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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.

18



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
TEeMaTHIECKOI'0 MOJICTMPOBAHKS BCEr/Ia MCIIOIb3YIOTCS TOUYEUHbIE ONEHKH 9JIeMEHTOB MaT-
pui, ® u ©, a He wiornocru pacupesenenust p(P), p(O).

Ocraéres Jqunib rajarhb, nodeMy 06ailecoBCKOe 00ydeHne OKa3aJoCh JOMHHUPYIONUM
[OJIXOJIOM B TeMaTUIeCKOM MOJIeIUpoBaHun. Bo3MoxKHO, OaiiecOBCKHE METOJbI OBbLIH
Ha BO3paCTAIOIIEM TpeHjie «Kpupoil ['aprHepay, korma mossmiack moaenb PLSA Tomaca
Xodmanua. Bo3mokHO, ckazajicsg 0e3yCJOBHBIN HAay4YHBI aBTOPUTET aBTOPOB MOJIEIN
LDA. Bo3M0KHO, TeMAaTHIECKOe MOAEIUPOBAHUE HEPECKOUNJIO Ye€Pe3 eCTeCTBEHHYIO CTa-
JiMio pasBurus. B perpeccuonnom anaJjinze, o0paboTKe CUIHAJIOB U n300parkKeHuil mocra-
HOBKU OINTHMU3AIMUOHHBIX 33149 YCJAOKHSIJIUChH MOCTEIIEHHO, B TOM YHCJIE IyTEM BBEJICHUSI
peryasgpu3aTopoB. Korjga BOSHUK/IN MPUIOKEHUs, TpeOyIolue 3HaTh 0OJIbIIE O pacipee-
JIEHHAX HapaMeTpPOB, BMECTO OOBIYHON peryJigpu3aliuid CTaJId HPUMEHSATbCSI MeTOJbI Oaii-
€COBCKOI'0 BBIBOJIA. TemMarrnvyeckoe MOJIEIMPOBAHUE OKa3a/IaCh OTHOCUTEILHO HOBOM 3a/1a-
4Jeil B TOT MOMEHT, Kor/ia OaitecoBckoe o0ydeHue ObLI0 Ha 1muke noiy/sipHoctu. [Ipocrora
u Oorarbie BO3MOXKHOCTU OOBIYHOU, He OailecOBCKOi, pery/ispu3aliun OKa3aJ/uch He3aMe-
YeHHLIMHU. DTO YVIYIIEeHHe KaK pa3 U Npu3BaH ycTpanuth moaxon ARTM.

Hecmorps Ha BhICKa3aHHBIE BBIIIE COOOpazKeHus, OailecoOBCKOe 0OyUeHrne Kpaiine BazK-
HO JIjIsl TEeMATHIEeCKOr0 MOJICJIMPOBAHUS XOTsI ObI IIOTOMY, 9TO OOJIBITUHCTBO IIyO/JIMKAIHiT
HAIKUCAHO HA 9TOM MAaTEMATHIECKOM SI3bIKE.

Mbi paccmorpum JiBa HauboJiee MOIYJISPHBIX 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 OTIHYAIOINIMMCSA OT 3HAKOMO# HaM BEPCHUH.

[I'pomosjikast Texanka 0aiteCOBCKOTO BbIBO/A, OUCAHHAS B JIAHHOM pa3Jelie, J1a/jiee uc-
10JIb30BaThCsl HEe Oyjier. BaitecoBckue Temarmdeckue MOje/d, KaK IPABUIIO, yIaeTCs 1e-
pedopMyIupoBaTh B TEPMUHAX PEry/IsSpU3aIUi eIié Ha dTale MOCTAHOBKH 3a/1a49H, C/Ie/IaB
MaTeMaTHYeCKHe BBIKJIAQJIKU U BCE U3JI0yKEHUe HAMHOIrO scHee u mpoire. [IpumepoB Takumx
«Jiebaiiecu3upOBaHHBIX» Mojeseil OyeT MHOTO B CJEIYIONIUX pa3/ie/iax.

Konuenuus baiiecoBckoro oby4qeHus. Ilycrs X — nabiromaeMast BHIOOpPKa JTAHHBIX,
p(X | Q) — BepogrHOCTHAST MOJIESb TAHHBIX ¢ mapaMerpamu $2, p(2|vy) — anpuoproe pac-
npedesenue B MPOCTPAHCTBE IIAPAMETPOB MOJCIH, HMelolee IHiepnapaMerpsl . Torma
anocmepuoproe pacnpedeaenue napaMerpos, coraacio gopmyle Baiteca, umeer Bu

P(Q] X, ) J% P X |) ¢ p(X |2 p(2]7).

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

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

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

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

Jlokazare/ibcTBO aHAJIOIMYHO TeopeMe 17.1, KoTopasi sAB/ISI€TCS 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 AHAJOTMYHO JI0KA3aTe/ILCTBY Teopembl 17.1.

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 wimn ©) = —Tpasp Z Zlnp(ﬂi).

i€l teT

Bo-BTOpbIX, mpeanonoxKuM, 9ro pacupegetenns p(i|t) kak dyHKIUM BpeMeHU MeHs-
I0TCS He CJTMIIKOM OBICTPO. [IIsl 5TOro BBeIEM peryapu3aTop CLIaKHBAHUS, MAHAMA3H-
pyfouuii Moy i pasHocreil p(i|t) B cocejHux MHTEpBaJaX BPEMEHHU:

Rera(® wmn ©) = =70, > Y |pli|t) — p(i—1]1)|.

i€l teT

Takoit pery/sipu3aTop HPUHATO UCIOJIb30BATH LUPU UHTEPIOJIAIMN PA3PbIBHBIX Bpe-
MeHHBIX DstjioB |70]. Mosaysb pasuocru (Li-HOpMa), B OTIMYHe OT KBaJpara PasHOCTH
(Lg-HOpMBI), He mTpadyeT MOIe]b BDEMEHHOTO Psijia 33 Pe3KHe CKAIKh. DTa 0COOEHHOCTD
[OJIe3HA [P MOJIEJTHPOBAHNE TeMATHKH HOBOCTHBIX IOTOKOB. [Ipom3omiesmiree cobbiTHe
CIIOCOOHO BBI3BATH MIHOBEHHBIN DE30HAHC U CKAYKOOOpasHblii pocr BepogrHOCTH P(i|t)
JIJIsL HOBOM TeMbl t, KOTOpas JI0 3TOr0 MOMEHTa OCTaBa/laCh paBHOW HYJIIO. Li-peryjisipu-
34TOp He IIblTaeTCd ClVIazKUBaTb TaKue CKa41Ku, B OTJIMYHUE OT Lg—perﬂHpI/I3aTOpa.

Oba perysgpu3aTopa MOKHO 3anucaTh U Kak (GyHKmio or ¢, n kak GyHKnuo ot O.
B mepBoMm ciryuae BBOAMTCS MOJAJBHOCTH HHTEPBAJIOB BpeMeHH. Bo BTopom ciydae mpu
00paboOTKe JOKYMEHTOB, OTHOCSIIIUXCA K HHTEPBAIY 1, MPHIETCSI OOECIeIHBATDH JIOCTYII
K BEKTOP-CTOJIONAM #4 JJOKYMEHTOB, OTHOCSIIUXCS K COCeHUM nHTepBasaM ¢ + 1. Bropoii
BapUaHT TeXHUYECKU MeHee Yj00eH, I09TOMY Oy/IeM paccMarpuBaTh TOJIbKO IEPBbIi.

Paccmorpum B Oosiee o0mieM Bujie 3a/iady MyJIbTHMOJIAJIBHOIO TEMATUYEeCKOI'O0 MO/Ie-
JIMPOBAHHS ¢ B3BELUICHHON cyMMoii Hermaakux Lj-peryiasapusaropos |R;(®,0)|, j € J:

ZTmZ Z ndwangpwtetd+R¢ 0) Z)\ |R;(®,0) — max, (42)

meM deD weWwm teT JjeJ
Ipu OOBIYHBIX OTPAHUIEHUSIX HEOTPUIATETbHOCTH W HOPMHPOBKH (35).

Teopema 8.3. Ilycrs ¢pyukuun R(®,0) u R;(P,©) menpeprrsro gudepennnpyeMs.
Torna touka (P, ©) sokaapHOrO 3KCTPeMyMa 3a4a4n (42) ¢ orpanmaennsvmu (35) yaoBie-
TBODSIET CHCTEME YDABHEHHUIT CO BCIIOMOraTeTbHBIME TEPEMEHHBIMH Py, = p(t|d, w), ecim
U3 pelleHHs] HCKJIYHTh HyJeBbie cTojiomnp marpur ©, ©:

Peaw = 10T (PurBa); (43)
OR . OR,
_ _ . . - 44
Put = nOIm <nwt + Pug o — Pu ]ze; A;jsign(R;) &Om) ; (44)
OR . OR,
610 = norm <ntd + Oy — P — O Jze; Aj Slgn(Rj)Wtd) ; (45)

e sign(z) = [z > 0] — [z < 0], BeIpazkenust jist Ny 1 Nyg 1€ 2k€, 910 B (37)—(38).

B cuny HernajkocTtu yHKIMOHAIA JIEMMa O MAKCUMHU3AIUKA HA €IUHAYIHBIX CHMILICK-
caX HEeIOCPEeJICTBEHHO HeIIpUMeHnMa. JTa IpobyemMa 00XOAUTCS BBeIeHUEM JIOIMOJTHUTEb-
+ — (Y

HBIX HEOTPUIATE/IbHbIX LIEPEMEHHbIX p; W p; , YIOBJIETBOPSIONIUX CUCTEMEe OlPDAHUYeHUI
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|R;j(®,0)] = pf +p; u Rj(P,0)=p —p;. B pesyibrare peryaspusoBanubiii Kpure-
puil CTAaHOBUTCS IVIQJIKUM, YTO 1O3BOJISET IPUMEHUTH K 3aja4e ycjiosus Kapyma—Kyna—
Takkepa. JlokazaTeabCcTBO TeopeMbl MOKHO HaiiTu B pabore H. /loiikoBa?.

[Ipu BBeeHun peryasapuzaropa Re., (P) dopmyna M-mara 11 MOJATBHOCTH BpEMEHH
HPUHUMAET CJIeTYIOIIHIi BU/I:

i = norm <nit — Terait (Sign (@i — @i1,¢) + sign (s — (Pz'—i-l,t)))- (46)

Perynsipuzatop R, CriIaxKuBaeT 3HAYEHHsI BPEMEHHOIO psija @, = p(i|t) B Kaxkmoii
TOYKE 110 OTHOHIEHUIO K COCEe/JHUM TOYKaM CJieBa U CIIpaBa. ECJII/I 3HAYCHUEe Soit CTaHOBUTCA
BbI1ILe 000MX COCE/IHUX ;1] ¢, TO PEIYJISIPU3ATOP YMEHbIIAET €r0; eCJIU HUZKe, TO, HA00OPOoT,
yBeJIMYUBaACT. EC.HI/I 3HAYCHUEe Soit Iomna/aer MezKay HUMHU, TO OHO HE U3MEHACTC.

9 MopgenupoBaHue TpPaH3aKLNOHHbIX AAHHbIX

OOblYHbIE TEMATHYECKUE MOJIE/IM TEKCTOBBIX KOJIJIEKIIHIT OMUCHIBAIOT BXOXKJICHUS CJIOB
B JJOKyMeHTbI. My/IbTHMO/Ia/IbHbIE MOJIE/IH OIUCHIBAIOT JIOKYMEHTBI, B KOTOPBIX COJIePZKAT-
Csl TEPMbI PA3JIMIHBIX MOJIAJIBLHOCTEI: CJI0Ba, TErn, aBTOPbI, U T. 1. BO Bcex 3Tux ciydasx
MOJIe/Ib OIUCBHIBAET IApPHBIE B3AMMOJICHCTBUS MEXKIy JOKyMeHTaMu U TepMaMu. B Gosee
CJIOZKHBIX MPUTOKEHUSIX MCXO/HbIE JAHHBIE MOIYT OMHCBHIBATH TPAH3AKINH (OTHOIIEHNS,
B3aUMOCBSI3U, B3aUMOJIEHCTBUS) MeZK/y TpeMs U 6ojiee 00bEKTAMU PA3IUIHBIX MO/Ab-
Hocreit. Hanpumep, B cetn mHTEpPHET-PEKJIAMBI «I10JIB30BATE/Ib U KJAUKHY/I 00bsBICHHE b
HA CTPAHUIE S»; B CONUAJBHOW CETU <«IOJIb30BATE/b U HAMUCAJ CJAOBO W HA CTPAHUIE
oJiora d»; B C€TH IPOJIaK «IOKyHaTe b b KYIIII y MPOJAaBIa S TOBAP ¢»; B MaCCaKUPCKUX
aBUaIePeBO3KaX «KJIMEHT U BBLIETE] M3 adPOIoOpTa T B adPOIOPT § CaMOJETOM aBHAKOM-
HAaHUKA (»; B PEKOMEHJIATEbHOI CHCTeMe <«KJIHEHT U ONeHWT (BuibM f B CHTYaTHBHOM
KOHTEKCTE S». Emié 0/1H0# MOJIAJIbHOCTBIO MOXKET OBbITh JlaTa U BpPeMs TPaH3aKIUU.

Bo Bcex npuBeiéHHBIX HpUMEpPax TPAH3AKIUS HECKOJBKUX 00bEKTOB HE MOMXKET ObITb
CBeJIeHa K IapHBbIM B3auMojieiicTBusaM. [lonbiTka ncK/I09eHus JI000r0 00beKTa U3 TpaH-
3aKIUU [PUBOJUT K yTpaTe BaxKHOW dacTu mHMopManuu. OIHAKO BO3MOXKHBI U TaKHe
CUTYyalll¥, KOTJla TpaH3aKIUs paclajaercd Ha mapel. Hampumep, B cucreMe peKoMeH/1a-
Uil My3bIKH TPAH3AKIUsS «TPEK I" UCHOJHUTENS G HAXOJIUTCS B ajibOOMe d, BBIIIE/IIeM
B TOJLY ¥» OIUCHIBAETCS, KA3aJ0Ch Obl, 4eTBEPKOil 00bekTOB (T, a, d,y). OjHaKko oHa pac-
najiaercs 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.

JInsg TeMaTHYecKoro MOJe/UpPOBAHUS TPAH3aKIIMOHHBIX JAHHBIX Y/JIOOHO IOHATHE I'd-
neprpada. ['uneprpad odbobiaer nonsrue rpada u orjimyaercs or Hero TeM, 4To pédbpamu
B HEM MOTI'YT OBITH HE TOJILKO HApbl BEPIIUH, HO U HMOJMHOZKECTBA, U3 TPEX u OoJiee Bep-
minH. Bepriuaer rutieprpada cooTBeTCTBYIOT TEPMaM Pa3/IndHbIX MOJAIbHOCTE, pédpa —
TPaH3aKIUIM. 3a/a49a 3aKI09aeTC B TOM, YTOOBI 110 HA0/110/1aeMOil BLIOOpKE TpaH3aKIIHii
BOCCTAHOBUTH HEM3BECTHbBIE TeMAaTUIeCKue pacipejesnenus sepiun p(t|v). IIpeanonara-
eTcs, YTO BEPOATHOCTH TPAH3AKIIUU TeM BBIIIE, YeM 0oJiee CX0KU TeMATHKHU €€ BepPIIIHH.

B npoexre BigARTM peasmm3oBaHa ollMCaHHas HUzKe runeprpadosast TeMarniecKkas Mo-
JIeJIb TPAH3AKIIMOHHBIX JAHHBIX.

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

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

Kaxgag Bepmmuaa v € V' umeer modasvrocms m = p(v) W3 KOHEIHOIO MHOXKECTBA,
mojasibocreit M. MHOXKeCTBO BCeX BEpIIMH Pa3s0MBAETCS HA HEIEPECEKAONMecs I0/1-
MHOzKeCTBa 110 MOJAAJIbHOCTAM:

V= |_|Vm, Vi ={v € V: p(v) = m}.

meM

Hanpumep, B 0OObIMHBIX TeMATHIECKUX MOJE/IAX €CTh TOJbKO JBE MOJAJIbHOCTH: JTOKY-
MenTbl Vi = D u tepmbl Vo = W kaxKias TpaH3aKIiys 1IPEJICTAB/IsIeTC pedOPOM U3 JIBYX
BepuiuH € = (d, w) u OIUCHIBAET BXOXKIeHUue TepMa w B JoKyMeHT d. [Tpu srom runeprpad
SIBJIZETCS JIBYOJIBHBIM TpacdoMm.

B 6ostee c10:KHBIX IPHIOKEHAIX TPAH3aKIUNA MOI'YT HMETh pa3jandHbie Tuibl. Hampn-
Mep, B CETU MHTEPHeT-PeK/JIaMbl, KPOME JaHHbIX THlA (U, b, $) O KJIMKaX 10Jb30BaTe el U
110 00'bsIB/ICHUSM b Ha CTPAHUIIAX S, MOI'YT UMEThCs JIAHHBIE O MOCEIIEHUIX CTPAHUIL T0JTb-
3o0BaTesIsIME (U, S), O COJEPZKAHUU TePMOB W B TeKcTaxX 00bsiBjienuil (b, w), crpanul (s, w)
H 3allPOCOB MoJIb30Bareeil (u, w).

[IycTsb 3a1aH0 MHOXKeCTBO THIOB TpaH3akiuii K. Tpansakuyuontovie danHnvie THIA k —
510 BbIGOpKa F), HesaBucuMblx Habmonenuit (e,t) € 2¥ x T, nopoxkjaemas pacupe/esie-
uuem py(e, t), ceoum jis kaxaoro tuia k € K. Kaxjoe pedbpo e € Ey BXoauT B BBIOOPKY
Nke Pa3, U € KazKJbIM BXOXK/IeHHeM pebpa CBsi3aHa CBOs JiaTeHTHas Tema t € T

Ha puc. 13 nokazan npumep runeprpada ¢ BepumHamMu Tpéx MoJiaabHocTel, pédbpaMu-
TPaH3aKIUIMA ISITH THIOB U MATHIO TEMaMH.

Bynem monarats, 9T0 B KaxK10i TpaH3aKuu e € F nMeeTcs ogHa BbIIeeHHAs BePIITH-
Ha d, Ha3bIBaeMas KoHmelnepom, u obo3Hadarb pebpo uepes e = (d, ), rjae £ — MHOXKe-
CTBO BCEX OCTAJIbHBIX BEPIIHH pedpa e, 3a UCKJII0OYeHUEeM BePINuHbI-KOHTeiHepa d. AHaJI0-
TUYHO JIOKYMEHTY, ¢ KOHTeHHepoM CBsi3aHO pacipeenenne teM p(t|d). MHO&KecTBO Beex
BePIINH-KOHTeHHePOB 0003HaYuM depe3 .

Hasee mpeanosiokuM, 9to HE pacipejenenus teM p(t|d) B koureitnepe d, Hu pacmpe-
Jlesienust Bepiind B reMax p(v |t) ve 3aBucar or tuna pebpa k. Kaszasioch Obl, Ha HpaKTUKe
9TO HPEJIIOI0KEHIEe MOZXKET He BbINOJIHATHCA. Hanpumep, pacupe/esieHust CJI0B B TEKCTaX
BeO-CTPAHUII, B MOJIb30BATE/ILCKUX 3alPOCAaX U B PEKJAMHBIX OaHHEPAX MOIYT 3HAYUMO
pa3InYIaThCA JIA OMHOI M Toil ke TeMbl. OJHAKO 3TO OrpaHHYEHHe HEeTPYIHO ODOWTH,
eCJIM IMOCTPOUTH MOJENb C TPeMsl Pa3HBIMH MOJATbHOCTIMEU CJIOB JIJIS STUX TPEX THUIIOB
rpan3akiuit. CiesraTb 9T pacupe/IeIeHus MOX0KUMU MOYKHO C ITOMOIIBIO PEryJIspru3alun.
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Hakowerl, BBeIEM Iruiioresy yC/JI0BHOI He3aBUCUMOCTH BepliuH B pédpax (d, x):

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

vET

[Ipu cieTaHHbIX JOMYTIEHUSX IPOIECe MOpokaeHus pebpa (d, ) € Ej, coctout u3 1Byx
maros. CHagasa mopoxkaaercs tema © w3 pacupeieienus p(t|d). 3arem mopoxgaercs
MHOKeCTBO Bepiind © C V| IpuuéM Kazkjias BEpUIMHA U € & MOJAJLHOCTH 1M HOPOXK IaeT-
Csl HE3ABUCUMO OT JIPYTUX BEPIIMH U3 CBOEro pacupejesenus p(v|t) HaJl MHOKeCTBOM V.

Temarnueckas MOJE/Nb BbIParKaeT BEPOSTHOCTH INOsiBJIeHHd pedep runeprpada depes
YCJIOBHbIE PACIpe/Ie/IeHUs], CBA3aHHbIe C UX BEPIIXHAMU:

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

teT VET teT vET

[TapamerpaMu 3T0# MOJI€JIM SIBJISAIOTCH YCJOBHbIE BEPOSITHOCTH BEPIIMH B TeMax
Yot = p(v|t), HOpMUDPOBAHHBIE 110 KAXKI0# MOJAJBHOCTH U € V;,,, U YCJIOBHBIE BEDOSTHOCTH
TeM B KoHTeiiHepax 0y = p(t|d). B Marpudsbix 0003HAYEHUAX MApAMETPAMU SIBJISIFOTCS
marpuibl $,,, m € M u ©, Kak u B caydae MyJIbTHMOJAIbHOl TeMaTnaeckoii Moaenn (34).

[MuneprpadoBast Mojie/ib sBJIsieTCd MUPOKUM ODOOIIEHUEM OOBIYHBIX TeMaTUYEeCKUX
mojeseit. B gactnoctu, ona nepexomur B PLSA B ciyuae, Korma MomajbHOCTEH 1Be —
jokymenTbl V) = D u repmbl Vo = W, tun pébep rosibko oaun — uapbt (d,w) € D x W,
B KOTOPBIX JTOKYMEHTHI d SBJISIOTCS KOHTelHepaMu.

MineprpadoBbii EM-anroputm. [l oneHuBaHusl HapaMeTPOB MOJEJH HPUMEHUM
HPUHIMII MaKCUMyMa IIPaBJONOA00usd. ByjaeM MaKCHMH3MPOBATh CyMMYy JiorapudMoB
IPAB/IONOA00K 0 BeeM TumaM pébep k ¢ Becamu Ty, u peryaspusaropom R(P, ©):

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

keK dxeEy, teT vET

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

vEVm teT

Teopema 9.1. Ilycre ¢yuknus R(P,©) wmempepsiBao auggepenmnupyema. Touka Jio-
kauabaoro mMakcumyma (®,0) zagaqun (47) yraoiersopsier cucreme ypaBHEHHIT OTHOCH-
TeJIbHO MAPAMETPOB MOJAEIH Py, Oig M BCHOMOraTe/IbHbIX IIEPEMEHHBIX Dy, = p(t|d, ),
€CJIM U3 PelleHus] HCKJIIOYUTH HyjeBble crojaonsl marpun ®,,, ©:

Prdz = DOTIM (9td H Sovt) ; (48)

veET

OR
Pot = IlO%"/IIl (nvt + @vt& )7 Nyt = Z Z [U € fL’] TN kdxPtda s (49)
ve Pt keK dreE
OR
Ora = norTm (ntd + thae ) Niqg = Z Z TENkdzPtda - (50)
td keK dzcEy
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okazareabcTBOo. Bocuosibayemcst jseMMoii 3.2 0 MAKCUMU3AIUN HA €IMHUIHBIX CUM-
IUIEKCAX, BBIJIEIHB BCIIOMOTATE/bHBIE [IEPEMEHHBIE D4y, ONpenesénnbe B (48):

0 OR
Pt = Izl)gl“/fnn Put Z Tk Z nkd:c d) % uré[w Put + @vt% =

keK dx€eE)
OR
—_= €T E T v 7
Ill)g%"/fnn Z Z TENEd [’U f]ptd + ¢ tﬁcpm5
keK decEy,
ta = norm ( Oy Z Tk Z nkdm H Oot + Oamr— Of =
teT |d 0044
keK rEd
8R
= norm NkdeDide + 0
terT ZZTk kdaPtde T tdgetd
kEK zed

Teopema nokazana.

Twvnobl TpaH3akunii n nx secosbie kKoapduymneHTbl. B onucanHoit MoIe/ M HET HUKA-
KIX OFPAaHHYEHUl HAa TO, KAKAUM 00pa30M TpaH3aKIUU IPYNIUpPYOTCcd mo TunaMm. Jlobas
TpaH3aKIUs, HE3aBUCHMO OT THIIA, MOYKET CO/IEPKATH JII000e YUCJIO TEPMOB JIOOBIX MO-
JasibHocreit. Ha npakTuke yjo0HO OTHOCUTH K OJIHOMY THUILY BCE TPAH3aKIUU, UMEIOIINE
obiee mpoucxoxkienue u crpykrypy. Oanako popMaaibHO TAKOIO OIPDAHUYEHUs HET.

Becosbie k03bdUUeHTDI T, M03BOIAIOT COATAHCHPOBATH MOJIED C YIETOM KOJUIECTBA
TpaH3aKIuii B BBIG0pKax | Eg|. Hem Goiblie 7y, TeM CHIbHee TPAH3aKIMH THIIA K TOBIUSIOT
Ha MOJIEJID.

B HEKOTOPbIX 3a/Jda4aX OHpe,ZLeI[éHHbIe THUIIbI TpaH3aKL[I/II71 He JOJIZKHBI BJINATH Ha TEeMa-
TUKY KoHTeiiHepoB. Hanpumep, B My/IbTUA3BIMHON MOJI€/IM MOXKET ObITbh BbIOpaH OJIMH
IJIAaBHbII A3bIK, OHpe,ZLe.HHIOH_[I/II';I TEeMaTUKy MHOI'OA3bIYHOI'O AOKYMEHTA, OJHAKO TEeMbl
JIOJIZKHBI TIOJIYYUTh CBOU PACIIPE/IEJCHUs CJIOB B KayKJIOM s3biKe. B TakoMm ciydae s
CJIOB IVIABHOTO sI3bIKA BBOJUTCS BECOBOW KOI(DMUIMEHT Ty, HA MOPSAIKU MPEBLIIIAIONIT
BeCOBbIe KOI(DMUIMEHTDHI CJIOB OCTAJIbHBIX 3bIKOB. /Ipyroit npumep: B peKOMeH1aTe/1IbHOM
cucreMe MY3blKaJibHbl€e TPEKH J0JI2KHbI BJIMATH Ha TEMbl, €CJIM OHU HaXOAUTCA B 1Jei-
JILCTAaX 10JIb30BaTe e, HO He B ajibboMax ucrtojinureseil. Temaruka ajabOOMOB JIOJIZKHA
OIIpPEIeJIAThCS MCXO/Id U3 MPEeIIoYTeH il MoIb30BaTes e, no ne Haobopot. IlosTomy Beca
TPEKOB B ILIEH-THCTAX JOJKHBI Ha IMOPAIKA MIPEBLIIIATD BeCa TPEKOB B aibOOMAax.

Mvneprpadosbie mogenn pekomeHpaTesbHbIX cucTtem. llycrh mMeeTcss KoHEUHOE
MHOKECTBO KJIHEHTOB WU moJib3oBaresieii U (users) u KOHETHOE MHOXKECTBO 0ObEKTOB WU
ToBapoB [ (items), OTHOCHTEIBHO KOTOPBIX Y KJIMEHTOB MOIYT ObITh Pa3/JIH4YHbIE IIPEJII0-
YTeHMs, BKYCbl UM HHTepechbl. BepogTHOCTHAS TeMarnieckas MOJIE/Ib PEKOMEH1aTe/ IbHOM
CUCTEeMbI 1IPeJICKa3blBaeT LPelIOuTeHns] KJIUEeHTOB:

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

Ona 9KBUBAJIEHTHA TEMATUIECKON MOJIE/IN TEKCTOBOW KOJLUIEKIIUH C TOYHOCTHIO JI0 3aMEHbI
TEPMUHOJIOTUU: «JIOKYMEHTbl — KJIMEHTbI», «CJI0BA — OOBEKTbI», «T€Mbl — UHTEPECHI».
VcxomapIiMu JAHHBIMU SBJISAIOTCS CIETUYUKH 7,;, OMUCBHIBAIONINE YaCTOTY HCIOJIb30BAHUS
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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.

00beKTa ¢ KIMeHTOM u. B 3aBUCHMOCTH OT IPUJIOKEHHS ITO MOTYT OBITh MOKYIKH, [OCe-
HeHust, O0palieHus, JahKu 1 T. JI.

B pekomenjiare/ibHbIX cHUCTEMAX CYHIECTBYET IIPODJIEMa «XOJIOJHOI'O CTAPTay: HOBOMY
KJINEHTY HeYero NOpeKOMeHI0BATh, IIOCKOJIbKY MBI He HMeeM HCTOPUU ero MpeovYTeH il;
TaKzKe W HOBBIIl TOBap HEKOMY MOPEKOMEHI0BATh, IIOCKOJIBKY €ro ené HUKTO He BEIOUpa.
g pemenus 3Toil mpoOIeMbl TPUBJIEKAIOTCS JOMOTHATEIbHBIE JaHHBIE O KJIUEHTAaX U
obbekTax. B yacTHOCTH, 3170 MOIYT ObITH OMHAPHbBIE JIAHHBIE 71, O HAJUYUU Y KJIUEHTA U
arpubyTa @ U3 33JIJAHHOI'O KOHEYHOI'O MHOXKeCTBa A WJIM JIAHHbIE Ny, O HAJMYUU Y 00bEeK-
Ta ¢ CBOCTBa b M3 33JaHHOr0 KOHEYHOro MHOZKecTBa B. Hanpumep, 00beKTbI MOTYT UMETh
TEeKCTOBBIE OMHICAHNS, U TOryIa B — 3T0 cJIOBAph TEPMHUHOB, UCIOJIb3YEMBIX B 3THX OMHCA-
HugX. Takme peKoMeHIaTeTbHbIE CUCTEMbBI HA3BIBAIOTCS, COOTBETCTBEHHO, YIUTHIBAIOIII-
mu arpubyThl (attribute-aware) n yuursiBatommmu KonTeHT (content-aware). Ouu 103B0-
JISIOT OLPEJIE/IsITh TeEMATUYeCKUe BEKTOPbl KJIMEHTOB U OO'bEKTOB JlaKe TOIJia, KOIJIa 110
HUM HET OCHOBHBIX JIAHHBIX O IIPEJIOYTEHUIX Ny;. B KauecTBe JOMOJHUTEIbHBIX JAHHBIX
MOTYT TaKzKe UCIOJb30BATbCA COBETHI KJIUEHTOB JPYT APYTY. DTO MOMApPHbIE B3aUMOIEei-
CTBUSL MEZKJy KJIHEHTAMU 7N, WIA JaHHble O noBepun (trust-aware). lrak, B 3amade
HosiBJIsieTCs yxKe derbipe mojasbHoctu U, I, A, B, Mex 1y sjieMeHTaMu KOTOPbIX HA0JII0-
JIAIOTCs 1apHble B3auMoJjieiicTBus. Bo3MOXKHBI U TPOIHbIE B3aUMOJ/IEHCTBUS, HAIIPUMED,
Nyip — KJIMEHT % TerupoBaJ OObEKT ¢ CBOMCTBOM .

[Ipeamourenns KJIMEHTOB MOTYT H3MEHATHCA CO BpEMEHEM WU 3aBUCETh OT CUTYya-
THBHOIO KOHTEKCTa: MOKYIKa JJIsd cels, Iasd oduca Win B MOAAPOK; TPOCMOTD DUIbMa
C JIpY3bsiMH, C HOJAPYIO#l uju ¢ JjierbMu U T. 1. s yuéra rakoit uadopmanum BBOISTCS
emé JBe MOJAJIbHOCTH: MHOXKeCTBO curyanuit C' ¥ MHOXKECTBO MHTEDPBAJIOB BpeMeHu .J.
BzaumojeiicTBusg MeK1ly HUMH MOI'YT OHUCBIBATHCH TPAH3AKIUAMU U3 TPEX MJIM YeTbl-
PEX TepMOB, HAIPUMED: Ny, — KJIHEHT U BLIOpaJ OObLEeKT ¢ B CUTYAIUU C) Tyij — KIH-
eHT U BBIOpAJ OOBEKT ¢ B CHTYAIlUH ¢ B HHTepBaJe BpeMeHH j. Takue cucTeMbl HA3bIBAIOT-
Cs1, COOTBETCTBEHHO, YIUTHIBAIOIIUME KOHTEKCT (context-aware) u y9IuTHIBAIOIHMHA BPEMsI
(time-aware), cm. puc. 14.

CummeTpusoBaHHbie runeprpacoBble MOAENN HOJAXOJAAT It 33249, B KOTOPBIX CO-
AepzKuMoe KOHTefIHepOB MOZKET U3MEHATHCA. B TEKCTOBbIX KOJIJICKIHUAX JOKYMEHTbI 110-
ABJIAIOTCA LIEeJIMKOM M B ,ZLa.HbHeﬁH.[eM HE MEHAIOTCHA. COBepH_IeHHO HHad CUTyallusd B pe-
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KOMEeH/IaTe/IbHbIX cucreMax. T'paH3akiius «I10/1b30BaTe/b U BbIOPAJ TOBAp ¢» Ha HEPBbIil
B3IVId/J aHaJIO'MYHA TPaH3aKIUU <JIOKYMEHT d CoAepzKUT CJIOBO W». PaB.HI/ILII/Ie B TOM,
9TO JOKYMEHT CTaTHYeH, TOI/Ia KaK y KazKI0TO I0JIb30BATEes MOXKET PACTH MHOXKECTBO
BBIOPAHHBIX TOBAPOB, a y KaKJIOrO0 TOBapa — MHOXKECTBO BBIOPABIINX €r0 I0JIb30BaTe-
neii. KTo B TakoM cirydae J0/2KeH UTPaTh POJIb KOHTeiHepa — TOBApP WU IMOJb30BATENb !
To u apyroe Hey100HO ¢ TOUYKHU 3peHus nakerHoro EM-aaropurMa; ropasigo ecrecTBeHHee
Ob1J10 ObI (hOPMUPOBATH MAKETHI 110 BPEMEHHU HOCTYIIJIEHUS JTaHHbIX.

Bynem cuurarh, uTo B pédbpax runeprpacda x C V HeT HUKAKOW BBIJIEICHHOI BepIlu-
HBI-KOHTeitHepa. /i1 renepanun pedpa CHadaIa MOPOXKIAETCS TeMa 3 paclIpe/IeIeHuns
7 = p(t), ob1Iero Jist Beeli KOJUTEKINH, 3aTeM BEPIIUHBL U € T TOPOXK/IAIOTCA HE3aBUCHMO
JIPYI OT Jipyra u3 pacupejeseHuii ¢, = p(v|t) vag mopaabHocTsivu V,:

p(x) =Y p) [[p@t) = > m ][ oo

teT VET teT VET

Bo3MOKeH TakzKe BAPHAHT, KOTJa TeMa ¢ HOPOKIAeTCs U3 paciupejieerus Ty, = Pi(t),
0011Iero 71 BceX TpaH3aKIuil manHoro tuma k. Mbl He OymeM paccMaTpuBaTh 3TOT CIydail,
HOCKOJIbKY OH JIEI'KO PAaCHUCHIBAETCS 110 aHAJIOIUU.

[Iycre E), — naburomaemast BBIOOpKa pEOep-TpaH3akiuil Tuna k, N, — YUCIO0 Ha-
ouitosiennit pedpa x B BbiOOpKe Ej. Bpinuiem 3a/iauy MaKCUMU3AIUU Perysispu30BaHHOTO
IPaBIONOI00Us TPU OOBIYHBIX OTPAHUYEHNSX HOPMUPOBKH W HEOTPHIATEIbHOCTH:

ZTk anx In ZﬁtH%t + R(®,7) — Ig%}% (51)

keK zeb), teT vET
E Ot = 1, o = 0; E m =1, m = 0.
’UEVm tET

Teopema 9.2. Ilycrp ¢yuknus R(P,O) meupepsiBuo jgupdepennupyema. Touka Jio-
kagapHOro Maxcumyma (P, 0) zazaam (51) ygopiaerBopser cucreMe ypaBHEHHIl OTHOCH-
TeJILHO MAPAMETPOB MOJEH Py, Ty H BCIOMOTATEJIBHBIX ITEPEMEHHBIX Dy, = p(t|x), ecin
U3 pelleHus HCKJIIOYHTh HyJdeBble ¢Toj10ub Mmarpun @, O:

pra =norm(m [ [ our ). (52)
vET
Ton B S Y wed (53)
vt — NOTIN | 72, vt~ | Nyt = v T TeNkxPtas
Pot o t TP tas%t t kM kDt
keK fEGEk
- tra); D3 (54
Ty = ntoerTm N + Ty o )’ ng = TiNkaDix-
keK xeFEy,

JlokazaTe/TbCTBO, KaK U B CJIydae MpeIblayIneil TeopeMbl, ITPOBOIUTCH IO JJeMMe O MaK-
CUMU3alUU HA €AUHUYHBIX CUMIIJICKCAX.

B BigARTM Takas MoOjie/ib HEIIOCPEICTBEHHO He pean30BaHa, HO €€ HeTPYIHO ¢ XOPOo-
et TO4YHOCTbHIO CUMYJINPDOBATD. ZL}IH 9TOI0 CUMMETPU30BaHHbIE TPAH3aKIIUU, HE UMEIOIINE
KOHTEeHEpa, COOMPAIOTCS B IICEBIO-KOHTEITHEPHI d MPOU3BOJIBHBIM 00PA30M; X CUETUMKH
Mg AKKYMYTUDYIOTCS: Ty = 4 Mtd, 1 HAKOILTIEHHBIE CYMMBI HCIIOJIb3YIOTCS JJ/Isi CHIIbHOI'O
CIJIAZKMBAHUS BCEX CTOJIOIOB MATPHIBI © B CTOPOHY 00IIero BeKropa (ny).
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TpaH3akumu € rNaBHbIMN U NOAYUHEHHBbIMWU TepMmamu. [IpejiiosiokuM, 4TO Kaxkias
TPaH3aKIMs COCTOUT M3 JBYX HEINEPECEeKaIOMUXCst MOoAMHOKeCTB Tepmos: & Ll x’. TTogmuo-
JKECTBO 2Aa6HbIT TMEPMO6 T Ompejieger TeMaTnky Tpauszakiuu p(t|z,x’) = p(t|x), Ko-
TOpas 3aTeM HEepPeJIaéTCs IOAMHOKECTBY NOOYUHEHHLL MEPMO6 T’ . DTO HPEIOJ0KEHHE
MOKHO BBOJUTH KaK JJjIsi CHMMETPU30BAHHBIX MOJeseil ¢ TpaH3akinuaMu Buia e = (z, '),
TAK U I MOJIesieil ¢ KOHTeifiHepHbiMu TpaH3akiuusyu e = (d, x, z').

Hanpumep, Kk 6aHKOBCKOI TpaH3aKIUU «HOKyHaTe b b Kyluj y IpoJaBIia S ToOBap g»
MOZKET IIPUJIAraThCd TeKCT IJIATEKHOro nopydenus. OH He JOJIZKEH BJIUATH HA TeMATHKY
TPaH3aKIMH, KOTOpas ONpPeJe/siercs SKOHOMUIECKON JesaTe/IbHOCTBIO IIPOJaBIa U MOKY-
naresis. TepMmbl b, s, g ABJISIOTCA IJIABHBIMHU, & CJIOBA U3 IJIATEKHOTO HOPYYEHUs — IOJI-
YuHEHHBbIME. [[PpOCTO UIHOPUPOBATHL TU TEKCThI HE XOTEJI0CHh Obl, TAK KaK PacIpe/ie/IeHus
cs10B p(w |t) m0JIe3HbBI Jijisl COJEPZKATEIbHON NHTEPIPETAIUE TeM KaK BUJIOB JIeATeJIbHOCTH
KOMITAHU{T. 3aMeTUM TaKzKe, 9T0 DAHKOBCKHE TPAH3AKIIMH HE SIBJIAIOTCS KOHTEITHEPHBIMH,
II0CKOJIBKY KOHTPAreHTBbI OCTOAHHO OCYIIECTBJISIOT HOBbBIE CIE/IKH.

CrenaeM emié ojuH 1ar B o0o0IeHun rumnerpadgoBoii TeMaTuieckoit Mojenu. Bymgem
1oJiaraTb, 470 KOJIJIEKIUA E COLAEP2KUT KaK KOHTeﬁHeprIe, TaK U CUMMETPU30BaHHbIE
rpansakiuu. Hajmmune koureiitnepa d y rpansakiuu e = (d, z, ') Oyjaem 0603Ha4aThH YCI0-
BueM [d € e, a orcyrcrBHe Kakoro-imbo Koureitnepa — ycaosuem [Vd ¢ e]. Moaudukarms

EM-asropurva o0beannser Koureiinepusiii Bapuant (48)—(50) u cHMMeTpU30BAHHBIN Ba-
puant (52)—(54):

Pte = NOTM <[d € elby + [Vd ¢ e]7rt> H ©Oot |;

teT
vET
OR
Put =n0TM | Nyt + ot — |5 nw =) ) v e s U mingepe;
veEVm 8(,01;15
keK ecEy,
OR
0,y = norm| ny + O g— |; Nyg = d € e|lmn :
td o td td 90, ; td Z Z[ ] kN keDtes
keK ecEy,
OR
T = n?erTm ng + In )’ ng = Z Z Vd & e|Tengepie-
k‘EK GEEk

OcnoBrast moaudukaius Kacaercss E-mara: ecjim TpaH3akiusg € OTHOCHTCA K KOHTEii-
Hepy d, To ucnojb3yercs pacupesenerue p(t|d) = 0,4, eciiu xKe OHA He OTHOCUTCH HU K OJI-
HOMY KOHTEHHEpY, TO HCIIOIb3YeTCs pacupejenenue p(t) = m;, obiee I BCeX TPaH3aK-
nuii. B o6onx BapuanTax B pe3yJbTaTe MOIY9aeTCs PACHPEJCTCHAE TeM JIJIS TPAH3aKIuI
p(t]e) = pi, KOTOPOE 3arem ucio/b3yeTcs BO Beex (opmysax M-iara.

Muneprpadosbie a3bikoBbie Mogenn. BMecTo 00BIYHOM THIIOTE3Bl «MEIIKA CIOB» IPEe/I-
LOJI0ZKUM, U4TO TeKCT SBJISeTCA «MELUIKOM Lpe1ozKenuiiy. IlopozxK jaromas Moie/b COCTOUT
u3 JByX yposHeii. Ha nepsoM ypoBHe Kazkjl0e HpejJIozKeHue T JIOKyMeHTa, d II0POXK 1aeTCs
O/IHOIT TeMoil, BrIOpanHOil u3 pacupeaesnenus p(t|d). Ha Bropom ypoBHE CJIOBa W B IPEJ-
JIOZKEHUHU T TeHePUPYIOTCsT U3 pacupejesienus p(w |t) maHHO TeMbl. DTH MPe/I0J0KEHIs
GoJIee peaJMCTHYHBL 0 CPABHCHHIO C THIOTE30i «MeIIKa CJ0OB» M COOTBETCTBYIOT I'HIEp-
rpacoBoii Mo/ie/i, B KOTOPOl BepIIMHAMHU $sIBJISIIOTCS CJIOBA, a pEOpaMu — ILPE/IJIOZKEHUSI.

B kauecrse TpaH3akiuili MOXKHO OparTb He TOJILKO IIPEJJIOZKEeHUs, HO U JIF00ble CJI0BO-
couderanus, (ppasbl, CAHTAIMbI, CHHOHUMbI, U BOOOIIIE JIFOObIE I'PYIIIIbI CJIOB, OTHOCUTE/ILHO
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KOTOPbIX Pa3yMHO IpeJilo/iaraTb, 4T0 OHUM IOPOZKJIAITCHA OJHOI 0biieit Temoit. Bosee
TOr'0, TPAH3AKIMU MOIYT JlaKe IePEKPbhIBAThCA, HAIIPUMED, CHHOHUMBbI, MEPOHUMBI U XO-
JIOHUMBI MOT'YT 00pa30BbIBATD OJUH THII TPAH3AKIUN, CJIOBOCOUETAHUS — BTOPOIi, Ie/Ibie
IPe/IJIOYKeHUsT — TPETHil, OT/Ie/bHbIe CJIOBA — YeTBEPTHIM.

Tpau3zakinuu ¢ TJIABHBIMUA U MOJYUHEHHBIMU T€PMAMU HUMEIOT €CTECTBEHHYIO S3BIKO-
BYIO MHTepliperanuio. B poJsin HOJUUHEHHBIX TEPMOB MOIYT BbICTYLATh CJIOBA OOIIei
JIEKCUKHM WJIM PeJIKue cJjioBa. B TpaH3aKIMOHHOW MOJIE/IM C IVIABHBIMU M I1O{4MHEHHbI-
MU TepMaM# He HAKJIaIbIBACTCI HUKAKHX OIpAHHYCHUil HA Crocod pa3dHeHusi TpaH3aK-
mun e = (d, x,z’"). B yacrHOCTH, MOXKHO HANTH IOJIMHOKECTBA T U 2, BBIYHCIHB PACIIPe-
nenennst p(t|d, w) 1jist Bcex CJI0B IpeIIOZKeH s, 32aTeM ONPe/IeTUTh [0 HUM TJTABHbIE TEMbI
IpeajiozKkennsd 1 OTHEeCTU K HO,ZL‘{I/IH'éHHbIM BCeE CJIOBa, HE OTHOCAIIUECA K IVIaBHBIM TE€MaM.

10 MopgennpoBaHne 3aBUCNMOCTEN

Temarudeckast MoJieb (DOPMUpPYET BEKTOpHOe omnucanue moKymenta p(t|d), koropoe
MOZKeT OBITh HCIIOJL30BAHO JJId HPeJCKA3aTeILHOTO MOICJUPOBAHKUA, B YACTHOCTH, JIJIS
pellenus 3aja4 Kjaaccudukaluuu 1 perpeccuu Ha TekcraX. Kiaccudukauug peajausyercs
0COBEHHO IIPOCTO, €CJIU KJIACCHI CYMTATh MOAAJIBHOCTLIO. Perpeccus Ha TeKCTax I0Ka3blBa-
eT MpUMep MHTEPECHOTO MPUEMA, KOT/A JONOTHATEIbHBIE TTAPAMETPBI MOJEU (B JAHHOM
caydae K03(DhUIUEHTH JUHEHHON MOJENH PErpecCuu) MepecuYUThIBAIOTCA HTEPAIMOHHO
IOCJIe KAazKJIOT0 NMpoxoia KoJutekiuu. OueHb MOXOXKHi NpUEM HCIOIL3YeTCS U B MOIEIN
CTM, KOTOpasd BbIABJIAET IIOIIaPHbIEC B3aMMOCBA3U MEXKAY TEeMaMH. TeXHI/IKa YUCJIOBbBIX
MOJIAJILHOCTEH MCIIOJIb3YeTCs B TOM CJIydae, KOJa ¢ TEKCTOM CBA3aHa He OJHa YMC/I0Bast
BeJIMYKMHA, KOTOPYIO HEOOXOAMMO IPeJCKA3aTh, 8 YHCI0BAS IOCIeI0BATeILHOCTD, KOTOPAsd
MOJICTUPYETCS CMEChI0 HEIPEPBIBHBIX BEPOATHOCTHBIX PACIIPEICICHHMIL.

Knaccudpmkaums. Temamuueckas modeav kaaccupurayuu Dependency LDA [130] sis-
agercs GaifecoBckuM anasorom mozenu (33) ¢ momanbHocTsmu repmoB Wou kinaccos C.
Vmeetcst obydaromniasi BHIOOPKA JTOKYMEHTOB d, /I/Isi KaKJI0I'0 U3 KOTOPBIX U3BECTHO IOJI-
MHO)KecTBO KjiaaccoB Cy C C. Tpebyerca kimaccudunupoBaTb HOBbIE JOKYMEHTBI C HEU3-
BectHbIM Cy. [ljist 917010 0yeM UCHOIB30BATh AUHETHYI BEPOAMHOCTIHYI MOOEADL KAAC-
cuurayuu, B KOTOPOit 00beKTaMu SIBJISIOTCS JOKYMEHTHI d, MPU3HAKH COOTBETCTBYIOT
TeMaM t W mpuHUMAIOT 3Havenus Oy = p(t|d):

pleld) = b

teT

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

Kosaddunuenrs: nuueitnoit Mmogenu ¢, = p(c|t) u moporu -y, obydarorcs mo BIGOPKe
JoKyMeHTOB ¢ m3BecTHbIMU Cy. Ilpu3HakoBoe ommcanme HOBOIO JOKYMEHTA g BBITHCIIA-
eTcs TeMaTUIeCKOH MOJIE/IbIO TOJIBKO 10 €r0 TepMaM.

Dkcunepumentsl B [130] mokasasum, 910 TeMaTHYECKHE MOJEIU [PEBOCXOAAT OObIY-
Hble METO/[bl MHOI'OKJIACCOBOI KJiaccuuKaluu Ha OOJIbIIMX TEKCTOBBIX KOJLJIEKIUSX
¢ 6OJIBIIUM YUCJIOM HecOAJJaHCUPOBAHHbBIX, [1€PECEKAOIIUXCs, B3aUMO3aBUCUMbIX KJIACCOB.
B [149] Te ke BBIBO/IBI Ha TeX K€ KOJJIEKIUSX OBLIH BOCIPOU3BEIEHBI JJIs MYJIbTHMO/IATb-
Hoit ARTM. Hecbarancuposarnocms 03HATAET, 9TO KJIACCHI MOTYT CO/IEPKATH KaK MAJIoe,
TaK U OYeHb DOJILIIOE YUC/I0 JOKYMEHTOB. B ciiydyae nepecekaroujurcsa KiaaccoB JIOKYMEHT
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MOZKET OTHOCHUTBCHA KaK K OJHOMY KJACCYy, TaK U K OOJIBIIOMY YHCJLY KJaccoB. Baaumosa-
BUCUMDBLE KJIACCHL UMEIOT O0IIKe TEPMbI U TEMbI, [I09TOMY HPHU KJIacCU(pUKAIUN JTOKYMEHTa
MOTYT BCTYIIaTh B KOHKYPEHIIAIO.

Pezyaapusayus no ompuyamessHuM NpuMeptm ACIOIb3YeT JAHHBIE O TOM, UTO JOKY-
MeHT d u3 00y4aronieil BLIOOPKH He IPUHA/IEKUT MoAMHOKecTBY KiaaccoB C C C. B srom
CIydae 3allMIIeM IIPaBIOIoa00ue BBIOOPKH I 3349 OMHAPHON K/1acCHDUKAIMN:

:ZZln2¢ct9td+72Zln(l—zwctem> — max.

deD ceCy teT deD ceC teT

[TepBoe ciaraemoe ectb log-nipaBiomonobue MOJAJIbHOCTH KJIaccoB (33), ecju 1OJI0-
KUTb Ng. = [c€Cy|. Bropoe ciaraemoe MOKHO paccMarpuBaTh KaK DPeryJsipu3arop OT-
punaTe/JIbHbIX IIPpUMEPOB, HOCTpOGHHbIﬁ 110 JaHHbIM O HE-IIPUHA/LJIC2KHOCTH JOKYMEHTOB
ki1accaMm. KoaddurumenT peryigpu3anun 7 MOXKHO [I0JIaraTh PABHBIM €IUHUIE.

Yacmommnas peeyaapusayus (label regularization) xopormro 3apekomenjoBaia cebs
B 3ajiadax ¢ HecOasancupoBanubiMu Kiaccamu |89, 130|. ITorpebyem, arobbl onenka 6e3-
YCJIOBHOI'O DACIpPE/EIeHHs] KJIACCOB 110 KO.)I.JIeKI_LI/II/I p(c) =, @ap(t) Obuta Ginska K Ha-
OJIF0JIAEMbIM YaCTOTaM KJaccoB p(c) = IDI |D.|, tne D.={d € D: ¢ € Cy} — MHOXKECTBO
JIOKYMEHTOB, OTHOCAIINXCS K KJaccy ¢. Belpasum gaHHOEe TpeOOBaHHE C IMOMOIIBIO CI/Ia-
JKHBAIOIIET0 PEryasipu3aTopa KPOCC-9HTPOINH, KOTOPBIH MOKHO HHTEPIPETHPOBATDL U KaK
MAaKCUMU3AIUIO PABIOIOA00UsI JIjisi MOJE/IU JIUCKPETHOIO PACIIPEJIe/IeHHs] KJIACCOB P(C):

o) =1 g |D.|In g NyPer — Max,
ceC teT
e Ny =y, N — YUCI0 TepMOB MozasabHocTH C, OTHOCSIUXCH K TeMe t BO Beeil KOJI-

neknuu. [logcrasisgs stor peryaspusarop B (16), momyanm dopmyssr M-mmara:

NtPet
Z NsPes

YacrorHas pery/sipu3aliyst HCII0/Ib30BaJiach B TeMarudeckoil mojgesn Prior-LDA, koropas
oblia npejyioxkena B [130] kak yiaygmenue mogesn Flat-LDA.

e = notm | ne, + T|D| =— (55)

Perpeccusa. 3agaqn npejicka3anusi YUCJI0BON BeJIMIrHbl KAK (DYHKIIMH OT TEKCTa BO3HIU-
KAIOT BO MHOI'MX HPUJIOKEHUSX JIEKTPOHHON KOMMEPIUH: IIPE/ICKA3aHue PefiTHHIa TOBa-
pa, duabMa WM KHUTH MO TEKCTY OT3bIBA; MpelcKa3aHue YHCJa KJIUKOB MO TEKCTY pe-
KJIAMHOTO OObSIBJIEHNS; MIPe/ICKa3aHne 3apIIaThl 0 ONUCAHUIO BAaKAHCUU; MpeICKa3aHue
0JIe3HOCTH (Ymcia JANKOB) OT3bIBA Ha OTeJb, PECTOpaH, cepBuc. [Iis BOCCTAHOBIIEHHUSI
4UCJI0BbIX (DYHKIUI 110 KOHEUYHOU oOyualoiieil BbIGOpKe nap «00beKT—-O0TBET» UCIOJIb3Y-
I0TCsl PErPECCUOHHbBIE MOJIE/IU, O/IHAKO BCE OHU HIPUHUMAIOT HA BXO/€ BEKTOPHbIE OIIUCAHUS
00bexkToB. Temarmueckas MoJeTb MO3BOJIAET 3aMEHUTh TEKCT MTOKYMeHTa d ero BeKTOp-
HbIM TpejcTaBierneM 6y, C npyroit cToponbl, KpUTepUil ONTHMHU3AINUEA PErPecCHOHHON
MO/TIEJTI MOZKHO UCIOJIb30BATh B KAUeCTBe PEryasdpu3aTopa, YToObl HAUTH TeMbl, HanboJree
nHGOPMATUBHBIE ¢ TOYKH 3DEHHs] TOYHOCTH HpejcKa3anuii |93, 139].

[Iycrb ajist Kaxk10ro JoKyMeHTa d odydatomieil Bbioopku D 3aaHO 1e/1eBoe 3HAYCHUE
ya € R. Pacemorpum aunetnyro modeav peepeccut, KOTOpas 1PEJCKA3bIBACT MaTeMaTH-
YeCcKOe OKHJIaHWe IEeTeBOil BEJTMIIMHbI:

E(y|d) = thetd,

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

R(©,v) = —7 Z(yd - Z Utetd)2-

deD teT

[Toscraisist sror peryasipusarop B (17) u npupaBHEBAs HYJIIO €10 HPOU3BOIHYIO 110 U,
nosryauM Gopmyasl M-mara:

0ia = norm (ntd + 70044 <yd — Z U595d> ) ;

seT

v = (067 'ay.

3iech hopMmyia i BEKTOPa U SBJISIETCsl CTAHJIAPTHBIM PEHIeHHeM 3a/[a9i HANMEHb-
IIMX KBAIPATOB IpH (bUKCHPOBAHHO MaTpuiie 6©. BekTop v MOKHO OOHOBJISTD 10 OKOHYA~
HUHU KaKJOT0 MPOXOJa KOJIJIEKIUH, JUO0 mocae 00pabOTKI KaKIOro MaKeTa JTOKYMEHTOB
B oHJj1aitHoBoM EM-asiropurme.

B |139] nokazano, 4ro Ka4eCTBO PErpecCHu MOZKeT 3aBHCETh OT HHUIUAJN3AIIMNA TeMa-
THUYECKON MOJIeJIM, U [PeJIJIOKEHO HECKOJIbKO MeTO/I0B MHUIMAJIUBAIUY.

Ha mpakTuke 0O6bIYHO HCIOIB3YyeTCS 00Jiee TPOCTO MOAXO/: CHAYAIa CTPOATCI TeMa-
THYECKHEe MPU3HAKOBBIE OIMHCAHUS JOKYMEHTOB ¢ mMoMOIbio Mogeaun LDA, 3atem K srum
HpU3HAKAM MOIYT JIODABJISATHCS €llé KaKhue-TO YUC/IOBble IPU3HAKU TEKCTOB, M, HAKOHEII,
o011ee IPU3HAKOBOE OIMCAHUE UCIOJIb3YeTCs JIJIsl PellleHusl perpeccuonHoi 3a1aun. Heno-
CTATOK TOr0 HOJX0/a B TOM, 4T0 MOzeab LDA nudero me 3maer o perpeccuu. Peryjis-
pusamusg ARTM mo3Bosiger moodepesHo yaydiarb TO TeMATHIeCKYI0 MOJETb C yIETOM
perpeccuy, TO PerpecCUuOHHYI0 MOJIETb C YIETOM TeMaTHIeCKUX MpU3HAKoB. B pesynbrare
JIBe MOJIeJH MPUCTOCADIUBAIOTCA APYT K APYTy. TemMbl MOBOpaYMBAIOTCA TAKHM 0OPa30M,
4TOObI ObITh MAKCUMAJILHO 110/IE3HBIMU B KQYECTBE IIPU3HAKOB PerpecCuOHHOM Mojiesiu. [lo-
HaBJieHMe JIONOJIHUTE/IbHBIX HETeMAaTUIeCKUX IPU3HAKOB B PEIPECCUOHHYIO MO/JIe/Ib B 3TOM
cIydae TaKyKe He COCTAaBJIAeT TPYJA.

Koppensuuu tem. Modeaw koppeauposarnvx mem CTM (correlated topic model) npe-
Ha3HA4YeHa JIsl BbIsiBJIeHUsT CBsA3eil Mex 1y remamu [28]. Hanpumep, crarbs 1o reosoruu
DoJiee BEPOSITHO CBSI3aHA C apXeosorueil, 4eM ¢ reHeTHKOil. 3HaHue O TOM, KAKHe TeMbl da-
Il COBMECTHO BCTPEYAIOTCA B JOKYMEHTaX KOJIIEKIIHH, [T0O3BOJIIeT TOTHEe MOJIETHPOBATH
TEMaTHKY OTIEIbHBIX JOKYMEHTOB B MYJIbTHIUCIUILITMHAPHLIX KOJLIEKIHAIX.

st onmcanust KOppeJsiiuii y100HO UCIIOIb30BATh MHOTOMEPHOE HOPMAJILHOE PacIIpe-
genenne. OHO HE MOJXOJAUT JIJIsi ONMHUCAHWS HEOTPHUIATE/IHHBIX HOPMUPOBAHHBIX BEKTOP-
cTOJIONOB 04, HO HEILJIOXO OIKMCHIBAET BEKTOPHI UX Jorapudmos 1y = In ;4. [TosTomy B MO-
JieJIb BBOJUTCS MHOTOMEDHOE JIor-HOpMasibHOe pactpesenenne (logistic normal) ¢ asyms
HapaMeTpaMu: BEKTOPOM MaTeMATHIECKOTO OKUIAHNS (i B KOBAPUAIMOHHO MaTpuIei >

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

Nsznavanbno mogesns CTM Oblia paspaborana B paMKax 0aiieCOBCKOTO MOIAX0/a, T
BO3HUKAJIM JIOMOJTHUTE/IbHbIE TEeXHHUYECKHe TPYAHOCTH H3-33a TOrO, YTO JIOT-HOPMAJIbHOE
pacipejieleHle He sBJISeTCs CONPSKEHHBIM K MyJIbTHHOMHa bHOMY. B pamkax ARTM
niaes CTM dopmanusyercs u peajin3yercs HAMHOI'O IIPOIIIE.
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Oupejesum pery/isipu3arop Kak Jorapudm mpaspiono100us BBIOOPKU BEKTOPOB JOKY-
MEHTOB 7)g JIJIs JIOI'-HOPMAaJIbHOM MOJIeJIN:

T
R(©,11,5) =7 np(nal %) = —5 Y (s — p)’ S (Inbs — ).
deD deD

Corutacho (17), dopmysa M-mara st 0,y npuauMaer Bu/
Oig = n%r%n (ntd - T 2; Zt_sl (hl Osqa — Ms))> (56)
se

e X5, — ssieMenThl 06paTHON KOBAPHAIMOHHOI MaTpuIpl. IlapamMerpel X, ji HOPMAJILHO-
ro pacrpe/ieseHns OOHOBISIOTCS TMOCTe KayKJI0r0 IMPOX0/1a KOJIEKINH, JU00 MOoCcTIe KarK-
JIOTO TaKeTa JIOKYMeHTOB B oHJaiinoBoM EM-aaropurme:

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

Takum obpa3om, TpyLOEMKas omepaliust oOpalleHnss KOBAPHAIMOHHON MaTpPUIBI BBIIIOJI-
HSETCsl OTHOCUTETBHO peko. B [28] ucnonb3oBanacs LASSO-perpeccust, 9T00bI MOy IaTh
Pa3peKeHHYI0 KOBAPUAIMOHHYIO MATPHILY.

Hucnosble moganbHoCTU. B 3ajayax perpeccun ¢ KazKJIbIM TEKCTOBBIM JOKYMEHTOM
CBs3aHA OJHA YUCI0BAs BEJMIMHA, KOTOPYIO HEOOXOAUMO IPOrHO3upoBaTh. OpHAKO ObI-
BAIOT M TaKHe 3a/1a4M, B KOTOPbIX YUCJIOBbIE BEJIMYUHBI CBI3aHbI C KaXK/IbIM TOKEHOM.
OmHuM U3 OpUMEPOB HABJIAETCS 3a/ada TeMaTHIeCKOI'0 MOJeINpPOBAaHUS OAHKOBCKUX
TPAaH3aKIMOHHBIX JaHHBIX. B poin JTOKYMEHTOB 3/1eCh BBICTYIIAIOT KOMIIAHUH, TEPMaMHI
B JIOKYMEHTE SIBJISIOTCSI KOHTPAreHThl — JIpyTI'ue KOMIAHUHU, KOTOPbIe 3aK/II0YaI0T C JIaH-
HOIl KOMITaHHMEl CJieJIKU 110 HMOKYIIKe WJIM HPOjazke ToBapoB wjin yciayr. Kaxkias cjeika
COIPOBOXK/IAETCS TEKCTOM IJIATEXKHOI'O MOPYYEeHHsl, KOTOPbIM COJIEPKUT Ha3BaHUs TOBa-
POB WJIM YCJIyD. DTH Ha3BaHUs 00pa3yiOT BTOPYIO MOJAIbHOCTH. [[OKYNKH U HpOgazKu
paccMaTpUBAIOTCS 1O OT/IETBbHOCTH, YTO Y/IBAWBAET UYHUCJO MOJAJIBHOCTEil 10 YeTBhIPEX.
TeMbl COOTBETCTBYIOT BHJaM KOHOMHYECKOW IedTeTbHOCTH KOMIaHUil. DBaromaps wa-
3BAHUSM TOSIBISETCS BO3MOYKHOCTH MHTEPIPETUPOBATH KaXKJIYIO TEMY C ITOMOIIBIO JBYX
CIIMCKOB — TOBApPOB, KOTOPbIe KOMIIAHUM TOKYHAIOT JIIs OCYIIECTBJIEHUS JIAHHOTO BHJIA
JIeATeJIbHOCTH, ¥ TOBAPOB, KOTOPBIE OHU IIPOJIAIOT KaK Pe3y/IbTaT CBOei JedTeJbHOCTHS .
KpowMme ecTecTBeHHBIX JUCKPETHHIX MOJAJbHOCTEHl KOHTPAreHTOB M Ha3BaHUii, B JIaH-
HOIT 3a/1a9e UMEIOTCS eIlé U YUCJIOBbIe JaHHbIe 00 00bEMaX CEI0K, KOTOPbIe MOI'YT HECTH
KOCBEHHYIO HH(MOPMAIMIO O BHJE JeATe/JbHOCTH. Byjem mojararb, 9TO ¢ KaKJIbIM JIO-
KyMEHTOM d CBSI3aHO HECKOJIBKO YHCJIOBBIX IOCIEA0BATEABHOCTER {Ygmi|t = 1,.. ., kam},
COOTBETCTBYIOIIUX YUCAOBBIM MOOAAOHOCTAM T € M. B namewm c/lydae 4uCJIOBBIX MO-
JIAJILHOCTEH JiBe — 9T0 0OBEMBI CJEJI0K MOKYIIKH U Ipoiazku. [Ipemnosokum, 4To KazxK asd

3Xpouibaenko K. 9. O6061eHHbIe MOJAILHOCTH B BEPOATHOCTHBIX TEMATHYECKUX MOJEIAX JJld TPAH-
3aKIMOHHBIX Janubix. Marucrepckasa nuccepramus, BMK MI'Y, 2020.
http://www.machinelearning.ru/wiki/images/5/50/Khrylchenko20msc.pdf
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TemMa t HOPOKJIAET 3HAUCHUSI Ygm; U3 pacupegeserust p(y|t; Yu,) ¢ BEKTOPOM Lapamer-
POB Y, KOTOPOE HE 3aBUCHUT OT JIOKYMEHTa, (3T0 00bIYHAS JIJI TEMATHIECKOTO MOJIEIUPO-
BAHUS TUIIOTE3a YCJOBHON HesaBucumocTu). Torga pacupesesienne 3HAUEHUId i MOJATb-
HOCTH 7 B JIOKYMeHTe d OIUCHLIBACTCS CMECHIO PACIIPEIe/eHHIA:

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

teT

Bo3bMéM 3a OCHOBY MYJIBTUMOJATIBHYIO MOJETb (34) ¢ HPOU3BOJBHBIM HEMPEePBHIBHO
nuddepeniupyeMbiM perysspuzaropoM R(P, 0). lobaBumM peryisipu3aTop IUCIOBBIX MO-
JTAJIBHOCTE, OIPe/Ie/INB ero KaK B3BEIIEHHYO0 CYMMY J0rapudMOB IPaBION0I001s BEIOO-
POK {Ydmi} € BecamMu Ty,

Edm
R ZTmZZIHZP ydm7,|t fytm)etd
V] deD i=1 teT

Torna cucrema ypasHenuii B reopeMe 8.1 mpeodbpasyercs cJieiyiomum odpaszoMm: Ghop-
myJibt E-mmara (36) 1 M-mara no ® (37) ocrajorcst B cuiie; K HUM 100aB/II0TCH (POPMYJIBL
E-mara u M-mara i 94ucjIoBbIX MOgaJIbHOCTEH 1 u3Mmensiercss (popmysta M-mmara o ©:

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

kdm
Yon = arg max > Z Prami D (Yami | £ Vem);
deD =1
kdm a
0ia = norm S Twndwbiaw+ Y Y Fbtami + Oz 9.,
meM weWm™ meM =1

[Tonxon Ha OCHOBE MYJIBTUMOMATBLHOI MOJENTN HMeeT OJIMH CYIIeCTBEHHBIN U3bAH —
OH TpeHeOperaeT TPAaH3aKIMOHHONW MpUPOION JaHHBIX. KaxK /bl JOKYMEHT (KOMIAHHS)
HPEJICTABJISIETCS «MEIIKOM HA3BaHUIT», «MEIIKOM KOHTPAT€HTOBY, M «MEMIKOM O0bEMOB».
OaHako B KaK/10# TpaH3aKIUU HA3BAHKUE, KOHTPAIeHT U O0'bEM CJIEJIKU HEPA3PBIBHO CBsi-
3aHBL JAPYT C JAPYIOM U IIOPOXKIAIOTCs 001eit Temoii (BugoMm jgesresnbHoctn). Mudopmarius
00 3THX CBA3AX UTHOPUPYETCS B MYJIbTUMOIATBLHON MOJEJIH.

[TosToMy paccMOTpEM BBeJieHIE YUCIOBOI MOJTATBHOCTU B runeprpadoBoil TeMaTue-
CKOil Mojienu, ommcaHHol B pa3fene 9. Kaxkmasg Tpansaknusg KOMIOAHUH d MpeJCTaBISeT
060t ueTsepKy (d,m, x,y), e m € M — ojHa u3 ABYX YHCJIOBBIX MOJAJIBHOCTEH <00 bEM
HOKYIKU» WU «00bEM npojaxuy, £ C V — noJAMHOZKECTBO TePMOB, V' — MHOZKECTBO Bep-
muH runeprpada, moaydernoe odObeauHeHneM ciaoBapeil W/ BceX HEYUCTOBBIX MOTATb-
HocTeit m € M. Ecian xkoMmmanus d coBepImaeT CAeNKYy HOKYHOKH, TO TeEPMaMH B X OYAYyT
KOMITAHUS-IIPO/IABEI] I Ha3BaHUd TOBAPOB, KOTOPbIe d y Heé mokynaeT. Ecin kommanus d
COBEPIIAET CAEJKY IPOJAZKU, TO TEPMAMU B & OY/yT KOMIAHUS-MOKYIATE b U HA3BAHUS
TOBAapOB, KOTOpbIe d eit npogaér. B oboux rtuitax Tpansakiuili 3Ha4eHUE Y PABHO 00bEMY
caenku. Temarmdeckas MOJIeTb TpaH3aKIINUA UMEET BH/T

p(l’,y|d, m) = Zetdp(yua’ytm) ngvt-

teT vET
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Coorercrenno Mopudunupyercs 3ajgada (47) makcumusanuu log-npasaomnogooust
TPAH3aKIMOHHBIX JIAHHBIX X = {(di, M, T Yi): i =1,... ,n} JIJIsl IOCTPOEHUS IUIleprpa-
¢oBoOiT TEMATHIECKOIT MOIELIIN:

> I (Z Ora p(y 1t vm) [ | %t) + R(®,0) = max; (57)
(d;m,z,y)eX teT vET

Teopema 10.1. Ilycre ¢pyuknus R(P,O) wenpepsisao qupdepennupyema. Touka Jjio-
kaspHOro Makcumyma (®,0,1") sagaqun (57) yzosiaersopsier cucreme ypaBHEHHI OTHOCH-
TeJILHO MAPAMETDOB Py, B4, Vi B BCHOMOTaTeJIbHBIX MepeMEeHHBIX Py = p(t|d;, my, x;,v;),
ecJId U3 pelleHns] HCKJIIYATh HyJeBble cTo01el Marpur P, O:

Py = norm (915[11- p(yi | t; Yem,) H ‘Pvt);

vET;
OR -
Pot = nvg%"/fnn (nvt + vat%)v Nyt = ;:1 [v € ] pui;
OR -
td Ilé)eme (ntd + Oia aetd) ; Md E [ 1Pt

1=1
n

Yem = argmax p _[m = mi] pe np(yi[t; Yom)-
i=1

IaTepecHo, 9To B 00€MX MOAEIAX, MyJIbTHMOJAIbHOI 1 rumeprpadOoBoil, HaM yIaJ0Ch
130eKaTh KOHKPETU3AIMA BUIA pacupeaesenus p(y | t; ) 10 caMoro moc/ie[Hero MOMEHTA.
U1 Tenepnb MBI MOHEMAaeM, KaKuM 00pa3oM B EM-aaropury MOKHO BCTPOHTD JIIO00E MpPe/I-
II0JIOZKEHUE O BUJIE ITUX pacupeienenuii. [[jist 3Toro J0CTAaTOMHO yMETh PEIIATh 3a/1ady
MaKCHUMU3AIMKU B3BeHIeHHOTo Jiorapudma npasonogodus no v € I'. Kaxipiit sjiement
BLIOOPKHU, TO €CTh KazK/as TPAH3AKIIUSA, UMEET CBOI BEC Py, BHIUUC/ICHHbIH Ha E-mare.

o cranjaprHag 3a1a4a. [lycrs mis onpegendéunocta p(y |t yim) = N(; tem, 02,) —
MHOTOMEPHOE HOPMAJIbHOE PACIPEICTCHHE ¢ MATEMATHICCKIM OKHIAHUEM [lsy, W JECIIED-
cueit o2 . Torma sazaua M-mara OTHOCHTEILHO HAPAMETPOB Yim = (fim, 02, ) PelIaercs
AHAJIUTHUYECKHU:

_ > iy m = my] PiiYi | ol — Soialm = my] pri(ys — pam)”
fhim = > i [m =mi]py me >y [m = m] pr .
Jljist MyJIBTUMOJAJIBHON MOgeIn (DOPMYJIbL T€ K€, ¢ TOYHOCTHIO JIO 3aMEHbI Py HA Didmi-
B oboux ciyyasgx cyMMHPOBaHHE IPOU3BOIUTCA II0 BCEM TPAH3AKIUAM B KOJLJICKIIHH.

11 MopgennpoBaHune cBsizen Mexxay AOKYyMeHTaMu

CymectByer Macca 3a/1a49, B KOTOPBIX JTOKYMEHTBI CTPYIIUPOBAHBI HJIH CBI3aHBI MEK-
iy coboil, npuuéM HaJMYHe B3aUMOCBI3U TOBOPUT O TOM, YTO JIOKYMEHTBI HMEIOT CXO-
Kyto remaruky. [Ipupojia cBsizeit MoxkeT ObITh PA3JIMYHON: CCHIJIKU, I'UIIEPCCHIJIKU, [IUTU-
poBaHue, COBMECTHOE YIIOMUHAHUE, KOMMEHTUPOBaHUE, O0Ie aBTOPbI, 00Iue UCTOYHU-
KU, OJIM3KKMe reoJIOKaluu, U Tak jaJjiee. lIpejio/ioxenue o €XoJCTBE TEMATUKU B I1apax
JIOKYMEHTOB JIEIKO (hOPMAIU3YeTCs ¢ HOMOIIBIO PeryJisipu3aTopa MaTpuipl ©. 1o Mo-
JKeT €O3/IaBaTh TEXHUYECKHE TPYAHOCTU Hpu 00paboTKe OOJbIINX KOJLIeKmuii. B rakmx
CJIydasiX CChLIKHM MOYKHO HIEPEBOJIUTH B MOJIAJIbHOCTD M EPEXOJAUTH K peryJisipuszaropy P.
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Ccbinku n yntuposaHue. [lpeanosoxkum, 910 ecjin MexK/1y JOKYMEHTAMu ¢ U d MMEeeTCst
CBsi3b, TO OHU UMeT cxoxue reMaruku p(t|c) u p(t|d). Popmasiuzyem 310 HpeHOI0Ke-
HHUE C [OMOIIBIO PETYJISIPU3ATOPA:

R(O) =T Z Nde Z O1abrc,
d,c

teT

€ Nge — BEC CBIA3U MEXKJly JIOKYMEHTaMH, HalPUMep, YHCJI0 CChIoK u3 d Ha c. B [48]
npejjioxkena moxoxkas mozeab LDA-JS, B koropoit BMecTo MakCHMu3amuu KOBAapHUAIUU
MEHIME3HpYyeTcst juBeprennns Vencena-Illennona Mexkay pacupeenennsvu Oy u 6,.
®opmyaa M-mara jis 6,4, cormacuo (17), umeer Buj

01 = norm <ntd + T0u Y ndc9tc>-

ceD

D10 e ojHa PA3HOBUIHOCTH CriiazkuBanusi. Bepositnoctu 0y B x0/€ urepanuit mpu-
OJIMKAIOTCSA K BEpOSTHOCTAM 6. TOKYMEHTOB, CBSI3aHHBIX C d.

Peryngapusarop marpunbl © craHoBuTca HeddEKTHBHLIM IPH MaKEeTHOH 0OpaboTKe
OOTBINX KOJUTEKINI, KOTJa TOKYMEHTBI ¢, Ha KOTOPbIE CChLIAeTCd JTAHHBI JTOKYMEHT d,
HAX0/IATCs B Ipyrux nakerax. [Ipobisiema peniaercst BBe/leHueM MOJAJILHOCTU JJOKYMEHTOB,
HA KOTOPbBIE €CTb CCHLJIKU U3 JIPYIUX JOKYMEHTOB. DTOT CIOCOD MOPOXK/IAeT HOBYIO IIPO-
OJieMy: ecjii MOITHOCTb 3TOM MOJIAJIbHOCTU OKAZKeTCs PABHOU YMCJLY JIOKYMEHTOB, TO MaT-
puna ¢ MoKeT He IOMECTUTHCS B OMEPATUBHYIO MaMATh. MOXKHO COKPATHTH 3TY MOIATb-
HOCTh, OCTAaBUB TOJbKO HamOoJIee BIUATETbHBIE TOKYMEHTHI €, YHCJI0 CCHLIOK Ha KOTODBIE
Ne = Y4 Nde UPEBBILIIACT BEIOPAHHBLH HOPOL.

Januasi njest npunuia w3 MOJEJNM BMsiHUS HaydHbIX nyOuaukanuii LDA-post [48].
B meit ucnosb3ytoresa ase MogaabHocTn: ciosa W' n murupyemble noxymentor W2 C D.
Mopenb BbIBISEeT HamboJIee BIUATETbHBIE TOKYMEHTH BHYTPH KayK10il Tembl. Hemye-
Bble 3JIEMEHTbl B CTPOKe ¢ MaTpunbl P, MOKA3bIBAIOT, HA KaKHe TeMbl MOBJIUAT JTOKY-
Ment ¢ € W2 Taxke MOJe/b IO3BOJSET Pa3jinuaThb, KAKUE U3 CCHLIOK CyHNIECTBEHHO
HOBJIMSAJIM HA HAYYHYIO CTAThIO, a KaKUEe SBJISIIOTCH BTOPOCTEHEHHbIMH, YUCTO (DOPMaAJib-
HBIMU WJIU «JIAHBIO BeK/IMBOCTHY. Cdmraercs, 9T0 JOKYMEHT ¢ HOBJIUS/I HA JOKyMEHT d,
ecan d CCHLTAETCS HA ¢ U OHU MMEIOT 3HAYUTETbHYIO 00 O0IIeil TeMaTHKH.

lNeonokauun. UMudopmaiys o reorpaduydeckoM IMOJIOKEHUU YACTO HCIHOJIb3YETCs IIPU
aHa/In3€e JAHHBIX COIMUAJbHLIX ceTeil. ['eorpadudeckas mpuBgska JJOKyMeHTa d WJIH €ro
aBTOpa 3a1a6rcst Jubo 2eomezamu (HA3BAHUAME CTPAHBI, DEIHOHA, HACEJEHHOTO MIYHKTA),
b0 2eonokayuett — napoii reorpaduideckux koopauuar {4 = (xq,yq). B nepsom ciy-
9ae BBOJIMTCS MOJIAJIbHOCTH T'€0TErOB, BO BTOPOM CJIydae UCIOJIb3YETCs PEerysispu3aTop.
ARTM mno3Bosisier coBMenarh B Mojiesn 00a Tuma reorpaduieckux JaHHbIX.

[Hesbio Mo/ IMPOBaHUS MOXKET OBITh BBIJEICHUE PErHOHAJbHBIX TeM, OIpejeeHue
«apeaJia OOMTaHHS» KazKJOW TEeMbI, MOUCK IOXOXKHX TeM B Jpyrux peruonax. Hampwu-
Mep, B KadecTBe OJHOI u3 mitocTpanuii B [178] onpeaesstorcs pernoHbl MOy JISIPHOCTH
HAIMOHAJIbHOM KyXHH 1O mocraMm noJb3osareseil Flickr. Ipyras wumocrpamust us [94]
HOKA3bIBALT, 9TO TeMaTUIeCKas MOJIe/b, yauThiBaomas, u3 kakoro mrara CITA mpuiwio
coobIenne, ToUHee MpOC/IeKUBaeT MyTh yparana «Karpunay.
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KBagparuanslii peryasipuzarop Marpuibl O, npemioxenusiii B [178|, dopmanusyer
HPEe/IIIOIOKEHNEe, YTO JOKYMEHTBI CO CXOKUMU IeOJIOKAIUAMUA UMEIOT CXOXKYI0 TEeMATUKY:

R(©) = ——chdz etd_etc ;

teT

IJle W.q — BeC mapbl JOKYMEHTOB (¢, d), BhIpazkatouii 6,1u30cTh reosiokanuii. Hampuwmep,
Weg = exp(—12), vie 12, = (v, — 24)* + (Yo — ya)* — KBaJpaT eBKJIUI0BA PACCTOSAHUS.

DTOT peryjapu3arop Tpedyer npu 00paboTKe KazKI0ro J0KyMeHTa d JI0CTyIa K BEKTO-
pam 6. Apyrux JOKYyMEHTOB, 9TO 3aTPYIHSACT IIAKEeTHYIO0 00paboTKy OOJIBIINX KOJLJICKIHIi.
AbrepHATUBHBIN CII0CO0 CIrIasKUBAHUS OCHOBAH HA PEryJIsapH3aiuu Marpuinl P.

Ilycts G — MOmaIbHOCTBH reoreroB, g = p(g|t). Temarnka reorera ¢ BbIpazKaercs
1o dopmyJie Baiteca: p(t]|g) = gogt:;—;, e Ny, — 9Yacrora reoTera ¢ B MCXOAHBIX JAHHBIX,
ny =), Mgt — UACTOTA TeMbl ¢ B MOJAILHOCTH €OTEroB, BhiuucIsgemMas EM-anropurmom.

Kpagparnunplii peryigpu3arop MaTpunbl ® 110 MOJAILHOCTH reoTeros (hOpMaIH3yeT
IPEJIIOJI0KeH e, 9TO reorpadguieckn OJU3KUe Ie0Tern UMEIOT CXOKYI0 TeMATHKY:

R( = 5 Z Wyg Z <909t Zjlt>2a

g g'eG teT

IJIe Wy, — BeC IMapbl reoTeros (g, ¢'), Belpazkarommuit ux reorpadudeckyio 6aum3octs. Hiuke
MBI PacCMOTPHUM 0000IIEeHNEe STOTO pery/aspu3aTopa Ha 0ojee MIMPOKUl Kaacc 3ajad.

Mpadbl n coymnanbhbie cetn. B 94| npeaiokena Gosee obIas TeMaTnveckas MOJIENb
NetPLSA, yuursiBatomasi Ipon3BoJibHbIe IpadoBbie (CeTeBble) CTPYKTYPhl HA MHOZKECTBe
jokymenTos. [Tycrs 3auan rpad (V) E) ¢ muoxkecrsom Bepiut V' u MHOKecTBOM pébep E.
Kazx10it ero Bepuinne v € V' coorBercrByer 1mHoJAMHOXKeCTBO JoKymenTos D, C D. Haupu-
Mep, B poJin D, MOXKeT BBICTYIATh OT/JE/JbHbIA JIOKYMEHT, BCe CTaThbU OJIHOIO aBTOpa v,
BCE€ IOCTBI U3 OJHOTO reorpauueckoro permoa v, u T. JI.

Temarnka KazKa0il BepPIIMHBL v € V' BbIpazkKaercs depe3 mapaMeTpbl Mojean O:

p(t|v) =" plt[d) p(d|v) = Zth

deD, dED

B monenn NetPLSA uncmosib3yercss KBaipaTUIHBII Peryispu3aTop:

R(©) =~ N wa Y (p(t]o) = ptu)?,

(u,w)EE teT

IJie Beca Wy, pédep rpada (u,v) 3a1al0TCsa ecTecTBEHHBIM 06pa30M, KO/ B 3ajade eCTh
COOTBETCTBYIOINAS JIONOJHATEIbHas wHdopmanus. Hanpumep, eciin D, — Bce cTarbu aB-
TOpa v, TO B KadecTBe Beca pedpa w,, €CTECTBEHHO B34Th UHCJIO CTaTeil, HAIHCAHHBIX
aBTOpaMu U U v B coaBropcTBe. Kcim 1mog00HO# nHMOpManuu HET, TO BEC MMOJIAaraercs
PaBHBIM €JIMHUIIE.

DTOT peryjapu3arop Tpedyer npu 00paboTKe KazKI0ro J0KyMeHTa d JI0CTyIa K BEKTO-
paMm 0, Apyrux JOKYMEHTOB, UTO 3aTpy/aHgeT 3h(HEKTUBHYIO MAKETHYI0 00pabOTKy 0O0/Ib-
X KOJITEKIUi. AJTbTepHATHBHBIA IIyTh COCTOUT B TOM, YTOOBI MHOYKECTBO BEPIIHH I'Da-
da V 06bsaBUTH MOJAJILHOCTBIO U IepeiiTu K pery/ispusanuu MaTpuiibl P.
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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.

B kaxapiit nokyment d € D, nobaBum TepM v MoJaJIbHOCTH V. BblpaSI/IM TeMaTHKY
BepiMHbl v Yepe3 napamerpbl ® no gpopmyse Baiieca: p(t|v) = (U|t)p(v PotTpi7s LAe
Ny =y, My — 9aCTOTA TeMbl ¢ B MojgaibHOCTH V', Bhraucagemas EM-aaropurmom.

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

R@®) == 3w Sond(5 - ) (58)

(u v)eE te’T

Bo MHOIHX NpUJIOKEHUAX BaKHbI HAIPABJIEHHOCTH CBfA3eH, KOTOPble KBaJIpPaTHIHBIN
peryasgpu3aTop He yuauTbiBaeT. Hampumep, ¢Bs3b (4, v) MOKeT 03HAYATH CCBLIKY W3 JIO-
KyMeHTa u Ha JoKymeHT v. B mogenu iTopicModel [141] mpeamosnaraercsi, 9to eciu
(u,v) € E, 1o remaruka p(t|u) mupe remaruku p(t|v). [Tosromy munumusupyercs cym-
ma juseprenunit KL(p(t|v) || p(t|u)), npuuém ycaosusie pacupesenenus p(t|v) MoxHO
BBIPA3UTH Kak depe3 O, tak u depe3 d:

R(O© wiu ) Z wuvaHv )YInp(t|u).

(u v)EE teT

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

12 Vepapxndeckmne moaenu n BblOOp 4ucna Tem

CymecTByer Jid B peaibHbIX TEKCTOBBIX KOJLIEKITUSIX «UCTUHHOE» UJIH «ONTHMAJIbHOE»
quco Tem? C oHOil CTOPOHBI, YUCIO TEeM, O KOTOPBIX MOLYT IUCATDH JIIO/IH, OrPAHUYIEHO.
C apyroit CTOpOHBI, B KaKJI0il TeMe HMEeeTCss KOHEYHOE YHCJI0 ACIHEKTOB, U B KazKJIOM
TEKCTe aBTOPbI 3aTPAruBalOT JIMIIb YaCTh U3 HUX. JacTo BCTPEYAIONIMECs COYeTaHHUsT ac-
IIEKTOB MOZKHO paCCMaTpuUuBaThb U KaK OT/JA€J/IbHbIE T€Mbl, U KaK IIPOABJICHUE 06]_[[6171 TEMBbI.
Kpowme Toro, BHyTpH J1000i T€MBI MOTYT CYIIIECTBOBATH PA3MbIThIe KJIaCTEPHBIE CTPYKTY-
PBI, /I 00JIee I6TKOTO ONpe/IeeHls KOTOPBIX MOKeT IIPOCTO He XBaTaTh JAaHHBIX. AHa-
JIOPHYHAs 11PodJIeMa ¢ HEOHO3HAYHBIM BHIOOPOM YHUC/Ia, KJIACTEPOB BO3HUKAET U B 3a/la49aX
KJlacTepusaluu, puc. 15.

Crour jin pa3buBaTh TeMbl HA 0OJIEE MEJIKHUE OTEMbI, U KaK OLPEJIeJIUTh 00IIee Yuc/I0
TeM — 3THU BONPOCHI BO3HUKAIOT B KayKJOHW MPAKTUIECKON 3ajJade TeMaTHIeCKOrO MO/Ie-
JINPOBAHUA. 3a9aCTYIO0 BBIOOP OKA3bIBAETCS IPOU3BOJIBLHBIM M CyObEKTHBHBIM.

4Bynaros B.T. Ucnonb3opanue 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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Yewm GoJibllle KOJLJIEKIUs, TeM DoJiee MeJIKUe CEMAHTUYeCKUe Pa3/Iuuus MEeXK/1y TemMa-
MU BO3MOZKHO yJjioBUThH. OJIHAKO JayKe U IMPUMEHEHUH, Ka3a/10Ch Obl, CTPOIrUX, CTATHU-
CTUYECKUX KPHUTEPHEB /s BBIABIEHUS 3HAYUMBIX PA3JIHINil MEYKIYy TeMaMU, BOSHHKAET
IPOU3BOJI IIPH BBHIOOpPE YPOBHS 3HAYUMOCTU. BBIOOD 3TOr0 MOPOrOBOrO 3HAYEHUS TaKZKe
SBJII€TCS BPUCTUKON, W OT HErO 3aBUCHT UTOTOBOE YHCJIO TeM. Bce m3BecTHBIE METOIHI,
HpeTeH/Iyole Ha OObeKTUBHOCTH OIIPeJe/IeHus YuC/ia TeM, TaK WM UHAYe CojepzKar
BHYTpPH cebs 1apaMerp, 0T KOTOPOI'0 3TO CAMOe YUC/IO TEM 3aBUCHUT.

DT coobparkeHNs MPUBOAAT K HJiee, YTO BMECTO MOWUCKA ONTHMAJBHOIO YUCTA TeM
(KOTOPOrO MOZKET MPOCTO HEe CYIIECTBOBATH), UMEET CMbBICJ CTPOUTH HEPAPXUIECKHE Te-
MaTHYecKHe MOJIEIN, B KOTOPBIX TeMBI IIOCIeI0BATETbHO IPOOITCS Ha MTOITEMBI, & YPOBEHb
JETAIbHOCTH (MM 2PAHYAUPOSAHHOCTIU) TEMATHIECKOIO HPEICTABICHNST BHIOUPACTCS MC-
XO/Isl U3 noTpedbHocTell NPUKJ/IA/HON 3a/ a4,

OnpegeneHuve 4ucna TeM nNo BHEWHUM kputepusaMm. EjnuncrBenubiM Oecrpourphbiii-
HbIM BAPUAHTOM OIIPE/IE/IEHUs] OIITUMAJIBHOIO YUCJIA TEM SBJISETCH MCIOJIb30BAHUE BHEIII-
Hero Kpurepust. Takoil MOIX0/ HCIOIB3YeTCs, KOTIa KOHETHOM e/Ibio (MM OJIHOI 13 1e-
Jieil) TeMATHYecKOro MOJIETMPOBAHUSI SIBJISIETCs pelenne 3a1adn Kiaaccudukammn [130],
undopmanunonuoro noucka [64] mwim cermentanuu [127] rexcros. HemocraTounoe 4mcsio
TEM MOZKET HPUBOJIUTH K CHUZKEHHIO BBIPA3UTEJbHBIX CHOCOOHOCTEH MOje/n U KadecTBa
penienus 1ejieBoil 3aja4du. V30bIT0UHOE YUC/I0 TeM MOYKET LPUBOJUTH K 11epeodyUdeHuto
U CHUKEHHIO Ka9ecTBA HA HE3aBUCUMBIX TeCTOBBIX JaHHBIX. [[09TOMY Ha mpakTuKe 4mcsio
TeM BapbUPYIOT MO 33JaHHOI ceTKe 3HAYeHUil, KaK MPAaBUIO BecbMa rpy0oil, u onpemes-
0T MEHAMAJbHOE YHCJI0 TeM, IIPH KOTOPOM 33J[ada PENIaeTcs ¢ HpUeMIeMbIM KadeCTBOM
110 OJTHOMY HJIM HECKOJIbKUM KPHUTePHAM. THIHHYHBIM METO/I0OM aHAJIN3A SIBJISIETCS HOCTPO-
eHre rpaduka 3aBUCUMOCTH BHENIHEI'O KPUTEPUs OT YUCJIA TEM.

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

R(©)=—n) . el = > p(d)bra.

[ToxcraBum 3ToT peryiaspusarop B dopmyry M-mara (17):

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

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

n
Orq = norm (ntd <1 — Tnt|T\ )) (59)

DTOT pery/isapu3aTop paspeKuBaeT HeJuKOM CTPoKu Marpulbl O. Eciiu 3nauenune cuér-
YHKa Ny B 3HAMEHATeJ/Ie JJOCTATOYHO MaJIo, TO BCE 3JIeMEHTHI {-il CTPOKH OKa3bIBAIOTCA PaB-
HBIME HYJIIO, I TeMa ¢ HOJHOCTBIO HCKIIUAeTC U3 MOACTH. [Ipy HCIOIb30BaHIT TAHHOTO
PETYJISIPU3aTOPA CHAYAJIA, YCTAHABIMBACTCA 3aBeJ0MO U30bTouHOe ducao tem |T|. B xone
UTepaluil YUCJI0 HYJIEBbIX CTPOK MaTPUIbl © IOCTEHEHHOe YBeIMUYuBaACTC.
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Ot16op Tem B ARTM namuoro npoie HemapaMerpuieckux 0aiiecoBCKUX Mojesieit —
uepapxudeckoro mnpornecca Jupuxie (hierarchical Dirichlet process, HDP) [143| nim npo-
necca Kutaiickoro pecropana (Chinese restaurant process, CRP) [31].

B ob6oux nmoaxomax, ARTM u HDP, umeerca ynpapistonuii mapaMerp, BoIOHpas KO-
TOPBI, MOKHO MOJIyYaTh MOJETH ¢ YHCIOM TeM, pa3indatruMces Ha nopsaku (B ARTM
910 Kodbdunument perysipusanuu 7, B HDP — kosddbunuenr konnenrparun 7).

B [153] Obliin ipoBeieHbl SKCIEPUMEHTBI HA [MOJIYCHUHTeTHIECKUX JIAHHBIX, [1PEICTaB-
JAIONHUX coO0i cMech IBYX pacipeenennii p(w |d) — peaabHON KOJUIEKIHH, JIJIs KOTOPOi
YUCJI0 TeM HEH3BEeCTHO, M CHHTEeTHYECKON KOJIEKINHN C 3aJaHHBIM duciaoM TeM. CuHTe-
TUYECKAsT KOJIEKIUS CTPOUIACH IIYTEM IepeMHOoKeHus Marpur, PO, moaydeHHsix B pe-
3yJIbTATE TEMATHIECKOrO MOJEJIUPOBAHUS TOW Ke peasbHo Kosutekiuu. OKa3ajaoch, 9T0
HDP u ARTM crocobubl ompeie/isiTh HCTUHHOE YHC/IO TeM HA CHHTeTHYECKUX W [TOJIyCUH-
rerndeckux jgaHabix. ARTM onpenessier ero Tounee u ycroiumBee. OQHAKO deM OJIMzKe
HOJIYyCHHTeTUYeCKHe JAaHHbIE K PEaJbHBIM, TeEM MeHee UETKO Pa3IUIuM HAla30H 3Hade-
HUil rumepnapaMeTpoB T WX 7Y, Ha KOTOPOM BOCCTAHABIMBAETCS MPABHIBHOE YHCJIO TEM.
Ha pea/ibHbIX JJAaHHBIX OH HEPA3JIMYUM BOBCE, HPUYEM Jijist 000uX 110,1X0/10B. Takum obpa-
30M, PO 00a MOJIX0/A HEJIb3sl CKa3aTh, YTO OHU OHPEJE/ISIOT ONTHMAJIBHOE THCJIO TEM.

ITo ckopoctu Bbruncienuit BigARTM ¢ peryisgpuszaropoMm orbopa Tem okasaJjcs B 100
pa3 ObIcTpee cBOOOIHO JOCTYIIHOM peanu3amuun HDP.

B xo/e skcnepuMenToB [153| Takzke BBIICHUIOCH, 9TO PEryISpH3aTOp 0TO0PA TeM HMe-
eT 110JIe3HbII conyTcTByOmuil 3pdexT: on yjlajuser u3 Moje/au jiyo/upyonue, pacien-
JIEHHBIE U JIMHEITHO 3aBUCUMBIE TEMBbI.

Nepapxuyeckoe TemaTtndeckoe mogennpoBaHue. llepapxudecKkne TeMaTHIeCKHIe MO-
JIe/Id PeKypPCUBHO JeJIAT TeMbl Ha HOATEeMBI. TeMaTHdecKne Hepapxuu CIy:KaT JJId I0-
CTpOEeHUs] PyOPHKATOPOB, CUCTEMATU3AIMH OOJIBIINX OOBbEMOB TEKCTOBOI HMHMOpPMAIHH,
nHAGOPMAIMOHHOIO TOMCKA U HABUTAMK 110 OOJIBIIMM MYJIBTHIMCIUILINHAPHBIM KOJLIEK-
nusiM. 3a/1a9a aBTOMATHYECKOR PyOpHKaIUu TEKCTOB CJI0XKHA CBOEH HEOIHO3HAYHOCTHIO
1 CyObeKTHBHOCTHIO. Pa3mudus BO MHEHHSX KCIEPTOB OTHOCHUTEIBHO PYOpHKAIUU J0-
KymentoB MoryT mocrurarb 40% [1]. Hecmorps Ha obuime pafoTr Mo HepapXUIecKUM Te-
maTudeckuMm moiesasm [30, 82, 99, 179, 123, 162, 163, 164, 165|, onrumusamus pazmepa
U CTPYKTYPbl HEPAPXUU OCTAETCsI OTKPBITON MmMpo0semoit; DoJjiee TOTrO, OLEHUBAHHE Kade-
CTBa Mepapxuii — TakzKe OTKpbITas 1pobsema [179].

Crparernn mOCTPOEHHS TeMATHIECKUX HepapXuii BeCbMa Pa3HOOOPA3HBL: HUCXOISIIIE
(MuBU3UMHbIE) U BOCXOJsIIHE (ArIOMEPATHBHBIE), MPEJICTABISIONINE HEPAPXUIO JEPEBOM
IJIM MHOTOJIOJIBHBIM IrpadoM, HapamuBaoIiue rpad mo ypoBHIM WX [0 BEPIIHHAM, OC-
HOBAHHBIE HA KJIACTEPHU3AIMKU JIOKYMEHTOB mju TepMoB. Hesb3st Ha3BaTh KaKylO-TO W3
cTpaTeruii mpeJlloOYTUTEbHON; y KaxK/I0i eCTh CBOU JJOCTOMHCTBA U HEJIOCTATKU.

BepositHoCTHast mogens mexxypoBHeBbix cBsideil. B [41] mpeasoxkena Hucxoagmas
crparerus Ha ocHoBe ARTM. Mepapxust mpeacTaBisgercs MHOIOI0JIbHBIM rpadoM ¢ (huk-
CUPOBAHHBIM YHUC/JIOM YPOBHEH M 3a/JJaHHBIM YUCJIOM TE€M Ha KaK/IOM YPOBHE, BO3pacralo-
UM 110 YPOBHSIM CBepXy BHU3. Kark/iblil ypoBeHb lipejicraBiiser co00i OObIMHYIO «ILIOC-
KyI0» TEMaTUYeCKYI0 MOJIE/Ib, [I0O9TOMY BPEMs IOCTPOEHUS MOJE/IN OCTAETCs JIMHEHHbIM
110 06 bEMY KOJLIEKITHH.

Jlng MojenupoBaHus CBsa3eil MeXKJy YPOBHAMH B MOJETb BBOJATCI IapaMeTpPhbI
g = p(8|t) — yciioBHBIE BEPOSTHOCTH HOJATEM S B TeMax t. B MyJibru(uciuiIMHApHbIX
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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.

KOJIJIEKITMsl [IOIT€Mbl MOI'YT UMETh 110 HECKOJIBKO POJIUTE/ILCKUX TeM, II0ITOMY IPEeJICTaB-
JIeHWe HepapXui MHOTOIOJbHBIM Ipad oM HPeAmoITHTEIbHEe, YeM IEPEBOM.

Ha BepxHeMm ypOBHE HEpApXUU CTPOHTCS OObIYHAS ILUIOCKAs TeMATHYIECKAsS MOJENb.
[Iycth MOiesib £-r0 ypOBHS ¢ MHOXKECTBOM TeM 1’ yiKe TOCTpOeHa, H TpeGyeTcs: MOCTPOUTh
MOJIeJib ypoBHs {41 ¢ MHOZKecTBOM Jl09epHuX TeM S (subtopics) u 66ibmmM 4ucaiom Tem,
|S| > |T'|. [Torpebyem, 4T06bI POAUTENILCKUE TEMbI T XOPOIIO HPUOJIMZKAJIUCH BEPOSITHOCT-
HBIMU CMECSIMU JTIOYePHUX TeM §:

> KLy (p(w]) || S plwls)pls]9) = > m KL, (2 || 5 pustar) — min,

teT seS )

e ¥ = (Vg)sxr — Mampuua cesseli, KOTOpas CTaHOBUTCsI JIONOJHUTE/IbHOI Marpuiieil
HapaMeTpoOB JIs TeMATHIEeCKONH MOJIE/IN J0YE€PHEr0 YPOBHSI.

DT0 33a9a MATPHIHOTO PA3IOKEHH IS MATPUIILI POJAUTETLCKOro yposHd ®f = U,
OOBIYHO MATPUYHBIE PA3JIOKEHHS UCIOIb3YIOTCs, YTOOBI IIPUOJIHM3UTD MATPHILY BBICOKOI'O
panra npoussejienueM MarTpuil 6osiee HU3KOro panra. OJIHAKO B JJAHHOM CJIydae, Ha000poT,
marpuna ®f Huskoro panra |T'| nupubmizkaerca upounssegenuem Marpun, W, B Koropom
marpuia P Jlo/KHA UMeTh HOJIHbIH paHr | S|, 4Tobbl J0UepHsis MOJE/Ib OIUChIBAJIA KOJI-
JIEKIIUIO TOYHEE, YeM POJUTE/bCKad. Peryaspu3aTop CBA3BIBACT TeMAaTHYECKHE MOJIETN
cocesanx yposmeit { u £+ 1 Tax, 9TOOB POJUTENHCKHE TeMbI () aIIpPOKCHMHIPOBAJICH
JINHEWHBIMU KOMOMHAIUAMHE JIOUYEPHUX T€M g ¢ KOIDDUITHEHTAMEI Vg :

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

teT weW ses

Bagada makcumuzaiun R(P, ¥) ¢ TOYHOCTBIO 0 0603HAYEHHI COBIAIAET C OCHOBHOI
3a/1aueil TeMaTHIecKoro MojeupoBanus (9), ecau CIuTaTh POJUTETbCKUE TeMbI t nce6do-
JOKYMEHMAMU C 9ACTOTAMEI TEPMOB Ny = TN Py DTO O3HATAELT, 9TO BMECTO J00ABIICHUS
cjaraemoro B popmyJibl M-11ara JaHHbIH peryJisipu3arop MOXKHO Peaii30BaTh ellié HpOollie.
[TocTpoMB POUTETHCKUN YPOBEHD, HAJIO J00aBUTh B KOJLIeKIUIO |T'| mCeBIo010KyMEHTOB,
33J[aB UM B Ka4decTBE YacTOT TEPMOB 3HAUYEHUS N.;. Marpuma ¥V moaydurcs B cTOJIOIMAX
MAaTpUIbl O, COOTBETCTBYIONMX HCeBI00KyMeHTaM [41], kak mokasaHo Ha puc. 16.

JlaHHBI TOJX0/1 K MOJIEJIMPOBAHUIO NepapXuil peajn3oBaH B 6ubjanorexke BigARTM.
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Pa3pexxunBaHue MeXxypoBHEBbIX CBs3eil (hopMau3yeT eCTeCTBEeHHOE MPeII0JI0KEeHHE,
4TO KazKJad Tema J04YepHero ypopHd s € S uMeer HeDOJIbLIOE YHMCJIO CBA3CH ¢ TeMaMu
pouTeIbeKoro ypoBHs t € T. B wacrHoctu, eciau Bee pacupenenenus p(t|s) BBIPOKe-
HBI, TO €CTh KayKJad T€Ma S UMEeT TOJLKO OIHY POAUTEILCKYIO TeMy t, TO BCS MepapXUs
npuobperaeT BUI aepeBa. IIpuMeHIM KpOCC-3HTPONMIHLI peryasapu3aTop 118 Pa3pezKu-
BaHus pacupejesennii p(t|s), Bbipasus ux yepes g 1o dhopmyie Baiieca:

wst t
R(¥ :—TZZ 1npt|5 ZZI 5 @/Zznz

ses tET tET ses

[Tockosbky Marpuna W sBageTcd 4acTbio Marpuibl O, K Heil mpuMennma dopmyta (17),
u3 KOTopoii cienyer dhopmyaa M-mara Jijig MoJe I J09epHero YpOoBHs:

= nogm (a4 (0019 7)) (o1

1

77]> CTAHOBATCH eIIé

CoracHo s1oit dopmyJie, yCIOBHBIE BepOITHOCTH p(t|S), MeHbIIe
MeHbIIle, U MPH JOCTATOYHO OGOJIBIIOM T 0OHYyJstiroTest [41].

IIpu paspexusannu pacupeseiennii p(s|t) = <t pazxno, 4To6bl BekTOpbI P(t|s) = 7t
OCTABAJIMCH PACIPEIEJICHUAME, TO €CTh YTO0bI y Ka}K,H,OI/I HOATEMBI § OCTABAJIACH XOTS Obl
OJlHA poJuTeIbcKag Tema. Ha jgodeprem ypoBHe S He JOJIKHO 00pa30BaThCs HHM OIHOI
MeMbL-CUPOMbL S, KOTOPasd COBCEM He MMeJa Obl POJUTETLCKUX TeM t.

13 MopgennpoBaHne co4eTaemMoCcTu C/I0OB

['mmore3a «Memika CJI0B» dABJISETCS OJHUM U3 CAMBIX KPUTHKYEMBIX MOCTYJIATOB Te-
MaTH9IeCKOTO MojienpoBaHus. OHa HOJHOCTBIO UTHOPHPYeT (hyHIaMeHTaTIbHOEe CBONCTBO
couemaemocmu ca06 (word co-occurrence) B ecTecTBeHHOM si3bike. CoueTaeMOCTh ObIBaeT
JIBYX BHJIOB: KOHMAKMHAA U QUCTNAHIMHAA.

st onmcanus KOHTAKTHOW COYETAaeMOCTU U3 TEKCTA BbIJIEJISIOTCH BCEBO3MOZKHbBIE
N-2PaMMb, — TOCJIEIOBATEILHOCTH U3 N MOAPS Uaymux cj1oB. Cpegu n-rpaMm I1peji-
CTaBJIAIOT WHTePeC KOJUIOKAIIUU U CJI0BOcOUeTanusd. Koarokayus — 9TO n-rpamMma, BCTpe-
JAoIAsgcd B KOPILyCe ropas3ao Jale, YeM MOZKHO OBLIO Obl O2KHIATH MIPHU YUCTO CIYyIaiiHOM
COeJIMHEHNH JIAaHHBIX CJI0B. Clo080couemanue — 9TO N-rpamMma, CJI0Ba KOTOPOH CBS3aHBI
110 CMBICJIy U I'DAMMATUYECKHU, 1 0D03HAYAIOT €JMHOe HoHsATHEe. B TeMaTuiecKux MOJe/Isx
TeMaTUKy TaKUX N-IPaMM JIydllle OlPeje/isdTh, He pa3/ie/isds UX Ha OTJieJIbHbIE CJI0BA.

JluctanTHAA COYETaeMOCTh O3HAYaeT JacToe MOsIBIEHHe CJIOB B OMHHUX U TeX yKe KOH-
TeKCTaX, HAIPUMeD, B OJHOM IPeJJIOKEHNN U B COCeHUX IPe/JIOKEHUIX, HO He 00s-
3aTeJIbHO BILIOTHYIO JPYT K APYTY.

Muorue ucciejoBanus HalpaB/eHbl HA CO3/J@HUE TeMaTUYeCKUX MOJIeJIeil, yuuThbliBa-
IOIIUX HOPsJIOK cjioB. 3 Hux HamboJiee BaKHBIMU IIPEJICTAB/ILIOTCS TPU HAlPABJICHUS .

IlepBoe HampaBJsieHHe CBS3aHO C BbIJeTeHHeM HH(MOPMATUBHBIX N-IDAMM — KOJLIO-
Kaluil, CJI0BOCOYETAHWII, TEDMIHOB, MMEHOBAHHBIX cymiHOcTeil. TeMbl, mocTpoenHnble HA
n-rpaMMax, HAMHOTO JIydille MHTePIPETUPYIOTCs, YeM MOCTPOEHHBbIe Ha YHUrpaMMax (0T-
JeJbHBIX ¢10Bax). [Ipobiiema B TOM, 4TO 9HCIIO BCeX n-rpaMM Karacrpodudecku ObICTPO
pacTér ¢ pocToM 00bEéMa KOJLJIEKIIHH.
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Bropoe namnpasiienue cBsi3aHO ¢ OCHOBHO{I runore3oit ducmpubymueroti cemarmuky:
CMBICJI CJIOBA OIIPEJIE/ISIeTCs TeM, B OKPY?KEHUH KaKHX CJIOB OHO 4allle BCEro ynorpeodJisi-
ercs. [losBiaenue nporpaMMbl word2vec [95] cTuMyIHPOBAJIO DA3BUTHE GEKIMOPHLLL Nped-
cmasaerud caoe (word embedding). Ouu HaXOAAT Maccy HpuMeHeHHi Garogaps TOMY,
YTO CEMAHTHYECKH OJIM3KHM CJIOBAM COOTBETCTBYIOT OJiM3KHEe BEKTOpbLI. Temarudaeckue
MO/IeJIM TaKzKe CIIOCODHBI CTPOUTH BEKTODHBIE HPEJICTAB/IeHUs CJIOB, 00/1a/[AIONHe ITUM
CBOMCTBOM, B TO K€ BPeMsl COXPaHsisi CBOUCTBA UHTEPHPETUPYEMOCTUH U PA3PEKEHHOCTH.

Tperbe HAlpaBICHHE CBA3AHO C MEMAMUYCCKOT cezmenmayuet W TAIOTE30H, UTO
TEeKCT Ha eCTeCTBEHHOM S$I3bIKe COCTOUT U3 IOCJIEI0BATEIbHOCTH MOHOTEMATHIHBIX CO00-
mienuii. B qacTHoCTH, KazK/10€ MpeJJIOZKeHIe Yallle BCero OTHOCUTCS TOJIBKO K OJIHOI TeMe.
3a/iaun cerMeHTalun pacCMaTPUBAIOTCs B pasjese 14.

Mogenn koHTaKTHOW co4detaemocTu. lcnosib30BaHue n-rpaMM, KOJLIOKAIMH I
CJIOBOCOYETAHUN 3aMETHO Y/IydllaeT HHTePIPEeTUPYEMOCTb TeM, 4T0 JIeMOHCTPUDYeT-
Cd IPpaKTU4Y€CKU B Ka)KﬂOﬁ Hy6.HI/IKa]_H/H/I IO N-'paMMHbIM TEeMaTUYC€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/e/IbHAS MOJAILHOCTD O cjoBapém W C W, cocraB/ieHHbIM U3 BCEX CJIOB,
BCTPEUAIOIMXCsl HELOCPEICTBEHHO HOCJIe CJIoBa v. 3anuiem log-1pasio1o106ue 31oii Mo-
JIeJI1 B BUJIE DEryJ/Isipu3aropa:

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

deD ved weWv teT

rae @b, = p(w|v,t) — yciaoBHAs BEPOSTHOCTH CJIOB W HOCJE CJIOBA U B TeMe t; Mgy —
JacToTa OUrpaMMbl «vw» B JIoKyMeHnTe d. ItaBHbIil HeoctaTrok Mozaen BTM B Tom, dTo
OHA YYHUTBIBaeT TOJBKO OMrpaMMbl. Bropas mpobiema B TOM, 9TO YHCJIO BCeX OUTpaAMM
OBICTPO YBETUIUBAETCA C POCTOM KOJJIEKIINH, U HCIOIb30BaTh Moaeab BTM na 60oapmux
KOJLJIEKIUSIX 3aTPY/HUTEIBHO.

Mogeas TNG (topical n-grams) [168| ycrpamsier 91 HegoCTaTKH. YCIOBHOE PACIpe-
JIeJIeHHE CJIOB OMUCHIBAETCST BEPOSITHOCTHON CMeChIO P(w|v, 1) = &yl + (1 —Epwt) Prot, TIE
Eowt — TEpeMeHHas, paBHAs BEPOATHOCTH TOTO, YTO Mapa CJIOB «VW» SBISIETCT OUTpPaM-
Moii B Teme t. B pabore C. C. Crenuna® moka3aHo, 4To IpU HEKOTOPBLIX He 0C000 JKECTKIX
HpeIIo/I0KeHusIX log-1ipaBonoodue 3ot MO/Ie/ M ONEHUBACTCS CHU3Y B3BEHIEHHON CyM-
moit log-tipaBomo106uit MmogabHOCTEH yHUrpaMm u durpamm B Mozein ARTM. JIpyrumu
ciioBamu, MysabTuMOAa bHAsd ARTM MoxkeT ObITH UCIIOIB30BAHA /IS TIOUCKA TIPUOTHZKEH-
Horo permrenus B mojenn TNG.

B roit ke paboTe ObLTIN MPOBE/IEHBI SKCHEPIMEHTHI ¢ OUIPAMMHON MYJIBTHMOIATHHON
moziesiblo ARTM na mebosbmioii (Menee 1000 OKYMEHTOB) KOJUIEKIIMH PYCCKOSI3BIYHBIX
crareit HayuHoit koudepennun MMPO (Maremarudeckue MeTO/bl pAaCo3HaBaHus 0Opa-
308B). Corocrap/ieHue TeM yHUI'DAMMHON 1 GUrpaMMHOI MoJieIeil MoKa3a/10, 4T0 10 TeMaM
OUTrpaMMHOI MOJIETTH ONPOIIEHHBIE TOCTOSHHBIE YIACTHUKN KOH(EDPEHITNN MO OIIPe/ie-
JIUTHh HAYYHYIO TPYIIY U JazKe aBTOPOB CTaTell, TOr1a Kak Mo TeMaM YHUIDAMMHON MO/IeTn
c/iesiaTh 3TO ObLIO POOJIEMATUYHO, CM. pUC. 17.

°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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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» ).

B ARTM n-rpaMmMHasi MOJE/Tb eCTECTBEHHBIM 00Pa30M OIIPeIe/IIeTCs KaK MYJIbTHMO-
JlaJibHAs, B KOTOPOW JIjIsi KazK/JIOI'0 N BbIJIEJISIETCs OT/ie/IbHAs MOJa/JIbHOCTh. [ljisi npeji-
BAPUTEILHOIO COKPAIEHMsl CJIOBApPeil Nn-rpaMM MOJAXOAUT METOJ MOUCKA KOJJIOKAIMIA
TopMine [52]. On smHeitno Macirabupyercss Ha Gosblne KOJUTEKIUE U MO3BOJIsieT (op-
MHUPOBATH CJIOBaphb, B KOTOPOM KazKJas 7n-rpaMma 00/1aJaeT TPeMs CBOHCTBAMU:

(a) UMeeT BBICOKYIO YaCTOTY B KOJIJIEKIIUH;

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

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

Mero/ipl, IpeIozKeHHbIe B mocaeayonmx paborax, SegPhrase [85] u AutoPhrase [132],
JIeMOHCTPUPYIOIINE €MIE JIy4Ilne Pe3yJIbTaThL.

Mopgenb 6utepmoB. Kopomkumu mexcmamu (short text) Ha3HIBAIOT JOKYMEHTBI, -
Ha KOTOPBIX He JOCTaTOYHa JIJId HaJEXKHOTO ollpeje/ieHus UX TeMaTHKH. l[Ipumepamu Ko-
POTKHUX TEKCTOB fABJIAIOTCA cO00IeHnd 1'BuTTepa, 3aroJ0BKI HOBOCTHBIX COODIIEHHil, pe-
KJIaMHbI€ 06'])HB.HGHI/IH, PEIVIMKHK B /IMaJIO'aX, OTAE/IbHbIC IIPDEAJIO2KCHUA, U T. /. WsBecTHBI
HPOCThIE 1OJIXO/IbI K 11pobJieMe, HO OHU HE BCErJIa IIPUMEHUMbI: 00'beIMHSATH COOOIIEHUS 110
KAKOMY-JTHOO MPH3HAKY (ABTODPY, BPEMEHH, PETHOHY H T.JI.); CIATATh KazKJI0€e COODIIeHUe
OT/IEJIBHBIM JIOKYMEHTOM, pa3pexkuBas p(t|d) BIIOTH 10 €MHCTBEHHO TeMBbI; JOMOTHATD
KOJJIEKIIMIO JUTHHHBIMA TeKcTaMu (Hampumep, crarbavmu Bukuneaun). Oxaum u3 Hanbo-
Jiee yCIIelIHbIX W YHHBEPCaJIbHbIX IIOAXO/A0B K HpO6ﬂeMe KOPOTKHX TEKCTOB CYHUTaeTCA
memamuueckas modeav bumepmos (biterm topic model, BTM) [172].

Bumepmom HasbiBaeTCs 1apa CJI0B, BCTPEYAIOUINXCH PAJOM — B OJHOM KOPOTKOM CO-
OOIIeHUN WU B OJHOM IIPeJJIOKeHHU HId B OKHe £/ cioB. B oramume oT OurpaMMsl,
MeZKIy AByMs CJIOBaMHU OHTepMa MOIYT HaXOIUThCA Apyrue ciosa. KoHkpernsamus mo-
HATHUS <«PSAJIOM» 3aBHCUT OT IIOCTAaHOBKHU 3aJa4M U OCODeHHOCTell KosuleKnuu. Bricokas
qaCTOTA 6I/ITepMa B TEKCTOBOMH KOJIJICKIIUHN 4ABJIACTCA HPOABJICHUEM ,Z[I/ICTELHTHOI';I coderae-
MOCTHU JIAHHOM L1apbl CJIOB.

Mogens BTM onuchiBaeT BEpOSITHOCTH COBMECTHOTO MOsiBJIeHHsT CJI0B (u,v). Mexom-
HBIMH JAHHBIMU SIBJISTIOTCS 9ACTOTBI My, OUTEPMOB (U, V) B KOJIJIEKINH, WX MATPUIA Be-

postHOCTEHl P = (D) wxw, TIE Puy = NOrm (N, ).
(u,v)EW?2
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[Tpumem runoresy yciaosuoit vesasucumocru p(u,v|t) = p(u|t) p(v|t), ro ecrb noiry-
CTUM, UTO CJI0Ba OUTEPMOB MOPOKAIOTCA HE3ABUCUMO JIPYT OT Jpyra W3 OJHON u TOM 2Ke
rembl. Torma, no dopmysie MOTHON BEpOATHOCTH,

= Zp(u|t)p(v|t)p(t) = Z Put Put Tt

teT tel

r1e @ = p(w|t) u m = p(t) — mapamerpsl TeMATHIECKONH MOJETH. DTO TPEXMATPUIHOE
paznoxkenue P = ®IIOT rue II = diag(my,...,7r) — AmaronagbHasg marpuna. Moaeab
6I/ITepMOB He olipeae/deT TeMaTukKy AdOKYMEHTOB @ 1 1109TOMY HeE IIO/IBEP2KCHA BJIMAHUIO
3pdpeKToB, BbI3BAHHBIX KOPOTKUMH TEKCTaMH.

ARTM mno3BoJisger 00beTMHATL MOJAEIbL OUTEPMOB ¢ OOBIYHON TEMATHIECKONR MOJIEIIBIO,
9TO00BI BCE-TaKH MOIYyIuTh Marpuiy O. /g sroro Bo3bMméM log-mpaBiomomobue Moiean
OUTEPMOB B KadecTBe pery/spusaropa ¢ KoddduiuenTom 7:

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

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

Puwt = IllvOErVE/n (nwt +7 Z nuwptuw)? (62)
ueW
DPruw = n]?e%m(ntwwtwut) . (63)

Otu GOpMy/Ibl HHTEPIPETUPYIOTCA Kak JobaBienue ncesdo-dokymenmos. Kaxmpomy
cioBy u € W craBUTCS B COOTBETCTBUE IICEBIO-TOKYMEHT d,, OObLEIUHSAIONINI BCe KOH-
TEKCTHI CJIOBA U, TO €CTh 3TO MENIOK CJIOB, BCTPETHUBIIHUXCS PIIOM CO CJIOBOM U IIO BCeil
KOJUIEKIMH. 1HC/I0 BXOXKJIEHHI CJI0BA W B ICEBIO-I0KYMEHT d,, PABHO TN,. Bcromo-
rare/ibHble IIEPEMEHHBIE Ppyy = P(t|u, w) coorBercrByor dopmyse E-miara s ncesio-
JIOKyMeHTa, d,, eCJIu JOOLPEAE/JNTh ero TeMaTHKy Kak Oy, = nog"m(ntgput). Jpyrumu cjio-

BaMH, B MOJI€/I OUTEPMOB CTOJIOIBI MATPHUILI O, COOTBETCTBYIOIINE IICEBI0-T0KYMEHTAM,
o0pazylorcs yTéM IepeHOPMUPOBKHU CTPpOK Marpuiibl P 1o dpopmysie Baiieca.

VBejmmauBas KodpduimenT 7, MOXKHO J00UTHCs TOro, 4rodbl Marpuna P dopmupo-
BaJIaCh MPAKTUYECKU TOJIBKO 10 butepmam. B takom ciydae momenb ARTM mepexoaur
B MOJIe/Ib OUTEPMOB, KOTOpas CTPOUTCS IO KOJIJIEKIHH IICEB/I0-T0KYMEHTOB, 0€3 UCIIO/Ib-
30BaHUS MCXOIHBIX JOKYMEHTOB.

Mopenb cetu cnoB. Mjes 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. Mogearu WTM u WNTM cBo-
narcs K npumerernio PLSA u LDA cooTBeTcTBEHHO K KOJLIEKIIUN IICEB/I0-TOKYMEHTOB d,,:

p(w|d,) pr|t (t|dy) Zgowtetu
teT teT
Banumem log-tipasiononobdue jyist mojenn p(w |d,) B Buje peryisipusaropa:

R®,0)=7 Y nuwln Y ouib,

u,weW tel
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TJE Ny — YacToTa OuTepMa (U, V) B KOJUIEKIUH (KCTATH, My = Ty )-

OcHOBHOE OTIMYME STUX MOJeJell OT MOAeJIM OUTEPMOB B TOM, YTO 3/1€Cb B SIB-
HOM BHJI€ CTPOMUTCSI MATpHUIa © I MCeBI0-KOJLIEKIHH, TOTAAa KaK B MOJEIH OUTep-
moB © = diag(my,...,m)®PT u KoIMYIECTBO mapamMeTpoB BABoe MeHbime. Kak mokazasim
skcrepuMeHThI, Mojeab WNTM HeMHOro npeBoCXOguT MOje/ib OUTEPMOB U CYIIECTBEH-
HO IIPEBOCXO/IUT OOBIYHBIE TEMATUIECKUE MOJIEJIN [184] Ha KOJLJIEKIUAX KOPOTKUX TEKCTOB.
Ha KOJIJICKIUAX JIJIMHHBIX JOKYMEHTOB TEMAaTUYECCKUE MOJIC/IN HapHOﬁ cogyeraeMoCTu CJI0B
HE JIAI0T 3HAYUMBIX IPEUMYIIECTB MepeJl OOBIYHBIME TEMATHIeCKUMEI MOJIE/ISMH.

KorepentHocTb. Tema naspiBaeTcs kozepernmnoti (COrIacoBaHHOIM), ecin Hanbosee da-
CTble T€PMbl JAHHOIl TEMbl YaCTO BCTPEYAIOTCS PsIOM B JIOKyMeHTax KoJsuiekiuu [108].
CoueraeMoCTb TePMOB MOZKET OLEHUBATHCA 110 caMoit kosutekimu D [101], win no cropon-
Heji KoJuteKIuu, HanpuMep, mo Bukuneun [105]. Cpenisis KOrepeHTHOCTD TeM CIHTaeTCs
XOPOIIeil Mepoil HHTePIPEeTHPYEMOCTH TeMaTudeckoii Mojgesnu [109].

[Iycrs 3amambl omenku coderaemoctu Cy, = p(w|v) mug map tepmos (w,v) € W2,
O6b1un0 C'yyy ONEHUBAIOT KAK JIOJIIO JIOKYMEHTOB, COIEPKAIMX TEPM U, B KOTOPbIX TE€PM W
BCTpevaercd He Jlajiee yeM depes 10 cjioB ot v.

Samummem dopmyity noanoil BepograocTH p(w |t) = Y Clyypyt U 3aMEHHM B Hell yCI0B-
HYIO BEPOSTHOCTD (,; IAaCTOTHOI omeHKoii: p(w |t) =Y Cyy "L, BeeaéM peryaspusarop,
TpeOYIOIHii, YTOOBI TAPAMETPBL 0,y TEMATHIECKOIT MO/IeH ObLIH COTIACOBAHBI C OIEHKA~
mu p(w |t) B cMbICIe KPOCC-9HTPOIIUHI:

R@) =73 n 3 plw) o

teT weWw

®opmyaa M-mara, cormacho (16), mpuHEMaeT BUJ

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

910 criakupalomuii peryiagpuzarop. OH yBeJIMIUBaeT BEPOITHOCTH TepMa B TeMe, eCJId
TePMbl, C KOTOPbIMM OH YaCTO COYETAETCsd, OTHOCATCH K JjlaHHOi TeMe. TouHOo Takas ke
dbopmysa noayuamiacs B [101] aust mogesn LDA u anropurma comminposanusi ['u66ca,
HO ¢ DoJiee CJI0KHBIM 000CHOBaHUEM 4depe3 0000HEHHYI0 ypHOBYIO cxemy [loiist, u ¢ bosiee
CJI0ZKHOM 3BpUCTHYECKON OMEHKOH Clyy.

B paGore [105] mpemioxken Ipyroit peryisipu3aTop KOrepeHTHOCTH:

R®) =7 ) Cupupu

teT u,veW

B KOTOPOM OIleHKa HapHOii coderaemoctu TepMoB Cly,, = Ny, [PMI(u, v) > O] ompeie/igeT-
sl 9epe3 nomoueunylo 63aumnyio ungopmayuto (pointwise mutual information)

D|Nyy
1 PN

PMI(u,v) = NN

(65)
rjie Ny, — YHCJIO JJOKYMEHTOB, B KOTOPBIX TE€PMBI U,V XOTsS ObI OJUH Pa3 BCTPEYAIOTCS
psiiom (He nasiee, dem depe3 10 cioB), N, — YHCIO JOKYMEHTOB, B KOTODBIX TE€PM U

BCTpeEYaeTCAd XOTA ObI O/IUH pPa3.
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Takum obpa3om, eJuHbBI 110/1X0/1 K OITUMHU3AIMN KOI'ePEHTHOCTH 110Ka, He BhIpaboTaH.
[Ipejytaraembie KpuTepur HMOXOXKHM Ha MOJIeJIM OUTEPMOB U ceTu cjoB. Bee onu dopma-
JIU3YIOT OOIIYIO MJICI0, YTO €CJAU CJIOBA YaCTO COBMECTHO BCTPEYAIOTCS, TO OHH HMEIOT
CXOXKYIO TeMaTHKY.

Mopenn BeKTOpHbIX NPeACcTaB/IEHUN CNOB CTaBIT B COOTBETCTBHE KaKJIOMY CJIOBY W
BEKTOD V,, (PUKCHPOBAHHOI pa3zmepHocTu. OCHOBHOE TpeOOBaHKE K 3TOMY OTOOpaKeHUIO —
9T00bI OJIM3KHUM 110 CMBIC/IY CJI0BaM COOTBETCTBOBa U Osim3Kue BeKTOpbl. CorytacHo duc-
mpubymuenot eunomese (distributional hypothesis) cmbica cioBa onpejessiercs: pacipe-
JIeJICHHEM CJIOB, B OKPY2KeHHH KOTOPBIX OHO Berpedaercs [59]|. CioBa, BeTpevarormecs
B CXOXKHX KOHTEKCTaX, MMEIOT CXOXKYI0 CEeMaHTHKY U, COOTBETCTBEHHO, JIOJIKHBI MMETh
6m3kue BekTopbl. g dopmamuzanuu sroro npunimna B [95, 96| npemmaraercs HeCKOIb-
KO BepOSTHOCTHBIX MOJIeJIeil, BCe OHU pean30BaHbl B iporpamme word2vec. B qactHocTH,
Moyie b skip-gram npejcka3biBaeT MOsiBJIEHHE CJIOBA, W B KOHTEKCTE CJIOBA U, TO €CThb IPU
YCJIOBHH, YTO CJIOBO U HAXOAUTCH PSIIOM:

exp (Vi V)
D0 XD (Vy, V)

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

rie (Vy, Vy) = ), VwtVut — CKAJAPHOE HPOM3BEIEHIEe BEKTOPOB. B omindne or Temarmde-
CKUX MOjieJieil, HOpPMUPOBKA BEPOSATHOCTEN ITPOU3BOUTCH HEJIMHEHHBIM 1TPe00pa30BaHueM
SoftMax, a camu BeKTOpHBIE IIPEJICTAB/ICHUS] CJIOB HE HOPMUPYIOTCS.

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

Z Nyw I p(w |u) — max.
u,weW (v}

ITocTanoBka 3ama4um oYeHb TOX0KaA Ha TeMarndeckue Moaean BTM u WNTM. Monenan
ceMeiicTBa word2vec u JApyrue MOJE/JU BEKTOPHBIX IIPEACTABJICHUNA CJI0B TaKZKe ABJIAIOT-
cs MaTpuaHbIME pas3stoxkenusmu (80, 117, 86]. [taBHOe oTyinvme 3aKIF0YAETCSI B TOM, YTO
B 9TUX BEKTOPHBIX IIPEJ/ICTABICHUSIX KOOPAUHATHI HEe HHTEPIPETUPYEMBbI, He HOPMUPOBAHDI
U He pa3perkeHbl, TOIJ[a KaK B TeMATHYECKUX MOJIEJISIX CJIOBAM COOTBETCTBYIOT Pa3pezKeH-
HblE JIUCKpeTHbIe pacupeseienns Tem p(t|w). C apyroii cropoHbl, TeMarudecKue Mo/e/1u
N3HAYAIbHO HE IpeIHAa3HAYAJUCh JIJIS OIIpeJie/IeHIs CeMaHTUIeCKOil OJIM30CTH CJIOB, I10-
9TOMY JeJal0T OHH 3TO ILIOXO.

B [120] mpesioxken cmocob MOCTPOCHUST MEMAMUNECKUL 6EKMOPHOLL NPEOCasAeHull
caos (probabilistic word embedding, PWE) 1o nceBno-kosiekimu JOKyMEHTOB, aHAJI0-
ruaabiii Mmogenaym BTM u WNTM. B samagax cemaHTHYecKOit OJIM30CTH CJIOB OHH KOH-
KyPHUPYIOT C MOJEIsIMH Word2vec U CYIIECTBEHHO IIPEBOCXOJAT OOBIYHBIE TeMaTUIEeCKHe
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 IIOMOIIIO MOJIe/IeH, ITOCTPOEHHbBIX 110 aH-
[JIOSI3bI9HON Bukmnie .

KonundectBeHnnble onmeHKH nokasbiBaioT, 4yTo PWE pemraer 3agadyu acconualuy CJIOB
HAMHOI'O JTy4Iie OOBIIHOI TeMaTndecKoil Mmojeun LDA, HO He ¢TO/Ib yCIemHo KOHKY pUpyeT
C JIydIIuM MoOjiesisiM ceMmeiicTBa word2vec, Kak B 3ajadax CeMaHTHIeCKOil O6J1M30CTH.
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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.

B 3ajsiaue cemantudeckoit 6simzoctu jokymenToB PWE yBepeHHO oriepekaior BEKTOP-
uyto mozesnb DBOW [44], cienmasbro pa3paboTaHHyIO JJIsl TIOUCKA CeMAHTHYECKU OJIn3-
KUX JOKYMEHTOB.

Kpome Toro, ARTM mno3Bosisser 0000IMUTL TeMaTHIECKHe MOJENH JUCTPUOYTHBHON
CeMaHTUKHU JIJIsi MYJBTUMOJAIbHBIX KoJutekiuii [120]. Vcmoab3yst qanHbIe 0 HApHOi CO-
4eTaeMOCTH TEePMOB PA3JINYHBbIX MOJAJBHOCTE!, BO3BMOYKHO CTPOUTH MHTEPIPETUpPyeMble
TeMaTU4YCeCKUuEe BEKTOPHbIC LIDEeJACTaBJJICHUA IJId BCEX MO,ZLa.HbHOCTeI';I. B TO 2K€ BpeMd, 1Ipu-
BJICUEHHE JIOMOJTHUTETbHON MH(MOPMAIMI O JIPYTUX MOJAJIBHOCTAX IOBBIIIAET KA4eCTBO
perieHus 3aa9u OJIM30CTH CJIOB.

14 MopgennpoBaHune CBA3HOIro TekcTa

['unoresa «MeIIKa CJI0B» M IIPEINOIOKEeHHe O CTATHCTHICCKON He3aBHCHMOCTH COCEI-
HHUX CJOB IPHBOAAT K CAHIIKOM 4acTOil XaOTHYHOH CMEHe TeMATHKH MEZKy COCETHHMU
CJIOBAMU. EC.HI/I npocjieJuTb, K KaKUM Te€MaM OTHOCATCHA I1OCJIeA0BaTEe/IbHbIE CJIOBAa B TEK-
cTe, TO CoYeTaHusd TeM BHYTPHU KaK/A0I'0 HPEJIOKEeHUA MOI'YT IIOKA3aTbCd HE HaCTOJIbKO
XOPOIIIO UHTEPIPETUPYEMbIMU, KAK PAHKUPOBAHHBIE CIIMCKHM YaCThIX CJIOB B KazK/I0# Teme.

TemaTn4ecKue MOJENU CerMeHTAllMH OCHOBAHLI Ha 0o0Jiee peaJuCTHYHBIX THIIOTe3aX
0 CBA3HOCTH TeKcTa. Kazkioe mpeiozKenne, KaK OPaBHI0, OTHOCATCA K OJHOH—IBYM Te-
mam. Cremyroniee npemioKeHue, KakK MPaBU/IO, HPOJOJIZAKAET TEMATHKY HIPEIbIIyIIero.
CMeHa TeMbl PeJIKO HPOUCXOJUT MEKJLYy HPelJIOKeHUAMHI, 4acTo MexKly ab3alaMu, emeé
Yalie — MezKAYy CeKIUAMU JJOKYMEHTa. Ka}K,ZLOG IpeajiozkeHne MO2KHO CHUTATb «MEHIKOM
TepMOB». JIOKYMEHT MOXKHO CUATATL «MEIIKOM HPeIOKCHHI».

Bosee akKypaTHbBIC HOAXO/AbI CBA3AHBI C IOJIHBIM OTKA30M OT THIOTE3bI «MEIKa CJIOBY.
Temarudeckue BeKTOpbl p(t|d, w;) cTposTest 1Jis KazK0il CJTOBOMO3UIUH i C YIETOM JIO-
KaJIbHOI'O KOHTEKCTa, JIOKyMeHTa d B OKPECTHOCTH TepMa w;. DTa Ujes JOIYyCKaeT pas-
HooOpasuble peasusanuu. CHava/ia Mbl PACCMOTPUM MeXaHU3M peryjdapusanuu E-mmara,
KOIJIa KPUTEPUH Pery/IgpHU3alii BO3JAEHCTBYIOT HEIIOCPEJICTBEHHO Ha BeKTOpLI p(t|d, w;).
3areM pacCMOTPHM AJITOPUTM, KOTOPBIA BLIMHC/ISCT TEMATHICCKUI BEKTOD JOKYMEHTa Oy
no Marpune ¢ 3a ase urepanun. B mponecce Berauciaennd poOpMHPYIOTCA BEKTOPBI, OIH-
CblBaloliye TeMaTUKy JIEeBOI'O U IIPaBOI'O KOHTEKCTa JIJIdA Ka)KﬂOfI CJIOBOIIO3U NN Z

TemaTuyeckass mogenb npeasioxeHui. JlomycTum, 4To KaxKablil TOKYMEHT d pa3ouT
HA MHOYKECTBO CEIMEHTOB Sg. DTO MOI'YT ObITh HpeIOKeHusi, ad3aIbl Ui hpasv, — CUH-
TAKCUIECKH KOPPEKTHbIE dacTu npe/ioxenuit. Obo3HauuM 4epes ng JIMHY CerMEeHTa S,
9epe3 Mg, — UUCTIO0 BXOXKICHHUN CJI0BA W B CEIMEHT S.
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[Ipejii10J102KkuM, 9TO BCe CJIOBA CEI'MEHTa OTHOCHATCS K OJIHOI TeMe U 3auuiieM yHKIIIO
BEPOSITHOCTU CerMeHTa S € Sy 4epe3 napaMerTpbl TeMATHIECKON MOJECTH Oy, Big:

p(s|d) = Zpt|d pr|t"5w—29thg0"m.

teT WES teT WES

Bynem cunrarh KazJiplil JJOKYMEHT «MEIIKOM CEeI'MEHTOB». Torja pyHKIus BEPOsiTHO-
ctu BbIOOpKM Oyjier paBHa Lpou3BejieHuio (PyHKIUN BeposTHOCTH cerMeHToB. [loctaBum
3a/la4y MaKCUMU3aluu cyMMbl log-1ipaB;io1io0100us u peryJisipusaropa R

Z Z In Z 014 H on + R(P,0) — max, (66)

deD seSy teT wes

npu 00bruHBIX orpanunderusx (10). B gacrHoM ciydae, Korja KayKjblii CEPMEHT COCTOUT
TOJIBKO U3 OJIHOT'O CJIOBA, JaHHas 3a/ada rnepexoaur B (11). Bamernm rakzxke, 4ro 3a/1a4a
(66) siBisiercsi 4ACTHBIM CJIydaeM [OCTPOCHUsI TeMaTH4ecKoit Mojesu runeprpada (47),
B KOTOPOM BEPILIUHBI SBJISIOTCS CJIOBAMHE, a PEOPA — IIPEJJIOZKEHUSIMU.

Teopema 14.1. Ilycre ¢yukmus R(P,©) wempepsiBHO muchgepenmupyeva. Touka
(®, ©) sokapHOrO KCTPeMyMa 3agaqn (66), (10) yoBaerBopser cucreme ypaBHEeHHIT €O
BCIIOMOTATeTbHBIMH MEPEMEHHBIMHE Pygs = p(t|d, s), eciim u3 perennst HCKJIIOYATD HYJIEBbIE
crosioner marpui P, O:

Pras = norm (0. TT ¢37°);

WES
OR
Pt = NOTI My + Put o —— | Nt = Y Y [w € 8] pras;
€W Opur deD seS,
SESY
OR
O = norm{ n + 6 : Ngg = s
td 2 td td A, 90,y td SEZSdPtd

AnasorndasiM 00pa30M 3ajada CTABUTCS JIJIs MOJeau mpejjioxkennii senLDA [25] u
JUtst MoJiesin Koporkux coobmenuit Twitter-LDA [181]. B oboux ciydasx peryssipusa-
TOPOM SBJISIOTCs anpuopHbie pacupesgesnenus: {upuxie. B mogemn Twitter-LDA B posin
JIOKYMEHTOB BBICTYIAIOT aBTOPBI, B POJIU CEIMEHTOB — COODIEHNS JAHHOTO aBTOPA.

Mmneprpacdosbie mogenun ceA3Horo Tekcta. Temarudeckast mojesb runeprpada (47)
u3 pazzena 9 MoxKeT OBITH HEIOCPEICTBEHHO HMpPUMEHEHA JJIsi MOCTPOeHHS TeMATHIeCKO
MoJteTa IIpeiozKennit. Pebpom rumeprpada MO:KHO OIICATH KaK MIPeJIOKeHIe, TaK 1 JT0-
60€e 1OJIMHOYKECTBO T€PMOB, CBA3aHHBIX JIPYI' C JIPYTOM 110 CMBICJLY ¥ IIOPOXKJIA€MbIX OJ[HOM
00111ell TeMOIA.

Ecim Tekcr npejsapute/ibHO 00paboOTaH CUHMAKCUYECKUM NAPCEPOM, TO B Kade-
cTBe pébep MOXKHO GpaTh BETKH HJIH HOIJIEPEBbsl CHHTAKCUIECKOTO JepeBa (cumnmazmot),
B YACTHOCTH, UMEHHBLE 2PYNTb, — IPAMMATHIECKH KOPPEKTHBIE CJIOBOCOUETAHHS, B KO-
TOPBIX IJIABHBIM CJIOBOM SIBJISIETCS CyIiecTBUTEIbHOe. CHHTAKCHIECKHE CBA3U IO3BOJIAIOT
YCTAHABJIMBATD CEMAHMUYECKUE POAYU CAO8 U BBIIEJIATH (PAKMb, B BUJIE TPOEK «OOBEKT,
Cy6'beKT, ,ZLeI';ICTBI/Ie», KOTOpbI€ MO2KHO CHUTATL TeMaTU1€eCKU OJHOPOAHbIMHU U OIIMCbIBATDL
pébpamu runeprpada.
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MozKHO UCIIO/IB30BATH BHEITHUE JIMHTBUCTHYECKUE PECYPCHI — MEe3aypycol, W OHIMO-
aoeuu, Takue Kak WordNet, PyTes, Buku-CiioBapb u apyrue. OHu 1103BOJISIIOT HaXOJIUTh
Hapbl TEPMHUHOB, C BBICOKON BEpPOSITHOCTBHIO CBA3aHHBIE TeMaTHUYECKH, JTUOO BOODIIE 000-
3HAYAIONINE B TEKCTE OJUH M TOT K€ 00BEKT. DTO MOIYT OBITH Hapbl CUHOHUMOS, AP
eunorum—zuneporum (dacTHOoe—001Iee), APl MePoHUM—ToAoHuM (dacTb—1iesoe). TepMu-
HbI, CBA3aHHbIE TE€3ayPYCHBIMU OTHOIIEHUSIMH, MOXKHO OObeAUHATH pedpoM rumeprpada,
KOI/Ia OHU HAXOISTCS B OJHOM IPEIJIOKEHUH UM B COCEIHMUX HPEIIOKEHHSX.

['uneprpadoBasg Mojesib He HaK/IaJbIBaeT HUKAKHX OIDAHHMYCHHIl HA MHOTI'OKpPATHOE
BXOK/IEHHE OJTHOT'O M TOT'O Ke CJIOBa B pa3Hble pébpa runeprpada. 1o 1aéT BO3MOKHOCTD
VUIUTBIBATD Pa3Hble THIILI CBA3€fl MEXKJIy CIOBAMHU, OIUCHIBas UX PA3/JUIHBIMU THIIAMH
pédep B runeprpade. Hamnpumep, M0KHO B eauHOM rutieprpadoBoil MO/e/iM YIUThIBATH
OJIHOBPEMEHHO IPE/JIOKEeHNsI, (DaKThl, CHHTAKCHIECKHE U Te3ayPyCHbIE CBSI3H.

TemaTuyeckasa mogenb cermedtaumn. Tenepb pacemorpum GoJjiee CJIOXKHbBIN CJLydaid,
KOIJIa TEKCT COCTOUT U3 LPEJJIOZKeHuit, u rTpedyercsd oObeJuHUTh UX B OOJiee KPyIIHbIE
TeMaTU4IeCKNe CerMEeHTbI, IPAHUIIbI KOTOPBIX 3apaHee He OIpe/eseHbI.

Memod TopicTiling [127] ocuoBan Ha mocr-o6paborke pacupemenenuii p(t|d, w;),
1=1,...,n, DIOJIy9aeMbIX KaKOi-Tn00 TeMaTHIeCKOi MoIesbio, HampuMep, LDA. Omnpeme-
JIUM TeMaTHKY 1PeIoZkKeHust § Kak cpejuion remaruky p(t|d, w) seex ero cios®. Tlocun-
TaeM KOCUHYCHYIO OJIM30CTh TEMATUKU JIJIsl BCEX LIap COCe/IHUX Mpeiokenunit. Yem ruyoOxke
JIOKAJIbHBI!E MUHUMYM OJIM30CTH, TEM BBIIIE YBEPEHHOCTD, YTO MEXK/Ly JIAHHOI Iapoil mpe/I-
JIOZKeHHI npoxoauT rpanuia cermenToB. Meron TopicTiling ucmoib3yer Hadbop IBPUCTHK
JIUIS TIOJI00pa YUCIa IIPeJJIOKEHUil ¢/ieBa U CIIpaBa OT JIOKAJIbHOIO MUHUMYMa OJIM30CTH,
olIpejieJIeHs] YUC/Ia CEIMEHTOB, 110J00pa Yuc/a TeM U YHUCJIa UTepalluii, U'HOPUPOBAHUS
CTOTI-CJIOB, (DOHOBBIX TeM U KOPOTKUX MPEJIOKeHNT. AKKypaTHasi HAaCTPOiiKa 1mapamMeTpoB
9TUX IBPUCTHK [O3BOJISIET JIOCTHYb BBICOKOTO KadecTBa cermeHTanuu |127).

TopicTiling He gBsgeTcsa MOJHONEHHOII TeMaTHIECKOl MOJIE/IBIO CerMEHTAIUN TeKCTa,
IIOCKOJIbKY IIOCT-00pabOTKa HUKAK He BJIMSET Ha caMd TeMbl. UTOObI HATH TeMbl, HAauOO-
Jlee BbITOJIHbIE JIJIs CeI'MEHTAIuu, Tpedyercs Clelua/IbHbIil Pery/ispu3arop.

Perynsipuzatop E-wara. Hekoropbie TpeboBaHMS K TeMAaTHIECKON MOJIEIN YA00HEe BbI-
pazKarb HE Yepe3 HapamMerpbl MOJENU Py U Oy, & uepes pacupeienenus P, = p(t|d, w),
KOTOpbIe Bbluuc/isitorcsd Ha E-mare. Hatipumep, 310 MmoryT 661Th TpebOBaHUs CXO/CTBA Te-
MATUKHU TEPMOB BHYTPHU MPE/JIOKEHUI WU MEZK Ly COCEeIHUMU peiokerusymu. OHu mos-
BOJIIOT YYUTBIBATH HOPAJIOK CJIOB B JIOKYMEHTaX B OOXOJ[ THIIOTE3bI <«MEIIKa CJIOB».
B obmem ciaydae ux yao6HO BbIpakaTh ¢ IoMmoripio peryiaspusaropa R(I1, @, 0), rue
IT = (ptaw)TxDxw — TPEXMEPHAsI MATPUIA BCHOMOIATE/IbHBIX II€PEMEHHbIX.

Bynewm upemmonarars, 9ro R siBjsiercst JOCTaATOYHO IVIAIKONH (DYHKIMENR mepeMeHHBIX
Didws Pwt 1 Brg. Kpome Toro, ciesiaem ecrecTBeHHOE JIOIYINEHHUE, 9TO €CJAU CJI0OBA W HET
B JIOKyMeHTe d, TO (DyHKIUdA R He 3aBUCUT OT MEPEMEHHON Py .

Cornacho ypasaenuio (15), marpuna I1 asiserca dynknueit or & u ©. [Tosromy K pe-
rynspusaropy R(®,0) = R(II(®,0), ®,0©) upumennma reopema 17.1. Oppaxo cucremy
ypaBHEHUH y100HO 3alUCBIBATH Yepe3 YaCTHbIE IPOM3BOAHbIE Peryisipusaropa R, a ne R.

6Tounee, B [127] npeaiaraioch /s Kazx10ro cjiosa spibuparsh Haubosee seposaThyto Temy. Oba Bapu-
aHTa MMEIOT IPaBO Ha CcylrecTBOBaHue. Kakoil m3 HUX JIydIle, MOKa He UCCJIEIOBAHO.
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Paccemorpum 3ajiauy MakcuMusaluu peryssipu3oBaHioro log-mpasio1on00us

Z Z Ngw 1N Z Owiba + R11($,0),$,0) — max, (67)

deD wed teT ’

U OPPAHUYEHUSAX HEOTPUIATETLHOCTH U HOpMupoBKH (10).

Teopema 14.2. Ilycrs pyukmus R(I1, &, ©) nenpepriBrO gugdepernupyema u He 3aBU-
CHT OT IIEPEMEHHBIX Py, 11pu W & d. Torna rouka (P, ©) JiokajibHOrO 3KcTpEeMyMa 3aj1a9u
(67), (10) yaosiersopsier cucreme ypaBHeHHI €O BCIHOMOIaTeJIbHBIMU ITEPEMEHHBIMH Didy,
H Pigw, €CJH U3 PEIIEHHs] HCKJIIOYUTD HyJeBble cToJionpl Mmarpun O, O:

Ptaw = ﬂg%ﬂ (@wt@d)% (68)
1 OR
Dedw = w| 1+ — zdw g ) 69
Dtd Dtd ( + ( Dbt ZZP d Do )) (69)
OR
Pwr = morm < > NawBraw + Pur 3 ) (70)
JeD Puwt
R
0ia = norm ( wzed NawDtdw + Otd B etd) (71)

JlokazaTe/ibcTBO TEOpEeMbl YA00HO pa3OUTh HA TPHU JIEMMBI.

Jlemma 14.3. Jlist pyukimn p,g, (P, 0) = % u fobpix t,z € T
t t

8pzdw ‘9 apzdw o ([Z_t] _pzdw) _ {ptdw(l _ptdw>7 t = Z5

Puwt——— = Via—F,— = Ptdw
‘ 8Q0wt ! 89td ! —PtdwPzdw, t 7& Z.

okazarenbcrBo. Bocnosb3yemest popmynamu (15) /1 IepeMeHHbBIX Pygy:

8pzdw o 0 ( przezd ) o [Z:t] th Zu prueud - etdgpwzezd .
= Qwt =

Ot - Pt 0Pt Zu Puwulud (Zu Sowueud>2
= Praw|2=1] = PrawPzdw = Praw([2 =1] = Pzdw);
0., OPzaw _ — 0, 9 < Puwzba ) _ 9, [z=1tlpwt 2o Punbud — Putbw:bza _
0Pt 0014\ >, Puwnbud (> Pwubud)?

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

JlemMa, JT0Ka3aHa.
Beeném Bcmomorarenbayio ¢gpyHKIUoO () 0T mepeMenubix 11, &, O:

OR(II, @, 0) 3 OR(II, @, ©)
- 459 pzdw—

w (I, P, 0) =
Qtd ( ) aptdw 8pzdw

zeT

Jlemma 14.4. Ilycrs pynxnna R(I1, @, ©) e sapucHT 0T mepeMeHHBIX Pigy, TpH W ¢ d.
Torya yacrubie npoussoiubie pyukiun R(P, O) Boiparkarorcst 4epes Quaw:

OR
004

OR
8Q0wt

OR
= O

+ Z Dedw Qtdw; Ora Ery

Puwt 7 prt
wt geD

+ Z Ptdw Qtdw .
wed
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HokazareabcTBo. Bocosibsyemcest popmyiioit jiuddepeniimpoBanus CJI02KHOM DyHK-

0 ~dw! 0 zd'w
[IU ¥ TeM, ITO Pzd =0 opu w # w'; pi:OHpHd#d’; =0 mpu w & d:
Oy 00,4 OPtaw
OR  OR OR Op.aw  OR 3 OR Op.aw (72)
890101& 890101& (z,d;w’) apzdw’ a9011115 890101& deD zeT 8pzdw 890101& ’
OR IR Op.ar IR Op.aw
. 73
39td 39td ZZ Opzarw 0044 a‘gtd %Z Opaw 04q ( )
B cuay siemmbr 14.3 cupaBejijinBO TOXKJIECTBO
8R apzdw 8R 8pzdw
w =0 =
Put Z apzdw a()Owt td Z apzdw a‘gtd
OR OR
- w\ = t zdw w zaw = w w
ZGZT pzdwptd ([ ] DPzd ) Did < (9 Do ZP d zdw) Dd Qtd

[ToacranoBka 1o/1y 4eHHOrO BbIpakenus B (72) u (73) 3aBepiraer JOKA3aTebCTBO.

Jlemma 14.5. Pemrenne ®,0 3azaun (67) yiaoierBopser cieiyomieii cucreMe ypaBHe-
HAH OTHOCHTEJIEHO MEPEMEHHBIX Py, Oiq B BCIIOMOTaTEIbHBIX HEPEMEHHBIX Py

Prw = 10T (PurBa); (74)
OR
Puwt = T%U%TI}VH ( Z NawPtdw + Z QtdwPraw + Puwt a%ut) (75)
deD deD
014 = norm < Z NwPtdw + Z QtawPraw + Ora=— OR ) (76)
T\ ed wed 0014

DTa JeMMa SIBJISETCS HeMOCPEICTBEHHBIM CIeJACTBHeM TeopeMbl 17.1 i emmbr 14.4.
OCTa/10Cch TOJIBKO 3aMETUTh, YTO BbIJIEJIEHUE BCIIOMOIATE/IHHON HEPEMEHHON Py, CO-

riacHo (69) nosBosisier nepenucarb ypasuenusi (75)—(76) B rpedyemom Buje (70)—(71).
Teopema Jjiokazana.

Takum obpaszom, B EM-ajiropurMe st Kazk10ro J0KyMeHTa d CHada/1a BbIIHCIISIOTCS
BCIIOMOTI'aTe/IbHbIE IIEPEMEHHBIE Dy gy, 32TEM OHU IPEOOPA3YIOTCS B HOBbIE IEPEMEHHDIE Dygyy
KOTOpbIe MOACTABAAITCA B hopmymnsl M-mara (16)—(17) BMeCTO pigy. Takoii criocob BbI-
JUCIeHnil OyeM Ha3bIBaTh pezyaapusayuet F-waea win nocm-obpabomkots E-waza.

3ameTuM, 9TO MEPEMEHHBIE Pig,, MOTYT HIPUHUMATD OTPUIATE/bHBIE 3HAYCHUST, [I0ITOMY
B 00I1IeM cJiydae OHU He 00pa3yloT BEPOsITHOCTHBIX paciipejesenuii. Tem ne menee, jijis
HUX BBIIOJHEHO YC/JIOBHE HOPMHUPOBKH Y, Pray = 1.

Pa3pexuBanue pacnpegenennii p(t|d,w). [Horpebyem, 4robbl KazK/Iblii TEPM B JIOKY-
MEHTE OTHOCHJICH K HeBOJIbHIOMY duciy TeM. i 91oro OyjuemM pa3peuBarh Pacipe/ie-
nerust p(t|d, w), makcumusupyst ux KL-TuBepreHIun ¢ paBHOMEPHBIM PaCIPeIeTeHIEeM:

KL (7

il H p(t|d,w)) — max.

)



CyMMupys 110 BCEM TepMaM BCeX JOKYMEHTOB, HOJIYIUM Peryjispu3arop:

R(IT) = Z Z N Z In pig — max.

dED wed teT
[TojcraBuM 11POU3BOHYIO

OR(Il) 7 ngy

apzdw B ‘T|pzdw
B dopmymy (69):
ﬁtdw = Ptdw — T(% - ptdw)-

Takum 0Opa3oM, e€CJu JJid HEKOTOPOIl TeMbl Digy, < %, TO Ha CJICAYIOIeH urepanuu
BEPOSITHOCTD Pigy JJISI JIAHHOIO TEpMa, w cTaHeT emnié Menblie. Temaruka Tepma Oy/er
IIOCTEIICHHO KOHIEHTPUPOBATLCA B HEOOJIBIIOM YHCJIE TEeM.

Emgé oxpa maTepnperanya 3TOro peryIapH3aropa CaedyeT U3 BO3MOKHOCTH 3aIMCATh
peryiasgpusanuio E-nara s5KkBuBaeHTHBIM 06pa3oM depe3 dopmyiasl M-mara (75)—(76):

1 TNt
Gt = NOTI| Tyt — TNy | 7777 — )
weWw |T‘ Ny ’

1 Ntd
0y = norm| ny — ™| — — — | |.
teT |T‘ Ng

Ecin neperyiisipusosatible 4aCTOTHbIE OLEHKH yCJIOBHBIX BepogrHoctell p(t|w) = T4 n
p(t]d) = "td CTAHOBATCA MEHBIIIE BEPOATHOCTH PABHOMEPHOI'O PACIIPE/IEICHA |}‘ TO IIPO-
HCXOJUT pa3pe>KHBaH1/1e pacupeeseHuit p,; 1 ;q; ¢ nTEpanUuAMU UX 3HAYCHMs yMEHbIIa-
I0TCS U MOI'YT 00pallaThCs B HyJIb. TaKuM 00pa3oM, IIPOUCXO/UT COIVIACOBAHHOE Pa3PerKu-

Banue marpuil  u O, nox yupassienuem oHOT0 001er0 KOd(MhUnuenTa pery/isipu3aium 7.

Pa3pexuBatouwunii perynsapusatop E-wara gna cermedtauynn. llpumenum peryJisi-
PHU3aIUIO E-mrara AJid IIOCTPOECHUA TeMaTH4YeCKONI MOJeJI CEerMeHTHPOBAHHOI'O TEKCTA.
CeFMeHTaMI/I MOI'yT OBITD a633H‘bI, npeajozKeHnud hJjan CHUHTaKCHYeCKH CBA3aHHbI€ 9aCTH
pEJIJTOZKEeHUI, HaliIeHHbIe C IOMOIIBIO CHHTAKCHIECKOT'o aHaau3aTopa. Ob603HaYUM depes
S4 MHOKECTBO CEI'MEHTOB, Ha, KOTOPbIE pa30uT JOKYMEHT d, 4epes3 N, — JJIMHY CEIMEHTa, S,
qepes Mg, — YUCJI0 BXOXKJACHUN TepMa W B CEIMEHT S.

OnpenenM TeMATHKY CeIMeHTa S € Sy KaK CpeIHIOI TeMATHKY BCEX ero TepMOB:

Ptds =P t‘d S Zpt‘d U) (’UJ|8 Znswptdw
wEs wes

YT00bI KazK/Iplii CEPMEHT OTHOCHJICS K HEOOJIBIIIOMY YHCJY TeM, OyjaeM MUHHUMHU3UPOBATD
KPOCC-9HTPOIHIO MezK/y pacupesenenusyvu p(t|d,s) 1 paBHOMEPHBIM DACIIPE/eeHIeM,
YTO MPUBEIET HAC K PA3PEKUBAIONIEMY peryadpu3aTopy E-mara:

R(H> =-7 Z Z Z In Z N swPtdw- (77)

deD seS, teT wWES
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Omnyckast pyTHHHbBIE BBIKJIQJIKH, PUBEAEM De3y/ibrar nojacranoBku (77) B (69):

~ o T Nsw 1 Dzdw
Dtdw = Ptaw | 1 — . g o\~
dw seS, s Dtds T DPzds

Xots hpopmyJia BbIVISLIAT IPOMO3JIKON, 3DdeKT IpuMeHeHus pery/isipu3aTopa HOHATH
He TpyAHO. Ecan BepoaTHOCTD Pigs TEMBI B CEIMEHTe OKayKeTCd MeHbIe HEKOTOPOTO TO-
pora, TO BEPOATHOCTH Pigy, OYJIYT YMEHBIIATHCS JIjI BCEX TEPMOB W JAHHOI'O CerMEeHTA.
B urore remarnka KarkJ0ro cerMeHTa CKOHIIEHTPUPYETCs B HEOOJIbIIOM YHUCJIe TEM.

B pesyisibrare paspexkuBaHusi TeMaTHKA COCEJHUX CEI'MEHTOB MOYKET OKa3aTbCs 0J1M3-
KOW, 1 MX MOXKHO Oyjer oObeJMHUTh B OJuH TeMmarudeckuii cerment. HazoBém memy t
¢ MakcuMaJbHBIM 3HadenueM p(t|d, s) domunupyrowets memoti cermenta s JOKyMeHTa d.
Eciu TemMa JOMUHHpYET B COCEJHHX CerMEeHTaX, TO OHa OyJAeT JOMHUHHPYIOIIECH U B UX
obbeauuHennu. Ecin o0be IMHUTD TOCIeI0BaTe/IbHbIE CEIMEHTBI C OJJMHAKOBOW JTOMUHUDY-
omeil remoit B ojiuH OoJiee KPYIHBIN CEIMEHT, TO JIAHHAs TeMa TaKyKe OCTaHeTCsd B HEM
JIOMHHUPYIOIIEH. DTO MPOCTast arjiOMEPATUBHASA CTPATEIUs] TEMATHICCKOW CerMeHTAIMH.
B ormame ot TopicTiling, y Heé HeT 9BPUCTUYECKUX IapaMeTpPOB, KOTOPbIE HAJI0 HACTpa-
UBaTh, U OHA IIOYTH HE YBEJHYUBAET BpeMs IOCT-00paboTku E-1mara.

OpHonpoxogHbiii E-wiar gns ObicTpoii TemaTn3aumm 4OKYMEHTOB. Boruucienue re-
MATHYECKOrO BeKTOpa T0KyMeHTa Oy = (644)ier B EM-anropurme Tpebyer MHOOKPATHOTO
HTEPAIOHHOIO MPOXO/a 10 BCeM TepMaM JIoKyMeHTa. B crarbe [10] mpesaraercst Bbi-
YHCJIATD 6y 338 OfuH MPOXos 1o ABHOIT hopmyste, Kak dyukiuio or MaTpuipsl . Dopmy-
ja Oi(P) urpaer posib peryisipuzaropa, Xors (POPMajbHO 9TO OrpaHUYEHUE-DABEHCTBO,
a He OUTUMU3AUUOHHBIA KPUTEPUN.

JlanHbBIil TOIXO/ UMeeT HeCKOJIbKO IMpenMyIiecTB. TemaTndeckass MOJEb IMOJIYYaeTcs
boJsiee ycToitunBoii Osiaromaps peryiaspusaruu. BekTop 6y /s 000ro JOKyMeHTa IIpu
HEOOXOIMMOCTH MOYKeT OBITh BBIUUCIEH OBICTPO, 3a OJWH MPOXOJ MO JOKyMeHTY. Dak-
THYECKU, MaTpuna © HOJHOCTHIO MCKJIIOYAETCH W3 MOJE/H, 9TO MPUBOIUT K COKPAIIe-
HUIO PA3MEPHOCTU MOJIeJIM U yMEHbIIEHUIO 1iepeodyuenusi. B Mojesisix ¢ iByMsi MaTpuiia-
MU HeIOCTATOYHOe KadecTBO MaTpuibl ¢ TeopeTHdecKdn MOZKET ObITh CKOMIIEHCHPOBAHO
UTEPAIIOHHBIM MIPOTECCOM ITIOJITOHKU KazKJI0ro crosibna 6, marpunsl © 1moi KOHKPEeTHBIiI
JIOKyMeHT d. B ciiydae KOPOTKHX JOKYMEHTOB 3TO MOXKET MPHUBOIUTH K HEPeodydIeHUIo.
Ecin ke © Boipazxkaercs depe3 ¢ HEMOCPEJICTBEHHO, TaKas MOJAIOHKA CTAHOBUTCS HEBO3-
Mok HOit. Kpome toro, pasmep marpuiibl © JIMHEHHO 3aBUCUAT OT YUC/IA JIOKYMEHTOB B KOJI-
JIEKIH, TOT/Ia KaK Pa3Mep CJIoBapsl yBeJINInBaeTcs 10 CyOJnHeiTHOMY CTEIIeHHOMY 3aKOHY
Xurnca [50]. Pocr ciioBapst MozkeT ObITh OPpAHUYEH U MPUHYIAUTEIBHO, MyTEM 0TOpAChIBA-
HUS HaMeHee YaCTOTHBIX cJI0B. TakuM 0Opa3oM, YMeHbBIIaeTCS TeMIT POCTa PA3MEPHOCTH
MOJIEJIM [IPU PACHIUPEHUU KOJIJIEKIUH.

Dopmyiia yq(P) Moxer ObITH 1HOJIYUEHA, HALPUMED, U3 TpeOOBaHUs, YTODbI TeMATH-
YeCKHil BEKTOP JIOKYMeHTa d COBIAJIAJ C pe3ysbraroM mnepBoit urepanun EM-agropurma

0o _ 1.
0e3 peryaspu3anuy IPH PAaBHOMEPHOM HadaIbHOM IpubImzKenuu 0, = Tk

N Spwteo Pwt
Ora(®) = norm Z NdwPtdw | = Z M = ZPWT, (78)

0
n 0
weW wed 4 ZS PusVsa g ws

LAE Pug = T2 = p(w|d) — wacrorHas OLEHKA YCJIOBHOI BEPOSTHOCTH T€PMa B JIOKYMEHTE.

Pacemorpum cHadasia obmumit ciy4aii pyHKunoHabHOM 3aBucuMoct Gy (D).
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Teopema 14.6. Ilycrs ¢yukinun 0yy(P) u R(P,0) HeupepbiBHO uppepeHiupyempl.
Torna rouka ® JokaspHOrO 3KCTpeMyma 3ajadn (11) ¢ orpanmaenusvu (10) u gonosr-
HHTEJTbHBIMH OrpaHmYeHHsIME-paBeHcTBaMi Oy = 0,,(P) yaoBrerBopsier cucreme ypaBHe-
HHIl €O BCIIOMOTATETbHBIMH MEPEMEHHBIMH Dygy, = P(t|d, w), myg 1 Ny, ecim u3 permenmst
HCKJTIOYHATH HYJIeBbIe CTOJIOMBI MaTpui; P, O:

Ptdw = H%T%ﬂ (@wtetd); (79)
Ntqg = Z NdwPtdw; (80)
wed
Nyt = Z NdwPtdw; (81)
deD
Pt = 00T Ty + + @ Z Z Bed | Wsd (82)
wt oW wt wt wt e 898d 8901”13 .

JokazareabcTBO. Bociojib3yeMcs HEOOXOJMMbBIM YCJIOBUEM IKCTPEMYMa 3a/la4uu
(11) ¢ orpannuenusamu (10), koTopsie gaét gemma 5.4. @opmyna E-mara (24) coBmamaer
¢ (79). Pacemorpum dyuknnonan, MakcuMusupyeMmbrii ma M-mrare (25):

= 3 naupea (I o + I 0,4(®)) + R(P,0(0)) — max.

deD ueW seT

3anumieM 9acTHbIE MPOU3BOAHBIE () IO MAPAMETPAM Py, BBLIETsAS B (hOPMyIax BhIpa-
JKEHUS Ny U Ngq cormacuo (81) u (80) coorBercTBEHHO:

Ouwtm—— &Om dGZD NwPtdw + L;u NaguDsdu—— 0ot 09 + Qut Domn + Quwt ; s D =
o 8R Nsdq 8R aesd
I G dZ ( O aesd) Dpur

Orcroga u u3 jieMMbl 3.2 0 MAKCUMU3AIMUKE HA €MHUIHBIX CUMILIEKCAX ciemyer ¢pop-
mysa M-mrara (82).

Teopema JjiokazaHa.

Taxum obpazom, moaundukanusg EM-airopurma KocHYIUCH TOJIBKO popmy/ibl M-1rara,
NpUYéM aJIITHBHAS IONMPABKA K YACTOTHBIM OIEHKAM YCJOBHBIX BeposTHOCTel p(w |t)
UMeeT BU/I, AHAJIOTUIHBII Pery/isipU3aluOHHbIM TOIPABKAM.

Tenepb BepuéMmcs K gyacrHomy cirydaio (78). Hrobbl npumenuts K Hemy teopemy 14.6,
HaW/EM 9aCTHYIO IPOU3BO/IHYIO:

8936[ _ 8 (pwdgpws ) _ dést Zv Gwv — Pws
8Q0wt 8Q0wt Zv Pwv b (Zv prv)2

-1
rae Oy = [s=t] — cumBosn Kpouekepa, h, = (Zt gowt) . IoacraBuM 310 BbIpazKeHne
B (82) u mepemuiieM ypaBHEHUs B HODsIJIKe, YIAOOHOM Il MPOBEJICHUsT BHIYUCIECHUH Me-

= pwdhw (5st - prshw)a
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TOJIOM HPOCTBHIX ureparuit [10]:

hy = (Zt Sowt>_1§
etd = prdgowthw;

wed
Praw = norjlzn(sowﬂtd);

8R
Cid = E n wp w
td et d td

Ydw = Z PwtCtd;

teT
Dhdw = Dtdw + ng "owth (cta — hwYaw):
OR
Pt =10 D Nl + Pury— S

deD

Boraucienne nepeMeHubIX Ny, Oidy Didws Ctds Vaw U Dig,, 00pasyer E-mrar u 3anmmaer
O(ng|T|) ouepanuii 10 KazKJI0My JOKYMEHTY, Kak B u 00biuHoM EM-ajiropurme. Bee nepe-
MEHHBI€, OTHOCATINECS K KOHKPETHOMY JOKYMEHTY d, MOYKHO VAAJIATh U3 MaMATH 10 OKOH-
JaHUU ero o6paboTKu. BuIuucienne nepeMeHHbBIX ©,,; TPOUCXOIUT [0 OOBITHOU (hpopMmyiie,
38 UCKJIFOYEHUEM TOI0, YTO BMECTO YCJIOBHBIX BEPOSITHOCTEH Pygy, MOJICTABIISIIOTCS TIEPEMEH-
Hble P} 4, Takum obpaszom, moudukaims EM-aaropurva He IPUBOAUT K CYIIECTBEHHOMY
YBEJIUYIEHUIO BPEMEHHU ero paboThl WK JOMOJTHATE/THBHOMY PACXO/Ly MaMSITH.

Ob6paboTKa KaKJI0ro JIOKYMEHTa JieJlaeTcs 3a JBa Mpoxojaa. Ha mepBoM mpoxoje Bbl-
YUCIAIOTCA TOJABKO mepemeHHble 0y, Ha BTOpoM Ipoxo/e BBIYHCSIOTCS BCE OCTAIbHBIE
IlepeMeHHbIe, UCIOIb3yeMble B KOHETHOM UTOI'e JIjIs BBIYHCIEHUS Dy, U OOHOBICHHS Q.
Ecin tpebyercst TobKO HaiiTu TeMaTudecKuii BEKTOP JIOKYyMeHTa 0y, He OOHOB/IsIsI MaTpU-
iy ®, To BTOpOit npoxo/ jgearsh He HykHO. [lepemennbie h,, TaKzKe MOXKHO HE BBIYUC/ISITD
KazKJIplil pa3, popMHUpPYd HX IOCje odepeaHoro obHosjeHus marpunbl P. Takum obpa-
30M, paccMorpeHHas Mojudukanug EM-ajropurma mo3BosisgeT TeMaTU3UPOBATH HOBLIE
JIOKYMEHTBI MaKCHMAaJIbHO OBICTPO.

15 Kpurtepnun kadectBa temaTuydecknx moaese

Kpurepun KagecTBa TEeMATHYECKHX MOJeJeil NpUHATO [JeJIUTh HA BHYTPECHHHE
(intrinsic) u BHemHue (extrinsic). Buympernue Kpumepuy, XapaKTepu3yoT KaIecTBO MO-
JIQJIM 110 MCXOJIHON TEKCTOBOW KOJLIEKIMU. BHewHue Kpumepuu OUeHUBAIOT HOJIE3HOCTh
MOJIEJIM C TOYKHM 3DEHMsl IPUJIOKEHUS U KOHEYHbIX [oJib3oBareseil. Muorma s s1oro
IPUXOIUTCA COOMPATD JOIOJHATEIbHBIC JAHHbBIC, HAIIPAMED, OUEHKH aceCCOPOB.

Ha npakTuke K TeMaTHICCKHM MOJEIAM IPEIbABIAIOTCA pPa3IMYHble HAOOPBI Tpe-
OoBaHmii, a /I IOCTPOCHUS MOJICIH IPUMEHAETC MHOIMOKPHTEpPHAIbHAS ONTHMU3AINL.
[TosToMy M Ka4ecTBO MOJE/HN JIOJIZKHO OUEHUBATHCS 110 MHOI'MM KPHUTEPHUSM.

B ARTM wus0birounast perysspusanus MOXKeT HPUBOJAUTD K jierpaanuu mojgesu. O0-
pPa3HO TOBOPs, PEry/sapu3aTopbl, KakK JeKaperBa I MOJesH, Tpebyior moabopa repa-
IIEBTHYECKON J103bI BO3/eiicTBus (Kodbdumuenta peryisipusanum), a B caydae mepejo-
3HPOBKHM MOI'YT IPHBOIUTL B BBIPOKICHUIO Mojesn. Jljig obHapyzKeHHns KaKJIO0rO THIIA,
BBIPOZK/ICHHOCTU HY?KHbI CBOM KPUTEPUM KadeCcTBa.
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B npoexkre BigARTM nojjiep:kuBaercsd OMOIMOTEKA CTAH/JIAPTHBIX METPUK KadecTBa
U 1IPeJIyCMOTPEeHbl MEXaHU3Mbl JI0OABJIEHUS HOBBIX MOJIb30BATE/ILCKUX METPHUK.

BHewHne kpntepun Becbma pazHooOpa3Hbl M 3aBUCAT OT KOHEYHOU pelraeMoi 3a/1adu.
[IpakTryeckn B KazK/0# 1yO/IMKAIMK 110 TEMATHIECKOMY MOJIEJIUPOBAHUIO UCHOJIb3YeTCs
KaKOMi-n00 BHENIHUiT KpuTepuil: KauecTBO Kiaaccudukamu 10KyMenTos [130], TounocTsb
1 mosiHOTa MHMpOpMaonHoro moucka [175, 19, 9, 17|, uncio HaiileHHBIX XOPOLIO HHTED-
nperupyembix Tem [22|, kadecrBo cermenranuu rekcroB [127|. B [42] npegraraercst mero-
JIMKQ JIMArHOCTUKKM TEeMAaTUYEeCKUX MOJiesieil, OCHOBaHHAasl HA COIOCTABJIEHUM HANJIEHHBIX
TeM CO ClielliaJIbHbIMU HADOpaMU B3aUMOCBA3aHHBIX CJIOB, HA3bIBAEMbIMU KOHUENMAMU.

Mepnnekcna. Haubosiee pacupocrpaHéHHbIM BHYTPEHHUM KPHUTEPUEM SIBJISETCH Nep-
naexcus (perplexity), ucrnosib3yemast Jisi ONEHUBAHUST BEPOSITHOCTHBIX MOJIEJIEH sI3bIKa
B KOMIILIOTEPHOI JUHIBUCTUKE. JTO Mepa HECOOTBETCTBUSA WUIH <«YAUBJICHHOCTHY MOIEJIN
p(w|d) repmam w, KoTopble BeTpedarorces B JoKymenTax d. Oua omnpejensercs depes log-
npasonoaobue (9), smbo yepes log-npasponogodue (34) KazKJ0# MOJAJIBHOCTH M

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

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

[lepmmekcust mMeeT CJIeAYIONYIO HHTepIpeTanuio. Ecam TepMbl w IOPOXKIAIOTCS
13 paBHOMepHOro pactpe/enenus p(w) = 1/V Ha cioBape momaocTr V', TO mepIuieKCHst
SI3BIKOBOM MOziesin P(W) HA TAKOM TEKCTe CXOMUTCA K V' ¢ pocroM ero JyimHbl. HeMm cujibHee
pacupe/esienue p(w) OTJIMYAETCST OT PABHOMEPHOIO, TeM MeHbIIe lepiLiekcus. B ciyuae
YCJIOBHBIX BepogitHoCTell p(w|d) uHTepuperamust HEMHOIO JIpyrasi: €CJId KarK/Ibli JIOKY-
MEHT TeHepupyeTcs u3 V' pPABHOBEDOSTHBIX TePMOB (BO3MOMKHO, PA3JIHYHBIX B PA3HbBIX
JOKYMEHTaX ), TO MepILIeKCUs CXOAuTcst K V.

HenocrarkoMm mepiiiekcun siBjisieTcsi HEOUE€BUIHOCTD €€ YUC/ICHHBIX 3HAYEHUI, 8 TAK/Ke
e€é 3aBHCHMOCTb HE TOJIbKO OT KadecTBa MOJIEIU, HO U OT PA3MEPHBIX XapPaKTePUCTHK
KOJIJIEKITUU — JIJINHBI JIOKYMEHTOB, MOIIHOCTH CJIOBaPsl, PA3PEKEHHOCTH BEPOSITHOCTHOTO
pacipejeeHns TepMOB. B 9acTHOCTH, C IIOMOIIBIO MEPILIEKCHH HEKOPPEKTHO CPABHUBATH
TeMaTHIeCKne MOJETH OJHON M TOil Ke KOJIIEKIUH, IIOCTPOEHHbIE Ha PA3HBIX CI0BAPSIX.

Ob6o3uaunm 4depe3 pp(w|d) MoeIb, TOCTPOSHHYIO O 00YYAIONIell KOJIEKINH JTOKY-
menroB D. Ilepuiiekcus obyuatonieii Bbioopku &2, (D;pp) gBisiercs OUTUMUCTUIHO CMe-
MEHHOI (3aHUZKEHHOMN) XapaKTePUCTHKON KadecTBa Mojesan u3-3a sddexra mnepeodyde-
Husd. O00OIIAIONIYIO CIIOCOOHOCTD TeMATHYECKUX MOJIEIel IMPUHITO ONEHUBATDH NePnack-
cueti konmpoaorotl ewbopru (hold-out perplexity) 2, (D’; pp). OBbIYHO KOLIEKIHIO Pa3-
JIEJISIOT HA 00YYAONIYI0 U KOHTPOJIBHYIO CIyvaiiHbiM 00pasoM B mpomopruu 9 : 1 [33].

B pannunx skcnepumenTax 06110 moka3ano, ¥ro LDA cymecrsenno npesocxogut PLSA
110 [HePILIEKCUH, OTKY/1a ObLI ¢jiestan BbiBoj, 410 LDA menbiie nepeobyqaercs [33]. [Tosxe
OBLITO ITOKA3aHO, ITO Ha OOJBIINX KOJIIEKIusIX mepiiekcus mogeneii PLSA u LDA orin-
qaeTcs He3HauuTeapHo [92, 171, 87).

Ha camom jieste npupoja «mepeodydenusy O0JbIe CBs3aHa ¢ 0COOEHHOCTSIMHU MTEPILIeK-
CHH, 9eM C Ka4ecTBOM caMux Mojiesieit. [lepriekcust ayBerBuTE/IbHA, K MAJIBIM 3HAYEHUSIM
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IPEJICKA3aHHOI BEPOSITHOCTU TEPMOB, 110CKOJIbKY p(w |d) crour nogx jorapudmom. Criia-
xuBanne B LDA 3aBbliaer omeHKH BepOATHOCTEH peakux TepmoB, nmodromy LDA nmeer
MEHDIIYI0 KOHTPOILHYIO MePILIEKCHI0. MoaempoBanne BEpOATHOCTH PEJIKUX CJI0B BazKHO
JIUIS CTATHCTUICCKOrO MAIIMHHOTO IIEPEBOIA U APYIUX HPHIOKEeHU KOMIBIOTEPHOIT JIMHT-
BUCTHKH, OTKY/a IEPIUIEKCHS W NpHUILIA B TeMAaTHIeCKoe Moaeauposanue. OQHAKO 11d
IIOHUMAHKUA TeMATHYECKON KJIaCTEpHON CTPYKTYPbI TEKCTOBOH KOJJIEKIMHM U BbISBJICHUS
TeMaTHKU OTJAEJbHBIX JOKYMEHTOB PEJKHe TePMbl KaK Pa3 HAUMEHee BarKHbI.

B [5, 121] 66111 peIozKeHBI pobacmHbie MeMAMUYeckue MoOeU, OMIUCHIBAIOIIIE PE/JI-
KH€ TepPMbl CHENUAJbLHLIM «(OHOBBIM» pacrpeaeaenueM. KOHTpoabHad HepILIeKCHd po-
bactupix BapuanToB PLSA u LDA okazaJiach CymecTBeHHO MeHbIIeil i IpaKTHIeCKN O/T1-
HAKOBOII.

B |6] GbL110 OKa3aHO, 4TO HA JOCTATOMHO 6OJIbIIMX KoJLIeKusx (n > 10%) obyuaromas
¥ KOHTPOJIbHAS IEPIJIEKCUsT OJIMHAKOBO PAHKUPYIOT CPABHUBAEMbIE MOJIEJIH, TO €CTh HPH-
BOJAT K OJIMHAKOBLIM Ka4eCTBEHHBIM BBIBOJAM. Takum 00pa3oM, /1 CpABHEHHA MOJeJIeil
HeT 0c000ii HEOOXOAUMOCTH BBIYUCIATH KOHTPOJILHYIO IIEPILICKCHIO.

[Tpy BLIYMCJEHUU NEPILICKCUU MOXKET BO3ZHMKHYTH HPOOJIEMa HyJeBOH BepOsSTHOCTH
p(w|d) = 0. Tepm w B jJokymMenTe d BCTpeYaercs, TeM He MEHee, MOJE/Ib [PeICKA3bIBAeT
JIUISE HErO HYJIEBYIO BEPOSITHOCTh. B 4aCcTHOCTH, 1IPU BBIYUC/IEHUM KOHTPOJILHON IEPILIeK-
CHH B JIOKyMEHT€ MOKET BCTPETUTLCA HOBBI TepM, KOTOPBIA HU pa3y He BCTPETUICS
upu oOyuennu. B Takmx ciydasgx B HEpILIEKCHH BO3HHKAET GECKOHEYHO OOJIBIIOE CJjara-
emoe (—In0 = +o00). [Ipocreiitiee perrenne 31oi HPOGJIEMBI 3aKJIIOYALTCH B TOM, 4TO0bI
LIPOMTHOPUPOBATH BCE TAKME TEPMbl M IIOCUUTATH UX JIOJI0 B KOJIEKIUU KAK ellg OJHY
Mepy KadecTBa Mojesan. JIpyroe pemenne — cieiys |6], canrarh Bce TaKue TepMbl HeTe-
MATHYCCKHMH U OMUCHIBATL HX BEPOATHOCTb JacTOTHOM omenkoit p(w |d) = ™. Iloxoxmit
pe3yJIbTaT IOIYYATCH IIPU UCIIOJb30BAHUKM TEMATHYECKO Mogenu ¢ Heobydaemoil ¢pono-
Boit Temoii p(w|b) = “=. Taxag Mozenb HEKOIA He OyIeT JaBaTh HyJIEBYIO BEPOATHOCTD
TepMa, €CJIM, KOHEYHO, BEPOATHOCTH (POHOBOM TE€MbI B JOKYMEHTE He PaBHa HYJIIO.

NHTepnpeTupyemMocCcTb TeMaTuvecKoil MOJIE/IN sBJISIeTCs 1JI0X0 (DOPMAJIU3YEMbIM Tpe-
oosanmnem. CojepKare/ibHO OHO O3HAYAET, YTO 110 CIUCKAM HAau0OJIee YACTOTHBIX CJIOB U
JAOKYMEHTOB TEMbl 9KCIEPT MO2KET IOHATb, O 4EéM 9T TeMa, U JaThb e a/IeKBaTHOE Ha-
spanue [37]. IIpuMepbl XOpOIIO HHTEPHPETHPYEMBIX TeM IOKa3aHbl Ha puc. 11 u puc. 17.
CBOIICTBO HHTEPIIPETUPYEMOCTH BazKHO B HH(MOPMAIIMOHHO-TIOUCKOBLIX CHCTEMaX, HCIIO b~
3YIONUX aBTOMATHYECKH Hail/leHHbIe TeMbl KaK MHCTPYMEHT BU3YaJIU3AIMH PE3y/JIbTaTOB
IIOMCKa, HAIpUMep JIJIS BbIBOJA NOSICHEHUI WMJIM CHUIIIETOB, JIMOO KaK MHCTPYMEHT PyO-
PUKallu1 WUJIM HaBUI'allUU 110 TEKCTOBOM KOJIVIEKIIH.

BosibmuHCTBO CYIIEeCTBYIONUX METOJ/IOB OIEHUBAHUS HHTEPIPETHPYEMOCTH OCHOBAHO
Ha MPHUBJIEYEHUH IKCIIePTOB-aceccopo. B [107] skcmepram mpeiarajoch HEIOCPeCTBEH-
HO OIICHHBATH IOJIE3HOCTb TE€M IO TPEXOAJLILHOI IIKaJje, paccCMaTpUBas CIIHUCKH CJIOB,
paHKupoBaHHbIe 110 yobiBauuio p(w |t). B memode unwmpysut |37] asist Kazk1o0i TeMbl co-
craBigercd cnucoK u3 10 BepXHUX CJIOB CHUCKA, B KOTOPBIII MCKYCCTBEHHO BHE/IPSIETCS
OJIHO cJiy4aiinoe ¢jioBo. Tema cuumTaeTcsds MHTEPIPETHPYEMOi, eC/d MOJaBJsgioniee 00Jib-
IIXHCTBO SKCIEPTOB IIPABUJIbHO YKAa3bIBAIOT JIMIIIHEE CJIOBO.

B OpuKJIaIHBIX COIUOJOIHIeCKUX HccaeqoBanusx [34, 72, 112] musa sxcnepTHOro ore-
HUBaHUA T€Mbl UCIIOJIB3YIOTCA HE TOJIbKO CIIMCKU BEPXHUX CJIOB, HO U CIIUCKH JJOKYMEHTOB,
paHzKupoBaHHbIe 110 yObiBanuio p(d|t). Dra Merojuka GoJsiee TPYIOEMKA, MOCKOJIbKY IKC-
HepT npovYuThiBaeT JOKymeHThl. Ho ona OoJiee HajiéKHA B TeX cJlydasx, KOIJIa HPUKJIA/I-
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HOI1 EeJIbIO TEMATHYECKOI'O MO,ZLe.HI/IpOBaHI/Iﬂ ABJIdeTCd ITOUCK TEM OHpe,ZLeJIéHHOf/'I HaHpaB—
JgeHHocTH (Hampumep, 00CYKJICHUIT MEKITHHIECKUX OTHOUICHUIT B COIMAJIBbHBIX CETsIX),
3aTeM KadeCTBEHHOE MOHUMAHWME CeMAHTUKU KazK/0ii TeMbl (B 9aCTHOCTU, KAKHE STHUY-
HOCTH M KAKHe IPOO/IeMbl 3aTPAriBaeT KazK1as TeMa), U HAKOHEI KOJMIeCTBEHHOE OICHNU-
BaHue 0ObEéMa JaHHOI TeMbl (T71e, KOTJIa i KaK 9acTo BO3HUKAET JaHHbBIH qucKypce) [21, 22].

KorepeHTHOCTb. DKcuepTHbIe I0IX0Ibl HEOOXOAUMBI Ha CTAIMU HCCJIeI0BaHUi, HO OHU
3aTPY/IHAIOT aBTOMATUYECKOe 1IOCTPOEHUE XOPOIIUX TeMaTUu4ecKux mojesieit. B cepun pa-
oor [107, 108, 109, 101| 6bL10 MOKA3AHO, YTO CPEJM KPUTEPHEB KAYECTBA, BbIYUC/ISEMbIX
110 KOJUIEKIIUH ABTOMATHYECKH, COMVIACOBAHHOCTD WK Kozepenmuocmo (coherence) stydrie
BCEr0 KOPPEJHUPYET C SKCIEPTHBIMA OINEHKAMH HHTEPIPETHPYEeMOCTH.

Tema Ha3bIBaeTCs KozepenmHol (CONTACOBAHHOI), €CoH TepMbl, HaHOOJee TaCTbIe
B JIAHHOH TeMe, HeCJydailHO 4acTO COBMECTHO BCTPEYAIOTCA PAIOM B JOKYMEHTaX KOJI-
aeknuu [108, 109]. HucsienHoit Mepoii KOPepEHTHOCTH TeMbl ¢ SIBJISETCH NOMOYewHas 63a-
umnas ungopmayus (65), Berauciasemas 110 k nHanbosiee BEPOSTHBIM CJIOBAM TE€MBbI:

k-1 k

€, = ﬁZZPMI(wi,wj), (84)

i=1 j=i

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

KorepeHTHOCTD MOJIE/IH OLPE/IENAeTCs KaK CPeIHssA KOTePEHTHOCTD 6 II0 BCEM TeMaM.
KorepeHTHOCTh MOZKET OLEHUBATHCH 110 CIOPOHHEH KoJulekuuu (Haupumep, 10 Buknue-
qun) [105], 6o 1mo Toit ke KoJuIeKIuH, 110 KOTOpOoil crpontest Moge/s |101].

Pa3pe>xeHHOCTb 1 nekcnyeckmne sagpa tem. PaspekeHHOCTh MOJIe/In U3MEPSIeTCsl J10-
Jieit HyJIeBbIX 3j1eMeHTOB B MaTpuiiax  u ©. B Mozesx, pasaegomux MHOKeCTBO Tem 17
Ha IpejMeTHbIe S U (HOHOBBIE B, pa3peKeHHOCTh ONEHHBAETCA TOJBKO IO cTosomaM P
1 cTpoKaM O, COOTBETCTBYIOIIUM IPEIMETHBIM T€MaM.

HemocraTok Takoro ompejesienns pa3pe:kKeHHOCTH B ero Heycroitdmpoctu. Ha mpak-
tuke Marpunpl ¢ u O moryr cosepkarh OOJBHIYIO JIOII0 3HAYEHUIT, OJIU3KUX K HYJIIO.
I/IX O6HyﬂeHI/Ie IIPpAaKTUYCCKN HE ITOBJIMACT Ha MO/I€/Ib, HO PE3KO IMIOBbICUT PA3PE2KEHHOCTD.

B [72] npegiaraercst cauTarh cyu,ecmseenolMy JTHIIb T€ YCJIOBHBIE BEPOSITHOCTH, 3HA-
YeHUsI KOTOPBIX BBIIIE, YeM Yy PaBHOMEPHOI'O paclpe/Ie/IeHus:

Wt:{wew}wwt>|—%@}§
Td:{tET}th>ﬁ}.

B skcriepumenTtax na 300 Thicsidax 1mocToB conmasibHON cetn npu 120 Temax pasperKeH-
nocts ¢ npesbicuiaa 96%, paspexennocrs © — 88%. Ilpu 3TOM 4YMCIO €I0B, BOLIEINIMX
X0Ts OBl B 0JIHO U3 MHO2KecTB W}, oKa3ajioch paBHBIM 8 ThICAYaM IIpH cjaoBape 154 Thics-
qu c0B. Takum 0O6pa3oM, HeIOCTATKOM JIAHHOIO MTO/IX0/1a MOXKHO CIUTATh UTHOPHUPOBAHKE
OOJIBIIMHCTBA CJIOB.

B [151] upemiaraercs onpeessrs aekcusveckoe A0po membs KAK MHOZKECTBO CJIOB, KO-
TOpbIe ¢ 6OJIBIION BEPOATHOCTHIO YHOTPEOJILAIOTCS B TeMe ¢ 1 PeJIKO YIoTpeO IsioTcs B JIpy-
rux remax: W, = {w e W ‘ p(t|w) > 0.25}, e p(t|w) = Put .
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Heszasucumo or Toro, kakum 06pa30oM OIIpee/IsseTcs JIEKCUIECKOe sIPO, BBEJIEM TPHU
HoKazareJist, XapaKTepu3yoliuxX pa3pezKeHHocTb Marpuibl P:

pur, = Y. p(w|t) — wucmoma memov (4eM BbilIe, TEM JIydIiie);
weWy
cony = \Wlt\ > p(t|w) — korwmpacmuocms memor (deM BBIIIE, TeM JIyUIle);
weWy
ker, = |W,;| — pasmep adpa (OpueHTUPOBOUHBIN OMTHMYM %)

[TokazaTenu pasMepa gapa, YUCTOTHI U KOHTPACTHOCTHU I MOJEIN B TEJIOM OIIpe/ie-
JISIIOTCS KaK CPeJHUe O BCeM mpeaMeTHBIM TeMaM ¢t € S. KOCBeHHO OHM ABJISIIOTCS TaKZKe
U Mepoil MHTEPIPETUPYEMOCTU MOJEJN, MOCKOJIBKY WHTEePIpPEeTHPyeEMbIEe TeMbl JI0JI2KHbI
o0Jia/laTh HE CJUIIKOM MaJIeHbKHUM, HO U HE CJIMIIIKOM OOJIBIIUM JIEKCUYECKUM SIJIPOM.

Oonsa doHoBoit nekcuku. Ilycrs B C T — noaMHOKeCTBO (DOHOBBIX TEM, B KOTOPBIX
cobpana obmeynorpedbuTeibHas Jekcuka. OupeaeanaM doato hornosol sekcuku st BCei
KOJIJIEKITUH ¥ JIjIsl OTJICJIbHOIO JOKyMeHTa d:

B =55 S (il d.w)

deD wed teB

By = nidz anwp(ﬂd, w).

wed teB

Hoast bonosoit siekcuku npunumaer 3uadenus or 0 g0 1. Ecim ona 6imska Kk 0, To Mo-
JieJib He CIIOCOOHA BbIJIEJISATH CJIOBA OOIIEH JIEKCHMKHU, €CJiu »Ke OHa OJim3Ka K 1, TO 3TO
CBHJIETEJIbCTBYET O BBIPOZKJIEHUHU Mojie/in. B npodeccnonalbHbIX TeKCTax 10715 (pOHOBOI
JIeKCHKHU MOzKeT cocTaBiaTh oT 30% 1m0 90%. BosmozKkHa cuTyanus, Korja cpegfee mo KoJ-
JIEKIUHU 3HaYeHne A YKIaIbIBAeTCd B 3TH OPUEHTHPOBOYHBIE HOPMBI, OJTHAKO B BHIXOIUT
3a MX [PEJeJIbl JIJI 3HAYUTEIbHON A0JIM JJOKYMEHTOB. DTO MOZKET IOC/IY?KHTh CUTHAJIOM
K OYHMCTKE KOJLJIEKIUU WJIM BHECEHWIO UCIPABICHUNR B MOJIE/Ib.

Takue kpurepnn, KaKk pa3pe:KeHHOCTb, pa3Mep gapa WiId 101 (POHOBOM JIEKCUKH MO-
I'YT UCIOJ/Ib30BATHCA JI/Isi KOHTPOJIA U30BITOYHOTO PAa3peKUBAHU MOJICJIH.

Pa3znnyHoctb Tem. Beeném dyHKumo paccrosuust Mex Ly teMamu p(t,t') kak pacrpe-
nenennsvu p(w | t) u p(w|t'). Hanpumep, 310 MozKeT OBITh paccTosiHue XeJLTHHrepa, KOCH-
HYCHOE PaCCTOSHME WU paccrognne 2Kakkapa MexK1y JEeKCHICCKHMHU SJAPAMU JIBYX TEM.
Oupegenum 1yig KazKja0i TeMbl ¢ paccroguue 10 OauzKaiimeil K Heii Tembr t':

H; = mi t,t).
£= e t)

Ecsn paccrosinue 10 Osmzkaifieii rembl %#; majio, 1o tembl t u t' aybaupyror apyr
JIpyra, U, BO3MOXKHO, CJIEJIyeT HPEJIPUHATD YCUJIUsI, YTOObl OO'bEJMHUTH ITU TEMBI.
Ecau paccrosuusg Z; BeJMKH IS BCEX T€M, TO 3TO O3HAYAET, UTO BCE T€MbI IIOHAPHO
Y ?
CYIIECTBEHHO pPa3/ndHbl. TaKyio MO/ie b Oy/1eM Ha3bIBATD LOPOULO 0eKOPPEAUPOCAHHOT.
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16 Kputepnun ycsioBHOW HE3ABUCUMOCTN

['unoresa yc/IOBHOI HE3aBUCUMOCTH SIBJII€TCS OA30BBIM IPE/INOI0KEHUEM BEPOSITHOCT-
HOT'O TeMaTHYeCKOIro Mojie/iupoBanusd. [lpu mocTpoeHnn BepoOSTHOCTHBIX MOJIE/Ieil M0 M-
HUPUIECKUM JIAHHBIM 0a30BbIe JIOIYIIEHUs ITPUHSATO HPOBEPSTH MOC/IE TOIO, KaK MOJIE/Ib
nocrpoena. Hanpumep, aHa/iu3 perpecCHOHHBIX OCTATKOB COJIEPYKUT B CBOEM apceHaJie
JIECSITKU TECTOB JIJIsl IIPOBEPKH CTATHUCTUYECKUX I'MIIOTE3 O CBOMCTBAX OCTATKOB — HE3aBH-
CUMOCTHU, HEKOPPEJINPOBAHHOCTH, PABEHCTBA MAaTEMaTHIECKOTO OXKUJIAHUS HYJIIO, TayCcCo-
BOCTH, IIOCTOSIHCTBA JIUCIIEPCHH, U T. JI. CTaTUCTUYECKHI aHAIN3 BEPOITHOCTHBIX TeMaTH-
YeCKUX MOJIeJieil He HaCTOJIbKO XOPOIIO pa3padoTaH, XOTs eCThb OT/ie/IbHble paboThl B 3TOM
nanpassennu [158, 97, 53|. B jannom pasjesie Mbl BBEJEM CeMeiiCTBO CPeHeB3BEIIeHHBIX
CTATUCTUK, MO3BOJISIONIMX HU3MEPSATh CEMAHTHYECKYIO OJHOPO/HOCTbh U 3arPA3HEHHOCTH
TEeMbI, COTJIACOBAHHOCTH JIOKYMEHTa C TeMOil miu TepMma ¢ Temoil. Heoxkuaanuo odbHapy-
JKHTCS, 9TO MEPILIEKCUs TOXKe MPUHAJIEZKUT STOMY CeMEHCTBY CTATHCTHUK.

f'MnoTe3a yc/10BHOW HE3aBUCUMOCTMW JIOIYCKAET TPU IKBUBAJIEHTHBIX IIPEJICTAB/ICHUS:

p(w, d|t) = p(w]|t) p(d|t); (85)
p(w|d,t) = p(w|t); (86)
p(d]w,t) = p(d|t). (87)

Ha npakruke Bce 3TH pacClupejeieHusd HeM3BeCTHbl. 1locje IOCTPOeHMs MOJIE/IH
(1 Ha Kaxgaom mare EM-ajaropurma) J0CTYIHBI JIMIIb OIEHKH THX PACIPE/le/IeHuil.
B KazK0M u3 TPEX paBeHCTB PACIPeIe/IeHIe B IPABO YacTu OLEHUBACTCH 110 OOJIbIIeMY
00bEMY JaHHBIX, YeM pacHpeeseHue B JaeBoil dactu. IlosToMy B KavecTse Hy/eBOil Iu-
noTe3nl OymeM Gparb HPeIIoI0KeHHe, ITO SMIUPUYECKOEe PACIPEIeJICHIe B JIeBOil 4acTu
IHOPOK/IAETCs (COrIACYeTCs ¢) BEPOSITHOCTHOM MOJIEJIBIO U3 [IPABOil 4acTH.

Hecmorpst Ha dopMasibHYI0 9KBHBAJIEHTHOCTb, Tpu upejcraienus (85), (86), (87)
IPUBOJAT K PA3JMYHBIM KOHCTPYKIHUAM CTATHCTUICCKUX TECTOB ¢ PA3HBIMU BO3MOKHO-
CTAMH NpUMeHeHHd. PaccMoTpuM ux moapobuee.

1. PasencrBo (85) TpancdopMupYeTCs B HYJIEBYIO PHIIOTE3Y O TOM, UTO JIJIs 3a/IaHHOM
TeMbl ¢ COBMECTHOE paclpeaeeHue TepMOB B JOKYMEHTaX HOpOKAaerca (haKTOPH30BaH-
HBIM PACIPEIeJICHIEM:

Hy: p(w,d|t) ~ p(w|t) p(d|t). (88)

JIu1st IPOBEPKM JIAHHOMN MMIIOTE3bI MOZKHO MCIIOJIB30BATH CTATUCTUKY B3aUMHON nuH(Op-
MaIlid, Ipe/IoKeHuyo B [97]:

S, = KL ((w,d[1) || p(w| p(d])) = 37 3 (. ) -0

22 p(w [Dp(d[D)

Jljist nostydeHust yA06HOI BBIYUCAUTETbHON (DOPMYJIBI BOCIOIb3yeMCs onpegeﬂeHHeM
ycsoBHOIT BepositHOCcTH: P(w, d |t) :p(t\d,w)ﬁ(w\d)%, p(d|t) = (t\d) ) popmymoit
E-mara (15) u 9acToTHOl OIEHKO{ yca0BHON BepostHOCTH P(w,d|t) = ";Zw [ToacraBum
IIOJIy I€HHBIE BBIPAZKEHUS B St

P pldwbID _ v g,y el
PP~ Pl ptld)  puba plwld)

84




St:ZZ ;Z lan | ):avg ntdw,ln& (89)

deD wed wld)  quw p(wld) )’

(. ,)_Zier’ﬁxii . ael
e avg(v, x;) = S CpeJIHeB3BeIIeHHOe 3HAUYEeHUl T; ¢ BeCaMud 7;, 1 .

i€l
Craructuka S; paBHA CPEIHEB3BEIIEHHOMY 3HAYEHUIO JorapudMudeckoit yHKmuun

p(w|d
norepb {(w,d) = In igﬂd; 110 BCEM TepMaM W BCEX JOKYMEHTOB d, B3SATbIM C BECAMU Mgy,

Oyukius ((w,d) nosnoxuresbaa, korjga p(w|d) < p(w|d). Tloreps rem Bbiiie, yem

XyzKe TeMaTuIecKas MOJENb MPeICKa3blBAT BEPOSATHOCTD HOABICHHs TePMa B JJOKYMEHTE
.o o o A __ Nng

p(w|d) no cpaBHeHuIO ¢ TpHBHAIBbHOI YacTOTHOI onenkoil p(w |d) = ",

Crarucruka S; SBISETCA MEPOH CeMaHTHIECKOIl HEOTHOPOIHOCTH TeMbl t. Eciu B Mo-

JieJIM OKAa3aJ/I0Ch CJIMIIKOM MHOI'O CEMAHTUYECKU HEOJIHOPOJHBLIX TeM, TO IeJieCO00pa3HO
HOCTPOUTDH JIPYI'YIO MOJIE/Ib, YBEJUYUB YUC/I0 TeM. TeMbl ¢ aHOMaJIbHO OOJIBIIIMMU 3HAYE-
HUSIMHI S; MOTYT B JaJIbHEMIIeM pacuiellIaThCs Ha 0oJjiee MeJIKHe TeMbl B HepapXuIeCKuX
TeMATHIECKUX MOJIE/IAX.

2. PagenctBo (86) rpancdopMUpYeTCs B HYJIEBYIO TUIIOTE3Y O TOM, YTO SMIUPUIECKOE
pacipejiesieHie TePMOB TeMbl t B JOKYMeHTe d IOPOXK AT OOIIUM /IJI BCEX JIOKYMEHTOB
pacupe/ieileHueM TEPMOB!

Ho: pwld,t) ~ p(w]t). (90)

JList mpoBepKHU JAHHOM IUIIOTE3bl OTHOCUTEJIHLHO (DPUKCHPOBAHHOIO JOKyMeHTa d BBe-
JI6M cTarucTuKy Ha ocHoBe KL-muBepreHnum u, OmycKas aHAJOTMYHBIE BBIKJIAJIKH, 3aIlH-
meM eé depes cpe/lHeB3BelnieHHoe JiorapudMuieckoit (pyHKiuu 1morepb:

S = KL(p(w|d, t) || p(w]t)) = avg ntdw,lnM . (91)
wed p(w | d)

Craructuka Syy sSBIS€TCS MepOil HeCOTJIACOBAHHOCTH JOKYMEHTa d ¢ TeMOii t.

Yewm OoJibliie 3HadeHHE Sy, T€M CHJIbHEE JTOKYMEHT d OTKJIOHSETCS OT CeMaHTHYe-
CKH OJIHOPOJHOIO KJjacrepa Tembl t. Crarucruka Sy MOXKET IMPUMEHSThCA st 0TOOpa
pPeJIeBAHTHBIX JOKYMEHTOB IPU CYMMAPU3AMUK WA BU3YAJIH3AIUNA TEMbI, yIAJIeHUAsT HeTe-
MATH3UPYEMbIX W <«TPS3HBIX» JOKYMEHTOB, BBHIOOpa UHCJIa HUTEpANHil IO JTOKYMEHTY,
BBIJIEJIEHIS TOKYMEHTOB JIyId (hOPMUPOBAHNA HAYAJIHHBIX HPUOJIHZKEHUI HOBBIX TEM.

3. PasenctBo (87) TpancdopMupyercst B HYJEBYIO THIOTE3Y O TOM, YTO SMIHPHIECKOE
pacipejie/ieHie TepMa W 110 JOKYMEHTaM B TeMe t IOPOXKAAETCs OOIIUM JIJIsi BCEX TePMOB
pacipeeieHueM TeMbI 110 JOKYMEHTAM:

Hy: pld]w,t) ~ p(d]t). (92)

Jl1st IpoBepKH JIAHHOW T'MIIOTE3bl OTHOCUTE/ILHO (DUKCUPOBAHHOI'O TEPMa W BBEJIEM
craTucTuky Ha ocHoBe KL-ampeprenmuun. CHOBa oIycKasi BBIKJIAJJIKH, 3alUIIEM e€ depes
CpeJHEeB3BeIlleHHOe JorapudMuiecKoil GpyHKIUN I0Teph:

A p(w|d)
Swt = KL(p(d\w, t) H p(dlt)) = avg| Ngw, In wld) ) (93)
deD p(w|d)

Crarucruka S, ABJgeTca Mepoil HeCOITTaCOBAHHOCTH TepMa W € TeMOii ¢.

AHOMaJIBHO BBICOKHE 3HAYEHHd S,; [OBOPAT O TOM, YTO TepPM OTHOCHTCA K OOIIEyIIO-
Tpe6HTeﬂbHOfI JICKCHKE. ZL}'[H BbL/I€JIEHUA TaKUX TEPMOB B (bOHOBbIe TeMbl MO2KHO YCUJIUTDb
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PeryJIsipu3aTOpbl JIEKOPPEJNPOBaHUs U CrulazkuBanus [152]. AHomasibHO HU3KHE 3Hade-
Hus Sy TOBOPAT O TOM, YTO TEPM W SBJIAETCS 00sS3aTE/IbHBIM B TeMe U BXOJIUT B €€
ceMaHTHYecKoe sapo. TeMbl, cofepzkariue OOJIBIIOE YHCJIO TAaKHX TEPMOB, MOTYT OBITh
06pa30BaHbl MAGIOHHBIME (bpa3aMu, 9aCTO IMOBTOPSIOIINMUCS B TEKCTaX KoJuteknnu [97].

JIj1st HPOBEPKY CTATHCTUIECKONW IUIOTE3bl 00 YCJIOBHONW HE3aBUCUMOCTH 3HAYEHUE CTa-
TUCTUKH S, 1Peodpasyercss B JIOCTHraeMblii ypoBeHb 3HauumoctTu p-value = F'(S,), rue
I — dbyukiusa pacupeiesieHnst CTATHCTHKEA Sy, IOy YeHHAs B YCIOBUSIX HCTHHHOCTH HYyJTe-
BOil rumore3bl. Ecin mocTturaeMblii ypoBeHb 3HAYUMOCTH OJIM30K K €IUHUIE, TO JIeTAeTCS
BBIBOJ[, UTO JIaHHBIE POTHBOpeYAT HyJeBoil rumorese. Oyukuus pacupemenenns F(.S,)
CTPOUTCS 1O CHHTETHYECKON KOJIJIEKIUU, M€HePUPYEMON MyTEM CIOMILITMPOBAHUS TEPMOB
w ~ p(w|d) remarudeckoit Mojesbo [16].

O60buéHHbIe cpeaHeB3BelleHHble cTaTuCcTuku. O606HUM BBEIEHHbBIC BBIIIE CTATH-
cruku Sy, Sig, Sy Ha Cilydail pousBosibHON dyHKIMK 110Tephb £(d, W):

Sy = avg (ntdw, /(d, w)) — HEOJHOPOIHOCTb TE€MBbI ¢ B KOJLIEKIIHH;
d,w

Siq = avg (ntdw, /(d, w)) — HEeCOIJIACOBAHHOCTDH JIOKyMeHTa, d ¢ TeMOii t;
wed

Swi = avg (ntdw, ((d, w)) — HECOIVIACOBAHHOCTb T€PMa W C TeMO t.
deD

[Ipu norapudmudeckoit dyukiuu noreps £(d, w) = In % 000DIIEHHBIE CTATUCTUKI
St, Sta, Swt mepexonar B (89), (91), (93) coorBeTcTBEHHO.

B obmem ciydae ot dyHKIEU norepb norpedbyemM, 4rodbl OHA, HE 3aBUCE/IA OT TeMbl U
ur0o0bl 3HaueHue £(d, w) ObLIO TEM BBIIIE, YEM XyZKe TeMATHIECKas MOJIE/Ib IPEICKA3bIBALT
HOSIBJIEHUE TEPMa W B JOKyMeHTe d.

Jlajiee paccMOTPUM HECKOJIBKO YaCTHBIX CJydaeB 3TOi 00Iell KOHCTPYKITUH.

Mepbl HecornacoBaHHOCTU, TOMIEPAHTHbIE K NOBTOPSAEMOCTU CNoB. ['uroresa ycjios-
HOIl HE3aBUCHUMOCTHU SIBJISIETCS U30bITOYHO CUJIBHBIM IIpejioJioxKenueM. Hekoropbie si3bi-
KOBbIE $BJIEHUsI MOI'YT (DOpMaJibHO €€ HapyllaTh, HE MPUBOJY K CEMaHTUYECKON HEO/I-
Hopoauoctu. Hampumep, sBiienune nosmopaemocmu ca06 (word burstiness) — eciu ¢JioBo
BCTPETUJIOCH B TEKCTE OJIUH a3, TO OHO ¢ GOJIBINOIl BEPOSTHOCTBIO BeTpeTuTes emmé [49, 79).
Tema mozker cojiep:KaTh MHOI'O CHHOHMMOB, U3 KOTOPBIX KayK/blii aBTOp yuorpedJisier
JIMIIIHL HeKoTopbie. Tema MoxkeT 00/1a/aTh HECKOJbKUMM aCIeKTaMM, KaxK/Iblii cO CBOEit
JIEKCUKOM, OJIHAKO B TEKCTe MOXKEeT H/TH pedb TOJbKO O YacTu aclekToB. Bcejiejcrbue
9TUX ABJIEHUN B JOKYMEHTe MOXKeT BCTPETUTBhCSI HAMHOTO MeHBIIIe CJ0B TeMBbl, IIPU ITOM
HEKOTOpbIe U3 HHUX OYJIyT BCTpedaThCd HAMHOIO Yallle, YeM MOYKHO OBLIO ObI OXKHJIATD
B YCJIOBUSX CTPOT'OI'O BBIIOJHEHHS TUIIOTE3bl YCJIOBHOU HE3aBUCUMOCTH.

Craructuu Sy, Stq, Syt HETPYIHO CJEJIATH TOJEPAHTHBIMU K IIOBTOPSIEMOCTH CJIOB, €C-
JIM 3aMEHHTb 9aCTOTHI CJIOB B JOKyMEHTAX OMHADHBIMU WHIUKATOPAMU: Ny = Mgy = 1].
JIJ1st 3TOTO TOCTATOYHO BMECTO BECOB Nygyy = NwPidw B3ATb BECA Dy

Sy = avg (praw, ((d,w));  Sia = avg (ptaw, ((d,w));  Swt = avg(Praw, £(d, w)).
d,w wed deD

YT00bI (PYHKIUIO TOTEPH TAKZKE CJAEIATh TOJEPAHTHO K MOBTOPSIEMOCTH, Oy/IeM CpaB-

HUBATH MOJEJIbHYIO BepoarHocTb p(w|d) ¢ yacrorHoit ounenkoit p(w|d) = “£, B KoTopoit
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CYBTUHK Mgy, 3AMEHEH efuHuIeil uin, jyist 0OIHOCTH, napaMerpoM « (yMeHbIIeHue o Jie-
JIAeT CTATHCTHKE emé 0ojiee TOJIePAHTHBIME K HAPYIICHUSIM HYJIEBOH I'MIIOTE3bI):

(d,w) = [p(w|d) < T%J

Tenepb craructuku Sy, Sig, Syt UPUHUMAIOT 3HaYeHUs U3 orpeska [0, 1] u BbIpaxKaioT
JTOJTI0. TEPMOB TeMBI ¢, J7IsI KOTOPBIX MOJIE/Ib IIPEICKA3BIBACT CJIMIIKOM MAJIYI) BEPOST-
HOCTh. B/taromaps cTo/ib yHHBEpCAIbHO HHTEPIPETANMA CTATUCTUKA ¢ OMHAPHOI (hYHK-
nueit morepb MOXKHO HCIOJIB30BATH /I CPABHEHUSI T€M B MOJEJISX ¢ PA3JIAIHBIM THCJIOM
TeM, C PA3JIUIHBIME CJIOBAPIMHU U JArKe [MOCTPOEHHBIX 110 PA3JIHIHBIM KOJLIEKIIHSIM.

Mepnnekcnsa Tembl. 3amerum, 910 JjorapudM MEPIIEKCHA TEMATHICCKON MOJIEN MOXK-
HO 3allucaTh Yepe3 CpeHeB3BenieHny o GyHkiuo norepb £(d, w) = In m, HPUYEM KaK
JUIS BCel KOJLIEKIINU, TaK U JJI OTAEeJbHOrO JOKYMEHTA:

In% = ?Lg (ntdw, In (w|d)) = EZYE(”dw, In m);

In 2y = avg(nugw, In m) = i‘;%("dwv In p(ul)\d))'

w,t
[To anaJioruu onpejiesiumM depe3 000DIIEHHbIE CPeHEB3BEIIeHHbIE JJorapudM NepPnaek-
cuy membi t Kak 10 BCel KOJUIEKIUM, TaK W HO OT/IEJIbHOMY JOKYMEHTY:

In gzt = St = EZ g(ntdwalnp(wu))'

In P4 = Sia = av g(ntduH In p(w|d))

wed

SHaueHue HepIIeKCUun gztd HEe olpene/ieHO, €CJIU Midqy = 0 maga Bcex w € d, TO eCTb
) )
€CJId TeéMa IIOJIHOCTBbIO OTCYTCTBYET B JOKYMEHTE.

Ouseprenuyna Kpeccu—Pupga. Ilpu ¢yukmun norepn £(d,w) = A(AL)((ﬁg‘mg) —1)
00OOIIEHHBIE CPeHEB3BEIIeHHbIE CTATUCTHKU MepexondaT B auBeprennuio Kpeccu—Puma.
DTO mapaMeTpUIeCKoe CeMeiiCTBO CTATHCTUK HCIOIb3YETCsI /i IIPOBEPKHU TUIOTE3 O CO-
IJIACHH SMIUPUIECKOTO paClpeieieHusl ¢ 3aJaHHbIM TUCKPETHBIM pacipejesenueM [43].
[Ipu KOHKpeTHBIX 3HAYEHHsIX Tapamerpa A quseprennust Kpecen—Pua nepexonur (¢ 1ou-
HOCTBIO JI0 MHOXKHTEJNsI) B CTarucruky xu-kajgpar [lupcona (A = 1), auBepreHnmio

Kynb6aka—/leitbnepa (A — 0), craructuky ®@pumvana—TbOKH Win paccTogHue XeJInHre-

a (A= —%), MOIH(PUIIMPOBAHHYIO CTATUCTHKY JIOTapu(Ma OTHOIICHUS IPAB/IOIOI00MI
(A = —1), MoauduupOBAHHYIO CTATUCTUKY XH-KBaJapar HeiiMaHa WK B3BEIIEHHOE €B-
KJIJI0BO paccrosinue (A = —2). Bee 9T crarncTuku sBIIslioTcsi HECUMMETPHYHBIME (DY HK-

HUsIMH TapPbl JUCKPETHBIX PACIpPeaeseHuil, 3a HCKIIYEHHEM PACCTOSHUS XeJIUHIePa.
[IpenmytecrBo guBeprennuu Kpeccu—Pumga B ToM, 4T0 cB00O/10iI BBIOOpa mapaMerpa A
MOKHO PACIOPSIUTHCS JIJI ONTUMU3AINNANA KAKOr0-/TH00 BHEIIHErO KPUTEPHs KadecTBa.

17 OcobeHHocTu peanunsaunn EM-anropntma

EM-ajroput™ B TeMaTHUYeCKOM MOJAEJMPOBAHUI — TO METO/[ IIPOCTHIX UTeparuii s
pemieHnst cucreMbl ypasHenuii Buga (15)—(17) B ciaydae OOBIYHON JBYXMATPHIHON MO-
Jen i (36)—(38) mist Mysbrumogasbaoit Mogesnn win (48)—(50) auist runeprpadoBoii
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Mojiesin. Peajiuzanuu urepaluoHHOIO LPOIECca MOIYT OTJIMYAThCH IOPSJIKOM BbIYUC/IE-
uuit 10 dhopmysnam E-nrara u M-nrara. B pannonansnom Bapuante (Asropurm 2, crp. 11)
KazK/Jlas UTepalus BBIIOJTHIETCS 3a OJIUNH IIPOXO]I [0 BCEM TepMaM BCeX JTOKYMEHTOB, B pe-
3yJabTaTe KOTOPOTO (DOPMUDYIOTCS CIETIUKH y¢, Nyg U OOHOBIIAIOTCS MapaMeTPhl MOJIETN
Ywt, 0ra- B 1annom paszese o0CYKIAIOTCS MPUEMBI YIYUIIEHHST CXOAUMOCTH H OCOOEHHO-
CTU OPraHU3AIMHU HTOIO UTEPAIUOHHOIO 1IPOIECCa Jijisd OOJIBIINX TEKCTOBBIX KOJLIEKIIHI.

MakeTHbI anropnTM 1o3BoJIsieT 0OpadaThiBaTh KOJLJIEKIIMU JOKYMEHTOB, HE IHOMEIIAI0-
nyecst B oneparuBHyio mamMsathb. Kosuteknus D pazbuBaercs na nakerst Dy, b=1,..., B,
KazKJIblil U3 KOTOPBIX XpaHuTcs B orjesibHoM (aitie. [lakersr obpabarbiBaloTcs 10 Ove-
peau. Kaxkplit makeT 3arpykaercs B IaMsaTh, OOHOB/geT MarTpuily ¢ m BBIIpyKaeTcd,
0CBODOK/ Iasl MAMATD JIJIE 0OpAbOTKH CJIE/IYIONIEro IMaKeTa.

®ynknus ProcessBatches obpabarsiBaer 3a omun pa3 MHO)KecTBO maketoB {D},
cm. Ajtropurwm 4. Jljist KazKk10ro JIOKyMeHnTa d Kazk10r0 U3 HakeToB Dy, NpOu3BOAITCS UTe-
panuu BeKTOpa Oy co BerpoerubiM E-trarom npu dhukcuposanunoit marpune ®. Ha nocsre -
Heil uTepanuu JTIOKyMeHTa OOHOBJISIOTCH CUETUUKH 7, TEKYIIEro IMaKeTa.

OddraitHoBbIi 1 OHJIAKHOBLIN AJITOPUTM — ITO JIBE pa3HbIe CTPATEIHH arPEerupOBAHUS
CYETUYUKOB, MOJTYIECHHBIX OT PA3HBIX IMAKETOB, B UTOTOBBIX CUETUUKAX Tlyy.

Odbnaiivosbiii  anroputm  FitOffline coseprmaer MHOro mpoxomoB MO KOJJIEKIUH.
Ha kazk10M 1poxo/ie CUETUYUKU Ny POpMUPYIOTCS 11IPU (DuKcupoBaHHO# MaTpune ® u cym-
MUPYIOTCH 110 BceM jjokyMenTam. OOHoBIeHre O ¢ yu€TOM BCEX PEry/sipu3aTopoB MPOU3-
BOJIMTCSl B KOHIIE KazKJI0r0 npoxoaa kKojuteknuu. OdduraitHoBbiil pe:kuM OPpUEeHTUPOBAH HA
00pabOTKy OTHOCHTEILHO HEOOJIBIINX KOJICKITHIA.

Ownnaiinosbii anroputm FitOnline 6b11 npejyioxken st mogean LDA B [60], mozxe
nuist mozesin PLSA B [26]. On peanm3oBan B 6HOIHOTEKAX MAIIHHHOTO 00ydenus Vowpal
Wabbit, Gensim, BigARTM u apyrux, u cunraercs HanOosee 3(bOEKTHBHBIM METO0M 00Y-
JeHUsl TeMaTudecKux mojeseit. Ero ocHoBHast mjes 3ak/Ii049aeTcsd B CIENUAJIbHON opra-
HUBAIUHI [TOCIe0BATEIbHOCTH BbhiducaeHui 1o ¢popmyaam E-mara u M-mrara. Ona He 3a-
TparuBaeT MEeXaHU3Mbl peryJisipu3anuu u oguHakoBo npumennma K PLSA, LDA u ARTM.
OmnJTafiHOBBIN AJITOPUTM JIeJTaeT OJIMH IPOXOJI 110 KOJIIEKIINK, 0OHOBJIAA MaTpuiy P moce
KaxKJbIX h makeroB: Ha mare 21 CUYETUYUKH 7N,;, HAKOILIEHHBIE II0 h IOCJIeIHHM IIaKe-
TaM, CYMMHPYIOTCS CO CIETUUKAMU N, HAKOIJIEHHBIMU 10 BCEM IPEJIBIIYIIUM ITaKeTaM,
C BECAMH Kgecay M Kapp1y- Ha mrare 22 marpuna ® nepecunteiBaeTcs 110 OOHOBJIEHHBIM CYET-
YUKaM C YI€TOM pery/sipu3aropoB. OHJIaRHOBBIN aJrOPUTM OPUEHTHPOBAH HA 00PabOTKY
OOJIBIMMX KOJLIEKIUI UM MOTOKOB JIaHHBIX.

BecoBple KO3(pDUIUEHTDL Kgecay U Kappry IIO3BOJIAIOT YHPABIATH TEeMIIOM 3a0blBa-
HUs TpEeJbIIynuxX makeros. llepemennas n,; HaKaIIUBaeT CYMMY 3HAUYEHUU 7, NPH
Fdecay = kapp1y = 1, cpesinee apudmernueckoe 1py Kgecay = 1 — %, Kapp1y = %, SKCIIOHEHIIH-
aJIbHOE CKOJIB3SIIee CPeHee MPU Kgecay + Kappry = 1. st asropurma Online LDA B [60]
IPeJTaratoch OpaTh Kaecay = 1 — pi, Kappry = pi, TA€ p; = (7o + 1) 7", 3Ha4eHHe T) 33/~
10Tcd B auama3one ot 64 mo 1024, 3pavenus x — ot 0.5 g0 0.7.

Ha mpakTmke BMecTO KOHTPOJIA YCJIOBUM CXOAUMOCTH Ha Imare 8 m mare 15 dacTo
3aJ1a10T (PUKCHPOBAHHOE YHCJIO UTEPAIUN 110 KOJIEKIUA U 110 KaXKI0My JOKYMEHTY.
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AgroputMm 4. Odduaiinosslit u onsaiinobeiiit EM-agropury aius ARTM.

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

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

4 MHUNHMAIA3UPOBATE Oy 1= ﬁ Juist Beex t € T

(S}

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

=]

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

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

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

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

12 MOBTOPSATH

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

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

15 noka ¢ me coiigércs;

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

18 Ny := 0 jiy1st Bcex w € W, t € T,

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

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

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

B omnjaitnoBom ajiropurme pazbuenue KOJIJIEKIUU Ha ITAKETbl U HOPsI0K 00pabOTKu
HAKEeTOB MOI'YT BJIMATH Ha pe3y/brar, B owmmdue ot odduiaitnoBoro ajropurma. Jrodbl
YMEHBIIUTH 3TO BJUSHUE, KOJJIEKIIMIO PAa30UBAIOT HA LHAKEThl CJIydailHbIM 0Opa30M.

MapannenbHbiii anroputm. OO6paboTKa MAKETOB MOXKET BBINOJIHSITHCS MAPAJLIETHHO
B HECKOJIbKO ITIOTOKOB KaK B OHJIAWHOBOM aJITOPUTMe, KaK u B oddiaitnoBom. B currpon-
HOM asz2opumme 0OpabOTKa CJeylomieil MOpIuM IaKeTOB He HAYMHAETCsd, IIOKa He 3a-
BepireHo oOHOBJieHHe Marpuilbl ¢ Ha marax 21-22. 9Tu 3aJiepKKH IPUBOJAT K HedD-
deKkTUBHON 3arpy3Ke BbIUYUCJANTEAbHBIX pecypcoB. [Ipobiema pemniaercss B acuMIpoOHHOM
OHAGTHOBOM GAZOPUMME C TTOMOIIBIO OOHOBJIeHHH ¢ 3ana3apiBanueM |56). [Toka ogun npo-
Hecc 3aHdAT (GopMUpOBaHUEM HOBOI'O Lpub/iMzKeHusi Marpuiibl ®, ocrajibHble HPOIECCHI
IPOJIOJIZKAIOT MCIIOJIB30BATh €€ IpeJIblayInee IpudInzKeHue /i 00paboOTKH MaKeToB U 00-
HOBJICHHAS CUETUIUKOB 7Tlyt.

B 0630pnoit crarbe 3] onucanbr 11 rexHudeckux HpueéMoB Jyisi moBbiieHus (bdek-
THBHOCTH HAPAJLIEJbHBIX aJlOPHUTMOB TEMATHIECKOIO MOAEIUpoBaHus u 14 OuO/IMOTEK,
B KOTOPBIX 9TH NPHEMBI PEAJIN30BAHbI B PA3JIMIHBIX COYETAHHUSX.
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VYny4duweHnue cxogumocTtu. Meros npocToit urepanuu B o0IIEM Cjiydae HE rapaHTUPY-
er CXOAMMOCTh K CTAIMOHADHOW TOYKE PEryssipu30BaHHOIO mpasiononobust [11]. Dror
HEIOCTATOK MCIPABJISAETCA MPOCTOil Momudukaueii, He TpedyIomeil J0M0JTHATETbHBIX 3a-
TpAT BPEMEHU WM HaMsaTH. BMecTo Tekymux sHavenuii o, u 0iq B peryiapu3alnOHHbIX
nonpapkax M-mara HaZO NOACTABIATD UX YACTOTHBIE OUEHKH Py = 2 NI 0,0 = ’T‘;j
T€ CaMble, KOTOPbIE BBIUUC/ISIOTC B Mojean PLSA:

. L, OR(®6))
Pwt = 120061"5‘;1 Nt @wtm ;
0,4 = norm |( n;q + thw )
te’T 09td

DkcnepumenTsl B [11] mokasaau, uro nanHas MoaudUKaius IPUBOIUT K GOJIee BbI-
COKHMM 3HAYEHUAM Pery/isspu30BaHHOIO IIPAB/IONOI00Us, IPUYEM UTEPAUMOHHBIN 1IPOIECC
ropasjo 6picTpee (yzKe Ha BTOPO UTePANUK) BXOJUT B PE2KUM MOHOTOHHOIO YBEJIMICHHUsI
Peryasipu30BaHHOTO IIpaBonoaobusa. Yem OoJibine KOIMDMUIUEHT peryisdpu3alud, TeM
CHJTbHEe MPOABsgeTcsa 3P PeKT yIydleHns CX0IUMOCTH.

MpoussonbHble byHkunM notepb n E-war 6e3 Hopmuposku. V3mennm Kpurepuii
ONTUMUBALIUOHHON 3a/1a4d, 3aMEHUB B KPUTEPHUH [PABIONO0I00us JorapudM Ha pous3-
BOJIbHYIO [VIaJIKY10 HeyObiBatollyo dGyukuuio £(p). Teueps Jjis oneHuBaHus 1aPAMETPOB
reMaTHIecKoil Mojesn ¢ u © 1o KoJuIeKnuu JOKyMeHToB D OyjeM MaKCHUMU3UPOBATH
cymmy noreps £(p(w|d)) mo Becem TepMEHAM BO BCEX IOKyMeHTax:

Zanw <Z @wtetd) + R(®,0) — rga@x (94)
deD wed teT

Teopema 17.1. Pemenne ®,0 3agadun (94) upu orpaHmyeHUsIX HEOTPUIATEJIBHOCTH H
HOPMHUDOBKH YJIOBJITBOPSIeT CHCTEMe YPABHeHHI CO BCHOMOIATE/JbHBIMU IIePeMeHHbIMU
Praw = p(t|d,w), eciim u3 penreHnss HCKIIOYATH HyIeBbie cToa01bl MaTpur] P, ©:

Prdw = Spwtetdf/ (p(w|d)); (95)
Pt =100t (Y NawPraw + Pu on (96)
weWw 8Q0wt
deD
OR
610 = norm ( wzed NawPiaw + i, th) (97)

Cucrema ypaBHEHUN OTJIMYAETCS OT KJIACCHIECKOH TOJIBKO hopmysioit E-mmara.

JlokazareabeTBO Ceayer u3 JeMMbl 3.2 0 MAKCUMU3AIMU HA €UHUIHBIX CUMILIEKCAX.

Tosbko npu f(p) =Inp na E-mare Bosuukaer ¢opmysa Baiteca. Ilpu srom 3aja-
ya MaKCHMU3AIUK IIPABIOION00MS SKBHBAJICHTHA MHHAMHU3AIMAU B3BEHICHHON CyMMEI
KL-uBepreniuii ¢ BecaMu 1y MeXKJy SMIHPHIeCKUME pactpeaenenuavu p(w |d) = %’f
1 MOJIeJIbHBIME pacipeiesenusamu p(w|d) = (@u, O0a)-

IIpu {(p) = p* 3ama9a SKBUBATEHTHA MEHAMHE3AIIH B3BEIMEHHON CyMMBI TUBePreHIuit
Kpeccu—Puna (cTp. 87).

[Ipu ¢(p) = p 3a7a4a MepexoUT B MAKCHMU3AIMIO CKAJISPHBIX POM3BEIeHNil:

S na(p(w]d), (pu 0)) + R(®,0) — max.
deD ,
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JIaHHDBI TPUHIUIT ONTUMUBAIME MOJIE/IA HPEJACTAB/ISETCS He MEHEee Pa3yMHbBIM, 4eM
MakcuMu3anus npasaononodus. Ilpu aroMm prg, = Puibia, TO ecTb w3 00bIUHON hopMy-
abl E-mrara yXoauT 3HaMeHaTe b ¢ HOpMHPOBOYHBIM MHOYKHUTeJeM. ByaemM Ha3bBaTh 3TO
ovicmpoim E-wazom. OH MOXKeT 1aBaTh 3aMeTHOe ycKoperme EM-aaroputva, mOCKOIBKY
HOPMHPOBOYHbIE MHOXKHUTETH TPEOYIOT BHIYUCIEHHs CKATSPHBIX MPOU3BEIEHUI (©y,, 0y).

[To pesyibraram cpaBHeHHsI DA3/JIMYHBIX CTpaTeruii ontuMusanuu B [23| Obuia npej-
JIOZKEHA, KOMOMHHMPOBaHHAsl CTparerus, KOrja IepBas [OJOBHHA WTEPAIUNA HCIOJIb3YeT
ObICTpBIil E-mmar, mpu 9TOM MO/ CTAHOBUTCS pa3peKeHHoil butarogaps peryIspu3alii.
OunaabHasg TOBOJAKA MOJEJH IMPOUCXOIUT YzKe MO0 MAKCUMYMY IPaBIONOI00Us, HO Te-
epb CKAJSIPHBIE TPOU3BEICHHUS (P4, B7) MOTYT BBIUUCIATHCS HAMHOIO ObICTpee Garojia-
Psl Pa3PezKEeHHOCTH PACHPEICICHUN Yy U Oy, DTOT BapUAHT JITOPUTMA JTAET BBIMIPBIIIL
B cKopocTu Bbrauciaenuit 10 30% npu 6osbmom duciae tem (500 u Gostee).

18 [lpoekT BigARTM

BigARTM — 310 Oub/mOTEKa C OTKPBITHIM KOJOM, OocHOBaHHas Ha Teopun ARTM.
OHa uMeer pacmupsieMblii BCTPOECHHbBIH HAOOP PEry/isipu3aTopoB U METPUK KavdecTBa, pea-
JIN3yeT OHJIAfiHOBLIN U oddraiitHOBBI MHOTOIIOTOYHBIH TakeTHbI EM-anropurm, obecre-
YUBAIOIINI BEICOKYIO 3 HEKTHBHOCTHL 00paObOTKU OOJTBIINX KOJIJIEKIIHI Ha OJHOM KOMITBIO-
Tepe. bubimoreka gapjsgercs KpocciiaTrgOpMeHHO: cCOOPKY U HCIIOJHEHUE MOYKHO IIPOU3-
Bozuth 1o Windows 7/8/10, Mac OS u pasiuaubivu guctpubyrusamu Linux. ITouep-
JKHUBAIOTCSL IporpaMMubie nurepdeiics nox Python 2.7.% /3% C++, a rakxke 3amyck B Buje
ucroHgeMoro buaapuoro daiina. exonusrit kog BigARTM nanucan Ha C++11. [logmeprku-
BaeTCs HECKOJIBKO IOMYISPHBIX (hOPMATOB TEKCTOBBIX JIAHHLIX. VlcuepbIBaoONy 0 HHGOP-
MaIFIo 0 OMOINOTeKe MOKHO HAiiTH B JTOKYMeHTAIluu Ha caiiTe http://bigartm.org.

Huxke upejcrasien MuHMMaJibHBIA Ko B Python, Bbinosnsionuii 3arpysky u npeod-
pa30BaHKe JIAHHBIX BO BHYTDEHHHI (DOpMAT IMaKeToB JOKYMeHTOB (6amued), CO3/IaHue
1 00ydYeHre MOJE/IN, BbIYUCIEHHE U BBIBOJ, IEPILIEKCHH.

1 # Import all necessary tools and data

from sklearn.feature_extraction.text import CountVectorizer
from sklearn.datasets import fetch_20newsgroups

from numpy import array

5 import artm

¢ # Extract data using sklearn and numpy

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

10 # Create batches and dictionary

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

12 n_wd=n_wd,

w

=

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

MogrotoBka AaHHbIX. YHHBEPCAJIbHBIM O0BLEKTOM, MPUHUMAEMBIM Ha BXOJ, BCEMH OIIe-
panuaMu BigARTM, gaBiserca BekTopusarop artm.BatchVectorizer. B npumepe Bbliie
(maru 10-13) on ObLI CO3/1aH 110 MATPHIE «MEIIKA CJI0By» N_wd U CJIOBaPs, 33/AI0IEro Co-
OTBETCTBHE MEK/1y CTPOKAMK MATPHUIIBI U CJIOBAMHU KOJLIEKIMU. B 9TOM ciiydae nmakersl co-
3JAI0TCSI B OIIEPATHBHON MaMSITH U OJTHOCTHIO YIAJSIIOTCS U3 HEE 110 3aBEePIICHUN PADOTHI
Oub/IMOTEeKH. DTOT CIOCOO XpaHeHUs JAHHBIX IIOIXOJIUT TOJIBKO JJI HEOOJBIINX KOJLIeK-
Ui, MEeJJMKOM IMOMEIIAIONINXC B MaMATH. Bo BceX OCTaJbHBIX CAyYasgX HCIOJIb3YIOTCS
dopMarhl JaHHBIX, HPEAIOIAraOIMe ITeHNe UCXOJHBIX JOKYMEHTOB C JIMCKA M 3alUCh
UTOIOBBIX IIAKeTOB Ha JucK. Hambosiee monyssipen ¢opmar rekcrosbix (aiisios Vowpal
Wabbit, B koTopom Kaxk/jasi CTPpOKa COOTBETCTBYET OJHOMY JOKYMEHTY U MMeeT B

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

ﬂaHHbeI (I)OpMaT IIO3BOJIdeT HpeAcTaB/IATb JOKYMEHTbl KaK «MEIIKOM CJIOB», TaK U
nocJjie10BaTe/IbHbIM TEKCTOM, a TaKzKe 3allMCblBaTb B JJOKYMEHTbI T€PMbl PA3JIMYHbIX MO-
naabHocreii. [lpumep cosmanus BekTopu3aTopa 10 ganubiM B ¢popmare Vowpal Wabbit:

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

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

[Tapcunr 60/1bI10§T KOJUIEKIUKE — OTHOCHTEJILHO JIJTATEJIbHBII porece (JazxKe HeCMOTpst
Ha t0o, 4r0 BigARTM yMeeT BBIIOJIHATDL €r0 B MHOIOIIOTOYHOM pe>K1/1Me), O9TOMY Y/I00HO
COXPAHHUTDH IAKETbl HA JUCK U UCIOJIb30BATh UX MHOINOKparHO. [Ipumep cosjanust BekTo-
pu3aropa, 3arpyzKaroero Imakerol ¢ JUCKa:

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

Cnosapu BigARTM mnpejHa3Ha4YeHbl /I XPaHEHHS JAHHBIX O CJIOBaX U HCIIOJIb3Y-
I0TCS B HEKOTOPBIX Pery/sipu3aropax u merpukax kKadectsa. Cj0Bapio COOTBETCTBYET
o0bekT artm.Dictionary, KOTOpBII MOXKHO JinOO cHOPMHPOBATH ABTOMATHYECKH BO
BpeMsi pas30OMeHusl KOJUIEKIMM Ha nakerbl (3ajaB B artm.BatchVectorizer mapamerp
gather_dictionary, no ymosdanuio paBublii True), OO CO31ATh BPYUYHYIO HA OCHOBE
cBoux JaHHBIX. OODBEKT cJa0Bapsd MOXKHO COXPAHUTH B OMHAPHBIN MJIM TEKCTOBBIH aii,
3aTeM 3arpyzKaThb ero u3 3roro Qaiiia;

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

2 data_format=’vowpal_wabbit’,

3 target_folder=’my_collection_batches?’)
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?)

['oToBBIil ci10Bapb MOXKHO M3MeHATh. /[ 9TOro JOCTATOYHO COXPAHUTH €ro Ha JUCK
B TEKCTOBOM BHJIE, 3aTeM MOJAu(MUIUPOBATH HOJLYyYeHHbIH (hailyl 1 3arpy3UTh €ro 00paTHO:
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1 dictionary.save_text(’my_collection_batches/dictionary.txt?’)
> # Change file according to your needs

s # Then, load it back

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

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

rje token — crpokoBoe Ipejcrasjienue cioBa, class id — mogasibHOCTb, tf — abcosror-
Has 4aCTOTa CJIOBA B KOJLIeKIuH, df — 9uC/10 J0KYMEHTOB KOJLJIEKIUU, B KOTOPHIX CJIOBO
BCTPETU/I0CH X0Tst Obl pa3. [Toste value 110 ymMoI9aHuIo 3a10/1HsIeTCsl HODMUPOBAHHBIM 3HA-
derueM tf, HO MOKeT ObITh M3MEHEHO (Ta BO3MOXKHOCTH HCIIOJIbB3YeTCs KaK MEXaHH3M
nepejiadn JAHHBIX B HEKOTOPBIX DEryJIsIPU3aTOpax U MeTPHKAX KAdecTBa).

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

Perynspusatopbl moryr BozjeiictBoBarh Ha Marpuibi P, © wujim (ptdw). Peryus-
puzaTtopel ¢ MOTyT BO3/eiicTBOBATH Ha OTJeIbHBIE MojajbHOCTH. Hasmdme mapamer-
pa class_id yka3bIBaeT, 4YTO peryjgapuzarop paboraer ¢ OIHOI MOJAJbHOCTHIO, IIO-
ymosrdanuio ¢ @default_class. Hasimuume napamerpa class_ids ykasbiBaer, 4To pery-
JIApU3aTOp paboTaer cO CHUCKOM MOJAJIbHOCTE, 1mo-ymoJidanuio co Becemu. [lourn Bee
IIapaMe€TpPbl BCEX PEeryjidpu3aTopoB MOKHO MEHATb ME2K/Yy UuTepainudMu O6y‘{eHI/IH.

SmoothSparsePhiRegularizer — pe2yaapus3amop C2AGHCUCAHUA—PASPEHCUBAHUL MAT-
puyo, ©, peasmzoBan 1o dopmyiie (30) ¢ HeGOIBIIM 0600IIEHIEM:

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

Ecmu B onpenenennu KL-nuBeprennuu 3aMenunThb Jjorapudm Inz na dbyskmuo A(x),
to f(x) = xN(x). Ilo ymomuanuto f(x) =1, uro u coorsercreyer Jiorapudpmy. B 6ub-
JIMOTEKe MOZXKHO 3aJaBarb f(x) Kak crenennyo ¢yukiuio. Bekrop (f5,) 3arpyxaercs u3
cJIoBaps M 3aa8TCsl 3HaYeHusiMuU 1019 value kazxkoro ciaosa. Jljis KaxK10ii TeMbl ¢ MOZKET
OBITH 33J1aH CBOI Takoil BeKTOp. TaKuM CII0cO00M MOXKHO 3a/1aBaTh «0eJible» U «UEPHBIE»
CIIUCKH CJIOB JJI YaCTUIHOIO 00y JYeHus.

SpecifiedSparsePhiRegularizer — pezyaspusamop paspescennocmu P, peanmso-
BaH II0 TOil 2Ke dopMmyJie, HO T[3,, SIBIIETCA KOHCTAHTOI U MOAOHPAETCSI TaKHM 00pa3oM,
4TOOBI IO/ HYJIEBBIX 3JIEMEHTOB B Marpuile ¢ okazajach He HHKe 3a/JJaHHOIO ITOPOTa.
[Tpu srom dyukuus f He ucnosbdyercs, 1o ecrb f(z) = 1.

SmoothSparseThetaRegularizer — pezayaapusamop CaaaHCUBAHUA—DPA3PEANCUCAHUA
mampuyse O, peanuzoBan o gopmyie (31), ¢ anasornaHbpIM 0600IEHIEM:

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

QyHKNuA f Urpaer Ty Ke poJib, YTO U B PEry/IapH3aTope CriIaKuBaHusI—paspe:kuBanns P.
MaccuB MHOKHUTEJIEH (y; TTO3BOJISIET YIIPABJISATH BO3/IEfiCTBUEM Pery/isipu3aTopa Ha KazK10i
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i-il BHyTpeHHel urepaiuu 06paboTKu JOKyMeHTa. BekTop ujm marpuna (yg) 103B0JIser
YIPABJIATH BO3AEHCTBUEM PEryJIsspH3aTOpa Ha 3JIeMEHThl MaTPHUIbl O.

DecorrelatorPhiRegularizer — pezyaapusamop Jekoppesuposarus mem 6 Mampu-
ye @, peasmzoBan coracHo (32). Ot mosb3oBaress Tpedyercst ykaszarh Kodbduipenr
peryJ/isipu3alil T U CIIMCOK MOJIAJIbHOCTEl, Ha KOTOpble HY2KHO BO3/iefiCTBOBATD.

TopicSelectionThetaRegularizer — pezyaapusamop ombopa mem 6 mampuye O,
peasmzoBan 1o dbopmyste (59). EAuHCTBEHHOE OTJIHYNe 3aKTI0IAeTCsI B HATHIHHA MACCHBA,
MHOXKHUTEJIEH (v;, KAK B PEryjsipu3aTope CriiazKuBaHUus—pa3pe:kuBaHus O.

SmoothTimeInTopicsPhiRegularizer — pe2yaapus3amop C2AaAHCUBAHUL MeM 10 MO-
danvrocmu epemeny 6 mampuye P, peammzoBan o dopmyse (46). st KOpPEKTHON pa-
O0TBI peryjasapu3aropa TpedyeTcsd yKa3aTb HMs MOJAJbHOCTH BPEMEHH H PACIOJIOKHTD
TepMbl BpEMEHHU B cjioBape u B Marpuiie ¢ B XPOHOJIOIHYECKOM ITOPSJIKE.

NetPlsaPhiRegularizer — peeyaapuszamop NetPLSA das modanvrocmu eepuiur 2pa-
da 6 mampuue P, onpenensercsa mo popmysie (58). B mokyMeHTax J0JKHBI ObITH 3apaHee
3allCaHbl TepMbI BepinuH rpada v. B mapamerpax peryaspu3zaropa 3a/1al0TCAd IMEHA Bep-
muH v, ux Beca (MomaocTH MHOKeCTB |D,|) 1 Beca pédep rpada wy,.

ImproveCoherencePhiRegularizer — pezyaapuszamop Ko2epeHmuocmu, PeaJn30BaH
no dopmyre (64) uw B KadecTBe mapamerpa Tpebyer CJI0Bapb MAPHONH COYETAEMOCTH
ciioB Cly, (cOBpaTh ero MOKHO ¢ MOMOIIBI0 BCTPOEHHOTO TMApCepa).

BitermsPhiRegularizer — peeyaapusamop 6umepmos, peanus3oBaH 110 HOPMY-
aam (62)—(63) u B KauecTBe mapaMeTpa TakKzKe TPeOyeT CJIOBApb YaCcTOT OUTEPMOB 7,
(3aa4a ero cOOPKU JIOKHUTCSA HA MOJH30BATE).

LabelRegularizationPhiRegularizer — wacmommnwid peeyaapusamop mampuio, ©
JUtst Kiracendukanuu ¢ HecOaJaHCHPOBaHHBIME KJiaccamu. PeasuzoBan 1o gopmyie (55).
B kadecTBe mapamerpa Tpebyer CIoBapb KJIACCOB €O 3HAYEHUSIME UX MOITHOCTER |D.|.

HierarchySparsingThetaRegularizer — pe2ysapus3amop uepapruieckoz20 paspescu-
saHus ©, HCHOJIB3YeTCH /I PA3PEKUBAHUS MATPHILBI CBA3EH MKy POAUTEIHCKUME Te-
MaMH{ U UX JOYePHUMHE IIOJTeMaMU B HepapXuIecKuX MOJe/ax, cormacuo dbopmye (61).

TopicSegmentationPtdwRegularizer — pezyaapusamop E-waza dra paspescusanus
ceemenmos 6 Mampuyas (P ), oupeaeasemblii o dopmyie (77).

SmoothPtdwRegularizer — pezyasusamop E-waza das cerancusanus mampuys Py )
0 JIOKAJbHOMY KOHTeKcTy. [Ipubimkaer TemarndecKuil mpoduib KazKJ0ro BXOXK/ICHHS
TepMa K yCpeJHeHHOMY TpOMUIo ero coceeil (o okuy (GUKCHPOBAHHON MIUPUHBI).

Perysisipuzaropbl MOryT BKJIIOYATHCS, OTKJIOYATHCA UM MOJAU(PUIIMPOBATHCS B JIIOO0M
MOMeHT Mezkay Bbi3oBamu fit_offline msm fit_online, 4To mO3BOJIAET, B COBOKYIIHO-
CTH C KOHTDPOJIEM MeTPHK KadecTBa, M'MOKO IMepecTpamBaTh CTPATErHI0 PeryIsapH3aliin
B COOTBETCTBUU C TEKYyIIUM COCTOAHHUEM MOJIECJIN. HpI/IMepZ

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

MHoronoTo4uHbli NnakeTHblii EM-anroputm. bubsmmoreka BigARTM nossouisier obpaba-
TbhIBaTb KOJIJIEKIIUU JJOKYMEHTOB, HE IIOMellalouecd B OlIEPATUBHYIO IIaAMATD. ﬂﬂﬂ 9TOro
Kosuneknusa ) ¢ momombio BatchVectorizer pasbuBaerca Ha nmakerol Dy, b=1,..., B,
KazKJIpIil U3 KOTOPBIX XPAHUTCS B OTJAEIbHOM aitie. OOBITHO UCIOIb3YIOTCH MaKeThl Pa3-
MepPOM OT COTEH KuJIoDA#T 10 JiecaTKOB Merabait. KosddunueHTsl peryisgpu3aiun 3a/1a-
I0TCdAd B MOMEHT CO3/JaHUd MO/AEJ/IK, HO 1IOTOM MOI'yT 6bITb B .]'[IO6OI71 MOMEHT HU3MEHEHDbI,
B TOM 4ducjie B xojie EM-urepanmuii.

[Takersr obpabarbiBatorcs dyrkuueii ProcessBatches kak omumcano B Anropurme 4.
Oddunaitnossiii anropurm FitOffline samyckaercsa dyunknueit ARTM.fit_offline, on/aii-
HoBbiil FitOnline — dynkmueit ARTM.fit_online. /I1g BK/IIOYEHHS aCHHXPOHHOIO AJIrO-
puTMa 1oCIeHel Hal0 1epejarh napaMerp async=True. Konrpoib yc/aoBuii cXoiumMocTu
EM-aJiropur™ma BO3/1araercs Ha noJib3oBaresis. [Ipoiie Bcero 3ajiaBarb 4uUCJIO UTepaliuit
10 KOJIIEKITUU U 10 KazKJIOMY JIOKYMEHTY.

[TocTpoenny1o TeMATHIECKYIO MO/IE/Ib MOYKHO HCIIO/IH30BATH JI/IsI TEMATH3AIUN 0TI Tb-
HBIX JOKYMEHTOB Ipu (puKcupoBaHHO Marpuie $. 9ta BO3MOKHOCTD peaandyercs (PyHK-
nueit ARTM. transform, KoTopas HPOIyCKaer JIOKyMeHThl depe3 ProcessBatches.

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

PerplexityScore — nepnaercus, Boranciasiemas 1o gopmyde (83). st eé koppekr-
HOUl pabOThI HYZKeH CJI0Bapb, COMEPIKAIIIil HOPMIPOBAHHBIE YaCTOTHI CJIOB B KOJIJIEKITHH
(ne MomudunupoBanube 3HadeHus value st Kazkaoro ciosa). OHI UCHOTB3YIOTCA B Ka-
decTBe AMPOKCHMAIMH HYJIEBBIX 3HadeHuii p(w|d) u mMO3BOJISAIOT KOPPEKTHO OINEHUBATH
MOJIe/IX Ha OJIHOM CJIOBape, HO C Pa3HO CTeleHbI0 Pa3PesKeHHOCTH.

[Ipumep nopk/0YeHnst neprieKcun st MoJasibHocru @default_class (crangapraast
MOJIATTBHOCTH CJIOB):

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

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

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

3HavyeHus] MEPIIEKCHI MOXKHO BBIBECTH CJIeyommM obpasom (Bmecto value MoxHO
BBIBECTH, HAIPHMED, YUCTUTEb U 3HAMEHATe b MePILUIeKCUH [0 KazKI0# MOIATbHOCTH):

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

IToste value comepzKuT BCIO HCTOPHIO 3HAYEHUI METPUKH 110 OOHOBJIEHUAM MaTpuilbl .
Y moboro moJig 1000 METPUKH HMeeTcsd BapHaHT ¢ HpedHuKcoM last_, KOTOpBIA BO3-
BpallaeT 3HAUYC€HHEe METPUKH Ha MOMEHT IOCJeHell CHHXPOHU3AIMH. DTO MOXKET OBbITb
IIOJIE3HO /14 IIOJIyYC€HUd MacCuBHBIX MeTpuk Tuira TopTokensScore.

SparsityPhiScore/SparsityThetaScore — paspescennocmu mampuy ® u ©. Orne-
HHUBAIOTCA ,Z[O.J'[eﬁ 9JIEMEHTOB MaTpUIlbl, MCHbIIUX 3aJaHHOI'O 110JIb30BaTe/JIeM I10pOora.
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TopTokensScore — mMonN-cA06a 6 MeMAT, CIMCOK U3 3a/JaHHOIO YUCJIA CJOB C HaM-
0oJIbLIel BEPOATHOCTLIO 110 KazkJo0il reme. Eciu B napamerpax 3Toil METPUKHM yKa3aTlb
CJIOBapb MAPHOIl COYETAeMOCTH CJIOB, TO OYIeT BLIYUCICHA KOTepeHTHOCTh coher; 1o cruc-
KaM TOII-CJIOB B TeMax, cormacHo (opmyiie (84).

TopicKernelScore — Adposvie xapakmepucmukry mem: IACTOTA PUr,, KOHTPACTHOCTH
cong, pasMep sjpa ker; oneHuBaOIIMe Pa3InIHOCTb M, KOCBEHHO, HHTEPIPETUPYEMOCTH
KazKJI0# TeMbl t, cM. ¢Tp. 83. AHAJOrMYHO TOI-CJI0BAM, yKa3aHUE CJI0Baps MapHOil code-
TAEeMOCTH 3aIyCKAeT MOJACYET KOIePEHTHOCTH, HO TENePhb YIKe IO SJpaM TeM.

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

TopicMassPhiScore — wacmomo, mem ny u pacupenenenus p(t) = % JJIsl BCceX TeM t,
BBIUUC/ISIEMbBIE 110 MATPUIE (Thyy)-

ItemsProcessedScore — wucao 06pabomarHols JoOKYMEHIMO6, TEXHUIECKAsi METPUKA,
OKa3bIBAIOIIAs [0 UTE€PANUAM KOJIUYECTBO JIOKYMEHTOB (C IOBTOPaME), 00pabOTaHHbBIX
EM-ajiropurMoM ¢ MOMEHTA BKJIIOYEHUS METPUKH.

PeakMemoryUsage — nukogoe nompebienue namamu, TeXHuIecKas MeTPUKa (JI0CTyII-
Hast T01bKO B C++ unTepdeiice), npegocrapsionias uHbOPMAIHIO O MAKCUMAILHOM II0-
TpeOJIEHUH OIEPATUBHON MaMATH 33 BpeMs KazK/J0# UTepaluy aJropuTMa.

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

Bbirpyska napametrpos mogenu. B ciiejyromniemM Kojie 110Ka3aHo, KaK HOJIyIUTh MaTpPU-
iy ® (rounee, nepsoie 10 rem JedoaTHONR MOIAIBLHOCTH):

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

VKazanue napaMmerpa model_name=model.model_nwt m03BOJIIeT aHAJOTUIHBIM OOpa-
30M IOJIYYUTDb 3HAYCHUS Ty BMECTO Oy

C marpuneit © M0oKHO paboTarhb mo-pa3Homy. Bo-mepBbix, €6 MOKHO BOOOIIE HE Xpa-
HUTb, €CJIM OHA He HyKHA. BO-BTOPbIX, MOXKHO XPAHUTH €€ B K3llie, 3a/iaB lepej| Hava-
Jiom 0bydenusi napamerp cache_theta=True. B Tperbux, MOXKHO BKJIIOYUTH XpaHenue ©
B $-no006H0it MmaTpurle, 3a1aB napaMerp theta_name. 910 jacT CBOOOIHBIN JOCTYII K MAT-
puIle Ha YTeHHe U 3aIluCh B JII000 MOMEHT. B 1mepBoM ciiydae BHIPDY3UTh MaTPHUILy HEBO3-
MOKHO, B OCTaJIbHbIX IIPUMEHUM CJIEJYIOIUNE KOJL:

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 onucannoro unrepdeiica BbI'PDY3KH MaTPHIl, €CTb BO3MOXKHOCTb IOJIyYUTh
yKa3are/ib Ha MaTPUIy U HAIPAMYIO MOJAUMPUIMPOBATH HaMATh, UCIOJIb3YEMYIO $IPOM
O6ubJIMOTEKH, YTO CYIIECTBEHHO YMEHbIIAET PAacXo/l HaMATH U BPEMs BbIUUCJIEHUI.
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19 Pa3Beao4Hbli NHPOPMALNOHHbI NONCK

BaxkHbIM 1IPUIIOKEHHEM TEMATUIECKOTO MOJIEJTUPOBAHUS ABJIACTCA UHPOPMAUUOHHBLT
nouck (information retrieval) [175, 19]. CoBpemeHHbIe HOMCKOBBIE CHCTEMbI LIPE/HAZHAUE-
HBI, IJTABHBIM 00PAa30M, JJIsI MOMCKA KOHKPETHBIX OTBETOB HA KOPOTKHE TEKCTOBBIE 3aIIpo-
col. JIpyrue monckoBbie MOTPeOHOCTH BO3HUKAIOT Y II0JIb30BaTe I€il, KOTOPBIM HEOOXOIMMO
pa3obparbCsa B HOBOIl IpeaMeTHOIl 00JIacTH WM IIONOJHUTHL CBOi Oarazk 3manumii. [losb-
30BaTe/Ib MOXKET He BJIaJIeTh TEPMUHOJIOTHEH, ¢/1ad0 IMOHUMATH CTPYKTYPY IIPEIAMETHOMN
00J1acTH, HE UMETh TOYHBIX (POPMYJIMPOBOK 3alpoca U He HO/pa3yMeBaTh €MHCTBEHHbIil
IPaBUIbHLIIA OTBeT. B Takux cirydasx Hy:KeH IHOHUCK He [0 KJIIOUYEBBIM CJIOBAM, a IO CMbIC-
JIy. 3aIpocoM MOXKeT OBITh JJIMHHBIH (pparMeHT TeKCTa, JIOKYMEHT WU MOAO0PKa JIOKY-
MeHTOB. Pe3ypraroM moucka Jg0/1zKHa OBITH YA00HO CHCTeMATH3NPOBAHHAS HH(MOPMAIHSI,
«JIOPOZKHALA KapTay IPEAMETHONR 00JIaCTH.

it 9TuxX ciiydaeB MOJAXOAUT MapaurMa paseedounozo UHGOPMAYUOHHO20 NOUCKA
(exploratory search) [90, 169]. Ero nesbio siBiisiercst mojtydenne oTBETOB HA CJIOZKHbBIE BO-
IPOCHI: «KaKHe TeMbl IIPE/ICTABIeHbl B TEKCTE 3alPOCay, «ITO YUTATh B IEPBYIO O0Yepeib
0 3THM TeMaM», «9TO HAXOJIUTCS HA CTBIKE dTHX TE€M CO CMEKHBIMHU ODJACTAMEY, «Ka-
KOBa TEMATHYECKas CTPYKTYpa JAHHON MpeaMerHOil 00/1acTuy, «KakK OHa Pa3BUBAJIACH BO
BPEMEHU», «KAKOBBI HOCJIE/IHUE JIOCTUKEHUS», «IJIe HAXOASATCA OCHOBHBIE HEHTPBI KOMIIE-
TEHTHOCTUY», «KTO SIBJISIETCsI SKCIIEPTOM 110 JIAHHO Temes u T. 1. [lojib30oBare/ib 00bIYHOM
IOMCKOBOI CHCTEeMbI BBIHYZK/I€H HTEPATHBHO IepedopMyInpoBaTh CBOM KOPOTKHE 3aIpo-
CBI, PACIIHpss 30HY IOHUCKA II0 Mepe YCBOEHHs TEPMHUHOJOIUU IIPEIMETHOIl 00acT, Ime-
PHOJIMYECKH [IEPECMATPUBAsT U CUCTEMATH3UPYs PE3Y/IBTATHI MOKCKA. DTO TpedyeT 3arpar
BPEMEHH ¥ BbICOKOIT KBasimukanuu. [Ipu orcyTcTBUM MHCTPYMEHTA ISt Oy YeHusT «00-
el KApTUHBI» OCTAETCS COMHEHHUE, YTO KAKUe-TO BazKHbIE ACHEKThI U3y9aeMOil 1pob/1eMbl
TaK u He ObLIK HaiijeHbl. Ecin oOpa3Ho mpeacTaBUTh UTEPATHBHBII MOMCK KaK OJIyzK/1a-
HUe 110 JAOUPUHTY 3HAHWN, TO pPa3BeJOYHBI HOMCK — 3TO CPEJICTBO aBTOMATHIECKOTO
HOCTPOEHHS KAPTHI /I JTI000I 9acTu 3TOro JIabupUHTA.

Tematuyecknii nonck. I[IoJHOTEKCTOBBIE MOMCKOBBLIE CHCTEMbI OCHOBAHBI HA HMHBEPTH-
POBaHHbIX MH/EKCaX, B KOTOPbLIX JIJIA KazKJ0I'0 CJIOBa XPAaHUTCA CIIMCOK COAepzKallluX ero
nokymentos [13]. ITouckoBast cucrema uieT JOKYMEHTBI, COJEpZKAIIie BCe CI0Ba 3aIpoca,
HO3TOMY 110 JIJIMHHOMY 3alIPpOCy, CKOPEee BCEero, Hu4ero He Oyaer HaiieHo.

CucreMa TeMaTHYECKOrO Pa3BeJO0YHOrO IIOMCKA CHAYAJIA CTPOUT TEMATHYECKYIO MO-
JIeJIb 3alpoca, M ONpeaeaseT KOPOTKHIl CIMCOK TeM 3alpoca. 3areM i IOMCKA JOKY-
MEHTOB CXOXKell TeMaTHUKM IIPUMEHAIOTCA T€ K€ MeXaHH3Mbl HHICKCHPOBAHUSA U IIOHUC-
Ka, TOJIbKO B POJIM CJIOB BbICTYIIQOT TEMBbI. HOCKOﬂbe YUCJIO TE€M Ha HECKOJIbKO II0-
PSLJIKOB MeHblIlle 00béMa CjloBaps, TeMaTU4YeCKUil HOUCK Tpedyer HaAMHOI'O MeHbIIe Iia-
MATH [0 CPABHEHHUIO C IOJHOTEKCTOBBIM IOUCKOM U MOXKET OBITh peajn30BaH Ha BEChb-
Ma CKPOMHO# TexHHKe. TexHosoruu na(OpMAIIOHHOIO MOUCKA HA OCHOBE TEMATHYECKO-
ro MOJEJUPOBAHUS B HACTOAIIEE BpeMs HAXOAATCS B CTAIUU HCCJAEJIO0BAaHUil U paspabo-
ok [140, 28, 116, 35, 18, 161].

B smmreparype 10 pa3sesodHoMy OUCKY TEMaTUICCKOe MOACIUPOBAHNE CTAJIM UCHO b
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 HPEHMYIIECTBAMI TeMATHIe-
CKHX MOJIeJICH Ha3bIBAIOTCHA 'MOKOCTD, BO3MOXKHOCTH BU3yaIM3alul U HaBuranuu. B To ke
BpeMsi, B KadecTBe HEJ0CTATKOB OTMEYaloTCs IPObJIeMbl ¢ MHTEPIIPETUPYEMOCTHIO TEM,
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TPYHOCTU ¢ MOjuUKaIMed TeMaTuIeCKOW MOJIeJIM [IPU IOCTYILJIEHMH HOBBIX JOKYMEH-
TOB U BBICOKasi BBIYUC/AUTEIbHAS CJIOKHOCTb. DTH HPOOJIEMbI OTHOCATCA K YCTaPEBIIAM
METOJ[aM U YCIIENTHO PEIIeHBbI B IIOCIEIHUE TOJIbI: JECATKH HOBLIX MOje/eil pa3paboTaHbl
JIJIS YIYYIIeHUS HHTEePIPEeTUPYEeMOCTH; OHJIAHOBBIE aJITOPUTMbI CIIOCOOHBI 00pabaThIBaTh
GOJIbIIIe KOJUTEKIUU M MOTOKH JOKYMEHTOB 3a JinHeiiHoe BpeMmst 98, 26, 149]. C apyroi
CTOPOHBI, B paboTax 10 TeMaTHIECKOMY MOJIE/JIUPOBAHUIO PA3BEIOYHbBII TOMCK YaCTO Ha-
3bIBAIOT OJIHUM U3 BarKHEHIINX HPUJIOKEHHIT, a OIEHKN Ka4ecTBa MOUCKA UCIOJAb3YIOT JIJIsi
Basuaanun Mogesteii [175, 19]. Oxuako 9Tu nccie0Banus MOKa He MPUBEIN K CO3IAHHIO
OOIIEeOCTYITHBIX CUCTEM pPa3BeI0YHOTO Moucka. Beé 910 roBoput o pa3obménnocTn Hay d-
HBIX COODIIECTB, pa3padaThbIBAIOIIUX STH /IBA HAalpaBieHnd. TeHaeHnus K UX COTUKeHUIO
HAMEeTHU/IaCh JIMIIb B HOCJIEHUE TO/bI.

Temarudueckast Mojie/Ib JiJIsI PA3BEJOYHOIO IMOUCKA JIOJIZKHA Y/AOBJIETBOPITH MHOI'MM
TpeboBaHusIM OAHOBpeMeHHO. OHAa JIOJIZKHA COCTOSITh M3 XOPOIIO HHTEPIPETUPYEMBIX TEM,
IIOCKOJIbKY Te€Mbl MHTEHCUBHO HCIOJIb3YIOTCS B II0JIb30BATEILCKOM HHTepdeiice s Ha-
BHUTAIMHU 110 KOJUICKITMU ¥ BU3YaJIU3AIUU Pe3y/aIbTaToB rnoucka. OHa JI0KHA OBITH pa3pe-
ZKEHHOM, 4T00bI KazK/IbIil JIOKYMEHT COCTOsIJI U3 HEOOJIbIIOI0 YUC/Ia TEM — ITO HEOOXOMMO
Jutst 9 PEKTUBHOIO XpaHeHUsT HHBEPTUPOBAHHOIO HHAeKca. OHa J10JIZKHA ObITH HepapXu-
4eCKOil, 4TOObI 110JIb30BATE/Ib MOI' IOJIyYUTh IPEJACTABICHUE O TEMATUICCKON CTPYyKTYype
peJIMeTHOl 001acTH Ha JIIoOOM ypoBHe jieTaju3anuu. OHa J01KHA aBTOMAaTHIeCKH OIpe-
JIeJIATD YUCJI0 TeM Ha KazKJO0M YPOBHE MEPAPXUHM U aBTOMATHYECKH CO3/IaBaTh U MMEHO-
BaTh HOBbIe TeMbl. OHA JI0JI2KHA ObITh MYJIHBTUIPAMMHON, TaK KaK BBbIJAEJIEHHE KJIIOUEBBIX
dpa3 1 TEPMUHOB CYIIECTBEHHO Y1y YlIaeT HHTEPHPETHPYEMOCTb TeMbl. OHa J0/2KHA ObIThH
MYJIbTUSI3bIYHONW B TEX IPUJIOKEHUX, IJie TPedyeTcss KPOCC-sS3bIYHbIN OUCK, HAIIPUMep,
IpU aHajU3e HaTeHTHBIX 6a3. OHa JI0zKHA OBITH MYJIHBTUMOJIAJILHON, 9TOOBI YINTHIBATD
MeTaJaHHble JOKYMEHTOB, BKJIOYas aBTOPOB M IuTHpoBanue. OHa J02KHA OBITH TeM-
OPaJIbHOM, YTOOBI BBISB/IATD JUHAMHUKY pa3BuTusa TeM. OHa J10J2KHA ObITH CerMEHTH-
pyloiieit, 9robbl HE TOJIbKO HAXO/JUTh PEJIeBAHTHbIE JIOKYMEHTbI, HO M yKa3biBaTh B HUX
KOHKpeTHbIe cerMeHThl. OHa JI0/I2KHA ObITh 00y9aeMOil 110 OIEHKAM acecCOPOB WU JIOTAM
oJib30BaTe eil, YTOOBI IOCTOSHHO YJy4IIaTh KadecTBO Imoucka. Hakowmer, peasn3arus
JIOJI2KHA OBITH OHJIAHOBOI, apaJsie/IbHOR U pacipeneéHHoi, 4To0bl 3 deKTHBHO 00pa-
OaTpIBATDH DOJIBIINE KOJLIEKIINH TeKCTOB. TakKuM 00pa30M, MHOI'HE BO3MOXKHOCTH JI0JIZKHBI
ObITH OO'bEIMHEHBI JIJIsi CO3/aHUsI CEPBUCOB Pa3BEI0YHOIO ITOUCKA.

KadectBo pa3Bego4Horo noucka. Mogenr ARTM s pa3BemgodHoro momcka ObLIa,
upegioxkena B [17] u yuyumena B [173, 64|. list usmepennst kadecrBa pa3BegodHOO Te-
MAaTHUYECKOI'O 1HHOUCKa HUCIIOJIb30BAJIUChb KPpUTEPUU TOYHOCTHU U IHOJIHOTbBI Ha OCHOBE OLCEHOK
aceccopoB. /g oneHnBaHug OblTa cOCTaBIeHA BBIOOPKA 3alPOCOB — 3aJlaHUil pa3Besod-
HOro moucka. Kazk eIl 3ampoc mpeacTaB/igil coboil TeKCT 00 bEMOM OKOJIO OTHOM CTpaHUIILI
dopmara A4, onuceiBaoniuii TeMaTHKY mMouCKa. Kaz1oe 3a/jaHme cHadaa BBIIOJIHIIOCH
HEe3aBUCAMO HECKOJBbKMMH aCeCCOpaMM, 3aTeM CHCTeMOW TeMaTHYeCKOro IOMCKa, 3aTeM
eé pesyJsibTaT CHOBA OlleHUBaJICd aceccopamu. /laHHas METOJMKA HO3BOJISET, €JUHOZK /b
CIeJIaB PA3METKY Pe3yJIbTaTOB IOMCKa, MHOIOKPATHO OICHUBATDH KAYECTBO PA3INYHBIX Te-
MaTHYECKHX MOJeseil 1 MeXaHN3MOB IMOUCKA. DKCIEePUMEHTHI Ha KOJUIEKIHAX 175 Thicad
cTaTell PyCCKOSI3BITHOTO KOJIJIEKTUBHOTO Osora habrahabr.ru u 760 Thicad cTaTeii aHIIO-
s3bI9HOIO OJiora techcrunch.com 1okasajiu, 4TO TEMATUYECKUN TOUCK HAXOJAUT OOJIbIIe
peJeBaHTHBIX JOKYMEHTOB, 4YeM acecCOopbl, COKpalllas CpejHee Bpemd IMOUCKa C IOJ1yda-
ca JI0 ceKyH/ibl. KoMOMHUpOBaHUE PEry/isipu3aTopoOB JE€KOPPE/JIUPOBAHUS, PA3PEKUBAHMS
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U CIUIaKUBAHUS BMECTE C MOJIAJIbHOCTIMU N-IPAMM, aBTOPOB U KaTeropuil 3HaYUMO YJIyU-
HaeT KadyecTsBo IIOUCKA U H03BoJideT JlocTudb Tounoctu Bbiite 80% u nosnors soie 90%.

Busyanusauunsa. Cucremarusaius pe3yIbTaToOB TEMAaTHIECKOTO IIOUCKA HEBO3MOXKHA 6e3
HHTEPAKTHBHOIO rpadbuveckoro mpejacrabienns. B o63ope [2] onmchiBaiorcs u cpaBHU-
Batorcd 16 cpejcTB BU3yaJM3allud TeMaTHYeCKUX MOje/ieil Ha OCHOBe BeO-unrepdeicos.
Em@ 60/1bie neit MOKHO HOUEPIHYTH 13 HHTEPAKTUBHOIO 0030pa’, KOTOPbIil HACUNTHIBA-
et 6oJtee 400 cpe/icTB Bu3yaau3anuu TeKcToB. HecMoTps Ha Takoe HOraTcTBO TEXHHYIECKHX
peIIeHuil, OCHOBHBIX U/Ieil BU3yaJIM3aIUid TeMaTHIeCKUX MOJIesieil He TaK MHOTO: 9TO JIHOO
JIByMepHOe 0TOOparkKeHne CeMaHTUYIeCKON OJIM30CTH TeM B BHJIe Ipada WIH «I0POXKHON
KapThl», MO0 TeMaTUIeCKas nepapxusi, Jud0 JUHAMUKA PA3BUTHSI TEM BO BPEeMEHH, JIN0O
rpadoBast CTPYKTypa B3aUMOCBsI3ell MeK/ly TeMaMu, JJOKYMEHTaAMHU, aBTOPAMU W/ UHbI-
MU MOJAJIBHOCTSIMH, JTUOO CEIMEHTHASI CTPYKTYPa OTJAEJIbHBIX JIOKYMEHTOB.

['pacdbuueckas Buzyau3aimsa OOJIBIIUX JAHHBIX IPAKTUYECKH OECII0/Ie3HA B CTATHIHOM
UCIIOJTHEHUHU, HO MOYKET OKa3aThCA MOIIHBIM KOIHUTUBHBIM CPEJICTBOM B CJIy4ae HHTEPAK-
THBHOH peajin3anuu. D10 ObLIO moHATO Oosiee 20 jer Hazam u chopmyanpoBano benom
[[TueitepManom B BUIE MAGHMPYE BU3YAALHO20 NOUCKE UHPOPMAUUL: «CHATAIA KDY IHBI
iaH, 3areM macuiabuposanue u bujabTpalus, jerajiu 1o rpebosanuio»® [136).

['pacbuueckoe orobpazkeHue pe3yabTaToB TEMATHIECKOTO MOJIETHPOBAHUS U Pa3Be 04-
HOIO TOMCKa COIIacyercs ¢ KoHmemmueii daavrezo wmenus (distant reading), mpemgro-
JKeHHoit conmosiorom smreparypsl @panko Moperru [103]. On nporusonocrassier 1ot
crocob u3ydeHusi TeKCTOB Halemy obbraHoMmy 4renuio (close reading). HeBosmoxkno npo-
YUTATh MUJIJIMOHBI KHUT WJIM CTATeH, HO BIIOJIHE BO3MOXKHO HPUMEHUTH CTATUCTUIECKUE
MEeTOJbI U IpapuyuecKyio BU3yaIU3aIUI0, 9TOOLI MOHATH B OOIIHUX YepTax, O YéM BCs ITa
JINTepaTypa, 1 HAYIUTbCs ObICTpee OTBICKUBAThL HYzKHOE. «/lajibHee dTeHne — 3TO cleru-
ayibHasg (popMa IpeJICTaBIeHUAd 3HAHUI, B KOTOPOil MEHbIIIe 3J1eMEeHTOB, rpydee CMBICT UX
B3aUMOCBA3€H, OCTAIOTCA JIUIIL (DOPMbI, OTHOIIEHHH, CTPYKTYPBI, MOJCIN»".

g oubsmorekn BigARTM B HacTosIIee BpeMsl Pa3BUBAETCS MHCTPYMEHT BU3YaJIn3a-
nun ¢ seb-uaTepdeiicom VisARTM!?, mopnepxuparomuit Bazkueiimue ¢hopMbI IpeICTaB-
JIeHUsI TeMaTHIecKux mojeneii. iHrepecnoit Bo3moxkHOCTHIO ViSARTM gBiserca mocTpo-
eHue Cnexmpa mem — PaHZKHUPOBAHHOIO CIIMCKA T€M, B KOTOPOM CEMaHTHYECKH OJIM3KHe
TeMbI HAXO/ISITCs PsajioM. ['pynimmmpoBanue Tem mo CMbIC/IY IOMOTaeT HOJIb30BATE/IsIM ObICT-
pee HaXOJUTh TeMbl, AKIEHTUPYS BHUMAHUE HA PA3IUIUSIX MEXK/1y OJIM3KUMU T€MaMHU.

20 3akar4eHune

TemaTtudeckoe MOJAETUPOBAHUE SBISIETCA OJHUM U3 MWHCTPYMEHTOB CTATHCTUIECKOTO
aHaAJIM3a TEKCTOB. 3a JBa JAeCITHIeTHS WHTEHCHUBHBLIX HCCJIeJ0BAHMI CO3JaHbI COTHU Te-
MaTudeckux mojiesieii. MHorue n3 HUX yJ/laJI0Ch BKJIIOYUTH B JAHHBIH 0030D.

Hecmorpst Ha ycnexu reMaTudecKux MOJIe/Iei, 0 KOTOPbIX COOOIIAIOT HAyYHbIE 11y0/11-
Kallu¥, Ha IIPAKTUKE UCI0JIb3YeTCsd B OCHOBHOM yCTapeBlilas MO/IeJIb JATEeHTHOI'O pa3Mellle-

"http://textvis.lnu.se — MHTEPAKTUBHLII 0630p CPEJICTB BU3YaIU3AIUNA TEKCTOB.

8Visual Information Seeking Mantra: «Overview first, zoom and filter, details on demand» [136].

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
muccepranust, MO®TU, 2017 (www.MachineLearning.ru/wiki/images/d/d8/Fedoriakal7bsc.pdf).
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uust Tupuxie (LDA). Boubioe pasnoobpasue Mojesieil, CJI0KHOCTh UX MaTeMATHIECKOIO
OIMCAHUs Ha “A3bIKe 0ailecOBCKOIro 00y4YeHusl, HECOBMECTUMOCTb PeaJin3aliuii co3/arT Oa-
pPbepbl JIJId MPAaKTHIECKOTO MpUMeHeHus 6ojiee MUPOKOro CIIEKTPa MOJIeJIeil.

Teopust addumuenoti peeyaspusayuyu memamuueckur modeaetc (ARTM) u mpoekr
C OTKPBITBHIM KO/I0M BigARTM HamesieHbl Ha peojiosieHne 3Tux bapbepos. B ARTM remarn-
4eCcKasd MOJICJIb OUPEIeaATCd IPOCTON BEePOATHOCTHON MOPOZKAAIONIEH MOIe/IbIO, OIIUChIBa-
IOIIEH CTPYKTYPY HPOCTPAHCTBA IIAPAMETPOB, U «MEIIKOM PeryJ/sipu3aropoBy, 380X
JIONOJTHUTE/IbHBIE TpeboBaHusd. Peryaspu3aTopsl aJIMTHBHBI, B3aNMO3aMEHIEMbI, UX JIeT-
KO KOMOMHHUPOBATH U IEPEHOCUTH U3 OJHUX MOJesell B ApyTrue, 9To NPUBOJIUT K MOJLY/IHHOM
TeXHOJIOTHH MojiesimpoBanusg. Co3aanue MoJie/in ¢ TpedyeMbIME CBOMCTBaAMU 10/T KOHKPET-
HOE NPUJIOXKEHUEe He TpedyeT HU TPY/JI0EMKUX MaTeMaTUYeCKHX BbIKJIAJIOK, HU CO3JIQHUS
AJITOPUTMUYECKH CJIOZKHOT'O KO/IA.

B GaitecoBckom 0OyueHuu JIONOJIHUTE/IbHBbIE TPeOOBaHUS BCTPAUBAIOTCH B CTPYKTY-
Py HOPOKJIAIONIeil MOJIe/IH, CUJIBHO YC/IOXKHs BBIBOJ, M HE OCTABJIAA BO3MOXKHOCTEH JIjIs
MOJIyJIbHOI peasin3aruu. bBaliecoBckuii BBIBOJ JIjIs OOJIBIIMHCTBA MOJeseil, OMUCAHHBIX
B JlaHHOM 0030pe, Tpedyer TPYJI0EMKUX MaTeMaTUYeCKMX BbBIKJIAJIOK. fI3bIK Kjaccude-
CKOM peryJisipu3alui OKa3bIBA€TCs HE MeHee BbIPa3UTEeJbHbIM, HO HAMHOI'O 0O0Jiee IPO-
crbiM. ARTM cokpammaer BbiBOJ OyKBaJIbHO 0 HECKOJIBKHX CTPOK. EuHCTBEHHOE, 9TO
MBI IIPH 9TOM TepsgeM — BO3MOXKHOCTb OIEHUTH He TOJIHKO 3HAYEHUs [TapaMeTpOB MO/IE/IH,
HO ¥ UX paclpejiesieHnsa. B npakTuke TeMaTudecKoro MOJIEJTUPOBAHUSA 3Ta BO3MOKHOCTD
HUKOIJIA TOJIKOM HE MCIOJIb3YeTCs, TaK 4TO IOTEPsi HE BeJIuKa.

JlomunupoBanue 0aiieCOBCKOI'O 110/1X0/1a B TEMATUIECKOM MOJIEJIMPOBAHUY 1 PA30DIIEH-
HOCTh aKaIeMUYECKOI'0 U MH/LYCTPUAJIBHOI'O COODINECTBA IIPUBOJAUT K HEKOTOPBIM 3a0.1y 7K-
JICHHSIM OTHOCHUTEJIbHO TeMAaTHYECKHX MOJIe/Ieil, TOCTOMHBIX YIIOMAHAHUS U KPUTHKH.

o «Temarumueckoe mojeupoBanue — 310 B ocHoBHOM LDA». Her, ectb coTaHu MOje1€0,
PEeHIAoIKUX Pa3HOOOPA3HbIE 3a1a9H, ¢ KOTOPBIME ILJI0X0 cupasisercsa LDA.

o «Temaruueckoe Mojie/IMPOBaHKE IOJAXO/UT TOJBKO JIJIs aHAJIU3a TeKcToBy. Her, ecTtb
MOJIeJIN JIJIsI aHAJIN3a N300parkeHuii, Buaeo, rpados, CUIHAJIOB, TPaH3aKINN.

o «Temaruyeckoe MojieIMpOBaHKE — TO pasjies DaiiecoBckoro odby4denusi». Her, 601b-
IIHHCTBO Mojeseil ropasao mpoire crpoarca B ARTM 6e3 6aiiecoBCKOro BBIBOIA.

o «Temarnueckne MoAeJIn IPpeACKa3blBaAlOT YaCTOThI CJIOB B JOKYMEHTAX>». cDOpMaJ’IbHO
Jda, HO UX IeJIb B JPYI'OM — BbIsfBJICHHE KJIaCTepHOfI CTPYKTYPbI KOJIJIEKIIUH.

o «Tembl YacTo OKa3bIBAIOTCA JAyOJUPYIOIMMMHA HJIX ILJIOXO HHTEPIPETUPYEMBIMEY.
1o Ttak B LDA. IIpobiema pemraercs ¢ IMOMOIIBIO JIPYTUX PEry/Isipu3aTOpOB.

o «TemaTmyeckne MOJeN OCHOBAaHBI Ha THIOTE3€e MeITKa cJI0B». MHOrme, HO He Bce.
TemaTudeckue MoOJEIN N-IPpaMM, OUTEPMOB, IIPEJI0KEHUN, CerMEHTAIUN, PEeryJid-
pusaropbl E-1ara mo3BosisiiorT yYuThiBaTh MOPSI/IOK CJIOB B JOKYMEHTaX.

o «Temarnmyeckue BEKTOPBI HEe OTPazKaloT CMbICJ CJIOB, Kak word2vec». 910 Tax
B OOBIYHBIX MOAEJIAX, KOTOPbIC CTPOATCHA 110 YaCTOTaM CJIOB B JJOKYMEHTaX. Ho moxk-
HO CTPOUTL TeMaTU4YeCKUue MOLEJIN 110 YaCTOTaM IHapPHbIX COYeTaHUNI CJIOB, KakK
u word2vec. Temarnueckue BeKTOpBI B MoJeaax GurepmoB (BitermTM) win ceru
ciaoB (WNTM) e TOTBKO ONpEIEIAIOT CeMAHTHICCKYIO OIH30CTh CJIOB, HO H 00JIa-
JA0T CBOMCTBAMU UHTEPLUPETUPYEMOCTU U PA3PEKEHHOCTHU.
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o «Temarmueckast mozenp LDA nepeobydaercs ropasao menbire, uem PLSAs. Her,
X Ka4ecTBO IMPUMEPHO OJIMHAKOBO, OCOOEHHO Ha, DOJibImuX Kojuteknusax. LDA ocro-
pOKHee OMEeHNBAaeT BEPOSITHOCTU peJKuX c0B. POpMAJbHO ITO yaydIllaeT HpaBo-
no00ue, XOTsd TU CJIOBA MPAKTUYECKN He BayKHBI [IJIs OMMHCAHUS TeM.

o «Temarmueckass mozgesnb LDA umeer mamuoro menbine napamerpon, dem PLSA».
Her, marpunpr ¢ u © onenuBarorcs B 00eHX MOJEIIX, IMOCKOIbKY OHH HYZKHBI JIJIsI
npuaokenuii. Ha camom gese B LDA Gosbire mapaMerpoB, J100aBISOTCI 5 1 (.

Hekoropsie npobiemsbr moka ocraforcs oTKpbeiTeiMu B ARTM. Kak mogbupars kKo3g-
pUIUEHTH peryasgpu3alui aJalTHBHO U MOJHOCTHIO aBTOMATHYECKH B XOJie UTepaluii’
Kak pemuTpb mpobemy HecOaJTaHCHPOBAHHOCTU TeM, KOTJIa KPYITHbIE TEeMbI Pa3/1e/Ia0TCs
1 00pa3yloT TeMbI-lyOJIMKATBI, a MeJKHe O0beJuHsIOTCs U 00pa3yloT MYCOPHBIE TEeMbI?!
Kak obecrnieants mocrpoenue 1moiHOro Habopa XOPOHIO WHTEPIPETUPYEMbBIX T€M !

B nannblii 0030p HE BOILIN HEKOTOpBIE BayKHbIE TUILI MOjeseil, HallpuMep, JIid aHa-
JIN3a U300pazKeHuil U BUJIEOIOTOKOB, AHHOTHPOBAHUS H300PazKeHUil, peKOMEHIATeTbHbIX
CHUCTEM, CYMMapH3allud TEKCTOB, aHa/Inu3a TOHAJbHOCTH WM BBLISIBJICHHI MHEHHUI, UCIIOJ/Ib-
30BaHUs U IMOCTPOEHUSI OHTOJIOTHI, OOHAPYZKEHUSI HOBBIX TEM U MPOC/IEZKUBAHUS HOBOCT-
HBIX CIOZKeTOB. Takyke He ObLIN 3aTPOHYTHI BOIPOCHl MHUITUAIU3ANUNA U ABTOMATHIECKOTO
nmeHoBanust TeM. He Hamia orpazkenusi B 0030pe HOBast TEH/ICHIUsI CO3/IaHMUs TUOPUIHBIX
MOJIeJIed HA OCHOBE TeMATUYE€CKOT'0 MOJAETUPOBAHNAA W HEMPOHHBIX CETEH.

O0630p HanuUCcaH [0 MaTepuaJaM clenKypca « BeposgaTHocTHOe TeMaTHIecKoe MOJIeTHPO-
paHue» !, Koropulit apTop unTaer Ha daxyinbrere BMK Mockosekoro [ocynapcrBeHHOro
Yuusepcurera um. M. B. JlomonocoBa u na kadejpe unre/ieKryaibubix cucreM MocKOB-
ckoro Pusuko-Texuudeckoro Mucruryra. OOHOBIIsSIEMas JIEKTPOHHASA BEPCHSA JOCTYITHA
Ha caiite MachineLearning.ru'?.

Pabotra Buinosinena npu ounaHcoBoii nmoaepzkke Poccuiickoro dpomnaa dpyniamenTanb-
HBIX uccaeqoBanuii (mpoekTsl 17-07-01536, 20-07-00936) u npasuresnbcTBa Poccuiickoit
Deneparuu (cormamenue 05.Y09.21.0018).
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