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AnHoTarus

BepositHOCTHOE TEeMATHYECKOE MOJIEIUPOBAHUE — ITO TEXHOJIOIUS aBTOMATHYE-
CKOil 00paboTKM TEKCTOB, aKTUBHO Pa3BUBAIOIIASLCH IIOC/IE/IHAE JIBA JIECATUIETHUS.
Temarudeckue MO UCHOJIB3YIOTCH JJIsi PA3BEAOYHOr0 aHAJIM3a OOJIBIINX TEK-
CTOBBIX KOJIJIEKITHI, MH(MOPMAIIMOHHOIO [TOMCKA U PeIleHus] Pa3HOOOPA3HbIX 33134
TEKCTOBOI anajnTuku. Kaura oXBarbiBaeT OCHOBHBIE THUIIhI TEMATUIECKUX MO/IEIEN.
Maremarudeckuil anmapar KJIaCCUYeCKoil He-0alileCOBCKO Peryigpu3aliuu M03B0JIsd-
€T CYIIEeCTBEHHO YIPOCTUTH M3JI0XKEHUE 10 CPABHEHUIO C 0aiteCOBCKUM 00ydeHmeM,
0OBIYHO UCIOJIb3YEMbIM B HAYYHOIL jinTepaType. Boibiiioe BHuMaHue yiesisiercs (hop-
MaJIn3aluu MOCTAHOBOK 33/1a9 Ha si3bIKEe OITUMU3AIMOHHBIX KpuTepues. Maremaru-
veckast Teopus aaaurusHoil peryagpusanuu (ARTM) npusogur kK Mojy/abHO# Tex-
HOJIOTHH MO/IEJTUPOBAHUS, KOTOPas Peajin30Bana B OUOIUOTEKE C OTKPBITHIM KOJIOM
BigARTM. OTzmenbHas ryraBa MOCBAIIEHA PAbOTE € 9TON OUOIHOTEKOTH.

Kuwura asipecoBana crenuauctaM B 06/1aCTH MAIIMHHOTO 0OyYeHUs U aBTOMAaTH-
9eCKOil 00pabOTKU TEKCTOB, IIPEIOIABATE/IAM, CTY/AEHTAM, aCIIUPAHTAM, UCC/IEI0BA~
TesIsIM U WHXKeHepaM-TIpakTuKaM. lIpenmomaraercs, 9To anTaTe b BaaleeT OCHOBAMHI
TEOpUU BEPOSITHOCTEH, JMHEHHON airedpbl, MaTeMATUIECKON CTATUCTUKU, YUCJIEH-
HBIX METOJIOB ONTHUMU3AINY, fA3bIKa IporpaMmmupoBanusg Python B obbéme Kypcos
OakaJ/iaBpuaTa TEXHUYECKUX YHUBEPCUTETOB.
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1 BsepgeHue

TemaTudyeckoe MOJETHPOBAHUE — TO OJHA U3 COBPEMEHHBIX TEXHOJIOTHH 06pabom-
Ku ecmecmeennozo asvika (natural language processing, NLP), ak THBHO pa3BHBaOIIAsICS
¢ konna 90-x rojoB. Temarudeckasi MOJE/Ib KOJLJIEKIIMU TEKCTOBBIX JIOKYMEHTOB OIIpe/ie-
JIeT, K KAaKUM TeMaM OTHOCUTCH KazKJIbli JOKYMEHT, ¥ KaKhe CJI0Ba 00PasyroT KazKIylo
remy. Temarudeckoe MOIE/IMPOBAHUE HE MIPETEH/IYET HA HOJHOIEHHOE NOHUMAHUE eCIme-
cmeennozo asvka (natural language understanding, NLU), onHaKo BbISIBJIeHIE TEMATHKI
MOKHO CYUTATH OHPEICIEHHBIM IIIAIOM B 3TOM HAIIPABJICHIH.

Temaruueckoe MOJEJUPOBAHUE [PUHATO OTHOCUTH K MAWUHHOMY 00yvweruto 6e3
yuumens (unsupervised machine learning), mocko/bKy TeMbl CTPOSITCS ABTOMATHYECKH
110 TEKCTOBBIM JIaHHBbIM. [ljist 9TOr0 He Tpebyercst HU pa3MeTKH, HU Te3aypycoB, Hu 6a3
9KCIEPTHHIX 3HaHWii. CyIecTBYIOT IPOJBUHYTHIE TEMATHIeCKUE MOJENH, CIIOCOOHBIE YU~
THIBATH TAKOT'O POJIA JAHHDIE I yAYYINIeHHs TeM U PelleHus TPY/IHBIX 33/1a9 TeKCTOBOM
aHaJuTHKA. Takue MOJEH TOZKe PacCMATPUBAIOTCS B JIAHHON KHUTE.

Temarndeckoe MOJEIUPOBAHUE TOXOXKE HA KAACMEPU3AUUIO dokymenmos. Orimdane
B TOM, 4TO 1P 0OBIYHOM «KéCcTKOi» Kiaacrepusaiun (hard clustering) mokymentT nejgukom
OTHOCHUTCS K OJHOMY KJIACTEpY, TOIJ/Ia KAK TeMaTHIeCKas MOJEIb OCYIIECTBISICT MAZKYI0
kaacmepusayuto (soft clustering), pacupeesisst cofepzKuUMoe JOKYMEHTa 10 HECKOJTbKIM
KJIacTepamM-TeMaM. TemMaTndyeckoe MOJEJTUPOBAHUE HA3BIBAIOT TAKXKe MAKOU OU-KAGCTME-
Pu3ayuet, TOCKOJIbKY KayK/10€ CJA0BO TAKyKe PACIIPEIE/ISIeTCS 110 TEMaM.

Bepoammnocmmuas memamuueckas modeav (probabilistic topic model, PTM) omnpese-
JIsIeT BEPOSITHOCTU TeM B KazKJOM JIOKYMEHTEe U BePOSITHOCTHU CJIOB B KazK 101t Teme. Takue
MOJIeJIH TIPE/ICKA3BIBAIOT BEPOSITHOCTHU IOSBJICHUS CJIOB B JIOKYMEHTAaX, HO JEJTAI0T 3TO He
HACTOJIbKO XOPOIIO, KakK riybokue Heiiponnsie cern tuna BERT [58] uim GPT [98]. Baro
OHHM HAMHOI'O HPOIIE U 00/13/IAI0T CBOMICTBOM MHTEPIPETUPYEMOCTH.

Temarudeckasi MOjIe/Ib, KaK U HeffpoceTeBasi, Ipeodpa3yeT CJI0Ba U TEKCThI B UX GEK-
mopruvie npedcmasaenus nian dsmbequnru (embedding). Heiipoceresbie smbejunrun ve un-
TEePIPEeTHPYEMbl, Mbl HE MTOHHMAaeM CMBICa KOOPJIMHAT B 9TUX BEKTOpaX. leMarudecKuii
9MOEMHT — 9TO BEKTOpP BeposTHOCTeil TeM. B KaxKmoit Teme ecTh HamboJiee JaCTOTHBIE
CJIOBA, U €CJIU MOJIE/Ib HOCTPOEHA XOPOIIO, TO OHU OKA3bIBAIOTCS CBSI3AHHBIME JPYT C JIPY-
I'OM 110 cMbICJLy. [JIsijiss Ha HUX, MOXKHO CKa3aTb, O YEéM 3Ta TeMa, COCTABUTH €€ TEKCTOBOEe
onucanue, garh eil Hazsanue [118|. Haubosiee mennoe cBOHCIBO TeMaTndecKux Mojesieit
B TOM, YTO KOJIJIEKIIUs caMa CODON K/IacTepu3yercs Ha HHTEPIPETUPYEMbIE TeMBbI.

MpbI moutu He Oy/ieM KacaTbCs BONPOCA, KAK «O0bEIUHUTD JIyUIlee OT JIBYX MUPOBY —
PeICKA3aTeIbHYI0 U TeHEPATUBHYIO CHOCOOHOCTH HEHPOCeTeBbIX MOJIesIel si3bIlKa W WH-
TEPIPETUPYEMOCTh TEMATHYECKUX MOJe/Ieil. DTO OTKpbITas HaydHasl HPOO/IEMa HA MO-
MEHT HallMCaHHuA JJaHHOI'O IIPpEeJuC/IOBUAI. XOTeJIOCb 6bI BEPpUTb, 4TO MaTeMaTU4eCKU WH-
CTPYMEHTApuii, mpejjiaraéMblii B JaHHOW KHUTE, TOMOXKET MOTHBHPOBAHHBIM UUTATE/ISIM
B pPelIeHUU ITON HOBOW yBJIEKATEJbHON 3a1a4u.

BepogrHOocTHBIE TemaTHdecKne MOJENTH HAXOAAT MHOYKECTBO NPUMEHeHHH. DTO BbI-
ABJIEHHUE TPEHA0B B HOBOCTHbLIX 1HOTOKaX, HaTEHTHbIX 6&3&)(, Hay41HbIX Hy6.HI/IKa]_[I/IHX
[208, 174|, muorosi3branbiii nadopmanuonusiii mouck [184, 183|, kiraccudukanus n Ka-
Teropuszanus JoKymeHToB [156, 212|, Temarmueckasi cermentanus Tekcros [195, 153,
cymmapu3anus TeKcToB |[106], mOMCK TeMaTHdecKuX COOBIIECTB B CONUAJTIBHBIX CETIX
[211, 176, 145, 42|, rerupoBanue BeOG-crpanui [95|, obHapyzKeHue TekcTOBOrO craMa |16].
CyHLeCTByIOT U HE-TEKCTOBbIC IIPUJIO2ZKCHUA TeMaTU4YCCKOI'0 MOJACJIMPOBAHUA B aHaAJIH-



3e u300pazkenuii u Bujeonorokos |78, 105, 67, 175|, B pekoMeHaTe/SbHBIX CHCTEMAX
[202, 190, 100, 205, 204|, B nomyJsionHoii reneruke [148|, B Guonndopmaruke st aHa-
733 HYKJICOTUAHBIX [96] U aMHHOKHCJIOTHBIX mocienoBaTeabuocreii [163, 94|. Ipyrue
IPUJIOKEHUST TeMATHIECKHX MOJesieli yioMuHaoTest B o63opax [55, 36, 44, 152, 86, 51].

[TocTpoenne TeMaTHIeCKOl MOJETN ABISAETCd HEKOPPEKTHO MOCTABJIEHHOI ONTHMU3a-
UOHHO 3a/1a4eii, numeromieit beckonedno MHOro pemenuii. CoryiacHO Teopuu peryJisipu-
sanuu A. H. Tuxonosa |17|, pemenne Takoii 3aja4qu BO3MOKHO JOONPEIEJIUTH U CIEJIATH
YCTORYIUBBIM. /1J11 9TOTO K ONTHMU3AIMOHHOMY KPUTEPHIO TOOABIIETCS Pe2yAapu3amop —
JIOTIOJIHATEJIbHBII KPUTEPHil, YIUTBHIBAONINN crenuduiecKine 0COOEHHOCTH JTAHHBIX WA
npeaMeTHOI obmactu. TemaTndyeckue Moenn 061aal0T OTPOMHBIM «3aIaCOM PEIIeHHIT».
MoxkHo j106aBUTH pery/isipu3aTop, CUJAbHO YJIY4YIIMB OJIMH KPpUTEepHUil Kauecrsa, 3aTeM J10-
6aBUTHb BTOPOM U yJIYUIIUTH MOJE/b 110 JIPYIOMY KPUTEPHIO, U TaK HECKOJIbKO pa3.

Addumusnas peeyaspusayus memamuueckur modeset (additive regularization of
topic models, ARTM) — 5T0 MHOrOKpHTepUATBHBIN IIOIX0OM, B KOTOPOM MOJIE/b ONTH-
mu3upyercs o cymme kpurepues [5, 181]. ARTM mo3Bosisier cTpouTh Mojeu ¢ Tpebye-
MbIMH CBOUCTBaMU, O0'beIMHss PEryJIsapu3aTopbl OT pa3/jinuHbiX Mojesiei. [[jis obyuenus
JIIOOBIX MOJIeJIeff 1 UX KOMOMHAIUU UCHOJIb3YeTCsd OJIMH U TOT K€ aJI'OPUTM, K KOTOPO-
MY DPeryJisipu3aTopbl HOJAKJIOYAIOTCS Kak Moiyau [179, 68, 92|. MojyibHas TexHosOrust
peann3oBana B 6ubsmoreke BigARTM ¢ OTKpPBITBIM KOZOM, http://bigartm.org [179, 68].

[Toguepkuém, uro ARTM He sBisieTcs emé oaH0i MOAEIbIO HIH METOIOM — 3TO OOIHil
IIO/IXO/ K HOCTPOCHUIO U KOM6I/IHI/IpOBaHI/IIO .]'IIO6BIX TEMATHICCKNUX MO,ZLe.HefI.

ZLO HaCTOdIIEero BpeMeHun JOMUHUPYIOHIUM II0AXO/J0M B TeMaTUY€CKOM MO/IE/INPOBa-
HUU OCTaBaJIOCh DaitecoBckoe oOydenue. B ormmame or ARTM, B ném He mosrydaercs: Bbi-
JIeNdaTh YHUDUIHpYeMble MO/IYJIH-PEryaIpu3aTopsl. [lid Kaxkaoi OaliecoBCKOil Momen
IPUXO/IUTCS 3aHOBO BBIBOJWUTDH BBIUHCIUTENbHBIE (DOPMYJIBI, PEATN30BBIBATH W TECTHPO-
BaThb IpPOrpaMMHBI KoJ. I13-3a MaTemMaTn4deckoii ciaoxKHOCTH 6aileCOBCKOrO BBIBOIA B CTa-
ThdX YaCTO OIIyCKalOTCA BazKHbIC [IJId ITOHUMaHHWA JAeTaJid. STI/I 6apbepbl IpendTrcrByoT
HIMPOKOMY HUCIIOJIb3OBAHUIO TEMATUIE€CKOI'O MOAEC/JIMPOBaAHUA. B UHAYCTPUU aHAJIU3a TEK-
CTOB PEJIKO MPUMEHSIOTCS MOJIEJIH CJI0XKHee MopaJbHo ycrapesmreii Mogenu LDA (Latent
Dirichlet Allocation) [40]. CoTHI HEepCIEKTUBHBIX MOJE/el TAK U OCTAIOTCSH <«aKaJIeMUIe-
CKUMU HCCIEOBAHUSAMH JIJIsI OJHOU CTATHU».

OcHOBHAsI 1EJIb KHUTH — MIOKA3aTh O'POMHOE PA3HOODOPA3ue TeMATHIECKUX MOJIEJIel,
COCPEAO0TOYUBIHINCH Ha IMOCTAHOBKAX OIITUMHU3AallMOHHBIX 3a/da4. HOKa3aTb, YTO KJlaCCu4de-
ckas (He-OaifecOBCKasi) perysisipu3allisi siBJISeTCs He MeHee BBIPDA3HTENbHBIM CPEJICTBOM
MO/IeJTUPOBaHU, deM DaitecoBckoe oOydenune. Ha 3ToM g3bIKe BO3MOXKHO HE TOJIHKO CTPO-
UTh U KOMOWMHUPOBATH TeMAaTHIeCKHe MOJENN, HO TaKzKe OObICHATH UX HAMHOTO JIAKO-
Hu4Hee, 0e3 «3aMeTaHus 10J KOBEP» CJI0KHOI Maremaruku. COMOCTABUMBII 110 OXBaTY
u obcTosiTe/IbHOCTU 00630p DailecOBCKUX MoJie/1eil 3aHsi/l Obl MHOI'O COTE€H CTPAHHUIL.

OcuoBomnosioxkuHuK coBpemennoit Teopun Bepositnocreit A. H. Kosmoropos e pa3s or-
MeJaJl B CBOUX JIEKITUAX: «IIPe/ICTABIIeTCS BaXKHOU 3a/1a9a OCBOOOK IeHUs BCIO/TY, [/ie 9TO
BO3MOZKHO, OT M3JIMIIHUX BEPOSTHOCTHBIX MomyInenuii» [13, crp. 252|. BaitecoBckuii Bbi-
BOJA AaBHO BOCIIDUHUMAETCA KaK O6H3aTe.}IbeIﬁ anI/I6yT TeMaTUICeCKOI'0 MOJAEJINPOBAaHUA.
OHaKO 0Ka3a/10Ch, YTO OCBODOXK/EHHE OT ITOrO aTpudyTa HPUBOJAUT K OOJIEe M3SIHON
MaTeMaTuIecKoil Teopun. OHa OCHOBaHA, HA JIEMME 0 MAKCUMU3AMMH TIaAKOH (DYHKIUN HA
eMHIIHBIX cUMILIeKcaxX. Mbl 1okaxkeM eé B pazjene 3. V13 Heé BBIBOIATCS BCe aaTOPUTMBI
TeMaTUIeCKOT'0 MOJIEJTUPOBAHNS, OT CAMBIX IIPOCTHIX /10 CAMBIX CJIOXKHBIX. Temarmaeckoe
MO/IeJTAPOBAHNE CTAHOBUTCS «Te€OPHeil OMHON JJeMMbI». DTO JOJZKHBI IO JJOCTOMHCTBY OTle-



HUTb MCCJIE/IOBATEIM, UCIIUCABIINE TOHHbI YePHOBUKOB (popMysiamMu 6aitecoOBCKOIo BbIBOJIA
TeMaTUIeCKUX MOJeseit, XoTs Obl HeMHOro 6oJsiee ca0kHbIX, dem LDA.

Paznensr 2-5 gasigiorcs 6a3oBbiMu. B pasmenax 6-7 mssararorcss OCHOBBI OaitecoB-
CKOil TeopuH; OHa He 00g3aTeTbHa JJIsd IOHUMAHHUS MOC/IeIYIONero MarepuaJia, Ho MOZKeT
OBITH IOJIE3HA MPH YTEHUU HAyIHOU JimTepaTypbl. B pasmenax 8-15 B TepMuHax pery-
JISIDU3AIUAU ONMUCHIBAIOTCS PA3JIMYHbIE BUJBI TeMaTudeckKux Mojesieit. OHu nmpakTudecku
HE CBSI3aHBI JIPYT C JIPYTOM, UX MOZKHO YMTATh B HPOU3BOJIBHOM HOPSIIKE WM UCHOJIB30-
BaTh KaK IIyTeBOJUTE b 1O JuTeparype. Pa3aenbl 16—17 onuceBalOT KpUTEPUU KadecTBa
TeMaTudecKux Mojeneit. B pazaene 18 paccMaTpuBaioTcs 0COOEHHOCTH peau3alii ajro-
PUTMOB, B TOM YHCJI€ IPUEMBI YCKOPEHHS CXOIUMOCTHU U paclapaJuienuBanusd. Pazmaen 19
COJEPKUT HadaJIbHbIe cBeJleHus o oudbmmoreke BigARTM. B paszneste 20 obcyxaaercs npu-
MEHEHUEe TeMATHYeCKOI'0 MOJEJUPOBAHUS JIjIs Pa3BeJ0YHOI0 MH(MOPMAIUMOHHOIO TTOUCKA
U COIMO-TYMAaHUTAPHBIX ucciepoBanuii. B pasmgese 21 mogBoaurcs uror, pa3BeHInBaIOTCS
MUQDBI 1 00CYZKJIAIOTCA OTKPBITBIE IIPOOJIEMBI.

B maugaJsie Kazk/10ro pasjesia MpuBOIUTCS KpaTKas MOTUBAIAA U HeOPMATIbHOE MOsIC-
HeHue, 4T0 OyjieT IPOUCXOJUTh JlaJjiee, U 0YeMy ITO BarzKHO.

Ha cxeme 3aBucuMocTu pas/ie/loB B BEPXHEM Psi/ly PACIIOJIOZKEHbl OCHOBHbBIE Pa3/IeJibl,
B HUKHEM — JIONO/IHuTe/IbHbIe. [[pu nmocTpoennn y4aeOHOrO Kypca JOMOJTHUTEIbHBIE Pa3-
JIeJIBl MOYKHO OCTaBJISTH J/IsI CAMOCTOSATETILHOTO M3y YeHHS.

e G 0 ® o
OO D OB ®6 0 e

Kuura mamnmcana mo MarepuajiaM Kypca, duTaeMoro cryjaeHtaM dakyabrera BMK
MI'V ¢ 2013 roga n mroabsr PIIMU MOPTU ¢ 2019 roga. [Ipesentanun u apyrue mMate-
pUaJIbl Kypca MOXKHO HaiiTh Ha crpanuile «BepositHocTHBIE TeMarnueckue mMoieaun (Kypce
aeknuii, K.B.Boponnos)» Buku-pecypca www.MachineLearning.ru.

Koncmanmun Boponuose
22 mas 2023 e.



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 IMOCTABJIEHHYIO 33/1a4y, Y3HaeM B JIBYX CJIeIYIONUX pa3/esax.

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 |14 win MeTo10B aBroMaTndeckoro BblAe/IeHIs] TEPMUHOB
(automatic term extraction, ATE), ue tpebytomux mpus/edenus skciepros [64, 107, 160].

Pacnosnasanue umenosarnux cyuspocmed; (named entities recognition, NER). 9o na-
3BaHUS OOBEKTOB PeAJTbHOTO MDA, OTHOCIIIUXCS K OIIPe/IeTEHHBIM KaTerOPUIM: IEPCOHBI,
OpraHu3aIMK, Te0JOKAINN, COObITHSI, 1aThI, U T. /1. B KaxK/10if npeamMeTHoi 00/1acTu MOTYT
ObITH CBOM KaTeropuu: O0JIE3HU, METO/Ibl JICYCHUsI, XUMUIECKHE BEIEeCTBA, BUJIbl PACTEHHIT
1 JKWBOTHBIX, HeOeCHBIE TeJla, W3/1e/Ius, TOBAPHI, U T. 1. g pacno3HaBaHus NMEHOBAHHBIX
CYIITHOCTE HCMOJIB3YIOTCs PA3JINIHbIe MeTO/bI MAIIKHHOTO 06ydenus [129, 97, 135].

[Iycte D — KOHeYHOE MHOXKECTBO (KOJIJIEKIHS) TEKCTOBBIX TOKymeHToB, W — Ko-
HEYHOE MHOZKECTBO (CJIOBAph) BCEX YHOTPEOISIeMBbIX B HUX TePMOB. Tepmamu MOTYT ObITh
CJIOBA, HOpMaJibHbie (DOPMbI CJIOB, CJIOBOCOYETAHUS MJIM TEPMUHbBI, B 3aBUCUMOCTH OT TOIO,
KaKue BU/Ibl IIPe/IBAPUTE/IbHOIT 00PadOTKU TEKCTOB ObLIU BbIIOJIHEHbI. KazK iblil JIOKyMEHT
d € D mpeacrasigeT coboil mOCae10BaTEIbHOCTD Ny TEPMOB Wy, . . . , Wy, U3 caoBapd W.

MmnoTte3a o cyuiecTtBoBaHun TeM. Kaxkaoe BXOXK/IeHHE TepMa W B JOKYMEHT d CBSI3aHO
¢ HEeKOTOPOii TeMoii ¢ M3 3aJaHHOrO0 KOHEYHOro MHOKecTBa 1. Ko/meknua ITOKYyMeHTOB
IPeJICTABIAeT CODOI IOCTIeI0BATEILHOCTE TPoeK (), = {(wi, d;, t;) } i=1,... ,n}. Tep-



MBI W; ¥ JOKYMEHTbI d; ABJISIOTCA HAOJIIOAAEMbIMHU ITEPEMEHHBIMHU, TEMBbI t; HE U3BECTHbI
U SIBJIAIOTCSH AGMENMHbMU (CKPBITBIME) MePEMEHHBIMHE.

MMnotesa «mewka cnoB». [lopsaok TepMOB B JTOKyMeHTaX He BarKeH /I BBISIBJICHUS
TEeMaTUKH, TO €CTh TeMAaTUKY JJOKYMEHTa MOXKHO Y3HATh JlazKe I0CJIe IPOU3BOJIBHON nepe-
CTAHOBKH T€PMOB, XOTsl JIJI YeJIOBEKA TAKON TEKCT HOTEPSeT CMbICJI. DTO IIPEIIOJI0KEHIEe
Ha3BIBAIOT IHIOTE30i1 «Memka cioBy (bag of words). [Topsiiok JOKYMEHTOB B KOJLIEKIHH
TaKzKe He MMeeT 3HAYeHHs — JTO IPeIlo/I0oyKeHne HA3BIBAIT I'HIIOTE30i «MeIIKa JTOKY-
MEHTOB». ['HIIOTe3a «MeIKa CJI0B» IO3BOJISIET IMepeiiTH K KOMIAKTHOMY IPEeICTaBIEHHIO
JIOKYMEHTa KaK MYAbMUMHOHCECTNEG — TOAMHOXKecTBa TepMoB d C W, B KOTOPOM KazK-
JIblit TepM W € d TOBTOPEH Ny, Pas.

MMnoTte3a o BepOATHOCTHOM nopoXxaeHnn gaHHbix. Muoxecrso 0 = D x W x T gB-
JISIETCA KOHEUHBIM GEPOAMHOCTIIHbLM NPOCMPAHCMGOM ¢ HEN3BECTHONH (DyHKIMeH BeposaT-
wocru p(d,w,t). Kojiekiust J0KyMeHTOB siBjisieTCst BLIOOPKOiT Tpoek (d;, wy, t;), MOpoxK-
JIAEMbIX CJIyYailHO M HE3aBUCUMO JIDYT OT Jpyra u3 pacupejeinenus p(d,w,t). 1o upej-
IOJIOZKEHNE ABJIeTCA BEPOATHOCTHBIM YTOYHEHHEM THIIOTE3bI «MEIIKa CIOBY.

Biarogaps mpeanooKeHuo 0 He3aBUCUMOCTH, PEAJU30BABIIYIOCA BBIOOPKY 2, dJe-
MEeHTOB 13 {2 MOZKHO PACCMaTPUBATL KAK HOBOE BEPOATHOCTHOE IIPOCTPAHCTBO € 1 PABHOBE-
POATHBIMU 3JIEMEHTAPHBIMU UCXOJaMK. B mpocrpancrse (), JIErKO HAXOAUTb BEPOATHOCTH
Pa3/IMYHbIX COOBITUIl, IPUYEM OHM COBIIAJAIOT ¢ YACTOTHBIMU OLECHKAMU BEPOATHOCTEM
Tex 2Ke coOblThil B mpocrpancrse 2. B wacrnocru, B mpocrpancrse (), BhIpazKeHue

Py w,t) = =3 [ds = ) [w; = w] [t = 1
i=1

PABHO BEPOSITHOCTU COOBITHSI «TE€PM W JIOKYMeHTa d CBS3aH ¢ TeMOW t», a B MPOCTPaH-
crBe {2 OHO PaBHO BbIOOPOUYHOI YACTOTHON OLEHKE BEPOATHOCTH TOIO 2Ke COOBLITHSI.

JloroBopuMcst B JlaJIbHERIIIEM 3allUChIBATH BCE BEPOSITHOCTH B HPOCTPAHCTBE (2, ec/iu
HEe OrOBOPEHO MHOro. MHOrHe BBIKIAAKH OYAyT CIHpPaBEIJIMBBI B OOOMX IIPOCTPAHCTBAX.
IIpocrpancrso 2, umeer GopMaIbHOE OrPAHMYICHAE — OHO CTPOUTCA IO (PUKCHPOBAHHOMN
KOJLUIeKIuU. ECam B KOIEKIUIO J00aBISIOTCI HOBBIE JOKYMEHTBLI, TO IPOCTPAHCTBO (2,
I/I3MeHﬂeTCﬂ, TOrJa KaK HpOCTpaHCTBO Q MOZKHO I10JIaraTb HEU3MEHHDBIM.

MmnoTte3a ycnosHoii He3aBucumocTun. llogBienune TepMoB B JOKymMeHTe d 1O Teme t
3aBHCAT OT TE€MbI, HO HE 3aBUCHT OT JOKYMEHTa d, U OMUCBIBAETCS OOIIUM JIjIs BCEX JIO-
KyMeHTOB pacupe/iejenueM p(w |t):

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

BepositTHocTHass TemaTudeckass mogenb nopoxpgeHusi Tekcta. CornacHo ¢dopmy-
JIe HOJTHOH BepOATHOCTH M THIIOTe3e YCJOBHOH HE3aBHCHMOCTH, PACIpeIe/eHHe TepPMOB
B JoKyMeHTe p(w |d) onuchiBaercs 6eposmHoCmHot CMeCh0 PACIPEIeJIeHI 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 uibha. 2)
teT teT teT

BepogiTHOCTHAsST MOJIETh (2) OMUCHIBAET MPOIECC MOPOKICHUST KOJIJIEKIUH 110 H3BeCT-
HbIM pacupejenenusm p(w |t) u p(t|d). dror upouecc nokaszaun B ajgropurme 1 u Ha puc. 1.
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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

ey

~
H D [J \
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;).

3agaya TemMaTNyeckoro MogennMpoBaHNA — 3TO OOpaTHasd 3a/]ada; 110 3aJaHHOM KOJI-
neknuu D TpeGyeTcs HAfiTH mapaMeTphl Q. U Oy, TP KOTOPHIX TeMATHIeCKast MOJIENb (2)
XOPOIIO TpUBIHKAET YACTOTHBIE ONEHKH YCJIOBHBIX BeposTHOCTel p(w |d) = pg, = ’%‘J

JI1st Jryqimero noHMMaHUsl TEMATHIECKOTO MOJAEJIMPOBAHUSA 110/I€3HO PACCMOTPETD 1O~
CTAHOBKY 3214l C HECKOJbKUX TOYEK 3PEHUS.

Bo-nepBoix, 3T0 3a1a4a OpUOIMAKEHHONO HU3KOPAHIOBOTO CTOXACTHYECKOIO MATPUY-
HOTO pa3yiozKeHns. UToObl HOSICHAUTH BCe 9TH MOHSITHsI, EePeIuIeM PaBeHcTBO (2) B Mar-
puuaroM Bujie P~ PO, r1e P = (Daw)wxp — MAMPUUA 4acmom mepmos 6 00KYMeHMmaL,
O = (puwt)wxr — mampuya mepmos mem u O = (0iq)rxp — mampuya mem JoKYMEH-
mos, cMm. puc. 2. Marpunia P usBectHa, 310 MCX0/iHbIe JaHHbie. [[paBas dacTh paBeHcTBA
IPEJCTABILET COOON IIPOM3BEACHAe IBYX HEM3BECTHLIX MAarpul. Bo Bcex Tpéx Marpunmax
P, ®, 0 croabupl py, ¢:,0; HeorpunaTesbHbl, HOPMHPOBAHB M OLIPEIEIAIOT JUCKPETHDLIE
BePOATHOCTHBIC PACIpeIeIeHns. Takue MaTpUIbl HA3BIBAIOTCA CIMOLACTIUMECKUMU. Panr
upousseenus PO He upesbiniaer yucsia rem |T'|, Koropoe, Kak mpaBujio, MHOIO MEHbIIIE
BXOJIHbIX pasmepHocreil |D| u |W|. Marpuna P B 00iiem ciydae uMeer IOJIHBIA PaH,
H09TOMy He MOzKeT ObIThb B TounoCcTH paBHa $PO. Takum obpazom, croxacTudeckoe Mar-
puuHoe pasnoxkenue PO mpeanosaraeTca HI3KOPAHTOBBIM U HPUOTHZKEHHBIM.
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p(w|d) p(wlt)

(G})Wt) t
Ndw p(td)
(%)

(Otd)

Q
<
X
@

w w

Puc. 2: [Tocrpoenne TeMaTuIecKoit MOIEIN CBOAUTCS K BBRIYUCIATEILHON 3a1a19€e TIONCKA, TTPUOIMKEHHOTO

HU3KOPAHI'OBOI'O CTOXACTUYECKOI'O MATPUYHOIO pad/ioxkeHus P = ("ﬁ“) ~ $0O,

Bo-BTopbix, 910 c110c00 MArKOi#l Ou-K/jacTepu3alii JOKYMEHTOB 110 MHOYKECTBY TeMa-
trudeckux Kiaacrepos T'. [Ipu o6braoili «zxkécTkoiiy knacrepusanun (hard clustering) kazk-
JIBII TOKYMEHT IeJTMKOM OTHOCHTCS K OJHOMY KJacTepy. Temarnmdeckas MOIeIb pacipe-
JIeJISIeT COJIePZKIMOE JIOKYMeHTa d 110 KJIacTepaM-TeMaM COLIacHO pacipeaesnenuto p(t|d).
Takas Kjgacrepusanusi Ha3blBaeTCsH <«Msarkoif» (soft clustering). Amasormuno, xax/prit
TEPM W MSAIKO paclpejesisiercd 1o TeM ke kjacrepam corsiacHo p(t|w). Kinacrepusy-
I0TCd OJIHOBpeMeHHO JiBa MHOxkecTBa, D u W. [losromy remarnyeckoe MoOje/MpoOBaHUE
HA3BIBAIOT MA2K0U bu-Kiacmepusayued.

B-tperbux, 310 Cocod BEKTOPU3AIUN TEKCTA, T. €. MOJYIeHHs] TeMATHIECKHX PacIpe-
JlesieHuit s sioboro gokymenta p(t|d), repma p(t|w), Tepma B KOHTEKCTE JOKYMEHTa
p(t|d,w), rekcroBoro dbparmenta win upeiozxkenus p(t|s). Pacupenenenue suja p(t|z)
HA3BIBAETCS TEMATHYECKUM BEKTOPHBIM IPEJICTABIEHUEM, TEMATUIECCKUM BEKTOPOM, Te-
MATHYIECKHM SMOETIMHIOM WU MeMamuKkot 00beKTa .

B-gerBépThIX, 3T0 asmokoduposujur TOKyMeHTOB. Koduposujuk fe: pg — 04 npeod-
pasyer BEKTOPHOe IpejcTaBieHne JoKyMenTa pg = p(w|d) Bbicokoii pasmepnocru |W|
B TeMaTHYECKOe BeKTOpHOe mpejcrasienue 0, = p(t|d) nuskoii pazmepuocru |T'|. Jexo-
duposuiuk ge: 03 — POy pekoHCTPYHPYeT HCXOMHOE HpeacTaBieHre. dem TOYHee PEeKOH-
CTPYKIHs, TeM OoJbire nH(GOpMAIIH 00 HCXOIHOM JOKYMEHTe yIaJ0Ch 3aKOIMPOBATH
B BeKTOpe ;. B TemarmyeckoM MOeMPOBAHUU JIEKOIUPOBIIUK JHHEHHBIH, 9TO IPOCTO
yMHOKeHne BeKkTopa 0y ma marpuiyy ®. Marpuna ¢ gBaserca mapamMerpoM Kak KOJIH-
POBILKKA, TaK 1 Jjekouposuuka. Marpuna © = (6y,...,60p) sBisiercs He mapaMerpom,
a Pe3yJIbTaTOM KOJMPOBAHUsI BCEX JIOKYMEHTOB KOJLIEKIMH. DTO BazKHOE Pa3JIddue po-
JIeil IBYX MaTPHIL YCKOJIb3aeT OT BHUMAHUS, €CJTH PACCMAaTPUBATh TEMATHIECKYIO MOJIe/Tb
TOJIBKO C TOYKH 3PEHHsS MATPUIHOTO PA3/I0KEHHS.

B-mareIx, 3T0 A3biK06aA Modeab, KOTOpas IIPeICKa3biBaeT IMOsIBJIEHHE TEPMOB B JIO-
kymenrtax. Ciejlyer npusHarTh, 4TO B JAHHOM Ka4eCTBe TeMaTHYeCKHe MOJEJU JOBOJIbLHO
cj1abbl. HTobbl XOPOIIIO HpeJicKa3aTh TepM, HEOOXOMMO 3HATH €r0 JIOKAJIbHbI KOHTEKCT,
OJTHAKO T'HIIOTE33a <«MeEIIKa CJI0B» pa3pylIaeT KOHTEKCTHI. JTO He COBCEM IIpPobJieMa, Tak
KaK CYIIEeCTBYIOT TeMaTHIeCKHe MOJIEIN, HCIOJIb3YIOINe eCTeCTBEHHBINH IOPSIOK CJIOB.
Bosee ceppé3nas mpobemMa B TOM, UTO MOABJIEHIE TepMa, BPsIJ JIH OIIPEIe/ISIeTCI TOJIBKO
TEMATHKOW TepMa U ero KOHTEKCTA.

[iiybGokue HefipOHHBIE CeTH HA OCHOBE MoJie/ieil BHUMaHus |29 1 apXuTeKTypbl TPAHC-
dbopmepa, takue kak BERT [58] win GPT [98] Mmomesmpyior Bech KOMIUIEKC $3BIKOBBIX
SIBJIGHHI 1 IpPeJCKa3bIBAIOT CJIOBA B TEKCTE€ HAMHOIO JIVUIIe, 9eM JTO JeJal0T TeMaTHde-
ckue mojenu. U maxke jiydmie, dem 3to jenaior Jjiogu. Mogens GPT crocobna remepupo-
BaTh (PEHKOBBIE HOBOCTH, KOTOPBIE JIOJM HE OTJUYAIOT OT HACTOSIIUX. B TO Ke Bpems,
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B OTJIMYHME OT TEMATUYECKUX MOJIEJICH, HEfIPOCETEBbIE MO/IE/IN A3bIKa HEMHTEPIPETHDYEMBI.
Mpbl 110Ka HE HAYYMIMCh Y3HABATH, KAKME MMEHHO SI3bIKOBBIE SIBJICHHSI U KAKUM 00Pa3om
CMOJIEJTUPOBAJIAa HeipOoHHAs ceTh. TakzKe HEACHO, KAKON CMBICJ HMEET KazK/asd KOOD/[MHA-
Ta HefipOCETEBOr0 BEKTOPHOTO MPEICTABICHAS TEKCTA.

Utak, yeavto memamuueckozo mo0eauposarus ABIAeTCsS He CTOJbKO HpPeICKa3aHue
TepMOB B JOKyMeHTax p(w|d), CKOJIBKO BBISBJIEHUE TEMATHYECKON KJIACTEPHO CTPYKTY-
Pbl TEKCTOBOI KOJLJIEKIMH; OLpe/ie/ieHne TeMaTuku jokymMenToB p(t|d) u repmos p(t|w);
MHTEPIpeTAN KazKJI0H TeMbI ¢ CPEJICTBAMU ECTECTBEHHOTO SA3bIKA.

NHTepnpeTtupyeMmocTb — BaxkHeifiee cBOCTBO Temarudeckux mojeseir. OHO o3Ha4gaer,
9TO KaKJasd TeMa t UMeeT ceMarmuveckoe A0po — MOAMHOXKecTBO TepMoB Wy C W, Ko-
TOpbIe BCTPEYaTCsd B JJAHHOI TeMe CYIeCTBeHHO dallle, YeM BO Bceit Kosseknuu. MoKHO
10-pa3HOMY (POPMAJIU30BaATH, YTO 3HAYUT «CYIIECTBEHHO Yalley, U JazKe BBECTH HEeCKOJIb-
KO B3aUMOAOIOJIHAIOIIUX ITOPOTI'OBBIX KPpUTEPUEB:

Wila, B,7) = {w: p(w|t) = a, p(tjw) = 8, p(wlt) = yp(w)}.

Tema mazpIBaeTcsa unmepnpemupyemoti, eCIu SKCIepT WU MOJb30BaTeTb TeMaThude-
CKOIl MOJIe/IH, IPOCMOTPEB CHUCOK TepMOB W, mOHMMaeT, KaKoil OOl CMBICT UX O0b-
eJuHsieT, MoxkeT cOpPMY/JIMPOBATH Ha3BaAHUE TEMbl M COCTABUTH €€ KPaTKOe U3JI0KEeHUe,
OJIb3YsICh TepMaMu u3 sijapa [45]. Jannoe onpejesienune He siBJISETCS MaTeMATHICCKH
crporuM. OHO cyObeKTHBHO, TaK KaK HECKOJTBKO KCIEPTOB MOTYT BBICKA3aTh PA3JUIHbIE
MHeHud 0 TeMe. OJHAKO HA OCHOBE 3TOTO OIpeJeTeHns YzKe MOYKHO CTPOUTH SMIUPUIE-
CKHe METOJMKH KCIEPTHOrO OleHUBaHus HHTepperupyemoctu [133, 134].

WNurepuperupyeMocTb TeM HEPEHOCUTCS U Ha JII0Oble OObEKTHl T, UMEIOIINe TeMaTH-
deckuii BekTop p(t|z). Ecim o aBisiercss koporkuit dbpasoil nim HETEKCTOBBIM 00bEKTOM
(3a24m ¢ TaKUME OOBEKTAMH paccMaTpuBaioTcs B padjenax 9 u 10), To s HEro rakzxe
MOZKHO OTPeJIeJIUTh ceMaHTHIeckoe gapo. CormacHo dpopmysie MOTHON BepOATHOCTH,

Wa(y) = {w: p(w|z) = g;p(wlt)p(tlx) > yp(w) }.

Biarogapsi ¢BOWCTBY MHTEPIIPETUPYEMOCTH TeMa MOYKET «CaMa paccKas3arb o cebe»
CJIOBAMU WJIM TEePMaMU U3 CEMAHTUYECKOI'O s1/Ipa, U JlazKke 1ejibiMu ppasaMu, 0TOOpaHHbI-
MK U3 TEKCTOB METOJaMH SKCTpaKTI/IBHOﬁ CyMMapu3aluuu ujin aBTOMATHUYECKOI'O UMEHO-
Bauust rem [118|. Taxzke n s1060it Temarndeckuii smbeuur p(t|x) cnocoben pacckasarhb
0 cebe caoBaMu Wid (ppas3aMu eCTECTBEHHOIO sI3bIKA.

YacTtoTHble OUEHKMN YCI0BHbIX BeposiTHOCTen. B npocrpancrse (), BEpOATHOCTH, BbI-
pazKamouyecsa 4epe3 mepeMeHHble d 1 w, COBIAAIOT ¢ YaCTOTAMHU COOTBETCTBYIONUX Ha-
0JII01aeMbIX COOBITHIA:
Ndw Ngq Ny Ngw
pldw)=—  pld)=—, plw)=—  pw|ld=—; (3)
n n n ng
Ngw — YUC/I0 BXOXKJICHUIT TepMa w B JOKYMEHT d;
Ng =Y, Ndw — JJIIHA JOKYMEHTA d B TEPMax;
Ny = Dy Ny — IUCJIO BXOZKJICHUI TepMa W BO BCE JOKYMEHTHI KOJIJIEKIUH;

n=1 4 Ndw — AJAHA KOJUIEKI[UH B Te€pMax.
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BepostHocTH, CBS3aHHbIE CO CKPBITOU 1EPEMEHHOU ¢, TOXKe OLPEJe/IIIOTCsd KaK 4acTOThI:

Uz Nt Nd Nidw
t) = — t) = — t|ld) = — t|d = : 4
p(t) - p(w]t) n p(t]d) n p(t|d,w) m—— (4)

Nidw — IUCJIO TPOEK, B KOTOPHIX TEPM W JOKYMeHTa d CBA3aH ¢ TeMOM t;
Nid = Y, Mtdw — TUCTO TPOEK, B KOTOPLIX TePM JOKYMEHTa d CBA3AH ¢ TeMOi ¢;
Nt = D4 Mitdw — TUCJIO TPOEK, B KOTOPBIX T€PM W CBSI3aH C TEMOI ¢;

=Yg 2w Mdw — THCIO TPOEK, CBS3AHHBIX C TEMOIT t.

B owinane or (3), 911 9acTOTHl HE MOI'YT OBITH BBIYHMCJICHBI HEIOCPEICTBEHHO 1O UC-
XOAHBIM JITaHHBbIM, TaK KaK T€Mbl tl HEU3BECTHHI.

B BeposirnHocrHOM 1ipoctpancTBe {2 BoIOOpKa Tpoek (d;, w;, ;) | HOPOXKIAeTCst U3 pac-
npenenenns p(d,w,t). [losromy dopmysl (3)—(4) gBAAIOTCS He TOYHBIMI DABEHCTBAMU,
a JINIIb NPUOAUNCEHHBLMU UACTNOMHBLMU OUEeHKAMU COOTBETCTBYIONINX YCIOBHBIX BEpPOST-
Hocreil. CorIacHO 3aKOHY GOJIBIINX YHCEN, IIPH 7 — 0O YACTOTHBIE OIEHKH (BePOSTHOCTH
B HpoCTpaHcTBe §),) CTPeMsTCsS K COOTBETCTBYIONIMM BEPOSITHOCTSIM B IIpocTpaHcTie (2.

EM-anroputm. Bamernm, uaro Bce OneHKE (4) BBIPAKAIOTCH 9€PE3 Mgy, = NawP(t | d, w).
Buas ycsoBHble pacupegenenust p(t|d, w), MOKHO OIEHUTH MCKOMbBIE IAPAMETPBI TeMa-
TUIECKON MoJe/ i @ = p(w|t) u Oy = p(t|d). U, naobopor, 3Hasi napamerpbl MOJEJH,
MOKHO BBIPA3UTh yCJIOBHBIE BepositHocTH p(t|d, w) no dopmyse Baiieca:

Cptwld)  plolOp(tld) ol
PUIEw) = 20T = pwld) S pudder )

Takum 0b6pa3om, 1OJIy4aeM CUCTeMY HEJIMHEHHbIX yPAaBHEHUN OTHOCUTE/ILHO I1apaMeT-
POB MOJENH Py, B3 1 BCHOMOTATEIbHBIX HEPEMEHHDBIX Diguws Mty Mid, Tt

Putbrd
Ptdw = ’ 6
! ZS Sowsesd ( )
Ty
deD weWw
n
Oa = n_t:; Nt = Z NdwPtdw - (8)
wed

Jluist eé perienust yi00HO HIPUMEHSATh METO/I HPOCThIX UTePalil: CHavaJ/1a BbIOMPAIOTCs
HAYAIbHbIE IPUOIHKEHHS TAPAMETPOB Oy U Oy, MO HAM BBIYUCIISIFOTCS BCIIOMOIATE b-
HBIE [IEPEMEHHBIE Dty , KOTOPBIE O3BOJISIOT HANTHU CJie/yolee IpUOJIMKeHre IapaMeTpoB
Oyt 1 Oy Beraucsenns mo dopmynam (6)—(8) mpogorKaoTcs B MHK/IE 10 CXOAUMOCTH.

DTOT WTEPANMOHHBIA HPOLECC sIBJSIeTCsl YacTHbIM ciaydaem EM-aaropurva [57).
Boruuciienne yegoBHBIX pacupejiesieHuil CKphIThIX 1epeMenHbix (6) HasbiBaercs E-marom
(expectation), Beraucsrenue mapamMerpos mogean (7)—(8) — M-marom (maximization).

JlaJjiee Mbl BBIBEJIEM 9TOT aJTOPUTM U3 OOIIEli ONTUMU3AIUOHHON IOCTAHOBKU 33/1a4H.
Ceifuac Mbl IPHUILIE K HEMY SJ€MEHTAPHBIM IyTEM, KOTODbIH TaéT MpOCTOe MHTYHTHB-
HO€ IIOHUMMaHue, HO OCTaBJIdeT 663 OTBE€TOB BazKHbI€ BOIIPDOCBLI: CXO/JUTCA JIM aJI'OPUTM
K PELIeHUI0 CUCTEMbl yPaBHEHUU, €JIMHCTBEHHO JIM ITO PellleHue, U [OYEeMYy ITa CUCTEMA
OLIMCBHIBAET TEMATUIECKYIO MO/Ie/1b, HpubiunKaolyo p(w|d).
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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;

PayvoHanbHbii EM-anroputm. Bbruuciienue nepemMeHHbiX Ny, Ny, Ny Ha M-1mare Tpe-
Oyer OJHOKPATHOIO IPOXOJa KOJIEKIMH B IUKJIE 10 BCeM TepMaM w € d Bcex JTOKyMeH-
ToB d € D. BHyTpH 3TOr0 MK/ 3HAYECHUE Dygy, BBITUCIISETCA TOJBKO OAuH pa3. [Toaromy
E-mar MoxkHO BCcTpouTh BHYTph M-1ara 6e3 JOMOJTHUTETbHBIX BBIYHC/IUTEIbHBIX 3aTpaT
u 0e3 XpaHeHHsI TPEXMEPHON MATPHUIIBL Pigy,. DTOT BapHaHT peaJsm3anuun EM-aaropurma
Oy/ieM Ha3BIBATh PAUUOHAALHBLM; OH IMOKa3aH B Asropurme 2.

3 Makcumusauyms Ha eUHNYHbIX CUMITJIeKCaxX

B srom pasznerne Oymer mokaszaHa JieMMa O MAaKCHMU3AIWHN TVIAAKOH (DyHKINN Ha eau-
HUYHBIX cuMiuiekcax. C eé moMonibio BeiBOATCs (hopmysibl EM-110/100HbIX nTepanmoHHbIX
HPOIECCOB JIJIs JIFOObIX TEMAaTUYECKUX MOJIejIeil, OT caMbIX HPOCTBIX JIO CAMbBIX CJIOZKHbBIX.
[IpuMeHUMOCTD ITOU JIeMMbl BBIXOJUT JIAJIEKO 3a HPEJIe/Ibl TeMaTUYeCKOIO MOJIe/INPOBa-
Hug. OHa M03BOJIET ONTHMHU3UPOBATD JIOObIe MOJIEH, TapaMeTPaMi KOTOPBIX SABJISIOTCS
HEOTPHUIIATEIbHbIE HOPMUPOBAHHBIE BEKTODHI.

Heobxogumbie ycnoBusi makcumyma. KiiaccuyeckuM HHCTPYMEHTOM pEIIeHHs 3a-
JIa9 ONTUMH3AIMH C OTPAHMYEHUSIMU PABEHCTBAME U HEPABEHCTBAMU SABJISIIOTCA YCAOGUS
Kapywa—Kyna—Taxxepa. PaccmoTpum 3aj1ady MareMaTHIeCKOro HPOrPpaMMUPOBAHMS

f(z) — max;

xX

gi(x) <0, i=1,...,m;

hj(:zf):(), ]:1,,]€
Teopema 3.1. Ilycrs ¢yukumn f(x), ¢/(z), hj(x) meupepsiBHO pudepenupyensr

B Touke x. Ecimm x — To4uka JTOKaJIbHOrO MaKCHMyMa | 3ajada YIOBJIEeTBOPSET YCTOBHSIM
PeryJapHOCTH, TO CYIIeCTBYIOT 3Ha4eHHd [i;, 1 = 1,...,m, \;, 7 =1,... k, HasbibaeMble
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MHOHCUITNEAAMU ﬂaepanofca, Takue, 4710:

(0. m k
or 0, Lz )= [f(x) =3 migi(x) — - Ajhi(a);
T i=1 i=1
< gi(x) <0; hj(z) =0; (mcxonuble orpanmdens) 9)

w; = 0; (1BOficTBeHHBIC OrPAHHICHHST)

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

Ye/10BUsE peryispHOCTH MOTYT (DOPMYJIMPOBATHCS HO-pa3HoMy. B 3a/1a4ax ¢ JuHeiHbI-
MU OIDAHMYEHUSIMU OHU BBILIOJIHEHBI BCEIJIA.

Bagaqa (15), (14) oTHOCHTCS K KJIACCY HEBBITYKJIBIX 33149 MATeMATHIECKOIO HPOrPaM-
MupoBaHus. [{jisi Heé BO3MOZKHO HANTH JIMIIb JIOKAJIBHBIH 9KCTPEMYM, KA4eCTBO KOTOPOIO
Oy/JeT 3aBUCETh OT HAYAJIBHOIO npubsizkenus. /lajgee Mbl He GyaeM yjejsTh MHOIO BHU-
MaHHsl BOIPOCAM UHUIMATU3AIME, COCPEIOTOYUBIINCH HA MOAudUKAIUIX caMoii dyHK-
uuu f, KOTOPbIe CIOCOOHBI BJMSTh HA PELIEHUE T0PA3/I0 CUJIbHEE.

Jlemma o makcummnsauynm rnaakoi pyHKUMM HA eAUHUYHbIX cumnaekcax. Bsejaém
OllepaTOp NOrm, KOTOPbIii peodpa3yer POU3BOJIbHbIH BEKTOD (T;);c; B BEKTOP BEPOSTHO-
creit (p;)ier JMCKPETHONO PACHPE/IE/IeHUs IIyTEM OOHYJIEHUsI OTPUIATE/IbHBIX JIEMEHTOB
U HOPMHUPOBKU:

- norm(z) = )+
PR ) = S,

kel

, JUIsI Bcex 1 € I,

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

JlemMma 3.2 (0o makcuMmusanuu Ha cuMiiekcax). Ilycrs ynknms f(§)) mHenpepbiB-
Ho quggepennupyema 1mo Habopy BeKTopos {2 = (wj)jes, w;j = (wij)ier,, Boobuie ropop4,
pasamIabIx pasmepHocredi |1;|. Torga BEKTOPBI w; JIOKAJIBHOIO SKCTDEMYMa 38aTH

f() — max;
Zwij = 1, ] € J7
iEIj

wijEO, iEIj,jEJ;

npu ycaopun 1° 2 (Fi € 1) wij% > () y/JI0BJIETBODSIIOT ypaBHEHUSIM
ij

wij = norm( of ), i€ Ij; (10)

wij—
i€l 8(4)@'

upu yeaosun 20 : (Vi€ 1) wii -2l <0 m (3i € [;) w2l < 0 — ypasrennsam
i) Wij B, i) Wij B,

0
wij:norm< f), v € I;

_wi [

i€l / 0w,~ j
B IPOTHBHOM cJiydae (yc 30) — =00
D v ycsroBHe OJTHODOJTHBIM YPABHEHHSM wij»— = 0, i € ;.

8wi J
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Jdoka3zaTeabCTBO. 3alniieM JIarPaHKUaH ONTHMHU3ANMOHHON 3a/1a91 ¢ OrPpAHUIEHH-
AMU HEOTPULATE/IbHOCTU U HOPMUPOBAHHOCTU BEKTOPOB:

LO)=FOQ) =D XD wig = 1)+ miywi,
jeJ icl; jed i€l
IJile MHOXKHUTEIN A; COOTBETCTBYIOT OUPaHMYEHHAM HOPMHPOBKH, [i;; — OIDAHHYCHHAM
HeorpurareapbHoctu. Januniem ycaosust Kapyma-Kyuna-Takkepa (9), npupaBasiB HyI10
[POU3BOHBIE JIATPAHKUAHA 10 [TapaMeTpaM MOJIe/IN:
0L of
— = —— =\ + i = 0; iwii = 0. 11
Oy Oy i T Mg HijWij (11)
Badukcupyem j € J. Ilpeanosoxum, 4ro w;; > 0. Torga p;; = 0. YMHOKHB 00€ qacTn
pasencrsa (11) Ha w;j, HOJYINM ypaBHEHHE

W of
* 0w,~ 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-
BOpEUMe O3HAYAET, YTO C/EJIAHHOe BHAYAJIE LIPEJIIojIozKeHne w;; > (0 He BEPHO, Ciie10Ba-
TesibHO, w;j = 0. O0benunsas ypasuenue w;j\; = A;; upu A;; > 0 ¢ HyJIeBbIM pelleHueM
wij = 0 npu A;; <0, moayuanm wijA; = (A;;)+. Cymmupyst JIeByI0 U IpaByio 9acTd ITOro
yPaBHEHHUS [0 4, BBIPA3UM JABOICTBEHHYIO mepeMeHHYIO: \j = » .. (A;;)4. Iloacrasissa

= wij)\j.

i€l
_ 1
1OJIyYeHHOe 3Ha4deHnue \; B Gpopmyiy w;; = /\—j(Aij)Jr, nostyauM uckomoe ypasaenue (10).
2. BEcm A;; <0 nma Beex ¢ € [; m XoTa OBl OHO U3 3THX HEPABEHCTB CTPOToe,
To \; < 0, 1 aHAJTOIUIHBIM 00PA30M MBI IIOJIydaeM BTOPOe HCKOMOe ypaBHeHHe.
3. Ecim A;; =0 naa BCG){() it € I;, 10 A\j =0, 1 BEKTOD w;; OLpe/esIAeTcs U3 CUCTEeMbI
OJHOPOJHBIX ypPaBHEHUN Wijwf. = 0 npu ycjI0BUAX HEOTPUIATEJIbHOCTA 1 HOPMUPOBKHU.
ij

JlemMa, J0Ka3aHa.

Jlnsa penieHusi cuCTeMbl YpaBHEHHil yJI00HO HMCIIOJIB30BAaTh METOJI IIPOCTOH UTEepaIlnu.
CHauaJsia 3a/1a10Tcs HadaJIbHble IPUOJINZKeHUs JI/Ig BEKTOPOB W;, 3aTeM UX 3HaYeHUs MHO-
roKpaTHO 00HOBJIATCA 10 dhopmyste (10). VTepauoHHbIil MPOMECce MOXOK Ha OOBITHBII
I'PAJIMEHTHBIN MeTo/1 Oe3yCJIOBHOM MaKCUMU3AIUU

of
Wij = Wij + N7,
8&]2']‘
OTJIMYasCh OT HEI'O OTCYTCTBHEM IIapaMeTpa I'PAJUEHTHOrO 11ara 1) U HaJIM4ueM Ollepalluu
norm Jijisi MpOoenUpPOBAHUS MOy IYCHHOTO BEKTOpa HA €UHUIHBIN CHMILIEKC.

JlemMMa 0 MakcHMU3AIUU HA €IUHUIHBIX CHUMILIEKCAX MOXKET IIPUMEHATHCS He TOJHKO
B TEMaTHIE€CKOM MOJETUPOBAHUH, HO U JI/Isi ONTHUMU3AIME JTIOOBIX MOJIe/Iell, ITapaMeTpaMu
KOTOPbIX $BJISIOTCS JIMCKPETHbIE BEPOSITHOCTHBIE PACIIPe/le/IeHus WM HeOTPUIATe/IbHbIe
HOPMUPOBaHHbIE BEKTOPbI. B dacTHOCTH, €€ MOXKHO HUCIOJIb30BATH /I O0yudeHus: Heii-
POHHBIX CeTeil, B KOTOPbIX TaKue OTPAHUYEHHS HAKJ/IAJBIBAIOTCS HA HEKOTOPbHIE BEKTOPBI
napamMeTpoB. [Ipu 3ToMm rpauenTs g—ui MOZKHO ITO-IIPEKHEMY BBIYUC/ISATH METOIOM 0OpaT-
HOT'O pacipocTpanenus omuOku. OrpaHuydeHns IPUBOIALAT K MOAMMUKAIIUN I'PAIAEHTHOTO
1mara, HoO HUKaK He CKa3bIBAIOTCH HA BBIYUC/IEHUU CAMUX I'DAJIMEHTOB.
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CxogumocTb ntepaymnoHHoro npouecca. Pacemorpum wrepaimoHHBI HPOIECC, OCHO-

Banublii na dpopmyie (10), upu Hekoropom HauajbHOM 1pubuzKenuu 0 = (W?)jeJ:

t
Wi :norm<wt 07142 )), 1=0,1,2,... (12)

v iEIj Y aw,f]

VrBepxkaeune 3.3. I[lycrp f(€)) — orpanmyenHasi cBepxy, HEIPEPbIBHO JuddepeHiiu-
pyemas ¢yHxmus, u see (), HaunHas ¢ HekoTopoii urepamun t° 06.1a1a10T CBOHCTBAMHE:
1)Vjeld Viel; wl=0—w! =0 (coxpanenne nysneii);
2) >0 VjeJ Viel; wj;¢(0,¢) (orzemmmocts or myis);

3) >0 VjeJ Jiel; w 8({;&%%) > 0 (HEBBIPOXK TEHHOCTH );
1 _

o —wi| = 0 upu t — oo.

Torza ‘w

JlanHoe yTBep:KJIeHue sBjsgeTcs 0DOOIeHneM pe3yJbTaToB O cxoauMoctu EM-amro-
pUTMa B TeMATHYECKOM MoJeaupoBanuu [12| u npuBogurcs 3/ech 06€3 J0KA3aTebCTBA.
B ycaosusix Teopembr 3.3 Bce npejie/ibuble TOUKH 110CAe10BaTebHOCTH { )} ) siBasioTest
HEIO/IBIZKHBIME TOYKaMu mpeobpasoBanus (12). Ha npakruke coiictBa 1-3 MOryT GbITH
rapaHTHPOBAHBI IIPU peATU3ANNA UTEPANTOHHOTO AJTOPUTMA.

4 AppuTtmuBHas perynsipnsauyuns

B srom pasjiesie Mbl BBe1€M 00111l (hopMa/IU3M A JIUTUBHON peryisipu3aiii, KOTOpbIit
HO3BOJISIET HAJIE/ISATh TeMaTU4YeCKUe MOJIe/IM Pa3HOOOPA3HbIMU I10JIE3HBIMU CBOMCTBAMM.
Yro 910 3a cBOiiCTBA U KaK OHU (POPMATH3YIOTCS C TIOMOIIBIO PErYIapU3aIuu, OyJaeM pas-
bupaTbcd B CAEYIOMAX pa3jesaxX. 3/1eCh Mbl IOCTABUM 33J[ady TEMATHIECKOTO MOJIE/U-
pOBaHUd KaK 33729y MAaKCUMU3AINHA HA eITMHUYHBIX cUMILTeKcaxX. C MOMOIIbIO JTeMMBI 3.2
BbiBeJleM EM-ajiropurm OYyKBaJIbHO B JIB€ CTPOUYKH.

MpuHUMN MakcMMyMa NPaBAONOAODMA KCIOJIb3YeTCs B MATeMaTHIeCKON CTaTUCTHKE
JIJIsL OTlEHUBAHUS HEU3BECTHLIX MMapaMeTPOB BePOATHOCTHBIX MOJeseil Mo HaOII0TaeMbIM
JaHHbIM. COrTacHO 3TOMY IPUHIIHILY, BHIOMPAIOTCS TaKie 3HAYeHHs TapaMeTpPOB, IPU KO-
TOPBIX HaDJII0/[aeMas BbIOOpKa, HauboJiee 1MpaB/o10/100Ha.

Dynkyus npasdonodobus oupeserssercs Kak 3aBUCUMOCTb BEPOATHOCTH HADJIIO1aeMO
BoIGOpKU X = (d;, w;)!_; or napamerpos mogesnn ®, ©. B cuity rumoress 0 He3aBUCHMOCTH
9JIeMeHTOB BBIOODKH OHA PaBHA IMPOU3BEJEHUIO BEPOSITHOCTEHl TEPMOB B TOKYMEHTaX:

n

p(X;®,0) = [ p(di,ws) = [] [ p(wld)™* p(d)** — max.
. N—— $,0
i=1 deD wed o
[IpostorapudmupoBaB mpaBIono/1001e, Mepeii/IeM 0T HPOU3BEIeHUd K CyMMe H OTOPO-
CHM CJIaraeMble, He 3aBHCINIE OT MapaMeTpoB Mojean. [lomydanm 3a1ady MaKCHMI3AIIHT

log-11paB/10110/1061s1 IPU OIPAHUYEHUAX HEOTPUIATE/IbLHOCTU U HOPMUPOBKHU:

DD nawlnd puibia — max; (13)

deD wed teT
Z Ywt = 13 pur = 0; Zetd =1; 64=0. (14)
weW teT
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Perynsipunsaunsa HeKOppeKTHO NOCTaBAEHHbIX 3a4a4. 3a/ada HA3bIBACTCH KOPPEKMHO
nocmasaerHot 1o AaMapy, eciiu eé pelieHne CymecTByer, e JMHCTBEHHO | YCTOInBO.

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

CymectByer ob61uil 10/1X0/1 K PEHIEHUI0 HEKOPPEKTHO MOCTABJIEHHBIX 00OpATHBIX 3a/1a4,
Ha3bIBaeMblil pezyaapusayuet [17]. Korma ontmvusanuonHas 3ajada HeJI0OMpe/le/eHa,
K OCHOBHOMY KPUTEPHUIO J00ABJISIOT JIOMOJHATEIbHBII KPUTEPHil — peryaspu3aTop, yUu-
TBHIBAIOIIUI crenuuKy pemnaeMoil 3a/1a9n 1 3HAHUA HMpeaMeTHO# obmactu. B mpakrude-
CKHX 33J/la4aX aBTOMATHYECKON 00pabOTKU TEKCTOB JIONOJIHUTEIbHBIX KPUTEPUEB U OIPa-
HUYEHUIT Ha PelleHre MOXKeT ObITb MHOIO.

Addumusnasn peeyaspusayus memamuueckur modeset (ARTM) [5] ocHoBana na max-
CHMU3AIUN JIMHEHHOI KOMOMHAIuM Jiorapudma OpaBIONOA00H U Pe2yAapudamopos
R;(®,0) ¢ HeorpunaTe bHbIME Kodfiutuenmamy peysapusauuu T, = 1,... k:

k
DD nawln ) puiba+ R(®,0) —» max;  R(®,0) =) 7R(P,0); (15)
’ i=1

deD wed teT

U OTPAHUYEHUSAX HEOTPUIATETLHOCTH U HOpMUPOBKH (14).
[IpeobpazoBanne BeKTOpa KPpUTEPUEB B OJUH CKAJIAPHBIN KpUTEPUil — 3TO OJuH U3 Da-
30BBIX NIPUEMOB B MHOIOKPHUTEPUAJILHON ONTUMU3AINN, HA3BIBAEMbIH CKAAAPUIAUUEN.

OcHoBHasa Teopema ARTM. Ilpumenum jiemmy 3.2 Kk HAOOPY BEKTOP-CTOJIOIOB JBYX
marpui, 2 = (®,0). B janbHeiiem ra jileMMa HPUIOJAUTCS HAM U B 00JI€€ CJIOZKHBIX
caydasix, Korjaa Marpuil Oyer 60J/ibIie JAByX.

Teopema 4.1. Ilycrs ¢pyuknus R(P, ©) neupepbisuo jgugpgepennupyema. Toryga rouka
(®, ©) srokanpHOrO 3KCTPeMyMa 3aMaqu (15) ¢ orpanmaennsvu (14) yroBrerBopsier cucre-
Me ypaBHEHHil O BCHOMOTATEeJbHBIMH MePEMEHHBIMH Dig,, = P(t|d, w), ecom u3 pemmenmst
HCKJTIOYHATH HYJIEBbIe CTOJIOMBI MaTpui P, O:

Prdw = DOTIM (@wtetd)% (16)
OR
wt — w wty |5 wt = wPtdw; 17
DOt IquOEITVIII/l<n t @ tagpw) Nyt g NdwPtd ( )
deD
OR
0,y = Ori— |; = w w - 18
d n%r%n (ntd—ir td 89“[)7 Ntd wged NdwPtd ( )

okazarenscrso. [lepenummem (16) B ciaeayromem Bue:

p _ IlOI"IIl( 0 ) _ (pwt‘gtd _ Qowtetd
tdw teT prt td Zs (prHSd p(w ‘ d) .
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[Tpumennm k 3agade (15) ocnoBroe pentenne (10) u3 seMmbl 3.2 U BBLAEIHM B IIOJLY-
YEHHBIX BBIPAKEHUAX BCIIOMOIATE/IbHBIE HEPEMEHHBIE Digy:

= (e (Z XY g+ (8,0)) )

dED wed teT

OR OR
= norm w n v + ©Yu norm NagwPtdw + Pw
(SO tz d ) ¥ taSOwt) (Z dwPtd ¥ taSOwt)

deD deD

0
Oa = l'ltoel"%n <‘9td 0y (Z Z Ndw N Z (pwt‘gtd + R((I)a @))) =

deD wed teT

OR OR
= norm (t%z Z ndw ) + 044 89td) = norm (Z NdwPtdw + th@) :

wed

Hyusiesbie crosibmsr B marpuinax ® u © nosydaiorcs B Tex ciydasx, KOraa B jieMMe 3.2
sMecto yeiaosus 19 peasmsyiores yeaosus 2° min 3°. B Takux ciydasix OCHOBHOE pelre-
aue (10) yzke HEIPUMEHUMO, OJHAKO TeopeMa UCKII0YaeT X U3 PACCMOTPEHHS.

Teopema nmokazana.

CunencrBue 4.2. B ycjoBusix reopempl 4.1 rouka JjiokajgabHoro sxcrpemyma (®,0) on-
rUMH3AUOHHON 3a4a4n (15) ¢ orpammuenmsivu (14) coBmajgaer ¢ TOYKOH JIOKAJIBHOIO
KCTPEMyMa CJIeJIyIomieli OnTHMA3AMHOHHON 3a/4a4n ¢ orpanndenusivu (14) n (16):

Z Z anwptdw ln(gowtetd) + R(@ 6) - rg%x (19)

deD weW teT

Hoxkazarenscrso. [Ipejncrasus B (19) sorapudm npousseennst cyMMOit IBYX JIOra-
pudMOB, HOJIyIUM JIBE CYMMBI, II€pBasi 3aBUCAT TOJIBKO 0T P, BTOpasi — TOJBKO 0T O:

Z antlngowt—l—ZZntdlnthjLR((I) 0) — Igaéx

weW teT deD teT

[Tpumensist K 91oit 3a1a49e dbopmyay (10) u3 semmbr 3.2 npu orpanndenusx (14) u bukcu-

POBAHHBIX 3HAYEHUIX [IEPEMEHHDIX Dygyy, HEMEJJIEHHO IIOJIY YUM, 4TO HEOOXOIMMOE YCJIOBUE

JIOKAJIBHOT'O KCTpeMyMa B 3ajade (19) sksuBasienrno ypasuenusiv (17)—(18).
CaeacrBue JT0Ka3aHO.

Takum obpazom, M-mar — 310 pemnieHue 33290 MaKCUMU3AIMH TPABIONOI00US JIJIs
OllpeJie/IeHIs OCHOBHBIX IMapaMeTpoB Mojean $, © npu u3BECTHBIX BCIIOMOIATEIbHBIX IIe-
PEMEHHBIX Dygyp- B CleNHMAJIbHBIX CJIydasiX Takoe HpOoMexKyTodHoe ipejcrapjienne EM-
aJI'OPUTMa OKa3biBaeTcs 6oJiee yJ00HbIM Jijisd BbiBOJIA (popmyst M-miara.

PerynsipusosanHbiit EM-anroputm. Cucremy (16)—(18) yaobmo pemars MeToI0M Ipo-
creix urepanuit. CHadaja BBIONPAIOTCS HAYAJIbHBIC TPUOTUKEHUS (D4, Opq, 3ATEM B IUKJIE
J0 cxoumoctu depepyores E-wae (16) u M-wae (17)-(18). Kaxgas urepanus npe/i-
crapiisier cobOii MPOXOJL 110 BCEM TEPMaM BCEX JIOKYMEHTOB KOJLIEKIIUH.

Payuonanvroi EM-anrzopumm ¢ pezyaspusayuet; CTpOUTCs AaHAJOTHIHO AJTOPUTMY 2,
TOJILKO mmard 7 u 8 3amensiorcs dbopmyaamu M-mrara (17)—(18). B Anropurme 3 mokasano
elé HEeCKOJIbKO yCOBEPIIEHCTBOBAHMIL:
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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

1) BekTOp 04 oupejessiercss M0 OKOHYaHUU 0OPAbOTKH JIOKYyMeHTa d, a He BCeil KOJI-
JIEKITUH, TIO9TOMY J1ajiee OH MOZKET HE XPAHUTHCS, KAK U CIETIUKHU Myg;

2) upu 006paborke JOKyMeHTa d MOXKeT ObITh CJEJIAHO HECKOJIBKO HTePAIUii 110 BCeM
TepMaM JOKyMeHTa w € d 70 CXOAUMOCTH BEKTOpa 04;

3) BEKTOp 0 HHUIUATU3UPYETCS PABHOMEDHBIM DACIPEICTCHUEM;

4) BEKTODP (; WHHIUATU3UPYETCS CIYIAlHBIM PACIpPeIeJeHueM, KOTOPOe OT/IeJIseTCsI
OT HyJIs PACHPEIEJIEHUEM Dy, = Ty, /N

NsBectno, yro EM-ajiropurm 6e3 pery/isipusanuu CXO[AUTcs B CJ1aDOM CMbIC/Ie: Ha KazK-
JI0if mTepaluu npaBaonoaobue ypeaunduBaercs [57]. AHasorudubie yciaoBus caaboil ¢xo-
muvocta g ARTM nosyqenst B [12].

Onaatinoswti EM-anzopumm cautaeTca Hambosee OBICTPHIM U XOPOIIO pachapaJiie-
quBaercs |76, 33]. Obuossenust Marpunpl ¢ MpoU3BOAATCS He HOC/IE IPOXOAA BCeil Koul-
JIGKIIUHU, & dalie — 1ocje 00paboTKu oupejieiéHHoro obbéma JaHHbIX. Ecjm KOJLIeKIus
bosibimasi, To Marpuna ¢ Moxker COUTHCH U MEepPecTaTh MEHSIThCS 33/10/I0 JI0 OKOHIAHUSI
nepBoit urepanuu. Torga omHoro mpoxoma OyIeT MOCTATOYHO Il MOCTPOEHUS MOJETH.
[TosToMy oHTAiTHOBBIE AJITOPUTMBI CIIOCOOHBI 00PA0ATHIBATH IOTOKOBBIE JAHHBIE.

Heranun napaJuieibHoit peasmsaiuu odduiaiitnoBoro u ounjaitnoporo EM-ajiaropurma
B Obubsmoreke BigARTM onmcanbl B pasjenax 18 u 19, em@ noapobuee — B crarbsx |68, 3.

VcnoBusa BblipoXaeHHOCTU. B temarnueckoM mojesnposannu ciaydan 20 u 39 us sem-
Mbl 3.2 Oy/ieM cauTaTh BhIPOXKAeHHBIMU. Eciau HopMupoBounblit 3namenaresb B (10) oka-
JKeTCd PaBHBIM HYJIIO, TO COOTBETCIBYIONIHI BEKTOp w; OyjeM IlojiaraTb HyJIeBbIM U HC-
KJII0O9aTh er0 U3 MO/JIeIU, COKPAIasl pa3MePHOCTb IPOCTPAHCTBA IapAMeTPOB U CYUTAs TO
HOJIE3HBIM TODOYHBIM JeficTBHEM peryiagpusanuu. Ecan BEIpOXK/IeHHOCTh HeyKeslaTeTbHa,
TO €€ HeTPYJIHO U30eKaTh, YMeHbIasd KOIDMUIMEHT peryJisipu3aliui.
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Tema t HazbiBaeTCS B86LPOIAHCICHHOU, €CITH

OR
8Q0wt

Nt + Pt < 0 gga Becex w € W.

BoIpoK I€HHOCTD SIBJISETCs CJAEJCTBHEM CHJIBHOIO PA3pPe:KUBAIOIIEr0 BO3AEHCTBHS pe-
ryasipusaropa R. OOnysienue cro/ona Marpuiibl ® o3Havaer, 9T0 JIJIsi MAKCHUMU3AIMH
Peryigpu3aTopa BLITOIHO UCKIIOYATH JTAHHYIO TeMY U3 MOJIEH.

JlokyMeHT d Ha3bIBAETCS 6biPOAHCOCHHbIM, ECITH

OR
Ngg + 9td87 <0 g Beex t € T
1d

BoIpoK1eHHOCTD JTOKyMeHTa MOYKET O3HadaTh, 9TO MOJIE/h He B COCTOSHHUHU €ro OIU-
caTh, HAIIPUMED, €CJIM OH CJHUIIKOM KODPOTKWH WU He COOTBETCTBYET TeMaTHKe KOJLIeK-
nuu. O6uysenune cTosI01a MaTpuibl © 03HAYAET, YTO, JIJIT MAKCUMU3AIUN PEryJIsPU3aTopa
JIAHHBIM JIOKYMEHT BBINOJIHO CUYUTATH aHOMAJIbHBIM.

BepoATHOCTHbIV NaTeHTHbI cemaHTu4deckuii aHanu3 (probabilistic latent semantic
analysis, PLSA) — 910 ucropuuecku mnepBasi BepOSTHOCTHAs TeMATHYECKAsl MOJIEJIb.
Omna 6b11a npeoxena Tomacom Xodwmanunom B 1999 roay [77]. B ARTM eit coorser-
crByer HyseBoil peryapusarop R(P,©) = 0. B srom ciygae cucrema (16)—(18) coBmaga-
er ¢ cucreMoii (6)—(8), KOTOPYIO MbI MOJIYYUJIH M3 IPOCTHIX IBPHCTHUECKUX COOOPAZKEHHIA.
JlobaJjienue peryjisipusanuu Menser Tojibko dopmysibl M-1ara, He 3arparubas E-mar.

Hacroruble OLEHKH YCJIOBHBIX BEpOSTHOCTEH ¢, = "4t u O} = Z—’j B Mozein PLSA
HA3bIBAIOTCS HECMEUWEHHBMU OUEHKAMY MAKCUMAJIBHOIO 1IPABJIONOI00M, B OT/INYUE OT
CMEWERHBLT 0UEHOK B MOJE/ISX C HEHYJIeBBIM DeryIsapH3aTOPOM.

B momenmn PLSA mHe MoKeT OBITH BBIDOZKIEHHBIX Te€M HJIM JOKYMEHTOB, MOCKOJBKY

BbIPDO2K/ICHHOCTDb BO3HUKAET 1IPpU OTPpULATE/IbHBIX IIPOU3BO/HLIX DEryJidpu3aTopa.

VYnyywenue cxogumoctu. MeTon mpocToit uTepanuun B 0OIIeM cIydae He TapaHTHDPY-
er CXOAMMOCTH K CTAIMOHAPHOI TOYKEe Deryssipu30BaHHOIO mpasionogobdus [12]. Dror
HEJIOCTATOK UCIIPABJ/ISIETCs IPOCTON Mojudukaiiyei, He Tpedyoneit JOmo/JHUTEIbHbIX 3a-
TpaT BpeMeHu mian namatu. Jloctatouno moactaButh B popMysibl M-mara HecMeléHHbIe
JaCTOTHBIE OIEHKH @, U 0}, BMECTO TeKYIIUX 3HAYEHUH Py U Opq:

B . OR(®* 0%) '

Pt = DOT ( Tt + Py oo ) (20)
B ., OR(®*, ©%)

th = l'ltOEI'Tm Ntq + eth;:d (21)

Dkcunepumentsl B |12] nmokasauau, 4ro panHas MoauduKanus IPUBOIUT K OOJIee Bbl-
COKHMM 3HAYCHUAM Peryaspru30BAHHOIO IPAaBIONOI00U, MIPUIEM UTEPAIMOHHBIN MPOIEece
ropaso 6bicTpee (y2Ke Ha BTOPOl UTepaIii) BXOJUT B PE2KUM MOHOTOHHOTO YBEJIHIEHHUSI
Peryasipu30BaHHOTO IIpaBonoaobusa. Yem OoJibine KOIMDMUIUEHT peryisdpu3alud, TeM
cujibHee HposiB/isercd ek yrydllenus CX0uMOCTH.
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O cTpaTterusax perynspusauyun. 3ajada TEMATHIECKOrO MOJIEJIUPOBAHHUSA 110 CYTH sB-
JISIETCS MHOTOKpuUTepHa/IbHON. TeMbl JOJIZKHBI y/I0B/JI€TBOPSATH MHOTUM TPEOOBAHUSIM OJI-
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-
AJIM3AIMK, KaTerOpU3alui, CerMEHTAlu, cyMMapu3anuu u T. 1. Kaxkas 3a1a49a npeb-
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
Boranc/ennit Ha M-mmare. Merpuku kadecTBa JO/IZKHBI UMETh yI00HbIE JIjIsi HHTEPIIpeTa-
IUU 9UCJIOBBIe 3HadeHus. K coxKajeHuio, 3Tu TpeboBaHUd YaCTO BXOJAT B IPOTUBOpPEUHE.
Hanpuwmep, obmenpuHaThie METPUKH KadeCcTBA HH(MOPMAIMOHHOTO IIOUCKA IIOYTH HUKOT/IA
HE SIBJISIOTCH IVIAIKUMU (DYHKIUSIMU.

Ha npaxruke npobdjiema Bbibopa K03 dunuenTos perysispusaliiy nepepacraer B 0oJiee
O0ILYIO 1IPODJIEMY YNPaABAEHUSs KAYECMEOM MOJIE/H IIyTéM u3MeHeHus: KO DUuiueHTon 7;
B XOJle uTepanuii. Peryigpu3aropbl MOXKHO BBOJIUTH B UTEPAIMOHHBIN IIPOIECC MOCTEIeH-
HO, 110 ofHOMY. [IpHm 3TOM KazK/bIil peryisapu3arop OyJeT IO0Jr0TaBINBATHL MOJIEb K BO3-
jeftctBuio noceayomux. Hekoropbie perysisipu3aTtopbl PEKOMEH/1yeTCsl BKJIIOYATh JIUIIb
nocje Toro, kak EM-asropurm Hadas cxoaurbes. JIpyrue jiydiine OTKJIIOYATH 1OCJE TO-
ro, KaK OHHM OKa3aJ/Iii HEOOXOAMMOe BO3/eicTBIe HA MO/e/1b. HeKoTopbie pery/ispu3aropsb
MOT'YT HefiTpaau30BaTh JIPYT JIpyra, TOrJa UX IPUXOIUTCS YepeOBaATD.

Ob6pa3Ho TOBOPS, PEryJIapU3aTOpPbl MOJI00HBI JTEKAPCTBAM JI/Isi MOJIEJIM — B MAJIBIX J0-
3ax Jiedar, B OOJIBIINX CMEPTEJbHO ONACHBI, B COYETAHUAX MOIYT JIaBaThb HEOKUIAHHBIE
apdexrnr. Cucremaruzamnus 3tux 3(PGHEKTOB CTAHOBUTCS PEJIMETOM IMITUPUIECKUX HC-
caenosanuii B ARTM.

Cmpameezuet pezyaapusayuyu 6y1eM Ha3bIBATh IpaBUJIa U3MEHEHHA KOI(DOUIIHMEHTOB
peryasgpusanuu 7; B xoje urepanuiit EM-aaropurma. 9T npaBuia MOIYT HUCIOJJIb30BATDH
TeKyIIue 3HAYeHUA METPUK KadecTBa M ITapaMeTpPOB MOJIEIH.

OO01muit Mo/IX0/, K aBTOMATUYIECKON HACTPOiiKe KOIMDMUIIMEHTOB Pery/isipu3aliuu u Jpy-
rux runepuapamerpos st ARTM 6bu1 npeioxen B [90] Ha 0cHOBE 9BOJIIOIUOHHOIO aJi-
rOpPUTMa W IPEJICTABJICHHS MIPOIecca 00ydIeHnsT KaK MHOTOITAITHOW CTPpATernd U3MEeHEeHHS
runepnapamerpoB. B mocsemyroreii pabore [89] sror merosx GbLI JOMONHEH CyPPOraTHOIL
MOJIEJIBIO OIEHUBAHUA KadecTBa, UTO MMO3BOJIMIO IPUMEpPHO B 1,5 pa3a COKpaTHTb BpeMsd
HoucKa runepunapamerpoB. B stux paborax HCIOIB30BAJICS OOBIYHBIN JIJIsI G8MOMAMU-
ueckoz20 mawurnozo obywernus (AutoML) moaxom: st KazxK/0if TOYKH B MPOCTPAHCTBE
rulepruapaMerpoB MoJie/ib 00ydaeTcs 3aHOBO 110 00yJaronieil BbIOOPKe, 3areM eé KauecTBO
OIIEHUBAETCS 110 TeCTOBOI BbIOOpKe. Ha 60IbIINX JAHHBIX TaKas CTpATerus Mpe/ICTaB/IgeT-
cs CJIMIIIKOM 3aTpaTHoil. KoppekTupoBarh rumeprnapaMeTpbl MOXKHO U 4allne — oOpaboTaB
JIMIIb 9aCTh KOJUIEKIIMH U HE JIOXKHIAsICh OKOHYATEIbHON CXOAMMOCTH HApPaMETPOB MO-
nenu. Kpome toro, Jijist ONeHuBaHUS KadecTBa MOJE/ell MOXKHO HCIIO/Ib30BATh HECKOJIBKO
pPa3/IMIHbIX METPHK, JOHOJIHIONMX Apyr apyra. llocrpoenue ObICTPBIX MHOTOKPUTEPH-
AJIbHBIX CTPATEruil peryisdpu3aluu MoKa OCTaéTCs OTKPBITO 1Ipo0./1eMOil.
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OTHocuTenbHble Ko3cduymneHTsl perynsapusaunn. Kosdduimenrsr perysispusaium,
TIHIATEJbHO 110I00PaHHbIE JIjIsi OJIHOW KOJIJIEKIIMH, MOI'YT IIJIOXO IOJXO/JMTH JIJIsi JPYIOii.
OHE MOT'yT 3aBHCETb OT pa3Mepa KOJLIEKIIMH, MOIIHOCTH CJI0Baps, CPEIHEN JIJIMHBI JIOKY-
MEeHTOB. Ec/in KOJIIeKIHs MOMOTHIETCs, TO CO BpeMEeHeM MOKEeT HMOTpPedOBAThCA HX Iepe-
Hactpoiika. [Ipobema perraercs ¢ MOMOIILI0O HODMHPOBKHU U BBEJICHUS OMHOCUMEALHLL
Koahhuyuenmos pe2ysapu3auul, BIPAKAIONUX CTEIeHb BO3AEHCTBUS PEry/IspU3aToOpa
HA TeMAaTUYIeCKy0 Moje/b. OTHocuTe/IbHbIe KOI(DMUIUEHTH MOI'YT OCTaBaTHCs (DUKCHU-
POBAHHBIMHU II0 M€pe pocTa KOJJIEKIUU, U JIjI HAX MOTYT OIeHHUBATHCA yHUBEpPCAJIbHBIE
PEKOMEeH TyeMble 3HAYCeHHS, TOIXOISIIIe JIIs JIIOOBIX 3a/1a4.
Pacemorpum dbopmyny M-mrara (17) co B3BemIeHHON CyMMO# perysisipu3aTopos R;:

k
OR;
Pt = norm | Ny + E TiPwt =
weW : 0Pt
i=1
Beegém cymmaproe sozdeticmsue r;; peryaspusaropa R; Ha TeMy t U €ro cymmapHoe
6o3deticmeue r; Ha BCE TEMBbL:

OR;
Tit:Z’SDwtm ) Ti:ZTit-
teT

Bsejienue HopMuUpPOBKHU T; = %ir% [O3BOJISIET UHTEPIPETUPOBATh KOpdunuenr 7; kak
omnocumensvroe sosdeticmeue peryispudaropa R; Ha remarndeckyio mojeab. OH moKa-
3BIBAET, BO CKOJIBKO Pa3 BIAUSIHUE PEryJIgpH3aTopa Ha MO/IE/Ib CUIbHee BIAUIHUSA HCXOTHBIX
nannbix. [Ipu 7; — 0 peryngpusarop R; orkmiodaercsd. [Ipu 7; — oo mepeperyspu3aus
MOZKET IPUBOJIUTH K BbIPOZKJIEHUIO MOJIEJIU.

Bsejienue Jipyroit HOpMUPOBKHU T; = %i:‘—; O3BOJISIET MHTEPIPEeTUupoBaTh KO3pduiu-
eHT T; KAK 0MHOCcumeavhoe 6o3delicmeue peryiaspusaropa R; nHa orjenbuyio temy t. Te-
nepb a0COIOTHBINA KOY(DMDUIIMEHT pery/aspu3aiii 7; CTAHOBUTCHA 3aBUCIIIMM OT TEMBbI,
OJIHAKO €r0 OTHOCHTEJIbHbIE BO3/ICHCTBHSA HA BCE TEMbI OJIMHAKOBHI.

B obmiem ciydae He m3BeCTHO, Kakas U3 JABYX HOpPMHUPOBOK Jjyuire. s obmHocTn
BBEJIEM BBIIIYKJIYIO KOMOMHAIMIO JIBYX HOPMUPOBOK:

T =T %‘ﬁ + (1 _%‘)ﬁ ;
Tit T
e 7; — 0MHOCUMEsvHvll Koaphuyuenm pe2ysapudanuy; napaMeTp y; Ha30BEM cmene-
Hb10 UHIUBUIYAAU3GUUY BO3IEHCTBHS peryisgpu3aropa R; ua temsl. [lpu v; = 1 ko3 du-
IUEHTHl 7; MAKCUMAJbHO PA3JIMYAIOTCA 110 TeMaM, BbIpaBHUBasd OTHOCHUTEIbHBIE BO3JIEii-
cTBUs peryiagpu3aropa R; Ha tembl. [Ipu v; = 0 KoaddunuenTsr 7; He pasjuIaloTCA 10
remaMm. [Tapamerp -y; npejjiaraercs 11oj0upaTh KCIEPUMEHTAJIBHBIM 1LY TEM.

Anasornano pacemorpum dbopmysy M-mara (18) co B3BeneHHO# cyMMOil peryssipusa-
TopoB R;. Beném cymmapnoe sosdeticmeue q;q perynsipusaropa R; Ha 10KymMeHT d U ero
cymmaproe 6ozdeticmeue ¢; Ha KOJIEKIUIO:

Gia =Y etd% L G=)

terT deD

[IpejicraBum ko3 uiierT pery/sipusanuu 7; B BUJIe

n n
T =T ’Yz'—d + (1 =)= ),
qid q;
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rJIe T; — OMHOCUMervhovil Koaphhuyuenm pe2ysapusauus, v; — cmenens uhdusudyaiuaa-
yuy Bo3JeiicTBus peryssipusaropa R; va jokymentbl. [lpu v; = 1 koadduipmentsr mak-
CUMAJIBHO PA3IMYAlOTCd MO JOKYMEHTAaM, BBIDABHHBAs OTHOCHTETbHBIE BO3JECTBUS pe-
IyJIgpu3aTopa Ha JOKYMEHTHI. BbicoKas MHIWBH/IyaIu3alnsd M0JIe3Ha, KOTJIA JTOKYMEeHTHI
KOJIJIEKITIH CYIIeCTBEHHO PA3JINYIaIOTCs Mo AauHaM ng. [pn y; = 0 koadpdbunuenTsr He pas-
JIMYAIOTCH 110 JIOKYMEHTaM.

5 BeposaTHocTHaa perynsapunsaynda n mogenb LDA

Mogens Jarenrnoro pasmemenus: Jnupuxiie (latent Dirichlet allocation) LDA [40, 41]
SIBJISIETCS, 1OZKaJ1yil, HanboJiee NUTUPYEMONl B TeMaTUYeCKOM MO/e/upoBanuu. B 1orry-
JIAPHBIX 0030pax e€é MHOI/IA OTOXK/IECTBJSIOT CO BCEM TEMATUYECKHM MOJIeJIMPOBAHUEM,
XOTs B JINTEPATyPe MOXKHO HaiiTH COTHH JApyrux Mojeneit. Cpoeit mybaukamnueit 2003 romia
JeBut basit, Duapio blu u Maiikir /[>kopaan onpeenin J10arocpodHblil TpeH, 1 pa3BUTUI
TEeMaTUIeCKOr0 MOJIETUPOBaHUsd B paMKaX 0ailecOBCKOro OO0y4YeHHs.

B manmnom pasgene mbl jgaamm Oojiee mnpocroe obocroBanme LDA ¢ nmosunmit aim-
TUBHOH pery/isipusanuu. [[jis 97010 HaM He NOHaI004TCs HU allPUOPHBIE PACIIPE/Ie/IeHMs
Jlupux/ie, HE CJIOXKHBI MaTeMaTHUeCKU almmapaT 0aiieCOBCKOTO BBIBOJIA, PACCMOTPEHUE
KOTOPOI'O MBI OTJIOYKHM JIO pas3jiena 7.

MpuHUMN MakcumMyma anocTepuopHOV BeposiTHOCTU. Jlo cux mop MbI Ipejmosara-
JIM, 9TO JAHHbIE MOPOXKIAIOTCS BEPOSITHOCTHONH MOJebio ¢ mapamerpamu (P, 0), KoTo-
pble He U3BECTHBI M HEe CJIydaiiHbl. Ternepb MPeIoIoKIuM, YTO IIapaMeTrpbl CaMU SIBJIATOT-
Csl CJLyYaiiHBIMU IIEPEMEHHBIMU U IIOJYUHSIIOTCH anpuopromy pacnpedeseruto p(P, O; )
C HEeCJIy4JallHbIM GEKMOPOM 2unepnapamempos . B arom ciydae Makcumusaius COBMECT-
HOro mpasjononodus msanubix X = (d;, w;)!; u momenu (P, 0) OpUBOAUT K MPUHIIUILY
MAKCUMYME anocmepuopholi eéepoamuocmu (maximum a posteriori, MAP):

n

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

=1

[Tocae norapudyupoBanus moaydaeM Moaudukanmo 3agaqu (13), B KoTopoit Jorapudm
AIPUOPHOIO PACIPE/IEIeHIs CTAHOBUTCI PEryIapH3aTOPOM:

Z Z Ndw In Z (pwt‘gtd + hlp(q)? ) 7) - glgx : (22)
deD wed teT R(<I;,®) et

Bo MHOrux ciydasx BO3MOXKeH U oOpaTHbiii mepexos. Peryaspuzatop R(P,©), usna-
4aJIbHO HE MMEIOIIU BepOsiTHOCTHON MHTEpPIpeTalun, MOXKHO Ipeodbpa3oBarb B allpUOp-
HOe paclipejie/ieHue 1y TéM SCHOHeHIupoBanus u Hopmuposku: p(P, 0) o< exp(R(P, O)).
HopMmupoBo4dHBIiT MHOXKHTEIb He 3aBHCUT OT IapaMeTpPOB MOJIEJH, IOITOMY JJIsI MaKCH-
MU3AIUH AHoCTepUOpHOil BepositHOocTH 110 (P, ©) OH He BazKeH; ero OTCYTCTBHE MOYKHO
KOMIICHCHPOBATD MOAO0pOM Kodddunuenta peryigpusanuu. OJIHAKO eCId pelraTh 3a/a-
4y OlUTHUMU3ZAlIUU T'UllepllapaMeTpoB 7y, TO €ro yzKe HpI/I,Z[éTCH BbIYUC/IATD U YIUTbIBATD.
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Puc. 3: HeorpunaresbHable HOpMUPOBaHHbIE BeKTOPbI § pasmepuocru |T'| = 10, NOpOXKAGHHbIE CUMMET-
PUYHBIME pacnpefenenuaMu Iupuxie, o Tpyu BEKTOPA I KaXKJA0TO W3 MATH 3HAYEHUHM MapaMeTpa ov.

AnpuopHble pacnpegenenus Oupuxne. OCHOBHOI MOTUBALMEN JJIsi BBEICHUSA MOJIEJIH
LDA B [41] 66110 pemenne npobiembl mepeodbydenus B mojgenun PLSA. TIpo6iema 3ax.iro-
qasach B TOM, 9T0 MoJeab PLSA mpescka3biBaia BeposTHOCTH TepMOB p(w | d) HA HOBBIX
JIOKyMEHTaX 3aMeTHO XyzKe, 4eM Ha oOydatomieil Kojuieknuu. OObIYHO 1epeodyYeHre CBsi-
3aHO C U30BITOYHON Pa3MEPHOCTHIO IIPOCTPAHCTBA IIAPAMETPOB, II09TOMY Ha MaTpuilbl O, O
cJIe/lyeT HaKJIa/IblBaTh JIOIOJIHUTEIbHbIE OorpaHudeHus. B [41] OBLJIO BBEJIEHO IPEJII0JI0-
JKeHUe, 9TO CTOJIOIBI STUX MATPHUIL ABILAIOTCA CJAYIAUHBIMU BEKTOPAMHU U IOPOXKIAIOTCS
pacrpeaerennamu upnxie ¢ rumepnapaverpamu o € RT n 8 € RY coorsercrpento:

: IN(e! v
Dir(04; ) = ﬁ 1;[ vd 1> o >0, o= ;Oéu O > 0, ;Qtd =1
t
L'(Bo)

Dir(¢¢; ) [Te2™ Bu>0, Bo=3 0w @ut>0, 3 ouw=1

" IIT(Bu)

rae ['(z) — rammva-dyuakius. [Tapamerpsl pacupejgesenus Jlupuxiie CBs3aHbl ¢ MaTeMa-
THIEeCKIM OXKHIaHHEeM ITOPOKIAEMBIX CJIYUIaiHBIX BeKTOpoB: Ef;y = g—é, Epuw: = %

Wcnonb3oBanue pacupeenenuii /lupuxie MOTUBEPOBAHO TpeMs JIOBOTAMH.

Bo-niepsbix, pacupejesnenns /lupuxie ciiocoOHbI HOPOXKATh KaK pa3peKeHHble, Tak
U [JIOTHBIE BEKTOPBI JUCKPETHBIX pacipe/esennii, puc. 3. Kcim BekTop mapamMerpos cocTo-
AT W3 PAaBHBIX 3HA4YEHUil (3,, TO pacupesenenne /upuxje HA3BIBACTCA CUMMEMPULHBLM.
[Ipu 5, =1 cumMmerpuuHoe pacupenenenne /lupuxie cOBIagaeT ¢ PaBHOMEPHBIM Pac-
npeje/ieHneM Ha €IUHAIHOM CHMILTeKce. Yem MeHbIe [3,, TeM OnmKe K HYJTI0 yCIOBHBIE
BEPOSITHOCTU 0y = p(w|t) B OPOXKIA€MbIX BEKTOPAX Py

[unoresa 0 pa3pe:keHHOCTH pacupejenenuii @, = p(w |t) popmasiuszyer ecrecrBeHHOe
HPEIIIO/I0KEHUe, 9TO KaXK/Jas TeMa t UMeeT Cemanmu4eckoe A0p0 — MHOZXKECTBO TEPMOB,
XapaKTepU3YIONUX JAHHYIO TeMY U HMEIONUX B Heil 0oJbine BepodaTHOCTH. TaKuX TepMOB
B KazKJI0i TeMe He MOKeT ObITh MHOT'O, IOCKOJIbKY OOJIBIIHHCTBO TEPMOB CJIOBAPS JTOJIZKHBI
OTHOCHTBCSI K CEMAHTUYECKUM SIAPAM JIPYTHX TEM.
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plwlt,d)~p(wlt) /]

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

Puc. 4: 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.

['unoresa o paspekenHocTu pacupenenenuii 0,y = p(t|d) dopmanusyer npyroe ecre-
CTBEHHOE IPEJIINOI0KEHNe, YTO KaXK Il JIOKYMEHT OTHOCUTCS K HEDOIBIIOMY THCIY TEM.
TpynHo npejacraBuTh cebe JOKyMeHT 000 BCeX TeMax (a ecJii 9TO SHIUKJIONE/Us, TO B Ka-
qyecTrBe JOKYMEHTOB CTOUT B34Tb OTACJ/IbHbBIC ee CTaTbI/I).

Bo-BTopbiX, JIByXypOBHEBasi MOJIE/Ib HOPOK/IEHUS JIAHHBIX (DOPMAJIU3YeT 1IPeJIII0/102Ke-
HIIe O CYIIECTBOBAHUU TEMATHIECKHUX KJIACTEPHBIX CTPYKTYP B TEKCTOBOI KoJLteKnuu. Pac-
npeesnenne lupuxie MOPOKIAET BEKTOPHI JUCKPETHBIX paclpeaeseHuii o, = p(w|t),
KOTOpPbI€ CTaHOBATCA IHEHTPpaMH TEeMAaTUYECKUX KJIaCTEPOB. Ka}K,H,bII;'I TaKOM LHEeHTP HOPOxK-
JIAET TeMATHYeCKUe YaCTU JIOKYMEHTOB — BEKTOPbI JIMCKPETHBIX pactpeesenuit p(w|t, d),
KOTOPBIE IJIOTHO IPYIIUPYIOTCS BOKPYT' CBOEro IeHTpa, puc. 4.

B-tperbux, pacupeesenue lupuxiie SBasgeTcs COMPIKEHHBIM K MYJIbTHHOMHAILHOMY
pacIpe/IeIeHuI0. DTO UPE3BbIYAIHO yI00HO /I METO0B 6aiieCOBCKOIO BBIBOJA, KOTOPBIE
pPaccMaTPUBAIOTCH B CJeAyOMuUX pasenax. VIMeHHo maremMaTudeckoe ya00CTBO Mpeonpe-
JIEJINIO TOMYJISPHOCTD pacupejesnenus lupuxiie u mogenn LDA B Temarudaeckom mose-
JIMPpOBaHUU, XOTA y6e,ZLI/ITe.HbeIX JIMHI'BUCTUYECKUX O6OCHOBaHI/II71 OHO HE€ UMeEeT.

Cormacuo (22), mogeaun LDA cooTBeTCTBYeT pery/isipu3aTop, ¢ TOYHOCTHIO 0 KOHCTAH-
THI PABHBII cymMMe JIorapudMOB anpuOPHBIX pacnpesenenuii /lupuxiie:

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

teT deD
—ZZ L — 1 lngpwt+zz ¢ — 1) In0y,. (23)
teT weW deD teT

[Ipumenenne ypasuenuit (17)—(18) k sromy peryisipusaropy gaér dbopmynbt M-nrara:
Pur =norm (g + By = 1) g = norm(ng + oy = 1).

[Ipu B, =1, ay = 1 anpuopuoe pacupejesenne lupuxjie coBmagaer ¢ paBHOMEPHBIM
pacipejeeHneM Ha cuMILTiekce, (popMysibl M-1mara mepexosiT B HeCMeIIEHHbIe YaCTOTHbIE
OIEHKH YCJIOBHBIX BepogrHOcTeii, a Mojgenb LDA mepexomur B PLSA [69).

IIpu B, > 1, a; > 1 peryasgpu3arop HMeeT CIIaKUBAIOIIHIA b KT, 3aCTaB/IsIs Pac-
nupejesienust ©; u 0y npubInzKaThCS K 3a/[aHHBIM PACIPEIEICHIAM 3 U (¢ COOTBETCTBEHHO.

IIpu 0 < B, <1, 0 < ay <1 pacupenenenust @; u 6, HAOOOPOT, OTAAJSAIOTCS OT PAC-
upejeaenuit 5 u a. Perysnsgpusarop nMmeer paspexkuBaioniuii 3hdexr u criocodben 0OHyIATH
MaJible yCJIOBHBIE BeposgTHoCTH. K coxkajeHmio, TpeboBaHHE CTPOTOi IOJIOKHTETbHOCTH
napamMeTpoB (3, U «; B pacupeaeneHusax /lupuxie orpaHnInBaeT BO3MOXKHOCTH YIIpaBJIe-
Hus pas3pexeHHocTbio marpul, ©, 0 B mogesm LDA.
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He-6aiiecoBckas nHtepnpetauyus n 0b6obweHne mogenun LDA. Peryasipusarop (23)
MOXKHO ObLJIO Obl BBECTH HEIOCPEJICTBEHHO, HM CJIOBA HE I'OBOPs 00 allpUOPHBIX pacipe-
nenennsx wpuxise. BoJjiee Toro, MoXKHO CHATH OrpaHUYeHUd IOJOXKHTEJILHOCTH C IIapa-
MEeTpOB [, (¢ U 33J1aBaTh UX HHIUBUIYAIBHO JIA KaK10il sueiiku marpun ¢ u O.
Pacemorpum 0606uénmoiti pe2ysapusamop c2aaicusaHus, U pa3percusaHu.:

R((I)? @) = Z Z ﬁwt In Pwt + Z Z Qg In th- (24)

teT weW deD teT

[ToxcraBus sror perymusipuzarop B (17)—(18), nosxyunm dopmyssr M-mara:

Pt = 1010 (R + B ); (25)

0, = nl%l"Tm(ntd + atd). (26)

[Ipu 110J10KUTENBHBIX [y, Qg PEryasipu3aTop (24) MOKHO HHTEPIPETUPOBATH KaK
MaKCHMHU3AIMIO IpaBaononoous. OH 0JHOBPEMEHHO IPUOIMKAET KazKI0e U3 pacipeaese-
HUil ©; K normy,(S,) 1 Kazxa0e u3 pacupegenenuii ; — Kk normy(ayg).

[Ipu orpunareabHbiX [, (yg MAHAMH3AIUS [IPABIONOA00Us, HA00OPOT, OTIAJISIET
crosionel Marpuibl ¢ u © oT 3a7aHHBIX pacipe/e/eHui.

[TostoKuTE/IBHOE 3HAYEHHE ITapaMeTPa 3,y WU (g COOTBETCTBYET CIJIAXKUBAHUIO, OT-
pHUIIATETbHOE — Pa3pPEKUBAHUIO.

B obmem ciydae pasmesinM HOJOKHUTeTbHBIE U OTPUIATeIbHbIE IapaMEeTPhl B KazKIOM
BEKTOPE Ha JIBA OTAEJbHBIX BEKTOpPa M 00a MX OTHOPMHUPYEM:

we = 01 (B [Buy > 0]), vy = morm(cglagg > 0]),
5;15 = HOTm(—ﬁwt [5wt < 0]), Qg = norm(—atd [atd < O])

weW teT

3areMm nepenuiiem peryssipuzarop (24) B Buje B3pemennoii cymmbl 2|7 + 2| D| peryJisi-
PU3aTOPOB, KazK/Iblif U3 KOTOPBIX BO3/eHCTBYeT Ha CBOil crosben marpunpl ¢ win O:

R((I)v@) = Zﬁé@ Z ﬁ;—t In @ + Zaa_dza;lln‘gtd -

teT  weW deD  teT
- Z Por Z Bt 10 oot — Z Qg Z Qg 0,
€T weW deD  teT

rie Ba,, ady, Bogy Qg — TOTOKATETbHBIE HOPMEPOBOTHbIE MHOZKHTE/IH, TENEPh HIPAIOITIE
POoJib KO3 DUIIMEHTOB pery/ispu3aliuu.

BosmokHa sKBUBa/IEHTHAS 3AlUCh TOTO PErYJISPU3ATOPA, €CJIH BMECTO MPABIOINO-
J100ust ucnoJib30BaTh JiuBeprennuio Kysbbaka—/leiibiiepa Kak Mepy pa3/iMdHOCTH JIBYX
BEPOATHOCTHBIX PACIIpPe/IeIeHUI:

R(®,0) = — Zﬁ& KL, (ﬁ:u_t H Sowt) - ZO&& KL, (a;tl H etd) +

teT deD
+ ) B KL (B || 0ut) + Y gy KLy (g || bea)-
teT deD
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0.04 A 0.020 0.020
0.03 1 0.015 1 0.015 1

0.02 4 0.010 1 0.010 §

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

Puc. 5: Juseprennusa 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.

Auseprenuus Kynbbaka—Jleiibnepa (KL-dusepzentus i OTHOCUTEIbHASI SHTPOLIHS )
Jiajiee Oy/IeT OJJHUM M3 BaKHEUIUX UHCTPYMEHTOB KOHCTPYMPOBAHUS PEry/IsipU3aTOPOB.
D10 HecHMMeTpHYHAsl (DYHKIHSA PACCTOSHHUS MeXKIy IUCKPETHBIMHU pAaclpeneeHusIMA
P = (p)i, u@Q=(¢;)", ¢ coBnamaonmumu nocureaamu, {i: p; > 0} = {i: ¢; > 0}:

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

e H(P)=—>.p;Inp; — osnmponua pacupenerenus P, H(P,Q)=—> .pilng —
kpocc-anmponus pacupenenenuii P u (). Obo3nadenne KL; He gaBiseTcsa oOMenpuHITHIM,
HO OHO YJIOOHO JIJIsi YTOYHEHHSsI, 110 KAKOMY HHIEKCY IPOU3BOAUTCI CYMMUPOBAHUE.

KL-auBeprenius HeoTpunaTe/ibHa U paBHa HYJIIO TOTIa U TOJBKO TOrIa, Korga P = ().

KL-auBepreius gB/sieTcss Mepoil BJIO2KEHHOCTH IIEPBOIO PACIPE/IE/IeHHsT BO BTOPOE:
ecin KL(P[|Q) < KL(Q||P), To P cuabree Biaoxkeno B (), aem () B P, cm. puc. 5.

Ecau P — smnupuveckoe pacipejienerne, a (Q(a) — mapaMerpudeckasi MOJe/ b, TO M-
numusanus KL-auBepreniun 3KkBUBaIeHTHA MUHUMHU3AIUMU Kpocc-sHTporun H (P, Q(a))
WM MaKCHMUBAIUHE TPABIOIIOL00US:

KL(P||Q(« Zplln —)mln = Zp,lnq, a) — max.

=1

3aMeTuM TakzKe, YT0 MAKCUMU3AIMs HPABIONOA00U B 33/a4e TEMATHIECKOIO MOJIe-
smpoBanus (13) SKBUBaJIEHTHA MUHUMU3AIUK B3BeNIeHHOT cymmbl KL-jiuBeprennuii mex-
Ay SMIEpUYecKuM pacupesenenuamu p(w |d) = 22 u moneapubivu p(w | d):

N
anKLw( : H watﬁtd) — %%1
deD

IJle BeCOM JOKYMeHTa d siBJIsSIeTCs ero JjimHa ng. Eciam Beca ng yoparb, TO BCe JTOKYMEH-
THI OY/JyT UCKYCCTBEHHO IPHUBEICHBI K OAUHAKOBOM juHe. Takasg momuduranus QyHK-
[IIOHAJIA KAYeCTBa MOKeT OBITh II0JIe3HA IIPH MOJIEJTHMPOBAHUN KOJLIEKIIHI, COMepKAIIIX
JIOKyMeHTBI OJITMHAKOBOI BaKHOCTHU, HO CYIIIeCTBEHHO PA3HOI JITUHBI.

29



6 Teopua EM-anropunrtma

B sTom pasjene mbl morpysumcs B Teopuio EM-asropurma. PacecMorpum 6oJ1ee obmuii
KJIACCHYIeCKHil crocob ero BBIBO/IA, KOTOPLINA IIO3BOJISIET 00O0CHOBATH CXOAUMOCTD. 3a0/IHO
000TaTUM ero BO3MOXKHOCTBIO a/IMTUBHON peryisgpusanuu. Marepuas 3Toro pasjiesa 1mo-
Ha/I00UTCsI TOJIBKO B CJIEJLYIONIEM pasjee, emé dojiee TeoperndeckoM. Ecjm Herepuutcs
[OCKOPEe y3HATh O HPAKTHYECKHX ACIIEKTAaX TeMaTHIECKOIO MOJIEJIMPOBAHKA, TO 00a pa3-
JieJia MOZKHO TIEJTUKOM IIPOIYCTUTD.

O6wwnin EM-anroputm c perynsipusaymein. Knaccudeckuii EM-anropurm [57] mpes-
Ha3HAYeH /I MOCTPOEHHUs MIMPOKOTO KJIacCa BEPOSATHOCTHBIX MOPOZKIAIONIUX MOJereit
CO CKPBITBIME HEPEMEHHbIME. TeMaTudeckoe MOJeJIMPOBAHUE JIJIsi HEIO — JIUIIb YaCTHBII
caydait. Cxomumocrs EM-anropurma yao0HO J0Ka3biBaTh Ui OOIIEro cjiydast, 100aBUB
BO3MOXKHOCTD peryjsipusanuu. [losromy nepeiiiem k 0osiee 001umM 0003HAMEHUSIM:

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

Z = (t;)_, — ckpumole nepemenmbie;

Q = ($,0) — napamerpbl HOpozKaieil BepogTHocTHON Mojesu p(X, Z ).

Bajaua 3aK/I09aeTCs B TOM, 9T00BI 110 BbIOOpke X Hafitun mapamerpbl mojenn €2,
DU KOTOPBIX JOCTUTAETCS MAKCUMYM MAP2UHGAU306aHH020 Npasdonodobus (marginal
likelihood)! ¢ perymapusaropom R(Q):

Inp(X|Q)+R(Q) = anp(X, Z|Q)+ R(Q) — max . (27)

DTa 3a/la4a HeyI00Ha TeM, YTO CYMMUPOBAaHUE HO/T JIOTAPU(MOM IIPOU3BOIUTC IO BCE-
BO3MOZKHBIM 3HAYEHHUSIM CKPBITHIX ITEpEMEHHBIX /. B caydae TeMaTHIeCcKOro MOIETHpPO-
BAHUsI 9TO MHOYKECTBO BCEX N-MEPHBIX BEKTOPOB TeM, ero MOIMHOCTh paBHa |T'|"

Teopema 6.1. FEcuu cpyakmnmonart (27) qocraTrodHo rraJkui, To To49ka ) ero JOKaJIbHO-
ro MakCHMyMa VJIOBJIETBOPSIET CHCTEMe ypaBHEHHIl, perieHue KOTOPOH METOI0M MPOCTBIX
I/ITepEU_[I/Iﬁ CBOAUTC:A K Y€PECJOBAHUIO /IBYX 1al'OB:

E-mar: q(Z) =p(Z|X,Q); (28)
M-nrar: Z qZ2)Inp(X, Z|Q) + R(Q) — max. (29)

dokazaTenbCTBO. 3anunem HeoOXOAUMbIE YCJI0BUS JIOKAJIBHOTO IKCTPEMYMa, JIJIst 3a-
Jla9i MAKCUMU3AIU I3 Koro (yHkinuonaaa (27):

1 > Ip(X,Z19)  OR(Q)

= 0.
p(X|Q) o0 o)
U3 dopmyiibl yesosuoii BepositHoctu cieayer p(X |[€2) %. Bocnosb3yemcs

9TUM TO2K/1€eCTBOM, BHOCA ﬁ 110/ 3BHaK CYMMUPOBaHUA:

Zp (Z]1X,Q) op(X, Z|Q) +8R(Q)

(X,Z]Q) o0 o
OR()

Zp Z1X,9) 5 lnp(X Z|Q) + = 0.

o2

! Marginal likelihood Ha pycckmii HHOTTA TePeBOIUTCS KaK IpeebHOe WK HelOTHOe IPaBI0IoI00MIe.
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HO.T[yLIeHHOG YpaBHEHHUE HABJIACTCA HeO6XO,ZLI/IMbIM ycjoBueM JIOKaJIbHOI'O 9KCTpeMyMa
sagaun M-mrara (29), ecin bukcuposars pacupeesenue p(Z | X, ) Tak, 41006 OHO HE 3a-
Brces0 oT napamerpa ). Vimenno sto u mocruraercsd BoraucienneM ¢(Z) na E-mare (28)
U mocJIeiytoredi ero mojctanoBkoii B (29). TakuM 06pa3oM, Mbl HOJTYYUIH CHCTEMY YPaB-
HeHUil, SKBUBAJCHTHYIO HEOOXOAUMBIM YCJIOBHsIM MakcuMmyMa yHKnnonama (27).

Teopema JjiokazaHa.

CaencrBue 6.2. Ecin 3ajzada onruvusainun (27) wnmeer orpanmyenust ¢;(2) <0,
h;(2) =0, To cucrema ypasmennii (28)—(29) ocraérest B cuite, Ipu 9TOM 3a/4a49a OLNTH-
mm3amun (29) mMeer Te ke OrpaHHIeHH .

Jlna nokazarebecTBa HEOOXOIUMbIE YCJIOBUS JIOKAJBHOTO IKCTPEMYMa 3aMeHAIOTCS
yeaoBusimun Kapyma—-Kyna—Takkepa, B 0cTajibHOM BbIKJIAJIKNA aHAJIOTUIHBI.

Teopema 6.3. B urepanmonnom mporecce (28)—(29) 3navenne pyHKIHOHAIA HE YMEHb-
HIACTCST HA KAZKJIOM LIare.

okazarenbcTBo. Beaém mpousBosibHOe pactpesenenne ¢(Z). Bocmosb3yemcs

yCJI0BUEM HOPMHPOBKE Y, ¢(Z) = 1 u Toxaecrsom p(X |Q2) = i%)z(@ 3_3:

Inp(X|Q) = Zq )Inp(X Q) = Zq(Z)lnM.

~ p(Z]X,9Q)
Hobasum u oruumem ) ., ¢(Z)Ing(Z):
p(X, Z|Q) q4(2)
npX|Q) =S g2)m B2V NT 7y 82 30
X10) = S am T - Y A D (30)
L(2.2) KL(a(2)p(Z] X,2)) >0

Bropoe cmaraemoe B 310l cymme gaBiagerca KL-muBeprenmnueil MexKay ABYMs pacipe-
JIeJIEHUSIME, KOTOpas BCerjia Heorpunareabia. [TosTomy nepsoe ciaraemoe, 0003HaAYEHHOE
uepe3 L(q,2), saBisiercst HUXKHEl OleHKO# Jjiorapudma 1pasonogodus Inp(X [Q).

st MmakcuMusanuu pery/isipuzoBaHuoro log-npasononobdust In p(X |Q) + R(2) no
Oy/ieM MaKCHUMHU3UPOBATDH €r0 HUZKHIOK OIEHKY MOOYEPEIHO TO 110 ¢, TO 10 §2:

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

Makcumusaus L(g,Q) 1no ¢ sksusaienrna munuvusawun KL(g(Z) || p(Z]X,Q))
o ¢, mockosubKy ux cymma (30) me 3aBucut ot ¢. Munmvmym KL-muBeprenmun pasen
mymo u gocruraerca npu ¢(Z) = p(Z| X, ), aro coBuagaer ¢ dopmysoii E-mara (28).
Obnysenne KL-guseprennuu B (30) o3nagaer, uro L(g,€)) sBisiercst gocturaeMoil HUzK-
Heit onenkoit Juist Inp(X |QY), a 3ajada makcumusanuu Ha M-mare couagaer ¢ (29).

Taxum o6pazom, EM-asropurym (28)—(29) siBjsiercst 4aCTHBIM CJIy 9a€M HTEPALUOHHOIO
nporecca 6JI0MHO-OKOOpAMHATHO T onTumu3anuu dynkimuonana L(qg, Q)+ R()), na kax-
JIOM IIIare KOTOPOro 3Hadenue (GyHKIMOHAIA MOZKET TOIBKO yBEJTUIUTHC.

Teopema nmokazana.
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EM-ajiropur™m He rapaHTHpyeT HU JIOCTUKEHUs MAKCUMyMa C 3a/IaHHOI TOYHOCTBIO,
HU 1V100a/ibHO cxoguMocT. OnTuMHU3alnOHHAA 3a/a49a SIBJIAETCA B ODIIEM CJIydae MHO-
rodKcrpeMasibHoii. Ha mpakTuke 310 0O3HaYaeT, 9TO KA4eCTBO PEIIeHHs] MOXKET 3aBHCETD
0T BbIOOpA HAYAIBLHOI'O HPHOJIHKEHN.

O6wumit EM-anroputm gnsa ARTM. IIpumennym EM-anropurv (28)—(29) k 3amate Te-
MAaTHYeCKOTO MOJIEJTUPOBAHUS, BEPHYBIIUCH K UCXOAHBIM obo3HavenusaM: X = (d;, w;)",,
Z = (t;),, Q= (P,0). Cornacuo cmeayomeii jemMMe, 370 OPUBEIET K yZKe 3HAKOMOMN
nocraHoBke 3aja4u (19), Ho myrém Gosiee TPYIOEMKOIO J0KA3ATEILCTBA.

Teopema 6.4. Touka (CI), @) JIOKAIbHOI'O0 MaKCHMYMa PeryJsipu30BaHHOro log-mpas/io-
1101006151 B 3ajiade TeMaTHdYeCKOro MOJEJIHPOBAHUS (15) YVJOBJIETBOPSIET CHCTEME yPaB-
HEeHHI, pernieHue KOTOPOH MeTOJOM IIPOCTBIX HTEPAIuii CBOAUTCSA K 4YE€PEJOBAHHIO JIBYX

1iarosB:
E-mar: p(t|d,w) = norm(@wt(?td), agsBeex d € D, we W, teT; (31)
M-mar: Z Z anwp t|d, w) In(uwbia) + R(®,0) — max. (32)

deD weW teT

Hoka3zareabCcTBO. 3anuiieMm cHadaja Gopmyay E-mrara. Bocmosib3oBaBimcs yciio-
BHEM HE3aBHCHMOCTH 3JIEMEHTOB BbIOOpKH 1 npumenus dbopmysy Baiteca (5), pasioxum
q(Z) B npousBejieHue YCIOBHBIX BEPOATHOCTEH TEM MO BCEM MO3HIUAM i

q(Z) = p(Z] X, ) :Hp(ti|diawz Hnorm (PwitiOria;) -
i=1

[ToxcraBum B 0611yI0 bopmyay M-mara (29) pacupenesnennst p(X, Z |Q) u q(Z):
Z q(Z)Inp(X,Z|0Q) + R(Q) — max;

zZern
> ZHptk\dk,wk lan diw,t;| Q) + R(2) — max.
t1€T  tn€eT k=1

Boipazum jiorapudm nmpoussejienus yepe3 cymmy JiIorapudMoB U [EePEeCTaBUM MECTaMU
3HAKH CYMMUPOBAHUSI:

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

=1 t1€T tpeT k=1

3aMeTuM, 4TO cpeau n cyMM 1o t; € T HeTpHBHAILHA BCETJa TOJLKO OJHA — Ta, JJId
KOTOpOil t; = ;. Bee ocrajibHble CyMMbl PacXOLyIOTCs Ha 00pa3oBaHue 110JIHbIX BepOsT-
nocreit » , p(ty|dy, wy) = 1. Takum obpasom, bynKius B Jesoii yacTn ynpomnaercs:

i=1 teT

3aMeHUM CyMMHPOBaHHE II0 IO3UIUAM TEPMOB ¢ CyMMHPOBAHHEM IO JOKYMeHTaM d,
3aTeM 10 TepMaM W B KazKJIOM JIOKYMEHTE, YUUTBbIBas KarKIblil TEPM Ng, pa3. 3arem
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BocmoJb3yemest npejcrapienuem p(d, w,t|Q) = p(w|t, @) p(t|d,O) p(d) = @uwibrapa, 01-
OpocuB B HEM MHOXKHTEJ/Ib Pg, HE 3aBUCHIIUI OT UCKOMbBIX [1aPAMETPOB MO/IEJIN:

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

deD weW teT

Teopema JjiokazaHa.

Takum oOpa3oM, Mbl ellé pa3 BbIBe/IU HPOMexKYyTouHyI0 (hopmy 3amucu EM-ajiropur-
Ma, KOTOpPYIO paHee JIOKa3aJi Kak cjejicrBue 4.2 u3 TeopeMsbl 4.1, mpudém Toriaa 310 ObLIO
c/iestaHo ropas/io mnpoire. [lokazaHHbIi B 9TOM pasjiesie KJIacCHIeCKHil criocod BBIBOJIA SIB-
Jisiercst 6oJiee o0IUM U COJepKUT B cebe obocHoBaHue cxojaumoctu EM-airopurma.

7 bBaiiecoBckoe oby4yeHue mogenun LDA

[lenabto OGaiiecoBckoro obydenusi (Bayesian learning) spisiercst mosiydeHue OIEHOK
IJIOTHOCTU PACHPEe/IeHHs] JIjIsi HaPaMeTPOB BEPOSITHOCTHONW MOJIEJIN BMECTO OOBIYHBIX
TOY€YHbIX OICHOK. B aHaJIu3€ JaHHbIX €CTb MaCCa HPAaKTUYECCKUX 3a/1a4 U CI/ITyaHI/IfI, KO-
13 AIIOCTEPUOPHbBIE OLEHKH IJIOTHOCTH JAeHCTBUTEILHO HeOOX0uMbl. OIHAKO B IIPAKTUKE
TeMaTUIeCKOT'0 MOJIETMPOBAHUS BCEIIa UCHOJIB3YIOTCSI TOUYeUHbIE OIEHKN 3JIeMEeHTOB MaT-
pur;, & u O, a He mwiorHocTH pacupenenenus p(P), p(O).

Ocraéres Jminb J10rablBaThCs, modeMy OailecOBCKOe 00ydeHHe OKa3ajioCh JTOMUHMH-
PYIOIIMM MOJIX0/JI0OM B T€MaTUYeCKOM Mojie/inpoBannu. Bo3moxkHO, DailecoBCKHE MeTO/ bl
ObLIM HA BO3pacTalonieM TpeHje «kpuBoil [apraepar, korja nosBmiach Mozeib PLSA
Tomaca Xodmanna. Bo3amokHO, cka3ajcsa 6€3yCc/IOBHBIM HAayIHbII aBTOPUTET aBTOPOB MO-
nenn LDA. ®akrudeckn, TeMaTHIECKOEe MOJETHPOBAHNE IIPOCKOYMIO €CTECTBEHHYIO CTa-
JiMio pasBurugd. B perpeccuonnom anaJjinze, o0paboTKe CUIHAJIOB U n300parKeHuil mocra-
HOBKH OUTUMU3AIUOHHBIX 3a/a4 yCJIO02KHAJIUCb ITIOCTCIIEHHO, B TOM 4UCJIE HyTéM BBEICHUA
perysisipuzatopos. Korjia Bo3HUK/IM HPUIOZKEHUsI, Tpedyolue 3HaTh OOJIbIIe O pacipe-
JleJIEHUAX MapaMeTpoB, BMECTO OOBITHON PerysIspU3allii CTAJIH IPUMEHITh 0aileCOBCKYIO
U UCIOJIb30BaTh OaitecoBcKuil BBIBOM,. Temarmueckoe MOeMpOBaHIe OKa3aJach OTHOCHU-
TeJIbHO HOBOI 3ajiadeil B TOT MOMEHT, Korja OaiiecoBckoe obydeHne ObLIO Ha ITUKE IIOITY-
Jsipaoctu. [Ipocrora u Gorarbie BO3MOXKHOCTHU KJIACCMYECKOI He DalieCOBCKOI peryJispu-
3alUK OKA3a/UCh HE3aMEYeHHBIME. JTO YIylieHne Kak pa3 u ycrpauser reopus ARTM.

Hecmorps Ha BhICKa3aHHBIE BBIIIE COOOpazKeHus, ODailecoOBCKOe 0OyUeHne Kpaiine BazK-
HO JIJIsI TEMATHIECKOTO MO/IETUPOBAHUS XOTs OBl TOTOMY, UTO 34 JBa JTECATUIETUS THICTIN
nyOauKanuii ObLIN HAIMCAHBI UMEHHO HA 9TOM MaTeMaTHYeCKOM sI3bIKe.

Mbi paccmorpum JiBa HauboJiee HMOIYJISPHBIX I0JIX0/Ia: BapualMOHHbIM OaiiecoBcKuit
BbIBOJ (variational Bayes, VB) [173] u commuposanue I'n66ca (Gibbs sampling, GS) [168].
Jlnst nmpocroTsl orpaHmduMces Mogeabio LDA w yBuamm, dro 0ba MMOAXOHa IIPUBOISAT
K EM-1107100HBIM asiropuTMaM, He3HAYHTETHHO OTJIHIAIONIIMCS OT 3HAKOMON HaM BEPCHH.

['pomo3kas Texumka 6aiteCOBCKOrO BBIBOJA, ONMCAHHAS B TAHHOM pa3felie, JaJjee Uc-
10JIb30BaThCs HEe Oyjier. BaitecoBckue Temarmdeckue MOje/d, KaK IPABUIIO, yIAeTCs 1e-
pedopmyIMpoBaTh B TEpMUHAX PETY/ISPU3AIUH €IIE HA dTAale MOCTAHOBKH 33/1a9H, C/IEIaB
MaTeMaTUIeCKue BBIKJIAJIKKU U BCE M3JI0JKEeHHe HAMHOTO sicHee u npoiie. [Ipumepos Takoit
«iebaitecusamyy Mojieseil OyaeT MHOTO B CJEAYIONUX pa3ferax.
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KoHuenuus baiiecoBckoro obyudeHus. [lycrb X — HabsrojaeMasi BHIOOPKa JIAHHBIX,
p(X |Q) — BeposgrHOCTHASE MOJIE/Ib JaHHbIX ¢ napamerpamu ), p(Q|vy) — anpuoproe pac-
npedesenue B MPOCTPAHCTBE IIApaMeTPOB MOJC/IH, HMeolee IHiepnapaMerpsl 7. Torma
anocmepuoproe pacnpedeaenue IapaMeTpoB, cornacHo dopmyae Baiieca, mMeer B

p(€, X [v)
p(X|[7)

IJle CMMBOJI TTPOIMOPIUOHAJIBHOCTH X O3HAYAET «PABHO C TOYHOCTHIO /IO HOPMUPOBKU».
Eciin nam Hy2KHa JIMIIb OIlEHKA MaKCUMYMa, IPaB/I0110/1001s JIJIsI AIIOCTEPUOPHOIO Pac-
npejesieHns, TO JIOCTATOYHO BOCIOJIB30BATHCS IPUHIUIIOM MAKCUMYMO GNOCMeEPUoOpHos
8EPOAMHOCTIU, KOTOPBIHA ObLT pacCMOTPEH B IpebLayIneM pasjene. Torna 3aada cBOIUT-
cd K MaKCHMU3AIUHA Jorapudma mpaBIono00us ¢ BepOITHOCTHBIM PeryIsapu3aTOpOM:

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

Inp(Q|X,7) =Inp(X|Q) +1Inp(Q|y) + const — max.

Q,y

AJIbTepHATHBHBLIT Iy Th, HA3BIBACMBII 0atieco6CkuM 6b16000M, 3AKTIOUACTCA B TOM, ITO-
Obl BBIYUC/IUTD allocTepuopHoe pacupejeenue p(€| X, ) B sBHOM Bujie. D10 HoJiee CJI0xK-
Has 337444, MOCKOJIbKY BMECTO TOYEYHOM OlEHKN napaMerpa () CTpouTCs ero pacupe/e-
Jerue. 3aTo Takoil moaxoM JaéT ropasao 60Jbie nHdOPMAIMI 0 TAPAMETPAX MOJIE/IH.

CgoiictBa pacnpegenedusa OQupuxne. Mogens LDA ocnoBana na pacupeaenenusx Jlu-
puxJje, MO3TOMY IPUBEJIEM B CIIPABOYHOM IOPs/IKE HEKOTOPbIE ero CBOMCTBA:

o EO; = [0, Dir(fla)df = & = no%"m(at) — MareMaTHYecKoe oKujanue Oy

N o ar—1 __ o .
o 0= = nolztrm(at — 1) — mona;

e DY, = % — JIMCIIEPCHUS;

e Elnf, = [In6,Dir(0| ) df = () — () — maremaTuieckoe oxusanue In 6;.

Huramma-dyuknus () = % OueHb 1OXOKa Ha jorapudm.
I3BectHa npocras, HO BEChbMa TOUHAsl allllPOKCUMAIMsl 9KCIHO- 35
HeHTbl juraMva-QyHkiun (Ha rpaduke UX JIMHUM HIPAKTHYECKH 5, |
HePA3THIUMbI ): 2

1,0 ’
2 . 05 3

B(e) = explu(e)  { T

N
i_‘

0 05101520 25303540

N[

—_ O
NN
SRS

BapuauunoHtbiii banecoBcknii BbiBog,. llaes 5Toro moaxoaa B TOM, 4TOOBI HCKATH COB-
MECTHOE allOCTEPHOPHOE paclpejieseHrue JIJid MapaMeTpPoB MOJEIN U CKPBLITBIX IIepeMeH-
ubix p(Z, P, 0| X, «, 5). HenocpejcrBennoe BbIUUC/IEHUE JAHHOIO PACHpPeIe/IeHUst 11Po-
6J'[€M&TI/ILIHO. HOSTOMy HaXO0ddT ero HpI/I6.HI/I)KeHI/Ie B BU/E PA3J/IOZKEHUA Ha MHOZKHUTEJIU,
UCIIOJIB3YS OCHOGHYIO TEOPEMY BAPUGUUOHHO020 baTlec08CK020 66600,
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Teopema 7.1. Ilycrs 3asaH0 pasbuenne MHOXKeCTBA 11epeMeHHbIx Y Ha 010k Yj, j € J.
Torsa pemenue sazaun KL(q(Y) || p(Y]X,7)) — min B ceMelicTBe (DaKTOPH30BAHHDBIX

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

Ing;(Y;) = Eqy Inp(X, Y'[7) 4 const, j € J, (33)

rae Egp ; — MaTemarnueckoe oxkuanme 110 BCeM 1epeMenHbIM KpoMe Y, const — jjorapugm
HOPMHPOBOYHOI'O MHOXKHTE/IsI PACIIPEIC/ICHUS ;.

JlokazaresibcTBO MOXKHO Hajitu, Haupumep, B |34].

st pemenusi cucrembt (33) MOKHO HCHOJIB30BATh METOJ| IPOCTON UTEPAIUH.

[Tpumenum 31y Teopemy K Haiiemy ciy4dar, korga Y = (Z,®,0), v = (a, 8). Byaem
npubimxkare pacupenenenne p(Y | X, v) = p(Z, P, 0| X, «, ) npoussenenuem n+|T|+|D|
pacipe/eenuii mo 6J10KaM MepeMeHHbIX t;, ¢, 04

q(Zv (I)v @> = H qj(Zv (I)v @) = H qi(ti) H Qt(ﬁpt) H Qd(9d>v

jeJ i=1 teT deD

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

3ameruM, 4TO eciiu OJOKH IepeMEeHHbIX Y; He3aBHCHMBI, TO pelleHue Oyaer He IpH-
OJIMKEHHBIM, 8 TOYHBIM. TakuM 00pa3oM, HCIIOJIb30BaHUE BapUAIMOHHOIO DailecOBCKOIO
BBIBOJIA CBSI3aHO C IPEIOIOKEHIeM, 9TO MOYKHO IIpeHeOpedb 3aBUCUMOCTIMH MKy Te-
MaM# TEPMOB t;, BEKTOPDAMU TeM ¢; U BEKTOPAMH JOKYMEHTOB 0.

Yrobbl 3amucarh cucTeMy ypaBHenuii (33), pacouirem JorapudM pacrpeieeHust
p(X,Z, 9,0 |, 3), nepesojs ciaraeMbie, He 3aBUCSIIEE OT HEPEMEHHbIX t;, @y, 04, B const:

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

:lan(di,wi,ti |®,0) + lnHDir(gptW) +1In H Dir(0y| o) =

1=1 teT deD

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

Teneps nago 6parh MaTeMaTHdecKue oxuaanus Eg ; 0T 3Toii cyMMBbI 110 BceM pacipe-
jenerusim G (), qa(0a), ¢;(t;), Kpome j-ro. 3amMerum, 4TO €C/Iu cjaraeMoe S He 3aBUCUT
or j-it nepementoii, To E, .S = const, 4To CUJIbHO yUPOIIAET BBIK/IA/KH.

PaccvmorpuM ypasuenne (33) OTHOCHTEIBHO ¢ (py):

In ¢ (¢:) Z Eqinti=t]In@u,, +Z w— 1) In e + const =

weW
= Z Z Qz IHSOwt +Z —1 IHSOwt + const =
i=1 weW weWw
= Z (Z[wi:w]%(t) +Bw — 1) In ¢ + const =
weW “Ni=1

-~

WV
Nwt

=In Dlr((pt ‘ Bt)
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Takum obpaszom, ¢ (p;) sBisierca pacupejesenuem upuxje ¢ napamerpamu
Buwt = Nawt + Puw, TIOE Ny — OIEHKA YHC/Ia TeHepanuii TepMa w u3 Tembl t. [Ipu 6osbimmx
TNyt OHO CKOHIEHTPUPOBAHO B TOUKE 0y = NOTM(Sy¢)-

w

Paccmorpum ypasuenne (33) orHOCHTETBHO ¢q(04):

Ingy(04) = ZE yldi=d] In 6,4, —i—Zozt— )In 6,y + const =

teT
_Z di dqu lnetd‘l’z —1 In 6,4 + const =
teT teT
- Z(Z [di=d]qi(t) +ou — 1) In ;4 + const =
teT
%/_/

Nid

=In Dll"(ed ‘ O~éd)

Takum obpasom, qq(04) siBiasiercs pacupejeiennem [upuxjie ¢ napamerpamu
Qg = Nyg + Oy, TOE Ny — OIEHKA YUCJIA TePMOB TeMbl ¢ B gokyMmente d. Ilpm Gosbmimx
N¢g OHO CKOHIIEHTPHPOBAHO B TOUKe Oy = norm(dyy).

t

Haxkownern, paccmorpum ypasuenue (33) orHocuTeabHo ¢;(t;):

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

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

Ing;(t) = w(nwit + ﬁwi) - @D(Zw(”wt + @u)) +
+ ¢ (g, + ar) — (X, (nua, + a)) + const.

JlorapuMupys nu HOpMUpPYH, MOJTydaeM paclpe/ie/ieHus epeMeHHbIX t;:

( et ) Bl + ) ) (34)
E(Zw(nwt + 610)) E(Zt(ntdi + at)) ’

¢i(t) = norm

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

1 1
(nwit + Buw; — 5 M, T 0 — 5)

1 1
nt+ﬁo—§ ndi+ao—§

N[

q(t) = norm

Bamerum, aro opmy.ia st g;(t) moxoxa na E-mar (16) 8 EM-anropurme st Mosesin
LDA: p(t|d;,w;) = normy(¢y,:0i4,). Bosee Toro, akKyMyJIupOBAHUE CUETUUKOB My U Mg
B TOYHOCTH coBIagaet ¢ popmyramu M-mara (17)—(18), ecom monarars ¢;(t) = p(t|d;, w;):

n n

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

i=1 i=1
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Takum obpasoM, perrenue cucreMbl (33) METOJAOM MPOCTBIX HTEPALUH HPUBOJAUT K
EM-10106HO0MYy ajiropurmy. 9T0 HEMHOTO YUBUTEIHHO, HOCKOJIBKY MbI HE UCIOJIB30BAJIN
EM-anroputym, n make He peliajn 3a/1a9y MaKCHMU3AIUAN TPABIOMOI00US.

[lo okoHuaHNU UTepalnuili HCKOMbIe ITapaMeTpPbl MOJIeJIH MOXKHO OIeHUTH depe3 MaTe-
MaTH4YeCcKoe OXKUJIaHNe alloCTEPHOPHBIX pacupeenenuiil /lupuxie:

+ = norm (N + : 0;q = norm (ng+ay).
Pur = m0orm (1 + B ); orm ( )
Ocuosroe orauune or EM-anroputma — B monpaskax (—1, —% win () K 9acTOTHBIM
OIIEHKAaM YCJIOBHBIX BeposTHOCTeH. 1Ipu n, nyg > 1 3Tu nomnpaBku mpeHeOpe:KuMo Ma-
Jibl. OHEM BIUSIOT JIMING HA OJIM3KHE K HYJIIO YCJOBHBIE BEPOSTHOCTU QO U Byq, KOTOPHIE

HE SBJMIOTCA 3HAQYUMBIM JJIg TeMaTudecKoir Mmogenu. Takwme ornmumsa B EM-1momo0HBIX
aJrOpUTMaX TEMATHYECKOIO MOJETUPOBAHUSI MOXKHO CUYHTATH HECYIeCTBeHHbIMEI [28].

CoamnaunpoBanue 'mbbca. iest 31010 110/1X0/1a B TOM, 4TOOBI CHaYaJIa OIEHUTh CKPbITHIE
IepeMeHHbIe ¢ HOMOTIBIO0 caMILTHpoBanust Z ~ p(Z | X, «, ), 3arem HANTH allOCTEPUOPHOE
pacrpeesnenne mapamerpos mogienu p(®, 0| X, 7 «, ), upu ussectabix X u Z.

Paszbepémcst cHadasia ¢ amocTepuopHbiM pactpeenenuem. [lycrs p(®,0|a, ) —
anpuopHoe pacupeesnenne upuxie. Pacipeenenune dupuxiie sBiisercs cONpPsizKEHHbIM
K MYJIbTMHOMHAJIbHOMY, II09TOMY allOCTEPUOPHOE TaKzKe Oy/leT HPUHA/JIeZKATh ceMefcTBY
pacupejesenuit Jupuxiie:

p(®,01X,Z o, 8) x p(9,0,X, 7|, ) x p(X,Z|P,0)p(P,0]|, )
o [ (wibia)" T] Dir(i|8) ] | Dir(bal o)

dyw,t teT deD
Ngwt , Bw—1 Ndwt o —1
x H H Pt Pt H H 04" 0y
teT dw deD w,t
nwt+ﬁw_1 ntd“rat_l
o [[1Tewi ™ 1111
teT w deD t
x H Dir(e: | 8) H Dir(04|da);  But = M+ Buw,  Gta = mya+ou, (35)
teT deD

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

CommiupoBaHue CIy4daiiHOro BeKTOpa 4 U3 MHOIOMEPHOTO paciipejesieHus OCHOBAHO
HA Meopeme 0 CToOUMOCTNY NPOUeccd camniuposarus 1ubbca.

Teopema 7.2. I[Ipomecc cOMITAPOBAHAS OJHOMEDHBIX CJIVIAHHBIX BEJTHIHH

(k+1) P(X> Z | 7) .
t; ~pti| X, Zy,y) = ", i=1,...,n;
G1X, 2 7) p(X, Z\i[7)
rae k — HOMep mreparun, Z\; = (tgkﬂ), . tl(-lf{l), tg_’?l, o ,tslk)), CXOHUTCS K MHOT'OMEPHO-

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

Jloka3aTeIbcTBO MOXKHO HaiiTu, Hanpumep, B [34].
YT00BI BOCIIOJIB30BATHCSL TON TEOpeMoii, moaokuM v = («, ) 1 HaiiéM pacmpeese-
uue p(X, Z|a, 3). [TockojibKy OHO He JI0JIZKHO 3aBucerb oT napamerpos (®,0), no Hum
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HpUAETCs B3sATh MHTErpas. [loJplHTerpaibHoe pacupe/ejenne Mbl yzxe BoiBesn B (35),
HO JIMIIIb C TOYHOCTBIO JIO HOPMUPOBOYHBIX MHOKUTe/Ieil. Teliepb oHM HAM 1HOHAI00ATCH,
no3ToMy pas3bepéMcs ¢ HIMU aKKypaTHee:

p(X, Z]a,8) = / / P(X, 7|3, 0)p(®,0|a, )dBdO

/ / HSO"’““ Q?JdHP [ Dir(ee18) [] Dix(ba] a)d®do =

teT deD
_ H (Z Bw) / Bwt 1d90t de tat /H@atd 1d9d
teT Hw (/Bw> o w deD Ht
o Dir(p¢ | Bt) o< Dlr(Gd |é&q)

(2 ﬁw H Fﬂw’f tat I, T'(aw)
telln Z ﬁwt dle_!) ‘ Ht ) (Ztatd) (36)

Pacupesenenne p(X, Z\; |a, B) ormmuaercs or noiydennoro sbie p(X, Z |, 3) jnmib
TeM, YTO OHO CTPOUTCs 110 BbIOOPKE 0e3 i-ro sjementa (d;, w;, t;):

Z ﬂw H r ﬁwt tat Ht ( d)
X, Zy|a, .

P Al HH TG T(Y, Frs HDH YT (G — 3
e 0%, = [w=w;|[t=t;], 0., = [t=t;][d=d;]. Tenepn, cormacuo dbopmyse u3 reopemsr 7.2,

110/IE/TMM 110JIy YeHHbIE PACHPEIEJICHUST OJHO HA APYTOe, YTO0bI MOJIY YUTh OJHOMEPHOE PAC-
Ipee/IeHre JJis COMILIMPOBaHus TeMbl t;. [Ipu JejleHnr B uucjmTesie 1 3HaMEeHaTeIe Co-
KPATsTCsl BCE MHOXKHUTE/M KPOME TeX, KOTOPbIE 3aBUCAT OT djieMenta (d;, w;, t;):

(X, Z|a, ) _

(X, 2|, B)

_ F(nwltl+/8wl) F(Zw(nwh_l_ﬁw)_l) F(ntidi+ati) F(Zt(ntdi+at)_1)
a F(nwiti+6wi_1) F(Zy;(”ﬂﬁ%“’ﬁﬂ))) F(ntidi+ati _1) F(Zt(ntdi_l_at)).

p(tZ‘X7 Z\Z,Oé,ﬁ) =

I'(z)

B s10oM BbIpazkeHu#n BOCIOJIb3YEMCs CBOMCTBOM raMma-(yHKIUN Tt — % — 1:

p(t|Xa Z\iaaaﬁ) = ntOErTm

( Moyt + ﬁwi —1 ] Nid; +a;—1 )
Zw(nwt + Bu) — 1 Zt(ntdi +ap) —1

[To cyru 310 onenka ycjaoBHOi BepositHocTH P(t|d;, w;) = normy(y,:0q,) va E-mare
EM-asiropurma myst mogesun LDA. Takum obpasom, Mbl cHOBa mojydaem EM-momobnbrit
AJICOPUTM, XOTsl 3a/1a9a MAKCUMU3AIUU [IPAB/IOIOA00MS jlaKe He cTaBujIach. Kak u B ciry-
Jae ¢ BAPHAIMOHHBIME 06afleCOBCKUM BBIBOJIOM, aJTOPUTM OTIMYAETCS HECYNEeCTBEHHBIMU
HONMpPaBKaMU K YaCTOTHBIM OIleHKaM YCJIOBHBIX BEPOATHOCTel. [JTaBHOE ero oTimdue B TOM,
qaro Jyist Kaxaoro (d;, w;), @ = 1,...,n, NIPOUCXOJAUT CIMILIMPOBAHUE TOJIBKO OJIHOM Te-
MbI t;, KOTOpas U y9aCTBYET B AKKYMYJHUPOBAHUH CUETUUKOB My U Ny

n n

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

i=1 i=1
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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—}—ao) Jist Beex t € T

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

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

©

Dakruyecku, Ha M-mare cyMMEUpYIOTCS He camu pacupenpenenus p(t|d;, w;), a ux sM-
nupudeckue oneHku p;(t) = [t=t;] mo comminpoBanbiM TeMam t;. CyMMa TaKUX OINEHOK
CXOJUTCS K CyMMe UCXOJHBIX DACIPE/IeIeHNH, CONIACHO 3aKOHY OOJIBIIHNX YHCelI.

HO OKOHYaHuMn I/ITepaHI/Iﬁ HCKOMBbBIE IIapaMeTpbl MOJAEJIN MOZKHO OLEHUTHb 4Yepe3 MaTe-
MaTHYECKOe OKUJIAHKME AllOCTePUOPHBIX pacupejesenuii Jupuxie u3 (35):

ur = norm (ny+Bu); b = norm(nya+ay).

B asropurme 4 nokasana ujes peasusanun, npejioxkennas B [168|. Kaxgas urepa-
nust k B HPOIECCe COMILITMPOBAHUSI COOTBETCTBYET OJHOMY IPOXO/y Kojuiekiuu. Kormaa
JIJIS TO3UIAM ¢ COMILJIUPYETCd TeMa t;, BceM IpeJblaymum no3uruam 1, ..., 72 —1 yxke npu-
CBOEHBI TeMbI Ha, JIAHHON MTEpaIu, a BCe MOCeYIONIIe MO3UIUA ¢+ 1, ..., n COXPAHIIOT
TeMbl ¢ mpeasayiei (k — 1)-ii urepanum — B TOYHOCTH KaK TOro Tpebyer Teopema 7.2.
CoMIumpoBaHHasl TeMa 3alIOMHHAETCS B IIEPEMEHHOI t;, U HA CJIeyIOmell nrepanuu, Ko-
[J1a 9T TeMa U3MEHUTCS, CIETUUKH T, U Mg OYIAYT YMEHBIIEHbI Ha eIUHUILY IS CTapoii
TEeMbI, ¥ YBEJIMYEHbl HA €JUHMILY /I HOBOIA.

3HaunTeIbHOE KOHCTPYKTUBHOE C€XOJCTBO EM-momobubx asropurmMoB PLSA, MAP,
VB, GS u erié HeCKObKUX UX BAPHAHTOB OBLIO BIEPBbIE OTMeYeHO B [28].

CoMminpoBanue e IMHCTBEHHON TeMbl Ha E-rrare ¢; ~ p(t|d, w) MOXKHO paccMaTpuBaTh
KaK OTJ/IEJIbHYIO 3BPUCTUKY, COBMECTUMYIO C JiI0ObIM EM-110/100HBIM aJIFOPUTMOM TEMa-
THYECKOIO MOJEIMPOBaHust |7]. DKCrepuMeHThl MOKa3a/d, YT0 COMILIMPOBAHUE HECYyIIe-
CTBEHHO BJIMSI€T Ha CXOJIUMOCTDL U JPYIHe CBOMCTBa Mojesn. Kak 3BpuCTHKA, OHO MOZKET
CBODOJTHO COYETATHCA C JIIOOBIMH PEry/IgpH3aTOPAMHU.

Ontumunsauynsa runepnapametrpos B mogenu LDA. Bo muorumx paborax, HadmHas
¢ |168], ucnosb3yiorcs cuMMeTprUYHbIE AIPUOPHbIE Pacipe/iesenus /upuxie ¢ napamer-
pamu oy = 50/|T|, B, = 0.01. Bosee Toukue uccienoanus |186] nokasasuu, 4ro jydrie
OITUMHU3UPOBATH BEKTOD & = (1, ..., Qr) B HECUMMETPHIHOM pacupejesernn Dir(0y | «)
U OA0MPATDH YUCIOBOIT mapamerp 3, < 1 B cummMerpuanoMm pactpeenenun Dir(yy|f3).
Jng onrumu3anuu BekTopa « B [186] mpejiaraeTcs MAaKCHMI3APOBATH PABIOIOI00Ue
P(X,Z|a, ) upu dukcupoBanubix Z u . OrbpacsiBas B (36) MHOKHUTEIIN, HE 3aBUCSIIHAE
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® &0
p(x) p(xly) p(x1, 22]y) p(xly1, v2)

Puc. 6: [Ipexncrassienue yciaoBabIX 3aBucuMocTeil B rpaduyueckoit Horamuu.

w1 wy W3 Wik w
k
Puc. 7: Tpaduveckas HoTanus BEIOOPKH W1, . . . , Wk, HOPOKIAeMOil pacnpeaeneruem 3y, = p(w).

OT «, IIoJIy9a€eM OITHMHU3AINHUOHHYIO 3ada91y:

'y I'(ng + oy
P(X|a):d€1_£r(n;+léo)g (F(O‘Z) )—>me’

B auccepranuu [185] cpaBHEBAIOCH Goslee JTeCATKA YUCIEHHBIX METOIOB €€ DelleHHs .
[IpuBesém Jmnib camblii MPOCTON M3 HUX — MeTOJ| HemoJABHKHONW Touku [127]. B Hém
BEKTOpP ¢ = () HEPecYUTHIBACTCS 110 PEKYPPEHTHOMH (hopmyJie

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

rae ¥(x) — puramva-byHkus. 91a HopMysa BCTpAHBAETCsT B UTEPAIMOHHBIN MPOIIECe
EM-ajiropurma Mek/1y 1IPOXOJIaMu 110 BCeH KOJIJIEKIUU.

Okcuepumentsl B [186| moKazaam, 4TO ONTUMU3AIMA BEKTOPA (¢ HOBBIIIAET MPABIO-
nojobue u cKopocThb cxoaumoctu EM-anaropurva. B ciydae cuinbHOit necbararcuposan-
nocmu mem (KOTIAa B KOJUIEKIIMH OJHUX TeM OOJIbIIe, YeM JIDYTHX, B Pa3bl WIH JazKe
Ha TIOPSA/IKH) ONTHMU3AIM BEKTOPA (v MPUBOJUT K OOJIee eCTeCTBEHHOMY HEPaBHOMEDHO-
My PacCIpe/ie/IeHUIO KOJIJIEKIIMK 110 TeMaM.

Ay 1= Qi

Mpacdhnyeckaa HoTauua. Beposrhocrabie Temarudeckue mogean PLSA u LDA aB-
JIIIOTCS 9acTHbIME ciiydasmu rpadoBbix mojeseit. B epagosoti seposamrocmmot mode-
sy (probabilistic graphical model, PGM) 3aBucumoctu Mexy ciydaiiHBIMU BeJHYUHA-
MU TpPeJICTaBIAAIOTCA B Buie rpada. Bepmuubl rpada cooTBeTCTBYIOT caydailHBIM ITe-
peMeHHBIM, PEOpa — HENOCPEeJCTBEHHBIM BEPOSTHOCTHBIM B3aMMOCBA3SIM MKy HIMH.
Ha puc. 6 mokazanbl mpuMepbl 3aBHCUMOCTeNl MeXKIy CAyJallHbIMU mepeMeHHbIMU. Ha-
OJIf0/1aeMble TIepEMEHHbIe N300PazKaroTCsl 3aKPAIleHHbIM KPYKKOM. BbIOOpKa mepemen-
HbIX, '€HEPUPYEMbIX OJHUM pacCIpejiesieHrneM, U300pazKaeTcs MPsiMOYIOJIbHUKOM, pHC. 7.
Takue u3o0pazkenus OyjieM Ha3blBaTh 2pagiuueckoti nomayued (plate notation).

AnbTepHATUBHOI TEKCTYaIbHOI (OPMOIL MpeICTaBIeHI BEPOITHOCTHON MOJETH SB-
JSeTCA 2enepamushas ucmopus (generative story), B KOTOPOI OHMHCHIBAETCS ATTOPHTM
HOPOK/IeHus Jianubix. Ha puc. 8§ nokasanbl 06a upejicraBjienus, rpapuieckoe u TeKCTy-
aJibHOe, JIst TemaTudeckux mogeseit PLSA u LDA.
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Mogenas PLSA:

KazKJiplit d € D 1mopozK1aeT CKPbIThIe TEMbI:

b~ pltld), = L. (O —@

. d t w

KazKJjias TeMa t; MOpOXKIaeT TepM: Ng

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

Q 4 W AR

O TIOPOZKIaeT BEKTOPHI JOKYMEHTOB: / /

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

¢r ~ Dir(p[f), te€T;
nasmee Kak B PLSA. G

B ¢ T

Puc. 8: l'eneparusHas ucropus u rpadudeckas Horauus g mozesneir PLSA u LDA.
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Parse trees
grouped into M
documents

Puc. 9: [Ipumepst rpaduveckux Horamuil u3 myOaukanuii 10 TEMATUIECKOMY MOEJIHPOBAHUIO.

[Tonbopka rpadudeckux HOTAIMI HA pUC. 9 WILTIOCTPUPYET HOTBINOe CTPYKTYPHOE Pa3-
HOOOpa3ue BepOATHOCTHBIX TeMAaTUIeCKUX Mojieseil. XOTd HAITISTHOCTD SIBJIAeTCS HEOCIO-
PUMBIM IPEUMYIIECTBOM, HEJIOCTATKOB Yy rpadudeckoil Hortanuu ropasjto Oolibiie. [ias-
HbIfl — HENOJIHOTA U HEOJ[HO3HAYHOCTh MHTepliperanuu. HekoTopble acuekTbl MOJIE/JIUPO-
BaHUs HEe MOI'YT ObITh OTOOparKeHbl ODIICIIPUHATHIME CPeJICTBaMU I'pacuieckoit HoTanuu,
W aBTOPBI BEIHYKJeHBI 1300peTaTh cCOOCTBEHHBIE. B pe3ysibraTe MO/Ieb MOYKeT BOCCTAHAB-
JIUBATHCH 10 KAPTHHKE HEOTHO3HAYHO. ['eHepaTuBHAS NCTOPU JIHIIEHA STOT0 HEJTOCTATKA
u Jjaér 0oJjiee TOYHOE OlUCAHUE MOJIE/IU.

['pacbuueckasi HOTalUs U reHEPATUBHAA UCTOPUS MOI'YT ObITb I10JIE3HbI JIjIs TOHUMa-
Hust 001Iei ujaen u KOHCTPyKiwmu Mozesun. OIHAKO UX He JOCTATOYHO, 9TO0BI OJIHO3HATHO
BOCIIPOU3BECTHU TEePEXO], OT MOJEJH K aJIropuTMy eé odyuennd. K coxkameHunio, BO MHOTUX
nyOIUKAIUAIX aBTOPBI OMYyCKAIOT ITOT MepPexXo/l I KPATKOCTH U3JI0KEHU, IYTO OTHIO/Ib
He J100aB/steT ICHOCTU TaKUM paboraM.

CpasHervne ARTM u bGaitecoBckoro nogxoaa. B nmpakTuke TeMaTH4ecKOro MOJIEIH-
poBaHusi 6alleCOBCKUI BbIBOJL aliocTepuopHoro pacupejaenenus p(2| X, y) upoussoaurcs
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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. 10: B ornuume or GaitecoBekoro obydenusi, ARTM cranjaprusupyer peajn3aiuio 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.

HUCKJIIOYUTEJIbHO pa/iu 11OJIyYEeHUA TOYE€YHON OLECHKH llapaMeTpOB Q:

Posterior(Q2| X,v) o p(X |Q) Prior(2|7);
Q= arg max Posterior(Q2| X, 7).

Makcumusarust anocrepropHoii Bepostaoct (MAP) naér rouednyio onenky 2, mu-
Hyd NPOMEXKYTOUYHBIH mar mpubJIMKEHHONO U TPYI0EMKOoro BeiBoja Posterior:

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

Muorokpurepuaabhas ajauruBHas peryisgpusanus (ARTM) o6obmaer MAP Ha sro-
Oble pery/ispu3aToOpbl, B TOM YHCJIe He HMEIOIe BepOATHOCTHOM HHTEPIIPETAIlUN, a TAKKe
UX IIPOU3BOJIbHBIE KOMOUHAIUN:

Q= arg m{z;x(lnp(X 1) + 3 nRi(Q)).
i=1

K nejiocrarkam 06aiiecoBCKOIO BbIBO/Ia MOYKHO OTHECTH TEXHUYECKYIO CJIOKHOCTDH (hop-
MaJIu3aluy TpeOOBAHUN K MOJIEH ITOCPEJICTBOM OIITHUMH3AIMOHHBIX KpuTepues. EanH-
CTBEHHBIM MEXaHU3MOM y4éTa TpeODOBaHMil sBJsSeTCs alpuopHoe pacipeaenenne. OgHAKO
baitecoBckuit BeBOA B ciaydae Prior(Q2) oc [[, exp(r;R;i(§2)), asaserca TpyaHoil MaTema-
Tudeckoit 3ajadeit. Korja anpuophbie pacupejesieHusi He siBJISIOTCS PACIPE/IeIeHUSIMI
Jupuxjie, 6aitecOBCKUl BbIBOJI 3aMETHO YCJIOAKHSIETCH.

B 6aitecoBckoM TeMaTHIeCKOM MOJIEIUPOBAHUNU pacipeesenue upuxie oka3biBaeTcs
«Ha, 0cobOM mosiozkeHun». OHO He uMeeT yOeaUTe/TbHBIX JTUHIBUCTUIECKUX OODOCHOBAHMUIA,
TeM He MeHee, B JJUTepaType OOJbIINHCTBO MOJIE/Iell CTPOSTCS € €ro MCIIO/Ib30BaHHEeM. DTO
O0'bSICHSIETCS UCK/IIOYUTETBHO MATEMATHICCKUM yI00CTBOM CONPSI?KEHHOCTH PACIIPe/ie/ie-
auit {upuxjie ¢ myabrunomuaibabiM pacupeaeneranem. B ARTM ner nukakux ocHOBaHuUit
HpeIounTaTh pacipesenenue /lupuxie apyrum peryJisipu3aTopam.

[TocTanoBka onrTuMmu3amuoHHOR 3agaun MAP 1mospossier MHTEpPHIpeTHPOBATDL JIOTaA-
pudM alpUOPHOTO PACIPE/IC/IEHUA KaK BEPOSTHOCTHBIA PEery/isdpu3aTop, OTJEJHTb €ro
OT KOHKPETHON MOJIE/IN ¥ UCHOJIH30BATH B JIOOBIX JIDYIHX MOJIE/ISIX.
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AU TUBHOCTD PEryJ/IsipU3aTOPOB MPUBOIUT K MO/LY/IbHONH TEXHOJOIUU TEMATHIECKOTO
MojiesinpoBanust. Kaxk/ipiit perysispuszarop R; peajiu3yercs B Bujie HIPOIPAMMHOIO MOJLYJIs,
KOTODBIii J06aB/igeT K CISTUIMKAM N,y U Mg B popMmynax M-mara peryisapru3anionHble 110-
IPaBKA Tigowt% i Tiﬁtd% COOTBETCTBEHHO. TaKuX MOJyTeil MOYKHO HOAKTIOUATE CKOJIb-
KO YIOJIHO Ha dTale MocTpoeHus Mofenu. IIpm srom xosdbdbunuenTsr peryasapusanuu 7;
MO2KHO MEHATb B XO/JI€ UTEPallMOHHOI'O IIpouecCa 110 KaKO# YIOoJHO CTpaTeruu, ylipaBJidd
COBOKYIIHBIM BO3/IEfICTBUEM DEryJIsiPU3ATOPOB HA MO/EJIb.

DTH BO3MOKHOCTH MO/ IepKUBAIOTCs Oubanorexoii BigARTM [9, 179]. Kombunuposanue
TOTOBBIX DeryJspU3aTOPOB IPH pelleHNH NPHK/IATHBIX 33749 03BOJIAET CTPOUTH MO/e-
JH C 33JaHHBIMH CBOHCTBaMH 0e3 JOIOJHUTEIbHBIX MaTeMaTHYECKHX BBIKJIAJOK U IIPO-
rpamMuposanus, puc. 10. Co3iranue Takoit TeXHOJOIMM B paMKax 0ailecoBCKOIo 1OJX0/a
eJ1Ba JI1 BO3MOZKHO.

B sasibheitiiiem mMbl OyjieM pacCcMaTpuBaTh BCe TeMaTuyecKue MOJIe/IM B TePMUHAX pe-
IyASpU3ANUY, JaXkKe eCIH B HCXOTHBIX paboTax OHU CTPOHJIHCH OaileCOBCKAME MeTOJaMI.
Pedopmanmmsamusa 6aiilecoBCKIX MoJesiell Yepe3 KJIaCCHIeCKYIO PeryIsdpH3aliio, KaK Ipa-
BUJIO, HE ILIpejicTaB/iser 0coboro rpy/a, 0ojiee TOro, HPpUBOAUT K PAJUKAIBHOMY yIIpOlle-
HUIO U3JI02KeHUd 0e3 CyHieCTBEHHbIX U3MEHEeHUt AJITOPUTMOB. Mgl He 6y,£[eM HCIIOJIB30BaThb
rpadudeckyio Horanuio, mockojabky B ARTM gaxke ciioxkubie mozen (popmMain3yorces
HACTOJIBKO IIPOCTO, YTO B HAIVIATHBIX IPEeJCTaBICHUAX HET HEOOXOIMMOCTH.

8 PaspexuBaHue, crna>kmBaHue, gekoppesinpoBaHumne

OTKa3 oT ampHOpHBLIX pacrpeaeneruii /lupuxie mo3Bossger 0606muTh Momeab LDA:
CHATH OPPAHUYEHUST HA 3HAKH HIEPIapaMeTpoB B (23) u cBoOOHee 0OPAIIATHCSI CO CIITa-
JKUBAHUEM U pa3pe:KUBAHUEM JJIsl Y1y dIIeHHs HHTePIPETUPYEMOCTH TEM.

Tunomesa paspestcennocmu: Kaziast TeMa XapakKTepu3yeTcss HeOOIbITUM YUCI0M TepP-
MOB; KazK/Jblil JIOKYMEHT OTHOCHTCS K HEOOJIBIIOMY YHCJIY TeM; 3HAYUTeJbHas 4YacTb
YCJIOBHBIX BEPOSITHOCTEH (0, U Oy PABHBI HYJIIO.

PaspeKeHHOCTD IpeJ/ICTaB/IgeTCS eCTeCTBEHHBIM HEOOXOJIMMBIM YCJIOBHEM HHTEpIIpe-
THPYEMOCTH TeMaTH4ecKoii Mojenu. Kpome Toro, ucio/ib30BaHue Pa3pezKeHHbIX MaTpPHIL
MOZKET COKpPAIllaTh BPeMsl BBIYUC/ACHUN W PACXOJ IMAMATH KaK B IPOIECCE MOCTPOECHHS
MOJIEJIM, TAK U IPHU JajIbHeRIeM eé ncioIb30BaHuN.

MuorokparHble HONbITKH paspexuBanust mojean LDA [162, 62, 189, 99, 48| upuso-
JITH K €€ TepeyCc/IOKHEHUIO U3-3a BHYTPEHHEI'O MPOTHBOPEYUs MEXK/1y Pa3spezKeHHOCTHIO
U MOJIOZKHUTETbHOCTBIO apaMeTpoB B pacupeesnenun lupuxie. [Ipobiema pemraercs npu
HCII0JIb30BAHUI O0OOIIEHHOTO PEryIsipU3aTOpa CIyIazKUBaHUs U pa3pexkuBanus (24), B Ko-
TOPOM T'HIEPHAPAMETPHI By, Opg MOTYT IIPUHAMATH OTPHUIATEIbHBIE 3HATCHUS:

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

teT weW deD teT

Takoii criocob paspexkuBaHus ObLII BIIEPBbIE [IPEJJIOKEH, 110 BCeil BUAUMOCTH, B JIMHA~
mugeckoit Mogesn PLSA j1st 06paborku BuieonoTokos [175], rae mokyMeHTaMu siBJISIHCH
KOpOTKHe BueodparMeHThl, TepMaMi — IpPHU3HAKH Ha M300parkKeHUsIX, TeMaMH — II0SIB-
JIeHHe OMpPeJIeIEHHOr0 00beKTa B TeUYeHHe ONpeIeJEHHOTO BpeMeHH (HAlpuMep, Mpoe3[
aBTOMOOMJISI Yepe3 epekPECcToK). PaspexuBarh pacupe/iejieHusi CUIbHEe, YeM 9TO Jiesia-
et LDA, norpeboBa/iuch ijisi ONMCAHUS T€M C KOPOTKHM «BPEMEHEM KU3HUY.
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Puc. 11: Crpykrypa pazpexennoctu marpurn ¢ u © ¢ mpeameTHbIMu 1 (DOHOBBIMUA TEMAMH.

YHacTtunyHoe oby4eHue. B nponecce co3panusi, MCIOJIb30BAHUS WM OLEHUBAHUA TEMa-
THYIECKON MOJEIN IKCIEPThI, MOJAb30BATE/]H UM aCeCCOPbl MOIYT OTMEYaTbh B TeMax pe-
JIEBAaHTHBIE WJIM HepeJeBaHTHBIE TePMbI U JIOKYMEHTBI. Pa3MedeHHbIe JaHHDBIE TO3BOJIAIOT
(uKCcHpoBaTh HHTEPIPETANUHA TE€M M MOBBLIIMIAIOT YCTONYIHMBOCTH MOjean. Pa3merka Mo-
JKeT 3aTParuBaTh JIMIIb 4aCTh JJOKYMEHTOB M TE€M, [IO3TOMY €€ MCIIOJIb30BAHHE OTHOCHTCS
K 33/la9aM wacmuunozo obyuenus (semi-supervised learning).

[Iycrb myist Kazka0it Tembl t € T 3aaHbl YeThIPE MOAMHOKECTBA:

W — «GeJblii CIIHCOK» PeJIeBAHTHBIX TEpPMOB;

W, — «4€pHbIil CIUCOK» HEPeJTeBAHTHBIX TEPMOB;
D;” — «GeJiblit CIUCOK» PEJICBAHTHBIX JOKYMEHTOB;
D, — «4€pHblil CIIMCOK» HEPEJEBAHTHBIX JIOKYMEHTOB.

Yacmuunoe obyueHue no pesesaHMHOCMY ABJISETCS YaCTHBIM CJIyYaeM peryJsspusa-
TOpa CIVIaKUBAHUS U PA3PEKUBAHUSA MIPU

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

rie O+ 1 oy — KOdDMUIUEHTH PeryIsapu3aliii.

MpeametHbie n poHoBbIE TeMbl. YTOOLI MOJIEIL ObLIA HHTEPIPETUPYEMOI, KazK/1as Te-
Ma JI0JIZKHA UMETh CEMAHMUYECKOE A0PO — MHOKECTBO TEPMOB, XapaKTepU3yIOIuX Olpe-
JIQJIEHHYIO TIPEJAMETHYIO 00JIaCTh M PEIKO YIOTPeOIgeMbIX B ApYrux Temax. Jljig 3roro
mMarpuipl  u O JOKHBI IMETh CTPYKTYPY Pa3peKeHHOCTH, AHAJOTHYIHYIO IIOKA3aHHOI
Ha puc. 11. MHO>KecTBO TeM pa3dmBaercs Ha JBa MOAMHOXKecTBa, 1= S U B.

IIpedmemmnvie memv, t € S comepzKaT TepMUHBL IPEAMETHBIX obsacreil. VX pacipee-
Jenust p(w | t) paspezKeHpl 1 CYHIECTBEHHO PA3JIMYHbI (JIeKoppesanpoBanbl). Pacipejenenus
p(t|d) rakzke paspekeHbl B UPEJAMETHBIX TemMax ¢ € S, ecjlu HPeAlo/iararb, YT0 KaxK iblii
JIOKYMEHT COJAEPKUT JINIIb HEeOOIBIIYIO OO IPEAMETHBIX TEM.

Donoevie memv, t € B cogepKar ca0Ba OOMIEH JIEKCUKH, KOTOPBIX He JIOJIKHO OBITh
B IIpeIMeTHBIX TemaX. VX pacupegesenus p(w |t), BOBMOZKHO, MeHee pa3peKeHbl 10 CPaB-
HEHUIO C IIpeJMETHbIMU TeMaMHW U CyHeCTBEHHO OTJIM4Yal0TCdA OT HUX. PaCHpeﬂeJ‘[eHI/IH
p(t|d) poszKHbI ObITH CHJIBHO CrlazkeHbl B (POHOBbIX TeMax t € S, Tak Kak cjioBa 0o0Iei
JIEKCUKM COCTAB/IAIOT 3HAYUTEbHYIO JI0JI0 JIa2Ke B Y3KO CHeNUAIM3MPOBAHHBIX JTOKYMEH-
rax. TeMaTn4eckyo MOIe/Nb ¢ HECKOJLKIME (DOHOBBLIMH TEMAaMH MOXKHO PacCMaTPUBATh
Kak 00001eHne podacTHbX Mosesedi [46, 147], B KOTOPBIX HUCHOTB30BAIOCH TOJBKO OJHO
¢doHOBOE paciipejiesieHue.
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CdrokycunpoBaHHbIii TeMaTU4ecknii Nonck. Yacruanoe o0ydeHue TeM MOKHO PacCMaT-
puUBaTh KaK PA3HOBHIHOCTH TEMATHYECKOrO0 MHMOPMAIMOHHOIO MMOMCKA. B KadecTBe 3a-
Ipoca 33Ja6TCA cemMarmuyeckoe A0po OJTHONR WU HECKOJIbKUX TeM. DTO MOXKeT ObITH JIIOo-
Goit dparmenT Tekcra, «Oesiblii cnucok» TepMoB (seed words) wiaM z-memku — TEMBI,
IPUNUCAHHBIE OTIEJbHBIM cJioBaM win ¢dbparmMentam B nokymentax [24|. Temarumueckast
HOMCKOBas CUCTEMa, JH0JIZKHA He TOJIbKO HAMTH ¥ PAHKUPOBATH PEJIECBAHTHBIE JOKYMEHTHI,
HO ¥ PA3JI0KUTh HOMCKOBYIO BbIJIA4YY 110 TeMaM. B THIHYHBIX NPHIOKEHUSIX PEIeBAHTHBIIM
KOHTEHT COCTaBJIIeT HUITOXKHO MAJIYIO JIOJIIO KOJIJIeKIuK. TeM He MeHee, HIMEHHO 3TOT KOH-
TEHT JI0JI2KeH OBITH TIIATEJTbHO cucTeMaTu3upoBan. O6pa3HO roBops, Tpedyercs «HCKATh
U KJ1accudunupoBaTh UrOJIKH B cTore ceHay [42|. Tembl cTaHOBATCs 37eMeHTOM Tpadu-
qeckKoro mHTepdeiica moab30BaTe/s, HHCTPYMEHTOM HABUTAIMH M IIOHUMAHHSA TEKCTOBOI
koJutekmu. OTCioa BayKHOCTH TPEOOBAHUS HWHTEPIPETUPYEMOCTH KazKI0i TEeMBI.

Hacruanoe obydeHne HCIOJAB30BAJIOCH Jisi HOMCKA W KJacTepusaluu HoBocTeil [84],
[IOKMCKA B CONUAJIbHBIX Me/iia NH(MOPMAIUH, CBI3aHHON ¢ DOJIE3HAMEI, CHMITOMAaMU U Me-
tomamu Jiedenns [140, 141], ¢ npecrynHocTbio 1 skcTpemusmoM [110, 161], ¢ mamuona b
HOCTSIME ¥ MEKHAI[MOHAJIbHBIMU OTHOIIeHusMu |42, 93, 137].

B mogesmn ATAM (ailment topic aspects model) B KauecTBe CrirazkuBaroIiero pacipe-
JeJIeHUsT By, UCHOJIb30BAIACH OOJIbIIAs KOJJIEKIMsT MeUIUHCKUX crareii [141].

B momenax SSLDA (semi-supervised LDA) u ISLDA (interval semi-supervised LDA)
JIJIS TIOUCKA STHO-PEJIeBAHTHBIX TEM B IIOCTaX CONUAIbHBIX CeTeil HCII0Ib30BaJIOCh CIIaZKH-
BaHUE 110 CJIOBAPIO U3 HECKOJBKHUX cOTeH 3THOHUMOB [42]. B Mmogesn SSLDA jyist kazk 1oit
THO-PEJIEBAHTHON TeMbl 33/1a8TCsI CBOM CJIOBapPb THOHUMOB, CBSI3aHHBIX C OIHUM OIpE/Ie-
jgéaapiM 3tHOCOM. B Mogesn ISLDA muO)ecTBO Tem pa3buBaercss Ha WHTEPBAJIbI, U JIJIst
BCEX TeM KazKJ0ro HHTepBaJIa 33aéTcsd OOIIMii cjoBapb STHOHUMOB. [IpenmytiecTBo sTux
MoJIeJiell B TOM, UTO HHTepIIpeTalus KazK0i TeMbl u3BecTHa 3apanee. Hejgocratku B TOM,
YTO TPYIHO MPEJIYTaJIbIiBATh YUCJIO TeM JJIsd KazKJA0i STHUIHOCTU U CTPOUTH MOJTUITHHY-
HbIE TEMBbI JIJIs1 BbIABICHUST MEKITHUICCKUX OTHOIICHUA.

st pemenusi s1ux npobisem B |25, 26| 661 npegioxken noaxoxn #a ocope ARTM.
3a1aBajoch 001Iee YUCI0 STHO-PEJIEBAHTHBIX TeM M K HUM, KaK K CTO0maM MaTpuiibl P,
HPUMEHSLIOCH CTUIa2KUBAHUE 110 CJI0BAPIO STHOHUMOB. TemaTudeckas MOJE/Ib caMa OIpe/ie-
JISLTTIA, KAK 9TU TeMBI PAa3IeIATCs 10 STHUIHOCTIM. AJIbTepHATHBHBII IT0/IX0T 32K TI0IAETCS
B TOM, 9TOOBI IPUIATh ITHOHKMAM OOJILIINN BEC, CAeaB UX OTAEAbHOH MOJIAJIbHOCTHIO
(HOHsITHE MOJIAJIBHOCTH BBOJMTCs B pasjesie 9).

JI100bIe MOIX0/1bl K C(DOKYCUPOBAHHOMY TEMATHIECKOMY MOUCKY TPEOYIOT PYUHOIl Ipo-
BEPKH M MHTEPIPETAINN HAICHHBIX TEM.

Oexkoppenuposanune Tem. Temarndaeckasg MOJEIb He JTOJKHA COACPIKATD JLyOTHPYIOTIIX
WA IIOXOKHX TeM. deM pasnumanee TeMbl, TeM nHdOpMATHBHEE MOAETb. Ecam Tembl pas-
JeJIAIOTCA Ha NPeIMeTHbIe 1 (POHOBBIE, TO BCE OHHU JOJZKHBI CYMIECTBEHHO OTIMYATHCH
APy OT Jpyra.

JL1st noBbIIIEHUs] PA3JIMYHOCTU TeM OyJ/ieM MUHUMU3UPOBATH CYMMY IOIAPHbBIX CKa-
JIAPHBIX HPOU3BEACHUN (Pr, Ps) = D . PutPuws MKy crodomamu marpuis $. Ilomyanm
PEryIgpH3ATOD:

R((I)) == —% Z Z Z (Pwt()pws-

teT seT\tweW
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Dopmysia M-mara, coracho (17), umeer Buj

Pur =m0l (nwt — TPuwt Z wws). (37)

seT\t

DTOT peryasapusarop KoHTpacrupyer crpoku marpuipl . B kaxk0i cTpoke, He3aBu-
CHUMO 0T OCTaJIbHbIX, BEPOATHOCTU Dyt HaI/I60.Hee SHAYUMbIX TEeM TepMa W yBEJINYUBAIOTCA,
BEPOATHOCTH OCTaJIbHBIX TEM YMCEHbUIAIOTCA U MOI'yT O6pamaTbCH B HYJIb. PaBpe}KI/IBa—
HHEe — 3TO comyTcTByonmii adhdexT mnekoppennpobanusg. B [171] 61 3aMeven emé oaun
oJIe3HbIH 3D deKT: cjioBa 00IIeil JeKCHKH I'PYIIUPYIOTCI B OTJ/IEIbHBIE TeMbl. DKCIIePH-
MEHTBI C KOM6I/IHI/IpOBaHI/IeM Peryjadpu3arTopoB ClilazKuBaHUA, Pa3pezKuBaHUud U JICKOPpPe-
mauposanust B ARTM nogrsepzkiator sro naburoenne (8, 181, 180].

JexoppesnupoBanue Buepsbie 0bL10 npemioxeno B Mogean TWC-LDA (topic-weak-
correlated LDA) B pamkax GaiiecoBckoro moaxoqa [171]. CoorBercrByromee ampuopHoe
pacipejie/ieHie He sBJISeTCS CONPAZKEHHBIM K MYJIbTHHOMHAJIHLHOMY, MO3TOMY OailecoB-
CKHil BBIBOJI CTAJIKHBAaETCA ¢ TexHmdeckuMu Tpyaaoctamu. B ARTM pacuaéraas dpopmysra
M-mrara (37) BBIBOAMTCS B OJIHY CTPOKY.

KomOuHupoBaHue perynsipn3aTtopoB criaxkKuBaHus (POHOBBIX TEM, pPa3perKuBaHMA
HpeJMEeTHBIX TeM B Marpuile © u jJekoppesupoBaHus cToJionos Mmarpunbl P ucrnosb3osa-
JIOCh BO MHOI'MX paborax Jyisi yJiydiienusi uarepuperupyemocru rem |8, 180, 181, 182, 20).
[TomobpaB KO3 GUIHEHTH pPeryasapu3aniui, MOXKHO OJHOBPEMEHHO 3HAYUTETBHO YJIyU-
IIATh HECKOJbKO KPHTEPUEB KAYeCTBa TeM (pPa3perKeHHOCTb, KOHTPACTHOCTb, YHCTOTY
M KOP€PEHTHOCTH) MPH He3HAYUTETbHON morepe mpapmonomobus [181]. Ilo pesyasraram
sKcrepuMeHToB B 181 6blin BeIpabOTaHBI OCHOBHBIE PEKOMEH/IAIMK: JEKOPPEIHPOBAHKE
U ClUIayKUBaHKUe BKJIIOYATh cpasy, paspexusanue — nocjie 10-20 urepanuii, Korja obpa-
3yeTcs TeHJEeHIUs K CXOJUMOCTH ITapaMeTPOB MOJIEN.

Ta xe KOMOWHAIUS PeryJspu3aTOPOB CYIMIECTBEHHO Y/IydIlajga KadecTBO TeMaThde-
cKoro pasBejpodnoro noucka B [20, 80, 81|, xoTsd HHKaKHe KpUTEPHU KAadecTBa ITOUCKA
HEeloCpe/JCTBEHHO HE OIITUMHU3UPOBAJIUCD.

9 MopgenupoBaHue MyabTUMOAANbHbIX AAaHHbIX

Myavmumodanvhas memamuseckas moodess OIUCHIBAET JIOKYMEHTbI, COJIEPIKAIIUE Me-
TaJaHHbIC HAPS/Ly ¢ OCHOBHBIM TeKCTOM. MeTajanHble oMOraioT 60J1ee TOYHO OUPeIe/IaTh
TeMaTHKY JOKYMEHTOB, M, HA00OPOT, TeMATUIECKAs MOJIE]b MOKET HCIIOJb30BATbCA JJId
BbISAB/IEHUS CEMAHTHKA METAJQHHBIX WJIM IIPEJICKA3aHKHs POIYIIEHHBIX MeTaIaHHbIX.

Kazkiplii THI MeTaJaHHBIX 00pa3yeT OTJAENbHYI0 MOJaAbHOCTG CO CBOUM CJIOBADEM.
CioBa €CTECTBEHHOTO 3BIKa, coBocoveTanus [188, 197|, Teru [95], nMeHOBAHHBIE CYIITHO-
cru [131] — 910 upuMepbl TEKCTOBBIX MOJAJLHOCTE. B My/bIUs3bIYHBIX TEMATHYECKUX
MO/JIEJISIX TIAPAJLIEIbHBIX TEKCTOB MOJAJBHOCTSMU siBJsIOTCs si3biku [183]. st anasin-
38 KOPOTKUX TEKCTOB C OIleYaTKAMU HCIIOJIb3YIOT MOJAIHLHOCTh OYKBEHHBIX N-IPAMM, 9TO
I03BOJIFET YJIyqliaTh KadecTBo uHbopManuoHHoro moucka [79]. [Ipumepamu HeTEKCTOBBIX
MOJIATIbHOCTEI siBIsifoTcs (puc. 12): aBropsr [155], Momentsl Bpemenn [174, 208, 175], kiac-
Cbl, KaHpbl wiau Kareropuu [156, 212|, nurupyemble nim nurupyomme J0KyMeHTbl [59)
Wi aBropbl [88], mosb30BaTE M FJIEKTPOHHBIX OUOIMOTEK, CONMAJIBHBIX CEeTel MM pe-
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Puc. 12: OGbranas TeMaTuaeckas MOAETb ONPEIENSIET PACIPEIESeHIEe TeM B KaxK10M nokymente p(t|d) u
pacupejieJienue TepMoB B Kaxk 10l Teme p(w |t). MynbTuMogaibHas MOJE/Ib PACIPOCTPAHSIET CEMAHTUKY
TEM HA, 3JIEMEHTBI BCEX OCTAJBHBIX MOJAJBLHOCTEH, B TOM 9HCJI€ HETEKCTOBLIE.

KoMenjareabubix cucrem [100, 165, 190, 204, 205|, rpadudeckue sjeMeHTb H306parKe-
uuit |39, 78, 105, pekiamuble 00bsiBaeHus Ha BeO-cTpanunax |144).

MynbtumopganbHas ARTM. Bce nepeunciiennbie Bbliie cjiydad, HECMOTPsI Ha, Pa3HO-
obpasue unrepuperanuii, onucbiBaiorcs B ARTM eauabiv (hopMain3MomMm MoIaIbHOCTEH.
Kaxkapit TOKyMeHT paccMaTpuBaeTcsd KaK YHUBEPCAJIbHBIN KOHTeHeD, CoepzKaIiuii Tep-
MBI Pa3JIMIHBIX MOJIAJbHOCTE, BK/IIOYasi OObIYHBIE CJIOBA.

[Iycre M — muoxKecTBO MOjasibHOCTEl. KazKiast M0OJabHOCTh UMEET CBOI CJIOBapb
repmoB W, m € M. D1 MHOXKeCTBa IOIAPHO He nepecekaorcs. VIx obbeunerune Oyaem
obo3nauarb yepe3 W. Mogasbaocrs Tepma w € W Oyjuem 0603Hauars yepes m(w).

TemaTudeckass MOJEIb MOJAJTBHOCTH M aHAJOTHIHA MOJe T (2):

p(wl|d) = pr|t (t|d) = ngwﬂtd, weW™ deD. (38)

teT teT

Kaxk10it MOJa/IbHOCTH M COOTBETCTBYET cTOXacTudecKas marpuna P, = (gpwt) S——"
Cosokynnocts marpun, P,,, ecsim ux 3anucars B crojbemn, odpaszyer W xT-marpumy .
Pacnpejeenne reM B KazKiOM JOKYMEHTE SIBJISIETCS OOIIUM JIJIsi BCEX MOJAJIBHOCTE.

MynabrumMomaaibHasg MOJIe/Ib CTPOUTCS IIYTEM MaKCHUMH3AIUUA B3BEIIEHHONW CYMMBI JIO-
rapudMOB MIPaBIONOI00Us MOIAJBHOCTEH U peryasapu3aTopoB. Beca 7, mo3poJgioT coa-
JIAHCUPOBATH MOJIAJIbHOCTHU 110 X Ba)KHOCTH U C YIETOM MX YACTOTHOCTH B JIOKYMEHTAX:

Z Tmz Z N angpwﬂtd + R($,0) — Ig%x (39)

meM deD weWwm™ teT
Z Cwt =1;  pur 2 0; Zetd =1, 6,4=>0. (40)
weWm teT

Teopema 9.1. Ilycrs ¢pyakmnus R(P, ©) wenpeprisro auggepernnupyema. Touka (P, O)
JIOKaJIbHOTO dKcTpeMyMa 3agaqn (39)—(40) yaosmerBopsier cucreMe ypaBHEHHI CO BCIO-
MOTaTeJbHBIMH MEPEMEeHHBIMH Py, = P(t|d, w), ecom w3 pelreHns HCKJIOYHTH HYJIEBbIE
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crosioner marpui P, O:

Ptdw = ng)erj{n (SDwtetd)% (41)
OR
wt — w wtay | wt — m(w wPtdw s 42
Pt BEO%‘VIHH nt+¢t590wt Nt %T()nd Ptd ( )
0 norm ( ny + 6 ok n Z Z N D (43)
= — | = Tm W w -
td orL td T Vid 90, td 2 2 dwPtd

JlokazaTenbCcTBO aHAJIOTUIHO TeopeMe 4.1, KoTopasl ABJseTcs YaCTHBIM CIydaeM Teo-
pembl 9.1 g caydast ool Mogaabuoctu, | M| =1, 7, = 1. [lepexon or oxHOil MOIAIb-
HOCTHU K IIPOU3BOJIBHOMY YHCJIY MOJAJIBHOCTENl CBOAUTCS K JABYM IOIPABKAM:

1) mcxouble JJAHHBIE Mgy, JOMHOKAIOTCH Ha BECA MOJIAJIBHOCTEH T (w);

2) marpuna ¢ pasbubaercs za 6;10Ku Py, KOTOPbIE HOPMHUPYIOTCS I0-OT/IEJIBHOCTH.

B npoekte BigARTM peasin3oBaHa BO3MOKHOCTb KOMOMHUPOBATH JIF000€ YUCJIO MOJIAJIb-
HOCTEl ¢ JIIOOBIME peryisipu3aropamu [25].

MynbTusa3sbldHble Mogenn. MyabTHS3bITHbIE TEKCTOBBIE KOJJIEKITUU UCIIOIb3YIOTCA JIs
KPOCC-3bIYHOTI0 HH(MOPMAIMOHHOTO ITOUCKA, KOIJIA 110 3aIIPpOCy Ha OJHOM d3bIKe Tpedyer-
cd HAWTU CeMaHTHYECKH OJIM3KHE JIOKYMEHTBI Ha JAPYyroM s3biKe. /i cBI3bIBaHUS S3bI-
KOB KCIIOJIb3YIOTCS IapaJljie/IbHble TeKCTbl WJIM JIBysi3bluHble cjoBapu. [lepBbie myJibru-
SI3bIYHbIE TEMATUYECKHE MOJEIH HOSBUJIUCH HOYTH OJHOBPeMeHHO |56, 124, 136] u npe-
CTaBJILIA COOOI MYJIBTUMOJATBHYIO MOJIE/Ib, B KOTOPOU MOJAJBHOCTSIMHU ABJISIIOTCS SA3bI-
KHI, U KaXKJas CBA3KA MapaJiIeIbHBIX TEKCTOB O0ObeIUHSIeTCS B OAUH JJOKyMeHT. OKa3a-
JIOCh, 9TO CBA3BIBAHUS JTOKYMEHTOB JTOCTATOYHO /I CHHXPOHU3AIINU TeM B JIBYX d3BbIKAX
U KPOCC-g3bI9HOIO 1oucka. [lomnbiTku 60jiee TOYHOrO U TPYJ0EMKOIO BbIPDABHUBAHUS 110
HPEJIOKEHUSIM UJIA 1O CJA0OBAM HPAKTHYECKH HE Y/IydIIal0T KadecTBO moucka. O0cTosi-
TeJIbHBIT 0630D MYJIbTHSI3bIYHBIX TEMATHIECKUX MOJesieli MOKHO HaiiTu B [183].

Ha puc. 13 mokazanbsl HekoTopbie u3 400 TeM, mocTpoeHHBIX 10 216 175 mapam pycckux
i aHrniickux crareit Bukuneuu [179]. st cBsI3bIBaHUS A3BIKOB HCIIOJIB30BATUCH TOTBKO
MO/IaJIbHOCTH, BbIPABHUBAHUS M CJAOBApU HE HUCIOJIb30BauCh. Aceccop onenmt 396 tem
n3 400 KaK XOpOIIO MHTEPIPEeTUpPyEMbIE.

Jist ucnosnb3oBanust ABYsI3bI9HOTO cstoBapst B [10| ObLI HpeIOKeH peryssipu3arop
criazkuBanusg. OH popMaIu3yeT MpeJIIIo/I02KeHe, YTO eCJIU CJIOBO U B A3bIKe k sBJISeTCS
IIEPEBOJIOM CJIOBA W U3 si3biKa £, TO ux pacupejesnenus tem p(t|u) u p(t|w) qoaKHb GBITH
om3ku B cMmbicsie KL-auBeprenmun:

R((I)) = Z Z Mt 1N ot

w,u teT

Corsacuo dopmysie M-mara, BepoSTHOCTH CJIOBa B TeMe YBEJIHMIUBACTCS, €CJIH OHO
uMeeT 1epeBo/Ibl, UMeIOIHe BbICOKYIO BEPOSITHOCTD B JIAHHON Teme:

Pwt = HOI‘;VH} (nwt + 7 g nut>.
we w

DTOT peryjisgpu3aTop He YIUTBIBAJ, UTO IIEPEeBOJI CJ0BAa MOYKET 3aBHCETb OT TEMBbI,
U 9TO CPeH TEePEeBOJOB CJIOBAa MOTYT HAXOIUTHCA IMEePeBOALI ero oMOHHMOB. [losTomy
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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. 13: Ilpumepsr Tem u3 ABysA3bIYHON TemaTudeckoit momenn Bukunemmm. [loxaszansr nmepsbie 10 ciioB
KazKJI0# TeMbl U uX BeposaTHOCTH p(w|t) B MPONEHTAX.

B TOIl ke pabore ObLI HPELIOKeH BTOPOIl pery/igapusarop, KOTOPbIH BBOAMJI B MOJIEJb
HOBbBIE HAPAMETPBI Ty = P(u|w,t) — BEPOATHOCTH TOrO, YTO CJIOBO U SIBJISETCS lIepe-
BOJIOM cJI0Ba w B TeMe t. [Ipeamonaraercs, aro Tema t, Kak pacupejesnenue p(u|t) = hut
HaJI CJIOBAMU A3bIKa K, J0JIZKHA OBITH 6,13Ka B cMbIcyie KL-uBepreHiyun K BepoaTHOCTHOI

MOZIeJIH TOI 2Ke TeMbl P(U|t) = Y, TuywtPuwt, HTOCTPOCHHOM 110 HEPEBOAAM CJIOB U3 S3bIKA £:

R(®,1I) =7 Z Znut anWuwtgowt — max.

ueWwk teT weW?*

@opwmysia M-mara renepb y4uTbiBae€T BEPOATHOCTU HEPEBOJIOB Tyqt. Kpome Toro, J1o-
baBJisieTcsl peKyppenTHas (popmyJia Jijis ONEHUBAHUS ITUX BEPOSTHOCTEN:

Puwt = IIOII;IT/IZI <nwt + 7 E qutnut> ;
we u

Tuwt — NOTIM (ﬂ'wutnut) .
ueWk
Casi3biBanne napaJijie/IbHbIX TEKCTOB CUJIbHEE Y/IydIlaeT KadeCTBO MOMCKA, d4eM 00a
criocoba yuéra csroapeii |10]. Bropoit criocod wemuoro Jsyurre mepsoro. Kpome toro, on
HO3BOJIIET BBRIONPATh BAPUAHTHI IEPEBO/IA B 3aBUCUMOCTH OT KOHTEKCTA, 9TO MOYKeT ObITh
HOJIE3HO [T CTATUCTUIECKOTO MAIIMHHOTO HepeBoja, puc. 14.

MopanbHOCTU KaTeropuii n aBsTopoB. /lomycTuM, 9T0 pacipeie/eHus TeM B TOKYMeH-
tax p(t|d) mopoxaaroTes OHOMN M3 MOJATBHOCTEIl, HAIIPUMED, ABTOPAMHU, PYOPUKAME I
KaTeropusiMu. ByjieM cauTarh, 9TO ¢ KazZKJIbIM TEPMOM W B KAXK/IOM JOKYMEHTE d CBs3aHa
He TOJIbKO Tema t € T', HO u Kareropus ¢ u3 33jJaHHOrO MHOXKecTBa Kareropuit C'. Pac-
MIUPUM BEPOSTHOCTHOE HpPOCTpaHcTBO j10 MuOXKecTBa D X W x T x C. Ilycrs usBectHo
noamuoKecTBO Kareropuit Cy C C) K KOTOPBIM MOZKET OTHOCUTHCS JIOKYMEHT d.
PaccMoTpuM MyIBTUMOIATBHYIO TEMATHIECKYIO MO/IeTb (38), B KOTOPO# pacmpe/iee-
HUE BEPOSITHOCTHU TeM JIOKYMEeHTOB Oy = p(t|d) onmcsiBaeTcsi CMEChI0 PACIpe/Ie/IeHHi TeM
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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. 14: IIpumepsl TeM, B KOTOPBIX CJIOBO «CyMMay UMEET Pa3HbIE IIEPEBO/IbI.

Kareropuii ¥y, = p(t|c) n kareropuit joKymMeHT0OB Toq = p(c|d):

plwld) = pr|t Zpﬂc (c|d) = Zzs%t%cﬂcd (44)

tel ceCy teT ceCy

D10 TaKzKe 3aa9a CTOXaCTHICCKOr0 MATPHIHOIO PA3JI0KEHH, TOJILKO Ternepb Tpedy-
ercs Hajitu Tpu Marpuipi: ¢ — Marpuia TepmoB TeM, ¥ = (Ui )rxc — Mampuya mem
kamezoput, Il = (T.q)oxp — Mmampuya Kamezoputdl doKYMEHMOB.

Mozeb 0CHOBaHa Ha JBYX IMIOTE3aX YCJIOBHONW HE3aBHCUMOCTH:

p(t|c,d) = p(t]|c) — remaruka jJoKyMeHTa d 3aBUCUT HE OT CAMOIO JIOKYMEHTa, & TOJIb-
KO OT TOr0, KAKAM KATCrOPHAM OH IIPUHA/IJICZKHT;

p(w|t, c,d) = p(w|t) — pacrnpejesieHne T€pPMOB MOJHOCTHIO OLMPEIEISAETCS TeMATHKOM
JIOKYMEHTa M He 3aBUCHT OT CaMOI0 JIOKYMEHTa U €ro KaTreropuii.

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

3aJaua MAKCUMU3alUU PEery/idpU30BaHHOIO HPAaBIOIIOI00MS:

Z Z N lnz Z OuwtWieTeq + R(O, W, 11) — éﬂg}ﬁ (45)

deD wed teT ceCy
Z Pwt = 17 Gwt = O; Z¢tc = 17 ¢tc = 07 Z Ted = 17 Ted = 0. (46)
wew teT ceCy

Teopema 9.2. Ilycrb ¢pyuknus R(®, VU, 11) venpepeiBao gudgepennupyema. Touka jio-
kasbaOro skcrpemyma (P, W, 1) zazaun (45), (46) yaosaerBopsier cucreme ypaBHeHHIT cO
BCIOMOIaTeJIbHBIMH IIEPEMEHHBIMHU Dyeqn, = P(t, | d, w), ecin u3 perieHust HCKJIIOYUTH Hy-
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JieBble croJionpl marpun ®, W, I1:

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

Jloka3aTe/ibCTBO OLUPAELTC HA JIEeMMY 3.2 0 MAKCUMHU3AIMKA HA €JIMHUYHBIX CHMILIEeK-
cax U MPOBOJUTCS AHAJOTHYHO JOKA3ATEIbCTBY TeopeMbr 4.1.

Moeib TPEXMATPUIHOTO PA3I0KEHUsT HAMOOIee U3BECTHA KAK 461Mop-memMamuyeckas
modeav ATM (author-topic model), B KoTopoii OpozxK Taromieii MOIATBHOCTHIO SABJISTFOTCSI
aBTOPbI JIOKYMeHTOB |155]. B memamuueckoti modeau mezuposarus dokymenmos TWTM
(tag weighted topic model) nopoxKamomneil MOJAJIBHOCTBIO SABJISIOTCS TErd JIOKYMEH-
ta [103|. Anasorndnas MoOJesb UCIOJIB30BAIACE i 0OPabOTKU BHIECOMOTOKOB B [78]: m10-
KYMEHTBI d COOTBETCTBOBAJIH MOCIEI0BATEILHBIM 1-CeKYH/THBIM BUICOKIUIIAM, TEPMBI W —
9JIEMEHTAPHBIM BH3YaJbHBIM COOBITHSAM, T€MbI ¢ — JIEHCTBUIM, COCTOANIUM U3 COUCTAHUST
cobbiTuil, Kareropuun ¢ — 06oJiee CJAOKHBIM HOBEJIEHUSIM, COCTOSIIUM U3 COYeTaHUs Jefi-
CTBUi, IPUYEM CTABUJIACH 33/1a49a BbIJIEJIUTH B KazK/IOM KJIHIIE OJIHO OCHOBHOE IIOBE/ICHHE.

Mogesb (44) MOXKHO yIPOCTUTH U CBECTH CHOBA K JIByXMATPUIHOMY DA3JIOKEHUIO, €C-
JIX OTOXKJIECTBUTH TeMbl ¢ Kareropusamu, C' = T', u B34Tb e uandHyio Marpuny V. /lannas
MO/IesTb u3BecTHa B sinreparype Kak Flat-LDA [156] u Labeled-LDA [151]. Eé Boipasuten-
Hbie Bo3MOxkHOCTH Oesaee, yem y PLSA u LDA, rak kak 3naduresibHas J0JIsI 9JIEMEHTOB
marpuipl II = © dbukcupoBanbl u paBHBL HYJIIO.

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

MopanbHOCTb BpemMeHW U TemnopasjbHble mMogenun. Bpewms cosjanus JIOKYMEHTOB
BasKHO IIPH aHAJU3€ HOBOCTHBIX IIOTOKOB, HAYYHLIX IIyOJUKAIMA, IATeHTHBIX 0a3, JAHHBIX
COIMAJIbHBIX ceTell. TemMaTuaecKue MOJEIN, YIATLIBAIOIIUE BpeMs, HA3BIBAIOTCS MeMNo-
pasvrvimu. OHE MO3BOJILIOT BBIAEIATH COOBITUIHBIE M IepMAaHEHTHBIE TeMbI, J1eTeKTHPO-
BaTb HOBbIE€ T€MbIl, IIPOCJ/IC2KUBATb Ppa3BATUE TE€M BO BPpEMEHHU, BbIJACJIATL TPEH/bI.

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

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

B ARTM »sta npobJtema pelmaercs BBeaeHHEeM MOgaabHOCTH Bpemenn . lckomoe pac-
upesesenue p(i|t) = p; nosydaercs B crosbdne Marpuipl $. Jonosnurebabie orpaHude-
HHUA Ha 1IOBEAEHHUE TeM BO BPEMEHHU MO2KHO BBO/IUTH C IIOMOLIbIO pery/idpu3aluu.
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B oxnoit u3 nepsbix remmopasbHbix Temarudeckux Mmogeneit TOT (topics over
time) [196] kazKjas TemMa MOJEIMPOBAIACH HAPAMETPUIECKUM [3-PACIPEIEICHIEM BO BPe-
MeHH. DTO ceMeHCTBO MOHOTOHHBIX M YHHMO/AJIbHBIX HEIIPEPbIBHBIX (DYHKIHUIi, ¢ mOMO-
b0 KOTOPOI'O MOXKHO OIIMCHIBATH Y3KHE MUKH COOBITHHHBIX T€M U OpaHUYeHHBIH HAGOD
TpPeH0B. TeMbl, UMeIoIie CIOPauYeCKie BCIIECKH, JaHHAs MOJIE/b OMUCHLIBAET ILIOXO.

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

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

Ripasp(® 111 ©) = —Tpasp > > Inp(t]d).

i€l teT

Bo-BTOpbIX, mpeanonoxuM, 9ro pacupegetenns p(i|t) kak dyHKIuM BpeMeHU MeHs-
I0TCS He CJTMIIKOM OBICTPO. LISl 5TOro BBeIEM peryiapHu3aTop CLIaKUBAHUS, MAHAMA3H-
pytoruii Moxysu pasaocreil p(i|t) B cocelHUX HHTEpBAJAX BPEMeHH:

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

icl teT

Takoil peryasgpu3aTop IPHHATO HCIOIb30BATH IIPU UHTEPIOJIANNNA PA3PbIBHBIX Bpe-
MeHHBIX DsiioB |91]. Mosaysb pasuocru (Li-HOpMa), B OTIMYHe OT KBaJpara PasHOCTH
(Lg-nopMmbl), He mrpadyer MoJeiab BPEMEHHOI'O Dsijla 3a PE3KHe CKAYKH. DTa 0COOeH-
HOCTb [0JIE3HA [PU MOJIEJTMPOBAHUN TEMATUKKH HOBOCTHBIX HOTOKOB. [Ipousoresiiee co-
ObITHE CIOCOOHO BBI3BATH MIHOBEHHDBINH PE30HAHC U CKAYKOOOPA3HLIH POCT BEPOSTHOCTH
p(i|t) mag HOBOH TeMbl ¢, KOTOpas 0 9TOrO MOMEHTa OCTABAJACH PABHOI HY0. Lq-pe-
IYJISIPU3ATOP He IIBITAETCS CIVIa’KUBATh TAKUe CKAuYKU, B OT/IM4Yne 0T Lo-peryispusaropa.
Ncnosnb3oBanue Lo-HOPMbI MOXKET IHPHUBOJUTH K HEJIEIILIM pe3y/ibraraM IHpu 00paboTke
UCTOPUYECKUX JAHHBIX — «4eJIIOMHCKUIT MeTeopuT» elg He MPUJIeTes, a HEKOTOpas J10Jis
€ro TeMbI YK€ HOSBUIACH B IIOTOKE HOBOCTEI.

Oba peryssgpu3aTopa MOKHO 3amucaTh U Kak (GyHKImio or ¢, n kKak GyHKnuo ot O.
B nepBom cirydae BBOAMTCS MOJAJbHOCTH MHTEPBAJIOB BpeMeHu. Bo BropoM cjydae mnpu
00paboTKe JOKYMEHTOB, OTHOCAIIUXCHA K UHTEPBAIY 1, IMPHAETCA 0OeCIednBaTh JIOCTYII
K BEKTOP-CTOJIONAM 04 JJOKYMEHTOB, OTHOCSIIUXCS K COCEHUM HHTepBasaM ¢ + 1. Bropoii
BapHaHT TEXHUYECKH MeHee yI00eH, H09TOMY OyIeM pacCMaTpUBATh TOJBKO HEPBBIIi.

Pacemorpum B Gosiee obmieM Buje 3a1ady MYyJIbTHMOJAJILHOIO TEMATHIECKOIO MOJIE-
JIMPOBAHHS ¢ B3BELUICHHON cyMMoii Hermaakux Lj-peryiasapusaropos |R;(®,0)|, j € J:

DY D nawn Y puibha + R(®,0) = Y N|R;(®,0)] — ma, (47)

meM deD weWwm™ teT JjeJ

pu OOBIYHBIX OTPAHUYIEHHSIX HEOTPUIATETbHOCTH U HOpMHPOBKH (40).
Teopema 9.3. Ilycrs ¢pyuknun R(P,0) u R;(P®, ©) menpepsisao augepennupyemsr.

Torna touka (P, ©) sokaaproro sxcTpeMyma 3agaqn (47) ¢ orpanmaennsvu (40) yaosite-
TBOPSIET CUCTEME YPABHEHUE CO BCHOMOIaTe/IbHBIMH IIEPEMEHHBIMHU Digyy = P(t|d, w), eciin
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H3 pellleHust HCKJIIOIUTh HyJieBble cToJi0bl MaTpui] O, O:

Praw = 00T (Purbra); (48)
OR OR;
wt — w wty . — Puw A;j si R; ! 3 49
Pur = oM { Mur + Purgy_— wtjEZJ jsign( ]>8g0wt (49)
OR . OR;
etd = n%r%n Neg + etdaTtd - etd JEZJ )\j Slgn(Rj)aTt; ) (50)

e sign(z) = [z > 0] — [z < 0], BeIpazkeHust jist Ny 1 Nyg 1€ 2k€, 9r0 B (42)—(43).

B CUJ1y HerJla/JIKOCTU (I)yHKLLI/IOHaJIa JIEMMa O MaKCUMHU3allUu Ha €IMHUYIHbIX CUMILJICK-
caxX HEMOCPEICTBEHHO HENPUMEHHMa. DTa MpobaeMa 0OXOMUTCA BBEJICHIEM JOIOTHUTE b
HEIX HEOTDHIATEBHBIX IEPEMEHHBIX p) U p; , YJAOBICTBOPSIONHUX CHCTeMe OrDAHITIeHHil
|R;(®,0)| =p] +p; u Rj(®,0)=p; —p;. B pesyaprare peryrspusoBammbiii Kpure-
puil CTAaHOBHTCS IVIAJKUM, 9TO HO3BOJIAET MPUMEHUTH K 3aa4de ycaoBusa Kapyma—Kyna—
Takkepa. JlokazaTebCcTBO TeopeMbl MOKHO HaifTu B pabore H. JToiikosaZ.

[Ipu BBeennn perynapusaropa Re.,(®) dbopmyna M-mara aas MOTAIBHOCTH BpEMEHH
IPUHAMAET CJIEYIONHI BHT;

it = norm (nit — Terntpit (sign(pi — i—1.4) + sign(pi — 90i+1,t))). (51)

Peryiisipuzarop Ry, CrilaxKuBaer 3HaveHHs BDEMEHHOIO psija @, = p(i|t) B Kaxk10ii
TOYKE 110 OTHOIIEHMIO K COCEJIHUM TOYKAM CJIEBA U ClipaBa. FC/u 3HaYeHne @;; CTaHOBUTCS
BBIIIE 000X COCETHUX ;41 ¢, TO PEIYASPH3ATOP YMEHBIIAET €ro; eCJIH HUZKe, TO, Ha000POT,
yBenunduBaeT. Eciu 3HaveHne ;; MONa aeT MeXKJIy HUMH, TO OHO HE H3MEHSIeTCH.

10 MopgennpoBaHue TpPpaH3aKLMOHHbIX AAaHHbIX

OObIuHBIe TEMATHIECKHE MOJEIN TEeKCTOBLIX KOJLIEKIIHI OMUCHIBAIOT BXOXK/IEHHUS CJIOB
B JIOKYMeHTbI. MyJIbTUMOIa/IbHbIE MOJIE/IN OLUCHIBAIOT JOKYMEHTBI, B KOTOPBIX COJEpzKAT-
Csl TePMbl Pa3JIMYHbIX MOJAJbHOCTEM: CjI0Ba, T€rn, aBTOPhI, U T. JI. BO Bcex 3Tux ciydasix
MO/I€JIb OIIMCHIBAET IAPHBbIE B3aMMOJIEHCTBUS MeXK/y JOKyMeHTamMu u repMaMu. B OoJiee
CJIOZKHBIX MPUTOKEHUSIX MCXO/HbIE JAHHBIE MOIYT OMHCBHIBATH TPAH3AKINH (OTHOIIEHNS,
B3aUMOCBSI3U, B3AUMOJIEHCTBUS) MKy TpeMs U 6ojiee 00bEKTAMU PA3IUIHBIX MO/Ab-
Hocreit. Hanpumep, B cetn nHTEpHET-pPEKJIAMBI «I10JIb30BATE/b U KJIAUKHYJI 00bsBIeHHe b
HA CTPAHWIE S»; B COLMAJIBHON CETH <IIOJIb30BATE/Ib U HAIKMCAJ CJOBO W HA CTPAHUIE
oJiora d»; B ceTH IPOIark «IMOKyHaTeIb b KyIII/I y NPOAABIA S TOBAP ¢»; B MACCAKHPCKUX
aBUaIlepPeBO3KaX «KJIMEHT U BBLIETE] M3 adPOIOpPTa T B adPOIOPT § CaMOJETOM aBHAKOM-
HAaHUK (»; B PEKOMEHJIATEIbHOI CHCTeMe <«KJHEHT U ONeHWT (GuibM f B CHTYaTHBHOM
KOHTEKCTe S». KIé oaHOil MOJAIbHOCTBIO MOXKET OBITh JaTa M BpeMs TPaH3aKIIHN.

Bo Bcex npuBe/iéHHBIX pUMepax TPaH3aKIUs HECKOJbKUX 00bEKTOB HE MOXKeT ObITh
cBejleHa K HapHbIM B3auMmoJieiicTBusiM. [lonbiTKa UCKJIIOYeHUus JI00010 00'beKTa 13 TPaH-
3aKIUU [PUBOJUT K yTpaTe BaxKHOW dacTtu mHMopManuu. OIHAKO BO3MOXKHBI U TaKHe

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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CUTyaIuu, KOrja TPaH3aKIus paciajaercsd Ha napbl. Hanpumep, B cucreme pexkomeHia-
Uil My3bIKH TPAH3AKIUsS «TPEK I" UCHOJHUTENS G HAXOJIUTCS B ajibOOMe d, BBIIIE/IIeM
B IO/l Y» ONUCHIBAETCsI, KA3AJI0Ch Obl, 9eTBEPKOIl 00beKTOB (7, a, d,y). OaHAaKO OHa pac-
najaercsd Ha napueie B3aumocssasu (d, 1), (d,a), (d,y), B KOTOPbIX aJb6OMBI HTPAIOT POJIb
JIOKyMeHTOB. Takue JaHHble MOI'YT OBITH OIMMCAHBI OOBIYHON MYJIbTHMO/IAIbHON MO/IE/IBIO.

Jlist TeMaTHIecKOro MOJEJTMPOBAHUS TPAH3AKIIMOHHBIX JAHHBIX yJI00OHO HMOHSITHE T'H-
neprpada. ['uneprpad obobiaer nonsrue rpada u orjimyaercs or Hero TeM, 4To pédbpamu
B HEM MOrYT OBITh HE TOJILKO Iapbl BEPIINH, HO U IIOJMHOXKECTBa U3 TPEX U OoJiee Bep-
mud. Bepruabl runeprpada cooTBeTCTBYIOT TepMaM pa3IndHbIX MOJAJIbHOCTEl, pédpa —
TpaH3aKIuIM. 3a/a49a 3aKI09aeTC B TOM, YTOOBI 110 HA0/110/1aeMOil BLIOOPKE TpaH3aKI[Hii
BOCCTAHOBUTH HEU3BECTHbIE TeMaTuveckue pacupejenenus sepiun p(t|v). [peanonara-
eTCsl, 9TO BEPOSTHOCTH TPAH3AKIUU TEM BbIIIE, 4eM D0JIee CXOXKU TeMATUKHU €€ BEepIInH.

B npoexre BigARTM peasmn3oBaHa olMCaHHas HUzKe runeprpadosast reMarndecKkast Mo-
JieJIb TPAH3aKIIMOHHBIX JIAHHBIX.

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

Kaxgag Bepmmua v € V' umeer modasvrocms m = p(v) W3 KOHEIHOIO MHOXKECTBA,
MozanbHocTeil M. MHOXKECTBO BCeX BepIInH pa30HBaeTCd Ha HEHepeceKaloluecs IIOJI-
MHOZKeCTBa 110 MOAAJIbHOCTAM:

V= |_|Vm, Vi ={v € V: p(v) = m}.

meM

Hampumep, B 0OOBIMHBIX TeMATHIECKHAX MOJEIAX €CTh TOJBKO JBE MOJAJIbHOCTH: JTOKY-
MenTbl Vi = D u repmbl Vo = W kaxjias TpaH3aKIys IPEJCTaB/IsIeTCs pedPOM U3 JIBYX
BepuiuH € = (d, w) u OIUCHIBAET BXOXKIeHUue TepMa w B JoKyMeHT d. [Tpu srom runeprpad
SIBJISIETCS JIBY/IOJIbHBIM Tpadom.

B 6ostee c10:KHBIX IPHIOKEHAIX TPAH3aKIUA MOI'YT HMETh pa3andHbie Tuinbl. Hampn-
Mep, B CeTH MHTePHEeT-PeKIaMbl, KpOMe JaHHBIX THIA (U, b, §) 0 KIHKAX IMOJb30BaTe el U
110 OObSABIEHUSIM b Ha CTPAHUNAX S, MOI'YT HMEThCs TAHHBIE O MOCEINEeHUIX CTPAHMUIT ITOJThb-
3o0BaTesIsIME (U, S), O COJEPKAHUU TePMOB W B TeKcTaxX 00bsiBjienuil (b, w), crpanul (s, w)
¥ 3aI1POCOB 1oJIb30BaTesieil (u, w).

[IycTsb 3a1aH0 MHOXKeCTBO TUIOB TpaH3akiuii K. Tpansakuyuontovie danHnve THIA k —
510 BbIGOpKa F), HesaBucuMblx Habmonenuit (e,t) € 2¥ x T, nopoxkjaemas pacupe/iesie-
HueM py(e, t), ceouM st Kaxkaoro tuna k € K. Kaxaoe pebpo e € Ej BXOAUT B BBIGOPKY
Nke Pa3, U € KazKJbIM BXOXK/IeHHEM pebpa CBsi3aHa CBOs JiaTeHTHas Tema t € 1.

Ha puc. 15 nokasan npumep runeprpacda ¢ Bepiuimnamu Tpéx MoJiajibHOCTel, pébpaMu-
TPaH3aKIUIMA ISITH THIOB U MATHIO TEMaMH.

Bynem monarats, 9T0 B KayK10i TpaH3aKuu e € F nMeeTcs ogHa BbIIeeHHAs BEPIITH-
Ha d, HA3BIBaEMasl Konmeldnepom, u 0603HaYATh pebpo depe3 e = (d, x), Ije & — MHOXKe-
CTBO BCEX OCTAJIbHBIX BEPIIHH pedpa e, 3a UCKJII0OYeHUEeM BePINUHbI-KOHTeiHepa d. AHaJI0-
I'MYHO JIOKYMEHTY, ¢ KOHTelHepoM CBs3aHO pacupeseserue reM p(t|d). MuoxectBo Beex
BepIINH-KOHTETHepOB 0003Ha4nM 4depes D.

asee mpeanosiokuM, 9to HE pacipejenenus teM p(t|d) B koureitnepe d, Hu pacmpe-
JleJieHns BepIinH B TeMax p(v|t) He 3aBucar ot tuna pebpa k. Kaszamoch Obl, Ha IPAKTHKE
9TO HPEJIIOI0KEHIEe MOZXKET He BbINOJIHATHCA. Hanpumep, pacupe/iesieHust CJI0B B TEKCTaX
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M — MHO2KECTBO MOJAJIbHOCTEI:
oo A

K — MHOXKECTBO THUIIOB pELEp:

0 Bp 00 Oa Sa

T — MHO2KECTBO T€M:
00000

Puc. 15: [Ipumep rumeprpada ¢ BepImmHAMEA TPEX MOJAJIBHOCTEH, pEOpaMU-TPAH3AKIIUAMHA MIATH TUIIOB
U IATHIO TEMaMHU.

BeO-CTpaHull, B 110JIb30BATEIbCKUX 3aIIPOCAX U B PEKJAMHbIX OaHHEpax MOI'YT 3HAYMMO
pa3nyarbes Jiid OfHON u TOi ke TeMbl. OJHAKO TO OrpaHUYEHHE HETPYIHO 0DOUTH,
ecJi1 1IOCTPOUTb MOJIe/Ib C TPeMsl Pa3HbIMHU MOJAJBbHOCTSMHU CJIOB JIjisl 9TUX TPEX THUIIOB
Tpan3aknuit. CresaTh 9TH pacnpeeeHus MOX0KIMI MOYKHO C IOMOIIBIO PEryISpI3aIii.
HaxkoHser, BBeIEM TUIIOTE3y YCJIOBHOII HE3aBUCHMOCTH BepIIHH B pEbpax (d, x):

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

veT

[Tpu ce/taHHbIX JIONYHIEHUAX HPOLECC HOPOXK IeHust pebpa (d, z) € Ej cocrout us jByx
maroB. CHavaJjia nopoxjaercst reMa t u3 pacupegenenust p(t|d). Barem 1mopoxjaercs
MHOZKeCTBO BepmuH & C V, Ipu4éM Kazkaasd BepIIMHA U € I MOJAJBLHOCTH 1M HOPOZK1aeT-
Csl HE3ABUCUMO OT JIPYTUX BEePIIUH U3 CBOEro pacipejesenus p(v|t) HaJL MHOKECTBOM V.

Temaruueckasi Mo/ieJib BbIpazKaeT BEPOSITHOCTHU 1OsiBJIeHUs pedep runeprpada depes
YCJIOBHBIE PACLpe/Ie/IeHus], CBI3aHHbIe C UX BePLUIMHAMMU:

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

teT vET teT vET

[TapamerpaMu 3TOil MOJETN SBJILAIOTCS YCIOBHBIE BEPOATHOCTH BEPIIMH B TeMax
Yot = p(v|t), HOpMUPOBaHHBIE 110 KAXKI0# MOJAJBHOCTH U € V;,,, 1 YCJIOBHBIE BEDOSTHOCTH
TeM B KoHTefiHepax 0y = p(t|d). B Marpudnbix 0003HAYEHUSAX MApAMETPAMU SIBIISIFOTCS
marpuipt $,,, m € M u ©, Kak u B ciydae MyJbTHMOJAJILHO TeMaTnaeckoii mosesn (39).

['uneprpadoBas Moaenb ABJIAETCS IMHPOKUM ODOOIEHHEM OOBLIYHBIX TeMATHIECKHX
mozeneii. B gacraocTn, ona mepexoautr B PLSA B ciyuae, Korja MogajibHOCTeH 1Be —
JokymenTbl V) = D u repmbl Vo = W, tun pébep rosibko oaun — uapbt (d,w) € D x W,
B KOTOPBIX JIOKYMEHTBI d SBJISIOTCS KOHTeWHepaMu.

MineprpadoBbii EM-anroputm. [l oneHuBaHusl HApaMETPOB MOJEJH HPUMEHUM
HPUHIUII MaKCUMyMa IIpaBJionoobusi. ByjaemM MakcumuzupoBaTh CyMmy JorapudMoB
IPAB/IONOA00KS 0 BeeM TumaM pébep k ¢ Becamu Ty, u peryaspusaropom R(P, ©):

S Y e n( D 0w [[ o ) + R@ 0) = Tmax; (52)

keK dx€Ey, teT vET
Z%}tzla Oyt = 0; Z@tdzl, O = 0.
VEVm teT
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Teopema 10.1. Ilycre ¢pyuknus R(P,O) menpepsisao qupdepennupyema. Touka Jjio-
kauapaoro mMakcumyma (®,0) zagaqun (52) yraosiersopsier cucreMe ypaBHEHHIT OTHOCH-
TeJILHO MAPAMETPOB MOJETH Py, Uiy H BCIOMOTATETBHBIX MEPEMEHHBIX Dy, = p(t|d, x),
ecJId U3 pelleHns] HCKJIIYATh HyJeBble cTo01el Marpur P, O:

Praz = norm( b [ [0 ) (53)
veET
OR
pu =m0t (g + pus— )i = D [V € ] enasrass (54)
vEtm Pot kEK dec By,
OR
Oia = norm | nua + Orazo— | Mia =Y Y TkNkdeDida- (55)
td keK dwe By

okazareabcTB0o. Bocosibayemcst jseMMoii 3.2 0 MAKCUMU3AIUN HA €IMHUIHBIX CUM-
IUIEKCAX, BBIJIEIHB BCIIOMOIATE/bHBIE [IEPEMEHHBIE Dyig,, ONpenesnénube B (53):

0 OR
vt — 10T v n :E ut T Qo =
Pot Uei‘f/m Pot 5 Tk E kd d) Dom uIéI;P t T Put O

keK dx€eEy
OR
—_= €T E T v 7
I})g"/fnn Z Z TENEd [’U f]ptd + ¢ tﬁcpm5
keK dzcEy,
0, = norm |( G4 Z T Z nkdm H Ot + Org=— Of =
teT |d 0044
keK TEd
8R
= norm NkdeDide + 0
terT ZZTk kdaPtde T tdgetd
keK zed

Teopema nmokazana.

Twvnobl TpaH3akunii n nx secosbie kKoadpduymneHTbl. B onuncanHoit Moge/n HET HUKA-
KIX OFPAaHHYEHUil HAa TO, KAKHUM 00pa30M TpaH3aKIUU IPYNIUPYOTCcd mo TunaMm. Jlobas
TpaH3aKIUs, HE3ABUCHMO OT THIIA, MOYKET CO/IEPXKATH JII000e YUCJIO TEPMOB JIOOBIX MO-
JasibHocreit. Ha npakTuke yio0HO OTHOCUTH K OJIHOMY THUILY BCE TPAH3aKIUU, UMEIOIINE
obiee mpoucxoxkienue u crpykrypy. Oanako popMaaibHO TAKOIO OIPDAHUYEHUs] HET.

Becosbie k03 duiiyerTsl T, 103BOJILIOT €OAJIAHCUPOBATH MOJIEJ/Ib C YUETOM KOJIMYECTBA
TpaH3aKIuii B BBIG0pKax | Eg|. Hem Goiblie 7y, TeM CHIbHee TPaH3aKIUH THIIA K TOBIUSIOT
Ha MOJIEJID.

B HEKOTOPbIX 3a/Jda4aX OHpe,ZLeI[éHHbIe THUIIbI TpaH3aKL[I/II71 He JOJIZKHBI BJINATH Ha T€Ma-
TUKY KoHTeiiHepoB. Hanpumep, B My/IbTUSA3BIYHON MOJI€/IM MOXKeT ObITbh BbIOpaH OJIMH
IJIAaBHbII A3bIK, OHpe,ZLe.HHIOH_[I/II';I TEeMaTHUKy MHOI'OA3bIYHOI'O AOKYMEHTA, OJHAKO TeMbl
JIOJIZKHBI TIOJIYYUTh CBOU PACIIPE/IECHUs CJIOB B KayKJIOM s3biKe. B TakoMm ciyuae s
CJIOB IVIABHOTO $I3bIKA BBOJUTCS BECOBOW KOI(DMUIMEHT Ty, HA MOPSAIKU MPEBLIIIAIONITI
BeCOBbIe KOI(DMUIMEHTDI CJIOB OCTAJIbHBIX 3bIKOB. /Ipyroit npumep: B peKOMeH1aTe/ IbHOM
cucreMe MY3blKaJibHbl€ TPEKH JA0JI2KHbI BJIUATH Ha TEMbl, €CJIM OHU HaXOAATCA B 1J1ei-
JILCTAaX 10JIb30BaTe/iell, HO He B ajibboMax ucrtojinureseil. Temaruka ajabOOMOB JIOJIZKHA
OIIPEIeJIAThCS MCXO/Id U3 MPEeJIIOYTeH il MoIb30BaTes e, no ne Haobopot. IlosTomy Beca
TPEKOB B ILIEH-THCTAX JOKHBI Ha MOPSAIKA MIPEBLIIIATh BeCa TPEKOB B aibOOMAax.
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MineprpadhoBbie Mogenn gns pekomMeHpatenbHbix cuctem. [lycrb umeercss Koned-
HOE MHOKECTBO KJIMEHTOB WJIM 10JIb30Baresieii U (users) m KOHEYHOE MHOKECTBO 0O'beK-
TOB wiu ToBapoB I (items), OTHOCHTESbHO KOTOPBIX ¥ KJIHEHTOB MOTYT ObITh Pa3IHIHbIE
IpeIIIOYTeHns, BKYChl NI HHTepechl. BeposdATHOCTHAS TeMaTHIecKas MOJeIb PeKOMeH/1a-
TeJIbHOII CHCTEMBI IpPe/ICKAa3bIBaeT IPeH0UYTeHNs KJINeHTOB:

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

teT

Ona 3KBUBAJIEHTHA TeMATUIECKOl MOJIEeIN TEKCTOBOW KOJUIEKIIUHA ¢ TOYHOCTHIO IO 3aMeHbBI
TePMHUHOJIOTUU: «TOKYMEHTBl — KJIHUEHTBI», «CJI0Ba — OOBEKTBI», «T€Mbl — HHTEPECHI».
WcexopabiMu JAHHBIMA SIBJISIIOTCS CIETIUKHU 7,7, OMUCHIBAIONIME YACTOTY HUCHOJIB30BAHUS
00'beKTa § KJAMEHTOM u. B 3aBUCUMOCTH OT MPUJIOKEHHUS ITO MOIYT ObITH MOKYIIKH, [TOCE-
HeHust, OOpalieHus, JahK 1 T. JI.

B pekoMeHIaTeTbHBIX CHCTEMAaX CYMIECTBYeT IIPODOJIeMa «XOJIOMHOTO CTapTay: HOBOMY
KJINEHTY HeYero NOpeKOMeHI0BAaTh, IIOCKOJIbKY MBI He HMeeM HCTOPUU ero MpeIovYTeH i,
TaKzKe W HOBBIIl TOBap HEKOMY MOPEKOMEHI0BATh, IIOCKOJIBKY €ro emé HUKTO He BEIOUpa.
st perenust 9Toi nPOOJIEMbI IIPUBJIEKAIOTCS JOIMOJTHUTEIbHBIE JAHHBIE O KJIMEHTAX U
obbekTax. B yactHOCTH, 3170 MOIYT ObITH OMHADHbBIE JIAHHBIE 71, O HAJUYUU Y KJIUEHTA U
arpubyTa @ U3 33[AHHOI0 KOHEYHOI'O MHOXKeCTBa A WM JAHHDLIE N, O HAJUYUUL Y 00bHEK-
Ta ¢ CBOCTBa b M3 33JaHHOI0 KOHEYHOro MHOZKecTBa B. Hanpumep, 00beKTbI MOTYT UMETh
TEeKCTOBBbIEe OMHCAHNS, U TOryIa B — 3T0 cJIOBAph TEPMHUHOB, UCIOJb3YEMBIX B 3THX OMHCA-
HusX. Takue peKoMeH1aTe/IbHbIe CUCTEMbI HA3BIBAIOTCS, COOTBETCTBEHHO, YUNTHIBAIOIIU-
mu arpubyThl (attribute-aware) n yuursiBatommmu KonTeHT (content-aware). Ouu 103B0-
JISIOT ONpeeaTh TeMaTHIecKne BEKTOPBI KJINEHTOB U OOBHEKTOB JazKe TOI/Ia, KOTJa II0
HUM HeT OCHOBHBIX JTAHHBIX O MPEeINOYTEHHIX N,;. B KadecTBe TOMOJTHUTETbHBIX JAHHBIX
MOTYT TaKzKe UCIOJb30BATbCA COBETHI KJIMEHTOB JPYT APYTY. DTO MOMApPHbIE B3aUMO/IEeil-
CTBUSI MEXK/Iy KJIMEHTAMU T,y WA JaHHble O jgoBepuu (trust-aware). Urak, B 3amaue
nosiBJIsieTcs yxke dersipe mojasbHoctu U, [, A, B, Mexy sjieMeHTaMu KOTOPbIX HA0JII0-
JIAIOTCH 1apHble B3auMoJieiicTBusg. Bo3MOXKHBI U TPOiHbIE B3aUMOJIEHCTBUS, HAIIPUMED,
Nyip — KJIHEHT U TerupoBaJl 00bEKT ¢ CBOHCTBOM b.

[Ipeamodrenns KJIMEHTOB MOTYT H3MEHATHCA CO BpeMEHEM WU 3aBHCETh OT CUTYa-
THUBHOIO KOHTEKCTA: MOKYIKa Jijist celst, Jijisi oduca uam B mogapokK; mpocMoTp uaibma
C APY3bsIMH, C MOAPYTO# Wju C jierbMu u T. 1. st yaéra takoit madopmanuu BBOASITCS
emé JBe MOJAJbHOCTH: MHOXKeCTBO curyanuit C' ¥ MHOXKECTBO MHTEDPBAJIOB BpemeHu .J.
BzanmogeiicTBus MezK/ly HEMHU MOTYT ONUCBIBATHCA TPAH3AKIUAME W3 TPEX HJIH YeThI-
PEX TepMOB, HAIPUMED: Ny, — KJIHEHT U BLIOPaJ OOBLEeKT ¢ B CUTYAIUU C) Tyij — KIH-
eHT U BBIOpAJI OOBEKT ¢ B CUTYAIlUK ¢ B UHTEPBaJie BpeMenu j. Takue cucreMbl HA3bIBAIOT-
Csl, COOTBETCTBEHHO, YIUTHIBAIOIIMME KOHTEKCT (context-aware) U y4nThIBAIOIUMI BPEMsi
(time-aware), cm. puc. 16.

CummeTpusoBaHHbie runeprpacoBble MOAENN HOJAXOJAAT It 33249, B KOTOPBIX CO-
JIEPZKUMO€e KOHTEHEPOB MOYKeT M3MEeHATbCH. B TeKCTOBBbIX KOJIEKIMSX JOKYMEHTbI 110-
ABJISIOTCS TEJTUKOM U B JajibHeiinieM He MeHsioTcda. COBEpIIeHHO WHAasl CHTyallus B pe-
KOMEH IaTe/IbHBIX cucTeMax. T'paH3akiiusg «I0Jb30BaTe/b U BHIOPAJ TOBAp ¢» Ha MEPBbIil
B3IVISAJ[ QHAJIOTUYHA TPAH3AKIME <«JOKYMEHT d COJEpPXKUT CJI0BO w». Pazaumdue B TOM,
YTO JOKYMEHT CTaTHY€eH, TOIJa KaK y KazKJ0I'o IOJIb30BaTe/ s MOXKET PACTH MHOYKECTBO
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Pwuc. 16: Tpan3aknuoHHbIe JaHHBIE B PEKOMEHIATETHHON CHCTEMe OMUCHIBAIOT B3aUMOJEUCTBUAST MEKTY
IIeCThI0 MOJAILHOCTAME: KAueHThl U, 00beKThI I, arpubyThl KIueHToB A, cBoiicTBa 00beKTOB B, cuTy-
aTuBHBIE KOHTEKCTHI C', MHTEPBAJIBI BpeMeHu J.

BBHIOPAHHBIX TOBAPOB, a y KaKJIOI0 TOBapa — MHOXKECTBO BBIOPABIINX €r0 I0JIb30BaTe-
Jieit. Kro B rakoMm ciiydae J0JI2KeH UIParb PoJib KOHTeHHepa — TOBAP UJIU I10JIb30BATE/Ib?
To u apyroe Heys00HO ¢ TOYKHU 3peHus nakerHoro EM-ajropurma; ropas3io ecrecrseHHee
Ob1J10 OB (POPMHUPOBATDH MAKETHI 10 BPEMEHHU IOCTYILICHUS JAHHBIX.

Bynem cuurarh, uro B pédbpax runeprpacda x C V HeT HUKAKOW BBIJIEJICHHOI BepIlu-
HBI-KOHTeltHepa. /i1 renepanun pedpa CHadaIa MOPOXKIAETCS TeMa 3 pacIpe/IeeHns
7 = p(t), 0b1Iero jiyist Beeli KOJIEKIMH, 3aTeM BEPUIMHBL U € T IIOPOKIAI0TCH HE3ABUCUMO
JIPYI OT Jipyra u3 pacupejeseHuii ¢, = p(v|t) vag mopaabHocTsimu V,:

= o) [[p@wlt) =>_ m]] eu

teT VvET teT VET

Bo3MOKeH TakzKe BAPHAHT, KOTJa TeMa, ¢ HOPOKIAeTCs U3 paciupeenerus Ty, = Pi(t),
O0IIEro /it BCeX TpaH3aKIuii JaHHoro Tuiia k. Mbl He Oy/1eM paccMaTpuBaTh TOT CJIy9ai,
HOCKOJIbKY OH JIEIKO PACIUCHIBACTCS 110 aHAJIOIUH.

[Iycrs E), — naburomaemast BBIOOpKa pEOep-TpaH3akiuil Tuna k, Ny, — YUCIO0 Ha-
osrfoieHnil pebpa = B BeIOOpKe Ey. Boimumrem 3a1a1y MaKCHMH3AIUN PEry/IsSpH30BAHHOTO
IPaBIOIOI00Ms IPH OOBIYHBIX OIPAHHYEHUSX HOPMHUPOBKH W HEOTPHIATETLHOCTH:

Z Th an In Zﬂ't H%t + R(®,7m) — r%%rx; (56)

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

Teopema 10.2. Ilycrs ¢yukmus R(P, ) menpepsiBro muchgepenmupyeva. Touka Jio-
kaspHOro Makcumyma (9, ) 3agaqn (56) yaopaerBopsier cucreMe ypaBHEHHIT OTHOCHTEb-
HO HApPaMeTPOB MOJIE/H Py, Ty U BCHOMOIATEJIbHBIX MEPEMEHHBIX Py, = p(t|x), ecim u3
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PelIeHus HCKJIIOYUTh HyJieBbie CToJIONbl MaTpui] D, :

Prw = nOTIM{ Ty H%t : (57)
vex
OR
Pt = ng%"/m Nyt + wvta— ; Nyt = Z Z [V € 2] ThNkaDias (58)
vEym Put keK z€Ey
oR
Ty ntoerTm ng + my o, Uz kezl(x;k TNz Pt ( )

JlokazaTeTbCTBO, KaK U B CJIydae MpeablayIeil TeOpeMbl, ITPOBOTUTCH IO JIeMMe O MaK-
CUMHU3allM1 Ha €IMHUYIHbIX CHUMIIJIEKCAX.

B BigARTM Takasi MOjie/ib HEIIOCPEICTBEHHO He peasin30BaHa, HO €€ HeTPYIHO C XOPOo-
et TO4YHOCThIO CUMYJINPOBATD. ZL.)IH 9TOI0 CUMMETPU30BaHHbIE TPAH3aKIIUU, HE UMEIOIINE
KOHTeifHepa, cOOUpaloTcs B MCEBIO-KOHTEHHEePhbl d IPOU3BOJIBHBIM 00pa30M; UX CUETUYUKH
Mg AKKYMYJTUDYIOTCS: Ty = 4 Mtd, 1 HAKOILTIEHHBIE CYMMBI HCIIOJIb3YIOTCS /Il CHIIbHOI'O
CLJIAZKUBAHUS BCEX CTOJIOIOB MATPHIBl © B CTOPOHY 00IIero BeKropa (n).

TpaH3akumn C rnaBHbIMU U NOAYNHEHHBIMWU TepMamu. IIpeanonoKuM, 4To KazxKaad
TpaH3aKIMd COCTOUT U3 JBYX HELEePeceKaroluXcs 1oAMHozKecrs repmos: T Ll z’. TTogmuo-
KECTBO 2AG6HLLT MEPMOE T olpejessier reMaruky rpansakuuu p(t|x,z') = p(t|x), ko-
TOpas 3aTeM NEPeJAETCs HOJAMHOKECTBY NOOYUHEHHULET MePMOos T'. DTO NPeON0KEHIEe
MOKHO BBOJUTH KaK JjIsi CHMMETPU30BAHHBIX MoJieseil ¢ TpaH3akinuaMu Buia e = (z, '),
TaK ¥ JiJIs MOJIeJiell ¢ KOHTeliHepHbIMU TpaH3akiusMu e = (d, z, z').

Hanpumep, Kk 6aHKOBCKON TpaH3aKLIUU «LHOKylaTe/lb b Kylus y HpojaBla S ToBap ¢»
MOZKET HPUJIararbCs TeKCT I1aTéKHoro nopydenus. OH He JI0/1ZKeH BJIUSATh HA TeMaTHKY
TpaH3aKIMU, KOTOPas ONPeIe/sdercd SKOHOMUICCKON JedaTe/IbHOCTHIO IIPOJABIA U MOKY-
naresnd. TepMbl b, S, g ABJILIOTCS TJIABHBIME, & CJI0BA U3 ILIATEKHOIO IIOPYYeHUsS — IIOJI-
YUHEHHBIME. [IpOCTO UrHOPHUPOBATDL STU TEKCTBI HE XOTEJOCH Obl, TAK KAK PACIpeIeIeHUs
cs10B p(w | t) mMOJIe3HBL JJTsI COEPIKATETbHON HHTEPIPETAIIMA TeM KaK BUOB JIesTeTbHOCTH
KOMIIAHMI. 3aMeruM Takzke, 4To GAHKOBCKUE TPAH3aKIMU He SBJIAI0TCA KOHTeIHePHbIMHU,
LOCKOJIbKY KOHTPAI€HTbI HOCTOSHHO OCYIIECTBIISIOT HOBBIE CIEJIKH.

CraenaeM emé oauH mar B o0oOmeHun rumerpadoBoil TemMaTrudeckoit Mojgenu. By-
JIeM I0JIaraTh, 9TO KOJIeKnus F CONepKHT KaK KOHTeHHepHbIe, TaK U CHUMMETPHU30-
BaHHbIC TpaH3akimuu. Hanuume konteilimepa d y Tpamsakimum OyaeM 0003HAYATL YCJIO-
BueM |e = (d,z,2’)], a orcyrcrBue Koureitnepa — ycsosueM [e = (z,2’)]. Moaudurarms
EM-asropurma 06beannsier Kourefinepuntit Bapuant (53)—(55) 1 cHMMeTPU30BAHHBIN Ba-
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puant (57)-(59):

pte:norm(<e— (d, 2,20 + [e = (x,2) Wt)H%t :

teT
VET
OR
Pyt = NOTIN | Ny + govt ; Nyt = E E [U S 6] TENkePte;
UEVm (pvt
keK ecFEy,
OR
. _ _ / .
Org = norm | nyg + Ora—=— | Ntd = E § le = (d, 2, 2")| Tk NkeDie;
teT 09td
keK ecFEy,
OR /
T = norm|( n; + = ); ny = E E [6 = (IL',ZB )]Tknkepte-
tel 87Tt
keK ecFEy,

Ocnopraag momudukanusa Kacaerca E-mara: ecau TpaH3aKius € OTHOCHTCI K KOHTeli-
Hepy d, TO ucnosb3yercs pacupejaesnenne p(t|d) = 0,4, eciu ke OHA HE OTHOCHTCS HU K O]I-
HOMY KOHTEHHEpY, TO HCIIOIb3YeTCs pacupejenenne p(t) = m;, obIee I BCeX TPaH3aK-
nuii. B 06oux BapuaHTax B pe3yJbrare 110Jy4aeTcs PaclpeleseHue TeM Jijid TPaH3aKluu
p(t]e) = pi, KOTOPOE 3arem ucio/b3yeTcs BO Beex (opmysax M-iara.

MvneprpadoBsbie si3bikoBble Mogenn. BMecTo 00BIYHOMN TUIIOTE3BI «MEIIKA CJI0B» HPEe/I-
II0JIOZKHM, 9TO TEKCT SABJISETCS «MELIKOM MpeIozKeHuii». [Topozxk 1aroias MojIe b COCTOUT
u3 JAByX ypoBHeil. Ha mepBoM ypoBHE KazK/10€ IpeIIoKEeHne T JOKYMeHTa d MOPOZK IaeTCst
OJIHOM TeMoOii, BbIOpaHHOil u3 pacupeeinenus p(t|d). Ha Bropom ypoBHe Tepmbl W B 1Ipe/i-
JIOZKEHUU T PeHePUPYIOTCst U3 pactpesesierus p(w |t) JaHHON TeMbl. DTU HPEIII0JI0KEHUsI
6oJ1ee PeaJIMCTUYHbI 110 CPABHEHUIO C THIOTE30il «MeIKa CJI0B» M COOTBETCTBYIOT THMIEp-
rpad0Boii MOJIE/H, B KOTOPO# BEPUIMHAMU ABJISIFOTCA TEPMBI, & PEOPAMU — IIPEJIJIOZKEHHUS.

B kagecTBe TpaH3aknuii MOKHO OpaTh He TOJLKO MPeJIOXKEeHUs, HO U JIF0ObIe CJI0BO-
coueranus, (ppasbl, CAHTAIMbI, CAHOHMMbI, 1 BOOOIIE JIFOOBIE I'PYIIIBI CJI0B, OTHOCUTEIHHO
KOTOPbIX Pa3yMHO IpeJiliojiaraTb, 4T0 OHUM IOPOZKJIAITCA OJHOI 0bieit Temoit. Bosee
TOr0, TPAH3AKIMU MOIYT JIazKe HePEeKPbIBATHCsI, HAIIPUMED, CUHOHUMbI, MEPOHUMbI M XO-
JIOHEMBI MOI'YT OOpa30BBIBATH OJIMH THI TPAH3aKIWii, C/IOBOCOYETAHUS — BTOPOIi, Ie/Ible
IIPEJIJIOKEHHs] — TPeTUil, OTAe/bHbIE CJI0BA — YETBEPTHIM.

TpaH3akiuyu ¢ IJIABHBIMA M IIOJIMHEHHBIMA T€PMAMH HMEIOT €CTECTBEHHYIO A3BIKO-
BYI0O MHTEpHpeTanuio. B pojau NnoJ4MHEHHBIX TEPMOB MOIYT BBICTYNATh CJIOBa OOIIE
JIEKCUKU WJIM PEJIKHE CJI0Ba. B TpaH3aKIMOHHONW MOJE/M € IJIABHBIMU M I10JYMHEHHbBI-
MH TepMaMH He HAKJ/aJblBaeTCd HUKAKUX OrpaHHYEHHil Ha crnocob pa3bueHus TpaH3akK-
nun e = (d, x,z’"). B yacrHOCTH, MOXKHO HANTH OIMHOZKECTBA T U ', BBIYHCIHB PACIIPe-
nenennst p(t|d, w) 1yist Bcex CJI0B MpeIIOKeHH s, 32aTeM ONPe/IeTUTh [0 HUM TJIABHbIE TEMbI
UPE/JIOKEHUs] U OTHECTH K MOJMMHEHHBIM BCE CJIOBA, HE OTHOCSIIMECH K TJIABHBIM TEMaM.

11 MopenupoBaHue 3aBucnmocTein

Temarnueckast Mojesib hopMupyer BeKTOpHOe onucanue jokymenta p(t|d), koropoe
MOZKeT 6bITb UCIOJIb30BAHO [JId IIPEACKa3aTe/JIbHOI'O MOJC/JIMPOBaHUA, B YaCTHOCTHU, HJId
peIIeHnsa 3a0a49 KIacCH(pUKAIMI U Perpeccun Ha Tekcrax. Kmaccudukanusa peanmnsyercs
0COBGEHHO IIPOCTO, €CJTH KJIACCHI CYATATH MOJAILHOCTLIO. Perpeccns Ha TeKeTax moKa3biBa-
er IpUMep MHTEPECHOrO MpHEMa, KOrJa JOIMOJHUTEbHbIE HapaMeTpbl Mojeau (B JaHHOM
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ciaydae KoIDOMUIMEHThl JTHHEHHOH MOJIEJIH PErpPecCun) MePecYuThIBAIOTCS HTEPAIHMOHHO
HOC/Ie KayK/IOr0 1poxosa Kojuieknuu. OdeHb HOXO0XKHIT HPUEM HUCIIOJIb3YyeTCsl U B MOJIE-
qu CTM, Koropas BbIAB/IgET HapHbIE KOPPeIauu Mexk1y TeMaMu. TexHuka YuCI0BBIX
MO/IaJIBHOCTEN MCIIOJIB3YETCSI B TOM CJIydae, KOIJIa C TEKCTOM CBSI3aHA He OJ[HA, UHMCJIOBas
BeJIMYMHA, KOTOPYIO HEOOXOIUMO IPE/ICKa3aTh, & YHCJI0Bas IOC/Ie/I0BATE/IbHOCTD, KOTOPas
MO/IeJIMPYETCsl CMEChIO HelIPEPbIBHBIX BEPOsITHOCTHBIX paclipejle/leHuit.

Knaccudpmkauyms. Temamuueckas modeav xaaccugpurayuu Dependency LDA [156] siB-
nserca GaitecoBckuM anasorom mogenn (38) ¢ momanbHocTsMu repmo Wou kiaccos C.
Vmeetcst obydaromniasi BHIOOPKA JTOKYMEHTOB d, /I/Isi KazKJI0I'0 M3 KOTOPBIX U3BECTHO IOJI-
MHO)KecTBO KiaaccoB Cy C C. Tpebyerca kiraccudunupoBaTb HOBBIE JOKYMEHTBI C HEU3-
BectHbIM Cy. [ljist 917010 0y1eM UCHOIB30BATh AUHETHYIO BEPOAMHOCTIHYI MOOEADL KAAC-
cuukayuu, B KOTOPOit 00beKTaMu SIBJISIOTCS JOKYMEHTHI d, IMPU3HAKH COOTBETCTBYIOT
TeMaM t W nmpuHEMAOT 3Havenus 0y = p(t|d):

C | d Z Soctetd

teT

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

Kosaddunuents: uneitnoit Mmogenu ¢, = p(c|t) u moporu -y, obydarorcs mo BIGOPKe
JAOKYMEHTOB C U3BECTHbBIMU Cd. HpI/IBHaKOBOG OlIMCaHKUe HOBOI'O JJOKYMeEHTa ed BbIYUCJIA-
ercd reMarTun4ecKoi MO/EJIBIO TOJIBKO IIO €0 TepMaM.

DkcnepumenTsl B [156] mokasasm, 9TO TeMaTHUYeCKHe MOJEIU MPEBOCXOAAT OObIU-
HbIe MeTOJbl MHOTOKJIACCOBOIl KiaaccupuKanmum Ha OOJBIINX TEKCTOBBIX KOJLIEKIIHIX
¢ OOJIBIIIMM YHCJIOM HeCOATaHCHPOBAHHBIX, IIEPECEKAIOIINXCS, B3aNMO3aBHCUMbBIX KJIACCOB.
B [178] Te 2Ke BBIBOJIbI HA TEX K€ KOJLJIEKIIMSIX ObLJIN BOCIIPOU3BEIEHBI JIJIS MYJILTHMO/IAJIb-
Hoit ARTM. Hecbanrancuposannocmsd 03HAIAET, 9TO KJIACCHL MOI'YT COJEPZKATh KAK MaJIoe,
TaK U O4YeHb OOJIBIIIOE YUCJIO JIOKYMEHTOB. B ciydae nepecexarowurcs Ka1accoB JTOKYMEHT
MOKET OTHOCHTBCSI KaK K OJHOMY KJIACCY, TaK U K OOJIBIIOMY YHCJIY KJIacCOB. Baaumosa-
BUCUMDbLE KJTACCHI IMEIOT OOIIIe TePMBI B TeMbI, IO3TOMY HPH KIACCH(MUKAIME JIOKYMEHTa,
MOI'YT BCTYIIaThb B KOHKYPEHIUIO.

Pezyaapusayus no ompuyamessHuiM NPUMEPEM UCIOJIB3YET JAHHBIE O TOM, YTO JOKY-
MeHT d 13 00ydaromieil BLIOOPKH He NPUHAJIEKUT nojMHOKecTBY KiaaccoB Cf C C. B srom
caydae 3allileM IIPaBOIo00ue BHIOOPKH I 33 a4 OMHAPHON K/IacCH(DUKAIIIN:

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

deD ceCy teT deD ceC) teT

[TepBoe ciaraemoe ectb log-nipaBomonobue MoJaibHOCTH KaaccoB (38), ecuu 1oJio-
KUTb Nng. = [c€Cy|. Bropoe ciaraemMoe MOKHO pacCMATPUBATH KAK DPETYJISIPU3ATOD OT-
PHUIATEbHBIX IPUMEPOB, MOCTPOEHHBIN 110 JAHHBIM O He-IPHHA/JIE?KHOCTH JTOKYMEHTOB
ki1accaMm. KosddurumenT peryigpu3anun T MOXKHO [I0JaraTh PABHBIM €IUHUIE.

Yacmomnas peeyaapuszayus (label regularization) xopomo 3apekomenjoBasa cebs
B 33/la4ax ¢ HecOastancupoBanubiMu Kiaccamu [111, 156]. [Torpebyem, arobbl onenka 6e3-
YCJIOBHOI'O DACIPE/EIeHHs] KJIACCOB 110 KOJIJIGKLLI/II/I p(c) =, pap(t) Oblra Oinska K Ha-
GunioziaeMbIM acToTaM KJ1accoB p(c) = L|D.|, rne D, ={d € D: c € Cy} — MHO)KeCcTBO
JIOKYMEHTOB, OTHOCAIIUXCS K KJaccy ¢. Belpasum gaHHOEe TpebOBaHHE C IMOMOIIBIO CI/Ia-
JKHBAIOIIETO PEry/isipu3aropa KPOCC-9HTPOINH, KOTOPBIIl MOKHO HHTEPHPETUPOBATDH U KAK
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MAKCUMU3AIUIO IPABIONOI00US JIJIsi MOJEIH JIMCKPETHOTO PACIIPE/IeJIeHHs KJIAcCoB p(C):
R(®) =T Z |D.| lnz NePer — Max,
ceC teT

e ng = Mg — YUCIO0 TepMOB MoAa bHOCTH C', OTHOCSAIIMXCS K TeMe t BO Beeil KoJi-
neknuu. [loacrasisgs stor peryaspusarop B (17), nomyanm dopmyssr M-mmara:

NiPet

> s MsPes

YacToTHas perygapu3alis ICI0Ib30BaIach B TeMaTnaecKoii mojaesn Prior-LDA | koTopast
ObLTa mpeoxkena B [156] kak ymyqmenne mogenn Flat-LDA.

(60)

o = norm| ng + 7|D,|

Perpeccus. 3ajaun mnpejcka3anusd YUCIOBON BEJIUUUHBI KaK (PYHKIMH OT TEKCTa BO3HU-
KAlT BO MHOTUX MPUJIOKEHUSX JTEKTPOHHON KOMMEDPIUN: Mpe/IcCKa3aHne PeiiTHHTa TOBa-
pa, duabMa WM KHUTH MO TEKCTY OT3bIBA; MpelcKa3aHue YHCJa KJIUKOB MO TEKCTY pe-
KJIAMHOT'O OO'bsiBJIEHUSI; IIPEJICKA3aHIe 3aPILIAThl 110 OIUCAHUIO BAKAHCHUM; IIPEJICKA3AHIE
noJsie3HoCTH (dnciia JAfKoB) OT3bIBa Ha OTeJb, PecTopaH, cepsuc. s BoccTaHOBIIEHHSI
YUCIOBLIX (DYHKIUI 110 KOHEYHOU oOydalomieil BEIOOpKe map «00beKT—OTBET» HCIOJIb3Y-
IOTCS perpecCHOHHBIE MOJIENH, OJHAKO BCe OHU MPUHUMAIOT HA BXO/Ie BEKTOPDHBIE OIICAHUS
00bexkToB. Temarmueckas MoJeTb MO3BOJILAET 3aMEHHTh TEKCT MTOKYMeHTa d ero BeKTOp-
HbIM npejcrapienueM ;. C apyroift cTopoHbl, KpUTEpPUil ONTUMUBAINME PErPeCcCHOHHOM
MOJIEJIM MOZKHO MCIIOJIb30BATh B KQYECTBE Pery/isipusaropa, 4Todbl HAlTH TeMbl, HanboJiee
uHGOPMATUBHBIE ¢ TOYKH 3DEHHs] TOYHOCTH HpejcKasaunuii 116, 167).

[IycTb gy Kaxk10ro JoKyMeHTa d odydalomnieil BbIoopku [ 3a1aHo Ie/1eBoe 3HAYCHUe
ya € R. Pacemorpum aunetinyro modeasv pezpeccuu, KOTOpas IpeIcKa3biBaeT MaTeMaTu-
q9eCKOe OKUJIaHue MeJIeBOl BeJNYnHbI:

E(yld) = 3 v

teT

rie v € RT — Bekrop kosddunuentos. [IpumennM MeTO HAMMEHBIINX KBAJIPATOB I
o0y4eHust BEKTOpa v 110 BbIOOPKE JIOKYMEHTOB:

R(©,v) = —71 Z(yd — Z Ufﬂtd>2.

deD teT

[Toscraisist sror perysasipuszarop B (18) u npupaBHEBAs HYJIIO €10 HPOU3BOIHYIO 110 U,
nostyauM (opmyabl 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 |167] noka3ano, 4To KAa4eCTBO PErpPecCHU MOZKET 3aBHCETh OT HHUIUAJN3AIIMNA 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 MOJIeJIU IPHUCIOCAOINBAIOTCSA JIPYT K ApYyry. BeKTOpBI TeM MOBOPAYMBAIOTCS B MPO-
CTPAHCTBE TaKUM 00pa3oM, 4To0bl ObITh MAKCUMAJILHO 1I0JIE3HBIMU B KAUeCTBe 1IPU3HAKOB
perpeccuonnoit mojiesiu. Jlobasiienue JIONOJHUTE/IbHBIX HETEMATUIECKUX IIPU3HAKOB B pe-
I'DECCHOHHYIO MOJIeJIb B 9TOM CJIydae TaKzKe He COCTaBJIsAeT TPYa.

Koppensuuu tem. Modeaw koppeauposarnvx mem CTM (correlated topic model) npe-
Ha3HA4YeHa JIsl BbIsiBJIeHUsT CBsA3eil Mex 1y remamu |35]. 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
Corutacuo (18), dopmysa M-mara st 0y npuauMaer Bu/y
Oiqg = norm (ntd -7 2; ut (ln Osq — u8)>, (61)
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, TPY0EMKas olepals 00palleHus KOBAPUAIMOHHON MaTPHILbl BBIIIOJI-
HsETCsl OTHOCUTEIBHO pesiko. B [35] ucnosbzoBanacs LASSO-perpeccust, 4robbl moJ1y9arh
pa3pekeHHY0 KOBapHAIMOHHY0 MaTpuily. TaM Ke mpejacTaB/eHbl HHTePECHBIe IPUMEPEI
BHU3ya IN3aIlUN CBsI3eil MeK/y TeMaMH, HOCTPOSHHBIME 110 KOJLUIEKIUK HAyIHBIX IyO/InKa-
nuit B xKypHase Science ¢ 1990 r. mo 1999 r.

Yucnosble MoganbHOCTU. B 3amauax perpeccuu ¢ KazKIbIM TEKCTOBBIM JOKYMEHTOM
CBSI3aHA OJHA 4KMC/I0Bas BEJUYMHA, KOTOPYIO HE0OXOAUMMO Hporuosuposarb. OHako Obl-
BalOT U TaKHe 3a/a4u, B KOTOPbIX YHUCJ/IOBbI€ BEJIMYUHDbI CBA3aHbI C KazK/IbIM TE€PMOM.

OILHI/IM U3 IIPpUMEPOB 4dBJIdeTCd 3a/a4a TeMaTUu1€CKOI'o MOJACJIMPOBAHUA 6aHKOBCKI/IX
TpaH3aKIMOHHLIX JAHHBIX. B POJIM TOKYMEHTOB 3/eCh BLICTYNAIOT KOMIIAHHH, TepMaMU
B JIOKYMEHTE fBJIAITCA KOHTPALeHTHI — JIPYyrHe KOMIAHHU, KOTOPBIE 3aKII0UYAI0T C JaH-
HOIl KOMIIaHHell CIeIKH IO IOKYIKe MM IIPoJazke TOBapoB WIH ycayr. Kaxkmada cienka
COIIPOBOK/IAETCS TEKCTOM ILJIATEKHOI'O IOPYUYEHUs, KOTOPbI COJEPKUT HA3BAHUS TOBA-
POB WJjIM yCayr. DTU Ha3BaHus 00pPA3yIOT BTOPYIO MOAAIbHOCTH. [loKynku um mnpomarku
pPacCMATPUBAIOTCA IO OTICJALHOCTH, YTO yABAUBAET YHCJIO MOJAILHOCTEIl 0 YeTBIPEX.
TeMBI COOTBETCTBYIOT BHJAM SKOHOMUYCCKOH JIeATeILHOCTH KoMHaumil. Biaromapa ma-
3BAHHAM IOSBIACTCA BO3MOKHOCTHL HHTEPIPETHPOBATh KazKIyI0 TeMy C HOMOIIBIO JBYX
CIHUCKOB — TOBapOB, KOTOPbIEC KOMIIAHUU IIOKYIIAIOT JJId OCyHIeCTBJIeHUd JaHHOI'O BHUIAA
JesITeJIbHOCTH, ¥ TOBAPOB, KOTOPBIE OHH IIPOJIAIOT KaK Pe3y/brar jesitejabHocta [18].

KpoMme ecTecTBeHHBIX IUCKPETHBIX MOJAJLHOCTEH KOHTPAreHTOB U Ha3BaHWUil, B JaH-
HOIT 3aJa9¢ NMEIOTCS eNIé U YUCJIOBBIe JaHHbBIe 00 00bEMax CICI0K, KOTOPLIe MOI'YT HECTH
KOCBeHHYI0 HH(MOPMAIUIO O BHJAE JedTeJbLHOCTH. DymeM mojaraTb, 9TO ¢ KasKIBIM JIO-
KyMEHTOM d CBSI3aHO HECKOJIBKO YHCJIOBBIX IOCIEA0BATEABHOCTER {Ygmi|t = 1,.. ., kam},
COOTBETCTBYIOIUX “UCAOBHM MOOGALHOCAM M € M. B HameMm ciydae 4uCIOBBIX MO-
JIAJIBHOCTEH JiBe — 9T0 00bEMBI CJIEJIOK IOKYIKH U 1Ipoiazku. [Ipejiiosioxkum, 94To KazxKjas
TeMa ¢ HOPOKIAET 3HAUCHUS Ygny,; U3 pacupenenerus p(y|t; Yu,) ¢ BEKTOPOM HapaMeT-
POB Yy, KOTOPOE He 3aBUCHT OT JOKYMeHTa (3T0 00bIYHAS [JIsl TEMATHIECKOTO MOJIETUPO-
BaHUS IMIIOTE3a yCJOBHON HesaBucumoctn). Torjga pacupejiesienne 3HaUYeHUii y MOJa/b-
HOCTH M B JIOKyMeHTe d OIIMChIBAETCS CMEChIO Paclpe e 1eHuii:

p(yld,m) =" p(y|t; Yim)bra-

teT

Bo3bMéM 3a OCHOBY MYJIBTUMOJATIBHYIO MOJETb (39) ¢ HPOU3BOJBHBIM HEMPEePHIBHO
juddepenipyembim peryssgpuszaropom R(P, O). lobaBum perysisipu3arop 4ucJI0BbIX MO-
JIAJIBHOCTEH, OLIPEeJIe/INB ero KaK B3BEIIEHHYI0 CyMMY JiorapudMOB paB/io1o100ust Bbi00-
POK {Ygmi} € BecaMu Ty,

kam
meM

deD i=1 teT

Torya cucrema ypasuenuii B reopeme 9.1 mnpeobpazyercst cjeylomnum oopasom: ¢pop-
myJibl E-mara (41) u M-mara no ® (42) ocrarorcs B cuiie; K HUM J100aBIIsiiOTCst (GOPMYJTbI
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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 3ajgada (52) maxcumusanuu log-npasiaonogodust
TPAH3aKIMOHHBIX JIAHHBIX X = {(di, My, T yi): i =1,... ,n} JIJIsl IOCTPOEHUS TUlleprpa-
¢oBoiT TeMaTHIECKOIT MOIELIIN:

> D taplyltym) [Ton ) + R(®,0) = max; (62)
(d;m,z,y)eX teT vET

Teopema 11.1. Ilycrs ¢pyaknus R(P,O) menpepsiBro augdepennupyema. Touka Jio-
kaspHOro Makcumyma (®,0,1") sagaqun (62) yzosaersopsier 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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1€ Nge — BEC CBIA3M MEXK/ly JIOKYMEHTaMH, HalpEMep, YHCJI0 CChblIoK u3 d Ha c. B [59]
npejjoxkena moxoxkas mozeab LDA-JS, B koropoit BMecTo MakcuMu3amuu KOBAapHUAIUU
MHHEME3HpyeTcs auseprennus llencena-lllennona Mexxay pacmpenesenusavu 0y u 0,.
®opmyaa M-mara jis 6,4, cormacuo (18), 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 U3 MOJEJNM BMsiHUS HaydHbIX mybuaukanuii LDA-post [59)].
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 BBOJIMTCH MOJAQJIbHOCTH I€OTErOB, BO BTOPOM CJIydae UCIOJIb3YETCsS Perysispu3arop.
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 KadecrTBe OjHOIl u3 miurioctpanuii B [206] onpeaesasiorcss peruoHbl MOIYJIsiPHOCTH
HAIMOHAJIbHOM KyXHHU 110 moctaM noJb3osaresteii Flickr. Ipyras wimocrpanus uz [117]
IOKA3bIBALT, YTO TeMaTHIeCKas MOJe/b, yInThIBatomast, n3 kakoro mrara CIIA mpumwto
coobIenne, ToUHee MpOCIeKUBaeT MyTh yparana «Karpunay.

Ksasparuansiii peryaspuzarop Marpuibsl O, mpemioxenusiii B [206|, 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 coumnanbHble cetu. B [117] upeoxkena bosee obias rTeMaTHdecKasi MOJIEb
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 (63)

(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. 17: Boibop 4mcia KIacTepoB B 331a9aX KIACTEPU3AINN TIPUHIIUIHAILHO HEOIHO3HATEH, KaK M BHIOOD
qucJa TeM B 33Ja49aX TeMaTUIeCKOr0 MO/IeJIMPOBAHUS.

Bo MHOrEX IPHIOKEHUAX BazkKHbI HAIPABJICHHOCTH CBA3€il, KOTOPbIC KBAPATHIHBII
PEry/sipu3aTop He yuurbiBaeT. Hampumep, cBsa3b (4, v) MOXKET 03HAYATH CCBLIKY M3 J10-
KyMmeHra u Ha JokymeHT v. B mogesn iTopicModel [169] upemmosaraercs, 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 9KCIepUMEeHTBI®, peryjiapusanus MaTpulibl ® IpuBoIuT HpaKTHYeCKH
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
KJIacTepu3aluu, puc. 17.

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

3Bynaros B.T. Hcnonb3oBanne TpadoBOil CTPYKTYPHI B TeMATHIECKOM MOJEIHPOBAHAH. Marumcrep-
ckaga auccepranus, MOTHU, 2016.
http://www.MachineLearning.ru/wiki/images/4/4d/Bulatov-2016-ms.pdf

69



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 Pelllenne 3a1adn Kiaccudukammn [156],
undopmanunonuoro noucka [81] mwam cermentanuu [153| rexcros. HemocraTounoe 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 mpegioxkeno B [180| mia yaaienus
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 (18):

n p(d)
70 )

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

Orq = norm <ntd <1 — T#)) (64)

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 Jupuxie (hierarchical Dirichlet process, HDP) [172| nium npo-
necca Kutaiickoro pecropana (Chinese restaurant process, CRP) [38].

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 [182] 6blin ipoBeieHbl SKCIEPUMEHThI HA [MOJIYCHUHTeTHIECKUX JIAHHBIX, [1PE/ICTaB-
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 xo/e skcrepuMenToB [182| Takzke BBIICHUIOCH, 9TO PETyISpH3ATOP 0TO0PA TeM HMe-
eT IMOJIE3HBIN COMyTCTBYIONMT 3pdeKT: oH yaaadeT U3 MOAeSH AyOTUPYONINe, PacIIlell-
JIEHHbIE M JIMHEHHO 3aBUCUMbIe TeMbl. Teopernyeckoe 060cHOBaHUE ITOIO (paKTa OCTAETCs
OTKPBITOI 11pODOJIEMOId, JIOKA3aTh €ro 10Ka He YJIAJI0Ch.

Mepapxnueckoe Tematnyeckoe moaenmpoBaHue. Mepapxuueckue reMaTuaecKue Mo-
JIeJId PEKYPCUBHO JIe/IdT TeMbl Ha LOATEMbl. TeMaTHYecKue HepapXuu CJLyzKar Jjid 110-
CTpOEeHUsI PyOPHKATOPOB, CHCTEMATU3AIMH OOJIBIINX OOBEMOB TEKCTOBOI HMH(MOpPMAIHH,
nH(GOPMAIMOHHOrO IOUCKA, ¥ HABUTAIMA 110 OOJLIIMM MYJIbTHIACIUAILTIHAPHBIM KOJLICK-
muaM. 3ajada aBTOMATHICCKOR pyOpHKAIUME TEKCTOB CJOXKHA CBOEHl HeOJHO3HAYHOCTHIO
1 CyObeKTUBHOCTLIO. Pa3/imuns BO MHEHUAX 3KCIEPTOB OTHOCUTE/ILHO PYOPUKALUU JOKY-
menToB MoryT jocrurarb 40% |1]. Heemorpst na obusine pabor 1o nepapXxuaecKuM TeMa-
TraeckuM Mogesam (37, 104, 123, 207, 149, 191, 192, 193, 194|, ontumusamus pasmepa
U CTPYKTYPbI HEPAPXHU OCTAETCA OTKPBITOH Ipo0JeMoil; 6osiee TOro, OneHUBAHUE Kade-
CTBa Mepapxuii — Takze OTKpbITas mpobiaema [207].

Crpareruu 110CIPOCHUS TeMaTHUYCCKUX UePAPXUil BeCbMa Pa3HOOOPA3HbL: HUCXO/IIIUE
(uBU3MMHEBIE) U BOCXOjsIye (ArJIOMEPATHBHBIE), PEJACTABIISIONNE HEPAPXUIO JIEPEBOM
WJIM MHOIOJI0JIbHBIM I'padoM, HapaluBaioliue rpad 10 ypOBHAM UJIM 110 BEePLIMHAM, OC-
HOBAHHBLIC HA KJIACTEPU3AIMU JOKYMEHTOB WM TepMOB. Henb3g Ha3Barb Kakylo-TO M3
cTpaTeruii mpeanoYTUTeNbHOM; ¥ KazK A0l eCTh CBOM JOCTOMHCTBA U HEJOCTATKH.

BepositHoCTHast mogens mexxypoBHeBbix cBsidei. B [49] mpeiokena Hucxoasmas
crparerus Ha ocHoBe ARTM. Mepapxus mpeacTaB/isgercs MHOIOI0JIbHBIM rpadoM ¢ (huk-
CUPOBAHHBIM YHCJIOM YPOBHEH U 33/JaHHBIM YUCJIOM TE€M HA KazKJIOM YPOBHE, BO3PACTAIO-
UM 110 YPOBHsIM ¢Bepxy BHEU3. Kark/piit ypoBeHb npejcrap/isier co00it OOBIYHYIO «ILIOC-
KYI0» TEMAaTUYECKYI0 MOJEJ/b, [O9ITOMY BPEMsl MOCTPOCHUsI MOJEH OCTAETCs JIMHEITHBIM
110 06bEMY KOJLIEKITHH.

Jng MmomenupoBaHWsS CBS3ell MeXKIy YPOBHIMH B MOJEJb BBOJATCS HapaMeTpbI
g = p(8|t) — yciioBHBIE BEPOSTHOCTH HOJATEM S B TeMax t. B MyJibruuciuiIMHApHBIX
KOJIJIEKITUST TIOJATEMbI MOTYT HMETh IO HECKOJIbKO pojuTesbckux Tem. Hanpumep, Ttema
«bnonnpopMaTuKay UMeeT B KadecTBEe POJUTEbCKUX «OMOJIOrHI0» M «UH(MOPMATHKY »,
a «OYCTHHT DeNIaloNuX JepeBbeBy — «OYCTUHI» U «pelraroniue aepeBbsy. [loaTomy mpes-
CTaBJIeHHEe UePApXUH MHOTOJOJbHBIM rpadoM mpeInodTuTe/bHee, 9eM JePEBOM.

Ha Bepxuem ypoBHe mepapxum CTPOUTCS OOBIYHAS IJIOCKAS TEMATHIECKAT MOJIE/Ib.
[Tycts Mozesnb -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, 4T06BI POAUTENBCKIE TEMBI ¢ XOPOIIO NPUOIUKATUCH BEPOSITHOCT-
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Puc. 18: JlobaBjieHne BTOPOTrO ypPOBHSI MEPAPXWK C MHOMKECTBOM IOATEM S peaju3yercd myTéM T00aB-
JIEHWs B MCXOAHYIO KOJUIEKIHMIO |T'| TICeBI0MOKYMEHTOB ¢ 9aCTOTAME TEPMOB 7.,:. MaTpuna cBaseil Tem
¢ monremamu ¥ = (p(s|t)) obpa3syercss B CTOJONAX MATPUIBI ©, COOTBETCTBYIONINX TICEBI0MOKY MEHTAM.

HbIMU CMECAMU JIOYEPHUX TEM S:

Znt KLw<P(w|t) Zp(w|s)p(s|t)> = Znt KLw<nn_Lit

seS

Z@wswst) — %ll\lrlla

seS )

e ¥ = (Vg)sxr — Mampuua cesseli, KOTOpas CTaHOBUTCsI JIONOJHUTE/IbHOI Marpuiieil
HapaMeTpPOB JjIs TeMATHYEeCKONH MOJIE/IN J0U9E€PHEr0 YPOBHSI.

DT0 33a9a MATPHIHOTO PA3IOKEHH IS MATPUIILI POJAUTETLCKOro ypoBHd ®f = U,
OOBIYHO MATPUYHBIE PA3JIOKEHHS UCIOIb3YIOTCs, YTOOBI IIPUOJIM3UTh MATPHILY BBICOKOI'O
paHra mpousBejeHueM MaTpuil 6ojiee HU3KOro panra. OHaKo B JJAaHHOM CJIydae, Ha000poT,
marpuna ®f Huskoro panra |T'| upubmizkaerca npoussegenuem Marpun, W, B Koropom
marpuia P Jlo/KHA UMeTh HOJIHbIH paHr | S|, 4Tobbl J0UepHsis MOJIE/Ib OIUChIBAJIA KOJI-
JIEKIIUIO TOYHEE, YeM POJUTe/bCKad. Peryaspu3aTop CBA3BIBACT TeMAaTHYECKHE MOJIETN
cocesanx yposreit { u f+ 1 Tax, 9TOOB POJUTENLCKHE TeMbI () aIIpPOKCHMHIPOBAJICH
JINHEWHBIMU KOMOMHAIUAMHE JIOUYEPHUX TeM g ¢ KOIDPUITHEHTAMEI Vg :

R((I)v \I]) =T Z Z Mt In Z @wsq/}st- (65)

teT weW ses

Bagaua makcuvuszanun R(P, ¥) ¢ ToYHOCTBIO 10 00O3HAYEHUIT COBIAJAET ¢ OCHOB-
HOU 3a/1adeil TeMaTHIecKoro MojeaupoBanust (13), eciin CYUTATh POAUTENBbCKUE TeMbI ¢
nce600d0KYMEHMAMY C 9ACTOTAMEI TEPMOB Ny = NPyt ITO O3HAYALT, 9TO BMECTO MO/~
dukanuu dopmysi M-mara JaHHbI pery/ispu3aTop MOKHO peaJ/u3oBarh upoiie. locra-
TOYHO, HOCTPOUB POJUTE/IbCKUiT ypoBerb u3 |T'| rem, jobasurh B KoJuteknuio |T'| nceso-
JIOKYMEHTOB C 9aCTOTAMH TEPMOB N MaTpuma W mosydurcs B cTOIONAX MaTpHUIBL O,
COOTBETCTBYIOIIUX IICEBIOIOKYMEHTAM, KaK MOKa3aHO Ha puC. 18.

JlaHHBINI TOAX0, K MOJETHPOBAHUIO NepapXuil peaan3oBaH B bubmmoreke BigARTM.

AJlbrepHATUBHBIN 1TO/IX0/] K MOJIEJIUPOBAHUIO MEKYPOBHEBBIX CB3€il, TAKKe IPe/1I0-
JKeHHbI B |49], 3aKk/r09aercst B TOM, 4T0ObI HPUOJINKATH POJUTEIBCKHE TeMbI KAK PACIPe-
aenenns p(t|d) BepOATHOCTHBIMU CMecSMHU JT04epHHX TeM y . o p(t|s)p(s|d). B pesyims-
TaTe MOJIYYAeTCd PEryasapu3arop Marpuibl O /s j104YepHero ypoBHsI, SKBHBAJICHTHBIN
BBE/ICHIIO MHOYKECTBA, POJUTETHCKUX TeMbl 1 KaK MOJAJbHOCTH C 9aCTOTAMH TEPMOB 7.
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OKCIEPUMEHTBI 1TOKA3aJIM, 9TO JIAHHBII 110/IX0/ XyrKe HPHOJINAKAET POJUTEIHCKYI0 MaT-
puiy ®¢. Kpome roro, nobas/ienne MOJAJILHOCTH B KaXK /bl JOKYMEHT TPYy/IHEe Peains3o-
BaTb, YeM J00aBJIeHHe ICEBI0IOKYMEHTOB B KOJUIEKNH0. J[aHHBIH MOAX0 OBLT MPU3HAH
Hey/IadHbIM U He ObLI peam3oBaH B BigARTM.

Pa3pexxunBaHue MeXxypoBHEBbIX CBs3eil (hbopMau3yeT eCTeCTBEeHHOE HPeII0I0KEeHHe,
4TO KazKJad TeMa J0YepHero ypoBHd s € S uMeer HeDOJIbLIOE YHMCJIO CBA3CH ¢ TeMaMu
pouTeIbcKOro ypoBHs t € T. B wacrHoct, eciau Bee pacupenenenus p(t|s) BBIPOKe-
HBI, TO €CTh KayKJad T€Ma S UMEeT TOJLKO OJHY POAUTEILCKYIO TeMy t, TO BCS MepapPXUs
upuobperaer Buj Jiepesa. [IpumMennM Kpocc-9HTPONUURHbBINA peryJisipu3arop Jijisd pa3perxKu-
BaHus pacipeje/ennii p(t | S), BbIpa3uB ux 4depes Yy 110 (opmysie Baiieca:

R(V TZZ 1npt|s ZZl d}i;ntn

seS tET tET seS

[Tockosbky Marpuina W sB/IgeTca 4acTbio MaTpuibl O, K Heil mpuMennma dopmyta (18),
u3 KOTopoit cieayer dopmysa M-mara i MOJIe/ I J0YePHEr0 YPOBHSI:

v = (a4 {0l015) = 7)) ©6)

CorutacHo 91oii dhopmy.ie, ycioBhbie BepogrTHocT p(t|s), MeHbinue %,

CTaQHOBYATCS €Ile
MEHbIIIe, U [IPH JIOCTATOYHO O0JIbIIOM T 00Hyssiforest [49).

3 _ nst Nst

[Tpu paspexkuBanuu pacipejesienuii p(s|t) = 2L Baxkuno, 4robbl BeKTOpbI P(t|s) = !

OCTABAJIACH PACIIPEIEICHUIME, TO €CTh YTOOLL Y K&)K,ZLOI/I HOJATEMBI S OCTaBAJIACh XOTA Obl

OJlHAa POJMTENLCKad Tema. Ha modyepreMm yposHe S He TOMKHO 00pa3oBaThbCd HU OJHOM

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

CnekTp TeMm u Bu3yanusauusi vepapxuii. Temarndeckue mepapxuu CTPOSITCs B 3Ha-
YUTEJILHON CTemeH’ /I TOro, 4TOOBI IOKa3bIBATh MX MOJIb30BaTeqsaM. 1o CHX IOp MBI
TFOBOPHJIM O TeMaX KaK O HeylnopsaoueHHOM MHoxkecTBe 1'. OJHAKO IpPOCMATpUBATh CIIH-
COK TEM ropasjio yao0Hee, eC/ii OHH PAHXKHPOBAHBI 110 CEMAHTUYECKOH OJIM30CTH — TakK,
9TO0BI OJIM3KHE 110 CMBICJLY T€Mbl OKA3bIBAJIKCH B CIHUCKE PSAOM. DTO MOMOIAET II0JIb30-
BaTe/IIM ObICTpee HAaXOJWTh HYzKHbIE TEMbl U AKIEHTHPOBATH BHUMAHHE HA PA3JIHIHIX
MezKIy Hambojiee OJU3KHUMHU TeMaMHi. DTO BaXKHO U JIJId OOBIYHBIX <«ILJIOCKHX» TeMaThde-
CKHUX Mojesieil, u, TeM OoJiee, I HepapXUIeCKUX.

Cnexmpom mem OyneM Ha3bIBaTh yIOPAJTOYCHHBIH CIHCOK TeM ti, . .., 7|, B KOTOPOM
CyMMa PACCTOSHUI MKy COCEIHUMHU TeMaMi MUHUMAJIbHA:

7|

Z p(tw ti—l) - mina

1=2

riie p(t,t') — dyHkuug paccrosHusg Mex/y TeMaMu Kak crojbnavu marpuis . Hampu-
Mep, MOZKeT ObITh B35TO KocuHycHoe paccrosinue (96), paccrosnue Xesmmurepa (97) nim
paccrostune zKakkapa Mexky ceManTudeckuMu sipamu tem (98). Dro 3ajada kKoMObuHa-
TOPHOM ONTHMHU3AIME, SKBUBAJEHTHAS 3aa1e KOMMUBOsKEpa®. JIst ed penrenus MozKer

4®enopaka J. C. TexHoIOrns HHTEPAKTHBHOM BU3YaJI3allll TeMATHUIECKIX Mofesel. Bakanappckas
mucceprarust, MO®TU, 2017 (www.MachineLearning.ru/wiki/images/d/d8/Fedoriakal7bsc.pdf).
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. OCTPOB, 3eMI1si, MEPUOS, TaMm, TEPPUTOPUS, OKeaH, rae, Gonee, BUA, HANTYN, BYNKaH, HAXOANUTLCS, HOXHbINA

. pacTeHue, sINoHWA, paca, npu, Gonee, Yem, HanpumMep, UCCNEOBaHMe, BUA, CTPaHa, Hacenexne

. BWZ, 3BOMIOLMS, CameLl, MO3T, camka, X1BOTHoe, oT6op, reH, Gonee, NTvua, Hall, Mexay, 4Tobbl, YeM, Apyr

. MO3I, HeMpOH, Npu, 3aGonesaHue, Hall, NaUMeHT, COCTOAHWE, cucTema, 6onesHb, COH, UCCrefoBaHne

. KneTka, My3ei, CTBOMOBOW, TKaHb, OPraHnaM, YToBbl, ONyXorb, CUCTEMA, UCMOMNb30BaTh, TEXHOMOrNS

KneTka, reH, AHK, OpraHusM, Morekyna, reHom, 6enok, 6enka, GakTepns, cucTema, NPoLEce, X13Hb

cucTema, matepuar, 3afgada, CTPyKTypa, MeTof, KOMMbloTep, AaTb, MPU, XMMUYECKNIA, 0bnacTb, XuMns

. KBAHTOBbII, CBET, BOMHA, aTOM, UHGpOpMaLUS, (DOTOH, CUrHan, UCNONb3oBaTh, ABA, MPU, YacToTa, COCTOSHUE

. 4acTuua, 3HEPrUs, KBapK, B3aUMOAENCTBIE, MarHUTHLIN, SNEKTPOH, Macca, ¢huaunka, 6030H, NPOTOH, MoLENb
10. 3Be3qa, ranakTuka, 3emrsi, NnaHeTa, BCeneHHas, Abipa, YEpHbIN, 0GLEKT, COMHLE, Macca, Hall, cucTema

11. TEOpUsl, NPOCTPAHCTBO, BCENEHHas, 3akoH, U3nka, MaTeMaTUYECKui, ypaBHeHWe, Yvcno, ABa, Mup, cuctema
12. Haw, ceTb, MHPOPMaUWS, AaTb, OOBEKT, KyrbTypa, 3aja4a, HanpuMep, obpas, namMsTb, CNOBO, pa3Hbiii

13. A3bIK, CNIOBO, PYCCKUIA, HAaNpUMep, roBOPUTb, CrI0Bapb, Peyb, PasHblil, A3bIKOBOW, TEKCT, ABa, NMHIBUGCT

14. HayKa, y4€HbIi, Hay4HbIV, MOTOMY, YTOObI, NEKUWS, XOPOLLUWA, YHUBEPCUTET, cervac, Halll, 3aHUMaTbca

15. aKOHOMIN4ECKNIA, PKOHOMMKA, CTpaHa, 4ToObl, Gonee, pbIHOK, KOMNaHua, LeHa, pelleHne, AeHbra, pabora, Hem
16. cTpaHa, BoWHa, rocy4apcTBo, MONNTUHECKUIA, POCCUSI, COBETCKWN, BNAaCTb, NONUTUKA, FepMaHns, cTaTb

17. peBEHOK, XeHLNHA, MYXUUHA, KMN3Hb, KYNbTypa, 06LecTBo, cebs, ceMbs, couUanbHbIA, COBETCKUN, EHCKUI
18. ropofd, NPOCTPAHCTBO, COLMarbHbIA, TOPOACKON, OOLLECTBO, MECTO, KYNLETYPHLIN, XU3Hb, 6onee, COBpeMeHHbINn
19. nccnepoBaHve, coumanbHblit, NOBeAEHUE, IPynna, pelleHue, and, the, Teopus, npobnema, Hayka

20. coumarnbHbIiA, COLMOMNOrus, MUp, Teopusi, 0OBEKT, COLMONOTMYecK1iA, AeicTBME, CODbITUE, COLUONOT, Hayka
21. nonuTU4ecKniA, hunocoduna, naes, Hayka, ceoboga, NoHATUE, PEBONOLMA, ucTopus, ounnocod, Bek, cedsa
22. npaBo, BNacTb, 3aKOH, KOpOrb, BEK, PUMCKWIA, 60T, cedsi, LepKoBb, NPaBOBOMA, MONUTUYECKUIA, CYA, ABa

23. BEK, UCTOPWS, PYCCKAIA, UCTOPUYECKIA, UMA, TPAANLMA, XPUCTUAHCKNI, KYNBTYpa, NCTOPUK, TEKCT, Yxe

24, cebs, NcKycCTBO, NMTEpaTypa, roBOpUTL, MOTOMY, MUP, CaM, MAM, KW3Hb, CIOBO, TEKCT, POMaH, Bek

25. kHura, counbm, aBTOp, KMHO, pcourse, NUm, Y1Tatenb, NOCBATUTL, TeMa, UCTOpUSA, UccrnefoBaHne, paboTa

CRENDGO P WN =

Puc. 19: IIpumep m10cKoro teMaTuv4eckoro CieKTpa u3 25 reM, IOCTPOEHHOIO 110 KOJIJIEKIUY 11y OsinKauii
HAayYHO-TIPOCBETUTEHCKOTO pecypca postnauka.ru ma 2017 r.

NeKUKs, NPoYuTaTh, NOCTHayKa
R KHWra, aBTop, HanucaTb

Hayka, 4TObb!, yHEHbIN HayKa, Ha ‘-IR-!LIVI YYEHbIN

pellierine, 4ToOkI, SKOHOMMKA

ropof, NPOCTPAHCTBO, FOPOACKON

CTPaHa, IKOHOMWUYECKMIA, KUTan

OCTPOB, adppuka, paca

KyrsTYpa, BeK, Kyanyle:.IVI

BEK, UM, UCTO

MICKYCCTBO, nMTepaTypa MU

Ni1bM, KMHO, KMHeMaTorpal

BOVHA, COBETCKUI, POCCHSE

npaBo, NPa3aHMK, BOMHA

npaeo, BEK, LIEpPKOBb

Npago, 3aKOH, cebst

DUNocotna, peBonioLIna, BeK

TpaHa, ropofl, 3KOHOMUYECKUIA

BEK, UCTOpUS, KyNnbTypa
npaBo, MONUTUHECKWIA, BNacTb

-CoLManbHbIf, KHUra, Hayka

MCTOPUS, HAyKa, UCTOPUHECKNA
3a[laqa, nccrnenosadHve, peleHue
pe eHOK JKEHLLMHA, MyX4nHa
AMATD, NUM, pcourse

MO3T, Heil OH, HaLl

root
MO3F, Hall, npn

A3bIK, CIOBO, PyCCKUM

39MJ'I$'| nnaHeTa cucrema
3B€3/1a, ranakTika, BceneHHasn
yacTuLia, 38e3aa, TeopHst YacTuua, KBapK, B3auMogencTBue

TEOpWS, MPOCTPAHCTBO, 3aKOH
cucTema, 3afjiada, fatb
MaTepmar, atoM, CTpyKTypa
nepyof, BYrkaH, semns
OpraHu3M, KIeTka, XKi3Hb
pacTeHIe, BUPYC, TeH
NHK, KIeTKa, [EH B
KIETKa, My3€l, CTBOINOBOM
KINeTka, TeH, opraHnsm B, 350ﬂ¥0LLVI$|, XKVBOTHOE
pacTeHe, opex, MbILLLa

Martepuarn, npu, CTpykTypa

Puc. 20: IIpumep nepapXmaeckKoro rTeMaTudeckoro crmekrpa n3 10 u 40 TeM, MOCTPOEHHOTO MO KOJJIEKITUN
nybsmmKanuil Hay 4HO-IIPOCBETUTEIHCKOrO pecypca postnauka.ru na 2017 r.

OBITH HCIOJL30BAH, B 9aCTHOCTH, aaroput™ Jluna—Kepnurana B peanusanuu Xesbcray-
na [75], mmeromuit Boraucaureasuyio cuoxuocrs O (|T]*2).

B TEeMaTUICCKOM CIEKTpe CeMaHTU1eCKU 6JII/I3KI/Ie TEMbl OKa3blBaIOTCA PAJA0OM, KaK I10-
Ka3aHo Ha puc. 19. [Tpu mocrpoeHnu nepapxuvaeckoro CleKTpa yIuThIBAIOTCA BCe YPOBHHU,
9TOOB MUHUMA3HPOBATDL TUCJIO Tepecevennii B rpade caaseit, cM. puc. 20.

14 MopennpoBaHne co4eTaeMoOCTI CJI0B

['unoresa «MemiKa €JI0B» dBJILAETCA OJHUM U3 CAMBIX KPUTHKYEMBIX IMIOCTYJIATOB Te-
MaTH9IeCKOro MojennpoBanud. OHa HOTHOCTBIO UTHOPUPYeT (byHIaMeHTAJIbHOe CBOICTBO
couemaemocmu caos (word co-occurrence) B ecrecTBeHHOM s3biKe. CodeTaeMOCTh ObIBAET
JIBYX BUJOB: KOHMAKMHAA T OUCTLARTHAA.
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st onmcaHus KOHTAKTHON COYETaeMOCTH W3 TEKCTA BbIJIE/ISIOTCS BCEBO3MOXKHbBIE
N-2PamMMb, — TOCJIEI0BATEILHOCTH U3 N MOAPS uaymux cja1oB. Cpegu n-rpaMm 1peji-
CTaBJIAIOT WHTePeC KOJUIOKAIIUU U CJI0BOcoueTanusd. Koarokayus — 9TO n-rpaMma, BCTpe-
JAOIIAsAcd B KOPILYCe ropa3ao Jalre, 9YeM MOZKHO OBLIO Obl O2KHIATH MIPHU YUCTO CIYyIailHOM
COeJIMHEHNN JTAaHHBIX CJI0B. Crosocouemanue — 3TO N-TpaMMa, CJI0Ba KOTOPOU CBI3aHBI
[0 CMBIC/Iy W TPAMMATHYECKH, U 0D03HAYAIOT eJUHOe MoHsATHEe. B TeMaTudeckux MOe/1sx
TEMATUKY TAKUX N-TPAMM JIy4Ille OIPE/Ie/IsITh, He Pa3/Ie/isds UX Ha OTAe/IbHbIE CJIOBA.

JluctanTHAA CcOYETaeMOCTh O3HAYaeT JacToe MOsIBIEHHe CJIOB B OMHHUX U TeX yKe KOH-
TeKCTaX, HAIIPUMeED, B OJHOM IPeJJIOKEHNN U B COCeHHUX IPEe/IJIOKEeHUIX, HO He 00sI-
3aTeJIbHO BILIOTHYIO JPYT K APYTY.

Muorue ucciieoBanus HAIPABJIEHbI HA CO3/QHUE TEMATHIECKUX MOJIEJIe, YIuThIBa-
IONIUX MOPsiIOK CI0B. V3 Hux Hambo/iee BayKHBIMU HPEJACTABJISAIOTCS TPU HAIIPABJICHUS.

[TepBoe nampapjieHue CBSI3aHO C BbIJeIeHHEM HH(MOPMATUBHBIX N-IPAMM — KOJLIO-
Kaluil, CJI0BOCOYETAHWII, TEDMIHOB, MMEHOBAHHBIX cymHOcTeil. TeMbl, mocTpoenHnble HA
n-rpaMMax, HAMHOTO JIy4ille HHTePIPETUPYIOTCs, YeM MOCTPOEHHBbIe Ha YHUrpaMMax (0T-
JeJbHBIX c10Bax). [Ipobiiema B TOM, 4TO 9HCIIO BCeX n-rpaMM KaracTpodudecku ObCTpO
pacTér ¢ pocToM 00bEéMa KOJLJIEKIIHH.

Bropoe namnpasiienue cBsi3aHO ¢ OCHOBHO{I runore3oit ducmpubymueroti cemarmuky:
CMBICJI CJIOBA OIpeJIeIsgeTcs TeM, B OKPYZKeHIU KaKHUX CJI0B OHO Jallle BCErO yIOTpedIsdeT-
cs. [ogBaenne nporpammbl word2vec [119] crumynupoBasio pasBuTHe 6eKmMOPHOLL Nped-
cmasaernud caoe (word embedding). Oum HaxOAAT Maccy UpuMeHeHH Osarojapsi Tomy,
9TO CEeMAHTHYECKU OJIM3KUM CJIOBAM COOTBETCTBYIOT OJIM3KuE BEKTOPBI. Temarudeckue
MO/JIE/IN TAKKe CIOCOOHBI CTPOUTH BEKTOPHBIE HPEJACTABJICHUS] CJIOB, 00/1aAI0NUe ITUM
CBOIICTBOM, B TO Ke BpeMs COXPaHss CBOUCTBAa MHTEPIPETUPYEMOCTU U PA3PEKEHHOCTH.

TpeTbe HampaBieHHE CBA3aHO C memamuyveckol cezmenmayuet, W TUTOTE30H, 9TO
TEeKCT Ha eCTECTBEHHOM S3BIKE COCTOUT W3 IOCJeI0BATETbHOCTH MOHOTEMATHIHBIX CO00-
nienuii. B qacTHOCTH, KazK10€ IpeJI0zKeHne 9alle BCero OTHOCUTCS TOJIBKO K OJIHOI Teme.
3a/iaun cerMeHTalun pacCMaTpPUBAIOTCs B pasjese 15.

Mopgenun KoOHTakTHOW co4detaemocTu. lcnosb3oBanue n-rpamMm, KOJLJIOKAIUN WK
CJIOBOCOYETAHUI 3aMETHO Y/Iy4IIaeT HHTEPIPETUPYEMOCTb TEM, UYTO JeMOHCTPHUPYET-
Cd MPaKTUIeCKH B KazkI0# IyOJUKAIUU IO N-IPAMMHBIM TEMaTHIECKHM MOJIEISIM,
cM. Hanpumep [85].

[lepBas Gurpammvuas temarmdeckas Mozaeab BTM (bigram topic model) [188] mpen-
cTaBJIsia cOOOIl M0 CyTH MYJIBTUMOJIAJIBHYIO MOJIE/Ib, B KOTOPO#l KaXKJ0MY CJIOBY U COOT-
BETCTBOBAJIA OT/AE/IbHAS MOJIAJILHOCTE €O cjioBapém WY C W cocraB/ieHHBIM U3 BCEX CJIOB,
BCTPEYAIONIMXCS HEITOCPEJICTBEHHO II0CIe ¢JIoBa v. 3amnuiieM log-pasomnoaoodue 3Toit Mo-
JIeJII B BHJIE PeryJgpu3aTopa:

R((I), @) == Z Z Z Ndvw In Z (plz}utetda

deD ved weWv teT

rae @b, = p(w|v,t) — ycaoBHAs BEPOSITHOCTH CJIOB W MOCJE CJIOBA U B TeMe b Mgy, —
qacToTa OurpamMmmbl «vw» B JokyMmente d. [taBubiit Hepoctarok mogaesn BTM B Tom, aro
OHA YYMTBIBAET TOJILKO Ourpammbl. Bropas npobjieMa B TOM, 4TO YHUCJIO0 BCeX OUrpaMm
OBICTPO YBEJIMYUBAETCS C POCTOM KOJLJIEKIWH, U UCII0JIb30BaTh Mojeib BTM nHa Gosibiiunx
KOJUIEKITUSX 3aTPYIHUTETBHO.
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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. 21: IIpumepst TeM yHUIPDAMMHON MOJIEJIUM U COOTBETCTBYIOLIMX UM TeM OUIDaMMHO# Mozesu (110 KO-
Jekuuu crareil nay4unoit koudepenuuu MMPO — «Maremarudeckue MeTozpl pacio3HaBanus 06pa3os» ).

Mozgens TNG (topical n-grams) [197] ycrpamsger 9Tu Hem1oCTaTKH. YCIOBHOE PACIpe-
JIJIEHUE CJIOB OIIUCHIBACTCsI BEPOATHOCTHOM cMeChIo P(wW|v, 1) = &l + (1 —Eput) Puwt, T1€
Eowt — TEPEeMeHHasi, paBHAs BEPOSTHOCTH TOT'O, YTO HaPa CJAOB «VW» SBJISIETCH OUrpam-
Moit B Teme t. B padore C. C. CtennHa® moKa3aHo, 9T0 IPH HEKOTOPBIX He 0000 JKECTKIX
HPEJIITOI0KEHUAX l0og-TIpaBIomo100ue 3Toi MOJIe/ i OIeHUBAETCS CHU3Y B3BEIICHHOW CyM-
Mmoii log-tipaBaomnomobuii MogabHOCTeH yHArpaMM u ourpamm B Mogen ARTM. JIpyruvu
caoBamu, myabrumoaaabiasgs ARTM MoxkeT ObITh HCIOIB30BAHA, JIJIsT TOMCKA, TPUOJINZKEH-
Horo pemrenus B mogean TNG.

B Toii ke pabore ObLIN IPOBEIEHBI SKCIIEPUMEHTHI ¢ OUIPAMMHON MYJIBTUMOIATLHOMI
mozenbio ARTM na mebosbmioii (Menee 1000 JTOKYMEHTOB) KOJJIEKIIHH PYCCKOS3BITHBIX
crareil HayuHoit koudepenruu MMPO (MaTemaTiuecKue MeTO/bI PACMO3HABAHUSA 0Opa-
308). Corocrap/ieHue TeM yHUIDAMMHON 1 GUrpaMMHOI MoJieIeil M0Ka3a/10, 4T0 10 TeMaM
OUTrPAMMHOI MO/IE/IN OHPOIIEHHBIE TOCTOSHHBIE YIACTHUKN KOH(DEDPEHIIUU MOLJIH OIIPe/1e-
JINTh HAYYHYIO TPYIILY U JaKe aBTOPOB CTaTel, TOr/1a KaK M0 TeMaM YHUIPAMMHON MO/1e/11
C/IeJ1aTh 3TO OBLIO MPOOIEMATHYIHO, CM. puc. 21.

B ARTM n-rpaMmMHasi MOJE/Tb eCTECTBEHHBIM 00Pa30M OIIPeIe/IIeTCs KaK MYJIbTHMO-
JlaJibHASI, B KOTOPO# /ISl KAayKJIOTO N BBIJAEJSETCsS OT/e/bHAast MOJAAJIBHOCTh. st mpesi-
BAPUTEILHOIO COKPAIEHHUsS CJAOBAPEHl N-rpamMM IOJXOJUT METOJ, MOUCKA KOJIIOKAIHIT
TopMine [64]. On smueitno macirrabupyercst Ha GoJiblHe KOJUIEKIME U 1103BoJIsieT (op-
MHPOBATh CJ0Bapb, B KOTOPOM KazKJasd n-rpaMMa 00J1aj1aeT TpeMs CBOHCTBaMHU:

(a) UMeeT BBICOKYIO YaCTOTY B KOJLJIEKIIUH;

(6) cOCTOUT W3 CJIOB, HECTYIAHHO YACTO OOPA3YIOIIUX N-TPAMMY;

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

Mero/pl, npeiozKeHHble B ocaeayomux paborax, SegPhrase [107] u AutoPhrase [160],
JIEMOHCTPHUPYIOIIUE elIe JIVIIIne Pe3y/IbTaThl.

Mopenb 6utepmoB. Kopomkumu merxcmamu (short text) Ha3bIBAIOT JOKYMEHTHI, /U~
Ha KOTOPBIX HE JOCTATOYHA JJIS HAJIEKHOTO ONPEICTCHAS UX TeMAaTHKH. lIpuvepaMn Ko-
POTKHUX TEKCTOB ABJSIOTCA COOOmennsa TBUTTEpa, 3aroJJ0BKH HOBOCTHBIX COODINEHHIl, pe-

°C. C. Crenun. MynbTurpaMMHbIe 8l JMTUBHO Peryaapu30BaHHbe TeMaTHaeckne Mojean. Marucrep-
ckaga auccepranusa, PUBT MOTU, 2015.
http://www.Machinelearning.ru/wiki/images/4/4a/Stenin2015MasterThesis.pdf
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KJIaMHBbIE 06'])5{B.HGHI/I$I, PEIVIMKHK B /IMaJIO'aX, OTAE/IbHbIC IIPDEAJIO2KCHUA, U T. /. WsBecTHBI
LPOCTBIE 1OJIXO/IbI K 1PODhJIeMe, HO OHU HE BCErJIa IIPUMEHUMbL: O0'beIMHATH COOOIIEHUS 110
KAKOMY-JH0O0 MPH3HAKY (ABTODPY, BPEMEHH, PETHOHY H T.JI.); CINTATh KazKI0e COODIIeHUe
OT/IEJBHBIM JOKYMEHTOM, pa3pexkuBas p(t|d) BIIOTH 10 €MHCTBEHHOl TeMBbI; JOMOTHATD
KOJIEKIIMIO JUTHHHBIMA TeKcTaMu (Hampumep, crarbavu Bukuneaun). Oxaum u3 Hanbo-
Jiee yCIIelIHbIX W YHHBEDPCaJIbHbIX IIOAXO/A0B K HpO6ﬂeMe KOPOTKHX TEKCTOB CYHUTaeTCA
memamuueckas modeav bumepmos (biterm topic model, BTM) [201].

Bumepmom HaspIBaeTCsd Mapa CJIOB, BCTPEYAIONIUXCA PAIOM — B OJHOM KOPOTKOM CO-
OOIIeHUN WU B OJHOM IIPeJIOKeHHU WU B OKHe +h ciaoB. B oramume oT OurpaMMsl,
MezKIy IByMs CJIOBaMHU OHTepMa MOIYT HaXOIUThCA Apyrue ciosa. KoHkpernsamus mo-
HATUA «PAJIOM» 3aBHCUT OT HOCTAHOBKH 3aJa4u U ocobenHocTell Kosutekuun. Bpicokas
JacCTOoTa 6I/ITepMa B TEKCTOBOIil KOJIJICKIIUU 4ABJIACTCA HPOABJICHUEM ,Z[I/ICT&HTHOI';I co4deTae-
MOCTHU JIA@HHOM 11apbl CJIOB.

Mogens BTM onucbiBaeT BEpOSITHOCTH COBMECTHOTO MOsiBJIeHHsI CJI0B (u,v). Mexon-
HBIMH JAHHBIMU SIBJISTIOTCS 9ACTOTBI My, OUTEPMOB (U, V) B KOJIJIEKINH, UJIH MATPUIA Be-

postHOCTEHl P = (Puy)wxw, TIE Puy = NOrmM (Ny,).
(u,v)EW?2

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

p(u,v) =Y pult) p(v|t) p(t) = D urpum,

teT tel

rie Y = p(w|t) u m = p(t) — napamerpbl TeMaTUUeCcKoil MoJe/ M. DTO TPEXMATPUIHOE
paznoxkenune P = ®IIOT rue II = diag(my,...,np) — AmaronasbHas marpuna. Moaeab
OUTEpPMOB He OIpeIesIeT TEMATUKy JOKYMEHTOB © W IIOITOMY He IIOJABEPIXKEHA BJIUSHIIO
3 eKToB, BHI3BAHHLIX KOPOTKUMH TEKCTaMH.

ARTM no3BoJisier 00beMHATH MOJAEIb OUTEPMOB ¢ OOBIYHON TEMATHICCKONR MOJIEJIBIO,
9100bI BCE-Taku 1mo/yanTb marpuity O. /s sroro Bo3bmém log-ipasionogodue mo/iein
OUTEPMOB B KadecTBe pery/spusaropa ¢ Koddduiuenrtom 7:

R(®,1I) =7 Z Ty IN Z Out Pot Tt
u,v t

[Ipumenenne ypasuenuit (17)—(18) k sromy peryisipusaropy gaér dbopmynbt M-nrara:

Puwt = IllvOErVE/n (nwt +7 Z nuwptuw)? (67)
ueW
Pruw = ntoerTm(nt@wt@ut)- (68)

Otu GOpMy/Ibl HHTEPIPETUPYIOTCA Kak JobaBienue ncesdo-dokymenmos. Kaxmpomy
cioBy u € W craBUTCS B COOTBETCTBUE ICEBIO-TOKYMEHT d,, OObLEIUHSAIONINI BCe KOH-
TEKCTHI CJIOBA U, TO CTh 3TO MENIOK CJIOB, BCTPETHUBIIHUXCS PIIOM CO CJIOBOM U IIO BCeil
KOJUIEKIMH. 1HC/I0 BXOXKJIEHHI CJI0BA W B ICEBIO-A0KYMEHT d,, PABHO TN,. Bcromo-
rarejibHble IIEPEMEHHBIE Ppyy = P(t|u, w) coorBercrBytor dopmyse E-miara s ncesio-
JIOKYMeHTa, d,,, eCJId JOOIpPee/IATh ero TeMATUKy Kak Oy, = notrm(ntgom). Jpyrumu cjto-

BaMH, B MOJI€/IH OUTEPMOB CTOJIOIBI MATPHUILI O, COOTBETCTBYOIINE IICEBI0-T0KYMEHTAM,
oOpazylorcs 1myTéM IepeHOPMUPOBKHU CTPpOK Marpuiibl P 1o dpopmysie Baiieca.
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VBejmmuuBas KodpduimenT 7, MOXKHO J100UTHCs TOro, 4T0odbl Marpuna P dopmupo-
BaJIaCh IMPAKTHYECKU TOJBKO 10 butepmam. B takom ciydae momenb ARTM mepexoaur
B MOJIeJIb OUTePMOB, KOTOpas CTPOUTCS MO KOJJIEKINH ICeBI0-TOKYMEHTOB, 0e3 HCIOIb-
30BaHUs MCXOTHBIX JTOKYMEHTOB.

Mogenb cetn cnoB. Ujes MOae/upoBaTh HEe JOKYMEHTBI, & CBS3U MeKJy CJIOBaMH,
Obljla I10JIOZKEHA B OCHOBY TeMaTHYECKHUX MoOJjiejieil JUCTaHTHON MapHOW COYeTaeMOCTH
ciaoB WTM (word topic model) [47) u WNTM (word network topic model) [213|. JIto-
boubITHO, 4TO GosIee panHss myb/aukanus [47| ocrasach He3aMedeHHOI (BUAMMO, KaK He-
baitecoBckast), u craTha [213| maxke me cepimaerca na meé. Mogearu WTM u WNTM cBo-
narcs K npumerernio PLSA u LDA cooTBeTcTBEHHO K KOJIEKIIUN IICEB/I0-TOKYMEHTOB d,,:

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

teT teT

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

R®,0)=7 Y nuwln ) oub,

u,weW tel

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

OcHOBHOE OT/IMYME STUX MOJeJell OT MOAEeJIM OUTEPMOB B TOM, YTO 3/1€Cb B SIB-
HOM BH/IE€ CTPOUTCS MaTpuma © st HCeBIO-KOJLIEKINH, TONAAa KaK B MOJEIN OuTep-
moB © = diag(my,...,m)®PT U KoIMYECTBO mapamMeTpoB BABoe MeHbIme. Kak mokazasim
skcrepuMeHThI, Mojeab WNTM HeMHOro npeBoCXOguT MOje/ b OUTEPMOB U CYIIECTBEH-
HO IIPEBOCXO/IUT OOBIYHBIE TEMATUYECKUE MOJIEJIN [213] Ha KOJLJIEKIUAX KOPOTKUX TEKCTOB.
Ha KOJIJICKIUAX JIJIMHHBIX JOKYMEHTOB TEMATUYECCKUE MOJICJIN HapHOﬁ coyeraeMoCT CJI0B
HE Jal0T 3HAYUMbBIX IIPEUMYIIECTB Lepel O6bILIHbIMI/I TeMaTHN4YeCKUMMU MOJACJ/IAMU.

KorepeHTHoCTb. Tema HasbiBaercst kozepenmioti (COrIacOBaHHOIN), eciu Haubosiee da-
CTble TePMbI JAHHOII TeMBI YACTO BCTPEYAIOTCS PSZIOM B JOKYMeHTaX Kosutekiuu [133)].
CoveraeMoCTb TEPMOB MOZKET OIEHHBAThCA MO camoii Kosuteknun D [125], wiu 1o ¢TopoH-
Heit kosuiekiu, Haipumep, 10 Bukuneuu [130]. CpeHsist KOrepeHTHOCTH TeM CYUTACTCsE
XOpOIIeil Mepoil HHTEePIPETUPYEMOCTH TeMaTuIecKoii Mojesnn [134].

[Tycrb 3azanbl onenku coderaemoctu Ch, = p(w|v) miusa nap repmon (w,v) € W2,
O6b19HO C'Y)py ONEHUBAIOT KAK JIOJTIO0 JIOKYMEHTOB, COIEPKANIUX TEPM U, B KOTOPBIX TEPM W
BCTpevaeTcsl He Jlajiee yeM depe3 10 coB oT v.

Batmuem Gopmy.ty mosnuoit Bepositaoctr p(w |t) = > vagpvt U 3aMEHUM B Heil yCJ10B-
HYIO BEPOATHOCTD Oy YACTOTHOI OHeHKoil: p(w[t) = Y Cpp™ et BeeaéM perysisipusarop,
Tpedyonmii, 4To0bl IIaAPAMETPbI (0, TEMATUIECKONH MOJIe/11 ObLIM COIJIACOBAHBI C OIIEHKA-
mu p(w |t) B cMBICTIE KPOCC-9HTPOIIIHT:

?) :Tznt Zﬁ(w‘t) I @y

teT weWw

®opmyaa M-mara, cormacho (17), npuHEMaeT BUJ

Pui = nom (nwt +7 Y vanvt>- (69)
veW\w
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D10 cryraxkupaonuii pery/sipu3arop. OH yBe/JIMYUBAET BEPOATHOCTH TEPMA B TEME, €CJIH
TepPMbl, C KOTOPbIMM OH YaCTO COYETAETCsd, OTHOCATCH K JjlaHHOi Teme. TouHOo Takas ke
dbopmyna moayumwiack B [125| ais momenn LDA u anroputma comiuinpoBanus ['u66ca,
HO ¢ DoJiee CJIOKHBIM OOOCHOBaHHUEM 4epe3 00600mennyo ypHoByio cxemy lloiis, u ¢ 6osee
CJI0ZKHOM 3BpUCTHYIECKON OMEHKOH Clyy.

B pa6ore |130] upemiozxen Jpyroit peryjisipu3arop KOrepeHTHOCTH:

R®) =7 ) Cuuspu,

tel u,veEW

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

D|Nyy
1 PN

PMI(u,v) = NN

(70)
rjie Ny, — 4YUCJIO JIOKYMEHTOB, B KOTOPBIX TE€PMbl U,V XOTd Obl OJMH Pa3 BCTPEYAIOTCS
psiiom (He sasiee, dem gepe3 10 ciaoB), N, — 4HCJIO JOKYMEHTOB, B KOTODBIX TE€PM U
BCTPEYAETCA XOTd ObI OUH pas.

TaxuM 00pa30M, eIUHBIA MOAXO0/ K ONTUMU3AIUHE KOTePeHTHOCTH MOKA He BHIPAOOTaH.
[IpemsaraeMble KpETEpUH IMOXOKH HA MOJEIH OMTEPMOB U ceTu caoB. Bee omm dopma-
JM3YIOT OOLIYIO UJIEI0, YTO €CJAM CJIOBA 9aCTO COBMECTHO BCTPEYAIOTCH, TO OHU HMMEIOT
CXOKYIO T€MATHKY.

Mopenn BeKTOpPHbLIX MPeacTaB/IEHWI C/IOB CTaBAT B COOTBETCTBHE KarKJIOMY CJIO-
BY W BEKTOP Uy, pukcupoBanuoii pazmepuoctu. OcHoBHOE TpeboBaHME K 9TOMY 0TOOparKe-
HUIO — 9TOOBI OJIU3KUM 10 CMBICJIy CJIOBaM COOTBETCTBOBaJ/IM Ojim3kue BeKTOPhI. Coryac-
HO ducmpubymusnot zunomese (distributional hypothesis) cmbica cioBa omnpeensiercs
pacIpeieleHueM CJIOB, B OKPYKEHHH KOTOPBIX OHO BeTpedaercs [73]. Ciosa, Berpedaro-
Iuecsd B CXOKHX KOHTEKCTaX, MMEIOT CXOXKYI0 CeMAaHTHKY M, COOTBETCTBEHHO, JIOJI2KHDI
umMerh Gu3kue BekTopbl. st dopmasnmsanun sroro upunnuna B 119, 120] upeiaraer-
Csl HECKOJIBKO BEPOSITHOCTHBIX MOJIE/Ieil, BCe OHM peaJin30BaHbl B mporpamme word2vec.
B gacraocTH, Moesb skip-gram mpejicKa3piBaeT MOAB/ICHUE CJI0BA W B KOHTEKCTE CJI0BA U,
TO eCTb IIPH YCJOBUHU, UTO CJOBO U HAXOJUTCS PATIOM:

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

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

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

st o0ydenus MoJie/in peniaercs 3ajada MakcuMusanuu log-1pasionoiodus, Kak mnpa-
BUJIO, I'PA/IMEHTHBIMHA METO/IaMMU:

Z Nyw I p(w |u) — max.
u,weW {vw}

IIocTanoBka 3a/1aum o4eHb IoX0XKa Ha TeMaTndeckue Mojaean BTM u WNTM. Monenn
ceMelicTBa word2vec u Apyrue MoJde/in BEKTOPHbIX Hpe,ZLCTaBJ'[eHI/II';I CJIOB TaKZK€ ABJIAIOTCA
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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. 22: Ilpumepsbl penienus 3aja4d acconmauuii cjioB s mozesneir ARTM u word2vec. IlpuBogsrcs
qeThipe Hanbosee OJU3KHIE aCCOITNAIINMI.

MaTpUIHbIME pasioxenusvu [102, 143, 108|. [aBroe omindme 3aKII0OYALTCS B TOM, YTO
B 9TUX BEKTOPHBIX IIPEJ/ICTABICHUIX KOOPAUHATHI HEe HHTEPIPETUPYEMBbI, He HOPMUPOBAHBI
U HE Pa3pPeKeHbl, TONIa KAK B TEMATHICCKUX MOJE/ISIX CJIOBaM COOTBETCTBYIOT Pa3perKeH-
HblE JIUCKpeTHbIe pacupe/enenus tem p(t|w). C apyroii cropoHbl, TeMaTuIecKue Mo/e 11
N3HAYAIbHO HE IpeIHAa3HAYAJNCh JIJI OIpeJie/IeHIs CeMaHTUIeCKOil OJIM30CTH CJIOB, II0-
9TOMY JeJal0T OHH 3TO ILIOXO.

B [146] mpesioxken cmocob MOCTPOCHUST MEMAMUNECKUL 8EKMOPHOLEL NPeOCasAerull
caos (probabilistic word embedding, PWE) 1o nceBio-kosiekiuu JOKyMeHTOB, aHAJI0-
ruaabiii Mmogenaaym BTM u WNTM. B samagax cemaHTHIecKOit OJIM30CTH CJIOB OHH KOH-
KyPUPYIOT ¢ MOJeIsIME WOord2vec U CyIIECTBEHHO IIPEBOCXOAAT OOBIYHBIE TEMATHIECKHE
Mojiesin. [Ipu 9TOoM TemaTuvueckue BEKTOPHBIE IIPeJICTABICHUS SABJSIOTCI HHTEPIPETHPY-
eMBIMH U pa3pezKeHHbIMU. VICIo/Ib3ys KpOCC-9HTPOIUMHBIE PEry/Isapu3aTopbl, Pa3pezKeH-
HOCTb BEKTOPOB yJaaérca n0BoanTh 10 93% 06e3 morepu xauecrsa. Ha puc. 22 nmokasambl
HPUMEDPBI PEIeHns 3a0a9K aCCOMUALIMIA CJIOB ¢ IIOMOIIBIO MOJE/Iei, MOCTPOEHHBIX 110 aH-
[JIOSI3bIIHON Bukwniemum.

KonundectBeHnnble omeHKH nokasbiBaioT, 4yTo PWE pemraer 3agadym acconualuy CJIOB
HAMHOI'O JTy4Iie OOBIIHOI TeMaTndecKoil mojaeun LDA, HO He ¢TO/Ib yCIemHo KOHKY pUpPyeT
C JIYYIINM MOJEJIAM ceMeiicrBa word2vec, KakK B 33/a4aX CeMaHTHIECKON OJIM30CTH.

B 3ajsiaue cemantudeckoit 6simzoctu jokymenToB PWE yBepeHHO orieperkaior BeKTOP-
uyto mozesnb DBOW [54], cienmasibro pazpaboTaHHyIo JJisi TOUCKA CEMAHTHYECKN OJin3-
KUX JOKYMEHTOB.

Kpome Toro, ARTM mno3Bosisser 000OIMUTL TeMaTHIECKHEe MOJENH JUCTPUOYTHBHON
CeMaHTUKHU JIJIsl MYJBTUMOIAIbHBIX KoJutekiuii [146]. Vcmoab3yst qanHble 0 HApHOi CO-
YETAEMOCTH TEPMOB PA3JIMIHBIX MOAAJBHOCTEH, BOBMOXKHO CTPOMTH HWHTEPIPETHPYEMbIE
TEeMATUIECKNEe BEKTOPHBIE HPEJACTABICHU /I BCEX MOAaJbHOCTE. B TO ke Bpemsi, upu-
BJICUEHHE JIONOJTHUTETbHON MHMOPMAIMU O JIPYTUX MOJAJIbHOCTAX IOBBIMIAET KA4YeCTBO
pelIeHus 3aa9u OJIM30CTH CJIOB.

15 MopgennpoBaHue cBsA3HOro TekcTa

['umtore3a «MemIka CJIOB» W HPEINOJIOKEHNE O CTATUCTHIECKON HEe3aBHCHMOCTH COCE/I-
HHUX CJIOB IPUBOJAT K CJUIIKOM YaCTOU XaOTUYHOII CMeHe TeMaTHKU MeKJIy COCeTHUMU
caoBaMu. Ecm mpocieanTb, K KAaKIM TeMaM OTHOCITCS IMOC/Te/I0BaTeTbHbIe C/I0BA B TEK-
CTe, TO COYETAHUs TEeM BHYTPU KaXKJOT'O MPeJIOZKeHNs MOIYT HOKA3aThCsd He HACTOJIBKO
XOPOIIIO UHTEPIPETUPYEMBIMU, KaK PAHZKUPOBAHHbBIE CIIMCKU YaCTBIX CJI0B B KaK/I0i Teme.

Temaruueckue MoOJie/IM CEIMEHTAIMU OCHOBAaHbI Ha 00Jiee peaJIMCTUYHBIX I'MIOTE3aX
0 CBA3HOCTH TeKcTa. Karkoe mpeioxKeHne, KaK MPABUIO, OTHOCUTCS K OTHOI-TBYM Te-
Mam. Cremyroriee MpeIoKeHHe, KaK I[IPABUJIO, MPOJO0JIZKAET TEMATHKY IPeJIblIyIIEero.
Cwmena TeMbl PEJIKO MPOUCXOJUT MEXK/y HPEJIOKEHUIME, 9aCTO MexK/ 1y ab3amamu, emié
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galle — MKy CeKHUAMU JOKyMeHTa. KazK i0e npejlozKeHue MOKHO CUUTATh «MEIIKOM
TepMOB». JIOKYMEHT MOXKHO CYMTaTh «MEHIKOM IIPEeJI0ZKeHU».

BoJee akKypaTHbBIC HOAXO/AbI CBA3AHBI C HOJIHBIM OTKA30M OT THIOTE3bI «MEIIKa CJIOBY.
Temarudeckue BeKTOpbl p(t|d, w;) cTposTCst i KazK0il CJTOBOMO3MIUH i C YIETOM JIO-
KaJIbHOTO KOHTEKCTa JOKYyMeHTa d B OKPECTHOCTH TepMa w;. DTa e MOIYCKAeT pas-
HooOpasuble peasusanuu. CHava/ia Mbl PACCMOTPUM MeXaHU3M peryjdapusainuu E-mmara,
KOLJIa KPUTEPUH PEryJisipU3aliu BO3ALHCTBYIOT HEIIOCPEICTBEHHO Ha BeKTOPbI p(t|d, w;).
3areM pacCMOTPHM AJITOPUTM, KOTOPbIA BLIMHC/ISCT TEMATHICCKUI BEKTOD JOKYMeHTa Oy
o Marpurne ® 3a onHy WK ABe uTepanyun. B nponecce Boranciennsa GpopMHEPYIOTCH BEKTO-
PBI, OMMCLIBAIONIEE TEMATHKY JIEBOTO M IPABOr0 KOHTEKCTA [T KAazKIOH CIOBOIIO3UIMH 1.

TemaTtunueckas mogennb npegnoxxeHui. lomycrum, 910 KazxKblii JOKyMeHT d pa3dout
HA MHOYKECTBO CEIMEHTOB Sg. DTO MOI'YT ObITh HPeJIOXKeHusi, ad3aIbl U hpasv, — CUH-
TaKCUIECKH KOPPEKTHbIE YacTu mpe/oxkenuit. OO03HAYNM 4depe3 ng JJIHHY CerMeHTa S,
Yepe3 Mg, — UUCTIO0 BXOXKIEHHUN CJI0BA W B CEIMEHT S.

[IpeamooKuM, 9TO BCe CJI0BA CEIMEHTA OTHOCATCS K OJTHOI TeMe 1 3amuiineM (DYHKITHIO
BEPOSITHOCTU CerMeHTa S € Sy 4epe3 napaMerpbl TEMATHIECKON MOJCTH Oy, Big:

p(s|d) = Zpt|d pr|t"sw—29thg0"“.

teT WES teT wWES

Bynem cuntarh KazKplil JOKYMEHT «MEIIKOM CeIMEHTOB». Torya (pyHKIUs BepOATHO-
CTH BBIOOpPKH OyJ/ieT paBHA MpPOU3BEICHUIO (DYHKIUH BEpOITHOCTH cermMeHTOB. [locTtaBum
3a/la4y MaKCUMU3aluu cyMMbl log-1ipaB;io1o100us u peryJisipusaropa R

DD ) bu ]l + R(®,6) - max, (71)

deD seSy teT wEeSs

upu 00bIYHBIX orpanndenusx (14). B wacrnom ciydae, Korja Kazkjplii CEIMEHT COCTOUT
TOJIBKO U3 OJHOTO CJIOBA, JaHHad 3a7ada mepexoautr B (15). Bamernm rtakzke, 4To 3a71a4a
(71) siBAsieTcst YaCTHBIM CJIydaeM MOCTPOEHHs TeMaTHuecKoil Mogesu rumneprpada (52),
B KOTOPOM BePIIUHLI ABISIOTCH CIOBAMHE, a pédpa — IIPeII0KeHUIMH.

Teopema 15.1. Ilycre ¢yakuus R(P,0) wHeupepbiBao ugpdepennupyeva. Touka
(®, ©) Jsrokasproro sxcrpemyma 3agaqn (71), (14) yaosaerBopsier cucreme ypaBHeHHii co
BCIIOMOTATeTbHBIMH MEPEMEHHBIMHE Pygs = p(t|d, s), eciim u3 perennst HCKJIIOYATD HYJIEBbIe
crostomer marpui P, O:

Prds = norm(ﬁtd [T e

WES
OR

Pt = DOTI{ Nyt + Put o= |5 Nt = Y Y _[w € 8] pras;

ew 0g0wt deD seS

d
OR

Ora = norm ( g + Ora=—: Mg = Dtds-

€T 0044 segs:d

AnajorudnpiM 00pa30M 3ajada CraBUTCs i Mojean npejyioxkennii senLDA [32] u
JUIst MoJiesin KopoTkux coobmennit Twitter-LDA [210]. B oboux ciydasgx perysspusa-
TOPOM SBJILIOTCA alpHOpHbIe pacupenenenns dupuxie. B momenn Twitter-LDA B posn
JIOKYMEHTOB BBICTYHAIOT aBTOPbI, B POJIM CEIMEHTOB — COOOIIEHHST JIAHHOTO aBTOPA.
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Mmneprpacdosbie mogenun ceA3Horo Tekcta. Temarudeckast mojesb runeprpada (52)
u3 pazzera 10 Mmoxker ObITh HEIMOCPEICTBEHHO TPUMEHEHA, /15l IIOCTPOCHUST TEMATHIECKOM
MoJTeTd TIpeiozKennit. Pebpom rumeprpada MOKHO OIICATH KAaK MIPEeIOKeHIe, TaK 1 JT0-
60e MMOIMHOKECTBO TEPMOB, CBSI3aHHBIX JIPYT C JIPYTOM II0 CMBICJTY U IOPOZKTA€MbIX OJTHOI
ob1eil TeMoit.

Ecim rtekcr npejsapure/ibHO 00paboOTaH CUHMAKCUYECKUM NAPCEPOM, TO B Kade-
crBe pébep MOXKHO GpaTh BETKH MJIH HOJEPEBbsi CHHTAKCUIECKOTO JepeBa (cunmazmot),
B YACTHOCTH, UMEHHBLE 2PYNIb, — IPAMMATHIECKH KOPPEKTHBIE CJIOBOCOUETAHHSA, B KO-
TOPBIX [JIABHBIM CJIOBOM SIBJISIETCS CyIiecTBUTEIbHOe. CHHTAKCHIECKHE CBA3U IIO3BOJIAIOT
YCTAHABIMBATD CEMUHIMUYECKUE POAY CA08 U BBIIETATH (Pakmos, B BHIE TPOEK «OODBEKT,
Cy6'beKT, ,ZLeﬁCTBHe», KOTOpbI€ MO2KHO CHUTATL TeMaTU1€CKHU OJHOPOAHbIMHU U OIIMCbIBATDL
pébpamu rutieprpada.

MozKHO UCIIO/IB30BATH BHEITHUE JIMHTBUCTHYECKUE PECYPCHI — MEe3aypyco, W OHIMO-
aozuu, Takue Kak WordNet, PyTe3, Buku-CiioBaps u apyrue. OHE IO3BOJISIOT HaXO/JIUTh
Hapbl TEPMHUHOB, C BBICOKOII BEPOITHOCTHIO CBS3aHHBIE TeMATHIECKH, JTHOO BOOOIE 000-
3HAYAIONINE B TEKCTE OJUH U TOT K€ O0BEKT. DTO MOTYT ObITH HMAPBl CUHOHUMOS, TAPbI
2unonum—2uneporum (dacraoe—odiIee), napbl Meponum—roaonum (dacrb-iesnoe). Tepmu-
HbI, CBsI3aHHbIE TE3ayPYCHBIMHU OTHOIIEHUSIMH, MOKHO 00'be/IuHATh pedbpom runeprpada,
KOI/Ia, OHU HAXOJATCS B OJHOM IPE/IOKEHUH WM B COCETHUX IIPE/TTOKEHUSIX.

['umeprpacdoBasg Momesb He HAK/IAIbIBAET HHKAKHX OIPAHHYEHHI HA MHOIOKDPATHOE
BXOXK/ICHHE OJIHOI'O U TOTO K€ CJI0Ba B pasuble pédpa runeprpada. 1o 1aéT BO3MOKHOCTH
Y4uTblBaTh Pa3HbIC THIIbI CcBs3el MeEXK/AY CJIOBaMH, OIIUCbIBad UX PA3JIMYHbIMHU THIIaMU
pédep B runeprpade. Hamnpumep, M0KHO B eauHOM rutieprpadoBoil MO/e/iM yIUThIBATH
OJTHOBPEMEHHO IIpe I0KeHns, (pbaKThl, CAHTAKCHIECKIEe U Te3aypPyCHbIe CBSI3H.

TemaTuyeckasa mogenb cermedtaymun. Tenepb pacemorpum GoJjiee CJAOXKHbBIA CJLydaid,
KOI/Ia TEeKCT COCTOWT W3 IpeJIOXKeHuil, u Tpebyercsd OObeTMHUTb UX B OOJee KpPYIHBIE
TeMaTH4IecKne CerMeHThI, TPAHUIbI KOTOPBIX 3apaHee He OIpPeJieseHbl.

Memod TopicTiling |153| ocuoBan Ha mnocr-obpaborke pacupespesnenunii p(t|d, w;),
1=1,...,ng, MOJyIaeMbIX KAKOI-/IN00 TeMATUIECKOH MOe/bio, Haipumep, LDA. Oupe-
JIeJIUM TeMaTHKY 1peJJIoKeHus § Kak cpejuioio remaruky p(t|d,w) seex ero cios®.
[TocunTaeM KOCHHYCHYIO OJH30CTH TEMATHKHU [IJIs BCeX IMap COCETHUX MPeITOKEHMI.
YeM rury6zKe JTOKAIbHBIH MEHAEMYM OJTM30CTH, T€M BBIIIE YBEPEHHOCTD, YTO MKy JTAHHOI
Hapoil IpeJ/IoZKEeHHI MPoXouT rpanuia cermeHToB. Meros TopicTiling nucmosib3yer Hadop
BPUCTUK JIjIsE 10/100pa YMCJIa [PEJJIOKEHUI ¢jieBa U ClIpaBa OT JIOKAJIbHOIO MUHUMYMA
OJIM30CTH, 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 MO3BOJISIET JOCTUYb BBICOKOIO KadecTBa cermeHtaruu [153].

TopicTiling He gBsgeTcsa MOJHONEHHOII TeMaTHIECKOl MOJIE/IBIO CEerMEHTAIUN TeKCTa,
IHOCKOJIbKY 1IOCT-00pabOTKa HUKAK He BJIMSEeT Ha caMu TeMbl. dT0ObI HAUTH TeMbl, HaubO-
Jlee BbITOJIHbIE JIJIs CeI'MEHTAIuu, Tpedyercs Clielua/bHbIil Pery/ispu3arop.

Perynapusatop E-wara. /lo cux nop juis dpopmajiusanuu JIONO0JIHUTE/ILHBIX TpeboBa-
HUM K TeMaTUIeCKONl MO/Ie/IM Mbl KOHCTPYUPOBAJIUM KPUTEPUHU peryjsipusaiu Kak yHK-

6Tounee, B [153] npeaiaranoch /s Kazx10ro cjiosa spibuparsh Haubosee seposaThyto Temy. Oba Bapu-
aHTa UMEIOT [PaBo Ha cyiecrBoBanue. Kakoit u3 HuX Jydine, HOKa HE HUCCIEI0BAHO.
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MM OT HAPAMETPOB Oy U By, UTOOBI yuuTHIBATL HOPHAJOK CJIOB BHYTPH JIOKYMEHTOB,
ropas/io yi00Hee HaK/Ia/blBaTh OIPDAHUYEHUsI HA PACHPEIENeHUs Py = p(t|d, w), koro-
pble BBIYUCIAIOTC Ha E-mare s Kazka0ro Ca0Ba B KazkJI0M J0KyMmeHTe. TpeboBaHuem
peryJspu3aTopa MOKeT ObITh, HALIPUMEp, Pa3PeKeHHOCTh TEMATHKHU HPe/IOKeHHH, CXO0/I-
CTBO TEeMaTHKH TEPMOB BHYTPH KazKJIOTO MPeIOKEHHUA WIH B COCETHUX MPeITOKEeHHIX.

[Tycrs peryasipusarop R(IL, @, ©) apisiercs dbyukiuii ve 1o/16K0 Marpun, ¢ u ©, Ho u
TPEXMEPHOI MATPHIbl BCIIOMOTATEe/IbHBIX 1nepeMeHHbIX I = (piaw )TxDxw -

Bynewm npeamnosarats, 9to R SBIsIeTCs TOCTATOYHO TIAIKON (hyHKIUEH BeeX mepeMeH-
HBIX Didgw, Pwt 1 Oig. Kpome TOro, ces1aeM ecrecTBeHHOE TOMYyIEHne, ITO eCJU CJIOBA W
HeT B JIokyMeHTe d, To (pyHknusa R He 3aBUCUT OT MEPEMEHHOU Pigy, .

Corutacho ypasaennio (16), marpuna I1 ssisiercs dynknueit or © u ©. [Tosromy K pe-
rynspusaropy R(®,0) = R(II(P,0), ®,0) upuvenuma reopema 4.1. Ouuako cucremy
ypaBHEHUH y100HO 3alUCHIBATL Yepe3 YaCTHbIE IPOM3BOAHbIE Peryisipusaropa R, a ne R.

Paccmorpum 3a1ady MaKCHMU3AIMA PeryIsapru30BaHHOrO log-npaBromnoaodms

DY nawIn > puibia + RI(P,0),®,0) — max, (72)

deD wed teT ’

IIPU OIPAHUYEHUSIX HEOTPUIATEHLHOCTH U HOpMUPOBKH (14).

Teopema 15.2. Ilycrs pyukius R(11, &, ©) neupepbiBHO qudepernupyema u e 3aBu-
CHT OT HePEMEHHBIX Dy, TIpH W & d. Torma rouka (P, ©) JOKATBHOrO SKCTpEMyMa 331490
(72), (14) ymosierBopsier cucreMe ypaBHeHHI €O BCIOMOTaTeIbHBIMU TEPEMEHHBIMH Digy,
H Pidw, €CJTH H3 PEIICHHs HCKIIOYHTH HyJeBble cToaonsl Marpun O, O:

Ptaw = n%r%n (@wt@d)% (73)
- 1 OR
Ptdw = Ptdw (1 + — <8ptdw szdw D )) ; (74)
0R
Pwr = morm < > NawBraw + Pur 5 ) (75)
deD Puwt
OR
610 = norm ( wzed NawPiaw + O th) (76)
Hoxka3zareabcTBo. Haiijiém yacrubie pousBojiHbie MYHKIUE P,qy, (P, O) = %
Jtst sirobbix t, 2z € T
© 8pzdw = 0 ( przezd ) o
wt wt -
8Q0wt aSowt Zu prueud
[Z :t] th Zu (pwu‘gud - etd(pwz‘gzd .
0 8pzdw -0 0 ( (pwz‘gzd ) o
d Q> d =
Copi 00\, Pudbua
[Z:t] Pwt Z Sowueud - Sowtsowzezd
=40 z - w z=t| — wPzdw; 78
td N BE Dtdw] | = Ptawp-d (78)

3amerum, 4To pesy/brupyiomme Boipazkenust (77) u (78) coBuasaior.
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IIpomuddepenupyem cyneprosumuio R(®,0) = R(II(P,0), ®,0), yuursiBas, u4r0
ODzdw' | Opwe = 0 ipn w # W', Op,gry/001q = 0 upu d # d'; OR/Ipiagw = 0 upn w & d:

OR OR OR  Op.au OR OPraw
8Q0wt 8Q0wt 2dw 8pzdw’ 8Q0wt aSowt C;) ; apzdw aSowt ( )
OR  OR OR  Op.aru OR Op.auw
L= 80
00,4 0044 ZZ 3pzd' 004 39td %Z 8pzdw a‘gtd ( )

Bocnosnb3zosasumces (77) u (78), mosydum gBa TOXKIECTBA

Sowtz oR apzdw

= .. w Z:t - zdw = » W
IR Opzdw 2 o 1 ([z=1] = Pzaw) = PrawQua
etd z€T
T apzdw aetd
OR OR
IJIe BBEJIEHA BCIIOMOTaTe ibHas nepeMeHHast (g, = _ Z Do
a Ptdw 0 zdw

zeT
[TojcraBuM MOy 9€HHOE BBIDAKEHUE DigyQiay B UPaBYO0 dacthb (79), JOMHOKEHHYIO

HA 1, U B IPaBYIo dacTh (80), TOMHOKEHHYIO Ha ;. 3aTeM 10JCTAaBUM YaCTHBIE HPOU3-
BoJiHbIe peryisipuzaropa R(P, ©) B cucremy ypaBHenuii u3 reopemb 4.1:

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

OR
Pwt = norm ( Z Nw Ptdw + Z QawPtdw + Puwt 77— B ) ; (81)
deD deD Put
010 = norm < Z Ny Ptdw + Z QtawPtdw + Oram— oR ) (82)
wed wed 0014

BbijiesieHuie BCOMOraTeibHON MePeMeHHOI Digyy, COMIACHO (74) MO3BOJISIET Iepenucarh
ypasrenus (81)—(82) B rpedyemonm Buie (75)—(76).
Teopema nokazana.

Takum obpazom, B EM-ajropurme 11 KazK10ro J0OKYMeHTa d CHAYaJIa BBITHCISIOTCS
BCIIOMOT'aTe/IbHBIE TIEPEMEHHBIE Pygy,, 32TEM OHU IPE0OPA3YIOTCSA B HOBbIE IEPEMEHHBIE Dygy
KOTOpbIe MOACTABAAITCH B hopmymnsr M-mara (17)—(18) BMeCTO pigy. Takoii criocob BbI-
qucJieHuit OyjieM Ha3biBaTh pe2yaapusayuet E-waza i nocm-obpabomrot F-waza.

3ameTuM, 94TO MEPEMEHHBIE Pig,y MOTYT HIPUHUMATD OTPUIATE/bHBIE 3HAYCHUST, [I0ITOMY
B O0IleM cJiydae OHH He 00pa3yloT BEepOSTHOCTHBIX pacipejesnenuii. Tem He menee, i
HUX BBIIOJIHEHO YCJIOBHE HOPMHPOBKH Y, Praw = 1.

Pa3spexusanue pacnpegenenuii p(t|d,w). Ilorpedyem, 9T06bl KazKblii TEPM B JOKY-
MEHTe OTHOCHJICSI K HebosbimoMy 4ducay TeMm. s sroro 6ymaem paspeKuBarhb pacipese-
nerust p(t|d, w), makcumusupyst ux KL-TuBepreHIun ¢ paBHOMEPHBIM DaCIPeIeTeHIeM:

KL(FI‘ | p(t|d, w)) — max.
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CyMMupys 110 BCEM TepMaM BCeX JOKYMEHTOB, HOJIYIUM Peryjispu3arop:

R(IT) = Z Z N Z In pig — max.

dED wed teT
[TojcraBuM 11POU3BOHYIO

OR(Il) 7 ngy

apzdw B ‘T|pzdw
B opmymy (74):
ﬁtdw = Ptdw — T(% - ptdw)-

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

Emgé oxpa maTepnperanya 3TOro peryIapH3aropa CaedyeT U3 BO3MOKHOCTH 3aIMCATh
peryiagpusanuio E-mrara S5KkBuBaeHTHBIM 06pa3oM depe3 dopmyasl M-mara (81)—(82):

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

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

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

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

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

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

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

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

R(H> =-7 Z Z Z In Z N swPtdw- (83)

deD seS, teT wWES
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Omnyckast pyTHHHbBIE BBIKJIQJIKH, IPUBEAEM De3y/ibrar nojacraHoBku (83) B (74):

ﬁtdw :ptdw(]- - i Z :L;:} (i _szdw))

s€8y Dtds T Dzds

Xots GhopMy/Ia BBIVISIAT TPOMO3IKOM, 3(DMEKT MpUMeHeHUsI Peryiapu3aTopa HOHATD
He TpyAHO. Ecan BepoaTHOCTD Pigs TEMBI B CEIMEHTe OKaryKeTcd MeHbIe HEKOTOPOTO T0-
pora, TO BEPOSTHOCTH Pigy, OYJLYT YMEHBIIATHCS JIjIs BCEX TEPMOB W JIAHHOI'O CerMEeHTA.
B urore remarnka KaxJ0ro cerMeHTa CKOHIEHTPUPYETCH B HEDOJIBIIIOM YUC/IE TEM.

B pesyisibrare paspexkuBaHus TeMaTHKa COCEIHUX CEI'MEHTOB MOYKET OKa3aTbCs OJin3-
KOil, ¥ UX MOXKHO OyJeT oObeJMHUTH B OJUH TemMaTudeckKuii cermeHT. Hazosém Temy ¢
¢ MakcuMaJbHBIM 3HadenueM p(t|d, s) domunupyrowets memoti cermenta s JOKyMeHTa d.
Eciiu Tema JlOMUHHDYET B COCEJIHMX CerMeHTaX, TO OHa Oy/er JIOMUHMPYIONIeH U B UX
obbejuHennu. Ecjin o0beMHUTh 110C/1€/10BaTe/IbHbIE CEIMEHThI ¢ OJIMHAKOBOU JJOMUHUDY-
omeil remoit B ojiuH OoJiee KPYIHBIN CEIMEHT, TO JIAHHAs TEeMa TaKyKe OCTaHeTCHd B HEM
JIOMHHHUPYIOIIEH. DTO MpOocTas arioMepaTUBHAs CTPATErds TeMAaTUIEeCKOW CerMeHTAIlHH.
B ormane ot TopicTiling, y Heé HeT 9BpUCTUYECKHUX IapaMeTpPOB, KOTOPbIE HAJI0 HACTpa-
UBaTh, U OHA IIOYTHU HE YBeJIMYUBAET BpeMs 10CT-00paboTku E-mara.

dBpucTnyeckasi noct-obpabortka E-wara akBusaneHTHa perynsipusaymm. Coracao
dbopmyste (74), npousBosbHOMY Liagkomy peryasipuzaropy R(II, @, ©) ogxo3nadHo coot-
BETCTBYET IMPEoOPa30BAHUE Digy — Pidw- BEPHO U 0OpaTHOE: COBEPIIUB Mpeodpa30BaHUe
Ptdw — Ptdw C TOMOIIBIO HEKOTOPOI'O IBPUCTUIECKOTO AJTOPUTMA, MOKHO YKA3aTh Pery-
nspusarop R(I1), koropeiii npuséi Obl K TAKOMY K€ pe3yJibrary.

Teopema 15.3. Eciu Ha k-ii urepanun EM-ajnropurma st kaxgoro (d,w): ng, > 0
B opmymnax M-mara smecto sexropa (pf, )ier nogcrasuts apyroit sextop (Pf. )ier,
Y/IOBJIETBOPSIOIIMIT YCIOBHIO HODMUPOBKH Y, Py = 1, TO 910 9KBUBaJIEHTHO LpHMeHe-
HHIO DEryJIsApH3aTOPa CLIaKHBAHUS - PAa3PEKHBAHUS

R(II) = Z Z N Z(ﬁfdw — Phi) I Pt (84)

deD wed teT

HokazarenscrBo. anumem (74) kak cucremy auddepeHnnanibHbiX ypaBHEHHH OT-
HOCUTEILbHO (DYHKIMKM R 1M BBIJIEIMM B KazK/OM YPABHEHUM HEPEMEHHDBIE Tygy:

OR
k E ~k k
p w p w pz w = Ngw p w p w /) t c T
td 8]915 dw td S O, d 8 Do ( td td )

Ttdw Tzdw

Hutst kazioro (d, w) Takoro, 4ro ng, > 0, 910 cucrema |T'| JiuHeHBIX ypaBHEHUTT OTHOCH-
TesibHO |T'| IepeMeHHBIX gy, t € T. CyMMa Bcex ypaBHEHUi paBHA HYJIIO, CJIeI0BATEIbHO,
CHCTeMa, ABJIeTCA HeJOOIPeIeICHHON 1 NMeeT DeCKOHeYHOe MHOXKECTBO pemenuii. Ilepe-
IHIIeM 3Ty CHCTEMY B CJIeLYIOIIeM BHJIE:

~k k k
Ttgw = Naw(Digw — Praw) T P Z Todw, tET.
zeT

BekTop ZTigw = Naw(Pryy — Phw)s t € T ABJIsETCS HENOABUAKHON TOYKO[l U pelleHu-
eM 9TOIl CHCTEeMBI, HOCKOJIBKY YISl HETO » 5 Tzqp = 0. B3sB 910 pemenne (uim jmoboe
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123 ... g

| cexnmomumpoBaHue u paspexkmBaHHE |

ST IZZKIMZ ’“‘l 1

|} crmaxwBamme m KOHTpAacTHpOBaHmE |

TSl .

Puc. 23: 9pucruyeckas nocr-obpadborka E-mara jjis BblAeJIeHUA TEMaTUIECKU OQHOPOIHBIX CEIMEHTOB
TeKCTOBOrO JoKyMeHTa d = {w1, ..., Wy, } JIAHBL Ng. POHOBBIE TEMBI HE YIACTBYIOT B MOCT-0OpabOTKe.

Japyroe), moayduM cucreMy auddepeHnuaIbHbX YPABHEHUT B YACTHLIX POU3BOHBIX
oraocureabHo dbynknun R(I1):
OR Ttdw

—, deD,wed, teT.
aptdw Pdw

Dra CUCTEMA II0JHOCTHIO JIEKOMIIO3UPYETCH 110 IEPEMEHHBIM Pigy,. EE€ pellienueM 1npu 3a-
jganubix d,w,t asisiiores dyukinun Buga R(I1) = x4, Inpiay + C, tie C' He 3aBucur o
IIEPEMEHHON Pygy,. CitesioBaresibuo, obuiee pemenue R(I1) npejacraBumo B Buje cymMbl

R(II) = Z Z Z Ttdw 1N Praw,

deD wed teT

B KOTOPYIO MOYKHO IHOJICTABUTH ITPOU3BOJILHOE PEIIEHUE Tygy, t € T cucTeMbl JIMHEHHBIX
yPaBHEHHUI, B TOM YHUCJIe ¥ HAHIEHHYIO BBIIIE HEMOJABUXKHYIO TOUKY.
Teopema mokazana.

OJ1MH U3 BO3MOZXKHBIX BAPUAHTOB 9BPUCTUUECKOM MOCT-00pabOTKH 3aKTI0YACTCA B CIIa-
JKUBAHUH TeMATHIECKUX pacipejenenuil p(t|d, w;) coceHUX CIOB € yIETOM IDAHHUIY MIPe/I-
J07Kenuii B tokyMente d = (wy, . . ., Wy, ). COMIACHO TEOPUH THCKYPCa, BCIKOE BBICKA3BIBA-
HUE HA eCTECTBEHHOM $3bIKE sIBJISIETCH COODIIEHUEM O B3aUMO/IEHCTBUU HEKOTOPOI'O CyOb-
eKTa ¢ HeKOTOPbIM 00bekToM [4]. Orcroga ciestyer, 9r0 KazK10e UpeiozKeHHe OTHOCHTCSE
HPEUMYIIECTBEHHO K OJHON MJIM JIBYM TE€MaM.

Ha puc. 23 nokaszanbl craguu nocr-o6paboTku Marpuibl 11y = (paw) pasmepa T'xXng,
cooTBeTcTBYyIOMIEll bukcupoBanHomy JoKymMeHTy d. CHadaJia JIOKYMEHT CEKIMOHUPYeT-
Cd IO IpeajlozKeHUAM U B KazK/IOM IIPEAJIO2KeHUUN OlIpe/ie/IdeTcCsd IJilaBHad TeMa. SaTeM
coceJIHUE TPEJIOKEHUS C OJMHAKOBON IVIABHON TeMOW 00beJMHSIOTCH B 0oJiee KPYITHbIE
CEeIMEHTBI S, JijIsi KOTOPbIX OLpeJe/Isorcs pacupejeinenus p(t|d, s).

OpHonpoxogHbiii E-war. Beruuciienue remarnieckoro Bekropa Jokymenta 0y = (0yq)ier
B EM-anropurme tpebyer MHOIMX wTepalyii 110 BceM TepMaM JoKyMmenrta. B crarbe [11]
Ipe/IATaeTCsl BBIYUCISATH BEKTOD 0y 1o siBHOi dopmyite Oy = 0,4(P) 3a oqun suHeiHbIIT
npoxos, JokyMeHTa d. OrpaHudeHne-paBeHCTBO (DAKTUIECKH BBICTYIAET B POJIH PEry.is-
pU3aTOPa, XOTs M HE SABJISeTCA OINTUMU3ALUOHHBIM KPUTEPUEM.
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JlaHHbIH 1OX0/1 UMEEeT HEeCKOJIbKO NnpenMymiecTB. Bo-tmepBbix, BeKTOP 0y Jiist 11000~
ro JOKYMEHTa [PU HEOOXOJUMOCTH MOYKET ObITh BBIYHCJIEH OBICTPO, 33 OJUH IIPOCMOTP
JIOKyMeHTa. Bo-BTopbix, dakTHdeckoe HCKII0YeHne MaTPHUIBl © W3 MOJEIN MPUBOIUT
K COKDAIeHHI0 PAa3MePHOCTH MOJEN U YMeHbIIeHHuo mepeodbydenusd. B obbranoit Mose-
JI1 HEJOCTATOYHOEe KadecTBO MAaTpHUIbl ¢ MoyKeT ObITh CKOMIIEHCHPOBAHO MUTEPAITHOHHBIM
HPOIECCOM IMOAIOHKH KazKJoro crosiona 6y marpunbl © 1moj KOHKPETHBIH JT0KyMeHT d.
Yem KOpoOUe JOKYMEHT, TeM MeHee HaJEKHO 00ydeHue BeKTOpa Oy, BILIOTH JI0 3aMETHOTO
nepeobyuenus. Ecim ke © Bbipakaercs depe3 $ HermocpecTBEHHO, TO TaKas MOJTOHKA
CTAHOBUTCS HEBO3MOXKHOI. B-Tperbux, pasmep marpuipl O JUHEHHO 3aBUCHT OT YUCTA
JIOKYMEHTOB B KOJUIEKIIHH, TOT/Ia KaK pa3Mep CJI0Baps YBEJTHIHBAETCS MO CYyOTMHEITHOMY
crernlerHoMy 3akony Xwuiica [61]. Pocr cioBapst MoxeT ObITh OrpaHUYEH W IIPUHY/UTEI b
HO, Iy TéM 0TOpAChIBaHUSI HAUMEHEE YaCTOTHBIX CJIOB. Takum 00pa30M, YMEHBIIAETCS TeMIT
pocTa pa3sMepHOCTU MOJIEJIM [IPU PACHIUPEHUU KOJLJIEKIUH.

Haumém ¢ obiiero ciaydas mMpou3BOJIbHON 3adaHHOi 3aBucumoctu Oy(P), 3aTem pac-
CMOTPUM YaCTHBIA cay4dail JUHEHHONA TeMaTu3aluu TEKCTA.

Teopema 15.4. Ilycrps yakmun 0yy(P) u R(P,0) menpepsiBHO uhdepeHiupyemsr.
Torna rouka ® JokaspHOrO 3KCTPeMyMa 3ajadu (15) ¢ orpanmaennsvu (14) n gonosr-
HHUTE/IbHBIMH OIDaHUYeHusIMHU-paBeHcTBaMu Oy = 0,4(P) yuoBiersopsier cucreme ypapHe-
HHI CO BCHOMOIaTeJIbHBIMH IIEPEMEHHBIMH Digy, = P(t|d, w), nyg 1 ply,, ecan u3 pemenus
HCKJIIOYATH HYJIEBbIe CTOJI0MBI MaTpui P, O:

Ptdw = H%T%ﬂ (@wt@d)% (85)
OoR

Ny = NdwPtdw + o ) 86

td WZEd dwPtd tdaetd ( )

Pt Nsd a‘gsd i

/
Piaw = Ptdw + ) (87)
Ndw scT Hsd a()Owt
OR
w:normgnw/ + Putm— |- 88
Puwt 1ora o dwDidw T ¥ t&pwt (88)

JokazareabcTBo. Bocmonb3syemca HEOOXOAMMBIM YCIOBHEM SKCTPEMYyMa 3aJa4H
(15) ¢ orpannmuenusimu (14), koropsie naér ciaencrsue 4.2 w3 Teopembl 4.1. Pacemorpum
dbyuximonas, makcumusupyemplit Ha M-rrare (19):

Q(P) = Z Z anupsdu (In@us + In0,4(P)) + R(P, O(P)) — max.

deD ueW seT
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Banuiiem 9acTHbIE MPOU3BOAHBIE () IO MapaMeTpaM @, , Bble/sis B (hopMy/Iax Bbipa-
KEHUST Ngg U Py, coracHo (86) u (87) coorBercrBeHHO:

anwptdw Z NduPsdu > — Put i e Puwt Z O 893d + Qowtﬁ—R =

Pwt 7

8(,01”15 deD d,su Hsd 890101& 8936[ a9011115 890101&
w OR \ 00, OR
= S (225 (S i+ B ) 5 )+ g =
deD Ndw seT sd R wed sd g Pwt Pwt
N
prt Nsd aesd ) OR
=5 (1 + £ "3 ol
deD R esd aSowt 8Q0wt
ptdw

Orcrofa u U3 JJeMMBI 3.2 0 MAKCHMU3AIMUH Ha eIMHIIHBIX CHMILTEKCaX ciaeayer ¢pop-
mysa M-mrara (88).

Bamerum, 910 0,y B 3HaMEHaTE 1€ He MOKET 00PaIaThCs B HyJIb, IIOCKOJIBbKY 1pH 0, = 0
IMeeM Psg, = 0 I BCeX U, CJIe0BATEIHLHO, COOTBETCTBYIOIIEE CIAraeMoe B CYMMe IO §
orcyTcTBYeT (paBHO HyJII0) B dhyHKIHOHAME () emé 10 ero quddepeHupoBaHus.

Teopema nmokazana.

Takum obpazom, momudukanusa EM-anropurma, Kak u B cjydae IOCT-00pabOTKHU
E-mara, cBojurcst K 1peoOpa3sOBAHUIO EPEMEHHDIX Pigy B iy, KOTOPBIE 3aT€M HOJICTAB-
Jsiiorest B 00branyto opmyry M-mara s marpunst ®. C apyroit cTOpoHbI, €8 MOXKHO
paccMaTpuBaTh U KaK aJJIMTUBHYIO HONPaBky B (popmysie M-1rara, To ecTb orpanuydeHue-
PaABEHCTBO UTPAET POJIb PEry/IsdpHU3aTOPA.

Terepb HACTAJIO BPeMs PACIOPSIUTHC ¢BOOOIOM BbibOpa dyHKImil Oy (D).

Jluneiinas Tematusaunst Tekcra. /g oneHruBaHUs TEMATHYECKOTO BEKTOPA JOKYMEHTa
p(t|d) 3amuniem dbopmysty MOJHON BepOSTHOCTH, 3aMEeHHUB B Hell pacupeaesenus p(t|w, d)
Ha pacupejesierust p(t|w), a jist HOJyYeHUs: TeMaTuIeCKUX BEeKTOpoB TepMoB p(t|w) u3
cro/1610B Marpunbsl ¢ nupumenum dopmysy baiieca:

Opa (P Zpt|dw (w|d) = Zp (w|d)p t|w):prdnto€rTm(g0wtpt), (89)

wed wed wed

LIE Pupd = %” — YacToTHad OleHKa pacupenenenus p(w|d), p, = ™ — dacToTHas ONEHKA

pacnpenenenus p(t), 6e3 Tpyaa moaydaemas u3z EM-anropurma.

Bysem naspiBarh ypashenue (89) aunelinol memamusdayueti mekcma, Tak Kak OHO
103BOJISET BBIYMC/IUTH TEMATHKY JOKYMEHTa 33 OJMH JMHEHHBIA HPOXOJ 110 BCEM Tep-
mam. [Tpu sToM Temaruveckuii BEKTOp JOKyMeHTa p(t|d) cKIaabIBaeTCsl U3 TeMATHIECKUX
BEKTOPOB TepMOB p(t|w).

AJibrepHaTUBHOE OOOCHOBAHUE JIMHEHHON TeMATH3AIMHA MOKHO HOJIYIUTh, 3AIIHCAB Te-
mMarudeckuii BekTop Jokymenta p(t|d) nmocse nepsoit urepanuu EM-ajropurva npu Ha-
ua/ibHOM 1pubsuzkenuu 69, = p;:

w w 9
Qtd(q)) = norm(Z ndwptdw) = Z fa Put td prd norm (Spwtpt)

n
weWw wed @ Z Pust Sd wed
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[Tpumenum reopemy 15.4 k bopmyste (89). st aroro HaiiiéM 4acTHYIO IPOM3BOIHYIO:

aesd o 0 <pwd§0wsps ) _
Zv PwvPov
5st Zv PuwvPv — PwsPs

(3, Puds)”

— — 4] A PwtPt _ _ _
rje 0y = [s=t] — cumBos Kponekepa, ¢}, = S = normy(@..p;) = p(t|w) — pesyib-
TaT nepeHopMupoBKH Marpuiibl P 1o crpokam corsiacHo popmyiie baiteca. [TojacraBum 1o
BbIpazKeHune B (88) W mepemuiieM ypaBHEHHsI B MODsJIKe, YIO0OHOM JIJis MPOBEIEHHs Bbi-

IHCJIEHUI METOIOM MPOCTHIX ureparuii [11]:

SOwt 8@wt - SOwt 8@wt

= QutPiPwd = PuwdPhu (05t — Ph)

O = nger%n(sowmt);

bia =D PuwdPh

wed

tdw = NOTIN (PB4 ) ;
Puaw = mOIT (@utbra);

ng = E E NdwPtdw;

deD wed
OR
Ngg = WZEd NdwPtdw + 9td%?
Plaw = Ptdw % (% — Ze; P Z;l) ; (90)
Pur = n0IM < > Nl + @wt%) .

deD

Borauciienne mepeMeHHbIX @y, Oid, Didws Mty Tuds Dig O0OpPa3yeT E-mar u 3aHmMaer
O(ng|T'|) omepamuii o KayKI0My TOKYMEHTY, Kak B 00braHoM EM-amropurme. Bee mepe-
MeHHBIe, OTHOCATMIeCd K JOKYMEHTY d, MOYKHO yIAJIAThb U3 HAMATH IO OKOHYAHUU ero
o0paborku. Bblunciienue nepeMeHHbixX @, Ha M-imare mpoucxojuT 1o o0biaHOi (hopmy-
JI€, TOJIbKO BMECTO YCJIOBHBIX BEPOSITHOCTEH Pygyy HOJICTABISIOTCS IEPEMEHHBIE D}y, . TAKIM
obpasom, Mmojinuranus EM-ajropurma He IPUBOJUT K CYIIECTBEHHOMY yBeJUYEHUIO Bpe-
MeHH ero pabOThl WJIH JOMOTHATETBHOMY PACXOIy MaMITH.

Ob6paboTka KaxJI0ro JJOKyMeHTa Ha E-1mare ocymiecTBisercs 3a JBa mpoxoja. Ha mep-
BOM IIPOXOJI€ BBIYHC/IAIOTCs IlepeMenHbie ¢, u 0. Ha BTOpoM 1poxoe BbIYHC/ISIOTCS
OCTAJIbHbIE IEPEMEHHBIC Diduy Tty Tidy Digy- LCIU TPEOYETCs TOIBKO HATH TeMaTHYeCKuii
BEKTOP JIOKyMeHTa Oy, He 00HOBsig Marpuily P, TO BTOPOH HPOXO JIeIaTh HE HYZKHO.
HopmupoBounble MHOXKHTeMH I CTPOK MATPHUIBI P MOXKHO BBIYHCIATH U COXPAHSITDH
IOCJIe KazKJI0T0 OOHOBJIEHHS MaTpUIpl P.

Borauc/ienunst MOKHO emié yIpoCTUTb, €CJId OTKA3aThCs OT perysspusanuu no ©. Torma

9k — (). Ecin Terepb BOCIOJIb30BATHCH MPABUJIOM IOJICTAHOBKN HECMENEHHBIX OIEHOK

00:q
MaKCHMAJIBHOIO Ipaplononobus (21), To mocse noacranopku gt = g4 = ny B (90) oka-
S
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KETCsL, 9TO Py = Didw- LOTJIA BBIYUCISTD Nyg U Py BOOOIIE HE HYZKHO:
(Php = NOIM (SOwtnt)Q
teT

bra =D PuwdPh

wed
= norm Oq);
Dtdw s (Spwt td)7

ng = E E NdwPtdw;

deD wed
oR
Pwt = T%U%TI}VH Z NawPtdw + Spwtm

deD

9toT BapuanT EM-ajiropurma omimdaercsa OT OOBITHOIO TOJBKO YIIPOIIEHHBIM OBICT-
PbIM BbIUHCIeHHEM Oy 38 OJUH IIPOXOJ, 110 JOKYMEHTY.

Nokann3zosanHbin E-war. @opmymna 0,4(P) ompenensier temarndeckuit Bektop p(t|d)
norymenta d = {wy, ..., w,,} KaK cpeauuit Bektop p(t|w) = ¢, BCEX €ro cJoB:

0,0(®) = p(t|d) = Zp t|w;) = Z%l.

AHa.HOFI/ILIHbIM O6pa3OM MO2KHO OlIpeJe/INTb TeMaTU4eCKUi BEKTOP /JJid ITPOU3BOJILHO-
IO TEKCTOBOIrO (pbparMenTa — CJ0BOCOYETAHUd, IIPEII0KeHns, ab3ala, pasiea.

Jlokarvhom KoHmexcmom cioBa w; B J0KyMeHnTe d OyaeM Ha3blBaTh IIOAIIOC/IEI0BA-
TesbHOCTD 0B C; = {wy, . . ., W, }, BKIOYAIIYO caMO 3TO CJI0BO, b < i < e.

Temamuueckuti 6eKMOpP AOKAALHOZ0 KOHMEKCMA CIOBA W; B JOKYMeHTe d OIpees-
ercsd Kak cpeauuit Bektop p(t|u) = ¢}, Bcex cjioB u u3 ero kourekcra Cj:

0,:(P) = p(t|i) = |0|Z pt|u) = ICIZ%

ueC; ueC;

Hekoropbie cioBa B OKpYzKEHHH CJI0BA wW; MOTYT OBITH OO0Jiee BaKHBI JIJIs OIIpejieie-
Husg ero remMaruku. [loaromy obobmum orpejesienue u OyJeM YCPEJHATH TeMaTUudeCKHe
BEKTODPBI CJIOB U € HEOTPUIATEbHBIMU HOPMHDOBAHHBIMU BecaMu a(u |7):

0u(®) = p(t]i) = > @la(uli), > a(uli)=1,  aluli)>0. (91)

ueC; ueC;

3amena TeMaTHKH JO0KyMeHTa Oiy = p(t|d) TemMarnkoil JTOKAJIbLHONO KOHTEKCTa CJIOBA
0y = p(t|i) IpUBOAUT K KOHCTPYKIUH A0KAAU308AHHOT MEMAMUYECKold Mo0eAU, B KOTO-
POil JIst 1IpeJICKA3aHUs CJI0BA MCLOJIB3YeTCst He BECh JIOKYMEHT, a TOJbKO OJmzKaiiliee
OKPYZKEHUE JAHHOIO CJIOBA!

plwld, i) =Y pwlt)p(t])) =Y o Y plualuli).

teT teT ueC;

JIokaJsim3oBaHHAasI TeMaTHYeCKasd MOJEJb IIepeXoJUT B O6bI‘{HyIO, €CJIH B Ka4deCTBe KOH-
1

rekcra C; B3Tb BECh JIOKYMEHT, a BECA PACUPEIe/uTh paBHoMepHo: a(u|1) = ot
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Jlokasmm3anus oc/1ad/IsieT UCXOAHbIe JOIYIIEHN TeMATHIECKOI0 MOAEIUPOBAHUS. DTO
HE TOJIbKO OTKa3 OT I'HIOTE3bl «MEIIKA CJIOBY», HO TaKyKe OTKa3 OT JeJeHHS TEKCTOBOI
KOJITEKITUH Ha JIOKYMEHTBI. |'paHUIBl JOKYMEHTOB U B CAMOM JIeJIe TOBOJIBHO YCTOBHBI.
PasbuBarp Jin sHnuKIome M0 Ha crarbu? CUuTaTh JIM JOKYMEHTOM KHUTY, IVIaBy, Iapa-
rpad, adb3al] WIm TeMaTUuIeCKH OJHOPOIHBINA cerMeHT?! 1 71e 0CTaHOBUTBLCS B 9TOM JIpo0Jie-
HUU TEKCTA, U KaK OIPE/IEIUTh ONTUMAJIbHBIN pa3Mep JIOKAJIbHBIX KOHTEKCTOB?

Biejienue BecoBbix K0 huiueHToB a(u|i) 103BoJsier CJe/arh MPAHUIBI KOHTEKCTOB
HEJIETKIMHI, YMEHbIIIasl BeCa IO Mepe YBeJIHYeHns JUCTAHIUT MKy CTOBAME W; U .

[IpocToii crmocob 3aaHmsa BECOB 3aK/I0YAETCSI B HCIOJIb30BAHUU JIBYX JKCIIOHEHIH-
aJbHBIX CKOJIB3sIuX cpeaaux (DCC), KOTOpble YCPeTHAIT BEKTOPHI CJI€Ba U CIIPABA OT
CJI0Ba w; C BecaMu, yObIBalOmuMH 110 reomerpudeckoii nporpeccuu. dCC BBIYUCASIOTCS
10 PEKYyPPEHTHBIM (POPMy/IaM, IIPOXOJIOM IO TEKCTY B JIBYX HAIPABICHUSX — OT HAYAJIA
K KOHILY U OT KOHIA K HAYaJIY:

(tli—1), i=1,...,ng, M =1;

p(t]i) =%+ Qh, + (1 =) -
D (tli+1), i=ng...,1, 7, =1

(1) =% - Py + (L= %) -

st Beibopa kosdduipenta criaxuBanus y; € [0, 1] MOKHO OPUEHTHPOBATHCS HA W3-
Becthyio st DCC oneHky vy; ~ %, rjie h — [ucio yepeansiembix nosunuit. Hampumep,
v; = 0.1 upubsmsure/ibHO coorBeTCTBYET ycpejaHenuto 1o 10 cjaoBam.

Ecnu v; = v — koucranta, To 9CC onpenenser Beca a(wg|i) = y(1 — )

Kosdbduruent 7; MOKHO MeHSTh B 3aBHCHMOCTH OT HO3WNUU ¢. Kro yBermdenue
BILTOTB JI0 7y; = 1 HO3BOJIsSIeT «3a0bITh» HAKOILIEHHYIO K JAHHOMY MOMEHTY HWH(MOPMAIUIO
O KOHTEKCTE, HALPUMED, LPH IEPEXo/e K CJeAYIOUIEMY JOKYMEHTY WU K CJIeLyIoleMy
pas/iesly CeKIIMOHMPOBAHHOIO JIOKYMEHTA. Y MEHbIIEHUE Y; BIUIOTH JI0 HYJIsl 103BOJISIET UI-
HOPHPOBATDH CJIOBO, HAIIPUMED, €CJIH 3TO CTOI-CJIOBO HJIH CJIOBO OOIIElH JIeKCHKH.

Temaruka JBYCTOPOHHETNO KOHTEKCTA CJIOBA W; ONEHUBALTCS KaK CpeaHee apudMeTn-
JecKoe JIeBOTO U MIPABOTO KOHTEKCTA:

0u(®) = p(t|i) = 5(B(t]7) + p(t]9)).

3Hast TeMaTHYECKIe BEKTOPBI JIEBOTO  IPaBOro KouTekcTa p(t|i) u p(t]i) ams Kax moii
CJIOBOMO3HIIUE §, MOYKHO OTBEYATH HA MHOI'HE BOIPOCHI O TEMATHIECKOi CTPYKTYPE TEKCTa
u JII00bIX ero (pparMeHToB.

Paccmorpum deynanpasaentivle memamuieckue 6eKmops: Mapbl CJIOB W; U W;:

|i—k]

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

i J
Temarnka KOPOTKOrO cermMeHTa [i...jJ| oneHuBaeTcs Kak cpejHee apudMeTHdecKoe
[IPaBOro KOHTEKCTa €ro HadaJa ¢ U JIEBOI'O KOHTEKCTa ero KOHIa j:

ptli...j) = 5(p(t]) + B(t] 1))

Temarnueckas OJHOPOJHOCTL CEIMEHTA [i...J| OLEHMBAETCH TeM, HACKOJbKO CXOXKH
pacupenenenus p(t|i) u p(t|j).

['panumy i MexXIy TeMATHIECKHMMH CErMEHTAMHU JJIMHHOIO TEKCTOBOTO JOKYMEHTA
MOKHO OIIPEJIEJNATh 0 MAKCUMYMY Pa3/indust Mex1y pacupejaesenusvu p(t|i) u p(t]d).
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Anayimsz orkjionennit KOporkux u yimHHbBIX JCC, COOTBETCTBEHHO PU OOJIBIINX U Ma-
JIBIX 7Y;, TIO3BOJISIET ONPEJEJIUTh, COJAEPKUT JIM TEKCT BKPAILJIEHUS] TEMATHIECKH PAZHOPO/I-
HBIX (DPArMEHTOB, U TJe OHH HAXOIATCH.

Banumem EM-ajgroput™m /s JIOKAJIU30BAHHON TeMATUIECKONR MOJIETH B OOIIEM BH/IE.
Bynem mostarathb, 9T0 T€pMbI B KOJLIEKIIUH UMEIOT CKBO3HYIO Hymepanuio ¢ = 1,...,n u
qTO JIJI KaXKJI0# 1103unun i onpejesén koureker C; u pacipejesienue Becos a(u ).

O = ntoerTm(sowmt);

O =Y Phualuli);

ueC;

Py = ntOEYTm(@witetz‘)§
n
ny = E Ptis
i=1
n

OR
wt = Norm E W; = W|Py; + Pwt 57—
Puwt werW iZI[ [pti + Puwt Do

MHuokecTBO OKyMeHTOB DD M OTIe/bHBIE JOKYMEHTHI d B TOM aJI'OPUTME BOOOIIE
He ¢durypupyior. Temaruka J1000ro JIOKyMeHTa, KaK U JIIOOOI0 TEKCTOBOIO (hparMeHTa,
BbIYUC/IAETCA 1IPpU HeO6XO,ZLI/IMOCTI/I HyTéM yCpeaHennusd TeMaTUu4eCKUuX BEKTOPOB CJIOB.

Mopgenu BHUMaHUS U UX CBSA3b C JIOKANNM30BaHHbIM E-uarom. Mozgenb BHUMAHTS sB-
JIAeTCdAd OCHOBHBIM «CTPOUTEJ/IbHBIM 6JIOKOM>> COBPEMEHHbIX HeﬁpOCeTeBbIX MO,ZLeJIefI A3bIKA
[29, 58, 98|. OHa onpemessieT BEKTOP KOHTEKCTA ¥; B MO3UIMH | KAK BBILYKIYIO KOMOUHA-
U0 BEKTOPOB I, BCeX CJIOB u3 Kourekcra C;:

yi= Y a(uli)z, Y ou|i)=1  a(uli)>0. (92)

ueCy ueCy

Takum 06pa30M, CMbICJI CJI0BA W;, 3aAKOJMPOBAHHBIIT BEKTOPOM X;, 000TAIIAETCS CMbIC-
JIlaMHU OKpYy2zKatonux ero cjaoB u € C;, 0bpa3ysd B pe3ysbraTe BEKTOD KOHTEKCTA ;.

ITo cyTu, 310 Ta xe dbopmyna (91), TOIbKO HeiipoceTeBble BEKTOPHBIE MPEJICTABICHUST
(3MbGemHrn) cJ10B He 00s13aHbI ObITH HEOTPUIATEBHBIMUA 1 HOPMHUPOBAHHBIMHU.

Bouiee Bazkuoe ormmame B ToM, 410 Ko3bdunuentsr o (u|i) OneHnBAOT He TO3UIUOH-
HYIO, & CEMAHTHYECKYIO OJIN30CTH CJIOB W; U U 4Yepe3 CKaJsIPHOE IIPOU3Be/[€HIe UX BEKTO-
poB. C 60IbIINM BeCOM YIUTHIBAIOTCS T€ CJIOBA U, KOTOPbIE IO CMBICTY OJIM3KH K CJIOBY W,
TO €CTb BEKTOPBI KOTOPBIX 00JIee MOXOXKH HA BEKTOD X;:

a(u|t) = norm exp(zi, Tu).

Tperbe cyniecrBeHHOE OTJIMYUE B TOM, YTO HelpoceTeBasi MOJIe/Ib BHUMAHUS JIO10JI-
HUTEJIbHO MapaMerpusyercs rpems marpunamu Q, K,V st uHeitHoro npeodpas3oBaHust
BEKTOPOB CJIOB, KOIJIa, OHU BBICTYHAIT B TPEX PA3HBIX POJIIX:

yi = D (Vau) normexp(Qui, Kxy). (93)

ueC;
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Mogenb BHUMaHus TPaHCHOPMHUPYET UCXOAHbII BEKTOD I; CI0BA W; B KOHTEKCTHBI
BEKTOD ¥;, KOAMPYIOmmii emgé 6osbie nHGOPMAIUKE O CMBIC/IE 3TOr0 CJI0Ba ¢ YYETOM €ro
JIOKATTbHOIO KOHTEeKCTa. Bekrop (Qx; HasbiBaercs sanpocom (query), Bekrop Kz, — kato-
wom (key), Bekrop V', — snauenuem (value). Marpunsl napamerpos @, K,V obyuatorcs
110 JAHHBIM, 9TO JEJAaeT MOJe/b BHUMAHUA HAMHOIO 0oJiee THOKO.

Dopmysia Baumanust (93) OMUCHIBAET TPEXCJAONHYIO HEHPOHHYIO ceThb. Tpancgopmepom
Ha3bIBAIOT HEHPOCETEeBYI0 apXUTEKTYPY, KOTOpas BBIIOJIHAET HECKOJbKO TaKHX HMpeodpa-
30BaHUil KaK MOCJIeJI0BATEIbHO (HADAIUBAS THCJIO CJIOEB, TO €CTh DJIYOUHY CETH), Tak
1 napaJiieabHo (00pas3ys HECKOJIBKO PA3HBIX «TOJOB BHUMAHUSTY JJIsI BBIICTCHUST PA3JINY-
HBIX ACIEKTOB U3 KOHTEKCTHBIX JIAHHBIX ).

HecMoTpst Ha mepevmc/IeHHbIE BBILIE PA3/IMdusd, aHAJIOIMs JIOKaJu30BaHHOrO E-mara
C MOJIEJIBIO BHUMAHHs HAMHOIO 6oJiee 1iryboKast, 4em Ipocto cxoactBo dhopmys (91) u (92).
3aMeTuM, 4TO aHAJOrOM BEKTOPA KOHTEKCTA ¥; B TeMAaTHYeCKOH MOJIEJHU ¢ JIOKAJIM3aimeit
E-mara siisiercst He remaruka kKourekcra 0y, (P) = p(t|i), a BerBomumas u3 Heé 1mo Gop-
mysie Baijieca TemaTHKa C/I0Ba w; B KOHTEKCTE:

pii = p(t| i, w;) = norm (pu,6;;) = norm ZC a(u i) Puir
ueC;

31ech TeMaTHYECKHe BEKTODBI ), = p(t|u) HE MPOCTO CKJIAIBIBAIOTCA C BECaMm, HO
CHavaJIa JIOMHOXKAIOTCI IIOKOMIIOHEHTHO Ha, BEKTOP (gowit = p(w; | t))teT. OH urpaer poJb
dbusbrpa, npomyckas TOJIBKO T€ TeMbl, KOTOPbIE €CTh y CJoBa w;. B pesyiabrare CyM-
Ma (POPMUPYETCd NPeUMYHIECTBEHHO U3 BEKTOPOB CJIOB 1, TEMaTHYECKH CXOXKHX CO CJIO-
BoM w;. [Toxoxkuit acpdekT jocTuraercss 1 B MOJEAN BHUMaHUS, KOIJIa BEKTOPbI CJIOB Ty
JOMHOKAIOTCS Ha Beca «(u i), MPOMOPIUOHATBHBIE CKAJSIPHBIM HPOU3BEICHUSIM (T;, Ly).
Bumecro mexannzma Query—-Key—Value noxkanm3oBannbiit E-mmar BBOZUT MOKOOPINHATHYTO
dpuIbTpaAIUIO YCPEeAHAeMbIX BEKTOPOB. VIHbIMU CJI0BaMU, JIOKAJIN30BaHHbI E-11ar MoxkHO
paccMaTpuBaTh KakK CHUJILHO ODJIErYEHHYIO MOJIe/Ib BHUMaHUs 0€3 1apamMeTrpu3aliuu.

OCTaBI/IM OTKPbITBIMU BOIIPOCbI, BO3MO2KHO JIM BBECTHU IlapaME€TPU3AlIUIO Ha E—H_[aFe
WK OPEII0KUTh TEMATHICCKUE MOJIETH ¢ 00ydIaeMbIM BHIMAHAEM WU HOBbIE THOPUIHDBIE
MOJIE/IH, COBMEINAIONINE YePThl HEHPOCETEBLIX U BEPOATHOCTHLIX TEMATHICCKHUX MOJIEJICH.

16 Kpurtepnun kadectBa TemMaTudecKnx moaese

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

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

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

BHewHne kpntepun Becbma pazHooOpa3Hbl M 3aBUCAT OT KOHEYHOU pelraeMoi 3a/1adu.
[IpakTryeckn B KazK/0# 1yO/IMKAIMK 110 TEMATHIECKOMY MOJIEJIUPOBAHUIO UCHOJIb3YeTCs
KAKOMi-Tn00 BHENIHUIT KpUTepHil: KauecTBO KIacchubUKaImu J0OKyMeHToB [156], TounocTsh
u nostHoTa HHMopManuonHoro noucka 203, 23, 10, 20|, wucsio HaiiIeHHBIX XOPOIIO HHTED-
nuperupyembix Tem [26|, kadecrBo cermenraiuu rekcros [153|. B [50] npegraraercst mero-
JIMKQ JIMArHOCTUKKM TEeMAaTUYEeCKUX MOJiesieil, OCHOBaHHAasl HA COIOCTABJIEHUM HANJIEHHBIX
TeM CO ClielliaJIbHbIMU HADOpaMU B3aUMOCBA3aHHBIX CJIOB, HA3bIBAEMbIMU KOHUENMAMU.

Mepnnekcna. Haubosiee pacupocrpaHéHHbIM BHYTPEHHUM KPHUTEPUEM SIBJISETCH Nep-
naexcus (perplexity), ucrnosib3yemast Jisi ONEHUBAHUST BEPOSITHOCTHBIX MOJIEJIEH sI3bIKa
B KOMIILIOTEPHOI JUHIBUCTUKE. JTO Mepa HECOOTBETCTBUSA WUIH <«YAUBJICHHOCTHY MOIEJIN
p(w|d) repmam w, KoTopble BeTpedarorces B JoKymenTax d. Oua omnpejensercs depes log-
npasonoaooue (13), smbo yepes log-upasgonogodue (39) Kazx0if MOJAIBHOCTH M

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

IJIEKCHS, T€M JIy4Ie MOJIE/Ib P IPEeJCKa3bIBaeT MOSBJICHHE TEPMOB W B JOKYMeHTax d.

[lepmiekcuss uMeeT CJEAYIONIYIO HHTEpHpeTanuio. Ecam TepMbl w MOPOKIAI0TCS
13 paBHOMepHOro pactpe/enenus p(w) = 1/V Ha cioBape momaocTr V', TO mepIuieKCHst
SI3BIKOBOM MOziesin P(W) HA TAKOM TEKCTe CXOMUTCA K V' ¢ pocroM ero JyimHbl. HeMm cujibHee
pacupe/esienue p(w) OTJIMYAETCST OT PABHOMEPHOIO, TeM MeHbIIe lepiLiekcus. B ciyuae
YCJIOBHBIX BepogitHoCTell p(w|d) uHTepuperamust HEMHOIO JIpyrasi: €CJId KarK/Ibli JIOKY-
MEHT TeHepupyeTcs u3 V' pPABHOBEDOSTHBIX TePMOB (BO3MOMKHO, PA3JIHYHBIX B PA3HbBIX
JOKYMEHTaX ), TO MepILIeKCUs CXOAuTcst K V.

HenocrarkoMm mepiiiekcun siBjisieTcsi HEOUE€BUIHOCTD €€ YUC/ICHHBIX 3HAYEHUI, 8 TAK/Ke
e€é 3aBHCHMOCTb HE TOJIbKO OT KadecTBa MOJIEIU, HO U OT PA3MEPHBIX XapPaKTePUCTHK
KOJIJIEKITUU — JIJINHBI JIOKYMEHTOB, MOIIHOCTH CJIOBaPsl, PA3PEKEHHOCTH BEPOSITHOCTHOTO
pacipejie/ieHls TepMOB. B 4acTHOCTH, ¢ TOMOIIBIO MEePILIEKCHH HEKOPPEKTHO CPABHUBATD
TeMaTUIeCKue MOJIe/IH OJHOM U TOH Ke KOJIJIEKIIUH, IIOCTPOEHHbIE HA PAa3HBIX CJIOBAapSX.

Ob6o3uaunm 4depe3 pp(w|d) MoeIb, TOCTPOSHHYIO O 00YYAIONIell KOJIEKINH JTOKY-
menroB D. Ilepuiiekcus obyuatonieii Bbioopku &2, (D;pp) gBisiercs OUTUMUCTUIHO CMe-
MEHHOI (3aHUZKEHHOMN) XapaKTePUCTHKON KadecTBa Mojesan u3-3a sddexra mnepeodyde-
Husd. O00OIIAIONIYIO CIIOCOOHOCTD TeMATHYECKUX MOJIEIel IMPUHITO ONEHUBATDH NePnack-
cueti konmpoaorotl ewbopru (hold-out perplexity) 2, (D’; pp). OBbIYHO KOLIEKIHIO Pa3-
JIEJISIOT HA 00YYAONIYI0 U KOHTPOJIBHYIO CIyvaiiHbiM o0pasoM B mpomopruu 9 : 1 [41].

B pannunx skcnepumenTax 06110 moka3ano, ¥ro LDA cymecrsenno npesocxogut PLSA
110 [EPILIEKCUH, OTKY/1a ObLI ¢jiestan BbiBoj, 410 LDA menbiie nepeodyqaercs [41]. [Tozxe
OBLITO ITOKA3aHO, ITO Ha OOJBIINX KOJIIEKIusIX mepiiekcus mogeneii PLSA u LDA orin-
qaeTcs HesHauuTeabuo [115, 200, 109).

Ha camom jieste npupojia «mmepeodydenusy OOJIbIe CBsd3aHa ¢ 0COOEHHOCTSIMU ITEPILIeK-
CHH, 9eM C Ka4ecTBOM caMux Mojiesieit. [lepriekcust ayBerBuTE/IbHA, K MAJIBIM 3HAYEHUSIM
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IPEJICKA3aHHOI BEPOSITHOCTU TEPMOB, 110CKOJIbKY p(w |d) crour nogx jorapudmom. Criia-
xuBanne B LDA 3aBbliaer omeHKH BepOATHOCTEH peakux TepmoB, nmodromy LDA nmeer
MEHDIIYI0 KOHTPOILHYIO MePILIEKCHI0. MoaempoBanne BEpOATHOCTH PEJIKUX CJI0B BazKHO
JIUIS CTATHCTUICCKOrO MAIIMHHOTO IIEPEBOIA U APYIUX HPHIOKEeHU KOMIBIOTEPHOIT JIMHT-
BUCTHKH, OTKY/a IEPIUIEKCHS W NpHUILIA B TeMAaTHIeCKoe Moaeauposanue. OQHAKO 11d
IIOHUMAHKUA TeMATHYECKON KJIaCTEpHON CTPYKTYPbI TEKCTOBOH KOJJIEKIMHM U BbISBJICHUS
TeMaTHKU OTJAEJbHBIX JOKYMEHTOB PEJKHe TePMbl KaK Pa3 HAUMEHee BarKHbI.

B [6, 147] 6b11u IpeIOZKEHBL POOACTIHbLE MEMAMUYECKUE MOOEAU, OMTHUCHIBAIOIIIE PE/JI-
KH€ TepPMbl CHENUAJbLHLIM «(OHOBBIM» pacrpeaeaenueM. KOHTpoabHad HepILIeKCHd po-
bactupix BapuanToB PLSA u LDA okazaJiach CymecTBeHHO MeHbIIeil i IpaKTHIeCKN O/T1-
HAKOBOII.

B |7] 6bL110 nOKa3aHO, 4TO HA JOCTATOMHO 6OJIbIIMX KoJLIeKusx (n > 10°%) obyuaromas
¥ KOHTPOJIbHAS NePILIEKCUs OJMHAKOBO PAHKUPYIOT CPABHUBAEMbIE MOJIE/IH, TO €CTh HPH-
BOJAT K OJIMHAKOBLIM Ka4eCTBEHHBIM BBIBOJAM. Takum 00pa3oM, /1 CpABHEHHA MOJeJIeil
HeT 0c000ii HEOOXOAUMOCTH BBIYUCIATH KOHTPOJILHYIO IIEPILICKCHIO.

[Tpy BLIYMCJEHUU NEPILICKCUU MOXKET BO3ZHMKHYTH HPOOJIEMa HyJeBOH BepOsSTHOCTH
p(w|d) = 0. Tepm w B jJokymMenTe d BCTpeYaercs, TeM He MEHee, MOJE/Ib [PeICKA3bIBAeT
JIUIS HErO HYJIEBYIO BEPOSTHOCTb. B 4aCTHOCTH, IIPU BBIYMC/ICHUHM KOHTPOJILHOI HepILIeK-
CHH B JIOKyMEHT€ MOKET BCTPETUTLCA HOBBI TepM, KOTOPBIA HU pa3y He BCTPETUICS
upu oOyuennu. B Takmx ciydasgx B HEpILIEKCHH BO3HHKAET GECKOHEYHO OOJIBIIOE CJjara-
emoe (—In0 = +o00). [Ipocreiitiee perrenne 31oi HPOGJIEMBI 3aKJIIOYALTCH B TOM, 4TO0bI
IIPOUIHOPUPOBATH BCE TAKHE TEPMbl M MOCYMTATH MX JOJI0 B KOJJICKIMU KaK €IIE OJHY
Mepy KauecTsa Mojesu. JIpyroe pemenune — ciejyst [7], cuurars Bce Takue TEPMbl HeTe-
MATHYCCKHMH U OMUCHIBATL HX BEPOATHOCTb JacTOTHOM omenkoit p(w |d) = ™. Iloxoxmit
pe3yJIbTaT IOIYYATCH IIPU UCIIOJb30BAHUKM TEMATHYECKO Mogenu ¢ Heobydaemoil ¢pono-
Boit Temoii p(w|b) = “=. Taxag Mozenb HEKOIA He OyIeT JaBaTh HyJIEBYIO BEPOATHOCTD
TepMa, eCJIM, KOHEYHO, BEPOATHOCTH (POHOBON T€Mbl B JIOKYMEHTE HE paBHA HYJIIO.

NHTepnpeTupyemMocCcTb TeMaTuvecKoil MOJIE/IN sBJISIeTCs 1JI0X0 (DOPMAJIU3YEMbIM Tpe-
oosanmnem. CojepKare/ibHO OHO O3HAYAET, YTO 110 CIUCKAM HAau0OJIee YACTOTHBIX CJIOB U
JAOKYMEHTOB TEMbl 9KCIEPT MO2KET IOHATb, O 4EéM 9T TeMa, U JaThb e a/IeKBaTHOE Ha-
spanue [45]. IIpuMepbl XOpOIIO WHTEPHPETHPYEMBIX TeM IOKa3aHbl Ha puc. 13 u puc. 21.
CBOIICTBO HHTEPIIPETUPYEMOCTH BazKHO B HH(MOPMAIIMOHHO-TIOUCKOBLIX CHCTEMaX, HCIIO b~
3YIOMUX aBTOMATHYECKN HalieHHbIe TeMbl KaK WHCTPYMEHT BHU3yaJU3allnl pe3yIbTaTOB
IIOMCKa, HAIpUMep JIJIS BbIBOJA NOSICHEHUI WMJIM CHUIIIETOB, JIMOO KaK MHCTPYMEHT PyO-
PUKallu1 WUJIM HaBUI'allUU 110 TEKCTOBOM KOJIVIEKIIH.

BorpbmuHCTBO CyMEeCTBYIOMMNX METOI0B ONEHUBAHUS WHTEPIPETHPYEMOCTH OCHOBAHO
Ha MPHUBJIEYEHNH IKCIIEPTOB-aceccopoB. B [132] skcmepram mpeiaragoch HEIOCPeICTBEH-
HO OIICHHBATH IOJIE3HOCTb TE€M IO TPEXOAJLILHOI IIKaJje, paccCMaTpUBas CIIHUCKH CJIOB,
paHKupoBaHHble 110 yobiBanuio p(w|t). B memode unwmpysuti |45] asist Kazk10i Tembl co-
craBigercd cnucoK u3 10 BepXHUX CJIOB CHUCKA, B KOTOPBIII MCKYCCTBEHHO BHE/IPSIETCS
OJIHO cJiy4aiinoe ¢jioBo. Tema cuumTaeTcsds MHTEPIPETHPYEMOi, eC/d MOJaBJsgioniee 00Jib-
MIAHCTBO KCIEPTOB MPABUIBLHO YKA3bIBAIOT JIUIITHEE CJIOBO.

B OpuKJIaIHBIX COIUOJOIHIeCKUX uccaenoBanusx [42, 93, 137| misa sxcneprHOro orge-
HUBaHUA T€Mbl UCIIOJIB3YIOTCA HE TOJIbKO CIIMCKU BEPXHUX CJIOB, HO U CIIUCKH JJOKYMEHTOB,
paHzKupoBaHHbIe 110 yObiBanuio p(d|t). Dra Merojuka GoJsiee TPYIOEMKA, MOCKOJIbKY IKC-
HepT npovYuThiBaeT JOKymeHThl. Ho ona OoJiee HajiéKHA B TeX cJlydasx, KOIJIa HPUKJIA/I-
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HOI1 EeJIbIO TEMATHYECKOI'O MO,ZLe.HI/IpOBaHI/Iﬂ ABJIdeTCd ITOUCK TEM OHpe,ZLeJIéHHOf/'I HaHpaB—
JgeHHocTH (Hampumep, 00CYKJICHUIT MEKITHHIECKUX OTHOUICHUIT B COIMAJIBbHBIX CETsIX),
3aTeM KadeCTBEHHOE MOHUMAHWME CeMAHTUKU KazK/0ii TeMbl (B 9aCTHOCTU, KAKHE STHUY-
HOCTH M KAKHe IPOO/IeMbl 3aTPAriBaeT KazK1as TeMa), U HAKOHEI KOJMIeCTBEHHOE OICHNU-
BaHue 0ObEéMa JAHHOI TeMbl (T7ie, KOTJIa i KaK 9acTo BO3SHUKAET JaHHBIH qucKypce) [25, 26].

KorepeHTHOCTb. DKcuepTHbIe I0IX0Ibl HEOOXOAUMBI Ha CTAIMU HCCJIeI0BaHUi, HO OHU
3aTPYAHSIOT aBTOMATHYECKOE [TOCTPOECHUE XOPOIINX TeMaTudecKux Mozesieit. B cepun pa-
oot [132, 133, 134, 125| 6bLI0 MOKA3AHO, YTO CPEM KPUTEPHEB KAYeCTBA, BbIYUC/ISEMbIX
110 KOJUIEKIIUH ABTOMATHYECKH, COMVIACOBAHHOCTD WK Kozepenmuocmo (coherence) stydrie
BCEI'0 KOPPETHPYET C IKCIEPTHBIMHU ONEHKAMH HHTEPIPETHPYEMOCTH.

Tema Ha3bIBaeTCs KozepenmHol (CONTACOBAHHOI), €CoH TepMbl, HaHOOJee TaCTbIe
B JAHHOII Teme, HECJIYyYaiiHO YaCTO COBMECTHO BCTPEUYAIOTCA PSAOM B JOKYMEHTaX KOJI-
aeknuu |133, 134]. HucsienHoit Mepoii KOrepeHTHOCTH TeMbl ¢ SIBJISETCS NOMOYewHas 63a-
umnas ungopmayus (70), Berauciasemas 110 k nHanbosiee BEPOSTHBIM CJIOBAM TE€MBbI:

k-1 k

% - ﬁZZPMHwi,wﬁ, (95)

i=1 j=i

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

KorepeHTHOCTD MOJIE/IH OLPE/IENAeTCs KaK CPeIHssA KOTePEHTHOCTD 6 II0 BCEM TeMaM.
KorepeHTHOCTh MOZKET OLEHUBATHCH 110 CIOPOHHEH KoJulekuuu (Haupumep, 10 Buknue-
qun) [130], 6o 1mo Toit ke KoJUIeKIUH, 110 KOTOPOil crponTest Moge/s |125].

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

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

B [93] mpeiaraercst cauTaTh cyu,ecmseen oMy JTHIIb T€ YCJIOBHBIE BEPOSITHOCTH, 3HA-
YeHUsI KOTOPBIX BBIIIE, YeM Yy PaBHOMEPHOI'O paclpe/Ie/IeHus:

Wt:{wew}wwt>|—%@}§
Td:{tET}th>ﬁ}.

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

B [180] upemiaraercs onpeesnsrs aekcuseckoe A0po membs KAK MHOZKECTBO CJIOB, KO-
TOpbIe ¢ 6OJIBIION BEPOATHOCTHIO YHOTPEOJILAIOTCS B TeMe ¢ 1 PeJIKO YIoTpeO IsioTcs B JIpy-
rux remax: W, = {w e W ‘ p(t|w) > 0.25}, e p(t|w) = Put .
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HeszaBucumo or Toro, xkakum o00pa3oM OIpejesisiercs JIEKCUYeCcKoe siJIp0, BBEJIEM
HECKOJIbKO IOKa3aresieil, XapaKTepu3yoluxX pa3pezkeHHOCTh MaTpullpl P:

- W1y.
ker; = |W| — pasmep adpa (ouruMym HEMHOrO BbIIIe W)’
pur, = > p(w|t) — wucmoma memwv. (€M BBIIIe, TEM JIydlIIle);
weWy
_ 1 :
cony = > p(t|w) — kowmpacmuocms memor (deM BBIIIE, TEM JIYUIIe);
weWy
R | p(wlt) 5
logLift, = > log o(w) — 0dsém memb (1em Bbilile, TEM JIy9IIe).
weWy

JL1s MoJie/ii B 1I€JIOM 9THU [MOKA3aTe U OMPeIe/IAI0TCA IIyTEM YCPEITHEHHS 110 BCEM IIPe/I-
MeTHBIM TeMaM t € S. KOoCBeHHO OHE ABJISIOTCSA TaK:Ke I MepOil HHTePIPETHPYEMOCTH MO-
JieJIM, 1IOCKOJIbKY MHTEpIPeTupyeMble TeMbl JOJIZKHbI 00/1a/laTh HEe CJMIIKOM MaJIeHbKHUM,
HO U HE CJIMIIKOM OOJIBIIUM JIEKCUYECKUM $1JIPOM.

Jlorapudmuaeckuit Kpurepuit uncrorst (moxabeém) rembl logLift mokaspiBaer, Ha cKOIb-
KO IOPSAJ/IKOB YacTOTa TEPMOB U3 JIEKCHYECKOTO $/ipa TE€MbI IPEBBIIIACT HX OOBIYHYIO
qactory B Kosutekiun p(w). Ou 6bu1 npeyioxen B [170] 1jsi cOpTHPOBKE TepMOB pU
BH3YyaIU3alUl TEeMbI B I0Jb30BaTEILCKOM HHTEepdeiice. B [65] 6bL10 mpeiokeHo yepe-
uathb logLift mo k£ = 30 kirodeBbiM cji0BaM B Kazk10if TeMe. BbLI0 MOKa3aHo, 9TO CpeHuil
logLift cBazan ¢ goseit nnOPMATUBHBIX CJIOB B T€MaX, W 9TO OH 3HAYUMO KOPPEJIUPYEeT
C 9KCIEPTHBIMU OIEHKAMH KadeCTBa TEM.

Oonsa doHoBoit nekcuku. Ilycrs B C T — noaMHOKeCTBO (DOHOBBIX TEM, B KOTOPBIX
cobpana obmeynorpedbuTebHasg Jekcuka. OupeaenuM doato hornosol sekcuku s BCei
KOJLJIEKIMH ¥ JIJI OTJIEIbHOrO JIOKYMeHTa d:

B= 135S (il d,w);

deD wed teB

gil::£;j£:jz:ndwpawd>u0'

wed teB

o dponosoit ekcukn mpuHuMaeT 3uadenus or 0 10 1. Eciaum ona 6sm3ka K 0, To Mo-
JleJIb He CIIOCOOHA BBIJIENISTH CJIOBA OOINEil JIEKCHMKH, eCJId 2Ke OHa OJim3Ka K 1, TO 3TO
CBH/JIETEJIbCTBYET O BBIPOXKJIEHUHU Mojie/n. B npodeccnonalbHbIX TeKCTax 10715 (pOHOBOI
JIEKCUKH MOzKeT cocTaBidrhb or 30% 10 90%. Bosmozkna curyanus, Koraa cpeasee no KoJi-
JICKIIMM 3HAYCHUEe % YKJIaAbIBa€TCAd B 9T OPUECHTUPOBOYHbBIC HOPMbI, OJJHAKO %d BbIXOAHUT
3a UX I[PeJIeJIbl JIJI 3HAYUTE/TbHOM JO/IH JJOKYMEHTOB., DTO MOXKET IOC/TYKUTb CUTHAJIOM
K OYHCTKe KOJIJICKIIUU UJIM BHECEHHWIO UCIPABICHUNA B MOJIE/Ib.

Takue KpuTepuu, Kak pa3pezKeHHOCTh, pa3Mep s/ipa WK 101 (POHOBOM JIEKCHKH MO-
ryT UCII0JIb30BAaTbCAd JIJIA KOHTPOJIA I/I36bITO‘{HOFO pa3pezKuBaHud MOJEJIN.

Pa3znnyHoctb Tem. Beeém dyHKIMO paccrosHus Mexay TeMamu p(t, s) Kak pacipe-
jenenusivu p(w |[t) u p(w|s), To ecrb cronbuamu Marpuipt P. Oupejenum jijist KaxK 10
Tembl ¢ paccrosiHue 10 OJsivzkaiiinieil Kk Heil TeMbl S:

Ky = mi t,s).
f Srg%gtp(,S)
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Eciu paccrosinue %; 10 Oinzkaiinieit Tembl s 6JIM3KO K HYJIFO, TO T€Mbl t U § MOXKHO
cuutarh jryosmkaramMu. Bo3amMozxKHO, 3T TeMbl CJ1e/I0BaJIO0 Obl O0bEeIUHUTD.

Eciu paccrosuus ; BeIUKH I BCEX TEM, TO 9TO 03HAYAET, YTO BCE TEMBI ITOHAPHO
CYIIECTBEHHO PA3JIMIHBI, TO €CTh MOJIE/Ib LOPOULO 0eKOPPEAUPOBUHA.

Paccrosuus Mexkay TeMaMu Kak CTOJIONAMU MaTpuIlbl ¢ MOKHO OIpeIe/saTh IM0-pas3-
HOMY. OOBIYHO HCIIOJIB3YETCS OAHO U3 CJACAYIONUX PACCTOSTHUIL:

> PusPu
pt,s) =1— (Z . )1/2 (Z t(pgut)lﬂ ~— KOCHHYCHOE PaCCTOSHUE; (96)

pt,s) = <% > (VPws — VPwr )2> 2 paccrosinue XeJIHHIepa; (97)
p(t,s) =1—|W,NnW4|: |W,UW,| — paccrosinue ZKakkapa; (98)

e Wy u W, — Jiekcudeckue sijipa TeM, COIJIAaCHO OJIHOMY W3 OILIPEJIe/ICHUI BbIIIIE.

17 Kputepnun ycnoBHOW HE3aBNCUMOCTH

['urioresa ycj0BHOI HE3aBUCUMOCTH SIBJISIETCsI DA30BBIM HPEJIIIOJI0ZKEHUEM BEPOSITHOCT-
HOI'O TeMAaTHU4Y€CKOI'0 MOAE/JIMPOBaHUA. HpI/I IIOCTPOEHUN BEPOATHOCTHDIX MO,ZLeJIefI II0 M-
HUPUYECKUM JAHHBIM 0a30BbIe JOIYIIECHUs IIPUHSITO HPOBEPITH MOCTIEe TOTO, KaK MOJE/b
nocTpoeHa. Hampumep, aHaan3 perpecCHOHHBIX OCTATKOB COJEPZKHUT B CBOEM apceHase
AECATKN TEeCTOB [Jid IIPOBEPKU CTATUCTUYICCKUX T'MIIOTE3 O CBOMCTBaX OCTATKOB — He3aBU-
CUMOCTH, HEKOPPEJMPOBAHHOCTHU, PABEHCTBA MaTeMaTUIECKOrO OKUJIaHUs HYJIIO, MayCcco-
BOCTH, IIOCTOAHCTBaA JAUCIIEpCUU, U T. /. CTaTI/ICTI/I‘{eCKI/Iﬁ aHaJIu3 BEPOATHOCTHbLIX TeMaTH-
YecKuX Mojiesieil He HaCTOJIbKO XOPOIIo pa3padoTaH, XOTd eCTb OT/ie/IbHbIe paOOThl B 3TOM
nanpasyienun [187, 121, 65]. B nannoM pasjese Mbl BBEJIEM CEMeHCTBO Cpe/THEeB3BeIleH-
HBIX CTATUCTHUK, MO3BOIAIONINX H3MEPITh CEMAHTHIECKYIO OJHOPOIHOCTH W 3arpa3HEH-
HOCTb TeMbl, COIVIaCOBAHHOCTbL AOKYMEHTa C TeMON WJIu TepMa C TEeMOM. HeO)KI/I,Z[aHHO
OOHAPYZKUTCsI, YTO MEPIIEKCUS TOZKE MPUHA/JIEZKUT ITOMY CEMEHCTBY CTATUCTHK.

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

p(w,d[t) = p(w|t) p(d|?); (99)
p(w|d,t) = p(w|t); (100)
p(d|w,t) = p(d|t). (101)

Ha npaxTmke Bce 3TH paclIpeaeaeHdsd HEH3BeCTHLHI. llocie IOCTpoeHHms MOIeIH
(1 Ha KaxgoMm mare EM-aaropuTma) JOCTYIHBI JIMIIb ONEHKH ITHX PACIIPE/eTeHHuil.
B KazK10M M3 TpEéX paBeHCTB paclpeeIcHie B IPaBoil YaCTH OLEHUBACTCH MO OOJIBbIIeMY
00bEMY JIaHHBIX, YeM paciipeje/ienue B JjieBoit dactu. [[lodromy B KadecrBe HYJI€BOW I'-
noTe3bl OyjeM OpaTh HPeAIIOJIOKEeHHEe, YTO SMIMPUYECKOe PACHPEIe]eHUe B JIeBOH YacTu
IHOPOK/IAETCs (COrIACYeTCs ¢) BEPOSITHOCTHOM MOJIEJIBIO U3 [IPABOil 4acTH.

Hecmorpst Ha hopMabHYIO S5KBUBAJIEHTHOCTH, Tpu Ipejacrasaenus (99), (100), (101)
IPUBOJAT K PA3JMIHLIM KOHCTPYKIHUAM CTATHCTUICCKUX TECTOB C PA3HLIMH BO3MOKHO-
craMu npumeHenus. Pacemorpum ux nojipobnee.
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1. Pagencrso (99) rpancdopmMupyercst B HyJIeByIO MHIIOTE3Y O TOM, 9TO JIJIs 3a/[aHHO
TeMbl ¢ COBMECTHOE pAaCIpe/ieieHe TePMOB B JOKYMEHTaX MOPOKIaeTcs (paKTOpU30BaH-
HBIM paclpejeleHneM:

Hy: p(w,d|t) ~ p(w|t) p(d|t). (102)

J1jist IPOBEPKH JIAHHOM THIIOTE3bl MOKHO HCIIOJIb30BATH CTATHCTUKY B3auMHON uHMOD-
Maluu, npe/ioKentyo B [121]:

et (o plw,d[?)
Sy = KL(p(w,d[t) || plw|t)p(d|t)) =D plw,d|t)In N TPl

deD wed

st nojiydenusi yJ00HO# BbIYUC/IUTE/IHHOM (bopMynbl BOCITOJIb3YeMCsl Olpe/ieIeHueM

, o d )

yeaoBHoil Bepostroctn: p(w, d|t) = p(t]d, w) p(w | d)2D p(t p(d|t) = p(t\d)%, dbopmyoii

E-mara (16) u wacrornoii onenkoit yciosuoii sepogrnoctu p(w,d|t) = . [logcrapum
IIOJIy Y€HHBIE BBIPAZKEHUS B Si:

A1) pe S ld) s ) S0l
plwlt)p(lt) — plwlt)p(tld) — Puib p(w|d)’
M | D] d) ( p(w] d))
Sy = = avg| Nygw, In ———— |, 103
=200, o = (e 0 (103)
rie avg(y;, x;) = %% — CPEe/JIHEB3BEIIECHHOe 3HAYEHUMH T; ¢ BecaMu ;, 1 € 1.
S z

iel
C’iaTI/ICTI/IKa Sy paBHa CP€/IHEB3BEIEHHOMY 3Ha4eHuio Jorapudmudeckoil dyHKIun
noreps {(w,d) =In 2 w}j; 10 BCEM Te€pMaM W BCEeX JOKYMEHTOB d, B3SITBIM C BECAMHU 1yqy,-

Dyuknus K(w,d) nojozkuTesnbua, Korga p(w|d) < p(w|d). lorepst Tem Boimie, dem
XyzKe TeMaTUIecKasi MOJIE/Ib MPEJCKA3bIBACT BEPOATHOCTD MOSBICHHSA TepMa B JOKYMEHTe
p(w|d) no cpaBHeHHIO ¢ TPHBHAIBHOI YacTOTHOI onenKoil p(w |d) = .

Crarucruka S; sBJisieTcs Mepoil ceMaHTU4YeCKOi HeonHOpojaHoCTH TeMbl t. Eciin B Mo-
JIeJIM OKA3aJI0Ch CJIUIIKOM MHOI'O CEMAaHTHYeCKH HEOHODPO/HBIX TeM, TO IeJ1ecO00pa3Ho
IOCTPOUTD JIPYTYIO MOJIE/Ib, YBEJIUIUB THCJI0 TeM. TeMbl ¢ aHOMAJIbHO DOJIBITIME 3HAe-
HUAME S; MOTYT B JIaJIbHEHIIeM pPaCIIeIIaThCs Ha 00Jiee MeJKHe TeMbl B HePAPXUICCKUX
TEMATHICCKUX MOJIEIAX.

2. PagencrBo (100) rpancdopMupyercs B HyJIEBYIO THIOTE3Y O TOM, 9TO SMIUPUIECKOE
pacipe/ie/ileHue TepPMOB TeMbl ¢ B JIOKyMeHTe d IIOPOK1aeTcst OOIIUM /IS BCeX JIOKYMEHTOB

PACIPe/IeJIeHUEM TEPMOB:
Hy: plwld,t) ~ p(wlt). (104)

Jlist mpoBepKu JAHHOI MMIOTE3bl OTHOCUTEIHLHO (PUKCHPOBAHHOTO JOKYMeHTA d BBe-
JIEM CTATHCTUKY Ha ocHOBe KL-nuBepreHnuu u, omyckasi aHAJOTUYHbIE BBIKJIAIKH, 3allH-
meM eé 4epe3 CpeHeB3BelleHHOe JIoTapudMuIecKoil (pyHKIUN TOTeph:

S = KL(301.) || pw]0) = v (s, 55 (105)

Craructuka Syg ABJIsE€TCs MEPOl HECOIVIACOBAHHOCTHU JOKYMeHTa d ¢ TeMoii t.
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Yewm OoJibliie 3HadeHHE Sy, TEM CHJIbHEE JTOKYMEHT d OTKJIOHSETCS OT CeMaHTHYe-
CKH OJJHOPOJIHOTO KJjacrepa Tembl t. Craructuka S;g MOXKET HPUMEHSTHCS Jjis 0TOopa
peJIeBaHTHBIX JOKYMEHTOB DU CYMMAapHU3allii WA BU3YAJIU3aIlUN TeMbl, y/IaJeHus HeTe-
MATU3UPYEMBIX WU <«TDS3HBIX» JOKYMEHTOB, BBHIOOpA UHCJIA UTEpaNyili MO JTOKYMEHTY,
BBIJIeJIEHNS IOKYMEHTOB It (POPMUPOBAHUS HAYATHHBIX NPUOJIHZKEHUN HOBBIX TEM.

3. Pasencrio (101) rpancdopmupyercs B HyJI€BYIO MHIIOTE3Y O TOM, YTO IMIIHPHIECKOE
paciipejiejieHre TepMa w 110 JOKYMeHTaM B TeMe ¢ IOpPOK/JAeTcs OOIIUM JIjIs BCeX TePMOB
pacipejieleHIeM TeMbl 110 JOKYMeHTaM:

Hy: pld]w,t) ~ p(d]t). (106)

it 1poBepKHU JIAHHOW I'MIIOTE3bl OTHOCUTEJIbHO (PUKCHPOBAHHOI'O TepMa W BBEJIEM
crarucTuky Ha ocHoBe KL-ampeprenmuun. CHOBa oIycKasi BBIKJIAJJIKHU, 3alUIIEM e€ depes
cpe/iHeB3BelleHHOe JIorapudMuuecKoil (PyHKIUU 1OTEPD:
Swt = KL(p(d|w, ) H p(d|t)) = avg nmw,lmZM : (107)
deD p(w]|d)
Craructuka Sy, ABISETCS MEPOil HECOIVIACOBAHHOCTH TEPMa, W ¢ TeMOii t.
AHOMAJIBHO BBICOKHE 3HAYEHHSA S,y TOBOPIT O TOM, 9TO TEPM OTHOCHUTCS K ODIIEYIIO-
TpeOuTe/IbHOII Jiekcuke. /11 Bbl/ie/IeHHS TAKUX TePMOB B (DOHOBBIE T€MbI MOYKHO YCHJIUTD
Pery/Ispu3aToOphl JIeKOPPeJUpoBanns U criazkupanus [181]. AnomaibHO HU3KHE 3HAUe-
HUsi Sy, TOBOPAT O TOM, YTO TEPM W ABJILAETCS 00s3aTeJIbHBIM B TEMe W BXOJIUT B €€
CeMaHTU4YeCKoe sIpo. Tembl, cojiepzkaliiue 0OJIbII0e YUC/IO0 TAKUX TEPMOB, MOI'YT ObITh 00-
pa30BaHbl MIA0JOHHBIMU (Bpa3aMU, YACTO MOBTOPSIOMMMHUCH B TeKcTax KoJuteknuu [121].

JIj1st HPOBEPKY CTATHCTUIECKONW MUIOTE3bl 00 YCJIOBHONW HE3aBUCUMOCTH 3HAYCHUE CTa-
TUCTUKK S, 1Peodpasyercs B JIOCTHraeMblii ypoBeHb 3Hauumoctu p-value = F'(S,), rue
F — dbyukius pacupejiesienust CrarucTuku Sy, MOy YeHHAS B YCIOBUSIX HCTHHHOCTU HYJIE-
BOil rumore3bl. Ecin mocTturaemMblii ypoBeHb 3HAUIUMOCTH OJIM30K K €IUHHUIE, TO JIeTAeTCS
BBIBOJ[, UTO JIaHHBIE POTHBOpeYAT HyJeBoil rumorese. Oynkuus pacupenenenns F(S,)
CTPOUTCS IO CHHTETHYECKON KOJIJIEKIIUH, FeHepUPYEeMOil MyTéM CAOIMILTHPOBAHUS TEPMOB
w ~ p(w|d) remarudeckoit Mojesbo [19).

O06006uEHHbIEe cpeaHeB3BelleHHble CTAaTUCTUKU. OB0OLIUM BBEAEHHBIE BbILIE CTATH-
cruku Sy, Siq, Syt Ha Cilyuail pousBosibHON dyHKIMK 110Tephb £(d, W):

Sy = avg (ntdw, ((d, w)) — HEOJHOPOJHOCTb TE€MBbI t B KOJLJICKIH;

d,w

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

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

p(w|d)
p(w|d)
Sty Std, Swt nepexoggar B (103), (105), (107) coorBercrBeHHO.

B obmem ciydae ot dyHKIEU norepb norpedbyemM, 4Todbl OHA, HE 3aBUCEJIA OT T€Mbl U
aro0bl 3HaYeHue {(d, w) GBLIO TeM BBIIIE, YeM Xy2Ke TeMATHIeCKas MOJe b IPeJICKA3bIBAeT
HOSIBJIEHHE TepMa W B JOKyMeHTe d.

[Tpu siorapudmuueckoii Gyukuuun noreps £(d, w) = In 00ODIIEHHBIE CTATUCTUKI

Jlajiee paccMOTPUM HECKOJIbKO YAaCTHBIX CJIydaeB ITOH 00Iell KOHCTPYKIUY.
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Mepbl HecornacoBaHHOCTHU, TOMIEPAHTHbIE K NOBTOPSAEMOCTUN CNoB. ['uroresa ycjios-
HOI HE3aBUCUMOCTHU SBJIETCS U30bITOYHO CUJIbHBIM HPE/I110/102KeHneM. HekoTopbie si3bIKo-
Bbl€ SBJIEHUA MOTYT (DOPMAJILHO €€ HapyIlaTh, He MPUBOJIA K CEMaHTHIECKON HEOHOPO/I-
nHoctu. Hanpuwmep, siBiierue nosmopsaemocmu caos (word burstiness) — ecsiu ¢JioBo BeTpe-
TUJIOCH B TEKCTe OJMH Pa3, TO OHO C DOJIBIIONH BepOSTHOCTHIO Berperutcs emé [60, 101].
Tema mozkeT 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, OJITHAKO B TeKCTe MOXKeT HJATH pedb TOJbKO O YacTH acleKToB. BciremcTBue
9TUX ABJEHUIl B JTOKYMEHTe MOXKeT BCTPETUThCSI HAMHOTO MeHBIIIEe CJ0B TeMBbl, IIPU 3TOM
HEKOTOpbIe M3 HHUX OYIyT BCTpedaThCd HAMHOIO Yallle, YeM MOYKHO OBLIO ObI OKHJIATD
B YCJIOBUSX CTPOT'OI'O BBIIOJHEHHS TUIIOTE3bl YCJIOBHOU HE3aBUCUMOCTH.

Craructuu Sy, Stq, Sw¢ HETPYIHO CJIEJIATH TOJEPAHTHBIMHU K ITIOBTOPSIEMOCTH CJIOB, €C-
JIM 3aMEHHTb 9aCTOTHI CJIOB B JOKyMEHTAX OMHADHBIMU UHIUKATOPAMU: Ny = Mgy = 1].
J1J71st 3TOTO TOCTATOYHO BMECTO BECOB Nygyy = NwPidw B3ATb BECA Dy

S = avg (praw, U(d,w)); S = avg (praw, U(d, w)); St = avg (praw, £(d, w)).

d,w wed deD

Yrob6b! (pyHKIUIO HOTEPH TaAKZKe C/leJIaTh TOJIEPAHTHON K IIOBTOPSIEMOCTH, Oy/i1eM CpaB-
HIBATb MOJEJIbHYIO BepoATHOCTb p(w|d) ¢ 1acToTHOM onenkoil p(w|d) = &, B koTopOQl
CYBTUHK Ngy, 3AMEHEH eJMHUIEeil Wi, Jyist OOIHOCTH, APAMETPOM (v (yMeHbLHeHI/Ie a ie-
JIAeT CTATHCTHKH emé 0ojiee TOJIEPAHTHBIME K HAPYIICHUSIM HYJIEBOH I'MIIOTE3bI):

(d,w) = [ (w|d) < d}

Tenepb cratucturu Sy, Syg, Sy IPUHAMAIOT 3HaUeHUs U3 oTpe3ka [0, 1] 1 BeIpazKaroT
JIOJTI0 TEPMOB TeMBI ¢, J7Id KOTOPBIX MOJIeIb MPeICKA3bIBAT CJIHMIIKOM MAJIyIO BEpOsIT-
HOCTb. DBJiarojapst croJ/ib yHUBEpCaJIbHON UHTEPIIPETAllMl CTATUCTUKU ¢ OuHAPHO (DyHK-
nueil moTepb MOYKHO HCIOJIB30BATD JIjIsi CDABHEHUSI TEM B MOJIE/ISIX C PA3IUIHBIM YHC/IOM
TEeM, ¢ PA3JIUIHBIMU CJIOBAPSIME U JAYKe MOCTPOCHHBIX 110 PA3TUIHBIM KOJIJIEKIIHSIM.

Mepnnekcnsa Tembl. 3amerum, 910 jorapudM MEPIIEKCHA TEMATHICCKON MOJIEN MOXK-
HO 3alliCATh Yepe3 cpeHeB3BenneHuyo dyukuo morepsb £(d, w) = In m, IpUIEM Kak
JUTS BCeil KOJTEKIUM, TaK W /ISl OTAeIBHOTO JTOKYMeHTa:

In ¥ = an (ntdun In p(w|d)) = avg (ndw’ In m);

dyw,t d,w
= o (M1aws I 5e) = ?U\;%(ndw’ In o)

[To anaJioruu onpejesiuM depe3 0000IIEHHbIE CPeHEB3BEIIeHHbIE JJorapudM NepPnaek-
cut, memoi t KaK 0 BCEl KOJIEKIUH, TaK U IO OT/EJbHOMY JOKYMEHTY:

In%, =5 = %Vf(ntdw, In p(w|d))
In Z;qy = Siq = avg (ntdw, In p(w|d))

wed

SHaueHUe LEPILIEKCUI gztd HE olpene/ieHO, €C/IU Midqy = 0 st Bcex w € d, TO €Crb
) )
€CJIn TeMa IIOJIHOCTBIO OTCYTCTBYET B JJOKYMEHTE.
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Oueeprenuna Kpeccn—Pwupa. Ilpu dpyuxiuu norepnb

@)= 355 ((ggzlg)A 1)

00OOIIEHHDbIE CPe/IHeB3BEIIeHHbIe CTATUCTUKHI MEPeXoidaT B auBepreninuio Kpeccu—Pusa.
DTO mapamMeTpuiecKoe ceMeiCcTBO CTaTHCTUK HCIOJIb3yeTCsd B KadecTBe ODOOIIEHHS CTa-
TUCTUKHU XU-KBaJjipar [lupcona /s MpoBepKH TUIIOTE3bI O COTJIACUU IMIUPUIECKOTO Pac-
IpeJIeJIeHns ¢ 33 JAHHBIM JIMCKPETHBIM pacupesesenaeM [53)].

[Ipu koHKpeTHbIX 3HadYeHusx mapamerpa A muBeprennus Kpeccu—Pumga nepexoaur
(€ TOYHOCTBIO JI0 MHOZKHUTEJIS) B CTATUCTUKY XU-KBaJpar [lupcona (A = 1), nuBepreniuto
Kyns6aka—/leitbnepa (A — 0), craructuky ®@pumana—ThOKI WK paccTogHue XeJuInHre-

pa (A= —%), MOT(DUIIMPOBAHHYIO CTATUCTHKY JIOTapudMa OTHOIICHUS IPAB/IOIOI00MI
(A = —1), MoauduupoBaHHYIO CTATUCTUKY XH-KBaJApar HeiiMmaHna win B3BelIeHHOE €B-
KJIH0BO paccrosuue (A = —2). Bee 91u cTaTHCTHKY SBIISIOTCH HECHMMETPUIHBIME (34 HC-

KJIIOUYEHUEM DACCTOsIHUS XeJTHHrepa) (DYHKIMAME Mapbl JIMCKPETHBIX PACIPe/IeJIeH .
[IpermytiecTBO Takoil mapaMeTpU3alliid B TOM, 9TO CBO0O/IOiI BBIOOpa MapameTpa A
MOKHO PACIOPSIUTHCS JIJI ONTUMU3AINNNA KAKOr0-/TH00 BHEIIHErO KPUTEPHs KadecTBa.

18 OcobeHHocTU peanunsaunn EM-anropntma

EM-airopuT™ B TeMaTHIECKOM MOJETHPOBAHIU — 9TO METOJ IPOCTHIX HTEPAIHl 115t
pemieHnst cucreMbl ypasHenuii Buga (16)—(18) B ciaydae 0OBIYHON JBYXMATPHIHON MO-
gemn mn (41)—(43) aua mysnsruMopaibaoit Mogenu win (53)—(55) st runeprpadosoit
Mojiesin. Peajinzanuy MrepanuoHHOrO 1IPOIECca MOIYT OTJIMYATHCS IIOPSJIKOM BbIUUC/IE-
uuit 1o dhopmynam E-nrara u M-mrara. B panunonansaom Bapuante (Asroputm 2, crp. 15)
KazK/[asl HTePAIHs BBIIOTHICTCS 33 OJIIH IIPOXO/ IO BCEM TePMaM BCeX JOKYMEHTOB, B Pe-
3y/IbTaTe KOTOPOro (hOPMUPYIOTCS CIETIUKH Tyt, Ntg U OOHOBIISAIOTCS MAPAMETPBI MO/IE/TH
Ouwt, Ba. B nannoM pasjesie 06CyzKIaloTcs IPUEMbI YJLy YIIEHUS CXOIAUMOCTH U OCOOEHHO-
CTH OPraHU3alUKU ITOI0 UTEPAIMOHHOIO IPONIECCA JIJIA DOJIBINTUX TEKCTOBBIX KOJIJIEKIHIA.

MakeTHbI anropnTMm 1o3BoJsieT 0OpadaTbiBaTh KOJLJIEKIIMU JOKYMEHTOB, HE HOMEIIAI0-
nyecst B oneparuBHyio mamMsathb. Kosuteknus D pazbuBaercs na nakerst Dy, b=1,..., B,
KazKJIplil U3 KOTOPBIX XpPaHHUTCA B oT/ebHOM baitne. [lakeTsl oOpabaThIBalOTC IO Ove-
peau. Kaxkplit makeTr 3arpykaercs B IaMsaTh, OOHOB/geT MarTpuily ¢ um BBIIpYKaercd,
0CBODOK/Iasl MAMATD JIJIT 0OpabOTKH CJIE/IYIONIEro IMaKeTa.

Dynknusi ProcessBatches obGpabarbiBaer 3a oxun pa3 MHOKecTBO mnaketoB {Dp},
cm. Asropurm 5. Jjist KaxK0ro JoKyMeHTa d KazK0ro u3 makeroB Dy IpOu3BOAATCH HTe-
panun BeKTopa f; co BcrpoeHHbIM E-1mrarom npu dukcuposannoit marpune ®. Ha mocsre-
Heil uTepanuu JTIOKyMeHTa OOHOBJISIOTCH CUETUUKH 7, TEKYIIEro IMaKeTa.

OddraitHoBbBIi 1 OHJIARHOBLI AJITOPUTM — ITO JIBE pa3HbIe CTPATEIHH arPErupPOBAHUS
C‘{'éTLII/IKOB, IIOJIYHEHHbIX OT Pa3HbIX IIaKEeTOB, B UTOI'OBbIX CUETUYNKAX Nt -

Odbnaiivosbiii  anroputm  FitOffline coseprmaer MHOro mpoxomoB MO KOJJIEKIUH.
Ha kazk10M 1poxo/ie CUHETUYUKU Ny POpMUPYIOTCS 1IPU (DuKCcupoBaHHOM MaTpuie ® u cym-
MHUPYIOTCH 110 BceM jjokyMenTaM. OOHoBIeHHe O ¢ yI€TOM BCEX PEry/sipu3aTopOB MPOU3-
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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 MHUNHMAIA3UPOBATE Oy 1= ﬁ Juist Beex t € T

(S}

NnOBTOPSTb
Nidw = Ndw norjgn(gpwtetd) st Beex w € d, t € T
te

=]

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

BOJUTCSI B KOHIE KazKJI0r0 1mpoxoaa Kosuiekun. OddiraitHoBbIi pe:kuM OpHEeHTHPOBAH Ha
00paboTKy OTHOCUTEJIbHO HEOOJIbIIUX KOJLIEKIIU.

Ownnaiinosbii anroputm FitOnline 6b11 npejyioxken st mogean LDA B |76], mozxe
qust mogiesn PLSA B [33]. On peasnmsoBan B 6ubsmmorekax MamuHHOro obydenusi Vowpal
Wabbit, Gensim, BigARTM u apyrux, u cunraercs HanOosee 3(bOEKTHBHBIM METO0M 00Y-
JeHUs TeMaTHIecKnX Mofeneil. Ero ocHOBHas miesd 3aK/II0O9aeTCSd B CHEIUAJBHOU Opra-
HU3AIUU TTOCIe0BATeTbHOCTU BhIYucaennii mo popmynam E-mrara uw M-mara. Ona He 3a-
TparuBaeT MEeXaHU3Mbl peryJisipu3anuu u oguHakoBo npumennma kK PLSA, LDA u ARTM.
OnJ/1aifHOBBIN AJTOPUTM JI€JIAET OJUH IIPOXO/I 110 KOJLJIeKIuU, OOHOB/Isist MaTpuily P mocJie
KazKJIpIX h makeToB: Ha mmare 21 CYETUYMKH T,;, HAKOILIEHHBIE 110 h HOC/IEJIHUM IaKe-
TaM, CYMMHPYIOTCS CO CUETIHKAMU 7,,¢, HAKOIJIEHHBIMH IO BCEM IMPEeJbIAYIIUM MTaKeTaM,
C BeCAMH Kgecay B Kapp1y- Ha mare 22 maTpuna ¢ nepecuuTrpiBaeTcs 110 OOHOBJIEHHBIM CYET-
YUKAM C YI€TOM pery/sipu3aropoB. OHJIaRHOBBIN aJrOPUTM OPUEHTHPOBAH HA 00PabOTKY
OOJIBIIUX KOJJIEKIIUI UJIU MIOTOKOB JAHHBIX.
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Becosble K0OIDOUIUEHTBI Kgecay M Kappry IIO3BOJIAIOT YHPABJIATH TEMIIOM 3a0bIBa-
HUsl HPEAbLAyIuX HakeroB. IlepeMenHass n,; HaKAILIMBAET CYMMY 3HAUEHUH 7l,; HPH
Faecay = kapp1y = 1, cpesinee apudmeTnueckoe IpH Kgecay = 1 — %, Kapp1y = %, 9KCIIOHEHITH-
aJIbHOE CKOJIb3SIee CPeHee HPH Kgecay + Kappry = 1. st anropurma Online LDA B [76]
IPeTAratoch OpaTh Kaecay = 1 — pi, Kappry = pi, TA€ p; = (7o + 1) 7", 3HaUeHHe T) 33/~
forcd B auanazone or 64 g0 1024, 3nadenust k£ — ot 0.5 g0 0.7.

Ha npakruke BMecTO KOHTPOJIS YCJIOBHI CXOJMMOCTH Ha Iiare 8 u mare 15 4acro
331aI0T (PUKCHPOBAHHOE YHCJIO UTEpAIUil 110 KOJIIEKIIUHA U IO KAaXKJIOMY JIOKYMEHTY.

B omnnaitHoBoM ajropurme pas3bueHne KOJIEKINH Ha IMaKeThbl U HOPSI0K 00paboTKu
[IAKEeTOB MOIYT BJHMATH Ha Pe3y/bTaT, B ormdue oT oddiraiiHoBoro ajaropurma. IrTodnI
YMEHBIIUTH 3TO BJAUSIHUE, KOJJIEKIIMIO PAa30MBAIOT HA HAKETHI CJIydailHbIM 0Opa30M.

MapannenbHbin anroputm. OO6paboTKa MAKeTOB MOXKET BBIIOJTHSATHCA IMapaJliebHO
B HECKOJIbKO IIOTOKOB KaK B OHJIAITHOBOM aJiropuTMe, Kak u B oddiiaitnoBom. B cunxpon-
HOM aA20pumMe O0PabOTKA CJIAYIONIeH MOPIUN MAKeTOB He HAYMHAETCS, MOKA He 3a-
BeplreHo oOHOBJieHHe Marpuilbl ¢ Ha marax 21-22. 9Tu 3aJiepKKH IPUBOJALAT K HedD-
deKTuBHOI 3arpy3ke BBLIYUC/IUTEIbHBIX pecypcoB. lIpobiiema perraercs B acunrporHom
OHAGTHOBOM aA20PUMME C TOMOIIBIO OOHOBJIeHUH ¢ 3ama3abiBanueM [68]. [Toka ofus mpo-
1ecc 3aHdAT (OpMUpOBAHUEM HOBOI'O Lpub/iMzKeHusi Marpuilibl ®, ocrajibHbIE MPOIECCH
HPOJIOJIZKAIOT UCII0JIB30BATh €€ Lpe/iblLyiiee npubiunzkenue i 00pabOTKU aKeToB 1 00-
HOBJICHHAS CUETUIUKOB Tlyt.

B 0630pHoii cratbe [3] omucanbr 11 TexHEYECKHX MPHEMOB Jisi TOBbIIIeHHs (bbheK-
THBHOCTHU HAapPaJIIeJIbHBIX aJrOPUTMOB TeMaTHYECKOro MOJeupoBaHus u 14 Oub/IMoTeK,
B KOTOPbIX 9THU HpI/IéMbI peaJin30BaHbl B PA3JIMYHbIX COYE€TaHUAX.

MpoussonbHbie dyHkunn notepb n E-war 6e3 Hopmuposku. V3menum Kpurepuii
OITUMH3AIMOHHON 3a/a9i, 3AMEHUB B KPUTEPHHU HPABIONOA00Ust jorapudm Ha Hpous-
BOJIbHYIO [VIaJIKY10 HeyObiBatollyo dGyukuuio £(p). Teueps s oleHUBaHUs APDAMETPOB
TeMaTHIecKoii Mogean ¢ mw © mo Ko/UTeKIuu JOKYyMeHTOB D 0yaeM MaKCHMH3HPOBATD
cymmy noreps £(p(w|d)) mo Beem TepMEHAM BO BCEX IOKyMeHTax:

Z Z ndw€<z gow,ﬁtd) + R($,0) — Ig%x ) (108)

deD wed teT

Teopema 18.1. Pemernne ®,0 3amaun (108) npu orpaHmIeHHsIX HEOTPHI[ATEIBHOCTH U
HOPMHPOBKH YJIOBJIETBOPeT CHCTeMe VPABHEHHE CO BCIIOMOIaTeJbHBIMH IIePeMEeHHBIMH
Praw = p(t|d,w), eciim u3 penreHnss HCKIIOYATH HyIeBbie cToa01bl MaTpur] P, ©:

Didw = Putbral’ (p(w|d)); (109)
OR
pur = mOTM NawPrdw + Ptz —— | (110)
we deD Put
OR
Ora = H%T%ﬂ wzed NwPtdw + etdaTtd . (111)

CucreMa ypaBHEHHUIl OT/IMYAeTCd OT KJIaCCHYECKOil TOJIbKO (popmyioit E-mmara.
JlokazaTeTbCTBO CaeyeT U3 JIeMMbI 3.2 0 MAKCUMHU3AIUN Ha e JUHIIHBIX CHMILTEKCAX.
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Tosbko npu f(p) =Inp na E-mare Bosuukaer dopmysa Baiieca. Ilpu srom 3aja-
9a MaKCHMHU3aIIuN1 HpaBﬂOHO,ZLO6I/Iﬂ 9KBHUBaJICHTHA MHHHMHU3AIINN B3BeIlIEHHOI CYMMBbI
KL-uBepreniuii ¢ BecaMu 1y MeXKJy SMIHPHYeCKUME pactpeaenenuamu p(w |d) = "T;de
1 MOJIeJIbHBIME pacipesiesaenusamu p(w|d) = (@, O0a)-

I[Ipu £(p) = p* 3a1aua SKBUBAIEHTHA MUHIMHU3AIMH B3BEIICHHONR CyMMbl IMBEPreHImit
Kpeccu—Puma (ctp. 103).

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

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

deD

JIaHHBIH TPUHIUALI OOTUMU3AIUN MOJIETN MPEJICTABISICTCS HE MeHee Pa3yMHBIM, YeM
MaKCHMU3aNuga IpaBaononodus. Ilpu 3toM P, = Pwibia, TO ecTh U3 00BIYHOI (hopMy-
Jpl E-1mara yxonuT 3HaMeHaTe/ b ¢ HOPMAPOBOYHBIM MHOYKUTEIEM. ByaeM Ha3bIBATH 9TO
bvicmpoim E-wazom. On MoxkeT jgaBath 3amerHoe yckopenune EM-anropurma, nockosbKy
HOPMUPOBOYHbBIE MHOYKHUTE/IH TPEOYIOT BbIYUC/IEHUs CKAJSIPHBIX POU3BEJACHUI (0, O4).

[To pesyibraram cpaBHEeHHsI DA3/JIMYHBIX CTpaTeruii ontuMusanuu B [27| Obuia npej-
JIO’KeHA KOMOMHUPOBAaHHAsI CTPATErus, KOIVIa MepBas IOJOBHHA UTEPAIUil HCIOIb3yeT
ObICTPBIN E-11ar, mpu 9TOM MOJIE/Ib CTAHOBUTCS Pa3peKeHHoi O1arogaps peryasapu3aiin.
QunajibHas JOBOJKA MOJIE/JN IIPOUCXOJUT YZKE MO0 MAKCUMYyMY IIPaBiOoao0us, HO Te-
1I€Pb CKAJISIPHBIE POU3BEJACHUS (P4, Og) MOTYT BBIUUC/ISTHCS HAMHOIO ObicTpee OJarojia-
pPsl Pa3pPezKEeHHOCTH PACHPEICICHUN Yy U Oy, DTOT BapUAHT AJITOPUTMA JTAET BBIMIPBIIIL
B cKopoctu Boraucstenuii 10 30% upu 6ospmom uucae tem (500 u Gosee).

19 T[lpoekTt BigARTM

BigARTM — 3710 6ubjnOTEKa C OTKPBITBIM KOJOM, ocHoBaHHas Ha Teopun ARTM.
OHa nMeeT pacmupseMblii BCTPOCHHBINH HAOOP Pery/aspu3aTopoB U METPUK KadecTBa, pea-
JIN3yeT OHJIafiHOBLII U oddraiitHOBBI MHOTOIIOTOYHBIH akeTHbI EM-anropurm, obecre-
YUBAIOIIUI BICOKYIO 3 DEKTUBHOCTH 00pabOTKHU OOJIbIINX KOJIJIEKIIUI Ha OJJHOM KOMIIbIO-
repe. bubsinoreka spJisgercs KpocciiargOpMeHHOi: COOPKY U MCIIOJIHEHUE MOZKHO [IPOU3-
Bozuth 1o Windows 7/8/10, Mac OS u pasiuaubivu guctpubyrusamu Linux. ITomuep-
JKHUBAIOTCS porpaMMubie narepdeiicsl mox Python 2.7.% /3 % C++ a rakxke 3amyck B Buje
ucroHgeMoro buaapuoro daiina. exonusrit kog BigARTM nanucan Ha C++11. [logmeprku-
BAaETCs HECKOJIbKO TOIYJISPHBIX (POPMATOB TEKCTOBBIX JlaHHbIX. VcuepiibiBatoLy 0 nHgop-
MaluIo 110 OMO/IMOTeKe MOXKHO HailTu B JIOKyMeHTalluu Ha caiire http://bigartm.org.

Huxke upejcrasien MuHMMaJibHBIA KO B Python, BbinosHsionuii 3arpysky u npeod-
pa3oBaHue JAHHBIX BO BHYTPEHHHI (DOpMAT IMaKeTOB JTOKYMEHTOB (6amuel), CO3IAHEE
1 oDydYeHre MOJIEIU, BbIYUCICHIE U BBIBOJ, MEPILICKCHUH.

1 # Import all necessary tools and data

> from sklearn.feature_extraction.text import CountVectorizer

3 from sklearn.datasets import fetch_20newsgroups

4+ from numpy import array

5 import artm

¢ # Extract data using sklearn and numpy

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

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

10 # Create batches and dictionary

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

12 n_wd=n_wd,

13 vocabulary=vocabulary)

14 # Learn simple PLSA model

15 model = artm.ARTM(num_topics=15, dictionary=bv.dictionary)
16 model.scores.add(artm.PerplexityScore(name=’perp’,

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

10 # Print perplexity values by iterations

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

MogrotoBka AaHHbIX. YHHBEPCAJIBHBIM O0BLEKTOM, MPUHUMAEMbIM Ha BXOJ, BCEMH OIIe-
panusavu BigARTM, siBisieTcsd BekTopu3arop artm.BatchVectorizer. B upumepe Bbiie
(maru 10-13) on ObLI CO3/1aH 110 MATPHIE «MEIIKA CJI0By» N_wd U CJI0BaPs, 33/Jaf0IEro Co-
OTBETCTBHE MEZK/Iy CTPOKAMH MATPHUIIBI U CJIOBAMHU KOJLIEKIUU. B 3TOM cirydae makersr co-
371aI0TCS B OIEPATHBHOI MAMSITH U MOJTHOCTBIO YIAJSIIOTCI U3 HEe€ 110 3aBEPIICHUN PADOTHI
Ooub/IMOTEeKH. DTOT CIOCOO XpPaHeHUs JAHHBIX IIOJXOJUT TOJIBKO JJIg HEOOJIBIINX KOJIeK-
].[I/Iﬁ, HOEJIMKOM IIOMEHIAIoINXCA B IIaMATH. BO BCeX OCTaJIbHbIX CJly4dadX HCHOJIb3YIOTCA
(bOpMaTbI JAaHHbIX, IIpeAlloJaralomue 4reHue UCXO/JHbIX JJOKYMEHTOB C JMCKa W 3alluCb
ATOrOBBIX IIAKeTOB Ha juck. Hambosee momynaspen ¢gpopmar TekcroBbix daiiios Vowpal
Wabbit, B KoTopoM KazKjasl CTpOKa COOTBETCTBYET OJHOMY JOKYMEHTY M UMEET BHJL

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

Jlanubrit ¢popMar mo3BOJISIET HPEICTABIATH JTOKYMEHTHI KAK «MEITKOM CJIOB», TaK H
[OC/Ie/I0BATE/IbHBIM TEKCTOM, & TaKzZKe 3allUChIBATh B JIOKYMEHTHI TEPMbl PA3JIMYHBIX MO-
jasibrocreii. [Ipumep co3panust BekTopusaropa 10 Janabiv B popmare Vowpal Wabbit:

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

w

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

[Tapcunr 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 ITAKETbl HA JUCK U UCIOJIb30BATh UX MHOIOKparTHO. [Ipumep cosjanust BeKTo-
pu3aropa, 3arpyzKaroiero Imakerol ¢ JUCKa:

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

CnoBapu BigARTM upejHa3Ha4deHbl I/ XPAHEHHUS JIAHHBIX O CJIOBaX U HUCIOJIb3Y-
I0TCS B HEKOTOPBIX Pery/sipu3aropax u merpukax kKadectsa. Cj0Bapio COOTBETCTBYET
00beKkT artm.Dictionary, KOTOpPBIiI MOXKHO JHOO cHOPMHPOBATH ABTOMATHYECKH BO
BpeMs pas30uMeHns KOJUIEKIIMH Ha MakerThl (3a7aB B artm.BatchVectorizer mapamerp
gather_dictionary, no ymosdaHuio paBublii True), OO CO31aTh BPYUYHYIO HA OCHOBE
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cBoux JaHHbIX. OOBEKT CJA0Bapsd MOXKHO COXPAHUTh B OMHAPHBINA MJIM TEKCTOBBIH (haii,
3aTeM 3arpyzKarhb ero u3 3roro Qaiiia:

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

2 data_format=’vowpal_wabbit’,

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

s # Load dictionary back during next BigARTM launch:

6 dictionary = artm.Dictionary()

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

['oToBBIil ci10Bapb MOXKHO M3MeHATh. /[ 9TOro JOCTATOYHO COXPAHUTH €ro Ha JUCK
B TEKCTOBOM BH/IE, 3aTeM MOJIu(MUIUPOBATH HOJLYyYeHHbIH (haiiyl 1 3arPpy3UTh €10 00PaTHO:

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

s # Then, load it back

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

CiioBapb, COXpaHEHHBIH B TEKCTOBOM (ailiie, COCTOUT U3 CTPOK CJIELYIONIEro BUJA:
token class_id value tf df

rae token — cTpokoBoe TpejcraBieHune cioBa, class id — mogambHOCTD, tf — abcosmor-
Has 9acTOTa CJI0Ba B KOIEKnud, df — 4ucIo JOKyMEHTOB KOJLIEKIH, B KOTOPBIX CJIOBO
BCTPETHIIOCH X0Ts Obl pa3. [Tosie value 1o yMo/r4annio 3a10/1HseTCs HOPMUPOBAHHBIM 3Ha-
genneM tf, HO MOzKeT ObITH M3MEHEHO (9Ta BO3MOXKHOCTH HCIIOJIBL3YETCs KAK MEXaHH3M
nepejiadn JAHHBIX B HEKOTOPBIX PEryJIsIPU3aTOpax U MeTPHKAX KAuecTBA).

CuroBapu MOKHO (pHJIBTPOBATH BCTPOEHHBIME CpeJCTBaMu 10 3HadenuaM tf u df, na-
IpHMep, MOXKHO OTOPACHIBATDH CJIMIIKOM YACThle HJIHM CAUIIKOM DPEIKHe CJI0Ba. YKa3aHUe
cJIoOBapsd B KOHCTpyKTOpe artm.ARTM wjm B metone artm.ARTM.initialize 3ajaér mo-
psiioK ¢TpoK B mMarpunax ® u (n,;) COIIACHO HOPSJKY CJIOB B CJIOBape. DTO BarKHO,
HAILpUMep, /I MOJAAJIbHOCTH METOK BPEMEHHU.

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

SmoothSparsePhiRegularizer — peayaapusamop c2aaicusaHuA—pPaspPeHCuUsaHUl Mam-
puyo, P, peasmzoBan 1o (opmyiie (25) ¢ HeOOIBIIM 0000IIEHIEM:

Owt = {lﬂt)ervlvn(nwt + 78w f ().

Ecim B oupenesienun KL-juBeprennuu 3amenuts jiorapudm Inz wa dbyskinuo A(x),
to f(x) = xN(x). Ilo ymomuanuto f(x) =1, uro u coorsercrsyer Jiorapudpmy. B 6ub-
JIMOTEKe MOZXKHO 3aJaBarb f(x) Kak crenennyo ¢yukiuio. Bekrop (5,) 3arpyxaercs u3
cIoBaps U 3aJa€TCsl 3HAYeHUsIMU 01 value Kazkmoro coBa. [1jist KarxK1oii TeMbl ¢ MOZKET
OBITH 3aJ]aH CBOM Takoil BeKTOp. TakuM crocoboM MOZKHO 3a/1aBaTh «OeJIble» U «IEPHBIE»
CIIMCKM CJIOB /IS YACTUIHOTO 00Y4eHus.

108



SpecifiedSparsePhiRegularizer — peeyaspusamop paspescenrnocmu P, peanuso-
BaH 110 TOi ke hopmysie, HO T[3, SABJIIETCI KOHCTAHTON U MOAOUPAETCS TAaKUM 00pa3oM,
9TOOBI J0JIs HYJIeBbIX 37eMeHTOB B MaTpuie ¢ okaszanach He HUKe 33 aHHOTO MOpPOra.
[Ipu sTom dyukius [ He ucnosib3yercs, To ectb f(x) = 1.

SmoothSparseThetaRegularizer — pezayaapusamop caaaHCUSAHUA—PA3PEANCUCAHUA
mampuys, O, peanuzoBan o dopmysie (26), ¢ aHATOrHIHBIM 0000TIEHIEM:

Oiq = n?er%n (ntd + Taiatdf(‘gtd))-

Oyukius f urpaer Ty ke poJib, YTO ¥ B PEryJspU3aTope CrilazKuBaHusI—pa3pe:kuBaHust P.
MaccuB MHOKHUTEJIEH (y; TTO3BOJISIET YIIPABJISATH BO3/IEfiCTBUEM Pery/isipu3aTopa Ha KazKJ10i
i-it BHyTpeHHell urepauu oO6paboTKH JOKyMeHTa. BeKTop wim Marpuna ((yg) MO3BOJISET
YIIPABIATH BO3JAEHCTBHEM PeryIgapu3aTopa Ha 3JeMeHThl MaTpHIbl O.

DecorrelatorPhiRegularizer — pezyaapusamop Jekoppesuposarus mem 6 Mampu-
ue @, peammzoBan cormacHo (37). OT moab3oBaresns Tpebyercss ykasaTh Kodbhuiment
peryjgapusaiuu T U CHUCOK MOJAJBHOCTE, Ha KOTOPble Hy2KHO BO3/I€iiCTBOBATD.

TopicSelectionThetaRegularizer — pezyasapuszamop ombopa mem 6 mampuye O,
peasmzoBat 110 dbopmysie (64). ExuacrBenHoe oTiinane 3aK/I09aeTCst B HAJTHIHA MACCHBA,
MHOXKHTeJIE (v, KaK B PEryaspu3aTope CriakKuBaHUI—pa3peKuBaHug O.

SmoothTimeInTopicsPhiRegularizer — pe2yaapus3amop C2AaiHCUuUGaHUL MeM N0 MO-
danvrocmu epemeny 6 mampuye P, peamuzoBan o dopmyre (51). st KOpPEKTHOH pa-
O0TBI peryjsgpu3aropa TpedyeTcsd yKa3aTb HMs MOJAJbHOCTH BPEMEHH H PACIOJIOKHTD
TepMbl BpEMEHHU B cjioBape u B Marpuiie ¢ B XPOHOJIOIHYECKOM ITOPSJIKE.

NetPlsaPhiRegularizer — pezyaspuzamop NetPLSA dasn modasvrocmu sepuun epa-
da 6 mampuue P, onpenensiercs no dopmysie (63). B mokymenTax jg0/KHbL ObITH 3apaHee
3aIMCaHbl TepMbI BepnH rpada v. B mapaMerpax peryigpusaropa 3aJ1ai0Tcsa IMEHA Bep-
IIHH v, UX Beca (MOUHOCTH MHOKeCTB |D,|) u Beca pédbep rpada wy,.

ImproveCoherencePhiRegularizer — pezyaapuszamop Koz2epernmuocmu, Peaan30BaH
no dopmyre (69) u B KadecTBe mapamerpa Tpebyer CJI0Bapb MAPHONH COYETAEMOCTH
cii0B Cyy (cOBpaTh €ro MOXKHO € HOMOIIBIO BCTPOEHHOTO 1apcepa).

BitermsPhiRegularizer — peeyaapusamop 6umepmos, peanus3oBaH 110 HOpPMY-
aam (67)—(68) m B KauecTBe HmapaMerpa TakzKe TPeOyeT CJI0Bapb 4acTOT OUTEPMOB 7,
(3aa4a ero cOOPKU JIOKUTCA HA MOJH30BATE).

LabelRegularizationPhiRegularizer — wacmommnwni pezyassapusamop mampuio,
JUtst Kiraccudukanun ¢ HecOaJaHCHpOBaHHBIME Kaaccamu. PeamnsoBan o dopmyiie (60).
B kadecTBe mapamerpa Tpebyer CIoBapb KJIACCOB CO 3HAYEHUIME UX MOITHOCTeR |D.|.

HierarchySparsingThetaRegularizer — pe2ysapus3amop uepapruieckoz20 paspescu-
saHus ©, HCHOJIB3YeTCs /I PA3PEKUBAHUS MATPHILBL CBA3EH MEXK/Y POAUTEIHCKUME Te-
MaM¥ ¥ MX JIOYEPHUMH HOJITEeMaMU B HePaPXUUECKUX MOJIE/IAX, COIVIACHO (hOopMy.Jie (66).

TopicSegmentationPtdwRegularizer — pezyasapuszamop FE-waza das pazpesrcusanus
ceemenmos 6 Mampuuar (P, ), ONpeaeasemblii o dopmye (83).

SmoothPtdwRegularizer — pezyasusamop E-waza das cerancusanus mampuys Py )
0 JIOKAJbHOMY KOHTeKcTy. [Ipubimkaer TemarndecKuili mpoduib KazK/J0r0 BXOXK/ICHHS
TepMa K yCpejHeHHOMY Hpoduiiio ero coceeit (1o okuy GUKCHPOBAHHON HIUPUHBI).
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Peryjisipuzaropbl MOryT BKJIIOYATHCS, OTKJIOUATHCHA UM MOJIU(PUIIMPOBATHCS B JIIOO0M
MOMeHT MezKy BbizoBaMu fit_offline mim fit_online, 4TO HMO3BOJIAET, B COBOKYIIHO-
CTH C KOHTDPOJEM MeTPHK KadecTBa, M'MOKO IMepecTpamBaTh CTPATErHi0 PeryIsapH3alin
B COOTBETCTBUHU C TEKYIIUM COCTOsiHHeM Mojesn. [Ipumep:

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

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

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

MHuoronoTo4uHbl NnakeTHblii EM-anroputm. bubsmmoreka BigARTM nossouisier obpaba-
TbhIBaThb KOJIJIEKIIUU JOKYMEHTOB, HE IIOMelalouecd B OlIEPATUBHYIO IIaMATD. ,H.HH 9TOro
koJuiekius D ¢ nmomomipio BatchVectorizer paszbuBaercs na nakerst Dy, b=1,... B,
KazKJIpIil 13 KOTOPBIX XPAHUTCS B OTAEIbHOM haitie. OOBITHO UCIOIb3YIOTCH MaKeThl Pa3-
MEpOM OT COTeH KHJIODAUT /10 JecaTkoB Merabaiit. Kosddunuentsr peryngapusanum 3a1a-
I0TCS B MOMEHT CO3JIaHHs MOJIE/U, HO IIOTOM MOIYT OBITHb B JIFOOOHi MOMEHT HM3MEHEHBI,
B TOM 4ducjie B xoje EM-urepanmuii.

[Takernl obpabarbiBatorcs dynkuuein ProcessBatches kak ommcano B Asiropurme 5.
Oddnaitnossiii anropurm FitOffline samyckaercsa dyunknueit ARTM.fit_offline, on/aii-
HoBbiil FitOnline — dynkmueit ARTM.fit_online. /I1g BK/IIOYEHHS aCHHXPOHHOIO AJIrO-
pUTMa HocaeHell Ha10 mepeIaTh mapaMerp async=True. KoOHTpOJIb yCI0BUil CXOTUMOCTH
EM-aJsiropur™ma BO3/1araercs Ha noJib3oBaresis. [Ipoiie Bcero 3ajiaBarhb 4uUCJIO UTepaliuit
10 KOJIJIEKIIMU U 110 KaXKJOMY JTOKYMEHTY.

HOCTpoeHHyIO TeMaTHUYCCKYIO0 MOJEJ/Ib MO2KHO UCIIOJIb30BaTh JAJId TeMaTU3alluU OTAC/Ib-
HBIX JOKYMEHTOB Ipu (puKcupoBaHHoi Marpuie $. 9ta BO3MOKHOCTD peaandyercs (PyHK-
mueii ARTM. transform, KoTopas IPOIyCKaeT JOKyMeHThl depe3 ProcessBatches.

MeTpukn kadectBa 100aBJIAIOTCA 4depe3 moJig scores obbekra ARTM. B sror momenT
Yy MHOI'HX METPHK MOXKHO 33/1aBaTh IapaMeTpbl. Belduc/ieHHbIe 3HAYEeHUsS] METPUK H3BJIe-
KAIOTCsI depe3 1o/isd score_tracker.

PerplexityScore — nepnaercus, Boranciasiemas 1o gopmye (94). lius eé koppekr-
HOI PabOThl HYKEH CJIOBaPb, COJ/IepKallliii HOPMUPOBAHHbIE YACTOTHI CJIOB B KOJLJIEKIIUH
(ne MomudunupoBanube 3HadeHus value st Kazkaoro ciosa). OHI UCHOTB3YIOTCSA B Ka-
decTBe AMMPOKCHMAIMH HYJIEBBIX 3HadeHuii p(w|d) u mMO3BOJISAIOT KOPPEKTHO ONEHUBATH
MOJIeJIA Ha OJIHOM CJIOBape, HO C Pa3HOil CTeleHbIO Pa3PeKeHHOCTH.

[Ipumep nojpk/0YeHnst neprieKcun Jjist MoJasibaocru @default_class (crangapraas
MOJAJIBHOCTD CJIOB):

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

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

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

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

[Tose value comepkuT BCIO UCTOPUIO 3HAYMEHUIT METPHKHU O OOHOBICHUSIM MaTpuibl P.
Y Jir06oro 1oJist J11000it MeTpUKKM uMeeTcs BapuaHT ¢ npedukcom last_, KOTOPBI BO3-
Bpallla€T 3Ha4eHue METPUKU Ha MOMEHT HOCJIe,Z[HefI CUHXPOHU3AIUH. STO MOZKeT OBbIThb
[IOJIE3HO JJI IIOJIYYeHUd MaCCUBHBIX MeTpuk Tuna TopTokensScore.

SparsityPhiScore/SparsityThetaScore — paspescennocmu mampuy ® u ©. Orne-
HUBAIOTCS JI0JIeil 97IeMEeHTOB MATPUIIBl, MEHBIINX 33/IAHHOTO II0JIH30BaTeIeM HOPOra.

TopTokensScore — mMonN-cA06a 6 MeMAT, CIUCOK U3 3a/JaHHOIO YUCJA CJIOB C HaM-
0oJIbLIel BEPOATHOCTLIO 110 KazkJ0il reme. Eciu B napamerpax 3Toil METPUKHM yKa3aTlb
CJIOBapb MAPHOI COYETaeMOCTH CJIOB, TO Oy/IeT BHIUUCIEHA KOMePEeHTHOCTh coher; 1o crnuc-
KaM TOII-CJIOB B TeMax, cormacHo (opmyite (95).

TopicKernelScore — Adposvie xapakmepucmukry mem: IACTOTA PUr,, KOHTPACTHOCTH
cong, pasMep sjpa ker; oneHuBaOIIKMe Pa3IdIHOCTb M, KOCBEHHO, HHTEPIPETUPYEMOCTH
KazKJI0i Tembl t, cM. ¢rp. 98. AHAJIOrMYHO TOI-CI0BAM, yKa3aHUE CJI0Baps MapHOil code-
TAEeMOCTH 3aIyCKaeT MOJACYET KOIePEHTHOCTH, HO TeNePhb YIKe IO SpaM TeM.

BackgroundTokensRatioScore — dosa honosvix o6, OeHUBAET OO CJIOB, J1JId KO-
ropbix KL-muBeprenius MexK /1y pacipeaenenusmu p(t) u p(w|t) Bblie 3aJaHHOTO MOPOTA.

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

ItemsProcessedScore — wucao 00pabomannvls JoKYyMEHMO8, TEXHUIECKAs METPUKA,
IOKA3bIBAMOIIAs [0 UTE€PANUAM KOJUIECTBO JIOKYMEHTOB (C MOBTOpaME), 00pabOTAHHBIX
EM-aaropurMoM ¢ MOMEHTa BKJIIOUEHUST METPUKH.

PeakMemoryUsage — nukogoe nompebienue namamu, TeXHuIecKas MeTpPUKa (JI0CTyII-
Hast T0/16K0 B C++ unrepdeiice), npegocrapisionias nHbOPMAIUIO O MAKCUMAJIBHOM I10-
Tpeb/IeHnN OllePATUBHON HMaMsITH 33 BpeMs KarkJIOW uTepaluu ajropurMa.

[Tosib30BaTe b MOXKET HE TOJILKO CO3/IaBaTh COOCTBEHHbIE METPUKU, HO U BBIYUC/ISATH
UX HAIIPAMYIO, C/IeJIaB BBIIPY3KY ImapameTpoB mozenn ¢ u O.

Bbirpy3ka napamerpos mogenu. B creayiomem Koje MOKa3aHo, KAK HOJYYUTH MATPH-
iy ® (rounee, nepsoie 10 rem JedoaTHONR MOIAIBLHOCTH):

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

w

VYKazanue napaMmerpa model_name=model.model_nwt m03BOJIIeT aHAJOTUIHBIM OOpa-
30M IOJIYYUTD 3HAYCHUS Ty BMECTO Dy

C marpuneit © MoxKHO paboTarh 1mo-pasHomy. Bo-mepBbix, €6 MOKHO BOOOIIE HE Xpa-
HUTb, €CJIM OHA He HyKHa. BO-BTOPbIX, MOXKHO XPAHUTH €€ B K3llle, 3a/iaB liepej| Hava-
Jiom 0b0ydenusi napamerp cache_theta=True. B Tperbux, MOXKHO BK/JIIOYUTH XpaHenue ©
B ®-no06H0it MmaTpurie, 3a1aB napaMerp theta_name. 910 jacT CBOOOIHBIM JOCTYII K MaT-
puIle Ha YTeHHe U 3aIluCh B JII000l MOMEHT. B 1mepBoM ciiydae BHIIPDY3UTh MaTPHUILy HEBO3-
MOXKHO, B OCTaJIbHbIX IIPUMEHUM CJIEJYIOIUNE KOJL:
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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.

[Tommmo onmcanHOro mHTepdeiica BBITPY3KH MATDPHI, €CTh BO3MOXKHOCTH HOJTYyIHTH
yKa3are/ib Ha MaTPUIy U HAIPAMYIO MOJAUMPUIMPOBATH HaMATh, UCIOJIb3YEMYIO $/IPOM
O6ubJIMOTEKH, YTO CYIIECTBEHHO yMEHbIIAET PAcXo/l HaMATH U BPEMs BbIUUCJIEHUI.

20 Pa3Bepgo4HbIi NOUCK N gpyrne Npuao>KeHuns

BaxkubIM 1IpHIIOZKEHHEM TEMATUYECKOIO0 MOJIEJTMPOBAHUS ABJIACTCH UHPOPMAUUOHHBLT
nouck (information retrieval) [203, 23|. CoBpemeHHbIE TOUCKOBBIE CHCTEMbI HPeHA3HA~
YEeHbI, TJIABHBIM 00Pa30M, JijId MOUCKA KOHKPETHBIX OTBETOB HA KOPOTKHE TEKCTOBBIE
3anpocel. CoBceM JIpyrue MOUCKOBBIE MOTPEOHOCTH BO3HUKAIOT Y IOJb30BaTeseil, KOTo-
PBIM HEOOXOIMMO pa300paTbCsa B HOBOI IpeJIMeTHOH 00/IaCTU WM IIOIOJIHUTE CBOil Darazk
zuanuii. [losib30Baresib MOXKeT He BJIAJETh TEPMUHOJIOTHEH, c1ab0 TIOHUMATDL CTPYKTYDPY
peJIMeTHON 00/1acTH, HE MMeTh TOYHBIX (DOPMYJIMPOBOK 3allpOCa M HE I10/PAa3yMeBaTh
eIMHCTBEHHBII IPABUJIbHBIN OTBET. B Takux cjydasx HyzKeH HOUCK HE MO KJIFOYEBBIM CJI0-
BaM, a IO CMBICTY. 3aIPOCOM MOXKET OBITh JIMHHBINA (DparMeHT TeKCTa, JOKYMEHT WJIN
noJ00PKa JTOKYMEHTOB. Pe3ysbraToM momcka MOyKeT OBITH OOBIYHAS MOMCKOBAs BBIIAYA
B BUJIE CIIICKA JIOKYMEHTOB U/ DOJjiee CTPYKTYPUPOBAHHOE 11PE/ICTAB/IECHHE C PA3/IeJIeHueM
10 TeMaM WK rpaduyecKas BU3yaJn3alus — «JI0POKHAs Kapray HpejMeTHO obJiacTu,
CTaTUYecKasi UJId WHTEPAKTHBHAS.

Jag 9TuxX ciaydaeB MOAXOAUT MapaJurMa paseedounozo UH@OPMAUUOHH020 NOUCKA
(exploratory search) [112, 199]. Ero nenpio siBsiercst HOJydeHHe OTBETOB HA CJIOKHBIE
BOIIPOCHI: «KaKWe TeMBbI MPEeJCTaBIeHbl B TEKCTe 3alpocay, «9TO YATATh B MEPBYIO OUe-
pe/b [0 STUM TeMaMy, «9TO HAXOJIUTCH HA CTHIKE ITUX TeM CO CMEKHBIMU ODJIACTIME Y,
«KaKOBa TeMaTU4YecKasi CTPYKTYpa JAaHHON HPeJIMeTHO 00/1acTiy, <KaK OHA Pa3BHBAJIACD
BO BpEMEHN», «KAKOBBI IOCTEeTHIE TOCTUKEHUSI», «I[/le HaXOATCSI OCHOBHBIE IIEHTPBI KOM-
HEeTEHTHOCTH», «KTO SBJIETCS IKCIEPTOM IO JaHHOU TeMey u T.1. llosp3oBarenb oObId-
HOI MIONCKOBO#I CHCTEMBI BBIHYKJIEH UTEPATUBHO MepedOopMyInpoBaTh CBOM KOPOTKHUE 3a-
LPOCHI, PACHIUPss 30HY [OMCKA 110 MePe YCBOEHHUSI TEPMHHOJIOIMH IIPEJIMETHON 00/1acTu,
IIEPUOJMIECKH [IEPECMATPUBAS U CHCTEMATU3UPYsl Pe3y/ibrarhl noucka [139]. Dro Tpedy-
eT 3aTpaT BpPeMeHH M BBICOKOI KBasmdukanuu. Pa3BeoIHblil TOUCK pealn3yeTcs C I0-
MOTIIbIO BU3YAJIbHBIX TEKCTO-IpadUYECKUX IMpeICTABIEH «00Ieil KapTUHBI», JAIOIIIX
H0JIH30BATENIO OOJBIE YBEPEHHOCTH, YTO BCe BayKHEIIe aceKThl H3ydaeMOil TPOOIeMbI
HalljleHbl 1 0ToOpazKeHbl. e 00pa3HO LPEeJCTaBUThL UTEPATUBHBIN HOMCK Kak OJIyzKjia-
HU€ 110 JIAOUPHUHTY 3HAHUN ¢ (POHAPUKOM, TO PA3BEJIOYHBIN IOMCK — ITO aBTOMATUYECKOE
LOCTPOEHUE KAPThl Jijisd JIFO00N YacTu IToro jiabupuHra.

Tematunyecknini nouck. I[losiHOTEKCTOBBIE TOMCKOBBIE CUCTEMbI OCHOBAHbI HA WHBEPTHU-
POBaHHLIX MHAEKCAX, B KOTOPBLIX I/ KazKJIO0I'O CJIOBA XPAHUTCA CIHCOK COAEPKaIlX ero
nokymeHToB [15]. ITouckoBast cucTeMa HIIET JTOKYMEHTBI, COJepZKallie Bee CI0Ba 3aIpoca,
[OTOMY IIO JIMHHOMY 3allpOCy, CKOpee BCero, Hu4ero He oOyaeT HaiieHo.
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Cucrema TeMaTHYECKOIO PA3BEAOYHOTO IMOUCKA CHAYAJA CTPOUT TEMATHIECKYIO MO-
JIeJIb 3a1POCA U OIPEJIE/ISIeT KOPOTKHIA CIIMCOK TeM 3alpOoCca. 3aTeM JIIs IOUCKA, JIOKYMEH-
TOB CXOKeil TeMaTHKN MPUMEHSIOTCS Te yKe MeXaHU3Mbl NHAEKCUPOBAHUS U MMOUCKA, TOTb-
KO B POJIU CJIOB BBICTYHAIOT TeMbl. [[0CKOTbKY 4HC/I0 TeM Ha HECKOJIBKO IMOP/TKOB MEHbIIIE
o0béMa cJI0Baps, TeMATUIECKUl MOUCK TpeOyeT HAMHOI'O MEHbIIe MaMATU 10 CPABHEHUIO
C IIOJIHOTEKCTOBBIM ITOMCKOM MU MOZKET 6bITb peaJjin30BaH Ha 60.]'[66 CKpOMHOfI TEXHUKE.

Texunosiornun nHAGOPMAIMOHHOIO HOMCKA HA OCHOBE TEMATUYECKOI'0 MO/JIEJIMPOBAHUSL
JIOJITOe BpeMsl HAXOJWINCh B cTajnu ucciepoanuii [168, 35, 142, 43, 21, 190, HO Tak u
He BRI HAa yPOBEHb IMHUPOKOTO0 KOMMEPUYECKOTO MpuMeHeHnsd. B murepatype mo pa3Be-
JIOYHOMY TIOHCKY Ha TeMAaTHYECKOe MOJEeTHPOBaHIe HHOTIA cebliatores [157, 71, 154, 177],
OJIHAKO MHOIHE 0030pbl 0 HEM BOOOIIE He ynomuHator 66, 150, 166, 87, 113, 83]. C apyroii
CTOPOHbI, B paboTax 10 TeMaTuYeCKOMY MOJIEJIMPOBAHUIO PA3BEJIOYHbIN TOUCK YaCTO Ha-
3bIBaIOT OJHUM M3 BazKHENIINX HpHﬂO)KeHHﬁ, a OCHKHN KavdeCTBa ITOUCKaA UCIIOJIb3YIOT JIJIA
BAJTHIAIIMI TeMaTHIecKux Mojereil [203, 23|. 910 roBopuT Kak 0 pa3sobMEHHOCTH HCCIe-
JIOBATE/ILCKUX COODIIECTB, TAK U O TOM, YTO TEMAaTHIECKOe MOJICJIMPOBAHIE IIOKA HAXOIUT
JIMIIb HUIIEBble IPDUMEHEHUA B Pa3BELO0YHOM I/IH(I)OpMaI_[I/IOHHOM IIOUCKe.

B crarbe [177] BazKHBIME HPEMMYIIECTBAMU TEMATHYCCKUX MOJEJIEH [ IIOUCKa Ha-
3bIBAIOTCA FI/I6KOCTb, BO3MO2KHOCTH BU3YAJIN3AlIUU U HaBUT'allUU. B Ka4deCcTBe HeJ0CTaTKOB
OTMeYaIoTCsd IPOOJIeMbl ¢ HHTEPIIPETUPYEMOCTBIO Te€M, TPYAHOCTH ¢ Mojauuraiueii Te-
MaTHIeCKOW MOJIe/IM P HMOCTYILJIEHUH HOBBIX JOKYMEHTOB W BBICOKAS BBIYUCIATETbHASI
CJI0KHOCTH. OJIHAKO 9TU TPOOJIEMBI OTHOCATCS K YCTAPEBIIUM METOJaM U ObLJIN YCIIENTHO
peniedbl B 1OCJIeAYyOomue 1roAbl: JeCATKH HOBbIX MO,Z[G.)'[GI';I pa3pa60TaHbI JJId yJIydlieHud
UHTEPIPETUPYEMOCTH; OHJIAIHOBbIE AJIIOPUTMbI CIIOCOOHBI 0OpadaTbiBaTh OOJIbIINE KOJI-
JIEKIIUH U TIOTOKU JOKYMEHTOB 3a JuHeiiHoe Bpems [122; 33, 178].

ARTM pnsa pa3senoyHOro noncka v oueHnBsaHue kadectsa noucka. Mogear ARTM
JUTsl Pa3BeIOYHOr0 MOMCKa Oblia mpemioxena B [20] u yayumena B [80, 81, 82|. usa
U3MEepeHnus KadecTBa Pa3BeJOYHOIO TEMaTHIECKOI'O IMOUCKA HCIIOJIb30BAJIUCH KPUTEPUH
TOYHOCTU U HOJIHOTHI H& OCHOBE OIEHOK aCcecCOPOB.

Bruia cocrasiiena Boibopka u3 100 3a1pocoB — TBOpYECKUX 3a/aHUil pa3BeI0IHOIO
noucka. Kaxk/iplii 3ampoc mnpejacraBiisji co0oil TeKCT 00bEMOM OKOJIO OJIHON CTPaHUILBI
dopmara A4, onuceiBafonuii TeMaTHKy moucka. Kaxkmoe 3aganne cHada 8 BBIIOJIHAIOCH
HE3aBUCUMO HECKOJBKHMH aCceCcCOpaMH, 3aTeM CHCTeMOW TeMaTHYeCKOTO IOUCKA, 3aTeM
eé pe3yJibTaT CHOBa OIleHUBAJICA aceccopamu. /laHHas MeTOJMKa MO3BOJISET, €IUHOZKIbI
c/leJ1aB pa3MeTKy Pe3yJbTaToOB IOMCKA, MHOI'OKPATHO OIEHUBATH KAaveCTBO Pa3/IMIHBIX
TEeMATHYICCKUX MO,ZLe.HefI 1 MEeXaHU3MOB ITOUCKaA.

DKCIEePUMEHTHI 10 IO00PY TeMaTHYeCKOl MOJIe/H JIjIs pa3BeI0YHOIO IOMCKA ITPOBO-
JIMJTHCH HA JIBYX KOJLIEKIUAX: 175 ThICAY cTaTeil pyCCKOSA3BITHOIO KOJIJIEKTUBHOIO OJiora
habrahabr.ru u 760 Thica4 craTeil aHIIOA3BIYHOrO OJiora techcrunch. com.

BbI.HO IIOKa3aHO, 4YTO TeMaTUYeCKUIT ITOUCK HaXOJuT 60.]'[b]_He pe/leBaHTHbIX JOKYMEH-
TOB, YeM aCeCCOPbl, KOTOPbIE 3aTPAYUBAIOT HA BbIIIOJHEHUE TakuX 3aaHuii 30 + 20 MmunyT.
KoMbunupoBanue peryaspu3aTopoB JeKOPpPeIUpOBaHUsd, Pa3PeKUBAHUA U CIUIayKABAHUI
BMeECTe C MOJAJbHOCTIMH N-IPaMM, aBTOPOB U KaTErOphil 3HAYUMO Y/IyUIIaeT KadeCTBO
nmoucka (CM. puc. 24) u MO3BOJIAET JOCTUYb TOYHOCTH U MOTHOTHI 85% U BbIIle MU TIIA-
TesIbHOM 1obope duciaa rem |1, em. puc. 25.

[IpumeHeHre nepapxudecKux TeMaTuaecKux Mojiesieii B [81] mo3sosmio yayamurs To4-
HOCTh W MOJHOTY emé Ha H—8% upu OJHOBPEMEHHOM YBEJMYEHUH ONTUMAJILHOIO YUC/IA
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= hARTM ARTM —— hARTM ARTM = hARTM ARTM = hARTM ARTM
10| == assessors  --- word2vec — = assessors --- word2vec 1.0f == assessors  --- word2vec 1.0] == assessors  --- word2vec
""" BM25 —-- TFIDF sees BM25 —-- TF-IDF - BM25 —-- TF-IDF < BM25 —-- TF-IDF

--- LDA PLSA 0.95 === LDA PLSA --- LDA PLSA --- LDA PLSA

Precision@k
o
®
@

Recall@k
Precision@k
Recall@k

(a) xagecrBo moucka 1o kosuiekinuun Habrahabr.ru (6) xauecrBo noucka no kostekuuu TechCrunch.com

Puc. 24: Tounocrs (Precision@k) u nonnora (Recall@k) o nepsbiv k no3uiysM BbLIa4u LIPYU IIOUCKE O
JUIMHHBIM 3aripocaM. JJoKyMeHThI paHKHUPOBAJIMCH 110 KOCUHYCHOM Mepe CXO/ICTBa BEKTOPHBIX [IPe/ICTaBIIe-
uuii. Uepapxudeckas mozesb hARTM oneperkaer MO TOYHOCTH U MOJHOTE TIOCKYI0 Mogeas ARTM, npu
5TOM 00€ MOJEJIU Peryisapu30BaHHble (JeKOPPEeJUPOBAHKME W CrUIa’KUBaHUE Marpuilbl O, paspeuBanue
mMarpulpl ©) U MyJabTUMOAAJbHBIE (N-IPAMMbL, ABTOPbI, Kareropuu). Moueiu paHKupoBaHus, OCHOBAH-
uble Ha cxozacrse BekTopos cios (TF-IDF, BM25) unu meiipoceresbix smMbeauuros (word2vec), sBisgorcs
CUIbHBIMY KOHKYPEHTaMU, HEMHOI'O OIIepexKas JIo/eil (assessors) 1o MOJIHOTE, HO OTCTaBast OT HUX [0 TOY-
Hocru. Knaccmaeckne temarndeckue mozgenn PLSA n LDA He BbIAEp:KHUBAIOT KOHKypeHuu [81].

Habrahabr.ru TechCrunch.com
acecc 100 150 200 250 400 acecc 350 400 450 475 500
P@5 0.821 0.662 0.721 0.810 0.761 0.693 0.822 0.653 0.725 0.752 0.819 0.777
P®@10 0.869 0.761 0.812 0.879 0.825 0.673 0.851 0.663 0.732 0.762 0.867 0.811
P@15 0.875 0.733 0.795 0.868 0.791 0.651 0.835 0.682 0.743 0.787 0.833 0.793
P©@20 0.863 0.724 0.795 0.847 0.792 0.642 0.813 0.650 0.743 0.773 0.825 0.793
R@5 0.780  0.732 0.807 0.840 0.821 0.721 0.762 0.731 0.762 0.793 0.835 0.817
R@10 0.817 0.771 0.843 0.870 0.851 0.751 0.792 0.763 0.793 0.812 0.868 0.855
R@15 0.850 0.824 0.895 0.891 0.871 0.773 0.835 0.782 0.807 0.855 0.890 0.882
R©@20 0.873  0.857 0.905 0.925 0.892 0.771 0.867 0.792 0.823 0.862 0.919 0.903

Puc. 25: [Toabop onruMaabHOro ucjaa TeM 1no Kpurepusam rounoctu (PQk) u monuorer (RQk) moucka ajist
<awtockoit» mogeaun ARTM c perysisipuzaropamu (JeKoppeiupoBatue u criazusanue Marpuiibl $, paspe-
JKUBaHUE MaTpulbl ©) U MOJAILHOCTAMU (N-IPAMMbL, aBTOPbL, Kareropuu) Ha Kosuekuusx Habrahabr.ru
u TechCrunch.com. [Ijis1 cpaBHEHUs MOKA3aHBI OIMEHKN KA9ECTBA MOMCKA, BBIMOTHEHHOIO aCECCOPAMH.

rem |T'| B HECKOJILKO pa3, cM. puc. 26. DTOT pe3y/ibrar MOKHO UHTEPIPETUPOBATDL CJIe/Ly-
oM 006pa30M: MOCTEIeHHOe JIPODJIeHHe TeM Ha IOJATeMbl CIIocoOCTByeT Hojiee aKKypaT-
HOMY Pa3peKMBAHUI0 TeMATHIECKUX BEKTOPOB TOKyMeHTOB p(t|d). Tembr, KOTOPBIX TOU-
HO HET B JIAHHOM JIOKYMEHTe, ITOJIyIaloT HYJIeBYI BEPOSITHOCTH YzZKe Ha IIePBOM—BTOPOM
yposhe uepapxuu. [loaroMy Me/IKO rpaHy/IMpOBaHHbIE HOJTEMbl HUXKHEI'O YPOBHSI, KOTO-
pble MOI'JIX 6]31 6bITb CTaTUCTUYECCKN HeHaﬂé)KHbIMI/I, HaCJICAYIOT HYyJ/IeBble BEPOATHOCTU OT
CBOMX POJIUTEILCKUX TeM. Kak pe3y/bTar, MOMCKOBas BBIIAYa OUYHINAETCA OT HEPeJIeBAHT-
HBIX «MYCOPHBIX» JOKYMEHTOB, 9TO H O3HAYAET yBeJIHWYeHHe HMEHHO TOUYHOCTH IIOHCKA.
[ToHOTA mOMCKA TaK:Ke HEMHOIO Y/IydUIIAeTCsd, BO3MOMKHO, O1aromaps yBeJIHIeHHIO pPas-
MEPHOCTU TeMaTUYCCKHUX BEKTOPOB. MO)KHO CKa3aTb U TaK, YTO HE€papXU4YeCKue TeMaTu-
HYeCKue 1npe/acraB/JeHud JOKYMEHTOB Jiydlle COOTBeTCTByeT 4eJI0BEeYEeCKON JIOM'MKE IHOUCKA:
KOr'Jja Mbl HUIIIEM I/IH(i)OpMaI_LI/IIO, MbI Cpa3y OTCEKaeM TO, 4TO HaM TOYHO HE IIOAXO/HT.

AbGnsnnonnble sKCIepuMenThl B [81] moKa3aiu, 4To BCe Peryssipu3aTopbl U MO/IAJb-
HOCTH BasKHBI: BBIK/TFOUEHHE KazK/IOT0 M3 HUX U3 MOJENTH IPUBOIUT K A eHHI0 TOUHOCTH
1 IMOJIHOTHI ITOUCKA.
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|T1| 20 25 | 30
|T>| 150 200 250 275 300 400 450
P@5 0.621 0.742 0.839 0.850 0.865 0.869 0.869 0.803 0.769 0.701 0.670
P@10 0.645 0.749 0.850 0.861 0.879 0.911 0.895 0.809 0.796 0.719 0.689
P@15 0.635 0.751 0.848 0.869 0.873 0.893 0.887 0.807 0.781 0.721 0.701
P©@20 0.630 0.745 0.841 0.855 0.864 0.874 0.875 0.800 0.775 0.709 0.675
R@5 0.628 0.773 0.843 0.865 0.881 0.881 0.868 0.849 0.839 0.715 0.691
R@10 0.652 0.782 0.855 0.871 0.902 0.918 0.877 0.871 0.845 0.745 0.699
R@15 0.671 0.801 0.870 0.889 0.929 0.939 0.901 0.883 0.861 0.781 0.722
R©@20 0.680 0.819 0.886 0.892 0.955 0.955 0.907 0.901 0.872 0.801 0.729
| T3] 750 800 1200 1300 1300 1400 1500 1500 1600 3000 3500
P@5 0.625 0.743 0.840 0.852 0.869 0.872 0.870 0.805 0.771 0.705 0.672
P@10 0.648 0.754 0.851 0.867 0.882 0.915 0.901 0.811 0.799 0.722 0.694
P@15 0.632 0.752 0.850 0.872 0.878 0.895 0.889 0.809 0.785 0.729 0.703
P©@20 0.629 0.745 0.845 0.861 0.871 0.877 0.882 0.803 0.778 0.710 0.681
R@5 0.632 0.780 0.845 0.869 0.883 0.889 0.872 0.851 0.841 0.721 0.695
R@10 0.654 0.792 0.859 0.873 0.905 0.922 0.881 0.873 0.850 0.749 0.703
R@15 0.675 0.805 0.874 0.892 0.932 0.942 0.905 0.889 0.863 0.787 0.725
R©@20 0.684 0.824 0.889 0.901 0.958 0.961 0.912 0.904 0.878 0.805 0.734
TechCrunch.com
|T1] 80 100 | 120
|T>] 300 350 500 550 600 700 750
P@5 0.651 0.701 0.749 0.789 0.883 0.889 0.889 0.785 0.721 0.701 0.675
P@10 0.675 0.709 0.771 0.821 0.891 0.918 0.902 0.803 0.738 0.718 0.691
P@15 0.687 0.712 0.773 0.827 0.899 0.919 0.905 0.817 0.741 0.721 0.701
P©@20 0.683 0.707 0.759 0.815 0.885 0.888 0.895 0.805 0.732 0.716 0.679
R@5 0.749 0.791 0.801 0.854 0.868 0.875 0.861 0.849 0.829 0.731 0.701
R@10 0.765 0.809 0.823 0.873 0.890 0.904 0.875 0.867 0.835 0.745 0.708
R@15 0.771 0.820 0.841 0.882 0.909 0.921 0.895 0.890 0.848 0.769 0.717
R©@20 0.778 0.825 0.851 0.887 0.928 0.942 0.929 0.901 0.869 0.785 0.728
|T3] 1500 1700 2500 2600 2600 2800 3000 3000 3200 4500 4700
P@5 0.655 0.707 0.751 0.792 0.887 0.893 0.890 0.789 0.722 0.703 0.678
P@10 0.678 0.712 0.773 0.823 0.895 0.922 0.905 0.805 0.741 0.722 0.692
P@15 0.692 0.715 0.775 0.831 0.902 0.921 0.907 0.821 0.743 0.725 0.703
P©@20 0.687 0.709 0.761 0.819 0.889 0.885 0.898 0.809 0.736 0.719 0.683
R@5 0.751 0.795 0.802 0.856 0.871 0.877 0.863 0.852 0.831 0.738 0.705
R@10 0.767 0.812 0.825 0.875 0.892 0.908 0.879 0.871 0.842 0.751 0.711
R@15 0.772 0.824 0.841 0.887 0.912 0.927 0.901 0.893 0.854 0.772 0.721
R©@20 0.783 0.830 0.854 0.892 0.931 0.949 0.935 0.905 0.871 0.790 0.732

Puc. 26: ITonfop onTrManbHOrO 4ncia TeM mo Kpurepusm tounoctu (PQk) u nonuorsr (RQK) B 1ByX-
YPOBHEBOII U TpEXypoBHEBOI mepapxuyeckoii mogeaun ARTM c peryinsgpusaropamu (J€KOppeIUupOBaHue
u craaxkupanue Marpuubl ®, paspekupanue marpuupl ©) U MOAANBHOCTAMU (N-I'DAMMbL, ABTOPbI, KaTe-
ropun). s kaxmoro yposas £ nonobpano ¢Boé onrumanbaoe aucao rem |Tp|. TpéxyposaeBas Monennb
JIOCTUTAET JIy4IIero Ka4ecTBa [MOUCKA B CPABHEHUH C JIBYXYPOBHEBOI Wil «ILJIOCKO#T» Mo/ienbio. [Ipu srom

S3HAQYUTEJIbHO YBEJIIMIUBACTCA ONTUMAJbHOE YNCJIO TEM Ha HUXKHEM YPOBHE.
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TemaTuyeckme mogenn B COUMO-TYMAHUTApPHbIX UccnenoBaHusx. lssectHo MHO-
JKECTBO IPUKJIAJHBIX 33J/la4 U CIEHAPUEB HPUMEHEHUs TeMaTUuIeCKOI0 MOJeJTUPOBAHUS
B 1upPOBBIX TyMaHUTAPHBIX uccaenoBanusax (digital humanities), dbutonoruu, KyabTypo-
JIOTUH, COIUOJOTHH, TOJUTOIOrHH, ucropun [44, 198 86].

Yarme Bcero mccaegoBaHne HAYNHAETCA C BOIMPOCA «KaK MOHATH, O YEM BCe 3TH TeK-
CTbI, HE YUTast UX» WIM <KaK BbIJIEJIUTh U3 HUX TY 4aCTbh, KOTOPasl HPEJCTAB/ISAET UHTEPEC
Jiist DoJiee IPUCTAJILHOIO u3ydenus». [Ipu 9ToM uccseoBare/in MOIyT He 3HATH 3apaHee,
KaKne UMEeHHO TeMbl WM aCHeKThl OKaXKyTCsd WHTEPEeCHBIMU W MPHUBEIYT K HOBBIM 3Ha-
HUASM WU HeTPUBUAJIBHBIM BbIBoJaM. [lo cyTm, 3T0 TakzKe pa3HOBUIHOCTH PA3BEIOTHOTO
nHGOOPMAIMOHHOIO IOUCKA.

Tunuunblii cueHapuil 3aK/I049aeTCs B TOM, 4TOObI 33/IaTh HOUCKOBYIO TEMATUKY C 110-
MOIIIBIO CJIOBAPS KJIIOYEBBIX CJIOB WX HOA0OPKU TEKCTOB. DTY 334y Mbl y2Ke paccMar-
puBaJju B pasjese nupo chorycuposartovili memamuieckud nouck, crp. 45.

Cpesu HaliJIeHHBIX TeM MOIYT OKa3aTbCsd KaK Xopomme (HHTepIpeTHpyeMble), Tak
U MYCOpHBIE, & CpeJu XOPOIMNX — KaK pe/leBaHTHBbIe, TaK W HepejeBaHTHBIE. [lomydnB
TEeMaTUYeCKYI0 MO/Ie/Ib, 110JIb30BATE/Ib MOXKET pa3MeTHTh TeMbl Ha 3TU TPU THUIA, U 3a-
TeM LPU [IOBTOPHOM IIEPECTPOEHUN MOJE/IN 1OTPedOBaTh, YTOObI PeJIEBAHTHBIE T€Mbl CO-
XPAHUJIUCh, & HA MECTe MYCOPHbBIX, 110 BO3MOYKHOCTHU, BOBHUKJIU HOBbIE XOPOIIUE TEMbI.
[Ipu sTOM JaHHBIE MPEIbIAYINeld MOIEN W IMOJb30BATEIbCKON pa3MeTKH HCIOIb3YIOTCI
JI7I KOHCTPYUPOBAHUS PEryIapru3aTOpOB CIVIAXKUBAHUSA W TEeKOPPETUPOBAHUSI.

BoijiesinB unrepecyoiiye TeMbl, 10/1b30BATE/Ib MOXKET IOCTPOUTD CJIEYIONLYI0 MOJIE/Ib,
B KOTOPO# HOIBITATHCH PA3/I€/JIUTh ITH TeMbl Ha 0OJIblllee KOJIMYECTBO MEJIKO IPaHy/IuPO-
BaHHBIX 110/ITEM.

Mmuorue nccie1oBaHus, TPOBOAUMbBIE HA JAHHBIX COMUAJIBHBIX CeTell, HOBOCTHBIX MTOTO-
KOB, CTapbIX I'a3eTHBIX M KYPHAJbHBIX MOJI00POK, HCTOPUIECKUX APXUBOB CBI3AHbBI C BbI-
dBJIEHHEeM U aHAJIN30M JUHAMHUKH IIPOIECCOB BO BpeMeHU. VccremoBaTesneit MOTyT HHTepe-
COBATH IEIMOYKHU COOBbITUH, I1OSB/IEHIe HOBBIX aCIIEKTOB, U3MEHEHUs B YIIOTPeO/IeHuU CJIOB,
CBA3aHHBIE C KYJIBTYPHBIMU BJIMSHUSMU U C/IBUTI'AMU.

[IpuBenéM HECKOJBKO MPUMEPOB TaKUX HCCJIeTOBAHUIA.

B [126]| usyuanace mosHas KoJuteKIus myoauKanuii 24 HayIHbIX KYPHAJIOB M0 (hUo-
JIOTUH M apXeoJioruu 3a moaropa crojerus (1850-2006 rr.), mocrymrast depe3 mudpoByo
6a3y manubix JStor. IIpoc/iekuBajiach JuHAMUKA W3MEHEHHUN B TEMATHKE M TEPMUHOJIO-
run. JStor npegocras/isier TEKCThl B (hOpMaTe «MEIIKOB CJA0B» W3-3a OIDAHUYEHUil 1paB
COOCTBEHHOCTH; B 9TUX YCJOBUAX UMEHHO TeMaTUIECKOe MOJICTMPOBAHIE OKA3a/I0Ch a/1eK-
BATHBIM WHCTPYMEHTOM aHAJTIH3A.

B [70] usy4anach HaydHas mepuognKa B OOJACTH JUTEPATYDBI, OXBATHIBAIOIMIAs 0O-
jee 21 Teicsan crareit 3a nepuoy 1889-2013 rr. Ocoboe BHUMAHUE YJIE/IsLJIOCH TOMY, KaK
MEHSJIUCh TeMbl M 3HAYEHUs CJIOB BHYTPU KaZKJIOW TE€Mbl, B 4aCTHOCTH, KaK TpaHchopMu-
pPOBAJIOCH OTHOIIEHUE K TeMe HACHJIMS.

B [114] uzyuanach koJteknus raser u nepuoguku Ouuiisaaun 3a nepuos 1854-1917 rr.
[Hesibio OBLIO BBIJIEJIEHHE T€M O IEePKBU, PEJTUTIHU U 0OPa30BaHUU /I IOHUMAHMS TeMa-
TUYECKUX TPEHJI0B MOJIEPHU3AIMKI U CEeKYJIpu3aliuu (PUHCKOTO 001ecTsa.

B |158] usyuasacey kosteknus soicryenuit 8 Cosoese OOH no Adrauucrany 3a me-
puos, 2001-2017 rr. Pemrajiach 3ajiaua BblsiBJI€HUS JIMHAMUKU OTHOIIEHUS PA3HbIX CTPAH
K npobsemaMm Adranucrana.

B [63] u3yuasacs kosneknus 7,6 Teicssa noBocrHbix crareii B CMU [Takucrana 3a nepu-
071, 2010-2021 rr. Pemmanach 3a/1a49a BoIBICHAS TeM, CBI3aHHBIX C N3MEeHEeHUSIMH KJIIMATA,
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Bbl4dBJICHHbIE TE€Mbl BPYYHYIO I'DYIIIIMPOBAJIUCL 110 Hay4YHbIM, COLHUAJIbBHBIM W IIOJIUMTHUYE-
CKUM aclleKTaM KJIMMaTUu4eCKON IIOBECTKH; UCCJIe0BaJ/IaCb JUHAMUKa T€M BO BPEMEHHU.

B [74] usyuanacs komneknus AYLIEN COVID-19, comepxkamasi 1,5 MJIH. HOBOCTed
o maugemun u3 440 mcrounukoB CMIU 3a mepmox 11.2019-07.2020. Pemanaces 3amgada
BBISIBJICHUS T€M, BBI3BIBAIOIIUX IOJIAPH3AINUIO OOIIECTBEHHOIO MHEHHUs, CBSI3aHHYIO C II0-
JIMTUYICCKUMU IIPUCTPACTUAMU UJIA HapTI/IfIHOCTbIO.

Hecmorpst Ha 60J1b110€ KOJIMYECTBO Pa3HOOOPA3HbIX IIPUMEHEHUN B HMU@POBLIX I'yMa-
HATAPHBLIX UCCIEIOBAHUAX, TeMAaTHIeCKue MOJe/H KPUTUKYIOTCS 338 HECOOTBETCTBUE CTa-
TUCTHIECKOU W JUHTBUCTHIECKON KOHIENTIUH «TeMbBI», UTO MMOPOK/TAET Ps/I SMHUCTEMOJIOT -
deckux mpobsiem [159]. Bostee Toro, menaercs BBIBOI, 4TO TEMATHYECKOE MOJETHPOBAHEE
B €0 HbIHEIITHEM COCTOdHHMU HE OTBEYaeT Tpe6OBaHI/IHM MeTO,Z[OJIOFI/I‘{eCKOfI UHTEerpanuun
C [IPU3HAHHbIMU METOJaMM aHaJIu3a U HE MO2KET HUCIIOJIb30BAaTbCA KaK CaMOCTOATEIbHbII
METO/ nccjieJ0BaHnAd. «TeMaTI/I‘{eCKaH MOIEJIb UCXOJUT U3 OTHOCUTE/IbHO HEepeaJIMCThu4-
HBIX IIPEJIIIOIOKEeHHIT, IMeeT HeleTepMUHUPOBAHHBIN pe3y/IbTaT, He MOKeT OBbITh 3 dek-
TUBHO ITPOBEpPEHa B CPABHEHUHU C PAa3yMHBIM YHCJIOM KOHKYPHUPYIOIMHUX MOeseil, He Tpu-
Bi3aHA K 4YETKO OLPEJeJIeHHOMY JIMHIBUCTUYeCKOMY uHTepdeiicy. Hanpumep, crarucru-
deckue TeMbl (tOpics) He COOTBETCTBYIOT cojepzkare/bHbIM TeMaM (themes) B konTeHT-
anasimze. M3-3a 31ux 0cobeHHOCTEl MHTEpIpeTals MOJIE/IM OKA3bIBAETCs 110/IBEPKEHHOT
anodeHun (des0BevecKas CKJIOHHOCTh BOCHIPUHUMATE CJIydaiiHbie HAOOPbI 37IEMEHTOB Kak
SHAYUMbIE MATTEPHBI) U MPEB3ATOCTH MOATBEPKICHHsI (UeJ0BevIecKas CKIOHHOCTD MPe/I-
[OYUTATH IATTEPHBI, COOTBETCTBYIOININE AIIPHOPHBIM IIpeyOerKienusiM). B To Bpemsi kak
JacTU4YHAsl [MPOBEPKA CTATUCTUYECKON MOJE/IM BO3MOYXKHA, €€ KOHIENTYyaJbHas TPOBEPKa
Tpe6yeT HIMPOKOI'o BSaI/IMO,Z[efICTBI/IH C ApyrumMu MeToJaMu U 4Ye/IOBEYeCKUMU OllCHKaMu,
a TaKzKe BBIICHEHUS TOTO, KOppeJaupyeT JId JIeKCHIecKas COYeTaeMOCTh C KOHIENTYya b
HBIME TeMamu» [159).

Bnonme ompaBianHasg KpUTUKA BO MHOTOM CBS3aHA C TeM, UYTO B TeMAaTHIECKOM MO-
AeJIMPOBaHUU HPEAIIPUHUMAJIOCH HEJOCTATOYIHO yCI/I.HI/Iﬁ JJIA (bOpMa.)'[I/I3aI_LI/II/I JINMHI'BUCTHU-
yeckKux 3HaHuil u rpeboBanuii. B psjie ucciejjoBanuit remMarudeckoe MoJeJIMPOBAHUE UC-
IOJIb3YETCsI KAK BCIOMOTATEIbHbIi HHCTPYMEHT KOHTeHT-aHasm3a [52, 72, 22, 31, 30|, upu
9TOM HCIIOJIb3yeTCs MOPaJIbHO ycTapeBinas Mojeab LDA | a 3a1ada MmoanduKammm Mo 1e I
0/T IIOTPEOHOCTHU JIMHI'BUCTHYECKOTI'O aHAIN3a JazKe He CTaBUTCA. Pa3Burue TeMaTHIecKo-
ro mojeupoBanusi 10 2016 rojia ObLIO HAIIPABJIEHO B 3HAYNUTE/IbHOM CTEIEHU Ha, PelleHue
BHYTPEHHUX MaTeMaTH4eCKUX I1PO0JIeM, CBA3aHHbIX C IpUMEHEHueM 0aiileCOBCKOIO BbIBO-
na [51]. Jasnbueiiniee pa3BuTHE HANPABIJIOCH B CTOPOHY HHTErPANUH C HEfPOCETEBBIMU
MOJIETISIMU SI3BIKA W CHOBA COCPEIOTOYNIOCH HA MPEOOJEHNH TPYAHOCTEl TeXHUIECKOro
xapakTepa [209)].

Pemenne koHnenrya/ibHbIX HPOOJIEM TEMATUIECKOTO MOJIEAUPOBaHus Tpedyer riydo-
KO MEK/IMCHUIJINHAPHON 3KCLHEPTU3bl, TOrJIa KaK IIOBEPXHOCTHLIA U YUCTO TEXHOKPATU-
YecKUuil 110/1X0/1 B IU(PPOBLIX I'YMAHUTAPHBIX MCCJIE/I0BaHUAX 0OpeuéH Ha Heyady. Teopus
ARTM saBisgercs omnpeneéHHLIM IIArOM B 9TOM HAlpPaBJI€HHH, HO HE TOTOBBIM pPeIleHN-
eM Bcex 1podJieM, a TrHOKOil TeOpeTHIecKoil OCHOBOI, KOTOpasd CHUMAEeT CYIEeCTBOBABIIIHE
paHee 6apbepbl U 10JACKA3bIBACT HAIIPABJICHUS PA3BUTHSI.

TpeboBaHus kK Tematnydeckum mogensim. Anaaus myOJUKaluil 1 COOCTBEHHBIX IIPH-
KJIa/JHbIX I/ICC.]'[G,H,OB&HI/II';I IIOKa3bIBaCT, 4TO Ha HPAKTHUKE K TeMaTU4YeCKOI MOJEJIN BCerda
HPEIbsBJISIETCH COBOKYIHOCTD TpeboBanuii. Temarnueckasi MOJIE/Ib JIjIs PA3BEJ0YHOIO 110~
HCKa WJIn COOUO-I'YMAaHUTAPHbIX I/ICC.]'[G,H,OB&HI/II';I JOJIZKHa 6bITb O/IHOBPEMEHHO:
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TOpow,o urmepnpemupyemot B Tex CaydasxX, KOrJa TeMbl HUCHOJIb3YIOTCHI B MOJIb-
30BaTEJIbCKOM HHTEpeiice jijisi 0JyaBTOMATHIECKOI'O MOUCKA U (pUIbTPAIUN JIAH-
HBIX, YTOUHEeHNS KPUTEPUEB MOUCKA, HABATAIUN MO KOJJIEKINN 1 BU3YAJTU3AIUN Pe-
3yJIbTATOB TOWMCKA;

paspescernoti, IToObl KazK/Ibli JJOKYMEHT COCTOsI U3 HEDOJIBIIONO YUC/Ia TeM — ITO
YIPOIIAeT aHAJUTUKY U HOBBIMIAeT 3PPEKTUBHOCTD MOUCKA,

uepapruveckot, 4Todbl 10Jb30BaTe/Ib MOI' HOJIYYUTh IIPEJCTAB/IEHUE O TeMaTude-
CKOil CTPYKTYype IpeJIMeTHOH 001acTu Ha JIIOOOM YpPOBHE JeTaJTH3allu; KpOMe TOTO,
nepapxmvecKkoe JieJieHre TeM Ha IOJATEMbI IT03BOJISIeT YBEJIUYUTh Pa3MepHOCTh Te-
MaTUYECKUX BEKTOPOB [IJIs MOBBINIEHNs] KaYecTBa IMOUCKA;

CIOCODHOI aBTOMATHYECKH 0ONpedesmsd “ucio mem Ha KazKJI0M YPOBHE HepapxXuu,
aBTOMaTHYECKH €030a6a4Mb HOGbLE MeMbl, U ABTOMATHICCKH UMEHOBAIMb MEMbL Pe-
JIEBAHTHBIMH 3aI'0JIOBKAMMU;

MYALMULPAMMHOT, TAK KAK BBIJEJICHAE KII0YEBBIX (ppa3 U TEPMUHOB CYIIECTBEHHO
yAydillaeT WHTePIPETUPYEMOCTb TeM;

MYADMUAZbYHOT B TEX TIPIIOKEHUIX, T/ie TpedyeTcs KPOCC-I3bIKOBOI NN MYJIBTH-
A3BIKOBOIl IIOMCK, HAIIpUMEp, IPHU IIOUCKE MATEHTOB HA OZHOM HA3BIKEC IO MATEHTY
Ha JIPYTOM 43bIKE;

MYALMUMOIANHOT, 9TOOBI YIUTHIBATH METaJIaHHBIE JTOKYMEHTOB: aBTOPOB, IHUTHU-
pOBaHUe, KATETOPUH WJIM TerH, eCJIi TAaKOBble UMEIOTCS;

MemnopasoHot, 9T00bI BBIABISATH JUHAMUKY PAa3BUTHUS TeM, OOHAPYZKHBATL HOBBIE
TeMbl ¥ OBICTPO PACTYIIUe TeMaTUICCKUEe TPEH/IbI;

ceemenmupyrowseti, 4YTo0bl HE TOJILKO HAXO/UTh PeJIeBAHTHbIE JIOKYMEHTbI, HO U YKa-
3bIBATH B HUX CEIMEHTHI, HauOoJee peleBaHTHbIE TEMATHKE 3aIlpOCca;

06y“aemoti 110 TOJIb30BATEIbCKON pa3MeTKe, YTOObI /1eTaJIu3UPOBATh TeMAaTHIeCKHiT
aHAJIN3 KOJUIEKIIUHA WU [ePCOHAIU3UPOBATH aJTOPUTMBI IIOMCKA U PAHZKUPOBAHU,

0HAGIH060T, NAPAALEALHOT 1 pacnpedeséhioli ¢ TOYKU 3PEHHs IIPOrPAMMHON pea-
Jimsanuu, 9To0bl 3 dexkTuBHO 00padarbiBaTh 0OJIbIINE KOJLJIEKIUN TEKCTOB.

Baxueitiium rpeboBaHueM K UHCTPYMEHTAPUIO TEMATUYECKOI'O MOJIE/IMPOBAHUS OKa-
3bIBAETCS €r0 CIIOCOOHOCTH CTPOUTH MOJE/IN, O0beUHSIoNe B cede JII00ble U3 Hepevdnc-
JIEHHBIX BO3MOXKHOCTEIl B pa3IMIHBIX COUYeTaHUAX. VIHCTpyMeHTapuii J10/I2KeH ObITh «JIero-
KOHCTPYKTOPOM>», IIO3BOJISIOIIAM COOMPATh MOJETH C 33 JaHHBIM CBOIICTBAMH U3 3apaHee
3arOTOBJIEHHBIX MO/LYJIEH.

Teopust ajymruBHOil peryispusaiun remarudeckux mogeseii (ARTM) naér suosne

HPAKTUYHbBII OTBET HA BOIPOC «YTO €CTb MOJYJib». BO MHOIMX CjiydasiX 3TO peryJispu-
3aTOP, KOTOpBIil BcTpauBaeTcsd B EM-ajqroput™ B Bue OT/Ie/bHON (DYHKIME U HaJe/IdeT
MO/Ie/Ib OIPeJIeJIEHHBIM CBOWCTBOM.

MonynbHBII HOAXO0S HOAAepKIBaeTcs onbanorexoit BigARTM. HekoTopoii Tpy1HOCTBIO

HOKa, OCTaéTCs 110J100p KO DUIUEeHTOB perysdpu3alud U JIPYyrux ruiepruapaMerposB, 4To
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Tpedyer HOHUMAHUS TEOPHUH, & TAKKEe HABbIKOB IIPOIPAMMUPOBAHUS U [IPOBEJICHIS] BbIYUC-
jure/ibHbIX dkciepumentoB B Python. Cozganue yo0HOit jijisi KOHEIHOTO HOJIB30BATE/IsI
CpeJpl TeMaTH4ecKoro MojenupoBanus Ha ocHoBe Teopun ARTM u 6ubnorexkun BigARTM
BeJIETCd B HACTOMAIIEE BpeMs.

Busyanusauunsa. Cucremarusaius pe3yIbTaToOB TEMAaTHIECKOTO IIOUCKA HEBO3MOXKHA 6e3
HHTEPAKTHBHOIO rpadbuveckoro mpejacrabienus. B o63ope [2] onucbiBaiorcs u cpaBHU-
Batorcd 16 cpejcTB BU3yaJM3allud TeMaTHYeCKUX MoOje/ieil Ha OCHOBe BeO-unrepdeicos.
Em@ 60/1bie ueit MOKHO HOUYEPIHYTH 13 HHTEPAKTUBHOIO 0030pa’, KOTOPbIil HACUNTHIBA-
er OoJiee 440 cpejicTB BudyaJin3aiun TekcToB. HecmoTpst Ha Takoe 00raTcTBO TEXHUYECKUX
pelieHuil, OCHOBHBIX U/Ieil BU3yaJIM3aIUid TeMaTHIeCKUX MOJIesieil He TaK MHOTO: 9TO JIHOO
JIByMepHOe OTOOpazKeHue CeMAaHTU4YeCKO# OJIM30CTH TeM B BUjie rpada WiIum KapTbl, JIH-
00 TemMaTHYeCKas Hepapxud, JU00 JMHAMHUKA PA3BUTHUS TeM BO BpeMeHH, Jub0 rpadonas
CTPYKTYPa B3aMMOCBsi3eil MeXK/ 1y TeMaMu, JOKYMEHTAMU, aBTOPAMH WU WHBIMEH MO/IA/Ib-
HOCTSIMU, JIUOO CerMEHTHAS TeMaTHIecKas CTPYKTypPa OT/Ie/IbHBIX JTOKYMEHTOB.

['pacbuueckas Buzyaau3aiysa OOJbIINX JAHHBIX IPAKTUYECKH OECIOJIe3HA B CTATHY-
HOM HCIIOJTHEHHH, HO MOYKET OKa3aTbCd MOIIHBIM KOTHHTUBHBIM CDPEJICTBOM B CJIydae HH-
TepaKTUBHOI peasu3aruu. [[puHIyn nHTEPaKTUBHOIO BU3YaJIbHOI'O HOMCKA UHMOPMAIIT
u3BecTeH Kaxk manmpa lnetidepmara: «cHadaia KPYIHbBIN ILIAH, 3aT€M MACIIadUPOBAHUE
u dbuibrpanys, Jerain 1o rpeboBannios [164].

['pacbuueckoe oTobpazkeHne pe3yabTaToB TEMATHIECKOTO MOJIETUPOBAHUS U Pa3Be 04-
HOTO MOKMCKA COTJIACYeTCsl ¢ KOHMenueii daavrezo wmenus (distant reading), mpeiozen-
HOIi cormosiorom Jinreparypbl @panko Mopertu [128]. On mpOTHBOMOCTABIISIET STOT CIIO-
cob M3ydYeHUs] TEKCTOB HAIlEMy HPHUBBIYHOMY npucmansvhomy wmenuto (close reading).
HeBo3mokHO 1npounTars MUJJIMOHBI KHUT WJIM CTATel, HO BIIOJIHE BO3MOXKHO HPUMEHUTD
CTATHCTHIECKNE METO/bl ¥ IpaduuecKyio Bu3yaan3anuio, 94rodbl MOHATH B 00X YepTax,
0 4éM BCH dTa JINTEPATYPa, YBUJIETH HETPUBUAIbHBIE O0IIHE 3AKOHOMEPHOCTH U HAY IUTHCS
ObICTpee OTBLICKUBATH HYyzKHOe. «/lajmbHee dTeHnme — 3TO cuernuajbHas Gopma IIpeacTaB-
JIEHUSI 3HAHUN, B KOTOPOW MEHbIIIE 9JIEMEHTOB, I'Py0ee CMbBIC/ UX B3aUMOCBSI3€, OCTAIOTCS
Junrb (OPMBI, OTHOIICHUST, CTPYKTYDbI, Mojesns |128].

21 3aknar4yeHue

3ameHa dpyHgameHTa. BeposgrHOCTHOE TEeMAaTHYECKOe MOJEJINPOBAHAE — OTHOCHTEIHBHO
MOJIOJIO€ HAIIPABJIEHUE MCC/IE0BAHUN HA CTHIKE MAIIMHHOIO OOYYEHUS U aBTOMATUIECKOI
obpaborku TekcToB. EMy ayTh Oosiee 20 jier. 3a 910 Bpems ycuesa CJI0KHUTHCS HayTHast
TPaJUIUs — PACCMATPUBATDL 3Ty 00JIaCTh KaK YacTh WU KaK MPUIOZKeHue 0aiileCcOBCKOTO
obydenuns. B 9Toii KHUTe MpeNpPUHATA MOMBITKA IPEOJ0IeTh ITY TPAJIUINIO, IPE/JIOKIB
HAMHOT'0 DoJiee IPOCTOil, HO He MeHee Bblpa3uTe/IbHbII TeoperndyecKuil (pyHaMeHT B BUJIE
KJIACCUYeCKOl He-0aileCOBCKOIl peryJispu3aliiu.

COTHI/I 6aﬁeCOBCKHX AJIFTOPUTMOB TEMATHYIECKOTI'O MO/IEJIMPOBAaHU A, OIIMCAHHBIX B ThICA-
JaX MyOJIuKaIuil 3a mocJeJHue IBa TeCATUIETHs, MOTYT OBITh JiebailecCH3npOBAHbBI U MOJTY-
YeHbl MPAMOJHHENHO, OYKBAJIbHO B OJHY CTPOKY, C MIOMOIIBIO «OCHOBHOI JIEMMBI» O MaK-
CUMU3AIMHU [VIAJIKON (DYHKIMKM HA € IMHUIHBIX CUMILIeKCaX. BepogaTHOCTHOE TeMaTuIecKoe

"http://textvis.lnu.se — HHTEPAKTUBHLIH 0030D CPEACTB BU3YaJI3AIINH TEKCTOB.
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MOJIEJIMPOBAHIE MOZKHO TeIePh Ha3bIBATH «TeopHei 01HOi ieMMbly. OObACHATH, CTPOUTD
1 KOMOMHUPOBATH TEMATUIECCKHE MOJIEIN CTAJI0 Ha MOPS/I0K HPOIIE.

MozkeT BO3BHHKHYTH BOIPOC — IIOYEMY 3Ta BO3MOXKHOCTbL He ObljIa 3aMedeHa cpasy?’
Bejnp GaitiecoBckuil BbIBOJ, TPYJOEMKUN U YHUKAJIBHBIN /I KazKJIOW MOJIE/IH, TPUHOCUT
UCCJIeIOBATEISIM MHOIO TeXHHYECKHX HEYI00CTB.

Mmuorue obJiacTu aHaJM3a JJAHHBIX U MAIIIMHHOI'O 00yYeHusi, BKJIF0Yast 00paboTKy u300-
pazkKeHuil U CUIHAJIOB, PA3BUBAJKMCH 1O CJeayioneMmy obmemy crerapuio. Craadasa dop-
MaJIu3aIMs MOJIEIN U ONTUMU3AIUOHHON 33 a4u; 3aTeM 00OTallleHle TOCTAHOBKY 3a/1a9H
JIOTIOJTHUTE/TbHBIMI CTPYKTYPaMH W KPUTEPHUIMHU, B TOM UHCJIE C IMOMOIIBIO PEeryIapu3a-
IIIU; U TOJIBKO B IIOC/IEIHIOI0 OYepe/ib Mepexo/] K 0ailecOBCKON peryidapu3aliun. DTOT epe-
X0/l HYKEH TOI/Ia, KOI'JI[a BO3HMKAET IPaKTUYecKas HOTPeOHOCTH OIEHUBAHHUS HE TOJIHKO
caMuXx IapaMeTpoB MOJE/IN, HO W UX alloCTePUOPHBbIX pacipejeenuii. Hanpumep, s
HOJIy YeHUSI UHTEPBAJIbHBIX OIEHOK, IPOBEPKU CTATUCTUICCKUX T'UIIOTE3, COMILINPOBAHUS
Mojiesieil, ONMeHNBAHNSA UX YCTOMYIUBOCTH W IPOYNX BUJIOB BEPOATHOCTHOTO aHAJTIH3A.

B TemarmyeckoM Mo/IeJIMPOBAHUM TUIIOBON CIleHApuUil ObLT HApYIIEH, U COODIIECTBO
Hepenuio K MeTojam 0ailecoBCKOro obOydeHusi MUHYsI dTall Pa3BUTHSA B PpaAMKaX KJIACCH-
YeCKOH peryasipu3anui. D9To TeM 0oJjiee MapaoKCaJbHO, 9TO B HPAKTHKE TEMATHIECKO-
0 MOJIEJIMPOBAHUSI AIIOCTEPUOPHBIE PACHPE/Ie/IEHUsI UCIIOJIb3YIOTCH UCKIIOUYUTE/ILHO PaJiu
HOJIyYeHHsI TOYEIHBIX OINEHOK MAaKCHMaJIbHOTO HpaBionoiodus. Her HUKaKuX 3HAYMMBIX
HOTPEOHOCTEl, KOTOPbIe BBIHYZK/Ia I OBl HCIOJIb30BaTh OaiiecoBCKOe 0OydeHHe.

Teopus aguurusnoii peryasipusanun (ARTM) ectb nombITKa BOCIOJHATD 9TOT MPOOEI.
BosmoxkHo, nonbiTKa 3a103/1aJ1as, MOCKOJIbKY (POKYC HHTEpeca HayIHOT'O COODIIECTBa yKe
HEPEKJIIOYMJICS Ha IJ1yOOKHe HelpoceTeBbie MOJIEJIH si3blKa, MO/IE/IM BHUMAHKS U apXUTEK-
Typsl Tpancdopmepos [51|. Temarnueckoe MojeupOBaHEe Temepb GOJIbIIE COCPEIOTOYe-
HO HA MHTEIPAlMK C HePOHHBIMHU CETSIMH B IMOUCKAX BO3MOXKHOCTEHl /i «00beIMHeHHS
JIydIIero or ABYX Muposs» [209)].

Oba Buga Mojesieii, HefipoceTeBble W TEMATHYECKHE, NeHEPUPYIOT BEKTOPHBIE IIPE/I-
CTaBJIEHUS CJIOB U TEKCTOB.

Oba Bua Mojiesteii Taroreror K romorenusanuu [138], To ecTh HCIONB30BAHUIO €HHO-
ro BEKTOPHOI'O MPOCTPAHCTBA J/Isi OMUCAHUS PA3HOPOIHBIX OOBEKTOB II0 JAHHBIM 00 UX
B3auMojieiicTBusaX. B pazgenax 9 u 10 ObLI0 MOKa3aHO, KaK 9TO peau3yercs B MYJIbTHU-
MOJIAJIbHBIX U THHEPIPAGOBBIX TEMATHIECKUX MOJIEJISAX.

Oba Buga Moje/eil reHepupyloT Kak rio0ajibHble IMOEJIMHIM, TaK U JIOKAJbHBIE /ISt
KazKJIOr0 CJIOBa B €ro KoHTeKkcTe. B pasmese 15 66110 MOKa3aHO HECKOJIBKO MOJIXOI0B K Te-
MaTHIeCKOMY MOJETUPOBAHUIO MMOC/IE/I0BATETHHOTO TEKCTA.

HeiipocereBpie Moe/ i HAMHOIO CJIOXKHee, UX SMOeJMHIU CIOCOOHBI BOOpaTh B cebs
BCIO IIOJIHOTY MHQOPMAIUU O CBA3SX MEXK/ly CJIO0BaMU, HPUIEM Mbl JIaXKe HE HOHUMAEeM,
KaKue MMEHHO CBSI3U U KaK MMEHHO yYHUTbIBAIOTCS.

Temaruueckue Mojie/ii HAMHOI'O HPOIIE, UX IMOEJUHIM yIUTHIBAIOT TOJIHKO JIEKCHYe-
CKYIO COYeTaeMOCTDb CJIOB, 3aTO COXPAHAIOT HHTEPHPETHPYeMOCTb. (CBOHCTBO IMOKOOP/IH-
HATHOU MHTEPIPETUPYEMOCTH ABJIAETCA MPAMBIM CJI€/ICTBHEM TOTO, 9YTO TeMaTHIeCKHe
SMOEIMHIY SABJIAIOTCS JIMCKPETHBIMU BEPOSTHOCTHBIME PACIHPEIEACHUAMU, TO €CTh HEOT-
pUnaTeIbHBIME HOPMUPOBAHHBIMU BEKTOPAMHU.

Orka3 ot 6aifeCOBCKOI0 BBIBO/IA TEMATHIECKUX MOJIEJIEH YIIPOIAeT UX BO3SMOXKHYIO WH-
TEerparuio ¢ HelpoceTeBbIMU MOJIe/IsAME. J[1000if BeKTOPHBIN IapaMeTp HEHpOHHON ceTH,
ecJIl Ha Hero HaJIOXKHTh OTPAHUYEHHs HEOTPUIATEHHOCTH U HOPMHPOBKHU, MOYKHO 00Y-
9aTh C MIOMOIIHI0 MYJIbTUILTUKATABHOTO I'PAIMEHTHOrO Iara ¢ MpoeKnueil Ha e TMHIIHbBII
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CUMILIEKC, COIJIACHO «OCHOBHO# JieMMey. [Ipu 3TOM Jijisi BbIYUC/I€HUS CAMOI'O I'Da/IueH-
Ta MOZKHO IO-1IPEKHEMY KCIIOJIb30BaTh 0OparHoe pacipocrpanenue omubku. Peajinzaiius
stoit uaen B cucremax PyTorch wiu TensorFlow mo3sosuT npuMeHSTh UX Jijid 00yIeHHS
[IPOU3BOJIBHBIX TEeMAaTUYCCKUX MOJe/eil ¢ aJJUTUBHON perysgpusaluei.

Mudbl 0 TemaTtnyeckom mogenumposaHuu. /lomuHupoBanue 0ARECOBCKOIO MOIXO0/IA,
Pa300IIEHHOCTh aKaIEMHIECKOTI'0 U UH/IYCTPUAJILHOIO COOOIIEeCTBA MPUBEIN K HEKOTOPBIM

3a0J1y2K/IEHUSAM O TeMATUYeCKOM MOJIEJIMPOBAHUY, JOCTOUHBIM YIIOMUHAHUSA U KPUTUKHU.

«Temarmueckoe momenupoBanue — 310 B ocHoBHOM LDA». Her, ecTh corHE MoOme1eit,
PeIaIX pa3sHooOpa3Hble 3a1a491, ¢ KoTopbiMu LDA crnpasiisgercs xyzxke.

«TemaTumdaeckoe Mo/IeTMpOBaHAE TOIXOUT TOJIBKO /I aHAJIN3a TeKCTOB». Her, ecTh
MOJIEJIH JIJI aHAJIU3a U300parKeHuil, Buieo, rpadoB, CUHTHAIOB, TPaH3aKIUI.

«Temarmyeckoe MojeImpoBanue — 3TO pasjies baiiecoBckoro odyuenusi». Her, 60J1b-
IIHHCTBO Mojeseil ropasao mpoire crpoarca B ARTM 6e3 6aiiecoBCKOro BBIBOIA.

«Temaruyeckne MOJeJIM CJIYXKAT JJIS [IPEJICKa3aHus YaCTOThI CJIOB B JIOKYMEHTaX».
PopMaIbHO J1a, HO UX TEedb B BBIIBJIEHUH KJIACTEPHON CTPYKTYPBI KOJJIEKITHH.

«TeMmbl 9acTO OKa3BIBAIOTCs IyOJUPYIONUMU WM ILJIOXO WHTEPHPETUDPYEMBIMUS.
910 Ttak B LDA. ITpobsiema permraercsi ¢ mOMOIIBIO JIPYTUX PEry/isipu3aTopoB.

«Temarudyeckne Mojie/in OCHOBaHbI Ha I'MIIOTE3€ Melika cjoB». MHorue, HO He Bce.
Temarudeckue mojesn n-rpamm, OUTEPMOB, IPE/JIOKEHUH, CeIMEHTAIMU, PeryJis-
pusanusd U JJOKaau3anusd E-mara yIuThIBAIOT MOPSAI0K CJIOB B IOKYMEHTaX.

«Temarnyeckue BEeKTOpPbI HE TAK XOPOIIO OTPAXKAIT CMbIC/IbI CJI0B, KaKk word2vecs.
Onu fe/1af0T 9TO HE XyZKe, €C/Id CTPOUTh TeMATUIECKYI0 MOJE/b M0 YaCTOTaM Iap-
HBIX COYETaHWIl CJI0B, KaK 9TO U Jefaercd B word2vec.

«Temarnveckast mozmesnb LDA nepeobyuaercs ropasgo menbire, yem PLSA» [41].
Her, ux kadecTBO HpUMEpPHO OJUHAKOBO, OCOOEHHO Ha OOJBIINX KOJJIEKIUIX.
LDA ocropozkHee OleHHBaeT BEPOSTHOCTH PeIKHX CJI0B. POpMaIbHO 9TO YIIydmIaeT
[PAB/IONO/I00ME, OJTHAKO ITH CJIOBA IPAKTUYECKH HE BayKHBI JIJIs OIMMCAHUS TEM.

«Temarnueckas momenp LDA mmeer HAMHOro MeHbime mapaMerpoB, deM PLSA».
Her, marpunpr ¢ u © onenuBarorcs B 00eHX MOJEIIX, IOCKOJIbKY OHH HYZKHBI JIJIsI
upusioxkenuit. Ha camom gesie 8 LDA Gosibmie napaMerpos, 100aBasgoTcsa 5 1 .

«/3ydenne TeMaTuIecKoro MOJETHPOBAHUS HAYMHAETCHA C BEPOATHOCTHBIX Ipadu-
JecKHX Mojieseil u OaiiecoBckoro BeiBoAa». He obg3arenbHo. l'opasno mporiie Havn-
HATbh C OCHOBHOI JIeMMbl O MAKCUMU3ALUK HA CUMILIEKCAX.

OTkpbiTblie Npobaembl. He npereniys Ha HOJHOTY, YKazkKeM BOCeMb Mpo0JeM, KOTOPHIE
HPeJICTABIAIOTCS aKTYaJbHBIMU U IEPCIEKTUBHBIMU HAIIPABJIECHUSIMU MCCJIE/I0OBAHUIT B Te-

MAaTUYE€CKOM MO/IEJIMPOBAHUMU.
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o [apanmuposarue Kawecmea mem 0as HeCOGAGHCUPOBAHHHT Koasekyus. Momeas Mo-
JKeT BbIJIaBATh IIJIOXO HHTEPIpeTUpyeMblie, 1yOJMpyIolie uid MyCOPHbIE TEMbI, €CJI1
B MCXO/IHOM KOJIIEKIIMH T€MbI PA3/IMIAIOTCs 110 00bEMY B COTHH pa3. MakcuMusaius
[PAB/IONOIO0MS UMeeT TeH/ICHITNIO BhIPABHUBATH TEMbI 110 00bEMY, & He 110 CeMaHTHU-
YeCKOil OJIHOPOJIHOCTH. B pe3ysibrare KpyImHbIe TeMbI JIpOOITCS Ha TeMbI-/1yOJIUKATHI,
a MeJsikue 00beJIMHSIOTC 1 00pa3yoT MycopHbie Tembl. [Ipobsiema HecOasiaHcupo-
BAHHOCTH IIPEJICTABJIACTCA OCHOBHOW NPUYUHON IJIOXOH MHTEPUPETUPYEMOCTHA TEM.
Omxpvimas npobaema: CKOHCTPYUPOBATH ONTUMH3AIUOHHBIN KpHUTEpUil Tak, 4TO-
OBl MOJIE/Ib CaMa OIpe/Ie/idia, KAKIHe TeMbl SBJISIOTCS KPYIHBIMH, KAKHe MEJTKHMI
B cJIydae HecOAJTaHCHPOBAHHON KOJIJICKITUH.

o (Oobecnevwenue ycmotuusocmu memamudeckur modeseti. Ilpy MHOTOKpaTHBIX 3aIryc-
KaxX MOJIeJIMPOBAHNS C PA3HBIMH PEry/sipu3aTopaMu, U3 Pa3HbIX CIyvallHbIX Hada b
HbIX HPUOJIMKEHUIT UJIM C UCIOJIb30BAHUU CTOXACTHYeCKOro E-iara, MOryT moJry-
4aThCs MOJIEJIM C XOPOIUIUMHU, HO pa3jimdHbiMu Temamu. [locrpoenue nosinoro nabopa
UHTEPIPETUPYEMbIX T€M MOZKEeT HOTPeOOBATh JIECATKOB U JIazKe COTEeH 3allyCKOB.
Omxpvimas npobaema: MOCTPOCHHE IOJHONO HAOOpPa XOPOIIO HHTEPIPETUPYEMbIX
TeM 3a OJIMH 3aIlyCcK. BO3MOXKHO JI 9TO C IOMOIILIO PeryIapu3allim !

e Modeauposanue memamuru nocaedosamesbHo20 Mekcma ¢ y4éToM IIOPAIKa, CJI0B.
Momenu, OCHOBAHHBIE Ha THIIOTE3¢ «MEIIKA CJI0B», CJAUIIKOM XAOTHIHO OTHOCAT
OJIM3KO CTOsIIIIE CJI0Ba K pasHbIM TeMaM. IloHgrue TeMmbl (topic), ocHOBaHHOE Ha
CTATUCTUKE COYETAEMOCTH CJIOB, ILJIOXO COIVIACYeTCS ¢ IPU3HAHHBIMU B JIMHIBUCTUKE
KOHIIeNusAME TeMbl (theme).

Omxpoimas npobaema: CO3JaHUE TEMATHICCKMX MOJE/e BHUMAHMHA, BO3MOXKHO,
Ha OCHOBE JIOKAJU30BAHHOIO E-mrara. Meromosornueckasd MHTerpanus ¢ JAHIBHU-
CTUYCCKIMH METOJaMH aHaJIn3a TeKCTa.

e Paszsumue netpocemesoir memamuveckur modeaet; (neural topic model, NTM).
TexHoOrH4YeCKass HECOBMECTHMOCTh TEMATHYECKHX U HEHpPOCETEeBBIX BEKTOPHBIX
[IpeCTaBJeHNN CJIOB NPHUBOAUT K KOHKYPEHIMH THX KOHIENIHi, CJIMIIKOM I'PO-
MO3AKUM PEIIEHUSIM WJIM CJAUIIKOM HOBEPXHOCTHON MHTErPAIMH.

Omxpvimas npobaema: rirydOKasi HHTErPAIAS MEXAHU3MOB 00y YEHUsI TEMATHIECKIX
U HeApOoCceTeBbIX MOJE/IEH sI3bIKa ¢ IMOMOIIBIO MYJIbTUILINKATUBHBIX I'DAIMEHTHBIX
maroB (OCHOBHOI JIEMMbI 0 MAKCHMU3AIMH HA CHMILTEKCAX ).

o Asmomamusaayus nodbopa eunepnapamempos. llpu ucnoib30BaHuN HECKOJIBKUX Pe-
Iy PA3aTOPOB U MOJIAJIbHOCTEH UX BecOBbIe KOI(DDUIUEHTHI 0OOBIYHO MO I0NPAIOTCS
BPYYHYIO, IyTéM MHOTOKDPATHOI'O IEepEeCTPOCHUS MOJIEJH 110 BceM JaHHbIM. [Ipume-
HeHIe TeHeTHIeCKUX aJTOPUTMOB U JIPYTHX H3BEeCTHHIX TeXHHK AutoML mposoaut
K TPOMO3/IKAM U BBIYUCUTEIBHO TPYJTOEMKUM AJITOPUTMAM.

Omxpvmas npobaema: ObICTPasi aJANTUBHAST MHOTOKPHTEPHAJIbHAS ONTUMUA3AIAS
rulepruapaMerpoB B pezKume makeTHoi o0paboTKu KOJLIEKIIUH.

o Asmomamuueckoe UMEHOBAHUE U U3AOIAHCEHUE MeM. BOTBITUHCTBO TPUIOKEHWIT Te-
MaTUYECKOT'O MOJIEJIMPOBAHUS CBA3aHO ¢ BU3YaJIbHBIM MPEJCTaBICHUEM TEM I0JIb30-
Bareso. Kaxkaas tema J0/2KHA yYMeTh pacckasarb o cebe. OJiHAKO B JIHTEpaType
3a/lavda CyMMapU3allud TeM JI0 CHUX IIOp HE CTaBUJIACH.
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Omxpvimas npobiema: reHepupOBaTH JIjIs JIIOOOH TeMbl HE TOJBKO KPATKOe Ha3Ba-
HUE U pejieBaHTHbIE (DPa3bl, HO U KPATKOE CBS3HOE U3J/I0ZKEHUE 3a/IaHHOI0 00'bEMA.

o Jlunamuueckoe cozdanue cobbimutinbls mem B TEKCTOBBIX HOTOKaX. Hecmorpst Ha
obuJine uccjieJOBAaHUN 110 TeMIOPAJbHBIM TEMATUIECKUM MOJIE/IsIM, 1IOKa He CyIe-
CTBYeT yHUBEPCAJIbHON MOJIE/IN, MOJAXOAIIEH JIjIst JIOObIX 3a/a4 C JUHAMUKOM.
Omxpoimas npobiema: aBTOMATHIECKOE U CBOEBPEMEHHOE IeTeKTHPOBAHUE HOBOI
TEeMaTUYCCKON JIeKCUKHU, IIPUCYTCTBAA HOBOI TeMbI B JIOKYMEHTE, MOMEHTOB IIOdBJIe-
HUS HOBBIX TE€M U 3aBepIIeHus cTapbix. Perenue 3Tux 3a/a4d J0JAKHO 00XO/UThCS
0e3 TPY/L0EMKOI0 KCIEPUMEHTAJIbHOTO 110100pa I'uliepiapaMeTpos.

o Dbepeotcrnoe obsedunenue memamuieckus modeieti IPU MOMOTHEHIN KOJIIEKITINH 3Ha-
YUTEJbHBIM 00bEMOM TEKCTOBBIX JAHHBIX ¢ HEM3BECTHBIM YHCJIOM HOBBIX TEM, JIH0O
npu 00beAUHEHUN KOJIEKIIUI ¢ TOTOBBIME TEMATHIECKUMU MOJIEJISIMHU.

Omxpvimas npobaema: BblJIeJIEHEE ODIUX U COXPAHEHHE YHUKAJIbHBIX TeM IPU 00b-
eMHEHNH HECKOJbKHX TeMAaTHIeCKHX MOoJiesieil, BO3MOXKHO, B yCJOBUIX HecOaTaH-
CHPOBAHHOCTH TeM II0 HX 00bEMaM.

Y10 ocranocb 3a 6optom. B 5Ty KHUI'Y HE BOILIM HEKOTOPbIE BaKHbIE THUIIBI MOJIE-
Jieit, HalpuMmep, /I aHaIn3a U300parKeHWil U BUICOINOTOKOB, aHHOTHPOBAaHUS H300pa-
)KeHl/If/'I, CyMMapu3alnuu TEKCTOB, aHaJlUu3a TOHAJbHOCTU W BbldBJICHUA MHeHl/If/'I, HUCIIOJIb-
30BaHUdAd U IIOCTPOCHUA OHTOJIOFI/Ifl, 06Hapy)KeHI/IH HOBbBIX T€M U IIPOCJIezZKUBaHUA HOBOCT-
HBIX CI0zKeTOB. Takzke He ObLIM 3aTPOHYTHI BOIIPOCHI HHUITUATH3ANUE U aBTOMATUIECKOTO
nMeHoBaHus TeM. He Hamwia orpazkenus B 0630pe HOBas TeHJICHITNS CO3IaHUs THOPHTHBIX
MOJIeJIed HA OCHOBE TEeMATUYE€CKOT'0 MOJETUPOBAHNAA W HEMPOHHBIX CETEH.

BnarogapHocTu. Pabora BoinosineHa mnpu (puHaHCOBOI moaepzkke Poccuiickoro dponza
dbyHmamenTanbHBIX HecaeoBanuil (mpoekter 17-07-01536, 20-07-00936) u npaBuTe1bCTBA
Poccniickoit @egepanun (cornarmenue 05.Y09.21.0018).
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