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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

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

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

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

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

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

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

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



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

[locTpoenne TeMaTH4IecKOil MOJEIN SBJIAETCA HEKOPPEKTHO IOCTaBJIEHHONW ONTHMU3a-
UOHHO 3a/1a4eii, numeromieit beckonedno MHOro pemenuii. CoryiacHO Teopuu peryJisipu-
sanuu A. H. Tuxonosa |17|, pemenne Takoii 3aja4qu BO3MOKHO JOONPEIEJIUTH U CIEJIATH
yCTOWIUBBIM. /151 9TOr0 K ONTUMHU3AIMOHHOMY KPUTEPHIO JI00ABISIETCS PEe2YAAPUIAINOD —
JIONOJTHUTE/IbHBIN KPUTEPHUil, YIUTBHIBAIONUI crenuduiecKkue 0COOEHHOCTH JTAHHBIX WA
npeaMeTHol obstacTu. TeMaTudyeckKue Mojeun 0013/ 1al0T OIPOMHBIM «3aIllacoOM PEHIeHU».
MoxkHo j106aBUTH pery/isipu3aTop, CUJAbHO YJIY4YIIMB OJIMH KPpUTEepHUil Kauecrsa, 3aTeM J10-
6aBUTHb BTOPOM U yJIYUIIUTH MOJE/b 110 JIPYIOMY KPUTEPHIO, U TaK HECKOJIbKO pa3.

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

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

,B;O HaCTOodIlero BpeMein JJOMUHUPYIOUIUM 1104X0/I0M B TeMaTU1€CKOM MOJE/JIMPOBaHUU
ocraBaJioch OaitecoBckoe obOydenue. B ormmune or ARTM, B HEM He moJiydaercst Bblje-
JIATH YHADUIUPYEMbIe MOLY/IA-Peryidapu3aTopsl. /s KazxK1oii 6aiiecOBCKOil MO/ IpH-
XOJIUTCS 3aHOBO BBLIBOJUTH BBIUYHC/JIHTEIbHBIE (DOPMYJIBI, PEAJTH30BbIBATD U TECTHPOBATD
IporpaMMHBINA KoJ. VI3-3a MaTeMaTrumdecKoil c10KHOCTH 6aileCOBCKOIO BBIBOJ/IA B CTATbSIX
aCTO OIIYCKAIOTCd BazKHbl€ /IJId HIOHUMaHUA JIeTaJIu. 9TI/I 6apbepbl IPeIATCTBYIOT IIUPO-
KOMY HUCIIOJIb30OBAQHUIO TEMATUYICCKOI'O MO/CJIMPDOBAHUA. KaK cJjieJiICTBrUe, B UHAYCTPUU aHa-
JIN3a TEKCTOB PeIKO MPUMEHSIOTCS MOJIE/H CJIOXKHee MOpabHO ycTapenimeil mogean LDA
(Latent Dirichlet Allocation) [40]. Cornu mepcoeKTUBHBIX MOJEIeii TaK U OCTAIOTCS <aKa-
JIEMHUYECKUMHU HCCJICIOBAHUSAMHE JIJI OJTHOM CTATHH».

OcHOBHAsI 1EeJIb KHUTH — [IOKA3aTh O'POMHOE PA3HOODOPA3ue TeMATHIECKUX MOJIeIel,
COCPEAO0TOYUBIHINCH Ha IMOCTAHOBKAX OIITHUMHU3AllMOHHBIX 3a/da4. HOKaBaTb, YTO KJlaCCu4de-
ckas (He-GailecOBCKasi) perysisipu3allisi siBJISeTCs He MeHee BBIPDA3HTENbHBIM CPEJICTBOM
MOJIe/TUPOBaHMS, YeM OaiiecoBckoe oOydenue. Ha 3roM s3bIiKe BO3MOXKHO HE TOJIBKO CTPO-
UTh U KOMOMHUDPOBATH TeMaTHYECKHE MOJIEC/IH, HO TaKzxKe OObSICHATH UX HAMHOIO JIaKO-
HuYHee, 0e3 «3aMeTaHus 10J KOBEP» CJI0KHOM Maremaruku. COMOCTABUMBII 110 OXBATY
u obcTosiTe/IbHOCTU 00630p DailecOBCKUX MoJie/ieit 3aHsi/l Obl MHOI'O COTE€H CTPAHUIL.

OcuoBomnosiokHuK coBpemennoit Teopun Bepositnocreit A. H. Kosmoropos e pa3s or-
MedaJl B CBOHUX JIEKIUIX: <«IPEJICTaB/ISIeTCA BayKHON 3ajada OCBOOOXKJICHHS BCIOJY, IJIe
9TO0 BO3MOXKHO, OT W3JIUIIHUX BEPOSITHOCTHBIX Jomytnenuii» [13, crp.252|. Okazamocs,
9T0 0CBODOXK IeHHE OT U30bITOYHOM HalleCOBCKO 1TOCTAHOBKU HPUBOJAUT K O0J1ee U3sIIHOMN
TEOPHUH TEMATHIECKOro MojieupoBanus. OHa OCHOBaHA HA OJIHOM JIeMMe, KOTOPYIO Mbl J10-
KazKeM B IJlaB€ 3 BCG AJIFTOPAUTMbI TEMATUYECKOI'0O MOJC/JIMPOBAHUA BbIBOAATCA H3 Hee
eJIMHOO0OPA3HO, MPAKTUIECKH B OJIHO JefcTBHE. DTO JOJKHBI MO JIOCTOMHCTBY OICHHUTD
UCCJIeI0BATE N, MMOAOUPABIINe YHUKAIbHbIE TEXHUKN 0aiieCOBCKOTO BBIBOJIA JI/IsI TeMaTH-
JeCcKUX MOJIesIeil, XOTh HEMHOro OoJiee CI0KHBIX, yeM LDA.



[nasbl 2-5 gapisiorcs 6a3obiMu. B ryiaBax 67 usjiaraiorcst OCHOBbI 6aitecoBCKOi Teo-
puu; oHa He ols3aresibHA JIjIs HOHUMAHMS IIOC/IEYIONIEr0 MarepuaJia, HO MOXKET ObITb
[OJIE3HA MPHM YTeHUHM HaydHbIX crareil. B rmaBax 815 B TepMuHax pery/spu3aliuu OIu-
CBIBAIOTCS pa3/UdHbIe BUJIbI TeMaTHIecKux Mojeseit. OHu c1abo CBA3aHbI APYT C APYTOM,
X MOKHO YHTATh B IPOU3BOJIHLHOM MOPAJIKE MM UCIOIb30BATh KaK IIyTEeBOJIUTE/b 110 JIU-
reparype. LuiaBbl 16-17 onuchiBaIOT KpUTepun KavecrsBa TeMaTudecKux mojesieit. B ruia-
Be 18 paccmarpuBaloTcs OCODEHHOCTH peau3alli aJIOPUTMOB, B TOM YHUCJ/E HPUEMbI
YCKOPEeHHsI CXOJUMOCTHU U paciapaJsuienuBanusd. [1aBa 19 co/ep:KUT HaYaIbHBIE CBEJ/ICHHS
o bubanoreke BigARTM. B ruiase 20 obcyzkaaeTcsa IpuMeHeHHe TeMaTHuIeCKOro MOJEeJIHpO-
BaHUs JIJIs pa3BeI0YHOTO HH(MOPMAIMOHHOTO IIOUCKA U COIUO-TYMaHUTAPHBIX HCCJIe/I0Ba-
Huii. B ruiase 21 1oBoJsgTCd UTOrM, pa3BeHUYMBAIOTCH MU(MbI 1 00CYK/IAI0TCSH OTKPbIThIE
1POOJIEMBI.

B nauaJjie kakJi0if rviaBbl HPUBOJUTCH KparTKas MOTUBalMs U He(OPMaJIbHOE IOsIC-
HeHue, 9To Oy/eT MPOUCXOJUTDH JaJjee, W MOYeMy 3TO BaykKHO. B KoHIE IyiaBbl TE€3UCHO
dopmyaupyiorcsa Haubosiee BazKHbIE BHIBOIBI.

Ha cxeme 3aBucuMocCTH 1J1aB B BEPXHEM Psi/ly PACIIOJIOZKEHbI OCHOBHbIE 1VIaBbl, B HUZK-
HeM — JIonoJiHuTe IbHbIe. [Ipu mocTpoennn yuebHoro Kypca JOIOJHUTE/IbHbIE TJIaBbl MOXK-
HO OpaTb BLIOOPOYHO WJIM OCTABJISATD JIJIs CAMOCTOSTE/IbHOI'O U3y YEHUS .

e ORCRCRC
OO D OO ®6 60 e

Kuura mamnumcana mo MarepmajiaM Kypca, YuTaeMoro cryjaeHtaM dakyabrera BMK
MI'Y ¢ 2013 roga u daxyabrera OYIIM MOTU ¢ 2019 roxa. [Ipesenranuu u japyrue
MaTepHaJbl Kypca MOXKHO HaiiTH Ha CTpaHHIe BHKH-pecypca www.MachineLearning.ru

«BepositHocTHble Temarndeckue moiean (Kypce Jjeknuii, K.B.Boponnos)s.

Koncmanmun Boponuose
26 urona 2023 e.



2 OcHoBbI TeMmaTn4eckoro MoAaesimnpoBaHUA

B »T0ii r;1aBe Mbl BBEJIEM OCHOBHBIE IIOHATHS M IIOCTAaBUM 3a/1a9y TeMaTHIeCKOrO0 MO-
JIeTUPOBAHNS KaK 3a/1a9y TPUOJIHKEHHOTO HU3KOPAHTOBOTO CTOXACTUIECKOTO MATPUIHO-
ro pazjoxenus. ObcyuM cBoiicTBa 3TOM 3324 1 CHOPMYJIUPYEM TEJIH TEMATHIECKOTO
motesipoBanusi. C MOMOMIBIO 3JIEMEHTAPHBIX UHCTPYMEeHTOB — (hopmysibl Baiteca u va-
CTOTHBIX OIIEHOK YCJIOBHBIX BEPOSITHOCTEH — IOJIyYUM UTEePAIMOHHBIN MPOIece, Ha3blBae-
Mbiit EM-anroputmom. [lodemy on feiicTBUTeIbHO pelllaeT MOCTABIEHHYIO 33/1a4y, Y3HaeM
B JIBYX CJIeJYIOIINUX IJIaBaX.

MpeaBaputenbHasi obpaborka Tekcrta. llepesn mocrpoeHneM TeMaTHYECKHX MOJeIei
TEKCT eCTeCTBEHHOI'O A3bIKa OOBIYHO IOBEPIaeTcs CepHH Mpeodpa30BaHMIl.

Jlemmamusaayus — 9TO NPUBEJIEHUE KAXK/IOTO CJIOBA B JOKYMEHTE K €r0 HOPMAaJIbHOM
dopwme. B pycckom si3bike HOpMaJIbHBIME (POPMAMU CHUTAIOTCS: JIJIS CYIIIECTBUTEIbHBIX —
UMEHUTEbHbI IMade2K, e JMHCTBEHHOEe Y1 CJI0; JJIA IIpU/laraTeJibHbIX — UMEHUTEJIbHbII 11a-~
JIeK, eIMHCTBEHHOE UHCJI0, MYZKCKOIl pOJ; /I TJIarojioB, MPUYACTHIl, JeelpudacTuii —
[J1arosl B HHGUHATHBE. XOPOIINMH JIEMMATH3aTOPAME JJI PYCCKOIO SI3BIKA CUUTAIOTCS
1OCJ/Ie/IHUE BepCUU mystem u pymorphy.

Cmemmure — 310 OTOpPAChIBAaHME OKOHYAHUII M JIDYI'MX H3MEHSEMbIX 4dacTeil CJIOB.
OH IHOAXOAUT HJIA AHIJIMICKOTO A3bIKa, /AJId PYCCKOI'O HPEAIIOYTUTEe/IbHA JIEMMATU3al .

Ydanenue cmon-ca06. DTO YacTble CJI0BA, BCTPEYAONIHecs B TeKCcTaxX JiIo0oil TeMa-
THKH — MPEeJJIOTH, COI03bI, UNUCIUTEIbHBIE, MECTOMMEHNS, HEKOTOPhIe IJIAro/ibl, MpPH/Ia-
rare/ibHble, Hape4dud. L]:I/ICJ'[O TaKUX CJIOB O6bI‘{HO BapbupyeTcCd B Ilipeae/iaX HECKOJIbKHUX
coren. Ouu Gecro/Ie3HbI /I TeMaTuIecKux Mojesteii. 1Ix orbpacbiBanue modru He BuserT
Ha 00'bEM CJI0OBapsi, HO MOXKET HPUBOJUTH K 3aMETHOMY COKPAIIEHUIO JIJIMHBI TEKCTOB.

Yoanenue pedkur cao6 M CTPOK, HE SIBJISIFONIUXCS CIOBAME €CTECTBEHHOIO sA3bIKa (Ha-
puMep, cojiepzKamux Mudpbl WK CHEICAMBOJIBL), TIOMOIaeT BO MHOIO pa3 COKpPAIIaTh
00bEM CJIOBaps, CHUzKAasl 3aTPAThl BPEeMEeHH W IaMATH Ha IOCTpoeHme Mojeneil. Peakue
CJIOBa, KaK IIPpaBUJIO, HE BJIUAIOT Ha TE€MaTUKY KOJIJIEKIUU.

Buideaenue kaouesoix hpad — XapaKTePHBIX CJIOBOCOYETAHUN M TEPMUHOB IIPEIMET-
HOI 00JTACTH — HCIIOIB3YeTCS sl YAyUIleHnsT HHTePIPEeTHPYEMOCTH TeM. Boiiensars ux
MOZKHO C MOMOIIBIO Te3aypycoB [14]| win MeTogoB aBTOMaTHYECKOrO BbIIEeHHs] TEPMUHOB
(automatic term extraction, ATE), ue tpebytomux mpus/edenus skciepros [64, 107, 160].

Pacnosnasanue umenosarnux cyupocmetd; (named entities recognition, NER). Do na-
3BaHUs O0bEKTOB PEAJIbHOI'O MUPA, OTHOCSIIUXCS K OLPE/Ie/IEHHBIM KaTerOpusiM: 1ePCOHbI,
OpraHU3aINH, T€0JOKAINN, COOBITH, TaThl, U T. 1. B KaxK/10il mpeaMeTHO 001aCTH MOIYT
OBITH CBOM KaTeropuu: 60JIe3HM, METOIbI JIedeHUsI, XUMUIIECKIe BEeIeCTBa, BU/Ibl PACTeHHIl
1 ’KHBOTHBIX, HEOECHBIE TeJla, H3/1e/11sl, TOBAPbI, U T. . /[/is pacno3HaBaHUa HMEHOBAHHBIX
CYIHOCTEH UCIOJIB3YIOTCs PA3JIMYHbIe METO/bI MAIIMHHOrO 00ydenus [129, 97, 135].

IIycts D — KoHe4HOE MHOXKECTBO (KOJIIEKIHsI) T€KCTOBBIX JIOKyMeHTOB, W — ko-
HEYHOE MHOZKECTBO (CJI0Baph) BCeX yHOTPEO/IsIeMbIX B HUX TePMOB. Tepmamu MOTyT ObITh
CJI0Ba, HOpMaJIbHbIE (DOPMBI CJIOB, CJIOBOCOYETAHUS U TEPMUHBI, B 3aBUCHMOCTH OT TOTO,
KaKue BUJIbI IPe/IBAPUTETbHON 00PA0OTKH TEKCTOB OBLIN BBHIOTHEHBI. KayKaplil TOKyMeHT
d € D mpeacrasigeT coboil mMoCae10BaTeIbHOCTD Ny TEPMOB Wy, . . . , Wy, U3 caoBapd W.



MmnoTte3a o cyuiecTtBoBaHun TeM. Kaxkoe BXOXKIeHHE TepMa W B JOKYMEHT d CBSI3aHO
C HEKOTOPO#l Temoil t U3 3a/laHHOIr0 KOHedHOro MuoxkectBa 1. KoJuieknust JJOKyMeHTOB
IPeJICTABIAeT CODOI IOCIeI0BATEILHOCTE TPOeK (), = {(wi, d;, t;) } i=1,... ,n}. Tep-
MBI wW; U JOKYMEHTBI d; ABJSIOTCA HAOJIOJAeMbIMU ITEPEMEHHBIMHU, TEMBbI t; He U3BECTHBI
U SBJISTIOTCS AGMEHMHbLMU (CKPBITHIMHA) MEPEMEHHBIMH.

MMnotesa «mewka cnoB». [lopsaok TepMOB B TOKyMeHTaX He BarKeH /ISl BBISIBJICHU
TEeMaTUKH, TO €CTh TeMAaTUKY JJOKYMEHTa MOXKHO Y3HATh JlazKe I0CJIe IPOU3BOJIBHON nepe-
CTAHOBKH T€PMOB, XOTsl JIJI Y€JIOBEKA TAKON TEKCT HOTEPSeT CMbIC/I. DTO IIPEIIOJIOKEHIEe
HA3bIBAIOT I'MIOTE30i1 «MemKa cioBy (bag of words). [Topsisiok JOKyMeHTOB B KOJLIEKIMH
TaKzKe He MMeeT 3HAYeHHs — JTO IPeIlo/I0oyKeHne HA3BIBAIT I'HIIOTE30i «MeIIKa JTOKY-
MEHTOB». ['HIIOTe3a «MeIIKa CJI0B» IO3BOJISIET IMepeiiTh K KOMIAKTHOMY IPEeICTaBIEHHIO
JIOKYMEHTa KaK MYAbIUuMHOocecned — ToaMHoKecTBa TepMoB d C W, B KOTOpOM KazK-
JIblit TepM W € d TOBTOPEH Ny, Pas.

MMnoTe3a o BEpOATHOCTHOM nopoxxaeHnn aaHHbix. Muoxkecrso 2 = D x W x T aB-
JISIETCA KOHEUHBIM GEPOAMHOCTIHbLM NPOCMPAHCIMGOM ¢ HEN3BECTHONH (DyHKIUEH BeposAT-
wocru p(d,w,t). Kojtekiust J0KyMEeHTOB siBjisieTCst BBIOOPKOiT Tpoek (d;, wy, t;), mOpoxK-
JAEMBIX CJIyYaiiHO U HEe3aBHCHMO JIPYT OT Apyra u3 pacupenenenns p(d,w,t). 1o mpes-
IOJIOZKEHNE ABJIeTCS BEPOATHOCTHLIM YTOYHEHHEM THIIOTE3bI «MEIIKa CJIOBY.

Bularogapst npeo/0KeHuo 0 He3aBUCUMOCTH, PEaJn30BaBILYIOCH BBIOOPKY 2, dJ1e-
MEHTOB u3 {2 MOXKHO PacCMaTPUBaTh KaK HOBOE BEPOATHOCTHOE IPOCTPAHCTBO C 1 PABHOBE-
POSATHBIME 3JIEMEHTAPHBIMU MCXOgaMK. B npocrpancrse 2, JIErKO HAXOAUTh BEPOATHOCTH
Pa3JIMYHBIX COOBITHI, IPUYEM OHHM COBIAJAIOT C YACTOTHBIMU OLEHKAMH BEpOATHOCTEIl
Tex 2Ke coOplThil B nmpocrpancrse 2. B wacrnocru, B mpocrpancrse (), BhIpazKeHue

pldw,t) = = 3 ds = d) fwy = w] [t; = 1

n
1=1

PABHO BEPOSITHOCTU COOBITHSI «TE€PM W JOKyMeHTa d CBsI3aH ¢ TeMOU t», a B HPOCTPaH-
crBe () OHO paBHO BBHIOOPOUYHOIT YACTOTHON ONEHKE BEPOSTHOCTH TOIO YK€ COOBITHUS.

JloroBopuMcs B JaJibHEHIIEM 3allChIBATh BCe BEPOSTHOCTH B IIPOCTpPAHCTBE (), ecn
HE OroBOpeHO WHOro. MHOTHe BBIKJIAJIKH OYIyT CIIpaBe/IUBBl B 00OMX IIPOCTPAHCTBAX.
[IpocTpancrso 2, umeer hpopMaIbHOE OrpAHIHIEHHE — OHO CTPOUTCA IO (DUKCHPOBAHHOI
KOJLIEKIH. Fcjim B KOJIJIEKIUIO J00aBJISIOTCS HOBBIE JOKYMEHTBI, TO HPOCTPAHCTBO 2,
U3MEHSIeTCsl, TOTJIa KaK HPOCTPAHCTBO () MOXKHO I0/IAraTh HEU3MEHHBIM.

MmnoTte3a ycnosHoii He3aBucumocTu. llosBienune TepMoB B goKymeHTe d 10 Teme t
3aBUCUT OT T€Mbl, HO HE 3aBUCUT OT JIOKyMeEHTa d, 1 OIIUCBhIBACTCA O6H.[I/IM JJid BCEX 0-
KyMEeHTOB pacipejeserueM p(w |t):

p(wld,t) = p(w|t). (1)
BepositTHocTHast Tematmnyeckas mogenb. CorstacHo opmysie MOJHONH BEPOSITHOCTH

U THIOTe3€e YCJIOBHON HEe3aBHCHMOCTH, PACIpee/ieHne TepMoB B JoKyMeHTe p(w |d) omu-
CBIBAETCS 6EPOAMHOCTIHOT CMECHI0 PACTIPEIETIEHUN TEPMOB B TEMAX P, = p(w | ), B3ATHIX
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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 nap (d;, w;), i =1,

11:=0;

2 ona Bcex d € D

3 anascex j=1,...,ng

4 1:=14+1; d; :=d,

5 BBIOpATH Coydaiinyo Temy t; u3 pacupejaesnenus p(t|d;);
6 BbIOpATH CJydaiiHblii TepM w; u3 pacupejgenenus p(w|t;);

p(eld) H—»@tz&IMDDDDDDDDDDDDDDD

=

H D [J \
pwlt): |o023 OHK 0.014 6aavc 0.018 pacroaHasanve

0.016 reHom 0.009 cnektp 0.013 cxoactBo
0.009 Hykneotua 0.006 opTOroHanbHli 0.011 natTepH

Wi, ey Wyt /

Pa3paboTaH CneKTpasibHO-aHaMUTUYECKUIA NOAXOA K BhISABMEHUIO Pa3MbITbIX MPOTSKEHHBIX TOBTOPOB
B FEHOMHbIX NOEAeAoBaTeNbHOCTAX. MeToA OCHOBaH Ha| pa3HOMacLUTabHOM OLEHMBAHMM CXOACTBA
HYK/IEOTUAHBIX MOC/e40BaTENbHOCTEN B NPOCTPaHCTBE KOIMMULMEHTOB pasiokeHus hparMeHToB
KpuBbIX GC- 1 GA-coaep)XaHus No KIacCMYecKnM OpTOroHanbHbIM 6a3ncaM. HaiaeHsl ycnosus
ONTUManbLHOM anMpoKCUMaumMu, obecrneymnsaoLme aBToMaTMYECKOe Pacro3HaBaHWe NoBTOPOB
pasfMUHbIX BUAOB (MPAMbLIX U MHBEPTUPOBAHHBIX, @ TAKXKe TaHAEMHbIX) Ha CMEeKTpasibHON MaTpuue
cxoacTBa. MeToa 0AMHAKOBO XOPOLWO paboTaeT Ha pasHbix MacwTabax AaHHbIX. OH no3BonseT
BbISIBNIATb C€fbl CErMEHTHbIX AYMINKALWA 1 MEeracaTe//IMTHbIE YHacTKU B FrEHOME, PanoHbl CUHTEHUN
Npu CpaBHEHWUM Mapbl FeHOMOB. Ero MOXHO MCMONb30BaTh AN AETaNbHOMO U3yyYeHns dhparMeHToB
XPOMOCOM (MOMCKa pPasMbITbIX YHaCTKOB C YMEPEHHOW ASIMHOM MOBTOPSIOLLErocs naTrepHa).

Puc. 1: TIpomecc nopoKIeHUs] TEKCTOBOH KOJIJIEKITAN BePOSTHOCTHON TEMATHIECKOH MOTENbIO (2): B KaxkK-
JOf mo3uIMu § JOKyMeHTa d; CHadasa mopoxkaaerca rema t; ~ p(t|d;), 3arem Tepm w; ~ p(w|t;).

C BeCaMH, DABHBIMH BEPOSITHOCTSM TeM B JOKyMeHTax 0y = p(t|d):

plwld) = p(w|t.d)p(t|d) = Y pw|t) pt|d) = Y uibha. 2)

teT teT teT

BepositHOocTHAZ MOsIE/ b (2) OMUCHIBAET IPOIECC MOPOKIEHU KOJJIEKIUH [0 U3BECT-
HbIM pacupezenerusim p(w |t) u p(t|d). dror nponecc mokazan B aaropurme 1 u Ha puc. 1.

3agadya TemMaTUYeckoro MoaennMpoBaHNA — 3T0 oOparHasd 3a/ada:; 10 3a1aHHOM KOJI-
jekiuu D rpebyercst Hafitn napaMerpbl @,y 1 By, NP KOTOPBIX TEMATHIECKAs MOJIEb (2)
XOPOIIO MpUBIHKAET YACTOTHBIE ONEHKH YCJIOBHBIX BeposTHOCTeR p(w |d) = pg, = %;”

JI/1g Tydimero HOHMMAHUS TeMaTHIECKOTO MOJCTHPOBAHUS HOJIE3HO PACCMOTPETh II0-
CTAHOBKY 3aJIa49H C HECKOJLKHX TOYCK 3PCHHS.

Bo-nepsbix, 310 3a/ja4a HPUOIMAKEHHOIO HU3KOPAHIOBOIO CTOXACTHYECKOI'O MaTpUy-
HOIO pa3/iozKenusi. ITo0bl HOSICHUTH BCE 9TH MOHATHSI, IIEPEIUIeM PABEHCTBO (2) B Mar-
puunom Bujie P~ @O, riae P = (Dgw)wxp — MAMPULA 4ACMOM MEPMOE 6 Q0KYMEHMAL,
O = (Qut)wxr — mampuya mepmos mem U O = (0iq)rwp — Mampuya mem JOKYMeEH-
mos, cM. puc. 2. Marpuna P n3pecTHa, 9TO HCXOIHBIe JaHHbIe. [IpaBas 4acTh paBeHCTBA
upeJcras/iger coboil 1Ipou3BeieHue JIBYX HEU3BECTHLIX Marpull. Bo Bcex Tpéx Marpuuax
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p(w|d) p(wlt)

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

(Otd)

Q
<
X
@

w w

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

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

P, ® O crosbupt pg, ¢, 04 HEOTPpUIATEIBHBI, HOPMUPOBAHDBI U OLPEIELISIOT JUCKPETHBIE
BEPOSITHOCTHBIE pacipejesienns. Takme MaTPUIbI HA3BIBAIOTCA CMOLACMUYECKUMU. PaHr
npoussesienns PO He mpesbimaer ducia teM |1, KOTopoe, KaK MPaBUIO, MHOTO MEHBIIIe
BXOHBIX pa3meprocteit |D| u |[W/|. Marpuna P B o0miem ciydae nMeer IMOJHBIH paHr,
H09TOMy He MOzKeT ObIThb B TounocTH paBHa $PO. Takum obpazom, croxacTudeckoe Mar-
puaHOe pasjoxkenue PO mpenosaraeTcss HU3KOPAHIOBbIM U TPUO/INZKEHHBIM.

Bo-BTopbix, 910 c110c00 MArKO#l Ou-K/jacTepu3alui JOKYMEHTOB 110 MHOKECTBY TeMa-
trudeckux Kiaacrepos T'. [Ipu o6braoili «zxkécTkoiiy knacrepusanun (hard clustering) kazk-
JIBII TOKYMEHT IeJTMKOM OTHOCHUTCS K OJHOMY KJacrepy. Temarmdeckas MOIeIb pacipe-
JIeJISIeT COJEPZKUMOE JIOKYMeHTa d 110 KJIacTepaM-TeMaM COIIaCHO pacupesjesenuio p(t|d).
Takas Kjgacrepusanusi Ha3blBaeTCs <«Msarkoif» (soft clustering). Amasiormano, xaxKprit
TEPM W MAIKO paclpejesisiercsd 1o TeM ke kjacrepam corsiacHo p(t|w). Kinacrepusy-
IOTCS OJTHOBPEMEHHO JiBa MHOxKecTBa, DD m W. IloaToMy TeMaThmdeckoe MOeTHPOBAHHIE
HA3BIBAIOT MA2KOU bu-Kiacmepusayued.

B-rperbux, 310 ¢1ocod BEKTOPU3AIUN TEKCTA, T. €. HOJYyUYEeHUs] TEMATHIECKUX PaCIpe-
JesieHuit s Jioboro gokymenta p(t|d), repma p(t|w), Tepma B KOHTEKCTE JOKYMEHTA
p(t|d,w), rekcroBoro dbparmenta win upeiozxkenus p(t|s). Pacupenenenue suja p(t|z)
HA3bIBAETCI TEMATHICCKHM BEKTOPHBIM IIPE/ICTABICHHEM, TeMATHIECKHM BEKTOPOM, Te-
MATHYIECKHM SMOETIMHIOM WU MeMamuKkol 00beKTa .

B-4geTBépTHIX, 3TO a68MOK0JUPOSUWUK JTOKYMEHTOB, COCTOAIIUANA U3 JABYX IIOCJIEI0Ba-
TeJIbHBIX HpeobpasoBanuii. Koduposuwuk fe: pg — 64 npeobpasyer BEKTOPHOE HPEACTAB-
Jenne jlokymenta pg = p(w|d) pasmepuocru |W| B reMarudeckoe BEKTOPHOE LIPeJCTAB-
nenue 0y = p(t|d) auskoit pasmepuoctu |T|. Jexoduposuwur go: 0q — Ply pexoHCTPYH-
pyeT HCXOIHOE IIpe/cTaBaeHne. eM TOYHee PEeKOHCTPYKIWS, TeM OoJiblre HHMOpMAIIN
00 MCXOIHOM JOKYMEHTE yIAJIOCh 3aKOANpPOBATh B BeKTOpe #;. B TemarnuaeckomM momen-
POBaHUK JIEKOJMPOBIIMK JIMHEHHBIH, 9T0 HPOCTO YMHOXKeHue BekTopa Oy Ha marpuiy O.
Marpuna @ sapjsercs nmapaMerpoM Kak KOJMPOBIIUKA, TaK U JEKOAupoBiuKa. Marpuna
© = (04,...,0p) sABisiercss HE MAPAMETPOM, a Pe3yJIbTATOM KOJUPOBAHUS BCEX JOKYMEH-
TOB KOJIIEKITUH. DTO BakKHOE pa3jaudue poseil JIBYX MATPHI] YCKOJIb3aeT OT BHUMAHUSI,
eCJIM pacCMaTpPUBATh TEMATHIECKYIO MOJIE/Ib TOJbKO KaK MaTPUIHOE PA3JIOKEHHE.

B-nsrbix, 910 A3bK06a.4 M0JeAb, KOTOpas HPeICKa3biBAET HOSBJIEHUE TEPMOB B J10-
kymenrtax. Ciejyer npusHarTh, 4TO B JAHHOM Ka4eCTBEe TeMaTHYeCKHe MOJEJU JOBOJIbLHO
cjabbl. HTobbl XOPOIIIO HpeJicKa3aTh TepM, HEOOXOMMO 3HATH €r0 JIOKAJIbHBI KOHTEKCT,
OJTHAKO T'HIIOTE33a <«MeEIIKa CJI0B» pa3pylIaeT KOHTEKCTHI. JTO He COBCEM IIpPobJIeMa, Tak
KaK CYIIEeCTBYIOT TeMaTHIeCKHe MOJIEIN, HCIOJIb3YIOINe eCTeCTBEHHBINH IOPSIOK CJIOB.
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Boulee cepbésnast nupob/ieMa B TOM, 4TO IIOABJIEHUE TepMa BPsiL JIM OLPEIe/IdeTcs TOJbLKO
TeMaTUKONI TepMa U €ro KOHTEKCTA.

[1yGoKue HelpOHHBIE CeTH HAa OCHOBe MoJjiesieil BHUMaHus [29] 1 apXUTEKTYpBI TPAHC-
dbopmepa, takue kak BERT [58] wiu GPT [98] Mozenupyor Bech KOMILIEKC A3BIKOBBIX
SBJICHUI M IPEJICKA3BIBAIOT CJOBA B TEKCTE HAMHOIO JIy4IIe, 9eM 3TO JeJAI0T TeMaThHde-
ckue momenn. U paxke jsiydme, gem 31o genaior Jjogau. Mogens GPT crocobna renepupo-
BaTh (pefikoBble HOBOCTU, KOTOPbIE JIIOJU HE OTJIMYAIOT OT HAcTodAluX. B TO 2Ke Bpemsi,
B OTJIMYHKE OT TeMATHICCKIX MOJE/Iell, HeiipoceTeBble MOIE/IN A3bIKa HEMHTePIPETHPYEMbI.
MBI IOKa He Hay4W/IUCh y3HABATh, KAKHE HMEHHO A3BIKOBBIC ABICHUS M KAKHM 00pa3oM
CMOJIIMPOBAJIa HelipoHHasd ceTb. TakzKe HESICHO, KAKOI CMBICJ HMEET KazKaasd KOOpIUHA-
Ta, HeHPOCETeBOr0 BEKTOPHOI'O HPEICTAB/IeHU TEKCTa.

Urak, 4eavio memamuiecko2o MOOEAUPOSAHUA ABIAETCA He CTOJBKO IIPEeJICKa3aHue
TepMOB B JI0KyMeHTaX p(w|d), CKOJIBKO BbIsIBJIEHHE TEMATUYECKONH KJIACTEPHON CTPYKTY-
PbI TEKCTOBOI KOJUIEKIIUH; OIpe/eJIeHrne TeMaTuKu JToKyMeHToB p(t|d) u repmos p(t|w);
UHTEpIpPeTanus KazKI0i TeMbl ¢ CPeJCTBAMI €CTECTBEHHOIO S3LIKA.

NHTepnpeTtupyemocTb — BakHeifiiee cBOCTBO Temarudeckux mojeseir. OHO o3Ha4gaer,
9TO KazKJasd TeMa t UMeeT cemanmuueckoe A0po — noaMmuozxkectBo repmoB W, C W, ko-
TOpbIE BCTPEYAIOTCd B JIAHHON TeMe CYIIeCTBeHHO Yallle, YeM BO Bceil Kosaekiuu. MozKHO
0-pa3HOMY (POpPMAIN30BaTh, YTO 3HAYUT «CYIIECTBEHHO Yalle», U JazKe BBECTH HECKOJIb-
KO B3aUMOAOHOJIHAIOIIUX ITOPOTI'OBBIX KPpUTEPUEB:

Wia, B,7) = {w: p(wl|t) > a, p(tlw) = B, plw|t) = vp(w)}.

Tema HazbiBaeTCH uHMEPNPEMUPYEMOT, €CJIU IKCUEPT WJIM 110J1b30BaTe/Ib TeMaTude-
CKOIl MOJIe/IH, IPOCMOTPEB CIHUCOK TepMOB W, mOHMMaeT, KaKoil oOIIuil CMBICT UX 00b-
euHseT, MOKeT cOpMY/JIUPOBATh Ha3BaHUE TEMbl M COCTABUTL €€ KpaTKoe U3JI0KEeHHe,
MOJIb3YSACh TepMaMu u3 sjpa [45]. [laHHOe OmpejeseHne He SBISETCS MATEMATHICCKH
CTpOruMm. OHO Cy6’beKTI/IBHO, TaK KaK HECKOJIbKO 9KCIIEPpTOB MOI'YT BbICKa3aTb PA3JIMYHbIC
mueHust 0 teme. OJHAKO HA OCHOBE ITOTO OLPEJILICHUS YZKe MOYKHO CTPOUTH IMIUPUIE-
CKHMEe METOJMKHU KCIEPTHOrO OleHUBaHus nHTepiperupyemoctu [133, 134].

WuaTepuperupyeMoCcTh T€M MEePEHOCHTCS W Ha JII0Oble 0ObEKTHI X, UMEIONINe TeMaTH-
deckuii BekTop p(t|z). Eciau o gaBnsercs Koporkuii dbpasoil WM HETEKCTOBBIM OOBEKTOM
(Takue 3a/1a4n paccMaTpuBaioTcs B riaBax 9 u 10), 1o it HEro Takzke MOZKHO OLPE/IeIUTh
cemanTudeckoe sipo. CoryracHo (opmyJie moIHOH BEPOSITHOCTH,

Wa(v) = {w: p(wlz) = 32 p(wlt)p(tlz) = yp(w)}.
teT

Butarosapsi ¢BOHCTBY MHTEPIPETUPYEMOCTH TEMa, MOXKET <«CaMa paccKa3arb o cebes
CJIOBaAMH HJIM TEPMaMHU M3 CEMaHTHIECKOI'O SIApa, U JazKe MeabIMu (ppa3amMu, 0TOOpaHHbI-
MU 13 TEKCTOB METOIaMHU SKCTPAKTUBHON CYMMapH3aIlii WA AaBTOMATHIECKOTO HMEHOBA-
rus teM [118]. Takske u 060ii TemaTudeckuii BeKTop p(t|x) cmocoben pacckaszarhb o cebe
ciioBaMu ujin (ppasaMu €CTECTBEHHOIO A3bIKA.

Temaruueckasi MO/ie/ib HA3bIBAETCS WHTEPIIPETUPYEMOI, €Ccjii B Hell MHTEePIPeTUupy-
€Mbl BCE€ TEMbl, 3a HCKJ/IIOYCHUEM, 6bITb MOZKeET, He3Ha4YuTeJIbHON J0JI1 TEeM. TeMa KaK
YCTOMYIUBBINA KOMILTEKC COBMECTHO BCTPEUYAIOIINXCS CJIOB SIBJIA€TCS JIMHTBUCTHIECKHAM SIB-
merneM. OHAKO I €ro HaJEKHOIN0 ODHApYKeHHS OH JIOJZKeH BCTPETHTLCS CTATHCTH-
YeCKH 3HAYUMOE YUCJIO Pa3, U JJI 9TON0 HEOOXO[MMO UMETh JIOCTATOYHO DO0JIbIIOI 00 bEM
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rTekcToB. VHTEpIpeTupyeMocTb MO/, KaK IPABUIIO, YJIYUIIAeTCs C POCTOM 00bEMa, KOJI-
JIEKIIMM, HO YXY/IIAEeTCsd C POCTOM 4uCJIa TeM. B obiieM ciiydae He CyIecTByeT HUKAKUX
MaTeMaTHIeCKUX TapaHTHil TOro, 4YTO MOJe/ b OyjaeT mHrepiuperupyemoii. Tem me menee,
UHTEePIPETUPYEMOCTb MOXKHO HU3MEpsTb W YJIydIIaTh Pa3/JMIHBIMA METOJaMH, KOTOpPbIe
paccMaTpUBAIOTCS B IMOCTEAYIONINX TVIaBaX 3TOW KHUTH.

HactoTHble OoueHKN YCNOBHbIX BeposiTHOCTel. B mpocrpancrse (2, BEPOSTHOCTH, BBI-
pazKalomuecst 4epes nepeMeHnbie d U w, COBIAJAIT ¢ 9acTOTaMU COOTBETCTBYIONINX Ha-
0JII01aeMbIX COOBITHIA:

Nw Ng (0 Ndw

pldw)=—=,  pld)=-—  pw)=-  pwld= e (3)
Ngw — TUCJIO BXOXKJICHHUII TepMa w B JOKYMEHT d;

Nng = Zw Ngw — JUIMHA JTOKyMeHTa d B TepMax;

Ny = Z 4 Ndw — TUCTIO0 BXOXKJIEHHUI TepMa W BO BCE JOKYMEHTBI KOJIJIEKIIHH,

n=> 4> ., Ndw — JJIMHA KOJUIEKIIUN B TE€PMAX.

BepositnocTi, cBsi3aHHBIE CO CKPBITOM LEPEMEHHOI 1, TOXKe ONPeIe/IsiioTCs KaK 9aCTOThI:

I Nt Nd Nidw
t) =2t #) = Zwt tld) = 2 td, w) = . 4
PO =" =" el = ) = (@)

Nydw — YUCJIO TPOEK, B KOTOPBLIX TepM w JOKyMeHTa d CBa3aH ¢ TeMOi ¢
Nid = Y, dw — THCIO TPOEK, B KOTOPBIX TePM TOKyMeHTa d CBA3aH C TeMOil t;
Mgt = Y4 Mitdw — THCJIO TPOEK, B KOTOPBIX T€PM W CBI3aH C TEMOII ¢;

=Y g2 Mtdw — THCIO TPOEK, CBSI3AHHBIX C TEMOIT t.

B owinane or (3), 91 9acToTHl HE MOI'YT OBITH BBIYHCJICHBI HEIOCPEICTBEHHO 1O UC-
XOAHBIM JITaHHBbIM, TaK KaK T€Mbl tl HEU3BECTHHI.

B BeposiTHOCTHOM mpocTpancTse §) BBIGOpKa TpoeK (d;, w;, ;)" ; MOPOXKIAETCs U3 pac-
npenenenns p(d,w,t). [losromy dopmysl (3)—(4) gBAAIOTCS He TOYHBIMI PABEHCTBAMMU,
a JINIIb NPUOAUNCEHHBLMU UACTNOMHBLMU OUEHKAMU COOTBETCTBYIONIMX YCJIOBHBIX BEPOSAT-
nocreit. CorylacHO 3aKOHY GOJIBIIMX YUCeI, IPU 1 — 0O YACTOTHBIE ONEHKH (BEPOATHOCTH
B HpocTpaHcTBe ),) CTpeMsTCs K COOTBETCTBYIONIMM BEPOSITHOCTSIM B IIpocTpaHcTie (2.

EM-anroputm. Bamernm, 4ro Bee oneHKE (4) BBIPAKAIOTCH 9€PE3 Mgy, = NawP(t|d, w).
Buas ycsoBHble pacupegenenust p(t|d, w), MOKHO OIEHUTH MCKOMbBIE IAPAMETPBI TeMa-
THYECKOH MoJeTun @,y = p(w|t) u Oy = p(t|d). V1, HaoGopot, 3Has mapaMeTpbl MOJIEIH,
MOKHO BBIPA3UTh yCJIOBHBIE BepositHocTH p(t|d, w) no dopmyse Baiieca:

_ptw|d)  plw|t)ptld) — puib
Pl =20Td) = pwld) S, pul

(5)

14



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

st perlenusi JA@HHOUW CUCTEMbl YpaBHEHUl yji00HO IIPUMEHUTH METOJ| POCTHIX HTe-
panumii: cHada/a BbIOpATh HAYAJIbHBIE MPUOJINKEHHUS MAPAMETPOB Yy U Gy, IO HUM BbI-
YUCJIUTH BCIIOMOIATEJbHBIE [EPEMEHHBIE Dig, € MOMOIIBIO KOTOPBIX HAfiTH CJieyrolee
NpUOINKEHIE TAPAMETPOB Py U 0yy. Beraucaenust mo dbopmymram (6)—(8) mpogoszkarorcst
B IUKJIE 0 CXOAUMOCTH.

DTOT HMTEPANMOHHBIA HPOLECC SIBJSIETCsl YacTHbIM ciiydaeM EM-aaropurva [57).
Boruuciienne yegoBHBIX pacupejiesieHuil CKphIThIX epeMenHbix (6) HaspiBaercs E-marom
(expectation), Beraucsrenue mapamMerpos mogean (7)—(8) — M-marom (maximization).

Jlajiee Mbl BBIBEJEM TOT aJCOPUTM M3 OOIIEH ONTHMHU3AINMOHHOI MOCTAHOBKH 3313~
qu. Ceiffyac Mbl IPUILIA K HEMY 3JI€MEHTAPHBIM IIyTEM, KOTOPBIH JaéT UHTYUTUBHO IIO-
HsTHbIE (DOPMYJIbI, HO OCTaBJ/IeT 0€3 OTBETOB BarKHbIE BOIPOCHI: CXOJAUTCS JIM aJIIOPUTM
K PEILIeHUI0 CUCTEMbl yPAaBHEHUU, €JIMHCTBEHHO JIM ITO PellleHue, U [OYEeMYy ITa CUCTEMA
OIHCHIBAET TEMATHYECKYIO MOJIENb, MpubaunzKaomyo p(w |d).

PayvoHanbHbii EM-anroputm. Bbruuciienue nepemMenHbiX Ny, Ny, Ny Ha M-1mare Tpe-
OyeT OJHOKPATHOTO MPOXO/a KOJIEKIIUU B IUKJE IO BCeM TepMaM w € d BceX JOKYMeH-
ToB d € D. BHyTpu 3TOro nukiaa 3HaYeHHE Dyq,, BBIYUCISIETCS TOJIBKO onuH pa3. [losromy
E-mar MmoxkH0 BcTpouTh BHYTpbh M-11ara 0e3 J010/JIHUTE/IbHBIX BbIUMC/IUTE/IbHBIX 3aTpaT
u 0e3 XpaHeHusi TPEXMEPHONR MATPHUIIBI Pygy- DTOT BapuantT EM-ajropurva Oymem Ha3bi-
BAaTb PAUUOHAADHBLM, €T0 TCEBIOKO/ OKa3aH B Ayiropurme 2.
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BbiBoabl no rnaee

3a/a1a TeMaTHIeCKOr0 MOIEINPOBAHUS COCTOUT B TOM, YTOOBI II0 33/ IAHHON KOJLJIEK-
MU TEKCTOB HafiTtu ceMaHTH4YecKue sapa teM p(w|t) n TeMaTrndeckue BEKTOPHbBIE
npejcraBiaenus JokyMenToB p(t|d).

TemaTnueckast MOJEJIb — 3TO M HU3KOPAHI'OBOE CTOXaCTHYECKOe MaTpHYHOE pPa3-
JIOZKEeHUuEe, u MAI'Kad 6I/I—K.}IaCTepI/I3aHI/IH, 1 BEPOATHOCTHadA BEKTOpU3allud TEKCTOB,
U aBTOKOJUPOBIIUK, U A3blIKOBad MO/IC/Ib.

OcHOBHas 1EJIb TEMATUICCKOIO MOJIEJMPOBAHUSA — BBIACHUTD, «O YEM BCE 9TH TEK-
CThIY, HE YuTas ux. st 97oro TeMbl JI0JKHBI 00J1a/1aTh CBORCTBOM HUHTEPIIPETHPY-
emocTr. MHOrue Bu/ibl TeMATUIECKUX MOJE/Ieil HAlPAB/ICHbl Ha Y/IydIIeHue WHTep-
IPETUPYEMOCTH TEM.

HI/IKOMy HE HPaAaBUTCA I'MIIOTE3a <«MeElllKa CJIOB» — B€J/lb TEKCT TepdeTr CMbIC/I, eCJId
B HEM IepenyTaTh cjaoBa. MoxKHO Jin oT Heé oTKa3aTbeda? /la, 1 MHOrHUMHE criocobamu,
JOIAEM 0 3TOro B IyiaBe 15.

Bce BBesiénnbie 0003uauenHust Oyj1yT aKTUBHO UCIOJIB30BATHCH JlAJIee.

EM-aJiropur™m Oyjier 060CHOBaH B JIBYX CJIEAYIOIIUX IJIABaX.
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3 MaKCVIMVI3aLI,VI$I Ha eAVNHN4YHbIX CMMIJieKCaXx

B sroii riraBe 6yj1eT jjokaszaHa JeMMa O MAKCUMHU3AIUK [VIa KO (DYHKIIUN HA €UHUAY-
HBIX CHMILIeKcax. B nanbHeiinreM ¢ eé moMoIibio Oy/1yT BEIBOAUTHCA (popmysibl EM-1101006-
HbIX MTEPAIMOHHBIX HPOIECCOB JjIs JIIOObIX TeMaTUYeCKUX MOJiesieil, OT CaMbIX HPOCTHIX
JIO CAMBIX CJIOXKHbBIX. [IpUMEHUMOCTD 9TOM JIEMMBbI BBIXOJAUT JIAJIEKO 3a HPeJIe/Ibl TeMaTh-
9ecKoro MojeanpoBatns. OHa MO3BOJIET ONTHMUA3UPOBATH JIIOOBIE MOJIEJIH, ITapaMeTPAMK
KOTOPLIX SBIAIOTCA HEOTPHIlaTe/TbHbBIE HOPMHPOBAaHHBIE BEKTOPHI.

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.

Makcumusaumusa rnaakoi pyHkunm Ha cumniekcax. Beeaém omeparop norm, KOTo-
pblii IpeobpasyeT IPOU3BOJIbHBIN BEKTOD (;);c; B BEKTOP BEPOATHOCTEN (P;);c; AUCKPET-
HOTO pacHpe/e/eHus MyTéM OOHy/IeHUsl OTPHIATEIbHLIX 3JeMEHTOB I HOPMUPOBKH:

p; = norm(x;) = ()¢ , I Beex i € 1,

i€l > (@) +

kel

rae (x); = max{0, z} — omepamus mosoKUTEIbHOI cpe3ku. Ecan x; < 0 pis Beex i € 1,
TO PE3yJILTATOM OllePATOPA NOTM 10 OIPE/IEJEHUIO SBJIETCs HYJIEBOIl BEKTOP.
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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, j € J7
i€l

wij20, ie[j,jej;

npu yeaosun 1° 2 (Fi € I)) wij% > 0 y/J0BJIETBOPSIIOT yPABHEHUSIM
ij

of
wij = norm (w” &uij)’ i€ Ij; (10)
npu yeaoun 20 : (Vi € 1) wij =L a <0m(Fel;) wjr a - < (0 OHH y/JIOBI€TBODSIIOT ypaB-
HEHUSIM
of
- w2 eI
Wij nggn( Wij &uij)’ (RSP

B HpOTHBHOM ciyuae (yeaosue 3°) OHM  yJOBJIETBODSIOT OJHODOJHBIM yDABHEHHSIM
Wijao— Bw =0,2€ 1.

Jdoka3zaTeabCTBO. 3alniieM JIarPpaHKUaH ONTHMHU3ANMOHHON 3a/1a91 ¢ OrpAHUIEHH-
AMH HEOTPUIATEJTbHOCTA U HOPMUPOBAHHOCTHA BEKTOPOB:

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

jeJ i€l jed i€l

IJile MHOXKHUTEIN A; COOTBETCTBYIOT OUDaHMYEHHAM HOPMHPOBKH, [i;; — OIDAHHYCHHAM
HeoTpuraTeapHocTH. Januniem ycaobus Kapyma—Kyna—Takkepa (9), npupaBHIB HYIIO
[IPOW3BO/IHbIE JIAlPAHKHUAHA II0 IMapaMeTpaM MOJEJIN:

0%  of

Doy~ By T =0 gy =0 (11)

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

L 9f
" Ow;;

= (A)ij)\j.

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. Eciau A;; <0
IpU HEKOTOPOM ¢ € [;, TO ypaBHeHHEe He MOZKeT ObITb BBIIOJHEHO, U IOJIy4eHHOe IPOTH-
BOpedre O3HAYaeT, UTO CeJaHHOe BHAYaJle MPeJIoaoxkKeHne w;; > (0 He BepHO, ciel0Ba-
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
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yDaBHEHHUs! 110 4, BbIPA3UM JBOMCTBEHHYIO nepeMennyio: \j = » .. (A;;)4. Hoxcrasiss

iEIj
nostyuentoe 3nauenue \; B popmyny wi; = = (A;;) 4, noayunm uckomoe ypastenue (10)
y ] PMYJLy Wij A 17)+> y yp :
2. Ecim A;; <0 gy Beex ¢ € I; m xora Obl OJHO U3 TUX HEPABEHCTB CTPOroe,
To \; < 0, 1 aHATOIUIHBIM 00PA30M MBI IIOJIydaeM BTOPOe HCKOMOe ypaBHeHHe.
3. Ecm A;; = 0 gna BCB){() i € I, T0 A\j =0, 1 BEKTOp w;; OIIpejiesideTcs U3 CHCTeMbI
OJIHOPO/IHBIX ypPaBHEHU wijan = 0 mpu ycJI0BULAX HEOTPUIATEILHOCTH U HOPMHUPOBKH.
ij
JlemMa JloKa3aHa.

st pelieHusi cucreMbl ypaBHeHUT yJI00HO MCIIOJIB30BATH METOJI IIPOCTON UTEepalUu.
CHauaJsia 3a/1a10Tcs HadaJIbHble IPUOJINZKeHUs JIJIg BEKTOPOB W;, 3aTeM UX 3HaYeHUs MHO-
rOKpaTHO 00HOBJIATCA 10 hopmyse (10). VTepaloHHbIil MPOIEce MOXOK Ha OOBITHBIN
I'PAJIMEHTHBIN MeTo/1 Oe3yCJIOBHOM MaKCUMU3AIUU

af

Wij = Wij + U
)

OTJINYASCh OT HEIr'0 OTCYTCTBUEM lLlapaMeTpa I'PAJIMEHTHOIO 1Iara 7) 1 HaJuiueM ollepalluu
norm JJis IpOeUpPOBAHAS MMOJYYEHHOTO BEKTOPA HA €UHUYHBIN CUMILICKC.

JleMMa 0 MakcuMHU3aIuu Ha € IUHAIHBIX CAMILTEKCAX MOKET MPUMEHATHCI He TOJbKO
B T€MATUYECKOM MOJIEJIMPOBAHUY, HO U JJIsi OUTUMU3AIMY JIIOObIX MOJIe/Iell, IlapaMeTpaMu
KOTOPbIX $BJISIIOTCS JIMCKPETHbIE BEPOSITHOCTHBIE Paclpejle/leHus] WM HeoTpUulaTeslbHble
HOPMUPOBaHHbIE BEKTOPbI. B dacTHOCTH, €€ MOXKHO HUCIOJ/Ib30BATH /It O0yudeHus: Heii-
POHHBIX CeTeil, B KOTOPBIX TaKWe OTpAHUYEHUd HAKJIAIbIBAIOTCA HA HEKOTOPBIE BEKTOPHI
napameTpoB. [lpu 3ToM rpauenTs! g—uﬂ: MOZKHO ITO-IIPE2KHEMY BBIYUC/ISTH METOIOM 0OpaT-
HOr'O pacupocrpaHerus omuOoK. OrpaHuYeHus IPUBOJAT K MOAMpUKAINT TPAJUEHTHOTO
1ara, Ho HUKaK He CKa3blBaIOTCs HA BbIUMCJIEHUU CAMUX I'DAJUEHTOB.

CxogumMocTb ntepaymoHHoro npouecca. Pacemorpum wrepaimoHHBI HPOIECC, OCHO-

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

t+1 ¢ Of ()

.o =norm|\ W, —————
kY iEIj & awfj ’

w t=0,1,2,... (12)

YrBepxkaenune 3.3. Ilycre f(€)) — orpammaennas cBepxy, HEIPEPBIBHO JuddepeHtin-
pyemast pyukist, u sce Q) nauunas ¢ nekoropoii urepaiuu t° 06j1ana0T cBoHcTBAMU:
)vjeJ Viel; w;=0— wfjl = 0 (coxpanenue HyJieii);
2) Ie>0 VjeJ Viel; wj;¢(0,€) (orgemmmocts or Hys);

3) >0 VjeJ Jiel; w agfg) > 0 (HEeBBIPOXKJICHHOCTD );
+1 _

o —wh| = 0 mpu t — .

Torma ‘w

Jlannoe yTBepzKjieHue sBjisiercs 0000IeHrueM pesy/ibraToB o cxojumoctu EM-ajro-
purMa B TEMaTH4YCCKOM MOJIEJUPOBAHUAMN [12] U HPUBOJUTCH 3/1eCh 0e3 jl0Ka3aTe/bCTBa.
B ycnoBugax Teopembl 3.3 Bce peiesibHble TOUKHU mocaeoBaTebaoctu {1}, apasorcs
HEIO/BIZKHBIME TOYKaMu mpeobpasoBanus (12). Ha npakruke coiictBa 1-3 MoryT GbITH
rapaHTHPOBAHBI IIPU peATU3ANNA UTEPAMOHHOTO AJTOPUTMA.
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BbiBoabl no rnaee

JleMMa 0 MakcHUMHU3AIMK TJIAJKOH (PYHKIMHU HA €IUHUYHBIX CHMILIEKCAX Oy/IeT HC-
110JIb30BAThCs JlaJjiee Jijisi BbIBO/Ia BCeX 0e3 UCKJIIOUEeHHs] aJIlOPUTMOB TEMATUIECKOI'O
MO/I€JIMPOBAHUSI.

Takoii crioco6 HaMHOrO Ipoiie 6aifeCOBCKOIO BBIBOJA, KOTOPbIiI OOLIYHO IIPUMEHSI-
€TCd B JIMTEpaType 110 TeMaTUY€CKOMY MOJIEJIMPOBAHUIO. CpaBHeHI/Ie ITHUX ITIOAXOIJ0B
OTJIO2KHUM JI0 IJIaBbI 7.

Ha npakruke Oyier HCHOIb30BATLCs TOJABKO 1epsoe yciaosue (10).

CX0/ICTBO 3TOI0 YCJOBHUS C I'PAJUEHTHBIM IIAroM IO3BOJISeT 00ydYaTh HEipOHHBIE
CeTH ¢ HEOTPHUTATETbHBIMA HOPMUPOBAHHBIME Becamu. VHTepecHas BO3MOYKHOCTD,
HO 33 PaMKaMHU JIAHHON KHHUTIHU.

KaxkoBa cBA3b moKa3auHO# JeMMbI ¢ EM-aaropurMom u3 mpeablayieil TJIaBbl, y3Ha-
eM B cieaylomeil riase.
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4 ApanTtunBHas perynsipnsaymns

B 3Toit rraBe Mbl BBeJiEM 00munii (popMan3M aIMTHBHON pery/isdpu3anuu, KOTOPBIi
HO3BOJIIET HAJIE/IATh TeMaTHIeCKHe MOJETU pPa3HOOOPA3HBIMH II0JIE3HBIMH CBOMCTBAMH.
Yro 310 3a cBOliCcTBa, U KaK OHU (POPMAIUBYIOTCS C IMOMOIIBIO pery/sipusanuu, Oy/iem
pa3dupaThCs B CJIEAYIONMX [VIABaX. 3/1€Ch Mbl IIOCTABUM 33/a9y TEeMaTHIeCKOrO MOJIE/I1-
POBaHuA KaK 3a/a49y MAKCUMHU3aAllUU Ha €JIMHUYIHbIX CUMIIJIEKCAX. C IIOMOIIbIO JIEMMDbI 32
BbIBeJileM EM-anroputm OYKBaJIbHO B JiB€ CTPOYKH.

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

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

n

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

Jiorapudma MMpaBIono 00U IIPU OrPAHUICHUIX HEOTPUIATEIbHOCTH U HOPMHUPOBKU:

DD nawlnd euibia — max; (13)

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

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

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

CymectByer ob1uil 10/1X0/1 K PEHIEHUI0 HEKOPPEKTHO MOCTABJIEHHBIX 00OpPATHBIX 3a/1a4,
Ha3biBaeMblil peeyaspusayuet; [17]. Korga onrumusanuonnas 3ajada HeJ00Npe/leeHa,
K OCHOBHOMY KPHUTEPUIO JO0ABJISIIOT JIOMOJIHUTEIbHBIA KPUTEPU — PeryJisipu3arop, yau-
THIBAIOIIHUI crenuuKy pemaeMoil 3a/1a9d 1 3HAHUA HMpeaMeTHOil obimactu. B mpakrude-
CKHX 3a/1a9aX aBTOMATHIECKOHl 00pabOTKN TEKCTOB JOMOJHAUTEIbHBIX KPUTEPUEB U Orpa-
HOYeHHl Ha pelleHne MOXKeT ObITbh MHOTO.

Addumusnasn peeyaspusayus memamuueckur modeset (ARTM) [5] ocHoBana na Max-
CUMU3AIUU JIMHEeHHOW KoMOuHamuu JorapudMa IpaB/oONog0bus U pPe2ysApu3amopos
R;(®,0) ¢ HeorpunaTe bHbIME Kodfiunuenmamu pezysapusauuu T, = 1,... k:

k
DD ) puba+ R(®,0) = max;  R(®,0)=) nR(®,0); (15)
’ i=1

deD wed teT
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IIPU OIPAHUYEHHUSIX HEOTPUIATEIHLHOCTH U HOpMUPOBKH (14).
[IpeobpazoBanue BeKTOpa KPUTEPUEB B OJIUH CKAJISPHBIIT KpUTEPUl — 3T0 OJuH U3 Da-
30BBIX [IPUEMOB B MHOIOKPHUTEPHAJIBHON ONTHUMUA3AINK, HA3BIBAEMBIH CkaAAPU3aUUed.

OcHoBHasi Teopema ARTM. Ilpumenum jgemmy 3.2 K HAOOpPY BEKTOP-CTOJIOINOB JIBYX
marpui, 2 = (®,0). B janbHeiiiem ra jieMMa HPUIOJAUTCS HAM U B 00JI€€ CJIOZKHBIX
caydasix, Korjaa Marpuil Oyer 60JibIlie JAByX.

Teopema 4.1. Ilycrs pynkmus R(P, O) menpepoiao gugdepennupyema. Torga rouka
(®, ©) srokanpHOrO 3KCTPeMyMa 3aMaqu (15) ¢ orpanmaennsvu (14) yroBrerBopsier cucre-
Me ypaBHEeHHIl CO BCIIOMOIaTe/JIbHBIMH HEPEMEeHHBIMH Dy, = P(t|d, w), ecim u3 penienust
HCKJIIOYUTH HyJieBbie cToJ101bl Marpui ©, O:

Pet = 10T (Pus11a); (16)
OR
wt — wt T Pw y wt — w W 17
Pt nor{gfn(n t+ @ t@gowt) Nyt deZDnd DPtd ( )
OR
Ora = norjgn (ntd + 044 8th) Ntqg = wzed NwPtdw - (18)

okazarenscrso. [lepenummem (16) B ciaeayromem Bue:

Didw = DOTT (Qp 0 d) . Sowtetd o prtetd
tdw — wtYt - - .
teT > Pustsa  p(w]d)

[Tpumennm k 3aga4e (15) ocnosroe pemtenne (10) u3 seMmbl 3.2 U BBLAEIHM B IIOJLY-
YEHHDIX BBIPAKEHHSIX BCIOMOTATEIbHDBIE IEPEMEHHBIE Dygyy

Pwt = norm Puwtm—— Ndw In Sowtetd —+ R (I) Q)
< 0Pt <Z Z Z >))

dED wed teT

OR OR
= norm <<Pwt Z ndw "‘ Puwt &Pwt) = I%uoerm (Z NdwPidw + Puwt &Pwt)

deD deD

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

deD wed teT

Puwt 8R 8R
= 0 w 0 == w w 0
norTm< 1 Z Maw oo Td) T tdaetd) norm (Z Rauraw + braz—

wed

Hysepble croi6npt B Marpunax ® u © mosydaioTeda B TeX caydadx, KOIIa B JeMme 3.2
BMecTo yeaopug 19 peammsyiorea yenosua 2° wim 3°. B Takux ciiydagx ocHOBHOe perile-
nue (10) yzKe HeIPUMEHHMO, OJIHAKO TeopeMa HCK/IoYaeT UX M3 PACCMOTPeHH.

Teopema JjiokazaHa.

CuencrBue 4.2. B ycioBusix reopembl 4.1 touka JjokaapHOro sxcrpemyma (®,0) om-
ruMI3aIHOHHOI 3amadn (15) ¢ orpammaenmsvu (14) coBmajgaer ¢ TOYKOI JIOKAJTBHOTO
SKCTpEeMyMa CJIeIyIomel OMTHMI3AHOHHON 3a4a49u ¢ orpanmdennsvu (14) u (16):

Z Z anwptdw lIl Sowtetd> + R(@ @) - maX (19)

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

Z antlngowt+ZZntdln9td+R(€D, 0) — Ig%x.

weW teT deD teT

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

POBAHHBIX 3HAMEHUSX MEPEMEHHBIX Pydyy, HEMEJICHHO TIOJLy 9MM, YTO HEOOXOAMMOE YCJIOBHE

JIOKAJIBHOTO KCTpeMyMa B 3ajade (19) skBuBanenrno ypasuennam (17)—(18).
CaeacrBue J10Ka3aHO.

Takum obpazom, M-mar — 310 pemnieHue 337290 MaKCUMUZAIMH TPABIONOI00US IS
OllpeJie/IeHIs OCHOBHBIX IMapaMeTpoB Mojean $, © npu u3BECTHBHIX BCIIOMOIATETbHBIX IIe-
PEMEHHBIX Dygyp- B ClIeNHMAJIbHBIX CJIydasiX Takoe HNpOoMexKyTodHoe ipejcrapjienune EM-
aJI'OpUTMa OKa3biBaeTcs 6oJjiee yJ00HbIM Jijisd BbiBOJIA (popmyst M-miara.

PerynsipnsosanHnbiit EM-anroputm. Cucremy (16)—(18) yaobno pemars METOI0M IpO-
creix urepanuit. CHadaja BBIONPAIOTCS HAYAJIbHBIC IPUOTUKEHUS (04, Oyq, 3ATEM B IUKJIE
10 cxoaumoctu depeayores E-wae (16) u M-wae (17)-(18). Kaxgas urepanus npe/i-
crapjisier coOOi MPOXOJ 110 BCEM TePMaM BCEX JIOKYMEHTOB KOJIJIEKIIUH.

Pavyuonasrvrord EM-aszopumm ¢ pezyasapusdanuet; CTPOUTCS aHAJOTHIHO aITOPUTMY 2,
TOJILKO Iaru 7 u 8 3amensorcs dbopmyaamu M-mara (17)—(18).

B Ausropurme 3 moka3aHo e HeCKOJbKO YCOBEPIIEHCTBOBAHMIL:

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

2) mpu oO6paboTke JOKyMeHTa d MOXKeT ObITh CJIEJTAHO HECKOJIBKO HTepaluii mo BeeM
TepMaM JOKYMeHTa w € d J0 CXOAUMOCTH BeKTOpa 04;

3) BEKTOp 0 HHUIUATU3UPYETCS PABHOMEDHBIM DACIPEICTCHUEM;

4) BEKTOD (y MHUIUAIU3UPYETCS CIy9IaifiHBIM DACIPEIeJeHueM, KOTOPOe OT/IeJISIeTCsI
OT HyJIS PACHPEIEJIEHUEM Dy, = Ty, /N

NzBectno, yro EM-airopurm 6e3 peryaspu3anun CXOIUTCA B CJIA0OM CMBIC/Ie: Ha KazK-
J0ii mTepauu npaBaonoaobue ypeaunduBaercs [57]. AHasorudubie ycaoBus caaboil ¢xo-
muvocta g ARTM nosyqenst B [12].

Onanatinosoti EM-anzopumm cauraercss HamboJiee ObICTPBIM M XOPOIIO paclapaJiie-
quaercs |76, 33]. Obuossenust Marpunpl ¢ 1poU3BOAATCS He HOC/IE IPOXOAA BCeil Koul-
JIEKIUH, & Yalle — Iocje 00paboTKHU ompeIeieHHOr0 00bEéMa MAHHBIX. EC/IHM KOJIeKIus
bosbIIass, To MaTpuna $ MOKeT COWTHCH U MepPecTaTb MEHSIThCH 33J0JIr0 JI0 OKOHIAHUS
nepBoit ureparuu. Torma oxHOro mpoxomaa Oyger JTOCTATOYHO I MOCTPOEHHUS MOJIEH.
[Tosromy oHJiaiiHOBBIE AJTOPUTMBI CIIOCOOHBI 0OpabaThIBATH HOTOKOBbIE JIAHHBIE.

Heranun napaJuieibHoit peasmsaiun odduiaitnoBoro u ounjaitnoporo EM-ajiaropurma
B 6ubsmoreke BigARTM onucanbl B riaBax 18 u 19, emé nojpobuee — B crarbsx |68, 3.

VcnoBusa BbipoXXaeHHOCTU. B temarnueckoM mojesnposannu ciaydan 20 u 39 us sem-
Mbl 3.2 Oy/ieM cauTaTh BhIPOXKAeHHBIMU. Eciau HopMupoBounblit 3namenaresb B (10) oka-
JKeTCA PaBHBIM HYJIIO, TO COOTBETCTBYIOIIUII BEKTOD w; Oy/eM HojaraTb HyJIeBbIM U HC-
KJII0O9aTh ero U3 MO/JIeJIU, COKPAIasl pa3MePHOCTb IPOCTPAHCTBA IapAaMeTPOB U CYUTAs TO
HOJIE3HBIM TODOYHBIM JeficTBHEM peryiagpusanuu. Ecan BEIPOXK/IeHHOCTh HeyKeslaTeTbHa,
TO €€ HeTPYJIHO U30eKaTh, YMeHbIasd KOIDMUIMEHT peryJisipu3aliui.
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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

Tema t HazbiBaeTCS B86LPOIAHCICHHOU, ECITH

OR
Nt + Put=—— < 0 11 Beex w € W.
890101‘/

BoIpoK IeHHOCTD SIBJISETCs CJAEJCTBHEM CHJIBHOIO PA3pe:KUBAIOIIEro BO3AEHCTBHS pe-
ryasipusaropa R. OOnysierue cro/ona Marpuiibl ¢ o3Ha4aer, 9T0 JJIsi MAKCHUMU3AIMH
Peryigpu3aTopa BBITOIHO UCKIIOYATH JTAHHYIO TeMy U3 MOJIEH.

JloxkyMeHT d Ha3BIBAETCS 6blPOACIEHHBLM, ECITH

OR
Mg + 0rg—— < 0 gia Bcex t € T
0044

BprO}K,ZLeHHOCTb AOKYMEHTa MO2KET O3Ha41aTb, 4YTO MO/JEJ/Ib HE B COCTOAHUU €I'0 OllU-
caTh, HAIIPHEMEP, €CJTH OH CJIMIIKOM KOPOTKHUII MJIM He COOTBETCTBYET TeMaTHKe KOJLIEK-
mun. O0HyIeHre cTOIONA MATPUIBI © 03HAYAET, UTO, JJIT MAKCHMI3AIUNN PEryIapu3aTopa
JIAHHBIH TOKYMEHT BBITOJHO CUMTATH AHOMAJIHHBIM.

BepoATHOCTHbIV NaTeHTHbI cemMaHTu4eckuii aHanu3 (probabilistic latent semantic
analysis, PLSA) — 910 ucropuuecku mnepBasi BepOSTHOCTHAs TeMATHYECKAsl MOJEJIb.
Omna 6b11a npeyoxena Tomacom Xodwmanuaom B 1999 roay [77]. B ARTM eit coorser-
crByer HyseBoil perysapusarop R(®,©) = 0. B srom ciygae cucrema (16)—(18) cosmaa-
er ¢ cucreMoii (6)—(8), KOTOPYIO MbI HOJIYYUJIH M3 IPOCTHIX IBPHCTHUECKUX COOOPAZKEHHIA.
JlobaJjienue peryjisipusanuu Menser Tojibko dopmysibl M-itara, He 3arparubas E-mar.

Hacroruble OLEHKH YCJIOBHBIX BEPOSTHOCTEH ¢, = "4t u 0} = Z—Zi B Mozen PLSA
HA3bIBAIOTCS HECMEUWEHHBMU OUEHKAMY MAKCUMAJIBHOIO 1IPABJIONOI00U, B OT/INYUE OT
CMEWERHBLT 0UEHOK B MOJEISX C HEeHYJIeBBIM DeryIsipH3aTOPOM.

B monmenmn PLSA mHe MokeT OBITH BBIDOZKIEHHBIX Te€M HJIM JOKYMEHTOB, MOCKOJBKY

BbIPDO2K/ICHHOCTDb BO3HUKAET IIPpU OTPpULATE/IbHBIX IIPOU3BO/HLIX DEryJidpu3aTopa.
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VYny4duweHnue cxogumocTtu. Meros npocToit urepanuu B o0IIEM Cjiydae HE rapaHTUPY-
er CXOAMMOCTH K CTAIMOHAPHON TOYKEe Deryssipu30BaHHOIO mpasjonogobdus [12]. Dror
HEeJOCTATOK MCIPABJIgeTCS IPOCTOil Mo ukanueil, He TpeOyOIeil TOMOJTHITETbHBIX 3a-
TpaT BpeMenu mian namatu. /loctaTouno moactaButh B popMysibl M-mara HecMeméHHbIe
JaCTOTHBIE OIEHKH ¢, U 0}, BMECTO TeKYIIUX 3HAYEHUH Py U Opq:

. OR(®*,0")

por = a5 ) 2
_ OR(d*,0%)

etd = IltOEI'Tm N¢q + eth;:d (21)

DkcnepumeHThl B [12] mokasasau, 4ro naHHasg MoaudUKaius IPUBOIAT K GOJIee BbI-
COKHMM 3HAYEHUAM Pery/isspu30BaAHHOIO IIPAB/IOINOI00U, IPUYEM UTEPAUMOHHBIN 1IPOIECC
ropas/o 6picTpee (yzKe Ha BTOPO UTePANUK) BXOJUT B PE2KUM MOHOTOHHOIO YBEJIMICHHSI
peryJisipu30BaHHOIO 1IPaB/Io110100us. Hem OoJibiie KOIMDMUIUMEHT pery/isipusaluu, TeMm
cuIbHee MpogBigeTcd 3PdeKT yIydmeHns CX0IUMOCTH.

O crTpaterusax perynsapusauyun. 3ajada TEMATHIECKOIO MOJIEJIUPOBAHMUSA 110 CYTH SB-
JISIETCS MHOTOKpuUTepHaIbHON. TeMbl JO/IZKHBI y/I0B/I€TBOPSATH MHOTUM TPEOOBAHUSIM OJI-
HOBPEMEHHO: MHTEPIPETHPYEMOCTH, PA3JIUIHOCTH, pa3peKeHHOCTH U T. 1. TeMarudeckas
MOJIe/Ib OOBIYHO HCIOJIb3yeTCs KaK BCIIOMOTIaTe/JbHbIH MHCTPYMEHT JIJId PEeIIeHus OIHOM
UJIU CPa3y HECKOJIbKHUX 3a/1a9 TeKCTOBON aHAJUTHKH — HWH(MOPMAIUOHHOIO TOUCKA, BU3Y-
AJIN3AIMK, KaTerOPU3alui, CerMEHTAlU, cyMMapu3anuu u T. 1. Kaxkas 3a1a4da mpeb-
spjisier cgou TpeboBanus K mojesn. B ARTM Bce rtpeboBanust (popmasim3yiorcs B Bu-
Jie KpuTepueB peryiasgpusanuun R; m O0aJaHCUPYIOTCI C IOMOIIBIO KO3 DUIMEHTOB T;.
Kosddunuenrs! 7; npuxoauTcsa nog0upaTh B KazKI0il 3a/1a4e SKCIePUMEHTAIbHO, ITOObI
HaWTH KOMIPOMECC MEXK/Iy BCEMHU KpurTepusiMu. Bosiee TOro, Jijisi m3MepeHusi KadecTBa
MOJIeJIM OOBIMHO UCHOJIL3YIOTCS HE CaMU PEery/isipusaropbl [1;, a Kakue-1O Jpyrue mem-
puKY Kavwecmea. Peryisipu3aTopbl JOIKHBI ObITh IVIaJAKUMU (DYHKIUAMUI, YIOOHBIMU JIJIs1
Bblunc/ieHuii Ha M-mare. MeTpuku KadecTBa JIOJIZKHBI UMETh YJI0OHBIE JIJI HWHTEpIpeTa-
IUU 9UCJIOBBIe 3HadeHus. K coxKaseHuio, 3Tu TpeboBaHUd YaCTO BXOJAT B IPOTUBOpPEUHE.
Hanpuwmep, obmienpuHaThie METPUKH KadecTBA HH(MOPMAIMOHHOTO IIOUCKA IIOYTH HUKOT/IA
HE SIBJISIOTCS IVIAIKUMU (DYHKIUSIMU.

Ha npaxruke npodjiema Bbibopa K03 dunuenTos perysispusaliiy nepepacraer B 0oJiee
OOIILYIO IIPOOJIEMY YNpasACHUA KAYECMEoM MOJETH MIyTEM U3MeHeHusT KOdhMOUIueHToB 7;
B XOJie uTepanuii. Peryigpu3aropbl MOXKHO BBOJIUTH B UTEPAIMOHHBIN IIPOIECC MOCTEIeH-
HO, 110 ofHOMY. [IpHm 3TOM KazK/bIil peryisapu3arop OyJeT I0Jr0TaBINBATL MOJIEIb K BO3-
jeftctBuio nocsieayomux. Hekoropbie perysispu3aTropbl PEKOMEH/1yeTCsl BKJII0YATh JIUIIb
nocjie Toro, kak EM-asropurm Hadas cxoaurbes. JIpyrue Jjiydiine OTKJIIOYATH IOCJE TO-
ro, KaKk OHH OKa3aJii HeoOXOJMMOe BO3JeiicTBUe Ha Mo/ie/b. Hekoropbie peryaspu3aTopbl
MOTI'YT HefiTpaau30BaTh JIPYT JIpyra, TOrJa UX IPUXOIUTCI YepeOBaATD.

Ob6pa3Ho TOBOPS, PEryJIapU3aTOPbl MOJI00HBI JIEKAPCTBAM /I MOJIEJIM — B MAJIbIX J0-
3ax Jiedar, B DOJIBIINX CMEPTEJIbHO OIMACHBI, B COYETAHUSX MOTYT JaBaTh HEOXKUIAHHBIC
apdexrnr. Cucremaruzanus 3tux 3(PGHEKTOB CTAHOBUTCS IPEJIMETOM IMITUPUIECKUX HC-
caenosanuii B ARTM.

Cmpameezuet pezyaapusayuyu O6y1eM Ha3bIBATh IpPaBUJIa U3MEHEHHA KOI(DOUIHEHTOB
peryasgpusanuu 7; B xoje urepanuiit EM-aaropurma. 9Tu npaBuia MOIYyT HUCIOJIb30BATDH
TEeKyIre 3HAYCHUsI METPUK KadeCTBa U MapaMETPOB MOJIEJIH.
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OO01muit Mo/IX0/1, K aBTOMATUYECKON HACTPOiiKe KOI(MDMUIIMEHTOB pery/isipu3aliuu u Jpy-
rux runepuapaMerpos st ARTM 6b1 npeioxen B [90] Ha 0cHOBE 9BOJIIOIUOHHOIO aJi-
FOPUTMa | IPEJICTABJICHHS MIPoIecca 00ydeHnsT KaK MHOTOITAITHOW CTpATerud U3MEeHEeHHS
runepnapamerpoB. B mocsemyroreii pabore [89] sror mMerosx GbLI JOMONHEH CypPOraTHOIL
MOJIEJIBIO OIEHUBAHUA KadecTBa, UTO MMO3BOJIMIO IPUMEpHO B 1,5 pa3a COKpaTHTb BpeMs
Houcka runeprnapamerpoB. B stux paborax HCIOIB30BaAJICS OOBIYHBIN JIJIsI G8MOMAMU-
ueckoz20 mawurnozo obywerus (AutoML) moaxom: st KazxK/0if TOYKH B MPOCTPAHCTBE
ruIeprIapaMeTpoB Mo/Ie/Ib 00ydaeTcsa 3aHOBO M0 0Oy4arorieil BLIOOpKe, 3aTeM eé KaueCTBO
OIIEHUBAETCS 110 TeCTOBOI BbIOOpKe. Ha 60IbIINX JAHHBIX TaKas CTpATerus Mpe/ICTaB/IgeT-
cs CJIMIIIKOM 3aTpaTHoil. KoppekTupoBarh rumepinapaMeTpbl MOXKHO U 4aline — oOpaboTaB
JINIIIb 49aCTbh KOJIJIEKIHMKW M HE JOXKHIAACh OKOHYaTeJ/IbHON’ CXOJMMOCTH IIapaMeTpOB MO-
nenu. Kpome toro, Jijist ONeHuBaHUS KQ9ecTBa MOJE/ell MOXKHO HCIO/Ib30BATH HECKOJIHKO
Pa3JIMYHBIX METPUK, JIOHOJHAIONUX JApyr jpyra. [locrpoenue ObICTPbIX MHOTIOKpPUTEPH-
AJIbHBIX CTPATEruil peryisdpu3aluu MOKa OCTaéTcs OTKPBITOI 1Ipo0./1eMOil.

OTHocuTenbHble Ko3chdurymneHTsl perynapusaunn. Kosdpduimenrsl perysispusaium,
THIATEJbHO 110I00pPaHHbIE JIJIsi OJIHOW KOJIJIEKIIMH, MOI'YT IIJIOXO IOJXO/JMTH JiJIsi JPYIOi.
OHE MOT'yT 3aBHCETb OT pa3Mepa KOJLIEKIIMH, MOIIHOCTH CJI0Baps, CPEHEN JIJIMHBI JIOKY-
MEHTOB. Ec/in KOJIIeKIHs MOMOIHIETCs, TO CO BpeMEeHeM MOKEeT HMOTpPedOBAThCA HX Iepe-
Hactpoiika. [Ipobema perraercs ¢ MOMOIILI0O HODMHPOBKHU U BBEJICHUS OMHOCUMEALHLL
Koaphuyuenmos pe2ysapu3auUL, BLIPAKAIONUX CTEIeHb BO3AEHCTBUS PEry/IsSpH3aTOPa
HA TeMAaTUYIeCKy0 Moje/b. OTHocuTe/IbHbIe KOI(DMUIUEHTH MOI'YT OCTaBaTHCs (DUKCHU-
POBaHHbIMU 110 Mepe pOCTa KOJIJIEKHUU, U JIJId HUX MOI'YT OHEHUBATLCA YHUBEPCAJIbHbIC
PEKOMEeH TyeMble 3HAYCeHHS, TOIXOIAIIIe JIjIs JIIOOBIX 3a/1a4.
Pacemorpum dbopmyny M-mrara (17) co B3BemeHHON CyMMO# perysisipu3aTopos R;:

N OR;
prt - IIOI'HI zn E ngpwt
ew — 0Pt
i=1
BBe'ZLéM CYMMAapHoe 60306720’/716’&6 T peryjadpusaropa Rz Ha TeMy t u ero CYMMAapHoE
60306720’/716’&6 T; Ha BCE€ TEMDbI.

Z
Tit = SDwt ) ry = g Tit-

wGW

Bsejienue HopMuUpPOBKU T; = %ir% O3BOJISIET UHTEPIPETUPOBATh KO duuenr 7; kak
ommocumenvroe sosdeticmeue peryadpuzaropa R; Ha TeMaTndeckyo Mmojenab. OH mOKa-
3BIBAET, BO CKOJIBKO Pa3 BJIHMSHEE PEryIsapu3aTopa Ha MOJIETb CUJIbHee BIUSIHISI HCXOTHBIX
nannbix. [Ipu 7; — 0 peryngpusarop R; orkmiodaercsd. [Ipu 7; — oo mepepery/spu3aus
MOZKET IPUBOJIUTH K BbIPOZKJIEHUIO MOJIEJIU.

Bsejienue Jipyroit HOpMUPOBKU T; = 7:1:‘—; O3BOJIIET MHTEPIPETUupPoBaTh KO3 duiu-
eHT T; KaK 0MHOCumeavhoe 6o3delicmeue peryiaspusaropa R; na orjenbuyio temy t. Te-
nepb abCcOMIOTHBIN KOI(MDMOUIUEHT Perysdpu3anui 7; CTAHOBUTCA 3aBUCANIAM OT TEMBI,
OJTHAKO €ro OTHOCUTEJbHBIE BO3/IEHCTBUS Ha BCE TEMbI OIHHAKOBBHI.

B obuiem ciiydae He u3BeCTHO, Kakas U3 JIBYX HOPMUPOBOK Jiyuiie. [[jisi obuiHocTn
BBEJIEM BBIIIYKJIYIO KOMOMHAIMIO JIBYX HOPMHUPOBOK:

N n n
T =T %'—t + (1 =%)—),

it T
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e 7; — 0MHOCUMENvHvLl Koapduyuenm pe2ysapudanuy; napaMeTp y; Ha30BEM cmene-
Hb10 UHIUBUIYGAU3GUUY BO3IEHCTBHS peryisgpu3aropa R; ua temsl. [Ipu v; = 1 koadu-
IUEHTHl 7; MAKCUMAJIbHO PA3JIMYAIOTCA 110 TeMaM, BbIpABHUBasd OTHOCHUTEbHBIE BO3JIEii-
cTBUs peryiagpu3aropa R; Ha tembl. [Ipu v; = 0 KoaddunuenTsr 7; He pasjHIaloTCA IO
temaM. Ilapamerp ~y; mpejiaraercsd mojOupaTh SKCIEPUMEHTAJIbHBIM IIYTEM.

Anasnornano pacemorpum dbopmysy M-mara (18) co B3BenieHHO# cyMMOil peryssipusa-
TopoB R;. Beném cymmapnoe sosdeticmeue q;q perynspusaropa R; Ha 10KyMeHT d U ero
cymmaproe 6ozdeticmeue ¢; Ha KOJIEKIUIO:

Gia =Y 9tdgT}Z L G=) G

teT

[IpencraBum ko3 pummeHT peryaspusanun 7; B BHJIE

7= et (1)~ ),
did qi
e 7; — OMHOCUMENLHbIT KoIPPuyuenm peayrapudanyuu, v; — cmenens undusudyaiusda-
yuy Bo3JeiicTBus peryssipusaropa R; va jokymentbl. [lpu v; = 1 koadduipmentsr mak-
CUMAJIbHO Pa3/Inyalorcs 10 JOKYMEHTaM, BbIPaBHUBas OTHOCUTE/JbHLIE BO3JIEHCTBHS pe-
I'yJaspu3aTopa Ha JOKYMEHTHI. BbIcOKas MHINBHyaIU3allis II0JIe3Ha, KOI/a JIOKYMEHThI
KOJLJIEKIIMY CYIIECTBEHHO Pa3/IMvalorcs 1o jyimHam ng. [Ipu v; = 0 koadpdunmentor He pas-
JIMYAIOTCH 110 JIOKYMEHTaM.

BbiBoabl no rnaee

e Hakoner mbl obocHoBa i EM-aaropur™, mo/IiydeHHBIH B IIepBOil IViaBe U3 J€MEH-
TapHbIX COOOpaKeHUil.

e Bosee TOro, MbI ero 060raTUIN BBEJCHUEM pPery/Ispu3aTOPOB, OCTABUB MOJHYIO CBO-
6oy manbHeitero Beibopa dyukuit R;(P, ©).

e 3aoaH0 00CYIMIN elmé HEeCKObKO acmekToB nmpuMenenns ARTM: maumuanzanmro,
BBIPOKJIEHHOCTD, CXOJUMOCTDb, CTPATErUU PEryJIdpH3allui, OTHOCUTE/IbHbIE KO3hdu-
[UEHTHI PEryJIgpu3allii.

e /lanHas rjaBa Urpaer KJIIO4YeBYIO posib B Kuure. /lambueiinee usjioxkenue OyaeT
pa3BUTUEM TEOPUHU AJUTUBHON peryaspu3aliui.

e [IpuMmenenue OCHOBHOI JIeMMbI O MAaKCHMU3AIMU HA €IMHUIHBIX CHMILIEKCAX OyIeT
OCTaBaTbCS CTOJIb YK€ HMPOCTBIM, JIazKe KOIJla MOJEIN OYAyT UMeTh Oojiee CJIOKHYIO

CTPYKTYDY.

27



5 BepositHocTHas perynsapunsayna n mogenb LDA

Mozens narentnoro pasmertenns Jupuxie (latent Dirichlet allocation) LDA [40, 41]
ABJIAETCS, MoKy, HanboJiee MUTHPYEMOl B TeMaTHYeCKOM MojeaupoBanuu. B mory-
JIIpHBIX 0030pax €€ MHOIJIA OTOXKJECTBJILIOT CO BCEM TEeMAaTUYECKUM MOJI€/IMPOBAHUEM,
XOTsI B JIATEPATYPE MOXKHO HaiiTu coTHuU japyrux mojeseit. Croeit myOsmmkamueit 2003 roja
JsBu Basit, Duapro bla u Maiiki JIxkopaan onpeaeinin 10roCpOIHbIil TPEeH I pA3BUTH
TEeMaTUIECKOr0 MOJIETUPOBAHUsA B paMKaX 0ailecOBCKOro OOy4YeHHS.

B mammnoii rmase mbl gaauM 6osiee mpoctoe obocHoBanne LDA ¢ mo3unmii aajanTuBHOI
peryJsipusanuu. /[jist 9Toro nam He OHaI005TCs HU AlIPUOPHbIe pacipejesenus upuxiie,
HU CJIOXKHBI MaremMaTudeckKuil ammapar 0aileCOBCKOIO BbIBO/IA, PACCMOTPEHHE KOTOPOI'O
Mbl OTJIOZKHUM JIO 1JIaBbl 7.

MpuHUMN MakcuMyMa anocTepuopHOWN BEpoATHOCTU. /lo cux mop Mbl npeaiosara-
JIM, YTO JIAHHbIE HOPOXKJIAIOTCA BEPOSITHOCTHON MoJe/ibio ¢ napamerpamu (@, 0), koro-
pble He U3BECTHBI U He Caydaiinpl. Temepb mpeamnoozKuM, 9T0 HapaMeTphl CAMH SBJISIOT-
Cs CJyJaflHBIMU MEPEeMEHHBIME U HOJYHHSIOTCS anpuophomy pacnpedeaenuto p(P, O; )
C HEeCIyJailHBIM 6EKMOPOM 2UNepnapamempos . B sTom ciydae MaKCUMH3AIMA COBMECT-
HOro npasjononodust ganubix X = (d;, w;)’; u mozgesn (P, 0) npuBoauT K NPUHIUILY
MAKCUMYMA anocmepuopholi éepoamuocmu (maximum a posteriori probability, MAP):

n

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

767
i=1 7

[Tocae sorapudyupoBanust mosydaeM Mouduranmio 3agaqu (13), B KoTopoit jorapudm
AIIPUOPHOIO paclpejie/ieHus] CTAHOBUTCS PEryJispu3aTOPOM:

Z Z Ndw In Z (pwt‘gtd + hlp(q)? @7 7) - glgx : (22)
deD wed teT R(q:,@) =

Bo MHOrux ciydasx BO3MOXKeH U oOpaTHbiii nepexos. Peryaspuzarop R(P,©), usna-
JaJIbHO HE HMEIOIIHil BEPOITHOCTHONW HMHTEePIIPeTaIui, MOKHO Ipeodpa30BaTh B alpHOp-
HOe paclipejie/ieHue 1y TéM SCHOHeHIupoBanus u Hopmuposku: p(P, 0) o exp(R(P, 0)).
HopmupoBounblit MHOXKUTE/Ib HE 3aBUCUAT OT HAPAMETPOB MOJIEJIH, TOITOMY JIjIsi MAKCHU-
MU3AIMU alocTepuopHoil BepositHoctu 110 (P, ©) OH He BayKeH; ero OTCyTCTBUE MOZKHO
KOMIICHCHPOBATD MOAO0pOM Kodddunuenta peryigpusanuua. OIHAKO eCId pelraTh 3a/a-
9y ONTHMHU3AINMNE THIEPIApAMETPOB 7Y, TO €ro yzKe IPHUIETCSI BBIYUCIITD U yIATHIBATD.

AnpuopHblie pacnpegenenuns Oupuxne. OcHOBHOI MOTUBaIUEH JIsi BBEJICHUS MOJIE/IH
LDA B [41] 66110 pemenne npobiembl mepeodbydenns B mojgenun PLSA. TIpo6iema 3ax.iro-
qasiach B ToM, 4ro MoJeiab PLSA npejckaspiBaia BepositaocT TepMOB p(w | d) Ha HOBBIX
JIOKyMEHTaX 3aMeTHO XyzKe, 4eM Ha oOydatomieil Kojuieknuu. OObIYHO 1IepeodyYeHne CBsi-
3aHO ¢ U30BITOYHON PA3MEPHOCTHIO IIPOCTPAHCTBA TAPAMETPOB, MOITOMY Ha Marpuiibl P, ©
cJleJlyeT HAKJIaJbIBaTh JIOMOJTHATEIbHbIE orpanndenus. B [41] Obu10 BBEIEHO Ipeanosio-
JKeHHe, 9TO CTOJIOIBI STUX MATPHUI] ABJIAIOTCA CJYIANHBIME BEKTOPAMH U IIOPOZKTAIOTCS
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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.

pacupejesenusivu Jupuxie ¢ runepuapaverpamu o € R” u 8 € RY coorsercrsenno:

: ' o
Dlr(ed;Oé) = ﬁ : Qtdt 1, oy > 0, Qg = zt:Oét, etd > 0, %:th = 17
t
I'(6o)

Dlr((pt7ﬁ> H(pfulg_lu ﬁw > 07 ﬁO = Zﬁwv Pwt > 07 Z(pwt = 17

N [TT(5) %

rie ['(z) — ramma-dynknus. [unepuapamerpst pacupe/eienus upuxiie cBsizanbl ¢ Ma-
TEMATUICCKUM OXKHJIAHUEM IOPOXKIAEMBIX CJIydailHbiX BeKTOpoB: Ef;y = 3—(’;, Epuwt = %

Beenenune pacupesjenennii /lupuxsie umeer Tpu MOTHBAIIUH.

Bo-nepBoix, pacupeesnenus /lupuxie cIocOOHBI MOPOXK/IATh KAK Pa3peKeHHbIe, Tak
U IJIOTHBIE BEKTOPBI JUCKPETHBIX PacIpeieaennii, puc. 3. Kciu BeKTop mapaMeTpoB COCTO-
UT U3 paBHBIX 3HaYeHuil [, 10 pacupeaeenue Jlupuxjie HA3bIBACTCA CUMMEMPUYLHBLM.
[Ipu B, =1 cummerpuunoe pacupegeienue Jlupuxiie COBIAAET ¢ PABHOMEPHBIM PaC-
pe/ie/IeHneM Ha eJIMHUIHOM CHMILTeKce. dem Menbine [3,,, TeM O/inzKe K HyJI0 YCJIOBHBIE
BEPOATHOCTU Q,y = P(w|t) B HOPOKIAEMBIX BEKTOPAX ;.

['umoresa 0 pa3peKeHHOCTH pacpe/eeHuil ¢, = p(w |t) dopmanusyer ecrecTBeHHOE
LPEJIIOJIOKEHHE, YTO KarxKast TeMa T UMEeT CeMaHMUYECKoe 40P0 — MHOKECTBO TEPMOB,
XapaKTepU3yOIuX JAHHYI0 TeMY U UMEIOIIMX B Heil O0JIbIne BeposaTHOCTH. Takux TepMoB
B Ka2KJI0il TeMe He MOKeT OBbITh MHOTO, TOCKOJIbKY OOJIBITHHCTBO TEPMOB CJI0BAPS TOIKHBI
OTHOCHUTBCI K CEMAHTUYIECKUM siJIpaM JIPYTHX TEM.

['umoresa o paspekenHocTu pacupenenenuii 0,y = p(t|d) dopmanusyer npyroe ecre-
CTBEHHOE PEJIIIOJIOKEHUE, YTO KAXKJIbIH JIOKYMEHT OTHOCUTCSA K HEDOJIBIIIOMY YHC/IY TEM.
TpynHo npejacraBuTh cebe JOKyMEHT 000 BCeX TeMax (a ecJii 9TO SHIUKJIONE/Us, TO B Ka-
4ecTBe JJOKYMEHTOB CTOUT B3sTh OT/E/IbHBIE €€ CTaThH).

Bo-BTOpbIX, ABYXypPOBHEBAS MOJIEb IIOPOKACHUS TAHHBIX (DOPMATUZYET IIPE/IIOT0ZKE-
HIIe O CYIIECTBOBAHUU TEMATHIECKHUX KJIACTEPHBIX CTPYKTYP B TEKCTOBOI KoJLIeknuu. Pac-
upejesienne Jlupuxjie 10poziaer BEKTOPbI JIMCKPETHBIX pPaCIpejieienuii ¢, = p(w|t),
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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.

KOTOPBIE CTAHOBATCS TMEHTPaMU TeMaTHIeCKNX KIacTepoB. KarK/Iplil TaKOil MEHTP MOPOZK-
JaeT TeMaTHIeCKe YacTh TOKYMEHTOB — BEKTOPbI JUCKPETHBIX pacipejeneruii p(w |t, d),
KOTOPBIE IJIOTHO IPYNIUPYIOTCS BOKPYT CBOETO IMeHTpa, puc. 4.

B-rperbux, pacupejesenne Jupuxiie sBjisieTcs COUPAZKEHHBIM K MYyJIbTUHOMUAJIbHOMY
pacipeeieHui0. JTO YPE3BbIYARHO y100HO /it MeTO/I0B 6aileCOBCKOIO BBIBOJA, KOTOPDIE
paccMaTpHUBAIOTCA B CJIEAYIONUX TiaBaX. VIMEHHO MaTeMaTHYecKoe yJI00CTBO IIpeJIoIpe-
JIEJIAT0 TOMYJIAPHOCTD pacupeaenenns /lupuxie u momean LDA B TemaTudeckoM Moje-
JINPOBAHUU, XOTdA yOEeIUTETbHBIX JIMHIBUCTHICCKIX OOOCHOBAHUII OHO HE MMeEeT.

Corutacho (22), mogesan LDA coorBercrByer pery/isipu3arop, ¢ TOYHOCTHIO 0 KOHCTAH-
Thl paBHbII cyMMe JiorapuMOB allpUOPHBLIX pacupejieienuit Jlupuxiie:

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

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

[Ipumenenne ypasuenuit (17)—(18) k sromy peryisipusaropy gaér dbopmynbt M-nrara:
Pur = norm (ny; + 5, — 1) a = norm (nyg + oy — 1)

IIpu B, =1, oy = 1 anpuopHoe pacupeenenne lupuxiie coBIagaer ¢ paBHOMEPHBIM
pacupe/jiesieHneM Ha cuMiniekce, hopmysibl M-mara nepexo/isitT B HECMEIEHHbIE YaCTOTHDIE
OIIEHKH YCJIOBHBIX BeposirHocTeit, a Mojgesnb LDA nepexoaur B PLSA [69).

IIpu B, > 1, a; > 1 peryasgpu3arop HMeeT CIIAKUBAIOIIHA b DEKT, 3aCTaB/IsIs Pac-
npejesienns ¢; u 0y TpubINKATHCS K 3aIaHHBIM PACIpPeIeIeHIaAM [ U (¢ COOTBETCTBEHHO.

IIpu 0 < B, <1, 0 < ay <1 pacupenenenus ; u 0, HAOOOPOT, OTIAJAIOTCSI OT PAC-
upejeaeHuit 5 u a. Perysisgpusarop nMmeer paspexuBaioniuii 3hdexT u criocodben 0OHyIATH
MaJible yCI0BHBIE BeposTHoCcTH. K coxkajienuio, TpeboBanue CTPOTOil MOJIOKUTETbHOCTH
napamMeTpoB (3, U «; B pacupeneneHusax /lupuxie orpaHIInBaeT BO3MOXKHOCTH YIIpaBJIe-
HHUs pa3pezxkeHHocThio MaTpul, ®, O B momenmn LDA.

He-6aiiecoBckas uHtepnpetauus u 06o6weHne mogenun LDA. Peryasipusarop (23)
MOKHO BBECTH HEIIOCDPEJICTBEHHO, He Ipuberas K allpuOpPHBIM pacipeaensenusMm /lupuxie.
Bostee TOro, MOXKHO CHATL OrpaHHYEHHs IIOJOXKUTEJIHLHOCTH C THIEPIAPAMETPOB [, 4
1 JIazkKe 33/1aBaTh UX WHIMBUYAJTHHO /I KaxKao0i sdeiiku marpur ¢ u O.

BBeiém 0000WEHHbIT PELYAAPUSATNOP CRAAGHCUBAHUA U PA3DEHCUSAHUA:

) = Z Z 6wt In Pwt + Z Z Qtq In etd- (24)

teT weW deD teT

30



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

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

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

[Ipu TOIOKATETBHBIX [y, (g PETYAApu3aTop (24) MOXKHO HHTEPIPETHPOBATH KaK
MaKCHMHI3AIUI0 IpaBaonoaodus. OH 0JHOBPEeMEHHO MPUOINZKAeT KaxK10e U3 pacipeaese-
HUil ©; K normy,(S,) 1 Kazxa0e u3 pacupegenenuii ; — K normy(qyg).

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

[TomoxkuTe1bHOE 3HAYEHHE THIEepIapaMerpa [,; WIH (g IPUBOIUT K CLVIAXKHBAHUIO,
OTPHUIIATETbHOE — K pa3peKUBAHUIO COOTBETCTBYIOIIEH sd4eiiku MaTpuiipl. B orimdme or
aIIPUOPHBIX pacupeenennii upuxiie, 0000MIEHHBII peryispu3aTop He OrpaHHINBAET I1a-
paMeTpbl CHU3Y, YTO IO3BOJIAET CBOOOIHO YIIPABISATH pa3pe:kuBaHueM. TakzKe OH CHUMAEeT
OrpaHHYEHHE Ha CMENINBAHKE OTPULATE/JIbHBIX U IOJOKHUTEIbHBIX 3HAUECHUH THIeprapa-
METPOB B OJIHOM CTOJIOIIE.

Paznenum momoxKureabHbIe U OTPUNIATEIbHBIE [TapaMeTPhl B KaxKJI0M CTOJIOIE Ha JBa,
OTJIEJTbHBIX BEKTOpa M 00a UX OTHOPMHUPYEM:

we = 001 (B [Bur > 0]), orfy = norm (yalays > 0)),
Bt = Iiu%fv%l(—ﬁwt [But < 0]), = n?erTm(—oztd g < 0]).

Torna 0bobmEnHbBIT peryispusarop (24) MOXKHO HepenucaTh B BUJE B3BEHICHHON CyMMbI
2|T| 4 2| D| perynsipu3aropoB, KazK/Iblil 13 KOTOPBIX BO3IEHCTBYeT HA OTAEJbHBIH CTOIOEI
maTpuipl ¢ win O:

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

teT weW deD teT
- Z Bot Z Bt 10 Pt — Z oy Z g Inbyg,
€T wew deD  teT

rie Ba,, ady, Bogy Qg — TOTOKATETbHBIE HOPMEPOBOTHbIE MHOZKHTE/IH, TENEPh HIPAIOIITIE
poJib KO3 puimeHToB pery/isipusaluu.

Auseprenuyun Kynobaka—JSlenbnepa (KL-dusepeeryus, OTHOCUTETbHAS SHTPOIHS) —
9T0 HECUMMeTpUYHasd (YHKIMH PACCTOSHUSA MEZKJy JMCKPETHBIMH PaCIPeIeIeHuAME
P=(p), u@=(g), ccoBuagaomumu vocuresamu, {i: p; >0} = {i: ¢; > 0}:

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

e H(P)=—>,pilnp; — onwmponus pacupenenenuss P, H(P,Q)=—> .p;Ing;
Kpocc-anmponuet pacupeaenennit P u ().

Oboznadenue KL; ne gapigercsa obmenpuHATHIM, HO OHO YI00HO JIjId YTOYHEHHS, 110 Ka-
KOMY HHJIEKCY IPOM3BOJIUTCHA CyMMHPOBAHHE.

[Tepeuncsium Hekoropbie cBoiicTBa KL-juBeprennuu.
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0.04 A 0.020 0.020
0.03 1 0.015 1 0.015 1

0.02 4 0.010 1 0.010 §

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

Puc. 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.

1. KL(PJ|Q) = 0, upu srom KL(P||Q) = 0 torga u rosbko Torja, korma P = Q.

2. KL-auBeprennust siBjisiercss MEpOil BJIOXKEHHOCTH II€PBOI'O PaCIpeeIeHus BO BTO-
poe: ecun KL(P||Q) < KL(Q||P), ro P cuibhee BI0KeHO B (), ueM () B P, M. puc. 5.

3. Eciu P — »swvmmpuueckoe pacopejesienue, a (Q(a) — mapamMerpudecKas Mo-
Jieb, To MuHHMu3anus KL-1uBeprennyun 3KBUBaJeHTHA MHUHHMH3AIAA KPOCC-3HTPOIIMN
H (P, Q(a)) WM MAKCUMU3AIUE [1PAB/ION0I00MS:

KL(P[[Q(cx sz ln

—)mln — E piIng; (o) — max.
[e%
i=1

4. MakcuMusanysi 1paBonogo0ust Jyisk TeMaTHIecKOro Mo/eanposanus (13) sxBuBa-
JIBHTHA, MUHUMM3aIUU B3BeleHHo#i cymmbl KL-auBeprernuii mo Bcem J0KyMeHTam d MezK-
Jly dSMuupuveckumu pacupeseserusivu p(w|d) = ’Zi—: u MogiesibabiMu p(w | d):

N
> ng KLw( ) H Z%ﬁm) — min,
deD

rJie BECOM JIOKyMeHTa d sBJISIeTCs ero JjiuHa ng. Ecan Beca ng yoparb, TO BCe JTOKYyMEHTbHI
Oy/lyT MCKYCCTBEHHO IPUBEJIEHbI K OJMHAKOBOM JiinHe. Takas mopudukaiiyms OnTuMu3a-
[UOHHOI'O KPUTEPHUS MOYKET ObITh 1OJIe3HA [IPU MOJIEJIMPOBAHUYN KOJLJIEKITU, COjlepzKaliX
JIOKYMEHTBI OJIMHAKOBOU BaKHOCTH, HO CYITECTBEHHO PA3HON I TMHEI.

5. Makcumuzarust 0600IEHHOIO PEryIsIPU3aTOpa CIIIAYKUBAHUSI U pa3pe:kuBanus (24)
SKBUBaJIEHTHA MUHUMU3auu cymMmbl KL-uBeprennmii:

R(®,0) == By KL, (B85 || out) = > agaKLi(of; || 61a) +

teT deD
+ > B KLu (B || 0wr) + D aga KL (azg || 61a),
teT deD

rJle HOpPMUPOBAHHbIE BEKTOPbI I'MllepliapaMerpoB ﬁti, afl: B alIpMOPHBIX paclpe/ie/leHusIX
Jlupuxjie 3aJia10T KejlaeMoe HallpaBJ/IeHue CIVIaKUBAHUS W/ Pa3PeKUBAHUS CTOJIONOB
mvaTpui, ¢ 1 ©, a UX HOPMHPOBOYHBIE MHOXKHUTETI ﬁgtt, oz(jfd UIPAIOT POJIb KODDUImenTon
perysapu3alum.
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BbiBoabl no rnaee

e Temarmueckas mojeab LDA — 3T0 mpocToii, HO yCTapeBIIHi U JOBOJBHO CJIA0BII
cocod perynspusanuu. Tem ne menee, LDA umeer maccy peasu3anuii u daiie BCEro
UCIOJIB3YeTCs Ha IPAKTUKE.

o [lomynaprocts LDA 00bsicHSIETCS HE CTOJIBKO ero JUHIBHCTHIECKON 0O0CHOBAHHO-
CThIO, CKOJIBKO MaTeMaTudecKuM yj100cTBOM pacupejeienus /lupuxie B Oaitecos-
CKOM BBIBOJIE, CM. IVIaBY 7.

e O6obmEnnas mogeab LDA (6e3 orpannvenust IOJIOKUTEJLHOCTH TIHIEPIIADAMET-
POB) BBOJIMTCs 4epe3 IPUHIMI MAKCUMyMa IpPaBaono odus win muaumyma KL-
JiuBepreHnuu, 0e3 npuB/jiedeHns allpuoOpHbIX pacupeje/ienuit lupuxiie.

e B jiasibueiinieM Mbl Oy/ieM aKTHUBHO UCHOJIb30BaTh KL-/iuBepreuiuio jijiss KOHCTPY-
UPOBAHUS PeryJisipu3aToposB.
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6 Teopua EM-anropunrtma

B sroit rmaBe mbr morpysumcs B Teopuio EM-anropurma. Pacemorpum 6osiee obiuii
KJIACCHYIeCKHil crocob ero BBIBO/IA, KOTOPLINA IIO3BOJISIET 00OOCHOBATH CXOAUMOCTD. 3a0/IHO
oboraTuM ero BO3MOZKHOCTBHIO aJIMTUBHON peryJispusanuu. Marepuas 3Toil 1J1aBbl 110-
HaI00MTCsI TOJILKO B Cjejylomiei riase, emé 0ojiee teopernydeckoit. Eciu e reprurces
[HOCKOPEe y3HATh O MPAKTHIECKUX ACHEKTAaX TeMaTHIeCKOr0 MOJEJINPOBaHUs, TO 00€e IJia-
BBl MOXKHO IEJTUKOM IIPOIYCTHTb.

O6wumin EM-anroputm c perynsipusauymeii. Vcxoano EM-aaropurm mnpegHasHavaics
JIJTsI TIOCTPOEHUS IMUPOKOTO KJIACCA BEPOATHOCTHBIX ITOPOKIAIONINX MOJIE/Ieil CO CKPBIThHI-
mu niepeMeHHbIME [57]. TeMaTHuecKoe MO THPOBAHEE SBJISETCS [Jisl HETO JIUIIb YACTHBIM
caydaeM. Cxomumoctb EM-ajiropurma yao0HO T0Ka3bIBATH JIjis OOMIEro ciiydasi, 100aBUB
BO3MOYKHOCTH PEryJisipu3aliii.

[Tosromy nepeiijiém kK OoJiee 00IIMM 0OO3HAUYEHUSIM:

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

Z = (t;)_, — ckpumule nepemennbie;

Q = ($,0) — napamerpbl HOpozKaoieil BepogTHocTHONH Mojesu p(X, Z |€).

Bajaua 3aK/II09aeTCs B TOM, 9T00OBI 110 BbIOOpke X Haiitum mapamerpbl mojenn €2,
IIPU KOTOPBIX JOCTUTAETCS MAKCUMYM MAP2UHGAU3068aHH020 Npasdonodobus (marginal
likelihood)! ¢ perymapusaropom R(Q):

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

Dra 33249 HEY00HA TEM, YTO CYyMMHUPOBAHUE IO/ JIOTaPU(MMOM IIPOU3BOIUTCS 1O BCE-
BO3MOZKHBIM 3HAQYEHUSM CKPbITBIX IIepeMeHHbIX Z. B ciydae TeMaTudeckoro Mo/e/iupo-
BaHUs 9TO MHOYKECTBO BCEX N-MEPHBIX BEKTOPOB T€M, ero MOIHOCTh pasHa |T'|™.

Teopema 6.1. FEcun cpynknmonas (27) jgocrarodno riakuii, 1o Todka ) ero JoKaJIbHO-
ro MAKCHMYMa yJ[OBJIETBOPSIET CHCTEME yDaBHEHHI, pelleHHe KOTOPOH MeTOI0M IPOCTBIX
aTepanuii CBOAUTCA K YEPEJOBAHHIO JBYX IIAIOB:

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

JTokazaTeabcTBO. 3anunieM Heo0X0IUMbIe YCJIOBUS JIOKA/ILHOIO IKCTPeMyMa, /1S 3a-
Jadn MAaKCUMU3AIUA MIaKoro (gyHknunonaaa (27):

1 S Op(X.Z|9) | IR(Q)

(X Q) o0 O

Z

!Marginal likelihood mHOrma mepeBOAUTCA Ha PYCCKHI A3BIK KAK IIPeAelbHOe M HEIOJHOe IPaBIo-
oodue.
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p(X,Z2]Q)
p(Z1X,Q2)"

U3 dopmyiibl yesouoii BepositHoctu cieayer p(X [) = Bocnosb3yemcs

9TUM TO2KJIECTBOM, BHOCA 104, 3HaK CYMMDbI:

1
p(X[Q)

Zp (Z|X,Q) op(X, Z\Q)+8R(Q)_0.
(X,Z|9Q) Y o
OR(Q)

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

[TosiyyenHoe ypaBHeHue siB/isieTCsi HEOOXOAMMbBIM YCJIOBHEM JIOKAJBHOI'O SKCTPEMYMa
sagaun M-mrara (29), ecin bukcuposars pacupeesnenue p(Z | X, ) Tak, 41006 OHO HE 3a-
Bucesio or napaverpa ). Vimenuno 1o u jocruraercst Borauciaenuem ¢(Z) na E-mare (28)
U mocJieiytomedi ero mojctanoBkoii B (29). TakuM 06pa3oM, Mbl HOJTYYUIH CHCTEMY YPaB-
HeHUil, SKBUBAJCHTHYIO HEOOXOAUMBIM YCJIOBHsIM MakcuMmyMa yHKnnonama (27).

Teopema nokazana.

CaencrBue 6.2. Ecian 3agada onruvmzanun (27) mveer orpanmienns ¢;(§2) < 0,
h;(2) =0, To cucrema ypasmennii (28)—(29) ocraérest B cuite, mpu 9TOM 3344494 OLNTH-
muszanun (29) umeer Te ke OrpaHHYCHHS.

g nmokasaresbcTBa HEOOXOMWMBIE YCJIOBUS JOKAJIBHOIO IKCTPEMYMa 3aMeHSI0TCS
yeaosuamu Kapyma-Kyna—Takkepa, B 0cTaIbHOM BBIKJIAIKNA aHAJOTHIHBL.

Teopema 6.3. B mrepanmonnom mporecce (28)—(29) 3navenne pyHKIHOHATA HE YMEHb-
HIAETCST HA KAZKJ[OM IIATE.

okazarenbcTBo. Beeném npoussosibHoe pacnpesenenue ¢(Z). st Hero crupabe/-
JINBO yCJIOBHE HOPMHPOBKH Y, ¢(Z) = 1. 113 bopMyIIbl yCI0BHOIT BEPOATHOCTH BLITEKAET
p(X,Z]Q)
(Z 1X.Q)

roxecTBo p(X [2) = . CiretoBaresibHo,

np(X]19) = 3 a(2) p(X]9) = 3 g(2) w25 21D

~ ~ p(Z]X,9Q)
Hobasum u oruumem ) ., ¢(Z)Ing(Z):
p(X, Z|Q) q4(2)
Inp(X|Q) = qZ) I ——= + qZ)In ———. 30
X10) = S am T - Y A (30)
L(2.2) KL(a(2)p(Z] X,2)) >0

Bropoe cmaraemoe B 310l cymme gaBiagerca KL-muBeprenmnueil MexKay ABYyMs pacipe-
JIQJIEHUSIMHU, KOTOPasl BCerjia Heorpuuaresbaa. [loaromy nepsoe ciaraemoe, 0003HaYE€HHOE
uepe3 L(q,2), sBisiercst 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 10 ¢, TO 10 §2:

E-mar: L(q,Q) + R(Q2) — max;
q
M-mrar:  L(q, Q) + R(Q2) — max.
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Makcumusanust L(g,€)) 110 pacupeseennio ¢ SKBUBAJIEHTHA MUHUMM3AIUYU JIUBED-
rennn KL(q(2) H p(Z|X,Q)), nockoabky ux cymma (30) me sapucur or ¢. Munu-
MaJIbHOEe 3HadYeHHe JUBEPreHNnH, paBHOe Hy/t0, gocruraercsa upu ¢(Z) = p(Z]X,Q),
aro copmajgaer ¢ E-marom (28). IIpu obnymennn museprennuu B (30) HIZKHsS ONEHKA
L(q, Q) < Inp(X |Q) obpamaercst B paBeHCTBO, a 3aada MakcuMmu3anuu Ha M-mrare cos-
nazaer ¢ (29).

Taxum o6pazom, EM-asiropurym (28)—(29) siBjsiercst 4aCTHBIM CJIy 9a€M HTEPALUOHHOIO
nporecca 6JI09HO-OKOOpAMHATHO T onTumuzanuu dynkimuonana L(qg, Q)+ R(Q)), na kax-
JIOM IIare KOTOpOro 3uadenne (byHKIHOHAIA MOKET TOJLKO YBEJIMIATHC.

Teopema nokazana.

EM-anaroputm He rapaHTHpYeT HH JOCTUKEHWS MAaKCAMyMa C 3a/JaHHOU TOYHOCTBIO,
HU 17100aJ/IbHON cxouMocTr. OUTUMHU3AMUOHHAS 33,1298 SIBJISIETCS B OOIIEM CJIydae MHOIO-
skcTpeMaJsibHOi. Ha npakTuke KauecTBo pelieHns: MOXKeT 3aBUCeTb OT BbIOOPa Ha4aJ/IbHOI'O
Hpub/InZKEeHUs.

O6wumit EM-anroputm gnsa ARTM. IIpumennym EM-anropuryv (28)—(29) k 3amate Te-
MaTUYECKOI0 MO/IeJIMPOBAHUsI, BEPHYBIIUCH K MCXOAHBbIM 0003Hauenusim: X = (d;, w;)rq,
Z = (t;),, Q= (9,0). Coracuo ciepyomeii reopeme, 310 HPUBEAET K yzKe 3HAKOMOIT
noctanoBke 3a1a4dn (19), xors u myTém GoJiee TPYIOEMKOTO JOKA3ATETbCTBA.

Teopema 6.4. Touka (P,0) JOKaATBHOrO MaKCHMYyMa PETYJISIPH30BAHHOIO JorapuMa
npaBaonoobus B 3ajade TeMaTHdeckoro Mojgeaupoanus (15) ymoBiaerBopsier cucreme
VpaBHEHHH, pellleHne KOTOPOH MEeTOJ0M HPOCThIX HTepaluii CBOJAUTCI K depesoBaHuio E-
u M-maros:

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

deD weW teT

JokazarenabcTBo. 3amumeM cHadajga dopmyry E-mara. Bocmosb3oBasmmcs ycemo-
BIEM He3aBHCHMOCTH 3JIEMEHTOB BBIOODKH U IpuMeHuB dhopmyny Baiieca (5), pasiokum
q(Z) B upousBejieHHEe YCJIOBHBIX BEPOSTHOCTEH TE€M 10 BCEM HO3UIHUAM i:

i=1
[ToxcraBum B dbopmysny M-nrara (29) pacupenenenus p(X, Z|Q) u q(Z):
Z q(Z)Inp(X,Z|Q) + R(Q) — max;

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

Boipazum Jjiorapudm nmpoussejienus yepe3 cymmy JiIorapudMoB U EPEeCTaBUM MECTaMU
3HAKH CYMMUPOBAHUSI:

ZZ Z Hp tk‘dkvwk lnp(dzawut |Q) "‘R( ) — max

=1 t1 €T tneT k=1
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BamMerum, uTo cpejyu 1 cyMm 10 t; € T HerpuBUaJIbHA BCEra TOJIbKO OJHa — Ta, JJld
KOTOPOI#i t; = t),. Bee ocraibHble CyMMbl PacxoiyloTcs Ha 00pa3oBaHUe MOJIHBIX BEPOSAT-
nocreit Y, p(ty|dy, wy) = 1. Takum obpasom, dyHKua B 1€BOH TacTH yupoITaeTcs:

i=1 teT

3aMeHIM CYMMHPOBAHUE IO HO3UIMAM T€PMOB ¢ CYMMHUPOBAHHEM IO JOKyMeHTaM d,
3aTeM IO TepMaM w B KazKJOM JIOKYMEHTe, YIUTLIBas KazKJIblil TepM Mg, pa3. 3arem
Bocmosib3yemcs npencrasienueM p(d, w,t|Q) = p(w|t,®)p(t|d, O) p(d) = ©uibrapa, OT-
OpocuB B HEM MHOXKHTEJIb 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 06pa3om, IpuMeHeHue Kjiaccuueckoro EM-ajaropurma K 3a/1aue TeMaTuieckoro
MOJIeJIMPOBAHMS IPUBOJUT K TOH ke TeopeMe 4.1 yepe3 nmpoMekyTouHyio (hpopMy 3aliucu
M-mara (32), coBmagatontyio ¢ (19).

BbiBoabl no rnaee

o Kiaccuuecknit EM-anropurm (28)—(29) pemaer 3ajady OIEHUBAHHS [APAMETPOB
BEPOSTHOCTHON MOJIEJIM CO CKPBITHIMU HEPEMEHHBIMU HYTEM MAKCHMHU3AIMKU Mapru-
Has30BaHHOIO log-nipasomnomnodus. EM-anropurm mist ARTM BeiBouTCS 13 HErO
KaK YaCTHBII CJIy4Yail.

e EM-asropurm st remarndeckoro Mmojeauposanust (16)—(18) pemaer 3amady cro-
XaCTHIECKOIO MATPUIHOTO PA3JIOKEHUs MyTEM MAKCUMU3AIME IIPABIONOI00HS.

e B remarnueckoM MoOjie/IMPOBaHUN 00a BapuaHTa BbIBOJA LIPUBOJAT K OJJHOMY M TO-
MY 7K€ aJIrOPUTMY, JOIYCKAIOT BBeJeHUe TVIa/IKUX Peryasapu3aTopoB U PACIOIaraloT
JIOKa3aTeJIbCTBAMU CXOJUMOCTH.

e B remaruyeckom mojiesinpoBanun BbiBoj EM-ajiropurma ¢ HOMOIIBIO JIEMMbI O MaK-
CHMU3AIUU Ha €JMHUYHBIX CHMILIEKCAX OKa3bIBAeTCHA IPOIe U rubue, YeM KJIacCH-
9eCKHI BBIBOJ.
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7 bBaiiecoBckoe oby4deHne mogenun LDA

[eabio GaiiecoBckoro obydenusi (Bayesian learning) sBisisiercst mosiydenue OIEHOK
IJIOTHOCTU PACHPEJe/IeHus JIjIsi HaPaMeTPOB BEPOSITHOCTHONW MOJIEJIN BMECTO OOBIYHBIX
TOYEYHBIX OIEHOK. B aHa/m3e JAHHBIX eCTh Macca MPAKTUIECKHUX 3a]a9 U CHTYAIIHil, KO-
I/1a AlIOCTePHOPHBIE ONEHKHU IJIOTHOCTH JIeWCTBUTEIbHO HEOOXOUMbI. O THAKO B MIPAKTUKE
TeMaTUIeCKOT'0 MOJIETMPOBAHUS BCEIIa UCHOJIB3YIOTCSI TOUYeYHbIE ONEHKU 3JIeMEeHTOB MaT-
pui, ® u ©, a He wiornocru pacupesenenust p(P), p(O).

Ocraéres JiMinb J10rablBaThCs, ModeMy OailecOBCKOe 00ydeHHe OKa3aioCh JTOMUHH-
PYIOIIHUM IOJIXOJOM B TeMaTHYeCKOM MoeaupoBanuu. Bo3MoxkHO, DailecOBCKHIe MeTObI
OBLTH Ha BO3pACTAIOIeM TpeHJe «KpuBoii ['aprHepar, Korja mosBmiach Momeab PLSA
Tomaca Xodmanna. Bo3amokHO, ckazajcsa 6€3yCc/I0BHBIH HAayIHbII aBTOPUTET aBTOPOB MO-
genn LDA. @akrudecku, TeMaTndeckoe MOJEIMPOBAHUE IPOCKOYUIO €CTECTBEHHYIO CTa-
JiMIo pasBurus. B perpeccuonnom anaJjinze, o0paboTKe CUIHAJIOB U n300parkKeHuil mocra-
HOBKH OUTUMU3AIUOHHBIX 3a/a4 yCJIO02KHAJIMCb ITIOCTCIIEHHO, B TOM 4UCJIE HyTéM BBEICHNA
peryngpu3aTopoB. Korja BO3HUKIN MPUJIOXKEHUs, TpeOyolue 3HaTh OOJbIIe O pacipe-
JIeJIEHUAX MapaMeTpoOB, BMECTO OOBITHON PerysIspU3allii CTAJIH TPUMEHITh 0aileCOBCKYIO
U UCIO0/Ib30BaTh OaitecoBckuil BoiBOj. Temarumdeckoe MOje/IMpOBaHIE OKA3aJ1aCh OTHOCHU-
TeJIbHO HOBOM 3a/laueil B TOT MOMEHT, Korjia DaiiecoBckoe oby4yeHnue OblI0 Ha ITUKe IOILy-
Jsipaoctu. [Ipocrora u Gorarbie BO3MOXKHOCTHU KJIACCMYECKOI He DalieCOBCKOI peryJispu-
3aIlid OKA3a/MCh He3aMEeUYeHHbIME. DTO YIIyIeHne Kak pa3 u ycrpanger Teopus ARTM.

Hecmorps Ha BhICKa3aHHBIE BBIIIE COOOpazKeHus, OailecoBCKoe 0OyUeHne Kpaiine BazK-
HO JJId TeMAaTU4YeCKOI'0 MO/IC/JIMPOBaHUA XOTA 6bI IIOTOMY, 4TO 3a ABa JeCATUuJIeTud ThICAIN
Hy6.HI/IKaI_[I/II71 6bIJII/I HallUCaHbl UMEHHO Ha 9TOM MaTEMATHUYECCKOM A3bIKE.

Mbi paccmorpum JiBa HauboJiee HMOIYJISPHBIX I0JIX0/Ia: BapualMOHHbIM OaiiecoBckuit
BBIBOJ (variational Bayes, VB) [173] u commuposamme I'u66ca (Gibbs sampling, GS) [168].
st mpocToThl orpaHmdmMcs Mojenbio LDA u yBugamm, 49To 00a IMOIX0/a MPUBOIAT
K EM-1107100HBIM asiropuTMaM, He3HAYHTETHHO OTJIHIAIONIIMCS OT 3HAKOMON HAM BEPCHH.

I'pomosjikasi Texnuka 0afleCOBCKOrO BBIBOJIA, OIMCAHHAsI B JAHHOI ryiaBe, jajee uc-
10JIb30BaThCsl HEe Oyjier. BaitecoBckue Temarmdeckue MOje/d, KaK IPABUIIO, yIaeTCs 1e-
pedopMyIIpPOBATh B TEDMUHAX PETYISPU3AINN €Ié Ha dTale MIOCTAHOBKH 3a/1a9H, C/IeJIaB
MaTeMaTHYecKrue BBIKIAIKH U BCE U3JI0KeHHe HAMHOTO sicHee u mportie. [Ipuvmepos Takoit
«iebaitecusanuy MoJieseil OyaeT MHOTO B CIeAYIOMUX TJIaBaX.

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

P(Q] X, ) J% P X |) ¢ p(X |2 p(2]7).

rJle CUMBOJI IPOMOPIIUOHAJIBHOCTH X O3HAYAET «PABHO C TOYHOCTBHIO /10 HOPMUPOBKH».

Eciin nam Hy2KHa JIMIIb OIIEHKA MaKCUMYMa, IPaB/I0110/1001s JIJIsI AIIOCTEPUOPHOIO Pac-
npejiesieHus, TO JIOCTATOYHO BOCHOJIb30BATHCH MPUHIHUIIOM MAKCUMYMA GNOCMEPUOPHOT
8EPOAMHOCTIU, KOTOPBII OBLI pacCMOTPEeH B Ipeablayiieil rinase. Tormaa 3aj1ada cBOIUTCS
K MaKCHUMHU3AIHUK JiorapudMa IpaBIono00us ¢ BEPOATHOCTHLIM PEry/IsipU3aTOPOM:

Inp(Q|X,7) =Inp(X|Q) +Inp(Q|vy) + const — max.
Y
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AJIbrepHATUBHBIN Iy Th, HA3BIBAEMbIIT 0GUECOBCKUM 8bL6000M, 3AKTIOUAETCS B TOM, YTO-
Obl BBIYUC/IUTD allocTepuopHoe pacupejeenue p(€| X, ) B sBHoM Bujie. D10 HoJiee CJI0xK-
Has 33/ia49a, MOCKOJbKY BMECTO TOUYEUHON ONEHKH mapameTrpa () CTpOUTCS ero pacipeje-
JieHHe. 3aTO TaKoil moaX0/ JaéT ropas/ao 00Jibie HHMOPMAIUH O HapaMeTpaxX MOJIEJIH.

CsoiicTtBa pacnpegeneHuns Jupuxne. [lepedunciium B ClipaBOYHOM MOPSsi/IKE HEKOTOPHIE
cBOiicTBa pacupesesnenus lupuxie, KOropbie MOHAI00TCs Jjist BbIBOAa Mojesan LDA:

e E0, = [0, Dir(f|a) df = o= no%"m(at) — MaTeMaruvyeckoe oxujanue 0;

N ou—1 __ o .
o 0= = notrm(at — 1) — moua;

e DY, = % — JIMCIIEPCHUS;

e Eln6, = [In6,Dir(0|a) df = () — ¥(ag) — maremarnueckoe oxujauue In 6;.

)

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

HeHTbI JuraMMa-byHKImu (Ha rpaduKe UX JUHUA IPDAKTUICCKH 5 |
HEPA3/IMIUMBI ): 20 4
15 3

1,0 4

z? 0< 05 4

= r<1; ;

_ ~ J 2 SES L 0
E(I) - eXp(W@) ~ r— %7 1 < 7 0 05101520 25 30 35 4,0

BapuauunoHtbiii banecoBcknii BbiBog,. llaes 5Toro moaxoaa B TOM, 4TOOBI HCKATL COB-
MECTHOE allOCTEPUOPHOE paclipejieJieHue JIJIsd apaMeTpPOB MOJIeJIN U CKPBITHIX IepeMeH-
ubix p(Z, P, 0| X, «, 5). HenocpejcrBennoe BbIUUC/IEHUE JAHHOIO PACHpPeIe/IeHUst 11Po-
6J'[€M&TI/ILIHO. HOSTOMy HaXO0ddT ero HpI/I6.HI/I)KeHI/Ie B BU/E PA3JIOZKEHUA Ha MHOXKHUTEJIH,
UCIIOJIB3YS OCHOGHYIO TEOPEMY BAPUGUUOHHO020 baTlec08CK020 6bl600a.

Teopema 7.1. Pemenne 3azaun KL (q(Y) H p(Y|X, 7)) — min B KJacce pacipenese-
q
mmii ¢(Y) = [] ¢;(Y;), daxropmzopannsix no 6irokam mepemennsix Y = (Y;: j € J), yao-
jeJ

BJICTBOpSIET CHCTeMe ypaBHeHHIl
Ing;(Y;) = Eq;Inp(X,Y|vy) + const, j € J, (33)

rae Eg; — maremarmueckoe oxmjanne 1o pcem nepementbiv Y \Y;, const — siorapugpm
HOPMHPOBOYHOI'O MHOKHTEJI PACIPEACJICHHS (;.

JlokazaresbcTBO MOXKHO Haijitu, Haupumep, B |34].

Cucrema ypasueunii (33) 3auucana B Buje, yJ00HOM JjIsi €€ YMCJIEHHOIO DENICHUs
METO/IOM HPOCTOI HTEpaIH.

[Ipumenum 5Ty Teopemy K Hamemy ciaydaio: Y = (Z,$,0), v = («, 3). Ilpubnusum
pacnpenenernne p(Y | X, v) = p(Z,®,0| X, «, 5) upoussenenuem n + |T| + |D| pacupee-
JieHuil 110 OJIOKaM 1epeMeHHBIX t;, py, O4:

n

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

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

3ameruM, 4TO eciiu OJOKH IepeMeHHBIX Y; He3aBHCHMBI, TO pelleHue OyaeT He IpH-
OIMKEHHBIM, a TOYHBIM. TakuM oOpa3oM, HCIOJIb30BAHHE BAPHAIMOHHOIO DaiieCOBCKOIO
BBIBOJIA CBSI3AHO C TIPEIIIOJIOKEHTEM, ITO MOKHO IpeHeOpedb 3aBUCHMOCTSIME MEKIy Te-
MaMHi T€PMOB t;, BEKTOPDAMHU TeM ; U BEKTOPAMH JOKYMEHTOB 0.

Hrobbl 3anucarb cucremy ypashenuii (33), pacuuirem Jsorapudm pacipejiesieHust
p(X,Z, 9,0 |, 5), uepesojs ciaraeMbie, He 3aBUCSIIIE OT HEPEMEHHbIX t;, @y, 04, B const:

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

=In [ p(di, wi, t:|®,0) + In ] [ Dir(gi| B) + In [ [ Dir(ba| ) =
=1

teT deD

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

d,t

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

PaccvmorpuM ypasuenne (33) OTHOCHTEIBHO ¢ (py):

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

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

weW
\

J/

~~
Nwt

= In Dir(¢p; | Bt)

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

w

Pacemorpum ypasaenue (33) orHocuresabno qq(6,):

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

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

Nid

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

t

Haxkower, paccMorpuM ypasaenue (33) orHOCHTeTbHO ¢;(t;):

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

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

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

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

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

el \ E(3, (nuwt + Bu)) . E(X (g, + o)) ) (34)

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

1 1
(nwit + Bu; — 5 M, T 0 — 5)

1 1
nt+ﬁo—5 ndi+ao—§

q(t) = norm

Bamernm, uro opmyta s ¢;(t) moxoxka na E-mar (16) 8 EM-anroputme /i Moesn
LDA: p(t|d;,w;) = normy(¢y,:014,). Bosee Toro, akkymyjsupoBaHue CYETUUKOB My U Mg
B TOYHOCTH coBrajaer ¢ popmyaamu M-mrara (17)—(18), ecau nomarars ¢;(t) = p(t|d;, w;):

n n

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

i=1 i=1

Takum obpasoM, perrenue cucreMbl (33) METOJAOM MPOCTBIX HTEPALUH HPUBOJAUT K
EM-110106HO0My ajropurmy. 9T0 HEMHOTO YIUBUTEIHHO, HOCKOJIBKY MbI HE UCIOJIH30BAJIN
EM-anroputym, n make He peliajn 3a/1a9y MaKCUMU3AIUN TPABIOMOI00US.

[Io okonvyaHum ureparuii KICKOMbIe MapaMeTPbl MOJEIN MOYKHO OIEHUTH MaTeMaTHde-
CKUM OXKHJAHHeM allOCTePUOPHBIX paciipe/iesennii /lupuxie:

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

He FABJILAIOTCSI 3HAYUMBIM [T TeMaTrudeckoil momenun. Takwme orimunmsa B EM-1mom00HBIX
aJIrOpUTMaX TEMATHIECKOIO MOJETUPOBAHUST MOXKHO CYHTATH HECYIeCTBeHHbIMHI [28].
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Camnnupoanue nbbca. Ijuest sroro nojxoja 3ak/04aercs B TOM, 4TOObI CHAYaIa
OLIEHUTH CKPbIThIE LIEpeMeHHbIe LyTéM comimpoBanus Z ~ p(Z| X, a, §), 3arem Haiitu
arocTepruopHoe pacipeenenne mapamerpos momaenu p(®, ©| X, Z, «, 3), upu u3BecTHBIX
XuZ.

CoMIuinpoBanme Cayd4aiiHoro BeKTOpa Z M3 MHOIOMEPHOIO BEPOATHOCTHOIO paCIpe-
JIeJICHNs] SIBJIeTCA HeTPUBUAJIBHON 3aJadeil, HO ero MOMKHO CBECTH K COMILIMPOBAHMIO
OJIHOMEPHBIX CJIyYailHbIX BeJIMYUH

Teopema 7.2 (o cxomumocTu cammiaupoBanus ['ub6ca). IIporecc comimpoBanust
O/THOMEPHDbIX Cﬂy‘laﬁHbIX BeJIN9YNH

(k+1) (X, Z]7) .
t; p(ti| X, Zviyy) = o =1,...,n;
T (X 2l
e k — Homep urepanun, Z\; = (tgkﬂ) kD tg_’?l, o ,tslk)), CXOIHUTCS K MHOT'OMEPHO-

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

JlokazaresibcTBO MOXKHO Haijitu, Haupumep, B |34].

[TokazkeMm CHavaJsa, 9TO ecjid anpropHoe pacipejesnenue p(P, O |a, B) apasgercs mpo-
u3BejleHHeM pacupejenennii /lupuxse, To allOCTEPHOPHOE PACIpPe/ie/eHne TPHHATEKHIT
TOMY 2K€ HapaMeTPHYECKOMY CeMeHCTBY, TO eCTb OIATb-TAKU SAB/SETCH MPOU3BEJICHHEM
pacupesesennii upuxse (apyrumMu cioBamu, 4T0 HPOU3BejeHue pacipe/eaenuii Tupux-
JIe SIBJISIETCS CONPAACEHHDLM MYJIBTHHOMHAIBHOMY pacupejesenuio p(X, Z | P, 0)):

p(®,0]X, Z, o, f) x p(®,0,X, Z|a, f) x p(X, Z| P, 0) p(®, O], )

o [ (wtbia)" T] Dir(:|8) | Dir(6a] )

d,w,t teT deD
o H H Sondwt Sowt -1 H H endwt at—
teT dw deD w,t
x (pnwt-i-ﬁw—l H”td+0¢t—
U L
o [[Dir(ee | B) [ ] Dir(0a | ca): (35)
teT deD

riae Bwt = Nyt + Puw, Qg = Nyg + ¢, CUETIUKU Ngypt, Mot U Nyg OUPEIAELSIOTCI CONIACHO
(4) gepe3 3HAYEHUS] CKPBITHIX [EPEMEHHBIX Z.

YT06BI BOCIOJIB30BATHCsL TeopeMoil 7.2, mosoxum v = (a, ) u Haiigém pacmpesese-
aue p(X, Z|«, 3). IlockoJIbKy OHO He JOJIZKHO 3aBHCeTb oT mapamerpos (P, 0), mo Hum
HpUAETCs B3sATh MHTErpas. [loJplHTerpaibHoe pacupe/ejaenne Mbl yzxe BoiBesn B (35),
HO JIUIIb C TOYHOCTHIO JI0 HOPMHUPOBOYHBIX MHOZKHTEel. Tenepb OHM HAM OHAI00sITCS,
1HO9TOMY pa30epéMcs ¢ HUMU aKKypaTHee:

Mxmmm://mxzwﬁmqm%mmm:

//Hspnwt nthPd HDH" (¢e|B) HDlr (04| )dPdO =

tel deD
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teT deD Hf

Z ﬁw /H(pﬁwt L, de tozt)/Heatd LG, =
—_———

o Dlr(apt | ﬁt) x Dir(04 | &q)

Z Bu) H Fﬂw’f tat) Ht (Ca)
telln [(Bw) T INODW 6wt [g I Ht a) T(Y°, dua) (36)

Craenya rteopeme 7.2, Heobxomumo Hajitu pacupenenenne p(X, Z\;| o, ), Koropoe or-
JUYaeTcs 0T HoJydeHHoro Boite p(X, Z |q, 3) Juiib TeM, 9TO OHO CTPOUTCS MO TOii JKe
BLIOOPKE, HO 6e3 i-ro vjiementa (d;, wy, t;):

o Z 5111 H F(ﬁwt tat) Ht (atd )
P, 2l f) E§ D5 (Gor = 3 l%dnt YT a—0i0))

e 8%, = [w=w;|[t=t;], i, = [t=t;][d=d;]. Teuepn, cormacuo dpopmyJie u3 reopembl 7.2,
1O/I/IMM 10JLy YeHHbIE PACIIPE/IeJIeH sl OJIHO Ha JIPYTOe, YTOObI 110JLyYMTh 0JIHOMEPHOE Pac-
npe/ie/IeHue i COMILTUPOBaHUs TeMbl t;. [Ipu jeleHun B MC/IUTe/Ie U 3HAMEHATeJe Co-
KpaTATCs BCe MHOJKUTETH KPOMe TeX, KOTOpble 3aBucatr oT sjementa (d;, w;, t;):

X. 7
mmxzwmmzﬁkiﬁjzz

Dt +Bu) T4 (it +8u) =1) D(nga, +0,) TS (g, +01) —1)
F(nwiti _'_/Bwi - 1) F(Zw (nwti _'_ﬁw)) F(ntidi +tay, — 1) F(Zt (ntdi +at)) '

. T'(z)
Jljist yupoieHust BOCIOJIb3yeMCst CBOHCTBOM ramma-(yHKIU D)

( nwit+ﬁwi_1 . ntdi_'_at_l )
YoMt + Bw) =1 32, (g, + ) — 1 .

Jlannoe BbIpazKeHUe MOXOXKe HAa YACTOTHYIO OIEHKY YCJIOBHOI BepodTHOCTH Ha E-mare
EM-asnropurma qs mogereit PLSA u LDA: p(t|d;, w;) = normy(@y,+0:a;). Takum obpa-
30M, Mbl CHOBa 1ojiydaeM EM-110/100HbI# ajiropurm, XoTs 33/ia49a MaKCUMU3AIMK [1PABJI0-
11010014 J1azKe He cTaBuiach. Kak u B ciydae ¢ BapualoOHHbIMU 0aiieCOBCKUM BbIBOJIOM,
AJITOPUTM OTIMIAETCS HEKOTOPOU CMENMEHHOCTHIO YACTOTHBIX OIEHOK YCJIOBHBIX BEPOST-
HoCcTell. [JIaBHOE ero oTImdme B TOM, 4TO st Kaxkaoro (d;, w;), ¢ = 1,...,n, IPOUCXOIAT
COMILTUPOBAHUE TOJHKO OTHOU TeMBI t;, KOTOpasd M yIacTBYeT B aKKYMYJINDOBAHUU CIET-
YUKOB Mgyt U Mg

=x—1:

p(t|Xa Z\iaaaﬁ) = ntOErTm

n n

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

i=1 i=1

DakTuyecku, Ha M-mare cymMMupyrorcs He camu pacupejesnenust p(t|d;, w;), a ux smmnu-
pudeckne oneHku p;(t) = [t =t;] mo eauHCcTBEHHOI COMITEPOBaHHOI TeMe t;. CyMMma TaKux
OIIEHOK CXOJIUTCH K CYyMME MCXOJHBIX PACIPe/Ie/IeHUil, COIIACHO 3aKOHY DOJIBINUX YUCelI.

HO OKOHYaHuMn I/ITepaHI/Iﬁ HCKOMBbBIE IIapaMeTpPpbl MOJAEJIN MOZKHO OLHEHUTHb 4Yepe3 MaTe-
MaTHIeCKOe OXKUJIAHHE alloCTePUOPHBIX pacupesaesrenuii Jupuxie u3 (35):

Pur = norm (ny+fBy);  fia = norm (na+ay).
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A nroputMm 4. Cysmumpoanue ['ubodca.

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

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

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

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

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

©

B asropurme 4 nokasana ujesi peasusanun, nupejpioxkennas B [168|. Kaxgas urepa-
nust k B HpOIECce COMILIMPOBAHUSI COOTBETCTBYET OJHOMY IPOXO/ay KoJuiekiuu. Kormaa
JIIS TIO3UIMH ¢ COMILIUPYETCS TeMa t;, BCeM IIPeJIbILYIIUM Mo3uIusaM 1, ... ¢ — 1 yxKe npu-
CBOEHBI TeMbI Ha, JIAHHOI MTEpaIu, a BCe MOCeYIONIIe MO3UIUA ¢+ 1, ..., n COXPAHIIOT
TeMbl ¢ mpeabayei (k — 1)-ii urepanun — B TOYHOCTH KaK TOro Tpebyer Teopema 7.2.
CoMIumpoBaHHasT TeMa 3alIOMHHAETCS B IIEPEMEHHOI t;, U HA CJIeyIOmell nrepanuu, Ko-
[J1a 9T TeMa U3MEHUTCs, CIETUUKH T, U Mg OYIAYT YMEHBIIEHbI Ha eIUHUILY JJIs CTapoii
TEeMbI, ¥ YBeJUYEHbI Ha €JUHUILY JIJId HOBOIA.

3HaunTeIbHOE KOHCTPYKTUBHOE C€XOJACTBO EM-momobubx asropurmMoB PLSA, MAP,
VB, GS u emié HeCKOTbKUX MX BAPHAHTOB OBLIO BIEPBbIE OTMeYeHO B [28].

CoMiuiupoBanue eJuHCTBeHHOl Tembl Ha E-mare t; ~ p(t|d, w) MmoxkHO paccmarpuBarTh
KaK OTJ/IEJbHYIO 3BPUCTUKY, COBMECTUMYIO C JiI0ObIM EM-110/100HBIM aJIFOPUTMOM TEMa-
THYECKOIO MOJEIMPOBaHust |7]. DKCrepuMeHThl MOKa3a/d, YT0 COMILIMPOBAHUE HECYyIIe-
CTBEHHO BJIMSI€T Ha CXOJIUMOCTDL U JPYyIHe CBOWCTBa Moje/n. Kak 3BpUCTHKA, OHO MOZKET
CBODOJTHO COYETATHCA C JIIOOBIMH PEry/IgpH3aTOPAMHU.

Ontumunsayusa runepnapametpos B mogenu LDA. Bo muorux paborax, Hadumnas
¢ [168], ucmonb3ytores CHMMETPUYHBIE APUOPHBIE pacpeetenns /lupuxie ¢ mapamer-
pamu oy = 50/|T|, B, = 0.01. Bosree Toukue uccrenosanus [186] mokaszasnu, 910 JIytimie

OITUMHU3UPOBATH BEKTOD & = (1, ..., Qr) B HECUMMETPHIHOM pacupejesernn Dir(0y | «)
U HOAOHPATH CKA/IAPHBIT 4uciioBoil napamerp [, < 1 B CHMMETPUYHOM DACIPEIe/IeHIN
Dir(¢|5).

Jng onrumu3anuu BekTopa « B [186] mpesiaraeTcs MaKCHMI3APOBATH PABIOIOI00UE
P(X,Z|a«, ) npu dbukcupoBanubix Z u . OrbpacbiBas B (36) MHOKHUTEHN, He 3aBUCSIIITHE
OT (v, MOJIydYaeM 3aJa4dy ONTHMU3AIIUN:

'y I'(ng + oy
P<X|a>:gf(n;+20)g (F(O‘Z) )—>me’

B auccepranuu [185] cpaBHEBAIOCH Goslee JTeCATKA YUCIEHHBIX METOIOB €€ DelleHHs .
Camplil npocToii U3 HUX — MeToj, HenoaBUzKHOI Touku [127|. B uém Bekrop o = (oy)
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® &0
p(x) p(xly) p(x1, 22]y) p(xly1, v2)

Puc. 6: OrobparkeHue yCaOBHBIX 3aBUCUMOCTEN B IpadpuuecKoil HOTAIIUY.

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

[EePECYUTHIBACTCA 110 PEKYPPEHTHO (dhopmyie

N YU + o) — Y(ay)
tZd Y(ng + ag) — Y(ag)’

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

Dkcuepumentsl B [186| moKazaam, 4TO ONTUMU3AIMA BEKTOPA (¢ HOBBIIIAET [MPABIO-
nojobue u cKopocThb cxoaumoctu EM-anaroputva. B ciydae cuibHOt necbararcuposan-
nocmu mem (KOTIA B KOJUIEKIIMH OJHUX TeM OOJIbIIe, YeM JIDYTHX, B Pa3bl WIH JazKe
Ha TIOPS/IKN) OLNTHMU3AIMs BEKTOPA (¢ IPUBOJUT K DOJIee eCTeCTBEHHOMY HEPABHOMEDHO-
My PAaCIIpPe/IeJIeHUI0 KOJJIEKITUN 110 TEMaM.

(673

Mpacdhnyeckaa HoTauua. BepositHocrubie Temarudeckue mogean PLSA u LDA aB-
JIIIOTCS 9acTHBIME ciiydasmu rpadoBbix mojeseit. B epagosot seposamrocmmot mode-
su (probabilistic graphical model, PGM) 3aBucuMocTu MexKy CJOydailHBIMU BeJHYHHA-
MU IIPEJCTaBIdIoOTCA B BuUJe rpada. Bepmmubl rpada cooTBeTCTBYIOT CJIyYailHBIM IIe-
peMeHHBIM, péOpa — HEIMOCPEJICTBEHHBIM BEPOSTHOCTHBIM B3aUMOCBA3IM MEKJy HUMH.
Ha puc. 6 1nokasanbl npumepbl 3aBUCUMOCTENR MerK/1y cjydaiinbiMu nepemeHHbiMu. Ha-
OJIf0/1aeMble TIepEMEHHbIe N300PazKaroTCsl 3aKPAIleHHbIM KPYKKOM. BbIOOpKa mepemen-
HBIX, T€HEPUPYEMBIX OJHUM pacCIIpejie/IeHHeM, H300pazKaeTcs MpsaMOYTOJbHUKOM, PHC. 7.
Takue u300pakeHust MPUHSITO HA3BIBATH epagduueckol Homayued (plate notation).

AnbTepHATUBHOI TEKCTYaIbHOIT (OPMOIL MpeICTaBIeHI BEPOITHOCTHON MOJIETH SB-
Jsiercs genepamushull cuenapul (generative story), KOTOPbIil ONUCHIBAECT AJTOPHTM O~
poxienus jganabix. Ha puc. 8 nokazanbr 00a mpejcras/ieHust, rpadpuaeckoe u TeKCTyaJib-
Hoe, /I TeMaTudeckKux moneneir PLSA u LDA.

[ToxHopka rpadudeckux HOTANMI HA PHUC. 9 HILTIOCTPUPYET OOJIBIIOE CTPYKTYPHOE pas3-
HOOOpa3ue BePOITHOCTHBIX TEMATUIECKUX MoJjiesieil. XOoTd HAIJISTHOCTD ABJISI€TCS HEeOCIIO-
PUMBIM [PEUMYIIECTBOM, HEJOCTATKOB y rpadudeckoil HoTamuu ropasao oosibire. [ras-
HbIH — HeIIoJIHOTa U HEOJHO3HAYHOCTb MHTEPIIpeTaluu. HeKOTOpre ACIIEKTbl MOAEJINPOBa-
HUsl HE MOI'YT ObITh OTOOpazKeHbl OOIIENPUHATBIMU CPeJICTBAMU I'PAPUIECKON HOTAIUHU,
U aBTOPBI BBIHYZK/IEHBI M300peTaTh cOOCTBEHHbIE MPUEMbBI BU3yaau3amnuu. B pe3yabrare
MOJIe/Tb MOXKET BOCCTAHABIUBATHCS 110 KAPTHHKE HEOIHO3HAYHO. | eHepaTuBHBIN ClieHapHil
JIMIIEH 9TOI0 HEJIOCTATKA U JaéT 00JIee TOYHOE OIMMCAHUE MOJIEJIH.
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Mogenas PLSA:

KazKJiplit d € D 1mopozK1aeT CKPbIThIe TEMbI:

b~ pltld), = L. (O —@

. d t w

KazKJjias TeMa t; MOpOXKIaeT TepM: Ng

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

Q 4 W AR

O TIOPOZKIaeT BEKTOPHI JOKYMEHTOB: / /

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

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

B ¢ T

Puc. 8: l'eneparusHas ucropus u rpadudeckas Horauus g mozesneir PLSA u LDA.
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Puc. 9: [Ipumepst rpaduveckux Horarnuil u3 myOaukanuii 10 TEMATUIECKOMY MOEJIHPOBAHUIO.

['pacbuyeckas HOTAIMA U T€HEPATHUBHBINA CIIEHAPHUIl TOJIE3HBI /I TOHMMAHUS MOJIEIH.
OHaKO 00a OHU OIHUCBHIBAIOT JIUIIb HPAMYIO 33249y — IPOLECC NeHePAl JaHHbIX 110 13-
BECTHBIM IlapaMeTpaM MOJ/EJIN. TOF,ZLa KaK B T€MaTHU4YE€CKOM MOJ/JC/JIMPOBAHUU DPEIIACTCA
obpaTHas 3ajila4a — TpedyeTcss BOCCTAHOBUTH 3HAYEHHS ITApaMeTpPOB II0 HaOJIIOaeMbIM
JaHabiM. O0OMX BU3yaJIbHBIX HMPEICTABICHHN HE JIOCTATOIHO, YTOOBI OJHO3HAYHO BOCIIPO-
U3BECTH Iepexo/i OT IMOPOXKIAIONIEH MOJeIn K aJropuTtMmy eé odydenus. K coxka/ieHuro,
BO MHOI'UX Hy6J'II/IKaLLI/I${X 9TOT IIepexo/ OllyCKaeTCd JJid KPAaTKOCTH H3JI02KeHHA, 4TO OT-
HIOJb He J00aBJIdeT UM SICHOCTH.

CpaBHevne ARTM u bGaiiecoBckoro nogxoaa. B upakrTuke TeMaTudeckoro Moe -
poBaHusi 6alleCOBCKUI BbIBOJL aliocTepuopHoro pacupejaenenus p(2| X, y) upoussogurcs
MCKJIIOUUTEILHO PAM HOJLYyYeHUsl TOYeUHON OlleHKH napaMerpos §):

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

MakcuMu3aIysi anocTepuopHoll BeposgTHOCTH (maximum a posteriori probability,
MAP) ngaér rodeunyio onenky (2, MUHYsI MPOMEXKYTOUHBI 1ar npub/IHzKEHHOIO U TPY-
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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.

go0éMKkoro BeiBoja Posterior:

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

Muorokpurepuaibhas ajaurushas pery/sipusanus (ARTM) obobmaer MAP wa Jsro-
Oble peryJisipu3aTopbl, B TOM YUCJ/Ie He UMEIOIUe BEPOSITHOCTHON HHTEPIPETAINH, 8 TAKZKe
UX [POU3BOJIbHbIE KOMOUHAIIMN:

Q:=arg m{z;x(lnp(X 1) + > 7 Ri()).
i=1

K nejiocrarkam 06aiiecoBCKOIO BbIBO/Ia MOYKHO OTHECTH TEXHUYECKYIO CJIOKHOCTH (hop-
MaJIH3aIuy TpeOOBaHUIl K MOJEJH MOCPeJCTBOM ONTUMH3AIMOHHBIX KpuTepuen. EanH-
CTBEHHBIM MEXaHW3MOM y4éTa TpeOOBaHUil dABJIsgeTcs anpuopHoe pacipeenenne. OgHAKO
baitecoBckuii BbIBOJ, B ciaydae Prior(Q) oc [[, exp(7;R;(§2)), aBnsgerca tpyaHoit MareMa-
TUYecKoil 3ajaueit. Korjia anpuophbie pacupejie/ieHust He sBJISIOTCH paclpe/le/IeHusiMu
Jupuxjie, 6aitecOBCKUl BbIBOJI 3aMETHO YCJIOAKHSIETCH.

B bGaiiecoBckoM TeMaTHIeCKOM MOJETMPOBAHUN pacipesenenne /{upuxiie oKa3bIBaeTCs
«Ha 0cobOM moJtozKeHUn». OHO He nMeeT yOeUTETbHBIX JTUHIBUCTUIECKIX 0OOCHOBAHUI,
TeM He MeHee, B JIuTepaType OOTBITHHCTBO MOJIeeil CTPOSTCS C ero HCIOIb30BaHuEM. DTO
00'bACHSAETCS UCKJIIOYUTE/IbHO MAaTEeMATUIECKUM Y00CTBOM COIPSAKEHHOCTH paclpe/ieie-
uuit [lupuxsie ¢ myapruHOMuabHbIM pacupeaeieauem. B ARTM uner ocunoBanwuit npemio-
YATATh pachpejenenne /{upuxie IpyruM peryasgpu3aToOpaM.

[TocTanoBka onrTuMmu3amuoHHOR 3agaunm MAP 1mo3Bosisier MHTEpPHIpPeTHPOBATDL JIOTa-
pudM anpuopHOro pacmpejeleHns KaK BEPOATHOCTHBIN DETryIsSpu3aTop, OTIEJIHTb ero
OT KOHKPETHON MOJIE/IN ¥ UCHOJIH30BATH B JIOOBIX JIDYIHX MOJIE/ISIX.

AU TUBHOCTD PEry/IsipU3aTOPOB MPUBOIUT K MO/LY/IbHON TEXHOJOIUU TEMATHIECKOrO
MojiesinpoBanust. Kaxk/ipiit perysispuszarop R; peajiusyercs B Bujie HIPOIPAMMHOIO MOJLYJIs,
KOTODBIiT T00aBJIgET K CIETINKAM N,y U Ny B HOpMyTax M-1mara peryrgapusanioHHble To-
IPaBKH Tigowt% u Tietd{f@—i COOTBETCTBEHHO. TaKuX MOyseil MOYKHO MOJIKJTIOYATD CKOTb-
KO YI'OJIHO Ha 3drane mnocrpoenus Mojesu. Ilpu srom koadduiimentsl peryjisipusanuu T;

47



MO2KHO MEHATb B XO/J€ UTEPallMOHHOI'O IIpouecCa 110 KaKO# YI'OJHO CTpaTeruu, ylipaBJidd
COBOKYIIHBIM BO3/IfICTBUEM DEryJIsiPU3aTOPOB HA MOJEJIb.

DTH BO3MOKHOCTH MO/ IepKUBAIOTCs Oubanorexoii BigARTM [9, 179]. Kombunuposanue
TOTOBBIX PeryJIpH3aTOPOB IIPU PelIeHIH IPUKIATHBIX 3a/1a4 03B0JIgeT CTPOUTD MOJEIN
C 3aJJaHHBIMH CBOHCTBaMHU 0e3 IOMOJHATEIbHBIX MAaTeMATHIeCKIX BBIKJIAQI0K H IPOrPaM-
MupoBaHus, puc. 10.

Co3zanue MO/ IbHOM TEXHOIOTHH KOMOMHUPOBaHUs MOJie/Ieil B pamMkax 6aitecoBCKOro
IIO/IXO/Ia CUIBHO 3aTPYAHEHO, U, HACKOJIBKO HaM H3BECTHO, TaKUe IOIBITKA JazkKe He Ipe/i-
IPUHAMAJHACE.

BbiBoabl no rnase

e VB u GS gapisiorcs Hanbojiee 9aCTO UCHO/IB3YEMbIMU TEXHUKAMK 0afeCOBCKOIO BbI-
BOJ/Ia B TEMATHYECKOM MOJIEJIMPOBAHUN.

e B jiasibHeiiiiieM Mbl Oy/ieM paccMaTpUBaTh BCe TeMaTHYeCKHe MOJIE/IU B TePMHHAX
KJIACCUYECKOIl peryJ/isipusaluu, Jiazke ecjii B UCXO/IHbIX paboTax OHU CTPOUJIUCH Daii-
©COBCKIMHI METOTAMMU.

e Pedopmaiiuzanus 6aiiecOBCKUX MOJiejieil yepe3 KJIAaCCUYecKyI0 peryJ/ispu3aluio, Kak
PABUJIO, IPUBOJUT K YIIPOIIEHUIO U3JI0KEHUS IIPU HECYIIECTBEHHBIX MO (UKL~
X B EM-110100HBIX ajaropurmax.

e Jlasee rpacduueckas noranus He uCnojb3yercs, nockoabky B ARTM st popma-
JU3AUH W MOHUMAaHHS MOJeell HeT HeoOXOJUMOCTH B HATVISIHON BU3ya d3aIldu
HOPOZKTAIOIIEr0 MPOIECCa.
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8 PaspexuBaHue, crna>kmBaHue, geKoppesimpoBaHumne

OTka3 oT ampHOpHBIX pacupeaeneruii /lupuxie mo3possger 0606muTh Momeab LDA:
CHATH OPPAHUYEHUST HA 3HAKH MHIEPIapaMerpoB B (23) u cBoGOHee 0OPAIIATHCSI CO CIITa-
JKUBAHUEM U Pa3peKUBAHUEM JIjIsl YJIydlIeHUsT KHTEePIPETUPYEMOCTH TEM.

T'unomesa paspesrcenrnocmu: Kaxjias TeMa XapaKTepusyercs HeOOJIbIIUM YUCJIOM Tep-
MOB; KarK/Iblil JIOKYMEHT OTHOCHTCS K HEOOJIbIIOMY YHCJLYy TeM; 3Ha4uTe/ibHas 4YacTb
YCJIOBHBIX BEPOSTHOCTEH (0, U iy PABHBI HYJIIO.

PaspeKeHHOCTD Ipe/ICTaB/IgeTCS eCTeCTBEHHBIM HEOOXOJIMMBIM YCJIOBHEM HHTEpIIpe-
TUPYEMOCTH TeMaTu4ecKoit mojiejin. Kpome Toro, ucioJib30BaHue pa3pezKeHHbIX MaTpPHI]
MOZKeT COKpAlllaTh BpPeMs BbIYUC/IEHUN M PACXOJ MaMATU KaK B IHPOIECCe HOCTPOEHUSI
MOJIeJIM, TAK U UPU JlaJibHelleM eé UCI0/Ib30BAHUN.

MHOrOKpaTHbIe MONBITKH pa3pexkuBanus Mmofeaun LDA [162, 62, 189, 99, 48| npuso-
JITH K €€ IepeyCc/I0KHEeHUIO U3-3a BHYTPEHHEI'O MPOTHBOPEYUs MEXK/Iy Pas3spezKeHHOCTHIO
U MOJIOZKHUTETbHOCTBIO apaMeTpoB B pacupeesnenun lupuxie. [Ipobiema pemraercs npu
HCII0JIb30BaHUU 00OOIIEHHOIO PEry/Isipu3aTopa CIVIazKUBaHus U paspexkusanus (24), B Ko-
TOPOM runeprapamerpol B, g MOTYT HIPUHUMATH OTPHUIATE/IbHbIE 3HAUCHUS:

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

teT weW deD teT

Takoit criocob paspexuBanusi ObL BIEPBbIE MPEJJIOXKEH, 110 BCelt BUIUMOCTH, B JIMHA~
mugeckoit Mogesn PLSA 11 06paboTku BuieonoTokos [175], rae mokyMeHTaMu sSBJISITHCH
KOPOTKHe BuIe0(hparMeHThl, TepMaMi — MPU3HAKA Ha U300pPAZKEHHUAX, TeMaMU — IIO0SB-
JIEHHE OIPEJEIEHHOrO 00bEKTa B TeYeHHEe ONPEIeJEHHOr0 BPeMeHH (HAlpUMep, poe3/
aBTOMOOHJISI Yepe3 epekPECToK). PaspexuBarh pacupe/iejieHus CUIbHEe, YeM 9TO Jiesia-
er LDA, norpeboBa/iuch jijisi ONMKUCAHUS T€M C KOPOTKHM «BPEMEHEM YKU3HUY.

YHactunyHoe oby4eHue. B nponecce co3panus, OUEHUBAHUS UM MCIOJIb30BAHUA TEMa-
THYECKON MOJE/IN IKCIEPThI, aCECCOPHI WK I0JIH30BATEIN MOIYT OTMEYaTh B TeMax pe-
JIEBAaHTHBIE WJIM HepeJeBaHTHBIE TePMBI U JIOKYMEHTBI. Pa3MedeHHbIe JaHHDBIE ITO3BOJIAIOT
(uKCcHpoBaTh HHTEPIPETANUHA TE€M M MOBBLIIMIAIOT YCTONIMBOCTH MOjean. Pa3merka Mo-
JKeT 3aTParuBaTh JIMIIb 4aCTh JJOKYMEHTOB M TE€M, [IO3TOMY €€ MCIIOJIb30BAHHEe OTHOCHTCS
K 33/[a9aM wacmuunozo obyuenus (semi-supervised learning).

[Iycrb myst Kazka0it Tembl t € T 3aJaHbl Y€ThIPE MOAMHOKECTBA:

W, — «Genplit COIHCOK» PeJIeBAHTHBIX TEPMOB;

W, — «4épHBIil CHUCOK» HepeJIeBAHTHBIX TEPMOB;
t ’
D;” — «GeJblit CIECOK» pe/leBAHTHBIX JOKYMEHTOB;
D, — «4€pHblil CIIMCOK» HEPEJEBAHTHBIX JIOKYMEHTOB.

Yacmuunoe obyueHue no pesesaHMHOCMY ABJISETCS YaCTHBIM CJIyYaeM peryJsspusa-
TOpa CIVIaKUBAHUS U PA3PEKUBAHUS MIPU

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

e B+ u ayr — KOIDDUIUEHTHI Pery isipu3aliii.
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Puc. 11: Crpykrypa pazpexennoctu marpurn ¢ u © ¢ mpeameTHbIMu 1 (DOHOBBIMUA TEMAMH.

MpeametHbie n choHoBbIe TeMbl. YTo0Obl MOJIE/Ib Obljla HHTEPLUPETUPYEMOIl, KazK1ast Te-
Ma JIOJIZKHA UMETh CEMAHMUYecKoe A0p0 — MHOXKECTBO TEPMOB, XapaKTEPU3YIOIIMX Olpe-
JIEJIEHHYIO IIPEIMETHYI0 00JIaCTh U PEIKO YIOTpeOJseMBbIX B Apyrux remax. Jlas sroro
Marpunbl ¢ u © JO/KHBI UMETh CTPYKTYPY Pa3spe:KeHHOCTH, aHAJOIMIHYIO IMOKA3aHHOM
Ha puc. 11. MuoxkectBo Tem pazdbuBaercst Ha JBa moaMuoxkectsa, ' = S L B.

Ipedmemmnvie memo, t € S comepzKarT TePMUHBI PEAMETHbIX obJacreil. VIx pacupee-
Jenust p(w | t) paspezKeHpl 1 CYIIECTBEHHO PA3JIMYHbI (JIeKoppesnpoBanbl). Pacipeenenus
p(t|d) Takzke paspezkeHbl B HPEJIMETHBIX TeMax ¢t € S, eC/ii HPeNoIaraTh, 4T0 KazKIblil
JIOKYMEHT COJIEPZKUT JIMIIL HEOOJIBILYIO HO0J0 MPEIMETHBIX TEM.

@onosvie memo, t € B comepKaT CJI0Ba 0Ol JIEKCHKH, KOTOPBIX HE JOJIZKHO OBITH
B 1peiMeTHbIX TeMax. VX pacupesesenust p(w|t), BO3MOXKHO, MeHee pa3pezKeHbl 10 CPaB-
HEHUIO C IIpeJMETHbIMU TeMaMHW U CYyHeCTBEHHO OTJIM4YalOTCdA OT HHUX. PaCHpeﬂeJ’[eHI/IH
p(t|d) momzxuEbI OBITH CHIBHO CLJIaXKeHbl B (DOHOBBIX Temax ¢ € S, Tak Kak cjioBa o0mieil
JIEKCHKH COCTABJIAIOT 3HAYUTEJBHYIO J0JII0 JIaKe B Y3KO CIIENUAJTU3APOBAHHBIX JIOKYMEH-
rax. TeMaTuyeckyo MOJEIb ¢ HECKOJbKUMU (DOHOBBIMH TeMaMH MOXKHO pPacCMaTpUBATh
Kak 00001eHne podacTHbix Mozesedi |46, 147], B KOTOPBIX HCHOIB30BAIOCH TOJBKO OJHO
doHOBOE paciipejiesieHue.

CdrokycunpoBaHHbIii TeMaTUYecknii Nonck. Yacruuanoe o0ydeHue TeM MOKHO PacCMaT-
puBarTh KaK Pa3HOBHJHOCTH TeMaTUYeCKOro MHMOPMAIMOHHOIO 1oucKa. B KadecTBe 3a-
IPOCA 33IAETCI CEMAHMUYECKoe AJPO OTHON W HECKOJIBKHX Te€M. DTO MOYKET OBITDH JI0-
boit dparmenT Tekcra, «Oesblii cnucok» rTepMoB (seed words) wiam z-memku — TEMBI,
IPUNUCAHHBIE OTIEJbHBIM cJioBaM win dbparmMentam B nokymentax [24|. Temaruueckast
IIOMCKOBAg CUCTEMa JOJI?KHA He TOJbKO HAlTH U PAHKUPOBATH PeJICBAHTHBIC JOKYMEHTHI,
HO 1 Pa3JIOZKUTh ITIOUCKOBYIO Bbl/la1y 110 TEMaM. B TUIUYHbIX HPUJIOZKEHUAX peﬂeBaHTHbeI
KOHTEHT COCTAB/ISIET HUITOXKHO MAJIYIO JIOJIIO KOJLIEKINH. 1eM He MeHee, IMEeHHO TOT KOH-
TEHT JI0JI2KeH OBITH TIIATEJTbHO cucTeMaTu3upoBal. OOpa3HOo roBops, Tpedyercs «HCKaThb
U KJ1accuduIupoBaTh UrOJIKH B cTore ceHay [42|. Tembl cTaHOBATCs 37eMeHTOM Tpadu-
yeckoro uHrepdeiica 1mo/ib30Bareis, MHCTPYMEHTOM HABUTAIMKU M IIOHUMAHUS TEKCTOBOM
koJuiekiu. OTCio/1a BaXKHOCTH TPEOOBAHKS HHTEPIPETUPYEMOCTH KAZK IO TEMBbI.

Hacruunoe obydeHue HCIOJAB30BAJIOCH Jisi HOMCKA W KJacTepusaluu HoBocTeil [84],
IOMCKA B COIMUAJIBHBIX MeIna HH(MOPMAINH, CBA3AHHON ¢ DOIE3HAME, CAMIITOMAMHI H Me-
tomamu Jiedenns [140, 141], ¢ npecrynHocTbio 1 skcTpemusmoMm [110, 161], ¢ mamuona b
HOCTSIME ¥ MEXKHAI[MOHAJIbHBIMU OTHOIIeHusMu |42, 93, 137].
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B mogesn ATAM (ailment topic aspects model) B KauecTBe CrurazkuBaroIero pacipe-
JeJIeHUsT By, UCHOJIb30BAIACH OOJIbIIAs KOJJIEKIMsT MeuIUHCKUX crareii [141].

B momenax SSLDA (semi-supervised LDA) u ISLDA (interval semi-supervised LDA)
JIJIS TIOUCKA STHO-PEJIeBAHTHBIX TEM B IIOCTaX CONUAIBHBIX CeTell HCII0/Ib30BaJIOCh CIIAZKH-
BaHUe 110 CJOBAPIO U3 HECKOJBKHUX COTeH 3THOHUMOB [42]. B Mmomenu SSLDA st Kaxkpoi
9THO-PEJIEBAHTHON TEMbI 33,/1a6TCsl CBOIl CJIOBaAPb STHOHUMOB, CBSI3AHHBIX C OJHUM OIIPE/Ie-
jgéaapiM 3tHOCOM. B Mogesn ISLDA muO)kecTBO Tem pa3buBaercss Ha MHTEPBAJIbI, U JIJIst
BCEX TeM KazKJ0ro HHTepBaJIa 33aéTcsd OOIIMii cjoBapb STHOHUMOB. [IpenmytiecTBo sTux
MoJIeJiell B TOM, UTO HHTepIIpeTalus KazK0i TeMbl u3BecTHa 3apanee. Hejgocratku B TOM,
YTO TPYAHO MPEJIYTaJIbIBATh YUCJO TeM [ KazKA0i STHUIHOCTU U CTPOUTH MOJTUITHHY-
HBbIE TE€MbI JI/IsI BBISIBJICHUS] MEZKITHUIECKUX OTHONICHMUIA.

st pemenusi s1ux upobsem B |25, 26| 661 npeioken noaxox #a ocope ARTM.
3a/iaBajioch 001Iee YUC/I0 STHO-PEJICBAHTHBIX T€M U K HUM, KaK K CcTOjIOnamM marpuibl P,
HPUMEHSLIOCH CIUIa2KUBAHUE 110 CJI0BAPIO STHOHUMOB. TemaTudeckass MOJE/Ib caMa OIpe/ie-
JISLTTA, KAK 9TU TeMBI PAa3Ie/IATCs 0 STHHIHOCTIM. AJIbTepHATHBHBIIN IT0/IX0/T 32K TI0IAETCS
B TOM, 4TOOBI IIPHJIATH ITHOHUMAM OOJIBIINN BEC, CJejlaB UX OTJEIbHON MOJAJIbHOCTHIO
(HOHSITHE MOJAJILHOCTH BBOJUTCS B Iy1aBe 9).

JIr00bIe 1101x0/1bI K C(DOKYCHPOBAHHOMY TEMAaTUYEeCKOMY MOMCKY TPeOYIOT PYUHOil 1Ipo-
BEPKH M MHTEPIPETAINN HATCHHBIX TEM.

Oexkoppenuposanune Tem. Temarndeckasg MOJEIb He JTOJKHA COACPIKATD Ly OTHPYIOTIIX
WA IIOXOKHX TeM. deM pasnumanee TeMbl, TeM nHdOpMATHBHEE MOAETb. Ecam Tembr pas-
AEJIAI0TCA Ha HpeJMeTHbIC U (bOHOBbIe, TO BCE€ OHHM JOJI2ZKHbI CYILIECTBEHHO OTJIMYaTbCA
APy OT Jpyra.

JIng MOBBIEHNA PA3JUYHOCTH TeM OyJieM MUHAMH3HPOBATH CYMMY MOHAPHBIX CKA-
JIAPHBIX HPOU3BEACHUN (1, Ps) = D . PutPws MKy croidomamu marpuis $. Ilomyanm
PEryISpPH3ATOD:

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

teT seT\t weW

®opmysa M-mara, coracho (17), umeer Buj

Ppur =m0l (nwt —TPur Y ()Ows)- (37)

seT\t

DTOT peryaspu3arop KOHTPACTHPYeT CTpoKu MaTpuibl . B KaxK10ii cTpoKe, He3aBH-
CHUMO 0T OCTaJIbHbIX, BEPOATHOCTU Dyt HaI/I60.Hee SHAYUMbIX TEeM TepMa W yBEJINYUBAIOTCH,
BEPOATHOCTH OCTaJIbHBIX TEM YMCEHbLUIAQIOTCA U MOI'yT O6pamaTbCH B HYJIb. PaBpe}KI/IBa—
HHEe — 3TO comyTcTBYoNmii 3dhderT mnekoppennpobanus. B [171] 61 3aMeven emé oauH
oJIe3HbIH 3D deKT: c/ioBa 00IIell JeKCUKH I'PYIIUPYIOTCI B OTJ/IE/IbHBIE TeMbl. DKCIIePH-
MEHTBHI ¢ KOMOMHHPOBAHUEM PEry/IsIpU3aTOPOB CIAKUBAHNA, PA3peKUBAHUS U JIEKOppe-
mauposanust B ARTM nogrsepzkator sro naburoenue (8, 181, 180].

JexoppesnupoBanue Buepsbie 0bL10 npemioxkeno B mMogean TWC-LDA (topic-weak-
correlated LDA) B pamkax GaitecoBckoro nogaxoga [171]. CoorBercrByiomiee anpuopHoe
pacipejieieHne He SABJISIeTCs CONPSKEHHBIM K MYJbTHHOMHAJIBLHOMY, IOTOMY Oaiiecos-
CKHil BBIBOJI CTAJIKABAaETCA ¢ TexHmdeckuMu Tpyaaoctamu. B ARTM pacuaéraas dpopmysra
M-rmirara (37) BBIBOAMTCS B OJHY CTPOKY.
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KomOuHupoBaHue perynspu3aTtopoB criaxkKuBaHus (POHOBBIX TEM, pPa3perKuBaHUA
HpeJMEeTHBIX TeM B Marpuile © u jJekoppesupoBaHus cToJionos marpunbl P ucrnosb3osa-
JIOCh BO MHOPHX paboTax Jjisl yIydileHuns naTepuperupyemocru tem [8, 180, 181, 182, 20).
[TomobpaB Ko DUNHUEHTHI Peryasapu3aiui, MOXKHO OJHOBPEMEHHO 3HAYUTEIbHO Y/Iyd-
IIATh HECKOJbKO KPHTEPUEB KAYeCTBa TeM (pPa3perKeHHOCTb, KOHTPACTHOCTb, YHCTOTY
¥ KOI'€PEHTHOCTH) MPH HE3HAYUTEIbHON morepe npasaononobus [181]. Ilo pesyiabraram
sKcrepuMeHToB B 181 6blin BeIpabOTaHbl OCHOBHBIE PDEKOMEH/IAIUK: JEKOPPEIPOBAHKE
U CIVIayKUBaHKe BKJIIOYATh cpasy, paspexuBanue — mocye 10-20 urepanuii, Korja odbpa-
3yeTcd TeHJAEHNHI K CXOJMMOCTH TapaMeTpOB MOJIEH.

Ta ke KOMOWHAIMA PEryJIgpU3aTOPOB CYIIECTBEHHO Y/IydYINaja KadeCTBO TeMaTHde-
ckoro passejounoro noucka B |20, 80, 81|, XoTsi HMKAaKHe KPUTEPHU KAdeCTBA ITOUCKA
HEIIOCPEJ/ICTBEHHO HE ONTUMU3UPOBAJIUCD.

BbiBoabl no rnaee

e PaspekmBaHue, cIrjakKuBaHue W JE€KOPPeJUPOBAHUE SBJIAETCI MUHUMAJIbHBIM
«JIZKEHTJIbMEHCKMM Ha0OPOM» PeryJ/isipu3aropoB, HPUMEHUMbIM K OOJIbIIMHCTBY
IIPUKJIQJHBIX 33/1a4.

e O06o0ménnasa moaeap LDA, B KOTOpoii CHATO OrpaHHYeHHE IIOJTOKHUTEeJTbHOCTH I'H-
HepruapaMeTpoB, HAXOUT MHOXKECTBO IPUMEHEeHUIl: pa3peKuBaHue, 4acTuaHoe 00y-
4JeHue, Bbljiesienre (POHOBBIX TeM, C(DOKYCUPOBAHHbIN TeMaTU4eCKuil 1OUCK.
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9 MopgenupoBaHue MyabTUMOAANbHbIX AAHHbIX

Myavmumodanrvhas memamuueckas Mooesb OMMUCHIBACT JOKYMEHTDI, COICPZKAIIIE Me-
TaJaHHbIC HAPLY ¢ OCHOBHBIM T€KCTOM. MeTalaHHbIe IOMOraioT 60J1ee TOTHO OIPEeIe/IaTh
TeMaTHKY JOKYMEHTOB, M, HA00OPOT, TeMATUIECKAs MOJIE]b MOKET HCIIOJb30BATbCA JJId
BbISBJICHUA CEMAHTUKKM METa/aHHbIX WJIM LUPEJCKA3aHus HPOILYICHHbIX MeTalaHHbIX.

Kazkaplit Tunn MeTaJaHHbIX 00pa3yer OTAEAbHYIO MO0AAbHOCTMb CO CBOUM CJIOBAPEM.
CioBa €CTECTBEHHOTO 3BIKA, CoBocoveTanus [188, 197|, Teru [95], nMeHOBAHHBIE CYIITHO-
cru [131] — 5TO mpuUMepbI TEKCTOBBIX MOJAJIbHOCTEl. B MyJIbTHA3BIYHBIX TEMATHIECKUX
MO/JIEJISIX IIAPAJLIEJBHBIX TEKCTOB MOJIAJIBHOCTAME sIBASIOTC si3biku [183]. Dyist anasmsa
KOPOTKHMX TEKCTOB C Olle4aTKaMU HMCHOJIb3YIOT MOJAJIBHOCTH OYKBEHHBIX N-IPAMM, YTO
1I03BOJISIET YJIydIIaTh Ka1ecTBO MH(MOPMAIMOHHOIO noucka |79).

[IpumepaMu HETEKCTOBBIX MOJATBHOCTEN aBJstoTCs (puc. 12): aBropst [155], MoMeHTHI
Bpemenu [174, 208, 175|, knaccel, KaHpbl win Kareropuu [156, 212|, murupyembie win
IUTUPYIOIIHe JOKYMeHTHI [59] mwin aBropsl [88], mosib3oBaTe N JIEKTPOHHBIX GHOIHOTEK,
COIMAJIbHBIX CeTell nm pekoMengarebubix cucreM [100, 165, 190, 204, 205], rpaduuaeckue
sJeMenThl u300pazkenuii [39, 78, 105], peksamubie 0ObsiBieHnst Ha Beb-crpanuax |[144).
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Puc. 12: O6brunas TemMarndyeckas MOJE/Ib ONPEAEIAET PACIPEIETIEHIE TeM B KaxKI0M Jokymente p(t|d) u
paclpe/Ie/IeH|e TepMOB B KaxK 10 reme p(w |t). MyjibTuMo/aibHast MOJIE/b PACIPOCTPAHAET CEMAHTUKY
TeM Ha 3JIEMEHTBI BCEX OCTATbHBIX MOJAILHOCTEH, B TOM 4HCJIe HETEKCTOBBIE.

MynbtumopganbHas ARTM. Bce nepeunciiennbie Bbliie cjiydad, HECMOTPsI Ha, Pa3HO-
obpasue unrepuperanuii, onucbiBaiorcs B ARTM eauabiv (hopMain3MomM MOIaIbHOCTENH.
Kaxkaprit TOKyMeHT paccMaTpuBaeTcsd KaK YHUBEPCAJIbHBIN KOHTeHeD, Co/iepzKaIiuii Tep-
MBI Pa3JIMIHBIX MOJIAJbHOCTE, BK/IIOYasi OObIYHBIE CJIOBA.

[Iycte M — MHOXKecTBO MojajbHOCTell. Kazkmass MOJAIbHOCTh UMeeT CBOi CJI0Baphb
repmoB W, m € M. D1 MHO)KeCTBa IOIAPHO He nepecekaorcs. VIx obbeunenne Oygem
obo3nauarb yepe3 W. Mogasbaocts Tepma w € W Oyjem 0603Hauars yepes m(w).

Temaruueckass MOIEIb MOIAJBHOCTH 1M AHAJOIHYIHA, MOIEIN (2):

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

Kaxk10ii MOJAJIBHOCTH M COOTBETCTBYET CTOXacTHIecKas marpuna P, = (gowt) S —
CoBokynHocTth mMaTpun, P,,, ecjim ux 3ammcarb B crosoer, oopaszyer W xT-marpuiy O.
Pacupeiesienne TeM B KazKJIOM JIOKYMEHTE SIBJISIETCsSI OOIIMM JIJIsi BCEX MOJIAJIbHOCTEH.
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MyJibTuMO/Ia/IbHAST MOJE/Ib CTPOUTCS IIyTEM MAKCUMU3AIKUKU B3BEIIEHHON CYyMMBbI JIO-
rapudMOB 1paBJIO000Us MOJ/IAJIbHOCTEH U pery/isipu3aTropoB. Beca 7, 1no3poJisoT cba-
JIAHCUPOBATh MOJIAJIBHOCTU 1O MX BaXKHOCTH U C YUETOM MX YACTOTHOCTHU B JJOKYMEHTAX:

Z T Z Z N lnz Owibia + R(P,0) — rgfi@x; (39)

meM deD weWm teT
Z Owt =1 Quwr 2 0; Zetd =1; 04 =0. (40)
weWm teT

Teopema 9.1. Ilycrs ¢pyukuus R(®, ©) venpepoiBao qupepennupyema. Touka (P, ©)
JIOKaJIbHOTO 3KcTpemyMa 3agaqdn (39)—(40) yzgopiaerBopsier cucreme ypaBHeHHIT €O BCIIO-
MOraTe/IbHbIMH [HEPEMEHHBIMH Pyg, = P(t|d, w), eciim u3 pereHus: HCKJIIOYUTD HyJIEBbIE
crosoner marpur P, O:

P = 100 (@uibha); (41)
OR
Pwt = NOIL | Tt + @wtm 3 Nt = dEZD Tm(w) VdwPtdw; (42)
OR
Qtd = n%r%n Nyq + etdﬁtd ; Nyg = u;/ Tm(w) dwPtdw - (43)

JlokazareibcTBO aHAJOTUIHO Teopeme 4.1, KoTopas sBJsSeTCs YaCTHBIM CJIYy9aeM Teo-
pembt 9.1 s cirydast ojHOl Mogabuocru, |[M| =1, 7, = 1. [lepexos or oaHOi MOjAIb-
HOCTH K IIPOM3BOJILHOMY YHC/IY MOJAJBHOCTEH CBOAUTCS K JBYM IHOIPABKAM:

1) mcxoIHbIe JAHHBIE Tg, JOMHOMKAIOTCA HA BECA MOIAJBHOCTEH Tin(w);

2) marpuna ¢ pasbuBaercsa ua 6;10Ku D,,, KOTOpPbIe HOPMHUPYIOTCS TTO-OTI€JTbHOCTH.

B nmpoekTe BigARTM peann3oBana BO3MOKHOCTb KOMOMHIPOBATD JTI000€ THCI0 MOJAJIb-
HOCTEH ¢ JII0ObIMU peryssipuzaropamu |25].

MynbTuA3bI4YHbIE TEMATUYHECKNE MOAENN HCIOTb3YIOTCS 1T KPOCC-SI3BIMHOTO HHMOP-
MaIMOHHOI'O IIOUCKA, KOIJIA 110 3aIIPOCy Ha OJIHOM s3blKe TpeOyerTcs HaifTu CXOxKue JIOKY-
MEHTBI Ha APYTI'OM 4d3bIKE. ﬂﬂﬂ CBA3blBaHUA A3bIKOB UCIIOJIB3YIOTCA lapaJlJleJIbHbIe TEKCTbL
WU JBYS3bIYHBIE cjoBapu. [lepBble My/bTUA3BIUHBIE TeMAaTHUIECKHe MO/IEIN HMOsABUIUCH
noutu oxHOBpeMeHHO [56, 124, 136| u npeacraBiasgan coboil MyJIbTHMOJATBHYIO MOJIE/b,
B KOTOPOil MOJIAJIbHOCTIMH SIBJISIOTCS S3BIKHM, U KaXKJas CBS3Ka MAapaJlIeJbHBIX TeKCTOB
O6'be,H,I/IHHeTCH B OJIMH JJOKYMEHT. OKaBaﬂOCb, YTO CB4A3blBaHUA JOKYMEHTOB A0CTAaTOYHO
AJid CUHXPOHU3aIUKU TEeM B Pa3HbIX A3bIKAX U KPOCC-A3bIYHOI'O ITOUCKA. HOHbITKI/I 60.}'[66
TOYHOI'O U TPYAOEMKOT'O BBIDABHUBAHUS IO IMPe/JIOKEHUSIM UJIX MO CJIOBAM HMPAKTHIeCKH
He YIydIIaloT KadecTBO moucka. OOCTOATeNbHBINH 0030p MYJbTUSI3BIYHBIX TeMATHIECKIX
Mo/ieseit MoKHO Hajitu B [183].

Ha puc. 13 nokazaubl Hekoropbie u3 400 tem, nmocrpoennbix 1o 216 175 napam pycckux
v aHrniickux crareit Bukunemun [179]. [list cBsi3biBaHus 136IKOB HCIIOJIB30BAIUCH TOJIBKO
MO/IaJIbHOCTH, BbIPABHUBAHUSI M CJAOBApU HE UCIOJIb30BauCh. Aceccop onenmt 396 tem
3 400 KaK XOpOIITO WHTEePIpeTUpyeMBbIE.

Jlng menosib3oBaHust JBYSI3BIYHOTO cyioBaps B [10| OBLT mpejiozKeH peryasipu3aTop
crinazkuBauug. O popmasin3yer npeIno0KeHne, 9T0 eCJii CJA0BO U B SI3bIKe k sIBJISIETCS
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Tema Ne68 Tema Ne79
research 4.56 | nHCTUTYT 6.03 || goals 4.48 | maty 6.02
technology 3.14 | yausepcuter  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 | bk 3.25
science 1.97 | TexHnyecknin  2.70 || scored 2.72 | npotune 3.20
program 1.60 | TexHonorus 2.30 || cup 2.57 | kny6 3.14
education 1.44 | nay4HbIli 1.76 || goal 2.48 | dytbonuncr 2.67
campus 1.43 | nuccnegosanne 1.67 || apps 1.74 | ron 2.65
management 1.38 | Hayka 1.64 || debut 1.69 | 3abuBaTtb 2.53
programs 1.36 | obpa3zosanHne  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 | Bepcus 1.86
wagner 0.97 | nesey 1.65 || software  1.38 | npunoxerune 1.86
soprano 0.78 | nesuua 1.51 || user 1.03 | cepeep 1.63
performance 0.78 | Teatp 1.14 || security 0.92 | server 1.54
mozart 0.74 | napTusa 1.05 || mitchell 0.82 | nporpammubiii  1.08
sang 0.70 | conpaHo 0.97 || oracle 0.82 | nonb3oBatens 1.04
singing 0.69 | Barnep 0.90 || enterprise 0.78 | obecneyenne  1.02
operas 0.68 | opkecTp 0.82 || users 0.78 | cucrema 0.96

Puc. 13: IIpumepst Tem u3 aBysa3brauoit Temarudeckoil moxesn Bukunemuu. Ilokazanst nepsoie 10 cios
KazKJI0i TeMbl U ux BeposaTHOCTH p(w|t) B MPONEHTAX.

IIEPEBOJIOM CJIOBA W U3 si3biKa ¢, TO ux pacupejaesnenus tem p(t|u) u p(t|w) qoaKHb GBITH
ou3ku B cMmbicsie KL-auBeprenmun:

R(®) = Z Znut In .

w,u teT

Corsacao ¢dopmysie M-mara, BepoSTHOCTH CJIOBa B TeMe yBEJIHIUBACTCS, €CJIH OHO
uMeeT I1epeBOJIbl, IMeIOIe BhICOKYI0 BEPOSITHOCTD B JIAHHOI TeMme:

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

DTOT PEryJsspu3arop He yYUTHIBAJ, YTO IEPEBOJ CJI0BA MOYKET 3aBHCETb OT TEMBI,
W 4TO CpeJd IEepeBOJOB CJOBA MOTLYT HAXOJMTLCA INEPeBOABI €ro OMOHHMOB. llosromy
B TOil ke paboTe ObLT HpeIoZKeH BTOPOIl peryIdapu3aTop, KOTOPLIi BBOIUI B MOJIENb
HOBBIE MAPAMETPBI Ty = P(U|w,t) — BEPOSITHOCTH TOrO, YTO CJIOBO U SIBJISIETCS Iepe-
BOJIOM ciioBa w B Teme L. IIpejnosaraercs, uro Tema ¢, Kak pacnpenesenue plu|t) = 2t

HA/I CJIOBAMU SI3bIKA K, 10/IzKHA ObITH Osin3ka B cMmbicsie KL-uBepreniy Kk BepOsiTHOCTHOI
Mozen Toii 2Ke TeMbl p(u|t) = D TyutPuwt, TOCTPOCHHOI 1O EPEBOJAM CJIOB U3 A3BIKA (:

R(®,1I) =7 Z Zn“t hlZﬂ'uwt(pwt — max .
ueWwk teT weW? ’

@opwmysia M-mara renepb y4uTbiBa€T BEPOATHOCTU HMEPEBOJOB Tyqt. Kpome Toro, J1o-
baBiisieTcsl peKyppenTHas (popmyJia Jijis ONEHUBAHUS ITUX BEPOSTHOCTEN:

Puwt = nOl{/Ir/rl} (nwt +7 § qut”ut) ;
we “

Tuwt — NOTIM (qutnut) .
ueWk
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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
byHKL NS symmetry || yron angle TeH30p basis
npegen function KoopamHaTa mathematics || cuna space
oTobparkeHne | 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
3emns instrument || komnanus company bunom player
noBepxHOCTb | earth AHOHUMHBII work ronoBoJIOMKA series
CONHEYHBIN surface npumMe4vaHmne note cepus puzzle
cTaHuns solar TEpMUHATOpP release Ka4ecTBo movie
3anyck system >KypHan support LIAaXMaThbl jason
cucrema landing peii terminator [KeCOoH world
aTMocdepa camera nepcoHax< anonymous bykBa chess

Puc. 14: IIpumepsl TeM, B KOTOPBIX CJIOBO «CyMMay UMeEET Pa3HbIE MePEBOILI.

CBg3biBaHue NapajiebHBIX TEKCTOB CUJIbHee YIydlllaeT KadecTBO IMOWCKA, dYeM 00a
criocoba yuéra csosapeii |10]. Bropoit criocod wemuoro Jsyurre mepsoro. Kpome toro, on
IIO3BOJIdEeT BbI6I/IpaTb BapUaHTBI IEPEBOJa B 3aBUCUMOCTU OT KOHTEKCTa, 4T0 MOzKeT 6bITb
IOJIE3HO /IS CTATHCTUYIECKOTO MAIIMHHOTO MepeBoja, puc. 14.

MopanbHOCTU KaTeropuii n aBTopoBs. /[loiycTtuM, 4TO pacupe/ie/ieHust TeM B JIOKYMEeH-
tax p(t|d) mopoxaaroTes OHOMN M3 MOJATBHOCTEIl, HAIIPUMED, ABTOPAMHU, PYOPUKAME I
KATeropusaMU. byeM cauTarh, 9TO ¢ KazKIbIM TEPMOM W B KaXKJIOM JOKyMeHTe d CBsI3aHa
He TOJIbKO Tema t € T', HO M KaTeropus ¢ W3 3aJaHHOr0 MHOXKecTBa Kareropuii C. Pac-
MIUPUM BEPOSTHOCTHOE HPOCTPaHCTBO 10 MuOXKecTBa D X W X T x C. Ilycrs usBectHo
noamuozkectBo Kareropuit Cy C C) K KOTOPBIM MOXKET OTHOCUTHCS JOKYMEHT d.

PaccMoTpuM MyIBTUMOJATBHYI0 TEMATHIECKYIO MOJIeb (38), B KOTOPO# pacmpe/iee-
HUE BEPOSITHOCTH TeM JIOKYMEHTOB ;g = p(t|d) omuchBaeTCS CMEChIO pacIpeiesleHuii Tem
Kareropuii 1. = p(t|c) u kareropuii 10KyMeHTOB T.q = p(c|d):

p(w|d) = Zp w|t) Zp(ﬂC) (cld) = Zzwwt%cﬂcd (44)

teT ceCy teT ceCy

D10 TaKKe 33243 CTOXACTUYECKOI0 MATPUYHOIO PA3JI0ZKEHHsl, TOJBKO Tenepb Tpedy-
ercd Haiitu Tpu Marpunpi: ¢ — marpuna repmoB tem, U = (U )rxc — Mampuua mem
kamezoputi, I = (Teq)oxp — Mampuua kamezopull 0OKYMEHMOG.

Mo/esib OCHOBaHA HA JBYX TUNOTE3aX yCJOBHONH HE3ABHCHMOCTH:

p(t|c,d) = p(t]|c) — Temarnka goKyMeHTa d 3aBUCUT HE OT CAMOTO JOKYMEHTa, & TOJIb-
KO OT TOro, KakKuM KaTeropudm OH IIPpUHAIJIC2KUT]

p(wlt,c,d) = p(w|t) — pacupemesieHue TEpMOB OIPEJIEJIAETCS TOJBKO TEMATUKON J10-
KyMEHTa ¥ He 3aBUCUT OT €ro TepMOB U KaTeropuii.
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Kpowme roro, upesnonaraercs, 4ro m.q = p(c|d) = 0 mis Beex ¢ ¢ Cy.
Ba/aua MAKCUMU3AIUU PETYJISPU30BAHHOIO IIPABIOIOI00HS:

Z Z N In Z Z prtwtcﬂ-cd + R((I)a \II’ H) — nax; (45)

[CRVNT
deD wed teT ceCy
Z Pwt = 1) Pwt 2 Oa Zwtc = ]-7 wtc 2 07 Z Ted = 1) Ted 2 0. (46)
weWw teT ceCy

Teopema 9.2. Ilycrs pyuknus R(®, VU, 11) venpepeiBao guggepennupyema. Touka jio-
kasbaOro skcrpemyma (P, W, 1) zazaun (45), (46) yaosaerBopsier cucreme ypaBHEHHIT CO
BCIOMOIaTeJIbHBIMH I[IEPEMEHHBIMHU Dyeqry, = P(t, | d, w), eciin u3 pereHns HCKJIIOYUTh Hy-
Jespre croyiomsr marpur ©, U, I1:

Dtcdw = TNOTM_ (PutPicTed);
cdw (t,c)ETXCd( w c/le )7
OR
Owt = nNorm| Nyt + Q= | ; Nyt = g E NdwPtedw;
weW 0g0wt
deD ceCy
OR
wtc = ntOErTm Nite + ¢th y Nie = E E NdwPtedws
te deD wed
OR
Teq = NOTIM | Neqg + Teg=—— |5 Ned = E E NdwPtedw -
ceCy 87Tcd
wed teT

JlokazaTerbCTBO OMHUpAeTCsd HA JIEMMY 3.2 0 MAKCUMU3AIUHA HA €IMHUYHBIX CHMILTEK-
cax W MPOBOJIUTCI aHAJOTHIHO JOKA3aTeTbCTBY TeopeMbl 4.1.

Mogesib TpEXMATPUYHOIO PA3JIOZKeHUsI HAanbO/Iee U3BECTHA KAK A6MOP-MEMAMUYECKAA
modeav ATM (author-topic model), B KoTOpOii TOPOXK JATOMIEHT MOJATBHOCTHIO SBJISTIOTCSE
aBTOPBI JOKYMeHTOB [155]. B memamuueckot modeau mezuposarus doxymernmos TWTM
(tag weighted topic model) mopoxkgaromieil MOZAIBHOCTBIO SABISIOTCS TErd JOKYMeH-
ta [103|. Anasorudnas MOJIesIb UCIOJIB30BAIACE i 0OPabOTKU BHIECOMOTOKOB B [78]: m10-
KYMEHTBI d COOTBETCTBOBAJIN IIOC/IE/I0BATE/IbHBIM 1-CeKYH/IHBIM BU/ICOK/TMIIAM, TEPMbI W —
9/IeMEHTAPHBIM BU3YaJIbHBIM COOBITHSIM, TeMbI ¢ — JAEHCTBUSIM, COCTOSAIIUM U3 COUETAHUSI
COOBITHII, KATEropuu ¢ — 0OoJiee CIOKHBIM IOBeIeHUIM, COCTOANIIM U3 COUYeTaHUS Jeil-
CTBHUIi, IPUYEM CTABUJIACH 33/1a9a BBIJIEJUTH B KaKJIOM KJIHIIE OJTHO OCHOBHOE TIOBe/IeHUE.

Mogenb (44) MOXKHO YIPOCTUTH U CBECTH CHOBA K JIBYXMATPUIHOMY DA3JIOKEHUIO, eC-
JIN OTOXKJIECTBUTH TeMbl ¢ Kareropusivu, C' = T', u B3a1b equandnyio marpuiy V. lannas
MoJe/b u3BecTHa B sinreparype Kak Flat-LDA [156] u Labeled-LDA [151]. Eé Boipasutresin-
Hbie Bo3MoOxkHOCTH Oesaee, yem y PLSA u LDA, rak kak 3naduresibHas J0JIsI 9JIEMEHTOB
marpunpl 11 = O ¢ukcupoBaHbl u paBHBI HYJIIO.

TpéxmaTpuuHble pa3oyKeHns ITOKA He peaJn30BaHbl B bubimoTexe BigARTM.

MopanbHOCTb BpemeHuM n TemnopasibHble mogenun. Bpemsa co3nanms JOKyMeHTOB
BayKHO [IPU aHAJIN3e HOBOCTHBIX MOTOKOB, HAYYHBIX IIYOJIMKAIWil, TATEHTHBIX 0a3, JAHHBIX
conua/ibHbIX cereil. Temarndeckue MOJe/IM, YUUTHIBAIONIUE BPEMsi, HA3bIBAIOTCH MEMN0-
ParvoHoMu. OHE TO3BOJISIOT BBLIEIATH COOBITUITHBIE W IEPMAHEHTHBIE TEMbI, JIETeKTHPO-
BaTh HOBbIE TeMbl, 1IPOC/IE?KUBATH PA3BUTHE T€M BO BPEMEHHU, BblJIeJISITh TPEH/IbI.
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[Iyctb I — KOHE4YHOEe MHOXKECTBO MHTEPBAJIOB BPEMEHU, U KaxK/Iblil JOKYMEHT OTHO-
CUTCAd K OJHOMY HJIM HECKOJIbKUM HMHTEpBaJlaM, DZ — HOJAMHO2KEeCTBO JJOKYMEHTOB, OTHO-
CAMUXCsT K UHTepBAJTy i. ByJeMm moJjararh, 9ro TeMbl Kak pacupejesenus p(w |t) ne me-
HSIOTCS BO BpeMeHH. Tpebyercss HAlTH pacipe/iejieHne Kax 10l TeMbl Bo Bpemenu p(i|t).

TpuBHAIbHBI HOAXO 3aK/II0YAETCA B TOM, YTOOBI IIOCTPOUTH 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 € [); U nepeHOPMUPOBATH YCJOBHBIE BEPOSTHOCTH:
p(i|t) = p(t\i)%. HeoctaTok JaHHOTO MOJAXOAA B TOM, 9TO HHMOpPMAIUS O BpEeMeHH
HUKAK HE HCIIOJIL3YeTCI IpH O0YYeHHH MOJEIHM U He Bausger Ha (POPMHDPOBAHHIE TEM.

B ARTM »sta npob/tema pelmaercs BBeaeHneM MogaabHOCTH Bpemenn . lckomoe pac-
upesesenue p(i|t) = p; nosydaercs B crosbie Marpuipl $. Jonosnurenbabie orpanude-
HHUA Ha 1IOBE€AEHHUE TeM BO BPEMEHHU MO2KHO BBO/IMTH C IIOMOLIbIO peEry/idpu3saluu.

B oxnoit u3 nepseix remmopasbHbix Temarudeckux Mmogeneit TOT (topics over
time) [196] kazxkqas TemMa MOJETMPOBATIACH HAPAMETPUIECKIM [3-DACIPeIeIeHIHEM BO BPe-
MEHH. DTO CeMeHCTBO MOHOTOHHBIX M YHUMOJAJIbHBIX HeNpephbIiBHBIX (PYHKIHH, ¢ mOMO-
IO KOTOPOI'O MOYKHO OIHUCHIBATH Y3KHe MUKU COObITUIHBIX T€M U OrpaHUYEHHbI HaOOP
TPEH/I0B. TeMbI C HECKOJIbKHUMHU BCIIJIECKAMHU JaHHad MO/JCJ/Ib OIIMCBbIBAaET I11JIOXO.

HeHapaMeTpI/I‘{eCKI/Ie TeMIIOpaJibHblE MOJ/EJIN CHOCO6HBI OIIUCbIBATH IIPOU3BOJIbHbBIC U3-
MEHEHHd TeM BO BpeMeHH. PaccMOTpHM JBa €CTeCTBEHHBLIX IPEIIOI0KeHHd 1 (hOpMaJIn-
3yeM UX C IOMOMIIBbIO Pery/Isapu3alii.

Bo-nepBbix, 1peJiiio/I02KuM, 4TO MHOI'UE T€Mbl SBJIAIOTCH COObITUIHBIMU U UMEIOT OT-
HOCUTEJILHO HeDOJIBIIOE «BPEMs KU3HU», HOTOMY B KazKIOM MHTEPBaJe BPEMEHH | HpH-
cyTcrByIOT He Bce TeMbl. [lorpebyem paspexkenHocru pacupeseseruii p(t|i) ¢ moMomupio
KPOCC-3HTPOLUITHOIO Pery/aspu3aTopa;

Ripusp(® 111 ©) = —Tsp > > Inp(t]d).

i€l teT

Bo-BropbiX, 1peioiokuM, 9ro pacupejeienus p(i|t) kak pyHKIUE BPEMEHH MEHs-
I0TCS HE CJIMIIKOM OBICTPO. [Ijist 5TOro BBEJIEM peryisipu3aTop CriaKUBaHUs, MAUHUMU3H-
pytoruii Moxysu pasHocreil p(i|t) B coceHUX HHTEpBAJAX BPEMeHH:

Rega(® nimn ©) = —7en > > |p(i[t) — p(i—1]1)].

i€l teT

Takoit peryasspu3aTop HPUHSATO UCHOJB30BATH IIPU HHTEPIIOJISIUN PA3PbIBHBIX Bpe-
MeHHBIX DstioB |91]. Mojaysb pasuocru (Li-HOpMa), B OTIMYHe OT KBaJpara Pa3HOCTH
(Lg-HOpMBI), He mrpadyer Moeqb BPEMEHHOIO Dsijia 3a PE3KHe CKAYKH. JTa 0COOeH-
HOCTH MOJIE3HA IIPHU MOJETUPOBAHAN TEeMATHKH HOBOCTHBIX MOTOKOB. lIpom3orentree co-
ObITHE BBI3bIBAET CKAYKOOOPA3HBIl BCIIecK BeposTHOCTH p(i|t) Ajist HOBOIT TeMbl ¢, KO-
TOpasi JI0 TOT0 OCTaBaJIACh PABHON HYJIIO. L1-peryasipu3arop He MbITAeTCs CIVIA’KUBATH
TaKue CKauKu, B oTjindue o1 Lo-perysspusaropa. Vcnosb3oBanue Lo-HOPMbI MOZKET 1IPU-
BOJIUTH K HeJIENIBIM pe3yJbTaTaM Ipu 00pabOTKe HCTOPUIECKHX JAHHBIX — «IeTTOMHCKIIT
METEOPHUT» eIl¢ He MPHIJIeTes, a HeKOTOpas J0JId ero TeMbl yzKe MOSIBHIACh B MOTOKE HO-
BOCTeil.

Oba peryJisipu3aTopa MOXKHO 3anucarh u Kak Gyukuio or ¢, u kak pynknuo or O.
B nepBoMm ciryuae BBOAMTCS MOJAJIbHOCTh MHTEPBAJIOB BpemeHu. Bo BTopom ciydae npu
00paboOTKe JOKYMEHTOB, OTHOCSIIUXCA K UHTEPBAJIY 1, MPHJETCSI 00eCHednBaTh JIOCTYII

o8



K BEKTOP-CTO/I0maM Oy JJOKyMEHTOB, OTHOCAIIMUXCA K COCeHUM nHTepBaam ¢ + 1. TexHu-

4eCKHM 9TO MeHee yJ100HO, I09TOMY Oy/eM pacCMaTpUBaTh TOJILKO LepBblil BapUaHT.
Pacemorpum B Gosiee o0meM BHAE 3a0a9y MyJLTHMOJAJLHOIO TeMATHYECKOTO MOJIe-

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

Z Tmz Z N angothtd—i-R((I),@ Z}R (P, @)} — Igaéx (47)

meM deD weWm teT jeJ
1pu OOBIYHBIX OIPAHUYEHHSIX HEOTPUIATeSbHOCTH 1 HOpMHUPOBKH (40).

Teopema 9.3. Ilycrs ¢pyukuun R(®,0) u R;(P,©) menpeprrsro gudepennnpyeMs.
Torna rouka (P, ©) JokaspHOroO 9KCcTpeMyma 3aaaqn (47) ¢ orpanmaenusivu (40) yaosiie-
TBODSIET CHCTEME YDABHEHHUIT CO BCIIOMOraTeTbHBIME TEPEMEHHBIMH Py, = p(t|d, w), ecim
U3 pelleHHs] HCKJIYHTh HyJIeBbie cToJiomnp Marpur ©, ©:

Praw = 00T (Purbra); (48)
OR;
Pwt = Bg{a/mm (nwt + (pwta — Puwt Z Slgﬂ 890101&) (49)
8R
Ora = norj{n (ntd + Qtd — Oia Z sign(R i3 9td> (50)

e sign(z) = [z > 0] — [z < 0], BeIpazkenust jist Ny 1 Nyg 1€ 2k€, 910 B (42)—(43).

B cuny mHernajkoctu dyHKIHOHAIA JIEMMa O MAKCUMHU3AIUKA HA €UHAYIHBIX CHMILICK-
cax HEHOCPEJCTBEHHO HEIMPUMEHUMa. JTa HPpod/ieMa 0OXOUTCs BBEIEHUEM JIOMOTHUTE b
HbIX HEOTPULATE/IbHBIX HEPEMEHHbIX ,0;’ U P}, YJOBJIETBOPAIONIMX CUCTEME OrpaHuyveHuii
|R;(®,0)] =p] +p; u R;(P,0)= ,0; — p; - B pesyabrare peryngpusosanubiit Kpure-
puil CTAaHOBHUTCS TVIAJIKUM, UTO IO3BOJIAET MPUMEHUTH K 3aja4e ycaousa Kapyma—Kyna—
Takkepa. JlokazaTeabcTBO MOKHO HaiiTu B padore H. B. JloiikoBa?.

[Ipu BBeeHun peryrsapuzaropa Re., (P) dopmyna M-mara 1 MOIATBHOCTH BpEMEHH
HPUHUMAET CJIe/LYIOIIUI BUL:

it = norm (nit — Terntpit (sign (@i — i—14) + sign(pi — 90i+1,t))). (51)

Perysisipuzarop Rep,; CrilazuBaer BpeMeHHON psjl @, = p(i|t) B KaxK 0l TOUKe 10 OT-
HOIICHHIO K COCEHIM TOYKAM CJIeBa U cupaBa. Eciu 3Hadenne ©;; CTAHOBATCS BBILIE 0O0MX
COCEIHUX ;11 ¢, TO PEIYASPH3ATOD YMEHDBIIACT €ro; eCoH HUXKe, TO, HA00OPOT, yBEINIn-
Baer. Ecin 3nauenune p;; nonajgaer Mexk/ly HUMHU, TO OHO HE W3MEHSIeTCs.

2 Jlo#ikos H. B. AmanTuBHAa perynapHu3allis BepOITHOCTHLIX TeMATHIeCKIX Moeel. BeImyckHas KBa-
mudukanuonnaa pabora dakasaspa, BMK MIY, 2015.
http://www.Machinelearning.ru/wiki/images/9/9f/2015_417 _DoykovNV.pdf
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BbiBoabl no rnaee

Beenenne mogasbHOCTEN — TPOCTOE, HO MOITHOE ODODOIIEHNEe TeMAaTHIeCKIX MOJIe-
jieit. OHO 1O3BOJISIET HCIOJIB30BATH TEKCTOBBIE JTAHHBIE COBMECTHO C PAa3HOTHUITHO
JIONOJIHUTE/IbHOM nH(pOpManueit.

MynbTus3praabie 1 TEMIOPAJIbHBIE MOJEN SIBJIAIOTCS YaCTHBIMU CIyJIasiMi MYJIbTHU-
MOJIQJIBHBIX, HO MOI'YT TPebOBaTh JOIOJHUTEIbHON clienuUuIHON pery/isapu3aiym.

B TpéxmaTpuuHbIX TeMaTHIECKIX MO/IeJISAX C aBTOPAMHU UJIA KATerOpusaMHI He TOJIbKO
BBOJIATCS HOBBIE MOJIAJIBHOCTH, HO I MEHAETCA CTPYKTYpPa MAaTPAYHOIO Pa3JIOZKEHUS].

Bo Bcex stux momudukamusx EM-agaropurM j1erko BBIBOJIUTCS II0 JIEMMe O MaKCH-
MHU3aIUHA Ha €TUHIIHLIX CHMILIEKCAX.

Beca momanbHOCTEl, KaK 1 KOI(MDMUIUEHTHI peryIapu3aliii, IPUXOJIUTCA MOI0UPATh
B 9KCIIEPUMEHTAX 110 BIOPAHHBIM KPUTEPHUSIM.

Jlaiee MbI yBUJIHUM €IIEé MHOT'O IPUMEPOB UCIOJIb30BaHUd MOJAJIbHOCTEH /i hop-
MaJII3anuu TpeOOBaHUi K TeMAaTHIEeCKON MO,
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10 MopgennpoBaHue TpPpaH3aKLMOHHbIX AAaHHbIX

OObIYHBIE TEMATUYIECKUE MOJIE/IA TEKCTOBBIX KOJIIEKIIHH OIMMCHIBAIOT BXOXK/ICHHS CJIOB
B JIOKYMEHTBI. MyIbTHMO/Ia/IbHbIE MO/ OIIUCHIBAIOT JIOKYMEHTBI, B KOTOPBIX COJIepzKaT-
Csl TEPMbI PA3JIMIHBIX MOJIAJIBLHOCTEI: CJI0Ba, TEr'n, aBTOPbI, U T. 1. BO Bcex 3Tux cjydasx
MO/I€/Ib ONUCBHIBAET MAPHbIE B3aUMOJIEHCTBHS MEXKJIy JIOKyMeHTaMu u Tepmamvu. B Oosiee
CJIOZKHBIX HPUJIOKEHUSIX MCXOJHbIE JAHHBIE MOI'YT OLHHMCBHIBATH TPAH3AKIUH (OTHOIIEHHS,
B3aUMOCBSI3U, B3AUMOJIEHCTBUS) MKy TpeMs U 0ojiee 00bEKTAMU PA3IUIHBIX MO/Ab-
Hocreii. Hanpumep, B ceTn HHTepHET-peKJIaMbl «II0JIb30BaTe/Ib U KJIUKHYJ 00bsaB/IeHne b
HA CTPAHUIE S»; B CONUAJBHOW CETU <IOJIb30BATE/b U HAMUCAJ CJAOBO W HA CTPAHUIE
oJtora d»; B ceTH MPO/IaXkK «HMOKyHATe b b KyIu/I y HPOJABIA S TOBAP ¢»; B HACCAXKUPCKUX
ABUAIIEPEBO3KAX «KJIMEHT U BBbLIETEJ U3 adPOIOPTa T B adPOLOPT Y CAMOJIETOM aBHAKOM-
HAaHUKA (»; B PEKOMEHJIATEIbHOI CHCTeMe <«KJIHEHT U ONeHWT (BuibM f B CHTYaTHBHOM
KOHTeKcTe s». Emé oanoit MoIaIbHOCTHIO MOXKET ObITh JaTa U BpeMs TPAaH3aKIIUHU.

Bo Bcex npuBeI@HHBIX HMpuMepax TpaH3aKIUs HECKOJbKUX 00bEKTOB HE MOXKET ObITb
cBejleHa K HapHbIM B3auMmoJieiicTBusiM. [lornbiTka UCK/II0YeHus J100010 00'beKTa 13 TpaH-
3aKIUK MPUBOJIUT K yTpare BaxKHOU dactu wHMOpManuu. OJHAKO BO3MOXKHBI U TAKUE
CUTYyalli¥, KOTJIa TpaH3aKIUs paclajaercd Ha mapel. Hampumep, B cucreMe pekoMeH/1a-
Uil My3bIKH TPAH3aKIHA «TPEK 7" UCIOJHUTEIS ¢ HAXOJIUTCHA B aJabOOMe d, BBIIIE/IIIeM
B IO/l Y» ONUCHIBAETCsI, KA3aJI0Ch Obl, 9eTBEPKOIl 00beKTOB (7, a, d,y). OaHAaKO OHa pac-
najiaercs Ha naphbie B3aumocsssu (d,r), (d,a), (d,y), B KOTOPbIX aJb0OMbI UIPAIOT POJIb
JIOKyMeHTOB. Takue JaHubie MOrYT ObITH OIMCAHBI OOBITHOI MYJIBTUMOIAJIBHON MOJIE/BIO.

JInsg TeMaTHYecKoro MOJIe/UpPOBaHUS TPAH3aKIIMOHHBIX JAHHBIX Y/JIOOHO IOHATHE I'd-
neprpada. 'uneprpad obobmiaer nongrue rpada 1 OTIXIACTCA OT HEr0 TeM, 9T0 pedpaMu
B HEM MOryT OBITh HE TOJILKO Iapbl BEPIINH, HO M IIOJMHOXKECTBa U3 TPEX U OoJiee Bep-
. Beprimaer rutieprpada cooTBeTCTBYIOT TePMaM Pa3/IndHbIX MOJAIbHOCTEM, pedpa —
TPpaH3aKIUsIM. 3a/1a9a 3aK/JI0YAETC B TOM, 9TO0BI 110 Ha0/110/1aeMOil BEIOOPKE TpaH3aKIuit
BOCCTAHOBUTH HEU3BECTHbIE TeMaTuveckue pacupejeenus sepiun p(t|v). [peanonara-
eTcs, YTO BEPOATHOCTH TPAH3AKIIUU TeM BBIIIE, YeM 0oJiee CX0KU TeMATHKH €€ BepPIIIHH.

B mpoekTe BigARTM peam3oBaHa onnucaHHasd HIZKe THIeprpadoBas TeMaTHuIecKasd MO-
JIe/Ib TPAH3AKIIMOHHBIX JAHHBIX.

TemaTtunyeckne mogenu Ha runeprpadax. [unepzpag I' = (V, E) oupejessiercss MHO-
JKECTBOM BepIIH-TepMoB V' 1 MHOZKecTBOM pébep (rpansaxiuit) E. Kaxoe pedpo e uz E
obpasyercs IIOMHOKECTBOM BepuiuH, e C V.

Kaxgag Bepmmuaa v € V' umeer modasvrocms m = p(v) W3 KOHEIHOTO MHOXKECTBA,
mozasibHocTeit M. MHOkKecTBO Beex BepliMH pa30uBaeTcsi Ha HElepeceKaronuecs oji-
MHOzKeCTBa 110 MOAAJIbHOCTAM:

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

meM

Hanpumep, B 0ObIYHBIX TEMATUYECKUX MOJIEJISX €CTh TOJIBKO JIBE€ MOJAJIbHOCTU: JIOKY-
MenTbl Vi = D u repmbl Vo = W kaxjias TpaH3aKIys 1IPEJICTAB/ISIETCS peOPOM U3 JIBYX
BepuiuH € = (d, w) u OIUCHIBAET BXOXKIeHUue TepMa w B JoKyMeHT d. [Tpu srom runeprpad
ABJIETCA BYI0JBHBIM TpadoMm.

B 6ostee c10KHBIX TPUIOYKEHAAX TPAH3aKIIUU MOTYT UMeTh pa3iandHbie Tunbl. Hampn-
Mep, B CETU MHTEPHeT-PeK/IaMbl, KPOMe JaHHbIX THla (U, b, $) O KJIMKaX H0Jb30BaTe el U
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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.

110 0ObsABICHUAM b HA CTPAHMIAX S, MOI'YT UMEThCs JIAHHbBIE O MOCEIEHUsIX CTPAHUIL 110J1b-
3o0BaTesIsIME (U, S), O COJEPKAHUU TePMOB W B TeKcTaxX 00bsiBjienuii (b, w), crpanui (s, w)
¥ 3aI1POCOB 1oJIb30BaTeieil (u, w).

[Tycrh 3aaH0 MHOKECTBO TUIOB Tpau3akiuii K. Tpansakxyuontoe dannvie Tana 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 € Ej BXoauT B BBIOOPKY
Nke Pa3, U C KazKJbIM BXOXKIeHUMEM pedpa CBsi3aHa CBOg JarTeHTHas Tema t € T

Ha puc. 15 nokasan npumep runeprpacda ¢ Bepiuimnamu Tpéx MoJiajibHOCTel, pébpaMu-
TPAH3aKIUAME [IATH THIOB M IIATHIO TEMAMH.

Byaewm mosarath, 9T0 B KazK/10i TpaH3aKIuu e € F MMeeTCst OHA BbIIETeHHAs BEPIITH-
Ha d, Ha3bBaeMas KoHmelnepom, u obo3Hadarb pebpo uepes € = (d, x), rjae £ — MHOXKe-
CTBO BCEX OCTAJIbHBIX BePIIMH pebpa €, 3a MCKJIIOYEeHUEM BepIIuHb-KoHTeiinepa, d. AnaJio-
I'MYHO JIOKYMEHTY, ¢ KOHTelHepoM CBs3aHO pacupejeserue reM p(t|d). MuoxecTtBo Beex
BePIINH-KOHTeHHEPOB 0003HaYuM depe3 .

Hasee mpeanosiokuM, 9to HE pacipejenenus teM p(t|d) B koureitnepe d, Hu pacmpe-
JleJieHns BepIinH B TeMax p(v|t) He 3aBucar ot tuna pebpa k. Kaszamoch Obl, Ha IPAKTHKE
9TO HPE/IIIOJI0KEHNE MOYKET He BBIIOJHATHCs. Hanpumep, pacupe/iesienus CJI0B B TEKCTaxX
BEO-CTPAHUIL, B I0JIb30BATEILCKUX 3aIIPOCAX U B PEKJAMHBIX DaHHEPAX MOIYT 3HAYUMO
pasIMuaThCsa i OAHON U Toi »Ke Tembl. OJHAKO 3TO OrpaHHYeHHe HeTpYIHO 0OOHTH,
eCJIM TIOCTPOUTH MOJIETb C TPeMsl PA3HBIMU MOJAJIbHOCTAME CJIOB JIJIsl 3THX TPEX THUIIOB
rpar3akiuii. Cienarh 3TU pacipeieeHus MOX0KUMI MOXKHO C IIOMOIIBIO PErYJISPU3AIUN.

Hakonen, BBeIEM IruIOTE3y YCJIOBHOI HE3aBMCUMOCTH BEPIIMH U, OPOZKJAAEMbBIX OJHUM
u rem ke pebpom (d, x):

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

vET

[Ipu cieIaHHbIX JOMYTIEHUSX IPOIECE MopoKaeHus pebpa (d, ) € Ej, coctout u3 1Byx
maros. CHavgasa mopoxkaaercs tema © u3 pacupeieienus p(t|d). 3arem mopoxgaercs
MHOKeCTBO BepuH x C V, IpuuéM Kazkasd BepUIMHA U € T MOJAJLHOCTH 17 HOPOXK JaeT-
Csl HE3ABUCUMO OT JIPYTUX BEPIIMH U3 CBOEro pacupejesenus p(v|t) HaJl MHOKECTBOM V.

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

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

teT VET teT vET
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[Tapamerpamu 39TOit MOJEIN SIBJISIIOTCS YCJIOBHBIE BEPOSTHOCTH BEPHIMH B TeMax
Yot = p(v|t), HOpMUDPOBAHHBIE 110 KAXKI0# MOJAJBHOCTH U € V. 1 YCJIOBHBIE BEDOSTHOCTH
TeM B KoHTeiiHepax 0y = p(t|d). B Marpudnbix 0003HAYEHUAX MApAMETPAMU SIBJISIFOTCS
marputbl $,,, m € M u ©, Kak u B caydae MyJIbTHMOJAIbHOl TeMaTnaeckoii Moaenn (39).

['uneprpadoBas MoJenb ABJIAETCS IMHPOKUM ODOOIEHHEM OOBIYHBIX TeMATHIECKHX
mogesteit. B gactHoctu, ona nepexomaur B PLSA B ciyuae, Korma MomaJbHOCTEH 1Be —
JokymenTbl V) = D u repmbl Vo = W, tun pébep rosibko oaun — uapbt (d,w) € D x W,
B KOTOPBIX JIOKYMEHTBI d SBJIAIOTCA KOHTEHEepaMHU.

MineprpadoBbii EM-anroputm. [l oneHuBaHusl HApaMeTPOB MOJEJH HPUMEHUM
HPUHIMII MaKCUMyMa IIPaBJONoA00usd. ByjaeM MaKCHMH3MpPOBAThL CYMMYy JiorapudMoB
IPAB/IONOA00Ks 0 BeeM TumaM pébep k ¢ Becamu Ty, u peryaspusaropom R(P, ©):

Z Tk Z Npdz 1N (Z O1a H %t) + R(®,0) — max; (52)

keK dxeEy, teT vET

Z‘Pvtzla Our 2 0; Zﬁtdzl, 0a = 0.

vEVm teT

Teopema 10.1. Ilycrp ¢pyaknus R(P,O) menpepsiBro augdepennupyema. Touka Jio-
kagpHOro Makcumyma (P, 0) zazaum (52) ygopierBopsier cucreMe ypaBHEHHIl OTHOCH-
TeJIbHO MAPAMETPOB MOJAEIH Py, Oig M BCHOMOraTe/IbHbIX IIEPEMEHHBIX Dy, = p(t|d, ),
€cJIi U3 PeIlleHusi HCKJIIOIATh HyJieBbie cTo10pr matpui] ,,, O:

Prdz = 1OIM (9td H Sovt) ; (53)

veET

OR
#u = norm (nvt g ) n =Y Y [v € 2] TnkaaPra; (54)
vEYm Pt kCK dzcEy
OR
O = norTm (ntd + thae ) Ngg = Z Z TN kdxPtda - (55)
td keK dzcEy

dokazareabcTBO. Bocnoab3dyeMces geMMoil 3.2 0 MAKCUMU3AIUN HA € TAHIIHBIX CAM-
ILIEKCAX, BBIJETHB BCIOMOTATEIbHBIE [IEPEMEHHBIE Pyig,, ONpeneaeHube B (53):

OR
Pt = l;l)g%n/gl ((pvt Z Tk Z nkdm ‘d) 8(,0 . H Put + Pot 8901;15) —

k€K  dzcEy

OR
e €T E X v
nvg%"/fnn(z Z TeMkde [V € T]Ptde + ¢ ta%t>

keK dxeEy,
0;qg = norm | 04 Z Tk Z Nkd H Oot + Ora=— O
teT “p \d v 00:4
k€K  zed
8R
= norm (Z Z TkNkdzPtdz + Otam7— a6, )
keK xed

Teopema JjiokazaHa.
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Twunbl TpaH3akumMii N ux BecoBble KO3(hdurumneHTbl. B onucanHoit Mo/ HET HUKA-
KUX OI'PAaHUYEHUIT Ha TO, KAKUM 0Opa30M TpaH3aKIMU I'PYHIUPYIOTC 110 TuiiaMm. JIodas
TpaH3aKIusd, He3aBUCUMO OT THUIA, MOXKET CO/epyKaTh JII00Oe YHCJIO0 TEPMOB JIFOOBIX MO-
naiapHOCTelt. Ha mpakTuke y700HO OTHOCUTH K OJHOMY THILY BCe TPAH3aKIHH, HMEOIIne
o01Iee MPOUCXoXKaeHne u cTpyKTypy. OaHako bopMaIbHO TAKOTO OrDAHUYEHUs HeET.

Becosbie ko3 duiierTsl T, 103BOJILIOT €OAJIAHCUPOBATH MOJIEJ/Ib C YUETOM KOJIMYECTBaA
Tpan3akiuii B BbIOOpKax | Ey|. Yem GoJiblie Ty, TeM CHjibHEe TPAH3AKIUU TUILA K HOBIUAIOT
Ha MOJIETb.

B HekoTOpHIX 3a/1a9axX ONpe/eIéHHbIe TUIIbI TPAH3AKII He JOJIZKHBI BIUATH HA TeMa-
THKY KOHTeitHepoB. Hampumep, B MyJbTHA3BIYHON MOJIEIN MOYXKeT OBITh BBIODAH OJUH
[JIABHBINA 3bIK, OIPEIE/ISIONUIl TeMATHKY MHOIOSI3bIYHOIO JIOKYMEHTA, OJIHAKO TeMbl
JIOJIZKHBI TIOJIyYUTHh CBOU PACIPE/IEIeHUs] CJIOB B KayK/JOM si3biKe. B Takom ciyuae Jijist
CJIOB IVIABHOT'O $I3bIKA BBOJUTCH BECOBOW KOIMMUIMEHT Tk, HA IOPJIKU [IPEBbIITAIONIUT
BecoBbIe KO3 MUIUEHTHI CTTOB OCTATBHBIX A3bIKOB. [pyroit mpuMmep: B peKoMeHIaTeTbHO
cucTeMe MY3bIKaJbHbIe TPEeKH JOJIZKHBl BJIUATHL HA TeMbl, €CJTM OHU HAXOAATCH B ILTEi-
JILCTAaX 10JIb30BaTe e, HO He B ajibboMax ucrtojinureseil. Temaruka ajabOOMOB JIOJIZKHA
OLIPEJIeJIATBCS UCXO/Id U3 NPEeIIOYTeHHI 110/1b30BaTes e, Ho e Haobopor. [losromy Beca
TPEKOB B ILIEH-JIMCTAX JIOJKHBI HA IIOPs/IKU IIPEBBIIATH BECA TPEKOB B ajibOOMax.

Mineprpad)oBbie Mogenun gns pekomeHpatenbHbix cuctem. [lycrb umeercss Koned-
HOe MHOKECTBO KJIHEHTOB I moJb3oBareseii U (users) u KOHEYHOE MHOYKECTBO 0ObEK-
TOB wir ToBapoB I (items), OTHOCHTENbHO KOTOPHIX ¥ KJIHEHTOB MOTYT ObITh Pa3IHIHbIE
IpeIIOYTeHns, BKYChl UJIA HHTepechbl. BeposdATHOCTHAS TeMaTHIecKas MOJeIb PeKOMeH/1a-
TEeJbHOM CHCTEeMbI IPE/ICKA3bIBAET LPE/IIOUYTEHUS KJINEHTOB:

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

teT

Ona 9KBUBAJIEHTHA TEMATHIECKON MOJIETH TEKCTOBON KOJIEKIIUU C TOYHOCTHIO /10 3aMEHbI
TEPMUHOJIOTUU: «JTOKYMEHTHI — KJIHEHTBI», «CJI0BA — OODBEKTBI», «T€Mbl — HHTEPECHI».
WcxopabiMu JAHHBIMA SIBJISIIOTCS CIETIUKHU 7,7, OMUCHIBAIONIME YACTOTY HUCHOJIB30BAHUS
00beKTa § KJAMEHTOM u. B 3aBUCUMOCTH OT MPUJIOKEHUS ITO MOIYT ObITH MOKYIIKH, [TOCE-
HeHusi, oOpalenns, Jaifku u T. 1.

B pekomengaTe/ibHBIX CHCTEMAX CYIIECTBYeT IMpob/IeMa «XOJIOJHOIO CTapTay: HOBOMY
KJIHEHTY HeYero MmopeKOMeHI0BATD, IIOCKOJIbKY MbI HE HMeeM UCTOPUU €ro HIPeIovITeHni;
TAK2Ke W HOBBIIl TOBAP HEKOMY HOPEKOMEH/I0BATD, IIOCKOJIbKY €r0 eI¢ HUKTO He BhIOUpa.I.
st perenust 910l nPOOJIEMBI IPUBJIEKAIOTCS JOMOJTHUTEIbHBIE JAHHBIE O KJIMEHTAX WU
obbekTax. B yactHOCTH, 3170 MOIYT ObITH OMHAPHbBIE JIAHHBIE 71,, O HAJUYUU Y KJIUEHTA U
arpubyTa @ U3 33[AHHOI0 KOHEYHOI'O MHOXKeCTBa A WM JAHHDLIE N, O HAJUYUUL Y 00bHEeK-
Ta ¢ cBOCcTBa b M3 33JaHHOI0 KOHEYHOro MHOZKecTBa B. Hanpumep, 00beKTbI MOTYT UMETh
TEKCTOBBIE OIKMCAHUS, U TOIIa B — 9TO CJIOBAPh TEPMHUHOB, UCIIO/Ib3YEMbIX B 3THX OIUCA-
HusX. Takue peKOMeH/IaTe/IbHbIe CUCTEMbI HA3bIBAIOTCS, COOTBETCTBEHHO, YUNTHIBAIOIIU-
mu arpubyThl (attribute-aware) u yuursiBatommmu KouTeHT (content-aware). OHu 103B0-
JISTIOT OIIPEIe/IATh TeMATHIeCKHe BEKTOPLI KJIHEHTOB U OOBEKTOB /lazkKe TOT/a, KOIJia Io
HUM HET OCHOBHBIX JAHHBIX O MPEIIOYTEHUAX M, B KadecTBe HOMOJTHATETHHBIX JAHHBIX
MOTYT TAKK€ UCIIO/Ib30BATHCS COBETHI KJUEHTOB JIPYT JAPYTrYy. DTO HMOIMAPHBIE B3aUMO/IEi-
CTBUS MEXK/Iy KJIMEHTAMU T, WA JaHHble O jgoBepuu (trust-aware). Urak, B 3amaue
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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.

nosiBJIsieTcst yxke dersipe mojasbHoctu U, [, A, B, MexXy sjieMeHTaMu KOTOPBIX HA0JII0-
JIAIOTCH 1apHble B3auMoJieiicTBus. Bo3MOXKHBI U TPOIHbIE B3aUMOJIEHCTBUS, HAIIPUMED,
Nyip — KJAUEHT U TErupoBajl 00beKT ¢ cBOHCTBOM b.

[Ipenmourenns KJIMEHTOB MOTYT H3MEHSATHCSA CO BpeMeHeM HJIM 3aBUCETb OT CUTYa-
THBHOIO KOHTEKCTa: MOKYIKa JJIsd cels, I oduca Win B MOAAPOK; TPOCMOTD DUIbMa
C JIpy3bsiMH, C HOJPYIO#l uju ¢ JjierbMu U T. 1. s yuéra rakoit uudopmanum BBOISATCS
emé JBe MOJAJIbHOCTH: MHOXKeCTBO curyanuit C' ¥ MHOXKECTBO MHTEDPBAJIOB BpemeHu .J.
BzaumojeiicTBusg MeKiy HUMH MOI'YT OHUCBIBATHCHA 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, YIUTHIBAIONIUME KOHTEKCT (context-aware) u y9IuTHIBAIOIHMHA BPEMsI
(time-aware), cm. puc. 16.

CummeTpusoBaHHbie runeprpacgoBbie MOAEN HOAXOAAT JJisd 33434, B KOTOPbIX CO-
JIepzKIMO€e KOHTEHHEePOB MOXKEeT M3MEeHSAThbCdA. B TeKCTOBBIX KOJIEKIHUAX JOKYMEHTHI I10-
ABJISIOTCS TEJTUKOM U B JajibHeiinieM He MeHsioTcda. COBEpIIEHHO WHAasl CHTYyallus B pe-
KOMEeH IaTe/IbHbIX cucTteMax. T'paH3akiius «I0/1b30BaTe/lb U BbIOPAJ TOBAp ¢» Ha HEPBbIil
B3IVId/J aHaJIO'MYHA TPaH3aKIUU <JIOKYMEHT d CoOAepzKUT CJIOBO W». PaB.HI/ILII/Ie B TOM,
4TO JOKYMEHT CTaTU4Y€H, TOI'Jd KaK Yy KazKA0I'0 1I0JIb30BaTeJ/Id MO2KET paCTu MHOzKECTBO
BBIODAHHBIX TOBApPOB, a y KazKJI0r0 TOBapa — MHOYKECTBO BBIOPABIIUX €ro I0/Ib30BaTe-
Jieit. KTo B TakoM cjiydae JIOJI2KeH UTpaTh poJib KOHTeiiHepa — TOBap WU I0JIb30BATEb !
To u jpyroe Hey106HO ¢ TOUKHU 3peHusd nakerHoro EM-aaropurma; ropasio ecrecTBeHHee
Ob1J10 ObI (hOPMUPOBATH MAKETHI 110 BPEMEHHU HOCTYIIJIEHUS JIaHHbIX.

Bynem cuurarb, uro B pédbpax runeprpada r C V HeT HUKAKOU BbIJIEJEHHOI BepIiiiu-
HbI-KOHTelHepa. /g remepanuu pebpa cHada/a MOPOKIAETCA TeMa t U3 pacipe/ie/IeHus
7 = p(t), ob1Iero Jjist Beeli KOJUTEKINH, 3aTeM BEPIIUHBL ¥ € T TOPOXK/IAIOTCA HE3aBUCHMO
JPYT OT Jpyra U3 pacupeenenuii ¢, = p(v|t) vag MogaapHOCTIME Vi),

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

Bo3MOKeH TakzKe BAPHAHT, KOTJa TeMa, ¢ HOPOKIAeTCs U3 pacupeienerus Ty = pi(t),
o0I1Iero 1 BceX TpaH3aKIuii JanHoro tumna k. Mbl He Oy/ieM paccMaTpuBaTh STOT CIYJaii,
IMOCKOJIBKY OH JIEI'KO PACIUCHIBAECTCS 110 aHAJOIUH.
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[Iycrs E), — naburomaemast BBIOOpKa pEOep-TpaH3akiuil Tuna k, Ny, — YUCIO0 Ha-
buitosiennit pedpa x B BbiOOpKe Ej. Bpinuiem 3a/iauy MaKCUMU3AIUU Perysispu30BaHHOTO
IPaBAONOI00Us TPU OOBIYHBIX OTPAHUYEHNSX HOPMUPOBKH W HEOTPHIATEIbHOCTH:

ZTk anx In ZﬁtH%t + R(®,7) — max; (56)

, 7T

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

Teopema 10.2. Ilycrs ¢yukmus R(P, ) menpepsiBro muchgepenmupyeva. Touka Jio-
kaspHOro Makcumyma (P, ) 3agaqn (56) yaosaerBopsier cucreMe ypaBHEHH OTHOCHTEb-
HO HApaMeTPOB MOJIE/H Py, Ty U BCHOMOIATEJIbHBIX MEPEMEHHBIX Py, = p(t|x), ecim u3
PeIIeHHs] HCKJIIOYUTH HYyJIeBble cTo01bl MaTpuil P, :

Prw = nOTIO{ T Hsovt : (57)
vET
OR
Pot = DO%"/ITI Nyt + QOvta— ; Nyt = Z Z [U € fL’] TN kaPtx; (58)
vEYm Pt keK zeby,
OR
¢ ntoerTm ng + o, ny ];{mgb;k TNk Pt (59)

Jlokazare/ibCTBO, KAK U B CJIydae HPe/iblLYIIENl TeOpeMbl, IIPOBOJUTC 110 JIEMME O MaK-
CUMHU3allM1 Ha €IMHUYIHbIX CHUMIIJIEKCAaX.

B BigARTM Takasd Moje/b HEIIOCPEICTBeHHO He peasiu30BaHa, HO €€ HeTPYIHO ¢ XOpo-
el TOYHOCTBIO CUMYIUPOBATD. /lJId 3TOTO cuMMeTpu30BaHHbIe TPAH3AKIIAY, HEe TMEOTITe
KOHTeifHepa, cOOUpaloTcsd B MCEBIO-KOHTEHHEePhbl d IPOU3BOJIBHBIM 00pa30M; UX CUETUUKH
Ntq AKKYMYJIMDYIOTCA: Ty = Zd Ntq, 1 HAKOILJICHHbIC CYMMbl UCHOJIb3YIOTCA AJid CUJIbHOI'O
CIVIA’KMBAHUs BCEX CTOJOIOB MaTpuipl © B cTOpOHY 0011ero BeKropa (ny).

TpaH3akyumn C rNaBHbIMU U NOAYUHEHHBIMU TepmamMin. IIpeamonoKum, 9To KazKaas
TpaH3aKIUd COCTOUT U3 JIBYX HelepeceKalolmuXcs MOAMHOKeCTB TepMos: L a’. [Tomvmuo-
KECTBO 2A06HLLT MEPMOE T olpejessier reMaruky rpansakuuu p(t|x,z') = p(t|x), ko-
TOpas 3aTeM HepejadTcs IOAMHOMKECTBY NOOYUHEHHBL MEPMOE6 T'. DTO UPEAIION0KEHHE
MOZKHO BBOJIUTDH KaK JIjIsi CAMMETPHU30BAHHBIX MOJe/I€ell ¢ Tpan3akuuamMu Buga e = (x, '),
TaK | st MOJesIell ¢ KOHTeliHepHbIME TpaH3akmusamu e = (d, z,x').

Hanpumep, K 6aHKOBCKON TpaH3aKIUH <IIOKyIIaTeIb b KYyIUI y IPOJABIA S TOBAp §»
MOzKET IIpuJiararbCd TEeKCT H.HaTé)KHOFO IIOpYy4€HUA. OH HE JOJI2KEH BJIMATbD Ha TeMaTUKY
TpaH3aKIUU, KOTOPasd olpeje/rdercd 9KOHOMUYECKOI AedAdTeJIbHOCTbIO IPpOJaBlIa U HOKY-
narend. TepMmel b, s, g ABIAIOTCA TJIABHLIMH, a CJI0BA U3 IUIATEKHOTO HOPYYeHUA — IOJI-
YUHEHHBIMA. [IPOCTO HIHOPUPOBATEL 9TH TEKCTHI HE XOTEJI0CH Obl, TAK KaK PACIpe/Ie/IeHAs
c10B p(w | t) MOTE3HBI /IS COMEPKATENbHOII HHTEPIPETAIIME T€M KAK BUJIOB JIEATETbHOCTH
KOMITAHU{T. 3aMETUM TaKzKe, 9T0 DAHKOBCKHE TPAH3AKIMH HE SIBJIAIOTCS KOHTEITHEPHBIMH,
IIOCKOJIbKY KOHTpal'€HTbl IIOCTOAHHO OCYIIECTBJIAIOT HOBbIC CIAECJIKHU.

Cpaenaem em@ oxun nrar B 0000menun runerpadoBoil remarndeckoii mogean. By-
JIeM [OJIaraTh, 4TO KOJLIeKIUs E CONep:KUT KaK KOHTeiiHepHble, TaK U CHMMeTPU30BaH-
Hble TpaH3aknuu. Hammume konTeiinepa d y TpaH3akunuu OyneM 0GO3HAYATL YCJIOBHEM
le = (d,z,2")], a orcyrcrBHe KOHTEiHEpA — ycuoBueM [e = (z,2')].
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Monudukanus EM-anaropurma o6beaunsier koureitnepusiii Bapuant (53)—(55) u cum-
MerpusoBaunblit Bapuant (57)—(59):

Pte = DOTM <[e = (d,z,2")]0 + [e = (, x')]m) H ot |;

teT
vET
OR
Yot = NOrmM | Nyt + Yot =—— |; Nyt = g E [U c 6] TiMkePte;
veEVm 8(,01;15
keK ecE,
OR
/
0iq = norm | nyg + Og—— |; Npg = E E [e = (d,x, x )]Tknkepte;
teT 89td
keEK e€FEy
OR /
Ty =norm| Ny + T |; ng = E E [e = (JE,I )]Tknkepte-
tel 87Tt
keK e€FEy

OcHoBHas MojuduKanus Kacaerca E-mmara: ecin TpaH3aKIusg € OTHOCHTCA K KOHTeji-
Hepy d, To ucnojb3yercs pacupesenerue p(t|d) = 0,4, eciiu xKe OHa He OTHOCUTCH HU K OJI-
HOMY KOHTEHHEpY, TO MCIOJIb3yeTcs pacupeienenue p(t) = m;, obuiee s BCeX TPaH3aK-
uuii. B oboux BapuaHTax B pe3y/ibTare MOJyYaeTCs PACIpPeJeIeHie TeM /I TPaH3aKIUuI
p(t|e) = pie, KOTOPOE 3aTEM HCIOIB3YeTCs BO Beex (opmyaax M-mmara.

MneprpadyoBbie s3bIkoBble Mogenu. B TekcTax ecTeCTBEHHOIO s3bIKa peOpoM IHIep-
rpacda (TpaH3akIueii) MOKHO CYUTATH JIIOOOE MOJAMHOYKECTBO CJIOB, IIPE/IOJI0KUTETHHO
PeHepUpyeMbIX OJIHOi 00Ielt Temoil u3 pacupeenenus p(t|d). D1o moryT GbITH CI0Ba,
CBSI3aHHBIE CHUHTAKCHMYECKH — IIpejiioykeHune, ¢pasa, cjaoBocoderanue, cuHrarma. JIunbo
CJIOBA, CBSI3aHHbIE JIEKCHYECKU, HAIIPUMED, Te3ayPYCHbIMU OTHOLIeHUsIMU |14| cuHOHMMuY,
«4acThb-IesIoey, «obmiee—dactaoes. Vcnosip30Banne Takoro poja CBA3eil MOXKHO CUUTATH
YXOJIOM OT THIIOTE3BI «MeIIKa CJI0B» — HaMMeHee PeAJUCTHIHOIO U HamboJiee KPUTUKYe-
MOTO IPE/IIOJI0KEHNST B BEPOITHOCTHOM TEMATHIECKOM MOJETHPOBAHU.

Mpbi BepHéMcst K 3T0# mjee B riiaBe 15, Korja OyjaeM paccMarpuBaTbh TeMaTUYECKHE
MOJIEJIM CBA3HOI'O TEKCTa. 3JECh K€ OTMETHM €CTECTBEHHYIO sI3bIKOBYIO HMHTEPIPETAIUIO
TpaH3aKHI/Iﬁ C I'NIaBHbBIMHU U HO,Z[LII/IHéHHbIMI/I TepMaMHu. F.HaBHbIe TEePpMbI OlIpeAe/IAI0T TeMa-
TUKY TPaH3aKIUu (HAIPUMED, OPeJJIOKeHus). B pou mOTIMHEHHBIX MOIYT BBICTYIATH
c0Ba, 0o0IIell JIeKCUKU W pejKue cjioBa. Bosee Toro, crnocob pa3duenns Kakmaoil TpaH-
sakiuu € = (d, x, x’) Ha MOJAMHOZXKeCTBa = U &' B TPAH3aKIMOHHON Mojesn He (DUKCHPOBAH
U MOZKET YTOYHATDHCA B XO/1€ I/ITepaHI/IfI. STO OTKPbIBa€T MaCCy UHTEPECHbIX BO3MOXKHOCTEN
AJid MOJECJIMPOBaHUA TEMATUKKU CJIOB BHYTPU Hpe,ZLJIO}KeHI/Ifl.

BbiBoabl no rnaee

e ['uneprpadosbie TemMarnyeckue MOJIE/JU — ITO MOIIHOE 0D0DIIEeHNe MYJIbTUMO/ A/ b-
HBIX Mojeseil. Emé cuibHee pacmupseTcsd KIacC pellaeMblX TPUKIATHBIX 3a71ad.

o HoBbiit 001Kt B31JIs1/1 HA TEMATHYECKOE MOJIEJIMPOBAHUE: 3TO BEKTOPU3AIMS BEPIIUH
rpacda uan rumneprpada 1mo Had/IogaeMoil BbIOopke ero pédep. OOBIYHBIN TeKCT —
9TO JIBYIOJIbHBII I'pad, B KOTOPOM BEPIIHHBI-CJIOBA COEJIMHEHBI pEOpaMU C BepIIn-
HAMH-/TOKYMEHTaMH.

e JleMma 0 MakcuMHU3AIUU HA €JIMHHYHBIX CHMILIEKCAX /1azKe B TAKOM, Ka3aJ0Ch ObI
JIOBOJIBHO CJIO?KHOM, 0DOOIIEHNH 1103BOJIN/IA JIerKO BhiBecTn EM-ajropurw.
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11 MogennpoBaHne 3aBUCNMOCTE

Temarudeckass MoJieb (GOPMUpPYET BEKTOpHOe omnucanue mokymenta p(t|d), koropoe
MOZKET OBITH HMCIOJIL30BAHO /I IPEJACKA3ATEIbHOI0 MOJCJUPOBAHUS, B YACTHOCTH, JIJId
perenus 3aa4 kiaccudukanuu u perpeccun Ha tekcrax. Kinaccudukanus (wim karero-
pU3aInus) peajnsyercs 0COOEHHO IIPOCTO, €CJIU KJIACCHI CYUTATh MOJAJBHOCTHIO.

Perpeccusi Ha TeKCTax NOKA3bIBAECT HPUMEP MHTEPECHOIO IIPUEMA, KOIJIA JONOJIHUTE b=
Hble TapaMeTpbl MoJie/u (K03bDhUIMeHTh THHEHHO MO/ PErPecCHi) MePecInThIBAOT-
¢ UTEPAIEOHHO MOCJIe KazKI0r0 Ipoxoaa KosuteKnuu. OueHnb MOX0XKUil IpHéM HCIOIb3Y-
erca u B mogesin CTM, koropast BbISIB/ISET IaAPHbIE KOPPEIAIUU MEXKJLY TEMaMHU.

TexHuKa, 4UCIOBBIX MOJAJIBLHOCTEH MCHOJIB3YETCS B TOM CJIy4ae, KO ¢ TEKCTOM CBsI-
3aHa HE OJ{HA YMCJIOBas BEJIMYMHA, KOTOPYIO HEOOX0AMMO HPEJACKA3ATH, & YUCJI0BAs TOC/Ie-
JIOBATEIBHOCTD, MOPOKIaeMas CMEChI0 HelIPEPBIBHLIX BEPOATHOCTHBIX PACIIPE/IeICHHIA.

Knaccudukaymsa. PaceMorpuM KoJLIEKIUIO JOKYMEHTOB ¢ MOJAJILHOCTAMU TepMOB W
u kjaccoB C. Jlst kax10ro qokymMenTa d n3BeCTHO HoAMHOZKeCTBO KjaccoB Cy C C. Tpe-
Oyercsa KjaaccuHUIUPOBATH HOBBIE MOKYMeHTHI ¢ Hem3BecTHbiMu Cy. /lasg sroro Oymem
HCIIOJTb30BATD AUHETHYI0 BEPOATNHOCTIHYIO MOJeAb KAGCCUPUKAUUY TOKYMEHTA MO ero
TEMaTUIeCKOMY BeKTOpY 09 = p(t|d):

pleld) = @b

teT

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

Koaddunuenrsr juneiinoit mojgenu o, = p(c|t) u noporu 7, 00y4arTcs 10 BbIOOPKe
JIOKYyMeHTOB ¢ n3BecTHBIME Cy. BeKTOp HOBOro JOKyMeHTa 6y BEIUNCISIETCS TeMaTHIeCKOi
MO/TEJIBIO TOJIBKO II0 €r0 TePMaM.

Temamuueckasn modeav kaaccupurayuu Dependency LDA [156] siBasiercs 6Gaitecos-
CKHM aHAJOrOM MyJIBTUMOJasIbHON Mojesan (38). Dkcuepuments B [156] mokazasm, 4to
TEeMaTUYECKUe MOJE/IU LHPEBOCXOAAT OObIYHBIE METO/Ibl MHOI'OKJIACCOBOI KJaccuuKauu
Ha OOJIBIINX TEKCTOBLIX KOJLIEKIUAX C OOJIBIINM IHCIOM HecOaTaHCHPOBAHHBIX, IIepeceKa-
FOIIUXCsl, B3ANMO3aBHCHMBIX KJIaccoB. B [178| Te ke BBIBOJIBI HA TeX Ke KOJLTEKIUAX ObLII
BOCHpou3BeaeHbl 1 MyabrumoaaibHoit ARTM. Hecbanrarncuposarnmnocms o3Ha9aeT, 910
KJIACChL MOI'YT COJAEPKaTh KaK MaJjioe, TakK U O4eHb DOJIbLIOE YUC/I0 JIOKYMEeHTOB. B ciy-
qae nepecekarouwjurcs xiaaccos (multilabel classification) jgokymenT Moxer OTHOCHTBHCS
KaK K OJHOMY KJAcCy, TaK M K OOJIBIIOMY UHCIY KJIACCOB. B3aumo3a6ucumble KIACCHI
IMEIOT ODIIHe TePMBI U TEMBI, ITIOTOMY IIPH KIACCH(MUKAIME JOKYMEHTa MOI'YT BCTYIATh
B KOHKY PEHIIHO.

Pezyaapusarus no ompuyamesbHuLmM NPUMEPAM UCIIOIb3YET JAHHbIE O TOM, 9TO JOKY-
MeHT d 13 00ydaromieil BLIOOPKH He NPUHAJIEKUT nojMHOzKecTBY KiaaccoB Cf C C. B srom
caydae 3allMilleM IIPaBOIo00ue BHIOOPKH I 33 a4 OMHAPHON KJIacCH(DUKAIIIN:

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

deD ceCy teT deD ceC) teT

[TepBoe ciaraemoe ectb log-nipasomnonobue MoJaibHOCTH KJaaccoB (38), ecuu 1oJio-
KUTb ng. = [c€Cy|. Bropoe ciaraemMoe MOKHO pacCMAaTPHBATH KAK DPETYJISIPU3ATOD OT-
PHUIATEbHBIX PUMEPOB, MOCTPOECHHBIN 110 JAHHBIM O He-IPHHA/JIE?KHOCTH JTOKYMEHTOB
kJiaccam. KoaddunuenT pery/sipusainuu 7 MOXKHO 110JIaraTh PABHBIM €IUHUIIE.
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Yacmomnas peeyaapusayus (label regularization) xopomro 3apekomenjoBasia cebs
B 33/la4ax ¢ HecOastancupoBanubiMu Kiaccamu [111, 156]. [Torpebyem, 4robbl onenka 6e3-
YCJIOBHOTO paCIpe/ieieHusl KJIACCOB 10 KOJIJIeKuHH p(c) =Y, pup(t) Oblia GaM3KA K Ha-
GumioziaeMBIM acToTaM KJ1accoB p(c) = L|D,|, rne D, ={d € D: c € Cy} — MHO)KeCcTBO
JIOKYMEHTOB, OTHOCAIINXCS K KJjaccy ¢. Belpasum jganHOe TpebOBaHME C IMOMOIIBIO CI/Ia-
JKHBAIOIIETO PEry/isipu3aropa KPOCC-9HTPOINH, KOTOPbIIl MOKHO HHTEPIHPETUPOBATDH U KAK
MAaKCUMU3AIUIO PABIOIOA00USI JIjisi MOJIEJIU JIUMCKPETHOIO PACIIPEJIe/IeHHs] KJIACCOB P(C):

D) = TZ |D.| annt%t — max,

ceC teT
e ng = » N — 9UCI0 TepMOB MozpaibHocTH C, OTHOCAIIUXCH K TeMe t BO BCeil KOJI-
neknuu. [loacrasisgs stor peryaspusarop B (17), nomyunm dopmysisr M-mmara:

t(pCt (60)

et = nOTIM| Ny + 7| Do) =————
ew Do
YacroTHast pery/sipusalis UCHOJIb30BaIach B TeMarudeckoii mogesun Prior-LDA, ko-
Topas Oblta npemioxkena B [156] kak yryurrenune momenn Flat-LDA.

Perpeccusa. 3ajaun mnpejcKka3anugd YUCIOBON BEIUUUHBI KaK (PYHKIMH OT TEKCTa BO3HU-
KAaIOT BO MHOT'UX IIPUJIOXKEHUAX JEKTPOHHOI KOMMEPIUH: IpeJcKa3aHue peiTHHra TOBa-
pa, pujibMa UM KHUTU 110 TEKCTY OT3bIBA; HPe/ICKA3aHue YUC/Ia KJIMKOB 1O TEKCTY pe-
KJIAMHOTO OO'bSIB/JICHUST; IIPE/ICKA3AHNE 3aPILIATH 10 ONUCAHUIO BAKAHCUU; HPEJICKA3AHUE
0JIe3HOCTH (Ymcia JANKOB) OT3bIBA Ha OTeJb, PECTOpaH, cepBuc. [Iis BOCCTAHOBIIEHHUSI
YUCIOBLIX (DYHKIUI 110 KOHEYHOU oOydalomieil BBIOOpKe Hmap «00beKT—OTBET» HCIOJIb3Y-
I0TCSl PErPECCHOHHBIE MOJIE/IN, OJITHAKO BCE OHU PUHUMAIOT Ha BXOJ€ BEKTOPHbBIE OIUCAHUS
O6'beKTOB. TeMaTI/ILIeCKaH MO/JEJIb I103BOJIAdeT 3aMEHUThb TEKCT JOKYMEHTa d €r'0 BEeKTOP-
HbIM npejcrapienueM ;. C apyroift cTopoHbl, KpUTEpUil ONTUMUBAINME PErPeCCHOHHOM
MOAEJIX MOZKHO HUCIIOJIb30BaTh B Ka1eCTBE peryJjidpu3aropa, I{TO6bI HalTH TEeMbl, HaI/I6OJIee
nH(OPMATUBHBIE ¢ TOUKH 3DEHHs TOYHOCTH mpejcKa3anuii [116, 167).

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

?J | d Z V104,
teT

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

R(O,v) =—7 Z(yd — Z 'Utetd)
deD teT

[Toscraisist sror perysiasipuszarop B (18) u npupaBHEBAs HYJIIO €10 HPOU3BOIHYIO 110 U,
nostyuum popmysibl M-mara:

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

seT

v=(007)'ay.
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QopwmyJia Jijiss BEKTOpPA U SBJISETCH CTaHJAPTHBIM PelleHueM 3a/la4l HaUuMEHbITUX
KBa/paroB npu pukcupoBanuoit marpurne 6. BekTop v MOXKHO OOHOBJISITH O OKOHYA-
HUU KaKJOT0 MPOXOJa KOJIJIEKIUHU, JUO0 mocae 00pabOTKI KaKIOro MaKeTa JTOKYMEHTOB
B oHJaiinopoMm EM-ajropurme.

B [167] moka3aHo, 9TO KAYECTBO PErPECCHU MOZXKeT 3aBHCETb OT MHUIIHATN3AIIMH TeMa-
THUYECKON MOJIeJIM, U [PEeJIJIOKEHO HECKOJIbKO MeTO/I0B MHUIMAJIUBAIUY.

Ha npaxruke o0bI4HO HCIOJIb3YyeTCs HOJIee ITPOCTON 1MOJIX0/I: CHAYa/1a CTPOSATCH TeMa-
TUYECKHEe MPU3HAKOBBIE OIMHCAHUS JOKYMEHTOB € MOMOIIbio Mogesun LDA, 3atem K stum
IpU3HAKaAM MOTYT T0OABJIATHCH ellé KaKue-TO YNCIOBble NPU3HAKU TEKCTOB, M, HAKOHETI,
0011Iee MPU3HAKOBOE OMMCAHUE UCIOJIb3YeTCs JIJI PelleHns perpeccuonnoil 3a1aan. Hemo-
CTATOK TOr0 MOJX0/a B TOM, 410 MOzeab LDA Hudero me 3maer o perpeccuu. Peryjis-
pusamuss ARTM no3Bosisier moodepeiHo yjrydiarh TO TeMATHIECKYI0 MOJIEIb ¢ YI6TOM
perpeccuu, TO perpecCuOHHYIO MO/Ie/Ib ¢ y4ETOM TeMaTU4YeCKUX Hpu3HakoB. B pesyiibrare
JIBe MOJIeJIU IPHUCIOCAOTNBAIOTCA JIPYT K ApYry. BeKTOpBI TeM MOBOPAYMBAIOTCA B MPO-
CTPAHCTBE TAKUM 00pa3oM, YTOOBI OBITH MAKCHMAIbHO MOJIE3HBIMU B KA4eCTBE IPU3HAKOB
perpeccuonnoit mojiesiu. Jlobasiienue JIONOJHUTE/IbHBIX HETEMATUIECKUX IIPU3HAKOB B pe-
I'DECCUOHHYIO MOJIE/Ib B 9TOM CJIydae TaKzKe He COCTaB/isder TPY/ia.

Koppensuuu tem. Modeaw koppeauposarnox mem CTM (correlated topic model) npei-
Ha3HA4YeHa JIsl BbIsiBJIeHUsT CBsA3eil Mex 1y remamu |35]. Hanpumep, crarbs 1o reosoruu
6oJ1ee BEepOSTHO CBA3aHA C apXeOJIOrneil, YeM ¢ FeHeTHKO. 3HaHue 0 TOM, KaKHe TeMbl da-
Il COBMECTHO BCTPEYAIOTCA B JOKYMEHTaX KOJIIEKIIHH, [T03BOJIIeT TOTHEe MOJIETHPOBATH
TEMaTHKY OTIEIbHBIX JOKYMEHTOB B MYJIbTHIUCIUILITMHAPHLIX KOJLIEKIHAIX.

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

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

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

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

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

deD deD

Cornacuo (18), dopmyna M-mara mis 0,y TpuHIMAeT BU/

Oiq = norm <ntd -7 Z ! (hl Osa — Ms))> (61)

seT

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

1
= — In 6
1 T
Ez;Z(ln@d—u)(lnﬁd—u) )
Pl ies

Takum obpasom, TpyI0EMKOe oDpallleHre KOBAPUAIMOHHON MaTPHUIlbl MOXKHO BbBIIOJIHSATH
OTHOCHTEIBHO PeJAKO. UTOObI 10/IydaTh Pa3peKeHHyI0 KOBAPUAIIMOHHYIO MaTpHILy, B [35]
ucnojibzoBasgach LASSO-perpeccusi. Tam ke mokaszaHbl HPUMEPbI BU3YyAJU3AIMH CBs3€i
MeyKJy TeMaMH B KOJLIEKIIUU cTaTeil KypHaJaa Science 3a 1990-1999 rr.

Hucnosble moganbHOCTU. B 3ajiauax perpeccun ¢ KazKJibIM TEKCTOBBIM JIOKYMEHTOM
CBSI3aHA OJHA YHCI0Bas BEJUIHMHA, KOTOPYIO HEOOXOAUMO HPOrHO3upoBaTh. OaHAKO ObI-
BAIOT U TaKue 3aJa4l, B KOTOPLIX YHC/IOBbIE BeJTMYUHBI CBA3AHBI C KazK/JbIM TEPMOM.

Paccmorpum remarudeckyio Mo/iejib OaHKOBCKUX TPaH3aKIMOHHBIX JIAHHBIX. B poJin
,ZLOKyMeHTOB BbICTyHaIOT KOMHaHI/H/I, TepMaMI/I B ,ZLOKyMeHTe ABJIAIOTCA KOHTpaI‘eHTbI —
;prI‘I/Ie KOMHaHI/II/I, KOTOpre 3aKJ/JII04Ya0T C ,ZLaHHOI.;I KOMIIaHuei CAECJIKH 110 HOKyHKe nJjim
IpoJazKe TOBApOB WIM yCayr. Kaskias creska COIpOBOXKIAETCS TEKCTOM ILIATEZKHOIO
HOPYYeHNsI, KOTOPBIA CONEP:KAT HA3BAHUSA TOBAPOB WM YCIYL. DTH Ha3BaHHA 0Opasy-
10T BTOPYI0 MOJAJBLHOCTL. IIOKYIIKH 1 IIPOJAaZKH pacCMATPUBAIOTCS 1O OTACILHOCTH, 9TO
yJIBauBaeT 4YMCJIO0 MOJAJIbHOCTEH J10 4eTbipeéx. Tembl cOOTBETCTBYIOT BH/JAM SKOHOMHUYE-
CKOM JiesiTe/IbHOCTU KOMIAHUH. /Ij1st mHTEplperanuu TeM pacCMaTpPUBAIOTCs JIBA CIIUCKA, —
TOBapbl, KOTOPbIe KOMIAHUH IIOKYIIAIOT, ¥ TOBAPLI, KOTOPLIE OHH IIPOJAIOT, OCYIICCTBIAL
JAHHBIA BUJ JedreabHocTH [18].

Kpome ecTecTBeHHBIX JUCKPETHBIX MOJAJIbHOCTEHl KOHTPAareHTOB M HA3BaHUil, B JaH-
HOIT 3a/1a4e UMEIOTCA elIE U YUC/I0Bble JaHHble 00 00bEMaX CJIE/I0K, KOTOPble MOI'YT HEeCTH
KOCBeHHyIO I/IHd)OpMaLLI/IIO O BUJE AdedTe/JIbHOCTH. ByﬂeM HOﬂaFaTb, 9TO C KazKIbIM J10-
KyMEHTOM d CB3aHO HECKOJBKO YHCJIOBBIX IMOCTEAOBATETBHOCTENR {Ygmi|t = 1,.. ., kam},
COOTBETCTBYIOUUX “UCA06M Modasvrocmam m € M. B HameM ciydae QHCIOBBIX MO-
JATLHOCTEIl 1Be — 3T0 00BLEMBI CICI0K NOKYIKH U IPOJAazKh. IIpeamonroKum, 9To KazK 1ad
TemMa t HOPOKJIAET 3HAUCHUSI Ygm; U3 pacupeseserust p(y|t; Yu,) ¢ BEKTOPOM Lapamer-
POB 7Y¢m, KOTOPOE HE 3ABUCUT OT JIOKYMEHTa, (9T0 00bIYHAS JIJI TEMATHIECKOTO MOJIEIUPO-
BaHUS IMIIOTE3a yCJOBHON HesaBucumoctn). Torjga pacupejesienne 3HaUYeHUii y MOJaJb-
HOCTH M B JOKYMEHTe d OIUCHIBACTCA CMECHI0 pacIpe/e/IeHuil:

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

teT

BosbMéM 3a OCHOBY MyJIBTUMOJAJIBHYIO MOJEAb (39) ¢ HPOU3BOJIILHBIM HENPEPHIBHO
nuddepeniupyeMbiM perysspuzaropoM R(P, ©). lobaBumM peryisipu3aTop IUCIOBbIX MO-
JIAJILHOCTEH, OIpeJIe/IUB ero KaK B3BEIICHHYIO CYyMMY JIorapuMOB IpaB/Ion0/ 1001 BbIOO-
POK {Yami} € BECaMu Ty,

kdm

R(@a F) = Z 7:771 Z Z In Zp(ydmi | t? 'Vtm) etd-

N deDi=1  teT
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Torya cucrema ypabuenuii B reopeme 9.1 mnpeobpazyercst ciejylomnum odpasom: ¢pop-
myJibl E-mara (41) 1 M-mara no ® (42) ocrajorcst B cuiie; K HUM 100aB/IsI0TCH (DOPMYJIBL
E-mrara m M-mmara /i1 9ucI0BBIX MOJAJIbHOCTEH U m3Mengercs (opmyna M-mara mo O:

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

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

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

[TosToMy paccMOTpUM BBEJIEHHE YHCJIOBOW MOJAJIBHOCTH B IuieprpadoBoil TeMaru-
JecKoit Mozesu, onncanHoit B riase 10. Kaxkaast rpaH3akius KOMIAHHE d TPEACTAB/IAET
060t ueTsepKy (d,m, x,y), e m € M — ojHa u3 JBYX YHCJIOBBIX MOJAJIBHOCTEH <00 bEM
HOKYIIKH» W «00BEM MpojazKu», r C V — HOJIMHOKECTBO TepMOB, V' — MHOZKECTBO Bep-
IIUH runeprpada, moaydeHnoe odbeuHenneM cjioBapeit W™ Bcex HEYUCTOBBIX MOJAIb-
HocTeit m € M. Ecian xkommanus d coBepImaeT CAeNKYy HOKYHOKH, TO TeEPDMaMH B X OYAYyT
KOMITQHHSA-IIPOAABEI] M Ha3BaHUsI TOBApPOB, KOTOpbIe d y Heé nokymnaer. Ecian koMmmanus d
COBEPIIAET CAEAKY MPOAAZKH, TO TeEPMaMH B X OYIyT KOMIAHHUSI-TIOKYIIATE/Ib U HA3BAHUS
TOBApOB, KOTOPBIE d eii nmpogaéT. B oboux Tumax TpaH3akKIuil 3Ha4YeHHE Yy PaBHO 0OBbEMY
cieniku. TemaTudeckas MOJE/Ib TPAH3AKIUUA UMeeT BHU/I

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

teT VET

Bagada (52) makcumusanuu Jorapudma IPaBIONOI00H TPAH3AKIMOHHBIX JTAHHBIX
X = {(di,mi,xi,yi): 1=1,... ,n} g runeprpadoBoil TeMATHIECKOI MOJEIN COOTBET-
CTBYIOIIIM 00pa30M MOIUMDHUIUPYETCH:

Z In <Z Ora D(Y | t; Yem H(pm) + R(®,0) — ma>lg (62)
(dym,z,y)eX teT vET

Teopema 11.1. Ilycrs ¢pyaknus R(P,O) menpepsisro augdepennupyema. Touka Jio-
kaubaoro makcumyma (®,0, ") 3agaun (62) yaosiersopsier cucreme ypaBHEeHHIT OTHOCH-
TeJIbHO HAPAMETPOB Py, O1q, Vim M BCHOMOraTe/IbHBIX EpeMEHHbIX Dy = p(t|d;, my, i, y;),
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€cJI U3 PeIlleHusi HCKIIOIATh HyJieBbie cTo0mer matpui] ©,,, O:

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

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

1=1

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

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

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

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

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

BbiBoabl no rnaee

e CymecTByeT MHOTO CHTYAIMil, KOT1a TpebyeTcs MOJAeJIHPOBATh 3aBUCUMOCTH MEYK LY
JIOKYMEHTaMM, TepPMAMU UJIM TeMaMU U HEKOTOPBIMU YUCJIOBBIMH II€PEMEHHBIMH.

e B takux 3ajadax remMaTudeckas MOJIe/Ib HCIIOJIb3YeTCs B KadecTBe reHepaTropa o0y-
YaeMbIX BEKTOPHBIX IIPEJICTaBJICHUIl TEKCTOBBIX OOBLEKTOB, a KpPUTEPHil KadecTBa
Ipe/ICKa3aTe/IbHON MO/JIe/IM CTAHOBUTCS PEryJisipu3aTOPOM.

e DBoJiee npocToil 110/1X0/1 3aK/TI09AETCA B IIOCJI€I0BATETHLHOM OOy IeHUN JIBYX MO/IEIet:
CHa4daJIa CTPOUTCH TeMaThuiecKas MOJIeJIb, 3aTeM TeMATUIYeCKNEe BEKTOPhI UCIIOJIb3Y-
I0OTCS B POJIM IPU3HAKOBBIX ONKMCAHUN 00bEKTOB BO BTOpOit mosesn. Ha npakruke
9TO MOZKET IMPUBO/IUTH K MOTEPSAM KadeCTBA U3-3a HECOTVIACOBAHHOCTH JIBYX MOJIeJIeil.

e [Ipenmymecreo ARTM B ToMm, 4T0 npu coBMecTHOM 0OyYeHUH JIBYX MOJIesei TeMa-
THYECKHe BEKTOPbI OUTUMU3UPYIOTCS 110J1 PellleHue KOHEeYHOUW MPUKJ/IQJHONW 3a/a4u,
B TO K€ BpPeMs COXPAaHssd CBOICTBA HHTEPIPETHPYEMOCTH.
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12 MopgennpoBaHune cBsizen Mexxay AOKYyMeHTamMu

CymectByer Macca 3a/1a49, B KOTOPBIX JTOKYMEHTBI CTPYIIUDOBAHBI WA CBI3aHBI MEYK-
J1y co0Ooii, MpUIEM HAJIUINE B3AaUMOCBSI3H TOBOPHUT O TOM, YTO JOKYMEHTHI HMEIOT CXOKYIO
remaruky. [Ipupojia cBsi3eit MoxkeT ObITb PA3JIMYHON: CCHLJIKU, IUTUPOBAHUE, COBMECTHOE
ylHoMuHaHue, obIue aBTOPbl WM KOMMEHTATOPbI, 0DIUe UCTOYHUKHU, OJIM3KHE I'€0JI0Ka-
U, U T. ]I,

[Ipenmooxkenne 0 CXOACTBe TEMAaTUKU B Mapax JTOKYMeHTOB (DOPMATU3YETCS € TOMO-
MIHIO PEryIgpu3aTopoB MaTpuilbl O winm MaTpuibl P.

Ccbinkn v yutrposaHue. IIpeamnonoKum, ITo e MexK Iy TOKYMEHTAMH ¢ U d HMeeTCsI
CBsI3b, TO OHU UMeIOT cxozxkue remaTuku p(t|c) u p(t|d). Popmanuzyem 3T0 MpeIoI0Ke-
HUE C IIOMOLIBIO PEryJIsipu3aropa:

RO)=7> naY Oy,
d,c

teT

IJIe Nge — BEC CBI3U MEXKJy JOKYMEHTaMU, HAlpPUMep, YHCJI0 CChLIOK u3 d Ha c. B [59]
mpeIokeHa moxoxkasa momenb LDA-JS, B KoTopoii BMeCTO MaKCHMU3AIMUH KOBAPHAIII
MHHEME3HpYyeTcs auseprennus llencena-Illennona Mexxay pacmpegesnenusavu 0y u 0,.
Dopmysia M-mara s 04, coracuo (18), upuBoauT K cieayomeil pa3HOBUHOCTH ClUIa~
ZKUBAHUA:

014 = norm <ntd + T0u Y ndc9tc>-

ceD

Bepositnoctu 6,y B x01€ nrepanuii npub/mKaOTCT K BEPOSTHOCTAM 0y, JTOKYMEHTOB,
CBS3aHHBIX C d.

Perynspuzarop MaTpuiibl © CTAHOBUTCS BBIYHCIUTETHHO HEI(MDMOEKTUBHBIM IIPU HaKeT-
HOIT 00paboTKe HOTBITNX KOJLIEKIN, KOTJa JOKYMEHTHI ¢, HA KOTOPBIe CChLIAeTCS TaHHbII
JIOKYMEHT d, HaXO/sTCsl B JIpyrux makerax. [Ipob/iema pernraercst BBeieHUEM MOIAJIbHOCTH
JIOKYMEHTOB, Ha KOTOPBIE €CTh CCBLJIKH U3 JPYIUX JIOKYMEHTOB. DTOT CIIOCOD MOPOXKIAET
HOBYIO IIpobsteMy: MaTpuria ¢ MoyKeT He IIOMECTUTHCS B ONMEPATUBHYIO MaMAThb. ITOObI co-
KPATUTh MOJAJbHOCTH, MOYKHO OCTABUTH TOJIBKO JIOKYMEHTBI ¢, YUCIIO CCBLIOK Ha KOTODBIE
Ne = Y4 Ndc OOJIBIIE 33 JAHHOIO IOPOTA.

Januasi njest npunuia U3 MOJEJNM BMsiHUS HaydHbIX myOuaukanuii LDA-post [59)].
B meit ucnosnb3ytoresa ase MogaabaocTn: ciosa W' n murupyemble noxymentor W2 C D.
Mogesb BoisiBIsieT HanboJiee BAUSTEIbHBIE JIOKYMEHTHI BHYTPH Kaxk10it Tembl. Hemnyiie-
Bble 3JIEMEHTbl B CTPOKe ¢ MaTpunbl P, MOKA3bIBAIOT, HA KaKHe TeMbl MOBJIUAT JTOKY-
Ment ¢ € W2 TaxKke MOJe/ib I03BOJSET Pa3indaThb, KaKue U3 CCLLIOK CYIIECTBEHHO
HOBJIUSTM HA HAY9YHYIO CTAThIO, a KaKue SBJISIOTCS BTOpOocTeneHubiMu. Cauraercs, 9To
JIOKYMEHT C HOBJIUSLT Ha JIOKYMEHT d, ecjin d CChLIAETCS HA C U OHU UMEIOT 3HAYUTEIbHYIO
JIOJIIO ODIIEH TeMaTUKU.

lNeonokauyun. Mudopmanus o reorpadudeckomM MOJIOKEHUU YaCTO HCIHOJIb3YeTCH ITPU
aHAJIN3€e JAHHBIX COIUAJIbHbIX cereil. [eorpaduaeckast npuBsska JOKyMeHTa d WM €ro
aBTOpa 3a1a6rcst Jubo 2eomezamu (HA3BAHUAME CTPAHBI, DEIHOHA, HACEJEHHOTO IYHKTA),
160 zeosokayuet; — mapoii reorpaduueckux kKoopausat {4 = (T4,Yq). B mepBoM ciaydae
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BBOJIMTCH MOJAJbHOCTH M€OTEr0B, BO BTOPOM HCIOJb3yercs peryiaspuzarop. ARTM mos-
BOJISIET BBOJIUTH B MOJIe/Ib 00a Tuila reorpadpuaeckux JTaHHbIX.

Hesbio MoO/eIMPOBaHUS MOXKET OBITh BBIJEICHUE PErHOHAJbHBIX TeM, OIIpejeeHue
«apeaJia OOMTaHHSI» KazKJOW TeMbI, MOUCK IOXOXKHX TeM B Jpyrux peruonax. Hampwu-
Mep, B KadecTBe OJHOI u3 miutocTpanuii B [206] onpeaessoTcs pernoHbl MOy JISIPHOCTH
HAIMOHAJIbHOM KyXHHU 110 moctaM noJjb3oBaresteii Flickr. Ipyras wiumocrpanus uz [117]
HOKA3bIBALT, 9TO TeMaTUIeCKas MOJe/b, yauThiBaiomas, u3 kakoro mrara CITA mpuiwio
coobIenne, ToUHee MpOCIeKUBaeT MyTh yparana «Karpunay.

Ksasparuanslii peryasipuzarop Marpuibsl O, mpemioxenusiii B [206|, dopmanusyer
HPEJIITOI0KEHNE, ITO JOKYMEHTDBI CO CXOKHMHU I'eOJIOKAIUAMEI UMEIOT CXO0KYI0 TEMATHKY:

R(©) = ——chdz etd_etc ;

(c,d) teT

IJle W.q — BeC mapbl JOKYMEHTOB (¢, d), BhIpazkatoruii 6,1u30cTh reosiokanuii. Hampuwmep,
Weg = exp(—72), vie 12, = (v, — 24)* + (Yo — ya)* — KBaJpaT eBKJIUI0BA PACCTOAHUS.

DTOT peryjapu3arop Tpedyer npu 00paboTKe KazKI0r0 J0KyMeHTa d JI0CTyIa K BEKTO-
pam 0. Apyrux JOKyMEHTOB, 9TO 3aTPYyAHSAET MaKeTHYI 00pabOTKy OOIbIINX KOJIICKIIMM.
AbrepHATUBHBINA CII0CO0 CrIasKUBAHUS OCHOBAH HA PEryJIapH3aluu Marpuinl P.

Ilycts G — MOmaIbHOCTH reoreroB, g = p(g|t). Temarnka reorera ¢ BbIpazKaercs
1o dopmyJie Baiteca: p(t]|g) = gogt:;—;, e Ny, — Yacrora reoTera ¢ B MCXOAHBIX JAHHBIX,

¢ = D, Mgt — JACTOTA TEMbI ¢ B MOJIA/ILHOCTH [€OTEroB, Bbraucigemas EM-aaropuryonm.

Kpagparnunplii peryigpu3arop MaTpunbl @ 10 MOJAILHOCTH reoTeros (hOpMaIH3yeT

IPEJIIOJI0KeHHe, 9TO reorpadguieckn OJU3KUe Ie0Tern UMEIOT CXOKYI0 TeMATHKY:

R(®) = — Z Wgg' Znt <(pgt ijt) )

g g'eG teT

IJIe Wyy — BEC IMapbl reoreros (g, ¢'), BeIpazkaiouuii ux reorpadudeckyio oiusocrs. Huxke
Mbl paccMOTpUM ODODIIEHHE STOI0 pery/sipusaropa Ha 0oJiee MUPOKUl KJacce 3a/a4.

Mpadbl n coumnanbHbie cetu. B [117] npeaioxkena Gosee obimas rTeMaTHIeCKasi MOJIENb
NetPLSA, yunrbiBaomiasi 1pou3BoJibHble rpadoBbie (cereBbie) CTPYKTYPbl Ha MHOKECTBE
jgokymenTos. [Tycrs 3auan rpad (V, E) ¢ muoxkecrsom Bepiuut V' u MHOKecTBOM pébep E.
Kazx10it ero Bepune v € V' coorBercrByer 1HoJAMHOXKeCTBO JoKymenToB D, C D. Haupu-
Mep, B posin [, MOXKeT BBICTYIIATh OT/JEJbHBIN JJOKYMEHT, BCE CTaTbH OJHOIO aBTOpa v,
BCE IOCTBI U3 OJHOTO reorpauueckoro peruoHa v, u T. JI.

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

pt]v) = 3 plt|d) pld]v) = Zetd
deD, deD
B monenn NetPLSA ucnosib3yercss KBaipaTHIHBII Peryispu3aTop:
2
R( :__ Z wuvz t|'U (t|U)) )
(u v)EE teT

IJie Beca Wy, pédep rpada (u,v) 3aJal0TCa ecTeCTBEHHBIM 06pa30M, KO B 3ajade eCTh
COOTBETCTBYIOIAS JIONOJHATEbHas wHdopmanus. Hanpumep, eciin D, — Bce cTarbu aB-
TOpa v, TO B Ka4ecTBe Beca pedpa W, €CTECTBEHHO B3sTh YUC/IO CTATel, HAIUCAHHBIX
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aBTOpaMu U W v B coaBropcTBe. Kcim 1momo0HOi nHOpManuu HET, TO BEC MMOJIaraeTcs
PaBHBIM €JIMHUIIE.

DTOT peryigpu3aTop TpedyeT npu 00padboTKe KaxK/JI0I0 JOKYMEHTa d JIOCTyIa K BEKTO-
paMm 0, Apyrux JOKYMEHTOB, UTO 3aTpy/aHsgeT 3h(HEKTUBHYIO MAKETHYI0 00pabOTKy 0O0/Ib-
X KOJITEKIU. ATbTepHATHBHBIA IIyTh COCTOUT B TOM, YTOOBI MHOYKECTBO BEPIIHH I'Da-
da V 06baBUTH MOJAJILHOCTBIO U IepeiiTu K pery/ispusanuu MaTpuiibl P.

B kaxapiit nokyment d € D, nobaBum TepM v MoAagbHOCTH V. BhIpasum remaTuky
BEpINUHBL v Yepe3 mapamerpbl ¢ 1o dopmyrte Baiteca: p(t|v) = (v|t)£((z = govtﬁ, e
ng =y, Ny — 9aCTOTa TeMbl ¢ B MogaabHOCTH V, BoIducasgeMas EM-aaroparmom.

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

R@) =5 Y w Yoni( - B) (63)

(u v)eE teT

Bo mMHOrux npujiozKeHusix BaxKHbl HALPABJIEHHOCTU CBsA3€l, KOTOPbIE KBaJpaTHYHbII
perysisipu3arop He yuurbiBaer. Hanpumep, cBsa3b (U, V) MOXKET 03HAYATh CCHLIKY M3 J10-
KyMmeHTa u Ha JokymeHT v. B mogesn iTopicModel [169] upemmosaraercs, aro eciu
(u,v) € E, 10 Temarnka p(t|u) mupe Tematuku p(t|v). IlosToMy MEUHEMEH3EPYeTCS CyM-
ma auseprernuit KL(p(¢|v) || p(t|u)), npuuém yenosuste pacupenenenus p(t|v) MoxHO
BBIPA3UTH Kak depe3 O, tak u depe3 P:

R(© umu ) Z wuvat\v Inp(t|u).

(u v)eEE teT

Kax 1moxasajim 9KCIepUMEeHTBI®, peryjiapusanus MaTpuiibl ® nIpuBoauT HpaKTHIecKu
K TeM Ke pesysbraram, 91o u peryispusanus O s mogeseit NetPLSA u iTopicModels.

BbiBoabl no rnaee

e Jlanubpie O TEMATHIECKOM CXOJICTBE JOKYMEHTOB JIerKO (hOPMaJIn30BaTh C IIOMOIIHIO
peryjsipusaTopa MaTpuisl O.

e Memnee oueBuiHasg (popMaIu3almsg ¢ MOMOIILIO Peryasapu3aTopa MaTpunbl ¢ nmpuso-
JIUT K COIIOCTABUMbBIM pe3yJibraraM, HO He 3aTpPY/HseT HMaKeTHYI 00paboTKy 00Jib-
MAUX KOJLJIEKIIAT.

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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13 MoagennpoBaHue vepapxuii u BblIoop 4ncnaa Tem

CyHLeCTByeT JI1 B peaJiIbHbIX TEKCTOBbLIX KOJIJICKIIUAX O6’beKTI/IBHOG, NCTUHHOE UJIN OII-
TUMaJIbHOE 9uc/10 TeM? BHyTpu j11000# TeMbl BO3MOYKHbBI BAPDUAIMH UJIU ACHEKThI, KOTOPHIE
MOKHO paccMaTpHBaThb M KaK OT/AeJbHbIE IOATEMBI, I KaK YacTHBLIE IPOABJICHUI OIHOM
obmieit Tembl. Ecau Tema mnpejcraB/ieHa B HEIOCTATOIHOM OObEMe M I €€ HaIEKHOIO
OIIpejiesIeHNsI He XBAaTaeT JAHHBIX, TO He IPUCOEINHUTL 1 e€ K OymzKaiimeii reme? AHato-
rudHas 1mpoodJieMa ¢ HeOJIHO3HAYHBIM BbIOOPOM 4HCJ/IA KJIACTEPOB BO3HUKAET U B 3a/a4dax
KJlacTepuzanuu, puc. 17.

L A ++ * ++ *
EE p A, +4+ 4 * ++ 0 * 4
m A + * ® ° |
s B A v o+ o v © o
u AA A v oe ¢ v e O
[ 'y v oo v oo
Nea? HeTeipe? Lllects?

Puc. 17: Boibop 4gmcia KIacTepoB B 331a9aX KIACTEPU3AINN TIPUHIUITHAILHO HEOJHO3HATEH, KaK M BHIOOD
qucjia TeM B 33Ja9aX TeMATUIeCKOT0 MOJIeTMPOBAHUS.

Crour jin pa3dbuBaTh TeMbl HA DOJIEE MEJIKHE OTEMbI, U KaK OLPEJIeJIMTh 00IIee Yuc/I0
TeM — 3THU BOIPOCHI BOZHHUKAIOT B KaKJOH MPAKTHYECKON 3ajlade TeMaTHYECKOTO MOJe-
JINPOBaHU. 3a4aCTyI0 BHIOOP OKa3bIBACTCS MPOU3BOJIBHBIM U CYObeKTUBHBLIM. VcIo/ib30-
BaHHE CTATHCTUYECKUX KPUTEPUEB JJId BHIABJICHUS 3HAYUMBIX PA3JIUYUA MKy TeMaMu
He u3baB/isgerT OT CyObeKTUBHOCTH, IIOCKOJIbKY YPOBEHb 3HAYUMOCTH TOYXKE BbIOMpAETCs
9BPUCTUYCCKHU. BOO6H.[€, MHOI'ME€ MU3Be€CTHbl€ METO/Ibl, IIPpETCH/AYIOIIUE Ha O6"beKTI/IBHOCTb
OIIpeJIe/IeHHST YHUCJIa TeM, COJIepzKaT BHYTPH ceds mapaMeTp, OT KOTOPOTO YHCJIO TeM SBHO
win HesBHO 3aBucut [180).

OTu coobpazKeHusl HPUBOJAT K HJiee, YTO BMECTO IOUCKA ONTUMAJIHLHOTO YHUCIA TeM
(KOTOPOI'O MOKET MPOCTO HE CYIIECTBOBATH), HMEET CMBICJ CTPOUTH HEPAPXUIECKUE TeMa-
TH4eCKue MoAeJ/id, B KOTOPbIX TEeMbI 110 H€O6XO,H,I/IMOCTI/I ,ZLpO6HTCH Ha IIOJATEMbI, a YPOBE€Hb
JeTaTu3aAnUN (2PaAHYAUPOSAHHOCL) TEMATHIECKOTO MPEeICTABIEHUsT BEIOUPAETCS HCXOIs
13 HOTpeOHOCTel IPUKJIATHON 3a /1AM,

OnpepgeneHne 4ncna TemMm Mo BHEWHUM KPUTEPUSIM HCLO/IbL3YerCs B TeX CJIydadx,
KOI/Ia KOHETHOIH 1e/1bi0 (MM OHON U3 meJieil) TeMaTHIeCKOTO MOJETUPOBAHUS SABJISETCS
pemenne 3agaun kiaaccuduranun [156], nadopmanuornnoro noucka [81] mwin cermenra-
nun [153] rekcros. HemoctaTouHoe 9ucao TeM MOXKET HPUBOJAUTH K CHUYKEHUIO BBIPA3H-
TeJIbHBIX CHOCOOHOCTE MOJE/IM M KadeCTBa PelleHus 1e/1eBoi 3a1a49u. 30bITOUHOE YUCI10
TeM MO2KET IIPUBOJUTDL K HepeO6yquI/IIO N CHUZKEHUIO Ka4Y€CTBa Ha HE3aBUCUMbIX TECTOBbBIX
siannbix. [ToaroMy Ha pakTUKe YUC/I0 TeM BapbUPYIOT 110 3a/IlaHHON CeTKe 3HaYeHu, Kak
IPABHUJIO BecbMa Ipy0oil, I OIpeseIsioT MEHIMAJIBHOE YHCJIO TeM, IIPH KOTOPOM 33a/1ada
pemraeTcs ¢ IpUeMIEMBbIM KadeCTBOM IO OJHOMY HJIM HECKOJILKHM Kpurepuam. OObIYHO
AJId 9TOro CTpOoAT Fpad)I/IK 3aBUCUMOCTU BHEIIHEIO KpUTEpHUA OT YUCJia TEM.

DHTponuiiHoe pa3pexuBaHue ansi otbopa tem mpeioxkeno B [180| mia yaasenus
HEe3HAYMMBIX TeM M3 TeMaTHYeCKOH Momesnn. lmes 3akaiodaerca B paspe:KHBAHUH Pac-
upesesienus p(t), KOTOpPoOe BbIPAKAETCsI Yepe3 mapaMerpbl Oyy:

R©) =~ 3 g, plt) = Y pld)

teT
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[ToxcraBum sror peryisipusarop B dopmysny M-mara (18):

n p(d)
0;q = norm <n —T— 0 )
BamenuM 6,y B IpaBoOil 4aCTH PaBEHCTBA HECMEMIEHHON OLEHKOI Z—f;:
0 ( (1 n )) (64)
=norm|(n -7 )
T e n|T]|

DTOT PEry/Isipu3aTop pa3pezKuBaeT HeJUKOM cTpoku Marpuilpl ©. Ec/in 3nadenne caér-
YUK Ny B 3HAMEHATEJIE JIOCTATOYHO MAJIO, TO BCE HJIEMEHThI {-if CTPOKM OKA3bIBAIOTCS PaB-
HBIMU HYJIIO, I TeMa ¢ TOJHOCTBIO HCKII0YaeTcsd u3 Mojenu. [Ipu ncnoab3oBanm JaHHOTO
pery/sgpu3aTopa CHada/a yCTaHABIUBACTCS 3aBeoMO n36biTouHoe dncsio Tem |T|. B xome
uTeparuii 9ucja0 HyJIEeBBIX CTPOK MATPHIIBI O MOCTENeHHOe YBEJININBACTCS.

Ot16op Tem B ARTM mamuOoro npoie HemapaMerpuieckux 0aiiecoBCKUX Mojesieit —
uepapxudeckoro npornecca Jupuxie (hierarchical Dirichlet process, HDP) [172| nim npo-
necca Kutaiickoro pecropana (Chinese restaurant process, CRP) [38].

B ob6oux nmoaxomax, ARTM u HDP, umeerca ynpapistonuii mapaMerp, BoIOHpas KO-
TOPBI, MOKHO MOJIyYaTh MOJETH ¢ YHCIOM TeM, pa3jindatruMces Ha nopsaku (B ARTM
910 Kodbbunument perysipusanuu 7, B8 HDP — kosddbunuenr konnenrparun 7).

B [182] 6blin ipoBesieHbl IKCIEPUMEHThI HA [OJIYCHUHTeTHIECKUX JIAHHBIX, [1PEICTaB-
JSIONHUX coOO0i cMech IBYX pacipeenennii p(w |d) — peaabHON KOJUTEKIHH, JIJIs KOTOPOi
YUCJI0 TeM HEeH3BEeCTHO, M CHHTEeTHYECKON KOJIEKINN C 33JaHHBIM duciaoM TeM. CuHTe-
THYECKAsT KOJIEKIUS CTPOUIACH IIYTEM IepeMHOKeHus Marpur, PO, moaydeHHsix B pe-
3yJIbTATE TEMATHIECKOrO MOJEIUPOBAHUS TOW Ke peasibHo Kojutekiuu. OKa3ajaoch, 910
HDP u ARTM crocobubl ompeie/isiTh HCTUHHOE YHC/IO TeM HA CHHTETHYECKUX W [TOJIyCUH-
rerndeckux jgaHabix. ARTM onpenensier ero Tounee u ycroiumpee. OaHAKO deM OJIMzKe
HNOJIYyCHHTeTUYeCKHe JAaHHbIE K PEaJbHBIM, TEM MeHee UETKO PA3IUINM IHAla30H 3Hade-
HUl rumepnapaMeTpoB T WX 7Y, Ha KOTOPOM BOCCTAHABIMBAETCS MPABUIHHOE YHCJIO TeM.
Ha peaJ/ibHbIX JJAHHBIX OH HEPA3JIMYUM BOBCE, HPUYEM Jijist 000uX 110,1X0/10B. Takum obpa-
30M, PO 00a MOJIX0/A HEJIb3sl CKa3aTh, YTO OHU OHPEIE/ISIOT ONTHMAJJIBHOE THCJIO TEM.

ITo ckopoctu Bbruncienuit BigARTM ¢ peryisgpuszaropoMm orbopa Tem okasaJjcs B 100
pa3 ObIcTpee cBOOOIHO JOCTYIIHON peanu3amnuun HDP.

B xo/e skcrepuMenToB [182] Takzke BBIICHUIOCH, 9TO PETyISpH3ATOP 0TO0PA TeM HMe-
eT 10JIe3HbII conyTcTrByOmui 3pdexT: on yjajuser u3 Moje/au jiyo/upyoinue, pacien-
JIEHHbIE U JIMHEHHO 3aBUCHMbIE TeMbl. Teoperndeckoe 0obocHoBaHue 31oro 3hdexra ocra-
ércst OTKPBITOl 1pob/IeMOil, JI0KA3aTh €ro MOKa HE YIAJIOCh.

Nepapxunyeckoe Tematnyeckoe mogenupoBaHue. lepapxuiyeckue reMarndecKkue Mo-
JIeIM PeKypPCUBHO JEIdT TeMbl Ha IOATEMbI. 1eMaTHYeCKHe HepapXud CIyzKaT JJId II0-
CTpOeHUsI pPyOPHKATOPOB, CHCTEMATU3AIMH OOJIBIINX OOBbEMOB TEKCTOBOI MHMOpPMAIHH,
nH(GOPMAIMOHHOrO IOUCKA, ¥ HABUTAIMK 110 OOJLIIMM MYJIbTHIACIUAILTHHAPHBIM KOJLICK-
mugM. 3ajiaua aBTOMaTHIeCKOH pyOpUKalMy TEKCTOB CJIOKHA CBOEH HEOJHO3HAYHOCTHIO
1 CyObeKTUBHOCTBLIO. Pa3/imuns BO MHEHUAX 3KCIEPTOB OTHOCUTE/ILHO PYOPUKALUU JOKY-
menToB MoryT jocrurarb 40% |1]. Heemorpst na obusine pabor 1o nepapXxuaecKuM TeMa-
TraeckuM Mogesam (37, 104, 123, 207, 149, 191, 192, 193, 194|, ontumusamus pasmepa
U CTPYKTYPbI HEPAPXUU OCTAETCA OTKPBITOH Ipo0JseMoil; 6osiee TOro, OneHUBAHUE Kade-
CTBa Mepapxuii — Takze OTKpbITas 1pobsema [207].
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Crparernn OCTPOEHUS TEMATHYECKUX MEPAPXUI BECbMa, PA3HOOOPA3HbL: HICXOISIINE
(uBU3MMHEbIE) U BOCXOjsIye (ArJIOMEPATHBHBIE), MPEJACTABIISIONNE HEPAPXUIO JEPEBOM
WM MHOTOJOJBHBIM IpadoM, Hapamupaiomue rpad mo ypoBHAM WM [0 BEePIIXHAM, OC-
HOBAHHBLIC HA KJIACTEPU3AIMU JOKYMEHTOB WM TepMOB. Henb3sg Ha3Barb KaKylo-TO M3
cTpaTeruil mpeanoYTUTeNbHOM; v KazKI0i eCTh CBOM JOCTOMHCTBA U HEJOCTATKH.

BepositHoCTHast mogens mexxypoBHeBbix cBsideil. B [49] mpeaioxkena Hucxoagmas
crparerusi Ha ocHoBe ARTM. Mepapxust npejcrapiisiercs MHOIOI0JIbHBIM rpadom ¢ (puk-
CUPOBAHHBIM YHCJIOM YPOBHEH U 33/[aHHBIM YUCJIOM TE€M HA KazKJIOM YPOBHE, BO3PACTAIO-
UM 110 YPOBHsIM ¢Bepxy BHEH3. Kark/piit ypoBeHb npejcrap/isier co00it OOBIYHYIO «ILIOC-
KYI0» TeMaTUIeCKYI0 MOJENb, MO3TOMY BpeMs MOCTPOEHUs MOJETH OCTAETCd JTUHEITHBIM
110 06bEMY KOJLIEKITHH.

g momenupoBaHWs CBS3ell MeXKIy YPOBHIMH B MOJEJb BBOJAATCS HapaMeTpbI
g = p(8|t) — yciioBHBIE BEPOSTHOCTH HOJATEM S B TeMax t. B MyJibruuciuiiMHApHbIX
KOJIJIEKITUSIX TIOJTEeMa MOYKET MMeTh HEeCKOJIbKO pojaure/ibckux Tem. Hamnpumep, «Ououn-
dopMarTrKay uMeeT B KadecTBe POJIUTEIHCKUX «OHOJIOTUIO» U «HHMOPMATUKY», a «Oy-
CTUHT PeNIafoNIuX /epeBbeBy — «OyCTHHI» U «pelaforue aepeBbsy. [loaromy mpeacras-
JIeHUe HepapXuu MHOTOIOTBHBIM I'padOM IpeamoYTHTeIbHee, 9eM TePEBOM.

Ha Bepxnem ypoBHe mepapxum CTPOUTCS OOBIYHAS IJIOCKAS TEMATHIECKAST MOJIE/Ib.
[Tycts Mozesnb -ro ypoBHst ¢ MHO2KeCTBOM TeM 1’ yrKe 1mocTpoeHa, u Tpedyercss HoCTPOUTD
MoJiesTb ypoBHs £+ 1 ¢ MHOKecTBOM J04epHuX TeM S (subtopics) u 6OIBITIM YHCTIOM TeM,
S| > |T'|. st pouTeibeKuX Tem yKe HMeIoTcs 4acToTHbie onenku p(w|t) = 2t ¢ € T
[ToTpebyem, 9TOOBI OHE KaK MOZKHO JTIyYIlle TPUOTMKATNCH BEPOATHOCTHBIMU CMECSIMHU 0~
gepuux reM, p(w|t) = Y p(w|s)p(s|t). dast sroro Oygem MakKCHMH3UPOBATE Jorapudm
1PaB/I0110/100us1:

R(®, V) = TZ Z Nt angpwstt — max, (65)

teT weW ses

e ¥ = (Vg)sxr — Mampuua cesseli, KOTOpas CTaHOBUTCsI JIONOJHUTE/IbHOI MaTpuiieil
HapPaMeTPOB JJIsi TEMATHIECKON MOJIE/H JI0YEePHEr0 YPOBHS.

Bajaua makcumusanun R(P, ¥) ¢ TounocThIO 10 0603HaYeHUTT COBLAaeT ¢ OCHOBHOM
3a/1aueil TeMaTHIecKoro MojeaupoBanus (13), eciu cYUTaTh POJUTETbCKUE TEMBL ¢ nces-
d000KYMEHMAMU C JACTOTAME TEPMOB Ny = TN Pywi. ITO O3HATAET, ITO JIOUEPHAT MOJIETb
¢ OGJIBIINM YHCJIOM TeM CTPEMHUTCI KaK MOXKHO TOUYHEee OIHCATH He TOJIbKO HCXOIHBIE JTaH-
HbIE, HO U BCIO COBOKYITHOCTH POJMTEIbCKHX TEM.

Bwmecro mojudukanuu dpopmyst M-1iara jjanHblil pery/isipu3aTop MOXKHO Peain30BaThb
coBCceM IpocTo. JI0CTATOYHO, MOCTPOUB POAUTENbCKHI ypoBeHb u3 |1T'| Tem, m106aBUTH
B KoJUTeKnuto |7T'| mCeBI0TOKYMEHTOB ¢ YaCTOTAMEH TEPMOB N, Marpuna W mosyduarcs
B CTOJIONAX MAaTPHUIBI O, COOTBETCTBYIOIINX IICEBIO0OKYMEHTaM, KaK IMIOKa3aHO Ha puc. 18.

JlaHHBIT TOJX0/1 K MOJIEJIMPOBAHUIO NepapXuil peajn3oBaH B 6ubjanorexke BigARTM.

AIbrepHATHBHBI TOJXO0/] K MOJIEJHPOBAHUIO MEXKYDOBHEBBIX CBsI3€il, TaAKKe Ipe/Io-
JKeHHBIH B [49], 3aKT09aeTcsd B TOM, 9TOOBI IPHO/IHKATH POAUTEIBCKAE TEMBI KK PACIIPe-
aenenns p(t|d) BepOATHOCTHBIMU CMecSMU JT04epHHX TeM y . o p(t|s)p(s|d). B pesymrs-
TaTe HOJIyYaeTCss PeryJsipu3arop MarTpuilbl O i J0YepHero ypOBHsI, SKBUBAJIEHTHBIN
BBEJIEHUIO MHOYKECTBA POJUTEIHCKUX TeM 1’ KakK MOJAJIBHOCTH C YACTOTAMH TE€PMOB Ng.
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Puc. 18: JlobaBjieHne BTOPOTrO ypPOBHSI MEPAPXWK C MHOMKECTBOM IOATEM S peaju3yercd myTéM T00aB-
JIEHWs B MCXOAHYIO KOJUIEKIHMIO |T'| TICeBI0MOKYMEHTOB ¢ 9aCTOTAME TEPMOB 7.,:. MaTpuna cBaseil Tem
¢ monremamu ¥ = (p(s|t)) obpa3syercss B CTOJONAX MATPUIBI ©, COOTBETCTBYIONINX TICEBI0MOKY MEHTAM.

OKCHEepUMeHThl TTOKA3aJId, ITO JAHHBIA MOIXOM XYyzKe MPHOINKAeT POIUTETbCKYI0 MaT-
puiy ®¢. Kpome roro, gobas/ienne MOJAJILHOCTH B KaXK/bIi JOKYMEHT TPYy/IHEe Peaius3o-
BaTh, 4yeM Ji00aB/IeHUE IICEBI0OJ0OKYMEHTOB B KOJLIEKIUIO. JlanHblil 110/1X0/1 ObLI HPpU3HAH
Hey/IauHbIM U He ObL1 peasn3oBan B BigARTM.

Pa3pexuBaHune Me)xxypoBHEBbIX CBA3el (hopMa/iu3yer eCTeCTBEHHOE HPEIII0JI0KEHNE,
9TO KazKjas Tema JI0YepHero ypoBHs S € S umeer HEOOJIBIIOE YHUCJIO CBs3€l ¢ TeMaMu
POUTETLCKOrO ypoBHs ¢ € T'. B 4acTHOCTH, ec/ii Bee pacupejeserus p(t|s) BBIPOXK IEHbI,
TO €CTh KaKJasd TeMa S HMeeT TOJbKO OJHY POIUTEILCKYI0 TeMy t, TO BCA HepapXus
nprobperaeT BUJL JIepeBa.

[IpuMeHUM KpPOCC-3HTPOLURHBIA Peryjsapusarop s pa3spekKuBaHud Paclpele/eHui
p(t]s), BeipasuB ux uepes Vg 10 dGopmyse Baiieca:

R(V TZZ 1npt|s ZZI Zwi:nz

ses tET tET ses

[Tockosbky Marpuna W sB/IgeTca 4acThio MaTpuibl O, K Heil mpuMennma dopmyta (18),
u3 KOTopoii cienyer dhopmyaa M-mara Jijig MoJe I J09epHero YpOoBHs:

Vst = nsoelgrL(nst + T( (t]s) — |;‘ )) (66)

Corutacio 91oii dhopmy.ie, ycioBhbie BepogrTHocTH p(t|s), MeHbinne ﬁ,

CTaQHOBATCS €Ile
MeHbIIle, U MPH JOCTATOYHO OOJIBIIOM T 0OHYyJIsroTCst [49).

i — nst Nst

IIpu paspexusannu pacupesesenuii p(s|t) = 7=t Baxno, 4robbl BeKTOpPHL p(t|s) = 7=

OCTABAIUCH PACHPEICACHUAMHU, TO €CTh YTO0bI Y Ka}K,H,OI/I LOJITeMbl S OCTaBaJlaCh XOTs Obl

OJlHA POJMTENLCKad Tema. Ha modepreMm yposHe S He TOMKHO 00pa3oBaThbCd HU OJHOM

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

CnekTp Tem n Busyanusauus uepapxmii. Temarudeckue mepapxuu CTPOSITCS B 3HA-
YUTEJIbHOIl CTeHmeHu JI/Id TOro, 9ToObI IMOKAa3bIBaTh MX IOJb30oBaTe/ daM. Jlo cux mop Mol
TFOBOPHJIM O TeMaxX KaK O HeylnopsaoueHHOM MHoxKecTBe 1'. OHAKO IpOCMaTpUBAaTh CIIHU-
COK TeM ropas/io y/jiobHee, €C/id OHU PAHZKMPOBAHbI 110 CEMAHTUYECKON OJIM30CTH — TaK,
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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.

9TOOBI OJIM3KUE 110 CMBICJY TEMbl OKA3bIBAIUCH B CIHCKE PAJOM. DTO IIOMOIAET HOJIb30-
BaTeIIM ObICTpee HAXOJUTh HYKHBbIE T€Mbl U aKIEHTHPOBATH BHUMAHHE HA Pa3JIUIUIX
MezKIy Hambojiee OJU3KHUMHU TeMaMHi. DTO BaXKHO U JIJId OOBIYHBIX <«ILJIOCKHX» TeMaThde-
CKHX MojeJieil, u, TeM OoJiee, s HepapXuIecKux.

Temamuveckum cnexmpom WIA CNEKMpPom mem OyaeM Ha3blBaTh yLOPSI0YeHHbII
CIUCOK TeM ty,...,1p|, B KOTOPOM CyMMa PACCTOSHUIl MEZKJly COCEJHUMHI TeMaMH M-
HUMAJIbHA:

7]

Z/J(tz‘, ti—1) — min,

=2
re p(t,t') — byHKIUS paccTosHUS MeXK/Iy TeMaMu Kak crosbmamu Marpuipl $. Hampu-
Mep, MOXKeT ObITh B3TO KOCHHYCHOe paccroghue (97), paccroguue Xemmuarepa (98) wiu
paccrosiune ZKakkapa Mexy ceMaHTHYecKuMu sijpamu TeMm (99).
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ﬂaHHaH 3a/da4a KOM6I/IHaTOpH0ﬁ OIITUMU3alUN 3SDKBUBAJICHTHa 3a/a49€¢ KOMMUBO-
axépal. g eé pemenns MoxeT ObIThb MCHOJIB30BAH, B YACTHOCTH, AJCOPUTM
Jluna—Kepuurana B peanusanuu XejabcrayHa |75|, UMEIOIIHHA BBIYUCIUTEIBHYIO CIOK-
nocrs O (|T]*2).

B TemarmyeckoM crekTpe ceMaHTUYIECKHU OJTU3KHE TeMbl OKA3bIBAIOTCSA PSIOM, KaK I0-
kKa3aHo Ha puc. 19. [Ipu nocrpoennn nepapxuveckoro CleKTpa YU4UTbIBAIOTCS BCE YPOBHH,
4T0Obl MUHUMU3UPOBATH YUC/IO liepecevdenuii B rpade csaseil, cm. puc. 20.

BbiBoabl no rnaee

Ecmm tematmdeckoe MOJeTMpOBaHUE SBISIETCS MPOMEKYTOTHBIM ITAIIOM AHATU3A
JIAHHBIX, TO BBIOMpPATHh YUCJIO TEM JIy4Ille BCEro 10 KPUTEPUIO KadeCTBa, PeIIeHus]
KOHEYHOW NPUKJIAJIHON 3a/1a4U.

Nepapxust jgaér 6osibiie nHpOPMAUU O TEMATUIECKONR CTPYKTYPE KOJIEKIIMH, YeM
oObIYHAS 1JIOCKAs MOJIeJIb U 1O3BOJIsIeT BhIOUPATh HEOOXOJUMYIO CTElEeHb JeTaJIn3a-
UU JIJIs KaZKJIOU TeMbl.

[TocTpoenune remarudeckux uepapxuit 8 ARTM nporie Bcero peasmsoBarhb 110 ypoB-
HsIM, cBepXy BHU3. [Ipu nocrpoenuu jiouepHero ypoBHs TeMbl POJIUTE/IHCKOIO yPOBHS
Ipeodpas3yroTCs B HCEBI0-I0KYMEHTBI, KOTOPbIE J100ABJIAI0TCH B KOJIEKIIHIO.

Ha npakruke nocrpoenue reMarudecKux uepapxuil 3aTpyjHsercs HeoOX0MMOCTbIO
10/I0UPATh YUCJIO TeM U KOIMDMUIUEHTH PeryJiipu3allui Ha KayK/IOM yPOBHE.

[TocTpoenue ciiekTpa TemM yJI00HO Jijis BU3YyaJIU3alMi KaK ILJIOCKUX, TaK U UepPapXu-
YEeCKUX TeMaAaTHUYCCKUX MO,Z[eJ’[eI';I.

@enopaka . C. TexHOMOrnS WHTEPAKTUBHON BH3YaIH3AIME TEMATHIeCKHIX Mojeieif. BrImyckHas
KBasMUKAINOHHad padora bakamaspa, MOTU, 2017.
(www.MachineLearning.ru/wiki/images/d/d8/Fedoriakal7bsc.pdf).
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14 MopgennpoBaHne co4eTaemMoCcTu C/I0B

['umoresa «Melka CJI0B» ABJISETCA OJHUM M3 CAMBIX KPUTHKYEMBIX MIPEIIOI0KEeHU
TeMATHIeCKOro MojeupoBanus. OHa IMOTHOCTBIO UTHOPUPYET (DyHIaMEHTAJIbHOE CBOIi-
crBO couemaemocmu cao6 (word co-occurrence) B ecrecTBeHHOM si3bike. CoderaeMocThb
ObIBAET JBYX BUJOB: KOHMAKMHAA U JUCTAHMHAA.

st onmcaHus KOHTAKTHON COYETaeMOCTH W3 TEKCTA BbIJIEISIOTCS BCEBO3MOXKHbBIE
N-2pammo, — TOCTEIOBATETBHOCTH U3 1 MOAPST Uy IuX cI0B. Cpen n-rpaMm mpeicTaB-
JISTIOT UHTEPEeC KOJIOKAIUMH U CJI0BOCOYeTaHud. KoAa0Kauyus — 9TO n-rpaMMa, BCTpedaio-
MASICA B KOPILYCE IOPA3/10 Yallle, 9eM MOYKHO ObLI0 Obl 02KH/1aTh B CJIy9allHOI 11OC/Ie/10BA~
TeJibHOCTH CI0B. C060coMemanue — 9TO N-rpamMma, CJA0Ba KOTOPOl CBSI3aHBI 10 CMBIC/TY
U IPAMMATHYECKU, U 0003HAYAIOT €JMHOe MOHITHE. B TeMaTnyeckux MOJe/sIX TeMATUKY
TAKUX N-TPaAMM JIYUIe ONPEeIe/aATh, He Pa3jie/isdsd UX Ha OT/AeIbHbIe CJIO0BA.

JlucranTHas cOYeTaeMOCTh O3HAYAET YACTOe MOsIBJIEHUE CJIOB B OJHHX U TeX yKe KOH-
TEKCTaX, HAIIPUMED, B OJIHOM IIPE/JIOKEHUN WU B COCEJHUX MPEJJIOKEHHUAX, HO He 00s-
3aTeJIbHO BILIOTHYIO JPYT K JAPYTY.

Muorue ucciieoBanus HAIPABJIEHbI HA CO3/QHUE TEMATHIECKUX MOJEJIel, yIuThiBa-
IOIUX MOPSI0K CJI0B. V3 HuX Hambosee BaZKHBIMU MIPEJCTAB/SIOTCA TPU HAIPABJICHUS.

[lepBoe HampaB/eHHe CBA3aHO C BbIJEJeHHEM HHMOPMATHBHBIX N-TPDAMM — KOJLIO-
KaIyii, CJI0BOCOYETAHUII, TEPMUHOB, MMEHOBAHHBIX CYITHOCTEH. 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 mampasiienue cBA3aHO ¢ OCHOBHOII THIIOTE30U ducmpubymuehoti cemanmuk:
CMBICJI CJIOBA OIPEJIEISIeTCs TeM, B OKPYKeHUN KAKUX CJIOB OHO Yallle BCEro yrmoTped iser-
cst. [osiBaenune nporpammbl word2vec [119| crumysnupoBasio pasBurtue 6eKmoprulr npeo-
cmasaernud caoe (word embedding). Oum HaxOAAT Maccy UpuMeHeHH Osarogapsi Tomy,
9TO CEeMAHTHYECKU OJIM3KUM CJIOBAM COOTBETCTBYIOT OJIM3KHE BEKTOPbHI. Temarudeckue
MOJIEJI TaKzKe CIIOCOOHDBI CTPOUTH BEKTODHBIE MPEICTABICHUS CJIOB, 00JIAAIONIHEe STUM
CBOMCTBOM, B TO K€ BpeMs COXpaHss CBOICTBA MHTEPIPETUPYEMOCTU U PA3PEKEHHOCTH.

Tperbe HampaB/ieHHE CBS3aHO C MEMAMUYECKOT Ce2MEeHMayuet W TUIOTe30H, 9To
TEKCT Ha, €CTECTBEHHOM SI3BIKE COCTOUT W3 IIOCJIE/I0BATETbHOCTH MOHOTEMATHIHBIX CO00-
mienuit. B gacTHOCTH, MOXKHO IIPEIo/Iararh, 9T0 KazK/10e MPe/JIOZKeHNe OTHOCUTCS, KaK
IPABUJIO, K OJHOW—BYM TeMaM. 3a/Iadi CerMEeHTAIMNA PACCMATPUBAIOTCA B TviaBe 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 [85].

[TepBast 6Gurpammuasi Temarudeckas mojesnb BTM (bigram topic model) [188| mpes-
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

83



pacnosHaBaHue obpasoe B buonHdopmaTuke TEOPUS BblHNC/INTENBHON CNOXHOCTK
YHUTrpaMMmbl burpamme: YHUTrpaMMmbl burpamme:

obbekT 3aja4a pacnosHaBaHusi 3agaqa pasgensitb MHOXECTBA
3agaya MHOXECTBO MOTNBOB MHOXECTBO KOHEYHOE MHOXKECTBO
MHO>X€eCTBO cmcTemMa mMacok MOAMHOXECTBO  YC/OBME 3aAa4yn

MOTNB BTOPVYHAsI CTPYKTYpa ycnosune 3aja4a O MoKpPbITAN
paspeLmmMocTb CTpyKTypa benka Knacc MOKPLITNE MHOXXECTBA
BbIbOpKa pacnosHaBaHme BTOPUYHOW | pelueHne CUJIbHBIA CMbICT

Macka cocTosAHne obbekTa KOHEYHBbIN paspensrowmnin KOoMmnTeT
pacno3HaBaHue obyuatowasi Beibopka 4mcno MUHNManNbHbI adpdNHHbIA
NHOPMATNBHOCTL  OLEHKa MHOPMATUBHOCTU | adddprHHBIIA adprHHBIA KOMUTET
COCTOsiHNE MHOXECTBO 0bbekTOB cnyyaii acpbuHHbIA pasgenstownii
3aKOHOMEPHOCTb paspeLnMoCcTb 3agaqn NoKpbITNE obuiee nonoxexmne
cncrema KPUTEPWNIA paspeLunmocTm obuynii MHOXECTBO TOYeK
CTpyKTYypa MHOPMATNBHOCTL MOTHBA | MPOCTPAHCTBO cny4vaii 3agaqn

3Ha4veHne nepBn4Hasi CTpyKTypa cxema obwuii cnyyaii
perynsipHoCTb TYMNMKOBOE MHOXECTBO KOMunTET 3agayqa MASC

Puc. 21: TIpumepsl COOTBETCTBYIOIIUX TE€M B yHUIDAMMHON 1 GurpaMMHOI Mozesu (10 KOJUIeKIu: craTeit
BCEpPOCCUIICKOl Hay4uHOil KoHdeperuu «Maremaruueckue MeTobl Paclo3HaBAHUs 0OPA30B» ).

e U, = p(w|v,t) — ycjaoBHAs BEPOSITHOCTH CJIOB W 1IOC/IE CJIOBA U B TEME t; Ngyy —
qacTroTa OurpamMmbl «vw» B JokyMmente d. [tasubiit Hepoctarok moaen BTM B Tom, aro
OHA YYHUTBIBAET TOJHKO OUIpaMMbl. Bropas mpobjeMa B TOM, YTO YHCJIO BCEX OHIpaMM
OBICTPO YBEJHYUBAETCSI C POCTOM KOJUIEKITHH, U HCII0JIb30BaTh Mojesb BTM Ha Gosbimux
KOJUTEKITHSX 3aTPYIHUTETBHO.

Mogeas TNG (topical n-grams) [197| ycrpamsier 91 HepocTaTKu. YCJIOBHOE PAcCIpe-
JIJIEHUE CJIOB OLUCHIBAETCS BEPOSITHOCTHON CMEChIO

p(w|v, t) = fthSOth + (1 - fth)SOwta

171€ e — MEPEMEHHAsI, PaBHAsI BEPOSTHOCTH TOTO, YTO [apa CJIOB VW SIBJISIETCS OUrpam-
moit B Teme t. B pabore C. C. Crenuna® moka3ano, 4To0 IpH HEKOTOPBIX HE 0CO00 JKECTKUX
HPEJIITON0KEHUIX l0og-TIpaBIomoo0ue 3Toi MOJIe/ I OIeHUBAETCS CHU3Y B3BEIICHHOW CyM-
moii log-tipaBaomnomobuii MogabHOCTeH yHArpaMyM u ourpamm B Mogen ARTM. JIpyruvu
caoBamu, myabrumoaaabiasgs ARTM MoxkeT ObITh HCHOIB30BAHA, JIJIsT TOMCKA, TPUOJINZKEH-
Horo pemrenus B mojean TNG.

B Toit ke pabore ObLIM IPOBEJIEHBI YKCIIEPUMEHTHI ¢ OUIPAMMHON MYJIBTUMOJIAJILHOMN
mozenbio ARTM na mebosbmioii (Menee 1000 TOKYMEHTOB) KOJJIEKIIHH PYCCKOS3BITHBIX
crareil HayuHoit koudepenuu MMPO (MaTemaTiuecKue MeTO/bI PACMO3HABAHUSA 0Opa-
30B). ComocraB/ieHue TeM YHUIDAMMHON 1 GUrpaMMHOI MoJiesieil MoKa3aso, 4To Mo TeMaM
OUIPAMMHOM MOJIEJIM OLIPOIIEHHbIE MOCTOSHHbIE YHYACTHUKU KOH(MEPEHIIuU MOIJIM OLpe/ie-
JINTh HAYYHYIO I'PYIIILY U JIa2Ke aBTOPOB CTaTeil, TOrJa KaK 110 TeMaM YHUTIPAMMHONW MOJIe/I1
C/Ie71aTh 3TO OBLIO IPOOJIEMATHYIHO, CM. puc. 21.

B ARTM n-rpaMMHasi MOJE/Tb eCTECTBEHHBIM 00Pa30M OIIPeIe/IIeTCs KaK MYJIbTHMO-
JlaJIbHasd, B KOTOPOM I KaKJO0TO N BBIJIEISETCA OT/Ie/JbHasg MOJIAJIbHOCTL. g mpei-
BapUTE/IbHOI'O COKPAIEHUs CJIOBapeil n-rpaMM IHOJXOJMT METOJI, IOUCKA KOJLJIOKAIUI
TopMine [64]. On smueitno macirrabupyercst Ha GoJiblHe KOJUIEKIME U 1103BoJIsieT (op-
MHPOBATh CJ0Bapb, B KOTOPOM KazKJasd n-rpaMMa 00J1ajaeT TpeMs CBOHCTBaMHU:

>C. C. Crenun. My/ibTurpaMMHbIe a/IJIMTUBHO PEry/IapU30BaHHble TeMaTudeckue mogeau. Marucrep-
ckag muccepranus, PVUBT MO®TH, 2015.
http://www.Machinelearning.ru/wiki/images/4/4a/Stenin2015MasterThesis.pdf
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(a) numMeeTr BbICOKYIO 4aCTOTY B KOJIJIEKIIUU;

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

(B) me comepxkures B (n+1)-rpammvax, umeromux cBoiicTa (a) u (6).

Mero/ipl, IpeIozKeHHbIe B TOCTeayomux paborax, SegPhrase [107] u AutoPhrase [160],
JIeMOHCTPHPYIOIHE €IIE JTyIIIHe Pe3yIbTAThL.

Mopenb 6utepmoB. Kopomkumu mercmamu (short text) HasbIBAIOT JOKYMEHTHI, /U~
Ha KOTOPBIX HE JOCTATOYHA JIJIsl HAJEZKHOIO OLPE/IEIeHHsT UX TeMaTuku. [Ipuvepamu Ko-
POTKHUX TEKCTOB SIBJISIIOTCs cO00IeH s T BUTTEPA, 3ar0JI0BKH HOBOCTHBIX COODIIEHUI, pe-
KJIAMHbIe 00'bsIB/IeHH, DEIUINKI B HAJIOIaX, OT/eJIbHbIe IIPe/IOKeHNsT, U T. 1. VI3BecTHDI
IIPOCTBIE HOXO/bI K IIPODJIeMe, HO OHH He BCeryia IPUMEHHMBI: 00beIUHATh COOOIIEHNST 110
KaKOMY-/1100 pu3HaKy (aBTOPY, BDEMEHHU, PEIHOHY M T./1.); CYUTATh KaXK/10€ COOOIIeHHe
OTJIEJIbHBIM JIOKYMEHTOM, pa3pexkuBast p(t|d) BIIOTH 10 € JMHCTBEHHON TeMbI; JONOJHITH
KOJUIEKIIMIO JUIMHHBIME TeKcTaMu (Haupumep, crarbsaivu Bukuneaun). Oqaum u3 Haubo-
Jlee YCIEIIHBIX U YHHBEPCAJIbHBIX IMOAXOI0B K IPOOJeMe KOPOTKUX TEKCTOB CUUTAETCS
memamueckas modeav bumepmos (biterm topic model, BTM) [201].

Bumepmom Ha3bIBaeTCA mapa CJIOB, BCTPEIAIOMIUXCS PSIOM — B OJHOM KOPOTKOM CO-
OOIIEHUH MJIM B OJHOM IIDEJIIOKEHHU WM B OKHe +h cioB. B owimane or Gurpammsbi,
MEXKJLy JIBYMsI CJIOBaMU OMTEPMa MOIYT HAXOJUThCs Apyrue cjoBa. KoHKperusaius 1o-
HATHA <«PsIOM» 3aBHCHT OT [OCTAHOBKH 33/a4d U OCOOeHHOCTeH KosuteKiuu. Bpicokas
qacToTa OHTEpMa B TEKCTOBOIl KOJUIEKIHH SIBJISETCS MIPOABIEHHEM IUCTAHTHO codeTae-
MOCTHU JTAHHOW Iapbl CJIOB.

Mogesnbs BTM onucpiBaeT BeposTHOCTH 10siBJeHus nap c1oB (u, v). Mexomubivm jgan-
HBIMU SIBJISIFOTCSL YACTOTHI Ty, OMTEPMOB (U, V) B KOJUIEKIIUH, WM MATPHIA BEPOSTHOCTENT

P = (puw , TIE Pup = NOrm (Ny,).
(Puv)wxw, L€ P (w)ewg( )

[Tpumem runoresy yciaosuoit Hesasucumocru p(u,v|t) = p(u|t) p(v|t), ro ecrb noiry-
CTUM, YTO CJIOBA U, U IIOPOKIAIOTCA HE3ABUCUMO JIPYT OT JPYTa U3 OJHON M TOH 2Ke TeMbl.
Toryta, 110 dpopmyJie 1MOJIHOW BEPOATHOCTH,

plu,0) = > p(ult) p(v]t) p(t) = Cupunt,
teT teT

rie Y = p(w|t) u m = p(t) — napamerpbl TeMaTUUeCcKOil MOJe/ M. DTO TPEXMATPUUHOE
pazioxenue P = ®IIOT, e Il = diag(my, ..., mr) — auaronaibHas Mmarpuna. Mosjeib
OMTEPMOB HE OLPEE/IseT TEMATUKY JOKYMEHTOB © U H0ITOMY HE IMOJABEPKEHA BJIUSIHUIO
3} eKToB, BEI3BAHHLIX KOPOTKUMH TEKCTaMH.

ARTM mno3Bosisger 00beMHATL MOJAEIbL OUTEPMOB ¢ OOBIYHON TEMATHIECKONR MOJIEIIBIO,
9100bI BCE-Taku 1mo/yuanTh marpuity O. /s sroro Bo3bmém log-ipasionogodue mo/iein
OUTEpPMOB B KadecTBe peryJsipusaropa ¢ KoM UIueHToM 7:

R(®,1I) =7 Z Ty IN Z Out Pot Tt
U,V t

[Tpumenenue ypasuenuii (17)-(18) k sromy peryisipusaropy gaér dopmyriay M-mrara
Jiist Marpunbl P:

Pur = norm (nwt +7 Y nuwpmw); (67)
ueW
Pruw = n]?e%m(ntwwtwut> . (68)

85



Oru hopMyJibl MOKHO MHTEPIPETUPOBATH KAaK J00aBJ/eHIE B KOJLIEKIUIO 1cesdo-0o-
Kymenmos cioB. Kaxkomy cioBy u € W craBuTCS B COOTBETCTBHE IICEBI0-I0KYMEHT d,,
00beIMHATONIHIT BCE KOHTEKCTHI CJIOBA U. DTO MEIIIOK CJIOB, BCTPETHBIIHUXCS PSIOM CO CJIO-
BOM ¥ [Jie-7TH00 B KOJLIEKIMH. 1HC/I0 BXOXKIEHUI CJI0BA W B MCEBAO-JTOKYMEHT d, PaBHO
TNy BBIYUCTICHAE BCIOMOTATeIbHBIX IEPEMEHHBIX Pryy = P(t|u, w) B (68) B TouHOCTH CO-
orsercrByeT E-miary Jyist 1nceBjio-10KyMeHTa d,, eCJu MOJI0KHUTh, 9TO ero TeMaTHYeCKuil
BEKTOp obpasyercs IyTéM IepeHOPMUPOBKU CTpOK Marpuiibl @ 1o dopmylsie baiteca:

Oy = morm (nyput)- (69)

VBejmmauBas KodpduimenT 7, MOXKHO JI00UTHCs TOro, 4r0odbl Marpuna ¢ dopmupo-
BaJIach IIPAKTHIECKH TOJBKO 1o burepmaMm. B Takom ciaydae momenb ARTM mepexoant
B MOJIe/Ib OUTEPMOB, KOTOpas CTPOUTCS IO KOJIJIEKIHH IICEBI0-T0KYMEHTOB, 0€3 UCIIO/Ib-
30BaHUS MCXOIHBIX JOKYMEHTOB.

Mopgenb cetu cnos. Iies mojie/impoBaTh HE JJOKYMEHTHI, a CBA3U MEXK/1y CJI0BaMu, ObLiIa
noJiozkena B ocaoBy Mozeseit WITM (word topic model) [47] 1 WNTM (word network topic
model) [213]. JIobonpiTHO, YTO GoJee pannss myGaukaus [47] ocrasach He3aMedeHHOMN
(BummMO, KaK He-OailecoBcKast), i craThs [213] mazxe me cepliaercs na ueé. Mogeamn WTM
u WNTM cBoasitess k npumenennio PLSA 1 LDA coorBercTBeHHO K KOJLIEKIUH HCEBIIO-
JIOKYMEHTOB d,,:

teT teT

Banumem sorapudM IpaBIOnOA00us A1 TeMATHIECKOH MOIEIN IICeBI0-T0KYyMEHTOB
p(w|d,) B BUse peryisipusaropa:

R®,0)=7 Y nuwln ) oub,

u,weW tel

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

g oObenuHEeHNS MOJIETN CETU CJIOB C OOBITHON TeMaTHIeCKOU MOJIETbIO JOCTATOTHO
J100aBUTH TICEBIO-T0KYMEHTBI B OCHOBHYIO KOJLIEKINIO. B ommmane or mMojem Ourepmos,
He NpUETCs Jazke MeHsTh 00braHyI0 (bopmyry M-mrara jyist BeraucjieHust 6y,,.

Ecu BBIYHCISATH TeMATHYECKHE BEKTOPBI IICeBI0-T0KyMeHTOB 1o dopmyae (69),
to Momenb WNTM nepexoaur B momens Gurepmos [146|. Bosee toro, ecau B Mojenn
HeT IPYTUX Peryaspu3aTopoB, TO JOCTATOYHO IPUMEHUTH 3Ty (DOPMYJIY TOJBKO IPU UHU-
HUAJIU3AIME MATPUIBl O,

B skcuepumenrax Ha KOJUIEKIMSX KOPOTKUX TeKcToB Mojeib WNTM nemuoro ipe-
BOCXOJIUT MOJIE/Ib OUTEPMOB U CYIIECTBEHHO HPEBOCXOUT OOBIYHBIE TEMATHIECKUE MOJIE-
mau [213]. Ha JiMHHBIX JOKyMEHTaX TeMaTHYeCKHe MOJEeNN MAPHOH COYeTaeMOCTH CJIOB
He MMOKA3aJIi 3HAYMMBIX [PEUMYIIECTB Iepe/l OOBITHBIMI TeMAaTHIeCKUMU MOJIETSMH.

KorepeHTHoCTb. Tema HasbiBaercst kozepenmioti (COrIacOBaHHOIN), ecin Haubosiee da-
CTble T€PMbl JAHHOIl TEMbl YaCTO BCTPEYAIOTCS PsIOM B JIOKYMeHTaX KoJsuiekiuu [133].
CoveraeMoCTb TEPMOB MOZKET OIEHUBAThCA MO camoii Kosuneknun D [125], wiu 1o ¢TopoH-
Heil Kosutekiun, Hapumep, mo Bukuneuu [130]. CpeHsst KOTepeHTHOCTh TeM CUUTACTCS
XOPOIIeil Mepoil HHTEPIPETUPYEMOCTH TeMaTuIecKoii mojesnn [134].
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[Tycrs 3aanbl onenku coderaemoctu Cy, = p(w |v) mis nap repmos (w,v) € W2, Ha-
upumep, Cy, — J0JIs1 JIOKYMEHTOB, COJIEPKAIIMX TEPM U, B KOTOPBIX T€PM W BCTPEYALTCS
He jiasiee yeM depe3 10 cioB oT v.

Banumrem GOpMYJIy IOJHONW BEpOATHOCTH, 3aMEHUB YCJIOBHYIO BEPOATHOCTH (0, da-
CTOTHOM OIIEHKOIA:

plwlt) = pr\v (v|t) = ZC’wvnvt.

veW veW

Banumiem B Bujie peryispuszaropa log-npasionoiodust TpeboBanue, 9ToObl mapaMer-
Dbl (¢ TpHOIMZKaM onenku p(w |t):

D) :TZnt Z[)(w\t) In .

teT weWw

Dopmysia M-mara, coraco (17), npuHuMaer Buj

Pur = norm (nwt + T Z C’wvnvt>. (70)

veW\w

D10 criakupalomuii peryiagpuzarop. OH yBeJIMYUBaeT BEPOITHOCTH TepMa B TeMe, eC/Id
TepPMbI, C KOTOPBIMH OH YaCTO COYETAeTCd, OTHOCATCA K jJaHHOil Teme. TodHOo Takas ke
dbopmysa noayuamiacs B [125] aust mogesn LDA u anropurma commimposanusi ['u66ca,
HO ¢ DoJiee CJI0KHBIM 000CHOBaHUEM 4depe3 0000HEHHYI0 ypHOBYIO cxemy [loiist, u ¢ bojiee
CJI0ZKHOM 3BPUCTHIECKON OMEHKOH Clyy.

B pa6ore [130] mpemiozxken Ipyroit peryisipu3aTop KOrepeHTHOCTH:

(I)) =T Z In Z Cuvsoutspvta

teT u,veW

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

| D[ Nu

PMI =1
(u,v) =1In NN,

(71)
rjie Ny, — YHCJIO JJOKYMEHTOB, B KOTOPBIX TE€PMbI U,V XOTsS ObI OJUH Pa3 BCTPEYAIOTCS
psiiom (He jasiee, dem vepe3 10 ciaoB), N, — 49HCJIO JOKYMEHTOB, B KOTODBIX TE€PM U
BCTPEYAETCs XOTs Obl OJIMH Pa3.

Takum obpazom, eJiuHbBI 110/1X0/1 K OITUMHU3AIMN KOI'ePEHTHOCTH 1I0Ka, He BhIpaboTaH.
[IpeararaeMble KpuTepuHu IOXOXKH HA MOJIEJH OUTEPMOB U ceTH cjaoB. Bece onm dopma-
JIU3YIOT OOIIYIO MJICI0, YTO €CJAU CJIOBA YacTO COBMECTHO BCTPEYAIOTCS, TO OHH HMEIOT
CXOXKYIO TeMaTHUKYy.

Mopenn BeKTOpPHbLIX MPeACTaB/IEHUI CJ/IOB CTaBAT B COOTBETCTBHE KAaryKJIOMY CJIO-
BY W BEKTOP V,, (buKCcupoBaHHOi pazMmeprocTr. OCHOBHOE TPeDOBAHKE K 9TOMY OTOOpazKe-
HUIO — 9TOOBI OJIM3KUM 110 CMBICJIY CJI0OBAM COOTBETCTBOBaJM OJin3kue BeKTOphl. Corac-
HO ducmpubymusnot zunomese (distributional hypothesis) cmbica cioBa omnpeensiercs
pacIpeieleHueM CJIOB, B OKDPYKEHHU KOTOPBIX OHO BeTpedaercs [73]. Ciosa, Berpedaro-
muyecd B CXOXKHUX KOHTEKCTaX, MMEIOT CXOXKYI0 CeMaHTHKY MU, COOTBETCTBEHHO, J1OJI2KHbI
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accoymayns MeTop, PaH>XXMPOBAHHbIA CMUCOK C/OB
king — boy + girl PWE queen, princess, lord, prince
Ww2v queen, princess, regnant, kings
moscow — russia + spain | PWE madrid, barcelona, aires, buenos
w2v madrid, barcelona, valladolid, malaga
india — russia + ruble PWE rupee, birbhum, pradesh, madhaya
w2v rupee, rupiah, devalued, debased
better — good + bad PWE really, something, thing, nothing
w2v worse, easier, prettier, funnier
cars — car + computer PWE computers, software, servers, implementations
W2V | computers, software, hardware, microcomputers

Puc. 22: CpaBuenune cniuckoB accoruanuii, oy derHasrx mogaeasvmu PWE u word2vec. [IpuBogsrces gersipe
HamboJIee OJIM3KUE ACCOIUAIIHH.

umMerh Giu3kue BekTopbl. s dopmasnmsanun sroro upunnuna B [119, 120] upeiaraer-
cd HECKOJIBKO BEPOSITHOCTHBIX MOJeJieil, Bce OHHM DeaJn30BaHbl B Iporpamme word2vec.
B gactrOCTH, MOZENH skip-gram mpe/icka3bIBaeT HOIBJIEHUE CIOBA W B KOHTEKCTe CJIOBA U,
TO eCTh IIPHU YCJIOBHH, YTO CJOBO U HAXOIUTCS DPIIOM:

exp (Vu, Vu)
Zv eXp <V’Ua Vu> ’

rie (Vy, Vy) = ), VwtVut — CKAJAPHOE HPOM3BEIEHIEe BEKTOPOB. B omindne or Temarmde-
CKUX MOJIeJIell, HOpMUPOBKA, BEPOSTHOCTEl IIPOM3BOIUTCS HEJIMHEHHBIM IPeoOpa30BaHIeM
SoftMax, a camu BeKTOpHBIE IIPEJICTAB/ICHUSI CJIOB HE HOPMUPYIOTCS.

Jl1st 0Oyuenusi MoJie/in pelaeTcs 3a/ada MaKCuMu3alyu jiorapudma npasionoiooms,
KaK IPaBUJIO, I'PAJMEHTHBIMU METOIAMM:

p(w|u) = Solfvtel\v/‘[/ax (Vi V) = qv%rvry(exp (Vi V) =

Z Nuw I p(w|u) — max.
u,weW {vw}

[TocranoBka 3aj/lauu O4YeHb I10XOKa Ha ObOyuenue rTemarudeckux wmojesieir BTM
n WNTM. Mogenu cemeiictBa word2vec m Jpyrue MOJAEIN BEKTOPHBIX IIpe/ICTaBIECHMI
CJIOB TaKKe SIBJISIFOTCS MATPHYHBIME pas3soxkenusvu [102, 143, 108|. [taBroe orimdme
3aK/I0YAeTCsS B TOM, YTO B 3THX BEKTOPHBIX IIPEICTABICHUAX KOOPJIUHATHI HE HHTEp-
IIpeTupyeMbl, He HOPMHPOBAHBI W HE Pa3pPerkKeHbl, TOrJ[a KaK B TeMAaTUYECKHX MOJesadX
CJIOBaM COOTBETCTBYIOT Pa3pexKeHHble JUCKpeTHble pacupejeienus tem p(t|w). C apy-
roif CTOPOHBI, TEMATHYIECKHE MOJIE/IH H3HAYAIbHO He IIPeTHA3HAYAMNCD /I OIpeIe/IeHIs
CEMAHTUYECKO OJIM30CTU CJIOB, IOITOMY JI€JIAIOT OHU ITO ILIOXO.

B [146] mpesioxken cmocobd MOCTPOCHUST MEMAMUNECKUL 6EKMOPHOLL NPEOCasAerud
caos (probabilistic word embedding, PWE) 1o nceBno-kosiekiuu JOKyMeHTOB, aHAJI0-
ruaabiii Mmogenam BTM u WNTM. B s3amagax cemMaHTHYeCKOit OJIM30CTH CJIOB OHH KOH-
KyPHUPYIOT ¢ MOJEIIMH Word2vec U CYIIECTBEHHO IIPEBOCXOJAT OOBIYHBIE TeMaTUIEeCKHe
Mojiesin. [Ipu 9ToM TemaTudeckne BEKTOPHBIE IIPeJICTABICHUS SABJSIOTCI HHTEPIPETHPY-
eMBIMH U pa3pezKeHHbIMU. VICIo/ib3ys KpOoCC-9HTPOIUMHBIE Pery/Isapu3aTopbl, pa3pezKeH-
HOCTb BEKTOPOB yJaaérca n0BoanTh 10 93% 06e3 morepu xauecrsa. Ha puc. 22 nokasambl
HpUMEPDHI PelieHns 3a/[a9u acCOIUAIUl CJIOB C IOMOIIIO MOJIE/IeH, ITOCTPOEHHBIX 110 aH-
LIOA3BIYHON Bukumemum.

KonundecTBeHnHble onmeHKH IokasbiBaioT, 4yTo PWE pemraer 3agadyu acconualuy CJIOB
HAMHOI'O JTy4Iie OOBIIHOI TeMaTndecKoil mojaeun LDA, HO He ¢TO/Ib yCIemHo KOHKY pUpyeT
C JIydIIuM MoOjesisiM ceMmeiicTBa word2vec, Kak B 3ajadax CeMaHTHIeCKO#l OJIM30CTH.
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B 3ajsiaue cemantudeckoit 6sim3octu jokymenToB PWE yBepeHHO orieperkaior BEKTOP-
uyto mozesb DBOW [54], cienmasibro pa3paboTaHHyIO JJisi TOUCKA CeMAHTHYECKN OJIn3-
KUX JOKYMEHTOB.

ARTM mo3BoJisteT 06001IUTh TeMaTHIeCKIe MOJIE/H JUCTPUOYTUBHON CEMaHTUKN JIJIsT
MYJIBTHMOJATBHBIX KOoJLTeKuit [146]. Vcnomb3yst faHHbIe 0 APHOil COYeTaAeMOCTH TEPMOB
Pa3JIMIHbIX MO,ZLaIIbHOCTef/'I, BO3MO2KHO CTPOUTHb HMHTEPpHPpETUPYEMbIC TEMAaTUYCCKUE BECK-
TOPpHbIE IIpEJACTaBJIeHud JIJid BCEeX MO,Z[aJ’[bHOCTefI. B TO 2K€ BpeMdd, lIpuBJIedeHue J10I110JI-
HUTEJIbHOI nHMOpMAIMKE O JPYTUX MOJAJIBHOCTAX MOBBIIIACT KAUYEeCTBO PEIIeHH 3a/1a9u
OJIM30CTH CJIOB.

BbiBoabl no rnase

o Yuér IHOp4A/JiIKa CJIOB B TEKCTEe U YXO/ OT I'MIIOTE3bl «MeEIllKa CJI0B» — O/JHO U3 BazK-
HeHIInx HaHpaBﬂeHI/Iﬁ pa3BUTUd TEMaTUIECKOI'O MOAEJIMPOBAHUA.

e [Ipocreitiuii mar B 3roM HallpaBJIEHUU — II€PeX0Ji OT <«MEeIIKa CJOB» K <«MEIIKY
ciioocoderanuity. OHO ITO yzKe 103BOJISIeT CYIIECTBEHHO YJIy4YIIUTh MHTEePIPETH-
PYEMOCTb TeM.

o Cueayronuii mar — uCIoJIb30BaHUe JAHHBIX O JUCTAHTHONR COYETAEMOCTH CJIOB B MO-
JleJisiX OMTEePMOB U CETH CJIOB, YTO HPUBOJUT K YJIYUIIEHUIO KAYeCTBa TeMaTUuIeCKUX
BEKTOPHLIX IIpeICTaBJACHUN C/IOB I KOPOTKHX TEKCTOB.

e T'peruii mar — MCIOJIHL30BaHUE JJAHHBIX O TEKCTE KaK I10C/1e/[0BATE/IbHOCTH CJIOB —
paccMOTpHUM B CJIeIyoleil riiaBe.
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15 MogennpoBaHne CBA3HOro TekcTa

['unoresa «MeIIKa CJI0OB» M IIPEINOIOKEeHHe O CTATHCTHICCKON He3aBHCHMOCTH COCEI-
HHUX CJOB IPHBOAAT K CAMIIKOM 4acTOil XaOTHYHOH CMEHe TeMATHKH MeZKy COCEIHHMU
CJIOBAMU. EC.HI/I npocjieiuTb, K KaKUM Te€MaM OTHOCATCHA I1OCJ/IeA0BaTEe/IbHbIE CJIOBa B TEK-
CTe, TO CoOYeTaHuA TEM BHYTPHU KazKA0T'0 IIPEIJIO2KEHU A MOI'YT OKa3aThbCd HE CTOJIb XOPOIIO
UHTEPIPETUPYEMbIMU, KaK PAHKUPOBAHHbIE CIIMCKHM YaCThIX CJIOB B KazKJI0# Teme.

TemaTH4ecKue MOJENU CerMeHTAllMH OCHOBAHBI Ha 0o0Jiee peaJUCTHYHBIX THIIOTe3aX
0 CBA3HOCTH TeKcTa. Kazkioe mpeozKenne, KaK OPaBHI0, OTHOCATCA K OJHOH—IBYM Te-
mam. Creayiomee IpeIozKeHne, Kak HPaBUI0, MPOJ0JIZKAET TEMATUKY HPEIblLYyHIEro.
CMeHa TeMbl PeJIKO HPOUCXOJUT MEKJLY HPelJIOKeHUAMHI, 4acTo MexKly ab3alaMu, eme
Halie — MezKAYy CeKIUAMU JJOKYMEHTa. Ka}Kﬂoe IpeajiozkeHne MO2KHO CHUTATb «MEHIKOM
TepMOB». JIOKYMEHT MOXKHO CUATATL «MEIIKOM HPeIOKCHHI».

BoJee akkypaTHbBIC HOAXO/AbI CBA3AHBI C HOJIHBIM OTKA30M OT THIOTE3bI «MEIKa CJIOBY.
Temarudeckue BeKTOpbl p(t|d, w;) cTposTCst 1JIs KazK/0il CJTOBOMO3UIUH i C YIETOM JIO-
KaJIbHOI'O KOHTEKCTa, JIOKyMeHTa d B OKPECTHOCTH TepMa w;. DTa Ues JOIYyCKaeT pas-
HooOpasuble peaiusanun. CHauala Mbl BBEIEM MeXaHu3M pery/dpusanuu E-niara, Koria
KPUTEPUU DEryJIspU3alui BO3IeHCTBYIOT HEMOCPeICTBeHHO Ha BeKTopbl p(t|d,w;). 3a-
TeM pacCMOTPHUM AJTOPHTM, KOTOPBI BBIYUC/ISCT TeMATHIECKH BEKTOP JTOKYMEHTa, (g 1o
marpune ® 3a oqny wim ape urepanyun. B nponecce Beranciennda GpoOpMEPYIOTCA BEKTOPEI,
OIIUCbIBAOIIUE TEMATUKY JIEBOI'O U IIPABOI'O KOHTEKCTa AJId Ka}K,ZLOI';I CJIOBOIIO3HU I U1 'l

Tematunueckas mogenb npegnoxxeHuin. Jlomycrum, 910 KazxKblii JOKyMeHT d pa3dout
HA MHOYKECTBO CEIMEHTOB Sg. DTO MOI'YT ObITh HpeJIOKeHusi, ad3aIbl Ui hpasv, — CUH-
TAKCUIECKH KOPPEKTHbIE dacTu npeioxenunit. Obo3naunM depes ng JIMHY CEerMeHTa S,
Yepe3 Mg, — UUCIO0 BXOXKIEHHUN CJI0BA W B CEIMEHT S.

[IpeammooKuM, 9TO BCe CJI0BA CEIMEHTa OTHOCATCS K OJTHOI TeMe 1 3anuiineM (DYHKITHIO
BEPOATHOCTU CEIMEHTa § € Sy depe3 mapaMeTpbl TeMATUIECKONR MO Py, Giq:

p(sld) =Y "p(tld) [T pwlt)™ =" 6u [ ] ou.

teT WES teT WES

Bynem cuntarh KazKplil JOKYMEHT «MEIIKOM CeIMEHTOB». Torja (pyHKIUs BEpOATHO-
CTH BBIOOpKH OyJ/ieT paBHA MpPOU3BEICHUIO (DYHKIUH BEepOITHOCTH cermMeHTOB. [locTtaBum
3a/la4y MaKCUMU3aluu cyMMbl log-1ipaBio1i0100us u peryJisipusaropa R

Z Z In Z 014 H onst + R(P,0) — max, (72)

deD seSy teT weSs

pu OObIYHBIX orpanudenusx (14). B wacTHOM ciydae, KOrja KasKblii CEMMEHT COCTOHT
TOJIBKO U3 OJHOTO CJIOBA, JaHHAs 3a7ada mepexoaut B (15). BamernM rtakzxke, 4To 3a71a4a
(72) siBAsieTcst 4aCTHBIM CJIydaeM MOCTPOEHHs TeMaTHuecKoil Mogesu rumneprpada (52),
B KOTOPOM BEPIIMHbBI SIBJISIOTCS CJIOBAMU, a peOpa — LPE/JIOZKEHUSIMHU.

Teopema 15.1. [lycre ¢yakuus R(P,0) wHeupepsiBao ugpdepennupyema. Touka
(®, ©) JsrokasprOro sxcrpemyma 3agaqn (72), (14) yaosaerBopsier cucreme ypaBHeHHId co
BCIIOMOTATeIbHBIMH IIEPEMEHHBIMA Digs = p(t|d, S), ec/ii H3 pelennsi ACKII0IHTD HyJIeBbIE
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crosibner marpui P, O:

Dids = ngel"Tm(th [T ¢ );

weES
OR

=norm| n — ]; Nyt = wes ;
Pwt weW wt + Pwt a(,Owt ) wt Z Z[ ]ptdsa

deD seSy

OR
0 = norm| nyg + 0g— |; Ngg = )
td o td td 90,y ; td EZS Ptds
$€54q

AnajioruanpiM 00pa30M 3ajada CraBUTCs i Mojean npejyioxkenniit senLDA [32] u
JUtst MoJiesin Koporkux coobmenuit Twitter-LDA [210]. B oboux ciydasx peryssipusa-
TOPOM SBJISIOTCs anpuopHbie pacupesgesnenus: upuxie. B mogenn Twitter-LDA B posin
JIOKYMEHTOB BBLICTYIIAIOT aBTOPBI, B POJIK CEIMEHTOB — COOOIIEHHS JTAHHOI'O aBTOPA.

Mmneprpacdosbie mogenun cesizHoro Ttekcra. Temarudeckast Mojenb runeprpada (52)
u3 riaBbl 10 HEmoCpeICTBEHHO HPUMEHUMA /ISl MOCTPOEHUs TeMATHIeCKONR MOIEIN IIPe/I-
Joxkennii. Pedbpom runeprpada MOKHO ONHCATh KaK IIPeII0XKeHne, TaK U J000e IMOIMHO-
JKECTBO TEPMOB, CBA3aHHBIX JAPYI' C JAPYIOM IO CMBICIY M IOPOZXKJIAEMbBIX OIHON 00Ieit
TEeMOM.

Ecim rtekcr upejsapure/ibHO 00paboOTaH CUHMAKCUYECKUM NAPCEPOM, TO B Kade-
cTBe pébep MOXKHO GpaTh BETKH WJIH HOIJIEPEBbsl CHHTAKCUIECKOTO JepeBa (cummazmot),
B YACTHOCTH, UMEHHBLE 2PYNIb, — IPAMMATHIECKH KOPPEKTHBIE CJIOBOCOUETAHHSA, B KO-
TOPBIX IJIABHBIM CJIOBOM SBJISIETCs CYHIECTBUTE/IbHOE. CHHTAKCHIECKUE CBSI3U IIO3BOJISIOT
YCTAHABJIMBATD CEMAHMUYECKUE POAYU CAO8 U BBIIEJIATH (PAKMb, B BUJIE TPOEK «OOBEKT,
CcyObeKT, JefiCTBIE», KOTOPbIE MOXKHO CUMTATH TEMATHIECKH OJHOPOIHBIMU U TaKKe OIH-
chIBaTh péOpamu rumeprpada.

MOKHO HCIIOIB30BATh BHEINHHE JHHTBHCTUYECKHE PECYDPCHI — Me3aypycvl WIH OH-
monoeuu, takue kak WordNet, Buku-Ciosapb, PyTes u apyrue [14]. Onn nossossiior
HAXO/IMTH ITapbl TEPMHUHOB, ¢ BBICOKON BEPOSITHOCTHIO CBA3aHHbIE TEMATHIECKH, JIUOO BO-
o01ie 0003HAYAIOIIKME B TEKCTE OJMH U TOT K€ 00bEKT. DTO MOI'YT ObITH HAPBI CUHOHUMOS,
mapbl 2unoHuM—2uneporum (JdacToe—o0Iee), mapbl MEPOHUM—LOAOHUM (TACTH—IIETIOe).
TepMuHbI, CBA3aHHBIE T€3ayPYCHBIMU OTHOIIEHHSME, MOKHO O0beJMHATL peOpoM Tuiep-
rpada, KOrja OHI HaXOIATCS B OTHOM MPEJIOKEHUH WA B COCeTHUX P IT0KeHIIX.

[NuneprpadoBast Mojesib He HAKJIAJAbIBAET HUKAKHX OIDAHHMYEHHIl Ha MHOI'OKDPATHOE
BXOK/ICHHE OJIHOI'O U TOTO K€ CJI0Ba B pasuble pédpa runeprpada. 1o 1aéT BO3MOKHOCTH
YIATHIBATDH pa3Hble THUIIBI CBA3€Hl MKy CJIOBAMH, OIMMCHIBAA UX PA3MUIHBIMU THIIAMUI
pébep B runeprpade. Hampumep, MOXKHO B equHOil rumeprpadoBoil MOJIETH yINTHIBATD
OJTHOBPEMEHHO IIpe I0KeHnsI, (haKThl, CAHTAKCHIECKIEe U Te3aypPyCHbIe CBSI3H.

Tematuyeckas mogenb cermeHtaunm. Temepnb paccMorpum 0osee CJIOKHBIA CIIydai,
KOTJa TEKCT COCTOMT U3 IpeIJoXKeHuii, n Tpedyercda o0bLeIUHAThL UX B 60Jiee KPYIHbIE
TeMaTU4YeCKue CerMeHTbl, I'PaHUIIbl KOTOPbLIX 3apaHee He OlIpedeJ/ICHDL.

Memod TopicTiling [153| ocuoBan Ha mnocr-obpaborke pacupepesnenunii p(t|d, w;),
1=1,...,ngy, TOJyIaeMbIX KaKOU-THO0 TeMATHIECKOH Moeabi0, B YacTHoCTH, LDA. Te-
MaTHKa npejoxkenns p(t|s) ompenenserca kak cpeausis temaruka p(t|d,w) Bcex ero
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ciaoB®. Barem s KazI0# HApbl COCEAHUX NPEILIOKeHUil (Sg, Spi1) BHIYMCISETCH KOCH-
HyCHast OJIM30CTh Mexjy remarudeckumu Bekropamu p(t|sy) u p(t]sey1). Hem rybxe
JIOKAJTBbHBII MUHAMYM OJIM30CTH, TeM BBIIIIe YBEPEHHOCTD, 9YTO MeZK/Ty JTaHHOM Mapoil mpei-
JIOZKEHW{l MPOXOIUT I'PAHUIA CEIMEHTOB.

Metos TopicTiling ucronb3yer HaAOOpP IBPUCTHK /I MOJA00PaA HHCIA IIPEJTOKEHU I
ceBa W CHPaBa OT JIOKAJHHOIO MUHUMYyMa OJIM30CTH, OIPEJE/ICHUs] YHCJIa CeIMEHTOB,
n000pa YUC/Ia TEM U YUC/IQ UTEPANUil, MTHOPUPOBAHUS CTOI-CJIOB, (PDOHOBBIX TEM U KO-
POTKHUX TpeioKennil. AKKyparHas HACTPOilKa mapaMeTpoB TUX IBPHUCTUK MO3BOJIAET
JOCTHYb BBICOKOTO KadecTBa cermeHtaruu [153].

TopicTiling He gBsgeTcsa MOJHONEHHOII TeMaTHIECKOl MOJIE/IBLIO CEerMEHTAIUN TeKCTa,
HHOCKOJIbKY 1IOCT-00pabOTKa HUKAK He BJIMSEeT Ha caMu TeMbl. dT0ObI HAUTH TeMbl, HanbO-
JIee BBITOJIHBIE JIJIsI CEIMEHTAIUU, TPeOYeTCs CIeNUaJIbHBII Pery/isipu3arop.

Perynapusatop E-wara. Jlo cux mnop juis popmasinsaluu JOH0JIHUTE/IbHBIX TPeOOBaHUT
K TeMATUIECKOI MO/IE/ I Mbl KOHCTPYHPOBAJ/IN KPUTEPUU PErY/ISPU3AUU KaK (PYHKIUU OT
HapaMeTpPOB Y,y U Oy, YTOOBI yUIUTHIBATH HOPSIOK CJIOB BHYTPH JOKYMEHTOB, IOpPa3Jio
y00Hee HAKJIaIbIBATh OPPAHIYEHUS Ha PACIPEICTCHUS Pygyy = P(L]d, W), KOTOPbIE BBIIHC-
JIAI0TCd Ha E-mrare s Kak/10ro CJI0Ba B KaKJOM JIOKYMEHTE.

C moMoIIpI0 TAKOTO Pery/isipu3aropa MOKHO (hopMain30BaTh TPeOOBAHUS PA3PEZKEH-
HOCTH TEeMATUKHU HPEJJIOKEHUI WM CXOJACTBA TEMATUKU TEPMOB BHYTPHU KazKJIOrO MPE/I-
JIOZKEHHS, MEXKJIy COCEJIHHUMHU IIPEJIOKEHUSIMU, MEXK/y IMPEJIOKEHUSIMU OJTHOW CEKIHH
JIOKyMEHTa, U JIpYTHe.

[Iycts perynsipusarop R(II, @, ©) asasercs dyukiuii He ToabKo Marpun,  u ©, HO
TPEXMEPHOI MaTPHIbl BCIIOMOTATEe/IbHBIX nepeMeHHbIX I = (piaw )TxDxw -

Byaewm npejiiosarars, 4ro R saBjsgercs JOCTaTOYHO IVIaJIKOM (yHKIMe BceX 1epeMeH-
HBIX Didw, Pwt U Big. Kpome Toro, ciaemaem ecrecTBeHHOE JOIMYINEHHE, YTO €CJIH CJIOBA W
HeT B JIokyMeHTe d, TO (pbyHknusg R He 3aBUCUT OT MMEPEMEHHOU Pigy, .

Cornacuo ypasaenuio (16), marpuna I1 asiserca dynknueit or & u ©. [Tosromy K pe-
rynspusaropy R(®,0) = R(II(P,0), ®,0) upumenuma reopema 4.1. Oupako cucremy
ypaBHEHUH y100HO 3alUCHIBATL Yepe3 YaCTHbIE IPOM3BOAHbIE Peryisipusaropa R, a ne R.

Paccemorpum 3asiauy makcumuzaiiyu log-1ipaBionoodus ¢ peryJisipusanueii 1pu orpa-
HUYEHUSIX HEOTPUIATEIbHOCTH 1 HOPMUPOBKH (14):

DD nawIn Y uibia + RII®,0),®,0) — max. (73)

3,0
deD wed teT

Teopema 15.2. Ilycrs pyuknus R(11, &, ©) neupepbiBHO qudepernupyema u He 3aBu-
CHT OT HePEMEHHBIX Dy, TIpH W ¢ d. Torma rouka (P, ©) JOKATBHOrO IKCTpEMyMa 331290
(73), (14) ymoBierBopsier cucreMe ypaBHEHHI €O BCIHOMOTaTeTbHBIMU ITEPEMEHHBIMH Digy,

STounee, B [153] npeyiaranock s KaxKJ10ro CJI0Ba BLIOMPATh HAUO0JIee BEPOATHYIO TEMY, 3aTeM yCPe/I-
HATh TEMATHKY IO BCeM cjoBam mpe/oxenus. Oba BapuanTa MMEIOT [IPABO HA cylnecTBoBanue. Kakoit
13 HUX JIydille, B JAHHOI pabore He UCCIIe10BaI0Ch.
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H Didw, €CJIM U3 PEIHIeHUs] HCKJIIOIATH HyjieBbie cToj0nb Marpun P, O:

Prw = 10T (PurBa); (74)
1 OR
D w — w 1 - - zdw ) 75
Did Did ( + — < Db Zz:p d zdw)) (75)
OR
Puwt = HOI"III ( Z ndwptdw + prtﬁ ) (76)
deD Put
OR
Oa = norm < Z NgwDtdw + Otd 3 9td> (77)
wed
HokazarenbcrBo. Haiijigm dacTable pon3Bo/Hbie DYHKIUA P,q, (P, ©) = %
s robbix t, 2z € T
© 8pzdw = d ( przezd ) o
wt o wt -
890101& a9011115 Zu Spwueud
[Z:t] etd Z Sowueud - etdgowzezd
= Pw S = Ptdw |2 =1t| — DtdwPzdw> 78
Puwt NBE | ] tdwPzd (78)
edapzdw o 9d 0 ( przezd ) _
! 8Qotd ! aetd Z pru ud

[Z _t] Pt Z Sowu ud — Sowtsowzezd
=0 d S = Ptdw [Z :t] — PtdwPzdw- (79)
t (20 Pwulud)?

3ameTM, UTO pesymbTUpYIomue Bhipazenud (78) u (79) copnagaior.
[Tpoauddepennupyem cynepunozunuio R(P,0) = R(II(P,0), P, 0), yuurbiBas, 4ro
0Pz [ Opuwe = 0 ipu w # W', OPrgry/001qa = 0 upn d # d', OR/Opia, = 0 upn w ¢ d:

OR OR OR  Op.au OR OPsaw

8Q0wt 8Q0wt zdw 8pzdw’ 8Q0wt aSowt C;) ; apzdw aSowt ( )
OR  OR OR  Op.aru OR Op.auw

= 4 81
00,4 00,4 ZZ 8pzd’ 0044 89td %Z 8pzdw 8‘9td ( )

BocnoabsoBasiucs (78) u (79), moayduM J(Ba TOXKIECTBA:

Sowtz oR apzdw

apzdw a@wt OR
= ——Dwaw |2 =1 vdw) = Praw Qidw
IR Opzdw 2 o 1 ([z=t] = Pzaw) = PrawQua
etd z€T
T apzdw aetd

OR OR
IJle BBEJIeHA BCIIOMOTaTe/IbHAsA epeMeHHass (g, = 0 _ Z pzdwa—-
Pidw 2 dw

zeT
[TojcraBuM 1Oy 9€HHOE BBIDAKEHUE DigyQiay B UPaByo dactb (80), JOMHOKEHHYIO

HA 1, 1 B IPABYIO 4acTh (81), 1OMHOKEHHYIO Ha ;. 3aTeM 1OJCTABUM YaCTHBIE HPOU3-
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BOJIHBIE PEryJisdpu3aropa }é(CD, ©) B cucremy ypasHenuii u3 reopembi 4.1:

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

OR
wt — w w w w wty | 82
Pwt T%y%%?(Z”d Dtd +ZQtd Didw + ¢ taSOwt) (82)
deD deD
014 = norm Z NgwPtdw + Z QrtdwDrdw + etda—R . (83)
T\ ed wed 0014

Bbijie/ieHIe BCIOMOTATETbHON MEPEMEHHO Pygy, COLIACHO (75) MO3BOJISET MEPEncaTh
ypasrenus (82)—(83) B Tpedyemom Buae (76)—(77).
Teopema JjiokazaHa.

Takum obpaszom, B EM-ajiropurme st Kazk10ro J0KyMeHTa d CHadaJ/1a BbIIHCIISTIOTCS
BCIIOMOTI'aTe/IbHbIE IIEPEMEHHBIE Dygy,, 32TEM OHU IPEOOPA3YIOTCS B HOBbIE IEPEMEHHDIE Dygyy
KOTOpbIe MOACTABAAITCA B hopmymnsr M-mara (17)—(18) BMeCTO pigy. Takoii crocob BbI-
JUCIeHnil OyaeM Ha3bIBaTh pezyaapusayuet F-waea win nocm-obpabomkots E-waza.

3amMeTuM, 9TO MepeMeHHbIe Pyg,, MOTYT IPUHAMATH OTPHUIATETbHbIE 3HAUEHN S, [TIOITOMY
B 00I1IeM cJiydae OHU He 00pa3yloT BEpPOsITHOCTHBIX paciipejesenuii. Tem ne menee, jijis
HUX BBILIOJIHEHO YCJIOBHE HOPMHUPOBKH Y, Praw = 1.

Pa3pexuBanue pacnpegenennii p(t|d,w). [Horpebyem, 4robbl KazK/Iblii TEPM B JIOKY-
MEHTE OTHOCHJICH K HeBOJIbHIOMY ducjy TeM. Jljisg 31oro OyjueM pa3peuBarh Pacipe/ie-
nerust p(t|d, w), makcumusupyst ux KL-TuBepreHIun ¢ paBHOMEPHBIM PaCIPeIeTeHIeM:

KL(I_TIF\ | p(t|d, w)) — max.
CyMMHpyd 110 BCeM TepMaM BCeX JOKYMEHTOB, 110J1y4UM pery/isapu3arop:
R(IT) = —% Z anw Zlnptdw — max.
| | deD wed teT

[TojcraBuM 11POU3BOHYIO

OR() _ 7 naw

apzdw B |T|pzdw
B opmyny (75):
ﬁtdw = Ptdw — T(% - ptdw)-

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

Emgé onpa maTepnperanya 3TOro peryIapu3aropa CaedyeT U3 BO3MOKHOCTH 3aIMCATh
peryiagpusanuio E-mrara s5KkBuBaeHTHBIM 06pa3oM depe3 dopmyasl M-mara (82)—(83):

1 Tt
wt = NOrmM | Ny — TNy | — — — | |;
Put weW ! |T‘ Ny
1 Nia
0y = norm| ny — gl — — — | |.
teT |T‘ Ng



5o — Nt
Ecsin Heperyisipu3oBaHHble YaCTOTHBIE OIEHKHN YCJIOBHBIX BEPOATHOCTENl p(t|w) =ty
A Ntd
p(t]d) = ™2 craHOBATCSI MEHbIIIEe BEPOSITHOCTH PABHOMEDHOTO PACIIPE/IeTeHUST |T‘ TO IIPO-
HCXOJIUT paBpe}KI/IBaHI/Ie pacipeeeHuit p,; 1 yq; ¢ UTEpAIUAMA UX 3HAYEHUs YMEHbIIIA-
I0TCS U MOI'YT 00palliaThCs B HyJIb. TakKuMm 00pa3oM, IIPOUCXO/UT COIVIACOBAHHOE Pa3PerKu-

Banue marpuit  u O, nox yupassienuem oHOr0 001e10 KO3 hUunuenTa peryisipu3aium 7.

Pa3pexusatownii perynsipuzatop E-wara gna cermedtayun. llpumenum peryiis-
PHU3aIUIO E-mara AJid IIOCTPOECHUA TeMaTHU4YeCKO MOJeJI CerMeHTHPOBAaHHOI'O TEKCTA.
CeFMeHTaMI/I MOTyT 6bITb a63a].[bl, Inpeajiozkennsd uJjin CUHTaKCUYCeCKH CBA3aHHbIEC YaCTU
HPEJIOKEeHNI, HaliIeHHbIe ¢ IOMOIIBIO CHHTAKCHIECKOIo aHaau3aropa. Ob03HAUYNM depes
S4 MHO>KECTBO CEI'MEHTOB, Ha, KOTOPbIE Pa30uT JOKYMEHT d, 4epes3 N, — JJIMHY CEIMEHTa, S,
qepes3 Tgy — YUCIIO0 BXO}K,H‘eHl/IfI TepMa W B CerMeHT S.

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

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

Yr1o0bl KazK/Jiblil CEIMEHT OTHOCHJICS K HEDOJIBIIOMY 4YHCJY TeM, OyjeM MUHUMU3UPOBATDH
KPOCC-9HTPOLMIO MexKjy pacipejesenusivu p(t|d,s) u paBHOMEPHBIM PaCIpe/IeJIeHUEeM,
9TO MPUBEJET HAC K PA3PEKUBAIOIIEMY pery/spusaropy E-mara:

R(H) =T Z Z Z In Z N swPtdw- (84)

deD seS, teT wWES

Omnyckast BBIKJIQJIKH, PUBEIEM pesysibrar mnojcranoBku (84) B (75):

~ T Nsw 1 Pzdw
P = puan (1 - =3 P (L

n, n
dw s€S, S DPtds 2T DPzds

Xots popMy/Ia BBIVISIAT TPOMO3IKOM, 3(DDEKT NpuMeHeHUsI Peryiapu3aTopa HOHATD
He TpyAHO. Ecan BepoaTHOCTD Pigs TEMBI B CEIMEHTe OKaryKeTCd MeHbIe HEKOTOPOTO TO-
pora, TO BEPOATHOCTH Pigy, OYJIYT YMEHBIIATHCS JIjI BCEX TEPMOB W JAHHOI'O CErMEeHTA.
B urore remarnka KarkJ0ro cerMeHTa CKOHIIEHTPUPYETCs B HEOOJIbIIIOM YHUCJIe TEM.

B pesyisibrare paspexkuBaHusi TeMaTUKA COCEJHUX CEI'MEHTOB MOYKET OKa3aTbCs 0J1M3-
KOil, 1 UX MOXKHO OyJeT oO0beJMHUTH B OJUH TeMmMaTudeckKuii cermeHT. Hazosém Temy ¢
¢ MakcuMaJbHBIM 3HadenueM p(t|d, s) domunupyrowets memoti cermenta s JOKyMeHTa d.
Ecim TemMa JOMUHHpYET B COCEJIHHX CerMEHTaX, TO OHa OyJAeT JOMHUHHPYIOIIECH U B UX
obbeuHennu. Ecim o0be IuHUTD 10C/Ie/[0BaTe/IbHbIE CEIMEHThI C OJIMHAKOBOW JIOMUHUPY-
omeil remoit B ojiuH OoJiee KPYIHBIN CEIMEHT, TO JIAHHAs TEeMa TaKKe OCTaHeTCHd B HEM
JIOMHHHUPYIOIIEH. DTO MpOocTas arioMepaTUBHAs CTPATErds TeMAaTUIEeCKOW CerMeHTAIlHH.
B ormane ot TopicTiling, y Heé HeT 9BpUCTUYECKUX IapaMeTpPoOB, KOTOPbIE HAJI0 HACTpa-
UBaTh, U OHA IIOYTH HE YBEJMIUBAET BpeMs IOCT-00paboTku E-1mara.

dBpucTryeckas noct-obpabortka E-wara akBusanentHa perynsipusauymn. CornacHo
dbopmyite (75), npoussosibHOMY Miajromy peryasipuzaropy R(II, @, ©) ognosnadno coor-
BETCTBYET IMPEoOPa30BAHUE Digyy — Pidw- BEPHO U 0OpaTHOE: COBEPIIUB Mpeodpa30BaHUe
Dtdw — Dtdw C TOMOIILIO HEKOTOPOI'O SBPUCTUYECKOIO aJIrOPUTMAa, MOXKHO YKa3aTh Pery-
jsipusarop R(I1), KoTopbiii PUBOJAUT K TAKOMY K€ PE3yJIbTary.
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Teopema 15.3. Eciu na k-ii urepauun EM-ajgropurma st kaxgoro (d,w): ng, > 0
B opmynax M-mara smecto sexropa (pf, )ier nogcrasuts apyroit sextop (Pf., )ier,
Y/IOBJIETBODSIONIHI] YCJIOBHIO HOPMHDOBKH Y, Pty = 1, TO 9T0 9KBHBaJICHTHO HpHMEHe-
HHIO DEryJIspH3aTOPa CLIaKHBAHUS - DAa3PEKHBAHUS

R(H) = Z Z Ndw Z(ﬁfdw - pfdw) 1nptdw- (85)
deD wed teT

HokazarenscrBo. 3anumem (75) kak cucremy auddepeHnnaibHbIX ypaBHEHHH OT-
HOCHTEJIbHO (DYHKIUU [ U BBIJICJIUM B KazKJIOM YPABHEHUU [MEPEMEHHBIE Ty,

a ~k k
ptdwa ptdw szdwa = Ndw (ptdw - ptdw)? te T.
H,_/ zET Pzdw
Ttdw T zdw

Hoist kazioro (d, w) Takoro, 4ro ng, > 0, 910 cucrema |T'| JiuHeHBIX ypaBHEHUTT OTHOCH-
TesibHO |T'| HePEMEHHBIX Lygy, t € T. Cymma Bcex ypaBHeHUi paBHA HYJIIO, CJIEI0BATEIbHO,
CUCTEeMa, dBJIeTCs Hel00IPeIeJIEHHON 1 uMeeT GeCKOHeuHoe MHOXKeCTBO pewenuii. ITepe-
IHIIeM 3Ty CHCTEMY B CJIeLYIOIIeM BHJIE:

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

BekTop ZTigw = Naw(Pryy — Phw)s t € T ABJIsETCS HENOABUAKHON TOYKO[l U pelleHH-
eM 9TOil CHCTEeMBI, HOCKOJIBKY IS HETO » 5 T.qp = 0. B3ap 310 pemenne (mm mmoboe
Jpyroe), moiaydum cucremy JuddepeHnuaibHbiX ypaBHEHHH B 9aCTHBIX [TPOU3BOIHBIX
orrocureabuo dyuximun R(II):

ok _ e geD wed teT.

ap tdw Ptdw

DTa CHUCTEMAa IOJHOCTHIO JTEKOMIIO3UPYETCA IO IMEPEMEHHBIM Pig,,. E€ pelrenHneM mpu 3a-
jganubix d, w,t asisiiores dyukinun Buga R(I1) = x4, Inpigy, + C, tie C' He 3aBucur o1
IIEPEMEHHON Pygy,. CitegioBaresibuo, obuiee pemenue R(I1) npejacraBumo B Buje cymMbl

= Z Z Z Ttdw 1nptdw>

deD wed teT

B KOTOPYIO MOYKHO HOJICTABUTH ITPOU3BOJILHOE PEIIEHUE Tygy, t € T cucTeMbl JTUHEHHBIX
yPaBHEHHUI, B TOM YHUCJIe ¥ HAHIEHHYIO BBIIIE HEMOJIBUXKHYIO TOUKY.
Teopema nmokazana.

O/ iuH 13 BO3MOYKHBIX BADUAHTOB 9BPUCTHIECKON HOCT-00PAOOTKY 3aK/IFOYAETCS B CIUIa-
JKUBAHUU TEMATUYECKUX pactpeseseruil p(t|d, w;) cocejHux CJIOB € yuéTOM IpaHUIL IIPe/i-
J0Kenuii B tokyMente d = (wy, . . ., Wy, ). COMIACHO TEOPUH THCKYPCa, BCIKOE BBICKA3BIBA-
HHE Ha eCTeCTBEHHOM f3bIKe ABJISETCA COOOIIEHHEM O B3aUMOACHCTBHN HEKOTOPOro CyOh-
eKTa ¢ HeKOTOpPBIM 00beKkToM [4]. Orcroma ciemyer, 9To KazKa0e HpeozKeHne OTHOCHTCSI
IIpeuMylieCTBEeHHO K O,ZLHOI';I njim AByM TeMaM.

Ha puc. 23 nokazanbl craguu 10c¢r-oo6padorku Marpuibl 11y = (piaw) pasmepa T Xng,
coorBercTBYyIONIEH (puxkcupoBanHomy jokymenty d. CHadajia JJOKyMEHT CEeKIHOHUPYeT-
Cd 110 NPEeJIOKeHUAM M B KAazKJIOM IpEIJOKCHUH OIIPEIedeTcsd IIaBHAd TeMa. 3aTeM
COCEHME IPeIIOKEeHIA ¢ OJUHAKOBOI IMIaBHOH TeMO# O0bLeIMHAIOTCH B 0OJIee KPYIHbBIE
CEeIMEHTBI S, JijIsi KOTOPbIX OLpeJe/Isorcs pacupejeinenus p(t|d, s).

96



123 ... g

| cexnmomumpoBaHue u paspexkmBaHHE |

ST IZZKIMZ ’“‘l 1

|} crmaxwBamme m KOHTpAacTHpOBaHmE |

TSl .

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

OpaHonpoxogHbiit E-war. Berancienue reMarnaeckoro BeKTopa JoKyMenTa 0g = (0;q)ier
B EM-anropurme tpebyer MHOIMX wTepalii 110 BceM TepMaM JoKyMmenrta. B crarbe [11]
IPeIAraeTcsl BhIUUCISTh BeKTOP Oy 110 siBHO# opmyiie Oy = 0,4(P) 3a ojun jinHeiHblil
npoxos, JokyMenTa d. Orpanudenne-paBeHCTBO (DAKTUYIECKH BBICTYHAET B POJIH PeryJisi-
pU3aTopa, XOTd U He FBJIgeTCsd ONTUMU3ANUOHHBIM KPUTEPHEM.

JlaHHBIN TOAXOT UMeeT HECKOJIHKO MPENMYIIECTB.

Bo-mepBbix, BeKTOp 0y /1711 JTI0O0r0 JOKYMEHTA MpPU HEOOXOIUMOCTUH MOYKET OBITh BbI-
4quc/IeH ObICTPO, 3a OJIMH IIPOCMOTP JIOKYMEHTA.

Bo-Bropuix, ¢dakruiueckoe uckjoueHne Marpuibl © w3 MOe/n MIPUBOJUT K COKPAIIe-
HUIO PAa3MepPHOCTU MOJENH W YMeHbIIeHuio nepeobydenusd. B oObaHON MOmesnn HexocTa-
TOYHOe Ka4ecTBO MATpuibl ® MokeT OBITH CKOMIIEHCHPOBAHO HUTEPAIMOHHBIM IIPOIECCOM
HOJTOHKH KazKJIOTo cToJiona 6y marpurpl © moj KOHKpeTHbIN JoKyMeHT d. Yem Kopoue
JIOKYMEHT, TeM MeHee HaJIEKHO 0DydeHue BEeKTOpa #j, BILIOTH J0 3aMEeTHOrO Iepeodyde-
nus. Eciin xxe © Boipazkaercs depe3 $ HermocpeicTBEHHO, TO TaKas HOJIIOHKA CTAHOBUTCS
HEBO3MOXKHO.

B-tperbux, pa3mep marpuibl © JHHEHHO 3aBHCUT OT YUC/IA JOKYMEHTOB B KOJIICK-
U, TOIIa KaK pa3Mep CI0Baps YBEJUUUBAETCS MO CyOJUHEHHOMY CTENEeHHOMY 3aKOHY
Xunca [61]. Pocr cioBapst Mozker ObITh OIDAHUYEH W MPUHYAUTEIBHO, IyTEM 0TOpaChIBa-
HUS HAMMEHee YaCTOTHBIX CJI0B. Takum 00pa3oM, YMEHBIIAETCS TEMIT POCTa PA3MEPHOCTH
MO/JIE/IU TIPU PACIITUPEHUN KOJIJICKITIH.

Hauuém ¢ obiiero ciaydas Mpou3BOJIbHON 3adanHOi 3aBucumoctu Oy(P), 3aTem pac-
CMOTPUM YaCTHBIA cay4dail JUHEHHONA TeMaTu3alluu TEKCTA.

Teopema 15.4. Ilycrps ¢yakmun 0yy(P) u R(P,0) mempepsiBHO uhdepeHiupyemsl.
Torna rouka ® JokaspHOrO 3KCTPeMyMa 3ajiadu (15) ¢ orpanmaenusvu (14) n gonosr-
HHUTE/IbHBIMH OIDaHUYeHusIMHU-paBeHCTBaMu Oy = 0,4(P) yuoBiersopsier cucreme ypapHe-
HHI CO BCHOMOIaTeJIbHBIMH [IEPEMEHHBIMH Digy, = P(t|d, w), nyg 1 ply,,, ecan u3 pemenus

97



HCKJIIOYUTH HyJieBbie cToJ10bl Marpui ©, O:

Prw = 10T (PurBa); (86)
OR
Ngg = E NawPidw + 0 87
td = 2 dwPtd tdaetd ( )
/ Pwt Nsd aesd
w + —— 88
ptdw ptd + esd 0g0wt ( )
OR
Pwt = HOI'III< § ndwptdw + Pwt 5 0g0 ) (89)
wt

JokazareabcTBO. Bociojib3yeMcs HEOOXOJMMBIM YCJIOBUEM IKCTPEMYMa 3a/a4uu
(15) ¢ orpannuenusimu (14), koropsie naér ciaencrsue 4.2 u3 Teopemsl 4.1. Pacemorpum
dbyHKIMOHAT, MaKCcUMU3UpYeMblit Ha M-rrare (19):

= Z Z anupsdu (In pus + Inb,4(P)) + R(P,O(P)) — max.

deD ueW seT

3anumieM 9acTHbIE MPOU3BOAHBIE () IO MAPAMETPAM Py, BBLIETsAS B (hOPMyIax BhIpa-
JKEHUS Ngg U Py, cormacuo (87) u (88) cooTBeTCTBEHHO:

Z NdwPtdw + Z NduPsdu—— Pt 898d prt Z Ok aeSd Qowta—R =

Pwt 7

aSowt deD dosu esd 8Q0wt aesd aSowt 8Q0wt
Put OR\ 90, OR
= Z Ndw (ptdw Z <Z NduPsdu + sd—) + Ouwt— =
deD dw wed aesd . aSowt aSowt
ned
Pt Ngg a‘gsd 8R
=S (ptm—z ) +pupe
deD esd aSowt . 8Q0wt
ptdw

Orcroga u u3 jieMMbl 3.2 0 MAKCUMU3AIMUKE HA €MHUIHBIX CUMILIEKCAX ciemyer ¢pop-
mysza M-mrara (89).

BamernmM, 910 0,y B 3HAMEHATe/Ie He MOZKEeT 00paIaThCa B HYJIb, IOCKOIbKY 1IpH f,g = 0
uMeeM Pgq, = 0 771 BCeX u, CJe0BaTeIbHO, COOTBETCTBYIOIEE CJaraeMoe B CyMMe II0 S
orcyrcTByer (paBHO HyJ0) B dyHKnuonase ) em@ 1o ero juddepenupoBanus.

Teopema JjiokazaHa.

Takum obpazom, mojudukanus EM-ajropurma, kak u B ciydae HOCT-00pabOTKU
E-mara, cBojurcst K 1peoOpa3soBAHUIO EPEMEHHDIX Pigy B Djg,, KOTOPBIE 3aT€M HOJICTAB-
JigtoTed B 00baHyio (popmyny M-mrara jia marpuipl ®. C apyroit cTopoHbI, €€ MOKHO
paccMaTpuBaTh U KaK aIATHBHYO HOMPaBKy B (popmyste M-1mara, To eCTb OrpaHnIeHne-
PaBEHCTBO UI'PAET POJIb PEryIgpu3aTopa.

Tenepb HAaCTAJIO BpeMsi PACIOPSIUTHCH ¢BO0010M BbiGOpa dbyHKImii Oq(P).
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JluHeliHas TemaTu3laumnsa TekcTa. Jlis oneHuBanus TeMaTHIeCKOr0 BEKTOPa JIOKYMEHTa,
p(t|d) 3auuniem dopmyity 10JHO BEpOATHOCTH, 3aMeHUB B Hell pacupeenenus p(t|w, d)
Ha pacupejesenus p(t|w), a I MOJydeHHs] TeMATHIECKAX BEKTOPOB TepMoB p(t|w) u3
crosibmnos Marpuinsl ¢ mpumenum dopmysry Baiieca:

01a(®) = > p(t|d,w)p(w|d) =Y p(w|d)p t\wzzpwdn%m(%pt), (90)

wed wed wed

LIE Puwd = Ld YacTOTHAS OleHKa pacupesetenud p(w|d), p, = ™ — 4acTOTHAd OIEHKA

pacupesesenus p(t), 6e3 Tpysa nosydaemasi uz EM-ajropurma.

Bynem HasbiBarh ypashenue (90) aunelnol memamusdayuet, mekcma, TaK KakK OHO
II03BOJIIeT BBLIYHUCJIATL TeMATHKY JOKYMEHTa 33 OJMH JIMHeHHBIH IIPOXOJ, IO BCeM Tep-
mam. [Tpu srom remarnveckuii BekTop JoKyMeHTa p(t|d) cKIaAbIBACTCS U3 TEMATHIECKHUX
BEKTOPOB TepMOB p(t|w).

AJibrepHaTHBHOE 00OCHOBAHUE JTUHEHHON TeMaTUu3alui MOXKHO IOy YU Th, 3allUCAB Te-
mMaruveckuii Bekrop jgokymenta p(t|d) nociae nepsoit mrepanun EM-anropurma npu Ha-
YabHOM IpuOIHKeHun 02, = p;:

w w 9
Ora(P) = norm(Z ndetdw) => Ry _Put M = Pud norm(sowtpt)

teT n
weW wed d Z Spws Sd wed

[Tpumenum reopemy 15.4 k bopmyste (90). st 9T0oro HaiiéM 4acTHYIO IPOM3BOIHYIO:

aesd o 0 <pwd§0wsps ) -
Puwty —— = Puwt -
890101& 890101& ZU PuwoPo
5st Zv PwvPv — PwsPs

(Zv @vav) ?
PwtPt

fe—t] ro_ _ _ _

rje g = [s=t| — cumBos Kponekepa, ¢}, = S = normy(@.;p:) = p(t|w) — pesyib-
TaT nepeHopMupoBKH Marpuiibl P 1o crpokam corsiacio popmyiie baiteca. [TojacraBum 1o
BoIpazkeHue B (89) W mepemuiieM ypaBHeHHsI B MODs/IKe, YIOOHOM JIJIs MPOBEIEHHs Bbi-
IHCJIEHUI MEeTOIOM MPOCTHIX ureparuii [11]:

= QutPtPwd = PuwdPhu (05t — Ph)

Oy = nger%n(sowmt);

th = prd%/m;%

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

ng = E E NdwPtdw;

deD wed
Nig = Z NewPtdw + QtdaaTJZ?
wed
Prdw = Praw + wn—zu (9_td - ; SOlst:;l)% (91)
Pwt = nOrm ( Z NdwDigw + Put P i)



Boraucienne nepeMeHubiX @y, Oid, Didws Mty Midy Dig 00Pasyer E-mar m s3anmmaer
O(ng|T|) onepanuii 10 KaxKJ0My JOKyMeHTY, Kak B 00biaHOM EM-ajropurme. Bee nepe-
MeHHBIe, OTHOCATMIeCd K JOKYMEHTY d, MOYKHO yIAJIAThb U3 HAMATH IO OKOHYAHUU €ero
obpaborku. Belunciienne nmepeMeHHbIX ¢, Ha M-mmare mpoucxXoauT Mo OOBIYHOM (hopMy-
JIe, TOJIbKO BMECTO YCJIOBHBIX BEPOSTHOCTEI! Pygyy HOJICTAB/ISIOTCS IEPEMEHHbIE Dy, . ' TaKiIM
obpaszom, Mmojinurkanus EM-ajiropurma He IPUBOJUT K CYIIECTBEHHOMY yBe/JUYEHUIO Bpe-
MeHHU ero pabOThl WK JOMOJTHATETHBHOMY PACXO/Ly MAMSITH.

Ob6paboTka KaxJI0ro JIOKyMeHTa Ha E-1mare ocymecTBisercs 3a JBa mpoxoja. Ha mep-
BOM IIPOXOJI€ BBIYHCISIOTCI IepeMentbie ¢, u 6. Ha BTOpOM mpoxome BbIYHCIAIOTCS
OCTaJIbHbIE NIEPEMEHHBIE Didy, Mty Nids Digy- LCIH TPeOyeTCs TOIbKO HAaiiTH TeMaTHIeCKuii
BEKTOP JIOKyMeHTa Oy, He 00HOBsig MarTpuily P, TO BTOPOH HPOXO JIeIaTh HE HYZKHO.
HopmupoBounbie MuOXKHUTEHM Jijis CTPOK MATpuIibl ® MOXKHO BBIYHUC/ISITH U COXPAHSTDH
1ocCJIe KazK/Ioro ooHoBjieHust marpuiibl P.

Boruucienns MOXKHO emié yIpoCTUTD, €CJIH OTKa3aThCst OT peryasgpusaruu mo 6. Toraa

OR _ 0. Eciu Telepb BOCIIOJIb30BaTbCA IIPaBHJIOM IIOJCTaHOBKH HeCMe]J_IéHHbIX OIICHOK

0044
MaKCHMaJIbHOIO 1IpaB1ono1o6us (21), 1o nocsie noacranosku gt = g4 = ny B (91) oxa-
S

JKETCSL, 9TO Py = Didw- LOT/IA BBITHCIATD Ny U Py, BOOOIIE He HYZKHO:

Pro = mOrm (purny);

Ora =D Duwd P

wed

tdw = NOTIN (PB4 ) ;
Pidw = 1OTL (¢uwtbia);

ng = E g Ndw Ptdw

deD wed
oR
wi = Norm g Ngw Pidw w
Pwt Lo dwPtdw + © tﬁgowt

deD

Dror BapuanT EM-ajropurva omimaaercss 0T 0OBIYHOIO TOJIBKO YIPOIIEHHBIM ObICT-
PBIM BBIYUC/IEHUEM 6y 3a OUH MPOXO/ IO JOKYMEHTY.

JNokanusoBanHbiii E-war. @opwmyiia 0,(P) oupejgensier remaruveckuit Bekrop p(t|d)
pokymenta d = {wy, ..., w,,} Kak cpeauuit Bekrop p(t|w) = ¢}, BCexX ero cjos:

0,0(®) = p(t]d) = Zpt|w, = Z%wl-

AHasoruIHEIM 00PA30M MOYKHO OIPEIETHTH TeMATHICCKHN BEKTOD [JisI IPOU3BOIHHO-
r0 TEKCTOBOTO (pparMenTa — CJIOBOCOYETAHMUS, MPEJIOKEHNs, ab3ala, pas/esa.

JlokarvHvm Kowmexcmom caoBa w; B JoKyMenTe d GyaeM Ha3bIBATH IIOJIIOCIIEI0BA~
resibHOCTh ¢lI0B C; = {wy, . .., W, }, BKIIOYAOILYIO caMo 3TO ¢JI0BO, b < i < e.

Temamuueckuti 6eKMOpP A0KAALHO20 KOWMEKCMA CJI0BA W; B JIOKyMeHTe d Olpe/iesisi-
ercsi KaK pe3yJIbTaT yCpeJHeHUs BEKTOPOB p(t|u) = ¢}, MO BCeM CJI0BAM U U3 €ro KOHTEeK-
cra C;:

0,(®) = p(t]i) = |0| >t Z%

ueC; uEC
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Hekoropbie cjioBa B OKpYzKEeHUM CJI0BA W; MOIYT OblITh OOJiee BarKHbI Jijisl OlIpejieJie-
Husg ero remMaruku. [loaromy obobmum orpejesienue u OyJeM YCPEJHATH TeMaTUudeCKHe
BEKTOPBI CJIOB U C HEOTPUIATETHbHBIMUA HOPMHUDOBAHHBIMU BecaMu a(u |1):

0u(®) = plt]i) = Y dualuld), Y aluli)=1,  a(uli)>0. (92)

ueC; ueC;

Bamena remaruku jioKymenTa 0y = p(t|d) remarTukoil JIOKAJIbHOIO KOHTEKCTA CJI0BA
0;; = p(t|1) npuBOAUT K KOHCTPYKIUU AOKAAUSOBAHHOT MEMAMUYECKOT MOOEAU, B KOTO-
poil JuIst UpeJCcKa3aHus CJI0Ba MCIOJIb3YeTCd HE BECh JIOKYMEHT, a TOJbKO OJmnKaiinee
OKpYzKeHHEe JAHHOI'O CJIOBA:

plwld,i) = " pwlt) p(t])) =D pur Y Gha(uli).

teT teT ueC;

JIoKa/im30BaHHAas TeMaTUYeCKash MOJIe/Ib IePEXOJUT B OObIYHYIO, €CJIU B KQU4eCTBE KOH-
1

rekcra C; B3Th BECh JIOKYMEHT, a BECA PAacUpPee/uTh paBHoMepHo: a(u 1) = —r
JIokam3anus oc1adJseT UCXOIHbIe JOIMYIIEeHNS TeMaTHIeCKOI0 MOJISTUPOBAHUS. DTO
HE TOJIbKO OTKa3 OT TUIIOTE3bI «MEIIKa CJIOB», HO TaKyKe OTKa3 OT JIeJIEHHS TEKCTOBOIA
KOJUIEKIIMH HA JOKYMEHTbI. ['paHMIbI JJOKYMEHTOB M B CaMOM JeJjie JIOBOJIbHO YCJIOBHBI.
PasbuBare jin snnukIone im0 Ha crarbu? Cuurarh JiM JOKYMEHTOM KHUTY, IVIaBY, Hapa-
rpad, ad3all U TeMaTuIecKu OJHOPOHBINA cerMenT? [ie 0OCTaHOBUTHCS B 9TOM JIpob.Ie-
HUU TEKCTAa, ¥ KaK OIPEJICJTUTh ONTHUMAJIbHBINA pa3Mep JOKAJbHBIX KOHTEKCTOB?
Beenenne BecoBbix K03bduimenToB «o(u|i) mo3Bossier ¢aenaTh rPpaAHUIBl KOHTEKCTOB
HEYETKMMHU, YMEHbIIIash BECA 10 MEPe YBEJIUYEHUs JAUCTAHIMA MEXK/y CJOBAMH wW; U U.
[Ipocroit crocod 3ajiaHusi BECOB 3aKJ/II0YAETCA B MCIIOJIH30BAHUM JIBYX YKCIIOHEHIIU-
aJIbHBIX CKOJIB3siuX cpegaux (DCC), KOTOpble yCPeIHAIOT BEKTOPbI CJI€BA U CIIPABA OT
CJI0BA wW; C BecaMu, yOBIBAIONUMHE 110 reoMeTpudeckoil nporpeccuu. dCC BBIYUCIAIOTCS
[0 PeKYppPeHTHLIM (opMysiaM, IIPOXOJIOM II0 TEKCTY B JIBYX HAIPaBJICHHAX — OT Hada/Ia

K KOHIy 1 OT KOHIA K HadaJly:

(tli—1), i=1,...,nq, M =1;
(tl]i+1), i=ng...,1, Jn, =1

(1) =% - Phay, + (1= %) -
P(t]) =i+ Py, + (1 =) -

(=1

p
p

g Beibopa Kosddurmenta criaxusanus y; € [0, 1] MOKHO OpHEHTHPOBATHCS HA W3-
BectHyO 71 DCC oneHky v; ~ %, e h — 4ucnio ycpeansgeMbix mo3unuii. Hampumep,
v; = 0.1 upubsmsure/ibHO cooTBeTCTBYET ycpejaHenuto 1o 10 cjaoBam.

Ecan v; = v — koHCTaHTa, TO YKCHOHEHIUAJIHHOE CKOJIB3SIIEE CPEJHEe OIPeJIe/IsierT
Beca a(wy|i) = y(1 — )=k

Kosddbunuent ~; MOKHO MEHSITh B 3aBHCHMOCTH OT IO3UIUK ¢. Ero ypenmdenue
BILTOTH JI0 7; = 1 1mO3BoJIgeT «3a0bITh» HAKOILIEHHYIO K JIJAHHOMY MOMEHTY HH(MOPMAIUIO
0 KOHTEKCTe, HAIlpUMep, IpU Hepexoje K CAeAYIONEeMYy JOKYMEHTY WU K CJIeIYIOIIeMY
pas/ie/y CeKIMOHNPOBAHHOTO JIOKYMEHTa. Y MEHbBIIEHUE Y; BILIOTH JIO HYJIsl HO3BOJISIET WUT-
HOPUPOBATH CJIOBO, HAIPUMED, €CJIM ITO CTOI-CJIOBO HJIM CJIOBO OOIIEH JIEKCUKH.

TemaTuka JBYCTOPOHHEIO KOHTEKCTa CJIOBA w; ONEHUBAETCd KaK cpejHee apudMeTH-
YecKoe JIEBOI'O U IIPABOT0 KOHTEKCTa:

0u(®) = p(t]i) = 3(5(t]0) + B(t10)).
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3Hast TeMaTHYeCKHe BEKTOPbI JIEBOIO U 11PaBOro Kourekcra p(t|i) u p(t]i) aus kaxpoii
CJIOBOLO3UIMY §, MOZKHO OTBEYATH HA MHOI'ME BOIPOCHI O TEMATHYECKOH CTPYKTYPE TeKCTa
1 J00bIX ero (bparMeHTOoB.

PacemorpuM deyranpasaenioe memamuieckue 6eKmopss CJIOB w; U Wj:

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

i J
TemaTuky KOPOTKOIO CerMenTa [i...jJ| npemjaraercs OoleHUBATH Kak cpejHee apud-
MeTH4YeCKOe IPaBOro KOHTEKCTa ero HadaJa ¢ U JeBOr0 KOHTEKCTa ero KOHIA j:

ptli...j) = 5(p(t]) + B(t] 7))

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

Cpanuiy ¢ MexK/y TeMaTu4eCKUMHU CerMEHTaMM JJIMHHOTO TEKCTOBOI'O JIOKYMEHTa
MOKHO OIIPEJIEJNATh 10 MAKCUMYMY Pa3/indust Mex1y pacupejaesenusvu p(t|i) u p(t]i).

Anayimsz orkjionennit KOporkux u yimHHBIX JCC, COOTBETCTBEHHO 1PU OOJIBIINX U Ma-
JIBIX 7Y;, IO3BOJISIET OLPEJETUTh, COAEPKUT JTH TeKCT BKPAILJIEHUs TeMATHIECKU PA3HOPO/I-
HBIX (DPArMEHTOB, U IJIe OHU HAXOJATCS.

Bamuniem EM-ajropurs s JIOKaIM30BaHHOI TeMaTHYeCKOii Mojie/in B OOIIeM BH/IE.
Bysem nosiararb, 4ro T€pMbl B KOJUIEKIUH MMEIOT CKBO3HYIO HyMepaluio { = 1,...,n u
qTO JIJIA KaXK 0§ 1103unuu i onpejesién koureker C; u pacupejesienue Becos a(u ).

Pl = mOrm (puemy );
O = Z Prc(uli);
ueC;
Pui = ntOErTm(SOwiteti);

ny = me
i=1
u OR

P =norm | Y [w; = w]pi + Purs—
weWw - 890101‘/
=1
MHuokecTBO TOKyMeHTOB DD M OTIe/bHbIE JOKYMEHTHI d B TOM AJI'OPUTME BOOOIIE
He ¢durypupyior. Temaruka J1000ro JIOKyMeHTa, KaK U JIIOOOI0 TEKCTOBOIO (hparMeHTa,
BLIYHC/ISIETC IPH HEOOXOIUMOCTH IyTEM YCPEIHEeHUs] TeMATHIEeCKUX BEKTOPOB CJIOB.

Mopgenu BHUMaHuMs N nx cBA3b C JIoKann3oBaHHbIM E-warom. Mogenb BHEMAHUS SIB-
JISIETCSI OCHOBHBIM «CTPOHUTEILHBIM OJIOKOM» COBPEMEHHBIX HeHPOCEeTeBBIX MOJE/IeH SI3bIKa,
[29, 58, 98|. OHa onpemessieT BEKTOP KOHTEKCTA ¥; B MO3UIMH | KAK BBILYKIYI0 KOMOUHA-
LU0 BEKTOPOB I, BCEX CJIOB U3 KoHTekcra Cf:

yi= Y a(uli)z, Y ou|i)=1  aluli)>0. (93)

Takum 0O6pa30oM, CMBICT CJI0Ba W;, 3AKOTUPOBAHHBIII BEKTOPOM X;, 00OTAINAETCS CMbIC-
JIAMU OKpYyzKatonux ero c¢jioB u € C;, o0pa3ys B pe3y/brare BEKTOP KOHTEKCTA ;.
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[To cyru, 1o Ta xe dopmyna (92), TOIBKO HeflpoceTeBble BEKTOPHBIE MPE/ICTABICHUST
(3MbGemHrn) cJ10B He 00sI3aHbI ObITH HEOTPUIATEHHBIMUA 1 HOPMHUPOBAHHBIMHU.

Bosee BazkHoe ormdme B TOM, 910 K03 dunueHTsr «(u|i) OIEHUBAIOT He TMO3UIIUOH-
HYTO, & CEMAHTHYIECKYIO OJTM30CTH CJIOB w; U U Uepe3 CKaJsIpHOe IPOU3Be/IeHNe UX BEKTO-
poB (z;,x,). C GOJBIINM BECOM YUUTHIBAIOTCS T€ CJOBA U, KOTOPbIE MO CMBICTY OJIH3KU
K CJIOBY W;, TO €CTh BEKTOPbI KOTOPBIX 0OJI€e MOXOXKHU HA BEKTOP T;:

a(u]i) = norm exp(z;, x,).
ueC;
TpeTbe cyuieCrsenioe orjimiue B TOM, 4TO HeﬁpoceTeBaH MO/J€JIb BHUMaHHUA JOIIOJI-
HUTEJBLHO HapaMeTpusyercs Tpems Marpunamu (), K,V s jauseitnoro npeobpasoBaHiist
BEKTOPOB CJIOB, KOTJIA OHH BBICTYIAIOT B TPEX PA3HBIX POJIAX:

Y = Z (Va,) norm exp(Qx;, Kx,). (94)

ueC;
ueC;

Mojenb BHUMAHHS TPAHCHOPMEPYET UCXOTHBIH BEKTOP ; CJIOBA W; B KOHTEKCTHBI
BEKTOD Y;, KOAUPYIONHil emé Gosrbine nHGOPMAIME O CMBICIE STONO CJI0Ba € yIETOM €ro
JIOKAJIbHOTO KOHTEKCTa. Bekrop Qu; HaspiBaeTcsa sanpocom (query), Bektop K, — kat0-
wom (key), Bekrop Vi, — snauenuem (value). Marpunpl napamerpos @, K,V obyuaiorcs
110 JIAaHHBIM, 4TO JIEJIaeT MO/Ie/Ib BHUMAaHKUs HAMHOI0 0OoJiee TMOKOIi.

Dopmysia Baumanust (94) onuceiBaeT TPEXCJAONHYIO HEHPOHHYIO ceThb. Tpancgopmepom
HA3BIBAIOT HEHPOCETEBYIO APXUTEKTYPY, KOTOpas BBIIOJHICT HECKOIBKO TAKHX MpPeodpa-
30BaHUil KAK MOCJIEOBATEIBHO (HApAIIUBAsg YHCIO CJIOEB, TO €CTh [IyOHHY CeTH), Tak
" 1HapaJiJieJIbHO (O6pa3yﬂ HECKOJIbKO PAa3HbIX «I'0JIOB BHUMAHUWA» J1JI4d BbIACJICHUA PA3JINY-
HbBIX aCII€EKTOB U3 KOHTEKCTHBIX ﬂaHHbIX).

HeCMOTpﬂ Ha HEepedYUuCJ/ICHHbIC BbIIIEC pa3J/IM4ud, aHaJIOTUud JIOKAJIMN30BAHHOI'O E—H_IaFa
C MOJIEJTBbIO BHEMAHUS HAMHOTO OoJtee niiyboKast, 1eM IpocTo ¢XoacTBo dbopmy (92) u (93).
3aMeTHM, 9TO aHAJIONOM BEKTOpA KOHTEKCTA ¥; B TEMATHICCKOH MOJE/N C JOKAJM3aIueil
E-mara siisiercst He remaruka kKourekcra 0y, (P) = p(t|i), a BeiBomumas u3 Heé 1o Gop-
myJsie Baiieca Temaruka cjoBa w; B KOHTEKCTE:

pri = p(t|Ciy wi) = norm (pu,fi) = norm z; a(u]i) puapi,
uel;

31ech TeMaTHUeCKHe BEKTOPBI ), = p(t|u) HE MPOCTO CKJIAIBIBAIOTCA C BeCam, HO
CHAYaJ1a JIOMHOXKAIOTCH IOKOMIIOHEHTHO Ha, BEKTOP (gpwit = p(w;| t))teT. On urpaer poJib
dbusbrpa, npomyckas TOJIBKO T€ TeMbl, KOTOPbIe €CTh y CJoBa w;. B pesyiabrare CyM-
Ma (POPMUPYETCa NPEUMYLIECTBEHHO U3 BEKTOPOB CJIOB 1, TEMaTHYECKH CXOKHX CO CJIO-
BoM w;. IToxoxkuii 3pdekT gocTuraercs U B MOJE/JU BHUMAHU, KOIJIA BEKTOPHI CJIOB Xy
JOMHOKAIOTCS Ha Beca «(u i), MIPOMOPIMOHATBHBIE CKAJSPHBIM HPOU3BEICHUSIM (T;, Lyy).
Bumecro mexannzma Query-Key—Value noxkanm3oBannbiit E-mmar BBOZUT MOKOOPINHATHYTO
dpuIbTpaNUIO YCPeAHAeMbIX BEKTOPOB. VIHbBIMU CJI0BaMU, JIOKAJIN30BaHHbIT E-11ar MoxkHO
paccMaTpuBaTh KakK CHUJIBHO ODJIErY€HHYIO MOJIE/Ib BHUMaHUs 0€3 1apamMeTrpu3aliuu.

OcraBuM OTKPBITHIME BOIPOCHI, BO3MOXKHO JIM BBECTH IIapaMeTpu3anuio Ha E-mare
WJIU TIPEJIJIOZKUTH TeMATHIECKHIe MOJIETH ¢ 00ydaeMbIM BHUMAHUEM UJIH HOBbIE TUOPHIHBIE
MOJIEJIH, COBMENIAIONINE YePThl HEHPOCETEBBIX U BEPOATHOCTHBIX TEMATHIECKUX MOJIEJIE.
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BbiBoabl no rnaee

Mpb1 paccmoTpenn Tpu MeXaHH3Ma MOCTPOEHHS TeMATHIeCKHX MOJIe/Ieil CBSI3HOTO
TEKCTa, YYUTHIBAIOIIUX OC/IE/10BATEILHOCTD CJI0B.

[IepBbIit MexaHH3M OCHOBaH Ha rumeprpadoBOil MOAEIN, KOTOpasl IMO3BOJSIET 00b-
eJIMHATH JII0ObIe IIOJIIOCIE/I0BATEILHOCTA CJIOB WJIH TEPMOB, IIPEIIN0JIOKUATEILHO
UMeIOHUX ODIILYI0 TeMATHUKY.

Bropoii MexaHH3M OCHOBaH Ha Hjee MOCT-00PAbOTKH MOC/IeI0BATEIbHOCTEl TeMa-
THYeCKUX BeKTOpoB p(t|d, w;), KOTOpbE MOXKHO MOAUMDUIUPOBATH € YUETOM KOH-
rekcra. Jlokazano, uro sobasd Takas MOAMMDUKAIUS SABJISETCS YACTHBIM CJIY4aeM
peryisipusaiuu E-mara.

Tperuit MexaHU3M OCHOBAH HA /1€ BBIUUC/IEHUSI TEMATHIECKUX BeKTOPOB p(t|d, w;)
Iy TéM yCPEeJHEHUs TEMATHYECKUX BEKTOPOB CJIOB W U3 JIOKAJBHOIO KOHTEKCTA CJIO-
Ba w;.

Passurue 310it njaen npuBouT K Jokaju3anuu E-mrara, KOTOpyo MOXKHO paccMar-
puBaTh KaK YIHPOIIEHHYIO MOJE/Ib BHUMaHus Oe3 1mapaMeTpoB, aHAJOIHYHYIO TEM,
KOTOpBI€ HCIOJb3YIOTCS B HEHPOCETEBBIX MOJIE/IAX S3bIKa C apXHUTEKTYpPOil TpaHC-

dopwmepa.
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16 Kpurtepnun kadectBa TemMaTudeCcKnx mMoaese

Kpurepun xadecTBa TeMaTHdecKUX MoJeseil NPUHATO [eJuTh Ha BHYTDEHHHE
(intrinsic) u BHemHue (extrinsic). Buympernue Kpumepuy, XapaKTepU3yT KaIecTBO MO-
JIeJIN 110 UCXOJHONW TEKCTOBOW KOJIJIEKIUU. Brewnue kpumepuu ONEHUBAIOT HOJIE3HOCTH
MOJIEJIN C TOYKHM 3PEHUsl MPUJIOZKEHUsI U KOHEYHBIX Iojb30Bareiei. Horma st 9Toro
HPUXOUTC COOMPATH JIONOJIHUTE/IbHBIE JIAHHBIE, HAIIPUMED, OIHEHKH acecCOpPOB.

Ha mpakTmke K TeMaTWIeCKHM MOJEISIM IMPEIbIBILAI0TCI pa3JIHudHble HAOOPBI Tpe-
OoBaHMil, & I TOCTPOEHUS MOJETN MPUMEHSIeTCS MHOTOKPUTEPUATbHAA ONTHMI3AIS.
[TosToMy M KadecTBO MOJIEIN JAOJZKHO OIMEHUBATHCS 110 MHOI'MM KPUTEPHUSIM.

B ARTM wus0birounast perysspusanus MOXKeT HPUBOJAUTD K jerpaganuu Mojgesun. O0-
pPa3HO TOBOPs, PEry/sipu3aToOpbl, KaK JIEKAPCTBA I MOJE/N, TPeOyIoT moadopa repa-
IIEBTHYECKON J103bI BO3/eiicTBus (Kodbdummenta peryisipusainum), a B caydae mepejo-
3UPOBKHU MOTYT MPUBOJUTH B BBIPOXKAeHHI0 Mofenn. (g oOHapyKeHns HeyKelaTeabHOI
CUMOTOMATHKY HYKHBI Pa3HOOOpa3Hble KPUTEPUN KAd1eCTBA.

B npoexkre BigARTM nojjiep:kuBaercsd OMOIMOTEKA CTAH/IAPTHBIX METPUK KadecTBa
U 1IPE/LyCMOTPEHbI MEXaHU3MbI 100AB/ICHUST HOBBIX M0JIb30BATEILCKIX METPHK.

BHewHne kpntepun Becbma pazHooOpa3Hbl M 3aBUCAT OT KOHEYHOU pelraeMoi 3a/1adu.
[TpakTuyeckn B KazK0# 1myOJIMKAIMU 110 TEMATHYECKOMY MOJIEJIMPOBAHUIO HCIIOJIb3YeTCs
KAKOMi-Tn00 BHENIHUIT KpUTepHil: KauecTBO KIacCHbUKAIMH JOKYMeHTOB [156], TounOCTS
u nostHoTa HHMopManuonHoro noucka 203, 23, 10, 20|, wucsio HaiiIeHHBIX XOPOIIO HHTED-
npeTupyeMbix TeM [26], kadecrBo cermentanuun TekcTos [153]. B [50] mpemmaraercs meto-
JANKa JUAI'HOCTUKHN TEeMaTHU4Y€CKHX MO,H,e.HefI, OCHOBaHHa4d Ha COIIOCTaBJICHUN HaI';I,ZLGHHbIX
TeM CO CliellMaJIbHbIMU HADOpAMU B3aUMOCBA3AHHBIX CJIOB, Ha3bIBAEMbIMU KOHUENMAMU.

Mepnnekcna. Haubosiee pacupocrpaHéHHbIM BHYTPEHHUM KPHUTEPUEM SIBJISETCH Nep-
naexcus (perplexity), ucrnosib3yemast Jisi ONEHUBAHUST BEPOSITHOCTHBIX MOJEJIEH sI3bIKa
B KOMIILIOTEPHOIl JUHIBUCTUKE. JTO Mepa HECOOTBETCTBUSA WUIH <«YAUBJICHHOCTHY MOIEIN
p(w|d) repmam w, KoTopble BeTpedarorces B JoKyMmenTax d. Oua omnpejensercs depes log-
npasonoaobue (13), mubo gepes log-npasgonogobue (39) Kazx 10 MOJATBHOCTH M:

1
Pn(D;p) = exp _EZ > nawlnp(wld) ), (95)
deD weWwm
TAE Ny = >, Y. Mgy — JYUIMHA KOJUIEKIMU 1O M- MOAAJBHOCTH. HeM MeHble mep-
deED weWw™

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

[lepiuiekcusi uMeeT CJeAyIONLYI0 HHTEpUpeTanuio. Kcjim TepMbl W HOPOKIAI0TCH
13 paBHOMepHOro pacupe/enenus p(w) = 1/V Ha cioBape moraocTr V', TO mepIuieKcust
SI3BIKOBO#i MOJIE/TN p(w) HA TAKOM TEKCTe CXOAUTCS K V' ¢ pOCTOM ero JinHbl. YeM cuiibHee
pacupegeserne p(w) OTIMYAETCS OT PABHOMEPHOTO, TEM MeHbIIe IepIiekcus. B caydae
YCJIOBHBIX BepositHoCTell p(w|d) uHTepuperamusi HEMHOIO JIpyrasi: €CJIu KarK/Ibli JIOKY-
MEHT reHepupyercss u3 V' DABHOBEDPOSITHBIX TE€PMOB (BO3MOXKHO, PA3JIMYHBIX B PA3HbBIX
JIOKYMEHTAX ), TO HePIUIeKCUsT CXOAuTest K V.

HenmocTaTkoM IepILIeKCHE ABISeTCS HEOUeBHIHOCTD €€ YHCJIOBBIX 3HAUYCHHM, a TaKxKe
eé 3aBHCHMOCTDL OT Pa3MepHBIX XapaKTePUCTHK KOJLICKIMHA — JITHHBL JOKYMEHTOB, MOII-
HOCTH CJIOBApHd, Pa3pe:KeHHOCTH BEPOATHOCTHOIO paclpejlesieHus TepMoB. B uacrhocT,
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C IIOMOUIbIO HEPIVIEKCUHU HEKOPPEKTHO CPpaBHUBATb TEeMAaTU4YE€CKUE MOILEJ/IN O,H,HOI';I u Toit
JKe KOJLIEKIIMH, IIOCTPOEHHbIE HA PAa3HBIX CJIOBAPSIX.

Ob6o3uaunm 4depe3 pp(w |d) MoeTb, TOCTPOEHHYIO O 00YYAIOINIell KOJIEKINH JTOKY-
mertoB D. Ilepmiekcus Ha oOyuenun P, (D;pp) ABISETCS ONTUMUCTUIHO CMENIEHHOI
(3aHUKEHHOlT) OIEHKOIl KadecTBa Moean u3-3a sdderra nepeodydenus. OBOOIIAONLY O
CIIOCOOHOCTH TEMATUIECKUX MOJIE/IeH PUHSTO OIEHUBATH NEPRACKCUET KOHMPONLHOT 6bi-
6opru (hold-out perplexity) &2, (D’; pp). OObIYHO KOJLIEKIMIO PA3IESIIOT HAa 00y A0y IO
1 KOHTPOJIBHYIO CJIydaiiHbiM 06pa3om B mpomopruu 9 : 1 [41].

B panHux skcnepumerTax ObLI0 MOKa3aHo, 9To LDA cymecrBenno mpeBocxomut PLSA
110 [epILIEKCHH, OTKY/1a ObLI ¢jies1al BeiBoj, 4T0 LDA Menbiie nepeobydaercs [41]. ITo3:xke
OBLJIO TOKA3aHO, 9TO Ha OOJIbIIKNX KoJLIeKIusX mnepiiekcus mogeaeit PLSA u LDA orin-
qaercst HesHaunTesabHO 115, 200, 109).

Ha camowm jiesie mpupojia «uepeobyydenusi» 0oJibliie CBsi3aHa ¢ 0COOEHHOCTSMU HEPILIEK-
CHH, €M C Ka9eCTBOM caMux Mojeseil. [lepiiekcust 9yBcTBUTEIbHA K MAJIBIM 3HAYEHHIM
IpeICKA3aHHON BEPOATHOCTH T€PMOB, MOCKOIBKY p(w|d) crout mox sorapudmom. Crira-
xkuBanue B LDA 3aBbliaer oneHKH BEpOATHOCTEH peakux TepmoB, modromy LDA nmeer
MEHbIIYIO KOHTPOJIbHYIO IIEPIJIEKCHUIO. MO,H‘G.)'[I/IpOBaHI/Ie BEPOATHOCTHU peAKUX CJIOB BazKHO
JIJIsl CTATUCTUYEeCKOI'0 MAIIMHHOIO 11ePEBO/Ia U JIPYI'UX IIPUJIO2KEHU KOMIIbIOTEPHOM JIMHI-
BHUCTHKH, OTKY/Ja IEePILIEKCUs W HpHUILIa B TeMarudeckoe mojeaupoBanne. OTHAKO st
HOHUMAHUs TeMATHIEeCKON KJIACTEPHOH CTPYKTYPBI TEKCTOBOW KOJIIEKIIUU W BbISBICHUS
TeMaTUKNU OT/AEJ/IbHbIX JOKYMEHTOB peIKUue TePMbl KaK Pa3 HauMEHEEC BazKHbI.

B [6, 147| 6blt1 11pe//10zKe bl pobacmmbie MeMamuveckue MoOeAU, OIUCHIBAIOIIIE PeJi-
KUe TepMbl ClielliaJibHbIM «(OHOBbIM» pacipejiejienueM. KonTpoJibHas nepiiekcus po-
bactupix BapuanToB PLSA u LDA okazaJiach CymecTBeHHO MeHbIIeil i IpaKTHIeCKN O/T1-
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
HEeT 0c000ii HEOOXOMMMOCTH BBIMHC/IATH KOHTPOJIHHYIO IEPILTEKCHIO.

[Ipr BBIYMC/IEHNN MEPILIEKCHH MOYKeT BO3HHKHYTH HpOoOJeMa HYJIeBOil BepOATHOCTH
p(w|d) = 0. Tepm w B 1O0KyMeHTe d BCTpeUaeTCsl, TeM He MeHee, MOJIE/b MPeICKA3bIBAeT
JAJid HEeIr'o HYJIEBYIO BEPpOATHOCTD. B YaCTHOCTH, IIPpU BbIYHUCJ/ICHUU KOHTpOﬂbHOﬁ IIepIlJIeK-
CUM B JIOKYMEHTE MOXKeT BCTPEeTUThCH HOBbIII TepM, KOTOPbIfi HU pa3y He BCTPETHJICS
npu oOydennn. B Takux caydasx B MEpILIEKCHH BO3HHKAET OECKOHEYHO OOJIBIIOE Cjara-
emoe (—In0 = +o00). [Ipocreiitiee perrenne 310l TPOOJIEMBI 3aKIHOYALTCI B TOM, ITOObI
IPOUTHOPHPOBATH BCE TaKHE TEPMbI U IMOCYUTATH HX JIOJI0 B KOJUIEKIIHH KaK €Ié OIHY
Mepy KadecTBa Mojesan. JIpyroe pemenne — cieiys |7, caurars Bce Takue TepMbl HeTe-
MATHYECKUMH U OLMUCBIBATH X BEPOATHOCTL 4acToTHON ouenkoil p(w|d) = ™. IToxoxuit
pe3y/abraT HOJIYYUTCA IPU UCIOJIb30BAHUM TEMATHYECKOH MOJe I ¢ HeoDydaeMoi (POHO-
Boit Temoii p(w|b) = ™. Taxag Mozenb HEKOTA He OyIeT JaBaTh HyJIEBYIO BEPOATHOCTD
TepMa, eCJid, KOHeIHO, BEPOITHOCTH (DOHOBOI TeMBI B JOKYMEHTE He paBHA HYJIIO.

NHTepnpeTupyemMocTb TeMaTHYECKOl MOJEIN dBJSETCS ILTOXO (DOPMATU3YEMBIM Tpe-
oopanueM. CojepzKaTe/IbHO OHO O3HAYAEeT, YTO II0 CIHCKAM HambOJiee YACTOTHBIX CJIOB U
JIOKYMEHTOB T€MbI IKCIIEPT MOYKET IOHHATh, O 4éM dTa TeMa, U JaTh eil aJleKBaTHOe Ha-
spanue [45]. [Ipumepbr XopoImo WHTEPHPETHPYEMBIX TeM IOKa3aHbl Ha puc. 13 u puc. 21.
CBOICTBO HHTEPIPETUPYEMOCTH BazKHO B HH(MOPMAIMOHHO-TIOMCKOBBIX CHCTEMAaX, HCIIO/Ib-
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3YIOIUX aBTOMATHUYECKU HaﬁﬂeHHbIe TEMbl KaK MHCTPYMEHT BU3YyaJIU3allUU PE3YyJ/IbTaTOB
IIOMCKa, HAIpUMep /IJIS BbIBOJIA NOSICHEHUH WMJIM CHUIIIETOB, JIMOO KaK MHCTPYMEHT PyO-
PHKAIUY UM HABUTAIMA II0 TEKCTOBOI KOJLICKIWH.

BoJIbIUHCTBO CyMIECTBYIOMMUX METOA0B OICHUBAHUS HMHTEPIIPETUPYEMOCTH OCHOBAHO
Ha MPHUBJIEYEHNH SKCIIEPTOB-aceccopoB. B [132] skcmepram mpeiaragoch HEIOCpeCTBEH-
HO OIEHMBAThH HOJIE3HOCTH TeM 10 TPEXOa/LUIbHON IIKaje, paccMaTpuBas CIMCKH CJIOB,
paHKupoBaHHbIe 110 yobiBanuio p(w |t). B memode unwmpysuti |45] asist Kazk10i Tembl co-
CTaBIgeTCd CHUCOK M3 10 BEepXHUX CJIOB CIHCKA, B KOTOPLIA HCKYCCTBEHHO BHEIPIETCS
OJHO CiydaiiHoe c0BO. Tema CUMTAeTCd MHTEePIPETHPYEMOil, €CJIM IIOJABILIoNee O0JIb-
MIMHCTBO SKCIIEPTOB HPABUILHO YKA3LIBAIOT JIHUIIHEE CJI0BO.

B npuksaHbIx comuosornyecKux ucciaeaoBanusx [42, 93, 137| s sxcuepraoro orge-
HUBaHUA TE€Mbl UCIIOJIB3YIOTCA HE TOJIbKO CIIMCKU BEPXHUX CJIOB, HO U CIIUCKH JJOKYMEHTOB,
paHzKupoBaHHbIe 110 yObiBanuio p(d|t). Dra Merojuka GoJsiee TPYIOEMKA, MOCKOJbKY IKC-
IepT IPOYMUTHIBACT JOKYMeHThl. Ho oma Gosee HagéKHa B T€X CIydadx, KOIJA IPUKJIAI-
HOIl [EJIbI0 TEeMATHYECKOIO MOJCIUPOBAHUS AB/ILCTCA HOUCK TE€M OIPEIEJEHHON HalpaB-
JgeHHoCTH (HapuMmep, 00CYKJICHUIT MEKITHHIECKUX OTHOUICHUIT B COIMAJIBHBIX CETsX),
3aTeM Ka4Ye€CTBEHHO€ INIOHUMaHN€ CEeMaAaHTUKN Ka)K,ZLOI';I TEeMbI (B YaCTHOCTHU, KaKUe 9THUY-
HOCTHU U KaKue HpO6ﬂeMbI 3aTparuBaeT KazK/ad TeMa), 1 HaKOHEN, KOJIMYeCTBEHHOE OLICHU-
BaHue 00bEéMa JaHHOI TeMbl (T7e, KOTJIa i KaK 9acTo BO3SHUKAET JaHHbBIH qucKypce) [25, 26).

KorepeHTHOCTb. DKcuepTHbIE I0IXO0Ibl HEOOXOAUMBI Ha CTAIHMU HCCJIeI0BaHU, HO OHU
3aTPYAHAIOT aBTOMATHIeCKOe TIOCTPOeHNe XOPOIINX TeMaTHIecKuX Mojeseil. B cepun pa-
6ot [132, 133, 134, 125| 6110 MOKA3aHO, YTO CPEIH KPUTEPHEB KAUECTBA, BBIUMCIIAEMbIX
110 KOJLIEKIIUH ABTOMATHYECKH, COMIACOBAHHOCTD WK Kozepenmuocmo (coherence) stydrie
BCEI'0 KOPPEJIUPYeT C IKCIEPTHHIMU OIEHKAMHU UHTEPIPETUPYEMOCTH.

Tema nasbiBaercst Kozepenmmol (COrIACOBAHHOM), €M TepMbl, HaubOJIee YacTbie
B JIAHHOW TeMe, HEeCIy49aifHO 9aCcTO COBMECTHO BCTPEYAIOTCHA PAIOM B JIOKYMEHTaX KOJI-
neknuu [133, 134]. HucieHHoit Mepoii KOTepEHTHOCTH TeMbI ¢ SBISETCA NOMOYE HAA 63a-
umnas ungopmayus (71), Berauciasemas 10 k nanbosiee BEPOSTHBIM CJIOBAM TE€MBbI:

k

G = ey 2 3 PMIGw ), (96)

i=1 j=i

rjie w; — i-il TepM B HOPSIIKE YOBIBAHUS (D¢, YUCJAO0 Kk OOBIYHO mosiaraercs pasubiM 10.

KorepeHTHOCTD MOJIE/TH OLIpeIe/IseTcsd KaK CPeIHsIs KOTePEHTHOCTD 6, IO BCEM TeMaM.
KorepeHTHOCTb MOXKeT OIeHHBATHCS MO CTOPOHHEIl KOJUTeKIuu (HAmpuMmep, Mo Bukuiie-
mun) [130], 6o mo Toil ke KOJUIEKI|H, 0 KOTOPOil CTPOuTCs MoAeb [125].

Pa3pe>xeHHOCTb U cemaHTnyeckue sapa teM. Pa3pekeHHOCTb MOJEJH U3MepsSeTcs
JloJ1eit HyJIeBBIX 3jieMeHTOB B Marpunax ® u ©. B mogessx, pasuensionmx MHOXKECTBO
rem T’ Ha npeamertabie S u (HOHOBBIE B, pa3peKeHHOCTh OIMEHUBAETCS TOJIBKO MO CTOJI0-
nam ¢ u crpokam O, COOTBETCTBYIOMIMM IPEJIMETHBIM TEMAM.

HenocraTok Takoro ompejenenus pa3pexKeHHOCTH B ero HeycroitamocTu. Ha mpak-
Tuke MaTpuipl ¢ u © MOryT comepzKaTh OOJIBIIYIO OO 3HAYEHHUil, OJU3KUX K HYJIIO.
Nx obuy/ienue npakTUYeCKU He HOBJIUAET Ha MOJIEJ/Ib, HO PE3KO IIOBBICUT Pa3PEKEHHOCTb.
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B |93] upegraraercst caurarb cyuecmseenolmy JUIIb T€ YCJIOBHbIE BEPOSITHOCTH, 3HA-
YeHUsI KOTOPBIX BBIIIE, YeM Y PABHOMEDHOI'O PacCIpe/le/IeHus:

Wt:{erW}QOwt>I—V%/‘},
Td:{tET}Qtd>ﬁ}.

B skcmepumvenTtax mHa 300 ThICAIaX MOCTOB conmuaabHO ceTn mpu 120 Temax pa3perKeH-
nocrb ® mpesbicuta 96%, paspexennocrs © — 88%. Ilpu 9TOM 4HCI0 CJI0B, BOLIEININX
x0T Obl B OJIHO U3 MHOzKeCTB W, OKa3a/ioch paBHbIM 8 Thicg4yaM 1pu cjoBape 154 Tbi-
cdur CJI0B. Takoil 10J1X0/1 1103BOJISI€T COKPATUTh CJI0BAPb JI0 MUHUMAJILHOIO Habopa Te-
MaTHYIeCKH PeJIeBAaHTHBIX CJIOB. Eciin Tpebyercst yipas/isiTh pa3pezKeHHOCTbIO MOJIEJIU, TO
HPUIETCA BBOIUTH YCJIOBHULA Py > g, Oig > 6y u mombupars moporu g, ty.

B [180] mpeiaraercst onpeiesisiTh cemarmuueckoe A0po memv, KaK MHOKECTBO CJIOB,
KOTOpbIE € DOJIbIION BEPOSTHOCTBHIO YIOTPEOJILIOTCH B TemMe t U PeJKO YIoTped IsaroTcs
B apyrux remax: W, = {w e W ’ p(t|w) > 0.25}, rae p(t|w) = Puty*- Hopor 0.25 6bl1
110,100paH sMuupudeckuM yTém upu uucie rem |1'| = 100. st gpyrux JaHHbIX U JIPYTOro
YUCIA TeM, ero, BO3MOXKHO, IPHJIETCA MMOAOUPAThH 3aHOBO.

HeszaBucumo or TOro, KakuMm oOpa3oM OIpeesseTcs CeMaHTHYeCKOe sIpPOo, BBEIEM
HECKOJIBKO IIOKa3areJeil, XapaKTepu3yoliuxX pa3pezKeHHocTh Marpuibl P:

ker; = |W;| — pasmep adpa (onTuMyM HEMHOTO BBIIIE %),
pur, = > p(w|t) — wucmoma memov, (uem Bblie, TEM JIy4IIe);

weWy

cony = \Wlt\ wg‘;[/tp(t\w) — KoWmpacmHrocms membos (4eM BBIIIE, TeM JIYUIIe);

logLift, = \Wlt\ > log % — nodsém memovi (4eM BBIIIE, TEM JIydIile).
weWy

JLj1st MOJIeIM B TIEJIOM 9THU MOKA3ATE N OLPEIe/ISIOTCs Iy TEM YCPEIHEHUsI IO BCEM TIPe/i-
MeTHBIM TeMaM t € .S. KoCBeHHO OHU SIBJIAIOTCS TaK2Ke ¥ MEPOIl HHTEPIPETUPYEMOCTH MO-
JIeJIH, TOCKOJIbKY MHTEPIPEeTHPYEeMble TeMbI JOJI2KHBI 00/1a/1aTh HE CJUIIKOM MaJeHbKHM,
HO U He CJIUIIKOM OOJIBIINM CEMAHTHIECKHM SIPOM.

Jlorapudmuaeckuit Kpurepuii ancrorst (moabeém) rembl logLift mokaspiBaeT, Ha CKOJIb-
KO MOPS/IKOB YaCTOTa TEPMOB M3 CEMAHTUYECKOI'O SIJPA TEMbI MPEBBIMIAECT UX OOBIYHYIO
gacrory B Kosuiekiuu p(w). Ou Obu1 npegioxken B [170] st cOpTHPOBKH TEPMOB LIPU
BU3YaJM3AIUE TEeMbl B 110JIb30BaTEIbCKOM uHTEpdeiice. B |65] 6bu10 npe/ioxkeno ycpe-
uaTh logLift mo £ = 30 k/10ueBBIM c/TOBaM B KazK /10 TeMe. BbLIO MOKa3aHo, YTO CpeIHMi
logLift cBs3an ¢ moseit nH(MOPMATHBHBIX CJIOB B T€MaX, H 9YTO OH 3HAYMMO KOPPEIHPYeT
C 9KCIIEPTHBIMH OIEHKAMHU KAYeCTBA TEM.

Oonsa doHoBoit nekcuku. Ilycrs B C T — noaMHOKeCTBO (DOHOBBIX TEM, B KOTOPBIX
cobpana obmeynorpeduTebHas Jekcuka. OupeaeanM doato ornosol sekcuku st BCei
KOJIIEKITUH ¥ JIJIsT OTJIEIbHOIO JOKyMeHTa d:

B =55 S (il d.w);

deD wed teB

%d = nidz anwp(t|d> ’LU)

wed teEB
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Houst bonosoit jiekcuku npunumaer 3Hadenust or 0 10 1. Ecsim ona 6smmska k 0, 1o Mo-
JieJib He CIIOCOOHA BbIJIEJISATH CJIOBA OOIIEH JIEKCHMKHU, €CJu 2Ke OHa OJin3Ka K 1, TO 3TO
CBHJIETEJIbCTBYET O BBIPOXKJIECHUU Mojeu. B crernuaj n3upoBaHHBIX TEKCTaX y3KUX IIPeJI-
MeTHBIX obOJsacTeiil 1071 POHOBOII JIeKCHKH MOzKeT cocTaBagarh or 30% mo 90%.

BosmozkHa cuTyarusi, KOraa cpeaHee mo KOIeKINN 3HadeHne 98 YKIaIbIBAeTCI B 9TH
OPHEHTHPOBOYHbBIE HOPMBI, OAHAKO B, BBIXOAUT 3a MX HPEIEJIbl s 3HAYUTEJHHON J10-
JIK JIOKYMEHTOB. DTO MOYKET I'OBOPUTH KaK O HAJHIMU AHOMAJIbHBIX WA <«MYCOPHBIX»
JIOKYMEHTOB B KOJIJIEKIINH, TaK U O HEJOCTATKAX MOIEeJTHPOBAaHUs. AHAJN3 aHOMAJbHBIX
JIOKYMEHTOB MOKET IIPUBECTH K MOHUMAHUIO STHX HEJOCTATKOB C HOCJeAYIoNeil Moaudu-
Kallieil MOJIe U, ONTUMHU3AIMOHHBIX KPUTEPHEB WU PEry/Isdpu3aTOpOB.

Takue KpuTepuu, Kak pa3speKeHHOCTh, Pa3Mep sipa WK 10/ (POHOBOM JIEKCHKH MO-
I'YT UCHOJIB30BATHCS JIJIsi KOHTPOJIA H30BITOYHOIO PA3PEKUBAHUS MOJIEJIH.

Pa3znnyHoctb Tem. Beegém dyHKIMIO paccrossHusg Mexkay TeMamu p(t, s) Kak pacipe-
jenenusivu p(w |[t) u p(w|s), To ecrb cronbuamu Marpuipl P. Oupeeum jist KaxK 1o
Tembl ¢ paccrosiHue 10 OJsimzkaiiiieil Kk Heil TemMbl S:

Ky = SIS%I\lt p(tv S)’

Ecnu paccrogame %; no OnmKaiiireir TeMbl s OJIM3KO K HYJIIO, TO TeMBI t U S MOYKHO
CYUTATD JTyOauKaTaMu. BO3MOXKHO, 3TH TeMBbI CJiejI0BaJI0 Obl OObEeUHUTD.

Eciu paccrosnus %; BeJMKH JIjI BCEX T€M, TO 9TO 03HAYAET, YTO BCE T€Mbl OLAPHO
CYIIECTBEHHO PA3JIMIHBI, TO €CTh MOJE/b TOPOULO 0EKOPPEAUPOBUHA.

Paccrosinust mexk iy TeMaMu Kak cTo/ionamu Marpuiibl ¢ MOXKHO OLpe/esTh 10-pas3-
HOMY. OOBITHO UCIIOTIB3yeTCs OJHO U3 CJIeTYIOIIHX:

Z prssowt
t,s)=1-— w
M) S G (S )

p(t,s) = <% > (VPws — VPt )2> 2 paccrosiuue XeJUIHHIepa; (98)
p(t,s) =1—|W,NnWy|: |[W,UW,| — paccrosinue 2Kakkapa; (99)

e Wi u W, — cemanTudeckne siapa TeM.

— KOCHHYCHOE DACCTOSIHUE; (97)

BbiBoabl no rnase

e 3ajaya TeMaTHIeCKOr0 MOJEJTNPOBaHUS HEKOPPEKTHO MocTaBieHa. /[y peryiagapu-
zanuu penrenns B ARTM ucnosibdyercst MuOrokpurepuaibuas onrumusanus. Coor-
BETCTBEHHO, U KA4€CTBO MOJIE/IU JIOJIZKHO U3MEPIAThC MHOI'MMU KPUTEPUSIMHU.

e B npukiaJHbIX HCCIET0BAHUSIX OOBITHO OIPAHUYUBAIOTCS U3MEPEHHEeM IePILIEKCHT
1 KorepeHTHOCTH. K coKajeHuro, 3Ta Imaoxas MpaKTHKa BeCbMa paclpoCTpaHeHa.

e B nanHoil r/1aBe onmcaHbl KPUTEPHH I aHAJIM3a PA3TUIHBIX aCIEeKTOB KadeCcTBa
KaK OT/IeTbHBIX TeM, TaK U MOJEN B 1mejoM. Mbl OrpaHUYHINCDH JTUIIb BHYTPEHHU-
MU KPUTEPHSIMHU; BHEINIHUX KPUTEPHEB ropas3/io OOJIbIIe, HO OHU CIENUMUIHBL /I
NPUKJIAJIHBIX 33/1a4.

e B rmaBe 17 MBI paccMOTpPUM CeMeHCTBO KpHUTEpHeB I TeCTUPOBAHUS TUIOTE3LI
YCJIOBHOI HE3aBUCUMOCTU — OJIHOT'O M3 KJIOUEBBIX JIOMYIIEHNIT BEPOITHOCTHOTO Te-
MaTUYECKOTO MOJIEJIMPOBAHUSI.
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17 Kputepnn ycsioBHOW HE3aBUCUMOCTN

['unoresa yc/IOBHOI HE3aBUCUMOCTH SIBJII€TCS OA30BBIM IPE/INOI0KEHUEM BEPOSITHOCT-
HOT'O TeMaTHYeCKOIro Mojie/iupoBanusd. [lpu mocTpoeHnn BepoOSTHOCTHBIX MOJIE/Ieil M0 M-
HUPUIECKUM JIAHHBIM 0a30BbIe JIOIYIIEHUs ITPUHSATO HPOBEPSTH MOC/IE TOIO, KaK MOJIE/Ib
nocrpoena. Hanpumep, aHa/iu3 perpecCHOHHBIX OCTATKOB COJIEPYKUT B CBOEM apceHaJie
JIECSITKU TECTOB JIJIsl IIPOBEPKH CTATHUCTUYECKUX I'MIIOTE3 O CBOMCTBAX OCTATKOB — HE3aBH-
CUMOCTHU, HEKOPPEIUPOBAHHOCTU, HOPMAJIbHOCTH, HYJIEBOI'O MATEMATUIECKOTO OXKHUIAHUSI,
[OCTOSIHCTBA JIUCIIEPCHH, U T. .

CrarucTudeckuii  aHa 3 aJeKBATHOCTH BEPOATHOCTHBIX TEMATHYECKHX MOJIe/Ieit
HE HACTOJIBKO XOPOIIO pa3padoTaH, XOTs U3BECTHbI OTJie/IbHble PA0OTHI B 3TOM HallpaBJjie-
uuu |187, 121, 65].

B nannoii ritaBe Mbl BBEJIEM CEMEHCTBO CpPeIHEB3BEIIEHHBIX CTATUCTHK, TO3BOJISIONIAX
U3MepATh CEMAHTUIECKYIO OJTHOPOJTHOCTDH T€MbI, COIVIACOBAHHOCTD JIOKYMEHTOB U T€PMOB
¢ Temoii. Heoxkn1anHo 0OHAPYZKUTCS, 9TO HEPILIEKCHS TOKe MPUHA/JIEZKHT ITOMY ceMeii-
CTBY CTATUCTUK W JOIIYCKAeT MHTEepeCcHbie 0000IIeHus.

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

p(w, d|t) = p(w|t) p(d|?); (100)
p(w|d,t) = p(w|t); (101)
p(d|w,t) = p(d[t). (102)

Ha npakruke Bce 3TH pacClupejeieHusd HeM3BeCTHbl. 1locje IOCTPOeHMs MOJIE/IH
(n Ha kaxkaoMm mare EM-aaropurMa) JIOCTYHHbBI JIHIIb OINEHKH ITHX DACIPe/IeeHHil.
B Kazk10M 13 TpEX paBeHCTB paclpee]eHne B IpaBoil YaCTH OIEHUBACTCH 110 OOJIbIIEMY
00bEMY JaHHBIX, YeM pacHpeeseHue B JaeBoil actu. [TosToMy B KavecTBe Hy/eBOil Iu-
1oTe3bl OyjeM OpaTh HPeAIOJIOKEeHHEe, YTO SMIMPUYECKOe PACHPEIe]eHue B JIeBOH 4acTu
IHOPOK/IAETCs (COrIACYeTCs ¢) BEPOSITHOCTHOM MOJIEJIBIO U3 [IPABOil 4acTH.

Hecmorps Ha hopMasibHy 10 SKBUBAJIEHTHOCTH, Tpu Tpeacrasienus (100), (101), (102)
IPUBOIAT K PA3IMYHLIM KOHCTPYKIUSAM CTATHCTUYCCKHX TECTOB C PA3HBLIMH BO3MOZKHO-
CTAMH NpUMeHeHHd. PaccMoTpuM ux moapobuee.

1. Pagencrso (100) rpancdopmupyercsi B HyJIeByIO IHIIOTE3Y O TOM, 9TO Jijisi 3a,/aHHO
TeMbl  COBMECTHOE paclpe/le/leHne TePMOB B JOKYMEHTaX MOPOzKIaeTcs (hbaKTOPU30BaH-
HBIM PACIPEIeJICHIEM:

Ho: plw,d[t) ~ p(w|t) p(d]t). (103)

JIJ1st 1POBEPKM JIAHHOMN MMIIOTE3bI MOZKHO MCIIO/JIB30BATH CTATUCTUKY B3aUMHON nuH(Op-
MaIuH, npe/ioKenHyo B [121]:

KLl . _ S L, Dlw.d[t)
Sy = KL(p(w,d|t) || p(w|t)p(d]|t)) d;w%p( d[t)] p(w]Op(d[t)

st nojiydenusi yJ0OHO# BbIYUC/IUTE/ILHOM (DOPMYJIbI BOCIIOJIB3YEMCs OLPE/Ie/IeHueM
ycsioBHO# Beposithoctu: p(w, d|t) = p(t|d,w)ﬁ(w|d)%, p(d|t) = p(t|d)%, dbopmyuioit
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E-mara (16) u gacrornoii onenkoii yciaosnoit sepogruocrn p(w,d|t) = *a. Tlogcrasum
LOJIyYEHHbIE BbIPaKeHus B S;:

Pl dlD)  pltdow) plwld) _ puaw o Pld),
(

= = plw|d) = ——=;
pw|t)pd[t)  pw[t)ptld)  Puibra p(w|d)
Nidw | P(w|d) ( plwld)
S, = In = avg| Negu, In ——= |, (104)
dEZDwZGd ne  pwld)  aw p(w|d)
rae avg (i, x;) = % — CpeJHEB3BEIICHHOe 3HAYCHMN x; ¢ BecaMu ;, 1 € 1.
iel ier i

Crarucruka S; paBHa CPEJHEB3BENICHHOMY 3HAYECHUIO JorapupMuIecKoi dyHKImu
norepsb £(w,d) = In z&z}z; 110 BCEM TepMaM W BCEX JOKYMEHTOB d, B3ATBIM C BECAMU Tydy-

Dynknus norepsb {(w, d) nonoxuresasna, Korjga p(w|d) < p(w|d). [Toreps rem Bbie,
4eM XyzKe TeMaTudecKasl MOJIE/Ib IPEJCKA3bIBALT MOsBJIeHHe TepMa B JoKyMenTe p(w |d)
[0 CPABHEHHUIO ¢ TPHBHAJIBLHON 1aCTOTHOH omeHKol p(w|d) = 5.

Crarucruka S; ABISETCS MEpOil ceMaHTHYECKO# HEOMHOPOAHOCTH TeMbl t. dem 60Jib-
e Sy, TeM XyzKe Tema. dem GoJblle B MOJENU CEMAHTUYECKH HEOTHOPOIHBIX TEM, TEM
Xy2Ke MOJIeJIb B 1eJIOM. BO3MOXKHO, TaKyI0 MOJIE/Ib CJIEJYEeT IEPECTPOUTD, YBEJUIUB YUC/I0
rem |T'], iubo pacuienurb TeMbl ¢ HAMOOJIBIIUMU Sy HA HOATEMbI B UEPAPXUIECKON MOJIEJIU.

2. PagencrBo (101) rpancdopMupyercs B HyJIeBYIO THIOTE3Y O TOM, 9TO SMIUPUIECKOE
pacipe/ie/ieHie TepMOB TeMbI ¢ B JIOKyMeHTe d HOPOXKIAeTCs OOIIHUM /It BCeX JIOKYMEHTOB

pacliipejieJieHieM TEPMOB:

Hy: plwld,t) ~p(w|t). (105)

Jlist mpoBepKu JAHHOI MMIOTE3bl OTHOCUTEIHLHO (PUKCHPOBAHHOTO JOKYMeHTA d BBe-
JIEM CTATHCTUKY Ha ocHOBe KL-nuBeprennuu u, omyckasi aHAJOTUYHbIE BBIKJIAIKH, 3allH-
meM eé 4epe3 CpeHeB3BelleHHOe JIoTapudMuIecKoil (pyHKIUN TOTeph:

Sia = KL(p(w|d, t) H p(wlt)) = avg (ntdw, IHM). (106)
wed p('lU | d)

Craructuka Sy sBJISETCS MEPOl HECOTJIACOBAHHOCTU JOKYMEHTa d ¢ TeMOil t.

Yem Oouibiite 3HadeHue Siy, TeM XyzKe TeMa OIpeJeeHa B JOKyMeHTe. AHOMaJIbHO
BBICOKHE 3HAYEHUST Sy MOTYT FOBOPHUTH O HEJIOCTATOYHOM YHCJI€ UTepaluil /st JaHHOTO
JIOKYMEHTA WJIX O HAJUYUU B HEM HOBBIX HEH3BECTHBIX TeM. AHOMAJIbHO HU3KHE 3HAUe-
HUS Sy MOTYT CJIY?KUTh KpUTepueM oTdopa JOKYMEHTOB, HAnbo/Iee PEeIeBAHTHBIX JAHHON
TeMe IPU CYMMapU3alud U BU3YAJTU3AIUN TEMBbI.

3. Pasencrio (102) rpancdopmupyercs B HyJI€BYIO IHIIOTE3Y O TOM, YTO IMIIHPHIECKOE
pacipejiesieHre TepMa W 1o JIOKYMEHTaM B TeMe t MOPOkKIAeTCst OOIUM J1JIsl BCEX TEPMOB
pacrpemnesnenneM p(d|t):

Hy:  pld]w,t) ~ p(d]t). (107)

Jlist mpoBepKH JAHHOM I'MIIOTE3bI OTHOCHTEIbHO TEPMa W BBEIEM CTATUCTHKY Ha OC-
HoBe KL-muBeprennuu. CHOBaA OILyCKasi BBIKJIAIKHU, 3ALUIIEM €€ 4epe3 CPeIHEB3BEIIeHHOe
JiorapudMuIeckoit (PyHKIUK MOTEPD:

Swt = KL(p(d|w,t) || p(d|t)) = 3;/% (ntdw,ln %) (108)
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Craructuka Sy, ABISIETCS MEPOil HECOIVIACOBAHHOCTH TEPMa, W ¢ TeMOii t.

AHOMAJIBHO BBICOKHE 3HAYEHUS Syyy MOTYT TOBOPUTH O TOM, YTO T€PM OTHOCHTCH K 00-
mEeynoTpedbuTe IbHOI JiekcuKe. /Ij1d BbIje/ieHns TaKuX TepMOB B (POHOBBIE TEMbI MOYKHO
VCUITUTD PEry/IspH3aTOpbl TeKOPPEJNPOBAaHUs U criaaxKkuBauus [181].

AHOMAaIbHO HU3KHE 3HAYEHHUS S,y TOBOPAT O TOM, ITO TEPM W BXOIUT B CEMAHTUIECKOE
sJIpo TeMbl. Tembl, cojepzkaliie 00JIbIIOe YUC/IO0 TAKUX TEPMOB, MOI'YT ObITh 0OPa30BaHbI
mabJIOHHBIME (bpa3aMu, 9aCTO HOBTOPSIIOMMMECS B TeKcTaX KoJutekiun [121].

JIJ1st 1IPOBEPKHU CTATHCTUYECKON IMIOTE3bl 00 YCJIOBHO HE3ABUCUMOCTH 3HAYEHUE CTa-
THCTHKH S, Mpeodpa3yeTcs B JOCTUTACMBIl ypoBeHb 3HaumMmocTH p-value = F'(S,), rue
F — bynknus pacnpeiesienus CTATUCTUKA S, Oy IeHHAS B YCIOBUAX HCTHHHOCTH HyJIe-
BOii runoresbl. Ecin gocruraemMbiil ypoBeHb 3HAUUMOCTH OJIM30K K €JIMHUIIE, TO JICJIALTCs
BBIBOJI, YTO JIAHHBIE HPOTUBOpedar Hy/eBoil runorese. Qyukius pacupejenenus F(S,)
CTPOUTC 1O CUHTETUYECKOW KOJIJIEKIIMH, I'€HepUPYEMOI IyTEéM CIMILIMPOBAHUS TEPMOB
w ~ p(w|d) remarnaeckoii Mmogenio [19].

O06006uEHHbIe cpeaHeB3BelleHHble CTAaTUCTUKU. OO0OLIUM BBEAEHHDIE BbILIE CTATH-
cruku Sy, Sig, Sy Ha cirydail mpousBosibHON (hyHKIuE morepsb £(d, w):

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

N

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

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

p(wld)
p(w|d)
St, Std, Swt mepexongar B (104), (106), (108) coorBeTCTBEHHO.

B obmiem citydae nmorpedyem, 4ro0bl (DyHKIMS IOTEPh HE 3aBHCE/Ia OT T€Mbl U 9TOObI
suavenue £(d, w) ObLIO TEM BbIIE, Y€M XyZKe MOJIEJIb PEICKA3bIBACT HOABJICHUE TEPMA, W
B JIOKyMeHTe d.

Jlastee paccMOTPHM HECKOJBKO YaCTHBIX CJIYyYaeB TOil 00meil KOHCTPYKIIHH.

[Ipu norapudmudeckoit dyukiuu noreps £(d, w) = In 000DIIEHHBIE CTATUCTUKI

Mepbl HecornacoBaHHOCTHU, TONIEPAHTHbIE K NOBTOPSAeMOCTU cnoB. ['mnoresa ycios-
HOU HE3aBHCUMOCTHU SBJSIETCS U30BITOYHO CUIBHBIM JIOMyIeHneM. HeKoTopbie sS3bIKOBbIE
aBJIeHns MOTYT (pOpPMaJbHO HApyMIaTh e, Jake MPU YCIOBUH, YTO TE€MbI OCTAIOTCS Ce-
MaHTUY€CKU OJHOPOJHBbIMU.

Haupuwmep, siBienne nosmopsaemocmu caos (word burstiness) s3ak/rodaercs B TOM,
YTO CJIOBO, BCTPETUBIIUCH B TEKCTE OJIUH pa3, UMeeT OOJIbIIYI0 BEPOSITHOCTH BCTPETUT-
ca emé [60, 101]. B HayqHO-TEXHHYECKUX TEKCTAX TO CBIA3AHO C TPEOOBAHUIAMH €THHCTBA
TepmuHOIoruu. KpomMe Toro, aBTop MozKeT UMeTh CBOU JIEKCHUeCKUe MpeIInouTenns. Tema
MOZKET COJIepzKaTh CHHOHUMbI, U3 KOTOPbIX KazK/Iblil aBTOP yHOTPEOJISeT JIUIb HEKOTOPbIE.
TeMa MO2KET UMETb HECKOJIBKO aCIIEKTOB, UMECIOIIUX XapaKTEPHbIC JICKCUYCCKUE PA3J/IN1Ind,
O/IHAKO aBTOPp MOzKET 3aTpalruBaTb JIMIIb YaCTb aCIHEKTOB. B pe3yJibrare JOKYMEHT MO2KeT
CoflepzKaTh HAMHOT'O MEHBIIe CJIOB TeMbI, IPH 3TOM HEKOTODPbIe U3 HUX OYAYT BCTpedaTh-
cd HAMHOTO Yallle, 9eM MOXKHO OBLIO OBl OYKU/JIATh IPHU CTPOTOM BBIIOJHEHUU THIIOTE3BI
YCJIOBHOIl HE3aBUCUMOCTHU.
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Y100kl ¢eaTh CTATUCTUKH Sy, Sig, Syt TOJEPAHTHBIMU K HOBTOPSIEMOCTH CJIOB, 3aMe-
HUM Y9aCTOThI CJIOB B JOKYMEHTAX Mg, OUHAPHBIMU UHIUKATOPAMHU bgy = [Ngw = 1]:

St = avg (bdwptdw> f(da 'lU))7

d,w

Sta = aV% (bdwptdwa ((d, w));
we

Swt = avg (bdwptdwa £(d, w)) .
deD

Yro0bl (DYHKIMIO IOTEPH TAKKE CJE/JIATh TOJEPAHTHON K HOBTOPAEMOCTH, Oy/IeM CpaB-
HUBATH MOJIEJIbHYIO BepoaTHOCTh p(w |d) ¢ dacToTHON oneHkoil p(w |d) = 21—:, Jtst OB
HOCTH YMHOYKEHHOIl Ha 1mapamerp « (YMeHbIIeHHe v JieJiaeT CTAaTHCTHKE elné 6oJiee ToJie-
DAHTHBIMH K HADYIICHUSIM HYJIEBOM IMIOTE3bI):

U(d,w) = [p(w|d) < a%—ﬂ.

Tenepb cratucturu Sy, Sy, Sy IPUHAMAIOT 3HAUeHUs U3 oTpe3ka [0, 1] 1 BeIpazKaioT
JIOJTI0 TEPMOB TeMBI ¢, J7Id KOTOPBIX MOJIeIb MPeICKA3bIBAT CJIHMIIKOM MAJIyI0 BEpOIT-
HOCTb. DBJiarojapst crosib yHUBEpCaJIbHOU UHTEPIIPEeTAlME CTATUCTUKU ¢ OuHAPHON (DyHK-
nueil moTepb MOYKHO HCIOJIB30BATDH JIjIsi CDABHEHUSI TEM B MOJIE/ISX C PA3IUIHBIM YHC/IOM
TeM, ¢ PA3JIUIHBIMU CJIOBAPSIME U JAYKe MOCTPOCHHBIX 110 PA3TUIHBIM KOJJIEKIIHSIM.

Mepnnekcnsa Tembl. 3amerum, 910 jgorapudM MEPILIEKCHN TeMaTquCKoﬁ MOJIEJIA MOZK-
HO 3allUCaTh Yepe3 CPeJHeB3BelieHHy 0 GyHKIuo norepb £(d, w) = ln ‘ 7, IPHUIEM KaK
JUT BCell KOJIJIEKIUH, TaK U Jjisi OTJAEJbHOIO JOKYMEHTA:

In & = 3,Xg (ntdw, In p(w|d)) = %Yujg(ndwa In m)u

o 7y = ave (s In ) = ave (naw, In o).

[To anaJioruu oupe/esiumM depe3 000DIEHHbBIE CPeHEB3BEIIeHHbIE JJorapudM NePnAek-
cut, memol t KaK 0 BCEl KOJIEKIUH, TaK U IO OT/IEJbHOMY JOKYMEHTY:

In%, =5, =avg (ntdw, In

e i)’

In Z;y = Siq = avg (ntdw, In p(w|d))

wed

SHaueHUe LEPILIEKCUI gztd HEe olpene/ieHO, €CJIU Miqqy = 0 st Bcex w € d, TO €Crb
) )
€CJIn TeMa IIOJIHOCTBIO OTCYTCTBYET B JJOKYMEHTE.

Ouseprenuna Kpeccn—Pupa. Ilpu dpyuxiuu norepnb

@)= 355, ((igzlg)A 1)

000011EHHBIE CPE/IHEB3BEIIEHHbIE CTATUCTUKKU LepexojdT B jauBeprennuio Kpeccu—Puja.
DTO mapamMeTpuiecKoe CeMeiCcTBO CTaTHCTUK HCIOJIb3yeTCsd B KadecTBe OOOOIIEHHS CTa-
THCTHKH XH-KBajpar [lmpcoHa /s IMpOBEepKH I'UIIOTE3bI O COIVIACHH SMIIMPHIECKOrO Pac-
IpeJIeJIeHns ¢ 33/ JAHHBIM JIMCKPETHBIM pacupesesenueM [53)].
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[Ipu koHKpeTHbIX 3HadYeHusx mapamerpa A muBeprennus Kpeccn—Pumga nepexoaur
(€ TOYHOCTBIO JI0 MHOXKHUTEJ/ISA) B CTATUCTUKY Xu-KBaJpar [Tupcona (A = 1), nuBepreniuio
Kyns6aka—/leitbnepa (A — 0), craructuky ®@pumana—ThOKH WK paccTogHue XeJInHre-

pa (A= —%), MOT(PUIIMPOBAHHYIO CTATUCTHKY JIOTapudMa OTHOIICHUS IPAB/IOIO0I00MI
(A = —1), MoauduupOBAHHYIO CTATUCTUKY XH-KBaJapar HeiiMaHa WIH B3BEIIEHHOE €B-
KJIIJI0BO paccrostaue (A = —2). Bee 911 crarncruku sBJIsIIOTCS HECUMMETPUIHBIMU (34 UC-

KJIIOUYEHUEM DACCTOsIHUS XeJTnHrepa) (DYHKIMAME Mapbl JIUCKPETHBIX PACIPe/IeJIeH .
[IpermytiecTBO Takoil mapaMeTpU3allid B TOM, 9TO CBO0O/IOiI BbIOOpa MapameTpa A
MOKHO PACIOPSIUTHCS JIJI ONTUMHU3AINNANA KAKOr0-/TH00 BHEIIHErO KPUTEPHs KadecTBa.

BbiBoabl no rnase

CucreMaTndecKuii MOJAX0/ K OINEHUBAHUIO aJIEKBATHOCTH IIOCTPOECHHON TemaThde-
CKOU MOJIe/IN 3aKJII0YAeTCd B IMMPOBEPKE OCHOBHOTO BEPOATHOCTHOIO JIONMYIIEHUS —
TATIOTE3Bl YCJIOBHOU HE3aBUCUMOCTH.

JLj1st nocTpoeHust COOTBETCTBYIONIEIO CTATUCTUYECKOI'O TeCTa BBOAATCH 0D00IIEHHbIE
CpeIHeB3BeIlleHHbIe CTATHCTUKI Sy, Siq, Swt.

OHU 1103BOJISIOT OIEHUTH, HACKOJBKO IJIOXa TeMa © B IEJOM JijIsi MOJIEJIH, B KOH-
KPETHOM JIOKYyMeHTe d, Jijisi KOHKPETHOIO TepMa, w.

PamkupoBanue TeM, JJOKyMEHTOB, TEPMOB 110 3HAYEHUSIM ITHX CTATHCTUK TO3BOJISIET
BBISB/ISITh KaK HAWJ/IYYIIHE, TAaK U HAUXY/IIIAE TEeMbl, JOKYMEHTbI, TePMbl. Pe3yiib-
TATOM MOZKeT OBITH JIydlllee MOHMMAHNEe MOJIENTH WU IMPUHATHE PEeIIeHui O MO/IU-
duKamuu MO,

Kouncrpykiust srux crarucruk ejgunoobpasna. Mensis B Heit Beca u (DYyHKIHUIO 110-
Tepb, MOYKHO JIeJIaTh UX TOJEPAHTHBIMU K ONPeIeJTEHHBIM OTKJIOHEHUSM MOJETH OT
TUIOTe3bl YCIOBHOU HE3aBUCHMOCTH.
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18 OcobeHHocTn peannsaunn EM-anropntma

EM-ajiropur™ B TeMaTHYECKOM MOJEJIUPOBAHUE — ITO METOJ| IPOCTHIX UTEPAIMl J1ist
pemtenust cucreMsl ypasaenuii Buga (16)—(18) B ciydae 0ObIYHON ABYXMATPUIHON MO-
e wnn (41)—(43) ana mynsraMonaabaoit Mogenn win (53)—(55) musa runeprpadosoil
MoJied. Peasn3alui HTEPAIMOHHOTO IIPOIECCa MOIYT OTIHYATHCS IMOPSIKOM BBIUHCIIE-
uuit 1o dhopmynam E-nrara u M-mrara. B panunonansaom Bapuante (Asroputm 2, crp. 15)
KazKJlasi HTepPaliisi BHIIOJIHSETCS 33, OJIMH [IPOXOJL [0 BCEM TePMaM BCeX JIOKYMEHTOB, B pe-
3yJIbTaTe KOTOPOro (DOPMUPYIOTCS CUETUUKH My, N¢g U OOHOBJISIIOTCSI ITADAMETPBI MOJIEJIN
Ouwt, Ora. B nanHOl ry1aBe 00CYKIAI0TCS HPUEMBI YIIYUIIEHHSA CXOJAUMOCTH U OCODEHHOCTH
OPraHU3alUH STOr0 HTEPAIMOHHOTO MPONECCa /7T DOJIBIIHX TEKCTOBBIX KOJITCKITHIA.

MakeTHbI anropuTm Mo3BojsgeT 00PadATHIBATH KOJIIEKIIUK JIOKYMEHTOB, HE IIOMEeIalo-
Imuecsd B OEpaTUBHYIO HaMAThb. Kostekiusa D paszbuBaercd Ha nakersl Dy, b=1,..., B,
KazKJIplil U3 KOTOPBIX XpPaHHUTCA B oT/ebHOM baitne. [lakeTsl oOpabaThIBalOTCd IO OUe-
peju. Kaxkiplit naker 3arpykaercs B laMsTh, OOHOB/isieT Marpuily ® u BbIIDyKaercs,
0CcBODOXK 1asi TAMATD JijIst 00pabOTKHU CJIe/IyIOIIero nakera.

®ynknus ProcessBatches obGpabarsiBaer 3a omun pa3 MHOKecTBO maketoB {D},
cM. Anropurm 5. It KazK10ro J10KyMeHTa d KazkI0T0 U3 HaKeToB D, MpOU3BOAITCS UTe-
panun BeKTopa fy co BcrpoeHHbIM E-1marom npu dukcuposannoit marpune ®. Ha mocsre-
Hell urepanuu JOKYMeHTa, OOHOBJISIIOTCS CUETUUKHU Tl TEKYIIEro IMaKeTa.

OddraitHoBbIit 1 OHJIATHOBBI AJITOPUTM — ITO JIBE PA3HBbIE CTPATEIMH ArPEruPOBAHUS
CYETUYUKOB, MOJTYIECHHBIX OT PA3HBIX IMAKETOB, B UTOTOBBIX CUETUUKAX Tlyy.

Oddnaiivosbiii  anroputm  FitOffline cosepmraer muoro mpoxomos mo kKosuieknuu.
Ha kazk10M poxojie CIETUUKHI M., POPMUPYIOTCH IIpH (PUKCHPOBaHHON MaTpuie ® u cyM-
MEUpPYOTCs 110 BeeM JokymenTam. O6HopieHne $ ¢ y9éToM BCex perysspu3aropoB IPOU3-
BOJIUTCS B KOHIE KazKJI0r0 Ipoxoa Kosuteknun. OddaailHOBBIA pexKuM OpHEHTHPOBAH Ha
00paboOTKy OTHOCHUTEJIbHO HEOOJIbIIUX KOJLIEKIIU.

Ownnaiinosbii anroputm FitOnline 6b11 npejyioxken st mogean LDA B |76], mozxe
qust mogiesn PLSA B [33]. On peasnmsoBan B 6ubsmmorekax MamuHHOro obydenusi Vowpal
Wabbit, Gensim, BigARTM u npyrux, u cunraercda Hanbdbosiee 3(PeKTUBHBIM MeTOI0M 00y-
YeHHs TeMaTHudecKuX mojeseil. Ero ocHoBHast maesd 3aK/I0YaeTCs B CIEMHAJJbLHONR Opra-
HU3AIUHA [TOCIeI0BATEILHOCTH BhIYucaeHuit mo ¢popmynam E-mara u M-mrara. Ona He 3a-
TparmBaeT MEXaHH3Mbl peryagpu3anun i oguHakoo npuMmennMa K PLSA, LDA u ARTM.
OHJIafiHOBBIN AJITOPUTM JIEJIACT OJMH HPOXO/ 110 KOJLIEKInKI, 0OHOBJIAA MaTpuiy P mocse
KazKJIpIX h makeToB: Ha mmare 21 CYETUYMKH T,;, HAKOILIEHHBIE 110 h HOC/IEJIHUM IaKe-
TaM, CYMMHPYIOTCS CO CIETUUKAMU N, HAKOILJIEHHBIMU 10 BCEM IPEJIBIIYIIUM ITaKeTaM,
C BeCaMH Kgecay U Kapp1y- Ha mare 22 marpuna ¢ nepecuuTrpiBaeTcs 110 OOHOBJIEHHBIM CYET-
YUKaM € YIETOM peryasapu3aTopon. OHIAfHOBLIN aJIropuT™M OPHEHTUPOBAH Ha 00PabOTKY
OOJIBINKMX KOJLUIEKIUI UM HOTOKOB JaHHBIX.

Becosble KOIDMOUIUEHTDI Kgecay U Kappry IIO3BOJIAIOT YHPABJIATH TEMIIOM 3a0bIBa-
HUs TpEeJbIIynuxX makeros. llepemennas n,; HaKaIIUBAeT CYMMY 3HAUYEHUU 7, NPH
Faecay = kapp1y = 1, cpesinee apudmeTnieckoe IpH Kgecay = 1 — %, Kapp1y = %, 9KCIIOHEHITH-
aJIbHOE CKOJIb3SIee CPeJiHee HPH Kgecay + Kappry = 1. s anropurma Online LDA B [76]
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AgroputMm 5. Odduaiinosslit u onsaiinobbiiit EM-agropurm aius ARTM.

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

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

4

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

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

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

12 MOBTOPSATH

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

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

15 noka ¢ me coiigércs;

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

18 Ny := 0 jiy1st Bcex w € W, t € T,

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

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

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

IPEIAragoch 0parh kgecay = 1 — pi, Kappry = pi, Te p; = (7o + 1) ™", 3Ha4eHne 7y 3a1a-
forcd B auanazone or 64 g0 1024, 3nadenust k£ — ot 0.5 10 0.7.

Ha npakruke BMecTO KOHTPOJIS YCJIOBHI CXOJMMOCTH Ha iare 8 u mare 15 4acro
331aI0T (PUKCHPOBAHHOE YHCJIO UTEpAIUil 110 KOJIIEKIIUHA U [0 KaXKJIOMY JIOKYMEHTY.

B omnaitnoBom aJjiropurme pa3OueHue KOJJIEKIIUUA Ha ITAKeThl U HOPI0K 00pabOTKU
[IAKeTOB MOI'YT BJIMSATH Ha pe3y/brar, B owimdue or oddJiaiinoBoro ajaropurma. Irodbt
YMEHBIIHUTH TO BJIMsSIHUAE, KOJJIEKIIMIO pa30MBAIOT HA LAKEThl CJAydailHbIM 0Opa3oM.

MapannenbHbiii anroputm. OO6paboTKa MAKETOB MOXKET BBINOJIHSITHCS MAPAJLIETHHO
B HECKOJIbKO MOTOKOB KaK B OHJIAfHOBOM ajirOpuTMe, Kak u B 0(hdiaiHoBOM.

B cunzponrom aszopumme odpaborka ciejyiomiei Mopiuun HakeToB HEe HAYMHAETCs,
[IOKa He 3aBepIieHo obHopjeHune MaTpuibl ¢ Ha marax 21-22. 91U 3aJepzKKH TPUBOJIIT
K HeahdEeKTUBHOI 3arpy3Ke BBIYUCIUTE/TBHBIX PECYPCOB.

[Ipobiiema peniaercss B aCUHTPOHHOM OHAGTHOBOM AA2OPUMME C TOMOIIBIO OOHOBJIE-
Huit ¢ 3anazapiBanueM [68|. IToka oaun nponece 3anst GopMupoBaHHEM HOBOIO MpHUb/IH-
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ancno | [T Gensim Vowpal BigARTM BigARTM
npow,. Wabbit (cuHxpoH) | (acuHxpoH)
1 50 | 142m (4945) | 50m (5413) | 42m (5117) | 25m (5131)
1 100 | 287m (3969) | 91m (4592) | 52m (4093) | 32m (4133)
1 200 | 637m (3241) | 154m (3960) | 83m (3347) | 53m (3362)
2 50 89m (5056) 22m (5092) | 13m (5160)
2 | 100 | 143m (4012) 20m (4107) | 19m (4144)
2 | 200 | 325m (3297) 47m (3347) | 28m (3380)
4 50 88m (5311) 12m (5216) m (5353)
4 | 100 | 104m (4338) 16m (4233) 10m (4357)
4 200 | 315m (3583) 26m (3520) | 16m (3634)
8 50 88m (6344) m (5648) m (6220)
8 100 | 107m (5380) 10m (4660) m (5119)
8 200 | 288m (4263) 15m (3929) 10m (4309)

Puc. 24: CpaBHenue BpeMeHH HOCTPOEHUs TEMATUYECKOH MOIe/ M (B MUHYTAX) U IIEPILJIEKCUU B 3aBUCAMO-
CTH OT YHUCJIa IPOIECCOPOB U YucIa TeM st oubmaunorek Gensim, Vowpal Wabbit, BigARTM B skcriepuMeH-
TaxX Ha KOJLUIEKIMU U3 3.7 MULInoHoB crareil Bukuneun co cnoapém 100 Teicsd ciios [92]. B 6ubimoreke
Vowpal Wabbit pacnapasuiesupanue He moziepKuBajioChb Ha, MOMEHT [IPOBEJAEHUSI YKCIIEPUMEHTOB.

JKeHus MaTpunbl P, ocTagbHBIE MPOIECCH MPOIOIKAT HCIOJIb30BATh €€ MpeIblayIee
npubJIKeHne i 00pabOTKH IAKeTOB U OOHOBJIEHHUS CUETUHKOB 7y .

Ha puc. 24 npuBeeHnl pe3ybTaThl CDABHEHHS CHHXPOHHOTO W ACHHXPOHHOT'O MapaJ-
JIEJIbHOT'O OHJIAfTHOBOI'O aJIl'OPUTMa, peajan3oBaHHOIO B Oubsmoreke BigARTM, ¢ nomyssip-
HBIMH peaju3anusamu remarudeckoir mogean LDA [92|. Peasusauus BigARTM 3ameTHO
s derTHBHEE HCTIOTB3YeT pacnapaJuieauBanue. [Ipu 3ToM acHHXpPOHHBINA AJITOPUTM MpU-
MEPHO B HOJITOpA pa3a OblcTpee cHHXpOHHOrO. Ha BochbMEU mporeccopax acMHXPOHHBII
BigARTM noutu B 30 pa3 OvicTpee Gensim.

B 0630pHoit crarbe 3] onucanbr 11 rexHudeckux npuéMoB Jyisi moBbiieHus (bdek-
TUBHOCTU HAPAJLIEJIbHBIX aJlOPUTMOB TeMaTH4ecKOro MojeupoBanus u 14 oubsmorex,
B KOTOPbBIX 9TH HPUEMbI Pea/In30BaHbl B PA3JIMYHBIX COYETAHUSIX.

Mpoun3sonbHble pyHKUUNM notepb u E-war 6e3 HopmupoBku. V3menum Kpurepuii
ONTUMU3AIMOHHON 3a/1a9d, 3aMEeHUB B KPUTEPUHU IpaBaononobus jgorapudM Ha TPOU3-
BOJIBHYIO TJIQJIKYI0 HeyObiBatomyto ¢yuknuio /(p). Temepsb s oneHUBaHUS TapAMeTPOB
TeMaTHIecKoit Mojesm ¢ u © mo KoIeKnuu JOKyMeHTOB D OyaeM MaKCHMHU3HPOBATDH
CyMMY LOTEPb E(p(w|d)) 110 BCEM TE€PMUHAM BO BCEX JIOKYMEHTAX:

Zanw <Z <pwt9td) + R(®,0) — max.

deD wed teT

(109)

Teopema 18.1. Pemernne ®,0 3azaun (109) npu orpaHnIeHHsIX HEOTPHI[ATEIBHOCTH H

HOPDMUPDOBKH YJA0BJICTBOPAECT CUCTEME ypaBHeHI/Iﬁ CO BCHOMOraTe/IbHbIMHA 1IePpEMEHHbIMHA

Praw = P(t|d, w), ecin u3 peurenust HCKIOYUTD HyJieBbie ¢1oJi01b Marpul O, O:
/ .

= Puwibal (P(w|d))7

Ptdw (110)
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OR

Qwt = DOTM NawPidw + Pt m— |; (111)
weW 1eD 8901”13
OR
0,y = > Nt + O ). 112
td nl%l"j,m 2. NawPidw + Gid 90, (112)

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

JlokazarebCTBO cjeayer 3 JeMMbI 3.2 0 MAKCHMU3AIUN HA eIHHIIHBIX CHMILIEKCAX.

Tosbko npu f(p) =Inp na E-mare Bosuukaer dopmysna Baiteca. Ilpu srom 3aja-
4a, MaKCHUMU3AIMKM 1IPABJAON0JA00Ms IKBUBAJIEHTHA MHHUMU3AIMU B3BEHIEHHON CyMMBbI
KL-juBeprennuii ¢ BecaMu ng MeXKJly SMIMPUYECKUME pacupejeienusvu p(w |d) = fu
1 MOJIeJIbHBIME pacipe/iesaenusamu p(w|d) = (@u, O0a)-

I[Ipu £(p) = p* 3a1aua SKBUBAIEHTHA MUHIMHU3AIMH B3BEIICHHONR CyMMbl IMBEPreHImit
Kpeccu-Puma (crp. 113).

[Ipu ¢(p) = p 3a7a4a MepexoUT B MAKCHMU3AINIO CKAJSPHBIX POM3BEIeHNil:

an<ﬁ(w|d), (P, 9d>> + R(®,0) — max.
deD ’

JIaHHDBI TPUHIMIT ONTUMUBAIME MOJIE/IA HPEJACTAB/ISETCS HEe MEHEee Pa3yMHbBIM, 4eM
MakcuMu3anus npasaononodus. Ilpu aroMm prg, = puibia, TO ecTb u3 00bIUHON (HopMy-
Jibl E-mrara yxoauT 3HaMeHaTe b ¢ HODMHPOBOYHBIM MHOXKHUTE/IeM. Byaem Ha3bBaTh 910
ovicmpoim E-wazom. OH MOXKeT 1aBaTh 3aMeTHOe yckKoperme EM-aaroputva, mOCKOIBKY
HOPMHPOBOYHbIE MHOXKHUTETH TPEOYIOT BHIUYUCIEHHS CKATSPHBIX MPOU3BEIEHUI (©y,, 04).

[To pesyibraram CpaBHEeHHsI DA3/JIMYHBIX CTpaTeruii ontuMusanuu B [27| Obuia npej-
JIOZKEHa KOMOMHHMPOBAaHHAsl CTparerus, KOIja IepBas [OJOBHHA WTEPAIUNA HCIOJIb3YeT
obicTpbIil E-1ar, npu 910M MOJIe/1b CTAHOBUTCS PA3PeKeHHON 0J1arojaps peryisapu3aliiim.
OunaabHasg TOBOJKA MOJEJH IMPOUCXOIUT YzKe MO0 MAKCUMYMY IIPaBIONOI00Us, HO Te-
Iepb CKAJSIPHBIE TPOU3BEICHHUS (P4, B7) MOTYT BBIUUCIATHCS HAMHOIO ObICTpee Garoja-
psl Pa3PeKEHHOCTH PACHPEICICHUN Oy U Oy, DTOT BapUAHT AJIrOPUTMA JTAET BBIMTPBIIIL
B cKopocTu Bbranciaenuit 10 30% npu 6osbmom duciae rem (500 u Gostee).

BbiBoabl no rnase

e B raBe omnucanbl BapuaHThl 1 ocobenHocTu peasusanuu EM-ajaropurma B 6ubsimo-
TeKe TeMaTu4ecKoro mojejuposanunsd BigARTM.

o [lakeTHblil aJIFOPUTM 1103BOJIIET 00padaTbiBaTh OOJIbIINE JJAHHbIE HOPIUIMU, HE 3a-
I'py2Kasi TEKCTOBYIO KOJIJIEKIUIO HEJUKOM B OIIEPATUBHYIO IAMATh.

o [lapaJiie/ibHbIil aJropuTM 1103BOJIsIeT 0OpadaThIBATh HECKOJIBKO ITAKETOB OJIHOBPE-
MEHHO, COKpaliasi odiiee Bpemsi 00padOTKH.

e OHJIAWHOBBIM AJropuT™M cuuraercs Haubosee 3(pPeKTUBHBIM CIIOCOOOM OpraHu3a-
nuu BeIUKCIeHnil. YacTele 0OHOB/eHHsT MATPUIBI P IMO3BOJSIOT TEMAaTH3UPOBATDH
OOJIBIIYIO KOJIEKITHIO 32 OJUH JIMHEHHBINH IIPOXOJT II0 BCeM JIOKYMEHTaM.

e DBruicTpriit E-m1ar 63 HOpMUPOBKH MO3BOJISIET YCKOPUTD IIEPBbIe UTEPAIUU AJITOPUT-
Ma, KOI'JIa BBICOKAsI TOUYHOCTD eIlé He HYKHA.

e B crenyromeii rraBe JaloTcs HaYaIbHBIE CBeIEeHH II0 IPAKTHIECKOMY PHMEHEHHIO
oubsinorexn BigARTM.
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19 TlpoekTt BigARTM

BigARTM — 3710 6ubjnOTEKAa C OTKPBITBIM KOJOM, ocHOoBaHHas Ha Teopun ARTM.
Ona nMeeT pacmupseMblil BCTPOEHHBIII HAOOD PeryJispu3aTopoB M MeTPUK KadecTBa, pe-
aJiM3yeT OHJIAHOBBIN U 0dd/1aitHOBbIT MHOIOIOTOYHbINA HakeTHbIT EM-ajiropurm, obec-
HEeYUBAIOIIUI BBICOKYIO 3 (PeKTUBHOCTH 00padOTKU OOJIBIINX KOJJIEKIUN HA OJHOM KOM-
ubIoTEpE.

Bubnunoreka apigercda KpoccmaaTgopMeHHON: cOOPKY U HCIOTHEHIe MOYKHO ITPOU3BO-
qurb nox Windows 7/8/10, Mac OS u paziauuubivu aucrpubytuBavu Linux. Tommepzxku-
BAIOTCs porpaMMubie uHTepdeiicer o Python 2.7.%/3.* C++, a rakke 3amyck B Buje
ucnoJHgemoro 6unapuoro daitna. Mexogupiit koj BigARTM nanucan na C++11. Ilomuep-
JKUBAETCH HECKOJIBKO HOIYJISPHBIX (POPMATOB TEKCTOBBIX JIAHHbBIX.

WcuaepubiBaoniyo nadopManuio mo OuOJIHOTEKe MOKHO HAWTH B JOKYMEHTAIMH Ha
cafite http://bigartm.org.

Huke npescraBied MuUHEMAIbHBIH Ko B Python, BeimostHsIONHIT 3arpy3Ky u mpeod-
pa30BaHKe JIAHHBIX BO BHYTDEHHHH (DOpMAT IakeroB JOKYMeHTOB (6amued), CO3/IaHHE
u oDydeHue MOJIE/IU, BbIYUC/IEHUE U BbIBOJL IIEPILJIEKCUM.

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

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)

10 # Print perplexity values by iterations

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

MoprotoBka AaHHbIX. YHUBEPCAJIbHBIM O0bEKTOM, IPUHUMAEMbIM Ha BXOJ BCEMH Olie-
panuaMu BigARTM, aBiserca BekTopusarop artm.BatchVectorizer. B npumepe Bblie
(mmaru 10-13) oH GBLI CO3/IaH IO MATPHIIE «MeIIKa CJI0B» n_wd U CJOBaps, 33/IAI0IIEro Co-
OTBETCTBHE MEZK/Iy CTPOKAMH MATPHUIIBI U CJIOBAMHU KOJLIEKIUU. B 3TOM cirydae makersl co-
3/IAI0TCS B OIIEPATUBHOM ITAMSITH U IIOJIHOCTHIO YIAJISIOTCH U3 HEeE 110 3aBEPIIeHUH PabOThI
OuOIMOTEKH. DTOT CIHOCOO XPAHEHHUsI JAHHBIX ITOAXOMAMT TOJBKO JIJIsi HEOOJIBIINX KOJLIEK-
Ui, HEeJUKOM HOMEMIAIONINXC B HaMsiTu. BO BCeX OCTaJIbHBIX CJIy4YasiX HCIOJIb3YIOTCS
dopMaThl JIAHHBIX, IpeJIoJIaraolie YTeHNe UCXOJIHBIX JIOKYMEHTOB C JIMCKA M 3aIUCh
UTOrOBBIX IIAKeTOB Ha Juck. Hambosee momynspen dgpopmar rekcroBbix daiiios Vowpal
Wabbit, B koTopom Kaxkjjasi CTPOKa COOTBETCTBYET OJHOMY JOKYMEHTY U MMeeT B/
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doc_title token 1:value 1 token 2:value 2

ﬂaHHbeI (I)OpMaT IIO3BOJIdeT HpeAcCTaB/IATb JOKYMEHTbl KaK «MEIIKOM CJIOB», TaK U
nocJjie10BaTe/IbHbIM TEKCTOM, a TaKzKe 3allMCbIBaTb B JJOKYMEHTbI T€PMbl PA3JIMYHbIX MO-
naabHocreii. [lpumep co3manus BekTopusaTopa 110 ganubiM B ¢popmare Vowpal Wabbit:

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

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

IIapCHHF60ﬂbHHﬁiKOHHGKHHHA*OTHOCHTeﬂbHO;UHHEﬂbeﬁiHpOUﬁCC(ﬂaﬂﬂiHeCMOTpH
Ha TO, 9T0 BigARTM yMeeT BBILOJHSATH €r0 B MHOTOIOTOYHOM DEZKHME), OITOMY YI0OHO
COXPAHHUTDh IMAKeThl Ha JUCK U MCIOJIb30BATh UX MHOTOKpaTHO. IIpumep cozpnanmst BekToO-
pusaropa, 3arpyzKalomero ImakeTsl ¢ JUCKa:

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

Cnosapu BigARTM mnpejHa3Ha4YeHbl /I XPAaHEHH: JAHHBIX O CJIOBaX U HCIIOJIb3Y-
I0TCs B HEKOTOPBIX peryjgpu3aropax M MeTpukax KadecrBa. (CJ0BapiO COOTBETCTBYET
00beKkT artm.Dictionary, KOTOpPBIiI MOXKHO JHOO cHOPMHPOBATH ABTOMATHYECKH BO
BpeMsi pa30OMeHusl KOJUIEKIMM Ha nakerbl (3aj7aB B artm.BatchVectorizer mapamerp
gather_dictionary, no ymosdanuio paublii True), b0 CO3/1aTh BPYUYHYIO HA OCHOBE
cBouX JIaHHBIX. OODBEKT cJa0Bapsd MOXKHO COXPAHUTH B OMHAPHBIN MM TEKCTOBBIH aii,
3aTeM 3arpyzKaThb ero u3 3roro Qaiiia:

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

2 data_format=’vowpal_wabbit’,

3 target_folder=’my_collection_batches?’)
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?)

['oToBBIil ci10Bapb MOXKHO M3MeHATh. /[ 9TOr0 JOCTATOYHO COXPAHUTH €ro Ha JUCK
B TEKCTOBOM BH/IE, 3aTeM MOJAu(MUIUPOBATH HOJLYyYeHHbIH (haiiyl 1 3arpy3UTh €ro 00PaTHO:

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

rje token — crpokoBoe InpejcraBjienue ciosa, class id — mogasbHOCTb, tf — abcosror-
Has 4aCTOTa CJIOBA B KOJLIeKIuH, df — 9MC/10 JI0KYMEHTOB KOJLJIEKIUU, B KOTOPHIX CJIOBO
BCTPETHUIOCH XOTs Obl pa3. Iloste value o ymosrdanuio 3a0/IHseTcss HOpMEPOBAHHBIM 3HA-
denueM tf, HO MOKeT OBITh M3MEHEHO (9Ta BO3MOXKHOCTH HCIIOJIb3YeTCs KaK MEXaHH3M
nepejiadn JAHHBIX B HEKOTOPBIX DEryJsIPU3aTOpax W MeTPHKAX KAuecTBA).
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CiioBapu MOKHO (DUJIBTPOBATH BCTPOEHHBIME CpejcTBaMu 10 3uadenusam tf u df, na-
HpUMEP, MOXKHO OTOpAChIBATh CJMIIKOM 4YacThie MJIM CJAUIIKOM PeJKue CJI0Ba. Y Ka3aHue
cioBaps B KOHCTpyKTOope artm.ARTM mnu B Merosme artm.ARTM.initialize 3asaér mo-
psIOK cTpoK B Marpunax ® u (1n,;) COMTACHO MOPSIKY CJIOB B CIOBape. DTO BAKHO,
HAIIpUMeD, JJI MOJAJbHOCTA METOK BPEMEHU.

Perynsipnsatopbl moryTr BozjeiictBoBarh Ha Marpunbl P, O win (ptdw). Perymsa-
puzaropbl ¢ MoryT BO3J/EHCTBOBATH Ha OTJE/IbHbIE MoOJa/abHoCcTH. Hajimuune napamer-
pa class_id ykasbiBaeT, 4TO Ppery/spusarop padoraer ¢ OJHON MOJAJBLHOCTHIO, I10-
ymosrdanunio ¢ @default_class. Hasimuue napamerpa class_ids ykasbiBaer, 4To pery-
JIApU3aTOp paboTaeT cO CIHUCKOM MOJAJbHOCTEil, Mmo-ymMoJsdanuio co Bcemu. llodyrn Bce
HapaMeTphbl BCEX Pery/spu3aTOpOB MOKHO MEHSTh MEK/Iy UTepaIrusaMi 00yIeHH.

SmoothSparsePhiRegularizer — pe2yaapusdamop C2AGHCUCAHUA—PASPEHCUBAHUL MAN-
puyo, P, peasmzoBan 1o Gopmyiie (25) ¢ HebOIBITM 0000IEHIEM:

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

Ecim B oupenesenun KL-juBeprennuu 3amenurs jiorapudm Inz wa dbyskinuo A(x),
to f(z) = xN(x). [To ymomuanuto f(x) =1, uro u coorBercTByer Jorapudmy. B 6ub-
JMOTeKe MOXKHO 3ajaBarh f(x) Kak cremennyio dbyuknuio. Bekrop (3,) 3arpyxkaercsa u3
cJIoBaps U 3aJa8Tcst 3HaYeHusIMU 110J1s1 value kazktoro cioBa. [ljist KaxKioit TeMbl ¢ MOXKeT
ObITH 3a/1aH CBOM TaKoil BeKTOP. TakuM criocoboM MOZKHO 3a/1aBaTh «OeJibley U «UE€pHbIE»
CIIMCKH CJIOB JIJIsi YaCTHYHOIO OOy4eHus.

SpecifiedSparsePhiRegularizer — pezyaapusamop paspescusanus P, pearnsoBan
110 TOii 2ke popMyJte, HO T[3,, ABISIETCS KOHCTAHTON U [OI0MPAETCS TAKAM 00pa30M, ITOORI
JIOJIsl HYJIEBBIX 3/IeMeHTOB B Marpulle ® okazajiach He HUZKe 3aJlaHHOrO 1nopora. [Ipu srom
dbyukuus f He ucnosbdyercs, o ecrb f(x) = 1.

SmoothSparseThetaRegularizer — pezayaapusamop CaaaHCUSAHUA—PA3PEANCUCAHUA
mampuys, O, peanuzoBad o dopmyse (26), ¢ aHATOTHIHBIM 0000TIEHIEM:

O = n?er%n (ntd + Taiatdf(‘gtd))-

Oyukius f Urpaer Ty ke pPoJib, 9TO U B PEryJIsIpU3aTope CrilazKuBaHusI—pa3pe:kuBaHust P.
MaccusB MHOKHUTEJIEH (y; TTO3BOJISIET YIIPABJISATH BO3/IEfiCTBUEM Pery/isipu3aTopa Ha KazK10i
i-it BHyTpeHHell urepauu oO6paboTKH JOKyMeHTa. BeKTop mwin Marpuna ((vg) MO3BOJISET
YIIPABIATH BO3AEHCTBHEM PeryIgapu3aTopa Ha 3JeMeHThl MaTpHIbl O.

DecorrelatorPhiRegularizer — pezyasapu3amop 0eKkoppesuposarus mem 6 Mampu-
ye @, peasmzoBan coriacHo (37). Ot mosub3oBaress Tpebyercst ykazarh Koddduipenr
peryagapusalua T U CIACOK MOJAJBHOCTEH, Ha KOTOpble Hy?KHO BO3/IeiCTBOBATD.

TopicSelectionThetaRegularizer — pezyaapusamop ombopa mem 6 mampuye O,
peasusoBan 10 dbopmyste (64). EAuHCTBEHHOE OTJIHYNe 3aKTI0IATCsI B HATHIHHA MACCHBA,
MHOXKHUTEJIEH (v;, KAK B PEryjsipu3aTope CriiazKuBaHUus—pa3pe:kuBaHus O.

SmoothTimeInTopicsPhiRegularizer — pe2yaapu3amop C2AGHCUBAHUA MeM NO MO-
danvrocmu epemeny 6 mampuye P, peamuzoBan o dopmyse (51). st KOpPEKTHOH pa-
O0TBI peryjsapu3aropa TpedyeTcsd yKa3aTb HMs MOJAJbHOCTH BPEMEHHU H PACIOJIOKHTD
TepMbl BpEMeHH B cjioBape u B Marpuiie ® B XpOHOJIOIMYECKOM TOPSIJIKE.
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NetPlsaPhiRegularizer — pezyaspuzamop NetPLSA dasn modasvrocmu sepuun epa-
da 6 mampuue P, onpenensiercs no dopmysie (63). B mokymenTax jg0/zKHbL ObITH 3apaHee
3aIMCaHbl TepMbl BepH rpada v. B mapaMerpax peryirgpusaropa 3a1ai0TcCsa IMEHA Bep-
IINH v, uX Beca (MouHOCTH MHOKECTB |D,|) 1 Beca pédbep rpada wy,.

ImproveCoherencePhiRegularizer — pezyaapusamop Ko2epernmuocmu, Peaan30BaH
no dopmyse (70) u B KadecTBe mapamerpa Tpedyer cJI0Bapb MAPHOH COYETACMOCTH
cii0B Cyy (cOBpaTh €ro MOXKHO € HOMOIIBIO BCTPOEHHOTO 1apcepa).

BitermsPhiRegularizer — peeyaapusamop 6umepmos, peanusoBaH 110 HOPMY-
aam (67)—(68) u B KauecTBe mapaMeTpa TakK:Ke TPeOYeT CJI0BAPb YaCTOT OUTEPMOB 7,
(3aa4a ero cOOPKU JIOKUTCA HA MOJH30BATE).

LabelRegularizationPhiRegularizer — wacmommnwi pezyassapusamop mampuio,
JUtst Kiracendukanuu ¢ HechaJaHCHPOBaHHBIME KJaccamu. Peasuzosan 1o ¢dpopmyJe (60).
B kauecrBe mapamerpa rpedyer cjoBapb KJacCOB CO 3HAYEHUsIMH UX MOUHOCTeH |D,|.

HierarchySparsingThetaRegularizer — pe2ysapu3amop uepapruieckoz20 paspesrcu-
saHus ©, HCHOIB3YeTCH JIJIsi PA3PEKUBAHUS MATPHILBI CBA3EH MEXK/1y POAUTEIHCKUME Te-
MaMH{ U UX JOYePHUMHE IIOJTeMaMU B HepapXuIecKuX MOJe/ax, cormacuo dbopmye (66).

TopicSegmentationPtdwRegularizer — pezyaapuszamop E-waza dra paspescusanus
ceemenmos 6 Mampuyar (P, ), Opeaeasemblii o dopmyre (84).

SmoothPtdwRegularizer — peeyasusamop E-waea das cenaorcusarus mampuy, (Praw )
110 JIOKaJIbHOMY KOHTeKCTy. [Ipubimzkaer TemarndeckKuit npoduiib KaxK 010 BXOXK/ICHHS
TepMa K yCpejHeHHOMY npoduiio ero coceeit (1o okxy GUKCHPOBAHHON HIUPUHBI).

PerymgpusaTopbl MOTYT BKIIOYATHCs, OTKIIOUATHCI NI MOAUMDUIIPOBATHCS B JTIO00i
MOMeHT Mezk/ay Bbi3oBamu fit_offline msm fit_online, 4To mO3BOJIAET, B COBOKYIIHO-
CTH C KOHTDPOJIEM MeTPHK KadecTBa, M'MOKO IMepecTpamBaTh CTPATErHI0 PeryIsapH3alii
B COOTBETCTBUU C TEKYyIIUM COCTOAHHUEM MOJIECJIN. HpI/IMepZ

1 reg = artm.DecorrelatorPhiRegularizer(name=’decor’, tau=le+b)
> model.regularizer.add(reg)
3 model.scores.SparsityPhiScore(name=’sparse’)

5 model.fit_offline(batch_vectorizer=bv, num_collection_passes=10)
6 print model.score_tracker(’sparse’).last_value

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

MHoronoTo4Hbl NnakeTHblii EM-anroputm. bubsmmoreka BigARTM nossouisier obpaba-
TBHIBATb KOJLJIEKITUU JOKYMEHTOB, He IOMEIAIONuecs B OMePATUBHYIO MaMATh. [l 3Toro
Kosuneknus ) ¢ momombio BatchVectorizer pasbuBaerca Ha nmakerol Dy, b=1,..., B,
KazKJIpIil U3 KOTOPBIX XPAHUTCS B OTAEIbHOM aitie. OOBITHO UCIOIb3YIOTCH MaKeThl Pa3-
MepPOM OT COTEH KuJIoDa#T /10 JjiecaTKOB Merabait. KosddunueHTsl peryjisgpu3aiun 3a/1a-
I0TCS B MOMEHT CO3JIaHUsl MOJIE/IM, HO IIOTOM MOIYT ObITb B JIFOOON MOMEHT U3MEHEHbI,
B TOM 4ucJie B xone EM-urepanpmii.
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[Takernl obpabarbiBatorcs dynkuuein ProcessBatches kak ommcano B Asiropurme 5.
Oddaaitnoseiii asropurm FitOffline 3anyckaercs dynkumeit ARTM.fit_offline, onJaii-
HoBbiil FitOnline — dyukmueit ARTM.fit_online. /I1g BKIIOYEHHS aCHHXPOHHOIO AJIrO-
pUTMa HocaeHell Ha10 mepeIaTh mapaMerp async=True. KoHTpOJIb yCI0BUil CXOTUMOCTH
EM-anropurMma Bo3jaraercs Ha IoJb3oBaTend. IIpoine Bcero 3ajaBaTb YHCIO0 HTepAIUil
0 KOJIIEKIIUU U 10 KarKJIOMY JIOKYMEHTY.

[TocTpoennyIo TEMATHIECKYIO MO/IE/Ib MOZKHO HCIIO/IB30BATH JIJI TEMATU3AIUNA OT/1e/1b-
HBIX JOKYMEHTOB Ipu (puKcupoBanHoii Marpuie $. 9ta BO3MOKHOCTD peaandyercs (PyHK-
mueii ARTM. transform, KoTopas IPOIyCKaeT JOKyMeHThI depe3 ProcessBatches.

MeTpukn kauectBa 100aBJIAIOTCAI 4depe3 moJigd scores oobekra ARTM. B sror momeHnT
Yy MHOI'HX METPHK MOXKHO 33/1aBaTh IapaMeTpbl. Belduc/ieHHbIe 3HAUYEeHUs] METPUK H3BJIe-
KATCs depe3 IoJisd score_tracker.

PerplexityScore — nepnaercus, Boraucisiemas 1o gopmyde (95). s eé koppekr-
HO# PabOThl HYKEH CJIOBaPb, COJ/IEpKallMii HOPMUPOBAHHbIE YACTOTHI CJIOB B KOJLJIEKIIMH
(ne moudunupoBannbie 3Hadenus value st kazkaoro ciosa). OHI UCHOJIB3YIOTCS B Ka-
9ecTBe AMMPOKCHMAIMH HYJIEBBIX 3HadeHuii p(w|d) u mMO3BOJISAIOT KOPPEKTHO OINEHUBATH
MOJIeJIA Ha OJIHOM CJIOBape, HO C Pa3HOil CTeleHbIO Pa3PeKEeHHOCTH.

[Ipumep nopk/0YeHnst neprieKcun Jist MoJasibaocru @default_class (crangapraast
MOJAJIBHOCTD CJIOB):

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

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

w

3HavdeHus MePIJIEKCHI MOXKHO BbIBECTH CJIeJyIommM obpasom (Bmecro value MozxHO
BbIBECTHU, HAIIpUMED, YUC/IUTE/Ib U 3HaMEHaTeJ/Ib HEPIJICKCUH 110 Ka)K,ZLOI';I MO,ZL&IIBHOCTI/I):

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

IToste value comepzKuT BCIO HCTOPHIO 3HAYEHUI METPUKH 110 OOHOBJIEHUAM MaTpHIlbl .
Y moboro moJig 1000 METPUKH HMeeTcsd BapHaHT ¢ HpedHuKcoM last_, KOTOpBIA BO3-
BpAlllaeT 3HAYCHUE METPUKU HA MOMEHT IOC/IeHell CHHXPOHH3AIUU. DTO MOMKET ObITh
IIOJIE3HO /14 IIOJIyYC€HUd MacCUBHBIX MeTpuk Tuia TopTokensScore.

SparsityPhiScore/SparsityThetaScore — paspesicernrnocmu mampuy © u O. One-
HUBAIOTCH J10JIeil 3JIEeMEHTOB MAaTPHUIlbl, MEHBIINX 33JaHHOTO IMOJIb30BaTEIEM IIOPOTa.

TopTokensScore — mon-cao8a 6 memax, CIUCOK U3 3aJaHHOI'0 4YHUCJIa CJIOB C Hau-
O0JIbIIIell BEPOITHOCTBIO IO Kaxkjioih Teme. Eciu B mapaMerpax 3TOil METPHUKH yKa3aTb
CJI0BAPbh MAPHOI COYETAEMOCTH CJIOB, TO OY/IeT BBIYHMCJIEHA KOIePEeHTHOCTh coher; 1o cuuc-
KaM TOII-CJIOB B TeMax, coracHo (opmyiie (96).

TopicKernelScore — #dpogvie TapaKmepucmukry mem: YIUCTOTa Pur,, KOHTPACTHOCTh
cong, pa3Mep sdjipa ker; oneHuBaoIIEe pa3IuIHOCTb M, KOCBEHHO, HHTEPIPETUPYEMOCTh
KazK /1011 TeMbI £, cM. ¢Tp. 108. AHATOrHIHO TOI-CJI0BaM, YKa3aHHEe CJIOBaps HapHOil code-
TaeMOCTH 3aITyCKaeT MOJCYET KOTepeHTHOCTH, HO Telephb yzKe MO SapaM TeM.

BackgroundTokensRatioScore — doss horosux 06, olleHUBACT JIOJIIO CJIOB, JIJIsi KO-
ropbix KL-uBeprenuust Mex iy pacipejesienusivu p(t) u p(w|t) Bbliie 3aaHHOTO HOPOTa.
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TopicMassPhiScore — wacmomu, mem n, u pacupejesenus p(t) = “L 1A Beex TeMm t,
BBIUUC/ISIEMbBIE 110 MATPUIE (Thyy)-

ItemsProcessedScore — wucao 00pabomannvs JoKYyMeEHMO8, TEXHUIECKAsT METPHUKA,
IOKA3bIBAMOIIAs [0 UTEPANUAM KOJUIECTBO JIOKYMEHTOB (C MOBTOpaME), 00pabOTAHHBIX
EM-aaropurMoM ¢ MOMEHTa BKJIIOUEHUST METPUKH.

PeakMemoryUsage — nukogoe nompebienue namamu, TeXHuIecKas MeTpUKa (JI0CTyII-
Hast T0/16bK0 B C++ unrepdeiice), npegocrapisiionias nHbOPMAIMIO O MAKCUMAJIBHOM I10-
TpebJIeHnN OllePATUBHON HMaMsITH 33 BpeMs KarkJIOW uTepaluu aJropurMa.

[Tosib30BaTE b MOXKET HE TOJILKO CO3/IaBaTh COOCTBEHHbIE METPUKHU, HO U BBIYUC/ISATH
UX HAIIPIMYIO, C/IeJIaB BBIIPY3KY ImapameTpoB mozenn ¢ u O.

Boirpyska napametpos mogenu. B cienyronem Koge HOKa3aHO, KaK MOJYyYATh MATpPH-
iy ® (rounee, nepsbie 10 Tem 1edoaTHON MOAATBLHOCTH):

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 aHAJOIUMYHBIM OOpa-
30M IIOJIYYUTD 3HAUYEHUA Ty BMECTO Dyt

C marpuneit © MoxKHO paboTarhb 1mo-pasHomy. Bo-mepBbix, €6 MOKHO BOOOIIE HE Xpa-
HUATDH, €CJIU OHA He HyKHa. BO-BTOPBIX, MOKHO XPaHUTHL €€ B KIIIe, 3a/aB Iepesl Hada-
JioM obOydenus mapamerp cache_theta=True. B Tperbux, MOXKHO BKJIOUYUTH XpaHeHne ©
B ®-110,106H0#1 MmaTpure, 3a1aB napamerp theta_name. 910 jacT CBOOOIHBIN JOCTYI K MAT-
pulle HA YTeHue U 3aluch B JII0O0I MoMeHT. B iepBom ciiydae BbIDY3UTh MATPUILy HEBO3-
MOKHO, B OCTAJIbHBbIX IIPUMEHUM CJIC/IYIOIANR KOJI;

1 # case 2

> model.get_theta()

3 # case 3

1 model.get_phi(model_name=model.theta_name)

Bce onucannbie BbI30Bbl BO3BpallaloT 00 bekThl pandas .DataFrame.

[Tomumo onucanHoro unrepdeiica BbI'DY3KH MaTPHIl, €CTb BO3MOXKHOCTb IOJIyYUTh
yKa3aTeJb HAa MaTPUIy W HAOPAMYIO MOAUMUIHPOBATH MaMITh, MCIOIb3YEMYIO SIPOM
OUOIMOTEKH, UYTO CYMIECTBEHHO YMEHBIIAeT PACXOJ] MaMATH U BPeMs BBIYUCTEHHIA.

BbiBoabl no rnase

e B IJlaB€ JlaHbl Ha4aJIbHbIC CBE€/€HUA 11O HPAKTUYCCKOMY IIPUMEHEHUIO 6I/I6JII/IOT6KI/I
BigARTM, BK/IIOYad HCIOJb30BaHUE BCTPOCHHLIX DEryIdpU3aTOPOB U METPHUK Kade-
CTBA.

e BoJiee no/poduyo nHGOpMAIUIO ¥ IIPUMEpPbl Ko/ia Ha s3bike Python moxkuO HaiiTn
B JIOKyMeHTanuu Ha caiite http://bigartm.org.
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20 Pa3Bepo4HbIi NOUCK N apyrne Npuao>KeHns

BarkubIM mpuioKeHneM TeMATHIECKOTO MOJETHPOBAHUS ABJISIETCI UHPOPMAUUOHHbLT
nouck (information retrieval) [203, 23]. CoBpemenubIe HOHCKOBBIE CHCTEMBI MPEeTHA3HA-
YeHbl, IVIABHBIM 00pa30M, /I IIOMCKAa KOHKPETHBIX OTBETOB Ha KOPOTKHE TEeKCTOBbIE
3atpocel. CoBceM JIpyrue MOMCKOBbIE MOTPEOHOCTH BO3HUKAIOT Y HOJIb30BaTe/eil, KOTO-
PbIM HEOOXOJIMMO pa300paThCs B HOBO Lpe/IMeTHOM 00JIaCcTU UJIU HOLOJIHUTH CBOI Darazk
3Hanunii. [losib30BaTeTH MOXKET He BIa/eTh TEPMHHOJIOTHEN, c1a00 MOHIMATL CTPYKTYDY
npeaMeTHOH 00JIacTH, He MMEeTbh TOYHBIX (POPMYJUPOBOK 3aIPOCa W HE MOpPa3yMeBaThb
eJIMHCTBEHHBII IPaBU/IbHbII oTBeT. B Takux ciydasix HyzKeH IIOUCK He 1O KJIYEeBbIM CJI0-
BaM, & 110 CMbICJIY. 3aIPOCOM MOXKET ObITb JIMHHBIH (DparMenT TeKcra, JOKYMEHT HJIN
no160pKa JIOKymMeHToB. Pe3ysibraroM moucka MOKeT ObITh OOblYHas IOUCKOBasl BbIjada,
B BH/Ie CIINCKA JIOKYMEHTOB WJIH D0Jiee CTPYKTYPUPOBAHHOE MIPE/ICTABIEHIE C Pa3/IeIeHIeM
0 TeMaM W rpadudeckas BU3yaJIH3aIys — «JO0POXKHAd KapTay IpeIMeTHOW 00JacTH,
cTaTH4YecKas WU WHTePAKTHBHAS.

st 9Tux ciydaeB MOJAXOAUT HapaJurMa paseedourozo UHGOPMaAyUOHHO20 NOUCKA
(exploratory search) [112, 199|. Ero nesbio siBiisiercsi 1moJIy4eHne OTBETOB HA CJIOZKHbBIE
BOIIPOCHI: «KaKWe TeMBbl MPEeJCTaBIeHbl B TEKCTe 3alpocay, «9TO YATATh B MEPBYIO OUe-
peb Mo 3TUM TeMaM», «ITO HAXOAUTCH Ha CTBIKE ITHX TeM CO CMeyKHBIMU OOJIACTIMIU»,
«KaKOBa TeMaTHiecKas CTPYKTypa JAHHOI IpeaMeTHON 0b1acThy, «KaK OHa Pa3BUBAIACDH
BO BPeMeHU», «KAKOBBI II0CJI€/HUE JTOCTUKEHUS», «IJe HAXO/ISATCH OCHOBHBIE IEHTPbI KOM-
LHETeHTHOCTHY, <KTO sIBJISIETCH KCLHEPTOM 110 JIaHHO# Teme» u T. /. [losib3oBaresb 0Obr-
HOI MIONCKOBOI CHCTEMBI BBIHYK/IEH NTEPATUBHO MepedOopMyInpoBaTh CBOM KOPOTKHUE 3a-
IPOCHI, PACIINPSA 30HY IMOUCKA MO Mepe YCBOEHUs TePMHHOJOTUU MpPeIMeTHON 00acTH,
IEPUOJNIECKI MEPECMATPUBAS U CHCTEMATH3UPYsI Pe3yIbraThl moucka [139]. Dro Tpeby-
eT 3aTpaT BPeMEHH U BbICOKON KBasimdukamnuu. Pa3pejodublil I0OMCK peajn3yercs ¢ 1o-
MOIIBIO BU3YAJbHBIX TEKCTO-IPAMUUIECKUX IHPeJCTaB/ieHnil «00Ieil KapTHHbI», JAIONIX
1I0JIb30BATE/II0 OO0JIbIIE YBEPEHHOCTH, YTO BCE BaKHEHIe acleKThl N3y4aeMOil 1pOOJIeMbl
Hali/leHbl 1 oToOpazkeHbl. Ecan oOpa3Ho mpecTaBUTh UTEPATHBHBIN MOUCK KaK Oy KIa-
HUe [0 JaDUPUHTY 3HaHUi ¢ (POHAPUKOM, TO Pa3BeJOYHBIN MOUCK — ITO aBTOMATHIECKOEe
LOCTPOEHUE KAPThl Jijisd JIIO00N YacTu 3Toro jiabupuHra.

TemaTtuyecknii nouck. lloaHOTEKCTOBBIE MOMCKOBBIE CHCTEMBI OCHOBAHBI Ha HMHBEDPTH-
POBAHHBIX MHJIEKCAX, B KOTOPBIX JIJIsi KaKJ0I0 CJI0BA XPAHUTCS CHUCOK COJEPZKAIIUX €10
nokymentos [15]. TTouckoBast cucrema uieT JOKYMEHTBI, COJEepZKAIIie Bee CI0Ba 3aIpoca,
[OTOMY II0 JIMHHOMY 3allpOCy, CKOpee BCero, Hu4ero He OyaeT HaiiaeHo.

CucreMa TeMaTHYECKOI'O0 Pa3BeJOYHOrO IOUCKA CHAaYa/a CTPOUT TEMATHYECKYIO MO-
JieJIb 3aIIpoca U Ollpe/ieigeT KOPOTKHil CIIMCOK TeM 3alpoca. 3aTeM Jjis MOUCKA JJOKYMEeH-
TOB CXOZK€il TeMAaTUKU MPUMEHSIOTCS T€ YK€ MeXaHU3MbI HH/IEKCUPOBAHUS U IOUCKA, TOJIb-
KO B POJIH CJIOB BBICTYHAIOT TeMbI. [[0CKO/IbKY 9HC/IO T€M HA HECKOJIBKO IMOPS/IKOB MEHBIIE
00'bEMa, CJIOBAPSI, TEMATUIECKUN MOUCK TPEOYeT HAMHOIO MEHBIIE MaMSITH 110 CPABHEHUIO
C MOJIHOTEKCTOBBIM IIOMCKOM M MOKET OBIThb peajn30BaH Ha 60jiee CKpOMHON TeXHUKE.

Texunosiornn nHAGOPMAINMOHHOIO MOMCKA HA OCHOBE TEMaTHYECKOI'O MOJIETUPOBAHUSI
JIOJINOE BpeMsl HAXOJMJINCHh B crajuu uccsepoanuii [168, 35, 142, 43, 21, 190, Ho Tak u
HE BBIILIA HA YPOBEHb HMIMPOKOIO0 KOMMEPUYECKOro npuMeneHusi. B jimreparype 1mo pa3se-
JIOYHOMY IIOMCKY Ha TeMAaTHYECKOe MOJEIMPOBaHIe HHOTA cebliaores [157, 71, 154, 177],
OJIHAKO MHOTHE 0630pbl 0 HEM BOOOIIe He yrnomuHator [66, 150, 166, 87, 113, 83]. C apyroii
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CTOPOHbI, B paboTax 10 TeMaTu4eCKOMY MOJIEJIMPOBAHUIO PA3BEJIOYHbIN TOUCK 4aCTO Ha-
3bIBAIOT OJIHUM U3 BayKHEHIINX PUJIOKEHU, a OIEHKH Ka4eCTBa, [IOMCKA UCITOJIb3YIOT JJIst
BAJTHIAIIME TeMaTHIecKux Mojereil [203, 23|. 91o roBopuT Kak 0 pa3sobMIEHHOCTH HCCJIe-
JIOBATE/ILCKUX COODIIECTB, TAK U O TOM, YTO TEMAaTUIECKOe MOJICJIMPOBAHIE IIOKA HAXOIUT
JINIIb HUIIEeBbIe IIPUMEHEHUS B pa3Be0YHOM HH(MOPMAIMOHHOM IOMCKE.

B crarbe [177] BazKHBIME HPEMMYIIECTBAMU TEMATHYCCKUX MOJEJIEH [l IIOUCKa Ha-
3bIBAIOTCs TMOKOCTH, BO3MOXKHOCTH BU3yaJIM3allMu 1 HaBuranuu. B KadecTBe HeJI0CTATKOB
OTMeYaIoTCsd IPOOJIeMbl ¢ HHTEPIIPETUPYEMOCTBIO TeM, TPYAHOCTH ¢ Mojaucuraiueii Te-
MaTHIeCKOW MOJIe/IM IPH HMOCTYILJIEHUH HOBBIX JOKYMEHTOB W BBICOKAS BBIYUCIATETbHASI
CJA0KHOCTH. OJIHAKO 3TH MPOOJIEMbI OTHOCATCS K YCTAPEBIIMM METOJaM U OBLIN YCIEITHO
pelieHbl B HOC/Ie/YIOIIe IOJ/ibl: JIeCATKU HOBBIX MoJejieil pa3paboTaHbl Jijist YLy dllleHust
UHTEPIPETUPYEMOCTH; OHJIAIHOBbIE AJIIOPUTMbI CIIOCOOHBI 0OpadaTbiBaTh OOJIbIINE KOJI-
JIEKIIMK ¥ IIOTOKHU JIOKYMEHTOB 3a JimHeiinoe Bpems [122; 33, 178].

OueHuBaHne kKadyecTBa TeMaTn4eckoro passegodHoro noucka. Mogeab ARTM s
pa3BeOIHOro moucka Obiia npenaokena B 20| u yayqmena B [80, 81, 82|. /lnsa usmepe-
HUs KQ4eCTBa Pa3BeJOTHOIO TEMATHIECKOTO IMMOUCKA HCII0/Ib30BAMCH KPUTEPUU TOTHOCTH
U IOJTHOTBI Ha OCHOBE OIIEHOK aceCcCOPOB.

Brouia cocrasiiena Boibopka u3z 100 3a1pocoB — TBOpYECKUX 3a/aHUl pa3Be0IHOIO
noucka. Kaxk/iplii 3a1mpoc mnpejacraBiisji co0oil TeKCT 00bEMOM OKOJIO OJHON CTPaHMILbI
dopmara A4, onuceiBafonuii TeMaTHKy moucka. Kaxkmoe 3aganne cHada 18 BBIIOJIHAIOCH
HE3aBUCUMO HECKOJBKHMH aCeCcCOpaMH, 3aTeM CHCTeMOW TeMaTHYeCKOTO IOUCKA, 3aTeM
eé pe3yJibTaT CHOBa OIlEHUBAJICA aceccopamu. /laHHas MeTOJMKa MO3BOJISET, €IUHOZKIbI
ClleJIaB Pa3METKY Pe3y/IbTaToB IOMCKA, MHOTOKPATHO OIEHHBATH KAYECTBO PA3JIMIHBIX
TEMATUYIECCKUX MO,ZLe.HefI U ME€XaHU3MOB IIOUCKA.

DKCIEPUMEHTHI 110 OA00PY TEMATHIECKON MOJEH JIjIst Pa3BeL0YHOIO HOMCKa ITPOBO-
JIMJTACH HA JIBYX KOJIIEKIUAX: 17D ThICAY cTaTeil pyCCKOSA3bITHOIO KOJIJIEKTUBHOIO OJiora
habrahabr.ru u 760 Thica4 craTeil aHIIOA3BIYHOrO OJiora techcrunch. com.

BbI.HO IIOKa3aHO, 4YTO TeMaTU4YeCKUN HOUCK HaXOJuT 60.]'[b]_He pe/leBaHTHbIX JOKYMEH-
TOB, YeM aCeCCOPbl, KOTOPbIE 3aTPAUYUBAIOT HA BbIIIOJIHEHUE TakuX 3aaHuii 30 + 20 MmunyT.
KoMOunupoBaHue pery/asipu3aTopoB AeKOPPEJInPOBaHUs, PA3PEKUBAHNA U CIJIaKHABAHUS
BMeECTe C MOJAJbHOCTIMH N-IPaMM, aBTOPOB U KaTErOphil 3HAYUMO Y/IyUIIaeT KadeCTBO
noucka (CM. puc. 25) U MO3BOJIAET JOCTUYb TOYHOCTH U MOJTHOTHL 85% U BbIlle P TIIA-
TesIbHOM Toabope unciaa tem |T'|, em. puc. 26.

[IpumeHeHre nepapxudecKux TeMaTuaecKux Mojesieii B [81] mo3sosmio yiayamurs To4-
HOCTh W MOJIHOTY emé Ha H—8% upu OJHOBPEMEHHOM YBEJMYEHUH ONTUMAJILHOIO YUCIA
teM |T'| B HECKOJIBKO pas3, CM. PHC. 27. DTOT PE3y/IbTAT MOKHO HHTEPIPETUPOBATH CJIEJLy-
IoIuM 006pa30M: IMOCTEIeHHOe JPODJIeHHe TeM Ha IOJATeMbI CIlocoOCTByeT Hojiee aKKypaT-
HOMY Pa3peKMBAHUI0 TEMATHIECKUX BEKTOPOB TOKyMeHTOB p(t|d). TeMbr, KOTOPBIX TOU-
HO HET B JaHHOM JOKYMEHTE, I10J1y4alOT HYJIEBYIO BEPOATHOCTDb Y2K€ Ha HHEePBOM—BTOPOM
ypoBhe uepapxuu. [IoaroMy Me/IKO rpaHy/IMpOBaHHbIE HOJTEMbl HUXKHEI'O YPOBHSI, KOTO-
pble MOIJIH Obl OBITH CTATUCTUYECKU HEHAIEZKHBIMU, HACIEYIOT HYJIEBbIE BEPOSITHOCTU OT
CBOHUX POJIUTEIbCKHX TeM. Kak pe3y/bTar, IOMCKOBas BbIJada OUHINAETCS OT Hepe/IeBaHT-
HBIX «MYCOPHBIX» JOKYMEHTOB, UTO U O3HAYaeT yBeJHMYCHHE MMEHHO TOYHOCTH ITOUCKA.
[TosiHOTA HOMCKA TaKKe HEMHOIO YJIYUIIAETCSH, BO3MOXKHO, 0J1arogapst yBeJIHIEHHIO Pa3-
MEPHOCTU TeMaTUYCCKHUX BEKTOPOB. MO)KHO CKa3aTb U TaK, YTO HE€papXU4YeCKue TeMaTu-
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Puc. 25: Tounocrs (Precision@k) u nonnora (Recall@k) o nepsbiv k no3urysM BbLIa4u LIPYU IIOUCKE O
JUIMHHBIM 3aripocaM. JJoKyMeHThI paHKHUPOBAJIMCH 110 KOCUHYCHOM Mepe CXO/ICTBa BEKTOPHBIX [IPe/ICTaBIIe-
uuii. Uepapxudeckas mozesb hARTM oneperkaer MO TOYHOCTH U MOJHOTE TIOCKYI0 Mogeas ARTM, npu
5TOM 00€ MOJEJIU Peryisapu30BaHHble (JeKOPPEeJUPOBAHKME W CrUIa’KUBaHUE Marpuilbl O, paspeuBanue
mMarpulpl ©) U MyJabTUMOAAJbHBIE (N-IPAMMbL, ABTOPbI, Kareropuu). Moueiu paHKupoBaHus, OCHOBAH-
uble Ha cxozacrse BekTopos cios (TF-IDF, BM25) unu meiipoceresbix smMbeauuros (word2vec), sBisgorcs
CUIbHBIMY KOHKYPEHTaMU, HEMHOI'O OIIepexKas JIo/eil (assessors) 1o MOJIHOTE, HO OTCTaBast OT HUX [0 TOY-
Hocru. Knaccmaeckne temarndeckue mozgenn PLSA n LDA He BbIAEp:KHUBAIOT KOHKypeHuu [81].

Habrahabr.ru TechCrunch.com

acecc 100 150 200 250 400 acecc 350 400 450 475 500

P@5 0.821 0.662 0.721 0.810 0.761 0.693 0.822 0653 0.725 0.752 0.819 0.777
P@10 0.869  0.761 0.812 0.879 0.825 0.673 0.851 0.663 0.732 0.762 0.867 0.811
P@15 0.875  0.733 0.795 0.868 0.791 0.651 0.835 0.682 0.743 0.787 0.833 0.793
P@20 0.863  0.724 0.795 0.847 0.792 0.642 0.813 0.650 0.743 0.773 0.825 0.793

R@5 0.780  0.732 0.807 0.840 0.821 0.721 0.762  0.731 0.762 0.793 0.835 0.817

R@10 0.817 0.771 0.843 0.870 0.851 0.751 0.792 0.763 0.793 0.812 0.868 0.855
R@15 0.850 0.824  0.895 0.891 0.871 0.773 0.835 0.782 0.807 0.855 0.890 0.882
R@20 0.873  0.857 0.905 0.925 0.892 0.771 0.867 0.792 0.823 0.862 0.919 0.903

Puc. 26: TIogbop onrumanbHOro yuciia reM 1o Kpurepusam rodnoctu (PQFk) u nonnors: (RQk) moucka jyist
<awtockoit» mogeaun ARTM c perysisipuzaropamu (JeKoppeiupoBatue u criazkusanue Marpuiibl $, paspe-
JKMBaHUE MaTPHILI ©) U MOJAIBHOCTAME (N-IrPaMMbI, aBTOPBI, Kareropuu) Ha Kojiekiusx Habrahabr.ru
u TechCrunch.com. [Ijist cpaBHEHUs MOKA3aHBI OIMEHKH KA9ECTBA MOMCKA, BBIMOTHEHHOIO aCECCOPAMH.

HecKue 1peJiCTaB/JIeHus JIOKYMEHTOB JIydllle COOTBETCTBYeT 4eJIOBEYEeCKON JIOMMKe ITOUCKA:
KOTJIa, Mbl UIlleM MH(MOPMAIUIO, Mbl Cpa3y OTCEKAEeM TO, YTO HaM TOYHO HE ITOJXO/IUT.

AbGuistnmonnbie sKcepuMenThl B |81] moKazaiu, 4To Bee Peryssipu3aTopbl U MO/AJib-
HOCTH BazKHBI: BBIKJIOUYEHHE KayKJIOT0 U3 HAX U3 MOJEJH MPUBOJINAT K ITa/ICHUI0 TOYHOCTHU
7 MOJIHOTHI ITOUCKA.

TemaTuyeckme mMogenn B COUMO-TYMaHUTAPHbLIX MUccaenoBaHusix. V3BecTHO MHO-
JKeCTBO IPHUKJIAIHBIX 33J[ad U CIEHAPUEB IPUMEHEHHUsS TeMaTHIeCKOrO0 MOIETUPOBAHUS
B 1uPOBBIX IyMaHUTApHbIX uccaepoBanusx (digital humanities), dusosorun, Kyasrypo-
JIOTUH, COIUOJIOIUH, OJUTOIorNH, ucropun |44, 198, 86|.

Yare Bcero mccjie/loBaHne HAUUHACTCS C BOIPOCA «KAaK MOHATH, O Y6M BCE TH TEK-
CTBI, HE YUTas UX» WM «KaK BBIJICJIUTb U3 HUX TY YaCTb, KOTOpas HPEJICTABIAECT HHTEPeC
JIIg OoJiee IIPUCTAJIBLHOTO U3ydeHus». [Ipu sToM uccaegoBaTesim MOTYT He 3HATDH 3apaHee,
KaKue MMEHHO TeMbl WJIM aCHeKThl OKAXKyTCs MHTEPECHBIMU U IIPUBEJAYT K HOBBIM 3Ha-
HUSM WJIM HETPUBHUAJIBbHBIM BbiBoJaM. [Io cyTu, 310 TakzKe pa3HOBU/IHOCTH PA3BEIOUYHOIO
nH(MOPMAIMOHHOI'O HOUCKA.
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|T1| 20 25 30
|T>| 150 200 250 275 400 450
P@5 0.621 0.742 0.839 0.850 0.865 0.869 0.869 0.803 0.769 0.701 0.670
P@10 0.645 0.749 0.850 0.861 0.879 0.911 0.895 0.809 0.796 0.719 0.689
P@15 0.635 0.751 0.848 0.869 0.873 0.893 0.887 0.807 0.781 0.721 0.701
P©@20 0.630 0.745 0.841 0.855 0.864 0.874 0.875 0.800 0.775 0.709 0.675
R@5 0.628 0.773 0.843 0.865 0.881 0.881 0.868 0.849 0.839 0.715 0.691
R@10 0.652 0.782 0.855 0.871 0.902 0.918 0.877 0.871 0.845 0.745 0.699
R@15 0.671 0.801 0.870 0.889 0.929 0.939 0.901 0.883 0.861 0.781 0.722
R©@20 0.680 0.819 0.886 0.892 0.955 0.955 0.907 0.901 0.872 0.801 0.729
| T3] 750 800 1200 1300 1300 1400 1500 1500 1600 3000 3500
P@5 0.625 0.743 0.840 0.852 0.869 0.872 0.870 0.805 0.771 0.705 0.672
P@10 0.648 0.754 0.851 0.867 0.882 0.915 0.901 0.811 0.799 0.722 0.694
P@15 0.632 0.752 0.850 0.872 0.878 0.895 0.889 0.809 0.785 0.729 0.703
P@20 0.629 0.745 0.845 0.861 0.871 0.877 0.882 0.803 0.778 0.710 0.681
R@5 0.632 0.780 0.845 0.869 0.883 0.889 0.872 0.851 0.841 0.721 0.695
R@10 0.654 0.792 0.859 0.873 0.905 0.922 0.881 0.873 0.850 0.749 0.703
R@15 0.675 0.805 0.874 0.892 0.932 0.942 0.905 0.889 0.863 0.787 0.725
R©@20 0.684 0.824 0.889 0.901 0.958 0.961 0.912 0.904 0.878 0.805 0.734
TechCrunch.com
|T1] 80 100 120
|T%| 300 350 500 550 700 750
P@5 0.651 0.701 0.749 0.789 0.883 0.889 0.889 0.785 0.721 0.701 0.675
P@10 0.675 0.709 0.771 0.821 0.891 0.918 0.902 0.803 0.738 0.718 0.691
P@15 0.687 0.712 0.773 0.827 0.899 0.919 0.905 0.817 0.741 0.721 0.701
P©@20 0.683 0.707 0.759 0.815 0.885 0.888 0.895 0.805 0.732 0.716 0.679
R@5 0.749 0.791 0.801 0.854 0.868 0.875 0.861 0.849 0.829 0.731 0.701
R@10 0.765 0.809 0.823 0.873 0.890 0.904 0.875 0.867 0.835 0.745 0.708
R@15 0.771 0.820 0.841 0.882 0.909 0.921 0.895 0.890 0.848 0.769 0.717
R@20 0.778 0.825 0.851 0.887 0.928 0.942 0.929 0.901 0.869 0.785 0.728
| T3] 1500 1700 2500 2600 2600 2800 3000 3000 3200 4500 4700
P@5 0.655 0.707 0.751 0.792 0.887 0.893 0.890 0.789 0.722 0.703 0.678
P@10 0.678 0.712 0.773 0.823 0.895 0.922 0.905 0.805 0.741 0.722 0.692
P@15 0.692 0.715 0.775 0.831 0.902 0.921 0.907 0.821 0.743 0.725 0.703
P©@20 0.687 0.709 0.761 0.819 0.889 0.885 0.898 0.809 0.736 0.719 0.683
R@5 0.751 0.795 0.802 0.856 0.871 0.877 0.863 0.852 0.831 0.738 0.705
R@10 0.767 0.812 0.825 0.875 0.892 0.908 0.879 0.871 0.842 0.751 0.711
R@15 0.772 0.824 0.841 0.887 0.912 0.927 0.901 0.893 0.854 0.772 0.721
R©@20 0.783 0.830 0.854 0.892 0.931 0.949 0.935 0.905 0.871 0.790 0.732

Puc. 27: Ilonbop ourumanbHOro 4uciia teM 1o Kkpurepusam rounocru (PQE) u nonnorst (RQK) B aByx-
YPOBHEBOII U TpEXypoBHEBOI uepapxuyeckoii mozgeaun ARTM c perynsgpusaropamu (I€KOppeIupOBaHue
U crytaskuBaHue MaTpunbl P, paspekuBaHne MaTPUIBl ©) U MOJAIBHOCTAME (N-TPAMMBbI, aBTODbI, KaTe-
ropun). st Kaxk10ro ypoBHs ¢ 10o100paHo cBoé onrumasnbHoe dnciao reM |Tp|. TpéxypoBHeBas MOIeb
JIOCTUTAET JIy 9IIero Ka4ecTBa HOUCKa B CPABHEHHY C JIBYXYDPOBHEBON WU «IIOCKOiT» MoZesbio. [Ipu srom

3HAYUTE/IbHO yBE€/INYINBACTCA OIITUMAJIbHOE YUCJIO TEM Ha HH2KHEM yPDOBHE.
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Tunuunblii cueHapuil 3aK/I049aeTCs B TOM, 4TOObI 33/IaTh HOUCKOBYIO TEMATUKY C 110-
MOIIIBIO CJIOBAPS KJIIOYEBBIX CJIOB WM HOA0OPKU TEKCTOB. DTY 334y Mbl y2Ke paccMar-
pUBAJIN, KOTJA TOBOPUIA PO chokycuposannoili memamudeckut nouck, cTp. H0.

Cpesu HaliJIeHHBIX TeM MOIYT OKa3aTbCsd KaK Xopomime (HHTepIpeTHpyeMble), Tak
U MYCOpHBIE, & Cpeld XOPOIMNX — KaK pe/leBaHTHBbIE, TaK W HepejeBaHTHBIE. [lomyduB
TEeMaTUYeCKyI0 MOJIe/Ib, 110JIb30BaTE/Ib MOXKET pa3MeTHTh TeMbl Ha 3TU TPHU THUIA, U 3a-
TeM IPU [IOBTOPHOM IIEPECTPOEHUN MOJE/IN 1HOTPedOBaTh, YTOObI PeJIEBAHTHBIE T€Mbl CO-
XPaHWJINCH, a HA MeCTe MYCOPHBIX, IO BO3MOXKHOCTHU, BOSHUKJIHU HOBBIE XOPOIIHE TEMHBI.
[Ipm sTOM JaHHBIE MPEILIAYINeld MOAEN W IMOJb30BATEIbCKON pa3MeTKH HCIOIb3YIOTCI
JI71 KOHCTPYUPOBAHUS PEryIapru3aTOpOB CIVIAXKUBAHUSA W TeKOPPETUPOBAHUSI.

Boijiesins unrepecyoiiye TeMbl, 10/1b30BATE/Ib MOXKET IOCTPOUTD CJIELYIONLYI0 MOJIE/Ib,
B KOTOPO# HOIBITATHCH PA3/I€/JIUTh ITH TeMbl Ha 0OJIblllee KOJMYECTBO MEJIKO I'PaHy/IuPO-
BaHHBIX 110JITEM.

Mmuorue nccie1oBaHus, TPOBOAUMbBIE HA JAHHBIX COMUAJIbHBIX CeTeil, HOBOCTHBIX MTOTO-
KOB, CTapbIX I'a3eTHBIX M KYPHAJbHBIX MOJI00POK, HCTOPUIECKUX APXUBOB CBA3AHbBI C BbI-
sIBJIEHUEM U aHAJIM30M JIMHAMUKH HPOIECCOB BO BpeMenu. VccjieioBare ieir MoryT uHTepe-
COBATH IEIOYKH COOBbITUH, ITOSB/IEHIEe HOBBIX aCIIEKTOB, U3MEHEeHUs B YIIOTPeO/IeHuU CJIOB,
CBA3aHHBIE C KYJIBTYPHBIMU BJIMSHUSMU U CJIBUTI'AMU.

[IpuBenéM HECKOJBKO MPUMEPOB TaKUX HCCJIeTOBAHUI.

B [126]| usyuanace mosHas KoJuteKIus myoauKanuii 24 Hay IHbIX KYPHAJIOB M0 (hUio-
JIOTUH M apxeoJsioruu 3a mnosropa crojerus (1850-2006 rr.), mocrynnast depe3 mudpoByio
6a3y manubix JStor. IIpoc/iekuBajiach JuHAMUKA W3MEHEHHUI B TEMATHKE W TEPMUHOJIO-
run. JStor npegocras/isier TEKCThl B (hOpMaTe «MEIIKOB CJA0B» W3-33 OIDAHUYEHUil 1paB
COOCTBEHHOCTH; B 9TUX YCJIOBUAX UMEHHO TeMaTUIeCKOe MOJICTMPOBAHIE OKA3a/I0Ch a/1eK-
BATHBIM WHCTPYMEHTOM AHAJTH3A.

B [70] usyuanach HaydHas mepuoOaNKA B 0BJACTH JTUTEPATYPhI, OXBATBIBAOIIAs GoJTee
21 reicaun crareit 3a nepuoj 1889-2013 rr. Ocoboe BHUMaHUE YJIe/Is1/I0Ch U3MEHEHUSIM
TeM U 3HAYEeHMI CJIOB BHYTPHU KazK/IOW Te€Mbl, B 4ACTHOCTHU, TPAHCHOPMAIIMU OTHOIIEHUS
K TeMe HAaCHJInLI.

B [114] uzyuanach koJteknus raser u nepuoguku Ouuiisaaun 3a nepuos 1854-1917 rr.
[Hesibio OBLIO BBIJIEJIEHHE T€M O IEePKBU, PEJTUTIHU U 0OPa30BaHUU JIJId IOHUMAHMS TeMa-
TUYECKUX TPEHJI0B MOJIEPHU3AIMKI U CEeKYJIspu3aliuu (PUHCKOTO 001ecTsa.

B |158] usyuasacs kosteknus soicryienuit 8 Cosoese OOH no Adrauucrany 3a me-
puon 2001-2017 rr. Pemasach 3a7a9a BbIABICHUS IUHAMUKHA OTHOIIEHUS PAa3HBIX CTpPaH
K npobemaMm Adranucrana.

B [63] u3y4anace komneknus 7,6 Teicssa noBocrHbix crareii B CMU [Takucrana 3a nepu-
0/1 2010-2021 rr. Peiajiach 3a/ia4a BbISIBJIEHUS T€M, CBA3aHHbIX C U3MEHEHUSIMU KJIMMATA,
BbISIBJIEHHbIE TE€Mbl BPYYHYIO I'DYHIIHMPOBAJIKUCH 1O HAYYHBIM, COIUAJIbLHBIM M IIOJIATHYE-
CKUM aclleKTaM KJIMMATU4YeCKOW 1IOBECTKHU; UCC/IeI0BAIACh JIMHAMUKA T€M BO BPEeMEHHU.

B [74] usyuanacs komneknus AYLIEN COVID-19, comepxkamast 1,5 MJIH. HOBOCTed
o maugemun u3 440 umcrounukoB CMIU 3a mepmox 11.2019-07.2020. Pemanaces 3amgada
BbISIBJIEHUS] T€M, BbI3bIBAIOIIMX IOJIAPU3ALNUIO ODIIECTBEHHOIO MHEHUS, CBA3aHHYIO C 110~
JINTUYECKUMHU [IPUCTPACTUAME UJIM HAPTURHOCTHIO.

Hecmorpsi Ha 00JibII0€ KOJIMYECTBO PA3HOOOPA3HBIX PUMEHEHUN B HU(MPOBBIX I'yMa-
HATAPHBIX UCCIEIOBAHUAX, TeMaTHIeCKue MOJe/H KPUTUKYIOTCS 38 HECOOTBETCTBUE CTa-
TUCTHIECKOU W JUHTBUCTHIECKON KOHIENTIUH «TeMbBI», UTO MMOPOK/TAET Ps/I SMUCTEMOJIOTH-
deckux mpobsiem [159]. Bostee Toro, menaercs BBIBOI, 4TO TEMATHYECKOE MOJETHPOBAHEE
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B €I'0 HbIHEHIHEM COCTOSIHUU HEe OTBevYaeT TPeDOBAHUSM METO0JIOIMYECKONR HHTEerpaluu
C UPU3HAHHBIMU METO/[AMU aHAJIU3a U HE MOXKET UCIO0JIb30BATbCHd KAaK CAaMOCTOATE/IbHbIM
MeTo/T uccaenoBannd. «TeMarmdaeckas MO b UCXOAUT W3 OTHOCUTETbHO HEpeaTuCTHI-
HBIX IIPEJIIIOIOKEeHHIl, IMeeT HeJleTepMUHUPOBAHHBIN pe3y/IbTaT, He MOKeT OBITh 3 dek-
THUBHO ITPOBEpPEHAa B CPABHEHUHU C PAa3yMHBIM YHCIOM KOHKYPHUPYIOIMHUX MOeseil, He Tpu-
Bi3aHA K 4YETKO OLPEJeJIeHHOMY JIMHIBUCTUYeCKOMY uHTepdeiicy. Hanpumep, crarucru-
deckue TeMbl (tOpics) He COOTBETCTBYIOT cojepzkare/bHbiM TeMaM (themes) B KoHTeHT-
aHaju3e. V3-3a 3TuX ocobeHHOCTell MHTepIpeTalus MOJIEIN OKAa3bIBACTCA MOIBEPKEHHO
anodeHnn (Yes0BevecKas CKIOHHOCTh BOCHIPUHUMATE CJIydaiiHbie HAOOPbI 37IEMEHTOB Kak
SHAYUMbIE MATTEPHBI) U MPEB3ATOCTH MOATBEPKICHHsI (UeJ0BevIecKas CKIOHHOCTD MPe/I-
[IOYUTATH IATTEPHBI, COOTBETCTBYIOININE AIIPHOPHBIM IIpeyOeKienusivM). B To Bpemsi kak
JACTUYHAS MPOBEPKA CTATUCTUYECKOIT MOJEIN BO3MOXKHA, €€ KOHIENTyaJbHas IIPOBEPKa
Tpedyer MUPOKOIO B3aUMOJEHCTBUS C JIPYIMMHU METO/IAMU U 4YeJIOBEYeCKHMMU OlEHKAMHU,
a TaKzKe BBIICHEHUS TOTO, KOppeJaupyeT JIi JIeKCHIecKas COYeTaeMOCTh C KOHIENTYya b
HBIME TeMamu» [159).

Buosine onpabjianiasi KpUTUKAa BO MHOI'OM CB#3aHa C T€M, 4TO B TEMaTU4YECKOM MO-
JIJIMPOBAHUK LIPEJIIPUHUMAJIOCH HEJOCTATOYHO yCu/iuil i (popMasin3aiu JIMHIBUCTU-
yeckKux 3HaHuil u rpeboBanuii. B psjie ucciejjoBanuit remMaruieckoe MoJeJIMPOBAHUE UC-
IOJIb3YETCsI KAK BCIOMOTATEbHbIIi HHCTPYMEHT KOHTeHT-aHasm3a [52, 72, 22, 31, 30|, upu
9TOM HCIIOJIb3yeTCss MOPaJIbHO ycTapepinas Moaenb LDA, a 3agadn Mo anduKaImmm Mo 1e I
110/, HOTPEOHOCTH JIMHI'BUCTUYECKOI'O aHAJIN3A JIaKe He CTaBATC.

Passurue remarudeckoro mojesupoBanus g0 2016 rojga ObLI0 HAlpaB/IEHO B 3HAYU-
TeJIbHOH CTelleHr Ha PellleHue BHYTPEHHUX MaTeMaTUYeCKUX HPODJIeM, CBA3aHHbIX C IIPU-
MeHeHEeM OaiiecoBckoro BbiBoja [51]. lanbHeiiee pa3puTue HATPABUIOCH B CTOPOHY UH-
Terpaliu ¢ HelpoCeTEBBIMU MOJIEIAMH S3bIKa U CHOBA COCPETOTOYUIOCH HA ITPEO/IOTeHIN
TPYIHOCTEH TeXHIYecKoro xapakrepa [209).

Pentenue konienTya/ibHbIX 1HPOGJIEM TeMaTHYeCKOI'0 MOJIe/IMPOBaHus TpedyeT 11y0o-
KO MEKJIUCHUIJIMHAPHON IKCIEePTU3bl, TOIAA KAK [IOBEPXHOCTHLIN «TeXHOKPATUYCCKUN»
O/IXO0/T K (P POBBIM I'yMAHUTAPHBLIM HCCIe0BaHIAM 00pedén Ha Heyaady. Teopus ARTM
SABJIIETCS ONPeIeEHHBIM ITaroM B 9TOM HAIlIPaB/JIeHWH, HO He TOTOBBIM DPeIleHneM BceX
npobJieM, a rUOKOil TeopeTuIecKoil OCHOBOM, CIIOCOOHON CHUMATD CYIIECTBOBABIINE paHee
Hapbepbl U 10JICKA3bIBATD HALIPABJIEHUS PA3BUTHUS.

TpeboBaHus Kk Tematnyeckum mogensim. Anaaus myOJuKaluil 1 COOCTBEHHBIX IIPH-
KJIa/JJHbIX I/ICC.]'[G,H,OB&HI/II';I IIOKa3bIBa€T, YTO Ha HPAKTHUKE K TeMaTU4YeCKOI MOJEJIN BCerda
HPEIbBJISETCSH COBOKYIHOCTh TpeboBanuii. Temarnueckas: MOJIE/Ib JIjIs PA3BEJ0YHOIO 110~
HCKa HJIA COOUO-I'YMaHUTAPHBIX I/ICCIIe'ZLOBaHI/II'?'I JOJIZKHA 6bITb OJHOBPEMEHHO:

® Topowo unmepnpemupyemot B TeX CIydasdx, KOI/ia TeMbl MCIHOJIb3YIOTCH B IOJIb-
30BaTeJIbCKOM HHTEpeiice jijisi 0JyaBTOMATHIECKOIO MOUCKA U (pUIbTPAIUN JIAH-
HBIX, YTOUHEeHNS KPUTEPUEB MOUCKA, HABATAIIUA MO KOJIJIEKIINN 1 BU3YAJTU3AIAN Pe-
3yJIbTATOB TOWMCKA;

® paspestceroti, ITOObI KayK/ bl JJOKYMEHT COCTOST U3 HEeDOJIBIIIOr0 YUC/Ia TeM — TO
YIPOIIAeT aHAJUTUKY U HOBBIIMIaeT 3PMEKTUBHOCTD MOUCKA,;

® UEPAPTUMECKOT, YTOOBI 10JIL30BATE/Ib MOI' IIOJIYUYUTh IIPEJICTaBJIeHUEe O TeMaTu4de-
CKOil CTPYKTYype IpeJIMeTHOH 001acTu Ha JIIOOOM YpPOBHE JeTaJTH3allui; KpOMe TOTO,
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Hepapxmieckoe JgeJ/ieHue TeM Ha IIOoATeMbl IIO3BOJIdeT YyBEeJIMYUTb PA3MEPHOCTb Te-
MAaTUYECKUX BEKTOPOB JJid INOBBIIIEHUA KadeCTBa IIOUCKA,

® CIIOCOOHON aBTOMATHYECKH ONPEJeAANDd YUCAO MeM HA KaXKJIOM YPOBHE HePAPXUU,
ABTOMATHYECKH €030a68GMb HOBbLE MEeMb, 1 ABTOMATUYECKUN UMEHOBGMDb MEMbL De-
JIEBAHTHBIMU 3ar0JIOBKAMH;

® MYAbIMUZPAMMHOT, TAK KaK BbIJEIeHAEe KJII0UYeBbIX (hpa3 U TEPMUHOB CYyIIECTBEHHO
yaydillaeT UHTePIPETUPYEMOCTb TeM;

® MYAMUAZbIYHOT B T€X TMPUIOKEHUIX, I/ie TpedyeTcs KPOCC-I3bIKOBON NN MYJIBTH-
A3BIKOBOIl IIOMCK, HAIIpUMEp, IPHU IIOUCKE IATEHTOB Ha OZHOM HA3BIKEC IIO MATCHTY
Ha JIPYTOM 43bIKE;

® MYAbMUMO0daNbHOT, ITOOBI YIUTHIBATH MeTaIaHHbIE JTOKYMEHTOB: aBTOPOB, HCTOY-
HUKH, CCBLJIKHU, KATerOPUH, TEeru, U Jp.;

® MEMNOPAALHOT, YTOObI BBISBJISATD JIMHAMUKY Pa3BUTHSA TeM, OOHAPYKUBATHb HOBbIE
TeMbl 1 ObICTPO PACTYIIUe TeMaTUuYeCKUue TPEH/Ibl;

o cezmermupyrouled, 4ToObl HE TOJBKO HAXO/UTh PeJIEBAHTHbIE JIOKYMEHTbI, HO U yKa-
3bIBaTh B HUX CeIMeHTbI, HauboJjiee pejieBaHTHbIE TeMaTUKe 3alpoca,;

e 06yvaemotli 110 MOIB30BATENIBCKOI pasMeTKe, YTOOBI JEeTAJIN3UPOBATH TEMATHIECKUN
AHAJIN3 KOJJIEKIIUHA UJIU HEePCOHAJIU3UPOBATH AJIOPUTMbI TOUCKA U PAHZKUPOBAHMUS;

® 0HAGUHO0B0T, NAPAANEALHOT U PACNPEIEAEHHOT C TOYKH 3PEHUs] HPOrPAMMHOI pea-
Jimsanuu, 9To0bl 3 dexkTuBHO 00padarbiBaTh 0OJIbIINE KOJLJIEKIIUA TEKCTOB.

Baxxueiiimum TpeboBaHneM K HHCTPYMEHTAPHIO TEMAaTHIECKOTO MOJIC/TUPOBAHUSA OKa-
3BIBAETCS €r0 CIIOCOOHOCTH CTPOUTDH MOJIEN, OObeANHSIONINe B cebe JTI0ObIe U3 Iepetnc-
JICHHBIX BO3MOXKHOCTEHl B pa3/IMvIHbIX codyeTaHusx. IHcrpyMeHTapuil 10/12KeH ObITh «JIeIro-
KOHCTPYKTOPOM>», HO3BOJIAIONIUM COOMPATh MOJIEJIN C 3aJaHHbIM CBOHCTBAMH U3 3apaHee
3arOTOBJICHHBIX MOJLYJICH.

Teopust auTUBHON peryaspusanuu Temarudeckux momeneii (ARTM) maér Bmosme
HPAKTUYHBIA OTBET HA BOIPOC «YTO €CTb MOJYJIb». DTO PEryasapu3aTop, KOTOPbIN JIErKO
BcTpauBaercsd B EM-ajsropury u Haje/sier MOJIe/Ib OLPEeIeJIEHHBIM CBOWCTBOM.

Monynbnblit nojxox nojaepzxubaercs oudanorexkoit BigARTM. HexkoTopoit TpyiHOCTBIO
1OKa OcTaércs 11000p KOIMDMUIUEHTOB peryjsipusalud U JPYruX ruiepiapaMerpoB, 9To
TpedyeT HOHMMAHUS TEOPHH, & TaKKe HABLIKOB IIPOrPAMMHUPOBAHUS U IPOBEICHHUS BbIUUC-
JINTeTbHBIX 3KcnepuMeHToB B Python. Co3ganue yno0Hoil /11 KOHEYHOIO IOJIH30BATES
cpe/ibl TeMaTu4deckoro mojesnpoanus na ocaose Teopun ARTM u 6ubimorekn BigARTM
BEJIETCS B HACTOsIIIee BpeMsl.

Busyanusauunsa. Cucremarusanus pe3yJbTaToOB TeMATHIECKOTO MOUCKA HEBO3MOXKHA 0e3
HHTEPAKTHBHOIO rpaduveckoro mpejacrabienus. B o63ope [2]| onuchiBaiorcs u cpaBHU-
Batorcd 16 cpejcTB BU3yaJM3allud TeMaTHYeCKUX MOjie/ieil Ha OCHOBe BeO-unrepdeicos.
Em@ Gosbine uaeif MOXKHO I0YEPIHYTh U3 MHTEPAKTHBHOIO 0030pa’, KOTOPbI HACUUThI-
BaeT OoJiee 440 cpeJicTB BU3yaJIM3alUU TEKCTOB.

"http://textvis.lnu.se — MHTEPAKTUBHBII 0030p CPEJICTB BH3YAIU3AINN TEKCTOB.
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Hecmorpst Ha Takoe 60rarcTBO TEXHUYECKUX PEIICHUN, OCHOBHBIX Uil BU3ya/n3aluu
TeMATUIECKUX MOJIe/Ieil He TaK MHOIO: 9TO 00 JByMEPHOE 0TODPaKeHNe CeMaHTUIeCKO
Om30cTH TEM B BHe rpada WiId KapThl, JU00 TeMaTHdYecKasd HepapXus, Ju00 JHHAMUAKA,
pasBUTHSA TeM BO BpeMmeHH, Jinb60o rpadoBas CTPpYKTypa B3aHMOCBs3eil MexK1y IHOHATHU-
MM, TeMaMH, JOKYMEHTaMH, aBTOPaMU HJIM HHBIMU MOJAJbHOCTAMHE, JTUOO CerMeHTHAsd
TeMaTUYecKas CTPYKTYpa OTJAEIbHbBIX JIOKYMEHTOB 2.

['paduueckasi Busyaansanust OOJIbIIUNX JAHHBIX PAKTUYECKH Oecrojie3Ha B CTaTud-
HOM HCIIOJTHEHHH, HO MOYKET OKa3aTbCd MOIIHBIM KOTHHTUBHBIM CPEJICTBOM B CJIydae HH-
TepaKTUBHOI peasu3aruu. [[puHyun nHTepaKTUBHOINO BU3YaJIbHOI'O MOMCKA UHMOPMAIIT
u3BecTeH Kak manmpa [lnetidepmara: «cHaqa a KpyIHbII ILJTaH, 3aTeM MacIIabHpPOBAHKE
u dbuibrpanys, Jerain 1o rpeboBannios [164].

['pacbuueckoe orobparkeHue pesy/ibraToB TEMATUYECKOIO MOJIEJTMPOBAHUS U PA3Be104-
HOI'O HOKMCKA COIIACYeTcsl ¢ KoHmenuei daavnezo wmenus (distant reading), npeoxen-
HOIi cormosiorom Jinreparypbl @panko Mopertu [128]. On mpOTHBOMOCTABIISIET STOT CIIO-
cob M3ydYeHHs TEKCTOB HAIEMY MPUBBIYHOMY npucmanrvhomy wmenuto (close reading).
HeBo3mokHO 1npounTarh MUJJIMOHBI KHUT WJIM CTATel, HO BIIOJIHE BO3MOXKHO HPUMEHUTD
CTATHCTHYECKNE METO/bl ¥ IPpadpuuecKyio BU3yaan3anuio, 4ro0bl MOHATH B OOIIUX YepTax,
0 4éM BCsI 9Ta JINTEpaTypa, YBU/IETh HETPUBUAJIbHBIE O0IINE 3aKOHOMEPHOCTU U HAY YU THCS
ObICTpee OTBLICKUBATH HyzKHOe. «/lajibHee dreHme — 3TO cuernuajbHas Gopma IpeacTaB-
JIEHUs 3HAHUI, B KOTOPOIl MEHBIIIEe 3IeMEHTOB, I'pybee CMBIC/T UX B3aUMOCBs3€il, OCTAaIOTCS
Junib (GOPMBI, OTHOIICHUST, CTPYKTYDbI, Mojesns |128].

BbiBoabl no rnase

o [Ipunoxkenus B 00JIaCTH pa3BeIOYHOIO MH(MOPMAIMOHHOIO MMOUCKA U COIHO-TYMa-
HUTAPHBIX HCCICIOBAHUN IPEbABIAI0T HETPUBHAJIbHbIE KOMOUHAIIMN TpeOoBaHUi
K TEMATUIECKUM MOJIEJISIM.

e B reopun ARTM u 6ubsmoreke BigARTM mmpokuit Kiacc TpeboBaHiT BO3MOKHO
dopmanm30BaTh ¥ KOMOMHHPOBATH C IIOMOIIBIO PEry/IspH3aTOPOB, MOJAIBLHOCTEI
u runeprpadoBbix MojieJIei.

e HecmoTpa Ha ABa JecaTHyieTHsl UCCIEIOBAHUII B O0JACTH TEMAaTUIECKOTO MOJIETH-
poBaHud, MHOTHe MpobgeMbl (hOpMATU3alUU JTHHTBUCTUIECKHX U T'YMAHUTAPHBIX
3HAHUM /IO CUX LIOP HE PELICHDI.

e OTKpBITBIE MPOOJIEMBI TEMATHIECKOTO MOJETNPOBAHUS OOCYNM B CJIEIYIONIeid, 3a-
KJIIOUUTE/IbHOM’, IjiaBe.
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21 3akar4yeHune

3ameHa dyHpgameHTa. BeposaTHOCTHOE TeMaTHIeCKOe MOIETHPOBAHKE SIBISIETCS OTHO-
CUTETBLHO MOJIOJBIM HAIIPaBJIeHHe NCCJIeI0OBAHNII HA CThIKe MAIIHHHOTO OOYYeHNs U aBTO-
MaTu4Ieckoit 06paborku TekcroB. Emy dyrh 6ostee 20 sier. 3a 910 BpeMst yCiesia CJI0KUThCsI
Hay4YHas TPAJUIKS — PpACCMaTPUBATh ITY 00/1aCTh KaK 4aCTh WM KaK IIPUJIOKeHne Oaii-
€coBCKOro oOyveHusi. B 910it KHUI'e HPEJNPUHATA HOUBITKA HPEOJ0JIeTh Ty TPAJIUIUIO,
IpeIoYKIB HAMHOTO OoJiee MPOCTOi, HO He MeHee BBIPA3UTeJbHBII TeopeTudecKuii pyH-
JIAaMEHT B BHJIe KJIACCHYECKOil He-0aileCOBCKOM peryispu3aliim.

COTHI/I 6aﬁeCOBCKHX AJIFOPUTMOB TEMATHYECKOTI'O MO/IE/JIMPDOBAaHU A, OIIMCAHHBIX B ThICA-
qax 1yOJsimkaiuii 3a nocje/Hue JIBa, JeCATHIETHSI, MOI'YT ObITh Jie0alieCu3upOBaHbl U Bbi-
BEJIEHbI B OJIHO JIefICTBUE C HOMOIIHIO JIEMMbl O MAKCUMM3AIUHU 1JIaIKON (DYHKIUN Ha €/11-
HUYHBIX CHMILTIEKCaX. BepodaTHOCTHOe TeMaTHmdeckoe MOJEeTNPOBaHUE MOXKHO Tellepb Ha-
3bIBATH «TeopHeil 0HOi JeMMbly. OOBbACHATH, CTPOUTh U KOMOMHHPOBATH TeMATHIeCKHUe
MO/JIETT CTAJI0 Ha MOPSI0K IMPOTIE.

Mozker BO3BHUKHYTH BOHPOC — IOYEMY ITa BO3MOZXKHOCTH He ObLIa 3aMedeHa cpasy’
Bejip GaitecoBckuit BbIBOJ, TPYJIOEMKUNR U YHUKAJIbHbBIN JIJIs KAZKJIOW MOJI€/IM, HIPUHOCUT
HCCJIeIOBATEISIM MHOTO TEXHUYECKHX HEYT00CTB.

Muorue objracT aHAIM3a JAHHBIX U MAITHHHOTO 00y YeHUs, BK/II0Yast 00pabOTKY H300-
pazkKeHHil U CUTHAJIOB, Pa3BUBAJIKCH IO CaeIyIoneMy obimeMmy ciieHaputo. CHadasia ¢op-
MaJIu3allysl MOJIEJIM U ONTUMUBAIUOHHON 3a/a4uu; 3aTeM o0oralieHne MOCTAaHOBKY 3a/1a4u
JOIIOJIHATEbHBIMU CTPYKTYPaMU U KPUTEPUAMH, B TOM YHUCJE C IIOMOIIBIO pPeryJspusa-
IIIH; ¥ TOJIBKO B MOCJIETHION OUYepe/ib IepeXo K 0aileCOBCKOI peryIspu3anu. JTOT Iepe-
XOJI, HyZKeH TOI/Ia, KOIJIa BO3HUKAET MpaKTHIecKas MOTPEOHOCTDH ONEeHWBAHUSI HE TOJHKO
caMHX HapaMeTpOB MOJeJH, HO M WX aloCTepUOPHBIX pacupenenenuii. Hanpumep, ams
IIOJIYy4YEeHUd MHTEPBAJIbHbIX OLEHOK, IIPOBEPKHU CTATUCTUYCCKHUX I'MIIOTE3, COMILJIMPDOBAHUA
MO,H,e.HefI, OLICHUBaHUA UX yCTOﬁ‘IHBOCTH " IIPpOYUX BHU/IOB BEPOATHOCTHOI'O aHAJIU3a.

B remaruyeckoM Mojie/IMPOBAHUKM TUIIOBOU ClieHApUil OblJI HApyIIeH, U COODIIECTBO
Hepenuio K MeTojgaM 0ailecOBCKOro OOydeHWsS MUHYs 3Tal Pa3BUTUS B PaAMKaX KJIAaCCHU-
YEeCKOl peryagpusanui. JT0 TeM 0oJiee MapaJoKCaTbHO, YTO B MPAKTUKE TeMaTHIECKO-
I'0 MOJI€JIMPOBAHUS AIIOCTEPUOPHbIE PACIIPE/IE/IEHUS UCHOJIb3YIOTCH UCKJIIOUUTEIbHO PaJii
IIOoJIy4YeHud TOYeYHbIX OHEHOK MaKCHUMaJIbHOI'O HpaB,ZLOHO,Z[O6I/IH. HeT HUKAaKNX 3HAYUMbIX
HOTPeOHOCTEl, KOTOPbIE BbIHYZK/Ia/ 11 Obl UCHOJIb30BaTh OailecoBCKOe 00yueHue.

Teopus agmuruBHoil peryasgpusanun (ARTM) ecTb mOMBITKA BOCIOJHATE STOT MPOOE.
Bo3mokHO, MOnBITKA 3211031271251, MOCKOIbKY (DOKYC HHTEpeca HayIHOT'O COODIECTBA Y7Ke
HEPEKJIIOUMIICH Ha 11yDOKue HellpoceTeBble MOJIE/IN A3bIKa, MOJI€/IM BHUMAHKUS U aPXUTEK-
Typsl Tpancdopmepon |51|. Temarnueckoe mMojeupoBanmne Ternepb GOJIbINE COCPEIOTOYe-
HO Ha MHTEI'Paluu C HeﬁpOHHbIMI/I CeTsIMU B IIOMCKAaX BO3MOXKHOCTEe JJI <<O6'be,ZLI/IHeHI/IH
JIydIIero or ABYX MHpoB» [209)].

Oba Buma Mmojeneil, HeifipoceTeBble W TeMaTHYeCKue, FeHepPUPYIOT BeKTODHbIE Mpe-
CTaBJIEHHUS CJIOB H TEKCTOB.

Oba Bua MojiesIelt TAroTeioT K roMorenusauu [138], To ecrb HCIOAB30BAHUIO €IHHOIO
BEKTOPHOI'O ITPOCTPAHCTBA, /15l OLUCAHKUS PA3HOPO/IHBIX OO'bEKTOB 110 JIJAHHBIM 00 UX B3au-
MoteiicTBugx. B rmasax 9 u 10 6p110 TOKa3aHO, KAK 3TO PEATH3YeTCs B MYJIbTUMO/IATbHBIX
1 runeprpadoBbIX TEMATHIECKIX MOJIEJIIX.
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Oba Buga Mojeseil reHepupyoT Kak rao0ajibHble IMOEJIMHIM, TaK U JIOKAJbHBIE /ISt
KazKJIOr0 CJIoBa B ero KoHrekcre. B riaBe 15 ObLI0 1I0Ka3aHO HECKOJIBKO 1OJIXOJI0B K Te-
MaTHIeCKOMY MOJETUPOBAHUIO MOC/IE/I0BATETHHOTO TEKCTA.

HeiipocereBpie Moe/im HAMHOIO CJIO)KHee, UX SMOeJMHIU CIOCOOHBI BOOpaTh B cebs
HAMHOTO 60JIbIIe HH(MOPMAIMH O CBI3IX MKy CJIOBAMHE, IPHIEM MBI JazKe He IOHIMAaeM,
KaKHie UMEHHO CBSA3U U KAK UMEHHO yYUTbIBAIOTCH.

Temaruueckue MoJie/I HAMHOI'O HPOIIE, UX IMOEJMHIM yUUTHIBAIOT TOJBKO JIEKCHYe-
CKYIO COYeTaeMOCTDb CJIOB, 3aTO COXPAHAIOT HHTEPHPETHPYeMOCTb. (CBOHCTBO IMOKOOP/IH-
HATHOU MHTEPIPETUPYEMOCTH ABJIAETCA MPAMBIM CJI€/ICTBHEM TOTO, YTO TeMaTUIeCKHe
SMOEIUHIU SBJISIOTCS JTUCKPETHBIME BEPOSITHOCTHBIME pacIpejeeHusIMUA, TO €CTh HeOT-
puLaTe/ IbHBIMU HOPMUPOBAHHBIMYU BEKTOPAMMU.

Orkas or 6aifeCOBCKOr0 BbIBOJIA TEMATUICCKUX MO/JIE/IeH YIPOIIAeT NX BO3MOXKHYIO WH-
Terpaluio ¢ HelpocereBbIMU MOJjie/isiMu. JI1000i BEKTODHbIN LapaMerp HeWpOHHON cerw,
ecJIl Ha Hero HaJOXKHTh OTPAHUYEHHs HEOTPUIATE/HHOCTH U HOPMHPOBKHU, MOYKHO 00Y-
9aTh C MMOMOIIHIO MYJIbTUILTUKATABHOTO I'PAIMEHTHOrO Iara ¢ MpoeKnueil Ha e TMHIIHbBIIT
CUMILJIEKC, COIJIACHO <«OCHOBHO# JiemMey. [Ipu 3TOM Jijisi BbIYUC/I€HUS CAMOI'O I'Da/IueH-
Ta MOZKHO IO-1IPEKHEMY KCIIOJIb30BaTh 0OparHoe pacipocrpanenne omubku. Peajn3aius
s1oit ujen B cucremax PyTorch wiu TensorFlow nossosiut npumensaTs ux jijis 00y4deHust
[IPOU3BOJILHBIX TEeMAaTUYCCKUX MOJe/eil ¢ aJJJUTUBHON perysdpusaluei.

Mudbl 0 TemaTtnyeckom mogenmposaHuun. /lomuHupoBanue 0ARECOBCKOIO MOIXO0/IA,
Pa300IIEHHOCTh aKaIEMHIECKOI'O ¥ UH/IYCTPUAJILHOIO COOOIEeCTBA MPUBEIN K HEKOTOPBIM
3a0/1y2KICHUSAM O TeMaTHIeCKOM MOJETUPOBAHUH, JOCTOUHBIM YIIOMHHAHUSA U KPUTHUKH.

e «Temarnueckoe moaennpoBanne — 310 B ocHoBHOM LDA». Het, ecTb coTHE MOe1€id,
PeIaIX pa3sHooOpa3Hble 3a/1a491, ¢ KoTopbiMu LDA cnpasiisgercs xyzxke.

o «Temaruyeckoe MOJIeJIMPOBAHKE O/IXO/[MT TOJIbKO JIJIsI aHaJM3a TeKCToBy. Her, ecTh
MOJIEJIH JIJI aHAJIN3a N300parkKeHuil, Buieo, rpadoB, CUHTHAIOB, TPaH3aKITUI.

o «Temaruyeckoe Mojie/IMpOBaHKE — TO pasjies DaiiecoBckoro oby4denusi». Her, 601b-
IMHHCTBO Mojeseil ropasao mpoire crpoarca B ARTM 6e3 6aiiecoBCKOro BBIBOIA.

o «Temaruueckue MoJe/IU CJIyXKAT JIjIsd IPEJACKA3aHUs YaCTOThl CJIOB B JIOKyMEHTaX».
DopmaJibHO Jia, HO UX I1eJIb B BbISIBJIEHUM KJIACTEPHOU CTPYKTYPbl KOJIJIEKIIMH.

o «Tembl 9acTO OKA3bIBAIOTCS JyOJUPYIONIMMEU W/ ILJIOXO HHTEPIPETHPYEMbIMU .
910 tak B LDA. ITpoGsiema permraercsi ¢ mOMOIIBIO JIPYTUX PEry/isipu3aTopoB.

o «Temaruyeckue MOjie/Ii OCHOBaHbI HA I'MIIOTE3€ MellKa ¢J10B». MHorue, HO He Bce.
Temaruueckue Moje/IM N-rpamMM, OUTEPMOB, IIPeJJIOKEHUN, CerMeHTAIUU, PeryJisi-
pusalys 1 JioKaJu3alus E-1ara yauTbiBaloT MOPJI0K CJIOB B JIOKYMEHTaX.

o «Temaruyeckue BEKTOPbI He TaK XOPOIIO OTPAKAIOT CMbIC/IbI CJI0B, KaK word2vecs.
Onu fe/1afoT 9T0 HE XyZKe, eC/In CTPOUTh TeMATUIECKYI0 MOJE/Ib M0 YaCTOTaM Iap-
HBIX COYETaHWIl CJI0B, KAK 9TO U Jlefaercd B word2vec.

o «Temarnueckas momesnbp LDA nepeobyuaercsi ropaszno menbine, dyem PLSA» [41].
Her, ux kadecrBo HPUMEPHO OJMHAKOBO, OCOOEHHO Ha OOJILIINX KOJIJIEKIIHSIX.
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LDA ocropo:kHee OLeHUBAET BEPOSITHOCTH PeAKUX CI0B. DOPMAIBLHO 9TO yJIydIIaeT
1PaB/IO110/1001e, OJIHAKO ITU CJIOBA PAKTUYECKH HE BAyKHBI JIJIsi OIIMCAHUS TEM.

o «Temarmueckass mozmesnb LDA umeer mamuoro menbine napamerpon, dem PLSA».
Her, marpunpt ® u © onenuBaiorcs B 00enx MOJE/IsIX, OCKOJIbKY OHM HYZKHBI JIJIsT
upusioxkenuit. Ha camom gesie 8 LDA Gosibmie napaMerpos, 100aBisg0Tcsa 5 1 .

o «lI3yuenue TeMaTHYECKOI'O0 MOJIEJIMPOBAHUS HAYMHAETCS C BEPOATHOCTHBIX rpadu-
4ecKux Mojiesieil u DaiiecoBcKoro BbiBojiay. He obsgasaresnbno. ['opas/o mpoie Hauu-
HATH C OCHOBHOM JIEMMbI O MAKCHUMU3AIUU HA €IUHAIHBIX CUMILICKCAX.

OTkpbiTbie npobnembl. He nperenjyss Ha 1OJHOTY, YKaxKeM BOCEMb IIPO0JIEM, KOTO-
pbIe MpeJICTABIAIOTCA HamboIee aKTyaJ bHBIMI HAIPABIEHHIMEI HCCIeI0BAHUI B TeMATH-
YECKOM MOJIeTHPOBAHIM.

o [apanmuu kawecmea mem OAf HECOAGNGHCUPOBAHHBLIL Koarerxyul. Momenb Moxker
BbIJIaBaTh ILJIOXO HHTEPIpeTupyembie, AyOJMpyIolie Wl MYCOPHbIE TEMbl, €CJIH
B MCXO/IHOM KOJLJIEKIIMHU TeMbl Pa3/IMdaioTcs 110 00béMy B coTHU pa3. Makcumusaiust
[PAB/IONOIO0MS UMeeT TeH/ICHITNIO BhIPABHUBATH TEMbI 110 00bEMY, & He 110 CeMaHTHU-
YeCKOil OJITHOPOJIHOCTH. B pe3ysibrare KpyImHbIe TeMbI JIPOOITCS Ha TeMbI-/1yOJIUKATHI,
a MeJIKHe 00beJUHIOTCA U 00pa3yloT MycopHbie TeMmbl. [Ipobiema mecHamancupo-
BAHHOCTH IIPEJICTABJIACTCA OCHOBHOW NPUYUHON IJIOXOH MHTEPUPETUPYEMOCTHA TEM.
Omxpvmas npobaema: CKOHCTPYHUPOBATH ONTUMH3ANMOHHBI KPUTEPUH TaK, 9TO-
OBl MOJIE/Ib CaMa OIpe/Ie/idia, KAKIe TeMbl SBJISIOTCS KPYIHBIMH, KaKHe MeJTKHMI
B HecOATAHCHPOBAHHON KOJIJICKITUH.

o (Obecnevenue ycmotuuusocmy memamuieckus modeaeti. Ilpu MHOTOKpaTHBIX 3aIryc-
KaX MOJIETHPOBAHNS C PA3HBIMH PETYIAPU3aTOPAMU, U3 PA3HBIX CIYIalHBIX HATa b
HBIX IPUOJIMKEHUII U C HCIOJH30BAHUU CTOXaCTHYECKOro E-mmara, MoryT mosry-
YaTbCs MOJIEIU C pa3JMIHbIMU HabopaMu TeM. [locTpoenue nmosiHoro Habopa mHTEp-
HPETUPYEMbBIX T€M MOZKET 1OTPeDOBATH JIECATKOB U JIazKe COTEeH 3allyCKOB.
Omxpvimas npobiema: MOCTPOEHHE IOJTHOTO HADOPA XOPOIIO HHTEPIPETUPYEMbBIX
TEeM 3a OJMH 3aIlyCK. BO3MOXKHO JI 9TO C IOMOIILIO PeryIapu3allim !

e Modeauposanue memamuru nocaedosamensbho20 Mekcma ¢ y4éToM IIOPAIKa, CJI0B.
Mozenu, OCHOBAHHDBIE Ha TIUIIOTE3€ «MEIIKA CJI0B», CJAMIIKOM XAOTHYHO OTHOCHT
OJIM3KO CTOsIIE CJI0Ba K pasHbIM TeMaM. IloHgrue TeMmbl (topic), ocHOBaHHOE Ha
CTATHCTUKE COYETAEMOCTH CJIOB, ILIOXO COLJIACYETCS C IPU3HAHHLIME B JTUHIBUCTHKE
KOHIeNusAMEI TeMbl (theme).

Omxpoimas npobaema: CO3LaHUE TEMATHICCKMX MOJE/Ie BHUMAaHMA, BO3MOXKHO,
HA OCHOBE JIOKAJIU30BAHHOrO E-mmara. Meromosiornueckas MHTerpanus ¢ JIMHIBU-
CTUYCCKIMH METOJaMH aHaJIu3a TeKCTa.

e Pazsumue netpocemesus memamuseckur modeaet; (neural topic model, NTM).
TeXHOﬂOFI/I‘{eCKaH HECOBMECTUMOCTDb TEeMaTHYECCKUX Hu HeﬁpOCeTeBbIX BEKTOPHbIX
[PE/ICTABICHUIl CJIOB MPUBOJAUT K KOHKYDEHIIMH STHX KOHIIEIIHii, CJUIIKOM I'PO-
MO3/IKHM PEIICHUSIM WA CJUIIKOM MOBEPXHOCTHONU HHTETrPAIHH.

Omgpoimas npobaema: riryboKast HHTEIPAIS MEXAaHIU3MOB 00y YeHUs TeMATHIeCKIX
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n HeﬁpOCGTeBbIX MO,ZLe.Heﬁ A3bIKa C IIOMOIIbIO MYJIbTHUIIJIMKATUBHBIX I'DaJUEHTHbBIX
nraron (OCHOBHOI71 JIEMMbI O MAaKCUMHU3allu HA €JUHUYIHDBIX CI/IMHJ’[GKC&X).

o Asmomamuaayus nodoopa eunepnapamempos. llpu ucnoib30BaHuN HECKOJIBKUX Pe-
I'YJISIpU3aTOPOB U MOJIAJIbHOCTEH UX BecoBble K0P duiumenTbl 00bIYHO 110/10UPAIOTCS
BPYUHYIO, IIyTéM MHOI'OKPATHOI'O IEPECTPOEHUs MOJIe/IM 110 BceM JlanHbiM. [Ipume-
HEHUEe TeHEeTUYECKUX AJTOPUTMOB U JPYIUX U3BECTHBHIX TeXHWK AutoML mposomut
K TPOMO3/IKAM U BBIYUCTUTETBHO TPYJOEMKHM AJTOPUTMAM.

Omxpvmas npobaema: pean3anusi ObICTPOR aIAIITUBHONR MHOIOKPHTEPUAIBHOM OI1-
TUMU3AIUY TUIEPHAPAMETPOB B PEKUME IMaKeTHON 00padOTKU KOJLIEKIIUH.

o Asmomamuueckoe umMero8aHUE U U3AONHCEHUE MeM. BOTBITIHCTBO IPUIOKEHHIT Te-
MaTUYECKOTO MOJIEJIMPOBAHUS CBA3aHO ¢ BU3YaJIbHBIM HPEJCTaBICHUEM TEM I0JIb30-
Baresio. Kaxgas rema J0/KHA yMeTb pacckasarb 0 cebe. OaHako B juTeparype
3aJa9a CyMMapHu3allud TeM JI0 CUX IOp He CTaBUJIACD.

Omxpvimas npobaema: TeHEPUPOBATH I JIFOOOH TeMBbl He TOJILKO KpaTKOoe Ha3Ba-
HUe U pejieBaHTHbIE (bpa3bl, HO U KPATKOe CBS3HOE U3JI0KEHUE 33 IaHHOTO 00bEMA.

o Jlunamuueckoe cozdarue cobbumulinbix mem B TEKCTOBBIX MMOTOKaxX. Hecmorps: Ha

obu/ine MCCJIeIOBAHU 110 TEMIOPAJbHBIM TeMAaTHIeCKUM MOJEIM, IIOKa He CyIIe-
CTBYeT YHUBEPCAJIbHON MOJEHN, IMOAXOMMAIIeH I JTIOOBIX TEKCTOBBIX KOJLICKITUI
C JJMHAMHUKOM.
Omxrpvimas npobaema: aBTOMATHIECKOE M CBOEBPEMEHHOE JIeTEeKTHPOBaHUE HOBOI
TeMaTUYCeCKON JJeKCUKHU, IIPUCYTCTBAA HOBOI TeMbI B JIOKYMEHTe, MOMEHTOB IOdBJIe-
HUS HOBBIX T€M U 3aBepIIeHHs CTapbIX. Perenne 3Tux 3aa4d J0IKHO O0OXOIUTHCS
6e3 TpYA0EMKOI'0 SKCIEePUMEHTAIbHOIO 0I00pa THIlepIIapaMeTPOB.

o Bepeotcrnoe 0bsedunenue memamuieckur modesed, TPy MOTOTHEHUN KOJIIEKITUT 3Ha-
YUTEJTHHBIM 00bEMOM TEKCTOBBIX JAHHBIX C HEU3BECTHBIM UUCJIOM HOBBIX T€M, JIHOO
1pu O6'be,Z[I/IHeHI/II/I KO.H.HeKI.LHfI C I'OTOBBIMH TEMAaTHYC€CKHUMHU MOICJ/JIAMMU.

Omxpvimas npobaema: BbLIeIeHHE OOIMUX U COXPAHEHUE YHUKAJIbHBIX T€M P 00b-
eIMHEHUH HECKOJIbKUX TEeMATHYeCKUX MO/Iejieil, BO3MOXKHO, B yC/JI0BusX HecOasIaH-
CHPOBAHHOCTH TEM II0 HX 00bEMAaM.

YT10 ocTtanocb 3a 6opTOM. B 31y KHUI'Y HE BOILIM HEKOTOPbIE BarKHBIE THUIIbI MOJIE-
Jieit, HAIIpUMep, /I aHaIn3a n300parkKeHuil 1 BHICONIOTOKOB, aHHOTUPOBAaHU H300pazKe-
HUI, CyMMapu3alu TeKCTOB, aHAJN3a TOHAJbHOCTU W BBIABJIECHUS MHEHUH, UCIOJIb30Ba-
HUsl U HOCTPOEHMS OHTOJIOIUI, OOHAPYKEHKMSI HOBBIX T€M M HPOC/Ie2KUBAHUS HOBOCTHBIX
CIOZKETOB. He 6bI.HI/I 3aTPOHYTBbI METO/Ibl aBTOMATUY€CKOI'O MMEHOBaHUA TEM. He HalllJjia
oTparkeHusi B 0030pe HOBasl TEH/JAEHIMS CO3/aHus I'MOPUIHBIX MOJIE/Ieil Ha OCHOBE TeMa-
THUYECKOrO0 MOJIEJIMPOBAHUA U HEHPOHHBIX CETEM.
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