isipusaiun Ha-
CTyIIAeT MOMEHT, KOIJIa yCJIOBUE BBIPOXKJIEHHOCTHU [E€PECTAET BBIIOJIHATBHCS XOTS ObI JIJIst
OJIHOTO TepMa B TeMe (WM XOTs Obl JiJIsl OJHON TeMbl B JOKYMEHTE), W HYJIEeBOH CTOJI0er
B MaTpUIle PelleHns MePeXOJUT B HEHYJIeBOil, YAOBIETBOPSIONINN YCIOBUIM OCHOBHOTO
pemtennst (13) B JleMMe 0 MAKCUMU3AIUN HA CUMILIEKCAX.
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Mopenb PLSA i BEpOSITHOCTHOTO JIATEHTHOI'O CEMaHTHYeCKOro anauunsa (probabilistic
latent semantic analysis) ucropudeckn siB/sieTcsi MepBOi BEPOSTHOCTHON TeMaTHYeCcKOil
mozesbio. Ona Gblia mpemioxena Tomacom Xodwmanaom B 1999 romy [61]. B ARTM
OHa COOTBETCTBYET HyJIeBOMY peryasipuszaropy, R(®, ) = 0. B srom caydae cucrema (15)—
(17) coBmamaer ¢ cucremoii (6)—(8), KOTOPYIO MBI MOTYYUIN PaHEe U3 STEMEHTAPHBIX CO-
obpazkenuii. /lobasiienue peryisipusaiuu He Mensier popmyiy E-miara.

B mogenmn PLSA we moxker ObITb BBIPOXKJIEHHBIX TE€M WM JIOKYMEHTOB, HOCKOJIBKY
BBIPOXK/IEHHOCTD CBSI3aHA C OTPUIATETHHOCTHIO MPOU3BOIHBIX PEry/ISpU3aTOPA.

Perynsapu3soBaHHbiii EM-anroputm ssijisiercst ipumMeHeHueM MeToJla IIPOCThIX UTepa-
uuit i pemenust cucremst (15)—(17). Cradasia BbIOHPAIOTCS HAYAJIbHBIE IPUOJIMZKEHUST
Ouwt, Ora, 3aTEM B IHKIE 0 cxomuMmocTd depenyiorcs E-wae (15) u M-wae (16)—(17).
Pamuonanbublii BapuaHT peryiasgpu3oBaHHoro EM-agropurma ¢TpOUTCS aHAJOTHYIHO aJi-
ropurmy 2, T0oJbKO maru 6 u 7 samensiforcst bopmynamu M-mara (16)-(17).

NsBectno, yro EM-ajiropurm 6e3 pery/isipusanuu CXO[AUTcs B CJIaDOM CMbIC/Ie: Ha KazK-
J0iT mrepaiuu npasonogobue yseaundusaercs |47]. Axasorudubie ycsioBust c¢aaboii ¢xo-
muvoct g ARTM nosyqenst B [11].

Peamuzanuu EM-anaropurMa MOTyT pa3indaTbCd 9acTOTOW OOHOBJIEHHS IapaMeTpPOB
MOJIEH Py U Opq IO TEPEMEHHBIM TNy U Nyg. 1acTble OOHOBJIEHUS IOBBIMIAIOT CKOPOCTh
CXOJIMMOCTH, HO HOYTH He BJIMSIIOT HA 3HAYEHHE [PABJONOA00Hs B KOHIE urepanuii [6].

OnnaiivoBbiii EM-anropntm cunraerca Hambosiee OBICTPBIM U XOPOIIO PaCIapasIIe -
Baercs [60, 26]. OcHoBHast ero ujest COCTOUT B TOM, 9TO Ha OOJIBIION KOJLIEKIMU MaTPH-
na ¢ moxker coiftuch u mepectarb MEHSTHCS 33100 0 OKOHYAHHS HEPBOil MTeparuu.
B rmakux cjiaydasx 0JHOTO HPOXOja M0 KOJJIEKIUU JIOCTATOYHO JIjI TOCTPOCHUS MOJIEJIH.
[TosTOMy OHJIaliHOBBIE AJITOPUTMBI CIIOCOOHBI 0OpAdATHIBATH MOTOKOBBLIE JTAHHBIE.
Jeranun napaJjienbHoil peasm3anun oddiaitHoBoro u omaaiinoporo EM-aaropurma
B Obubsmoreke BigARTM onmcanbl B pasjesnax 17 u 18, emg nogapobuee — B crarbsx |56, 3.

O cTpaTerunsx perynspusauun. 3ajada TeMATHIECKOIO MOJIEJTHPOBAHUS MO CYTH AB-
JIIeTCsl MHOTOKpHUTepHaIbHOMi. TeMbl JI0/IZKHBI y/I0BJIETBOPITH MHOIUM TPEOOBAHUAM O/I-
HOBPEMEHHO: UHTEPIPETUPYEMOCTH, PA3JIUIHOCTH, PA3PEKEHHOCTH U T. . leMarndeckast
MO/IE/Ib OOBITHO MCIOJIB3YETCsS KAK BCIIOMOTATE/IbHBII MHCTPYMEHT JIJIsi PEreHus OJHOM
WU CPa3y HECKOJbKHX 3aJ/iad TeKCTOBOW aHAJUTUKUA — MHMOPMAIMOHHOIO ITOUCKA, BU3Y-
aJIM3alliN, KaTeropu3alii, CerMeHTAIlud, CyMMapu3anud u T. /1. Kakaas 3aj1a4da npe/b-
sByigerT cBou TpeboBaHus K mojean. B ARTM Bce tpeboBanus (hopMajm3yOTCsS B BH-
Jie KpurepueB peryispusanuun R; u OajlaHCUPYIOTCH C HOMONIBbIO KO3 buiumenron ;.
Koadpdunuenrs 7; npuxopurcst 1oJ0MpaTh B Kaxk/I0i 3a/ia4e IKCIePUMEHTAIbHO, YTO0bI
HaiTH KOMIPOMHUCC MEXKJIy BCeMHU KpuTepusMu. Bosee Toro, jjis m3MepeHus KadecTBa
MOJIe/T OOBIYHO HCIOJIB3YIOTCS HE CaMU PEery/asdpu3aTopbl [;, a KakKue-TO Jpyrue Menm-
puKy Kavecmesa. Peryaspu3aTopsl J0JIZKHBI ObITH TIAJIKUMUA (DYHKIUIMEA, YIOOHBIMUA JIJIsI
Boranc/ennit Ha M-mmare. Merpuku kadecTBa JO/IZKHBI UMETh yI00HbIE JIjIsi HHTEPIIPeTa-
uu 9uc/aI0Bbie 3Hadenus. K coxajienuio, 3tu TpeboBaHms 9aCTO BXOJAAT B IIPOTUBOPEUHE.
Hanpumep, obuenpuasThie METPUKU KadecTBA HH(DOPMAIMOHHOIO TOUCKA TOYTH HUKOL/1A
He FBJIAIOTCA TIAJIKUMUA DYHKITUSIMHA.

Ha npakTuke mpob/iema BoiOOpa KO3(hDUIUEHTOB peryisapu3aliiy IepepacraeT B OoJiee
O0ILYIO 1IPODJIEMY YNPABAEHUSs KAYECMEOM MOJIE/H IIyTéM u3MeHeHus: KO DuiueHTon 7;
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B x0jie ureparuii. OHU Pery/isspu3aTopbl MOIYT Je/IaTh HOAIOTOBUTEILHYIO PAbOTY JI/Ist
Jipyrux. Hekoropbie peryiisipu3aTopbl PEKOMEH/IYeTCsl BKJIIOYaTh JIUIIb 10CJEe TOI'O, KaK
EM-anaroputm Hadaa cxomauTbed. /Ipyrue Jydine OTKIOYATH MOCJTe TOrO, KAK OHU BbI-
HOJTHIJIA CBOIO paboTry. HekoTopsie perysispu3aTopbl MOIYyT HEUTpaIn30BaTh APYT JIPyTa,
U TOTJa WX MPUXOJAUTCH MPUMEHATH moodepéano. OOpasHO TOBOPs, PEryasapu3aTOPhl HO-
JIOOHBI JIEKAPCTBaM JIjIs MOJI€JIM — B MaJIbIX JI03aX JIe4aT, B OOJIbIINX CMEPTE/IbHO OIIACHbI,
B COYETAHMAX MOTYT JlaBaTh HeoxkupaHubie dpderror. Cucremaruzamnus 3rux hPeKTon
CTAHOBHUTCS IIPEJIMETOM SMIupudecKux ucciaempopanuii 8 ARTM.

Cmpamezuet pe2ysapusayuy HA3BIBAIOTCI TIPABUIA U3MeHeHNsS KO3(DMUIIenTos pe-
ryagpusanuu 7; B xome urTepanmit EM-amropurtva. 9TH mpaBmia MOTYT HCIOJIb30BaTh
TeKyIue 3HAYeHUs MeTPUK KauyecTBa U lapaMeTpoOB MOJIEJIN.

OTHocuTenbHble kKo3hduryneHTsol perynspndaunn. KosdduimenTsl peryisapus3alim,
THIATEJbHO 110I00PaHHbIE JIjIsi OJIHONW KOJIJIEKIIMH, MOI'YT IIJIOXO IOJXO/MTH JIJIsi JPYIOii.
Onu MoryT 3aBHCETH OT pa3Mepa KOJIJIEKIUU, MOITHOCTH CJI0Bapsi, CPeHell JIJIMHBI JOKY-
MEHTOB. Ec/in KOJIIeKIHs MOMOTHIeTCs, TO CO BpeMEeHeM MOKEeT IMOTpPedOBAThCA HX Iepe-
Hactpoiika. [Ipobema perraercs ¢ MOMOIILI0O HODMHPOBKHU U BBEJICHUS OMHOCUMEALHLL
K0PPUUUEHMOE PE2YAAPU3AUUY, BHIPAZKAIONINX CTEIeHb BO3JIEUCTBULA Pery/spu3aTopa
HA TEeMaTH4IeCKyI Mojaeib. OrHocuTebHbIe KOI(DMUIMEHTB MOI'YT OCTaBaThCsa (DUKCH-
POBAHHBIMHU 10 Mepe POCTa KOJJIEKIUHU, W JJId HUX MOI'YT OIEHUBATHCS YHUBEPCAJIbHbIE
PEeKOMEeH TyeMble 3HAYCeHHS, TOIXOIAIINe JIjIs JIIOOBIX 3a/1a4.
Pacemorpum dbopmyny M-mrara (16) co B3BemeHHON CyMMO# perysisipu3aTopos R;:

OR;

prt - IIOI'HI zn + E ngpwt
ew 0Pt
BBe'ZLéM CYMMAapHoOE 60306170’/77,6’&6 Tt peryjadpusaropa Rz Ha TeMy t u ero CYMMAapHoOE
60306170’/77,6’&6 T; Ha BCE€ TEMDbI.

Z
Tit = SDwt ) ry = E Tit-

0
weW Put teT

Bsejienue HopMuUpOBKHU T; = %ir% O3BOJISIET UHTEPIPETUPOBATh KO dunuenr 7; kak
omnocumensvroe sosdeticmeue peryispuzaropa R; Ha remarndeckyio mojeab. OH moKa-
3BIBAET, BO CKOJIBKO Pa3 BJIMSHEE PEryIsapu3aTopa Ha MOJIETb CUJIbHee BIUSIHISI HCXOTHBIX
nannbix. [Ipu 7; — 0 peryngpusarop R; orkmiodaercsd. [Ipu 7; — oo mepeperysspu3aus
MOZKEeT IPUBOIUTH K BBIPOYKIEHUIO MOJIEH.

Bsejienue Jipyroit HOpMUPOBKHU T; = %i:‘—; O3BOJISIET MHTEPIPEeTUupoBaTh KO3pduiu-
eHT T; KaK 0MHOCumeavhoe 6o3delicmeue peryiaspusaropa R; na orjenbuyio temy t. Te-
nepb abCcOMIOTHBIN KOIMDMOUIUEHT pPerysdpu3anui 7; CTAHOBUTCI 3aBUCANIAM OT TEMBI,
OJTHAKO €ro OTHOCUTEJbHBIE BO3/IEHCTBUS Ha BCE TEMbI OIHHAKOBBHI.

B obmewm ciydae He M3BeCTHO, KakKasd U3 JBYX HOPMHUPOBOK Jydire. /s obriHocTn
BBEJIEM BBIIIYKJIYIO KOMOMHAIMIO JIBYX HOPMUPOBOK:

. n n
T =T %'—t + (1 =%)—),

it T
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e 7; — 0MHOCUMENvHvLl Koapduyuenm pe2ysapudanuy; napaMeTp y; Ha30BEM cmene-
Hb10 UHIUBUIYGAU3GUUY BO3IEHCTBHS peryisgpu3aropa R; ua temsl. [Ipu v; = 1 koadu-
IUEHTHl 7; MAKCUMAJIbHO PA3JIMYAIOTCA 110 TeMaM, BbIpABHUBasd OTHOCHUTEbHBIE BO3JIEii-
cTBUs peryiagpu3aropa R; Ha tembl. [Ipu v; = 0 KoaddunuenTsr 7; He pasjHIaloTCA IO
temaM. Ilapamerp ~y; mpejiaraercsd mojOupaTh SKCIEPUMEHTAJIbHBIM IIYTEM.

Anasnornano pacemorpum dbopmysy M-mara (17) co B3BeneHHO cyMMOil peryssipusa-
TopoB R;. Beném cymmapnoe sosdeticmeue q;q perynspusaropa R; Ha 10KyMeHT d U ero
cymmaproe 6ozdeticmeue ¢; Ha KOJIEKIUIO:

Gia =Y _ |0 ggj; L G=)

teT

[IpencraBum Ko3bpummeHT peryaspusanun 7; B BHJIE

Ti =T (%E + (1 — %’)ﬁ),
did q;
IJe T; — omHocumenvrul Koaphuyuenm pezyrapudayuu, v; — cmenensb undusudyaiusda-
yuy BoO3JeiicTBus peryisipusaropa R; na jokymentsl. [Ipu v; = 1 koaddunuenrsr makcu-
MaJIbHO PA3JIMYAI0TCH 110 JJOKYMEeHTaM, BbIpABHUBAs OTHOCUTE/IbHbIE BO3/IEHCTBUS PeryJis-
pusaropa Ha J0KyMeHTHI. [Ipu v; = 0 ko3 dunuenTs He pa3zaudaroTcd H0 JOKYMeHTaM.

4 BeposiTHOCTHas perynspunsayna n mogenb LDA

Mogens narentaoro pasmertenns /lupuxiie (latent Dirichlet allocation) LDA [33] —
caMasi 4acTo ylIOMHHaeMas B TeMaTudecKom Mmojejmposanuu. Qakruvecku, cBoeit pabdbo-
toit 2003 roma ssux Biit, Duapio bla u Maiiks /lzkopman mocraBuim TeMaTudeckoe
MOJIe/TUPOBAHKE Ha PeJIbChbl DailecOBCKOro 0OyUeHUs.

B mannom pasaene Mbl BBeaEM Moaeab LDA, paccemorpum eé cBoiicTBa, 00bICHUM eé
C HO3UIHIT & TUTUBHO Peryaspu3aliuu 1 Ja/iuM eii 6o/1ee MpocToe aJbTepHATHBHOE 000C-
HOBaHUe, He TPeOyIolee BBeJeHUs allpUOPHbIX paciipejesennit Jupuxie. Mol ybepumcst,
gro ARTM nossossier peasmsoBarb LDA kak dacTHblii ciydail, He npuberas K Oaiecos-
CKOMY BbIBOJLY. BailiecoBckoe oOydeHre Mbl pacCMOTPUM I1032Ke, B pasjiee 6.

MpuHUMN MakcMMyma anocTepuopHOl BeposATHOCTM. Jlo cuxX mop MBI Hpeamosara-
JIM, 4TO JIAHHbIE HOPOXKJIAIOTCA BEPOSITHOCTHON MoJje/ibio ¢ napamerpamu (@, 0), koro-
pble He U3BECTHBL U He Cjydaiinbl. Telepb Hpejino0zKiuM, YT0 HapaMeTpPbl CaMy sBJISIOT-
Cs CJIydaflHBIMU MEPEMEHHBIMU U HOJAYMHSIOTCS anpuophomy pacnpedeaenuto p(P, O; )
C HECJIYYIalHBIM 6EKMOPOM 2unepnapamempos . B 3ToM ciydae MaKCUMH3AIU COBMECT-
HOro mpasjononodus msanubix X = (d;, w;)’; u momenu (P, 0) OpUBOAUT K MPUHIIUILY
MAKCUMYMA anocmepuopholi eéepoamuocmu (maximum a posteriori probability, MAP):

n

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

¢7®7
i=1 7

[Tocae sorapudmupoBanus nosydaem Mojudukanuio 3a1adu (9), B KOTopoii Jorapudm
AIIPUOPHOIO pacCIpeie/IeHus CTAHOBUTCS PEryJispu3aTOPOM:

Zzndw hlZSOwt@td +Inp(®,0;7) — max. (18)
deD wed teT R(q;’@) =
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02 02 02
.3[.,.,99-]'., . .j[._!{ITTTYT!o j‘._TTTTTTTTTT
Dir(p;0.1) Dir(p;1) Dir(¢; 100)
(paBHOMEpHOE)

Puc. 2: Tlpumep TpéX HEOTPHUIATEILHBIX HOPMUPOBAHHBIX BEKTOPOB ¢ pasmepHocru |W| = 10, mopox-
JEHHBIX COOTBETCTBEHHO TPEMS CHMMETPUYHBIMU pacnpeaenenuamu Jupuxie ¢ mapamerpamu 0.1, 1, 100.

Bo MHOrux ciydasx BO3MOXKeH U oOpaTHbiii mepexos. Peryaspuzarop R(P,©), usna-
4aJIbHO HE MMEIOIIU BepPOsiTHOCTHON MHTEePIpeTalu, MOXKHO Ipeodbpa3oBarb B allpUOp-
HOe paclipejie/ieHue 1y TéM SCHOHeHIupoBanus u Hopmuposku: p(P, 0) o exp(R(P, O)).
HopMmupoBodHBIil MHOKHTE/b He 3aBUCHT OT IIAPAMETPOB MOJEH, [IOITOMY JI/IsT MAKCHMU-
3aliK anocTepuopHoil BepogrHocTd 1o (P, ©) oH He BazkeH. OHAKO eCJIU PEIIATD 331y
ONTHUMHU3AIUN THIIEPIAPAMETPOB Y, TO ero yzKe MPUIETCS YIUThIBATh.

Mopenb natentHoro pasmewierHus Oupuxne (latent Dirichlet allocation) 6buta mpe/-
JozkeHa B |33] auist penenust npobsiembl nepeodydenus B mojesn PLSA. TIpobiema 3akiiio-
qasiach B ToM, 4r0 MoJeiab PLSA npejckaspiBaia BepositaocT TepMOB p(w | d) Ha HOBBIX
JIOKyMEHTaX 3aMeTHO XyzKe, 4eM Ha oOydatomieil Kojuieknuu. OObIYHO 1epeodyYeHre CBsi-
3aHO C U30BITOYHON PA3MEPHOCTHIO IIPOCTPAHCTBA APAMETPOB, IIO3TOMY Ha MATPHIIHI P, ©
cJleJlyeT HAKJIaJblBaTh JIONOJTHATEIbHbIE OrpaHndeHus. B [33] ObL10 BBeIEHO Ipenosio-
JKeHHe, 9TO CTOJOIBI STUX MATPUI] SIBJISIIOTCA CJOyIaflHBIME BEKTOPAMH W IIOPOKIAIOTCS
pacupejesenusimu Jupuxie ¢ runepuapaverpamu o € R” u 8 € RY coorsercrsenno:

: o -
Dlr(ed;Oé) = ﬁ : Qtdt 1, Qy > 0, Qg = ;Oét, etd > 0, ;th = 17
t
I'(50)

Dir(¢¢; ) Mol Bu>0, Bo=3 0w Q>0 3 ouw=1

" IIT(Bu)

rae ['(z) — rammva-dyuakius. [Tapamerpsl pacupegesenus Jlupuxiie CBs3aHbl ¢ MaTeMa-
THIECKUM OXKHIAHHEM IIOPOZKIAEMbIX CJIydaiiHbIX BEKTOPOB: Ef;y = g—é, Epuwt = %—Z

Wcnonb3oBanue pacupeesneruii Jupuxie onpaBiaHo 10 TPEM NPHITHAM.

Bo-niepsbix, pacupejesnenns /lupuxie ciiocoOHbI HOPOXKATh KaK pa3peKeHHble, Tak
U IUTOTHBIE BEKTOPBI JUCKPETHBIX paclpereneHuii, puc. 2. Ecin BeKTop mapamMeTpoB cocTo-
AT W3 PAaBHBIX 3HA4YEHUil (3, TO pacupesenenne /upuxje HA3BIBACTCA CUMMEMPULHBLM.
[Ipu 5, =1 cumMmerpudHoe pacupenenenne /lupuxie cOBIaIaeT ¢ PaBHOMEPHBIM Pac-
HpeJe/IeHieM Ha eMHAYHOM CUMILIeKce. dem MeHblie [3,,, TeM OJInzKe K HyJII0 YCJIOBHBIE
BEPOSITHOCTU 0,y = p(w|f) B OPOKIAEMbIX BEKTOPAX Py

['umoresa 0 pa3peKeHHOCTH pacpe/ieeHuil ¢, = p(w |t) dopmanusyer ecrecTBeHHOE
HIpeIIoI0KeHIe, 9TO KaxKIasd TeMa t IMeeT CeMaHmu4eckoe 0po — MHOXKECTBO TePMOB,
XapaKTepHU3yIOIIX JaHHY0 TeMY U HMeIUX B Heil 60/IbIne BepOATHOCTH. TaKuX TepMOB
B KazK /IO TeMe He MOXKeT ObITh MHOI'O, HOCKOJIbKY OOJIBIIMHCTBO TEPMOB CJIOBAPSI H0JIZKHBI
OTHOCHTBCSI K CEMAHTUYECKUM SIAPAM JIPYTHX TEM.
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plwlt,d)~p(w|t) /] p(w|t,) ~ Dir

p(w|t,) /
/|

plwlt,, d) ~ p(w|t,) ~ Dir

Puc. 3: Pacupenesnenue Dir(p|a) nopoxaaer BeKTopbl TeMm ¢; = p(w|t), KOTOpbIe MOPOKIAIOT MYJIbTH-
HOMMaJIbHBIE pacupezenenus p(w|t, d) Ha eUMHUIHOM CUMILIEKCE B IPOCTpaHCTBE pa3meprocru |W| = 3.

AHaJIOrMUHO, TUIIOTE3a O pa3pexkeHHOCTU pacitpeenenuii O, = p(t|d) dbopmanusyer
eCTeCTBEHHOE IIPEeAIIOJIOZKeHue, 4T0 Ka)K,Z[bII';I JAOKYMEHT OTHOCUTCA K He60ﬂb]_[[OMy qucJ1y
reM. TpPyaHO mpeacTaBuUThL cebe TOKYMEHT, B KOTOPOM 3aTParuBalOTCA BCe TeMBI OOJIBIIOI
TEKCTOBON KOJUTEKITHH (& eC/TH 9TO SHIUKIIONEe/IUsI, TO B KA4eCTBe JOKYMEHTOB CTOUT B3sTh
OTJIEJIbHBIE €6 CTAThH).

Bo-BTopbiX, JIByXypOBHEBasi MOJIE/Ib HOPOK IEHUS JIAHHBIX (DOPMAJIU3YeT IIPeJII0/102Ke-
HUE O CYIIECTBOBAHUYU TEMATUYECKUX KJIACTEPHBIX CTPYKTYP B TEKCTOBOM KoJuiekiuu. Pac-
npeenenne Jlupuxie MOPOKIAET BEKTOPBI JUCKPETHBIX pacipeaesienuii ¢, = p(w|t),
KOTOPBIE CTAHOBATCA IEHTPAMH TeMATHIECKHX KacTepoB. KarKplif TaKoi MEHTP MOPOZK-
JaeT TeMaTHIeCKe YacTh TOKYMEHTOB — BEKTOPbI JUCKPETHBIX pacipejeteruit p(w |t, d),
KOTOPBIE IJIOTHO IPYIIUPYIOTCS BOKPYT' CBOETO IEHTpa, PUc. 3.

B-rperbux, pacipejesenne Jupuxiie sBjisieTcs COUPAZKEHHBIM K MYJIbTUHOMUAJIbHOMY
pacIpe/ie/IeHIIO. JTO Ype3BbIYaiiHO yI00HO 1/ OailecOBCKUX METOJI0B, KOTOPbIE paccMaT-
PHUBAIOTCSA B CJAeAyomeM pasjesne. VIMeHHO MaTeMaTHdeckoe YI00CTBO MPEIONIPe/Ie/TII0
HOIYJIAPHOCTD pacipeenenns /lupuxie B TeMaTuaecKOM MO/IETHPOBAHNM.

Corutacho (18), mogesan LDA coorBercrByer pery/isipu3arop, ¢ TOYHOCTHIO 0 KOHCTAH-
Thl paBHbII cyMMe JiorapuMOB allpUOPHBLIX pacupejeienuit Jlupuxiie:

R(®,0) = lnl_[Dir(got7 H Dir(64; ) 4 const =

teT deD
—ZZ L — 1 lngpwt+zz ¢ — 1) In0y,. (19)
teT weW deD teT

[Ipumenenne ypasuenuit (16)—(17) k sromy peryisipusaropy gaér dbopmynbt M-nrara:
Pur = norm (ny; + 5, — 1) a = norm (nyg + oy — 1)

IIpu B, = 1, oy = 1 anpuopHoe pacupeenenne lupuxiie coBIagaer ¢ paBHOMEPHBIM
pacupe/jiesieHrneM Ha cuMiniekce, hopmysibl M-mara nepexo/istT B HECMEIEHHbIE YaCTOTHDIE
OIIEHKH YCJIOBHBIX BeposirHocTeii, a mojgesnb LDA nepexoaur B PLSA [57].

[lpu B, > 1, a; > 1 peryaspuszarop umeer crjazKupamoimuii 3hdexT, 3acTaB/isis pac-
npejesenns ¢; U 0y TpubINKATHCS K 33IaHHBIM PACIpeIeIeHIaAM [ U ( COOTBETCTBEHHO.

IIpu 0 < B, <1, 0 < oy < 1 perysngpu3aTop uMeer paspezkuparomiuii 3¢ dekT u cmo-
cobeH OOHY/IATH MaJible BepogTHOCTU. OIHAKO TpeOOBaHUe CTPOTOil MOJI0KUTETbHOCTH T1a-
pameTpoB (3, U oy B pacupezesnerusx Jlupuxjie orpaHnIuBaeT BO3MOKHOCTH YIIPABJICHHS
pazpexennoctbio Marpui; ¢, © B mogen LDA.
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0.04 A 0.020 0.020
0.03 1 0.015 1 0.015 1

0.02 4 0.010 1 0.010 §

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

Puc. 4: Jueeprennusa Kynbbaka—J/leitbnepa KL(P||Q) saBisiercs HECHMMETPUIHON MEPOH BIOXKEHHOCTH
pacnpenenenuss P = (p;)_; B pacupenenernue Q = (¢;)"_,. Broxkernnocts P B () IpUOIU3UTEIHHO OJNHA-
KOBA HA JIEBOM U CpeJHeM rpaduKax, BJOKEHHOCTh () B P — Ha jJieBOM ¥ mpaBoM rpaduKax.

Auseprenuuns Kynbbaka—Jleilbnepa (KL-dusepeeryus, OTHOCUTEIbHASI SHTPOIINS) Jia-
Jiee OyjleT OJIHMM W3 BaKHEHIINX MHCTPYMEHTOB KOHCTPYUPOBAHUS PEry/isipu3aTopoOB.
910 HecuMMeTpuYHAs (DYHKIUS DACCTOSHUS ME¥KIY MAUCKPETHBIMH DAacIpeieseHusIMu
P=(p)i, u@=(q;)",, c coBmamatomumu nocurensamu, {i: p; > 0} = {i: ¢; > 0}:

L(P|Q) = KLi(pill¢:) = szln H(P,Q)— H(P),

e H(P)=—>.p;Inp; — osnmponua pacupenerenus P, H(P,Q)=—> .pilng —
kpocc-anmponus pacupenenenuii P u (). Obo3nadenne KL; He gaBiseTcsa oOMenpuHITHIM,
HO OHO YJ00HO, KOI'Ia HaJI0 110Ka3aTh, 110 KAKOMY MHJIEKCY IIPOU3BOJAMTCA CYMMHUPOBAHUE.

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

Ecmu KL(P||Q) < KL(Q||P), o pacupenenenue P cuibHee BI0KeHO B (), yem ) B P,
cM. puc. 4. Takum obpazom, KL gBiisgercsa Mepoil BJIOXKEHHOCTH JBYX PaCIpe/Ie/IeHUI.

Eciin P — smuupuueckoe pacupejeserue, a Q(a) — mapaMerpudeckasi MOJIeib, TO MU~
HuMmusanusg KL-auBepreHnun S5KBUBAJICHTHA MUHUMUBALUNA KPOCC-IHTPOIIMK U MAKCUMU-
3aluu [IPaB/I0000us:

KL(P[|Q(« szln —>m1n = szlnql()%max.

=1

3aa1a MAKCHMH3AINH [IPABIONOA00US [Isi TEMATHICCKOrO MojeaupoBanus (9) 9K-
BUBAJIEHTHA MUHUMU3AIUA B3BelIeHHON cyMMbl KL-/tuBepreHnumii MezK /1y SMIEPUICKUMA
pacipenenenusayu p(w|d) = 74 n mogenbubivu p(w | d), no Becem tokymentam d u3 D:

N
anKLw( : H Zsowt&sd) — rgl@ﬂ
deD

IJie BeCOM JOKYMeHTa d sBJseTcs ero JauHa ng. Ecim Beca ng yoparb, TO Bce JIOKYyMeH-
THI OY/JyT UCKYCCTBEHHO IPHUBEIECHBI K OAUHAKOBOM jjuHe. Takasg momuduranus QyHK-
[IIOHAJIA KAYeCTBa MOKeT OBITh II0JIe3HA IIPH MOJIEJTHMPOBAHUN KOJLIEKIIHI, COMepKAIIIX
JIOKYMEHTBI OJIMHAKOBO# BarKHOCTHU, HO CYIIECTBEHHO PA3HOMN JIJIMHBI.
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He-6aiiecosckas nutepnpetaunsa mogenu LDA. Peryisipusarop (19) MoxkHO 9KBUBa-
JIBHTHBIM 00pa3oM 3arnucarb depe3 KL-juBepreuiyu:

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

teT teT
+ \T|ZKLt(|T1‘ | 6ua) — aOZKLt(g—é | 6:4)-
deD deD

Orcroma ciemyer, 9ro Mogeab LDA oka3biBaeT CriaKMBaoIIe U PaspezKuBaiONne
BO3eiicTBus Ha MaTpuibl P, ©. Bee crosbub marpunpt P 10/12KHBL ObITH OJIM3KH K OJHOMY
U TOMY K€ PacIpe/ie/IeHUIO %7 IpUIEM ImapaMeTp [y CTAaHOBUTCHA KOI(DDUIMEHTOM pery-
Jngpusanui. AHAJOIHYHO, BCe CTOIONBI MATPUIIBI © JTO0KHBI OBITH OJIM3KHU K pacipe/eie-
HUTO 3—3, U 3TUM TpeboBaHUEM yIIpaB/sgeT KO3 UIMeHT peryasdpusanuu «g. Kpome srux
CIVIaZKMBAIONIUX BO3/IEUCTBUI UMEIOTCs cjlabble HeylIpaBJisieMble Pa3pezKuBaIoIe BO3/1eii-
CTBUs: CTOJIONBI 00EUX MATPHIL JOJIKHBI ObITh JAJeKU OT PABHOMEPHOI'O PACIIPE/IeJIeHUS.
JlaJjibiiie Bcero oT paBHOMEPHOI'O paclpe/iesieHusl HaXOIATCsS BbIPOXK/IEHHbIE paciipe/ielie-
HU$, B KOTOPBIX €JMHUYHAsS BePOITHOCTH CKOHIIEHTPHPOBAHA B €IUHCTBEHHOM >JIEMEHTE.
[TosToMy paspeKuBaHMe MIPUBOIUT K OOHYJIEHIIO MaJIbIX BeposTHOCTel B Marpunax ®, 0.

5 Teopua EM-anropntma

B srom pasjesie mbl norpysumcs B reopuio EM-ajiropurma. Pacecmorpum 6oJiee oO1uit
KJIACCHYIeCKHil criocob ero BBIBO/IA, KOTOPLINA IO3BOJISIET 00O0CHOBATH CXOAUMOCTD. 3a0/IHO
0boraTuM ero BO3MOKHOCTBIO aTATUBHON peryasgpu3anun. Marepuas 3Toro pasiena Io-
HaTOOUTCS TOTBKO B CJIEAYIOIIEM pa3sjelie, emé bosiee TeopeTndeckoM. Ecau HeTepmuTcs
[OCKOPEe y3HATh O HPAKTHYECKHX ACIIEKTAaX TeMaTHIECKOTrO MOJIEJIMPOBAHKA, TO 00a pa3-
JeJia MOXKHO IEeJIUKOM ITPOIYCTHATD.

O6wwnin EM-anroputm c perynsipusauymein. Knaccudeckuii EM-anropurm [47] mpes-
Ha3HAYeH /I MOCTPOEHUs MIMPOKOTO KJIacCca BEPOSATHOCTHBIX MOPOZKIAIONIUX MOeIeit
CO CKPBITBIMH HEpeMeHHbIME. TeMaTudeckoe MOJeJIMPOBAHUE JIJIsi HEI'O — JIUIIb YaCTHBII
caydait. Cxomumocrs EM-anropurma yao0HO J0Ka3bIBaTh Jid OOIIEro cjiydast, 100aBUB
BO3MOYKHOCTD peryisipusanuu. [losromy nepeiiiem k 0oJiee 001umM 0003HAMEHUSIM:

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

Z = (t;)_, — ckpumole nepemenmbie;

Q = ($,0) — napamerpbl HOpozKaoiieil BeposrHocTHON Mojesu p(X, Z ).

Bajaua 3aK/I09aeTCs B TOM, 9T00BI 110 BbIOOpke X Haiitum mapaMerpbl mojenn §2,
P KOTOPBIX JOCTUTAETCS MAKCUMYM MAP2UHGAU306GHH020 Npasdonodobus (marginal
likelihood)! ¢ perymapusaropom R(Q):

Inp(X|Q) + R(Q) = anp(X, Z|+ R — max. (20)
Z
Dra 33124 Hey100HA TeM, 9TO CyMMUPOBAHKE 1101 JIOrapuMOM IIPOU3BOUTCS 1O BCe-

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

! Marginal likelihood Ha pycckmii HHOTTA TePeBOIUTCS KaK IpeebHOe WK HelOTHOe IPaBI0IoI00MIe.
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Teopema 5.1. FEcun pynknmonas (20) gocrarodno rrajkmii, 1o Todka ) ero JoKaJabHO-
o MaKCUMYMa YJIOBJIETBOPSIET CUCTEMEe YPaBHEHHUI, pellieHue KOTOPOH MeTOJ0OM HPOCThIX
AaTepanuii CBOAUTCI K YEPEJOBAHHIO JIBYX IIAIOB:

E-mar: q(Z) =p(Z|X,Q); (21)
M-mar: Zq(Z) Inp(X,Z|Q)+ R(Q) — max . (22)

JokazaTeabcTBo. 3anunemM HeoOX0IUMbIE YCIOBUS JOKAILHOIO SKCTPEMYMa, /IS 3a-
Jadn MaKCUMU3aIuu riaakoro ¢gyuknunonaaa (20):

1 op(X, Z|Q2 Q
ZP( 2| )+8R():O.
p(X|9Q) o0 o0
U3 dopmyiibl yesosuoii BepositHoctu cieayer p(X [) = i E)Z(\?g; Bocnosbsyemest
STHM TOXKJIECTBOM, BHOCS p(x—lm) 110/1 3HAK CYMMHDOBAHUSI:
X Z|Q aQ o
OR(Q)

=0.

Zp (Z]X,Q) lnp(X Z19) + —5

HO.T[yLIeHHoe YpaBHEHHUE HABJIACTCA HeO6XO,ZLI/IMbIM ycjoBueM JIOKaJIbHOI'O 9KCTpeMyMa
sajgaun M-mrara (22), eciau dbukcupoBarsb pacipegesenue p(Z | X, ) Tak, 41066 OHO HE 3a-
BrCcesio oT mapamMerpa ). VIMeHHO 9T0 u jocTuraercst Boraucaennem ¢(Z) va E-mare (21)
¥ 1ocJieyomedi ero noJcranoBkoii B (22). Takum 06pa3oM, Mbl HOLyYUIIM CHCTEMY YDaB-
HEHUil, SKBUBAJICHTHYIO HEOOXOAMMBIM YCJIOBHsIM MakcumyMma dyHnknuonasaa (20).

Teopema JjiokazaHa.

CaencrBue 5.2. Ecin 3ajzada onruvusainun (20) mmeer orpanmyenust ¢;(2) <0,
h;(2) =0, to cucrema ypasmenmii (21)—(22) ocraércs B cmire, mpn 3TOM 3a/Jada OITH-
muzanun (22) uMeer Te ke OrpaHHICHHS.

st joKa3are/ibeTBa HEOOXOUMbIe YCJI0BUS JIOKAJBHOIO IKCTPEMYyMa 3aMEHHAIOTCS
yeaosusimu Kapyma—Kyna—Takkepa, B 0cTajibHOM BbIKJIAJKNA aHAJIOTUIHBI.

Teopema 5.3. B urepanmonnom nporecce (21)—(22) 3navenne pyHKnnOHAIA HE YMEHb-
HIAETCST HA KAZKJ[OM IIAre.

okazarenbcTBo. Begém mpousBosibHOe pactpeseienne ¢(Z). Bocmosb3yemcs

YCJIOBHEM HOPMHDPOBKH » , ¢(Z) = 1 u roxaecrsom p(X |Q) = ZE)Z(\? 3;

p(X, Z|Q)
Inp(X|Q) = Zq ) Inp(X Q) = Z (Z)In————=
5 p(Z] X, Q)
Jobasum u oraumeM Y, ¢(Z)Ing(Z2):
p(X, Z|Q) q4(Z)
Inp(X|Q) = qZ)In ————= + ) In ———. 23
L(9) KL((2) [p(Z] X,0)) >0
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Bropoe ciiaraemoe B 310l cymme siBisiercd KL-juBeprennuein MexkLy JAByMsi pacipe-
JIeJICHUSIMM, KOTOPad BCerja HeoTpunareabia. [ToaTomMy nepsoe ciaaraemoe, 0003Ha4eHHOE
aepe3 L(q,Q), aBiasercsa HuzKHeil oneHKoil orapudma mpasgomnomodus Inp(X |Q).

Jns makcummsauu peryagpu3oBanioro log-npasmononobus Inp(X [Q2) + R(€) 1o
OyZeM MaKCHMH3UPOBATDL €ro HUZKHIOK OICHKY IMOOYEPEIHO TO IO ¢, TO 1o §2:

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

Makcnvusanus L(g,€2) no ¢ sxsusarenrna munnvusamun KL(q(Z) || p(Z]X,Q))
0 ¢, HOCKOJIbKY uX cymma (23) ne 3aBucur or ¢. Munumym KL-nuBeprennum pasex
uyaio u jocruraercs upu ¢(Z) = p(Z|X,Q), aro coBunamaer ¢ dbopmysnoit E-mara (21).
Obnysenne KL-guseprennuu B (23) o3nagaer, uro L(q,€)) sBisiercst gocturaeMoil HUzK-
Heit onenkoii st Inp(X |Q)), a 3ajaga makcumusanuu Ha M-mmare coBnajaer ¢ (22).

Taxkum o6pazom, EM-anroputm (21)—(22) gBasgercs 9acTHBIM CJIy4aeM UTePanuOHHOIO
npoiecca 6J109HO-IIOKOOPAMHATHOI onrruMusanuu Gyukuuonasia L(qg, Q)+ R(£2), na kax-
JIOM IIIare KOToporo 3uadenue (byHKIMOHAIA MOKET TOJBKO YBEJIUIUTHCS.

Teopema JjiokazaHa.

EM-ajiropur™m He rapaHTHpyeT HU JIOCTUKEHUsS MAKCUMyMa C 3a/IaHHOI TOYHOCTHIO,
HU I100a/ibHOil cxoauMocT. ONTUMHU3AIMOHHAA 3a/a49a SIBJIAeTCd B ODIIEeM CIydae MHO-
rodKcrpeMasibHoii. Ha mpakTuke 310 0O3HaYaeT, 9TO Ka4eCTBO PElIeHHs MOXKET 3aBHCETD
0T BbIOOpA HAYAIBLHOI'O HPHOJIHKEHN.

O6wwmit EM-anroputm gnsa ARTM. IIpumennym EM-anropurv (21)—(22) k 3amate Te-

MaTUYECKOI0 MO/IeJIMPOBAHUsI, BEPHYBIIUCH K MCXOAHBbIM 0003Hauenusim: X = (d;, w;)lq,

— n —
Z = (ti)izla Q= (CI>> 6)
C.He,H,YIOHIaH JIEMMa II0Ka3bIBaeT, 4TO B CJIy41a€ TeMaTU1€eCKOIo MO/AEC/JIMPpOBaHUA CyMMa

10 BCEBO3MOXKHBIM Z B 3a1ade M-1mara (22) cymiecTBEHHO YIPOIIAETCSI.

Jlemma 5.4. Touka (O, ©) JokaapHOIO MaKCHMYMa Pery/spH30BaAaHHOTO 10g-IpaBIoIo-
)

J1001sI B 3a/1a1e TeMaTuIecKkoro Mojgesupoanus (11) yaoBiaerBopsier cucreMe ypaBHEHHI,

pelriieHne KOTOPOH MeTOJIOM IIPOCThIX HTEPAIUH CBOJUTCS K YePEJOBAHUIO JIBYX HIAIOB:

E-mar: p(t|d,w) = ntorTm(gothtd), st Beex d€ D, we W, teT; (24)
€

M-mar: Z Z anwp(t\d,w) In(uibia) + R(P,0) — max. (25)

deD weW teT

Joka3zareabCTBO. 3anuiieMm cHadajga Gopmyay E-mrara. Bocmosib3oBaBimcs ycJio-
BHEM HE3aBHCHMOCTH 3JIEMEHTOB BbIOOpKH 1 npumenus dbopmysy Baiteca (5), pasioxum
q(Z) B upousBejieHEe YCJIOBHBIX BEPOSTHOCTEH TE€M 10 BCEM HO3UIUAM i:

q(Z) =p(Z|X,Q) = Hp(ti|di>wz’) = HHOtlfm(SOwiti@tidi)-
i=1 =1

1=
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[ToxcraBum B 0611yI0 bopmyiay M-mara (22) pacupenesnennst p(X, Z |Q) u q(Z):

Z Z)lnp(X, Z|Q) + R(Q) — max;

zZeTm

Z ZHP te | di, wy) IHHP diwit; | Q) + R(2) — max .

€T tneT k=1

Bripazum sorapudm mpousseeHus yepe3 cyMMy JIorapudMOB U [IEPEeCTaBUM MECTaMU
3HAKU CyMMHUPOBAHUSL:

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

1=1 t1€T €T k=1

BamMerum, 4To cpeju n cyMm 10 t; € T HerpuBUaJbHA BCEra TOJIbKO OJHa — Ta, JJid
KOTOPOIi t; = t},. Bee ocraabHble CyMMBI PacXoAyIlOTCd Ha 00pa3oBaHUe MOJHBIX BEpOsT-
nocreit Y, p(ty|dy, wy) = 1. Takum obpasom, dynknua B J1eBof TacTH yuportaeTcs:

Z Zp(t | di wi) Inp(diw; t|Q) + R(Q) — max.

i=1 teT

3aMeHHM CyMMEUPOBAHUE 110 MO3UIHSIM T€PMOB i CYMMHPOBAHHEM IO JOKYMeHTaM d,
3aTeM MO TepMaM W B KaXKJIOM JOKYMEHTEe, YUHThIBas KAKJbIH TepM Ng, pa3. 3areMm
BOCIIOJIb3yeMcs tpejicrasienuem p(d, w,t|Q) = p(w|t, ®) p(t|d, 0)p(d) = @uibiapa, or-
OpocuB B HEM MHOXKHTEJ/Ib Pg, HE 3aBUCHIIUI OT UCKOMbBIX [1aPAMETPOB MO/IEJIN:

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

deD weW teT

JlemMa JloKa3aHA.

Bajgada (25) sBisiercst MAKCUMHU3AIMed PEryisipu30BAHHOIO [PAaBJONOA00HsT JJist Be-
positHOCTHON MOoJenu p(w,t|d), KOTopas HACTpAMBAETCsI MO SMIUPUIECKAM YaCTOTAM
Ndgw = NawP(t|d, w). D10 MOME3HAST TPOMEZKYTOUHAS (POPMA TOCTAHOBKH 3a/a9l TeMaTH-
YEeCKOI0 MO/Ie/IUPOBAHUS [IPH M3BECTHBIX PACIPEIEJTEHUIX CKPBITHIX II€PEMEHHBIX.

[Tokazkem, ato or Heé serko nepeiitn Kk EM-aaropurmy st ARTM (15)-(17). Boc-
OJIb3YEMCsT PEKHUMEU 0003HAYEHUAMU Ny U3 (7) 1 ngg u3 (8). Torga kpurepmii (25)
PaCKJIaJIBIBAETCS B CYMMY JIBYX CJIAraeMbIX H PEry/IspU3aTopa; IePBOe 3aBHCUT TOJLKO
or ¢, BTopoe — TOIBLKO OT O:

Z Napt 1N Py + Z nigInbyy + R(P,0) — rga@x

w,t d,t

[Ipumensiss K JIAaHHOMY KPUTEPUIO JIeMMY 3.2 O MaKCUMU3AIUMU HA €JMHUYHbIX CHUM-
IIeKcax, HeMeuieHHo nosydaem dopmysst M-mara gt ARTM (16)—(17). B coBokymuo-
CTH TaKOil CI0co0 BBIBOJA JIIMHHEE, HO er0 MPEenMYIIECTBO B TOM, YTO MOMYTHO YIAETCsI
obocHOBaTh cxomuMOcTh EM-anropurma.
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6 baiiecoBckoe obyyeHune moagenun LDA

[eabio GaiiecoBckoro obydenusi (Bayesian learning) sBisisiercst mosiydenue OIEHOK
IJIOTHOCTU PACHPEJe/IeHus JIjIsi HaPaMeTPOB BEPOSITHOCTHONW MOJIEJIN BMECTO OOBIYHBIX
TOYEUYHBIX OIEHOK. B aHajm3e JJaHHBIX €CTh Macca MPaKTHYECKUX 3a/a9 U CUTYaIlHil, KO-
I/Ia allOCTEePUOPHbBIE ONEHKH ILJIOTHOCTH JeHCTBUTETHHO He0OX0ouMbl. OIHAKO B IIPAKTUKE
TEeMaTHIECKOI0 MOJICTMPOBAHMS BCEr/Ia MCIIOIb3YIOTCA TOUYEUHbIE OIEHKU YCJIOBHBIX BEpoO-
saraocteit B marpuinax ® u O, a He ux pacupeje/ieHus.

Ocraércs qunib rajarhb, nodeMy 06aifecoBCKOe 00ydeHne OKa3aJoCh JOMHHUPYIONUM
[OJIXOJIOM B TeMaTUIeCKOM MOJIeIUpoBaHun. Bo3MoxKHO, OaiiecOBCKHE METOJbI OBbLIH
Ha BO3pACTAIOIIEM TpeHje «Kpupoil ['aprHepay, Korma mossmiack moaenb PLSA Tomaca
Xodwmanua. Bo3mokHO, ckazajicsa 0e3yCJOBHBIN HAay4YHBI aBTOPUTET aBTOPOB MOJEIH
LDA. Bo3M0KHO, TeMAaTHIECKOe MOAEIUPOBAHUE HEPECKOUMJIO YePe3 eCTeCTBEHHYIO CTa-
JiMio pasBurusd. B perpeccuonnom anaJjinze, o0paboTKe CUIHAJIOB U U300parKeHuil mocra-
HOBKU OINTHMU3AIMUOHHBIX 33149 YCJAOKHSIJIUCH MOCTEIIEHHO, B TOM YHCJIE IyTEM BBEJICHUSI
peryiasgpu3aTopoB. Korjia BOSHUK/IN MPUIOKEHUs, TpeOyiolue 3HaTh 0OJIbIIE O pacipee-
JIEHHSX [TapaMeTpPOB, BMECTO OOBIYHOM Pery/aspu3aiii CTaaIu MIPUMEHIThCI METOIbI Daiie-
COBCKOT0 BBIBO/Ia. Temarndeckoe MOJIeIMPOBAHIE OKA3a/1aCh OTHOCUTE/IHHO HOBOH 3a/1a4eit
B TOT MOMEHT, Kor/a OaiiecoBcKoe o0ydeHue IepeKuBaJjio MUK momyaspaocru. [Toaromy
pa3BUTHE HOILIO 10 IYyTH, HA TOT MOMEHT CUYMTABIIEMYCs MEPCHEKTUBHBIM JIjIs aHAJIM3A
JIAHHBIX B IeJI0M. Borarbie BO3MOXKHOCTH OOBIYHOM, He 0aiieCOBCKOil, pery/isapu3aiud TaK
1 He ObLIM OOHADYZKEHbI B MPOMeXKyTKe Mexkay nossiaenumem PLSA (1999 rox) u LDA
(2003 rox). Do yuymeHue Kak pa3 U upusBaH ycrpanuth 1moaxos ARTM.

Hecmorpst Ha BbicKa3aHHBIE Bbile cOOOparkenusi, DaiiecoBCKoe oDydueHnue KpaiiHe Bark-
HO JIjIsl TEMATHIEeCKOI0 MOJICJIMPOBAHUS XOTsI ObI IIOTOMY, 9TO OOJIBITUHCTBO I1yO/JIMKAIIHiT
HAITMCAHO HA 3TOM MaTeMaTHYECKOM sI3bIKe.

Mgl paccMoTpuM JBa HamboJiee MOMYJIAPHBIX I0JIX0/Ia: BapUAIMOHHBIN OaiiecoBcKuit
BBIBOJ (variational Bayes, VB) [143] u commuposamme I'n66ca (Gibbs sampling, GS) [139].
Jlnst npocrorsl orpaHmduMces Mogeabio LDA w yBmawm, 9ro 00a IMOAXOHA IIPUBOISAT
K EM-110/100HbIM aJiropuT™MaM, HE3HAYUTETLHO OTJIMYAIONIMMCS OT 3HAKOMON HAM BEPCHUH.

['pomo3zikas TexHuKa 0aiileCOBCKOTO BBIBOJIA, ONMUCAHHAA B JJAHHOM pas/iesie, Jajiee Hc-
0JTb30BaThCs He Oy/eT. baiiecoBckue TemMarndyecKue MOJIE/H, KaK IPAaBHUJIO, VIa&TCs epe-
dopMyIIpOBaTh B TEPMHHAX PEry/IspU3AIUUd HAMHOTO sicHee H mpoire. [IpumepoB Takumx
«1ebaiieceHn3nPOBAHHBIX» MOJIe/Ieil Oy/IeT MHOTO B CJIEYIOMUX Pa3/Ie/iax.

Konuenuus baiiecoBckoro oby4qenus. Ilycrs X — nabiromaeMast BHIOOpPKa JTAHHBIX,
p(X |Q) — BeposgrHOCTHASE MOJIE)Ib JaHHbIX ¢ napamerpamu ), p(Q|vy) — anpuoproe pac-
npedesenue B IPOCTPAHCTBE IIAPaAMETPOB MOJIEJM, UMEoIee ruiepuapaMerpbt . Torma
anocmepuoproe pacnpedenenue IapaMeTpoB, cornacHo gpopmyse Baiieca, nmeer Bu

p(€, X [v)
p(X[7)

rjae CMMBOJI X O3Ha49aeT «paBHO C TOYHOCTBIO JO HOPMHUPOBKHM».

p(QX,v) = oc p(€2, X |7) o< p(X[Q) p(2]7),

Eciin nam Hy2KHa JIMIIb OIIEHKA MaKCUMYMa, IPaB/I0110/1001sl JIJIsT AIIOCTEPUOPHOIO Pac-
npejiesieHus, TO JIOCTATOYHO BOCHOJIb30BATHCH MPUHIHUIIOM MAKCUMYMA GNOCMEPUOPHOT
8EPOAHOCTIU, KOTOPBIHA OBLT pacCMOTPEH B IpeblayIneM pasjese. Torna 3aiada cBOIUT-

26



cs K MaKCHUMU3alyy Jjorapudma npasionoiodus ¢ BEpOATHOCTHBIM PeryJispu3aTopoM:

Inp(X|Q)+1Inp(Q]y) — max.
AJIbrepHATUBHBIN Iy Th, HA3BIBAEMbIi 0GUECOBCKUM 8bL6000M, 3AKTIOUAETCS B TOM, YTO-
Obl BBIYUC/IUTD alocTepruophoe pacupejeenune p(€| X, ) B sBHoM Bujie. D10 HoJiee CJI0xK-
Hasd 3a/1a49a, HOCKOJIbKY BMECTO TOYEYHOI OICHKA mapaMeTpa {2 CTPOUTCA ero pacipeee-
aue. Takoil moxxon gaér Gosbuie HHGOPMAIEH O HapaMeTPax MOJECH, IO3BOIAET CTPOUTD
JUT HUX JOBEPUTEIbHBIC W HHTEPBAJIbLHBIC ONCHKH.

CsoiicTBa pacnpegenenuns Qupuxne. Mogeas LDA ocHoBana Ha pacnpeenenusax /lu-
puxJie, 1103TOMY 1LIPUBEJIEM B CIIPABOYHOM IIOPsi/IKE HEKOTOPbIE ero cBoicTBa:

e B, = [ 6, Dir(Ala) df = o= notrm(ozt) — MareMaTHYecKoe OKujanue Oy

N _ oy—1 __ o .
o 0=t = notrm(at — 1) — moua;

o DO, = 7023(?50?‘13) — JIUCTIepCHd;

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

Fl
Huramma-dyuknus () = % OueHb 10XOzKa Ha Jorapudm.
U3BecTHa mpoctasi, HO BeChbMa, TOYHAS AMIPOKCHMAIHS IKCIO- 35 ]
3,0 9
HeHTBI guraMMa-GyHkiun (Ha rpaduke UX THHANT IPAKTAICCKH  , |
HEPA3/IMIUMBI ): 20§
15 3
1,0 4
x? 0< 05 4
= r < 1; :
_ ~ ) 2 SEX S 0
E(I) - eXp(W@) ~ r— %7 1<z 0 05101520 2530 35 40

BapuauunoHHbiii baecoBcknii BbiBog,. llaest 51010 10ax04a B TOM, 4TOObl HCKATH COB-
MECTHOE allOCTePUOPHOE PACLpe/le/IeHIe Jijld HapaMeTPOB MOJIEIM M CKPbIThIX IepeMeH-
ubix p(Z, ®, 0| X, «, f). HemocpecTBeHHOE BBIYUCIEHHE JAHHOIO DPACIPEIEJEHUs MPO-
GaemarnaHo. 1103TOMy HAXOZAT ero NpubIMKeHHE B BUJE PA3JI0KeHHs Ha MHOMKHTEIH,
UCHOJIB3Ys OCHOGHYI0 MEOPEMY GaAPUALUOHH020 baliecO6CK020 6b16004.

Teopema 6.1. Ilycrs 3asaH0 pasbuenne MHOXKeCTBA 11epeMeHHbIX Y Ha 00k Yj, j € J.
Torza pemenne sazaun KL(g(Y) H p(Y|X,7)) = min B cemeiictse pakTOpH30BaAHHBIX
q

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

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

rae Egp ; — MaTemaTnueckoe oxkuanue 110 BCeM 1epeMenHbIM KpoMe Y, const — jiorapugm
HOPMHPOBOYHOI'O MHOXKHTE/Is PACIIPEIC/ICHUS ;.

Jloka3aTebcTBO MOXKHO HaiiTu, Hanmpumep, B [27].
st pemenust cucrembl (26) MOZKHO HCHOJIB30BATH METO/[ IPOCTON UTEPAIUH.
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[Tpumenum 31y Teopemy K Haiiemy ciy4ar, korja Y = (Z,®,0), v = (a, 8). Byaem
upubjuzkars pacupeenenue p(Y | X, v) = p(Z, ®, 0| X, a, §) upoussejenuem n+|T'|+|D)|
pacipeaeaenuii mo 6J0KaM IepeMeHHbIX t;, oy, 04

Q(qu)7@ HQJZ(I)@ H HQt 901& HQd ‘9d
=1

jedJ teT deD

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

3ameruM, 4TO eciiu OJOKH IepeMeHHBIX Y; He3aBHCHMBI, TO pelleHue OyaeT He IpH-
OJIMKEHHBIM, & TOYHBIM. TakuM 00pa3oM, HCIIOJIb30BaHUE BapUAIMOHHOIO DailecOBCKOIO
BBIBO/IA CBSI3aHO C MPEJIIOJI0KEHIEM, YTO MOYKHO MpeHeOpedb 3aBUCAMOCTSIMEI MEXKIY Te-
MaMH# TEPMOB t;, BEKTODAMU TeM ¢; U BEKTOPAMH JOKYMEHTOB 0.

Yrobbl 3amucarh cucTeMy ypaBHenuii (26), pacouimem JorapudM pacpeieeHust
p(X,Z, 9,0 |, 5), uepesojs ciaraeMbie, He 3aBUCSIIEE OT HEPEMEHHbIX t;, @y, 04, B const:

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

=In [ [ p(di, wi, t;®,©) + In [ [ Dir(p | 8) +In [ [ Dir(6a] ) =

1=1 teT deD

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

Teneps Hag0 Gparb MaTemaTndeckne oxupanus Eg ; 0T 910ii cymmbl 110 Bcem pacipe-
jenerusim G (o), qa(0a), ¢i(t;), Kpome j-ro. 3amMerum, 4TO €C/IM cjaraeMoe S He 3aBUCUT
or j-it nepementoii, To E, .S = const, 4T0 CUJIbHO yUPOIIAET BbIK/IA/KH.

PaccmorpuM ypasuenne (26) OTHOCHTEIBHO ¢ (@y):

In ¢ §0t Z qu(t t —t In Oyt +Z —1 In ,,; + const =

weW
- Z Z w]g; (1) In Pt +Z w—1) Inp,; + const =
= Z <Z[wi:w]%(t) +Bw — 1) In ¢ + const =
weW “Ni=1

7

Vo
Nwt

= In Dir(g; | 5,).

Takum obpaszom, ¢ (p;) sBisiercs pacupejesienuem upuxje ¢ napamerpamu
Buwt = Nawt + Puw, THE Ny — OLEHKA YUC/Ia TeHepanuii TepMa w u3 Tembl t. [Ipu 6osbimx
TNyt OHO CKOHIEHTPUPOBAHO B TOUKE 0y = NOTM(Sy¢)-

w

28



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

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

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

=1In Dll"(ed ‘ O~éd)

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

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

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

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

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

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

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

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

q(t) = norm

N[

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

¢;(t) = norm

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

1
ne+fo—35  ne +ag—

Bamernm, uro opmyta s ¢;(t) moxoxka na E-mar (15) 8 EM-anroputye /it Mo/iesn
LDA: p(t|d;,w;) = normy(©y,:0:4,). Bosee Toro, akKyMyJIupOBaHUE CUETUUKOB My U Mg
B TOYHOCTH coBrajaer ¢ popmyaamu M-mrara (16)—(17), ecau nosarars ¢;(t) = p(t|d;, w;):

n

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

i=1 i=1

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

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

Ocuosroe orimuune or EM-anropurma — B nonpaskax (—1, —% win 0) K 9acTOTHBIM
OIIEHKAaM YCJIOBHBIX BeposTHOCTeH. 1Ipu np, nyg > 1 3Tu nomnpaBku mpeHeOpe:KuMo Ma-
Jbl. OHE BIUSOT JIUIIb Ha OJU3KHE K HYJII0 YCJIOBHBIE BEPOATHOCTH Q. U iy, KOTOPHIE
HE SBJSIOTCA 3HAQYUMBIM JJIg TeMaTudecKoir Mogesnu. Takwme ornmunmsa B EM-1momo0HBIX

AJIrOPUTMAX TEMATHYECKOIO MOJEIMPOBAHMST MOKHO CUYUTATH HECYIeCTBEHHbIMU [24].

CoamnnunpoBanue 'mbbca. jiest 31010 110/1X0/1a B TOM, YTOOBI CHaYaJIa OIEHUTh CKPbITHIE
IIEPEMEHHbBIE C HOMOLIBIO CoMIIUpoBanus Z ~ p(Z | X, a, (), 3arem HaiiTu alloCTePUOPHOE
pacupe/esnenue napamerpos mogesu p(®, 0| X, Z, «, 5), upu uzsecrabix X u Z.

Paszbepémcst cHadasia ¢ amocTepuopHbIM pactpeenenuem. [lycrs p(®, 0| a, f)
anpuopHoe pacupeenenne upuxie. Pacupenenenne /Iupuxiie sBiseTcs CONPszKEHHBIM
K MYJIbTHHOMHUAJIbHOMY, HO9TOMY allOCTEPUOPHOE TaKzKe Oy/leT IPUHA/IeKATh CeMeRCTBY
pacupejesenuit Jupuxiie:

P(®,61X, 7,0, 0) x p(®,6, X, Z|a, ) x p(X, 7|, €)p(®, 6 |1, )
o TT (euitia) s T Dix(i 1 8) T] Din(bal)

d,w,t tel deD
Ngwt  Bw—1 Ngwt ot —1
X H H Pwt Put H H 04" O3
teT dyw deD w,t
Nwt+Bw—1 nig+oar—1
o [T TT 110
teT w deD t
X H Dir(gpt | 5t) H Dir(@d | dd)> Buwt = Nt +Buw, Qg = Myq+ 0y, (28)
teT deD

[Je CYBTUUKH Nyt Nyt U Ngg OUPEJEISIOTCs COIACHO (4) Yepe3 3HAYeHUsT CKPBITHIX 11e-
pPEMeHHBIX /.

CommiupoBaHue CIy4daifHOro BeKTOpa 4 U3 MHOIOMEPHOTO pacipejesieHus OCHOBAHO
HA Meopeme 0 CToOuMOCTY NPOUeccd camniuposanus 1ubbca.

Teopema 6.2. I[Ipormecc cOMITEPOBAHAS OJHOMEDHBIX CJIVIAHHBIX BEJTHIHH

(k+1) P(Xa Z ‘ ’7) )
t; Np(ti‘Xuziafy):i, 1=1,...,n;
T X Zal)
rae k — nomep urepanuu, Z\; = (tgkﬂ), ce tz(.]jl), tgi)l, . ,t,(f)), CXOJIMTCST K MHOI'OMEPHO-

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

Jloka3aTebcTBO MOXKHO HaiiTu, Hanmpumep, B [27].

YT00BI BOCIOJIB30BATHCSL TON TEOpeMOii, moaokuM v = («, /) 1 HaiiéM pacmpeee-
uue p(X, Z|a, ). [TockojibKy OHO He JI0JIZKHO 3aBucerb oT napamerpos (P, 0), o Hum
UPUJBTCs B3aTh UHTErpaJ. [lojbiHTErPAIbHOE PACIPE/IeIeHne Mbl yzKe BbiBesin B (28),
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HO Jinlllb C TOYHOCTBIO /IO HOPMUPOBOYHBIX MHOKUTEJIe. Tenepb OHHM HaM HOHaﬂO6HTCH,
1HO9TOMY pa3bepeéMcs ¢ HUMU aKKypaTHee:

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

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

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

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

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

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

e 8%, = [w=w;|[t=t;], i, = [t=t;][d=d;]. Teuepn, cormacuo dpopmyJe u3 reopembl 6.2,
IIO/IC/TIM IIOJTyYeHHBIE PACIPEICTCHAS OJHO Ha APYToe, ITO0BI MOy IUTh OJTHOMEPHOE pac-
Ipeie/IeHne /IS COMILTHPOBAHMS TeMbI t;. [Ipu gejenun B 9ucmTesie © 3HAMEHATEIe CO-
KPATsITCsl BCE MHOXKHUTE/M KPOME TeX, KOTOPbIE 3aBUCAT OT djiementa (d;, w;, t;):

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

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

p(X> Z\z |Oé,

p(tZ‘X7 Z\Z,Oé,ﬁ) =

=z —1:

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

teT

n n

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

i=1 i=1

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

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

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

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

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

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

[lo okoHuaHNU UTepalnnili HCKOMbIe ITapaMeTpPbl MO/ MOXKHO OIeHUTH depe3 MaTe-
MaTHYeCKOe OXKUJIAHUe alloCTePHOPHbIX pacupe/eiaennii Jupuxie u3 (28):

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

B asropurMme 3 mokasaHa ujes peajnusanuu, npepiokennas B [139]. Kaxgas urepa-
nus k B IpOIEcce COMILTHPOBAHUS COOTBETCTBYET OHOMY IIPOXOIy Kosutekiuu. Korma
JUTS TO3UIIMHT ¢ COMILIAPYETCS TeMa, t;, BCeM IIPe by UM HO3UMUIM 1, ..., 7 — 1 y2Ke mpu-
CBOEHBI TE€MbI HA JIAHHOI UTepaluu, a BCe MOC/ ey IoIue no3unuu i + 1, ..., n COXpaHsoT
rembl ¢ npeipiaynieii (k — 1)-it urepanun — B To4HOCTH Kak TOro Tpedyer reopema 6.2.
CoMmIupoBaHHas TeMa 3allOMUHAETCS B MEPEeMEeHHOM ¢;, 1 Ha cjieyommeil ureparuu, Ko-
/18 9Ta TeMa U3MEHUTCS, CIETIUKH My U Mg OYIYT YMEHbBIIEHBl Ha eJIMHHILY JJIS CTapOil
TEeMBI, U YBeJIMIEeHbl Ha eIUHUILY J1JIsI HOBOI.

CxoacrBo EM-nio106ubix asiropurmos PLSA, MAP, VB, GS u emé neckoibkux ux Ba-
puanToB ObL10 3aMedeHo B [24]. B pabore [6] comiuinpoBanue e MHCTBEHHO TeMbL U3 Pac-
npenenenns t ~ p(t|d, w) paccMaTpUBATIOCh KaK OT/eJbHAs IBPUCTHKA, KOTOPYIO MOYKHO
ACIIOIb30BATh B J1I000M EM-110100HOM aJropuTMe TeMaTHIecKOro MOASTHPOBAHUS, HAMN-
Hasg ¢ PLSA. DkcrnepuMenTsl TOKa3a/ad, YTO COMILTHPOBAHUE HECYIIECTBEHHO BJIUSET HA
CXOJIMMOCTD U JIpyTHe CBOHCTBa Mojie/ . Kak 9BPUCTHKA, OHO MOZKET CBODOJIHO COYETATHCSI
C JIIOOBIMU PeryJisipu3aTopaMu.

Ontumunsayusa runepnapametpos B mogenu LDA. Bo muorux paborax, Hadumnas
¢ [139], ucnosb3yrorcs cuMMeTpHUYHbIE APUOPHbIE PACIpeieenns /Iupuxie ¢ napamMer-
pamu oy = 50/|T|, B, = 0.01. Bosree Toukue uccenosanus [156] mokaszanu, 910 JIy€iie
OITUMHU3UPOBATH BEKTOD & = (1, ..., Q) B HECUMMETPHIHOM pacupejesennn Dir(6y | «)
v 1oa6uparTh 4ucjioBoii napaverp 3, < 1 B cummerpuanom pacupeesnerun Dir(py; | 5).

st onrummsanuu Bekropa « B |156| npejiaraercs MakKCHMU3UPOBATH PABIOLOI00UE
P(X,Z|a«, ) npu dbukcupoBanubix Z u . OrbpacbiBas B (29) MHOKUTEN, He 3aBUCSIIITHE
OT (v, OJYYaeM ONTUMU3AIMOHHYIO 3a/1a4Y:

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

Puc. 5: [Ipencrasiienue yciaoBHbIX 3aBucuMocTeil B rpaduyueckoit Horamuu.

w1 wy W3 Wik w
k
Puc. 6: I'paduveckas HoTanus BHIOOPKH W1, . . . , Wk, HOPOKIAeMOil pacnpeaeneruem 3y, = p(w).

B auccepranuu [155] cpaBHEBAIOCH Gojlee TeCATKA YUCIEHHBIX METOIOB €€ DelleHHs .
[TpuBesém Jmnib camblii MpocToit U3 HUX — MeroJ| HemnoJBuzKHONH Touku [101]. B Hém
BEKTOp @ = () HEePecYUThIBACTCS 110 PEKYPPEHTHOMH (hopmy.ie

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

rie P(r) — auramma-dyHkius. dr1a (GopMysa BCTPAUBACTCS B UTEPALUOHHbIH IPOLECC
EM-ajiropurma Mek/1y 1IPOXOJIaMU 110 BCeH KOJIJIEKIUH.

DkcmepuMeHThl B [156] mokas3aiu, 9T0 ONTHME3AIMsI BEKTOPA (v MOBBIIIAET HPABJIO-
nojobmue u cKopocThb cxoaumoctu EM-anroputva. B ciaydae cuinbHOt necbararncuposan-
nocmu mem (KOTIAa B KOJUIEKIIMH OJHUX TeM OOJIbIIe, YeM JIDYTHX, B Pa3bl WIH JazKe
Ha TIOPS/IKN) OLNTHMU3AIMs BEKTOPA (¢ IPUBOJUT K DOJIee eCTeCTBEHHOMY HEPABHOMEDHO-
My PAaCIIpPe/IeJIeHUI0 KOJJIEKITUN 110 TEMaM.

Q= Ot

Mpacdhnyeckaa HoTauua. BepositHocrabie Temarudeckue mogean PLSA u LDA aB-
JIIIOTCS 9acTHBIME ciiydasmu rpadoBbix mojeseit. B epagosoti seposammocmmot mode-
su (probabilistic graphical model, PGM) 3aBucuMocTu MexKy CJOydailHBIMU BeJHYHHA-
MU TpPeJICTAaBAAIOTCS B Bume rpada. Bepmuubl rpada cooTBeTCTBYIOT caydailHBIM ITe-
peMeHHBIM, PEOpa — HENOCPEeJCTBEHHBIM BEPOSTHOCTHBIM B3aMMOCBA3SIM MKy HIMH.
Ha puc. 5 mokazanbl npuMepbl 3aBUCUMOCTENR MezK iy CaydailHbiMu repeMeHHbivu. Ha-
OJIf0/1aeMble TIepEMEHHbIe N300PazKaroTCs 3aKPAIlleHHbIM KPYKKOM. BbIOOpKa mepemen-
HBIX, T€HEPUPYEMbIX OJHUM PACIPe/Ie/IeHueM, n300parKaeTcs: MPsIMOYTOJIbHUKOM, puc. 6.
Takue u3o0pazkenus OyjieM Ha3blBaTh 2padiuueckoli nomayued (plate notation).

AnbTepHATUBHOI TEKCTYaIbHOI (OPMOIL MpeICTaBIeHI BEPOITHOCTHON MOJETH SB-
JSeTCs 2enepamuehas ucmopus (generative story), B KOTOPOI OLHMCBHIBAETCS AJTOPHTM
HOPOK/IeHus JiaHubIX. Ha puc. 7 nokasanbl 06a upejicraBjienus, rpapuieckoe u TeKCTy-
aJibHOe, JIst TemaTudeckux mogeseit PLSA u LDA.

[Tonbopka rpadudecKux HOTAIHI HA PUC. 8§ HILTIOCTPUPYET HOIBINOe CTPYKTYPHOE Pa3-
HOOOpa3ue BepOATHOCTHBIX TeMAaTHIECKUX Mojieseil. XOoTd HATTISTHOCTD SIBJIAeTCS HeOCIO-
PUMBIM [PEUMYIIECTBOM, HEJOCTATKOB y rpadudueckoit HoTamuu ropasao oOosibire. ras-
HBII — HEMOJIHOTA M HEOHO3HAYHOCTH MHTepuperaiuu. Hekoropbie aciekTbl MO THPO-
BaHUs HEe MOI'YT ObITh OTOOparKeHbl ODIIEIIPUHATHIME CPeJICTBaMU I'pauieckoit HoTanuu,
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Mogenas PLSA:

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

i p(tld), i =1, @+CO—@

. d t w

KaxKJad TeMa t; TOPOXKIAeT CIOBO: Nd

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

Q ) )

O TIOPOZKIaeT BEKTOPHI JOKYMEHTOB: / /

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

@y ~ Dir(p|3), t €T}

nasmee Kak B PLSA. @"Q/

B ¢ |T|

Puc. 7: l'eneparuBHas ucropus u rpadudeckas Horauus g mozesneir PLSA u LDA.

(o)

A8
M )
\'} y, N
() =
Y o/
o (w..
Op "

v

Parse trees

@ grouped into M

documents
N o

© M

™o

"

e ) ) K
By T 1 fena
b

®
=@

O ©
B So1 St St1

Puc. 8: [Ipumepst rpadudeckux HOTAIMI U3 TyOIUKANNN IO TEMATHIECKOMY MOIEINPOBAHUIO.

U aBTOPBI BbIHY K/ IeHbl n300perarh coOcTBeHHbie. B pe3yJibrare Mojie/ib MOZKeT BOCCTaHAB-
JINBATHCH 110 KAPTUHKE HEOHO3HAYHO. [eHepaTuBHasi UCTOPUS JIMIIEHA YTOIO HEJ0CTATKA
u 1aéT OoJiee TOYHOE ommcaHue Mojesan. ['padudeckas HOTAIUsd U TeHePpATUBHAS UCTOPUS
MOTYT OBITHb HOJIE3HBI IS MOHUMAaHUS OOIell ujaen W KOHCTpyKnuu Moienu. OgHaKko ux
He JOCTaTOYHO, YTOOBI OJHO3HAYHO BOCIIPOU3BECTHU IEPEXO] OT MOJEJH K aJITOPUTMY eé
oOyuenus. K coxkajieHUIO, BO MHOTMX I1yOJIMKAIUAX aBTOPbI OIYCKAIOT TOT LHEPexXoJ Jijis
KPATKOCTHU U3JI0ZKEHUsI, YTO OTHIO/b He JI0DaB/IsdeT $CHOCTU TaKuM padboraMm.

CpaBHevune ARTM un bGaitecoBckoro noaxoaa. K memocrarkam 06ailecOBCKOIO BbIBO-
Ada MO2KHO OTHECTH TEeXHHUYECKYIO CJIOZKHOCTb ,ZLO6aBJ’[eHI/IH u KOM6I/IHI/IpOBaHI/IH Tpe6013a—
HUIl K MOJIeJIM B BHJE ONTUMHU3AIMOHHLIX KpuTepueB. B HEM HeT yJI0OHBIX MEXaHHU3MOB
pery/spu3alum, MOCKOJIbKY HeT, cOOCTBeHHO, U 3adadn onrumusanuu 1o (P, 0). Yrobsl
Y4EeCTb JIONOJHUTE/IbHYIO MH(MOPMAIIUIO, IPUXOJIUTCH MEHATH allPUOPHbIE PACIIPE/Ie/IeHUs
WM BCIO CTPYKTYpy Mojiesin. Eciim anpuopHbie pacupeje/ieHus He sBJISIOTCS pacipe/ie-
Jienusivu Jlupuxjie, BbIBOJI CTAHOBUTCS 3aMETHO CJIOXKHEE.

Pacupeenenne /lupuxie oka3piBaeTcsa «Ha 0COOOM IIOJIOKEHHHN» B 0alieCOBCKOM IIOJI-
Xozae. OHO HE nMeeT Y6e'ZLI/ITeIIbeIX JIMHI'BUCTUYECKUX O6OCHOB&HI/II71, TeM He MeHee, B JId-
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Teparype OOJIBLIIUHCTBO MOJEJIEH CTPOATCSA C €ro HCIOJAb30BAHUEM. DTO 00bICHSIETCS ero
MaTeMaTH4IYEeCKNM y,H,O6CTBOM, a UMEHHO, CBOMCTBOM COHpH)KéHHOCTI/I C MYJIbTUHOMHUAJIb-
HeIM pacupegenenneM. B ARTM Her HUKaKHX OCHOBAHHUI IPeIIIOYUTATL PACIPE/IeTeHIe
Jlupuxje ApyruM peryisapu3aTopaM.

[TocraHOBKA ONTHMHU3AIMOHHON 3aa4dn Buga (18) maéT BO3MOKHOCTH MHTEPIIPETH-
poOBaTh AIPUOPHOE paclipejiejieHne KaK BEPOSTHOCTHBIM Pery/ispusarop, OTJIEJIUTb ero
OT KOHKPETHOW MOJIeJIM U UCIHOJIB30BATH B JPYIUX MOJEIIX. AJJIMTUBHOCTD PeryJisipu-
3aTOPOB MPHUBOJUT K MOJYJIbHOM TEXHOJOTHH TeMaTHIECKOTO MOJe/THPOBAHUA, KOTOpas
peasnu3oBaHa B mpoekTe BigARTM [8, 149|. Ilpu pemteHun npuKIaIHbIX 33129 KOMOHHAPO-
BaHWe TOTOBBIX PEryJasapHU3aTOPOB MO3BOJIAET CTPOUTH MOJIENH C 33 JaHHBIMHA CBOUCTBAME
663 JAOIIOJIHUTEJ/IbHBIX MaTeMaTU1€CKUX BbIKJIQJOK W IIPOI'PaMMUPOBaHUA. COS,Z[&HI/IG Ta-
KOW TEeXHOJIOI'MU B paMKaXx 0aiieCOBCKOI'O 1OJIX0JIa €/iBa JI BO3MOXKHO.

B sajibheitiiem mbl OyjieM paccMaTpuBaTh BCe TeMaTuyecKue MOJIe/IM B TePMUHAX pe-
I'YJIpU3AIAT, JazKe eCJIU B UCXOIHBIX paboTaX OHU CTPOHIUCH 0alleCOBCKUME METO/IaMU.
Pedopmanuzamus OaiiecOBCKUX Mojieieil depe3 pery/spu3aliiio, Kak MIpaBuio, He Ipe/l-
crasJisieT 0coboro Tpyjia, 60/1ee Toro, NPUBOJAUT K PAIMKAJIHLHOMY YIIPOIIEHUIO U3JI02KEHUS
663 CyleCTBEHHbIX U3MEHEHUI B KOHEYHbIX AJI'OpUTMax. MbI He 6y,£[eM HNCIIOJIb30BaATH
rpadudeckyio Horanuio, mockojabky B ARTM gaxke cioxkubie momen (popmain3yorces
HACTOJILKO MPOCTO, YTO IMOTPEOHOCTU B rpaduIecKuX Mpe/ICTaBJICHUIX He BO3HUKAET.

7 Mopenu crna>knpaHmnsa n paspexKmMBaHUs

OTKa3 oT ampHOpHBLIX pacrpeaeneruii /lupuxie mo3Bossger 0606muTh Momeab LDA:
CHATH OPPAHMYEHUS HA 3HAKH runeprapaMerpos B (19) u cBobo/Hee 06pAIAThCsI CO CITa-
JKUBAHUEM U pa3pe:KUBAHUEM JJIsl Y1y dIIeHHs HHTePIPETUPYEMOCTH TEM.

T'unomesa paspesrcennocmu: Kaxjias TeMa XapaKTepusyercs HeOOJIbIIUM YUCJIOM Tep-
MOB; KazKJbIil JTOKYMEHT OTHOCUTCS K HEOOJIBIIOMY YHCJLYy T€M. SHAYMTEeIbHAsl 9acTh Be-
posiTHOCTEH Y,y U Oy PABHBI HYJIIO.

Pa3pezKeHHOCTD MpeICTaB/IgAeTCsd eCTEeCTBEHHBIM HEOOXOIMMBIM YCJIOBHEM HUHTEPIPETH-
PyeMOCTH TeMaTH4IecKoit Mojen. Kpome Toro, pa3pe:keHHble CTPYKTYPBI JJAHHBIX U JII0-
PUTMOB HTO3BOJIAIOT 3aMETHO COKPAIlaTh BPeMsl BLIUYUC/JIEHUI ¥ PAcX0/l HaMATH KaK B IIPO-
1ecce MOCTPOEHMST MOJIe/IN, TaK U LPH JaJbHeieM eé uCio/b30BaHuu.

Muorue monbitkn paspexkupanust Mogen LDA npuBoamim K 9pe3MepHO CJI0ZKHBIM
koHCcTpyKinusaMm [133, 51, 159, 76, 40| u3-3a BHYTpeHHEr0 IMPOTHBOPEYUs MeKJy paspe-
JKEHHOCTDBIO U IOJIOXKHTEJIbHOCTBIO MMapamMeTpoB B pacupejienenun lupuxie. IIpobema
PEIIaeTcsl HeOKUTAHHO IIPOCTO, €CJU B peryispusarope (19) mo3BouTh rumeprapamer-
pam oy, 3, IPUHEMATH OTPHIATE/IbHbIE 3HadeHns. [[o Bcelt BUAUMOCTH, BIIepBbIe OHA, ObLIA
npe/iozkeHa B auHamMudeckoii mojgesn PLSA st o6paborku Bujgeonorokos |145], rie so-
KyMEHTaMHU {BJISLIACH KOPOTKUE BUAO(MPArMEHTHI, TepMaMi — HPU3HAKU Ha H300pazKe-
HUX, TeMaMHi — IOSBJICHHE OIPE/Ie/IEHHOI0 00beKTa B TeUeHUe OIpeJIe/IEHHOIO BpeMeHH
(HampuMep, mpoe3 aBTOMOOUIIs depe3 MepeKpécToK). CHIbHO pa3peKeHHbIe PACIIpeie-
JIeHHsI TOTPe0OBAJIUCH /I OUCAHUSA TEM ¢ KOPOTKUM «BPEMEHEM YKH3HU».

0O06006wweHne LDA. Makcumusaius alocTepruopHoii BepositHoct B Mojiein LDA npuso-
qur K peryisipusaropy (19). O606ium ero 1o JByM Halpab/aeHusiM. Bo-11epBbix, cHEMeM
OrpAHMYEHUS] HEOTPHUIATETBHOCTU € MapamMeTpoB [, u ;. Bo-BTOPBIX, MO3BOIMM 3a/a-
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BaTh 9TH HapaMeTPbl WHIMBUAYAJIBHO I Kaxka0il siueiiku marpun @ u ©. [loaydunm
0000WEHHDBLT PE2YAAPUIATNOP CAAANCUBAHUSL U PASPEACUBAHUS:

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

teT weW deD teT

[ToxcraBus sTot peryaspusarop B (16)—(17), noxyunm dopmysasr M-mara:
Pt = 1010 (Mt + B ); (30)

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

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

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

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

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

W — «GeJblii CIIHCOK» PeJIeBAHTHBIX TepPMOB;

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

D;" — «Benblit cMCOK» PEJIEBAHTHBIX JOKYMEHTOB;

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

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

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

rie O+ 1 oy — KO3 UIUEHTH PeryIapu3aliii.

MpeametHbie n choHoBble TeMbl. YToObl MOJIE/Ib Obljla HHTEPUPETUPYEMOIl, KazK 1ast Te-
Ma JI0JIZKHA UMETh CEMAHMUYECKOE A0PO — MHOKECTBO TEPMOB, XapaKTepU3yIOIuX Olpe-
JIEICHHYIO IIPEAMETHYI0 00JIaCTh U PEAKO ymoTpeb/sgeMbIX B Apyrux rtemax. [lus sroro
mMarpuipl P u O JOMKHBI IMETh CTPYKTYPY Pa3peKeHHOCTH, AHAJOTHIHYIO IIOKA3aHHOI
Ha puc. 9. MHO)KecTBO TeM pa3buBaeTcsa Ha JBa IMOAMHOXKecTBa, 1 = S U B.

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

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

HPUCYTCTBYIOT B OOJIBIIMHCTBE JIOKYyMEHTOB. TeMaTnieckyio Mo/jie/ib ¢ (DOHOBLIMU TeMaMK
MOZKHO paccMaTrpuBaTh Kak 00001eHe pobacTabix Mozesei |38, 120, B KoTopbIX HCHOJIb-
30BaJIOCHh TOJBKO OHO (DOHOBOE pACIpe/IeIeHIIe.

CdokycupoBaHHbIii TemaTudeckuii nonck. Yactuanoe obyveHne TeM MOKHO PACCMaT-
pUBaTh KaK Pa3HOBUJIHOCTH TeMaTHYecKOro mH(MOPMAIMOHHOTO MONCKa. B KadecTBe 3a-
poca 33a6TCA CeMarmuyeckoe Adpo OJHOW WM HECKOIbKHX TeM. DTO MOYKET OBITb JI0-
boit dparment Tekcra, «Oesblii cumcok» repMoB (seed words) wim z-memku — TEMBbI,
IPUIUCAHHBIE OT/EJbHBIM cjioBaM uin dbparmentam B jokymentax [20|. Temaruuaeckast
HOUCKOBAsl CUCTEMA JIOJIZKHA, HE TOJIBKO HANTH M PAHZKHUPOBATH PEJIEBAHTHBIE JIOKYMEHTHI,
HO W PAa3JI0KUTH MTOMCKOBYIO BBIJIAYY MO TeMaM. B TUOUYHBIX MPUJIOXKEHUSX peeBaHT-
HBbIiI KOHTEHT COCTaBJIgeT HUYTOXKHO MAJIYIO JIOTI0 KOJaeKiuu. Tem He MeHee, MMeHHO
9TOT KOHTEHT JI0JIZKE€H ObITh THIATEIbHO cucTemaruzupoBan. OOpa3HO roBOps, Tpedyercs
«kJaccuuupoBaTh UroJku B crore ceHay |34]. Tembl cranoBsrcest saementom rpadu-
qeckoro uHTepdeiica mop30BaTe s, HHCTPYMEHTOM HABUTAIUU U IIOHUMAHUS TEKCTOBOI
KoJuTeKIn. OTCio/la Ba)KHOCTh TPeOOBAHUS MHTEPIPETHPYEMOCTH KazKJIOU TeMBI.

Yacruunoe obydeHHe HCIOJIB30BAIOCH JJisi MOMCKA W KJacTepu3aluu HOBoCTel [66],
HOUCKA B COIMUAJIBHBIX M€/ na nH(MOPMAIMH, CBA3aAHHON ¢ DOJIE3HIME, CAMIITOMAMU U Me-
togamu Jtedennst [113, 114], ¢ upecrynnocrsio u sxkcrpemusmom |87, 132], ¢ HannoHaIbHO-
CTSIMU U MeXKHAIMOHAJbHBIME OTHOIIeHusiMu |34, 71, 111].

B mozenun ATAM (ailment topic aspects model) B KauecTBe CIryIazkKHBAOIIEro Pacipe-
JleJIeHusT [3,,; UCIOJIb30BATACH OOJIbIIast KOJIJIEKIUs MeTUIMHCKIX craTeil [114].

B mozenax SSLDA (semi-supervised LDA) u ISLDA (interval semi-supervised LDA)
JIJISE HOMCKA, 9THO-PEJIEBAHTHBIX TEM B I10CTaX COIMAJIbHBIX CeTell MCHOJIb30BaJIOCh Clila-
JKHBAHKE 110 CJIOBAPIO U3 HECKOJbKHUX coTeH STHOHUMOB [34]. B mogen SSLDA jyist kazxk-
JIOf1 9THO-peJIeBAHTHONW TeMbI 3a/1aéTCs CBOU CJI0BAph STHOHUMOB, CBI3aHHBIX C OJHUM
onpeeaéHabIM dTHOCOM. B Momenn ISLDA mHOXKecTBO Tem pa3duBaercs Ha HHTEPBAJIBI,
U JIJI BceX TeM KazK/I0ro HHTepBaJIa 33aéTcd obIuil cioBapb STHOHUMOB. [IpenmymecTsBo
TUX MOJIeJIell B TOM, 9TO MHTEPIPEeTAlns KazKJ0il TeMbl u3BecTHa 3apanee. Hejpocrarku
B TOM, 9TO TPY/HO IIPE/LyTabIBATH YUCJIO TEM JIjIsi KazKJI0f STHUIHOCTU U CTPOUTH IO/IU-
STHUYHBIE TEMBbI JIJIsI BbISBICHUS MEZKITHUIECKUX KOH(MIMKTOB. AJTbTePHATUBHBIN MOIXO0T,
3aKJIFO9AeTCd B TOM, YTOOBI 33/1aTh YHCJI0 ITHO-PEJTEBAHTHBIX TeM U IPUMEHUTb K HIM 00-
Imee CIUIAayKUBaHUE IO CJI0BApIO0 STHOHUMOB. TemaTmdeckas MOJeIb caMa OIPeeuT, KaK
pazjenTh ux 1mo yrananoctsM |21, 22|. Hepocratok 910ro mojxoma B ToM, 4TO HHTED-
HPETUPYEMOCTDb HAIJICHHBIX TE€M HPUXOIUTCS HPOBEPITH BPYIHYIO.
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OekoppenunpoBaHue. Temaruueckasi MoJie/ib He JIOJIZKHA COJIEPKATH JLyOJIUPYIONIUXCS
UJIM 110X0KUX TeM. HeMm pasjimdHee Tembl, TeM uHdopMaTuBHee Moje/b. s moBbiienus
Pa3IUIHOCTH TeM Oy/eM MUHUMHU3UPOBATH CYMMY MOMAPHBIX CKAJISIPHBIX MPOU3BEIEHIIT
(Ot Ps) = D PutPws MeKIy cToabnamu mMaTpuipl O. [lomyunm peryasgpusarop:

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

teT seT\t weW

®opmya M-mara, cormacuo (16), umeer Buj

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

DTOT peryasapuszarop KoHTpacrupyer crpoku marpuipl . B kax10it cTpoke, He3aBu-
CHMO OT OCTAJIbHBIX, BEDOSITHOCTH (P,,y HAMOO/Ie€ 3HAYUMBIX TEM TePMa W yBEJIUIUBAIOTCS,
BEPOSTHOCTU OCTAJIbHBIX TE€M YMEHBIIAIOTCA M MOTYT OOpallaTbcsd B HYyJIb. Pa3pexkuBa-
HHEe — 3TO comyTcTByonmii adhderT nekoppennpobanus. B [141] 61 3aMeven emé oauH
oJIe3HbIH 3D deKT: c/ioBa 00IIeil JeKCHKH I'PYIIUPYIOTCI B OTJ/IEJIbHBIE TeMbl. DKCIIePH-
MEHTBI ¢ KOMOMHUDOBAHUEM PErY/IsiPU3ATOPOB CIUIAKUBAHUS, PA3PEKUBAHUS U JIEKOPPE-
mauposanust B ARTM nogrsepzkator sro nabuarogenue |7, 151, 150].

exkoppenupoBanue Biepsbie ObL10 Tpemaokeno B Mozgenaun TWC-LDA (topic-weak-
correlated LDA) B pamkax GaiiecoBckoro mogaxoma [141]. CoorBercrByromee ampuopHoe
pacipejie/ieHie He sBJISIeTCS CONPAZKEHHBIM K MYJIbTHHOMHAJIHHOMY, MTO3TOMY OaiiecoB-
CKHUil BBIBOJI CTAJIKUBAETCs ¢ Texarmdeckumu TpyaHocramu. B ARTM pacuérnas dpopmyiia
M-mirara (32) BBIBOAMTCS B OJIHY CTPOKY.

KomOuHupoBaHue perynsipn3aTtopoB criaxkKuBaHus (POHOBBIX TEM, pPa3perKuBaHM
HpeJMEeTHBIX TeM B Marpuile © u JekoppesupoBaHus cToJionos marpunbl P ucrnosb3osa-
JIOCh BO MHOPHX paboTax Jjisl yIydIleHns HHTepuperupyeMoctu tem |7, 150, 151, 152, 17].
[TomobpaB KO3 DUIHUEHTHI Peryaspu3aiuil, MOXKHO OJHOBPEMEHHO 3HAYUTEIbHO Y/Iyd-
IIATH pa3pezKeHHOCTh, KOHTPACTHOCTD, YUCTOTY U KOT€PEHTHOCTb TeM MPHU He3HATUTETh-
HOIT 1oTepe npas/ono06us |151]. Boum BeipaboTanbl OCHOBHBIE PEKOMEHIAIMK: JIEKOD-
peJIMpOBaHueE U CrJlaKMBaHUE BKJIOYATH cpasy, paspexkuBanue — nocje 10-20 urepanuii,
KOIJIa 0Opa3yercst TeHJIeHIUs K CXOJAUMOCTHU [1apaMeTPOB MO/IEJIN.

Ta ke KOMOWHAIMA PEryJIIpU3aTOPOB CYIIECTBEHHO Y/IydYINaja KadeCTBO TeMaTHde-
CKOTO pa3BeJOvHOro moucka B [17, 172, 64|, XoTs HEUKaKHe KpUTEPHU KAYecTBA ITOUCKA
HEIOCPEJICTBEHHO HE ONTUMU3UPOBAJIUCD.

8 MopgenupoBaHue MyabTUMOAANbHbIX AAHHbIX

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

Kazkplit Tun MeragaHHbIX 00pa3yer OTAeIbHYI0 MOJaAbHOCG CO CBOUM CJIOBAPEM.
Ci0Ba €CTECTBEHHOTO 3BIKa, CI0BocoveTanus [158, 167|, Teru [73], nMeHOBAHHBIE CYIITHO-
cru [105] — 910 HpUMEPHI TEKCTOBBIX MOJAJILHOCTE. B My/IbTUSASBIYHBIX TEMATHIECKHX
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Puc. 10: OGbranas TeMaTnaeckas MOZJETb ONPEIENSIET PACIPEIESEHIEe TeM B KaxK10M nokymente 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.

MO/JIE/ISAX TIAPAJLIEIbHBIX TEKCTOB MOJAJBHOCTSMU siBJsIOTCs si3biku [153]. st anasin-
32 KOPOTKUX TEKCTOB C OIeYaTKaMM MCIIOJIb3YIOT MOJAILHOCTh OYKBEHHBIX N-IPAMM, 9TO
I03BOJIFET YJIyqlIaTh KadecTBO nHbOpMauoHHOro moucka [63]. [Ipumepamu HETEKCTOBBIX
MoJaIbHOCTei siBstifores (puc. 10): aBropsl [128], MomenTsl Bpemenu [144, 179, 145], kiac-
Cbl, KaHpbl win Kareropun [129, 182|, nurupyemble win murupyoomme JTOKyMeHThl [48]
Wi aBropbl |69], mosib30BaTe M FJIEKTPOHHBIX OUOIMOTEK, COMMAJIBHBIX CEeTel MU pe-
KOMeH/aTeIbHbIX cucrem |77, 136, 160, 175, 176|, rpadudeckue s1emeHTH H306parKe-
uuii [32, 62, 82|, peknamuble 00bsaBIeHHs Ha BeO-cTpanunax [117].

MynbtumoganbHas ARTM. Bce nepeunciiennbie Bbllie cjiydad, HECMOTPsI Ha, Pa3HO-
obpasue naTepnperamnuii, onuceiBaiorcsa B ARTM eauabiM (bopMaIn3MoM MOTATLHOCTEI].
Kaxkaprit TOKyMeHT paccMaTpuBaeTcsd KaK YHUBEPCAJIbHBIN KOHTeHeD, Co/epzKaIiuii Tep-
MBI Pa3JIMIHBIX MOJIAJbHOCTE, BK/IIOYasi OObIYHBIE CJIOBA.

[Tycre M — muoxKecTBO MOjasibHOCTEl. KaxKiast M0OJaabHOCTh UMEET CBOI CJIOBapb
repmoB W,,,, m € M. DT MHOKECTBa IOIAPHO He mepecekarorcs. VIx oobepuaenue Oygem
oboznavars depe3 W. Moganbraocrs Tepma w € W Gymem obo3HadaTh depes m(w).

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

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

teT teT

Kaxk10it Moja/ibHOCTH M COOTBETCTBYET croXacrudeckast marpuna P, = (gpwt) W XT"
Cosokynnocts marpun, P,,, ecsim ux 3anucars B crojbern, odopasdyer W xT-marpumy .
Pacmpeiesienne TeM B KazK/I0M JOKYMEHTE sIBJISIETCS OOIIUM JIJIsI BCEX MOJIAIbHOCTEI.

MysnbTuMOaIbHAS MOJIEIb CTPOUTCS IIYTEM MAKCHUMU3AIUU B3BEMIEHHOI CYMMBI JIO-
rapupmMoB 1paB/ 01101001 MO/IAJILHOCTEH U peryssipu3aropos. Beca 7, 1mo3BoJsior coa-
JIAHCUPOBATH MOJIAJIbHOCTH 110 X Ba)KHOCTH U C YIETOM MX YACTOTHOCTH B JIOKYMEHTAX:

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

meM deD weW,, teT
Z Ouwt = 15 @ur = 05 Zetd =1; Org = 0. (35)
wEWm tET
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Teopema 8.1. Ilycrs ¢pyukuus R(®, ©) venpepoiBao qupepennupyema. Touka (P, ©)
JIOKaJILHOI'O dKcTpemyMa 3ajiaqdn (34)—(35) yzosierBopsier cucreMe ypaBHEeHHI CO BCIIO-
MOraTeJbHBIMH IePEMEHHBIMH Dy, = P(t|d, w), ecjim u3 pelreHns HCKJIIYATD HYJIEBbIe
crosoner marpur P, O:

Praw = 1OTIN (SDwtetd)% (36)
OR
wt — w wt > wt — m(w w w) 37
Put gg%"vrfnl nt+g0ta(pwt TNyt dGZDT()ndptd ( )
’ 16,28 Y% (38)
=norm|( n — |; Neg = TonMdw Ptdw -
td pats td td 90,y ; td P dwPtd

Jlokazare/ibCTBO aHAJIOIMYHO TeopeMe 17.2, KoTopasi sBJISIeTCs YaCTHBIM CJIYYaeM Teo-
pembl 8.1 g caydast ool Mogaabuoctu, | M| =1, 7, = 1. [lepexoq or oxHOil MOIAIb-
HOCTHU K IIPOU3BOJIBHOMY YHCJIY MOJAJIBHOCTENl CBOAUTCS K JABYM IMOIPABKAM:

1) mcxomHBIe JJAHHBIE 74y, JOMHOXKAIOTCS HA BECA MOJATBLHOCTEI Ty (y);

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

B npoekte BigARTM peasin3oBaHa BO3MOKHOCTb KOMOMHUPOBATH JIF000€ YUCJIO MOJIAJIb-
HOCTel ¢ JII0ObIME peryisipu3aropamu [21].

MynbTua3sbldHble mogenu. Myjibrus3bluHble TEKCTOBbIE KOJIJIEKIIUU UCIIOJIb3YIOTCS JI/1st
KPOCC-3bIYHOI'0 MH(POPMAIMOHHOT'O 1TOUCKA, KOIJIA 110 3alIPOCY Ha OJHOM s3blKe Tpedyer-
cd HAlTH cCeMaHTUYIeCKHU OJIM3KHUE JOKYMEHTDHI Ha APYyTroM gd3bike. /lis cBa3bIBaAHUS SI3bIKOB
UCITONIB3YIOTCA TapaJiielbHble TEKCTHl U JABYS3bIUHBbIE cI0Baph. [lepBble My TbTHA3BIU-
Hble TeMATHYeCKHe MOJIETH MOSIBIJICH TIOYTH OJHOBpeMeHHO [46, 99, 110]| u npeacrapisin
co00IT MyJIBTUMOJIAJIBHYIO MOJI€J/Ib, B KOTOPOI MOJIAJIbHOCTIMU SBJISIOTCH A3bIKU, U KarK-
Jlast CBSI3Ka, MAaPa/IIEJIbHBIX TEKCTOB O0beAuHseTCs B OJuH JOKyMeHT. OKa3a/och, 9TO
CBSA3BIBAHUS JOKYMEHTOB JOCTATOYHO /I CHHXPOHU3AINUH TeM B JIBYX S3bIKaX U KPOCC-
S3BIYHOTO TOouCKa. [lombITKu GoJiee TOYHOIO M TPYJIOEMKOIO BBIPDABHUBAHHS 110 IMPE/IJIO-
JKeHUSIM WU 110 CJIOBAM IIPAKTUYECKH He YIYUIIA0T KadecTBO moucka. O0cTodTe IbHbIIM
0030p MyJIBTUSA3BIYHBIX TEMATHIECKUX MOJe/Iell MOKHO Hafitu B [153].

Ha puc. 11 nokazanbl Hekoropbie u3 400 rem, nocrpoennbix 1o 216 175 napam pycckux
1 aHrniickux crareit Buxkuneauu [149]. st cBs3bIBaHUS A3BIKOB HCIIOJIB30BATUCH TOTBKO
MO/Ia/TbHOCTH, BBIPABHUBAHUS U CJIOBAapH He HCIOJb30BaIUCh. Aceccop omeHmt 396 Tem
3 400 KaK XOpOIITO WHTEePIpeTUpyeMbIe.

Juist uenosib30Banust ABYSI3bIMHOTO CJI0BAps B [9] ObLI IpeIoZKeH peryjisipu3aTop cria-
xkuBanus. O popmasim3yer mMpeIrnooKeHne, 9T0 eC/Iu CJA0BO U B S3bIKe k sBJISETCS T1e-
PEBOJIOM CJI0Ba w U3 s3blka {, TO ux pacupesesaenus rem p(t|u) u p(t|w) moiaxKubl ObITH
om3ku B cMmbicsie KL-auBeprenmun:

R(®) = Z Znut In .

w,u teT

Corsacao dopmysie M-mara, BepoSTHOCTH CJIOBa B TeMe yBEJIHYHUBACTCS, €CJIH OHO
uMeeT 1epeBo/ibl, UMeIOIHe BhICOKYIO BEPOSTHOCTH B JIAHHON Teme:

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

Puc. 11: IIpumepsr Tem u3 ABysA3bIYHON TemaTudeckoit momenn Bukunemmm. [loxaszansr nmepsbie 10 ciioB
KazKJI0# TeMbl U uX BeposaTHOCTH p(w|t) B MPONEHTAX.

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

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

R(®,1I) =7 Z Znut anWuwtgowt — max.

uceWk teT weW?*

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

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

Towt = NOTI (Tt Myt ) -
ueWk
CBHBBIB&HI/IG I[IapaJijiIeJIbHbIX TEKCTOB CHJIbHEE YJIY4HIIa€T Ka4YeCTBO IIOUCKa, Y€M O6a
crocoba yuéra ciaosapeii [9]. Bropoii cnoco6 memuoro mydmnre mepsoro. Kpome Toro, on
IIO3BOJIdEeT BbI6I/IpaTb BapUaHTBI IEPEBOJa B 3aBUCUMOCTU OT KOHTEKCTa, 4T0 MOzKeT 6bITb
IOJIE3HO JIJIsl CTATHCTUYECKOIO MAIlMHHOIO HepeBojia, puc. 12.

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

41



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. 12: IIpumepsl TeM, B KOTOPBIX CJIOBO «CyMMay UMEET Pa3HbIE IIEePEBO/IbI.

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

pwld) = pw|t) > pltleplcld) =D Gutbieme. (39)

tel ceCy teT ceCy

DT0 TakKe 3a/a49a CTOXACTUIECKOTO0 MATPUYHOIO PA3JI0KEHUs, TOJBKO Terepb Tpedy-
ercd Haiitu Tpu Marpunpi: ¢ — marpuna repmoB tem, U = (U )rxc — Mampuua mem
kamezopudl, I1 = (Teq)oxp — Mampuya kamezopull JOKYMeHmos.

Mo/esb OCHOBaHA HA JBYX TUNOTE3aX yCJOBHONH HE3aBHCHMOCTH:

p(t|c,d) = p(t]|c) — Temarnka goKyMeHTa d 3aBUCUT HE OT CAMOTO JOKYMEHTa, & TOJIb-
KO OT TOro, KakKuM KaTeropudm OH IIPpUHAAJICKUT]

p(wlt,c,d) = p(w|t) — pacupejejieHue TepPMOB HOJTHOCTBIO OIPEJIEJIAETCs TeMaTHKOI
JAOKYMEHTa U HE 3aBUCUT OT CaMOI'0 JJOKYMEHTa U ero KaTeFOpI/Iﬁ.

Kpowme Toro, npeanonaraercs, 9to m.q = p(c|d) = 0 ps Beex ¢ ¢ Cy.

Basaua MAKCHMU3AIUA PETYISIPU30BAHHOIO TIPABIOIOI00HS:

Z Z Ngw 1IN Z Z OuwtWieTeq + R(P, U, 1) — max; (40)

(oA H
deD wed teT ceCy
Z Pwt = 17 Puwt Z O, Z¢tc = 17 ¢tc Z 07 Z Ted = 17 Ted 2 0. (41)
weW teT ceCy

Teopema 8.2. Ilycrb ¢pyuknus R(®, V, 11) venpepeiBao guddepennupyema. Touka jio-
kaspHOr0 dKcTpemyma (O, W, I1) sagaqn (40), (41) yxosaerBopsier cucreMe ypaBHEHHI CO
BCIIOMOTATETbHBIMH TTEPEMEHHBIMH Dieqyy, = P(t, ¢|d, w), ecom u3 pemenns HCKJIIOIHTH Hy-
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JieBble croJionpl marpun ®, W, I1:

Ptedw = TIOTM W1eTed);
cdw (t,c)eTxCd(SOw o)
OR
Owt = NorM | Nyt + Pt = | ; Nyt = E E NdwPtedw;
weW &pwt
deD ceCy
OR
Wre = notm | nee + Yrez = o) e = Y Y MawPredw;
te deD wed
OR
Teg = NOTM| Neg + Teda— | Ned = E E NdwPtedw -
ceCy 87Tcd
wed teT

Jloka3aTeibCTBO ONMUPAELTCS HA JIEMMY 3.2 0 MAKCUMUBAIMMKA HA €IUHUYHBIX CHUMILIEK-
cax W MPOBOJIUTCS AHAJOTMYIHO JOKA3aTETbCTBY TeopeMbl 17.2.

Moeib TPEXMATPUIHOTO PA3I0KEHUsT HAMOOIee U3BECTHA KAK 461Mop-memMamuyeckas
modeav ATM (author-topic model), B KoTopoii OpozxK Taromieii MOIATBHOCTHIO SABJISTFOTCSI
aBTOpPbI JI0OKyMeHTOB |128]. B memamuueckoti modeau mezuposarus dokymenmos TWTM
(tag weighted topic model) nopoz gatonei MoAAaIbHOCTBIO ABJISIOTC Tern JoKyMenTa [80].
AHasornvHas MOJIEJIb HCIIOJIB30BAIACH sl 00pABGOTKH BH/IEOMOTOKOB B [62]: mokymeHTHI d
COOTBETCTBOBAJIU MOCJIE0BATETbHBIM 1-CeKYHIHBIM BUICOKIUIIAM, TEPMbI W — JIEMEH-
TApHBIM BU3YAJbHBIM COOBITHIM, TEMbI t — JIEHCTBUIM, COCTOSIIUM U3 COUETAHUS COObI-
THii, KaTeropun ¢ — 00Jiee CJAOKHBIM MMOBEJIEHUSIM, COCTOLAIUM U3 COYeTaHus J1eHCTBHil,
HpuYéM CTaBUJIACH 33/1a9a BBIJIEINTH B KaXK/JOM KJIUIE OHO OCHOBHOE IIOBE/ICHUE.

Mogesnb (39) MOXKHO yIPOCTUTH U CBECTH CHOBA K JIByXMATPUIHOMY DA3JIOKEHUIO, €C-
JIX OTOXKJIECTBUTH TeMbl ¢ Kareropusamu, C' = T', u B34Tb e uandHyio Marpuny V. /lannas
MO/IesTb u3BecTHa B sinreparype Kak Flat-LDA [129] u Labeled-LDA [124]. Eé BoipasuTen-
Hbie Bo3MOxkHOCTH Oesaee, yem y PLSA u LDA, rak kak 3naduresibHas J0JIsI 9JIEMEHTOB
marpuipl II = © dbukcupoBanbl u paBHBL HYJIIO.

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

TeM |10pa.ﬂ bHble MO4eNnn. BpeMH CO3JaHudA JOKYMEHTOB BazKHO 1IPpU aHAJIN3€ HOBOCTHbBIX
IIOTOKOB, HAyYHBIX IyOJHKAIMiA, IATEeHTHLIX 0a3, JaHHBIX COMUAILHBIX cereil. Temarnde-
CKHe MOJIE/IH, YIUTBIBAIOIIIE BpeMs, HA3BIBAIOTCA MmemnopasvHbimi. OHI HO3BOIMIOT BbI-
JIeIATh COOBITUIHBIE W HepMAaHEeHTHBIC TeMbl, JeTeKTUPOBATH HOBBIE TEMbI, IIPOCICKHBATD
pa3BuTHEe TEeM BO BpEMEHU, BbIICJIATL TPEH/bI.

[Iycrb I — KOHE4YHOEe MHOXKECTBO MHTEPBAJIOB BPEMEHU, U KaxK/Iblil JJOKYMEHT OTHO-
CUTCAd K OJHOMY WJIM HECKOJIbKUM HMHTEpBaJlaM, DZ — HOJAMHOZKEeCTBO JOKYMEHTOB, OTHO-
CAMUXCsI K UHTepBAJIy i. ByJeMm mojararh, 9To TeMbl KakK pacupejesenus p(w |t) ne me-
HSIOTCS BO BpeMeHH. Tpebyercst HAllTH pacipe/iejieHne Kaz 10l TeMbl Bo Bpemenu p(i|t).

TpI/IBI/IaJ_[beIﬁ IIOJAX0/1 3aKJII0OYaeTCd B TOM, LITO6bI IIOCTPOUTDH TEeMAaTUYCCKYIO MO/I€/Ib
Oe3 yuéra BpeMeHH, 3aTeM HAlTH PACIpe/e/IeHue TeM B KaxkJoM uHTepBaJje p(t|i) kak
cpennee 0y 1m0 Bcem jiokymeHTaM d € [); U nepeHOPMUPOBATH YCJOBHBIE BEPOSTHOCTH:
p(i|t) = p(t\i)%. HeoctaTok JaHHOTO MMOJXOJA B TOM, 9TO HHMDOpPMAINUS O BpeMeHH
HUKAK HE HCIIOJIL3YeTCS IpH 00YYeHHU MO U He Bausger Ha (POPMHDPOBAHHIE TEM.

B ARTM »sta npobJtema pelmaercs BBeaeHHEeM MOgaabHOCTH Bpemenn . lckomoe pac-
upesesenue p(i|t) = p; nosydaercs B crosbdne Marpuipl $. Jonosnurebabie orpaHude-
HHUA Ha 1IOBEAEHHUE TeM BO BPEMEHHU MO2KHO BBO/IUTH C IIOMOLIbIO pery/idpu3aluu.
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B oxnoit u3 nepsbix remmopasbHbix Temarudeckux Mmogeneit TOT (topics over
time) [166] kazKjas TemMa MOJEIMPOBAIACH HAPAMETPUIECKUM [3-PACIPEIEICHIEM BO BPe-
MeHH. DTO ceMeHCTBO MOHOTOHHBIX M YHHMO/AJIbHBIX HEIIPEPbIBHBIX (DYHKIHUIi, ¢ mOMO-
b0 KOTOPOI'O MOXKHO OIIMCHIBATH Y3KHE MUKH COOBITHHHBIX T€M U OpaHUYeHHBIH HAGOD
TpPeH0B. TeMbl, UMeIoIie CIOPauYeCKie BCIIECKH, JaHHAs MOJIE/b OMUCHLIBAET ILIOXO.

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

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

Ry(® wm ©) = -7 » Y Inp(t]i).

1€l tel

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

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

i€l tel

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

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

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

9 MopagennpoBaHne TpaH3aKUMNOHHbIX AaHHbIX

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

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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Bo Bcex npuBeiéHHBIX HpUMEpax B3auMOJIEHCTBHE 00bEKTOB HE CBOJUTCS K HAPHBIM
B3auMmo/ieiicTBusiM. B ipyrux ciydasx C/I0KHbIE B3aUMOJIEHCTBHS BCE Ke PaCHaIaloTCs
Ha napbl. Hanpumep, B cucreMe peKOMeH Ialliii My3bIKI TPAH3AKIHUA «TPEK 7" HCIIOJIHUTE-
Jisk @ HAXOJUTCS B aJibOOMe d, BBIIIEIIIEM B IOy Y» OIUCBIBACTCS, Ka3aJ0Ch Obl, 4eTBED-
Koit 06bekTOB (7, a,d,y). OjHAKO OHA pacmaaercs Ha mapHble B3auMmocsssu (d,r), (d,a),
(d,y), Koropbie MOTYT ObITH ONUCAHBI OOBIYHON MYJILTHMO/AJIBHON MOJIEIIBIO.

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

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

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

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

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

meM

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

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

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

Ha puc. 13 nokazan npumep runeprpada ¢ BepuimHaMu Tpéx MoJiaabHocTel, pédbpaMu-
TPAH3AKIUIMH IIATH THIIOB U HATHIO TEMaMHU.

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

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

K — MHOXKECTBO THUIIOB pELEp:

0 Bp 00 Oa Sa

T — MHO2KECTBO T€M:
00000

Puc. 13: [Ipumep rumeprpada ¢ BepIImHAMEA TPEX MOJAJIBHOCTEH, pEOpaMU-TPAH3AKIIUAMHA MIATH TUTIOB
U IATHIO TEMaMHU.

9TO IPe/IIOJIOZKeHne MOXKeT He BBIMOJTHAThCA. Hanpumep, pacupejiesieHus cI0B B TeKCTaX
BeO-CTPAHWI], B MTOJTH30BATEJIbCKUX 3alpOCaX U B PEKJAMHBIX OaHHEpaX MOIYT 3HAYUMO
pa3nyuarTbes Jiid OAHON u TOi ke TeMbl. OJIHAKO TO OrpaHUYEHHE HETPYIHO 00OUTH,
ecJi1 1IOCTPOUTb MOJIe/Ib C TPeMsl Pa3HbIMHU MOJAJBHOCTSMHU CJIOB JIjisl 9TUX TPEX THUIIOB
TpaH3aknuit. bosee TOro, MeXaHU3M peryJspu3alu M03BOJIAET CBA3aTh ITH Paclpeesie-
HUA U CeJIATh UX IOXOXKUMU.

HaxkoHser, BBeIEM TUIIOTe3y YCJIOBHOII HE3aBUCHMOCTH BePIIHH B pEbpax (d, x):

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

veT

[Ipu cieTaHHbIX JOIMYTIEHUSX IPOIECE MopokaeHus pebpa (d, ) € Ej, coctout u3 1Byx
maros. CHavgasa mopoxkaaercs tema © u3 pacupeieienus p(t|d). 3arem mopoxgaercs
MHOZKeCTBO BepmuH = C V, Ipu4éM Kazkaasgd BepIIMHA U € I MOJAJBLHOCTH 1M HOPOZK1aeT-
Csl HE3ABUCUMO OT JIPYTUX BEPIIMH U3 CBOEro pacupejesenus p(v|t) HaJl MHOKECTBOM V.

Temaruueckasi Mo/ieJib BbIpazKaeT BEPOSTHOCTHU 1OsiBJIeHUs pedep runeprpada depes
YCJIOBHBIE PACIpeleIeHus, CBI3aHHbIEC C UX BePIIMHAME:

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

teT VET teT vET

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

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

MNineprpadpoBbiii EM-anroputm. Jlng onenuBanus mapaMeTpoB MOJEIN IIPUMEHIM
HPUHIUI MaKCHMyMa IIPaBIonoaodus. bByaemM MakcHMH3HpOBaTh CYyMMY JorapudMoB
1PaBJIo10/100us 110 BceM Tunam pébep k ¢ Becamu Ty u peryjsgpusaropom R(P, O):

Z Tk Z Nkdx In Z Qtd H Pt + R((I) @) — max (43)

keK dx€eE) teT vET
Z Sovtzla Pot 207 Zetd:1> 9td>0
’UEVm tET
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Teopema 9.1. Ilycrp ¢yuknus R(P,O) meupepsiBuo jgupdepennupyema. Touka Jio-
kauabaoro mMakcumyma (®,0) zagaqun (43) yraoiersopsier cucreMe ypaBHEHHIT OTHOCH-
TeJILHO MAPAMETPOB MOJETH Py, Uiy H BCIOMOTATETBHBIX MEPEMEHHBIX Dy, = p(t|d, x),
ecJId U3 pelleHns] HCKJIIYATh HyJeBble cTo01el Marpur P, O:

Prdx = 1O (Hm H %t) : (44)

vET
norm + oR n Z Z [v € x] (45)
vt — T Ty vt~ |5 vt — v TN kdz A
Pot o t T Pot D t kN kdxPtd
keK dxeEy,
0 = norm| n +6 R n —ZZTTL (46)
td = 2 td td o D01y td = kN kdxPtdx-
kEK dzcE),

okazareabcTBOo. Bocosibdyemcst jseMmoii 3.2 0 MAKCUMU3AIUN HA €IMHUIHBIX CUM-
IUIEKCAX, BBIJIEIHB BCIIOMOTATE/bHBIE [IEPEMEHHBIE Dig,, ONpenesnénnbe B (44):

0 OR
Pot = l;l)g%n/gl (¢vt Z Tk Z nkdm |d) 0@ t H Put + Pot %) —

keK dx€eE)
8R
= n@g%ﬂ(z Z TeNkdz [V € Z|Ptde + P Dur )
keK docEy,
0, = norm |( 64 Z Th Z nkdm H Oot + Oam— Of =
teT ) o0 td
keK TEd
OoR
= ntoerTm (Z Z TkNkdzDide 1 Otd 39td)
keK zed

Teopema nokazana.

KoaddurumnenTtbl BansaHusa. Ha npakruke BO3MOXKHBI CHTYAIUM, KOIJA OIPE/JIEJIEHHbIE
THUIIBl TPAH3AKIMI MIPAIOT BCHOMOIATEIbHYIO POJIb, U HE JIOJZKHBI BJIMATH JuOO Ha Te-
MaTuKy KOHTeHHepoB, jub0o Ha pacupejejeHus TePMOB B remMax. Haupumep, TeKCToBbiit
KOMMEeHTapuii B TOProBOil TPaH3aKIUK He JOJIZKEH BJIUATH HA TEMATUKY HPOJABIA U IO-
KyliaTesisl, HO [PH 5TOM BasKHO MOJIy4YaTh DACIPEJEJEHHs] CJIOB KOMMEHTaApUeB B TeMax.
B MyJIbTHS3BIYHONR MOJIEIN TOJBKO MOJAJBHOCTD [JIABHOTO sI3bIKA JIOJIZKHA BJIUSATH HA Te-
MaTUKy MYJIBTUSA3bIYHOIO JOKYMeHTa. My3blKaJbHbIe TPEKH JOJIZKHbI BJIMsITh HA TEMBl,
ec/li OHU HAXOJAUTCH B IUIeH-IMCTaX II0JIb30BaTes e, HO He B aJb0OMaxX MCHOJIHUTEJIeH.

Jns permenust Takux 3a1a4d B popmysnst M-mara (45)—(46) BBogaTcsa koadduyuenmo
BAUAHUA Tk, Ok, TPHHAMAIOIIE 3HAUCHNA U3 oTpe3ka [0, 1]:

N =Y Y [0 € 2] TkOku(w) MkdaPra;

kEK dzcEy

Nyg = 5 5 TEO kN kdxPtdx -

keK dxeEy,

10 MopgennpoBaHne 3aBUCNMOCTEN

Temarudeckass MoJieb (POPMUPYET BEKTOpHOe omnucanue Tokymenta p(t|d), koropoe
MOzZKeT 6bITb UCIIOJIb30BAHO [JId IIPEACKa3aTe/JIbHOI'O MOJC/JIMPOBaHUA, B YaCTHOCTHU, HJId
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pelenus 3a/ia49 KJjaccudukanuu U perpeccun Ha tekcrax. Kiaccudukanust peaiusyercs
0COOEHHO IIPOCTO, €CJIM KJIACCHI CINTATH MO/IAJIbHOCTHIO. Perpeccust Ha TekcTax moKa3blBa-
er MpUMep WHTePeCHOro MpuéMa, KOraa JOIMOJHUTeIbHBIE TapaMeTpbl MOIe U (B JaHHOM
ciaydae KodhDhUIUEHThl JTHHERHOW MOJIENN PErpecCun) MepecIuThIBAIOTCS HTEPAIHOHHO
ocJie KazKJIoro mpoxoja KoJuieknuu. O4deHb MOXO0KUl MPUEM HCIOJIb3YeTCsS U B MOJIE/H
CTM, Koropasi BBISIBJIAET IOLNAPHbIE B3AMMOCBSI3U MEXK/y TeMaMH. TeXHHKa YHCJIOBBIX
MOJIQJIBHOCTEl MCIIOJIB3YeTCS B TOM CJIydae, KOIjia ¢ TEKCTOM CBsd3aHa He OJIHA YHMCJI0Basd
BeJIMYMHA, KOTOPYIO HEOOXOIUMO IPE/ICKa3aTh, & YHCJI0Bas IOC/Ie/I0BATE/IbHOCTD, KOTOPas
MO/IeTUPYETCSI CMEChI0 HelIPEPhIBHBIX BEPOSITHOCTHBIX paclpejleeHuit.

Knaccudmkayus. Temamuueckas modeasv xaaccugpurayuu Dependency LDA [129] siB-
asiercst BaifecoBckuM anasiorom mogenn (33) ¢ mogaabHoctsmMu repmos Wou kitaccos C.
Nmeercs obyuaroniasi BBIOOPKa JIOKYMEHTOB d, JijIsl KazKJ/IOI0 U3 KOTOPBIX M3BECTHO MO/I-
mHO)kecTBO Kjacco Cy C C. Tpebyercs kiaccudunupoBarb HOBbIE JOKYMEHTbI C HEU3-
BecTHBbIM Cy. [Ijist 9TOro 6y1eM UCHOIB30BATD AUHETHYIO BEPOATNHOCTIHYIO MOOEAD KAUC-
cugpurayuu, B KOTOPO O00BEKTAMHU SABJIAIOTCS JIOKYMEHTDHI d, IPU3HAKH COOTBETCTBYIOT
TeMaM t W nmpuHEMAOT 3Hadenus 0y = p(t|d):

C | d Z (pct‘gtd

teT

JokymeHT d OTHOCHTCS K Kaaccy ¢, ecau p(c|d) = ..

Koaddunuenrsr juneiinoit mogenu o, = p(c|t) u noporu 7, 00y4arTcs 110 BbIOOPKe
JAOKYMEHTOB C U3BECTHbBIMU Cd. HpI/I3HaKOBOG OlIMCaHKUEe HOBOI'O JJOKYMEHTa 9d BbIYUCJIA-
ercd TeMarTu4ecKoi MO/EJIBIO TOJIBKO IIO €0 TepMaM.

DkcmepumenTsl B [129] mokasasim, 9TO TeMaTHYECKHE MOJEIU MPEBOCXOAAT OObIU-
HbIe METOJbl MHOI'OKJIACCOBOM KJIacCU(UKAIUKA Ha OOJIBIINX TEKCTOBBIX KOJLICKIIHIX
¢ 6OJIBIIUM YUCJIOM HecOATaHCHPOBAHHBIX, IEPECEKAIONINXC S, B3aNMO3aBUCUMBbIX KJIACCOB.
B [148] Te 2Ke BBbIBOJIbI HA TEX K€ KOJLJIEKIIMSIX ObLJIN BOCIIPOU3BEIEHBI JIJI MYJILTHMO/IAJIb-
Hoit ARTM. Hecbanrancuposannocmsd 03HAIAET, 9TO KJIACCHI MOI'YT COJEPrKATh KAK MaJIoe,
TaK M OYeHb OOJIBIIIOE YUCIO0 JOKYMEHTOB. B ciydae nepecekaroujurca KaaccoB JJOKYMEHT
MOZKET OTHOCUTBCA KaK K OJIHOMY KJacCy, TaK U K OOJIBIIOMY YHCIY KJIaccoB. Baaumosa-
BUCUMDBLE KJTACCHI UMEIOT ODIIHe TePMbI U TEMBI, [I09TOMY HPHU KJIACCU(PHUKAIIUU JIOKYMEHTa
MOI'YT BCTYIIaThb B KOHKYPEHIUIO.

Pezyaapusayus no ompuyamesbvim NPUMEPAM UCIIOIb3YET JaHHBIE O TOM, YTO JOKY-
MeHT d u3 06yJaronieil BLIOOPKH He MPUHAIEKUT MojMHOKecTBY Kiaaccos C C C. B srom
caydae 3allilleM IIPaBOIo00ue BHIOOPKH I 33 a4 OMHAPHON KJIacCH(DUKAIIIN:

L(®,0) Z Z lnz Oetbra + TZ Z ln(l — Z goctﬁtd> — 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 DPEeryJsipu3arop OT-
PHUIATEbHLIX PUMEPOB, MOCTPOEHHBIN 110 JAHHBIM O He-IPHHA/JIE?KHOCTH JTOKYMEHTOB
ki1accaMm. KosdduruenT peryigpu3anun 7 MOXKHO [IOJaraTh PABHBIM €IUHUIE.

Qacmommnas peeyaapusayus (label regularization) xopormro 3apekomenjoBaia cebs
B 3a/iadax ¢ HecOasaHcupoBanubiMu Kiaccamu |88, 129|. ITorpebyem, aTobbl onenka 6e3-
YCJIOBHOI'O DACIHPE/EICHHs] KJIACCOB 110 KOJIJIGKLLI/II/I p(c) =, @up(t) Obuta Ginska K Ha-
OJIF0IAEMbIM YaCTOTaM KJaccoB p(c) = IDI |D.|, tne D. ={d € D: ¢ € Cy} — MHOXKECTBO
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JIOKYMEHTOB, OTHOCSIIUXCH K KJaccy c. Bbipa3um jianHoe TpeboBaHUe C HOMOIIBIO CIla-
ZKMBAIOIIETO PEryJIsipu3aTopa KPOCC-IHTPOIINH, KOTOPBIIT MOYKHO MHTEPIPETUPOBATDH 1 KaK
MAKCUMU3AIUIO TPABIONOI00US [IJIsT MOJETH JUCKPETHOTO PACIIPE/IEJIEHIs KIacCoB p(c):

R(®) =1 E |D.| In E NyPer — Max,
ceC teT
e n = Mg — HTUCIO0 TepMOB MojaibHocTu C, OTHOCAIIUXCSA K TeMe t BO Bceil KOJI-

aeknuu. [ogcrapisist sror peryasipusarop B (16), nosyanm dopmyssr M-mmara:

NiPet

> s NsPes

YacToTHas perysgpu3alis ICI0Ib30BaIach B TeMaTnaeckoii mojaesn Prior-LDA | koTopast
ObLTa mpeoxkena B [129] kak ymyqmenne mogenn Flat-LDA.

(47)

o = norm| ng + 7|D,|

Perpeccusa. 3ajaun mnpejcka3anusg YUCIOBON BEJIUUUHBI KaK (PYHKIIMH OT TEKCTa BO3HU-
KAIOT BO MHOTUX IIPUJIOXKEHUAX JEKTPOHHON KOMMEPIUH: IpeJcKa3aHue peiTHHra TOBa-
pa, pujabMa UM KHUIU 110 TEKCTY OT3bIBA; HPE/ICKa3aHUue YUC/Ia KJIMKOB 1O TEKCTY pe-
KJIAMHOTO OO'bSIB/JICHUST; IIPE/ICKA3AHNE 3aPILIATH 10 ONUCAHUIO BAKAHCUU; HPEJICKA3AHUE
0JIe3HOCTH (Ymcia JANKOB) OT3bIBA Ha OTeJb, PECTOpaH, cepBuc. [Iis BOCCTAHOBIIEHHUSI
YUCIOBLIX (DYHKIUI 110 KOHEYHOU oOydalomieil BEIOOpKe Hmap «00beKT—OTBET» HCIOJIb3Y-
I0TCSl PErPECCHOHHBIE MOJIE/IN, OJITHAKO BCE OHU PUHUMAIOT Ha BXOJ€ BEKTOPHbBIE OIUCAHUS
O6'beKTOB. TeMaTI/ILIeCKaH MO/JEJIb I103BOJIAdeT 3aMEHUThb TEKCT JOKYMEHTa d €r'0 BEeKTOP-
HbIM npejcrapienueM 6. C apyroift cTopoHbl, KpUTE€pUil ONTUMUBAIME PErPeCCHOHHOM
MOAEJIX MOZKHO HUCIIOJIb30BaTh B Ka1eCTBE peryJjidpu3aropa, I{TO6bI HalTHU TEeMbl, HaI/I6OJIee
nHGOPMATUBHBIE ¢ TOUKH 3DEHHs TOYHOCTH mpejcKa3anuii 92, 138|.

[IycTh gy Kaxk10ro JoKyMeHTa d odydalomnieil BBIoopku [ 3a1aHO 1e/1eBoe 3HAYCHUe
ya € R. Pacemorpum aunetinyo modeav pezpeccuu, KOTOpasi IPeJICKa3biBaeT MaTeMaTh-
q9eCKOe OKUJIaHue MeJIeBOl BeJNYnHbI:

E(y | d) = Z V104,

teT

rie v € RT — pekrop kosddunuentos. [IpuMennM MeToO HAMMEHLIINX KBAJIPAaTOB I
o0ydeHusi BEKTOpa v IO BBIOOPKE JIOKYMEHTOB:

R(@, U) = —T Z(yd — Z vtﬁtd)2.
deD teT

[Toscraisist sror peryiasipuszarop B (17) u npupaBHEBAs HYJIIO €10 HPOU3BOIHYIO 110 U,
nostyuum popmysibl M-mara:

01a = norm <ntd + U014 (yd -3 v393d> ) ;

seT

v = (007)"10y.

3ech hopMmysia s BEKTOPa U SBJISETCsl CTAHJIAPTHBIM PEHIeHHeM 3a/a9i HANMEHb-
IIMX KBAIPATOB IpH (bUKCHPOBAHHO MaTpuiie 6. BekTop v MOKHO OOHOBJISTD IO OKOHYA~
HUU KaKJOT0 MPOXOJa KOJIJIEKIUH, JUO0 mocae 00pabOTKI KaXKIO0ro MaKeTa JTOKYMEHTOB
B oHJjiaitHoBoM EM-asiropurme.
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B |138] nokazano, 4ro Ka4ecTBO PErpeccHu MOZXKeT 3aBHCETh OT HHUIUAJIN3AIMNA TeMa-
THUYECKON MOJIeJIM, U [PeJIJIOKEHO HECKOJIbKO MeTO/I0B MHUIMAJIABAIUY.

Ha mpakTuke 0O6BIMHO HCIOIB3YyeTCS 00Jiee TPOCTOI MOAXO/: CHAYAa CTPOATCI TeMa-
THYECKHEe MPU3HAKOBBIE OIMHCAHUS JTOKYMEHTOB € MOoMOIIbio Mogenun LDA, 3atem K stum
IpU3HAKaAM MOTYT T0OABJIATHCH ellé KaKue-TO YUCIOBble NPU3HAKU TEKCTOB, M, HAKOHETI,
o011iee IPU3HAKOBOE OIMCAHUE UCIOJIb3YeTCs JIJIsl PellleHusl PerpeccuonHoi 3a1aun. Heno-
CTATOK TOr0 MOJX0/a B TOM, 410 MOzeab LDA nudero me 3maer o perpeccuu. Peryjis-
pusamusg ARTM mo3Bosiger moodepesiHo yaydiarb TO TeMATHIECKYI0 MOJETIb C yIETOM
perpeccuy, TO PerpecCuOHHYI0 MOJIETb C YIETOM TeMaTHIeCKUX MpU3HAKoB. B pesynbrare
JIBe MOJIeJTH MPUCIOCADIUBAIOTCA APYT K APYTY. TemMbl MOBOpAaYMBAIOTCSA TAKHM 0OPa30M,
4TOObI ObITh MAKCUMAJILHO 110/IE3HBIMU B KAYECTBE IIPU3HAKOB PerpecCuOHHOi Mojiesiu. [lo-
OaBJieHMe JIONOJIHUTE/IbHBIX HETeMAaTUYeCKUX IPU3HAKOB B PEIPECCUOHHYIO MO/Ie/Ib B 3TOM
cIydae Takzke He COCTaBJIseT TPYyJa.

Koppensuuu tem. Modeaw koppeauposarnvx mem CTM (correlated topic model) npe-
Ha3HA4YeHa JIsl BbIsiBJIeHUsT CBsA3eil Mex 1y remamu [28]. Hanpumep, crarbs 1o reosoruu
6oJ1ee BepOSTHO CBA3aHA C apXeOJIOrueil, YeM ¢ FreHeTHKOi. 3HaHue 0 TOM, KaKie TeMbI da-
Il COBMECTHO BCTPEYAIOTCA B JOKYMEHTaX KOJIIEKIIHH, [T0O3BOJIIeT TOTHEe MOJIETHPOBATH
TEMaTHKY OTIEIbHBIX JOKYMEHTOB B MYJIbTHIUCIUILITMHAPHLIX KOJLIEKIHAIX.

st onmcanust KOppeJsiiuil y100HO UCIIOIb30BATh MHOTOMEPHOE HOPMAJILHOE PacIIpe-
gesienre. OHO HE MOJXOAMT JIJIsi OIMCAHUS HEOTPUIATEHHBIX HOPMUPOBAHHBIX BEKTOP-
CTOJIONOB 0, HO HEILTOXO OIMCHIBAET BEKTOPHI UX JorapudmMoB 1,y = In ;4. [TosToMmy B MoO-
JieJIb BBOJUTCS MHOTOMEDHOE JIoP-HOpMaJibHOe pactpesenenne (logistic normal) ¢ asyms
HapaMeTpaMu: BEKTOPOM MaTeMAaTHIECKOTO OKUIAHNS (i B KOBAPUAIMOHHO MaTpuIei >

p(nalp, 2) = (21) 73872 exp(— 2 (g — )™= (4 — p))-

Nznavanbno mojens CTM 6bliia pazpaboTana B paMKax 0aiieCOBCKOTO IMOJXO0Ja, T/
BO3HUKAJIM JIOMOJTHUTE/IbHbIE TEeXHHUYECKHe TPYAHOCTH U3-33a TOrO, YTO JIOT-HOPMAJIbHOE
pacipejieleHe He sBJISeTCs CONPSKEHHBIM K MyJabTHHOMHa bHOMY. B pamkax ARTM
niaes CTM dopmanusyercs u peajin3yercs HAMHOIO IIPOIIIE.

Oupejeum pery/isipu3arop Kak Jorapudm mpasiono100us BbIOOPKU BEKTOPOB JOKY-
MEHTOB 7)g JIJIs JIOI'-HOPMAaJIbHOM MOJIeJIu:

-
RO, p,%) = TZ Inp(ng|p,X) = -5 Z(ln O — )" (In by — p).
deD deD
Corutacho (17), dopmysa M-mara st 0y npuauMaer Bu/y
Oiqg = norm (ntd -7 2; ut (ln Osq — u8)>, (48)
se

rie Et_sl — 3JIeMEHTBI 0OPATHOI KOBapuaIluoHHO# MaTpuIpl. [lapaMerpsr Y, 1 HOpMaIbHO-
ro pacipeje/ieHuss OOHOBJISIOTCA IIOCJe KaxKI0I'0 IPOX0/1a KOJIJIEKIUH, JUOO0 IOCIe KarK-
JIOTO aKeTa JIOKYMeHTOB B oHJaiinoBom EM-ajropurwme:

1
= — In Oy,
H |D|g[:) d
1
Y= ﬁZ(med — 1) (In 6y — p)
deD
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Takum 00pa3oM, TpyAoéMKas ouepalus 0OpalleHusl KOBAPUALUOHHON MaTpULbl BbILIOJI-
HsETCsl OTHOCUTEIBHO pejiko. B 28] ucnosbzoBanacs LASSO-perpeccust, 4robbl mo/1y9arh
pa3pekeHHY0 KOBAPUAIMOHHYO MATPUILY.

Hucnosble moganbHOCTU. B 3ajiauax perpeccun ¢ KazKJibIM TEKCTOBBIM JIOKYMEHTOM
CB3aHA OJ(HA YMCJIOBAas BEJMYUHA, KOTOPYIO HEOOXOIMMO IPOrHO3UpoBaTh. OHAKO Obl-
BAIOT U TaKUe 33Ja91, B KOTOPBIX YUCIOBbIC BEJMYUHbBI CBA3AHDI C KAZKJIBIM TOKEHOM.

OILHI/IM U3 IIPpUMEPOB 4dBJIdeTCd 3a/a4a TeMaTUu1€CKOI'o MOJACJIMPOBAHUA 6aHKOBCKI/IX
TPaH3aKIIMOHHbIX JIaHHbIX. B pPoJin JOKYMEHTOB 3/1€Cb BbICTYIIAQIOT KOMIAHHUH, T€PMaMH
B JOKYMEHTE ABJIAIOTCA KOHTPAl'€HTbl — JAPpYyrue KOMIIaHUKU, KOTOPbIE 3aKJ/JII041al0T C JaH-
HOIl KOMIAHMEH CIeJKH IO IIOKYIKEe HJIU IIPOJAzKe TOBApOB WM yCIyTr. Kazkmas cuenka
CONMPOBOXKIACTCA TEKCTOM ILIATEKHOTO IIOPYYeHUs, KOTOPBI COMEPXKAT HA3BAHUSA TOBA-
POB WK YCJIYT. DTH HA3BaHHs 00pa3y0T BIOPYIO MOJAJIbHOCTE. IIOKYIIKI 1 IPOJAzKH pac-
CMaTPUBAIOTCS 110 OT/IEJIbHOCTH, YTO y/IBAUBAET YUCJIO MOJAJbHOCTEN JI0 YeThipex. Tembl
COOTBETCTBYIOT BUIaM 9KOHOMUYECKOI AedTeJIbHOCTHU KOMIIQHUIA. B.T[aFO,ZLapﬂ Ha3BAaHUAM
IOABJIACTCA BO3MOKHOCTD HHTEPIPETUPOBATD KAZK/LYIO TEMY C HOMOIIBIO JBYX CIIMCKOB —
TOBapOB, KOTOPHIE KOMIIAHUH HOKYIIAIOT JI/I OCYIECTBICHUS JAHHON IeATeIbHOCTH, H TO-
BapOB, KOTOPBIE OHU IIPOJIAIOT KaK Pe3yJbTaT CBOeil JedTebHOCTH®.

KpOMe eCTeCTBEHHbIX JUCKPETHbBIX MO,ZLaI[bHOCTeI';I KOHTPAreHTOB U Ha3BaHI/H71, B J1aH-
HOIT 3a1a9€ UMEIOTCS eNIé U YMCJIOBbIE JaHHbIe 00 00bEMaX CAEI0K, KOTOPbIE MOI'YT HECTH
BaKHY10 HH(MOPMAIHUIO O JeATeJTbHOCTH KOMIIAHUIA. BymeM mosararh, 9To ¢ KazKIbIM JI0-
KyMEHTOM d CB3aHO HECKOJBKO YHCJIOBBIX IMOCTEAOBATETBHOCTENR {Ygmi|t = 1,.. . kam},
COOTBETCTBYIONUX “UCAOBLLM MOOGAbHOcAM M € M. B HameM ciydae 9HCIOBBIX MO-
JIAJIBHOCTEH JiBe — 9T0 00bEMBI CJIEJIOK IOKYIKH U 1Ipoiazku. [Ipejiiosioxkum, 94To KazxKjas
TemMa t HOPOKJIAET 3HAUCHUSI Ygm; U3 pacupegeserust p(y|t; Yu,) ¢ BEKTOPOM Lapamer-
POB Y¢m, KOTOPOE HE 3ABUCHUT OT JIOKYMEHTa, (9T0 00bIUHAS JIJI TEMATHYECKOTO MOJIEIHPO-
BAHUS TUIOTE3a YCJOBHOU HesaBucumocTu). Torga pacupesesienne 3HAYEHUId y MOJATb-
HOCTH M B JIOKYMeHTe d OIUCHLIBACTCS CMECHIO PACIIPEIe/CHHIA:

p(yld,m) = Z P [t 7im ) Ora-

teT

Bo3bMéM 3a OCHOBY MYJIBTUMOJATIBHYIO MOJETb (34) ¢ HPOU3BOJBHBIM HEMPEePHIBHO
nuddepeniupyeMbiM peryispusaropom R(P, ©). JlobaBumM peryagpu3aTop YiCI0BO MO-
JAJBHOCTH, ONPE/ETHB ero Kak JiorapudM mpaBaonogo0ust BEI0OPOK {Yam }:

kdm

R(O,T) = Z Tim Z Z anp(ydmi |t Yem) Ora-

N deDi=1  teT

Torna cucrema ypasHenuii B reopeMe 8.1 mpeodbpasyercs cJieiyiomum odpaszoMm: Ghop-
myJibl E-mmara (36) 1 M-mara no ® (37) ocrajorcst B cuiie; K HUM 100aB/IsI0TCH (POPMYJIBL

3Xpoutsaenko K. 9. O606menHbe MOJAIBbHOCTH B BEPOATHOCTHBIX TEMATHICCKIX MOJEIAX JIJIs TpaH-
3aKIMOHHBIX Janubix. Marucrepckasa nuccepramus, BMK MI'Y, 2020.
http://www.machinelearning.ru/wiki/images/5/50/Khrylchenko20msc.pdf
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E-mara u M-mara i 94ucjIoBbIX MOjgaJibHOCTe 1 u3Mmensiercss (popmysta M-mmara no ©:

Ptdmi = p(t | da ydmz) = n%r%n (p(ydmz | t; 'Vtm) 9td>;

kdm
Yon = arg max > Z Prami D (Yami | £ Vem);
deD =1
kdm aR
Ora = H%T%ﬂ Z Z TimNdwPtdw + Z Z TmDtdmi + etdaTtd
meM weWm™ meM =1

[Tonxon Ha OCHOBE MYJIBTUMOMATBLHOI MOJENTN HMeeT OJIMH CYIIeCTBEHHBI U3bIAH —
OH TpeHeOperaeT TPAaH3aKIMOHHONW MpUPOION JaHHBIX. KaxK/Iplil JOKYMEHT (KOMITAHIS)
IpeICTaBIAeTCS «MEIIKOM Ha3BaHUil», «MEIIKOM KOHTPAreHTOB», I «MENIKOM OOBEMOB».
OHako B Kazk/10# TpaH3aKIUU HA3BAHKUE, KOHTPAIeHT U 00'bEM CJIEJIKU HEPA3PBIBHO CBsi-
3aHBI JAPYT C JAPYIOM U IOPOXKIAIOTCs 001eit Temoii (BugoMm jgesresbHoctn). Nudopmariust
00 9THUX CBA3SX UTHOPUPYETCS B MYJIBTUMOIAIBHON MOJIEJIH.

[TosToMy paccMOTpEM BBeJieHIE YUCIOBOI MOTAIBHOCTU B runeprpadoBoil TeMaTne-
CKOil Mojienu, omucaHHol B pa3fene 9. Kaxkmasg Tpan3aknusa KOMIOAHUH d MpeJCTaBISET
coboit ueTsepKy (d,m, x,y), e m € M — ojHa u3 ABYX YHCJIOBBIX MOJAJIBHOCTEH <0G bEM
HOKYHKU» WU «00bEM npojaxuy, £ C V — noJAMHOZKECTBO TePMOB, V' — MHOZKECTBO Bep-
muH runeprpada, nosydennoe oobeauHeHnem cjaoapeit W, Bcex HEYUCIIOBBIX MOIAJIb-
HocTeilt m € M. Ecian xkoMmmaHus d coBepIIaeT CAeNKy HOKYHOKH, TO TeEPMaMH B & OYAYyT
KOMITAHUS-IIPO/IABEI] I Ha3BaHUd TOBAPOB, KOTOPbIe d y Heé mokynaeT. Ecin kommanug d
COBepIIaeT CAeTKY IMPOJAaKh, TO TePMaMU B & OYIyT KOMIOAHHUA-MOKYIATETh U HA3BaHUS
TOBAapOB, KOTOpbIE d eit npogaér. B oboux rtuiax Tpansakiuili 3Ha4eHUE Y PABHO 00bEMY
caenku. Temarudeckasi MOJIE/Ib TPAH3AKIUUA UMEET BHU/L

plx,yld,m) =" 6iap(yt; yem) [ [ our-

teT vET

Coorsercrenno Mopudunupyercs 3ajgada (43) Makcumusanuu log-npasiaomnogooust
TPAH3aKIMOHHBIX JIAHHBIX X = {(di, My, T yi): i =1,... ,n} JIJIsl IOCTPOEHUS TUlleprpa-
¢oBoiT TeMaTHIECKOIT MOIELIIN:

> D taplyltym) [Ton ) + R(®,0) = max; (49)
(d;m,z,y)eX teT vET

Teopema 10.1. Ilycrp ¢pyaknus R(P,©) menpepsiBro augdepennupyema. Touka Jio-
gagpHOoro Makcumyma (®,0,1") sagaqun (49) yzosiaersopser cucreMe ypaBHEHHI OTHOCH-
TeJILHO MAPAMETDOB Py, O1q, Vi B BCHOMOTaTeJBHBIX MEPEMEHHBIX Py = p(t|d;, my, x;,v;),
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€cJI U3 PeIlleHusi HCKIIOIATh HyJieBbie cTo0mer matpui] ©,,, O:

P = norm etdi p(yz | t7 fytmz) H Put |5

teT
vex;
OR -
ot = norm| Ny + Oy =—— | ; Nyt = U € Ti| Py
Pt Lorn t T t&%t ¢ ;[ | e
OR -
d n?el"Tm Nig + i 96, ) Nid E [ i

1=1

Yem = argmax » [m = m;] pu Inp(y; |t Yem).-

WNurepecHo, 410 B 00eUX MOJIE/ISX, MYJIBTUMOJAAJIbHON U rutieprpadoBoii, HaM y/1a/10Ch
u36eKaTh KOHKPeTU3aluu Buia pacupejenenus p(y|t; y) 10 camMoro moc/ieHero MOMeHTa..
N renepb Mbl noHuMaeM, kakuMm obpazom B EM-ajiroputm MOzKHO BCTPOUTH JII0OOE 1IPE/I-
[OJIOYKEHUE O BHJE dTHX pacipejesienuii. /[js 3Toro J10cTarovHo yMeTb pellaTh 3a/iady
MaKCHMHU3AIMH B3BeIIeHHOTO Jiorapudma mnpasaonogodusd mo v € [, Kaxprit snement
BBIOOPKH, TO €CTh KazK/las TpaH3aKIMs, KMEeT CBO BeC Py, BRIYUCACHHBIN HA E-1mare.

Sro crangaprHas 3ajgada. Haupumep, ecitd p(y |t Yim) = N (Y; fhem, 02,,) — MHOrOMEp-
HOE HOPMaJIbHOE PACHpe/Ie/IeHue ¢ MaTeMaTuIeCKUM OKUJIAHUEM (i, U JUclepcuei o2,
TO 3aa49a M-IIara OTHOCHTEbHO HaPaMeTPOB Vi = (fitm, 02y,) PEIIACTCA AaHAJTATHYCCKHU:

ﬁ%:ZLm=me.(ﬁ:ZLm=me—w
" > ia[m=my]py o > i [m = mi] pui

11 MopgennpoBaHune cBsi3en Mexxay AOKYMeHTaMu

CymectByer Macca 3a/1ad, B KOTOPBIX TOKYMEHTBI CTPYIIIPOBAHBI HJIH CBI3aHBI MEYK-
Jiy co0oil, npuuéM HaJIMure B3aMMOCBI3U T'OBOPUT O TOM, YTO JIOKYMEHTbl UMEIOT CXO-
Kyto remaruky. [Ipupojia cBsizeit MoxkeT ObITh PA3JIMYHON: CCHIJIKU, I'UIIEPCCHLJIKU, IUTU-
poBaHue, COBMECTHOE YIIOMUHAHUE, KOMMEHTUPOBaHUE, O0Ie aBTOPbI, 00Iue UCTOYHU-
KH, OJM3KWe TeoJOKalun, n Tak jgasee. [Ipenmonoykenne o cXomcTBe TEMATHKH B Mapax
JIOKYMEHTOB JIEIKO (hOPMAIU3YeTCs ¢ HOMOIIBIO PeryJisipu3aTopa MaTpuipl ©. 91o Mo-
JKeT cO37aBaTh TeXHUYECKHe TPYIHOCTH MpHU 0OPabOTKe OOJbIIHX KOJIIeKIwil. B Takmx
CJIydasiX CChLIKHM MOYKHO HIEPEBOJIUTH B MOJIAJIbHOCTH M EPEXOJAUTH K peryJisipuszaropy P.

Ccbinku n yntuposaHue. [lpeanosioxkum, 910 ecjiu MexK/1y JOKYMEHTAMU ¢ U d UMEeeTCst
CBsi3b, TO OHU UMeT cxoxkue reMaruku p(t|c) u p(t|d). Popmasiuzyem 310 HpeHOI0Ke-
HUE C HOMOIIBIO PEryJIsiPU3aTOPa:

RO)=7> nac Y brabre,
d,c

teT

IJIe Nge — BEC CBI3U MEXKJy JOKYMEHTaMH, HAlPUMep, YHCJI0 CChLIOK u3 d Ha c. B [48]
npejjoxkena moxoxkas mozeab LDA-JS, B koropoit BMecTo MakcuMu3amuu KOBAapHUAIUU

23



MuauMu3upyercsa auBeprennus Vencena-Illennona mexmay pacupegenenusvu 0y u 6.
Dopmysa M-mara mist 644, coracuo (17), 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.

JlanHast ujes MpHILIA W3 MOJEJNN BIHsSHUA HaydHbIX myOaukanuii LDA-post [48].
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 [177] onpeaessorcs pernoHbl MOy JISIPHOCTH
HAIMOHAJIBHOM KyXHH 1O mocraMm moJb3oBateseil Flickr. Ipyras wutocrparust us [93]
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 [177|, 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 93| upeoxkena Gosee obias TeMarndeckas MOJIENb
NetPLSA, yuursiBaomasi 1pou3BoJibHble rpadoBbie (cereBbie) CTPYKTYPbl HA MHOKECTBE
nokymenToB. [Tycrs 3aman rpad (V, E) ¢ MHOKecTBOM Bepiiu# V' 1 MHOKecTBOM pébep E.
Kazk1oit ero Bepiuae v € V' cooTBEeTCTBYET MOAMHOXKeCTBO JoKymenToB D, C D. Hanpu-
Mep, B pojin D, MOXkKeT BBICTYIIATh OTAE/IbHBII JJOKYMEHT, BCe CTaTbU OJHOI0 aBTOpa v,
BCE MOCTHI U3 OJIHOTO reorpaduaeckoro peruoHa v, u T. .

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

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

deD, dED

B mogesnn NetPLSA ucnosib3yercst KBaipaTudHbIil pery isipu3arop:

R(©) =~ TN wa Y (p(t]o) = pltu)?,

(u,v)EE teT

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

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

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

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

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

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

Bo MHOIMX IPHIOKCHHAX BaKHBI HAIPABICHHOCTH CBfA3eH, KOTOPLIe KBaIPATHIHBIN
PEery/isipu3aTop He yuurbiBaeT. Hampumep, cBa3b (u,v) MOXKET 03HAYATH CCBLIKY H3 J10-
KyMmeHra u Ha JokymeHT v. B mogesn iTopicModel [140| upemmosaraercs, 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 KaK depe3 @, Tak u depe3 P:

R(© umu ) Z wuvat\v Inp(t|u).

(u v)eEE teT

Kax mokasajm 9KCIepHIMEeHTHI®, peryiapusanus MaTpuibl ® OpUBOIAT HPaKTHIeCKH
K TeM Ke pe3ysbTaraM, 9To u peryiagpusanus O aas mogeneit NetPLSA u iTopicModels.

12 Mopgenn c nepeMeHHbIM 4YNC/JIOM TeM

B remarnyeckoM MOJIeJIMPOBAHUY JIO CUX IIOP OCTAETCH OTKPBITHIM BOIIPOC, CYHIECTBY-
€T JIM B peaJlbHbIX TEKCTOBbIX KOJIJICKIUAX «UCTHUHHOE» MUJIM «OIITHMAJIbHOE» YHUCJ/IO TEM.
C 0aHOiT CTOPOHBI, PA3YMHO MPEII0/IaraTh, 4TO CYIMECTBYET KOHEYHOE YUCI0 TEM, O KOTO-
poIX muiny T Jioau. C Ipyroit CTOpOHBI, B KazKI0i TeMe UMeeTCsd KOHETHOe YUC/I0 aCIeKTOB,
U B KaK/IOM TE€KCTe aBTOPLI 3aTPAruBaiOT JINIIb YaCTh U3 HUX. JacTo BCTpeYaIONInecs Co-
YeTaHus aCleKTOB MOYKHO paccMaTpUBaTh JIMOO KaK MOATEMbI, JIMOO KaK HPOsiB/IeHne 00-
mieit reMbl. BHYTpU TeMbl MOXKET He CyHIecTBOBaTh YETKON K/aCTepHOU CTPYKTYPbI, U HA
KaKO€e YHCJIO MOATEM HJIH ACHEKTOB Pa30UTh TEMY — 9TO BOIPOC HAIIEIO MPOU3BOJIA. TeMbl
MOKHO JApOOHTH Ha JiFoboe ducjio 6ojiee MeJKuX moareM. dem OOJbIlle KOJIJIEKIUs, TeM
boJ1ee MeJIKHe CeMAaHTUYEeCKHAe PA3IMIUs MKy TeMaMH BO3MOXKHO YI0BUThL. OJIHAKO J1a-
JKe IIPU IPUMeHeHN!, Ka3a/10Ch Obl, CTPOrUX, CTATUCTUIECKUX KPUTEPUEB /IJIsI BbISIBJICHUS
3HAYUMbIX pa3J'II/I‘{I/Iﬁ MEXK/Y TeMaMu, BOBHUKaET IIPOU3BOJI 1IIpU BbI60pe YPOBHA 3HAYUMO-
CTHU. BbI60p 9TOI'0 HOPOI'OBOI'O 3HAYCHU A TaK2Ke ABJIAdeTCA SBpHCTHKOﬁ, 1 OT HETr'O 3aBUCUT
UTOrOBOE YHUCI0 TeM. Bce m3BecTHBIE METO/IbI, IPETEH/IYIONKe Ha OObEKTUBHOCTH OIpe-
JIeJICHHS 9UCJIa TeM, TaK WM HHAYe COoJeprKaT BHYTPH ceds mapameTp, OT KOTOPOI'O 3TO
caMoe YHCJI0 TeM 3aBHUCHT.

STI/I COO6pa)KeHI/IH IIpUBOAAT K HAee, 4TO BMECTO IIOUCKa OITHMaAJIbHOI'O 4uUCJ/Ia TeM
(KOTOPOr0 MOZKET HPOCTO HE CYIIECTBOBATH), UMEET CMbICJ CTPOUTH HEPAPXUYECKHE Te-
MaTHYeCKHe MOJE/IH, B KOTOPBIX TeMBbI IIOCJI€/IOBATE/ILHO JIPOOATC Ha MOJITEMBI, & YPOBEHD
JEeTATBHOCTH (MITH 2PAHYAUPOSEHHOCTU) TEMATHIECKOTO IPEICTABICHNS BIOUPACTCS MC-
X0/l U3 MOTPeOHOCTell IPUKIAIHON 3a a4M.

DHTponuiiHoe pa3pexuBaHue Ans otbopa Tem upejoxkeno B [150| mis yaasienns
HE3HAYUMbBIX TE€M U3 TeMaTudeckKoir mojesn. Mjes 3akiodaercs B pa3spekKUBaHUHM Pac-
upesesienus p(t), KOTOpPoOe BbIPAKAETCsI Yepe3 mapaMerpbl Oyg:

RO) =~ Y cp(t),  p(t) = X pld)fua
d

[ToxcraBum sror peryisipusarop B opmysny M-mara (17):

n p(d)
T 9 )

4Bynaros B.T. Ucnonb3opanne rpadoBoil CTPYKTYPEL B TEMATHIECKOM MOJEINPOBAHHE. Marucrep-
ckaga auccepranus, MOTHU, 2016.
http://www.MachineLearning.ru/wiki/images/4/4d/Bulatov-2016-ms.pdf

0;q = norm (ntd
teT
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BamenuM 6,y B IpaBOil 4aCTH PAaBEHCTBA HECMEMIEHHON OLEHKOI Z—’j:

Oiqg = n&rjgn(ntd <1 — TntTT|)>' (51)

DTOT PEry/sipu3aTop pa3pezKuBaeT HeJUKOM cTpoku Marpuiipl ©. Ec/in 3nadenne caér-
YUK Ny B 3HAMEHATEJIE JIOCTATOYHO MAJIO, TO BCE HJIEMEHThI {-if CTPOKH OKA3bIBAIOTCS PaB-
HBIMU HYJIIO, ¥ T€Ma ¢ MOJIHOCTBIO UCKJII0UaeTcsd u3 mojean. [Ipu ucrioib3oBanuu 1aHHOTO
pery/sgpu3aTopa CHada/a yCTaHABIUBACTCS 3aBeoMO n36biTouHOe dncsio Tem |T|. B xome
ATepaIuii 9UCI0 HYJTEeBBIX CTPOK MATPHUILI O IMOCTENeHHOe YBeTHINBACTCS.

Ot6op Tem B ARTM nHamHOro mpoime HemapaMeTpuIecKux 0aileCOBCKHX Mojesieil —
uepapxudeckoro mnpornecca Jupuxie (hierarchical Dirichlet process, HDP) [142| nim npo-
necca kuraiickoro pecropauna (Chinese restaurant process, CRP) [31].

B ob6oux nmoaxomax, ARTM u HDP, umeerca ynpapistonuii mapaMerp, BoIOHpas KO-
TOPBI, MOKHO MOJIyYaTh MOJETH ¢ YHCIOM TeM, pa3indatruMces Ha nopsaku (B ARTM
510 Kodbdunuent peryspusanuu 7, B HDP — kosdduruenr konnenrpauu 7).

B [152] Oblin ipoBeieHbl SKCIEPUMEHThI HA [MOJIYCHUHTeTHIECKUX JIAHHBIX, [1PEICTaB-
JIMOIuUX coboi cMech JByX pacipeenenuii p(w|d) — peajbHON KOJLIEKIMH, Jijisi KOTOPOi
YUCI0 TeM HEeH3BEeCTHO, M CHHTETHIECKON KOJIIEKIUH C 33JaHHBIM ducaoM TeM. CuHTe-
THYeCKasl KOJJIEKIHSA CTPOMJIACH IIyTEM IepeMHOKeHHsd MaTpul PO, moJiyIeHHBIX B pe-
3y/JIbTaTe TEMATHIECKOIO MOJETHPOBAHUS TOM Ke peajbHOil Kosuteknun. OKa3aaoch, 9TO
HDP u ARTM crocobubl ompeie/isiTh HCTUHHOE YHC/IO TeM HA CHHTETHYECKUX W [TOJIyCUH-
rerndeckux jgaHabix. ARTM onpenensier ero Tounee u ycroiumpee. OgHAKO 4eM OJIMzKe
HOJIYCHHTETUIECKHE JAHHBIE K PEAJIbHBIM, TEM MEHee YETKO Pa3/InduM JIMAIa30H 3HAYE-
HUIl THIIepIapaMeTpoB T WX 7, Ha KOTOPOM BOCCTAHABIMBAETCS IPABUIHHOE THCJIO TEM.
Ha pea/ibHBIX JaHHBIX OH HEPA3/JIMIHM BOBCE, IPUIEM i1 000X MOAX0A0B. Takmm obpa-

30M, 1IPpO 004 MOJIX0/1a Heslb3sl CKa3aTh, YTO OHU OLPEJEISIOT ONTHMAJbHOE YHCJIO TEM.
ITo ckopoctu Bbruncienuit BigARTM ¢ peryisgpuszaropoMm orbopa Tem okasaJjcs B 100
pa3 ObicTpee cBODO/HO JIOCTYITHON peasu3aiuun HDP.
B xo/e sxcrepuMenToB [152] Takzke BBIICHUIOCH, 9TO PETyISpH3aATOP 0TO0PA TeM HMe-
eT IMOJIE3HBIN COMyTCTBYIONMT 3pdeKT: OH yaaadeT U3 MOAeJH AyOTUPYONIne, PacIIell-
JIEHHDbIE U JMHEITHO 3aBHCHMbBIE TeMBI.

Nepapxudeckoe TemaTudeckoe mogennpoBaHue. lepapxudeckue TeMaTudecKue Mo-
JIeJIM PeKYPCHUBHO JEJIST TeMbl Ha IOJTEMbI. TeMarwdyecKue mepapxuu CIyzKaT s I0-
CTpOEeHUs] PyOPHKATOPOB, CUCTEMATU3AIMH OOJIBIINX OOBbEMOB TEKCTOBOI HMH(MOpPMAIHH,
nHAGOPMAIMOHHOIO [TOUCKA U HABUTAIMH 110 OOJIBIIUM MYJIbTHIUCIUILINHAPHBIM KOJIIEK-
musiM. 3a/1a9a aBTOMATHYECKOR pyOpHKAIUu TEKCTOB CJI0XKHA CBOEH HEOIHO3HAYHOCTHIO
1 CyObeKTUBHOCTHIO. Pasjimaust BO MHEHUSIX SKCIIEPTOB OTHOCHTEIbHO PYOPHUKALMH JI0-
KymentoB MoryT mocrurarb 40% [1]. Hecmorps Ha obuime pafoTr Mo HepapXUvecKuM Te-
maTudeckum moiesasm [30, 81, 98, 178, 122, 161, 162, 163, 164|, onrumusamnus pazmepa
U CTPYKTYPbI HEPapXUU OCTAETCsS OTKPBITOH Mpo0seMoii; DoJjiee TOTO, ONEHUBAHKIE Kade-
CTBa Mepapxuii — TakzKe OTKpbITas 1pobsema [178].

Crparerun mOCTPOEHUS TEMATHIECKUX HEePAPXHil BeChbMa Pa3HOOOPA3HbI: HUCXOISIIIE
(uBU3UMHEBIE) U BOCXOjsIpe (ArJIOMEpATHBHBIE), MPEJACTABIISIONNE HEPAPXUIO JIEPEBOM
I MHOTOJIOJIBHBIM IpadoM, HapalmuBaronye rpad Mo YpoBHAM WK 110 BepIIHHAM, OC-
HOBAaHHBIE HA KJIACTEpPHU3AIlMH JIOKYMEHTOB mju TepMoB. Helb3s Ha3BaTh KaKylo-TO W3
cTpaTeruii mpeJlloOYTUTEbHON; y KaxK/I0i eCTh CBOU JJOCTOMHCTBA U HEJIOCTATKU.

57



BeposiTHOCTHas Mogenb MeXXypoBHeBbiXx cBs3eil. B [41| upeoxkena nucxosmas
crparerusi Ha ocHoBe ARTM. Mepapxust npejcrapiisiercs MHOIOI0/IbHBIM rpadom ¢ (puk-
CHPOBAHHBIM YHCJIOM YPOBHeW W 33JaHHBIM YHCJIOM TeM Ha KazKJIOM YpPOBHE, BO3PACTalO-
MM TI0 YPOBHAM CBepXy BHH3. KarKpIil ypoBeHDb IpeacTaBiisgeT co00il OOBITHYO «ILJIOC-
KYI0» TeMaTUIeCKYI0 MOJENb, MO3TOMY BpeMs MOCTPOEHUs MOJETH OCTAETCd JTUHEITHBIM
110 00'bEMY KOJLJIEKIIHH.

st MozempoBaHus CBsi3eil MeKJIy YPOBHSIMHU B MOJ€Jb BBOJIATCS IIaPAMETPBI
s = p(s|t) — ycaoBHBIE BEPOSITHOCTH MOJATEM § B TeMax {. B MyJIbTHAMCIUILTHHADHBIX
KOJIJIEKITUS TTOATEMBI MOTYT UMETh II0 HECKOJTBbKO POIUTENTHCKIX TeM.

Ha Bepxmem ypoBHe mepapXuu CTPOUTCS OOBIYHAS ILIOCKAS TeMATHYECKas MOJIENb.
[Tycts Mozesnb £-ro ypoBHst ¢ MHO2KeCTBOM TeM 1’ yrKe 1mocTpoeHa, u Tpedyercss HoCTPOUTD
MO/IeJib ypoBHs {41 ¢ MHOXKecTBOM Jlo9epHUX TeM S (subtopics) u 66ibmmM 4uciom Tem,
|S| > |T'|. [Torpebyem, 4T06bI POAUTEILCKUE TEMbI T XOPOIIO HPUOJIMZKAJIUCH BEPOSITHOCT-
HBIMHU CMeCSIMU JOYEePHUX TeM S:

> e KL (pw]) || 3 plw]s)pls|t)) = > KL, (2 || 3 putar) — min,

teT ses ses ’

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

D10 33/a9a MATPUIHOIO PA3/I0KEHH IS MATPUIILI POAUTEILCKOr0 yposd O = W,
OOBIYHO MATPUYHBIE PA3/IOZKEHUST UCIIO/Ib3YIOTCs, YTOOBI IPUOIN3UTH MATPUILY BBHICOKOTO
paHra mpousBejeHueM MaTpuil 6ojiee HU3KOro panra. OHaKo B JJAaHHOM CJIydae, Ha000poT,
maTpuna ®f muskoro panra |T'| mpubmmkaerca npomsseenuem Marpur, ¥, B KOTOpoM
marpuna ¢ JoKHA UMeTh TMOJHBI paHr |S|, 4To0bl 10YepHsis MOJIeb OMUCHIBATA KOJI-
JIEKITUIO TOYHEe, YeM POJUTEeIbCKas. Peryasipu3arop CBs3bIBAET TEMATUIECKHE MOJIEIN
cocesaux yposneit £ u £+ 1 Tax, 4TOOB POJAUTENHCKHE TEMbl (f AlNPOKCUMUPOBAJUCDH
JINHEWHBIMU KOMOMHAIUAMHE JIOUYEPHUX TeM g ¢ KOIDDUITHEHTAMEI Vg :

R((I)v \I]) =T Z Z Mt In Z st¢st- (52)

teT weW ses

Bagaua makcuvuzanun R(P, ¥) ¢ ToYHOCTBIO 10 00O3HAYEHUIT COBIAJAET ¢ OCHOB-
HOU 3a/adeii TeMaTH4ecKoro Mmojgenupoanus (9), ecjau CYUTATH POJUTENbCKHE TeMbl t
nce6d0dOKYMEHMAMY C FACTOTAMEH TEPMOB TNy = TNyPye. DTO O3HAYAET, YTO BMECTO
JiobaBJieHust cjaaraeMoro B ¢gopmysibl M-1mara JIaHHBIE Peryjispu3aTop MOXKHO Peajin30-
BaTh emé mportre. [locTpouB poauTeIbCKuil ypoBeHb, HAJIO 100ABUTH B KOJLIEKIIHIO POBHO
|T| nceBIOIOKYMEHTOB, 3a/aB UM B KAYECTBE YaCTOT TEPMOB 3HAUCHHUST TN,. Marpua W
IOJIYYUTCS B CTOJIONAX MATPUIBI O, COOTBETCTBYIOMIUX HCEBIOAOKYyMeHTam [41].

JlaHHBI TOJX0/1 K MOJIEJIMPOBAHUIO NepapXuil peajn3oBan B 6ubjnorexke BigARTM.

Pa3pexxunsaHne me)xypoBHeBbIx CBa3ei (hpopMaIn3yeT eCTeCTBEHHOE MPeII0I0KCHHe,
4TO KaxkJad TeMa J04YepHero ypoBHA s € S mmeer HeGO/bLIIOE YHCIO CBA3eH ¢ TeMaMu
pouTeIbcKoro ypoBHs t € T. B wacrHoctu, ecau Bee pacupenenenus p(t|s) BBIPOKe-
HbI, TO €CTh KazKJ/lash TeMa, S UMEeT TOJIbKO OJIHY POJUTE/ILCKYIO TeMy t, TO BCS uepapxusi
upuobperaer BujL Jiepesa. [IpumMennM Kpocc-sHTPONUURHbBINA peryJisipu3arop Jijisd pa3perxku-
BaHUsl pacrpeesnennii p(t | S), BBIpa3UB UX 4depe3 1y 1o dhopmyse Baiieca:

R = =133 o lnplt]s) =~ 33

seS tET tET seS
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[Tockosbky Marpuia W siBisercs dacTbio Marpuibl O, K Heit npuMennma dopmy.ia (17),
u3 KOTopoit cieayer dopmysa M-mara i MO/ J0YEPHEr0 YPOBHSI:

Vst = nge:%n(nst + T(p(t\ s) — |1?|)> (53)

CorutacHo 910ii dhopmy.ie, ycioBhbie BepogTHocT p(t|s), MeHbine ﬁ, CTAHOBSATCS €lIé
MEHbIIIe, U [IPH JIOCTATOYHO O0JIbIIOM T 00Hyssiforest [41].

o _ Mgt __ Mgt

[Ipu paspekuBaHuu pacupenenenuii p(s|t) = "t BazKHO, YTOOBI BEKTOPDI p(t]s) = Dat

OCTABAJIACH PACIIPEICJCHUAME, TO €CTh ITOOLI Y KazKJI0i HOATEMbI § OCTABAIACH XOTS ObI

OJlHA POJMTENLCKad Tema. Ha modepreM yposHe S He JOMKHO 00pa3oBaThbCd HU OJHOM

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

13 MogennpoBaHne co4eTaemMmoCcTu C/0B

['unoresa «MeliKa CJIOB» SBJISETCH OJIHUM U3 CAMbIX KPUTUKYEMbIX IOCTYJIATOB Te-
MATH9IeCKOTr0 MojeupoBanus. OHa HOJHOCTHIO UrHOpUPYeT (hyHaMeHTaIbHOE CBOHCTBO
couemaemocmu ca06 (word co-occurrence) B ecrecTBeHHOM si3bike. CoueTaeMocTh ObIBaeT
JIBYX BUJIOB: KOHMAKMHAA T OUCTNAHIMHAA.

g onucaHus KOHTAKTHOW COYeTaeMOCTH U3 TEeKCTA BBIJEISIOTCS BCEBO3MOZKHBIE
N-2PamMMb, — TOCJIECI0BATEILHOCTH U3 N MOAPS Uaymux cjg10B. Cpegu n-rpaMm I1peji-
CTaBJIIOT UHTEPEC KOJIJIOKAIUU U cJI0BOcoYeTanus. Koarokauus — 910 n-rpamma, BCTpe-
4JaIOMIAsICs B KOPILYCe ropa3/10 dale, 4eM MOZKHO ObLI0 Obl 0KU/IaTh IIPU YUCTO CJIYIaiiHOM
COeJIMHEHNN JTAaHHBIX cJI0B. Crosocouemanue — 3TO N-TpaMMa, CJI0Ba KOTOPOU CBI3aHBI
[0 CMBICTY W TPAaMMaTHYECKH, U 0003HAYAIOT eIHOe MOHATHE. B TeMaTnuecKnx MOmeIsax
TeMaTUuKy TaKUX N-TPaMM JIy4llle OIpeessTh, He pa3/esisds UX Ha OT/ieJbHbIe CJI0BA.

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

Mmuorue nccienoBanus HanpaB/ieHbl Ha CO3/JaHUE TeMaTHIeCKUX Mo/iesieil, yIuThIBa-
IONIIX MOPSI0K cI0B. V3 HUX Hambosee BayKHBIMH HMPEACTABIAIOTCS TPU HAIIPABJIEHUS.

[IepBoe HalpaB/ieHUE CBA3aHO C Bbljle/leHUEeM HHMOPMATUBHBIX N-IPAMM — KOJIJIO-
Kalliii, CJI0OBOCOYETAaHUIl, TEPMUHOB, UMEHOBAHHBIX cyliHocTeil. Tembl, OCTpOEHHbIE Ha
n-rpaMMax, HAMHOTO JIydille HHTePIPETUPYIOTCs, YeM MOCTPOEHHBbIe Ha YHUrpaMMax (0T-
JeJbHBIX cI0Bax). [IpobremMa B TOM, 9TO YHCIIO BCEX N-TpaMM KaTacTpoduuecKu OhICTPO
pacTér ¢ pocToM 00bEMa KOJIIEKIIH.

Bropoe nanpas/ienue cBS3aHO ¢ OCHOBHOW runore3oit ducmpubymueroti cemanmuky:
CMBICJI CJIOBA OIIPEJIe/ISIeTCs TeM, B OKPYKEeHUU KAaKUX CJIOB OHO vallle BCero ynorpedJis-
ercst. [TosiBienue nporpammpl word2vec |94| crumysImpoBaJio pa3BUTHE 6EKMOPHLLL Npeod-
cmasaenudi caoe (word embedding). Ouu HaXOAAT Maccy HpuMeHeHHi Garogaps TOMY,
YTO CeMAHTHIeCKH OJU3KUM CJIOBAM COOTBETCTBYIOT OJIM3KHE BEKTOpHI. TemaTwdeckue
MOJIEJIM TaKzKe CIIOCOOHBI CTPOUTH BEKTOPHbIE IIPeJICTaB/IeHUs CJIOB, 00/1a/IAl0NIUe STUM
CBOMCTBOM, B TO K€ BpeMsl COXpaHss CBONCTBA MHTEPUPETUPYEMOCTU U PA3PEKEHHOCTH.

Tperbe HalpaBjieHUe CBA3aHO C MEMAMUYECKOT ceeMenmayuet v TUIIOTe30i, 4YTo
TEeKCT Ha eCTECTBEHHOM S3BbIKE COCTOUT W3 IOCJeI0BATETbHOCTH MOHOTEMATHIHBIX COO00-
meHnit. B vacTHOCTH, KazK10€e IpeIjIoyKeHne dallle BCero OTHOCUTCS TOJBbKO K OJIHOI TeMe.
3aja4un cerMeHTallul pacCMaTpPUBAOTCA B pasfene 14.
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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. 14: IIpumepst TeM yHUIPDAMMHON MOJIEJIM U COOTBETCTBYIOLIMX UM TeM OUIDaMMHO# Mozesu (110 KO-
Jekuuu crareil nay4unoit koudepenuuu MMPO — «Maremarudeckue MeTozpl pacio3HaBanus 06pa3os» ).

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 |67].

[TepBast 6Gurpammuasi remarndeckas mogesnb BTM (bigram topic model) [158| mpes-
CTaBJIssIa CODOIl IO CyTH MYJIHLTUMOJATBLHYIO MOJIEIb, B KOTOPOil KaKJIOMY CJIOBY U COOT-
BETCTBOBAJIA OT/IEe/IbHAS MOJATLHOCTE co ciaoBapéM W, C W, cocTtaBieHHBIM U3 BCEX CJIOB,
BCTPEYAIOIIMXCSA HEITOCPEJICTBEHHO II0CIe ¢JIoBa v. 3anuiieM log-papomnoaoodue 3Toit Mo-
JIeJIM B BUJIE PErY/IsipU3aTOPA:

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

deD ved weW, teT

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

Mozgear TNG (topical n-grams) [167] ycTpamsger 9Tu Hem10CTaTKH. 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® moka3ano, 4T0 IPH 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

°C. C. Crenun. MyabTUrpaMMHbIE aJIIMTHBHO PETY/IAPU30BAHHBIE TeMaTUYeCKue Mojieau. Marucrep-
ckaga auccepranusa, PUBT MOTU, 2015.
http://www.MachineLearning.ru/wiki/images/4/4a/Stenin2015MasterThesis.pdf
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OUIPaAMMHOI MOJIEJIM OLPOIIEHHbIE OCTOSIHHBIE YUYACTHUKN KOH(DEPEHIMH MOTJIH OIPe/ie-
JIUTh HAYYHYIO IPYIIILY U JIA2Ke aBTOPOB CTaTeil, TOra KaK 110 TeMaM YHUIPAMMHON MO/eJIn
C/IeJaTh 3TO OBLIO MPOOIEMATHYIHO, CM. puc. 14.

B ARTM n-rpaMmMHasi MOJE/Tb eCTECTBEHHBIM 00Pa30M OIIPeIe/IIeTCs KaK MYJIbTHMO-
JlajibHast, B KOTOPOH JI/Isl KazKJIOTO N BBIJAEISETCS OTAe/bHAsS MOJAJIbHOCTDb. Jlist mpe-
BAPUTEJbHOIO COKPAIEHHUs CJIOBApEil M-IpaMM MOAXOJUT METOJ| MOMCKA KOJJIOKAIU
TopMine [52]. On smueitno macirrabupyercst Ha GoJiblHe KOJUIEKIME U 1103BoJIsieT (op-
MHUPOBATbh CJIOBAPh, B KOTOPOM KazKjias Nn-rpamMma 00/1aaeT TpeMs CBOWCTBAMU:

(a) UMeeT BBICOKYIO YaCTOTY B KOJLJIEKIIUH;

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

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

Merozpt, mpeiozKeHnble B HocIeayonux paborax, SegPhrase |84] u AutoPhrase [131],
JIEMOHCTPUPYIOIIHUE €MIE JIyYIlne Pe3yJIbTaThl.

Mopenb 6utepmoB. Kopomkumu mercmamu (short text) HasbIBAIOT JOKYMEHTHI, JJIU-
Ha KOTODPBIX HE OCTATOYHA JJTd HAIEKHOTO OIpe/eIeHnsa UX TeMaTuku. [Ipuvepamu Ko-
POTKHX TEKCTOB SBJIAIOTCH coOOImenns: ['BUTTEpa, 3ar0JI0BKH HOBOCTHBIX COODIIEHHI, pe-
KJIAMHBIE 00'bSBJICHUS, PEILUIUKH B JUAJIOTaX, OTAEJbHBIE MPE/IOKeHNsd, U T. 1. 3BecTHbI
IPOCTBIE TOXO/IbI K IPOD/IeMe, HO OHH He BCErJa IPUMEHUMbI: O0beIMHATH COOOIIEHHSI 110
KaKOMY-/1100 npu3HaKky (aBTOPY, BDEMEHHU, PErHOHY M T./1.); CYUTATh KazK/10€ COOOIIeHHe
OTJIEJIbHBIM JIOKYMEHTOM, pa3pezkuBas p(t |d) BIUIOTH 10 € TMHCTBEHHON TeMbI; JOMOTHIThH
KOJUIEKIUIO JIMHHBIME TeKCTaMu (Hampumep, crarbsavu Bukuneaun). Oqaum u3 HAuO0-
Jlee YCIENTHBIX W YHUBEPCAJIBHBIX IMOAXOM0B K HpOOIeMe KODOTKHX TEKCTOB CYHTACTCSI
memamuueckas modeav bumepmos (biterm topic model, BTM) [171].

Bumepmom Ha3bIBAETCsI MApa CJIOB, BCTPEYAIONIMXCS PSIOM — B OJJHOM KOPOTKOM CO-
OOIIEHNN WK B OJHOM IPEJJIOKeHnH mwin B OKHe +h cioB. B orimdme or Gurpavmsr,
MeKJy JABYMs CJIOBAMHU OMTEepMa MOIYT HAXOAUTLCHA Apyrue cjoBa. KoHKpermsamus mo-
HATUS «PSIOM» 3ABUCHT OT IMOCTAHOBKH 33Ja4H M OCODEHHOCTeH KOJUTeKnuu. Boicokas
9acTOTa, OUTEPMA B TEKCTOBOM KOJIEKIIUU SIBJISIETCS] MPOSIBJICHUEM JUCTAHTHON coderae-
MOCTHU JIAHHOM L1apbl CJIOB.

Mogens BTM onucbiBaer BeposiTHOCTH COBMECTHOIO 1HosiBjeHust cjioB (u,v). exos-
HBIMU JTAHHBIMU SIBJISIFOTCS 9aCTOTHI T, OUTePMOB (U, V) B KOJUIEKIUH, HJIH MATPUIA Be-

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

[Tpumem runoresy yciaosuoit Hesasucumocru p(u,v|t) = p(u|t) p(v|t), ro ecrb noiry-
CTUM, 9TO CJIOBA OMTEPMOB MOPOZKIAIOTCH HE3ABUCUMO JPYT OT JAPYTra U3 OJHON U TOM Ke
rembl. Torna, no dopmysie MOTHON BEpOATHOCTH,

plu,0) = pult) p(v[t) p(t) = Cupunt,

teT tel

re @y = p(w|t) u m = p(t) — mapamerpsl TeMaTHIECKONH MOJETH. DTO TPEXMATPUIHOE
paznoxkenune P = ®IIOT rue II = diag(my, ..., np) — AuaronagbHas marpuna. Moaeanb
OUTEpPMOB He OIpeesIeT TEMATUKy JOKYMEHTOB © W IIOITOMY He IOJABEPIXKEHA BJIUSHIIO
3pdpeKToB, BbI3BAHHBIX KOPOTKUMH TEKCTaMH.

ARTM no3BoJisier 00beMHATH MOJAEIb OUTEPMOB ¢ OOBIYHON TEMATHICCKONR MOJIEJIBIO,
9100bI BCE-Taku 1mo/yuanTh marpuity O. /s sroro Bo3bmém log-ipasionogodue mo/ie/in
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OUTEpPMOB B KadecTBe peryJsipusaropa ¢ KoM UIueHTom 7:

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

[Ipumenenne ypasuenuit (16)—(17) k sromy peryisipusaropy gaér dbopmynbt M-nrara:

Pur = norm (nwt +7 Y nuwpmw); (54)
ueW
Praw = DO (PPt Pur) - (55)

Otu GOpMy/Ibl HHTEPIPETUPYIOTCA Kak JobaBienue ncesdo-dokymenmos. Kaxmpomy
caoBy © € W craBuUTCd B COOTBETCTBHE IICEBIO-IOKYMEHT d,, 00beIMHSIONMIi BCe KOH-
TEKCTBI CJIOBA 1, TO €CTh 9TO MEIIOK CJIOB, BCTPETUBIIMXCS PSJIOM CO CJIOBOM U 110 BCei
KOJITEKIH. UHMC/I0 BXOXKJIEHHUIl CJI0Ba w B ICEBIO-I0KYMEHT d, PABHO TN,. Bcrmomo-
raTesibHble TePeMEHHbIE Py, = P(t|u, w) coorBercTByioT dopmyae E-mara njs nceso-
JIOKYMeHTa d,,, eCJId JOOIpPee/IATh ero TeMATuKy Kak 0y, = notrm(ntgout). Jpyrumu cjto-

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

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

Mopenb cetu cnoB. Njes Moje/iMpoBaTh HE JIOKYMEHTbI, & CBS3M MEXKJIy CJIOBaMH,
Obljla I10JIOZKEHA B OCHOBY TeMaTHYECKUX MoOJjiejieil JUCTaHTHON MapHOW COYeTaeMOCTH
ciaoB WTM (word topic model) [39] © WNTM (word network topic model) [183|. JIro-
GOMmBITHO, ITO Gostee panHss mybsukanus [39] ocTasach He3aMedIeHHOl (BHIUMO, KAK He-
baiiecoBckast), u craTha [183] maxke me cepimaerca ma meé. Mogearu WTM u WNTM cBo-
narcsd K npumerernio PLSA u LDA cooTBeTcTBEHHO K KOJLIEKIIUN IICEBI0-TOKYMEHTOB d,:

p(wldy) =Y p(w]t) p(t|du) = Puibi.

teT teT

Banurmem log-ipasmononobue mis mogenun p(w|d,) B BUge peryaspusaropa:

R(®,0)=7 Y nuwln ) oub,

u,weW tel

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

OCHOBHOE OTJIMYHE STUX MOJeJell OT MOAeTH OMUTEPMOB B TOM, 9YTO 37€Ch B sB-
HOM BHJIE CTPOMTCS Marpuia © Jyisd 1CeBJ0-KOJLIEKIUH, TOIJIa KaK B MOJEJIHM Ourep-
moB © = diag(my, ..., )PT u KOJUUECTBO IApaMeTpPoOB BjBOe MeHbiie. Kak nokasa/iu
skciiepuMeHTbl, Mojiejib WNTM HeMHOro 1npeBocxogut Moje/ib OUTEPMOB U CYILIECTBEH-
HO [IPEBOCXOJUT OOBIYHbIE TeMaTHIecKue Mo/eu [183| Ha KO/LTeKIuaX KOPOTKUX TeKCTOB.
Ha kosuteknusix JJIMHHBIX TOKYMEHTOB TeMaTHIeCKHe MOJE/TN TapHOil COYeTaeMOCTH CJIOB
He JAI0T 3HAYUMBIX IPEAMYIIECTB Hepes OOBIYHBIMUA TEMATHIECKIMU MOJIE/ISIMH.
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KorepeHTHoCTb. Tema HasbiBaercst Kozepenmioti (COrIacOBaHHOIN), eciau Haubosiee da-
CTble T€PMbl JAHHOIl TEMbl YaCTO BCTPEYAIOTCS PsIOM B JIOKyMeHTax Kosuiekiuu [107].
CoveraeMoCTb TEPMOB MOZKET OIeHUBAThCA MO camoii Kosuteknuu D [100], wiu o ¢Topos-
Heil Kosutekiun, Hapumep, mo Bukuneuu [104]. CpenHsst KOTepEHTHOCTH TeM CUUTACTCS
XOPOIIeil Mepoil HHTePIPEeTHPYEMOCTH TeMaTudeckoii Mojgesnu [108].

[Tycrb 3azanbl onenku coderaemoctu Ch, = p(w|v) mias nap repmos (w,v) € W2,
0066190 C)y,, ONEHUBAIOT KAK JIOJIIO JOKYMEHTOB, COIEPKAIINX TEPM U, B KOTOPBIX T€PM 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,
TpeOyIonuit, YT0Obl HAPAMETPBI (P, TEMATUIECKONR MOJIe/IM ObLIU COIJIACOBAHbBI C OlleHKA~

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

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

teT weWw

®opmysa M-mara, coracho (16), npuHuMaeT Buj

Pur = noLm (nwt + T Z C’wvnvt>. (56)

veW\w

D10 criakupalomuii perysiagpuzarop. OH yBeJIMIUBaeT BEPOITHOCTH TepMa B TeMe, eC/Id
TEPMBI, C KOTOPBIMU OH 9aCTO COYETAETCS, OTHOCATCA K JaHHOW Teme. TOYHO Takas zKe
dbopmymna moayumwiack B [100] aist momenn LDA u anroputma comiunpoBanus ['u66ca,
HO ¢ DoJiee CJI0KHBIM 000CHOBaHUEM 4depe3 0000HEHHYI0 ypHOBYIO cxemy [loiist, u ¢ bosiee
CJI0ZKHOM 3BPUCTHIECKON OMEHKOH Clyy.

B pabore |104] upemiozxen Jpyroit peryjisipuzarop 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,

(57)
rjie Ny, — YHCJIO JJOKYMEHTOB, B KOTOPBIX TE€PMbI U,V XOTsS ObI OJUH Pa3 BCTPEYAIOTCS
psiiom (He nmasee, dem depe3 10 cioB), N, — YHCIO JOKYMEHTOB, B KOTODBIX TE€PM U
BCTpeYaeTcs XoTs Obl OJUH pa3.

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

Mopenn BeKTOpHbIX NPeACTaB/IEHU CNOB CTaBAT B COOTBETCTBHE KaKIOMY CJIOBY W
BEKTOD V,,, pukcupoBauuoit pazmepuoct. OCHOBHOE TPeOOBaHUE K STOMY OTOOPAKEHUIO —
4TOOBI OJIM3KHM I10 CMBIC/JIY CJIOBAM COOTBETCTBOBaJIM OJiM3KHe BeKTOpbl. CoriacHo duc-
mpubymuenot zunomese (distributional hypothesis) cmbica ciioBa onpezessiercs: pacmpe-
JIJICHUEM CJIOB, B OKPY?KeHHH KOTOPBIX OHO Berpedaercs [59]|. CioBa, BeTpevarorumecs
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B CXOXKHMX KOHTEKCTaX, MMEIOT CXOXKYI0 CEeMaHTUKY U, COOTBETCTBEHHO, JIOJIZKHbI UMETh
osmskue BekTopbl. s bopmasusanuu sroro npuniuna B (94, 95| npeiaraercs 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 (Vw, Vu)
>0 XD (v, 1)

p(w|u) = Soite%ax (Vi V) = %%rﬁ/n(e}(p (Vs ) =

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

st 0OyueHust MOIe/ M pemaeTcs 3a1a4a Makcumu3anuu log-npas 10101001, Kak mnpa-
BUJIO, I'PAAMEHTHBIMU METOIAMMU:

Z Nyw I p(w |u) — max.
u,weW (v}

IIocTanoBka 3a/1aum o4eHb IoX0xKa Ha TeMaTndeckue Mojaean BTM u WNTM. Monenn
ceMeiicTBa word2vec u JApyrue MOJE/JU BEKTOPHBIX IIPEACTABJICHUNA CJI0B TaKzKe ABJIAI0T-
Csl MATPUYHBIME pa3siokenusMu |79, 116, 85]. ItaBHOe oTyinvme 3aK/IH0YAETCSI B TOM, YTO
B 9TUX BEKTOPHBIX IIPEJICTABICHUAX KOOPANHATHI HE HHTEPIPETUPYEMbI, He HOPMUAPOBAHbI
U He pa3perkeHbl, TOI/[a KaK B TeMaTHYECKUX MOJIEJISIX CJIOBAM COOTBETCTBYIOT Pa3pezKeH-
HblE JIUCKpeTHbIe pacupe/eienus Tem p(t|w). C apyroii cropoHbl, TeMarudecKue Mo/e 11
N3HAYAIbHO HE IpeJHAa3HAYAJNCh JIJI OIIpeJie/IeHIs CeMaHTUIeCKOil OJIM30CTH CJIOB, II0-
9TOMY JeJal0T OHH 3TO ILIOXO.

B [119] npeyioxken crocod mocTpoeHus MeEMAMUMECKUT 6EKMOPHOLET NPeICasAerul
caos (probabilistic word embedding, PWE) 1o nceBio-kosiekimu JOKyMEHTOB, aHAJI0-
ruaabiii Mmogenaym BTM u WNTM. B samagax cemaHTHYecKOit OJIM30CTH CJIOB OHH KOH-
KypPHUPYIOT ¢ MOJEIsIMH Word2vec U CYIIECTBEHHO IIPEBOCXOJAT OOBIYHBIE TeMaTHUIEeCKHe
Mojiesin. [Ipu 9TOM TemaTu4ueckue BEKTOPHBIE IIPeJICTABICHUS SABJSIOTCI WHTEPIPETHPY-
eMBIMH U pa3pezKeHHbIMU. VICIo/ib3ys KpOCC-9HTPOIUMHBIE Pery/isapu3aTopbl, pa3pezKeH-
HOCTb BEKTOPOB yaaércsa noBoauth 10 93% 6e3 norepu kauecrsa. Ha puc. 15 nmokasambl
HPUMEPDHI PelieHns 3a/[a9u acCOIUAIUl CJIOB C IOMOIIIO MOJIE/IeH, ITOCTPOEHHBIX 110 aH-
[JI0A3bI9HON Bukwnie .

KonundectBennble onmeHKH IokasbiBaioT, 4yTo PWE pemraer 3agadyn acconualuy CJIOB
HAMHOI'O JTy4Iie OOBIIHOI TeMaTndecKoil mojeun LDA, HO He ¢TO/Ib yCIemHo KOHKY pUpyeT
¢ JIydIIuM MoOjesisiM ceMmeiicTBa word2vec, Kak B 3ajadax CeMaHTHIeCKOil O6J1M30CTH.

B 3ajsiaue cemantudeckoit 6simzoctu jokymenToB PWE yBepeHHO oriepekaior BEKTOP-
uyto mozenb DBOW [44], cienmaibro pa3paboTaHHYIO sl TOUCKA CEMAHTHIECKH OJIu3-
KUX JOKYMEHTOB.

Kpome Toro, ARTM mno3Bosisser 0000IMUTL TeMaTHIeCKHe MOJENH JUCTPUOYTHBHON
CeMaHTUKHU JIJId MYJbTUMOJAAJIbHbIX KOJIJIEKIIUA [119]. Ncnosb3yst jlaHHbie O MapHO# Co-
4eTaeMOCTH TEePMOB PA3JINYHBbIX MOJAJBHOCTEN, BO3MOYKHO CTPOUTH MHTEPIPETUpPyeMble
TeMaTU4YCeCKUEe BEKTOPHbIC LIDEeJACTaBJJICHUA IJId BCEX MO,ZLa.HbHOCTeI';I. B TO 2K€ BpeMd, 1Ipu-
BJICUEHHE JIONOJTHUTETbHON MHMOPMAIMU O JIPYTUX MOJAJbHOCTAX IOBBIIMIAET KA4eCTBO
perieHus 3aa9u 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. 15: Ilpumepsbl peiienus 3aja4d accoumauuii cjioB s mozeseii ARTM u word2vec. IlpuBogsrcs
qeThipe Hanbosee OJU3KHIE aCCOITNAIINMI.

14 MopgennpoBaHune CBSA3HOIro TekcTa

['umtoresa «MemIka CJIOB» W MPENOJIOKEHNe O CTATUCTHIECKON HE3aBHCUMOCTH COCE/I-
HHUX CJIOB IPUBOJIAT K CJUIIKOM YaCTOU XaOTUYHOII CMeHe TeMaTHKU MeKJy COCeJTHUMU
cjaoBamu. Ecjin npoc/ie/inTb, K KAKUM TEMaM OTHOCITCS HOCJIe/I0BATE/IbHbIE CJI0OBA B TEK-
cTe, TO TeMaTU4ecKas MOJIE/Ib B IEJI0M HOKAZKeTCs He HACTOJIbKO XOPOIIO UHTEPIIPETUPY-
eMoil, KaK paHKHPOBAHHBIE CIIMCKH HambO/iee YaCTOTHBIX CJIOB B Te€MaX.

TemaTudeckue MO/ CEIMEHTAIIMM OCHOBAHBLI Ha 0o0Jiee peaJTUCTUIHBIX T'HIOTE3aX
0 CBA3HOCTH TeKcTa. Karkoe mpeioxKeHne, KaK MPABUIO, OTHOCUTCI K OJTHOI-IBYM Te-
mam. CJieyomee MmpeyiozKeHne, KaK HPaBU/IO, IIPOAOJIZKAET TEMATUKY IIPE/IbIIyIIero.
Cwmena TeMbl PEJIKO IMPOUCXOUT MEXK/y HPEJIOKEHUIME, 9aCTO MexK/ 1y ab3amamu, emié
qalle — MEXK/ly CeKIUsMu JoKyMeHTa. Kaxk/ioe npejjiozKenne MOXKHO CHUTATh «MEIIKOM
CJIOBY WJIU «MeITKOM TepMOB». /IOKyMeHT MOYKHO CUNTATH «MEIIKOM IIPe I TOZKEeHMIT».

TemaTuyeckass mogenb npeasioxeHni. JlomycTum, 4To KaxKablil TOKyYMEHT d pa30ouT
HA MHO?KECTBO CEIMEHTOB Sy. 9TO MOI'YT OBITH HpeI0KeHns, ab3aIbl Wil (pasv, — CHH-
TaKCHYECKH KOPPEKTHBIe YacTH Ipejiokenuit. Obo3HaYnMM depe3 N, JJIUHY CerMeHTa S,
9epes Ny, — YHUCI0 BXOXK/IEHUI CJI0BA W B CEI'MEHT S.

[Ipeamoi0KuM, 9T0 BCe CJI0BA CEIMEHTa OTHOCATCA K OJHOM TeMe u 3anuinemM yHKIHIO
BEPOSITHOCTU CerMeHTa S € Sy 4epe3 napaMerpbl TEMATHIECKON MOJECTH Oy, Oig:

teT wWES teT WES

Bynem cuurars KarxKaplil JOKYyMEHT «MEIKOM CerMeHToBy. Torna (pyHKIms BEPOSITHO-
cTi BbIOOpKM Oy/ieT paBHa 1pou3BejeHnio PyHKIMH BepodTHOCTH cerMeHToB. [loctaBum
3a/1a9y MAKCUMU3AIUHA CyMMBI log-nipaBaomonodus u peryasgpusaropa R:

Z Z In Z Ora H on + R(®,0) — max, (58)

deD seSy teT wes

upu 00bruHbIX orpanndenusx (10). B wacrnom ciydae, Korja Kazkjplii CEIMEHT COCTOUT
TOJIBKO U3 OJIHOT'O CJIOBA, JaHHas 3ajada rnepexoaur B (11). Bamerum rakzxke, 4ro 3a/1a4a
(58) siBuIsieTCsl YACTHBIM CJIydaeM [OCTPOCHUsI TeMaTHYecKoit Mojesn runeprpada (43),
B KOTOPOM BEPILIUHBI SBJISIOTCS CJIOBAMHE, a PEOPA — IIPEJIJIOKEHUIMU.

Teopema 14.1. Ilycrp ¢yukmus R(P,©) wempepsiBHO muchgepenmupyeva. Touka
(®, ©) sokampHOrO KCTPeMyMa 3agaqn (58), (10) yoBaerBopser cucreme ypaBHEeHHIT €O
BCIIOMOIaTe/JIbHBIMH IIEPEMEHHBIMU Pygs = P(t|d, 8), ec/in u3 peireHust HCK/II0YUTD 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

AnasorndasiM 006pa30M 3ajada CTABUTCS JIJIs MOJeTn mpejyioxkennii senLDA [25] u
JUist MoJiesin KopoTkux coobmenunit Twitter-LDA [180]. 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 [126] ocuoBan Ha 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-

6Tounee, B [126] npeTaranocs 1 Kax/I0ro CJ0Ba BHIOMpaTh Haubosee BeposTHyIo Temy. Oba Bapu-
aHTa UMEIOT MpaBo Ha, cylnecTBoBanue. Kakoit u3 HUX JIydine, MOKa HE HCCIET0BAHO.

66



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 |126].

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.

Perynsipuzatop E-wara. Hekoropbie TpeboBaHuS K TeMaTHIECKON MOJIETN YI00HEe BbI-
pazkaTh He Yepe3 MapaMeTpbl MOJEIH P,y U Oy, a depe3 pacrupeenetus Py, = p(t|d, w),
KOTOpbIe Bbluuc/isitorcsd Ha E-mare. Hatipumep, 310 MmoryT 661Th TpeOOBaHUSs CXO/ICTBA Te-
MATUKHU TEPMOB BHYTPHU MPE/JIOKEHUI WU MK Ly COCeIHUMU 1peiokerusymu. OHu mos-
BOJIIOT YYUTBIBATH HOPAJIOK CIOB B JIOKYMEHTAaX B OOXOJ[ THIIOTE3bI <«MEIIKa CJIOB».
B obmem ciaydae ux yao6HO BbIpakaTh ¢ IoMmolipio peryiaspusaropa R(I1, &, 0), rue
IT = (Ptaw)Tx Dxw — TPEXMepHas MATPUIIA BCIOMOTATEIbHBIX TT€PEMEHHBIX.

Bynewm upejmonarars, aro R siBjIsiercst J0CTATOYHO IVIAAKONH (DYHKIMENR mepeMeHHBIX
Didws Pwt 1 Big. Kpome Toro, ciesiaem ecrecTBeHHOE JIOIYINEHUE, 9TO €CJAU CJI0BA W HET
B JIOKyMeHTe d, TO (DyHKIUdA R He 3aBUCUT OT MEPEMEHHON Py .

Cornacho ypasaenuio (15), marpuna I1 ssiserca dynknueit or & u ©. [Tosromy K pe-
rynapusaropy R(®,0) = R(II(®,0), ®,©) npumennva teopema 17.2. Omaxo cucremy
ypaBHEHUH y100HO 3aIUCHIBATL Yepe3 YaCTHbIE IPOM3BOAHbIE Peryisipusaropa R, a ne R.

Paccemorpum 3ajiauy MakcuMusaluu peryssipu3oBaHioro log-mpasioiono0us

Z Z Ny 1 Z Outbra + R(11(P,0),P,0) — max, (59)

deD wed teT ’

IIpU OIPAHMYEHUSIX HEOTpUIATebHOCTH 1 HOpMupoBkH (10).

Teopema 14.2. [lycrs pyuknus R(11, &, ©) neupepbiBHO qupdepennupyema u He 3aBu-
CHT OT HePEMEHHBIX Dy, IpH W ¢ d. Torma rouka (P, ©) JOKATBHOrO IKCTpEMyMa 33190
(59), (10) ymoBierBopsier cucreme ypaBHeHHI €O BCIOMOTaTeJIbHBIMU TEPEMEHHBIMH Digy,
H Pidw, €CJH H3 PEIICHHs HCKIIOYHTH HyjeBble cToonsl Marpun O, O:

Ptdw = H%T%ﬂ (@wt@td)% (60)
_ 1 OR
Dedw = Prdw (1 + — < Do 26; Dzdw Zdw)) (61)
OR

w - w. wW w b) 62

o %%%(Z"d P ) @
deD
OR
0ia = wDtdw + 0 63
td ng)gn(%nd Dtdw + tdaetd) (63)

JlokazaTe/ibcTBO TEOpeMbl YA00HO pa3OUTh HA TPHU JIEMMBI.
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Jlemma 14.3.  Jlist pyukimn p,g, (P, 0) = % u fobpix t,z € T
+ Pwt

ptdw(l - ptdw>7 = <5

apzdw apzdw
=0 “Aan  — Ptdw z=t — Pzdw) =
' ([ ] ) —PtdwPzdw> t % <.

Pwt a@wt — Uid aetd

HoxkazarenscTBo. Bocnosbsyemest popmynamu (15) jist HEPEMEHHDBIX Py

%mapﬂ o 9 ( Puw::d ) o [2=110ta 3 Puubud — Orapu:bza _
OPui OPuwi Zu Orwubud (Zu Puwulud)?
= Ptawl2=1t] = PrawDzdw = Praw([2 =1t] = Pzdw);
g,, 2P=dw OPzdw _ 9, 0 ( Puwz0:q ) _ 9, (2=t 0wt Yy Poulud = PuwtPw=0zd _
8 ©td 00,4 Zu @wueud (Zu @wueud)2

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

JlemMa, JI0Ka3aHa.
Beeném Bcomoraresibuyio ¢gpyuknuio () or nepemennbix 11, @, O:

OR(11, ®, ©) OR(II, ® @)
w ]'_‘[7 ®7 @ zdw
Qtd ( ) aptdw Zp a 8pzdw
Jlemma 14.4. Ilycrs pynxnna R(I1, @, ©) e 3apucHT OT IepeMeHHBIX Pygy, IPH W ¢ d
Torga gacrabie npouspojnbie pyakmun R(P, O) Boipazkarorcs depe3 Quay:

OR OR
Pwt 7 880101‘, SOwt » + dEZDptdetdw, 04 90, = th aetd + wzedptdetdw
HoxkazareabcTBo. Bocronb3yemcs popmyiioit quddepennupoBanms CJI02KHO (DyHK-
8 zdw’ 8 zd'w
MK ¥ TEM, YTO Dzd =0 upn w # w'; pid:()ﬂpl/ld#d/; =0 upn w & d:
0 wt aetd aptdw
a@R _ a@R aaR %pzdw B a Z Z R %pzdw (64)
Pwt Pwt (z,dw") Pzdw OPwt Pwt deD »eT pzdw Pwt
OR OR Op.a OR  OPadw
Z Pzd'w Z Z Pzd . (65)
904 aetd apzd’ 0014 59td = 5 Opzaw 001

B cuity siemmbl 14.3 criipaBe/i/inBo TOXKJIECTBO

8R apzdw - 8R 8pzdw o
Put Z apzdw a9011115 td Z apzdw a‘gtd B

OR OR
- w =t — Dzdw) = w zdw = w w -
Z Pta ] = Da ) Ptd < D1 ZP d zdw) PtdwQtd

2€T pzdw

[TogcranoBka mo/y1eHHOro Bbipakenus B (64) u (65) 3aBepimaer J0Ka3aTEIbCTBO.
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Jlemma 14.5. Pemenne ®,0 3azaun (59) yiaoBierBopser cieiyiomieii cucreMe ypaBHe-
HHIf OTHOCHTE/IbHO HEPEMEHHDBIX Oy, Byg B BCIIOMOraTeJIbHBIX IT€PEMEHHBIX Dygy,

Prw = 10T (PurBa); (66)
OR
Pur = O ( > Nawpiaw + Y QuawDiaw + wwt%) ; (67)
deD deD
8 = norm < Z NgwPtdw + Z QrtdwDrdw + etda—R) . (68)
T\ ed wed 01

DTa JeMMa SIBJISeTCS HeMOCPEICTBEHHBIM CIeJACTBHEM TeopeMbl 17.2 i jtemmbl 14.4.
OcCTa/10Cch TOJIBKO 3aMETUTh, YTO BbIJIEJIEHUE BCIIOMOIATEIHHON HEPEMEHHON Py, CO-

riacHo (61) mosBosisier nepenucarb ypasuenusi (67)—(68) B rpedyemom Buje (62)—(63).
Teopema nokazana.

Takum obpazom, B EM-ajropurme 11 KazK/10ro J0OKyMeHTa d CHAYaIa BBITHCISIOTCS
BCIIOMOT'aTe/IbHBIE TIEPEMEHHBIE Pygy,, 32TEM OHU IPE0OPA3YIOTCSA B HOBbIE IEPEMEHHBIE Dygy
KOTODbIe MOACTaB/IsATCH B hopmysst M-mara (16)—(17) BMecTo pigy,. Takoit criocob Bbi-
qucJieHuit OyjieM Ha3biBaTh pe2yaapusayuet E-waza wim nocm-obpabomrot F-waza.

3aMeTuM, 9TO IMepeMeHHBIE Dyg,, MOT'YT IIPUHUMATH OTPHUIATEIbHbIE 3HAYCHU, IOITOMY
B 00IlIeM cJiydae OHH He 00pa3yloT BEepOSTHOCTHBIX pacipejesnenuii. Tem He menee, jijisd
HUX BBIIOJIHEHO YCJIOBHE HOPMHPOBKH Y, Praw = 1.

Pa3pexuBanune pacnpegenennii p(t|d,w). [Horpebyem, 4robbl KazK/blii TEPM B JIOKY-
MEHTE OTHOCHJICH K HeDOJIbHIOMY duciy TeM. Jljisg 31oro OyjuemM pa3peuBarh Pacipe/ie-
nerust p(t|d, w), makcumusupyst ux KL-TuBepreHIun ¢ paBHOMEPHBIM DaCIPeIeTeHIeM:

KL(|—C1” | p(t|d, w)) — max.

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

R(IT) = —é Zanw Zlnptdw — max.

deD wed teT

[TojcraBuM 1IPOU3BOIHYIO
OR(II) T Ngw

apzdw |T| Pzdw
B opmymy (61):
~ _ 1
Ptdw = Ptdw — T(m - ptdw)-
Takum 00pa3oM, ecjid JJjist HEKOTOPOH TeMbL Pigy < ﬁ, TO Ha CJejyoleil urepanuu
BEPOSITHOCTD Pigy JJISl JIAHHOIO TepMa, w cTaHeT emnié Menbline. Temaruka Tepma Oy/er
IIOCTEIIEHHO KOHIEHTPHUPOBATLCA B HeOOJIBIIIOM YHCJIE TEM.

Emgé onpa maTepnperanyua 3TOro peryIapu3aropa CaedyeT U3 BO3MOKHOCTH 3aIHCATh
peryiagpusanuio E-mrara s5KkBuBaieHTHBIM 06pa3oM depe3 dopmyasl M-mara (67)—(68):

1 Tt
wt = NOrmM | Ny — TNy | — — — | |;
Put weW ! |T‘ Ny
1 Nia
0y = norm| ny — gl — — — | |.
teT |T‘ Ng



Ecin neperyispusosanibie qacTOTHbIE OIEHKH YCJIOBHBIX BepostHOCTell p(t|w) = 74t n
p(t]d) = Z—j CTAHOBATCA MEHBIIIE BEPOATHOCTH PABHOMEPHOI'O PACIIPE/ICTCHA ﬁ, TO IIPO-
HCXOJIUT PAa3pe:KUBaHUE PACIPENETCeHUN 0, U Opg; ¢ HTEpANUIMU UX 3HAYECHHS YMEHbIIA-
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.

Pa3pexusatowmii perynapusatop E-wara gna cermedtaynn. llpumenum peryJisi-
puU3anunio E—mara AJid TTOCTPOCHU A TeMaTU4YeCKOn MoO/Ae/In CeIrMEeHTUPOBAHHOI'O TEKCTA.
CeFMeHTaMI/I MOTyT 6bITb a63al_[b1, npeajiozkennsd uJjinm CUHTaKCUYCeCKH CBA3aHHbIEC YaCTU
peIoYKeHni, Hali/leHHbIe ¢ MOMOIIBI0 CHHTAKCHIeCKOTo aHagan3aTopa. Obo3HauInM depes
Sq MHOZKECTBO CETMEHTOB, Ha KOTOpbIe pa30UT JOKYMEHT d, 4epe3 ng — JJIUHY CerMeHTa S,
9epes Ny, — YHUCI0 BXOXK/IEHUIl TepMa W B CETMEHT S.

OrnpejeiumM TeMATUKY CeIrMeHTa § € Sy KaK CPeJIHIOI TeMATUKY BCEX ero TePMOB:

1
Pras = p(t]ds) = > plt|d,w) p(w]s) = — > nwpra.
wes s wes

Yr1o0bl KazK/Jiblil CEIMEHT OTHOCHJICS K HEDOJIBIIOMY 4YHCJY TeM, OyjeM MUHUMU3UPOBATDH
KPOCC-9HTPOIHIO MezK/y pactpesenenusyvu p(t|d,s) 1 paBHOMEPHBIM DACIIpE/eeHIeM,
9YTO MPUBEIET HAC K PA3pPeKUBAIOIIEMY peryiasgpu3aropy E-mara:

RI)==7)_ > > I} Meubraw. (69)
deD seSy teT wES
Omnyckast pyTHHHbBIE BBIKJIQJIKH, PUBEAEM De3y/ibrar nojacranoBku (69) B (61):

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

n, n
dw s€S, S DPtds 2T DPzds

Xots popMy/Ia BBIVISIAT TPOMO3IKOM, 3(DDEKT NpuMeHeHUsI Peryiapu3aTopa HOHATD
He TpyAHO. Ecan BepoaTHOCTD Pigs TEMBI B CEIMEHTe OKaryKeTCd MeHbIe HEKOTOPOTO TO-
pora, TO BEPOATHOCTH Pigy, OYJIYT YMEHBIIATHCS JIjI BCEX TEPMOB W JAHHOI'O CErMEeHTA.
B urore remarnka KarkJ0ro cerMeHTa CKOHIIEHTPUPYETCs B HEOOJIbIIIOM YHUCJIe TEM.

B pesyisibrare paspexkuBaHusi TeMaTHKA COCEJIHUX CEI'MEHTOB MOYKET OKa3aTbCs 0J113-
KOil, I UX MOXKHO OyJeT OObeJMHUTH B OJUH TeMmMaTudeckKuii cermenT. Hazosém Temy ¢
¢ MakcuMaJbHBIM 3HadenueM p(t|d, s) domunupyrowets memoti cermenta s JOKyMeHTa d.
Ecim TemMa JOMUHHpYET B COCEJIHHX CerMEHTaX, TO OHa OyJAeT JOMHUHHPYIOIIECH U B UX
obbeuHennu. Ecim o0be IuHUTD 10C/Ie/[0BaTe/IbHbIE CEIMEHThI C OJIMHAKOBOW JIOMUHUPY-
omeil remoit B ojiuH OoJiee KPYIHBIN CEIMEHT, TO JIAHHAs TEeMa TaKKe OCTaHeTCHd B HEM
JIOMHHUPYIOIIEH. DTO MPOCTast arjiOMEPATUBHAS CTPATEIUs] TEMATHICCKOW CerMeHTAIlMH.
B ormane ot TopicTiling, y Heé HeT 9BpUCTUYECKUX IapaMeTpPoOB, KOTOPbIE HAJI0 HACTpa-
UBaTh, U OHA IIOYTH HE YBEJMIUBAET BpeMs IOCT-00paboTku E-1mara.

15 Kpurtepnmn kadectBa temaTuydecknx moaesen

Kpurepun KadecrBa TeMATHYCCKUX MOJAEICH NPHHATO [eJUThL Ha BHYTPEHHHE
(intrinsic) u BHemHue (extrinsic). Buympernue Kpumepuy, XapaKTepu3yT KaIecTBO MO-
JIeJIM 110 MCXOJHOM TeKCTOBON KOJUIeKIUU. Bhewmue Kpumepuu OLEeHUBAIOT II0JIE3HOCTD
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MOJIeJIM C TOYKHU 3PEHUs IPUJIOKEHUsI U KOHEYHbIX noJjib3oBarejieit. Mnorma s sroro
HPUXO/JUTCS COOUPATDH JIONOJHUTE/IbHbIE JIAHHbIE, HAIIPUMED, OLIEHKH acecCOPOB.

Ha mpakTmke K TeMaTWIeCKHM MOJEISIM IMPEIbIBILAI0TCI pa3JIHdIHble HAOOPBI Tpe-
boBaHMil, & /I TOCTPOEHUS MOJETN MPUMEHSIeTCS MHOTOKPUTEPUATbHASA ONTHMI3AINS.
[TosTOMy M KadecTBO MOJIENTN JOJZKHO OTEHHBATHCSA [0 MHOTHM KPHTEPUSIM.

B ARTM wus0birounast perysspusanus MOXKeT HPUBOJAUTD K jerpaganuu Mojgesn. O0-
PA3HO TOBODs, PEryJspu3aToOpbl, KaK JIEKapCcTBa IS MOJEJN, TpebyoT noadopa repa-
IIEBTHYECKON J103bI BO3/eiicTBus (Kodbdumuenta peryisipusaium), a B caydae mepejo-
3UPOBKHM MOTYT IPHUBOJIUTH B BBIPOXKIEHUIO Mojenu. Jlnsa obHapyKeHUs KaKJOro THIIA
BBIPOZK/IEHHOCTH HYKHBI CBOM KPUTEPUU KadecTBa.

B npoexre BigARTM nojjiepzkuBaercd OMOIMOTEKA CTAH/JIAPTHBIX METPUK KadecTBa
U 1IPEeJLyCMOTPEeHbl MEXaHU3MbI JI0OABJIEHUS HOBBIX HOJIb30BATE/ILCKUX METPHUK.

BHewHne kpntepun Becbma pazHooOpa3Hbl M 3aBUCAT OT KOHEYHOU pelraeMoi 3a/1adu.
[TpakTuyeckn B KazK0# 1myOJIMKAIMU 110 TEMATHYECKOMY MOJIEJIMPOBAHUIO UCIIOJIb3YeTCs
KAKOMi-Tn00 BHENIHUIT KpUTepHil: KauecTBO KIacCHbUKAINH JOKYMeHTOB [129], TounoCTh
1 moJiHOTa MHMpOpMaIOHHOro moucka [174, 19, 9, 17|, ucio HalileHHBIX XOPOILIO HHTED-
IPETHPYEMBIX TeM [22], KadecTBo cermentanuu TekcToB [126]. B [42| npemmaraercsa meto-
JANKa JUAI'HOCTUKHN TEeMaTHU4Y€CKHX MO,ZLe.HefI, OCHOBaHHa4d Ha COIIOCTaBJICHUN HaI';I,H‘eHHbIX
TeM CO CliellMaJIbHbIMU HADOpAMU B3aUMOCBA3AHHBIX CJIOB, Ha3bIBAEMbIMU KOHUENMAMU.

Mepnnekcna. Haubosiee pacupocrpaHéHHBbIM BHYTPEHHUM KPHUTEPUEM SIBJISETCH Nep-
naexcus (perplexity), ucrnosib3yemast Jisi ONEHUBAHUST BEPOSITHOCTHBIX MOJIEJIEH sI3bIKa
B KOMIILIOTEPHOIl JUHIBUCTUKE. JTO Mepa HECOOTBETCTBUSA WUIH <«YAUBJICHHOCTHY MOJIEJIN
p(w|d) repmam w, KoTopble BeTpedarorces B JoKyMmenTax d. Oua omnpejensercs depes log-
npasononobue (9), 6o depes log-npasponomodue (34) KazKI0# MOAATLHOCTH M

1
deD weWwm™
rae n,, = Z Z Ngw — AJINHA KOJIJIEKIIUHN II0 m-i MOJAJIbHOCTH. Yem MeHbImne Iep-
deD weWwm

IJIEKCH, TE€M JIydlIe MOJe/Ib P HPEACKA3bIBAeT MOSBJICHHe TEPMOB W B JOKyMeHTax d.

[Tepmiekcusa uMeeT CAeayOnyl0 HHTepHpeTanuio. Ecam TepMbl W IIOPOXKIAIOTCH
13 paBHOMepHOro pacupe/enenus p(w) = 1/V Ha cioBape momaocTr V', TO mepIuieKcust
SI3BIKOBO#i MOJIe/TN p(w) HA TAKOM TEKCTe CXOAUTCS K V' ¢ POCTOM ero JyinHbl. deM cuiibHee
pacupe/esienue p(w) OTJIMYACTCS OT PABHOMEPHOIO, TeM MeHbIIe lepiLieKcus. B ciyuae
YCJIOBHBIX BeposTHOCTEH p(w |d) uHTEpupeTanus HEMHOrO Apyras: eCaU KaXKJIbli JOKY-
MEHT TeHepupyeTcs u3 V' pPABHOBEDOSTHBIX TePMOB (BO3MOMKHO, PA3JIHYHBIX B PA3HBIX
JOKYMEHTaX ), TO MepILIeKCUs CXOAUuTcst K V.

HemocrarkoM nepIuieKcun SBaseTca HeOUeBUHOCTD €€ YNCICHHBIX 3HAYCHUIT, a TaKKe
eé 3aBMCUMOCTH HE TOJIBKO OT KadecTBa MOJEIM, HO U OT Pa3MEPHbIX XapaKTePUCTUK
KOJLIEKIIMU — JIJIMHBI JJOKYMEHTOB, MOIIHOCTH CJIOBaPsi, PA3PesKeHHOCTH BEPOSITHOCTHOI'O
pacipeaeaenns TepMOB. B 9acTHOCTH, ¢ IIOMOIMIBIO IEPILIEKCAN HEKOPPEKTHO CPABHUBATD
TeMATHIeCKHe MOJEJU OJHON M TOM 2Ke KOJUICKIMH, IIOCTPOCHHBIE HA PA3HBIX CJIOBAPIX.

Ob6o3uaunm 4depe3 pp(w |d) MoeTb, TOCTPOEHHYO O 00YYAIOINIell KOJIIEKINH JTOKY-
menroB D. Ilepuiekcus obyuatonieii Bbibopku &2, (D;pp) gBisiercs OUTUMUCTHIHO CMe-
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MEHHOI (3aHUZKEHHOM) XapaKTePUCTHKON KadecTBa Mojesan us-3a sddexra mnepeodyde-
Hust. O00OOIIAONIY IO CIIOCOOHOCTDh TEMATHIECKUX MOJE/ICH MPUHITO ONEHUBATH NEPNACK-
cueti konmpoaorotl ewbopru (hold-out perplexity) 2, (D’; pp). O6bIYHO KOLIEKITHIO Pa3-
JIEJISIOT HA 00YYAONIYI0 U KOHTPOJIBHYIO CIyvaiiHbiM oO0pasoM B mpomopruu 9 : 1 [33].

B panHux skcnepumerTax ObLIO MOKa3aHo, 9To LDA cymecrBenno mpeBocxomut PLSA
110 [EPILIEKCUH, OTKY/1a ObLI ¢jiestan BbiBoj, 410 LDA Menbiie nepeodydaercs |33]. [Tosxe
OBLJIO TOKA3aHO, 9TO Ha OOJIbIINX KoJuIeKiusX mnepiiekcus mogeaeit PLSA u LDA orin-
qaeTcs HesHaunTeapuo [91, 170, 86].

Ha camom jieste npupojia «mmepeodbydenusy O0JIbIe CBsg3aHa ¢ 0COOEHHOCTSIMHU MTEPILIeK-
CHH, YeM C Ka9eCTBOM caMux Mojeseil. [lepiiekcuss 9yBcTBUTEIbHA K MAJIBIM 3HAYEHHIM
IPEJICKA3aHHOI BEPOSITHOCTU TEPMOB, 110CKOJIbKY p(w |d) crour nogx jorapudmom. Criia-
xuBanue B LDA 3aBbliaer omeHKH BepOATHOCTEH peakux TepmoB, nmodromy LDA nmeer
MEHBIIYI0 KOHTPOJIbHYIO mepiuiekcuio. MoempoBanue BepOSTHOCTH PEJIKUX CJIOB BaZKHO
JUUTSL CTATHCTUYIECKOTO MAIIMHHOIO MEPEBO/IA U APYTHUX MPUIOKEHN KOMIBIOTEPHOM JIIHT-
BHUCTHKH, OTKY/Ja HEePILIEKCUs W HPHUILIa B TeMarundeckoe mojeaupoBanne. OTHAKO JI/Ist
HOHUMAHUS TEeMATUYECKON KJIACTEPHON CTPYKTYPbI TEKCTOBOW KOJIJIEKIUU U BbISIBJICHUSI
TEMATUKU OTJIeJIbHBIX JIOKYMEHTOB PEJIKHE TEePMbl KaK Pa3 HAMMEHEE BAKHbI.

B [5, 120] 6b1t1 11pe//10zKe bl pobacmmbie memamuieckue MoOeAU, OIUCHIBAIOIIIE PeJi-
KHe TePMBI CIIeIUAJTbHBIM «(DOHOBBIM» pacipejesienneM. KOHTpobHAs MEPILTIEKCHS PO-
bactupix BapuanToB PLSA u LDA okazaJiach CymecTBeHHO MeHbIIeil i IpaKTHIeCKN O/~
HAKOBOI.

B |6] GbL710 OKa3aHO, 4TO HA JOCTATOMHO 6OJIbIIMX KoJLIeKusx (n > 10°%) obyuaromas
U KOHTPOJIbHAS MEPILJIEKCHS OJMHAKOBO PAHZKHUPYIOT CPABHUBAEMbIE MOJIE/IN, TO €CTh [PU-
BOJIAT K OJIHHAKOBBIM KAadeCTBEHHBIM BBIBOJAM. Takum 0Opa3oMm, /i CpaBHEHHS MOIeeil
HEeT 0c000ii HEOOXOMUMOCTH BBIMHC/IATH KOHTPOJIBHYIO IEPILTEKCHIO.

[Ipu BBIYMC/IEHNN MEPILIEKCHH MOYKeT BO3HHKHYTH HpOoOJeMa HYJIEeBOi BepOATHOCTH
p(w|d) = 0. Tepm w B jJokymMeHTe d BCTpeYaercs, TeM He MEHee, MOJE/Ib [PeICKA3bIBAET
JIUIsL HETO HYJIEBYIO BEPOSITHOCTH. B 9aCcTHOCTH, IPU BBIYUC/IEHUH KOHTPOJIBHON HEPILIeK-
CHH B JOKyMEHTe MOKET BCTPETHTLCS HOBBII TepM, KOTOPBI HH pa3y HE BCTPETUJICS
npu oOydennn. B Takux caydasx B MEpILIEKCHH BO3HHKAET OECKOHEYHO OOJIBIIOE Cjara-
emoe (—In0 = +o00). [Ipocreiitiee perrenne 3Toi TPOOJIEMBI 3aKIHOYALTCI B TOM, ITOObI
HPOUTHOPUPOBATH BCE TAKUE TEPMbI U MMOCYUTATH MX JIOIIO0 B KOJUIEKIIUU KAK €I OJIHY
Mepy KadecTBa Mojesau. JIpyroe pemenune — cieiys |6], canrarh Bce Takue TepMbl HeTe-
MaTHYCCKHMH H OMUCHIBATL HX BEPOATHOCTb JacTOTHOM omenkoit p(w |d) = ™. Iloxoxmit
Pe3yIbTAT IMOJTYIUTCS IIPH HCIIOIb30BAHIE TeMATHIECKOH MOJeTN ¢ HeoOydaeMoil (hoHO-
Boit Temoii p(w|b) = "». Taxag Mozeb HEKOIA He OyIeT JaBaTh HyJAEBYIO BEPOATHOCTD
TepMa, ec/id, KOHEYHO, BEPOSITHOCTH (DOHOBOI T€MbI B JJOKYMEHTE HE PaBHA HYJIIO.

NHTepnpeTnpyemMocTb TeMaTHYECKOl MOJEIN dBJSeTCS ILTOXO (DOPMATU3YEMBIM Tpe-
oosanmem. CojepKare/ibHO OHO O3HAYAET, YTO 110 CIUCKAM HAau0OJIee YACTOTHBIX CJIOB U
AOKYMEHTOB TEMbl 9KCIEPT MO2KET IOHATb, O 94EéM 9T, TeMa, U JaThb e a/IeKBaTHOE Ha-
spanue [37]. IIpuMepsl XOpOIIO HHTEPHPETHPYEMBIX TeM IOoKa3aHbl Ha puc. 11 u puc. 14.
CBOIICTBO HHTEPIIPETUPYEMOCTH BazKHO B HH(MOPMAIMOHHO-TIOUCKOBLIX CHCTEMaX, HCIIO b~
3YIOMUX aBTOMATHYECKN HalieHHbIe TeMbl KaK WHCTPYMEHT BHU3yaJU3allul pe3yIbTaTOB
IIOMCKa, HAIpUMep /IJIS BbIBOJIA NOSICHEHUH WMJIM CHUIIIETOB, JIMOO KaK MHCTPYMEHT PyO-
PUKallu1 WUJIM HaBUI'allUU 110 TEeKCTOBOM KOJIVIEKIIH.
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BoJIbIHIMHCTBO CyIIECTBYIONIMX METOJ0B OLEHUBAHUSA MHTEPIPETUPYEMOCTH OCHOBAHO
Ha [IPUBJIEYEHUH dKCIepToB-aceccopos. B [106] skciepram mpeiarajoch HeIocpeacTBe -
HO OIEHHBATHL IOJIE3HOCTH TeM IO TPEXOa/LIbHON IIKaje, pacCMaTpUBas CIHMCKH CJIOB,
pamKupoBaHHbIe 110 yobBanuo p(w|t). B memode unwmpysud [37] aus KazxK a0 TeMBbI cO-
craB/isercd Cnucok u3 10 BepXHHUX CJIOB CIHCKA, B KOTOPbIi MCKYCCTBEHHO BHEJIPAETCS
OJIHO cirydaiiHoe cj10Bo. Tema CuMTaeTcs MHTEPUPETUPYEMOil, ec/m 10JaBIdionee 60JIb-
HIMHCTBO SKCIEPTOB NPABU/IBHO YKA3bIBAIOT JIMIIHEE CJI0BO.

B OpuKJIaIHBIX COIUOJOIHIeCKUX uccaenoBanusx [34, 71, 111] mausa sxcnepraOro ormge-
HUBaHUS T€MbI UCIOJIb3YIOTCSA HE TOJbKO CHUCKH BEPXHUX CJIOB, HO U CIHUCKH JOKYMEHTOB,
paHKupoBaHHbIE 10 yObiBaHuO p(d|t). D1a MeTomauKa 6osee TPYI0EMKA, TIOCKOIBKY IKC-
epT NpovYMThiBaeT A0KyMeHTbl. Ho ona Gosiee HaJéKHa B TeX CJydadx, KOIJa HPUKJIAI-
HOH HEJIBI0 TEMATHYECKOIO MOJEJMPOBAHUS SIB/ISETCA HOUCK TEM OIPEIeJEHHON HallpaB-
JieHHOCTH (Hanpumep, 00CYKIeHUH MEKITHUUECKUX OTHOIIEHMH B COIMAJIbHBIX CETsX),
3aTeM KAvYeCTBEHHOE MOHNMAHNe CEeMAHTUKH KazKOii TeMbl (B YaCTHOCTH, KAKHE STHUY-
HOCTH U KaKue Mpo0JieMbl 3aTparuBaer KazKjias TeMa), i HAKOHeIl KOJMYeCTBeHHOe OIeHH-
BaHue 0O6'béMa JaHHOIT TeMbl (1€, KOIJla i KaK 4acTo BOSHUKAET JaHHbIT JucKypce) |21, 22|.

KorepeHTHOCTb. DKCIepTHbIE MOAX0AbI HEOOXOMMMbI Ha, CTAUMU UCCACJOBAHUN, HO OHU
3aTPYAHAIOT aBTOMATHIEeCKOe TIOCTPOEHNe XOPOIIuX TeMaTHIecKnX Mojesneil. B cepun pa-
6ot [106, 107, 108, 100| 66110 MOKA3AHO, YTO CPEIH KPUTEPHEB KAUECTBA, BBIUMCIIAEMbIX
110 KOJLIEKIIUH ABTOMATHYECKH, COIVIACOBAHHOCTh WK Kozepenmuocmo (coherence) srydrie
BCEI'0 KOPPEJUPYET C IKCHEPTHLIMHU OINEHKAMU UHTEPIPETUPYEMOCTH.

Tema nasbiBaercst Kozepenmmol (COrIACOBAHHOM), €/l TepMbl, HaubOJIee YacTbie
B JIAHHOW TeMe, HEeCTy49aifHO 9aCcTO COBMECTHO BCTPEYAIOTCHA PAJIOM B JIOKYMEHTaX KOJI-
neknuu [107, 108]. HucreHHoit Mepoii KOTePEHTHOCTH TeMbI ¢ SBISETCA NOMOYEHHAA 63a-
umnas ungopmayus (57), Beraucasemas mo k Haubosiee BEPOATHBIM CJIOBAM TEMBbI:

k

& = ﬁiZPMI(wi,wj), (71)

i=1 j=i

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

KorepeHTHOCTD MOJIE/IH OLPE/IENAeTCs KaK CPeIHssA KOTePEHTHOCTD 6 10 BCEM TeMaM.
KorepeHTHOCTH MOKET OIEHHBATHCS [0 CTOPOHHEIl Ko/UIeKIuy (Hampumep, mo Buknme-
qun) [104], 6o mo Toit ke KoJuIeKIuH, 110 KOTOPOoil crpontest Moge/s |100].

Pa3pe>xeHHOCTb 1 nekcunyeckmne sgpa tem. PaspekeHHOCTh MOJIeJIM U3MEPSIeTCs J10-
JIeil HyJieBbIX 3/1eMeHTOB B Marpumnax ® u ©. B Mome/nsax, pa3aeagromnx MEOKeCTBO TeM 1’
Ha IpejMeTHbIe S U (POHOBBIE B, pa3peKeHHOCTh ONEHHBAETCA TOJBKO IO cTosomaM P
U CTPOKaM @, COOTBETCTBYIOIIUM IIpEeIMETHBIM TEeMaM.

Henocrarok Takoro ompejeienust pa3pezKeHHocTd B ero meycroitansoctu. Ha mpak-
tuke Marpunpl ¢ u O moryr comepkarh OOJIBHIYIO JIOII0 3HAYEHUIT, OJU3KUX K HYJIIO.
Vx obuynenue mpakKTUYECKH He MOBJIUAET Ha MOJEIb, HO PE3KO IMOBBICHT Pa3pPeKEeHHOCTb.

B [71] mpeyiaraercst cauTaTh CyuwecmeeH oMY JTHIIb T€ YCJIOBHBIE BEPOSITHOCTH, 3HA-
YeHUsI KOTOPBIX BBIIIE, YeM Y PABHOMEDHOTO PACIIPe/Ie/IeHUs:

Wt:{erW}QOWt>|—V%/‘},
Td:{tET}Qtd>ﬁ}.
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B skcriepumentax na 300 Thicsidax 1mocToB conmaJsibHON cetn npu 120 Temax paspezKeH-
nocts ¢ npesbicuina 96%, paspexennocrs © — 88%. Ilpu 3TOM 4MCIO €I0B, BOLIEINIMX
X0Ts OBl B 0JIHO U3 MHO2KecTB W}, oKa3ajioch paBHBIM 8 ThICAYaM IpH cjaoBape 154 Toics-
qu c0B. Takum 0Opa3oM, HeIOCTATKOM JIAHHOIO MTO/IX0/1a MOZKHO CIUTATh UTHOPHUPOBAHKE
OOJIBIIIMHCTBA CJIOB.

B [150] upemiaraercst onpeessrb sekcuseckoe A0po membs KAK MHOZKECTBO CJIOB, KO-
TOpbIe ¢ 6OJIBIION BEPOATHOCTBIO YHOTPEOJILAIOTCS B TeMe ¢ 1 PeJIKO yIoTpeO IdioTcs B JIpy-
rux remax: Wy = {w € W | p(t|w) > 0.25}, re p(t|w) = Put o

HeszaBucumo ot Toro, kakum o6pa3oM OIIpeaessaeTcs JIEKCHIECKOoe sapo, BBEIEM TPHU
oKa3aTes, XapaKTepPU3YIOIUX Pa3pezKeHHOCTb MaTpuibl P:

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

cony = Wlt\ w;{/ p(t|w) — konwmpacmmuocmo memo, (deM Bblllle, T€M JIy9le);
t

ker; = |Wy| — pasmep adpa (opueHTUPOBOUHBII ONTHMYM %)

[Tokazareau pa3mepa siipa, YUCTOTHI U KOHTPACTHOCTH JIjIsl MOJIEJIU B 1IE€JIOM OIIpe/Ie-
JISIOTCH KaK CPEJHKe 10 BeeM mpeaMerHbiM TeMaM t € S. KOCBeHHO OHU SIBJISIIOTCS TaKKe
U Mepoil MHTEPHPETUPYEMOCTU MOJIEJIHU, [OCKOJIbKY HUHTEPIPETUPYEMbIE TEMbl JIOJIZKHbI
0061a1aTh HE CJUIIKOM MAaJEHLKHM, HO U HE CJIHIIKOM OOJIBIIMM JIEKCHICCKHM FPOM.

dons doHosoit nekcuku. Ilycrs B C T — moaMHOKeCTBO (POHOBBIX T€M, B KOTOPBIX
cobpana obmeynorpedbuTebHas Jekcuka. OupeaenauM doato hornosol sekcuku s BCei
KOJIIEKIIUH ¥ JI/IsT OTIEIbHOIO JOKyMeHTa d:

B= 133 (il d.w);

deD wed teB

By = nidz anwp(ﬂd, w).

wed teB

Hossa dponosoit ekcuku mpuHuMaeT 3uadenus or 0 10 1. Eciaum ona 6ym3ka K 0, To Mo-
JleJIb He CIIOCOOHA BBIJIEJISATH CJIOBA OOINEil JIEKCHMKH, eCJId »Ke OHa OJim3Ka K 1, TO 3TO
CBUJIETE/IbCTBYET O BbIPOXKJieHuu Mojiesin. B npodeccnonalibHbIX TeKcTax J10J1s (pOHOBOIM
JIEKCUKH MOzKeT cocTaBidrhb or 30% 10 90%. Bosmozkna curyanus, Koraa cpeaHee no KoJl-
JICKIIMM 3HaA4YCHUEe % YKJIaAbIBa€TCAd B 9TU OPUECHTUPOBOYHbBIC HOPMbI, OJJHAKO %d BbIXOAHUT
3a UX I[PeJIeJIbl JIJI 3HAYUTE/TbHOM JO/IH JJOKYMEHTOB., DTO MOXKET IOC/TYKUTb CUTHAJIOM
K OYHCTKe KOJIJICKIIUU UJIM BHECEHHWIO UCIPABICHUNA B MOJIE/Ib.

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

PaznuyHoctb Tem. Biejém dynkuuio paccrosinusi mexiy remamu p(t,t') kak pacipe-
jeserusivu p(w | t) u p(w|t'). Hanpumep, 310 Mozker ObiTh paccrosiuue XeJlJIMHrepa, KoCu-
HYCHOE pacCTosiHue Win paccroguue 2KKakkapa MezK/ly JIeKCHYeCKUMHE sIPAMU JIBYX TEM.
Onpenenum 115 KazKkI0i TeMbl ¢ paccrodnue 10 OimzKaiimeil K Heil Tembl ¢

Z, = min p(t,t).
; tilélpr\ltp(’>
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Ecsn paccrosinue 10 Osmzkaifieii rembl %; Majio, 1o tembl t u t' aybaupyror apyr
JIpyTra, U, BO3MOYXKHO, CJIe/lyeT HPEeJIPUHATD YCUIUs, YTO0bl OO'be/IMHUTH 3TU TEMBbI.

Ecau paccrosinug Z; BeJMKH i BCEX T€M, TO 3TO O3HAYAET, YTO BCE TEMbI IIOHAPHO
CYIIECTBEHHO PA3JndHbl. TaKyio MOme b Oy/1eM Ha3bIBATD LOPOULO 0eKOPPEAUPOCAHHOT.

16 Kputepnun ycsioBHOW HE3AaBUCUMOCTN

['unoresa yc/IOBHOI HE3aBUCUMOCTH SIBJII€TCS OA30BBIM IPE/INOI0KEHUEM BEPOSITHOCT-
HOT'O TeMaTHYeCKOIro Mojie/iupoBanusd. [Ipu mocTpoeHnn BepoOSTHOCTHBIX MOJIE/Ieil M0 M-
HUPUIECKUM JIAHHBIM 0a30BbIe JOIYIIEHUs ITPUHSATO HPOBEPSTH MOC/IE TOI0, KaK MOJIE/Ib
nocrpoena. Hanpumep, aHa/iu3 perpecCHOHHBIX OCTATKOB COJIEPYKUT B CBOEM apceHaJie
JIECSITKU TECTOB JIJIsl IIPOBEPKH CTATHUCTUYECKUX TI'MIIOTE3 O CBOHCTBAX OCTATKOB — HE3aBH-
CUMOCTHU, HEKOPPEJINPOBAHHOCTH, PABEHCTBA MAaTEMaTHIECKOTO OXKUJIAHUS HYJIIO, TayCcCo-
BOCTH, IIOCTOSIHCTBA JIUCIIEPCHH, U T. JI. CTaTUCTUYECKHIT aHAIN3 BEPOITHOCTHBIX TeMaTH-
YecKuX Mojiesieil He HaCTOJIbKO XOPOIIo pa3padoTaH, XOTd eCTb OT/ie/IbHbIe paOOThl B 3TOM
nanpasiennu [157, 96, 53|. B jannom pasjesie Mbl BBEJEM CeMeiiCTBO CPeIHeB3BEIIeHHBIX
CTATUCTHUK, [O3BOJISIONIMX HU3MEPSATh CEMAHTHYECKYIO OJHOPO/HOCTh U 3arPA3HEHHOCTH
TEeMbI, COTJIACOBAHHOCTH JIOKYMEHTa C TeMOil mim TepMma ¢ TeMmoil. Heoxkunanuo odHapy-
JKHTC, 9TO MEPILIEKCUs TOXKe MPUHAJIEZKUT TOMY CeMEeHCTBY CTATHCTHUK.

Mvnote3sa yCJ'IOBHOI7| HE3aBUCUMOCTWN J0IIYCKaeT TPpHU 3KBHBAJICHTHDBIX IIPDEICTABJICHUI:

p(w,d|t) = p(w|t) p(d|t); (72)
p(w|d,t) = p(w]t); (73)
p(dw,t) = p(d|t). (74)

Ha npakruke Bce 3TH paclpejeieHds HEM3BECTHbI. llociie IOCTpOeHHs MOJIeH
(n ma kaxjaom mare EM-aaropurma) g0CTYHHbBI JIMIIb ONEHKH ITHX DACIPe/IeJeHHi.
B Kaxk10M n3 TPEX PaBEHCTB PaCIpEIe/JeHne B IPaBOi 4aCTh OLEHUBACTCS 110 OOJIbIIEMY
00bEMY JIAaHHBIX, YeM pacupejesenue B JieBoil yactu. [Tosromy B KauecTse Hy/eBOH 1u-
1oTe3nl OyjeM OpaTh MpeIIIoJIozKeHIe, YT SMINPUIECKOE PACIpPE/Ie/IeHne B JIeBOH 4acTu
IOPOKIAELTCs (COMTTACYETCS ) BEPOSTHOCTHOM MOJENBIO U3 MPaBOil 4acTH.

Hecmorpst Ha dopMasibHYI0 9KBHBAJIEHTHOCTb, Tpu upejcraienus (72), (73), (74)
UPUBOJAAT K PA3/JIMYHBIM KOHCTPYKIUSAM CTATHMCTUYECKMX TECTOB C PA3HBIMH BO3MOKHO-
CTSAMU NpUMeHeHusi. PaccmMoTpuM ux nogpobuee.

1. PasencrBo (72) TpancdopMupyeTCsi B HYJIEBYIO PHIIOTE3Y O TOM, UTO JIJIs 3a/IaHHOM
TeMbI { COBMECTHOE paclpe/le/IeHue TEPMOB B JOKYMEHTaX MOPOKIaeTcss (haKTOPU30BaH-
HBIM PACIPEJICICHUEM:

Ho: plw,d[t) ~ p(w|t) p(d]t). (75)

JIJ1s1 HpOBEPKH JAHHOM I'MIOTE3bI MOZKHO UCIOJIL30BATH CTATHCTHKY B3aMMHOIT nHMOP-
MAIlUH, PeJIoKeHHyIo B [96]:

p(w, d|t)
p(w|t)p(d|t)’

Si = KL(p(w, d|t) || p(w|t)p(d|t)) =Y > p(w,d|)In

deD wed

)



st nojiydenusi yJ00HO# BbIYUC/IUTE/IHHOM (bopMynbl BOCITIOJIb3YeMCsI Olpe/ieIeHueM
yeaosuoit Bepositnocri: p(w, d|t) = p(t|d, w) plw | d)2EL p(t p(d|t) = p(t|d)%, dbopmyaioit
E-mara (15) u gactorHOi OlEHKON ycaoBHON BeposrHOCTH P(w,d|t) = #e Tloacrapum
II0JIyYeHHbIe BbIPAsKeHUs B Sy

pw.dlt) _plldw)pwld)  paw o Pld)
p(w]0)p(d[?) p(w\t) t1d) ~ Puiba plwld)
Q)
)

ntdw | ﬁ(w | d)
S, = Z Z wld) = avg (ntdw, In pi(w | d))’ (76)

deD wed dw

( ) Dier VT — el
rae avg(yi, i) = LS CPeJJHeB3BEINIeHHOe SHAMEHHUI L5 ¢ BeCaMu i, i )

(2

CCE[‘aTI/ICTI/IKa S; paBHa CpeJIHEB3BEIICHHOMY 3HaYeHHIO Jorapudmuieckoil ynknun
norepsb £(w,d) = In z&z}z; 110 BCEM TepMaM W BCEX JOKYMEHTOB d, B3ATBIM C BECAMU Tydy-

Oyuxmusa ((w,d) nomoxurensua, korma p(w|d) < p(w|d). Ilorepst Tem Bbime, dem
XYy2Ke TeMaTHu4eCKasd MO/JICJ/Ib IPEACKa3bIBaCT BEPOATHOCTD IIOABJIEHUA TEPMa B JJOKYMEHTE

p(w|d) o cpasHenuio ¢ rpuBHa/IbHOIl YacToTHOI ouenkoi p(w |d) = .

Crarucruka S; gBjsieTcsa Mepoil ceMaHTHYECKOH HEeOJHOPOAHOCTH TeMbl t. Eciin B MO-
JIEJII 0KA3aJI0Ch CJMIIKOM MHOI'O CEMAHTHYECKH HEOIHOPOIHBIX TEM, TO IEJeco00pasHo
IIOCTPOUTH JIPYTYIO MOJIEJb, YBEJTHUUB YUCA0 TeM. TeMbl ¢ aHOMAJIbHO GOJIBIIUME 3HAYE-
HUSMEU Sy MOTYT B JlaJIbHEHIIIeM PACHIEIIAThCS Ha 00JIee MeJIKHe TeMbl B HePAPXUICCKUX
TeMaTUYICCKUX MOIEJ/JIAX.

2. PagenctBo (73) rpancdopMupyercs B HyJI€BYIO TUIIOTE3Y O TOM, YTO SMIUPUAIECKOE
pacipe/ie/ieHie TepMOB TeMbI ¢ B JIOKyMeHTe d HOPOXKIAETCs OOIIHUM /It BCeX JIOKYMEHTOB

pacliipejieJieHueM TEPMOB:

Hy: plwld,t) ~p(w]t). (77)

Jlist mpoBepKu JAHHOI MMIOTE3bl OTHOCUTEIHLHO (PUKCHPOBAHHOTO JOKYMeHTA d BBe-
JIEM crarucTuky Ha ocHoBe KL-jiuBeprennuu u, OlycKas aHAJOIMYHbIE BbIKJIAJIKH, 3allk-
meM eé depes cpe/lHeB3BenieHHoe JiorapudMuieckoit (pyHKIuu 1morepb:

S = KL(p(w]d,t) || p(w]t)) = avg (ntdw, lnM). (78)
wed p(w|d)

Craructuka Syg ABJIs€TCs MEPOl HECOIVIACOBAHHOCTHU JOKYMeHTa d ¢ TeMoii t.

Yewm OoJibliie 3HadeHHE Sy, TEM CHJIbHEEe JTOKYMEHT d OTKJIOHSETCS OT CeMaHTHYe-
CKH OJHOPOIHOIO KJjacrepa Tembl t. CraTucTura Syy MOKET MPUMEHATHCI s 0TOOpa
peIeBaHTHBIX JOKYMEHTOB IIPU CYMMAapHU3allly WA BU3YAJU3AIUNA TEMbI, y/IaJIeHUs HeTe-
MaTHU3UPYEMBIX HJIH <«IPSI3HBIX» JOKYMEHTOB, BBIOOpa YHCJ/Ia HTEPAIUil M0 JOKYMEHTY,
BbIJIEJICHUS JIOKYMEHTOB /i (DOPMUPOBAHUS HAYAJIbHBIX TPUOJINZKEHUN HOBBIX TEM.

3. Pasencrio (74) tpancdopmupyercs B HyJeBYIO IHIOTE3Y O TOM, YTO IMIIHPHIECKOE
pacupe/iejieHue TepMa w 1o JIOKYMeHTaM B Teme ¢ OpPOkK/1aeTcst OOIIUM JIJIsi BCEX TEPMOB
pacipejieiIeHHeM TeMbI 110 JOKYMEeHTaM:

Hy:  pld]w,t) ~ p(d]t). (79)

JIns mpoBepKH JAHHOW TMIIOTEe3bl OTHOCUTE/JIHHO (PHUKCHPOBAHHOI'O TEpMa W BBEJIEM
craructuky Ha ocHoBe KL-ampeprenmuun. CHOBa oIycKasi BBIKJIAJJIKHU, 3alUIIEM e€ depes
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cpe/iHeB3BelleHHOe JIorapudMuuecKoil (PyHKIUU 1OTEPD:

Swt = KL(p(d|w, ) H p(d|t)) = avg ntdw,lnM : (80)
deD p(w|d)

Cratucruka Sy, sABJISETCA MEPOil HECOIVIACOBAHHOCTH T€PMa W € TeMOii t.
AHOMAJIBHO BBICOKHE 3HAYEHUSA S,y TOBOPST O TOM, 9TO TEPM OTHOCUTCS K ODIIEYIIO-
TpebuTesibHOI Jiekcuke. [ls BhijiesieHnst TakuxX TepPMOB B (DOHOBBIE TEMbI MOXKHO YCUJIUTH
PeryJIsipu3aTOpbl JIEKOPPEJNpOBanus 1 criazkupanus [151]. AnomasibHo HuU3KHE 3HAYe-
HUS Sy TOBOPAT O TOM, YTO TePM W SABJSETCS O0sI3aTEIbHBIM B TeMe W BXOJIUT B eé
ceMaHTHYecKoe sapo. TeMbl, cofepzkariue OOJIBIIOE YHCJIO TAaKHX TEPMOB, MOTYT OBITh
0Opa30BaHbl MAGJOHHBIME (bpa3aMu, 9aCTO IIOBTOPSIONMMUCS B TEKCTaX KoJuteknuu [96].

J1j1st IpOBEPKH CTATUCTHIECKOIT TUIIOTE3bl 00 YCJIOBHOI HE3aBUCHMOCTH 3HAYCHUE CTa-
TUCTUKH S, 1Peodpasyercst B JIOCTUIAeMblii ypoBeHb 3Hauumoctu p-value = F'(S,), rue
F — dbyuknus pacupejesieHust CrarucTuku Sy, MOJIYyYeHHAs B YCJIOBUSIX UCTUHHOCTU HYyJIe-
BOIT runoresbl. Eciin jgocturaeMblit ypoBeHb 3HAYUMOCTH OJIM30K K €/IMHUIE, TO JeJIaeTCst
BBIBOJ[, UTO JIaHHBIE POTHBOpeYAT HyJeBoll rumorese. Oynkuus pacupenenenns F(.S,)
CTPOUTCS MO CHHTETHYECKOHl KOJLIEKIHH, FeHepUPYEeMON HyTéM COIMILTHPOBAHUS TEPMOB
w ~ p(w|d) remarudeckoit Mojesbo [16].

O606uwéHHbIe cpeaHeB3BelleHHble cTaTuCTuku. O606IUM BBEIEHHbIC BBIIIE CTATH-
cruku Sy, Sig, Sy Ha cirydail mpousBosibHON dyHKIuE morepsb £(d, w):

Sy = avg (ntdw, ((d, w)) — HEOJHOPOJHOCTH TEMBbI t B KOJLJICKIM;

d,w

Siqg = avg (ntdw, /(d, w)) — HEeCOIJIACOBAHHOCTH JIOKYMEHTa d ¢ TeMoii t;
wed

Swt = avg (ntdw, /(d, w)) — HeCOIIACOBAHHOCTL TepMa w C TeMoii t.
deD

[Ipu smorapudmvudeckoii dynknuu moreps £(d, w) = ﬁ 8’;"33 00001IEHHBIE CTATUCTUKA

St, Sta, Swt mepexomdar B (76), (78), (80) cooTBeTCTBEHHO.

B obmem ciyuae or dhyHKIUK m0TEPh MOTpedyeM, YTOOBI OHA HE 3aBHCea OT TeMbI U
aro0bl 3HaYeHue {(d, w) GBLIO TeM BBIIIE, YeM Xy2Ke TeMATHIeCKas MOJe b IPeJICKA3bIBAeT
IIOdBJICHHUE TepMa W B JOKYMEHTE d

Jlajiee paccMOTPUM HECKOJILKO YAaCTHBIX CJIydaeB 9TOH 00Iell KOHCTPYKIUY.

Mepbl HecornacoBaHHOCTHU, TOMIEPAHTHbIE K NOBTOPSAEMOCTU CNoB. ['uroresa ycjios-
HOM HE3aBUCUMOCTU SIBJISETCH I/I36bITO‘{HO CUJIbHBIM IIPEAIIOJIOZKECHUEM. HeKOTOpre A3bI-
KOBBIE SIBJIGHHS MOTYT (pOpMaJIbHO €€ HapyllaTb, HE MPHUBOJA K CEMaHTUIECKOW HEOJI-
Hopozauoctu. Hampumep, siBiienune nosmopaemocmu ca06 (word burstiness) — eciu ¢JioBo
BCTPETUJIOCH B TEKCTE OJIUH a3, TO OHO ¢ GOJIBINOIT BEPOSATHOCTHIO BeTpeTHTCs ermé [49, 78|.
Tema MoxkeT cojiepzKaTb MHOI'O CHMHOHUMOB, U3 KOTOPBIX KazK/blil aBTop ylorpedJiser
JIMIIb HEKOTOPbIC. TeMa MOZKeT O6J’[aﬂaTb HECKOJIbKUMHU aCHEKTaMU, Ka}K,H,bII.?'I CO CcBOen
ﬂeKCI/IKOfI, O/lHAKO B TEKCTe MOzKeT HIATH pPeYb TOJIbKO O 4YaCTU aCIIeKTOB. BCJ’[G,ZLCTBI/IG
9TUX ABJIEHUNl B JOKYMEHTe MOYKeT BCTPETUThCSI HAMHOTO MeHBIIIe CJI0B TeMBbl, IIPU 3TOM
HEKOTOpbIe U3 HHUX OYIyT BCTpeYaThCd HAMHOIO Yallle, YeM MOYKHO OBLIO ObI OKHJIATD
B yCJIOBUAX CTPOI'OI'O BBIIIOJIHEHUA I'MIIOTE3bL yCJ’IOBHOﬁ HE3aBUCUMOCTH.
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Craructuu Sy, Stq, Sw¢ HETPYIHO CJEJIATH TOJEPAHTHBIMHU K ITIOBTOPSIEMOCTH CJIOB, €C-
JIM 3aMEHHTb 9aCTOTHI CJIOB B JOKyMEHTAX OMHADHBIMU UHIUKATOPAMU: Ny = Mgy = 1].
JL1s1 3TOTO JOCTATOYHO BMECTO BECOB Nigyy = NdwPidw B3ATH BECA Dy

S = e (s (A ©)); S = 08 (s €A 0);  Sur = v (s £ds ).
d,w wed deD

Yro0b! (DYHKIHIO MIOTEPh TAKZKe CAeIaTh TOJEPAHTHON K IOBTOPSIEMOCTH, Oy/1eM CpaB-
HUBATH MOJEJIbHYIO BepodrHocTb p(w|d) ¢ acrorHoil onenkoit p(w|d) = *&, B KoTopoit
CYBTUNK Mgy, 3AMEHEH euHUIeil uin, JJist OGIHOCTH, TapaMeTpoM « (yMeHbIIeHne o Jie-
JIaeT CTATHCTHKE eIé 6oJiee TOJTePAHTHBIME K HADYIIICHUSIM HYJIEBON MHIIOTE3bI):

((d,w) = [p(w|d) < nﬁd}

Tenepb cratucturu Sy, Sy, Sy IPUHAMAIOT 3HAUeHUs U3 oTpe3ka [0, 1] 1 BeIpazKaioT
JIOJTI0 TEPMOB TeMBI ¢, J7Id KOTOPBIX MOJIeIb MPeICKA3bIBAT CJIHMIIKOM MAJIyIO BEpOIT-
HOCTb. DBJjiarojapst cro/ib yHUBEpPCaIbHON UHTEPIIPETAlMl CTATUCTUKU ¢ OuHAPHON (DyHK-
nueil moTepb MOXKHO HCIOJIB30BATD JIjIsi CDABHEHUSI TEM B MOJIE/ISIX C PA3IUIHBIM YHC/IOM
TeM, C PA3JIUIHBIMU CJOBAPSIMHE U JaKe MOCTPOEHHBIX MO PA3TMIHBIM KOJIEKIIHIM.

Mepnnekcnsa Tembl. 3amerum, 910 jgorapudM MEPIIEKCHA TEMATHICCKON MOJIEN MOXK-
HO 3allucaTh vYepe3 CpeHeB3BenieHnyo GyHukiuo norepb £(d, w) = In m, HPUYEM KaK
JUIS BCell KOJLIEKIINU, TaK U JJI OTAeJbHOIO JOKYMEHTA:

In &P = ?ng (ntdw, In p(w|d)) = EZng(ndwa In m);

_ 1 _ 1
In #; = avg (ntdw, In Sld d)) = avg (ndw, In @D d)).
w,t wed
[To amajorun omnpenennM depes 0OOOIEHHDBIE CPEIHEB3BEIIEHHbBIE JTOTapHMM nepn.aek-
cuu memor t KaK 10 BCeil KOJUIEKIMH, TaK U 110 OTAEJIbHOMY JIOKYMEHTY:
I P, =5, = avg(imaw, In ;ry5);
, W
In Z;y = Siq = avg (ntdw, In ——— )
p(wl )
wed
Bunauvenue uepiiekcun Fpg He OLPENEICHO, €CIU Mg, = 0 i Bcex w € d, TO ecTb
eCJIM TeMa, IOJIHOCTHIO OTCYTCTBYET B JOKYMEHTE.

Auesepreruns Kpeccu-Pupga. Ilpu dbysxmum noreps /(d,w) = )\(Al-f—l)((ﬁg;dg) —1)
0000IIEHHBIE CpelHeB3BeIIeHHble CTATHCTUKH IIepexoldaT B aupeprennuio Kpeccn—Puma.
D10 napamMerpuuecKoe CeMeiCTBO CTaTHCTHK UCIOJIb3YeTCd JJId IPOBEPKU TUIIOTE3 O CO-
IJIACHH SMITUPUYECKOTO PACHPEEIeHHs] ¢ 3a/laHHbIM JUCKPETHBIM pacipejesenuem [43)].
[Ipu KOHKpeTHBIX 3HaYeHusIX napaMerpa A auseprennus Kpeccu—Puna nepexogut (¢ Tod-
HOCTBIO JI0 MHOXKHTENs]) B CTATUCTUKY Xu-KBajapar [lupcona (A = 1), auBepreHmmio

Kynp6aka—/leitbnepa (A — 0), craructuky ®@pumana—TbOKI WK paccTogHue XeJInHre-

a (A= —%), MOJIM(PUIIMPOBAHHYIO CTATUCTUKY JIOrapudMa OTHOIIEHUS PAB/IOI0I00UI
(A = —1), MoauduIuPOBAHHYIO CTATUCTUKY XH-KBaJApar HeiiMmaHna win B3BelIeHHOE €B-
KJIJI0BO paccrosinue (A = —2). Bee 911 crarncruku sBIIslioTcsi HECUMMETPHYHBIME (DY HK-

MUSIMHA [Tapbl JUCKPETHBIX pacCIpeje/eHnil, 3a HCKIYeHHeM pPACCTOSHHA XeJIHHIepa.
[IpermytecTBO MapamMeTpUIECKOrO ceMeiicTBa B TOM, YTO CBOOOI0H BBIOOpa MmapamMeTpa A
MO2KHO PacCliOpAJUTBCA JId OUTUMU3AlUU KaKOFO—ﬂI/I6O BHEIIHEI'0 KpuTepud KavdecTBa.
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17 OcobeHHocTn peannsaunn EM-anropntma

EM-ajiropur™ B TeMaTHYECKOM MOJEJIUPOBAHUE — ITO METOJ| IPOCTHIX UTEPAIMl J1ist
pemtenust cucreMsl ypasaenuii Buga (15)—(17) B ciaydae 0ObIYHON ABYXMATPUUHON MO-
e unn (36)—(38) g MynbraMonatbaoil Mogenn win (44)—(46) maa runeprpadosoit
MoJied. Peasn3alui HTEPAIMOHHOTO IIPOIECCa MOIYT OTIHYATHCS IMOPSIKOM BBIUHCIIE-
uuit 10 dhopmynam E-nrara u M-mrara. B panunonansaom Bapuante (Asroputm 2, crp. 11)
KazKJlasi HTepPaliisi BHIIOJIHSETCS 33, OJIMH [IPOXOJL [0 BCEM TePMaM BCeX JIOKYMEHTOB, B pe-
3yJIbTaTe KOTOPOro (DOPMUPYIOTCS CUETUUKH My, N¢g U OOHOBJISIIOTCSI ITADAMETPBI MOJIEJIN
Ouwt, Ora. B 1aHHOM pazese 00CYyKIAOTCS IPUEMBI YJIYUIIEHHA CXOIUMOCTH U OCOOEHHO-
CTH OPraHU3alUH TOrO UTEPAIMOHHOIO IPOTECCa JIJIs OOJIBIIHX TEKCTOBBIX KOJITCKITHIA.

MakeTHbI anropuTm Mo3BojsgeT 00PadATHIBATH KOJIIEKIIUK JIOKYMEHTOB, HE IIOMEeIalo-
Imuecsd B OEpaTUBHYIO HaMAThb. Kostekiusa D paszbuBaercd Ha nakersl Dy, b=1,..., B,
KazKJIplil U3 KOTOPBIX XpPaHHUTCA B oT/ebHOM baitne. [lakeTsl oOpabaThIBalOTCd IO OUe-
peju. Kaxkiplit naker 3arpykaercs B laMsTh, OOHOB/isieT Marpuily ® u BbIIDyKaercs,
0CcBODOXK 1asi TAMATD JijIst 00pabOTKHU CJIe/IyIOIIero nakera.

®ynknus ProcessBatches obGpabarsiBaer 3a omun pa3 MHOKecTBO maketoB {D},
cM. Anropurwm 4. l1st KazK10ro J10KyMeHTa d Kazk10T0 U3 HaKeToB Dy, MpOU3BOASITCS UTe-
panun BeKTopa fy co BcrpoeHHbIM E-1marom npu dukcuposannoit marpune ®. Ha mocsre-
Hell urepanuu JOKYMeHTa, OOHOBJISIIOTCS CUETUUKHU Tl TEKYIIEro IMaKeTa.

OddraitHoBbIit 1 OHJIATHOBBI AJITOPUTM — ITO JIBE PA3HBbIE CTPATEIMH ArPEruPOBAHUS
CYETUYUKOB, MOJTYIECHHBIX OT PA3HBIX IMAKETOB, B UTOTOBBIX CUETUUKAX Tlyy.

Oddnaiivosbiii  anroputm  FitOffline cosepmraer muoro mpoxomos mo kKosuieknuu.
Ha kazk10M poxojie CIETUUKHI M., POPMUPYIOTCH IIpH (PUKCHPOBaHHON MaTpuie ® u cyM-
MEUpPYOTCs 110 BeeM JokymenTam. O6HopieHne $ ¢ y9éToM BCex perysspu3aropoB IPOU3-
BOJIUTCS B KOHIE KazKJI0r0 Ipoxoa Kosuteknun. OddaailHOBBIA pexKuM OpHEHTHPOBAH Ha
00paboOTKy OTHOCHUTEJIbHO HEOOJIbIIUX KOJLIEKIIU.

Ownnaiinosbii anroputm FitOnline 6b11 npejyioxken st mogean LDA B [60], mozxe
Jutst Mogiesn PLSA B [26]. On peasuzoBan B 6ubsinorekax MalmHHOIO 00y4denust Vowpal
Wabbit, Gensim, BigARTM wu apyrux, u cuuraercs naunbosiee 3pheKTUBHBIM METOIOM
o0ydeHus TeMaTHIECKUX MoJie/ieil. Ero ocHOBHas ujes 3aK/JII09aeTCs B ClIeNHaIbHON opra-
HU3AIUHA [TOCIeI0BATETILHOCTH BhIYucaeHuit mo ¢popmynam E-mara u M-mrara. Ona He 3a-
TparmBaeT MeXaHH3Mbl perygpu3anun i oguHakoo npuMennMa K PLSA, LDA u ARTM.
OHJIafiHOBBIH AJITOPUTM JIEJIACT OJMH HPOXO/ 110 KOJLIEKINKI, 0OHOBJIAA MaTpuiy P mocse
KazKJIpIX h makeToB: Ha mmare 21 CYETUYMKH T,;, HAKOILIEHHBIE 110 h HOC/IEJIHUM IaKe-
TaM, CYMMHPYIOTCS CO CIETUUKAMU N, HAKOILJIEHHBIMU 10 BCEM IPEJIBIIYIIUM ITaKeTaM,
C BeCaMH Kgecay U Kapp1y- Ha mare 22 marpuna ¢ nepecuuTrpiBaeTcs 110 OOHOBJIEHHBIM CYET-
YUKaM € YIETOM peryasapu3aTopon. OHIAfHOBLIN aJIropuT™M OPHEHTUPOBAH Ha 00PabOTKY
OOJIBINKMX KOJLUIEKIUI UM HOTOKOB JaHHBIX.

Becosble KOIDMOUIUEHTDI Kgecay U Kappry IIO3BOJIAIOT YHPABJIATH TEMIIOM 3a0bIBa-
HUs TpEeJbIIynuxX makeros. llepemennas n,; HaKaIIUBAeT CYMMY 3HAUYEHUU 7, NPH
Faecay = kapp1y = 1, cpesinee apudmeTnieckoe IpH Kgecay = 1 — %, Kapp1y = %, 9KCIIOHEHITH-
aJIbHOE CKOJIb3SIee CPejiHee HPH Kgecay + Kappry = 1. st anropurma Online LDA B [60]
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AgroputMm 4. Odduaiinosslit u onsaiinobeiiit EM-agropury aius ARTM.

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

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

4 MHUNHMAIA3UPOBATE Oy 1= ﬁ Juist Beex t € T

(S}

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

=]

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

noka 6, ve coitgércs;
9 Nt = Nt + NawPtdw A1 Beex w € d, t € T

10 dpyHkuuma FitOffline (kostekuuss D = {Dy: b € B});

11 WHHUIUAJTU3UPOBATD (O, Jjid Bcex w € W, t € T

12 MOBTOPSATH

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

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

15 noka ¢ me coiigércs;

16 dpyHkuma FitOnline (komnexnusa D = {Dy: b € B}, mapaMerpsl kgecay, Kappiy: 11);
17 MHUIUAJU3UPOBATD (O JiJist Bcex w € W, t € T}

18 Ny := 0 jiy1st Bcex w € W, t € T,

wanai:=1,...,B/h

20 (Nye) := ProcessBatches({ Dp;_p11, ..., Dni}, ®);

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

IPEIAragoch 0parh kgecay = 1 — pi, Kappry = pi, Te p; = (7o + 1) ™", 3Ha4eHne 7y 3a1a-
forcd B auanazone or 64 g0 1024, 3nadenust k£ — ot 0.5 10 0.7.

Ha npakruke BMecTO KOHTPOJIS YCJIOBHI CXOJMMOCTH Ha iare 8 u mare 15 4acro
331aI0T (PUKCHPOBAHHOE YHCJIO UTEpAIUil 110 KOJIIEKIIUHA U [0 KaXKJIOMY JIOKYMEHTY.

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

MapannenbHbiii anroputm. OO6paboTKa MAKETOB MOXKET BBINOJIHSITHCS MAPAJLIETHHO
B HECKOJIbKO IIOTOKOB KaK B OHJIATHOBOM aJiropuTMe, Kak u B oddiiaitnoBom. B cunxpon-
HOM an20pumme 0OpaboOTKa cjiejlylonieil MOpUUKM AKeTOB He HAUYMHAETCsd, I10KA He 3a-
BepireHo oOHOBJieHHe Marpuilbl ¢ Ha marax 21-22. 9Tu 3aJiepKKH IPUBOJAAT K HedD-
deKTuUBHOI 3arpy3ke BBLIYUC/IUTEIbHBIX pecypcoB. lIpobiiema perraercs B acunrporHom
OHAGTHOBOM GAZOPUMME C TTOMOIIBIO OOHOBJIeHHH ¢ 3ana3abiBanueM |56]. [Toka ogun npo-
necc 3aHdAT (GopMUpOBaHUEM HOBOI'O Lpub/imzKeHusi Marpuiibl ®, ocrajibHble HPOLECCHI
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HPOJIOJIZKAIOT UCII0JIB30BATh €€ Lpe/iblyiiee npubiunzkenue Jijis 00pabOTKU aKeToB 1 00-
HOBJIEHMSI CUETUUKOB Tlyy.

B 0630pHoii cratbe [3] onucanbr 11 TexHEYECKHX MPHEMOB Jisi TOBbIIIeHHs (bbheK-
THBHOCTU HAapPaJIIeJIbHBIX aJrOPUTMOB TeMaTHYECKOr0 MOJeTupoBaHus u 14 Oub/IMOTeK,
B KOTOPBIX 3TH NPHEMBI PEaJn30BaAHbI B PA3JIHIHBIX COYCTAHHUSIX.

VYnyywenue cxogumoctu. MeTon mpocToit uTepanuu B OOIIeM ciaydae He TapaHTHDPY-
er CXOAMMOCTh K CTAIMOHADHOW TOYKE PEryssipu30BaHHOIO mpasiononobus [11]. Dror
HEJIOCTATOK UCIPABJ/IiETCs IPOCTON Mojudukaiiyeii, He Tpedyoneit JOmo/JHUTEIbHbIX 3a-
TpaT BpeMeHU U/ maMsTi. BMecTo Tekymmx 3HadeHUuil @,y u 0y B PErysisipu3aiuOHHbIX
nomnpaBkax M-mmara HaJI0 MOACTABAATH UX YACTOTHBIE ONEHKH Dy = "n—? u étd = Z—tj —
Te caMble, KOTOPbIe BBIUUCISIOTCA B Mogenn PLSA:

B iy OR(®, 0)
Puwt = 1}1;061"1/%1 zn Pwt 8@wt
. OR(®,0)
Ora = NOTIN | 7t + 0iq 90,

Dkcnepumentsl B [11] mokasaau, uro nanHas MoauduKanus IPUBOIUT K GOJee BbI-
COKIM 3HAYEHUAM PeryJIIpH30BAHHOTO MPABIONOI00WS, TPUIEM UTEPAMOHHBIN TPOIECce
ropasjo 6picTpee (y2Ke Ha BTOPO UTePAlUK) BXOJUT B PE2KUM MOHOTOHHOIO YBEJIMICHUs]
peryJisipu30BaHHOIO 1IPaB/o110100us. Hem OoJibiie KOIMDMUIUMEHT pery/isipusaluu, TeMm
cuIbHee MpogBigeTcd 3pdeKT yIydmeHns CX0IUMOCTH.

NcknoyvenHne matpuubl © n3 mogenn. BoraucjieHune TeMaTHIeCKOTO BEKTOPA JIOKY-
meHTa Oy = (049)ier Tpebyer muorux EM-utepanuii mo Bcem TepMaMm J0KyMmeHTa. Heiib-
351 JIN CIIeJIATh TaK, YTOOBI pacrpeesnerune ; BEIUHCIAI0CH 38 OJUH JIMHEHHBINA MTPOXO !
YTBepIUTeIbHBINH OTBET HA 3TOT Bompoc jgaH B crarbe [10]. Tpebosanue, 4robbl 1€MeH-
Thl MATPHUIBl © BbIPAzKa/MCh B SBHOM BHJE 4epe3 3jieMeHThl Marpuiipl ®, urpaer posb
peryJisipuzaropa, xorsi (bopMa/ibHO He siBjisiercs Kpurepuem suja R(P, ©) — max.
Takoit 1moaxom K TeMaTHIeCKOMY MOJIETUPOBAHUIO UMeeT HECKOJBKO IPEUMYIIECTB.
Pemenne mosygaerca 0oJiee YCTORYUBBIM, HMOCKOJBKY B MOJIEJIb BBOJUTCI <«ECTECTBEH-
HBIl peryasapu3arop». BekTop 6y aas 11000ro JOKyMeHTa IpH HEOOXOIUMOCTH MOYKET
ObITH 1OJIyUYeH ObICTPO, 3a OJHO JIMHEHHOe HpoureHue JJoKymeHTa. Qakruyecku, MaTpu-
na © MOJTHOCTHIO MCKJ/IIOYAETCS W3 MOJIE/IN, 9TO MPUBOIUT K COKPAIIEHUIO PA3MEPHOCTH
MOJIEJTH U YMEHBIIEHHUIO Iepeodydenus. B Mojensax ¢ AByMs MaTpUIlaMHA HEJ0CTaTOYHOE
KadecTBO MaTpuiibl ¢ Teopermdeckn MozKeT OBITH CKOMIIEHCHPOBAHO HTEPAIMOHHBIM IIPO-
[IECCOM IIOATOHKHU KaxKJI0ro cToJyiona fy; MaTpunbsl O moja KOHKpeTHBIH JoKkyMeHT d. Ko-
rj1a MaTpuna © HermocpeCTBEHHO 3aBucUT OT MaTpuipl P, Takas moJroHka CTaHOBUTCS
HeBO3MOKHOU. Kpome Toro, pasmep marpuiibl © JIMHEHHO 3aBUCHT OT YHCJIA, JIOKYMEHTOB
B KOJIJIEKIIUU, TOIJIA KaK pPas3Mep CJIoBaps yBEJUYUBAETCH 110 CyOJIMHEITHOMY CTelleHHOMY
sakony Xurca [50]. Pocr ciioBaps MOKeT ObITh OrPAHUYEH U MPUHYIUTETBHO, IYTEM OT-
OpacbIBaHUs HaMeHee YaCTOTHBIX ¢JIOB. TakKuMm 0Opa3oM, He TOJIBKO pa3MepPHOCTD MOJIE/TH
YMEHBIIIAETCs, HO U COKPAIIAETCS TeMII €€ POCTa IIPU PACHIUPEHUU KOJIJIEKIUN.
BaBucumoctb 0yy(P) Moxer ObiTh 1OJIyY€HA, HALPUMED, U3 TPeOOBaHUs, YTOObI TeMa-
TUYECKUI BEKTOP JIOKYMEHTa, d COBIIAAJI C PE3y/IbTaToM nepsoit nrepamuun EM-aaropurva,
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1.
[k

Ora(P) = norm(Z ndwptdw) = Z R S%tetd Zpdw ; (81)

n
weW wed d Z Spws Sd wed s

0e3 peryJispusaluu 1Ipu paBHOMEPHOM Haua/ibHOM 1pubJuzKkenuu 69, =

TIE Paw = %;” = p(w |d) — gacToTHASI ONEHKA YCJIOBHOIT BEPOSITHOCTH TEpMa B JJOKYMEHTE.
Pacecmorpum cHadasia obmuit ciy4aii pyHKunoHabHOlM 3aBucuMoct Gy (D).

Teopema 17.1. Ilycrs ¢pyukiun 0yy(P) u R(P,0) HeupepbiBHO juppepeHiupyempl.
Torna rouka ¢ sokampHOrO sKCcTpeMyma 3agaqn (11) ¢ orpanmdenmsvu (10) m gomo-
HHTEJTbHBIMH OrpaHmYeHusIMH-paBeHcTBami Oy = 0,,(P) yaoBrerBopsier cucreme ypaBHe-
HHIT CO BCHOMOIaTe/IbHBIMH [EPEMEHHBIMH Dygyy = P(t]d, W), Mg U Ny, €Ciin u3 penreHust
HCKJIIOYUTH HyJieBbie cToJ101bl Marpui ©, O:

Praw = 10T (PurBa); (82)

Nid = Z NdwPtdw (83)
wed

Nyt = Z NdwPtdw; (84)
deD

Pt = DOTI{ Ny + ¢ + ® Z Z Dod 4 s (85)

wt W wt wt wt 8@ .
deD seT

JokazareabcTBO. Bociojib3yeMcs HEOOXOJMMBIM YCJIOBUEM IKCTPEMYMa 3a/a4uu
(11) ¢ orpannvenusivu (10), Koropsie gaér semma 5.4. Popmysa E-mara (24) coBnagaer
¢ (82). Pacemorpum dynknuonan, MmakcuMusupyeMmbrii ma M-mare (25):

=3 3 naupean (0 pus + I 0,4(®)) + R(®,0(P)) — max.
deD ueW s€T ¢

3anumieM 9acTHbIE MPOU3BOAHBIE () IO MAPAMETPAM Py, BBLIETsAS B (hOPMyIax BhIpa-
JKEHUST Ny U Ngq coOriacto (84) u (83) coorBercTBeHHO:

Gwt 898d OR OR 898d .
Puwt &%t C;) NwPtdw T ; NduPsdu—— 0ot O + Pwt Do + Put %; 90 Don =
OR Ngq OR 898d
et - Pt 8Q0wt * Pt %s: ( esd * 895d) aSowt ‘

Orcrofa u U3 JeMMBbI 3.2 0 MAaKCUMH3AIUH Ha eJMHIIHBIX CHUMILTEKCaX ciaemyeT ¢pop-
mysta M-mrara (85).

Teopema JjiokazaHa.

Takum obpazom, mojaudukaius EM-ajaropurma KocHyauch 1o16K0 popmysibl M-1ara,
NpUYéM aJITHBHAS IONMPABKA K YACTOTHBIM OIEHKAM YCJOBHBIX BeposTHOCTel p(w |t)
UMeeT BU/I, AaHAJOTUIHBII PeryIsapu3alliOHHbIM TOIPABKAM.

Tenepb Bepuémcs K gyacrHomy ciydaio (81). Hrobbl npumenurs K Hemy teopemy 17.1,
HaIIEM 4aCTHYIO ITPOU3BOJIHYIO:

8936[ 8 (pwdgpws ) 5st Z Pwv — Puws 2
= = Duw v — Pw 55 hw - wshw )
8(pwt 8(pwt ZU (pwv p d (Zv (pwv) 2 p d( t (p )
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-1
rae Oy = [s=t] — cmmBon Kponekepa, h, = (Zt SOwt) . IlogcraBuM 3TO BBHIpazkKeHue
B (85) M nepenuieM ypaBHEHUs! B HOPSJIKE, YJIO0HOM Jijisi IPOBE/ICHUS BbIMUCJIEHUN Me-
TOJIOM HPOCTBHIX ureparuit [10]:

hw = (Zt Sowt)_l;
etd = Zpdwgowthw;

wed
Praw = norjlzn(sowﬂtd);

aR
Ctd = 0. P Z NdwPrdw +
t

Ydw = Z PwtCtd;

teT

pidw = Ptdw + nC?lSOwthw(Ctd - hw’}/dw)'

OR
wt = Norm NdwPigw + Pw
Puwt 1orLy <(g[:) d ptd 2 tawwt)

Borauciienne nepeMeHHbX 0ig, Praw, Cds Yaw U Dig, OOpasyer E-mar m sanmmaer
O(ng|T|) onepanwuii jyist Kazk0ro jokymenta d, kak u B 00braaoM EM-ajiropurme. Bee sru
epeMeHHbIe, OTHOCSIIHEeCs K KOHKPETHOMY JIOKYMEHTY d, MOXKHO YIAJAThb U3 HaMSTH
10 OKOHYAHUU €ro oOpadboTKU. BbIducieHne mepeMeHHBIX (0,; MPOUCXOJUT IO OOLITHOM
dopmyie, 3a HCKJIIOYEHHEM TOIO, YTO BMECTO YCIOBHBIX BEPOSITHOCTER Pygy MOACTABIISIOT-
sl IepeMeHHble D}y, . TakuMm 00pazom, Mogudukaius EM-airopurva ze NpUBOAUT K Cy-
[ECTBEHHOMY YBEJIMYEHUIO HU BPEMEHHU ero paboThl, HU PACXOa [MaMsITH.

Ob6paboTka KaKJI0ro JIOKYMEHTa JieJlaeTcs 3a JBa Mpoxojaa. Ha mepBoM mpoxoje Bbl-
YUCIAIOTCA TOJABKO mepemeHHble 0y, Ha BTOpoM Ipoxo/e BBIYHC/SIOTCS BCE OCTAIbHBIE
IlepeMeHHbIe, UCIOIb3yeMble B KOHETHOM UTOI'e JIjIs BBIYHCIEHUS D, U OOHOBICHHS Q.
Ecyin Tpedyercst TOJIbKO HAWTH TeMaTHIeCKUl BEKTOP JIOKyMeHTa #y, He OOHOBJISIA MaTPH-
iy P, o Bropoit npoxoj jgesarh He HY:KHO. [lepemennbie h,, TaKzKe MOKHO HE BbIYHCJISTD
KazKJIplil pa3, popMHUpPYyd HX IOCje odepeaHoro obHopjeHus marpunbl P. Takum obpa-
30M, paccMorpeHHas Mojudukanug EM-ajropurma mo3BosisgeT TeMaTU3UPOBATH HOBLIE
JIOKYMEHTBI MaKCHMAaJIbHO OBICTPO.

MpoussonbHble byHkunK notepb n E-war 6e3 Hopmuposku. V3mennm Kpurepuii
ONTUMHUBALIMOHHON 3a/1a4d, 3aMEHUB B KPUTEPHUH [PABJONO0I00us JJorapudM Ha pOus3-
BOJIbHYIO [VIaJIKY10 HeyObiBatollyo dyukuuio £(p). Teueps s oneHuBaHus aAPAMETPOB
reMaTHIecKoii Mojesn @ u © 1o KoJuIeKnuu JOKyMeHToB D OyjeM MaKCHUMU3UPOBATH
cymmy noreps £(p(w|d)) mo Becem TepMEHAM BO BCEX JOKyMeHTax:

Zanw (Z gothtd> + R($,0) — Ig%x (86)
deD wed teT

Teopema 17.2. Pemenne ®,0 3agaqun (86) nupu orpaHmyeHUsIX HEOTPUIATEJIBHOCTH H
HODMHPOBKH YJIOBJIETBOPsIET CHCTEME YPaBHEHHII CO BCIOMOTATeJIbHBIMH IT€epeMeHHBIMU
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Draw = P(t|d, w), ecin u3 peurenust HCKIOYUTD HyJjieBbie ¢10oJi01b Marpul O, ©:

Praw = Putbral (p(w]d)); (87)
= norm Z n + OR . (88)
Gwt = weW dwPtdw Pwt 8S0wt ;
deD
OR
Ora = norm wZEd NdwPtdw + etdaTtd : (89)

CucreMa ypaBHEHHUIl OT/IMYAETCS OT KJIACCHYECKOil TOIbKO (popmyioit E-mmara.

JlokazareabeTBO Caeayer u3 JeMMbl 3.2 0 MAKCUMU3AIMU HA €UHUYHBIX CUMILIEKCAX.

Tosbko npu f(p) =Inp na E-mare Bosuukaer dopmysa Baiteca. Ilpu srom 3aja-
ya, MaKCHUMU3AIMKU 1IPABJAON0A00Us SKBUBAJIEHTHA MHHUMU3AIMU B3BEHIEHHON CyMMBbI
KL-uBepreniuii ¢ BecaMu 1y MeXKJy SMIHPHYeCKUME pactpeaenenuamu p(w |d) = "T;de
1 MOJIeJIbHBbIME pacipeiesaenusamu p(w|d) = (@u, O0q)-

IIpu {(p) = p* 3amaua sxBUBaIeHTHa MUHMMHA3aIUN AuBeprenmuii Kpecen—Puna.

[Ipu ¢(p) = p 3a7a4a MepexoUT B MAKCHMU3AINIO CKAJSPHBIX POM3BEIeHNil:

> “na(p(wld), (¢, 0a)) + R(®,0) — max.
deD ’

JIaHHDBI TPUHIUIT ONTUMUBAIME MOJIE/IA HPEJACTAB/ISETCS HEe MEHEee Pa3yMHbBIM, 4eM
MakcuMu3anus npasaononodus. Ilpu saroMm prg, = puibia, TO ecTb u3 00bIUHON HopMy-
abl E-mrara yXoauT 3HaMeHaTeIb ¢ HOpMHPOBOYHBIM MHOYKHUTeJeM. Byaem Ha3bBaTh 3TO
ovicmpoim E-wazom. OH MOXKeT 1aBaTh 3aMeTHOe ycKoperme EM-aaroputva, MOCKOIBKY
HOPMUPOBOYHbIE MHOYKHUTE/IM TPEOYIOT BbIYUC/ICHUs CKAJSIPHBIX POU3BEJAEHUI (0, O4).

[To pesy/ibraram CpaBHEHHsI DA3/JIMYHBIX CTpaTeruii ontuMusanuu B [23| Obuia npej-
JIOZKEHa KOMOMHHMPOBaHHAsl CTparerus, KOIja IepBas I[OJOBHHA WTEPAIUNA HCIOJIb3YeT
ObICTpBIil E-mmar, mpu 9TOM MO/ CTAHOBUTCS pa3peKeHHoil buiarogaps peryispu3alii.
OunaabHasg TOBOJAKA MOJEJH IMPOUCXOIUT YzKe MO0 MAKCUMYMY IPaBIONOI00Us, HO Te-
1I€Pb CKAJISIPHBIE POU3BEJACHUS (P4, ) MOTYT BBIUUC/ISTHCS HAMHOIO ObicTpee OJiarojia-
pPsl Pa3PeKEeHHOCTH PACHPEIEICHUN Yy U Oy, DTOT BapUAHT aJITOPUTMA JTAET BBIMIPBIIIL
B cKopocTu Bbranciaenuit 10 30% npu 6osbmom duciae rem (500 u Gostee).

18 [lpoekT BigARTM

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

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

from sklearn.feature_extraction.text import CountVectorizer

s from sklearn.datasets import fetch_20newsgroups

from numpy import array

5 import artm

¢ # Extract data using sklearn and numpy

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

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

10 # Create batches and dictionary

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

12 n_wd=n_wd,

13 vocabulary=vocabulary)

14 # Learn simple PLSA model

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

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

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

19 # Print perplexity values by iterations

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

S

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

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

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

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

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

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

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

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

2 data_format=’vowpal_wabbit’,

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

s # Load dictionary back during next BigARTM launch:

6 dictionary = artm.Dictionary()

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

['oToBBI#l c/TOBaph MOXKHO U3MEHITH. /I 9TOTO HOCTATOYHO COXpAHHUTH €ro Ha JUCK
B TEKCTOBOM BHJIE, 3aTeM MOAUMHUIUPOBATH MOJTYICHHBIH (hailsl 1 3arpy3UuTh €ro 0OpaTHO:

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

3 # Then, load it back

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

CroBapb, COXpaHEHHBIT B TEKCTOBOM (aile, COCTOUT U3 CTPOK CJIELYIOMIEro BH/IA:
token class_id value tf df

rae token — cTpokoBoe TpejcraBieHne cioBa, class id — mogambHOCTB, tf — abcosmor-
Has 9acTOTa CJI0Ba B KOIEKIud, df — 4ucIo JTOKYyMEHTOB KOJLIEKIH, B KOTOPBIX CJIOBO
BCTPETHIJIOCH X0Ts Obl pa3. [Tosie value 1o yMo/r4annio 3a10/1HseTCs HOPMUPOBAHHBIM 3Ha-
genueM tf, HO MOzKeT ObITH M3MEHEHO (9Ta BO3MOXKHOCTH HCIIOJIL3YETCs KAK MEXaHH3M
nepejiadn JAHHBIX B HEKOTOPBIX PEryJsIPU3aTOpax W MeTPHKAX KadecTBa).

CuroBapu MOKHO (pHJIBTPOBATH BCTPOEHHBIME CpeJCTBaMu 10 3HadenuaM tf u df, na-
IpHMep, MOXKHO OTOPACHIBATH CJIMIIKOM YACThle HJIHM CAUIIKOM pPEeIKHe CI0Ba. YKa3aHHe
cJIoOBapsd B KOHCTpyKTOpe artm.ARTM wjm B metone artm.ARTM.initialize 3ajaér mo-
psiIoK ¢TpoK B mMarpunax ® u (n,;) COIIACHO HOPSJKY CJIOB B CJIOBape. DTO BaXKHO,
HAILpUMep, /I MOJAAJIbHOCTH METOK BPEMEHHU.

Perynspnsatopbl moryr BozjeiicrBoBarh Ha Marpuibi P, © wian (ptdw). Perys-
puzaTopbl ¢ MOryT BO3/eliCTBOBATH Ha OTJEIbHBIE MoJjajabHOCTH. Hanumdume mapamer-
pa class_id yka3bIBaeT, 4YTO peryjgpuzarop paboraer ¢ OIHOIl MOJAJbHOCTHIO, IIO-
yMmogannio ¢ @default_class. Hanumume mapamerpa class_ids yka3bIBaeT, UTO pery-
JIApU3aTOp paboraer cO CHUCKOM MOJAJIbHOCTE, 1mo-ymoJidanuio co Bcemu. [lourn Bee
IIapaMe€TpPbl BCEX PEeryjdpu3aTopoB MOKHO MEHATHb ME2K/Yy UuTepainudMu O6y‘{eHI/IH.

SmoothSparsePhiRegularizer — pe2yaapusdamop C2AGHCUCAHUA—PASPEHCUBAHUL MAN-
puyo, ©, peammzoBan o dopmyie (30) ¢ HeGOIBIIIM 0000IIEHEEM:

Owt = {lﬂt)ervlvn(nwt + 7Buf (Pur))-
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Ecim B oupenesenun KL-juBeprennuu 3amenurs jiorapudm Inz wa dyskinuo A(x),
to f(x) = xN(x). Ilo ymomuanuto f(xr) =1, uro u coorsercreyer Jiorapudpmy. B 6ub-
JMOTeKe MOXKHO 3ajaBarh f(x) Kak cremennyio dbyuknuio. Bekrop (3,) 3arpyxkaercsa u3
cJIoBaps U 3aa6TCa 3HAYEHUIMHU 1014 value KazKkoro cioBa. [lJist KazK10ii TemMbl ¢ MOZKET
OBITH 33/1aH CBOIT Takoil BeKTOp. TaKuM CII0coO0M MOXKHO 3a/1aBaTh «0eJibie» U «UEPHBIE»
CIIMCKM CJIOB /IS YACTUIHOIO 00Y4eHus.

SpecifiedSparsePhiRegularizer — peeyaspusamop paspescenrnocmu P, peanuso-
BaH 110 TOi ke hopmyisie, HO T[3, SABJIIETCI KOHCTAHTON U MOJAOUPAETCS TaKUM 00pa3oMm,
9TOOBI J0JIs HYJIeBbIX 37eMeHTOB B MaTpuie ¢ okazanach He HUKe 3aJaHHOTO MOpPOra.
[Ipu sTom dyukius [ He ucnosib3yercs, To ectb f(x) = 1.

SmoothSparseThetaRegularizer — pezayaapusamop CaaaHCUBAHUA—PA3PEANCUCAHUA
mampuyse O, peanuzoBan 1o dgopmyie (31), ¢ anagornIHbBIM 0600IEHIEM:

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

QOyHKNuA f Urpaer Ty Ke poJib, YTO U B PEryIapH3aTope CryIaKuBaHusI—paspe:kuBanns P.
Maccup MHOXKHTEIEl (v TO3BOJISIET YIIPAB/IATH BO3JIEHCTBUEM Pery/spu3aTopa Ha KazxK o
i-il BHyTpeHHel urepaiuu 06paboTKu JOKyMeHTa. BekTop ujm marpuna (yg) 103B0JIser
YIPABJIATH BO3AEHCTBUEM PEryJIsspH3aTOpa Ha 3JIeMEHThl MaTPHUIbl ©.

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

TopicSelectionThetaRegularizer — pezyaapusamop ombopa mem 6 mampuue O,
peasmzoBan 110 dhopmysie (51). ExuucrBennoe omiinane 3aK/109aeTCst B HATMIHA MACCHBA,
MHOXKHUTEJIEH (v;, KAK B PEryjsipu3aTope CriiazKuBaHus—pa3pe:kuBaHus O.

SmoothTimeInTopicsPhiRegularizer — pe2yaapu3amop C2AGHCUBAHUA MeM NO MO-
danvrocmu epemeny 6 mampuye P, peammzoBan o dopmyie (42). st KOpPEKTHON pa-
O0TBI peryjasgpu3aropa TpedyeTcsd yKa3aTb HMs MOJAJbLHOCTH BPEMEHH H PACIOJIOKHTD
TepMbl BpEMEHH B cjioBape U B Marpuiie ¢ B XpOHOJIOIHIECKOM TOPSIJIKE.

NetPlsaPhiRegularizer — pezyaspuzamop NetPLSA dasn modasvrocmu sepuun epa-
da 6 mampuue P, onpenensiercs no popmysie (50). B mokymenTax jg0/2KHbL ObITH 3apaHee
3alKMCaHbl TepMbl BepuiH rpada v. B napaMmerpax perysgpusaropa 3a1al0Tcs UIMeHa Bep-
IIHH v, uX Beca (MOUHOCTH MHOKeCTB |D,|) 1 Beca pédbep rpada wy,.

ImproveCoherencePhiRegularizer — pezyaapusamop Koz2epernmuocmu, Peaan30BaH
no dopmyne (56) u B KadecTBe mapamerpa Tpebyer CJI0Bapb MAPHOH COYETAEMOCTH
cii0B Cyyy (cOBpaTh €ro MOXKHO € HOMOIIBIO BCTPOEHHOTO 1apcepa).

BitermsPhiRegularizer — peeyaapusamop 6Oumepmos, peanus3oBaH 110 HOpPMY-
aaM (54)—(55) u B KadecTBe HmApAaMeTPa TaKxkKe TPEOYeT CJIOBAPb YaCTOT OUTEPMOB Ty,
(3aa4a ero cOOPKU JIOKUTCSA HA MOJH30BATE).

LabelRegularizationPhiRegularizer — wacmommnwi pezyasapusamop mampuio,
JUTst Kiaccudukanun ¢ HecOaJIaHCHPOBaHHBIME Kaaccamu. PeannsoBan o dgopmyie (47).
B kauecrBe mapamerpa rpedyer cjoBapb KJacCOB CO 3HAYEHUsIMEU UX MOUiHOCTed |D,|.
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HierarchySparsingThetaRegularizer — pe2ysapus3amop uepapruieckoz20 paspexcu-
saHus ©, HCHOIB3YeTCs /I PA3PEKUBAHUS MATPHILBI CBA3EH MKy POAUTEIHCKUMU Te-
MaMH{ U UX JOYePHUMHE TIOJTeMaMU B HepapXuIecKuX MoJe/dax, cormacuo dbopmye (53).

TopicSegmentationPtdwRegularizer — pezyaapuszamop E-waza dra paspescusanus
ceemenmos 6 Mampuuar (P, ), Opeaeasembrii o dopmyste (69).

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

Peryisipuzaropbl MOryT BKJIIOYATHCS, OTKJIOYATHCA UM MOJIU(PUIIMPOBATHCS B JIIOO0M
MOMeHT Mezk/ay Bbi3oBamu fit_offline msm fit_online, 4To mO3BOJIAET, B COBOKYIIHO-
CTH C KOHTDPOJIEM MeTPHK KadecTBa, M'MOKO IMepecTpamBaTh CTPATErHI0 PeryIsapH3alii
B COOTBETCTBUU C TEKYyIIUM COCTOAHUEM MOJICJIN. HpI/IMepZ

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

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

¢ # Printing result: 0.15 - too small. Let’s increase tau
o model.regularizer[’decor’].tau = 3e+5
10 model.fit_offline(batch_vectorizer=bv, num_collection_passes=15)

MHoronoTo4uHbl NnakeTHbii EM-anroputm. bubsmmoreka BigARTM nossouisier obpaba-
ThIBaTb KOJIJIEKIIUU JOKYMEHTOB, HE IIOMellalomuecd B OlIEPATUBHYIO IIaMATD. ﬂﬂﬂ 9TOro
KosLneknus ) ¢ momombio BatchVectorizer pasbuBaerca Ha nmakerol Dy, b=1,..., B,
KazKJIpIil U3 KOTOPBIX XPAHUTCS B OTJAEIbHOM (haitie. OOBITHO UCIOIb3YIOTCH MaKeThl Pa3-
MepPOM OT COTEH KuJIoDa#T 10 JiecaTKOB Merabait. KoaddunueHTsl peryispu3aiun 3a/1a-
I0TCdAd B MOMEHT CO3/JaHUd MO/JAeJ/Ih, HO 1IOTOM MOI'yT 6bITb B .]'[IO6OI71 MOMEHT HU3MEHEHDI,
B TOM 4ducjie B xoje EM-urepanmuii.

[Takersr obpabarbiBatorcs dyrkunueii ProcessBatches kak omucano B Anropurme 4.
Od dnaitnossiii anropurm FitOffline samyckaercs dyunknueit ARTM.fit_offline, on/aji-
HoBbiil FitOnline — dynkmueit ARTM.fit_online. /I1g BKIIOYEHHS aCHHXPOHHOIO AJIrO-
puTMa 1oCIeHell Halo 1epejarh napaMerp async=True. KonTpoib yc/a0Buil cXoiumMocTu
EM-aJiropur™ma BO3/1araercs Ha noJib3oBaresis. [Ipoiie Bcero 3ajiaBarb 4uUCJIO UTepaliuit
0 KOJIJIEKITUU U 10 KazKJIOMY JIOKYMEHTY.

[TocTpoeHny10 TEMATHIECKYIO MO/IE/Ib MOYKHO HCIIO/IH30BATH JI/IsI TEMATH3AIUN 0TI b-
HBIX JOKYMEHTOB Ipu (puKcupoBaHHoi Marpuie $. 9ta BO3MOKHOCTD peaandyercs (PyHK-
nueit ARTM. transform, KoTopas HPOIyCKaeT JIOKyMeHThl depe3 ProcessBatches.

MeTpukn kadectBa jiobaB/idiOTCd 4depes 1oJisi scores oObekra ARTM. B sror moment
y MHOTHX METPHK MOYKHO 3a/1aBaTh MapaMeTpbl. BoIYuC/IeHHbIE 3HAYECHUST METPUK H3BJIE-
KAIOTCsI depe3 1oJjis score_tracker.

PerplexityScore — nepnaercus, Borancisiemas 1o gopmyde (70). diast eé koppekr-
HOIT PabOThI HYKEeH CJI0Bapb, COJIEPKAIUil HOPMUPOBAHHDBIE YACTOTHI CJIOB B KOJLICKIIHH
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(ne moudunupoBannbie 3Hadenus value st kazkaoro ciosa). OHI UCHOJIB3YIOTCS B Ka-
decTBe AIIPOKCHMAIMK HYJIEBbIX 3Hadenuil p(w|d) u mO3BOJISIIOT KOPPEKTHO OLEHUBATH
MOJIEJIM Ha OJHOM CJ0Bape, HO C PA3HON CTENEeHbIO PA3PEzKEHHOCTH.

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

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

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

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

3HavyeHus] MEPIUIEKCHI MOXKHO BBIBECTH CJIeyIommM obpa3om (Bmecto value MoxHO
BBIBECTH, HAIPHMED, YUCTUTEb U 3HAMEHATe/ b MePILUIeKCHH [0 KazKI0# MOJAJTbHOCTH):

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

[Toste value cogepkuT BCIO MCTOPHIO 3HAYEHUIT METPUKH 110 OOHOBJIEHUsIM MaTpuIlbl .
Y moboro moJig 1000 METPUKH HMeeTcsd BapHaHT ¢ HpedHuKcoM last_, KOTOpBIA BO3-
BpallaeT 3HadeHNe MEeTPUKU Ha MOMEHT IOCJeHell CHHXPOHH3AIWH. DTO MOYKeT ObITh
IIOJIE3HO /14 IIOJIyYC€HUd MacCUBHBIX MeTpuk Tuira TopTokensScore.

SparsityPhiScore/SparsityThetaScore — paspesicernrnocmu mampuy © u O. One-
HHUBAIOTCA ,ZLOJIeI'?'I 9JIEMEHTOB MaTpUIlbl, MCHbIIUX 3aJaHHOI'O 110JIb30BaTeJ/JIeM I10pOora.

TopTokensScore — mon-cao8a 6 Memax, CIMCOK U3 3aJaHHOTI'0 4YHUCJIa CJIOB C HaU-
00JIbIIIell BEPOSITHOCTBIO IO Kaxkjioih Teme. Eciu B mapaMerpax 3TOil METPHKH yKa3aTb
CJIOBapb MapHOil COYeTAEMOCTH CJIOB, TO OY/JeT BBIYHC/IeHA KOTepeHTHOCTDb coher,; o cruc-
KaM TOII-CJIOB B TeMax, cormacHo dopmyse (71).

TopicKernelScore — #dpoguie Tapakmepucmukry mem: YIUCTOTa Pur,, KOHTPACTHOCTh
cong, pasMep sjpa ker; oneHuBaOIIMe Pa3InIHOCTb M, KOCBEHHO, HHTEPIPETUPYEMOCTH
KazKJI0# TeMbl t, cM. ¢Tp. 74. AHAJOrMYHO TOI-CJI0BAM, yKa3aHUE CJI0Baps MapHOil code-
TaeMOCTH 3aIyCKaeT MOJCYET KOTepeHTHOCTH, HO Telephb yzKe MO SapaM TeM.

BackgroundTokensRatioScore — dosa horosvix cro6, OleHUBAET OO CJIOB, J1JId KO-
ropbix KL-muBeprenius MexK/ 1y pacupeaesenuamu p(t) u p(w|t) Bbliie 3aJaHHOTO MOPOTA.

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

ItemsProcessedScore — wucao 00pabomannvls JoKYyMeHMO8, TEXHUIECKAs METPUKA,
IOKA3bIBAMOIIAs [0 UTEPANUAM KOJUYECTBO JIOKYMEHTOB (C MOBTOpaMH), 00pabOTAHHBIX
EM-aaropurMoM ¢ MOMEHTa BKJIIOUEHUST METPUKH.

PeakMemoryUsage — nukogoe nompebienue namamu, TeXHuIecKas MeTpUKa (JI0CTyII-
Hast T01bKO B C++ urTepdeiice), npegocrapsionias uHbOPMAIHIO O MAKCUMAILHOM II0-
TpebJIeHnN OllePATUBHOM HMaMsITH 33 BpeMs KarkJIOW uTepaluu ajropurMa.

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

Bbirpy3ka napamerpos mogenu. B ciejyoniem Koje H0Ka3aHo, KaK I0JIy4YUTb MaTpU-
iy & (tounee, nepsoie 10 Tem 1edoaTHONR MOTATBLHOCTH):
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1 model.get_phi(topic_names=model.topic_names[: 10],
2 class_ids=[’@default_class’],
3 model_name=model.model_pwt)

Ykazanue napamerpa model_name=model.model_nwt 103BoJisieT aHAJOIUYHBIM ODpa-
30M IIOJIYYUTD 3HAUYEHUA Ty BMECTO Dyt

C marpuneit © MOXKHO paboTaTh MO-pa3sHOMY. Bo-1mepBbIX, €€ 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 BKJIOUYAUTH XpaHeHne O
B ®-110/106H0#1 MmaTpure, 3a1aB napamerp theta_name. 910 jacT CBOOOIHBIN JOCTYI K MAT-
pulle HA YTeHue U 3aluch B JiII0O0H MoMeHT. B iepBom ciiydae BbIIPDY3UTh MaTPUILY HEBO3-
MOZKHO, B OCTaJIbHBIX IIPUMEHUM CJEIYIONUN KOT:

1 # case 2

> model.get_theta()

3 # case 3

1 model.get_phi(model_name=model.theta_name)

Bce onucannbie Bbiliie BbI30Bbl BO3BpallaloT 00bekThl pandas .DataFrame.

[Tomumo ommcannoro mHTepdeiica BHITPY3KH MATPHUIl, €CTb BO3MOXKHOCTH MOTYYHTDH
yKa3aTeJb HAa MaTPUIy ¥ HAOPAMYIO MOAUMUIHPOBATH MaMITh, MCIOIb3YEMYIO SIPOM
OUOIMOTEKH, UYTO CYMIECTBEHHO YMEHBIAeT PACXOJ] MaMATH U BPeMs BBIYUCTIEHMHIA.

19 Pa3BepoyHblii MTHPOPMALMOHHBIV NONCK

BaKHbIM MPHIOKEHHEM TEMATHICCKOTO MOJIETUPOBAHUS ABISCTCS UHPOPMAUUOHHOLT
nouck (information retrieval) [174, 19]. CoBpemeHHbIe HOMCKOBBIE CHCTEMbI LIPE/HAZHAUE-
HbI, I'NIaBHbIM O6pa3OM, AJId TIOUCKa KOHKPETHbIX OTBETOB Ha KOPOTKHUE TEKCTOBbIE 3allpO-
cbl. JIpyrue nouckoBbie moTpeGHOCTH BOHUKAIOT Y 10/Ib30BaTe/1eil, KOTOPHIM HEOOXOMMMO
pa3o0bparbCsa B HOBOIl IpeaMeTHOIl 00JIacTH WM IIONOJHHUTHL CBOil Oarazk 3manumii. [losb-
30BaTesIb MOXKET He BJIAJeTh TEPMUHOJIOTHENl, ¢1a00 MOHHMATH CTPYKTYPY MpPEIMETHOl
00JTaCTH, He UMETh TOYHBIX (DOPMYJIHPOBOK 3aIIPOCA U HE MOAPA3YyMEBATH €UHCTBEHHBII
HpaBHﬂbeIﬁ OTBET. B TaKUX CJIydadX HY2KEH IHOUCK He 11O KJIIOYEBbIM CJIOBAM, a 110 CMbIC-
JIy. 3alpOCOM MOZKET OBITh JIJIMHHBINA (DPpArMeHT TeKCTa, JIOKYMEHT UJIU MOJI00PKA JIOKY-
MeHTOB. Pe3ysibraToM momcka go/KHa ObITH yI00HO cucTeMaTH3npoBantas nHdopMaus,
«JIOPOZKHAST KApTay IPEIMETHON 00IaCTH.

JIst 9THX CJIydaeB MOAXOAUT MApaTUrMa pas3eedounozo un@opMAtuonio20 NoucKa
(exploratory search) |89, 168|. Ero nesbio siBiisiercst mojtydenne oTBETOB HA CJIOZKHbBIE BO-
IIPOCBI: «KaKue TeMbl IIpeJCTaBJ/JIEHbl B TEKCTE 3allpOCa», «4YTO YMTAThb B IIEPBYIO O4Yepedb
IO 9TUM TeMaM», «4YTO HaXOJAUTCAd Ha CTbIKE 9THX TeM CO CMEzKHbIMH O6ﬂaCTHMI/I>>, «Ka~
KOBa TeMaTHIeCKas CTPYKTYPa JAHHON IpeIMeTHOI 001acT», «KaK OHA Pa3BHBAJIACD BO
BPEMEHU», «KAKOBBI [OC/IEHIE TOCTHKEHUSI», «I/I¢ HAXOIATCHA OCHOBHDIE IIEHTPHI KOMIIe-
TEHTHOCTUY», «KTO SBJISIETCS JKCIEPTOM 110 JaHHOU Teme» u T. /1. [lojib3oBaresb 0ObIvHO
HOMCKOBOIM CUCTEMbI BbIHYZK/IEH UTEPATUBHO 11epebOpMy/IMpOBaTh CBOM KOPOTKUE 3allPO-
Cbl, PACHIUPssd 30HY IIOUCKA 110 Mepe YCBOEHUsI TEePMUHOJIOIMH LPEJMETHON 00/1acTH, lie-
PUOIIMYECKH IePECMATPHBAs M CHCTeMATH3UPYS PE3YJIbTATHI MOKCKa. DTO Tpebyer 3aTpar
BPEMEHH U BBICOKOiT KBasmdukamun. [Ipi oTcyTCTBIN HHCTPYMEHTA JJTs IOJIY IeHUs «00-
el KapTUHbLY OCTAETCs COMHEHHEe, YTO KAKUe-TO BazKHble aCIIeKThl n3y4aeMoil 1pobJjieMbl
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TaK U He Oblin Haifjienbl. Eciim 00pa3sHo HpeJcTaBuTh UTEPATUBHBIN HOUCK Kak OJIyzKjia-
HUE 110 JJAOUPUHTY 3HAHUII, TO Pa3BEJOYHBIN MOUCK — 3TO CPEJCTBO aBTOMATUYECKOIO
HOCTPOEHMS KapThl /e JTI000i 9acTu 3TOro JIabupUHTA.

TeMaTVIHeCKVIVI MOUCK. HOJIHOTGKCTOBBIG IIOUCKOBbIE CHUCTE€Mbl OCHOBAHbl Ha MHBEPTHU-
POBAHHBIX MHJIEKCAX, B KOTOPBIX JIsI KazK/IOrO CJI0BA XPAHUTCS CIIUCOK COJIEPKAIIHUX €ro
nokymeHToB [13]. ITouckoBast cucTeMa HIIET JTOKYMEHTBI, COJIepZKAllie Bee CI0Ba 3aIpoca,
HOITOMY 110 JIIMHHOMY 3allpOCy, CKOpee BCero, Hu4iero He oOy/er HaiijieHo.

Cucrema TeMaTHYECKOIO PA3BEAOYHOTO IMOUCKA CHAYAJA CTPOUT TEMATHIECKYIO MO-
JIeJIb 3aIPOCca U OIPEIE/IsieT KOPOTKUM CIUCOK TeM 3alpoca. 3aTeM JJIsi [MOMCKA JIOKY-
MEHTOB CXOXKeil TeMaTUKU HPUMEHSIOTCS Te Ke MeXaHU3Mbl WHJICKCUPOBAHUS U IIOUC-
Ka, TOJbKO B POJIM CJOB BBICTYHAIOT TeMbl. [[OCKOJIbKY YHC/IO TeM Ha HECKOJbKO II0-
PSJIKOB MEHbIIIE 00bEMa CJIoBaps, TeMAaTHYEeCKHN MOMCK TpeOyeT HaMHOI'O MEHBIIE IIa-
MATHU 11O CPpaBHEHUIO C IIOJIHOTEKCTOBBIM IIOMCKOM W MOZKET 6bITb peaJin30BaH Ha BeCb-
Ma CKPOMHO#I TexHuke. TexHoyiorun nH(OPMANUOHHOIO HOUCKA HA OCHOBE TEMATHYECKO-
ro MOJICTUPOBAHUS B HACTOMAINEE BpeMsl HAXOIATCS B CTaJIMHM HCCJIEJOBAaHUNi U pa3pado-
Tok [139, 28, 115, 35, 18, 160).

B nmureparype 1o pa3Beio4HOMY IIOUCKY TeMaTHIECKOe MOJICTHPOBAHIE CTAIU UCIIOb-
30BaTh OTHOCHTEJIbHO HegaBHO [130, 58, 127, 147, a MHOrHe 0630pbI 0 HEM BOODIIE HE YIIO-
muHator [54, 123, 137, 68, 90, 65|. B crarbe [147| BazKHbIMEH HPEHMMYHIECTBAMU TeMATHYe-
CKHUX MOJIeJiell Ha3bIBalOTCs M'MOKOCTh, BO3MOXKHOCTU BU3YaJIM3alluid 1 HaBuranuu. B To xe
BpeMs, B KadeCcTBe HEJOCTATKOB OTMEYAIOTCS IMPOOJIEMbl C HHTEPIPETHPYEMOCTBIO TEM,
TPYAHOCTU C MojuMpuKaueii TeMaTuIecKoi MOJEIN MPH MOCTYIJIEHUU HOBBIX JIOKYMEH-
TOB U BbBICOKafd BbIYUCJJIUTE/IbHAA CJIOZKHOCTD. STI/I HpO6ﬂeMbI OTHOCATCA K yCTapeBHIUM
MeTOJaM M YCIIeHIHO pelleHbl B IIOCJ/IE€JHUE I'0Abl: AECATKU HOBbIX MO,ZLe.HefI pa3pa60TaHbI
JIJIsI YJIY 9IlleHUs] UHTEePIIPETUPYEMOCTH; OHJIAMIHOBbIE aJI'OPUTMbI CIIOCOOHBI 0OpadaThiBaTh
GOJIbIIIe KOJUTEKIUU M MOTOKH JOKYMEHTOB 3a JinHeiiHoe BpeMst [97, 26, 148]. C apyroii
CTOPOHBI, B paboTax M0 TeMaTHIECKOMY MOJEINPOBAHUIO PAa3BEIOYHBIN MOUCK YACTO Ha-
3bIBalOT OJHUM M3 BazKHENIINX HpI/I.HO)KGHI/Iﬁ, a OCHKHN KavdeCTBa ITOUCKaA UCIIOJIb3YIOT JJIA
Basanuu Mogesteii |174, 19]. Oxuako 9tu nccsieoBanust MOKa He HPUBEJU K CO3IAHHIO
O0IIEJIOCTYIIHBIX CUCTEM Pa3BeJ0YHOIO 1OUCKA. BCé 310 roBopuT 0 pazobiuéHHocTn HaYy Y-
HBIX COODIECTB, pa3padaThIBAIONINX STH JIBA HAIIpaB/eHusd. TeHaeHusa K uxX cOMUKeHUIO
HAMETUJIACDH JIMIIb B IOCJIE/THIE TOJIbI.

TemaTudeckas MOJEIb /sl Pa3BeJOYHOrO IMOMCKA JIOJNZKHA YAOBIETBOPATH MHOTI'UM
TpeboBaHusM 0iHOBpeMeHHO. OHA JI0/IKHA COCTOSTh M3 XOPOIIO HHTEPHPETUDPYEMbBIX TEM,
IIOCKOJIbKY T€Mbl MHTEHCUBHO HCHOJIB3YIOTCA B I110JIb30BaTE€/IbCKOM I/IHTep(beﬁce AJId Ha-
BHUTAIMHU 110 KOJUIEKITMU ¥ BU3yaJIU3AIUU PE3y/IbTaToB rnoucka. OHa JI0KHA OBITH pa3pe-
JKEeHHO{1, 9TOOBI KazK/IbIil JOKYMEHT COCTOSLT U3 HEOOJIBIIIOr0 YHC/Ia TeM — 3TO HeOOX0 MO
Jist 3 hEeKTUBHOrO XpaHeHUs HHBEPTHPOBAHHOIO HHAeKca. OHa JI0/IZKHA OBITH HepapXu-
4eCKOi, 4TOObI 110JIb30BATE/Ib MOI' IOJIYyYUTh IPEJACTABICHUE O TEMATUICCKON CTPYyKTYype
npeaMeTHol obsracTu Ha JI000M ypoBHe Jetajn3anun. OHa J0/2KHA aBTOMATHIECKH OIIPe-
JIeJIATD YUCJI0 TeM Ha KazKJO0M YPOBHE HEPAPXUHM U aBTOMATHYECKH CO3/IaBaTh U MMEHO-
BaTh HOBbIe TeMbl. OHAa JIOJIZKHA ObITH MYJHTUIPAMMHOMN, TaK KaK BbIJIEJICHHE KJIIOUYEBBIX
¢dpa3 1 TepMUHOB CYIIECTBEHHO Y/Iy4IIaeT HHTEPIPETHPYEMOCTb TeMbl. OHa J0/12KHA OBITDH
MYJIbTUSA3BIYHON B TeX HPUJIOKEHUSX, Ijie Tpedyercss KPOCC-s3bIYHbII 1HOUCK, HAIIPUMED,
Ipyu aHaju3e mareHTHbix 0a3. OHa J0/KHA ObITH MYJIBTUMOIAIBHO, 9TOOBI yIUTHIBATD
MeTaJaHHbIC JOKYMEHTOB, BKJIIOYad aBTOPOB U HUTUPOBAHHE. OHa JOJIZKHa 6bITb TEeM-

91



HOPAJIbHOM, 9TOOBI BBISIBJIATH AMHAMHUKY pas3Burus TeM. OHa J0J2KHA ObITh CErMEHTH-
pyfoieit, 9To0bl He TOJBKO HAXOJMTh PEJIEeBAHTHBIE JTOKYMEHTHI, HO U YKa3bIBATh B HUX
KOHKpeTHbIe cerMeHThl. OHa JI0/IzKHA OBITh 00y4aeMoil 110 OIeHKaM acecCOpOB HJIU JIOraM
oJb30BaTe eil, IYTOOBI IOCTOSHHO YJy4IlIaTh KadecTBO Imoucka. Hakowmer, peasu3aius
JIOJI2KHA OBITH OHJIAHOBOI, apaJsie/IbHOR U pacipeneéHHoi, 4To0bl 3 deKTHBHO 00pa-
barbiBaTh DOJIBIINE KOJLUIEKIIUKE TEKCTOB. TakKuM 00pa30M, MHOI'ME BO3MOXKHOCTH JIOJIZKHBI
ObITH O0'bEIMHEHBI JIJIsi CO3/aHUsI CEPBUCOB PAa3BE0YHOIO ITOUCKA.

KadecTtBo pa3Bego4Horo noucka. Mogeab ARTM s pa3BempodHoro momcka Oblia,
upesiozkena B |[17| u yayumena B 172, 64]. [lyist u3mepenusi KadecrBa pas3BeJo0vHOIO Te-
MaTHYIEeCKOT'O IMONCKA HCHOJb30BAJUCH KPUTEPUH TOYHOCTH U IMOJHOTHI Ha OCHOBE OIEHOK
aceccopos. /s oneHnBaHus ObLIa COCTaBjIeHA BHIOOPKA 3aIlIPOCOB — 3a/IaHMil Pa3BeI0U-
HOro nmoucka. Kazk eIl 3ampoc mpeacTaB/idil coboil TeKCT 00 bEMOM OKOJIO OJHOM CTpaHUIILI
dopmara A4, onuchiBaOIMMi TeMAaTUKY MOMCKa. Kaxkoe 3ajaHue cHava/1a BhIIIOJIHAIOCH
HE3aBUCHUMO HECKOJbKUMHU aCeCcCOpaMM, 3aTeM CHCTEMON TeMaTH4eCKOIr'o MOUCKa, 3aTeM
e€ pe3yJbTaT CHOBa OIEeHHBAJCA aceccopamu. /[aHHas MeTOIWKa IMO3BOJISET, €IIMHOZKIbI
clieJlaB pa3MeTKy pe3yJibTaToB IIOMCKA, MHOIOKPATHO OIleHNBATH KaUeCTBO PAa3JIUIHBIX Te-
MaTHYIECKHX MOjeseil 1 MeXaHH3MOB IIOMCKA. JKCIIEPUMEHTHI Ha KOJIEKIuaX 175 Thicsad
crareil pyCCKOA3bIMHOIO KOJLJIEKTUBHOI'O OJsiora habrahabr.ru u 760 Thicsu crareit aHrio-
sI3bIYHOIO OJ101a techcrunch.com nokas3aJjiu, 9TO TeMAaTUYECKUN HOMCK HAXOJAUT OOJIbIe
peJIEBAHTHBIX JIOKYMEHTOB, YeM aCeCCOpPbl, COKpalllas CpejHee BpeMs IIOUCKa C MOJIyda-
ca JI0 CeKyH/ibl. KoMOMHUpOBaHUE PEry/spu3aTOpPOB JAEKOPPEIUPOBAHU, Pa3PeKUBAHUS
U CIVIA?KUBAHUS BMECTE C MOJAJbHOCTSAMU N-T'PAMM, aBTOPOB U KaTeropuil 3HAUUMO YJIy4-
HaeT KadyecTBo IIOUCKA U 103BoJideT J1ocTudb Tounoctu Bbiiie 80% u nosnors soie 90%.

Busyanusauunsa. Cucremarusaius pe3yIbTaToOB TEMaTHIECKOTO IIOUCKA HEBO3MOXKHA 6e3
MHTEPAKTHBHOIO rpaduveckoro npejacrasienus. B ob63ope [2] onmcwiBaiores u cpaBhu-
Batorcd 16 cpejcTB BU3yaJM3allud TeMaTHYeCKUX MOje/ieil Ha OCHOBe BeO-unrepdeicos.
Emé 60/bIe nieil MOKHO HOUEPIHYTh I3 HHTEPAKTUBHOIO 0630pa’, KOTOPHIil HACINTHIBA-
et 6ostee 400 cpe/icTB Bu3yaau3anuu TeKcToB. HecMoTps Ha Takoe HOraTrcTBO TEXHHYIECKHX
pelIeHuil, OCHOBHBIX U/Ieil BU3yaJIM3aIlUd TeMaTHIeCKUX MOJIesieil He TaK MHOT'O: 9TO JIHOO
JIByMepHOe 0TOOpaKeHue CeMaHTU4YecKOi O/im30cTH TeM B Bujie rpada mim <«JI0POXKHON
KapTbly, JIMOO TeMaTudeckas uepapxus, jiubo JIMHAMUKA Pa3BUTUS T€M BO BpeMeHH, Jinho
rpacdoBast CTPYKTypa B3aUMOCBsI3ell MEK/ly TeMaMu, JJOKYMEHTaMU, aBTOPAMU W/ UHbI-
MU MOJAJIbHOCTSMH, JTUOO CerMeHTHas CTPYKTYpa OTAEJIbHBIX JTOKYMEHTOB.
['pacdbuueckas Buzyan3aims OOJIBIINX JAHHBIX IPAKTUYECKH OECII0/Ie3Ha B CTATHIHOM
UCIIO/IHEHUHU, HO MOZKET OKA3aThCd MOIIHBIM KOTHUTHBHBIM CPEJCTBOM B C/Iy9ae HHTEPAK-
THBHON peajin3anuu. D10 ObLIO moHATO Oosiee 20 jer Hazam u chopmyanpoBano benom
[[Tueitepmanom B BUIE MAGHMPE BU3YAALHO20 NOUCKE UHPOPMAUUL: «CHATAIA KDY IHBI
ILTaH, 3aTeM MacIabupoBanue u GUILTPAIUS, JeTaId o TpeboBanmio»® [135].
['pacbuueckoe orobpazkeHue pe3yabTaToB TEMATHIECKOTO MOJICTHPOBAHUS U Pa3Be 04-
HOIO IOMCKa coryiacyercs ¢ Kouneniueii daavnezo wmenus (distant reading), npesyio-
JKeHHoit conmosiorom smreparypbl @panko Moperru [102]. On nporusonocrassier 1ot
c1ocob u3ydeHusi TeKCToOB Halemy obbraHomy 4renuio (close reading). HeBosmoxkno npo-

"http://textvis.lnu.se — MHTEPAKTUBHLII 0630p CPEJICTB BU3YaIU3AIUN TEKCTOB.
8Visual Information Seeking Mantra: «Overview first, zoom and filter, details on demand» [135].
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YUTATh MUJ/IJIMOHbI KHUI' WM CTaTel, HO BIIOJIHE BO3MOXKHO IPUMEHUTH CTATUCTUYECKUE
MeTO/Ibl U I'papuyecKkyio Bu3yau3aluio, 4To0bl HOHATH B ODIIUX Yeprax, O 4éM BCsd ITa
JuTepaTypa, U HayIuThCd ObICTpee OTBICKUBATH HyKHOe. «/lajibHee dTeHme — 3TO CIernu-
aJibHasd popMa Mpe/ICTaBIeHNs 3HAHWI, B KOTOPOWl MEHbBIIEe 3JIeMEeHTOB, IPyOee CMBICT UX
B3aUMOCBA3eil, 0CTAlOTCA UMb (POPMBI, OTHOIIEHH, CTPYKTYPBI, MOJCIH»”.

g oubsmorekn BigARTM B HacTosIIee BpeMsl Pa3BUBAETCS MHCTPYMEHT BU3YaJn3a-
nuu ¢ seb-unrepdeitcom VisSARTM!?, nopepxuparomuit Bazkueiinme ¢popMbl IpeICcTaB-
JIeHHsI TeMaTuIecKux mojeneii. iarepecnoit Bo3moxkHOCTHIO ViSARTM gBiserca mocTpo-
eHle cnexkmpa mem — PAHKUPOBAHHOTO CIIMCKA TeM, B KOTOPOM CeMAaHTUYECKH OJU3KUe
TeMbl HaXOIdaTcd pAnoM. ['pynmupoBanue TeM Mo CMBICTY TOMOTaeT HOJIb30BaTeIsIM OBICT-

pee HaXOAUuThb TeMbl, aKIICHTUPYA BHUMAHHUE HA PA3JIMIUAX MEKIY OJIMBKUMU TEeMaMHu.

20 3akar4yeHune

TemaTudeckoe MOAETUPOBAHUE SBISIETCA OJHAM U3 WHCTPYMEHTOB CTATHCTUIECKOTO
AHAJIM3a TEKCTOB. 3a MOJITOPa JECATUIeTHs] HHTEHCUBHDBIX HCCAEI0BAHUI CO31aHbl COTHH
TeMaTu4YecKux Mojiesieit. Muorue u3 HUX yJ/1aJI0Ch BKJIIOYUTH B JIaHHBIH 0030D.

Hecmorpsa Ha ycrmexu treMaTudecKux Mo/jie/ieil, 0 KOTOPBIX COOOMIAIOT HAy4IHbIe I1y0/11-
KaIlii, Ha TPAKTHKe UCIOJIb3YeTCsd B OCHOBHOM YCTapeBIIas MOJIETb JJATEHTHOTO pa3Mele-
uus Tupuxie (LDA). Bosbinoe paznoodbpasue Mojeseil, CJI0KHOCTh HX MATeMATHIECKOTO
OIIMCAHUS HA si3blKe 0alieCOBCKOIO 00yueHMsl, HECOBMECTUMOCTD peaJiu3aluii co3aior oa-
pPbepbI JJId IPAKTUYECKOr0 IpuMeHeHust 60J/1ee MUPOKOTo CIIEKTPa MOIEJIeH.

Teopust addumuenoti pezyaspusayuyu memamuueckur modeaetc (ARTM) u mpoekr
C OTKPBITBHIM KOJI0OM BigARTM HalesieHbl Ha 1peojiosieHne 3Tux bapbepos. B ARTM remarn-
JecKasg MOJEb OIPeeNATCsa IPOCTON BEPOATHOCTHOM MOPOZKIAIONIEN MO/IeTbIO, OTTUCHIBa~
IOIIEH CTPYKTYPY HPOCTPAHCTBA IIAPAMETPOB, U «MEIIKOM PeryJsipu3aropoBy, 3a/Ial0IIIuX
JIOIIOJIHUTE/IbHbIE TpeboBanusi. Peryjisipu3aropbl aJi/IMTUBHBI, B3AaUMO3aMEHSEeMbl, UX JIeT-
KO KOMOMHUPOBATH ¥ IIEPEHOCUTH U3 OJIHUX MO/IeJIeH B Jpyrue, 4To MPUBOIUT K MOJLY/IbHOTT
TeXHOJIOTHH MojiesimpoBanusg. Co3aanue MoJie/in ¢ TpedyeMbIME CBOMCTBAMU 110/T KOHKPET-
HOe IPUJIOXKEHHEe He TpeOyeT HU TPYA0EMKUX MaTeMaTHYeCKUX BBIKJIAJIO0K, HU CO3TaHUS
AJITOPUTMUYECKH CJIOZKHOT'O KO/IA.

B GaitecoBckom 0OyueHuu JIONOJIHUTE/IbHBbIE TPeOOBAHUS BCTPAUBAIOTCH B CTPYKTY-
Py HOPOXK/IAIOIIEH MOJIe/IN, CUJIbHO YCJI0XKHSS BBIBOJ, U HE OCTaBJIsISI BO3MOXKHOCTEM J1J1st
MOJIyJIbHOI peasin3aruu. bBaliecoBckuii BBIBOJ JijIsd OOJIBIIMHCTBA MOJeseil, OMUCAHHBIX
B JIAHHOM 0030pe, TpeOyeT HEeCKOJbKHX CTPAHMII BBIKIAJIOK. ZI3BIK K/IacCHuecKoil pery-
JISIPU3AINN OKA3bIBAETCd He MeHee BhIpa3HTeTbHBIM, HO HAMHOTO 0oJtee mpocTbiM. ARTM
COKpaIaeT BbIBOJ OYKBaJIbHO /10 HECKOJIbKUX CTPOK. EJIMHCTBEHHOE, 9TO MBI IIPU 9TOM Te-
psieM — BO3MOKHOCTH OIEHUTDH HE TOJILKO 3HAYEHUSI IapaMeTPOB MO/IE/IM, HO U UX paclpe-
Jenennd. B npakTuke TeMaTHIeCKOTO MOJETHPOBAHUS 3Ta BO3MOKHOCTH HUKOTIA TOJTKOM
He UCIIOJIb3YeTCs, TaK YTO MOTeps He BeJIUKa.

9 «Distant reading is not an obstacle but a specific form of knowledge: fewer elements, hence a sharper
sense of their overall interconnection. Shapes, relations, structures. Forms. Models.» [102].
O ®@enopaxa 1. C. TexHomorusa MHTePAKTUBHON BU3yaln3allii TeMaTHIeCKHX Mojeneil. Bakamaspekas
nuccepranust, MOTU, 2017 (www.MachineLearning.ru/wiki/images/d/d8/Fedoriakal7bsc.pdf).
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JlomunupoBanue 6ailecCOBCKOIo 10/1X0/Ia B TEMATUYECKOM MO/IE/IMPOBAHUU U PA300IIEH-
HOCTb aKa/JI[EMUYECKOI'0 ¥ HMHJLyCTPUAJIBHOIO COOOIIECTBA IPUBOJIUT K PACIPOCTPAHEHUIO
HEKOTOPBIX 3a0/1y2K/IeHU, JIOCTOHBIX YIIOMUHAHUSA U KPUTHUKH.

«Temarnueckoe mojesimposanue — 310 B ocuoBuom LDA». Her, ectb cornu moieseit,
PEeLIAoINX Pa3sHOOOPA3HbIE 3a1a9K, ¢ KOTOPBIME ILJI0X0O cupasisercs LDA.

«TemaTudeckoe Mo/ie/JIMPOBAHKE O/IXO/UT TOJIbKO JIJIsI aHaJu3a TeKcToBy. Her, ecth
MOJIEJIH JIjI aHAJIN3a N300parKeHuil, Bu/ieo, rpadoB, CUTHAIOB, TPaH3aKIUI.

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

«Temarunueckue MOJeJId IIPEeACKA3bIBAOT 9aCTOTBI CJIOB B JOKYMEHTaX». q)OpMaIIbHO
Jda, HO UX IeJb B JPYI'OM — BbIsfBJICHHE KJIaCTepHOfI CTPYKTYPbI KOJIJIEKIIUH.

«Tembl 9acTO OKA3BIBAIOTCS AYOJUPYIOMUMA WA ILJIOXO HHTEPIPETUPYEMBIMIEY.
1o tak B LDA. ITpoGsiema permraercsi ¢ mOMOIIBIO JIPYTUX PEry/isipu3aTopoB.

«TemaTudyeckne Mojie/in OCHOBaHbI Ha I'MIIOTE3€ Melika cjoB». MHorue, HO He Bce.
Temarudeckue mojesn n-rpamm, OUTEPMOB, IPE/JIOKEHUH, CeIMEHTAIMU, PeryJis-
pusaropbl E-11ara mo3Bosisiior yYuThiBaTh MOPSI/IOK CJIOB B JOKYMEHTaX.

«Temarnyeckue BEKTOPHI HE OTPAXKAIOT CMBICJ CJIOB, Kak word2vecs. 910 Tak
B OOBIYHBIX MOJIE/ISAX, KOTOPBIE CTPOATCS 110 9aCTOTaM CJIOB B JOKyMeHTaX. Ho MoxK-
HO CTPOUTH TeMaTHYEeCKHe MOJIEJH 10 YacTOTaM IapHbIX COYeTaHHil CJIOB, KakK
u word2vec. Temarnueckue BekTopsl B Moje/sx ourepmos (BitermTM) win ceru
ciaoB (WNTM) He TOJIBKO OLPEENSIOT CeMAHTHYECKYIO OJIM30CTh CJIOB, HO U 0bJIa-
JIAIOT CBOMCTBAMEU MHTEPIIPETUPYEMOCTH U PA3PEZKEHHOCTH.

«Temarnueckass mozmesnb LDA nepeobOydaercsa ropa3ao menbine, dem PLSAs». Her,
X Ka4ecTBO IIPUMEPHO OJMHAKOBO, OCOOEHHO Ha 00bImnX Kosutekmuax. LDA ocro-
pOKHEe OIEHNBAET BEPOITHOCTH pPeAKHX CJI0B. POPMAJBHO 9TO Y/IydIIaeT IpaBio-
10/1001e, XOTs TU CJIOBA MPAKTUICCKH He BayKHBI JIJI OMHCAHIS TEM.

«Temarnueckas momenp LDA mmeer HaMHOro MeHbIe mapaMerpoB, deM PLSA».
Her, marpunst ® u © onenuBaiorcs B 00enx MOJE/IsIX, OCKOJIbKY OHM HYZKHBI JIJIsT
upusioxkenuit. Ha camom gesie 8 LDA Gosibmie napaMerpos, 100aBasg0Tca 5 U .

Hekoropsie npobsemsbr moka ocraforcs oTKpeiTeiMu B ARTM. Kak mogbupars Ko3¢-
dUIEEeHTH Peryasipu3aiuid aJalTHBHO W OJTHOCTHIO aBTOMATHYECKH B XOJ€ UTepaluii’
Kak pemrhb 11pobjiemy HecOaJiaHCUPOBAHHOCTU TeM, KOTIJIa KPYIIHbIE TeMbl Pa3/1e/IAi0TCs
1 00pa3yioT TeMbI-IyOJIMKATHI, a MeJKHe O0beJTUHSIOTCI U 00pa3yloT MyCOPHbLIE TE€MbI?!
Kak obecrneyuTs mocrpoeHue MmoJHOTO HabOpa XOPOIIO HHTEPIPETHPYEMbIX TeM?

B nmamHBI 0030p HE BOILIH HEKOTOpbIE BarKHbIE THIIBI MOJIe/eil, HAIIpUMep, /I aHa-
Jin3a n300pazkeHuil ¥ BUEONOTOKOB, aHHOTUPOBAHUSI N300PaAKEHUiT, PEKOMEH,1aTeIbHBIX

cucreM, CyMMapu3allii TEKCTOB, aHaJIu3a TOHAJIbHOCTU W BbIABJICHUA MHeHI/II‘/'I, HUCIIOJIb-
30BaHUdAd U IIOCTPOCHUA OHTOJIOFI/Ifl, O6Hapy)KeHI/IH HOBbLIX T€M U IIPOCJIezZKUBaHUA HOBOCT-
HBIX CIOZKeTOB. Takyke He ObIJTN 3aTPOHYTHI BOMPOCHI MHUIMAIN3ANANA ¥ aBTOMATHIECKOTO
nMeHoBaHud TeM. He Hama oTpazkeHus B 0030pe HOBasI TeH IEHITUs CO3aHUs THOPUTHBIX
MOJIeJIel Ha OCHOBE TeMaTu4eCKOr0 MO/IeJIMPOBAHUA U HEHPOHHBIX CeTe.
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