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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
sexmopnoir npedemasaenutl caos (word embedding) [95, 80|, npemtoxkenuii [113, 170]
1 T0KyMeHTOB [44]. OcobeHHOCTh BEPOATHOCTHBIX TEMATHYECKUX BEKTOPHBIX IIPe/ICTABIe-
HUIl TEKCTA B TOM, 9TO OHU WHTEPHPETUPYEMbIE U PA3PEKEHHBIE.

Temarudeckoe MOJEJUPOBAHUE HOXOXKE Ha Kaacmepusayuto doxymenmos (document
clustering). Orindne B TOM, 9TO IPU KJIACTEPU3AIMH JOKYMEHT [EJTUKOM OTHOCHTCSI K OJI-
HOMY KJIACTepy, TOI/la KaK TeMaTHIecKas MOJeJb OCYIECTBIACT MAZKYN KAACTNEPUI3a-
yuro (soft clustering), pa3zzessis JTOKYMEHT MeXK/y HECKOJbKUME KJIACTEPAMI-TEMAM.
Temarudeckue MOJIE/IM HA3BIBAIOT TAKZKE MOJIE/ISIMEA MSATKONH OU-K/IaCTePU3AIUU, IOCKO/Ib-
Ky CJIOBA TaKKe KJIACTEPU3YIOTCS 110 TeMaM. DTO MO3BOJIAET 0OXOAUTH PODIeMbI CHHOHU-
MUH U moucemMun caoB. CHHOHHMBI, yIIOTpeO/isieMble B CXOXKIX KOHTEKCTaX, IPYIIIHPY0T-
cd B OJIHHX U TeX 2Ke TeMax. MHOro3HavHbIe CJIOBA U OMOHHUMBI, HA0OOPOT, PACIIPE/IE/ISIOT
CBOM BEPOATHOCTH II0 HECKOJBKHM CEMAHTHUIECKH HE CBSI3aHHBIM TEMAaM.

Muorue npujiozeHusi TeKCTOBON aHAJIUTUKU UCIIOJIb3YIOT TEMATHIECKUEe MOJIE/IN: BbI-
sIBJICHUE TPEH/IOB B HOBOCTHBIX HOTOKAX, IATEHTHBIX Da3ax, Hay4dHbIX myOuukanusx [180,
145|, muorosi3pranbiit madOpMaronublii mouck 155, 154|, kiaaccudukanus u Kareropusa-
nust gokymento [130, 183, Temaruueckasi cermenTanust TekctoB [166, 127|, cymmapusa-
IUsT TEKCTOB [84], MOUCK TeMaTuIecKuX coODIIECTB B CONUATBHBIX cerax [182, 147, 119, 34|,
TerupoBanue Beb-crpanui |74|, obuapyzkenne rekcrooro crama [14]. CymecrByor u ne-
TEKCTOBBbIE HPUJIOKEHHS TeMATUIECKOTO MOJEJUPOBAHUS B aHAJN3€ N300paykeHuil u Bu-
Jeorotokos |62, 83, 55, 146|, B pekomenaresbubix cucremax 174, 161, 78, 177, 176|,
B MOIY/IAUOHHOI reHernke [122], B GnonndopMaTike i aHaIn3a HYKICOTHTHBIX |75
1 AMHHOKHUCJIOTHBIX MocaemoBaresbaocreii [135, 73], JIpyrue npuiokeHust TeMaTHIecKux
MoJIeJielt yiioMuHaloTest B 0b3opax [45, 29, 36, 126].

[TocTpoenune TemaTnIecKoi MOIE/H O KOJIJIEKIUHN JIOKYMEHTOB SBJISIETCsl HEKOPPEKTHO
HOCTABJIEHHOW ONTUMU3AIMOHHON 3a/laueil, KOTopas MOXKeT UMeThb OeCKOHeYHOe MHOZKe-
crBo pemrennii. Corsacao Teopuu peryasgpusanun A. H. Tuxonosa [15], perrenne Taxoii
31291 BO3MOXKHO JOOIPEIeIUTD U CAeIaTh YCTORINBBIM. /I/Is 9TOro K ONTHMHA3AIIOHHO-
My KPUTEPHIO T00aBISETCI Pe2yAApu3amop — AOMOJTHUTETbHBIN KPUTEPHii, yINTHIBAIO-
it crieruduydeckre 0COOEHHOCTH IPUKJIAIHON 3a/1a91 WA 3HAHUS IIPEJIMEeTHOI 00/1acTh.
B cioxnubIX 33/1a9ax JIONOJIHUTE/IBHBIX KPUTEPUEB MOYXKET ObITh HECKOJIBKO.

Addumusnas pezyaspusayus memamuueckur modeset (additive regularization of
topic models, ARTM) — 570 MHOTOKpHUTEPUATIBHBIN MOAXO0/], B KOTOPOM MOJIE/Ih OMTHMU-
3UpyeTCsl MO B3BeleHHo cymme kputepues [4, 152]. ARTM nmo3BoJisieT CTPOUTH MOJIEIN
¢ TpedyeMbIMU CBOMICTBAMU, LEPEHOCs PEry/IPU3aTOPbl 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 iu [150, 56, 71]. Mosy/ibHas TeXHOIOTHS peaan30BaHa B Oub/IHO-
TeKe TeMaTUIeCKOro MOJe/JTNPOBaHUsS C OTKPBITBIM KOsioM BigARTM, http://bigartm.org
[150, 56]. [Toguepkuém, aro ARTM He siBjsieTcst emié OHOil MOJIETbIO I 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,H‘e.)'[eI';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 " O6CTOHT€.HBHOCTI/I
0030p OaliecOBCKUX MOjieJieil 3aHs/1 Obl MHOI'O COTEH CTPAaHHUIL.

Pazniensr 2-4 ansiorca 6a3obiMu. B pasmenax 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,H‘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-
PUTMOB, B TOM YHCJI€ IPUEMBI YCKOPEHHS CXOIUMOCTH U pacliapaJuienuBanusd. Pazmgen 18
COJIEPZKUT HavdaJIbHbIe cBeJleHus o oudbmmoreke BigARTM. B paszneste 19 obcykaaercs npu-
MEHEHUuEe TeMaTH41eCKOIro MOJCJIMPOBaHUA JJId PA3BEL0YHOIO I/IH(l)OpMaI_[I/IOHHOFO IIOHUCKa.
B pasjiesie 20 naxojurcsi KpaTkoe 3aK/JII0UYEHUE.

Hwuke npuBenena cxema 3aBUCHMOCTH pa3jiesioB. Pa3jebl BepXHero psijia aBJISIOTCS
OCHOBHBIMU, HUKHEIO — JIOTIOJIHUTEIbHBIMU.
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2 OcHoBbI TeMmaTn4eckoro MoAaesimnpoBaHUA

B sTom paszesie Mbl BBeJEM OCHOBHBIE MOHATHS W MOCTABUM 33Ja9y TeMaTHIeCKOrO
MO/IeJTUPOBAHUS KaK 3329y MPUOTMKEHHOTO HI3KOPAHTOBOI'O CTOXACTUIECKOTO MaTpPUU-
HOro passioxkenusi. C nomoribio gpopmysbl Baiieca n 4acTOTHBIX OIMEHOK yCJIOBHBIX BEPO-
STHOCTEH HOJIyYMM MTePAIMOHHbIN 1porece, HasbiBaeMbiit EM-ajaropurmom. [Houemy on
JIERCTBUTEILHO PellaeT IIOCTABJIEHHYIO 33/1a4y, Y3HaeM B CJIeyIOIeM pasJedie.

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/IbHBIN [Ta/1e2K, €/IMHCTBEHHOE YUCJ/I0; /IJIsl HPUIAraTe/ IbHbIX — UMEHUTE/IbHBI 11a-
Je2K, €JIMHCTBeHHOE 4YUCJI0, MYXKCKOU pOJI; JJId IJIAroJIOoB, LIPUYACTU, JAeenpudacruit —
aros B udaguanruse. XOPOIMUME JIEMMATU3ATOPAME JIJIs PYCCKOT'O $I3bIKA, CUUTAIOTCS
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-
TUKH — HPEJJIOTU, COIO3bI, YUCIUTEIbHBIC, MECTOMMEHUS, HEKOTOPbIE IJIAr0/Ibl, HPU/Ia-
raTejbHble, Hapednd. UMcI0 TakKuxX CI0B OOBIYHO BapbUpYyeTCd B IpeesiaX HEeCKOTbKUX
coren. Ouu GecroJIe3HbI 71 TeMATHIecKuX Mojeneii. 1Ix orOpacbiBanyie mouTH He BIUSET
Ha 00'bEM CJIOBApsi, HO MOYKET MPUBOIUTH K 3aMETHOMY COKPAIIEHUIO JJTHHBI 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-
HOW 00/1aCTH — HCIOJIB3YETCS JIjIsl Y/IYUIeHUusI HHTEPHPETUPYEMOCTH TeM. Boijiesith ux
MOZKHO C [OMOIIBIO Te3aypycoB |12| wim MeTo10B aBroMaTHdecKoro BblJAEIeHHs] TEPMUHOB
(automatic term extraction, ATE), e TpeGytomux npus/edenus skcnepros [52, 85, 132].

Pacnosnasanue umenosarnnx cyusrocmetd; (named entities recognition, NER). 9o na-
3BaHUS O0OBEKTOB PeaJbHOI0 MEPA, OTHOCIIINXCS K ONPeIeTEHHBIM KATerOpUsIM: IepCco-
HbI, OPraHU3AIUU, [€OJTOKAIMH, COObITHSI, JAThI, U T. JI. JIJIs pacno3HaBaHusi UMEHOBAHHBIX
CYIHOCTEH UCIOJIB3YIOTCs PA3JIMYHble MeTO/bI MaMHHOro obydenus [104, 76, 110].

[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 JieBoil yacTu paBeHCTBAa HAXOAUTCA MATPUIA YACTOT TEPMOB B JIOKY-
venrax F = (p(wld)),, .,
IPOU3BeJIeHNe JBYX HEM3BECTHBIX MATPUIL — Mampuybs mepmos mem ® = (Qui)wxr 1
mampuys, mem dokymenmos O = (Oig)rxp. O6prano wncso Tem |T'| MuOoro mensmre |D|
u ||, mosromy 3a/aua TeMATHIECKOrO MOJETUPOBAHUSI CBOJUTCS K MOUCKY TPUOTHKEH-
HOIO MaTPUUYHOIO pasJoxkenust F' =~ O, paur koroporo He upesbiiaer |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.

KoTOpasg HaM u3BecTHa. lIpaBas dacTb npejcrapisier coboi



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,

; - )
2 = S,
kel
rae (z)1 = max{0,z} — onepanus nosoxureabHoi cpesku. Ecin x; < 0 s Beex @ € I,
TO PE3YJIBTATOM OlePATOPa NOTI MO ONPE/IEEHUI0 AB/IACTCA HYJIEBOH BEKTOD.

Jlemma 3.2 (o makcumusanum Ha cumiuiekcax). Ilycrs ¢ynkmus f(§2) mempepsis-
Ho quggepennupyema 1mo Habopy BeKTopos () = (w;)jes, w;j = (wij)ier,, Boobme ropop4,
pasmaabix pasmepuocreii |I;|. Torga BeKTopbl wj JIOKAJIBHOIO SKCTPEMYMa 384491

f() — max;
Zwij = 1, ] c J7
iEIj

wijEO, iEIj,jEJ;

npu yeaosun 1° 2 (Fi € I;) wy; awf > 0 yA0BJIETBOPSIOT yPABHEHHSIM
w;j = norm | w 1€ L 13
) SR 1)
npu yeaosun 2° : (Vi € I;) Wwa <0 m(Jiel;) w; awf < 0 — ypaBHenusim

Wij = norm(— ﬁ), i € 1j;

( Wij
i€l 8(A)i j

B IpoTHBHOM caydae (yemosne 3°) — OMHOPOJIHBIM yPABHEHHIM W~ a =0,i¢€ 1.
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Jdoka3zaTeabCTBO. 3alniieM JIarPaHKUaH ONTHMHU3ANMOHHON 3a/1a91 ¢ OrPpAHUIEHH-
AMU HEOTPULATE/IbHOCTU U HOPMUPOBAHHOCTU BEKTOPOB:

L) =FO) =D N D wig = 1)+ pijwi,

jeJ iel; jeJ i€l

rJe MHOMKUTEIN A; COOTBETCTBYIOT OIDAaHMYEHUSIM HOPMHPOBKH, [i;; — OIDAHHYEHHUAM
HeorpurareapbHoctu. Jamuiem yciaosust Kapyma-Kyna-Takkepa (12), npupaBsB HyI10
[POM3BOJIHBIE JIArPAHKUAHA II0 ITapaMeTpaM MOJIeH:

0L of

_— = — = )\, + Hij = O; WijWi; = 0. (14)

8wij 0w,~j

3adukcupyem j € J. Ilpeanonoxum, uro w;; > 0. Torga p;; = 0. YMuokHB 00€ yacTn

pasencrsa (14) Ha w;;, HOJYINM ypaBHEHHE

of

wij _— = (A)Z'j>\j .
0w,~j

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

Bo3moxkuabl Tpu caydad.

1. Ilycrs cymecrByer unjexc k € I; takoit, uro Ag; > 0. Torma A; > 0. Eciau A;; <0
IIPU HEKOTOPOM ¢ € [, TO ypaBHEeHHe He MOXKET ObITb BbBIIIOJIHEHO, U 110JIyY€HHOE IIPOTH-
BOpEUMe O3HAYAET, YTO C/EJIAHHOe BHAYAJIE LIPEJIIojIozKeHne w;; > (0 He BEPHO, Ciie10Ba-
TesqbHO, w;j = 0. O0benunasa ypaBHeHue wij\; = A;; npu A;; > 0 ¢ HyleBBIM pelleHHeM
wi; = 0 mpu A;; < 0, momyanm wi;Aj = (A;j)4+. CyMMEpPYs JIeByIO U IPaBYIO YaCTH ITOTO
yPaBHEHHsI 110 7, BbIPDA3UM JBOMCTBEHHYIO IIEPEMEHHYIO: \; = Ziefj(Aij)+. [ToxcraBisist

_ 1
IOJIydeHHOe 3HAYeHHe \; B hopMyty w;; = /\—j(Aij)Jr, OJIydiM HCKOMOe ypasuenue (13).

2. Ecim A;; <0 gia Beex ¢ € I; m Xora Obl OJHO U3 TUX HEPABEHCTB CTPOroe,
10 A\; < 0, 1 aHAJIOrHYHBIM 00PA30M MBI 110JIy4aeM BTOPOE HCKOMOE yDaBHEHHE.

3. Ecm A;; = 0 gna Bcei() i € I, T0 A\j =0, 1 BEKTOp w;; OIIpejiesideTcs U3 CHCTeMbI
OJTHOPOJTHBIX YpaBHEHUIL wijwf_ = 0 mpHu YCJIOBUSIX HEOTPHIATETbHOCTH W 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 MOeHPOBAHIN MbI HIKOI/IA He OyIeM pacCMaTPHBATDL YCJIOBUS JIEM-
Mbl 2° u 3%, cunrag ux BeIpozKieHHbIMA. Eciu B dbopmyite ocrosnozo pewenus (13) Hopmu-
POBOYHBIII 3HAMEHATETb OKaKeTCsS PABHBIM HYITIO, TO COOTBETCTBYIOMUI BEKTOP w; OyaeM
10JIaraTh HYJIEBBIM U MCKJIIOYATh €r0 U3 MOJEJH, COKPAIas Pa3MePHOCTb IPOCTPAHCTBA
HapaMeTpoB U CUUTAs ITO HOJIE3HBIM IPHEKTOM Pery/isapu3aliym.

JI1s1 perreHust CHCTEMBI ypaBHEHHiT yI00HO MCIOIB30BATH METOJ, IPOCTON HTepalui.
CHauasia BbIOHpaeTcd HadasbHOe IIPUO/IHZKEeHHe 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;; + 77887];, 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. Ilycrp ¢pyukmus R(P, O) menpepoiBao gugdepennupyema. Torga touka
(®, ©) srokanpHOrO 3KCTPeMyMa 3aMaqu (11) ¢ orpanmaennsvu (10) yoBaeTBopsier cucre-
Me ypaBHEeHHIl CO BCHOMOIaTe/IbHBIMH [EPEMEHHBIME Pyg, = P(t|d, w), ecin u3 penrenust
HCKJIIOYUTH HyJieBbie cToJ101bl Marpui ©, O:

Ptdw = H%T%ﬂ (@wt@d)% (15)
OR
Pwt = IlOl"IIl Nyt + Pt = ) ; Nt = NdwPtdws (16)
ew < 0Pt C;)
OR
Org = nor%n (ntd + 014 p th> Nyg = wzed Ndw Ptdw - (17)

Hoxkazarenscrso. [lepenmmmenm (15) B cieyomem BuJe:

Sowtetd prtetd
w — w H = = .
Ptd n%r%n(w t td) S ousboa  pw|d)

[Ipuvennm K 3a1ade (11) ocnoBuoe pemrenne (13) u3 seMMbl 3.2 U BBIICTHM B IIOJIY-
YeHHBIX BBIPAKEHUSX BCIIOMOTATE/bHbIE [EPEMEHHBIE Digyy:

0
Pwt = norm ((pwt 8(p (Z Z Naw In Z Spwtetd + R((I)7 @>)) =
wt

dED wed teT

OR OR
- IIOI'III <90wt Z ndw + Pwt aSOwt) = rlluoer£1 (Z NawPtdw + Puwt aSOwt)

deD

0,q = norm <6td 0. (Z Z Ngw 11 Z Cwtbia + R(P, @)))

deD wed teT

wt OR OR
= norm <9td Z Ngw ——— (w ) + thaTtd) norm (Z NawPtdw + Oia 3 th)

wed wed

HyJieBbie croibupt B Mmarpunax @ u © mojyvarres B Tex Cydasx, Korja B jeMme 3.2
sMecto yeaopug 19 peammsyiorea yenosua 2° wim 3°. B Takux ciiydagx ocHOBHOe periie-
nue (13) yzKe HeIPUMEHHMO, OJIHaKO TeopeMa HCK/IoYaeT UX U3 PACCMOTPeHH.

Teopema Jjiokazana.

YcnoBus BbIpOXAEHHOCTU. Paccmorpum yciioBusi, 1npu Koropbix dopmysibl M-inara
(16)—(17) mMoryT gaBaTh BBIPOK/ICHHBIE HyJIeBbIe CTOJIOILI B MaTpunax ¢ u O.
Tema t HA3BIBAETCS BBLPOIHCOCHHOT, €CITI

< 0 g1g Beex w € W.

R
Tt + Pwt 8
Pwt
BoIpozKIeHHOCTD SIBJISIETCS CJIEJICTBUEM CHJIBHOTO PA3PEKUBAIONIETrO BO3/IeHCTBUS pe-
ryagpusaropa R. Obnynenue crosbdia Marpuipl ¢ o3HaYaeT, 4TO peryisapu3aTopy BBITOI-
HO HCKJIIOYUTD JIAHHYIO TeMy u3 Mojean. CoKpallleHue 9icjia TeM MOXKeT ObITh KeJIaTe Ib-
HbIM 11000YHBIM 3P DEKTOM peryJisipu3aliuu.
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JlokymenT d Ha3bIBAETCS 6biPOAHCIEHHBIM, €CIIH

OR
Ngg + 9td87 <0 g Beex t € T
1d

BbIpOK IEHHOCTD JIOKYMEHTa MOZKET O3HAYaTh, YTO MOJEJb HE B COCTOSIHUM €rO OIH-
CaTb, HallpuMep, €CJIn OH CJIMIITKOM KOpOTKI/Iﬁ nJix He COOTBETCTBYET TEeMaTUKE KOJIJICKIIUHU.
OGuysienue cro/i0na Marpuipl © 03HAYAET, YTO PEryJsiPU3ATOPY BBIFOJHO HCKJIOYUTH
ﬂaHHbeI JOKYMEHT U3 KOJIJICKIIUH.

Ha npakTuke BBIDOXK/JIEHHOCTH BO3HHKAET pelko. Ecim oHa HexejaresibHa, TO €€
HeTpy[HO u3bexarh. [Ipu nocrenenHoM ymenbinenun Kodddunuenta peryaspusanuy Ha-
CTYIIAeT MOMEHT, KOTJ[a YCJIOBHE BBIDOZK/IEHHOCTH HEPECTAET BBIIOJHIATHC XOTs Obl sl
OJIHOTO TepMa B TeMe (MM XOTsi Obl Jijisl OJHON TeMbl B JOKYMEHTE), W HYJIEBOH CTOJI0eI
B MaTpUIE PEelIeHUs [ePEeXOJUT B HEHYJIEBOH, YJIOBJIETBOPLAIONIMI yCJIOBUAM OCHOBHOI'O
pemterns (13) B JeMMe 0 MAKCHUMU3AIUA Ha CHMILIEKCAX.

Mopgenb PLSA ujin BEpOSITHOCTHOTO JIATEHTHOTO CEMAHTUIECKOTo aHanu3a (probabilistic
latent semantic analysis) ucropudeckn siB/IsieTcsi MepBOH BEPOSTHOCTHON TeMaTHYeCKOil
mozesbio. Ona Obuta upemiozkena Tomacom Xodbwmaunom B 1999 roay [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-
obpaxkenwuii. /lobapyienue peryisgpusanuu ne Menser ¢popmyry E-mmara.

B mogenmn PLSA ne moxker ObITb BBIPOXKJIEHHBIX TE€M WJIM JIOKYMEHTOB, HOCKOJIBKY
BbIPOK/IEHHOCTh CB$3aHA C OTPUIATEIbHOCTHIO 1IPOU3BO/IHBIX PeryJ/isipu3aropa.

PerynsipnzoBaHHbiii EM-anroputm sBiigercsa npuMeHeHHEM MeTOJa IIPOCTBIX HTepa-
nuit gy pemennst cucreMbl (15)—(17). Cradana BbIOHPAIOTCS HAYAJbHBIE TPHOJIIZKEHUS
Ouwt, 01, 3aTeM B 1uKie J0 cxopumoctu vepeiyiorcs F-wae (15) u M-wae (16)-(17).
Panyonajibubiit Bapuant perysisipuzoBanuoro EM-ajiropurMa cTpouTest aHAJIOIMYHO aJl-
FOPUTMY 2, TOJBKO 1mard 6 u 7 3amensiorcs dopmymramu M-mara (16)—(17).

NzBectno, yro EM-airopurm 6e3 peryaspu3anun CXOIUTCA B CJIA0OM CMBIC/Ie: Ha KazK-
J0if mrepaluu npapaonoaobue ypeaumduBaercs [47]. Axasorudubie yciaoBus caaboil ¢xo-
aumvoctr it ARTM nosydenst B |11].

Peasmzanuun EM-ajiropurma mMoryT pas/mdarbes 4acTOTOil OOHOBJIEHUS HTapaMeTrpoB
MOJIESIU Py U Byg TIO EPEMEHHBIM T U Nyg. JdacTbie OOHOBJIEHUSI MOBBIIIAIOT CKOPOCTD
CXOJIMMOCTH, HO [OYTH He BJIHSIIOT HA 3HAYEHHE MPaBJONoA00us B KOHIE urepanuii [6].

OwnnaiiHoBbli EM-anroputm cuamraercss Hanbojiee OBICTPBIM U XOPOIIO PaciapaJLie Ir-
Baercs [60, 26]. OcHoBHast ero ujest COCTOUT B TOM, 9TO Ha OOJIBIION KOJLIEKIMU MaTPH-
na ¢ Moxer coifTuch u mepectarb MEHSTHCS 33J10/IM0 0 OKOHYAHHMS HEPBOil MTeparuu.
B rakux ciaydagx oJHOTO MpOXOJa IO KOJJIEKIUU JOCTATOYHO JIJIsi IIOCTPOEHUST MOJIE/IH.
[TosTOMy OHJIaliHOBBIE AJTOPUTMBI CIIOCOOHBI 0OpadATHIBATH MOTOKOBBLIE JTAHHBIE.
Heranun napaJuienbHoit peasmsaiuun odduiaitnoBoro u ounjaitnoporo EM-ajiaropurma
B Obubsmoreke BigARTM onmcanbl B pasjesnax 17 u 18, em@ nogpobuee — B crarbsx |56, 3.

O cTpaTterusax perynspusayuu. 3ajada TeMaTHIECKOTO MOJIETUPOBAHU 110 CYTH sIB-
JeTcsd MHOTOKPHUTepHaIbHON. TeMbl JOKHBI yI0BJIeTBOPATh MHOTUM TPeOOBAHUAM OJI-
HOBPEMEHHO: UHTEPHPETUPYEMOCTHU, PA3JIUIHOCTH, Pa3pPeKeHHOCTH U T. 1. Temarudeckas
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MO/I€/Ib OOBITHO MCIIOJIB3YETCsS KAK BCIIOMOTATE/IbHBII MHCTPYMEHT J1JIsi PEmeHus OJHOM
UJIU CPa3y HECKOJIbKHUX 3a/1a9 TeKCTOBON aHAJUTHKH — WH(MOPMAIUOHHOIO TOUCKA, BU3Y-
AJIM3AINN, KaTerOpU3alii, CeMeHTalll, cyMMapu3anuu u T. 1. Kaxkaad 3a1ada mpesb-
siByiger cBou TpeboBaHus K mojean. B ARTM Bce tpeboBanus (GpopMajm3yOTCsS B BH-
Jie KpuTepueB peryiaspusanuun R; m 0aJaHCUPYIOTCI C IOMOIIbIO KO3 DUIMEHTOB T;.
Koadpdunuenrs 7; npuxopurcs 1oJ0MpaTh B Kaxk/I0i 3a/ia4e IKCIePUMEHTAIbHO, YTO0bI
HAWTH KOMIPOMECC MEXK/Iy BCEMHU KpuUTepusiMu. Bosiee TOro, Jijisi m3MepeHusi KadecTBa
MOJIeJTl OOBIYHO HCHOJIB3YIOTCS HE CaMU peryasgpu3aTropbl R;, a KaKwe-TO JpyTHe Mem-
PUKU Kavecmea. Perynsapu3aTopsl TOMKHBI OBITH TVIAIKIMI (DYHKITUSAMEA, YIOOHBIMH JIJIsI
BbIuncaennit Ha M-mmare. MeTpukn KadecTBa JOIKHBI HMeTh yIOOHBIE IS HHTEPIIpeTa-
uu 9uCcaI0Bbie 3Hadenus. K coxkajienuio, 3ru TpeboBaHms 9aCTO BXOJAAT B IIPOTUBOPEUHE.
Hanpumep, obuenpuasThie METPUKN KadecTBA HH(DOPMAIMOHHOIO TOUCKA [TOYTH HUKOL/1A
HE SIBJISIOTCS IVIAJIKUMU (DYHKIUSIMU.

Ha npakTuke mpob/iema Bo1OOpa KO3(hDUIUEHTOB peryisapu3aliiy IepepacraeT B OoJee
OOIILYIO MIPOOJEMY YNpPasACHUA KAYECMEoM MOJETH MIyTEM H3MeHeHusT KOdhMOUIUeHToB T;
B x0ji¢ ureparuii. OHU Pery/spu3aTopbl MOUYT Je/IaTh HOAIOTOBUTE/ILHYIO PAbOTY JI/Ist
npyrux. Hekoropbie pery/sipu3aropbl pEKOMEH/IyeTCs BKJIOYATDH JIUIIb [IOCJIE TOTO, KaK
EM-ajiropurm nHadas cxogurbes. pyrue Jjydine OTK/IOYATH MOC/IE TOrO, KAK OHU BbI-
HOJTHIJIA CBOIO paboTry. HekoTopsie perysispu3aTopbl MOIYyT HEUTpAIN30BaTh APYT JIPyTa,
U TOTJa WX MPUXOJUTCHA MPUMEHATH moodepéano. OOpa3HO TOBOPs, Peryasapu3aTOphl O-
JIOOHBI JIEKaPCTBaM JIjIs MOJI€JIM — B MaJIbIX JI03aX JIe4aT, B OOJIbIINX CMEPTE/IbHO OIIACHbI,
B COYETAHUAX MOTYT JlaBaTh HeoxkupaHubie dpderror. Cucremaruzamnus 3rux 3PGeKTon
CTAHOBUTCS IIPeIMETOM dMiupudeckux ucciepoanuit 8 ARTM.

Cmpamezuet pe2yasapusayuy HA3BIBAIOTCI IIPABHIA U3MeHeHNsS KO3(DMUIenTos pe-
ryagpusanuu 7; B xome uTepanmit EM-amropurtMa. 9T mpaBmia MOTYT HCIOJIb30BaTh
TeKyTIre 3HaUYeHNsd MeTPUK KadeCTBa U MapaMeTPOB MOJEJH.

OTtHocuTenbHble ko3 uuyneHTsol perynspndaunn. KosdduiuenTsl peryisapu3alim,
THIATEJbHO 110I00PaHHbIE JIJIsi OJIHONW KOJLJIEKIIMH, MOI'YT IIJIOXO IOJXO/JMTH JIJIsi JPYIOil.
OHE MOI'YT 3aBHCETH OT pa3sMepa KOJLIEKIIMH, MOIIHOCTH CJI0Baps, CPEAHENH JJIMHBL JTOKY-
MEHTOB. ECJII/I KOJIJICKIUA TIOIIOJIHACTCA, TO CO BpEMEHEM MOZKeT HOTpe6OBaTbCH uXx nepe-
HacTpoiika. [Ipobyiema permraercss ¢ MOMOIBI0 HOPMUPOBKH M BBEICHUS OMHOCUMENOHOLT
Koapuyuenmos pe2ysapu3ayuy, BEIPAYKAIONINX CTeIleHb BO3AEHCTBUS PEry/IspH3aTopa
Ha TeMaTU4IecKyio Mojelb. OTHocuTeIbHBIe KOI(DUIUEHThI MOI'YT OCTaBaThCA (DUKCH-
POBaHHbIMU 110 Mepe pOCTa KOJIJIEKHUU, U JIJId HUX MOI'YT OHEHUBATLCA YHUBEPCAJIbHbIC
PEKOMEH/IyeMble 3HAYEHUSs, HOAXOISIINe JIJIst JII0ObIX 3a/1a4.
Pacemorpum dbopmyny M-mrara (16) co B3BemeHHON CyMMO# perysisipu3aTopos R;:

OR;
wt = norm Nt + Ti P
Pwt L ¢ ; Puwt 5 P

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

Z
Tit = SOwt&O ) ry = E Tit-
wt

weW teT
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Bsejienue HopMUPOBKHU T; = %ir% O3BOJISIET UHTEPIPETUpPOBaTh KO dunuenr 7; kak
ommocumensvroe sosdeticmeue peryispuzaropa R; Ha remarndeckyio mojeab. OH moKa-
3BIBAET, BO CKOJIBKO Pa3 BIUIHUE PEryJIgpH3aTopa Ha MOJIE/b CUIbHee BIAUIHASA HCXOTHBIX
nannbix. [Ipu 7; — 0 peryngpusarop R; orkmiodaercsd. [Ipu 7; — oo mepeperyspusaus
MOZKET MPHUBOJIUTD K BBIPOZKJICHHIO MOJIE/IH.

Bsejienue Jipyroit HOpMUPOBKHU T; = %i:‘—; O3BOJISIET MHTEPIPEeTUpoBaTh KO3 duim-
eHT 7; KaK 0MHOCuUmeavhoe 6o3delicmeue peryiaspusaropa R; nHa otjenbuyio temy t. Te-
nepb a0COMIOTHBIN KOY(DMDUITMEHT pery/aspu3aiii 7; CTAHOBUTCHA 3aBUCIIIMM OT TEMBbI,
OJ/IHAKO €r0 OTHOCHTEJIbHbIE BO3/ICHCTBHSA Ha BCE TEMbI OJIMHAKOBHI.

B obmiem ciydae He m3BeCTHO, KakKas U3 JABYX HOPMHUPOBOK Jjyuire. s obmHocTn
BBEJIEM BBINYK/IYI0 KOMOMHAIUIO JIBYX HOPMHUPOBOK:

T =T %‘& + (1 —%‘)ﬁ ;
Tt T
e 7; — 0MHOCUMEsvHvil Koapduyuenm pe2ysapudanuy; napaMeTp y; Ha30BEM cmene-
Hb10 undusudyasusayuy BO3aeiicTBUS peryadpu3aropa R; Ha tembl. Ilpu v; = 1 koaddu-
[UEHTHl 7; MAKCUMAJIbHO PA3JIMYAIOTCA 110 TeMaM, BbIpaBHUBasd OTHOCHUTEIbHBIE BO3JIEii-
crBug peryJisipusaropa R; va tembl. [Ipu v, = 0 koadpdunuenrsl 7; He pas/jimvatoTcs 10
remaMm. [Tapamerp y; 1pejjiaraercs 11oj0upaTh KCIEPUMEHTAJbLHBIM 1Ly TEM.

Anasnornano pacemorpum dbopmysy M-mara (17) co B3BeneHHO cyMMOil peryssipusa-
TopoB R;. BBeém cymmaproe sosdeticmeue q;q peryngapuszaropa R; Ha T0KyMeHT d U ero
cymmaproe 6ozdeticmeue ¢; Ha KOJIEKIUIO:

qid = Z etd% ) q; = Z%d-

teT

[IpejicraBum ko3 uiierT pery/sipusanuu 7; B BUjIe
~ nq n
i =T\ =+ 1 =%,

did qi
[Jie 7; — OMHOCUMEALHBT KoIPPuUUeHMm peeysapusauyu, vy; — cmenens uHlusudYaiu3a-
yuy Bo3JeiicTBUs peryadpusaropa R; na qokymenTol. [lpu v; = 1 KkoaddunuenTsr makcu-
MaJIbHO PA3JIMYAI0TCH 110 JJOKYMEHTaM, BbIpABHUBAs OTHOCUTE/IbHbIE BO3/IEHCTBUS PeryJis-
pusaropa Ha jgoKymeHTbl. [Ipu v; = 0 kodddunueHTs He pa3jIMIarOTCs 110 JOKYMEHTAM.

4 BepossiTHOCTHasa peryanspusauyuna n mogens LDA

Mogens starenrnoro pasmerenus Jupuxie (latent Dirichlet allocation) LDA [33] ss-
JIIeTcs, MoXKaJLyil, HanboJjiee NUTUPYEMON B TEMATUI€CKOM MOJIeJIMpOBaHuu. B 1oryJisip-
HBIX 0030pax eé MHOIJIA OTOXKJIECTBJIAIOT CO BCEM TeMaTHICCKUM MOJICTUPOBAHUEM, XOTS
B JINTepaType MOKHO HAWTU COTHH JIpyrux Mozesneit. Cpoeit mybaukamueit 2003 roga /13-
i1, boisit, Duypio blu u Maiikn J[zxkopman He TOJIBKO BBEJH 3Ty MOJIEIb, HO U IOCTABUIH
TeMaTU4ecKoe MOJIe/IMPOBAHUE HA PeJibCbl DAllecOBCKOI0 0OyUYeHus.

B amamnom pasgesne mbl jgaamm Oojiee mnpocroe obocroBanme LDA ¢ nmosunumit ajim-
TUBHOHN pery/isipusanuu. [[jis 97010 HaM He HOHAI004TCs HU allPUOPHBIE PACIIPE/ie/IeHH s
Jlupuxjie, HE CJIOXKHBI MaTeMaTUUeCKUN almmapaT 0aiieCOBCKOTO BBIBOJIA, PACCMOTPEHUE
KOTOPOI'O MBI OTJIOZKUM 10 pa3/ea 6. VIMeHHO ¢ 3TOro mpocToro ompejieieHus Mbl U Had-
HEM, & OCTABIILYIOCH 4YaCTh pa3/ie/ia MOCBATUM KJIACCUYECKUM ODOCHOBAHUSIM.
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Perynsapusatop crna>kxmsaHusa v pa3pexxusanus. [lorpedyem, urodbl cToJiOnbl ¢ MaT-
puiibl ¢ Obln OX0KHU HA 3ajaHHbI croaben 8 = (5,), a cro/ibupl O Mmarpunbl © Obliu
IOXOKH Ha 3aJaHHblii cTosibern o = (o). Popmanusyem Hamu TPeGOBAHUS € ITOMOIIBIO
CYMMBI PEry/aspru3aTOPOB MAKCHMYMa HMPaBIOIOI00MI:

R(®,0)=05) > Bulnpu+ao) D alnby — max,

teT weW deD teT

e By u oy — kodbdunuentor peryiaspusanuu. [logcraBum kpurepuil perysspusanuu
R(®,0) B dopmyssr M-mara (16)—(17):

Pt = 10t (nue + fofu);  bra = morm (nu + agay).

D10 mpocreiimas Moaudukanusa M-1rara u e JMHCTBEHHAsd U3 BO3MOXKHBIX, B KOTOPOii
HONPABKU YaCTOTHBIX OIEHOK YCJIOBHBIX BEPOSITHOCTEH 0y U Oy SIBISIOTCSH KOHCTAHTAMH,
a He PYHKOUIAMEH OT Q. U Oy, Hem OGosbiie 3uadenus: kodddunuentos Sy u g, Tem
cuJIbHEee CTOJIONbBI o 1 By Oy/IyT MOXOXKHU HA BEKTOPBI [ U (v COOTBETCTBEHHO. DTOT (P et
Oy/ZeM Ha3bIBaTb C2AaMCUGGHUEM TaCTOTHBIX OIEHOK YCJIOBHBIX BEPOSITHOCTEI.

Buadenns K03ddunueHToB Py U (g MOTYT OBITh U OTPHIATEIbHBIME. B TakoM cirydae
pery/isipu3aTop COOTBETCTBYET TPeOOBAHUIO, 4TOOBI CTOIONBI oy U By ObLIM He MOXOXKHU
Ha 0 m « coorBercrBenno. Popmysa M-1rara mokaspiBaeT, 4TO ITO MOZKET MPUBOUTD
K OOHYJIEHUIO T€X YCJIOBHBIX BEPOSITHOCTEHl, KOTOPbIE U TaK ObLau OJIM3KUH K HYJIIO. DTOT
apdekT OyeM HA3BIBATD PU3PENHCUBAHUEM TACTOTHBIX OINEHOK YCJIOBHBIX BEPOATHOCTEII.

BosMoxkHa sKBUBa/IeHTHas 3alllCh pery/spu3aropa 4depe3 auBeprennuio Kyiabbaka—
Jleiibsiepa, KOTOpast sIBJISI€TCSI MEPO PA3JIMIHOCTU MAPhl BEPOSTHOCTHBIX PACIIPE/IE/ICHU:

R((I) @ == —60 ZKL ﬁw”@wt - Q/OZKL at||9td) — Mmax.

teT deD

Auseprenuymns Kynbbaka—Jleibnepa (KL-dusepzeryus, OTHOCUTEIbHASI SHTPOIIHS) Jia-
Jee Oyder OJHUM U3 BasKHEHIIMX MHCTPYMEHTOB KOHCTPYMPOBAHHUSA PEryJsPU3ATOPOB.
1o HecMMMeTpudyHad (DYHKIUS PACCTOSAHUS MEXK/y JAMCKPETHBIMH PaClpele/eHusIMUI
P=(p), u@=(qg)",, c coBuagaomumu nocuressivu, {i: p; >0} = {i: ¢; > 0}:

L(P|Q) = KLi(pilla:) szln H(P,Q) - H(P),

e H(P)=—>.p;Inp; — osumponus pacupenernenus P, H(P,Q)=—> .pilng —
kpocc-anmponus pacupenenenuii P u (). Obo3natenne KL; He gaBiseTcsa oOMenpUHITHIM,
HO OHO YJ00HO, KOT/JIa HAaJI0 TOKA3aTh, 10 KAKOMY HH/IEKCY IIPOU3BOJUTCA CYMMIPOBAHUE.

KL-uBeprennust HeoTpunare/ibHa U paBHA HYJIIO TOI/IA U TOJBKO TOrAa, Korma P = ().

Eciim KL(P||Q) < KL(Q||P), ro pacupejesienne P cuiibHee BI0KeHO B Q, yem @) B P,
cm. puc. 2. Takum obpazom, KL gBiisiercss Mepoil BJIOXKEHHOCTH JIBYX PAaCIpe/Ie/IeHUIA.

Ecau P — smnupudeckoe pachpejienerne, a (Q(a) — mapaMerpiudeckasi MOJe/ b, TO M-
HuMmu3anusg KL-a1uBepreHnun S5KBUBa€HTHA MAHAMU3AIANA KPOCC-SHTPOIIMH U MAKCHMU-
3aluu [IPaB/I0000us:

KL(P[[Q(cx sz ln

—)mln — E piIng; (o) — max.
[e%
i=1
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0.04 A 0.020 0.020
0.03 1 0.015 1 0.015 1

0.02 4 0.010 1 0.010 §

: Q . .
0.01 ] 0.005 0.005 ]
0 A 0 - 0 4
0 50 100 150 200 0 50 100 150 200 0 50 100 150 200
KL(P||Q) = 0.44 KL(P||Q) = 0.44 KL(P||Q) = 2.97
KL(Q||P) = 2.97 KL(Q||P) = 0.44 KL(Q||P) = 2.97

Puc. 2: Juseprennusa Kynbbaka—J/leitbnepa KL(P||Q) saBisiercs HECHMMETPUIHON MEPOH BIOKEHHOCTH
pacnpenenenuss P = (p;)_; B pacupenenernue Q = (¢;)"_,. Broxkernnocts P B () IpUOIU3UTEIHHO OJNHA-
KOBA HA JIEBOM U CpeJHeM rpaduKax, BJOKEHHOCTh () B P — Ha jJieBOM ¥ mpaBoM rpaduKax.

B wacTHOCTH, 3aMeTHM, YTO MAKCUMU3ANUS IPABIOIOI00US I TEMATUIECKOIO MOJIE-
JupoBanust (9) SKBUBAJIEHTHA MUHUMHU3AIMU B3BeleHHoit cymMbl KL-tuBeprenmmii Mezk-
Jly dSMuupuveckumu pacupeseserusivu p(w|d) = % u MogiesibHbiMu p(w | d):

ng .
E ng KLw(—w H E gpw,ﬁtd> — min,

ng [ONC)
deD teT

IJIe BECOM JIOKYMeHTa d sIBJIsSieTCs ero JInHa Ng. Bcjm Beca ng yoparb, TO Bce JTOKYMeH-
Thl OY/IyT UCKYCCTBEHHO IIPUBEJIEHbI K OJMHAKOBOU jjinHe. Takas mojuduxanus QyHk-
[IOHATa KAdecTBa MOXKeT ObITh MOJIe3HA IIPH MOJIETUPOBAHUN KOJJIEKIIHil, COAepzKaITuX
JIOKYMEHTBI OIMHAKOBON BaKHOCTHU, HO CYIIECTBEHHO PA3HOU JJTIHBI.

MpuHUMN MakcuMyMa anocTepuopHOWN BEpOATHOCTU. /lo cux mop Mbl mpesio/ara-
JIM, 4TO JIAHHbIE HOPOXKJIAIOTCA BEPOSITHOCTHON MoJjie/ibio ¢ napamerpamu (@, 0), koro-
pble He U3BECTHBI U He CJaydaiinpl. Temepb mpeamnoozKuM, 9TO HapaMeTphl CAMH SBJISIOT-
Csl CyJaflHBIMU MEPEeMEHHBIME U HOJTYHHSIOTCS anpuophomy pacnpedeaenuto p(P, O; )
C HECJIYYIafHBIM 6EKMOPOM 2unepnapamempos . B 3ToM ciydae MaKCUMH3AU COBMECT-
HOrO 1paBaooa00us ganubix X = (d;, w;)"; u mogesu (P, O) UpUBOAUT K HPUHIMILY
MAKCUMYMA anocmepuopholi éepoamuocmu (maximum a posteriori probability, MAP):

n

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

3,0,
i=1 7

[Tocae jmorapudmupoBanus nosydaem Moaudukanuio 3a1adn (9), B KOTopoii Jorapudm
AIPUOPHOIO PACIPE/IEIeHIs CTAHOBUTCI PEryIapH3aTOPOM:

Zanwangothtd+1np(<I>,@;7) — max. (18)

$,0,y
deD wed teT R($.0)

Bo mHorux ciyuasix Bo3mozkeH u obparhbiii nepexos. Peryisipusarop R(®,0©), usna-
YaJIbHO HE UMEIONIMI BEPOSITHOCTHOW MHTEPIIPETAInU, MOXKHO HPEodPa30BaTh B alpuop-
HOe paclipejie/ieHue 1y TéM SCHoHeHIupoBanus u Hopmuposku: p(P, 0) o exp(R(P, O)).
HopMmupoBouHbIit MHOKHTEIb HEe 3aBUCUT OT IIAPpAMETPOB MOJIE/IH, TIOITOMY JI/IsI MAKCHMHU-
3aliK anocTepuopHoil BepogrHocTd 1o (P, ©) oH He BazkeH. OTHAKO €CJI PEIIATD 331y
ONTUMU3AIUN THIIEPIIAPAMETPOB Y, TO €ro yKe NPUIETCS YIUTHIBATD.
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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. 3: Ilpumep TpéX HEOTPHULATEILHBIX HOPMUPOBAHHBIX BEKTOPOB ¢ pasmepHocru |W| = 10, mopox-
JEHHBIX COOTBETCTBEHHO TPEMS CHMMETPUYHBIMU pacnpeaenenuamu Jupuxie ¢ mapamerpamu 0.1, 1, 100.

AnpuopHblie pacnpegenenus Oupuxne. OcHOBHOI MOTUBALMEN JJIsi BBEICHUSA MOJIEJIH
LDA B [33] 66110 pemenne nmpobiembl mepeodbydenns B mojgenun PLSA. TIpo6iema 3axiiro-
qayach B TOM, 9T0 Mojeab PLSA mpesckasbiBaia BeposTHOCTH TepMOB p(w | d) HAa HOBBIX
JIOKYMeHTaX 3aMeTHO XyzKe, 4eM Ha oOydJaromieil Kosuteknuu. OOBIYHO MepeodydeHne CBsi-
3aHO ¢ U30BITOYHON PA3MEPHOCTHIO IIPOCTPAHCTBA TAPAMETPOB, MOITOMY Ha Marpuiibl P, ©
cJie/lyeT HaKJ/aJblBaTh JIONOJIHATEbHbIE Orpanndenus. B [33] Ob10o BBEJEHO 1penosio-
KeHue, 410 CTO.H6I_H)1 9TUX MATPUILL ABJIAIOTCA CﬂyqaﬁHbIMI/I BEKTOPpaMU U HHOPOZKIAITCA
pacrpenerenunamu Jdupnxie ¢ rumepnapaverpamu o € RT n 8 € RY coorsercrpenno:

: ['(a) o
Dir(04; ) = HFi(Oat) t 047 >0, a= ;O‘ta O > 0, ;etd =1;
t
) r _
I)lr(¢%;/3) = TTféé%%lS'II %ﬁi? 1a ﬁ%ﬂ > 0, ﬁ% - jzjﬂgwa Pwt > Oa j{:<Pu¢ - 1;

rie ['(2) — ramma-ynkuust. [lapamerpsl pacupejesenust [upuxiie cBs3anbl ¢ MareMa-
— Buw

THIECKUM OXKHIAHHEM IIOPOZKIAEMbIX CJIydaiiHbIX BEKTOPOB: Ef;y = g—é, Epuwt = B
Ucnosib3oBanue pacupejesenuit lupuxjie MOTUBUPOBAHO TPeMsl IPUYNHAMMU.
Bo-nepBbix, pacupeenenns Jlupuxie cIocobHbI MOPOXKIATh KaK pas3spe:KeHHbIE, Tak

1 ILJTOTHBIE BEKTOPBI JIUCKPETHBIX pacipejesenuii, puc. 3. Ecin BeKTop mapaMeTpoB cocTo-

UT U3 paBHBIX 3HaYeHuii [, To pacupenenenne JIUpux/ie HA3BIBACTCI CUMMEMPUYLHBLM.

[Ipu B, =1 cummerpuunoe pacupegeienune Jlupuxiie COBIAIAET ¢ PABHOMEPHBIM Pac-

npeae/JieHueM Ha € JUHUYIHOM CHUMILJIEKCE. qu MEHBbIIIE ﬁw, TEM 6JII/I)Ke K HYJIIO YyCJIOBHbIC

BEPOATHOCTU Q,y = P(w|t) B HOPOKIAEMBIX BEKTOPAX ;.

['umoresa 0 pa3peKeHHOCTH pacpe/ieeHuil ¢, = p(w |t) dopmanusyer ecrecTBeHHOE
LPe/II0JIOKEHHEe, YTO KazKiasd TeMa [ UMEET CeMaHMuUYeckoe 40po — MHOMKECTBO TEPMOB,
XapaKTepU3YIOIMUX JAHHYIO TEMY U UMEIOIIUX B Hell OoJibliiie BepOATHOCTH. Takux TepMoB
B KazKJI0U TeMe He MOXKeT ObITh MHOI'O, HOCKOJIbKY OOJIBIIIMHCTBO TEPMOB CJIOBAPS J10JIZKHbI
OTHOCHTBCI K CEMAHTHYECKHM sipaM JIPYTHX TEM.

AHAJIOrUYHO, TUIOTE3a O pa3peKeHHocTH pacupenenenuii 0,y = p(t|d) dopmanusyer
€CTeCTBEHHOE IPEJIIIOIOKEHNE, YTO KaXK/Ibli JOKYMEHT OTHOCHUTCS K HEOOJIBIIOMY YUCILY
reM. Tpyano npejcraBurh cebe OKyMeHT 0060 Bcex TemMax (a ecjid 910 IHIUKIIONE/Hsl, TO
B Ka4deCTBe JJOKYMEHTOB CTOUT B34dTb OT/ACJ/IbHbIE eé CTaTbI/I).

Bo-BTopbixX, JIByXypOBHEBasi MOJIE/Ib HOPOKIEHUS JIAHHBIX (DOPMAJIU3YeT HPeJIII0/102Ke-
HIIE O CYIIECTBOBAHUN TEMATHYECKHUX KJIACTEPHBIX CTPYKTYP B TEKCTOBOI KoJLIeKnuu. Pac-
npeesnenne JlUpuxie MOPOKIAET BEKTOPBI JUCKPETHBIX pacHpeaesieHuii ¢, = p(w|t),
KOTOpPbI€ CTaHOBATCA HEHTPpaMH TEeMAaTUYE€CKUX KJIaCTEPOB. Ka)K,ZLbeI TaKON HEeHTP HOPOxK-
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plwlt,d)~p(wlt) /] p(w|t,) ~ Dir

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

Puc. 4: Pacupeznenenue Dir(p|a) nopoxgaer BeKTopbl TeM ¢; = p(w|t), KOTOpble MOPOKIAIOT MYJIbTH-
HOMMaJIbHBIE pacupezenenus p(w|t, d) Ha eUMHUIHOM CUMILIEKCE B IPOCTpaHCTBE pa3meprocru |W| = 3.

JIAeT TeMATHYECKUe YaCTU JIOKYMEHTOB — BEKTOPbI JIMCKPETHBIX pactpeesenuit p(w |, d),
KOTOPbIE ILJIOTHO IPYNIUPYIOTCA BOKPYI' CBOErO LEHTPa, puc. 4.

B-rperbux, pacupegenenne JIupuxiie sBisercsa CONPSAKEHHIM K MYJIbTUHOMUAJIBLHOMY
pacipee/eHuio. DT0 Ype3BbIYaiiHO yI0OHO I METOI0B 6aileCOBCKOrO BBIBOJIA, KOTOPBIE
PacCMaTPUBAIOTCA B CICAYIOMUX pa3fesax. VIMeHHO MaTeMaTHIecKoe yI00CTBO peIoIpe-
JIeJTIIO HOITYISPHOCTDL pacupenenenusa upuxie n momesn LDA B TemaTmaeckoM Mojie-
JIMPOBAHUU, XOTs yOeUTeIbHbIX JMHIBUCTUYCCKUX 000CHOBAHUI OHO HE MMEET.

Corutacuo (18), mogesin LDA coorsercrByer peryispusarop, ¢ TO4HOCTHIO 10 KOHCTAH-
TBI PABHBIN CyMMe JlorapudMOB allpHOPHBIX pacipenenenuii /lupuxire:

R(®,0) = lnH Dir(y; 8 H Dir(64; ) 4 const =

teT deD
—ZZ L — 1 lngpwt+zz —1)Inbyy. (19)
teT weW deD teT

[Ipumenenne ypasuenuit (16)—(17) k sromy peryisipusaropy gaér dbopmynbt M-nrara:
pur =10t (nye + By = 1); - g = norm (g + oy — 1),

[Ipu B, = 1, ay = 1 anpuopuoe pacupejesenne lupuxjie coBmagaer ¢ paBHOMEPHBIM
paciipejiejienreM Ha cuMiniekce, popmyJibl M-1iara nepexojisdr B HeCMeNEHHbIe YaCTOTHbIE
OIEHKH YCJIOBHBIX BepogrHOCcTeii, a Mojgenb LDA mepexomur B PLSA [57].

Ilpu B, > 1, a; > 1 peryasgpu3arop HMeeT CIIaKUBAOIIN b KT, 3aCTaB/IsIs Pac-
npejesienns ¢; u 0y TpubINKATHCS K 33 IaHHBIM PACIpPeIeTeHIAM [ U ( COOTBETCTBEHHO.

IIpu 0 < By, <1, 0 < oy < 1 perysisipuzarop umeer paspezkupaiomniuii 3¢ dexT u cro-
coben 00HY/ITH MaJible BeposiTHOCTH. OiHaKO TpeboBaHMe CTPOroOil MOJIOKUTETLHOCTH T1a-
paMerpoB 3, U ; B pacupeaeneHusx /lupux/ie orpaHnInBaeT BO3MOKHOCTH YIIPABICHUS
pa3pezkenHocTbio Marpur P, © B momenun LDA.

He-6aitecosckast nutepnperauuns mogenu LDA. Peryrspusarop (19) MoxKHO KBUBa-
JIBHTHBIM 00pa3oM 3amnucarb depe3 KL-juBepreuiyu:

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

teT teT
+ \T|ZKLt(I—}‘ | 6ua) — aOZKLt(g—S | 6:4)-
deD deD

Orcroga cienyer, aro Mojaenb LDA oka3biBaeT CryiazkKmBaroliue U Pa3perKhBarOIIIe
BOo3eiicTBusg Ha Marpuibl @, O. Bee cronbisl Marpuibl © M0/1KHB OBLITH OJH3KH K O/I-

Bu yipuaém napaverp By cramoBuTcs Ko3bpuILEeHTOM

HOMY M TOMY 7K€ DACIPeJe/IeHuI0 22
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perysisgpusany. AHAJOIUIHO, BCe CTOJIONBI MATPHUIBI O JTOIZKHBI ObITH OJIN3KH K PaCIpe-
JIeJIEHUIO 3—(’;, u 3ruM TpedoBaHueM yupasiser kKoddduimenT perysspusaiun . Kpome
STUX CIVIAXKUBAIONIUX BO3JEHCTBUIl MMeIoTcs cabble HeylpaB/igeMble Pa3pe:KHBAIOIIIe
BO3JIEHCTBHUS: CTOIOIBI 00€UX MATPHIL JOJ2KHBI OBITH JaJIEKH OT PABHOMEPHOI'O pacipe/e-
nenusd. Hambosiee ypajieHbl OT paBHOMEDPHOI'O BBIPOK/ICHHBIE pAaCIpeIeeHus, B KOTOPbIX
eMHIYIHAS] BEPOSTHOCTH CKOHIIEHTPUPOBAHA B €IUHCTBEHHOM 3jiemente. [losromy paspe-
JKUBAHUE MPUBOJIUT K ODHYJIEHUIO MaJIbIX BeposiTHOCTe! B Marpunax P, 0.

Takum obpaszom, peryasdpu3aTop CIVIaXKHBaHUS U pa3pe:kKUBaHUS 0000IaeT MOJE/Tb
LDA, ormeHsist n30BITOYHOE OrpaHHYIEHNE HEOTPUIATEILHOCTH THIIepIapaMerpoB. Kpome
TOrO, IIPUHITUAIIBI MAKCUMYMa [PaBIono100us uin MuauMyMa KL-1uBeprenmun npeacras-
JISIIOTCsT D0OJ1ee TPOCTHIME U yI0OHBIMU MHCTPYMEHTAMU BBEJICHUSI JIONOJHUTEIHHBIX OrPa-
HUYEeHUIT HAa MOJIe/Ib, YeM alpuOpHbIe pacupejesnenus lupuxie.

5 Teopua EM-anropntma

B srom pasjesie mbl norpysumcs B reopuio EM-ajropurma. Pacecmorpum 6oJiee oO1uit
KJIACCUIECKHi C11ocod ero BbIBOJIA, KOTOPbIH M03BOJIET 0O0OCHOBATH CXOUMOCTD. 3a0/[HO
0boraTuM ero BO3MOKHOCTBIO aIATUBHON peryasgpu3anun. Marepuas 3Toro pasie/na Imo-
HaTOOUTCS TOTBKO B CJIEAYIOIIEM pa3sjelie, emé bojiee TeopeTndeckoM. Ecau HeTepmuTcs
IOCKOpee Y3HATHh O MPAKTUIECKHX ACIEeKTAaX TeMATHIECKOrO MOJEJTHPOBAHUS, TO 00a pas-
JeJia MOXKHO IEeJIUKOM ITPOIYCTHATD.

O6wwnin EM-anroputm c perynspusauyuein. Kiaccuveckuit EM-anropurm [47| upes-
HA3HAYEH JJIsl MOCTPOEHUsI MIHPOKOTO KJIACCA BEPOSITHOCTHBIX MOPOXKIAIONUX MO/Ieeit
CO CKPbITbIMHU NIEPEMEHHbIMU. TeMaTI/ILIeCKOG MoAeJ/JIMpoBaHue [IJId HEer'o — JIMIIb YaCTHbI
caydait. Cxomumocts EM-anropurma ya1o6HO JI0Ka3bIBaTh /I OOIINEro caydas, 100aBUB
BO3MOXKHOCTD pery/spusaiuu. [losromy nepeiiiém K 60/1ee oOIIM 0003HATCHHISIM:

X = (d;, w;)!.; — UCXOJHbIE JAHHbIE, HaOA0JAEMBIE NEPEMEHHBIE;
Z = (t;), — cxpomoie nepemeroie;

Q = ($,0) — napamerpbl HOpozKaoieil BeposrHocTHON Mogesu p(X, Z ).

Bajadya 3aKI0YaeTCI B TOM, 9TOOBI IO BBIOOpKe X HaiiTu mapamerpbl mMomenn §2,
P KOTOPBIX JOCTUTAETCS MAKCUMYM MAP2ZUHAAU306aHH020 Npasdonodobus (marginal

likelihood)! ¢ perymapusaropom R(Q):
Inp(X|Q) + R(Q) = anp(X, Z|)+ R — max-. (20)
Z
Dra 3a1a4a Hey00HA TEM, YTO CyMMUPOBAHUE 10,1 JIOrapuMOM HPOU3BOIUTCS 110 BCe-

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

Teopema 5.1. FEcuu cpyakmnmonar (20) gocratodno rragkuii, To To49ka ) ero JJOKaJIbHO-
ro MaKCAMYMa YJAOBJIETBOpsIeT CHCTeMe YpaBHEHHI, perreHne KOTOPOH MeTOA0M MPOCTHIX

!Marginal likelihood Ha pycckuii HHOTIA TePeBOIUTCS KaK IpeebHOe WK HelOTHOe IPaBI0IoI00MIe.
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I/ITep&HI/Iﬁ CBOAUTC:A K Y€PECJOBAHUIO /IBYX 1Ial'OB:

E-mar: q(Z) =p(Z|X,Q); (21)
M-nrar: Z qZ2)Inp(X,Z|Q) + R(Q) — max. (22)

Joka3areabCTBO. 3alUIIeM HEOOXOAUMbBIE YCIOBUS JTOKAJILHOIO SKCTPEMYMa I 3a-
Jladi MaKCUMU3aIu riaKkoro ¢gynkinuonasaa (20):

1 op(X,Z|Q)  OR(Q
S BXZID)  ORO)
p(X|9Q) o0 o0
U3 dopmyiibl yesosuoii BepositHoctu cieayer p(X [) = i gé'g; Bocnosbsyemest

9TUM TO2K/I€eCTBOM, BHOCA p(X—l\Q) 110/ 3BHaK CYMMUPOBaHUA:
X Z|Q aQ o
OR(Q)

0

HO.JIy‘{eHHoe YpaBHEHHUE dABJIACTCA HeO6XO,ZLI/IMbIM ycjioBueM JIOKaJIbHOI'O 9KCTpeMyMa
sajgaun M-trara (22), eciau dbukcupoBarsb pacipenesnenue p(Z | X, ) Tak, 47066 OHO HE 3a-
BrCcesio oT mapamMerpa ). VIMeHHO 9T0 u jocTuraercst Boraucaennem ¢(Z) va E-mare (21)
H OCJIeIyoIeli ero moJctaHoBkoii B (22). TakuM 06pa3oM, Mbl HOJIYYUIA CHCTEMY YPaB-
HEHUil, SKBUBAJICHTHYIO HEOOXOAMMBIM YCJIOBHsIM MakcumyMma dyHnknuonasaa (20).

Teopema JjiokazaHa.

CaencrBue 5.2. Ecin 3ajzada onruvusainun (20) mmeer orpanmyenusi ¢;(2) < 0,
h;(2) =0, To cucrema ypasmennii (21)—(22) ocraérest B cuite, Ipu 9TOM 3344494 OLNTH-
muzanun (22) uMeer Te ke OrpaHHICHHS.

s joka3aresibcTBa HEOOXOIMMBIE YCJIOBUS JIOKAJIBHOIO IKCTPEMyMa 3aMeHSI0TCs
yeaoBuamu Kapyma-Kyna—Takkepa, B 0cTaTbHOM BBIKJIAIKNA aHAJOTHIHBI.

Teopema 5.3. B mrepamnuonrom nporecce (21)—(22) 3uadenne ¢GyHKIHOHATA HE YMEHb-
[IAETCS HA KAXKJIOM HIAre.

okazarenbcTBo. Beném mpousBosibHOe pacupeseienne ¢(Z). Bocmob3yemcs

yCJIOBHEM HOPMHUPOBKE ) ., ¢(Z) = 1 u toxmectBom p(X |Q2) = ﬁg@ 3;
p(X, Z[9Q)
Inp(X|Q) = q(Z)Inp(X Q) = q(Z)In———=.
(X10) = a7 gt |0) = a7 oSl
Hobasum u oruumem ) ., ¢(Z)Ing(Z):

(X, Z|Q) (%)

Inp(X|Q) = qZ)In ————= + ) In ———. 23
L(2.) KL(a(2)[p(Z] X,2)) >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-
JIEHHAX HapaMeTpOB, BMECTO OOBIYHON peryJigpH3aliuid CTaJId HPUMEHATbCSI MeTOJbI Oaii-
€COBCKOI'0 BBIBOJIA. TemMarnyeckoe MOJIEIMPOBAHUE OKa3a/IaCh OTHOCUTEILHO HOBOM 3a/1a-
4Jeil B TOT MOMEHT, Kor/ia OaitecoBckoe o0ydeHue ObLI0 Ha 1uke noiy/sipaoctu. [Ipocrora
u Oorarbie BO3MOXKHOCTU OObIYHOU, He 0ailecOBCKOi, pery/ispu3aliun OKa3aJ/uch He3aMe-
YeHHBIMHU. DTO YVIYIIEeHHe KaK pa3 U Npu3BaH ycTpanuTh moaxon ARTM.

Hecmorps Ha BhICKa3aHHBIE BBIIIE COOOpazKeHus, OailecoBCKoe 0OyUeHne Kpaiine BazK-
HO JIjIsl TEMATHIEeCKOr0 MOJICJIMPOBAHUS XOTsI ObI IIOTOMY, 9TO OOJIBITUHCTBO I1yO/JIMKAIHiT
HAIKUCAHO HA 9TOM MAaTEMATHIECKOM SI3bIKE.

Mbi paccmorpum JiBa HauboJiee HOIYJISPHBIX I0JIX0/Ia: BapualMoOHHbI OaitecoBcKuit
BBIBOJ (variational Bayes, VB) [144] u commuposamme ['u66ca (Gibbs sampling, GS) [140].
Jlas mpocToThl orpaHmYuMca Mojenbio LDA um yBmwmamMm, 9To 00a MOAXOa MPUBOISIT
K EM-110100HbIM asiropuT™MaM, HE3HAYUTE/THHO OTITHYAIOIIMMCSA OT 3HAKOMO# HaM BEPCHUH.

['pomosjikast Texanka 0aiteCOBCKOTO BbIBO/A, OLUCAHHAS B JIAHHOM pa3Jelie, J1a/jee uc-
10JIb30BaThCs He Oy/ier. BaitecoBckue TeMaTnaeckue MOJIe/H, KaK MPABUJIO, YIAETCs mepe-
dopMyIIpOBaTh B TEPMHHAX PEry/IspU3AIUUd HAMHOTO sicHee H mpoire. [IpumepoB Takmx
«J1ebaiiecu3upOBaHHBIX» Mojeseil Oy1eT MHOTO B CJEIYIONUX pa3/ie/ax.

KoHuenuus baiiecoBckoro obyudeHus. [lycrs X — nabJrojaeMasi BHIOOpKa JIAHHBIX,
p(X |Q) — BeposgrHOCTHASE MOJIE)Ib JaHHBIX ¢ napamerpamu ), p(Q|vy) — anpuoproe pac-
npedesenue B MPOCTPAHCTBE IIAPaMeTPOB MOJC/IH, HMelolee IHiepnapaMerpsl . Torma
anocmepuoproe pacnpedeaenue IapaMeTpoB, cornacHo dopmyae Baiieca, mMeer Buj

p(€, X [v)
p(X[7)

rjae CUMBOJI 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/I0110/1001s JIJIsI AIIOCTEPUOPHOIO Pac-
npejiesieHus, TO JIOCTATOYHO BOCHOJIb30BATHCH MPUHIMUIIOM MAKCUMYMA GNOCMEPUOPHOT
8EPOAMHOCTU, KOTOPbI ObL/I pAaCCMOTPEH B IIPe/ibLLylieM pasjese. Toria 3aia4a CBOJIUT-
cd K MaKCHMU3AIUHA Jorapudma mpaBIono00us ¢ BepOITHOCTHBIM PeryIsapu3aToOpOM:

Inp(X|Q) +1Inp(Q2]|y) — max.
R
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AJIbrepHATUBHBIN Iy Th, HA3BIBAEMbIIT 0GUECOBCKUM 8bL6000M, 3AKTIOUAETCS B TOM, YTO-
Obl BBIYUC/IUTD allocTepuopHoe pacupejeenue p(€| X, ) B sBHoM Bujie. D10 HoJiee CJI0xK-
Hasd 3a/1a49a, HOCKOJIbKY BMECTO TOYEYHOI OICHKA mapaMeTpa {2 CTPOUTCA ero pacipeee-
aue. Takoit moxxon gaér Gosbuie HHGOPMAIUH O HapaMeTPaxX MOJEH, IO3BOIAET CTPOUTD
JUT HUX JOBEPUTEIbHBIC W HHTEPBAJIbLHBIC ONCHKH.

CsoiictBa pacnpegeneHusa OQupuxne. Mogens LDA ocnoBana Ha pacupegenenusx Jlu-
puxJie, IO3TOMY HPUBE/IEM B CIIPABOYHOM HOPsIIKE HEKOTOPBIE ero CBOMCTBA:

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

o 0, = ;f—:clp = notrm(at — 1) — moua;

e Db, = % — JIACIIePCHs;

e EIn6, = [In6, Dir(0|a) df = () — ¥(ag) — maremarnyeckoe oxujauue In 6;.

_ @)

Huramva-dyuxius ¢ (z) = T(a) OUCHb LOXOXKA Ha norapudpm.
I3BecTHA MPOCTast, HO BEChbMa TOYHAS ANIPOKCHMAIMS IKCIIO- 35
3,0 3
HEHTbI ,ZLI/IFaMMa—(l)yHKLLI/II/I (Ha Fpa(I)I/IKe UX JIMHUU HPAKTUYECCKU 25
HEPA3/IMIUMBI ): 20 4
15
1,0 4
2 05 4
) =exp(@) ~{ 2, DSTSE

T — %’ 1 < xT. 0 05101520 25303540

BapuauunoHtbiii banecoBcknii BbiBog,. llaes 5Toro moaxoaa B TOM, 4TOOBI HCKATL COB-
MECTHOE allOCTEPUOPHOE paclipejiejieHue JIjIs apaMeTpPOB MOJIeJIN U CKPBITHIX IIepeMeH-
ubix p(Z, P, 0| X, «, 5). HenocpejcrBennoe BbIUUC/IEHUE JAHHOIO PACHpPeIe/IeHUst 11Po-
osiemarudno. [lostomy Haxomdar ero mpubJinzKeHHe B BHJE Pa3JIoyKeHUs Ha MHOXKHUTE]IH,
UCIIOJIB3YS OCHOGHYIO TEOPEMY BAPUGUUOHHO020 baTlec08CK020 6bl600a.

Teopema 6.1. Ilyctp 3a1am0 pazbnenne MHOKeCTBa MepeMeHHBIX Y Ha O10kn Y;, j € J.
Torna pemenne 3amzaun KL (q(Y) H p(Y|X, 7)) — min B ceMeiicTBe (baKTOpH30BAHHBIX
q

pacupenerernii ¢(Y') = [] ¢;(Y;) yaosrersopser cucreme ypasremnmii
jed

Inq;(Y;) = EqyInp(X, Y |7) + const, j € J, (26)

rie By ; — MaTemaTnyeckoe oxkmjanne 110 BceM epeMeHHBIM KpoMe Y, const — jiorapuchm
HODMHDOBOYHOI'O MHOXKHTE/IS DACIPECTCHAT (.

JlokazaresbcTBO MOXKHO HaijiTu, Haupumep, B |27].

st pemenust cucrembl (26) MOZKHO HCHOJIB30BATH METO/[ IPOCTON UTEPAIUH.

[IpumenuM 3Ty TeopeMy K Hammemy ciydato, korga Y = (Z,®,0), v = («, 3). Byzaem
npubimxkare pacupenenenne p(Y | X, v) = p(Z, P, 0| X, «, ) npoussenenuem n+|T|+|D|
pacupeenenuii mo 6JI0KaM HepeMeHHBIX t;, ©;, 04

n

0(2,®,0) =[] 0;(2,®0) =[[at:) [[a(er) [ ] ¢al6a),

jeJ i=1 teT deD
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rae J ={1,...,n} UT U D — unuexcol Bcex OJIOKOB [EPEMEHHBIX.

3ameruM, 4TO eciiu OJOKH IepeMeHHBIX Y; He3aBHCHMBI, TO pelleHue OyaeT He IpH-
OIMKEHHBIM, a TOYHBIM. TakuM oOpa3oM, HCIOJIb30BAHHE BAPHAIMOHHOIO DaiieCOBCKOIO
BBIBO/IA CBSI3aHO C MPEJIIOIOKEHIEM, YTO MOYKHO MpeHeOpedb 3aBUCAMOCTIMEI MEXKIY Te-
MaM# TEPMOB t;, BEKTODAMU TeM ¢; U BEKTOPAMH JOKYMEHTOB 0.

Hrobbl 3anmucarb cucremy ypashenuii (26), pacumirem Jsorapudm pacipejiesieHust
p(X,Z, 9,0 |, 5), uepesojs ciaraeMbie, He 3aBUCSIIIE 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:|®,0) + In ] [ Dir(gi| B) + In [ [ Dir(ba| ) =
=1

teT deD

Zl QOthetd +Z Buw—1) lngowt—i—z a;—1)In 6, + const.

d,t

Tenepn Ha10 Oparb MaTemaTudecKue oxuganus Eq ; or sToit cymmbl 110 Beem pacipe-
jenerusim G (o), qa(0a), ¢i(t;), Kpome j-ro. 3amMerum, 4TO €C/IM cjaraeMoe S He 3aBUCUT
OT j-# IepeMeHHOil, TO quS = const, 4TO CUJABbHO YyIPOIIAeT BBbIKJIA/IKH.

PaccvmorpuM ypasuenne (26) OTHOCHTEIBHO ¢ (py):

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

weW
— Z Z w]qs(t) In P +Z w—1)In @, + const =
i=1 weW weW
= Z <Z lai(t )—|—5w—1) In ¢+ + const =

weW
\

J/

~~
Nwt

= In Dir(¢p; | Bt)

Takum obpasom, ¢ (p;) sBisierca pacupejesienuem upuxjie ¢ napamerpaMu
Buwt = Nt + Buw, TAE Ny — ONEHKA YUCJIA MeHepaluii TepMa w u3 TeMbl t. [Ipu Goabmmx
Nyt OHO CKOHIEHTPUPOBAHO B TOUKE 0y = NOTM(Sy¢)-

w

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

Ingq(04) = ZE% toldi=d|Inby,4, +Z +—1)In 6,y + const =

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

Nid

= In Dir(6,| aq).
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Takum obpasom, qq(04) siBiasiercs pacupejeiennem [upuxsie ¢ napamerpamu
Qg = Nyq + i, TJI€ Nyg — OLEHKA 4YUCIa TepMOB TeMbl t B jokymenrte d. Ilpu Gosibimx
N¢g OHO CKOHIIEHTPHPOBAHO B TOUKe Oy = norm(dyy).

t

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

Ing;(t) = Equi(In puy, +In6y,q,) + const =
= Eg(o0) In @0yt + Egy(0,) In 04,9 + const.

Msl yzke 3HaeM, 910 ¢4 (@) U qq(0y) aBastorcs pacupenenennamu Jupuxie. Bocmosib-
3yeMCsd M3BECTHBIM BLIPAsKeHHEM JIJIs MaTeMaTHIeCKOro OXKUJaHMs Jorapudma t-it KoM-
IIOHEHTHI CJIy9aiiHoro BekTopa (6;), mopoxaaemoro pacupeaeaenueM /lupuxiie:

i (t) = ¥ (Mt + Bu) — V(X0 (wt + Bu)) +
+ ¢ (g, + o) — (X, (nea, + a)) + const.

JlorapudmMupyst 1 HOPMUPYs, [IOJIyHIaE€M PACIPE/Ie/IeHIsT TePEMEHHbIX T;:

qz(t> — norm E(nwit -+ /sz) E(ntdi + Oét)

el \ E(3, (nuwt + Bu)) . E(X (g, + o)) ) (27)

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

1 1
(nwit + Bu; — 5 M, T 0 — 5)

1 1
nt+ﬁo—5 ndi+ao—§

q(t) = norm

Bamernm, uro opmyta s ¢;(t) moxoxka na E-mar (15) 8 EM-anroputye /i Mo/iesn
LDA: p(t|d;,w;) = normy(¢y,:014,). Bosee Toro, akkymyjsupoBaHue CYETUUKOB My U Mg
B TOYHOCTH coBrajaer ¢ popmyaamu M-mrara (16)—(17), ecau nomarars ¢;(t) = p(t|d;, w;):

n n

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

i=1 i=1

Takum obpasom, pemrenue cucreMbl (26) METOJAOM MPOCTBIX HTEPALUH HPUBOJAUT K
EM-110106HO0My ajropurmy. 9T0 HEMHOTO YIUBUTEIHHO, HOCKOJIBKY MbI HE UCIOJIH30BAJIN
EM-anroputym, n make He peliajn 3a/1a9y MaKCUMU3AIUN TPABIOMOI00US.

[lo okoHuaHNU UTepanuii HCKOMbIe ITapaMeTPbl MO/ MOXKHO OIeHUTH depe3 MaTe-
MaTH4YeCcKoe OXKUJaHNe alloCTEPHOPHBIX pacupeenenuiil /lupuxie:

+ = norm (N + Buw); 0,4 = norm (ng+oy).
P wEW( Y 511;)7 teT ( )
Ocuosroe orauune or EM-anropurma — B monpaskax (—1, —% win () K 9acTOTHBIM
OLIEHKAM YCJIOBHBIX BeposTHOCTeN. [Ipu myp, Nyg > 1 91u nonpasBku 1npenedpekumMo Ma-
jibl. OHEM BIUSIOT JIUITG HA OJIM3KHE K HYJIIO YCJOBHBIE BEPOSTHOCTU Oy U Oyq, KOTOPHIE

He FABJILAIOTCSI 3HAYUMBIM [T TeMaTrudeckoil momenun. Takwme orimunmsa B EM-1mom00HBIX
aJIrOpUTMAaX TEMATHYECKOIO MOJETUPOBAHUST MOXKHO CUYHTATH HECYIeCTBEHHbIMEI [24].
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CoamnnupoBanue 'nbbca. iest 31010 110/1X0/1a B TOM, 4TOOBI CHaYaJIa OIEHUTh CKPbITHIE
IIEPEMEHHbBIE C HOMOLIbIO CoMILIUpoBanus Z ~ p(Z | X, a, ), 3arem HaiiTu alloCTePUOPHOE
pacrpeesnenne mapamerpos mogenu p(®, 0| X, 7, «, 5), upu ussectabix X u Z.

Paszbepémcst cHadasia ¢ amocTepuopHbiM pactpeenenuem. Ilycrs p(®,0|a, ) —
anpuopHoe pacupezaenenne upuxie. Pacupenenenne lupuxiie gBIgeTcs CONPAZKEHHBIM
K MYJIbTHHOMHUAJIbHOMY, HO3TOMY allOCTEPUOPHOE TaKzKe Oy/eT IPUHA/LIeKATh CeMeRCTBY
pacupejesenuit Jupuxiie:

P(®,0]X. 7,0,6) x p(®,0, X, Z|a, f) o p(X, 7|, €)p(®, 0], §)
x [T (puibia)s= ] Dintiee| 8) T] Din(6ale)

dw,t teT deD
< T ettt TTT o~
teT dw deD w,t
x H H (pnwt-i-ﬁw—l H H H”td+0¢t 1
teT w deD t
X H Dir(g | Bt) H Dir(0q| ca), But = N+ Bu,  Gaa = Tuatau, (28)
teT deD

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

ComminpoBaHue CIy4daifHOro BeKTOpa 4 U3 MHOIOMEPHOTO pacipejeseHus OCHOBAHO
HA Meopeme 0 CLOOUMOCU NPOUECCs Camnauposanus Iubbca.

Teopema 6.2. I[Iporecc coMILIMPOBAHUST OJJHOMEPHBIX CJIYYaiHbIX BEJIHIHH

(k+1) (X, Z]v)
t; p(t;| X, Zvi,y) = —7—= =1,...,n;
(X 2l
rae k — HOMep mreparn, Z\; = (tgkﬂ), . tl(-lf{l), tg_’?l, o ,tslk)), CXOUTCS K MHOT'OMEPHO-

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

Jloka3aTebCcTBO MOXKHO HaiiTu, Hanpumep, B [27].

YT06BI BOCIIOJIB30BATHCSL TON TeOpeMoii, moaokuM v = (o, /) u HaiiéM pacmpeese-
uue p(X, Z|a, ). [TockojibKy OHO He JI0JIZKHO 3aBucerb oT napamerpos (®,0), no Hum
UPUJBTCs B3aTh UHTErpaJ. [lojbIHTErPAIbHOE PACIPE/IeIeHne Mbl y2Ke BbiBesin B (28),
HO JIMIIbL ¢ TOYHOCTBHIO JI0 HOPMHPOBOYHBIX MHOXKUTe e, Tenepb OHM HaM 1IOHAI00ATCs,
03TOMY pas3bepéMcs ¢ HUMHU aKKypaTHee:

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

/ / [Tt [T T [T il ) TT Diesfeanae -

teT deD
Z Bw /ngﬁwt 1d90t de tat /Heatd 1d9d
teT deD Ht
x Dlr(apt | Be) x D1r(9d |é&q)

Z ﬁw H r ﬁwt tat Ht (atd)
g INODW 5wt (g) ¢ Ht (Ztatd) (29)
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Pacupesenenne p(X, Z\; |a, B) ormmuaercs or nouydennoro sbie p(X, Z |, 3) jnnib
TeM, YTO OHO CTPOUTCS 110 BbIGOPKE Oe3 i-ro ssementa (d;, w;, t;):

o Z Bw) H F(ﬁwt tO‘t> Ht ( gd)
pxZilod) = 1G0T <zw<ﬁwt— P H) d Ht 00) D03 (G — 81)

e 8%, = [w=w;|[t=t;], i, = [t=t;][d=d;]. Teuepn, cormacuo dpopmyJe u3 reopembl 6.2,
10/IC/IUM 10JLy YeHHbIE PACIIPE/IeJIeHHsE OJIHO Ha JIPYTOe, YTOObI 110JLy4MTh 0JIHOMEPHOE Pac-
npe/ie/IeHue i COMILTUPOBAHUs TeMbl t;. [Ipu jeleHun B YMC/IUTe/Ie U 3HAMEHATeJe Co-
KpaTATCs BCe MHOKUTETH KPOMe TeX, KOTOpble 3aBucatr oT sjementa (d;, w;, t;):

_ X, Z]|a,B) _

p(tz|X? Z\iaa>5) - p(X, Z\Z|O{,5) -

_ F(nwztz_‘_ﬁw@) F(Zw(nwh_l_ﬁw)_l) F(ntidi+ati) F(Zt(ntdi+at)_1)
F(nwiti_‘_ﬁwi_]‘) F(Zw(nWti+/8w)) F(ntidi+ati _1) F(Zt(ntdi_l_at))'

I'(z)
T'(z—-1)

B s1oM BbIpazkeHu#n BOCIOJIb3YEMCs CBOMCTBOM raMma-(pyHKIUU =x—1:

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

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

[To cyru 310 onenka ycjaoBHOi BepositHocT p(t|d;, w;) = normy(y,:0q,) va E-mare
EM-anropurma g mogean LDA. Takum obpasom, Mbl cHOBa mosydaeM EM-1momo0HbLi
AJITOPUTM, XOTd 3a/[ada MAKCUMU3AIMH PAB/IOI0I00M jTazKe He cTaBUIach. Kak u B ciy-
Jae ¢ BapHAIMOHHBIME 0aileCOBCKUM BBIBOJIOM, aJITOPUTM OTJIAYAETCS HECYIECTBEHHBIMU
IolpaBKaMi K 4aCTOTHBIM OEHKaM YCJIOBHBIX BepOHTHOCTeﬁ. F.HaBHOG ero orjiniue B TOM,
qaro Jyist KaxJaoro (d;, w;), @ = 1,...,n, NIPOUCXOJAUT CIMILIMPOBAHUE TOJIBKO OJIHOI Te-
Mbl ¢;, KOTOpasl U y4acTByeT B aKKyMYJMPOBAHUU CUETUUKOB Ty U Thyg:

n n

Nt = > _[wi=w][t;=t,  ng =Y [di=d][t=1].

i=1 i=1

Dakruuecku, va M-mare cymmupyrorcst e camu pacupeienenust p(t|d;, w;), a ux sm-
nupudeckue oneHku p;(t) = [t=t;] no commiupoBannbiM remam t;. CyMMa TaKuX OIEHOK
CXOJUTCS K CYMME MCXOJHBIX PaCHpee/IeHuii, CorIacHO 3aKOHY OOJIBIIUX THCEI.

[To OKOHYAHMH WTepaIyii HCKOMbBIE apaMeTpbl MOJEJU MOXKHO OIEHHTb Yepe3 MarTe-
MaTHYeCKOe OXKUJIaHUe aloCTePHOPHBIX pactpe/aeaenuii lupuxie u3 (28):

pur = n0rm (nue+By); b = norm (nytay).

B asropurme 3 mokasaHa ujes peasnusanuu, npemiokennas B [140]. Kaxgas urepa-
nusg k B IpoIecce COIMILTUPOBAHUS COOTBETCTBYET OJHOMY IIPOXOJy KoJuieKiuu. Korma
JIJIS TO3UIAY ¢ COMILJIUPYETC TeMa t;, BceM IpeJblaymum no3uruam 1, ..., 72— 1 yxke npu-
CBOEHbI TeMbl Ha, JIAHHON UTepalyu, a BCe HOC/e/yiolye no3unuu ¢+ 1, ..., n COXpaHgior
rembl ¢ npegpiaynieii (k — 1)-it urepanun — B ToO4HOCTH Kak TOro Tpedyer reopema 6.2.
CoMmminpoBaHHAsI TeMa 3allOMUHAETCS B IIEPEMEHHON t;, ¥ Ha CJeyIomeil nrepaiun, Ko-
[JIa 9Ta TeMa U3MEHUTCS, CIETUUKH N, U Nyg OYIYT YMEHBIIEHbI Ha eIUHUILY JJIs CTapoii
TeMbl, U YBeJIMYEHbl HA €JUHUILY JIJI HOBOI.
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A nproputMm 3. Cosmmimpoanue ['uboca.

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

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

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

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

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

©

CxoacrBo EM-mio106ub1x asiropurmos PLSA, MAP, VB, GS u emé neckoibkux ux Ba-
puanToB ObL10 3aMedeno B [24]. B pabore [6] comiuinpoBanue e IMHCTBEHHO TeMBL U3 Pac-
npenenenns t ~ p(t|d, w) paccMaTpUBATIOCh KaK OT/IeJbHAs IBPUCTHKA, KOTOPYIO MOYKHO
HCIT0JIB30BaTh B JI0O0M EM-110100HOM airopuT™Me TeMaTHIeCKOrO MOIeTHPOBAHNS, HATH-
Hasg ¢ PLSA. DkcnepuMeHTHl MOKa3a/i, 9T0 COMILIMPOBAHUE HECYNIECTBEHHO BJIHsET HA
CXOJMMOCTD U JIPpyTue CBOHCTBA Mojean. Kak 9Bpucruka, OHO MOKeT CBODOIHO COYETAThCs
C JIIOOBIMU PeryJisipu3aTopaMu.

Ontumnsauymsa runepnapametrpos B mogenu LDA. Bo muormx paborax, HadmHas
¢ |140], ucnosb3yiorcs cuMMeTpHUYHbIE AIPUOPHbIE Pacipe/iesenns Jupuxie ¢ napamer-
pamu oy = 50/|T|, B, = 0.01. Bosiee Toukue uccaenoanus |157| nokasanu, 410 jydrie
OITUMHU3UPOBATH BEKTOD & = (1, ..., Q) B HECUMMETPHYHOM pacupejesernn Dir(0y | «)
U OA0MPATH YUCIOBOIl mapamerp 3, < 1 B cummMerpuanoMm pactpeenenun Dir(yq|f3).

Jng onrumm3anuu BeKTopa « B [157| mpejiaraeTcs MaKCHMA3APOBATH PABIOIOI00Ue
P(X,Z|a, ) upu dukcupoBanubix Z u . OrbpacsiBas B (29) MHOKHUTEIN, HE 3aBUCSIIHAE
OT (v, HOJIy4a€M OITHMU3ANUOHHYIO 3a/1a4y:

'y I'(ng + oy
P(XM):(g)F(nj—l—)ao)g (Fc(lat) )—>me’

B nuccepranun |156] cpaBHuBasioch Goiee jecsTKa YUCACHHBIX METOIOB €€ DelleHHs .
[IpuBesém Jmiib camblii MPOCTOR M3 HUX — MeroJ| HemoJBuzKHONH Touku [102]. B Hém
BEKTOp @ = () HEPECYUTHIBACTCS 110 PEKYPPEHTHOMH (hopmyJie

— o Yog V(g + o) — ()
. t2d¢(nd+ao) — Y(ap)’

rie P(r) — auramma-dyHkIus. d1a (HopMysa BCTPDAUBALTCS B UTEPALUOHHbIH IIPOLECC
EM-ajiropurma Mexk/1y 1IPOXOJaMu 110 BCel KOJIJIEKIUH.

DkcnepuMeHThl B [157| moKa3aau, 9T0 ONTHME3AIMsI BEKTOPA (v MOBBIIIAET HPABJIO-
nojobne u cKopocThb cxoaumoctu EM-anaropurva. B ciydae cuinbHOt necbararcuposan-
nocmu mem (KOTJia B KOJUIEKIMH OJHUX TeM OOJIbIIe, YeM JIPYIHX, B Pa3bl WIH JarxKe

ay
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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).

Mogenr PLSA:

KaxKplih d € D mopoK/1aeT CKPBIThIE TeMBI:

i pltld), i =1, o @+ O—@

. d t w

KazKJiasd Tema t; OpOzK/iaeT CJI0BO: Nd
Mogeas LDA:
Q¢ TIOPOZK/IAET BEKTOPbI JIOKYMEHTOB: C}—'C}—'

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

¢ ~ Dir(p[B), t € T;
snaJiee kak B PLSA. @

B ¢ |T|

Puc. 7: TeneparuBnasi ucropusi u rpadudeckas noraius st mogesneir PLSA u LDA.

Ha TIOPSA/IKH) ONTHMU3AIM BEKTOPA (v MPUBOJUT K 0OJIee eCTeCTBEHHOMY HEPaBHOMEDHO-
MY pacupejieIeHuI0 KOJJIEKIIUHA 110 TeMaM.

pacdmnyeckas Hotauusa. Bepogrrocrabie Temarndeckue Mogean PLSA u LDA as-
JIIIOTCS 9acTHbIME ciiydasmu rpadoBbix mojeseit. B epagosoti seposamrocmmot mode-
sy (probabilistic graphical model, PGM) 3aBucumoctu Mexy ciydaiiHBIMU BeJHYUHA-
MU 1peJICTaB/IdioTcd B Buje rpada. Bepumnbl rpada coorBeTCTBYIOT CJIydallHbIM Iie-
peMeHHBIM, PEOpa — HENOCPEeJCTBEHHBIM BEPOSTHOCTHBIM B3aMMOCBA3SIM MKy HIMH.
Ha puc. 5 mokazaHbl mpuMepbl 3aBUCUMOCTeNl MeXKIy CAyJallHbIMU mepeMeHHbIMU. Ha-
OJIf0/1aeMble TIePEMEHHbIe N300PazKaroTcs 3aKpPaIlleHHbIM KPYKKOM. BbIOOpKa mepemen-
HBIX, T€HEPUPYEMbIX OJHUM PACIPe/Ie/IeHueM, n300parKaeTcs: MPsIMOYTOJIbHUKOM, puc. 6.
Taxue nzobpazkenust OyjieM Ha3biBarTh 2padiuueckoti nomayued (plate notation).

AnbTepHATUBHOI TEKCTYaIbHOI (OPMOIL MpeICTaBIeHI BEPOITHOCTHON MOJETH SB-
JSeTCA 2enepamushas ucmopus (generative story), B KOTOPOI OHMHCHIBAETCS ATTOPHTM
HOPOK/IeHus JiaHubIX. Ha puc. 7 nokasanbl 06a upejicraBjienus, rpapuieckoe u TeKCTy-
aJibHOe, JIst TemaTudeckux mogeseit PLSA u LDA.
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Puc. 8: [Ipumepst rpaduveckux HoTaruil u3 myOaukanuii 10 TEMATUIECKOMY MOEJIHPOBAHUIO.

[Toxbopka rpadudeckux HOTAIMI HA PHUC. 8 HILTIOCTPUPYET OOJIBIIIOE CTPYKTYPHOE pas3-
HOO6pa3I/Ie BEPOATHOCTHBIX TeMaTU1CCKHUX MO,H,e.HeI';'I. XOTH HaIlJIAJHOCTD ABJIdeTCd HEeOCIIO-
PUMBIM [PEUMYIIECTBOM, HEJIOCTATKOB Yy rpaduvecKoil HoTamuu ropasnao oosibiie. [ias-
HbI — HENIOJIHOTa U HEOAHO3HAYHOCTb MHTEPIIpEeTAllUN. HeKOTOpre ACIIEKTbl MO/EJIMPO-
BaHUs HEe MOT'YT OBITh OTOOparKeHbI OOIICIIPUHATHIME CpeJCTBaMu Ipadudeckoil HOTaIUH,
1 aBTOPHI BHIHY 2K IeHBI 1300peTarh COOCTBEHHBIE. B pe3ysibrare Mo/1e/1b MOXKET BOCCTaHAB-
JINBATHCS 110 KAPTUHKE HEOHO3HAYHO. |'eHepaTuBHASA HCTOPUS JINIIEHA STOr0 HEeJOCTATKA
u j1aér 60J1ee TOYHOE ONUCaHue Mojes . | padudeckast HOTAIMS U TeHePATHBHAS HCTOPHSI
MOTyT 6bITb IIOJIE3HbI AJId IIOHUMaHNA O6H_Le171 ujaen u KOHCTPYKIOUU MOIEJIN. OﬂHaKO nx
He JOCTaTOYHO, 9TOOBI OJHO3HAYHO BOCIIPOM3BECTH IIEPEXO] OT MOJENH K AJTOPUTMY €€
obyuenns. K coxkajieHIio, BO MHOTHX IIyOJTHKAIUSIX aBTOPBI OIMYCKAIOT 3TOT MEPEXO/T /ISt
KPATKOCTH U3JI02KEHHsI, YTO OTHIOAb He JI00aB/IseT ICHOCTH TAKUM pabOTaM.

CpasHervne ARTM un bGaitecoBckoro noaxopa. K memocrarkam 6aiiecOBCKOro BLIBO-
Jda MO2KHO OTHECTH TeXHUYECKYIO CJIOZKHOCTb ,ZLO6aBJ’[eHI/IH n KOM6I/IHI/IpOBaHI/IH Tpe6OBa—
HUI K MOJIEJIM B BUJIE ONTUMH3AIMOHHBIX KpurepueB. B HéM Her ya00HBIX MeXaHH3MOB
peryJisipusaiuu, OCKOJIbKY HeT, COOCTBEHHO, 1 3ajaun onrumusauu 10 (P, 0). Yrobdsl
Y4EeCTDb JIONOJTHATEIbHYIO0 HH(MOPMAIUIO, IPUXOIUTCA MEHATDH allPHOPHbBIE PACIIPE/Ie/IeHHS
I BCIO CTPYKTYpy Mojenu. Eciu anpuopHbie pacupejeseHus He siBJISIOTCS pacipese-
nenusavu Jlupuxiie, BbIBO/I CTAHOBUTCS 3aMETHO CJIOXKHEe.

Pacupejiesienne {upuxiie oka3biBaeTcs «Ha 0COOOM IOJIOZKEHUUY> B 0AfI€COBCKOM 1101~
XoJJe. OHO HE mMeeT y6e,H,I/ITe.HbeIX JIMHI'BUCTUYECKUX O6OCHOBaHl/Iﬁ, TeM HE MeHee, B JIU-
Teparype OOJIBIIUHCTBO MOJIEIel CTPOATCA C €ro UCIOJb30BaHUEM. DTO 00bICHSIETCS ero
MaTeMaTHIeCKHM yI00CTBOM, a MMEHHO, CBOMCTBOM COINPIKEHHOCTU C MYJIbTHHOMHUAJIb-
HeIM pacupegenenneM. B ARTM Her HUKaKHX OCHOBAHHUI IPeIIIOYUTATL PACIPE/IeTeHIe
Jlupuxjie JpyruM peryJisipu3aropam.

[TocranoBKa onTHMU3ANMOHHON 3aja4du Buga (18) 1aéT BO3MOXKHOCTH MHTEPIIPETH-
poBaTh ANPUOPHOE PACIPE/IEICHIE KAK BEPOSTHOCTHBIH PErysisipu3arop, OTJ/E/JUTh ero
OT KOHKPETHOH MOJIeJIM W HCIOJBH30BaTh B JAPYTUX MOJAEIIX. AJTUTUBHOCTD PeryJisipu-
3aTOPOB IIPUBOJIUT K MOJLY/JbHOW TEXHOJOTHMH TEMAaTHYECKOI'O MOJEITUPOBAHUS, KOTOpas
peasmzoBana B ipoekte BigARTM (8, 150|. IIpu pemenun npukiaapix 3a1a49 KOMOUHAPO-
BaHUE I'OTOBbLIX PEryJjidpu3aTopoOB I103BOJIAECT CTPOUTH MOLEJIN C 3a/aHHbBIMHA CBOMCTBaAMU
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663 JAOIIOJIHUTEJ/IbHBIX MaTeMaTU1€CKUX BbIKJIQJOK W IIPOI'PaMMUPOBaHUA. CO3,Z[aHI/Ie Ta-
KOW TEeXHOJIOI'MU B paMKaXx 0aileCOBCKOI'O 0JIX0/1a €/iBa JI BO3MOXKHO.

B nmanbreiiimem mMbl OyjieM pacCMaTpUBaTh BCe TeMaTHYECKHEe MOJIC/IM B TEPMUHAX pe-
I'YJIpU3AIAT, JaKe eCJIU B UCXOIHBIX paboTaX OHU CTPOHIUCH 0alleCOBCKUME METO/IaMU.
Pedopmanuzamus OaiiecOBCKUX Mojie/ieil depe3 pery/spu3aliiio, Kak MpaBuio, He Ipe/l-
crasJisieT 0ocoboro Tpyjia, 60/1ee TOro, IPUBOJAUT K PAIMKAJIHLHOMY YIIPOIIEHUIO U3JI02KEHUS
663 CyleCTBEHHbIX U3MEHEHU B KOHEYHbIX AJI'OpUTMax. MbI HE 6y,£[eM UCIIOJIb30BaATh
rpadudeckyo HoTamuio, mockoabky B ARTM gaxke ciioxkabie MOmenn (hopMan3y0TCs
HACTOJILKO MPOCTO, YTO IMOTPEOHOCTU B rpaduvecKuX Mpe/ICTaBJICHUIX He BO3HUKAET.

7 Mopenu crna>knpaHmnsa n paspexKmMBaHUs

OTKa3 oT ampHOpHBLIX pacupeaeneruii /lupuxie mo3Bossger 0606muTh Momeab LDA:
CHATH OPPAHMYEHUSI HA 3HAKH runeprnapaMerpos B (19) u cBobGo/Hee 06pAIATHCsI CO CIITa-
JKUBAHUEM U pa3pe:kKUBAHUEM JJIsl YIydIIeHHs HHTePIPETUPYEMOCTH TEM.

T'unomesa paspesrcennocmu: Kaxjias TeMa XapaKTepusyercs HeOO/IbIIUM YUCJI0M Tep-
MOB; KazKJbIil JTOKYMEHT OTHOCUTCS K HEOOJIBIIOMY YHCJLYy TeM. SHAYMTEeIbHAsl 9acTh Be-
posiTHOCTel @,y U Oy PABHBI HYJIIO.

Pa3pezKeHHOCTD MpeICTaB/IgAeTCsd eCTEeCTBEHHBIM HEOOXOIMMBIM YCJIOBHEM HUHTEPIPETH-
PyeMoCTH TeMaTH4IecKoit Mojein. Kpome Toro, pa3pe:keHHble CTPYKTYPBI JTAaHHBIX U aJII0-
PUTMOB ITO3BOJISIIOT 3aMETHO COKPAIATh BPEMS BHIUMUC/ICHUE U PACXO/] MAMATH KAaK B IIPO-
[ecce MOCTPOEHUsT MOJIEJIM, TAK U HPU JajIbHEHRNIeM €€ UCIOJIb30BAHMM.

Muorue monbITKH paspe:kuBanus momenn LDA mpuBoamim K dpe3MepHO CI0ZKHBIM
koHCcTpyKiusaMm [134, 51, 160, 77, 40| u3-3a BHYTpEHHErO IPOTHBOPEYUs MeKJy paspe-
JKEHHOCTDBIO U MOJIOXKHTEJIbHOCTBIO MMapamMeTpoB B pacupejienenun lupuxie. IIpobiema
PeIaeTcs MpocTo, ec/in B peryasipuzarope (19) mo3sosmth runepunapamerpam oy, 3, npu-
HUMAaTh OTPUIATEIbHbIE 3HaYeHus . [10 Bceil BUANMOCTH, BIEPBbIE 9TO ObLIO IIPEII0ZKEHO
B JuHaMuaeckoit Mojesn PLSA st 06paborku Buseonorokos [146|, riae jokymenramu siB-
JISLTACh KOPOTKHE BHIeO(pPArMeHThbl, TepMaMi — MPU3HAKHA Ha H300pazKeHUIX, TeMaMi —
OSIBJIEHUE OIPEIEIEHHON0 OObEKTa B TeUeHHe OLPEeIeJIEHHOrO BpeMeHn (HampuMep, mpo-
€31 aBTOMOOWMIIsI Yepe3 MePeKPECTOK). PaspekuBarh PACHPE/IEJCHUs] CUIbHEE, YeM ITO
nenaer LDA,| norpeboBasiuch Jijist ONMUCAHUS TEM C KOPOTKUM «BPEMEHEM KU3HUS.

O06006wweHne LDA. Makcumusanusi alocrepuopHoil BeposgTHocTn B Mojean LDA npu-
BoauT K peryisipusaropy (19). Caumem orpanudeHust HEOTPUIATEIBHOCTH C IIADAMETPOB
Buw, (¢ M IO3BOJIMM 3a/aBaTh UX WHIMBU/YAJILHO JUIA KaxkKJ0i siueiiku marpun, @ n O.
[oyauM 0600wWEHHbIT PEYAAPUSATNOD CZAGHCUBTHUS U PAZPEHCUBAHUSL:

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

teT weW deD teT

[ToxcraBus sTot peryasipusarop B (16)—(17), noxyuum dopmysasr M-mara:

Pt = 10 (g + B (30)

Oig = ngpm(ntd + oztd). (31)
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Puc. 9: Crpykrypa paspexennoctu marpuil ¢ u © ¢ npeavernbiMu 1 POHOBBIMU TEMAMU.

[TooxkurenbHOe 3HAYEHHE mapaMerpa [,; WIH 4y COOTBETCTBYET CIVIAyKUBAHUIO, OT-
purareabHoe — paspekuBanuio. [Ipu rakoM 0000IIeHIE HEKOPPEKTHO (Ja U HeT HeoOXo-
JIMMOCTH) TOBOPUTH 06 ampHOpPHBIX pactpejererusx upuxie. OG0OMEHHbI peryaspu-
3aTOP OCTaBJIIET CBODO/Y BbIOOpA A9Y€EK MATPHIL /s PA3PEKUBAHUS M CIUIAZKUBAHUSI.

Yactn4yHoe oby4eHune. B mpomecce co3gaHus, UCIOIb30BAHUA WU ONEHUBAHUS TeMa-
THYeCKOIl MOJETH KCIEPTHI, HOIb30BATeN HJIH acecCOPBl MOIYT OTMedaThb B TeMaX pe-
JIeBaHTHbBIE UJIM HEPeJIeBaHTHbIE TePMbl U JIOKyMeHTbl. Pa3zMmeueHHble JJaHHBIE 1103BOJILIOT
(bukcupoBars uHTEpLpPETAMM TEM U IOBBILIAIOT ycToluuBoCTh MOJesu. Pasmerka mo-
JKeT 3aTParuBarh JHIIb JaCTh JOKYMEHTOB H TeM, I03TOMY €€ HCIIOJIb30BaHHe OTHOCHTCS
K 33Ja9aM uacmuurozo obyuenus (semi-supervised learning).

ITycTp g xaxknoit Temel ¢ € T' 3agaHBl 9eThIpe IOJIMHOMKECTBA!

W — «BeJiblit CIICOK» PEJICBAHTHBIX TEPMOB;

W, — «4€pHbIil CINCOK» HEPEJIEeBAHTHBIX TEPMOB;
D;" — «6enplit COUCOK» PeIeBAHTHBIX TOKYMEHTOB;
D; — «49@pHbIil CIUCOK» HEePEeJIeBAHTHBIX JIOKYMEHTOB.

Yacmuurnoe obyvenue no peaesaHmHocmy SIBASeTCI YaCTHBIM CJIyYaeM DeryIspu3a-
TOpa CIJIA?KUBAHNA U Pa3peKUBAHUA IIPU

Bt = Bylw € W = B_[w e W,
iy = ayld € D] —a_[d € D/,

e B+ u oy — KOIDDUIUEHTHI Pery isipu3aliiim.

MpeametHbie n poHoBbIE TeMbl. YTOOBI MOJIEIL ObLIA HHTEPIIPETUPYEMOI, KazK/1as Te-
Ma, J0JIZKHA UMETh CEMAHMUYECKOe A0PO — MHOKECTBO TEPMOB, XapaKTePU3YIOIHUX Ollpe-
JIEJIEHHYIO TIPEJAMETHYIO 00JIaCTh M PEIKO YIOTPeOIdeMbIX B ApYrux Temax. Jljig 3roro
mMarpuipl  u O NOMKHBI IMETh CTPYKTYPY Pa3peKeHHOCTH, AHAJOTHYIHYIO IIOKA3aHHOI
Ha puc. 9. MHO)KecTBO TeM pa3buBaeTcsa Ha JBa IMOAMHOXKecTBa, 1 = S U B.

IIpeomemmvie memo, t € S copepzkaT TEPMHHBL IIPEJIMETHBIX obaacTeil. VX pacipe/ie-
Jenust p(w | t) paspezKeHbl 1 CYIIECTBEHHO PA3JIMYHbI (JIeKoppesnpoBanbl). Pacipejenenus
p(d|t) Takzxke paspezkeHbl, TaK KaK Kazkjas HPeJMeTrHasi TeMa HPUCYTCTBYET B OTHOCH-
TeJIbHO HeDOJIBLION J10JI€ IOKYMEHTOB.

Donoevie memv, t € B cogepKaT ca0Ba OOIIEH JIEKCUKH, KOTOPBIX He JOJIKHO OBITh
B IpeJMeTHBIX TeMax. VIx pacnpegesnenus p(w|t) u p(d|t) craazkensl, Tak Kak 3TH CJI0Ba
HPUCYTCTBYIOT B OOJIbIIMHCTBE JIOKYyMEHTOB. TeMaTnieckyio Mo/jie/ib ¢ (DOHOBLIMU TeMaMK
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MOZKHO PacCMaTpuBaTh Kak 00001eHe pobacTHbix Mosesei |38, 121], B KoTopbix ncnosib-
30BaJIOCh TOJILKO OJIHO (DOHOBOE pacipe/e/IeHUe.

CdrokycunpoBaHHbIii TeMaTU4ecknii Nonck. Yacruunoe o0ydeHue TeM MOKHO PacCMaT-
puBaTh KaK Pa3HOBHJHOCTH TeMaTHYeCKOro MHMOPMAIMOHHOIO 1OuCcKa. B KadecTse 3a-
Ipoca 3aJa6TCA cemMarmuyeckoe A0po OJHONU WU HECKOJIbKUX TeM. DTO MOXKeT ObITH JII0-
Goit dparmenT Tekcra, «Oesiblii cnucok» TepMoB (seed words) wiam z-memku — TEMBI,
IPUIUCAHHBIE OT/EJbHBIM cjioBaM uin dbparmentam B jokymentax [20|. Temaruueckast
IIOMCKOBAg CUCTEMa JOJI?KHA He TOJBbKO HAWTH U PAHKUPOBATH PeJICBAHTHBIC JOKYMEHTHI,
HO U PA3JI02KUTb IIOUCKOBYIO BbLJAQ4y IIO T€MaM. B TUIMUYHbIX HPUJIOZKEHUAX PeJIeBaHT-
HBIIl KOHTEHT COCTaBJIZeT HUYTOKHO MaJylo JIOJIIO0 KOJIeKuu. Tem He MeHee, HMEHHO
9TOT KOHTEHT JIOJIZKEeH OBITH TIIATE/bHO cucTeMaTu3upoBan. OOpa3HOo roBops, Tpedyercs
«kaccuUuIUpoOBaTh UTOJKH B cTore ceHay [34]. Tembl craHoBsaTCS 37M€MeHTOM rpadu-
yeckoro uHrepdeiica 1mo/ib30Bareis, MHCTPYMEHTOM HABUTAIMKU M IIOHUMAHUS TEKCTOBOM
koJiiekiu. OTCio/la BaxkKHOCTH TPEOOBAHKS HHTEPIPETUPYEMOCTH KAZK IO TEMBbI.

Hacruunoe obydeHHe HCIOJIB30BAIOCH JJisl MOMCKA W KJacTepu3aluu HoBocTeil [66],
[IOKMCKA B CONUAIbHBIX Me/iia HH(MOPMAIUH, CBI3aHHON ¢ DOJIE3HAMEI, CHMITOMAaMU U Me-
Tomamu Jedenust [114, 115], ¢ mpecrynrocThio 1 9kcTpeMusMom [88, 133, ¢ HannoHaIbHO-
CTSIMU U MEXKHAIMOHAJBHBIME OTHOLIeHusIMU |34, 72, 112)].

B mogesn ATAM (ailment topic aspects model) B KauecTBe CrirazkuBaroIero pacipe-
JieJIeHust [3,,; UCIOJIb30BATACH OOJIbIIas KOJIJIEKIUs MeTUIMHCKIX craTeil [115].

B momenax SSLDA (semi-supervised LDA) u ISLDA (interval semi-supervised LDA)
JIJIS [IOMCKA 3THO-PEJIEBAHTHBIX TEM B IIOCTAaX COIHUAJIbHBIX CeTell MCIOJIb30BaIOCh CIIa-
JKHBAHKE 110 CJIOBAPIO U3 HECKOJBKHUX coTeH STHOHUMOB [34]. B mogen SSLDA jyist kazxk-
JIOfT 9THO-PEJIEBAHTHONW TEMbI 3a/1aéTCsi CBOW CJI0OBAPh STHOHMMOB, CBSI3AHHBIX C OJHUM
onpeenéaabiM 3THOCOM. B Mosiesin [ISLDA muO)kecTBO TEeM pa3dbuBaercs Ha MWHTEPBAJIBI,
1 JIJI BCeX TeM KazK/IOro HHTepBaJia 3a/1aéTcs OOIIuil cJioBapb STHOHUMOB. | IpenmytecTBo
TUX Mojeseil B TOM, 9TO HHTepIpeTalus KazKJ0il TeMbl nu3BecTHa 3apanee. HemgocraTku
B TOM, 4TO TPY/JAHO IIpEAyra/ibIBaTb YUCJIO TEeM JJIdA Ka)K,ZLOI';I 9THUYIHOCTHU U CTPOUTDL I10JIU-
ITHUYHBIC TEMbI /14 BbIABJICHNA MEZKITHUICCKHUX KOH(I)J'[I/IKTOB. AﬂbTepHaTI/IBHbIﬁ IHOAXO/,
3aKJII01aeTCd B TOM, LITO6I)I 3a/aThb YUCJIO 9THO-PEJIEBaHTHbLIX TEeM U IPDUMEHUTb K HUM 06—
mee Crila)kKuBaHHe 10 CJI0BAapIO STHOHUMOB. TemaTndeckas MOJIEIb caMa OIIPEJIe/THT, KaK
pa3jeuTh ux mo drHuIHOCTsIM |21, 22|. HemoctaTok 9TOr0 mMoAX0Aa B TOM, YTO HHTED-
HPETHPYEMOCTD HalICHHBIX TeM IPUXOIUTCS MPOBEPITH BPYUHYIO.

OexkoppenupoBanune. TemaTmueckas MOACTb He JOJDKHA COACPKATH JIyOJUPYOMIIXCS
WJIM TOXOXKUX TeM. eM pasjumunee TeMbl, TeM MHGOpMaTUBHEe MOAEb. [1Jist IOBBIIIeHMs]
Pa3JIMYHOCTH TeM OyJeM MUHMMU3UPOBATH CyMMY MOHAPHBIX CKaJSPHBIX IPOM3BEIeHHUIl
(Pt 0s) = D PutPws Mexay crosmbuamu Marpuinst $. [Toryaum perymspusarop:

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

teT seT\t weW

®opmysia M-mara, coracho (16), umeer Buj

Ppur =m0l (nwt —TPur Y ()Ows)- (32)
seT\t
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DTOT peryasapusarop KoHTpacrupyer crpoku marpuipl . B kaxk0it cTpoke, He3aBu-
CHMO OT OCTAJIbHBIX, BEDOSITHOCTH (D,,y HAMOO/Ie€ 3HATUMBIX TEM TePMa W yBEJIUIUBAIOTCS,
BEPOSTHOCTU OCTAJIbHBIX TE€M YMEHBIIAIOTCA M MOTYT OOpallaTbcsd B HyJIb. Pa3pexkuBa-
HHE — 3TO ComyTcTBYoNmil 3dhdexT mekoppennpobanus. B [142] 61 3aMeden emé oauH
oJIe3HbIH 3D deKT: cjioBa 00IIeil JeKCHKH I'PYIIUPYIOTCI B OTJ/IEIbHBIE TeMbl. DKCIIePH-
MEHTBHI ¢ KOMOMHUDOBAHUEM PErY/IsiPU3ATOPOB CIUIAKUBAHUS, PA3PEKUBAHUS U JIEKOPPE-
mauposanust B ARTM nogrsepzkiator sro nabuaogenue |7, 152, 151].

JexoppenupoBanue Biepsbie ObL10 mpemaokeno B Mogeaun TWC-LDA (topic-weak-
correlated LDA) B pamkax GaiiecoBckoro moaxoma [142]. CoorBercrByiomee ampuopHoe
pacipejie/ieHie He sBJISeTCS CONPAZKEHHBIM K MYJIbTHHOMHAJIHLHOMY, ITO3TOMY OaiiecoB-
CKHUil BBIBOJI CTAJIKUBAETCs ¢ Texaumdeckumu TpyaHocramu. B ARTM pacuérnas dopmyiia
M-mirara (32) BBIBOAMTCS B OJIHY CTPOKY.

KomOuHupoBaHue perynsipn3aTtopoB criaxkKuBaHus (POHOBBIX TEM, pPa3perKuBaHM
HpeJMEeTHBIX TeM B Marpuile © u JekoppesupoBaHus cToJionos Mmarpunbl P ucrnosb3osa-
JIOCh BO MHOPHX paboTax Jjisl yIydIleHns HHTepaperupyeMoctu tem |7, 151, 152, 153, 17].
[TomobpaB KO3 DUNUEHTHI Peryaspu3aiiui, MOXKHO OJHOBPEMEHHO 3HAYUTEJIbHO Y/Iyd-
IIATH pa3pezKeHHOCTh, KOHTPACTHOCTD, YUCTOTY U KOT€PEeHTHOCTb TeM MPHU He3HATUTEeTh-
HOIT 1oTepe npas/ono106us |152]. Boum BbipaboTanbl OCHOBHBIE PEKOMEH AU JIEKOD-
peJIMpOBaHueE U ClJIayKMBaHUE BKJIOYATH cpasy, paspexkuBanue — mocje 10-20 urepanuii,
Korja obpa3yercs TEeHJICHIHS K CXOAUMOCTHU [1apaMeTpPOB MOJIEIH.

Ta ke KOMOWHAIMA PEryJISpU3aTOPOB CYIIECTBEHHO Y/IydYINaja KadeCTBO TeMaTHde-
CKOTO pa3BeJovHOro moucka B [17, 173, 64|, XoTs HEUKaKHe KpUTEPHU KAYecTBA ITOUCKA
HEIOCPE/ICTBEHHO HE ONTUMU3UPOBAJIUCD.

8 MopgenupoBaHue MyabTUMOAANbHbIX AAHHbIX

Myavmumodarvhas memamusieckas Moodess OIUCHIBAET JOKYMEHTBI, COAEPZKAIINE Me-
TaJaHHbIC HAPSLy ¢ OCHOBHBIM TEKCTOM. MeTajanHble OMOraioT 60J1ee TOYHO OUPee/IaTh
TeMaTHKY JOKYMEHTOB, M, HA00OPOT, TeMATUIECKAs MOJIE]b MOKET HCIIOJb30BATbCA JJIsd
BbISAB/IEHUS CEMAHTHKI METAIQHHBIX WM IIPEJICKA3aHKUs POIYIIEHHBIX MeTaIaHHbIX.

Kaziplii THII MeTaJaHHBIX 00pa3yeT OTAENbHYI0 MOJaAbHOCTG CO CBOUM CJIOBAPEM.
CioBa €CTECTBEHHOTO 3BIKa, caoBocodeTanus [159, 168|, Teru [74], nMeHOBAHHBIE CYIITHO-
cru [106] — 910 upuMepbl TEKCTOBBIX MOJAJLHOCTE. B My/JbIUs3bIYHBIX TEMATHYECKUX
MO/JIEJISIX TIAPAJLIEbHBIX TEKCTOB MOJAJBHOCTSMU siBJsIOTC si3biku [154]. Tist anasin-
38 KOPOTKUX TEKCTOB C OIeYaTKAMM MCIIOJb3YIOT MOJAIBLHOCTh OYKBEHHBIX N-IPAMM, 9TO
I03BOJIFET YJIyqlIaTh KadecTBO uHbOpManuoHHoro moucka [63]. [Ipumepamu HETEKCTOBBIX
MoJaIbHOCTei siBsifores (puc. 10): aBropsl [129], MomenTsr Bpemenu [145, 180, 146], kiac-
cbl, Kaupbl wian Kareropun [130, 183|, nurupyembie nim nurupyiomme JoKyMeHTbl [48]
Wi aBropbl |69], mosb30BaTe M FJIEKTPOHHBIX OUOIMOTEK, COMMAJIBHBIX CEeTel WU pe-
KOMeH/aTeIbHbIx cucrem |78, 137, 161, 176, 177|, rpacdudeckue s1emeHTH H306parKe-
uuii [32, 62, 83|, peknamuble 00bsaBIeHNs Ha BeO-cTpanuax [118].

MynbtumoganbHass ARTM. Bce nepedunciennbie BbIIIE CIydad, HECMOTPs Ha pa3HO-
obpasue uHTepnperanuii, onuceiBaiorca B ARTM eauapiM (bopMaIn3MoM MOTATLHOCTEI].
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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.

Kaxkapit TOKyMeHT paccMaTpuBaeTcsd KaK YHUBEPCAJIbHBIN KOHTeHED, CoepzKaIiuil Tep-
MBI Pa3JIMIHBIX MOJIAJbHOCTE, BK/IIOYasi OObIYHBIE CJIOBA.

[Tycrs M — muoxKecTBO MOjasibHOCTEl. KaxKiast M0OJabHOCTh UMEET CBOI CJIOBapb
repmoB W, m € M. D1 MHOXKeCTBa IOIAPHO He nepecekaorcs. VIx obbeunenne Oygem
o6o3nauarb yepe3 W. Mogasbaocts Tepma w € W Oyjuem 0603Hauars yepes m(w).

TemaTudeckass MOJEIb MOJAJIBHOCTH 1M AHAJOTHIHA MOJe T (2):

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

teT teT

Kaxk10it MOJAJIBHOCTH M COOTBETCTBYET CTOXacTHdIecKas marpurna P, = (gowt) S —
CoBokynHocth mMaTpun P,,, ecjim ux 3ammcarb B crosoer, oopaszyer W xT-marpuiy O.
Pacmpenenenne teM B KazK0M JOKYMEHTE SIBJISETCA OOIUM JJIS BCEX MOIAJTBHOCTEA.

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

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

meM deD weWwm™ teT
Z Guwt =15 @ = 05 Zetd =1; 0, =0. (35)
weWm teT

Teopema 8.1. Ilycrs ¢pyakmnus R(P, ©) wenpeprisro muggepernnupyema. Touka (P, O)
JIOKaJIBHOTO dKCTpeMyMa 3agaqn (34)—(35) yaosmerBopsier cucreMe ypaBHEHHI CO BCIO-
MOraTeJbHbIMH IePEMEHHBIME Dy, = P(t|d, w), ecjim u3 pelreHns HCKJIIOYATD HYJIEBbIe
crosibner marpui P, O:

Prdw = DOTIM (Qowtetd); (36)
OR
Pt = Bg&/l% Nt + Pt a(pwt ; Nyt = deZD Trm(w) TbdwPtdw; (37)
OR
Ora = norm | Nyq + Oram— |; Nyg = Z Z T NdwPtdw - (38)
. aetd meM weWm™

40



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.

Jlokazare/ibCTBO aHAJIOIMYHO TeopeMe 17.2, KoTopasi sBJISeTCs YaCTHBIM CJIYYaeM Teo-
pembl 8.1 st ciydast oJHOl Mogabuocru, |[M| =1, 7, = 1. [lepexos or oaHOi MOjaIb-
HOCTH K IPOU3BOJIBHOMY YHCJIY MOJAJIBHOCTEN CBOAUTCI K IBYM IOIPAaBKAM:

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

2) marpuna ¢ pasbubaercsa ua 6;10Ku D,,, KOTOpPbIe HOPMHUPYIOTCS TO-OTI€JIbHOCTH.

B npoekte BigARTM peasin3oBaHa BO3MOKHOCTb KOMOMHUPOBATH JIF000€ YUCJIO MOJIAJIb-
HOCTEH ¢ JII0ObIMU peryssipusaropamu |21].

MynbTuasbldHble mogenu. Myjibrus3bluHble TEKCTOBbIE KOJIJIEKIIUU UCIIOJIb3YIOTCS JI/1st
KPOCC-13bIYHOI'0 MH(POPMAIMOHHOT'O [TOUCKA, KOIJIA 110 3alIPOCY Ha OJHOM s3blKe Tpedyer-
cd HAWTU CeMaHTHYECKH OJIM3KHE JIOKYMEHTBI Ha JAPYyIroM s3biKe. /i cBI3bIBaHUS S3bI-
KOB HCIHOJb3YIOTC IMapaJselbHble TeKCThl WIN JABYS3bIUHbIE cJIOBapu. [lepBble MynbTh-
SI3BIYHBIE TEMATHYECKHe MOJEIH HOSBUIUCH HouTH onHOBpemenuo [46, 100, 111] u mpes-
cTaB/istin cOOON MyJIBTUMOJIAJIBLHYIO MO/IE/Ib, B KOTOPOU MOJAJIbHOCTIAMU SABJISIOTCS $3bl-
KU, U KaXK/Jas CBS3Ka MAPAJIIEbHBIX TEKCTOB O0beauHsieTcss B ojuH JoKyMenT. Oka3a-
JIOCh, 9TO CBA3BIBAHUS JOKYMEHTOB JIOCTATOYHO /I CHHXPOHU3AIINU TeM B JIBYX d3BbIKAX
U KPOCC-I3bIYHOrO moucka. [lombiTku 60j1€€ TOYHOrO M TPYA0EMKOIO BbIPDABHUBAHUSA IO
HPEeJTOKEHUAM WM IO CJI0BAM IPAKTUYECKH He YJIYUIIAIT KadecTBO moucka. OdcTos-
TeJIbHBIT 0630D MYJIbTHSI3bIYHBIX TEMATHIECKUX MOJeieli MOKHO HaiiTu B [154].

Ha puc. 11 nokazanbl Hekoropbie u3 400 rem, nocrpoennbix 1o 216 175 napam pycckux
v aurniickux crareit Bukunemun [150]. [list cBsi3bIBaHUS 136IKOB HCIIOJIB30BAIUCH TOJIBKO
MO/Ia/TbHOCTH, BBIPABHUBAHUS U CJIOBAapH He HCIOJb30BaIHCh. Aceccop omeHmt 396 Tem
3 400 KaK XOpOIITO WHTEePIpeTupyeMBbIe.

Juist uenosib30Banust JABYSI3bIMHOTO CJI0Bapst B [9] ObLT IPeIoZKeH peryjisipu3aTop cria-
xkuBanus. O popmasim3yer MpenoIoKeHne, 9T0 eC/Iu CJIA0BO U B S3bIKe k sIBJISETCS T1e-
PEBOJIOM CJI0Ba w u3 si3blka {, TO ux pacupesesaenus rem p(t|u) u p(t|w) moiaxKHbl ObITH
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Oosmm3ku B cmbiciie KL-juBeprenmun:

R(®) = Z Znut In .

w,u  teT

Corytacuo dopmysie M-mara, BepOSTHOCTH C/I0BA B TeMe YBEJIUIMBACTCS, €CJU OHO
uMeeT 1epeBo/Ibl, UMeIOIHe BhICOKYIO BEPOsITHOCTH B JIAHHON Teme:

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

DTOT peryIdapu3aTop He YYHTBIBAJ, YTO IIEPEBOJ CI0BAa MOXKET 3aBHCETh OT TeMBI,
u 4TO Cpeau 1epeBoAOoB CJ/IOBa MOI'YT HaXOAUTbCHA IlepeBO/ibl €I'0 OMOHUMOB. HOSTOMy
B TOI 2Ke pabore ObLI LPeIJI0KeH BTOPOR pery/isipu3arop, KOTOPbIA BBOJMUI B MOJE/b
HOBbBIE MAPAMETPBI Ty = P(U|w,t) — BEPOSITHOCTH TOrO, YTO CJIOBO U SIBJISIETCS Iepe-
BOJIOM cJI0Ba w B TeMe t. [Ipeamonaraercs, aro Tema t, Kak pacupejesnenue p(u|t) = ft

HaJI, CJIOBAMU fA3bIKa Kk, J0IZKHA ObITD O/113Ka B cMblcie KL-uBeprennuy K BepoaTHOCTHOI
MOZIe/IH TOI 2Ke TeMbL P(U|t) = D, TuywtPuwt, HTOCTPOCHHOM 110 HEPEBOAAM CJIOB U3 S3bIKA £:

R(®,II) =7 Z Zn“t anﬂuwtwwt — max.

ucWk teT weW?

Qopmyna M-mrara Tenepb YUYATHIBAET BEPOATHOCTH HEPEBOIOB Tyy¢. IKpOMe TOTO, J10-
baBJiseTcsd peKyppeHTHasd opMyJ/ia Jijisd ONEHUBAHUSA STHX BEPOSITHOCTEI:

Pwt = I'IOII;II/I} <nwt +7 § qutnut> ;
we »

Towt = NOTI (Tt Myt ) -
ueWk
CBHBBIB&HI/IG I[IapaJijiIeJIbHbIX TEKCTOB CHJIbHEE YJIY4HIa€T Ka4YeCTBO IIOUCKa, Y€M O6a
crocoba yuéra ciosapeii [9]. Bropoii cnoco6 memuoro mydmnre mepsoro. Kpome Toro, on
IIO3BOJIdET BbI6I/IpaTb BapHaHTLBI IIEpEeBO/Ja B 3aBUCUMOCTH OT KOHTEKCTa, 9TO MO2KeT 6]:)IT]:)
IOJIE3HO /Il CTATHCTUYECKOIO MAIlMHHOIO HepeBojia, puc. 12.

MoganbHOCTM KaTeropuii n aBTopos. [lomycTuM, 9TO pacIpeIe/ieHus TEM B JIOKYMEH-
tax p(t|d) nopoxKIAI0TCst OJHOM U3 MOJIAJILHOCTEl, HALIPUMED, ABTOPAMU, DyOPUKAMU WU
KaTeropusiMu. ByjieM cauTarTh, 9TO ¢ KazZKJIbIM TEPMOM W B KaXK/IOM JOKYMEHTE d CBs3aHa
He TOJBKO TeMa t € T, HO M KaTeropus ¢ M3 3aJaHHOro MHOxKecrBa Kareropuii C. Pac-
HMIMPUM BEPOATHOCTHOE HPOCTPAHCTBO j10 MHOKecTBa D X W x T x C. Ilycrb u3BECTHO
noamuozkecTBo Kareropuii Cy C C') K KOTOPBIM MOKET OTHOCUTLCH JIOKYMEHT d.

PaccMoTpuM My IBTUMOJATBHYI0 TEMATHIECKYIO MOJIeTb (33), B KOTOPO# pacmpe/iese-
HUE BEPOSITHOCTHU TeM JIOKYMEeHTOB Oy = p(t|d) onmchiBaeTcsi cMeChI0 pACIpe/Ie/IeHuil Tem
Kareropuit . = p(t|c) n Kkareropuii J0KyMeHToB T4 = p(c|d):

w|d Zp 'lU|t Zpﬂc C|d ZZSDwt%chd (39)
tel ceCy teT ceCy

DTO TaKzKe 33/[ada CTOXaCTHIECKOI'0 MaTPHUIHOTO pa3/iozKeHUs, TOJIbKO Ternepb Tpeby-
ercs Hajitu Tpu Marpuipi: ¢ — marpua TepmMoB TeM, ¥ = (Ui )rxc — Mampuya mem
kamezoput, Il = (T.q)oxp — Mmampuya Kamezoputdl doKYMEHMOS.
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Tembl, B kKOTOPBIX p(«sum>»|«cymmay, t) > 0.9

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

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

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

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

Moyieib OCHOBAHA HA JIBYX THIIOTE3aX yCJOBHON HE3aBUCHMOCTH:

p(t|c,d) = p(t]|c) — Temarnka goKyMeHTa d 3aBUCAT HE OT CAMOTO JOKYMEHTa, & TOJIb-
KO OT TOrO, KAKHM KATEropusgM OH IIPUHAJIIEKUT;

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

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

3ajaua MAKCHMU3AIUA PETYISIPU30BAHHOIO TIPABIOIO00HS:

Z Z Ngw 1N Z Z OuwtWieTeq + R(P, U, IT) — gl\%)ﬁ; (40)

deD wed teT ceCy
Z Pwt = 17 Gwt = O; Z¢tc = 17 ¢tc = 07 Z Ted = 17 Ted = 0. (41>
weW teT ceCy

Teopema 8.2. Ilycrb pyuknus R(®, V, 11) venpepeiBao gudgepennupyema. Touka jio-
kaubaOro skcrpemyma (P, W, 1) zazaun (40), (41) yaosaerBopsier cucreme ypaBHeHHIT co
BCIIOMOTATETbHBIMH MEPEMEHHBIMH Pyeqny, = P(t, ¢|d, w), ecn u3 perenns: HCKJIIOYATD HY-
Jespre croyionsr marpur ©, U, I1:

Dtedw = 1OTIN (@wt¢tcﬂcd);
(t,e)ETxCy
OR
Pt = norm | Nyt + Put=— |; Nt = g E NdwPtedws
weWw &pwt
deD ceCy
R
’l/)tc = norm/| 7 + 'thc— y Nige = E E NdwPtedw
teT &Dtc
deD wed
OR
Teq = NOTIM | Neqg + Teg=— |5 Ned = g E NdwPtedw -
ceCy (97Tcd
wed teT
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Jlokazare/ibCTBO OLUPAETCH HA JIEMMY 3.2 O MAKCUMU3AIMK HA €JIMHUYHBIX CUMILJIEK-
cax M MPOBOJUTCI AHAJOTMYIHO JIOKA3aTE/ILCTBY Teopembl 17.2.

Mopenb TpEXMATPHIHOTO PA3JIOZKeHUs HAanOOJIee N3BeCTHA KAK a61MOP-MeMAMUYeckas
modeav ATM (author-topic model), B KoTopoii mOpox garomieii MOIATBHOCTHIO SBJISTFOTCSI
aBTOPBI JOKYMeHTOB [129]. B memamuueckot modeau mezuposarus doxymernmos TWTM
(tag weighted topic model) nopoz gatonei MoAAIbHOCTBIO SIBJISIOTCS Tern JOKyMeHTa [81].
AHajiorudHast MOJIeJIb HCIIOJIB30BAIACH Jjisi 00pAbOTKK BH/IEONOTOKOB B [62]: mokymenTs d
COOTBETCTBOBAJIA MOCJEIOBATEHbHBIM 1-CeKYHIHBIM BUEOKJIUIAM, TEPMBl W — JIeMeH-
TapHBIM BU3YAJIbHBIM COOBITUSM, T€MBI ¢ — JIeHCTBUAM, COCTOSIINM U3 COYETAHUSI COOBI-
THil, KaTeropuu ¢ — 00Jiee CJIO0KHBIM IIOBEJIEHUIM, COCTOMIIUM M3 COYeTAHUs IeiCTBHII,
HPUYEM CTaBUJIACH 33/1a4a BbIJIEJIUTH B KazKJOM KJIMIIE OJJHO OCHOBHOE HOBE/ICHUE.

Mogesb (39) MOXKHO yIPOCTUTH U CBECTH CHOBA K JIBYXMATPUIHOMY DA3JIOKEHUIO, €C-
JIN OTOXKJIECTBUTH TeMbl ¢ Kareropusivu, C' = T', u B3aTb equandnyio marpuiy V. lannas
Mo/JIesTb u3BecTHa B sinreparype Kak Flat-LDA [130] u Labeled-LDA [125]. Eé BoipasuTen-
HbIe Bo3MO:KHOCTH Oesmee, 1eM y PLSA n LDA, tak Kak 3HadnTe/bHAS J0JIS JEMEHTOB
marpuipt II = © dbukcupoBanbl u paBHBI HYJIIO.

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

MopanbHOCTb BpemMeHW U TemMnopasjbHble mMogenun. Bpewms cosjanus JJIOKYMEHTOB
BaKHO 1IPU aHAJIM3€ HOBOCTHBIX [IOTOKOB, HAyYHbIX IyOJIMKAIUil, HaTeHTHbIX 06a3, JaHHbIX
COIMAJIbHBIX ceTell. TemMaTmaeckue MOJEIN, YIATLIBAIOIIUE BpeMs, HA3BIBAIOTCS MeMN0-
pasvrvimu. OHE MO3BOJILIOT BBIAEIATH COOBITUIHBIE M IepMAaHEHTHBIE TeMbI, J1eTeKTHPO-
BATh HOBBIE TEMbI, IIPOCJCKUBATH PA3BUTHE TEM BO BPEMEHH, BBIACIATH TPEH/IbL.

[Iyctb I — KOHE4YHOEe MHOXKECTBO MHTEPBAJIOB BPEMEHU, U KaxK/Iblil JOKYMEHT OTHO-
CUTCAd K OJHOMY HJIM HECKOJIbKUM HMHTEpBaJlaM, DZ — HOJAMHOZKEeCTBO JOKYMEHTOB, OTHO-
CSIUXC K MHTEpBaJLy 4. ByjaeMm nojiararb, 4To TeMbl Kak pacupeje/ienus p(w |t) He me-
HSIOTCS BO BpeMeHH. Tpebyercst HAllTH pacipe/iejieHne Kaz 10l TeMbl Bo Bpemenu p(i|t).

TpuBnaIbHBI HOAXOM 3aK/II0YAETCA B TOM, YTOOBI IIOCTPOUTD TEMATHIECKYIO MOIE/Ib
Oe3 yuéra BpeMeHH, 3aTeM HalTH PaCIpe/e/IeHue TeM B KaxkJoM uHTepBaJje p(t|i) kak
cpennee 0y 1m0 Bcem jiokymeHTaM d € [D; u nepeHOPMHUPOBATH YCJOBHBIE BEPOSTHOCTH:
p(ilt) = p(t|z’)%. Hejocratok jlaHHOrO 10/X0/a B TOM, 4TO UHMOPMAILUs O BPEMEHH
HUKAK HE HCIIOJIL3YeTCA IpH 00YYeHHH MO U He Bausger Ha (POPMHDPOBAHHIE TEM.

B ARTM »sta npobJtema pelmaercs BBeaeHHeM MOgaabHOCTH Bpemenn . lckomoe pac-
npenenenne p(i|t) = p; nomydaercsa B crosbne Marpuibl $. JonosHUTEIBHBIE OrPAHIYe-
HHUA Ha 1IOBEAEHHUE TeM BO BPEMEHHU MO2KHO BBO/IUTH C IIOMOLIbIO pery/idpu3aluu.

B oxnoit u3 nepsbeix remmopasbHbix Temarudeckux Mojeneit TOT (topics over
time) [167] kaxkqas TemMa MOJETUPOBATIACH HAPAMETPUICCKIM [3-PACIPEIeIeHIEM BO BPe-
MEHH. DTO CeMeHCTBO MOHOTOHHBIX M YHUMOJAJIbHBIX HempepbiBHLIX (PYHKIHUH, ¢ mOMO-
MIBI0 KOTOPOI'O MOXKHO OIIMCBIBATH Y3KHE IIHKH COOLITUIHBIX TeM U OrpaHMYeHHBbINA HAGOD
TPEH/I0B. TeMbI, uMmernme CliopajndecKkue BCILJIECKH, JaHHad MO/EJ/Ib OIIUCbIBAECT I1JIOXO.

HeHapaMeTpI/I‘{eCKI/Ie TeMIIOpaJibHbl€ MOJEJIN CHOCO6HBI OIIUCbIBATH IIPOU3BOJIbHbBIC U3-
MEHEHHd TeM BO BpeMeHH. PaccMOTpHM JBa €CTeCTBEHHBLIX IPEINOI0KeHHd 1 (hOpMaJIn-
3yeM UX C IOMOMIIBIO Pery/Isapu3alim.

Bo-nepBbIxX, Opeanoa0KuM, 9T0 MHOTHE TeMbI ABJILIOTCH COOBITHAHBIMA M UMEIOT OT-
HOCUTEJILHO HeDOJIBIIOE «BPEMs KU3HU», HOTOMY B KazKIOM MHTEPBaJe BPEMEHH i HpH-
cyTcrBYIOT He Bce Tembl. [lorpebyem paspexkeHHocTu pacupeseseruii p(t|i) ¢ moMomupio
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KPOCC-3HTPOIUIHOI'O Perysipu3aropa;:

Rpasp (P i ©) = —Tpasp Z Zlnp(ﬂi).

i€l teT

Bo-BTOpbIX, mpeanonozxKumM, 9ro pacupegetenns p(i|t) kak dyHKIuM BpeMeHU MeHs-
I0TC He CJIMIIKOM ObIcTPO. lJisi 9TOro BBEJEM pery/isipu3arop Cr/iazKuBaHus, MUHUMU3U-
pyfouuii Moy i pasHocreit p(i|t) B cocejHuX MHTEpBaJaX BPEMEHHU:

Rera(® wmn ©) = =700 > Y |pli|t) — p(i—1]1)|.

i€l teT

Takoil peryagpusaTop IPHHATO HCIOIbL30BATH IIPU UHTEPIOJANUN PA3PLIBHBIX Bpe-
MeHHBIX psanoB [70]. Moayab pasuoctu (Li-HOpMa), B OTIMYHE OT KBAJpara PasHOCTH
(Lg-nOpMBI), He mTpadyer MOiesb BpEMEHHOTO Psijia 34 Pe3KHe CKaYKh. DTa 0OCOOEHHOCTD
I10JIe3Ha HIPpU MO/EC/JIMPOBAHUN TEMaTUKHW HOBOCTHBIX IIOTOKOB. HpOI/I3OH_Ie,Z[H_[ee CO6bITI/Ie
CIIOCOOHO BBI3BATH MIHOBEHHBIN DE30HAHC U CKAYKOOOpasHblii pocr BepogrHOCTH P(i|t)
JIUIsL HOBOiT TeMbl ¢, KOTOpas JIO0 3TOr0 MOMEHTa OCTaBaJiaCh PaBHOM HYJIO. L1-peryispu-
3aTOP HE MBITAETCH CIJIaXKUBATh TAKHE CKAUKH, B OTJIMYUE OT Lo-peryaspu3aTopa.

Oba peryJisipu3aTopa MOXKHO 3anucarh u Kak (yskiuio or ®, u kak pynknuo or O.
B nepsoMm ciiydae BBOJMTCH MOJIAJIbHOCTH UHTEPBAJIOB BpeMenu. Bo BTopoM ciiydae 1pu
00paboTKe JOKYMEHTOB, OTHOCANIUXCA K HHTEPBAIY 1, IPHIETCA OOECIedYnBaTh JTOCTYII
K BEKTOP-CTOJIONAM 6, TOKYMEHTOB, OTHOCATIUXCS K COCeTHUM HHTepBaJsaM ¢ + 1. Bropoii
BapHaHT TEXHUYECKH MeHee yI00eH, H09TOMY OyIeM pacCMaTpUBATh TOJBKO HEPBBIIL.

Paccmorpum B Oosiee o0mieM Bujie 3a/iady MyJIbTHMOJIAJIBHOIO TEMATUYEeCKOI'O0 MO/Ie-
JIMPOBAHUA € CyMMOIi Heryiaakux Li-peryisipusaropos |R;(®,0)|, j € J:

Z Tmz Z Nw angpwtetd + R($,0) — ZT]-}R]-(CD,G))} — Ig%x, (42)

meM deD weWwm™ teT jeJ

Ipu OOBIYHBIX OTPAHUIEHUSIX HEOTPUIATETbHOCTH W HOPMHPOBKH (35).

Teopema 8.3. Ilycrs ¢pyuknun R(P,0) u R;(P®, ©) menpepsisao audepeHnupyeMsr.
Torna touka (P, ©) sokaapHOrO 3KCTPeMyMa 3a4a4n (42) ¢ orpanmaennsvu (35) yaoBite-
TBOPSIET CUCTEME YPABHEHUE CO BCIOMOIATe/IbHBIMH IIEPEMEHHBIMHU gy = P(t|d, w), eciin
H3 pelIeHus HCKJIIYHTh HyJesble ¢ToJioup marpun O, O:

Praw = 10T (PurBa); (43)
OR OR,;
Pur = nOTM <nwt T Puig— = P Jze; 7; sign(R;) 09%) : (44)
OR ) OR;
0, = norm <ntd + Opg—— 0,1 — O JEZJ T 51gn(Rj)aTt;) : (45)

e sign(x) = [z > 0] — [z < 0], BoIpazKeHust st Ny H Mg Te k€, 910 B (37)—(38).

PeI‘yJ'[HpI/IBaTOp C MOAYJIAMU 4dBJIACTCA HEIVIQJAKUM, IIO9TOMY JIEMMa O MaKCUMHU3allUA
Ha €JMHHYIHbIX CHUMILJIEKCaX HEIIOCPpeJACTBEHHO HEIIpUMCEHHMA. Ora HpO6JIeMa O6XO,Z[I/ITCH
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BBEJIEHUEM JIONOJIHUTE/IbHBIX HEOTPUIATE/IbHBIX HEPEMEHHbBIX p;L M 0, YAOBJIETBOPSIIO-
mux orpaundenusm [R; (P, ©)| = ,0; +p; u R;(®,0) = ,0; — p; - B pesyasrare peryiispu-
30BAHHBIIl KPUTEPHil CTAHOBUTCS IVIQJIKMM, UTO IIO3BOJIAET MPUMEHUTH K 3a/iade YCJIOBUS
Kapyma-Kyna-Taxkepa. JlokazarebcTBo TeopeMbl MOXKHO HaiiTu B pabote H. Joiikosa?.

[Ipu BBeeHun perysapuzaropa Re., (P) dopmyna M-mara 1y MOJATBHOCTH BpEMEHH
HPUHUMAET CJIe/LYIOIIUI BU/L:

it = norm (nit — Terntpit (sign (@i — i—14) + sign(pi — 90i+1,t))). (46)

Peryiisipuzarop Ry, CriiaxKuBaer 3HavYeHHs] BDEMEHHOIO psiya @, = p(i|t) B Kaxk10ii
TOYKEe 10 OTHOIIEHMIO K COCEJIHUM TOYKAM CJIeBa U ClipaBa. Eciu 3nadenue ¢;; CTaHOBATCH
BBIIIE 000X COCETHUX ;41 ¢, TO PEIYASPH3ATOP YMEHBIIAET €ro; eCJIH HUZKe, TO, Ha000POT,
yBeanuuBaer. Eciu 3nadenue ©;; NONAJAeT MEXK/y HUMHU, TO OHO HEe U3MEHSAETCS.

9 MopaennpoBaHne TpaH3aKUMNOHHbIX AaHHbIX

OObIYHBIE TEMATUYIECKUE MOJIE/TN TEKCTOBBIX KOJIIEKIIHH OIMMCHIBAIOT BXOXK/ICHHS CJIOB
B JIOKyMEeHTbI. My/JIbTHMOIaIbHbIE MO/IE/IN OIUCHIBAIOT JJIOKYMEHTBI, B KOTOPBIX COJIEepPzKAT-
CsL TEPMbI PA3/JIMIHBIX MOJIAJbHOCTEI: CJI0Ba, TEr'd, aBTOPbI, U T. 1. Bo Bcex aTux ciydasx
MOJIe/Ib OIUCBHIBAET 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 MOAb-
Hocreit. Hanpumep, B cetn nHTEpHET-pPEKJIAMBI «I10JIb30BATE/b U KJIAUKHYJI 00bsBIeHHE b
HA CTPAHMIE S»; B CONUAIBHON CETH <«IOJIB30BATEIb U HAIMCAJI CJIOBO W HA CTPAHMILE
oJiora d»; B ceTH IPOIark «IOKyHaTeIb b KYIII/I y NPOAABIA S TOBAP ¢»; B MACCAKHPCKHX
aBUaIePeBO3KaX «KJ/IHEHT U BBLIETE] M3 adPOIoOpTa T B adPOIOPT § CaMOJETOM aBHAKOM-
HAaHUKA (»; B PEKOMEHJIATEIbHOI CHCTeMe <«KJIMEHT U ONeHWT (GuibM f B CHTYaTHBHOM
KOHTEKCTe S». Emé oaHoil MOIaIbHOCTHIO MOXKET ObITh JaTa U BPEMS TPAH3AKIIMH.

Bo Bcex npuBeg@HHBIX HpuMepax TPaH3aKIUs HECKOJbKUX 00bEKTOB HE MOXKeT ObITh
cBejleHa K HapHbIM B3auMmojieiictBusiM. [lonbiTka UCK/II0YeHUus JI00010 00'beKTa 13 TPaH-
3aKIUU [PUBOJUT K yTpaTe BaxkKHOW dactu mHMopManuu. OIHAKO BO3MOXKHBI U TaKHe
CUTYyalll¥, KOTJa TpaH3aKIUs paclajaercd Ha napel. Hampumep, B cucreMe pekoMeH/1a-
Uil My3bIKH TPAH3aKIHA «TPEK 7" UCIOJHUTEIS ¢ HAXOIUTCHA B aJbOOMe d, BBIIIIE/IIIeM
B TOJLY ¥» OIUCBIBAETCS, KA3aJ0Ch Obl, 4eTBEPKOil 00bekTOB (T, a, d,y). OjHaKko oHa pac-
najaercs Ha naphbie B3aumocsssu (d,r), (d,a), (d,y), B KOTOpbIX aJb0OMbI UIPAIOT POJIb
JIOKyMeHTOB. Takue JaHHble MOI'YT OBITH OIMMCAHBI OOBIYHON MYJIbTHMO/IAIbHON MO/IE/IBIO.

JIns TeMaTHYecKoro MOJe/UpPOBaHUA TPAH3AKIIMOHHBIX JAHHBIX Y/JIOOHO IOHATHE I'd-
neprpada. 'uneprpad obobmiaer nongrue rpada u OTIXIACTCA OT HEI0 TeM, 9T0 pedpaMu
B HEM MOI'YT ObITh HE TOJILKO Iapbl BEPIIUH, HO M IOAMHOXKECTBa, U3 TPEX U DoJiee Bep-
muH. Bepuabl runeprpada cooTBeTCTBYIOT TepMaM pa3aIndHbIX MOAAJILHOCTEM, péopa —
TPaH3aKIUIM. 3a/a49a 3aKI09aeTCI B TOM, YTOOBI 110 HA0/110/1aeMOil BLIOOpKE TpaH3aKI[Hii
BOCCTAHOBUTH HEM3BECTHbBIE TeMaTUIeCKue pacipejesnenus sepiun p(t|v). IIpeamnonara-
eTcs, YTO BEPOATHOCTH TPAH3AKIIUU TeM BBIIIE, YeM 0oJiee CXOKU TeMATHKHU €€ BepPIIIHH.

2 lo#ikos H. B. AmanTupHas peryaapH3anus BepOSTHOCTHBIX TeMATHIeCKHX Modeseil. Bakamappekas
mucceprarmusg, BMK MI'Y, 2015.
http://www.Machinelearning.ru/wiki/images/9/9£/2015_417 _DoykovNV.pdf
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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.

B npoexte BigARTM peasmm3oBaHa olMCaHHas HUzKe runeprpadosast TeMarniecKkas Mo-
JeJIb TPaH3aKIMOHHbBIX JaHHbIX.

TemaTtuyeckne mogenu Ha runeprpadax. [unepzpag I' = (V, E) oupejesisiercss MHO-
JKeCTBOM BepIIH-TepMOB V' 1 MHOZKecTBOM pébep (rpansaxiuit) E. Kaxoe pedpo e uz E
oOpa3yercsd IOJAMHOKECTBOM BepuuH, ¢ C V.

Kaxgag Bepmmua v € V' umeer modasvrocms m = p(v) U3 KOHEIHOIO MHOXKECTBA,
MozanbHocTeil M. MHOXKECTBO BCexX BepIInH pa30HBAaeTCd Ha HEHepeceKaloluecs IIOJI-
MHOZKeCTBa 110 MOAAJIbHOCTAM:

V=[] Vi,  Vm={veV:u)=m}

meM

Hanpumep, B 00bIYHBIX TEMATHICCKUX MOJIEJIAX €CTh TOJLKO JBE MOJAJIBHOCTH: JOKY-
MenTbl Vi = D u tepmbl Vo = W kaxKias TpaH3aKIiys 1IPEJCTaB/IsIeTCs pedPOM U3 JIBYX
BepinuH € = (d,w) 1 ONUCHIBAET BXOXK/IEHIEe TepMa W B JOKyMeHT d. IIpu sTom runeprpad
ABISCTCA ABYI0JIbHBIM IPadOM.

B Gostee c/102KHBIX IPUIOKEHNAX TPAH3aKIUKE MOTYT UMeTh pa3JndHble TUIIbB. Hampu-
Mep, B CETU MHTEPHeT-PeK/IaMbl, KPOMe JaHHbIX THlA (U, b, $) O KJIMKaX 10Jb30BaTe el U
110 00bsIBICHUAM b Ha CTPAHUIAX S, MOTYT UMEThCs JIaHHbIE O MOCEHICHUAX CTPAHMIL I10JIb-
30BaTeIAME (U, S), O COJEPXKAHUN TEPMOB W B TeKCTaX 00baBIeHuil (b, w), crpanuri (S, w)
H 3allPOCOB MmoJIb30Bareseil (u, w).

[TycTnb 3a1aH0 MHOXKECTBO THIOB Tpau3akuuii K. Tpansaxuyuonnvie darnoe Tuna k —
910 BBIGOPKa F), HesasucuMbix Habmonennit (e,t) € 2¥ x T, nopoxaemas pacupesesie-
uuem py(e, t), ceoum jis kaxaoro tuia k € K. Kaxjoe pedbpo e € Ej BXoauT B BBIOOPKY
Nke Pa3, U C KazKJbIM BXOXKIeHUEeM pedpa CBsi3aHa CBOg JaTeHTHas Tema t € T

Ha puc. 13 nmokazan npumep runeprpada ¢ BepuimHaMu Tpéx MoJlaabHoCTel, pédbpaMu-
TPAH3AKIMAME AT THIOB U IMATHIO TEMAaMMI.

Byaem nosararhb, 94T0 B KazK10i TpaH3akuuu € € F uMeeTcst 0iHa BbIIEJCHHAS BEPII-
Ha d, Ha3bIBaeMas KoHmelnepom, u obo3Hadarb pebpo uepes € = (d, x), rjae £ — MHOXKe-
CTBO BCEX OCTAJIbHBIX BePIIUH pebpa €, 3a MCKJIIOYEeHUEM BepIIuHbl-KoHTeitnepa, d. AnaJio-
TUYHO JIOKYMEHTY, ¢ KOHTeHHepoM CBsi3aHO pacipenenenne teM p(t|d). MHOKecTBO Beex
BePIINH-KOHTeHHePOB 0003HaYuM depe3 .

Hasiee npeno/iozxum, 4ro Hu pacupeje/enus reM p(t|d) B koureiinepe d, Hu pacipe-
Jlesienust Bepiind B reMax p(v |t) e 3aBucsar or tuna pebpa k. Kaszasoch Obl, Ha HpaKTUKe
9TO HPEJIIIOJI0KEHUE MOYKET He BBIIOJHATHCs. Hanpumep, pacupe/iesienus CJI0B B TEKCTaxX
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BeO-CTpaHull, B 110JIb30BATEIbCKUX 3aIIPOCAX U B PEKJAMHbIX OaHHEpax MOI'YT 3HAYMMO
pa3nyuarbes Jiid OfHON u TOi ke TeMbl. OJHAKO TO OrpaHUYEHHE HETPYIHO 00OUTH,
€CJId MOCTPOUTH MOJIeJIb C TpeMs PAa3HBIMH MOJAJbHOCTAMH CJIOB JJId 3TUX TPEX TUIIOB
Tpan3aknuit. CresaTh 9TH pacnpeeeHus MOX0KIMI MOYKHO C TOMOIIBIO PETryISpH3aIii.
Haxkoser, BBeIEM TUIIOTE3y YCJIOBHOII HE3aBUCHMOCTH BepIIHH B pEbpax (d, x):

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

veT

[Ipu caeTaHHbIX JOMYIIEHIX MPOECC MOPOozK aeHus pebpa (d, x) € Ej cocTouT u3 1Byx
maros. CHagasa mopoxkaaercs tema © w3 pacupeieienus p(t|d). 3arem mopoxgaercs
MHOKeCTBO Bepiint x C V| mpudéM Kazkiasi BEpIIHHA ¥ € T MOJATBHOCTH 1M MOPOK AeT-
Csl HE3ABUCUMO OT JIPYTUX BEPIIMH U3 CBOEro pacupejesenus p(v|t) HaJl MHOKECTBOM V.

Temarnueckass MOJIEJIb BbIPAZKAET BEPOATHOCTH MOsiB/IeHUs Pebep runeprpada depes
YCJIOBHBIE DACIPE/IeJCHHs, CBI3aHHBIC C HX BEPIIHHAMI:

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

teT vET teT vET

[Tapamerpamu 3TO# MOJE/NIN SBJIAIOTCA YCJIOBHBIE BEPOSTHOCTH BEPHIMH B TeMax
wur = p(v|t), HOpMEUPOBaHHBIE IO KAZKI0H MOJAIBHOCTH ¥ € V), U YCJIOBHbBIE BEPOSITHOCTH
TeM B KoHTeiiHepax 0y = p(t|d). B Marpuunbix 0003HAYEHUAX MApAMETPAMU SIBJISIFOTCS
marpuipt $,,, m € M u ©, Kak u B ciydae MyJbTHMOJAJILHO TeMaTnaeckoii Mosen (34).

[MuneprpadoBast Mojie/ib sBJIsieTCd MUPOKUM 00DOOIIEHUEM OOBIYHBIX TeMaTUYEeCKUX
mozeeii. B wacruocru, ona nepexoaur B PLSA B cayuae, korga mMomaabHOCTEl jaBe —
JnokymeHTsl V) = D u tepmbl Vo = W, tun pébep Tosibko ogun — mapsl (d,w) € D x W,
B KOTOPBIX JOKYMEHTBI d SABJISIOTCA KOHTeHHEPAMM.

MineprpadoBbii EM-anroputm. [l oneHuBaHusl HapaMeTPOB MOJEJH HPUMEHUM
HPUHIUII MaKCUMyMa IpaBJionoobusi. ByjaemM MakcumuzupoBaTh CyMmy JorapudMoB
1PaBJIO10/100us 110 BCceM Tunam pébep k ¢ Becamu Ty, u peryjsgpusaropom R(P, O):

Z Tk Z Nkdx In (Z Qtd H (pm) + R((I) @) — max (47)

keK dxe€FEy, teT vET

Z@vtzla Yot 2 05 Zetd:L Ora = 0

’UEVm tET

Teopema 9.1. Ilycre ¢yukmus R(P,©) mempepsiBro mauggepenmnupyema. Toduka Jio-
kagpHOro Makcumyma (P, 0) zazaum (47) yxopiaerBopsier cucreMe ypaBHEHHIl OTHOCH-
TeJIbHO MAPAMETPOB MOJAEIH Py, Oig M BCHOMOraTe/IbHbIX IIEPEMEHHBIX Dy, = p(t|d, ),
€CJIM U3 DeIeHHs HCKJIIOYUThH HyJIeBble cToa01pl Marpul @,,, O:

Praz = 1OTM (Hm 11 (Pvt) : (48)

veET

OR
P = morm (nm + o — )7 Nt = Z Z [V € Z] ThNkdePtda; (49)
ve Pt keK dzcE)
OR
Oa = norm (ntd + Ot 50 ) Nid = Z Z Tk Nkda Ptde (50)
td keK dreEy,
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okazareabcTBOo. Bocuosibayemcst jseMMoii 3.2 0 MAKCUMU3AIUN HA €IMHUIHBIX CUM-
IUIEKCAX, BBIJIEIHB BCIIOMOTATE/bHBIE [IEPEMEHHBIE D4y, ONpenesénnbe B (48):

OR
Pot = Izl)gl\‘/fnn Pot Z Tk Z nkd:c | d H Put + Pot 8@vt =

keK dxeE)
8R
- x S T (% 7
Ill)g%"/fnn Z Z TENEd [’U f]ptd + ¢ tﬁcpm5
kEK dzcEy
0;qg = norm |( 64 Z T Z nkdm H Ot + Ora=7— Of =
teT |d 0044
keK rEd
8R
= Dide + 0
n?erTm Z ZTknkd Pide + td%t
keK zed

Teopema nokazana.

MineprpadoBbie Mogenn pekomeHAaTesbHbiXx cuctem. Ilycrb umeercss KOHEUHOe
MHOKECTBO KJIHEHTOB WU moJib3oBaresieii U (users) u KOHETHOE MHOXKECTBO 00bEKTOB WU
ToBapoB I (items), OTHOCHTEIBHO KOTOPBIX Y KJIHEHTOB MOIYT ObITh PA3/THYHbBIE IPEJIIO-
YTeHHs, BKYChbl U UHTepechl. BepogTHOCTHAS TeMaTHIecKas MOJeIb PeKOMeH/ 1aTeIbHOM
CHUCTEMbI IIPeJICKa3bIBAET MPeIIOYTeHNs KJIMEeHTOB:

p(i|u) = sz|t (t|u).

teT

Ona 9KBUBAJIEHTHA TEMATHIECKON MOJIETH TEKCTOBOI KOJIEKIIUU C TOYHOCTDHIO /10 3aMEHbI
TEPMHUHOJIOTUU: «JIOKYMEHTbI — KJUEHTBI», «CJI0BA —> OOBEKThI», «TEMbl — HHTEPECHI».
WcxopabiMu JAHHBIMA SIBJISIIOTCS CIETIUKHU 7,7, OMUCHIBAIONIME YACTOTY HUCHOJIB30BAHUS
00beKTa § KJAMEHTOM u. B 3aBUCUMOCTH OT MPUJIOKEHUS ITO MOIYT ObITH MOKYIIKH, [TOCE-
HeHusi, oOpalenns, Jaifku u T. 1.

B pekomengaTe/ibHBIX CHCTEMAX CYIIECTBYeT IMpob/IeMa «XOJIOJHOIO CTapTay: HOBOMY
KJITHEHTY HeYero MmopeKOMeHI0BATh, IIOCKOJIbKY MbI HE HMeeM UCTOPUU €ro HIPeIOITeHni;
TAK2Ke W HOBBIIl TOBAP HEKOMY HOPEKOMEH/I0BATD, IIOCKOJIbKY €ro e¢ HUKTO He BhIOUpa.I.
st perenust 9Toi nPOOJIEMBI IPUBJIEKAIOTCS JOMOTHUTEIbHBIE JAHHBIE O KJIMEHTAX U
obbekTax. B wactnoctu, 310 MOryT OBITH OMHADHBIE JAHHBIE 7,, O HAJTHIANA Y KJIHCHTA U
arpubyTa @ U3 33[AHHOI0 KOHEYHOI'O MHOXKECTBa A WM JAHHDLIE N, O HAJUYUUA Y 00bHEeK-
Ta ¢ CBOCTBa b M3 33JaHHOI0 KOHEYHOro MHOZKecTBa B. Hanpumep, 00beKTbI MOTYT UMETh
TEKCTOBBIE OIKMCAHUS, U TOIIa B — 9TO CJIOBAPh TEPMHUHOB, UCIIO/Ib3YEMbIX B 3THX OIUCA-
HusX. Takue peKOMeH/IaTe/IbHbIE CUCTEMbI HA3BIBAIOTCS, COOTBETCTBEHHO, YUNTHIBAIOIU-
mu arpubyThl (attribute-aware) u yaursiBaomuMu KOHTeHT (content-aware). OHE TO3BO-
JISTIOT OIIPEIe/IATh TeMATHIeCKHe BEKTOPLI KJIHEHTOB U OOBEKTOB /1azkKe TOTJa, KOIJia Io
HUM HET OCHOBHBIX JAHHBIX O MPEIIOYTEHUAX N,;. B KadecTBe HOMOJTHATETHHBIX JAHHBIX
MOTYT TAKK€ UCIIO/Ib30BATHCS COBETHI KJUEHTOB JIPYT JAPYTrYy. DTO HMOIMAPHBIE B3aUMO/IEi-
CTBUST MEZKJLy KIIMEHTAMU N,y WK JaHHbIe 0 JoBepun (trust-aware). Urax, B 3a1a4e noss-
JisieTcs yzke derbipe mojgaabuoctu U, I, A, B, Mex 1y 3jieMeHTaMu KOTOPbIX HAOJIIOIAI0TCS
HapHbIe B3aUMO/ICIICTBHUS.

[Ipeamoyrenuss KJINEHTOB MOIYT H3MEHSTHCA CO BPEMEHEM WJIH 3aBUCETh OT CUTya-
TUBHOIO KOHTEKCTA: MOKYIKa Jijist celst, s oduca uim B moAapokK; mpocMoTp uibma
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Puc. 14: Tpan3aknuoHHBIE JAHHBIE B PEKOMEHIATETHHON CHUCTEMe OMUCHIBAIOT B3aUMOJIEHCTBUAST MEWKTY
IIeCThI0 MOJAILHOCTAME: KAueHThl U, 00beKThI I, arpubyThl KIueHToB A, cBoiicTBa 00beKTOB B, cuTy-
aTuBHBIE KOHTEKCTHI C', MHTEPBAJIBI BpeMeHu J.

C JAPY3bAMH, C IOAPYIOil WK C JAeTbMA U T. 1. s yaéra Takoil mH(GOpPMAINT BBOIATCSI
emé JBe MOJAJbHOCTH: MHOXKeCTBO curyanuit C' ¥ MHOXKECTBO MHTEDPBAJIOB BpemeHu .J.
BzaumoeiictBusi MexK1y HUMHU MOTUYT ONUCBIBATHCS TPAH3AKIMAME U3 TPEX HJIM Y€ThI-
PEX TEpMOB, HAIIPUMED: 7, — KJIHEHT U TernpoBaJ O0BEKT ¢ CBOHCTBOM b; M. — KJIH-
eHT U BbIOpasI OOBLEKT ¢ B CUTYAIUH C; Myjej — KAUEHT U BBIOpaJ OODBEKT ¢ B CUTYAIUH C
B HHTepBaJe BpeMeHH j. Takme cuCTeMbl Ha3bIBAIOTCS, COOTBETCTBEHHO, YINTBLIBATOIIIAME
KOHTEKCT (context-aware) u y4uThiBalOmuMu BpeMst (time-aware), cm. puc. 14.

Twunbl TpaH3akyuii 1 nx Becosble KO3pduymneHTsbl. B onrcannoii Boie runeprpado-
BOI TeMaTHYeCKON MO/Ie/IM HeT HUKAKUX OI'PaHUYeHUI HA TO, KAKUM 00pa30M TPaH3aKIMU
I'pynuupyiorcs 1o runam. Jlobas TpaHsakius, HE3aBUCUMO OT THIIA, MOYXKET COJ/IepzKaTh
J000€ 9HCI0 TEPMOB JTIOOBIX MoJa bHOCTell. Ha mpakTuke y100HO OTHOCHTH K OJTHOMY TH-
Iy BCe TPAH3AKINN, HMeoIue o0Iee MpONCXOkKIeHne u cTpyKTypy. Omaako dopMaabHO
TAKOTO OFDAHUYEHUs HeT.

Becosbie k03dduiierTsl T, 103BOJILIOT €OAJIAHCUPOBATH MOJIEJ/Ib C YUETOM KOJIMYECTBA
TpaH3akiuii B BbIOOpKax | Ey|. Yem GoJiblie Ty, TeM CHjibHEe TPAH3AKIUU TUIIA K HOBIUAIOT
Ha MO/JIETD.

B mekoTOpHIX 3a/1a9axX ONpe/eIéHHble TUIIbI TPAH3AKII He JOJIZKHBI BIUATH Ha TeMa-
THKY KOHTeitHepoB. Hampumep, B MyJbTHA3BIYHON MOJEIN MOYXKeT OBITh BBIODAH OJUH
IJIAaBHbII A3bIK, OHpe,H,e.HHIOH_[I/II';I TEeMaTHUKy MHOI'OA3bIYHOI'O AOKYMEHTA, OJHAKO TeMbl
JOJIZKHBI IIOJIYYUTb CBOU pPacClipe/ie/ieHrud CJIOB B KazK/IOM ¢3bIKE. B TaKOM CJiydae HJid
CJIOB TVIABHOTO $3bIKA BBOJIUTCI BECOBOIl KOI(DMUIUEHT Ty, HA MOPAIKU ITPEBBIIIAIOIIII
BecoBbIe KO3 MUIUEHTHI CTTOB OCTAIBHBIX A3bIKOB. [pyroit mpuMep: B peKOMeH1aTeTbHO
cucTeMe MY3bIKaJbHble TPEeKU JOJIZKHBl BJIUATHL HA TE€MbI, €CJIM OHU HAXOJHUTCA B ILTEi-
JILCTAaX 10JIb30BaTe e, HO He B ajibboMax ucrtojinureseil. Temaruka ajabOOMOB JIOJIZKHA
OlLIPEJIeJIATBCS MCXO/Id U3 NPEeJIIOYTeHHIl 110/1b30BaTes e, Ho e Haobopor. [losromy Beca
TPEKOB B nJei-jimcrax JO0JIZKHBI Ha IOPAJIKU IIPEBbIIIATh BECa TPEKOB B aﬂb6OMaX.

CummeTpusoBaHHbie runeprpacoBble MOAENN HOJAXOJAAT It 33249, B KOTOPBIX CO-
JIepzKIMOe KOHTEeHepOB MOZKeT M3MeHATHbCA. B TeKCTOBBIX KOJLIEKIUAX TOKYMEHTHI IO-
SABJISIOTCS TEJTUKOM U B JajibHeiinieM He MeHsioTcda. COBEpIIEHHO WHAasl CHTYyallus B pe-
KOMEH IaTe/IbHBIX cucTeMax. T'paH3akiiusg «I0Jb30BaTe/b U BHIOPAJ TOBAp ¢» Ha MEPBbIil
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B3IVId/J aHaJIO'MYHA TPaH3aKIUU <JIOKYMEHT d CoAepzKUT CJIOBO W». Pa3ﬂ1/1qy1e B TOM,
4TO JOKYMEHT CTaTU4Y€H, TOI'Jd KaK Yy KazKA0I'0 1I0JIb30BaTeJ/id MO2KET paCTu MHOzKECTBO
BBIODAHHBIX TOBApOB, a y KazKJIOr0 TOBapa — MHOYKECTBO BBIOPABIIHUX €ro I0JIb30BaTe-
Jieit. KTo B TakoM cjiydae JI0JI2KeH UTpaTh poJib KOHTeiiHepa — TOBap WU I0/Ib30BATEb !
To u xpyroe Hey106HO ¢ TOUKHU 3peHusd nakernoro EM-aaropurma; ropasio ecrecTBeHHee
Ob1J10 ObI (hOPMUPOBATH MAKETHI 110 BPEMEHHU HOCTYIIJIEHUS JIaHHbIX.

Bynem cuurars, uro B pédbpax runeprpacda r C V HeT HUKAKOU BbIJIEJEHHOI BepIiiiu-
HbI-KOHTelHepa. /g remepanuu pebpa cHada/a MOPOKIAETCA TeMa t U3 pacipe/ie/IeHus
7 = p(t), obIIero Jjist Beeli KOJUTEKINH, 3aTeM BEPIIUHBL U € T TOPOXK/IAIOTCI HE3aBUCHMO
JPYT OT Jpyra U3 pacupeenenuii ¢, = p(v|t) vag MogaapaOCTIME V)

p(x) =Y pt) [[p@t) = > m ][ eu-

teT VET teT vET

Bo3MOKeH TakzKe BAPHAHT, KOTJa TeMa, ¢ HOPOKIAeTCs U3 pacupejieerus Ty, = Pi(t),
0011Iero 71 BceX TpaH3aKIuil manHoro tuma k. Mbl He OymeM paccMaTpuBaTh ITOT CIydail,
HOCKOJIbKY OH JIEI'KO PAaCHUCHIBAETCS 110 aHAJIOIUU.

[Iycrs E), — naburomaemast BBIOOpKa pEOep-TpaH3akiuil Tuna k, Ny, — YUCIO0 Ha-
ouitosiennit pedpa x B BbiOOpKe Ej. Bpinuiem 3a/iauy MaKCUMU3AIUU Perysispu30BaHHOIO
IPaBAONOI00Us TPU OOBIYHBIX OTPAHUYEHNSX HOPMUPOBKY W HEOTPHUIATETbHOCTH:

ZTk an In ZﬂtH%t + R(®,7m) — r%%rx; (51)

keK zeb), teT vET
E Ot = 1, o = 0; E m =1, m = 0.
VEVm, teT

Teopema 9.2. Ilycre ¢ynknus R(P,©) mempepsiBro mauggepenmnupyema. Touka Jio-
kaspHOro Makcumyma (P, 0) zazaum (51) ygopiaerBopsier cucreMe ypaBHEHHIl OTHOCH-
TeJIbHO 1APAMETPOB MOJEIH Py, Ty U BCHOMOIATe/IbHBIX HEPEMEHHbIX P, = p(t|x), ecimn
U3 PeIeHust HCKJIIOYHTD HyJIeBble ¢Toji0ubl Marpun D, O:

Pt = n?erTm T HSOvt . (52)
VET
OR
o = norm { 1y + put— | Nyt = Z Z [V € 2] ThNkaDias (53)
vErm Pot keK z€Ey,
OR
T = ntoerTm Ny + thTtd ; ng = kEZK ; TkNkaDtx - (54)
EASI O

Jloka3zare/ibCTBO, KaK U B CJLydae HPeblLyIeil TeOpeMbl, ITPOBOAUTC 110 JIEMME O MaK-
CUMU3AIMU HA €JIMHUYHBIX CUMILIEKCAX.

TpaH3akumu € rNaBHbIMN U NOAYUHEHHBbIMWU TepMmamu. [Ipejiiosiokum, 4TO Kaxkiast
TpaH3aKIyd COCTOMT U3 JBYX HENEePeceKalolmuXcs MOAMHOKeCTB Tepmos: 2 L2, TToamuo-
KECTBO 2AG6HLLT MEPMOE T olpejessier reMaruky rpansakuuu p(t|x,z') = p(t|x), ko-
TOpast 3aTeM HEePeJIaéTCs IOAMHOKECTBY NOOYUHEHHLL MEPMO6 T’ . DTO HPEIOJ0KEHHE
MOKHO BBOJUTH KaK JJIsi CHMMETPU30BAHHBIX MoJieseil ¢ TpaH3akinuaMu Buia e = (z, '),
TAK U I MOJeJieil ¢ KOHTeiiHepHbiMu TpaH3akiuusyu e = (d, x, z').
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Hanpumep, Kk 6aHKOBCKOH TPaH3aKIMU <«IIOKYIATe/Nb b KyluJ y HPOAABIA S TOBAP §»
MOZKET IPHJIATATHCS TEKCT MJIATEZKHOr0 nopyvdenust. OH He JIOJIZKEH BJIMSATH HA TEMATHKY
SKOHOMUYECKON JIesTeJbHOCTH MPOJABIA U HOKYIATEeNsl, KOTOpas OIMPE/IESeTCs TOJIBKO
KOHTPAreHTaMHU COBEPIIAeMbIX CETO0K. TeMaruka 3Toro TeKCTa OMpeessieTcs TIIaBHbBIMU
TepMaMu b, S, g, a CJIOBA B HEM SIBJISIFOTCS HOMIMHEHHBIMU TepMaMu. IIpu 3ToM pacipe-
Jesierust ¢jioB p(w |t) U3 TEKCTOB HOPYYeHuil UMeTh BCE 2Ke XOTeJ0Ch Obl, HOCKOJIbKY OHU
LIOJIE3HbI JIJId COAEP2KATe/IbHON A3bIKOBOW MHTEpPLPeTAlUud KAZK/J0H TeMbl.

Momuduranusg obsranoro EM-anropurma ¢ Konreiinepusivu Tpam3akiusaya (48)—(50):

Praz = norm | Oy [ [ oo )
teT

VET
o = morm | ny + Pug—— )i = g § (v € U] TeNkdze Prda’
v m
Pot keK (dyo,a')EEy
OR
Oirq = norm | nyg + Og—— |; Ngg = g 5 TkNkdza! Ptdx -
teT 09td

keK (d,z,x')EE}

Momuduranusa cummerpusosannoro EM-amropurma (52)—(54):

Ptz = DOIM|\ 7y H Pt
teT

vET
OR /
Pt = ng%"/m Nyt + vata ; Nyt = Z Z [U czUz ] TEeNkza' Pta;
v m
Pt k€K (z,x')EEy
N OR
Ty = normy| n Te— |, ny = TET ’ .
t o t taetd y t E E kN kxa' Ptx

keK (z,a')EE)

MneprpadyoBbie sa3bIkoBble MoAenn. Buvecto 00bIUHOI MMIIOTESbI « MEIIKA, CJIOBY [IPE/I-
IOJIOZKHM, UTO TEKCT SBJISETCA «MENIKOM IPeIoKeHnii». IlopozK maromas Moaeb COCTOUT
u3 AByX yposHeii. Ha mepsoM ypoBHE KazKa0e MpelIozKeHne T J0KyMeHTa, d IIOPOXK IAeTCsa
O/lHOIT TeMoil, BrIOpanHoOil 3 pacupeaesnenus p(t|d). Ha Bropom ypoBHE CJIOBa W B IPEJ-
JIOZKEHUH T PeHePUPYIOTCst U3 pactpesesierus p(w |t) JaHHON TeMbl. DTU HPEII0JI0KEHUsI
0oJ1ee peasiMCTHYHBL 110 CPABHEHHMIO ¢ THIOTE30H «MeIIKa CJIOB» M COOTBETCTBYIOT I'MIED-
rpad>oBoii MOJE/IN, B KOTOPOil BEPIIMHAME ABJISIOTCS CJIOBA, 8 PEOpaMu — IIPEIOKEeHHS.

B kauecrsBe TpaH3akiuii MOXKHO OpaTh He TOJILKO IIPEJIOZKEHUS, HO U JIOObIE CJI0BO-
coueranns, ppasbl, CHHTAIMBI, CAHOHHMEBI, 1 BOOOIIE JTI00bIe IPYIIIBL CJI0B, OTHOCATEILHO
KOTOPbIX Pa3yMHO Ipe/iliojiaraTb, 4T0 OHHM IOPOZKJIAITCA OJHOI 0bieit Temoit. Bosee
TOr0, TPAH3AKIIMKU MOT'YT JIazKe 1EePEKPbIBATHCS, HAIIPUMEDP, CUHOHUMbI, MEPOHUMbI U XO-
JIOHIMBI MOI'YT 00pa30BBIBATH OJMH THII TPAH3aKIUi, CIOBOCOYETAHHSA — BTOPOIA, IIE/IbIe
IPEJIOKEHNs — TPETUil, OTIeIbHBIE CJI0BA — YeTBEPTHII.

TpaH3akiuy ¢ IVIABHBIMH M HOAYMHEHHBLIME T€PMAMU MMEIOT €CTECTBEHHYIO S3BIKO-
BYIO MHTeplperanuio. B poJsin HOJUuHEHHBIX TEPMOB MOIYT BbICTYHATh CJIOBA OOIIei
JIEKCUKHM WJIM PeJIKue cJjioBa. B TpaH3aKIMOHHOW MOJIEJIM C IVIABHBIMU M I1O{4MHEHHbI-
MU TepMaMK He HAKJIa/IbIBA€TCs HUKAKUX OI'DAHUYEHMIl HA CIOCOD pa3dueHus TpaH3aK-
nun e = (d, x,z’"). B 9acrHOCTH, MOXKHO HANTH IOIMHOZKECTBA T U 2, BBIYHCIHB PACIIpe-
nenennst p(t|d, w) Ajist Beex CJI0B MpeIIOZKeHH s, 3aTeM ONPe/IeTUTh [0 HUM TJTABHbIE TEMbI
Ipeajiozkennsd U1 OTHECTU K HO,ZLLII/IH'éHHbIM BCE CJIOBa, HE OTHOCAIIUECAd K IVIaBHBIM TE€MaM.
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10 MopgennpoBaHne 3aBUCNMOCTEN

Temarudeckass MoJieb (GOPMUpPYET BEKTOpHOe omnucanue mokymenta p(t|d), koropoe
MOZKeT OBITh HCIIOJL30BAHO JJId HPEJCKA3aTeILHOTO0 MOICJUPOBAHKA, B YACTHOCTH, JIJIS
pelienus 3aja4 Kjaaccudukaluu 1 perpeccuu Ha TekcraX. Kiaccudukauua peajausyercs
0COBEHHO IIPOCTO, €CJIHU KJIACCHI CYMTATh MOJAAJIBHOCTLIO. Perpeccust Ha TeKCTax I0Ka3blBa-
er IpUMep MHTEPECHOro MPpHEMa, KOrJa JOIMOJHUTEbHBIE HapaMeTpbl Mojeau (B JaHHOM
cayqae K03DhUIUEHTHl JTUHEHHON MOJENN PErpecCuu) MepecuYUThIBAIOTCS HTEPAIMOHHO
IOCJIEe KAazKJIOTO NMpoxoja KoJutekimuu. OUeHb MOXOXKHi NpUEM HMCIOIL3YeTCS U B MOIEIN
CTM, KOTOpasd BbIABJIAET IOIIaPpHbIEC B3aUMOCBA3U MEXKAY TEeMaMH. TeXHI/IKa YU CJIOBbBIX
MOJIAJILHOCTEH MCIIOJIb3YeTCs B TOM CJIydae, KOLJa ¢ TEKCTOM CBA3aHa He OJHa YHC/I0Bas
BEJIMYKMHA, KOTOPYIO HEOOXOAMMO HPEACKA3aTh, 8 YMCI0BAs HOCAEI0BATE]IbHOCTh, KOTOPas
MOJICTUPYETCS CMEChI0 HEIPePBIBHBIX BEPOATHOCTHBIX PACIIPEICICHHMIL.

Knaccudpmkauyms. Temamuueckas modeav xaaccupurayuu Dependency LDA [130] siB-
asiercst BaifecoBckuM anasiorom mogenn (33) ¢ mogaabHoctsmu repmos Wou kitaccos C.
Vmeetcst obydaromniasi BHIOOPKA JTOKYMEHTOB d, /I/Isi KazKJIOI'0 M3 KOTOPBIX U3BECTHO IOJI-
MHO)KecTBO KiaaccoB Cy C C. Tpebyerca kiraccudunupoBaTb HOBBIE JOKYMEHTBI C HEU3-
BecTHBIM Cy. [Ijist 9TOr0 6y/1eM UCHOIB30BATD AUHETHYIO BEPOATNHOCTIHYIO MOOJEAD KAUC-
cuurayuu, B KOTOPOt 00beKTaMu SIBJISIOTCS JOKYMEHTHI d, MPU3HAKH COOTBETCTBYIOT
TeMaM t U NpUHUMAIOT 3HadeHus Oy = p(t|d):

pleld) = b

teT

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

Kosaddunuenrs: uneitnoit Mmogenu ¢, = p(c|t) u moporu -y, obydarorcs mo BIGOPKe
nokymenToB ¢ usecrHbiMu Cy. IlpusHakoBoe onmcanme HOBOIO JOKYMeHTa Oj BBIUMC/IA-
eTCsl TeMATUIECKON MOJIEIbIO TOJBKO [0 €r0 TePMaM.

Dkcunepumentsl B [130] mokasasnm, 410 TeMATHYECKHE MOJEIU NPEBOCXOAAT OObIY-
HbIe METOJbl MHOI'OKJIACCOBOM KJIacCU(pUKAIUKA Ha OOJIBIINX TEKCTOBBIX KOJLICKITHIX
¢ 6OJIBIIUM YUCJIOM HecOATaHCUPOBAHHBIX, IEPECEKAIONINXCS, B3aNMO3aBUCUMBbIX KJIACCOB.
B [149] Te ke BbIBO/BI Ha TeX K€ KOJJIEKIUSX ObLIIM BOCIPOU3BEIEHBI JIJIsl MYJIbTHMO/[AJb-
Hoit ARTM. Hecbanrancuposarnocmsd 03HAIAET, 9TO KJIACCHL MOI'YT COJEPZKATh KAK MaJIoe,
TaK U O4YeHb OOJIBIIIOE YUCJIO JIOKYMEHTOB. B ciydae nepecexarowurcs KI1accoB JTOKYMEHT
MOZKET OTHOCUTBCA KaK K OJIHOMY KJaccCy, TaK U K OOJIBIIOMY YHCIY KJIaccoB. Baaumosa-
BUCUMDBLE KJTACCHI UMEIOT ODIIHIe TePMbI U TEMBI, [I09TOMY HPHU KJIACCU(PHUKAIIUU JIOKYMEHTa
MOI'YT BCTYIIATh B KOHKYPEHIIHIO.

Pezyaapusayus no ompuyamessHoiM NPUMEPGM UCIOJIB3YET JAHHBIE O TOM, YTO JOKY-
MeHT d 13 00ydaromieil BBIOOPKH He NIPUHAJIEKUT nojMHOKecTBY KiaaccoB Cf C C. B srom
caydae 3allMilleM IIPaBOIo00ue BHIOOPKH I 33 a4 OMHAPHON KJIacCH(DUKAIIIN:

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

deD ceCy teT deD ceC) teT

[TepBoe ciaraemoe ectb log-nipaBiononobue MOJAJIbHOCTH KJIaccoB (33), ecuu 1OJI0-
KUTb ng. = [c€Cy|. Bropoe ciaraemMoe MOKHO pacCMAaTPHBATH KAK DPETYJISIPU3ATOD OT-
PHUIATEbHBIX PUMEPOB, MOCTPOECHHBIN 110 JAHHBIM O He-IPHHA/JIE?KHOCTH JTOKYMEHTOB
kJiaccam. KoaddunuenT pery/sipusainuu 7 MOXKHO 110JIaraTh PABHBIM €IUHUIIE.
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Yacmomnas peeyaapusayus (label regularization) xopomro 3apekomenjoBasia cebs
B 3ajiadax ¢ HecOasancupoBanubiMu Kiaccamu |89, 130|. ITorpebyem, arobbr onenka 6e3-
YCJIOBHOTO paCIpe/ieieHusl KJIACCOB 10 KOJIJIeKuHH p(c) =Y, pup(t) Oblia GaM3KA K Ha-
GumioziaeMBIM acToTaM KJ1accoB p(c) = L|D,|, rne D, ={d € D: c € Cy} — MHO)KeCcTBO
JIOKYMEHTOB, OTHOCAIINXCS K KJjaccy ¢. Belpasum jganHOe TpebOBaHME C IMOMOIIBIO CI/Ia-
JKHBAIOIIETO PEry/isipu3aropa KPOCC-9HTPOINH, KOTOPbIIl MOKHO HHTEPIHPETUPOBATDH U KAK
MAaKCUMU3AIUIO PABIOIOA00USI JIjisi MOJIEJIU JIUMCKPETHOIO PACIIPEJIe/IeHHs] KJIACCOB P(C):

D) = TZ |D.| annt%t — max,

ceC teT
e ng = » N — 9UCI0 TepMOB MozpaibHocTH C, OTHOCAIIUXCH K TeMe t BO BCeil KOJI-
neknuu. [loacrasisgs stor peryaspusarop B (16), momyanm dopmyssr M-mmara:

t(pCt (55)

et = nOTIM| Ny + 7| Do) =————
ew DT
YacroTHas pery/sipu3aliys HCII0/Ib30Baiach B TeMarudeckoil mojgesn Prior-LDA, koropas
obL1a npeyioxkena B [130] kak yayumenue mozgesnu Flat-LDA.

Perpeccusa. 3ajaun mnpejcKka3anugd YUCIOBON BEIUUUHBI KaK (PYHKIMH OT TEKCTa BO3HU-
KAaIOT BO MHOT'UX IIPUJIOXKEHUAX JEKTPOHHOI KOMMEPIUH: IpeJcKa3aHue peiTHHra TOBa-
pa, pujibMa UM KHUTU 110 TEKCTY OT3bIBA; HPe/ICKA3aHue 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 BBIOOpKe 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 ;. C apyroift cTopoHbl, KpUTEpUil ONTUMUBAINME PErPeCCHOHHOM
MOAEJIX MOZKHO HUCIIOJIb30BaTh B Ka1eCTBE peryJjidpu3aropa, I{TO6bI HalTH TEeMbl, HaI/I6OJIee
nHGOPMATUBHBIE ¢ TOYKH 3DEHHs TOYHOCTH mpejcKazanuii 93, 139].

[IycTb a1 Kaxk10r0 JoKyMeHTa d obydaltomnieil BBIoopKu [ 3a1aHO Ie/1eBoe 3HAYCHUe
ya € R. Pacemorpum aunetinyo modeav pezpeccuiu, KOTOpasi IPeJICKa3biBaeT MaTeMaTh-
q9eCKOe OKUJIaHue MeJIeBOl BeJNYnHbI:

?J | d Z V104,
teT

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

R(O,v) =—7 Z(yd — Z 'Utetd)
deD teT

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

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

seT

v=(007)'ay.
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31ech hopMmysia i BEKTOPa U SBJISETCsl CTAHJIAPTHBIM PEIIeHHeM 3a/a9i HANMEHb-
X KBaIpaTOB 1npu (puKCupoBanuoit marpuie ©. BekTop v MOZKHO 0OHOBJISITH 110 OKOHYA-
HUU KazKJOT0 IIPOXOJa KOJLIEKIUHU, JTUOO mocje oOpabOTKU KazKJIOro MMakeTa JIOKyMEHTOB
B oHJaiinopoMm EM-ajropurme.

B [139] moka3aHo, 9T0 KAYECTBO PErPECCHU MOZXKeT 3aBHCETb OT MHUIIHATN3AIINH TeMa-
THUYECKON MOJIeJIM, U [PEeJIJIOKEHO HECKOJIbKO MeTO/I0B MHUIMAJIUBAIUY.

Ha npaxruke o0bI4HO HCIOJIb3YyeTCs HOJIee ITPOCTON 1MOJIX0/I: CHAYa/1a CTPOSATCH TeMa-
THYeCKHe IPU3HAKOBBIE OMHCAHUS JTOKYMEHTOB C moMoInbio Moaean LDA, 3arem K sTum
HpU3HAKaAM MOTYT JI0OABIATHCS eINé KaKhe-TO YHUCJIOBble IPU3HAKU TEKCTOB, M, HAKOHETII,
o0I1ee IPU3HAKOBOE OIUCAHME UCIIOIb3YeTCs JIJIsl pellieHus perpeccuonnoi 3aaaau. Heto-
CTATOK TOr0 MOJX0/a B TOM, 410 MOzeab LDA Hudero me 3maer o perpeccuu. Peryjis-
pusamuss ARTM no3Bosisier moodepeiHo yjrydiarh TO TeMATHIECKYI0 MOJIEIb ¢ YI6TOM
perpeccuu, TO perpecCuOHHYIO MO/Ie/Ib ¢ y4ETOM TeMaTU4YeCKUX Hpu3HakoB. B pesyiibrare
JIBE MOJIE/IA MIPHUCIIOCADJIUBAIOTCS JAPYT K JApyry. TeMbl moBopadnBaloTCa TaKUM 00OPa3oM,
YTOOBI OBITH MAKCHMAJILHO ITOJIE3HBIMU B KaUeCTBe IIPU3HAKOB perpeccHonnoit mojenu. /lo-
OaBJieHMe JIONOJIHUTE/IbHBIX HETeMaTUYeCKUX IPU3HAKOB B PEIPECCUOHHYIO MOJIe/Ib B 3TOM
cydae TakKe He COCTaBJIsIeT TPY/A.

Koppensuuu tem. Modeaw koppeauposarnox mem CTM (correlated topic model) npei-
Ha3HA4YeHa JIsl BbIsiBJIeHUsT CBsA3eil Mexx 1y remamu [28]. Hanpumep, crarbs 1o reosoruu
6oJ1ee BEepOSTHO CBA3aHA C apXeOJIOrneil, YeM ¢ FeHeTHKO. 3HaHue 0 TOM, KaKHe TeMbl da-
Il COBMECTHO BCTPEYAIOTCA B JOKYMEHTaX KOJIIEKIIHH, [T03BOJIIeT TOTHEe MOJIETHPOBATH
TEMaTHKY OTIEIbHBIX JOKYMEHTOB B MYJIbTHIUCIUILITMHAPHLIX KOJLIEKIHAIX.

st onmcanust KOppeJsiiuii y100HO UCII0Ib30BATh MHOTOMEPHOE HOPMAJILHOE PacIIpe-
genenne. OHO HE MOJXOJAUT JIJIsi ONMHUCAHWS HEOTPHUIATE/IHHBIX HOPMUPOBAHHBIX BEKTOP-
cTOJIONOB 0, HO HEILJIOXO OIKUCHIBAET BEKTOPHI uX Jjorapudmos 1,y = In 6,4. [TosTomy B MO-
JieJIb BBOJUTCS MHOTOMEDHOE JIoP-HOpMaJibHoe pacupesenenne (logistic normal) ¢ asyms
HapaMeTpaMu: BEKTOPOM MaTeMAaTHIECKOTO OyKUIAHMS [/ B KOBAPUAIMOHHO MaTpuIei >

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

Nznavanbno mojens CTM 6bli1a pazpaborana B paMKax 0aiieCOBCKOTO IMOJXO0Ja, T/
BO3HUKAJIM JIONOJIHUTE/IbHbIE TEXHUYECKUE TPYJAHOCTU U3-33 TOTO, UTO JIOI-HOPMAJIBHOE
pacipe/ieleHne He siBJISeTCsl CONPSIKEHHBIM K MyJabruHOMuajbHoMy. B pamkax ARTM
niaes CTM dopmasnusyercs u peajin3yercs HAMHOIO IIPOIIIE.

Onpee/iuM peryasapu3aTop Kak Jorapudm MmpaBaonoao0us BEIOOPKUA BEKTOPOB JOKY-
MEHTOB 1)y JIJIs JIOT-HOPMAaJIbHOM MOJIeJIH:

RO, p,%) = TZ Inp(ng|p,X) = —% Z(ln Og — )" (In by — p).

deD deD

Cornacuo (17), dopmyna M-mara mis 0,y IpuHIMAeT BU/

Oiq = norm <ntd -7 Z ! (hl Osa — Ms))> (56)

seT

e X;.' — saeMeHTh 06paTHOl KoBapHAIHOHHO MaTpuuel. [lapaMeTpsl ¥, (1 HOpMAIbHO-
I'o pacupe/ie/ieHusi OOHOBJISIIOTCS 110C/Ie KazK/JI0I'0 HPOX0/a KOJLIEKIMH, JIn0O 110C/Ie KaxK-
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JIOTO aKeTa JIOKYMeHTOB B oHJiaiinoBom EM-ajropurme:

1
= — In Oy,
PR
1
Z—ﬁZ(lned—,u)(lned—,u)
deD

Takum oOpa3om, TpyLoEMKas onepalus oOpalleHusT KOBAPUAIMOHHONR MATPHUIIBI BBIIIOJI-
HsIEeTCsl OTHOCUTETBHO peiko. B [28] ucnonb3oBanacs LASSO-perpeccust, 9T00bl MOy IaTh
pa3pekeHHY0 KOBAPUAIMOHHYIO MATPHILY.

Hucnosble moganbHOCTU. B 3ajiauax perpeccun ¢ KazKJibIM TEKCTOBBIM JIOKYMEHTOM
CB3aHA OJ(HA YHCJIOBAas BEJIMYMHA, KOTOPYIO HEOOXOIMMO IPOrHO3UpoBaTh. O HAKO Obl-
BAIOT U TaKUe 33Ja91, B KOTOPHIX YUCIOBbIC BEJMYUHbBI CBA3AHDI C KAZKJIBIM TOKEHOM.

OJHUM U3 IIPUMEPOB SBJeTCd 3aJada TeMaTHYECKOr0 MOJETUPOBaHUsS GAHKOBCKUX
TPaH3aKIIMOHHbIX JIaHHbIX. B pPoJin JOKYMEHTOB 3/1€Cb BbICTYIIAIOT KOMIIAaHHUH, TE€PMaMH
B JOKYMEHTE ABJIAIOTCA KOHTPAl'€HTbl — JAPpYyIrue KOMIIaHUKU, KOTOPbIE 3aKJ/JII04Yal0T C JaH-
HOIl KOMIAHMEH CIeJKH IO IIOKYIKEe MU IIPOJazke TOBApOB WIM yCIyr. Kazkmaa cuenka
CONMPOBOXKIACTCA TEKCTOM ILIATEKHOTO IOPYYeHUs, KOTOPBI COMEPIKAT HA3BAHUSA TOBA-
POB WK YCJIYT. DTH HA3BaHHs 00pa3y0T BIOPYIO MOJAJIbHOCTE. IIOKYIIKI 1 IPOJAzKK pac-
CMaTPUBAIOTCS 110 OT/IEJIbHOCTH, YTO y/IBAUBAET YUCJIO MOJAJbHOCTEN /10 YeThipex. Tembl
COOTBETCTBYIOT BU/JIaM 9KOHOMUYECKOI AedTeJIbHOCTHU KOMIIQHUIA. BﬂaFOﬂapﬂ Ha3BAaHUAM
IOABIACTCA BO3MOKHOCTD HHTEPIPETUPOBATD KAZK/LYIO TEMY € HOMOIIBIO JBYX CIIMCKOB —
TOBAPOB, KOTOPIE KOMIIAHUH HOKYIIAIOT JI/IT OCYIECTBICHAS JAHHON JeATeIbHOCTH, H TO-
BapOB, KOTOPBIE OHU IIPOJAIOT KAK Pe3yJbTaT CBOeil JeaTebHOCTH®.

KpOMe eCTeCTBEHHbIX JUCKPETHbBIX MO,ZLaI[bHOCTeI';I KOHTPaAIr'eHTOB U Ha3BaHI/H71, B J1aH-
HOIT 3a1a9€ UMEIOTCS eNIé U YMCJIOBbIE JaHHbIe 00 00bEMaX CAEI0K, KOTOPbIE MOI'YT HECTH
BayKHYI0 UH(MOPMAIMIO O JIedTeJbHOCTH KOMIIaHU. ByjieM 1ojiararh, 94T0 ¢ KaxK/IbIM JI0-
KyMEHTOM d CB3aHO HECKOJBKO YHCJIOBBIX IMOCTEAOBATETBHOCTENR {Ygmi|t = 1,.. . kam},
COOTBETCTBYIONUX “UCAOBLLM MOOLAbHOCAM M € M. B HameM ciydae 9HCIOBBIX MO-
JIAJIBHOCTEH JiBe — 9T0 00bEMBI CJIEJIOK IOKYIKH U 1Ipoiazku. [Ipejiiosioxkum, 4To KaxKjas
TemMa t HOPOKJIAET 3HAUCHUSI Ygm; U3 pacupeseserust p(y|t; Yu,) ¢ BEKTOPOM Lapamer-
POB 7Y¢m, KOTOPOE HE 3ABUCUT OT JIOKYMEHTa, (9T0 00bIYHAS JIJI TEMATHIECKOTO MOJIEIUPO-
BAHUZ TUIOTE3a YCJOBHOU HesaBucumocTu). Torga pacupesesienne 3HAYEHUId y MOJIATb-
HOCTH M B JIOKYMEHTe d OIUCHLIBACTCS CMECHIO PACIIPEIe/ICHHIA:

p(yld,m) = Z P [t vim ) Ora-
teT

Bo3bMéM 3a OCHOBY MYJIBTUMOJAJTIBHYIO MOJETb (34) ¢ HPOU3BOJBHBIM HEMPePHIBHO
juddepeniupyembim peryisipuzaropom R(P®, ©). lobaBum pery/isipusarop 4uc/0BONH MO-
JAJIBHOCTH, ONPEJIEJHB ero Kak JiorapudmM npaBaonogodusi BBI0OPOK {Ydm; }:

kdm

ROT) =D 70> > 10> p(ami | t; Vem) bra-

M deD i=1 teT

3Xpousaenko K. 9. O606menHbe MOJAIBbHOCTH B BEPOATHOCTHBIX TEMATHICCKIX MOJEIAX JIJIs TpaH-
3aKIMOHHBIX JaHHBIX. Marucrepckas auccepramus, BMK MIY, 2020.
http://www.machinelearning.ru/wiki/images/5/50/Khrylchenko20msc.pdf
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Torya cucrema ypabuenuii B reopeme 8.1 mnpeobpazyercst cjeylomnum odpasom: ¢pop-
myJibt E-mara (36) 1 M-mara no ® (37) ocraforcst B cuiie; K HUM 100aB/Is0TCH (POPMYIIBL
E-mrara m M-mmara /i1 9ucI0BBIX MOJAJIbHOCTEH U m3Mengercs (opmyna M-mara mo O:

Prami = P(t|d, Yami) = norm (P(Yami | &5 Vem) Ora);

kdm
Ytm = arg maX Z Z Ptdmi hlp Ydmi | U fytm)
dED =1
o OR
Ora = ngjgn( Z Z TmMdwPrdw + Z Z TmPtdmi + Oed 09td)
meM weWm™ mEM =1

[Togxom HA OCHOBE MYJIBTHMOJAJIBLHON MOJEJH HUMEET OJIMH CYIIECTBEHHBIH U3bIH —
OH HpeHedOperaer TPaH3aKIMOHHON HpUpPO/ ot JaHHbiX. Kaxkipiit 10KyMeHT (KOMH&HI/IH)
HPEJICTABILAETCS «MEIIKOM Ha3BaHUI», «MEIIKOM KOHTPAI'EHTOB», M «MEIIKOM O0BEMOBY.
O HAKO B KazKJI0H TpaH3aKIMK HA3BAHUE, KOHTPAreHT U O0bEM CIAEJKH HEPA3PHIBHO CBSI-
3aHBI JPYT € JAPYTOM U MOPOZKIAIOTCs 00Ieit Temoii (BugoM jgearenbHocTn). Mudopmaris
00 3TUX CBA3SIX UTHOPUPYETCS B MYJIBTHMO/IAIBHON MOJIEITH.

[TosToMy paccMOTpHUM BBEJIEHHE YUCI0BOI MOAAJIBLHOCTH B rumeprpadoBoil TeMaTnde-
cKoit mojesin, omucanuoi B pazzese 9. Kaxas rpansakinus KoMuanuu d 1MpeCTaBIsger
060t ueTsepKy (d,m, x,y), e m € M — ojHa u3 JBYX YHCJIOBBIX MOJAJIBHOCTEH <00 bEM
HOKYIIKH» W «00BEM MpojazKu», r C V — HOJIMHOKECTBO TepMOB, V' — MHOZKECTBO Bep-
IIUH runeprpada, moaydeHnoe odbeuHenneM cjioBapeit W™ Bcex HEYUCTOBBIX MOJAIb-
HocTeit m € M. Ecian xkommanus d coBepImaeT CAeNKYy HOKYHOKH, TO TeEPDMaMH B X OYAYyT
KOMITQHHSA-IIPOAABEI] M Ha3BaHUsI TOBApPOB, KOTOpbIe d y Heé nokymnaer. Ecian koMmmanus d
COBEPIIAET CAEAKY MPOAAZKH, TO TeEPMaMH B X OYIyT KOMIAHHUSI-TIOKYIIATE/Ib U HA3BAHUS
TOBApOB, KOTOPBIE d eii nmpogaéT. B oboux Tumax TpaH3akKIuil 3Ha4YeHHE Yy PaBHO 0OBbEMY
cieniku. TemaTudeckas MOJE/Ib TPAH3AKIUUA UMeeT BHU/I

pla,yld,m) = 0 p(ylt;vem) [ ] oo

teT VET

CoorBercrBenno Mopudunupyercsa 3amada (47) mMakcumusanun log-npaBaomnosooust
TPaH3aKIMOHHLIX JTaHHBIX X = {(di, mi, Ty, yi): i =1,... ,n} JIJIST TOCTPOEHMsI THIIEPTpa-
¢oBoiT TeMaTHIECKOIT MOIELIIN:

Z In <Z Ora D(Y | t; Yem H(pm) + R(®,0) — ma>lg (57)
(dym,z,y)eX teT vET

Teopema 10.1. Ilycrp ¢pyaknus R(P,©) menpepsiBro augdepennupyema. Todka Jio-
kauabaoro makcumyma (®,0, ") 3agaun (57) yaosiersBopsier cucreme ypaBHEeHHIT OTHOCH-
TeJIbHO HAPAMETPOB Py, O1q, Vim M BCHOMOraTe/IbHBIX EpeMEHHbIX Dy = p(t|d;, my, i, y;),
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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
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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 Heit ncnosb3yoTea ase MojaabHocTH: ciosa W1 u murupyembie mokymentst W2 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 ¢ € W2 Takxke MOAe/Ib HO3BOJIAET Pa3/iMdaTb, KaKHe M3 CCHLIOK CYIIECTBEHHO
HOBJIMSAJIM HA HAYYHYIO CTAThIO, a KaKUEe SBJISIIOTCH BTOPOCTENEHHbIMH, YUCTO (DOPMaAJib-
HBIMH HJIM «JAHBIO BEKJIUBOCTH». CUUTAaETCd, 9TO JOKYMEHT C IOBJIUSI HA JJOKYMEHT d,
ecii d CChLIAeTCd Ha ¢ U OHM MUMEIOT 3HAYHTEIbHYIO JOJII0 O0INell TeMaTUuKH.

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 [178] onpeaesstorcs pernoHbl MOy JISIPHOCTH
HAIMOHAJIBHOM KyXHH 1O mocraM moJb3oBaresneil Flickr. Ipyras wutocrparus us [94]
HOKA3bIBALT, 9TO TeMaTUIeCKas MOJIe/b, yauTbiBaiomas, nu3 kakoro mrara CITA mpuiwio
coobllenue, TOUHee HPOC/eKUBaeT 1y Th yparana «Karpunas.

Ksasparnaublii peryasipuzarop MarTpuibsl O, mpemioxenusiii B [178|, 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 94| upeoxkena Gosee obias TeMarnieckas MOJIEb
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)“:|) . (58)

Bo mMHOrEX mpumioXKeHHAX BaKHbI HAIPABJIEHHOCTH CBA3€il, KOTOPbIE KBaJIpPaTHIHBII
peryasgpu3aTop He yuauTbiBaeT. Hampumep, ¢Bs3b (4, v) MOKeT 03HAYATH CCBLIKY H3 JO-
KyMmeHra u Ha JokymeHT v. B mogesn iTopicModel [141] upeammosaraercs, aro eciu
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L A ++ * ++ *
EE p A, +4+ 4 * ++ 0 * 4
m A + * ® ° |
s B A v o+ o v © o
u AA A v oo ¢ v oo O
[ 'y v oo v oo
Nea? HeTeipe? Lllects?

Puc. 15: Boibop 4gmcia K1acTepoB B 331a9aX KIACTEPU3AINN TIPUHIMIHAILHO HEOIHO3HATEH, KaK 1 BHIOOD
qucJa TeM B 33Ja49aX TeMaTUIeCKOr0 MO/IeJIMPOBAHUS.

(u,v) € E, 1o remaruka p(t|u) mupe remaruku p(t|v). [Tosromy munumusupyercs cym-
ma juseprenunit KL(p(t|v) || p(t|u)), npuuém ycaosusie pacupesenenus p(t|v) MoxHO
BBIPA3UTh Kak depe3 O, tak u depe3 P:

R(© wm @) = g 3w Y plt]v) Inp(t]u).

(u,v)eE teT

Kax 1moxasajim 9KCIepuMenTbl®, peryisapusanus MaTpuilbl ® nIpuBoauT HpaKTHYecKH
K TeM Ke pesysbraram, 910 u perysspusanus O s mogeneit NetPLSA u iTopicModels.

12 Vepapxundeckmne moagenu n BblOOp 4ucna Tem

CymecTByer Jid B peaibHbIX TEKCTOBBIX KOJIIEKIUSIX «UCTUHHOE» UJIH «ONTHMAJIbLHOE»
qucsio Tem? C OJfHON CTOPOHBI, YUCI0 T€M, O KOTOPBIX MOLYT ITHCATDH JIIO/IU, OTPAHUIEHO.
C apyroit CTOpOHBI, B KarKJI0il TeMe HMEeeTCsl KOHEYHOE YHCJIO ACIHEKTOB, W B KazKJIOM
TEKCTe aBTOPBI 3aTParuBaloT JIUIIb YacTh U3 HUX. 1acTo BCTpedaronuecs COYeTaHUs ac-
IIEKTOB MOYKHO PacCMaTpPUBATh M KAaK OTJAEIbHBIE TeMbI, I KaK MpOgB/JIeHue 00IIeil TeMBbI.
Kpowme Toro, BHyTpH J11000i T€MBI MOTYT CYIIIECTBOBATH PAa3MbIThIe KJIACTEPHbIE CTPYKTY-
pbI, Juist 0oJ1ee 96TKOTO ONPEIeIeHIs KOTOPBIX MOYKET IIPOCTO He XBaTaTh JaHHBIX. AHa-
JIOTHYHAS IPODJ/IEMa ¢ HEOJHO3HAYHBIM BHIOOPOM YHC/IA, KJIACTEPOB BOSHUKAET U B 33,/a9aX
KJIacTepu3aIuu, puc. 15.

Crowut /in pa3buBaTh TeMbI Ha D0JIe€ MEJIKUE OITEeMbI, U KaK OIIPeJIeTUTh 00IIee YuC/10
TeM — 3THU BOIIPOCHI BO3HUKAIOT B KazKJO# HMPAKTUIECKOH 3ajade TeMaTHIeCKOrO MOoJie-
JINPOBAHUA. 3a9aCTYI0 BBIOOD OKA3bIBAETCS IPOU3BOJIBHBIM M CyObEKTHBHBIM.

Yewm GoJibllle KOJLJIEKIUs, TeM DoJiee MeJIKUe CEMAHTUYeCKUe Pa3/Inuus MEeXK/1y TeMa-
MU BO3MOZKHO yJjioBuTh. OJIHAKO JaykKe HPU IMPUMEHEHUH, Ka3a/10Ch Obl, CTPOIrUX, CTATHU-
CTUYECKUX KPUTEPUEB JIJI BbIIBJICHUS 3HAUYUMBIX PA3/JIMIHil MKy TeMaMU, BOSHHUKAET
IPOM3BOJI IIPU BBIOOPE YPOBHS 3HAYMMOCTH. BBIOOP 9TOro MOPOroBOro 3HAUEHUs TAKKe
ABJIAECTCA SBpHCTI/IKOﬁ, 1 OT HEro 3aBHCHUT UTOI'OBOEC YHUCJIO TEM. Bce n3BeCrHble METO/bI,
Ipereqgayioiue Ha O6'beKTI/IBHOCTb onpejesieHud 4ucja TeM, TaK WJIM HHa4de€ CoAepzKaT
BHYTpHU cebsl mapaMerp, OT KOTOPOrO 9TO CaMOe YHCJIO TEM 3aBUCHUT.

OTu coobpazKeHusl HPUBOJAT K HJiee, YTO BMECTO IOUCKA ONTUMAJIHLHOTO YHUCIA TeM
(KOTOPOrO MOZKET MPOCTO HEe CYIECTBOBATH), UMEET CMbBICJ CTPOUTH HEPAPXUIECKHE Te-
MaTHYeCKHe MO/, B KOTOPBIX TEMBI IIOCJIe/I0BATE/ILHO JIPOOATCS Ha MOJITEMBI, & YPOBEHD
JETAIbHOCTH (MM 2PAHYAUPOSAHHOCTIU) TEMATHIECKOIO HPE/ICTABICHNST BHIOUPACTCS MC-
XO/Isi U3 noTpedbHocTedl NPUKJ/Ia/HON 3a/a49H.

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
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OnpepeneHuve 4ucna TeM no BHeEWHUM kputepusaMm. EnuncrBenubiM Gecripourphbiii-
HbIM BAPUAHTOM OIIPE/IE/IEHUs OIITUMAJIBHOIO YUCJIA TEM SBJISETCH MCIOJIb30BAHUE BHEIII-
Hero Kpurepust. Takoil MOIX0/ HCIOIB3YeTCs, KOTIa KOHETHOMN e/ibio (MM OJHOI 13 1e-
Jieif) TeMATHYecKOro MOJIETMPOBAHUSI SIBJISIETCs pelenne 3a1adn Kiaaccudukammn [130],
undopmManunonuoro noucka [64] mwim cermentanuu [127| rexcros. HemocraTodnoe 4mcsio
TeM MOZKET HPUBOJIUTH K CHUZKEHHIO BBIPA3UTEJbHBIX CIHOCOOHOCTEH MOje/n U KadecTBa
penienus 1ejieBoil 3aja4u. V30bITOUHOE YUC/I0 TeM MOYKET IPUBOJUTHL K 11epeodyUdeHuro
U CHUKEHHIO Ka9ecTBA HA HE3aBUCUMBIX TeCTOBBIX JaHHBIX. [[09TOMY Ha mpakTuKe 4mcsio
TeM BapbUPYIOT MO 33JJaHHOI ceTKe 3HAYeHUil, KaK MPAaBUIO BecbMa rpy0oil, u onpemes-
0T MEHAMAJbHOE YHCJIO TeM, IIPH KOTOPOM 33J[ada PENIaeTcs ¢ HpUeMIeMbIM KadeCTBOM
110 OJTHOMY HJIM HECKOJIbKUM KPHUTePHsAM. THHHIHBIM METO/IOM aHAJIN3A SIBJISIETCS HOCTPO-
enne rpaduka 3aBUCUMOCTH BHENIHEI'O KPUTEPUs OT YUCJIA TEM.

DHTponuiiHoe pa3pexuBaHue Ans otbopa Tem upejoxkeno B 151 mis yrasnenns
HE3HAYUMbBIX TE€M U3 TeMaTudeckKoir mojesn. Mjes 3akirodaercs B pa3spekUBaHUHM Pac-
npesesnenns p(t), KOTOpoe BbIpazKaeTcsi depe3 mapaMeTpbl Oy

R(©)=—n) . el = > p(d)bra.

[ToxcraBum 3T0oT peryispusarop B dbopmyry M-mara (17):

- n p(d)
Oig = n%r%n (ntd — Tm (@) th).

Bamenum 0y B 1paBoil 4acTu paBeHCTBA HECMEIIEHHON OLEHKON ~t2:

O = norm(ntd <1 P )) (59)
teT ng|T|

DTOT PEry/sipu3aTop pa3pezKuBaeT HeJUKOM cTpoku Marpuilpl ©. Ec/in 3nadenne caér-
YUKa 1y B 3HAMEHATeJe JJOCTATOYHO MAJIO, TO BCE 3JIEMEHTHI t-if CTPOKH OKA3bIBAIOTCS PaB-
HBIMH HYJTIO, ¥ TeMa t IMOJIHOCTBIO HCK/II0YaeTcd u3 Mojean. [Ipu ucmoib30Banum JaHHOTO
pery/sgpu3aTopa CHada/a yCTaHABIUBACTCS 3aBeIoMO n36biTouHOe dncsio Tem |T|. B xome
UTEPAIMl YUCI0 HYJIEBBIX CTPOK MATPHUIBI O IMOCTENEHHOE YBEJIMINBACTCS.

Ot16op Tem B ARTM namuoro npoine HemapaMerpuieckux 0aiiecoBCKUX Mojesieit —
nepapxuaeckoro mporecca Jupuxie (hierarchical Dirichlet process, HDP) [143| uiu mpo-
necca Kutaiickoro pecropana (Chinese restaurant process, CRP) [31].

B ob6oux nmoaxomax, ARTM u HDP, umeerca ynpapistonuii mapaMerp, BoIOHpas KO-
TOPBI, MOKHO HOJIy4aTh MOJEIH ¢ YUCJIOM TeM, pasindaiomumces Ha nopsaku (B ARTM
910 Kodbdunument perysipusanuu 7, B HDP — kosddbunuenr konnenrparun 7).

B [153] ObLn IpOBeIeHbl SKCIEePUMEHThI Ha MOJTYCHHTeTHIECKUX JTAHHBIX, MPeICTaB-
JSIONHX coO0i cMech IBYX pacipeenennii p(w |d) — peaabHON KOJUIEKIHH, JIJIs KOTOPOi
YUCJI0 TeM HEU3BEeCTHO, U CHHTEeTHYECKOIl KOJLIEKIHH C 3a/IaHHbIM 4ducjioM TeM. CunTe-
THYECKasl KOJJIEKIMS CTPOWJIACH IIyTéM nepemMHokenus mMarpun, PO, mosiyudeHHBIX B pe-
3y/JIbTATe TEMATHIECKOrO MOJETUPOBAHUS TOW Ke peasibHOo Kosutekiuu. OKa3ajaoch, 9T0
HDP u ARTM crocobubl ompe/ie/isiTh HCTUHHOE YHC/IO TeM HA CHHTETHYECKUX W [TOJIyCUH-
rerundeckux JaHHEBIX. ARTM omnpenenser ero tounee u ycroitaumsee. OnHaKO dem OJInzKe
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HOJIyCUHTETUYEeCKNE JaHHble K PeajibHbIM, TeM MeHee YE€TKO Pa3/IMYuM JIMAIla30H 3Hade-
HUil runepnapamMerpoB T WK Y, Ha KOTOPOM BOCCTaHABJIMBAETCS MPABUJILHOE YUCJIO TEM.
Ha peasibHBIX TaHHBIX OH HEPA3JIMYNM BOBCe, IPHIEM 71 000X MOAXOJ0B. Takmm oOpa-
30M, PO 00a MOIXOJa Helb3sd CKa3aTh, YTO OHU OMPEJETISIOT ONTHMAJbHOE YHCJIO TEM.

ITo ckopoctn Beramcaennit BigARTM ¢ perysngpusaTropom oTbopa Tem okasasucs B 100
pa3 ObicTpee cBODO/IHO JIOCTYIIHON peasu3aiuun HDP.

B xozie sxcnepumenTos |[153| Takzke BbISCHUIOCH, 4TO PEry/ispu3aTop 0TO0pa TeM nMe-
eT MOJIe3HBIN COyTCTBYIONMiT 3pdeKT: oH yaaadeT U3 MOAeJH AyOTUPYONINe, PacIIell-
JIEHHBIE U JIMHEHHO 3aBUCHMBIE TEMBI.

Nepapxuyeckoe TemaTtnydeckoe mogennpoBaHue. llepapxudeckne TeMaTHIeCcKHIe MO-
JIeJId PeKypPCUBHO JeJIAT TeMbl Ha HOATEeMBI. TeMaTHdecKne Hepapxuu CJIy:KaT JJId I0-
CTpOEeHUsl PyOPHKATOPOB, CHCTEMATU3AIMH OOJIBIINX OOBbEMOB TEKCTOBOM MHMOpPMAIHH,
nHAOPMAIMOHHOIO [TOUCKA U HABUTAIMK 110 OOJIBIIMM MYJIBTHIMCIUILINHAPHBIM KOJLIEK-
nusiM. 3a/1a9a aBTOMATHIECKOR PyOpHKaIUu TEKCTOB CJI0KHA CBOEH HEOIHO3HAYHOCTHIO
1 CyObeKTHBHOCTHIO. Pa3mudus BO MHEHHSX KCIEPTOB OTHOCHUTEIBHO PYOpHKAIUU 0-
KymentoB MoryT mocrurarb 40% [1]. Hecmorpst Ha obuime paboTr Mo HepapXUvecKuM Te-
maTudeckum moieasMm [30, 82, 99, 179, 123, 162, 163, 164, 165, onrumusamnus pazmepa
U CTPYKTYPbl HEPAPXUU OCTAETCsI OTKPBITOM MpoOsemoit; DoJsiee TOTrO, OLEHUBAHKME Kade-
CTBa Mepapxuii — TakzKe OTKpbITas 1pobsema [179].

Crparernn mOCTPOEHHS TeMATHIECKHX HePapXuil BeCbMa Pa3HOOOPA3HBL: HUCXOISIIIE
(MuBU3UMHbIE) U BOCXOJsIIIHE (ArTIOMEPATHBHBIE), MPEJICTABISIONINE HEPAPXUIO JEPEBOM
UM MHOTOJIOJBHBIM rpadoM, HapamuBaoIme rpad mo ypoBHIM WX [0 BEPIIHHAM, OC-
HOBAHHBIE HA KJIACTEPHU3AIMKU JIOKYMEHTOB mjn TepMoB. Hesb3st Ha3BaTh KaKylO-TO W3
cTpaTeruii mpeJllOYTUTEbHON; y KaxK/I0i eCTh CBOU JJOCTOMHCTBA U HEJIOCTATKU.

BeposiTHOCTHAs Mogenb MeXXypoBHeBbiX cBs3eil. B [41| upeoxkena nucxosmas
crparerusi Ha ocHoBe ARTM. Mepapxust npejcrapiisiercs MHOIOA0/IbHBIM rpadoMm ¢ (puk-
CHPOBAHHBIM YHCJIOM YPOBHEl U 33 aHHBIM YUCJIOM TeM Ha KaKJOM YPOBHE, BO3PACTAIO-
UM 10 YPOBHSAM CBepxXy BHU3. KaKplil ypoBeHb MpecTaB/sieT cOO0i OOBIUHYIO «ILIOC-
KYI0» TEeMATUYECKYIO MOJIE/b, MO3TOMY BpPEMs MOCTPOCHUSI MOJEIN OCTACTCS JTUHEHHBIM
110 00'bEMY KOJLJIEKIIHH.

st mojempoBaHusi CBs3ell MEKJy YPOBHSIMH B MOJIE/Ib BBOJSTCS HaPaMETPbI
g = p(8|t) — yciioBHBIE BEPOSTHOCTH HOJATEM S B TeMax t. B MyJibruuciuiIMHApHbIX
KOJIJIEKITUSI [TOJITeMbI MOT'YT UMETDb 0 HECKOJIbKO POJUTE]IbCKUX TE€M, [OITOMY IIPE/ICTaB-
JIEHHEe UepapXud MHOTOIOJIbHBIM IPadoM MpeIIoITUTEIbHEee, YeM JIEPEBOM.

Ha Bepxnem ypoBHe mepapxuu CTPOUTCS OOBIYHAS IJIOCKAS TEMATHIECKAST MOJIE/Ib.
[Tycts Mozesnb (-ro ypoBHs ¢ MHO2KeCTBOM TeM 1’ yrKe 1mocTpoeHa, u Tpedyercss HOCTPOUTD
MO/IeJib ypoBHs {41 ¢ MHOZKecTBOM Jl09epHUX TeM S (subtopics) u 66ibmmM 4uciom Tem,
|S| > |T|. [Torpebyem, 9T0GBI POAUTENBCKIE TEMBI ¢ XOPOIIO MPUOIUKATUCH BEPOSITHOCT-
HBIMH CMECSIMH T0YePHUX TEM S:

> KL (p(ul) | S ol 9ps10) = 3 m KL (3 | 5 gertia) = i

teT ses

riae U = (g)sxr — Mampuya ceésaseli, KOTOpas CTAHOBHTCS JOMOJHUTENbHON MaTpuIieil
apaMeTpoB ISl TEMATUIYECKON MOJIeIn JIOUepPHero YPOBHSI.
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Ngy = q)1 X @1

Ny Nyt = q) = X @ 2 LIJ
w w

Puc. 16: JlobaBeHne BTOPOTrO ypPOBHSI MEPAPXWKA C MHOMKECTBOM IOATEM S peaju3yercd myTéM T00aB-
JIEHWs B MCXOAHYIO KOJUIEKIHMIO |T'| TICeBIOMOKYMEHTOB ¢ 9aCTOTAME TEPMOB 7., MaTpuna ceaseil Tem
¢ monremamu ¥ = (p(s|t)) obpa3syercss B CTOJONAX MATPUIBI ©, COOTBETCTBYIONINX TICEBI0MOKY MEHTAM.

D10 33/a9a MATPUIHOIO PA3/IOKEHH Ul MATPUIILI POJAUTEILCKOr0 yposd O = W,
OOBIYHO MATPUYHBIE PA3JIOKEHHS UCIOIb3YIOTCs, YTOOBI IIPUOJIM3UTD MATPHILY BBICOKOI'O
paHra mpousBejeHueM MaTpuil 6ojiee HU3KOro panra. OHaKo B JJAaHHOM CJIydae, Ha000poT,
maTpuna ®f Huskoro panra |T'| mpubmmkaerca npomsseenuem Marpur, PV, B KOTOpoM
marpuia P Jlo/KHA UMeTh HOJIHbIH paHr | S|, 4Tobbl J0UepHsis MOJE/Ib OIUCHIBAJIA KOJI-
JIEKITUIO TOYHEe, YeM POJUTEeIbCKas. Peryaspu3arop CBsA3bIBAET TEMATUIECKHE MOJIE/IN
cocesanx yposmeit { u £+ 1 Tax, 9TOOB POJUTETLCKHE TeMbI () AIMpPOKCHMHIPOBAJICH
JINHEWHBIMU KOMOUHAIUAMHE JIOUYEPHUX TeM g ¢ KOIDDUITHEHTAMEI Vg, :

R((I)v \I]) =T Z Z Mt In Z @wsq/}st- (60)

teT weW ses

Bajaua makcumusanuun R(P, ¥) ¢ TounocThIO 10 0603HaYeHUiT COBLAaeT ¢ OCHOBHOM
3a/1aueil TeMaTHIecKoro MojeupoBanus (9), ecau CIuTaTh POAUTETbCKUE TeMbI ¢ nce6do-
JOKYMERMAMY C TJACTOTAME TEPMOB Ny = TNPypr. DTO O3HAYAET, YTO BMECTO J00AB/ICHUS
caaraemoro B popmyJibl M-1mmara, JaHHBIH PEryJIsspu3aTop MOXKHO PEAJIH30BATH EIllé HPOIILE.
[Tocrpous pojaure/bCKuil ypoBeHb, Hal0 j100aBuTh B KOJLIeKIuio |1T'| 11¢eB100KyMEHTOB,
3a/laB UM B Ka4ecTBEe 4acTOT TEePMOB 3HAYEHUs N.;. Marpuna ¥ nojydurcs B cTosidmax
MAaTpUIbl O, COOTBETCTBYIONMX HCeBI00KyMeHTaM [41], kak mokasaHo Ha puc. 16.

JlaHHBINI TOAX0, K MOJETHPOBAHUIO NepapXuil peaan3oBaH B bubmmorexke BigARTM.

Pa3pexxunBaHne me)xypoBHeBbIX CBs3ei (hpopMaIu3yeT eCTeCTBEHHOE MPeII0I0KCHHe,
4TO KaxkJad TeMa J04YepHero ypoBHA s € S mmeer HeGO/bLIIOE YHCIO CBA3eH ¢ TeMaMu
poauTe/ibekoro yposus t € T. B wacrnocru, eciu Bce pacupesesierusi p(t|s) BoIpozx ie-
HbI, TO €CTh KazKJ/lash TeMa, S UMEeeT TOJIbKO OJIHY POJUTE/ILCKYIO TeMy t, TO BCS uepapxusi
upuobperaer BujL Jiepesa. [IpumMennM Kpocc-9HTPONUURHbBINA peryJisipu3arop Jijisd pa3perxKu-
BaHUsl pacupejesnenuii p(t|s), BIpasus ux depes 1y 1m0 dopmyse Baiieca:

R(V TZZ 1npt|s ZZI Z¢Zntn

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?|)> (61)

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 nuporpammpl word2vec |95 crumysIMpoBaJIO Pa3BUTHE 6EKMOPHLLL NPeo-
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. 17: IIpumepst TeM yHUIPDAMMHON MOJIEJIU U COOTBETCTBYIOLIMX UM TeM OUIDaMMHO Mozesu (110 KO-
Jekuuu crareil nay4unoit koudepenuuu MMPO — «Maremarudeckue MeTozpl pacio3HaBanus 06pa3os» ).

Mogenn KoOHTaKTHOW co4vetaemocTu. lcnosib30BaHue n-rpamMM, KOJJIOKAIMH I
CJIOBOCOYETAHUN 3aMETHO Y/IydllaeT HHTEPIPEeTUPYEMOCTb TeM, 4T0 JIeMOHCTPUDYeT-
Cd IPpaKTUYECKU B Ka)KﬂOfI Hy6.HI/IKa]_H/H/I IO N-'paMMHBbIM TeMaTUYC€CKUM MOIEJIAM,
cM. Hanpumep |67].

[lepBas Gurpammvuas temarmdeckas Mozaeab BTM (bigram topic model) [159] mpen-
craBJisiia coboii o CyTu MyJbTUMOJAILHYIO MOJIE/b, B KOTOPOIl KaXKJIOMY CJIOBY U COOT-
BETCTBOBAJIA OT/Ie/IbHAS MOJAILHOCTD O cjoBapém W C W, cocraB/ieHHbIM U3 BCEX CJIOB,
BCTPEUAIOIMXCsl HELOCPEICTBEHHO HOCJIe CJIoBa v. Sauuuiem log-pasio1o106ue 31oii Mo-
JIeJId B BUJIE DEryJ/Isipu3aTopa:

R((I), @) = Z Z Z N 1N Z @thetda

deD ved weWv teT

rae @b, = p(w|v,t) — ycaoBHAs BEPOSTHOCTH CJIOB W MOCJE CJIOBA U B TeMe b Mgy, —
JacToTa OUrpaMMbl «vw» B JIoKyMeHnTe d. ItaBHbIil HeoctaTrok Mozaen BTM B Tom, dTo
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.

Mogeab TNG (topical n-grams) [168| ycTpamsger 9T Hem10CTaTKH. YCIOBHOE PACIpe-
JIeJIeHHE CJIOB OMUCBIBAETCS BEPOSITHOCTHON CMeChIO P(w|v, 1) = &yl + (1 —Epwt) Puot, TIE
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
HPeIIo/I0KeHusIX log-1rpaBonoodue 3Toit MO/Ie/ M ONEHUBACTCS CHU3Y B3BEHIEHHON CyM-
moii log-tipaBaomnomobuii MogabHOCTeH yHArpaMyM u ourpamm B Mogenn ARTM. JIpyruvu
croBamu, myabruMogaabaas ARTM moxkeT ObITh HCIIOIB30BaHA M1 IOUCKA, TPUOTHKEH-
Horo pemrenus B mojean TNG.

B Toit ke pabore OblIM IPOBEJIEHBI YKCIIEPUMEHTHI ¢ OUIPAMMHON MYJILTUMOJIAJIbHOMN
mozesiblo ARTM na mebosbmioii (Menee 1000 OKYMEHTOB) KOJUIEKIIMH PYCCKOSI3BIYHBIX
crareil HayuHoit koudepenuu MMPO (MaTemaTnuecKue MeTO/bI PACMO3HABAHUSA 0Opa-
30B). ComocraB/ieHue TeM YHUIDAMMHON 1 GUrpaMMHOI MoJiesieil MoKa3aso, 9To 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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OUIPaMMHOMN MOJIE/IM OLUPOUICHHBIE OCTOSHHbBIE YYACTHUKHM KOH(MDEPEHIME MOLJIN OIIPE/ie-
JIUTh HAYIHYIO I'PYIILY M JIazZKe aBTOPOB CTaTeil, TOr1a Kak 110 TeMaM yHUIPAMMHOI MOo/ie/in
¢JieJiaTh 9TO OBLIO MPOOJEeMATUIHO, CM. pPHUC. 17.

B ARTM n-rpaMmMHasi MOJE/Tb eCTECTBEHHBIM 00Pa30M OIIPeIe/IIeTCs KaK MYJIbTHMO-
JAJbHAdA, B KOTOPOH I KAzKJOrO 1 BBLAEASEeTCS OTAeJbHAas MOAAILHOCTL. i mpen-
BAPUTEJILHOIO COKPAIEHUs CJI0Bapeil M-rpaMM MOJAXOJAMT METOJ IIOMCKA KOJLIOKAIUIA
TopMine [52]. On smueitno macirrabupyercst Ha GoJiblHe KOJUIEKIME U 1103BoJIsieT (op-
MHUPOBATH CJIOBaphb, B KOTOPOM KazKJas 7n-rpaMma 00/1aIaeT TpeMs CBOHCTBAMU:

(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).

Mero/pl, npeiozKeHHbie B nocaeayonmx paborax, SegPhrase [85] u AutoPhrase [132],
JIEMOHCTPUPYIOUIME €HIE JIy4IIne Pe3yJIbTaThI.

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) [172].

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); (62)
ueW
Praw = DO (PPt Pur) - (63)

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) [184]. JIro-
GOMmBITHO, ITO Gostee panHss mybsukanus [39] ocTasach He3aMedIeHHOl (BHIUMO, KAK He-
baitecoBckast), u craTha [184] maxke me cepimaerca ma meé. Mogeru 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 [184| Ha KOTeKIusaX 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 KoJsuiekiuu [108].
CoveraeMoCTb TEPMOB MOZKET OIeHUBAThCA MO camoii Kosuteknun D [101], wiu 1o ¢Topos-
Heil Kosutekiun, Hampumep, mo Bukuneuu [105]. CpenHsst KOTepeHTHOCTh TeM CUUTACTCS
XOPOIIeil Mepoil HHTePIPETHPYEMOCTH TeMaTudeckoii Mojgesnu [109].

[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

Owt = rqlﬂoermry (nwt + T Z C’wvnvt>. (64)
veW\w

D10 cryrakKuBaroImii peryaspu3arop. OH yBeJHYUBAET BEPOATHOCTH T€PMA B Te€MeE, eCJIH
TEPMBI, C KOTOPBIMU OH 9aCTO COYETAETCS, OTHOCATCA K JaHHOW Teme. TOYHO Takas zKe
dbopmyna moayumwiack B [101] ais momenn LDA u anroputma comiunpoBanus ['u66ca,
HO ¢ DoJiee CJI0KHBIM 000CHOBaHUEM 4depe3 0000HEHHYI0 ypHOBYIO cxemy [loiist, u ¢ bosiee
CJI0ZKHOM 3BPUCTHIECKON OMEHKOH Clyy.

B pabore |105] 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,

(65)
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 CXO2KHX KOHTEKCTaX, UMEIOT CXO02KYIO CEeMaHTUKY Hu, COOTBETCTBEHHO, JOJI2KHbl HUMETb
osmskue BekTopbl. s bopmasmusanuu sroro npunimna B (95, 96| npemiaraercs 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-
cs MaTpudHbIME pas3stoxkenusMu (80, 117, 86]. [taBHOe oT/invme 3aKIF0YAETCSI 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 [120] npeyioxken crocobd mocTpoeHUsT MEMAMUNECKUT 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 noBoaurh 10 93% 6e3 norepu kauecrsa. Ha puc. 18 mokasambl
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 [120]. 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. 18: Ilpumepsbl peiienus 3aja4 accoumauuii cjioB s mozesneii 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, (66)

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
(66) siBiIsieTcsi 4ACTHBIM CJIydaeM [OCTPOCHUsI TeMaTH4ecKoit Mojesu runeprpada (47),
B KOTOPOM BEPILIUHBI SBJISIOTCS CJIOBAMHE, a PEOPA — IIPEJIJIOKEHUIMU.

Teopema 14.1. Ilycrp ¢yukmus R(P,©) wempepsiBHO muchgepenmupyeva. Touka
(®, ©) sokapHOrO KCTPeMyMa 3agaqn (66), (10) ygoBaerBopser 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 coobmennit Twitter-LDA [181]. B ofoux ciydasgx perysspusa-
TOPOM SBJILIOTCA alpHOpHbIe pacupenenenns dupuxie. B momenn Twitter-LDA B posn
JIOKYMEHTOB BBICTYHAIOT aBTOPbI, B POJIU CEIMEHTOB — COOOIIEHHST JIAHHOTO aBTOPA.

Nineprpad)oBbie Mogenn cBA3HOro Tekcrta. Kak yke 0TMEYaI0Ch BbIIIE, TeMaTHYe-
ckas Mogzesib runeprpada (47) MokeT 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 [127|] ocuoBan Ha mnocr-obpaborke pacupespesnenuii 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 [127] npeIaranocs 1 Kax/I0ro CJ0Ba BHIOMpATh Haubosee BeposTHyio Temy. Oba Bapu-
aHTa UMEIOT MpaBo Ha, cylnecTBoBanue. Kakoit u3 HUX JIydine, MOKa HE HCCIET0BAHO.
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TaeM KOCUHYCHYIO OJIM30CTh TEMATUKU JIJIs1 BCEX LIap COCe/IHUX Mpeiiokenunit. Hem riyOxke
JIOKQJIbHBITT MUHUMYM OJIM30CTH, TeM BbIIE YBEPEHHOCTD, YTO MeK/1y JIAHHOM 11apoil 1pe/i-
JIOZKeHH# npoxoauT rpanuia cermenToB. Merto TopicTiling ucmonib3yer Hadbop IBPUCTHK
JIUIS TIOJI00pa YUCa MIPeJIOKEHUil ¢/ieBa U CIpaBa OT JIOKAJIbHOIO MUHUMYMa OJIM30CTH,
OIIpeJIe/IeHHST YUCIAa CEITMEHTOB, IMOAO0pa YHCIa TeM U YHCJIa UTepalldii, HT'HOPHPOBAHUSI
CTOTI-CJIOB, (DOHOBBIX TeM U KOPOTKUX HPEJIOKeHNT. AKKypaTHasi HaCTPOiiKa mapamMeTpoB
9TUX IBPUCTHK [O3BOJISIET JIOCTHYb BBICOKOTO KadecTBa cermenTanuu |127).

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, (67)

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
(67), (10) ymoierBopsier cucreMe ypaBHEHHI €O BCIOMOTaTeJIbHBIMU TEPEMEHHBIMH Digy,
H Pidw, €CJH H3 PEIICHHs HCKIIOYHTH HyjeBble cToonsl Marpun O, O:

Ptdw = H%T%ﬂ (@wt@td)% (68)
5 1 OR
DPtdw = Ptdw (1 + — <8ptdw ;pzdw D i )) (69)
OR
i = morm < > Nawbraw + Put &Owt) ; (70)
deD
OR
01 = norm < wze;i PatwPraw + Vra s 9td) (71)

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 (72)
Pwt Pwt (z,dw") Pzdw OPwt Pwt deD »eT pzdw Pwt
OR OR Op.a OR  OPadw
Z Pzd'w Z Z Pzd . (73)
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 MOy IeHHOTO BhIpakenus B (72) u (73) 3aBepiiaer JOKa3aTeIbCTBO.
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Jlemma 14.5. Pemenne ®,0 3agaun (67) yiaoierBopsier cieiyomieii cucreMe ypaBHe-
HHIf OTHOCHTE/IbHO HEPEMEHHDBIX Oy, Byg B BCIIOMOraTeJIbHBIX IT€PEMEHHBIX Dygy,

Prw = 10T (PurBa); (74)
OR
Pur = O ( > Nawpiaw + Y QuawDiaw + wwt%) ; (75)
deD deD
8 = norm < Z NwPtdw + Z QrtdwDrdw + etda—R) : (76)
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 (69) nosBossier nepenucarb ypasuenusi (75)—(76) B rpedyemom Buje (70)—(71).
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 (69):
~ _ 1
Ptdw = Ptdw — T(m - ptdw)-
Takum 00pa3om, ecjin Jjisi HEKOTOPOH TeMbI Pigy < ﬁ, TO HA CJEAYIONER urepanun
BEPOSITHOCTD Pigy JJISl JIAHHOIO TepMa, w cTaHeT emnié Menbline. Temaruka Tepma Oy/er
IIOCTEIIEHHO KOHIEHTPHUPOBATLCA B He6OJIleOM qucJe TeM.

Emgé onpa maTepnperanyua 3TOro peryIapu3aropa CaedyeT U3 BO3MOKHOCTH 3aIHCATh
peryiagpusanuio E-mrara sKkBuBaeHTHBIM 06pa3oM depe3 dopmyasl M-mara (75)—(76):

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:

RO = =733 > ) noubiav. (77)
deD seSy teT wES
Omnyckast pyTHHHbBIE BBIKJIQJIKH, IPUBEAEM De3y/ibrar nojacranoBku (77) B (69):

~ 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 KpUTepuil: KauecTBo Kaaccudukamu 10KyMenTos [130], TounocTsb
1 mosiHOTa MHMOpMaIonHOro moucka [175, 19, 9, 17|, uucio HaiileHHBIX XOPOLIO HHTED-
IpPEeTHPYEMBIX TeM [22], kadecTBo cermentanuu TekcToB [127]. B [42| npemnaraercs meto-
JANKa JUAI'HOCTUKHN TEeMaTHU4Y€CKHX MO,H,e.HefI, OCHOBaHHa4d Ha COIIOCTaBJICHUN HaI';I,ZLGHHbIX
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 He3HauuTeapHo (92, 171, 87).

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, 121] 6b1t1 npe/ii1ozKeHbl pobacmmvie memamuieckue MoOeU, 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]. [IpuMepsl XOpOIIO HHTEPHPETHPYEMBIX TeM IOKa3aHbl Ha puc. 11 u puc. 17.
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 [107] skciepram mpeiarajgoch HeocpeacTBeH-
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 COIMUOJOIHIeCKUX HccaeaoBanusx [34, 72, 112] mus sxcneprHOro orge-
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 [107, 108, 109, 101| 66110 MOKA3AHO, YTO CPEIU KPUTEPHEB KAUECTBA, BBIUMCIAEMbIX
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-
aeknuu [108, 109]. HucsrenHoit Mepoii KOTePEHTHOCTH TeMbI ¢ SBISETCA NOMOYEHHAA 63a-
umnas ungopmayus (65), Beraucasemas mo k Haubosiee BEPOATHBIM CJIOBAM TEMBbI:

k

G = gy 2 2 PMIGw ), (79)

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) [105], 6o 1mo 1ot ke KoJuIeKIuH, 110 KOTOPOoil crpoutest Moge/s |101].

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 [72] npegiaraercst cauTarh cyu,ecmseenolMy JTHIIb T€ YCJIOBHBIE BEPOSITHOCTH, 3HA-
YeHUsI KOTOPBIX BBIIIE, YeM Y PABHOMEDHOTO PACIIPe/Ie/IeHUs:

Wt:{erW}QOWt>|—V%/‘},
Td:{tET}Qtd>ﬁ}.

79



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 [151] upemiaraercst onpeessrs asekcusieckoe 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
nanpassennu [158, 97, 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); (80)
p(w|d,t) = p(w]t); (81)
p(dw,t) = p(d|t). (82)

Ha mpakTuke Bce 3Tm pacmupeienenns Hen3BecTHBHI. [lociae mocTpoenms momenn
(n ma kaxjaom mare EM-aaropurma) g0CTYHHbBI JIMIIb ONEHKH ITHX DACIPe/IeJeHHi.
B kazk/1oM U3 TpEX paBEHCTB paclpe/ie/IeHue B lPaBOil 4acTh OIEHUBAETC 110 OOJIbIIeMY
o0béMy JIaHHBIX, YeM pacupejeieHue B JjieBoit yactu. [losromy B KavyecTBe HyJieBOil r'u-
oTe3bl OyieM OpaTh Ipeo/IoKeHre, YTO IMIUPUIECKOe pacIpe/Ie/leHue B JeBOil JacTh
IOPOKIAELTCs (COMTTACYETCS ) BEPOSTHOCTHOM MOJENBIO U3 MPaBOil 4acTH.

Hecmorpst Ha dbopmasibHyI0 9KBHBaJEHTHOCTb, Tpu upejcrasienus (80), (81), (82)
HPUBOAAT K PA3JIUYHBIM KOHCTPYKIMAM CTATUCTUYECKUX TECTOB C PA3HBIMU BO3MOYKHO-
craMu npumeHenus. Pacemorpum ux nojipobnee.

1. PasencrBo (80) TpancdopMupyercst B HyJIEBYIO PHIIOTE3Y O TOM, UTO JIJIs 3a/IaHHOl
TeMbl ¢ COBMECTHOE paclipejieJIeHre TePMOB B JOKYMEHTaX MOPOZKjaeTcs (haKTOPpH30BaH-
HBIM pacipejie/IeHueM:

Ho: plw,d[t) ~ p(w|t) p(d]t). (83)

JIJ1s1 HpOBEPKH JAHHOM I'MIOTE3bI MOZKHO UCIOJIL30BATH CTATHCTHKY B3aMMHOIT nHMOP-
MaIlUH, peJIoKeHHyio B [97]:

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
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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))’ (84)

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) = .

Cratucruka S; sABJIg€TCA MepOoil ceMaHTUYIECKON HeOIHOPOIHOCTH TeMbl t. Eciu B Mo-
JIeJTH OKA3aJI0Ch CJIMIIKOM MHOI'O CeMAaHTHYeCKH HEeOTHOPOIHBIX TeM, TO IeIecoo0pa3Ho
HOCTPOHUTD JIPYTYIO MOJIE/b, YBEJIUIUB UUCI0 TeM. 1eMbl ¢ aHOMAaJIbHO OOJIBIINME 3HAYTE-
HUSMEU Sy MOTYT B JlaJIbHEHIIIeM PACHIEIIAThCS Ha 00JIee MeJIKHe TeMbl B HePAPXUICCKUX
TeMaTUYICCKUX MOIEJ/JIAX.

2. PagenctBo (81) rpancdopMupyeTcst B HYJI€BYIO TUIIOTE3Y O TOM, YTO SMIUPUAIECKOE
pacipejeieHre TepMOB TeMbI ¢ B JJOKYMeHTe d IIOPOKIAeTCsI OOIIHUM /TSI BCEX TOKYMEHTOB

pacliipejieJieHueM TEPMOB:

Ho:  plwld,t) ~ p(w]t). (85)

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). (86)
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 (82) 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). (87)

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 : (88)
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 JIEKOPPEJNPOBaHUs U CrulazkuBanus [152]. AnomasibHO HU3KHE 3HAde-
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 [97.

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 nporapudmudeckoii dyukiuu noreps £(d, w) = In ﬁ EZIZ; 000DIIEHHBIE CTATUCTUKI

St, Sta, Swt mepexondar B (84), (86), (88) 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 BEPOATHOCTBIO BeTpeTHTes emmé [49, 79).
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.
[IpenmytiecrBo guBeprennuu Kpeccu—Pumga B ToM, 4T0 cB00O/10iI BBIOOpa mapaMerpa 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 mynbruMomaabaoilt Mogenu mwin (48)—(50) masa runeprpadosoil
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]

85



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 ; (89)

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); (90)

Nid = Z NdwPtdw (91)
wed

Nyt = Z NdwPtdw; (92)
deD

Pt = DOTI{ Ny + ¢ + ® Z Z Dod 4 s (93)

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
¢ (90). Pacemorpum dyuknnonan, MakcuMusupyeMmbrii ma M-mrare (25):

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

3anuirem JacTHbIE IPOU3BOJHBIE () IO APAMETPAM Py, BbLIess B GOpMy/IaxX BbIpa-
KEHUST My U Mg coriacto (92) u (91) coorBercrBeHHO:

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-
mysa M-mrara (93).

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 cirydaio (89). Hrobbl npumenurs K Hemy teopemy 17.1,
HaIIEM 4aCTHYIO ITPOU3BOJIHYIO:

89361 _ 0 (pwd@ws ) _ dést ZU Pwv — Puws _ dh (5
8S0U)t 890101‘/ ZU Puv ’ (Zv Qouw)2 ’
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-1
rae Oy = [s=t] — cmmBon Kponekepa, h, = (Zt SOwt) . IlogcraBuM 3TO BBHIpazkKeHue
B (93) 1 nepenuieM ypaBHEHUs! B HOPSJIKE, YJIO0HOM Jijisi IPOBE/ICHUS BbIMUCJIEHUN Me-
TOJIOM HPOCTBHIX ureparuit [10]:

hy = (Zt Sowt)_1§
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 (94)
deD wed teT

Teopema 17.2. Pemenne ®,0 3agaun (94) upm orpaHmyeHUsIX HEOTPUIATEJIBHOCTH H
HODMHPOBKH VJOBJETBOPSIET CHCTeMe YDaBHEHHIH €O BCIOMOIaTeTbHBIMH IIepeMeHHBIMA
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Draw = P(t|d, w), ecin u3 peurenust HCKIOYUTD HyJjieBbie ¢10oJi01b Marpul O, ©:

Praw = Putbral’ (p(w]d)); (95)
= norm Z n + OR . (96)
Gwt = weW dwPtdw Pwt 8S0wt ;
deD
OR
O = n%r%n < wZEd N Prdw + thaTtd) . (97)

CucreMa ypaBHEHHUil OT/IMYAeTCd OT KJIACCHYECKOil TOIbKO (popmyioit E-mmara.

Jloka3zarejibCTBO CjejlyeT u3 JIeMMbI 3.2 0 MAKCUMHU3AIMU Ha €JMHUIHbIX CUMILIEKCAX.

Tosbko npu f(p) =Inp na E-mare Bosuukaer dopmysa Baiteca. Ilpu srom 3aja-
9a MaKCHMHU3aIIuNU HpaBﬂOHO,ZLO6I/Iﬂ 9KBHUBaJICHTHA MHWHHUMHU3AIINN B3BeIlIeHHOI CYMMBbI
KL-uBepreniuii ¢ BecaMu 1y MeXKJy SMIHPHIECKUME pactpeaenenuamu p(w |d) = "T;de
1 MOJIeJIbHBbIME pacipeiesaenusamu p(w|d) = (@u, 0a)-

[Ipu £(p) = p* 3a1aua SKBUBAJIEHTHA MUHIMHU3AIMH B3BEIICHHONR CyMMbl IMBEPreHImit
Kpeccu—Puna (cTp. 84).

[Ipu £(p) = p 3a7a4a MepexoUT B MAKCHMU3AINIO CKAJISPHBIX POM3BEIeHNil:

> na(p(wld), (pu, ba)) + R(®,0) — max.

deD

JIaHHBIH TPUHIUALI OOTUMU3AIUN MOJIETN MPEJICTABISICTCS HE MeHee Pa3yMHBIM, YeM
MaKCHMU3aIuga IpaBaononodus. Ilpu atoM pig, = Pwibia, TO ecThb U3 00BIIHOI (hopMy-
Jpl E-mara yxonuT 3HaMeHaTe/ b ¢ HODMHPOBOYHBIM MHOYKUTEEM. ByaeM Ha3bIBaTh 9TO
oviempoim E-wazom. OH Moker JaBarh 3aMeTHoe yckopenue EM-ajsropurma, moCKOJIbKY
HOPMUPOBOYHbBIE MHOYKHUTE/IH TPEOYIOT BbIYUC/IEHUs CKAJSIPHBIX POU3BEJAEHUI (0, O4).

[To pesyabratamM CpaBHEHHsI PA3JIUIHBIX CTpaTeruii ontuMusanuu B [23| GbLia mpej-
JIO’KeHA KOMOMHUPOBAHHAsI CTPATErus, KOIVIa MepBas IOJOBHHA UTEPAIUil HCIOIb3yeT
ObICTPBIN E-11ar, mpu 9TOM MOJIE/Ib CTAHOBUTCS Pa3peKeHHOi O1arogaps peryasapu3aiin.
QuHajibHAs JOBOJIKA MOJIEIN HPOUCXOJAUT YZKEe 0 MAKCUMYyMY IPaBIONOA00us, HO Te-
1I€Pb CKAJISIPHBIE POU3BEJACHUS (P4, Og) MOTYT BBIUUC/ISTHCS HAMHOIO ObicTpee OJiarojia-
ps Pa3pPEeKEHHOCTU PACHPEIETCHUN Oy U Oyy. DTOT BAPUAHT AJITOPUTMA TA6T BBIMTDBIII
B ckopoctu Buraucstenuii 10 30% npu Gospmom uncae tem (500 u Gosee).

18 [lpoekT BigARTM

BigARTM — 3710 6ubjnOTeKa C OTKPBITBIM KOJOM, ocHoBaHHas Ha Teopun ARTM.
OHa nMeeT pacmupseMblii BCTPOCHHBIH HAOOP Pery/aspu3aTopoB U METPUK KadecTBa, pea-
JIN3yeT OHJIAfiHOBLIN 1 oddraiitHOBBI MHOTOIIOTOYHBIH TakeTHbI EM-asropurm, obecre-
YUBAOIIUI BICOKYIO 3P DEKTUBHOCTH 00pabOTKHU OOJIbIINX KOJIJIEKIIUI Ha OJJHOM KOMIIbIO-
repe. bubsinoreka spJjisgercs KpocciiargoOpMeHHOi: cCOOPKY U MCIIOJIHEHUE MOZKHO [IPOU3-
soauth noa Windows 7/8/10, Mac OS u pasmuanbivu guctpubyruBamu Linux. TTommep-
JKHUBAIOTCS porpaMMubie naTepdeiicsl mox Python 2.7.% /3% C++ a rakxke 3amyck B Buje
ucrorHgeMoro buaapuoro daiinta. exonusrit kog BigARTM manucan Ha C++11. [logmeprku-
BAETCsl HECKOJIBKO HOIYJIAPHBIX (POPMATOB TEKCTOBBIX /laHHbIX. VcuepibiBaonyo uadop-
MaluIo 110 OMO/IMOTeKe MOXKHO HailTu B JIOKyMeHTalluu Ha caiire http://bigartm.org.
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Huzke upejcrasien MuHMMaJibHbIA Ko B Python, Bbinosnsionuii 3arpysky u npeod-
pa30BaHKe JIAHHBIX BO BHYTPEHHHI (DOpMaT IakeroB JOKYyMeHTOB (6amued), CO3/IaHHe
1 o0ydYeHHne MOJIEIU, BbIYUCICHIE W BBIBOJ, MEPILICKCHUH.

1 # Import all necessary tools and data

> from sklearn.feature_extraction.text import CountVectorizer

3 from sklearn.datasets import fetch_20newsgroups

4+ from numpy import array

5 import artm

¢ # Extract data using sklearn and numpy

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

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

10 # Create batches and dictionary

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

12 n_wd=n_wd,

13 vocabulary=vocabulary)

14« # Learn simple PLSA model

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

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

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

19 # Print perplexity values by iterations

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

lMoprotoBka AaHHbIX. YHUBEPCAJIbHBIM O0bEKTOM, IIPUHUMAEMbIM Ha BXOJ BCEMH Olle-
panuaMu BigARTM, gaBiserca BekTopusarop artm.BatchVectorizer. B npumepe Bbiiie
(mmaru 10-13) oH GBLI CO3/IaH IO MATPHIIE «MeIIKa CJI0B» n_wd U CJOBapsi, 33IAI0IIEro Co-
OTBETCTBHE MEZK/Iy CTPOKAMH MATPHUIIBI U CJIOBAMHU KOJLIEKIuU. B 3TOM cirydae makersr co-
3/IAI0TCS B OIIEPATUBHOM ITAMSITH U IIOJIHOCTHIO YIAJISIOTCH U3 HEeE 110 3aBePIIeHUH PabOThI
OuOIMOTEKH. DTOT CIHOCOD XPAHEHHUsI JAHHBIX IMOAXOMAMT TOJBKO JIJIsi HEOOJIBIINX KOJLIEK-
Ui, MEeJMKOM IMOMEIIAIONINXCS B MaMATH. Bo BceX OCTaJbHBIX CAydasgX HCIOJIb3YIOTCS
dopMaThl JIAHHBIX, IpeJIoJaraolne YTeHNe UCXOJIHBIX JIOKYMEHTOB C JIMCKA M 3aIUCh
UTOrOBBIX IIAKeTOB Ha Juck. Hambosee momynspen ¢gpopmar TekcroBbix daiiios Vowpal
Wabbit, B koTopom Kaxkjjasi ¢CTPOKa COOTBETCTBYET OJHOMY JOKYMEHTY U MMeeT BUL

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

ﬂaHHbeI q)OpMaT [IO3BOJIdeT HpeAcCTaB/IATb JOKYMEHTbl KaK «MEIIKOM CJIOB», TaK U
nocJjie10BaTe/IbHbIM TEKCTOM, a TaKzKe 3allMCbIBaTb B JJOKYMEHTbI TE€PMbl PA3JIMYHbIX MO-
naabHocreii. [lpumep cos3manus BekTopu3aTopa 110 ganubiM B ¢popmare Vowpal Wabbit:

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

w

3sech data_path — nyrh K dailiy ¢ jokymentamu, napamerp target_folder yka-
3bIBaeT Ha HECYIIECTBYIOULYIO JAUPEKTOPHUIO JIId COXPAHEHUd I'OTOBBIX ITAKEeTOB.

IIapCHHF6OﬂbHHﬁiKOﬂﬂeKHHHA*OTHOCHTeﬂbHOZUHHEﬂbeﬁiHpOUﬁCC(ﬂaﬂﬂiHeCMOTpH
Ha TO, 9T0 BigARTM yMeeT BBILOJHSATH €r0 B MHOTOIOTOYHOM DEZKHME), OITOMY YI0OHO
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COXpPaHUTb IIaKeThbl Ha JUCK KW UCIIOJIb30BaTbh UX MHOI'OKPATHO. HpI/IMep CO3JaHnA BEKTO-
pu3aTopa, 3arpyzKaroniero Hakerbl ¢ JUCKa:

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

Cnosapu BigARTM mnpejHa3Ha4YeHbl /I XPaHEHHd JAHHBIX O CJIOBaX MU HCIIOJIb3Y-
I0TCS B HEKOTOPBIX Pery/sipu3aropax u merpukax kKadectsa. Cj0Bapio COOTBETCTBYET
o0bekT artm.Dictionary, KOTOpBII MOXKHO JinOO cHOPMHPOBATH ABTOMATHYECKH BO
BpeMs pas30ueHns KOJUIEKIIMH Ha MakerTbl (3a7aB B artm.BatchVectorizer mapamerp
gather_dictionary, no ymosdanuio paBublii True), OO CO3JATh BPYUYHYIO HA OCHOBE
cBoux JaHHBIX. OODBEKT cj0Bapsd MOXKHO COXPAHUTH B OMHAPHBIN MM TEKCTOBBIH aii,
3aTeM 3arpyzKarhb ero u3 3roro Qaiiia:

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

2 data_format=’vowpal_wabbit’,

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

5 # Load dictionary back during next BigARTM launch:

¢ dictionary = artm.Dictionary()

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

[oroBbiit ciioBaph MOXKHO U3MeHsITh. [ljisi 9TOr0 JOCTATOYHO COXPAHUTH €0 Ha JIUCK
B TEKCTOBOM BHJIE, 3aTeM MOAUMHUIUPOBATH MOJTYICHHBIH (hailsl 1 3arpy3UuTh €ro 00OpPaTHO:

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

s # Then, load it back

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

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

rae token — cTpokoBoe TpejcraBieHune cioBa, class id — mogambHOCTD, tf — abcosmor-
Has 9acTOTa CJI0Ba B KOIEKNuU, df — 4ucI0 JTOKYyMEHTOB KOJLIEKIH, B KOTOPBIX CJIOBO
BCTPETUIOCH X0Ts ObI pa3. IToste value mo ymorgaHuio 3amo/iHsercs HOpMAPOBAHHBIM 3Ha-
YeHueM tf, HO MOZKeT 6bITb HU3MEHEHO (STa BO3MO2KHOCTDH HCIIOJIB3YETCA KaK MEXaHU3M
nepe/iady JaHHBIX B HEKOTOPBIX PEryJsipU3aTopax U MeTPHKAX KadecTBa).

CiioBapu MOKHO (DUJIBTPOBATH BCTPOCHHBIME CpejcTBaMu 10 3nadenusm tf u df, na-
pUMep, MOXKHO OTOPACBIBATh CJMIIKOM YacTble HJIM CJIUIIKOM PeJIKHe CJI0Ba. Y Ka3aHue
cioBaps B KOHCTpyKTOope artm.ARTM minu B Merosne artm.ARTM.initialize 3asaér mo-
psiIoK ¢TpoK B mMarpunax ® u (n,;) COIIACHO HOPSJKY CJIOB B CJIOBape. DTO BarKHO,
HallpuMep, [1Jid MOAaJIbHOCTH METOK BPEMEHU.

Perynspnsatopbl moryr BozjeiictBoBarh Ha Marpuibi P, © wujimn (ptdw). Peryiis-
puzaropbl ¢ MoryT BO3J/EHCTBOBATH Ha OT/E/IbHbIe MoOJa/abHoCcTH. Hajimuune napamer-
pa class_id yKa3bIBaeT, 4YTO peryjgapu3arop paboraer ¢ OIHOI MOJAJbHOCTHIO, IIO-
yMmosgannio ¢ @default_class. Hanumume mapamerpa class_ids yka3bIBaeT, UTO pery-
JIIpU3aTOp paboTaeT cO CIHUCKOM MOJAJIbHOCTEil, Mmo-ymoJsdanuio co Bcemu. Ilodyrn Bce
IIapaMe€TpPbl BCEX PEeryjdpu3aTopoB MOKHO MEHATHb ME2K/Yy UuTepainudMu O6y‘{eHI/IH.
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SmoothSparsePhiRegularizer — pe2yaapusamop C2AGHCUCAHUA—PASPEHCUBAHUL MAN-
puyo, P, peasmzoBan 1o dopmyiie (30) ¢ mHebOIbIIM 0000IEHIEM:

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

Ecmu B onpenenennu KL-nuBeprennuu 3aMenunThb Jjorapudm Inz na dbysxmuo A(x),
to f(z) = xzN(x). [lo ymomuanuto f(x) =1, uro u coorBercTByer Jorapudmy. B 6ub-
JIMOTEKe MOZXKHO 3aJaBarb f(x) Kak crenennyo ¢yukiuio. Bekrop (f5,) 3arpyxaercs u3
CJIOBaps M 3aa8TCsl 3HaYeHusiMuU 1019 value kazkoro ciosa. Jljis KaxK10ii TeMbl ¢ MOKET
OBITH 33/1aH CBOI Takoil BeKTOp. TaKuM CII0cOO0M MOXKHO 3a/1aBaTh «0OeJibie» U «UEPHBIE»
CIIACKH CJIOB JIJI YaCTUIHOIO 00y JYeHus.

SpecifiedSparsePhiRegularizer — pezyasapusamop paspescennocmu P, peaamso-
BaH 110 TOi ke hopmysie, HO T[3, SABJIIETCI KOHCTAHTON U MOJAOUPAETCS TAaKUM 00pa3oM,
4TOObL JI0JIs1 HYJIEBBIX 3JIeMeHTOB B Marpulle ¢ okazajiach He HHUKe 3aJIJAaHHOI'O HOPOra.
[Tpu srom dyukuus f He ucnosbdyercs, 1o ecrb f(z) = 1.

SmoothSparseThetaRegularizer — pezayaapusamop CcaaaHCUBAHUA—PA3PEANCUCAHUA
mampuys, O, peamuzosan o dopmyie (31), ¢ aHATOrHIHBIM 0000TIEHIEM:

O = n?er%n (ntd + Taiatdf(‘gtd))-

Oyuknust f urpaer Ty ke pojib, YTO U B PEIy/IIpU3aTOPE CryIaKuBaHus—paspekuanus P.
MaccuB MHOKHTe el (; TO3BOJSIET YIIPABIATD BO3AefiCTBAEM Peryadpu3aTopa Ha KazK 10l
i-it BHyTpeHHell urepaiuu oO6paboTKH JOKyMeHTa. BeKTop mwiu Marpuna ((yg) MO3BOJISET
YIIPABIATH BO3JEHCTBHEM PeryIgapu3aTopa Ha 3JeMeHThl MaTpHIbl O.

DecorrelatorPhiRegularizer — pezyasapu3amop 0eKkoppesuposarus mem 6 Mampu-
ye @, peasmzoBan coriacHo (32). Ot moub3oBaress Tpedyercst ykazarh Koddduipenr
peryagapusalud T U CIACOK MOJAJBHOCTEH, Ha KOTOpble Hy?KHO BO3/IeiCTBOBATD.

TopicSelectionThetaRegularizer — pezyasapuszamop ombopa mem 6 mampuye O,
peasusoBan 10 dbopmyste (59). EAuHCTBEHHOE OTJIHYNe 3aKTI0IAETCsI B HATHIHHA MACCHBA,
MHOXKHTeJIE (v, KaK B PEryaspu3aTope CriakKuBaHUI—Pa3peKuBaHug O.

SmoothTimeInTopicsPhiRegularizer — pe2yaapus3amop C2AaiHCuGaHUL MeM 1o MO-
dasvrocmu epemeny 6 mampuye P, peammzoBan o dopmyiie (46). st KoppekTHO# pa-
00Tbl peryssipusaropa Tpedyercs yKas3arb UMs MOJAJbHOCTH BPEMEHU U PACIOJIOKHTH
TepMbI BpEMEHH B CjioBape U B Marpuiie ¢ B XpOHOJOIHIECKOM IOPSIJIKE.

NetPlsaPhiRegularizer — pezyaapuszamop NetPLSA das modanvrocmu sepuiur 2pa-
da 6 mampuue P, onpenensercsa mo popmysie (58). B mokyMeHTax J0JKHBI ObITH 3apaHee
3allMCaHbl TepMbl BepiiinH rpada v. B napamerpax peryssipuzaropa 3a/al0Tcsd UMeHa Bep-
muH v, uX Beca (MomaocTH MHOXKeCTB |D,|) 1 Beca pédep rpada wy,.

ImproveCoherencePhiRegularizer — pezyaapusamop Ko2epernmuocmu, Peaan30Ban
no dopmyse (64) u B KadecTBe mnapamerpa Tpedyer CJI0Bapb MAPHOH COYETACMOCTH
ciioB Cly, (cOBpaTh ero MOKHO ¢ MOMOIIBI0 BCTPOEHHOTO MApCepa).

BitermsPhiRegularizer — pezyaapuszamop O6umepmos, peanau3oBaH 1O (opmy-
nam (62)—(63) u B KauecTBe mapaMeTpa TakKzKe TPeOYeT CJI0Bapb YacTOT OUTEPMOB 7,
(3asa9a ero cOOPKHU JIOZKHUTCS HA 110Jb30BATEII).
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LabelRegularizationPhiRegularizer — wacmommnwid peeyaapuzamop mampuio, O
JUtst Kiracendukanuu ¢ HecOaJaHCHPOBaHHBIME KJaccamu. Peasmuzosan 1o dopmyie (55).
B kadecTBe mapamerpa Tpebyer CIoBapb KJIACCOB €O 3HAYEHUSIME UX MOITHOCTER |D.|.

HierarchySparsingThetaRegularizer — pezayaapusamop uepapruieckoz20 paspesncu-
saHus ©, HCHOIB3YeTCs /I PA3PEKUBAHUS MATPHILBI CBA3EH MEXK/1Y POAUTEIHCKUME Te-
MaMHU U UX JIOYEPHUMHE IIOJTEeMaMi B HEPAPXUIECKUX MOJe/IsX, coracHo dhopmyse (61).

TopicSegmentationPtdwRegularizer — pezyaapuszamop E-waza dra paspescusanus
ceemenmos 6 Mampuuar (P, ), opeaeasembrii o dopmye (77).

SmoothPtdwRegularizer — peeyasusamop E-waza das cenasrcusarus mampuy, (Praw )
110 JIOKaJIbHOMY KOHTeKcTy. [Ipubimzkaer temarndeckuit npoduiib Kax 00 BXOXK/ICHUS
TepMa K yCpejHeHHOMY npoduiio ero coceleit (1o okHy GUKCHPOBAHHON HIUPUHBI).

PerymgpusaTopbl MOTYT BKIIOYATHCs, OTKIIOUATHCA NN MOAUMDUIIPOBATHCS B JTIO00i
MOMeHT Mezk/ay Bbi3oBamu fit_offline msm fit_online, 4To mO3BOJIAET, B COBOKYIIHO-
CTH C KOHTPOJIEM METPUK KadecTBa, I'MOKO IepecTpauBaTh CTPATEIUIO PeryJ/isipu3aliiiu
B COOTBETCTBUU C TEKYyIIUM COCTOAHHUEM MOJIECJIN. 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)
¢ print model.score_tracker(’sparse’).last_value

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

MuoronoTtouHbii naketHbln EM-anroputm. Bubiamoreka BigARTM mo3Bosser obpada-
TbhIBaTb KOJIJIEKIIUU JJOKYMEHTOB, HE IIOMeIaloIuecd B OlIEPATUBHYIO IIaMATD. ,H.HH 9TOro
koJuiekist D ¢ nmomomipio BatchVectorizer paszbuBaercs na nakersl Dy, b=1,... B,
KazKJIpIil U3 KOTOPBIX XPAHUTCS B OTJAEIbHOM haitie. OOBITHO UCIOIb3YIOTCA MaKeThl Pa3-
MEpOM OT COTeH KHJIODAUT /10 JecaTkoB MerabaiitT. KosddunuenTsr peryngapuszanum 3a1a-
I0TCS B MOMEHT CO3JIaHHs MOJIE/U, HO IIOTOM MOLYT OBITb B JIFOOOHi MOMEHT HM3MEHEHBI,
B TOM 4ducjie B xoje EM-urepanmuii.

[Takernl obpabarbiBatorcs dynkuuein ProcessBatches kak ommcano B Asiropurme 4.
Oddaaitnoseiii asropurm FitOffline 3anyckaercs dynkumeit ARTM.fit_offline, onjaii-
HoBbiil FitOnline — dynkmueit ARTM.fit_online. /I1g BKIIOYEHHS aCHHXPOHHOIO aJIrO-
pUTMa HocaeHell Ha10 mepeIaTh mapaMerp async=True. KoHTpOJIb yCI0BUil CXOTUMOCTH
EM-aJsiropur™ma BO3/1araercs Ha noJib3oBaresis. [Ipoiie Bcero 3ajiaBarb 4uUCJIO UTepaliuit
10 KOJIJIEKIIMU U 110 KaXKJOMY JTOKYMEHTY.

HOCTpoeHHyIO TeMaTHUYCeCKYI0 MOJEJ/Ib MO2KHO UCIIOJIb30BaTh AJId TeMaTU3alluU OTAC/Ib-
HBIX JOKYMEHTOB Ipu (puKcupoBaHHoil Marpuie $. 9ta BO3MOKHOCTD peaandyercs (PyHK-
mueii ARTM. transform, KoTopas IPOIyCKaeT JOKyMeHThl depe3 ProcessBatches.

MeTpukn kadectBa 100aBJIAIOTCA 4depe3 moJig scores obbekra ARTM. B sror momenT
y MHOIHX METPHK MOXKHO 33/1aBaTh IapaMeTpbl. Beldnuc/ieHHbIe 3HAUEeHUsS] METPUK H3BJIe-
KAIOTCsI depe3 1oJjis score_tracker.
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PerplexityScore — nepnaercus, Borancisiemas 1o gopmyde (78). s eé koppekr-
HO# PabOThl HYKEH CJIOBaPb, COJ/IEPKallil HOPMUPOBAHHbIE YACTOTHI CJIOB B KOJLJIEKIIMH
(ne MomudunupoBanube 3HadeHus value st Kazkaoro ciosa). OHI UCHOTB3YIOTCSA B Ka-
94ecTBe AMMPOKCHMAIMH HYJIEBBIX 3HadeHuii p(w|d) u MO3BOJISAIOT KOPPEKTHO ONEHUBATH
MOJIeJIA Ha OJIHOM CJIOBape, HO C Pa3HOil CTeleHbIo Pa3PeKeHHOCTH.

[Ipumep nopk/I09eHnst neprieKcun Jjisi MoJasibHocru @default_class (crangapraast
MOJAJIBHOCTD CJIOB):

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

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

w

3HavdeHus MePIJIEKCHI MOXKHO BBIBECTH CJIeJyIommM obpasom (Bmecro value MozxHO
BbIBECTHU, HAIIpUMED, YUCJIUTE/Ib U 3HaMEHaTeJ/Ib HEPIJICKCUH 110 Ka)K,ZLOI';I MO,ZLa.HbHOCTI/I):

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

[Toste value comepKuT BCIO HCTOPUIO 3HAYEHWH METPUKH 110 OOHOBJIEHHAM MATPUILl P.
Y Jioboro 1oJis 11000 MeTPUKU UMeeTcs BapuaHT ¢ npedukcoM last_, KOTOpPbIA BO3-
BpAI@eT 3HAYEHUE METPUKH HA MOMEHT HOC/Ie/Hell CHMHXPOHU3AIUU. DTO MOKeT ObITb
IIOJIE3HO /14 IIOJIyYC€HUd MacCUBHBIX MeTpuk Tuia TopTokensScore.

SparsityPhiScore/SparsityThetaScore — paspesicerrnocmu mampuy © u O. One-
HUBAIOTCS J10JIeil 3JIEeMeHTOB MAaTPHUIlbl, MEHBIINX 33JaHHOTO IMOJIb30BaTEIEM IIOPOTa.

TopTokensScore — mon-cao8a 6 memax, CIUCOK U3 3aJaHHOI'0 YHUCJIa CJIOB C Hau-
00JIbIIIell BEPOITHOCTBIO IO Kaxkjioih Teme. Eciu B mapaMerpax 3TOil METPHUKH yKa3aTb
CJI0BAPbh MAPHOI COYETAEMOCTH CJIOB, TO OYIeT BBIYHCJIEHA KOIePEeHTHOCTh coher; 1o cuuc-
KaM TOII-CJIOB B TeMax, cortacHo dopmyiie (79).

TopicKernelScore — #dpogvie Tapakmepucmukry mem: 4IUCTOTa Pur,, KOHTPACTHOCTh
cong, pa3Mep sdjipa ker; oneHuBaoIIEe pa3IuIHOCTb M, KOCBEHHO, HHTEPIPETUPYEMOCTH
KazK10if TeMbl £, cM. c¢Tp. 80. AHAJOIMYIHO TOI-CJIOBAM, yKa3aHHe CJI0Baps MapHOW code-
TAEMOCTH 3aILyCKAET IMOJCYET KOTePEeHTHOCTH, HO Telepb yzKe IO spaM TeM.

BackgroundTokensRatioScore — doss horosux 06, OlleHUBACT JIOJIIO CJIOB, JIJIsi KO-
ropbix KL-uBeprenuust Mex iy pacipesesienusivu p(t) u p(w|t) Bbliie 3aaHHOTO HOPOTa.

TopicMassPhiScore — wacmomu, mem ny u pacupejesenus p(t) = % JJId BcexX TeMm t,
BBIYHCJIsIEMbIe 10 MATPHIE (T4 ).

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

PeakMemoryUsage — nukogoe nompebienue namamu, TeXHuIecKass MeTPHKa (J10CTyII-
Has TOJIBKO B CH++ I/IHTepd)eﬁce), 1PE/I0CTABIISIONIast UHMOPMAIKMIO 0 MAKCUMAJIbHOM 10~
TpebGJIeHIH OTIePATUBHON MaMATH 32 BpeMd KazK/I0il HTeparui aaropuTMa.

[lonb30oBaTe/ib MOXKET He TOJIBKO CO3/aBaTh COOCTBEHHBIE METPUKHU, HO U BBIYUC/ISTH
UX HAIIPAMYIO, C/IeJIaB BBIIPY3KY ImapameTpoB mozenn ¢ u O.
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Bbirpyska napametrpoB mogenu. B ciiejyroniem Koje 110Ka3aHo, KaK HOJIyIUTh MaTpPU-
iy ® (rounee, nepsbie 10 rem J1edoaTHONR MOIAIBLHOCTH):

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

w

YKazanue napaMmerpa model_name=model.model_nwt mo3BOJIIeT aHAJOTHIHBIM OOpa-
30M MOJIYYUTh 3HAYCHUS Ty BMECTO Dyt

C marpuneit © MoxKHO paboTarhb 1Mo-pasHomy. Bo-mepBbix, €6 MOKHO BOOOIIE HE Xpa-
HUTb, €CJIM OHA He HyKHa. BO-BTOPbIX, MOXKHO XPAHUTH €€ B K3llle, 3a/iaB lepej| Hava-
JioM o0ydenus mapamerp cache_theta=True. B Tperbux, MOXKHO BKJIOUYAUTH XpaHeHne O
B ®-1o00H0it MaTpurle, 3a1aB napaMerp theta_name. 910 jacT CBOOOIHBIM JOCTYII K MaT-
puIle Ha YTeHHe U 3aIUCh B JII000l MOMEHT. B 1mepBoM ciiydae BHIPDY3UTh MATPHUILy HEBO3-
MOKHO, B OCTAJIbHbIX IIPUMEHUM CJIC/IYyIOIAN KOJI;

1 # case 2

> model.get_theta()

3 # case 3

1 model.get_phi(model_name=model.theta_name)

Bce onucannble BbIlle BBI3OBBI BO3BpAIaloT 00beKThl pandas .DataFrame.

[Tomumo onucanHoro unrepdeiica BbI'PDY3KH MaTPHIl, €CTb BO3MOXKHOCTb IOJIy4YUTh
yKa3are/ib Ha MaTPUIy U HAIPAMYIO MOJAUMPUIMPOBATH HaMSATh, UCIOJIb3YEMYIO $IPOM
OubJIMOTEKH, YTO CYIIECTBEHHO yMEHbBIIAET PACXOJ, HaMsATH U BPeMs BbIUUCJICHUIA.

19 Pa3Beao4Hbli MHPOPMALNOHHbI NONCK

BazKHbIM IPHJIOKEHHEM TEMATHIECKOTO MOJIETUPOBAHUS SBJISIETCS UHBOPMAUUOHHbLT
nouck (information retrieval) [175, 19]. CoBpeMeHHbIe TIOUCKOBbBIE CHCTEMBI ITpeIHAZHATC-
HbBI, TJIABHBIM 00pPA30M, /s MOMCKA KOHKPETHBIX OTBETOB Ha KOPOTKHE TEKCTOBBIE 3AIPO-
cbl. /Ipyrue mouckoBbie HOTPEOHOCTH BO3HUKAIOT Y IIOIb30BATE e, KOTOPBIM HEOOXOIIMO
pa3o0parbcs B HOBOi 1peaMeTHON 00JiacTv MM IONOJHUTH CBO Oaraxk 3nanumii. [Tosib-
30BaTe/Ib MOXKET He BJIaJIETh TEPMUHOJIOTHEH, ¢/1ad0 IOHUMATH CTPYKTYPY IIPEIMETHON
00/1aCcTH, He UMETh TOYHBIX (POPMYJIUPOBOK 3alpoca U He MOJpa3yMeBaTh eIMHCTBeHHDIIT
IPaBUJIbHBIA OTBET. B TaKuX cydasx HyKeH HOUCK He IO KJIIOYEBBIM CJI0BAM, & [0 CMbIC-
Jly. 3aIpocoM MOKeT OBITh JJIMHHBIN (pparMeHT TeKCTa, JIOKYMEHT WU MOAO0PKa JIOKY-
MeHTOB. Pe3y/ibrarom 1noucka j1o/izKHa ObiTh yJI00HO cucTeMaTu3upoBaHHas nudopMalius,
«JIOpOZKHAs KapTay MPeIMEeTHON 00JIacTu.

st 9Tux cilydaeB MOJAXOAUT MapaJurMa pa3eedourozo UnGOPMaAyUOHHO20 NOUCKA
(exploratory search) [90, 169]. Ero mesbio siB/siercs mOJydeHne OTBETOB Ha CJIOZKHbIE BO-
IIPOCHI: «KAaKHe TeMBbI IIPEJICTABICHBI B TEKCTE 3aIllPOCay, «ITO YUTATH B MEPBYIO OYEpPE/Ib
[0 9TUM TeMaM», «4TO HAXOJUTCS Ha CTHIKE THX TeM CO CMEXKHBIMU ODJIACTIAMEY, «Ka-
KOBa TEMATUYECKas CTPYKTYpa JAHHON MpejaMerHOil 00/1acTuy, «KaK OHa Pa3BUBAJIACH BO
BPEMEHU», «KAKOBBI HOCJIE/IHUE JIOCTUKEHU», «IJIe HAXO/ASATCA OCHOBHBIE HEHTPHI KOMIIE-
TEHTHOCTU», «KTO SIBJISIETCS YKCIIEPTOM II0 JIAHHOI TeMe» u T. . llosb3oBarenb oObIYHOMN
IIOUCKOBOMW CHCTEMBbI BBIHYKCH UTEPATUBHO mepedOpMyInpOBaTh CBOM KOPOTKUE 3AIPO-
Chl, PACHIMPsis 30HY HOUCKA 110 MEPEe YCBOEHUsI TEPMUHOJIOIMH IIPEAMETHONH 00/1acTH, 1e-
PHOJIMYECKH [IEPECMATPUBAsT U CUCTEMATH3UPYs PE3Y/IBTATHI MOKCKA. DTO TpedyeT 3arpar
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BpeMeHU U BbICOKO KBajmdukanuu. [Ipu orcyrcrBun nHCTpyMEeHTa JIJIsd HOJIYYeHUusd «00-
el KapTUHbIY OCTAETCs COMHEHHEe, YTO KAKUEe-TO BaKHble aCIIeKThl n3y4aeMoil 1pobJjieMbl
TaK U He ObLIKM Haiijenbl. Ecium oOpa3sHo mpejacTaBUTh UTEPATUBHBIN IMOMCK KakK OJIyzK 1a-
HUEe 0 JAOUPUHTY 3HAHWil, TO Pa3BEJOYHBIN MOUCK — 3TO CPEJCTBO aBTOMATUYECKOTO
[OCTPOEHHS KAPTHI [T JII0OOH 9acThU 3TOro JIabUpPUHTA.

TemaTtuyecknii nouck. lloaHOTEKCTOBBIE MOMCKOBBIE CHCTEMBI OCHOBAHBI Ha HMHBEDPTH-
POBAHHBIX MHJIEKCAX, B KOTOPBIX JIJIs KayKJIOT'O CJIOBA XPAHUTCS CIIUCOK COJEPKallluX ero
nokymenTos [13]. ITouckoBast cucrema uieT JOKYMEHTBI, COJEpZKAIIie Bee CI0Ba 3aIpoca,
HOITOMY 110 JIIMHHOMY 3allpOCy, CKOpee BCero, Hu4iero He oOy/er HaiijieHo.

CucreMa TeMaTHYECKOI'0 Pa3BeJOYHOrO IOUCKA CHAaYa/a CTPOUT TEMAaTHUECKYIO MO-
JieJIb 3aIlpoca M OIpejie/igeT KOPOTKHIl CIIMCOK TeM 3allpoca. 3areM s HOMCKa JOKY-
MEHTOB CXOKeil TeMaTUKH TPUMEHSIOTCA Te K€ MeXaHW3Mbl WHIEKCUPOBAHUSA W IIOUC-
Ka, TOJIbKO B POJIM CJIOB BBICTYHAIOT TeMbl. [IOCKOJIbKY 4YHC/JI0 TE€M Ha HECKOJIbBKO I10-
PSIJIKOB MeHbIIe 00'béMa CJIoBapsi, TeMaTHYeCKUil IOUCK Tpedyer HAMHOI'0 MEHbIIE I1a-
MSATH 10 CPABHEHHIO C IIOJIHOTEKCTOBBIM IIOMCKOM M MOXKET OBbITh peasn30BaH Ha BEChb-
Ma CKPOMHO# TexHHKe. TexHooruu nH(GOPMAIMOHHOTO MOKCKA HA OCHOBE TeMaTHYECKO-
ro MOJICTUPOBAHUS B HACTOMINEEe BpeMsl HAXOJATCSI B CTaJIMH HCCJIEJOBAHUNi U pas3pado-
Tok 140, 28, 116, 35, 18, 161|.

B jsimreparype 110 pa3Bejj09HOMY HOUCKY TEeMAaTHIECKOe MOJIE/JIMPOBAHNE CTAINA HUCIIO/Ib-
30BaTh OTHOCHTEJIbHO HemaBHO [131, 58, 128, 148], a MHOrHE 0630PBI O HEM BOODIIE He YIIO-
vuHaror [54, 124, 138, 68, 91, 65]. B crarbe [148| BazKHBIMEH OPEHMYIIECTBAMA TeMATHIe-
CKHUX MOJIeJiell Ha3bIBAIOTCs I'MOKOCTh, BO3MOXKHOCTH BH3YaJIM3alluid 1 HaBuranuu. B To xe
BpeMsi, B KadecTBe HEJOCTATKOB OTMEYaloTcs IPObJIeMbl ¢ MHTEPIIPETUPYEMOCTHIO TEM,
TPYAHOCTU ¢ MOjuUKaIueid TeMaTuIecKol MOJIeJIM [IPU ITOCTYILJIEHMH HOBBIX JOKYMEH-
TOB U BBICOKasl BBIYUC/AUTEbHAS CJIOKHOCTb. DTH HPOOJIEMbI OTHOCATCA K YCTaPEBIIAM
METOJ[aM U YCIIENIHO PEIIeHBbI B IMOCIEIHUE TOJIbI: JECATKH HOBLIX MOje/eil pa3paboTaHbl
JIJIS YIYYIIeHUS HHTePIPEeTUPYEeMOCTH; OHJIAHOBBIE aJITOPUTMbI CIIOCOOHBI 00pabaThIBATh
OOJIbIIIe KOJUIEKIMU M HOTOKH JOKYMEHTOB 3a JinHeiinoe Bpemsi 98, 26, 149|. C apyroii
CTOPOHBI, B paboTax 10 TeMaTHYECKOMY MOJIE/JIUPOBAHUIO PA3BEIOYHbBII TOUCK YaCTO Ha-
3bIBAIOT OJIHUM U3 BayKHEHIINX MPUJIOKEHU, a OIEeHKH Ka4eCcTBa, [IOMCKA UCITOJIb3YIOT JIJIst
Basuaanun Mogesteii [175, 19]. Oxuako 9Tu uccie0Banus MOKA He MPUBEJIN K CO3IAHHIO
OOIIEeOCTYITHBIX CUCTEM pPa3BeI0YHOIO Moucka. Beé 310 roBoput o pa3obménnocTn Hay d-
HBIX COODIECTB, pa3padaThIBAIONINX STH /IBA HAIIpaB/eHusd. TeHaeHnusa K uxX cOMuKeHUIO
HaMeTHJIaCh JIMIIb B TIOCJI€/IHAE T'O/IbI.

Temaruueckast Mojie/Ib /ISl PA3BEJOYHOIO IMOUCKA JIOJI2KHA Y/AOBJIETBOPITH MHOI'MM
TpeboBaHUIM OHOBpeMeHHO. OHAa JIOJIZKHA COCTOAThH U3 XOPOIIO HHTEPIIPETUPYEMbBIX TEM,
IIOCKOJIbKY Te€Mbl MHTEHCHUBHO HCIOJIb3YIOTCS B II0JIb30BATENILCKOM HHTepdeiice s Ha-
BHUTAIUHU 110 KOJUIEKIIMU ¥ BU3yaJIU3AIUU Pe3y/IbTaToB rnoucka. OHa J10KHA OBITH pa3pe-
JKEHHOM, 4T00bI KazK /bl JIOKYMEHT COCTOsIJI U3 HEOOJIbIIOI0 YUC/Ia TEM — ITO HEOOXOMMO
st 9MEKTUBHOIO XpaHeHUsT HHBEPTUPOBAHHOIO HHAeKca. OHa JM0JIZKHA ObITH HEepapXu-
YeCKOil, 9TOOBI I0JIb30BATE/Ib MOT IIOJIYUUTH MIPeJICTaBIeHIEe O TeMAaTUIeCKOH CTPYKTYpe
peIMeTHOl 00J1acTH Ha JIIoOOM ypoBHe jeTaju3anuu. OHa J01KHA aBTOMAaTHIeCKH OIpe-
JIeIITh 9UCJ0 TeM Ha KaryK/IOM yPOBHE MepapXud W aBTOMATHYECKH CO3/aBaThb W WUMEHO-
BaTh HOBbIE TeMbl. OHA JI0JI2KHA ObITh MYJHTUIPAMMHOMN, TaK KaK BBIJAEJIEHHE KJIOUEBBIX
¢dpa3 1 TEPMUHOB CYIIECTBEHHO Y1y YlIaeT HHTEPIPETHPYEMOCTb TeMbl. OHa J0/2KHA ObIThH
MYJIbTUSI3bIYHONW B TEX IPUJIOKEHUX, IJie TPedbyeTcss KPOCC-sS3bIYHbIN OUCK, HAIIPUMep,
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Ipyu aHaju3e mareHTHbXx 0a3. OHa J0JKHA OBITH MYJIBTUMOIAIBHOM, 9TOOBI yUIUTHIBATD
MeTaJaHHbIC JOKYMEHTOB, BKJIIOYad aBTOPOB U HUTUPOBAHHE. OHa JOJIZKHa 6bITb TEeM-
HOPaJIbHOM, YTOOBI BBISIB/IATDL JUHAMHUKY pa3BuTusd TeM. OHa J102KHA ObITH CerMEHTH-
pyfoIeit, 9ToObl He TOJTBKO HAXOJWTH PeJIeBAaHTHBIE JOKYMEHTBI, HO M YKa3bIBATh B HUX
KOHKpeTHbIe cerMeHThl. OHa JI0/IzKHA OBITh 00y4aeMoil 110 OIeHKaM acecCOpOB HJIU JIOraM
1oJIb30BaTe/1eif, 4TOObl IOCTOSHHO YJIy4lllaTh KadecTBO oucka. Hakower, peajiu3aiius
JIOJI2KHA OBbITH OHJIAHOBOI, lapaJ/lIe/IbHON U paciupe/ieeHHoi, 4To0bl 3 dekTuBHO 00pa-
HaTbIBaTh OOJIBIINE KOJIJIEKIIUN TeKCTOB. TakmM 0Opa3oM, MHOTHE BO3MOXKHOCTH JTOJIZKHBI
OBITh O0BEIUHEHBI /I CO3AAHNs CEPBUCOB PAa3BEIOYHOIO IIOUCKA.

KadectBo pa3Bego4Horo noucka. Mogenr ARTM s pa3BemgodHoro momcka ObLIa,
npenokena B [17] u yayumena B [173, 64]. st u3Mepennss KavuecrBa pas3BeOvHOIO Te-
MaTHYeCKOTO IOMCKA HMCIIOIb30BAJUCh KPUTEPUH TOYHOCTH M IOJTHOTHI HA OCHOBE OIEHOK
aceccoposB. st onenuBanus Obljla cocTaBjieHa BbIOOPKa 3aIIPOCOB — 3aJIaHUl pa3Be/104-
HOIO noucka. Kazkipiit 3a1poc npejcran)isi codoit TekcT 06'bEMOM OKOJIO OJHOM CTPaHUIIbI
dopmara A4, onuceiBafonuii TeMaTHKy moucka. Kaxkmoe 3aganne cHada 8 BBIIOJIHIIOCH
HE3aBUCUMO HECKOJBKHMH aCeCCOpaMH, 3aTeM CHCTeMOW TeMaTHYeCKOTO IOUCKA, 3aTeM
eé pe3yJibTaT CHOBa OIlEHUBAJICA aceccopamu. /laHHas MeTOJMKa MO3BOJISET, €IUHOZK b
C/Ie/IaB PA3METKY Pe3y/bTaToOB MOMCKA, MHOTOKPATHO OINEHUBATH KAY€CTBO PA3JIMIHBIX TE-
MAaTHUYECKUX MO,H,e.HeI;'I U MEXaHU3MOB ITIOUCKA. SKCHepI/IMeHTbI Ha KOJIJICKIUAX ]_75 ThICAY
cTaTell PyCCKOSI3BITHOIO KOJIJIEKTUBHOTO Osora habrahabr.ru u 760 Thicad cTareii aHIIO-
sI3BIYHOrO OJ10ra techcrunch.com mokas3ajd, 9TO TeMATHYECKHH IOMCK HAXOIUT OOJIbIIe
peJIeBaHTHBIX JIOKYMEHTOB, YeM acecCOpbl, COKpallad cpejHee BpeMs IIOMCKa C IOJIyda-
ca 710 cexkyH/ibl. KoMOMHUpOBaHue perysisipu3aTopoB JI€KOPPEIUPOBAHUs, PA3PEKUBAHUST
1 CIVIaKMBAaHU4A BMeCTe ¢ MOJAJBbHOCTAMHA N-IPaMM, aBTOPOB U KaTeropuil 3HaYUMO yJ1yd-
HaeT KadyecTBo IIOUCKA U 103BoJideT J1ocTudb Tounoctu Bbiiie 80% u nosnors soie 90%.

Busyanusauusa. Cucremarusanus pe3y/braToB TEMATHIECKOIO HOUCKA HEBO3MOZKHA, 0e3
HHTEPAKTHBHOIO rpaduveckoro mpejacrabienns. B o63ope [2] onuchiBaiorcs u cpaBHU-
BaloTca 16 Cpe/CcTB BU3yaJU3AIMH TeMATHIECKHX MOJeseil Ha OCHOBe BeO-mHTepdeiicoB.
Emg GosibIe ueii MOZKHO MOUePIHYTh U3 HHTePaKTHBHOro 0630pa’, KOTOPbI HACIUTHIBA-
etr 6oJiee 400 cpejicTB BudyaJin3aiuu TekcToB. HecmoTpst Ha Takoe D0raTcTBO TEXHUYECKUX
pelnieHuii, OCHOBHbIX UJIell BU3yaJIM3alUU TeMATUYeCKUX MOJiesieil He TaK MHOI'O: 9TO Jinho
JIByMepHOe 0TOOpaKeHue CeMaHTU4YecKOi O/im30cTH TeM B Bujie rpada mim <«JI0POXKHON
KapThl», JTHOO TeMaTU4IecKas nepapxus, Ju00 JUHAMUKA Pa3BUTH TEM BO BPeMeHH, JTU00
rpadoBasg CTPYKTypa B3aUMOCBs3eil MeK/Iy TeMaMt, JOKYMeHTaMd, aBTOPAMU WJIH HHbI-
MU MOJAJIBHOCTSIMH, JIUOO CEIMEHTHAsI CTPYKTYPa OTJAEJIbHBIX JIOKYMEHTOB.
['padpuueckast Busyasusaius OOJIbIINX JIAHHBIX IPAKTUYECKU DECIIo/Ie3Ha B CTATHIHOM
UCIIO/IHEHUHU, HO MOZKET OKA3aThCd MOIIHBIM KOTHUTHBHBIM CPEJCTBOM B C/Iy9ae HHTEPAK-
THBHOI pea/in3anuu. DTo ObLIO moudaTo 6osee 20 jer Ha3a  u chopMmyiupoBano benom
[[TreitnepMaHOM B BUIE MAHMPHL BU3YAALHO20 NOUCKE UHPOPMAUUL: «CHATATA KPYTHBII
iaH, 3areM macuiabuposanue u bujabTpalus, jgerajiu 1o rpebosanuio»® [136).
['pacbuueckoe orobparkeHue pesy/ibraToB TEMATUUYECKOIO MOJIEJTMPOBAHNS U Pa3Be04-
HOIO IOMCKa coryiacyercs ¢ Kouneniueii daavnezo wmenus (distant reading), npesyio-

"http://textvis.lnu.se — MHTEPAKTUBHLII 0630p CPEJICTB BU3YaIU3AIUN TEKCTOB.
8Visual Information Seeking Mantra: «Overview first, zoom and filter, details on demand» [136].
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JKeHHoit conmosiorom smmreparypbl @panko Moperru [103]. On nporusonocrassier 1ot
c1ocob u3ydeHusi TeKCTOB Halemy oObraHoMy 4renuio (close reading). HeBosmoxkno npo-
YATATh MUJIJIAOHBI KHUT WM CTaTeil, HO BIOJHE BO3MOXKHO NMPUMEHHUTH CTATUCTUIECKHE
MEeTOJbI U IpapuyuecKyio BU3yaIU3aIMUI0, 9TOOBI OHATH B OOIIHUX YepTax, O YéM BCs ITa
JINTepaTypa, 1 HAYIUTbCs ObICTpee OTBICKUBAThH HYzKHOE. «/lajbHee dTeHne — 3TO cleru-
aJibHast (popMa LpPEJICTAB/IeHUs 3HAHUIN, B KOTOPOIl MeHbIIIe 3/IeMEeHTOB, rpybee CMbIC/ UX
B3aMMOCBH3€il, OCTAIOTCA JIUIL POPMbI, OTHOIIEHHH, CTPYKTYPBI, MOJe >’

g 6ubmmorekn BigARTM B HacTodIIee BpeMsl Pa3BUBAeTCS HHCTPYMEHT BU3YaJIn3a-
nun ¢ Beb-unrepdeiicom VisSARTMY, nonnep:kupatomuii Bazkneiimue (popMbl IIpe/cTaB-
JIeHUsI TeMaTuIecKux mojeneii. iarepecnoit Bo3moxkuOCThIO ViSARTM gBiserca mocTpo-
eHue Cnexmpa mem — PaHZKUPOBAHHOI'O CIIMCKA Te€M, B KOTOPOM CeMaHTHYeCKH OJIM3Kue
TeMbl HAX0JIATCs psiJioM. ['pyliiupoBanue TemM 1o CMbIC/LY IIOMOTAeT 0JIb30BATE/IIM ObICT-
pee HaxXOJUTh TeMbl, AaKIIEHTUPYsl BHUMAHUE HA PA3JIMIUAX MerK/y OJIM3KUMU TeMaMu.

20 3aknr4yeHwue

Temaruueckoe MOJEJIUPOBAHUE SIBJISIETCS OJHUM U3 MHCTPYMEHTOB CTATHCTUYECKOIO
aHa/In3a TEKCTOB. 3a JiBa JIECATH/IeTUs WHTEHCUBHBIX MCC/IEOBAHUN CO3/aHbI COTHU Te-
MaTHYecKuX Mojeseii. MHorue u3 HUX yJAaJ0Ch BKJIIOYHATDH B JIAHHBINA 0630D.

Hecmorps Ha ycrmexu teMaTudecKux Mo/jie/ieil, 0 KOTOPBIX COOOMIAIOT HAydIHbIe IIy0/11-
Kalliu, Ha IIPAKTHKE MCII0JIb3YeTCsl B OCHOBHOM YCTapeBIasi MOJIE/Ib JIATEHTHOIO pa3Mele-
uust Tupuxie (LDA). Boubioe paznoobpasue Mojesieil, CJI0KHOCTh HX MaTeMATHIECKOIO
OIMCAHUS Ha s3bIKe 0aiieCOBCKOTO OOYUeHMsI, HECOBMECTUMOCTD peasin3aluii co3aaoT da-
pPbepbl I MPAaKTHIECKOTO MpUMeHeHus 6ojiee MUPOKOro CIIEKTPa MOJIeJIeil.

Teopust addumuenoti peeyaspusayuyu memamuueckur modeaetc (ARTM) u mpoekr
C OTKPbITHIM KO/1I0M BigARTM Haresiennl Ha upeojosienue yrux dappbepos. B ARTM remaru-
4ecKasd MOJICJIb OUPEJIeaATCd IPOCTON BePOATHOCTHON MOPOZKAAIONEH MO1e/IbIO, OIIUChIBa-
IOIIEH CTPYKTYPY HPOCTPAHCTBA IIAPAMETPOB, U «MEIIKOM PeryJ/isipu3aropoBy, 3a/Ial0IIuX
JIONOJTHATE/IbHBIE TpeboBaHusd. Peryasapu3aTopsl aJIuTHBHBI, B3aNMO3aMEHIEMbI, UX JIeT-
KO KOMOMHHUPOBATH U IEPEHOCUTH U3 OJHUX MOJeseil B ApyTrue, 9To NPUBOJIUT K MOJLY/IHHOM
TeXHOJI0ruH MoeupoBanus. Co3aanue Moge/ I ¢ TpeOyeMbIME CBOMCTBAME 10/l KOHKPET-
HOE NPUJIOXKEeHHEe He TpedyeT HU TPY/JIO0EMKUX MaTeMaTHYeCKMX BbIKJIAJIOK, HU CO3JIQHUS
AJINOPUTMUYECKH CJIOZKHOT'O KO/IA.

B GaitecoBckom 0oOy4eHHUM JOMOJHHUTEIbHBbIE TpeOOBAHUS BCTPAUBAIOTCA B CTPYKTY-
Py HOPOKIAIONIeil MOJIe/H, CUJIbHO YCJIOXKHs BBIBOJ, M HE OCTABJIAA BO3MOYKHOCTEH JIjIs
MOJIyJIbHOI peasin3aruu. bBaliecoBckuii BBIBOJ JIjIsd OOJIBIIMHCTBA MOJeseil, OMUCAHHBIX
B JlaHHOM 0030pe, Tpedyer TPYJI0EMKUX MaTeMaTUdeCKMX BbBIKJIAJIOK. fI3bIK KJjaccude-
CKOM peryJisipu3alui OKa3bIBA€TCs HE MeHee BbIPa3uTEe/JbHbIM, HO HAMHOI'O 00Jiee IPO-
cteiM. ARTM cokparmaer BeIBO OyKBaJIbHO 0 HECKOJIBKHX CTPOK. EamHCTBEHHOE, UTO
MBI IIPH 9TOM TepsgeM — BO3MOXKHOCTb OIEHUTH He TOJIHKO 3HAUEHUs [TapaMeTpOB MO/IE/IH,
HO W UX paclpejie/ieHnsa. B npakTuke TeMaTHdecKoro MOJIE/JTHMPOBAHUSA 3Ta BO3MOKHOCTD
HUKOIJIA TOJIKOM HE HCIOJIb3YeTCs, TaK 4TO IOTEPsi 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.» [103].
O @enopaxa [1. C. TexHOMOrNS HHTePAKTUBHON BU3yaIN3alAI TeMAaTHIeCKHX Mojeseil. BakasaBpckas
nuccepranust, MOTU, 2017 (www.MachineLearning.ru/wiki/images/d/d8/Fedoriakal7bsc.pdf).
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JlovmuaupoBanue 6aiteCOBCKOro M0/IX0/1a B TEMATHIECKOM MOJEJIMPOBAHUT U PA300IIEH-
HOCTb aKaJIEeMUYECKOI'0 M MH/IyCTPUAJILHOI'O COODIIECTBA IPUBOJIMUT K HEKOTOPBIM 3a0J1y 7K-
JICHUAM OTHOCHTEJIbHO TeMaTHYeCKUX MOJeJeil, JOCTONHBIX YIOMUHAHUA U KPUTUKH.

«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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