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AnHoTarus

BepositHOCTHOE TEeMATHYECKOE MOJIEIUPOBAHUE — ITO TEXHOJOIUS aBTOMATHYE-
CKOil 00paboTKM TEKCTOB, aKTUBHO Pa3BUBAOIIASCH IIOC/IE/IHAE JIBA JIECATHIETHUS.
Temarudeckue MO UCHOJIB3YIOTCH JjIsi PA3BEAOYHOrO aHAJM3a OOJIBIINX TEK-
CTOBBIX KOJIJIEKITUI, WHMOPMAIIMOHHOIO [TOWCKA U PeIleHus] Pa3HOOOPA3HbIX 33134
TEKCTOBOI anajnTuku. Kaura oXBarbiBaeT OCHOBHBIE THUIIbI TEMATHIECKUX MO/IEIEN.
Maremarudeckuil anmapar KJIaCCHIeCcKoii He-0alileCOBCKO Peryisgpu3aliuu M03B0JIsd-
€T CYIIECTBEHHO YIPOCTUTH M3JI0KEHWE 10 CPABHEHUIO C 0aiteCOBCKUM 00ydeHmeM,
0OBIYHO UCIOJIb3YEMbIM B HAYYHOIL jinTepaType. BoJibiiioe 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 ¢ 3TON OMOIHOTEKOTH.

Kuwura asipecoBana crenuajuctaM B 06/1aCTH MAIIMHHOIO 0OyYeHUs U aBTOMATH-
9eCKOil 00pabOTKU TEKCTOB, IIPEIOIABATE/IAM, CTYAEHTAM, aCIIUPAHTAM, UCC/IEI0BA~
TesIsIM U WHXKeHepaM-TIpakTuKaM. lIpenmonaraercs, 9To anTaTe b BaaLeeT OCHOBAMHI
TEOpUU BEPOSITHOCTEH, JMHEHHON airedpbl, MaTeMATUYECKON CTATUCTUKU, YHUCJIEH-
HBIX METOJIOB ONTUMU3AINY, fA3bIKa IporpaMmmupoBanusg Python B obbéme Kypcos
OakaJ/iaBpuaTa TEXHUIECKUX YHUBEPCUTETOB.
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1 BsepgeHue

Temarmdeckoe MomeIMpoBaHUE — 3TO OJHA U3 COBPEMEHHBIX TEeXHOJIOTHIl 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
MOZKHO CYUTATDH OIIPEe/IeJTEHHBIM IIArOM B 9TOM HAIPABIECHUH.

Temaruueckoe MOJEJUPOBAHUE [PUHATO OTHOCUTH K MAWUHHOMY 00yvweruto 6e3
yuumens (unsupervised machine learning), mocko/bKy TeMbl CTPOSITCS ABTOMATHYECKH
110 TEKCTOBBbIM JaHHbIM. [Ljisi 9T0ro He Tpebyercss HU pa3MeTKH, HU cjoBapeil, Hu 6a3
9KCIEPTHHIX 3HaHWii. CyIecTBYIOT IPOJBUHYTHIE TEMATHIeCKUE MOJENH, CIIOCOOHBIE YU~
THIBATh TAKOT'O POJA JAHHBIE JJI YJIyJIIeHns TeM U PelleHus TPYIHBIX 337a49 TeKCTOBOI
aHamuTuku. Takwe MOJETN TOKe pacCMaTPUBAKOTCA B JAHHOI KHUTE.

Temarndeckoe MOJEIUPOBAHUE TOXOXKE HA KAACMEPU3AUUIO dokymenmos. Orimdane
B TOM, 4TO 1P 0OBIYHOM «KéCcTKOi» Kiaacrepusaiun (hard clustering) mokymentT nejgukom
OTHOCHUTCS K OJTHOMY KJIACTEPY, TOI/Ia KaK TeMAaTHIeCKas MOJENb OCYIIECTBIAET MALKYHO
kaacmepusayuto (soft clustering), pacupeesisst cofepzKuUMoe JOKYMEHTa 10 HECKOJTbKIM
KJacTepaM-TeMaM. TeMaTndeckoe MOJeTNPOBaHUE HA3BIBAIOT TaKXKe MAK0U Ou-Kaacme-
Pu3ayuet, TOCKOJIbKY KayK/10€ CJA0BO TAKyKe PACIIPEIE/ISIeTCS 110 TEMaM.

Beposmmnocmuas memamuueckas modeaw (probabilistic topic model, PTM)oupenensier
BEPOSITHOCTU Te€M B KazKJIOM JOKYMEHTe U BEPOITHOCTH CJIOB B KaxKjoil Teme. Takue Mo-
JIeJTN TPeCKAa3bIBAIOT BEPOSITHOCTU MOSBJIEHUs CJIOB B JOKYMEHTaX, HO JIeJal0T 3TO He
HACTOJILKO XOpOIo, Kak rybokue meiiponubie ceru tuna BERT [54] wim GPT-3 [88].
3aTo oHM HAMHOTO HPOIIEe U 00J1aAI0T CBOHCTBOM MHTEPIPETUPYEMOCTH.

Temarudeckasi MOJesIb, KaK U HeffpocereBasi, mpeodpas3yeT TEKCT B 8eKMOPHOE Npeo-
cmasaerue uin dmoeuar (embedding). HeitpocereBbie smbe iuHI HEe MHTEPIPETUPYEMBI,
MBI He MOHIMaeM CMBICJIa UX KoopauHaT. Temarmdyeckuii SMOeJUHT — 9TO BEKTOD BEPOST-
HOcTell TeM. B Kak/10if TeMe ecTb HamboJIee 9aCTOTHBIE CJIOBA, M €CIU MOJENb ITOCTPOeHA
XOpouio, TO OHM OKa3bIBalOTCA CBA3aHHBIMHA 11O CMBICJLY. FJ’[H,ZLH Ha HUX, MO2KHO CKa3aTb,
0 4éM 9Ta TeMa, COCTABUTD €€ TeKCTOBOE Olucanue, 1arh eit Hazpanue [107|. Hanbosee nen-
HOE€ CBOHCTBO TEMATHIECKUX MOJE/el B TOM, 9TO KOJIJIEKIHS caMa CODON KJIacTepu3yeTcst
Ha WHTEPHPETUPYeMble TeMBbI.

Mpr mouTn He Gy/1eM KacaTbCs BOIPOCA, KaK «OObeIMHUTD JydIlee OT JIBYX MHPOBY —
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-
CTpYMEHTapuil, mpe/jlaraeMblil B JAHHOI KHUTe, IOMOYKET MOTUBHPOBAHHBIM IUTATEIIM
B pPelIeHUU ITON HOBOW yBJIEKATEJbHON 3a1a4u.

BepogrHOocTHBIE TemaTHdecKne MOJENTH HAXOAAT MHOYKECTBO NPUMEHeHHH. DTO BbI-
ABJIEHHUE TPEHA0B B HOBOCTHbLIX 1HOTOKaX, HaTEHTHbIX 6a3ax, Hay41HbIX Hy6.HI/IKaI_[I/IHX
[193, 159|, muorosi3branbiii nadopmanuonusiii mouck [169, 168|, kiraccudukanus n Ka-
Teropuszanus JoKymeHtoB [143, 197], Temarmueckass cermentanus tekcros [180, 140],
cymMMapu3anus TeKcToB [96], MOMCK TeMaTHYecKuX COOOIIECTB B COIUATBHBIX CEeTIX
[196, 161, 132, 39|, rerupoBanue BeOG-crpamuiy [85|, obHapyzKeHue TeKcTOBOrO craMa |16].
CymeCTByIOT N HE-TEKCTOBbIC IIPUJIO2ZKCHUA TeMaTU4YCeCKOI'0 MOJACJIMPOBAHUA B aHaJIH-



3e u300paxkenuii u Bujeonorokos |70, 95, 62, 160|, B peKOMEHJATEJbHBIX CHCTEMAX
[187, 175, 90, 190, 189|, B nouyuasiunonnoii reneruke |[135], B Guonndopmaruke st aHa-
733 HYKJICOTUAHBIX [86] M aMHHOKHCJIOTHBIX mocienoBaTeabuocreii [148, 84|. pyrue
IPUJIOKEHUST TeMATHIECKHX MOJesieli ynoMuHaooTest B o63opax [51, 33, 41, 139, 76, 48].

[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
npeaMerHoit obsactu. [IpakTudeckuii onblT yoexKjaeT, YTO TeMaTHIecKoe Mojean obJia-
JIAIOT OI'POMHBIM <«3anacoM perienuity. MokHO J106aBUTh PEry/isipusaTop, CUJIbLHO YJIyU-
IIUB OJIUH KPUTEPHUil KadecTsBa, 3aTeM J00aBUTh BTOPOI U yJIyYIIUTH MOJEJ/Ib 110 JPYrOMy
KPUTEPUIO, U TAK HECKOJIBKO Pa3.

Addumusnas pezyaspusayus memamuueckur modeset (additive regularization of
topic models, ARTM) — 5T0 MHOrOKpHTepUATBHBIN IIOIX0OM, B KOTOPOM MO/IE/Jb ONTH-
musupyercs 110 cymme kpurepues |5, 166]. ARTM nossossier crpours Mogesu ¢ Tpebye-
MbIMH CBOUCTBaMU, O0'beIMHss PEryJIsapu3aTopbl OT pa3/jiuuHbiX Mojesiei. [[jis obyuenus
JIIOOBIX MOJIeJIefl 1 UX KOMOMHAIUN UCHOJIb3YeTCsd OJIMH U TOT K€ aJI'OPUTM, K KOTOPO-
My PeryJasgpu3aTOpbl HOIKIOYAIOTCS Kak Momyau [164, 63, 82]. MosyabHas TexHOIOIHSI
peann3oBana B 6ubsmoreke BigARTM ¢ OTKPBITBIM KOZOM, http://bigartm.org [164, 63].

[Toxuepkuém, aro ARTM He siBiisiercst emié o0 MOAEIbIO I METOIOM — 3TO 00Uk
IIO/IXO/ K HOCTPOCHUIO U KOM6I/IHI/IpOBaHI/IIO TEMATHYICCKUX MO,H,e.HeI;'I.

,ZLO HaCTOdIIero BpeMeHun JOMUHUPYIOHIUM II0AXO/J0M B TeMaTUY€CKOM MO/IE/INPOBa-
HUHU OCTaBaJIOCh OaiiecoBckoe obydenme. B ornumume or ARTM, B HEM HeT pasmeneHus
MoJtesieil Ha OOl aIrOpUTM U YHAMDUIIPYEMbIe MOLYIH-PEryaapu3aTopsl. [lrsd KaxKmoi
OailecOBCKOI MO/IeIN TPUXOIUTCS 3aHOBO BBIBOJIUTH BBIUUCIUTETbHBIE (DOPMYJIBI, peasiu-
30BbIBATh M TECTUPOBATH HPOrpaMMHbIN KOJ. V3-3a Maremarudeckoil cjoxkuHocTu Oaiie-
COBCKOI'O BbIBO/Ia B CTATb4dX 4YaCTO OIIyCKAaIOTCA BazKHbI€ JIJIAd HIOHUMaHUA JIeTaJIN. I/IHOF,Z[EL
ABTOPBI OTPAHMINBAIOTCS YIPOIIEHHBIM OIMUCAHUEM MOJEJH B BHJE MOPOXKIAIONIETO TPO-
necca (generative story) miu rpadudeckoii Horamuu (plate notation), oxHako mocsiemnyro-
il Iepexo/ K aJITOPUTMY U €ro peaju3alliid OCTAETCSd HeOTHO3HAYHBIM U HEOUYEeBHUTHBIM.
D1 6apbepsbl MPENATCTBYIOT MUPOKOMY HCIIOJIb30BAHUIO TEMATHIECCKOIO MOIEJIHPOBAHMSA.
B unjiycrpun anajin3a TeKCTOB PEJIKO MPUMEHSIOTCS MOJE/H CJIOZKHEE MOPAJIbHO yCTapeB-
meit LDA (Latent Dirichlet Allocation) [37]. Cortu mepcrneKTuBHBIX MOJeseil TaK 1 0CTa-
IOTCSA «aKaJeMIIECKIMI MCCIeOBAHUAMHA 7Sl OTHOU CTaTHI».

OcHOBHag NeJTb KHATH — MOKAa3aTh OTPOMHOE PAa3HOOOpa3ne TeEMATHIeCKHX MOJIeJIei,
COCPEAOTOYUBIINCH Ha ITOCTaHOBKAaX OUTUMU3AIUMOHHBIX 3a/1a4. HOKa3aTb, qTO peryJdpu-
3alusl SBJISIETCSl HE MEHEee BbIPA3UTE/IbHBIM CPEJICTBOM MOJIEIUPOBaHus, 1eM OailecoBCKoe
06yquI/Ie. Ha 9TOM 4A3bIKE BO3MO2KHO HE TOJIbKO CTPOUTbH U KOM6I/IHI/IpOBaTb TeMaTu4de-
CK¥e MOJIeJTN, HO TaKKe 00bICHATh NX HAMHOTO JaKOHUIHee, 0e3 «3aMeTaHus MOl KOBEP»
caoKHOI MaTeMaTuku. COMOCTABUMBIIl IO OXBATY H 0OCTOATETHHOCTH 0030D HailecOBCKUX
MoJtesieit 3aHs11 Obl MHOTO COTEH CTPAHUIL.

OcHoBoOMmOIOXKHUK coBpeMennoit Teopun BepostHocteit A. H. Kosmoropos neomno-
KpPaTHO HACTaWBaJ B CBOUX JIEKIMSIX: <IIPEJICTABJISETCS BarKHON 3ajada 0CBODOXKIEHUS
BCIOJLY, [JIe 9T0 BO3MOKHO, OT U3/THIIHIX BEPOSTHOCTHBIX Jomymieruii» [13, cTp. 252]. Oka-
3aJI0Ch, YTO B TEMATHIECKOM MO/IETHPOBAHUN OCBOOOYKJIEHNE OT U3JIUINHUX OaileCOBCKUX
JIONYTIEHU TPUBOIUT K OoJiee U3SIIHON MaTeMaTudecKoit Teopuu. JlemMa o Makcumuza-



UU 1IAJIKON (DYHKIMKM HA €IMHUYHBIX CHUMILJIEKCAX JIOKA3bIBAETCS JIOBOJILHO HPOCTO, ITO
Oyer upojeiaHo B pasjeie 3. 13 a1oit iemMmbl BoiBOsITCs Bee EM-110/100HbBIE 2 IrOPUTMBbI
TeMaTUIeCKOT'0 MOJIEJUPOBAHNS, OT CAMBIX IIPOCTHIX /10 CAMBIX CJIOXKHBIX. Temarmaeckoe
MO/IeJTAPOBAHNE CTAHOBUTCS «TE€OPHeil OMHON JJeMMbI». DTO JOJIZKHBI IO JJOCTOMHCTBY OTle-
HUTb UCCJIeIOBATEN, HCIUCABIIAE TOHHBI YePDHOBUKOB (hopMmyaamu 6ailecOBCKOTO BBIBOIA
TeMAaTUIeCKUX MOJIeseit, XoTs Obl HeMHOro 6oJiee ca0kHbIX, dem LDA.

Pazjenbr 2-5 gpisiiorcest 6a3oBbiMu. B pazjiesnax 6-7 wmssiararorcsi OCHOBbI OaitecoB-
CKOIl Teopuu; OHa He 00g3aTebHa I8 MOHNMAHUS MOCTeIYIONEro MaTepuaa, HO MOYKeT
OBITH TOJIe3HA HMPU YTEHUU HAyJIHOU JauTepaTypbl. B pasmerax 8-15 B TepMumHax pery-
JISPU3AINN OMUCHIBAIOTCS PA3JUYHbIE BUIABI TeMaTHIecKnX Mojeseil. OHI MpaKTHIecKn
HE CBA3aHbI JIPYI' C JIPYIOM, UX MOXKHO YHUTATh B IIPOU3BOJILHOM HOPS/IKE UJIM UCIIOJIb30-
BaTh KaK IIyTeBOJUTE/Ib 110 jiureparype. Pazjesbl 16-17 onuchiBaloT Kpurepun KadecTBa
TemMarudeckux mojeseit. B pazjese 18 paccmarpuBaroTcs 0COOEHHOCTH peasin3aliii aJjro-
PUTMOB, B TOM 9HCJIe TPUEMBI YCKOPEHHS CXOAUMOCTH U pachnapaJsuienuBanud. Pazmer 19
COJIePZKHUT HavdaJIbHBIE CcBeJleHnd o bubsmoreke BigARTM. B paszaene 20 obcyxaercsa npu-
MEHEHUEe TeMATHUYeCKOI'0 MOJEJUPOBAHUS JIjIs Pa3BeJI0YHOIO MH(MOPMAIUMOHHOIO TTOUCKA
U COIMO-IyMaHUTAPHbIX ucc/ieoBanuit. B pasjese 21 mojaBoaurcs uror, pa3sBeHuYuBaAIOTCS
MU@DBI 1 00CYZKJIAI0TCH OTKPbIThIE 1IPODJIEMBI.

B mauase kaxk7a0ro pasena NPpUBOAUTCH KpaTKasg MOTUBANUSA U HeOpMATbHOE MOsIC-
HeHue, 4T0 Oy/eT MIPOUCXOAUTH JaJjee, U MOYeMy 9TO BarKHO.

Ha cxeme 3aBucuMocTu pas/ie/loB B BEPXHEM psi/ly PACIIOJIOZKEHbl OCHOBHbBIE Pa3/IeJibl,
B HU2KHEM — JionojiHuTe/ibable. [Ipu nocrpoenun yueOHOIO Kypca JONOJHUTE/IbHbIE Pa3-
JIeJIbl MOYKHO OCTaBJISTh JIJIsi CAMOCTOSTE/IbHOIO U3y YEeHUSI.

Kuura nanucana no marepuajiaMm Kypca, duraemoro cryjuenram dakysibrera BMK
MI'Y ¢ 2013 roma u mkoyger PIIMI M®TH ¢ 2019 roza.

Koncmanmun Boponuose
ansapv 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), e TpeGytomux npus/edenus skcnepros [59, 97, 145].

Pacnosnasanue umenosarnnx cyusrocmetd; (named entities recognition, NER). 9o na-
3BaHUS OOBEKTOB PeaJTbHOTO MUPA, OTHOCAIIUXCS K OIPe/IeTEHHBIM KaTerOPUIM: IEPCOHBI,
OpraHU3aIMK, T€0JOKAINN, COObITHS, 1aThI, U T. /1. B KaxK/10if npeamMeTHoi 00/1acTu MOTYT
ObITH CBOM KaTeropuu: O0JIE3HU, METO/Ibl JICYCHUsI, XUMUIECKHE BEIeCTBA, BUJIbl PACTEHHIT
1 JKWBOTHBIX, HeOeCHBIE TeJla, W3/1e/usd, TOBAPHI, U T. 1. {1 pacno3HaBaHusd NMEHOBAHHBIX
CYIITHOCTE HCMOIB3YIOTCs PA3JINIHbIEe MeTO/IbI MAIIKHHOrO obydenus [117, 87, 123].

[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 nupouece nokazan B ajiropurme 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, cM. puc. 2. Marpuna P u3BecrHa, 3T0 UCXO/HbIe JaHHble. [IpaBas yacTh 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)

(Pwt) t
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Puc. 2: [locrpoenne TreMaTnvecKoit MOJEIN CBOJAUTCSA K BBIYUCIATEIbHON 3a/1a9€ IIONCKA, IIPUOINKEHHOTO

HU3KOPAHTOBOTO CTOXACTUIECKOTO MATPUIHOTO Pa3JIoKeHus P = (%) ~ $0O.

Bo-BTOpPBIX, 3TO CII0COO MATKON OH-KJ/IACTEPU3AINUHE JOKYMEHTOB [0 MHOXKECTBY TeMa-
rudeckux Kiaacrepos 1. [Tpu o6branoii «xécrkoiiy knacrepusanuu (hard clustering) kazk-
JIbIH JIOKYMEHT HEeJMKOM OTHOCHTCS K OJHOMY KJjacrepy. Temarmueckast MOJIE/Ib Pacipe-
JIEJISIeT COJEPZKUMOE JIOKYMeHTa d 110 KJIacTepaM-TeMaM COIIaCHO pacupeesenuio p(t|d).
Takast KjacTepusals Ha3bIBaeTCst «MsrKoii» (soft clustering). AHasormdHO, KazKIblit
TEPM W MATKO pacipejensiercst coraacuo p(t|w) mo rem ke xiaacrepam. [losromy re-
MaTHYeCKOe MOJIETMPOBAHUE HA3BIBAIOT MA2KOU Ou-Kkaacmepusayued.

B-Tperbux, 310 €110c00 BEKTOPU3AIUU TEKCTA, T. €. IIOJLyYeHUs TEMATUIECKUX PaCIpe-
Jesienuit s Jioboro gokymenta p(t|d), repma p(t|w), Tepma B KOHTEKCTE JOKYMEHTa
p(t|d,w), rekcroBoro dbparmenra win npejoxenus p(t|s). Boobiue, pacupeesienne Bu-
Ja p(t|z) HA3BIBAIOT TEeMATHYECKUM BEKTODHBIM IMPeCTABIEHHEM, TeMATHIECKAM MOe-
JIIHTOM WJTH Memamukoti 00beKTa .

B-4erBéprhixX, 9TO aBTOKOAMPOBINUK JTOKYMEeHTOB. Koduposwyuk fo: pg — 64 npeod-
pasyer BEKTOPHOe IpeJcTaBieHne jJokyMenTa pg = p(w|d) Bbicokoii pasmepnocru |W|
B TeMaTHYeCKOe BEKTOpHOe mpejcraBienue Oy = p(t|d) uuskoii pasmepuocru |T|. Jeko-
duposuwuk ge: 04 — POy peKoHCTPYHUpPYeT MCXOAHOE MpejcTaBieHne. deM ToOYHee PeKOH-
CTPYKIs, TeM 6o/ibine HHGOpPMAIUU 00 MCXOAHOM JIOKYMEHTE YAAJ0Ch 3aKOJAMPOBATH
B BekTope fy. B TemaruueckoM MOEIMPOBAHUY JEKOAMPOBINUK JUHEHHBIH, 3T0 HPOCTO
yMHOXkKeHue BekTopa 0y wa marpuny ¢. Marpuna ¢ sasiasercs mapamerpoM Kak KOJm-
POBILKKA, TaK U JjeKouposuuka. Marpuna © = (6y,...,60p) sBisiercs He mapaMerpom,
a pe3y/IbTaToOM KOJUPOBAHHUA BCEX JIOKYMEHTOB KOJIIEKIMH. DTO BayKHOE DPa3/IUIHe PO-
JIell IBYX MaTPHIL YCKOJIb3AeT OT BHUMAHUSA, €CJTH PACCMATPUBATH TEMATHIECKYIO MOJIE/b
TOJIBKO C TOYKHM 3PEHUsI MATPUIHOIO PA3/I0KEHUS.

B-usThix, 910 A3bIKOBas MO/eJb, KOTOPasi NMPEJICKA3bIBACT HOSBJICHUE CJIOB B JIOKY-
menTax. Ciie/lyeT Npu3HaTh, YTO B JJAHHOM Ka4eCTBE OObIYHbIE TEMATHYECKUE MOJIEJN J10-
BOJILHO €J1a0bl. XOPOIIO IIPEJICKAa3aTh CJIOBO BOBMOXKHO TOJIBKO IPH THIATETLHOM AHAII3E
ero JIOKaJbHOTO KOHTEKCTa, KOTOPBIl pa3pylIaeTcsd IMIOTe30H «Mellka CJIoB». B TeMa-
TUYECKOM MOJICJIMPOBAHUE M300DETEHO JIOBOJIBLHO MHOIO CIIOCODOB OTKA3aThCsd OT ITOI
runoTesbl U 00padaThIBATh TEKCT KaK I0C/IeJ10BAaTe/IbHOCTh TepMOB. Ho ectb u Jpyroii,
HEeyCTPAHUMBbI, HEJIOCTATOK: BPs/l JIM CTOUT OXKUJATH, YTO IOABICHUE CJIOBA OLPEIe/IAeT-
Csl TOJIBKO TeMATHUKOM, /IazKe eCJIM OHA AKKYPATHO ONEHUBAETCS 110 JIOKAJTHLHOMY KOHTEKCTY.
[1yGokue HefipOHHbBIE CETH HA OCHOBE MOJeJiell BHuMaHus [28] n apxuTekTypbl TpaHcdOp-
mepa, rakne Kak BERT [54] u GPT-3 [88] Momeupy1oT Bech KOMILIEKC SI3bIKOBBIX SIBJICHUI
M 1IPEJICKA3bIBAIOT CJIOBA B TEKCTE JIydlle, YeM 910 jejator jiojau. OHu clocoOHbI reHe-
pupoBarh (GHefKOBbIE HOBOCTH, KOTOPbIE JIIOJM HE OTaMYaior 0T Hacrodmmx. OHaKo Tu
MOJIEJI HEMHTEPIPETUPYEMbL: Mbl II0KA He HAayUYWIHCh Y3HABATH, KAKHe MMEHHO s3bIKO-
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BbI€ ABJICHUS U KAKUM 00Pa30M CMOJeJnpoBaJa HeiipoceTb. TakzKe HesiCHO, KAKOH CMbIC/I
UMEeeT Kazk/lasi KOOPJAMHATA BEKTOPHOI'O MPEJICTABICHUs TEKCTA.

Temarnueckue 3MOeJMHIH, B OTJIMYNE OT HEHPOCETEBBIX, 061aaI0T CBOWCTBOM HHTEP-
nperupyemMoctu. Tema MoxKeT paccka3arb o cebe Haubo/iee YJaCTOTHBIME CJIOBAME U3 Pac-
npenenenns p(w |t), mu6o mesbiMu paszaMu, OTOOPAHHBIME W3 TEKCTOB METOJIAMHU JKC-
TPAKTUBHON CyMMapH3alui Ul aBroMarundeckoro umenosauust rem |107]. Takzke u sio-
boit remaruueckuii smbeunr p(t|r) cuocoben pacckaszarb o cebe ciioBamu wiu hpaszamu
eCTECTBEHHOIO A3bIKA.

Nrak, 1e1bI0 TEMATHYECKOTO MOJEJTUPOBAHUS SABJSETCA HE CTOJBKO IIPEJICKA3AHHE
cJI0B B oKyMeHTaX p(w|d), CKOJIBKO BBISIBIEHHE TeMATHIECKOIl KJIACTEPHOIl CTPYKTYDbI
TEKCTOBOM KOJLIEKIMH, OLPE/IeJICHIe TeMATUKK JOKYMEHTOB U CBS3aHHBIX C HUMHU O0'bEeK-
ToB p(t|x), onucanne KaxK0if TeMbl ¢ CJIOBAMH €CTECTBEHHOIO SI3bIKA ¢ IIOMOIIBIO PACIPe-
jesienuit p(w |t).

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

N ng Ny N
Ngw — TUCJIO BXOXKJICHUIT TepMa w B JOKYMEHT d;
Ng =Y, Ndw — JJIHHA JOKYMEHTA d B TePMax;
Ny = Dy Ny — IUCJIO BXOZKJICHUI TepMa W BO BCE JOKYMEHTHI KOJIJIEKIUH;

n=> 4. Ndw — JJIMHA KOJUIEKIIIH B T€PMaX.

BepogTHocTH, cBA3aHHBIE CO CKPBITOM IEepeMeHHOil ¢, ToKe OmpeaeasaoTcsd KaK 9aCTOTHI:

Ny Nt Nd Nidw
) = = ) = vt tld) = -4 tld. w) = : 4
p(t) - p(w|t) n p(t|d) n,’ p(t|d, w) m— (4)

Nigw — YUCIO TPOEK, B KOTOPBIX TepPM W JOKyMeHTa d CBA3aH ¢ TeMoil t;
Ntd = Y,y Ntdw — TACJIO TPOEK, B KOTOPBIX TePM JOKyMeHTa d CBsI3aH C TeMOii t;
Mgt = Y g Mdw — TUCIIO TPOEK, B KOTOPLIX TEPM W CBA3AH C TEMOH ¢;

=42 . Ntdw — TUCIO TPOEK, CBI3AHHBIX C TEMOii t.

B ormaue or (3), 9TH YaCTOTHBIE OIEHKU HE MOTYT OBITH BHIYUCIEHBI HEIIOCPEICTBEHHO
10 MCXOMHBIM JAHHBIM, TAK KAK TEMBI {; HEU3BECTHDI.

Coryiacno 3aKOHY OOJIBIIMX YHUCEJI, IPU N — OO YACTOTHBIE OLEHKM, OIPE/Ie/sIeMble
dbopmysmamu (3)—(4), crpeMsTcs K COOTBETCTBYIOHIMM BEPOSITHOCTSIM B IIpOCTpaHcTBe ().

EM-anroputm. Bamernm, 4ro Bce OneHKE (4) BBIPAKAIOTCH 9€PE3 Mgy, = NawP(t | d, w).
Buas ycsoBHble pacupegenenust p(t|d, w), MOKHO OIEHUTH MCKOMbBIE IAPAMETPBI TeMa-
THYECKOH MOJeTH @,y = p(w|t) u O,y = p(t|d). V1, HaoGopot, 3Has mapaMeTpbl MOJIEJH,
MOKHO BBIPA3UTh yCJIOBHBIE BepositHOoCTH p(t|d, w) no dopmyse Baiieca:

_ptw|d)  plw|t)ptld) — Puiba
P W) =200l = pwld) S el

(5)
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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;

Takum 06pa3oMm, 1OJIy4aeM CUCTEMY HEJIMHEHHbIX yPAaBHEHUN OTHOCUTE/ILHO IapaMeT-
POB MOJENH Py, B3 1 BCHOMOTATEIbHBIX HEPEMEHHDBIX Diguws Mty Mid, Tt

Sowtetd
Ptdw = =5 6
i ZS Sowsesd ( )
n
deD weW
Nyd
Ora = n_td; Nyg = Z Ndw Ptdw - (8)
wed

Jluist eé perienust y100HO HPUMEHSTh METO/I HPOCThIX UTePaIil: CHavaJ/1a BbIOMPAIOTCs
Ha4daJ/IbHbIC HpI/I6JII/I)KeHI/IH 1IaPaMETPOB Yy U etd, 110 HUM BbIYUCJ/JIAIOTCA BCIIOMOI'aTE€J/Ib-
HBIE [IEPEMEHHBIE Dty , KOTOPBIE O3BOJISIOT HANTHU CJie/Iyolee IpUOJIMKeHe IapaMeTpoB
Oyt 1 Oy Beraucsenns mo dopmynam (6)—(8) mpogorKaoTcs B MHK/IE 10 CXOAUMOCTH.

DTOT UTEPAIUOHHBIN IIPONECC SB/IITCH YacTHBIM caydaem EM-ajaropurva, mpeana-
3HAYEHHOI'O JIJIsl HOCTPOEHHUs] BEPOSITHOCTHBIX MOJIEJIeH CO CKPHITHIMU IlepeMeHHbIME |53
Boruuciienne yegoBHBIX pacupejiesieHuil CKphIThIX 1epeMenHbix (6) HaspiBaercs E-marom
(expectation), Beraucsrenue mapamMerpos mogean (7)—(8) — M-marom (maximization).

PayvoHanbHbii EM-anroputm. Boruuciienne nepeMeHHBIX N, Ny, 1; Ha M-1mare Tpe-
OyeT OJHOKPATHOIO IIPOXOJIa KOJLIEKIMH B IUKJE IO BCeM TepMaM w € d Bcex JIOKyMeH-
ToB d € D. BHYTpH 3TOro NuKJjIa 3HAYECHUE Dy, BBITUCISICTCA TOJBKO OuH pa3. [losaTomy
E—]_HaF MO2KHO BCTPOUTbL BHYTPb M—Luara 663 JAOIIOJIHUTEJIbHBIX BbIYHUCJ/IMTE/IbHbBIX 3aTpaT
u 0e3 XpaHeHHusT TPEXMEPHON MATPHUIbI Pigy. DTOT BapuaHT peasmsanun EM-agaropurma
OyZeM Ha3bIBATh PAyUOHAALHLLM; OH OKa3aH B Ajropurme 2.

Jlamee mbl BoiBegeM EM-aaropurm u3 obiieil onTUMU3AIMOHHON ITIOCTAHOBKH 32 1AM,
Ceiigac MBI IIPUILIA K HEMY 3J€MEHTAPHBIM IIyTEM, KOTOPBIH JTaéT IpOCTOe HHTYHUTUBHOE
IIOHUMaHue CyTu EM—aJIFOpI/ITMa, HO OCTaBJIdeT 663 OTBETOB BazKHbl€ BOIIPOCHL: CXOJUTCHA
JIM QJITOPATM K PElIeHUI0 CUCTEMbl YPaBHEHUH, eJJUHCTBEHHO JIM 3TO pelleHue, U Io4eMy
9Ta CUCTEMA OIMCHIBAET TEMATUIECKYIO MO/Ie/Ib, HpubinzKaoyo p(w|d).

14



3 MaKCVIMVI3aLI,VI$I Ha eAVNHN4YHbIX CMMIJieKCaXx

B sTom paszesie Oyzer jokaszaHa jJeMMa O MaKCUMU3AIUA [VIaJIKOI (DYHKIMHE Ha €/11-
HUYHBIX cuMILTekcax. C eé momMoInbio BeIBOAATCA (hopMy/ibl EM-110100HbIX HTEPAITTHOHHBIX
HPOIECCOB JIjIsI JIIOOBIX TeMaTUYeCKUX MOJIEJIeil, OT CaMbIX IIPOCTHIX JI0 CAMBIX CJIOZKHBIX.
[TpumeHuMOCTb 3TOM JIEMMbI BBIXOJHUT JAJIEKO 32 HPEJIeJibl TeMaTHIECKOI0 MOJIEINPOBa-
Husi. OHa MO3BOJISIET ONTHMU3UPOBATDH JIFOObIE MOJE/IHN, ITapaMeTPaAMi KOTOPBIX SBJIAIOTCS
HEeOTPHUIATeIbHbIE HOPMUAPOBAHHBIE BEKTOPLI.

Heobxogumble ycnoBusti makcumyma. KiraccumyeckKuM HHCTPYMEHTOM pEIleHHs 3a-
JIad ONTUMM3AIUU C OFPAHMYCHUSIMHA PABEHCTBAMH U HEPABEHCTBAMU SBJSIOTCI YCAOBUA
Kapywa—Kyna—Taxxkepa. PaccMoTpuM 3a1ady MaTeMaTHIECKOTO MTPOrPaMMUPOBAHUSI

f(z) — max;

gi(x) <0, i=1,...,m;
hj(.l’)zo, jzl,,k

Teopema 3.1. Ilycrs ¢yukumnn f(x), ¢/(z), hj(x) meupepsiBHO pudepenupyensr
B Touke x. Ecjim © — TOYKa JIOKAJIbHOrO MAKCHMYMAa H 3a/1a49a Y/[OBJIE€TBOPIET YCJIOBHAM
PEryJIsapHOCTH, TO CYIIECTBYIOT 3HATEHH i, 1 = 1,...,m, \;, j = 1,..., k, Ha3bIBaeMbIe
mHoocumeramu Jlazpanotca, TaKme, 9ro:

(0. m k
or 0, Lz )= [f(x) =2 wigi(x) — - Ajhs(2);
T i=1 i=1
gi(z) < 0; hj(x) =0; (mcxoamsre orpannienusi) 9)

w; = 0; (1BOficTBeHHBIC OrPAHHICHHST)

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

Ye10Bus PeryJasipHOCTH MOTYT (hOPMYJIHPOBATHCS 110-pa3HoOMy. B 3a1a9ax ¢ jmHeiiHb-
MU OIPAHHYICHUSIMI OHU BBIIOJHEHBI BCETIA.

Bamaua (15), (14) orHOCHTCA K KJTACCY HEBBIMYKJIBIX 3329 MATEMATHIECKOTO IPOrPAM-
mMupoBanust. [{jist Heé BOSMOKHO HAJITH JIMIIb JOKAJIBHbI 9KCTPEMYM, Ka4eCTBO KOTOPOIO
Oy/ieT 3aBUCETH OT Ha4daJbHOIO 1pub/mzKkenus. lajiee Mmbl He Oyjem yJie/isiTh MHOI'O BHU-
MaHUsl BONMPOCAM MHUIMAIU3AINK, COCPEJOTOYMBIINCH HA MOJUMUKAIMIX caMOit (yHK-
nuu f, KOTOpbIe CIOCOOHBI BJIHATH HA PEIIeHne TOpa3o CUIbHEe.

Jlemma o makcumMunsauuu rnagkoi pyHKuMM Ha eanMHUYHbIX cumnaekcax. Beeném
OIepaTop Norm, KOTOpblii mpeobpasyer MpOu3BOJIbHBINA BEKTOP (X;);c; B BEKTOP BEPOSITHO-
creii (p;)ie; JUCKPETHOTO DACIIPE/IEJEHHUs MYyTEéM OOHYJIeHHs] OTPUIATETbHBIX JI€MEHTOB
U HOPMHPOBKU:

p; = norm(x;) = (2:)+ , I Beex i € 1,

el > (@) +

rie () = max{0,r} — ouepaius 1osoxkurebHOIN cpe3ku. Ecan x; < 0 st Beex 1 € 1
TO Pe3yJIBTATOM OlIEPATOPA NOTM 110 ONPEJIEJICHUIO SABJISIETCsl HYJIEBOIT BEKTOD.

15



JlemMma 3.2 (o makcuMmusanuu Ha cuMiiekcax). [lycrs ynknms f(§)) mHenpepbiB-
Ho juhpepennnpyema 1o nHabopy seKTopos 2 = (wj)jcs, w; = (wij)ier,, BoobIIE roBops,
pasmaabIx pasmepHocredi |1;|. Torga BEKTOPBI w; JIOKAJIBHOIO SKCTDEMYMa 38aTH

f() — max;
Zwij = 1, ] c J7
iEIj

wijEO, iEIj,jEJ;

npu yeaosun 102 (Fi € I;) wy; awf > 0 y/J0BJIETBOPSIIOT yPABHEHUSIM

of
= i— € 1;; 10
Wi nZ%rIm (w” a%j), i€l (10)
npu yeaosun 2° : (Vi € I;) wl]a <0u(diel;) Wij o f < 0 — ypaBHenusim
of
wij =norm| —w;;—— |, € I
" i€l ( " 8wij) I
B IpoTHBHOM caydae (ycmosne 3°) — OMHOPOJIHBIM yPABHEHHIM W~ a =0,1¢€ 1.

Jdoka3zaTeabCTBO. 3aluiieM JIarPaHKUaH ONTHMHU3AIMOHHON 3a/1a91 ¢ OrpAHUYEHH-
AMU HEOTPULATE/IbHOCTU U HOPMUPOBAHHOCTU BEKTOPOB:

L) = f(Q) =D\ (Zwij - 1) )Y pigwis,

j€J i€l; jed iel;

IJe MHOMKUTEIN A; COOTBETCTBYIOT OIDAaHMYECHUSIM HOPMHPOBKH, [i;; — OIDAHHYEHHAM
HeorpurareapbHoctu. Januniem ycaosust Kapyma-Kyuna-Takkepa (9), npupaBasiB Hy10
HPOU3BOJIHbIE JIAUPAHKUAHA 110 [IapaMeTpaM MOJIeJIu:

08 of

&dij &uw i+ iy =05 pijwi; =0 (11)

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

of

Wij=— = Wi\
4 5 i\

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

BosMoxkubl Tpu ciiyuas.

1. Ilycrs cymecrByer unjexc k € I; takoit, uro Ag; > 0. Torma A; > 0. Eciu A;; <0
IpU HEKOTOPOM ¢ € [;, TO ypaBHeHHEe He MOZKeT ObITb BBIIOJHEHO, U IOJIy4eHHOe IPOTH-
BOpedre O3HAYaeT, UTO CAeJaHHOe BHAYaJle MPeJIoaozkKeHnne w;; > (0 He BepHO, ciel10Ba-
TesqbHO, w;j = 0. O0benunasa ypaBHeHne w;j\s = A;; npu A;; > 0 ¢ HyleBBIM pelleHHeM
wij = 0 npu A;; <0, moayunm wijA; = (A;;)+. Cymmupyst JIeByIo U IpaByio 9acTd ITOro
YPaBHEHHUs 1O %, BBIPA3UM [BOUCTBEHHYIO HEPEMEHHYIO: \; = Zielj(Aij)Jr. [ToacraBiisist

_ 1
IOJIydeHHOe 3HAYeHHe \; B hopMyty w;; = /\—j(Aij)Jr, noJryauM uckomoe ypasuenue (10).
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2. Eciim A;; <0 gy Beex ¢ € I; m xora Obl OJHO U3 TUX HEPABEHCTB CTPOroe,
T0o \; < 0, ¥ aHAJOIUYHBIM 00PA30M MBI IIOJIy4aeM BTOPOe HCKOMO€e yPaBHEHHE.
3. Ecm A;; = 0 gna Bcei() i € I, T0 A\j =0, 1 BEKTOp w;; OIIpejiesideTcs U3 CHCTeMbI
OJIHOPO/IHBIX ypPaBHEHU wijwf_ = 0 mpu ycJI0BULAX HEOTPUIATEILHOCTH U HOPMHUPOBKH.
)
JlemMa JloKa3aHa.

g pemeHus cucTeMbl ypaBHEHUIl yI00HO HCIOTB30BATH METOJ IPOCTON UTepalyi.
CrHauasia BeIOupaercs HadaJbHOe IIPUOJIMZKEeHHe [IJIs BCeX BEKTOPOB Wj, 3aTeM HX 3HAYCeHUs
MHOIOKpATHO 00HOBJIstIOTCs 110 bopmysie (10). OuepéaHocrb U ePUOANIHOCTH OOHOBIIE-
HUIl MOTYT BJUATH HA CXOAUMOCTDH IIPOIECcca W KOHEYHBII pe3yJbrart.

3amMeTuM, 4TO HTEPAIMOHHBINA IPOIECC MOXOXK Ha I'DAJUEHTHBI MeTOJ MaKCHMH3a-
N, HO TOCTeHUI TpedyeT BHIOOpA TPAUEHTHOTO IIara 1) U He YIUThIBAeT OTPAHUIEHIIT
HeOTpuuaTe/JIbHOCTU U HOPMUPOBKHU:

of

Wij = Wij + 7787
)

JleMMa 0 MaKCUMU3AIMU HA €JIUHUYHBIX CUMILJIEKCAX MOZKET IPUMEHAThCS HEe TOJIbKO
B TEMATUYECKOM MOJIEJIMPOBAHUY, HO U JIJIsi OUTUMU3AIMY JIIOObIX MOJIe/Iell, lapaMeTpaMu
KOTOPbIX $BJISIIOTCS JIUCKPETHbIE BEPOSITHOCTHBIE Paclpejle/leHus] WM HeoTpUulaTesibHble
HOPMHPOBaHHBIE BEKTOPBI. B dacTHOCTH, €€ MOXKHO HCHOJIB30BAaTh JJisd ODydeHUs Heil-
POHHBIX CeTell, B KOTOPBLIX TaKWe OrPAHUYCHUA HAKJIAJAbIBAIOTCA HA HEKOTODPBbIE BEKTODBI
napamerpos. [Ipu arom rpajimenro g—i MOKHO I1O-IIPEZKHEMY BBIYUC/ISITH METOJI0M 0OpaT-
HOTO pacupocrpanerus omubdku. OrpaHudenust NPUBOJAT K MOAu(pUKAIUNA TPAIUEHTHOTO

lIara, HO HUKaK HE€ CKa3blBalOTCdA Ha BbIYUCJICEHUU CaMUX I'DaJUEHTOB.

CxoaMMoCTb nTepaymMoHHOro npouecca. Paccmorpum urepanmoHHbI TPOIECe, 0CHO-
Banublii na dpopmyie (10), upu Hekoropom HauajbHOM 1pubuzKenuu 0 = (W?)jeJ:

t+1 ¢ OF(EY)

oo = normy\ W, ————
1] iel; ij C%ij )

W t=0,1,2,... (12)
Teopema 3.3. Ilycrs f(§2) — orpanmyeHHAs CBEPXY, HENIPEPBIBHO Muchdepenmupyemast
Gy, u see V', HaunHas ¢ HekoTopoii HTepamun t° 06/1a1a10T CBOHCTBAMIE:
)vjed Viel; w;=0— wf;rl = 0 (coxpanenue HyJieii);
2) >0 VjeJ Viel; wj;¢(0,¢) (orzemmmocts or myis);

3) >0 VjeJ Jiel; w agﬁ?ﬁ > 0 (HEBBIPOXK T€HHOCTH );
ij
t+1 _

o — Wl = 0 mpu t — oo

Torza ‘w

Jlannas Teopema dBJsSeTCS OOOOIIEHHEM pPe3yJIbTaToB O cxoaumocTn EM-anropurma
B TeMATHIECKOM MoJeanpoBanuu [12] u npuBoguTcs 371ech 6e3 jpokaszarenbeTBa. B yciio-
Busix Teopembl 3.3 Bce mpejiesibHbIe TOUKH T0Cae0BaTebHocTr {21 }5° ) gaBasioTcs Heo-
JIBUZKHBIMH TOYKaMu 1peobdpasosanus (12). Ha npakruke cpoiicrBa 1-3 moryr ObITh ra-
PAHTUPOBAHBI LIPU PEAJIM3ALUU UTEPAIMOHHOIO AJIIOPUTMA.

4 ApanTtunBHas perynasipnsaymns

B stom pa3zzese Mbl BBe1éM 061nii hopMaIu3M aIUTHBHON peryispu3aliii, KOTOPbIi
1I03BOJISIET HA/IE/IATh TeMaTUuYeCKHe MOJIE/IN PAa3HOOOPA3HBIMU ITOJIE3HBIMHU CBOHCTBAMH.
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Yro 310 3a cBoiicTBA U Kak OHU (hOPMAIUBYIOTCS C IIOMOIIBIO PeryJ/isipu3aliuu, OyjaemM pas3-
OUpATHCS B CJACAYIOMMX Pa3/ieaX. 3JeCh Mbl IIOCTABAM 33149y TEMATHIECKOIrO MOIE/IU-
pOBaHUS KaK 3a/[a9y MaKCHMU3AIUU HA €IUHUIHBIX CUMILIEKCaX. C MOMOIILIO JJeMMBI 3.2
BbIBeJileM EM-anroputM OYKBaJIbHO B JiB€ CTPOYKH.

MpuHUMN MakcMMyMa NPaBAONOAODMA KCIOJIb3YETCs B MATEMAaTHIECKON CTaTUCTHKE
JIUIsl OIEHUBAHUS HEM3BECTHBIX MMAPAMETPOB BEPOATHOCTHBIX MOJesel 1m0 HabJ/II0aeMbIM
jaabiM. COrJIaCHO TOMY IIPHUHITUILY, BHIOMPAIOTCS TaKWe 3HAYEHUS [TaPAMETPOB, IPU KO-
TOPBIX HaOJII0IaeMas BBIOOpKa HamboJiee [MpaBI0I0I00HA.

Dynruyus npasdonodobus ONpeie/deTcsa KaK 3aBUCUMOCTb BEPOITHOCTH HabJII01aeMoit
Boi0OpKU X = (d;, w;)!; or napamerpos mojean P, ©. B cuiy runoress 0 HE3aBUCUMOCTH
9JIEMEHTOB BLIOOPKH OHA PAaBHA, IIPOU3BEJICHUIO BEPOSITHOCTEH TEPMOB B JIOKYMEHTAX:

n

p(X;®,0) = [ p(di,ws) = [] [ p(wld)** p(d)** — max.
. N—— $,0
=1 deD wed const
[TpostorapudMupoBas npaponog06ue, NepeiEM OT IIPOU3BEIeHIs K CyMMe U 0TOPO-
CuM CJlaraemble, HEC 3aBUCAIIUE OT IIapaMeTpPpOB MOJECJIN. HOﬂqu/IM 3a/a1y MaKCUMU3allUuu

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

DD nawlnd euibia — max; (13)

deD wed teT
Z Ywt =13 pur = 0; Zetd =1; 64=0. (14)
weW teT

Perynsipnsayns HeKOppeKTHO NOCTAB/IEHHbIX 3a4a4. 3a/a49a HA3bIBACTCI KOPPEKIMHO
nocmasaerHotl Mo AaMapy, eciu eé pelreHne CyIecTBYeT, eIMHCTBeHHO U YCTONIHBO.

Bajiaua cTOXaCTHYEeCKOTO MATPUIHOIO PABJIOKEHUS SIBJISIETCS] HEKOPPEKTHO 1OCTABJ/IEH-
HOIT, TaK KaK MHOXKECTBO €€ perreHuii B 001meM ciay4dae beckonedno. Ecim $O — pemenne,
To ($S)(S7'O) Takxke ABjgercd pelleHHeM I BeeX HeBBIPOXKICHHBIX MaTpuIl S, Ipu
yeaosun, 9ro Marpunsl @S n S71O — croxacTmueckue.

CymecrByer o0IIMii TOIXO K PEIIEHNI0 HEKOPPEKTHO IOCTABIEHHBIX 00PATHBIX 33,12,
Ha3biBaeMblil peeyaapusayuet; [17]. Korga onrumusanmonnas 3ajada HeJ00Npe/leeHa,
K OCHOBHOMY KPHUTEPUIO J00ABJISIIOT JIOMOJIHUTEIbHBIH KPUTEPUl — Perysisipu3arop, yau-
ThIBAIONIMI cuenuduKy peniaeMoil 3a/iadu U 3HaHus npejMerHoit objacru. B npakruye-
CKHX 3a/1a9aX aBTOMATHIECKOH 00pabOTKN TEKCTOB JOMOJHUTEIbHBIX KPUTEPUEB U Orpa-
HOYeHHil Ha pelleHne MOXKeT ObITb MHOTO.

Addumusnas peeyaspusayus memamuueckur modeset (ARTM) [5] ocnHoBana na Max-
CUMU3AIUU JIMHEeHHOW KoMOuHamuu JorapudMa IpaB/oONog0bus U pPe2ysApu3amopos
R;(®,0) ¢ neorpunarenbubiMu koagduyuenmamu peyaspusayuy 7, i = 1,... k:

k
DD nawln ) Quiba+ R(®,0) & max;  R(®,0) =) 7R(P,0); (15)
’ i=1

deD wed teT

U OrPAHUYEHUSAX HEOTPUIATETbHOCTH U HOpMUPOBKH (14).
[IpeobpazoBanne BeKTOpa KPpUTEPUEB B OJUH CKAJIAPHBIN KpUTEPUil — 3TO OuH U3 Da-
30BBIX NIPUEMOB B MHOIOKPHUTEPUAJIBLHON ONTUMU3AINN, HA3BIBAEMbBIH CKAAAPUIAUUEN.

18



OcHoBHasa Teopema ARTM. Ilpumenum jemmy 3.2 Kk HAOOPY BEKTOP-CTOJIOIOB JBYX
marpui, 2 = (®,0). B jganbHeiiiem sra jileMMa HPUIOJAUTCS HAM U B 00JI€€ CJIOZKHBIX
caydasdx, Korjaa Marpuil 6yjer 6oJblie JIBYX.

Teopema 4.1. Ilycrs pynkmus R(P, ©) menpepoiBao gugdepennupyema. Torga touka
(®, ©) srokaubrOro 9KCcTPeMyMma 3aja4u (15) ¢ orpanmgennsivu (14) yosaersopsier cucre-
Me ypaBHEeHHIl CO BCIIOMOIATeJIbHIMU HEPEMEHHBIMU Dy, = P(t|d, w), ecim u3 penieHust
HCKJTIOYHATH HYJIeBbIe CTOJIOMBI MaTpui P, O:

Prw = 10T (PurBa); (16)
OR
Pwt = nor{g/n <nwt + Qut &%) ; TNt = C;) NdwPtdws (17)
OR
O = nor%n (ntd + Oiq p th> Nig = wzed NdwPtdw - (18)

Hoxkazarenscrso. [lepenmmmenm (16) B ciaeyomem BuJe:

_ IlOl"IIl( 0 ) — (pwt‘gtd _ Qowtetd
ptdw teT Spwt td Zs (prHSd p(w ‘ d) .

[Tpumennm k 3agade (15) ocnoBroe pentenne (10) u3 seMmbl 3.2 U BBLAEIHM B IIOJIY-
YEHHBIX BBIPAKEHUAX BCIIOMOIATE/IbHBIE HEPEMEHHBIE Digy:

Pwt = norm <<Pwt 0 (Z Z N 1N Z SOU)tetd + R((I)7 @>)) =

0
Put deD wed teT

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

deD

Oiqg = norim <9td 0,1 (Z Z Ngw 1IN Z Owtbia + R(P, @)))
t

deD wed teT

B wi OR OR
norm <6td Z Ndw———— (w ) + thaTtd) norm (Z NawPtdw + Oia 5 th)

wed wed

Hyusiesbie crosibust B marpumnax ® 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 mokazana.

PerynsipusosanHbiit EM-anroputm. Cucremy (16)—(18) yaobHo pemars MeTOI0M IpO-
creix urepanuii. CHadga a BEIONPAIOTC HAYAIbHBIC TPUOTHKEHUS Py, Opq, 32TEM B IIHKIE
10 cxomumoctu gepenyiores E-wae (16) u M-wae (17)—(18). Kaxgasg nrepamus mpes-
crapiisier cobOii MPOXOJL 110 BCEM TEPMaM BCEX JIOKYMEHTOB KOJLIEKIIUH.

Payuonanvrod EM-aszopumm ¢ peeyasapusdanyuet CTPOUTCH aHAJOIHIHO AJI'OPHTMY 2,
TOJIBKO aru 7 u 8 3amensiiorcs popmysaamu M-mara (17)-(18). B Asropurme 3 nmokaszano
eIé HEeCKOJIBKO YCOBEPIICHCTBOBAHMTIA:

1) BekTOp 4 ompesiessieTcss MO OKOHYAHUN OOPAbOTKH JOKYMeHTa d, a He BCeil KOJI-
JIEKIIMHU, LOITOMY JaJIee OH MOKET HE XPAHUTHCH, KAK U CUETUUKH T
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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

2) upu 006paborke JOKyMeHTa d MOXKeT ObITh CJEJIAHO HECKOJIBKO HTePAIUii 110 BCeM
CJI0BAM JIOKYMEHTa, W € d /10 CXOAUMOCTH BEKTOpa 04;

3) BEKTOpP 0 MHUIMAIMBUPYETC PABHOMEDHBIM DACIPE/ICICHUEM;

4) BEKTODP (; WHHIUATU3UPYETCSA CIYIAlHBIM PACIPEIeJeHueM, KOTOPOe OT/IeJIseTCsI
OT HyJIsl PACHPEICTCHUEM Dy = Ny, /1

NzBectno, yro EM-ajsropurm 6e3 peryaspu3anun CXOIUTCA B CJIa0OM CMBIC/Ie: Ha KazK-
JI0iT mrepauu npasonogobue yseaundusaercs |53|. Axasorudubie ycsioBust caaboii ¢xo-
gumvoctr it ARTM nosydenst B |12].

Onanatinosortic EM-anzopumm cautaercs Haubosiee OBICTPBIM U XOPOIIO pacHapaJiie-
muBaercs |68, 30]. Obuopaenus maTpunpl ¢ TPOU3BOJAATCS HE IOCTE MPOXOAA BCEll KOJI-
JIEKIUH, & dalie — Iocje 00paboTKHU ompeIeéHHOr0 00bEéMa MAHHBIX. EC/HM KOJIeKIus
boJibiasi, To Marpuna  MoxKer COMTHCH M HMEPEeCTATbh MEHATHCS 3aJ10JI00 0 OKOHYAHMS
nepBoit urepanuu. Torga OgHONO HPOXoJa Oyger AO0CTATOYHO JJIsi HOCTPOEHHS MO/IEJIN.
[Tosromy oHJiaiiHOBBIE AJTOPUTMBI CIIOCOOHBI 0OpabaThIBATH HOTOKOBbIE JIAHHBIE.

Jeranu napaJjienbHoil peasm3anun oddiaitHoBoro u omaiitnoporo EM-aaropurma
B Gubmoreke BigARTM onucanbl B pasnenax 18 u 19, emgé mojpobuee — B crarbax [63, 3.

MpomexyTto4Has chopma 3anucu EM-anroputma upejcrapager M-mar B Buje OT-
JIEJIbHOM 33124 MAKCUMU3AIMA JIJIs ONpeJe/IeHHs IIapaMeTpPOB MOJENU IIpu (DUKCAPO-
BAHHbBIX IIEPEMEHHBIX Pigy = P(t|d, w), Bbiuncaennbix Ha E-mare.

Teopema 4.2. B ycioBusix reopempl 4.1 Touka JjiokajibHOro sxkcrpemyma (®,0) onru-
Mu3auoHHOH 3aa49u (15) ¢ orpannyennsivu (14) coBuagaer ¢ TOYKOH JIOKAJIBHOIO KC-
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TpeMyMa onTHMH3AHOHHON 3a4a4n (20) ¢ orpanngennsivu (14) u (19):
Ptdw = ngerjlzn(sowﬂtd); (19)

Z Z anwptdw hl(s%t@td) + R(®,0) — T{{}%X- (20)

deD weW teT

Hoxkazarenscrso. [Ipencrasus B (20) jorapudm npoussejennst cyMMOi JIBYX JIOTa-
pudMOB, HOJIYIUM JBe CYMMBI, IepBasi 3aBUCAT TOJIBKO 0T ®, BTOpas — TOJBKO OT O:

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

weW teT deD teT

[Ipumensst x 31oii 3ama4de dbopmyny (10) u3 semmbr 3.2 npu orpannvenusx (14) u dbukcu-
POBAHHBIX 3HAYCHUAX HEPEMEHHBIX Dydy, HEMEIJICHHO IIOJIYIiM, 9TO HeOOXOIMMOEe YCIOBHe
sKcTpeMyMa B 3aa4e (20) sxBuBasieHTHO mape ypasuenuit (17)—(18).

Vcnosus BblpoXxaeHHOCTU. B remarndeckom Momenuposannn ciaydan 2° u 3° u3 gem-
MbI 3.2 OyJieM cauTaTh BhIPOXKACHHBIMU. Eciau HopMupoBounblit 3namenaresb B (10) oka-
JKeTCd PaBHBIM HYJIIO, TO COOTBETCTBYIOIIUI BEKTOD w; Oy/eM HojaraTb Hy/JIeBbIM U HC-
KJIIOYATh €10 U3 MO/JIE/IU, COKPAIas Pa3MEPHOCTD IIPOCTPAHCTBA IAPAMETPOB U CYUTAS ITO
[OJIE3HBIM IOOOYHBIM JIefiCTBHEM pery/isdpu3anuu. Ecu BhIpOKIEHHOCTb HezKelaTeIbHa,
TO €€ HeTPYJIHO H30€:KaThb, YMEHbIIasd KOIMMUIUEHT peryiapu3aliiu.

Tema t HazbiBaeTCS B86LPOIAHCICHHOU, €CITH

OR
Nt + SOMW < 0 mag Becex w € W.
wt

BoIpoK IeHHOCTD SIBJISETCs CJAEJCTBHEM CHJIBHOIO PA3pe:KUBAIOIIEro BO3AEHCTBHS pe-
ryasipusaropa R. OOnysierue cro/ona Marpuiibl ¢ o3Havaer, 9T0 JJIsi MAKCHUMU3AIMH
Pery/sipu3aTopa BbIIOAHO MCKJIIOYUTH JAHHYIO TEMY U3 MO/IEJIM.

JlokyMeHT d Ha3bIBAETCS 6biPOAHCOCHHbIM, ECITH

OR
Ngg + 9td87 <0 g Beex t € T
td

BoIpok1eHHOCTD JTOKyMeHTa MOYKET O3Ha4aTh, 9TO MOJIE/b He B COCTOSHHUHU €rO OIU-
caTh, HAIIPUMED, €CJIM OH CJHUIIKOM KODPOTKWH WA He COOTBETCTBYET TeMaTHKe KOJLIeK-
mun. O0HyIeHre cTOIONA MATPUIBI © 03HAYAET, UTO, JJIT MAKCHMI3AIUNN PEryIapu3aTopa
JIAHHBIM JIOKYMEHT BBINOJIHO CUYUTATH aHOMAJIbHBIM.

Mopgenb PLSA ujin BEpOSITHOCTHOTO JIATEHTHOTO CEMAHTUIeCKOTo aHanu3a (probabilistic
latent semantic analysis) ucropudeckn siB/sieTcsi MepBOi BEPOSTHOCTHON TeMaTHYeCKOil
mozesbio. Ona Obuta unpemiozkena Tomacom Xodbwmaunom B 1999 roay [69]. B ARTM
OHa COOTBETCTBYET HyJIeBOMY peryasipuszaropy, R(®, ) = 0. B srom caydae cucrema (16)—
(18) coBmasmaer ¢ cucremoii (6)—(8), KOTOPYIO MBI MOTYYUIN PaHEe U3 STEMEHTAPHBIX CO-
obpaxkenwuii. /lobapyienue peryisgpusanuu ne Menser ¢opmyry E-mmara.

B mogenmn PLSA ne moxker ObITb BBIPOXKJIEHHBIX TE€M WJIM JIOKYMEHTOB, HOCKOJIBKY
BbIPDO2K/ICHHOCTb BO3MO2KHa TOJIBKO IIpU OTpULATE/IbHBIX IIPOU3BO/HbLIX pEry/idpu3iaropa.
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O cTpaTterusax perynspusauyun. 3ajada TEMATHIECKOrO MOJIEJIUPOBAHHUSA 110 CYTH sB-
JIddeTrcd MHOFOKpI/ITepI/IaﬂbHOﬁ. TeMbI AO0JIZKHBI YI0OBJIETBOPATHL MHOI'MM Tpe6OBaHI/IHM O~
HOBPEMEHHO: HHTEPIPETHPYEMOCTH, PA3JIUIHOCTH, pa3pPeKeHHOCTH U T. 1. TeMarudeckas
MOJIe/Ib OOBIYHO HCIOJIb3YeTCs KaK BCIIOMOTIATe/JbHbIH MHCTPYMEHT JIJId PeIIeHus OIHOM
WU Cpa3y HECKOJbKHX 3aJ/iad TeKCTOBOW aHAJUTUKUA — MWHMOPMAIMOHHOIO ITOUCKA, BU3Y-
aJn3aluy, KaTeropusaluu, CerMeHTalu, cyMMapu3anuu u T. . Kaxkas 3a/ia4a nupe/ib-
spjisier csoun TpeboBanus K mojesn. B ARTM Bce rtpeboBanust (popmasim3yiorcs B Bu-
Jie KpuTepueB peryiaspusanuun R; n O0aJaHCUPYIOTCd C IOMOIIbIO KO3 DUIHEHTOB T;.
Kosdbdunuenrs! 7; npuxoauTcsa nogadupaTh B KazxKI0il 3a/1a4e SKCIePUMEHTAIbHO, YTOObI
HaiTH KOMIPOMHUCC MeXKJIy BCeMHU KpuTepusMu. Bosee Toro, jijis m3MepeHus KadecTBa
MOJIe/IM OOBIYHO HCHOJIB3YIOTCS HE CAMU PEery/sipu3aropbl R;, a Kakue-to Jpyrue Mem-
PuKy Kavecmsa. Peryisipu3aropbl J0JI2KHbL ObITh IJIQJIKUMU (DYHKIUAMU, YIOOHBIMU JIj1st
Bbruuc/ienuit Ha M-mare. Merpuku KadecrBa JIOJI2KHBI UMETh YI00HBIE JIJI MHTEePIpeTa-
IUU 9UCJIOBBIe 3HadeHus. K coxKajeHuio, 3Tu TpeboBaHUd YaCTO BXOJAT B IPOTUBOpPEUHE.
Hanpuwmep, obmenpuHaThie METPUKH KadeCcTBA HH(MOPMAIMOHHOTO IIOUCKA IIOYTH HUKOT/IA
HE ABJIAI0OTCA I'JIaJKUMN (byHKI_LI/IHMI/I

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

Cmpamezueti peeyaapudaryuy OyaeM Ha3bIBATH MPABUIA U3MEHEHUs KOIDPUIneHTon
peryiasipusanuu 7; B xoje urepanuii EM-ajaropurma. 91tu npaBmuia MOryT HCIOJIH30BATH
TeKyIIue 3HAYeHUA METPUK KadecTBa M ITapaMeTpPOB MOJIEIH.

OO6muit 10/1X0/T K aBTOMATHYECKOIl HacTpoiike KO3 MUIIMEHTOB peryisdpu3aliui i JIpy-
rux runeprapaMerpo st ARTM 6bu1 npemioxen B [80] #Ha 0CHOBE 9BOJIIOIMOHHOIO aJi-
ropuTMa " IlIpeAacTaB/JieHusd 11poecca O6y‘{eHI/IH KaK MHOI'O9TaIIHOM CTpaTeruu Mu3MeHEeHU A
runeprnapamerpon. B nocsenyroreii pabore [79] sror Meros OblI JONONHEH CypPPOraTHOIL
MOJIEJIBIO OIEHUBAHUA KadecTBa, UTO MMO3BOJIMIO IPUMEpPHO B 1,5 pa3a COKpaTHTb BpeMsd
[OKMCKa TuIeprnapaMeTrpoB. B 3Tux paborax HCIIOJIB30BaJICd OOBIYHBIA IS GB8MOMAIIU-
ueckozo0 mawurnozo obywerus (AutoML) moaxom: st KazkK/I0ii TOYKH B MPOCTPAHCTBE
rulepruapaMerpoB MoJie/ib 00ydaeTcs 3aHOBO 110 00yJaronieil BbIOOPKe, 3areM eé KauecTBO
olieHMBaeTcs 110 TecTOBON BbIOOpKe. Ha 0oJibIINX JIAHHBIX TaKas CTpaTerus IpejcTaB-
JIeTCs CJMIIKOM 3arparHoil. KoppekTtupoBars runepiapamMerpbl XOTeJ0Ch Obl dalle —
JIU0O 10 YaCTH KOJLIEKIUH, JTUO0 He JI0KU/IasICh OKOHIATETbHO CXOMMOCTH IapaMeTpPoB
Mojiesin. Kpome Toro, iy oleHUBaHUs KadecTBa Mojeseil XoTejloch Obl UCIOJIb30BATD
HECKOJIbKO Pa3J/IMYHbIX METPUK, JOIOJHLAIONIMX JApyr Jpyra. llocrpoenue ObICTPbIX MHO-
IFOKPUTEPUAJIbHBIX CTPATErnil Pery/isgpu3aiii 0Ka OCTaéTCsd OTKPbITONW 11PO0JIeMOil.

OTHocuTenbHble Ko3chduymneHTsl perynsapusaunn. Kosdduimenrsl peryjispusaium,

THIATEJbHO 110I00PaHHbIE JIJIsi OJIHOW KOJLJIEKIIMH, MOI'YT IIJIOXO IOJXO/JMTH JIJIsi JPYIOi.
OHE MOI'YT 3aBHCETH OT pasMepa KOJLIEKIMH, MOIIHOCTH CJI0BAaps, CPEAHENH JJIMHBL JTOKY-
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MeHTOB. Ec/in KOJIeKIus MOTO/IHSIETCs, TO CO BPEMEHEeM MOXKeT MOTPebOBATHCS UX Iepe-
nacrpoiika. [Ipobsiema perraercst ¢ HOMOINIBI0O HOPMUPOBKY M BBEJIECHUST 0OMHOCUMENOHHLT
K0aPPUUUEHMOE PE2YAAPU3AUUY, BHIPAZKAIONINX CTEIeHb BO3JIEUCTBULA Pery/spu3aTopa
Ha TEeMaTU4IeCKyio Mojelb. OTHocuTebHBIe KO UIUEHThI MOI'YT OCTaBaThCcA (DUKCH-
POBAHHBIMHU II0 M€pe pocTa KOJLIEKIUU, U JijId HAX MOTYT OIeHHUBATHCA yHUBEpPCAJIbHBIE
PEKOMEH/IyeMble 3HAYEeHUsI, MOIXO/IAIINE JIjist JIIOObIX 3a/1a4.

Pacemorpum dbopmyny M-miara (17) co B3BenieHHON CyMMOii peryssipuzaropos R;:

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

Beeném cymmaproe sosdeticmeue r;; peryispusaropa R; Ha temy t U ero cymmapHoe
6o3deticmeue r; Ha BCE TEMBbL:

Z
Tit = SDwt ) ry = g Tit-

wEW

BBenenne HOpMUDOBKH T; = %Zrﬁ MO3BOJISIeT UHTEPIPETHPOBATh KOIMDMUIHEHT T; KaK
omuocumensvroe gozdeticmeue peryispusaropa R; na remarndeckyio mojesb. OH 1HOKa-
3bIBa€T, BO CKOJIbKO pa3 BJIMAHUE PEryjidpu3aTopa Ha MOAEJ/Ib CUJIbHEE BJAUAHUA NCXOAHbIX
jpannbix. [Ipu 7, — 0 peryasipusarop R; orkitoudaercsd. [Ipu 7; — oo nepeperyJisipusanus
MOZKEeT IPUBOJIUTH K BBIPOKIECHUIO MOJIEIH.

Beenenne apyroit HOpMUDOBKHU T; = 7*27’7—; MO3BOJISIET WHTEPIPETHPOBATh KO3 durm-
eHT 7; KaK omuocumenvroe so3delicmsue peryiagpusaTropa R; Ha oTJenbHyI0 TeMy t. Te-
1epb abCOIIOTHBIN KO3 UIMEHT peryjspu3anui 7; CTAHOBUTCS 3aBUCHIIMM OT TEMb,
OJHAaKO €ro OTHOCHUTEJIbHbIC BO3,H‘eI71CTBI/IH Ha BCE€ T€eMbl OJNHAKOBDI.

B obmewm ciydae He M3BeCTHO, KakKasd U3 JBYX HOPMHUPOBOK Jydire. /s obriHocTH

BBeJIEM BBIMYKJIYI0 KOMOMHAINIO TBYX HOPMHUPOBOK:

T =T %‘E +(1 —%‘)ﬁ ;
it T

rjie 7; — omuocumenvroili Koahduuuenm pe2ysapudayuy; mapaMeTp 7y; Ha30BEM cmene-
Hb10 uHdusudyasusayuy BO3aeiicTBUs peryidgpu3aropa R; Ha tembl. [lpu v; = 1 koaddu-
IUEHTHl 7; MAKCUMAJbHO PA3JIMYAIOTCA 110 TeMaM, BbIpaBHUBasd OTHOCHUTEIbHBIE BO3JIEii-
crBug peryJisipusaropa R; va tembl. [Ipu v, = 0 koadpdunuenrsl 7; He pas/jimvatoTcs 10
remam. [Tapamerp ~; npeyraraercst noa0UpaTh IKCIHEPUMEHTATBHBIM 1Y TEM.

Anasornano pacemorpum dbopmysy M-mara (18) co B3BeneHHO# cyMMOil peryssipusa-
TopoB R;. BBeém cymmapnoe sosdeticmeue q;q peryngapuszaropa R; Ha T0OKyMeHT d U ero
cymmaproe 6ozdeticmeue ¢; Ha KOJIEKIUIO:

qid = Z Ora ggjd ) q; = qu-

teT deD

[IpescraBum KO3 pUIEEHT peryaspu3anuu 7; B BHJIE

. n n
T =T %‘—d‘i‘(l_%)_ )
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

Mogeinb sarenrnoro pasmemniennst Jupuxie (latent Dirichlet allocation) LDA [37, 38|
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
Jupuxie, HEI CI0XKHBIH MaTeMaTHUeCcKuil ammapar 0aiiecOBCKOIO BBIBOJA, PAaCCMOTPEHHe
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:

Zzndw 1HZ<Pwt9td —0—111]7((1)7 77) - glgx (21)
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 [38] 66110 pemenne mpobiembl 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 [38] 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 IUIOTHBIE BEKTOPbI JUCKPETHBIX pacipe/ieaenuii, puc. 3. Eciiu 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 (21), 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
=> ) Bu—Dlnpu+ Y > (o —1)Inby. (22)
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 BepogrHOCcTeii, a Mojgenb LDA mepexomur B PLSA [64].

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 uHtepnpetauymusi u 06obweHne mogenun LDA. Peryasipusarop (22)
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- (23)

teT weW deD teT

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

Pt = 1010 (R + B ); (24)

0, = nl%l"Tm(ntd + atd). (25)

[Ipu 110JI0KUTENBHBIX [y, Qg PEryasipu3aTop (23) MOXKHO 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

3arem nepenuiiem peryssipuzarop (23) 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.

Bosmorkna sKkBUBa/IEHTHAS 3AMUCh YTOTO PEry/ISPU3aTOPa, €CJIM BMECTO MAKCHUMHU3a-
UK PABIOII0/100MsT MUHUMU3UPOBaTh JuBeprennuio Kysinbaka—/leiibiiepa kak mepy pas-
JIMIHOCTH JIBYX BEPOATHOCTHBIX PacCIIpe/ie/IeHuii:

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 cunbree Biaoxkeno B (), uem () 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.
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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. Knaccuueckuii EM-anropurm [53] 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 . (26)

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 cpyakmnmonar (26) gocrarodno rragkuii, To To4ka ) ero JJOKaJIbHO-
ro MaKCAMYMa YJAOBJIETBOpsIeT CHCTeMe YpaBHEHHI, perreHne KOTOPOH MeTOA0M MPOCTHIX
I/ITepéU_[I/Iﬁ CBOAUTC:A K Y€PECJOBAHUIO /IBYX 1al'OB:

E-mar: q(Z) =p(Z|X,Q); (27)
M-nrar: Z qZ2)Inp(X, Z|Q) + R(Q) — max. (28)

dokazaTenbCTBO. 3anunem HeoOXOAUMbIE YCJI0BUS JIOKAJIBHOTO IKCTPEMYMa, JIJIst 3a-
Jla9i MaKCUMU3AIU 11 Koro (ynkinuonaaa (26):

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 (28), ecin bukcuposars pacupenesnenue p(Z | X, 2) Tak, 41006l OHO HE 3a-
Brces0 oT napamerpa ). Vimenno sto u mocruraercs sBoraucienneM ¢(Z) na E-mare (27)
H OCJIelytoredi ero moctanoBkoii B (28). TakuM 06pa3oM, Mbl HOJTYYUIUA CHCTEMY YPaB-
HeHUil, SKBUBAJCHTHYIO HEOOXOAUMBIM YCJIOBHsIM MakcuMmyMa yHKnnonama (26).

Teopema JjiokazaHa.

CaencrBue 6.2. Ecin 3ajzada onruvusainun (26) wmmeer orpammyenust ¢;(2) <0,
h;(2) =0, To cucrema ypasmennii (27)—(28) ocraérest B cuite, Ipu 9TOM 3344494 OLNTH-
mm3amun (28) HMeer Te ke OrpaHHIeHHS.

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

Teopema 6.3. B urepanmnonnom mporecce (27)—(28) 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):
(X, Z|Q) a(2)
Inp(X|Q) = q(Z)In —= + q(Z)In ——F———. 29
X10) = g2 m O e A (29)
L(g.0) 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))
0 ¢, MOCKOJMBKY HX cyMMa (29) me 3aBucut ot ¢. Munnvmym KL-muBeprenmun pasen
mymo u gocruraerca npu ¢(Z) = p(Z| X, ), aro coBuagaer ¢ dopmysoii E-mara (27).
Obnysenne KL-guseprennuu B (29) oznauaer, uro L(q,€)) sBisiercst gocturaeMoil HUzK-
Heit onenkoit Juist Inp(X |QY), a 3ajada makcumusanuu Ha M-mare coBuajaer ¢ (28).

Taxum o6pazom, EM-asiropurym (27)(28) siBisiercst 4aCTHBIM CJIy 9a€M HTEPALHOHHOIO
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-anropury (27)—(28) 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
nocranoBke 3a1a4u (19)—(20), Ho myTém Gostee TPYJIOEMKOIO JOKA3ATEIHCTBA.

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), angscexd e D, we W, teT; (30)
M-mar: Z Z anwp t|d, w) In(uwbia) + R(®,0) — max. (31)

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 hopmyay M-mara (28) 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, KOTOpYIo paHee noka3aan B Teopeme 4.2, mpuuéMm Torma 9TO OBLIO CAETAHO TOPA3I0
uporre. [lokazanublit B 3TOM pa3sjesie ciocod BBIBO/IA sIBIsseTCa Oojee OOIIUM, COMePKUT
B cebe obocHoBanue cxopumoctu EM-ajropurma u cuuTaercs K/JacCUYeCKUM.

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) [158] u commuposanue I'n66ca (Gibbs sampling, GS) [153].
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)

rje CUMBOJI X O3HAQYAeT «PABHO €C TOYHOCTBIO JJO HOPMUPOBKHU».
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) +Inp(Q|v) + const — max.

AJIbTepHATUBHBIA [y Th, HA3BIBAEMBIil 6atieco8CKkuM 6b16000M, 3AKIFOUAETCS B TOM, ITO-
Obl BBIYUC/IUTD allocTepuopHoe pacupejeenue p(€| X, ) B sBHOM Bujie. D10 HoJiee CJI0xK-
Has 3a/1a4a, HOCKOJIbKY BMECTO TOYEUHOM OleHKN napaMerpa () CTPOUTCS ero pacupe/ieie-
nue. Takoit nouxo/ jaér 6oJibliie uudopmanuu o nmapamerpax MoJIeJiu, I03B0JIsAeT CTPOUTD
JUIS HUX JIOBEpUTE/IbHbIE U UHTepBaabHble oneHKH. C JApYroil CTOPOHbI, B IPAKTUKE Te-
MaTHYECKOIO MOJIETUPOBAHUS HUKAKHE OIEHKH AIllOCTEPHOPHBIX PACIIPEIeIeHHH, KpOMe
TOYEYHBIX OLEHOK MAaKCHMyMa IPaBIONOA00US, TaK M HE HALLIA HPUMEHCHUS.

CsoiicTBa pacnpegenenuns Qupuxne. Mogeas LDA ocHoBana Ha pacnpeaenenuax /lu-
puxJie, 1103TOMY 1LIPUBE/JIEM B CLIPABOYHOM IIOPsi/IKE HEKOTOPbIE ero cBoicTBa:

E6, = [ 6, Dir(0|r) df = o= notrm(ozt) — MareMaTHIecKoe oxKujanue 0;;

° et — Oft—l

= notrm(at — 1) — moaa;

Dﬁt _ at(ag—ar)

Zlagr1)  AUcHepcud;

Elnd, = [In6, Dir(f| o) df = ¥(w) — (cg) — maremarnueckoe oxkujganue In b;.

_ I'(=)

Huramva-dyuxius ¢ (z) = T OUCHD IOXOXKa Ha morapudm.
U3BecTHa mpocrasi, HO BeCbMa, TOYHAS AMIPOKCHMAITHS IKCIO- 35 ]
3,0 9

HeHTBI guraMMa-GyHKIun (Ha rpaduke UX THHAT IPAKTAICCKH  , |
HEPA3/IMIUMBI ): 204
15 3

1,0 4

z? 0< 05 4

= r < 1; :

_ ~ ) 2 SEX S 0
E(I) - eXp(W@) ~ T — %7 1<z 0 05101520 253035 40

BapuauunoHHbiii baecoBcknii BbiBoA,. llaest 51010 10iXx04a B TOM, 4TOObl HCKATH COB-
MECTHOE allOCTEePHOPHOE PACIpPeJeICHIe NI ApaMeTPOB MOJEIH U CKPBLITHIX IIePeMeH-
ubix p(Z, ®, 0| X, «, f). HemocpeacTBeHHOE BBIYUCIEHUE JAHHOIO DPACIPEIEJEHHUs MPO-
Gaemarnano. 1103TOMy HAXOZAT ero IpubIMKeHHe B BUJE PA3JI0KeHHs Ha MHOMKHTEIH,
UCHOJIB3YS OCHOGHYI0 MEOPEMY GaAPUALUOHH020 baliecO6CK020 6b16004.
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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, (32)

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

JlokazaresibcTBO MOXKHO Hajitu, Haupumep, B |31].

st pemenusi cucrembt (32) MOKHO UCHOJIB30BATh 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 ypaBHeHuii (32), pacouinem JorapudM pacrapeeeHust
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.

PaccmorpuM ypasrenne (32) 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 (32) 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 ypasaenue (32) orHocureabHo ¢;(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 + ) ) (3)
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 06pasoM, perrenue cucreMbl (32) METOJAOM MPOCTBIX HTEPALU 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
aJrOpUTMAaX TEMATHIECKOIO MOJETHPOBAHUST MOXKHO CUYHTATH HECYIeCTBeHHbIMEI [27].

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, (34)
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).

Jloka3aTebcTBO MOXKHO HaiiTu, Hanpumep, B [31].
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

36



HpUAETCs B3sATh MHTErpas. [loJplHTerpaibHoe pacupe/iejaenne Mbl yzxke BoiBesn B (34),
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 ﬁw) / Bwt 1d90t de tat /Heatd 1d9d
teT H’LU (/Bw> o w deD Ht
o Dir(p¢ | Bt) o< Dlr(Gd |é&q)

(2 ﬁw H Fﬁw’f tat I, T'(aw)
telln Z ﬁwt dle_!) ‘ Ht ) (Ztatd) (35)

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 Bw 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_‘_ﬁwi_]‘) F(Zw(nWti+/8w)) 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 + 51112- —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 OXKUJIAHUe alloCTePHOPHbIX pacupe/ejaennii Jlupuxie uz (34):

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

B asropurme 4 nokasana ujes peasusanun, npepioxkennas B [153|. Kaxgas urepa-
s k B HPOIECCe COMILUIMPOBAHUSI COOTBETCTBYET OJIHOMY IPOXOay Kojutekiuu. Kora
JIJIS TO3UIAM ¢ COMILJIUPYETCd TeMa t;, BceM IpeJblaymum no3uruam 1, ..., 72 —1 yxke npu-
CBOEHBI T€MbI Ha JIAHHOII UTEpaIui, & BCe MOCJe/LYIONNe MO3UIUA i + 1, ..., n COXPAHIIOT
TeMbl ¢ mpeasayiei (k — 1)-ii urepanum — B TOYHOCTH KaK TOro Tpebyer Teopema 7.2.
CoMILImpoBaHHAsl TeMa 3allOMUHAELTCH B HEPEMEHHON t;, 1 Ha Ccjie/ytomeil ureparyu, Ko-
[Jla 9Ta TeMa U3MEHUTCS, CUETIUKU My U Nyg OYJLyT YMEHBIIEHbI HA €JIMHUILY JJIs CTapOit
TEeMbl, U YBEJIMYEHbI HA €JMHUILY JIJIsi HOBOIA.

CxoacrBo EM-mmomobubix agropurmoB PLSA, MAP, VB, GS u emé HecKOJIbKHX UX Ba-
puanToB ObLI0 3aMedeno B [27]. B pabore [7] comminpoBanue e IMHCTBEHHO TeMBI U3 pac-
npenenenns t ~ p(t|d, w) paccMaTpUBATIOCh KaK OT/IeJbHAs IBPUCTHKA, KOTOPYIO MOYKHO
UCI0J/1b30BaTh B jiF060oM EM-110/106HOM ajiropurMe TeMaTu4ecKOro MO/Ie/IMpOBaHus, HaYu-
Hasi ¢ PLSA. DkcnepumenTsl 1mMoKa3a/iu, 9T0 COMILIMPOBAHUE HECYIIECTBEHHO BJIUSIET HA
CXOJIUMOCTD U JIpyTHe CBOUCTBA Mojie . Kak 9BPUCTHKA, OHO MOZKET CBODO/IHO COYETATHCS
C JIIOOBIMU PEry/ISpU3aTOPAMU.

Ontumunsauynsa runepnapametrpos B mogenu LDA. Bo muorumx paborax, HadmHas
¢ |153], ucnosb3yiorcs cuMMeTprUYHbIE AIPUOPHbIE Pacipe/iesenus Jupuxie ¢ napamer-
pamu oy = 50/|T|, B, = 0.01. Bosee Toukue uccaenoanus |171] nokasanu, 4ro sydrie
OITUMHU3UPOBATH BEKTOD & = (1, ..., Qr) B HECUMMETPHIHOM pacupejesernn Dir(0y | «)
U OA0MPATDH YUCIOBOIT mapamerp 3, < 1 B cummMerpuanoMm pactpeenenun Dir(yy|f3).
Jng onrumusanuu BekTopa « B [171] nmpejiaraeTcs MaKCHMA3APOBATH PABIOIOI00Ue
P(X,Z|a, ) upu dukcupoBanubix Z u . OrbpacsiBas B (35) MHOKHUTEJIN, 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 [170] cpaBHEBaIOCH GOJlee TeCATKA YUCIEHHBIX METOIOB €€ DelleHHs .
[IpuBesém Jmnib camblii MPOCTON M3 HUX — MeToJ| HemoJABHKHONH Touku [115]. 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 [171| mokasa/am, 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

KazKJiasgd TeMa, t; IOpOXKIaeT CJIOBO: 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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SIRIF % e

| [™° o M

Z

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 jiaér 60J1ee ToUHOE onucanue Mojesu. I'padudeckas HOTalMs U I'eHepaTUBHAS UCTOPUS
MOTYT OBITH IOJIE3HBI JIjIsi IOHUMAaHUs O0Ielt ujaen u KoHcTpykiuu mojesan. OHaKko ux
He JIOCTaTOYHO, YTOOBI OJHO3HAYHO BOCIIPOU3BECTHU IIEPEX0J OT MOJIEJN K AJITOPUTMY €€
obydennsd. K coxkaseHunio, BO MHOTHX IYOIUKAIUSIX aBTOPBI OMYCKAIOT 3TOT MEPEXO/T s
KPATKOCTU W3JI0KEeHHs, YTO OTHIOJAb He JT00aBJIdeT SCHOCTH TAKUM paboTaM.

CpasHervne ARTM u bGaitecoBckoro nogxoaa. B nmpakTuke TeMaTHdecKoro MOJIeu-
poBaHus GalleCOBCKUIi BBIBOJ amocrepuopuoro pacupegenenns p(§)| X, ) mpousBogaurcs
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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/id 110JIyYEeHUA TOYE€YHON OLECHKH llapaMeTpOB Q:

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

Makcumusanust anocrepuopoii Bepositnoct (MAP) naér rouednyio onenky €2, mu-
Hysl POMEZKYTOUYHbIH 1mar npub/nKEHHOIr0 U TPYJI0EMKOro BbiBoja Posterior:

Q= arg mgx(lnp(X |©2) + In Prior(Q]7)).

Muorokpurepuaibhas ajaurushas pery/sipusanus (ARTM) obobmaer MAP wa Jsro-
Oble peryJisipu3aTopbl, B TOM YHC/IE He HMEONe BePOSATHOCTHON HHTePIPeTAINH, a TaKKe
UX [IPOU3BOJILHBIE KOMOMHAIIMI:

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

K memoctarkam 0aitecOBCKOr0O BBIBOJA MOXKHO OTHECTH TEXHHYECKYIO CIOYKHOCTH JI0-
OaByileHUs 1 KOMOMHUDOBAHUS TpeOOBAHUI K MOJENTH KaK ONTUMU3AINOHHBIX KPUTEPUEB.
B méM HeT y10OHBIX MEXaHU3MOB PEryISpHU3aIN, TOCKOJbKY HET, COOCTBEHHO, W 3aJadn
onrumuzanuu 1o ). Jlonosmauresbuas wadOpManus TPUBHOCUTCs JIMOO Yepe3 arpuop-
Hble paciipejiesienusi, Jubo B caMy CTPYKTYpPY Mojiesin. Ec/jin aupuopHbie pacipe/ie/ieHust
He dBJISIOTCA pachpeenennsyu /lupuxiie, 6aitlecoBCKUil BBIBOJ, 3aMETHO YCJIOXKHIETCS.

Pacnpenenenne /lupuxie oka3piBaeTcs «HA OCOOOM MOJIOYKEHUN» B 0aiieCOBCKOM TeMa-
THYeCKOM MOofeaupoBanuu. OHO He nMeeT yOeUTeTbHBIX JTUHIBUCTHIECKIX 0OOCHOBAHUA,
TEeM He MeHee, B jinreparype O0JIbITUHCTBO MO/Ie/Ieil CTPOSITCS C ero UCIOIb30BAHUEM. DTO
00'bACHSAETCS UCKJIIOUUTE/IbHO MAaTEeMATUIECKUM Y00CTBOM COIPSAKEHHOCTH paclpe/jieie-
uuit {upuxjie ¢ myjabrunomuaibabiM pacupeaeaeranem. B ARTM mer nukakux ocHOBaHuUit
IpeInoYnuTaTh paciupeenenne /[upuxie IpyruM peryisdpu3aTopaM.

[TocTanoBka onrTuMmu3amuoHHOR 3a7aunm MAP 1mo3Bosisier MHTEpPHOpPEeTHPOBATDL JIOTa-
pudM alpUOPHOIO PACIIPE/Ie/IeHUs] KAK BEPOSATHOCTHBIA PEery/isipu3aTop, OTJEJIMTh ero
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OT KOHKPETHOW MOJIeJIn U UCIOJIB30BATH B JAPYIUX MOJEIIX. AJJIMTUBHOCTD PeryJisipu-
3aTOPOB IIPUBOAUT K MO,Z[y.HbHOI'?'I TEXHOJIO'MK TeMaTU41eCKOro MOJ/Je/JIMPpOBaHuA, KOTOPad
peasm3oBaHa B mpoekTe BigARTM |9, 164|. Ilpu pemenun npukIaIHbIX 33129 KOMOHHAPO-
BaHMe TOTOBBIX PEryJasapHU3aTOPOB MO3BOJIAET CTPOUTH MOJIENH C 33 JaHHBIMH CBOUCTBAME
6e3 JIONOTHUTE/IbHBIX MaTeMaTHIeCKUX BBIK/IAJIOK U IIporpamMmMupoBanusd, puc. 10. Cosa-
HUE TAKOIl TEeXHOJIOIMU B paMKax 0ailecOBCKOIO MOJX0/1a €J1Ba JI1 BO3MOZKHO.

B sasibheitiiem mMbl OyjieM pacCcMaTpuBaTh BCe TeMaTuyecKue MOJIe/IM B TePMUHAX pe-
I'YIpU3AIAT, JaKe eCJIU B UCXOIHBIX paboTaX OHU CTPOHJIUCH 0alleCOBCKUME METO/IaMU.
Pedopmanuzamus 6aitecoBckux Mojeseil depe3 KJIaCCHIeCKYI0 peryigapu3aluio, KaK mmpa-
BIJIO, HE IIPEJICTaB/IsIeT 0co0Oro Tpy/ia, 60jee TOro, IPpUBOJIUT K PaIuKaJIbHOMY YIIPOIIe-
HUIO N3JI0ZKEHU A 663 CylHieCTBEHHbIX U3MeHEeHU AJITOPUTMOB. MbI He 6y,£[eM HNCIIOJIb30BaATH
rpadudeckyio Horanuio, mockojabky B ARTM gaxke cioxkubie mozen (popmain3yorces
HaCTOJIBKO IIPOCTO, 4TO HOTpe6HOCTI/I B HalVIAJHbIX HPEJACTABJICHUAX HE BO3HUKAECT.

8 PaspexuBaHue, crna>kmBaHue, gekoppesinposaHumne

OTKa3 oT ampHOpHBLIX pacunpeaeneruii /lupuxie mo3Bossger 0606muTh Momeab LDA:
CHATH OPPAHMUYCHUST HA 3HAKH MHIEPIapaMeTpoB B (22) u cBoOOHee 0OPAIIATHCSI CO CIITa-
KUBAHUEM U Pa3peKUBAHUEM JIjIsl YJIydlIeHUs] KHTEPIPETUPYEMOCTH TEM.

T'unomesa paspesrcennocmu: Kaxjias TeMa XapaKTepusyercs HeOOJIbIIUM YUCJIOM Tep-
MOB; KarK/Iblil JIOKYMEHT OTHOCHTCS K HEeOOJIbIIOMY YHCJYy TeM; 3Ha4uTe/ibHas 4YacTb
YCJIOBHBIX BEPOSTHOCTEH (0, U O;y PABHBI HYJIIO.

Pa3peKeHHOCTD Ipe/ICTaB/IgeTCd eCTeCTBEHHBIM HEOOXOJIMMBIM YCJIOBHEM HHTEpIIpe-
THPYEMOCTH TeMaTH4ecKoii Mojenu. Kpome Toro, ucioJib30BaHue Pa3pezKeHHbIX MaTpPHIL
MOZKeT COKpAlllaTh BpPeMs BbIYUC/IEHUN M PACXOJ MaMATU KaK B IHPOIECCe HOCTPOEHUS
MOJIeJIM, TAK U UPU JlaJibHelleM eé UCI0/Ib30BAHUN.

MHOrOKpaTHBIe MONBITKH pa3pexkuBanus Mmoieaun LDA [147, 58, 174, 89, 45| npuso-
JITH K €€ TepeyCc/IOKHEHUIO U3-3a BHYTPEHHEI'O MPOTHBOPEYUs MEXK/1y Pa3spezKeHHOCTHIO
U MOJIOZKHUTETbHOCTBIO apaMeTpoB B pacupeesnenun lupuxie. [Ipobiema pemraercs npu
HCII0JIb30BaHUE 000OIEHHOIO PEryJ/Isipu3aTopa CIVlazKUBaHus U paspexkusanus (23), B Ko-
TOPOM rUHepHapamMmerpol B, (g MOTYT HIPUHUMATH OTPHUIATE/IbHbIE 3HAUCHUS:

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

teT weW deD teT

Taxkoii criocob paspe:kuBaHus OBLT BIIEPBbIE MIPEII0XKeH, II0 BCeil BUIUMOCTH, B JHHA-
mudeckoit mogesn PLSA jist 06paborku Bujeonorokos [160|, rae mokymMenTaMu siBJISIHCH
KOPOTKHE BujieopparMeHTbl, TepMaMi — HPU3HAKK Ha N300parkKeHusix, TeMaM#i — I10sIB-
JIeHHe OMpPeJIeIEHHOr0 00beKTa B TeUYeHHe ONpeIeJEHHOT0 BpeMeHH (HAlpuMep, Mpoe3[
aBTOMOOIIISI Yepe3 MepeKpécTok). PaspexuBaTh pacrupe/iefeHus CUIbHEe, 4eM 9TO Jeja-
er LDA, moTpeboBaMCh /I ONHCAHUS TeM ¢ KOPDOTKHM «BPEMEHeM KH3HL».

YHactunyHoe oby4eHue. B nponecce co3panus, MCIO/Ib30BAHUS WM OLEHUBAHUA TEMa-
THYECKON MOJE/IN IKCIEPTHI, MOJAb30BATE/]H UM aCeCCOPbl MOIYT OTMeYaTb B TeMax pe-
JIEBAHTHBIE MJIM HEPEJIEBAHTHbIE T€PMbI M JIOKYMEHThI. Pa3MedeHHbIe JaHHbIE TO3BOJISIOT
(uKCcHpoBaTh HHTEPIPETANUHA TE€M M MOBBLIIMIAIOT YCTONIHMBOCTH MOjean. Pa3merka Mo-
JKeT 3aTParuBarh JIMIIb YaCTh JOKYMEHTOB H TeM, II09TOMY €€ HCI0/Ib30BaHIEe OTHOCUTCS
K 33/[a9aM wacmuunozo obyuenus (semi-supervised learning).
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Puc. 11: Crpykrypa pazpexennoctu marpurn ¢ u © ¢ mpeameTHbIMu 1 (DOHOBBIMUA TEMAMH.

[IycTb s kaxkaoit Tembl ¢ € T' 3ajaHbl YeThIPe MOIMHOXKECTBA:
W — «GeJblit CIIECOK» PeJIeBAHTHBIX TEpPMOB;

W, — «4€pHbIil CIUCOK» HEPEeJTeBAHTHBIX TEPMOB;
D;" — «GeJiblit CIUCOK» PEJICBAHTHBIX JOKYMEHTOB;
D, — «4€pHbIil CIUCOK» HEPEJEeBAHTHBIX JOKYMEHTOB.

Yacmuunoe obyuerue no pesesaHmHOCMY ABISETCS YaCTHBIM CJIydaeM perysspu3a-
TOpa CIVIA?KUBAHUS U pa3perKUBaHUS MPHU

But = Bylw € W] = B_[w e W,
tua=ayld e D] —a_[de Dy,

rie S+ 1 oy — KOdDMUIUEHTH PeryIsapu3aliii.

MpeametHbie n poHoBbIE TeMbl. YTOOLI MOJIEIL ObLIA HHTEPIPETUPYEMOI, KazK/1as Te-
Ma JO0JIZKHA HMETb CeMAHMuUYeckoe A0po — MHOKECTBO TEPMOB, XapaKTepU3yIOIIUX OIIpe-
JIeTEHHYTIO MIPEIMETHY0 00JIaCTh U PeIKO yHoTpeO/seMbIX B JApyrux temax. /Ljas sroro
marpuipl ¢ 1 © HO/KHBI UMETH CTPYKTYPY Pa3PeKeHHOCTH, aHAJOIUIHYIO MTOKA3AHHOMN
Ha puc. 11. MuoxkectBo Tem pazdbuBaercs Ha jBa noaMuoxkecrsa, ' = S U B.

IIpedmemmnvie memo, t € S copeprKaT TEPMHUHBI IIPEeIMETHBIX obstacTeii. VX pacipee-
nerust p(w | t) paspezKeHsl U CYIECTBEHHO PA3INIHBI (IeKOpPEeJInpoBanbl). Pacipeenens
p(t|d) Takzke paspezkeHbl B HPeJIMETHBIX TeMaxX ¢t € S, eC/ii HPeNoIaraTh, 4T0 KazKIblil
JOKYMEHT COACPZKUT JIMIIb He60ﬂb]_[[yIO JOJITO IIpeAMETHbIX TEeM.

Donosvie memov, t € B copepxKar cjoBa 00IIEH JIEKCUKH, KOTOPbIX He JIOJIZKHO ObITh
B 1peiMeTHbIX TeMax. Vx pacupesesenust p(w|t), BO3MOXKHO, MeHee pa3pezKeHbl 10 CPaB-
HEHHUIO C IIPeJMEeTHBIMH TeMaMH U CYIIeCTBEHHO OTJIMYAITCSI OT HuX. Pacrpemenenus
p(t|d) momzxuEbI OBITH CHIBHO CLJaXKeHbl B (hOHOBBIX TeMax ¢ € S, Tak Kak cjoBa o0mieil
JIEKCUKH COCTABJISIIOT 3HAYUTEIbHYIO JIOJIIO JIa2Ke B Y3KO CIENHAIN3UPOBAHHBIX JIOKYMEH-
Tax. TeMaTI/ILIeCKyIO MO/JA€eJIb C HECKOJIbKHUMUM d)OHOBbIMI/I TeMaMUu MOZKHO paCCMaTpUuBaTb
Kak 00001eHne podacTHbix Mozesedi |43, 134], B KOTOPBIX HCHOIB30BAIOCH TOJBKO OJHO
¢doHOBOE pacIipejieieHne.

CdrokycunpoBaHHbIii TeMaTUYecknii Nonck. Yacruunoe o0ydeHue reM MOKHO PacCMaT-
puBaTh KaK Pa3HOBHJHOCTb TeMaTHYeCKOro MHMOPMAIMOHHOIO 1ouCcKa. B KadecTse 3a-
Ipoca 33Ja6TCA cemarmuyeckoe A0po OJHONR WU HECKOJIbKUX TeM. DTO MOXKET ObITH JII0-
6oit dparmenT Tekcra, «Oesiblii cnucok» rTepMoB (seed words) wiaM z-memku — TEMBI,
IPUIIUCAHHBIE OT/EJbHBIM cJioBaM uin dbparmentam B jokymentax [23|. Temaruueckast
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HOUCKOBAs CUCTEMA JIOJIZKHA, HE TOJIBKO HANTH M PAHZKHUPOBATH PEJIEBAHTHBIE JIOKYMEHTHI,
HO ¥ PA3/I0KUTh HOMCKOBYIO BbIJIAYY 110 TeMaM. B THIHYHBIX NPHIOKEHUSIX PEIeBAHTHbIIM
KOHTEHT COCTaBJIIeT HUITOXKHO MAJIYIO JIOJIIO KOJIJIeKIuK. TeM He MeHee, HIMEHHO 3TOT KOH-
TEHT JIOJI2KeH OBITH TIIATEJTbHO cucTeMaTu3upoBal. OOpa3HOo roBops, Tpedyercs «HCKaTb
1 KaaccudunupoBaTh Uroiku B crore ceas [39]. Tembl cranoBsTCs 37eMeHTOM Tpadu-
4ecKoro uHTepdeiica mop30BaTe s, HHCTPYMEHTOM HABUTAIUU U IIOHUMAHUS TEKCTOBOI
koJiiekiu. OTCioja BaXKHOCTH TPEOOBAHKS HHTEPIPETUPYEMOCTH KAZK IO TEMBbI.

Hactudanoe obydeHne HCIOIb30BATIOCH Jis MIOUCKA W KJIACTEPU3AIUU HOBOCTEl [74],
[IOKMCKA B CONUAIbHBIX Me/iia HH(MOPMAIUH, CBI3aHHON ¢ DOJIE3HAMHI, CHMITOMAaMU U Me-
Tomamu Jiedenus [127, 128|, ¢ npecrynnocTbio u sxcTpemusmom [100, 146], ¢ mamuonaib-
HOCTSIME ¥ MEKHAI[MOHAJIbHBIMU OTHOIIeHusMu |39, 83, 125].

B mogesn ATAM (ailment topic aspects model) B KauecTBe CryrazkuBaroIiero pacipe-
JeJIeHUsT By, UCHOJIb30BAIACH OOJIbIIAs KOJIJIEKIMsT MeJUIMHCKUX craTeii [128].

B momenax SSLDA (semi-supervised LDA) u ISLDA (interval semi-supervised LDA)
JIJIS TIOUCKA STHO-PEJIeBAHTHBIX TEM B IIOCTaX CONUAJIbHBIX CeTell HCII0Ib30BaJIOCh CIIaZKH-
BaHKE 110 CJIOBAPIO U3 HECKOJBKHUX cOTeH 3THOHUMOB [39]. B momesn SSLDA jyist kazk 10t
STHO-PEJIEBAHTHON TEMbI 33,1a6TCsl CBOIl CJIOBaAPb STHOHUMOB, CBSI3AHHBIX C OJHUM OIIPE/Ie-
jgéaapiM 3tHOCOM. B Mogesn ISLDA muOXkecTBO Tem pa3buBaercss Ha MWHTEPBAJIbI, U JIJIsI
BCEX TeM KazKJ0ro HHTepBaJIa 33aéTcsd OOIIMii cjoBapb STHOHUMOB. [IpenmytiecTBo sTux
MoJIeJiell B TOM, YTO HHTepIIpeTalus KazK0i TeMbl u3BecTHa 3apanee. Hejgocratku B TOM,
9TO TPYAHO IPEJLYraJblBATh YUCAO TEM JJIsd KazKA0W ITHUIHOCTUH U CTPOUTH IMOJIUITHHY-
HbIE TEMBbI JIJIs BBIABICHUST MEKITHUICCKUX OTHOIICHUA.

st pemenust srux npobisiem B |24, 25| 6bur npegioxken noaxoxn #a ocope ARTM.
3aj1aBajoch 001Iee YUCI0 STHO-PEJIEBAHTHBIX TeM M K HUM, KaK K cTo6maM MaTpuiibl P,
IPUMEHSLIOCH CTUIa2KUBAHKE 110 CJI0BAPIO STHOHUMOB. TemaTudeckass MOJE/Ib caMa OIpe/ie-
JISLTTIA, KAK 9TU TeMBI PAa3IeIATCs 10 STHUIHOCTIM. AJIbTepHATHBHBII IT0/IX0T 32K TI0IAETCS
B TOM, 9TOOBI CJI€JaTh STHOHUMBI OT/IEIbHON MOJAJBHOCTHIO, MPUIAB UM 0O/IbINNN BeC,
4eM OOBIYHBIM CJIOBaM (HOHSTHE MOJAJBHOCTH BBOJIUTCS HUZXKE, B pasjese 9).

JI100bIe MOIX0/1bl K C(DOKYCHPOBAHHOMY TEMATHIECKOMY IOUCKY TPEOYIOT PYUHOIl Ipo-
BEPKH W MHTEPIPETAINN HAICHHBIX TEM.

OexkoppennpoBaHue tem. Temarudeckas MoJe/b He JTOJKHA COIEPZKATH LyOJIUPYIOIIHX
WM HOXOXKUX TeM. deMm pas3jimdHee TeMbl, TeM nHGOpMaTUBHEEe MOje/b. Ecim TeMbl pas-
JIEJISIOTCS Ha LpeJMeTHbie ¥ (POHOBBIE, TO BCE OHU JIOJIKHBI CYIIECTBEHHO OTJIMYATHCS

Apyr or Jpyra.
JL1st noBbIIIEHUs] PA3JIMYHOCTU TeM OyJ/ieM MUHUMU3UPOBATH CYMMY IOIAPHbBIX CKa-

JIAPHBIX HPOU3BEACHUN (Pr, Ps) = D . PutPws MKy croadbmamu marpuis $. Ilomyanm
PEryIgpH3ATOD:

R((I)) - —% Z Z Z (Pwt()pws-

teT seT\t weW
Dopmysa M-mara, coracho (17), umeer Buj
Pt = DOLL <nwt — TQuwt Z sows)- (36)
seT\t

DTOT peryaspu3aTop KOHTpACTUPYeT cTpoku MaTpuiipl P. B KaxK1oii cTpoke, He3aBU-
CUMO OT OCTAJIbHBIX, BEPOATHOCTH (P,,y HAUDOJIEE€ 3HAYMMBbIX T€M TEPMa W YBEeJIMIUBAIOTCH,
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BEPOATHOCTH OCTaJIbHBIX TE€M YMCEHbLUIAQIOTCA U MOI'yT 06pamaTbC${ B HYJIb. PaBpe}KI/IBa—
HUe — 9T0 comyTerByionuii a¢dexr nexoppeanposanus. B [156] Obl1 3ameden emé oun
oJIe3HbIH 3D deKT: cjioBa 00IIeil JeKCHKH I'PYIIUPYIOTCI B OTJ/IEIbHBIE TeMbl. DKCIIePH-
MEHTBI ¢ KOMOMHHPOBAHUEM PEry/IsIpU3aTOPOB CrIAKUBAHNA, PA3peKUBAHUS U JIEKOppe-
muposanust B ARTM moarsepzkiator s1o nHabawoaenue (8, 166, 165].

JexoppesnupoBanue Buepsbie 0bL10 npemioxeno B Mogean TWC-LDA (topic-weak-
correlated LDA) B pamkax 6GaitecoBckoro nojaxoia [156]. CoorBercrByiomiee anpuopHoe
pacipejieieHne He ABJISIeTCs CONPSKEHHBIM K MYJbTHHOMHAJIBLHOMY, IOTOMY Oaiiecos-
CKHil BBIBOJI CTAJIKABAaETCA ¢ TexHmdeckuMu Tpyaaoctamu. B ARTM pacuéraas dpopmysra
M-mara (36) BBIBOAUTCS B OJHY CTPOKY.

KombunHupoBaHve perynsipu3atopoB cria:kubBaHus (POHOBBIX TEM, pa3perKHBaHUSI
IpeIMEeTHBIX TeM B MaTpuile © n JeKOppeTupoBaHus CToJONOB Marpunbl P mcmosb3oBa-
JIOCh BO MHOI'MX paborax Jyisi yJLydineHusi narepuperupyemocru rem |8, 165, 166, 167, 20).
[TopobpaB ko3 duIMEHTH pery/isipu3aiii, MOXKHO OJHOBPEMEHHO 3HAYUTEJIbHO YJIyU-
IIATH pa3pezKeHHOCTh, KOHTPACTHOCTD, YUCTOTY U KOT€PEHTHOCTb TeM MPHU He3HATUTETh-
HOli ToTepe mpasonoa06us [166]. Boumm BeIpaboTaHbI OCHOBHBIE PEKOMEHIAIUM: EKOD-
peJInpOBaHUe U CrVIayKMBaHUE BKJIIOYATH Cpal3y, pa3pekuBanue — mnocje 1020 urepatmit,
KOIJIa 0Opa3yercst TeHJIeHIUs K CXOJAUMOCTHU [1apaMeTPOB MO/IEJIN.

Ta ke xKoMOMHALMS PEryJISIPU3ATOPOB CYHIECTBEHHO YJ/IydllaJia KadyeCTBO TeMaTu4e-
CKOTO pa3BeJovHoro moucka B [20, 186, 72|, XoTs HUKaKWe KPUTEPHU KAYeCTBA ITOUCKA
HEITOCPE/ICTBEHHO He ONTUMHU3UPOBAJIHCH.

9 MopgenupoBaHue MyabTUMOAANbHbIX AAHHbIX

Myavmumodarvhas memamuueckas Mooeib OMMUCHIBACT JOKYMEHTDI, COICPZKAIIIE Me-
TaJaHHBIC HAPSLY ¢ OCHOBHBIM T€KCTOM. MeTaJaHHbIe IOMOraoT 60J1ee TOTHO OIPEeIe/IaTh
TEMATUKY JOKYMEHTOB, M, HA00OPOT, TEMATHYECKAs MOJIEIb MOXKET HCIOJIb30BATLCH JIJId
BbIAB/ICHUS CEMAHTHKU METaJIaHHBIX WJIM IIPEeJCKa3aHis IPOIYHICHHBIX MeTalaHHbIX.

Kazkaplit Tuin MeTaJaHHbIX 00pa3yer OTAEAbHYIO MO0AAbHOCTMb CO CBOUM CJIOBAPEM.
Ci0Ba €CTECTBEHHOTO 3BIKa, CIoBocoveTanus [173, 182], Teru [85], nMeHOBaHHBIE CYIITHO-
cru [119] — 5T0 npuMepbl TEKCTOBBIX MOJAJIbHOCTEl. B MyJIbTHA3BIYHBIX TEMATHIECKUX
MOJIEJISIX MAPAJIETbHBIX TEKCTOB MOJATBHOCTAME SIBJISIOTCH a3biKu [168]. st anasu-
32 KOPOTKUX TEKCTOB C OIeYaTKAMM MCIIOJIb3YIOT MOJAIBLHOCTh OYKBEHHBIX N-IPAMM, 9TO
1I03BOJISIET YJIydIIaTh KadecTBo nH(GopMannonHoro noucka |[71|. [Ipumepamu HeTEKCTOBBIX
MOJasIbHOCTE siBiistioTcst (puc. 12): asropst [142], momenTst Bpemenu [159, 193, 160|, krac-
Cbl, KaHpbl win Kareropun [143, 197|, nurupyemble wid murupyroomme JOKyMeHTH [55]
WK aBTOpBI [78], moIb30BaTe N 3JIEKTPOHHBIX OUOJIHOTEK, COIUAIBHBIX CEeTell N pe-
KoMenjareabubix cucrem (90, 150, 175, 189, 190|, rpadudeckue sj1emeHTH H306parKe-
uuit |36, 70, 95|, pekiamuble 00bsiBIeHHs Ha BeO-crpanunax [131].

MynbtumoganbHas ARTM. Bce nepeunciiennbie Bbliie cjydad, HECMOTPsI Ha, Pa3HO-
obpasue unrepuperanuii, onucbiBaiorcs B ARTM eauabiM (hopMain3MomMm MOIaIbHOCTENH.
Kaxkaprit TOKyMeHT paccMaTpuBaeTcsd KaK YHUBEPCAJIbHBIN KOHTeHeD, CoepzKaIiuii Tep-
MBI Pa3JIMIHBIX MOJIAJbHOCTEH, BK/IIOYasi OObIYHBIE CJIOBA.
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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.

[Tycre M — muoxKecTBO MOjasibHOCTEl. Kaxkiast M0OJabHOCTh UMEET CBOI CJIOBapb
repmoB W, m € M. D1 MHO)KeCTBa IOIAPHO He nepecekaorcs. VIx obbeunenune oygem
oboznavars depe3 W. Moganbuocrs Tepma w € W Gymem obo3HadaTh depes m(w).

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

p(w|d) = pr|t (t|d) = ngwtﬁtd, weW™, deD. (37)

teT teT

Kaz10it Mojla/ibHOCTH T COOTBETCTBYeT croxacTudeckas marpuna @, = (gpwt) S ——
Cosokynnocts marpun, P,,, ecsim ux 3anucars B crojbemn, odopasyer W xT-marpuny .
Pacnpenenenne TeM B KaxKJI0M JOKYMEHTe SBJSETCS OOIIUM JJIS BCEX MOJAJTBHOCTEN.

MynpTuMoOmaIbHag MOMENb CTPOUTCS MYyTEM MAKCHMU3AIUU B3BEIIEHHON CYMMBI JIO-
rapupmMoB 1paB/ 01101001 MO/IAJILHOCTEH U peryssipu3aropos. Beca 7, mo3BoJsior coa-
JIAHCUPOBATH MOJIAJIbHOCTH 110 MX Ba)KHOCTH U C YIETOM MX YACTOTHOCTH B JIOKYMEHTAX:

Z Tmz Z N angpwﬂtd + R($,0) — Ig%x (38)

meM deD weWwm teT
Z Cuwt = 15 @yt = 05 Zetd =1; O = 0. (39)
weWm teT

Teopema 9.1. Ilycrs pyaknus R(P, ©) wenpeprisro muggepernnupyema. Touka (P, O)
JIOKaJIBHOTO dKcTpeMyMa 3agaqn (38)—(39) yaosmerBopsier cucreMe ypaBHEHHI CO BCIO-
MOraTe/IbHbIMH [HEPEMEHHBIMH Pyg, = P(t|d, w), ecjim u3 pereHus: HCKJIIOYUTD HyJIEBbIE
crosibner marpui P, O:

Praw = 0010 (Pu1B1a); (40)
OR
OR
Org = norm Neg + Org—— Ng = Z Z TmNdwPtdw - (42)
er aetd meM weWm™
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Tema Ne68 Tema Ne79
research 4.56 | nHCTUTYT 6.03 || goals 4.48 | maTy 6.02
technology 3.14 | ynusepcuter  3.35 || league 3.99 | urpok 5.56
engineering  2.63 | nporpamma 3.17 || club 3.76 | cbopHas 451
institute 2.37 | y4ebHbiii 2.75 || season 3.49 | ok 3.25
science 1.97 | TexHnyecknin  2.70 || scored 2.72 | npoTus 3.20
program 1.60 | TexHonorus 2.30 || cup 2.57 | kny6 3.14
education 1.44 | nayuHblii 1.76 || goal 2.48 | dpyTbonucr 2.67
campus 1.43 | nuccnegosanne 1.67 || apps 1.74 | ron 2.65
management 1.38 | Hayka 1.64 || debut 1.69 | 3abuBaTb 2.53
programs 1.36 | obpa3sosaHune  1.47 || match 1.67 | komaHga 2.14
Tema Ne88 Tema Ne251
opera 7.36 | onepa 7.82 || windows  8.00 | windows 6.05
conductor 1.69 | onepHblii 3.13 || microsoft 4.03 | microsoft 3.76
orchestra 1.14 | pupunxep 2.82 || server 2.93 | sepcus 1.86
wagner 0.97 | nesey 1.65 || software  1.38 | npunoxetne 1.86
soprano 0.78 | neBnua 1.51 || user 1.03 | cepsep 1.63
performance 0.78 | Teatp 1.14 || security 0.92 | server 1.54
mozart 0.74 | napTus 1.05 || mitchell 0.82 | nporpammubiii  1.08
sang 0.70 | conpaHo 0.97 || oracle 0.82 | nonb3oBatens 1.04
singing 0.69 | BarHep 0.90 || enterprise 0.78 | obecne4yeHne 1.02
operas 0.68 | opkecTp 0.82 || users 0.78 | cuctema 0.96

Puc. 13: Ilpumepsr Tem u3 ABysA3bIYHON TemaTudeckoit momenn Bukunemmm. [loxaszansr nmepsbie 10 ciioB
KazKJI0# TeMbl U uX BeposaTHOCTH p(w|t) B MPONEHTAX.

JlokazareibcTBO aHaJ0ru4HO Teopeme 4.1, KoTopasi siB/JISeTcs YaCTHbIM CJLy4aeM Teo-
pembt 9.1 st cirydast ojuOl Mogabuocru, |[M| =1, 7, = 1. [lepexos or oaHOit MOjaIb-
HOCTHU K IIPOU3BOJILHOMY YHUCJY MOJAJBHOCTEN CBOIUTCS K JBYM IOIPABKAM:

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

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

B npoekte BigARTM peasin3oBaHa BO3MOKHOCTb KOMOMHUPOBATH JIF000€ YUCJIO MOJIAJIb-
HOCTEH ¢ JIIOObIMU peryssipuzaropamu |24].

MynbTuasbldHble mogenu. Myjibrus3bluHble TEKCTOBbIE KOJIJIEKIIUU UCIIOJIb3YIOTCS JI/1st
KPOCC-13bIYHOI'0 MH(POPMAIMOHHOT'O [TOUCKA, KOIJIA 110 3alIPOCY Ha OJHOM s3blKe Tpedyer-
cd HAWTU CeMaHTHYECKH OJIM3KHE JIOKYMEHTBI Ha JAPYyIroM s3biKe. /i cBI3bIBaHUS S3bI-
KOB HCIHOJb3YIOTC IMapaJselbHble TeKCThl WIN JABYS3bIUHbIE cJIOBapu. [lepBble MynbTh-
SI3BIYHBIE TEMATHYECKHEe MOJEH HOSBUIUCH HOYTU OXHOBpeMeHHO [52, 113, 124] u mpe-
cTaB/istin cOOON MyJIBTUMOJIAJIBLHYIO MO/IE/Ib, B KOTOPOU MOJAJIbHOCTIAMU SABJISIOTCS $3bl-
KU, U KaXK/Jas CBS3Ka MAPAJIIEbHBIX TEKCTOB O0beauHsieTcss B ojuH JoKyMenT. Oka3a-
JIOCh, 9TO CBA3BIBAHUS JOKYMEHTOB JIOCTATOYHO /I CHHXPOHU3AIINU TeM B JIBYX d3BbIKAX
U KPOCC-I3bIYHOrO moucka. [lombiTku 60j1€€ TOYHOrO M TPYA0EMKOIO BbIPDABHUBAHUSA IO
HPEeJTOKEHUAM WM IO CJI0BAM IPAKTUYECKH He YJIYUIIAIT KadecTBO moucka. OdcTos-
TeJIbHBIT 0630D MYJIbTHSI3bIYHBIX TEMATHIECKUX MOJeJieli MOKHO HaiiTu B [168].

Ha puc. 13 nokazanbl Hekoropbie u3 400 rem, nocrpoennbix 1o 216 175 napam pycckux
v aHrniickux crareit Bukunenun [164]. [list cBsi3biBaHus 136IKOB HCIIOJIB30BAIUCH TOJIBKO
MO/Ia/TbHOCTH, BBIPABHUBAHUS U CJIOBAapH He HCIOJb30BaIHCh. Aceccop omeHmt 396 Tem
3 400 KaK XOpOIITO WHTEePIpeTupyeMBbIe.

Jist ucnosb3oBanust ABYsI3bIMHOTO cytoBapst B |10| ObLI IPeIOKEH peryssipu3arop
crinazxkuBauug. O popmasu3yer npeInoJ0KeHne, 9T0 eCJii CJA0BO U B sI3bIKe k sIBJISIETCS
IIEPEBOJIOM CJIOBA W U3 si3bika £, To ux pacupejesenust rem p(t|u) u p(t|w) noszKubl 6bITH
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Oosmm3ku B cmbiciie KL-juBeprenmun:

R(®) = Z Znut In .

w,u  teT

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

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

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

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

R(®,II) =7 Z Zn“t anﬂuwtwwt — max.

ucWk teT weW?

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

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

Tuwt = NOTM (qutnut).
ueWwk
CBs3bIBaHue MapaJiIeIbHBIX TEKCTOB CHJIbHEE YJIYUIIaeT KadeCcTBO IOUCKa, deM 00a
crocoba yuéra cioapeii [10]. Bropoit crocob Hemuoro Jyurie mepsoro. Kpome toro, oxn
[I03BOJISIET BLIOMPATh BApHAHTHI IEPEBO/Ia B 3aBUCUMOCTH OT KOHTEKCTa, YTO MOXKET OBbITh
MOJIE3HO JIJIS CTATUCTUYECKOI'0 MAIMHHOI'O liepeBojia, puc. 14.

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

PaccMoTpuM MyIBTUMOJATBHY IO TEMATHIECKYIO MOJIeTb (37), B KOTOPO# pacmpe/iese-
HUE BEPOSITHOCTHU TeM JIOKYMEeHTOB Oy = p(t|d) onmchiBaeTcsi cMeChI0 pACIpe/Ie/IeHuil Tem
Kareropuit . = p(t|c) n Kkareropuii J0KyMeHToB T4 = p(c|d):

w|d Zp 'lU|t Zpﬂc C|d ZZSDwt%chd (43)
tel ceCy teT ceCy

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

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

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

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

Puc. 14: IIpumepsl TeM, B KOTOPBIX CJIOBO «CyMMay UMEET Pa3HbIE IIEPEBO/IbI.

Moyieib OCHOBAHA HA JIBYX THIIOTE3aX yCJOBHON HE3aBUCHMOCTH:

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

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

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

3ajaua MAKCHMU3AIUA PETYISIPU30BAHHOIO TIPABIOIO00HS:

Z Z Naw 1 Z Z CutVreTeq + R(P, W, II) — max; (44)

deD wed teT ceCy
Z Pwt = 17 Gwt = O; Z¢tc = 17 ¢tc = 07 Z Ted = 17 Ted = 0. (45>
weW teT ceCy

Teopema 9.2. Ilycrb pyuknus R(®, V, 11) venpepeiBao gudgepennupyema. Touka jio-
kaubaOro skcrpemyma (P, W, 1) zazaun (44), (45) yaosaerBopsier cucreme ypaBHEHHIT cO
BCIIOMOTATETbHBIMH MEPEMEHHBIMH Pyeqny, = P(t, ¢|d, w), ecn u3 perenns: HCKJIIOYATD HY-
Jespre croyionsr marpur ©, U, I1:

Dtedw = 1OTIN (@wt¢tcﬂcd);
(t,e)ETxCy
OR
Pt = norm | Nyt + Put=— |; Nt = g E NdwPtedws
weWw &pwt
deD ceCy
R
’l/)tc = norm/| 7 + 'thc— y Nige = E E NdwPtedw
teT &Dtc
deD wed
OR
Teq = NOTIM | Neqg + Teg=— |5 Ned = g E NdwPtedw -
ceCy (97Tcd
wed teT

49



Jloka3aTeibCTBO ONMUPAELTCS HA JIEMMY 3.2 0 MAKCUMUBAIMUKA HA €IUHUYHBIX CHUMILIEK-
cax M MPOBOJUTCI AHAJOTMYHO J0KA3aTe/bCTBY Teopembl 4.1.

Mopenb TpEXMATPHIHOTO PA3JIOZKeHUs HAanOOJIee N3BeCTHA KAK a61MOP-MeMAMUYeckas
modeav ATM (author-topic model), B KoTopoii mOpox garomieii MOIATBHOCTHIO SBJISTFOTCSI
aBTOPBI JOKYMeHTOB [142]. B memamuueckot modeau mezuposarus doxymernmos TWTM
(tag weighted topic model) nopoz gatonei MoAAIbHOCTHIO SIBJISIOTCS Tern JOKyMeHTa [93)].
AHajiorudHast MOJIeJIb HCIIOJIB30BAIACH Jisi 00pabOTKK BH1EONOTOKOB B |70]: mokymeHTs d
COOTBETCTBOBAJIA MOCJEIOBATEHbHBIM 1-CeKYHIHBIM BUEOKJIUIAM, TEPMBl W — JIeMeH-
TapHBIM BU3YAJIbHBIM COOBITUSM, T€MBI ¢ — JIeHCTBUAM, COCTOSIINM U3 COYETAHUSI COOBI-
THil, KaTeropuu ¢ — 00Jiee CJIO0KHBIM IIOBEJIEHUIM, COCTOMIIUM M3 COYeTAHUs IeiCTBHII,
HPUYEM CTaBUJIACH 33/1a4a BbIJIEJIUTH B KazKJOM KJIMIIE OJJHO OCHOBHOE HOBE/ICHUE.

Mogesnb (43) MOXKHO YyIPOCTUTH U CBECTH CHOBA K JIByXMATPUIHOMY DA3JIOKEHUIO, €C-
JIN OTOXKJIECTBUTH TeMbl ¢ Kareropusivu, C' = T', u B3aTb equandnyio marpuiy V. lannas
MO/IesTb u3BecTHa B sinreparype Kak Flat-LDA [143] u Labeled-LDA [138]. Eé Boipasuten-
HbIe Bo3MO:KHOCTH Oesmee, 1eM y PLSA n LDA, tak Kak 3HadnTe/bHAS J0JIS JEMEHTOB
marpuipt II = © dbukcupoBanbl u paBHBI HYJIIO.

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

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

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

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

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

B oxnoit u3 nepsbeix remmopasbHbix Temarudeckux Mojeneit TOT (topics over
time) [181] kazxkqas TemMa MOJETUPOBATIACH HAPAMETPUICCKIM [3-PACIPEIeTIeHIHEM BO BPe-
MEHH. DTO CeMeHCTBO MOHOTOHHBIX M YHUMOJAJIbHBIX HempepbiBHLIX (PYHKIHUH, ¢ mOMO-
MIBI0 KOTOPOI'O MOXKHO OIIMCBIBATH Y3KHE IIHKH COOLITUIHBIX TeM U OrpaHMYeHHBbINA HAGOD
TPEH/I0B. TeMbI, uMmernme CliopajndecKkue BCILJIECKH, JaHHad MO/EJ/Ib OIIUCbIBAECT I1JIOXO.

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

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

Rpasp (P i ©) = —Tpasp Z Zlnp(ﬂi).

i€l teT

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

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

icl teT

Takoil peryagpusaTop IPHHATO HCIOIbL30BATH IIPU UHTEPIOJANUN PA3PLIBHBIX Bpe-
MeHHBIX psanoB [81]. Moayab pasuoctu (Li-HOpMa), B OTIHYHE OT KBAJpara PasHOCTH
(Lo-nopMmbl), He mrpadyer MoJeiab BPEMEHHOI'O Dsijla 3a PE3KHe CKAdKH. DTa 0COOeH-
HOCTH 10JI€3Ha HPH MOJEJIMPOBAHMU TEMATHKU HOBOCTHBIX HOTOKOB. [Ipomsouremmnee co-
ObITHE CIHOCOOHO BBI3BATH MIHOBEHHBIN PE30HAHC U CKAYKOOOPA3HLI POCT BEPOSTHOCTH
p(i|t) mag HOBOW TeMbl ¢, KOTOpas O ITOO MOMEHTa OCTABAJACH PABHOI HY0. Lq-pe-
IYJIPU3ATOP HE IBITAETCS CLVIAXKUBATH TAKHE CKAYKH, B OTIMYHE OT Lo-peryaspus3aropa.
Ncnosnb3oBanue Lo-HOPMbI MOXKET IHPHUBOJUTH K HEJIEIILIM pe3y/ibraraM IHpu 00pabdoTke
UCTOPUYCCKUX JAHHBIX — «4eJa0MHCKHMIT METeOPUT» eIlé He IPUJIETE], 8 HEKOTOPAd JI10J1d
€ro TeMbI Y2Ke HOSBUIACH B IIOTOKE HOBOCTEI.

Oba perysisgpu3aTopa MOKHO 3amucaTh U Kak (GyHKImio or ¢, n kKak pyHKnuo ot O.
B mepBoM ciiydae BBOAMTCS MOJAJbHOCTH HHTEPBAJOB BpeMeHH. Bo BropoM ciaydae mpu
00paboTKe JOKYMEHTOB, OTHOCSIIUXCS K MHTEPBAJLY 4, HPUAETCS 00eCIednuBarTh JIOCTYI
K BEKTOP-CTOJIONAM 4 JIOKYMEHTOB, OTHOCSIIUXCS K COCEHUM HHTepBajaM ¢ + 1. Bropoii
BapPUAHT TEXHUYECKU MeHee yg00eH, 109ToMy OyaeM PacCMaTpUBaTh TOJBKO HEPBLI.

Pacemorpum B Gosiee obmieM Buje 3a1ady MYyJIbTHMOJAJIBHOIO TEMATHIECKOIO MOJIE-
JIMPOBAHKS ¢ B3BEIUICHHON cyMMoii Hermaakux Lj-peryiasapusaropos |R;(®,0)|, j € J:

S Y Y nawln Y puiby + R(®,0) =Y N\|R;(2,0)] — mas, (46)

meM deD wewm teT jeJ

pu OOBIYHBIX OIPAHUYEHHSIX HEOTPUIATEJbHOCTH 1 HOPMHUPOBKH (39).

Teopema 9.3. Ilycrs ¢pyukuun R(®,0) u R;(P,©) menpeprrsro gudepennnpyeMs.
Torna rouka (P, ©) sokasbHOrO 9KCcTpeMyMa 3a4a4n (46) ¢ orpanmienusivu (39) yiaosiie-
TBODSIET CHCTEME YDABHEHHUIT CO BCIIOMOraTeIbHBIME TEPEMEHHBIME Py, = p(t|d, w), ecim
U3 pelleHHs] HCKJIYHTh HyJeBbie cToJiomnp marpur ©, O:

Praw = 00T (Purbra); (47)
OR OR,;
wt — w wt _ — Pw Aj si j d ; 4
o= o (e g — o S n s (1)
OR . OR,;
etd = H?EI%H (’rl,td + etdﬁTm — etd EEJ )\] Slgn(R])aTtZ) ) (49)

e sign(z) = [z > 0] — [z < 0], Beipazkenust jist Ny 1 Nyg 1€ 2k€, 9r0 B (41)—(42).
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B cuty mernankocru byHKIHOHAIA JIEMMA O MAKCUMU3AIUN HA, €IUHAIHBIX CUMILICK-
cax HeloCPEe/JCTBEHHO HeHPUMEeHUMa. DTa 1podsieMa 00XOUTCs BBEJIEHUEM JIOIOJTHUTE/b-
HBIX HEOTPHUIATETbHBIX IepeMeHHBIX p; ¥ p; , YIOBJIETBOPAIOIIUX CHCTEMe OTPaHMIeHul
|R;(®,0)| =p] +p; u Rj(®,0)=p; —p;. B pesyaprare peryrspusoBammbiii Kpure-
puil CTAHOBHUTCH TUIAJKUM, YTO MO3BOJIIET MIPUMEHUTD K 3a7ade ycaoBud Kapyma-Kyna—
Takkepa. JlokazaTebCcTBO TeopeMbl MOKHO HaifTu B pabore H. JToiikosaZ.

[Tpu BBesienuu peryisipusaropa Re.;(P) dopmyina M-mara jyist MOJAJIbHOCTH BpEMEHH
OpPUHUMAET CJIeTYIONIHi BUI;:

it = norm (nit — Terait (Sig0 (@i — @i—1,¢) + sign(py — 90i+1,t))). (50)

Perynsipuzatop R, CriIazKuBaeT 3HAUEHHsI BPEMEHHOIO psija @, = p(i|t) B Kaxmoii
TOYKE 110 OTHOHIEHUIO K COCEe/JHUM TOYKaM CJieBa U CIIpaBa. ECJII/I 3HAYCHUEe Soit CTaHOBUTCA
BbILILe 000MX COCE/IHUX ;1] ¢, TO PEIYJISIPU3ATOP YMEHbIIAET €r0; eCJIU HUZKE, TO, HA00OPOT,
yBeJIMYUBACT. EC.HI/I 3HAYCHUE Soit Iona/aer MezkKay HUMU, TO OHO HE U3MEHACTC.

10 MopgennpoBaHue TpPpaH3aKLMOHHbIX AAHHbIX

O6bILIHbIe TeMaTHn4YeCKue MOoJJe/In TeKCTOBbIX KOJ'IJ'IeK]_LI/Iﬁ OIIMCBIBAIOT BXOXK/ICHUA CJIOB
B JJOKYMEHTBI. My/IbTHMO/Ia/TbHbIE MOJIE/TH OIUCHIBAIOT JIOKYMEHTBI, B KOTOPBIX COIepPKaT-
CsI TEPMBI PA3THIHBIX MOJIAJTHLHOCTEI: CJI0Ba, TErW, aBTOPBI, U T. 1. Bo Bcex 3TuUX caydasx
MO/Te/Ib OIUCBHIBAET IapHbIE B3aMMOIEHCTBHSA MeXKIy JOKyMeHTaMu u TepMaMu. B Gosee
CJIO2KHBIX IPpUJIOZKEHUAX MCXO/IHblE€ JJaHHbIEC MOI'YT OIIMCbIBAaTb TPaH3aKIUU (OTHOLHeHI/IH,
B3aMMOCBSI31, B3aUMOJECHCTBUS) MEXK/y TpeMs U 6ojiee 00bEKTAMU PA3IUIHBIX MO/Ab-
Hocreit. Hanpumep, B ceru mHTEpPHET-PEKJIAMBI «I10JIB30BATE/Ib U KJAUKHY/T 00bsBICHHE b
Ha CTPaHHUIE S»; B COMUAJBHONW CETH <I0JIb30BATENb U HAMHCAJ CJIOBO W HA CTPAHUIE
oJtora d»; B CeTH MPOIarK «IMOKYIATe b b KyIII y HPOJABIA S TOBAP ¢»; B HACCAXKUPCKUAX
ABUAIIEPEBO3KAX «KJIMEHT U BBLIETEJ U3 adPOIOPTa T B adPOLOPT Y CAMOJJIETOM aBHAKOM-
IIaHUU a>»; B peKOMeH,H,aTeJ’[bHOI;'I cucreMe <«KJIMEeHT U OLEHHNJI (1)I/I.HbM f B CATYAaTUBHOM
KOHTEKCTe S». EIié 0JiHOif MO/Ia/IbHOCTHIO MOXKET OBbITh JlaTa ¥ BpeMsi TPAH3aKIIHH.

Bo Bcex mpuBeéHHBIX IpHMepax TPAaH3aKIUs HECKOJBKHX O00bEeKTOB He MOXKET OBITh
CBeJIeHa K IapHBIM B3aummojeiicTBusaM. lombITKa MCKIOYeHHs JTI000r0 00beKTa U3 TPaH-
3aKIUK MPUBOIAT K yTpaTe BakKHOU 4dacTu mHMopmanun. OJHAKO BO3MOMKHBI U TaKHe
CUTyaIuu, KOrja TPaH3aKius paciajaercsa na napbl. Hanpumep, B cucreme pexkomeHa-
]_[I/Iﬁ MY3bIKK TPpaH3aKIUAd «TPEK 7" UCHOJIHUTEJIAd G HAaXOJAUTCA B aﬂb6OMe d, BblIIE/IIIIEeM
B IO/l Y» ONUCHIBAETCsI, KA3aJI0Ch Obl, 9eTBEPKOIl 00beKTOB (7, a, d,y). OaHAaKO OHa pac-
najaeTcsd Ha napueie B3aumocssasu (d, 1), (d,a), (d,y), B KOTOPBIX aJb0OMBI HTPAIOT POJIb
JIOKyMeHTOB. Takne JaHHbIE MOI'YT OBITH OIMCAHBI OOBITHON MYJIBTHMOIAJIBHON MOJIETBIO.

,ZLHH TEeMaTUYCCKOI'0 MO/IE/JIMPOBAHUA TPAH3aKIUOHHbBIX JAaHHbBIX y,ZLO6HO IIOHATUE I'-
neprpada. ['uneprpad obobiaer nonsrue rpada u orjimyaercs or Hero TeM, 4ro pédbpamu
B HEM MOT'YT OBITH HE TOJBKO Iapbl BEpIINH, HO U IIOJMHOZKECTBa M3 TPEX u OoJiee Bep-
e, Bepimuael runeprpada coOTBETCTBYOT TepMaM Pa3InIHBIX MOTAIbHOCTE, peébpa —
TPaH3aKIUIM. 3a/a49a 3aKI09aeTCI B TOM, YTOOBI 110 HA0/110/1aeMOil BLIOOPKE TpaH3aKIIHii

2 lo#ikos H. B. AmanTupHas peryaapH3anus BepOSTHOCTHBIX TeMATHIeCKHX Modeseil. Bakamappekas
mucceprarmusg, BMK MI'Y, 2015.
http://www.Machinelearning.ru/wiki/images/9/9£/2015_417 _DoykovNV.pdf
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M — MHO2KECTBO MOJAJIbHOCTEI:
oo A

K — MHOXKECTBO THUIIOB pELEp:

0 Bp 00 Oa Sa

T — MHO2KECTBO T€M:
00000

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

BOCCTAHOBUTH HEM3BECTHbBIE TeMaTUIeCKue pacupejesnenus sepiun p(t|v). IIpeanonara-
eTcs, YTO BEPOATHOCTH TPAH3AKIIUU TeM BBIIIE, YeM 0ojiee CXOKU TeMATHKHU €€ BepPIIIHH.

B npoexre BigARTM peasmn3oBaHa olMCaHHas HUzKe runeprpadosast reMarndecKkast Mo-
JeJIb TPaH3aKIMOHHbBIX JaHHbIX.

TemaTtuyeckne mogenu Ha runeprpadax. [unepzpag I' = (V, E) oupejesisiercss MHO-
JKeCTBOM BepIIHH-TepMOB V' 1 MHOZKecTBOM pébep (Tpansakimit) F. Kaxaoe pebpo e u3 E
obpa3syercs IMOJAMHOXKECTBOM BepuH, ¢ C V.

Kaxas sepumna v € V' umeer modasvrocms m = p(v) U3 KOHEYHOIO MHOZKECTBA
mMozaabHocTeil M. MHOKECTBO BCexX BepiIMH pa30MBAaeTCs Ha HENePeCeKalOIuecs I10/I-
MHOZKeCTBa 110 MOAAJIbHOCTAM:

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

meM

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

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

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

Ha puc. 15 nmokazan npumMep runeprpada ¢ BepuimiaMu Tpéx MoJiaabHocTel, pédbpaMu-
TPAH3AKIUIMH IIATH THIIOB U HATHIO TEMaMHU.

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

Hasee mpeanosiokuM, 9to HE pacipejenenus teM p(t|d) B koureitnepe d, Hu pacipe-
JlesieHust Bepiiud B reMax p(v|t) e 3aBucsar or tuna pebpa k. Kaszasioch Obl, Ha HpaKTUKe
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9TO HPEJIIIOJIOZKEeHNe MOXKeT He BbIIOJIHAThC:A. Hanpumep, pacupejiejieHus CJ0B B TEKCTaxX
BeO-CTpaHull, B 110JIb30BATE/IbCKUX 3alIPOCAX U B PEKJAMHbIX OaHHEpax MOI'YT 3HAYMMO
pasmyarbesd s OJHON M TOoil ke Tembl. OJHAKO 3TO OrpaHHYEHHEe HETPY/HO ODOHTH,
ecJI TIOCTPOUTH MOJIeIb C TpeMs Pa3HbIMHU MOJAJBbHOCTSIMH CJIOB JIJIsI STHUX TPEX THUIIOB
Tpan3akiuit. CaeaaTh 9TH pacupeeeHus TOX0KUME MOYKHO C IIOMOIIBIO PeryIsapu3allii.
Hakowerl, BBeIEM IruiioTesy yC/JI0BHOI He3aBUCUMOCTH BepliuH B pédpax (d, x):

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

veET

[Ipu caeTaHHbIX JOMYIEHUAX MPOLECC MOpozK aenus pebpa (d, x) € Ej cocTouT u3 aByx
maroB. CHavaJjia nopoxaaercst reMa t u3 pacupegenenust p(t|d). Barem 1mopoxjaercs
MHOZKeCTBO BepuH - C V, Ipu4éM Kazk/as BepUIMHA U € T MOJAJBLHOCTU 1M HOPOK 1aer-
s HE3aBUCUMO OT JIPYTHX BEPIIUH U3 CBOEro pacupejaesnenus p(v|t) Hag MHOKeCTBOM V.

TemaTu4ecKasg MOJENb BhIPazkKaeT BePOSTHOCTH IOABICHHA pédep rumeprpada depes
YCJIOBHBIC PACHpee/IeHns, CBA3aHHbIe C UX BePIITHAMU:

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

teT VET teT vET

[TapamerpaMu 3TOH MOJeIN SBJIAIOTCS YCJIOBHBIE BEPOATHOCTH BEPUIMH B TeMaX
Yot = p(v|t), HOpMUDPOBAHHBIE 110 KAXKI0# MOJAJBHOCTH U € V. 1 YCJIOBHBIE BEDOSTHOCTH
TeM B KoHTeiiHepax 0y = p(t|d). B Marpudnbix 0003HAYEHUSAX MApAMETPAMU SIBIISIFOTCS
marpuibl $,,, m € M u ©, Kak u B caydae MyJIbTHMOIAIBHOl TeMaTnaeckoii moaenn (38).

['uneprpadoBas Moaenb ABJIAETCS IMHPOKUM ODOOIMEHHEM OOBLIYHBIX TeMATHIECKHX
mozeneii. B gacraocTn, ona mepexoaur B PLSA B ciyuae, Korja MogaibHOCTeH 1Be —
jokymenTbl V) = D u repmbl Vo = W, tun pébep rosibko oaun — uapbt (d,w) € D x W,
B KOTOPBIX JOKYMEHTBI ( SIBJISIOTCS KOHTEHHEPaMH.

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

Z Tk Z Nkdx ln(Z thnwm) + R((I) @) — max (51)

keK dxe€FEy, teT vET

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

vEVm teT

Teopema 10.1. Ilycre ¢pyuknust R(P,©) menpepsisao qupdepennupyema. Touka Jjio-
kauabaoro mMakcumyma (®,0) zagaqun (51) yraosiersopsier cucreme ypaBHEHHIT OTHOCH-
TeJIbHO MAPAMETPOB MOJAEIH Py, Oig M BCHOMOraTe/IbHbIX IIEPEMEHHBIX Dy, = p(t|d, ),
eCJId U3 pelleHns] HCKJIIIATh HyJeBble cTo01el Marpur P, O:

Prdx = 1O (Hm H (Pvt) ; (52)

veET

OR
v = norm (nvt + Pum— >7 Nt = Z Z [V € Z] ThNkdePtda; (53)
ve Pt kEK dz€E)
OR
Oa = norm (ntd + Ot 50 ) Nid = Z Z Tk Nkda Ptde (54)
td keK dreEy,
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okazareabcTBOo. Bocuosibayemcst jseMMoii 3.2 0 MAKCUMU3AIUN HA €IMHUIHBIX CUM-
IUIEKCAX, BBIJIEIHB BCIIOMOTATE/bHBIE [IEPEMEHHBIE Dyig,, ONpenesnénnbe B (52):

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

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

Teopema nokazana.

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

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

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

Mneprpadosbie mogenu ansi pekomeHgaTenbHbiX cucteM. [lycrh mveercs Koned-
HOe MHOKECTBO KJIHEHTOB HJIH moJb3oBareseii U (users) m KOHEYHOE MHOYKECTBO O0ObEK-
TOB mir ToBapoB I (items), OTHOCHTESILHO KOTOPHIX Y KJAMEHTOB MOIYT ObITh DA3/IHIHbIE
HPEJIIIOYTEeHUs, BKYChl WJIM MHTepechl. BeposdTHOCTHAS TeMaTrndyecKas MOJIe/Ib PEKOMEeH J1a-
TEJIbHOI CUCTEMbl 1IPe/ICKa3blBaET IIPEJIIIOUTEHNs KJIUEHTOB:

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

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

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

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

[Ipeamourenns KJIMEHTOB MOTYT H3MEHATHCA CO BpEMEHEM WU 3aBUCETh OT CUTYya-
THBHOIO KOHTEKCTa: MOKYIKa JJIsd cels, Iasd oduca Win B MOAAPOK; TPOCMOTD DUIbMa
C JIpY3bsiMH, C HOJAPYIO#l uju ¢ JjierbMu U T. 1. s yuéra rakoit uadopmanum BBOISTCS
emé JBe MOJAJIbHOCTH: MHOXKeCTBO curyanuit C' ¥ MHOXKECTBO MHTEDPBAJIOB BpeMeHu .J.
BzaumojeiicTBusg MeK1ly HUMH MOI'YT OHUCBIBATHCH TPAH3AKIUAMU U3 TPEX MJIM YeTbl-
PEX TepMOB, HAIPUMED: Ny, — KJIHEHT U BLIOpaJ OObLEeKT ¢ B CUTYAIUU C) Tyij — KIH-
eHT U BBIOpAJ OOBEKT ¢ B CHTYAIlUH ¢ B HHTepBaJe BpeMeHH j. Takue cucTeMbl HA3bIBAIOT-
Cs1, COOTBETCTBEHHO, YIUTHIBAIOIIUME KOHTEKCT (context-aware) u y9IuTHIBAIOIHMHA BPEMsI
(time-aware), cm. puc. 16.

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

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

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

teT VET teT VET

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

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

ZTk anx In ZﬁtH%t + R(®,7) — Ig%}% (55)

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

Teopema 10.2. Ilycrs ¢pyuknus R(P,w) menpepeisao jugpgepennupyeva. Touka Jjio-
kaspHOro Makcumyma (P, ) 3agaqn (55) yaosaerBopsier cucreMe ypaBHEHH OTHOCHTEb-
HO IapaMeTPOB MOJETH Py, Ty H BCOIOMOTLATEJbHBIX MEPEMEHHBIX Py, = p(t|x), ecin u3
PeleHnst HCKJIIOYUTD HyJIeBbIe CTOJIONbI MaTpuil P, :

Prz = n0TIN WtHsovt . (56)
VET
b 0 > Yhes 57
vt = normy{ n, vt |; Nyt = UV C X TeNkgPtas
Pt o t TP tas%t t kN gz Pt
keK fEGEk
= g (e + 7 20 ), Ty £
Ty = ntoerTm N + Ty om )’ ng = TiNkaDix-
keK xeFEy,

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

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

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

CraenaeM emé oauH mar B o0oOImeHun rumerpadoBoil TeMaTudeckoit Mojenu. By-
AeM 110J1araTb, 4T0 KOJIJICKIIUA E COLAEP2KUT KaK KOHTeﬁHeprIe, TaK U CUMMETPHU30-
BaHHble TpaH3akmuu. Hajmdaume KoHTeliHepa d y TpaH3akmum OyaeM 0003HAYATH yCJIO-
BueM |e = (d,z,2’)], a orcyrcrBue Koureitnepa — ycsosueM [e = (z,2’)]. Moaudurarms
EM-asropurma o0beunser Koureiinepusiii Bapuant (52)—(54) u cHMMeTpU30BAHHBIN Ba-
puant (56)—(58):

Pte = NOTM <[e = (d,z,2")])0u + [e = (x,a:’)]m) H Out |;

teT
vET
OR
Pt = l'lg%"/m Nyt + @vtﬁ— ; Nyt = § E [U € 6] TkMkePtes
v
m Pt kEK ecEy,
OR
/
01 = norm | neg + Gra=— ; na =Y Y e =(d z,2) | Tinpepe:
teT 89td
kEK ecE}
OR ,
Ty = norm| ng + T |; Ny = E E [e = (x,x )]Tknkepte-
teT 877'15
keK ecEy,

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

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

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

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

11 MogennpoBaHne 3aBUCNMOCTEN

Temarudeckast MoJieb (DOPMUpPYET BEKTOpHOe omnucanue moKymenta p(t|d), koropoe
MOZKeT OBITh HCIIOJL30BAHO JJId HPeJCKA3aTeILHOTO MOICJUPOBAHKUA, B YACTHOCTH, JIJIS
pellenus 3aja4 Kjaaccudukaluuu 1 perpeccuu Ha TekcraX. Kiaccudukauug peajausyercs
0COBEHHO IIPOCTO, €CJIU KJIACCHI CYMTATh MOAAJIBHOCTLIO. Perpeccus Ha TeKCTax I0Ka3blBa-
eT MpUMep MHTEPECHOTO MPUEMA, KOT/A JONOTHATEIbHBIE TTAPAMETPBI MOJEU (B JAHHOM
caydae K03(DhUIUEHTH JUHEHHON MOJENH PErpecCuu) MepecuYUThIBAIOTCA HTEPAIMOHHO
IOCJIe KazKI0ro npoxoga Kouaeknuu. OveHb MOXOXKHil HpUEM HCIONb3YeTcd W B MOJe-
au CTM, koropast BbIsIBJISIET HApPHBbIE KOPPEIAIUE MEXK/y TeMaMu. TeXHUKa YHCJIOBBIX
MOJIAJILHOCTEH MCIIOJIb3YeTCs B TOM CJIydae, KOJa ¢ TEKCTOM CBA3aHa He OJHa YMC/I0Bas
BeJIMYKMHA, KOTOPYIO HEOOXOAMMO IPeJCKA3aTh, 8 YHCI0BAS IOCIeI0BATeILHOCTD, KOTOPAsd
MOJICTUPYETCS CMEChI0 HEIPEPBIBHBIX BEPOATHOCTHBIX PACIIPEICICHHMIL.

Knaccudpmkauyms. Temamuueckasn modeav xaaccupurayuu Dependency LDA [143] sB-
asgercs GaifecoBckuM anasorom mogenu (37) ¢ momanbHocTsmu repmoB Wou kimaccos C.
Vmeetcst obydaromniasi BHIOOPKA JTOKYMEHTOB d, /I/Isi KaKJI0I'0 U3 KOTOPBIX U3BECTHO IOJI-
MHO)KecTBO KjiaaccoB Cy C C. Tpebyerca kimaccudunupoBaTb HOBbIE JOKYMEHTBI C HEU3-
BectHbIM Cy. [ljist 917010 0yeM UCHOIB30BATh AUHETHYI BEPOAMHOCTIHYI MOOEADL KAAC-
cuurayuu, B KOTOPOit 00beKTaMu SIBJISIOTCS JOKYMEHTHI d, MPU3HAKH COOTBETCTBYIOT
TeMaM t W mpuHUMAIOT 3Havenus Oy = p(t|d):

pleld) = b

teT

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

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

Dkcuepumentsl B [143] nokasasnm, 410 TeMaTHYeCKHe MOJEIU [PEBOCXOJAAT OObIY-
Hble METO/[bl MHOI'OKJIACCOBOI KJiaccuuKaluu Ha OOJIbIIMX TEKCTOBBIX KOJLJIEKIUSX
¢ 6OJIBIIUM YUCJIOM HecOAJJaHCUPOBAHHbBIX, [1€PECEKAOIIUXCs, B3aUMO3aBUCUMbIX KJIACCOB.
B [163] Te ke BbIBO/IBI HA TeX K€ KOJJIEKIUSX OBLIH BOCIPOU3BEIEHBI /I MYJIbTHMO/IATb-
Hoit ARTM. Hecbarancuposarnocms 03HATAET, 9TO KJIACCHI MOTYT CO/IEPKATH KaK MAJIoe,
TaK U OYeHb DOJILIIOE YUC/I0 JOKYMEHTOB. B ciiydyae nepecekaroujurcsa KiaaccoB JIOKYMEHT
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MOZKET OTHOCHUTBCHA KaK K OJHOMY KJACCYy, TaK U K OOJIBIIOMY YHCJLY KJaccoB. Baaumosa-
BUCUMDBLE KJIACCHL UMEIOT O0IIKe TEPMbI U TEMbI, [I09TOMY HPHU KJIacCU(pUKAIUN JTOKYMEHTa
MOTYT BCTYIIaTh B KOHKYPEHIIAIO.

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

:ZZln2¢ct9td+72Zln(l—zwctem> — max.

deD ceCy teT deD ceC teT

[TepBoe ciaraemoe ectb log-nipaBomnonobue MoJaIbHOCTH KJIaccoB (37), ecju 1oJio-
KUTb Ng. = [c€Cy|. Bropoe ciaraemoe MOKHO paccMarpuBaTh KaK DPeryJsipu3arop OT-
punaTe/JIbHbIX IIPpUMEPOB, HOCTpOGHHbIﬁ 110 JaHHbIM O HE-IIPUHA/LJIC2KHOCTH JOKYMEHTOB
ki1accaMm. KoaddurumenT peryigpu3anun 7 MOXKHO [I0JIaraTh PABHBIM €IUHUIE.

Yacmommnas peeyaapusayus (label regularization) xopormro 3apekomenjoBaia cebs
B 33/la4ax ¢ HecOastancupoBanubiMu Kiaccamu [101, 143|. [Torpebyem, arobbl onenka 6e3-
YCJIOBHOI'O PACIpPE/EIeHHs] KJIACCOB 110 KO.)I.JIeKI_LI/II/I p(c) =, @ap(t) Obuta Ginska K Ha-
OJIF0JIAEMbIM YaCTOTaM KJaccoB p(c) = IDI |D.|, tne D.={d € D: ¢ € Cy} — MHOXKECTBO
JIOKYMEHTOB, OTHOCAIINXCS K KJaccy ¢. Belpasum gaHHOEe TpeOOBaHHE C IMOMOIIBIO CI/Ia-
JKHBAIOIIET0 PEryasipu3aTopa KPOCC-9HTPOINH, KOTOPBIH MOKHO HHTEPIPETHPOBATDL U KaK
MAaKCUMU3AIUIO PABIOIOA00UsI JIjisi MOJE/IU JIUCKPETHOIO PACIIPEJIe/IeHHs] KJIACCOB P(C):

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

neknuu. [logcrasisgs sror peryaspusarop B (17), nomyunm dopmysisr M-mmara:

NtPet
Z NsPes

YacrorHas pery/sipu3aliyst HCII0/Ib30BaJiach B TeMarudeckoil mojgesn Prior-LDA, koropas
Oblia npejyioxkena B [143] kak yiaydmenue mogesn Flat-LDA.

e = notm | ne, + T|D| =— (59)

Perpeccusa. 3agaqn npejicka3anusi YUCJI0BON BeJIMIrHbl KAK (DYHKIIMH OT TEKCTa BO3HIU-
KAIOT BO MHOI'UX IIPUJIOZKEHUAX JIEKTPOHHON KOMMEPIMU: IIpeJICKa3aHe pelTuHra ToBa-
pa, duabMa WM KHUTH MO TEKCTY OT3bIBA; MpelcKa3aHue YHCJa KJIUKOB MO TEKCTY pe-
KJIAMHOTO OObSIBJIEHNS; MIPe/ICKa3aHne 3apIIaThl 0 ONUCAHUIO BAaKAHCUU; MpeICKa3aHue
0JIe3HOCTH (Ymcia JANKOB) OT3bIBA Ha OTeJb, PECTOpaH, cepBuc. [Iis BOCCTAHOBIIEHHUSI
4UCJI0BbIX (DYHKIUI 110 KOHEUYHOU oOyualoiieil BbIGOpKe nap «00beKT—-O0TBET» UCIOJIb3Y-
I0TCsl PErPECCUOHHbBIE MOJIE/IU, O/IHAKO BCE OHU HIPUHUMAIOT HA BXO/€ BEKTOPHbIE OIIUCAHUS
00bexkToB. Temarmueckas MoJeTb MO3BOJIAET 3aMEHUTh TEKCT MTOKYMeHTa d ero BeKTOp-
HbIM TpejcTaBierneM 6y, C npyroit cToponbl, KpUTepUil ONTHMHU3AINUEA PErPecCHOHHON
MO/TIEJTI MOZKHO UCIOJIb30BATh B KAUeCTBe PEryasdpu3aTopa, YToObl HAUTH TeMbl, HanboJree
uHGOPMATUBHBIE ¢ TOYKH 3DEHHs] TOYHOCTH HpejcKasaunuii [105, 152].

[Iycrb ajist Kaxk10ro JoKyMeHTa d odydatomieil Bbioopku D 3aaHO 1e/1eBoe 3HAYCHUE
ya € R. Pacemorpum aunetnyro modeav peepeccut, KOTOpas 1PEJCKA3bIBACT MaTeMaTH-
JecKoe OKH/IaHUe IeJIeBOil BeJTUIIHbI:

E(y|d) = thetd,

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

R(©,v) = —7 Z(yd - Z Utetd)2-

deD teT

[Toscraisist sror peryiasipusarop B (18) u npupaBHEBAs HYJIIO €10 HPOU3BOIHYIO 110 U,
nosryauM Gopmyasl M-mara:

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

seT

v = (067 'ay.

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

B |152] noka3aHo, 4T0 Ka4eCTBO PErpPecCHu MOZKeT 3aBHCETh OT HHUIUAJN3AIIMNA TeMa-
THUYECKON MOJIeJIM, U [PeJIJIOKEHO HECKOJIbKO MeTO/I0B MHUIMAJIUBAIUY.

Ha mpakTuke 0O6bIYHO HCIOIB3YyeTCS 00Jiee TPOCTO MOAXO/: CHAYAIa CTPOATCI TeMa-
THYECKHEe MPU3HAKOBBIE OIMHCAHUS JOKYMEHTOB ¢ mMoMOIbio Mogeaun LDA, 3atem K srum
HpU3HAKAM MOIYT JIODABJISATHCS €llé KaKhue-TO YUC/IOBble IPU3HAKU TEKCTOB, M, HAKOHEII,
o011ee IPU3HAKOBOE OIMCAHUE UCIOJIb3YeTCs JIJIsl PellleHusl perpeccuonHoi 3a1aun. Heno-
CTATOK TOr0 HOJX0/a B TOM, 4T0 MOzeab LDA nudero me 3maer o perpeccuu. Peryjis-
pusamusg ARTM mo3Bosiger moodepesHo yaydiarb TO TeMATHIeCKYI0 MOJETb C yIETOM
perpeccus, TO perpecCuOHHYIO MO/Ie/Ib ¢ YIETOM TeMaTUieCKUX IPU3HAKOB. B pe3ynbrare
JIBe MOJIeJIU IPUCIOCAOTUBAIOTCSA JIPYT K ApYyry. BeKTOpBI TeM MOBOPAYMBAIOTCS B MPO-
CTPAHCTBE TaKUM 00pa3oM, 4To0bl ObITh MAKCUMAJILHO 1I0JIE3HBIMU B KA4eCTBe 1PU3HAKOB
perpeccuonnoit mojiesiu. Jlobasiienue JIONOJHUTE/IbHBIX HETEMATUIECKUX IIPU3HAKOB B pe-
I'DECCHOHHYIO MOJIEJIb B 9TOM CJIydae TaKzKe He COCTaBJIAeT TPY/ia.

Koppensuuu tem. Modeaw koppeauposarnvx mem CTM (correlated topic model) npe-
Ha3HA4YeHa JIUIsl BbIsiBJIeHUsT CBsA3eil Mex 1y remamu |32]. Hanpumep, crarbs 1o reosoruu
DoJiee BEPOSITHO CBSI3aHA C apXeosorueil, 4eM ¢ reHeTHKOil. 3HaHue O TOM, KAKHe TeMbl da-
Il COBMECTHO BCTPEYAIOTCA B JOKYMEHTaX KOJIIEKIIHH, [T0O3BOJIIeT TOTHEe MOJIETHPOBATH
TEMaTHKY OTIEIbHBIX JOKYMEHTOB B MYJIbTHIUCIUILITMHAPHLIX KOJLIEKIHAIX.

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

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

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

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

Corutacho (18), dopmysa M-mara mist 0,y npuanMaer Bu/y
Oig = n%r%n (ntd - T 2; Zt_sl (hl Osqa — Ms))> (60)
se

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

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

Takum obpa3om, TpyLOEMKas omepaliust oOpalleHnss KOBAPHAIMOHHON MaTpPUIBI BBIIIOJI-
HSETCsl OTHOCUTETBHO peko. B [32] ucnonb3oBanacs LASSO-perpeccust, 9T00bI MOy IaTh
Pa3pezKeHHYI0 KOBAPUAIMOHHYIO MaTpuIly. TaM Ke 1pejcTaB/ieHbl HTePEeCHbIE [IPUMEDPDI
BU3YyaJin3alun CBs3el MezKAYy TeMaMu, IIOCTPOCHHbIMU 110 KOJIJIEKIUU HAYYHbIX Hy6.HI/IKa—
nuit B xKypuaJse Science ¢ 1990 r. mo 1999 r.

LlVICﬂOBbIe MO,D,a.HbHOCTVI. B 3a/Ja9ax pereCCI/II/I C KazK/IbIM TEeKCTOBbIM ,ZLOKyMeHTOM
CBS3aHa OJHA YHCI0Bas BEJUIHMHA, KOTOPYIO HEOOXOAUMMO HPOrHO3upoBaTh. OIHAKO ObI-
BAIOT U TaKue 3aJa4l, B KOTOPLIX YHC/IOBbIE BeJTMYUHBI CBA3AHBI C KazK/JbIM TEPMOM.
OJHuM W3 IPUMEPOB ABJIACTCA 3aa49a TeMATHIeCKOrO0 MOJACIUPOBAHUSA OAHKOBCKHX
TpaH3aKHI/IOHHbIX JaHHDbIX. B pO.HI/I ,ZLOKyMeHTOB 31€Chb BbICTyHaIOT KOMHaHI/H/I, TepMaMI/I
B ,H,OKyMeHTe ABJIAOTCA KOHTpaFeHTbI — ;prFI/Ie KOMHaHI/II/I, KOTOpre 3aKJII049al0T C JaH-
HOIl KOMIAHUel CJeJKU 10 HOKYIKe WM Lpojazke Topapos mian yciayr. Kazkias cieka
COIIPOBOKIACTCA TEKCTOM ILTATEKHOIO HOPYYeHHUA, KOTOPBI CONepKAT HAa3BAHHA TOBA-
POB WM YCIYr. DTH Ha3BaHHd OOpPa3yl0T BTOPYI0 MOJAJLHOCTL. IIOKynKm m mpomazkm
pPacCMarpUBaIOTCs 110 OTAEJbHOCTH, YTO YABAaUBAET YUC/JI0 MOJAJLHOCTEH JI0 4eTbIPex.
TeMbI COOTBeTCTByIOT BujaaM 9KOHOMUYECKOI JAedTeJIbHOCTH KOMIIQHUIA. BﬂaFOﬂapﬂ Ha-
3BAHUAM IIOABJIAETCA BO3MOZKHOCTDb I/IHTepHpeTI/IpOBaTb Ka)K,ZLyIO TeMy C IIOMOIIbIO ABYX
CIIICKOB — TOBApOB, KOTOPLIC KOMIIAHHU HOKYHAIOT JJId OCYHNICCTBICHHA JAHHOIO BHIA
JesITeTbHOCTH, 1 TOBAPOB, KOTOPBIE OHH IIPOJIAIOT KAK Pe3ysbraT aesrenbHocTd [18].
Kpome ecTecTBeHHBIX JUCKPETHBIX MOJAJIbHOCTEHl KOHTPAareHTOB M Ha3BaHUil, B JaH-
HOIT 3a/1a4e UMEIOTCA elIE U YUC/I0Bble JaHHble 00 00bEMAaX CJIEI0K, KOTOPble MOI'YT HECTH
KOCBeHHyIO I/IHd)OpMa/HI/HO O BUEe AedTe/IbHOCTH. ByﬂeM HOﬂaFaTb, q9TO0 C KazKIbIM J10-
KyMEHTOM d CBA3aHO HECKOJIBKO YHCJIOBBIX IMOCTEAOBATETBHOCTENR {Ygmi|t = 1,.. . kam},
COOTBETCTBYIOUUX “UCA06M Modasbrocmam m € M. B HameM ciydae QHCIOBBIX MO-
JATLHOCTEIl 1Be — 3T0 00BLEMBI CICIOK NOKYIKH U IPOJAzKh. IIpeamonroKuM, 9To KazK 1ad
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TemMa t HOPOKJIAET 3HAUCHUSI Ygm; U3 pacupegeserust p(y|t; Yu,) ¢ BEKTOPOM Lapamer-
POB Y, KOTOPOE HE 3aBUCHUT OT JIOKYMEHTa, (3T0 00bIYHAS JIJI TEMATHIECKOTO MOJIEIUPO-
BAHUS TUIIOTE3a YCJOBHON HesaBucumocTu). Torga pacupesesienne 3HAUEHUId i MOJATb-
HOCTH 7 B JIOKYMeHTe d OIUCHLIBACTCS CMECHIO PACIIPEIe/eHHIA:

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

teT

Bo3bMéM 3a OCHOBY MYJIBTUMOJATIBHYIO MOJETb (38) ¢ HPOU3BOJBHBIM HEMPEePHIBHO
nuddepeniupyeMbiM perysspuzaropoM R(P, 0). lobaBumM peryisipu3aTop IUCIOBBIX MO-
JTAJIBHOCTE, OIPe/Ie/INB ero KaK B3BEIIEHHYO0 CYMMY J0rapudMOB IPaBION0I001s BEIOO-
POK {Ydmi} € BecamMu Ty,

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

Torna cucrema ypasHenuii B reopeMe 9.1 mpeodbpasyercs ciieyiomumM odpaszoMm: Gop-
myJibt E-mara (40) 1 M-mara no ® (41) ocrajorcst B cuiie; K HUM 100aB/IsI0TCH (POPMYJIBL
E-mara u M-mara i 94ucjIoBbIX MOgaJIbHOCTEH 1 u3Mmensiercss (popmysta M-mmara o ©:

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

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

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

[TosToMy paccMOTpEM BBeJieHIE YUCIOBOI MOJTATBHOCTU B runeprpadoBoil TeMaTue-
CKoil Mopesin, onmcanHoil B pazzene 10. Kaxmaga Tpan3akiusa KOMOAHUA d MpeJCTaBIIeT
060t ueTsepKy (d,m, x,y), e m € M — ojHa u3 ABYX YHCJIOBBIX MOJAJIBHOCTEH <00 bEM
HOKYIKU» WU «00bEM npojaxuy, £ C V — noJAMHOZKECTBO TePMOB, V' — MHOZKECTBO Bep-
muH runeprpada, moaydernoe odObeauHeHneM ciaoBapeil W/ BceX HEYUCTOBBIX MOTATb-
HocTeit m € M. Ecian xkoMmmanus d coBepImaeT CAeNKYy HOKYHOKH, TO TeEPMaMH B X OYAYyT
KOMITAHUS-IIPO/IABEI] I Ha3BaHUd TOBAPOB, KOTOPbIe d y Heé mokynaeT. Ecin kommanus d
COBEPIIAET CAEJKY IPOJAZKU, TO TEPMAMU B & OY/yT KOMIAHUS-MOKYIATE b U HA3BAHUS
TOBAapOB, KOTOpbIe d eit npogaér. B oboux rtuitax Tpansakiuili 3Ha4eHUE Y PABHO 00bEMY
caenku. Temarmdeckas MOJIeTb TpaH3aKIINUA UMEET BH/T

p(l’,y|d, m) = Zetdp(yua’ytm) ngvt-

teT vET
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Coorsercrenno Mopudunupyercs 3agada (51) makcumusanuu log-npasionogodust
TPAH3aKIMOHHBIX JIAHHBIX X = {(di, M, T Yi): i =1,... ,n} JIJIsl IOCTPOEHUS IUIleprpa-
¢oBoOiT TEMATHIECKOIT MOIELIIN:

> I (Z Ora p(y 1t vm) [ | %t) + R(®,0) = max; (61)
(d;m,z,y)eX teT vET

Teopema 11.1. Ilycre ¢pyuknuss R(®,©) menpepsisao supdepennupyema. Touka Jjio-
kaspHOro Makcumyma (®,0,1") sagaqun (61) yzosaersopser cucreme ypaBHEHHIT OTHOCH-
TeJILHO MAPAMETDOB Py, B4, Vi B BCHOMOTaTeJIbHBIX MepeMEeHHBIX Py = p(t|d;, my, x;,v;),
ecJId U3 pelleHns] HCKJIIYATh HyJeBble cTo01el Marpur P, O:

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

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

1=1
n

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

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

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

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

12 MopgennpoBaHune cBsizent Mexxay AOKYMeHTaMu

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

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

teT

1€ Nge — BEC CBIA3M MEXKJly JIOKYMEHTaMH, HalpUMep, YHCJI0 CChblIoK u3 d Ha c. B [55]
npejjioxkena moxoxkas mozeab LDA-JS, B koropoit BMecTo MakCHMu3amuu KOBAapHUAIUU
MEHIME3HpYyeTcst juBeprennns Vencena-Illennona Mexkay pacupeenennsvu Oy u 6,.
®opmyaa M-mara jis 6,4, cormacho (18), umeer Buj

01 = norm <ntd + T0u Y ndc9tc>-

ceD

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

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

Januasi njest npunuia U3 MOJEJNM BMsiHUS HaydHbIX mybuaukanuii LDA-post [55].
B meit ucnosb3ytoresa ase MogaabHocTn: ciosa W' n murupyemble noxymentor W2 C D.
Mopenb BbIBISEeT HamboJIee BIUATETbHBIE TOKYMEHTH BHYTPH KayK10il Tembl. Hemye-
Bble 3JIEMEHTbl B CTPOKe ¢ MaTpunbl P, MOKA3bIBAIOT, HA KaKHe TeMbl MOBJIUAT JTOKY-
Ment ¢ € W2 Taxke MOJe/b IO3BOJSET Pa3jinuaThb, KAKUE U3 CCHLIOK CyHNIECTBEHHO
HOBJIMSAJIM HA HAYYHYIO CTAThIO, a KaKUEe SBJISIIOTCH BTOPOCTEHEHHbIMH, YUCTO (DOPMaAJib-
HBIMU WJIU «JIAHBIO BeK/IMBOCTHY. Cdmraercs, 9T0 JOKYMEHT ¢ HOBJIUS/I HA JOKyMEHT d,
ecan d CCHLTAETCS HA ¢ U OHU MMEIOT 3HAYUTETbHYIO 00 O0IIeil TeMaTHKH.

lNeonokauun. UMudopmaiys o reorpaduydeckoM IMOJIOKEHUU YACTO HCIHOJIb3YETCs IIPU
aHaJIn3e JAHHBIX COIUAJBbHBIX ceTeil. ['eorpaduieckaa mpuBga3ka AoKyMeHTa d WA €T0
aBTOpa 3a1a6rcst Jubo 2eomezamu (HA3BAHUAME CTPAHBI, DEIHOHA, HACEJEHHOTO MIYHKTA),
b0 2eonokayuett — napoii reorpaduideckux koopauuar {4 = (xq,yq). B nepsom ciy-
9ae BBOJIMTCS MOJIAJIbHOCTH T'€0TErOB, BO BTOPOM CJIydae UCIOJIb3YETCs PEerysispu3aTop.
ARTM mno3Bosisier coBMenarh B Mojiesn 00a Tuma reorpaduieckux JaHHbIX.

Henbo MomenpoBaHUS MOYKET OBITH BbIJeJeHNe DErHOHAJIBHBIX TeM, OIpejeIeHne
«apeaja OOMTaHUS» KaxKIOH TeMbl, IMOUCK MOXOKUX TeM B NApyrux permonax. Hampu-
Mep, B KadecTBe OJHOI u3 mitoctpanuii B [191] onpeaessorcs pernoHbl MOy JISIPHOCTH
HAIMOHAJIbHO KyXHHU 110 moctaM nojb3oBaresteii Flickr. Ipyras wimocrpanus uz |106]
HOKA3bIBALT, 9TO TeMaTUIeCKas MOJIe/b, yauThiBatomas, u3 kakoro mrara CITA mpuiwio
coo0ITeHne, TOUHee MPOCJIeKUBaeT MyTh yparana «Karpuras.
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KBagparuansiii peryasipuzarop Marpuibl O, npemioxenusiii B [191], dopmanusyer
HPEe/IIIOIOKEHNEe, YTO JOKYMEHTBI CO CXOKUMU IeOJIOKAIUAMUA UMEIOT CXOXKYI0 TEeMATUKY:

R(©) = ——chdz etd_etc ;

teT

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

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

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

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

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

g g'eG teT

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

Mpadbl n coumnanbHbie cetu. B [106] npeaioxkena Gosee obimas TeMaTHIeCKast MOJIEb
NetPLSA, yuursiBatomasi Ipon3BoJibHbIe IpadoBbie (CeTeBble) CTPYKTYPhl HA MHOZKECTBe
jokymenTos. [Tycrs 3auan rpad (V) E) ¢ muoxkecrsom Bepiut V' u MHOKecTBOM pébep E.
Kazx10it ero Bepuinne v € V' coorBercrByer 1mHoJAMHOXKeCTBO JoKymenTos D, C D. Haupu-
Mep, B poJin D, MOXKeT BBICTYIATh OT/JE/JbHbIA JIOKYMEHT, BCe CTaThbU OJIHOIO aBTOpa v,
BCE€ IOCTBI U3 OJHOTO reorpauueckoro permoa v, u T. JI.

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

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

deD, dED

B monenn NetPLSA uncmosib3yercss KBaipaTUIHBII Peryispu3aTop:

R(©) =~ N wa Y (p(t]o) = ptu)?,

(u,w)EE teT

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

DTOT peryjapu3arop Tpedyer npu 00paboTKe KazKI0ro J0KyMeHTa d JI0CTyIa K BEKTO-
paMm 0, Apyrux JOKYMEHTOB, UTO 3aTpy/aHgeT 3h(HEKTUBHYIO MAKETHYI0 00pabOTKy 0O0/Ib-
X KOJITEKIUi. AJTbTepHATHBHBIA IIyTh COCTOUT B TOM, YTOOBI MHOYKECTBO BEPIIHH I'Da-
da V 06bsaBUTH MOJAJILHOCTBIO U IepeiiTu K pery/ispusanuu MaTpuiibl P.
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L A ++ * ++ *
EE p A, +4+ 4 * ++ 0 * 4
m A + * ® ° |
s B A v o+ o v © o
u AA A v oo ¢ v oo O
[ 'y v oo v oo
Nea? HeTeipe? Lllects?

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

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

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

R@®) == 3w Sond(5 - ) (62)

(u v)eE te’T

Bo MHOIHX NpUJIOKEHUAX BaKHbI HAIPABJIEHHOCTH CBfA3eH, KOTOPble KBaJIpPaTHIHBIN
peryasgpu3aTop He yuauTbiBaeT. Hampumep, ¢Bs3b (4, v) MOKeT 03HAYATH CCBLIKY W3 JIO-
KyMeHTa u Ha JoKymeHT v. B mogmenu iTopicModel [154] mpeamosmaraercs, 9To eciu
(u,v) € E, 1o remaruka p(t|u) mupe remaruku p(t|v). [Tosromy munumusupyercs cym-
ma juseprenunit KL(p(t|v) || p(t|u)), npuuém ycaosusie pacupesenenus p(t|v) MoxHO
BBIPA3UTH Kak depe3 O, tak u depe3 d:

R(O© wiu ) Z wuvaHv )YInp(t|u).

(u v)EE teT

Kax mokaszajiu 3KCIHepUMEHTBI®, peryasapusaiid MaTpulbl @ IpUBOIUT IPAKTUICCKH
K TeM Ke pe3ysbTaraM, 9To u peryiaapusanus O aas mogeneit NetPLSA u iTopicModels.

13 MopgennpoBaHune nepapxmii 1 BbIOOp 4Yucsa Tem

CymecTByer Jid B peaibHbIX TEKCTOBBIX KOJLIEKITUSIX «UCTUHHOE» UJIH «ONTHMAJIbHOE»
quco Tem? C oHOil CTOPOHBI, YUCIO TEeM, O KOTOPBIX MOLYT IUCATDH JIIO/IH, OrPAHUYIEHO.
C apyroit CTOpOHBI, B KaKJI0il TeMe HMEeeTCss KOHEYHOE YHCJI0 ACIHEKTOB, U B KazKJIOM
TEKCTe aBTOPbI 3aTPAruBalOT JIMIIb YaCTh U3 HUX. JacTo BCTPEYAIONIMECs COYeTaHHUsT ac-
IIEKTOB MOZKHO paCCMaTpuUuBaThb U KaK OT/JA€J/IbHbIE T€Mbl, U KaK IIPOABJICHUE 06]_[[6171 TEMBbI.
Kpowme Toro, BHyTpH J1000i T€MBI MOTYT CYIIIECTBOBATH PA3MbIThIe KJIaCTEPHBIE CTPYKTY-
PBI, /I 00JIee I6TKOTO ONpe/IeeHls KOTOPBIX MOKeT IIPOCTO He XBaTaTh JAaHHBIX. AHa-
JIOPHYHAs 11PodJIeMa ¢ HEOHO3HAYHBIM BHIOOPOM YHUC/Ia, KJIACTEPOB BO3HUKAET U B 3a/la49aX
KJlacTepusaluu, puc. 17.

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

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

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

OnpegeneHuve 4ucna TeM nNo BHEWHUM kputepusaMm. EjnuncrBenubiM Oecrpourphbiii-
HbIM BAPUAHTOM OIIPE/IE/IEHUs] OIITUMAJIBHOIO YUCJIA TEM SBJISETCH MCIOJIb30BAHUE BHEIII-
Hero Kpurepust. Takoil MOIX0/ HCIOIB3YeTCs, KOTIa KOHETHOM e/Ibio (MM OJIHOI 13 1e-
Jeil) TeMATHYeCKOro MOJIETMPOBAHUSI SIBJISIETCs pelllenne 3a1adn Kiaccudukammn [143],
undopmanunonuoro noucka 72| mwam cermentanun [140] rexcros. HemocraTodnoe 4mcsio
TEM MOZKET HPUBOJIUTH K CHUZKEHHIO BBIPA3UTEJbHBIX CHOCOOHOCTEH MOje/n U KadecTBa
penienus 1ejieBoil 3aja4du. V30bIT0UHOE YUC/I0 TeM MOYKET LPUBOJUTH K 11epeodyUdeHuto
U CHUKEHHIO Ka9ecTBA HA HE3aBUCUMBIX TeCTOBBIX JaHHBIX. [[09TOMY Ha mpakTuKe 4mcsio
TeM BapbUPYIOT MO 33JaHHOI ceTKe 3HAYeHUil, KaK MPAaBUIO BecbMa rpy0oil, u onpemes-
0T MEHAMAJbHOE YHCJI0 TeM, IIPH KOTOPOM 33J[ada PENIaeTcs ¢ HpUeMIeMbIM KadeCTBOM
110 OJTHOMY HJIM HECKOJIbKUM KPHUTePHAM. THIHHYHBIM METO/I0OM aHAJIN3A SIBJISIETCS HOCTPO-
eHre rpaduka 3aBUCUMOCTH BHENIHEI'O KPUTEPUs OT YUCJIA TEM.

DHTponuiiHoe pa3pexuBaHue Anasi oTbopa Tem upejoxkeno B [165| mis yaanenns
HE3HAYUMbBIX TE€M U3 TeMaTudeckKoir mojesn. Mjes 3akirodaercs B pa3spekUBaHUHM Pac-
npenenenns p(t), KOTOpoe BbIpazKaeTcsi depe3 mapaMeTpbl Oy

R(©)=—n) . el = > p(d)bra.

[ToxcraBum sToT peryiaspusarop B dopmyry M-mrara (18):

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

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

n
Orq = norm (ntd <1 — Tnt|T\ )) (63)

DTOT pery/isapu3aTop paspeKuBaeT HeJuKOM CTPoKu Marpulbl O. Eciiu 3nauenune cuér-
YHKa Ny B 3HAMEHATeJ/Ie JJOCTATOYHO MaJIo, TO BCE 3JIeMEHTHI {-il CTPOKH OKa3bIBAIOTCA PaB-
HBIME HYJIIO, I TeMa ¢ HOJHOCTBIO HCKIIUAeTC U3 MOACTH. [Ipy HCIOIb30BaHIT TAHHOTO
PETYJISIPU3aTOPA CHAYAJIA, YCTAHABIMBACTCA 3aBeJ0MO U30bTouHOe ducao tem |T|. B xone
UTepaluil YUCJI0 HYJIEBbIX CTPOK MaTPUIbl © IOCTEHEHHOe YBeIMUYuBaACTC.
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Ot16op Tem B ARTM namuoro npoie HemapaMerpuieckux 0aiiecoBCKUX Mojesieit —
uepapxudeckoro npornecca Jupuxie (hierarchical Dirichlet process, HDP) [157| nim npo-
necca Kutaiickoro pecropana (Chinese restaurant process, CRP) [35].

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

B [167] Oblin ipoBesieHbl SKCIEPUMEHThI HA [MOJIYCHHTeTHIECKUX JIAHHBIX, I1PEICTaB-
JAIONHUX coO0i cMech IBYX pacipeenennii p(w |d) — peaabHON KOJUIEKIHH, JIJIs KOTOPOi
YUCJI0 TeM HEH3BEeCTHO, M CHHTEeTHYECKON KOJIEKINHN C 3aJaHHBIM duciaoM TeM. CuHTe-
TUYECKAsT KOJIEKIUS CTPOUIACH IIYTEM IepeMHOoKeHus Marpur, PO, moaydeHHsix B pe-
3yJIbTATE TEMATHIECKOrO MOJEJIUPOBAHUS TOW Ke peasbHo Kosutekiuu. OKa3ajaoch, 9T0
HDP u ARTM crocobubl ompeie/isiTh HCTUHHOE YHC/IO TeM HA CHHTeTHYECKUX W [TOJIyCUH-
rerndeckux jgaHabix. ARTM onpenessier ero Tounee u ycroiumBee. OQHAKO deM OJIMzKe
HOJIYyCHHTeTUYeCKHe JAaHHbIE K PEaJbHBIM, TeEM MeHee UETKO Pa3IUIuM HAla30H 3Hade-
HUil rumepnapaMeTpoB T WX 7Y, Ha KOTOPOM BOCCTAHABIMBAETCS MPABHIBHOE YHCJIO TEM.
Ha pea/ibHbIX JJAaHHBIX OH HEPA3JIMYUM BOBCE, HPUYEM Jijist 000uX 110,1X0/10B. Takum obpa-
30M, PO 00a MOJIX0/A HEJIb3sl CKa3aTh, YTO OHU OHPEJE/ISIOT ONTHMAJIBHOE THCJIO TEM.

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

B xo/e skcrepuMenToB [167| Takzke BBIICHUIOCH, 9TO PETyISpH3ATOP 0TO0PA TeM HMe-
eT 110JIe3HbII conyTcTByOmuil 3pdexT: on yjlajuser u3 Moje/au jiyo/upyonue, pacien-
JIEHHbIE M JIMHEHHO 3aBUCUMbIe TeMbl. Teopernyeckoe 060CHOBaHUE ITOIO (paKTa OCTAETCS
OTKPBITOI 1PODOJIEMOIA, JIOKA3aTh €ro 10Ka He YJIAJI0Ch.

Nepapxunyeckoe Tematnyeckoe mogenupoBaHue. lepapxuiueckue reMarndecKkue Mo-
JIeJIM PEeKYPCUBHO JeJIAT T€Mbl Ha HOATEMbI. TeMaTuuecKkue Mepapxum CJyzKaT s I10-
CTpOEeHUsl PyOPHKATOPOB, CUCTEMATU3AIMH OOJIBIINX OOBbEMOB TEKCTOBOI HMHMOpPMAIHH,
nH(GOPMAIMOHHOrO IOUCKA, ¥ HABUTAIMH 110 GOJLIIMM MYJIbTHIACIUAILITMHAPHBIM KOJLICK-
mugM. 3ajiaua aBTOMaTHIeCKOH pyOpUKalMy TEKCTOB CJIOKHA CBOEH HEOJHO3HAYHOCTHIO
1 CyObEeKTHBHOCTBLIO. Pazinyug BO MHEHUAX IKCIIEPTOB OTHOCUTEJbLHO PyOpHKaIMu J10-
Kymerros MoryT gocrurarb 40% [1]. Hecmorpst na obuime pabor 110 HepapXxuvecKuM Te-
mMaTudeckuM Mozesam [34, 94, 112, 192, 136, 176, 177, 178, 179|, ontumusanust pazmepa
U CTPYKTYPbI HEPAPXHU OCTAETCA OTKPBITOH Ipo0JeMoil; 6osiee TOro, OneHUBAHUE Kade-
CTBa Mepapxuii — Takze OTKpbITas mpobiaema [192].

Crpareruu II0CTPOEHUST TeMATHICCKUX UePApPXUil BeChMa PA3HOOOPA3HbL: HUCXOISAIIIE
(uBU3MMHEbIE) U BOCXOjsIpe (ArJIOMEPATHBHBIE), PEJACTABISIONNE HEPAPXUIO JEPEBOM
WM MHOTOJOJBHBEIM IpadoM, Hapamusaiomue rpad mo ypoBHAM WM 10 BEePIIXHAM, OC-
HOBAHHBLIC HA KJIACTEPU3alMU JOKYMEHTOB WM TepMOB. Henb3g Ha3Barb KaKyio-TO M3
cTpaTeruil mpeanouTUTeNbHOM; ¥ KazK A0l eCTh CBOM JOCTOMHCTBA U HEJOCTATKH.

BepositHoCTHast mogens mexxypoBHeBbix cBsideil. B [46] mpeaiokena Hucxoasmas
crparerusi Ha ocHoBe ARTM. Mepapxust npejcrapiisiercs MHOIOA0/bHBIM rpadom ¢ (puk-
CUPOBAHHBIM YHUC/JIOM YPOBHEH M 3a/JJaHHBIM YUCJIOM TE€M Ha KaK/IOM YPOBHE, BO3pacralo-
UM 110 YPOBHSIM CBepXy BHU3. Kark/iblil ypoBeHb lipejicraBiiser co00i OObIMHYIO «ILIOC-
KYI0» TeMaTHIeCKYI0 MOJeNb, MO3TOMY BpeMs MOCTPOEHUs MOJETH OCTAETCd JTHHEITHBIM
110 06 bEMY KOJLIEKITHH.
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st Mojie/iupoBaHus CBs3€fl Mex/ly YPOBHSAMH B MOJE/Ib BBOJATCH IIapaMeTpPbl
g = p(8|t) — yciioBHBIE BEPOSTHOCTH HOJATEM S B TeMax t. B MyJibruuciuiIMHapHbIX
KOJLJIEKIIMS IIOATEMBbI MOIYT HMETh II0 HECKOJbKO POJMTEILCKHX TeM. Hampumep, Tema
«bnonH(pOpMaTUKay UMeeT B KadeCTBE POJUTETHbCKUX «OHOJOTHI0» M «HH(MOPMATHKY »,
a «OyCTHHI pelaioux JIepeBbeB» — «OyCTHHI» U «pelalonuye Aepesbsa». IlosTomy mpe-
CTaBJIEHUE MEPAPXUU MHOI'OJIOJIBHBIM I'PAOM IIPEIIOUYTUTE/IbHEE, YEM JIEPEBOM.

Ha Bepxnem ypoBHe uepapxuu CTpouTcs OOblYHAS ILJIOCKAs TeMaTU4decKas MOJIellb.
ITycTb Mogennb /-ro ypoBHS ¢ MHOXKECTBOM TeM 1’ y2Ke MOCTpOeHa, U TPeOyeTcs IIOCTPOUTD
MOJIeJIb YPOBHS {41 ¢ MHOXKecTBOM J0uepHuX TeM S (subtopics) u G6IbIIMM YHCIOM TeM,
|S| > |T|. [Torpebyem, 4T0GBI POAUTENBCKIE TEMBI ¢ XOPOIIO MPUOIUKATUCH BEPOSITHOCT-
HbIMU CMECAMU JIOYEPHUX TEM S:

Znt KLw(p(w\t) Zp(w\s)p(ﬂt)) — Znt KLw(nn_u;t

seS
riae U = (g)sxr — Mampuya cesaseli, KOTOpasg CTAHOBHTCS JOMOJHUTEIbHON MaTpuIieil
HapaMeTpoOB JIs TeMaTHIECKOl MOJIe/IN JIOUYEePHEro YPOBHS.

D10 33/a9a MATPUIHOIO PA3/IOKEHH Ul MATPUIILI POJAUTEILCKOr0 yposd O = U,
OOBIYHO MATPUYHBIE PA3/IOZKEHUST UCIIO/Ib3YIOTCs, YTOOBI IPUOIN3UTHh MATPHUILY BBHICOKOTO
paHra mpousBejeHueM MaTpuil 6ojiee HU3KOro panra. OHaKo B JJAaHHOM CJIydae, Ha000poT,
maTpuna ®f muskoro panra |T'| mpubmmkaerca npomsseenuem Marpur, PV, B KOTOpoM
marpuna ¢ 1oKHA UMeTh TOJHBI paHr |S|, 4ro0bl 10YepHsis MOJeb OMUCHIBATA KOJI-

)

— min
s;s (pwsq/}st) D0 )

JIGKITMIO TOYHEe, 4eM POJMTe/IbCKast. Pery/sipu3arop CBsS3bIBae€T TeMaTUYECKUE MOJIE/IN
cocesaux yposneit £ u £+ 1 Tax, 4TOOB POJAUTENHCKHE TEMbl (f AlNPOKCUMUPOBAJUCDH
JINHEWHBIMU KOMOUHAIUSAMHU JIOYEPHUX TE€M Qg ¢ KOIDUimeHTamu Vg

R(CI), \II) =T Z Z Nt lIl Z prswst' (64)

teT weW seS

Bajaua makcumuzaiuu R(P, W) ¢ TOYHOCTBIO 10 0DO3HAYEHUIT COBHAJALT ¢ OCHOB-
HOM 3aJadell TeMaTHIeCKOro MojeaupoBanust (13), eciu c4uTarb POAUTEIbCKUAE TEMbL ¢
ncesdodoKYMEHMAMY C TACTOTAMEI TEPMOB Ny = NPy, DTO O3HAYAET, YTO BMECTO MO/IH-
dukanuu dopmysnr M-mara JaHHBI Peryaspu3aTop MOXKHO pean3oBaTh mpoire. /locra-
TOYHO, MOCTPOUB POAUTETbCKHN ypoBerb u3 |T'| rem, nobaButh B Kosutekiuio |T'| mceBao-
JIOKYMEHTOB € 9aCTOTAMH TEPMOB 7. Marpuma ¥ moydurcs B ¢Toa01ax MaTpuibl O,
COOTBETCTBYIOIIUX TICEBJIOJ0OKYMEHTAM, KaK ITOKa3aHO Ha puc. 18.

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

AnbTepHATUBHBIN TOIXO/ K MOJETHPOBAHIIO MEKYPOBHEBBIX CBHA3€il, TaK:Ke IIpe/1Io-
JKeHHBI B [46], 3aK/II09aeTCs B TOM, 4TOOBI IPUOIHKATD POTUTETHCKIE TEMbI KAK PACIIPe-
aenenust p(t|d) BeposgrHOCTHBIMI CMecaMu godepHEX TeM y | o p(t]s)p(s|d). B pesyin-
TaTe MOJJIYyYAETCA PEery/asspu3aTop MarTpuibl © g H0YepHEro ypPOBHsI, SKBUBAJICHTHbIM
BBEJIEHUIO MHOYKECTBA POJAUTEIbCKUX TeMbl 1’ KaK MOJAJIbHOCTU C 9aCTOTAMH TEPMOB Myg.
DKCIEePpUMEHTHI MTOKA3aJIl, YTO JAHHBIN IOIXO0J Xy:Ke IMPHUOIHAKAET POJIUTETbCKYI0 MaT-
puy ®¢. Kpome Toro, no6aBaeHne MOJAJIbHOCTH B KAzK/bIi JOKYMEHT TPY/IHEe PeasIn30-
BaTh, YeM J00aB/I€HUE IMICEBIOJOKYMEHTOB B KOJIEKIUIO. JlaHHBIN 1M0aX01 ObLI IIPU3HAH
Hey/IauHbIM U He ObL1 peasn3oBan B BigARTM.

Pa3pe)xuBaHne me>xypoBHEBbIX CBsi3eil (hopMam3yeT ecTeCTBEHHOE IIPeIIoI0KeHNe,
9TO KazKjas Tema JI0YepHero ypoBHs S € S umeer HEOOJIBIIOE YHUCJIO CBs3€l ¢ TeMaMu
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POIUTENbCKITL N — [0) L o) 1
YPOBEHb T

w w
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YPOBEHb Netw Nt — CDZ % @2 W
S
w w

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.

pouTeIbcKoro ypoBHs t € T. B wacrHocT, eciau Bee pacupenenenus p(t|s) BBIPOK/e-
HbI, TO €CTh KazKJlas TeMa S UMEeT TOJIbKO OJIHY POJUTE/ILCKYIO TeMy t, TO BCS uepapxusi
upuobperaer Buj Jiepesa. [IpumenuM Kpocc-sHTPONUURHbBINA peryJisipu3arop Jijisd pa3perxu-
BaHus pacupeje/ennii p(t | S), BbIpa3uB ux depes Yy 110 (opmysie Baiieca:

R(V TZZ 1npt|s ZZI Z¢Zntn

seS tET tET seS

[Tockosbky Marpuna W sBIgeTcs 4acThio MaTpuibl O, K Heil mpuMennma dopmyta (18),
u3 KOTOpoii cienyer dpopmyaa M-mara Jijig MoJe I J09epHero YpOBHS:

Vst = nge:%n(nst + T(p(t\ s) — %)) (65)

ﬁ, CTAHOBSATCS eIé

CoracHo s1oit opmyJie, yeIoBHBIE BEPOITHOCTH p(t|S), MeHbIIe
MeHbIIle, U MPH JOCTATOYHO OOJIBIIOM T 0OHYyJsroTCs [46].

3 nst Nst

[Ipu paspekuBanuu pacupenenenuii p(s|t) = 2L BaxkHo, 4T0ObI BEKTOPBL p(t|s) = -

OCTaBAJIUCh PACIIPEIEJIeHUAME, TO €CTh YTOObL Y Ka}K,H,OI/I LOJATEMbl § OCTaBaJlach XOTs Obl

OJlHa pojMTeIbCKad Tema. Ha jodyepreM yposhe S He J0/12KHO 00pa3oBaTbCd HU OJIHOM

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

CnekTp Tem n Bulyanusauuns uepapxmii. Temarumdeckne mepapXun CTPOSITCS B 3Ha-
YUTEJILHON CTemeH’ I TOro, 4TOOBI IOKa3bIBATH MX MOJIb30BaTeqsdM. 1o CHX IOp MBI
TFOBOPHJIM O TeMaX KaK O HeylnopsaoueHHOM MHoxkecTBe 1'. OJHAKO IpOCMaTpUBAaTh CIIHU-
COK TEM ropasjio yao0Hee, eC/ii OHU PAHXKHPOBAHbBI 110 CEMAHTUYECKON OJIM30CTH — TaK,
9TO0BI OJIM3KHE 110 CMBICJLY T€Mbl OKA3bIBAJIMCH B CIHUCKE PSIAOM. DTO IMOMOIAET I10JIb30-
BaTe/IIM ObICTpee HaXOJWTh HYzKHbIE TEMbl U AKIEHTHPOBATH BHUMAHHE HA PA3JIHIHIX
MezKIy Hambosiee OJU3KHUMHU TeMaMH. DTO BaXKHO U JIJId OOBIYHBIX <«ILJIOCKHX» TeMaThde-
CKHUX Mojesieil, u, TeM OoJiee, I HepapXUIeCKUX.

Cnexmpom mem OyaeM Ha3bIBATH YIOPSAJMOYEHHBIH CIIMCOK TeM t1,. . . , tir|, B KOTOPOM
CyMMa PACCTOSHUI MEK/1y COCEJIHUMHU TeMaMi MUHUMAJIbHA:

7|

Z p(tza ti—l) - mina

1=2
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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, CNOBO, PYCCKWIA, HanpUMep, rOBOPUTL, CoBapb, Peyb, PasHblil, S3bIKOBON, TEKCT, ABA, MNHIBUCT

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, 4Tobl, y4EHbIA HayKa, Ha ‘-I‘:})-ibll/l YYEHbIN

pellierine, 4ToOkI, SKOHOMMKA

ropof, NPOCTPAHCTBO, FOPOACKON

CTPaHa, IKOHOMWUYECKMIA, KUTan

OCTPOB, adppuka, paca

KyrsTYpa, BeK, Kyanyle:.Il/I

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'IH 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, 350n¥oum;|, 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.

re p(t,t') — dbyHKImMs paccTogHus MeXK/y TeMamu Kak crosnbnaMu marpunst ®. Hampu-
Mep, MOXKeT ObITh B3TO KOCHHYCHOe paccrogHue (92), paccroguue Xemuarepa (93) wim
paccrostune zKakkapa Mexky ceManTuaeckuMmu sipamu tem (94). Dro 3aja1a kKoMObuHa-
TOPHOI1 OITUMI3AIMH, SKBUBAJCHTHAS 3a1a49e KoMmuposzképat. [Iia eé pemrenns moxker
OBITH MCIOJIB30BaH, B YaCTHOCTH, anroputM JIuna—Keprurana B peanmmsamun Xeabcray-
Ha [67], nmeronuii BerYACIHTENBHYIO C0KHOCTD |T'|*2.

B TemaTHUeCKOM CIeKTpe ceMaHTHYeCKH OJIM3KHEe TeMbl OKA3bIBAIOTCA PAIOM, KAK II0-
kazaHo Ha puc. 19. [Ipu nocrpoennn mepapxudeckoro CleKTpa y4uThbIBAIOTCH BCE YPOBHH,
9100l MUHUMHU3UPOBATH YKUC/IO0 llepecedeHuil B rpade csseit, cm. puc. 20.

4®@enopsika . C. Texuosorus MHTEPAKTUBHOI BU3yalIM3alil TEMATHYCCKUX Mojeeil. Bakaiaspekas
nuccepranust, MOTU, 2017 (www.MachineLearning.ru/wiki/images/d/d8/Fedoriakal7bsc.pdf).
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14 MopgennpoBaHne co4eTaemMoCcTu C/I0B

['unoresa «MellIKa CJIOB» SBJIAETCA OJHHM U3 CAMBIX KPHUTUKYEMBIX IIOCTYJIATOB Te-
MaTHYeCKOro MojenpoBanug. OHa MOJTHOCTBIO HTHOPUPYET (bYHIaMEeHTAJIbHOE CBOHCTBO
couemaemocmu ca06 (word co-occurrence) B ecrecTBeHHOM si3bike. CoueTaeMocTh ObIBaeT
JIBYX BUJIOB: KOHMAKMHAA T OUCTNAHMHAA.

ﬂﬂﬂ OlIMCAHUS KOHTAKTHON COYEeTaeMOCTH M3 TeKCTa BbIJCJIAIOTCA BCEBO3MOZKHDBIEC
N-2paMMb, — TIOCETOBATEIbHOCTH U3 N HOJAP HIymuXx cjoB. Cpeau n-rpaMM Ipej-
CTaBJIIOT HHTEPEC KOJIJIOKAIUU U CJI0BOcoYeTanus. Koaiokauua — 9TO n-rpamMma, BCTpe-
4JaIOMIAsICs B KOPILYCe ropas3/10 dale, 4eM MOZKHO ObLI0 Obl 0KK/IaTh IIPU YUCTO CJIYIaiiHOM
COeJIMHEHNH JIAaHHBIX CJI0B. CAo080couemanue — 9TO N-rpamMma, CJI0Ba KOTOPOH CBSI3aHBI
110 CMbICJIY U I'PaMMaTHY€CKU, U O603Ha‘{aIOT €IMHOC IIOHATHE. B TeMaTHN4ICeCKUX MOIAEJIAX
TeMaTUKy TaKHX N-TpaMM JIyUIle OIIpeessaTh, He pa3/e/isas UX Ha OTJ/e/JbHbIe CJI0BA.

JlucTtanTHas cOYeTaeMOCTb O3HAYAET YacCTOe IOSBJICHHE CJIOB B OJIHMX M TeX Ke KOH-
TEKCTaX, HAIIpUMep, B OJIHOM IIPEJJIOZKEHUH WA B COCEJIHUX IPEJIOXKEHUIX, HO He 00d-
3aTeJIbHO BIJIOTHYIO JIPYT K JPYTY.

MHOFI/Ie uccjae10Baiugd HallpaBJICHbI Ha CO3JaHUE TeMaTUYCCKUX MO,ZLeIIeI;'I, y4uTblBa-
IOIUX IOPsJIOK CJI0B. V3 HUX HamboJiee BayKHBIME IIPEJICTABJSIOTCS TPH HAIPpABJICHUS.

[lepBoe HampaBjieHHE CBS3aHO C BbIJE/TeHHEM HHMOPMATUBHBIX N-IPaMM — KOJIJIO-
Kallfii, CJIOBOCOYETAaHMil, TEPMUHOB, UMEHOBAHHBIX CyIIHOCTe#. TeMbl, MocTpoeHHbIe Ha
n-rpaMMax, HAMHOTO JIydille HHTePIPETUPYIOTCs, YeM IIOCTPOCHHbIE Ha, yHUrpaMMax (0T-
JeJbHBIX c10Bax). [Ipobiiema B TOM, 4TO 9HCII0 BCeX n-rpaMM KaracTpoduyaecku ObICTpO
pacTér ¢ pocToM 00bEMa KOJIIEKIIH.

Bropoe HampasieHHe CBSI3aHO C OCHOBHOM T'HIIOTE30i ducmpubymuerotl cemanmuK:
CMBICJI CJIOBA OIIPeIesIIeTCsd TeM, B OKPYKEeHUU KaKUX CJI0B OHO 9alle Bcero ynorpebiger-
cst. [osiBaenune nporpammsl word2vec [108] crumysnupoBasio pasBurtue 6eKmopHuLT npeo-
cmasaernud caoe (word embedding). Oum HaxOAAT Maccy UpuMeHeHH Osarogapsi Tomy,
qTO CeMaHTHUYECKH 6JII/I3KI/IM CJIOBaM COOTBETCTBYIOT 6JII/I3KI/Ie BEKTOPHDI. TeMaTI/I‘{eCKI/Ie
MOJIeJT TaKzKe CIIOCOOHBI CTPOUTH BEKTOPHBIE IIPEJICTABJICHUS CJIOB, 00JIa/IAI0ONINe STUM
CBOICTBOM, B TO 2Ke BpeMsl COXpaHsds CBONCTBa MHTEPIPETUPYEMOCTU U Pa3PEKEHHOCTH.

Tperbe HalpaBjieHUe CBA3aHO C MEMAMUYECKOT ceeMenmayuet v TUIOTe30i, 4To
TEeKCT Ha €CTEeCTBEHHOM A3bIKE€ COCTOUT M3 IIOCJICA0BATC/JIBHOCTH MOHOTEMATHUYHbIX COO6—
menuii. B vacrHocTun, Kaxkjioe 1mpejiozKeHne dalie BCero OTHOCUTCS TOJIBKO K OJIHOI Teme.
Bajaun cerMeHTaIuu pacCMaTPUBAIOTCA B pasjesie 15.

Mopgenn koHTakTHOW co4detaemocTwu. lcmonb3oBaHue n-rpaMM, KOJIIOKAIANA TN
CJIOBOCOYETAHMIT 3aMETHO Y/IY4IIaeT HHTEPIPETHPYEMOCTb TeM, UTO JIeMOHCTPHPYeT-
Cd MPAaKTUIeCKH B KazkI0# IyOJUKAIUU IO N-IPAMMHBIM TEMaTHIECKHM MOJIEIIM,
cM. Hanpumep |75].

[TepBast 6Gurpammuasi remarudeckas mogesab BTM (bigram topic model) [173| npes-
cTaBJ/Isiia cOOOM 1O CyTH MYJIbTUMOJAJBHYIO MOJE/b, B KOTOPOH KaKJI0MY CJIOBY U COOT-
BETCTBOBAJIA OTIEIbHAs MOAAJILHOCTD cO caoBapém WY C W, coctaB/ieHHBIM U3 BCEX CJIOB,
BCTPEYAIONIMXCSA HEITOCPEJICTBEHHO II0CIe ¢JIoBa v. 3amnuiieM log-mpaBomnoaoodue 3Toit Mo-
JIeJIM B BUJIE PErY/IsipU3aTOPA:

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

deD ved weWv tel
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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» ).

riae @b, = p(w|v,t) — ycaoBHAs BEPOSITHOCTH CJIOB W MOCJE CJIOBA U B TeMe b Mgy, —
qacToTa OurpamMmbl «vw» B JokyMente d. [tasubiit Hepoctarok moaen BTM B Tom, aro
OHA YYMTBIBAET TOJILKO Ourpammbl. Bropas npobjieMa B TOM, 4TO 4YHUCJIO0 BCeX OUrpamMm
OBICTPO YBEJIUUUBACTCA C POCTOM KOJIJIEKIIME, U UCIO0/Ib30BaTh Mojeb BTM na GoJbinx
KOJLJIEKIIUSAX 3aTPY/THUTE/IHHO.

Mozgear TNG (topical n-grams) [182| ycrpamsger 9T Hem1oCTaTKH. YCIOBHOE PACIpe-
JIJIEHUE CJIOB OIIUCHIBAETCsI BEPOATHOCTHOM cMeChIo P(W|v, 1) = &l + (1 —Eput) Puwt, T1€
Eowt — UEPEeMeHHasi, paBHAs BEPOSTHOCTH TOT'O, YTO HAPa CJAOB «VW» SBJISETCH OUrpam-
Moit B Teme t. B padore C. C. CtennHa® moKa3aHo, 9TO IPH HEKOTOPBIX He 0000 JKECTKIX
HPEJIITOI0KEHUAX log-TIpaBIomo1o0ue 3Toi MOJIe/ I OIeHUBAETCS CHU3Y B3BEIICHHOW CyM-
moii log-tipaBaomnomobuii MogabHOCTeH yHArpaMyM u ourpamm B Mogen ARTM. JIpyruvu
caoBamu, myabrumoaaabiasgs ARTM MoxkeT ObITh HCIOIB30BAHA, JIJIsT TOMCKA, TPUOJINKEH-
Horo pemrenus B mojean TNG.

B Toit ke pabore ObLIM IPOBEJIEHBI YKCIIEPUMEHTHI ¢ OUIPAMMHON MYJIBTUMOJIAJIbHOMN
mozenbio ARTM na mebosbmioii (Menee 1000 TOKYMEHTOB) KOJJIEKIIHH PYCCKOS3BITHBIX
crareil HayuHoit koudepenuu MMPO (MaTemMaTiuecKue MeTO/bI PACMO3HABAHUSA 0Opa-
308B). Corocrap/ieHue TeM YHUIDAMMHON 1 OGUrpaMMHOI MoJieIeil MoKa3aJ/10, 4T0 10 TeMaM
OUrPAMMHOI 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/Ie71aTh 3TO OBLIO IPOOJIEMATHYIHO, CM. puc. 21.

B ARTM n-rpaMmMHasi MOJE/Tb eCTECTBEHHBIM 00Pa30M OIIPeIe/IIeTCs KaK MYJIbTHMO-
JlaJIbHasd, B KOTOPOM I KaKJO0TO M BBIJIEISETCA OT/e/bHasg MOJIAJIbHOCTL. i mpei-
BAPUTEILHOIO COKPAIEHHUS CJAOBAPEil N-rpamMM IOJXOJUT METOJ, MOUCKA KOJIIOKAIHIT
TopMine [59]. On smueitno macirrabupyercst Ha GoJiblHe KOJUIEKIME U 1103BoJIsieT (op-
MHPOBATh CJ0Bapb, B KOTOPOM KazKJasd n-rpaMMa 00J1ajaeT TpeMs CBOHCTBaMHU:

(a) UMeeT BBICOKYIO YaCTOTY B KOJLJIEKIIUH;

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

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

°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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Mero/pl, npeioKenHbie B nocaeayonmx paborax, SegPhrase [97] u AutoPhrase [145],
JIEMOHCTPUDYIOIIME NI JIyUlIne Pe3yJbTarhl.

Mopgenb 6utepmoB. Kopomkumu mexcmamu (short text) Ha3BIBAIOT JOKYMEHTBI, -
Ha KOTOPBIX He JOCTaTOYHa JIJId HaJEzKHOTO ollpeje/ieHus UX TeMaTHKH. l[Ipumepamu Ko-
POTKHUX TEKCTOB sBJILIOTCA coobenus TBuTTepa, 3aroJ0BKI HOBOCTHBIX COODILEHH, pe-
KJIaMHBIe OObsIBJICHU, PEIJIUKH B JIMaJI0raX, OTAe/IbHbIe [IPeJjIozKeHus, u T. 1. II3BecTubl
IIPOCTBIE ITOIXOIBI K IPobeMe, HO OHH He BCerJa IPHMEHHMbI: 00beINHATH COOOIIEHH 110
KAKOMY-JTH0O0 MPH3HAKY (ABTODPY, BPEMEHH, PETHOHY H T.JI.); CIATATh KazKJ0€e COODIIeHUe
OT/IEJBHBIM JOKYMEHTOM, pa3pexkuBas p(t|d) BIIOTH 10 €MHCTBEHHOl TeMBbI; JOMOTHATD
KOJUIEKIIMIO JUIMHHBIME TeKcTaMu (Haupumep, crarbsaivu Bukuneaun). Oqaum u3 Haubo-
Jlee yCIEHIHBIX U YHHBEPCAJbHBIX HOJXOJI0B K IIPODO/ieMe KOPOTKUX TEKCTOB CYUTACTCH
memamueckas modeav bumepmos (biterm topic model, BTM) [185].

bumepmom HasbiBaeTcd Napa CJI0B, BCTPEYAIONIUXCA PAJOM — B OJHOM KOPOTKOM CO-
OOIIeHUN WU B OJHOM IIPeJJIOKeHHH HId B OKHe +h ciaoB. B oramume oT OurpaMMsl,
MeZKJly JIBYyMs CJI0BaMH OUTepMa MOLYT HAXOJAUTbCA Apyrue cjosBa. KoHkperusanus 1o-
HATHUS <«PSAJIOM» 3aBHCUT OT IIOCTAHOBKHU 3aJa4M U OCODeHHOCTell KosuleKnuu. Bbicokas
gacToTa OuTepMa B TEKCTOBON KOJIJIEKIIMU fABJIAETCH MPOdABJIEeHHeM JUCTAHTHOH coderae-
MOCTHU JTAHHOW Iapbl CJIOB.

Mogens BTM onucbiBaeT BEpOSITHOCTH COBMECTHOTO MOsiBJIeHHsT CJI0B (u,v). Mexom-
HBIMU JIAHHBIMU SIBJISIIOTCS 9aCTOTHI Ty, OUTEPMOB (U, V) B KOJUIEKIUH, WM MATPUIA Be-

postHOCTEHl P = (Pyy)wxw, TIE Puy = NOTmM (Ny,).
(u,v)eEW?2

[Ipumem rumoresy ycaoBaoit mezaBucumoctu p(u,v|t) = p(u|t) p(v|t), To ecTb momy-
CTUM, 9TO CJI0Ba OUTEPMOB IMOPOZKIAIOTCH HE3ABUCHMO JIPYT OT Jpyra U3 OJHOI 1 TOi Ke
rembl. Torjia, 110 popmyJie 1OJIHON BEPOSTHOCTH,

plu,0) = plult) p(v|t) p(t) = Y pupume,

teT tel

re @ = p(w|t) u m = p(t) — mapamerpsl TeMATHIECKONH MOJETH. DTO TPEXMATPUIHOE
paznoxkenune P = ®IIOT rue II = diag(my, ..., 7p) — AmaronagbHas marpuna. Moaeab
OUTEpPMOB He OIpeIesIeT TEMATUKy JOKYMEHTOB © W IIOITOMY He IOJABEPXKEHA BJIUSHIIO
3pdpeKToB, BhI3BAHHBIX KOPOTKUMH TEKCTaAMH.

ARTM no3BoJisier 00beuHATH MOJAEIb OUTEPMOB ¢ OOBIYHON TEMATHICCKONR MOJIEJIBIO,
9TO0BI BCE-TAaKd MOIYyIHTh Marpuiy O. /g sroro Bo3bMméM log-mpaBiomomobue Moen
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); (66)
ueW
Pruw = n]?e%m(ntwwtwut) . (67)

Otu GOpMyIbl HHTEPIPETUPYIOTCA Kak JobaBienue ncesdo-dokymenmos. Kaxmpomy
cioBy u € W craBUTCS B COOTBETCTBUE ICEBIO-TOKYMEHT d,, OObLEIUHSAIONINI BCe KOH-
TEKCThI CJI0BA U, TO €CTh 9TO MEMIOK CJI0B, BCTPETUBIIUXCHA PSIAOM CO CJAOBOM U 110 BCeit
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KOJUIEKIMH. HC/I0 BXOXKJIEHHI CJI0BA W B ICEBIO-I0KYMEHT d,, PABHO TN,. Bcromo-

rare/ibHble IIEPEMEHHBIE Ppyy = P(t|u, w) coorBercrByor dopmyse E-mara s nceso-

JOKYMeHTa d,,, eC/Ii JOOIPEIEUTh ero TeMATUKy Kak 6, = norm(n;p,,). JIpyrumu cio-
¢

BaMH, B MOJI€/IH OUTEPMOB CTOJIOIBI MATPHUILI O, COOTBETCTBYOIINE IICEBI0-T0KYMEHTAM,
oOpazylorcs ImyTéM HepeHOPMUPOBKHU CTPpOoK Marpuiibl P 1o ¢popmysie Baiieca.

VBejmmauBas KodpduimenT 7, MOXKHO J100UTHCs TOro, 4T0odbl Marpuna ® dopmupo-
BaJIaCh MPAKTHYECKU TOJIBKO 110 butepmam. B takom ciydae momenb ARTM mepexoaur
B MOJIe/Ib OUTEPMOB, KOTOpas CTPOUTCS IO KOJIJIEKIHH IICEBI0-T0KYMEHTOB, 0€3 UCIIO/Ib-
30BaHUS MCXOIHBIX JOKYMEHTOB.

Mogenb cetn cnoB. Ujes MOae/upoBaTh HEe JOKYMEHTBI, & CBS3U MeKJy CJIOBaMH,
Obljia I10JIOZKEHA B OCHOBY TeMaTHYECKHUX MoOJjiejieil JUCTaHTHON [apHOW COYeTaeMOCTH
ciaoB WTM (word topic model) [44] ¥ WNTM (word network topic model) [198|. JIto-
bonbITHO, 4TO GosIee panHss mybaukanus |44] ocrasach He3aMedeHHOI (BUAMMO, KaK He-
baitecoBckast), u craTha [198] maxke me cepimaerca ma meé. Mogeru WTM u WNTM cBo-
narcs K npumerernio PLSA u LDA cooTBeTcTBEHHO K KOJLIEKIIUN IICEB/I0-TOKYMEHTOB d,,:

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

teT teT

Banumem log-ipasmonomobue mis mogenu p(w|d,) B BUge peryaspusaropa:

R®,0)=7 Y nuwlnd ol

u,weW tel

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

OCHOBHOE OTJIMYHE STUX MOJeJell OT MOAeTH OMUTEPMOB B TOM, 9YTO 37€Ch B sB-
HOM BHJIE CTPOMTCS Marpuna © Jyisd 1CeBJO-KOJLIEKIUH, TOIJIa KaK B MOJEJIHM Ourep-
moB © = diag(my, ..., )P u KOJUUECTBO ApaMeTPOB BjBOe MeHbiie. Kak nokasa/iu
skciiepumeHTbl, Mojejib WNTM HeMHOro 1npeBocxojut Moje/ib OUTEPMOB U CYILIECTBEH-
HO [IPEBOCXOJUT OObIYHbIE TeMaTHIecKue Mo/eu [198| Ha KO/LTeKIusaX KOPOTKUX TeKCTOB.
Ha kosuteknusix JJIMHHBIX TOKYMEHTOB TeMaTHIeCKHe MOJE/TN TapHOil COYeTaeMOCTH CJIOB
HE JIAI0T 3HAYMMBbIX HPEUMYIIECTB Hepe/] OObIYHBIMU TEMATUIECKUMU MOJIE/ISIMH.

KorepeHTHoCTb. Tema HasbiBaercst kozepenmioti (COrIacOBaHHOIM), ecju Haubosiee da-
CTble T€PMbl JAHHOIl TEMbl YaCTO BCTPEYAIOTCS PsIOM B JIOKYMeHTaxX KoJuiekiun [121].
CoueraeMoCTb TePMOB MOZKET OIEHUBATHCH 110 caMoii kosutekiuu D [114], wim no cropon-
Heil Kosutekiun, Hampumep, mo Bukuneuu [118]. CpenHsist KOTepeHTHOCTH TeM CUUTACTCS
XOPOIIeil Mepoil HHTEePIPETHPYEMOCTH TeMaTuIecKoii Mojenu [122].

[lycrs saganb ouenku coderaemoctn Cy, = p(w|v) ana nap tepmos (w,v) € W2
O6b19HO Clyyy OLEHUBAIOT KAK JIOJIFO JIOKYMEHTOB, COIEPKAIIMX TEPM U, B KOTOPBIX TEPM W
BCTpedaercd He Jlajiee yeM depes 10 cjioB ot v.

Samummem dopmyity noanoil BepograocTH p(w |t) = Y Clyypyt 1 3aMEHHM B Hell yCI0B-
HYIO BEPOSTHOCTD (0, IaCTOTHOI omeHKoii: p(w |t) =Y Cyy "L, BBeaéM peryaspusarop,
TPeBYIOINIHii, YTOOBI MAPAMETPBI 4,y TEMATUIECKOH MOJETH OBLIH COTIACOBAHBI C OTEHKA-
mu p(w |t) B cMbICsie KPOCC-9HTPOIIMHI:

) =73 0 37 plw ) n oy

teT weWw
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®opmysa M-mara, coracho (17), npuHuMaer Buj

Pt = DOL <nwt +7 Y vanvt>- (68)
veW\w

D10 cryraxkupaonmii pery/sipu3arop. OH yBe/JIMYUBAET BEPOATHOCTH TEPMA B TE€ME, €CJIH
TEPMbI, C KOTOPBIMHU OH 9aCTO COYETAETCS, OTHOCATCH K JIaHHOW Teme. TOYHO Takasi zKe
dbopmysa noaydmiacs B [114| aust mogesn LDA u anropurma comminposanusi ['u66ca,
HO ¢ DoJiee CJIOKHBIM OOOCHOBaHHEM 4epe3 00600mennyo ypHoByio cxemy lloiis, u ¢ 6osee
CJI0ZKHOM 3BpUCTHYECKON OMEHKOH Clyy.

B pabore |118] upemiozxen Jpyroit peryjisipu3arop KOrepeHTHOCTH:

R(q)) =T Z In Z Cuvsoutspvta

tel u,veEW

B KOTOPOM OIleHKa HapHOii cogeraemoctu TepMoB Cly,, = Ny, [PMI(u, v) > O] ompeJie/igeT-
Csl 9epe3 nomoueunylo 63aumnyio ungopmayuro (pointwise mutual information)
| D|Nuy
PMI(u,v) = In ———, 69
() N,N, (69)

rjie Ny, — 4YUCJIO JIOKYMEHTOB, B KOTOPBIX TE€PMbl U,V XOTsd Obl OJUH Pa3 BCTPEYAIOTCS
psiiom (He nmasee, dem depe3 10 cioB), N, — YHCIO JOKYMEHTOB, B KOTODBIX TE€PM U
BCTpeYaeTcs XoTd Obl OJIMH pa3.

Taxum obpa3oM, eIMHBIH MOIX0/T K ONTUMHU3AIME KOTePEHTHOCTH IIOKA He BhIPabOTaH.
[IpejiaraeVblie KpUTEpUU MOXOXKHM HA MOJIe/IM OUTEPMOB M ceTu CJIoB. Bce onu dpopma-
JIU3YIOT ODIIYIO MJICI0, YTO €CJIU CJIOBA 4YacTO COBMECTHO BCTPEYAIOTCd, TO OHU UMEIOT
CXOXKYI0 TeMaTHuKY.

Mopenn BeKTOpPHbLIX MPeACTaB/IEHUI CJ/IOB CTaBAT B COOTBETCTBHE KAaryKIOMY CJIO-
BY W BEKTOP V,, (bUKCcHpoBaHHOi pazMepHocTH. OCHOBHOE TpeOOBAHKE K 3TOMY OTOOpazKe-
HUIO — YTOOBI OJIM3KUM IO CMBICJIY CJIOBAM COOTBETCTBOBaJIM OJin3Kue BeKTOpbI. Cortac-
HO ducmpubymusnol eunomese (distributional hypothesis) cmbici ciioBa onpejessiercs
pACIpeieIeHneM CJIOB, B OKPY’KEHUH KOTOPbIX OHO Berpedaercst [66]. Ciosa, Berpedaro-
muyecd B CXOXKHUX KOHTEKCTaX, MMEIOT CXOXKYI0 CeMaHTHKY MU, COOTBETCTBEHHO, J1OJI2KHbI
nMeTh Gu3Kue BeKTopbl. s dopmanusanuu sroro npunnuna B [108, 109] nperaraer-
csd HECKOJIBKO BEPOSATHOCTHBIX MOJIesiell, Bce OHU peajin30BaHbl B IporpaMme word2vec.
B gacraocTH, MOesb skip-gram mpejicKa3bpiBaeT MOABICHUE CJI0BA W B KOHTEKCTE CJI0BA U,
TO eCTb Ipu yCJIOBUHU, YTO CJIOBO U HAXOAUTCA PAAOM:

exp (M, Vu)
>0 XD (Vo V)

e (Vy, Vy) = Y, VwtVur — CKAJIAPHOE HPOM3BEIEHIE BEKTOPOB. B omindne or Temarmde-
CKUX MOjIeJieil, HOPMUPOBKA BEPOSATHOCTEN ITPOU3BOJIUTC HEJIMHEHHBIM 1TPe00pa30BaHueM
SoftMax, a camu BeKTOpHBIE IIPEJICTAB/ICHUSI CJIOB HE HOPMUPYIOTCS.

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

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

Z Nyw I p(w |u) — max.
u,weW {vw}
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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.

IIocTanoBka 3a/1aum o4eHb IoX0XKa Ha TeMaTndeckue Mojaean BTM u WNTM. Monenn
ceMeilicTBa word2vec u JApyrue MOJEJU BEKTOPHBIX IIPEACTABJICHUNA CJI0B TaKZKe ABJIAIOT-
cst MaTpuaHbIME padsiokenusMu |92, 130, 98]. [iaBHoe oTymyme 3aK/II09aeTCs B TOM, YTO
B 9TUX BEKTOPHBIX IIPEJICTABICHUAX KOOPANHATHI HE HHTEPIPETUPYEMbI, He HOPMUAPOBAHBI
U He pa3pekeHbl, TOr/a KaK B TEMAaTUIECKUX MOJIEIIX CJI0BAM COOTBETCTBYIOT Pa3pezKeH-
Hble IUCKpeTHbIe pactupeeenus teM p(t|w). C apyroii cTOPOHbI, TEMATHIECKHE MOJIEIN
N3HAYAIbHO HE IpeIHA3HAYAJINCh JIJI OIIpeJie/IeHIs CeMaHTUIeCKOil OJIM30CTH CJIOB, II0-
TOMY JIeJIAI0T OHHU 9TO ILJIOXO.

B [133] npeioxken crocod mocTpoeHust MeMAMUMECKUT 6EKMOPHOLET NPeICnasAerul
caos (probabilistic word embedding, PWE) 1o nceBno-kosiekiuu JOKyMEHTOB, aHAJI0-
ruunbiii Mogenssm BTM u WNTM. B 3amauax cemMaHTHUecKoil OJIM30CTH CJIOB OHU KOH-
KypPHUPYIOT ¢ MOJEIIMH Word2vec U CYIIECTBEHHO ITPEBOCXOJAT OOBIYHBIE TeMaTHIEeCKHe
Mmogiesin. [Ipu 9TOM Temarnyeckue BEKTOPHbIE IIPeJICTaAB/IEHUS SABJISIOTCH UHTEPUPETUPY-
eMbIMU M pa3pezkeHHbIMU. VICI0Jib3yst KPOCC-9HTPOIUNHBIE PEryJsipu3aTopbl, Pa3pezKeH-
HOCTb BEKTOPOB yaaérca noBoaurh 10 93% 6e3 norepu kauecrsa. Ha puc. 22 nokasambl
HpPUMEPBI PellleHus 3a/1a9l aCCOIUAIMi CJIOB C IIOMOIIBIO MOJIe/Ieil, MOCTPOECHHBIX 0 aH-
[JIOA3bI9HON Bukuie .

KosmmuecrBennbie onenku mnokasbiaior, ¥ro PWE pemraer 3aja4u acconpanuu CJaoB
HAMHOI'O JIydiie 00bIaHo# TeMaTudeckoit mojesn LDA, HO He cToJIb yeemno KOHKy pupyer
C JIydIIuM Moje/isiM ceMmeiicTBa word2vec, Kak B 3ajadax CeMaHTHIeCKO#l OJIM30CTH.

B 3agaue cemanTuueckoit 6sim3octu 1oKyMenToB PWE yBepeHHo onepekaioT BeKTOp-
ayto mozaenb DBOW [50], cienmasibao pa3paboTaHHYIO [JIsl TOUCKA CEMAHTHIECKH OJIu3-
KUX JOKYMEHTOB.

Kpowme toro, ARTM mno3Bosisier 0000muTh TeMaTudeCKue MOJIE/IH JUCTPUOYTUBHON
CeMaHTUKHU JIJId MYJbTUMOJAJIbHbIX KOJIJIEKIIUA [133]. Wcnosb3yst jlaHHubie O MapHO# co-
YeTaeMOCTH TEPMOB PA3JIMIHBIX MOJAJHHOCTEH, BOBMOXKHO CTPOUTb MHTEPIPETUPYEMbIe
TeMaTU4IeCKue BeKTOPHBIE IPEeJICTaBIeHUs /I BceX MojabHocTell. B To ke Bpems, npu-
BJICUEHHE JIOMOJTHUTETbHON MHMOPMAIMU O JIPYTUX MOJAJIbHOCTAX IOBBIIIAET KAYeCTBO
pelenus 3a/ia4u OJIM30CTH CJIOB.

15 MogennpoBaHne CBA3HOro TekcTa

['umtore3a «MemIka CJIOB» W MPENOJOKEHNe O CTATUCTHIECKON HEe3aBHCHMOCTH COCE/I-
HUX CJIOB IPUBOJAT K CJMIIKOM 4YaCTOW XaOTHUYHON CMeHe TeMAaTUKH MeKJLy COCeIHUMU
cjaoBamu. Ecjin npoc/ie/inThb, K KAKUM T€MaM OTHOCSTCS HOCJIe/I0BATE/IbHbIE CJI0BA B TEK-
CTe, TO COYETAHUs TEeM BHYTPU KaXKJOT'O MPeJIOZKeHNs MOIYT HOKA3aThCsd He HACTOJIBKO
XOPOIIIO NHTEPIIPETUPYEMBIMU, KaK PAHKUPOBAHHbBIE CIIUCKHU YaCThIX CJIOB B KaXKJI0l TeMe.

TemaTudeckue MO/ CEIMEHTAIIM OCHOBAHBLI Ha 0o0Jiee peaJTUCTUIHBIX T'HIOTE3aX
0 CBsI3HOCTH TeKcTa. Kazkjjoe 1pe/jiozKenne, Kak 1PaBuio, OTHOCUTCH K OJHOW—JIBYM Te-
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Mam. Clemyroniee MpeiokeHne, Kak IIPABU/IO, HPOMAOJIZKAET TEMATHKY PEIblLYIIEro.
CmeHa TeMbl PEJIKO IMPOMCXOAUT MEXKJLY HPEIIOKEHUAME, 9acTO MEXKLy a0d3alaMu, eiré
qale — MeXK/Iy CeKIUIMU JOKyMeHTa. KazKkaoe npeiozKeHne MOXKHO CIATATh «MEIIKOM
TepMOB». /IOKYMEHT MOXKHO CUUTATb «MEIIKOM IPe/IJIOKEHHIT».

BoJiee akkyparHbIe 0IX0/bI CBA3AHBI C IIOJTHBIM OTKAa30M OT THIIOTE3bI «MEIIKa, CJIOBY.
Temarnueckue BekTopbl p(t|d, w;) crpodTes JUis KaxKI0# CJIOBOIO3UIMU i C YIETOM JIO-
KaJIbHOT'O KOHTEKCTa JOKYMeHTa d B OKPECTHOCTH TepMa w;. DTa Uesi JOIYCKAeT pPas-
HOOOpa3uble peanu3arnuu. CHadaa Mbl paCCMOTPUM MeXaHH3M peryidpusanuu E-mara,
KOI/Ia KPUTEPUH PEeryJisipu3aniui BO3/IeHCTBYIOT HEIIOCPEJICTBEHHO Ha BeKTOpHI p(t |d, w;).
3areM paccMOTPHUM AJTOPUTM, KOTOPBIH BBHIUUC/ISET TeMATHIECKA BEKTOP JOKyMeHTa Oy
o marpuie O 3a ojHy niim jBe urepanuu. B mporecce BoraucaeHus GpOpMUPYIOTCsS BEKTO-
Pbl, OIIUCHIBAIOIIME TEMATUKY JIEBOT'O U IIPABOI'0 KOHTEKCTA /I KarK/ 10N CJIOBOIO3UIUN 1.

TemaTtunueckas mogennb npegnoxxeHui. Jlomycrum, 910 KazxKiblii JOKyMeHT d pa3dout
HA MHOYKECTBO CEIMEHTOB Sg. DTO MOI'YT ObITh HPeJIOKeHusi, ad3aIbl U hpasv, — CUH-
TaKCUIECKH KOPPEKTHBIE YacTu mpe/ioxkenuit. OO03HaAYNM 4depe3 ng JJIHHY CerMeHTa S,
Yepe3 Mg, — UUCTIO0 BXOXKICHHUN CJI0BA W B CEIMEHT .

[IpeammooKuM, 9TO BCE CJI0BA CEIMEHTA OTHOCATCS K OJTHOI TeMe 1 3anuiineM (DYHKITHIO
BEPOSITHOCTU CerMeHTa S € Sy 4epe3 napaMerTpbl TeMATHIECKON MOJECTH Oy, Big:

p(s|d) = Zpt|d pr|t"5w—29tdngpmw.

teT WES teT WES

Bynewm cunTtarh KazKaplii JOKYyMEHT «MeIIKOM cerMeHTOB». Torja dyHKIS BepOSITHO-
ctu BbIOOpKM Oyjier paBHa Lpou3BejieHuio (PyHKIUH BeposdTHOCTH cermeHToB. [loctaBum
3a/la4y MaKCUMU3aluu cyMMbl log-1ipaB;io1o100us u peryJisipusaropa R

Z Z In Z 014 H ons + R(P,0) — max, (70)

deD seSy teT wWES

npu 00BIYHBIX orpanunvenusx (14). B gacrHoM ciydae, Korja KayKjblii CEPMEHT COCTOUT
TOJIBKO U3 OJHOTO CJIOBA, JaHHad 3a7ada mepexoautr B (15). Bamernm rtakzke, 4To 3a71a4a
(70) siBisiercsi 4ACTHBIM CJIydaeM [OCTPOCHUsI TeMaTH4ecKoit Mojesu runeprpada (51),
B KOTOPOM BEPIIUHBI SBJIAIOTCA CJIOBAMU, & PEOpa — HPEI0KEHUSIMHU.

Teopema 15.1. [lycre ¢yukuus R(P,0) wneupepbiBao ugpdepennupyema. Touka
(®, ©) Jsrokanproro sxcrpemyma 3agaqn (70), (14) yaosaerBopsier cucreme ypaBHeHHil co
BCIIOMOTATeTbHBIMH MEPEMEHHBIMHE Pygs = p(t|d, s), eciim u3 perennst HCKJIFOYATD HYJIEBbIe
crostomer marpui P, O:

Drds = norm(ﬁtd [T &ls);

WES
OR
Put = MO Nt + Pury—— | Nur = Y Y [w € 5] pras;
W Pt deD seS,
S d
OR
Og = norm{ n + 0 ; Ng = s
td 2 td td A, D01y td Sezszdptd
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AnasioruanpiM 00pa30M 3ajada CraBUTCs i MoJean npejyioxkennii senLDA [29] u
JUtst MoJiesin Koporkux coobmenunit Twitter-LDA [195]. B oboux ciydasx peryssipusa-
TOPOM SBJILIOTCA allpHOpHBIe pacupenenenns dupuxie. B momenn Twitter-LDA B posn
JIOKYMEHTOB BBLICTYIIAIOT aBTOPBI, B POJIK CEIMEHTOB — COOOIIEHHS JTAHHOI'O aBTOPA.

Mmneprpacdosbie mogenun cesizHoro Ttekcra. Temarudeckast Mojenb runeprpada (51)
u3 pazzena 10 MoxkeT ObITh HEITOCPEJICTBEHHO IMPUMEHEHA, JIjIsI MOCTPOeHUs TeMAaTUIeCKO
Moyiesin 1ipejiokenuit. Pedbpom rutieprpada MozKHO onucarh Kak Hpe/JI0zKeHne, TaK U JIo-
60e MOJIMHOXKECTBO TEPMOB, CBSI3aHHBIX JIPYT C JIPYTOM 10 CMBICJIY U HOPOZKIAEMbIX OJIHO
00111ell TeMOIA.

Eciu Tekcr mpeaBapureibHO 00pabOTaH CUHIMAKCUYECKUM NAPcepom, TO B Kade-
cTBe pébep MOXKHO GpaTh BETKH WJIH HOIJIEPEBbsl CHHTAKCUIECKOTO JepeBa (cumnmazmot),
B YAaCTHOCTHU, UMEHHBLE 2PYNNb, — TPAMMATUICCKH KOPPEKTHBIE CJIOBOCOYETAHUS, B KO-
TOPBIX IVIABHBIM CJIOBOM sIBJISIETCs CyliecTBUTEIbHOE. CHHTAKCUIECKHE CBSI3U MO3BOJIAIOT
YCTAHABJIMBATD CEMAHMUYECKUE POAYU CAO8 U BBIIEJIATH (PAKMb, B BUJAE TPOEK «OOBEKT,
cyObeKT, JIeicTBHE», KOTOPbIE MOYKHO CUMTATh TEMATUIECKU OJJHOPOJIHBIMU U OITMCHIBATD
pébpamu runeprpada.

MozKHO HCII0JIB30BaTh BHEIIHHUE JIMHIBUCTHIECKHE PECYPChI — 1Me3aypycvl WIH OHMO-
aoeuu, Takue Kak WordNet, PyTes, Buku-CiioBapb u apyrue. OHu 1103BOJISIIOT HaXOJIUTh
1apbl TEPMUHOB, C BbICOKON BEPOSITHOCTBHIO CBdA3aHHBbIE TeMaTU4decku, Jiubo Boobiie 060-
3HAYAIONINE B TEKCTE OJUH M TOT K€ 00BEKT. DTO MOIYT OBITH Hapbl CUHOHUMOS, AP
eunorum—zuneporum (4acTHOe—001Iee), APl MepoHUM—ToAoHuM (dacTb—1iesnoe). TepMu-
HbI, CBA3aHHbIE T€3ayPYCHBIMU OTHOIIEHUSIMH, MOXKHO OObeIUHATH pedpoM rumeprpada,
KOI/Ia, OHU HAXOJATCS B OJJHOM IPE/JIOKEHUHU WM B COCEIHUX MPE/JIOZKEHUSIX.

luneprpacdoBast Moje/ib HEe HAK/IAIBIBACT HUKAKUX OIPAHUYCHUIl HA MHOIOKPATHOE
BXOXK/ICHHE OJIHOI'O U TOTO K€ CJI0Ba B pasuble pédpa runeprpada. 1o 1aéT BO3MOKHOCTH
VUIUTBIBATH Pa3Hble THIILI CBA3€fl MEXKJIy CIOBAMHU, OIUCHIBas UX PA3/JTUIHBIMU THIIAMH
pébep B runeprpade. Hanpumep, MoKHO B euHOil rumneprpadoBoil MOJIE/JH YINTHIBATD
OJIHOBPEMEHHO IIPeJI0OKeHusi, (PaKThl, CAHTAKCUYIECKUE U Te3ayPyCHbIE CBSI3H.

TemaTtuyeckas mogenb cermedHtaymn. Tenepb paccmorpum 6osiee CIOKHBIN CIydaii,
KOIJIa TEKCT COCTOUT U3 LPEJJIOZKeHuit, u Tpedyercsd oObeJIMHUTh UX B OOJiee KPyIIHbIE
TeMATUIECKUE CEIMEHTDI, I'PAHUIIBI KOTOPBIX 3apaHee He OIPeJie/IeHbI.

Memod TopicTiling [140] ocuoBan nHa mnocr-obpaborke pacupenesnenuii p(t|d,w;),
1=1,...,ng, MOTyIaeMbIX KAKOI-TH00 TeMATHIECKO Momenbio, HampuMep, LDA. Ompe-
JIeJTAM TEeMATHKY NpPEeIOKeHHsd S Kak cpeaionn teMatuky p(t|d,w) Beex ero cios’.
[Tocunraem KOCHHYCHYIO OJIM30CTH TEMATHKHU JIJIsi BCEX I[ap COCEIHUX MPE/TOKEHUI.
YewMm rry0zxe JIOKAJIbHBIH MUHUMYM OJIM30CTH, TEM BBIIIE YBEPEHHOCTH, YTO MEXKJLy JTaHHOM
Hapoil npejiozKenuii npoxout rpauuia cermentTos. Meroj TopicTiling ucnosib3yer nadop
9BPHUCTHUK JIJI MO00pa YHCJIa MPeJJIOKeHUI c/ieBa U CIIpaBa OT JIOKAJbHOIO MUHHMYMa
OJIM30CTH, OIPE/IC/IEHAS YHCIa CeIMEHTOB, IMOA00pa YHC/Ia TeM H YHC/Ia UTepaluii, HIHO-
pUpOBaHUsl CTON-CJIOB, (DOHOBBIX TEM M KOPOTKHX IIPe/JIOKeHuil. AKKypaTHas HACTPOiKa
IAPAMETPOB 9THX IBPUCTUK HO3BOJISIET JOCTUYb BBICOKOIO KadecTBa cermentaruu [140].

6Tounee, B [140] npeTaranocs 1 Kax/I0ro CJ0Ba BHIOMpaTh Haubosee BeposTHyIo Temy. Oba Bapu-
aHTa UMEIOT MpaBo Ha, cylnecTBoBanue. Kakoit u3 HUX JIydine, MOKa HE HCCIET0BAHO.

80



TopicTiling He sBJjisieTcst MOJIHONEHHO TEMATUYECKON MOJIEJIBIO CEerMEHTAIuU TeKCTa,
IHOCKOJIbKY 1IOCT-00pabOTKa HUKAK He BJIMSeT Ha caMu TeMbl. dT0ObI HAUTH TeMbl, HaubO-
Jiee BBITO/IHBIE JIJIS CeIMEeHTAIluu, TpeOyeTcs CIeUaJbHbIi Peryaspu3aTop.

Perynapusatop E-wara. /lo cux nop juig dpopmainsanuu JIONOJIHUTE/ILHBIX TpeboBa-
HUIl K TeMaTHYeCKOl MOJIe/ T Mbl KOHCTPYUPOBAJIUA KPUTEPUU PEryJIdpH3allud KaK (DyHK-
A OT MAapaMeTPOB .; U O;y. UTOOBI yUNTHIBATH HOPSIOK CIOB BHYTPH JIOKYMEHTOB,
ropas/io yji00Hee HaK/1a/blBaTh OIPDAHUYEHUsI HA PACHPEJEIeHUs Py = p(t|d, w), xoro-
pbie BBIYHC/IAIOTC Ha, E-1rare jyisi KazKJioro cjoBa B KazkJioM JoKyMenrte. TpeboBanuem
pery/isipu3aTopa MOZKET ObITh, HAIIPUMED, PA3PEKEHHOCTh TeMATUKH IIPE/JIOZKEHUI, CXO/1-
CTBO TeMAaTHKHU TEPMOB BHYTPH KarKJIOI'O IPEITOKEHUSA WM B COCETHUX IPETOKEHUIX.

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

Byaewm npejiiosarars, 4ro R saBjsgercs JOCTaTOYHO IVIaJIKOM (yHKIMe BceX 1epeMeH-
HBIX Didw, Pwt U Big. Kpome Toro, ciaemaem ecrecTBeHHOE JOMYINEHHE, YTO €CJIH CJIOBA W
HeT B JIoKyMeHTe d, To (pyHknusg R He 3aBUCUT OT MIEPEMEHHOU Py, .

Cornacuo ypasaenuio (16), marpuna I1 ssiaserca dynknueit or & u ©. [Tosromy K pe-
rynapusaropy R(®,0) = R(II(®,0), ®, 0) npumennma Teopema 4.1. Oxmako cucremy
ypaBHEHUH y100HO 3alNCHIBATL Yepe3 YaCTHbIE IPOM3BOAHbIE Peryisipusaropa R, a ne R.

Paccemorpum 3ajiauy MakcuMusaluu peryssipu3oBaHioro log-mpasioiono0us

Y nawln Y puba+ RII®,0),$,0) — max, (71)

$,0
deD wed teT

DU OIPAHUYEHUSIX HEOTPUIATEHLHOCTH U HOpMUPOBKH (14).

Teopema 15.2. Ilycrs pyuknus R(11, &, ©) neupepbiBHO qupdepernupyema u He 3aBu-
CHT OT HePEMEHHBIX Dy, IpH W ¢ d. Torma rouka (P, ©) J0KATBHOrO IKCTpEMyMa 331290
(71), (14) ymoBierBopsier cucreMe ypaBHEHHI €O BCIHOMOTATeJTbHBIMU TEPEMEHHBIMH Digy,
H Dy, €CJH U3 PEIICHHs HCKJIIOYHTH HyJeBble cTojioup marpun ®, O:

Praw = 10T (PurBa); (72)
_ 1 OR
Ptdw = Ptdw (1 + — <8ptdw ;pzdw Do i )) (73)
OR
Pt = 10IM < > NawPraw + Pur &Om) (74)
deD
_ OR
O = H%T%ﬂ < wze;i NawPtdw + th%) . (75)
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Hoxka3arenabcrBo. Haiijiém yacrubie pousBojiubie HYHKIUE P,qy, (P, O) = 7{ ﬁefgtd
t w
Jtst sirobbix t, 2z € T

8pzdw 0 ( przezd ) _

Pt 8Q0wt - P aSowt Zu prueud
z=t 9 wu‘gu - ‘9 wz‘gz
= Puwt [ ] i %:Zu ()OQO dd>2 (¥ d = Ptdw [Z:t] — PtdwPzdw; (76)
9 dapzdw o ‘9 4 8 ( przezd ) _
! 89015(1 ! aetd Z pru ud

[Z _t] Pt Z Sowu ud — Sowtsowzezd
=0 = =p wZ:t — PtdwPzdw; 77
td 5 Sunbu)? tdw| 2 =1t] — DidwPzd (77)

BameTnm, 4TO pesy/ibTUpyoue Bhipaxkenus (76) u (77) cosuajgaior.
[Ipomuddepenmupyem cynepnosunuio R(P®,0) = R(II(P,0), ®,O), yuursiBas, 9To
0P [ Opuwe = 0 ipu w # W', OPrgrw/001qg = 0 ipu d # d'; OR/Opian, = 0 upu w & d:

OR  OR OR  Op.auw OR Op.dw
= + = ; 78
890101& 890101& 2dw! 8pzdw’ 890101& a9011115 dGZD ; apzdw a9011115 ( )
OR  OR OR O OR Op.aw
= 4 . 79
00 004 ZZ Opzarw 0044 89td %; Opzdw 0044 (79)

Bocnonpzosasumcs (76) u (77), HOIyduM JBa TOXKIECTBA:

Spwtz OR apzdw

= w Z:t — DPzdw) = w ws
OR apzdw Z 8pzdwptd ([ ] DPza ) DPtd Qtd
th z€T
T apzdw 89f,d
OR OR
IJle BBEJIEHA BCIIOMOTATe/IbHAdA epeMeHHass Qg = ——— — Z Do
8ptdw ZET 8 Zd’u)

[TojcraBuM 1Oy 9€HHOE BBIDAKEHUE DigyQiay B UPABYIO dacThb (78), JOMHOKEHHYIO
Ha (¢, U B IPaBYIo 4acTh (79), TOMHOXKEHHYIO Ha O;y. 3aTeM MOJCTABUM YACTHBIE POU3-
BosiHBIE peryiasgpu3aropa R(P,O) B cucremy ypaBHeHuil u3 reopemsl 4.1:

tdw — NOTIN 01d);
Puaw = mOIT (@utbra);

OR
Pwt = norm ( Z N Ptdw + Z QtawPtdw + Puwt 77— P ) ) (80)
deD deD Put
Oia = norin ( Z NewPtdw + Z QrawPiaw + Oram,— R ) (81)
wed wed 00ra

BoijiesieHuie BCOMOraTe IbHON MePeMeHHOI Digyy, COMIACHO (73) MO3BOJISIET IIEPEncaTh
ypasrenus (80)—(81) B Tpebyemom Bue (74)—(75).
Teopema nmokazana.
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Takum obpaszom, B EM-ajiropurMe st Kazk0ro J0KyMeHTa d CHadaJ/1a BbIIHCIISTIOTCS
BCIIOMOTI'aTe/IbHbIE IIEPEMEHHBIE Pygy,, 32TEM OHU IPEOOPA3YIOTCS B HOBbIE IEPEMEHHDIE Dy,
KOTOpbIe MOACTABIAITCA B hopmymnsr M-mara (17)—(18) BMeCTO pigy. Takoii crocob BbI-
JUCIeHnil OyaeM Ha3bIBaTh pezyaapusayuelt F-waea wim nocm-obpabomkot E-waza.

3amMeTuM, 9TO MepeMeHHbIe Pyg,, MOTYT IPUHAMATD OTPHUIATETbHbIE 3HAUEHNS, [TIOITOMY
B 00I1IeM cJiydae OHU He 00pa3yloT BEPOsITHOCTHBIX paciipejesenuii. Tem He menee, jijis
HUX BBILIOJIHEHO YCJIOBHE HOPMHUDPOBKH Y, Praw = 1.

Paspexusanue pacnpegenenuii p(t|d,w). Ilorpedyem, 4T0Obl KazKblii TEPM B JJOKY-
MEHTE OTHOCHJICA K HeGOJIBIIOMY 4HCIy TeM. [l 9Toro OyaeM paspeKuBaTh PacIpejie-
jenus p(t|d, w), makcumusupys ux KL-juBepreniuu ¢ paBHOMEPHBIM PACIPE/Ie/IeHUeM:

KL(|—C1” | p(t|d, w)) — max.

CyMMupys 110 BCEM TepMaM BCEX JOKYMEHTOB, HOJIYYUM Peryjispu3arop:
T
R(IT) = —m Z anw Zlnptdw — max.
deD wed teT

[ToacTaBuM MIPOU3BOTHYIO

OR(II) 7 ngy

apzdw B |T|pzdw
B dopmyny (73):
ﬁtdw = Ptdw — T(% - ptdw) .

Taxum 00pa30M, €C/IM JJIsi HEKOTOPOI TeMbI Pygy < ﬁ, TO Ha CJaeaylomeil nrepanuu
BEPOATHOCTD Pygyy JJIA JAHHOTO TEPMa W CTaHET emeé MeHbime. TemaTwmka TepMa OyaeT
IIOCTENEeHHO KOHIEHTPUPOBATHCA B HEOOJIBIIOM YHC/IE TEM.

Emg ogua uaTepupeTanyus Toro Perysapu3aropa CaeayerT U3 BO3MOKHOCTH 3aIUCATH
pery/spusanuio E-nrara skBuBajeHTHBIM 00pa3om depe3 dopmysisl M-mara (80)—(81):

1 Tt
wt = NOTM | Ny — TNy | — — — | |
Put weW ! |T‘ Ny
1 Nd
0y = norm| ny — ™| — — — | |.
teT |T‘ Ng

Ecjin Hepery/isipu3oBaHHble YaCTOTHbIE OIEHKU YCJIOBHBIX BeposTHOCTel p(t|w) =

Nwt
Nw

n

p(t]d) = Z—j CTAHOBATCA MEHBIIIE BEPOATHOCTH PABHOMEPHOI'O PACIIPE/IETCHA ﬁ, TO IIPO-
HCXOJIUT Pa3pe:KUBaHue PACIPEIeNeHHN (0, U O;q; ¢ ATepaluaMi UX 3HAYCHHA YMEHbIIA-
I0TCS U MOT'YT 00pamarhcs B HyJb. Takum 06pa3oM, IPOUCXOAUT CONIACOBAHHOE PA3PerKH-

Banue marpuit $ u O, nox yupassienuem oHOT0 001er0 KO3 hunuenTa pery/isipu3aium 7.

Pa3pexuBatouwunii perynsapusatop E-wara gna cermedtaynn. llpumenum peryJisi-
PHU3aIUIO E-mrara AJid IIOCTPOCHUA TeMaTH4IeCKOM MOJeJI CEerMeHTHPOBAaHHOI'O TEKCTA.
CeFMeHTaMI/I MOI'yT OBITD a633H‘bI, npeajaozKeHnd nJjanu CHUHTaKCHYEeCKH CBA3aHHbIEe 9aCTH
HPEJIOKEHNI, HaliIeHHbIe ¢ IOMOIIBIO CHHTAKCHIECKOIro aHaan3aropa. O003HAUYNM depes
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Sy MHO>KECTBO CEI'MEHTOB, Ha, KOTOPbIE pa30uT JOKYMEHT d, 4epes3 N, — JJIMHY CEIMEHTa, S,
Yepe3 Mgy, — YMCJI0 BXOXKJIEHUHW TepMa W B CEIMEHT §.
OnpenenM TeMATHKY CeIMeHTa S € Sy KaK CpeIHIOI TeMATHKY BCEX ero TepMOB:

1
Pras = p(t]d5) = > plt|d,w) p(w]s) = — > nwpraw-
wes s WES

Y10o0BI KazK/IpIil CerMEeHT OTHOCHJICS K HeOOJIbIIOMY YHCJIY TeM, OyaeM MUHUMU3HPOBATDH
KPOCC-9HTPOIHIO MezK/y pacupesenenusyvu p(t|d,s) 1 paBHOMEPHBIM DACIIPE/IeeHIeM,
4YTO LPUBEJET HAC K paspexKuBaloniemMy peryjispusaropy E-mara:

R(H> =T Z Z Z In Z N swPtdw- (82)

deD seS, teT wWES
Omyckasi pyTHHHBIE BBIKJIQIKI, IPUBEIEM Pe3yJabTar mojcTanoBku (82) B (73):

~ T Nsw 1 Pzdw
Ptdw = Ptdw 1— (—— ))
' ' ( Ng Z % Dtds ZEZT Dzds

w SESy

Xots popMy/Ia BBIVISIAT TPOMO3IKOM, 3(DDEKT NpUMeHeHUsl Peryidpu3aTopa HOHATD
He TpyAHO. Ecan BepoaTHOCTD Pigs TEMBI B CEIMEHTe OKaryKeTCd MeHbIe HEKOTOPOTO TO-
pora, TO BEPOATHOCTH Pygy, OY/LYT YMEHBIIATHCS JIJIS BCEX TEPMOB W JAHHOI'O CEIMEHTA.
B urore remarnka KarkJ0ro cerMeHTa CKOHIEHTPUPYETCs B HEOOJIbIIOM YHUCJIe TEM.

B pesyisibrare paspexkuBaHusi TeMaTUKA COCEJHUX CEI'MEHTOB MOYKET OKa3aTbCs 0J113-
KOil, ¥ UX MOXKHO OyJeT OObeJMHUTH B OJUH TeMmMaTudeckKuii cermeHT. Hazosém Temy ¢
¢ MakcuMaJbHBIM 3HadenueM p(t|d, s) domunupyrowets memoti cermenta s JOKyMeHTa d.
Eciim tema jioMuHHUpYyeT B COCEJHUX CEerMeHTaxX, TO OHa OyJ/eT JOMUHUPYIOHIEH U B UX
obbeuHennu. Ecim oObe InHUTh 10C/Ie/10BaTe/IbHbIE CEIMEHThI C OJIMHAKOBOM JIOMUHUPY-
oieit remoit B ojiuH OoJiee KPYIHBIN CEIMEHT, TO JIAHHAS TEeMa TaKyKe OCTaHeTCsd B HEM
JIOMHHHUPYIOIIEH. DTO MpOocTas arioMepaTUBHAs CTPATErds TeMAaTUIEeCKOW CerMeHTAIlHH.
B ormane ot TopicTiling, y Heé HeT 9BpUCTHYECKHUX IapaMeTpPoOB, KOTOPbIE HAJI0 HACTpa-
UBaTh, X OHA IIOYTH HE YBEJMIUBAET BpeMs IOCT-00paboTku E-1mara.

dspuctuyeckas noct-obpaborka E-wara akBusanerntHa perynspusauyun. Corracho
dbopmyste (73), npoussosibHOMY riajromy peryasipuzaropy R(II, @, ©) ognosnadno coor-
BETCTBYET 1Pe0OPA30BAHUE Digy — Didw- BEPHO U 0OpaTHOE: COBEPHIUB 1peobpa3oBaHue
Dtdw — Dtdw € TMOMOIIBIO HEKOTOPOI'O IBPUCTHUYECKOIO AJTOPUTMA, MOXKHO YKa3aTh Pery-
asgpuzarop R(IT), KoToperit mpuBér 66l K TAKOMY K€ Pe3yJIbTary.

Teopema 15.3. Ecuu Ha k-ii urepamun EM-amaropurma st kaxaoro (d,w): ng, > 0
B opmyrax M-mara mecto pektopa (pf,, )ier moiacrasuth apyroit sexktop (pr, )ier,
YOBJIETBODSIIONIHE YCJIOBHIO HODMHDOBKH Y, Py =1, TO 3T0 SKBHBAJCHTHO NpPHMEHE-
HHUIO PeryJIsspU3aTopa CLIazKHBaAHUA—DA3PEsKUBAHUS

R(Il) = Z Z N Z(ﬁfdw - pfdw) In praus- (83)

deD wed teT
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HokazarenscrBo. Sanumem (73) kak cucremy auddepeHnnaibHbiX ypaBHEHHH OT-
HOCHUTE/IbHO (DYHKIMU [ U BbIJIEJIUM B KaZKJIOM YPABHEHUU [IEPEMEHHbBIE Tigy,:

OR K k
ptdw ptdw szdw = Ndw (ptdw - ptdw)’ teT.
ap dw ZET 8 Pzdw

Ttdw Tzdw

Huist kazioro (d, w) Takoro, 4ro ng, > 0, 910 cucrema |T'| JiuHeHBIX ypaBHEHUTT OTHOCH-
TesibHO |T'| IepeMeHHBIX gy, t € T. CyMMa Bcex ypaBHEHHi paBHA HYJIIO, CJIeI0BATEIbHO,
CHCTeMa, ABJIeTCA HeJOOIPeIeICHHON 1 NMeeT DeCKOHeYHOe MHOXKECTBO pemenuii. Ilepe-
LMIIEeM 3Ty CUCTEMY B CJIelyIOLeM BUIe:

~k k k
Tidw = Ndw (ptdw - ptdw) + DPiaw Z T zdw, tel.
zeT

Bektop ZTigw = Naw(Pryy — Phw)s t € T ABISETCS HENOABUAKHON TOYKO[l U pelleHH-
eM ITON CUCTEeMbI, HHOCKOJIbKY JIJIS HEero ZzeT Zraw = 0. B34B 910 penrenne (uiau Jsiioboe
Jpyroe), moiaydum cucremy JuddepeHnuaibibiX ypaBHEHHH B 9ACTHBIX [TPOU3BOIHBIX
orrocureabuo dyukinun R(I1):

Ok _ v geD wed teT.

ap tdw Ptdw

DTa CHUCTEMAa IOJHOCTHIO JTEKOMIIO3UPYETCA IO IMEPEMEHHBIM Pig,,. E€ pelrenneM mpu 3a-
JaHHbIX d, w,t aeasgorcs dyaknun Buga R(I1) = 2y, Inpia, + C, tie C He 3aBucHT 0T
IIEPEMEHHON Pygy,. CitesioBaresibuo, obuiee pemenue R(I1) npejacraBumo B Buje cymMbl

= Z Z Z Ttdw 1nptdw>

deD wed teT

B KOTOPYIO MOYKHO MOJICTABUTH ITPOM3BOJBHOE DPEIIeHUe Tygy,, t € 1 CHCTeMbl JTUHEWHBIX
YPaBHEHUH, B TOM 4YHUCJIe U HAWJICEHHOE BBIIIE PElleHue HEIIOJABUZKHON TOYKMU.

Teopema JjiokazaHa.

OJ1vH U3 BO3MOXKHBIX BAPUAHTOB 9BPUCTUUECKOM MTOCT-00pabOTKH 3aKTI0YAETCSA B CIIa-
JKUBAHUH TeMATHIECKUX pacipejenenuil p(t|d, w;) coceTHUX CIOB € yIETOM TDAHHUIL IPe/I-
J0Kenuii B tokyMente d = (wy, . . ., Wy, ). COMIACHO TEOPUH THCKYPCa, BCIKOE BBICKA3BIBA-
HUE HA eCTEeCTBEHHOM $3bIKe $BJISIETCS COOOIIEHUEM O B3aUMOJIEHCTBUM HEKOTOPOIO CyOb-
eKTa ¢ HeKOTOPbIM 00bekToM [4]. Orcroga ciestyer, 9r0 KazK10e UpeiozKeHHe OTHOCHTCSE
IPEnMYTIECTBEHHO K OTHOIN WM JIBYM TeMaM.

Ha puc. 23 mokasanbl craun mocT-00paboTki MaTpuibl 11y = (paw) pasmepa T'xXng,
cooTBeTcTBYyIOMIEll bukcupoBanHomy JoKymMeHTy d. CHadaJia JIOKYMEHT CEKIMOHUPYeT-
Csl 1O TIPE/JIOKEHUSIM U B KAXKJOM IIPE/JIOZKEHUU OIPEJIe/ISIeTCs TJIaBHAS TeMa. 3aTeM
coceJIHUEe PEJJIOZKEHUs C OJIMHAKOBOM IVIABHOM TeMOU O0be/IMHAIOTCS B 00oJiee KPYIIHbIE
CEeIMEHTBI S, JijIsi KOTOPbIX OLpeJe/Isorcs pacupejenenus p(t|d, s).

OaHonpoxogHbii E-wiar ans ObicTpoii TemaTusaunm OKYMeHTOB. Boiuucienue re-
MaTUYeCKOro BekTopa JoKymenta 0y = (0iq)ier 8 EM-asiropurme tpebyer MHOIOKpPATHOIO
UTEPAIMOHHOIO IPOXOJa 110 BCeM TepMaM JIoKyMeHTa. B crarbe [11] npejygraraercst Bbi-
YUCIATD 04 3a OJMH MPOXO, IO ABHOI dopmyste, Kak GpyHKIUO oT MaTpuibl . Popmy-
na 6,4(P) urpaer posb peryiasgpusaropa, XoTs (GOPMAILHO ITO OpAHHYEHHe-PABEHCTBO,
a He OUTUMU3ALUUOHHBIA KPUTEPUN.
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123 ... g

IT|
| cexnmomumpoBaHue u paspexkmBaHHE |

|} crmaxwBamme m KOHTpAacTHpOBaHmE |

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.

JlaHHBIN TOAXOM UMeeT HeCKOJIbKO IMPEenMYIIecTB. TeMaTudecKas MOJETb HOJTYIaeTCs
bosiee ycToitunBoii Osiaromaps peryiasgpusaruu. BekTop 6y /s 000ro JOKyMeHTa IIpu
HEOOXOIMMOCTH MOYKeT OBITh BBIUUCIEH OBICTPO, 3a OJUH MPOXOJ MO JOKyMeHTY. Dak-
THYECKU, MaTpuna © HOJHOCTHIO MCKJIIOYAETCH W3 MOJE/H, 9TO MPUBOIUT K COKPAIIe-
HUIO PA3MEPHOCTU MOJIeJIM U yMEHbIIEHUIO 1epeodyuenusi. B Mojesisix ¢ iByMsi MaTpuiia-
MU HEJOCTATOYHOE KadyecTBO Marpuiibl ¢ Teopernyecku MoxKeT ObITh CKOMIIEHCUPOBAHO
UTEPAIIOHHBIM MIPOTECCOM ITIOJITOHKU KazKJI0ro crosibna 6, marpunsl O 1moa KOHKPEeTHBIi
JIOKyMeHT d. B ciiydae KOPOTKHX JOKYMEHTOB 3TO MOXKET MPHUBOIUTH K HEPeodydeHuIo.
Ecin ke © Boipazxkaercs depe3 ¢ HENOCPEJICTBEHHO, TaKas MOJAIOHKA CTAHOBUTCS HEBO3-
Mok HOit. Kpome toro, pasmep marpuiibl © JIMHEHHO 3aBUCUAT OT YUC/IA JIOKYMEHTOB B KOJI-
JIEKITH, TOT/IAa KaK Pa3Mep CJIoBapsl yBeJINInBaeTcs 10 CyOJInHeiTHOMY CTEIIeHHOMY 3aKOHY
Xurnca [57]. Pocr ciioBapst MozkeT ObITh OPPAHUYEH W MPUHYIAUTEIBHO, MyTEM 0TOpAChIBA-
HUS HaMeHee YacCTOTHBIX cJI0B. TakuM 0Opa3oM, YMeHbBIIAeTCS TeMIT POCTa PA3MEePHOCTH
MOJIEJIM [IPU PACHIUPEHUU KOJIJIEKIUH.

Dopmyiia 0q(P) Moxer ObITH 1HOJIYUEHA, HALPUMED, U3 TpeOOBaHUs, YTOObI TeMATH-
YeCKHil BEKTOP JIOKYMeHTa d COBIAJAJ C pe3ysbraroM mepBoit urepanun EM-agropurma

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

Naw Sowte?d
0,.(P) = E wDidw | = E = w wt ) 84
td( ) ntOErTm weWw b wed ng Zs wwsegd wed fed ntOGI'.Tm (SO t) ( )

LAE Pug = T2 = p(w|d) — wacrorHas OLEHKA YCJIOBHOI BEPOSATHOCTH T€PMa B JIOKYMEHTE.
Bouiee obmuit criocod ocHoBaH Ha (hopMyJie MOTHOI BEPOATHOCTH, IJie pacipeeaeHne

pr = p(t) monaraercs GUKCHPOBAHHBIM (BMECTO PABHOMEDHOTO PACIIPE/IEJIEHIS MOXKHO HC-

MOJIB30BAThL 6OJIee TOUHYIO ONEHKY py = “t u3 EM-anropurma):

0a(®) = 3 p(wld) p(tlw) = 3 puanorm (puip). (85)

wed wed

Pacemorpum cHadasa obmuii ciaydail GyHKIHOHATBHON 3aBUCHMOCTH Oy (P).

Teopema 15.4. Ilycre ¢yakmun 0yy(P) u R(P,0) menpepsiBHO uchdeperiupyemsr.
Torna rouka ® JokaspHOrO 3KCTPeMyma 3ajadu (15) ¢ orpanmaenusvu (14) n gonosr-
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HHUTE/IbHBIMH OIDaHUYeHusIMHU-paBeHcTBaMu Oy = 0,4(P) yuoBiersopsier cucreme ypapHe-
HHI CO BCHOMOIaTeJIbHBIMH [IEPEMEHHBIMH Digy, = P(t|d, w), nyg 1 Py, , ecan u3 pemmenus
HCKJTIOYHATH HYJIeBbIe CTOJI0MBI MaTpul; P, O:

Pe = 10T (Pus1ra); (86)
OR
= wPtdw + 0 87
Ng = wzalnd Dtdw + tdaetd (87)
’ Pwt Nsd a‘gsd

Praw = Ptd i Naw SEZT Hsd &Pwt ( )
OR

ut = 10IM <Z NdwPsgy + Pt = 95 ) (89)
wt

JokazareabcTBO. Bociojib3yeMcs HEOOXOJMMBIM YCJIOBUEM IKCTPEMYMa 3a/a4uu
(15) ¢ orpanuuenusimu (14), koropsie gaér reopema 4.2. @opmyna E-mara (19) cosua-
naet ¢ (86). Paccmorpum dbynkiuonas, Makcumusupyemblii #a M-mmare (20):

= 3 naupa (I ¢y + I b,4(®)) + R(P,0(2)) — max.

deD ueW seT

Banuiiem 9acTHbIE MPOU3BOAHBIE () IO MapaMeTpaM Q,,;, Bble/sis B (hopMy/Iax BbIpa-
KEHUST Ngq U Py, coracHo (87) u (88) coorBercrBeHHO:

Z N Ptdw + Z NguPsdu 75— Put aeSd Pwt Z Of 898d wta—R =

Pwt

890101& deD dsu esd a()Owt a‘gsd 890101& a9011115
w OR \ 00, OR
= Z Naw <ptdw SO : Z (Z NuPsdu + Hsd 90 ) p) d ) + Qowtﬁ— =
deD dw seT sd wed sd y Pt Pt
ned
Sowt Nsq 895d ) 0R
= Naw | Ptdw T Sow a3 -
c;) ( t Z Osa Opust taSOwt
ptdw

Orcroga u u3 jieMMbl 3.2 0 MAKCUMU3AIMUKE HA €MHUIHBIX CUMILIEKCAX ciepyer ¢hop-
mysaa M-mmara (89).

BameruMm, 9T0 sy B 3HAMEHATEIE HE MOYKET 00PAIAThCS B HYJIb, TOCKOJIbKY 1pu g = 0
nMeeM Pgq, = 0 I BCeX u, CJIeJOBATEbHO, COOTBETCTBYIOINIEE CIaraeMoe B CyMMe IO §
orcyrcTByer (paBHO HyJ0) B dyHKuuonase ) em@ 1o ero juddepenupoBanms.

Teopema jiokazana.

Takum obpazom, mojudukanus EM-ajropurma, kak u B ciydae HOCT-00pabOTKU

/
E-mara, cBoguTca K IpeoObpa30oBaHHUIO IEPEMEHHBIX Pigy B Djg,,, KOTOPBIE IOICTABSIOTCS
B 00b1unyI1o dopmyay M-mara jg marpunns P.

Tenepb Bepuémcs K gyacrHomy cirydaio (85). Hrobbl npumenurs K Hemy teopemy 15.4,

HaIIEM 4aCTHYIO ITPOU3BOJIHYIO:

a‘gsd 8 ( PwdPwsPs

= 5st Zv PuwvPv — PwsPs
wt
a()Owt a()Owt Zv PwvPv

(Zv Qouwpv) i

Puwty ) = PuwtPtPwd = pwdgpgw (58t - 90;11)) ’
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— — 4] A PwtPt _ _ _
rje 0y = [s=t| — cumBos Kponekepa, ¢}, = S = normy(@..p;) = p(t|w) — pesyiib-
TaT nepeHopMupoBKH Marpuiibl P 1o crpokam corsiacio popmyiie baiteca. [TojacraBum 1o
Boipazkenue B (89) u mepenuiieM ypaBHeHHsI B HODsJIKe, YI0OHOM Jijisl IPOBEICHUs Bbi-

IHCJIEHUI MEeTOIOM MPOCTHIX ureparuii [11]:
(Pt = NOIM (@wtl%)?
teT

Ora =D Duwd P

wed

tdw = NOTIN (PB4 ) ;
Pidw = 1011 (¢uwtbia);

OR
Ntqg = NwPtdw + 0 Y
td Z dwPtd td Ery
wed
/

/ Praw [ Ttd ; Msd
pw:de+— 0 Psw )
t ! ng \ O sEZT Osd

OR

/
Pwt = NOTM E NawPigw + Puwt 77—
weW 1eD 8@1”

Boruucienne mepeMeHnbIX ¢, , Otd, Didw, Mtds Pigy 00pa3yeT E-mmar u 3anumaer O (ng|T'|)
olepaIyii Mo KayKJI0My JTOKYMeHTY, KakK B oObrvHOM EM-anroputme. Bce mepemennbie,
OTHOCHIIUECS K KOHKPETHOMY JIOKYMEHTY d, MOYKHO YAQ/IsITh U3 MAMSITH M0 OKOHYAHUU
ero o6paborku. Berunciienue nepeMeHHbIX .,y HIPOUCXOJIUT 110 O0BIYHOM (popMyJIe, TOJIBKO
BMECTO YCJIOBHBIX BEPOSITHOCTEH Pygy,, MOJCTABISIIOTCS [epeMeHHble P, . Takum obpasom,
moudukanuga EM-agaroputma He IpUBOIUT K CYIIECTBEHHOMY YBEJTHMYEHHIO BPDEMEHH ero
paboTHl WU TOMOJHUTETHHOMY PACXOIY HaMSTH.

Ob6paboTka KaxkK 1010 JOKyMeHTa Ha E-mare ocymecrBisiercs 3a jaBa npoxo/a. Ha mep-
BOM [POXOJIe BBIYUCJSIOTCS 1epeMentbie ), 1 0. Ha Bropom npoxose BbIYUCISIOTCS
OCTAJIbHbIE HEPEMEHHDBIE Diduy, Tidy Pigy- LCIAM TPEOYeTcsi TOJBKO HANTH TeMaTHYeCKuii
BEKTOp JOKyMeHTa 0y, ne obHoBjsgsa mMarpuity ®, TO BTOPOil Mpoxo jeaTb He HYZKHO.
HopmupoBounble MHOXKHTeNMH JJIg CTPOK MATPHUIBI P MOXKHO BBIYHCIATH U COXPAHSITDH
nocJie Kaxjoro obuossenus marpunbl P. Paccmorpennas mopudukainus EM-aiaropurma
HO3BOJISIET TEMATU3UPOBATH HOBBIE JIOKYMEHTHI MAKCUMAJIHLHO OBICTPO.

TemaTusaums nokanbHbix KOHTEKCTOB. Dopmyisia Oy4(P) oupesensier remarnueckuii
BekTOD p(t|d) nokymenta d = {wy, ..., w,,} Kak cpeauuii Bekrop p(t|w) Bcex ero cjios:

,0(®) = p(t]d) = nidzpwn.

Temarudeckuii BekTop p(t|s) MPOU3BOIBHOIO TEKCTOBOrO (hparMeHTa s — CJI0Ba, CJIO-
BocoUYeTaHusl, (ppasbl, MpeIIoKeHus, ab3amna, pas3jena WIH CerMeHTa — TaKyKe MOYKHO
ONpENIEJINTh KaK cpeauii BekTop p(t|w) Beex ero cJos.

Temarnueckuii BEKTOp JIOKAJILHOIO KOHTEKCTa P(t|7) CJ0Ba w; €CTeCTBEHHO Olpe/e-
JHUTH C HOMOIIBIO IKCIOHEHIMAIBHOIO CcKoJb3smiero cpegnero (9CC). Bo-nepsbix, 910
[03BOJISIET YIATBIBATH OJIU3KHE CJI0BA ¢ OOIBIINM BecOM. Bo-BTOpBIX, peKyppeHTHbIe hop-
MyJtbl Jiit DCC BBIYUCIUTETHHO OYeHb 3(M@EKTUBHBI. B-TpeTbuX, OHU MO3BOJIAIOT Olle-
HUBATH JIOKAJIbHBIE KOHTEKCThl KaK CJIEBa, TAK M CIPaBa OT CJIOBA W;, €CJU pobeKarTh
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11O TEeKCTY B JABYX HallpaBJICHUAX, OT Ha4daJla K KOHIY U OT KOHId K Ha4daJly:

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

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

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

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

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

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

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

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

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

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

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

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

16 Kpurtepnun kadectBa TemMaTudecKnx moaesiei

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

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

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

BHewHne kputepun BecbMa pasHOOOPA3HBL U 3aBHCAT OT KOHEYHOMH perraeMoil 3a1a4u.
[IpakTuveckn B KazK/10il IyOJHKAINH 110 TEMATHICCKOMY MOJEIUPOBAHUIO HCIIOIb3YEeTCs
KaKOM-/1n00 BHEIIHU{T KpUTepHil: KauecTBO Kiaccudukaiun JoKyMenTos |143], Tounoctsb
u 1o/1HoTa HHMpOpManorHOro noucka 188, 22, 10, 20|, yncsio HaiiileHHBIX XOPOIIO HHTED-
IpeTupyeMbIX TeM [25], kadecrBo cermentanuu TekcTos [140]. B [47] npemnaraercs meto-
JIKA THATHOCTHKH TeMATHIeCKHX MOJeJIeil, OCHOBAHHAs Ha COMOCTABJICHHH Haii[eHHBIX
TEM CO CIEIUATBHBIME HAOOPAMH B3aHMOCBSI3AHHBIX CJI0B, HA3BIBAGMBIMHI KOHUENIMAMU.

Mepnnekcns. Haubosee pacupoCTpaHEHHLIM BHYTPEHHHM KPHUTEPUEM SBJILETCS nep-
naexcus (perplexity), ucrnosib3yemast Jyisi ONEHUBAHUST BEPOSITHOCTHBIX MOJIEJIEH sI3bIKa
B KOMHbIOTepHOﬁ JINMHI'BUCTUKE. STO Mepa HeCOOTBEeTCTBUA HJIN «y,ZLI/IB.HéHHOCTI/I» MOJAeJIn
p(w|d) repmam w, Koropbie Berpeuatorest B jokymentax d. Ona onpejessiercs uepes log-
npasonoaobue (13), mubo gepes log-npasgonogobue (38) KazxK 10l MOIATBHOCTH M:

1
Pm(D;p) = exp —ﬂz > ngwlnp(wld) ), (90)
deD weWwm
TAE Ny = >, Y. Mgy — JUIMHA KOJUIEKIMU 1O M- MOAAJBHOCTH. HeM MeHble mep-
dED wEW™

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

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

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

Ob6o3uaunm 4depe3 pp(w |d) MoeIb, TOCTPOEHHYIO O 00YYAIONIell KOJIEKINH JTOKY-
mertoB D. [lepriekcus obydatorieil Bbioopku 2, (D; pp) siBIsieTcsi ONTUMUCTUIHO CMe-
MEHHOI (3aHMZKEHHON) XapaKTepUCTHKON KadecTBa Mojenn u3-3a shdexra mepeodyde-
Hust. O00OOIIAONIY IO CIIOCOOHOCTDh TEMATHIECKUX MOJE/IEH MPUHITO ONEHUBATH NEPNACK-
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cuet konmpoavrol ewbopry (hold-out perplexity) Z2,,(D’; pp). O6bIMHO KOLIEKIMIO Pa3-
JIEJISIOT Ha 00YYaIoNLyI0 U KOHTPOJIbHYIO CJIydaiiHbiM 00pasoM B npomnopuun 9 : 1 [38].

B panHux skcnepummerTax ObLIO MOKa3aHo, 4To LDA cymecrBenno mpeBocxomut PLSA
110 [epILIEKCHH, OTKY1a ObLI ¢jiestal BeiBoj, 4T0 LDA Menbiie nepeobydaercs [38]. [To3:ke
OBLITO ITOKA3aHO, UTO Ha OOJIBIINX KOJIEKIuIX mepiiekcus mogaeneil PLSA u LDA orin-
qaercst HesHaunTesbHO [104, 184, 99).

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

B [6, 134] 6blt1 1ipe//iozKeHbl pobacmmvie memamuieckue MoOeU, OIUCHIBAIOIIIE PeJi-
KUe TepMbl ClielliaJibHbIM «(OHOBbIM» pacipejeienueM. KonTpoJibHas nepijiekcus po-
bactapix BapuanToB PLSA n LDA oka3aJiach CymecTBeHHO MeHbIei 1 IIPaKTUIeCKu 0/11-
HAKOBOM.

B |7] 6b1710 mOKa3aHO, 9TO HA JOCTATOMHO GOIbIIEX KoJLIeKIusx (n > 10°%) obyuaromas
U KOHTPOJIbHaA IEePHJIEKCUA OJUHAKOBO PAH?KUDPYIOT CpaBHUBaeMbI€ MO/eEJIU, TO €CTb IIPpU-
BOJISIT K OJIMHAKOBBIM Ka4eCTBEHHBIM BbIBOJIAM. Takum 00pa3oM, /i CpaBHEHUsI Mojiesieit
HET 0CO00I HEOOXOIMMOCTH BbIUYUC/IATH KOHTPOJIbHYIO IEPILIEKCUIO.

[Ipu BBRIYMC/IEHNN MEPILIEKCHH MOYXKeT BO3HHKHYTH HpOoOJeMa HYJIeBOi BepOATHOCTH
p(w|d) = 0. Tepm w B 1O0KyMeHTe d BCTpeUaeTCsl, TeM He MeHee, MOJIe/b MPeICKA3bIBAeT
JUUTT HETO HyJIeBYIO BEPOSITHOCTb. B 9aCTHOCTH, IPHU BBIYUCIEHHH KOHTPOJBHON HMePILIeK-
CUM B JIOKYMEHTE MOXKEeT BCTPETUThCH HOBbIII TepM, KOTOPbIfi HU pa3y He BCTPETHJICH
upu obydenuu. B rakux cjydasix B IepIJIEKCHMM BO3HUKaeT OECKOHEYHO 0OJIbIIOoe cJiara-
emoe (—In0 = +o00). [Ipocreiitiee perrerne 310l TPOOJIEMBI 3aKIHOYALTCI B TOM, ITOObI
IPOUTHOPHPOBATH BCE TaKHe TEPMbI U IMOCYUTATH HX JIOJII0 B KOJLUIEKIIHH KaK €Ié OIHY
Mepy KadecTBa Mojenu. /Ipyroe pemienue — cuaenys [7]|, cautarh Bce Takue TEpMbI HeTe-
MATHYECKUMH U OLHUCBIBATH X BEPOATHOCTL 4acToTHON ouenkoil p(w|d) = ™. IToxoxuit
pPe3yJIbTaT MOJIYIUTCS IIPU UCIIOAb30BAHUE TEMATHIECKOH Moje/u ¢ HeobydaeMoit (poHo-
Boit Temoii p(w|b) = ™. Taxag Mozenb HEKOIA He OyIeT JaBaTh HYJIEBYIO BEPOATHOCTD
TepMa, eCJid, KOHEIHO, BEPOITHOCTH (DOHOBOI TeMBI B JOKYMEHTE HE paBHA HYJIIO.

NHTepnpeTtnpyeMocTb TeMaTHYeCKOW MOJETN SBJSIETCS ILTOXO (GOPMATU3YeMbIM Tpe-
boBanmeMm. CozeprKaTeJbHO OHO O3HAYAET, YTO IO CIUCKAM HamOoJee YaCTOTHBIX CJIOB U
JIOKYMEHTOB TeMbl KCIEPT MOXKET IMOHATh, O €M 3Ta TeMa, U JaTb eil a/JleKBaTHOe Ha-
spanue [42]. [Ipumepbr XOpoIIo HHTEPHPETHPYEMBIX TeM IOKa3aHbl Ha puc. 13 u puc. 21.
CBOICTBO HHTEPIPETUPYEMOCTH BazKHO B UH(OPMAIMOHHO-IIOUCKOBBIX CUCTEMAX, UCHOJIb-
3YIOIIUX aBTOMATHYECKN Hali/leHHbIe TeMbl KaK HHCTPYMEHT BH3yaJu3allud Pe3yJbTaTOB
HOWCKA, HAIPUMED /Il BBIBOJA MOSICHEHWIl WU CHUIIIETOB, JTHOO KaK WHCTPYMEHT pyO-
PUKAIUU WM HABUTAIUA IO TEKCTOBOU KOJIJIEKITUH.

BoJibMHCTBO CyIIECTBYIONUX METOJIOB OIEHUBAHUS MHTEPIPETUPYEMOCTH OCHOBAHO
Ha [IPUBJIEYEHUH dKCIIepToB-aceccopos. B [120] skciepram mpe/iarajioch HeocpeacTBeH-
HO OIIEHMBATH IOJIE3HOCTb TeM 10 TPEXOaJ/LUIbHOM IIKaJje, pacCMaTpuBas CIIUCKHU CJIOB,
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paHKupoBaHHble 110 yobiBanuio p(w |t). B memode unmpysut |42] asist kazkaoi Tembl co-
craB/sgercs Cuucok m3 10 BEpXHUX CJIOB CIHCKA, B KOTOPbIA MCKYCCTBEHHO BHEIAPSIETCS
OJIHO caaydaiiHoe c10Bo. TeMa cYuTaeTCss MHTepPIPETUPYEMOil, ec/iu HoaaBsionee 60JIb-
IIKHCTBO SKCIEPTOB MPABUIBHO YKA3BIBAIOT JIUIIHEE CJIOBO.

B OpuKJIaIHBIX COIUOJOIHIeCKUX uccaeaoBanusx [39, 83, 125| mis sxcnepTHOro ore-
HUBAHUA TE€Mbl UCIIOJIB3YIOTCSI HE TOJBKO CIIMCKHM BEPXHUX CJIOB, HO M CIIMCKH JIOKYMEHTOB,
paHzkKupoBaHHbIe 110 yObiBanuio p(d|t). Dra Merojuka GoJiee TPYIOEMKA, MOCKOJbKY IKC-
IIePT MPOYUTHIBAET JOKYMeHThl. Ho oHa Gosiee Ha/IE2KHA B TeX CJIydadx, KOIJIa HPUKJIA/I-
HOIi 11e/JIbI0 TEMATHIECKOIO MOJIEJIMPOBAHUSA ABJISIeTC IIOMCK TeM OIpENeJEHHON HAIIpaB-
JeHHOCTH (HAampuMmep, 00CYZKJIeHUil MeKITHHIECKAX OTHONICHHI B COIUAIBHBIX CETsIX),
3aTeM Ka4eCTBEHHOE IMOHMMAHHe CEMAHTUKH KazKJ0#l TeMbl (B 4aCTHOCTH, KAKHE YTHUY-
HOCTH U KaKue 1po0JIeMbl 3aTparuBaer Kazk/as TemMa), 1 HAKOHell KOJMYeCTBEHHOe OIeHH-
BaHue 0O6'béMa JaHHOIT TeMbl (1€, KOIJIa i KaK 4acTo BOSHUKAET JaHHbBIT JucKypce) |24, 25].

KorepeHTHOCTb. DKciepTHbIE I0IXO0/Ibl HEOOXOANMBI Ha CTAIMU HCCJIeI0BaHUi, HO OHU
3aTPYAHSIIOT aBTOMATHIECKOe [TOCTPOEHNE XOPOIINX TeMaTHIecKuX Mojeseil. B cepun pa-
oor [120, 121, 122, 114| 6b110 MOKA3aHO, YTO CPEJM KPUTEPHEB KAYECTBA, BbIYUC/ISEMbIX
110 KOJLIEKIIUH ABTOMATHYECKH, COMVIACOBAHHOCTh WK Kozepenmuocmo (coherence) stydrie
BCEI'0 KOPPEJUPYET € IKCIHEPTHBIMU ONEHKAMU UHTEPIPETUDPYEMOCTH.

Tema Ha3bIBaeTCs KozepenmHol (CONTACOBAHHOI), €CoH TepMbl, HaHbOJee TaCTbie
B JAHHOII Teme, HECJIYyYaiiHO YaCTO COBMECTHO BCTPEUYAIOTCA PSAOM B JOKYMEHTaX KOJI-
aeknuu [121, 122]. HucstenHoil Mepoii KOPepeHTHOCTH TeMbl ¢ SIBJISETCH NOMOYewHas 63a-
umnas ungopmayus (69), Boranciasemas 110 k nHanbosiee BEPOSTHBIM CJIOBAM TEMBbI:

k-1 k

% - ﬁ S PMI(wy, wy), (91)

i=1 j=i

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

KorepeHTHOCTD MOJIe/TH OLpeeIseTcs KaK CPeaHss KOTePEHTHOCTD 6, IO BCEM TeMaM.
KorepeHTHOCTb MOXKET OIEeHHBATHCS MO CTOPOHHEIl KOJUIeKIuu (HampuMmep, o Bukuiie-
qun) [118], 6o mo Toil Ke KOJUIeKI|H, 0 KOTOPOil cTpouTes Mojeb [114].

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

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

B |83] upegraraercst caurarb cyuecmseenolmy U T€ YCJIOBHbIE BEPOSITHOCTH, 3HA-
YeHNs KOTOPBIX BBIIIE, YeM Y PABHOMEDHOTO PaCIpe/ie/IeHus:

Wt:{wew}¢wt>|—&/‘}§
Td:{tET}th>ﬁ}.

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

B [165] mpemiaraercs onpenensaTh aekcuseckoe A0po memb, KAK MHOZKECTBO CJIOB, KO-
TOpPBIE ¢ DOJBINOI BEPOATHOCTHIO YIOTPEOISIOTCSA B TeMe ¢ i PeJIKO YIOTPeOISTIOTCI B APY-
rux remax: W, = {w € W ’ p(t|w) > 0.25}, rue p(t|w) = Put et

HeszaBucumo oT TOro, kakmMm o00pa30M OIPeJIeIdeTcsl JEKCUIeCKoe SJIPO, BBeIEM
HECKOJIbKO TOKa3aTeseil, XapaKTepU3yoNnX Pa3pekKeHHOCTb MaTpunbl P:

_ W1y.
ker; = |W;| — pasmep adpa (onTuMyM HEMHOTO BBIIIE W)’
pur, = > p(w|t) — wucmoma memov, (€M BBIIIE, TEM JIydIIle);
weWy
_ 1 .
cony = > p(t|w) — Kowmpacmmocmv memov, (9em BbilIe, TEM JIy4IIe);
weWy
T | p(wlt) 5
logLift, = w7 > log Sy — nodsém memo (1em Bbilile, TEM JIy9IIe).
weWy

JLns MoJie/ii B 1I€JIOM 9THU [MOKA3aTeIu OMPeIe/IAI0TCA IIyTEM YCPEIHEHHS 110 BCEM IIPe/I-
MeTHBIM TeMaM t € S. KoCBeHHO OHE ABJISIOTCSA TaK:Ke I MepOil HHTePIPETHPYEMOCTH MO-
JieJIM, 1IOCKOJIbKY MHTEPIPEeTUpyeMble TeMbl JIOJIZKHbI 00/1a/laTh HEe CJMIIKOM MaJIeHbKHUM,
HO U HE CJIMIIKOM OOJIBIIUM JIEKCUYECKUM $1JIPOM.

Jlorapudmuaeckuit Kpurepuii ancrorst (moabeém) rembl logLift mokaspiBaeT, Ha CKOJIb-
KO IOPAJ/IKOB YacTOTa TEPMOB U3 JIEKCHYECKOTO s/ipa TE€MbI IPEBBIIIACT HX OOBIYHYIO
qactory B Kosutekiun p(w). Ou 6bL1 mpeyioxken B [155] 1j1si cCOPTHPOBKE TepMOB IpU
BU3YaJM3AlUE TEeMbl B 110JIb30BaTeIbCKOM uHTEepdeiice. B |60] 6bu10 npe/ioxkeno ycpe-
uathb logLift mo k£ = 30 kirodeBbiM cji0BaM B Kazk10if TeMe. BbLI0 MOKa3aHo, 9TO CpeHuil
logLift cBazan ¢ gosieit nndOPMATUBHBIX CJIOB B T€MaX, U 9TO OH 3HAYMMO KOPPEJIUPYeT
C 9KCIEPTHBIMU OIEHKAMH KadeCcTBa TEM.

dons doHoBoit nekcuku. Ilycrs B C T — moaMHOKeCTBO (POHOBBIX T€M, B KOTOPBIX
cobpana obmeynorpedbuTebHas Jekcuka. OupeaenauM doaro hornosol sekcuku s BCei
KOJIIEKITUH ¥ /TSI OTIEIbHOIO JOKyMeHTa d:

B= 133 (il d,w);

deD wed teB

By = nidz anwp(ﬂd, w).

wed teB

Hossa dponosoit ekcukn mpuHuMaeT 3uadenus or 0 10 1. Eciaum ona 6sm3ka K 0, To Mo-
JleJIb He CIIOCOOHA BBIJIENISATH CJIOBA OOINEil JIEKCHMKH, eCJId 2Ke OHa OJim3Ka K 1, TO 3TO
CBUJIETE/IbCTBYET O BbIPOXKJieHuU Mojiesin. B npodeccnonalibubiX TeKcTax J10J1s (poHOBOIM
JIEKCUKH MOzKeT cocTaBiadrhb or 30% 10 90%. Bosmozkna curyanus, Koraa cpeaHee no KoJl-
JIEKIUHU 3HaYeHne A YKIaIbIBAeTCd B 3TH OPUEHTHPOBOYHBIE HOPMBI, OJTHAKO B BBIXOIUT
3a UX I[PeJeJIbl JIJI 3HAYUTE/TbHOM J0/IH JJIOKYMEHTOB., DTO MOXKET IOCIYKUThb CUTHAJIOM
K OYHMCTKe KOJIJICKIIUU UJIM BHECEHHIO UCIPABICHUNA B MOJIE/Ib.

Takue KpuTepun, Kak paspeKeHHOCTh, Pa3Mep sipa WK 10/ (POHOBOM JIEKCHKH MO-
ryT UCII0JIb30BAaTbCAd JIJIsA KOHTPOJIA I/I36bITO‘{HOFO pa3pezKuBaHud MOJIECJIN.
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PaznuyHocTtb Tem. Beejém dyukiuio paccrosnus Mexy remMamu p(t, §) Kak pacipe-
jenenusivu p(w |[t) u p(w|s), To ecrb cronbuamu Marpuipl P. Oupeeum st KaxK 1o
TeMbl ¢ paccTosHue 10 OymzKaiiieil K Heil TeMbl S:
Xy = min p(t, s).
seT\t

Ecnu paccrognme %; no OnmKaiimreir TeMbl s OJIM3KO K HYJIIO, TO TeMBI t U S MOYKHO
CYUTATDH JTyOauKaTaMu. Bo3MOXKHO, 3TH TeMBbI CJiejI0BaJI0 Obl OObEeUHUTD.

Eciu paccrosnus %; BeJlMKH JijIs BCEX T€M, TO 9TO 03HAYAET, YTO BCE TeMbl OLAPHO
CYIIECTBEHHO PA3JIMIHBI, TO €CTh MOJE/b TOPOULO 0eKOPPEAUPOBUHA.

Paccrosinus mexk iy TeMaMu Kak cTo/ionamu Marpuiibl ¢ MOXKHO OLpeJesTh 0-pPas3-
HOMY. OOBIYHO HCIIOJIB3YETCS OHO U3 CJAEYIONUX PACCTOSHUIL:

Y w PwsPu
pt,s) =1— (Z . )1/2 (Z :02t)1/2 ~— KOCHHYCHOE PaCCTOSHUE; (92)

p(t,s) = (% > (v Pws — v/ Pur )2> Y2 paccrosmme Xesmmirepa; (93)
p(t,s) =1—|W,NW|: |W,UW,| — paccrogume 2Kakkapa,; (94)

e W, u Wy — Jiekcudeckue sijipa Te€M, COTJIACHO OJIHOMY U3 OIPE/IC/IEHUI BBIIIIE.

17 Kputepnun ycnoBHOW HE3aBNCUMOCTW

['urioresa ycj0BHOI HE3aBUCUMOCTH SIBJISIETCsI DA30BBIM HPEJIIIOJI0ZKEHUEM BEPOSITHOCT-
HOI'O TeMaTHU4Y€CKOI'0 MOAE/JIMPOBaHUA. HpI/I IIOCTPOEHUN BEPOATHOCTHDIX MO,ZLeJIefI II0 M-
HUPUYECKUM JAHHBIM 0a30BbIe JOIYIIEHUS IIPUHSITO HMPOBEPITH IOCIEe TOTO, KaK MOJE/b
nocTpoeHa. Hampumep, aHaIn3 perpecCHOHHBIX OCTATKOB COJEPZKHUT B CBOEM apceHaJse
AECATKN TEeCTOB [Jid IIPOBEPKU CTATUCTUICCKUX T'UIIOTE3 O CBOMCTBaX OCTATKOB — He3aBU-
CUMOCTH, HEKOPPEJMPOBAHHOCTHU, PABEHCTBA MaTEeMaTHYECKOrO OKUJIaHUS HYJIIO, MayCcco-
BOCTH, IIOCTOAHCTBaA JAUCIIEpCUU, U T. /. CTaTI/ICTI/I‘{eCKI/Iﬁ aHaJIu3 BEPOATHOCTHbLIX TeMaTH-
YecKuX Mojesieil He HaCTOJIbKO XOPOIIo pa3padoTaH, XOTd eCThb OTJie/IbHbIe padOThl B 3TOM
nanpasienun [172, 110, 60]. B nqannoM pasjese Mbl BBEJIEM CEMeHCTBO CpeTHEB3BEIleH-
HBIX CTATUCTHUK, MO3BOIAIONIAX 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 HE3aBMCUMOCTMW JIOIYCKAET TPU IKBUBAJIEHTHBIX IIPEJICTAB/ICHUS:

p(w,d|t) = p(w|t) p(d|t); (95)
p(w|d,t) = p(w|t); (96)
p(d]w,t) = p(d|t). (97)

Ha npaxkruke Bce 9TM pacupeje/ieHuss Heu3BeCTHbl. l1locjie HoCTpOeHMsl MOJesIn
(n ma kaxjom mare EM-aaropurMa) g0CTYHHbBI JIMIIb ONEHKH THX DACIPe/IeJeHHi.
B kaxkJIoM U3 TPEX paBeHCTB paclipeje/eHue B IpaBoil 4aCTu OLCHUBACTCH 110 OOJIbLIEMY
00bEMY JAHHBIX, YeM pacIpeenenue B JIeBoil yacTu. 110sToMy B KadecTBe HyJIeBOH I'H-
noTe3nl OyaeM OpaTh MPeIIoIOKeHHe, YTO SMIMPHIECKOe PACHPeJeIeHne B JeBOH 4acT
IHOPOK/IAETCs (COrIACYeTCs ¢) BEPOSITHOCTHOM MOJIEJIBIO U3 [IPABOil 4acTH.
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Hecmorpst Ha dbopMmasibHYI0 9KBHBAJIEHTHOCTb, Tpu upejcrasienus (95), (96), (97)
HPUBOAAT K PA3JIUYHBIM KOHCTPYKIUAM CTATUCTUYECKUX TECTOB C PA3HBIMU BO3MOYKHO-
cTMU npuMeHeHus. PaccmorpuMm ux mojpobHee.

1. PasencrBo (95) TpancdopMupYeTCs B HYJIEBYIO PHIIOTE3Y O TOM, UTO JIJIs 3a/IaHHOl
TeMbI ¢ COBMECTHOE paclpejieJIeHHe TePMOB B JOKYMEHTaX MOPOZK1aeTcs (hpaKTOPpH30BaH-
HBIM pacipejie/IeHueM:

Ho: plw,d[t) ~p(w|t) p(d]t). (98)

JI1st IpOBEPKY IAHHOMN IMIIOTE3bI MOKHO HCIIOJIH30BATH CTATUCTUKY B3aUMHOI nH(Op-
Manuu, npejgioxentyio B [110]:

KLl . . lw, dt)
S = KL d19) || ol tptd10) = 3 2 ol A1) S B ey

deD wed

Jist nostydgenust yaAo6HON BBIYHCIUTETBHOI (bopMy,an BOCIIOJIb3YeMCsl OIIPeJIeJIeHueM

) . d )

yeaoBroil Bepostroctn: p(w, d|t) = p(t]d, w) p(w | d)EL p(t p(d|t) = p(t\d)%, dbopmyoii

E-mara (16) u 4acrornoii onenkoii yciosuoii seposraoctu p(w,d|t) = 4w [logcrapum
IIOJIYYCHHbIC BbIPpazKCHUA B St:

ol _ sl pold) _ pue 1) 50l
HwDpdlD) ~ p@lDpld)  puba p(wld)
e BOID (1 012
5= 0 5l s (a0 501 ) (%9)
Ziez Yils

rie avg(y;, x;) = > — CPEe/JIHEB3BEIICHHOe 3HAYEHUMH T; ¢ BecaMu ;, 1 € 1.

(2
CCE[‘aTI/ICTI/IKa Sy paBHa CpeHEB3BeIIeHHOMY 3HAYeHHIO JIorapudMUIecKoil (DyHKIUN
norepb {(w,d) = ln } d; 10 BCEM Te€pMaM W BCEeX JOKYMEHTOB d, B3SITBIM C BECAMHU Mgy, -

Dyuknus K(w,d) nojozkuTesnbua, Korga p(w|d) < p(w|d). lorepst Tem Boimie, dem

XyzKe TeMaTHIecKas MOJIe/b IPeICKA3bIBAeT BEPOSITHOCTD MOSIBJIEHNA TePMa B JOKYMEHTE

p(w|d) 1o cpasHeHUIO ¢ TPUBUAJILHON 4acTOTHOM onenkoil p(w|d) = f

Crarucruka S; siBJISeTCS Mepoil CeMaHTHYeCKOH HEeOMHOPOAHOCTH TeMbl t. Ecau B Mo-
JIeJII OKA3aJI0Ch CJIMIIKOM MHOI'O CeMAaHTHYeCKH HEeOTHOPOIHBIX TeM, TO IeIecoo0pa3Ho
HOCTPOHUTD JIPYTYIO MO, YBEJIUIUB UUCI0 TeM. 1eMbl ¢ aHOMAaJIbHO OOJIBIINME 3HAYTE-

HHUAMN St MOI'yT B 'ZLaJ'IbHeI../'I]HeM PaCIICIJIAThCA Ha DoJsIee MeJKHe TeMBI B HepapxmIeCKux

ier Vi

TEMATHIECKUX MO/IEJISIX.

2. PagencrBo (96) rpancdopMupyercst B HYJI€BYIO TUIIOTE3Y O TOM, YTO SMIUPUIECKOE
pacipe/ieieHre TePMOB TeMbl ¢ B JJOKYMeHTe d IOPOZKIAeTCsi OOIIUM JIJTsl BCEX JIOKYMEHTOB
pacipejieleHIeM TepMOB:

Ho:  pwld,t) ~ p(w]t). (100)

JIns mpoBepKu JTaHHOI MUIIOTE3bl OTHOCUTEHLHO (DUKCHPOBAHHOIO JIOKyMeHTa d BBe-
JIEM CTATHCTUKY Ha ocHOBe KL-mwBepreHInu u, OIMycKas aHAJOTHIHBIE BBIKIAIKH, 3aITH-
meM eé depe3 cpelHeB3BelIeHHoe JIorapudMUIecKoil (pyHKIHUH OTephb:

Sia = KL(p(w] d, 1) pr|t))—ivg(ntdw,l EZ:?;) (101)
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Craructuka Sy sBJISETCS MEPOil HECOTJIACOBAHHOCTU JOKYMEHTa d ¢ TeMOil t.

Yewm OoJibliie 3HadeHHE Sy, TEM CHJIbHEE JTOKYMEHT d OTKJIOHSETCS OT CeMaHTHYe-
CKH OJIHOPOJIHOTO KjacTepa TeMbl t. CrarucTtuka Sy MOMXKET NPUMEHSATHCA I 0TOOpa
peJieBaHTHBIX JOKYMEHTOB DU CYMMapHU3allii WA BU3YAJIU3aIlUN TeMbl, y/IaJeHus HeTe-
MAaTU3UPYEMBIX WU <«TDSI3HBIX» JOKYMEHTOB, BBIOOpA 9HCJIA UTEpaNyii MO JTOKYMEHTY,
BblJIeJIEHUS JIOKYMEHTOB Jijisd (pOpMUPOBaHUS HAYAJIbHBIX HPUOJIMAKEHUIT HOBBIX TEM.

3. Pasencrio (97) tpancdopmupyercs B HyJeBYIO IHIOTE3Y O TOM, YTO SMIIHPHIECKOE
pacipejieleHre TepMa W IO JTOKYMeHTaM B TeMe ¢ MOPOXKIaeTcs OOIIIM /1Tl BCeX TEPMOB
pacipejieleHIeM TeMbl 110 JOKYMeHTaM:

Hy:  pld]w,t) ~ p(d]?). (102)

JIns mpoBepKH JAHHOW THMIIOTE€3bI OTHOCUTE/JIHHO (PUKCHPOBAHHOI'O TEpMa W BBEJIEM
ctaTucTUKy Ha ocHoBe KL-nupeprenmuun. CHOBa oIlycKasl BBIKJIAJIKHU, 3alUIIeM eé depes
CpeHeB3BellIeHHOe JIorapudMuIecKoi (DyHKIUU OTEPD:

Swt = KL(p(d|w, ) H p(d|t)) = avg ntdw,lnM : (103)
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-
TpedbuTe/ibHOM Jiekcuke. s BbljiesieHnsl TAKUX TePMOB B (POHOBBIE T€MbI MOXKHO YCUJIMTH
Pery/Ispu3aTOphl JIEKOPPeJUpOBaHus U criaykupanus [166]. AHomanibHO HU3KHE 3HAUe-
HUs S,; TOBOPSAT O TOM, UTO T€PM W SIBJIAETCS O0S3aTeIbHBIM B TeMe U BXOJIUT B €€
CeMaHTU4YeCKoe sIpo. Tembl, cojiepzkaliiue 0OJIbII0e YUC/IO0 TAKUX TEPMOB, MOI'YT ObITh 00-
pa30BaHbl MIA0JOHHBIMU (Bpa3aMU, YACTO MOBTOPSIOMMUMHEC B TeKcTax KoJuteknuu [110].

JIj1st HPOBEPKY CTATHCTUIECKONW MUIOTE3bl 00 YCJIOBHONW HE3aBUCUMOCTH 3HAYCHUE CTa-
TUCTUKH S, 1Peodpasyercs B JIOCTHraeMblii ypoBeHb 3Hauumoctu p-value = F'(S,), rue
I — dbyukiusa pacupeiesieHnst CTATHCTHKE Sy, IOy YeHHAs B YCIOBUSIX HCTHHHOCTH HYyJTe-
BOil rumore3bl. Ecn mocTuraemMplii ypoBeHb 3HAUYUMOCTH OJIM30K K €IUHUIE, TO JIeTAeTCS
BBIBOJ[, UTO JIaHHBIE POTHBOpeYAT HyJeBoil rumorese. Oynkuus pacupenenenns F(S,)
CTPOUTCS MO CHHTETHYECKON KOJIJIEKIUU, M€HePUPYEMONl MyTéM CIMILITMPOBAHUS TEPMOB
w ~ p(w|d) remarudeckoit Mmojesbo [19).

O06006uEHHbIEe cpeaHeB3BelleHHble CTAaTUCTUKU. OB0OLIUM BBEAEHHBIE BbILIE CTATH-
cruku Sy, Siq, Syt Ha Cilyuail pousBosibHON dyHKIMK 110Tephb £(d, W):

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

,w

Siqg = avg (ntdw, ((d, w)) ~— HECOIVIACOBAHHOCTH JOKyMeHTa, d ¢ TeMOii t;
wed

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

p(w|d)
p(w|d)
St, Sta, Swt nepexoggar B (99), (101), (103) coorBercTBeHHO.

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-
HOIl HE3aBUCHUMOCTHU SIBJISIETCS] U30BITOYHO CUJIBHBIM IIpejiioJioxKenueM. Hekoropbie si3bi-
KOBBIE SIBJIGHHS MOTYT (pOpMaJIbHO €€ HapyllaTb, HE MPUBOJA K CEMAaHTUIECKOW HEOJI-
HopoauocTu. Hampumep, siBiienune nosmopaemocmu ca06 (word burstiness) — eciu cioBo
BCTPETUJIOCH B TEKCTE OJUH a3, TO OHO ¢ GOJIBINOI BEPOSATHOCTHIO BCTpeTHTCs ermé [56, 91].
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, =avg (ntdw, In

e i)’

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 [49).

[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-airopurM B TeMaTHYECKOM MOJIEJIUPOBAHUH — 3TO METOJ, IIPOCTHIX UTepaluil 11
pemieHnst cucreMbl ypasHenuii Buga (16)—(18) B ciaydae 0OBIYHON JBYXMATPHIHON MO-
jean i (40)—(42) s myssrumogasbaoit Mogesnn win (52)—(54) auist runeprpadoBoii
Mozesn. Peajm3anyu uTepandoHHOrO IIPOLUECCa MOIYT OTJIMYATHCH MOPAIKOM BbIYUC/Ie-
uuit 1o dhopmynam E-nrara u M-mrara. B panunonansaom Bapuante (Asroputm 2, crp. 14)
KazK/1asd UTePallis BLIIOJHICTCS 33 OJUH IIPOXO/ II0 BCEM TepMaM BCEX JTOKYMEHTOB, B pe-
3yJIBTATE KOTOPOrO (POPMUPYIOTCH CIETUUKH Myt Mg U OOHOBIAIOTCS IIAPaMeTPhl MOIEIN
Ouwts 0rq. B 1aHHOM pasiese 00CyzKIAI0TC IPUEMbBI Yy YIICHHA CXOAMMOCTH U OCODCHHO-
CTM OpPraHM3aldi 3TOr0 MTEPAIMOHHOIO IIPOLECCa /I OOJIBIINX TEKCTOBBIX KOJLICKIHA.

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 jyisi mogean LDA B [68], mo3zxke
quist mogiesn PLSA B [30]. On peasimzoBan 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 CPejiHee IPH Kgecay + Kappry = 1. st amropurma Online LDA B [68]
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 [63]. [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.

VYnyywenue cxogumoctu. MeTon mpocToit uTepanuu B 0OIIeM ciaydae He TapaHTHDPY-

er CXOAMMOCTH K CTAIMOHADHON TOYKEe Deryssipu30BaHHOIO mpasjonogobdus [12|. Dror

HEJIOCTATOK UCIIPABJ/ISIETCs IPOCTON Mojudukaiiyei, He Tpedyoneit JOmo/JHUTEIbHbIX 3a-

TpaT BPeMeHHU WA HaMaTu. BMeCTo TeKymux 3HAYCHUN Qyp U Oy B perygapu3anuonHbIX
Nuwt

nompaBkax M-1rara HaJ0 HOJCTABILATH MX YaCTOTHBIE ONEHKH (D = el Og = Z—tj —
Te caMble, KOTOPbIe BBIUUCISIOTCA B Mogenn PLSA:

= norm| Ny + @ 781%(&)’ é) :
prt - weW wt Sowt 890101‘, )
. OR(®,0
Oa = NOTIN | 7t + 9td%

DkcnepuMmeHThl B [12] mokasaau, uro naHHas MoaudUKaius IPUBOIUT K GOJIee BbI-
COKHMM 3HAYEHUAM Pery/isspu30BaAHHOIO IIPAB/IOIOI00U, IPUYEM UTEPAUMOHHBIN HPOIECC
ropasjo 6picTpee (yzKe Ha BTOPO UTepAlUi) BXOJUT B PE2KUM MOHOTOHHOIO YBEJIMICHHUSI
peryJisipu30BaHHOIO 1IPaB/Io110100us. Hem OoJibiie KOIMDMUIUMEHT pery/isipusaluu, TeMm
cuIbHee MpogBigeTcd 3pdeKT yIydeHns CX0IUMOCTH.

Mpoun3sonbHblie pyHKunNM notepb n E-war 6e3 HopmupoBkn. V3menum Kpurepuii
ONITUMH3ANUOHHON 3a/1a9K, 3aMEHUB B KPUTEPUU IIPABIONOA00Us JorapudM Ha MpOu3-
BOJIBHYIO TJIQJIKYI0 HeyObiBatomnyto ¢yuknuio /(p). Temeppb s oneHUBaHUS TapAMETPOB
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remMaTniecKoii moges ® m © 1o Koeknum J0KyMeHToB D OyaemM MaKCHMH3UPOBAThH
CYyMMY LOTEPb E(p(w|d)) 110 BCEM TE€PMHUHAM BO BCEX JIOKYMEHTAaX:

Z Z ndwf(z gothtd) + R(®,0) — mfmx ) (104)

$,0
deD wed tel

Teopema 18.1. Pemenne ®,0 3azaun (104) npu orpanndeHnsix HeOTPHIATEJIBHOCTH H
HOPMHPOBKH YJIOBJIETBOPIeT CHCTeMe VPABHEHHE CO BCIIOMOIaTeJbHBIMH IIePeMEeHHBIMH
Praw = p(t|d,w), eciim u3 penreHnss HCKIIOIATH HyIeBbie cToa01bI MaTpui] P, ©:

Praw = Puwtbral’ (p(w|d)); (105)
OR
Pt = norp:fyﬂ( N Prdw + sowta—) ; (106)
we deD Put
OR
Ora = norm ( ng;i NdwPtdw + Qtd%) . (107)

Cucrema ypaBHEHUN OTJIMYAETCS OT KJIACCUIECKOH TOIBKO hopmysioit E-mmara.

JloKa3aTe/IbCTBO CIeyer U3 JeMMbI 3.2 0 MAKCUMU3AIUN Ha e JHHUIHBIX CHMILIEKCAX.

Tosnbko mpu /(p) =Inp wa E-mare Bosuukaer dopmyna Baiieca. Ilpu srom 3ama-
Ya MaKCHUMHU3AIMU HPaBJOIOA00Us SKBUBAJEHTHA MUHMMU3AlUU B3BELICHHONW CyMMBbI
KL-juBeprenuuii ¢ secamu ng MezK/y SMIUPUIECKUMI pacupetejenusymu p(w|d) = S
1 MOJeJbHBIME pactpeaenenuamu p(w|d) = (@, 0q)-

IIpu {(p) = p* 3ama9a SKBUBAEHTHA MEHAMHE3AIIH B3BEIMEHHON CyMMBI TUBePreHIuit
Kpeccu—Puna (crp. 98).

[Tpu £(p) = p 3a7a4a NEPEXOIUT B MAKCUMU3AIMIO CKAJSPHBIX POU3BE/ICHUIL:

S na(p(w]d), (pu 0)) + R(®,0) — max.
deD N

JIaHHDBI TPUHIMIT ONTUMUBAIME MOJIE/IA HPEJACTAB/ISETCS HEe MEHEee Pa3yMHbBIM, 4eM
MakcuMu3anus npasaononodus. Ilpu aroMm Py, = puibig, TO ecTb u3 00bIUHON (hopMy-
abl E-1mrara yXoauT 3HaMeHaTe b ¢ HOpMHPOBOYHBIM MHOYKHUTeJeM. Byaem Ha3bBaTh 3TO
ovicmpoim E-wazom. OH MOXKeT 1aBaTh 3aMeTHOe yckKoperme EM-aaroputva, mOCKOIBKY
HOPMUPOBOYHbIE MHOXKHUTE/IM TPEOYIOT BbIYUC/IEHUs CKAJSIPHBIX POU3BEJAEHUI (0, O4).

[To pesy/ibraram CpaBHEHHsI DA3/JMYHBIX crpareruii onruMusanuu B [26| Obuia mpej-
JIOZKEHa KOMOMHMPOBaHHAsl CTparerus, KOIja IepBas [OJOBHHA WTEPAIUNA HCIOJIb3YeT
ObICTpBIil E-mmar, mpu 9TOM MOJIeb CTAHOBUTCS pa3peKeHHoil bstarogaps peryispu3alii.
OunaabHag TOBOJKA MOJEJH IMPOUCXOIUT YzKe MO0 MAKCUMYMY IPaBIONOI00Us, HO Te-
epb CKAJSIPHBIE TPOU3BEICHHUS (P4, Og) MOTYT BBIUUCIATHCS HAMHOIO ObICTpee Garoja-
Psl Pa3PezKEeHHOCTH PACHPEICICHUN Yy U Oy, DTOT BapUAHT AJIrOPUTMA JTAET BBIMTPBIIIL
B cKopocTu Bbranciaenuit 10 30% npu 6osbmom duciae tem (500 u Gostee).

19 TlpoekTt BigARTM

BigARTM — 3710 6ubjnOTeKa C OTKPBITBIM KOJOM, ocHoBaHHas Ha Teopun ARTM.
Ona mMeeT pacmpsieMblil BCTPOEHHBIN HAOOD peryJispu3aTopoB U METPHK KadecTBa, Pea-
Ji3yer OHJIaftHOBbIN u odduiaitnoBbIl MHOTONIOTOYHBIH 1HakeTHbIE EM-ajiropurm, obecrie-
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YUBAIOIIUI BICOKYIO 3 DEeKTUBHOCTH 00pabOTKHU OOJIBIINX KOJIJIEKIIUI Ha OJJHOM KOMIIbIO-
repe. bubsinoreka spJjsgercs KpocciiargoOpMeHHO: cCOOPKY U MCIIOJIHEHUE MOZKHO [IPOU3-
soauth noa Windows 7/8/10, Mac OS u pasmuaabivu guctpubyrusamu Linux. ITopmep-
JKHBAIOTCS porpaMMubie narepdeiicst mox Python 2.7.% /3% C++ a rakke 3amyck B Buje
ucrorHgeMoro buaapuoro daiina. exonusrit kog BigARTM manucan Ha C++11. [logmeprku-
BAETCsl HECKOJIBKO HOIYJIAPHBIX (POPMATOB TEKCTOBBIX /laHHbIX. VcuepubiBaionyo uadop-
MaluIo 110 OMO/IMOTeKe MOXKHO HailTu B JIOKyMeHTalluu Ha caiire http://bigartm.org.

Huke npejcraBieH MUHEMAIbHBI Ko B Python, BeImostHsIONHIT 3arpy3Ky u mpeod-
pa3oBaHue JAHHBIX BO BHYTPEHHHI (DOpMAT IMaKeTOB JTOKYMEHTOB (6amuel), CO3IAHEE
1 oOyUueHne MOJeJH, BBIYUCIeHUEe W BBIBOJI, MEePILTEKCHH.

1 # Import all necessary tools and data

from sklearn.feature_extraction.text import CountVectorizer

3 from sklearn.datasets import fetch_20newsgroups

4+ from numpy import array

5 import artm

¢ # Extract data using sklearn and numpy

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

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

10 # Create batches and dictionary

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

12 n_wd=n_wd,

13 vocabulary=vocabulary)

14 # Learn simple PLSA model

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

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

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

19 # Print perplexity values by iterations

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

MogrotoBka AaHHbIX. YHHBEPCAJIbHBIM O0OBLEKTOM, MPUHAMAEMbIM Ha BXOJ BCEMH OIIe-
panuaMu BigARTM, gaBiserca BekTopusarop artm.BatchVectorizer. B npumepe Bblie
(maru 10-13) on ObLI CO3/1aH 110 MATPHIE «MEIIKA CJI0B» N_wd U CJI0BaPs, 33/Af0IEro Co-
OTBETCTBHE MEK/1y CTPOKAMK MATPHUIIBI U CJIOBAMHU KOJLIEKIMU. B 9TOM ciydae nmakersl co-
3JAI0TCSI B OIEPATHBHON MAMSITH U OJTHOCTHIO YIAJSIOTCI U3 HEE 110 3aBEPIICHUN PADOTHI
Ooub/IMoTeKH. DTOT CIOCOO XpaHeHUs JAHHBIX IIOJXOJIUT TOJIBKO JIg HEOOJIBIINX KOJLIEK-
Ui, MEeJMKOM IMOMEIIAIONINXCS B MaMATH. Bo BceX OCTaJbHBIX CAydasgX HCIOJIb3YIOTCS
dopMarhl JaHHBIX, HPEAIOIArAOIMe ITeHNe UCXOJHBIX JIOKYMEHTOB C JIMCKA M 3alUCh
UTOIOBBIX IIAKeTOB Ha JucK. Hambosiee monyisipen ¢opmar rekcrosbix (aiisioB Vowpal
Wabbit, B koTopom Kaxk/jjas CTPOKa COOTBETCTBYET OJHOMY JOKYMEHTY U MMeeT BUL

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

Jlanubiit ¢popMar mo3BOJISIET HPEICTABIATH JTOKYMEHTHI KAK «MEITKOM CJIOB», TaK H
[IOC/IeJIOBATETbHBIM TEKCTOM, & TAKZKe 3alUCHIBATH B JOKYMEHTBI T€PMbI PA3JIUIHBIX MO-
jasibrocreii. [Ipumep co3panust BekTopusaropa 10 Janabiv B (popmare Vowpal Wabbit:

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

w

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

[Tapcunr 60/1bI10§T KOJUIEKIUKE — OTHOCHTEJILHO JIJTATEJIbHBII porece (JazKe HeCMOTpst
Ha t0o, 4T0 BigARTM yMeeT BbIIOJIHATDL €r0 B MHOIOIIOTOYHOM pe>K1/1Me), O9TOMY Y/100HO
COXPAHUTDb MAaKeThl Ha JUCK M MCIOJb30BAaTh UX MHOrOKpaTHO. [IpmMmep co3mannsa BeKTO-
pu3aropa, 3arpyzKaroero Iakerol ¢ 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 pas30ueHns KOJUIEKIIMH Ha MakerTbl (3a7aB B artm.BatchVectorizer mapamerp
gather_dictionary, no ymosdaHuio paublii True), b0 CO31aTh BPYUYHYIO HA OCHOBE
cBoux JaHHbIX. OOBEKT CJA0Bapsd MOXKHO COXPAHUTh B OMHAPHBINA MJIM TEKCTOBBIH (haii,
3aTeM 3arpyzKarhb ero u3 3roro Qaiiia:

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

2 data_format=’vowpal_wabbit’,

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

s # Load dictionary back during next BigARTM launch:

¢ dictionary = artm.Dictionary()

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

['oToBBI#T C/TOBaph MOXKHO U3MEHITH. /I 3TOTO HOCTATOYHO COXpAHHUTH €ro Ha JUCK
B TEKCTOBOM BHJIE, 3aTeM MOAU(MHUIUPOBATH MOJTYICHHBIH (hailyl 1 3arpy3uTh €ro 0OpPaTHO:

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

s # Then, load it back

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

CrioBapb, COXpaHEHHBIM B TEKCTOBOM ailjie, COCTOUT U3 CTPOK CJIEIYIONIEro BU/IA:

token class_id value tf df

rae token — cTpokoBoe TpejcraBieHune cioBa, class id — mogambHOCTD, tf — abcosmor-
Hasg YacTOTa CI0Ba B KoJuleknuu, df — 4ucsio 10KyMeHTOB KOJLIEKIUH, B KOTOPBIX CJIOBO
BCTPETHIIOCH X0Ts Obl pa3. [Tosie value o yMo/r4annio 3a10/1HseTCs HOPMUPOBAHHBIM 3Ha-
genneM tf, HO MOzKeT ObITH M3MEHEHO (Ta BO3MOXKHOCTH HCIIOJIL3YETCs KAK MEXaHH3M
nepejiadn JAHHBIX B HEKOTOPBIX DEryJsIPU3aTOpax W MeTPHKAX KAuecTBA).

CuroBapu MOKHO (pHJIBTPOBATH BCTPOECHHBIME CpeJCTBaMu 10 3HadenuaM tf u df, na-
IpHMep, MOXKHO OTOPACHIBATDL CJIMIIKOM YACThle HJIM CAUIIKOM DEeIKHe CI0Ba. YKa3aHHe
cJIoOBapsd B KOHCTpyKTOpe artm.ARTM wjim B metone artm.ARTM.initialize 3ajaér mo-
psioK ¢TpoK B mMarpunax ® u (n,;) COIIACHO HOPSJKY CJIOB B CJIOBape. DTO BarKHO,
HALPUMED, JJIs MOJAJIbHOCTH METOK BPEeMEHH.
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Perynsipnsatopbl moryr BozjeiicrBoBarh Ha Marpuibi P, © wujin (ptdw). Peryiis-
puzaropbl ¢ MoryT BO3J/EHCTBOBATH Ha OT/E/IbHbIE MoOJa/abHoCcTH. Hajimuune napamer-
pa class_id yka3bIBaeT, 4YTO peryjgpu3arop paboraer ¢ OIHOIl MOJAJbHOCTHIO, IIO-
yMosgannio ¢ @default_class. Hanumume mapamerpa class_ids yka3bIBaeT, UTO pery-
JIApU3aTOp paboTaeT cO CIHUCKOM MOJAJIbHOCTEil, Mmo-ymMoJdanuio co Bcemu. Ilodyrn Bce
IIapaMe€TpPbl BCEX PEeryjdpu3aTopoB MOKHO MEHATHb ME2K/Yy UuTepainudMu O6y‘{eHI/IH.

SmoothSparsePhiRegularizer — pe2yaapusdamop C2AGHCUCAHUA—PASPEHCUBAHUL MAN-
puyo, P, peasuzoBan 1o (opmyiie (24) ¢ mHebobIIM 06001EHIEM:

Put = qvoervrip(nwt + 7Buw f ().

Ecmu B onpenenennu KL-nuBeprennuu 3aMennthb Jjorapudm Inz na dbyskmuo A(x),
to f(x) = xN(x). Ilo ymomuanuto f(xr) =1, uro u coorsercrsyer Jiorapudmy. B 6ub-
JIMOTEKe MOZXKHO 3aJaBarb f(r) Kak crenennyo ¢yukiuio. Bekrop (5,) 3arpyxaercs u3
CJIOBaps M 3a1a8TCsl 3HaYeHusiMuU 1014 value kazkoro ciosa. Jljis KaxK10ii TeMbl ¢ MOKeET
OBITH 33/1aH CBOI Takoil BeKTOp. TaKuM CII0cOO0M MOXKHO 3a/1aBaTh «0eJibie» U «UEPHBIE»
CIIUCKH CJIOB JJI YaCTUIHOIO O0YJeHus.

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

SmoothSparseThetaRegularizer — pezayaapusamop CaaaHCUBAHUA—DPA3PEANCUCAHUA
mampuys, O, peanuzoBad o dopmyiie (25), ¢ AHAJTOTHIHBIM 0000TIEHIEM:

O = n?er%n (ntd + Taiatdf(‘gtd))-

Oyuknust f urpaer Ty ke pojib, YTO U B PEIy/IIpU3aTOPe CryIaKuBaHus—paspekuanus P.
MaccuB MHOKHTe e (; TO3BOJSIET YIIPABIATH BO3AefiCTBAEM Peryadpu3aTopa Ha KazK 10l
i-it BHyTpeHHell urepauu oO6paboTKN JOKyMeHTa. BeKTop wim Marpuna ((vg) MO3BOJISET
YIIPABIATH BO3AEHCTBHEM PeryIgapu3aTopa Ha 3JeMeHThl MaTpHIbl O.

DecorrelatorPhiRegularizer — pezyasapu3amop 0eKkoppesuposarus mem 6 Mampu-
ye @, peasmzoBan coracHo (36). Ot mosb3oBaress Tpedyercst ykazarh Kodbduipenr
peryagapusaliud T U CIACOK MOJAJBHOCTEH, HA KOTOpPble Hy?KHO BO3/IeCTBOBATD.

TopicSelectionThetaRegularizer — pezyaapusamop ombopa mem 6 mampuye O,
peasuzoBan 10 dbopmyste (63). EAuHCTBEHHOE OTJIHYNe 3aKTI0IAETCsI B HATHIHHA MACCHBA,
MHOXKHTeJIER (v, KaK B PEryaspru3aTope CriakKuBaHuI—Pa3peKuBaHug O.

SmoothTimeInTopicsPhiRegularizer — pe2yaapu3amop CeAGHCUBAHUA MeM NO MO-
dasvrocmu epemeny 6 mampuye P, peammzoBan o dopmyiie (50). st KoppekTHO# pa-
00oTbl peryssipusaropa Tpedyercs yKas3arb UMS MOJAJbHOCTH BPEMEHU U PACIOJIOKHTH
TepMbl BpEMEHH B cjioBape U B Marpuiie ¢ B XpOHOJOIHIECKOM TOPSIJIKE.

NetPlsaPhiRegularizer — pezyaapuszamop NetPLSA das modanvrocmu sepuiur 2pa-
da 6 mampuue P, onpenensercsa mo dopmysie (62). B mokyMeHTax JH0JKHBI ObITH 3apaHee
3allMCaHbl TepMbl BepiiinH rpada v. B napamerpax peryssipuzaropa 3a/al0Tcs UMeHa Bep-
muH v, uxX Beca (MomaocTH MHOXKeCTB |D,|) 1 Beca pédep rpada wy,.
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ImproveCoherencePhiRegularizer — pezyaapusamop Ko2epernmuocmu, Peaan30Ban
o dopmyse (68) u B KadecTBe mnapamerpa Tpedyer cI0Bapb MAPHONH COYETACMOCTH
ciioB Cy, (cOBpaTh ero MOKHO ¢ MOMOIIBI0 BCTPOEHHOTO MApCepa).

BitermsPhiRegularizer — pezyaapusamop O6umepmos, peaau3oBaH 1O dopmy-
nam (66)—(67) u B KauecTBe mapaMeTpa TakK:Ke TPeOyeT CJI0Bapb YaCcTOT OUTEPMOB 7,
(3aa4a ero cOOPKU JIOKUTCA HA MOJH30BATE).

LabelRegularizationPhiRegularizer — wacmommnwi pezyassapusamop mampuio,
JUtst Kiracendukanuy ¢ HechaJaHCHPOBaHHBIME KJaccamu. PeasuzoBan o gopmyie (59).
B kauecrBe mapamerpa rpedyer cjoBapb KJacCOB CO 3HAYEHUsIMEU UX MOUHOCTelH |D,|.

HierarchySparsingThetaRegularizer — pe2ysapusamop uepapruieckoz20 paspexrcu-
sanuA O, UCIOJb3YyeTC I pa3peKuBaHUs MATPHUILI CBA3EH MEK/Iy POJIUTETbCKIME Te-
MaMH{ U UX JOYePHUMHE TIOJTeMaMU B HepapXuIecKuX MOJe/dx, cormacuo dbopmye (65).

TopicSegmentationPtdwRegularizer — pezyaapuszamop E-waza dra paspescusanus
ceemenmos 6 Mampuuar (P, ), Opeaeasemblii o dopmye (82).

SmoothPtdwRegularizer — pezyasusamop E-waza das cerancusanus mampuyy (Pyw )
10 JIOKa/JibHOMY KOHTeKcTy. [Ipubiikaer temarundyeckuil mpoduiib Kazjoro BXOZKI€HUs
TepMa K yCpejHeHHOMY npoduiio ero coceeit (1o okHy GUKCHPOBAHHON MIUPUHBI).

Perysisipuzaropbl MOryT BKJIIOYATHCSH, OTKJIOYATHCA UM MOJAU(DUIIMPOBATHCS B JIIOO0M
MOMeHT MezKy BbizoBaMu fit_offline mim fit_online, 4TO HO3BOJIAET, B COBOKYIIHO-
CTH C KOHTDPOJIEM MeTPHK KadecTBa, M'MOKO IMepecTpamBaTh CTPATErHI0 PeryIapH3alin
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
model.regularizer[’decor’].tau = 3e+b
model.fit_offline(batch_vectorizer=bv, num_collection_passes=15)

©

MHoronotouHbii naketHbln EM-anroputm. Bubianmoreka BigARTM mo3Bosser obpada-
TBHIBATb KOJLJIEKITUU JOKYMEHTOB, He IOMEIIAIONuecs B OMePATUBHYIO MaMATh. /s 3Toro
koJuiekis D ¢ nmomomipio BatchVectorizer paszbuBaercs na nakerst Dy, b=1,... B,
KaK/IbIfl U3 KOTOPBIX XPAHUTCS B OTAeAbHOM (haite. OObIYHO UCIOIb3YIOTCS AKeThl Pa3-
MEpOM OT COTeH KHJIODAUT /10 JecaTkoB Merabaiit. KosddunuenTsr peryigapusanuu 3a1a-
I0TCSI B MOMEHT CO3JIaHHs MOJIEU, HO IIOTOM MOIYT OBITHb B JIFOOOHl MOMEHT HU3MEHEHBI,
B TOM 4ucJie B xone EM-urepanpmii.

[Takernl obpabarbiBatorcs dynkuuein ProcessBatches kak ommcano B Asiropurme 5.
Oddaaitnoseiii asropurm FitOffline 3anyckaercs dynkumeit ARTM.fit_offline, onaii-
HoBbiit FitOnline — dynkuueit ARTM.fit_online. /Ijis BKJIIOYEHUs] aCHHXPOHHOI'O aJIlO-
pUTMa HocaeHell Ha10 mepeIaTh mapaMerp async=True. KoHTpOJIb yCI0BUil CXOTUMOCTH
EM-anropurMa Bo3jaraercs Ha IoJib3oBaTessd. IIpoine Bcero 3aj1aBaTb YHCIO0 HTepAIUil
10 KOJIJIEKIUU ¥ 110 KaZKJOMY JIOKYMEHTY.
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HOCTpOGHHyIO TeMaTUYeCKYI0 MOJEJ/Ib MO2KHO UCIIOJIb30BaTh JAJid TeMaTU3alluU OTAEC/Ib-
HBIX JIOKYMEHTOB 11pu (pukcupoBanuoit Mmarpure ®. dta BO3MOKHOCTD peasin3yercs (pyHK-
mueii ARTM. transform, KoTopas IPOIyCKaeT JOKyMeHThl depe3 ProcessBatches.

MeTtpukn kadectBa jiobaB/isdioTCs 4depes 1oJisi scores oObekra ARTM. B sror moment
Yy MHOI'HX METPHK MOXKHO 33/1aBaTh IapaMeTpbl. Belduc/ieHHbIe 3HAUYEeHUs] METPUK H3BJIe-
KATCs depe3 IMoJisd score_tracker.

PerplexityScore — nepnaercus, Boraunciasgemas 1o dopmyie (90). [Ins eé Koppekr-
HO# PabOThl HYKEH CJIOBaPb, COJ/IEpKallMii HOPMUPOBAHHbIE YACTOTHI CJIOB B KOJLJIEKIIMH
(ne mojudunupoBannbie 3Hadenus value st kazkaoro ciosa). OHE UCHOJIB3YIOTCS B Ka-
94ecTBe AMMPOKCHMAIMH HYJIEBBIX 3HadeHuii p(w|d) u MO3BOJSMIOT KOPPEKTHO OINEHUBATH
MOJIEJIA Ha OJTHOM CJIOBape, HO C pa3HOil CTeMeHbI0 Pa3pekKeHHOCTH.

[Ipumep MoAKIIOYEHHsI MEPILIEKCUH J7ist MoJaibHocTu @default_class (crangapTHast
MOJAJIBHOCTD CJIOB):

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

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

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

3HavyeHus] MEPIUIEKCHI MOXKHO BBIBECTH CJIeIyIommM obpa3om (Bmecto value MoxHO
BBIBECTH, HAIIPHMED, YUCIUTENb U 3HAMEHATE b MePIIEKCUH [0 KazK/J0# MOJAJIbHOCTH):

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

I[Toste value comepzKuT BCIO HCTOPHIO 3HAYEHUI METPUKH 110 OOHOBIEHUAM MaTpuilbl .
Y moboro moJig 1000 METPUKH HMeeTcsd BapHaHT ¢ HpedHuKcoM last_, KOTOpBIA BO3-
BpalllaeT 3HAYCHHE METPUKH Ha MOMEHT IOCJeHell CHHXPOHU3AIMH. DTO MOXKET OBbITb
IIOJIE3HO /14 IIOJIyYC€HUd MacCUBHBIX MeTpuk Tuira TopTokensScore.

SparsityPhiScore/SparsityThetaScore — paspesicernrnocmu mampuy © u O. One-
HHUBAIOTCA ,ZLOJIeI'?'I 9JIEMEHTOB MaTpUIlbl, MCHbIIUX 3aJaHHOI'O 110JIb30BaTe/JIeM I10pOora.

TopTokensScore — mon-cao8a 6 memax, CIUCOK U3 3aJaHHOI'O YHUCJIa CJIOB C Hau-
00JIbIIIell BEPOITHOCTBIO IO Kaxkjioih Teme. Eciu B mapaMerpax 3TOil METPHUKH yKa3aTb
CJIOBapb MapHOil COYeTAEMOCTH CJIOB, TO OY/JeT BBIYHC/IeHA KOTepeHTHOCTDb coher; 1o cruc-
KaM TOII-CJIOB B TeMax, coriacHo dopmysie (91).

TopicKernelScore — #dpogvie Tapakmepucmukry mem: YIUCTOTa Pur,, KOHTPACTHOCTh
cong, pasmMep sijipa ker; oneHuBaOImue Pa3jndHOCTH U, KOCBEHHO, WHTEPIPETUPYEMOCTD
KazK10if TeMbl £, cM. c¢Tp. 93. AHAJOIMYIHO TOI-CJIOBAM, yKa3aHHe CJI0Baps MapHOW code-
TAaeMOCTH 3aIyCKaeT MOJCYET KOTepeHTHOCTH, HO Telephb yzKe MO SapaM TeM.

BackgroundTokensRatioScore — dosa honosvix cro6, OeHUBAET OO CJIOB, J1JId KO-
ropbix KL-uBeprenuust Mex iy pacipesesienusivu p(t) u p(w|t) Bbliie 3aaHHOTO HOPOTa.

TopicMassPhiScore — wacmomu, mem ny u pacupejesenus p(t) = “L LA Beex TeMm t,
BBIUUC/ISIEMbBIE 110 MATPUIE (Thyy)-

ItemsProcessedScore — wucao 00pabomannvls JoKYyMEHMO8, TEXHUIECKAs METPHUKA,
IOKA3bIBAMOIIAs [0 UTEPANUAM KOJUYECTBO JIOKYMEHTOB (C MOBTOpaMH), 00pabOTAHHBIX
EM-aaropurMoM ¢ MOMEHTa BKJIIOUEHUS METPUKH.
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PeakMemoryUsage — nukogoe nompebienue namamu, TeXHuIecKass MeTPHKa (J10CTyII-
Has TOJBKO B CH++ I/IHTepd)eﬁce), 1PEe/IOCTaBIIsIONIast HMOPMAIKMIO 0 MAKCUMAJIbHOM 10~
TpebGJIeHIH OTIePATUBHON MaMATH 32 BpeMd KazK/I0il HTeparui aaropuTMa.

[lonb30BaTe/ib MOXKET He TOJBKO CO3/aBaTh COOCTBEHHBIE METPHUKHU, HO U BBIYUC/ISTH
UX HAIIPIMYIO, C/IeJIaB BBIIPY3KY ImapameTpoB mozenn ¢ u O.

Bbirpyska napametrpoB mogenu. B ciiejyroniem Koje 110Ka3aHo, KaK MOy IYUTh MaTpPU-
iy ® (rounee, nepsoie 10 rem J1edoaTHONR MOIAIBLHOCTH):

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

Ykazanue napamerpa model_name=model.model_nwt 103BoJisieT aHAJOIUYHBIM ODpa-
30M MOTYYHTH 3HAYEHUS Nyt BMECTO (Dyyt.

C marpuneit © MOXKHO paboOTaTh MO-pa3HOMY. Bo-1mepBhIX, €€ MOKHO BOOOIIE HE Xpa-
HUTb, €CJIM OHA He HyKHA. BO-BTOPbIX, MOXKHO XPAHUTH €€ B K3llle, 3a/iaB lepej| Hava-
Jiom 0bydenusi napamerp cache_theta=True. B Tperbux, MOXKHO BK/JIIOYUTH XpaHenue ©
B ®-110,106H0#1 MmaTpure, 3a1aB napamerp theta_name. 910 jacT CBOOOIHBIN JOCTYI K MAT-
puIle Ha YTeHre U 3alUCh B 000l MOMEHT. B mepBoM ciiydae BBITPDY3UTh MATPUILY HEBO3-
MOZKHO, B OCTAJbHBIX IPUMEHUM CJIeIYIONIi KOJI;:

1 # case 2

> model.get_theta()

3 # case 3

1 model.get_phi(model_name=model.theta_name)

Bce onucannbie Bbiliie BbI30Bbl BO3BpallaloT 00bekThl pandas .DataFrame.

[Tomumo ommcannoro mHTepdeiica BHITPY3KA MATPHUIl, €CTb BO3MOXKHOCTH MOJTYYHTDH
yKa3aTejJb HAa MaTPUIy W HAOPAMYIO MOAUMUIHPOBATH MaMITh, MCIOIb3YEMYIO SIPOM
O6ubJIMOTEKH, YTO CYyIIECTBEHHO YMEHbIIAET PAacXo/l HaMATH U BPEMs BbIUUCJIEHUI.

20 PasBenoyHbiii MHOPMALLMOHHbIVE MOUCK

BarkHbIM 1IPUIIOKEHHEM TEMATHIECKOTO MOJIETUPOBAHUS ABJIACTCH UHPOPMAUUOHHBLT
nouck (information retrieval) [188, 22|. CoBpemeHHbIe TIOUCKOBbBIE CHCTEMBI IpeIHAZHATC-
HbBI, TJIABHBIM 0OpPa30M, /I MOMCKA KOHKPETHBIX OTBETOB Ha KOPOTKHE TEKCTOBBIE 3AIIPO-
col. /Ipyrue mouckoBble HOTPEOHOCTH BO3HUKAIOT Y IIOJIb30BaTE e, KOTOPBIM HEOOXOIIMO
pa3o0parbcs B HOBOi 1peaMeTHON 00JiacTv MM IONOJHUTH CBO Oaraxk 3nanumii. [Tosib-
30BaTe/Ib MOXKET He BJIaJIETh TEPMUHOJIOTHEH, ¢/1ad0 IOHUMATH CTPYKTYPY IIPEIMETHON
00J1acTH, HE UMETh TOYHBIX (POPMYJIHPOBOK 3alpoca U He HOoJpa3yMeBaTh €IMHCTBeHHbIIl
IpaBUJIbHBIA OTBET. B TaKuX cydasx Hy?KeH HOUCK He II0 KJIFOUYEBBIM CJI0BAaM, a [0 CMbIC-
Jly. 3aIpocoM MOKeT OBITh JJIMHHBIN (pparMeHT TeKCTa, JIOKYMEHT WU MOAO0PKa JIOKY-
MeHTOB. Pe3y/ibrarom 1oucKa MOKeT ObITh OObIYHAsi MOMCKOBAs BbIJA4a B BUJE CITHCKA
JIOKYMEHTOB 11 00Jiee CTPYKTYPUPOBAHHOE HPEJICTABICHUE C PA3IEJEHUEM 110 TeMaM UJIH
rpaduyeckasi BU3yaJu3alus — <«JIOPOXKHAs KapTray IPeJIMETHOH 00J1aCTh, CTaTuvecKast
WJTH UHTEePAKTHBHAS.

Jlig sTHX ciydaeB MOAXOMUT MapaurMa paseedounozo UHGOPMAUUOHHOZ0 NOUCKA
(exploratory search) {102, 183|. Ero nesbio siBiisiercst 1oJIy4eHne OTBETOB HA CJIOZKHbBIE
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BOIIPOCHI: «KaKHe TeMbl IIPeJICTaB/IeHbl B TEKCTE 3alpOCcay, «4TO YUTATh B IEPBYIO Oue-
pe/ib 110 9TUM TeMaM», «UTO HAXOJUTCH HA CThIKE TUX TeM CO CMEKHbIMH 00/IaCTIMUY,
«KaKOBa TeMaTHu4ecKas CTPYKTypa JAHHOU IIpeJIMeTHON 00/1acTHy, «KaK OHA Pa3BUBAJIACH
BO BpeMeHU», «KaKOBBI MOCTETHIE TOCTHKEHUI», IJe HAXOIATCI OCHOBHBIE TIEHTPBI KOM-
HEeTEHTHOCTH», «KTO SIBJISETCS SKCIEPTOM II0 JIaHHOi TeMe» u T. 1. [lob3oBare/ib 0ObIIHOIM
HOMCKOBOIM CUCTEMbI BbIHYZK/IEH UTEPATUBHO 11epepOpMy/IMpOBaTh CBOM KOPOTKHUE 3alIPO-
Cbl, PACHIUpssi 30HY IIOUCKA 110 Mepe YCBOEHUs TEePMUHOJIOIMM LPEJMETHON 00/1acTH, le-
PUOJIMYECKH [IEPECMATPUBALA U CUCTEMATH3UPYs Pe3y/IbTaThl IOUCKA. DTO TpebyeT 3aTpar
BpEeMeHH U BLICOKOII KBasimpukauu. Pa3Be1ounblil IOUCK peaiu3yeTcs ¢ IOMOIILIO BU3Y-
AJIbHBIX TEKCTO-rpaduIecKuX IMpe/icTaBIeHuil «00Ieil KapTUHBIY, JAIOIMKUX II0/Ib30BaTe-
JIIO 00JIbIIIE YBEPEHHOCTH, YTO BCE BarKHEHIINe aclueKkThl n3ydaeMoi 1pobjieMbl HaIeHbI
u orobpazkenbl. Ecjin 00pa3HO HpeJICTaBUTh UTePATUBHbBINA TOUCK KakK OJ1yzK/laHue 110 J1adu-
puHTY 3HaHUi ¢ (POHAPUKOM, TO pa3Be/IOYHbIN HOUCK — ITO aBTOMATUYECKOE [OCTPOEHKE
KapTHI /IS JTI000i1 YacTH 3TOro JabupHUHTA.

Tematunyeckuin nouck. llosHOTEKCTOBBIE MOUCKOBBIE CHUCTEMBI OCHOBAHBI HA WHBEPTHU-
POBAHHBIX HHJIEKCAX, B KOTOPBIX JJId KazKJIOT0 CJI0BA XPAHUTCS CIUCOK COJEPZKAIIHUX ero
nokymeHToB [15]. TTouckoBast cucTeMa HIIET JTOKYMEHTBI, COJepZKAallie Bee CI0Ba 3aIpoca,
HOITOMY 110 JIIMHHOMY 3allpOCy, CKOpee BCero, Hu4iero He oOy/er HaiijieHo.

Cucrema TeMaTHYECKOIO PA3BEIOYHOTO IMOUCKA CHAYAJA CTPOUT TEMATHIECKYIO MO-
JleJTb 3aIpoca U OIpeieisdeT KOPOTKHIA CIIICOK TeM 3alpoca. 3aTeM I IMOUCKA TOKYMeH-
TOB CXOXKeil TEeMaTUKU MPUMEHSIOTCS Te YKe MeXaHU3MbI NHIeKCHPOBAHNS U TOUCKA, TOIb-
KO B DOJIH CJIOB BBICTYHAIOT TeMbl. [[0CKOTBKY 4HCIO TeM Ha HECKOTBKO MOPSIKOB MEHBIIE
00 bEéMa, CJIOBAPSI, TEMATUIECKUN MOUCK TPEOYeT HAMHOIO MEHBIIE MaMSITH [0 CPABHEHHIO
C IIOJIHOTEKCTOBBIM IIOMCKOM U MOZKeT ObITh peaJin30BaH Ha 00Jiee CKPOMHOI TexHuke. Tex-
HOJIOTHH WH(OPMAIMOHHOI'O MOUCKA HA OCHOBE TEeMATHYECKOI'O MOJEJTMPOBAHUS B HACTO-
siee BpeMsl HAXOJSTCS B CTAUU UCCJIeIoBanmii u paspaborok [153, 32, 129, 40, 21, 175].

B snmrepatype mo pa3BeI0qHOMY MOUCKY TEMATHIECKOE MOIETUPOBAHNIE CTAJIH UCIOTb-
30BaTh OTHOCHTEJILHO HeJaBHO [144, 65, 141, 162, a MHOrHE 0630pbHI O HEM BOODIIE HE YIIO-
munator |61, 137, 151, 77, 103, 73]. B crarbe [162] BazkubiMu penMyInecTBaMu reMaTide-
CKHUX MOJIeJIell Ha3bIBAIOTCs TMOKOCTH, BO3MOXKHOCTH BU3YyaJIM3AIMK 1 HaBUTanuu. B 1o e
BpeMsd, B KadecTBe HEJOCTATKOB OTMEYAlOTCs MPOOIEMBbl ¢ HHTEPIPETHPYEMOCTHIO TeM,
TPYJAHOCTU ¢ MOAUMUKAIIEH TeMAaTHIECKOH MOJeJH IPU MOCTYILIEHUUH HOBBIX JTOKYMEH-
TOB W BBICOKAS BBIYUCIUTENbHAS CJIOKHOCTb. DTU IPOOTEMBl OTHOCATCI K YCTapeBIIIM
METO/IaM U YCHENIHO PEHIeHbI B IOCJIEHIE OBl JECIATKH HOBBIX MOJe el pa3padoTaHbl
JUISL YJIy 9II€HUs] HHTEPIPETUPYEMOCTH; OHJIAHOBBIE A/ ITOPUTMBbI CIIOCOOHBI 00PAdATHIBATH
GoIbIIIe KOJLIEKIUE U TIOTOKU JOKYMEHTOB 3a JuHeitnoe Bpems [111, 30, 163]. C apyroii
CTOPOHBI, B pabOTaxX MO TEMATHIECKOMY MOJEJTMPOBAHUIO PAa3BeTOYHBII MOUCK YacTO Ha-
3BIBAIOT OJTHUM W3 BayKHEHIINX MPUIOKEHNIl, & OTeHKH KaYeCTBa MOUCKA HCIOIB3YIOT JJIsI
Basanuu Mogesteii |188, 22|, Oxuako 9Tu nccie0Banus MOKa He HPUBEJIU K CO3IAHHIO
O0NIEJIOCTYIIHBIX CUCTEM Pa3BeJIOYHOIO 1HOUCKA. BCE 310 roBopuT 0 pazobiuéHHoCTn HaY Y-
HBIX COOOIMIECTB, pa3padaTHIBAIONINX ITU JBa HAIpaBieHusd. TeH1eHIUs K UX COJUZKEHIIO
HaMeTHJIach JIUIIb B TOCTETHIE TOJIBI.

Temarmdeckas MOJeTb JJIS Pa3BeOYHOrO MOMCKA JOJZKHA YAOBIETBOPATH MHOTHM
TpeboBaHusIM OJHOBpeMeHHO. OHa JI0/12KHA, ObITh:
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TOPOWo urmepnpemupyemot B Tex CJLydasx, KOIJa TeMbl UCIOJIb3YIOTCH B 110J1b-
30BaTe/IbCKOM uHTepdeiice Jijisi HABUTAIMY 110 KOJUIEKIIMU, YTOYHEHUsS] KPUTEpHUeB
[IONCKA, BA3YAJU3AIUA PE3yIbTATOB IIOUCKA;

paspestcernnoti, 9T00bl KarKJblil JOKYMEHT COCTOsI U3 HEDOJIBIIIOTO YUCIA TEM — ITO
HEOOX0IUMO Jist 9PDEKTUBHOIO XPaHEHUsT MHBEPTUPOBAHHOI'O MH/IEKCA;

uepapruveckot, 4rodbl 1M0Jb30BaTE/Ib MOI' HOJIYYUTh IPEJCTAB/IEHUE O TeMarTude-
CKOH CTPYKTYype LpeJMeTHOH 00/1acTu Ha JIIOOOM YPOBHE JleTajiu3allui; KpOMe TOTO,
nepapxmvecKkoe JieJieHre TeM Ha IOJATEMbBI II03BOJISIeT YBEJIUYUTh Pa3MepHOCTh Te-
MaTUYeCKUX BEKTOPOB U MOBBICUTH KAYeCTBO IOUCKA;

CIIOCODHOM aBTOMATUYECKU ONPedesiams “uca0 mem Ha KazK/OM yPOBHE HePapXUH,
ABTOMATHIECKU C030a6aIMb HOBbLEe MEeMb, U ABTOMATUIECKH UMEHOBAIMbG MeEMbl Pe-
JIEBAHTHBIMU 3ar0JIOBKAMH;

MYALMULPAMMHOT, TAK KAK BBIJEICHAE KJII0YEBBIX (ppa3 U TEPMUHOB CYIIECTBEHHO
yaydillaeT UHTePIPETUPYEMOCTb TeM;

MYALMUAZBYHOT, B TEX TTPUJIOZKEHUAX, IJie Tpedyercs KPOCC-s3bIKOBON WJIM MYJIbTHU-
A3BIKOBOIl IOMCK, HAllpUMep, IPU IOMCKe NATeHTOB Ha OJHOM f3bIKe IO HATEeHTY
Ha JIPYIOM 43BbIKe;

MYALMUMOIANHOT, 9TOOBI YIUTHIBATH METaJaHHBIE JTOKYMEHTOB: aBTOPOB, IHUTHU-
pOBaHUe, KATETOPUH WJIM TerH, eCJIi TAaKOBble UMEIOTCS;

MEeMNOPaNvHOU, 4TOObI BbISAB/ISATH JUHAMUKY Pa3BUTHUS T€M, OOHAPYZKMBATH HOBbIE
TeMbl U OBICTPO pacTyIiue TeMaTHIeCKHe TPeH/Ibl;

ceemenmupyrouwsedi, 1ToObl HE TOJILKO HAXO/UTh PeJIeBAHTHbIE JIOKYMEHTbI, HO M YKa-
3bIBaTh B HUX KOHKPETHBbIe CeIMEHTBI, peJIeBAHTHBIe CerMeHTaM 3allpoca.

0byuaemoti 10 OLEHKAM aceccoPOB WJIM JIOTaM I10JIb30BaTes e, YTOObI yJIydIiaTrh Ka-
9YeCTBO IIOMCKA HA IIOCTOSTHHOM OCHOBE;

00/1aaTh 0HAATH060T, NAPANLENbHOT U pacnpedesériot peaan3anueil, 9To0bl 9To-
Ob1 3pdekTuBHO 00padaThiBaThH HOJIBIINE KOJLJIEKIIMH TEKCTOB.

Mero/pl aIMTUBHON peryagpu3anun TeMarudeckux momeneii (ARTM) mo3sossior

CTpOUTb MO/ie/In C 3a/aHHBIMHA CBOﬁCTB&MI/I, O6'be,H,I/IHHH MHOI'ME€ U3 IlepevruC/JIeHHbIX BO3-

MOZKHOCTEN JIJISA CO3/IaHusd CepBUCOB Pa3BEJOYHOI'O ITOUCKA.

OueHuBaHune kayecTBa pa3Befo4yHoro noucka. Mogens ARTM st pa3BegodHoro mo-
ncKa Oblta npejiozkena B [20| u yiayunrena B [186, 72|. [Ijist nu3mepenus KauecTBa pa3Be/i04-
HOT'O TEMATHYECKOI'O IMOUCKA HCIIOIb30BAIUCH KPUTEPUH TOYHOCTH U IOJTHOTBHI HA OCHOBE
OIIEHOK aCcecCOPOB.

Broria cocrasiiena Beibopka u3 100 3ampocoB — 3aaHuil pa3BeI0YHOTO MOUCKa. KaxK-
JIBII 3aIPOC MPEICTABIIA CODOH TEKCT 00bEMOM OKOJIO OIHON crpanuiibl (popmara A4,
ONUCHIBAIONINIT TeMaTuKy moucka. Kazxjioe 3a/[anue cHavdaJia BBIIMOJIHSIIOCH HE3aBUCUMO
HECKOJIbKUMH aCeCCOpaMH, 3aT€M CHCTEMOIl TeMaTHIeCKOro IOMCKa, 3aTeM e€ pe3y/ibTar
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CHOBa OIleHMBAJICS aceccopaMi. JlaHHas MeTO/IMKA O3BOJISIET, €JIMHOZK/IbI C/leJIaB Pa3MeT-
KY Pe3yJabTaTOB IIOMCKa, MHOIOKPATHO OIEHUBATHh KadyeCTBO PAa3JIMYHBIX TeMaTUYECKUX
MOJe/Iel I MEXaHN3MOB IOUCKA.

DKcnepuMeHTbl NO NOAOOpPY TeMaTu4deckoi mMogenu Oasi pa3Bedo4yHOro noucka
MPOBOJMINCH HA JBYX KOJIIEKIUAX: 175 ThICAY cTaTell pyCCKOSI3BITHOTO KOJIIEKTHBHOTO
osora habrahabr.ru u 760 ThicaY cTaTeil aHIIOA3bIYHOTO OJiora techcrunch. com.

BbI.)'[O IIOKa3aHO, 4YTO TeMaTU4YeCKUN HOUCK HaXOJuT 60.]'[})]_[16 pe/leBaHTHbIX JOKYMEH-
TOB, YeM aCecCcopbl, COKpalllasi CpejiHee BpeMs IOMCKa C IoJiydaca /10 CeKyHibl. KoMmOu-
HUPOBAHUE PErYJIAPU3aTOPOB JIEKOPPEJINPOBAHNS, PA3PEKUBAHNS U CIVIAXKUBAHUS BMECTE
C MOJAJBbHOCTSAMHU 7N-T'PAMM, aBTOPOB U KAaTerOpHuil 3HAUYUMO YJIydIlIaeT KadeCTBO IOUCKA
U II03BOJIgeT JIOCTUYb TouHOoCTH Bbime 80% u nosHoTsl Boime 90%.

Busyanusaumnsa. Cucremarusanus pe3yJbTaToOB TEMATHIECKOIO MOUCKA HEBO3MOXKHA 0e3
HHTEPAKTHBHOIO rpaduveckoro mpejacrabienns. B o63ope [2] onmchiBaiorcs u cpaBHU-
Batorcd 16 cpejcTB BU3yaJM3allud TeMaTHYeCKUX MOje/ieil Ha OCHOBe BeO-unrepdeicos.
Em@ 60/1bie ueit MOKHO HOUEPIHYTH U3 HHTEPAKTUBHOIO 0030pa’, KOTOPbIil HACUUTHIBA-
etr 6oJsiee 400 cpejicTB BudyaJin3aiu TekcToB. HecmoTpst Ha Takoe 001raTcTBO TEXHUYECKUX
pelreHnii, OCHOBHBIX H/Ieil BU3yaJIH3aIN TeMaTHIeCKIX MOojieeil He TaK MHOTO: 9TO JIu0O
JIByMepHOe OTOOpazKeHne CeMaHTU4IeCKOil Oam30cTH TeM B BHUAe rpada WM KapThl, JIH-
60 TeMaTUuecKas uepapxus, JubO JMHAMUKA Pa3BUTUs T€M BO BpemeHu, Jinbo rpadonas
CTPYKTYPa B3aUMOCBsA3€il MeXK/ly TeMaMu, JOKYMEHTaM1, aBTOPAMK UJIM UHBIMU MO/IAJIb-
HOCTSIMH, JINOO CerMeHTHas TeMaTuveckas CTPYKTYypa OT/e/IbHbIX JTOKYMEHTOB.

I'padudeckas Busyanuzanus OOTBIINX JTAHHBIX MPAKTUYECKN OecIoJie3HA B CTATUI-
HOM HCIIOJTHEHHH, HO MOYKeT OKa3aTbCS MOITHBIM KOIHUTUBHBIM CDPEJICTBOM B CJIydae WH-
TepaKTUBHON peasmsanyu. [I[puHIUI NTHTEPAKTUBHOTO BIU3YAJIbHOTO MOUCKA HH(MOPMAIIT
u3BecTeH Kak manmpa lnetidepmana: «cHadaia KPYIHBIN LUIAH, 3aT€M MACIIabUPOBAHUE
u duibrpanys, Jerain 1o rpeboBannios [149.

I'padudeckoe oTobpazkeHme pe3yaIbTaTOB TEMATHIECKOTO MOIETUPOBAHUS U Pa3Be109-
HOIO TOMCKa COIJIacyercst ¢ KoHmemmueii daavrezo wmenus (distant reading), mpesgro-
JKeHHoit conmosiorom jmreparypbl Pparko Moperru [116]. On nporuBonocrasisier 5T0T
c1ocob M3y4YeHUsl TEKCTOB HAllleMy HPUBBIYHOMY HpucrajbHoMy drenuio (close reading).
HeBo3mokHO 1npounTars MUJJIMOHBI KHUT WJIK CTATel, HO BIIOJIHE BO3MOXKHO HPUMEHUTD
CTATUCTUYECKHUE METO/bl U I'PADUUECKYIO BU3YAJIU3AIMIO, YTOObI HIOHATH B ODIIUX YepTax,
0 4éM BCd 9Ta JIUTepaTypa, YBU/IeTh HeTPUBHATbHbBIE OOIIE 3aKOHOMEPHOCTU U HAYIHTHCS
ObICTpee OTBICKHBATDL HYKHOe. «/lambHee dTeHme — 3TO crmenuagbHasg (GopMa MpeIcTaB-
JIEHUs 3HAHUM, B KOTOPOI MEHbIIIe 3/IeMEHTOB, I'PyOee CMbIC/I UX B3aUMOCBs3€il, OCTAI0TCs
Junrb (OPMBI, OTHOIICHUST, CTPYKTYDbI, Mojesns |116].

21 3aknar4yeHwue

3ameHa dpyHgameHTa. BeposgrHOoCTHOE TEMATHYECKOE MOJEJINPOBAHAE — OTHOCHTEIHBHO
MOJIOJIO€ HAIIPABJIEHUE MCC/IC0BAHUN HA CTHIKE MAIIMHHOIO O0YYEHUS U aBTOMATUIECKOI
00paboTKu TeKcToB. EMy uyTh Oostee 20 jeT. 3a 3TO BpeMd ycHesa CJIOXKHTLCI HayTHAs

"http://textvis.lnu.se — MHTEPAKTUBHLII 0630p CPEJICTB BU3YaIU3AIUN TEKCTOB.
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TPaJUIUs — PACCMATPUBATH Ty 00/IaCTh KaK YaCTh U/ KaK MPUIOZKeHue 0aiieCOBCKOTO
obydenusi. B 910if KHHUre HNpeanpUHSITA HOMNBITKA CJAOMATH 3Ty TPAJIUIUIO, MIPE/JIOKUB
HAMHOTO DoJiee POCTOil, HO He MeHee BbIpa3UTe/IbHbII TeopeTudecKuil (DyHIaMEHT B BHJIE
KJIACCHIECKOil He-0aileCOBCKOIl pery/isapu3aliii.

Corau 6aitecOBCKIX aJITOPUTMOB TEMATHIECKOTO MOJETHPOBAHUS, OMMCAHHBIX B ThI-
csidax myO/MKanuit 3a MOC/Ie/HIe JIBa, JIECATUIETUSI, MOTYT ObITh J1e0aeCU3UPOBAHBI U 110~
JIy9eHbI HPSIMOJINHEHHO, OYKBAJIbHO B OJIHY CTPOKY, C HOMOIIBIO JIEMMbI O MAKCHMU3AIUN
[JIAJIKOM (DYHKIIMU Ha €IMHUIHBIX CUMILIEKCaX. BepogTHOCTHOe TeMaTuIecKoe MO/IE/TUPO-
BaHIe MOYKHO Tellepb Ha3bIBATh «Teopueil oHoil JeMMbly. OObIACHATH, CTPOUTH U KOMOU-
HUPOBATh TeMAaTUYECKHE MOJEIU CTAJIO Ha MOPSAJIOK IPOIIE.

Mozker BO3BHUKHYTH BOIPOC — IOYEMY 3Ta BO3MOZXKHOCTb He ObLIa 3aMedeHna cpasy’
Bejip GaitecoBckuit BbIBOJ, TPYJIOEMKUN U YHUKAJIbHbBIA JIJIs KAZXKJIOW MOJI€/IM, HIPUHOCUT
UCCJIEIOBATE/ISIM MHOTO TEXHUYECKHUX HEYT100CTB.

Muorue obracT aHAIM3a JAHHBIX U MAITHHHOTO 00y YeHUsl, BK/IIOYast 00pabdOTKY H300-
pazKeHHil U CUTHAJIOB, Pa3BUBAJIKCH IO CaeayIoneMy obimeMy ciieHapuio. CHadasa ¢op-
MaJIM3aIys MOJE/M U ONTHMU3AMUOHHON 3a/a4u; 3aTeM 00OTalleHne MOCTAHOBKY 3a/1a491
JIOTNIOJIHATE/IbHBIMU CTPYKTYPaAMHU U KPUTEPUSIMU, B TOM HYHCJIE C MOMOIIBIO PeryJisipu3a-
[[UU; ¥ TOJILKO B MOCJIEIHION OYepe/ib Iepexo/] K 0aiieCOBCKOM peryisipusaiuu. JTOT mnepe-
XOJ Hy2K€H TOrJa, KOIJ[a BO3HUKAET HPAKTUIeCKasd HOTPEOHOCTH ONEHUBAHUA HE TOJBKO
caMHUX IIapaMeTpPOB MOJIe/IM, HO M UX allOCTePUOPHBLIX pacupesienenuii. Hampumep, misa
HOJIYYeHUST WHTEPBAJIbHBIX OINEHOK, MPOBEPKU CTATUCTUIECKHUX THUIOTE3, CIMILTUPOBAHUS
MoJte1eil, OIEeHUBAHKUS UX YCTOWYMBOCTH W HPOYHMX BHJIOB BEPOSITHOCTHOTO QHAJIH3A.

B remarmyeckom MOze/IMpOBAHUEM TUHOBOW ClieHApPUil ObLI HAPYIIEH, W COOOIIECTBO
HEePerrIo K MeTojaM 0ailecOBCKOro OOyYeHHs MHUHYS dTall pa3BUTUsS B paMKaX KJIaCCH-
9eCKOil peryaspu3anui. DTO TeM 0oJiee MapaJoKCaIbHO, 9YTO B MPAKTUKe TeMaTHIeCKOro
MOJIC/TUPOBAHMS AIOCTEPUOPHbBIE pacIpejeeHus UCIOIb3YIOTCS TOJbKO JIJId MOy YeHHs
TOYEYHBIX OIEHOK MAKCHMAJIbHOIO IPaBI0N0I00us.

Teopus aguurusnoii peryaspusanun (ARTM) ectb nobITKa BOCIOJHATD 9TOT POOEI.
BosMoxkHO, MTONIBITKA 3aI103/1a/1a4, TOCKOIbKY (DOKYC HHTepeca Hay4IHOI'0 COOOIIECTBa, yKe
HEPEeKJTIOUHICd Ha ITyOOKHe HeifipoceTeBble MOJEN A3bIKa, MOJIC/ I BHUMAHKUS U apXUTEK-
Typsl Tpancdopmepos [48|. Temarnueckoe MoJeHpOBAHEE Telepb GOJIbIIE COCPEIOTOYe-
HO HA MHTErPAlUU ¢ HEIPOHHBIMU CETSIMHU B IMOUCKAX BO3MOXKHOCTEH JIjisi «00'be/InHeHUS]
JIy9IIero or JByX MUpPoB» [194].

Oba Buma Mmojeneil, HeifipoceTeBble W TeMaTHYeCKue, FeHepUPYIOT BeKTODHbIE Mpe-
CTaBJICHUs CJIOB U TEKCTOB.

Oba Bua Mojesteii Taroreror K romorenusanuu [126], To ecTh HCIONB30BAHUIO €THHO-
0 BEKTOPHOI'O IIPOCTPAHCTBA JI/Isi OHUCAHUS PA3HOPOHBIX OOBEKTOB IO JAHHBIM 00 UX
B3auMoyjieiicrBusix. B pasjesie 10 ObL10 10Ka3aHO, KaK 9TO peajiu3yercs B ruiieprpadoBbixX
TEeMATUIECKUX MOJIEJISX.

Oba Bua Mojesneil reHepupyioT Kak r1o0abHble IMOEJIMHIH, TaK U JOKAJbHBIE JJIs
KazKJIOTO CJIOBA B ero KOHTeKcTe. B pa3zene 15 ObLI0 MOKa3aHO HECKOJIBKO MOIXOI0B K Te-
MaTUYECKOMY MOJIEJIMPOBAHUIO 11OC/IEI0BATE/IbHOIO TEKCTA.

HeitpocereBbie Mojie/ii HAMHOI'O CJIOYKHEe, UX dMOEeJMHIU CIOCOOHBI BOOparTh B cebsi
BCIO MOJTHOTY MH(MOPMAIUKA O CBA3IX MEXK/y CJAOBAMH, IIPUIEM MbI JIaKe HE IIOHUMAEM,
KaKHie UMEHHO CBSA3UM U KaK UMEHHO Y4TEHBHI.

TemaTudeckue MoJe/IM HAMHOTO HPOIIE, UX IMOEJMHIH YIATHIBAIOT TOJHKO JIEKCHYe-
CKYIO COYeTaeMOCTh CJIOB, 3aTO COXPAHAIOT HHTepIpeTHpyeMocTb. (CBOICTBO MOKOOD/IU-
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HATHOU MHTEPUPETUPYEMOCTU $BJISE€TCA LUPAMbIM CJIeJCTBUEM TOI'O, YTO TeMaThudeCcKue
SMOEJIMHIY SABJIAIOTCS JIMCKPETHBIMU BEPOSTHOCTHBIME PACIPEIEJICHUIMU, TO €CTh HEeOT-
PUIIATEJIbHBIMA HOPMUPOBAHHBIMHA BEKTODAMU.

Orka3 ot 6aiiecCOBCKOIro BBIBOJIA TeMATHIECKUX MOJIe/Ieil YIIPOIaeT X BO3MOKHYIO HH-
TEerparuio ¢ HelpoceTeBbIMU MOJIe/IAME. J[1000if BeKTOPHBIN IapaMeTp HEHpOHHON ceTH,
€CcJIM Ha HEero HaJIOKUTh OPDAHUYEHHUs] HEOTPHUIATE/IHLHOCTH ¥ HOPMHUPOBKHU, MOXKHO 00Yy-
4aTh C HOMOIIbIO MYJIBTUILIMKATUBHOIO I'PAJMEHTHOIO H1ara ¢ HPOeKIueil Ha eJIMHUYHbII
cuMIiekc. [Ipm sTom /1 BBIMHCIEHnS caMOro IpaJueHTa MOYKHO MO-TIPeXKHEMY HCIOTb-
30BaTh 0OOpaTHOE pacipocTpanenue omuOKu. Peanuzamus sroit ujen B cucremax PyTorch
niu TensorFlow mo3BouT mpuMeHdaTb UX g O0y4eHHUs ITPOM3BOJIBHBIX TEMaTHYECKHX
MoJieJieit ¢ a/UIMTUBHON perysisipu3anueii. Hertoxast nepciiektuBa Jiist Oy 1y iux HCCJIe/10-
BaHuii!

Mudbl 0 TemaTnyeckom mogenupoBaHuu. lomuHupoBanue DARECOBCKOTO MOX0/IA,
Pa300IIEHHOCTD aKAJIEMUYECKOI'0 ¥ UH/LYCTPUAJIBHOIO COODIIECTBA IPUBEJIN K HEKOTOPbIM
3a0/1y2K/ICHUSAM O TeMaTHIeCKOM MOJETUPOBAHUH, JOCTOUHBIM YIIOMHHAHUSA U KPUTHUKH.

o «Temaruueckoe mojeupoBanue — 310 B ocHoBHOM LDA». Her, ectb coTHu MOje1€1,
perranmux pasHoodpas3ubie 3a1a4u, ¢ KotopbiMu LDA cupasiisiercs xyxe.

o «Temaruueckoe Mojie/IMPOBaHKE IOJAXO/UT TOJBKO JIJIsl aHAJIU3a TeKcToBy. Het, ecTb
MOJIeJIN JIJIsI aHAJIN3a N300parkeHuil, Buaeo, rpados, CUIHAJIOB, TPaH3aAKINNA.

o «Temaruueckoe Mojie/IMpOBaHKe — ITO pas/ie/l DaitecoBckoro obyuenusi». Her, 60/1b-
HIMHCTBO MOJesteit ropasno upoire crposarcs B ARTM 6e3 GaitecoBCcKOro BuiBOJIA.

o «Temarnueckue MoJenn CayKaT JJs IpeACcKa3aHus 9acTOTHI CJIOB B IOKyMeHTaxX».
DopmaJibHO Jia, HO UX I1eJIb B BbISIBJIEHUH KJIACTEPHOU CTPYKTYPbl KOJIJIEKIIMH.

e «TeMbl 9acTO OKa3bIBAIOTCA IyOTUPYIONMME WM ILIOXO HHTEPIIPETHPYEMBIMU».
910 Ttak B LDA. ITpobsiema perraercsi ¢ mOMOIIBIO JIPYTUX PEry/isipu3aTopoB.

o «TemaTmyeckne MOJeN OCHOBAaHBI Ha THIIOTE3€ MeITKa cJI0B». MHOrme, HO He Bce.
TemaTudeckue MOJEIN N-IPAMM, OUTEPMOB, IIPEJTIOKEHU, CerMEHTAINHT, PEry/Isipu-
3aTopbl E-11ara, oJIHONPOXO/HbIN E-11ar yuuTbiBaloT MOPSI0K CJIOB B JIOKYMEHTAX.

o «Temarmyeckue BEKTOPBHI HE TaK XOPOIIO OTPaKalOT CMBIC/BI CJI0B, KaK word2vecy.
Onu fe/1afoT 910 HE XyZKe, eC/Id CTPOUTh TeMATUIECKYI0 MOJE/b M0 YaCTOTaM Iap-
HbIX COYETaHUl CJIOB, KAK 9TO U JiejiaeTcd B word2vec.

o «Temarunueckas momenb LDA mepeobyuaercss ropas3no menbime, dem PLSA» [38].
Her, ux kadecrBo HPUMEPHO OJMHAKOBO, OCOOEHHO Ha OOJILIINX KOJLJIEKIIHSX.
LDA ocropo:KkHee OLeHUBAET BEPOSITHOCTH PeAKUX CI0B. POPMAIBLHO 9TO yJIydIIaeT
1PaB/I0110/1001e, OJIHAKO ITU CJIOBA HPAKTUYECKH HE BAYKHBI JIJIsi OITUCAHUS TEM.

o «Temarmueckass mozesnb LDA umeer mamuoro menbine napamerpon, dem PLSA».
Her, marpunpst @ u © onenuBaiorcss B 00enx MOJE/IsIX, OCKOJIbKY OHM HYZKHBI JIJIsT
npuaokenuii. Ha camom gese B LDA Gosbire mapaMerpoB, 100aBISIOTCI 5 U (.
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o «lI3yuenne TeMaTHYECKOIO0 MOJIEJIMPOBAHUS HAUYMHAETCS C BEPOATHOCTHBIX rpadu-
JeckuXx Mojiesieit n OaiiecoBckoro BbiBojgay. He obsizaresnbro. I[Ipome navars ¢ mat-
PUYHOIO pasjoxkenus, EM-ajiropurma u peryigapu3aliui.

OTkpbiTbie npobnemsbl. He uperenays Ha LOJHOTY, yKaxKeM CeMb HPO0JieM, KOTOPbIe
[pPeICTABIAI0TCI aKTYAJIbHBIMA U IEePCIEeKTHBHBIME HAIPABICHUIMEI HCCIeI0BAHMTIA.

o [apanmuposanue Kawecmea mem 0as HecoaiaHcuposaHHblr Koarexkyud. Momgeab Mo-
JKeT BBIJIABATD ILJIOX0 HHTEPIIPETUPYEMbIe, /TyOIUPYIONIe I MYCOPHbBIE TeMbI, eCJIH
B MCXO/IHOM KOJIJIEKIIMHM T€Mbl PA3/IM4al0OTCsd 110 00bEMY B coTHE pa3. Makcumuszanus
HpaB,Z[OHO,ZLO6I/IH umMeer TeH/JCHIUIO BbIpaBHUBATb TEMBbI 110 O6'béMy, a He II0 CéMaHTu-
YeCKOil OTHOPOIHOCTH. B pe3ysibraTe KpyITHbIE TEMbI IPOOSITCS Ha TEMbI-yOJTUKATHI,
a MeJIKHe O0beIMHAIOTCS U 00pa3yioT MYCOPHBIE TEMBI.
Omxpwuimas npobaema: CKOHCTPYUPOBATH ONTHUMU3AIMOHHBIN KPHUTEPHil TaK, ITO-
6bI MOIEJIb CaMa Olipe/eJidila, KaKue TeMbl AdBJIAI0TCA KPYIIHbBIMHA, KaKWEe MEJIKUMU
B cilydae HecOAJIaHCUPOBAHHON KOJLIEKITHH.

o Obecnevwenue ycmotuusocmu memamuseckus modesed. 11pu MHOrOKpaTHBIX 3aILyC-
KaX MOJICJIMPOBAHUA C PA3HBIMU Peryjigdpu3aTopaMi, U3 Pa3HblX CJIy4alHbIX HaYa/Ib-
HbIX HPHUOJIMKEHUI WM C MUCIOJIB30BAHUKM CcTOXacTudeckoro E-mrara, MoryT moJy-
JaThCsl MOJIEJIU C XOPOIIUME, HO pa3jindHbiMu TeMamu. [locTpoenue mostaoro nabopa
HHTEPIPETUPYEMBIX TeM MOYKEeT MOTPe0OBATDH JIECSITKOB U /1aKe COTEH 3aIlyCKOB.
Omxpwuimas npobiema: TOCTPOEHHE TOTHOTO HAOOPA XOPOIIO HHTEPIPETHPYEMBIX
TeM 3a OJIMH 3aIyCK. BO3MOXKHO Jid 9TO ¢ MOMOIIBIO Pery/isipu3aium’

o Asmomamuueckoe umMeros8aHUE U U3AONHCEHUE MeM. BOTBITIHCTBO IPUIOKEHHIT Te-
MaTHYECKOT'O MOJIEJIMPOBAHUS CBI3aHO ¢ BU3YAJIbHBIM HPEJICTaBICHUEM TEM I0JIb30-
Baresio. Kaxgas rema J0/KHA yMeTb pacckasarb o0 cebe. OgHako B juTeparype
3aJlada CyMMapuU3allud TeM JI0 CUX 0P He CTaBUJIACh.

Omxpvimas npobaema: TeHEPUPOBATH I JIFOOOH TeMbl He TOJBKO KpaTKOoe Ha3Ba-
HUe U pejieBaHTHBIE (ppa3bl, HO U KPATKOe CBI3HOE U3JI0KEHUE 33 IaHHOTO 00bEMA.

o Asmomamusayus nodbopa zunepnapamempos. I1pn HCIoIb30BaHAN HECKOJBKIX Pe-
Iy PA3aTOPOB U MOJIAJIbHOCTEH UX BecOBbIe KOIDDUIUEHTHI 0OOBIYHO MO I0UPAIOTCS
BPYUHYIO, IIyTEM MHOIOKDPATHOI'O IIEPECTPOEHHUS MOJIE/N [0 BCEM JAHHBIM.
Omxpovimas npobaema: ObICTpas aJANTUBHAS OINTUMU3AINMS T'MIIEPIAPAMETPOB
110 3a/IaHHOI COBOKYITHOCTU KPUTEPUEB B PeKUMe 1HaKeTHOW 00pabOTKU KOJLIEKIIUH.

o Modeauposarue memamuky c643H020 MEKCMA ¢ YI6TOM mopsijika caoB. Momesn,
OCHOBAHHbIE HA I'MIIOTE3€ «MEIIKa CJIOBY», CJMIIKOM Xa0TUYHO OTHOCHAT OJIN3KO CTO-
dIlie CJIOBA K PA3HBIM TE€MaM.

Omxpvmas npobaema: cCO3TaHuE TEMATHIECKHX MOJeIeil BHUMAHUS 110 AHAJIOTHI
¢ HelpoceTeBBIMU MOJIEISIMHI, BO3MOYKHO, Ha OCHOBE OJTHONPOXOAHOTO E-1mara.

o Jlunamuueckoe cozdanue cobbimutinbls mem B TEKCTOBBIX HOTOKaX. Hecmorpst Ha
obu/ine MCCJIeIOBAHU 110 TEMIOPAJbHBIM TeMAaTHIeCKUM MOJEIM, IIOKa He CyIIe-
CTBYET YHHUBEPCAJIbHOI MOJIE/H, MOAXOMAIIEH /I JTIOOBIX 331a49 ¢ TUHAMUKOM.
OmxEpvimas npobaema: aBTOMATHIECKOE M CBOEBPEMEHHOE JIeTEeKTHPOBAHUE HOBOI
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TEMAaTUYECKOHN JIEKCUKHU, IIPUCYTCTBUsL HOBON TeMbl B JIOKYMEHTE, MOMEHTOB 11051B-
JIEHUsl U 3aBepilieHus: TeM. Pelenue 3rux 3a/1a4 JI0JZKHO 00X0MUTHCH 0€3 dKCIepu-
MEHTAJIbHOIO MOJAO0PaA IUIlepIapaMeTpOB.

e Bepeotcrnoe obsedunenue memamuieckur modesed, Py MOMOTHEHUN KOJIIEKITUT 3Ha-
YUTEJTHHBIM 00bEMOM TEKCTOBBIX JAHHBIX C HEU3BECTHBIM UUCJIOM HOBBIX T€M, JIHOO
Ipu 00bEIUHEHUN KOJLIEKIHIT ¢ TOTOBBIMU TEMATHICCKUME MOJIEISIMHE.

Omxpvimas npobaema: BbLIeIeHHE OOIMUX U COXPAHEHUE YHUKAJIbHBIX T€M P 00b-
eMHEHUH HECKOJIbKUX TEeMATHYeCKUX MO/Iejieil, BO3MOXKHO, B yC/JIOBUsX HecOasIaH-
CUPOBAHHOCTHU TEM 110 UX 00'bEMaM.

Y10 ocrtanocb 3a 6optom. B 3Ty KHHUIY He BOILIM HEKOTOPbIE BaXKHBIE THUIILI MOJIEIEI,
HAILpUMED, /I aHaJM3a N300parkKeHuil U BU/IEOIOTOKOB, aHHOTUPOBAHUS N300paKeHMUil,
PEKOMEH/IaTe/IbHBIX CUCTEM, CYMMAaPU3aIlud TEKCTOB, aHAJIN3a TOHAJBHOCTU W BbISBJICHU
MHEHU, UCIIOJIb30BAHUs U HOCTPOECHMS OHTOJIOTU, OOHAPY?KEHUsI HOBBIX TEM M IHPOC/Ie-
JKUBAaHUS HOBOCTHBIX CIOKeTOB. Takyke He ObLIM 3aTPOHYTHI BOIIPOCHI HMHUIUAIU3AIMH
1 aBTOMaTHYEeCKOTO MMeHOBaHudA TeM. He maimia orpakenus B 0030pe HOBasl TEH/ICHITHS
co3jlaHus TUOPUJIHBIX MOJIe/Iell Ha OCHOBE TeMaTUYeCKOI'0 MOJIeJIMPOBAHUS U HEWPOHHBIX
cereii.

BnarogapHocTu. Pabora BoinosineHa mnpu (puHaHCOBOI moaepzkke Poccuiickoro dponmga
dbyunamenTanbubix uccaegoBanuit (npoexror 17-07-01536, 20-07-00936) u npaBuTesbCTBA
Poccniickoit @eepanun (cormamenne 05.Y09.21.0018).
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