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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]. IIpenmy1ecTBo BepOATHOCTHBIX TEMATHIECKUX BEKTOPHBIX IIPE/ICTAB-
JIEHUII TEeKCTa B TOM, 9TO OHU MHTEPIPETUPYEMbIE U PA3PEIKEHHDIE.

Temarudyeckoe MOJEJUPOBAHUE OXOXKE 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 TaKzKe KJIACTEPHU3YIOTCS 110 TeMaM. DTO MO3BOJIsSIeT 00XOUTH MPOOJIEMbI CHHO-
HOMUOHI 1 motiuceMun ¢10B. CHHOHUMBI, yIOTpeO/IsieMble B CXOKIUX KOHTEKCTaX, IPYIIHPY-
I0TCS B OJHHX U TeX rKe TeMaX. MHOTrO3HaJYHbIe CJIOBA U OMOHHMBI, HA00OPOT, HOJTYYIat0T
OOJIbIINE BEPOATHOCTH B HECKOJBKHX CEMAHTHIECKH HE CBSI3aHHBIX TEMaX.

Muorue npu/okeHust TEKCTOBOW aHAJIUTUKU UCIOJIb3YIOT TEMATHIECKHE MOJIEIU. DTO
BBISIBJIEHUE TPEH/IOB B HOBOCTHBIX HOTOKAX, HATEHTHBIX 0a3ax, HAYYHBIX MyO/IMKAIUIX
[180, 145|, muorosi3branbiii nndopmanmonusiii mouck [155, 154|, kiraccudukanus n Ka-
reropuszanus Jokymentos [130, 183], Temarmueckasi cermenTanus Tekcros [166, 127,
cymMMapu3alnus TeKCTOB [84], MOMCK TeMaTHYecKHX COOOIIECTB B COIUATBHBIX CEeTIX
[182, 147, 119, 34|, rerupoBanue BeOG-crpanui |74|, obnapyzxenue TekcroBoro crama |14].
CymiecTByIOT ¥ HE-TEKCTOBbIE HPUJIOKEHHS TEeMATHIECKOTO MOJIE/JIUPOBAHUS B AHAJIU-
3e u300paKkeHuii u BuIeonoToKoB |62, 83, 55, 146|, B peKOMEHIATEJbHBIX CHCTEMAX
[174, 161, 78, 177, 176], B monyasimuonnoii reneruke [122|, B GuonndopmarTuke s aHa-
JM3a HYKJICOTUIHBIX [7D| M aMHHOKHCJIOTHBIX mocjenoBaTeabuocreii [135, 73|. dpyrue
IPUJIOZKEHUST TEMATHIECKUX MOojiesieli ynoMuHaoorces B ob3opax |45, 29, 36, 126].

[TocTpoenune TemaTnIecKoi MOE/H O KOJIIEKIUHN JIOKYMEHTOB SBJISIETCSl HEKOPPEKTHO
HOCTABJIEHHOW ONTUMU3AIMOHHON 3a/laueil, KOTopas MOKeT UMeTb OeCKOHeYHOe MHOZKe-
crBo perrennii. Corsacao Teopuu peryasgpusanun A. H. Tuxonosa [15], perrenne Taxoii
31291 BO3MOXKHO JOOIPEIEIUTD U CAeIaTh YCTORINBBIM. /I/Is 9TOro K ONTHMHU3AIIOHHO-
My KPUTEPHIO J00aBISETCI Pe2yYAApu3amop — AOMOJTHUTETbHBI KPUTEPHil, yINTHIBAIO-
it crieruduydeckre 0COOEHHOCTH IPUKJIAIHON 3a/1a91 WA 3HAHUS IIPEJIMETHOI 00/1acTh.
B cioxubIx 3a/1a9ax JIONOJHUTE/IBHBIX KPUTEPUEB MOYXKET ObITh HECKOJIBKO.

Addumusnas pezyaspusayus memamuueckur modeset (additive regularization of
topic models, ARTM) — 370 MHOTOKpHUTEPUATIBHBIN MOAXO0/], B KOTOPOM MOJIE/Ih OMTHMU-
3UpyeTCsl MO B3BeleHHo cymme kputepues [4, 152]. ARTM no3BoJisieT CTPOUTH MOJIEIN
¢ TpedyeMbIMU CBOMICTBAMU, LEPEHOCs PEryJIPU3aTOPbl U3 OJHUX MOje/Iell 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.

ﬂOMHHprIOIL[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 [POrPpaMMHYIO peajin3anuio. V3-3a cj102KHOCTH MaTeMaTu4ecKoro aliapara B CTaTbsX
HaCTO OIIYCKalOTCA BazKHbI€ JIJId IIOHUMaHUA JIieTaJiu. I/IHOF,Z[EL 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 BCTPEYAIOTCA NPUMEPBl IPUMEHEHAs TeMaTHIeCKUX MOJeJIel CJI0ZKHee MO-
pasibho ycrapesnreit LDA (Latent Dirichlet Allocation) [33].

OcHoBHasg 1eJIb JIAHHOTO 0030pa — IMOKa3aTb pa3HooOpa3me TeMaTHYeCKHX MojeJieii,
COCPEJIOTOUYUBIINKNCH Ha BayKHEUIIEM dTame MOJAeTUPOBaHUsS — (popMaIn3aiui OnTUMHA3a-
[MOHHOM 1IOCTAHOBKH 3a/ia4u. Temarndeckoe Mojie/impoBaHue 00/1a/1aeT OIPOMHBIM 3alla-
COM r'uOKOCTH, IIO3BOJILIONIUM 00padaTbiBaTh CJIO2KHO CTPYKTYPUPOBAHHbBIE JIAHHbBIE U 1IPU-
MEHSTh TeMaTUYeCKUN aHaJJau3 COBMECTHO C APYIruiMU ME€TOJaMU aHAJIN3a TEKCTOB. BTOpaH
1eJIb — IOKA3aTh, YTO PEry/Isapu3aliys IB/IdeTCsI He MeHee BBIPA3UTeIbHBIM CPEJICTBOM MO-
JleJIMpoBaHusd, YeM OaitecoBckoe odydenune. Ha 3ToMm g3bIKe BO3MOXKHO HE TOJIBKO CTPOUTH
1 KOMOMHUPOBATH TeMaTUYECKHE MOJEIN, HO TaKxKe OObICHATH UX HAMHOIO JOCTYITHee
u Kopode, 0e3 «3aMeTaHusi M0J, KOBEP» CJI0KHOM MaTemaruku. COMOCTABUMBIH 110 OXBATY
u obcTosiTe/IbHOCTU 00630p DailecOBCKUX MoJiejieit 3aHsi/l Obl MHOI'O COTE€H CTPAHUIL.

Pazniensr 2-5 aBnsiorca 6a3zoBbiMu. B pasmenax 6-7 uznaraerca Teopus OaiieCOBCKO-
ro IMoJX0/a; OHA He o0A3aTe/bHa JIjIsd MOHUMAHUS MOC/IeIYIONero Mareprasia, HO MOXKET
OBITH IOJIE3HA MPH YTEHUUM HAYJHOU JimTepaTypbl. B pasmenax 8-15 B TepMuHax pery-
JIAPpU3aluu OIIUCbIBAIOTCA Pa3J/IMYHbIEe BU/Ibl TeMaTUYCCKUX MOﬂeﬂeﬁ. OHI/I IIPpaKTUY€CKHU
HE CBA3aHbl JIPpYI' C APYI'OM, UX MO2KHO 4YUTaTb B IIPOU3BOJIbHOM ILOPAAKE WJIX UCIHOJIb30-
BaTh KaK IIyTeBOJUTE b 1O JuTeparype. Pa3aenbl 16—17 onuceIBalOT KpUTEPUU KauecTBa
TeMaTudecKux Mojeneit. B pazaene 18 paccMaTpuBaoTcs 0COOEHHOCTH peau3alii aJro-
PUTMOB, B TOM YHCJI€ TPUEMBI YCKOPEHHS CXOIUMOCTH U paclapaJuienuBanusd. Pazmaen 19
COJEPKUT HavdaJIbHbIe cBeJleHust o oubmmoreke BigARTM. B paszneste 20 obcyzkaaercs npu-
MEHEHUuEe TeMaTH41eCKOIo MOJCJIMPOBaHUA JJId PA3BEI0YHOIO I/IH(I)OpMaI_[I/IOHHOFO IIOHUCKa.
B pasjiesie 21 naxojurcs Kparkoe 3aKJII0YEHUE.

Hwuke npuBenena cxema 3aBUCHMOCTH pa3jiesioB. Pa3jesbl BepXHero psijia aBJISIOTCS
OCHOBHBIMH, HUKHETO — 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

pel) |~ FEEREDDD000000000000

HDD \\\

pWIt): | 0.023 gue 0.014 6aauc 0.018 pacnoaHaBaHve
0.016 reHom 0.009 cnektp 0.013 cxoacTso
0.009 Hykneotna 0.006 opToroHanbHbli 0.011 natTepH

W1, e, Wpyt /

PaspaboTaHd cnekTpasibHO-aHaIUMTUYECKUI NOAXOA K BbIIBEHUIO Pa3MbITbiX MPOTAXEHHBIX TOBTOPOB
B reHOMHbIX NocriefoBaTeIbHOCTSIX. MeToa OCHOBaH Ha, pa3HoMacLuTabHOM OLleHWBaHMMN CXOACTBa
HYKJ1IEOTUAHBIX MOCNeA0BaTENIbHOCTEN B NPOCTPAHCTBE KO3(PDULMEHTOB pasnoxeHus dbparMeHToB
KpuBbIX GC- 1 GA-coaepaHusa No KnacCMyecknM opToroHanbHbIM 6asncam. HangeHol ycnosus
onTUManbHOM annpokcMMauum, obecneymBaroLine aBToMaTMYeCckoe pacno3HaBaHMe NOBTOPOB
pasnnyYHbIX BUAOB (MPSMbIX U UHBEPTUPOBAHHbIX, @ TaKXe TaHAEMHbIX) Ha CNeKTpasbHOW MaTpuue
cxoAcTBa. MeToA 0AMHAKOBO XOpoLwo paboTaeT Ha pa3HbixX MacwTabax AaHHbIX. OH no3Bonser
BbISIBNSITb CNeAbl CEFMEHTHbIX AYM/IMKAUWA U MeracaTeN/IMTHbIE y4acTKN B TeHOME, palioHbl CUHTEHUU
npu cpaBHeHWM Napbl reHOMOB. Ero MOXHO UCMoNb30BaTh A5 AeTaNbHOro U3yyeHus dparMeHToB
XPOMOCOM (NMOMCKa pasMbITbiX YHACTKOB C YMEPEHHOM ANMHON MNOBTOPSOLWEroCcs naTrepHa).

Puc. 1: IIpouecc n0pozK/1eHus TeKCTOBON KOJLJIEKIMU BEPOATHOCTHO TeMATHIECKOI MOAEbIO (2): B KazK-
JIOff TTO3MIMN ¢ JOKYMeHTa d; CHadasa mopoxaaercd rema t; ~ p(t|d;), 3arem Tepm w; ~ p(w|t;).

3ajaya TemMaTnyeckoro MoAeIMpoBaHUsl — 3T0 OOpaTHAs 3a/ada: [0 33JAHHOI KOJI-
seknuu D Tpefyercs HANTH HAPAMETDBI @, U 014, TIPU KOTOPHIX TeMaTUYECKas MOJEIb (2)
XOPOIIO MpubIHKAET YACTOTHBIE ONEHKH YCJIOBHBIX BeposTHOcTel p(w |d) = ’%”
Pacupenenenne Buga p(t|x) Oymem HasbiBaTh memamukol obobekTa x. MOXKHO TOBO-
puTh 0 TeMaTtuke Jokymenta p(t|d), repma p(t|w), repma B gokymente p(t|d, w).
[les1bI0 TEMATHYECKOrO MOJIeJIUPOBAHNUS SBJISETCS BbISIBJICHIE TEMATHYECKON KJacTep-
HOI1 CTPYKTYPbI TEKCTOBOM KOJIJIEKIIUH, OlipeJe/ieHue TeMaTUuKU JJOKYMEHTOB U CBA3aHHbIX
C HUMHN O6'beKTOB, OIIMCaHue CEeMaHTHUKHU Ka}K,ZLOI';I TeMbl ¢ CJIOBaAMH €CTECTBEHHOI'O {A3bIKA

C IOMOIIBIO pactpejeienuii p(w |t).

Hu3kopaHrosoe maTpu4yHoe pasnoxeHue. Pasencrso (2) MOXKHO Hepenucarb B Mat-
PHYHOM BHJE. B JIeBoil 4acTH paBeHCTBa HAXOMUTCS MATPHUIA YaCTOT TEPMOB B JIOKY-
menTax I = (]§(w|al))wX » KoTopas Ham m3BecTHa. [IpaBasg gacTh mpemcrapisger coboit
IIPOU3BEJIEHUE JIBYX HEM3BECTHBIX MATPUIL, — Mampuuv. mepmos mem P = (Qui)wxr 1
mampuyvl mem doxymernmos © = (0iq)rxp. O0bruno unciao rem |T'| muOro Menbie | D]
u ||, mosromy 3a/ava TeMaTHIECKOrO MOJETUPOBAHUSI CBOJUTCS K MOUCKY HPUOTHKEH-
HOI'O MATPUYHOrO pa3soxkenus F ~ ®O, paur koroporo e npesbimaer |7T7|.



Bcee tpu marpunst F, ®, O apisrorcs cmoxacmuveckumu, TO €CTh UMEIOT HEOTPUIa-
TeJIbHbIE HOPMUPOBAHHBIE CTOJIONDBL fg, ©f, 04, IPEACTABISAIONIAE TUCKPETHBIE PACIpeIe ie-
uus. [Ipoussenenne PO HABBIBACTCS CMOLACTNUNECKUM MATNPUSHBIM PA3AOACEHUEM.

. HHPpOCTPaAHCTBE BEpOATHOCTH, BbI-
HacTtoTHble OLEHKMN YCNOBHbIX BeposiTHOCTen. B Q, ,
pazKaromuecs depe3 mepeMeHHble d M W, COBIAJAIT € YaCTOTAMH COOTBETCTBYIONINX Ha-
OJII0TaeMBIX COOBITHH:

N Ng Ty N
pldw)==7= pld=-" pw)=-" plwld) =" (3)
Ngw — TUCJIO BXOXKJIEHHUIT TepMa w B JOKYMEHT d;
Ng =Y, Ndw — JJIHHA JOKYMEHTA d B TePMax;
Ny = Y g Ndw — TUCJIO BXOZKJIEHHIT T€pMa W BO BCe JOKYMEHTBI KOJIJIEKIHI;

N=1 4w Ndw — AJHHA KOJUICKI[HH B T€PMaX.

BepositnHocTi, cBsi3aHHBIE CO CKPBITOM HEPEMEHHOI {, TOXKe ONpPeIe/IsiioTCs KaK 9aCTOThI:

ny Nt Nd Nidw
) = = ) = vt tld) = -4 tld.w) = : 4
p(t) s p(w|t) . p(t|d) m p(t|d, w) m—— (4)

Nigw — YUCIO TPOEK, B KOTOPBIX TepM W JOKyMeHTa d CBA3aH C TeMoil t;
Ntd = Y,y Mtdw — TACJIO TPOEK, B KOTOPBIX TePM JOKyMeHTa d CBsI3aH C TeMOii t;
Mgt = Y g Mdw — TUCIIO TPOEK, B KOTOPLIX TEPM W CBSA3AH C TEMOH ¢;

=>4 Ntdw — TUCIO TPOEK, CBI3AHHBIX C TEMOii t.

B ormaue or (3), 9TH YaCTOTHBIE OIEHKU HE MOTYT OBITH BHIYUCIEHBI HEIIOCPEICTBEHHO
110 MCXOJHBLIM JIAHHBIM, TAK KaK TE€Mbl {; HeM3BECTHDI.

CoruiacHo 3aKOHY OOJIBIINX YHUCEJ, HPU N — OO YACTOTHBIE OLEHKM, OIPE/Ie/IsIeMble
dbopmysmamu (3)—(4), crpeMsTcs K COOTBETCTBYIONMM BEPOSITHOCTSIM B IIpOCTpaHcTBe ().

EM-anroputm. Bamernm, 4ro Bee oneHKE (4) BBIPAKAIOTCH 9€PE3 Mgy, = NawP(t|d, w).
Buas ycsoBHble pactpesenenus p(t|d,w), MOXKHO OIEHUTb MCKOMbBIE MapaMeTpPhbl TeMa-
THYECKOH MOJeTn @,y = p(w|t) u Oy = p(t|d). V1, HaoGopot, 3Has mapamMeTpbl MOJIEJH,
MOKHO BBIDA3UTh yCJIOBHBIE BepositHocTH p(t|d, w) no dopmyse Baiieca:

p(t|d,w) = PGl _ pp(ld) _  uibha

p(w]d) plwld) 3 Pusbsd

Takum 0b6pa3om, 1OJIy4aeM CUCTEMY HEJIMHEHHbIX YyPaBHEHUN OTHOCUTE/ILHO IapaMeT-
POB MOJIEITH (Pyyt, Byq U BCIIOMOTATETBHBIX MEPEMEHHBIX Diguw, Mty Mid, T

(5)

(Pwt‘gtd
Ptdw = ’ 6
! Zs (pwsesd ( )
Ny
deD weWw
n
Ora = n—td; N¢g = Z NdwPtdw - (8)
d wed
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Agaropurm 2. Pannounanbusiit EM-anropurm st remarndeckoii mosenn (2).

Bxoga: kosueknust D, qucsio Tem |T'|, 9uCa0 UTepAUil impax;
Bbixoa: marpuns TepmoB Tem ® u TeM JOKyMeHTOB O);

1 MHUIMAJIUZANA Py, Opg myisi Bcex d € D, w e Wt € T
2 AN Bcex urepanuii ¢ = 1,..., tmax

3 OOHYJIUTD Ny, Nyd, Ny i Bcex d € D, we W, te T,
4 ANs BCex J0KyMeHToB d € D u Bcex TepMoB w € d

5 Nidw = New PutBid / Y. Puwbzq nist Beex t € T

6 YBEJTMYUTD Ty, Mg, T HA Nygy M BeeX t € T

7 Ouwt = Nyt /1y 1151 Beex w € W, t € T,
8 Orq := Myq/ng s Becex d € D, t € T;

Jluist eé perienust y100HO HIPUMEHSATh METO/I HPOCThIX UTepPalluil: CHavaJ/1a BbIOMPAIOTCs
HavaJIbHbIE HpI/I6.HI/I)KeHI/IH 1IaPaMETPOB Py U etd, 110 HUM BBIYHUCJ/IAIOTCA BCIIOMOI'aT€JIb-
HbIE IIEPEMEHHBIE Dy, KOTOPbIE MO3BOJIAIOT HANTH CJIeyIOIee PUOJINZKEHIEe TTapaMeTPOB
Oyt 1 Oy Beraucsenns mo dopmynam (6)—(8) mpogorzKaoTcs B MHK/IE 10 CXOAUMOCTH.

DTOT MTEPAIMOHHBIA HPONECC SBJIAETCS YaCTHBIM ciydaeM EM-ajaropurma, mpeHa-
3HAYEHHOIO JIJIsl IOCTPOEHUsST BEPOSITHOCTHBIX MOJIeNIeli O CKPBITHIME ITepeMeHHbIME [47].
Boruuciienne yeoBHBIX pacupejiesieHuil CKphIThIX 1epeMenHbix (6) HaspiBaercs E-marom
(expectation), Beraucsienue napamerpos mogean (7)—(8) — M-marom (maximization).

Boliuncienue nepeMeHHbIX My, Mg, Ny Ha M-I1are Tpedyer 0JHOKpPATHOTO IPOX0/a KOJI-
JIEKIIMU B IUKJIE 110 BCeM TepMaM w € d Bcex J0KyMeHToB d € D. BHyTpu 3T0Oro mukia
3HAYEHHUE Digy,, BBIUUCISAETCH TOJIBKO OMuH pa3. [losromy E-mar MoxKHO BCTPOUTH BHYTPb
M-1rara 63 JI0HO/JIHUTE/IbHBIX BHIYUC/IMTE/IbHBIX 3aTpaT U 6€3 XpaHeHus TPEXMEPHO MaT-
PULBL Pygp- DTOT BapuanT peanusanun EM-ajropurma GyaeM Ha3bIBATH PAUUOHANDHBIM;
OH IOKa3aH B AnaropurMme 2.

Jlamee mbl BeiBegeM EM-aaropurm u3 obiieil onTUMU3AIMOHHON TOCTAHOBKH 33 1AM,
Ceiiyac Mbl IPHUILIA K HEMY 3JIEMEHTAPHBIM ILyTEM, KOTOPBIH JaéT MPOCTOe HHTYUTUBHOE
IIOHUMaHue CyTu EM—aﬂFOpI/ITMa, HO OCTaBJIdeT 6e3 OTBETOB BazKHbl€ BOIIPOCHI: CXOJUTCA
JIL AJITOPUTM K PElIeHUI0 CUCTEMbl yPABHEHUU, €/IMHCTBEHHO JIM ITO pPelleHue, u 1oYemMy
9Ta CUCTEMA OIMCHIBAET TEMATUIECKYIO MO/Ie/Ib, HpubinzKaoiyo p(w|d).

3 Makcummnsauymsi Ha eUHNYHbIX CUMIJIeKCaxX

B srom pasjiesie Oyaer joka3aHa JeMMa O MAKCUMU3AIUU 1JIaIKOH (DYHKIMU Ha, €/11-
HUYHBIX cuMILTeKcax. C eé moMoInbio BeIBOATCA (hopMy/ibl EM-110100HBIX HTEpPAITHOHHBIX
IPOIIECCOB JIJIsI JIFOOBIX TeMaTHIECKHX MOJEE, OT CaMbIX IPOCTHIX JO CAMBIX CJIOXKHBIX.
[IpuMeHIMOCTD 3TOR JIeMMBI BBIXOJIUT JAJIEKO 3a HMpEeIeabl TeMaTHIeCKOTO MOIETHPOBa-
HUAAg. OHa 1IO3BOJIdEeT OITUMU3UPOBATH JIIO6bIe MozAeJid, IapaMeTpaMi KOTOPbIX ABJIAIOTCA
JAUCKPETHbIEC BEPOATHOCTHbIC pacCllpelde/ICHUd.

Heobxoanmble ycnoBusi makcumyma. Kiiaccuueckum HHCTPYMEHTOM PeLIeHUs 3a-
Aa4 OITUMU3aIUU C O'PAHUYCHUAMU PDABEHCTBAMHU U HEPAaBEHCTBaMU ABJIAIOTCA YCAOBUA

11



Kapywa—Kyna—Taxxepa. Paccmorpum 3aj1ady MaTeMaTHIeCKOro HPOrpaMMUPOBAHMS
f(z) — max;
gi(r) <0, i=1,...,m;
hj(l’)zo, ]:1,,/{5

Teopema 3.1. Ilycre ¢yuknun f(x), gi(x), h;j(xr) mempepbiBHO gHGOepeHIHPYEMBI
B Touke x. Ecm © — ToYKa JTOKAJIBHOrO MAKCHMYMAa H 3aJa4a YJ0BJCTBOPICT YCIOBHAM

PEryJISPHOCTH, TO CYHMIeCTBYIOT 3Ha4YeHusd [i;, 1 = 1,...,m, \;, 7 =1,... k, HasbiBaemble
mHoxcumensmu Jlaeparotca, rakue, 4ro:
(0. m k
—— =0, Ll A) = f2) = 3 mgi(z) = 22 Ajhy();
ox i=1 j=1
< gi(z) < 0; hj(x) =0; (mcxogmusre orpanmaeHn:1) 9)

w; = 0; (aBoiicrBennble orpanndenmsi)

[ i gi(x) = 0; (ycaoBue jononnsiomnieii HezKECTKOCTH)

Vesi0BuST peryasipHOCTA MOTYT (DOPMYJIMPOBATHCH 1I0-pa3sHOMY. B 3a1a9ax ¢ JInHEHHbI-
MU OI'PaHUYCHUAMU OHU BBIIIOJIHEHBI BCEr/la.

Bagaqa (14), (13) oTHOCHTCS K KJIACCY HEBBITYKJIBIX 33/[a9 MATEMATHIECKOIO HPOrPaM-
MupoBanusd. /|71 Heé BO3MOKHO HANUTH JIUIIb JIOKAJTBHBIIA 9KCTPEMYM, KaIeCTBO KOTOPOTO
Oy/eT 3aBHCETb OT HAYAJIBLHOIO IMpub/mKkenus. OIHAKO 3aMeTHM, 9TO JIajiee Mbl COCPEe/IO-
TOYUMCH Ha MOAUMPUKANUAX CaMOil (DYHKIUH f, CIIOCOOHBIX BIUSTHL Ha PelIeHne CUIbHee,
9eM CIIOCO0 MHHUIAAJIU3AIAN.

Jlemma 0 makcMmMmusauum Ha egUHNYHbLIX cuMniekcax. Beeaém omeparop norm, Ko-
TOPBIA 11peodpasyer POU3BOJIbHBINA BEKTOD (T;);c; B BEKTOP BeposiTHOCTEi (p;)ier JUC-
KPETHOI'O PACIPEe/IeHUs] IIyTéM OOHYJICHUS OTPULIATE/bHBIX 3JIEMEHTOB U HOPMUPOBKH:

x.
p; = norm(z;) = i, JuId Beex 1 € I

iel > (@) +
kel
rae (z); = max{0,z} — onepanus nosoxureabHoi cpesku. Ecin x; < 0 s Beex @ € I,

TO Pe3yJIbTATOM OIlepaTOpa NOrm IO OIpee/eHUuI0 SIBJIsdeTCs HYJIeBOl BEKTOP.

JlemMma 3.2 (o makcuMmu3sanuu Ha cuMiiekcax). Ilycrs yuknms f(§)) mHenpepbiB-
Ho jupepennnpyema 1o Habopy seKTopos 2 = (wj)jcs, w; = (Wij)ier,, BoobIIE roBOps,
pasamiIabIx pasmepHocredi |1;|. Torga BEKTOPBI w; JIOKAJIBHOIO SKCTDEMYMa 38aTH

f(Q) — max;
Zwij = 1, j € J7
iEIj

wij20, ie[j,jej;

npu yeaosun 1° 2 (Fi € I)) wij% > 0 y/J0BJIETBOPSIIOT yPABHEHUSIM
ij
of
w;j = norm | w;;—— € 1 10
" ’ieI.‘[j < Zj@wij)’ e 7 ( )
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npu yeaosun 2° : (Vi € I;) Wwa <0u(diel)) Wij Faor f < 0 — ypaBHenusim

of .
wi; = norm| —w;;=—— ), € Ij;
i€l 0w,~j
B IpoTHBHOM caydae (yemosne 3°) — OMHOPOJIHBIM ypaBHEHHIM W~ a =0,i¢€ 1.

Jdoka3zaTeabCTBO. 3aluiieM JIarPpaHKUaH ONTHMHU3ANMOHHON 3a/1a91 ¢ OrpAHUYEHH-
AMH HEOTPUIATEJIbHOCTA U HOPMUPOBAHHOCTHA BEKTOPOB:

L) =FQ) =D N D wiy— L)+ pywi,

jEJ i€l; jed iel;

IJile MHOXKHUTEIN A; COOTBETCTBYIOT OUPaHMYEHHAM HOPMHPOBKH, [i;; — OIDAHHYCHHAM
HeoTpuraTeapHocTH. Jamnuniem ycaobusg Kapyma—Kyna—Takkepa (9), npupaBHIB HYIIO
[POU3BO/IHbIE JIAlPAHKHMAHA 110 IMapaMeTpaM MOJIEeJIN:

0%  of

8wi] aww —|—,U,] :ujw] ( )

3adukcupyem j € J. Ilpeanosoxum, 4ro w;; > 0. Torga p;; = 0. YMHOKHB 00€ qacTn
pasercrsa (11) Ha w;;, HOJYIUM ypaBHEHUE

of

wijT = wij)\j.

Ob6o3HaunM JIeBYIO 4acTb 3roro pasencrsa udepes A;;. Torma A;; = wjj);.

Bosmoxkuabl Tpu caydad.

1. Ilycrs cymecTByer ungekc k € I; takoit, aro Ag; > 0. Torma A; > 0. Ecam A;; <0
IIpH HEKOTOPOM ¢ € [, TO ypaBHeHHe He MOKeT ObITh BBIIOJHEHO, U MOJIydeHHOe IIPOTH-
BOpEUHe O3HAYAET, YTO C/EJIAHHOe BHAYAJIE LIPEJIIojIozKeHne w;; > (0 He BEPHO, ciie10Ba-
TesibHO, w;j = 0. O0benunas ypasnenue w;j\; = A;; upu A;; > 0 ¢ HyJIeBbIM pelleHreM
wij = 0 npu A;; <0, moayuanm w;jA; = (A;;)+. Cymmupyst JIeByIo U IpaByio 9acTd ITOro
yPaBHEHH: 110 4, BHIPA3UM JIBOMCTBEHHYIO mepeMeHHyio: \; = > ., (Ay)4. lloacrasiss

J
_ 1
1OJIyYeHHOe 3Ha4deHnue \; B Gopmyiy w;; = /\—j(Aij)Jr, nostyauM uckomoe ypasaenue (10).

2. BEcm A;; <0 n1a Beex ¢ € [; m XoTa OBl OHO U3 3THX HEPABEHCTB CTPOToe,
10 A\; < 0, 1 aHAJIOrHYHBIM 00PA30M MBI 110JIy4aeM BTOPOE HCKOMOE ypDaBHEHHE.

3. Ecim A;; =0 naa BCG){() it € I;, 10 A\j =0, 1 BEKTOp w;; OLpe/esIdeTcs U3 CUCTEeMbI
OJ/IHOPOJ/IHbIX yPaBHEHUIt Wijwf. = 0 npu ycjI0BUSX HEOTPUIATEJIbHOCTA 1 HOPMUPOBKHU.

)

JlemMa, J0Ka3aHa.

st perieHusi cucremMbl ypaBHEHUi yJI00HO MCIOJIb30BATh METOJI IPOCTOW HTEepaIUu.
CrHauajia BeIOUpaercs HadaJbHOe IIPUOJIMZKEeHHe [IJIs BCeX BEKTOPOB W;, 3aTeM HX 3HAYCeHUs
MHOI'OKPATHO 00HOBJIstIOTCs 110 bopmyste (10). Ouepéanocrb U €PUOANIHOCTH OOHOBIIE-
HUIl MOT'YT BJIMSATH Ha CXOJIUMOCTDL IIPOIecCa M KOHEYHBIN pe3y/ibTar.

3aMeTuM, 4YTO UTEpPAIMOHHBIN IIPOIECC MOXOXK Ha TI'PAJMEHTHBIN MEeTO/ MaKCHMHU3a-
11U, HO 1OC/Ie/IHUI TpedyeT BbIOOpPA I'PAJIMEHTHOI'O 1IAra 1) U He YYUThIBAET OI'DAHUYEHUIT
HeOTpuuaTe/JIbHOCTU U HOPMUPOBKHU:

of
Wij = Wij -+ 7]%
ij
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4 ApanTtunBHas perynsipnsaymns

B stoMm pa3zzese Mbl BBe1éM 061nii hopMaIu3M aIUTHBHON peryispu3aliii, KOTOPbIi
HO3BOJIIET HAJIE/IATh TeMaTHIeCKHe MOJETU pPa3HOOOPA3HBIMH II0JIE3HBIMH CBOMCTBAMH.
Yo 310 3a cBOWCTBA U KaK OHM (POPMAJIU3YIOTCS € IIOMOIILIO Pery/ispusaiyu, OyjieM pas-
OupaTbCs B CACAYIOMMUX pa3jiesiax. 3/1eCh Mbl MOCTABUM 33/ady TEMATHIECKOTO MOJIE/IU-
pPOBaHUS KaK 3349y MaKCUMU3AIMU HA €AMHUIHBIX CUMILIEKCaX. C MOMOIIBIO JIeMMBbI 3.2
BbIBeJileM EM-anropurM OYKBaJIbHO B JiB€ CTPOYKH.

MpuHUMN MakcMMyMa NPaBAONOAODMA KCIOJIb3YETCs B MATEMAaTHIECKON CTaTUCTHKE
JIIsl OIEHUBAHUSI HEU3BECTHBIX MMAPAMETPOB BEPOATHOCTHBIX MOJE/el 1m0 HaDJII0aeMbIM
sgaabiM. COrJIaCHO TOMY IIPHUHITUILY, BHIOMPAIOTCS TaKWe 3HAYEHUS [IaPAMETPOB, IPU KO-
TOPBIX HaOJII0IaeMas BBIOOpKa HamboJiee [MpaBI0I0I00HA.

Dynruyus npasdonodobus Onpeie/deTcsd KaK 3aBUCUMOCTb BEPOITHOCTH HabJII01aeMoit
Bo10OpKU X = (d;, w;)!; o1 napamerpos mojean ¢, ©. B cuiy runoress 0 HE3aBUCUMOCTH
9/IEMEHTOB BLIOOPKH OHA PAaBHA, IIPOU3BEJICHUIO BEPOSITHOCTEH TEPMOB B JIOKYMEHTAX:

n

p(X;®,0) =[] pldiw) = [] [[pw|d)" p(d)"* — max.
. N—— [NC)
i=1 deD wed o
[IpostorapudmupoBaB mpaBIono100He, Mepeil/IeM 0T HPOU3BEIeHUd K CYMMe H OTOPO-
CHM CJIaraeMble, He 3aBHCINIE OT MapaMeTpoB Mojen. [lomydanm 3a1ady MaKCHMI3AIIHT

log-tipaB/10110/1061 IpU OTPAHUYCHUAX HEOTPUIATETHHOCTH U HOPMUPOBKH:

D2 mawln ) pwba > max; (12)

deD wed teT
Z Ywt =13 pur = 0; Zetd =1; 64=0. (13)
weW teT

Perynsapunsayns HeKOppeKTHO NOCTaB/IEHHbIX 3a4a4. 3a/a49a HA3bIBACTCS KOPPEKIMHO
nocmasaerHot 1o AjaMapy, eciii e€ pelieHne CymecTByer, e JMHCTBEHHO | YCTOInBO.

Bajiaua cTOXaCTHYEeCKOTO MATPUIHOIO PABJIOKEHUS SIBJISIETCS] HEKOPPEKTHO 1OCTABJ/IEH-
HOIT, TaK KaK MHOXKECTBO €€ perreHuii B 00meM ciay4dae beckonedno. Ecim $O© — pemenne,
To ($S)(S71O) Takxke ABjgercsd pelleHHeM I BeeX HeBBIPOXKICHHBIX MaTpuIl S, mpu
yeaosun, 9ro Marpunsl @S n ST1O — croxacTmueckue.

CymectByer ob1uil 10/1X0/1 K PEHIEHUI0 HEKOPPEKTHO MOCTABJIEHHBIX 00OpPATHBIX 3a/1a4,
Ha3blBaeMblil peeyaspusayuet; [15]. Korga onrumusanmonnas 3ajada HeJ00Npe/leeHa,
K OCHOBHOMY KPHUTEPUIO JO0ABJISIIOT JIOMOJIHUTEIbHBIA KPUTEPU — PeryJisipu3arop, yau-
THIBAIOIIHUI crenuuKy pemaeMoil 3a/1a9d 1 3HAHUA HMpeaMeTHOil obimactu. B mpakrude-
CKHX 3a/1a9aX aBTOMATHIECKOHl 00pabOTKN TEKCTOB JOMOJHAUTEIbHBIX KPUTEPUEB U Orpa-
HOYeHHl Ha pelleHne MOXKeT ObITbh MHOTO.

Addumusnasn peeyaspusayus memamuueckur modeset (ARTM) [4] ocHoBana na Max-
CUMU3AIUU JIMHEeHHOW KoMOuHamuu JorapudMa IpaB/oONog0bus U pPe2ysApu3amopos
R;(®,0) ¢ HeorpunaTe bHbIME Kodfiunuenmamu pezysapusauuu T, = 1,... k:

k
DD )y puba+ R(®,0) = max;  R(®,0)=) nR(®,0); (14)
’ i=1

deD wed teT
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DU OIPAHMYEHHUSIX HEOTPUIATEHLHOCTH U HOpMUPOBKH (13).
[IpeobpazoBanue BeKTOpa KPUTEPUEB B OJIUH CKAJISPHBIIT KpUTEPUl — 3T0 OJuH U3 Da-
30BBIX [IPUEMOB B MHOIOKPHUTEPHAJIBHON ONTHUMUA3AINK, HA3BIBAEMBIH CkaAAPU3aUUed.

OcHoBHasa Teopema ARTM. Ilpumenum jemmy 3.2 Kk HAOOPY BEKTOP-CTOJIOIOB JBYX
marpur, 2 = ($,0). B nanbreiiniem sta jleMMa OPUTOJUTCS HAM U B 0OJi€e CJIOKHBIX
caydasdx, Korjaa Marpuil 6yjaer 6oJblie JIBYX.

Teopema 4.1. Ilycrs ¢pyuknus R(P, ©) neupepbisuo jgugpgepennupyema. Toryga rouka
(®, ©) srokanpHOrO 3KCTPeMyMa 3aMaqu (14) ¢ orpanmaennsvu (13) yoBaerBopsier cucre-
Me ypaBHEHHI O BCHOMOTATEeJbHBIMH MePEMEHHBIMH Dig,, = P(t|d, w), ecom u3 pemmenmst
HCKJTIOYHATH HYJIeBbIe CTOJI0MBI MaTpui; P, O:

Ptdw = ng)erj{n (SDwtetd)% (15)
OR
wt — w w ) wt — wPtdw 16
Pwt norVrVn<n t+ @ tagpw) Mt ;nd DPtd ( )
OR
O = nor%n <ntd + Oy p th) Nid = UJZEd NdwPtdw - (17)

Hoxkazarenscrso. [lepenmmmenm (15) B cieyomem BuJe:

Did IlOI"IIl (Qp 0 d) Sowtetd o prtetd
tdw — wtYt .
Z Ywstsa  plw|d)

[Tpumennm k 3aga4e (14) ocunosnoe pentenne (10) u3 seMmbl 3.2 U BBLAEIHM B IIOJIY-
YEHHDIX BBIPAKEHHSIX BCIOMOTATEIbHbBIE IEPEMEHHBIE Dygyy

Pwt = IquOl"m <<pwt 0 <Z Z N 1N Z Owtba + R(P, @))) =

Fpuwr deD wed teT
OoR OoR

— IIOI'III (Sowt Z ndw + Puwt ) ) IlOI"IIl (Z NdwPtdw + Pwt 7 P )

deD Put deD Put

Oiqg = norm <9td 0,1 (Z Z Ngw 1N Z Owibia + R(P, @)))
deD wed teT
OR OR

= norm <‘9td WZEd ndw + Ota 5 th) = norm (WZ@ NewPtdw + Ord 89“[)

HyusieBbie crosibunt B marpumnax ® u © nosydaiorcs B Tex ciydasx, KOraa B jieMMe 3.2
BMecto yeiaopus 19 peasmsyiores yeaosus 2° min 3°. B Takux ciydasix OCHOBHOE pelre-
aue (10) yzke HEIPUMEHUMO, OJHAKO TeopeMa UCKII0YaeT X U3 PACCMOTPEHHS.

Teopema mokazana.

Perynsipnzosantbii EM-anroputm. Cucremy (15)—(17) yuo6HO pemars METOI0M 1po-
creix urepanuii. CHadga a BEIONPAIOTC HAYAIbHBIC TPUOTHKEHUS Py, Opq, 32TEM B IIHKIE
10 cxomumoctu gepenyiores E-waez (15) u M-wae (16)—(17). Kaxgasg nrepamus mpes-
crapiisier cobOii MPOXOJL 110 BCEM TEPMaM BCEX JIOKYMEHTOB KOJLIEKIIUH.
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A nroputMm 3. Peryaspusosanubiit EM-aiaropurv st ARTM.

Bxoga: kosuteknust D, qucsio Tem |T'|, 9uCI0 UTePAIAIT ipax;
Bbixoa: marpuns Tepmos Tem ® u TeM JOKyMeHTOB O);

[y

MHUNUATI3ANAL Oy 1= nor{grfl(pw + rand) ags Becex w € W, t € T,
we

2 AN Bcex urepanuii ¢ = 1,.. ., tmax
3 Nt = 0 jutst Bcex w € W, t €T
4 ANs BCex JH0KyMeHToB d € D
5 UHATAIU3aNUd Oy := % st Beex t € T
6 NOBTOPSATb
7 Nidw = Nduw Ilfeme(SOwtetd) st Becex w € d, t €T
8 O = norm( > Niaw + QtdaaTR> st Beex t € T,
teT \,cd td
9 noka 6, e coigércs;
10 Nawt = Nt + Mgy A1 BceX w € d, t € T,

11 Pwt = norm(nwt + gowtaa—R> st Becex w € W, t €T,
L weW Pwt

Pavyuonasrvrond EM-aszopumm ¢ pe2ysapudanuet; CTPOUTCS aHAJIOTHIHO aJITOPUTMY 2,
TOJIHKO aru 7 u 8 3amensiiorcs popmyaamu M-mara (16)—(17). B Asropurme 3 nmokaszano
eIIé HeCKOJIbKO YCOBEPIIEHCTBOBAHMIA:

1) BekTOp 4 ompesiesieTcss MO OKOHYAHUH OOPAabOTKHU JOKYMeHTa d, a He BCeil KOJI-
JIEKIIMH, TIO9TOMY Jlajiee OH MOYKET He XPAHHTbCs, KaK U CUETUUKH Nyg;

2) mpu oOpaboTke JOKyMeHTa d MOXKeT ObITh CJIEJTAHO HECKOJIBKO HTepaluii Mo BCeM
CJI0BAM JIOKYMEHTa, W € d /10 CXOAUMOCTH BEKTOpa 04;

3) BeKTOp 0 MHUIMAIMBUPYETC PABHOMEDHBIM DACIPE/ICICHUEM;

4) BEKTODP (; WHHIUATU3UPYETCS CIYIAlHBIM PACIpPeIeJeHueM, KOTOPOe OT/IeJIseTCsI
OT HyJIsI PACHPEICTICHUEM Dy = Ny, /1

NzBectno, yro EM-airopurm 6e3 peryaspu3anun CXOIUTCA B CJIA0OM CMBIC/Ie: Ha KazK-
JI0iT wrepauu npasonogobue ypeaudusaercs |47]. Axasorudubie ycsioBust caaboii ¢xo-
aumvoctr it ARTM nosydenst B |11].

Onnatinosoti EM-anzopumm cauraercss HamboJiee ObICTPBIM M XOPOIIO paclapaJiie-
muBaercs |60, 26]. O6uosaenus MaTpunpbl ¢ TPOU3BOJAATCS HE IMOCTE MPOXOIA BCell KOJI-
JIEKIUHU, & Yalie — Iocje 00paboTKHU OmpeIeéHHOr0 00béMa MAHHBIX. EC/HM KOJIeKIus
boJibiasi, To Marpuna  MoxKer COMTHCH U HMEPECTATb MEHATHCS 3aJ10JI00 0 OKOHYAHMS
nepBoit urepanuu. Torga OgHONO HPOXoJa Oyger AO0CTATOYHO JJIsi HOCTPOEHHS MOJIEJIN.
[Tosromy oHJiaiiHOBBIE AJTOPUTMBI CIIOCOOHBI 0OpabaThIBATH OTOKOBbBIE JIAHHbIE.

Jeranun napaJjienbHoil peasm3anun oddiaitHoBoro u onaiitnoporo EM-aaropurma
B 6ubsmoreke BigARTM onucanbl B pasmenax 18 u 19, emg mojpobuee — B crarbax [56, 3|.

Anvmepramusnas gopma zanucu EM-anrzopumma tpepcrasisier M-mar B Buje ot-
JIEJIBHOM 381291 MAKCUMU3AIMME JI/Is OIPEIeJICHIST HaPAMEeTPOB MOJIEH IPU (PUKCHPOBAH-
HbIX IIEPEMEHHBIX Pygyy, = P(t|d, w), Bbiunciennbix Ha E-mare.

Teopema 4.2. B ycioBusix reopempl 4.1 Touka JjiokajibHOro sxkcrpemyma (®,0) onru-
mm3aruonnoil 3aa4qn (14) ¢ orpanmdenusvu (13) coBmagaer ¢ TOYKOMH JIOKAJIHHOTO KC-
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TpeMyMa onTHMH3AHOHHOMN 3a4a4n (19) ¢ orpanngennsivu (13) u (18):
Ptdw = ngerjlzn(sowﬂtd); (18)

Z Z anwptdw hl(s%t@td) + R(®,0) — T{{}%X- (19)

deD weW teT

Hoxkazarenscrso. [Ipejncrasus B (19) sorapudm npousseennst cyMMOil IBYX JIOra-
pudMOB, HOJIYIUM JBe CYMMBI, IepBasi 3aBUCAT TOJIBKO 0T ®, BTOpas — TOJBKO OT O:

Z antlngpwt+ZZntdln9td+R(<I>,@) — n(g%x.

weW teT deD teT

[Ipumensst x 37oii 3ama4de dbopmyny (10) u3 semmbr 3.2 npu orpannvenusx (13) u dbukcu-
POBAHHBIX 3HAYEHUAX [EPEMEHHBIX Py, HEMETIEHHO ToydnM ypasuenus (16)—(17).

Vcnosus BblIpoXxaeHHOCTU. B remarnueckom Momenuposanmun ciaydan 2° u 3° u3 gem-
MbI 3.2 GyJIeM CYATAaTh BBIPOXKIEHHBIMEA. Ecaum HOpMUPOBOUHBIH 3HaMeHaresb B (10) oka-
JKeTCA PaBHBIM HYJIIO, TO COOTBETCTBYIOIIUII BEKTOD w; Oy/eM HojaraTb HyJIeBbIM U HC-
KJIIOYATh €10 U3 MO/JIE/IU, COKPAIas Pa3MEPHOCTD IIPOCTPAHCTBA IAPAMETPOB U CYUTAS ITO
110JIE3HBIM 1TOOOYHBIM JleliCTBHEM pery/sipu3aiuu. Eciim BhIPOXK/JIEHHOCTh HeKejlaTe/IbHa,
TO €€ HeTPYJIHO H30€:KaTh, YMEHbIIasd KOIMMUIUEHT peryiapu3aliiu.

Tema t HA3BIBAETCI BBLPOIHCOCHHOT, €CITI

Nt + Pt < 0 mag Becex w € W.

890101‘/

BoIpoK IeHHOCTD SBJII€TCs CJAEJCTBHEM CUJIBHOTO pa3peKUBAOIIEro BO3ICHCTBHS pe-
ryasipusaropa R. OOnysierue cro/ona Marpuiibl ¢ o3Ha4aer, 9T0 JJIsi MAKCHUMU3AIMH
peryjdpusaTropa BbII'OJHO UCKJ/IIOYUTL JAHHYIO TeMYy U3 MOJ/CJIN.

JlokymeHT d Ha3BIBACTCS BbPOAHCIEHHLM, ECIIH

OR
N + etdﬁT <0 g Beex t €T
td

Broipoxk1eHHOCTD JIOKyMEHTa MOXKET O3Ha4aTh, YTO MO/IE/Ib HE B COCTOSIHMHU €r0 OIlU-
caTh, HAIIPUMED, €CJIM OH CJHUIIKOM KODPOTKWH WA He COOTBETCTBYET TeMaTHKe KOJLIeK-
mun. O0HyIeHre cTOIONA MATPUIBI © 03HAYAET, UTO, /I MAKCHMI3AIUNN PEryIapu3aTopa
JIAHHBIN JTOKYMEHT BBITOJHO CUUTATH aHOMAJbHBIM.

Mopgenb PLSA ujin BEpOSITHOCTHOTO JIATEHTHOTO CEMAHTUIeCKOTo aHanu3a (probabilistic
latent semantic analysis) ucTopudecku siBIsSeTCsS MEPBON BEPOSTHOCTHON TeMaTHIeCKOil
mozenbio. Ona Obuta unpemiozkena Tomacom Xobwmannom B 1999 roay [61]. B ARTM
OHA COOTBETCTBYET HyJIeBOMY peryasipuzaropy, R(®, ©) = 0. B srom ciayqae cucrema (15)—
(17) coBmamaer ¢ cucremoii (6)—(8), KOTOPYIO MBI MOTYYUIN PaHEe U3 STEMEHTAPHBIX CO-
obpaxkenwuii. /lobapyienue peryisgpusanuu ne Menser ¢opmyry E-mmara.

B mogenn PLSA me moxkeT OBITH BBIPOXKJIEHHBIX T€M HJIH JIOKYMEHTOB, IMOCKOJIBKY
BbIPDO2K/ICHHOCTDb BO3HUKAET U3-3d OTPULATEC/IBHOCTHU HIPOU3BOAHbIX PEryJ/IidApU3aTopa.
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O cTpaTterusax perynspusauyun. 3ajada TEMATHIECKOrO MOJIEJIUPOBAHHUSA 110 CYTH sB-
JIddeTrcd MHOFOKpI/ITepI/IaﬂbHOﬁ. TeMbI AO0JIZKHBI YI0OBJIETBOPATHL MHOI'MM Tpe6OBaHI/IHM O~
HOBPEMEHHO: HHTEPIPETHPYEMOCTH, PA3JIUIHOCTH, pa3pPeKeHHOCTH U T. 1. TeMarudeckas
MOJIe/Ib OOBIYHO HCIOJIb3YeTCs KaK BCIIOMOTIATe/JbHbIH MHCTPYMEHT JIJId PeIIeHus OIHOM
WU Cpa3y HECKOJbKHX 3aJ/iad TeKCTOBOW aHAJUTUKUA — MWHMOPMAIMOHHOIO ITOUCKA, BU3Y-
aJn3aluy, KaTeropusaluu, CerMeHTalu, cyMMapu3anuu u T. . Kaxkas 3a/ia4a nupe/ib-
spjisier csoun TpeboBanus K mojesn. B ARTM Bce rtpeboBanust (popmasim3yiorcs B Bu-
Jie KpuTepueB peryiaspusanuun R; n O0aJaHCUPYIOTCd C IOMOIIbIO KO3 DUIHEHTOB T;.
Kosdbdunuenrs! 7; npuxoauTcsa nogadupaTh B KazxKI0il 3a/1a4e SKCIePUMEHTAIbHO, YTOObI
HaiTH KOMIPOMHUCC MeXKJIy BCeMHU KpuTepusMu. Bosee Toro, jijis m3MepeHus KadecTBa
MOJIe/IM OOBIYHO HCHOJIB3YIOTCS HE CAMU PEery/sipu3aropbl R;, a Kakue-to Jpyrue Mem-
PuKy Kavecmsa. Peryisipu3aropbl J0JI2KHbL ObITh IJIQJIKUMU (DYHKIUAMU, YIOOHBIMU JIj1st
Bbruuc/ienuit Ha M-mare. Merpuku KadecrBa JIOJI2KHBI UMETh YI00HBIE JIJI MHTEePIpeTa-
IUU 9UCJIOBBIe 3HadeHus. K coxKajeHuio, 3Tu TpeboBaHUd YaCTO BXOJAT B IPOTUBOpPEUHE.
Hanpuwmep, obmenpuHaThie METPUKH KadeCcTBA HH(MOPMAIMOHHOTO IIOUCKA IIOYTH HUKOT/IA
HE ABJIAI0OTCA I'JIaJKUMN (byHKI_LI/IHMI/I

Ha npaxruke npobdjiema Bbibopa K03 dunuenTos perysispusaliiy nepepacraer B 0oJiee
O0IILY IO TPOOJIEMY YNPaBAECHUA KGYeCTEOM MOIEIN Iy TéM u3MeHeHus K03 duiueHTon 7;
B Xojie ureparuit. OJHA peryJgpu3aTopbl MOTYT Jie/IaTh IOJANOTOBUTEIBLHYIO PabOTY JIjisd
npyrux. HekoTopbie peryisgpu3aTopbl PeKOMEH/IyeTcsl BKJIIOYATh JIUIIb II0CJEe TOrO, KaK
EM-ajropurm Havas cxojurbes. Jpyrue Jjiydiie OTK/IOYATh MOCJE TOI'O, KAK OHHM Bbl-
HOJIHWIA CBOIO pabory. Hekoropsie perysisipu3aTopbl MOryT HERTPAIN30BATH JIPYT JIPyTa,
U TOTJA MX HPUXOAUTCH MPUMEHATH 1m004uepéano. OOpa3HO roBOPs, PEry/ispu3aTOpbl O~
JIOOHBI JIEKapCTBaM JIJIs MOJIEJIM — B MAJIBIX /I03aX JIeYaT, B OOJIBIINX CMEPTETHLHO OIIACHBI,
B COYETAHHUAX MOIYT JlaBaTh HeoxkuaaHHble 3pdekTol. Cucremarusanus 3Tux 3pdeKToB
CTAHOBHUTCS IIPEIMETOM SMIupudecKux ucciaempopanuii 8 ARTM.

Cmpamezueti pe2ysapu3auuy HA3BIBAIOTCS IIPaBUIa n3MeHeHus: KOd(pduiumenTos pe-
ryjagpusanuun 7; B xoxe urepanuit EM-asropurma. DT mpaBusia MOUYT HCHOJIB30BATH
TeKyIIue 3HAYCHUA METPUK KadecTBa M ITapaMeTpPOB MOJIEIH.

OTHocuTenbHble Ko3chduymneHTsl perynsapusaunn. Kosdduiuenrsl peryjispusaium,
TIIATETHLHO MOI00pAHHbBIE JJIS OJHOM KOJIJIEKITUH, MOTYT ILTOXO IMOAXOIUTH JJIS JAPYTOil.
OHu MOryT 3aBHCETH OT pa3Mepa KOJJIEKITNN, MOITHOCTH CJI0Baps, CpeIHeil TJIHHBI JOKY-
MeHTOB. Ecn KOUTeKnus MOMOTHIeTcs, TO CO BpeMeHeM MOZKeT MOTPeOOBAThCSA UX Iepe-
nacrpoiika. [Ipobsiema perraercst ¢ HOMONIBI0O HOPMUPOBKYU M BBEJIECHUST 0MHOCUMENOHHLT
Koahhuyuenmos pe2ysapu3auul, BLIPAKAIONIUX CTEIeHb BO3AEHCTBUS PEry/IspH3aTOpa
Ha TeMaTU4IecKyio Mojelb. OTHocuTeIbHBIe KOI(DUIUEHThI MOI'YT OCTaBaThCA (DUKCH-
POBAHHBIMHI IO Mepe POCTa KOJJIEKIWH, U JIJIT HUX MOTYT OIeHUBATHCS YHUBEPCATbHBIE
peKoOMeHyeMble 3HaYeHHs, MOIXO/IAIINe s JIOObIX 3a/1a9.
Pacemorpum dbopmyny M-miara (16) co B3BenieHHON CyMMOii peryssipuzaropos R;:

k
OR;
wt = NOIM | My + g TiPuwt =
per T A\ T T g,
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Beeaém cymmaproe sosdeticmeue r;; peryispusaropa R; Ha temy t U ero cymmapHoe
6o3deticmeue r; Ha BCE TEMBbL:

OR;
Tit:Z’SOwtm ) Ti:ZTit-
weW w teT

Bsejienue HopMUPOBKHU T; = %ir% [O3BOJISIET UHTEPIPETUPOBaTh KO dunuenr 7; kak
ommocumenvroe sosdeticmeue peryispudaropa R; Ha remarndeckyio mojeab. OH moKa-
3BIBAET, BO CKOJIBKO Pa3 BIUSIHUE PEryJIgpH3aTopa Ha MOJIE/Ib CUIbHee BIAUIHUASA HCXOTHBIX
nannbix. [Ipu 7; — 0 peryngpusarop R; orkmiodaercsd. [Ipu 7; — oo mepepery/spu3aus
MOZKET MPHUBOJIUTD K BBIPOZKJICHHIO MOJIE/IH.

Bsejienue Jipyroit HOpMUPOBKHU T; = %if—:t HO3BOJISIET MHTEPIPEeTUpoBaTh KO3 duim-
eHT T; KAK 0MHoCcumeavhoe 6o3delicmeue peryiaspusaropa R; na orjenbuyio temy t. Te-
nepb a0COJIIOTHBINA KO puiieHT peryssgpusaiui 7; CTAHOBUTCH 3aBUCIIMM OT TEMbl,
OJ/IHAKO €r0 OTHOCHTEJIbHbIE BO3/ICHCTBHSA Ha BCE TEMbI OJIMHAKOBHI.

B obmiem ciydae He um3BeCTHO, KakKas U3 JABYX HOpPMHUPOBOK Jjyuire. s obmHocTn
BBEJIEM BBIIIYKJIYIO KOMOMHAIMIO JIBYX HOPMHUPOBOK:

T =T %‘E + (1 —%‘)ﬁ ;
Tit T
e 7; — 0MHOCUMEAvHvLl Koapduyuenm pe2yrapudanuy; napaMeTp y; Ha30BEM cmene-
Hb10 UHIUBUIYGAU3GUUY BO3IEHCTBHS peryisgpu3aropa R; va remsl. [lpu v; = 1 ko3 du-
[UEHTHl 7; MAKCUMAJIbHO PA3JIMYAIOTCA 110 TeMaM, BbIpaBHUBasd OTHOCHUTEJbHBIE BO3JIEii-
cTBUs peryiagpu3zaropa R; Ha tembl. [Ipu v; = 0 KoaddunuenTsr 7; He pasjuvaloTCd IO
temaM. llapamerp ~y; mpejiaraercsd mojOupaTh SKCIEPUMEHTAJIbHBIM IIYTEM.

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

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

teT

[IpencraBum K03 DUIMERT peryIsdpu3anun 7; B BUIE
_ Ny n
=T v—+ 1 —7)— ),
did q;
IJie T; — omHocumenvrul Koaphuyuenm pezyrapudayuu, v; — cmenensb undusudyaiusa-
yuy Bo3JeiicTBus peryssipusaropa R; va jokymentbl. [lpu v; = 1 koadduipmentsr mak-
CUMaJIbHO Pa3/IMyalorcs 110 JOKYMeHTaM, BbIPaBHUBAasi OTHOCUTE/IbHbIE BO3JIEHCTBUS pe-
IyJAgpu3aTopa Ha JOKYMEHTHI. BbIcoKas MHIWBH/IyaIu3alnsd M0JIe3Ha, KOTJIA JTOKYMEeHTHI
KOJIJIEKITIH CYIIeCTBEHHO PA3JINYIAIOTCs Mo JauHaM ng. [pu y; = 0 koaddbunuenTsr He pas-
JUYAIOTCS MO JTOKYMEHTaM.

5 BepositHocTHas perynsapunsauyna n mogenb LDA

Mozens arentaoro pasmernenus Jupuxie (latent Dirichlet allocation) LDA [33] sB-
JIsleTCs, MozKaJyii, HaubosIee UTUPYEMOll B TeMaTHIeCKOM MOJEIHpOBaHuK. B momysp-
HbIX 0030pax eé MHOIJA OTOXKIECTB/IAIOT CO BCEM TEMATUYECKUM MOJIEJMPOBAHUEM, XOTS
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B JIUTEPATYPE MOXKHO HaiiTu corau japyrux mojeseit. Croeit nybaukanueit 2003 roga /13-
Bui Busit, Duapio blu u Maiiki J[xkopjan He TOJIBKO BBE/IN 3TY MOJE/b, HO U IIOCTABUIH
TeMaTUIecKoe MOJeTNPOBaHUE HA PeJIbChl 0aileCOBCKOT0 OOy JIeHMS.

B mammom paszgene Mbl gaamm Oojee mpocroe obocHoBanme LDA ¢ mosumuii aaim-
THBHOU peryngpusanuu. /g 93Toro HaMm He MOHAIO0ATCA HU APHOPHBIE PACIIPeIeeHus
Jlupuxjie, HM CJIOKHbBI MaTeMaTU4eCKuil aiiapar 0aiileCOBCKOIO BbIBOJIA, PACCMOTPEHUE
KOTOPOI'O Mbl OTJIOKUM JIO pa3jieia 7.

MpuHUMN MakcumMyma anocTepuopHOV BeposiTHOCTU. Jlo cux mop MBI IpejmoJara-
JIM, 9TO JIAHHbIE MOPOZXKIAIOTCS BEPOSITHOCTHONW MOJebio ¢ mapamerpamu (P, 0), KoTo-
pble He U3BECTHBI M He CIyYailHbl. Ternepb MpeIno/IozKIuM, ITO IIapaMeTpbl CAMU SBJIAIOT-
Csl CJLyYaiiHbIMU IIEPEMEHHBIMU U IOJYUHSIIOTCH anpuopromy pacnpedeseruto p(P, O; )
C HEeCJIy4JallHbIM GEKMOPOM 2unepnapamempos . B arom ciydae Makcumusaius COBMECT-
HOro mpasjononodus msanubix X = (d;, w;)’; u mozgenu (P, 0) OpUBOAUT K MPUHIUILY
MAKCUMYMA anocmepuophoti eéepoamuocmu (maximum a posteriori, MAP):

n

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

q>7®7
i=1 7

[Tocae sorapudyupoBanust mosydaeM Mouduranmio 3agaqu (12), B KOTopoit Jorapudm
AIIPUOPHOIO paclpejie/ieHus] CTAHOBUTCS PEryJispu3aTOPOM:

Z Z N 1N Z Puwibia +Inp(P,0;7) — max. (20)
deD wed teT R(<I;,®) et

Bo MHOrux ciydasx BO3MOXKeH U oOpaTHbiii nepexo. Peryaspuzarop R(P,©), usna-
JaJIbHO HE UMEIONIHil BEPOITHOCTHONW HMHTEPIIPEeTAIni, MOKHO IpPeodpa30BaTh B alpHOp-
HOe pacCIpejieleHne IyTéM SCIOHeHIupoBanust 1 HopMupoBku: p(P, ©) o exp(R(P, 0)).
HopMupoBouHblii MHOXKUTE/Ib HE 3aBHCUT OT IAPAMETPOB MOJE/IN, HOITOMY JJIsi MaKCH-
MU3AIMU AOCTEPUOPHO BepositHOCTU 110 (P, ©) OH He BayKeH; ero OTCyTCrBUe KOMIIEH-
cupyercs 1nojbopom Kodddumnuenrta peryiagpusanun. OJHAKO ecIii pelaTh 3aa9y OITH-
MHU3AIHAN THIEPIapaMeTpPoB Y, TO ero yiKe MPUIETCsS YIUThIBATh.

AnpuopHble pacnpegenenuns Oupuxne. OcHOBHOI MOTUBaIUEH JIsi BBEJICHUS MOJIE/IH
LDA B [33] 66110 pemenune npobsembl nepeodbydenust B mojgesn PLSA. TIpobiema 3axiio-
qasiach B ToM, 4r0 MoJeiab PLSA npejckaspiBaia BepositaocT TepMOB p(w | d) Ha HOBBIX
JIOKyMEHTaX 3aMEeTHO XyzKe, 4eM Ha oOydatomieil Kojuieknuu. OObIYHO epeodyYeHre CBsi-
3aHO ¢ U30BITOYHON Pa3MEPHOCTHIO IIPOCTPAHCTBA APAMETPOB, TOITOMY Ha MaTpuIsl P, ©
cJleJlyeT HAKJIaJbIBaTh JIONOJTHATEIbHbIE orpanndenus. B [33] ObL10 BBEIEHO Ipennosio-
KeHue, 410 CTOH6HBI 9TUX MATPUILl ABJIAIOTCA CﬂyqaﬁHbIMI/I BEKTOPpaMU U HHOPOZKIAIOTCA
pacupejesenusivu Jupuxie ¢ runepuapaverpamu o € R” u 8 € RY coorsercrsenno:

: ['(a) o
Dir(0q; o) = Hfi(?mt) t 047 >0, ap= Zt)at, O > 0, zt:etd =1;
t
) r _
Dir(ps; B) = %Hwﬁ? LBy s 0, b= B pur >0 Ypur =L
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Puc. 2: Heorpunaresbable HOpMUPOBaHHbIE BEeKTOPbI § pasmepuocru |T'| = 10, NOpOXKAGHHbIE CUMMET-
PUYHBIME pacnpefenenuaMu Iupuxie, o Tpyu BEKTOPA I KaXKJA0TO W3 MATH 3HAYEHUHM MapaMeTpa ov.

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

THIECKUM OXKHIAHHEM ITOPOZKIAEMbIX CJIydaiiHbIX BEKTOPOB: Ef;y = g—é, Epuw: = B
Vcnonb3oBanue pacupejenennit Jlupuxie MOTUBUPOBAHO TPeMsi JIOBOJAMM.
Bo-nepsrix, pacnpenenenus upuxie cmocoOHBI HOPOXKIATHL KAK Pa3pesKeHHbIe, TaK

Y IJIOTHBIE BEKTOPHI IUCKPETHLIX pacipeaesennii, puc. 2. Eciu BeKTop mapamMerpos cocTo-

UT U3 PaBHBIX 3Hadenuii [, To pacupegenenne upuxie HA3BIBACTCI CUMMEMPULHBLM.

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

PE/IeJIEHMEM Ha €JMHUYHOM cuMIiiekce. deM menbme [, TeM GuzkKe K HYJII0 YCJIOBHbBIE

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

['unoresa 0 pa3peKeHHOCTH pacpe/ieeHuil ¢, = p(w |t) dopmanusyer ecrecTBeHHOE
IPEIIIOIO0KEHNE, YTO KazKasd TeMa [ HMEeeT CeMaHMUueckoe A0p0 — MHOXKECTBO TEPMOB,
XapaKTePU3yIOUMX JAHHYIO TeMy M MMEIOIMX B Heil 60JbIIMe BepOATHOCTH. TaKuX TepMOB
B KazK /10 TeMe He MOKeT ObITh MHOI'0, HOCKOJIbKY OOJIBIIMHCTBO TEPMOB CJI0BAPST J10JI2KHbBI
OTHOCHUTHCA K CEMAHTHYECKMM $1/IPAM JIPYIHX TEM.

AHAJIOrU4HO, TUIOTE3a O pa3peKeHHoCTH pacipenenenuii 0,y = p(t|d) dopmanusyer
eCTEeCTBEHHOE IPE/IIOI0KEHIEe, ITO KazK/blil JOKYMEHT OTHOCUTCA K HEOOJBIIOMY YUCILY
reM. Tpyano npejcraBurh cebe OKyMeHT 0060 Bcex TemMax (a ecji 9T0 IHIUKIIOUE/Hsl, TO
B KQUeCTBE JIOKYMEHTOB CTOUT B3siTh OT/EJbHbIE €6 CTaTbu).

Bo-BTOpBIX, ABYXYPOBHEBASA MOJIE/Ib IIOPOZK IEHUs JAHHBIX (DOPMAIU3YET IPEIIOI0HKE-
HHE O CyIIeCTBOBAHUH TeMATHICCKUX KJIACTEPHBIX CTPYKTYP B TEKCTOBOII KoJuteKIun. Pac-
npeesnenne lupuxie MOPOKIAET BEKTOPHI JUCKPETHBIX pacHpeaesieruii o, = p(w|t),
KOTOPBIE CTAHOBATCS MEHTPAMU TeMATHIECKUX KJIACTepoB. KazK bl TaKOi IeHTP HOPOK-
JIAeT TeMATHYeCKUe YaCTU JIOKYMEHTOB — BEKTOPbI JIUCKPETHBIX pactpeesenuit p(w|t, d),
KOTOPBIE IJIOTHO I'PYHIIMPYIOTCS BOKPYI' CBOEIO HEHTPa, puc. 3.

B-Tperbux, pacupeznenenne Jupuxiie aBIgeTCH CONPAKEHHBIM K MYyIbTHHOMHAILHOMY
pacIpeseaeHnio. DTO Ype3BbIYaiiHo ya00HO 11 METOI0B 0aileCOBCKOro BBIBOJIA, KOTOPBIE
pPacCMaTpUBAIOTCA B CJEAYIOMUX pasaenax. VIMeHHO MaTeMaTudecKoe ya00CTBO IpeaoIpe-
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plwlt,d)~p(wlt) /]

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

Puc. 3: Pacupeznenenue Dir(p|a) nopoxgaer BeKTopbl TeM ¢; = p(w|t), KOTOpbIe MOPOKIAIOT MYJIbTH-
HOMUAJbHBIE pactpenenenns p(w|t, d) Ha eAMHUIHOM CHMILIEKCE B IPOCTPAHCTBe pasmeproctu |W| = 3.

JIETIJIO TOMYJIIPHOCTD pacupesenenus dupuxie u momean LDA B Temarudeckom Mojie-
JINPOBAHUU, XOTd yOe/MTe/IbHbIX JIMHI'BUCTUYECKUX OOOCHOBAHUN OHO HE MMEeT.

Corutacho (20), mogesan LDA coorBercrByer pery/isipu3arop, ¢ TOYHOCTHIO J0 KOHCTAH-
Thl paBHbII cyMMe JjiorapuMOB allpUOPHBLIX pacupejeenuit Jlupuxiie:

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

teT deD
= Z Z (Bw — 1) In oy + Z Z(at — 1) In6yy. (21)
teT weW deD teT

[Ipumenenue ypasuenuii (16)—(17) k sTomy peryiasipusaropy gaér dbopmynbr M-nrara:
Put qvoervr‘p(n 1+ Bw—1) a = norm (neg + o — 1)

IIpu B, =1, oy = 1 anpuopHoe pacupeenenne lupuxiie coBoagaer ¢ paBHOMEPHBIM
pacipejeeHneM Ha cuMInLTekce, (opMyJibl M-1mara mepexosiT B HeCMeIEHHbIe TaCTOTHbIE
OIIEHKH YCJIOBHBIX BeposirHocTeil, a Mojgesnb LDA nepexoaur B PLSA [57].

[lpu B, > 1, a; > 1 peryaspuszarop umeer crjazKuBamomuii 3hdexT, 3acTaB/isiss pac-
npejesienns ¢; u 0y IpubINKATHCS K 33 IaHHBIM PACIPEIeIeHIAM [ U ( COOTBETCTBEHHO.

IIpu 0 < B, <1, 0 < ay <1 pacupenenenus ; u 0, HAOOOPOT, OTIAJAIOTCSI OT PAC-
npesenennii § u «. Perysispusarop uMmeer paspe:kupatoniuii 3pdekT u crocober 00y IITh
MaJible yCI0BHBIE BeposTHocTH. K coxkajienuio, TpeboBanmue CTPOTOil MOJIOKUTETbHOCTH
napameTpoB [, u «; B pacupejeenusx /lupuxie orpaHnIMBaeT BO3MOXKHOCTU YIIPABJIe-
Hus pa3pexeHHocTbio marpun, ©, 0 B mogesn LDA.

He-6aiiecosckasi untepnperaymusi n 0606weHne mogenun LDA. Peryaspuszarop (21)
MOXKHO ObLJIO Obl BBECTH HEIOCPE/ICTBEHHO, HE I'OBOPsi HU CJIOBA 0D allpUOPHBIX pacipe-
sesienusix lupuxijie. Bosiee TOro, MOXKHO CHATH OI'PDaHMYEHUS HOJIOKUTEJBLHOCTU C lapa-
MEeTpOB [, (¢ U 33J1aBaTh UX HHIUBUIYAIBHO JIJIA KaK/10il sueiiku marpun ¢ u O.
Pacemorpum 0606uénmoiti pe2ysapusamop c2aaicusaHus, U pa3percusaHu.:

R®0)=) "> Bulngw+ Y > aunby. (22)

teT weW deD teT

[ToxcraBus sror perymnsipuzarop B (16)—(17), nosxyunm dopmyssr M-mara:
Pt = 1010 (R + B ); (23)

0, = norm (nta + va)- (24)
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[ToJ102KUTe/IbHOE 3HAYEHUe HapaMerpa [y WU (g COOTBETCTBYET CLJIaXKUBAHUIO, OT-
PHLATEJILHOE — PA3PeKUBAHUIO.

[Ipu mo0KATENBHBIX [y, (g peryagpu3arop (22) MOXKHO MHTEPHPETHPOBATH KAaK
MAaKCHMH3AIMIO MpaBaonoaooua. OH 0JHOBPeMEeHHO NPUOJIMKACT KazKI0€ U3 pacIpe/ieie-
HUil ©; K normy,(S,) 1 Kazxa0e u3 pacupegenenuii ; — K normy(qyg).

B o61em ciyudae pasiesuM H0JI02KUTe/IbHbIe U OTPULATE/ILHbIE HAPAMeTPhl B KazK I0M
BEKTOPE Ha JIBA OT/E/JbHBIX BEKTOPA U 00a UX OTHOPMUPYEM:

we = 10t (B[ By > 0]), ajly = norm (agalea > 0]),
Bur = 10t (B[ Bur < 0]), g = norm(auafag < 0).

Barem nepenumiem peryispusarop (22) B Buje B3emennoit cymmbt 2|7 + 2| D| peryns-
PU3aTOPOB, KazKJblil N3 KOTOPBIX BO3jelcTBYeT Ha cBoii crosber Marpuipl ¢ mwiu O:

R((I)v@) = Zﬁ(—]tt Z ﬁ;—t In pu: + Zaa_dzagzln‘gtd -

teT weWw deD teT
- E Bo E Bt I Qo — E :O‘O_d E :O‘;l In 04,
teT  wew deD teT

e By, oy Bogs gy — HOJIOZKATE/IbHBIE HOPMEPOBOYHbIE MHOZKHTE/IN, TEIEPh HIDAIOLIIE
poJib KO3 puimeHToB pery/isipusaluu.

Bo3mozkHa SKBHBAJIEHTHAs 3aIMCh 3TOIO PEry/ISpU3aTopa, €CJIH BMECTO MAaKCHMH3a-
I TIPABIONOA00UsS MUHUMHU3UPOBATH KPOCC-SHTPONUIO Win juBeprennuio Kynpbaka—
Jleiibepa Kak Mepy pa3iudHOCTH /IBYX BEPOSTHOCTHBIX PACIIPe/IeTeHNil:

R(®,0) =~ B KLy (85 || wur) = Y aga KLe(of || 6a) +

teT deD
+ Z Boe KLy (B || ) + Z gy KLy (0 || 1)
teT deD

Auseprenuymns Kynbbaka—Jleibnepa (KL-dusepeeryus, OTHOCUTEIbHASI SJHTPOIIHS) Jia-
Jee OyJeT OJHHM U3 BasKHEHIINX MHCTPYMEHTOB KOHCTPYHPOBAHHUS PEryJIsSpH3aTOPOB.
1o HecMMMeTpudyHad (DYHKIUS PACCTOSAHUS MEXK/y JAMCKPETHBIMH PaClpele/eHusIMUI
P=(p), u@=(g), ccoBuagaomumu vocuresamu, {i: p; >0} = {i: ¢; > 0}:

KL(P|Q) = KLi(pillas) = Y »i m% — H(P,Q) — H(P),
i=1 ¢

e H(P)=—>,pilnp, — onwmponus pacupenenenus P, H(P,Q)=—> .p;lng —
Kpocc-anmponus pacupegenennit P u (). Obo3nadenune KL; He sB/sieTcst 0OIMENPUHATHIM,
HO OHO Y/I00HO /I YTOYHEHHs, [0 KAKOMY HHEKCY IIPOU3BOIUTCI CYyMMHIPOBAHUE.
KL-muBeprenmnus HeoTpUIaTeIbHA U paBHA HYJIIO TOI/Ia U TOJBKO TOraa, korma P = ().
KL-muBeprennus sBasieTcs Mepoil BJIOKEHHOCTH II€PBOIO PACIIPeIeeHns] BO BTOPOe:
eciim KL(PJ|Q) < KL(Q||P), ro P cusibree Bioxkerno B @), yem @ B P, cMm. puc. 4.
Eciin P — smuupuueckoe pacupejeserue, a Q(a) — mapaMerpudeckasi MoJIeib, TO MU~
numusanus KL-guBepreniun sKkBUBaieHTHA MUHUMHU3AIUMU KPocc-sHTporun H (P, Q(a))
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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
L(P|Q) = 0.44 KL(P||Q) = 0.44 KL(P||Q) = 2.97
L(Q|P) = 2.97 KL(Q||P) = 0.44 KL(Q||P) = 2.97

Puc. 4: Jueeprennusa Kynbbaka—J/leitbnepa KL(P||Q) saBisiercs HECHMMETPUIHON MEPOH BIOXKEHHOCTH
pacnpeneneruss P = (p;)_; B pacnpenenenne @ = (¢;)" ;. BaoxkenHnocrs P B () 9HCIEHHO COBIAJAET
Ha, JIEBOM U CpeIHEM TpaduKax, BIOKEHHOCTh () B P — Ha JIeBOM U MPAaBOM rpaduKax.

nJjin MaKCHUMHU3allun HpaB,H‘OHO,H,O6I/IHZ

KL(P[|Q(a sz -

—)mln — E piIng; (o) — max.
[e%
=1

3aMeTuM TakzKe, YT0 MAKCUMU3AIMsS HPABIONOA00Us B 33/a4e TEMATHIECKOIO MOJIe-
JmpoBanus (12) SKBUBaJIEHTHA MUHUMU3AIUK B3BeNIeHHOT cymmbl KL-juBeprenuuii mex-
Ay SMIHpUMecKuMI pacupesenenuamu p(w |d) = 22 u monenpubivu p(w | d):

N
anKLw( : H watﬁtd) — %%1
deD

IJIe BeCOM JOKYMeHTa d siBJIsSIeTCs ero JjinHa ng. Ecim Beca ng yoOparb, TO BCe JTOKYMEH-
TBHI OY/JyT UCKYCCTBEHHO IPHUBEICHBI K OMUHAKOBOI juHe. Takasg momuduranus QyHK-
[IIOHAJIA KAYeCTBa MOXKeT ObITh II0JIe3HA IIPH MOJIEJTHMPOBAHUN KOJLIEKIIHI, COMepKAIIIX
JIOKyMeHTBI OJIJMHAKOBOI BaKHOCTHU, HO CYIIIeCTBEHHO PA3HOIl JITUHBI.

6 Teopua EM-anropunrtma

B sTom pasjene mbl morpysumcs B Teopuio EM-asropurma. PaceMorpum 6oJ1ee obiuii
KJIACCHYIeCKHil criocob ero BBIBO/IA, KOTOPLINA IIO3BOJISIET 00O0CHOBATH CXOAUMOCTD. 3a0/IHO
000raTUM ero BO3MOXKHOCTBIO a/IMTUBHON peryisgpusanuu. Marepuas 3Toro pasjiea 1mo-
Ha/I00UTCsI TOJIBKO B CJIEJIYIONIEM pasjee, emé dojiee TeoperndeckoM. Ecjm Herepuutcs
IIOCKOpee y3HATh O MPAKTUIECKHX ACIIEeKTaX TeMaTHUIeCKOTO MOJIEJIMPOBAHUA, TO 00a pa3-
JieJia MOZKHO TI€JTUKOM IIPOITYCTUTD.

O6wwnin EM-anroputm c perynsipusauymein. Knaccudeckuii EM-anropurm [47] npen-
HA3HAYEH /I IMOCTPOEHHs IIHPOKOTO KJIACCA BEPOSTHOCTHBIX MOPOXKIAIONIUX MOIeeil
CO CKPBITBIMH HEepeMeHHbIME. TeMaTudeckoe MOJeJIMPOBAHUE JIJIsi HEI'O — JIUIIb YaCTHBII
caydait. Cxomumocrs EM-anropurma yao0HO J0Ka3biBaTh Jid OOIIEro cjiydast, 100aBUB
BO3MOYKHOCTD peryisipusanuu. [Tosromy nepeiiiém k 0oJiee 061umM 0003HAMEHUSIM:

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

7Z = (t;)_, — ckpumuie nepemennbie;

) = (®,0) — mapamerpsl OpOXKIakOIIeil BeposTHOCTHON Mogenu p(X, Z | Q).
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Bajaua 3aK/I09aeTCss B TOM, 9T00BI 110 BbIOOpke X Haiitun mapaMerpbl mojenn €2,
DU KOTOPBIX JOCTUTAETCS MAKCUMYM MAP2UHGAU3068aHH020 Npasdonodobus (marginal
likelihood)! ¢ perymapusaropom R(Q):

Inp(X|Q)+ R(Q) = anp(X, Z|Q)+ R(Q) — max . (25)

DTa 3a/lada HeyI00Ha TeM, YTO CYMMUPOBAaHUE HO/T IOTAPU(MOM IIPOU3BOIUTC IO BCe-
BO3MO2KHBIM 3HA4YE€HUAM CKPbITbIX HHEPEMEHHbIX Z B CJlyda€e TeMaTu41eCKOro MoAe/inpo-
BaHUs 9TO MHOYKECTBO BCEX N-MEPHBIX BEKTOPOB T€M, ero MOIHOCTh pasHa |T'|™.

Teopema 6.1. FEcun cpynknmonas (25) jocrarodno rrajkuii, 1o Todka ) ero JoKaJIbHO-
ro MAKCHMYMa YJ[OBJIETBOPSIET CHCTEME yDaBHEHHI, pelleHHe KOTOPOH MeTOI0M IPOCTBIX
ATepanuii CBOAUTCS K YEPEJOBAHHIO JIBYX IIAIOB:

E-mar: q(Z) =p(Z|X,Q); (26)
M-nrar: Z qZ2)Inp(X,Z|Q) + R(Q) — max. (27)

JTokazaTeabcTBo. 3anunieM Heo0X0AUMbIe YCJIOBUS JIOKA/ILHOIO IKCTPeMyMa, /1S 3a-
Jadn MaKCUMU3AIUA MIAKoro (yHknunonaaa (25):

1 op(X,Z|Q)  OR(Q
S BXZID)  ORO)
p(X|Q) o0 o0
13 dopmyiasl yeaoBHOiE BepositHOCTH caeayer p(X [) = %. Bocnoabsyemcs

9THUM TO2KJIECTBOM, BHOCA ) 104, 3HaK CyMMHUPOBaHUA:

1
p(X[Q

Zp (Z|X,Q) dp(X, Z|Q) +0R(Q) _o

(X,Z[]Q) o0 29
OR(Q)

a0 Y

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

[Tosrydennoe ypaBHEHHEe SBJISIETCsI HEOOXOIMMBIM YCJIOBHEM JIOKAJTHHOIO SKCTPEMyMa
sajaun M-trara (27), ecan bukcuposars pacupesesenue p(Z | X, ) Tak, 41006 OHO HE 3a-
Buceso or napaverpa ). Vimenuno 1o u jocruraercst Borauciaenuem ¢(Z) na E-mare (26)
¥ 1ocJieyomedi ero noJctanoBkoii B (27). Takum 06pa3oM, Mbl HOLyYUIIM CHCTEMY YDaB-
HeHUil, SKBUBAJEHTHYIO HEOOXOAUMBIM YCJIOBHsIM MakcuMmyMa (yHKnunonama (25).

Teopema nmokazana.

CaencrBue 6.2. Ecian 3agada onruvmzanun (25) mveer orpanmienns ¢;(§2) < 0,
h;(2) =0, to cucrema ypasmenmii (26)—(27) ocraércs B cmire, Ipm 3TOM 3aJada OITH-
muszanun (27) uMeer Te ke OrpaHHYCHHS.

g mokasaresbcTBa HEOOXOMHWMBIE YCJIOBUS JOKAJIBHOIO IKCTPEMYyMa 3aMeHSI0TCS
yenosuamu Kapyma-Kyna—Takkepa, B 0cTaIbHOM BBIKJIAIKNA aHAJOTHIHBI.

!Marginal likelihood Ha pycckuii HHOTIA TepeBOIUTCS KaK IpeebHOe WK HelOTHOe IPaBI0IoI00MIe.
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Teopema 6.3. B urepanmnonnom mporecce (26)—(27) 3navenne GyHKIHOHAIA HE yMEHb-
HIACTCST HA KAZKJIOM LIAre.

okazarenbcTBo. BBeaém mpousBosibHOe pactpesenenne ¢(Z). Bocmosb3yemcs

YCJIOBHEM HOPMHDPOBKH » , ¢(Z) = 1 u roxaecrsom p(X |Q) = %:

p(X, Z]Q)

Inp(X|Q) = q(Z)Inp(X Q) = q(Z)In ——F+——=.
(X19) = 3 2) mp(X19) = a2 Ho

Jobasum u oruumem ) ., ¢(Z)Ing(Z):
p(X, Z|9) 9(2)
InpX|Q)=>» gZ)h—""r—+ > ¢Z)In—7F—. (28)
; q9(2) ; p(Z|X,Q)
L(a.9) KL((2) (2] X.0)) >0

Bropoe cmaraemoe B 310l cymme gaBiagerca KL-muBeprenmnueil MexKay ABYMs pacipe-
JIQJIEHUSIMHU, KOTOPasl BCerjia Heorpunaresbia. [loaromy nepsoe ciaraemoe, 0003HaYE€HHOE
uepe3 L(q,2), saBjsiercst HUXKHEl OleHKO# Jjiorapudma 1pasonogodus Inp(X [Q).

st MmakcuMusanuu pery/isipuzoBaHuoro log-npasononobdust In p(X |Q) + R(2) no
Oy/ieM MaKCHUMH3UPOBATDH €r0 HUZKHIOI OIEHKY MOOYEPEIHO TO 10 ¢, TO 10 §2:

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

Maxcumnsanust L(q,Q) no ¢ sksusanenrna munuvnsamun KL(g(Z) H p(Z|X,Q))
0 ¢, MOCKOJBKY HX cyMMa (28) me 3aBucut ot ¢. Munmvmym KL-muBeprenmun pasen
mymo u gocruraerca npu ¢(Z) = p(Z| X, ), aro coBuagaer ¢ dopmysoii E-mara (26).
Obnysenne KL-guseprennuu B (28) o3nauaer, uro L(q,€)) sBisiercst gocturaeMoil HUzK-
Heit onenkoit Juist Inp(X |Q)), a 3ajada makcumusanuu Ha M-mmare coBuagaer ¢ (27).

Taxum o6pasom, EM-asropurym (26)—(27) siBjsiercst 9aCTHBIM CJIy 9a€M HTEPALHOHHOIO
nporecca 6JI0IHO-OKOOpAMHATHO T onTumuzanuu dynkimuonana L(qg, Q)+ R()), na kax-
JIOM IIIare KOTOPOro 3HadeHue GyHKIMOHAIA MOZKET TOIBKO yBEJTUIUTHC.

Teopema Jjiokazana.

EM-ajiropur™m He rapaHTHpyeT HU JIOCTUKEHUsS MAaKCUMyMa C 3a/IaHHOI TOYHOCTHIO,
HU 1V100a/IbHOi cxoguMocT. OnTuMHU3aMOHHAA 3a/a49a SIBJIAETCA B ODIIEM CJIydae MHO-
FOSKCTpeMaﬂbHOﬁ. Ha IIpaKTUKE 9TO O3Ha4daeT, 4TO Ka4eCTBO pelleHud MOZKEeT 3aBUCETb
0T BbIOOpA HAYAIBLHOI'O HPHOJIHKEHN.

O6wwnin EM-anroputm gna ARTM. [Ipumenum EM-anropurm (26)—(27) x 3aga4e Te-
MaTHYeCKOrO MOJEJUPOBAHUS, BEPHYBIINCH K HCXOAHBIM obo3nadenuam: X = (d;, w;)q,
Z = (t;),, Q= (P,0). Cornacuo cmeayomeii jemMMe, 3T0 OPUBEIET K yZKe 3HAKOMOMN
nocranoBke 3a1a4du (18)—(19), Ho myTém Gostee TPYJIOEMKOIO JOKA3ATEIHCTBA.

Jlemma 6.4. Touka (P, O) J0KaJIbHOIO MAKCHMyMa PEryJIsspU30BaHHOIO log-1paBiono-
J106ust B 3a,1a4e TeMaTnaeckoro Mojgesanposannst (14) yiaosiersopsier cucreme ypaBHeHH,
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pelieHue KOTOpOI'/JI METOAOM IIPOCTbBIX I/ITepEU_[I/Iﬁ CBOAUTCA K Y€PEJIOBAHUIO JABYX Ial'OB:

E-mar: p(t|d,w) = ntorTm(<pwt9td), angscexd e D, we W, teT; (29)
(S

M-nrar: Z Z anwp(t\d,w) In(uibia) + R(P,0) — max. (30)

deD weW teT

JokazareabcTBo. 3amumeM cHadajga dopmyry E-mara. Bocmosb3oBasmmces ycemo-
BIEM He3aBHCHMOCTH JIEMEHTOB BBIOODKH u IpuMeHuB dhopmyny Baiieca (5), pasiokum
q(Z) B upousBejieHe YCJIOBHBIX BEPOSTHOCTEH TE€M 10 BCEM HO3UIHUAM i

n

9(2) =p(Z| X,Q) = [ [ pti|d;,w) = ]| ngigm(sowitﬂtidi)-

i=1 i=1

[ToxcraBum B 0611yI0 hopmyiay M-mara (27) pacupenesnennst p(X, Z |Q) u q(Z):
Z qZ2)Inp(X,Z|Q) + R(Q2) — max;

ZeTn
Z' ’ Z Hp(tk |, wy) lan(di,wmti |Q) + R(Q2) — max.
t1€T  tn€T k=1 i=1

Boipazum jiorapudm nmpoussejienus yepe3 cymmy JiIorapuMoB U [EPEeCTaBUM MECTaMU
3HAKH CYMMUPOBAHUS:

i Z ' Z ﬁp(tk | dy, wi) Inp(d;,w;,t; | Q) + R(2) — max.

1=1 t1€T  t,€T k=1

BaMerum, 4To cpejyu n cyMm 1o t; € T HerpuBUaJIbHA BCEra TOJIbKO OJHa — Ta, JJid
KOTOPOIi t; = t},. Bee ocraabHble CyMMBI PacXoAylOTCa Ha 00pa3oBaHUe MOJHBIX BEpOsT-
nocreit Y, p(ty|dy, wy) = 1. Takum obpasom, dyHKIua B JI€BOH TacTH yUpOITAeTCs:

i=1 teT

3aMeHUM CyMMHUPOBAHUE [0 HO3UIUIM TEPMOB ¢ CYMMHPOBAHUEM 10 JOKyMeHTaM d,
3aTeM 10 TepMaM W B KazKJIOM JIOKYMEHTE, YUUTBbIBas KaXKIbIil TEPM Ng, pa3. 3arem
Bocmosib3yemcs npejcrasiaenueM p(d, w,t|Q) = p(w|t,®) p(t|d, O) p(d) = ©uibrapa, OT-
6poCUB B HEM MHOXKUTEJb Pg, HE 3aBUCAIIMI OT HCKOMBIX IAPAMETPOB MOJIE/IH:

Z Z Z Nawp(t|d, w) ln(cpthtd) + R($,0) — max.
deD weW teT ’

JlemMa JloKa3aHa.

Bagada (30) sBisercs MakCHMU3AUedl DPEryJispH30BAHHOIO IIPABIOIOIO0MS st
OlleHUBAaHUs BEPOATHOCTHOH Mojesn p(w,t|d) = puibig, 10 IMIUPUYECKUM UYACTOTAM
Ntdw = NawP(t|d, W) IPH U3BECTHBIX PACIPEIETCHUIX CKPBHITHIX HepeMeHHbIX. OT Heé jer-
ko mepeiitn K EM-amropurmy mag ARTM (15)—(17), ecin Bocmosb3oBaThest 0003HATE-
HOAME Ny U3 (7), Ny 13 (8) u pasnoxuth kpurepuii (30) B cymMy ABYX CJaraeMbIX
M PEryJisipu3aTopa; IepBoe 3aBUCUT TOJIBKO 0T P, Bropoe — TosIbKO oT ©:

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

w,t d,t
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[Ipumensiss K JIAaHHOMY KPUTEPUIO JIeMMY 3.2 O MaKCUMU3AIMU HA €JMHUYHbIX CHUM-
IeKcax, HemeieHHo mnosydaem dopmysbt M-mara gius ARTM (16)—(17). Takoit cioco6
BBIBOJIA JUIMHHEE, HO CONMEPKUT B cebe obocHoBaHme cxoaumoctu EM-aaropurma.

7 bBaiiecoBckoe oby4deHne mogenun LDA

[eabio GaiiecoBckoro obydenusi (Bayesian learning) sBiisiercst mosiydenue OIEHOK
IJIOTHOCTU PACIpeJIeJIeHHs JIJId HapaMeTpPOB BEPOATHOCTHOW MOJEIN BMECTO OOBITHBIX
TOYEUYHBIX OICHOK. B aHajm3e JJaHHBIX €CTh Macca MPaKTHYECKUX 3a/a9 U CUTYaIlHil, KO-
13 AIIOCTEPUOPHbBIE OLEHKH IJIOTHOCTH JAeHCTBUTEILHO HeOOX0ouMbl. OIHAKO B IIPAKTUKE
TeMaTU4IEeCKOI'0 MOAEJINPOBaHUAd BCEl'Jla UCHOJIb3YIOTCA TOY€YHbIC OHCHKH 9JIEMEHTOB MaT-
pui, ® u ©, a He wiornocru pacupesenenust p(P), p(O).

Ocraéresa JIMIIB JIOrabIBaThCA, MoYeMy OaiiecoBCKoe o0ydeHHe OKa3aJioCh JTOMUHH-
PYIOIIUM IOJIXOJIOM B T€MaTHYECKOM MOJIeTUpoBaHuu. Bo3aMoxkHO, DaiiecOBCKHE METOJIbI
OBLTH Ha BO3pAaCTAlOIeM TpeHJe «KpuBoili ['aprHepar, Korja mosBmiach Momaeab PLSA
Tomaca Xodmanna. Bo3amoxkno, ckazasics 0e3yC/IOBHbBII HAYyYHbI aBTOPUTET aBTOPOB MO-
genn LDA. @akTudecku, TeMaTHIeCKOe MOJIE/JIUPOBAHUE HEPECKOYMIO YepPe3 eCTeCTBEeH-
HYIO CTaJINI0 pa3BUTUsd. B perpeccuonnoMm anasmse, 06pabdOTKe CUI'HAJIOB U U300pazKeHuii
[IOCTAHOBKH ONTHMHU3AIMOHHBIX 3a/a4 YCIOXKHSIUCH MOCTEIEeHHO, B TOM YHCJE IIyTEM
BBEJICHUs pery/asapu3aTopoB. Korja BO3HUKJIM MPHIOXKEHUs, TpeOYIoIe 3HaTh OOJIbIIIe
O pacipejie/IeHUusIX [MapaMeTpoB, BMECTO OOBIYHONW DPeryJisipu3alii CTa/JId ITPUMEHSThCS
METO/Ibl 0alieCOBCKOIO BBIBOJA. leMaTudeckoe MOJE/JIMPOBAHUE OKA3a/IaCh OTHOCHUTEIbHO
HOBOII 3a/1a4eil B TOT MOMEHT, KOI/ia DaiiecoBCKoe 0OydeHue ObLIO Ha MUKE MOIY/IAPHOCTH.
[IpocToTa u 6orarbie BO3MOKHOCTH OOBIYHOM, He 6aileCOBCKOIl, peryiapu3aliul OKa3aIuch
He3aMedeHHBIMU. DTO yIylieHune Kak pa3 u ycrpauser ARTM.

Hecmorpst Ha BbicKa3aHHBIE Bbie cOOOparkeHusi, DaiiecoBCKoe oDydueHue KpaiiHe Bark-
HO JId TeMaTU41€eCKOI'0 MO/EC/JIMPOBAHUA XOTA 6bI 1IOTOMY, 4TO 6OJ'[I)H_H/IHCTBO Hy6.HI/IKaI_[I/II71
HaIlUCaHO UMEHHO Ha 9TOM MATEMATHYECKOM A3bIKE.

Mgl paccMoTpuM JBa HamboJjiee MOMYJIAPHBIX I0JIX0/Ia: BapUAIMOHHBIN OaiiecoBcKuit
BBIBOJ (variational Bayes, VB) [144] u commuposamme 'u66ca (Gibbs sampling, GS) [140].
Jlnst nmpocroTsl orpaHudnMces Mogeabio LDA uw yBuamm, 9ro 00a MMOAXOHa IIPUBOISAT
K EM-110100HbIM ajiropuT™MaM, HE3HAYUTE/ILHO OTJIMYAIOIIMMCS OT 3HAKOMOM HAM BEPCUU.

[I'pomosjikas Texarka 0aiteCOBCKOTO BbIBO/A, OLUCAHHAN B JIAHHOM pa3Jelie, J1a/jiee uc-
0JTb30BaThCcd He Oyjer. baiiecoBckume TeMaTwdecKue MOJE/H, KaK IPaBUJIO, yIaéTcs Ie-
pedopMyIIpoBaTh B TEPMUHAX PEry/IsSpU3aIUH eI Ha dTale MOCTAHOBKH 3a/1a49H, C/Ie/IaB
MaTeMaTHYeCKHe BBIKJIAJKN M BCE U3/I0KeHHe HAMHOTO sicHee U mpoine. [IpumepoB Takoii
«iebaitecuzamuy Mojieseit Oyer MHOIO B CJISIYIONUX Pa3/iesiax.

KoHuenuus baiiecoBckoro obyudeHus. [lycrs X — nabJrojaeMasi BIOOPKa JIAaHHBIX,
p(X |Q) — BeposgrHOCTHASE MOJIE)Ib JaHHbIX ¢ napamerpamu ), p(Q|vy) — anpuoproe pac-
npedescnue B MPOCTPAHCTBE IIAPAMETPOB MOJE/IM, MMeollee ruuepuapamerpsl . Torua
anocmepuoproe pacnpedeaenue IapaMeTpoB, cornacHo dgopmyae Baiieca, mveer Buj

p(€, X [v)
p(X|[7)

rje CMMBOJI X O3Ha4ae€T «pPaBHO C TOYHOCTBIO 10 HOPMHUPOBKU».

p(QX,v) = oc p(€2, X |7) o< p(X[Q) p(2]7),
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Eciin nam Hy2KHa JIMIIb OIIEHKA MaKCUMYMa, IPaB/I0110/1001s JIJIsI AIIOCTEPUOPHOIO Pac-
npejiesieHus, TO JIOCTATOYHO BOCHOJIb30BATHCH HMPUHIMUIIOM MAKCUMYMA GNOCMEPUOPHOT
8EPOAMHOCTIU, KOTOPBIH ObLT pacCMOTPEH B IpebIayIneM pasjese. Torna 3aada cBOIUT-
cd K MaKCHMU3AIUHU Jorapudma mpaBIono00us ¢ BepOITHOCTHBIM PeryIapu3aTOpOM:

Inp(Q|X,7) =Inp(X|Q) +Inp(Q|v) + const — max.
Y

AbrepHATUBHBIN Iy Th, HA3BIBACMBIIL 04 ieco6ckuM 6b16000M, 3AKII0IALTCI B TOM, YTO-
OBl BBIYHCJIUTD anocTepruopHoe pacipesenerue p(§| X, ) B sBHOM Bu/e. DTO HOJIEE CIOK-
Has 3a/a4a, OCKOJIbKY BMECTO TOUYEYHOI OleHKK napamerpa §) CrpouTcs ero pacupeeie-
nue. Takoit noaxo/ jaér 6oJibliie uudopmanuu o nmapamerpax MoJIeJiu, I03B0JIsAeT CTPOUTD
JUISE HUX JIOBEPUTE/IbHbIE M MHTEpBa/bHbIe OneHKH. C JAPYyroil CTOPOHbI, B IPAKTHKE Te-
MATHYIECKOTO MOJEJIMPOBAHMA HUKAKHE ONEHKH AlOCTePUOPHBIX PACIpeneIeHuil, KpoMe
TOYEYHBIX ONEHOK MAaKCHMyMa IIPABIONOA00M, TAK U HEe HAILINA IIPUMEHCHHS.

CsoiicTBa pacnpegenenuns Qupuxne. Mogens LDA ocHoBana Ha pacnpeenenusax /lu-
puxJje, MO3TOMY IPUBEJIEM B CIIPABOYHOM IOPs/IKE HEKOTOPbIE ero CBOMCTBA:

e EO, = [0, Dir(f|a) db = o= no%"m(at) — MareMaTHYecKoe oKujanue Oy

N _ =1 _ .

o 0= = nolztrm(at — 1) — mona;
— a(ao—ar) .
e DO, = Z(aoFl) | Aucuepeus;

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

F/
Huramma-byuknus () = % OueHb 1OXOKa Ha jorapudm.
U3BecrHa npocrasi, HO BeCbMa, TOYHAS ALPOKCUMAIM KCIO- 35 ]
3,0 3
HeHTHI quraMMa-pyHknun (Ha rpad ke UX THHIHE IPAKTAIECKH ;|
HePA3TUIUMbI ): 20
10 3
x? 0< 05 §
> S¥4 < 1; 0 ]
E(x) = exp(Y(z)) =~ { 2’
T — %’ 1 < xT. 0 051,0152025303540

BapuauunoHtbiii banecoBcknii BbiBog,. llaes 5Toro moaxoaa B TOM, 4TOObI HCKATL COB-
MECTHOE allOCTEPUOPHOE paclipejiejieHue JIjIsd apaMeTpPOB MOJIEJIN U CKPBITHIX IIepeMeH-
ubix p(Z, P, 0| X, «, 5). HenocpejcrBenHoe BbIUUC/IEHUE JAHHOIO PACHpPeIe/IeHUst 11Po-
osiemarudno. [lostomy Haxomdar ero mpubJinzKeHHe B BHJE pa3/ioyKeHUs Ha MHOXKHUTE]IH,
UCIIOJIB3YS OCHOGHYIO TEOPEMY BAPUGUUOHHO020 baTlec08CK020 6bl600a.

Teopema 7.1. Ilyctpb 3a1am0 pazbnenne MHOXKeCTBa MepeMeHHBIX Y Ha O10kn Y;, j € J.
Torna pemenne 3amzaun KL (q(Y) H p(Y| X, 7)) — min B ceMeiicTBe (baKTOpH30BAHHBIX
q

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

Ing;(Y;) = EqyInp(X, Y |y) + const, j € J, (31)

rae Ep ; — MaTemaTmieckoe oxkugaHme 10 BCeM IMepeMeHHbIM KpoMe Y, const — jjorapagm
HOPMHUPOBOYHOI'O MHO2KHUTEJI1:1 PDACIIPEC/ICHU S q]
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JlokazaresibcTBO MOXKHO Hajitu, Haupumep, B |27].

st pemenusi cucrembl (31) MOZKHO HCHOJIB30BATH METOJ[ 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, «, 5) npoussenenunem n+|T|+|D|
pacupeeenuii mo 6JI0KaM HepeMeHHBIX t;, ¢, 04

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

jed i=1 teT deD

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

3ameTnuM, 4TO ecju OJIOKH IepeMeHHbIX Y; He3aBHCHMBI, TO pellleHue OyjaeT He IIpH-
OIMKEHHBIM, a TOYHBIM. TakuMm oOpa3oM, HCIOJIb30BAHHE BAPHAIMOHHOIO DaiieCOBCKOIO
BBIBOJIA CBSI3aHO C IIPEJIIIOI0KEHIEeM, 9TO MOXKHO IIpeHeOpedb 3aBUCHMOCTSIME MKy Te-
MaM# TePMOB t;, BEKTOPDAMH TeM (; U BEKTOPAMU JIOKYMEHTOB 0.

Hrobbl 3anucarb cucremy ypashenuii (31), pacumirem Jsorapudm pacupejiesieHust
p(X,Z, 9,0 |, 3), uepesojs ciaraeMbie, He 3aBUCSIIEE OT HEPEMEHHbIX t;, @y, 04, B const:

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

=In [ p(di, wi, t:|®,0) + In ] [ Dir(gi| 8) + In [ [ Dir(ba| ) =

i=1 teT deD

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

d,t

Tenepn na10 Oparb MaTemaTudecKue oxuganus Eq ; or sToit cymmbl 110 Beem pacipe-
nenenusam g, (o), qa(0a), ¢;(t;), Kpome j-ro. 3amerum, 4To ecjau ciaraemoe S He 3aBHCHT
OT j-# IepeMeHHOil, TO quS = const, 4TO CUJABbHO YIPOIIAeT BBbIKJIA/IKH.

PaccvmorpuM ypasuenne (31) oTHOCHTETBHO ¢ (py):

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

weW
- Z D lwi=wlgi(t) e+ (Bu—1) g, + const =
=1 weWw weW
- Z <Z[wi:w]q,~(t) +Bw — 1) In ¢, + const =

weW “Ni=1
NS

J/

Vv
Nuwt

=In Dlr((pt ‘ Bt)

_ Takum obpasoM, q(py) =aABigerca pacupeieienueM Jupuxjie ¢ IapaMeTpaMu
Buwt = Nt + Buw, TIOE Ny — OICHKA YUCJIA TeHepanyii TepMa w u3 TeMbl t. IIpu 6oabmux
TNyt OHO CKOHIIEHTPUPOBAHO B TOUKE 0y = NOTM (S ).

w
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Pacemorpum ypasaenune (31) orHocuresnsno qq(6,):

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

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

=1In Dll"(ed ‘ O~éd)

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

t
Haxkower, paccmorpuM ypasaenue (31) orHocuTeabHo ¢;(t;):

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

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

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

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

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

( E(nuw, + Bu,) . E (g, + o) ) (32)
E(Y,(nut+Bu)) E(XCi(nua, +ou)) )

q(t) = norm

N[

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

¢;(t) = norm

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

1
ne+fo—35  ne +ag—

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

n

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

i=1 i=1

Takum o6pasoM, perrenne cucteMbl (31) MeETOZOM MPOCTBIX HTEPAIii MPUBOJUT K
EM-noobHOMY a/iropurmMy. TO HEMHOT'O YAUBHTEIBHO, IIOCKOJIBKY MBI HE HCIIO/IH30BaJIH
EM-aJiropur™m, u jaxke He peliajy 3a/[ady MaKCUMHU3AIUU PAaBIOI01001sI
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[To okoHuaHuM uUrepanuii UCKOMbIE ITapaMeTPbl MOJIEJIM MOXKHO OIEHUTH Yepe3 Mare-
MaTHYeCKOe OXKHUJIAHUE allOCTEPUOPHBIX pacupejieienuii upuxie:

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

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

AJIrOPUTMAX TEMATHYECKOIO MOJEIMPOBAHMST MOKHO CUYUTATH HECYIeCTBEHHbIMU [24].

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

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

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

d,w,t tel deD
Ngwt  Bw—1 Ngwt ot —1
X H H Pwt Put H H 04" O3
teT dyw deD w,t
Nwt+Bw—1 nig+oar—1
o [T TT 110
teT w deD t
X H Dir(gpt | 5t) H Dir(@d | dd)> Buwt = Nt +Buw, Qg = Myq+ 0y, (33)
teT deD

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

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

Teopema 7.2. I[Ipomecc cOMITAPOBAHAS OJHOMEDHBIX CJIVIAHHBIX BEJTHIHH

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

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

Jloka3aTebcTBO MOXKHO HaiiTu, Hanmpumep, B [27].

YT00BI BOCIOJIB30BATHCSL TON TEOpeMOii, moaokuM v = («, /) 1 HaiiéM pacmpeee-
uue p(X, Z|a, ). [TockojibKy OHO He JI0JIZKHO 3aBucerb oT napamerpos (P, 0), o Hum
HpUAETCs B3sATh MHTErpas. [loJplHTerpaibHoe pacupe/ejenne Mbl yzxe BoiBesn B (33),

32



HO Jinlllb C TOYHOCTBIO /IO HOPMUPOBOYHBIX MHOKUTEJIe. Tenepb OHHM HaM HOHaﬂO6HTCH,
1HO9TOMY pa3bepeéMcs ¢ HUMU aKKypaTHee:

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

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

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

Z ﬁw H r ﬁwt tat Ht (atd)
“Urvers, ) W Tra T ay 3

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

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

e 8%, = [w=w;|[t=t;], i, = [t=t;][d=d;]. Teuepn, cormacuo dpopmyJe u3 reopembl 7.2,
IIO/IC/TIM IIOJTyYeHHBIE PACIPEICTCHAS OJHO Ha APYToe, ITO0BI MOy IUTh OJTHOMEPHOE pac-
Ipeie/IeHne /IS COMILTHPOBAHMS TeMbI t;. [Ipu gejenun B 9ucmTesie © 3HAMEHATEIe CO-
KPATsITCsl BCE MHOXKHUTE/M KPOME TeX, KOTOPbIE 3aBUCAT OT djiementa (d;, w;, t;):

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

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

p(X> Z\z |Oé,

p(tZ‘X7 Z\Z,Oé,ﬁ) =

=z —1:

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

teT

n n

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

i=1 i=1

DakTuyecku, Ha M-mare cyMMHUpYIOTCS He camu pacupenpenenus p(t|d;, w;), a ux sM-
nupudeckne oneHku p;(t) = [t=t;] mo comminposanusiv TeMam t;. CyMMa TaKHX OIEHOK
CXOJUTCs K CyMME MCXOJIHBIX PACIPE/Ie/IeHNUT, COrJIACHO 3aKOHY OOJIbINUX YUCelI.
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A nroputMm 4. Cysmumpoanue ['ubodca.

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

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

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

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

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

[lo okoHuaHNU UTepalnnili HCKOMbIe ITapaMeTpPbl MO/ MOXKHO OIeHUTH depe3 MaTe-
MaTHYeCKOe OXKUJIAHUe alloCTePHOPHbIX pacupe/ejaennii Jupuxie u3 (33):

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

B asropurme 4 mokasaHa ujes peanusanuu, npemiokennas B [140]. Kaxgas urepa-
nus k B IpOIEcce COMILTHPOBAHUS COOTBETCTBYET OHOMY IIPOXOIy Kosutekiuu. Korma
JUTS TO3UIIMHT ¢ COMILIAPYETCS TeMa, t;, BCeM IIPe by UM HO3UMUIM 1, ..., 7 — 1 y2Ke mpu-
CBOEHBI TE€MbI HA JIAHHOI UTepaluu, a BCe MOC/ ey IoIue no3unuu i + 1, ..., n COXpaHsoT
rembl ¢ npegpiaynieii (k — 1)-it urepanun — B TOYHOCTH Kak TOro Tpebyer reopema 7.2.
CoMmIupoBaHHas TeMa 3allOMUHAETCS B MEPEeMEeHHOM ¢;, 1 Ha cjieyommeil ureparuu, Ko-
/18 9Ta TeMa U3MEHUTCS, CIETIUKH My U Mg OYIYT YMEHbBIIEHBl Ha eJIMHHILY JJIS CTapOil
TEeMBI, U YBeJIMIEeHbl Ha eIUHUILY J1JIsI HOBOI.

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

Ontumunsayusa runepnapametpos B mogenu LDA. Bo muorux paborax, Hadumnas
¢ [140], ucnosb3yoTcs cuMMeTpHYHbIE APUOPHbIE PACIpe/ieenns /Jupuxie ¢ napamMer-
pamu oy = 50/|T|, B, = 0.01. Bosree Toukue uccienoBanus [157] mokasanu, 910 JIyHiie
OITUMHU3UPOBATH BEKTOD & = (1, ..., Q) B HECUMMETPHIHOM pacupejesennn Dir(6y | «)
v 1oa6uparTh 4ucjioBoii napaverp 3, < 1 B cummerpuanom pacupeesnerun Dir(py; | 5).

st onrummsanuyu Bekropa « B |157| npejiaraercs MaKCHMU3UPOBATH HPABIOLO106Ue
P(X,Z|a«, ) npu dbukcupoBanubix Z u . OrbpacbiBas B (34) MHOKHUTEN, He 3aBUCSIIITHE
OT (v, OJYYaeM ONTUMU3AIMOHHYIO 3a/1a4Y:

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

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

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

B auccepranuu [156] cpaBHEUBaIOCH Goslee TeCATKA YUCIEHHBIX METOIOB €€ DelleHHs .
[TpuBesém Jmnib camblii MPOCTOR M3 HUX — MeroJ| HenoJBuzKHONH Touku [102]. B Hém
BEKTOp @ = () HEePecYUThIBACTCS 110 PEKYPPEHTHOMH (hopmy.ie

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

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

DkcnepuMeHTHl B [157| moKa3aau, 9TO ONTHME3AIMsI BEKTOPA (v MOBBIIIAET HPABJIO-
nojobmue u cKopocThb cxoaumoctu EM-anroputva. B ciaydae cuinbHOt necbararncuposan-
nocmu mem (KOTIAa B KOJUIEKIIMH OJHUX TeM OOJIbIIe, YeM JIDYTHX, B Pa3bl WIH JazKe
Ha TIOPS/IKN) OLNTHMU3AIMs BEKTOPA (¢ IPUBOJUT K DOJIee eCTeCTBEHHOMY HEPABHOMEDHO-
My PAaCIIpPe/IeJIeHUI0 KOJJIEKITUN 110 TEMaM.

Q= Ot

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

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

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

KaxJIplit d € D nopozK/1aeT CKPbIThIE TeMbl:

ti ~p(tld), i=1,... ,ng
KazkJag TeMa t; HOpPOXKIaeT CJIOBO:
w; ~p(wlty), i=1,...,ng.

Mopgeas LDA:

(' TOPOZKTaeT BEKTOPBI JOKYMEHTOB:
04 ~ Dir(f|«), d € D;

£ MOPOKIAET BEKTOPbI TEM:
@i ~ Dir(p|B), t €T;

nasmee Kak B PLSA.

O

d t W ony
|D
4 ()
/ _/
0 t w
ng
|D|
¢ |T|

Puc. 7: l'eneparuBHas ucropus u rpadudeckas Horauus g mozesneir PLSA u LDA.
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Puc. 8: [Ipumepst rpaduveckux Horaruil u3 myOaukanuii 10 TEMATUIECKOMY MOEJIHPOBAHUIO.

W aBTOPBI BEIHYKJeHBI 1300peTaTh cCOOCTBEHHBIE. B pe3ysibraTe MO/Ieb MOYKeT BOCCTAHAB-
JINBAThCS 110 KAPTUHKE HEOJHO3HAYHO. [ eHepaTnBHAS NCTOPHS JIAIIEHA STOr0 HEJOCTATKA
u jiaér 60J1ee TOUHOE onucanue Mojesu. ['padudeckas HOTalMs U I'eHepaTUBHAS UCTOPUS
MOTYT OBITH IOJIE3HBI JIjIsi IOHUMaHUs 00Ielt ujaen u KoHCcTpykiuu mojesan. OHaKko ux
He JIOCTaTOYHO, YTOOBl OJHO3HAYHO BOCIIPOU3BECTHU IIEPEX0J, OT MOJIEJN K AJITOPUTMY €€
obydennsd. K coxkaseHnio, BO MHOTHX IYOIUKAIUIX aBTOPBI OMYCKAIOT 3TOT MEPEXO/T s
KPATKOCTHU W3JI0KEeHHs, YTO OTHIOJAb He JT00aBJIdeT SICHOCTH TAKUM paboTaM.

CpasHervne ARTM u bGaitecoBckoro nogxoga. B nmpakTuke TeMaTHdecKoro MoJIeu-
poBaHus GalleCOBCKUIA BBIBOJ amocrepuoproro pacupegenenns p(§)| X, ) mpousBogaurcs

HUCKJIIOYUTEJIbHO pPa/Jid 11OJIyYEeHUA TOYE€YHON OLECHKH llapaMeTpOB Q:

Posterior(Q2| X,v) o p(X |Q) Prior(2|7);

0 :=arg max Posterior(Q2| X, 7).
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3Tanbl MoAeNUpoBaHUA Bayesian TM ARTM

AHanus TpeboBaHui AHanus TpeboBaHui
®opmanuzayus: BeposTHOCTHas mogenb CraHpapTHble Csou
NOpPOXAEHWNA AAHHbIX Kputepun Kputepum
Anzopummuszayus: baliecoBckuii BbiBOg, ANA EAVHbBIN perynapu3oBaHHbIN
OaHHOM nopoaatollen moaenm EM-anroputm gns ntobbix
(VI, GS, EP) Mogaenen U UX KoMnosuLmin
PeanusayusA: UccnepoBatenbckuii Kog, MpombiwneHHbIN Kog BigARTM
(Matlab, Python, R) (C++, Python API)
OuyeHusaHue: NccnepoBaTtenbckne METpUKM, CraHpapTHble
. CBOM METpUKM
uccnenoBaTeNbCKUN Kog, METPUKMU
BHeppeHune BHepgpeHue

-- HecmaHAapmu3yemble smarisl, yHUKAAbHAS pa3pabomka 011 kaxcool 3a0ayu

-- cmaHoapmu3yemble smarsl

Puc. 9: B owmmuue or 6GaitecoBckoro obydenusi, ARTM cranjaprusupyer peasu3anuio TeMaTuIecKux
MoOJIesiell B BUJE MOJLYJIbHOM paciupsieMoit oubnoreku perysispuzaropos. IIpoieypbl XpaHenus u mepe-
Jlaqu JAHHBIX, pacnapajuienuBanus EM-asropurMa, ONeHUBAHUS KA4ecTBa MOJENeH sBIJILIOTCA ODIIUMU
JJId MIUPOKOrO KJIaCCa MOJIeJIell U UX KOMITO3UITUA.

Makcumusanust anocrepuopoii Bepositnoct (MAP) naér rodednyio onenky €2, mu-
Hysl [POMEZKYTOUYHbIH 1mar npub/MKEHHOr0 U TPYJI0EMKOro BbiBoja Posterior:

Q= arg m{z;x(lnp(X |€2) + In Prior(Q]7)).

Muorokpurepuasibhas ajaurushas pery/sipusanus (ARTM) obobmaer MAP wa Jsro-
Oble peryJIsipu3aTopbl, B TOM YUCJe He UMEIOIe BePOITHOCTHON HHTEPIPETAINH, a TAKZKe
UX [POM3BOJIbHbIE KOMOUHAIIAN:

Q= arg mgx(lnp(X |Q) + ZlﬂRZ(Q))
=

K nejocrarkam 6aitecoOBCKOro BbIBOJ@ MOXKHO OTHECTH TEXHUYECKYIO CJIO?KHOCTDb JI0-
OaByileHUs 1 KOMOMHUDOBAHHUS TPeOOBAHUI K MOJENH KaK ONTUMU3AINOHHBIX KPUTEPUEB.
B véM HeT y10OHBIX MEXaHU3MOB PEryISpHU3aIid, TOCKOJbKY HET, COOCTBEHHO, W 3aJa4Un
ontuMu3anuu 1o (2. JlonosnuresbHas uHMOpPMAIEI TPUBHOCUTCA JUOO Yepe3 ampuop-
Hble paciipejiesienusi, Jubo B caMy CTPYKTYpPY Mojiesin. Ecjim aupuopHble pacipe/ie/ieHust
He sIBJIIOTCH pacupe/eenusymu Jlupuxiie, BbIBO 3aMETHO YCIOKHSETCS.

Pacnpenenenne /lupuxie oka3piBaeTcs «HA OCOOOM MOJIOYKEHUN» B 0aiieCOBCKOM TeMa-
THYeCKOM MOofeupoBannu. OHO He nMeeT yOeUTeTbHBIX JTUHIBUCTHIECKIX 0OOCHOBAHUA,
TeM He MeHee, B JIuTepaType OOTBITHHCTBO MO/Ieseil CTPOSTCS C ero HCIOIb30BaHuEM. DTO
00'bACHSAETCS UCKJIIOUUTE/IbHO MAaTEeMATUIECKUM Y00CTBOM COIPSAKEHHOCTH paclpe/jieie-
uit /lupuxisie ¢ mysaprunomuasibabiM pacipesesnieauem. B ARTM ue ocraércsi Hukakunx
OCHOBAHMWII MPEIOYATATh paciupeeneHne /[upuxie IpyruM peryispu3aTopaM.

[TocTanoBka onrTuMmu3amuoHHOR 3agaun MAP 1mo3BosisieT MHTEpPHIpPEeTHPOBATDL JIOTaA-
pudM anpuopHOro pacmpejeleHns KaK BEPOATHOCTHBIM DETryIsSpu3aTop, OTIEJIHTH ero
OT KOHKPETHOW MOJIeJIM U UCIHOJIB30BATh B JPYIUX MOJAEIIX. AJJIMTUBHOCTD PeryJisipu-
3aTOPOB IPUBOAUT K MOJIYJIBHONW TEXHOJIOIMH TEeMATHYECKOrO MOJETUPOBAHUS, KOTOPast
peasmzoBana B ipoekre BigARTM (8, 150|. IIpu pemenun npukiaabix 3a1a4 KOMOUHAPO-
BaHNE F'OTOBBIX PEryasphU3aTOPOB MO3BOJSIET CTPOUTH MOJENH C 33JaHHBIMU CBOIICTBAMEI
0e3 MOMOJTHUTETbHBIX MaTeMaTHIeCKUX BBIKJIAJIOK U mMporpaMvupoBanus, puc. 9. Co3ma-
HUE TAKOIl TEXHOJIOIMU B paMKax 0ailecOBCKOIO MOJX0/Ia €J1Ba JI1 BO3MOZKHO.
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B sajibueitiiem mbl OyjieM paccMaTpuBaTh BCe TeMaTuyecKue MOJIe/IM B TePMUHAX pe-
IyJISPU3AIUU, JIaZKe eCJId B UCXO/HBIX paboTax OHM CTPOUJIUCH DAalleCOBCKUMHU METO/IaMH.
Pedopmanuzamus OaiiecOBCKUX MoJieieil depe3 pery/spu3aliiio, Kak MpaBuio, He Ipe/-
CTaBJIsIeT 0COOOTO Tpy/Ia, OoJiee TOrO, IPUBOIUT K PAIMKAILHOMY YIIPOIIECHUIO U3/I02KEHHS
0e3 CyIecTBEeHHBIX M3MeHeHHil aaropuTMoB. Mbl He OyjieM HCIOIb30BaTh IpaduIecKyio
HOTAIMIO, MOCKOJIbKY B ARTM paxke ciioxubie Moaean popMaIn3yoTcs HACTOJIBKO IIPO-
CTO, 4TO HOTpe6HOCTI/I B HalVIAJHbIX IIPpE/CTaBJICHUAX HE BO3HUKAECT.

8 PaspexuBaHune, crna>kmBaHue, gekoppesunpoBaHumne

Orka3 or anpuopHbiX pacupegenenuit Jlupuxie mo3Bojsier 0600mmuTs Mogeab LDA:
CHSITHb OPDAHMYECHUSI HA 3HAKH ruiieprapaMerpos B (21) u cBobo/Hee 06paIaThest Co Cria-
JKABAaHUEM ¥ pa3peKUBAHUEM [IJId YIYUIIeHUsS HHTEPIPETHPYEMOCTH TEM.

T'unomesa paspestcennocmu: KazKkias TeMa XapaKTepu3yeTcsd HeOOTbITNM YUCTIOM Tep-
MOB; KaK/JbIil JOKYMEHT OTHOCUTCSI K HeOOJIBIIOMY YHCIY TeM; 3HaYuTeIbHas YacTh
YCJIOBHBIX BEPOSITHOCTEH (0, U Oy PABHBI HYJIIO.

PaspexkenHocTb npejicTaB/isiercs eCTeCTBEHHBIM HeOOXO/IMMbIM YCJIOBUEM UHTEPIIPETH-
pyeMOCTH TeMaTu4iecKoil Mozenn. KpomMe Toro, pa3pexkeHHbIe CTPYKTYPHI TAHHBIX U aJIr0-
PUTMOB MO3BOJISIOT 3aMETHO COKPAIIATh BpeMs BBIYHCJIEHUN U PACXO], HaMATH KaK B IPO-
necce MOCTPOEHUS MOJIEJH, TaK U IPHU JaJbHEUIeM eé UCIOIb30BAHNH.

Muorue monbitkn paspexkupanusi Mogen LDA npuBoamin K 9pe3MepHO CJI0ZKHBIM
koHCcTpyKiusim 134, 51, 160, 77, 40| u3-3a BHYTPEHHErO IIPOTHUBOPEYUs MEXKJy paspe-
JKEHHOCTBIO W TOJIOXKHTETHbHOCTHIO MapaMeTpoB B pacupenenenun [lupuxite. [Ipobrema
PEIIAeTCsl Peryasgpu3aTopoM (22), B KOTOPOM HIEPIAPAMETPBI [, (¢g MOTYT IPUHAMATH
J00BIe 3HAYEHNS, BKIIOYasd OTPHUIATe/IbHbIE:

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

teT weW deD teT

Taxkoii criocob paspe:kuBaHus OBLT BIIEPBbIE MIPEII0XKeH, II0 BCeil BUIUMOCTH, B JHHA-
mudeckoit Mogesn PLSA j1st 06paborku BujieonoTokos [146|, rae nokymMeHTaMu siBJISIHCH
KOPOTKHE BUjieopparMeHTbl, TepMaMi — HPU3HAKK Ha N300parkKeHusix, TeMaM#i — I10sIB-
JIeHHe OMpPeJIeIEHHOr0 00beKTa B TeUYeHHe ONpeIeJEHHOT0 BpeMeHH (HAlpuMep, Mpoe3[
aBTOMOOIIISI Yepe3 MepeKpécTok). PaspexkuBaTh pacrupe/ie/eHus CUIbHEe, 4eM 9TO Jieja-
er LDA, moTpeboBaMCh /I ONHCAHUS TeM ¢ KOPDOTKHM «BPEMEHeM KH3HL».

Yactn4yHoe oby4eHune. B mpomnecce co3gaHus, UCIOIb30BAHUA U ONEHUBAHUS TeMa-
THYeCKOIl MOJETH KCIEPTHI, HOTb30BATe/N HJIH acecCOPBl MOIYT OTMedaThb B TeMaX pe-
JIeBaHTHbBIE MJIM HEPeJIeBaHTHbIE TePMbl U JIOKyMeHThl. Pa3meuenHble JJaHHbBIE 1103BOJILIOT
(bukcupoBars uHTEpLpPETALMM TEM U IOBBILIAIOT ycToRunBOCTh MOJesu. Pasmerka mo-
JKeT 3aTparuBarh JTHIIb JaCTh JOKYMEHTOB H TeM, I03TOMY €€ HCIIOJIb30BaHHe OTHOCHTCS
K 33Jla9aM wacmuurozo obyuenus (semi-supervised learning).

ITycTp g xaxkoit Temel ¢ € T' 3agaHBl 9eThIpe IOJAMHOMKECTBA!

W — «BeJiblit CIICOK» PEJICBAHTHBIX TEPMOB;

W, — «4€pHbIil CIINCOK» HEPEJIeBAHTHBIX TEPMOB;
D;" — «6enplit COMCOK» PeIeBAHTHBIX TOKYMEHTOB;
D; — «49@pHbIil CIUCOK» HEePEeJIeBAHTHBIX JIOKYMEHTOB.
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Puc. 10: Crpykrypa pa3pexennoctu marput ¢ u © ¢ mpeameTHbIMu 1 (DOHOBBIMUA TEMAMH.

Yacmuurnoe obyvuenue no peaesarmHoCy SIBISeTCs YaCTHBIM CJIydaeM peryssipusa-
TOpa CIVIA2KUBAHUS U Pa3pezKuBaHUs 1IPU

But = By[w € W] = B_[w e W,
awg = ayld € Df] —a_[d € D/,

rjie B+ u oy — KOIDDUIUEHTHI Pery isipu3aliiim.

MpeametHbie n poHoBbIE TeMbl. YTOOLI MOJIEIL ObLIA HHTEPIPETUPYEMOI, KazK/1as Te-
Ma JI0JIZKHA UMETh CEMAHMUYECKOE A0PO — MHOKECTBO TEPMOB, XapaKTepU3yIOIuX Olpe-
JIEJIEHHYIO TIPEJAMETHYIO 00JIaCTh M PEIKO YIOTPeOIdeMbIX B ApYrux Temax. Jljig 3roro
maTpuipl ¢ u © JOMKHBI UMETh CTPYKTYPY Pa3perKeHHOCTH, AHAJOIHYIHYIO MOKA3aHHOIT
Ha puc. 10. MuoxkecTBO TeM pa3duBaercsa Ha JBa HoaMHOXKecTBa, 1T = 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) Takxke paspezkeHbl, Tak KaK KazK/as HPeJMeTHasi TeMa HPUCYTCTBYET B OTHOCH-
TeJIbHO HEeDOJIBIION 101 IOKYMEHTOB.

Qonosvie memovr, t € B comepzxKar caoBa 00NN JIEKCHKH, KOTOPBIX HE JOJIZKHO ObITh
B IpeJMeTHBIX TeMax. VIx pacupezesnenus p(w|t) u p(d|t) craazkensl, Tak Kak 3TH CJI0Ba
HPUCYTCTBYIOT B OOJIBIIMHCTBE JIOKYyMEHTOB. TeMaTnieckyio Mo/jie/ib ¢ (DOHOBLIMU TeMaMK
MOZKHO pacCMaTpuBaTh Kak 00001eHe pobacTHbix Mozesei |38, 121], B KoTopbix ncnosib-
30BaJIOCH TOJIBKO OJIHO (DOHOBOE PACIPEJIE/IeHNE.

CdrokycunpoBaHHbIii TeMaTUYecknii Nnonck. Yacruanoe o0ydeHue TeM MOKHO PaCcCMaT-
puUBaTh KaK Pa3sHOBHHOCTb TeMaTHYECKOro MHMOPMAIMOHHOIO MOucKa. B KadecTBe 3a-
Ipoca 33Ja6TCA cemarmuyeckoe A0po OJTHONR WU HECKOJIbKUX TeM. DTO MOXKET ObITH JII0-
Goit dparmenT Tekcra, «Oesblii cnucok» TepMoB (seed words) wiaM z-memku — TEMBI,
IPUIUCAHHBIE OT/EJbHBIM cjioBaM uin dbparmentam B jokymentax [20|. Temaruuaeckast
IIOMCKOBAg CUCTEMa JOJI?KHA He TOJBbKO HAlTH U PAHKUPOBATH PeJICBAHTHBIC JOKYMEHTHI,
HO 1 Pa3JIOZKUTh ITIOUCKOBYIO Bbl/la1y 110 TEMaM. B TUIUYHbIX HPUJIOZKEHUAX peﬂeBaHTHbeI
KOHTEHT COCTaBJIIeT HUITOXKHO MAJIYIO JIOJIIO KOJIJIeKIUK. TeM He MeHee, HIMEHHO 3TOT KOH-
TEHT JI0JI2KeH OBITH TIIATEJTbHO cucTeMaTu3upoBal. OOpa3HO roBops, Tpedyercs «HCKATh
1 KJIACCHPUIUPOBATL UIOJIKH B crore cenay |34]. Temsr cranossitces smementom rpadu-
yeckoro uHrepdeiica 1mo/ib30Bareis, MHCTPYMEHTOM HABUTAIMKU M IIOHUMAHUS TEKCTOBOM
koJiiekiu. OTCio/[a BaXKHOCTH TPEOOBAHKS HHTEPIPETUPYEMOCTH KAZK IO TEMBbI.

39



Hacruanoe obydeHue HCIOJAB30BAJIOCH Jisi HOMCKA U KJacrepusaluu HoBocTeill [66],
HOKMCKA B COLUAJIbHBIX MeJia MH(MOPMAIUK, CBA3aHHON ¢ DOJIE3HAMU, CUMIITOMAaMU U Me-
Tomamu Jedenus [114, 115], ¢ mpecrynrocThbio u 9KkcTpeMusmom (88, 133, ¢ HannoHaIbHO-
CTAME U MeKHAIMOHATbHBIMA OTHOmeHusME [34, 72, 112].

B mozenun ATAM (ailment topic aspects model) B KauecTBe CIrIazkKHBaOIIEro pacipe-
JeJIeHUsT By, UCHOJIb30BAIACH OOJIbIIAs KOJJIEKIMsT MeJuIUHCKuX crareii [115].

B mozensax SSLDA (semi-supervised LDA) u ISLDA (interval semi-supervised LDA)
JITS TIOUCKA 9THO-PEJIEBAHTHBIX TeM B MOCTAaX COMUAJIBHBIX CeTeil MCIOJb30BAJIOCh CTiIa-
JKHBaHUE [0 CJIOBAPIO U3 HECKOJIbKUX coTeH STHOHUMOB [34]|. B mogenn SSLDA s kax-
JI0f1 9THO-pEeJIeBAHTHONW TeMbI 3a/1aéTCs CBOU CJI0BAph STHOHUMOB, CBI3aHHBIX C OJHUM
onpeaenéuaabiM 3THOCOM. B Mosiesin ISLDA muO)kecTBO TEeM pa3buBaercs Ha MWHTEPBAJIBI,
1 JIJIS BCEX TeM KayKJI0I'o MHTepBaJIa 3a/a6Tcs obuit ciioBapb 3THOHUMOB. [Ipenmymecrso
TUX MOJIeJIeil B TOM, 4TO MHTEpIpeTalus KazK/0il TeMbl u3BecrHa 3apanee. Hejpocrarku
B TOM, YTO TPYJHO MPEIYyTaJblBATh IUCIO TeM /I KazKI0il STHHIHOCTU W CTPOUTH IOJIU-
STHUIHBIE TEMbI /sl BBIABICHUS MEZKITHUIECKUX KOH(MIMKTOB. AJTbTepHATUBHBIN MOXO/T
3aKJ/II0YAeTCs B TOM, YTOObI 33/1aTh YMCJIO ITHO-PEJIEBAHTHBIX T€M U IIPUMEHUTH K HUM 00-
miee CIVIayKUBaHUE 110 CJI0BApIO STHOHUMOB. Temarudeckass MOJIe/Ib caMa OIIPEJIeJINT, KaK
pazjenTh ux 1mo yrananoctsM |21, 22|. Hemocratok 910ro mojxoma B ToM, 4TO HHTED-
IPETUPYEMOCTDb HailIeHHBIX TeM IPUXOIUTCS HPOBEPATH BPYIHYIO.

dexkoppenunpoBaHue tem. Temaruveckas Mojie/ib He JIOJZKHA COJEPzKATH JLyOJIMPYIOIIMX
UJIM 1I0X0KUX TeM. HeMm pasjindHee Tembl, TeM uHdopMaTuBHee Moje/ib. s moBbileHus
Pa3INIHOCTH TeM Oy/1eM MUHUMHU3UPOBATH CYMMY MOMAPHBIX CKAJISIPHBIX MPOU3BEEHIIT
(Ot Ps) = D PutPuws MezKIy cTombnamu mMaTpuipl O. [lomyunm peryasgpusarop:

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

teT seT\t weW

®opmyaa M-mara, cormacho (16), umeer Buj

Pt = DOLI (nwt —TPur Y sows)- (35)

seT\t

DTOT peryaspu3aTop KOHTpACTUPYeT cTpoku MaTpuipl P. B KaxK10ii cTpoke, He3aBU-
CHUMO 0T OCTaJIbHbIX, BEPOATHOCTU Dyt HaI/I60.Hee SHAYUMBbIX TEeM TepMa W yBEJINYUBAIOTCH,
BEPOATHOCTHU OCTaJIbHBIX TEM YMCEHbUIAQIOTCA U MOI'yT 06pamaTbC${ B HYJIb. PaBpe}KI/IBa—
HHE — 3TO ComyTcTBYoNmil 3dhderT nekoppennpobanus. B [142] 61 3aMeden emé oauH
oJIe3HbIH 3D deKT: c/ioBa 00IIell JeKCHKH I'PYIIUPYIOTCI B OTJ/IE/IbHBIE TeMbl. DKCIIePH-
MEHTBHI ¢ KOMOMHHPOBAHUEM PEry/IsIpU3aTOPOB CIAKUBAHNA, PA3peKUBAHUS U JIEKOppe-
mauposanust B ARTM nogrsepzkiator sro nabuaogenue |7, 152, 151].

JexoppesnupoBanue Buepsbie 0bL10 npemioxkeno B Mogean TWC-LDA (topic-weak-
correlated LDA) B pamkax GaiiecoBckoro moaxoma [142]. CoorBercrByiomee ampuopHoe
pacipejeieHne He ABJISeTCs CONPSKEHHBIM K MYJbTHHOMHAJIBLHOMY, IOTOMY Oaiiecos-
CKHil BBIBOJI CTAJIKHBaeTCA ¢ TexamaeckuMu Tpyaaoctamu. B ARTM pacuéraas dpopmysra
M-mirara (35) BBIBOAMTCS B OJIHY CTPOKY.

KombunHnpoBaHne perynsipu3atopoB cria:kubBaHus (POHOBBIX TEM, pa3perKHBaHUSI
IpeIMEeTHBIX TeM B MaTpuile © n JeKOppeTupoBaHus CToJ0MOB MaTpunbl P mcmorb3oBa-

JIOCh BO MHOI'MX paborax Jyisi yJLydiieHusi nHrepuperupyemocru rem |7, 151, 152, 153, 17].
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Puc. 11: OGbranas TeMaTnaeckas MOZETb ONPEIENSIET PACIPEIEJeHIe TeM B KaxKI0M 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.

[TopobpaB ko3 duIUEHTH pery/isipu3aiii, MOXKHO OJHOBPEMEHHO 3HAYUTEIbHO YJIyU-
[IUTh PA3PEKEHHOCTh, KOHTPACTHOCTD, YHCTOTY U KOI'€PEHTHOCTb TeM MPU HE3HAUUTE b
HOIi ToTepe mpasaonoao6us [152]. Beumm BeIpaboTaHbI OCHOBHbBIE PEKOMEHIAIUM: EKOD-
peJInpOBaHUe U CrVIayKMBaHUE BKJIIOYATH Cpa3y, pa3pekuBanue — mnocje 1020 urepanmit,
Korja obpa3yercs TEeHJICHIHS K CXOAUMOCTHU [1apaMeTpPOB MOJIEIH.

Ta xe koMOUWHAIUS PEryJisipu3aTOPOB CYIIECTBEHHO Y/IydIla/ia KadeCTBO TeMaThude-
CKOTO pa3BeovHoro noucka B |17, 173, 64|, Xxorst HUKaKHe KpUTEPHU KadecTBA ITOUCKA
HEIIOCPE/ICTBEHHO HE ONTUMU3UPOBAJIUCD.

9 MopgenupoBaHue MyabTUMOAANbHbIX AAaHHbIX

Myavmumodarvhas memamuueckas MoOeAb ONUCHIBAET JOKYMEHTBI, COJAEPAKAIIME Me-
TaJaHHBIC HAPLY ¢ OCHOBHBIM T€KCTOM. MeTaJaHHbIe IOMOraioT 00J1ee TOTHO OIPEeIe/IaTh
TEMATUKY JOKYMEHTOB, M, HA00OPOT, TEMATHYECKAs MOJIEIb MOXKET HCIOJIb30BATLCH JIJId
BBLISBJICHUSA CEMAHTUKH METAJAHHBIX WM IPEICKA3AHUSA HPOILYICHHBIX METAJAHHBIX.

Kazkaplit Tuin MeTaJaHHbIX 00pa3yer OTAEAbHYIO MO0AAbHOCTMb CO CBOUM CIOBAPEM.
CI10Ba €CTeCTBEHHOIO 3bIKa, coBocodeTanus [159, 168, reru |74|, nMeHOBaHHBIE CYIIHO-
cru [106] — 5T0 mpuUMepbl TEKCTOBBIX MOJAJIbHOCTEl. B MyJIbTHA3BIYHBIX TEMATHIECKUX
MOJIEJISIX MAPAJIETbHBIX TEKCTOB MOJAJBHOCTAME SIBISIOTCH a3bIKu [154]. st anasu-
34 KOPOTKHUX TEKCTOB C OIEYATKAMHU HCIIOJIb3YIOT MOJAJBLHOCTD OYKBEHHBIX N-IPAMM, ITO
03BOJISET YJIy4lIaTh KadecTBo nHdopManuoHuoro noucka |63]. [Ipumepamn zeTekcToBbBIX
MoJasbHOCTe siBiistiorcst (puc. 11): asropst [129], momenTst Bpemenu [145, 180, 146|, krac-
cbl, KaHpbl win Kareropun [130, 183|, nurupyemble win murupyoomme JOKyMeHTH [48]
Wi aBropbl [69], mob30BaTeN M FMEKTPOHHBIX OUOIHOTEK, COIMUAIBHBIX CEeTell N pe-
KOMeH/IaTeIbHbIX cucreM |78, 137, 161, 176, 177|, rpadudeckue s1eMeHTH H306parKe-
uuit |32, 62, 83|, pekiamubie 00bsiBIeHus Ha BeO-crpanunax [118].

MynbtumoganbHass ARTM. Bce nepeduciennbie BbIIIE Caydad, HECMOTPs Ha pa3HO-
obpasue unrepuperanuii, onucbiBaiorcs B ARTM eauabiv (hopMain3MomM MOIaIbHOCTEH.
Kazkiplit JIOKyMeHT paccMaTpuBaeTcs KakK YHUBEPCAJIbHbIM KOHTEWHeD, COJlepyKalluil Tep-
MBI Pa3JIMIHBIX MOJIAJbHOCTE, BK/IIOYasi OObIYHBIE CJIOBA.
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[Iycrs M — muoxKecTBO MOjasibHOCTEl. Kaxkiast M0OJaabHOCTh UMEET CBOI CJIOBapb
repmoB W, m € M. D1u MHOXKeCTBa IOIAPHO He nepecekarcs. VIx obbeunerune Oygem
oboznavars depe3 W. Moganbuocrs Tepma w € W Gymem obo3HauaTh depes m(w).

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

p(w|d) = pr|t (t|d) = ngwtﬁtd, weW™ deD. (36)

teT teT

Kaxk 10it MOJAJIBHOCTH M COOTBETCTBYET CTOXacTHIecKas marpuna P, = (gowt) S —
CoBokynHocth mMaTpun P,,, ecjim ux 3ammcarb B crosoer, oopaszyer W xT-marpuiy O.
Pacupeiesienne rem B KazKJIOM JIOKYMEHTE SIBJISIETCsSI OOIIMM JIJIsi BCEX MOJIAJIbHOCTEH.

My.)'[bTI/IMO,Z[aJ[bHaH MO/IEJIb CTPOUTCA HyTéM MaKCHUMHU3AIIUN B3BEIIEeHHON CYMMBI JIO-
rapudMOB IPaBJIONOI00Us MOIAJIBHOCTEH U peryasapu3aTopoB. Beca 7, mo3poJsgioT cba-
JIAHCHPOBATH MOJAJIBLHOCTH 110 MX BasKHOCTH U C YIETOM MX JACTOTHOCTH B JIOKYMEHTAX:

DD D nawln ) puwba+ R(®,0) — max; (37)

meM deD wewm teT
Z Ouwt = 15 @yt = 05 Zetd =1; O = 0. (38)
weWm teT

Teopema 9.1. Ilycrs ¢pyaknus R(P, ©) wenpeprisro auggepernnupyema. Touka (P, O)
JIOKaJIBHOTO dKcTpeMyMa 3agaqn (37)—(38) yaosmerBopsier cucreMe ypaBHEHHI CO BCIO-
MOTraTe/IbHbIMH [HEPEMEHHBIMH Pyg, = P(t|d, w), eciim u3 pereHus: HCKJIIOYUTD HyJIEBbIE
crosibrer marpui P, O:

Praw = 000 (@i (39)
OR
Pt = Bg{a/mm Nt + Pt &pwt ; Nyt = dEZD Trm(w) TbdwPtdw; (40)
OR
Ora = norm | Nd + Oram— |; Nyg = Z Z T NdwPtdw - (41)
€T aetd meM weWm™

JlokazareibcTBO aHaJOru4HO Teopeme 4.1, KoTopasi siB/JIeTcs 4aCTHbIM CJIy4aeM Teo-
pembt 9.1 s ciydast ojHOl Mogabuocru, |[M| =1, 7, = 1. [lepexos or oaHOi MOjaIb-
HOCTHU K IIPOU3BOJILHOMY YHUCJY MOJAJBHOCTEH CBOIUTCS K JBYM IOIPABKaM:

1) mcXomHBIE JJAHHBIE 74y, JOMHOXKAIOTCS HA BECA MOJATBLHOCTEIL Tpy(y);

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

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

MynbTusa3bldHble Mogenn. MyabTHSI3bITHbIE TEKCTOBBIE KOJIIEKITUU UCIIOIb3YIOTCA JIst
KPOCC-I3bIYHOT0 HH(MOPMAIMOHHOTO ITOUCKA, KOIJIA 110 3aIIPpOCy Ha OJHOM d3bIKe Tpedyer-
cs HallTH ceMaHTUYEeCKH OJIM3KHUE JIOKYMEHTBI HA JIPYIOM s3biKe. [ljisi CBS3bIBAHUS sI3bI-
KOB HCIOJIb3YIOTCs lapaJijieJibHble TEKCTbl WJIM JIBYsI3blUHbIe cjioBapu. [lepsbie My/ibTH-
SI3bIYHbIE TEMATUYECKHE MOJEIH HOSBUJIUCH HoYTH ofHOBpemenHo |46, 100, 111] u npej-
CTaBJILIA COOOI MYyJIBTUMOJATBHYIO MOJIE/Ib, B KOTOPOW MOJAJBHOCTSIMHU SABJISIOTCH SA3bI-
KHI, U KaXKJas CBA3KA MapaJlieIbHBIX TEKCTOB OObeIUHSIETCS B OAUH JJOKyMeHT. OKa3a-
JIOCh, YTO CBSI3bIBAHUS JIOKYMEHTOB JIOCTATOYHO JIJISI CAHXPOHU3AIUN TeM B JBYX S3bIKaxX
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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. 12: Ilpumepsr TeMm u3 ABYSA3bIYHON TemaTudeckoit momenn Bukunemmm. [loxaszansr nmepsbie 10 ciioB
KazKJI0# TeMbl U uX BeposaTHOCTH p(w|t) B MPONEHTAX.

U KPOCC-I3BITHOrO moucka. llombITku Gosiee TOYHOTO W TPYHAOEMKOTO BBIDABHUBAHUS IIO
LPe/JIOZKEHUSIM WJIM [0 CJIOBAM HPAKTUYECKH HE yJIydliaior KadecrBo noucka. O6cTosi-
TeJIbHBIT 0630D MYJIbTHSI3bIYHBIX TEMATHIECKUX MOJeJieli MOKHO HaiiTu B [154].

Ha puc. 12 nokazanbl Hekoropbie u3 400 rem, nocrpoennbix 1o 216 175 napam pycckux
1 aHrniickux crareit Bukuneauu [150]. Iist cBsI3bIBaHUS S3BIKOB HCIIOJIB30BATUCH TOTBKO
MO/IAJIbHOCTH, BBIDABHUBAHUS U CJIOBAPH HE UCIIOIb30BaIHCH. Aceccop ornenuma 396 Tem
3 400 KaK XOpOIITO WHTEePIpeTupyeMbIe.

Juist uenosib30Banust ABYSI3bIMHOTO CJI0Baps B [9] ObLI IpeiIozKeH peryjisipu3aTop cria-
xkupanus. O dopMasu3yer npeinoiozKeHe, YT0 eCJii CJI0BO U B dA3blKe K SIBJISETCS 11e-
PEBOJIOM CJIOBa w u3 s3blKa , TO ux pacupenenenus teM p(t|u) u p(t|w) moaKHBI OBITH
ou3ku B cMmbicsie KL-auBeprenmun:

R(®) = Z Znut In .

w,u  teT

Corsacao dopmysie M-mara, BepoSTHOCTH CJIOBa B TeMe yBEJIHYIHUBACTCS, €CJIH OHO
uMeeT IIepeBOJIbl, IMeIOIe BhICOKYI0 BEPOSITHOCTb B JIAHHOI TeMme:

Pt = DOIM (nwt +7 5 nut)-
we "

DTOT PEryJsapu3arop He yYYUTHhIBAJ, YTO IEPEBOJ CJA0BA MOYKET 3aBHCETb OT TEMBI,
u 4TO Cpeau 1HepeBoAOoB CJ/IOBa MOI'YT HaXOAUTbCHA IIepeBO/ibl €I'0 OMOHUMOB. HOSTOMy
B TOI 2Ke pabore ObLI LPeIJI0KeH BTOPOR pery/ispu3arop, KOTOPbIA BBOJMI B MOJE/b
HOBBIE MAPAMETPBI Ty = P(U|w,t) — BEPOSITHOCTH TOTO, YTO CJIOBO U SIBJISIETCS Iepe-
BOJIOM cJIoBa w B TeMe t. [Ipeamonaraercs, aro Tema t, Kak pacupejesnenue p(u|t) = fat

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

R(®,1I) =7 Z Znut anWuwtgowt — max.

ucWk teT weW?*
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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. 13: IIpumepsl TeM, B KOTOPBIX CJIOBO «CyMMay UMEET Pa3HbIE IIEPEBO/IbI.

Qopmyna M-mrara Tenepb YUYATHIBAET BEPOATHOCTH IEPEBOIOB Tyy¢. IKKpOMe TOTO, J10-
baBJigeTcsd peKyppeHTHas opMyJ/ia Jijisd ONEHUBAHUSA STHX BEPOSITHOCTE:

Puwt = IIOII;IT/H (nwt + 7 E qut”ut)
we u

Tuwt — NOTIM (ﬂ'wutnut) .
ueWwk
CBg3biBaHue NapajieJbHBIX TEKCTOB CUJIbHee YIydlllaeT KadecTBO IMOWCKA, dYeM 00a
crocoba yuéra cioBapeii [9]. Bropoit crocobd semuoro syumte mepsoro. Kpome toro, on
1103BOJISIET BbIOUPATH BAPUAHTHI IEPEBOJ/IA B 3ABUCUMOCTH OT KOHTEKCTA, YTO MOXKeT ObITh
HOJIE3HO JIJIsl CTATUCTUYECKOI0 MAIIMHHOTO IepeBo/ia, puc. 13.

MoganbHOCTM KaTeropuii n aBTopos. [lomycTuM, 9TO paCIpeIe/IeHus TEM B JIOKYMEH-
tax p(t|d) mopoxaaroTes OHOMN M3 MOJATBHOCTEIl, HAIIPUMED, ABTOPAMHU, PYOPUKAME I
KareropusMu. ByjieM cuuTaTh, 9T0 ¢ KazK/IbIM TEPMOM W B KazKJIOM JOKYMEHTe d CBA3aHa
He TOIbKO Tema t € T, HO M Kareropus ¢ u3 3a3JaHHOr0 MHOKecTBa Kareropuii C. Pac-
MIUPUM BEPOSTHOCTHOE HpPOCTpaHCTBO j10 MuOXKecTBa D X W X T x C. Ilycrs usBectHo
noamuozkecTBo Kareropuii Cy C C') K KOTOPBIM MOKET OTHOCUTLCH JIOKYMEHT d.

PaccMoTpuM MyIBTUMOJATBHY IO TEMATHIECKYIO MOJIeTb (36), B KOTOPO# pacmpe/iese-
HUE BEPOSITHOCTH TeM JIOKYMEHTOB ;g = p(t|d) omuchBaeTCS CMEChIO paCIpeiesleHuii Tem
Kareropuit 1. = p(t|c) n kareropuii J0KyMenToB T4 = p(c|d):

w|d Zp 'lU|t ZPHC C|d Zzspwtwtcﬂ-cd (42)
tel ceCy teT ceCy

DTO TaKzKe 33/[ada CTOXaCTHIECKOI'0 MaTPUIHOTO pa3/iozKeHHUs, TOJIbKO Ternepb Tpeby-
ercs Hajitu Tpu Marpurpi: ¢ — marpura TepmoB TeM, ¥ = (Ui )rxc — Mampuya mem
kamezoput, Il = (T.q)oxp — Mmampuya Kamezoputdl doKYMEHMOS.
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Mosiesib OCHOBaHA Ha JBYX TUIIOTE3aX YCJOBHOII HE3aBUCHMOCTH:

p(t|c,d) = p(t]|c) — remaruka joKyMeHTa d 3aBUCUT HE OT CAMOIO JIOKYMEHTa, & TOJIb-
KO OT TOrO, KAKHM KATErOpusgM OH IIPUHAJIIEKHT;

p(w|t, c,d) = p(w|t) — pacupejesenne T€pMOB MOJHOCTHIO OLMPEIEIAETC TeMATHKOM
JOKYMEHTA M HE 3aBUCAT OT CAMOIO JOKYMEHTA M €r0 KATErOPHIi.

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

Ba/1aua MAKCUMU3AIUU PErYJISPU30BAHHOIO IIPABIOIO00MS:

Z Z N In Z Z prtwtcﬂ-cd + R((I)a \II’ H) — nax; (43)

I

deD wed teT ceCy

Z Pwt = 17 Pwt = O, Zd}tc = 17 djtc Z 07 Z Ted = 17 Ted 2 0. (44)
wew teT ceCy

Teopema 9.2. Ilycrb pyuknus R(®, V, 11) venpepeiBao guggepennupyema. Touka jio-
kasbaOro skcrpemyma (P, W, 1) zazaun (43), (44) yaosaerBopsier cucreme ypaBHEHHIT co
BCIIOMOTATETbHBIMH MEPEMEHHBIMH Pyeqy, = P(t, ¢|d, w), ecn u3 perenns: HCKJIIOYATD HY-
jespre croytonsr marpur ©, U, I1:

Predw = 10rm_ (QuiicTea);
(t,e)ETxCy
OR
Pt = norm| Ny + Put=— |; Nyt = g E NdwPtedws
weWw 0g0wt
deD ceCy
OR
wtc = norm/| 7 + ¢tc— y Nige = E E NdwPtedw
teT 0@/}tc
deD wed
OR
Ted = n(ércm Ned +7Tcd% ; Ned = g E NdwPtedw -
4
d cd wed teT

Jlokazare/ibCTBO OLUPAETCH HA JIEMMY 3.2 O MAKCUMU3AIMKU HA €JIMHUYHBIX CUMILJIEK-
cax M MPOBOJIUTCI AHAJOTMYHO J0KA3aTe/bCTBY Teopembl 4.1.

Mopenb TpEXMATPHIHOTO PA3JIOZKeHUs HAanOOJIee N3BECTHA KaK a681MOP-MeMAMUYecKas
modeav ATM (author-topic model), B KoTopoii mOpozxK garomieii MOJATBHOCTHIO SBJISTFOTCSI
aBTOPBI JOKYMeHTOB [129]. B memamuueckot modeau mezuposarus doxymernmos TWTM
(tag weighted topic model) nopoz gatonei MoAAIbHOCTHIO SIBJISIOTCS Tern JOKyMeHTa [81].
AHasiornaHast MOJIeJIb HCIIOJIB30BAIACH Jjisi 00pabOTKK BH/IEONOTOKOB B [62]: mokymeHTHI d
COOTBETCTBOBAJIA MOCJEIOBATEHbHBIM 1-CeKYHIHBIM BUEOKIUIAM, TEPMBL W — JIeMeH-
TapHBIM BU3YAJIbHBIM COOBITUSM, T€MBI ¢ — JIeHCTBUAM, COCTOSIINM U3 COYETAHUS COOBI-
THil, KaTeropuu ¢ — 00Jiee CJIO0KHBIM IIOBEIEHUIM, COCTOMIIAM M3 COYeTAHUs IeiCTBHII,
HPUYEM CTaBUJIACH 33/la49a BbIJIEJIUTH B KazK/JIOM KJIMIIE OJJHO OCHOBHOE HOBE/ICHUE.

Mogesnb (42) MOXKHO YyIPOCTUTH U CBECTH CHOBA K JIBYyXMATPUIHOMY DA3JIOKEHUIO, €C-
JIX OTOXKJIECTBUTH TeMbl ¢ Kareropuavu, C' = T, u B34Tb equandHyto Marpuiyy V. /lanHas
MO/IesTb u3BecTHa B sinreparype Kak Flat-LDA [130] u Labeled-LDA [125]. Eé BoipasuTen-
HbIe Bo3MO:KHOCTH Oesuee, deM y PLSA u LDA, tak Kak 3HadnTe/bHAS J0JIS JTeMEHTOB
marpuipl II = © dukcupoBanbl u paBHBL HYJIIO.

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

MopganbHOCTb BpemeHuM W TemnopasibHble mogenun. Bpemsa co3nanmsg JOKyMEHTOB
BaKHO 1IPU aHAJIM3€ HOBOCTHBIX [IOTOKOB, HAYyYHbIX IyOJIMKAIUil, HaTeHTHbIX 0a3, JaHHbIX
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conpaabubix cereif. TemaTuueckue MOJE/IM, YUNTHIBAIOIIME BPEMs, HA3bIBAIOTCA MEMNO0-
pasvrolmu. OHE TO3BOJILIOT BBIAEIATH COOBITHIHBIC W IIEPMAHEHTHBIC TEMbl, J1eTeKTHPO-
BATh HOBBIE TEMBI, IPOCJIEKUBATH PA3BUTUE TEM BO BPEMEHH, BbIJIEIATH TPEH/IbI.

[Iycrb I — KOHEYHOE MHOZXKECTBO MHTEPBAJIOB BPEMEHU, U KazK/bli JOKYMEHT OTHO-
CHUTCH K OJJHOMY WJTM HECKOJbKHUM HHTepBajaM, [; — MOJMHOKECTBO JOKYMEHTOB, OTHO-
CSIUXC K MHTEpBaJLy 4. ByjgeMm nojiararb, 94To TeMbl Kak pacupeje/enus p(w |t) He me-
HAIOTCsE BO Bpemenn. Tpebyercs Haiitu pacupeje/ienne Kax/oii reMbl Bo Bpemenu p(i|t).

TpuBHAIbHBIN II0X0] 3aK/I0YAETCA B TOM, 4TOOBI IOCTPOUTH TEMATHYECKYIO MOJIE/b
Ge3 yuéra BpeMeHH, 3aTeM HAfTH paclpe/e/eHne TeM B KaxKJIoM uHTepBase p(t|i) Kak
cpeamee 0y 1m0 BeeM JoKymenTaM d € D; M HepeHOPMHPOBATH YCJIOBHBIC BePOATHOCTH:
p(ilt) = p(t|z’)%. HejocraTok jIaHHOrO 10/X0/a B TOM, 4TO UHMOPMALUs O BPEMEHU
HUKAK He MCIIOJIb3YeTCs HpH O0yYeHuU MOJE/JU U He BaugeT Ha (POPMUPOBAHME TEM.

B ARTM »ta npobJjiema perraercst BBeienuemM Mojaabuoctu spemenn 1. Vckomoe pac-
npenenenne p(i|t) = p; nomydaercsa B cTosdne Marpuibl $. JonoHUTEIBHBIE OrPAHIYe-
HHsI HA [OBEJIEHUE TeM BO BPEMEHH MOZKHO BBOJUTD C IIOMOIILIO Peryisipu3aliiu.

B oxnoit u3 nepsbix remmopasbHbix Temarudeckux Mogeneit TOT (topics over
time) [167] kaxKjas TemMa MOJEIMPOBAIACH HAPAMETPUIECKUM [3-PACIPEIEICHIEM BO BPe-
MeHu. DTO ceMeHCTBO MOHOTOHHBIX M YHUMOJAJIbHBIX HEIPEPbIBHBIX (DYHKIHUIL, ¢ IOMO-
b0 KOTOPOI'O MOXKHO OIIMCHIBATH Y3KHE MUKH COOBITHHHBIX TE€M U OpaHUYeHHBIH HAGOD
TpPeH0B. TeMbl, UMeIoIe CIOPauIecKie BCILIECKH, JaHHAas MOJIE/b OMUCHLIBAET ILIOXO.

Henapamerpuieckue TeMIopajibHble MOJEIM CHOCOOHBI OMUCHIBATH HPOU3BO/IbHbBIE W3-
MEHEHHUsI TeM BO BpeMeHM. PacCMOTPHUM JBa €CTeCTBEHHBIX MPeAoJIoKeHnd 1 hopMaJiu-
3yeM MX € HOMOIIBIO Pery/isdpu3alliH.

Bo-11€pBbIX, HPEIIIOJ0KKEM, YTO MHOTUE TEMbI ABJISIOTCA COOBITUIHBIMU M UMEIOT OT-
HOCUTEbHO HEeGOJIBIIOE «BPEMs KHU3HU», IOITOMY B KazK/IOM MHTEpBaJe BPEMEHH | [pH-
CYTCTBYIOT He Bce TeMbl. [loTpebyeM paspekeHHOCTH pacupejeseruii p(t|i) ¢ moMoIbo
KPOCC-3HTPOLHMHAHOIO Pery/iapu3aropa;

Rpasp (P wimn ©) = —Tpasp Z Zlnp(ﬂi).

i€l teT

Bo-BTopbIX, mpeanosoxumM, 9ro pacupegetenns p(i|t) kak dyHKIUM BpeMeHU MeHs-
I0TC He CJIMIIKOM ObIcTPO. lJisi 9TOro BBEJEM pery/isspu3arop CrjiazKuBaHus, MUHUMU3U-
pyfomuii Moy i pasHocreil p(i|t) B cocejHuX MHTEPBaJIaX BPEMEHHU:

Rega(® mimn ©) = —7en > > |p(ilt) — p(i—1]1)].

el teT

Takoii peryasgpu3aTop IPHHATO HCIOIL30BATH IIPU MHTEPIIOJAIUH PAa3PBLIBHLIX Bpe-
MeHHBIX psanoB [70]. Moayab pasuoctu (Li-HOpMa), B OTIMYHEe OT KBAJpara PasHOCTH
(Lg-nOpMBI), He mTpadyer MOjesb BDEMEHHOTO Psijia 34 Pe3KHe CKaYKh. DTa 0OCOOEHHOCTD
110JI€3Ha HIPpU MO/EC/JIMPOBAHUN TEMaTUKH HOBOCTHBIX IIOTOKOB. HpOI/I3OH_Ie,Z[H_[ee CO6bITI/Ie
CIIOCOOHO BBI3BATH MIHOBEHHBIN DE30HAHC U CKAYKOOOpasHblii pocr BepogrHOCTH P(i|t)
JIUIS HOBOI TeMBI ¢, KOTOpad J0 9TOr0 MOMEHTa OCTAaBAJIACH PABHOM HYyJIO. Li-peryiapu-
3aTOp HE IBITAETCS CLJIAKUBATH TAKHE CKAYKH, B OTJIHYUE OT Lo-peryasapu3aropa.

Oba peryJisipu3aTopa MOXKHO 3anucarth u Kak Gyskiuio or ®, u kak pynknuo or O.
B nepsoMm ciiydae BBOJMTCH MOJIAJIbHOCTH UHTEPBAJIOB BpeMenu. Bo BTopoM ciiydae pu
00paboTKe JIOKYMEHTOB, OTHOCSIIUXCS K MHTEPBAJLY %, HPUJIETCH 00ecleduBaTh JOCTYII
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K BEKTOP-CTOJIONAM 4 JJOKYMEHTOB, OTHOCSIIUXCS K COCeHUM HHTepBajaM ¢ + 1. Bropoii

BApUAHT TEXHUYECKU MeHee yJ00eH, 109ToMy OyeM paccMaTpPUBaTh TOJLKO IIePBBIIL.
Pacemorpum B Gosiee o0meM BHAE 3a0a9y MyJLTHMOJAJLHOIO TeMATHYECKOTO MOJIe-

JIMPOBAHHS ¢ B3BEIUIEHHON cyMMoii Hermaakux Lj-peryiasapusaropos |R;(®,0)|, j € J:

ZTmZ Z ndwangpwtetd+R¢ 0) Z)\ |R;(®,0) — max, (45)

meM deD weWwm teT JjeJ

1pu OOBIYHBIX OrPAHUYEHHSIX HEOTPUIATEJbHOCTH 1 HOPMHUPOBKH (38).

Teopema 9.3. Ilycrs ¢pyukuun R(®,0) u R;(P,©) menpeprrsro gudepennnpyeMs.
Torna rouka (P, ©) JokaspHOrO 9KCcTpeMyMa 3a4a4n (45) ¢ orpanmienusivu (38) yioBJie-
TBOpSIET CHCTEMe YPABHEHHUI CO BCIOMOTaTeIbHBIMHA TEPEMEHHBIMH Py, = P(t|d, w), ecn
U3 pelreHust HCKJII0IATh HyJeBbre cToiomner marpur O, O:

Praw = 1O (Puibia); (46)
OR,;
wt — w w w >\ 4
o= g (o = 12 st mge) o
OR : OR,;
Qtd = nl%r%n (ntd + etdaTtd — etd JEEJ )\j Slgn(Rj)aTtZ) ; (48)

e sign(x) = [z > 0] — [z < 0], BoIpazKeHust JIst Ny H Nyq Te k€, ar0 B (40)—(41).

B cuny mHernagkoctn yHKIHOHAIA JEMMA O MAKCHMU3AINN HA €IUHAIHBIX CHMILIEK-
cax HeloCPEeJICTBEHHO HellpUMeHuMa,. DTa Ipod/ieMa 0O0XOIUTCsS BBEJICHHEM JIOMOJTHUTE b-
HBIX HEOTPHUIATETbHBIX IepeMeHHBIX p;r U p; , YJOBJIETBOPAIONIUX CHCTEMe OrDaHUICHH
|R;(®,0)] =p] +p; u Rj(P,0)=p; —p;. B pesyisrare peryaspusoBanubiii Kpure-
puil CraHOBHUTCS TVIAJKUM, 9TO HO3BOJISIET IIPUMEHUTD K 3ajade ycaoBus Kapyma-Kyna—
Takkepa. JlokazaTeabCcTBO TeopeMbl MOKHO HaifTu B pabore H. JToiikosaZ.

[Ipu BBeeHun peryssapuzaropa Re., (P) dopmyna M-mara 1y MOIATBHOCTH BpEMEHH
HPUHAMAET CJIEIYIOIIH BHUI;

Pit = D?El"lm (nit — TeraPit (Sigﬂ(%’t — @i—1t) +sign(pi — <Pi+1,t)))- (49)

Perynsipuzatop R, CriIaxKuBaeT 3HAYEHHsI BPEMEHHOIO psija ¢, = p(i|t) B KaxKmoii
TOYKE 110 OTHOLNICHHUIO K COCeHIM TOYKAM CJIeBa U CIpaBa. Ecau 3HaueHne ¢;; CTaHOBUTCS
BBIIIIE 0GOMX COCEIHUX ;11 ¢, TO PETYJISPU3ATOP YMEHBIIAET ero; eCJIi HUZKe, TO, HA06OPOT,
yBeJIMYUBaACT. EC.HI/I 3HAYCHUE Soit Iona/aer Mez2K/1y HUMU, TO OHO HE U3MEHACTC.

10 MopgennpoBaHue TpaH3aKLMOHHbIX AAaHHbIX

OOBIYHBIE TeMAaTHIeCKUEe MOJEJH TeKCTOBBIX KOJIEKIIHil OMUCHIBAIOT BXOXKIEHHS CJIOB
B JIOKyMeHTbl. MyJ/IbTruMO/1a/1bHble MOJIE/IM OITUCHIBAIOT JIOKYMEHTBI, B KOTOPbIX COJ/lepzKaT-
Csl TepMbl Pa3/IMYHbIX MOJIAJIbHOCTEI: C/I0Ba, Tern, aBTopbl, U T. 1. Bo Becex aTux ciydasx

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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MO/I€/Ib ONUCBHIBAET MAPHbIE B3aUMOJIEHCTBHUS MEXKIy JIOKYMeHTaMu u Tepmamvu. B Oosiee
CJIOZKHBIX HPUJIOKEHUSIX MCXOJHbIE JAHHBIE MOI'YT OHHMCBHIBATH TPAH3AKIUH (OTHOIIEHHS,
B3aUMOCBSI3U, B3aUMOJIEHCTBUS) MeZK/y TpeMs U 0ojiee 00bEKTAMU PA3IUIHBIX MO/Ab-
Hocreii. Hanpumep, B ceTn mHTepHET-peKJIaMbl «II0JIb30BaTe/Ib U KJIUKHYJ 00bsaB/IeHne b
HA CTPAHUIE S»; B CONUAJIBHON CETH <«IIOJIb30BATEIb U HAIMCAJ CJIOBO W HA CTPAHHILE
oJtora d»; B ceTH MPO/IAaXkK «HMOKyHaTe/ b b KyIu/ y HPOJABIA S TOBAP ¢»; B HACCAXKUPCKUX
ABUAIIEPEBO3KAX «KJIMEHT U BBLIETEJ U3 adPOHOPTa T B adPOLOPT Y CAMOJJIETOM aBHAKOM-
HAHUKA (»; B PEKOMEHJATEIbHOI CHCTeMe <«KJIMEHT U ONeHWT (GuibM f B CHTYaTHBHOM
KOHTeKcTe s». Emé oanoit MoIaIbHOCTHIO MOXKET ObITh JaTa U BpeMs TPaH3aKIIUU.

Bo Bcex npuBeI@HHBIX HMpuUMepax TpaH3aKIUs HECKOJbKUX 00bEKTOB HE MOXKET ObIThb
cBejleHa K HapHbIM B3auMmojieiicTBusiM. [lonbiTka UCK/II0YeHus JI00010 00'beKTa 13 TpaH-
3aKIUU MPUBOJIUT K yTpare BaxKHOU dactu wHMoOpManuu. OHAKO BO3MOXKHbBI U TAKUE
CUTyaIuu, KOIja TPaH3aKIus paciajaercsa na napbl. Hanpumep, B cucreme pexkomeHa-
Uil My3bIKH TPAH3aKIHA «TPEK 7" UCIOJHUTES ¢ HAXOJUTCHI B aJbOOMe d, BBIIIIE/IIIeM
B IO/l Y» ONUCHIBAETCsI, KA3aJI0Ch Obl, 4eTBEPKOIl 00beKTOB (7, a, d,y). OaHAKO OHa pac-
najaercs Ha naphbie B3aumocsssu (d,r), (d,a), (d,y), B KOTOPbIX aJb0OMbI UIPAIOT POJIb
JIOKyMeHTOB. Takue JaHubie MOrYT ObITH OIMCAHBI OOBITHOI MYJIBTUMOIAJIBHON MOJIE/BIO.

Jlist TeMaTHIecKOro MOJETMPOBAHUS TPAH3AKIIMOHHBIX JAHHBIX yJI0OOHO HMOHSITHE T'H-
uneprpada. 'uneprpad obobmiaer nongrue rpada i OTIXNIACTCA OT HEIo TeM, 9T0 pedpaMu
B HEM MOrYT OBITh HE TOJILKO Iapbl BEPIINH, HO U IIOJMHOXKECTBa U3 TPEX U OoJiee Bep-
mnH. Bepriuaer rutieprpada cooTBeTCTBYIOT TEPMaM Pa3/IndHbIX MOJAIbHOCTE, pédpa —
TPpaH3aKIUsIM. 3a/1a9a 3aK/JI0YAETC B TOM, 9TO0BI 110 Ha0/110/1aeMOil BEIOOPKE TpaH3aKIuit
BOCCTAHOBUTH HEU3BECTHbIE TeMaTuveckue pacupejeenus sepiun p(t|v). [peanonara-
eTcs, YTO BEPOATHOCTH TPAH3AKIIUU TeM BBIIIE, YeM 0oJiee CXOKU TeMATHKHU €€ BepPIIIHH.

B mpoekTe BigARTM peam3oBaHa onnucaHHasd HIZKe THIeprpadoBas TeMaTHuIecKasd MO-
JieJIb TPAH3aKIIMOHHBIX JIAHHBIX.

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

Kaxgag Bepmmuaa v € V' umeer modasvrocms m = p(v) W3 KOHEIHOIO MHOXKECTBA,
mojasibocreir M. MHOXKeCTBO BCeX BEpIIMH Pa30MBAETC HA HEIEPECEKAONMecs IOJl-
MHOzKeCTBa 110 MOAAJIbHOCTAM:

V= || Vi, Va={veV:uw)=m}

meM

Hanpumep, B 00bIYHBIX TEMATHYECKUX MOJEJSIX €CTh TOJBKO JIBE MOJAJIbHOCTH: JIOKY-
MenTbl Vi = D u tepmbl Vo = W kaxKias TpaH3aKiys 1IPEJICTaB/IsIeTCs pedPOM U3 JIBYX
BepinuH € = (d, w) 1 ONUCHIBALT BXOXK/IEHIEe TepMa w B JOKyMeHT d. IIpu sTom runeprpad
SIBJISIETCS JBYIO0JBHBIM TPAhOM.

B 6ostee C/TOKHBIX MPUTOKEHUSIX TPAH3AKIUE MOTYT UMeTh Pa3/JndIHble TUIIb. Hampu-
Mep, B CETU MHTEPHeT-PeK/IaMbl, KPOMe JaHHbIX THla (U, b, $) O KJIMKaX H0Jb30BaTe el U
110 00'bsIBJIEHUAM b HA CTPAHUIAX S, MOTYT UMEThCsI JIAHHBIE O MOCEHIEHUIX CTPAHUIL 110J1b-
3o0BaTesIsIME (U, S), O COJEPKAHUU TePMOB W B TeKcTaxX 00bsiBjienuil (b, w), crpanul (s, w)
H 3allPOCOB MmoJIb30Bareseil (u, w).

[TycTp 3amano MHOKeCTBO THIIOB Tpau3akuuit K. Tpansaruyuornnovie darnoe Tana k —
910 BRIGOPKa F), HesasucuMbix Habmonennit (e,t) € 2¥ x T, nopoxaemas pacupesesie-
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M — MHO2KECTBO MOJAJIbHOCTEI:
oo A

K — MHOXKECTBO THUIIOB pELEp:

0 Bp 00 Oa Sa

T — MHO2KECTBO T€M:
00000

Puc. 14: [Ipumep runeprpada ¢ BEpIIMHAMA TPEX MOJAJIBHOCTEH, pEOpaMU-TPAH3AKIIUAMHA MIATH TUTIOB
U IATHIO TEMaMHU.

uuem py(e, t), ceoum jis kaxaoro tuia k € K. Kaxjoe pedpo e € Ej BXoauT B BBIOOPKY
Nke Pa3, U ¢ KazKJbIM BXOXKIeHUMEeM pedpa CBsi3aHa CBOg JarTeHTHas Tema t € T

Ha puc. 14 nokazan nupumep runeprpada ¢ BepiuimHamMmu Tpéx MoJlaibHoCTel, pédbpaMu-
TPAH3AKIUSIME I[SITH THIIOB U MSITHIO TEMaMH.

Byaewm mosaraTh, 9T0 B KazK/10i TpaH3aKIuu e € F MMeeTCst OHA BbIJIETeHHAs BEPIITH-
Ha d, Ha3bIBaeMas KoHmelnepom, u obo3Hadarb pebpo uepes € = (d, x), rjae £ — MHOXKe-
CTBO BCEX OCTAJIbHBIX BePIIMH pebpa €, 3a MCKJIIOYEeHUEM BepIIuHb-KoHTeitnepa, d. AnaJio-
I'MYHO JIOKYMEHTY, ¢ KOHTelHepoM CBsi3aHO pacupejeserue reM p(t|d). MuoxecTtBo Beex
BePIINH-KOHTeHHePOB 0003HaYuM depe3 .

asee mpeanosiokuM, 9to HE pacipejenenus teM p(t|d) B koureitnepe d, Hu pacipe-
Jlesienust Bepiind B reMax p(v|t) e 3aBucsar or tuna pebpa k. Kaszasoch Obl, Ha HpaKTUKEe
9TO HPEJIIIOJI0KEHHE MOKET He BBIIOJHATHCs. Hanpumep, pacupe/iesienus CJI0B B TEKCTaX
BEO-CTPaHUIl, B I0JIb30BATEILCKUX 3aIPOCAX U B PEKJAMHBIX DaHHEPAX MOIYT 3HAYMMO
pas3nuyarbesa g OAHOI U Toil ke Tembl. OJHAKO TO OrpaHHYEHHE HETPYIHO ODONTH,
eCJIH MOCTPOUTH MOJIEIb C TPeMs PA3HBIMH MOJAJTBHOCTSIME CJIOB IS 9THX TPEX THUIIOB
rTpan3akimit. CaeaTh 9TH pacipe/IeeHus TOX0KIMA MOZKHO C IIOMOIIBIO PEry/IspU3alii.

Hakomerl, BBeIEM IruiioTesy yC/JI0BHOI He3aBUCUMOCTH BepliuH B pédpax (d, x):

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

vET

[Ipu cieTaHHbIX JOIMYTIEHUSX IPOIECE MopokaeHus pebpa (d, ) € Ej, coctout u3 1Byx
maros. CHavasa mopoxkaaercs tema © w3 pacupeieienus p(t|d). 3arem mopoxgaercs
MHOZKeCTBO BepmuH & C V, Ipu4éM Kazkaasgd BepIIMHA U € I MOJAJBLHOCTH 1M HOPOZK1aeT-
Csl HE3ABUCUMO OT JIPYTUX BEPIIMH U3 CBOEro pacupejesenus p(v|t) HaJl MHOKECTBOM V.

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

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

teT VET teT vET

[TapamerpaMu 3TO# MOIEJH SIBJILAIOTCA YCJIOBHBIE 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 Marpuunbix 0003HAYEHUAX MApaAMETPAMU SIBJISIFOTCS
marpuibl $,,, m € M u ©, Kak u B caydae MyJIbTHMOIAIBHOl TeMaTnaeckoii moaenn (37).

['uneprpadoBas Moaenb ABJIAETCS IMHPOKUM ODOOIEHHEM OOBIYHBIX TeMATHIECKHX
mojeseit. B gactnoctu, ona nepexomaur B PLSA B ciyuae, Korma MomajbHOCTEH 1B —
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jgokymenTbl V) = D u repmbl Vo = W, tun pébep rosibko oaun — uapbt (d,w) € D x W,
B KOTOPbIX JOKYMEHTbI d ABJIAI0OTCA KOHTeP'IHepaMI/I.

MineprpadoBbii EM-anroputm. [l oneHuBaHusl HApaMeTPOB MOJEJH HPUMEHUM
HPUHIUII MaKCUMyMa IIpaBjionoobdusi. ByjaemM MakcumuzupoBaTh CyMmy JorapudMoB
IPAB/IONOA00K 0 BeeM TumaM pébep k ¢ Becamu Ty, u peryaspusaropom R(P, ©):

Z Tk Z Nkdx In (Z th H Sovt) + R P @) — max (50)

keK dxeEy, teT vVET

Z‘Pvtzla Our 2 0; Zﬁtdzl, 0a = 0.

vEVm teT

Teopema 10.1. Ilycrs ¢pyaknus R(P,©) menpepsiBro augdepennupyema. Touka Jio-
kagapHOro Maxcumyma (P, 0) zazaam (50) ygopiaerBopsier cucreMe ypaBHEHHIl OTHOCH-
TeJIbHO MAPAMETPOB MOJAEH Py, Oig M BCHOMOraTe/IbHbIX IIEPEMEHHBIX Dy = p(t|d, ),
€cJI U3 PeIlleHusi HCKIIOIATh HyJieBblie cTo/10pr matpui] ,,, O:

Prdz = DOTIO (th H %t) ; (51)

veET

OR
u = norm (nvt + Pu ); noe =Y Y [V € 2] TilkdaPra; (52)
vEym Pt keK dxeEy,
OR
Ora = norTm (ntd + th&? ) Ntd = Z Z Tk NkdxPtda - (53)
td keK dzcEy,

okazareabcTBO. Bocnoab3dyemces geMMoil 3.2 0 MAKCUMU3AIUN HA € THHAIHBIX CAM-
ILIEKCAX, BBIJETHB BCIOMOTATEIbHBIE [IEPEMEHHBIE Pyg,, ONpenenénnbe B (51):

OR
Pt = I};gl\‘/fnn (Sovt Z Tk Z nkd:c ‘ d 8(,0 H Put + Pot 8901;15) =

k€K  dzcEy
OR
= norm Nkdz |V € T Qo
Uei‘f/m (Z Z TENkd [U x]ptd 2 tagovt>
keK dxeEy,
0;qg = norm | 04 Z Tk Z nkdx H ot + Oam— Ok =
teT | d) 0014
k€K  zed
OR
= norm ePtde + 0
terT (ZZTknkd Ptde + tdaetd)
keK xed

Teopema JjiokazaHa.

Twvnobl TpaH3akunii n nx secosbie kKoapduymneHTbl. B onuncanHoit Moge/n HET HUKA-
KUX OI'PAHUYEHUIT HA TO, KAKUM 0Opa30M TpaH3aKIMU I'PYHIUPYIOTC 110 TuiiaMm. JIodas
TpaH3aKIUs, HE3ABUCUMO OT THUIIA, MOXKET COJ/lepKaTh JIIO0Oe YHCJIO TEPMOB JIFOOBIX MO-
naiapHOCTell. Ha mpakTuke y00HO OTHOCUTH K OJHOMY THILY BCe TDAH3AKIHH, HMEOIINe
o01ee MTPOUCXOXKaeHne u CTpyKTypy. OaHako hopMaIbHO TAKOTO OrDAHUYEHUs HeET.
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Becosbie k03 duiienTsl T, 103BOJILIOT €OAJIAHCUPOBATH MOJIEJ/Ib C YUETOM KOJIMYECTBA
TpaH3akiuii B BbIOOpKax | Ey|. Yem GoJiblie Ty, TeM CHjibHEe TPAH3aKIUU TUIIA K HOBIUAIOT
Ha MOJIETD.

B HekoTOpHIX 3a/1a9aX ONpe/eIéHHble TUIIbI TPAH3AKII He JOJIZKHBI BIUATH HAa TeMa-
THKY KOHTeitHepoB. Hampumep, B MyJbTHA3BIYHON MOJEIN MOYKeT OBITh BBIODAH OJUH
[JIABHBIN 3bIK, OIPEIE/ISIONUIl TeMATHKY MHOIOSI3bIYHOIO JIOKYMEHTA, OJIHAKO TeMbl
JIOJIZKHBI TIOJIyYUTh CBOU PACIPE/IEIeHUs] CJIOB B KayK/JOM si3biKe. B Takom ciyuae Jijist
CJIOB TVIABHOTO $3bIKAa BBOJIUTCI BECOBOIl KOI(DMUIUEHT Ty, HA MOPAIKU ITPEBBIIIAIOIII
BecoBbIe KO3 MUIUEHTHI CTTOB OCTATBHBIX A3bIKOB. [pyroit mpuMmep: B peKoMeHIaTeTbHO
cucTeMe MY3bIKaJbHble TPEeKH JOJIZKHBl BJIUATHL HA TE€MbI, €CJIM OHU HAXOJHUTCH B ILTEi-
JILCTAaX 10JIb30BaTe e, HO He B ajibboMax uctojinureseil. Temaruka ajabOOMOB JIOJIZKHA
OLIPEJIeJIATBCS MCXO/Id U3 NPEeJIIOYTeHHil 110/1b30BaTes e, Ho e Haobopor. [losromy Beca
TPEKOB B ILUIEH-JIMCTAX JIOJKHBI HA IIOPs/IKU IIPEBLIIIATH BECA TPEKOB B ajibOOMax.

Mvneprpadosbie mogenn pekomeHpaTesbHbIX cucTem. llycrh mMeeTcss KOHEUHOE
MHOKECTBO KJIMEHTOB UJU 1oJib3oBaresieii U (users) 1 KOHEYHOE MHOKECTBO 00'bEKTOB UJIU
ToBapoB [ (items), OTHOCHTEIBHO KOTOPBIX Y KJIHEHTOB MOIYT ObITh Pa3/JIH4YHbIE IIPEJII0-
YTeHMs, BKYCbl UM HHTepechbl. BepogTHOCTHAS TeMarnieckas MOJIe/Ib PEKOMEHIaTe/ IbHOM
CHACTEMBI IIPEICKA3bIBACT IPEeAIOYTCHUS KJIUCHTOB!

p(ilu) = p(ilt) plt|w).

teT

Ona 9KBUBAJIEHTHA TEMATUIECKON MOJIE/IN TEKCTOBOW KOJLUIEKIUH C TOYHOCTHIO JI0 3aMEHbI
TePMHUHOJIOTUU: «TOKYMEHTBI — KJIHUEHTBI», «CJI0Ba —> OOBEKTBI», «T€Mbl — HHTEPECHI».
VcxonHbIMI TAHHBIMA SBJSIOTCS CIETIUKHI 7.,;, ONHACHLIBAIONINE JACTOTY HUCHOJIH30BAHUS
o0beKTa ¢ KJAMEHTOM u. B 3aBUCUMOCTH OT HPUJIOZKEHUS ITO MOI'YT ObITh HOKYIIKH, 110CE-
HeHust, O0palieHus, JahKu u T. JI.

B pekomenjiare/ibHbIX cHUCTEMAX CYHIECTBYET IIPODJIEMa «XOJIOJHOI'O CTAPTay: HOBOMY
KJINEHTY He9ero NOpPeKOMEeHI0BATh, IIOCKOJIbKY MBI He HMeeM HCTOPUU ero MpeIOovYTeH i,
TaKzKe W HOBBIIl TOBap HEKOMY MOPEKOMEHI0BATh, IIOCKOJIBKY €ro ené HUKTO He BEIOHpa.
g pemenus 3Toil mpoOIEeMbl TPUBJIEKAIOTCS JOMOTHATEIbHBIE JaHHBIE O KJIUEHTAaX U
obbekTax. B yactHOCTH, 3170 MOIYT ObITH OMHADHbBIE JIAHHBIE 71,, O HAJUYUU Y KJIUEHTA U
arpubyTa @ U3 33JIJAHHOIO KOHEYHOI'O MHOXKeCTBa A WJIM JIAHHbIE Ny, O HAJIMYUU Y 00bEeK-
Ta ¢ CBOCTBa b M3 33JaHHOI0 KOHEYHOro MHOZKecTBa B. Hanpumep, 00beKTbI MOTYT UMETh
TEeKCTOBBIE OMHCAHNS, U TOryIa B — 3T0 cJIOBAph TEPMHUHOB, UCIOJb3YEMBIX B 3THX OMHCA-
HugX. Takme peKoMeHIaTeTbHBIE CUCTEMbBI HA3BIBAIOTCS, COOTBETCTBEHHO, YIUTHIBAIOIII-
mu arpubyThl (attribute-aware) n yaursiBatommmu KonTeHT (content-aware). Ouu 103B0-
JISIOT OLPEJIE/IsITh TeEMATUYeCKUe BEKTOPbl KJIMEHTOB U OO'bEKTOB JlaKe TOIJia, KOIJIa 110
HUM HeT OCHOBHBIX JTJAHHBIX O MPEeINOUYTeHHIX N,;. B KadecTBe TOMOJTHUTETbHBIX JAHHBIX
MOTYT TaKzKe UCIOJb30BATbCA COBETHI KJIMEHTOB JPYT APYTY. DTO MOMApPHbIE B3aUMO/IEi-
CTBUSI MEZXKJy KJIHEHTAMU 7N, WIA JaHHbe O noBepun (trust-aware). lrak, B 3amade
HosiBJIsieTCs yxKe derbipe mojasbHoctu U, I, A, B, Mex 1y sjieMeHTaMu KOTOPbIX HA0JII0-
JIAIOTCH 1apHble B3auMoJjieiicTBusg. Bo3MOXKHBI U TPOIHbIE B3aUMOJ/IEHCTBUS, HAIIPUMED,
Nyip — KJIMEHT % TerupoBaJ OObEKT ¢ CBOMCTBOM .

[Ipeamodrenuss KJIMEHTOB MOTYT H3MEHATHCSA CO BpEMEHEM WU 3aBUCETh OT CUTYya-
THBHOIO KOHTEKCTa: MOKYIKa JJId cels, s oduca Win B MOAAPOK; IPOCMOTD (DUIbMa
C JIpY3bsiMH, C HOJAPYIO#l uju ¢ JjierbMu U T. 1. Jis yuéra rakoit uadopmanum BBOJISATCS
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Pwuc. 15: 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.

emgé JBe MOJATBHOCTH: MHOXKeCTBO curyaruii C' H MHOYKECTBO HHTEPBAJIOB BpeMeHH .J.
B3a/I/IMO,Z[eI71CTBI/Iﬂ MEXK/Y HUMHKU MOI'YT OIIUCBIBATLCA TPaH3aKIUAMU W3 TpéX nJn 4eTbl-
PEX TEePMOB, HALPUMED: Ny — KIMEHT U BbIOpAJ OOBEKT ¢ B CUTYALUUH C; Myic; — KIH-
eHT U BBIOpAJ OObEKT ¢ B CUTYAllUH ¢ B HHTepBaJie BpeMeHn j. Takue cucreMbl Ha3bIBAIOT-
Csl, COOTBETCTBEHHO, YIUTHIBAIOIIUMU KOHTEKCT (context-aware) u y4nThIBAIOIIAME BPEMsI
(time-aware), cm. puc. 15.

CummeTpu3oBaHHbie runeprpacgosblie MOAeNN HOAXOAAT /I 33a4, B KOTOPBIX CO-
JIEPKUMOE KOHTEHHEPOB MOXKET M3MEHAThCA. B TEeKCTOBBIX KOJLIEKLIMAX JIOKYMEHTBI 110-
SIBJIAIOTCS 1eJIMKOM M B JaJibHeiimeM He MeHsiforcs. COBEpLIeHHO MHAasl CUTyalus B Pe-
KOMEH/IATe/IbHbIX cucTeMaX. TpaH3akiys «I10/1b30Bare/b U BbIOpaJ TOBAP i» Ha IIePBbLii
B3IV aHAJOIMYIHA TPAH3AKIUH <«JIOKYMEHT d COJEp:KUT CJI0BO w». Pazaumdme B TOM,
9TO JOKYMEHT CTaTHYIEeH, TOI/Ia KaK y KazKIO0TO I0JIb30BATEeIs MOXKET PACTH MHOXKECTBO
BBIOPAHHBIX TOBAPOB, a y KaKJOIO0 TOBapa — MHOXKECTBO BBIOPABIINX €r0 I0JIb30BaTe-
Jieit. Kro B rakoMm ciiydae J0J2KeH UIparb PoJib KOHTeHHepa — TOBAP UJIU I10JIb30BATE/Ib?
To u apyroe Heys00HO ¢ TOYKHU 3peHus nakerHoro EM-ajropurma; ropas3io ecrecrseHHee
Ob1J10 6B (POPMHUPOBATDH MAKETHI 110 BPEMEHHU IOCTYILICHUS JAHHBIX.

Bynem cuurarh, uro B pédbpax runeprpada x C V HeT HUKAKOW BBIJIEICHHOI BepIlu-
HBI-KOHTeltHepa. /i1 renepanun pedpa CHaYaIa MOPOXKIAETCS TeMa U3 pacIpe/IeIeHs
7 = p(t), 0b1Iero jiyist Beeli KOJIEKIMH, 3aTeM BEPUIMHBL U € T IIOPOKIAI0TCH HE3ABUCUMO
JIPYT OT Jipyra u3 pacupejeseHuii ¢, = p(v|t) vag mopaabHoctsimu V,:

= o) [[pwlt) =>_ m]] eu

teT VET teT VET

Bo3MOKeH TakzKe BAPHAHT, KOTJa TeMa, ¢ HOPOKIAeTCs U3 paciupejieenus Ty = Pi(t),
O0IIEro 1t BCeX TpaH3aKIuil JaHHoro Tuia k. Mbl He Oy/1eM paccMaTpuBaTh TOT CJIy9ai,
[OCKOJIbKY OH JIEIKO PACIUCHIBACTCS 110 aHAJIOIUH.

[Iycrs E) — naburomaemast BBIOOpKa pEOep-TpaH3akiuil Tuna k, Ny, — YUCIO0 Ha-
oJrfoieHnil pebpa x B BeIOOpKe Ey. Boimumrem 3a1a1y MaKCHMH3AIUH PEry/IspA30BAHHOTO
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HpaB,Z[OHO,H,O6I/ISI 1npu OOBIYHBIX OI'PAHUYECHUAX HOPMHUPOBKH U HEOTPULATCJIbHOCTHU:

ZTk anx In ZﬁtH%t + R(®,7) — Ig%}% (54)

keK  z€FEy teT vEX
E Yot = 1, o 2 05 E m =1, m = 0.
’UEVm tET

Teopema 10.2. Ilycrs ¢pyuknus R(P,w) menpepwisao jugpgepennupyeva. Touka Jjio-
kaubaOro Makcumyma (O, ) sagaan (54) yaoBiaerBopsier cucreMe ypaBHEeHHIT OTHOCHTE b~
HO HApaMeTPOB MOJIE/H Py, Ty U BCHOMOIATEJIbHBIX MEPEMEHHBIX Py, = p(t|x), ecim u3
PEIIeHHs] HCKJIFOYUTH HYJIEBbIE CTOJ0IbI MATPHI] P, :

Prw = nOTIO{ T Hsovt : (55)
vET
OR
oo = notm | 1y + 5 — ) Mo = > [0 € 2] Thnpapia (56)
vEVm Pot keK zeEy,
OR
T = ni)erTm ng + ﬂtg—m ; ng = Z Z TN kaPtx- (57)
keK fEGEk

Jlokazare/ibCTBO, KAK U B CJIydae HPe/iblLy el TeOpeMbl, IIPOBOIUTCH 110 JIEMMe O MaK-
CUMHU3allM1 Ha €IMHUYIHbIX CHUMIIJIEKCAaX.

B BigARTM Takasd Moje/b HEIIOCPEJICTBeHHO He peasiu30BaHa, HO €€ HeTPYIHO ¢ XOpo-
el TOYHOCTBIO CUMYIUPOBATD. /[JId 3TOTO cuMMeTpu30BaHHbIe TPAH3AKIINH, HEe TMEOTITe
KOHTEeHEPa, COOMPAIOTCS B IICEBIO-KOHTEITHEPHI d MPOU3BOJIBHBIM 00PA30M; X CUETUMKH
Ntq AKKYMYJIUDYIOTCA: Ty = Zd Ntq, 1 HAKOILJICHHbIC CYMMbl UCHOJIb3YIOTCA AJid CUJIbHOI'O
CIVIA’KMBAHUs BCEX CTOJOIOB MaTpuipl © B cTOpOHY 001ero BeKropa ().

TpaH3akuMu € rNaBHbIMN U NOAYUHEHHBbIMWU TepMmamu. [IpejiiosioxkuM, 4TO Kaxkiast
TPaH3aKIMs COCTOUT M3 JBYX HENEPECEeKaIOIUXCsl MOAMHOKeCTB Tepmos: & Ll x’. TToamuo-
JKECTBO 2AG6HbLIT TMEPMO6 T OmpejieigeT TeMaTnKy Tpauszakiuu p(t|z,x’) = p(t|x), Ko-
TOpas 3aTeM MepeJaéTcd HOAMHOKECTBY NOOUUHEHHLLT MepMos . DTO HPeaION0KEeHIe
MOZKHO BBOJUTH KaK JijIsi CHMMETPHU30BAHHBIX MOJIe/Ieil ¢ TpaH3akiusiMu Bujia e = (x, '),
TaK U I MOJesieil ¢ KOHTeifiHepHbiMu TpaH3akiuusyu e = (d, x, z').

Hanpumep, Kk 6aHKOBCKOI TpaH3aKIUU «HOKyHaTe b b KyIuj y IpoJaBIia § TOBap g»
MOZKET NMPUJIAraTbCs TEKCT ILIATé:KHOro nopyvenusd. OH He TO0JIZKeH BAUATH HA TEMATHKY
TpaH3aKIMU, KOTOPad ONPEIeIsSIeTCd SKOHOMUICCKONR IeATeJbHOCTRIO IIPOJABIA U MOKY-
naresisi. ' TepMbr b, S, ¢ ABISIOTC IJIABHBIMH, & CJIOBA U3 ILIATEXKHOIO HOPYYEHHA — IO/I-
quHEHHBbIME. [[POCTO UIHOPUPOBATHL ITU TEKCThI HE XOTEJI0CHh Obl, TAK KaK PaCIpe/ie/IeHus
cj10B p(w |t) m0JIe3HbBI Jijisl COJEPKATEIbHON UHTEPIPETAIUE TEM KAaK BUJIOB JIesATeJIbHOCTH
KOMIIAHMI. 3aMeTHM TakzKe, 9TO 6AHKOBCKHE TPAH3AKIUU He SBIAI0TCA KOHTeHePHDBIMH,
IOCKOJIbKY KOHTPAI€HTLI HOCTOSHHO OCYIIECTBIISIOT HOBBLIC CHEIKH.

CraenaeMm emé oauH mar B o0oOmeHun rumerpadoBoil TeMaTrudeckoit Mojenu. By-
AeM I110J1araTb, 4TO KOJIJICKIIUA E COLAEP2KUT KaK KOHTeﬁHeprIe, TaK U CUMMETPHU30-
BaHHble TpaH3akmuu. Hajmdaume KoHTeliHepa d y TpaH3akmuu OyaeM 0003HAYATH yCJIO-
BueM |e = (d,z,2’)], a orcyrcrBue KoHtreitnepa — ycsoueM [e = (x, z')]. Momudukarmust
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EM-asropurma 06beaunsier Kourefinepuotit Bapuant (51)—(53) u cuMMeTpU30BAHHBIN Ba-
puant (55)—(57):

Pte = nOrm <[e = (d,z,2"))0 + [e = (z, a:’)]m) H Oot |;

teT
VET
OR
Yor = norm| Ny + Qe =—— |; Nyt = E E [U S 6] TENkePte;
vEVm 8@@
keK ecFEy,
OR
. _ _ / .
etd = norm/| N + etd— 3 Ntqg = E g [6 - (d> xr,T )]Tknkeptea
teT 09td
keK ecEy
OR /
T = norm|( n; + T =— ); ny = E E [6 = (IL',ZB )]Tknkepte-
teT 87Tt
keK ecEy

OcHoBHas MojuduKanus Kacaercd E-mmara: eciin TpaH3aKIusg € OTHOCHTCA K KOHTeji-
Hepy d, To ucnojb3yercs pacupesenenue p(t|d) = 0,4, eciu xKe OHa He OTHOCUTCH HU K OJI-
HOMY KOHTEHHEepPY, TO MCIOJIb3yeTcs pacupeienenue p(t) = m;, obuiee s BCeX TPaH3aK-
umii. B oboux BapuaHTax B pe3y/ibTare MOJyYaeTCs PACIPEJeIeHHe TeM /I TPaH3aKIUKI
p(t|e) = pre, KOTOPOE 3aTEM HCMOIB3YETCs BO Beex (opmyaax M-mmara.

Mneprpadyosble si3bIkOBbIE MOgeNN. ByecTo 00bIYHOI MUIIOTE3bl «MEIIKa CJI0B» IIPEeJI-
IOJIOZKHM, YTO TEKCT SBJISETCA «MENIKOM IPeI0KeHnii». IlopozK naromas Moaeb COCTOUT
u3 AByX yposHeii. Ha mepsoM ypoBHE KazKa0e MpelIozKeHne T J0KyMeHTa, d IIOPOXK IaeTCs
OJIHO# Temoil, BhIOpaHHoil u3 pacupesesenus p(t|d). Ha Bropom ypoBHe ¢jioBa w B 1Ipe/i-
JIOZKEHUU T PeHePUPYIOTCst U3 pactpesesierus p(w |t) JaHHON TeMbl. DTU HPEIII0JI0KEHUs]
0oJ1ee peasiMCTHYHBL 110 CPABHEHHMIO ¢ THIOTE30H «MeIIKa CJIOB» M COOTBETCTBYIOT I'MIED-
rpadoBoii MOJE/IN, B KOTOPOil BEPIIMHAME SABJISIOTCSA CJIOBA, 8 PEOpaMu — IIPEIOKEeHUS.

B kauecrsBe TpaH3akiuii MOXKHO OpaTh He TOJILKO IIPEJIOZKEHUS, HO U JIOObIE CJI0BO-
coueranus, (ppasbl, CAHTAIMbI, CAHOHMMBbI, M BOOOIIE JIIOObIE IPYIIILL CJIOB, OTHOCHTEIHHO
KOTOPbIX Pa3yMHO Ipe/iliojiaraTb, 4T0 OHHM IOPOZKJIAITCA OJHOI 0bieit Temoit. Bosee
TOrO, TPAH3AKIUKU MOIYT JazKe MePEeKPbIBATLCH, HAIPUMEDP, CHHOHMMbI, MEPOHUMbBI M XO-
JIOHIMBI MOI'YT 00pa30BBIBATL OJMH THII TPAH3aKIUi, CIOBOCOYETAHUA — BTOPOIA, IIE/IbIe
IPEJIOKEHN: — TPETUil, OTIeIbHBIE CJI0BA — YeTBEPTHII.

TpaH3akiuy ¢ IVIABHBIMH M HOJYMHEHHBLIME T€PMAMHU MMEIOT €CTECTBEHHYIO S3BIKO-
BYIO MHTEpHperanuio. B posim IOJYMHEHHBIX TEPMOB MOLYT BBICTYIIATh CJIOBa OOMIEHt
JEKCUKM WM PEJKUE CI0Ba. B TpaH3aKIMOHHOW MOJEIM C IJIABHBIMH U IIOJYMHEHHBI-
MH TepMaMH HE HAKJAIbIBAeTCs HUKAKHX ONPAHMYCHHH Ha crocod pa30MeHus TpaH3akK-
nun e = (d, x,z’"). B yacrHOCTH, MOXKHO HANTH MOIMHOZKECTBA T U 2, BBIYHCIHB PACIIPe-
nenennst p(t|d, w) 1jist Beex CJI0B MpeIIOZKeHH s, 32aTeM ONPe/IeTUTh [0 HUM TJIABHbIE TEMbI
IPE/JIOZKEHMs U OTHECTH K HOJAYMHEHHBIM BCE CJIOBA, HE OTHOCALIMECS K TJIABHBIM TEMaM.

11 MopenupoBaHue 3aBucnmocTei

Temarnueckast Mojesib bopMupyer BeKTOpHOe onucanue jokymenta p(t|d), koropoe
MOZKeT 6bITb UCIIOJIb30BAHO [JId IIPEACKa3aTe/JIbHOI'O MOJC/JIMPOBaHUA, B YaCTHOCTHU, HJId
perrenns 3a1a4 KaaccupUKalu 1 Perpeccuu Ha Tekcrax. Kiaccudukanus peaausyercs
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0CODEHHO IIPOCTO, €CJIM KJIACChI CYUTATh MOJIAJIbHOCTBIO. Perpeccust Ha TekcTax 1moka3biBa-
er IpUMep MHTEPECHOro MpHéMa, KOra JOIMOJHUTEbHbIE apaMeTpbl Mojieau (B JaHHOM
ciaydae Ko3DMUIUEHThl THHERHOW MOJIENN PErpecCuu) MepecIuThIBAIOTCS HTEPAIHOHHO
[oCJIe KazKJIOro Mpoxoja KoJuieKiuu. O4YeHb MOXOXKHil HpUEM HCIIOJIB3YeTCs U B MOJIe-
qu CTM, Koropas BBIAB/IgET HapHbIE KOPPeIauu Mexk1y TeMaMu. TexXHuka YucI0BbIX
MOJIQJIBHOCTEl MCIIOJIB3YeTCS B TOM CJIydae, KOIrjia ¢ TEKCTOM CBsd3aHa He OJIHA YHMCJI0Basd
BeJIMYMHA, KOTOPYIO HEOOXO/IMMO 1IPEJICKA3aTh, & YMCJI0Bas 110C/I€/I0BATE/IbHOCTD, KOTOPas
MO/IeTUPYETCSI CMEChI0 HelIPEPhIBHBIX BEPOSITHOCTHBIX PaclpejleeHuit.

Knaccudmkayus. Temamuueckas modeasv xaaccugurayuu Dependency LDA [130] siB-
nsercs GaitecoBckuM anasorom mogenu (36) ¢ moganbHocTsMu repmoB Wou kimaccos C.
Nwmeercs obyuaroniasi BBIOOPKA JIOKYMEHTOB d, JijIsl KazKJ/IOI0 U3 KOTOPBIX M3BECTHO MO/I-
mHO)kecTBO Kjacco Cy C C. Tpebyercs kiaccudunupoBarb HOBbIE JOKYMEHTHI C HEU3-
BecTHBbIM Cy. [Ijist 9TOr0 6y/1eM UCHOIB30BATD AUHETHYIO BEPOATNHOCTIHYI) MOOEAD KAUC-
cupurayuu, B KOTOPO O00BEKTAMHU SABJIAIOTCS JIOKYMEHTDHI d, IPU3HAKH COOTBETCTBYIOT
TeMaM t W nmpuHEMAOT 3Havenus Oy = p(t|d):

C | d Z Soctetd

teT

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

Koaddunuenrst juneiinoit mogenu o, = p(c|t) u noporu 7, 00y4arTcs 1o BbIOOPKe
JAOKYMEHTOB C U3BECTHbBIMU Cd. HpI/I3HaKOBOG OlIMCaHKUe HOBOI'O JJOKYMeEHTa 9d BbIYUCJIA-
ercd TeMarTu4ecKoi MO/EJIBIO TOJIBKO IIO €0 TepMaM.

Dkcmepumentsl B [130] mokasasm, 9TO TeMaTHYeCKHe MOJEIU MPEBOCXOAAT OObIU-
HbIe METOJbl MHOI'OKJIACCOBOM KJIacCU(UKAIUKA Ha OOJIBIINX TEKCTOBBIX KOJLICKIIHIX
¢ 6OJIBIIUM YUCJIOM HecOATaHCHPOBAHHBIX, IEPECEKAIONINXC S, B3aNMO3aBUCUMBbIX KJIACCOB.
B [149] Te 2Ke BBIBOJIbI HA TEX K€ KOJLJIEKIIMSIX ObLJIN BOCIIPOU3BEIEHBI JIJI MYJIbTHMO/IAJIb-
Hoit ARTM. Hecbanrancuposannocmsd 03HAIAET, 9TO KJIACCHI MOI'YT COJEPrKATh KAK MaJIoe,
TaK M OYeHb OOJIBIIIOE YUCIO JOKYMEHTOB. B ciydae nepecekaroujurca KaaccoB JTOKYMEHT
MOZKET OTHOCUTBCA KaK K OJIHOMY KJaccy, TaK U K OOJIBIIOMY YHCIY KJIaccoB. Baaumosa-
BUCUMDBLE KJTACCHI UMEIOT ODIIHIe TePMbI U TEMBI, [I09TOMY HPHU KJIACCU(PHUKAIIUU JIOKYMEHTa
MOI'YT BCTYIIaThb B KOHKYPEHIUIO.

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

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

deD ceCy teT deD ceC) teT

[TepBoe caaraemoe ectb log-nipasomnonobue MojasibHocT Kiaacco (36), ecuau mosio-
KUTb Ng. = [c€Cy|. Bropoe ciaraemoe MOKHO paccMarpuBaTh KaK DPEeryJsipu3arop OT-
PHUIATEbHLIX PUMEPOB, MOCTPOEHHBIN 110 JAHHBIM O He-IPHHA/JIE?KHOCTH JTOKYMEHTOB
ki1accaMm. KosdduruenT peryigpu3anun 7 MOXKHO [IOJaraTh PABHBIM €IUHUIE.

Qacmommnas peeyaapusayus (label regularization) xopormro 3apekomenjoBaia cebs
B 3ajadax ¢ HecOasancupoBanubiMu Kiaccamu |89, 130|. ITorpebyem, arobbl onenka 6e3-
YCJIOBHOI'O DACIHPE/EICHHs] KJIACCOB 110 KOJIJIGKLLI/II/I p(c) =, @up(t) Obuta Ginska K Ha-
OJIF0IAEMbIM YaCTOTaM KJaccoB p(c) = IDI |D.|, tne D. ={d € D: ¢ € Cy} — MHOXKECTBO
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JIOKYMEHTOB, OTHOCSIIUXCH K KJaccy c. Bbipa3um jianHoe TpeboBaHUe C HOMOIIBIO CIla-
ZKMBAIOIIETO PEryJIsipu3aTopa KPOCC-IHTPOIINH, KOTOPBIIT MOYKHO MHTEPIPETUPOBATDH 1 KaK
MAKCUMU3AIUIO TPABIONOI00US [IJIsT MOJETH JUCKPETHOTO PACIIPE/IEJIEHIs KIacCoB p(c):

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

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

NiPet

> s NsPes

YacToTHas perysgpu3alis ICI0Ib30BaIach B TeMaTnaeckoii mojaesn Prior-LDA | koTopast
obLTa mpeyoxkena B [130] kak ymyqmenne mogenn Flat-LDA.

(58)

o = norm| ng + 7|D,|

Perpeccusa. 3ajaun mnpejcka3anusg YUCIOBON BEJIUUUHBI KaK (PYHKIIMH OT TEKCTa BO3HU-
KAIOT BO MHOTUX IIPUJIOXKEHUAX JEKTPOHHON KOMMEPIUH: IpeJcKa3aHue peiTHHra TOBa-
pa, pujabMa UM KHUIU 110 TEKCTY OT3bIBA; HPE/ICKa3aHUue YUC/Ia KJIMKOB 1O TEKCTY pe-
KJIAMHOTO OO'bSIB/JICHUST; IIPE/ICKA3AHNE 3aPILIATH 10 ONUCAHUIO BAKAHCUU; HPEJICKA3AHUE
0JIe3HOCTH (Ymcia JANKOB) OT3bIBA Ha OTeJb, PECTOpaH, cepBuc. [Iis BOCCTAHOBIIEHHUSI
YUCIOBLIX (DYHKIUI 110 KOHEYHOU oOydalomieil BEIOOpKe Hmap «00beKT—OTBET» HCIOJIb3Y-
I0TCSl PErPECCHOHHBIE MOJIE/IN, OJITHAKO BCE OHU PUHUMAIOT Ha BXOJ€ BEKTOPHbBIE OIUCAHUS
O6'beKTOB. TeMaTI/ILIeCKaH MO/JEJIb I103BOJIAdeT 3aMEHUThb TEKCT JOKYMEHTa d €r'0 BEeKTOP-
HbIM npejcrapienueM 6. C apyroift cTopoHbl, KpUTE€pUil ONTUMUBAIME PErPeCCHOHHOM
MOAEJIX MOZKHO HUCIIOJIb30BaTh B Ka1eCTBE peryJjidpu3aropa, I{TO6bI HalTHU TEeMbl, HaI/I6OJIee
nH(OPMATUBHBIE ¢ TOUKH 3DEHHs TOYHOCTH mpejcKazanuii 93, 139].

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

E(y | d) = Z V104,

teT

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

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

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

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

seT

v = (007)"10y.

3ech hopMmysia s BEKTOPa U SBJISETCsl CTAHJIAPTHBIM PEHIeHHeM 3a/a9i HANMEHb-
IIMX KBAIPATOB IpH (bUKCHPOBAHHO MaTpuiie 6. BekTop v MOKHO OOHOBJISTD IO OKOHYA~
HUU KaKJOT0 MPOXOJa KOJIJIEKIUH, JUO0 mocae 00pabOTKI KaXKIO0ro MaKeTa JTOKYMEHTOB
B oHJjiaitHoBoM EM-asiropurme.
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B |139] noka3ano, 4ro Ka4ecTBO PErpecCcHu MOZKeT 3aBHCETh OT HHUIUAJIN3AIIMNA TeMa-
THUYECKON MOJIeJIM, U [PeJIJIOKEHO HECKOJIbKO MeTO/I0B MHUIMAJIABAIUY.

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

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

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

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

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

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

-
RO, p,%) = TZ Inp(ng|p,X) = -5 Z(ln O — )" (In by — p).
deD deD
Corutacho (17), dopmysa M-mara st 0y npuauMaer Bu/y
Oiqg = norim (ntd -7 2; ut (ln O.q — u8)>, (59)
se

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

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

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

OILHI/IM U3 IIPpUMEPOB 4dBJIdeTCd 3a/a4a TeMaTUu1€CKOI'o MOJACJIMPOBAHUA 6aHKOBCKI/IX
TPaH3aKIIMOHHbIX JIaHHbIX. B pPoJin JOKYMEHTOB 3/1€Cb BbICTYIIAQIOT KOMIAHHUH, T€PMaMH
B JOKYMEHTE ABJIAIOTCA KOHTPAl'€HTbl — JAPpYyrue KOMIIaHUKU, KOTOPbIE 3aKJ/JII041al0T C JaH-
HOIl KOMIAHMEH CIeJKH IO IIOKYIKEe HJIU IIPOJAzKe TOBApOB WM yCIyTr. Kazkmas cuenka
CONMPOBOXKIACTCA TEKCTOM ILIATEKHOTO IIOPYYeHUs, KOTOPBI COMEPXKAT HA3BAHUSA TOBA-
POB WM YCIYr. DTU Ha3BaHUA 00PA3yIOT BTOPYIO MOJAJbHOCTH. IIOKYIKH M IpOpazku
pPacCMaTpUBAIOTCA 10 OTIAEJBLHOCTH, YTO YJABAUBAET UHUCJIO MOJAILHOCTE /10 YeThIPEX.
TeMbI COOTBETCTBYIOT BHU/laM 9KOHOMUYECKOI AedTeJIbHOCTH KOMIIQHUIA. B.T[aFO,ZLapﬂ Ha-
3BAHUSAM IIOABJIACTCA BO3MOKHOCTH HMHTEPIPETUPOBATH KazK/Iyl0 TEMy ¢ IIOMOIIBIO JBYX
CIIICKOB — TOBApOB, KOTOPBIE KOMIAHUH IIOKYIAIOT JJIS OCYIICCTBJICHASA JAHHOTO BHIA
JeATeJILHOCTH, H TOBapOB, KOTOPLIe OHH IIPOJAIOT KaK pe3yJbTaT CBOell JesdTeJLHOCTHS.

KpOMe eCTeCTBEHHbIX JUCKPETHbBIX MO,ZLaI[bHOCTeI';I KOHTPAIreHTOB U Ha3BaHI/H71, B J1aH-
HOIT 3a1a4€ UMEIOTCS elIé U YMCJIOBbIE JaHHbIe 00 00bEMaX CAEI0K, KOTOPbIE MOI'YT HECTH
KOCBEHHYI0 HHGOPMAIUIO 0 BHJE JIeATeJLHOCTH. ByaeM Iosararb, 9TO ¢ KazKIbIM JI0-
KyMEHTOM d CBA3aHO HECKOJBKO YHCJIOBBIX IMOCTEAOBATETBHOCTENR {Ygmi|t = 1,.. ., kam},
COOTBETCTBYIONUX “UCAOBLLM MOOGAbHOcAM M € M. B HameM ciydae 9HCIOBBIX MO-
JIAJIBHOCTEH JiBe — 9T0 00bEMBI CJIEJIOK IOKYIKH U 1Ipoiazku. [Ipejiiosioxkum, 94To KazxKjas
TemMa t HOPOKJIAET 3HAUCHUSI Ygm; U3 pacupegeserust p(y|t; Yu,) ¢ BEKTOPOM Lapamer-
POB Y¢m, KOTOPOE HE 3ABUCHUT OT JIOKYMEHTa, (9T0 00bIUHAS JIJI TEMATHYECKOTO MOJIEIHPO-
BAHUS TUIOTE3a YCJOBHOU HesaBucumocTu). Torga pacupesesienne 3HAYEHUId y MOJATb-
HOCTH M B JIOKYMeHTe d OIUCHLIBACTCS CMECHIO PACIIPEIe/CHHIA:

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

teT

Bo3bMéM 3a OCHOBY MYJIBTUMOJATIBHYIO MOJETb (37) ¢ HPOU3BOJBHBIM HEMPEePBHIBHO
nuddepeniupyeMbiM peryssipuzaropoM R(P, 0). lobaBumM peryisipu3aTop IUCIOBbIX MO-
JTAJIbHOCTE, OIpPe/Ie/IUB ero KaK B3BEIIEHHYO0 CYMMY J0rapudMOB IPaBION0I00us BEIOO-
POK {Ydmi} € Becamu Ty,

kdm

meM

deD i=1 teT

Torya cucrema ypabaenuii B reopeme 9.1 mnpeobpazyercst cjeyiomnum oopasom: ¢pop-
myJibt E-mara (39) 1 M-mara no ® (40) ocraforcst B cuiie; K HUM 100aB/ISI0TCH (POPMYJIBL

3Xpoursaenko K. 9. O606menHbIe MOJAIBbHOCTH B BEPOATHOCTHBIX TEMATHIECKIX MOJEIAX JIJIs TpaH-
3aKIIMOHHBIX JaHHBIX. Marucrepckas nuccepramus, BMK MIY, 2020.
http://www.machinelearning.ru/wiki/images/5/50/Khrylchenko20msc.pdf
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E-mara u M-mara i 94ucjIoBbIX MOjgaJibHOCTe 1 u3Mmensiercss (popmysta M-mmara no ©:

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

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

[Tonxon Ha OCHOBE MYJIBTUMOMATBLHOI MOJENTN HMeeT OJIMH CYIIeCTBEHHBI U3bIAH —
OH TpeHeOperaeT TPAaH3aKIMOHHONW MpUPOION JaHHBIX. KaxK/Iplil JOKYMEHT (KOMITAHIS)
IpeICTaBIAeTCS «MEIIKOM Ha3BaHUil», «MEIIKOM KOHTPAreHTOB», I «MENIKOM OOBEMOB».
OHako B Kazk/10# TpaH3aKIUU HA3BAHKUE, KOHTPAIeHT U 00'bEM CJIEJIKU HEPA3PBIBHO CBsi-
3aHBI JAPYT C JAPYIOM U IOPOXKIAIOTCs 001eit Temoii (BugoMm jgesresbHoctn). Nudopmariust
00 9TUX CBA34X UI'HOPUPYETCH B MYJIBTHUMO/IAJIbHON MOJIEJIH.

[TosToMy paccMOTpEM BBeJieHIE YUCIOBOI MOTAIBHOCTU B runeprpadoBoil TeMaTne-
CKoOil Mopesin, onmcaHHoil B pa3zene 10. Kaxmaga TpaH3akiiusg KOMOAHUA d MpeJCTaBIIeT
coboit ueTsepKy (d,m, x,y), e m € M — ojHa u3 ABYX YHCJIOBBIX MOJAJIBHOCTEH <0G bEM
HOKYIIKWY WK «O0bEM 1pojazxKuy, + C V — HOJMHOXKECTBO TepMOB, V — MHOZKeCTBO Bep-
muH ruteprpada, mnojydeHnoe odbejuHenuemM cjosapeit W™ Bcex HEYUCIOBBIX MOJIAJIb-
HocTeilt m € M. Ecian xkoMmmanus d coBepImaeT CAeNKYy HOKYIOKH, TO TeEPMaMH B X OYAYyT
KOMITAHUS-IIPO/IABEI] I Ha3BaHUd TOBAPOB, KOTOPbIe d y Heé mokynaeT. Ecin kommanug d
COBepIIaeT CAeTKY IMPOJAaKh, TO TePMaMU B & OYIyT KOMIOAHHUA-MOKYIATETh U HA3BaHUS
TOBAapOB, KOTOpbIE d eit npogaér. B oboux rtuiax Tpansakiuili 3Ha4eHUE Y PABHO 00bEMY
cuesiku. Temarndeckasi MOJIe/Ib TPAH3AKIUU UMEET BU/L

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

teT vET

Coorercrenno Mopudunupyercs 3agada (50) maxcumusanuu log-npasiaonogooust
TPAH3aKIMOHHBIX JIAHHBIX X = {(di, My, T yi): i =1,... ,n} JIJIsl IOCTPOEHUS TUlleprpa-
¢oBoiT TeMaTHIECKOIT MOIELIIN:

> D taplyltym) [Ton ) + R(®,0) = max; (60)
(d;m,z,y)eX teT vET

Teopema 11.1. Ilycrs ¢pyaknus R(P,O) menpepsiBro augdepennupyema. Touka Jio-
kaspHOro Makcumyma (®, 0, 1") sagaqan (60) yzosaersopser cucreme ypaBHEHHI OTHOCH-
TeJILHO MAPAMETDOB Py, O1q, Vi B BCHOMOTaTeJBHBIX MEPEMEHHBIX Py = p(t|d;, my, x;,v;),
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€cJI U3 PeIlleHusi HCKIIOIATh HyJieBbie cTo0mer matpui] ©,,, O:

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

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

1=1

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

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

Sro crangaprHas 3ajada. [lycrs s onpegendunocta p(y |t Yon) = N(Y; thim, 02,) —
MHOTOMEPHOE HOPMAJILHOE PACIPE/IEICHIE C MATEMATHIECKUM OKUJIAHUEM [iy,, U JIUCIED-
cueit o2, . Torna 3asaua M-mara OTHOCHTENLHO IAPAMETPOB Vim = (fim, 02, ) PeLIaeTCs
AHAJTUTHICCKH:

Ll = Z?:l[m = m;] DiiYi ol — Z?:l[m = my) pri(yi — fem)?
" Z?:l[m =mg]py fm Z?:l[m = M| pi

st MyJIbTUMOJIAJIbHOM MOJ1esin (DOPMYJIbI T€ 2Ke, C TOYHOCTHIO JIO 3aMEHbI Dy HA Pidmi-
B oboux cirydasix cymmMupoBaHuEe HPOU3BOIMTCS 110 BCEM TPAH3AKIMUSAM B KOJIJIEKIUU.

12 MopgennpoBaHue cBsi3e MeXxxay AOKYMeHTamMu

CymiecrByer mMacca 3a/1a49, B KOTOPBIX JIOKYMEHTBI CIPYHIINPOBAHBI HJIM CBSI3aHbI ME¥K-
Jly co0OOif, Npu9YéM HaJIMYUe B3aMMOCBSI3U NOBOPUT O TOM, YTO JIOKYMEHTHI MMEIOT CXO-
Kyto TeMaTuky. [Ipupoga cBa3eit MoxKeT OBITH PA3IUIHOIN: CCHLIKH, TUIEPCCHLIKA, ITUTH-
poBaHUe, COBMECTHOe YIIOMUHAHHEe, KOMMEHTHDOBAHHE, OOIIUEe aBTOPBI, OOIIHe HCTOIHU-
KW, OJM3KHe TeoJOKaluu, u Tak jgasee. [Ipenmonoykenne o cXomcTBe TEMATHKH B Mapax
JIOKYMEHTOB JIEIKO (pOpMa/Iin3yercst ¢ IHOMOIIBIO Pery/sipu3aropa Marpuipl ©. D910 Mo-
JKeT CO3/laBaTh TEXHUYECKUE TPYJAHOCTU 1pu 00paborke Oo/bIIUX KoJuIeKiuil. B rakux
CIydasX CCBHLIKHA MOYKHO HEPEeBOIUTH B MOJAIBHOCTb U MEPEXOIUTh K peryiagpu3zaropy P.

Ccbinku n yntuposaHue. [lpeanosioxkum, 910 ecjiu MexK/1y JOKYMEHTaMu ¢ U d UMEeeTCst
CBsI3b, TO OHU UMeIOT cxoxkue rematuku p(t|c) u p(t|d). Popmanusyem 3T0 MpeIoI0xKe-
HUE C IOMOIIBIO PEryJIpU3aTopa;

R(O)=r1 Z Nde Z O1abrc,
d,c

teT
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€ Nge — BEC CBIA3U MEXKJly JIOKYMEHTaMH, HalpHUMep, YHCJI0 CChIOK u3 d Ha c. B [48]
npejjoxkena moxoxkas mozeab LDA-JS, B koropoit BMecTo MakcuMu3amuu KOBAapHUAIUU
MIHIME3UpYeTcs auseprennus llencena-lllennona Mexxay pacupeenenuamu Oy u 0,.
®opmyaa M-mara jis 6,4, cormacuo (17), umeer Buj

014 = norm <ntd + T0u Y ndc9tc>-

ceD

D10 e ojHA PA3HOBUIHOCTH CriiazkuBanusi. Bepositnoctu 6y B x01€ urepanuit npu-
OJINZKAIOTCA K BEPOSITHOCTAM ;. TOKYMEHTOB, CBSI3aHHBIX C d.

Peryngpusarop marpunbl © craHoBuTca HedMOEKTHBHBIM IPH MaKEeTHOH 0OpaboTKe
DOJIBIINX KOJUIEKIH, KOTJA JIOKYMEHTBI ¢, Ha KOTOPbIE CChLIAETCS JIAHHBIN JOKYyMEeHT d,
HAXOJATCs B Ipyrux nakerax. [Ipobsiema pemaercst BBeieHneM MOIaIbHOCTH JIOKYMEHTOB,
HA KOTOPbBIE €CTb CCHLJIKU U3 JIPYIUX JOKYMEHTOB. DTOT CIOCOD MOPOXK/IAeT HOBYIO IIPO-
OJIeMy: eCJIH MOIIHOCTD 3TOI MOMAJIbHOCTH OKAKeTCs PABHOI IHCITY JJOKYMEHTOB, TO MaT-
purna ¢ MoKeT He IOMECTUTHCA B OMEPATUBHYIO MaMATh. MOXKHO COKPATHTH 3TY MO/IAIb-
HOCTh, OCTABUB TOJIBKO HAM0OJIee BIUSTEIbHBIE JIOKYMEHTBI C, 9YUCJIO CChLIOK Ha KOTOPBIE
Ne = Y4 Nde IPEBBILIIACT BEIOPAHHBLH HOPOL.

Januasi njest npunuia w3 MOJeJNM BMsiHUS HaydHbIX myOuaukanuii LDA-post [48].
B meit ncnonpsytored ase MojagbHocTH: ciosa W' n murupyemble moxkymentsr W2 C D.
Mogenb BbIAB/sSET HamboJiee BAUSATEIbHBIE JTOKYMEHTH BHYTPH Kask/10il TeMbl. Hemyie-
BbI€ DJIEMEHTHl B CTPOKe ¢ MaTpunbl P, IMOKA3LIBAIOT, HA KAKHE TEMBbI MOBJIHUSI JOKY-
Ment ¢ € W2 Takxke MOAe/Ib HO3BOJIAET Pa3/iMdaTb, KaKHe M3 CCHLIOK CYIIECTBEHHO
HOBJIUSJI HA HAYYHYIO CTATHIO, a KAKHUe SBJISIIOTCS BTOPOCTEIEHHBIMU, YUCTO (hOPMaAIb-
HBIMH HJIM «JAHBIO BEKJIUBOCTH». CUUTAaeTCd, 9TO JOKYMEHT C IOBJIUSI HA JJOKYMEHT d,
ecyii d CCHLIAETCS HA ¢ U OHU MMEIOT 3HAYHTEIBLHYIO J0JII0 00Ieil TeMaTHKH.

leonokayun. ludopmaiusa o reorpadudeckKoM IMOJOKEHUH YACTO HCIOJIb3YeTCS IIPU
aHa/In3€e JAHHBIX COMUAJbHLIX ceTeil. ['eorpadudeckas mpuBsgska JJOKyMeHTa d WJIH €ro
aBTopa 3aJaércs Jmbo eeomezamu (HA3BAHUSME CTPAHBI, DEIMOHA, HACEJEHHOIO IIYHKTA),
mbo 2eonokayuett — napoii reorpaduideckux koopauuar {4 = (xq,yq). B nepsom ciy-
4ae BBOJUTCS MOJIAJIbHOCTH I'€OTErOB, BO BTOPOM CJIydae HCIOJIb3YETCs Peryssipusarop.
ARTM mno3sBosser coBMemarh B Mojean oba Tuna reorpadudecKuxX JaHHBIX.

[Hesbio MoO/eIMPOBAaHUS MOXKET OBITh BBIJEICHUE PErHOHAJbHBIX TeM, OIIpejeeHue
«apeaJia OOMTaHHS» KazKJO#W TeMbI, MOUCK IOXOXKHX TeM B Jpyrux peruonax. Hampwu-
Mep, B KadecTBe OjHOIl u3 miurioctpanuii B [178] onpeaeasiorcss peruoHbl MOIyJIsspPHOCTH
HAIMOHAJIbHOM KyXHH 1O mocraMm noJbsosareseil Flickr. dpyras mumocrpamust us [94]
IOKA3bIBALT, YTO TeMaTHIecKas MOJe/b, yInThIBatomast, n3 kakoro mrara CIIA mpumwto
coobIenne, ToUHee MpOCIeKUBaeT MyTh yparana «Karpunay.

Ksaspatnanblii peryasipuzarop Marpuibsl O, mpemioxenusiii B [178|, dopmanusyer
HPE/IIOJIOKEHHUE, YTO JOKYMEHTBI CO CXOXKUMHU I'eOJIOKAIMAMUA UMEIOT CXOXKYIO TeMaTUKY:

R(©) = —% Z Weg Z(‘gtd - Htc)27
(c,d)

teT

Il Weq — BEC Mapbl JOKYMeHTOB (c, d), Bbipazkatomuii 6/m30¢Th reookanuii. Hanpumep,
Weg = exp(—712), vie 12, = (v, — 24)* + (Yo — ya)* — KBaJpaT eBKJIUI0BA PACCTOAHUS.
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DTOT peryjapu3arop Tpedyer npu 00paboTKe KazKI0ro J0KyMeHTa d JI0CTyIa K BEKTO-
pam 0. Apyrux JOKyMEHTOB, 9TO 3aTPYyAHSAET MaKeTHYI0 00pabOTKy OOIbIINX KOJIICKIIUA.
AbrepHATUBHBINA CII0CO0 CIrIasKUBAHUS OCHOBAH HA PEryJIapH3alud MaTpuinl P.

Ilycts G — MomaibHOCTH reoreroB, g = p(g|t). Temarnka reorera ¢ BbIpazKaercs
o dopmyse Baiieca: p(t|g) = @th—;; e Ny — YacTOTa IeoTera ¢ B UCXOJHBIX TAHHBIX,
ny =), Mgt — UACTOTA TeMbl ¢ B MOJAILHOCTH €OTEroB, BhiuucIsgemas EM-anropurmom.

Kpagparnunplii peryiagpu3arop MaTpunbl @ 110 MOJAILHOCTH reoTeros (hOpMaIH3yeT
IPEJIIOJIOKEeHHe, 9TO reorpadguieckn OJU3KUe Ie0Tern UMEIOT CXOKYI0 TeMATHKY:

R(®) = — Z Wgg' Znt <(pgt ijt> )

ggGG

IJIe Wy, — BeC IMapbl reoTeros (g, ¢'), Belpazkatommuii ux reorpadudeckyo 6aun3octs. Hiuke
Mbl pacCMOTPUM ODODIIEHHE STOI0 pery/sipusaropa Ha 0oJiee MUPOKUIl KJ1acce 3a/1a4.

Mpadbl n coumnanbHblie cetn. B 94| upeoxkena Gosee obias TeMarndeckas MOJIENb
NetPLSA, yuurbiBaomiast 1pou3BoJibHble rpadoBbie (cereBbie) CTPYKTYPbl HA MHOKECTBE
jgokymentos. [Tycrs 3auan rpad (V) E) ¢ muoxkecrsom Bepiut V' u MHOKecTBOM pébep E.
Kazk1oit ero Bepimae v € V' cooTBEeTCTBYET IMOAMHOXKeCTBO JoKymenToB D, C D. Hamnpu-
Mep, B posin [, MOXKeT BBICTYIIATh OT/JEJbHBIN JJOKYMEHT, BCE CTATbH OJIHOIO aBTOpa v,
BC€ IOCTBI U3 OJHOTO reorpauueckoro peruona v, u T. JI.

Temarnka Kaxk 10l BepmiuHbl v € V' BbIpazkaercs depe3 napaMerpbl Mojen O:

plte) = 3 pltld)p(d|o) = 7= 3

deD, deDy

B monenn NetPLSA ucmosib3yercss KBaipaTHUIHBII pPeryispu3aTop:

R(©) =~ N wa Y (p(t]o) = pltu)?,

(u v)EE teT

IJie Beca Wy, peédep rpada (u,v) 3a1al0TCsa ecTeCTBEHHBIM 06pa30M, KOTJIa B 3ajade eCTh
COOTBETCTBYIONIAs JIONOJIHUTE/IbHAs undopmaius. Hatpumep, eciiu D, — Bce crarbu aB-
TOpa v, TO B Ka4ecTBe Beca pedpa W, €CTECTBEHHO B3sTh YUC/IO CTaTel, HAIUCAHHBIX
aBTOpaMu U U v B coaBropcTBe. Ecim 1momo0HOi nHOpManum HET, TO BEC MMOJaraercs
PABHBIM €IMHHUTIE.

DTOT peryigpu3aTop TpedbyeT npu 0opadoTKe KaxKJI0I0 JOKYMEHTa d JIOCTyIa K BEKTO-
paMm 0, Apyrux JOKYMEHTOB, UTO 3aTpy/aHgeT 3h(HEKTUBHYIO MAKETHYI0 00pabOTKy 0O0/Ib-
UX KOJLIEKIUNA. AJIbTepHATUBHBIA IyTh COCTOUT B TOM, YTOOBI MHOXKECTBO BEPIIUH I'Pa-
da V 06bsaBUTH MOJAJILHOCTBIO U IIepeiiTu K pery/ispusanuu MaTpuiibl P.

B kaxnaplit nokyment d € D, nobaBum TepM v MojaJbHocTH V. BhIpasum TemaTuky
BEpIIUHBL v Yepe3 mapamerpbl ¢ 1o dopmyrte Baiteca: p(t|v) = (v|t)£((z = govt“gt‘, e
ng =y, Ny — 9aCTOTa TeMbl ¢ B MogaabHOCTH V, BOoIducageMas EM-aaroparmom.

Perynapusarop NetPLSA coxpanser mpe:kHuii B, HO cTaHOBUTCS (hyHKIHEH oT D:

R( :__ Z uvz (gj |910)u:|>2 (61)

(u v)eE teT
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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. 16: Borbop 4gmcia K1acTepoB B 331a9aX KIACTEPU3AINN TPUHIMIHAILHO HEOIHO3HATEH, KaK M BHIOOD
qucJa TeM B 33Ja49aX TeMaTUIeCKOr0 MO/IeJIMPOBAHUS.

Bo MHOIHX NpUJIOKEHUAX BaKHbI HAIPABJIEHHOCTH CBfA3eH, KOTOpble KBaIpPaTHIHBIN
peryasgpu3aTop He yuuTbiBaeT. Hampumep, ¢Bs3b (4, v) MOKeT 03HAYATH CCBLIKY H3 JIO-
KyMmeHra u Ha JokymeHT v. B mogesn iTopicModel [141] upeammosaraercs, aro eciu
(u,v) € E, 1o remaruka p(t|u) mupe remaruku p(t|v). [Tosromy munumusupyercs cym-
ma auseprenuuit KL(p(¢|v) || p(t|u)), npuuém ycnosusie pacupesenenus p(t|v) mMoxuO
BLIPA3UTh KakK depe3 O, tak u yepe3 P:

R(© wm @) = g 3w Y plt]v) Inp(t]u).

(u,v)eE teT

Kax 1moxasajim 9KCIepuMenTbl®, peryisapusanus MaTpulibl ® nIpuBoauT HpaKTHIeCKH
K TeM Ke pesysbraram, 91o u peryispusanus O s mogeneit NetPLSA u iTopicModels.

13 MoagennpoBaHue vepapxuii 1 BblIoop 4ncnaa Tem

CymeCTByeT JIX B peaJlbHbIX TEKCTOBbIX KOJIJIEKIIUAX «UCTUHHOE» HUJIX «OIITUMAJILHOE»
qucsio Tem? C OfHON CTOPOHBI, YUCI0 T€M, O KOTOPbIX MOIYT ITHCATDH JIIO/IU, OTPAHIUIEHO.
C apyroit CTOpOHBI, B KarKJI0il TeMe HMEeeTCsl KOHEYHOE YHCJIO ACIHEKTOB, W B KazKJIOM
TEKCTe aBTOPBI 3aTParuBaloT JIUIIb YacTh U3 HUX. 1acTo BCTpedaronuecs COYeTaHUs ac-
IIEKTOB MOYKHO PacCMaTpPHUBATh M KaK OTJAEIbHbIE TeMbI, U KaK MpOgB/IeHue 00IIeil TeMBbI.
Kpome Toro, BuyTpu J11000# T€MbI MOI'YT CYIIECTBOBATH PA3MbIThle KJIACTEPHbIE CTPYKTY-
pbI, Juist 0oJ1ee 96TKOTO ONPEIeIeHIs KOTOPBIX MOYKET IIPOCTO He XBaTaTh JaHHBIX. AHa-
JIOTHYHAS IPODJ/IEMa ¢ HEOJHO3HAYHBIM BHIOOPOM YHC/IA, KJIACTEPOB BOSHUKAET U B 33,/a9aX
KJlacTepu3anuu, puc. 16.

Crowut /it pa3buBaTh TEeMbI Ha 60JI€€ MEJIKHE IOITEMbI, U KaK OIIPeJIeTUTh 00IIee YuC/10
TeM — 9TU BONPOCHI BO3HUKAIOT B KayKJIOM MPAKTUYECKON 3a/ade TeMATHIECKOTO MOJIe-
JINPOBAHUA. 3a9aCTYI0 BBIOOD OKA3bIBAETCS IPOU3BOJIBHBIM M CyObEKTHBHBIM.

Yewm GoJibllle KOJLJIEKIUs, TeM DoJiee MeJIKUe CEMAHTUYeCKUe Pa3/Inuuus MEeXK/1y TemMa-
MH BO3MOXKHO V/I0BUTH. OJIHAKO JazKe IIPU IIPUMEHEHUH, Ka3aJ0Ch Obl, CTPOTUX, CTaTH-
CTUYECKUX KPUTEPUEB JIJI BbIBJICHUS 3HAUYUMBIX PA3/JIHIHil MKy TeMaMU, BOSHHKAET
IPOM3BOJI IIPU BBIOOPE YPOBHS 3HAYMMOCTH. BBIOOP 9TOro MOPOroBOro 3HAUEHUs TAKKe
ABJIAECTCA SBpHCTHKOﬁ, 1 OT HEro 3aBHCHUT UTOI'OBOEC YHUCJIO TEM. BCG n3BeCrTHble METO/bI,
Iperedgayioiue Ha O6'beKTI/IBHOCTb onpejesieHud 4ucjia TeM, TaK WJIM HHa4d€ CoAepzKaT
BHYTpPH cebs mapaMeTp, OT KOTOPOr'o 3TO CaMO€e YUCI0 TeM 3aBUCHUT.

OTu coobpazKeHusl HPUBOJAT K HJiee, YTO BMECTO IOUCKA ONTUMAJIHLHOTO YHUCIA TEM
(KOTOPOrO MOZKET MPOCTO HEe CYIECTBOBATE), UMEET CMbBICJ CTPOUTH HEPAPXUIECKHE Te-
MaTU4YeCKue MoJeJ/in, B KOTOPbIX TEeMbl 110CJI€/10BaTCJIbHO ,ZLpO6HTCH Ha IIOATEeMbl, & YPOBEHb

4Bynaros B.T. Ucnonb3opanne rpadoBoil CTPYKTYPEL B TEMATHIECKOM MOJEINPOBAHHE. Marucrep-
ckaga auccepranus, MOTHU, 2016.
http://www.MachineLearning.ru/wiki/images/4/4d/Bulatov-2016-ms.pdf
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JeTaJIbHOCTH (I/I.)II/I epaHynupoeannocmu) TEeMaTUYECKOI'O PE/ICTABICHUS BbIOMPAELTCS UC-
XO/Isl U3 oTpebHoCTell NPUKJ/IA/HON 3a/a49H.

OnpegeneHuve 4ucna TeM no BHEWHUM kputepusaMm. EnuncrBenubiM Oecrpourphbiii-
HbIM BAPUAHTOM OIIPE/IE/IHUs OIITUMAJIBHOIO YUCJIA TEM SIBJISETCH MCIOJIb30BAHNE BHEIII-
Hero Kpurepust. Takoil 10X0/ HCIIOJIB3YeTCs, KOIJa KOHEIHOM 1e/ibio (Ml OjHOI 13 1e-
Jieif) TeMATHYecKOro MOJIETMPOBAHUSI SIBJISIETCs pelnenne 3a1adn Kiaaccudukammn [130],
undopmManunonuoro noucka [64] mwim cermentanuu [127| rexcros. HemocraTodnoe 4mcsio
TeM MOKeT MPUBOJUTH K CHUYKEHHWIO BBIPA3UTENIHHBIX CIOCOOHOCTEN MOJETN U KadecTBa
penienus 1ejieBoil 3aja4u. V30bIT0UHOE YUC/I0 TeM MOYKET LPUBOJUTH K 1epeodyUdeHuro
U CHHZKEHHMIO Ka4eCTBa HA HE3aBUCHUMBIX TECTOBbBIX JaHHbIX. [l03TOMY Ha IpaKTHKE YHUC/I0
TeM BapbUPYIOT MO 33JaHHOI ceTKe 3HAYeHUil, KaK MPAaBUIO BecbMa rpy0oil, n onpemes-
0T MEHAMAJbHOE YHCJIO TeM, IIPH KOTOPOM 33J[ada PENIaeTcs ¢ HpUeMIeMbIM KadeCTBOM
0 OTHOMY UJIM HECKOTBKUM KpHUTepHusaM. THIIIHBIM METOIOM aHAIN3a ABJISIEeTCS MOCTPO-
enre rpaduka 3aBUCUMOCTH BHENIHEI'O KPUTEPUs OT YUCJIA TEM.

DHTponuiiHoe pa3pexuBaHue ansi otbopa tem mpeioxkeno B [151] mia yaanenus
HEe3HAYMMBIX TeM M3 TeMaTHYeCKOi Momesnn. llmes 3akaiodaercda B paspeKHBAHUH Pac-
upesesienus p(t), KOTOPoOe BbIPAKAETCsI Yepe3 mapaMerpbl Oy:

R(©) Tnz  Inp(t), p(t) = p(d)bsa.
d

[ToxcraBum 3T0oT peryiaspusarop B dhopmyry M-mara (17):

n p(d)
70 )

Bamenum 6,y B mpaBoil YacTH paBeHCTBA HECMEIIEHHOI OMEHKOil ’:L—t;:

Orq = norm <ntd <1 — T#)) (62)

DTOT pery/sipu3aTop paspe:KuBaer HeJuKoM CTpoKu Marpuiibl ©. Eciin 3Hauenue cuér-
YUKa 7; B 3HAMEHATEJIe JIOCTATOYHO MaJIO, TO BCE 3JIEMEHTHI t-ii CTPOKH OKa3bIBAIOTCS PaB-
HBIMH HYJIIO, H TeMa ¢ IOJHOCTBIO HCKJIYaeTcsa u3 Mojaead. [Ipu ncnoap3oBanun JaHHOIO
pery/asgpu3aTopa CHada/la yCTaHABIUBACTCH 3aBeoMO n36biTouHOe dncsio Tem |T|. B xome
uTeparyii YucI0 HyJIEeBBIX CTPOK MATPHIBI © IIOCTENeHHOe YBeJInINBACTCS.

Ot16op Tem B ARTM mamuoro npoie HemapaMerpuieckux 0aiiecoBCKUX Mojesieit —
uepapxudeckoro mnpornecca Jupuxiie (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 MOJIy9aTh MOJETH ¢ YHCIOM TeM, pa3jindatruMces Ha nopsaku (B ARTM
910 Kodbdunument perysipusanuu 7, B HDP — kosddbunuenr konnenrparun 7).

B [153] Oblin ipoBeieHbl SKCIEPUMEHTbI HA [MOJIYCHUHTeTHIECKUX JIAHHBIX, [1PEICTaB-
JIMOIuUX coboi cMech JByX pacipeenenuii p(w|d) — peajbHON KOJLIEKIMH, Jijisi KOTOPOi
YHCJIO T€M HEeH3BECTHO, M CHHTeTHYECKOH KOJIEKIMH C 3aJaHHBIM 4ducjioM TeM. CuHTe-
THYECKasd KOJLIEKIUS CTPOUIACH IIYTEM IepeMHOKeHuss MarTpul, PO, HoaydeHHBIX B pe-
3yJIbTaTe TEMATHIECKOr0 MOJIEINPOBAHKS TOM Ke peaibHoil KoJutekinuu. OKa3aaoch, 9To

Org = norm <ntd — T
€T
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HDP u ARTM crocobubl ompeie/isiTh HCTUHHOE YHC/IO TeM HA CHHTeTHYECKUX W [TOJIyCUH-
rerndeckux jgaHabix. ARTM onpenessier ero Tounee u ycroiumpee. OQHAKO 9eM OJIMzKe
HNOJIYyCHHTeTUYeCKHe JaHHbIEe K PEaJbHBIM, TeEM MeHee UETKO PAa3IUIuM IHANa30H 3Hade-
HUil rumepnapaMeTpoB T WA 7, Ha KOTOPOM BOCCTAHABIMBAETCS MPABUIBHOE YHCJIO TEM.
Ha peasibHBIX TaHHBIX OH HEPA3JIMYNM BOBCe, IPHIEM 71 000X MOAXOJ0B. Takmm oOpa-
30M, 1IPO 00a MOJX0/Ia HEJIb3s CKa3aTh, YTO OHU OIPEJE/ISIOT OUTUMAJIbHOE YUCJIO TEM.

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

B xoze skcrnepuMenToB [153| Takzke BBIICHUIOCH, 9TO PEryISpH3aATOP 0TO0PA TeM HMe-
eT IMOJIE3HBIN COMyTCTBYIONMT 3pdeKT: oH yaaadeT U3 MOAeSH AyOTUPYONINe, PacIIlell-
JIEHHDBIE U JIMHEHHO 3aBUCUMbIE TEMBbI.

Mepapxnueckoe tematnyeckoe mogenmpoBaHue. lepapxuueckue TeMaTHIeCKHe MO-
JIQJIM PEKYPCUBHO JIEJIST T€Mbl Ha HOATEMbI. 1e€MaTHYeCKHe MEePAPXUU CJIYZKAT JJIsd 110-
CTPOEHMsI PyOPUKATOPOB, CUCTEMATU3AIUK OOJIbIINX O00BbEMOB TEKCTOBOW MHMOPMAIKH,
HHMOPMAIMOHHOIO IIOMCKA U HABUIAIME 10 OOJIBIIMM MYJIbTHIMCIUILTHHAPHBIM KOJIIEK-
musgM. 3ajada aBTOMATHIeCKOH pyOpHKalMu TEKCTOB CJI0XKHA CBOEH HEOTHO3HAYHOCTHIO
1 CyObeKTHBHOCTBIO. Paszimuns BO MHEHHSAX SKCIIEPTOB OTHOCHTEIbHO PYOpPUKAIUH J10-
Kymerros MoryT gocrurarb 40% [1]. Hecmorpst Ha obuime pabor 110 MepapXuvecKuM Te-
marrdeckum mozesasm |30, 82, 99, 179, 123, 162, 163, 164, 165|, ourumusamust pazmepa
I CTPYKTYPbI HEpPApXUU OCTAETCs OTKPBITOI mpobseMoii; 6ojiee TOro, ONEeHHBAHUE Kade-
CTBa Mepapxuii — Takze OTKpbITas mpobiaema [179].

Crparerun moCTpoeHusl TEMATHIECKUX HePapXUil BECbMa Pa3HOOOPA3HbL: HECXOISIIHE
(uBU3MMHEBIE) U BOCXOjsIye (ArJIOMEPATHBHBIE), MPEJACTABISIONNE HEPAPXUIO JIEPEBOM
WJIM MHOTOJIOJIBHBIM IpadoM, HapamuBaiomue rpad 1o ypoBHAM WJIM 110 BEPIIMHAM, OC-
HOBAHHbIE HA KJ/ACTePU3alMu JOKYMEHTOB WM TepMOB. Hejb3s Ha3Barb Kakylio-TO M3
cTparTeruii mpeaIoYTUTeILHON; Y KazK /0l eCTh CBOM JOCTOMHCTBA U HEJOCTATKH.

BepositHoCTHast mogens mexxypoBHeBbix cBsideil. B [41] mpeasokena Hucxoasmas
crparerus Ha ocHoBe ARTM. Mepapxus mpeacTaB/isgercs MHOIOI0JIbHBIM rpadoM ¢ (huk-
CHPOBAHHBIM YHCJIOM YPOBHeW W 33JaHHBIM YHCJIOM TeM Ha KazKJIOM YPOBHE, BO3PACTalO-
UM 110 YPOBHSIM CBepXy BHU3. Kark/iblil ypoBeHb lipejicraBiiser co00i OObIYHYIO «ILIOC-
KyI0» TEMaTUYeCKYI0 MOJIe/Ib, [IO9TOMY BPEMs IOCTPOEHUS MOJE/IN OCTAETCs JIMHEHHbIM
110 00'bEMY KOJLJIEKIIHH.

g momenupoBaHWs CBS3ell MeXKIy YPOBHIMH B MOJEJb BBOJAATCS HapaMeTphI
sy = p(s|t) — ycJaoBHBIE BEPOSITHOCTH MOJATEM § B TeMax t. B MyJIbTHAMCIUILTHHADHBIX
KOJLJIEKIIMST 1I0JITeMbl MOI'YT UMeTb 110 HECKOJIbKO pojuTe/IbcKuxX TeM. Hampumep, rema
«bnonHpopMaTUuKay UMeeT B KadecTBEe POJUTEbCKUX «OMOJIOrHI0» U «UH(MOPMATHKY »,
a «OyCTUHT PENIAIONuX JIePEeBbeBy — «OYCTUHI'» U «perraloniue jiepesbsiy. [losTomy mnpe-
CTaBJIeHHEe UePApXUH MHOTOJOJbHBIM IpadoM mpeInodTuTe/bHee, 9eM JePEBOM.

Ha Bepxmem ypoBHe mepapXuu CTPOUTCS OOBIYHAS ILIOCKAS TEMATHIECKAsT MOJIENb.
[Tycts Mozesnb f-ro ypoBHs ¢ MHO2KeCTBOM TeM 17 yrKe 1mocTpoeHa, u Tpedyercss HoCTPOUTD
MOJIeJib ypoBHs {41 ¢ MHOZKecTBOM Jl09epHUX TeM S (subtopics) u 66ibmmM 4ucaiom Tem,
|S| > |T'|. [Torpebyem, 4T0ObI POAUTENILCKUE TEMbI T XOPOIIO HPUOJIMZKAJIUCH BEPOSITHOCT-
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Ngy = q)1 X @1

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

Puc. 17: JlobaBjieHne BTOPOTrO YpPOBHSI MEPAPXWK 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.

HbIMHK CMECAMU JIOYEPHUX TEM S:

Znt KLw<p(w|t) Zp(w|s)p(s|t)> = Znt KLw<nn_u;t

Z@wswst) — %ll\lrlla

seS seS )

e ¥ = (Vg)sxr — Mampuua cesseli, KOTOpas CTaHOBUTCsI JIONOJHUTE/IbHOI Marpuiieil
HapaMeTpOB JJIs TeMATHIEeCKONH MOJIE/N J0U9E€PHEr0 YPOBHSI.

DT0 33a9a MATPHIHOTO PA3IOKEHH IS MATPUIILI POJAUTETLCKOro ypopHd O = U,
OOBIYHO MATPUYHBIE PA3JIOKEHHS UCIOJIb3YIOTCs, YTOOBI IIPUOJIM3UTD MATPHILY BBICOKOI'O
paHra mpousBejeHueM MaTpuil 6ojiee HU3KOro panra. OHaKo B JJAaHHOM CJIydae, Ha000poT,
marpuna ®f muskoro panra |T'| upubmizkaerca nupoussegenuem Marpun, W, B Koropom
marpuia P Jlo/KHA UMeTh HOJIHbIH paHr | S|, 4Tobbl J0UepHsis MOJIE/Ib OIUCHIBAJIA KOJI-
JIEKITUIO TOYHEe, YeM POJUTEeIbCKas. Peryasipu3arop CBs3bIBAET TEMATUIECKHE MOJIEIN
cocesanx yposreit { u £+ 1 Tax, 9TOOB POJUTETHCKHE TeMbI () aIIpPOKCHMHIPOBAJICH
JINHEWHBIMU KOMOMHAIUAMHE JIOUYEPHUX T€M g ¢ KOIDDUITHEHTAMEI Vg :

R((I)v \I]) =T Z Z Uz ln Z @wsq/}st- (63)

teT weW ses

Bagaua makcuvuzanun R(P, ¥) ¢ ToYHOCTBIO 10 00O3HAYEHUIT COBIAJAET ¢ OCHOB-
HOU 3a/1adeil TeMaTHIecKoro MojeaupoBanust (12), eciin cYUTATH POAUTENBbCKUE TeMbI ¢
ncesdodoKYMEHMAMY C TACTOTAMHI TEPMOB My = NPy, DTO O3HAYAET, YTO BMECTO MO/IH-
dukanuu dopmysi M-mara JaHHbI pery/ispu3aTop MOKHO peaJ/u3oBarh upoiie. locra-
TOYHO, OCTPOUB POJUTE/IbCKUiT ypoBerb u3 |T'| rem, jobasurh B KoJuteknuio |T'| nceso-
JIOKYMEHTOB C 9aCTOTAMH TE€PMOB T.,;. Marpuma ¥ mogydurcs B CTOIOMAX MATPHUIEI O,
COOTBETCTBYOIIUX ICeBIOJOKYMeHTaM [41], Kak mokazaHo Ha puc. 17.

JlaHHBINI TOAX0, K MOJETHPOBAHUIO NepapXuil peaan3oBaH B bubmmoTeke BigARTM.

Pa3pexxunsaHne me)xypoBHeBbIX CBa3ei (hopMaIu3yeT eCTeCTBEHHOE MPeII0I0KCHHe,
4TO KazKJad TeMma J04YepHero ypoBHd s € S uMeer HeDOJIbLIOE YHMCJIO CBA3CH ¢ TeMaMu
poauTe/ibekoro yposus t € T. B wacrnocru, eciu Bce pacupesesierusi p(t|s) BbIpozx ie-
HbI, TO €CTh KazKJ/las TeMa S UMEeeT TOJIbKO OJIHY POJUTE/ILCKYIO TeMy t, TO BCS uepapxusi
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upuobperaer Buj Jiepesa. [IpumMmeHuM Kpocc-9HTPONUURHbBINA peryJisipu3arop Jijisd pa3perxu-
BaHus pacupejesennii p(t|s), Bbipasus ux yepes g 1o dhopmyle Baiieca:

R(T TZZ lnpt|s ZZI Zwi”tn

ses tET tET seSs

[Tockonbky Marpuina W sBageTcd 4acTbio Marpuibl O, K Heil mpuMennma dopmyta (17),
u3 KOTopoit cieayer dopmysa M-miara i MOJIe/In J0YEePHEr0 YPOBHSI:

st = norm <nst + T(p(t\ s) — %)) (64)

CorutacHo 910ii dhopmy.ie, ycioBhbie BepogrHocT p(t|s), MeHbinue %,

CTaQHOBATCS €Ile
MEHbIIe, W [IPH JIOCTATOYHO O0JIbIIOM T 0bHyssiforest [41].

3 _ nst Nst

IIpu paspexusannu pacupesesenuii p(s|t) = 7=t Bazxno, 4robbl BeKTOpPHI p(t|s) = 7=

OCTABAIUCH PACHPEICACHUAMHU, TO €CTh YTO0bI Y Ka}K,H,OI/I HOJTEMBI $ OCTaBaJ/IaCh XOTS Obl

OJIHA POJMTENLCKad Tema. Ha modyepreM yposHe S He JTOMKHO 00pa3oBaThbCd HU OJHOM

MEMbI-CUPOMDL S, KOTOPas COBCEM He MMesa Obl pOIUTE/TbCKUX TeM t.

14 MopgennpoBaHne co4eTaemMoCcTu C/0OB

['unoresa «MeIlIKa CJIOB» SBJIAETCI OJHHM U3 CAMBIX KPHUTHUKYEMBIX IIOCTYJIATOB Te-
MaTHYeCKOro MojenpoBanug. OHa MOJTHOCTHIO HTHOPUPYET (bYyHIaMEeHTAJIbHOE CBOHCTBO
couemaemocmu ca06 (word co-occurrence) B ecrecTBeHHOM si3bike. CoueTaeMocTh ObIBaeT
JIBYX BUJIOB: KOHMAKMHAA T OUCTNAHMHAA.

Jlng onmcaHus KOHTAKTHOW COYETAEMOCTH U3 TEKCTA BBIJEJISIOTCS BCEBO3MOZKHBIE
N-2pamMMb, — TIOCJIETOBATEIbHOCTH U3 N HOJAP HIymux cjoB. Cpeau n-rpaMM Ipej-
CTaBJIIOT UHTEPEC KOJLJIOKAIUU U CJI0BOcoYeTanus. Koaiokauua — 3TO n-rpamMma, BCTpe-
4JaIOMIAsICs B KOPILYCe ropa3;/10 dalle, 4eM MOZKHO ObLI0 Obl 0KU/IaTh IIPU YUCTO CJIYIaiiHOM
COeJIMHEHNH JIAHHBIX CJI0B. Clo080couemanue — 9TO N-rpamMma, CJI0Ba KOTOPOH CBSI3aHBI
[0 CMBIC/Iy W TPAMMATHYECKH, U 0D03HAYAIOT eJUHOe MoHsATHE. B TeMaTudeckux MOe/sx
TeMaTUKy TaKHX N-TpaMM JIyUIle OIIpee/saTh, He pa3/esisas UX Ha OTJ/e/JbHbIe CJI0BA.

JlucTtanTHas coYeTaeMOCTb O3HAYAeT YacTOe IOSBJICHHE CJIOB B OJIHMX M T€X Ke KOH-
TEKCTaX, HAIIPUMED, B OJIHOM IPE/JIOKEHUN UM B COCEIHUX IIPE/JIOZKEHUSIX, HO HE 00si-
3aTeJIbHO BILIOTHYIO JPYT K JAPYTY.

Muorue ucciieoBanus HAIPABJIEHbI HA CO3/QHUE TEMATHIECKUX MOJEJIel, yIuThbIBa-
IOIUX IOPsJIOK CJI0B. I3 HUX HamboJiee BayKHBIME IIPEJICTABSIOTCSI TPH HAIPABJICHUS.

[lepBoe HampaBjieHHE CBS3aHO C BbIJET€HHEM HHMOPMATUBHBIX N-IPaMM — KOJLJIO-
Kallfii, CJI0OBOCOYETAaHMil, TEPMUHOB, HMEHOBAHHBIX CyIIHOCTe#. TeMbl, MocTpoeHHbIe Ha
n-rpaMMax, HAMHOTO JIydille HHTePIPETUPYIOTCs, YeM IIOCTPOCHHbIE Ha, yHUrpaMMax (0T-
JeJbHBIX c10Bax). [Ipobsiema B TOM, 4TO 9HCIIO BCeX n-rpaMM KaracTpodudecku ObICTpO
pacTér ¢ pocToM 00bEMa KOJIIEKIIH.

Bropoe HampasJieHHe CBSI3aHO C OCHOBHOM T'HIIOTE30i ducmpubymuerotl cemanmuku:
CMBICJT CJTIOBA OIIPEJIe/ISIeTCd TeM, B OKPYKeHUU KAKUX CJOB OHO Yallle BCEro yrnoTpedJis-
ercst. [TosiBienue nuporpammpl word2vec |95 crumysIMpoBaJIO Pa3BUTHE 6EKMOPHLLL NPeo-
cmasaernut caoe (word embedding). Oum HaxOAAT Maccy UpuMeHeHH Osarojapsi Tomy,
YTO CEeMAHTHYECKH OJIU3KHUM CJI0BAM COOTBETCTBYIOT OJIM3KHE BEKTOPBI. TeMarmdeckue
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MOJIEJIM TaKzKe CIIOCOOHBI CTPOUTH BEKTOPHbIE IIPeJICTaB/IeHus CJI0B, 00/1a/Ial0Nue STUM
CBOMCTBOM, B TO K€ BpeMd COXPaHdAd CBOWCTBA UHTEPLUPETUPYEMOCTU U PA3PEKEHHOCTU.

Tperbe HalpaBIeHHEe CBI3aHO C MeMAMuU4eckol ceemenmayuet, U THIOTe30iM, YTo
TEKCT H& eCTEeCTBEHHOM s3bIKe COCTOUT U3 IMOCJEI0BATEIbHOCTH MOHOTEMATHIHBIX COOD-
menunit. B vacTHocTn, Kax1oe mpejiiozKeHne Jalie BCero OTHOCUTCS TOJIBKO K OJIHOM Teme.
Bajaun cerMeHTalun pacCMaTpUBalOTCA B pasaesie 15.

Mogenn koHTaKTHOW co4detaemocTu. lcnosib30BaHue n-rpaMM, KOJLIOKAIMH I
CJIOBOCOYETAHUH 3aMETHO YJIy4lIAeT MHTEPIPETUPYEMOCTb TEeM, YTO JIEMOHCTPUDPYET-
Cd IPpaKTU4Y€CKU B Ka)KﬂOfI Hy6.HI/IKa]_H/H/I IO N-r'paMMHBbIM TEeMaTUYC€CKUM MOIEJIAM,
cM. Hampumep [67].

[lepBas Gurpammvuas temarmdeckas Mozaeab BTM (bigram topic model) [159] mpen-
craBJisiia coboii O CyTU MyJbTUMOJAILHYIO MOJIE/b, B KOTOPOIl KaXKJIO0MY CJIOBY U COOT-
BETCTBOBAJIA OT/e/IbHAS MOJAILHOCTD ¢O cjoBapém W C W, cocraB/ieHHbIM U3 BCEX CJIOB,
BCTPEUAIOIMXCsl HELOCPEICTBEHHO HOCJIe CJIoBa v. SauuuieM log-pasio1o106ue 31oii Mo-
JleJIM B BUJIE PEryJisipU3aTopa;

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

deD ved weWv teT

rae @b, = p(w|v,t) — ycaoBHAs BEPOSTHOCTH CJIOB W HOCJE CJIOBA U B TeMe t; Mgy, —
JacToTa OUrpaMMbl «vw» B JIoKyMeHTe d. ItaBHbIil HeoctaTrok Mozaen BTM B Tom, dTo
OHA YYHUTBIBAET TOJLKO OurpamMmbl. Bropas mpoG/ieMa B TOM, 9TO YHCJIO BCeX OUTpaMM
OBICTPO YBEJIMYUBAETCS C POCTOM KOJLJIEKIIMH, U UCII0JIb30BaTh Mojeib BTM nHa Gosibiiux
KOJLJIEKIUSIX 3aTPY/HUTEIBHO.

Mogeas TNG (topical n-grams) [168| ycrpamsier 91 He10CTaTKH. YCIOBHOE PACIpe-
JIeJIeHIE CJIOB OMUCHIBAETCS BEPOSITHOCTHON CMeChIO P(w|v, 1) = &yl + (1 —Epwt) Puot, TIE
Eowt — TEepeMeHHasl, paBHas BEpPOATHOCTH TOTO, UTO Iapa CJI0B «Vw» SBJIAETCI OUrpam-
Moii B Teme t. B pabore C. C. Crenuna® moka3aHo, 4To IpU HEKOTOPLIX He 0C000 JKECTKIX
HpeIIo/I0KeHusIX log-1rpaBionoodue 3ot MO/Ie/ M ONEHUBACTCS CHU3Y B3BEHIEHHON CyM-
moit log-tipaBomo106uit MmogabHOCTEH yHUrpaMm u durpamm B Mozein ARTM. JIpyrumu
croBamu, myabruMogaabaas ARTM moxkeT ObITh HCIIOIB30BaHA M1 IOUCKA, TPUOTHKEH-
Horo permrenus B mojenn TNG.

B Toit ke pabore ObLIN IPOBEIEHBI SKCIIEPUMEHTHI ¢ OUIPAMMHON MYJIBTUMOIATHLHOMN
mozesiblo ARTM na mebosbmioii (Menee 1000 OKYMEHTOB) KOJUIEKIIMH PYCCKOSI3BIYHBIX
crareit HayuHoit koudepennun MMPO (Maremarudeckue MeTO/bl pAaCo3HaBaHus 0Opa-
30B). ComocraB/ieHre TeM YHUIDAMMHON 1 GUrpaMMHOI MoJiesieil MoKa3asI0, 4To Mo TeMaM
OUTpaMMHOI MOJIETH OIPOIIEHHbIE MOCTOAHHbIE YIACTHUKHA KOHMEPEHIIMH MOIJIH OIpe/ie-
JINTH HAYYHYIO I'PYIIILY U JaKe aBTOPOB CTaTell, TOrJIa KaK [0 TeMaM YHUTPAMMHON| MO’
c/iesiaTh TO ObLIO POOJIEMATUYHO, CM. puUC. 18.

B ARTM n-rpammHasi MO/J€JIb €CTECTBEHHBIM 00pPa30M OLPEILIIeTCsS KAK MYJIBTHMO-
JlaJibHAsSI, B KOTOPO# JIIsi KAayKJIOTO N BBIJAEJSETCS OT/e/IbHAast MOJAAJIbHOCTh. s mpesi-
BapUTEJLHOI'O COKpAIEHUs CJIOBapeil n-rpaMM IOJXOJUT METOJI, IOUCKA KOJLIOKAIHii
TopMine [52]. On smHeitno Macirrabupyercss Ha Gobline KOJUTEKIUE U M03BOJIsieT (op-
MHUPOBATH CJIOBAPb, B KOTOPOM KazKjiasi n-rpamMmma 00/1a/1aeT TPeMsi CBORCTBAMM:

°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. 18: IIpumepst TeM yHUIPDAMMHON MOJIEJIU U COOTBETCTBYIOLIMX UM TeM OUIDaMMHO# Mozesu (110 KO-
Jekuuu crareil nay4unoit koudepenuuu MMPO — «Maremarudeckue MeTozpl pacio3HaBanus 06pa3os» ).

(a) UMeeT BBICOKYIO YaCTOTY B KOJLJIEKIIUH;

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

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

Mero/ipl, IpeIozKeHHbIe B mocaeayonmx paborax, SegPhrase [85] u AutoPhrase [132],
JIEMOHCTPUPYIOIIHE ellé JIyUIIHe Pe3yIbTaThl.

Mopgenb 6utepmoB. Kopomkumu mexcmamu (short text) Ha3BIBAIOT JOKYMEHTBI, -
Ha KOTOPBIX He JOCTaTOYHa JIJId HaJEzKHOTO ollpeje/leHus UX TeMaTHKH. l[Ipumepamu Ko-
POTKHMX TEKCTOB SIBJISIOTCH cOO0IIeHns TBuTTepa, 3aroJJOBKU HOBOCTHBIX COODIIEHU, pe-
KJIaMHbI€ 06'])HB.HGHI/IH, PEIVIMKH B /IMaJIO'aX, OTAE/IbHbIC IIPDEAJIO2KCHUA, U T. /. WsBecTHBI
HPOCTBIE 1OJIXO/IbI K 1pobJieMe, HO OHU HE BCErJIa IIPUMEHUMbL: 00'beIMHATH COOOIIEHUS 110
KAKOMY-JH0O0 MPH3HAKY (ABTODPY, BPEMEHH, PETHOHY H T.JI.); CINTATh KazKJI0€e COODIIeHUe
OT/IEJIBHBIM JJOKYMEHTOM, paspe:kuBas p(t|d) BIIOTH 10 €MHCTBEHHO TeMBbI; JOMOTHATD
KOJJIEKIIUIO JUTHHHBIMA TeKcTaMu (Hampumep, crarbavu Bukuneaun). Oxaum u3 Hanbo-
Jiee yCIIelIHblX W YHHBEPCaJIbHbIX IIOAXO/A0B K HpO6ﬂeMe KOPOTKHX TEKCTOB CYHUTaeTCA
memamuueckas modeav bumepmos (biterm topic model, BTM) [172].

bumepmom HasbiBaeTcd Napa CJI0B, BCTPEYAIONIUXCA PAJOM — B OJHOM KOPOTKOM CO-
OOIIeHUN WU B OJHOM IIPeJJIOKeHHU WU B OKHe £/ cioB. B oramdme oT OurpaMMsl,
MeZKIy AByMs CJIOBaMHU OHTepMa MOIYT HaXOIUThCA Apyrue ciosa. KoHkpernsamus mo-
HATHUS <«PSAJIOM» 3aBHCUT OT IIOCTAHOBKHU 3aJa4M U OCODeHHOCTell KosuleKnuu. Bbicokas
qaCTOTA 6I/ITepMa B TEKCTOBOM KOJIJICKIIUHN 4ABJIACTCA HPOABJICHUEM ,Z[I/ICTELHTHOI';I coderae-
MOCTHU JIAHHOM L1apbl CJIOB.

Mogens BTM onuchiBaeT BEpOSITHOCTH COBMECTHOIO MOsiBJIeHHsI CJI0B (u,v). Mexom-
HBIMH JAHHBIMU SIBJISTIOTCS 9ACTOTBI Ny, OUTEPMOB (U, V) B KOJIJIEKINH, UJIH MATPHUIA Be-

postHOCTEHl P = (Py)wxw, D€ Puy = NOrm (N, ).
(u,v)EW?2

[Ipumem rumoresy yciaoBaoit mezaBucumoctu p(u,v|t) = p(u|t) p(v|t), To ecTb momy-
CTHM, 9TO CJI0Ba OHTEPMOB MOPOZKIAIOTCH HE3ABUCHMO JAPYT OT JAPYTra W3 OJHOI U TOM Ke
rembl. Torjia, 110 popmyJie 1OJIHON BEPOSTHOCTH,

plu,0) = > p(ult) p(v[t) p(t) = Cupun,

teT tel
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rie Y = p(w|t) u m = p(t) — napamerpbl TeMaTHUeCKOil MOJe/ M. DTO TPEXMATPUIHOE
pazjoxenue P = ®IIPT, e Il = diag(my, ..., mr) — auaronaibHas Marpuna. Mosjeib
OUTEpPMOB He OIpeesIeT TEMATUKy JOKYMEHTOB © W IIO9TOMY He IOJABEPIXKEHA BJIUSHIIO
3 dpeKToB, BHI3BAHHLIX KOPOTKUMH TEKCTaMH.

ARTM mno3BoJisger 00beMHATL MOJEIbL OUTEPMOB ¢ OOBIYHON TEMATHIECKONR MOJIEIBIO,
9100bI BCE-Taku 1mojyantTh marpuity O. /s sroro Bo3bmém log-ipasionogodue moie/in
OUTEpPMOB B KadecTBe peryJsipusaropa ¢ KoM UIueHTom 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:

Pur = norm (nwt +7 Y nuwpmw); (65)
ueWw
Diww = ntoerTm(ntsOthOut)- (66)

Otu GOpMyY/Ibl HHTEPIPETUPYIOTCA Kak JobaBienue ncesdo-dokymenmos. Kaxmpomy
cioBy u € W craBUTCS B COOTBETCTBUE ICEBIO-TOKYMEHT d,, OObLEIUHAIONINI BCe KOH-
TEKCTHI CJIOBA U, TO €CTh 3TO MENIOK CJIOB, BCTPETUBIIHUXCS 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 nceso-
JIOKyMeHTa, d,, eCJI JOOILPEIE/JNTh ero TeMaTHKy Kak Oy, = nog"m(ntgput). Jpyrumu cjio-

BaMH, B MOJI€/IH OUTEPMOB CTOJIOIBI MATPHUILI O, COOTBETCTBYOIINE IICEBI0-TOKYMEHTAM,
00pa3yioTcd MyTéM IepeHOPMUPOBKU cTpokK MaTpuiipl ¢ mo dopmyste bBaiieca.

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

Mopenb cetn cnoB. lMiess MouegupoBarb He JOKYMEHTHI, & CBS3M MEXKJy CJIOBaMHU,
OblJIa I0JIOYKEHA B OCHOBY TeMAaTHYECKHX MOojeseil JUCTAHTHON HapHO cOYeTaeMOCTH
caioB WTM (word topic model) [39] 1 WNTM (word network topic model) [184]. Jlio-
boubITHO, 4TO GosIee panHsis mybaukanus |39] ocrasach He3aMedeHHOI (BUAMMO, KaK He-
baitecoBckasi), u crarbs [184] maxke ne cepuiaercs na weé. Mogesn WTM u WNTM cso-
ngarcs K npumenennto PLSA u LDA coorBercTBeHHO K KOJLIEKIUHU [ICEBI0-T0KYMEHTOB

p(w|d,) pr|t (t|dy) Zgowtetu
teT teT
Banumem log-ipasmononobue misg mogenu p(w|d,) B BUge peryaspusaropa:

R(®,0)=7 Y nuwln > oub,

u,weW tel

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

OcCHOBHOE OTJIMYME 3TUX MOJeJeli OT MoJe/ju OMUTePMOB B TOM, YTO 31€Ch B SIB-
HOM BHJIE CTPOMUTCH MaTpura O i [CeBIO-KOIEKIMU, TOIJIa KakK B MOJEJU OUTep-
moB © = diag(my, ..., )P u KOJUUECTBO ApaMeTPOB BjBOe MeHblie. Kak nokasa/iu
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skciiepuMeHTbl, Mojejib WNTM HeMHOro 1npeBocxoguT Mojesib OUTEPMOB U CYILIECTBEH-
HO [IPEBOCXOJUT OObIYHbIE TeMaTHIecKe Mojesn [184| Ha KOJIeKIusAX KOPOTKHX TEKCTOB.
Ha xonnexknusax JJIHHHBIX JOKYMEHTOB TeMaTHIYeCKue MOJIETN MapHOil COYeTaeMOCTH CII0B
He JIAI0T 3HAYNMBIX MIPEUMYTIECTB Hepe OOBIYHBIMI TEMATHIECKAME MOJETSMH.

KorepeHTHoCTb. Tema HasbiBaercs kozepenmioti (COrIACOBAHHOIN), eciu Haubosiee da-
CTble T€PMbl JAHHOIl TEMbl YaCTO BCTPEYAIOTCS PsIOM B JIOKyMeHTax KoJsuiekiuu [108].
CoveraeMoCTb TEPMOB MOZKET OIEHUBAThCA MO camoii Kosuteknun D [101], wiu 1o ¢Topos-
Heil Kosutekiun, Hapumep, mo Bukuneuu [105]. CpeHsst KOTepeHTHOCTH TeM CUUTACTCS
XOPOIIeil Mepoil HHTePIPEeTHPYEMOCTH TeMaTudeckoii Mojgesnu [109].

[Tycrb 3azanbl onenku coderaemoctu Ch, = p(w|v) mus nap repmon (w,v) € W2,
O6b14n0 C)pypy OLEHUBAIOT KAK JOJIIO0 JOKYMEHTOB, COAEPKAIMX TEPM U, B KOTOPLIX TEPM W
BCTpevaeTcsl He Jlajiee yeM depe3 10 coB oT v.

Samummem dopmyity noanoit BepograocTH p(w |t) = Y ClYyypyt 1 3aMEHNM B Hell yCI0B-
HYIO BEPOSTHOCTD (0, IAaCTOTHOI omeHKoii: p(w |t) =Y Cyy "L, BeeaéM peryaspusarop,
TpeOYIONMiA, 4TOObI HAPAMETPBI (0, TEMATHYECKONR MO/IEJN ObLIN COrJIACOBAHbBI C OLCHKA-
mu p(w |t) B cMbICsie KPOCC-9HTPOIIUHI:

R@®) =7 n Y plw|t)ngy.

teT weWw

®opmysa M-mara, coriacho (16), npuHuMaer Buj

Pur = norm (nwt + T Z C’wvnvt>. (67)
veEW\w

1o craazkuBaonmii peryigpuszarop. OH yBeJIMYUBAET BEPOATHOCTH TEPMa B TEMe, eCJIH
TEPMbI, ¢ KOTOPBIMH OH 4aCTO COYETAeTCs, OTHOCATCA K JaHHOW Teme. TouHO Takas »Ke
dbopmysa noayuamiacs B [101] aust mogesn LDA u anropurma commuinposanusi ['u66ca,
HO ¢ DoJiee CJIOKHBIM OOOCHOBaHHUEM 4epe3 00600mennyo ypHoByio cxemy [loiis, u ¢ 6osee
CJI0ZKHOM 3BpUCTHYECKON OMEHKOH Clyy.

B pabore |105] upemiozxen Ipyroit peryjisipu3arop KOrepeHTHOCTH:

R@®) =7 ) Cupupu

teT u,veW

B KOTOPOM OILICHKa, HapHOii coueraemoct TepmMoB C, = Ny, [PMI(u, v) > O] olpee/aeT-
CsL 9epe3 nomoueunylo 63aumnyio ungopmayuto (pointwise mutual information)

D|Nyy
1 PN

PMI(u,v) = NN

(68)
rjie Ny, — YHCJIO JJOKYMEHTOB, B KOTOPBIX TE€PMBI U,V XOTsS ObI OJUH Pa3 BCTPEYAIOTCS
psiiom (He sasiee, dem gepe3 10 ciaoB), N, — 4HCJIO JOKYMEHTOB, B KOTODBIX TE€PM U
BCTPEYAETCs XOTs Obl OJIMH Pa3.

Takum obpazom, eJiuHbBIH 110/1X0/1 K OITUMHU3AIUMN KOI'EPEHTHOCTH 1I0Ka, He BhIpaboTaH.
[IpeararaeMble KpUTepuH IOXOXKH HA MOJIEJH OUTEPMOB U ceTH cjaoB. Bece onu dopma-
JIU3YIOT OOIIYIO MJICI0, YTO €CJAU CJIOBA YacCTO COBMECTHO BCTPEYAIOTCS, TO OHH HMEIOT
CXO’KYIO0 TEMATHUKY.
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Mopenn BeKTOpHbIX NPeACTaB/IEHU CNOB CTaBAT B COOTBETCTBHE KarKIOMY CJIOBY W
BEKTOD V,,, pukcupoBauuoit pazmeproctu. OCHOBHOE TPeOOBaHUE K 9TOMY OTOOPAKEHUIO —
4TOOBI OJIM3KHM I10 CMBIC/IY CJIOBAM COOTBETCTBOBaJIM OJiM3KHEe BeKTOpbl. CoriacHo duc-
mpubymuenot zunomese (distributional hypothesis) cmbica ciioBa onpezessiercs: pacipe-
JIeJIEHHeM CJIOB, B OKPY2KeHHH KOTODBIX OHO BeTpedaercs [59]. CioBa, BeTpedarorimecs
B CXO2KHX KOHTEKCTaX, UMEIOT CXO02KYIO CeMaHTUKY Hu, COOTBETCTBEHHO, J0JI2KHbl HUMETb
osmskue BekTopbl. s bopmasmusanuu sroro npuniuna B [95, 96| npeiaraercs HeCKOIb-
KO BEpOSTHOCTHBIX MOJIe/Ieil, BCe OHU pean30BaHbl B iporpamme word2vec. B qactHocTH,
MoJiesib skip-gram mpejcKa3blBaeT MOABICHUE CJI0BA W B KOHTEKCTE CJIOBA U, TO €CTh IPH
YCJIOBHH, YTO CJIOBO U HAXOJUTCH PSIIOM:

exp (Vi V)
>, exp (v, V)’

i€ Vi, Vu) = Dy VutVur — CKAJISPHOE MPOU3BEeHe BeKTOPOB. B orimane or remarnde-
CKUX MOjieJieil, HOpPMUPOBKA BEPOSATHOCTEN ITPOU3BOJIUTCS HEJIMHEHHBIM 1TPe00pa30oBaHueM
SoftMax, a camu BeKTOpHBIE IIPEJICTAB/ICHUSI CJIOB HE HOPMUPYIOTCSI.

JLns obydeHus MoJIe/Id pelaeTcsd 3aa4ua MaKCUMHU3aIuu log-1paB oo o0us, Kak mpa-
BIJIO, TPA/IMEHTHBIMI METOAMMU:

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

Z Nuw Inp(w|u) — max.
u,weW {vw}

ITocTanoBka 3ama4un oYeHb TOX0XKa Ha TeMarndeckue Moaean BTM u WNTM. Monenan
ceMeiicTBa word2vec u Apyrue MoO/JdeJ/iIn BEKTOPHbIX HpeﬂCTaBﬂeHI/Iﬁ CJIOB TaKZK€ ABJIAIOT-
cs MaTpuaHbIME pas3stoxkenusMu (80, 117, 86]. [taBHOe oT/invme 3aKIF0YAETCSI B TOM, YTO
B 9TUX BEKTOPHBIX IIPEJ/ICTABICHUIX KOOPAUHATHI He HHTEPIPETUPYEMBbI, He HOPMUPOBAHDI
U He pa3perkeHbl, TOIJIa KaK B TeMATHYECKUX MOJIEJISIX CJIOBAM COOTBETCTBYIOT Pa3pPezKeH-
HblE JIUCKpeTHbIe pacupe/eienus Tem p(t|w). C apyroii cropoHbl, TeMarudecKue Mo/e 11
U3HAYAJIbHO HE IPejHa3HAYAJIUCh JIJIs OlPe/eJIeHUs CEMAHTUYEeCKON OJIM30CTU CJI0B, 110-
9TOMY JeJal0T OHH 3TO ILIOXO.

B [120] mpesioxken cmocob MOCTPOCHUST MEMAMUNECKUL 6EKMOPHOLL NPEOCasAeH Ul
caos (probabilistic word embedding, PWE) 1o mceBao-KoIeKIun J0OKyMeHTOB, aHAIO-
ruaabiii Mmogenaym BTM u WNTM. B samagax cemaHTHYecKOit OJIM30CTH CJIOB OHH KOH-
KypUPYIOT € MOJIe/IsiMU WOord2vec U CyIIECTBEHHO ITPEBOCXOJAT OObIYHbIE TeMaTUYEeCKUe
Mojiesin. [Ipu 9ToM TemaTu4ueckue BEKTOPHBIE IIPeJICTABICHUS SABJSIOTCI HHTEPIPETHPY-
eMBIMH U pa3pezKeHHbIMU. VICIo/ib3ys KpOoCC-9HTPONUMHBIE Pery/Isapu3aTopbl, Pa3pezKeH-
HOCTb BEKTOpOB yaaérca nosoauth 10 93% 6Ge3 morepu kauecrsa. Ha puc. 19 mokasanbl
HPUMEPDHI PelieHns 3a/[a9u acCOIUAIUl CJIOB C IOMOIIIO MOJIE/IeH, ITOCTPOEHHBIX 110 aH-
LIOA3BIYHON Bukumemum.

KonundectBennble onmeHKH IokasbiBaioT, 4yTo PWE pemraer 3agadyn acconualuy CJIOB
HAMHOI'O JTy4Iie OOBIIHOI TeMaTndecKoil mojeun LDA, HO He ¢TO/Ib yCIemHo KOHKY pUpyeT
C JIVYIIUM MOJIeJIIM ceMeiicTBa word2vec, KaK B 33/Ja4aX CeMaHTHIECKOil O6JIM30CTH.

B 3ajsiaue cemantudeckoit 6simzoctu jokymenToB PWE yBepeHHO orieperkaior BEKTOP-
uyto mozesnb DBOW [44], cienmasbro pazpaboTaHHyIO JJisl TOUCKA CeMAHTHYECKN OJIn3-
KHUX JOKYMEHTOB.

Kpome Toro, ARTM mno3Bosisser 0000IMUTL TeMaTHIeCKHEe MOIENH JUCTPUOYTHBHON
CeMaHTUKHU JJTsl MYJBTUMOJAIbHBIX KoJutekiuii [120]. Vcmoab3yst qanHbIe 0 HApHOi CO-
4eTaeMOCTH TEePMOB PA3JINYHBbIX MOJAJBHOCTE!, BO3MOYKHO CTPOUTH MHTEPIPETUpPyeMble
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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. 19: Ilpumepsbl peiienus 3aja4d accoumauuii cjioB s mozesneii ARTM u word2vec. IlpuBogsrcs
qeThipe Hanbosee OJU3KHIE aCCOITNAIINMI.

TeMaTU4YeCKUue BEKTOPHbIC LIpEeJACTaBJJICHUA IJId BCEX MO,ZLaIIbHOCTeI'?'I. B 10 ke BpeMd, Ipu-
BJI€YEHHUEC ,ZLOHO.J'[HI/ITG.HBHOI'?'I I/IH(I)OpMaI_[I/II/I O JIpyrux MOJaJIbHOCTAX IIOBbIHIAECT Ka41eCTBO
penienud 3aJa9u OJIM30CTH CJIOB.

15 MopennpoBaHue cBsA3HOro TekcTa

Cunoresa «MellKa CJI0B» M LIPEII0I0KEHUe 0 CTATUCTUYECKON He3aBUCUMOCTU COCE/l-
HHUX CJOB IPHBOAAT K CAHIIKOM 4acTOil XaOTHYHOH CMEHe TeMATHKH MEZKy COCETHHMU
caoBaMu. Ecam mpocienurs, K KAKEM TeMaM OTHOCATCA IIOCAeI0BaTe/IbHbIe CI0Ba B TeK-
cre, TO CoYeTaHMUsl TeM BHYTPH KazkJ0r0 IIPeJJIOXKEeHUs MOIYT LHOKa3aThCd He HACTOJILKO
XOPOLIO UHTEPIPETUPYEMbIMHI, KaK PAaHZKUPOBAHHbIE CIIUCKK YaCThIX CJI0OB B KazK 10l TeMe.

Temaruueckue MOJe/IU CeIMEHTAlUM OCHOBAHbLI Ha 00/iee peaJMCTUYHLIX HIOTe3aX
0 CBA3HOCTH TeKcTa. Kazkioe mpeiozKenne, KaK OPaBHI0, OTHOCATCA K OJHOH—IBYM Te-
mam. Creyromee npemioKeHue, KakK HPaBU/IO, HPOMOJIZAKAET TEMATHKY HIPEIbIIyIIero.
CMeHa TeMbl PeJIKO HPOUCXOJUT MEZKJLY LPelIOKeHUAMHI, 4acTo MexKly ab3alaMu, emeé
galle — MKy CeKIUAMU JOKyMeHTa. KazK i0e npejlozKeHue MOKHO CUUTATh «MEIIKOM
TepMOB». JIOKYMEHT MOXKHO CYMTaTh «MEHIKOM IIPEeJI0ZKeHU».

Bosee akKypaTHbBIC HOAXO/AbI CBA3AHBI C IOJIHBIM OTKA30M OT THIOTE3bI «MEIKa CJIOBY.
Temarudeckue BeKTOpbl p(t|d, w;) cTposTCst 1Jis KazK0il CJTOBOMO3MIUH i C YIETOM JIO-
KaJIbHOIO KOHTEKCTa JOKYyMeHTa d B OKPECTHOCTH TepMa w;. DTa HIesd JOIYCKAeT pas-
HooOpasuble peasusanuu. CHaua/ia Mbl PACCMOTPUM MeXaHU3M peryjdapusainuu E-mara,
KOLJIa KPUTEPUH PEryJisipU3aliu BO3ALHCTBYIOT HEIIOCPECTBEHHO Ha BeKTOPbL p(t|d, w;).
3areM pacCMOTPHM AJITOPUTM, KOTOPbIA BLIMHC/ISCT TEMATHICCKUI BEKTOD JOKYMEHTa Oy
o Marpune  3a onHy win ABe uTepayun. B nponecce Borauciennsa GpOpMHEPYIOTCH BEKTO-
PBI, OMMCLIBAIONIEE TEMATHKY JIEBOTO M IPABOr0 KOHTEKCTA I KazKIOH CIOBOIIO3UIMH 1.

TemaTuyeckass mogenb npeasioxeHuni. JlomycTum, 4To KaxKIblil TOKYMEHT d pa3ouT
HA MHO?KECTBO CEIMEHTOB Sy. 9TO MOI'YT OBITH HpeI0KeHns, ab3aIbl Wil (pasv, — CHH-
TAaKCHYIECKH KOPPEKTHbIE YacTu mnpeiokednit. Obo3HauuM depe3 N, JAJIMHY CEerMEeHTa, S,
9epes Ny, — YHUCI0 BXOXK/ICHUI CJI0BA W B CEI'MEHT S.

[IpeamoioKum, 9TO BCe CJIOBA CEIMEHTa OTHOCATCS K OJTHOI TeMe U 3amuiireM GhyHKITHO
BEDOSITHOCTH CerMeHTa S € Sy depe3 mapaMeTpbl TEMATHIECKON MOJETH Oy, Oig:

p(s|d) =Y p(tld) [ pwlt)™ =" 6u [ ] ou.
teT wWES teT wWES

Bysiem cunrarh Kazkipiil JIOKYMEHT «MeIIKoM cermMeHToBy. Tora pyHKIus: BEpOsSTHO-
CTH BBIOOpKH OyJ/ieT paBHA MpPOU3BEICHUIO (DYHKIUI BEepOITHOCTH cermMeHTOB. [locTtaBum
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3a/la4y MaKCHUMU3aluu cyMMbl log-1ipaB;io1o100us u peryJisipusaropa R

Z Z In Z Ora H on + R(®,0) — max, (69)

deD seSy teT wEes

upu 00bIuHBIX orpanndenusx (13). B wacrnom ciydae, Korja Kazkjplii CEIMEHT COCTOUT
TOJIBKO U3 OJHOTO CJIOBA, JaHHas 3a1ada mepexoaut B (14). BamernMm rtakzxke, 4To 3a71a4a
(69) siBsIeTCST YACTHBIM CJIydaeM MOCTPOEHHs TeMaThdecKoil Mogesu rumeprpada (50),
B KOTOPOM BEPIIMHbBI SIBJISIOTCS CJIOBAMU, a peOpa — LPEJJIOZKEHUSIMMU.

Teopema 15.1. Ilycrp ¢yukmus R(P,©) wempepsiBHO muchgpepenmupyeva. Touka
(®, ©) JrokasprOro 9xcTpemMyma 3agaqn (69), (13) yaosaerBopsier cucreme ypaBHeHHil co
BCIIOMOraTeJIbHBIMH IIEPEMEHHBIMU Pygs = P(t|d, 8), ec/in u3 peireHusi HCKII0YUTD HyJIEBbIE
crostoner marpui P, O:

Prds = n?ErTm(th [T els);

WES
OR
Pt = 1OW| Mt + Pui o ) Nuwr = Y Y [w € 5] pras
deD seSy
OR
0,y = norm|( n Org— | Nyg = )
td orl td T Oid 90,, )’ td ; Dtds
s€Sq

AnajiornanpiM 00pa30M 3ajada CTaBUTCs Ul MoJean npejyioxkennii senLDA [25] u
JUtst MoJiesin Koporkux coobmenunit Twitter-LDA [181]. B oboux ciydasx peryssipusa-
TOPOM SBJILIOTCA alpHOpHbIe pacupenenenns dupuxie. B momenn Twitter-LDA B posn
JIOKYMEHTOB BBLICTYIIAIOT aBTOPBI, B POJIK CEIMEHTOB — COOOIIEHHS JTAHHOI'O aBTOPA.

Mmneprpacdosbie mogenun cesA3Horo Tekcta. Temarudeckast mojesb runeprpada (50)
u3 pazzena 10 Mmoxker ObITh HEIMOCPEICTBEHHO TPUMEHEHA, /15l IIOCTPOCHUST TEMATHIECKON
MOJIe H TIpe iiozkenuit. Pedbpom runeprpada MOXKHO olucaTh Kak Ipe/IJI02KeHHe, TaK U JIo-
60€e IOJIMHOXKECTBO TEPMOB, CBA3aHHBIX JAPYT C JIPYTOM IO CMBICJTY ¥ IOPOXKIAEMBIX OTHOM
ob1Ieil TeMoit.

Ecim tekcr npejsapure/ibHO 00paboOTaH CUHMAKCUYECKUM NAPCEPOM, TO B Kade-
crBe pébep MOXKHO GpaTh BETKH MJIH HO/JIEPEBbsi CHHTAKCUIECKOTO JepeBa (cunmazmot),
B YACTHOCTHU, UMEHHBLE 2PYNNnb, — TPAMMATHICCKH KOPPEKTHBIE CJIOBOCOYETAHHS, B KO-
TOPBIX TJIABHBIM CJIOBOM SIBJISI€TCS CYIIeCTBUTE/IbHOe. CHHTAKCHYECKHE CBS3U IIO3BOJISIIOT
YCTAHABIUBATD CEMAHMUYECKUE POAU CAO6 U BBLICIITH (hakmob, B BUJIE TPOEK «OODBEKT,
CY6'beKT, ,ZLeﬁCTBHe», KOTOpbI€ MO2KHO CHUTATL TeMaTU1€CKU OJHOPOAHbIMHU U OIIMCbIBATDL
pébpamu rutieprpada.

MoKHO HCII0JIB30BaTh BHEIIHHE JIMHIBUCTHIECKHE PECYPCHI — 1Me3aypycvl WIH OHMO-
sozuu, Takne Kak WordNet, PyTe3, Buku-CiioBapb u apyrue. OHE IO3BOJISIOT HaXO/JUTh
Hapbl TEPMHUHOB, C BBICOKON BEPOSITHOCTBHIO CBA3aHHBIE TeMaTHUYECKH, JTUOO BOOOIIE 000-
3HAYAIONINE B TEKCTE OJUH U TOT K€ O0BEKT. DTO MOTYT ObITH HMAPBl CUHOHUMOS, AP
2unonum—2uneporum (dacraoe—odIee), napbl Meponum—roaonum (dacrb-iesnoe). Tepmu-
HbI, CBsI3aHHbIE TE3ayPYCHBIMHU OTHOIIEHUSIMH, MOKHO 00'be/IuHsdAThH pedbpom rumneprpada,
KOI'JIa OHU HAXOJATCS B OJTHOM IPE/JIOKCHUH WU B COCEHUX IPE/JIOKEHHUSX.

['uneprpadoBasg Mojesib He HaK/IaJbIBaeT HUKAKHAX OI'DAHHMYCHHIl HA MHOTI'OKpPATHOE
BXOXK/ICHHE OJIHOI'O U TOTO K€ CJI0Ba B pasuble pédpa runeprpada. 1o 1aéT BO3MOKHOCTH
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YUUTHIBATh Pa3HbIE THUIIbI CBA3€il MeXK/1y CJIOBaMHU, OIUCHIBAsI UX PA3JIUIHBIMU TUIIAMHU
pédep B runeprpade. Hamnpumep, M0KHO B eauHOM rutieprpadoBoil Mo/e/in yIUThIBATH
OJIHOBPEMEHHO IIpe/IJI0KeHHs, (paKThl, CHHTAKCHYECKHE U Te3aypPyCHbIE CBSI3H.

TemaTuyeckasa mogenb cermedtaumnn. Tenepb pacemorpum GoJjiee CJIOXKHbBIN CJLydaid,
KOI/Ia TEeKCT COCTOWT W3 IpeJIOXKeHuil, u Tpebyercsd oObeTMHUTbh UX B OOJee KPYIHBIE
TeMaTH4IecKne CerMeHThI, TPAHUIbI KOTOPBIX 3apaHee He OIpeJeseHbl.

Memod TopicTiling [127|] ocuoBan Ha mnocr-obpaborke pacupempesnenuii p(t|d,w;),
1=1,...,ng, MOJyIaeMbIX KAKOI-/IN00 TeMATUIECKOH MOe/ibio, Hatpumep, LDA. Oupe-
JIeJIUM TeMaTHKY 1peJJIoKeHus § Kak cpejuioio remaruky p(t|d,w) seex ero cios®.
[TocunTaeM KOCHHYCHYIO OJH30CTH TEMATWKHU [IJIs BCeX IMap COCETHUX MPEeITOKEHMI.
YeM rury6:Ke JTOKAIbHBIH MEHAMYM OJTM30CTH, T€M BBIIIE YBEPEHHOCTD, YTO MKy JAHHOI
Hapoil IpeJ/IoZKeHHI MPpoxouT rpanuia cermenToB. Meros TopicTiling nucosib3yer Habop
BPUCTUK JIjIsE 10/I00pa YMCJIa [PEJJIOKEHUI ¢jieBa 1 CIIpaBa OT JIOKAJIbHOIO MUHUMYMA
6JIM30CTH, OLPE/IC/IEHUs YUCJIa CEIMEHTOB, 10J00pa YKc/a TeM U YKhC/a uTepalui, UurHo-
PUPOBaHUS CTOI-CJI0B, (DOHOBBIX T€M U KOPOTKHX MpeJIoKeHuil. AKKypaTHas HaCTPOUKa
IapaMeTpOB STHX BPUCTUK MO3BOJISET JOCTUYb BBICOKOIO KadecTBa cermeHrtaruu [127].

TopicTiling He gBsgeTcsa MOJHONEHHOII TeMaTHIECKOl MOJIE/IBIO CEerMEHTAIUN TeKCTa,
HIOCKOJIbKY 1IOCT-00pabOTKa HUKAK He BJIMSeT Ha caMu TeMbl. dT0ObI HAlTH TeMbl, HanbO-
Jlee BbITOJIHbIE JIJI CeI'MEHTAIuu, Tpedyercs Clelua/IbHbIil Pery/ispu3arop.

Perynapusatop E-wara. /lo cux nop juig dpopmainsanuu JIONOJIHUTE/ILHBIX TpeboBa-
HUil K TEMATUIECKOH MOJIE/IM Mbl KOHCTPYUPOBAJIM KPUTEPUH PErYJIAPU3AIUN KaK (DyHK-
A OT MAapaMeTPOB Y.; U O;y. UTOOBI yUNTHIBATH HMOPSIOK CIOB BHYTPH JIOKYMEHTOB,
ropaso yjo0Hee HAKJIAIBIBATH OPPAHUYEHUS HA PACIPENeNeHUs Pyg, = p(t|d, w), Koro-
pble BBITHC/IAIOTCA Ha E-Imare i Kazk0ro caoBa B KazKJIOM JOKyMeHTe. TpeboBaHunem
peryJisipu3aropa MOXKeT ObITh, HAIIPUMED, PA3PEKEHHOCTh TEMATUKK IIPE/IJIOKEHUIT, CXO0/1-
CTBO TEMATHKH TEPMOB BHYTPU KaKJOI'O IPEJJIOKEHUsI UJIA B COCEHUX HPEJJIOKEHUAX.

[Iycts perynsipusarop R(II, @, ©) asasercs dyukiuii He ToabKo Marpun,  u ©, HO
TPEXMEPHOil MATPHUIIBI BCIIOMOTATeIbHBIX HepeMeHHBIX 11 = (Digw )7 Dxw -

Bynewm mpeanonarars, 9ro R gBIsSeTCS TOCTATOYHO IVIAIKONH (DYHKIHeH BCeX mepeMeH-
HBIX Pigws Puwt U g Kpome Toro, cjesraeM ecrecTBEHHOE JOMYIIEHUE, YTO eCJIM CJIOBA W
HeT B JIOKyMeHTe d, TO (DYyHKIUsE R HE 3aBUCUT OT [EPEMEHHON Pygy -

Corytacho ypasuennio (15), marpuna I1 ssisiercs dynknueit or © u ©. [Tosromy K pe-
rynapusaropy R(®,0) = R(II(®,0), ®, 0©) npumennma Teopema 4.1. Oxmako cucremy
ypaBHEHHil YI00HO 3alHCHIBATD Yepe3 TaCTHbIe [IPOM3BOLHbIE peryiapusaropa R, a ne R.

Paccemorpum 3ajiauy MakcuMusaluu peryssipu3oBaHioro log-mpasioiono0us

Z Z Ny 1 Z Outbra + R(11(P,0),P,0) — max, (70)

deD wed teT ’

IIPU OIPAHMYEHHUSIX HEOTPUIATEHLHOCTH U HOpMUPOBKH (13).

Teopema 15.2. Ilycrs pyuknus R(11, &, ©) neupepbiBHO quddepernupyema u e 3aBu-
CHT OT IIEPEMEHHBIX Py, 11p W & d. Torua rouka (P, ©) jokajibHOrO KCTPEMYMA 331491

6Tounee, B [127] npeaTaraioch 1jid Kazx/I0ro ¢oBa BbIOMpaTh Haubosee BepoaTHyio Temy. Oba Bapu-
aHTa MMEIOT IPaBO Ha CcylrecTBOBaHue. Kakoil m3 HUX JIydIle, MOKa He UCCJIEIOBAHO.
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(70), (13) yaosiersopsier cucremMe ypaBHeHHI €O BCHOMOIaTeJIbHBIMH IT€PEMEHHBIMH Dy,
H Didw, €CJIM U3 PEHIeHUs] HCKJIIIATH HyjieBbie cToj0nb Marpun ¢, O:

Ptaw = ﬂg%ﬂ (@wt@d)% (71)
OR
D w — w 1 - - z w ) 72

Dtd Dtd ( + ( Dbt ZZP d Do )) (72)
OR

Pwr = morm < > NawBraw + Pur 5 ) (73)
JeD Puwt

OR
Oa = norm ( wzed NawPrdw + Od 3 9td) (74)

Jlokazare/ibcTBO TEOpeMbl YA00HO pa3OUTh HA TPHU JIEMMBI.

Jlemma 15.3.  Jlist pyukimn p,g, (P, 0) = 5”:027923 u Jirobpix t,z € T
+ Pwt

apzdw apzdw ptdw(l - ptdw>7 = <5
Pw =0 d = Ptdw \[F = t Pzdw ) =
' agpwt ! aetd ! ([ ] ) —PtdwPzdw, t 7A <.

HokazarenbcrBo. Bocnosb3yemest hopmynamu (15) /1 mepeMeHHbBIX Pygy:

Spwtﬁpﬂ o 9 ( Pz ) o [2=1]01a 2y Puublud — Otapuw:bza _
Ot 0Pt Zu Puwulud (Zu Pwu ud)2
= Ptaw|2=1t] = PtawDzdw = Praw([2 =1t] = Pzdw);
g, Lz OPduw — 0, 0 ( Puw:0zd ) — 6, [2=t]wt Zu Cuullud — PutPw=0-d _
8 ©td 00,4 Zu @wueud (Zu @wueud)2

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

JlemMa JloKa3aHA.
Beeném Bciomoraresibuyio ¢gpyuknuio () or nepemennbix 11, . O:

OR(IL, ., O) > OR(IL, ,0)

w (1L, @, 0) =
Qtd ( ) aptdw apzdw

zeT

Jlemma 15.4. Ilycrs ¢pynxnus R(I1, @, ©) ne sapucut or nepemMeHHbIX Pigy, 1pu w ¢ d.
Torya yacrabie npoussoiubie pyukiun R(P, O) Boiparkarorcest 4epes Quaw:

OR OR
w w + w w) 0. =0 + w w -
Pwt 5 Do = ‘oo Do Zptd Qtd td ETR td aetd Zptd Qd

deD wed

HoxkazareabcTBo. Bocronb3yemcs popmytoit quddepennupoBanms CJI0KHO DyHK-

82w/ 8z’w R
Dzd Pzd =0 upu w ¢ d:

U M TeM, 9TO =0mpu w #w'; ——=0mnpud#d;
! OPust P 7 0044 P 7 OPtaw
OR  OR OR  Op.aur OR Op.dw
— . 4 = 75
&Pwt &Pwt (z,dw") apzdw’ a()Owt &Pwt ; ; pzdw &Pwt ( )
OR OR . OR OPsaw
) 76
904 aetd Z apzd’ 00sq 59td %; Opzaw 004 (76)
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B cuay siemmbr 15.3 cupaBejijinBo TOXKJIECTBO

@wtz oR apzdw :etdz oR 8pzdw _
ze

apzdw a9011115 T apzdw a‘gtd
OR OR OR
= apzdwptdw ([z :t] - p;:dw) = Ptdw < 8ptdw szdw p) zdw) = DidwQitduw-

[TogcranoBKa MOy IeHHOTO BhIpakenus B (75) u (76) 3aBepimaer J0Ka3aTeIbCTBO.

JIemma 15.5. Pemrenne ®,0 3azaun (70) yaorerBopsier cieyromieii cucreMe ypaBHe-
HHIl OTHOCHTE/IBHO IMEPEMEHHBIX Oy, 0yq H BCIIOMOIraTeIbHBIX IT€PEMEHHBIX Digy,

Ptdw = n%r%n (@wtetd)7 (77)
OR
Pwr = morm < > Nawbiaw + Y QrawDidw + Pur &pwt) (78)
deD deD
Ora = norm ( Z NwPtdw + Z QtawPraw + Ora=— O ) (79)
wed wed 9ua

DTa JeMMa SIBJISeTCS HeMOCPEICTBEHHBIM CIeACTBHEM TeopeMbl 4.1 i semmbl 15.4.
OcTamoch TOABKO 3aMETUTh, YTO BBIIEICHHE BCIOMOTATEIBHON MEPEMEHHOH Pigy CO-

racHo (72) mo3Bouisier nepenucarh ypasuenus (78)—(79) B rpebyemom Buze (73)—(74).
Teopema Jjiokazana.

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

3amMeTuM, 9TO MepeMeHHbBIe Pyg,, MOTYT IPUHAMATH OTPHUIATETbHbIE 3HAUEHNS, [TO3TOMY
B 00I1IeM cJiydae OHU He 00pa3yloT BEPOSITHOCTHBIX paciipejesenuii. Tem He menee, jijis
HUX BBILIOJIHEHO YCJIOBHE HOPMHUPOBKH Y, Praw = 1.

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

KL(|—C1” | p(t|d, w)) — max.

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

R(IT) = Z Z N Z In pig — max.

dGD wed teT

[TojcraBuM 11POU3BOHYIO

OR(II) 7 ngy

apzdw B |T| Pzdw
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B dopmyay (72):
ﬁtdw = Ptdw — T(% - ptdw) .

Takum 06pa3oM, eciiu i HEKOTOPOil TeMBI Digyy < %, TO Ha CJIEJYIONel uTepanun
BEPOATHOCTD Pygy JJIA JAHHOTO TEPMa W CTaHET emeé MeHbime. TemaTmka TepMa OyaeT
IIOCTEHEHHO KOHIEHTPUPOBATHCA B He60ﬂb]]_[OM qucJie TeM.

Emgé ogua uaTepupeTanys Toro perysapu3aropa CaeiyerT U3 BO3MOKHOCTH 3aIUCATH
pery/sipusanuio E-nrara sKBuBajeHTHBIM 00pa3om depe3 dopmysisl M-mara (78)—(79):

1 Tt
s =norm| Ny — ™y | — — — | |;
Pot =\ “\IT] ™ nw ) )
1 Ntd
0y = norm| ny — ™y| — — —
teT |T| Nq

Eciu Heperyisipu30BaHHbIE YaCTOTHBIE ONEHKH YCJIOBHBIX BepogTHOCTel p(t|w) = et
w

p(t]d) = Z—tj CTAHOBATCSI MEHbBIIE BEPOSITHOCTH PABHOMEPHOI'O PACIIPE/IEICHU s ﬁ, TO IPO-
HCXOJIUT PAa3pe:KUBaHUE PACIPEIETCHUN p,; U Opg; ¢ HTEpANUIMI UX 3HAYECHHS YMEHbIIA-
I0TCS U MOT'YT 00palaThCs B HyJib. Takum 00pa3oM, MPOUCXOJUT COrTTACOBAHHOE PA3PerKH-

Baxne Marpun ¢ u O, mox ynpassieHneM 0 HOTO 001ero K03 unuenTa peryasipu3anim 7.

Pa3pexuBatownii perynsipnsatop E-wara gna cermedntayun. llpumenum peryiis-
puU3anuio E—mara AJid TIOCTPOCHU A TeMaTU4YeCKON MoO/Je/In CerMEeHTUPOBAHHOI'O TEKCTA.
CeFMeHTaMI/I MOTyT 6bITb a63a].[bl, npeajiozkennsd uJjinm CUHTaKCUYCCKH CBA3aHHbIEC YaCTU
HPEJIOKEeHNI, HaliIeHHbIE ¢ IOMOIIBIO CHHTAKCHIECKOIro aHaan3aropa. O003HAUYNM Yepes
Sy MHOKECTBO CEIMEHTOB, HAa KOTOpbIe Pa3dHUT JOKYMEHT d, depe3 n, — JJINHY CEIMEHTa S,
qepes3 Tgy — YUCIIO0 BXO}K,H‘eHl/IfI TepMa W B CerMeHT S.

OmpenenM TeMATHKY CerMeHTa S € Sy KaK CpeIHIO TeMATHKY BCEX ero TepMOB:

1
Ptds = p(t|da ‘9) = Zp(ﬂd,ll]) p(w|5) = n_s Znswptdw'

wes wes

Yr1o0bl KazK/Jiblil CEIMEHT OTHOCHJICS K HEDOJIBIIOMY 4YHCJYy TeM, OyjeM MUHUMU3UPOBATDH
KPOCC-9HTPOLMIO MexKjy pacipejesenusivu p(t|d, s) u paBHOMEPHBIM PaCIpe/IeJIeHUEeM,
9TO MPUBEJET HAC K PA3PEKUBAIONIEMY pery/spusaropy E-mara:

R(H) =T Z Z Z In Z N swPtdw- (80)

deD seSy teT wES

Omyckasi pyTHHHBIE BBIKJIQIKU, IPUBEIEM pe3yabTar mogctanosku (80) B (72):

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

n, n
dw s€S, S DPtds 2T DPzds

Xors hpopmyJia BbIVISLIAT IPOMO3JIKON, 3DdeKT IpuMeHeHus pery/isipu3aTropa HOHATH
He TPYJIHO. FEciin BepOSATHOCTD Pigs TEMbl B CEI'MEHTE OKaKeTCsl MeHbIlle HEKOTOPOI'O I10-
pora, TO BEPOSATHOCTH Pigyy, OYJLYT YMEHbIIATHCS JIjIs BCEX TEPMOB W JIAHHOI'O CerMEeHTA.
B urore remaTnka KaxKI0ro cerMeHTa CKOHIEHTPHUPYETCs B HEOOIBIIOM YHCJIE TEM.
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123 ... g

IT|
| cexnmomumpoBaHue u paspexkmBaHHE |

|} crmaxwBamme m KOHTpAacTHpOBaHmE |

Puc. 20: 9pucruyeckas mocr-obpadborka E-mara jjis BblAeJIeHUs TEMaTUIeCKU OQHOPOIHBIX CEIMEHTOB
TeKCTOBOrO JoKyMeHTa d = {w1, ..., Wy, } JIAHBL Ng. POHOBBIE TEMBI HE YIACTBYIOT B MOCT-0OpabOTKe.

B pesynbraTe paspexKuBaHus TeMaTHKa COCEIHUX CEIMEHTOB MOYKET OKa3aTbCs OJIHM3-
KOW, U MX MOXKHO Oyjer oObeJMHUTh B OJuH TeMmarudeckuii cerment. HazoBém memy t
¢ MaKCUMaJibHbIM 3HavYeHueM p(t|d, s) domunupyroueti memotd cermenTa S JOKymeHTa d.
Eciim tema jioMuHHUpYyeT B COCEJHUX CEerMeHTaxX, TO OHa OyJ/er JOMUHUPYIOHIEH U B UX
obbeauHennu. Ecin o0be IMHUTD TOCIeI0BaTe/IbHbIE CEIMEHTBI C OJJMHAKOBOW JTOMUHUDY-
omeil Temoit B o/iuH 60J1€€ KPYIHBIA CEIMEHT, TO JIaHHas TeMa TaKzKe OCTaHeTCS B HEM
JIOMHHHUPYIOIIEH. DTO MpOocTas arioMepaTUBHAs CTPATErds TeMAaTUIEeCKOW CerMeHTAIlHH.
B ommnune or TopicTiling, y Heé HeT aBpucTUdecKux 1napaMerpoB, KOTOPbie HaJI0 HACTpa-
UBaTh, U OHA IIOYTHU HE YBeJIMYUBAET BpeMs 10CT-00paborku E-mara.

MMnoTe3a 00 3kBMBaA/IGHTHOCTY NOCT-00paboTku n perynspusaumu. Coraacuo ¢op-
myJie (72), npousBojbHOMy ruajgkomy peryisipusaropy R(II, &, ©) ognosnadno coorser-
CTBYeT IIPeoOpPa30BAHME Pigy, — Prdw- MOKHO IPEIIOI0KHUTH, YTO BEPHO U OOpATHOE: CO-
Bepmus Haj Marpuneii 11 npeobpasoBanue pyg, — Pidw C IOMOIIBIO HEKOTOPOIO «pa3yM-
HOI'O» 3BPUCTHYECKOrO AJTOPUTMA, MOKHO HAWTH COOTBETCTBYIONIUIL €My PeryIgapu3aTop,
pemus cucremy juddepeHnuaibHbX ypapHeHuil (72) OTHOCHTENbHO Hen3BeCTHOM (yHK-
uuu R. Ecim upungars vy runore3y (110ka OHa He JIOKa3aHA, XOTS U HPEJICTAB/IAETCSI
IPAB/IONO00HOI ), TO BO3HUKAET JBa IMyTH YJIydileHus MaTpurpl [1: 1ubo depe3 Kpure-
puil peryasgpusanuu, Judo depe3 IBPUCTHIECKYIO IOCT-00padOTKY.

OMH U3 BO3MOXKHBIX BAPHAHTOB 3BPUCTHICCKOM II0CT-00pabOTKH 3aKII0YACTCA B CI/Ia-
JKUBAHUU TEMATUYECKUX pactpeseseruil p(t|d, w;) cocejHux CJIOB € yuéTOM IPaHUIL IIPe/I-
Joxkenuit B gokymenre d = (wy,...,wy,). COMIACHO TEOpHH IUCKYDCA, BCSKOE BLICKA-
3BIBAHME HA, €CTECTBEHHOM S3BLIKE SBJIFETCH COODMIEHHEM O B3aUMOACHCTBHH HEKOTOPOIO
cyObeKTa ¢ HeKOTOPLIM 00 bekToM. OTCI0a CIeayeT, YTO KazKI0e IPeII02KeHIe OTHOCHTCS
IPEAMYIIECTBEHHO K OJHON WJIM JIBYM TEMaM.

Ha puc. 20 nokasaubl crajuu nocr-o0padorku mMarpuiibl 11y = (paw) pasmepa T Xng,
coorBercTBYyIONIEH (puxkcupoBanHomy jokymenty d. CHadajia JJOKyMEHT CEeKIHOHUPYeT-
Cd IO IpeaiozKeHHUAM U B KazK/IOM IIPEAJIO2KeHUUN OlIpe/ie/ideTCd IJilaBHad TeMa. SaTeM
COCEHME IPeIJIOKECHIA ¢ OJUHAKOBOI IMTaBHOH TeMOH O0bLeIMHAIOTCH B 0OJIee KPYIHBIE
CEerMEHTBI S, JIJIs KOTOPBIX OIpeeistiorcst pacupeenenust p(t|d, s).
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OpHonpoxogHbii E-wiar gns ObiCcTpoii TemaTn3aumm 4OKYMEHTOB. Boruucienue re-
MaTHYeCKOro BekTopa JoKymenta 0y = (0iq)ier 8 EM-asiropurme tpebyer MHOIOKpPaTHOIO
HTEPANIOHHOIO MPOXO/a 10 BCeM TepMaM JIoKyMeHTa. B crarbe [10] mpesgaraercst Bbi-
YHCJIATD 6y 338 OfuH MPOXos 1o ABHOIT (hopmyste, Kak dyukiuio or MaTpuipsl . Popmy-
na 0,4(P) urpaer posb peryiasgpusaropa, XoTs (GOpMAIbLHO ITO OpAHIMYEHHe-PABEHCTBO,
a He OUTUMU3AUUOHHBIA KPUTEPUN.

JlaHHblil 110/1X0/] UMeeT HECKOJIbKO IpeumyniecTs. Temarudeckas MOJE/Ib 110J1yYaeTcs
boJsiee ycToitunBoit Osiaromaps peryiasapusaruu. BekTop 6y /s 000ro JOKyMeHTa IIpu
HEOOXOIMMOCTH MOYKeT OBITh BBIUUCIEH OBICTPO, 3a OJUH MPOXOJ MO JOKyMeHTY. Dak-
TUYECKH, MAaTpUIa O MOJHOCTHIO HCKIOYAETCA U3 MOJE/H, 9TO IIPHUBOIUT K COKpAIe-
HUIO Pa3MEPHOCTU MOJIeJIM U yMEHbIIEHUIO 1epeodyuenusi. B Mojesisix ¢ iByMsi MaTpuiia-
MU HEJOCTATOYHOE KadecTBO Marpuiibl ¢ Teopernyecku MoxKeT ObITh CKOMIIEHCUPOBAHO
UTEPAIMOHHBIM ITPOIECCOM HOJIOHKH KayK/I0r0 CTo/101a 0 MaTpuiisl © 1m0/, KOHKPEeTHBI
JIOKyMeHT d. B ciiydae KOPOTKHX JOKYMEHTOB 3TO MOXKET MPHUBOIUTH K HEPeodydIeHUIO.
Ecnu xe © Boipakaercs depe3 ® HemocpeICTBEHHO, TaKas MOJIOHKA CTAHOBUTCS HEBO3-
Mok HOit. Kpome toro, pasmep marpuiibl © JIMHEHHO 3aBUCUAT OT YUC/IA JIOKYMEHTOB B KOJI-
JIEKITH, TOT/IAa KaK Pa3Mep CJIoBapsl yBeJINInBaeTcs 10 CyOJInHeiTHOMY CTEIIeHHOMY 3aKOHY
Xunca [50]. Pocr cioBapst Mozxer ObITh OIDAHUYEH W MPUHYAUTEIBHO, IyTEM 0TOpaChIBa-
HUS HaMeHee YaCTOTHBIX cJI0B. TakuM 0Opa3oM, YMeHbBIIAeTCS TeMIT POCTa PA3MEPHOCTH
MO/JIeJIN TIPU PACHIUPEHUN KOJIEKITUH.

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

o _ 1.
Oe3 peryJ/sipu3anuu 1Ipu pAaBHOMEPHOM HadaJibHOM upubsiuzkenuu 0, = Gk

wW w 9
Oa(P) = norm Z NawPtdw | = Z Hdw _ Put td prd norm(wwt) (81)

n
weW wed d Z Spws Sd wed

__ N4 — A .
LAe Pud = 2 = p(w | d) — wacrorHas OLEHKA YCJIOBHOI BEPOSTHOCTH T€PMa B JIOKYMEHTE.
BoJiee obmuit criocod ocuoBan Ha popmyJie 1HOJIHOM BEPOSITHOCTH, IJie pacipe/ie/ieHue
pr = p(t) monaraercs GUKCHPOBAHHBIM (BMECTO PABHOMEDHOTO PACIIPE/IEJIEHIS MOXKHO HC-

OJIB30BaTh 6OJIee TOUHYIO ONEHKY py = “t u3 EM-anropurma):

Opa (P Zp (w|d) p(tjw) = prd n;)erTm(gpwtpt). (82)
wed wed

Pacemorpum cHadasia obmuit ciy4daii pyHKunoHabHOM 3aBucuMoct Gy (D).

Teopema 15.6. Ilycrs ¢yukiun 0yy(P) u R(P,0) HeupepbiBHO juppepeHiupyempl.
Torna rouka ¢ sokampHOrO sKCcTpeMyMma 3agaqn (14) ¢ orpanmdenmsvu (13) m gomo-
HHTEJTbHBIMH OrpaHmdeHusIMHA-paBeHcTBaMi Oy = 0,,(P) yaoBrerBopsier cucreme ypaBHe-
HHil €O BCOHOMOTATETbHBIMA MEPEMEHHBIMH Py, = P(t|d, W), Nyq 1 Py, €CTH 03 pEIIeHHs
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HCKJIIOYUTH HyJieBbie cToJ10bl Marpui ©, O:

Pe = 10T (Pus11a); (83)
oR

= wPtdw + 0 84

Nyg = wzalnd Pidw + Ora 77— aetd (84)
’ Pwt Nsd a‘gsd

= Doy + 22 : 85

ptdw ptd + 'n,dw ~ Hsd 8801”15 ( )

OR
Pwt = I}UOEI"IH <Z ndwptdw + Puwt aSOwt) (86)

okazareabcTBO. Bocmnosb3yeMcs HEOOXOJAMMBIM YCJIOBHEM SKCTPEMyMa 3a/adu
(14) ¢ orpanuuenusimu (13), koropsie gaér reopema 4.2. @opmyna E-mara (18) cosua-
naer ¢ (83). Pacemorpum dbyrkinmonast, Makcumusupyembiit Ha M-mare (19):

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

deD ueW seT

3anumeM 9acTHbIE MPOU3BOHBIE () IO MAPAMETPAM Py, BBLIETAS B (OPMyIax BhIpa-
JKEHUS Ngg U p;dw cornmacuo (84) u (85) COOTBETCTBEHHO:

Z NwPtdw + Z NduPsdu 75— Put aeSd Pwt Z Of 898d T a—R =

Pw w
t@gom ~ =~ 0o Dpur 0050 Opust "0
w OR \ 00, OR
T (z st + b ) T )+ g =
deD dw cop 0sa ued Put Put
Mo
Sowt Nsd 895d ) aR
— Naw | P dw Sow - -
C;) ( ! Z esd 8§0wt tagowt
ptdw

Orcroia 1 U3 JieMMBI 3.2 0 MAKCUMH3AIUKA Ha €UHUIHBIX CHMILIEKCAxX cieayeT hop-
mysta M-mrara (86).

Bamerum, 910 0,y B 3HaMeHaTe/1e He MOKeT 00paIlaThCs B HyJIb, IIOCKOJIBbKY 1pH 0, = 0
UMEEM Pgg, = 0 JJIsT BCEX U, CJIEOBATEILHO, COOTBETCTBYIONIEE CIAraeMoe B CyMME IO §
orcyTcTBYeT (paBHO HYJI0) B dhyHKIHOHAME () emé 10 ero quddepenupoBaHus.

Teopema nmokazana.

Takum obpazom, momudukanusa EM-anropurma, Kak u B cjydae HOCT-00pabOTKHU
E-mara, cBojurcst K mpeobpa3s0BaHUIO EPEMEHHBIX Digy B Pg.s KOTOPBIE HOICTABJISIIOTCSE
B 00b1unyI0 popmysry M-miara s marpunbs P.

Tenepb BepHéMCH K acTHOMY cirydato (82). YTobbl mpuMeHUTh K HeMy Teopemy 15.6,
HaiIEM JaCTHYIO IPOU3BOJIHYIO:

a‘gsd 8 ( PwdPwsPs

90 _ 5st ZU Sovav - Sowsps
wt o
§ :v PwovPo

(2, Punds)’
PwtPt

rae 0 = [s=1] — cumsou Kponexepa, ¢}, = =2 = normy (@uwpr) = p(t|w) — pesyn-
TaT nepeHopMupoBKH Marpuiibl P 1o crpokam corsiacio popmyiie baiteca. [TojacraBum 1o

) = PuwtPtPwd = pwdgpgw (58t _90;11}) ’

a()Owt wt a()Owt
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Boipazkenue B (86) u mepenuiieM ypaBHeHHsi B HODsJIKe, YI0OHOM JiJisl IPOBEICHUs Bbi-
GUCJIeHUTT MeTOIOM pOCThIX ureparuii [10]:

o = ngerjzn(sowtpt);

Oa = prd%w;

wed

= norm Oq);
Ptdw s (Spwt td)7

OR
Nig = E NawDtdw + Ord=7—;
t wed t t Oa
/
/ Prw [ Mtd ; Nsd
Ptaw = Ptdw + - Psw )
td ‘ Ng \ O sEZT Osa
OR
_ /
Pwt = nOrm déD NewPidw + Puwt Do

Boraucienne nepeMenubix @y, Oid, Pidws Mids Dygy, 00pasyer E-mar u 3anumaer O (ng|T|)
oliepaluii 110 KazKJ0My JIOKYMeHTY, Kak B oObiunom EM-ajropurme. Bee nepemenubie,
OTHOCSIIUECT K KOHKPETHOMY JIOKYMEHTY d, MOYKHO yJAJIdATh U3 MaMATH 110 OKOHYAHUH
ero o6paboTKu. Beraucienue mepeMeHHbBIX (,,; IPOUCXOIUT 0 OOBIYHOI (popMyIe, TOJTBKO
BMECTO YCJIOBHBIX BEPOSITHOCTEH Py, HOACTABJSIOTCS EPEMeHHbIe D, . Takum obpasom,
moudukarus EM-ajiropurma He NpUBOAUT K CYHIECTBEHHOMY YBEJIMYCHUIO BPEMEHH €10
paboThl WU JOMOJHUTETLHOMY PACXO/LY HAMSITH.

Ob6paboTka KaxJI0ro JIOKyMeHTa Ha E-1mare ocymecTBisercs 3a JBa mpoxo/a. Ha mep-
BOM IIPOXOJI€ BBIYHCISIOTCI IepeMentbie ¢, u 6. Ha BTOpOM mpoxome BBIYHCIAIOTCS
OCTaJIbHbIE HEPEMEHHDBIE Didu, Midy Pigp- LCIM TpeOyercsd TOJBKO HANTH TeMaTHYeCKuii
BEKTODP JIOKyMeHTa Oy, He 00HOBsig Marpuily P, TO BTOPOH MPOXO JIe1aTh HE HYZKHO.
HopmupoBounbie MuOXKHUTEHM Jijis CTPOK MATPuIbl ® MOXKHO BBIYHUC/ISITH U COXPAHSTDH
ocJie Kaxkjaoro obnossenus marpuibl . Paccmorpennas momuduranus EM-aaropurma
[O3BOJISIET TeMAaTU3UPOBATH HOBBIE JOKYMEHTHI MaKCHMAJIbLHO OLICTPO.

Tematusaums nokasibHbix KOHTEKCTOB. Dopmysa O4(P) oupenesnsier remMarudeckuii
BekTOp p(t|d) mokymenta d = {wy, ..., w,,} Kak cpeauuii BekTop p(t|w) Bcex ero cios:

,0(®) = p(t]d) = nidzpwn.

Temarudeckuii BekTop p(t|s) NPOU3BOIBHOIO TEKCTOBOIO (hparMeHTa s — CJI0Ba, CJIO-
BOcOoveTaHusi, HOpas3pl, HpeIoKeHus, ab3ala, pas3jiena M CerMEHTa — TAKKe MOYKHO
ONpENIeNINTh KaK cpejuuii Bektop p(t|w) Beex ero cJos.

TemaTudeckuii BEKTOP JOKATBHOTO KOHTEKCTa p(t|i) cIoBa w; €CTeCTBEHHO OIpe/ie-
JUTH C MOMOIIBI0 YKCIMOHEHIUATBHOrO CcKosb3giiero cpegnero (DCC). Bo-mepBbix, 510
1I03BOJISEeT YYUTHIBATH OJIM3KKE cjI0oBa ¢ 06/IbIM BecoM. Bo-BTOpPBIX, pekyppeHTHbIe (hop-
myuibl st DCC BeraucauTeIbHO 0YeHb 3G deKTuBHbl. B-Tperpux, onu mo3BOILIOT Ole-
HHUBATh JIOKAJIbHBIE KOHTEKCTBl KaK CJIeBa, TaK M CIPaBa OT CJIOBA W;, €CJIH IIPODEKATDH
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11O TEeKCTY B JABYX HallpaBJICHUAX, OT Ha4daJla K KOHIY U OT KOHId K Ha4daJly:

p(t)i) =a; - p(t|w;) + (1 —a;)-p(t|i—1), i=1,...,ng, a;=1;
p(tli) =a;-pltlw) + (1 —a)-pltli+1), i=ng...,1, an, =1

s Bei6opa koabdunuenta criazkupanus «; € [0, 1] MOKHO OPHEHTUPOBATHCS HA W3-
BecrHyO i DCC oneHky «; ~ %, rje m — 9YHUCI0 yepeaHseMbIx mo3unuii. Hanpumep,
a; = 0.1 npub/iusure/ibHO coorBercTByeT ycpejanenuio 1o 10 ciaosBam. Kosaddumument oy
MOXKHO MEHSITh B 3aBHCHMOCTH OT IO3ULKK ¢. Ero yBejamdeHnune BILUIOTH 10 «; = 1 103BO-
JieT «3a0bIThy HAKOILIEHHYIO K JIJAHHOMY MOMEHTY HH(MDOPMAIUIO O KOHTEKCTE, HaIpH-
Mep, IpHU Iepexoje Yepe3 IpaHuIly pas3/ie/oB CeKIIMOHNPOBAHHOTO JOKYMEHTa. Y MeHbIIe-
HUE (; BILIOTH JI0 HYJIA II03BOJIET YMEHbIIATh BEC JAHHOI'O CJ0BA, HAIIPUMED, €CJIH ITO
CTOII-CJIOBO HJIM CJIOBO OOIIEH JIEKCHKH.

3Hast TeMaTHYeCKHe BEKTOPbI JIEBOIO U 11PaBOro Kourekcra p(t|i) u p(t]i) aus kaxpoii
CJIOBOIIO3UIIMH ¢, MOYKHO OTBE€YAThH HA MHOTHE BOIIPOCHI O TEMATUYECKOH CTPYKTYpe TEKCTa
1 J00BIX ero (bparMeHTOoB.

Pacemorpum dsyranpasaennvie memamudeckue 6eKmops, Iapbl CJIOB W; U Wj:

p(tli), p(tli)  p(tli), p(tl))

Temarnka JBYCTOPOHHEIO KOHTEKCTa CJIOBA wW; OIEHUBAETCS KaK cpejHee apudmeru-
YeCKOe JIeBOI'0 U IIPABOI'0 KOHTEKCTa!

p(tli) = 3(P(ti) + b(t])).

Temarnka KOPOTKOrO CerMeHTa [i...jJ| oleHuBaeTcs Kak cpejHee apudMeTHdecKoe
[IPaBOro KOHTEKCTA €ro HAadaJa ¢ U JIEBOI'O KOHTEKCTa ero KOHIA j:

p(tli...5) =3 (p(td) + B(t]])).

TemaTuvyeckass OJHOPOTHOCTb CETMEHTA |[i...J| OINEHHBAETCS TeM, HACKOJIBKO CXOXKH
pacupenenenus p(t|i) u p(t|j).

[To3unuu ¢ rpanuI, MezxK/Iy TeMATHIeCKUMU CErMEHTAMU JIIMHHOTO TEKCTOBOIO JIOKY-
MEHTa XapaKTepU3yIOTCsl TeM, HACKOJIbLKO PasJjudHbl pacupeeienus p(t|i) u p(t|i).

Anaymsz orkjionennit KOporkux u yimHHBIX JCC, COOTBETCTBEHHO 1PU OOJIBIINX U Ma-
JIBIX (v;, IO3BOJISIET OIIPEJIETUTD, COJEPIKUT JIM TEKCT BKPAILTICHHST TEMATHIECKH PA3HOPOJI-
HBIX (DPArMEHTOB, W ¢ OHU HAXOJATCH.

16 Kpurtepnun kadectBa TemMaTudecKnx moaesiei

Kpurepun KadecrBa TeMATHYCCKHX MOJAEICH NPHHATO [eJUThL Ha BHYTPEHHHE
(intrinsic) u BHemHue (extrinsic). Buympernue Kpumepuy, XapakKTepu3yoT KaIecTBO MO-
JIeJIM 110 MCXOJHOM TeKCTOBON KOJUIeKIUU. Bhewnue Kpumepuu OLEeHUBAIOT II0JIE€3HOCTD
MoAe/JIM C TOYKHU 3PpEHUA IPUJIO2KEHUA U KOHETHbIX 110J1Ib30BaTeJIe. I/IHOF,ZLa AJId 9TOro
HPUXOJUTCsE COOMPATH JIONOJIHUTEIbHBIE JaHHbIE, HALIPUMED, OLEHKH aceCcCOPOB.
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Ha npakruke K TeMaTHYeCKUM MOJE/IAM IIPEIbsB/ISIOTCS pa3J/iidHble HAOOPbI Tpe-
OoBaHuil, a JJIsi HOCTPOEHUS MOJIE/IN HPUMEHSIETCS MHOTI'OKPUTEPUAJIbHASA ONTHMU3AIMS.
[TosTOMYy M KauecTBO MOJIE/IH JIOJIZKHO OIEHUBATHCA 110 MHOTUM KPHUTEPUSM.

B ARTM wu30bITOUHAS pery/aspu3aius MOXKeT IPUBOIUTD K aerpaganun Momenn. O6-
Pa3HO TOBOPS, PEryJsipu3aTOpPbI, KaK JEeKapCTBa /I MOJIE/TH, TPeOYIOT IOoa00pa Tepa-
IIEBTHYECKON J103bl BO3/eiicTBus (Kodbduimenta peryispusanuu), a B ciydae epejo-
3UPOBKU MOI'YT HPUBOJUTH B BBIPOXK/IEHUIO Mojejn. Jljisi oOHapyKeHus KarxK/I0ro THIIA
BBIPOXK/IEHHOCTU HYKHBI CBOM KPUTEPHH KavecTBa.

B npoekre BigARTM mnojjepkuBaercs OHOIHMOTeKa CTAHJAPTHBIX METPHK KadecTBa
U IPeyCMOTPEHbI MEXaHU3MBbI JTI0OABJICHHS HOBBIX MOJIb30BATE/THCKUX METPHUK.

BHewHne kputepun BecbMa pasHOOOPA3HBL U 3aBHCAT OT KOHEYHOMH perraeMoil 3a1a4u.
[IpakTuveckn B KazK/10il IyOJHKAINH 110 TEMATHICCKOMY MOJEIUPOBAHUIO HCIIOIb3YEeTCs
KaKOMi-s1n00 BHENIHUiT KpuTepuit: KaduecTBo Kiaccudukaiun jgokymentos |130], tounoctsb
1 11oJiHOTa MHMpOpMaronHoro noucka [175, 19, 9, 17|, uncio HafiileHHBIX XOPOIIO HHTED-
IPETHPYEMBIX TeM [22], KadecTBo cermentanuu TekcToB [127]. B [42| npemnaraercsa meto-
JIKA THATHOCTHKH TeMATHIeCKHX MOJeJIeil, OCHOBAHHAs Ha COMOCTABJICHHH Haii[eHHBIX
TEM CO CIEIUATBHBIME HAOOPAMH B3aHMOCBSI3AHHBIX CJI0B, HA3BIBAGMBIMHI KOHUENIMAMU.

Mepnnekcns. Haubosee pacupoCTpaHEHHLIM BHYTPEHHHM KPHUTEPUEM SBJILETCS nep-
naexcus (perplexity), ucrnosib3yemast Jyisi ONEHUBAHUST BEPOSITHOCTHBIX MOJIEJIEH sI3bIKa
B KOMHbIOTepHOﬁ JINMHI'BUCTUKE. STO Mepa HeCOOTBEeTCTBUA HJIN «y,ZLI/IB.HéHHOCTI/I» MOJAeJIn
p(w|d) repmam w, Koropbie Berpeuatorest B jokymentax d. Ona onpejessiercs uepes log-
npasonoaobue (12), mubo gepes log-npasomnogobue (37) KazkK 10 MOJATBHOCTH M:

1
Pm(D;p) = exp —ﬂz > ngwlnp(wld) ), (87)
deD weWwm
TAE Ny = >, Y. Mgy — JUIMHA KOJUIEKIMU 1O M- MOAAJBHOCTH. HeM MeHble mep-
dED wEW™

IJIEKCUd, TeM Jiy4dlle MOJ/JeJIb p HPEACKa3blBaeT 1OABJIEHUE TEPpMOB W B JOKYMeEHTaX d

[lepiuiekcusi uMeeT CJeAYIONLYIO HHTEpUPeTanuio. Kcjim TepMbl W HOPOKIAI0TCH
13 paBHOMEPHOrO pacupejeinenus p(w) = 1/V ua cioBape momnocru V', 10O nepiuiekcust
SI3BIKOBO#T MOJIe/TN p(w) HA TAKOM TEKCTe CXOAUTCS K V' ¢ POCTOM ero JinHbl. deM cusibHee
pacrpesesnenne p(w) OTIHYALTCS OT PABHOMEDHOTO, T€M MeHbIIe MepIlieKcust. B ciydae
YCJIOBHBIX BeposgTHOCTel p(w |d) MHTepIpeTaiss HEMHOIO Jpyras: eCoH KazKIblil JOKY-
MEHT reHepupyeTcss u3 V' DABHOBEDPOSITHBIX TEPMOB (BO3MOXKHO, PA3JIMYHBIX B PA3HbBIX
JIOKYMEHTAX ), TO HePIUIEKCUsT CXOAuTest K V.

HemocraTrkoMm mepiieKcun gBJIsSIeTCs HEOUeBH/IHOCTD €€ YNC/IeHHBIX 3HAYEHMI, a TaKKe
€€ 3aBHCHMOCTb HE TOJBKO OT KadecTBa MOJEIN, HO W OT Pa3MEpPHBIX XapaKTepHCTHK
KOJIIEKITUH — JIJTAHBI JIOKYMEHTOB, MOITHOCTH CJIOBaps, Pa3peKeHHOCTH BEPOSITHOCTHOIO
pacipejiesieHrst TepMOB. B 9acTHOCTH, ¢ OMOIIBIO MEPILIEKCHH HEKOPPEKTHO CPABHUBATH
TeMaTU4Y€CKHue MOJJ€E/In O,ZLHOI';I U TOH 2Ke KOJIJICKIIUH, ITIOCTPOCHHBbIC Ha Pa3HbIX CJIOBaPAdX.

Ob6o3uaunm 4depe3 pp(w |d) MoeIb, TOCTPOEHHYIO O 00YYAIONIell KOJIEKINH JTOKY-
mertoB D. [lepriekcus obydatorieil Bbioopku 2, (D; pp) siBIsieTcsi ONTUMUCTUIHO CMe-
MEHHOI (3aHMZKEHHON) XapaKTepUCTHKON KadecTBa Mojenn u3-3a shdexra mepeodyde-
Hust. O00OOIIAONIY IO CIIOCOOHOCTDh TEMATHIECKUX MOJE/IEH MPUHITO ONEHUBATH NEPNACK-
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cuet konmpoavrol ewbopry (hold-out perplexity) Z2,,(D’; pp). O6bIMHO KOLIEKIMIO Pa3-
JIEJISIOT Ha 00YYaIoNLyI0 U KOHTPOJIbHYIO CJIydaiiHbiM 00pasoM B nponopuun 9 : 1 [33].

B panHux skcnepummerTax ObLIO MOKa3aHo, 4To LDA cymecrBenno mpeBocxomut PLSA
110 [epILIEKCHH, OTKY/1a ObLI ¢jiestal BeiBoj, 4T0 LDA MenbIie nepeobydaercs [33]. [To3:xke
OBLITO ITOKA3aHO, UTO Ha OOJIBIINX KOJIEKIuIX mepiiekcus mogaeneil PLSA u LDA orin-
qaercst He3HaunTesabHO [92, 171, 87).

Ha camowm jiesie mpupojia «uepeobydenusi» 0oJibliie CBsi3aHa ¢ 0COOEHHOCTSMU HEPILIEK-
CHH, €M C Ka9eCTBOM caMux Mojeseil. [lepiiekcuss 9yBcTBUTEIbHA K MAJIBIM 3HAYEHHIM
IpeICKA3aHHON BEPOATHOCTH T€PMOB, MOCKOIBKY p(w|d) crout mox sorapudmvom. Crira-
»kuanne B LDA 3aBbIlaeT OMEHKH BepOSTHOCTEH peaKuX TepMoB, modroMy LDA mmeer
MEHbIIYIO KOHTPOJIbHYIO IIEPIJIEKCHUIO. MO,Z[G.HI/IpOBaHI/Ie BEPOATHOCTHU peAKUX CJIOB BazKHO
JIJIsl CTATUCTUYEeCKOI'0 MAIIMHHOIO 1IePEBO/Ia U JIPYI'UX IIPUJIO2KEHUI KOMIIbIOTEPHOM JIMHI-
BUCTHKM, OTKY/a HEPIJIEKCUsI W HPUILIA B TeMarudeckoe mojeaupoBanue. OIHAKO JI/Ist
HOHUMAHUs TeMATHIEeCKON KJIACTEPHOI CTPYKTYPBbI TEKCTOBOW KOJIIEKIUU W BbISIBICHUS
TeMaTHKN OT/IeJIbHBIX JOKYMEHTOB PEJIKHEe TePMbl KaK pa3 HAaWMeHee BarKHBI.

B [5, 121] 6bltu npe/iozKeHbl pobacmmsie memamuveckue MoOeU, OIUCHIBAIOIIIE PeJi-
KUe TepMbl ClielliaJibHbIM «(OHOBbIM» pacipejeienueM. KonTpoJibHas nepijiekcus po-
bactapix BapuanToB PLSA n LDA oka3aJiach CymecTBeHHO MeHbIei 1 IIPaKTUIeCKu 0/11-
HAKOBOM.

B [6] 661710 mOKa3aHO, 9TO HA JOCTATOMHO GOIbIIEX KoJLIeKnusx (n > 10%) obyuaromas
U KOHTPOJIbHaA IEePHJIEKCUA OJUHAKOBO PAH?KUDPYIOT CpaBHUBaeMbI€ MO/eEJIU, TO €CTb IIPpU-
BOJISIT K OJIMHAKOBBIM Ka4eCTBEHHBIM BbIBOJIAM. Takum 00pa3oM, /i CpaBHEHUsI Mojiesieit
HET 0CO00I HEOOXOIMMOCTH BbIUYUC/IATH KOHTPOJIbHYIO IEPILIEKCUIO.

[Ipu BBRIYMC/IEHNN MEPILIEKCHH MOYXKeT BO3HHKHYTH HpOoOJeMa HYJIeBOi BepOATHOCTH
p(w|d) = 0. Tepm w B 1O0KyMeHTe d BCTpeUaeTCsl, TeM He MeHee, MOJIe/b MPeICKA3bIBAeT
JUUTT HETO HyJIeBYIO BEPOSITHOCTb. B 9aCTHOCTH, IPHU BBIYUCIEHHH KOHTPOJBHON HMePILIeK-
CUM B JIOKYMEHTE MOXKEeT BCTPETUThCH HOBbIII TepM, KOTOPbIfi HU pa3y He BCTPETHJICH
upu obydenuu. B rakux cjydasix B IepIJIEKCHMM BO3HUKaeT OECKOHEYHO 0OJIbIIOoe cJiara-
emoe (—In0 = +o00). [Ipocreiitiee perrerne 310l TPOOJIEMBI 3aKIHOYALTCI B TOM, ITOObI
IPOUTHOPHPOBATH BCE TaKHe TEPMbI U IMOCYUTATH HX JIOJII0 B KOJLUIEKIIHH KaK €Ié OIHY
Mepy KadecTBa Mojenu. /Ipyroe pemienue — cuaenys [6], cautarh Bce Takue TEpMbI HeTe-
MATHYECKUMH U OLHUCBIBATH X BEPOATHOCTL 4acToTHON ouenkoil p(w|d) = ™. IToxoxuit
pPe3yJIbTaT MOJIYIUTCS IIPU UCIIOAb30BAHUE TEMATHIECKOH Moje/u ¢ HeobydaeMoit (poHo-
Boit Temoii p(w|b) = ™. Taxag Mozenb HEKOIA He OyIeT JaBaTh HYJIEBYIO BEPOATHOCTD
TepMa, eCJid, KOHEIHO, BEPOITHOCTH (DOHOBOI TeMBI B JOKYMEHTE HE paBHA HYJIIO.

NHTepnpeTtnpyeMocTb TeMaTHYeCKOW MOJETN SBJSIETCS ILTOXO (GOPMATU3YeMbIM Tpe-
boBanmeMm. CozeprKaTeJbHO OHO O3HAYAET, YTO IO CIUCKAM HamOoJee YaCTOTHBIX CJIOB U
JIOKYMEHTOB TeMbl KCIEPT MOXKET IMOHATh, O €M 3Ta TeMa, U JaTb eil a/JleKBaTHOe Ha-
spanue |37]. [Ipumepsr XopoIimo WHTEPHPETHPYEMBIX TeM IOKa3aHbl Ha puc. 12 u puc. 18.
CBOICTBO HHTEPIPETUPYEMOCTH BazKHO B UH(OPMAIMOHHO-IIOUCKOBBIX CUCTEMAX, UCHOJIb-
3YIOIIUX aBTOMATHYECKN Hali/leHHbIe TeMbl KaK HHCTPYMEHT BH3yaJu3allud Pe3yJbTaTOB
HOWCKA, HAIPUMED /Il BBIBOJA MOSICHEHWIl WU CHUIIIETOB, JTHOO KaK WHCTPYMEHT pyO-
PUKAIUU WM HABUTAIUA IO TEKCTOBOU KOJIJIEKITUH.

BoJibMHCTBO CyIIECTBYIONUX METOJIOB OIEHUBAHUS MHTEPIPETUPYEMOCTH OCHOBAHO
Ha [IPUBJIEYEHUH dKCIepToB-aceccopos. B [107] skciepram mpe/iarajioch HeocpeacTBeH-
HO OIIEHMBATH IOJIE3HOCTb TeM 10 TPEXOaJ/LUIbHOM IIKaJje, pacCMaTpuBas CIIUCKHU CJIOB,
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paHKupoBaHHble 110 yobiBauuio p(w |t). B memode unwmpysut |37] asst Kazk1o0it Tembl co-
craB/sgercs Cuucok m3 10 BEpXHUX CJIOB CIHCKA, B KOTOPbIA MCKYCCTBEHHO BHEIAPSIETCS
OJIHO caaydaiiHoe c10Bo. TeMa cYuTaeTCss MHTepPIPETUPYEMOil, ec/iu HoaaBsionee 60JIb-
IIKHCTBO SKCIEPTOB MPABUIBHO YKA3BIBAIOT JIUIIHEE CJIOBO.

B OpuKJIaIHBIX COIMUOJOIHIeCKUX HccaeaoBanusx [34, 72, 112] mus sxcneprHOro orge-
HUBAHUA TE€Mbl UCIIOJIB3YIOTCSI HE TOJBKO CIIMCKHM BEPXHUX CJIOB, HO M CIIMCKH JIOKYMEHTOB,
paHzkKupoBaHHbIe 110 yObiBanuio p(d|t). Dra Merojuka GoJiee TPYIOEMKA, MOCKOJbKY IKC-
IIePT MPOYUTHIBAET JOKYMeHThl. Ho oHa Gosiee Ha/IE2KHA B TeX CJIydadx, KOIJIa HPUKJIA/I-
HOIi 11e/JIbI0 TEMATHIECKOIO MOJIEJIMPOBAHUSA ABJISIeTC IIOMCK TeM OIpENeJEHHON HAIIpaB-
JeHHOCTH (HAampuMmep, 00CYZKJIeHUil MeKITHHIECKAX OTHONICHHI B COIUAIBHBIX CETsIX),
3aTeM Ka4eCTBEHHOE IMOHMMAHHe CEMAHTUKH KazKJ0#l TeMbl (B 4aCTHOCTH, KAKHE YTHUY-
HOCTH U KaKue 1po0JIeMbl 3aTparuBaer Kazk/as TemMa), 1 HAKOHell KOJMYeCTBEHHOe OIeHH-
BaHue 0ObéMa JaHHOIT TeMbl (1€, KOIJla i KaK 4acTo BOSHUKAET JaHHbIT JucKypce) |21, 22|.

KorepeHTHOCTb. DKciepTHbIE I0IXO0/Ibl HEOOXOANMBI Ha CTAIMU HCCJIeI0BaHUi, HO OHU
3aTPYAHAIOT aBTOMATHYECKOE OCTPOEHNEe XOPOLINX TeMAaTHYeCKuX Mojeneii. B cepun pa-
oor [107, 108, 109, 101| 6bL10 MOKA3aHO, YTO CPEM KPUTEPHEB KAYECTBA, BbIYUC/ISIEMbIX
110 KOJLIEKIIUH ABTOMATHYECKH, COMVIACOBAHHOCTh WK Kozepenmuocmo (coherence) stydrie
BCEI'0 KOPPEJUPYET C IKCHEPTHLIMHU OINEHKAMU UHTEPIPETUPYEMOCTH.

Tema Ha3bIBaeTCs KozepenmHol (CONTACOBAHHOI), €CoH TepMbl, HaHbOJee TaCTbie
B JIAHHOH TeMe, HeCJydailHO 4acTO COBMECTHO BCTPEYAIOTCA PAIOM B JOKYMEHTaX KOJI-
aeknuu [108, 109]. HucstenHoit Mepoii KOrepeHTHOCTH TeMbl ¢ SIBJISETCS NOMOYewHas 63a-
umnas ungopmayus (68), Borauciasemas 110 k nHanbosiee BEPOSTHBIM CJIOBAM TE€MBbI:

k-1 k

% - ﬁZZPMHwi,wﬁ, (88)

i=1 j=i

rjie w; — i-il TepM B HOPSIIKE YOBIBAHUS (D4, YUCJAO0 k OOBIYHO mosiaraercs pasubiM 10.

KorepeHTHOCTD MOJIe/TH OLpeeIseTcs KaK CPeaHss KOTePEHTHOCTD 6, IO BCEM TeMaM.
KorepeHTHOCTb MOXKET OIEeHHBATHCS MO CTOPOHHEIl KOJUIeKIuu (HampuMmep, o Bukuiie-
mqun) [105], 6o mo Toil Ke KOJUIeKI|H, 0 KOTOpOoii crpouTes Moaeasb [101].

Pa3pe>xeHHOCTb 1 nekcunyeckmne sgpa Tem. PaspekeHHOCTh MOJIe/IM U3MEPSeTCs J10-
Jieit HyJieBbIX 3jieMeHToB B Marpuiiax ¢ u ©. B mozeisax, pa3aeasommux MEOKeCTBO TeM 1’
Ha npejMeTHbie S u (HoHOBbIE B, pa3peKeHHOCTh ONEHUBAELTCS TOJIBKO 1O cTosOmam P
U CTpOKaM ©, COOTBETCTBYIOIIUM MPEJIMETHBIM TEeMaM.

HenocraTtok Takoro ompejenenus pa3pexKeHHOCTH B ero HeycroitamocTu. Ha mpak-
tuke mMarpunpl ¢ u O moryr comepkarh OOJBHIYIO JIOII0 3HAYEHUIT, OJU3KUX K HYJIIO.
Nx obuy/ienue npakTUYeCKU He HOBJIMAET Ha MOJIEJ/Ib, HO PE3KO IIOBBICUT Pa3PEKEHHOCTb.

B |72] upejgraraercst caurarb cyuecmseenolmu U T€ YCJIOBHbIE BEPOSITHOCTH, 3HA-
YeHNs KOTOPBIX BBIIIE, YeM Y PABHOMEDHOTO PaCIpe/ie/IeHus:

Wt:{wew}¢wt>|—&/‘}§
Td:{tET}th>ﬁ}.

B skcmepumventax ma 300 ThICA9aX MOCTOB conmuaabHOI ceTtn mpu 120 Temax pa3perKeH-
nocts ¢ npesbicuiaa 96%, paspexennocrts © — 88%. Ilpu 3TOM 4MCIO €I0B, BOLIEINIMX
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x0Ts Obl B 0JIHO U3 MHO)KecTB W, 0ka3ajioch paBHbIM 8 ThiCs4aM lipu cjioBape 154 rbics-
4u ¢j10B. Takum 00pa3oM, HeJIOCTATKOM JIAHHOIO 110/1X0/1a MOZKHO CYUTATh UTHOPUPOBAHKE
OOBITUHCTBA CJIOB.

B [151] mpemiaraercs onpenessaTh aekcuseckoe A0po memb, KAK MHOZKECTBO CJIOB, KO-
TOpPBIE ¢ DOJBINOI BEPOATHOCTHIO YIOTPEOISIOTCSA B TeMe ¢ i PeJIKO YIOTPeOISTIOTCI B APY-
rux remax: W, = {w € W ’ p(t|w) > 0.25}, rue p(t|w) = Put et

Heszasucumo or Toro, kakum 006pa30M OIIPee/IsseTcs JIEKCUIECKOe sIPO, BBEJIEM TPHU
HOKa3aTess, XapaKTePU3YONUX Pa3peykeHHOCTb MaTpunbl P:

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

cony = Wlt\ w;{/ p(t|w) — konwmpacmmuocmo memo, (deM Bblllle, T€M JIy9IIle);
t

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

[Tokazare/iu pazmepa sjipa, YUCTOTHl U KOHTPACTHOCTHU JIJI MOJIEJIN B LEJIOM OIIpejie-
JIIIOTCS KaK CpeHUe O BCeM mpeaMeTHBIM TeMaM ¢t € S. KOCBeHHO OHM ABJISIIOTCS TaKzKe
U Mepoil MHTEePIPETUPYEMOCTU MOJEJN, IMOCKOJIBKY WHTEePIPEeTHPyeEMbIE TeMbl JI0JI2KHbI
00/1a1aTh He CJIMIIKOM MaJIeHHbKUM, HO M HE CJHUIIKOM OOJIBIIAM JIEKCHICCKUM SJIPOM.

dons doHosoit nekcuku. Ilycrs B C T — moaMHOKeCTBO (DOHOBBIX TEM, B KOTOPBIX
cobpana obmeynorpeduTeibHas Jekcuka. OupeaeanM doato ornosol asekcuky st BCei
KOJUIEKIIMH ¥ JIJIsSI OTAEJIbHOrO JOKyMeHTa, d:

B= 5SS (il d.w);

deD wed teB

%d = nidz anwp(t|d> ’LU)

wed teB

o dponosoit ekcukn mpuHuMaeT 3uadenus or 0 10 1. Eciaum ona 6sm3ka K 0, To Mo-
JleJIb He CIIOCOOHA BBIJIEJISATH CJIOBA OOINEil JIEKCHMKH, eCJId »Ke OHa OJim3Ka K 1, TO 3TO
CBUJIETE/IbCTBYET O BbIPOXKJieHuu Mojiesin. B npodeccnonalibHbIX TeKcTax J10J1s (pOHOBOIM
JIEKCUKH MOzKeT cocTaBidrhb or 30% 10 90%. Bosmozkna curyanus, Koraa cpeasee no KoJl-
JIEKIUIHU 3HaYeHne A YKIaIbIBAeTCd B 9TH OPUEHTHPOBOIHBIE HOPMBI, OJTHAKO B BHIXOIUT
3a UX MPeJIeJIbl JIJI 3HAYUTE/TbHOM T0/IH JJOKYMEHTOB., DTO MOXKET IOCTYKUTb CUTHAJIOM
K OYHCTKe KOJIJICKIIUU UJIM BHECEHWIO UCIIPABICHUNA B MOJIE/Ib.

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

PaznuyHoctb Tem. Biejém dynkuuio paccrosinusi mexiy remamu p(t,t') kak pacipe-
jeserusivu p(w | t) u p(w|t'). Hanpumep, 310 Mozker ObiTh paccrosiuue XeJJIMHrepa, KoCu-
HYCHOE pacCTOsHue WIn paccrognne ZKakkapa Meky JeKCHIeCKUMU S/IPAMH JIBYX TEM.
Onpenennm 115 KazkI0i TeMbl ¢ paccrodnue 10 OimzKaiimeil K Heil Tembl '
: /
Ry = t;ggtp(t,t ).

Ecsn paccrosinue 10 Osmzkaifieii rembr %; MaJio, 1o tembl t u t' aybaupyror apyr
JIpyTa, U, BO3MOYKHO, CJEAYeT IPEIIPUHATD YCUIHs, YTOOBl O0beUHUTDH 3TH TEMBI.

Ecau paccrosuusg Z; BeJMKU i BCEX T€M, TO 3TO O3HAYAET, YTO BCE TEMbI IIOHAPHO
CYHIECTBEHHO PA3JIMYHBI, TO €CTh MO/JIEJIb TOPOWO 0eKOPPEAUPOBAHQ.
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17 Kputepnn 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); (89)
p(w|d,t) = p(w|t); (90)
p(d]w,t) = p(d|t). (91)

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 upejicrasienus (89), (90), (91)
IPUBOJAT K PA3JMYHBIM KOHCTPYKIHUAM CTATHCTUICCKUX TECTOB ¢ PA3HBIMU BO3MOKHO-
CTAMH NpUMeHeHHd. PaccMoTpuM ux moapobuee.

1. PasencrBo (89) rpancdopMupyercst 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). (92)

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)
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St:ZZ ;Z lan | ):avg ntdw,ln& (93)

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 (90) rpancopMupyeTcst B HyJI€BYIO 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). (94)

JList mpoBepKHU JAHHOM IUIIOTE3bl OTHOCUTEJIHLHO (DPUKCHPOBAHHOIO JOKyMeHTa d BBe-
JIEM cTaTHCTUKY Ha ocHoBe KL-/mBepreHiuu u, oiyckasi aHaJOIMYHbIE BbIKJIA/IKU, 3aIlH-
meM eé depes cpe/lHeB3BelnieHHoe JiorapudMuieckoit (pyHKiuu 1morepb:

S = KL(p(w|d, t) || p(w]t)) = avg ntdw,lnM . (95)
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 JIOKYMEHTOB IIPU CyMMAapHU3aIlMU /M BU3YaIn3alUd TEMbl, y/IaJIeHUs HeTe-
MaTHU3UPYEMbIX HJIH <«IPSI3HBIX» JOKYMEHTOB, BBIOOpa YHCJ/Ia HTEPAIUil M0 JOKYMEHTY,
BbIJICJICHHS JIOKYMEHTOB /s (pOpMHUPOBaHUA HAYAIbHBIX MPHOJIUZKEHUI HOBBIX TEM.

3. Pasenctio (91) TpancdopMupyercs: B HYJeBYIO THIOTE3Y O TOM, YTO SMIHPHIECKOE
paciipejiejieHre TepMa w 110 JOKYMeHTaM B TeMe ¢ IOPOK/JaeTcs OOIIUM JIjIs BCeX TePMOB
pacupe/ieJiIeHueM TeMbl 110 JIOKYMEHTaM:

Hy: pld]w,t) ~ p(d]t). (96)

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) ) (97)
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 mepexomndar B (93), (95), (97) cooTBeTCTBEHHO.

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.

18 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-
jean win (39)—(41) s myssrumogasbaoit Mogenn win (51)—(53) 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. Ajtropurm 5. ljist Kazk10ro JIOKyMenTa 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 5. Odduaiinosslit u onsaiinobbiiit EM-agropurm 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

UHULUAJIUBUPOBATD By := ﬁ Juis Beex t € T
5 NnoBTOPSITb
6 Nidw = Nduw n%r%n(¢wt9td) st Beex w € d, t € T
7 0,4 = norm(z Nidw + Qtdge—R) s Beex t € T
tel L cd td
noka 6, ve coitgércs,
9 Nawt = Napt + Mg A1 BceX 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 @wtﬁtd) + R(®,0) — rga@x (98)
deD wed teT

Teopema 18.1. Pemenne ®,0 3agaqun (98) 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, ©:

Ptdw = Spwtetdf/ (P(w|d)>§ (99)
Pt =100t (Y NawPraw + Pu on (100)
weW 8@1”
deD
OR
O = norm ( wzed NawPtdw + thaetd) (101)

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. 91).

[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).

19 TlpoekT 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, P, peasmzoBan 1o (opmyiie (23) ¢ HeOOIBIIM 0000IEHIEM:

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 dopmyie (24), ¢ aHAJIOrHIHBIM 0000IIEHHEM:

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 (35). O mosb3oBaress Tpedyercst ykaszarh Koddduipenr
peryJ/isipu3alil T U CIIMCOK MOJIAJIbHOCTEl, Ha KOTOpble HY2KHO BO3/iefiCTBOBATD.

TopicSelectionThetaRegularizer — pezyaapusamop ombopa mem 6 mampuye O,
peasuzoBan 10 dbopmyste (62). 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 dopmyie (49). 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 popmye (61). B mokyMeHTax J10JKHBI 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 dopmyne (67) u B KadecTBe mapamerpa Tpebyer CI0Bapb MAPHONH COYETAEMOCTH
ciioB Cly, (cOBpaTh ero MOKHO ¢ MOMOIIBI0 BCTPOEHHOTO TMApCepa).

BitermsPhiRegularizer — peeyaapusamop 6umepmos, peanus3oBaH 110 HOPMY-
naam (65)—(66) u B KauecTBe mapaMeTpa TakK:Ke TPeOYeT CJI0BApb YaCTOT OUTEPMOB 7,
(3aa4a ero cOOPKU JIOKHUTCSA HA MOJH30BATE).

LabelRegularizationPhiRegularizer — wacmommnwid peeyaapusamop mampuio, ©
JUtst Kiracendukanuu ¢ HechaJaHCHPOBaHHBIME KJiaccamu. PeasuzoBan 1o gopmyie (58).
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 IOJTeMaMU B HepapXuIecKuX MOJe/aX, cormacuo dbopmye (64).

TopicSegmentationPtdwRegularizer — pezyaapusamop E-waza dra paspescusanus
ceemenmos 6 Mampuyas (P ), oupeaeasembiii o dpopmy.ie (80).

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 ommcano B Asropurme 5.
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, Bbrauciasiemas 1o gopmyde (87). s 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 (88).

TopicKernelScore — Adposvie xapakmepucmukry mem: IACTOTA PUr,, KOHTPACTHOCTH
cong, pasMep sjpa ker; oneHuBaOIIMe Pa3InIHOCTb M, KOCBEHHO, HHTEPIPETUPYEMOCTH
KazKJI0# TeMbl t, cM. ¢Tp. 87. 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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20 Pa3sBenoyHbiii MHOPMALLMOHHbIVE MOUCK

BazkubiM npusioykeHneM TeMaTHIeCKOTO MOJETUPOBAHUS SIBJISIETCI 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 MOYXKET HE BJIQJETh TEPMUHOJIOTHE, ¢/1ab0 MOHUMATH CTPYKTYPY MPEIMETHOM
00J1acTH, HE UMETh TOYHBIX (POPMYJIMPOBOK 3AIPOCA U HE MOJPA3YMEBATH €/IMHCTBEHHbBIH
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. Pe3ysibraTroMm momncka MoKeT OBbITh OOBIUHAS MOMCKOBAsl BBIAAYA B BUJE CIIHCKA
JIOKYMEHTOB i 00J1ee CTPYKTYPUPOBAHHOE HPEJCTABJICHUE C PA3ICJIEHUEM 110 TeMaM WJIn
rpadudeckasi BU3yau3alius — <«JIOPOKHAs Kapray IPEJIMETHON 00/1aCTH, CTaTHYeCKas
UM MHTEPAK THBHAS.

Jlas sTuX ciiydaeB MOAXOMUT MapaJIurMa  paseedounoz0 UH@OPMAUUOHHO20 NOUCKA
(exploratory search) [90, 169]. Ero mesbio siB/siercs mOJydYeHHe OTBETOB Ha CJIOZKHDIE BO-
HPOCHI: «KaKHe TeMbl MPEJICTABICHBI B TEKCTE 3aIPOCa», «ITO YUTATH B IEPBYIO O0YePe/ib
[0 ITUM TeMaM», «9TO HAXOJUTCS HA CTBIKE TUX TEM CO CMEXKHBIMHU ODJIACTIAMEY, «Ka-
KOBa TeMaTu4decKasi CTPYKTYpa JIAHHON IpejMeTHONR 00/1acTuy, «KaK OHA Pa3BUBAJIACH BO
BpEMEHI», «KAKOBBI IIOCJIeTHIE JOCTHKEHUSI», <1 HAXOIATCsS OCHOBHBIE TIEHTPBI KOMITE-
TEHTHOCTU», «KTO SIBJISETCA SKCIIEPTOM II0 JAHHON Teme» u T. 1. [lonb3oBaTesb 0OBITHOI
HOUCKOBOH CHCTEMbl BBIHYZK/IEH UTEPATHUBHO 1epedOpMy/IMpOBaThL CBOM KOPOTKHUE 3aIPO-
Chl, PACIIUPsis 30HY MOUCKA [0 MepPe YCBOEHUsI TEPMHUHOJIOTUU MPEIMETHOI objacTu, re-
PUOMYECKH EePECMATPUBAs U CUCTEMATU3UPYs PE3YJIbTATHI IIOUCKA. DTO TPedyeT 3aTpar
BPEMEHH U BBICOKOI KBaJsinduKauu. Pa3Be109HbIil TONCK peaTn3yeTcs C IOMOIIbIO BH3Y-
AJIbHBIX TEKCTO-TpadUIeCKUX MPEICTABICHUI «00meil KAPTUHBI», JTAMIINX 0/Ib30BaTe-
JITO OOJIbIIIe YBEPEHHOCTH, YTO BCE BaKHEMINe acIeKThl M3ydaeMoil mpo0/ieMbl HaliTeHbI
u orobpazkenbl. Ecjin 00pa3HO HpeJcTaBUTh UTEPATUBHbBINA TOUCK KakK OJ1yzK/laHue 110 J1adu-
puHTy 3HaHU ¢ (POHAPUKOM, TO PA3BEJOYHBIN MOUCK — ITO ABTOMATUIECKOE MOCTPOCHUE
KapThI /IS JTF000i1 YacTU 3TOro JabupuHTAa.

TemaTuyeckunii nouck. [lojIHOTEKCTOBBIE HOMCKOBbIE CUCTEMbI OCHOBAHbI HA MHBEPTH-
POBAHHBIX HHJIEKCAX, B KOTOPBIX JJId KazKJIOT0 CJI0BA XPAHUTCS CIUCOK COJEPZKAIIUX ero
nokymeHToB [13]. ITouckoBast cucTeMa HIIET JTOKYMEHTBI, COJepZKAIIie Bee CI0Ba 3aIpoca,
HO3TOMY TIO JITHHHOMY 3aIPOCy, CKOpee BCero, Hm4ero He Oyer HaiiaeHo.

Cucrema TeMaTHYECKOIO PA3BEIOYHOTO IMOUCKA CHAYAJA CTPOUT TEMATHIECKYIO MO-
JIeJIb 3a1POCA U OIPEJIE/ISIeT KOPOTKHIA CIIMCOK TeM 3alpPOoCa. 3aTeM JIIs IOUCKA, JIOKYMEH-
TOB CXOXKeil TEeMaTUKU MPUMEHSIIOTCS Te YKe MeXaHU3Mbl NHIeKCHPOBAHUS U TOUCKA, TOIb-
KO B DOJIH CJIOB BBICTYHAIOT TeMbI. [[0CKOTBKY 4mCIO TeM Ha HECKOTBKO MOPSIKOB MEHBIIE
00bEMa cJI0BAps, TEMATHIECKHN MONCK TPeOYyeT HAMHOIO MEeHBIe MaMITH [0 CPABHEHHIO
C IIOJIHOTEKCTOBBIM IIOMCKOM U MOZKeT ObITh pea/in30BaH Ha 00Jiee CKPOMHOI TexHuke. Tex-
HOJIOTUU UHMOPMAIMOHHOI'O IOUCKA HA OCHOBE TEMATUYECKOI'0 MOJIEJIMPOBaHUs B HACTO-
siee BpeMsl HAXOJSTCA B CTAUU UCCJeioBanmii u paspaborok [140, 28, 116, 35, 18, 161].

B snmreparype mo pa3BeI0qHOMY MOUCKY TEMATHIECKOE MO/IETUPOBAHNE CTAJIH UCIOTb-
30BaTh OTHOCHTEJIbHO HesaBHO (131, 58, 128, 148], a MHOrHE 0630PBI O HEM BOODIIE He YIIO-
muHator [54, 124, 138, 68, 91, 65|. B crarbe [148| BazkHbIMH HPEMMYHIECTBAMU TeMATHYe-
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CKUX MOJieJiell Ha3bIBAIOTCd M'MOKOCTh, BO3MOXKHOCTU BU3yaJiM3allud U HaBuranuu. B 1o xe
BpeMs, B KaueCTBE HEJOCTATKOB OTMEYAIOTCd HPODJIEMbl C MHTEPIPETUPYEMOCTHIO TEM,
TPYAHOCTU ¢ MOAUMUKAIIEH TeMATHIECKOH MOJeJH IPHU MOCTYILIEHUU HOBBIX JTOKYMEH-
TOB W BBICOKAS BBIYUCIUTENbHAS CJIOKHOCTb. DTU IPOOJIEMBl OTHOCATCI K yCTapeBIITIM
METO/IaM U YCIENTHO PeIleHbl B IOCJIeHIe TOMbl: JeCATKH HOBBIX MoOjeseil pa3padoTaHb
JIJISL YJLYYIlIeHUs MHTEePIPETUPYEMOCTH; OHJIAITHOBbIE aJIlOPUTMbI CIIOCOOHBI 0OpabaTbiBaTh
OOJIbIIIe KOJUIEKIMU M HOTOKH JOKYMEHTOB 3a JinHeiinoe Bpemsi |98, 26, 149|. C apyroii
CTOPOHBI, B pabOTaxX MO TEMATHIECKOMY MOJEJTMPOBAHUIO PAa3BeTOYHBII MOUCK YacTO Ha-
3BIBAIOT OJTHUM W3 BayKHEHIINX MPUJIOKEHNI, & OTeHKH Ka4eCTBa MOUCKA HCIOIB3YIOT JJIs
Basuaanun Mogeseii 175, 19]. Oxuako 9Tu uccie0Banus MOKa He MPUBEIN K CO3IAHHIO
O0NIEJIOCTYIIHBIX CUCTEM Pa3BEJIOYHOIO OUCKA. BCE 310 roBopuT 0 pazobiéHHoCTn HaY Y-
HBIX COODIIECTB, pa3padarTbiBAIONIUX ITH JiBA HalpaB/eHus. TenjeHnus K ux cOJIUzKEeHUIo
HAMETUJIACh JIMIIb B LOCJI€/IHIE T'OJbI.

Temarmdeckas MoOJeTb JJIS Pa3BeLOYHOrNO MOMCKA JOJZKHA YAOBIETBOPATH MHOTHM
TpeboBaHUAM OJiHOBpeMeHHO. OHa JI0/1zKHA ObITh:

® Lopowo urmepnpemupyemoti B TeX CJIydasxX, KOIJA TeMbl HCIOJIb3YIOTCHI B IOJb-
30BaTEILCKOM uHTepdeiice /i HABUTAIMHU 110 KOJLIEKIMH, YTOYHEHUsI KPUTEPHEeB
MIOUCKA, BU3YAJU3AIUNA Pe3yIbTaTOB IIONCKA;

® paspestcernoti, ITOObI KazK bl JJOKYMEHT COCTOSLT U3 HEDOIBIIOr0 YUCIa TeM — ITO
HeoOxoauMO 1711 3(hHEeKTUBHOIO XpaHeHNsI HHBePTHPOBAHHOIO HMH/IEKCA)

® UEPAPTUEeCcKoti, ITOOBI IOJIH30BATEIb MOT IIOJYUUTDH IIPeJICTaBICHHE O TeMaTHde-
CKOil CTPYKTYype IpeJIMeTHOH 001acTu Ha JIIOOOM YpPOBHE JeTaJTH3allu; KpOMe TOTO,
nepapxmvecKkoe JieJieHre TeM Ha IOJATEMbI II03BOJIsSIeT YBeJIUYUTh Pa3MepHOCTh Te-
MaTUYECKUX BEKTOPOB U IMOBBICUTH KA4€CTBO ITOUCKA;

® CIIOCOOHOU aBTOMATHYECKH 0ONpedesmsd 4ucao mem Ha KazKJI0M YPOBHE HepapXuu,
ABTOMATHIECKU C030a68AMb HOBbLE MEMb, U ABTOMATUIECKH UMEHOBAMbL MEMbL Pe-
JIEBAHTHBIMH 3aI'0JIOBKAMMU;

® MyavbmupamMmHot, TAK KaK BbIIeJIeHe KI0UeBbIX hpa3 I TEPDMUHOB CYIIECTBEHHO
yJay4dliaeT HHTEePHPETUPYEMOCTb TeM;

® MYADMUAZbIYHOT B T€X MPUIOKEHUIX, I/ie TpedyeTcs KPOCC-I3bIKOBON NN MYJIBTH-
A3BIKOBOIl IIOMCK, HAIIpUMEp, IPHU IIOUCKE IATEHTOB Ha OZHOM HA3BIKEC IIO IATEHTY
Ha JIPYTOM 43bIKE;

[} My/b’meMOdaJleOﬁ, ITOOBI Y4UTbIBATb M€TaJaHHble JOKYMEHTOB: aBTOPOB, IHUTH-
poBaHue, KaTeropuu ujin Teru, eCJiu TaKOBble UMEIOTCH,

® MeMNOPaAbLHOT, ITOOB BBISIBIATD JUHAMUKY Pa3BUTHA TeM, OOHApPYKHUBAThb HOBBIE
TeMbI ¥ OBICTPO PACTYIIHe TeMaTUICCKUEe TPEH/IbI;

[} ceemenmupymugeﬁ, 9TOOBI HE TOJHKO HaXOAUTb pejieBaHTHbIE JOKYMEHTDI, HO U YKa-
3bIBaTb B HUX KOHKpETHbIEe CeI'MEHTLI, peJieBaHTHbIEe cerMeHTaM 3allpocCa.

e 06yuaemoli IO OTIEHKAM aCecCOPOB WJIU JIOTAM IOJIb30BaTe eil, 9TOOBl YIydlIaTh Ka-
4eCTBO IOMCKA Ha INOCTOSHHOI OCHOBE;
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e 00J1aJaTh 0HAATHOB0U, NAPAALENLHOT U pacnpedesériot peaan3anueil, 9To0bl 9To-
Ob1 3pdexkTuBHO 00padaThiBaTh HOJIBIINE KOJLJIEKIIMH TEKCTOB.

Meropl auuTuBHON pery/ispusanuu TeMarudeckux mozesneii (ARTM) mossossiior
CTPOUTH MOJIEJIM C 3a/J@HHBIMU CBOMCTBaMU, OO'bEUHSST MHOIME U3 [EPEYUCICHHBIX BO3-
MOXKHOCTEH JIjIsi CO3/[aHUs CEPBUCOB PA3BE/IOYHOIO HOUCKA.

OueHuBaHune kayecTBa pa3Befo4yHoro noucka. Mogens ARTM s pa3BemgodHoro mo-
ncKa ObLta mpe/iozkena B (17| u ynyurrena B [173, 64|. /151 u3Mepenns KauecTBa pa3Beo0v-
HOT'O T€MATHYECKOI'O IMOUCKA HCIIOJIb30BAIUCH KPUTEPUH TOYHOCTH U IOJTHOTBHI HA OCHOBE
OIIEHOK aCcecCOPOB.

Broiia cocrasiena Boidopka u3 100 3anpocoB — 3a/ianuil pa3BeoqHoOro moucka. Kax-
JIBII 3aIPOC MPEICTABIISA CODOH TEKCT 00bEMOM OKOJIO OIHON crpaHmilbl (popmara A4,
OIMCHIBAIOIIMIT TeMAaTUKy HOMCKa. Karkjaoe 3a/aHue CHAYaJIa BBIITOJIHSIOCH HE3aBHCHMO
HECKOJIbKUMH aCeCCOpaMH, 3aT€M CHCTEMOIl TeMaTHIeCKOro IOUCKa, 3aTeM e€ pe3y/ibTar
CHOBA OIEHHUBAJICA aceccopamu. JlanHasg MeToIMKa MO3BOJISIET, eUHOZKIbI C/IeJIaB Pa3MeT-
KY Pe3yJbTaTOB ITOMCKa, MHOIOKPATHO OIEHUBATHh KadyeCTBO PAa3JIMYHBIX TeMaTUYECKUX
MOJeJeld 1 MEXaHU3MOB IIOUCKA.

DKcnepuMeHTbl NO NOoAOOpPY TeMaTu4deckoi mMogenu Oasi pa3BeAo4yHOro noucka
MPOBOJAMJINCH HA JIBYX KOJUIEKIUSAX: 175 Thicdd cTaTeil PyCCKOsI3bIYHOIO KOJJIEKTHUBHOTO
osora habrahabr.ru u 760 Thica4Y cTaTeil aHIIOA3BIYHOTrO OJiora techcrunch. com.

Bror1o mokazano, 94To TeMaTUYeCKUil MOUCK HAXOIUT OOJIbIIe PeIeBAHTHBIX JIOKYMEH-
TOB, €M aCeccOpbl, COKpallas CpejHee BpeMs MOUCKa C IoJydaca 10 ceKyHbl. KoMOu-
HUPOBAHUE Pery/isdpu3aropoB JIEKOPPeJUPOBaHUs, pa3PEKUBAHU U ClJIa2KUBAHUA BMeECTe
C MOJAJIbHOCTSMU T-I'PaMM, aBTOPOB U KaTeropuil 3HaUYUMO yJlydllael KadeCTBO HIOUCKA
U 103BoJIdeT j1ocTudb TouHocTy Bolite 80% u nosnorsl Boiie 90%.

Busyanusauusa. Cucremarusanus pe3y/braToB TEMATHIECKOIO MOUCKA HEBO3MOZKHA, Oe3
HHTEPAKTHBHOIO rpaduveckoro mpejacrabienns. B o63ope [2] onuchiBaiorcs u cpaBHU-
BaioTCcd 16 CpejcTB BU3yaJH3allUd TeMaTHIECKHX MOje/eil Ha OCHOBe BeO-uHTepdeicoB.
Emé 60/bIme neil MOKHO HOUePIHYTh I3 HHTEPAKTUBHOIO 0630pa’, KOTOPHIil HACINTHIBA-
etr 6oJsiee 400 cpejicTB BudyaJin3aiun TekcToB. HecmoTpst Ha Takoe 001raTcTBO TEXHUYECKUX
pelnieHuii, OCHOBHbIX UJiell BU3yaJIM3alUU TeMATUYeCKUX MOJiesieil He TaK MHOI'O: 9TO Jinho
JIByMepHOe 0TOOpaKeHue CeMaHTU4YecKOi O/im30cTH TeM B Bujie rpada mim <«JI0POXKHON
KapTbl», JIHOO TeMaTudecKas uepapxus, JJuO0 JUHAMHUKA Pa3BUTHUsS TE€M BO BpeMeHH, JIHOO
rpacdoBast CTPYKTypa B3aHUMOCBSI3eil MeXKIy TeMaMu, JOKYMEHTaMU, aBTOPAMU WU UHbI-
MU MOJQJIbHOCTSIMU, JINOO CEIMEHTHAs CTPYKTYPa OT/E/IbHbIX JIOKYMEHTOB.

['padpuueckast Busyasusaius OOJIbIINX JIAHHBIX IPAKTUYECKU DECIIo/Ie3Ha B CTATHIHOM
UCIIOJIHEHUHU, HO MOYKET OKa3aThCs MOIIHbIM KOI'HUTUBHBIM CPEJICTBOM B CJIy4ae MHTEPAK-
TUBHOI peasin3anuu. [IpuHIUND BU3yaJIbHOTO MOUCKA HH(MOPMAIMT U3BECTEH KaK MAHMPG
IlInetidepmana: «cHada a8 KPYIHBIHA IJ1aH, 3aTeM MaciIadupoBaHue U (pUIbTpallusd, JeTa-
s 1o Tpebosanuio»® [136].

"http://textvis.lnu.se — HHTEPAKTUBHLIH 0030D CPEACTB BU3YaJI3AIINH TEKCTOB.
8Visual Information Seeking Mantra: «Overview first, zoom and filter, details on demand» [136].
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['pacbuueckoe orobparkeHue pesy/ibraToB TEMATUUYECKOIO MOJIEJTMPOBAHNUS U PA3Be104-
HOIO IOMCKa coryiacyercs ¢ KoHneniueii daavrezo wmenus (distant reading), npesgio-
JKeHHoit conmosiorom jmreparypbl Pparko Moperru [103]. Ou nporuBonocrasisier 5T0T
crocob u3ydeHusl TeKCTOB Hamiemy oObraHoMy 4Tenuto (close reading). HeBo3moxkHO mpo-
YATATh MUJIJIMOHBI KHHAT HJIM CTaTeil, HO BIOJHE BO3MOXKHO HPUMEHUTH CTATUCTUYECKHE
METO/1bl ¥ IPaPUIECKYIO BU3YAIU3ANUIO, YTOOBI MOHATH B OOIIUX Ye€pTax, O YEM BCsl ITa JIU-
Teparypa, YBUJIETh HETPUBHAJIbHBIE OOIINE 3aKOHOMEPHOCTU M HAYYUTHCs OBICTPEE OTBIC-
KNBaTh HyXKHOe. «/ladbHee uTeHnme — 3T0 cnenuasbHas dhopMa IpeacTaB/IeHus 3HAHMWIT,
B KOTOPOIl MeHBIIIe 3JIEMEeHTOB, I'py0ee CMBICJT UX B3aMMOCBSA3€il, OCTATC JIAIIb (POPMBI,
OTHOIIEHHUH, CTPYKTYPbI, MOJCIH»”.

s oubsmorekn BigARTM Oblil pa3paboTaH MHCTPYMEHT BU3yasIu3alluu ¢ BeO-MHTep-
deiicom VisSARTMY, nopuepzxupatonuii Bazkneiinme popMbl IIpeJCTaB/IeHIs TeMaTHIe-
ckux Mmogeneit. Marepecuoit BozmozxkuocThio ViSARTM sgBiisiercst mocrpoenue cnexmpa
mem — PaHZKHUPOBAHHOTO CIIUCKA TeM, B KOTOPOM CeMaHTHYeCKN OJTU3KIe TeMbl HaXO/IdAT-
cd panoM. ['pynmupoBanme TeM IO CMBICTY MOMOTAaeT MOJIb30BaTe M OBICTpee HAXOIUTh
TEeMbl, AKIIEHTUPYs] BHUMAHUE HA PA3JIHIUAX MEXKY OJTU3KUMU TEMAMM.

21 3aknar4yeHune

TemaTtudeckoe MOJETUPOBAHUE SBISIETCA OJHUM U3 MWHCTPYMEHTOB CTATHCTUIECKOTO
aHaJ/In3a TEKCTOB. 3& JABa JeCATHJICTHA MHTCHCHUBHDBIX I/ICCJIG,ZLOB&HI/II'?'I CO3aHbl COTHH TeE-
MaTudeckux mojiesieii. MHorue n3 HUX yJ/IaJI0Ch BKJIIOYUTH B JAHHBIH 0030D.

Hecmorps Ha ycrmexu treMaTudecKux Mo/jie/ieil, 0 KOTOPBIX COOOMIAIOT HaydIHbIe IIy0/11-
KaIlii, Ha TPAKTHKe CIOIb3YeTCsd B OCHOBHOM YCTapeBIIas MOJIETb JIATEHTHOTO pa3Mele-
uust Tupuxie (LDA). Boubioe paznoodbpasue Mojieseil, CJI0KHOCTh HX MATeMATHIECKOTO
OIIMCAHUS HA si3blKe 0aiieCOBCKOIO 00yueHMsl, HECOBMECTUMOCTD peaJiu3aluii co3aior oa-
pPbepbI JJId MPAKTUYECKOr0 IpuMeHeHust 60J/1ee MUPOKOTo CIIeKTPa MOIEJ/IeH.

Teopust addumuenoti peeyaspusayuyu memamuueckur modeaett (ARTM) u npoekr
C OTKPBITBIM KOJIOM BigARTM Hamesensl Ha mpeojosieHne 3Tux 6apbepoB. B ARTM rema-
THYECKad MOJICJIb ONPENENAATCI IIPOCTONH BEPOATHOCTHON ITOPOZKAAIOME MOJETbIO, OIHn-
ChIBAIOIIEil CTPYKTYPY HPOCTPAHCTBA MaPaAMETPOB, U «MEIIKOM Peryjsipu3aTopoB», 3a/ia-
omux JO0IIOJIHUTEJ/IbHDBIC Tpe6OBaHI/IH. PerﬂHpI/I3aTOpr AJJATUBHDBI, B3aUMO3aMEHACMDBI,
UX JIEIKO KOMOMHUPOBATH U LIEPEHOCUTDH U3 OJIHUX MOJIEJIEN B JIPyIHe, YTO HPUBOJUT K MO-
JIYJIbHOI TeXHOoJIoruu Mojieiupoanusd. Co3ranune Mojen ¢ TpedyeMbIMU CBOMCTBAMH II0/T
KOHKpPETHOe IpUJIOZKeHHe He TpebyeT HU TPYJTOEMKUX MaTeMaTHIeCKUX BBIKJIAIOK, HUA CO-
3/IaHUs AJTOPUTMUYECKU CJIOKHOTO KOJIa. XOTs IHO-IpeXKHeMy TpeOdyeT 3SKCIIepHMEHTOB
10 110/100Py TuliepiapaMerpos.

B GaitecoBckom 0OyueHuu JIONOJIHUTE/IbHBbIE TPeOOBAHUS BCTPAUBAIOTCH B CTPYKTY-
Py MOPOXKIAIONIE MOJETN, CUIbHO YCI0KHASA BBIBOM, U HE OCTABJIAS BO3MOKHOCTEN I
MOJIyJIbHOI peasin3aruu. bBaliecoBckuii BBIBOJ JIjIsd OOJIBIIMHCTBA MOJeseil, OMUCAHHBIX
B JIAHHOM 0030pe, TpeOyeT TPYIOEMKHUX MaTeMaTHYeCKUX BBIKJIAJIOK. ZI3BIK KJraccude-
CKOM peryJisipu3alui OKa3bIBA€TCs HE MeHee BbIPa3uTEe/JbHbIM, HO HAMHOI'O 0O0Jiee IPO-

9« Distant reading is not an obstacle but a specific form of knowledge: fewer elements, hence a sharper
sense of their overall interconnection. Shapes, relations, structures. Forms. Models.» [103].
O @enopaxa [1. C. TexHOMOrNS HHTePAKTUBHON BU3yaIN3alAI TeMAaTHIeCKHX Mojeseil. BakasaBpckas
nuccepranust, MOTU, 2017 (www.MachineLearning.ru/wiki/images/d/d8/Fedoriakal7bsc.pdf).
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crbiM. ARTM cokpamaer BbiBOJ OyKBaJIbHO 0 HECKOJIBKHX CTPOK. EuHCTBEHHOE, 9TO
Mbl IIPUA 3TOM TEPsieM — BO3MOZKHOCTb OIEHUTH HE TOJILKO 3HAYEHUs IapaMeTPOB MOJIEJIH,
HO U HX paclpejejieHns. B mpakTuke TeMaTHIecKOro MOIAEIUPOBAHUS 9Ta BO3MOXKHOCTH
HUKOT/Ia TOJIKOM He HCIIOJIb3YeTCsd, TaK YTO IOTeps He BeJIHKA.

JlomuaupOBaHKe 0aileCOBCKOIO I0/I1X0/1a B TEMATHIECKOM MOJIEJTUPOBAHUHI H PA300OIIEH-
HOCTh aKa/IeMUYECKOI'0 U MHJLYCTPUAJIBHOI'O COODINECTBA IIPUBOJAUT K HEKOTOPBIM 3a0.1y 7K-
JIEHUSIM OTHOCHTEJIbHO TeMaTUYeCKUX MOJIeJIei, JOCTOMHbIX YIOMUHAHUS U KPUTUKH.

e «Temarmueckoe moaennpoBanne — 310 B ocHoBHOM LDA». Het, ecTb coTHE MO€1€i],
perranmux pa3sHoodpa3Hbie 3a/1a91, ¢ KOTOPbIME 1JI0X0 cipasisercs LDA.

o «Temaruueckoe Mojie/IMPOBaHKE OJAXO/UT TOJBKO JIJIs aHAJIU3a TeKcToBy. Het, ecTb
MOJIeJIN JIJIsI aHAJIN3a N300parkeHuii, Buaeo, rpados, CUIHAJIOB, TPaH3aKINN.

o «Temaruyeckoe MojieIMpOBaHKe — TO pasjies DaiiecoBckoro oby4enusi». Her, 601b-
IIUHCTBO Mojeseit ropasao npoie crposites B ARTM 6e3 6aitecoBCKOro BbIBO/IA.

o «Temarnueckne MoAeJIn IPeACKa3blBalOT YaCTOThI CJIOB B JOKYMEHTAaX>». cDOpMaJ’IbHO
Jda, HO UX IeJIb B JPYI'OM — BbIsZBJICHHE KJIaCTepHOfI CTPYKTYPbI KOJIJIEKIIUH.

o «Tembl YacTo OKa3bIBAIOTCA JAyOJUPYIOIMMMU HJIU ILJIOXO HHTEPIPETUPYEMBIMEY.
1o Ttak B LDA. IIpobiema pemraercs ¢ IMOMOIIBIO JPYTUX PEry/Isipu3aTOpOB.

o «TemaTmyeckne MOJeN OCHOBAaHBI Ha THIIOTE3€ MeITKa cJI0B». MHOrme, HO He Bce.
Temarudeckue mojesn n-rpamm, OUTEPMOB, IPE/JIOKEHUH, CeIMEHTAIMU, PeryJis-
pusaropbl E-11ara mo3Bosisiior yYuThiBaTh MOPSI/IOK CJIOB B JOKYMEHTAX.

o «Temaruueckue BEKTOPBHI HE OTPAzKalOT CMBICJ CJIOB, KaK word2vecy. 9To He Tak,
€CJI CTPOUTDHb TeMaTUYeCKUue MOJAC/IN 110 4aCTOTaM IapPHbIX coderaHuii CJIOB, KaK 9TO
nemaerca B word2vec.

o «Temarmueckas momenb LDA mepeobydaercs ropas3ao menbire, dem PLSA». Her,
X Ka4ecTBO IIPUMEPHO OJMHAKOBO, OCOOEHHO Ha 00JbImuX Kosuteknuax. LDA ocro-
pOZKHee OIEHUBAET BEPOATHOCTU peJKHUX cJIoB. DopMaibHO 3TO Y/IyUIIaeT IIPaBo-
HO,Z[O6I/IG, O/IHAKO 9THU CJIOBa IIPAKTUYCCKU HE BazKHbI JIJIA OlLIMCaHUA TEM.

o «Temarmueckass mozgesnb LDA umeer mamuoro menbine napamerpon, dem PLSA».
Her, marpunst @ u © onenuBaiorcss B 00enx MOJE/IIX, OCKOJIbKY OHM HYZKHBI JIJIsT
npuaokenuii. Ha camom gee B LDA Gosbire mapaMerpoB, J100aBISOTCI 5 U (.

Hekoropeie npobsembr moka ocraforcs orkpbeitbivu B ARTM. Kak mogbupars k03¢-
punmenThl perysgpusanui aJalTHBHO U MOJHOCTHIO aBTOMATUYECKH B XOJ€ UTePAIuii’
Kaxk pemmuts npobemy HechOaTaHCHPOBAHHOCTH TeM, KOTJa KPYIHBIE TeMbI Pa3IesaioTCs
1 00pa3yioT TeMbI-IyOJIMKATHI, a MeJKHe O0beJUHSIOTCI U 00Pa3yloT MyCOPHBIE TE€MbI?!
Kak obecreunThb 1mocTpoeHue moTHOro Habopa XOpoIIo HHTepIpeTupyeMbix TeMm? Kak 06-
HAPYKUBATH MOSBJICHHE HOBBIX T€M B IMOTOKAX TEKCTOBBIX IOKYMEHTOB?

B mannbiit 0630p He BOILIM HEKOTOPbIE BaXKHbIE THUIIBI MOJIE/ICil, HAIIPUMED, JIJIsi aHA-
Jin3a n300pazkeHuil ¥ BUAEONOTOKOB, AaHHOTUPOBAHUS N300PaKEHUiT, PEKOMEH,1aTeIbHBIX
CHCTeM, CYMMapHU3allud TeKCTOB, aHAJIW3a TOHAJHHOCTH W BBISIBJIEHUs MHEHUil, HCIOIb-
30BaHUs W MMOCTPOEHUs OHTOJIOTHI, OOHAPYZKEHUS HOBBIX TEM W MPOCTEXKUBAHUSI HOBOCT-
HBIX CIOZKeTOB. Takyke He ObLIN 3aTPOHYTHI BOIPOCHl MHUITUAIU3ANUNA U ABTOMATHIECKOTO
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uMenoBaHus tem. He Haiia orpazkenusi B 0030pe HOBasl TEH/IEHIIUS CO3/aHUsi THOPUTHBIX
MOJIeJIeil Ha OCHOBE TeMaTUu4eCKOr0 MO/IeJIMPOBAHUA U HEHPOHHBIX CeTe.

O0630p HanucaH IO MaTepuaJaM crenkypca «BepogTHOoCTHOE TeMaTmIecKoe MOIeTHPO-
paHue» !, Koropulit apTop unTaer Ha daxyinsrrere BMK Mockosekoro ocynapcrBeHHOro
Yuusepcurera um. M. B. JlomonocoBa u na kadejipe nnre/ieKryaibubix cucreM MocKOB-

ckoro Pusuko-Texuuueckoro Mucruryra. OOHOBIIsSIEMas JIEKTPOHHASA BEPCHSA JOCTYIITHA

na caiire MachineLearning.ru'.

Pabotra Buinosinena npu ounaHcoBoii nmoaepzkke Poccuiickoro dpomnia dpyniamenTaib-
HBIX uccaeqoBanuii (mpoekTsl 17-07-01536, 20-07-00936) u npasuresnbcTBa Poccuiickoit
Deneparun (coramenue 05.Y09.21.0018).
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