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Annorarus

BepostHocTHOE TemMaTuueckoe MOAEIMPOBAHNE — DTO TEXHOJOTHUST ABTOMATHYE-
CKOIl 00pabOTKM TEKCTOB, aKTUBHO Pa3BUBAIOIIASICS [OCJEIHUE JIBA JIECATUIIETHUS.
Temarwueckne MoOje/M UCIOAB3YIOTCA [JIsi PA3BEIOTHOrO aHAIM3a OOJIBIINX TEK-
CTOBBIX KOJLIEeKINi, nH(MOPMAIIMOHHOTO [MOUCKA U PEIleHnd Pa3HOOOpa3HbIX 33/a4
TEKCTOBOY aHaIUTUKN. KHUTA 0XBATHIBAET OCHOBHBIE TUITHI TEMATUIECKUX MOJIEJIEH.
Maremaruueckuit anmapar KJIacCHIecKoil He-6aitecoOBCKOM PETyIsipU3aIun TTO3BOJISA-
€T CYIIECTBEHHO YIPOCTUTH M3JI0XKEHUE TI0 CPABHEHUI ¢ 6aliecOBCKUM obyueHueM,
0OBIYHO UCIIOTB3YEMBbIM B HAYIHON JuTeparype. bosbimoe BunMmanue ynengerca Ghop-
MaJn3alliy TOCTAHOBOK 33/1a4 Ha, si3bIKe ONTUMU3AIMOHHBIX KpuTeprues. Maremaru-
geckast Teopug aaauruBHOi peryngpusanuu (ARTM) npuBomut x MoOmyabHO#H Tex-
HOJIOTUU MO/IEJTMPOBAHUS, KOTOPas peajn30BaHa B OMOIHOTEKE C OTKPBITHIM KOIOM
BigARTM. OTmenbHas ryiaBa MOCBAIIEHA padboTe ¢ 3TON OUOIHOTEKOI!.

Knwura azipecoBana cremnuaauctaM B 06J1aCTH MAITMHHOTO 00YYEHUs U aBTOMATHU-
9eCcKOi 00pabOTKU TEKCTOB, IIPEIOAABATE/IIM, CTYIAECHTAM, ACIUPAHTAM, UCCACI0BA-
TeJIIM U WHKeHepaM-nipakTukam. Ilpemonaraercs, 4o ynraresib BjiajeeT OCHOBAMU
TEOPUHU BEPOSATHOCTEH, JUHEHHON ajarebpbl, MATEeMATHIECKOW CTATUCTUKU, TUCTIEH-
HBIX METOJ0B ONTUMW3AINK, si3bIKa mporpammuposanns Python B 00béme kypcos
bakajiaBpuaTa TeEXHUIECKUX YHUBEPCUTETOB.
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Probabilistic Topic Modeling is a domain of Natural Language Processing that
has been actively developing for the last two decades. Topic models are used for
exploratory data analysis of large text collections, automatic topic discovery and
understanding, information retrieval, distant reading, and many other text analytical
applications. The book covers the main types of topic models. The mathematical
technique of classical non-Bayesian regularization significantly simplifies the
presentation in comparison with Bayesian Learning, which is usually used in scientific
literature. Much attention is paid to the formalization of problem statements from
the point of view of multi-criteria optimization and model evaluation. We develop
the mathematical theory of Additive Regularization of Topic Models (ARTM), which
inspires the modular technology of topic modeling, implemented in the open source
library BigARTM.org. One of the chapters is devoted to the basics of working with
this library.

The book is addressed to specialists in the field of Machine Learning and Natural
Language Processing, students and researchers. It is assumed that the reader has
a basic knowledge of probability theory, linear algebra, mathematical statistics,
numerical optimization, and the Python programming language in the volume of
undergraduate courses at technical universities.

The book is based on the materials of a course taught to students of the Faculty of
Computational Mathematics and Cybernetics at Moscow State University and the
School of Applied Mathematics and Informatics at Moscow Institute of Physics and
Technology.
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1 BBepeHune

Temarudeckoe MOIeTMPOBaHHE — TO OJHA U3 COBPEMEHHBIX TEXHOJOTHH 06pabom-
Ku ecmecmeennozo asvka (natural language processing, NLP), aktusrO passuBatommasicst
¢ kouna 90-x rogos. TemaTudeckasi MOJIe/Ib KOJIEKIIUH TEKCTOBBIX JOKYMEHTOB OIpe/Ie-
JIsIeT, K KAKHM TeMaM OTHOCHTCS KaxKJblil JOKYMEHT, U KaKue CJ0Ba 00pa3yioT KaxkKIyio
remy. Temarudeckoe MOIE/IUPOBAHNE HE MPETEH/YET HA IMOJHOIEHHOE NOHUMAHUE eCIme-
cmeennozo asvika (natural language understanding, NLU), ogHako BbIsIB/IeHIE TeMAaTHKH
MOYKHO CUUTATH OIPEJIEJIEHHBIM TIIATOM B 9TOM HAIPABJICHUH.

TemaTuueckoe MOTEIUPOBAHHE TMPUHITO OTHOCUTH K MOUIUHHOMY 00ydwenuto 0e3
yuumensn (unsupervised machine learning), mockosbKy TeMbl CTPOSITCS ABTOMATHYECKH
[0 TEKCTOBBIM JaHHBIM. J[jisT 9TOTO HE TpedyeTcs HMKAKWX SKCIEPTHBIX Pa3MEeTOK, Te3a-
ypycoB mwin 6a3 3uanuii. CyIiecTByOT IPOJABUHYTHIE TeMATHICCKUE MOJIEH, CIIOCOOHBIE
YYUTBIBATH TAKOT'O POJIA JIAHHBIE JIJIsT YJIVUIIEHUs] TeM U PElleHusT TPYAHBIX 337189 TeKCTO-
BOit aHauTHKN. Takue MOIETN TOXKE pacCMAaTPUBAIOTCS B JIAHHON KHUTE.

Temarmaeckoe MOeTUPOBAHUE TOXOXKE HA KAACMEPU3AUUO Mmekcmos. [pu obbraHoil
«kécTkoity kmacrepusamuu (hard clustering) kazkiplii JOKYMeHT IETHKOM OTHOCHTCS
K OJIHOMY U3 KJIacTepoB. TeMaTudeckasi MOJIEIb OCYIIECTBIACT MAZKYIO KAGCTEPUIAUUIO
(soft clustering), pacupemesisiss COAEPKUMOE JIOKYMEHTA 110 HECKOJIBKUM KJIaCTepaM-Te-
mam. Temarudeckoe MOJEUPOBAHIE HAZBIBAIOT TAKKE MA2K0U Ou-kaacmepusayuert, mo-
CKOJIbKY KasK70€ CJIOBO TaK’Ke PACIPEIEISIeTCS 0 TeMaM.

Bepoamuocmuan memamuueckas modeav (probabilistic topic model, PTM) ompe-
JIeJIsieT BePOSTHOCTH TEeM B KazKJOM JIOKYMEHTE W BEPOATHOCTH CJIOB B KaxKJ/Oil TeMme.
Kak u apyrue BepogrHocTHble Mojesn s3biKa, PTM npeacka3biBaeT mMogBIeHEE CJIOB B JI0-
kyMentax. Ojnako B 3trom PTM mHe HacTo/bKo XOpomin, Kak riaybokue HepOHHbIE CETH
tuna BERT [67] wiun GPT [109]. Tematuueckne Moaenn e CocOGHbI TeHEPUPOBATDH CBSI3-
HBIH TEKCT, 3aTO 33a9H MSATKON K/IaCTepU3aInU TEKCTOB OHU PEIIAIOT JIydIne u ObicTpee,
He TPedysi MOIIHBIX U JOPOrUX BBITUC/IATEICH.

TemaTudeckas MoJIesib, KaK W HeifpoceTeBasi, Ipeodpas3yeT CJ0Ba W TEKCTHI B UX GEk-
mopruvie npedemasaenus win ambedunzu (embedding). HelipocereBbie sMGe JUHIH HE WH-
TEPHPETUPYEMbI, Mbl HE TIOHUMAEM CMBIC/IA KOOPJUHAT B 9THX BEKTOpax. lemarumueckuit
9MOEIMHT — 3TO BEKTOP BeposiTHOCTEH TeM. Karknas Tema onuchbiBaeTcs CBOMMHU HANOO1€€
JACTOTHBIMH CJIOBAMHU, KOTOPBIE CBSI3AHBI JIPYT € JAPYTOM TI0 CMBICTY, TO3BOJISIIOT COCTAa-
BHTH TEKCTOBOE OIMCAHWE TeMbl W JaTh eii Hazsanue [129]. HaubGosee menuoe cBOHCTBO
TeMaTHIeCKUX MOJe/Ieil B TOM, 9TO KOJLIEKIIHs caMa cO00i KIAaCTepU3yeTcs Ha HHTepIpe-
THpYEMbIE TEeMBI.

Mpbr moutu He Oy/ieM KacaTbCsd BONPOCA, KAK «O0bEeJIUHUTH JIydIlee OT JIBYX MUPOBy —
IPE/ICKA3ATEIbHYIO B TeHEPATHBHYIO CIIOCOOHOCTH HEHPOCETEBBIX MOjIe/Iel SI3bIKa ¢ HHTEP-
IPETHPYEMOCTHIO U BLITHCIATEIbHOMN 3(DDEKTUBHOCTHIO TEMATHIECKUX MOJIETeH. ITO OT-
KpbITasi Hay4YHasi 1po0/eMa HA MOMEHT HANUCAHUS JAHHOTO HPEAUCIOBUSA. XOTEI0CH ObI
BEPUTH, UTO Pa3BHBaEMasi 37€Ch MATEMATUYECKasl TEXHUKA MOMOZXKET MOTHBUPOBAHHBIM
YUTATEJIAM B PEINICHUN 9TOW HOBOW yBJIEKATEJbHON 3a/a4u.

BepositnocTable TEeMaTHYECKHE MOJEM HAXOJAAT MHOMKECTBO IIPUMEHEHH. DTO BbI-
SIBJICHHE TPEHJO0B B HOBOCTHBIX MMOTOKaX, MATEHTHHIX 0a3aX, HAYIHBIX MTyOJIHKAMIAX
[225, 190], muOrOs3bIYHbI uHbOpManmonubiii monck [200, 199], knaccndukanus Tek-
cros [169, 229], Temarnueckas cermentanus rekcros [2111 166, [182], cymmapusanus Tek-
cros [117], monck remaTudeckux coobIecTs B conuatbubix cersx [228) [192) 157, [46], Teru-
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posanue BeO-crpanur [106], o6uapyzkenne rekcroBoro cnama [17]. CymmecTByIoT TakKe He-
TEKCTOBbIE MPUJIOKEHUST TeMATHIECKOT0 MOJIeJMPOBAHUS B aHAJIN3€ N300PakeHuil n Bu-
neonorokos [88, [116], [77, 191, B pekomenmarenbubix cucremax [219, 206] 111) 222, 221],
B nonyasaiuonHoit reneruke [161], B 6nonndopmaruke s ananunsa nykiaeoruaubix [107]
M AaMIHOKHCJIOTHBIX TTocsiegoBareabrocteii [177, 105]. dpyrue npunokeHusi TeMaTHIecKoO-
ro MOJIEJUPOBAHUs yIIOMIHAIOTCsT B 0030pax [63, [40) 48|, 165, 07, (9.

[TocTpoenue TeMATHIECKOH MOJIETH SABJISIETCS HEKOPPEKTHO MOCTABICHHON ONTHMH3a-
MUOHHOM 3amadueil, uMeromeil 6ecKOHeIHO MHOrO perieHnit. CoryiacHO TeOPUH pPeryaspu-
sanmu A. H. Tuxonosa [18], perenue Takoii 3aga4m BO3MOKHO J0ONPEIEJIUTH U C/eIaTh
ycToiauBbiM. [j1s1 9TOTO K ONTUMU3AIMMOHHOMY KPUTEPHIO TOOABISIETCS PE2YAAPUIAMOp —
JIOTIOJTHUTE/ILHBIH KPUTEPHii, YIUTHIBAIONIH criienududeckKne 0COOCHHOCTH JAHHBIX HJIH
npeaMeTHodt obnactu. Temarudeckue Moje/n 06/1a1aI0T OTPOMHBIM «3aIaCOM PEITeHUH .
MozkHO T00ABHTD PETyIpU3ATOP, 3aMETHO YIYUININB HEKOTOPHI KPUTEPHii KauecTBa, 3a-
TeM J00aBUTH BTOPOI U yJIyUIIUTDh MOJIE/Ib MO APYTUM KPUTEPUIM, U TAK HECKOJBKO Pa3.

Addumusnas pezyaspusayus memamuueckur modeseti (additive regularization of
topic models, ARTM) — 5170 MHOrOKpHTepHATBHBIH TIOIX0A, B KOTOPOM MOJE/Ib ONTH-
musupyercs o cymmve kpurepues |5, 197]. ARTM noseossier crponth Mogesn ¢ Tpebye-
MBIMH CBOHCTBaMU, KOMOUHUPYS PEryJIdpU3aTOPBl OT PA3IUIHBIX Mojeseit. Bee momenn
00yYAIOTCS OJTHUM U TeM K€ aJrOPUTMOM, K KOTOPOMY PEryJisipU3aToOpbl MOIKII0UIAI0TCS
kak Momuyau [195] (78, [103]. MomyabHast TexHOMOMMsST peann3oBana B 6ubanoreke BigARTM
C OTKPBITHIM KOZIOM, http://bigartm.org [195] [7§].

[Toguepkuém, uro ARTM He apiagercsa ené ogaHoil MOIEIbIO WX METOIOM — TO MaTe-
MaTHYeCKast TeOpusi, OO MOX0/ K MOCTPOSHUIO 1 KOMOMHUPOBAHWIO IMHPOKOTO KJTACCA
TeMATUIECKUX MOIEJIEN.

JIOMUHUPYONUM TOXOA0M B JIUTEPATYPE MO TEMATHIECKOMY MOJIETUPOBAHUIO SIBJIS-
ercs OaitecoBckoe obyuenme. B ormuuanme or ARTM, B HéM He TOAIEPKUBAECTCI MOTYThb-
HOCTD. /1 Kazk10it 6ailecOBCKOT MO/IETH TPUXOIUTCS 3aHOBO BHIBO/IUTH BHIUUCTHTEIHHBIC
bopMyIIBI, peaTM30BBIBATE U TECTHPOBATH MPOrPAMMHBIH KOJI. B cTaThax 4acTo omycka-
IOTCST BayKHBIE [7IsI TOHUMAHUST TeXHUYECKHE CI0KHOCTH 0aileCOBCKOTO BBIBOIA. DTH Ha-
PBEPHI MPEIMSITCTBYIOT MUPOKOMY HCIIOIB30BAHUI0 TEMATHIECKOTO MOjempoBanus. Kak
CJIeJICTBUE, B WH/IYCTPUU AHAIN3a TEKCTOB PEJIKO MPUMEHSIIOTCS MOJIEIN CA0YKHEe MOPaIh-
no ycrapesiieit LDA (Latent Dirichlet Allocation) [44]. Corau mepcrieKTHBHBIX Mojesteit
TaK U OCTAIOTCH «AKAJEMHICCKUMU UCCIICIOBAHUSIME JIJIsI OJTHOM CTATHU».

OcHoBHas 1eJIh KHUTH — MOKA3aTh OIPOMHOE PAa3HooOpa3ne TeMATUUECKUX MOJIeIeH,
COCPEIOTOUUBIIUCH HA TOCTAHOBKAX ONTUMHU3AIMOHHBIX 3a1a49. [lokazaTs, 410 Kiraccude-
ckasi (He-GaifecOBCKasl) peryJsipu3aius siBISIeTCs He MEHee BBIPA3UTENbHBIM CPEJICTBOM
MoenpoBanns. Ha 3T1oM si3bike BO3MOYKHO HE TOJIBKO CTPOUTH U KOMOWHUPOBATH TeMa-
THYECKUEe MOJIEIH, HO TaKKe OOBSICHITH WX HAMHOTO JIAKOHUYHEe, 0e3 «3aMeTaHWs TO/T
KOBEP» CJIOKHOM MaTeMaTuKu. COMOCTABUMBIH 110 OXBATY U 0OCTOATEILHOCTH 0030p Oaii-
eCOBCKHX MOJeieit 3aHs1 ObI MHOTO COTEH CTPAHUIIL,

OCHOBOTIOJIOKHHUK COBpeMeHHO# Teopun BepositHocTeit A. H. Kosmoropos e pas orme-
YaJ B CBOUX JICKIUSIX: <«IPEJICTABISIETCS BaXKHOM 3aa9a 0CBOOOKICHUS BCIOY, TI€ ITO
BO3MOKHO, OT M3JIMINHAX BEPOSTHOCTHBIX Jomymenuity |13, crp. 252|. B remarmueckom
MO/TEJTNPOBAHNY U30BITOYHBIM OKA3a/10Ch DAfleCOBCKOE OIEHNBAHNE AMPUOPHBIX U AMOCTe-
PHOPHBIX pacipejeieHnit mapamerpos Mojen. OcBoOOXK IeHNe OT HUX TTPUBOINAT K 0OJiee
U3SIHOM TeOPUH, OCHOBAHHON! HA eJMHCTBEHHOII JIeMMe, KOTOPYIO MBI JJOKazKeM B IvIaBe [3]
Bce aaropurMbl TeMaTHIECKOTO MOJICTHPOBAHNS BBHIBOJATCS U3 HEE KPATKO U €THHO00PA3-



HO. DTO IOKHBI 110 JOCTOMHCTBY OLEHUTH HCCJICIOBATEIN, 3aHIMABIIHECS OaiieCOBCKIM
BBIBOJIOM TEMATUYIECKUX MOJIeJIel, XOTh HEMHOTO 0OoJiee CJIOKHBIX, dem LDA.

[nasor ABIA0TC GazosbiMu. B ruasax [6H7 m3mararorcea ocnossl GaiiecoBekoii Teo-
puH; OHA He 00sI3aTesIbHA [ IOHUMAHHUS ITOC/IeIYONero MaTepha/ia, HO HaBePHSKA, II0-
JIe3HA, [IJIs 9TeHMs HayIHOH auTepaTypsl. B riapax Pa3JIHYHbIE BUIB TEMATHIECKAX
MoIeIeil OIMMCHIBAIOTCS B TepMuHAX peryasgpu3anud. OHu ¢1abo CBI3aHBI APYT ¢ IPYIOM,
HUX MO2KHO YUTaThb B IIPOU3BOJILHOM IIOPAAKE UJIX UCHOJIb30BaTh KaK IIyTeBOAUTEC/Ib 110 JIU-
reparype. [uiasa [9] BBoauT noHsTHE MOJAIBHOCTH, CYIIECTBEHHO DACHINDSIONIEe CIEKTD
npunoxkennit. B rinase [10] mpesraraercs panapHeiinee 0000IMeHne TEMATHIECKIX MOIEIei
11 06pabOTKU TpaH3aKIMOHHBIX JTaHHBIX. [U1aBa [13| mocBameHa nepapXuaecKuM TeMaTH-
YECKMM MOJIEJISAM, B KOTOPBIX T€MbI IeISITCSI Ha MOoaTeMbl. [ J1aBbl OIMCHIBAIOT TSITh
c10CcODOB MOJIETMPOBAHUS TEKCTA, KAK CBSI3HOHN OC/IE0BATE/IHHOCTH CJI0B, & HE KAK «MeIll-
Ka CJIOB». FﬂaBbI OIIUCBIBAIOT KPUTEPUU Kade€CTBa TEMaTHUYCCKUX MO,ZLeJIeIU/I. B TJla~
BE PacCcMaTpPUBAIOTCS OCOOEHHOCTH PeAJN3alUK aJTOPUTMOB, B TOM YHC/I€ MPUEMBI
YCKOPEHHs CXOIMMOCTH M pacuapaJsuiesuBanusd. 1asa [20] comepKuT HadYaIbHBIE CBEIeHUS
o 6ubmorexke BigARTM. B rutase 21| 0O6cyKmaeTcsa npuMeHeHe TeMaTHIeCKOTO MOJIeTHPO-
BaHUS JJIsl Pa3BEIOYHOTO NH(POPMAIMOHHOTO MOUCKA U COMUO-TYMAHUTAPHBIX HCCIET0BA-
uuii. B riase MOJIBOAATCA UTOTH, PA3BEHYNBAIOTCA MUMBI U 00CYKTAIOTCA OTKPBITHIE
POOJIEMBI.

B maganme Kaxkaoii IJIaBbl MPHBOIUTCS KpaTKas MOTHBAINA W HeGOPMAJIHHOE MOSIC-
HeHre, 9T0 OyIeT MPOUCXOAUTH JaJjiee, W MOYeMy ITO BayKHO. B KoOHIle IVIaBbl TE3HCHO
dopMmyIupyioTca Hanboaee BaXKHbIE BHIBOIHI.

Ha CXeMe 3aBUCUMOCTH IJIaB B BEPXHEM PAAY PaCIIOJIOZKEHbI OCHOBHbIE IVIaBbl, B HHU2K-
HEM — JOIIOJIHUTEJ/JIbHBIC. HpI/I IIOCTPOEHUU yqe6HOI‘O KypCa AOIMOJIHUTEJbHBIE I'JTaBbl MOXK-
HO OpaTh BBHIOOPOYHO WM OCTABJSTDH JJIs CAMOCTOATENHLHOrO m3ydeHus. llapasmeabHbie
BETKHM MOXKHO II€PECTaBJIATh MecTaMu. Hampumep, B IpaKTHIECKOM Kypce JIEKIUH O KpH-
Tepusx Kadecrsa (r1assl [L7HL8), Gubimorexe BigARTM (rasa [20) u mpumroxennsx (ra-
Ba UMEET CMBICJI IEPEHECTH B HAYAJIO0, CPA3y IOC/e rias (4| win

Kuura nanumcana nmo MarepuaJjiaM Kypca, 4uTaeMoro cryjuentaMm gakyiabrera BMK
MIV ¢ 2013 roga u mkoabsr PIIMIU MPTU ¢ 2019 roxa. [Ipesenrannu u apyrue mate-
pHAJBI Kypca MOXKHO HAWTH Ha cTpaHuile «BeposgTHOCTHBIE TeMaTudecKue MoJaen (Kype
nekuuii, K.B.BopoH1oB)» Buku-pecypca www.MachineLearning.ru.

Konemanmun Bopowuyos
9 aneapa 2025 a.



2 OcHoBbI TeMmaTn4eckoro MmogennmpoBaHns

B »Toit raBe MBI BBEIEM OCHOBHBIE TOHATUS W TOCTABUM 3aJla4y TEeMaTHYECKOTO
MOJICTMPOBAHKSA KaK 3319y MAaTPUIHOrO passoxkenus. OOCygauM CBOWCTBa 9TOH 3aJaqu
u cchopMyIHpyeM HeId TeMAaTHIeCKOro MojeupoBanus. C MOMOIIBIO 3JIeMEeHTAPHBIX HH-
cTpyMeHToB — hopmyJibl balieca u 4acTOTHBIX OLIEHOK YCJIOBHBIX BEPOSTHOCTENR — I10J1y-
YUM UTEePAIMOHHBIN Tporiecc, HazbiBaeMblit EM-anaropurmonm. Tlouemy on pefictBuTe/ ibHO
peliaeT MOCTaBJIEHHYIO 3329y, Y3HAEM B JIBYX CJEJYIONHX TJIaBax.

MpeaBaputenbHas obpaboTtka Tekcrta. llepen mocrpoeHneM TeMaTHYeCKUX MOje/ed
TEKCT OOBIYHO IOABEPraeTcs CePUU Ipeodpa30oBAHMUIA.

Jlemmamusayus — 10 NPUBEJIEHUE KAXKJIOI'0 CJI0BA B JIOKYMEHTE K €0 HOPMaJIbHOT
dopwme. B pycckom si3bike HOpMAAbHBIME (POPMAMU CIUTAIOTCS: /IS CYIIECTBUTEIbHBIX —
UMEHUTEIbHBIN NaIeK, e IMHCTBEHHOE YUCJIO; JJId NPUIAraTebHBIX — NMEeHUTEAbHbBIN ma-
JIeK, eIMHCTBEHHOEe YHCI0, MYKCKOH pOJI; Jijisl IVIaroJjioB, IPpUYaCTUil, AeenpudacTuit —
[JIaroJ1 B WHGMUHATHBE. XOPOIIUMH JIEMMATH3aTOPAMH JIJII PYCCKOIO A3BIKA CUUTAIOTCS
nocJaeIHue Bepcuu mystem u pymorphy.

Cmemmune — 310 OoTOpacChIBAHHE OKOHYAHUI M JPYIUX H3MEHSEMbIX 4dacTeil CJI0B.
OH IOoAXOOAUT AJIdA AHIJILHACKOTO A3BIKA, JJId PYCCKOI'O IpeAlIoYTHUTE/IbHa JeMMaTu3alud.

Vdanrenue cmon-cao6. DTO dacThie CI0Ba, BCTPEUYAIOIINECST B TEKCTax J000# Tema-
TUKU — TIPEJJIOTH, COI3bl, YUCJAUTEbHbIE, MECTOUMEHNS, HEKOTOPBIE IJIAroJibl, IpHUJIa-
rarejbHble, Hapedus. UUCI0 TaKuX CJIOB OOBIYHO BapbUpPYETCsS B IIpeiesax HECKOJIbKUX
cored. OHHI OeCIOe3HbI /I TeMaTuIeckKux Moaeseil. VIx orbpackiBanue Ho4ITH HE BIUSIET
Ha 00'bEM CJIOBapsi, HO MOXKET HPUBOJAUTH K 3aMETHOMY COKPAIIEHUIO JIJINHBI TEKCTOB.

Ydanenue pedkur cao6 m CTPOK, HE SIBJISIFOIIUXCSI CIOBAME €CTECTBEHHOTO A3bIKa (Ha-
puUMep, cofep:Kanux Mudpbl WM CHENCHMBOJIBI), TIOMOraeT BO MHOI'O pa3 COKpallaTh
00BEM CJI0Baps, CHUKAsd 3aTpaThl BpeMEHU M IIaMATH Ha HOCTpoeHHe Mojeneil. Pegkue
CJIOBA, KaK MPABUJIO, HE BIUAIOT HA TEMATHKY KOJUIEKIIUH.

Buidesernue mepmurnos — xapaKTepHBIX CJIOBOCOYETAHUI HpeaMeTHO#H obnactu. Bbl-
JeJIATh UX MOXKHO € HOMOIIBIO Te3aypycos [14] miam merogamu asmomamuseckozo 6oi-
deaenus mepmunos (automatic term extraction), He TpeOYIOIUX MPUBIEYEHHS IKCIED-
tos |73} 118, 174].

Pacnosnasanue umernosannoz obsexmos (named entity recognition). B kaxkmoit mpe-
MeTHO# 00JIaCTH MOTYT OBITH CBOM KaTerOpud MMEHOBAHHBIX OOBLEKTOB: HEPCOHBI, OpTra-
HHU3AIUN, TaThl, COOBITHS, OOIE3HN, XUMUIEeCKIEe BEIeCTBA, BUIbI PACTeHN U JKIBOTHBIX,
HeOecHbIE Tejla, U3eusd, TOBapel, U T. 1. Kak npasumio, OHE HecyT 3HAUUMYyIO HH(OpMa-
IO O TeMaTuKe TeKcTa. /I BEIIEIeHNs Ha3BaHUS OOBEKTOB M3 TEKCTa HUCIOJIb3YIOTCS
pazaugHble MeToabl MantuHHoTro 00y venust 140, 108 147].

NcxogHble aanHbie u runotessl. Ilycts D — KOHEUHOE MHOXKECTBO (KOJUIEKIHS) TEK-
CTOBBIX JIOKYMeHTOB, W — KOHEYHOe MHOXKECTBO (CJI0BApb) BCEX YHOTPEOJISIEMBIX B HUX
TepMOB. Tepmamu MOTyT OBITH CJIOBa, HOpMaJibHbie (DOPMBI CJIOB, CJOBOCOYETAHUS HJIN
TEePMUHBI, B 3aBUCUMOCTH OT THIA MPEJIBAPUTENHHON 00paboTKH.

Kaxxaptit goxkymenTt d € D mpejcraB/iger co0oif IOC/IeI0BATEBHOCTD 7y TEPMOB
u3 ciaoBaps W, roe ng — JUMHA JOKyMeHTA d.

Wi, ..., Wy,
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Uuora ynobHee BBOAUTH CKBO3HYIO HyMepanuio TepMoB (d;, w;), i = 1,...,n, roe n —
JUINHA, BCEW KOJIJIEKITAN.

Tunomesa 0 cyulecmeo6aHUY Mmem: KaxK0e BXOXKJICHUE TepMa W B JIOKYMEHT d CBs-
3aHO C HEKOTOpOii TeMoil { m3 3aJaHHOr0 KOHeYHOro MHOxecTBa 1. Kojutekiust 10Ky-
MEHTOB HpeJCcTaBsger coboil mocae10BaTe/IbHOCT Tpoek (), = {(di, w;, ;) ‘ i=1,... ,n}.
TepMbl w; 1 JTOKYMEHTHI d; ABJILIOTCA HAOJIOIAEMBIME IEPEMEHHBIME, TEMBI t; HE H3BECT-
HBI U SIBJISIIOTCS AGMeHMHbiMU (CKPHITBIME) TI€PEMEHHBIMH.

Tunomesa «mewra cros» (bag of words): HOPsSIOK TePMOB B JTIOKYMEHTAX He BayKeH
JIJIT BBISIBJIEHUST TeMaTuku. [pyruMu ciioBaMu, TeMaTUKY JOKYMeHTa MOYKHO Y3HATh Ja-
JKe 1ocje CaydaiiHOTO nepeMenuBaHus HOPSIKA CJI0B, XOTd JJId 9eJIOBeKa TaKOi TeKCT
noTepgeT CMBIC/I. [ UnoTe3a «MeIka CJI0By MO3BOJILET MepeiTH K KOMIIAKTHOMY TTPeJICTaB-
JIEHUIO JIOKYMEHTa KaK MYALMUMHOHCECTNEa0 — TTOIMHOKecTBa TepMoB d C W, B KOTOpOM
KayKJIbIil TepM w € d MOBTOPEH Mgy, Pas.

Tunomesa «mewra doxymenmoss (bag of documents): mopsiioK TOKYMEHTOB B KOJI-
JIEKIIUU He BayKeH ]I/ BBIABIEHUS TeMATHKH. DTO HEBEPHO B CJIydae HOBOCTHBIX MMOTOKOB
M JIPYTUX KOJUIEKIWiH, TJie JOKYMEHTHI YHOPSIOYEeHBl MO BpeMeHU ([MATEHThI, HAYJIHbIE
Iy OJIMKAIIH, OCTHI COUAJBHBIX ceTeil). JlanHas rumoresa MOKeT CHUMATHCS WJIH CMSIT-
9JaThCd B CHENUAIbHBIX MYJbTHMOJANBHBIX I TEMIOPAJbHBIX MOJeAX, CM. IiaBy [J

Tunomesa o sepoammuocmuom noposcoenuy dannnr: BHIbopKa Tpoek §2, = (d;, w;, t;)",
MOPOKIAETCS CAYUAiiHO M HE3aBUCHMO W3 HEM3BeCTHOrO pactpesesnenns p(d, w,t), ompe-
JeJTEHHOTO HA KOHETHOM 6epoamuocmuom npocmparncmee 3 = D x W x T. 1o npeio-
JIO’KeHHEe SIBJISeTCs] BEPOSITHOCTHBIM YTOUYHEHHEM TPEX MPeIbLAyIINX THIIOTES.

Baiaromapst mpeanoioXKeHrIo 0 He3aBUCUMOCTH, BHIOOPKY §2,,, CreHepUPOBAHHYIO U3 €2,
MOXKHO PacCMaTPUBATh KAK HOBOE BEPOSATHOCTHOE HMPOCTPAHCTBO € 1 PABHOBEPOATHBIME
9JeMEeHTapHBIMI HCXoAaMu. B mpocTtpancTBe (), JIErKO HAXOAUTH BEPOSITHOCTH PAa3/Int-
HBIX CO6BITI/IIU/I, HpI/IqéM OHM COBIIa/Jal0T C 9aCTOTHBIMHU OII€HKaMH" BepOﬂTHOCTeﬁ TEX ZKE
cobbiTuit B mpocTpancTBe (2. B gacrHOCTH, B IpocTpaHcTBe §2,, BhIparkKeHue

pld,w,t) = = S = d] fur = w] [t = 1

n <
=1

PABHO BEPOSITHOCTU COOBITHS «Te€pPM w JOKYMEHTa d CBA3aH C TeMOi t», a B HpOCTPaH-
cTBe () OHO paBHO BHIOOPOYHON YACTOTHON OIleHKEe BEPOSITHOCTU TOI'O Ke COOBITHSI.

JloropopuMcs B JaJbHERIIEM 3alllCHIBATH BCe BEPOATHOCTH B IIPOCTpAHCTBE (), ecan
HE OroBOpPeHO MHOro. MHOrHe BBIKJIAJIKU OY/yT ClpaBe/IMBbl B 00OUX MPOCTPAHCTBAX.
[IpocrpancTso €2, nMmeer hbopMaATHLHOE OrPaHHIEHNE — OHO CTPOUTCS MO (PHKCHPOBAHHOM
KOJUIEKINU. Ecan B KOJIEKINIO T00aBISIOTCS HOBBIE JOKYMEHTHI, TO ITPOCTPAHCTBO (2,
HU3MEHSIeTCs, TOTIa KaK MPOCTPAHCTBO ) MOXKHO I0JIaraTh HEH3MEHHBIM.

Tunomesa yeaosnoti nesasucumocmu. llogsienne TepMoB B H0oKyMenTe d mo teme t
3aBHCHT OT TeMBI, HO He 3aBHCHT OT JOKYMEHTa d, W OMUCHLIBACTCS OOIIUM IS BCEX JI0-
KYMEHTOB pacipeenenneM p(w|t):

p(wld,t) = p(w]t). (1)

11



Anroputm 1. BepogaTHOCTHBIM MPOIECC TMOPOXKICHUS KOJJIEKIIMH JTOKYMEHTOB.

Bxog: pacupenenenus p(w|t), p(t|d); aauHBl TOKYMEHTOB ng;

Bbixoa: Boibopka nap (d;,w;), i =1,...,n;
11:=0;
2 ana Bcex d € D
3 ana ecex j=1,...,nyg

1:=1+1; d; :=d;
BBIOpATH CJIyUaliHyIo TeMy t; u3 pacupenenenus p(t|d;);
BBIOPATH CJIyUaiiHbIl TepM w; u3 pacupeneaenus p(w|t;);

(=X B L BN

ty, ot
p(tld) ——"% [¢]

2

H o \\

p(w(t): 0.023 gHk 0.014 6asuc 0.018 pacnoaHasaHve
0.016 reHom 0.009 cnexTp 0.013 cxogctBo
0.009 Hykneotus 0.006 opToroHansHbii 0.011 natTepH

Wi, e, Wpyt /

Pa3spaboTaH cnekTpasibHO-aHaIMTUUYECKMI MOAXO/ K BbISIBIEHUIO Pa3MbITbIX MPOTSXKEHHBIX TOBTOPOB
B FeHOMHbIX MocfiefloBaTeNIbHOCTSAX. MeTo/, OCHOBaH Ha pa3HoMacLUTabHOM OLLeHNBaHMUM CXOACTBa
HYKNEOTUAHbIX NOCNeA0BaTENbHOCTEN B NPOCTPaHCTBE KO3 MULMEHTOB pa3sioxXeHUs ¢pparMeHToB
KkpuBbIX GC- 1 GA-coaepx)aHusi Mo KlacCUYeCcKnM opToroHasbHbIM 6asncam. HailaeHbl ycnosus
OonTMManbHOW annpokcMMaummn, obecneunsarLie aBToMaTUYECKOe pacno3HaBaHWe NoBTOpPOB
pasnnYHbIX BUAOB (MPSMbIX U MHBEPTUPOBAHHBIX, @ TakXXe TaHAEMHbIX) Ha CNeKTpasbHOW MaTpuLe
cxoactBa. MeTtoa 04MHaKOBO XOpoLwo paboTaeT Ha pa3Hbix MacwTabax gaHHbIX. OH no3sonseTt
BbISIBISITb CIeAbl CErMEHTHbIX AYNNKALMIA U MeracaTe/l/IMTHbIE Y4aCcTKN B FEHOME, PalioHbl CUHTEHUMN
npu cpaBHeHWW Napbl FreHOMOB. Ero MOXHO MCNoNb30BaTh ANS AeTallbHOro U3yyeHus dparMeHToB
XPOMOCOM (NowncKa pasMbITbiX YHACTKOB C YMEPEHHON A/IMHOM MOBTOPSOWErocs natrepHa).

Puc. 1: IIporecc mopokaeHnst TEKCTOBOI KOJIJIEKIINU BEPOSTHOCTHON TEMATUYECKOW MOIEIhIO : B KaiK-
JIOff TIO3WIMA ¢ JOKYMeHTa d; CHadasa MopoXKaaeTcs rema t; ~ p(t|d;), 3arem Tepm w; ~ p(w|t;).

BeposaTHOCTHaA TeMaTu4yeckasi MOAeNb ONMUCHIBAET JOKYMEHT d KaK 8ePOAMHOCTIHYIO
CMeCch PACTIPEICTICHUIT TEPMOB B TeMaX @, = p(w|t), B3ATHIX ¢ BeCAMH, DABHBIMH BEpPO-
SATHOCTSIM TeM B JOKyMeHTax 6;g = p(t|d). Ilo dpopmyne moaHo# BEpOATHOCTH U THIIOTE3E
YCJIOBHOIl HE3aBUCUMOCTH,

plwld) = " p(w|t,d) p(t|d) = p(wlt) p(t|d) = Gubr. (2)

teT teT teT

[Tpotece mopoxKaeHnsT TOKYMEHTOB 0 U3BECTHBIM pacupemeserusm p(w |t) u p(t|d)
nokazan B Asropurnme [I] u npomsutocrpuposan Ha puc. [I}

3apaya TeMaTny4eckoro MoAennMpoBaHUs — 3TO oOpaTHas 33ja9a: 10 33JaHHON KOJI-
ﬂeKHI/II/I D tpebyercd HalTH MapaMeTpbl Q.; U Oy, TPU KOTOPBIX TeMaTHYECKash MO-
nerb ([2)) xopormo mpub/rKaeT HabI0IaeMble YACTOTHDIE ONEHKH YCIOBHBIX BEPOSITHOCTEH
)~ oo 2

Jljtst Jrydinero TOHUMaHUS TeMaTHIeCKOro MOJIETUPOBAHUS OJ€3HO PACCMOTPETh I0-
CTAHOBKY 33/Ia9M ¢ HECKOJIBKUX TOUYEK 3PEHUI.

Bo-nepBbix, 3T0 3aja4a TPUOJTHKEHHOIO HH3KOPAHIOBOI'O CTOXACTUYECKOTO MATpPUU-
HOTO Pa3JiozKeHus. ITOOBI MOSICHUTH BCE 9TH MOHATHM, MEPEINIIeM PABEHCTBO B MaT-

12



p(wld) p(wlt)

(Owt) t
()

Q
<
X
@

w w

Puc. 2: ITocTpoenne TeMaTndIecKoit MOIEIN TeKCTOBOM KOJJIEKITHNA CBOIUTCS K BBIYUCICHUIO TPUOINKEH-

HOI'O HU3KOPAHI'OBOI'O CTOXACTUYECKOI'O MATPUYHOIO pasJioxkeHus P = (%) ~ $O.

puunom Bugie P =~ O, tie P = (paw)wxp — MAMPUya 4acmom mepmos 6 oKYMeHMAT,
O = (Quit)wxr — Mampuya mepmos mem 1 O = (01) 7« p — Mampuya mem JOKYMeEHMO8,
puc. 2l Marpuna P u3Becta, 3T0 ncxoanbie ganubie. [IpaBas 9acTh paBeHCTBA IPE/ICTaB-
JsieT coboil mpom3BeeHne ABYX HEeM3BECTHBHIX Marpuil. Bo Bcex Tpéx marpunax P, P, O
CTOJIONB Py, Pt, 0 HEOTPHUIATETHHBI, HOPDMUPOBAHBI U OMPEIEISIIOT JTUCKPETHBIE BEPOST-
HOCTHBIE pacpe/ieenns. Takue MaTpHUIlbl HA3BIBAIOTCS CMOTACMUYECKUMU. PaHr 1Ipo-
u3Beenng PO He npesbimaer umcaa tem |T'|, KOTOpoe, Kak MpaBHJIO, MHOTO MEHbIIe
|D| n |W|. Marpuna P B obiiem cjiydae WMeeT MOJHBIA PAHT, MOTOMY HE MOKeT ObITh
B TouHocTu paBHa PO. Takum obpaszom, mMaTpudHoe pazjoxkeHue PO mpejrosaraeTcs
HU3KOPAHTOBBIM U MPUOIUKEHHBIM.

Bo-Bropbix, 310 c11ocod Markoit Ou-kjaacrepusanyuu JOKYMEHTOB [0 TeMaTHICCKHUM
kaacrepam T'. [Tpu o6branoii «xécrkoity knacrepusarun (hard clustering) Kazkabiii 10Ky-
MEHT TEJTUKOM OTHOCUTCSI K OJJHOMY U3 KJIaCTePOB. TeMaTudeckasi MOJETb PACIpPeIessseT
COIEPZKIMOE JTIOKYMEHTa [0 KJacTepaM-TeMaM COrIacHo pacupejesenuto p(t|d). Takas
KJIACTEPU3AIUsT HA3BIBACTCS «MATKOH» (soft clustering). AHAJIOMHMYHO, KayKJIbI TepM w
MSTKO DACIPEEISIeTCs Mo TeM Ke Kjacrepam cormacHo p(t|w). Knacrepusywores omno-
BpeMeHHO JiBa MuoxkectBa, D u W. Iloatomy Temarndeckoe MOJEIMPOBAHNE HA3LIBAIOT
MAKOU Ou-KAGCmEPU3aUUe.

B-tperbux, 310 €OCOO BEKTOPU3ANHUH TEKCTA, T. €. IOJTYIeHHST TeMATHIECKHX PacIpe-
Jejennii s Jioboro mokymenta p(t|d), Tepma p(t|w), TepMa B KOHTEKCTe JOKYMEHTA
p(t|d,w), TekcroBoro bparmenta win npeanoxkenus p(t|s). Pacnpenerenne Buna p(t|z)
HA3bIBAETCA TEMATUYECKUM BEKTOPHBIM IIPEJICTABJICHUEM, TEMATHICCKUM BEKTOPOM, Te-
MATHYECKUM 3MOETMHTOM WU MEeMGMUKol 00beKTa .

B-aeTBépThIX, 9TO 46MOK0IUPOSULUK TOKYMEHTOB, COCTOSIIUN U3 JIBYX TOC/IEI0BATETh-
HBIX NpeobpazoBanuii. Koduposuyuk fo: pg — Og npeobpasyeT BEKTOPHOE IPeICTaBICHHE
JToKyMeHTa pg = p(w | d) BbIcOKO# pazmeprocTH |W| B TeMaTHaeckoe BEKTOPHOE MPEICTaB-
genue 05 = p(t|d) muskoii pazmepuocru |T'|. Jexoduposwur ge: 04 — POy pekoncrpyu-
pyeT HMCXOJHOE IpeJicTaBjenue. deM ToYHee PEKOHCTPYKIUs, TeM O0Jibiiie NH(MDOPMAIUH
0 JOKYMEHTE y/IaJI0Ch 3aKOJNPOBATH B BeKTOpe 6. B TemarmaeckoMm MOjeIMpoOBaHUE JTe-
KOJIUPOBINKK JHHEHHBINH, 9T0 YMHOXKeHne BekTopa 0y Ha marpuiy ®. Marpuna ¢ spiis-
eTcs mapaMeTpoM KakK KOJWPOBINHKA, TAK W JAeKOAUpoBITuKa. Marpuma © = (0y,...,0p)
SIBJISIETCS] HE HAapaMeTpPOM, & Pe3yJibTaTOM KOJUPOBAHUS BCEX JIOKYMEHTOB KOJLJICKIUU.
DTO BayKHOE pa3audue poJiell IBYX MAaTPHUIl YCKOJIb3aeT OT BHUMAHUSI, €CJTH PACCMATPHU-
BaTh TEMATHYECKYIO MOJETh TOJTHKO KaK MATPUIHOE Pa3JIOKEHNE.

B-maThIX, 9T0 6EPOAMHOCTIHAA A3BIKOBAA MOJEAD, TIPEICKA3SBIBAIOIIA TOSBICHIE Tep-
MOB B jmoKyMmeHTax. Cjreyer MpHU3HATH, YTO B JAHHOM KadecTBe TeMAaTHIECKHe MOIEIN
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JIOBOJILHO CJ1a0BI. UTOOBI XOPOIIO MpeIcKa3aTh TepM, HEOOXOIMMO 3HATH €ro JIOKATbHBI
KOHTEKCT, OJJHAKO FUIIOTE3a «MEIIKa CJI0B» Pa3pyIIaeT KOHTEKCThI. DTO He COBCeM Ipob.Jie-
Ma, TaK KaK CYIIEeCTBYIOT TeMaTH4YeCKHUe MOAE/JIN, YUUTBIBAIOIINEC €CTeCTBEHHBI IIOPAITOK
cioB. Bosee cepbésnas mpobsieMa B TOM, 9TO MOSIBJIEHHE TE€PMa BPSIJL JIH OIPEIEISeTCs
TOJIBKO TEMATUKO TepMa U ero KOHTEKCTA.

[yGokue HelpOHHBIE CETH HA OCHOBe Mojieeil BHuManus [31] u apxuTekTypbl TpaHc-
dbopmepa, rakue kak BERT [67] win GPT [109], Mmogeaupyior Bech KOMIIEKC sI3BIKOBBIX
SBJIEHUH W TPe/ICKa3bIBAIOT CJIOBA B TEKCTe JIyUIle TeMaTHuIeCcKuX Mojeseil, n jgaxe Jyd-
me gogeit. Mogenr GPT crnocobna renepupoBath (heiiKOBbIe HOBOCTH, KOTOPBIE JTIOIN
He OTJIMYAIOT OT HACTOAIIMX. B TO Ke BpeMsi, HeiipoceTeBble MOJEIN HEHHTEPIPETHpPYe-
MBI, B OTJIHYHE OT TeMaTHIeCKUX. MBI TIOKa He HAYIHINCH ONPEIeIITh, KAKHe S3bIKOBBIE
SBJICHUS U KaKUM 00pa30M MOJIE/JUPYET HEHPOHHAS CeTh, U KAKOH CMbIC/I HECET KazKjias
KOOPJAMHATA B HEHPOCETEBLIX IMOEMHTAX.

Ileavto memamuuecko2o modeauposanus sIBISETCST He CTOJIBKO NPEJICKA3aHIe TEPMOB
B JoKyMeHTaxX p(w|d), CKOJIBKO BBISIBIEHHE TEMATHIECKONH KJIACTEPHOH CTPYKTYDBI TEK-
CTOBOI KOJIJIEKITUH, OTIpe/IeIeHine TeMAaTuKN JOKyMenToB p(t|d) u Tepmos p(t|w), unrep-
IpeTanus KayK7I0i TeMBI ¢ ¢ TOMOIIBIO pacnpeaeaenuii p(w |t) cpeacTBaMu eCTeCTBEHHOTO
A3bIKa.

NHTepnpeTtnpyeMocTbs— BakHeiilee cBOHCTBO TeMaTu4deckoir mojesn. Kaxkmpas rema t
AMeeT ceMarmuieckoe Adpo — MOAMHOXKecTBO TepMoB W, C W, KoTopble BeTpedaroTcs
B JIAHHOM TeMe CYIIecTBEHHO Jalle, YeM BO Bceil Kosutekiuu. /s obmuaocTn dhopmaansa-
I MOZKHO BBE€CTH HECKOJIbBKO B3aUMOAOHIOJJIHAIOIIUX ITOPOI'OBBIX KPpUTCPHUEB!:

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

Tema naspiBaeTca urmepnpemupyemoti, eCJu SKCIEPT, MOJb30BATE/b TEMATHYeCKOH
MOJEJIN, TPOCMOTPER cIicoK TepmoB Wy, moHnMaeTt, Kakoit oOIInit CMbICT UX 00beTUHSIeT,
MOZKET C(POPMYJIHPOBATH HAa3BaHUE TEMBl M COCTABUTHL €€ KPATKOe U3JI0KEHUE, MOJIb3Y-
sch Tepmamu u3 siipa [51]. lanHoe omnpenesnenne He sIBASETCS MATEMATHYECKH CTPOIHM.
OHo cyObEeKTHBHO, TAK KAaK HECKOJBKO IKCIIEPTOB MOT'YT BBICKA3aTh PA3JIUIHBIC MHEHHSI
o Teme. TeMm He MeHee, HA €r0 OCHOBE yKe MOYKHO CTPOUTDH IMIUPUIECKUE METOIUKHU IKC-
epTHOTO OlleHHBaHusT nHTepnperupyemoctu [145] [146)].

WNuTepnperupyeMocTb TeM HMEePEHOCUTCS W Ha JI00ble 0ObEKTHl X, HMEIONue TeMaTH-
qeckuit BekTop p(t|x). Ecan x apasgercs kopoTkuit ¢hpasoit wim HETEKCTOBBIM OOHEKTOM
(Takme 3a/1a491 PACCMATPUBAIOTCS B FJ‘IaBaX@H, TO JI/1sl HEI'O TaK2Ke MOZKHO OIIPeJIeIUTh
cemanTmaeckoe sapo. CortacHo Gopmyste MOTHON BEPOATHOCTH,

Wa(y) = {w: p(w|z) = tgp(wlt)p(tlw) > yp(w)}.

Brraromapst ¢BOHCTBY HHTEPIIPETHPYEMOCTH TeMa MOYKET «CaMa PaccKa3aTb 0 cebe»
CJIOBAMU WJIU TEPMaMU U3 CEMaHTHYECKOTO S/pa, U Jlazke MejJbiMu (ppa3aMu, 0TOOpaHHbI-
MH 3 TeKCTOB METOIAMH YKCTPAKTHBHON CyMMAPU3AIMA UJIH ABTOMATHIECKOTO IMEHOBA~
aust tem [129]. Takzke u sr060it TemaTuyeckuit BekTop p(t| ) cnocoben pacckaszarb o cebe
cJoBaMK WM (PpasaMm eCTECTBEHHOIO sI3bIKA.

TemaTudeckast MOJIE/Ib HA3BIBAETCH MHTEPIIPETUPYEMOit, ecyii B Heil HHTepPIIPeTUpyeMbl
BCE TEMBbI, 33 UCKJIIOYEHUEM, ObITh MOYKET, He3HAUYUTEbHON j1o/n TeM. Tema Kak yCToii-
GUBBII KOMILIEKC COBMECTHO BCTPEYAIONTUXCH CJIOB SBIACTCH JIMHIBHCTUICCKUM SIBJICHU-
eM. OJHAKO ISt ero HaJEKHOrO OOHAPYZKEHUS OH JIOJI?KEH BCTPETHTHCS CTATUCTHYECKN
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3HAYNMOE YHUCIO pa3, U I 3TOr0 HeoOXOAUMO UMETh JOCTATOYHO OOJBIION 00HEM TeK-
croB. MHTEpHpPETHPYEMOCTD MOJEN, KAaK HMPABUJIO, YAYUIIAETCS ¢ POCTOM 00bEMa KOJI-
JIEKIINA W yXYIIAETCA ¢ POCTOM YHCIa TeM. B o0ImeM ciaydae He CYIECTBYeT HHKAKHX
MaTeMaTHIECKUX rapaHTHii TOro, 9TO MOJETb OyJaeT nHTepuperupyeMoii. Tem He Mmemee,
HHTEPIPETHPYEMOCTh MOYKHO H3MEPATh U YAYUIIaTh Pa3JIdIHBIMH METOIAMH, KOTOPHIE
pPacCMaTPUBAIOTCS B IMOCTEAYIONINX IIaBaX ITOH KHUTH.

YHactoTHble OUEHKN YCNOBHbIX BeposiTHOCTel. B mpocTpancTse (2, BEPOSTHOCTH, BBI-
pazKalouecst 4epe3 mnepeMentbie d U w, COBHAJAI0T ¢ 9acTOTaMU COOTBETCTBYIOIIMX HAa-
OJII01aeMbBIX COOBITHIA:

p(dw) =22 pd)="2 pw)="2 plw|d) = 22, (3)
n n n Nng

Ngw — TUCJIO BXOXKJICHHN TepMa w B JOKYMEHT d;

Ng = Zw Ngw — JUIHHA JIOKYMeHTa d B TepMax;

Ny = Z g Ndw — YUCJIO0 BXOXKJEHUN TepMa W BO BCE JOKYMEHTbI KOJLIEKITNH;

N=1 42w Ndw — AJAHA KOJUIEKI[UH B T€PMax.

BepogTHocTu, cBA3aHHBIE CO CKPBITON IEPEMEHHOIl ¢, TOXKe ONPeIeTAI0TCS KaK 9aCTOThI:

Uz Nt Ntd Ndw
pt)=—  plwlt) . p(t|d) ' p(t|d,w) m—— (4)

Nydw — THCIO TPOEK, B KOTOPBIX TepM w JOKyYMeHTa d CBA3aH C TeMoil ¢
Mg = Y, Nidw — THCJIO TPOEK, B KOTOPBIX T€PM JOKyMeHTa d CBA3AH C TeMOii t;
Nt = Y g Mdw — TUCIO TPOEK, B KOTOPHIX TE€PM W CBA3AH C TeMOH ¢;

=4 Ntdw — TUCIO TPOEK, CBS3AHHBIX € TEMOit t.

B ormame ot (3)), 1M 9acTOTH HE MOIYT OBITH BBIMHCJIEHBI HEIIOCPEICTBEHHO 10 HC-
XOJHBIM JAHHBIM, TaK KaK TeMBl {; HCH3BCCTHBI.

B BepositHOocTHOM TIpOcTpaHcTBe §) BHIOOPKA TpoeK (d;, w;, t;) | HOPOXKIAeTCs U3 pac-
npenenenns p(d, w,t). Tlostomy dbopmysbi f SABJIAIOTCS HE TOYHBIMHU PABEHCTBAMH,
a JILIIDb NPUOAUNCEHHDLMU 4ACTIOMHBLMU OUEHKAMU COOTBETCTBYIONIMX YCIOBHBIX BEepO-
ATHOCTEH.

CornacHo 3aKOHY OOJIBITUX YHCENI, TPU N — OO YaCTOTHBIE ONEHKH (BEPOSITHOCTH
B IPOCTpaHCTBE (),) CTPEMSTCsI K COOTBETCTBYIONIMM BEPOSITHOCTSAM B IIPOCTPAHCTBE ).

EM-anroputm. 3amernm, uro Bee onenku (4]) Boipazxatorces qepes Nigy = Nawp(t|d, w).
Buasi ycaoBHBIe pactpeeienus p(t|d,w), MOXKHO OIEHHTH MCKOMBIE MAPAMETPHI TeMa-
THIECKONR MOJETH @ = p(w|t) u Oy = p(t|d). U, naobopot, 3Hast mapaMeTpbl MOJIEIH,
MOXKHO BBIDA3UTh ycJioBHBIE BepositHocTH p(t|d, w) no dopmyse Baiieca:

p(t]dow) = PEw1D) _ p|Op(tld) | pub

p(w|d) plwld) >, Puwsbsa
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Taxum obpazoM, MOJIyIaeM CUCTEMY HEJTUHEHHBIX YpaBHEHUN OTHOCUTEIBHO IMapaMeT-
POB MOJENH Py, Oy M BCIIOMOTATEIBHBIX TEPEMEHHBIX Diguss Mty Mid, Tt

Spwtetd
w — ; 6
Prd ZS (pwsesd ( )

—_— nwt . — . — .
Puwt = —; Nyt = NdwPtdw; ny = Nt (7)

Uz
deD weW
Mg
Oy = —; Ng = E NdwPtdw- (8)
g
wed

JloroBopumcs 3/ech H Jlajiee pajid KPATKOCTH OIlyCKaTh yTOUHeHHA «/id BeeX d € Dy,
«11d Beex w € Wy, «anda Beex t € T'», npeanoJarag 0o yMOJI9aHUIO, YTO €CJIH B ypaBHe-
HUU UHJIEKC OCTaéTCA CBOOOIHBIM, 3HAUNT, 3TO 3aIUCh CUCTEMbl yPaBHEeHHH, ITOPOK 1aeMOoil
BCEMH JIOIYCTUMbIMY 3HaUYEHUAMH JIAHHOIO MHJIEKCA.

g pemenna JaHHON CHCTeMbl HeJMHEHHLIX ypaBHEHWi y100HO HPUMEHHUTDH Me-
TOJ, MPOCTHIX HWTepalyii: CHa4aJa BHIOPATH HavaJIbHbIe NPUOTHZKEHUS I Oy U Oy,
110 HUM BBIYUCJIUTDH BCIIOMOraTe/bHble epeMeHHbIe Py, U HAUTHU cieyioliee Ipub/inzKe-
HUE Qyt U O1q. Berancienust no dopmynam (6)—(8) nponomxaores B uukie 1o cxomumoct.

DTOT UTEpAUMOHHBI LPOLECC sABIAeTcd 4acTHbIM ciydaeM EM-anropurma  [66].
BbIunc/ieHne yCJIOBHBIX pacupeeseHuil CKpoIThix nepemensix () nasbiaercs E-marom
(expectation), Berancaenne napamerpos mogemn (7)—(8) — M-marom (maximization).

[ajiee Mbl BbIBeJeM 9TOT aJIrOPUTM U3 0oOIIeil ONTUMU3AIMOHHOM IIOCTaHOBKH 3a/1a-
yu. Ceifqac MBI IIPHILIM K HeMy 9JeMEHTapHBIM IIyTEM, KOTODbIH 1aéT HHTYUTHBHO II0-
HATHBIe (DOPMYJIBI, HO OCTaB/IAET Oe3 OTBETOB BaKHbIe BOIPOCDHI: CXOIUTCH JIM aJITOPUTM
K DEIIeHUI0 CUCTeMbl ypaBHEHMil, eJINHCTBEHHO JIM 3TO pelleH#e, U Mo4YeMy 3Ta CUCTeMa
ONMCHIBAET TEMATHIECKYIO MOJIeNb, MpubanzKaronyo p(w |d).

PayvoHanbHbii EM-anroputm. Berauciienue nepeMeHHBIX Ny, Ny, Ny Ha M-11are Tpe-
OyeT OJHOKPATHOTO MPOX0/Ia KOJLIEKIIMU B IIMKJE 0 BCeM TepMaM w € d BCeX JIOKYMeH-
ToB d € D. BHyTpH 3TOro nukja 3HAYEHWUE Dyg,, BBITUCTAETCA TOJIBKO OnuH pa3. [losromy
E-mrar Mmox#H0 BCTpouTh BHYTPH M-1mara 6e3 JOMOTHUTETbHBIX BRIYUCTUTETBHBIX 3aTPAT
u 0e3 XpaHeHus] TPEXMEPHON MATPHUIIBI Pygy,- ITOT Bapuant EM-ajropurma Oynem Hasbi-
BaTb PAUUOHAALHBILM; €T0 TICEBIOKO MOKa3aH B Aropurme
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Aar

opurm 2. Pannonansueriit EM-anroputm s remarudeckoii Mozgenn (2)).

Bxopa: kosnekiust D, qucsio Tem |T'|, 9ucao urepanmii imax;
Bobixop: marpunps TepMoB TeM ® u TeM JOKyMeHTOB O);

UHUUATABAMAS Oy, Oyg J1st Becex d € D, w e Wt € T
ana scex urepanuit ¢ = 1, ... tyax

OOHYJTUTD My, Nig, Ny JAd Becex d € D, w e W, t €T,
Ans Bcex JoKyMeHToB d € D u Bcex TepMOB w € d

Nidw = ndwgpwtetd / Zz przezd JJId BCEX te T7
VBEJTUIUATD Noyyt, Mid, ¢ HA Nygy AT BeeX t € T

Ouwt = Nyt /My 1151 Beex w € W, t € T
Orq := nya/ng g Beex d € D, t € T;

BoiBoabl no rnase 2

Bazata TeMaTHIeCKOr0 MOACINPOBAHES COCTORT B TOM, YTOOBI [0 3a1aHHOI KOJLIEK-
[UH TEKCTOB HafiTH ceMaHTH4YecKue sapa TeM p(w|t) u TeMaTHIecKne BeKTOPHBIE
pejicTaBieHus JOKyMeHToB p(t|d).

TemaTnueckast MOAEJIb — 3ITO M HU3KOPAHI'OBOE CTOXaCTUYCCKOE€ MaTPpHUYIHOE pa3-
JIO2KEHHEe, 1 MArKad 6I/I—KJIaCTepI/I3aL[I/IH, n BEPOATHOCTHaA BEKTOpH3allld TEKCTOB,
1 aBTOKOJUPOBIIUK, U A3BIKOBad MOJIEJb.

OcHOBHag 1EIb TEMATHIECKOTO MOJEJTHPOBAHUS — BBISICHUTH, <O U4E6M BCE 3TH TEK-
CTHI», HE YnTas ux. s 3T0T0 TeMbl J0JKHBI 00JIa/1aTh CBOWCTBOM WHTEPIPETUDY-
eMocTu. MHOTHe BHIB TeMaTHUYECKUX MoJie/iell HallpaBJIeHbl Ha YIyUIIeHue HHTep-
MIPETUPYEMOCTH TEM.

Hukomy He HpaBUTCSA TMIOTE3a «MEIIKA CJIOB» — Belb TEKCT TEPIeT CMBICJI, eCJIH
B HEM IeperyTaTh cJI0Ba. MoxKHO 1 0T Heé oTKazaTheda? la, 1 MHOIEMH criocobamu,
Joiaém 1o 3Toro B Tase [15]

Bce BBeénnble obo3nadenust 6yIyT aKTUBHO UCIOJIb30BATHCA JAjee.

EM-anropurm Oyjer 060CHOBaH B JIBYX CJIEAYIOIINX TJIaBaX.
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3 OntumMusaunsa Ha eAUHUYHbIX CUMMNAEKcax

B sroit rnaBe Oyjier jgoKazaHa 0CHOBHGA AEMMG O MAKCUMH3AIUU T IKOH DyHKITUN
Ha eIMHUYHBIX CUMILIeKcaxX. B jajbHeieM, HaunHash CO CJIeAyIolei TJIaBhbl, BCe 3a1a91
TeMATHIECKOI0 MOJEJMPOBAHUS OyIyT CTABUTHCI KAK 33129 MAKCHMHI3AIUU IPABIOIO-
J100usT HAOII0JaeMbIX JaHHbIX. OCHOBHAA JeMMa OYIeT UCIOJIb30BaThCs J1IsT BhiBoga E M-
HO,ZLO6HbIX UTEepaiuOHHBIX aJTOPUTMOB JIJId ﬂIO6bIX TEMATUYECKUX MO,ZLeJ’IeI';I, 0T CaMbIX
IIPpOCTBIX A0 CaMbIX CJIOZKHBIX.

HpI/IMeHI/IMOCTb 3TOHN JIEMMBbI BBIXOJUT AAJIEKO 3a paMKHW TE€MAaTU4Y€CKOI'O MOAE/JIUPOBa-
Hugd. OHa MO03BOJIIET CTPOUTH AJTOPUTMBI ONTUMU3AIUN WU OOyUeHud sl JIIOOBIX MO-
JleJieii, mapaMeTrpaMi KOTOPBIX SIBJIAIOTCS HEOTPHUIATeIbHBIE HOPMHPOBAHHBIE BEKTOPHI,
B YACTHOCTHU, JUCKPETHBIE BEPOATHOCTHLIE PACIIPE/ICICHHS.

Heobxoanmble ycnosus makcumyma. KiraccudeckuM WHCTPYMEHTOM PeNIeHus 3a-
JIad ONTUMM3AINK ¢ OIPAHMYCHUSIME PABEHCTBAMKU U HEPABEHCTBAMU SBJISIOTCI YCAOBUA
Kapywa—Kyna—Taxkepa.

PacemorpuMm 3agady MaTeMaTHIeCKOTO TPOTPAMMHUPOBAHUS

f(z) — max;

N

gi(x) <0, i=1,...,m;
hi(z) =0, j=1,... k.

Teopema 3.1. Ilycrs ¢yuknun f(x), gi(x), hj(r) HempepsiBrO MHGBDEpeHIHPYEMBI
B Touke x. Ecm © — TodYKa JIOKaJIbHOTO MAKCHMYMA U 3a/a49a YJ0BJICTBOPSACT YCIOBHAM
PeryaapHOCTH, TO CYIIeCTBYIOT 3HaYeHHA (i, 1 = 1,...,m, \;, 7 =1,..., k, Ha3pIBaeMbIe
muosxcumenamu Jlazpansica, TaKkue, 9To:

(0. m k
o =0 Ll A) = f@) = 3 mgi(w) = 32 Ajhy(a);
Z i=1 j=1
gi(x) <0; hj(x) =0; (ucxozmsre orpanmIeHms) 9)

p; = 0; (aBoiicTBEHHBIE OrPAHHICHUST)

| 1igi(z) = 0; (veaosne jonosnsomelt HexkécTKOCTH)

VesoBust peryasipHOCTH MOTYT (hOPMYJIMPOBATHCS O-pa3sHoMy. B 3a1a4ax ¢ JiMHeTHbI-
MU OTPAHUIEHHSIMHU OHU BBHITTOJTHEHBI BCETJIA.

Makcnmusaums rnagkoi yHKUUM HA eANHUYHBIX CUMMAeKcax. Beeném onepanuio
norm, MpeoGpasyoNy o MPON3BOIbLHEINH BEKTOD (;);c; B BEKTOD BepoATHOCTEH (p;);er AUC-
KPETHOI'O pacipeje/eHus myTéM OOHYJIeHUs] OTPUIATEbHBIX 3JIEMEHTOB U HOPMHPOBKH:

p; = norm(x;) = &, JUIs Beex 1 € 1,

el > (@) +

rae (x); = max{0,z} — onepanus nosoxRuTEIbHON cpe3kn. Ecan x; < 0 prs Beex @ € 1,
TO PE3YJILTATOM NOI OIPeJIeIUM HYJIEBOI BEKTOP.
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JIemMma 3.2 (0 MakcmMu3anuu HA €AUHUYHBIX cUMIUIeKcax). Ilyers pyukmms f(§2)
wenpepbiBHO Anchcpeperupyenma 1o Habopy BekTopos ) = (wj)jes, wj = (Wij)icr;, BoOOHIE
rOBOPsI, PA3IMIHBIX pasMepHOCcTelt |1

Torna BeKTOpBI W; JIOKAJIBHOIO SKCTPEMYMa, 3a/ia9l

f(Q) — max;
Zwi]’ = 1, j € J7
i€l

wijEO, ielj,jEJ;

npu yeaopum 1°: (Ji € 1 ) wij awf > 0 yZI0BJIETBOPSIOT Y PABHEHUSIM

of
wiy = notm (wy - ), i€ Ij; 10
npu yeaosun 2° : (Vi € I;) wwa <0 m(Jiel;) w; awf < 0 ypaBHEHHIM
af
i — eI
Wi n%;m( w“@ ij), 1€ 1y
unayqe (yciaosue 3°) OHH YIOBICTBOPSIOT OMHOPOJHBIM VPABHCHHAM Wija— a =0,1¢€ .

doka3zaTeabCTBO. 3alUIIeM JIarPAHKHAH OITHMU3AIMOHHON 33/1a91 ¢ OrpaHUIeHU-
dMU HEOTPUIATETBHOCTH U HOPMHUPOBAHHOCTU BEKTOPOB:

AAOESIOEDPPY (Zwij - 1) + ) pigwis,

jeJ icl; jeJ i€l

rae MHOXKHUTEJII )\j COOTBETCTBYIKOT OI'PaHMY€HUAM HOPDMHPOBKH, ,uij — O'PaHUYCHHUAM
HEeOTpUIaTeJIbHOCTH.

BanumieMm ycaosus Kapyma—Kyna—Takkepa @, NIPUPaBHAB HYJIIO IMIPOW3BOTHBIE
JIarpaHzKHaHa 10 mapaMeTpaM MOJIEIH:

0.4  of

awij &uij

— )\z + Hij = O; HijWi; = 0. (11)

3adukcupyem j € J. Ilpeanonoxum, uro w;; > 0. Torma p;; = 0. YMuoKuB 06 yacTu
pasencrsa (11)) ma w;;, mogy4InM ypaBHeHHIe

af \
Wij 5~ = WijAj-

&uij

OG6o3HaYNM JIEBYIO 9acTh 3TOro paBeHcTBa depe3 A;;. Torma A;; = w;jA;.

Bo3MoxkHbl TpU cilyuas.

1. Ilycrs cymecrsyer muanexc k € [; takoit, uto Ag; > 0. Torga A; > 0. Ecau A;; <0
PN HEKOTOPOM ¢ € [, TO ypaBHeHHe He MOYKeT OBITH BBITIOJHEHO, U MOJyYeHHOe TPOTH-
BOpeUHe O3HAYaeT, YTO CleTaHHOe BHAYaJIe IIPeIoJoKenne w;; > (0 He BepHO, cienoBa-
TesbHO, w;j = 0. O0benunasa ypaBHeHue w;;\¢ = A;; npu A;; > 0 ¢ HyJeBBIM pellleHTeM
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wij = 0 mpu A;; <0, moayuum w;jA\; = (A;;)+. CymMMupy« JIeByio u npaByio 4acTH ITOTO
yPaBHEHHs 10 {, BBIDA3UM JBOHCTBEHHYIO II€DEMEHHYIO: \; = Zielj(Aij)Jr. [Moacrapisist
IoJIy4eHHOe 3HaUeHHe A\; B GOPMYILY w;; = /\ij(Aij)Jr, HOJIyIuM HCcKoMoe ypasierne ((10)).
2. Bcm A;; <0 n1a Beex ¢ € I; m XoTa OBl OJHO W3 THX HEPABEHCTB CTPOTOE,
To )\; < 0, I aHAJOTUIHBLIM 00pPa30M MBI TOJIydaeM BTOPOe HCKOMOEe ypaBHEHHE.
3. Ecm A;; = 0 n1a Beex @ € I, To \j = 0, H BEeKTOp w;; ONpeAeIdeTcs U3 CHCTEMbI
OJTHOPOJTHBIX YPaBHEHU wijaaT’; = ( mpu ycJI0BUSIX HEOTPUIATETHHOCTH U HOPMUPOBKH.

JlemMa, moKa3aHa.

YpasHenus, coorsercryfomue yeaosusam 2° u 3°, Ha mpakTuke He ncnoabsyiored. Onn
CHTHATTH3UPYIOT O BHIPOKACHHOCTH BEKTOpa w;. B Takux cirydaax 6osee mesecoobpasHbIM
MOXKET OKa3aTbCd MePecMOTD CTPYKTYPHI Mojean ) ¢ MOJTHBIM UCKIIOUEHIEeM 13 Heé BeK-
TOPA Wj.

Jlas1 pemreHnst cucTeMbl yYpaBHEHHH yI00HO MCIOJIB30BATH METO IPOCTON HTepaIiu.
CHauasia 3aa10TC HaYa/IbHble IPUOJIMKEHUS /1 BEKTOPOB W, 3aTeM X 3HaYeHUsS MHO-
TOKPATHO OOHOBJIAIOTCA 110 hOpMyIe . OuepénHOCTh U MEPUOTTIHOCTH OOHOBJIEHUIA,
BOO6H.[€ TOBOp«A, MOTYT BJIUATH Ha CXOAUMOCTH MPpOoIecCa U Ha TO, B KaKoil m3 JIOKAJIBHBIX
9KCTPEMYMOB IOMAIET HalIeHHOEe B UTOTe YHCAEHHOE PelleHue.

Cssa3b C rpagneHTHbIMMU MeTogamMu. VTepaloHHbBIH IPOIece MOX0XK Ha OOBIYHBIN Ipa-
JMEeHTHBIH MeTo 0€3YCJIOBHOM MaKCUMU3AINN

af

&uij ’

Wij = Wi +1

OTJIMYAACH OT HErO TpeM«d HIOAHCAMU: 3aMeHON aIINTUBHOIO I'PAANEHTHOTO ITara Ha MyJIb-
TATUIMKATUBHBINA, OTCYTCTBAEM TTapaMeTpa TPaJWeHTHOTO Tara 1) U HaJW4YueM Olepanun
NOIrm JUIs IPOCIUPOBAHNAA OJIYIYCHHOIO BEKTOPa HA CTMHUYHBIN CAMILICKC.

CBsA3b C HelpoHHbIMK ceTamu. Jlemma [3.2] mpuMeHHMa He TOJBKO B TEMATHIECKOM
MOJIETHPOBAHUH, HO W s ONTUMH3AINK JIOOBIX MoJesaeil, mapamMerpaMiu KOTOPHIX sIB-
JITIOTCSl HEOTPHIIATE/IbHBIE HOPMUPOBAHHBIE BEKTOPHI WJIH JUCKPETHBIE BEPOSATHOCTHBIE
pacupesenenus. B wacrnoctu, Jlemmy MOYKHO HUCIHOJAb30BATH [IjId O0yYeHUsS MOHO-
TOHHBIX HEHPOHHBIX ceTell, B KOTOPbIX OI'PAaHUYEHUs] HEOTPUIATETbHOCTH U HOPMUPOBKH
HAKJIaJIBIBAIOTCS HA HEKOTOPBIE BEKTOPHI MMapaMeTpoB 0 00ydYeHus MOHOTOHHBIX 3aBU-
cumocreii [180, (0, 170, 03], yaydmienuss MHTEPIPETUPYEMOCTH U PA3PEXKEHHOCTH CETH
[57, 2], mocTpoeHusi HEOTPHUIIATENBLHBIX MATPHUYHBIX DA3JIOKEHUH U ABTOKOIMPOBIINKOB
[54, 141} 2T4], a Takzke 1 MOAEIMPOBAHNSI MHOTOMEDHBIX (DYHKIIHI pacipeieeHusl.

ITpu srom rpajuenTbl g—ti MOKHO, KaK OObIYHO, BBIYUC/IATH METO/JI0M OOPaTHOIO pac-
npocrpanenus omubok. Moaudukanyuu rpaJueHTHOrO mara (MyIbTHITHKATHBHOCTh, IPO-
eKIMsl Ha CHMILIEKC) HUKAK He BJIUSIOT HA BBIYUCJIEHUE CAMHUX I'DATHEHTOB.

CxoamMmocCTb UTEepaymMoHHOro npouecca. PaccMorpuM HTepanuoHHBINA IPOIECE, OCHO-
Banublil HA dhopmyae (10), mpu HeKOTOPOM HauatbHOM TpubIHKeHHH ) = (wg-)) jeJ:

w i =norm|w;,———— ], t=0,1,2,... (12)
J w
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Teopema 3.3. Ilycrs f(§)) — orpanmuenHast cBepxy, HEIIPEPHIBHO Jichhepeniupyemast
bynxius, w Bee O = (wh) ey, HAUMHAS ¢ HEKOTOPOI HTeparmn t°, 06.1a4a10T CBOHCTBAMI:
)VvjeJ Viel; w;=0— wf}rl = 0 (coxpanenue HyJeii);
2) Ie>0 VjeJ Viel; wj¢(0,€) (orgemmmocts or myns);
3) >0 VjeJ Jiel; w U > § (HEBBIPOKICHHOCTD );

Gwi i

4) IN>0 Q) — F(Q) = AH(QY) (moroToHHOCTS);

rae H(QY) = f(Q) — f(Q) + o(AQY) ecTp mmeiinoe npubamkenne npupaieHus QyHK-
mun f B okpecTHOCTH TOUKH ().

t+1

Torna |wi " — wh| = 0 npu t — oco.

B ycnosugax Teopembr BCE NpejiesibHbIe TOUKH nocaenosareabroctn {112 saB-
JSIOTCS HETOJBUKHBIMU TOUYKaMH mpeobpasoBanus (12)) u o6pas3yioT CBs3HbIH KOMIAKT.
Ecsin MHOXKECTBO HENOJIBUZKHBIX TOUYEK JUCKPETHO, TO Mocaeg0BaTebHocTh {0} ) exo-
JIATCS.

Ha npaxrtuke cpoiictBa 1)-3) MOTyT GBITH TapaHTHPOBAHBI BHYTPH IIPOTPAMMHOMN De-
aJN3alUN UTEPAITMOHHOTO TPOIEecca.

[ToHuMaHUIO CBOUCTBA 4) MOMOTraeT CJIeIyIolas TeopeMa.

Teopema 3.4. CupaBeanBo KBaJpaTHIHOE IPEICTABICHHE

1 0f(Q)  9f(Q)Y’
H(Q) = 52 >, ( Dy Oun, ) WijWij -

jeJ ikel;

Orciona cienyer, uro H(Q') > 0, 3HAYMT, ©UMeeT MECTO MOHOTOHHOE WM HOYTH MO-
HOTOHHOE BO3pACTaHue nocJjenoparenbuocrn snavenuii f(Q') B urepanmonnom nponecce,
nockosibky f(QFY) — f(QF) ~ H(Q!) > 0. Croiictso 4) HemMHOrO ycuauBaeT 310 TpeGoBa-
rne. C OJHOI CTOPOHBI, y HAC HET HUKAKMX PHIYATOB BJMSHUS, YTOOBI TapaHTHPOBATH
ero pbinosinerne. C Ipyroil CTOPOHBI, PA3YMHO IPEJIIOJIOKATh, YTO OHO BBIIIOJHSIETCH,
HAUMHAS ¢ HEKOTOPO# urepaimu. JJoKa3aTh 9T0 MOKa HEe YIAJ0Ch, PABHO KaK U 3aMEHUThH
CBOMCTBO 4) GoJiee yjoOHBIM /ISl IPOBEPKU YCJIOBHEM.

Teopembr I O gokasausl 1. A. pxuneiv kak 0600IIeHne ero e pesyiib-
TaToB 0 cxomumocTn EM-anroprrma s remarmaeckoro monemposanus [12]. 3nech onn
IPUBOJATCs 6€3 JI0KA3aTebCTB.
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BbiBogbl no rnase 3

«OcHoBHAs JeMMay O MaKCHMU3AIUN TIAAKON (DYHKINA Ha €IMHUIHBIX CHMILIEK-
cax OyJieT MCIOJIh30BAThCS JaJjee JIJIsi BhIBOJA BCeX 0€3 MCKJIIOYEHHS aJITOPUTMOB
TeMaTHYECKOT'O MOJEJINPOBAHUSI.

Taxkoit crocod HaMHOTO TpoIe 0allecOBCKOTO BLIBOJ/IA, KOTOPbHINA OOBIYHO MPUMEHS-
eTcd B TUTepaType 10 TeMAaTHIeCKOMY MoJenpoBaHnio. CpaBHEHUE STUX MOIX0I0B
OTJIOZKUM JI0 TJIaBHI [7]

Ha npakTuke OymeT HCHONIBb30BATHCS TOJIBKO mepBoe ycsopue ([10)).

Cx0/1cTBO 3TOrO yCJIOBUsI ¢ TPAIUEHTHBIM IMArOM TO3BOJIsSIeT 00ydaTh HelpOHHBIE
CeTH C HEOTPHIATETLHBIMIH HOPMUPOBAHHBIMEU BecaMu. VHTepecHas BO3ZMOXKHOCTD,
HO 38 paMKaMW JTAHHON KHUTH.

JTokazaTeibcTBO yCAOBUH CXOAUMOCTH, HOJIee yI0OHBIX JJIsi KOHCTPYKTUBHOM TIPO-
BEPKH, TIOKA OCTAETCA OTKPBITOH MTPOOJIEMOI.

KakoBa cBa3b ocHOBHO#T JieMMbl ¢ EM-aaropurMoM TeMaTn4eckoro Mo/ IMpoOBaHu s
U3 TpeJIbIyIeil TiaBbl, y3HaeM B cjeylonieil riase.
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4 AppvTuBHas perynasipn3auus

B 37oit riaBe Mbl BBeEM 001Hit (hopMau3M aJIUTUBHON PEryIgpU3alin, KOTOPbIi
MO3BOJIIET HAJIEAITh TeMaTUIeCKre MOJeNH Pa3sHOOOPa3HBIMU TMOJIE3HBIMU CBOMCTBAMU.
Yrto 3TO 3a CBOICTBA, W KaK OHU (DOPMATUIYIOTCS C MOMOIIBIO peryspu3anuu, Oyaem
pa3buparbCsd B CJASYIONIMX IVIaBaX. 3/1€Ch Mbl IIOCTABUM 33/1a4y TEMATUYECKOIO MOJIE/IH-
pPOBaHUSI KaK 3329y MAKCHMHU3AIMNT HA eIMHUIHBIX CUMILTEKCax. C MOMOIIBIO JIEMMBbI
BbIBeJIeM EM-anroputm OYKBaJIbHO B JIBE CTPOYKH.

MpuHUKN MmakcuMyma NpaBaoONoAobVA KCIOJIB3YETCd B MATEMATHYECKOH CTATHCTHKE
JIJIST ONEHUBAHUSI HEM3BECTHBIX IIApPaMeTPOB BEPOATHOCTHBIX MOJEsel Mo HaOII0IAeMbIM
naHabiM. COrIacHO TOMY IIPHHITUITY, BHIOUPAIOTCS TaKMe 3HAYEHWS TapaMETPOB, IPU KO-
TOPHIX HaDJII0/IaeMas BhIOOpKa HanboJiee MpaBIonoI00Ha.

Dynryus npasdonodobus OIpeedercsa KaK 3aBUCHMOCTb BEPOSITHOCTH Pean3allin
Habsonaemoit Beibopku X = (d;, w;)"; or mapamerpos mogean ¢, 0. B cuny runoressr
0 HEe3aBHCHMOCTHU 3JIEMEHTOB BBIOOPKH OHA paBHA IPOM3BEIECHUIO BEPOSTHOCTEH TEepPMOB
B JOKYMECHTaX:

p(X; D, @) = || p(d;,w;) = p(w|d)" p(d)"¥ — max.
E dle_!)q!;[d N—— D0

const

[TposiorapudmMupoBaB npaBionopodue, nepeiiéM OT NpOu3BEICHUA K CyMMe H OTOPO-
CUM cJlaraeMble, He 3aBUCAIINE OT IMapaMeTpoB Mojienu. [lomyunm 3a1ady MakKCHMHA3AIIIT
Jorapudma MpaBaonog00us IIPH OrPAHUYEHUAAX HEOTPUIATEIHLHOCTH U HOPMHPOBKH:

S nawIn > by — max; (13)

deD wed teT
Z Cwt = 1; ©wi 2 0; Zetd =1; 642>0. (14)
weW teT

Perynsipnsayns HekoppekTHO NOCTaB/IeHHbIX 3a4a4. 3ajlada Ha3bIBaeTCd KOPPeKmHo
nocmaesaeniotl o AgaMapy, ecau eé peleHne CyImecTBYeT, eIMHCTBEHHO U YCTONIHBO.

3aj1a4a CTOXaCTUIECKOIO MATPUIHOTO PA3JIOZKEHUSI SIBJISIETCSI HEKOPPEKTHO IOCTAB/ICH-
HOI1, TaK KaK MHOYKECTBO e€ pelreHnil B 001memM ciaydae beckonedno. Eciu O — pemrenne,
To ($5)(S710) Tak:ke ABIgETCH pernenueM [is 000 HEBBIPOXK IEHHON MaTPHILBL S IpH
yesoBun, uto Marpunsl ®S u ST1O — croxacrudeckue.

CymecTByeT 00IIHIA MOIXOM K PEIIeHNI0 HEKOPPEKTHO MOCTABIEHHBIX O0PATHBIX 3a/1a4,
HasbiBaeMblil pezyaapusayuet; [18]. Korma ontuMusanmonnas 3ajada HeJI00MpeeIeHA,
K OCHOBHOMY KPUTEPHIO JO00AB/ISIOT JONOJHUTETbHBIN KPUTEPHUIl — Peryasipu3arop, y4u-
THIBAIONINI crienuduKy perraeMoil 3a/ia4u u 3HaHus 1peaMeTHol obiactu. B mpakTuye-
CKUX 3a/I1a9aX aBTOMATHIECKO 00pabOTKN TEKCTOB JOMOTHUTEIbHBIX KPUTEPUEB U Or'Pa-
HUYEHUI Ha pelleHne MOYKeT OBITh MHOTO.

Addumusnas pezysapusavus memamueckur modeset (ARTM) [5] ocnoBana na mMak-
cuMU3aIuu Jorapudma npaponoo0us, K KOTopomy 100aBJisieTcs JuHeiiHass KoMOnHAI s
pezyaapuzamopos R;(P,0), i =1,... k ¢ xosfpuyuenmamu peeyrapuszayuu 7; = 0:

k
Z Z Naw 1 Z Outbia + R(P,0) — max; R(®,0) = Z 7R (®,0);  (15)
’ i=1

deD wed teT
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IPH OTPAHUYEHHUSIX HEOTPHUIATEIBHOCTH U HOpMUPOBKH ((14]).
[IpeobpazoBanne BeKTOpa KPUTEPUEB B OJUH CKAJISIPHBIN KpUTEPUA — 9TO OJUH U3 Oa-
30BBIX TIPUEMOB B MHOTOKPUTEPHATIHHON ONTUMHU3AINN, HA3BIBAEMBIH CKAAAPUIGUUET].

OcHoBHasa Teopema ARTM. Ilpumenum gemmy K HAOOPY BEKTOP-CTOJIOIOB JIBYX
marpur 2 = ($,0). B nanpreiiniem sta jeMMa OPUTOIUTCS HAM U B 0OJIee CJIOKHBIX
caydasix, Korjaa MaTpuil Oyaer 60JbIine AByX.

Teopema 4.1. Ilycrb ¢pyuknus R(P, ©) neupepbiuo jugpgepennupyema. Torga rouka
(®, ©) Jt0KaIBHOIO SKCTPEMYMA 33,491 C OrPAHTICHUSIMHI V/JIOBJIETBOPSIET CHCTE-
Me ypaBHEHWIT CO BCHOMOTATENbHBIMH MEPEMEHHBIMI Dig, = P(t|d, w), ecom u3 permenns
HCKJIIOYHTH HyJIeBBIe cTo101bl MaTpuIl P, ©:

Didw = n%r%n(¢wt9td); (16)
OR
wt — wt T Pw ) wt — wPtdw 17
Pt norvr[}l(n :t+ @ ta%ut> Mt d%;nd Ptd ( )
OR
Oa = HOHH (ntd + O 90 ) Ntq = Z NdwPtduw - (18)
td wed

HoxkazareabcrBo. llepermmem (16) B ciaemyromem Buje:

Priw = norm(gp 9 d) o (pwtetd o Sowtetd
tdw — wtYt - - .
teT > wsbsa  p(w|d)

[Ipuvennm k 3agaue (15) ocnosnoe permenne (10) u3 gemme 3.2] n BoigeuM B MOTY-
YEHHBIX BBIPAZKEHHSAX BCIOMOTATEIBHbBIE TEPEMEHHBIE Pigy:

(Zanw Y b + R(® @)))

Puwt = norm <90wt

Fpu deD wed teT
OR OR
= norm <§0wt Z ndw + @wta ) = norm (Z NawPtdw + prta )
deD Put weW \ieD Pt
0
Orq = norm (etd 50 (Z Z Ny 10 Z Puwtbia + R(P, @))) =
td \geD wed teT
OR OR
= norm <9td wZEd ndw —i— QtdaTtd> = norm (wzed NewPtdw + Ord 3 9td> )

Hyneswre crosibier B marpuriax ¢ u © moaydanrcs B Tex Caydasx, KOTJAa B JIEMMe
BMecTo yeaosus 19 peammsytores yeaosua 2° wan 3°. B Takmwx coydasx OCHOBHOE perire-
rue ((L0)) yKe HETPUMEHHMO, OJHAKO YCIOBHE TEOPEMbBI HCKIIIOUAELT UX U3 PACCMOTPEHUS.

Teopema jgokazana.

Cucremy ypasuenuii (16)—(18) yao6ro pemars Merosom npocreix nrepanuii. CHagana
BBIOMPAIOTCA HAYAJBHBIC TPHOJUKCHEA Oy, Oz, 3aTEM B MEKJIC 0 CXOMAUMOCTH Yepery-

orest B-wae (16) u M-wae (17)—(18).
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Caencrsue 4.2. B ycioBusx teopeMmbl TOYKa JIOKAIBHOTO 3KcTpeMyMa (@, 0) on-
rummsanuonnoit 3azaqn (15) ¢ orpammgenusivm (14) coBnagaer ¢ Toukoi JIOKaJBHOIO
IKCTPEMyMa CJAeyronleii onTuMu3anuonnoi 3aa4dn ¢ orpanmaennsyvu (14) o (16):

Z Z anwptdw hl(@wtetd) + R((I)’ @) — IQ%X (19)

deD weW teT

Hokazarenbcrso. [Ipencrapus B ((19) gorapudm nponsBegeHnst cyMMOi ABYX JOTa-
pudMOB, MOJIYIAM JIBe CYMMBI, epBas 3aBUCUT TOJIbKO OT P, BTOpas — TOJBKO OT O:

Z antln@wt + ZZntdlnﬁtd + R($,0) — rg%x.

weW teT deD teT

[Tpumenstst K 91oii 3amade dopmyay (10) n3 semmsl 3.2/ ipn orpannvenusx ((14) u duxk-
CHPOBAHHBIX 3HAYEHHSIX IEPEMEHHBIX Pydy, HEMEJIEHHO TOJTYYiM, YTO HEOOXOANUMOE YCJI0-

BHE JIOKAJIBHOI'O SKCTPEMYyMa, st 33/ 1a91 COBIIAJIACT C YPaBHEHUAMHU —.
CaencrBue JOKa3aHO.

JloropopuMcs HAa3bIBaTh 06BedunéHHbLM M-wazom 33029y MAKCHMH3AIUH TPABIOIO-
nobust (19), korma ompefendiorcs cpa3y Bee mapaMerpbl Mojesn P, 0 mpu M3BECTHBIX
pacupeesieHusiX Pgy, = p(t|d, w). B ruiase [15| o1 110MokeT HaM u30ABUTHCH OT IMIIOTE3bI
«MeIIKa, CJIOBY.

BepoATHOCTHbIVE naTeHTHbI cemaHTu4deckunii aHanu3 (probabilistic latent semantic
analysis, PLSA) — mepBas BeposiTHOCTHAsI TeMaTHYeCKasi MOJIEb, TIpeIozKeHHas Toma-
com Xodmannom B 1999 roxy [87).

B ARTM eii coorBercTByer HyseBoii peryssipuzatop R(P,0) = 0. B srom caygae cu-
crema (16)—(18) coBnagaer ¢ cucremoit (6)—(8)), mosyuennoit us npocrsix sBpuCTHICCKEX
coobpazkenuit. Jobasyienue peryaspusanuud MeHseT TOJIbKO hopMyabl M-mmara, He 3arpa-
ruBag E-mrar.

HacrorHble OLEHKH YCIOBHBIX BepOSTHOCTE( ), = "2t u b = ’;‘L—t; B Mogen PLSA as-

JSIOTCA HECMEULEHHBLMU OUEHKAMU MAKCUMAJILHOTO IPABIONOA00US, B OTJIHYNE OT CME-
wénnor oyenox npu R(P,0) # 0.

Pauvonanbhbiii EM-anroputm gnss ARTM ycrpoen ananornano Ajropurmy [2) rosb-
KO TI1aru I/I SaMeHHIOTCH dopmyamMu peryasipu3oBaHHoro M-1ara u COOTBET-
crBeHHO. Kaykaas nrepamus Tak yKe peaan3yeTcs 3a OIWH IMPOXOJ 0 BCEM TepMaM BCEX
JIOKYMEHTOB.

Anropurwm [3| orsindaercs emé HeCKOJTbKAME HIOAHCAMU:

1) BekTOp 0, onpesensgeTca MO0 OKOHYAHUN 0OpabOTKHU JIOKYMeHTa d, a He BCeil KOJ-
JIEKIIMH, U Jlajiee MOKeT He XPAHUThCH, KaK U CUYETIUKHA Nyg;

2) mpu obpaborke JOKyMeHTa d MOXKeT ObITh CJIJTaHO HECKOJIBKO WTepalnuii mo Beem
TepMaM JJOKYMeHTa W € d JI0 CXOAUMOCTH BEKTOpa 04;

3) BEKTOD 6, HHUIHATH3UPYETCST PABHOMEDHBIM PACIPEIeTIeHIEM;

4) BEKTOD (; HHHIUATUIUPYETCST CIIYIARHBIM PACIIPEIeIeHHeM, KOTOPOe OTIeJISIeTCsI
OT HYJIS PACIPEICTCHUEM Dy, = Ty, /N
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Anropurm 3. Perynapusopanubiii EM-aaropurv mras ARTM.

Bxog: kosnekiust D, qucsio em |T'|, 9UCI0 UTEPATHI i ppax;
Boixoa: marpuiisl TepMoB TeM ¢ U TeM JOKYMEHTOB O);

-

UHUTMATABAIAS Py - = norvr[;l(pw + rand) gyst Becex w € Wt € T,
we

2 AN BCex ureparuii © = 1,.. ., tmax

3 Nyt := 0 11 Bcex w € W, t € T

4 ansa Bcex JokyMeHToB d € D

5 uHUUaan3anus 60,y = ﬁ qist Beex t € T

6 NnoBTOPSATH

7 Ntdw = Ndw n?er%n(gowtﬁtd) mast Beex w €d, t €T
8 Orq := norm( > Naw + Qtda%—R> s Beex t € T

tel \,,ed td

9 noka 6, He coiaércs,

10 Napt = Nt + Mg A1 Bcex w € d, t € T
11 Owt = norm(nwt + gpwtaa—R) st Beex w € W, t €T,

L weW Puwt

Onanatinoswiti EM-anzopumm cautaercd Haubdosiee OBICTPBIM H VI00EH JIjIs pacuapadi-
nemuBanus [86, B36]. O6uoBeHNs MaTpuIbl P TPOUZBOASTCSA HE TOCTE MPOXOa BCEil KO-
JIEKITUHU, & dalie, 1mocjae o0pabOTKH HEKOTOPOW HMOPIUH JaHHBIX. Kcan Kojaekmnust 00/1b-
mast, To MaTpuia ® MoyKeT CONTHCH U MepecTaTh MEHAThCS 3810170 10 OKOHYAHS TIEePBOit
urepanuu. Tormga oJHOro Mpoxoja OyJaeT JOCTATOYHO JIjIsd HoCTpoeHusd Mojenn. [losTomy
OHJIAfIHOBBIE AJITOPUTMBI CIIOCODOHBI 00padaThIBATH ITIOTOKOBBIE JTAHHBIE.

Heranun nmapaanenbHoil peanmsanuu oddaaiiHoBoro u omaaiinoporo EM-anropurma
B Gubanoreke BigARTM onucanb B rasax [19 u 20] emd nogpobuee — B crarbax |78, [3].

VcnoBus BbIpoXageHHOCTU. B temarnyeckom Momeamposannu caydan 20 u 39 us gem-
Mbl [3.2] 6yeM cIuTaTh BEIPOKICHHBIMA. [IpyTHME CJIOBAMH, €CTH HOPMHPOBOYHBII 3HAME-
HATeJb B OKazKeTCsl PABHBIM HYJIIO, TO, BMECTO BBIUUCIEHUH MO0 (DOPMYIAM U3 JTEMMBI
ns cryqaes 2° n 3] GysemM HCKITIOIATH COOTBETCTBYIONHI BEKTOD W; U3 MOJEJH, CIUTAS
COKpalleHne eé pa3MepHOCTH MOJe3HBIM 3(P(PEKTOM pery isipu3aliui.

Tewma t HazBIBAETCS BULPONHCICHHOU, ECITH

OR
aprt

JlokyMeHT d Ha3bIBAETCS GbiPOAHCOCHHBIM, €CITH

OR
Ngg + thaT <0 gnaseexteT.
td

BBIpOXK I€HHOCTHh MOKET BO3HHKATH TOJIBKO IPU OTPHUIATEIHHBIX MPOU3BOIHBIX Pery-
asgpusaropa. B mogesm PLSA e€ ObiTh He MOXKET.

ECJII/I BBIDOZKJICHHOCTDL He2KeJlaTeJIbHa, TO eé HETPYAHO IIPpeaO0TBPATUTh, YMEeHbIlad KO-
3 uIneHT peryasapusanm.

BBIpOXK I€HHOCTD JTIOKYMEHTa O3HATAeT 0TKA3 MOIEIN €r0 TeMaTH3UPOBATD, HAIIPIMED,
ecJIM OH aHOMAaJIbHO KOPOTKHI W He COOTBETCTBYET T€MATHKe KOJLIEKIIHH.

Nt + Pt < 0 mnsa Becex w € W.
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Vny4dweHue cxogumocTtun. 3zBectro, uro EM-anroputm 6e3 peryaspu3anui CXOIUTCS
B €JIaDOM CMbICJIE: IIPABJONOA00MEe HA KaKJI0f WTepanuu MOKET TOJIBKO YBEJIUYUBATH-
cst [66]. Anasormansie yeaosust ciaaboii cxomumoctn aist ARTM nmonywens: B [12].

K coxasenuto, MeTo TpOCTOl UTepaluy B OOIIEM cIydae He TaPAHTHPYET CXOINMO-
CTH K CTAIMOHAPHON TOYKEe PeryJsipu3oBaHHOTO mpasiononodus [12]. Dror HemocraTok
uclpas/isiercd npocToit Mojudukanueit, ne Tpedytoneil JOMOJIHUTEIbHBIX 3aTpaT BpeMe-
oy wian namaru. Jlocrarouno nojcraButh B hopmysibl M-mrara HecMenEHHble YacTOTHBIE

OIEeHKH (), = ”n—“;t u 0}, = %‘ BMECTO TEKYIINUX 3HAYEHUH (0, U Oy

. OR(®*,0%)

fur = v { s + P50 ) 20
. OR(®*,0%)

th = Il;)EI'Tm Niq + eth;i (21)

Dkcmepumentsl B [12] mokasaaun, uro nanuas MoamduKaims TPUBOIAT K GoJIee BbI-
COKHM 3HAUEHUSIM PeryIspU30BaHHOIO MPAaBIONOI00W, TPUIEM UTEPAIMOHHBIN MpoTiecc
ropasio 6bicTpee (yzKe Ha BTOPO UTEPAINK) BXOAUT B PEXKUM MOHOTOHHOTO YBETHYEHHUS
PeryJisipu30BaHHOIO 1IPaB/ON000us. HYem OoJibliie KO3 MUIMEHT pery/isipusanuu, TeM
CUJIbHEe NpodB/isgeTcs dhMeKT yaydIeHns CXOIUMOCTH.

CrpaTternu perynspusauun. 3ajada TeMaTHIeCKOTO MOJIEIUPOBAHNUS 110 CYTH SBJISIET-
Cs1 MHOTOKPHUTEPHUATBbHON. TeMbl JTOIKHBI YA0BAETBOPATH MHOIUM TPeOOBAHUSIM OJTHOBDE-
MEHHO: MHTEPIPETUPYEMOCTH, PA3IUYHOCTH, PA3PEKEHHOCTH U T.J. leMaTudeckas Mo-
JIeJIb OOBIYTHO MCIIOJIB3YeTCd KaK BCIIOMOTATeIbHBIN HHCTPYMEHT JIJIsT PellieHus OTHOM WIn
HECKOJIbKUX 3319 TEKCTOBOH aHAJMTUKU — WHMOPMAIUOHHOIO IMOUCKA, BU3YaJU3AINH,
KaTeropu3aIuu, CerMeHTAINN, CyMMapu3anun u T. 7. Kazxmas 3a1a9a IpebsaBigeT CBOU
tpeboBanus Kk mojgesun. B ARTM Bce TpeboBanums (popMaan3yrTCs B BHJE KPUTEPHER
peryiagpusanuu R; u 6a1aHCupyIOTCsd ¢ IMOMONIBIO KOIMDDUIIUEHTOB T;.

KosddunuenTs 7; npuXoauTces ToA0UpaTh B KayK 10 3a7a1Ue SKCIepIMeHTAIbHO, B T0-
HCKe KOMIPOMECCA MeXKIy TpeboBanusiMu. [Ipu 3mOM i M3MepeHns KavuecTBa MOJIEIN
HCIIO/Ib3YIOTCST HE CaMU DPeryaspu3arTopbl R;, a Kakue-To APyTHe MEMmPuku Ka4ecmsd.
Peryngpusaropbl JOJKHBI OBITH TVIAJAKAMH (PYHKIUAMHU, YJTOOHBIMU JIJIS BBIYUC/ICHUH
Ha M-mrare. MeTpuku KadecTBa JIOJZKHBI OBITH VIOOHBIME JIJI HHTEPIIPETAIIMH UX YHCJIO-
BBIX 3Hauennii. K coxanenuio, 3tu TpeboOBaHUs YaCTO BXOIAT B IpoTuBOpeune. Hampumep,
DOJIBIITUHCTBO METPUK KAdeCTBA MH(MOPMAITMOHHOTO MOUCKA, HE SIBJISIIOTCS TJIAIKHUMHU.

Ha npaktuke 1moabop Ko3pHUIueHToB peryagpu3aiuy nepepacraer B 6ojee oburyio
360041y YNPABAEHUA KAYECMEOM MOOEAY TI0 XOIY HTEPAIMOHHOrO0 mpouecca. Tormga Koyd-
(PUIUEHTH PEryIspU3alUuUd CTAHOBSATCS YIPABIAIOIIIMA HapaMeTpaMu. PeryaspusaTops
He 00si3aTe/IbHO BKJIOYATh BCE Cpasy, /I KaxK/I0r0 MOXKHO BbIOpaTh HamboJiee 1MojIX0/1s1-
it i Hero MoMeHnT. Hanpumep, HEKOTOPBIE Pery/sipu3aToOphl JIyUIlne BKIIOYATE JIUITh
nocJjie Toro, kak EM-airoputm Havas cxoauthesd. HekoTopbie peryasipu3aTopbl HOATOTaB-
JINBAIOT MOJEJb K BO3/ICEHCTBHIO MOCIEIYIONMNX, 3aTeM HX MOKHO OTK./II09aTh. VIHOT1a OHI
HEATPAJIU3YIOT APYT JAPYyra, TOTJAA UX HPUXOJUTCS depeoBaTh Ha PA3HBIX UTEPAIHMSIX.

OO0Opa3HO TOBOpsI, PEryAAPU3ATOPHI MOLOOHBI JIEKAPCTBAM — B MAJBIX 033X JeYar,
B OOJIBIIINX CMEPTETHLHO OMACHBI, B COYETAHUSIX MOTYT JIaBATh HEOKHUIAHHBIE Y(PPHEKTH.
CucreMaTu3anus IPUEMOB PErYJIAPU3ANUA CTAHOBUTCS IIPEIMETOM SMIUPHICCKUX UCCTIe-
nosanuii B ARTM.
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Cmpamezueti peeysrapusauuy OyIeM Ha3bIBATH TPAaBUIA U3MEeHEHHS KOXDMDUIIHEHTOB
peryjsipusanuu 7; B Xojie urepanuit EM-ajiropurma.

KombuaupOoBaHue peryaspu3aTopoB dexoppesuposarua, pad3pencusanui, CeAdHCUuea-
H1LA XOPOIIIO 3aPEKOMEHJIOBAIO cebsl Ha TPAKTHKE BO MHOIHX ucciaenopanusx |8, 196] 197
198, 21, [90]. B cepun skcnepumenTanbubix pabor no remarndeckomy moucky [90) 911 O2]
ObLIH 0TpaboTaHbl CTpaTernu MoAdOpa KOI(Pp(UIMEHTOB T; TIPHU MOCAET0BATETHLHOM BKJIIO-
YEHHH Pery/ispu3aropos (noapobuee cm. rasy [21] puc. [30)).

[Tozzke atn crparerun Ol coOOpanbl 1 0000MmeHb B Oubanoreke TopicNet [49), ko-
TOpas aBTOMATU3UPYET 3aIYCK IKCIEPUMEHTOB, UX YKYPHAJIU3AINIO U BU3YAJTU3AIUIO De-
3yJIbTaTOB MO,ZLeJII/IpOBaHI/IFIﬂ.

TopicNet — 3T0 BBICOKOYPOBHeBasi Ha/icTpoiika HaJ BigARTM, koTopas cHHzKaeT «Da-
pbepbl BXOjay JjId MOJIb30BaTEe e, CKPbIBasd TeXHUYECKHE JIeTATH U yMEHbIas MHOTO-
KPaTHO 00'bEM MTPOrpaMMHPOBAHMS.

Jpyroii mogxon K mogbopy rumeprapaMmerpoB (B TOM qucse KOIMQUIUEHTOB perysisi-
pusarun) nas BigARTM 6er1 npeiozxken B [101]. On ocnoBaH Ha 9BOMIONHOHHOM AJITOPHTME
¥ MHOTPOITAITHON CTpAaTernu W3MeHeHHUs runeprnapaMeTpoB. B nocaenyoeii padore [100]
TOT MeTOJ| OBLI JOTOJTHEH CYPPOraTHOM MOJIEJIBIO /IS OTleHMBAHUS Ka4ecTBa, YTO MO3BO-
JIUJIO TpUMepHO B 1,5 pa3a COKpPAaTUTH BpeMs TOUCKa THuieprapaMerpos. lcmoab3oBaics
OOBIYHBIH JJIsl A6MOMAMUYECK020 Mawuntozo 0byywernus (AutoML) moxxom: ajist Kax-
JION TOYKH B NPOCMPAHCMNEE 2UNEPNAPEMEMPOS MOJIE/IH 00y YaeTcs 3aHOBO 110 00y daloneit
BBIOOPKE, 3aTeM €€ KaueCTBO OIEHUBACTCS 110 TECTOBON BBHIOODKE.

Ha Gosibinx JJaHHBIX TaKas CTpaTerus IPeJcTaB/isdercs CJAUIIKOM 3arTparHoii. Kop-
PEKTHPOBATH I'UIEPIIAPAMETPBI MOYKHO U Hale — 06padoTaB ouepeHyIo NOPIUIO JAHHBIX,
HE JIOZKHIAICh CXOAUMOCTH, OIEHNBAs TEKYIIee KauecTBO MOJIeeil ObICTPO, Ha HEOOIBITIX
CIYYafiHBIX KOHTPOJIBHBIX MOJABBIOOPKAX, IO MHOTMM MeTpHKaMm KadecTBa. llocTpoenne
TAKOTO PO/ia OBICTPHIX MHOTOKPUTEPUATBHBIX CTPATETHIl PEryIsSpU3aIluu TOKa OCTAETCs
OTKPBITOI MPOOIEeMOIi.

OTvHocutensHbie kKoadpduuymneHTol perynspusauunn. KosddurmenTsl peryasipusanu,
TIMATETbHO TOAOOPAHHBIE I OJHUX JAHHBIX, MOTYT ILIOXO MOAXOAUTH JJS JIPYTHUX.
Omnu MOTYT 3aBHUCETH OT pa3Mepa KOJIEKITUN, MOITHOCTH CJI0Baps, CpeHeil TJIMHBI TOKY-
MeHTOB. Fc/in KOJLIeKIs PacTéT, TO CO BpeMeHeM MOZKeT MoTpeboBaThCH UX JOHACTPONKA.

[Ipobaema perraeTcs BBeJeHHEM HOPMHUPOBAHHBIX OMHOCUMEALHBIL KOIPHUUUEHMOE
PE2YAAPU3AUUY, BHIDAZKAIOTINX CTENIEHb BO3MEUCTBUS PEryIspU3aTOPa HA TEeMATUIECKYIO
Mojeib. OrHOCUTEIbHBIE KOIMDMUIIMEHTH MOTYT OCTaBATHCS (PUKCHPOBAHHBIME 110 Me-
pe pocTa KOJJIEKIUU, U JIIT HUX MOTYT CYIIECTBOBATH YHUBEDPCAJIbHBIE PEKOMEHyeMbie
3HAUYEHUs, MOJAXOIAIINe /IJIsT MHOTUX 3a7a9.

Paccmorpum dpopmyny M-miara CO B3BEIIEHHOH CyMMOI peryisdpu3aropoB R;:

k
OR;
Puwt = I}UOGTVIVH (let + ; TiPwt %) .

lhttps: //machine-intelligence-laboratory.github.io/TopicNet — JOKyMeHTAIMs U UCXOIHBIN
KO, B OTKpBITOM noctyme. bubmnoreka TopicNet pazpaborana B 1ab0paToOpwu MAITUHHOTO WHTEITEKTA

MOTI.
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Beeném cymmaproe osdeticmeue r;; peryispusaropa R; Ha TeMy t U ero cymmapHoe
goadeticmeue r; HA BCE TEMBL:

Tit:Z‘(pthRi ) Tizzrit'

weWw agpwt

BBenenne HOpMUPOBKHU T; = ﬁ;—‘ [O3BOJIAET UHTEPIPETHPOBATD KOIPDUIUEHT T; KaK

omnocumensvroe sosdeticmseue peryaspusatopa R; Ha TeMaTndeckyio mMojenab. OH TmOKa-
3BIBAET, BO CKOJILKO Pa3 BJIUSHUE PErYIIpH3aTOPa HA MOIETb CUIbHEe BIUSHUS HCXOTHBIX
JAHHBIX.

ITpu 7, — 0 peryasipuzarop R; OTKI09a€TCA.

[Ipu 7, — 00 MOIEJIb MOXKET BBIPOZKJIATHCA OT HePEePeryIsapu3alium.

Bpegnenue Apyroit HOpMUPOBKE T; = 7;;- HO3BOJIAET UHTECPHPETHPOBATL KOIPPuiy-
eHT 7; KAK omHocumesvhoe sosdelicmsue peryagpusaropa R; Ha oTaeabHyIo TeMy t. Te-
nepb abCOIIOTHBIN KOIMMUIMEHT peryjsipu3anuy 7; CTAHOBUTCS 3aBUCSIIUM OT TEMBI,
OHAKO €0 OTHOCHTEJIbHbIC BOS,ZLefICTBHH Ha BCE€ TeMbl OJNHAKOBDI.

B obmiem ciaydae me m3BeCTHO, Kakas W3 JBYX HOPMHUPOBOK Jjydrie. J[jsg obruinocTn
OIIPEJICJIUM UX BBIIYKJIYIO KOMOHHAIHIO:

T =T ’Yz'ﬁ +(1 —%‘)2 ;
T'it T

rJe T; — OMHOCUMEALHBT KOIPPHUUUEHM DEYAAPUIAUUY; TTAPDAMETD Y; HA30BEM cmene-
Hb10 uHdUBUIYaAIU3aUUY BO3TIEHCTBIS R; HA TeMBbl.

IIpu v; = 1 ko3dpdbunueHTs 7, MAKCUMATBLHO PA3IUYAIOTCH IO TeMaM, BbIDABHUBAS
OTHOCHUTEIbHBIE BO3/EHCTBUS peryasapu3aropa [t; Ha TeMbl.

[Ipu v; = 0 ko3 buIUenTol 7; He PA3IUIAIOTCS 110 TEMAaM.

[Tapamerp ~; npejaraercs MOIOUPATH IKCIEPUMEHTATHHBIM My TEM.

Amnanornyno paccmorpum dbopmyay M-mrara CO B3BEIIeHHOI CyMMOI peryJispu-
3aTOpoB R;.

Beeném cymmaproe sosdeticmsue q;q peryisgpusaTopa R; Ha TOKYMeHT d U €ro cym-
maproe soadeticmeue @; Ha KOJJIEKITHIO:

Ga =) 9td§£; L G= ) G

teT deD

[IpescraBum KO3 UIMEHT pery/ispu3aluu 7; B BUJIE

. n n
TP =T (%—d +(1— %‘)—)7

qid q;

r7e T, — OMHOCUMEALHbIT Koapduyuenm pe2ysapudauuy, y; — cmenens uHousudyasusa-
YUYy BO3jeicTBUS perysisgpusaropa [; Ha JIOKyMEHTHI.

[Ipu v; = 1 KoapbunueHTH MAKCUMAJILHO PA3INYAIOTCH MO JIOKYMEHTAM, BbIDABHUBA
OTHOCHTE/ILHBIE BO3JEHCTBUS pery/isdpu3aropa Ha JIOKyYMEHThI. BbICOKas WHIUBHILYaIU-
3alfgd MOJe3Ha, B YACTHOCTHU, KOTJA JTOKYMEHTHl KOJUIEKITUU CYIIEeCTBEHHO Pa3JImJaloTCs
O JJTUHAM Ng.

[Ipu ~; = 0 ko3 PuUNUEHTH He PA3TUIAIOTCS O JOKYMEHTAM.
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BoiBoabl no rnase 4

Hakonern, mbr obocuoasim EM-aaropur™, mojiydeHHbIH B MepBOil r1aBe U3 3J1€MEH-
TapHBIX COOOpaYKeHMUil.

BoJiee Toro, Mbl ero 060raTu/in BBEJEHUEM DErY/IPU3ATOPOB, OCTABUB MOJIHYIO CBO-
6oy nasbheiitero Beibopa dynknuit R;(P, O).

3a01HO0 00CY MK elIé HeCKOJIBKO aciueKToB npumeHennss ARTM: mHunmaan3amuo,
BBIPOK/IEHHOCTh, CXOJIUMOCTD, CTPATErH Peryasdpu3alii, OTHOCUTEIbHbIe KOO du-
IUEHTDhI perﬂHpI/ISaHI/II/I.

Jlannasi T/1aBa MrpaeT KJAIOYEBYI0 poJib B kKuure. JlajabHeiiniee m3jioxkenue Oyjer
Pa3BUTHEM TEOPWH AJTUTUBHON PEryJIsipU3AIIH.

HpI/IMeHeHI/Ie OCHOBHOM# JIEMMBI O MaKCUMHU3allU Ha €JUHHUYHBIX CUMIIJICEKCAX 6yIL€T
OCTaBaTbCAd CTOJIb 2K€ IMPOCTBIM, dazKe KOr'Ja MOJeJIn 6yﬂyT uMeTnh OoJiee CJIOZKHY IO

CTPYKTYDY.

30



5 BeposiTHocTHasa perynsipmnsauyunda n mogenb LDA

Mogess narenrnoro pasmemenuns Jupuxie (latent Dirichlet allocation) LDA [44] [45]
SABJISAETCH, TOXKAJYH, HanboJiee MUTUPYEMOl B TeMaTHYECKOM MOje upoBanuu. B morry-
JIAPHBIX 0030pax eé MHOTJA OTOXKJIECTBJLIOT CO BCEM TEeMAaTHUIECKHM MOJICTUPOBAHUEM,
XOTd B JINTEPATYpPe MOXKHO HAaWTH coTHH Apyrux Mojeseit. Cpoeit mybaukamueit 2001 romga
JsBua basit, Duapro bla u Maiiki /[>Kopaan onpeaenniym J0aroCcpodHbli TPeH I pa3BUTH
TEeMaTU4YeCKOr0 MOJICJIUPOBAHUS B paMKax 0ailecoOBCKOro 0Oy4YeHwusl.

B mannoit riase Mbl gaguMm Oosiee mpocroe obocHoBanne LDA B TepMuHax ainTUBHON
peryiaspusanuu. /[7g 3T0r0 HaM He ToHaI0bdTCd HU pacupesenenus /lupuxsie, Hu Mare-
MaTHYeCKHil armapaTr 0aiieCOBCKOTO BBIBOJ/IA, PACCMOTPEHUE KOTOPOTO MbI OTJIOXKHM JI0
riash [71

MpuHUMN MakcuMyMa anocTepuopHoii BeposiTHOCTU. JIo cux mop Mbl mpeamosara-
JIM, 9TO NAHHbIe MOPOXKIAIOTCS BEPOSITHOCTHON MOJeabpio ¢ mapamerpamu (P, 0), korto-
pble He U3BECTHLI U He caydaiinbl. Temepb HpeanoozKuM, 9TO HapaMeTpPhl CAMU SBJISIOT-
Csl CJydaHBIMU MEPEeMEHHBIMU U MOJIUUHSIIOTCS anpuophomy pacnpedeaenuro p(P, O; )
C HeCIYYAHHBIM 6EKMOPOM 2UNEePnapamempos v. B 3ToM ciydae MAKCAMI3AIN COBMECT-
HOrO mpasjaononodust ganubix X = (d;, w;)!; n mogesnn (P, 0) nupuBoauT K NPUHIUILY
MUKCUMYME anocmepuophol eepoamuocmy (maximum a posteriori probability, MAP):

n

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

@7@7
i=1 7

[Tocsre morapudbmupoBanns mosaydaem Moaudukammio 3amaun ((13)), B koTopoii jsorapudm
AIPUOPHOIO PACIPEIeIeHUs] BEICTYIIAET B POJIM PETYISPU3ATOPA;

DD nawln Y pubua+ np(®,0;7) — max. (22)
deD wed teT R(q;@) o

Bo MHOrmx ciydasix Bo3aMoxkeH u obparubiii nepexoa. Peryngpusarop R(P, ©), uzna-
YaJbLHO HE UMEIOINNil BePOATHOCTHON MHTepIpeTanui, MOXKHO IIPeodpa30BaTh B alPHOP-
HOe pacipejieieHue IIyTéM 3CIOHeHInpoBanus 1 HopMupoBku: p(P, O) o exp(R(P,O)).
HopMUPOBOYHBINA MHOMKHTEIb HE 3ABUCHT OT HAPAMETPOB MOIEJH, HOITOMY IJId MAKCH-
musarun B (22)) on He BazkeH. OJHAKO €CTH PEIaTh 33y ONTUMA3AIMA THIEPIIApAMET-
POB 7, TO €ro yzKe HPHAETCA BLIYUCIATh U YYUTHIBATD.

AnpuopHble pacnpegenedusa Oupuxne. OcHOBHONU MOTUBAIIKEH JJIsi BBEJICHUA MOJICJIH
LDA B [45] 66110 perenne npobiaemsl nepeobyuerus B mogenn PLSA. TIpo6iema 3axJo-
qasiach B TOoM, 4T0 MoJeiab PLSA npejckaspiBasia BepositaocTd TepMOB p(w | d) Ha HOBBIX
JIOKyMEHTaX 3aMeTHO XyzKe, 4eM Ha, oOydaromnieil Koteknun. OOBIYHO mepeodyYeHne CBsi-
3aHO ¢ M30BITOTHON PA3ZMEPHOCTHIO IIPOCTPAHCTBA MAPAMETPOB, MTOITOMY Ha MaTpuIls P, ©
cJIeJlyeT HaKJIaJbIBaTh JOMOJTHATEIbHbIe orpanndenus. B [45] Ob10 BBeIeHO Tpemnosio-
JKeHHe, 9TO CTOJIOIBI 3TUX MATPHUIL SBJISIOTCA CJIYYAMHBIME BEKTOPAMH U HOPOXKIAIOTCS
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Puc. 3: Heorpunaresbhble HOpMUPOBaHHbIE BeKTOPbI § paszmeproctu |T'| = 10, NOpOXKAEHHbIE CUMMET-
puYHBIME pacnpeeneHusyMu Jlupuxiie, 0 Tpu BEKTOPA [JIsi KAXKJAOr0 U3 MATH 3HAYEHUN mapamerpa ov.

pacnpejerennamu Jupuxie ¢ runepnapamerpayu o € R” u 8 € RY coorsercrsenno:

) ' o
Dir(04; ) = ﬁ t i 17 a; >0, ap= ;at, 0ra > 0, ;Qtd =1
t
I'(5o)

Dlr(gpﬁﬁ) Hgoilg—17 B’w > 07 60 - Z/B’LLM Spwt > 07 Z(Pwt — 17

N [TT(5) %

rie ['(z) — ramma-dbyuknus. ['unepnapamerpsl pacipeenenns [{upuxie ¢Bsi3anbl ¢ Ma-
TEeMAaTHIECKAM OXKHUIAHHEM IOPOXKIAEMBIX CJAyUYaiiHbIX BeKTOpOB: Ef;y = g—;, Epw: = %

Brenenne pacupenenennii Jlupuxje nMeer TP MOTHBAIIHH.

Bo-nepBrix, pacnpeienenns upuxie cmocobHB MOPOXKIATh KaK pa3perKeHHbIe, TaK
¥ IJIOTHBIE BEKTOPBI IUCKPETHBIX pacipeiesiennii, puc. 3} Ecan BekTop mapaMeTpoB cocTo-
UT U3 PABHBIX 3HA4YEHUil [3,, TO pacnpenenenne [upuxiae HA3BIBACTCS CUMMEMPUYHHLM.
[Ipu B, =1 cummerpuunoe pacupesmesienune Jupuxie coBOagaeT ¢ paBHOMEPHBIM Pac-
npeseieHneM HA €IUHUIHOM CUMILTIEKCe. dem MeHbine [3,,, Tem O/iuKe K HYJH0 YCJIOBHBIE
BEPOSITHOCTH 0y = P(w|t) B OPOKIAEMBIX BEKTOPAX (Dy.

['unoresa 0 pa3peKEHHOCTH pacpeesenuii ¢, = p(w |t) dopmanusyer ecrecTBeHHOE
IpeIIoJoKeHne, 9TO KaXKaasd TeMa t IMeeT cemarmuieckoe 40po — MHOZXKECTBO TEPMOB,
XapaKTePU3yIONUX JJAHHYIO TEeMY U HMEIONINUX B Hell 60bIne BepoaTHOCTH. Takux TepMOB
B Ka K01 TeMe He MOYKeT OBITb MHOTO, IIOCKOJIbKY OOJIBITTHCTBO TEPMOB CJIOBAPS TOIKHBI
OTHOCUTHCS K CEMaHTUIECKUM STpaM JIPYTHUX TEM.

['unoresa o paspekeHHOCTH pacupejesenuit 0,y = p(t|d) dopmanusyer napyroe ecre-
CTBEHHOE MPEJINOJIOZKEeHNE, UTO KayKIbIi JOKYMEHT OTHOCUTCS K HEOOIBIIIOMY THCJIY TEM.
Tpyuuo npejgcraBuTh cebe JOKyMeHT 000 BCeX TeMax (a ecJid 9TO SHIUKJIONEe/ s, TO B Ka-
9ecTBe JIOKYMEHTOB CTOUT B3sITh OTJEIbHbIe €€ CTaTbu).

Bo-BTophix, 1ByXypOBHEBasT MOJIETH TIOPOZKIEHUS TAHHBIX (DOPMATU3YET MPEIII0T0KE-
HUE O CYIIEeCTBOBAHUU TeMaTHIeCKIX KJIACTEPHBIX CTPYKTYP B TEKCTOBO# KosLteknnu. Pac-
npesenenue upuxie mMOpoKaaeT BEKTOPBI JUCKPETHBIX PACIpeIeaeHuit ¢, = p(w|t),
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plwlt,d)~pw|t) /]

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

Puc. 4: Pacupenenenue Dir(¢|a) nopoxkiaer Ha €JUMHUYHOM CHMILIEKCE B IIPOCTPAHCTBE Pa3MEPHOCTU
|W| = 3 Bekropst Tem ; = p(w|t), KOTOPbIE IOPOKIAIOT MYJILTUHOMUAIbHbIE pacupeiesenus p(w|t, d).

KOTODPBIE CTAHOBATCA IMEHTPpaMi TeMaTHY€CKUX KJIaCTEPOB. Ka)KZLbeI TaKOH IHEeHTP HOPOXK-
JaeT TeMAaTHYeCKIe YACTH JIOKYMEHTOB — BEKTOPBI IHCKPETHBIX pactpeeaenuii p(w |t, d),
KOTOPBIe IJIOTHO TPYNIUPYIOTCS BOKPYT CBOEro IeHTpa, puc. [

B-tpernux, pacupegenenne JJupuxiie sBIsSeTCS CONPAKEHHBIM K MYIbTHHOMHAATLHOMY
pacrpeIeseHnio. JTO YPe3BbIYAIHO yI00HO /Tsi MeTOA0B 6aiieCOBCKOTO BBIBOIA, KOTOPHIE
pPaccMaTpPUBAIOTCS B CJIEAYIONIHX TiaBax. VIMeHHO MareMaTn4deckoe yao0CTBO Mpeaornpe-
JIeJIAI0 HOMYJIAPHOCTD pacupenenenns lupuxie u momean LDA B TemMaTndeckoM Moje-
JHPOBAHNUM, XOTs YOeIUTEeIbHBIX JUHIBUCTUIECKHX 0O0CHOBAHHH OHO HE MMEET.

Cormacuo (22)), mogesm LDA cooTBeTcTBYeT peryasipu3aTop, ¢ TOUHOCTHIO 10 KOHCTAH-
Thl PaBHbBIM cyMMe JiorapuMOB allpUOPHBLIX pacupe/enennit /lupuxiie:

R(®,0) = In | [ Dir(es; 8) | | Dir(ba; o) + const =

teT deD
_ZZ _1 1n@wt+zz Oét—]_ lnﬁtd (23)
teT weW deD teT

Ipumenenue ypasuennit (L7)-(18) x sromy peryaspusaropy gaér dopmysst M-mara:
Put = I}errmgl(nwt +Buw—1); b= H?Erjm(ntd + o — 1).

Ilpu B, = 1, a; = 1 anpuopuoe pacupeaenenue Jlupuxse coBnagaer ¢ paBHOMEPHBIM
pacrpeeseHneM Ha cuMILiekce, hopMysibl M-1mara mepexomsT B HECMEIEHHBIe YaCTOTHBIE
OIIEHKHU YCJIOBHBIX BepogTHOcTeil, a Mozgesb LDA mepexomut B PLSA [79).

IIpu B, > 1, a; > 1 peryjasdpuszaTop HMeeT cIyIaxKuBatolnuit 3¢pdekT, 3acTapiss pac-
npejeeHnus ¢; U 0y TpudbINKATHCS K 33/ TAHHBIM PACIIPEIeTIeHUIM 3 U (¢ COOTBETCTBEHHO.

Ipu 0 < B, <1, 0 < oy < 1 pacupenesenus @; u 6, HAOOOPOT, OTIAIAIOTCST OT PAC-
npeaenennii 5 u . Peryasgpuszarop nMmeer paspeRuBaroniuii ahdekT n crocodber oOHYIAThH
MaJIble YCJIOBHBIE BEPOATHOCTH.

K coxkasrennto, TpeboBaHrze CTPOTOil TOJIOKHUTEILHOCTH TaPpaMETPOB [y, U iy B pacipe-

JiejieHusX Jupux/e orpaHuYuBaer BO3MOXKHOCTH YIPABJIECHUS PA3PEXKEHHOCTHIO MaTPHUIL
®, 0 B momenan LDA.

He-baiiecosckast nntepnpetaumsa n obodbweHne mogenun LDA. Perynspusarop
MOYKHO BBECTH HEIOCPeJICTBEHHO, He puberast K alpruopHbIM pacupeaenaennaM upuxie.
BoJtee Toro, MOKHO CHSATH OrPaHHYEHHS IOJOKUTEJIHHOCTH ¢ THIEPHAPAMETPOB [y, 4
U JazKe 3aJ1aBaTh WX WHIUBHAYAJILHO JJI Kaxkaoil sdeiiku matpun ¢ u ©.
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BBeném 0600wEnnbiil pe2ysapu3amop C2aancusaHus U Pa3percusaHua:

R(®,0) = Z Z Bt IN @y + Z Z g In 0,4 (24)

teT weW deD teT
IoxcraBum sror perynsapusarop B dhopmyinsl M-mara (17)—(L8):
Pt = 1010 (Mt + B ); (25)

O = n;)erTm(ntd + atd). (26)

[Ipu MOMOKUTENBHBIX [, (g PETYASIPUAIATOD MOXKHO WHTEpPIPEeTHPOBATH KaK
MAKCHMU3AMUIO TPaBaononobus. OH OTHOBPEMEHHO NPUO/IMKAET KaXK/10€ U3 Pacipe iesie-
HEil ©o; K normy,(Sy) 1 Kazxaoe u3 pacupenenennii 0, — k normy(qyg).

[Ipu oTpunATeSbHBIX [y, (g MUHEMHU3AIMUSA IPABIONOA00Us, HA0OOPOT, OTIAIAET
cTosorel MaTputibl ¢ 1 © 0T 3aJaHHBIX pacIpejie/IeHni.

[TonoxkuTtenbHOe 3HAYEHUE THIEPIapaMeTpa [3,; UIN (g TPUBOJIUT K CTJIAXKUBAHUIO,
OTpUIIATE/IbHOE — K Pa3PEeKUBAHUIO COOTBETCTBYIONIEH dueiiku Marpuiibl. B ortyimaune or
alpPUOPHBIX pacipeieiennii upuxiie, 000OIEHHBIN pery/isipu3aTop He OrPaHuYHUBAET 14~
paMeTphbl CHU3Y, YTO MO3BOJIAET CBOOOHO YIIPABIATH pa3pesKuBanueM. TakzKe OH CHUMAeT
OrpaHWYeHNe HA CMelllHBaHUe OTPUNATETHHBIX W TOJOXKHUTETbHBIX 3HAUEHWH THIIeprapa-
MEeTPOB B OJIHOM CTOJIOIIE.

Pa3zjiesium nosiozkuresibHble U OTPUILIATE/IbHBIE TAPAMETPbl B KazKJI0M CTOJIOIE Ha JIBa
OT/ICIbHBIX BEKTOPa U 00a UX OTHOPMUPYEM:

wt = 10t (B[ Bue > 0]), @y = norm(aiglase > 0]),
B = norm(—ﬁwt [Buwt < 0]), Q= norm(—atd[atd < O]),

weWw teT

3aTeM TmepenuiieM 0000mEnHbI peryaspusarop (24) B Buge B3pemennoii cymmbr 2|77 +
2| D| peryasipu3aTopoB, KayKJblii 13 KOTOPbIX BO3/efiCTBYeT Ha OTIeIbHbIH cToNben Mar-
punbl ¢ win O:

R(®,0) =) 85 ) Bhlnou+ > al > afnbty -

teT wEW deD teT
— g Bos E Bt I Qo — E gy g oy In 0,4,
teT weW deD teT

rie B, adyy Bogs Qgy — TOTOKATETBHBIE HODMUPOBOYHBIE MHOXKHTEJH, TENEPh MTPAIOIIIE
posib KO3 MDUITHEHTOB peryIapu3aIiii.

Auseprenuun Kynbbaka—Sleinbnepa (KL-dusepeenyus, OTHOCUTEbHAA SHTPOIHSI) —

970 HecuMMeTprdHasi (YHKIUSA PACCTOSHHST MEXKIY JTUCKPETHBIMH DACIpPEICTCHUSME
P=(p), un@Q=(g), ccoBuagaomumu Hocureaamu, {i: p; > 0} = {i: ¢; > 0}:

KL(P|Q) = KLi(pillas) = > _ i 1n§ = H(P.Q) — H(P),
i=1 ¢

e H(P)=—>.p;Inp; — asnumponua pacupenernenus P, H(P,Q)=—>)  pilng
Kkpocc-anmponueti pactpenenenuii P u Q).
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0.04 A 0.020 0.020
0.03 1 0.015 1 0.015

0.02 1 0.010 1 0.010 1

] Q ] :
0.01 +§ 0.005 - 0.005 -
0 1 0 ] 0 1
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: Oueeprenmust Kynnbaxka—Jleitomepa KL(P||Q)) siBisieTcss HECHMMETPUIHON MEPOH BIIOKEHHOCTH
pacnpenenennsi P = (p;)_; B pacnpenenenne @ = (¢;)"_ ;. Bioxkernnocts P B () YHCIEHHO COBIAJIAET
Ha JIEBOM U CpeaHeM TpaduKax, BIOXKEHHOCTH () B P — Ha jieBoM u npaBoM rpadukax.

Obo3uauenne KL; He siB/steTcst OOMENPUHSITHIM, HO OHO Y00HO JJIsl yTOYHEHUSI, 110 Ka-
KOMY HHJIEKCY IPOM3BOJIMTCSA CYMMHUPOBAHUE.

Ilepeuncanm HekoTOphie cBoiicTBa KL-nuBepreHmun.

1. KL(P||Q) = 0, mpu stom KL(P||Q) = 0 Torma u To1bK0 TOrAa, Korma P = Q).

2. KL-auBeprenmnust sB/isieTcss MEpPOil BJIOXKEHHOCTH II€PBOI'0 PaCIpPee/IeHIsI BO BTO-
poe: ecim KL(P||Q) < KL(Q||P), To P cunbree Broxkeno B @, 1em @ B P, cm. puc. [jl

3. Eciu P — swmumpuueckoe pacopejenenue, a (Q(a) — mapamerpuyeckas Mo-
JieJib, TO MuHUMU3aIusa KL-1uBepreHnun 9KBUBaJIeHTHA MUHHUMU3AIMH KPOCC-IHTPOIUN
H (P, Q(a)) WM MAKCUMHU3AIUN PABIONOI00N:

KL(P||Q(« Zplln %mln = Zpllnql()%max.

=1

Maxkcnmusaiusi TpaBIomogo0us JIsl TeMaTHIeckoro mogenuposanns (13) sxBuBa-
JIEHTHA MAHUMU3AINU B3Bemennoi cymmbl KL-aquseprenmumii 1o Becem goKyMenTam d MexK-
Iy SMIUpPHYIeCKUME pactpenegernamu p(w|d) = 7;7—: 1 MoesbHbIME p(w | d):

N
an KLw( G H watﬁtd) — rggl
deD

I7Ie BECOM JIOKYMeHTa, d ABJIgeTCs ero jiyinHa ng. Kean Beca ng ybparh, TO BCe JOKYMEHTHI
OyyT MCKYCCTBEHHO TIPUBEJIEHBI K OAMHAKOBOM JjinHe. Takas MomuduKamus ONTUMHA3a-
[IUOHHOTO KPUTEPHUs MOYKET OBITH MOJIe3Ha IIPU MOJACTUPOBAHUU KOJLIEKIUN, COMePKAIITIX
JIOKYMEHTBI OJIMHAKOBOM Ba’KHOCTH, HO CYIIECTBEHHO PA3HOI JIJINHBI.

MakcuMu3zalug 0O00OIEHHOTO PeryIspu3aTopa CIVIaKUBAHUSI U pa3peKUBaAHUA
SKBHBaJIEHTHA MUHUMU3aIun cyMmbl KL-1uBeprennmii:

R(®,0) =~ B KLu (B [| 0ue) =D ady KLe(a || 6ia) +

teT deD
+ > B KLy (Bt || 0ut) + Y aga KLi(ayg || 61a),
teT deD

r/Jle HOPMUPOBAHHBIE BEKTODHBI T'HIIEPIIAPAMETPOB Bti, ozdi B allPUOPHBIX pacCIIpe/ieeHusIX

Jlupuxiie 3a7al0T KelaeMoe HallpaBIeHUe CIIaKHBAHWSA WM PAa3PeKMBAHUS CTOJIOIIOB
Matpui, ¢ 1 ©, a X HOPMUPOBOUHBIE MHOKHTEIN Bg@, oz(;—Ld UTPAIOT POJIb KOIDPUIINEHTOB
peryasipu3anium.
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BbiBogbl no rnase 5

e Temaruueckass mozenb LDA — 3T0 mpocToit, HO ycTapeBunii U JOBOJHHO CJIA0BII
crocob peryasipu3anuu. Tem vHe meree, LDA nMeer maccy peannsanuii n gaiie BCETO
HCIIOJb3YeTCs Ha IPAKTHKE.

e Tlonynsaprocts LDA oObsicHsieTCcst HE CTOJIBKO €ro JTUHIBUCTUIECKONH 000CHOBAHHO-
CTHIO, CKOJTBKO MaTeMaTHIecKuM YI00CTBOM pacupenenenus /lupuxie B Haitecos-
CKOM BBIBOJIE, CM. IVIaBy [7}

e O6o6mEnnas Momenb LDA (6e3 orpaHwdeHust MOJOKUTENHLHOCTH THIIEpIapamMer-
POB) BBOIUTCS 4Yepe3 MPUHIUI MAKCHMyMa HpaBIonogobus wim MuHuMyMma KL-
JUBEPreHInn, 6e3 yIOMUHAHUS pacnpenenennii upuxire.

e B naJibHeiineM Mbl Oyj1eM aKTHBHO HCIIOJIB30BAaTh KL-IuBEpreHIuio Jijid KOHCTPY-
WPOBaHUS PEryIdpU3aTOPOB.
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6 Teopus EM-anropnrtma

B »Toit rmaBe mbl morpysumcst B Teopuio EM-asropurma. Pacemorpum 6osiee obruit
KJIACCHYECKUil crmocod ero BBIBOIA, KOTOPHIH IO3BOJISIET 000CHOBATH CXOAMMOCTh. 3a0IHO
oboraTuM ero BO3MOXKHOCTBIO aJIMTUBHON perysspusaiuu. Marepuas 310l 1iaBbl 110-
Ha 00U TCS TOJILKO B CJIeJyIonieil 1yiape, emé 0ojiee TeopeTnydeckoil. Kcjiu He TeprnuTces
MIOCKOPEE y3HATH O MPAKTUIECKUX ACIeKTaX TeMATHIeCKOr0 MOJAEINPOBaHNs, TO 00€e TJIa-
BBl MOKHO IIE€JIMKOM IPOIYCTUTD.

Obwwmin EM-anroputm c perynsipusauuein. Vexoano EM-aaropurM npegHasHadasics
JIJIST TIOCTPOEHHS MHPOKOTO KJIACCA BEPOSTHOCTHBIX MOPOZKIAIOIIUX MOJIEJIeH CO CKPBITHI-
mu iepeMenabiME [66]. TeMaTuueckoe MOIETUPOBAHKE SIBIAETCS JJIsl HETO JIHUIIb YACTHBIM
caydaeMm. Cxogumocth EM-anropurma yao0HO JT0Ka3bIBATE JJsI OOIIEro Caydas, 100aBUB
BO3MOYKHOCTb Peryiasipu3aliii.

[Tosromy nepeiijiém k 6oJiee 001IM 0O03HAYEHUSIM:

X = (d;, w;)"_; — MCXONHDBIE JTAHHBIE, HAOAI0IAEMBLE NEPEMEHHDLE;

Z = (t;), — cKkpumuvie nepementvie;

Q2 = (P,0) — nmapamerpsl opoxaarorieil BeposgrHocTHON Mogenn p(X, Z | Q).

Bajada 3akKa09aeTcss B TOM, 9TOOBI 10 BbIOOpKe X HaiiTm mapameTpbl momenn (2,
IPU KOTOPBIX JOCTUTACTCS MAKCHMYM MAP2UHAAU306GHH020 Npasdonodobus (marginal
likelihood)P| ¢ perynspnsaropom R(2):

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

DTa 33712492 HEYI00HA T€M, ITO CYyMMUDPOBAHUE O JIOTaPU(MOM TPOU3BOJUTCS IO BCE-
BO3MOXKHBIM 3HA4YEHUSIM CKPBITHIX IepeMeHHBbIX Z. B ciaydae TeMaTH4ecKOro MoJIe/IHpo-
BAHUsI 9TO MHOYKECTBO BCEX N-MEPHBIX BEKTOPOB TeM, €ro MOIMHOCTh pasHa |T'|".

Teopema 6.1. Ecin ¢pyrkmnuonan (27)) qocratoano riajakuii, To Toka §) €ro JOKaJIbHO-
o MaKCUMyMa, yJOBJIETBODSIET CUCTEME YDABHEHUMH, pelneHne KOTOPOH METOJH0M HPOCThIX
urepanuii CBOJUTC K YepPeOBAHUIO JBYX MIAI0B:

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

JokazareabcTBo. 3anumneM HeoOXOAUMBbIE YCI0BUS JTOKAILHOIO SKCTPEeMyMa /1 3a-
JTadi MaKCHMU3AINHE T3 IKoro dbyHnknunonaia (27)):

=0.

1 S op(X.Z|Q) | OR(Q)

pX[Q) & a0 o0

2Marginal likelihood mHOrma HmepeBOAWTCA Ha PYCCKHH A3BIK KaK IIPeJeNbHOE MPaBIOHoaobue IIH
HEIMOJIHOe TIPaBIoNoa00me.
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U3 dopmyrsr yeroBroi BepostHocTH craeayer p(X ) = g g@g; Bocmonbsyemest

9THUM TOZK/JIECTBOM, BHOCA 110/ 3BHAK CYMMBI:

p(X[Q)

szum p(X.Z2|Q) | ORQ) _
(X,Z|9Q) By o 7
OR(Q)

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

0N

[TosnyuenHoe ypaBHeHEe SIBJISIETCS HEOOXOIUMBIM YCJIOBHEM JIOKAJBHOIO SKCTPEMYMA
sagaun M-mara (29)), ecmu dukcuposars pacupeznenenue p(Z | X, (1) tak, 9T065I OHO He 3a-
Brcesio ot napamverpa ). Vimenno 1o u gocturaercs: orancjaenunem ¢(Z) wa E-nrare
u noceayomedt ero noacranoskoii B (29). Takum 06pa3soM, MBI IOy HIH CHCTEMY YDaB-
HeHUii, 9KBUBAJCHTHYIO HEOOXOAUMBIM yCJIOBUAM MakcuMyMa dynkimonana (27)).

Teopema nmokazana.

CaencrBue 6.2. Ecam 3amada onrmvmzamun (27) wveer orpanmienns ¢;(2) < 0,
h;(2) =0, to cucrema ypasmenmii (28))—(29) ocraéres B cmre, mpm STOM 3a7ada ONTH-
mmsanun (29)) umeer re ke orpanmyenus.

Jlns nokasaresbcTBA HEOOXOAMMBIE YCJIOBHS JOKAJBHOTO IKCTPEMYMa 3aMeHSIOTCS
yeaosuamu Kapyma-Kyna—Takkepa, B 0CTaTbHOM BBIKJIAJIKHA aHAJOTHIHBL.

Teopema 6.3. B urepanmonnom nporecce (28))—(29) 3naugenne pynrmnmonana ne yMeHb-
MIaeTcst Ha, KaXKJIOM IIare.

HokazarenbcTBo. Beeném npoussosbHoe pacnpesenenue ¢(Z). Jlast Hero cripase-
JIMBO yCJIOBHE HOPMHUPOBKH »_, ¢(Z) = 1. I3 bopmy:ibl yc10BHOI BEPOATHOCTH BHITEKAET
p(X,Z]|9)
(Z IX.0)

Toxaectso p(X |Q) = . CnenoBarespHO,

X, Z|Q
np(X19) = 3 a(2) mp(X]9) = (2 e

Hobasum u oranmeM Y, ¢(Z)Ing(Z2):

p(X,Z|Q) q(Z)
L(2.9) KL(q(2)[[p(Z] X.9)) >0

Bropoe ciaraemoe B 3T0it cymme spisercss KL-nguBeprenimeit MexkKay ABYyMs paciipe-
JeJIeHUSAMHI, KOTOpast Bceraa HeoTpunareabHa. [losTomy nepsoe ciaraemoe, 0603HaUeHHOE
aqepe3 L(q, 2), aBasercs HuKHeH omeHKoi sorapudma npasaonogobus Inp(X Q).

Jns makenvmsanuu peryaspusosannoro log-nmpasgonogobus ln p(X |2) + R(Q2) mo €2
Oy/ieM MaKCUMHU3UPOBATH €r0 HUKHIOK OIEHKY MTOOYePETHO TO 10 ¢, TO 10 {2:

E-mar:  L(q, Q) + R(2) — max;
q
M-mar:  L(q, Q) + R(Q2) — max.
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MaKCHMnsauHﬂ L(q,Q)) mo pacupeneneHuio ¢ SKBUBAJEHTHA MUHWUMHUBAINN THBED-
PeHIUN KL H p(Z]X, Q)), ocKo1bKy ux cymma (30) ne s3aBucur or ¢. Munu-
MaJIbHOE 3H8H€HI/I€ JIMBEPreHId, paBHOe Hymo, pocturaercs npu q(Z) = p(Z|X,Q),
aro copmagaer ¢ E-marom (28). Ilpu obmysnennn nuBepreHnuy B HUZKHSIS OIEHKA
L(q, Q) < Inp(X|Q) obpaimaercsi B paBeHCTBO, a 3a7a4a MAKCHMU3aIlul HA M-1mare cos-
magaer ¢ (29).

Taxum obpazom, EM-ajnropurm — ABJIAETCS YACTHBIM CJIy4aeM UTEPATTMOHHOTO
nporecca 6J0IHO-MOKOOpANHATHON onTuMu3aun dyHaknunonana L(g, Q) + R(Q2), Ha Kax-
JIOM TIare KOToporo 3uadenne (byHKINOHAIA MOKET TOJILKO YBEJIMYNTHCA.

Teopema mokazana.

EM-asroput™M He TapaHTHDPYeT HH JOCTHXKEHUS MaKCHMYMa C 3a/IAHHOW TOYHOCTBIO,
HU TJI00AJTBHON cxoauMocTu. ONTHMU3AINOHHAS 331294 SIBJISETCS B OOIIEM cIydae MHOTO-
KCcTpeMasibHOi. Ha npakTuke KauecTBo pemennsi MOKET 3aBUCETH OT BIOOPA HAYAIbHOTO
npuOINZKEHUS.

O6wwii EM-anroputm ans ARTM. Ilpumennm EM-anropurm (28)-(29) x 3azate Te-
MAaTHYECKOTO MOJIETUPOBAHUS, BEPHYBIIACH K UCXOAHBIM obo3HadenusaM: X = (d;, w;)P,,
Z = (t;), Q = (P,0). Creayromas TeopeMa IPUBOIUT HAC K yzKe 3HAKOMOIT IOCTAHOBKE
samaun obsedurérnozo M-waea (19)), xora u Gonee TPYIOEMKIM My TEM.

Teopema 6.4. Touka (P,0) JTOKaTBHOIO MAKCHMYMa DErYJISIPU30BAHHOIO JIOTapH(pMa
1IpaBaonoa00uss B 3aja4de TeMaTHIECKOI'O MOJEJTHPOBAHHIS VIOBJIETBOPSIET CHCTEME
VpaBHEHHIH, penieHue KOTOPOiH MeTOA0M MPOCTHIX HTepaIiii CBOAUTCI K depegoBanmnio E-
u M-maros:

E-mar: p(t|d,w) = norm(gpwtétd), ansecexd € D, we W, teT; (31)
M-mmar: Z Z anwp t|d, w)In(uba) + R(P,0) — max. (32)
deD weW teT

JokazareabcTBo. 3amunieM cHadaga dopmyry E-mara. Bocnosp3oBasimes yeio-
BHEM HE3aBUCHMOCTH 3JeMEHTOB BBHIOODKHU U mpuMeHWB (opmyny Baiteca , Pa3IOKHAM
q(Z) B mpom3BejieHne YCJIOBHBIX BEPOSITHOCTEH TEM MO BCEM MO3HUIUSM i

q(2) =p(Z|X,Q) = Hp(ti |di, w;) = Hn%m(@witﬂtidi)-

i=1
[Toacrapum B popmyny M-rrara pacupenenennst p(X, Z|Q) u q(Z):
Z q(Z)Inp(X,Z|Q)+ R(Q) — max;

ZeTn
Z ZHp tr | dg, wy) lan diw; t; | Q) + R(Q) — max.
t€T  tneT k=1

Buipazum jiorapudm mpoussejieHus yepe3 cyMMy JiorapuMOB U [epecTaBuM MeCcTaMu
3HAKU CYMMUPOBaHUSI:

En: >y f[p(tk | di, wi) np(diwiti | Q) + R(Q) — max.

i=1 th1€T tp€T k=1
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3aMeTnM, 9TO cpeau n cymMM 10 t; € T HeTpHBHAIbHA BCEa TOIBKO OTHA — Ta, JJII
KOTOPOii t; = t;. Bee ocraibuble CyMMBI DACXOLYIOTCA Ha 00pPA30BAHUe MOJTHBIX BEPOSIT-
nocreit o, p(ty|dy, wy) = 1. Takum obpasom, pynKkus B 1eBoit yacTn ynportaercs:

ZZp(ﬂdi,wi)lnp(di,wi,t]Q) + R(Q) — max .

i=1 teT

3amMeHuM CyMMUPOBAHWE MO MO3UIMUSIM TEPMOB ¢ CYMMHUPOBAHHEM IO JOKyMeHTaM d,
3aTeM O TepMaM w B KazKJIOM JOKYMEHTe, YUUTHIBAA KAXKIBIH TEPM Ng, pas3. 3arem
Bocnosib3yemcs npegacrasiaenneM p(d,w,t|Q) = p(w|t,®) p(t|d, O) p(d) = ©uibrapa, OT-
6pOCUB B HEM MHOXKHUTEJb Pg, HE 3ABUCAIIMN OT HCKOMBIX IAPAMETPOB MOJIEJIH:

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

deD weW teT

Teopema mokazana.

Takum obpa3om, npuMeHeHHe Kaaccudeckoro EM-anropurMa K 3a1ade TeMaTHIeCKOTO
MOJICJMPOBAHUS TIPUBOJIUT K TOH Ke Teopeme gyepes dopmysy o00begaunénnoro M-

mara (32)), copmanatomyto ¢ (19).

BbiBoabl no rnase 6

o Kiraccmuecknii EM-aiaropurm f peliaeT 3a/1a4y OIeHWBAHUS I1apaMeTpPOB
BEPOATHOCTHOM MOJIETH CO CKPBITHIMHU TepeMeHHBIMU MyTEM MaKCUMW3AIMN Mapri-
HaJIM30BaHHOTO log-npasaononodusa. EM-amroputm gaa ARTM BeIBoanuTCs M3 HETO
KaK 4aCTHbIH cjydail.

e EM-asropurm s Tematndeckoro Mogenuposanus ((16)—(18)) permaer 3amady cro-
XaCTUYICCKOI'O MaTPUYIHOI'O pa3J/lozKeHUA HyTéM MAaKCUMU3aIlIUn1 HpaB,ZLOHOILO6HH.

e B TeMaTnieckoM MOJeJIMPOBaHHUHA 06a BapHaHTa BbIBOJda HPUBOJAT K OJHOMY H TO-
MYy 2K€ aJITOPUTMY, JOIIYyCKalOT BBEACHHE INIaJIKUX PEryjJIdpu3aTopOB U pacCloaraiT
JAO0Ka3aTeJIbCTBaAMU CXOAMMOCTH.

e B TtemaTuyeckoMm MoaeaupoBanuu BeiBoa EM-aaropurMa ¢ mMoMoOIIbIO JIeMMBL O MaK-
CAMHUBAINN Ha eTUHUIHBIX CHUMILIEKCAX OKA3BIBAETCS MPOIIe W THdYe, YeM KJIACCH-
YEeCKHUA BBIBOJI.
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7 bBaiiecoBckoe oby4deHne mogenn LDA

Ienpio GaifiecoBckoro obywenus (Bayesian learning) sBiasercss moJydeHue OINEHOK
IJIOTHOCTH PaCHpeieieHns I NapaMeTPOB BEPOSTHOCTHONW MOJEJTH BMECTO OOBITHBIX
TOYCYHBIX OIICHOK. B aHaJIn3€ JaHHbIX €CThb MaCCa IMPAaKTUYIeCKHUX 3ada4 1 CHTyaHHﬁ, KO-
/18 allOCTEPUOPHbBIE ONMEHKH IJIOTHOCTHU JE€HCTBUTEIBHO HEOOX0MUMBbI. () THAKO B MIPAKTHUKE
TEeMaTHIeCKOTO MOJICTUPOBAHIS BCEI/Ia UCIOIB3YIOTCSI TOUYEUHbIE OEHKH 9JIEMEHTOB MaT-
purt & u ©, a we wrornoctu pacupenenerus: p(P), p(O).

Ocraércs JMITb JTOraIbIBATHCS, MOYeMy OaiieCOBCKOe 00ydeHne OKa3aJa0Ch JTOMUHH-
PYIOIIUM TIOJIX0A0M B TeMaTHYeCKOM Mojie/npoBannu. Bo3mMoxkHO, OaifiecoBCKHe MeTo bl
OBLTH Ha BO3paCTAIOIeM TpeHJe «KpuBoil ['aprHepas, Korja mosBmiach Mojaeab PLSA
Tomaca Xodmanna. Bo3amoxkno, ckazajcd 6e3yC/IOBHBIA HAyYHBIH aBTOPUTET aBTOPOB MO-
e LDA. @akTuueckn, OHH TOCTABIIN TEMATHYECKOE MOJIETHPOBAHIE HA PEIbCHl Oai-
€COBCKOro 0Oy4eHUsl, MUHYsI €CTeCTBEHHYIO CTAHI0 PA3BUTHSL.

B perpeccuonnom anann3ze, 06paboTKe CUTHAJIOB M M300parkKeHUil MOCTAHOBKHU OIITH-
MU3aAIIUOHHBIX 3a/Ja4 YCJAO2KHAJINUCH IMOCTEIIEeHHO, B TOM YUCJIE HyTéM BBEJCHUA peEryJsid-
puzaropo. Korjna Bo3HUK/IM TPUIOKEHHA, TpeOyIoIue 3HaTh OOJIbIIE O PACIIPe/IeTeHUIX
apaMeTpoB, BMECTO OOBITHON Peryaspu3aIiui CTaJIl IPUMEHATh 6aifeCOBCKYIO H UCIIOIb-
30BaTh 0AECOBCKUI BBIBO/IL.

Temarmaeckoe MoeIMPOBAHNIE OKA3a1aCh OTHOCUTE/IHLHO HOBOM 3a1a4€eii B TOT MOMEHT,
korja GafiecoBckoe obydenue OBLIO Ha MHUKE TOMYJAAPHOCTH B JIPYTUX pa3jiejiax MarlluH-
HOTO OOYYeHHs M CTATHCTUYECKOrO aHAJM3a JAHHBIX. [[pocToTra m Gorarbie BO3MOXKHOCTH
KJaccuiecKoit He 6alieCOBCKON peryaspu3alun OKa3aduch He3aMeUYeHHBIMHU. JTO yIyIIle-
HUe Kak pa3 u ycrpanger Teopus ARTM.

HecmoTpst Ha BbICKa3aHHbIE BbIe cOOOparkenusi, DaiiecOBCKOe 00y4ueHnne KpaiiHe Bak-
HO OJId TEMATUIE€CKOI0 MOJCJINPOBAHUA XOTA 6bI IMOTOMY, 4YTO 3a ABa JCCATUJICTHUA ThICAYIN
HY6J'II/IK&L[I/HU/I 6bIJII/I HallMCaHbl UMEHHO Ha 3TOM MaTEMATUYECKOM A3BIKE.

Mpr paccMoTpuM JBa HauboJiee MOMYJIAPHBIX ITOJIXO0J/A: BapHAIMOHHBIH OafiecoBcKuit
BbIBOJ (variational Bayes, VB) [189] u commuposamme I'n66ca (Gibbs sampling, GS) [184].
Jlnst nmpocTorhl orpaHudnMcs Mojeabio LDA m yBmgmm, 9ro 00a MMOAXO[a IIPUBOIST
K EM-11o00HbIM afropur™MaM, He3HAYUTETHHO OTIUYAIONIUMCS OT 3HAKOMOIT HaM BEPCHH.

I'pomoszikas TexHuka 0afleCOBCKOrO BBIBOJA, ONMMCAHHAsI B JAHHOII IiiaBe, jajee HC-
0JIb30BaThcd He OyjieT. baiiecoBckue TeMaTHyecKue MOJEH, KaK IPaBUIO, yAaéTcs Ie-
pedopMyIUPOBAThL B TEPMUHAX PETYASPU3AIIHA eI Ha dTale MOCTAHOBKY 3a/1a9H, CJIC/IaB
MaTeMaTHUYeCKNe BBIKJIAJIKN M BCE M3I0XKEeHNe HAMHOTO sicHee U mpotre. [Ipumepos Takoii
«aebaftecuzanuny Mojesei OyerT MHOIO B CJIEYIOIIUX TJIaBaxX.

KoHuenuusa baiecoBckoro obydenusa. Ilycrs X — HabiromaeMas BHIOOPKA JAHHBIX,
p(X | ) — BeposTHOCTHAST MOJIeIb JAHHBIX ¢ TTapamerpamu 2, p(Q|v) — anpuopnoe pac-
npedesenue B MPOCTPAHCTBE IIapaMeTPOB MOJCIH, UMelollee THIepHapaMeTpsl 7. Torma
anocmepuoproe pacnpedenenue TapaMeTpoB, cornacuo dopmyae Baiieca, mMeer Buj

p(Q, X |v)
p(X1[7)

rJle CUMBOJI TIPOIOPIIMOHAJIBHOCTH X 3JIeCh H JlaJiee O3HAYaeT PABEHCTBO € TOYHOCTHIO
JI0 HOpMHUPOBKMU.

p(QX,7) = o< p(, X |y) o p(X [92) p(27),
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Ecim maM HyKHA JTUIIB OITEHKA MAKCUMYMa, MPABIOIOI00HS M1 allOCTEPUOPHOTO PaCc-
npeeseHns, TO JOCTaTOYHO BOCIOJIb30BATbCS MPUHIATIOM MAKCUMYMA GNOCMEPUOPHOT
BEPOAMHOCTU, KOTOPBI OBLI paccCMOTPEH B IpeIblayiieil riase. Tormga 3a1ada cBOIUTCI
K MaKCHUMU3AIMK JiorapudMa IpaBaonoodus ¢ BEpOATHOCTHBIM PEryJIdpH3aTOPOM:

Inp(2|X,y) =Inp(X|Q) + Inp(2]|v) + const — max.
R

ATbTepHATHBHBIN Ty Th, HA3BIBAEMBIil 0GUECO8CKUM 8bl8000M, 3AKTIOTAETCA B TOM, ITO-
OBl BBIYHCJINTD arnocTepruopHoe pacipesenenue p(§| X, ) B sBHOM BHIe. DTO HOJI€E CITOK-
Has 3a/1a9a, MOCKOJBKY BMECTO TOYEUHONH ONEHKHU IapamMeTpa () CTPOUTCHA €ro pacipee-
JleHre. 3aTo TaKOi moaxond JaéT ropas3zno 0oJiblie HHGOpPMAIKU O HapaMeTpax MOJIeu.

CeoiicTBa pacnpegenenus dupuxne. Ilepeuncinm B CipaBOYHOM MOPSJIKE HEKOTOPHIE
cBOlicTBa pacupeaenenns Iupuxie, KOTOpbie TOHAI00SITCs 11 BhIBoAa Mogean LDA:

e EO, = [6,Dir(0]a)df = o= norm(a;) — MaTeMaTHYecKoe OXKuIaHue 0
t
§ _ ou—1 __ .
o 0, = e = notrm(at — 1) — moma;
_ at(lao—ar) .
e DO, = o2(aos1)  AMCTEPCHST

e Elnf; = [In6, Dir(d|a) df = ¢(c) — () — MaTemarndeckoe oxuganue In 6.

F/
Huramva-dyuxius () = % noxoxka Ha Jjorapudpm. M3- 40
35 1
BECTHA TIPOCTasdA, HO JOBOJIHHO TOYHAS AINNPOKCAMAIMSA IKCIO- g |
25 4
HEHTHI AuramMa-GyHKIun (Ha rpaduke nX THHUE TPAKTHYECKH 20
HePA3TMIUMBI ): 15 4
1,0 9
05 1
z2 . 0
E(.I') — eXp(w<£L’)> ~ 27 0 < X g 1’ 0 05101520 25303540
1
r—3, l<u

BapuauunoHHbiii baiecoBckunii BbiBog. Ilaest 510ro mogaxona B ToM, 4TO0ObI HCKATH COB-
MECTHOE almoCTEPUOPHOE PACHPEIEICHUE I MAPAMETPOB MOJEIH M CKPBITHIX HePEeMeH-
X p(Z,®, 0| X, «a, 5). HenocpeacrBernHoe BBIUKCIEHHE TAHHOTO DACIPEIEJEHUsT PO-
6aemarnaHo. [TosroMy HaxojdaT ero npubauzKeHHe B BUJE PA3JIOKEHHS HA MHOXKUTEIIH,
UCIOJIBb3YS 0CHOBHYI0 MEOPEMY BAPUALUOHHO20 DaliECO6CK020 6616004,

Teopema 7.1. Pemenne 3azaun KL (q(Y) H p(Y| X, 7)) — min B KJacce pacrpeinesie-
q

mmit ¢(Y) = [] ¢;(Y;), daxropuzopannsix no 6iokam mepemennsix Y = (Y;: j € J), yiao-
jeJ
BJIETBOPSIET CHCTEME YDABHEHHI

Ing;(Y;) = Eqj Inp(X, Y |y) + const, j € J, (33)

rae Eg\; — maremarmieckoe oxxmiaHne 1mo BceM mepemeHHbIM Y \Y;, const — Jorapudm
HOPMHPOBOYHOI'O MHOKHTEJIS PACIPENCICHHA (;.
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JlokazaTesbcTBO MOXKHO HaiiTu, Hanpumep, B [38].

Cucrema ypasaennii (33) 3anucana B Buge, yJ0O0HOM i €€ YMCJEHHOTO DENICHUS
MeTO/I0M IIPOCTON UTepaluu.

[IpumenuM 3Ty Teopemy K Hatmemy ciaydaio: Y = (Z, 9, 0), v = («, 3). Ilpubausum
pacnpeneserne p(Y | X, v) = p(Z,P,0| X, «, 5) npoussenenuem n + |T| 4+ |D| pacupeie-
JeHuil Mo OJI0KAM TTePEeMeHHBIX t;, ©y, O4:

9(2,9,0) =[] 42, ®.0) = H ) [Jate) [T aa6a),
i=1

JjeJ teT deD

rie J ={1,...,n} UT U D — unmekcol Bcex OJIOKOB [epEMEHHBIX.

3ameTnM, 4YTO ecjid OJOKH IepeMeHHBIX Y; He3aBHCHMBI, TO pellleHue OyaeT He IIpH-
OMMKEHHBIM, a TOYHBIM. TakuM 00pa3oM, HCIOIb30BAHIE BAPHAIMOHHOIO 0alieCOBCKOTO
BbIBO/Jla CBA3aHO C IIPEAINOJOXKEeHNnEeM, YTO MOZ2KHO HpeHe6peqb 3aBUCUMOCTAMU MEXKY Te-
MaMH TEPMOB t;, BEKTOPAME TeM (; U BEKTOPAMU JIOKYMEHTOB 0.

Yrobbl 3amucars cucreMy ypapuenuii (33), pacmurmem sgorapudM pacrpeeaeHus
p(X,Z,®,0 |, B), nepeBojis cjaraeMble, He 3aBUCSIIIE OT MEPEMEHHBIX t;, ¢y, 04, B const:

Inp(X,Z,®,0|a,B) =np(X,Z[®,0)p(®|3)p(O|a) =

zlan(di7wi, ti|®,0)+ lnHDir(gptW) +In H Dir(0y| o) =
i=1

terT deD

Z (Spwztetd +Z w—1) lngpwt—i—z oy —1) In 6,4 + const.

=1 d,t

Teneps HaI0 GpaTh MaTeMaTHIeCKue OKuaanus Eg\ ; OT 3T0ii cyMMBI 1O BceM pactpe-
nesaenuam (), qa(0a), ¢i(t;), Kpome j-ro. Samernum, 910 ecju caaraemoe S He 3aBHCHT
or j-it mepementoti, To E, S = const, 4To CUIBHO yUPOIAET BBIK/IAIKH.

PaccMoTpuM ypaBHeH#e OTHOCHTEIBLHO 3 (py):

In g:(¢¢) Z eq(t ) ti=t]In @y, +Z w—1)In @, + const =
weW
= Z D [wi=wlgi(t) In @y + Y (Buy—1) In oy + const =
= Z <Z[wl:w]%(t) +Bw - 1) In Puwt + const =
weW \i:l B

~~
Nwt

— In Dir(g¢ | 8y).

Takum  obpasom, q(p;) aBagercs pacnpeiejgenneM Jlupuxsie ¢ napaMerpaMu
Buwt = Nt + Buw, TAE Ny — OLEHKA YUCJIA FeHepanuii TepMa w n3 TeMbl t. [Ipun 6oabmmx
TNyt OHO CKOHIEHTPHPOBAHO B TOUKE 0y = norm(Sy ).

w
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PaccMoTpuM ypaBHeHHe OTHOCHTETBHO qq(fg):

Ingy(0s) = ZE yldi=d] In 6,4, —i—Z&t— )In 6,4 + const =

teT

—Zd qul lnetd—i—z 1)In 6y + const =

teT teT
= Z(Z [d;=d]q;(t) +ay — 1> In 0,; + const =
teT
\—,_/

Ntd
=In Dlr(@d ‘ &d)
Takum obpasom, qq(04) sBAsieTcss pacmpegeaennem [lupuxiae ¢ mapaMerpamu
Qg = Nyq + Qu, TJIE Nyg — OIEHKA 4YUCJIa TePMOB TeMbl t B jgokymente d. Ilpu Gosibimmx

N¢q OHO CKOHIIEHTPUPOBAHO B TOUKe Oy = norm(dyy)
t

Haxomer, pacCMOTPHM ypaBHEHHe OTHOCHTEIBHO ¢;(t;):

Ing;(t) = Ep (ln Ouwst; +1n Gt.d.) + const =

= Equ(p0) I 0wt + Egy0,) In 01,9 + const.

Mgt yake 3HaeM, aT0 () u qq(04) aBasIOTCS pacupenenenusvu Jnpuxite. Bocmoan-
3yeMCd U3BECTHBIM BbIpaK€HUEM AJId MaTeMaTUYI€CKOI'O OXKHIaHUW A JIOFapI/I(i)Ma t-if KoM-
MOHEHTHI CJIydaiiHoro BekTopa (6;), mopokKmaeMoro pacrpejenennem upux.ie:

¢(nwit + ﬁwl) - 77Z)(Zw(nwt + Bw)) +
40 (mag, + ) — (3 (mag, + o) + const.

JlorapudpMupys u HOpMuUpYy$, 1MOJIyYaeM pacipejie/ieHus mepeMeHHbIX ¢

( E(nwit + ﬁm) ) E(ntdi + Oét) ) (34)
E<Zw(nuﬂt + Bw)) E(Zt(ntdi + at)) ’

Ing;(t) =

q(t) = norm

D=

WJIH, C UCTIOJB30BanueM npubanxkenus F(r) = exp(¢(z)) =~z —
(nwit + 5’wi - % . ntdi + Qy —

ne+Po—5  na +ao— )

Bamerum, aro dhopmy.ia s ¢;(t) noxoxa na E-nrar (16) B EM-asropursme jayist Mmoesun
LDA: p(t|d;,w;) = normy(¢y,:0i4,)- Boee Toro, akKyMyJIupOBaHUe CYETUIUKOB My U Mg
B TouHOCTH coBrataet ¢ popmysamu M-mara (17)—-(18), econ monarars g;(t) = p(t|d;, w;):

n

e =) _[wi=wlqt),  na=) [di=dqt).

i=1

MLl NI

(1) =
¢i(t) = norm

i=1

Takum obpasom, pentenne cucrembl (33) MeTOIOM MPOCTHIX WTEpANUH TPUBOJAUT K

EM-nonobHOMY aaroputmy. 9TO HEMHOTO YAUBUTETHHO, TOCKOJBKY MBI HE UCIOJIB30BATN
EM-ajiropuTm, u jgaxke He perrajiy 3a1a9y MaKCUMU3AIUH MPABI0T0I001s.
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[Io okoHYaHUM UTepaluii UCKOMBIE TapaMeTPhl MOJIETN MOYKHO OTEHUTH MaTeMaTude-
CKUM OXKHMJIaHHEeM allOCTePUOPHBLIX pactpejesennit /lupuxiie:

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

Ocuosroe orauuane or EM-asropurma — B monpaskax (—1, —% win 0) K 9acTOTHBIM
OIleHKaM YCJIOBHBIX BeposgTHocTeil. IIpu ny, nyg > 1 3TH nonpaBku npeHeOPeKnMO Ma-
Jipl. OHE BJIUSIOT JIUMTH HA OJU3KUE K HYJIIO YCJIOBHBIE BEPOSITHOCTH Oy U Oig, KOTOPHIE
He ABJILAIOTCS 3HAYUMBIM /I TeMaTudecKoil mozaenu. Takwme oriamaums B EM-1om1006HBIX

AJITOPUTMaX TEMATHYECKOI'O MOJC/JIMPOBAHUA MO2KHO CHUTATh HECYHIECTBEHHLIMHA [30]

Coamnnauposanue mbbca. lges Troro moaxoga 3ak/IH0YaeTcsd B TOM, YTOOBI CHAaYAsa
OIEHUTH CKPBITHIE MepeMeHHble TMyTéM comimupoBanus Z ~ p(Z| X, a, B), 3arem Haiitu
arocTepruopHoe pacupesenenne napamerpos mogean p(®, 0| X, 7 «, f), npu u3BecTHBIX
XulZ.

CaMIImpoBanue CAOy4aiiHOrO BEKTOPa Z W3 MHOTOMEPHOTO BEPOSTHOCTHOTO PACIpe-
JIeJIEHUS ABJIETCS HeTPUBHMAJIBHON 3a/adeil, HO €ro MOXKHO CBECTH K COMILIAPOBAHHIO
OJHOMEPHBIX CJYYARHBIX BEJTHINH

Teopema 7.2 (0 cxomumocTu cammaupoBanus ['ub6ca). IIporece coOMILTHPOBAHUST
O/ITHOMEPDHbIX CﬂyqaﬁHbIX BE€JINYHUH

(h+1) p(X,Z|7)
t; p(ti| X, Zvi,v) = =1,...,m
(X Zaly)
rae k — momep nrepanmm, Z\; = (tgkﬂ), ce tﬁ” tgi)l, o ,t%k)), CXOJIATCST K MHOT'OMEPHO-

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

JlokazaresibcTBO MOXKHO HafiTu, Hanpumep, B [38].

[MokazkeMm cHavasa, 9TO ecaum anpuopHoe pacmpenenerue p(®, O|a, B) sBasercs mpo-
U3BeJeHNEM pacnpejaenennii Jlupuxsie, To anocrepuopHoe pacipeeaenue MPUHaIesKIT
TOMY YKe TTapaMeTPpUIeCKOMY CeMeHCTBY, TO eCTh ONATh-TaKN SBJSETCH MPOU3BEICHUEM
pacnpeesennit Jlupuxsie (IpyruMu cJoBaMu, 9TO IPOU3BeIeHNe pacipeaeennii Jupux-
Jie SIBJISIETCST CONPANCEHHbLM MYJIBTHHOMHAJIBHOMY pactpefenenuto p(X, Z | P, 0)):

p(®.0]X,Z, o, f) < p(®,0,X, Z]o, f) x p(X, Z|P,0) p(P, O], B)
o [T (uitha)s [T Dinte|8) [ Dir(0u] )

d,w,t teT deD
e H H (pndwt (Pﬁ}zg H H Qndwt Oét_
teT dw deD w,t
o Spnwt-i-ﬁw—l ent(frat*
[ 111
o [[Dir(er | ) [ ] Dir(0ula): (35)
teT deD

e Buwt = Nt + Puws Cpd = Mg + ¢, CUETIUKI Nyt Nyt U Mg OIPEETAIOTCI COLIACHO
(4) wepes 3HaueHUST CKPBITHIX MEPEMEHHBIX .
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YT00bI BOCIIONB30BATHCA TEOPEMOii nosioxkuM 7y = (v, 3) u HaiiéM pacupeesie-
aue p(X, Z|a, 5). TlockoJabKy OHO He JOJIZKHO 3aBHCeTH OT mapamerpos (P, 0), mo Hum
IpHASTCS B3ATh MHTerpast. [IoABIHTErpasibHOe DACIpeeIeHne Mbl yxke Bbibean B ([35)),
HO JIMIIb C TOYHOCTBIO JI0 HOPMHUPOBOUYHBIX MHOXKHUTE eli. Terepb OHH HaM HOHA1004TCs,
I03TOMY pa30epéMcsl ¢ HUMHU aKKypaTHee:

p(X, 7|, ) = / / P(X, Z]®,0)p(®,0 |, )dd6 —

//Hw"“’t H?Jded [] Dir(e:] 8) [] Dir(6u] a)ddo =

teT deD

IS Z 6w / i T i IL,T t&t /HW dfa =
t —_——

tGT o N , deD
o Dir(ep¢ | Bt) x Dir(04 | &q)

(2 Bu) [ L Fﬁ“’t Ztat [T, I'(Gua)
EH L(Bu) T 1RO Bwt dle_!) ¢ IL I (Ztatd)

(36)

Cnenys reopewme [7.2] meoGxonumo Haiitn pacipegenenne p(X, Zy;|a, 3), KoTopoe o1-
JIIYaeTcst oT 1noJrydenHoro soiiie p(X, Z|«, f) juiib TeM, 4T0 OHO CTPOMTCS 10 TOH 2Ke
BBIGODKeE, HO Ge3 i-ro ssementa (d;, wy, t;):

o Z ﬁw H F@ut Ztat Ht (atd td)
P2l ) = L 3 5 G o HD LT () DO, (G —01)'

rne %, = [w=w;|[t=t;], i, = [t=t;][d=d;]. Temepn, cormacuo dbopmyse U3 TEOPEMBI
IIOJIE/TM TIOJLY YCHHBIE PACHPEIETCHHsT OJHO HA APYToe, ITO0BI MOy IUTh OJHOMEPHOE PAC-
pesIeIeHne U COMILTUPOBAHES TeMbI t;. [Ipu Je/IleHnr B 9uC/InTe/Ie 1 3HAMEHATE/Ie CO-
KPATATCS BCE MHOMKUTEJIN KPOMeE TeX, KOTOPBIe 3aBHCAT OT 3jaeMenTa (d;, w;, t;):

_ X, Z|a,B)

p(tz ’X’ Z\iaavﬁ) - p(X, Z\Z‘Oé,ﬁ) -

_ F(nwiti—i_ﬁwi) F(Zw(nwti—i_ﬁw)_l) F(ntidi+ati) F(Zt(ntdi—i_&t)_l)
F<nw¢t¢+ﬁwi - 1) F(Zw(nwti_‘_ﬁw)) F(ntidi+ati - 1) F(Zt<ntdi+at)) ‘

o (z) _ i
VpocTuMm 3TO BhIpayKeHWe, TPUMEHUB CBOMCTBO raMMa-(yHKITHT Fa — L~ 1:

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

teT

( nwlt—i_ﬁwz _1 . ntdi+at_1 )
YoMt + Bw) =1 32, (g, + ) — 1 .

Jlannoe BbIpakeHue 10X0xKe Ha YaCTOTHYIO OLEHKY yCJIOBHON BeposiTHOCTH Ha E-1are
p(t|d;, w;) = normy(@uy,i0q,) EM-anropurma st mogean LDA. Takum o6pa3om, Mbl CHO-
Ba nosrydaem EM-1mo1o0HbIi aJiropuT™, XOTst 3a/1a49a MAKCUMUA3AIIAH ITPABI0IOL00M JaKe
He cTaBuach. Kak u B ciiydae ¢ BapHallMOHHBIME 06afieCOBCKIM BBIBOJIOM, aJITOPUTM OTJIHU-
JaeTcss HEKOTOPOM CMEIEHHOCTHIO YacTOTHBIX OIIEHOK YCJIOBHBIX BepodTHocTell. [1aBnoe
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Anaropurm 4. Commuposanue ['uboca.

Bxog: kosnekiust D, quciao tem |T|, mapamerpsr «, [3;
Boixoga: pacupenenenus ¢ u O;

1 Nty Mg, Mg, Ng =0 it Bcex d € D, we W, te T,

2 gns Bcex urepanuii k= 1,..., kpax

3 aons scex ¢ = 1,...,n B34Tb JOKyMeHT d := d;, TepM w = w;
4 ecnn k > 2710 t:=1t;; ——Nys; —~Nug; ——Nyg; ——Ng;

5 p(t|d,w) = n?er%n(% : %) ngist Beex t € T

6 COMILINPOBATH OMHY Temy t 3 pacnpenenenns p(t|d, w);
7 bi =15 +4Ngys 405 TN +H4ng;

Ot = Nt/ A5t Beex w € W, t € T}
Orq := nyq/ng nnsi Becex d € D, t € T}

e o

ero OTJIMYHe B TOM, 9TO JJIsT Kaxkaoro (d;, w;), @ = 1,...,n, IPOUCXOIUT CIMILIHPOBAHIE
TOJBKO OJTHOM TeMBI t;, KOTOpasd U Y4aCTBYET B AKKYMYJIUPOBAHUU CUETUUKOB Ty U Nyt

n n

No = 3 _[wi=w][t;=t],  ng=Y [di=d][t;i=1].

i=1 i=1

DakTuaeckn, Ha M-mmare cymmupyroTcs He camu pactpeaenenus p(t|d;, w;), a ux smmnu-
pudeckue onenku p;(t) = [t =t;] mo eguHCTBEHHON CcOMITHPOBaHHOM TeMe t;. CyMMa Takux
ONEHOK CXOJIUTCS K CyMMe HCXOJIHBIX PACIPEeJIesIeHIH, COMTTACHO 3aKOHY GOJIBIINX TUCEII.

[To okoHUaHMU UTEpAlUil HCKOMbBIE HAPAMETPbI MOJIEJIU MOXKHO OIEHUTH Yepe3 Mare-
MATHYECKOe OKHJAHNE AOCTEPHOPHBIX pacupetesenuil Tupuxie u3 (35):

ur = norm (nyy+fBy); b = norm(nyg+ay).

B Anropurme {| mokazana miest peaausarnun, npejioxenHas B [184]. Kaxkmas nre-
pamus k B mpoliecce COMILITMPOBAHUS COOTBETCTBYET OJHOMY ITPOXOY KoJiekiuu. Korma
JIJTS TIO3UIIMY ¢ COMILIAPYETCH TeMa t;, BCeM TPeAbLIYIIUM Mo3uIugM 1, ..., 71— 1 yxke npu-
CBOEHBI TeMbI Ha JIAHHON MTepaluu, a Bce MOCAeAYIONNe MO3UIUA ¢+ 1, ..., n COXPAHSIIOT
rembl ¢ npeipiayiei (k — 1)-it urepanun — B TOYHOCTH KaK TOrO Tpebyer Teopema
CoMILmpoBaHHAsT TeMa, 3aIIOMUHAETCS B IIEPEMEHHOIT t;, U HA CJIeIyIOIIell nTepanun, Ko-
/13 3Ta TeMa U3MEHUTCS, CIETUUKH Ny U Nyg OYIYT YMEHBITIEHBI HA €JIMHUILY JIJIS CTapoii
TeMbl, ¥ YBEJUYEHbI HA €JUHUILY JIJId HOBOI.

3HauYMTEeIbHOE KOHCTPYKTHBHOE €X0AcTBO EM-momo6ubIX asropurMoB PLSA, MAP,
VB, GS u emmé HeCKOIBKUX UX BAPUAHTOB OBLIO BIepBbie oTMedeHo B [30].

CoMIunpoBaHue eIMHCTBeHHOM TeMbl Ha E-1rare ¢; ~ p(t|d, w) MOKHO paccMaTpuBaTh
KaK OTJAeJbHYI0 3BPUCTUKY, COBMECTUMYIO ¢ JI00bIM EM-110/100HBIM ajJrOPUTMOM TeMa-
THYECKOTO MOJIeTMpoBanust [7]. DKCIepuMeHThl MOKa3aIH, YTO COMILIHPOBAHUE HECYIIe-
CTBEHHO BJIMSET Ha CXOIMMOCTH W JAPYIHe CBOMcTBa MojesH. Kak 9BpucTHKa, OHO MOXKET
CBODOTHO COUETATHCS € JIIOOBIMH PEryIsTpU3aTOPaMU.

Ontumunsauunsa runepnapametpos 8 mogenu LDA. Bo mborumx paborax, HadmHas
¢ [184], ucnosp3yoTest cuMMeTpHYHBIE ATPUOPHbIE pactpeesienns Jupuxie ¢ mapamer-
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® &0
p(z) p(xly) p(x1, 22|y) p(xly1, y2)

Puc. 6: Orobpazkenre yCJIOBHBIX 3aBUCUMOCTElH B rpaldUIeCcKOi HOTAIUN.

B I}
w1 w W3 Wi w
k
Puc. 7: Ppacduyeckas mHoranus BoIOOPKH w1, . . . , Wk, NOPOKIAEMOH pacupenesenueM S, = p(w).

pamu oy = 50/|T|, B, = 0.01. Bosee Toukue ucciepopanus [202] mokazasnm, 4to sydiine
ONTHMH3UPOBATH BEKTOD & = (1, ..., Qr) B HECUMMeTPpUIHOM pacupesenerun Dir(0y | «)
1 TTOJ0MpaTh CKaAsSpHbI mapamerp [, < 1 B cummerpuasoM pacrpenesernu Dir(p | f).

s onrumuzanuu Bekropa « B [202] mpejyiaraercst MAaKCHMA3APOBATH PABIOIOI00UE
P(X,Z|«, 8) upu dbukcuposanubix Z u 3. Or6pachiBasi B MHOYKHTEJIN, He 3aBUCTIHE
OT (v, TOJIYYAEM 33189y ONTUMHU3AINN:

F(ntd + Oét)
P(X |« — max.
| H F nd —|— Oéo) 11‘ F(C(t) a

B auccepranuu [201] cpaBHuBaOCH GOJlee ecATKA YUCIEHHBIX METOJIOB €€ DelleHus.
Camblii npocToii u3 HUX — Meroj HenoapuzkHOI Toukn [138]. B uém BexkTop o = ()
ePECUYUTHIBACTCS 110 PEKYpPPEHTHOI popMyie

D oa (i + o) — P(ay)
Yo ¥(ng + ag) — ()’

rae ¥(x) — auramva-byHKIms. Jta GopMyia BCTpaWBaeTCsl B UTEPAIMOHHBIH MPOIece
EM-anropurMa MeX1y MpOXOJaMU MO KOJJIEKITHH.

Dkcmepumentsl B [202] nmokasasu, 9To ONTHMHU3AIM BEKTOPA (v HOBBIIIAET MPABJIO-
110;100ue u cKopocThb cxojumoctu EM-anropurma. B ciiydae cuiibHoit necbanancuposa-
Hocmu mem (KOTJa B KOJUIEKIIUH OJHHUX TeM OOJIbIle, YeM JPYIHX, B Da3bl WIH JarxKe
Ha TIOPSAIKH) ONTHMU3AINSA BEKTOPA (v TPUBOJNUT K 00Jiee eCTeCTBEHHOMY HEPaBHOMEDHO-
MY PacIpe/ie/IeHUIO KOJIJIEKIIMH 110 TeMaM.

Q1= O

Mpacdhnyeckasa HoTtauus. Bepogrnocrubie Temarudeckue Mmogean PLSA u LDA apiga-
I0TCSI 9aCTHRIMU ciaydasmu rpadoBeix mojeneit. B epagosoti eeposmmocmuot modesu
(probabilistic graphical model, PGM) 3aBHCHMOCTH MeXKIY CJIyYalHBIME BEJTHIHHAME
IPEJ/ICTABISAIOTC B Bue rpada. Bepmunsl rpada cooTBETCTBYIOT CJIyJIailHBIM TTepeMeH-
HbIM, pEOpa — HEIOCPE/ICTBEHHBIM BEPOATHOCTHBIM B3aUMOCBA3AM MEK/ly HUMHU.

Ha puc.[f] mokasaubr npumepbl 3aBUCHMOCTEH MKy CJyYaiiHBIMH BEJIUIHHAMM.
Habumiomaembie mepemMeHHble n300paXKaloTces 3aKpallieHHbIM KPY2KKOM. Bhibopka nepemen-
HBIX, T€HEPHPYEMbBIX OJHUM DACIpe/IeIeHHeM, H300pazkaeTcs MPAMOYTOIBHIKOM, pHuc. [7}
Takue u300paykeHust MPUHITO HASBIBATH 2paduueckoli Homayuet (plate notation).
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Mogpens PLSA:

KaxKJIbli d € D mOpoKIaeT CKPbIThle TeMBbI:

tm p(t]d), i =1,..., 14 QO+ O—@

. d t w

Kayk/Jast TeMa t; MopoXKIaeT TEPM: ng

w; ~ pwlt;), i=1,...,nq. 1Dl
Mogeasr LDA:

O M VR

O TIOPOXKIaeT BEKTOPHI TOKYMEHTOB: \/ N

04 ~ Dir(d|a), d € D: ° o ‘ iy
£ MOPOXKIAET BEKTOPHI TEM: D

¢ ~ Dir(p]B), t €T;
nanee kak B PLSA. G ()

g ¢ Tl

Puc. 8: I'eneparupHbIil crieHapuii u rpadpudeckas HoTanys i TemMarndeckux moaesneit PLSA u LDA.

_« , = 1

—
I~
™~
() (o) vl 7
]

oo

, ()~
-~ L2
ON 20 D . @O

/y\;w ’/n\\\ 5 l KT) é\ £\/ ®_@ ~ N
\_/ N,

B, @ !
K] N, p@— o

~

I

¥

N Parse trees
> @ grouped into M
documents
OHOINEES:
[oo) ° M

O

Puc. 9: TIpumepnt rpadudeckux HoTanmil u3 myOauKanuil M0 TeMaTHuYECKOMY MOJAEJIUPOBAHUIO (UJLIIO-
crpanus u3 ciaiinos Jssuna Biss).

AnbTepHATHBHON TEKCTyaIbHON (OPMOIi MpeIcTaBIeHUs] BEPOITHOCTHOM MOIEH AB-
JeTCs 2eHepamushul cuenapul (generative story), KOTOPBIH OMUCHIBAET AJTTOPHTM MO-
poxaenust nanabix. Ha puc. [§ mokasansr 06a mpejcrasienusi, rpaduveckoe U TeKCTyaTb-
Hoe, Juia TemMaTudecknx mozeneir PLSA u LDA.

[Tonbopka rpadudeckux Hotanuii Ha puc. [9 wLTIOCTPUPYET GOIBITOE CTPYKTYPHOE pas3-
HOO6paSI/Ie BEPOATHOCTHBIX TeMaTHYICeCKUX MO,ZLeﬂeI'?'I. XOTH HaTJIAAHOCTD ABJIdeTCd HeOCIIO-
PUMBIM TPERMYIIECTBOM, HETOCTATKOB y rpadudecKoil HoTarun ropasno oOoJibiie. [ias-
HBIil — HEIOJIHOTA U HEeOJHO3HAYHOCTb HHTepInpeTanun. HekoTopsie acieKThl MOeINPOBa-
HUsSL HE MOT'YT OBITH OTOOPazKeHbI OOIIENPUHATHIME CPEJICTBAMHU I'PapUIecKOi HOTAIIMH,
1 aBTOPbI BBIHYZKJIEHBI M300peTaTh cOOCTBEHHBIEC MPHEMBI BU3yaau3anuu. B pesynbrare
MOJIE/Ib MOYKET BOCCTAHABIUBATHCS 10 KAPTHHKE HEOTHO3HAYHO. | eHepaTHBHBIH ClleHApHii
JIUITIEH 9TOTO HEJIO0CTATKA W JAaéT 00Jiee TOTHOE OMUCAHUE MOJEJIH.

I'paduueckast HOTaMs ¥ reHePATUBHBIN ClIeHAPHUI MOJIe3HbI /15T TOHUMAaHUS MOJIEIN.
OHako 002 OHU OMUCHIBAIOT JIUIIH TPAMYIO 33249y — MPOIECC TeHEPAITNT JaHHbBIX 10 W3-
BECTHBIM IIapaMeTrpaM Mojeau. Torma Kak B TeMAaTHIeCKOM MOJIETHPOBAHUU PEIAeTCs
obpaTHas 3ajJila4a — TpedyeTcd BOCCTAHOBUTH 3HAYCHHS IAPAMETPOB 10 HAOJIIOIAEeMbBIM
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maHabiM. O00UX BU3YAJbHBIX MPEACTABICHHI He TOCTATOTHO, YTOOBI OJHO3HAYHO BOCIIPO-
U3BECTH IePexoji 0T MOPOK Ialleil Moaen K ajaropurmy eé odydenunsd. K coxkaseHuo,
BO MHOT'UX IMyOJHMKAIKMSIX 3TOT MePexo OMyCKaeTcs JJId KPATKOCTH M3JI0KEHUS, 9TO OT-
HIO/Ib He J00aBIseT UM SICHOCTH.

CpasHeHue ARTM u bGaitecoBckoro nogxoaa. B npakTuke TeMaTHuecKOro MOJIE/IU-
poBaHus1 GailecoBCKMiT BBIBOI anocrepuoproro pacnpemgesennst p(§2| X, ) mponspoaurest
MCKJIIOYATEILHO PAIM MOTYYeHHS TOYEYHONR ONEHKH IIapaMeTposB )

| p(X Q) Prior(Q|7)
Post Q| X,y) = !
osterior(Q2| X, ) [ p(X|2) Prior(Q|v) dQ’

= arg max Posterior(2| X, 7).

MakcuMu3aIysi amocTepuopHoli BeposaTHOCTH (maximum a posteriori probability,
MAP) naér Toueunyio oneHkKy (2, MHHYs MPOMEXKYTOUHBIH mIAr TPUOIMKEHHOTO U TPY-
JIOEMKOTO BbIBOJIa Posterior, cB43aHHOIO ¢ HHTEIDUPOBAHUEM B 3HAMEHATEJIE:

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

Muorokpurepnaibias agautuBHas peryiaspusanus (ARTM) o6obmaer MAP ua sio-
Oble pery/isipu3aTopbl, B TOM YHCJIe HEe UMEIOIUe BePOATHOCTHON MHTEPIPETAINN, 8 TaKKe
X IIPpOU3BOJILHBIE KOM6I/IHaL[I/H/IZ

Q) =arg mgx(lnp(X |Q) + ZT,Rz(Q))

BaitecoBcknii moaxo/1 e ynod6eH TeM, 9To TpeOOBaHHsS K MOJEIU, €CTeCTBEHHBIM 00pa-
30M BBOJAMMBIE B BHJIE€ ONTUMHU3AIUOHHBIX KPUTEPHUEB, MIPUXOTUTCS MepedOpMYIUpPOBAThH
depe3 anpuopusie pacupenenerns Prior(Q) oc [], exp(7;R;(€2)). Korga onu He spisiiorcs
pacupeenenusavu Jlupuxie, baitecoBcKnil BRIBOJ CTAHOBHTCS TPYAHON MaTeMaTudecKoit
3aja4eil, He MeIonuil yHuMUIUPOBAHHOTO PEIIeHHS .

B 6aitecoBckOM TeMaTHIeCKOM MOJEIUPOBAHUN pacipeeaenue upuxie oka3piBaeTcs
«Ha 0coboM mosiokeHun». OHO He nMeeT YOeIUTEeTbHBIX JUHTBUCTHIECKHX O0DOCHOBAHUIA,
TeM He MeHee, B jinTeparype OOJIBITUHCTBO MO/Ie/ el CTPOSITCS C €10 UCIOJIb30BAHIEM. JTO
00 bACHACTCA UCKJIIOYUTETHBHO MATEMATHYECKUM YA00CTBOM COTMPSI?KEHHOCTH Pacpe/ierie-
auit [Tupuxite ¢ myasTuHOMUuAIRHBIM pactupeaeseaneM. B ARTM et ocHoBanwuit mpemo-
YUTATh pacipejesnenue Jlupuxiie IpyruM peryigapu3aTopaM.

[TocranoBka onTuMu3anuoHHoi 3agaun MAP 1mo3BoJsteT HHTEpPHpPEeTHPOBATH JIOTa-
pudM alpUOPHOro pacipejie/ieHus KaK BEPOATHOCTHBIN peryJsisipu3arop, KOTOPbIH JIerKo
LEPEHOCUTCA ¢ OJHUX MOJeJeil Ha Apyrue.

AT TUBHOCTE PEryIsipu3aTopOB TPUBOJUT K MOOYALHOT METHON02UU TEMATHIECKOTO
MoJietupoBanus. Kaxkaplii perysispuzarop R; peajusyercd B BHJE IPOIPAMMHOIO MO/IY-
Jisd, KOTOPBIi JT00ABIIeT K CUETUUKAM N, U Nyg B popMyaax M-1mmara peryiasipusannoH-
HbIE IOIPABKHU T,—(pwt% u Tigtd(%—i cOoOTBETCTBEHHO. Takux Mojrysieit MOXKHO HOJIKJIIOUYUTD
CKOJIBKO YI'OJIHO Ha 3Tale ToCTpoeHus Mozaean. Kpome toro, ko3hbduiumenTsr 7, MOK-
HO MEHSATb B XOJI€ MTEPAIMOHHOTO MPOIECCa, KOHTPOIUPYd 3P MEKTh peryasapu3aTopos
10 COBOKYIIHOCTH MEMPUK KA4ECmea U BRICTpAUBas cmpamezuto pe2ysapusayuu. B daii-
€COBCKOM IIOJIXOJIe TaKOH THOKOCTH HET, XOTd BO3MOXKHA OITHMU3AIMS FUIIEPIIapaMeTpPOB
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JTanbl MoAeNUpPOBaHUA Bayesian TM ARTM

AHanus TpeboBaHui AHanus TpeboBaHui
®dopmanuszayus: BeposTHocTHas mogenb CTaHpapTHble Csou
NOPOXAEHWUA AAHHbIX KpUTepun Kputepum
Anzopummuszayus: baliecoBckuit BbiBOA, oA ELVHbIN perynsapusoBaHHbIN
AaHHOM nopoaatolen moaenm EM-anroputm ana nobbix
(VI, GS, EP) mogaenen U X KoMnosuLmin
Peanusayus: Uccneposatenbckuii Ko MpombiwneHHbIN Kog BigARTM
(Matlab, Python, R) (C++, Python API)
OyeHusaHue: NccnepoBaTtenbckue METpUKM, CTaHpapTHble
. CBOU MEeTpUKMU
uccnen0BaTeNbCKUM Koz, METPUKM
BHeapeHue BHeppeHne

-- HecmaHAapmu3yemMble 3marsl, yHUKAAbHAA pa3pabomka 015 Kaxcool 3a0ayu

-- cmaHOapmu3yemeble smarsl

Puc. 10: ARTM mno3Bosisier cTaHAAPTU3UPOBATH OCHOBHBIE TAIBI TEMATHIECKOTO MOJICTTUPOBAHNUS, B OTJIH-
ume oT DaiiecoBckoro o0yuenusi. OOpabOTKA U XpaHeHNe JAHHBIX, OBICTPHII mapautenbubii EM-anroputw,
MOJIY/IbHbIE OUOJIMOTEKN PETYIAPU3ATOPOB U METPUK KAYECTBA, NMEIOT ODIILYIO PEATTU3AIINIO [JIsT IMUPOKOrO
KJIaCCa MOZJEJIE U WX KOMITO3UIIUMA.

AIPHOPHBIX PACIHPEICICHAN ¢ HOMOMILIO 0alieCOBCKOr0 BBIBOIA BTOPOrO YPOBHH, HO 9TH
TeXHUKH MPOMO3JIKH jiazke st ipoctoii Mogesu LDA [201] u mroxo nepenocsitest Ha apy-
e MOJIEJIH.

Bubnnoreka BigARTM [9, [195] moyiepkuBaeT MOy IBHY IO TEXHOJIOTHIO, HO3BOJISIS CTPO-
UTh MOJe/Jn C 3aJaHHbIMI cBOHicTBaMH 663 JOMOJTHUTEJIBHBIX MAaTECMATUYICCKHUX BBIKJIAJ0K
i mporpaMmupoBanus, puc. L0}

B paMkax 6aiiecOBCKOro moaxoga MOAYJIbHOC KOMOMHHPOBAHHE MOJENCH He MpOCTo
3aTPYIHEHO, HO €IBa JIH BO3MOXKHO. HacKONIbKO HaM M3BECTHO, TAKHE IONBITKA IAXKe
HEe NpeJIIPpUHUMAJINCD.

BoiBoabl no rnase 7

e VB u GS aBigrorca Hanbosiee 9acTO NCIOIB3YEeMbIMI TEXHUKAME H6aileCOBCKOTO BbI-
BOJIa B TEMaTHYIECKOM MOJICJIMPOBAHUH.

e B nanbueiiniemM Mbl OyjeM paccMaTpUBATDL BCE TEMATHYECKUE MOJEIN B TEPMHHAX
KJIACCUYECKON PeryJITpu3allny, JazKe eCJAu B HCXOHBIX paboTax OHU CTPOUIUCH Oaii-
€COBCKHMH METONAMH.

e Pedopmanuzarus baitecoBcKux Mojeseil 4epe3 KJIacCHYecKyo Pery/isipu3aluio, Kak
MPABUJIO, TPUBOIUT K YIPOIEHUIO U3JI0KEHIS IIPU HECYTIECTBEHHBIX MOTH(DUKAIIT-
gaX B EM-110100HBIX aJaropurmax.

e Jlasee rpacuueckass HoTanus He uCnoIb3yercs, mockoabky B ARTM st popma-
JIN3AIUU ¥ TOHUMAHHUS MOjieell HeT HeOOXOJAUMOCTH B HATJISITHON BU3YyaJU3AIUNN
MOPOKIAIOMIETO MPOIEcca.
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8 Pa3pexuBaHune, crna>kmBaHue, gekoppesmpoBaHumne

Otka3 or anpuopHbIX pacupeaenennii Jupuxie mo3sosser 0606muTh Momeasb LDA:
CHATH OT'PAHUYCHUS HA 3HAKH I'HIEpIapaMeTpOB B 1 cBoOojIHEe 0OpAIAThC CO CIJIa-
JKUBAHUEM U PA3pe:KUBAHUEM IS Yy dIIeHusT HHTePIPETUPYEMOCTH TEM.

Tunomesa paspesrcennocmu: Kaxias TeMa XapaKTepu3yeTcsd HeOOJIbITUM YUCJIOM Tep-
MOB; KaKIbIil JTOKYMEHT OTHOCHTCS K HeOOJBIIOMY YHCJIY TeM; 3HAaYUTeJTbHas YacTb
YCJIOBHBIX BEPOSITHOCTEH (0, U 0y PABHBI HYJIIO.

Pa3pekeHHOCTD NpEICTABIIETCH €CTECTBEHHBIM HEOOXOAMMBIM YCJIOBUEM HHTEPIIPE-
THUPYEMOCTH TeMaTHU4ecKoit Mojen. Kpome Toro, ucrno/ib30Banue pa3perKeHHBIX MaTPHIL
MOXKET COKPAIlaTh BpeMsl BBIYUCJCHUN M PACXOJ MaMATUH KaK B IIPOIEcce IMOCTPOCHHS
MOJIE/IN, TaK U IPHU JaJbHEHIIeM eé UCIOIb30BAHUN.

MHuOroKpaTHble TONBITKY paspexusanust Mojgeaun LDA [176, [71], 205 110} 55] npuso-
JIMJIN K €€ 11ePeyCJIOKHEHUIO U3-38 BHYTPEHHEIO POTUBOPEYUs MEXK/Y PA3PEKEHHOCTHIO
U MOJIOZKHUTEILHOCTBIO TapaMeTpoB B pacupesenenun Jlupuxe. Ipobsiema perraercsa npu
UCIIOTb30BAHUT 0OOOIIEHHOTO PEry/IIPU3aTOPA CIJIaKUBAHUSA U PA3PEKUBAHUS , B KO-
TOPOM THIEpHAPAMETPhI By, (zg MOTYT NPUHAMATH OTPHUIATEILHbIC SHAYCHUS:

R(®,0) = Z Z Bt In @ + Z Zatd In6,,.

teT weW deD teT

Taxoit criocob paspe:kKuBaHus OBLT BIEPBBIE NPEIJIOXKEH, 10 BCEH BUIAUMOCTH, B JTUHA-
mugeckoil Mojiesin PLSA st o6paborku Bujeonotokos [191], rae mokymenTamu sBiasiuch
KOPOTKHE BUieo(pparMeHThl, TepMaMi — HPHU3HAKU HA N300parkKeHusix, TeMaMu — I10sIB-
JIEHWE OIPeJIeIEHHOT0 00heKTa B TeYeHHe ONPeIeJEHHOT0 BPeMeHH (HAIPHMEp, IPOe3.
aBTOMOOIIIsI Yepe3 MepeKpecTok). PaspekuBaTh pacnpe/ieJieHns CUIbHEe, YeM ITO Jeja-
er LDA, moTpeboBaIuch /I ONMMCAHKS T€M ¢ KOPOTKHM «BPEMEHEM YKH3HH .

YHacTtnyHoe oby4eHue. B nporecce co3manus, ONEHUBAHUS WM HCIOIL30BAHAA TEMa-
THIECKONH MOJETH SKCIEePTHI, aCeCCOPhl MM I0Jb30BaTe/Id MOI'YT OTMEYATh B TeMaxX pe-
JIeBaHTHBIE WJIM HepeJeBaHTHBIE TEPMBI U JTOKYMEHTHI. Pa3sMedeHHble JaHHBIE ITO3BOJISIOT
(pUKCHpOBaTH UHTEPINPETAIIMH TeM U MOBBLIIIAIOT YCTOHIMBOCTD MOAENIH. PazMerka Mo-
JKeT 3aTParuBaTh JIMIIb YaCTh JOKYMEHTOB H TEM, TIO9TOMY €€ HUCIO0JIb30BaAHIEe OTHOCUTCS
K 33Ja9aM 4acmuuno20 obyuenus (semi-supervised learning).

[TycTs aast kKax o Tembr ¢ € T 33 aHBI YeThIPe MOJIMHOKECTBA:

W — «Besblit CIICOK» peJieBaHTHBIX TEPMOB;

W, — «4€pHbIil CIICOK» HEPEeJIeBAHTHBIX T€PMOB;

D; — «Beliblit CIECOK» peeBAHTHBIX JOKYMEHTOB;

D; — «48pHBbIil CIIUCOK» HEPEJEBAHTHDLIX JOKYMEHTOB.

Yacmuuroe 06yuweHue no pesesaHmMHOCTY ABISeTCT JaCTHBIM CJIyYaeM perysph3a-
TOpa CIJIaXKUBAHUSA U PA3PEKUBAHUS IIPU

But = B[w € Wtﬂ — B-[we W],
g = ayld € D] —a_[d € Dy,

rjae Sy U ay — KO3 DUIHEHTH PeryIsapu3aliii.
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Bl ™ §

Puc. 11: Crpykrypa pazpexennoctu marputi ¢ u © ¢ mpeameTHbIMu 1 (DOHOBBIMU TEMAMH.

MpeameTHbie n poHoBbIE TeMbl. UToObI MOjIE/Ib ObLIA HHTEPHPETUPYEMOMH, KazK 1as Te-
Ma JOJIZKHA UMETh CeMAHMUYECKoe A0P0 — MHOKECTBO TEPMOB, XapaKTePHU3YIONUX OIpe-
JeJIEHHYIO TIPeIMeTHYI0 00J1acTh U PenKo ymorpeb/seMblX B apyrux temax. ljas sroro
MaTpuibl ® 1 © JOKHBI UMETh CTPYKTYPY Pa3peKeHHOCTH, aHAJOIUIHYIO ITOKA3aHHON
na puc.[11] MuoxkecTBO TeM pasbuBaercst Ha nBa moaMHoKecTBa, T = S U B.

IIpedmemmnvie memor t € S comepkar TEPMUHBI IPEIMETHBIX obaacreil. VIx pacmpese-
nervsi p(w | t) pasperkeHbl W CYIIECTBEHHO PA3JINIHBI (IeKoppesnpoBanb). Pacrpeenenus
p(t|d) Takzke paspezkeHbI B MPEIMETHBIX TeMax ¢ € S, e MpenoiaraTh, YT0 KazKIblii
JIOKYMEHT COIEP:KUT JIAIIb HeOOIBIIYIO J0TI0 MPEIMETHBIX TEM.

Donosvie memov, t € B copepzkar cjoBa o0IIell JJEKCUKH, KOTOPLIX HE JIOJZKHO ObITh
B IIpeIMeTHBIX Temax. VX pacnpenesnennst p(w |t), BO3MOKHO, MeHee pa3pe:KeHbl 10 CPaB-
HEHHUIO C IIPeJMEeTHBIMH TeMaMH M CYIIECTBEHHO OTJIMYAIOTCI OT HuX. PacupemeneHus
p(t|d) nosmkHbBL GHITH CHIIBHO CTJIaXKeHBbl B (DOHOBBIX TeMax ¢ € S, Tak KakK cJioBa obred
JIEKCHKH COCTAB/ISIOT 3HAYUTEIBHYIO JOI0 JarKe B Y3KO CIeIHAIN3UPOBAHHBIX JTOKYMEH-
Tax. TeMaTI/ILIeCKyIO MOJEJIb C HECKOJIbKHUMHU CI)OHOBBIMI/I TeMaMHl MOZKHO paCCMaTpUBATb
Kak 00obmienne podactabix Momeneii [52] 160], B KoTOPBIX HCMOTB30BATOCH TOJBKO OIHO
¢doHOBOE pacrtipejiesieHne.

CdokycmpoBaHHbin TemaTudeckuii nonck. Yacrtuanoe obydeHne TeM MOKHO pAcCMaT-
pUBaTh KaK Pa3HOBUIHOCTH TEMATHIECKOrO WH(MOPMAIMOHHOTO MOWCKa. B KadecTBe 3a-
npoca 3a/IaéTCa cemMarmuveckoe AJpo OTHONW WU HECKOJBbKHUX TeM. DTO MOKET OBITh JII0-
boit dpparment Tekcra, «Oesblii cnucok» repMoB (seed words) miaM zZ-memKu — TEMBbI,
IPUTHCAHHBIE OTAEJbHBIM c0BaM i ¢dbparmentam B mokymentax [26]. Temarmueckas
MOWCKOBAsT CHCTEMA JIOJIKHA He TOJTHKO HANTH W PAHXKUPOBATH PEJIEBAHTHBIE TIOKYMEHTHI,
HO W Pa3JI0KUTh MOUCKOBYIO BBIJAYY IO TEMAM.

B TunuvHBIX TPUIOKEHUAX PEJIEBAHTHBIN KOHTEHT COCTAB/ISIET HUUTOXKHO MATYIO J10-
JIIO KOJLIEKIU. TeM He MeHee, MMEHHO 3TOT KOHTEHT JIOJIZKEH OBbITh TIATeTbHO CHCTEMA-
tu3upoBan. OOpa3HO TOBOPsS, TPEOYETCS «UCKATH W KJIACCU(DHUIUPOBATH UTOJKH B CTOTE
cena» [46]. Tembr cranoBaTCs saeMenToM rpadudeckoro uarepdeiica moIb30BaTEs, HH-
CTPYMEHTOM HABUTAIMU W TMOHUMAaHUs TeKCTOBOU KoJuTeKnuu. OTCI0a BayKHOCTH TPebo-
BaHWUS WHTEPIPETUPYEMOCTH KAXKIONU TEMBI.

Hacruaroe obydueHHe HCIOAB30BAJIOCH Jisi OUCKA W Kjacrepusanun HoBocTeill [05],
MOUCKA B COMUATBHBIX Mena WHGMOPMAINH, CBA3AHHON C OOJIE3HAME, CHMIITOMAMI H Me-
rogamu Jedenns [152] 53], ¢ npecrynnocrsio u sxcrpemusmonm [1211 [175], ¢ mamuona b
HOCTSIMH ¥ MeKHAIlMOHAIbHbIMU oTHOmenusimu [46] 104 149).
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B mozgenn ATAM (ailment topic aspects model) B kKauecTBe CIIasKUBAIOIIETO PACTIPE-
JeJIEHUS (3, UCHOTB30BATACH OOJIbIIAst KOJIJIEKIMsT MequinacKux crareir [153].

B mozmensax SSLDA (semi-supervised LDA) u ISLDA (interval semi-supervised LDA)
JIJIST IOUCKA STHO-PEJIEBAHTHBIX TEM B IIOCTaX CONMAIBHBIX CeTell HCIIOIb30BAIOChH CIIAZKH-
BaHUeE 110 CJOBAPIO U3 HECKOJBKHUX coTeH 3THOHUMOB [46]. B Momenn SSLDA st Kaxk1oit
STHO-PEJIEBAHTHON TeMBbI 331aéTCsI CBOI CJIOBaph 9THOHUMOB, CBSI3aHHBIX C OJHUM OIIpe/Ie-
jgéaabiM 3THOCOM. B Mogen ISLDA muOXkecTBO Tem pa3dbuBaeTcsi Ha WHTEPBAJIBI, U JIJIsI
BCEX TeM KayKJIOTO MHTEPBA/IA 33aéTCsl OOIIHit CJIOBAPH STHOHUMOB. [IpenMyIecTBo 3Tux
MoOjIeIeil B TOM, 9TO HHTePIIPeTaIns KayKI0i TeMbl I3BeCTHA 3apaHee. HemocraTtku B TOM,
YTO TPYIAHO IPEIYTaAbIBATH YUCIO TeM JJId KaKJA0W ITHUYHOCTH U CTPOUTDH ITOJTUITHUY-
HbIE T€MBI JIJIs BBIABICHUST MEKITHUICCKUX OTHOIITCHUIH.

st pemmenust stux upobiuem B |27, 28| 66t npesgioxken noaxox za ocope ARTM.
3aaBaoch 00Iee YUCI0 ITHO-PEJIEBAHTHBIX T€M W K HHM, KaK K CcToja0mamM marputsl P,
IPUMEHSITIOCH CTVIAYKUBAHUE TI0 CJIOBAPIO STHOHUMOB. 'TeMaTndeckast MOJIEIb caMa OTIpe Ie-
JISLTIA, KAK 3TU TeMbI PA3/IeJIATCs 0 STHUIHOCTAM. AJTbTepHATHBHBIHA TOIX0/] 32K TI0IAETCS
B TOM, 4TOOBI IPHIATH ITHOHUMAM OOJIBIIUN Bec, cliejlaB UX OTIAEILHOU MOJAILHOCTHIO
(moHsATHE MOJAIBLHOCTH BBOJUTCS B TIaBe @

JIr06bIe Tox0mbI K COOKYCHPOBAHHOMY TEMATHIECKOMY MOUCKY TPeOYIOT PYIHON po-
BEPKU W WHTEPIPETAINN HANRTEHHBIX TEM.

OexkoppennposaHune tem. Temarudeckas MOJETb HE JOJKHA COAEPKATH Ly OJIHPYIOTITIX
WM HOXOXKUX TeM. Yem pasanmdnee TeMmbl, TeM HHGOPMATHBHEE MOJedb. Ecau TeMbl pas-
NEJIAIOTCS Ha IpeaMeTHbIe W (POHOBBIE, TO BCE OHU JOJIZKHBI CYIIECTBEHHO OTIMYATHCS
JPYT OT JApyTa.

JIng nOBBIICHUA PA3IMYHOCTH TeM OyJeM MUHUMHU3HDPOBATH CyMMY MOIIAPHBIX CKa-
JIAPHBIX TPOU3BEACHUI (1, Ps) = D . PutPuws MKy crogdnamu marpuis $. TToxyanm
peryaspusaTrop:

R(q)) - —g Z Z Z PuwtPws-

teT seT\t weW

Dopmysa M-ara, corsacuo ((17), umeer Bus

i = DOL (nwt — TQuwt Z sows)- (37)
seT\t

DTOT peryasipu3aTop KOHTPACTUPYeT cTpoku MaTpuilbl ¢. B kak10it cTpoke, He3aBU-
CUMO OT OCTAJbHBIX, BEDOITHOCTH (0,,; HAMOOIee 3HAYUMBIX TeM TepMa W YBeJTUINBAIOTCS,
BEPOSITHOCTH OCTAJTBHBIX TeM YMEHBINAIOTCSI U MOTYT obpaliaThbes B HyIb. PaspeKnBa-
HUE — ITO COIYTCTBYIONUI 3PdeKT JeKOppeMpOBAHUS.

B [187] 661 3ameuen emé omun mosie3ubrii addexT: cioBa 00mel JEKCHKH IPYTITH-
PYIOTCST B OT/IEJIbHBIE TEMbI. DKCIEPUMEHTHI ¢ KOMOMHUPOBAHUEM PEry IsipU3aTOPOB Cria-
JKUBaHUs, paspekuBanus u jexoppeauposanusd B ARTM nmoarsep:kaaior 910 HabJoie-
uue |8, 197, [196].

Hexoppesnuposanune Buepsbie 66110 npemaoxeno B Mogean TWC-LDA (topic-weak-
correlated LDA) B pamkax 6GaiiecoBckoro nmonxoia [187]. CoorBercrByoiiee ampuopHoe
pacrpejiesieHe He SBJISETCS CONPSKEHHBIM K MYJIBTHHOMUAILHOMY, TOITOMY Oaitecos-
CKHi1 BBIBOJI, CTAJKHUBaeTCs ¢ TexHmdeckumu Tpyaaoctsasmu. B ARTM pacaéraas dpopmynia
M-mara BBIBOJUTCS B OJIHY CTPOKY.
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KombuHupoBaHue perynsipn3atopoB paspe:KUBaHUd MpPeIMETHBIX TeM B MaTpuie O,
cryiakuBaHusi (POHOBBIX TEM H JIEKOPPEJMPOBAHUA CTOJIOIOB MAaTPHIbl P MCII0Ib30BAJIOCH
BO MHOTHX paborax mjis yaydrrenns uaTepnperupyemoctu Tem |8, [196] 197, 198, 21, 90].

B [197] 6bL1a sKCepUMeHTATBHO TOJ00PAHA CJICAYIONIAT CMPAME2Us PELYAAPUSAUUL.
exkoppempoBaHue U CrJIaKUBaHWe BKJIIOYAIOTCA cpa3y, pa3pexkuBanme — depe3 10-20
uTepannii, mocae oOpa3’oBaHus TEHICHINH K CXOIUMOCTH. Hesb3s pa3pekuBarh MaTpu-
bl [IapaMeTpPoB Cpaly, Tak Kak HeOoJIbInast JI0JIsI MapaMeTpPoOB, CJAydailHO OKa3aBIIUXCSI
OJMBKUMU K HYJII0, MOTYT OCTATHCsl HYJEBBIMU 03 ONTUMHU3AINN.

[Toabop ko3 DUIMEeHTOB PeryJIapu3aIinn MO3BOJIAET YAy UITHThH OJHOBPEMEHHO HECKOJIb-
KO KPUTEPHEB WHTEPIPETHPYEMOCTH TeM (pa3peskKeHHOCTh, KOHTPACTHOCTh, YHCTOTY, KO-
repeHTHOCTH CM. IJIaBY IpU HEe3HAYUTEILHON MoTepe MPaBIOIOI00MsI.

B [90] ucunosnbzoBasack noxoxkas cmpamezus peeyispuseyuu. [lepsoie 8 urepanmit
BKJIIOYAETCS TOJABKO JIEKOPPEIUPOBAHUE, CACAYIONE 8 nTepalnii pa3peKuBaiTcs CToI0-
bl MATPUITHL O, eImé 8 nrepamuii crirasknBaroTcst croaombl Marpuiibl . Ha kaxkaom 6J10ke
urepanuii moabupaeTcss Ko3hbhUIUeHT peryasgpu3anui no cerke u3 4 3nadenuii (1oapob-
Hee 9TOT FKcnepuMenT Oyer omucan B riase 21] puc. [30).

Crparernd, HalleJleHHad Ha YAyUIIeHHe WHTEPIPETUPYEMOCTH TeM, TMO3BOJISET OTHO-
BPEMEHHO YJIYyUIIATh U KAa4eCcTBO TEMAaTHYECKOTO ITOMCKA, XOTsI HUKaKhe KPUTEePUH Kade-
CTBa TMOWCKA HEIMOCPEJICTBEHHO HE ONMTUMUBUPYIOTCH.

BbiBoabl no rnase 8

e Paspe:xxkuBaHme, cria)kuBaHue W JIeKOPpPeJTUPOBAHWE SBJISeTCd MHHUMAJIBHBIM
«JIZKEHTJIbMEHCKHUM Ha0OpPOM» PEryJaspU3aTOpPOB, HTPUMEHHMBIM K OOJIBIIHHCTBY
MPUKIATHBIX 3a70a9.

e PeryigpuszaTop IeKoppeJnpOBaHUSA PEKOMEHIYETCsI UCIIOIb30BaTh BCeraa, O1aroma-
Ppsd HECKOJIBKUM IOJIE3HBIM MOOOIHBIM Y deKTaM.

e O06o0ménHas momeab LDA, B KoTOpoii CHATO OrpaHWYeHNe IOJ0KATEJTHbHOCTH T'H-
IepIapaMeTpoB, HAXOAUT MHOYKECTBO IIPHMeHEeHHiT: pa3peKuBaHie, YJacCTUIHOe 00y-
JeHue, BeIJeIeHne (POHOBBIX TeM, C(DOKYCHPOBAHHBIH TeMAaTHIECKNA TONCK.
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9 MynbTuMoOAanbHble TeEMaTU4YecKkne moaenu

Myavmumodasvras Mmemamuseckas modess OMUCHIBAET JOKYMEHTHI, COJepIKaIlie Me-
TaIaHHBIE HAPSLY ¢ OCHOBHBIM TEKCTOM. MeTaJaHHbIe IOMOTaioT OoJIee TOTHO OIIPeIeIsTh
TeMATUKY JOKYMEHTOB, U, HA00OPOT, TEMATHUIECKAsA MOJIEIb MOMKET UCIOJIb30BATHCS IS
BBLISB/ICHUA CEMAHTUKKM METAIAHHBIX WU NPEACKA3AHMA IPOIYIIEHHBIX METAJIaHHbIX.

Kazkaprit T MeTagaHHBIX 00pa3yeT OTAEJbHYI0 MOOAALHOCML CO CBOUM CIOBApPEM.
CnoBa ecrecrBennoro si3vika, caosocoderannst [204, 213|, rern [106], nmenosanubie 06b-
ekThl [143] — 310 npuUMepbl TEKCTOBBIX MOJATBHOCTEH. B MyJIbTHASBIYHBIX TEMATHIECKIX
MOJIEJISIX TAPAJIETbHBIX TEKCTOB MOJATBHOCTSIMHE siBJIstioTCst si3biku [199)]. [T anamusa
KOPOTKHX TEKCTOB ¢ ONEYATKAMH MCIOJL3YIOT MOJATLHOCTDL OYKBEHHBIX N-TPAMM, UTO
O3BOJISET YJIydliaTh KadecTBO HHGOpMannoHHOro noucka [89].

[Tpumepamu HETEKCTOBBIX MOJATBHOCTEN SIBISIOTCS: Kaacehl nim kateropun [169) 229),
asropsl [168], Bpems [190], 225 191], nutupyembie wnu nurupytomue g1okyMenTsl [68] wim
asropbl [99], rpadudeckue snements uzobpazkenuit |43, 88, 116], mosbzosaTenn srek-
TPOHHBIX OGUOJIMOTEK, COMUANBHBIX ceTell mau pekoMeHgaTenbubix cucrem [1111 179 206,
2211, 222, peknamuble 00bsBienus Ha Be6-crpannnax [156], cu. puc.[12]
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Puc. 12: O6branas TemMarndeckas MOJeJIb OLPEIEIAeT PACIPEIeIeHIe TeM B KaxK10M Jokymente p(t|d) u
pacipe/iesienue TepMoB B Kaxk10it reme p(w |t). MysbruMonasbuas MOJeab PACHPOCTPAHAET CEMAHTUKY
TeM Ha 3JIeMEHTbI BCeX OCTaJIbHbIX MOJAJIbHOCTEH, B TOM 4UCJe HETEKCTOBbIE.

MynbtumogansHas ARTM. Bce nepedunciennbie BBINIE CIydad, HECMOTPS Ha pa3HO-
obpasue nnrepuperamuii, onucbiBaiorcss B ARTM exmabiM (hopMaIn3MoM MOIaIbHOCTEN.
Kazkiplit JOKyMeHT pacCMaTpuBaeTcsd KaK YHUBEPCAJIbHBIM KOHTEHED, CO/IepyKAIIniil Tep-
MBI PA3JIUIHBIX MOIAJIBHOCTEl, BKII0Yasi OOBITHBIE CJIOBA.

IIycts M — mHOXKecTBO MomaabHOCTel. KaxKiasd MOIaabHOCTh HMeeT CBOH CJIOBaphb
tepmoB W™ m € M. 9Tu MHOXKECTBa MOIAPHO He nepecekaiorcs. 1Ix obbepunenune 6ymaem
oboznauars yepe3 W. Mogasbaocrs tepma w € W Oyuem ob6o3nauars yepe3 m(w).

TemaTnueckast MOJEb MOJAJBHOCTH 1 aHAJIOTHYHA Mojen (2):

p(w|d) = pr|t (t|d) = Z(pwt&td, weWm™ deD. (38)
teT teT

Kazk1oit MOJAIBHOCTH M COOTBETCTBYET CTOXacTHYecKass marpuna P, = (gpwt)WmX .
CoBokynHocth Mmarpur, ®,,, ecam uUX 3amucaTb B cTOJ0el, obOpasyerT MaTpuily Py 7.
Pacmpenenenne TeM B KazKJI0M JOKYMEHTE SIBIETCS OOIIUM IS BCeX MOIAJIBHOCTEH.
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MynpTUMOTATbHAS MOAETDL CTPOUTCA MYTEM MAKCUMH3AIWU B3BEIIECHHONH CYMMBI JIO-
rapudMOB IpaBAONoA00dUd MOJAAbHOCTE U pery/isipu3aTropoB. Beca 7, no3poJisgioT cba-
JIAHCUPOBATH MOJIAJILHOCTH IO WX BayKHOCTH W € YUYETOM WX YaCTOTHOCTH B JIOKYMEHTaX:

Z T Z Z Ngw 1N Z Owitbia + R(P,0) — Ig%x; (39)

meM deD weWm™ teT
Z Owt =1 Quwr 2 05 Zetd =1; 0, 20. (40)
weWm teT

Teopema 9.1. [lycrs Qyrkmms R(P, ©) wenpepoisro auddepernunpyeva. Touka (P, O)
nokapHOro sxcrpemyma sagadn (39)—([40) ygosrersopsier cucreme ypasrennii co Bemo-
MOraTebHbIMH IIePEMEHHBIMH Dy, = pP(t|d, w), ecim U3 penieHns HCKIOYUTH HYJIEBbIE
croJ1bipr marpui P, ©:

Ptdw = Htoerjljﬂ(‘ﬂwt@td)% (41)
OR
wt — w w ; wt = m(w wPtdw; 42
Pwt 5255%(” t + @ tawwt> Nt C;T (w)NdwDtd (42)
OR
0, = Org— |; - m(w w w 43
id ntoerjm Ntg + Ot 90, ) Ntd UJEZWT (w)dwPtd ( )

JokazarenrscrBo anasorndno teopeme [4.1] KoTopas ABIseTCS YaCTHBIM CJIydaeM Teo-
peMBbI JUTst catydast ofHoi MopaabHocTH, |[M| = 1, 7, = 1. Ilepexo oT 0JHON MOIAIb-
HOCTHU K ITPOU3BOJIHLHOMY YHUCJIY MOJATBHOCTEH CBOIUTCS K ABYM IIOIPABKAM:

1) mcxo/HBIE JJAHHBIE Mgy, JOMHOMKAIOTCH HA BECA MOJAJIBHOCTEH T (y);

2) marpuna ¢ pasbubaercs wa 6;10ku D,,, KOTOPBIE HOPMHUDYIOTCS TTO-OTAEJABHOCTH.

B npoekTe BigARTM peann3oBana BO3MOKHOCTbh KOMOMHHPOBATH JTI000€ THCI0 MOIAJIb-
HOCTEH ¢ JII0ObIMH peryisipusaTopaMu [27).

MynbTua3bIYHbIE TEMATUHECKUE MOAENN HCIOTB3YIOTCS /I KPOCC-I3BIMHOTO WHMOP-
MAIIMOHHOTO MOMCKA, KOTJA MO 3aIPOCy Ha OTHOM S3bIKe TpebyeTcsd HAWTH CXOXKWe JTOKY-
MEHTBI Ha IPYTOM g3bIKe. /[T cCBA3BIBaHUS A3BIKOB UCHOIB3YIOTCS MTapalieTbHble TeKCTHI
WIn JBys3blYHble cjioBapu. [lepBble My/IbTUSA3bIYHBIE TEMATHYECKHE MOJE/IN MOSBUIUCDH
noutn oxHospemenuo [65, 135, 148 u npeacrabasin coboil MyJbTHMOAAIBHYIO MO/IE/h,
B KOTOPO# MOJIAJIbHOCTAMHU SBJIAIOTCS SI3BIKM, U KazK/as CBI3Ka HapaJljieIbHbBIX TeKCTOB
o0 beInHsIeTCd B OJUH JOKYyMeHT. OKa3aJ0Ch, UYTO CBA3BIBAHUS JOKYMEHTOB JOCTATOYHO
JIJIT CHHXPOHU3AIUU TeM B PA3HBIX S3BIKAX U KPOCC-I3BIYHOTO moucka. llonbiTku Gosee
TOYHOI'O U TPYJAO0EMKOI'O BbIPDABHUBAHUS IO IIPEJIOKEHUIM UJIM 110 CJIOBAM MPAKTHYECKHU
He YIydImalT KadecTBO moucka. OOCTOSTE/bHBIH 0030p MYJIBTUS3BIYHBIX TEMATHIECKUX
Mojesielt MoxKHO Haiitu B [199).

Ha puc.|13| mokazanbsr HekoTopbie n3 400 TeM, mocTpoeHHBIX 1O 216 175 mapaM pyccKux
u anrniickux crareii Bukunenu [195]. s cBs3biBaHuS A3BIKOB HCIOJIB30BAUCH TOJIBKO
MO/IaTbHOCTH, BBIPABHUBAHUS W CJIOBAPU HE MCIOJB30BAIUCH. Aceccop omenmt 396 Tem
n3 400 KaK XOpOITO WHTEPIPETHPYEMbIE.

st ucnosnp3oBanus ABysi3biaHOrO cyioBaps B [10] ObLI TpeIozKeH peryasipu3aTop
criaxkuBanus. OH dopMannsyer npenosoKenne, YTO €CIU CJIOBO U B sA3bIKe k dBJgeTCs
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Tema N268 Tema Ne79
research 4.56 | uHCTUTYT 6.03 || goals 4.48 | maTy 6.02
technology 3.14 | yHusepcuter  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 | dk 3.25
science 1.97 | TexHnyeckunin  2.70 || scored 2.72 | npoTue 3.20
program 1.60 | TexHonorus 2.30 || cup 2.57 | knyb6 3.14
education 1.44 | nay4Hblii 1.76 || goal 2.48 | dpyTb6ONMCT 2.67
campus 1.43 | nccnegoeavune 1.67 || apps 1.74 | ron 2.65
management 1.38 | Hayka 1.64 || debut 1.69 | 3abueatb 2.53
programs 1.36 | obpazoanne  1.47 || match 1.67 | komaHga 2.14
Tema N88 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 | pupuxxep 2.82 || server 2.93 | Bepcus 1.86
wagner 0.97 | nesey, 1.65 || software  1.38 | npunoxxetnne 1.86
soprano 0.78 | nesmua 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 | Bartep 0.90 || enterprise 0.78 | obecneyenne  1.02
operas 0.68 | opkecTp 0.82 || users 0.78 | cuctema 0.96

Puc. 13: IIpumepsr Tem u3 aBysa3branoit remarudeckoil moaenu Bukunemsuu. ITokazansr nepsoie 10 ciios
KasKJIOi TeMBbI W WX BEPOSTHOCTH p(w |t) B TPOIEHTAX.

IEPEBOIOM CJIOBA W U3 A3bIKa £, TO uX pacupeeaenus TeM p(t|u) u p(t|w) momxKust 66ITH
Oom3ku B cmbicsie KL-aupeprenmun:

R(®) = Z Znut In @

w,u  teT

@opwmysa M-mara yBesimauBaeT BePOSITHOCTH CJIOBA B T€Me, KOTJa OHO UMEeT MepeBo-
JIbl, UMEIOIUEe BBICOKYIO BEPOATHOCTh B TOMI Ke TeMme:

Put = DOIM (nwt +7 E nut)-
we .

DTOT PEryaspu3aTop HE YUUTBHIBAJ, UTO IEPEBOJ CJA0BA MOYKET 3aBHCETh OT TEMbI,
U 49TO Cpeau HnepeBOAOB CJI0Ba MOI'YT HaXOAUTHLCA IepeBOJAbl €ro OMOHHMOB. HOSTOMy
B TOi 2Ke pabore ObLI MPeJIOKEeH BTOPOH Peryjisgpu3arop, KOTOPBIA BBOJUI B MOJED
HOBBIE MAPAMETPBI Ty = p(u|w,t) — BEPOSTHOCTH TOTO, YTO CJIOBO U SIBJISETCS Iepe-
BOJZIOM cJioBa w B Teme t. [Ipeamonaraercs, 4to Tema ¢, Kak pacupenenenne p(u|t) = rut

HaJI CJIOBAMU g3bIKa k, J10J12KHa ObITH O/in3Ka B cMbic/ie KL-juBepreuium K BeposiTHOCTHOM
Mozenu Toit 2Ke TeMbl p(u|t) = D TywPuwt, TOCTPOEHHOI! 110 IePEBOIAM CJIOB U3 3bIKA {:

R(®,1I) =7 Z Zn“t anwuwtwwt — max .
ueWk teT weW? ’

Qopmyna M-1mara Termepb YIUTHIBAET BEPOATHOCTH TEPEBOJIOB Ty IKpoOMe TOTO, J10-
DaBJisiercs: peKyppeHTHasi popmyJia Jijisd OEHUBAHUS ITUX BEPOSTHOCTEN:

Pwt = DOI‘;[I/IB (nwt + 7 E qutnut>;
we -

Tuwt — NOTIM (qutnut) .
ucWk
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Tembl, B kOTOpBIX P(«sum>» |«cymmay,t) > 0.9

Tema N6 Tema Nel2 Tema Ne20
MHO>XeCTBO set MaTeMaTuka triangle BEKTOP vector
NPOCTPaHCTBO | space TPeyrosbHUK square KoopAunHaTa coordinate
rpynna point Teopema number NPOCTPaHCTBO field
Touka left TOYKa point npeobpasosaHue | tensor
SN1EMEHT limit mMaTemaTudecknii | theorem basuc transform
yHKUNS symmetry yron angle TeH30p basis
npegen function KoopauHaTa mathematics || cuna space
oTobpakeHne | open 3KOHOMUKA real BEKTOPHBbI force
CUMMeETpuA property 4ncno theory TOYKa rotation
OTKPbITbIT topology KBagpaTt geometry cncrema thermometer

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

Tema Ne5 Tema Ne19 Tema Ne22
opbura space nporpamMmMHbiii software nrpa game
annapat nasum Bepcus version BUAEOCUTHAN character
KocMmmyeckuii | orbit paboTa news NrpokK video
3emnsa instrument || komnaHus company bunem player
noBepxHOCTb | earth AHOHUMHbIA work roN0BOJIOMKA series
CONHEYHBI surface npuMedaHue note cepusi puzzle
cTaHums solar TepMUHaTOpP release Ka4ecTBO movie
3anyck system XKypHan support LIAXMaThbl jason
cncrema landing peii terminator A>KeliCoH world
aTmocdepa camera nepcoHak anonymous bykea chess

Puc. 14: Ilpumepst Tem ¢ pa3ubiMu LepeBogamu cjosa «cymmay [10].

CBs3bIBaHre TapasIeTbHBIX TEKCTOB CUJIbHEe YIydIllaeT KadecTBO MOWCKA, deM 00a
criocoba yuéra ciosapeii [10]. Bropoit ciocob wemuoro sryure mepsoro. Kpome toro, on
IIO3BOJILET BbI6I/IpaTb BapHuaHTHI IepeBOJa B 3aBUCHUMOCTH OT KOHTEKCTa, YTO MOZKeT 6bITb
MOJIE3HO JJIel CTATUCTUYECKOT0 MAITMHHOTO HepeBoaa, puc.[14]

MopganbHoCTY KaTeropuii u asTopos. /lomycruM, 9T0 pacinpeeaenns TeM B JOKYMeH-
tax p(t|d) mopoxkaawTes OHON U3 MOIATBHOCTEI, HAIIPUMED, ABTOPAMHU, PyOPUKAME I
KaTeropusiMi. ByjeM cauTarh, 9TO ¢ KayKIBIM TEPMOM W B KayKJIOM JOKYMeHTe d CBs-
3aHa He TOJBKO TeMa t € T, HO M KaTeropus ¢ W3 3aJaHHOI0 MHOXKecTBa Kareropuii C.
Pacmupum BeposiTHOCTHOE TPOCTPAHCTBO 710 MHOXKecTBa D X W X T x C.

[Tycts m3BecTHO MOAMHOMKeCTBO Kareropuit Cy C ') K KOTOPBIM MOYKET OTHOCHTHCS
JIOKYMEHT d.

PaccMoTpuM MyJTBTHMOIATBHYIO TeMATHIECKY0 Mozesb (38)), B KoTopoil pacupeee-
HUE BEPOSTHOCTU TeM JIOKYMeHTOB Oy = p(t|d) onucsiBaercst cMecbio pacipejiesieHuii Tem
kareropuii . = p(t|c) u xareropuit JOKyMeHTOB T.q = p(c|d):

p(w|d) = Zp wt) Zpt|c (c]d) = ZZ(pwﬂ/Jtcﬂ'cd (44)

teT ceCy teT ceCy

1o TaKKe 3a]a49a CTOXACTHYCCKOTO MATPUYHOTO PA3JI0KeHUs, TOJLKO Terneph Tpedy-
ercst HaiiTu Tpu marpunsl: Y — marpuna TepMoB TeM, ¥ = (V. )rxc — Mampuya mem
kamezoputi, Il = (Teq)oxp — Mampuuya kamezoputi J0KYMEHMOG.

MoJiesib OCHOBaHA Ha JIBYX I'MIIOTE3aX YCJOBHONH HE3aBUCHMMOCTMU:

p(t|c,d) = p(t|c) — remaruka mokymeHTa d 3aBUCAT HE OT CAMOTO JOKYMEHTA, a TOJIb-
KO OT TOro, KakKuM KaTeropudm OH NMPpUHaIAJIEKUT,

p(w|t,c,d) = p(w|t) — pacupe/esienne TEPMOB ONPEIEISIETCS TOJIBKO TeMATHKON J10-
KYMEHTa U He 3aBUCHT OT €TI0 TePMOB U KATerOpHii.
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Kpowme Toro, npeamonaraercs, ato m.q = p(c|d) = 0 masa seex ¢ ¢ Cy.
Basaua MAKCUMU3AIUE PEryJIapU30BAHHOIO IPABIOIOI00MSI:

Z Z Ndw In Z Z wwt¢tcﬂcd + R((I)a \Ilv H) — max; (45)

XA
deD wed teT ceCy
Z Pwt = 17 Gwt = 07 Zwtc = 17 2btc Z 07 Z Ted = 17 Ted = 0. (46)
wew teT ey

Teopema 9.2. Ilycrp pyuknus R(®, V, 11) neupepbiuo quddepennupyema. Touka jio-
KaspHOro skcrpemyma (O, W 1) zazaun , VZIOBJETBOPSIET CACTEME VDABHEHUIT CO
BCIIOMOTATETHHBIMA TEPEMEHHBIMI Pyeqny = P(t, ¢|d, w), ecan u3 permennst HCKJIIOYATH HY-
JeBpre crosbmsr Marpuin ©, U, I1:

Ptedw = 10T tWtcTed )
e (t,c)ETXC’d((pw w e )’
OoR
Pt = norm | Ny + Put = |; Nyt = E E NdwPtedw)
weW 8(;0101‘,
deD ceCy
OR
¢tc = norm/| ns + ¢tc_ 5 Nie = E E NdwPtedw;
te’T 8wtc
deD wed
OR
Teg = NOITM | Neqg + Tedam— | Ned = g E NdwPtedw-
ceCy aﬂ-cd
wed teT

Jloka3aTeibCTBO OMUPAECTCS HA JIEMMY 0 MAaKCUMH3AIUU HA €JIMHUIHBIX CUMILICK-
caxX M HPOBOJUTCS aHAJOIUYHO JIOKa3aTebcTBY Teopemst [4.1]

Moesb TPEXMATPUIHOTO PA3JIOKEHNST HAN0OIee N3BECTHA KAK G6MOP-MEMAMUYECKAL
modesv ATM (author-topic model), B KoTopoii mopox garomieii MOIATbHOCTHIO ABJISIOTCSI
aBTOPBI JOKyMeHTOB [168)].

B memamuueckot modesu mezuposanus doxymenmos TWTM (tag weighted topic
model) mopoxaarorieil MOIATBHOCTBIO ABJSIOTC Tern qoKymenTa [114].

AHanornvHasi MOJIEIb HCHOJIB30BAIACH st 00paboTKi BuaeonoTokoB B [88]: moxy-
MEHTBI d COOTBETCTBOBAJIM IIOCJIEI0BATEIbHBIM CEKYHIHBIM BHICOKJIUIIAM, TEPMbI W —
9JeMEeHTAPHBIM BH3YaJIbHBIM COOBITHSIM, TEMBI ¢ — HeHCTBHAM, COCTOAINAM U3 COYeTAHUS
cOOBITHI, KaTeropuun ¢ — 00Jee CI0KHBIM IIOBEIEHHSIM, COCTOANIAM U3 COUYEeTaHUs JTeil-
CTBUIT, IPUYIEM CTABU/IACH 331294 BBIIEJIUTH B KAXKJ0M KJIHIIE OJHO OCHOBHOE IIOBE/ICHUE.

Mogesn (44]) MmoxkHO yupocTuTh 1 cBeCTH CHOBA K JBYXMATPHYHOMY DA3/I0KEHUIO, EC-
JIN OTOYKJIECTBUTH TeMbl ¢ Kareropusamu, C' = T, u B3aTh equananyio marpuily V. lamnras
MOJIeb u3BecTHA B uTeparype kak Flat-LDA [169] u Labeled-LDA [164]. E¢é Bbipazuresinb-
HbIe BO3MOKHOCTH Oemuee, ueM y PLSA u LDA, Tak Kak 3HaYNTeIbHASA JOJIS JIeMEHTOB
marpunpl [I = © dbukcupoBanbl u paBHBI HYJIIO.

Tpéxmarpuuanble Mogean B Onbsmoreke BigARTM He peasin30BaHBbL.

MopanbHOCTb BpeMeHu U TemnopasbHble moaenun. Bpems co3manus JOKYMEHTOB
BayKHO 1IPU aHAJIM3€ HOBOCTHBIX [IOTOKOB, HAYYHbIX I1yOJIMKALMI, ATEHTHbIX 0a3, JaHHbIX
CONMAJILHBIX ceTeil. TemMarnyeckue MOIEN, YYUTHIBAIOINE BPEMs, HA3bIBAIOTCH MEMNO-
parvoHomy. OHE TO3BOJISIOT PA3JIEIsITh TEMBI Ha COOLIMUTHGIE T TEPMAHEHTHBIE, JIETeK-
TUPOBATh HOBBIE TEMBI, TPOCIEKUBATHL PAa3BUTHE TeM BO BpeMenu (topic detection and
tracking), BBIIEJIATH TPEH IbI.
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Ilycrs I — KoHeYHOE MHOMKECTBO MHTEPBAJIOB BPEMEHH, M KaXKIblid TOKYMEHT OTHO-
CUTCAd K OJHOMY HWJIM HECKOJIbKUM HMHTEDBaJIaM, D,L — HOAMHO2KECTBO JOKYMECHTOB, OTHO-
CSIMMUXCS K WHTEpBay i. Byjaem mosarath, 9mo TeMbl Kak pacnpesaeienust p(w |t) He me-
HSIOTCSA BO BpeMeHH. Tpebyerca HallTH pacipe/esienne Kaz 10l TeMbl Bo Bpemenu p(i|t).

TpuBHANBLHBIA OIXO0/I 3aKII0YAETCA B TOM, YTOOBI IIOCTPOUTH TEMATHIECKYIO MOJIEb
Oe3 yuéra BpeMeHH, 3aTeM HAWTH pacrupeesieHre TeM B KayKJI0M WHTepBase p(t|i) Kak
cpennee 0,y o Bcem jgokymeHTam d € [D; m nepeHOPMHPOBATH YCJIOBHBIE BEPOSITHOCTH:
p(i|t) = p(t]i)i%. HenocraTtok maHHOTO MOAXOAa B TOM, 9TO HHMDOPMAIUS O BPEMEHH
HUKaK HE MCHOJIb3yeTCdA Ipu O6y‘{eHI/II/I MOJCJIN U HE BJINUACT Ha CbOpMI/IpOBaHI/Ie TEM.

B ARTM »ta npobJieMa pelaeTcst BBeIeHHEM MOAAIbHOCTH BpeMmenn . lckomoe pac-
npegenenue p(i|t) = ¢y moaydaercs B ctoabie Marpuisl . Jonoanurebuble orpanute-
HHU#A Ha LIOBeAeHHUEe TEeM BO BPEMEHHU MOXKHO BBO/JHWTL C IIOMOIIBLIO pEryJJdpu3aluu.

B omHoii m3 mnepBeix TemmopasibHbIX TemaTmueckux Mogeneii TOT (topics over
time) [212] kaxmas Tema MO IMPOBATIACH TAPAMETPUIECKUM [3-pacIipejieIeHIeM BO Bpe-
MeHH. DTO ceMefiCTBO MOHOTOHHBIX M YHUMOJAJIbHBIX HEHPEPBIBHBIX (DYHKIWIA, ¢ HOMO-
L0 KOTOPOT'O MOXKHO OIMCHLIBATE Y3KHE IUKU COObMULiHbIE Tem U OrpaHnIeHHbIH Habop
TpeH10B. TeMbl ¢ HECKOJBKIMH BCILJIECKAME JaHHAsT MOJIE/b OMUCHIBAET TLIOXO.

HeHapaMeTpI/IquKI/Ie TeMIIOpaJibHbIEe MOJEJIN CHOCO6HBI OIIUCBbIBATH IMPOU3BOJIbHBIC HU3-
MEHEHHA TeM BO BPpEMECHH. PaCCMOTpI/IM JABa €CTECTBCHHLIX IIPEAITOJIOZKEHNAd 1 CbOpMaJII/I—
3yeM HX C IOMOIIBIO PEry s pU3alliii.

Bo-nepBbix, IpeaiioaoKumM, 9To cobbmutiHve memb, AIMEIOT OTHOCUTEILHO HeGOoJIbIIoe
«BpeMs YKH3HU», TOSTOMY B KayKJIOM HHTEpBaje BPEMEHH i IPUCYTCTBYIOT HE BCE TEMBL.
[Torpebyem paspezkeHHOCTH pacupeaeseHuit p(t|i) ¢ HOMOIBIO KPOCC-3HTPOMUITHOIO pe-
ryJIpU3aTopa:

Rpasp (P it ©) = —Tpasp Z Zlnp(ﬂi).

i€l teT

Bo-BTOphIX, IPeAIoaoKuM, 9T0 paciupeenenus p(i|t) kak QyHKITE BpeMeHH MeHsl-
I0TCA He CJAMIITKOM ObICTpO. JIJ1s 3TOT0 BBEAEM PEryIsapu3aTop Criaa kKuBaHusd, MAHAMA3H-
pytroruit Moysiu pasuocteit p(i|t) B coCeHUX UHTEPBAIAX BPEMEHH:

RCFH<(I) nin @> = _Tcrnzz |p<l‘t) —p(Z—l|t>‘

i€l teT

Taxoit peryasgpu3aTop IPUHATO HCIOJIb30BATH NPU UHTEPHOJISIUN PA3PBIBHBIX BpE-
menHbX psizios [102]. Monyas pasuoctn (Li-HOpMa), B OTJIMYHe OT KBajpaTa PasHOCTH
(Lo-HOpMBI), He TuTpadyer MOJIeIb BpEMEHHOTO Psijia 38 Pe3KHe CKaIKu. DTa 0COOEHHOCTh
[OJIe3HA IPH MOJEJUPOBAHUU TEMATHUKH HOBOCTHBIX HOTOKOB. Cobwmulinas mema t Xa-
paKTepu3yercsi CKauKOOOPa3HbIM BCILJIECKOM BepositHOCTH P(i|t), KoTOpast 10 HACTYILIe-
HUs COOBITUS ObLIA HYJIEBOI. L1-peryasgpu3aTop He TbITACTCS CIIAKUBATD TAKHE CKAYKH,
B oTsumne ot Lo-perynsipuzaropa. Vcmonb3oBanue Ly-HOPMBI MOXKET TPUBOANTH K HEJe-
IBIM pe3yJbTaTaM HIpU 0O0pabOTKe MCTOPHYECKUX JAHHBIX — <«UYeIAOMHCKUNA METEeOpUT»
eIl He IIPUJIETEN, a HEKOTOPas J0JIs €ro TeMbl YzKe IOSBUIACH B IOTOKE HOBOCTEIA.

Oba peryJisipu3aTopa MOXKHO 3anucarh u Kak yukiumio or ¢, u kak pyuknuo or O.
B nepBoMm ciiydae BBOAMTCH MOJAAJIBHOCTH MHTEPBAJIOB BpeMeHU. BO BTOPOM Cjydae Npu
00paboTKe JTOKYMEHTOB, OTHOCSIIUXCH K WHTEPBAIY %, MPUIAETCH 0OECHEeYUBATH JOCTYII
K BEKTOP-CTOJIONAM #y JTOKYMEHTOB, OTHOCAIINXCA K COCeJHUM uHTepBagaM ¢ + 1. TexHu-
YEeCKH 3TO MeHee yI00HO, II03TOMY OyleM paccMaTpHBATh TOJILKO IIEPBHI BAPUAHT.
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PacemoTpuM B Gostee obmeM BHAe 3a7ady MYJILTHMOJAILHOIO TEMATHYCCKOTO MOJIe-
JMPOBAHUA € B3BELICHHOI cyMMoil Heryaakux Ly-peryssapusaropos |R;(®,0)|, j € J:

DT Y D nawn Y b+ R(®,0) =) |R;i(®,0)] — mas, (47)

meM deD weWwm teT JjEJ

TP OOBIYHBIX OFPAHMYCHHUSAX HEOTPHUIATEIBHOCTH U HOPpMHUPOBKH (40)).

Teopema 9.3. Ilycrs ¢pyaknnn R(P,0) n R;(®, ©) menpepsisro aucdepernmpyemsr.
Torna rouka (P, ©) JT0KAIBHOIO SKCTPEMYMa 38490 ¢ OrpaHHYEHHIMH YIOBJIC-
TBOPSIET CHCTEME YPABHEHHI CO BCHOMOTATEIbHBIMHA IIEPEMEHHBIMHA Py, = P(t|d, w), ecim
U3 penieHusl HCKJIOYHTD HydeBble ¢To0mbl marpun O, ©:

DPtdw = ntoel"jgn (@wtetd); (48)
OR,;

Puwt = SEOIE/Q}L (nlUt + Sﬁwt — Put Z Slgn aSOwt) (49)

0,g = norm (ntd + Org—=— a6,, — O ]GZJ Slgn(Rj)@T;) ; (50)

e sign(z) = [z > 0] — [z < 0], BbIpazKennst A1st Ny 1 Ny Te ke, aro B ([12)—([43).

K wmernmagkum yHknusgM ocHOBHas JeMMa HerpuMenuMa. [Ipobiaema obxoautcs: BBe-
JIEHWEM JIOTIOJIHUTEIHLHBIX HEOTPUIATETHHBIX TEePEeMEHHBIX pz M p;, YAOBJIETBODAIONINX
cucreme orpammdennii |R;(®,0)| = p; 4 p; u R;(®,0) = p; — p; . B pesyasrare pery-
JIIPU3ATOP CTAHOBUTCS TVIAJKUM, UTO MO3BOJISeT NIPUMEHUTH K 3ajade ycaosus Kapymra—
Kyna—Takkepa. /lokazaTenbcTBO MOKHO HaiiTu B pabore H. B. ﬂoﬁKOBaﬂ

[Tpu BBeeHun peryasapu3aropa Rey, (P) dopmyna M-mara jig MOJAIBHOCTH BpEMEHH

MPUHUMAET CJAeTYIOTTIil BHI;
PYit = n?El"Im (nit — TernPit (Sign(%t - (Pifl,t) + sign(p; — §0i+1,t>)>- (51)

Perynsipuzarop R, criaxkuBaer BpeMeHHOU psifi ¢ = p(i|t) B KayK 10l TOUYKe 1m0 OT-
HOTIIEHUIO K COCETHUM TOUKAM CJIeBA U cpaBa. Ecu 3HaUeHne ¢;; CTAHOBUTCS BhITIIE 000UX
COCEJIHUX (Pj+1+, TO PEryadgpuU3aToOp yMeHbIIaeT ero; ecjau HUzKe, TO, Hao0OPOT, yBeJndn-
BaeT. EC.HI/I 3HaYCHUE ©Q;; TOIaJaeT MExKAY HUMHU, TO OHO HE U3BMEHAETCH.

3 To#ikos H. B. A janTuBHAa PerynapH3alis BepOITHOCTHLIX TeMATHIECKIX MoJesIell. BEImyckHas KBa-
smudukanuonnas pabora 6akanmaspa, BMK MI'Y, 2015.
http://www.MachineLearning.ru/wiki/images/9/9f/2015_417_DoykovNV.pdf
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BbiBogbl no rnase 9

BBejenne mojasibHOCTEHl — TIPOCTOE, HO MOIITHOE ODOOIIEHHEe TeMaTHIeCKUX MO/Ie-
Jseit. OHO TIO3BOJIIET WCIOJIH30BATH TEKCTOBBIE JaHHBIE COBMECTHO C PA3HOTHITHOM
JIOIOJIHUTEIbHOM HH(OpMAIHe.

MyabTUsI3bITHBIE T TEMIIOPAJIbHBIE MOJIEN SIBJASIIOTCSI YACTHBIMU CJIYIasiMU MYJIbTH-
MOJAJIBHBIX, HO MOTI'YT TpeOOBATh JOIMOJHUTE/IHHON CrIenupUIHON peryasapu3alun.

B TpéxmMaTpuuHBbIX TEeMATUYECKUX MOJIE/IAX C aBTOPAMH WA KATEIOPUAMH HE TOJIHKO
BBOJATCA HOBBIE MOTAJIBHOCTH, HO U MEHAETCS CTPYKTYPa MATPUIHOTO PA3JIOKEHNASI.

Bo Bcex srux mogundukamnusax EM-ajroputy j1erko BbIBOJIMTCS 110 JIEeMMe O MaKCH-
MU3AINN Ha €IMHIYIHBIX CHMILICKCAX.

Beca mozaibaocTeil, Kak 1 KOO UIUEH T peryjigpu3aliui, NIPUXOJIUTC 100UpaTh
B 9KCIIEPUMEHTAX 1O BLIOPAHHBIM KPUTEPUSIM.

Jlamee MBI YBUIMM €I MHOTO NMPUMEPOB UCIOJIb30BaHUs MOJAJIbHOCTEN M (hop-
MaJim3aluu TpeboBaHuil K TeMaTUuIecKOl MO/IeJIH.
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10 TpaH3aKyuMOHHbIE TeMaTudeckmne Moaenn

OOBIYHBIE TEMATHIECKHAE MOJEIN TEKCTOBBIX KOJIJIEKITHiT OMUCHIBAIOT BXOXKIEHUS CJIOB
B JTOKYMEHTBI. MyJIBTUMOIQTbHBIE MOJETH OIUCHIBAIOT JOKYMEHTHI, B KOTOPBIX COIePKaT-
Cs1 TEPMBI PA3IMIHBIX MOJAJIBHOCTEMH: CJI0Ba, TETW, aBTOPHI, U T. 1. Bo Bcex 3TuX caydasx
MO/IE/Ib OHUCHIBACT MAPHbIE B3aAUMOJAEHCTBHUS MEXKIy JOKyMeHTaMu u Tepmavu. B Oosiee
CJIOZKHBIX [PUTOKEHHSIX MCXOTHbIE JAHHBIE MOI'YT OHHUCHIBATH TPAH3AKINH (OTHOIIEHHS,
B3aMMOCBSI3U, B3aNMOJIEHCTBHsI) MEXK/IYy TpeMs U 6ojiee 0ObEKTAMHI PA3INIHBIX MOIATb-
HocTeit. Hampumep, B ceTu HHTepHET-PEKJIAMBI «II0JIb30BaTeIb U KAUKHYJ 00baBIeHHE b
Ha CTPAaHUIE S»; B COIMUAJIBHON CETH <IOJh30BATE/]b U HAMHCAJ CIOBO W HA CTPAHUIE
osiora d»; B CeTH MPOIarK «MOKYIATe b b Ky y IPOJABIA S TOBAP ¢»; B MACCAKUPCKUX
ABUAIEPEBO3KAX «KJUEHT U BBLIETE U3 a9PONOPTa T B a3POIOPT Y CAMOJJIETOM aBHAKOM-
NAaHUW (»; B PEKOMEHIATETbHOIl CHCTeMe <«KJIMEeHT U ONeHWJ (puibM f B CHTYATUBHOM
KOHTEKCTe S». Emé oaHo# MOTaIbHOCTBIO MOXKET OBITH JaTa M BpeMs TPaH3aKIIHH.

Bo Bcex mpuBenéHHBIX IpUMEpPax TPAH3aKIUS HECKOJIbKUX OOBEKTOB HE MOXKET OBIThH
CBeJeHa K HMapHBIM B3amMoaeicTBusaM. [lonbITKa HCKIIOUYeHNsT JTI000r0 00beKTa 13 TPaH-
3aKIMK MPUBOAUT K yTpare BaxKHON dactu wHMoOpManun. OIHAKO BO3MOXKHBI M TAKHE
CUTyaIuu, KOrJAa TPAH3AKINA Paclaaercs Ha mapbl. Hampumep, B cucreMe pPeKOMEHa-
Uil My3bIKH TPAH3AKIMA «TPEK I" UCIOJHHUTES ¢ HAXOAUTCSI B aJb0OMe d, BBIIIEIIEM
B IO/l Y» ONMUCHIBAETCsI, KA3AJI0Ch Obl, 4eTBEPKOH 00beKTOB (1, a, d,y). OJHAKO OHA pac-
majlaeTcs Ha napuele B3auMocsssu (d,r), (d,a), (d,y), B KOTOPBIX aJb00MbI UTPAIOT POJIb
JIOKYMeHTOB. Takue Janubie MOryT ObITh OMUCAHBI OOBITHON MY/ IBTUMOIAJIBLHON MOJEBIO.

JIst TeMaTHYecKoro MOJETUPOBAHUST TPAH3AKIIMOHHBIX JAHHBIX yIOOHO TOHSITHE TH-
neprpada. ['uneprpad odbodiaeT nousrre rpada u OTIMYALTCS OT HETO TeM, YTO pEOpaMu
B HEM MOI'YT OBITH HE TOJBKO Iaphl BEPIIHH, HO U IOJMHOXKECTBA M3 TPEX u OoJiee Bep-
mH. Bepmiuasl runeprpada cOOTBETCTBYIOT TepMaM PA3INIHBIX MOJAIBHOCTEMH, pébpa —
TPaH3aKIUIM. 33/1a49a 3aK/II0YAETCS B TOM, 9TO0BI 110 HAO/TI0/1aeMOil BBIODOPKE TpaH3aKIuit
BOCCTAHOBUTDH HEM3BECTHBIE TeMaTHdecKue pacrpesenenus sepiius p(t|v). Tpeanonara-
eTCsI, 9TO BEPOSITHOCTh TPAH3AKIINN TEM BBHIIIE, deM D0Jiee CXOKU TeMATHKN e€ BEPIIHH.

B npoekTe BigARTM peamm30BaHa ONHCAHHAs HUZKe THIIeprpadoBasg TeMaTndecKas MO-
JleJIb TPAH3aKINOHHBIX JAHHBIX.

TemaTtnyeckne mogenu Ha runeprpadax. lunepzpag I' = (V, E) oupenensiercs MHO-
JKeCTBOM BepITHH-TepMOB V' 1 MHOKecTBOM pébep (Tpanzaximit) F. Kaxnoe pebpo e nz E
obpasyercs MOJMHOYXKecTBOM Bepiut, € C V.

Kaxnas sepmuaa v € V' umeer modasvrocms m = p(v) U3 KOHEIHOIO MHOXKECTBA
MojaabHocTelt M. MHOXKeCTBO BCeX BEpIIMH Pa30HBAeTCsS HA HEIEePeCeKAIONuecs MojI-
MHOKECTBA, TT0 MOTATHBHOCTSIM:

V= |_|Vm, Vi ={v € V: p(v) = m}.

meM

Hanmpumep, B OOBITHBIX TEMATHIECKUX MOJEISAX €CTh TOJBKO JBe MOJAAJIBHOCTH: JOKY-
Mentol Vi = D u tepmbl Vo = W kaxiag TpaH3aKius IPEJICTaB/IAeTcs pedpoM U3 JIBYX
BepiuH € = (d, w) u ONUCHIBAET BXOXK/HUE TepMa W B JOKyMeHT d. [Tpu 3rom runeprpad
SABJISETCS JIBYIOJBHBIM TPadOM.

B Goutee c10:KHBIX TPUIOKEHUAX TPAH3AKIINA MOTYT UMETh pa3andHble Tulibl. Hampu-
Mep, B CETH HHTEPHET-PeKIAMBI, KPOMe JAHHBIX THIA (U, b, $) O KIHKAX MOJb30BaTENeH U
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M — MHOXKECTBO MOJIAJIbHOCTEN:
oo A

K — MHOXKeCTBO THUTIOB pEdep:

Op B Op Op SFa

T — MHOYKECTBO TeM:
© 0000

Puc. 15: Ilpumep runmeprpada ¢ BepmmHAME TPEX MOJAJBHOCTEH, pEOPAMU-TPAH3AKIIUSIMHA MATH THUTIOB
7 NATHIO TeMaMH.

110 00bsIBJIEHUSAM b HA CTPAHUIAX S, MOI'YT UMEThCSI JAHHBIE O ITOCEIIEHUSIX CTPAHMIL [T0J1b-
30BaTeIAME (U, S), O COAEPKAHUN TEPMOB W B TeKcTaxX obbsipiennii (b, w), crpanur (s, w)
M 3aIIPOCOB MoJIb30Baresei (u, w).

ITycrs 3a1aH0 MHOXKECTBO TUIOB TpaH3akuuil K. Tpanszakuyuonnsie dannvie tana k —
970 BbIOOpKa Fj He3aBUCHMMbIX Habsonenuii (e, t) € 2V x T, nopoxjaemas pacipeese-
HueM pg(e, t), ceoum miist Kazkaoro tuna k € K. Kaxmoe pebpo e € Ej BXoAuT B BEIOOPKY
Nke Pa3, ¥ C Ka¥KJIbIM BXOXKJIEHUEM pedpa CBsi3aHa CBOs JiaTeHTHas Tema t € T.

Ha puc. [I5| mokasan npumep runeprpada ¢ BeplImHaMi TPEX MOJAJIbHOCTE, péOpaMu-
TPaH3aKLUUIMU LUSITH THIIOB U LIATHIO TeMaMu.

Bysem nosiararh, 9To B KaxK10ii TpaH3akimu e € F mMeeTcst OJlHA BbIIeJIeHHAS BEPIIIH-
Ha d, Ha3BIBaEMasl KoHmelHepom, 1 0603HaTIaTh Pebpo Yepe3 e = (d, x), Tje & — MHOXKe-
CTBO BCEX OCTAJbHBIX BEPIIHH pebpa e, 3a UCKJII0UEeHHEM BEPIIMHBI-KOHTeiHepa d. AHaJIO-
IUYIHO JOKYMEHTY, ¢ KOHTelHepoM cBsizaHo pactpenesnenue TeM p(t|d). MuoxkecTBO Beex
BEPIIHH-KOHTEHEPOB 0003HaYnM uepes .

Hanee npennosozkum, 9to HE pacipesenenust teM p(t|d) B konTeiinepe d, H1 pacmpe-
JleJIeHns1 BepIiuH B TeMax p(v |t) He 3aBucaT ot Tuma pedpa k. Kaszamock 6bl, HA IpaKTHKe
5TO NMPEIIOI0KEHIE MOYKET He BBHINOJHAThCA. Hampumep, pacupeiesieHust CJI0B B TEKCTAX
BeO-CTPAHUIL, B IOJb30BATEIbCKUX 3alPOCAX U B PEKJIAMHBIX DaHHEPAX MOIYT 3HAYUMO
pa3nmyuaThbCs JId OMHON u TOM ke Tembl. OJHAKO 3TO OrpaHUYEHUE HETPYIHO ODOWTH,
eCJIN TIOCTPOUTH MOJIENIh ¢ TPEMs PA3HBIMU MOJAJTBHOCTSIMU CJIOB JIJIsT 3THX TPEX THUIIOB
rparsakuuii. Creaars 9T pacipeeeHns MOX0KUME MOKHO C IIOMOIIBIO PEry/IsSPH3alltH.

Haxkomen, BBeéM ruoTesy yCI0BHOM HE3aBUCHMOCTH BEPIIUH U, IIOPOKIACMBIX OJTHUM
1 TeM ke pebpom (d, x):

p(z|t) = Hpv\t

veET

ITpu clieIaHHbIX JOMYIHEHUAX TTPOIeCce Mopok aeHust pebpa (d, z) € Ej, cocTouT u3 1Byx
mraros. CHavasta mopoxkmaercss Tema t u3 pacmpegenenus p(t|d). 3arem mopoxkmaercs
MHOZKECTBO Bepmua & C V| Ipu4ém Kazk/as BEpUIMHA U € T MOJAJBHOCTH 1M HOPOK1AeT-
CsI HE3ABHCHMO OT JIPYTUX BEPIIHH U3 CBOEro pacupesaeserus p(v|t) Hag MHOKECTBOM V.

Temaruueckad MOJEIb BHIPazKaeT BePOATHOCTH IIO4BJIeHHd pébep rumeprpada depes
YCIOBHBIE PACIPENCIeHAs, CBI3aHHbIe ¢ UX BePIIHHAMME:

p(z|d) = Zpt]d HPU|t :Zeth(Pvt-

teT VET teT vET
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[TapameTrpaMu 3TOi MOJETN SBJASIOTCS YCJIOBHBIE BEPOSITHOCTU BEPITUH B TeMax
Yot = p(v|t), HODMUPOBaHHBIE TIO KAZKI0H MOJATIBHOCTH U € Vi), M YCJIOBHBIE BEPOSITHOCTI
TeM B KoHTeitnepax Oy = p(t|d). B Marpuaubix 0603HAYEHHIX TapaMETPAMH SIBJISIOTCS
marpuisl Y,,, m € M u ©, Kak u B cirydae MyJIbTUMOJAIBHON TeMaTnaeckoit Moesn ((39).

lMuneprpadoBasg MoJe/b gaBJIeTCS MUPOKUM 0000IIEHnEM OObIYHBIX TEMAaTHYEeCKHUX
mozeneit. B gwactnocTn, oma mepexoant B PLSA B ciyuae, korga MomaabHOCTeH aBe —
JnoKkyMeHTHl V) = D u tepmbl Vo = W, tun pébep Tosrbko ogue — mapel (d,w) € D x W,
B KOTOPBIX JTOKYMEHTHI d sIBISIOTCA KOHTeHHepaMu.

Mvneprpadosbii EM-anroputm. /g oneHunBanus mapaMerpoB MOJEIH TPUMEHHM
HPUHIATT MaKCHUMyMa TpaBaonoaobus. Byaem MakcuMusupoBaTb CyMMy JorapudMoB
IPaB/IONOA00Hs 0 BeeM TuiaM pébep k ¢ Becamu Ty, u peryiasipuzaropom R(P, ©):

Z Tk Z Nkdx In (Z th H Sovt) + R((I) @) — maX (52)

keK dx€eFE) teT VET

ZSDUt:la Yot = 0; Zetd:L Oia = 0.

VEVm teT

Teopema 10.1. Ilycrb ¢pyuknus R(P,O) menpepriBao gupdepeniupyema. Touka Jjio-
KasabpHOro Makcmmyma (P, 0) zagadn VAOBJIETBOPSIET CHCTEME yDaBHEHHI OTHOCH-
TEJIBHO APAMETPOB MOJETH Py, Oyq H BCIOMOTaTeIBHBIX HePEMEHHBIX Digr = p(t|d, x),
€CJIH U3 pellleHHs HCKJIIYATH HyjeBble cToa0nb Marpun ,,, ©:

Praz = 1OM <0m 11 %t) ; (53)

vET

oR
Dot = n(e)%“/m (nvt + wvta—>; Nyt = Z Z [U € l’] TkNkdzPtdxs (54)
vEm Pt keK dzcE)
OR
Ora = nor%n (ntd + Orgm— 0 ) Ntg = Z Z TrNkdxPtda - (55)
td keK ducEy,

HokazareabcTBo. Bocnoab3yemMcest eMMoii [3.2] 0 MaKCHMU3AIME Ha €IMHAIHBIX CHM-
JIEKCAX, BBIJIEINB BCIOMOTATETLHBIE TIEPEMEHHBIE Pigy, OMpenenénuse B (53):

OR
Py = NOrm (‘Pvt Z Tk Z nkda: |d 8(,0 . H Put + ¢Ut6g0 t) -

VeV,
m k€K  dzcE),

OR
= om0 3 mensale € el + a%t)

kEK dzcEy
0,y = norm/| 6,4 Z Tk Z nkdm H Yot + Org=— O
teT | d 39td
keK xed
oR
= n?ErTm ( Z Z TkNkdzPide + Ota 9 etd)
keK zcd

Teopema nmokazana.
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Tunbl TpaH3akyunii n nx secosble ko3I dnyneHTbl. B onncanHoit Mojen HET HUKA-
KUX OIpaHUYeHHIl Ha TO, KAKUM 0Opa30M TpaH3aKIMU I'PYyHIUPYIOTCA 110 Tunam. JIobasd
TPaH3aKINsd, HE3aBUCUMO OT THUIA, MOYKET COJEepzKaTh J1I000e YUCI0 TEPMOB JIIOOBIX MO-
naapHOCTell. Ha mpakTuke y00HO OTHOCHTH K OJHOMY THILY BCe TDAH3AKINH, IMeEOIHe
o01Iee TPOUCXOXK/IeHNe U CTPYKTYpy. OaHaK0 hOPMAaTbHO TAKOIO OTPDAHUYEHHS HET.

BecoBbie K03 DUIUEHTHI T), TTO3BOISIOT COATAHCHPOBATH MOJIEH € YIETOM KOJTUIECTBA
Tpan3akiuii B BbIoopKrax |Ey|. Yem GoJiblie 7y, TeM CHJIbHEE TPAH3AKIUU TUIIA K HOBIUAIOT
HA MOJEJIb.

B nekoTopbIx 3aja4uax onpejie/IeHHbIE TUITHI TPAH3AKIIUI He JIOJIKHBI BJUATH HA TEMa-
THKY KOHTeiiHepoB. Hampumep, B MyJbTUS3BIYHON MOIEIN MOYKeT OBITh BBIODAH OJUH
TVIABHBIN S3BIK, ONPEJeNSIONil TeMaTUKy MHOTOS3BIYHOTO JTOKYMEHTA, OTHAKO TEeMBI
JIOJIZKHBL 1IOJIyYUTh CBOM PACHpPE/IeJIEHUs CJIOB B KaxKJIOM s3blKe. B TakoMm ciydae Jijis
CJIOB TJIABHOT'O S3bIKa BBOJUTCH BECOBON KOI(MDDUIMEHT Tj, HA NOPSAJIKH MPEBBLIIAIONTHIHT
BecoBbIe KOI(DMUIMEHTHI CJIOB OCTAJBHBIX SI3BIKOB.

pyroit mpuMep: B peKOMeHIaTeJbHON cucTeMe MY3bIKATbHbIE TPEKH JTOJIKHBI BJIUITH
Ha TeMbl, eCJIM OHH HaXOJdATCsd B IUIeH-THCTaX MOJb30BaTesell, Ho He B aJIbbOMax UCIIOJI-
auteseil. Temarnka aJpb00MOB TOIZKHA ONPEACTATHCS UCXOI U3 MPEANOUYTEHU MOTH30-
Bareseit, Ho He HaoOopor. [loaToMy Beca TpekoB B IIeH-JIHCTAaX JOJYKHBI Ha MOPSIKHU
MPEBBITIATH BECA TPEKOB B ajbOOMax.

MvneprpadoBble Mogenn anst pekomeHaaTtesibHbiX cucTeM. [lycrs mMeercss KoHed-
HOe MHOYKECTBO KJIMEHTOB W mojb3oBareseil U (users) m KOHEUHOE MHOXKECTBO O0bEK-
TOB WK TOBApoB [ (items), OTHOCHTENIBHO KOTOPHIX ¥ KJIMEHTOB MOTYT OBITH PA3/IUIHbIE
HpeJIOYTEeHNS, BKYChI WJIM HHTEepechl. BepodaTHocTHasd TeMaTndeckas MOJEIb PEKOMEH,1a-
TeJIbHOW CUCTEMBI TTPEICKA3BIBAET MTPEJANIOUTEHNS] KINEHTOB:

plilu) = p(ilt) p(t|w).

teT

Omna 5KBHUBaJIEHTHA TEMATHYIECKONH MOJIETH TEKCTOBON KOJLIEKIINU C TOYHOCTDHIO JI0 3aMEHbI
TePMUHOJIOTHA: «TOKYMEHTBl — KJIUEHTBI», «CJIO0BA — OOBEKTBI», «TeMbl — HHTEPECHI ».
VexonHEpIME TAHHBIMH SBJSIOTCS CYETUUKHU 7,7, ONMHACHIBAIONINE YACTOTY HMCHOJIH30BAHUS
00beKTa ¢ KIUEHTOM u. B 3aBUCUMOCTH OT TPUIOKEHHUS ITO MOTYT OBITH MOKYIIKH, IOCe-
IEeHKsI, OOpalleHns, JJAUK 1 T. JI.

B pexkoMeHaTeTbHBIX CHCTEMAX CYIIECTBYeT IIPOOJIeMa «XOJOJMHOTO CTapTay: HOBOMY
KJINEHTY HeYero NopeKOMeHI0BaTh, MTOCKOJIBKY MBI He UMeeM HCTOPHUH €To MpenouTeHwil;
TaKKe M HOBBI TOBAp HEKOMY TOPEKOMEHIOBATh, MOCKOJBKY €ro ellé HUKTO He BHIOH-
paJi. s perienus 310 mpobJieMbl TPUBIEKAIOTCS JOTOTHUATEIbHBIE TaHHbIE O KIMeHTaX
u obbekrax. Hanpumep, Ounapubie JaHHbIE N,, O HAJUYUU Y KJIUEHTA U arpudyra a u3
3a/JAHHOT0 KOHEYHOT'O MHOXKeCTBa A minm JaHHbie n; O HAIUIUH y 00beKTa ¢ CBOHCTBA b
U3 3aJ[AHHOTO KOHEYHOro MHOXKecTBAa B. Hampumep, 06beKThI MOTYT UMETh TEKCTOBBIE
ONHCAHWSA, ¥ TOTJa B — 9T0 cJ0Bapb TEPMUHOB, UCIOJIB3YEMbIX B 9THX ONHCcaHUAX. Takune
pEKOMeHIaTeTbHbIE CUCTEeMBI HA3BIBAIOTCS, COOTBETCTBEHHO, YINUTHIBAIOIIUMHI ATPUOYTHI
(attribute-aware) u yamrsiBaionuMu KoureHT (content-aware). OHE HO3BOJSIIOT OLPEJIe-
JIATH TeMaTH4IecKne BEKTOPH KJINEeHTOB H OObEKTOB jlazke TOIa, KOrAa [0 HUM HeT OCHOB-
HBIX JIAHHBIX O TIPEJNOYTEHUSIX 7,;. B KadecTBe JOMOJTHATEIHHBIX JAHHBIX MOTYT TAKZKe
HCIIOJb30BAThCA COBETHI KJIMEHTOB JPYT APYTY. DTO MONApPHBIE B3aUMOMERCTBUS MEKTY
KJIHEHTAMH M., WU JaHHBIE O noBepun (trust-aware). tak, B 3a1ade HOSBIAETCS YiKe
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B I J
ooigcvgigt;,,m o O time-aware
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o——— 0o O /o
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attribute- ' S \
Af ;%)Vﬁ context-aware\ © o
A \trust-aware o ©
A U C

Puc. 16: TpaHn3aknuoHHBIE JAHHBIE B PEKOMEHIATEIHHOW CHCTEME OMUCHIBAIOT B3AMMOIEHCTBUS MEXKIY
IIECTHI0 MOJAJIBHOCTAMY: KIUEHTHI U, 00beKThI [, arpubyThl KineHToB A, cBoiicTBa 00beKTOB B, cutry-
aruBHbIE KOHTEKCTHI C', MHTEPBAJIBI BpeMeHu J.

geTpipe Mogaabnoct U, [, A, B, MexKIy 9JIeMeHTaMH KOTOPBIX HAOJIIOIAI0TCS TAPHbIE B3a-
UMOJIeiicTBUSI. BO3MOXKHBI ¥ TPOHHBIE B3aUMOIEHCTBHS, HATIPUMED, My;p — KJIHEHT U Te-
rUpoBaJ OOBEKT ¢ CBOHCTBOM b.

HpeﬂHO“ITeHI/IH KJIMEHTOB MOI'YT HU3MEHATHCA CO BpEMEHEM HWJIN 3aBUCETH OT CHUTYa-
THBHOI'O KOHTEKCTA: MOKYIKa s cebsd, jiid oduca mwin B HOJAPOK; ITPOCMOTD DHIbMA
C JIPY3bSIMHU, ¢ MOJAPYTO# uian ¢ JaeTbMu U T. 1. JLng yuéra takoit undopmaiuu BBOASITCS
ermé JiBe MOJAJTBHOCTH: MHOXKeCTBO cuTyaruii C' 1 MHOXKEeCTBO WHTEPBAJIOB BpeMeHHu .J.
B3aHMO,ZLefICTBHH MezKAYy HHUMH MOT'YT OIIMCBbIBATBHCA TPAH3aKIHUAMHU M3 TpéX nJIN 4Y€ThbI-
PEX TepMOB, HAIPUMED: Ny — KJAHUEHT U BLIOPa] OOLEKT ¢ B CUTYAIUH C; Myij — KJH-
eHT U BLIOpAJ OOBEKT ¢ B CUTYAIlUH ¢ B MHTepBaJe BpeMenu j. Takue cucTeMbl HA3bIBAIOT-
Csl, COOTBETCTBEHHO, YIUTHIBAIOIIMMEI KOHTEKCT (context-aware) W yIUTBIBAIOIIAMI BPEMst
(time-aware), em. puc.[16]

CummMeTpusoBaHHble runeprpacoBbie MOAENN MOAXOAAT A 33434, B KOTOPLIX CO-
JIEPKUMOe KOHTEHHEPOB MOYKET M3MEHSATHCSA. B TeKCTOBBIX KOJJIEKIHUAX JOKYMEHTHI MO0-
ABJIAIOTCA TEJUKOM U B JajbHeineM He MeHsiiorca. COBEpIIEHHO MHAsI CHUTYallUd B pe-
KOMEHIAaTeJIbHBIX cucTeMax. TpaH3akius «I0Jb30BaTe/b U BLIOPAJ TOBAp ¢» HA IEPBBIi
B3[VISIJT aHAJOTUYHA TPAH3AKINH <«JIOKYMEHT d COIEp:KHUT CJIOBO w». Pasziuume B TOM,
YTO JOKYMEHT CTAaTUYEH, TOI/A KaK y KarKJ0I'0 MOJIb30BATE s] MOYKET PACTH MHOYKECTBO
BHIODAHHBIX TOBApPOB, a y KayKJA0TO TOBapa — MHOYKECTBO BBIODABIIUX €r0 I0Jh30BaTe-
Jieit. KTo B TakoM cjiydae JOJI2KeH UIpaTh poJib KOHTefiHepa — TOBap WU IOJIb30BATEDb !
To u ppyroe Heymob6HO ¢ TOUKHU 3peHus nakerHoro EM-aaropurMa; ropasio ecrecTBeHHee
ObLIO OB (OPMHUPOBATDH MAKETHI 0 BPEMEHH TOCTYILICHUS JTAHHBIX.

Bynem cuurarn, uro B pédbpax runeprpacga x C V HeT HMKAKOH BbIJIEJEHHON BepIiiu-
HbI-KoHTelHepa. /g remepanuu pedpa cHadasia MOPOXKIAeTCs TeMa b U3 paclpe/ie/ieHus
7 = p(t), obIIero st Beeli KOJUIEKIINH, 3aTeM BEPIIUHBI U € T TOPOXKIAITCSA HE3aBUCUMO
JPYT OT JApyTa U3 pacupeienenuii ¢, = p(v|t) Hag MogaipHOCTSIME V),

p(e) = o) ]I pwlt) = =[] ou-

Bo3mozken Takzke BApUaHT, KOTa TeMa ¢ MOPOKIAeTCs U3 pacipeseseus Ty = pr(t),
3aBUCAIIECTO OT THIIA TpaH3akmuu k. Mbl He paccMaTpuBaeM 3TOT CJydail, MOCKOJBKY
OH JIETKO PACIUCHIBAETCS 110 AHAJIOTHH.
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[Iycts E) — nHabaiogaeMas BbIOOpKa pébep-TpaH3akiuit Tumna k, ng, — 9UCI0 HAOIIO-
JieHuit pebpa x B BhIOOpKe Fj.

Boinuiem 3a/1aqy MaKCUMU3AIUUA PEry/IPHU30BAHHOIO HPAB/IONIOI00MA PH OOBITHBIX
OrpaHUYCHHUSAX HOPMUPOBKH M HEOTPHIIATEILHOCTH:

> 7Y ngeln (Z m ] %t) + R(®,7) = max; (56)

keK zeE) teT VET
E Ot = 1, o 2 0; E m =1, m = 0.
vEVn teT

Teopema 10.2. Ilycrs ¢pyuknus R(P,w) menpepeisao gaugpgepenmnupyema. Touka J1o-
kagapHOTO MakcuMyMa (P, ) 3agaqm VIOBJIETBOPSIET CHCTEME VPABHEHHIT OTHOCHTE. Th-
HO 1apAMETPOB MOJETH Py, Ty H BCOOMOIATEJbHBIX MEPEMEHHBIX Py, = p(t|x), ecan u3
penieHns HCKJIIOYNATh HyJaeBble cToa01bl MaTpuil P, :

Dz = norm | m H gpvt). (57)

teT
veET
+oun > Y lved (59
wt = norm/| n, vt— |; Nyt = V E T| TNkzPiz;
Put o t T P taSOvt t kN kDt
keK zeFEy,
b >y (59
7, = norm| n; + T — |: ng = TR .
t oL t t o, ; t ENkx Pt
keK zeEy,

JlokazaTebCTBO, KAK U B CJIyYae IIPebl1yIieil TeopeMbl, ITPOBOIUTCS 110 JIeMMe O MaK-
CHUMHU3alluM Ha €JUMHUYIHBIX CUMILJICKCaX.

B BigARTM Takas Mojie/lb HEllOCPeICTBEHHO He peasii30BaHa, HO e€ HeTPY/JHO ¢ XOPo-
el TOYHOCTHIO CUMYJIUPOBATD. /I 9TOTO cuMMeTpHU30BaHHBIE TPAH3AKIINH, He TMEIOTIHe
KOHTeliHepa, cOOUpaloTcs B ICEBIO-KOHTeHHEePbl d ITPOU3BOJILHBIM 00Pa30M; UX CUETUYUKH
Ntqg AKKYMYJIUDPYIOTCA: Ty = Zd Ntq, 1 HAKOIIJICHHBIEC CYMMBI UCHOJIB3YIOTCA JJId CUJIBHOI'O
CIVIA’KUBAHUS BCEX CTOJIONOB MATPHIBl © B CTOPOHY 001ero BeKropa (n;).

TpaH3akumy € rNaBHbIMY 1 NOAYUHEHHBIMWU TepMaMu. TIpeanosoKuM, 9To KazKast
TPAH3aKIUd COCTOMT M3 JBYX HEIepeceKaloumxcsd MOAMHOKeCTB TepMmos: x LI x’. Tlox-
MHOKECTBO 2AG6HOIT MePMO6 T OnpeJeseT TeMatuky Tpandakmun p(t|x,z') = p(t|x),
KOTOPas 3aTeM [epeIaéTcs MOAMHOKECTBY NOOUUHEHHOLT MEPMOS .

[1aBHBIE M IOAYMHEHHBIE TEPMBI MOYKHO BBOJMTH KaK JIjIsl CUMMETPU30BAHHBIX MOJIE-
Jeil ¢ TpaH3aknusaMu Bujia e = (r,x'), Tak U st MoJieJiel ¢ KOHTelHePHBIMH TPAH3AKIIU-
savu e = (d, x,2').

Hanpumep, kK 6aHKOBCKO#l TpaH3aKIMKU «IIOKYIIaTe/ b b KyNuJi y MpoJiaBiia s ToBap g»
MOZKeT IPUJIAraThCsd TEKCT IJIATEKHOrO nopydenus. OH He J0JIZKeH BJIUATH HA TEMATHKY
TPAH3aKIUH, KOTOPas ONpPeIeIdeTCs SKOHOMUIECKON JedTeJbHOCTHIO IIPOJABIA U MOKY-
nares. Tepmbl b, s, g ABJASIOTCS IJIABHBIMHU, & CJI0BA U3 IJIATEKHOTO HOPYYEHUs — HOJI-
IUHEHHBIMA. [IPOCTO HIHOPUPOBATDH 3TH TEKCTHI HE XOTEJI0CH Obl, TAK KAK PACIPEeIe/eHUsT
csioB p(w | t) mose3Hbl 17151 COfepKATETHHON HHTEPIPETAINN TeM KaK BUIOB eI TeJTbHOCTH
KOMIIAHHH. 3aMeTUM Tak:Ke, 9T0 GAHKOBCKHE TPAH3aKIUK HE ABJLIOTCS KOHTEHHEPHBIMU,
II0CKOJIBKY KOHTPAreHThl HOCTOAHHO OCYIIECTBIIAIOT HOBbBIE CIEJIKH.
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Craenaem emé oauu mar B o0oOIeHnn rumerpadoBoii Temarmdyeckoit momeau. By-
AeM 11oJiaraTb, 4TO KOJIJIEKIUA E COAECPZKUT KaK KOHTeI'?'IHeprIe7 TaK U CUMMETPHU30BaH-
Hble TpaH3akiuu. Haanume koHTeliHepa d y TpaH3akmun OymeM 00O3HAYATH YCIOBHEM
le = (d,z,2")], a orcyrcTBHE KOHTElHEpa — ycaoBueM e = (z,2')].

Momudukamnus EM-aaropurma o0beuHseT KOHTeiHepHBII BApUAHT f U CHUM-

merpusoBannblii Bapuant (57)—(59):

Pte = NOIM ([e = (d,z,2))0 + [e = (x,f)]m) H ot |;

teT
VET
OR
ot = OIM | Ny + el Mo = Y[V € €] Tungeprc;
keK eeEk
0,4 = norm|( n +98—R ; n :ZZ[e:(dxx’)]Tnp'
td teT td tdaetd ) td ) & kllkeltes
kK ecEj,
7T = norm n+7r8—R ; n:ZZ[e:(xx')]Tnp
t teT t taﬂ_t ) t ) kltkelPte-
k€K ecEj,

OcnoBraas mojudukanus E-mara: ecad TpaH3aKIHsS € OTHOCUTCSI K KOHTeitnepy d,
TO WCMob3yeTcst pactpeaesnenne p(t|d) = 0y, ecau xKe OHA He OTHOCUTCS HU K OTHOMY
KOHTEIHepy, TO UCLOJIb3yercs pacupejenenue p(t) = m;, obiiee sl Beex TpaH3aKIuii.

B o0oux BapmaHTax B pe3yabTaTe MOJLYYACTCA PACHPENCICHHE TeM JJIs TPAH3AKINN
p(t|e) = pre, KOTOPOE 3aTEM HCTOIB3YeTCsT BO Beex (hopmynax M-mmara.

vneprpadoBbie s3bikoBble Mogenu. B Tekcrax ecTecTBEHHOrO s3bIKa pebpoM Tumep-
rpacda (TpaH3akimeil) MOKHO CUUTATH JHOOOE MOAMHOKECTBO CJIOB, TPEINOJI0KUTETbHO
PeHEePHPYEMBIX OJIHOI 001elt Temoii u3 pacupenesnenus p(t|d). D1o moryT 6eITH Cl0OBa,
CBSI3aHHBIE CHHTAKCHIECKH — IpeljioKeHHne, (ppas3a, CJI0BOCOUYETaHMe, CHHTArMma. .JIubo
CJIOBA, CBSI3aHHbIE JIEKCHUYECKH, HALIPUMED, Te3aypycHbiMu oTHomteausMu [14] cunonumun,
«9aCTb-TIe/I0e», «00IIee—JdacTHOey. Vcmoipb30Banne TaKOTO Poja CBA3eH MOXKHO CUUTATH
¥XO0O0M OT THIIOTE3bI «MEITKa CJIOB» — HauMeHee PCAJIUCTUIHOIo u HaI/I6OIIee KPUTHUKYE-
MOTO IPE/INOJI0KEHNS B BEPOATHOCTHOM TEMATHIECKOM MOIETHPOBAHUMN.

Mp1 BepHEMCs K 9TOH Hiee B riase [15] korga GyaeM paccMaTpUBATH TEeMATHUECKHE
MOJIE/IN CBS3HOI'O TEKCTA. 3/1€Ch KE€ OTMETUM €CTECTBEHHYIO S3bIKOBYIO MHTEPIIPETAIUIO
TpaH3aK]_[I/IIU/I C TJIaBHBIMU " HO,ZLLH/IHéHHBIMI/I TepMaMMH. FﬂaBHbIe TEepMbI OIIpeaeIdT Te-
MaTHKY TPAH3aKIMH (HATPUMED, MPeJIOKEeHHsI) — 9TO MOTYT ObITh TePMUHbI HJIH HMEH-
HOBAHHBIE OOBEKTHI, HECYIIHe 3HAUYUMYI0 HH(MOPMAIUIO O TeMaTHKe IpPeIMeTHON 00.a-
cTu. B posin MOMYMHEHHBIX MOTYT BBICTYIATH CJI0Ba OOINE#l JeKCHKH WIH pPeIKue CJo-
Ba. Bosee Toro, cnocob pasbuenns KaxKaoil Tpanzakuuu e = (d, x, ') Ha MOAMHOKECTBA
x 1 ' B TpaH3aKIMOHHOM MOJIe/ M He (DUKCUPOBAH U MOYKET YTOUHATHCH B XOJe HTepPallHii.
STO OTKPbIBaeT MaCCy HUHTEPECHBIX BO3MOXKHOCTEI JJId MOJAECJIMPOBaHUA TeMaTHUKH CJIOB
BHYTPHU HpeT0KEHHIA.
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BbiBogbl no rnase 10

e ['mmeprpadoBble TeMaTHIeCKHE MOJETH — 3TO MOITHOE 0000IIeHNne MYyIbTHMO/IATh-
HBIX Mojesieii. Fié cusibiee pacimpsieTcss KaacC peraeMbiX MPUKIAJTHBIX 33,/1a4.

e Hosblii 001Ut B3MJIs/T HA TEMATUYECKOE MOJICTUPOBAHNE: 3TO BEKTOPU3AIINS BEPIITTH
rpada nan runeprpada mo HabI0aaeMoil BBIOOpKe ero pédep. OOBIYHBIN TEKCT —
9TO JBYIOJBHBII I'pad, B KOTOPOM BEPIIHHBI-CJIOBA COeTHHEHBI pEOpPAMU C BepIIH-
HAMU-JIOKYMEHTAMH.

e JlemMMa 0 MakCUMU3AIUN HA €JIMHUIHBIX CHMILJIEKCAX Jake B TaKOM, Ka3aJI0Ch ObI
JIOBOJILHO CJIOXKHOM, OOODOIIEHHH ITO3BOJINIA JIETKO BhiBecTH EM-agropurm.
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11 TemaTunyeckne moaesin 3aBUCUMOCTEN

Temarudeckast MoJieh (GOPMUPYET BEKTOPHOE omucanue HoKymeHTa p(t|d), Koropoe
MOKET OBITH HCIOJIB30BAHO I MPEICKA3ATEJIbHOIO MOJACIUPOBAHKA, B YACTHOCTH, I
penennst 3a1a4 KJIacCHupUKAINE U perpeccut Ha Tekcrax. Knaccudukanus (nmm Karero-
pusalusi) peasnsyercs 0COOEHHO IPOCTO, €CJH KJIACCHI CYUTATH MOJAJIBHOCTDIO.

Perpeccust Ha Tekcrax WJIFOCTPUPYET BaKHBIH NMPUEM, KOIJIA JTONOJHUTE/bHbBIE Ta-
paMeTpbl MOJeJ H (B JaHHOM caydae KoadbduinueHTs JHHEHHO MOJETN perpeccuu) e-
PECYATBIBAIOTCS HTEPAIMOHHO MOCIe KazKIO0ro Npoxoaa Koteknun. [loxoxnit npuém ne-
nosib3yercs u B Mogesin CTM, KoTopast BBIAB/ISET NapHbEe KOPPEJIAIMUA MEXKY TEMaMH.

UnCI0BBIE MOJANTLHOCTH BBOIATCA B TEX CAYYAsSX, KOLAA ¢ TEKCTOM CBA3aHA HE OJI-
Ha YUCI0BAs BEJUIHHA, KOTOPYIO HEOOXOJANMO MPECKA3aTh, a BBIOOPKA IHCET, KOTOPas
MOJICTUPYETCSA CMEChI0 HEITPEPBIBHLIX BEPOSITHOCTHBIX PAaCIPEIeTeHUIH.

Knaccudmkayus. PaccMoTpuM KOUIEKIUIO JOKYMEHTOB ¢ MOJAJIbHOCTSIMH TepMoB W
n kjaaccoB C. JIs kaxka0oro fokymMeHTa d n3BeCTHO TOAMHOZKeCTBO KiaaccoB Cy C C. Tpe-
byercs knaccupunupoBaTh HOBBIE JOKYyMeHTHI ¢ HemdBecTHbIME Cy. Jlns sToro Oyaem
HCIIOJTIb30BATD AUNETHYI0 BEPOATNHOCTIHYIO MOJeAb KAGCCUPUKAUUY TOKYMEHTa [0 ero
TEMATHIECKOMY BEKTOPY Oy = p(t|d):

pleld) = abh.

teT

Hokyment d oTHOCHTCS K KJaccy ¢, ecau p(c|d) = ..

Koadbdunuenrsr muneitnoit Mmogenu ¢, = p(c|t) u noporu 7y, o6ydarmorcs mo BEIGOPKe
JIOKYMeHTOB ¢ u3BecTHbIME Cy. BeKTOp HOBOTO JOKyMeHTa 6y BHIYUCISIETCS TeMaTHIeCKON
MOJIE/IBIO TOJIBKO IO €r0 TEPMaM.

Temamuueckasn modeav kaaccupurayuu Dependency LDA [169] sisasiercst Gaitecon-
CKHM aHAJIOTOM MYJIbTHMOIAJIBHON MOIEIN . Dkcrnepumentsl B [169] mokazamu, uto
TeMaTHIeCKAe MOJEIN IPEBOCXOAAT OOBIYHBIE METOIbI MHOIOKJIACCOBOM KIaCCH(DUKAINT
Ha OOJIBIINX TEKCTOBBIX KOJLICKIUSX ¢ OOJBIIMM YHCJIOM HeCOAJTaHCHUPOBAHHBIX, ITepece-
KAIOIIIXCA, B3aMMO3aBUCUMBIX KJaccoB. B [194] Te ke BbIBOmbI HA TeX Ke KOJIEKIUIX
OBLIM BOCIPOU3BEIEHBI 1711 My abruMomaabHoit ARTM.

Hecbanrancuposarnocms 03HadaeT, 9TO KJIACCHI MOIYT COJEp:KaTh KaK MaJjoe, Tak
M OYeHb DOJIBINIOE YUCIO JOKYMeHTOB. B ciyuae nepecexarowuzcs Kuaccos (multilabel
classification) JOKYMEHT MOYKET OTHOCHTBHCSI KaK K OJHOMY KJIACCY, TAK U K GOJBIIOMY
YUCIY KJACCOB. B3aumo3asucumovie KIacchl KMEIOT OOIIHEe TePMbl M TE€MBbI, IIO9TOMY DU
KJIacCupUKAIIN JOKYMEHTa MOT'YT BCTYIATh B KOHKYPEHITHIO.

Pezyaapusayus no ompuyamesvHuM NPUMEPAM UCTIOIB3YeT JaHHBIE O TOM, 9TO JOKY-
MeHT d u3 00ydaronieil BHIGOPKH He IPUHA/IEXKHUT oAMHOKecTBY KaaccoB C C C. B srom
caydae 3alliilieM IIPaBIoNoa00ue BHIOOPKH IS 33349 OMHAPHON KJaaccupuKaium:

Z Z lnz Oetbra + TZ Z ln<1 - Z gpctﬁtd> — max.

deD ceCy teT deD ceC teT

[TepBoe ciaraemoe npejcrasiaser coboit log-npasonoaobue MOJATLHOCTH KJIACCOB
(38)), ecsm nomoxkuTs Ny = [c€Cy]. Bropoe ciaraemoe MOKHO PACCMATPHBATD KaK Pe-
I'YISPH3ATOP HOCTPOEHHBI 10 TaHHBIM O He-IIPHHAJIE’KHOCTH JOKYMEHTOB KiaaccaM. Ko-
3 PUIIEHT peryIsipu3anuy T MOYKHO II0JIaraTh PABHBIM €THHHIE.

72



Pezyaapusayus baranca xaaccos (label regularization) xopormo 3apekoMeHioBaIa cebst
B 33Ja4ax ¢ HecbasamcuposanneiMu Kiaaccamu [122] [169)].

ITorpebyem, uT0OBI OIlleHKA 06€3YyCJIOBHOIO pacCIpe/iesieHnsl KJIaCCOB 110 KOJIJIGKI_[I/H/I
p(c) =Y, pup(t) Oblaa Ginska K HAOIOMAEMBIM YaCTOTAM KJACCOB P(C) = |D| |D.|, tie
D.={de€ D: ce Cy} — MHOKECTBO TOKYMEHTOB, OTHOCSIIUXCS K KJaccy . Beipasum
JlaHHoe TpebOBaHUe C IMOMOIIBIO CIVIAYKUBAIOIIETO PEryasipu3aTopa KPOCC-9HTPOIUHU, KO-
TOPBIH MOYKHO WHTEPIPETHPOBATH U KAK MAKCUMU3AIMIO TTPABIOTIOIOOUST TSI MOJIETH JTAC-
KPETHOTO Pacipe/iesieHust KiaaccoB p(c):

o) = TZ |D,| anntcpCt — max,

ceC teT

rae n = Mg — YACIO TepMOB MoAaibHocTn C, OTHOCAIIUXCS K TeMe t BO Beeil KOJI-
aeknuu. [ogcrasisig sror peryiasgpusarop B (17), nosyuum dopmyabr M-mara:

NPt
Dot = NOTM (nct + T|DC|L). (60)
weW ZS NsPes
Peryngpusanus OaJiaHca KJIaccoB HCIOJIb30BaIach B TeMaTHYecKoit momenu Prior-
LDA, koropasi 6bu1a npejgoxkena B [169] kak yuyumenune mojenn Flat-LDA.

Perpeccusa. 3anaun npencka3aHust YUCJI0BOI BEINYNHBI KaK (PYHKIIUH OT TEKCTa BO3HH-
KalT BO MHOTHWX MPUIOKEHUIX SJeKTPOHHONH KOMMEPINN: TPeJICKa3aHne pefiTuHra TOBa-
pa, ¢duabMa WM KHUTU 110 TEKCTY OT3bIBA; MpeJCKa3aHhe YUCIa KJIUKOB IO TEKCTY pe-
KJIAMHOTO OObsIBII€HHS; IIPe/ICKa3aHue 3apILIAThl 10 OIUCAHUIO BAKAHCHUU; ITPEICKA3AHIE
MOJIe3HOCTH (YuCia JANKOB) OT3BIBA HA OTEJb, PECTOpaH, cepBuc. s BOCCTAHOBIEHUS
YUCJIOBLIX (DYHKIUI 110 KOHEUHOH oOydalomnieil BbIOOpKe nap «00beKT—0TBeT» UCHOJb3Y-
IOTCSI PEIPEeCCHOHHBIE MOJIEJIH, OJTHAKO BCE OHU IPUHUMAIOT Ha BXO/I€ BEKTOPHBIE OITMCAHHS
00bekToB. Temarudeckast MOIe/Ib MO3BOJISIET 3aMEHUTh TEKCT JOKyMeHTa d ero BeKTOp-
HBIM mpejcTaBienueM 6. C Apyroil cropoHbl, KpUTEPUHA ONTHUMHUBAIUU PErPECCHOHHOM
MOJIE/TH MOXKHO HCIIOJIB30BATH B KQUECTBE PEryasipu3aTopa, YToObl HARTH TeMbl, Hanboiee
uHhOpMaTUBHBIE ¢ TOUKH 3peHus TodHOCTH npejckasannil [127, [183].

ITycts mas Kaxkaoro gokyMenTa d obyuarorieii BIOOpKU [ 3a1aH0 1ejieBoe 3HadYeHne
yq € R. Pacemorpum aunelinyo modesv pezpeccuu, KOTOpast MPeICcKa3biBAeT MaTeMaTH-
YecKoe OXKHAAHUE IeJIeBOM BeJTMINHBI:

y | d Z V104,
teT

rae v € RT — sexTop koadpdunuentos. [IpuMennM MeToa HANMEHBIINX KBAIPATOB JJIs
o0ydeHusi BEKTOpPa v 1O BBIOOPKE JOKYMEHTOB:

R(O,v) = —71 Z(yd — Z thtd)Q.
deD teT

[Moacrasisisa sror peryssipusarop B ((18) u npupaBHUBag HYJII0 €10 IPOU3BOJHYIO 110 U,
nostyauM (popmysanr M-mara:

0ia = HOEHI (ntd + 7004 (Z/d - Z 0395d> );

seT

v = (007)"1ey.
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Qopwmyna a8 BEKTOpa v ABJIAETCS CTAHIAPTHBIM pelleHreM 3aJa9i HAaUMeHBITHX
KBaAparoB npu dpukcupoBaHHoil Marpuie 6. BekTop v MOXKHO OOHOBJISITH TIO OKOHYA-
HUU KaXKJ0ro IMPOX0ja KOJLIEKIUU, JUOO mocjae obpaboTKN KazKJI0ro mnakera JOKYMEHTOB
B oHJaiinopoM EM-ajaropurme.

B [183] mokazano, 9T0 KauecTBO PErpecCuu MOXKeT 3aBUCETh OT WHUIHAIN3AINH TeMa-
THYECKON MOJIEJIN, U [PEJIIOKEHO HECKOJIBKO METOJIOB MHUIMATAZAIUN.

Ha mpakTuke 0OBIYHO HCIIOB3YeTCs OoJiee TTPOCTO MOIXO/: CHAYAJA CTPOSATCA TeMa-
THYECKHE MPU3HAKOBbIE OMMMCAHHUA JOKYMEHTOB ¢ MOMOIILI0 Mojean LDA, 3arem K sTuMm
IPU3HAKAM MOTYT JODABJISITHCS eIé KAKue-TO YUCTIOBble TPU3HAKN TEKCTOB, W, HAKOHETI,
o0111ee TPU3HAKOBOE OMUCAHME UCIIOJIL3YeTCs i PellleHus perpeccuonnoi 3aaaqu. Hemo-
CTATOK ITOTO MOAX0A B TOM, 4TO MOjesb LDA Hudero #e 3HaeT 0 perpeccuu.

Perynspuzarus ARTM 1mo3BoJisieT moo4epeHo yaydimarh TO TeMATHIECKYI0 MOJIETb
C YUETOM Perpeccui, TO perpecCuOHHYIO MOJIENIb C YIETOM TeMaTHIecKuX MPU3HaKoB. B pe-
3yJIbTATe JBE MOJIE/IN 110 OYepeu MPUCIOCADJIUBAIOTCA JAPYT K Apyry. BekTopsl TeMm 1mo-
BOPAYMBAIOTCS B IIPOCTPAHCTBE TAKUM 0Opa30M, 4TOOBI OBITH MAKCUMAJIbHO TOJIE3HBIME
B KaUecTBe MPU3HAKOB perpeccnoHHoit Mofenu. /lobapienne HeTeMaTHIeCKIX TPU3HAKOB
B PErpeCCHOHHYIO MO/IeJIb TaKzKe He COCTaBJIdeT TPy/ia.

Koppensauuu tem. Modeaw koppeauposarnux mem CTM (correlated topic model) mpes-
Ha3HAa4YeHa JIJIsT BeIsIBJIEeHHsI CBsizeil Mexay Temamu [39]. Hanpuwmep, crarbst mo reosorun
DoJ1ee BepOATHO CBA3aHA C apXEOJIOTHel, YeM ¢ FeHeTHKON. 3HaHue O TOM, KaKHe TeMbl da-
e COBMECTHO BCTPEUYAIOTCSA B JOKYMEHTAX KOJIIEKIHH, TO3BOJISIET TOTHEe MOJIEIHPOBATH
TEMATHKY OTIEJbHBIX JOKYMEHTOB B MYJbTUIUCIUILINHAPHBIX KOJLIEKINIX.

st onmcaHust KOppeasiumii yao0HO HCITOAb30BaTh MHOTOMEPHOE HOPMaJIbHOE pacipe-
jgesienre. OHO He MOJAXOJHUT JI/Id OMUCAHUA HEOTPHUIATETbHBIX HOPMUPOBAHHBIX BEKTOP-
CTOJIONOB 64, HO HEILJIOXO OMMCHIBAET BEKTOPHI UX JOrapudmMoB 1y = In 6;4. [losToMy B MO-
JIeJTb BBOJUTCS MHOTOMEPHOE JIOT-HOpMaabHoe pacupenenenue (logistic normal) ¢ aByms
[MIapaMeTpaMu: BEKTOPOM MaTEMaTHUY€CKOI'O OXKUJIaHH A ,M n KOBapI/IaHI/IOHHOﬁ ManI/IHeﬁ EZ

p(nal i, B) = (2m) E[S[72 exp(—4(na — 1) (4 — 1)

Nznagansno momensb CTM Obl1a pazpaboTaHa B paMKax 0aiieCOBCKOTO MOIAXOIa, TIIe
BO3HUKAJIX JOINOJIHUTEJbHbIC TEeXHUYECKUue TPYJAHOCTHU H3-3a TOI'O, 4YTO JIOI-HOPMaJIbHOE
pacrpejesieHne He sIBJISETCsl CONPSIKEHHBIM K MyJabTuHOMHabHOMY. B pamkax ARTM
uies C'TM dbopmanusyercsa u peaju3yercsa HAMHOTO IIPOIIIE.

OnpenenM peryaspu3aTop Kak JorapudM MpaBaonogo0dus BEIOOPKHA BEKTOPOB J0KY-
MEHTOB 7)g AJIS JIOT-HOPMAJBbHON MOJEsIN:

-
R(O,pu,%) = TZ Inp(na|p,X) = ~3 Z(ln O — )" (In by — p).
deD deD

Cormacuo (18)), dopmyna M-mara st 0y npuHEMaeT BUJ

Orq = norm (ntd - T Z St (ln Osq — Ms)); (61)

seT

e X7, — s71eMeHTH 06paTHO KOBapHAIMOHHOH MaTpHILl. [lapaMeTpsl ¥, (1 HOpMAIBLHO-
ro pacupejie/ieHust OOHOBJSIOTCA TI0CIe KazKI0ro IMPoXo1a KOJJIEKIUH, JTHOO TocIe Kak-
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JIOTO IMaKeTa B oHJaiiHoBoM EM-airropurMme:

1
=— ) Inby
"= o] 2"
1 T
Ezﬁz(lned—u)(lned—p).
Pl

Takum obpazom, TPYI0EMKOe OOpallleHne KOBAPUAIMOHHON MaTPUIIbI MOZKHO BbIIIOJI-
HSTHb OTHOCUTEJIbHO PejiKOo. UTOoOBI Mmosiydarh pa3pe:keHHYI0 KOBaPHUAIMOHHYIO MAaTPHILY,
B [39] ncnoanzoBanack LASSO-perpeccusi. Tam ke mpecTaBieHbl TPUMeDH BH3yaJH-
3aIlUU CBsI3€il MeXK/ly TeMaMu, TMOCTPOECHHBIMH 10 KOJUIEKITMH CTaTell )KypHaJja Science
3a 1990-1999 rr.

Yucnosble moganbHOoCTU. B 3amadax perpeccuu ¢ KazKJIbIM TEKCTOBBIM JOKYMEHTOM
CBSI3aHA OJHA YUCJI0BAs BEJUYHHA, KOTOPYIO HEOOXOAMMO HPOrHO3UpoBaTh. OIHAKO ObI-
BalOT U TaKue 3aﬂa"ﬂ/l, B KOTOprX YHCJIOBbIC BE€JIMYHUHDbI CBA3aHbl C KazK/IbIM TepMOM.

Paccvorpum TemMarudeckyo Mojiesib OaHKOBCKUX TPaH3aKIMOHHBIX JIAHHBIX. B posn
,ZLOKyMeHTOB BbICTyHaIOT KOMHaHI/II/I, TepMaMH B ,ZLOKyMeHTe ABJIAIOTCA KOHTpaFeHTbI —
JIpyrEe KOMIIAHUH, KOTOPBIC 3aKJI0Yal0T ¢ JaHHOH KOMIAHUeH CIeJKH IO HOKYIKe I
npoJazke TOBApOB MIM yeayr. Kazkiasd creska COIpOBOXKIACTCS TEKCTOM ILIATEZKHOTO
HOPYYEeHHs, KOTOPBI COMEP:KUT HA3BAHUS TOBAPOB WM YCIYT. DTH Ha3BaHUA 0Opasy-
0T BTOpyIO MOOaJIbHOCTD. HOKyHKI/I n HpO,ZLa)KI/I paCCManI/IBaIOTCH 110 OT;LG.HBHOCTI/I7 9T0O
y/BanuBaeT YMCJIO MOJAJIBHOCTEH 0 J4eThIPEX. TeMbl COOTBETCTBYIOT BHJIAM SKOHOMUUE-
CKOIl JledTeIbHOCTH KOMIIaHHiL. /[/18 HHTeplnpeTalyul TeM paccMaTPUBAIOTCA JBa CIINCKA —
TOBapbl, KOTOPBIE KOMIAHUH IIOKYIIAIOT, ¥ TOBAPLI, KOTOPHIE OHU IPOJAIOT, OCYIIECTBIAA
JaHHBIN Bu gearenbrocT [19).

KpOMe eCTECTBECHHBIX ,Z[I/ICerTHbIX MO,ZLaJIbHOCTeI?‘I KOHTpaFeHTOB n HaBBaHI/H'?I7 B JaH-
HOII 3a/1a4e UMEIOTCS eIIé U YUCA0Bble JaHHble 00 00bEMAaxX CIeJ0K, KOTOPhle MOIYT HeCTH
KOCBeHHYI0 MH(MOPMAIIO O BHJE JAeATeJbHOCTH. DymeM moJjaraTb, 94TO ¢ KasKIBIM JI0-
KyMEHTOM d CBSI3aHO HECKOJIBKO YHCJIOBBIX MOCIEA0BATENBHOCTEH {Yami|t = 1,.. . kam},
COOTBETCTBYIONIAX “UCA06UM Modasvrocmam m € M. B HameM cIydae HCIOBBIX MO-
JIAJIbHOCTEH JiBe — 3T0 00BEMBI CJEJI0K MOKYIKY U pojgazku. [Ipeanonoxum, 4ro KazxKjas
TeMa ¢ TOPOK/IAET 3HAYCHUSI Ygm; U3 pactpeienenuss p(y|t; Yu,) ¢ BEKTOPOM Hapamer-
POB Y, KOTOPOE HE 3ABHCHUT OT JIOKYMEHTA (9TO OOBIYHAS JJI1 TEMATHYECKOTO MOJIETHPO-
BaHUS I'MIOTE3a yCJOBHON HesaBucumocTs). Torga pacupejesenne 3HAYCHUIT i MOJIATb-
HOCTH M B JIOKYMEHTe d OIUCHIBACTCS CMEChIO PAaCIpe/ e IeHHI:

p(yld,m) = Z Py 1t Yim)Ora-

teT

Bo3bpMéM 3a OCHOBY MYJIbTUMOJAIBHYIO MOJIETb ¢ TPOU3BOJILHBIM HEIPEPBHIBHO
juddepennupyembim peryisipuzaropom R(P, ©). JobaBum pery/isipu3arop 4ucjoBbIX MO-
JIAJILHOCTEll, ONPeJIe/INB ero KaK B3BEIIeHHYI0 CYyMMY JiorapupMoB npaBionoodmus Bb00-
POK {Yami} € BeCAMU Ty,

kdm

RO =" 7 > > 1> p(Yamil t;Yim) Oua-

melf  deD i=1  teT

I6)



Torga cucrema ypaBHEHHIT B TeopeMe npeobpasyercs CIeayomuM 00pa3oM: ¢op-
mysbl E-mara (41) u M-mara no ® (42)) ocraoorcst B cune; K Hum 106aBag0TCH POPMYJIbI
E-mara n M-1mara a1 9uc/ioBbIX MOAaIbHOCTEH 1 m3mensiercss popmysia M-mrara mo ©:

Prami = P(| d: Yami) = 10T (P(ami [ £; e ) 01a);

kdm
Yim = arg rglearx Z Z Ptdmi 10 P(Yami | 15 Vem);
deD =1
kdm aR
Oa = norm Z Z T MdwPtdw T Z Z TmPtdmi + etdaTtd
meM weWm meM =1

[Toaxom Ha OCHOBE MYJBTHMOJIAIBHON MOJEN UMEET OJIMH CYIECTBEHHDBIR U3DbIH —
OH TIpeHeOperaeT TPaH3aKIMOHHONW MPUPOION JaHHBIX. KaxkK bl TOKYMeHT (KOMIAHHS)
HPEJCTABIACTCS «MEIIKOM Ha3BaHU», «MEIIKOM KOHTPAreHTOB», H «MEIIKOM OO0bEMOBY.
OHaKO B KaKJIOH TPAH3aKIMU HA3BAHWE, KOHTPAreHT B OObEM CIEJKH HEPA3PBIBHO CBSI-
3aHBI JAPYT € APYTOM U MOPOKIAIOTCs 001eit Temoii (BugoMm nesrenbrocTn ). Muadopmartis
00 3THX CBA3IX UTHOPUPYETCS B MYJIbTUMOIAJIHHON MOIEIHN.

[TosToMy paccMOTpUM BBeJleHHE UYHCJIO0BOW MOTAIBHOCTH B rUneprpadoBoil TeMaTu-
qeckoil Mozestu, omucannoii B riase [10] Kaxgas Tpan3akius KOMIAHUH d TPEICTABISIET
coboit ueTBEpKy (d, m, x,y), tie m € M — onHa U3 JBYX YHCIOBBIX MOJATBHOCTEI «OGBEM
HOKYIKN» UIH «00béM npomaxkuy, £ C V — NOAMHOZKECTBO TePMOB, V' — MHOXKECTBO Bep-
muH runeprpada, moaydeHHoe o0benHeHTEM cioBapeit W BceX HEYUCTOBBIX MOTAJb-
HocTeit m € M. Ecan KommaHus d coBepIIaeT CAeJKY HOKYIKH, TO TepMaMu B & OYIAYT
KOMITAHHUS-TIPO/IABEI] ¥ HA3BaHUs TOBAPOB, KOTOPLIe d y Heé mokynaeT. Econ komnanus d
COBEPIIAET CIEJIKY MPOJAXKU, TO TeEPMAMU B & OY/IyT KOMIAHUSA-HOKYIATE b U HA3BAHUS
TOBApOB, KOTOPBIE d €ii npofaét. B oboux Tunax TpaH3akiuil 3Ha4eHue Yy paBHO 00bEMY
crenkn. Temarwdaeckass MOIETb TPAH3AKIINYA UMEET BHU/I

pla,yld,m) = O pyt;vm) [ ] oo

teT vVET

Bagaua (H2) makcumuzanuu sorapudma npaBaono 00us TPAH3AKIMOHHBIX JAHHBIX
X = {(di, mi, Ty, Yi): 1= 1,... ,n} JUIs THIeprpadoBoil TeMaTHYeCKOR MOJIEIUN COOTBET-
CTBYIOIIUM 00pa30M MOJAUMDUITUPYETCH:

> (D tup(yltym) [[on ) + R(®,0) = max; (62)

(dym,z,y)eX teT vET

Teopema 11.1. Ilycrs ¢pyrkmus R(P,©) menpepsisro angdepenmmpyema. Touka Jio-
gasbroro Makcumyma (©,0,1") sagaqun (62)) yaoprersopsier cucreme ypaBHeHHI OTHOCH-
TEJILHO MAPAMETPOB Pyt, B4, Vim B BCIOMOTaTEIbHBIX HEPEMEHHBIX Py = p(t|d;, my, x4, v;),
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ecJId U3 peIllleHHs HCKIIOYHTEH HyJ/IeBble cToa0nbl MaTpuIl P,,, O:

Pti = Tl;)erjlfﬂ (Qtdip(yi ’tJ %mi) H S%t>;

ver;
s wvt% ; Nyt = g[v € T3] pui;
0a = Htoer%n (ntd + 9td(§7]jd) ; Ng = g[d = di|pu;
Yim = argmax Y [m = m;] pe Inp(yi | 5 Yem ).

=1

WHTepecHo, 910 B 00€UX MOJENIAX, MYJIBTHMOJAIBHON U THIeprpadoBoii, HaM yIaI0Ch
m36eKaTh KOHKPEeTU3AINA B pacpeenenus p(y|t;y) 10 caMoro mocaeHero MOMEHTA.
N renepsb Mbl nonnMaeM, kKakuMm obpazoMm B EM-ajaroputM MOKHO BCTPOUTD J11000€ TIPE/I-
MOJIOKEHNE O BHJIE STUX pacupeesnenuii. o 3Toro 10CTaToIHO yMeTh pelnarh 3a1ady
MaKCHMU3AIMU B3BEIIEHHOTO JorapudMa IpaBIonoaodus mo v € I, rjie KazKIplii 971eMeHT
BBIOODKH, TO €CTh KarK/iasd TPaH3aKIIUsl, HMeeT CBOM Bec py;, BHIYUCIeHHBIR Ha E-mmare.

1o cranmapraasa 3amaqa. [lyers nis onpegenéanocts p(y |t vim) = N(Y; tim, 02,) —
rayCccoBCKOE paclpe/ie/ieHue ¢ MaTeMaTHYeCKUM OXKUJIAHUeM iy, U jquctepcueii o2, . Torja
3asaua M-Tara OTHOCHTEIHHO TAPAMETPOB Vi = ([tm, Oy, ) DEITAETCS aHATATHYCCKN:

Ll = Z?:Jm = m;) Pl ol — Z?:Jm = m;) pri(yi — th)2
" EZL:l[m = M| Py ’ fm E?Zl[m = m;| pu

Jlitst MyabTUMO/IaIbHOT MOJies i (DOPMYJIBI T€ K€, C TOYHOCTHIO JI0 3aMEHbI Dy HA Pidgmi-
B oboux ciydasx cymmupoBaHue MPOU3BOJIUTCS MO BCEM TPAH3AKIIUAM B KOJIJIEKITUH.

Boisoabl no rnase 11

e CyImecTByeT MHOTO CHTYAIWil, KOT/Ia TpebyeTcsa MOIeTnpOBATh 3aBUCHMOCTH MEZK Ty
JIOKYMEHTAMM, TepMaMH HJIU TeMaMU U HEKOTOPBIMU YHUCJIOBBIMHU IE€PEeMEHHBIMHU.

e B rmakux 3ajavax temMarndeckas MOIEIb UCIIOJIb3YETCs B KaueCTBe reHeparopa o0y-
YaeMbIX BEKTOPHBIX IIPEJICTABICHUNE TEKCTOBBIX OOBEKTOB, & KPHUTEPUHl KadecTBa
IpeJicKa3aTebHOW MOJIENI CTAHOBUTCS PETYJISIPH3ATOPOM.

e BoJiee mpocToil MOIX0/1 3aKJII0YAETCA B IIOC/I€/I0BATEILHOM 00y YeHUHU JBYX MOJeeil:
CHavaJia CTPOUTCS TeMaTrhdecKas MOJe/lb, 3aTeM TeMaTHIeCKue BeKTOPhI UCIOJIB3Y-
I0TCSI B POJIM NPH3HAKOBBIX ONHUCaHMUil 00bEKTOB BO BTOpOi#t Momean. Ha mpakTuke
3TO MOYKET MPUBOIUTH K MOTEPAM Ka9ecTBA U3-3a HECOTJIACOBAHHOCTH JBYX MOJIEJIEH.

e [IpenmymiectBo ARTM B TOM, 4TO IpH COBMECTHOM OOYUYEHHH JIBYX MOje/ieil Tema-
THYECKHEe BEKTOPHI ONTUMU3UPYIOTCS TOJ PellleHne KOHEeUHONH TPUKIQIHON 3a7a4u,
B TO XK€ BpeMd COXPaHdd CBOKCTBA UHTEPHPETUPYEMOCTH.
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12 TemaTunydeckne moaenn cedasein U LUTUPOBAHUSA

CymecTByeT Macca 3a/1a49, B KOTOPBIX JIOKYMEHTHI CI'PYIIUPOBAHBI HJIM CBSI3aHBI MK~
JIy co0oii, MpuYéM HaJUYUe CBA3U TOBOPUT O TOM, YTO JOKYMEHTHI UMEIOT CXOXKYIO Te-
MaTuky. [Ipupo/a cBsi3eit MOXKeT ObITH PA3JIUIHON: CCHIIKW, TUMEPCCHIIKA, ITIUTHPOBAHNE,
COBMECTHOE YIIOMUHAHKE, OOIIHE aBTOPHI UM KOMMEHTATOPHI, OOIIHEe HCTOYHUKH, OJIM3KHE
FeOJIOKAIIAN, U T. 1.

[Ipeamosioxkenue 0 CXOJACTBE TEMATHKH B Mapax JOKYMEHTOB (hOpMaaInu3yeTcs ¢ MOMO-
IIBI0 PEry/Isapu3aTopoB Marpuibl © uau marpuisbt P.

Ccbinku n yntuposaHue. [lpeanomokum, 9T0 ecjin MezK 1y JOKYMEHTAMU ¢ U d UMEeeTCs
CBsI3b, TO OHM UMeIOT cxoxkue TemaTuku p(t|c) u p(t|d). Popmannzyem 3T0 mpeIoaoKe-
HUE C TIOMOIIbIO PEeryJisipu3aTopa:

R(©) =7 Z Nde Z Oabsc,
d,c

teT

TJe Ng. — BeC CBSI3U MEXKJy JOKYMEHTAMH, HaPUMep, YHucJ0 ccbliok u3 d Ha c. B [G8]
npeIoKeHa 1moxoxkasa Momeab LDA-JS, B KOTopoit BMECTO MaKCHMH3AIMH KOBAPHAIIII
MEHEME3HpYeTcs auseprenuns encena-Illennona mexxiay pacnpegesenusva 0y u 6,.
Popwmyma M-mara gjs 6,4, coracuo , HPUBOIUT K PA3HOBUIHOCTHU CIJIaKUBAHMUSI:

Ora = H?el"j{n (ntd + 704 Z ndcetc> .

ceD

Bepogarnoctu 6;; B X0/e urepanuii pubIMKAOTCI K BEPOATHOCTIM ;. TOKYMEHTOB,
CBSI3aHHBIX C d.

PeryngpusaTtop MaTpuisl © CTAHOBHUTCS BBIUYUCIUTENBHO HeI(DMEKTUBHBIM NPH Na-
Kemuoti obpabomxke OOJNBIMTUX KOJLIEKIINA, KOTJa JOKYMEHTBI ¢, HA KOTOpBIE CCBLIAeTCH
JIAHHBINA JIOKYMEHT d, HaXOJdTcd B JApyrux makerax. [Ipobiema perraercd BBeJIEHHEM MO-
JAJTBHOCTU JOKYMEHTOB, HA KOTOPBIE €CTh CCHIJIKH U3 APYTUX JOKYMEHTOB. JTOT CIIOCOD
HOPOZKTaeT HOBYIO poOsemMy: MaTpuna ¢ MoKeT He TOMEeCTUTHC B ONEPATUBHYIO MAMITh.
Y10o0Bl COKPATUTh MOJAJTBHOCTH, MOXKHO OCTABUTH TOJBKO JOKYMEHTHI ¢, YUCJO CCHLIOK
Ha KOTOPBIE N = Y, Mg, OOJIBIIIE 33AHHOTO TIOPOTa.

JlanHast wjes TPUILIA U3 MOJENN BIMsHAUSA HaydHbIX myOaukanuit LDA-post [68].
B meit ncnonnsytorea ase MogaabnocTu: ciosa W' nurupyemsie goxymenter W2 C D.
Mogens BoisiBsier Hanbosiee BAUATEIbHbIE JJOKYMEHTBI BHYTpH KaxKaoi Tembl. Hemyie-
BbIE€ 3JIEMEHTHI B CTpOKe ¢ MaTpuiibl Py MOKA3BIBAIOT, HA KAKWE TEMbI TMOBJIUSI JIOKY-
Ment ¢ € W2 TaxxKe MoJe/b II03BOJAET Pa3indaTh, KAKHe U3 CCHLLIOK CYIMIECTBEHHO
NOBJIUSIV HA HAYYHYIO CTaThiO, & KaKWe SBISIOTCS BTOpOcTeneHHBIMU. CUuTaeTcs, UTO
JIOKYMEHT C TOBJIUSLT Ha JIOKYMEHT d, ecjin d CChLAAeTC HA C U OHU UMEIOT 3HAYUTETbHYIO
JOJIIO ODIIEe TeMaTHKH.

leonokauyun. Mudopmanug o reorpaduueckoM MOJTOKEHUN YACTO HCIOJb3YETCs TTPU
aHaIM3e JAHHBIX COMHUAJBHBIX cerTeil. [eorpaduaeckast mpuBs3Ka JTOKyMeHTa d WJIH €ro
aBTOpa 3a7aéTcst ubo 2eomezamu (HA3BAHUSAME CTPAHBI, PEIMOHA, HACEJEHHOTO IIYHKTA),
b0 zeonokayueti — napoit reorpadudeckux Koopauuar fq = (x4, Yyq). B mepBom caydae
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BBOJIUTCS MOJAJIBHOCTH T€0TEroB, BO BTOPOM HCIOAb3yercs peryiaspusarop. ARTM mos-
BOJIAE€T BBOAUTDH B MOJCJIb 06a THUIIA FeOFpaCbI/ILIGCKI/IX JaHHDBIX.

]_[eJIbIO MOAEJIUPOBaHUA MOZKeET 6bITb BbIJeJIeHrne PErnoOHaJIbHBIX TeM, OIpedeJieHue
«apeaJia OOMTaHHS» KazKJOW TeMbI, IIOMCK IOXOXKHX TeM B Jpyrux peruonax. Hampu-
Mep, B KadecTBe OHON u3 wurocTpanuil B [223] onpenensiiorest pernoHbl MOMYJISIPHOCTH
HAIMOHAJIBHOM KYXHHU 10 TocTaM nosb3osareseil Flickr. Ipyras wimoctpamus u3 [128]
I[IOKa3bIBACT, 4TO TeMaTHUYICCKad MO/JCJ/Ib, YUIUTbIBalOIlllad, U3 KaKOIr'o mTaTa CHIA IpUuuILJIoO
coobienne, TOYHee MPOCJAEKUBAET IIyTh yparana «Karpunas.

Kpagparuaneiii peryasipuzarop Marpuisl O, npemnoxenusiii B [223], dopmanusyer
HPEIOI0KEHNE, YTO JOKYMEHTBI CO CXOXKMMU T'€OJJOKAIUAME UMEIOT CX0KYI0 TeMATHKY:

R(O©) :——chdz etd_etc;

(c,d) teT

rJie Weq — BeC mapbl JOKYMEHTOB (¢, d), BhIpazkatoluii 6Ju30cTh reosiokanuii. Hampumep,
Weg = exp(—712), e 12, = (v, — 24)* + (Yo — Ya)* — KBAJPAT €BKJIUIOBA PACCTOSHUA.

DTOT peryJapu3arop rpedyer npu 00paboTKe KaxKI0r0 JOKyMeHTa d JI0CTYIa K BEKTO-
paM 6, Ipyrux JOKyMEHTOB, U4TO 3aTPYAHAET MaKEeTHYIO 00paboTKy GOIBIINX KOJLIEKIIHIA.
AbTepHATHBHBLI CIOCOO CIUIAKUBAHUSA OCHOBAH HA, PEry/ISPH3AIMA MATPUIL .

Ilycts G — MOZAIBHOCTH re0TeroB, g = p(g|t). TemaTuka reorera g BbIparkaercs
o dopmyie Baiteca: p(t]|g) = gpgt:—;, e N, — YacroTa IeoTera ¢ B UCXOJHBIX JIAHHBIX,

¢ = D, Mgt — UACTOTA TEMbI ¢ B MOJIAJILHOCTH Ie0Teros, seruncisemas EM-ajaropurumon.

Kpagparuunsiii peryiasgpusarop Marpuinl $ mo MOmaJIbHOCTH reoTeroB (hopMan3yer

IPeINoJIOKeHHe, YTO reorpaduyecku 6IM3KHe TeoTern UMEIOT CXOKYI0 TeMATHKY:

R( =5 Z Wyg Z <<Pgt %)27

g g’ eG teT

IJle Wy — BeC Iaphl TeoTeros (g, ¢'), BrIpazKkaloluil ux reorpadudeckyto 6uusocts. Huxke
MBI PACCMOTPHUM 00O0DIIEHIE ITOTO PEryasipu3aTopa Ha Oojee MUPOKUN KIacc 3a1ad.

padbl n coumnanbhbie cetu. B [128| npenioxkena Gosee obias reMaTnaeckasi MOJIENb
NetPLSA, yuurbiBaroiias Ipou3BoJIbHbIe TpadoBbie (ceTeBbe) CTPYKTYPHI HA MHOYKECTBE
jgokymentos. [Tycrs 3auan rpad (V) E) ¢ muoxkecrsom Bepiiut V' u MHO2KeCTBOM pédep E.
Kaz1oit ero Bepiiae v € V' coorBeTCTBYET MOAMHOXKECTBO JoKyMenToB D, C D. Hanpun-
Mep, B poan D, MOXKeT BHICTYIaTh OTJAEJbHBIH JTOKYMEHT, BCe CTaThi OJHOIO aBTOpa v,
BCE TIOCTBI U3 OJHOTO reorpapuieckoro peruona v, u T. .

TemaTuka Kaxa0# BepIIuHb v € V' BbIpakaeTcs depes3 napaMerpbl O:

p(tv) = > p(t|d)p(d|v)

deD, dED

B mogenn NetPLSA ucnosib3yercss KBapaTudHbII Pery/isipu3aTop:
2
R( :__ Z wuvz t’U (t’u)) )
(u v)EE te’T

e Beca Wy, pédep rpada (u,v) 3a1a0TCsT eCTECTBEHHBIM 00pa30M, KOT/a B 3a7a4e eCTh
COOTBETCTBYIOIAsl TOIOJHATENbHAA nHpopManus. Hanpumep, ecin D, — Bce cTaThbu aB-
TOpa v, TO B KadecTBe Beca pedpa w,, €CTeCTBEHHO B34Th UHCI0 cTaTeill, HAIMCAHHBIX
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aBTOpaMu u W ¥ B coaBTopcTBe. Ecam momodHo# mHMOpPMAIUU HET, TO BeC MOJATaeTCs
PABHBIM €IMHUTIE.

DTOT peryasgapu3arop Tpedyer npu 00paboTKe KaxKI0T0 JOKyMeHTa d T0CTyIa K BEKTO-
paM 0, Apyrux AOKyMEHTOB, UTO 3aTpyIHAeT 3PHEKTUBHYIO HAKETHYI0 00paboTKy 0O0.Ib-
IIUX KOJLIEKIUH. AJTbTepHATUBHBIN IIYTh COCTOMT B TOM, YTOOBI MHOXKECTBO BEPIIHH I'pa-
da V 0O6bIBUTH MOJATBHOCTBIO U IMePefiTH K peryadapu3anud MaTpuisl O.

B kaxapiit qokyment d € D, nobaBum TepM v MojajbHocTu V. Bblpa3zum remMaTuky
BepiInHbl v Yepe3 napamerpsl O no dbopmyse Baiieca: p(t|v) = p(’vlt)l% = Qutipeys TAC
n; = Zv Ny — YacToTa TeMbl ¢ B MojajabHoCcTH V, BeIiuncasgemass EM-aaropurmom.

Perynapusarop NetPLSA coxpansier npexkuuit Bua, Ho craHoBuTcs ¢pyHknueir or P:

R(®) = —g 3w, an({g—j - %)2. (63)

(u,v)€EE teT

Bo MHOrMX NpHIOXKEHHAX BayKHBI HAIPABJCHHOCTH CBA3€i, KOTOPHIC KBAApATHIHBIIT
peryasgpusarop He yuurbiBaer. Hanpumep, ¢Ba3b (4, v) MOKET 03HAYATH CCBLIKY M3 JI0-
KymeHTa u Ha gokymeHT v. B mozemn iTopicModel [I85] npeamosaraercs, aro ecsm
(u,v) € E, o remaruka p(t|u) mupe Temaruku p(t|v). TlosroMy MUHUMH3HPYETCsT CyM-
ma auseprernuit KL(p(¢|v) || p(t|u)), npuaém yenosuste pacupenenerus p(t|v) MoxHO
BBIDA3UTh Kak depe3 O, Tak u yepe3 P:

-
R(© wm ¢) = 3 Z wUUZp(t\v) Inp(t|u).
(u,v)EE teT
Kak mokazamm aKcnepI/IMeHTbﬂ peryaspu3anus MaTpunbl ¢ TpUBOIUT MPaKTHIECKU
K TeM 2Ke pesyabraraM, 910 u peryiaspusamus O misa mogeneit NetPLSA u iTopicModels.
BoiBoabl no rnase 12

e /laHHBIE O TEMATUIECKOM CXOJCTBE JOKYMEHTOB JIETKO (DOPMaJIM30BaTh C OMOIIHIO
Peryaspu3aTropa MaTpuisl O.

e Menee oueBnHass (GOPMATH3ANKA C TOMOIIBIO PEryasspu3aTopa MaTpuibl ® npuso-
JIAT K COIOCTABUMBIM pe3yJIbTaTaM, HO He 3aTPYAHSAET MaKeTHYI 00paboTKy 00JIb-
IMUX KOJLJIEKIIHAH.

4Bynaros B.T. Ucnons3oBanne rpadoBoil CTPYKTYPEl B TeMATHIECKOM MOEINPOBAHMH. Marucrep-
ckas muccepramus, MOTU, 2016.
http://www.MachineLearning.ru/wiki/images/4/4d/Bulatov-2016-ms.pdf
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13 TemaTundeckune vepapxmm n BblIOOp HUca TeMm

CymecTByeT JiM B peaJbHBIX TEKCTOBBIX KOJLIEKIUSIX 00bEeKTUBHOE, HCTHHHOE WX OII-
THMaJIbHOE 9uC/10 TeM? BHyTpH J11000i TeMBbl BO3MOYKHBI BAPUAINH UJIH ACIIEKThl, KOTOPHIE
MO2KHO paCCMaTpUBAaThb U KaK OTAEJbHBIC IMOATEMBI, 1 KaK YaCTHbIC ITPDOABJJICHUA O,ZLHOfI
obmreir Tembl. Ecau Tema mnpejcraBieHa B HEJOCTATOYHOM OObEMe M I €€ HAJIEZKHOIO
olpe iesIeHIs He XBATaeT JJAHHBIX, TO He IPUCOETUHUTE K e€ K OimzKaiineit teme? AHato-
rudHasg mpodJieMa ¢ HeOJIHOSHAYHBIM BBIOOPOM UHC/IA KJIACTEPOB BOSHUKAET U B 3aJadax
Ksacrepusanun, puc. [I7]

l.l. i AA +++ * ++++ **
+ *
u A a Ty * e ®e * o
m = A v + o vy © m
| AA A v oo ¢ v oo O
[ 'Y v o0 v o0
Nea? YeTbipe? Lects?

Puc. 17: Boibop uncia TeM B TeMAaTHIECKUX MOJIEISAX CTOJIb YK€ HEeOJHO3HAYEH, KAK BHIOOD UMCJIa KJIAcTe-
POB B 33/1a9aX KJIACTE€PU3AIIMH.

Crout sin pa3buBaTh TeMBI Ha H0JIee MEJIKHE OATEMBI, U KaK OIIPeIeTUTh 00IIee YuCJI0
TeM — 9THU BOIIPOCHI BO3HUKAIOT B KaXKJIO# NMPAKTHUECKOH 3ajade TeMaTHUYECKOTO MOo/Ie-
JINPOBAHUS. 3a9aCTYIO BHIOOP OKA3BbIBAETCS MPOU3BOJILHBIM U CyObekTuBHbIM. VCo1630-
BaHMe CTATUCTUYCCKHUX KPUTEPHEB AJId BHIABJICHUA 3HATHMMbIX pa3ﬂI/ILH/I171 MezKAy TeMaMHu
He m30aBjsgeT OT CyObEeKTUBHOCTH, IMOCKOJIBKY YPOBEHbL 3HAYUMOCTH TOYKE BBHIOMPAETCS
sBpucTUYecKU. BoobIie, MHOTHE U3BECTHBIE METO/IbI, IIPETEHIVIONHe HAa 00bEKTHBHOCTD
ollpejiesIeHUs] YHCJIa TeM, COJepzKaT BHYTPH cedd mapaMerp, 0T KOTOPOTO YHCJIO TeM SBHO
win HestBHO 3asucut [196].

9TI/I COO6pa)KeHI/IH IpuBOAAT K mAee, 4TO BMECTO IMOUCKa OIITHUMAJIbHOI'O 4YMUCJIa TeM
(KOTOPOTrO MOZKET ITPOCTO He CYIIeCTBOBATE), HMEET CMBICJ CTPOUTH HEPAPXUYECKIe TeMar
THYECKUE MOJEIU, B KOTOPBIX TeMbI 110 HeOOXOMMOCTH JIPOOATCS Ha MOJITEMBI, a YPOBEHb
JEeTATH3ANUA ( 2DAHYAUPOBAHHOCTIL) TEMATHIECKOTO HPEJICTABICHUsT BHIOUPAETCS UCXO/Is
3 moTpeOHOCTell TPUKIATHON 3a/1a4n.

OnpegenexHune 4ncna TeM MO BHELWIHUM KPUTEPUSIM HCHOIL3YETCd B TeX CJydasx,
KOI/JIa KOHEIHOH 1eJIbI0 (I OJIHOM U3 TeJiell) TeMAaTHYeCKOro MOJIETHPOBAHUS SIBJISETCS
pemenne 3anaun kiaaccudukamun [169], nadbopmanuonnoro noncka [91] win cermenta-
nun [166] rexcros. HemoctaTounoe 4ucaio TeM MOXKET MPUBOJUTH K CHUYKEHUIO BBHIPA3W-
TeJIbHBIX CIOCOGHOCTEH MOJE/IN M Ka9eCTBa PEelIeH 1e1eBoi 3aa49u. 305 TOuHOe YICI0
TEeM MOXKET IIPUBOAUTDL K n6p606y’l{,6HU70 N CHUZKEHUIO KQUeCTBa Ha HE3aBUCUMBIX TECTOBBIX
nanHbX. Ha mpakTuke 4mceao Tem mog0HpaloT MO CeTKe 3HadeHHuil, Kak IIPaBUIO BEChMa
rpy6oii, onpesenas mo rpaduKy MHHEMAJLHOE YHCJIO TeM, IIPH KOTOPOM JIOCTHTAeTCS
npuemaeMoe (6JU3K0e K ONTUMATBHOMY ) 3HAUYEHUE BHEITHErO KPHTEPHUS.

DHTponuiiHoe paspexunsaHue anas otbopa Tem npemaoxeno B [196] mis yranenns us
MOJIE/I HE3HAYUMBIX TeM. Vlies 3aKJII09aeTcs B paspexkKuBaHuy pacipeesaerus p(t) Kak
(GYHKIIMU OT MapamMeTpoB 6,:



[Toacrasum sToT perysipusarop B opmyny M-mara (18):

n p(d
0,4 = norm (ntd — T—mé’td)
teT 7| p(t)
Samennm 6;; B IpaBoil YaCTH PaBEHCTBA HECMEIEHHOI OIEHKOI ’ZL—’?:
0 ( <1 n )) (64)
= norm(n —T )
td teT td nt’T|

DTOT PEeryasapu3aTop pa3pe:KuBaeT MeJHKOM CTPOKU MaTpulbl ©. Eciin 3nadenue caér-
YUK N; B 3HAMEHATEJIE TOCTATOTHO MAJIO, TO BCE HJEMEHTHI {-if CTPOKHM OKA3BIBAIOTCS PaB-
HbIMH HYJIO, 1 T€Ma { TOJTHOCTBIO NCKJII0YAETCT 13 MOIECJIH. HpI/I HNCIIOJIBb30BaHHUN JAHHOI'O
pery/asipu3aTopa CHada/a yCTaHABIMBAETCS 3aBeoMo n3bbiTounoe uncao TeM |T'|. B xome
AUTepalnii YUCJIO HYJEBBIX CTPOK MATPHILI O MOCTEIeHHOE YBEJIHINBACTCS.

Ot6op Tem B ARTM mHamMHOro mpoime HemapaMeTpHIecKHX 06aiieCOBCKUX MOmeaeil —
nepapxudeckoro mnporecca lupuxie (hierarchical Dirichlet process, HDP) [188| niu mpo-
necca Kuraiickoro pecropana (Chinese restaurant process, CRP) [42].

B o6oux nmogxomax, ARTM u HDP, umeerca ynpasiasomuit mapamerp, BoIOUpas Ko-
TOPBIil, MOYKHO HOJIYIATh MOJETH ¢ YUCJIOM TeM, pa3jindarumces Ha nopsaku (B ARTM
910 Kodbbunment peryaspusanuu 7, B HDP — kosdduiment konnenrparun ).

B [198] 6btu poBeieHbl SKCIIEPUMEHTHI Ha MOJYCHHTeTHYCCKUX JTAHHBIX, PEICTaB-
JSONHX coB0it cMech IBYX pactpeesenuii p(w|d) — peaabHON KOJUTEKITNH, JIJisi KOTOPOR
YUCIO TEM HEHU3BECTHO, U CHHTETHUYECKOU KOJIEKIIMH C 3aJaHHBIM dnucgaoM TeMm. CuHTe-
THYECKasT KOJJIEKIINS CTPOMIACH IIyTéM mepeMHOXKeHns marpui PO, moaydeHHbIX B pe-
3y/JbTaTe TEMATHYIECKOTO MOJETUPOBAHUS TOM ke peajbHOl Koyuteknun. OKa3aaoch, ITO
HDP u ARTM criocobubl onpejie/iaTh HCTHHHOE 9UCI0 TeM HA CHHTeTUYIECKUX U ITOJTYCHH-
rerndeckux JaHHbIX. ARTM onpenensier ero Tounee u ycroituusee. OnHako dem OJmzKe
HOJIYCUHTETHYECKHe JaHHbIe K PEAJbHBIM, TeM MeHee UETKO pa3IuduM TUAIIA30H 3Have-
HUIl TUIEPIAPAMETPOB T WJIH 7Y, HA KOTOPOM BOCCTAHAB/IMBAETCS MPABUIHLHOE TUCJIO TEM.
Ha peasibHBIX JaHHBIX OH HEPA3JIHYINM BOBCE, TAK 9TO 002 MOJIXO/a HE B COCTOSTHHE OIIPe-
JCJINTH OIITUMAJIBHOC 9YUCJIO TEM.

ITo ckopoctu BerUmCIeHUit BigARTM ¢ peryssgpusaropom orbopa TeMm okazaJca B 100
pa3 ObicTpee cBOOOIHO JOCTYIIHOM peasu3aiun HDP.

B skcnepumenTax [198]| Takzke BBISICHHIIOCH, YTO PeryJsipu3aTop orbOpa TeM HMeer
HOJIE3HBIH COMYTCTBYIOMUNA 3hdeKT, yaaasad U3 Moje/Ju JIyOIupyIoniue, pacilellIeHHbIe
U JIMHEHHO 3aBUCHMBIE TeMbl. Teoperumueckoe obocHOBaHUE 3TOro 3ddeKTa ocTaéTcs OT-
KPbITOI 11PODJIeMOIA.

Nepapxuydeckoe TemaTuyeckoe mogennposaHue. lepapxudeckie TeMaTHYecKue Mo-
JIeJT PEKYPCUBHO JIEJIST TEMbI Ha MOJITeMBI. 'TeMaTudecKne nepapxun CiayzKar jijis pyopu-
Kaluu, THHOPMAIIMOHHOTO TMOUCKA W HABUTAIUU O OOJBITUM MYJIBTHAUCIAILIHHADHBIM
TEKCTOBBIM KOJUIEKITUAM. 3aJlada aBTOMATHIeCKON DPYyOpPHKAIMA TEKCTOB CJIOYKHA CBOeit
HEOJIHO3HAYHOCTHIO U CyO'beKTUBHOCTHIO. Pa3/imuns BO MHEHUSX SKCIIEPTOB OTHOCUTE/ILHO
pybpukanun 1okymenToB MoryT gocturath 40% [1]. Hecmorps wa obuine pabotr mo nepap-
xugecknM temarudeckum mozeaam 41 115, 134, 224] 162, 207, 208, 209, 210], ontn-
MU3aInsd pa3Mepa U CTPYKTYPhI HePAPXUU OCTAaETCs OTKPBITOH mpobiemoii; 6osiee TOro,
OllEHMBAHHEe KAYECTBA MePApXHii — TakzKe OTKpbITas npobiema [224).
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Crparerun OCTPOEHUs TeMATHUCCKUX NePapXnil BeCbMa pasHoOOpa3Hbl: HACXOIAIINE
(pasaessiomue) u Bocxozsiue (0ObeANHSIONHE), MPEJICTABIAIONIe HePAPXUIO TEPEBOM
UM MHOTOJIOJIBHBIM I'padoM, HapammuBaionme rpad mo ypoBHAM WJIH 110 BepIIHHAM, OC-
HOBAHHbIE Ha KJACTePU3AlMd JOKYMEHTOB WM TepMOB. Helb3d Ha3BaTbh KaKylo-TO H3
CTpaTeruii MpenoYTUTEILHON; Y KazKI0# eCTh CBOM JIOCTOMHCTBA U HEJIOCTATKH.

BepositTHocTHast Mogenb mexkypoBHeBbix cBsi3eii. Hucxongmias crparerns Ha OCHOBe
ARTM npegoxkena B [56] u yayurmena B [37)]. Vlepapxust npecraBiseTcst MHOTOA0JIbHBIM
rpacom ¢ pukcupoBaHHBIM YuCIOM ypoBHeil. Ha Kak/10M ypoBHE YUCIO TeM yBeJTUInBa-
eTCsI M CTPOUTCS OOBITHAS «TIJI0CKasdy TeMaTndeckas Mojeb. [JoaToMy BpeMst mocTpoeHns
Bcell mepapxun ocTaéTcsd JUHEHTHBIM 10 00BEMY KOJLIEKIIHH.

Jag MomenupoBaHWS CBsS3ell MeKIy YPOBHSIMH B MOJEJb BBOJATCS TapaMeTphl
g = p(s|t) — ycrOBHBIE BEPOSITHOCTH TOATEM S B TeMax t. B MyJIbTuIuCIIUILIHHAPHBIX
KOJUJIEKITUSX TOATeMa MOYKET MMeTh HEeCKOJIBKO POJINTeJbCKHX TeM. Hampumep, «OmonH-
dopmaTrKay UMeeT B KAYECTBE POIUTETHLCKHUX <«OMOJIOTHIO> U «HHMOPMATHUKY», a «Oy-
CTUHT PeIIaoNIuX /epeBbeBy» — «OYCTUHT» U «pelrarolire JepeBbsay. [losToMmy mpemcras-
JIeHUe WepPapXuu MHOTOMOIBHBIM T'PadOM TpeInouTHTeTbHee, TeM TePEBOM.

Ha Bepxnem ypoBHe mepapXuu CTPOUTCS OOBIYHAS ILIOCKAsST TeMaTH4YecKas MOJIENb.
[TycTs Mozesnb (-ro ypOBHSI ¢ MHOXKECTBOM TeM 1’ yKe MOCTPOeHa, n TpedyeTcst OCTPOUTh
MOJIeib YPOBHs £+ 1 ¢ MHOKeCTBOM JouepHuX TeM S (subtopics) n GOIbIIM 9HCIOM TeM,
|S| > |T.

[TorpebyeM, 9TOGBI 4ACTOTHI POJUTEIBCKUX TeM p(w |t) = ”n—t’, t € T KaK MOYKHO JIydIIe
IPUOJIHIKAIICH BEPOSTHOCTHBIME CMeCsAMH a0uepHEX TeM, p(w|t) ~ Y p(w|s)p(s|t).
st 3Toro OyjeM MakKCHUMHU3UPOBATDH JiorapudM HpaBiono10oms:

R((I)a \D) =T Z Z Tyt IHZ Qowswst — rg%px’ (65)

teT weW seS

riae U = (Ygt)sxr — Mampuya césaseli, KOTOpas CTAHOBUTCS JAOTOJHUTENbHON MaTpHIei
napaMeTpoB JJIsd TEeMATHYECKON MOJIE/H JIOUYePHEr0 YPOBHI.

Bamaua Makcumuzanuu peryiagpusaropa R(P®,¥) ¢ TouHOCTBIO 70 0603HAUEHUIT COB-
maJaeT ¢ OCHOBHOM 3ajateil TeMaTwdecKoro mojenuposanus ((13), ecan caurarh poau-
TeJIbCKHE TeMBI ¢ nce8dodoKyMeHMaMU C TACTOTAMEA TEPMOB Ny = TN Pyt ITO O3HATALT,
YTO JIOYEPHSAS MOJEb ¢ OOJIBIITUM YUC/JIOM TE€M CTPEMUTCH KaK MOXKHO TOYHEE OLUCATD
HE TOJHKO MCXOJHbIE JAaHHBbIE, HO M BCIO COBOKYITHOCTH POJIUTEIbCKUX TEM.

Bmecto moandukanmm dopmyn M-imara 1aHHbIi peryaspu3aTop MOXKHO Peaan30BaTh
COBCEM MPOCTO. JJ0CTATOYHO, TMOCTPOUB POAUTENbCKHUH ypoBeHb u3 |T'| Tem, mobaBuTh
B KOJUTeKIuio |1'| mCeBIOMOKYMEHTOB ¢ YaCTOTAMH TEPMOB N,;. Marpurna ¥ moaydaurces
B €TOJIONAX MaTpUIlbl ©, COOTBETCTBYIONUX IICEBIOA0KYMEHTAM, KAK IIOKA3aHO HA, PHC.

JlaHHbBI# MOAXOM K MOJE/JTUPOBAHUIO TEMATHIECKUX Hepapxuil peaaun3oBaH B OubJimo-
Teke BigARTM. AJIbTepHATHBHBIN MOAXO0M 3aK/JII0YAETCS B TOM, YTOOBI MPUOJINZKATH PO-
JUTEThCKHE TeMbl Kak pactpesenenus p(t|d) BepOSITHOCTHBIME CMECSIMH JOYEPHUX TeM
Y ses P(t]s)p(s|d). B pesynbrare moaydaercs peryasapH3aTop MATPHIL © 11 TOYEpPHETo
YPOBHS, S9KBUBAJIEHTHbIA BBEJIEHUIO MHOXKECTBA POJUTENbCKUX TeM T KaK MOJIAJIbHOCTH
C 9aCTOTAMH TEPMOB Ny. DKCIepuMeHThl B [50] mokazaam, 910 MaHHBI MOAXOT XyKe
npubIMKAeT POANTeNLeKyIo MaTpuy ®f. Kpome Toro, nobasienie MOJATBHOCTH B KayK-
JIBIH JIOKYMEHT TPY/AHee peagnu30BaTh, YeM J00aBIeHUE IICEBI0IOKYMEHTOB B KOJLICKITHIO.
JanubIif ToAX01 OBLT TPU3HAH HEYJAAYHBIM U He ObLIT peaan3oBaH B BigARTM.
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D
POOUATEbLCKUA 1 1
n =

yPOBEHb » Q| T ©

w w

D T/ S
D T
JO4YepHUit
YPOBEHD Ny Nyt = P? x o2 W
S
w w

Puc. 18: /Inga mocTpoeHnss BTOPOrO YPOBHS MEPAPXHAU C MHOXKECTBOM HOATEM S B KOJUIEKIMIO JOOABJIA-
1orcst |T'| nceBaOIOKYMEHTOB € 9aCTOTaMU TEPMOB T.,,,:. Marpuiia cBaseii rem ¢ nogremamu U = (p(s | t))
obpasyercst B cTosibriax Marpuisl ©, COOTBETCTBYIOMINX TICEBAOIOKYMEHTAM.

Pa3pe)xxnBaHne mMe>XypOBHEBbIX CBSA3eW He0OXOUMO JIJId TOr0, YTOOBI KazKjaad TeMa
JlouepHero ypoBHd s € S uMeJsa HeOOJBIIOE YHUCJIO TeM POAUTEIbCKOro ypoBHs t € T
B wacrrocTH, ecin Bee pacupeenenust p(t|s) BBIPOKIEHBI, TO €CTh KaXKIasi TEMa § HMeeT
TOJIBKO OJIHY POJIUTEbCKYIO TeMy t, TO BCs Mepapxus npuodperaer BUJ JepeBa.

[IpuMeHEM KpOCC-3HTPONMIHBINA PeryJIsapu3aTop I/ pa3pekKUBaHUA PaclpeaeIeHi
p(t|s), BeIpasus ux 4gepes g mo (opmysie Baiieca:

¢st t
R _‘Tzzmh””'s RPN e

seS teT teT seS

[Tockoabky MaTpuria U SBISETCS 9acThIO MATPHIBL O, K Heil mpuvennva dbopmyta (18)),
u3 KOTOpoil ciaejyer dhopmysia M-mara st MO/ J0YePHEro YPOBHS:

b =z (a4 7(0(019) = 7)) ()

Yenouble BeposTaocTa p(t|s), MenbInme ¢ NTepaugaMU CTAaHOBATCA €II¢ MeHbIIIe,

|T|
M TIPH JTOCTATOYHO GOJIBIIOM T 0bHyIsI0TCS [50].

= — — MNst

[Ipu paspekuBanuu pacupegenenuii p(s|t) = 2L Ba)kHO, 9T0ObI BEKTOPHL p(t|s) = !

OCTABAJIACH PACIIPEICJCHUAMH, TO €CTh YTOOLL Y K&)K,ZLOI/I HOATEMBI § OCTABAJIACH XOTH ObI

OJHA POIMTENLCKas Tema. Ha modepHem ypopre S He TOIKHO 00pa3soBaTbCd HU OXHOM

MEMbI-CUPOMBL S, KOTOPas COBCEM He uMeJia Obl pOAUTEILCKUX TeM t.

nst

TemaTuyeckass mogesb MHEHUA— 3TO JIBYXypPOBHEBas Hepapxus, B KOTOPOH BepXHMii
YPOBEHL CTPOUTCS OOBITHBIM 00PA30M IO JIEKCUKE, YTOOBI BBIJICTUTD COOBIMUTHBLE TMeMbL
B HOBOCTHOM 110TOKe. BTOPOIi ypOBEHb CTPOUTCH 1O JIPYTUM MOJIAJIbHOCTSM, YTOObI pa3/ie-
JIUTh KazKJyI0 TeMy He Ha [OJITeMbl, & Ha [OJsPU30BaHHbIe MHeHusT 0 cobbiTuu [75]. [Tpes-
JIaraeTcs MCIOJb30BaTh TPU THUIIA TAKUX MOJAJHHOCTEH: UMEHOBAHHBIE OOBEKTHI C TO3U-
THUBHBIMHU U HETATUBHBIMU TOHAJBHOCTAME, UMEHOBAHHBIE OOBEKTHI C UX CEMAHTUIECKUMHI
POJISIMHE, TPUILTETHI (CYOBEKT, TPEIUKAT, OOBEKT). DKCIEPUMEHTHI TOKA3AIHN, ITO KAZK/IAsT
13 TPEX MOJAJIBHOCTEl BayKHa JIJIS MOBBITIIEHUS KAadecTBa KJIacTepu3alui MHEHWH.
Amnanornunas JByXypOBHEBas Mepapxus UCnoJb3oBajgack B [I58] mig maprupyrusa-
UK OOpallleHuil B KOHTAKTHBIM HMEeHTP. BepXHuil ypoBeHb CTPOUJICH 10 JIEKCHKE, UTOOBI
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. OCTPOB, 3eMI1s, Nepuog, TaMm, TEPPUTOPUS, OKeaH, rae, Gonee, BUA, HAMTU, BYSIKAH, HAXOAWUTLCS, KOXKHbINA

. pacTeHue, anoHus, paca, npu, 6onee, Yem, Hanpymep, WccnenoBaHne, BUA, cTpaHa, HaceneHue

. BUA, 3BOMIOLMS, caMell, MO3r, CamKa, XWBOTHOe, 0TEOop, reH, Gonee, NTULA, HaLl, Mexzy, H4Tobbl, Yem, Apyr
MO3r, HENPOH, Npy, 3abonesaHune, Hall, NaUNUeHT, COCTOAHUE, cUCTEMa, BonesHb, COH, UcCneaoBaHre

. KneTka, My3el, CTBOMOBOWA, TKaHb, OPraHu3M, H4ToBbl, OMyXorb, CUCTEMA, UCMOMNL30BaThL, TEXHOMOMUS

KNeTKa, reH, AHK, OpraHu3M, Momnekyna, reHoMm, 6enok, 6enka, GakTepus, ccTemMa, NPOLECE, KU3Hb

cucTema, Matepuan, 3afgaqa, CTpyKTypa, MeTof, KOMMbtoTep, AaTb, NPY, XMMWUHECKUiA, oBnacTb, XMMUs

. KBGHTOBGIi1, CBET, BOMHA, aToM, MHOpMAaLMs, hOTOH, CUTHaI, UCMONb30BaTk, ABa, NP, YacToTa, COCTOSIHUE

. 4acTuua, 3Heprus, KBapk, B3auMofencTBI1e, MarHUTHbIN, 3NeKTPOH, Macca, duauka, 6030H, NPOTOH, Moaenb
10. 3B€34a, ranakTuka, 3eMns, NnaHeTa, BCeneHHas, Ablpa, Y&pHbIA, 06LEKT, ConHLEe, Macca, Hall, cuctema

11. Teopus, NPOCTPAHCTBO, BCENEHHas, 3akoH, dramnka, MaTeMaTUHecKUil, ypaBHeHVe, Y1cno, Asa, M1p, cucTema
12. Haww, ceTb, MHdopMaLKA, AaTb, OObEKT, KyNibTypa, 3aaaya, Hanpumep, obpas, namsTb, CI0BO, pasHbiii

13. A3bIK, CNOBO, PYCCKUI, HaNpUMep, roBOpUTL, CrIOBapb, Peyb, PasHLIN, A3LIKOBON, TEKCT, ABa, NMNHIBUCT

14. Hayka, y4EHbIA, Hay4HbIN, MOTOMY, YTOGbI, NEKUWS, XOPOLUWIA, YHUBEPCUTET, ceiivac, Hall, 3aHUMaTbCA

15. 3KOHOMUYECKUI, S3KOHOMMKA, CTpaHa, 4ToObl, 6oee, pbIHOK, KOMNaHUA, LeHa, pelleHre, feHbra, paboTa, Yem
16. cTpaHa, BolHa, rocyAapcTBo, MONUTUYECKNIA, POCCUS, COBETCKUI, BNacTb, NONMTUKA, repMaHuns, cTaTb

17. peBEHOK, XeHLUMHA, MYXUUHA, XN3Hb, KyrbTypa, o0OL|ecTBO, ce6s, CeMbs, CoLUuarnbHbIi, COBETCKUN, XEHCKUIA
18. ropo, MPOCTPaHCTBO, CouMarnbHbIiA, FOPOACKON, OBLLECTBO, MECTO, KYNLTYPHBIN, XWU3Hb, Bonee, coBpeMEHHbIN
19. uccnefoBaHve, coumarbHbIi, NoBegeHue, rpynna, peleHne, and, the, Teopust, npotnema, Hayka

20. counanbHbli, COLMONOrUs, MUp, TEOPKS, 0OLEKT, COLIMONOrnyeckuil, AecTene, CobLITUE, COLMONOT, HayKa
21. nonuTr4ecknin, chunocodus, naes, Hayka, ceoboa, NOHATUE, peBoNtoLUs, UCTopus, punocod, ek, ceba
22. npaBo, BNacTb, 3aKOH, KOPOIb, BeK, pUMCcKUiA, Gor, cebs, LiepkoBb, MPaBoOBON, MONMUTUYECKUIA, CyA, ABa

23. BeK, UCTOPUS, PYCCKUIA, UCTOPUHECKUIA, UMSI, TPAZULIMS, XPUCTUAHCKUIA, KynbTypa, UCTOPUK, TEKCT, yKe

24. cebq, VCKYCCTBO, NUTEPATYpa, FOBOPUTL, MOTOMY, MUP, CaM, MU, XKW3Hb, CIOBO, TEKCT, POMaH, Bek

25. kHura, hunbM, aBTop, KMHO, pcourse, Num, YuTatenb, MOCBATUTL, TEMa, UCTOPUA, Nccneaosanve, pabota

©ONDO S WN =

Puc. 19: IIpumep n0cKoro TeMaTu9YecKoro CreKTpa u3 25 TeM, TOCTPOEHHOTO 10 KOJJIEKIUH TyOIuKannii
HAayIHO-IIPOCBETUTEJILCKOTO pecypca postnauka.ru ma 2017 1.

JIeKUMS, NPOYNTaTh, NOCTHaYKa
KHWra, aBTop, Hanuearb _
Hayka, Hay4HbI/, YMEHBIA
pelueHre, YToObl, 9KOHOMUKA
ropof, NPOCTPAHCTBO, TOPOACKOM
CTPaHa, SKOHOMUYECKUIA, KUTait
OCTPOB, adpuka, paca .
KYnbTypa, BEK, KYIbTYPHBIN
BEK, VM8, NCTOpUA
1ICKYCCTBO, NUTEpaTypa, M1
ni1bM, KMHO, KHEMaTorpal
BOMHA, COBETCKMI, pOCCUS
NpaBo, NpasaHVK, BOUHA
npaBo, BEK, LIEPKOBb
NpaBo, 3aKOH, Cebsl
Durnocora, peBoNoUnUd, BeK
TOCYNapCTBO, MONUTUYECKUM, UOEHTUYHOCTb
GLLecTBO, NONMUTUYECKUIA, COLMATBHBIN
-COLMANbHLIA, COLNONOTMA, MUP
MCTOPKS, HAyKa, UCTOPNHECKIN
3afja4a, ucciieJoBaHne, pelieHue
pEBEHOK, KeHLLWHA, My}4MHA
aMsATb, NUM, PCOUrse
MO3r, HEVPOH, HaLl
Halll, FOBOPUTb, MOTOMY

v DPYCCKMI, SA3bIK, CIIOBQ
A3bIK, CTIOBO, PYCCKNIA BACI. CrioBo, pycokn

3emMnd, nnaHeTa, cuctema
-3Be3/1a, ranakTika, BceneHHas
JacTULa, 3Be3aa, Teopust Yactuua, KBapk, B3aumogencTemne

TEOPUS, NMPOCTPAHCTBO, 3aKOH
cricTeMa, 3a1ava, 1aTb
MaTtepuarn, atoM, CTpyKTypa

Hayka, 4Tobbl, y4&HbIN

TpaHa, ropof, 3KOHOMUYECKNI

BeK, MCTOPUS, KynbsTypa

npaBo, NONUTUYECKWIA, BMacTb

coLvanbHbIi, KHUra, Hayka
root
MO3T, Halll, Npn

Nepyo, BYmKaH, 3eMns
OPraHn3M, KNeTKa, XU3Hb
pacTeHue, BUPYC, TeH

HK, KIeTka, 1eH N
KIeTka, My3eli, CTBONOBOM
B0, SBOMOLMS, KMBOTHOE
pacTeHue, opex, MbiluLa

matepuar, npu, CTpykTypa

KIeTKa, reH, opraH1sm

Puc. 20: IIpumep mepapXndeckoro reMaTndeckoro crmekTpa u3 10 u 40 Tem, MOCTPOEHHOTO IO KOJIIEKITNN
nyOJIMKAIWi HAYIHO-TTPOCBETUTEIHCKOTO pecypca postnauka.ru wa 2017 r.

BBIJICJINTH TEMATUKY oOpailienus. Bropoit ypoBeHb cTpousics 1o MOPGOJIOrTYeCKUM U CHH-
TAKCMYECKUM MOJIAJIbHOCTSAM, YTOOBI BBIJEIUTH B KaXKJI0H TeMme KJIMEHTCKHE WHTEHTHI,
pazanvasi, HApuMep, «3a0J0KUpYHTe MHE CUET» U «y MeHd 3a0/JOKUPOBAH CIET.

CnekTp TeM n Bulyanusauymsi uepapxuii. Temarudeckne mepapxuu CTPOSTCS B 3HA-
YUTEJbHON CTEIeHN JIJId TOro, YTOObI IOKa3bIBATh MX IOJb30BaTe g dM. [0 cHX mOP MBI
TFOBOPHJIM O TeMaX KaK O HeyHopsAoueHHOM MHoxKecTBe 1'. OIHAKO TPOCMATPUBATD CIIHU-
COK TeM ropasjio yjiobHee, eC/ii OHU PAHZKUPOBAHbI 110 CEMaHTHYECKON OJIM30CTH — TaK,
9T00bI OJIM3KHE MO CMBICJIY TeMbl OKA3bIBAINCH B CIHUCKE PAIOM. DTO MOMOTAeT MOJIb30-
BaTeJIIM ObICTpee HAaXOJUTh HYYKHBIE T€Mbl U aKIEHTHPOBATH BHUMAHUE HA PAJIHIUAK
MEXKJIy OJMKAMIIMMU TeMaMU. DTO BayKHO U JJIA OOBIYHBIX <«ILJIOCKHX» TeMaTHYECKUX
Mojiesieit, u, TeM OoJiee, 11 HepapXuIecKux.
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Temamuueckum CNEeKmMmpom HUJIN CNEKIMPOM TNem 6y,IL€M Ha3bIBaTh YHOpH,HOquHbeI

CHHCOK TeM ty,...,t7|, B KOTOPOM CyMMa DAacCTOSHHII MeXKJIy COCeIHHMH TeMaMH MH-
HUMAJIbHA:

T

E p(t’htifl) — Iin,

=2

rae p(t,t') — paccrogHue MeXKy TeMaMu Kak crosbrnamu marpurbl ®, Hanpumep, KOCH-
nycnoe (96), Xemmurepa i paccrostane ZKakkapa MexKay CeMaHTHYCCKUMHE sIpa-
vu tem (98). Dro Knaccnueckas sadaua KoMMUB0AHCEPA) 171 PENTEHUS KOTOPOIl MOYKHO
IPUMEHUTh, B 9aCTHOCTH, aaroput™ Jluna—Kepuurana B peanusanuu XejabcrayHa [85],

umeromuii Borucaurensuyio caoxuoers O (|T[%2).

B Temaruueckom crnekTpe ceMaHTHYIECKH OJIM3KNE TeMbl OKA3bIBAIOTCS PSA/IOM, KaK IO~
Ka3aHO HA PHC. [Ipu mocTpoeHnn NePaAPXUIECKOTO CIIEKTPA YIUTHIBAIOTCSA BCE YPOBHH,
9T00BI MEHUMHU3UPOBATH YHCJIO IIepecevueHnii B rpade cBs3eil, M. puc.

BbiBogbl no rnase 13

Ecmm temaTrmyeckoe MOJeIUpPOBaHHUE SBISIETCS MTPOMEKYTOTHBIM ITATIOM aHATU3A
JIQHHBIX, TO BbIOMPATH YUCJIO TEM JIY4IIEe BCErO 10 KPUTEPHUIO KadecTBa pelieHus
KOHEYHON NPHUKJIAIHONW 3a0a491.

Uepapxus gaér 60JibIine HHMOPMAIUNA 0 TEMATHIECKOH CTPYKTYpe KOJLIEKIUU, deM
0OBITHAS IIJIOCKAST MOJIEJIb U 1IO3BOJISIeT BEIOMPATH HEOOXOMMYIO CTEIeHDb JleTaJn3a-
AW i1 KayKJI0W TEMBI.

[TocTpoenue TemMaTu4ecKoil vepapxuu 110 YPOBHAM CBEPXY BHU3 peaju3yercd B
ARTM nyrém mpeobpa3oBaHusi pOAUTEIHCKOTO YPOBHS B IICEBIO-A0KYMEHTHI, KO-
TOpBIe JTO0ABISIOTCH B KOJUIEKITHIO.

Ha npakruke nocrpoenue TeMaTudecKux uepapxuil 3aTpyHaercs HeOOX0UMOCTHIO
noA0UPATH YUCJO0 TeM U KOIPDUIHEHTHI peryasapu3aiin Ha KazKJI0M yPOBHE.

[TocTpoenne cekTpa TeM yI0OHO /171 BU3YAIU3AINT KaK ILIOCKUX, TAK U HepaPXH-
YeCKUX TeMaTHIeCKUX MO/Iejeil.

S@emopara [I. C. TexHOIOTHA HHTEPAKTUBHON BU3YATH3AIMH TEMATHIeCKHX Mojeseil. BoImycknas
kBanuduKanuonHas padora dakamraspa, MOTU, 2017.
(www.MachineLearning.ru/wiki/images/d/d8/Fedoriakal7bsc.pdf).
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14 TemaTuyeckue mogenn codetaemMocTUu CJI0B

FHHOTGS& «Me€HIKa CJIOB» ABJACTCA OJHHUM M3 CaMbIX KPUTHUKYEMbIX HpeﬂHOJ’IO)KeHHfI
TeMaTHIeCKOr0 MojesupoBanus. OHA MOTHOCTHIO HTHOPUPYET €CTECTBEHHBIH MMOPSI0K
CJIOB B TEKCTE M TaKOe BarKHOE B €CTECTBEHHOM $3bIKE SBJICHHE KAK COYEMAEMOCMb CA08
(word co-occurrence).

CoueraeMoCcTb OBIBAET JBYX BHIOB: KOHMAKMMHAA U QUCMAHMHAA.

Konmaxmmnas covemaemocms 03Ha9aET 4aCTOE MOSABICHHE HEKOTOPOI MTOCIETI0BATE b=
HOCTU U3 1 MOAPSJ HAYIIHX CJOB, Ha3bIBaeMOH n-epammoti. Cpead n-rpamMm IpeacTaB-
JIAI0OT WHTEpPeC KOJJIOKAIUU U CJI0BOCcoYeTaHus. Koaroxauus — 3TO n-rpaMMa, BCTpeda-
IOIAsiCsl B KOPILyCe IOpa3/io dalie, 9eM MOYKHO ObLIO Obl 0XKHJIaTh, €CJIM Obl CJIOBA I'eHe-
PUPOBAJINCH CAYJIAllHO U HE3aBUCUMO JPYT OT apyra. Caosocowemanue — 9TO n-TpamMMma,
CJIOBA KOTOPO# CBSA3aHBI TPAMMATUYECKU U TIO CMBICTY, 00pa3ys eJIuHOe MOHSTHE.

Temarudeckue Mojean n-rpamum (n-gram topic model) cTposiTest Ha TpeNOIOKEeHNH,
YTO BCE CJIOBA N-I'PAMMbI HOPOXKJIAIOTCs OJIHOM U TOH ke TeMoit. Vciioib3oBanue n-rpamm,
KOJLJIOKAITMI MJIM CJIOBOCOYETAHUI 3aMETHO YIy4IIaeT HHTEPIPETUPYEMOCTb T€M, 4TO Jie-
MOHCTPHUPYETCA NPAKTUYIECKHU B Ka)K,ZLOfI Hy6J'II/IKaL[I/H/I IO N-TPaMMHBIM TEMATUYECKHUM MO-
neqsM, Hanpumep [96] [73]. ITpoGiema B TOM, 9TO YHCJIO BCEX N-TPAMM KaTacTpodude-
CKH OBICTPO PACTET ¢ POCTOM 00BEMA KOJLIeKIUU. [[o3TOMY BBIIEIAIOTCS HE BCE MOIPSII
n-rpaMMBblI, a TOJIBKO Hanbo/1ee YaCTOTHRIE.

Jucmanmmnas couemaemocms 03Ha49aeT 9aCTOE MOABICHNE ABYX WK OoJiee CJI0B B O
HUX U TeX K€ KOHTEKCTaX, HAl[pUMeED, B OJITHOM IPEJIJIO?KEHUH WK B COCEJIHUX ITPeII0zKe-
HugX. B otimune oT n-2pamm, cJI0Ba He 00A3aHBI IPUMBIKATH JIPYT K APYTY.

Temarwvyeckne MOIEIN JAUCTAHTHON COYETAEMOCTH OMUPAIOTCS HA THIOTE3Y JUCMpu-
OYymusHot CEMAHMUKU: «CMBICJ CJIOBA ONPEIEIAeTCd TeM, B OKPYKEHUU KaKUX CJIOB OHO
qarie Bcero ynorpebisercas [83]. Ecau asa cioBa 94acTo BCTpEYArOTCs PAIOM, TO, CKO-
pee BCero, OHM IOPOXKIAIOTCS OJHON U TOM Ke Temoi. cXOMHBIMU JTaHHBIMH JII TAKUX
MoJIesIelf CaIysKaT He YaCTOTHI CJIOB B JOKYMEHTAX Mgy, & YaCTOTHI AP CJIOB N, BCTpeda-
IOIIXCAd B OJHHUX N TE€X K€ KOHTCEKCTaX.

CyImecTBYIOT TaKKe TeMaTHIecKue MoJie/ i, 00padaThiBaIONIe TEKCT KaK HeIpepbiB-
HYIO TIOCJIEIOBATEILHOCTL TePMOB. VX MBI paccMOTPHUM B CJIeAYIONIUX IJiaBax (15| u

Mopgenn KOHTakTHOW codetaemocTu. llepBag OurpammHast TeMaTwdecKas MOJIE]b
BTM (bigram topic model) [204] npeacrasasza coboit o CyTH MyJIBTHMOJATIBLHYIO MO-
JleJib, B KOTOPOIH KaXKJIOMY CJIOBY ¥ COOTBETCTBOBAJIA OT/EIbHASI MOJATBLHOCTH CO CJIO-
Bapém WY C W, cocTaBjieHHBIM W3 BCEX CJIOB, BCTPEUAOIUXCS HETIOCPEICTBEHHO TOC/Ie
cjaoBa v. 3anumieM log-nipas/onoiobue 3Toi MOJIEJM B BUJIE PETrYIsdpH3aTOPA:

R®0)=> "> nawnd ¢b0u,

deD ved weWv teT

rae pl, = p(w|v,t) — ycioBHAsS BEPOSTHOCTH CJIOB W HOCJE CJIOBA U B T€ME t; Mgy —
4acToTa OUrpaMMbl «vw» B jokyMente d. [aBubrit nepocratrok mogesn BTM B Tom, dTo
OHA YYHMTBHIBAET TOJBLKO OUrpammbl. Bropas npob/ieMa B TOM, 9TO YHCIO BCeX OUTpamMMm
OBICTPO YBEJIUYUBAETCS € POCTOM KOJJIEKITNH, U HCIOIb30BaTh Mojesb BTM Ha 6oabpmux
KOJITIEKITUSX 3aTPYAHUTETBHO.
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pacnosHaeaHue obpasos B 6GnonHdopmaTnke TEOPUS! BbIYVCANTENBHOR CAOXKHOCTIN
YHUrpammbi Gurpammbl YHUrpaMMbl burpammbl

0bbekT 3aja4a pacnosHaeaHus 3agada pasgensaTb MHOXECTBA
3agaqa MHO>XeCTBO MOTNBOB MHO>XXeCTBO KOHEYHOE MHOXECTBO
MHOXeCTBO cMcTeMa Macok NOAMHOXECTBO  YCNIOBUE 33ja4n

MOTUB BTOPUYHAs CTPYKTypa ycnosmne 3afa4a O MOKpPLITUM
paspeLnmMocTb cTpykTypa benka Knacc MOKPbITNE MHOXECTBA
BbIbOpKa pacnosHaBaHme BTOPUYHOUW | pelueHune CUJIbHBIA CMBIC

Macka COCTOsAHNE ODBbEKTA KOHEYHbIN pasgensownii KOMnTeT
pacnosHaBaHue obyuatowan BbIbopka 4ncno MUHUMAanNbHbIA adbUHHbIIA
NHOPMATUBHOCTL  oueHKa MHopmMaTMBHOCTN | adpdduHHbIT acpduHHBIA KOMUTET
COCTOsAHNE MHOXeCTBO 0ObeKTOB cnyaii adbpuHHBIA pasgensiownii
3aKOHOMEPHOCTb paspemnmMocTb 3a84a4n NoKpbITNE obLlee nonoxeHme
cmcrema KpUTEPNIA paspeLnmocTm obwynii MHOXECTBO TOYEK
CTpyKTypa MHAOPMATMBHOCTL MOTIBA | MPOCTPAHCTBO cny4vaii 3agaqm

3HayeHune nepBnUYHas CTPYKTypa cxema obwnii cnyyaii
peryasipHoOCTb TYMNKOBOE MHOXECTBO KOMUTET 3agayqa MASC

Puc. 21: TIpumepst COOTBETCTBYIOMIUX TEM B yHUIDAMMHOl 1 GUIpaMMHO# Mozesu (10 KOJUIEKIUK CTaTeit
BCEpPOCCUiicKOil Hay4HOl KoH(bepeHiuu «Maremarudeckue MeTobl PACHO3HABAHU 00PA30B» ).

Mogeas TNG (topical n-grams) [213] ycrpanser 911 HenocTaTku. YCJIOBHOE pacipe-
JICJIEHIE CJIOB OTHCHIBACTCST BEPOATHOCTHONH CMEChIO

p(w | v, t) = Sowt Pt T (1 — Sowt) Pt

1€ e — MMEPEMEHHAs, PABHAST BEPOSITHOCTH TOTO, YTO Mapa CJIOB «VW» SIBJISIETCS OUTpaM-
Moit B Teme t. B pabore C. C. CTGHI/IH&H MIOKA3aHO, 9TO IPU HEKOTOPBIX HE 0CO00 XKECTKUX
HPEIIOI0KEHUAX log-1paBaonoa00ue 3Toi MOJIe/ N OIEHUBACTCS CHIU3Y B3BEIICHHOH CyM-
Moii log-rpaBnonomobuit MogaabHOCTeH yHUrpaMM 1 ourpamm B Mogenn ARTM. dpyrumu
caopamu, myabrumonaabiasg ARTM MoxkeT ObITH HCIIOIB30BAHA JIJIsI TOUCKA, TPUOINZKEH-
HOTO pemrenust B mogean TNG.

B Toit ke pabore ObLIN TPOBEIEHBI SKCIEPUMEHTHI ¢ OUIPAMMHONR MYJIBTHMOIAIbHON
mozesbio ARTM na nebosbmoii (menee 1000 OKYMEHTOB) KOJICKIMU PYCCKOS3BIYHBIX
crareii HayuHoit koudepenrun MMPO (MaTemarnaeckue MeTOIbI DACMO3HABAHUS 0Opa-
30B). Corocrap/ieHne TeM YHUIDAMMHOM 1 GUTpaMMHOI MoJiesIell MOKa3as10, 9To 10 TeMaM
OUTPaAMMHOM MOJIEIN OIPOIIEHHBIE TOCTOSHHBIE YIACTHUKHE KOHMEPEHIIMH MOIJIU OIIpe/Ie-
JINTh HAYYHYIO I'PYIIY U JazKe aBTOPOB cTaTeil, Toraa KaxK 1o TeMaM YHUTPAMMHOM MOIEIH
CHEIATh 3TO OBLIO IPOOIEMATUIHO, CM. PHC.

B ARTM n-rpamMHasi MOI€e/Ib €CTECTBEHHBIM 00pa30M OMPEIEIIeTCs KaK MYJIBTHMO-
JIaJIbHasd, B KOTOPOH /I KazKJ0r0 1 BBIJAEISeTCd OTAebHass MOJIAIbHOCTD.

JLst ipeiBapUTEILHOTO COKPAIEHHS C/IOBAPEH N-rpaMM MOAXOAUT METO/L MOMCKA KOJI-
aokaruit TopMine [73]. Ou nuneitno macmirabupyercsa Ha GOJIbITHE KOJIEKIMH U TTO3BO-
JigeT GOPMHUPOBATD CJIOBAPb, B KOTOPOM KazKJasd n-IrpamMma 00J1a/1aeT TpeMs CBOHCTBaMU:

(a) UMeeT BBICOKYIO YACTOTY B KOJLIEKIIUH;

(6) cocTouT W3 CJIOB, HECIYYARHO JacTO 0OPA3YIOIINX N-TPAMMY;

(B) He comepxurcsa B (n+1)-rpamMmmax, umeronux coiictsa (a) u (6).

Meropl, mpetoKeHHbIE B TIOCTe Iy onux paborax, SegPhrase [118] n AutoPhrase [174],
JIEMOHCTPHUPYIOIINE €II¢ JIVUIIHE Pe3yJIbTaThI.

6C. C. Crenmn. MybTuTpaMMHbIe 8 IMTUBHO PEryIspH30BaHHbIe TeMaTuaecKue Mofean. Marucrep-
ckas guccepramus, ®PVUBT MOTU, 2015.
http://www.MachineLearning.ru/wiki/images/4/4a/Stenin2015MasterThesis. pdf
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Mopgenb 6utepmoB. Kopomxumu mexcmamu (short text) HA3BIBAIOT JOKYMEHTHI, JJIU-
Ha KOTOPBIX He JOCTaTOYHA JJId HAJQEZKHOTO olpeseseHus nx teMaruku. [Ipumepamn Ko-
POTKHX TEKCTOB SBJISIOTCS COODOIeHnsT TBUTTEpa, 3ar0JI0BKI HOBOCTHBIX COOOIIEHMH, pe-
KJIaMHBle O0bABICHNUS, PEIVIUKA B AUAJIOTaX, OTAe/bHbIe IPeJIoKennd, U T. 1. VI3BecTHbI
IPOCTBIE MOAXOABI K IPo0jIeMe, HO OHH He BCeTJa IPUMEHHMBI: 00beINHATD COOOIIEHH 110
KAKOMY-JTH0O TPU3HAKY (ABTODPY, BPEMEHHU, PETHOHY U T.J1.); CIATATH KaXKJI0€ COOOIIeHne
OT/IEJIbHBIM JIOKYMEHTOM, paspekuBast p(t|d) BIIOTH 10 € JMHCTBEHHON TEMBI; JOMOJHITH
KOJUTEKIIHIO JUTHHHBIME TeKCTaMu (Hanpumep, crarbsamu Bukuneaun). Oqaum u3 Hanbo-
Jlee YCIIENTHBIX M YHUBEPCAJBHBIX HOJXOJ0B K MPOOIeMe KOPOTKHX TEKCTOB CYUTAETCS
memamuueckas modeav bumepmos (biterm topic model, BTM) [21§].

Bbumepmom HasbIBaeTcd Mapa CJI0B, BCTPEYAIONIUXCA PAIOM — B OJHOM KOPOTKOM CO-
oOlleHnN WU B OJHOM IIpeJJiozKeHun wjiu B OKHe £h cios. B ornmyne or Ourpammsi,
MeXKJIy ABYyMs CJIOBAMH ONTepMa MOTYT HAXOAUTHCS APYTrHe CJI0Ba. KOHKpermsamus mo-
HSATHUS «PSJIOM» 3aBHCHT OT ITOCTAHOBKHU 3aJa4l U OCODEHHOCTei KOJIeKINHU. Bricokas
JacTOTa OuTepMa B TEKCTOBOI KOJIJICKIINU ABJIACTC IPOABJICHHEM JUCTAHTHOH codeTae-
MOCTHU JAHHOM TTapbl CJIOB.

Momens BTM ommchiBaeT BeposTHOCTD MOSBACHHS Tap cIoB (u,v). cxonubiMu gan-
HBIMH SIBJISIFOTCS YACTOTHI Ty, OMTEPMOB (U, v) B KOJUIEKIINH, WM MAaTPHIA BEPOSITHOCTER

P = (puy , THE Dup = NOTM. (T2 ).
(Puv)wxw, T€ P (u,v)eW2< )

[Ipumem rumoresy yciaoBHoON HezaBucumoctu p(u,v|t) = p(u|t) p(v|t), To ecTs gomy-
CTHM, 9TO CJIOBA U, U TIOPOXKIAIOTCS HE3ABHCHMO JIPYT OT JAPyTa U3 OJHON M TOH 7Ke TeMBbl.
Torma, o dpopmysie 1MoOJHONW BEPOATHOCTH,

plu,v) =Y plult) po[t) p(t) =D Puput,

teT teT

rie Y = p(w|t) u mp = p(t) — napamerpbl TeMaTUIECKON MOJe/ . DTO TPEXMATPUUHOE
paznoxkenne P = OIIOT rue II = diag(my,...,mp) — amaronaabHas marpura. Mogeanb
OUTEPMOB He OTPEJIEISIeT TEMATHKY JOKYMEHTOB © U MOITOMY He TOBEPIKEHA BJIUSTHUIO
3ppeKTOB, BHI3BAHHBIX KOPOTKUMHU TEKCTAMMU.

ARTM mnosBoJiger 00 be TUHATH MOJEAb OUTEPMOB ¢ OOBIYHON TEMATHIECKON MOJIEIBIO,
9TOOLI BCE-TaKU TMOMYYUThL Marpuily O. /g sroro Bo3bMméM log-ipaBmonoaodbue Moien
OUTEPMOB B KaduecTBe peryjspusaropa ¢ KO3 UIueHToM T:

R((I), H) =T Z Ny 1N Z Put Lot Tt
u,v t

[Ipumenenue ypaBuenuit — K 3TOMYy peryasdpusaropy Aaér dpopmyay M-mara
Jig Marpuib P:

w = nOTm (nwt +7y nuwpmw); (67)
ueW
Ptuw = n?el’:l”m (ntgowtgout)- (68)

D1u HOPMYIBI MOYKHO HHTEPIPETHPOBATH KaK J100aB/I€HNE B KOJJIEKIIUIO Ncesdodoky-
menmos cjioB. Kaxkjaomy caoBy u € W craBuTcs B COOTBETCTBHE TCEBIO0-I0KYMEHT d,,,
00 beTUHSIONINNA BCe KOHTEKCTHI CJI0BA 1. DTO MEIIOK CJIOB W, BCTPETHBIIUXCA PAJIOM CO
CJIOBOM u Tae-1u60 B KOJJIEKIIHH. acTora ¢jI0Ba w B ICEBIO-IOKYMEHTe d,, PaBHA TM,.
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Bolunc/ienne BCIOMOTaTeIbHBIX HePEeMEeHHBIX Pry, = p(t|u, w) B B TOYHOCTH CO-
orsercreyer E-mary i ncesao-1o0kyMenTa d,, €c/iu MoJI0XKUTh, YTO ero TeMaTu4ecKuil
BEKTOp obpazyercsd IyTEéM MepeHOPMUPOBKH CTPOK MaTpuiibi ® mo dopmysie baiieca:

O = notrm(ntcput). (69)

VBeqmunpasg KOIPGUAINEHT T, MOKHO J00UTHCS TOTro, uTobbl MarTpumna ¢ dopmupo-
BaJIaCh IMPAKTHIECKH TOJBKO 1Mo duTepmaMm. B Takom ciaydae momesb ARTM mepexomut
B MOJIEeJIb OUTEPMOB, KOTOPasi CTPOUTCS 1O KOJIJIEKIIMH ICEBI0-T0KYMEHTOB, 6e3 UCIO/Ihb-
30BaHUST UCXO/HBIX JOKYMEHTOB.

Mopgenb cetu cnos. Ilest MOIeIMPOBATD He JOKYMEHTHI, & CBSA3U MKy CJIOBAMH, OBLIA
nosiozkena B ocuoBy mozesieit WTM (word topic model) [53] 1 WNTM (word network topic
model) [230]. JTroGoubiTHO, uTo Gotee panusisa nybaukanus [53] ocramach He3amMedeHHON
(BummMo, Kak He-OaitecoBekast), u crarbs [230] nake me ceblnaeTcs Ha Heé.

Momenu WTM n WNTM cBongarca k npumenenunto PLSA u LDA coorBeTrcTBeHHO
K KOJICKIIUH TICEBI0-TOKYMEHTOB d,:

p(w|d,) pr\t (t|dy) ngwtetu

teT tel

Banuirem jorapudM IpaBIOnoI00us /I8 TeMaTHIeCKON MOJIe/N TICeBI0-10KYMEHTOR
p(w|d,) B BUIE peryaspusaTopa:

R((I)’ @) =T Z Ny In Z Sowtetuv

u,weW teT

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

st o6 beIMHEHUST MOJEIN CETH CJIOB ¢ OOBIYHON TeMaTHIECKON MOIEIbIO JJOCTATOYHO
106aBUTH ICEBIO-T0KYMEHTH B OCHOBHYIO KOJLIEKINIO. B oTMame oT Moaen GHTepMOB,
He MPUIETCs JayKe MEeHSITh 00bIanHy0 (popmyay M-tmara jjs Beraucaenust 6y,.

Eciu BBIUHCIATD TeMaTHIECKHEe BEKTODPHI IICEBI0-I0KYMEHTOB IO (hopmysie ,
to momenb WNTM nepexoqur B momesns 6urepmos [159]. Bosee Toro, ecanm B Momesnn
HET IPYIUX PeryIgpH3aTOPOB, TO JOCTATOYHO HPUMEHUTH 3Ty (POPMYJIY TOJBKO IPU HHHU-
[UATI3AINE MATPUIB ©.

B skcuepuMenTax Ha KOJUIEKIHUAX KOPOTKUX TeKcToB Mojeib WNTM nemuoro mpe-
BOCXOJIUT MOJETh ONTEPMOB U CYIIECTBEHHO MPEBOCXOIUT OOBIYHBIE TEMATHIECKHE MOIe-
au [230]. Ha awHHBIX JTOKYMEHTaX TeMaTHYecKue MOJEIN TapHO# COYeTaeMOCTH CJIOB
He [MOKA3a/JI1 3HAYUMBIX [IPEUMYIIECTB Iepe; OOBITHBIMU TEMATHIECKIMH MOJIEJISMHE.

KorepeHTHocTb. Tema HasbiBaercst Kozepenmuoll (CoracoBaHHOIN), ecan Hanbosee da-
CThle TePMbl JAHHOH TeMBl YaCTO BCTPEYAIOTCS PSIOM B JOKYMeHTax Kosutekiun [145].
JucranTHasi COYETAEMOCTh TEPMOB MOYKET OIEHUBATHCs MO camoil kosutekiuu D [136],
HJIM 110 CTOPOHHEH Kojuiekiuu, Hanpumep, no Bukuneun [142]. Cpejusis KorepeHTHOCTD
TeM CYMTAeTCsT XOPOIeil Mepoii HHTePIPeTHPYeMOCTH TeMaTndeckoii mogean [146)].

[Tycrs 3aganbl onenku coueraemoct Cy, = p(w|v) m1s nap tepmos (w,v) € W2, Ha-
upumep, Cy, — 08 JTJOKYMEHTOB, COJEPZKAINX TEPM U, B KOTOPBIX TEPM W BCTPEIALTCH
He jiajiee 4eM depe3 10 cioB oT v.
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SanumreMm (HOPMYTY TOTHON BEPOITHOCTH, 3aMEHUB YCJIOBHYIO BEPOATHOCTH (O, Ha-
CTOTHON OIEHKON:

p(wlt) = pr|v (v]t) = ZC’wvnvt.

veW veW

Sanumiem B Buje peryaspu3aropa log-npasaononodus TpeboBaHue, 9TOOBI MapaMer-
DBl ¢ TIpHOIHZKaIN oneHku p(w |t):

D) :TZnt Zﬁ(wﬁ)lngpwt.

teT weW

®opmyna M-mara, cornacuo (|17), npuHIMaeT Bu

Pui = nom (nwt +7 Y va”vt)- (70)

veW\w

DTO CriIaXKUBalOMni peryasapu3arop. OH yBeJIHIUBAET BEPOITHOCTH TEPMa B Te€Me, €CJIH
TepMBI, C KOTOPBIMH OH YaCTO COYETAETCS, OTHOCATCS K JaHHON TeMe. TOUHO Takas Ke
dbopmymra mosyumiachk B [136] mast momenn LDA u anropurma camminpoBanus ['u66ca,
HO ¢ GoJtee CJ0KHBIM 000CHOBaHMEM depe3 0000IEHHYI0 ypHOBYIO cxemy [loiist, n ¢ bosiee
CJI0ZKHOM 3BpHCTUIECKOH OMEHKOR Clyy.

B pa6ore [142] npemioxken Apyroi peryiasipu3aTop KOrepeHTHOCTH:

(I)) =T Z In Z Cuvgputgpvta

teT u,veEW

B KOTOpOoM mapHas coderaeMocTb C,, = Ny, [PMI(u,v)>0} HUCTIOJB3YET NOMOYEYHYI0
saaumHyro ungopmayuto (pointwise mutual information)

| D[ Nuw

PMI =1
(u,v) n NN,

(71)
rjie Ny, — YHUCJO JIOKYMEHTOB, B KOTOPBIX TE€PMbI U, ¥ XOTd Obl OJIMH Pa3 BCTPEUYAIOTCH
psimom (He majiee, gem depe3 10 cior), N, — YHCJIO JOKYMEHTOB, B KOTOPHIX TE€PM U
BCTPEUYAELTCS XOTA ObI OJUH Pas.

Taxum 00pazoM, € MHBIH OAX0 K ONTUMHU3AIMK KOPEPEHTHOCTH IIOKA HE BbIPAOOTAH.
[IpepnaraeMbie KpUTEpUH MOXOXKHM Ha MOJIe/IM OUTEPMOB M ceTH ¢JioB. Bce onu dopma-
JU3YIOT OOUIYIO UJECI0, 9TO €CJIM CJIOBA 9ACTO COBMECTHO BCTPEUAIOTCSA, TO OHH HMEIOT
CXOKYIO0 TEMATHKY.

Mopenn BeKTOpHbIX NpeAcTaB/eHUA CNOB CTAaBAT B COOTBETCTBHE KaXKJIOMY CJIOBY W
BEKTOD I, (PUKCHPOBAHHON pazMepHOocTH. OCHOBHOE TpebOBaHHE K ITOMY OTOOpazKe-
HUIO — 9TOOBI OJIM3KUM TI0 CMBICJIY CJI0BAM COOTBETCTBOBAJIH Om3Kue BeKTOphl. Corsac-
HO ducmpubymusnol eunomese (distributional hypothesis) cmbica ciioBa onpesmessiercst
pacIpesieleHueM CJIOB, B OKDYKEeHUH KOTOPBIX OHO BeTpedaercs [83]. Caosa, Berpedaro-
ommecd B CXO2KUX KOHTEKCTaX, MMEIOT CXOXKYI0 CEeMaHTUKY M, COOTBETCTBEHHO, JOJI2KHBI
uMeTh Oau3kue BekTopbl. s dopmanusanuu sroro npuanuna B [130, 131 opeanara-
eTcss HeCKOJbKO BEPOSTHOCTHBIX MOJesell sI3bIKa, BCe OHU Peam30BaHbl B IIPOrpaMMe
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accoumnayums MeTOoq PaH>XUPOBaHHbIA CNUCOK C/IOB
king — boy + girl PWE queen, princess, lord, prince
wav queen, princess, regnant, kings
moscow — russia + spain PWE madrid, barcelona, aires, buenos
W2av madrid, barcelona, valladolid, malaga
india — russia + ruble PWE rupee, birbhum, pradesh, madhaya
wW2av rupee, rupiah, devalued, debased
better — good + bad PWE really, something, thing, nothing
Wav worse, easier, prettier, funnier
cars — car + computer PWE computers, software, servers, implementations
W2V | computers, software, hardware, microcomputers

Puc. 22: CpaBuenne criuckoB accornuanuii, moayderaanbix moaensmu PWE u word2vec. [Ipusoastcsa gersipe
nanbonee Onuskue acconmanuu [159)].

word2vec. B wactHOCTH, MOMENb skip-gram npejicKa3bIBaeT IOSBJICHHE CJIOBA W B KOH-
TEKCTe CJIOBA U, TO €CTh TP YCJAOBHH, UTO CJIOBO U HAXOIUTCI PITOM:

exp (Ty, Toy)
>0 €XP (Ty, Tyy)

plw|u) = SoftMax (., 74) = nowm (exp (1, 7)) =

€ (Top, Ty) = D, ToptTyt — CKAIIPHOE TPOU3BEIEHNE BEKTOPOB. B oTtiame ot Temarntde-
CKUX MOJIesIel, HOPMHPOBKA BEPOATHOCTEH TPOU3BOIUTCS HEJUHEHHBIM Tpeodpa3oBaHIeM
SoftMax, a caMu BEKTOpPHBIE TTPEJICTABICHUS CJIOB HE HOPMUPYIOTCS.

st obyuenust MOJIe/ M PeIaeTcs 3a/a9a MaKCUMU3aIun JiorapudpMa npaspaonompooms,
KAK [PABHUJIO, I'PAJIUCHTHBIMI METO/IAMHE:

Z Nuw Inp(w|u) — max.
u,weW {ww}

[locTanoBka 3ajiauu OYEHb IIO0XOXKa Ha obydenue tTemarudeckux wmogeseir BTM
n WNTM. Mogenu cemeiictBa word2vec m Jpyrue MOJEIN BEKTOPHBIX MpejICTaBIeHMi
CJIOB TAaKXkKe SIBJSIIOTCS MarTpuunbiMu pazsoxkenusivu [113] 155, 119]. Tnasuoe ormmuue
3aKJII049aeTCd B TOM, YTO B 9THUX BEKTODHBIX HNPEACTABJICHUAX KOODAWMHATHI HE HHTEP-
HpeTUPYEMbl, HE HOPMHUPOBAHLI U HE Pa3PEXKEHbl, TOIVA KAaK B TEMaTUYCCKUX MOJEeJIAX
CJIOBAM COOTBETCTBYIOT pa3perKeHHbIe TUCKpeTHble pactpeeienus tem p(t|w). C apy-
IOl CTOPOHBI, TeMaTUYeCKHAe MOJEIN U3HAYAJILHO He IIPeJIHA3HAYAIUCH IJId OlpeIe/IeHUs
CEMAaHTHUYECKOil OJIM30CTH CJIOB, IOITOMY JIEJAI0T OHU 3TO ILTOXO.

B [159] mpeyozken crnocob MOCTPOCHUST MEMAMUYECKUT 8EKMOPHULEL NPeICasAeHull
caos (probabilistic word embedding, PWE) mo mnceBao-KoiekIun JOKyMeHTOB, aHAIO-
ruaabslii MogessasMm BTM u WNTM. B 3amagax cemaHTHYecKO# OJIU30CTH CJIOB OHU KOH-
KYPUPYIOT ¢ MOJeIsIMHi word2vec U CYIIECTBEHHO IPEBOCXOIAT OOLIUHBIE TeMaTHIYECKHe
Mogiesin. [Ipu 3TOM TemaTudecKkre BEKTOPHbBIE IIPEJACTABICHUS SABILIOTCA HHTEPIPETUPY-
eMbIMU ¥ pa3pe:keHHbIMU. VCIob3yst KpOCC-SHTPOIUHHBIE PEryasipu3aTophl, pa3pesKeH-
HOCTb BEKTOPOB yaaérca moBoguthb 10 93% 6e3 morepu kKadecrsa. Ha puc. [IOKa3aHbI
IpUMepbl PelleHns 331a9H acCOMUAINi CJIOB ¢ MOMOIIBIO MoAe e, MOCTPOeHHBIX M0 aH-
raosg3biuHoil Bukume nun.

KosmuecrBennbie omnenkn nokaswiBaoT, uro PWE pentaer 3agadu acconmanuu cJaoB
HAMHOI'O JIy4Ie 0O0bI9HOi TeMaTndeckoi moaean LDA | HO He ¢TO/Ib YCIEeITHO KOHKY pUpPYeT
C JIVUIIIMM MOJIeJIAM ceMeiicTBa word2vec, KaK B 3aJa4aX CeMaHTHIECKOH OJIM30CTH.
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B 3agaue cemanTudeckoit 6;1u3octu noxkymenToB PWE yBepenno omepekaioT BeKTOP-
ayto mozesb DBOW [62], cnienmasnbio pazpaboTanHyio JJIsi TOUCKA CeMAaHTHYECKH OJins3-
KHUX JOKYMEHTOB.

ARTM mo3BoJisteT 00600IUTh TEMATHIeCKHe MOJIE/H JUCTPUOYTHBHON CEMAHTHKH JIIsT
MYJIbTEMOANBHBIX Kosutekmuit [I59]. Mcmonn3yst naHHble 0 TAPHO# COYETAEMOCTH TEPMOB
Pa3IMIHBIX MOJAIBHOCTEH, BO3MOXKHO CTPOUTH HHTEPHPETUPYEMble TeMaTHUYECKHE BeK-
TOpHbIE IIPECACTAaBJICHUA JJidd BCEX MO,ZLaJ’IbHOCTeI';I. B TO 2Ke BpeMd, IIpuBJjgedYeHue J0I10JI-
HUTEJbLHOI I/IHCbOpMaI_[I/II/I O APYTIuX MOAAJIbHOCTAX IOBBIIIACT Ka4YeCTBO PEHICHUA 3aJa9n
OJIM30CTH CJIOB.

BoiBoabl no rnaese 14

e Yuér IIOPpAdJKa CJIOB B TEKCTE€ U yXOJ OT I'MIIOTE€3bl «MeEIIKa CJOB» — OJHO M3 BazK-
HeHnmx HaHpaBHGHI/Iﬁ Pa3BUTUA TeMaTHYECKOI'O MOJACJIUPOBaHNA.

e [Ipocreiimmuii mar B 3TOM HaNOpaBJeHUHW — MEPEXOJl OT «MeIKa CJIOB» K <«MeITKy
caoBocodeTanuity. OJIHO 9TO yzKe IMO3BOJIIeT CYIECTBEHHO YIYUIIUTH UHTEPHIPETH-
PYEMOCTDH TeM.

e Ciemytomnuit mar — mepexoJ1 OT «MeIIKa CJIOB» K «CeTH CJ0B». VIcmo/ib30BaHue gaH-
HBIX O JIUCTAHTHOHW COYETAEMOCTH CJIOB NMPUBOJIUT K YJIYUIIEHWIO KadecTBa TEeMaTH-
YeCcKUX BEKTOPHBIX MPEJCTABJIEHUN CJIOB U KOPOTKUX TEKCTOB.

e [lonHomeHHBIN yIET MOPsIKa CJIOB BO3MOXKEH IPH 00PabOTKE TEeKCTa KaK IMOCIeI0-
BaTEJILHOCTH TePMOB. K MOCTPOEHNIO TAKWX TeMAaTUIECKUX MOJIeei MBI U TTepeii1ém
B JIBYX CJIJIYIONINX TJIaBax.
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15 TemaTunydeckne moaenun HenpepbiIBHOro TeKCTa

lN'umoreza «Merka CJI0B» HE CTOJb YKECTKO BCTPOECHA B MOCTAHOBKY 3aJIa4d TE€MaTH-
YECKOTO MOJIeJTMPOBAHUS, KaK MOXKeT TMOoKa3aTbed. lIpefcTaBuM TEKCTOBYIO KOIEKITUIO
B BHUJIE TIOCTEIOBATEILHOCTH TepMOB (d;, w;)! |, TJe JOKYMEHThl KOHKATeHUPOBAHBI (3a-
IIMCAHBL JPYT 33 APYTOM), U B KazZKJIOM JOKYMEHTE COXPAHEH €CTeCTBEHHBIN MOPSIJI0K CJIOB.
SanuiieM 3a/1a9y MAKCHMHU3AIMIE JoTapudMa mpaBmaomoa00mst:

Zanpwl\t (t]d;) Zan@wtétd — m%x

terT teT

Panbiie Mbl 1puBo/in/in 10 100HbBIE CJlaraeMble B 9TON CyMMe U 3alUChiBaJ/Iu Jiorapudm
paBIono100msd 4epe3 4aCTOThl TEPMOB B JIOKYMEHTAX Mgy, TePsisd NHMOPMAIHIIO O TI0-
psiZIKe CJIOB BHYTPHU JOKYMEHTOB. Ternepb MbI 0DOOIINM MOJE/Ib, 3aMEHHB JIOKYMEHT d;
Ha KOHTeKCT C; — JIOKAJbHYIO OKPECTHOCTh TepMa w; BHYTPHU JTOKYMEHTA d;:

Zanp w; |[t)p(t|C;) — max .

teT

Panbire korTekcToM TepMa ObLT Bech 1oKyMeHT, C; = d;. B njammoii rimase Mbl oc1a0mM
9TO MPEANOJIOKEHNE, CANTA, UTO TEMATHKA TEPMa, W; ONMPEIeIIeTCs He BCEM TOKYMEHTOM,
a TOJIbKO OKPYZKAIOIIMMHU €0 IPeIOKEeHUAME, BIUsIHAe KOTOPBIX IOCTEIIeHHO yMeHbIIIa-
eTcs ¢ POCTOM PACCTOSHUs 0 TepMa. B TakoMm ciaydae HaM NPUIAETCS HE TOJHKO 3aj1a-
BaTh I'PAHUIBI KOHTEKCTA I KazKJA0r0 TepMa, HO U MOJAEJUPOBATH TEMATHKY KOHTEKCTA
p(t|C;) 6e3 BBemerns Marpuibl O.

DTO He TOJHKO OTKA3 OT THIOTE3hl «MEITKa CJA0BY», HO TaKzKe OTKa3 OT JeJeHHUST TEKCTO-
BOI KOJIIEKIIMK HA JJOKYMEHTBI. | paHHIIbI JOKYMEHTOB B B CAMOM JIeJIe JIOBOJILHO YCJIOBHBI.
PasbuBarb jin sumuKIome 110 Ha cTarbu! CYUTATH JIM JOKYMEHTOM KHHUTY, IVIaBY, Iapa-
rpad, ab3al; niM TeMaTuIecKu OJHOPOAHBIN cermenT? Temnephb Bce 3T BOIPOCHI PEIIAIOTCS
Ha dTalne 3amanns KoHTekcra C; mjs KaxKaoro repma w;. Kcraru, He Caeg0oBaJo Obl Hc-
KJII09aTh TEPM W; U3 CBOETo ke KoHTeKcTa (), 9T00Bl n30eKaTh nepeodyueHus a3bIKOBO
mogenu? Io ujee, eé 3a1a4a — OpejiCKa3bIBATh BEPOATHOCTH CJI0Ba B KoHTeKCTe p(w; | C}),
He 3Hasl CaMOro CJI0Ba w;.

Haunéwm ¢ 9acTHOTO c/Iydas, KOraa KOHTEKCT BCE eIé COBIIAIAeT ¢ JOKYMEHTOM, HO Te-
MaTHKa KOHTEKCTa yzKe MOJIeJaupyercsa 0e3 Marpuilsl O.

OpHonpoxoaHbiii E-war. Borancsienne reMarnaeckoro BeKTopa J0KyMenTa 0y = (0yq)ier
B EM-anropurve tpebyer MHOIMX wrepalii 10 BceM TepmaM Jokymenta. B crarwe [11]
IpeJIaraeTcsl BITHCIATh BEKTOD 0y 10 siBHOi dopmyite Oy = 014(P) 3a oqun nuHeiiHbIT
MPOXOJT JTOKYMeHTa d.

JlaHHBI# TOJX0 KMEeT HEeCKOJIbKO MPEUMYIIeCTB.

Bo-nepBbix, BeKTOp 6, BRIUKCAsIeTCS ObICTpee, O€3 UTeparuii.

Bo-Bropbix, ucksiodenne Marpunpl © u3 MOje/M HPUBOJUT K COKPAIIECHUIO Pa3Mep-
HOCTHU U yMEHBIIICHUIO nepeobyyuenud. B oObIYHON MOJIEIN HEJOCTATOYHOE KA4eCTBO MaT-
purel  MoxkeT OBITH CKOMIIEHCHPOBAHO UTEPAIHOHHON MOATOHKONH KaXKI0r0 CTOJ0MA
MaTpHIbl © 10j KOHKpeTHBIH JoKyMeHT d. Yem Kopode JOKYMEHT, TeM MeHee HaJIéxK-
HO obydeHne BeKTopa g, BILUIOTH JI0 3aMETHOTO IepeodydeHus, KOTIa YUCI0 TapaMeTpoB
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B BEKTOpe 6, IpeBHIIIaeT AIHHY ToKyMeHTa d. Beraucaenune © gepe3 ¢ mo popmyie octas-
JISIET MEHbIIe BO3MOXKHOCTEH JIJIsT TOTOHKH.

B-tperbux, pazmep marpuribl © JTuHEHHO 3aBUCUT OT YUCIA JOKYMEHTOB B KOJIJIEKITHH,
TOI/Ia KaK pa3Mep CJI0Bapsd YBeJIMINBaeTcd MO CyOIUHEHHOMY CTeeHHOMY 3aKOHY XHII-
ca [70]. Poct cioBapst MoxKeT OGbITh OTPAHUYEH W MPUHYUTENBHO, MyTEM OTOPACHIBAHUSI
HauMeHee YaCTOTHBIX CJIOB. TaKmM 00pa3oM, OTKPBIBAETCS BO3MOXKHOCTD JIJIsT CYIIECTBEH-
HOI'O YMEHBIIEHUS TeMIa POCTa Pa3MEPHOCTH MOJEIU ITPU PACIHIUPEHUH KOJIJIEKIIAHU.

B-uerBépThiX, OrpanndeHne-paBeHCTBO, CBs3bIBatoMiee MaTpuiibl ¢ u O, hakTnyeckn
BBICTYTIAET B POJIM PETYJISIPU3ATOPA, XOTS U HE 3alUCHIBACTCH B BUJE ONTUMU3AITMOHHOTO
KpuTepus. B skcmepuMeHTaxX HECKOJIBKO KPUTEPUEB KadecTBa YIYUIIAIOTCS OTHOBPEMEH-
HO, TAK YTO JOMOJHUTETbHAS PETYASpU3alus MOXKeT JaKe He TTOHAJTOOUTHCS.

Hauném ¢ obuiero ciyuvast, korpa dyukuust 0y(P) upoussosibuasi, 3areM paccMOTPUM
YaCTHBINA cry4dail iuHeAHoll TeMaTu3anuu TeKCTA.

Teopema 15.1. Ilycre ¢dyakmun 0yy(P) u R(P,0) HenpepsiBHO JuDEPEHITUDYEMBI.
Torma Toura ® JIOKAIBHOIO dKCTpeMyMa 3adaqd ¢ orpanmgenusiva (L4)) m gomos-
HHUTEJIbHBIMU OI'DAHUYeHHIMU-paBeHCTBaMu Oy = 0,4(P) yuosiersopsier cucreme ypaphe-
HHi €O BCHOMOTaTeIbHBIMA MEPEMEHHBIME Py, = P(t|d, W), Nyq 1 Py, €CIH 03 perIeHms
HCKJIFOYHTH HYJIEBbIe CTOI0IBI MaTpurf O, O:

Dtdw = HPGTTIH(%Othtd); (72)
oR

Nig = wZEd NawDtdw + Ord=— 3 9td (73)
/ Cwt Nsd 863d

= Dtdw + — : 74

Paw = Praw w;&d@@wt (74)

OR
Pt = nOLM (Z NPy + Put a%t) (75)

HdokazareabcTBo. DBociojib3yeMcs HEOOXOJMMbIM YCJIOBUEM 3IKCTpeMyMa 3a/a4uu

f, KOTOpBIE JTAET CJAEeICTBHUE 13 TEOPEeMBbI PacemorpuMm 3a1a4y MakCHMu-
3anmuu JUid 06sedunénro2o M-waza :

=3 3 naupsie(In 0us + I 04(®)) + R(P,0(P)) — max.
deD ueW seT ®

3amuireM 4acTHbIE IPOU3BOIHBIE () IO TAPAMETPAM Py, BLAEAS B (DOPMYIIax BbIpa-
JKEHUsI Ngg U Py, cornacuo (73) u (74) coorsercrremno:

Pwt 893d OR aesd OR
w nwpw+ NquPsdu—7— +w an ‘l‘w—:
T — 8S0wt (;) dwPtd d%; duPsd 0.0 890wt 'Z t%s: 903 O Pwt B
Puwt aR 895d 8R
- Z Ndw (ptdw + — Z (Z ndupsdu esd ) + Pt~ =
deD dw wed aesd . 8Sowt 09%7&
ned
Sowt Ngd aesd ) 8R
- Ndw w + Ot —.
dEZD a (ptd Z esd 89011115 7 ta(pwt

S/

-~

’
Pidw
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Orciofa u U3 JIeMMBI 0 MAKCHMHU3AIINK HA €IMHUIHBIX CHMILIEKCAX ciaemyer hop-
mysa M-mrara .

3aMeTuM, 4TO f4¢ B 3HaMeHaTe e He MOXKeT 00palaThcd B HYJIb, IOCKOJIBKY NpH 0, = 0
UMeeM Pgqy, = 0 I BCeX U, CJIeI0BATEIbHO, COOTBETCTBYIOIIEE CJIaraeMoe B CyMMe 110 §
oTcyTcTBYeT (paBHO Hy/II0) B dyHKImoHAge Q) emé 1o ero auddepenmpoBanmsi.

Teopema mokazana.

Taxum odpazom, moaucdukamnusg EM-anropurma ceogurces K nocm-obpabomxe E-waza —
IpeoOPA30BAHUIO [EPEMEHHBIX Didy B Digys KOTODBIE 3aT€M IOJCTAB/SIOTCS B OOBIYHYIO
dbopmyny M-mrara aist marpunst . C npyroit ¢TOpoHbI, €6 MOXKHO pACCMATPUBATH U KaK
AJIUTUBHYIO TIOTPABKY B (popmyse M-1mara, To ecTh orpanndenne-paBencTso 0y = 0yq(P)
dakTyeckn geficTByeT Kak peryssgpusaTop.

Temeps mopa pacmopsiauTbest ¢cBOOOI0M BhIOOpa dbyHKIHit O;4(P).

JlnHeliHas TemaTun3launsa Tekcta. Jlis oneHnBaHns TEMaTHIECKOTO BEKTOPA, JOKYMEHTA
p(t|d) 3amumniem dbopmyry TOJHON BEPOSITHOCTH, 3aMEHHB B Heil pacupeesenust p(t|w, d)
Ha pacupejeerus p(t|w) cONIacHO MUIOTE3e YCIOBHON HE3ABUCHMOCTH, a IS TTOJIY YeH st
TeMATHICCKUX BEKTOPOB TepMOB p(t|w) u3 pacupemenennii p(w |t), 3aMUCAHHBIX B CTOJIO-
nax Marpuiel ©, npumenum dopmyay baiteca:

O1a(P Zpt\dw (w|d) = Zp wld)p t!w)Iprdngjm(%Owtpt)a (76)

wed wed wed

LI Pud = % — 4aCTOTHAS OLEHKA pacupeiesenus p(w|d), py = “t — dacroTHas OLEHKA

pacnpeeserus p(t), moaydaemast u3 EM-agaropurMa.

Bynem HaswiBaTh ypaBHEeHNe AURETH0T memamuaayuel TOKyMEHTa, TaK KaK Te-
MaTHYeCKUil BEKTOD JOKyMeHTa p(t|d) BBIMUCASETCS TYyTEM YCPEJIHEHUs] TEMATHYECKUX
BEKTOPOB TepMOB p(t|w) 3a ofuH JUHEHHBIH TPOXOJ MO JTOKYMEHTY.

AnprepnarnBroe 000CHOBAHME JTHUHEHHON TeMaTH3aINU MOZKHO MOJIYYAThH, 3aIIUCAB Te-
mMaTudecKuii BeKTop gokymenTta p(t|d) mocae nepsoit nreparun EM-anropurva B PLSA
IPH HAYATLHOM TpUOIIKeHun 0, = p;:

w w 6
etd(q)) = n%rjm(z ndwptdw) = Z td Pt td prd norm(épwtpt)

n
weW wed @ Z Pust Sd wed

[Tpumenum Teopemy k dopmyste (76). st 5T0ro HaflnéM HaCTHYIO TPOU3BOLHYIO:

aesd =0 0 (pwd‘pwsps > o
wt -
agpwt agpwt ZU PuwvPv
5st Zv PuwvPv — PwsPs

Pwt o

/ /
= PwtPtPwd 5 = PwdPiw (6st - Sﬁsw)a
(ZU govav)
rae 0y = [s=t] — cumBoa Kponekepa, ¢, = <222 — = normy(@upr) = p(t|w) — pe-

Zv PwvPv
3yJIbTaT TEePEHOPMHUPOBKHU CTPoKu w Marpuikl ¢ mo dopmyne Baiteca. ITogcraBum s1o

Bbipazkenue B (75 u nepenuineMm ypaBHeHUsl B IODPsijIKe, YIOOHOM JIJIsi IIPOBEJICHNsI Bbl-
qucyiennit MeTosoM npocthix ureparuii [11].
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HOJIy‘II/IM EM—&HFOPI/ITM C AUHEUHOU mewtamusauueﬁ ,ZLOK&MGHTOBZ
(,Ol = IlOI'IIl(gO“ n )
thot
tw teT )

Ora =D PuwdPhu

wed

= norm 0:q);
Ptdw s (SOwt td)v

ng = E E NdwPtdw;

deD wed
O0R
Ng = wZEd NdwPtdw + 9td@§
Plaw = prau + £ (210 > et ) (77)
Pur = norm ( d; NP + wwt%) -

Berancsienne nepeMeHHBIX @y, Otds Didws Nty Tids Dig O00Pa3yeT E-mmar m s3anmMaer
O(ng|T|) ouepanuii jijist KaxkJ10ro JIOKyMeHTa, Kak B oobiunom EM-ajropurme. Bee ne-
peMeHHbIe, OTHOCSIIHECS K JOKYMEHTY d, MOKHO yIAJIATH U3 TaMATH IO OKOHYAHUU €10
obpaborku. [lepemeHHbIe Q. BBIYHCAAIOTCH 110 00bIYHON (bopmysie M-mara, B KoTopoii
BMECTO YCJIOBHBIX BEPOATHOCTEH Digy, MOJACTABISIOTCS Pyy, . TaKuM 006pa3oM, JaHHAA MO-
mucukamusgs EM-ajaropurMa He HPHBOJMT K CYIIECTBEHHOMY YBEJIUYEHHIO BPEMEHH €I0
pabOTHI UIN JOTMOJTHUTEILHOMY PACXOIY TAMSITH.

Ob6paboTka KaxKI0T0 JOKyMeHTa Ha E-trare ocymecTsiisgerca 3a aBa npoxonaa. Ha mep-
BOM IIPOXOJI€ BBIYUCJISAIOTCS HepeMennbie ), u 0. Ha BTOpOM mpoxome — ocranbmHbie
IIEPEMEHHBIE Diduy, Nty Nids Piguy-

Eciim Tpebyercss TONBKO HAUTH TeMaTHYECKHH BEKTOP JOKyMeHTa #;, He OOHOB/IAA
MaTpuily @, To BTOpoit Ipoxo/1 AeaaTh He HyKHO. HOpMUPOBOUHBIE MHOXKUTEIH JJIsT CTPOK
MaTpuiibl ¢ MOKHO BBIYUC/IATH U COXPAHSATH MOCJE KaXKJI0r0 OOHOB/IEHHS MATPUIbl P.

Berancrennst MOKHO €1€ COKPATUTh, €C/IH OTKA3aThCA OT perysspusarnun no ©. Torma

% = 0. Ecau Temeph BOCIIOJIL30BATHCS MPABUIOM TIOICTAHOBKN HECMENIEHHBIX OIEHOK
MaKCUMaJIbHOIO 1paBononobus (21)), To mocse nojacraHoBku =54 =nes (77) oxa-
S

JKETCSL, 9TO Phy, = Didw- LOTA BBITUCIATE Ny U Py, BOOOIIE He HYZKHO.
EM-asroputm ¢ buiempot aunelnol memamusayued Beraucyaser BekTopsl p(t|w) =
©hy 1 P(t|d) = ;4 32 0OTMH MPOXOJ O JOKYMEHTY:

Php = mOrm (P );

Oa = prd%w;

wed
Praw = 10T (PurBa);
ny = Z Z NawPtdw
deD wed
OR
wt = Norm NgwPtdw + Puwt—=—— |-
Puwt lora (Z dwPtd ¥ t&ﬂwt)

deD
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NIPS, |T'| = 50 Twitter, |T'| = 50 20-newsgroups, |T| = 25
4500
2600 2500 4000
. 2400 = 2000 & 3500
= = =
£ 2200 % 2
g £ 1500 £ 3000
& 5 &
& 2000 2 £ 2500
1000
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1500
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0.8 1.0
0.8
0.8
5 0.6 o 2
g G S06
H £06 g
304 3 3
£ £ %
& 204 go4
3 3 3
a a a
0.2 0.2 0.2
0.0 0.0 0.0
0 10 20 30 40 50 60 70 80 90 100 0 3 6 9 12 15 18 21 24 27 30 0 10 20 30 40 50 60 70 80 90 100
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0.30 0275
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5020 s s
s 0225 Z10
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0.35 0.35
30.30 g 04 20.30
© © ©
¢ g g
5025 503 § 025
X S X
2020 T g 0.20
2 £o2 o
z0.15 = . 0.15
£ H £
%0.10 & Z0.10
[ 0 0.1 o
Q Q Q
“0.05 o 0 0.05
0.00 0.0 0.00
0 10 20 30 40 50 60 70 80 90 100 0 3 6 9 12 15 18 21 24 27 30 0 10 20 30 40 50 60 70 80 90 100
— plsa ---- smooth I[da -~ sparse lda — tartm —— naive tartm

Puc. 23: 3aBucumocru or HOMEpA MTEPAIUM YETHIPEX KPUTEPUEB KadecTBa (IEPIUIEKCHs, Pa3pPerKeH-
Hocrb @, cpenuss korepenTaoctb Tem 1o PPMI, cpenusist 6imsocrs rem no mepe 2Kakkapa) s nsaru
mogmeneit (PLSA, LDA co crmaxusanuem, LDA ¢ paspexusanuem, TARTM, nausasiit TARTM) no Tpém
TeKCTOBBIM Koseknusm [11].

JKkcnepumMeHTbl € nuHeriHol TemaTtu3auuen [I1] nokasanu ogHOBpeMeHHOe YITydiie-
HUEe CKOPOCTH CXOIUMOCTH, PA3PEsKEHHOCTH, PA3IUNIHOCTH U KOTePEeHTHOCTH TeM, IPH 9TOM
TeMBbI OUHUIIATICH OT OOIIEY HOTPEOUTETHHOM TEKCUKN | HE3HATUTEIHHO YXVIAIIAJIOCH TPAB-
JONO00MST WK TIepIUIeKCHn (MoApoOHee MeTPHKH KaueCTBa ONHMCAHbBI B [JIaBe .

Jluneitnast remarnsanus TARTM (O-less ARTM) cpasnusaiacs ¢ obsransim EM-asro-
PUTMOM € OJHO# uTeparweii mo gokyMeHTy (naive TARTM), 4roObI OKA3aTh, 4TO JIHHE-
Has TeMaTH3allus He CBOJUTCS K TAKOMY HAMBHOMY YHDOIIEHHIO, M. puc. 23]
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NokanuzosanHbiii E-war. @opwmyra 0y,(P) onpenenser Temarudeckuii Bektop p(t|d)
Jgokymenta d = (wy, . .., Wy,,) LyTéM ycpeaHenus BeKTopoB p(t|w) = ¢}, BCex ero repMos:

014(®) = p(t|d) = z:pﬂwZ = Z%wr

AHamornaHBIM 00pa30M MOYKHO OMPEIEINTh TeMATHIECKHI BEKTOP /IS TPOU3BOJIHHO-
ro TEKCTOBOro (pbparMeHTa — CJA0BOCOYETAHUs, IpeJIOXKenns, ab3ala, pa3iaea.

Jlokaavhoim Konmexcmom tepma w; B gokyMeHTe d Oy/eM HA3bIBATDH MOJIIOC/IEI0Ba~
TesibHOCTH TepMOB C; = {wy, . . ., w, }, HAXOAAIMXCS B OKpecTHOCTH TepMa w;. Mbl ocTan-
JisieM OOJIBITTYI0 CBOOOLY B BHIOOPE KOHTEKCTA: OH MOXKET OBITH JIEBBIM, TIPABBIM MJIU JIBY-
CTOPOHHHUM; TaKzKe MOZKET MPOIYCKATH HEKOTOPBIE TEPMBbI, B TOM YHCJE U CaM W;.

Temamuueckutl 6eKmMop A0kaALHO20 Kormexema C; ONPeeIseTcs: TyTEM YepeTHeHUsT
BeKTOPOB P(t|u) = ¢}, BCEX ero TepmMoB:

6.4(®) = p(t]i) = me|m2%

Hexoropsie Tepmbr koaTekcta C; MOTYT OBITH O0JI€€ BAyKHBI JJIs ONPEICTCHUST €r0 Te-
MaTuku. [ToaTomy cpasy obobOImMM ompejenenne u OyJeM YCpeaHsaTh TeMaTU9YeCKHe BeK-
Topbl p(t|u) ¢ HEOTPUIATEIBHBIMI HOPMUPOBAHHBIMH BECAMHU (Y

0(®) = p(t]i) = Z Oy iy Z i = 1, o = 0. (78)

ueC ueC;

Bamena TemaTHkn JgoKyMmeHnta O = p(t|d) TeMaTHKON# JIOKAJLHONO KOHTEKCTA
O = p(t]i) HPHBOIT K AOKAAUZ08AHHOT MemMamuyeckoll modeau, B KOTOPOIi TIpecKa-
3aHHe TepMa B (-l MO3UIUH JETACTCS He M0 TEMATHKE BCErO JMOKYMEHTA, & MO TeMATHKE
ero JIOKAJLHOTO KOHTEKCTA:

plwld.i) = 3 p(l)p(t]) = 3 vur 3 Gt

teT teT ne

JIokaim30BaHHAs TeMAaTHIeCKass MOJIE/Ib IEPEXOIUT B OOBIYHYIO, €CJIH B KA4eCTBe KOH-
tekcTa C; B3ATh BeCh JOKYMEHT, a BeCa PACIHpeIeUTh PABHOMEPHO: (v, = .t
Jlokasim3oBaHHasT TeMaTHIeCKas MOJIe/Ib eCTeCTBEHHBIM 00pa30oM BeTpamBaerca B M-
AJTOPUTM C OBICTPO# JimHeltHOH TemaTn3alnueii. MHOKecTBO JJOKyMeHTOB [ U OT/IeIbHbIe
JIOKYMEHTHI d B 9TOM aJIrOpuTMe BoodIme He dhurypupyior. TemaTuka Jr0o00Tro JOKYMEH-
Ta, KaK U JI0OOr0 TEKCTOBOIO (bparMeHTa, BBIUUCIAETCA «Ha JIETY» IMYTEM yCpeTHeHUs

TEMATUICCKUX BEKTOPOB BCEX €I'0 TEPMOB.

Jagee Oyaem moJjiaraTh, 9TO JIjIsI BCEX TEPMOB B KOJIJIEKIINHA BBeIeHa CKBO3HAsI HyMepar-
must ¢ = 1,...,n, I KazKI0i MO3UIKH ¢ OlIpenesiéH KoHTeKeT C; U pacipeieeHne BeCOB
O 10 BeeM u € C;.
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EM-anropurm ¢ aokasusosartvm E-uazom:
P = 10T (P );
= Uz
tw teT w ’
§ : ! .
Hti = P Oluis
ueC;

P = ngerTm(cpwithi);

n
ny = E Dtis
=1

_ OR
Pt = NOrm < Z[wz = w]pti + Spwt—) .

weWw 1 aSDwt
Z:

Jlokau3anust ocabsieT UCXOAHbIE JOMYIIEHHST TeMATUuIeCKOr0 MOJAETUPOBAHU. DTO
He TOJHKO OTKA3 OT TUMOTE3BI «MEITKa CJIOB», HO TaKyKe OTKa3 OT YJeHEHUS TeKCTOBOU
KOJUJIEKITAN Ha, JIOKYMEHTHI.

Jlokanun3soBaHHbI E-war co ckonb3sawmmm cpegHnmn. Beenerune BecoBbiX K03hdu-
IIUEHTOB (v,; MO3BOJILET CIEeJATh I'PAHUIBI KOHTEKCTOB HEYETKHMM, YMEHBIIAS Beca IO
Mepe YBeJUYeHUS TUCTAHIMA MEKIy TepMAMM w; U U.

B wacrnocTu, 3a1aTh Beca MOKHO ¢ HOMOIIBIO IABYX 9KCNOHEHUUANDHOLL CKONDIAULUL
cpednuz (DCC), KOTOpBIE YCPEIHSIOT BEKTOPHI TEPMOB MO DPEKYDPPEHTHBIM (opMysTaM,
npoberag 1Mo TEKCTY B JABYX HAIPABJICHUAX — CJIeBa HAIIPABO W CIIpaBa HAJICBO:

(tli—1), i=1,...,nq, M =1,
(t|i+1), i=ng...,1, Jn, =1

p(t1) =i Pho, + (1 = %) - P
P(t1) =i Phu, + (L= %) - D

st BeiGopa kosddunmenta criaaxupanus y; € [0, 1] MOXKHO OpHEHTHPOBATHCS HA W3-
BectHyIO Jijist DCC ONEeHKy y; ~ %, rje h — 4ucjio ycpejanseMbiXx BeKTopoB. Hampumep,
v; = 0.1 TpubIU3UTENHHO COOTBETCTBYET yepeaHeHnio 10 BEKTOPOB.

Ecnmm ; =y — KOHCTaHTa, TO KCHOHEHIIHAIBLHOE CKOIB3AIIEe CPEIHEe OMpeIesser
Beca, yOBIBAIOIHE C DACCTOSHHEM MeXKIy NO3UIusAMEU |i — k| 10 reoMerpudeckoii mpo-
IPeCCH: (s = Y(1 — )i+,

Kosddurpment ~; MOKHO MeHSTh B 3aBHCHMOCTH OT HO3MIUHU 4. Ero yBejmdeHue
BILIOTH JI0 ; = 1 MO3BOJIsIeT «3a0BITh» HAKOILIEHHYIO K JIAHHOMY MOMEHTY HHpOpMa-
M0 O KOHTEKCTe, HAIPUMED, NMPHU HepexoJie K CJICAYIONEMY JOKYMEHTY MU K CJIeIyio-
el CeKIuu JJIOKYMEHTa. Y MEHbIIIEHHE Y; BILIOTH JI0 HYJId [IO3BOJISIET UTHOPUPOBATH TEPM,
HAIPUMED, €CJIH HTO CTOI-CJI0BO MM CJIOBO O0IIei JIEKCUKH.

3Has TeMaTHIeCKUe BEKTOPHI JIEBOTO U IPaBoro Koutekcta p(t|i) u p(t]i) ansa Kaxaoit
MO3MIUA ¢, MOKHO OTBEYaTh HA MHOTHE BOIPOCH O TEMATHIECKOH CTPYKTYpe TeKCTa U
JIIOOBIX ero (pparMeHToB.

Temaruka JABYCTOPOHHErO KOHTEKCTa TEPMa wW; ONEHMBAETCA Kak cpejHee apudmern-
dqeckoe miaH (JiJis OGIHOCTH) CpejiHee B3BEIIEHHOE JIeBOTO M IPABOTO KOHTEKCTA:

0ui(®) = p(t]i) = Bp(t]i) + (1 — B)p(t]d).

I'panuimy @ MeXIy TeMATHICCKHMHU CEIMEHTaMU JJIHHHOTO TEKCTOBOTO JOKYMEHTA
MOKHO OTPEJIENISITH 0 MAKCUMYMY Pa3Indusi Mexkiy pacupeaenerusvu p(t|i) u p(t]d).
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Ananmms oTKI0OHeHNH KOPOTKHUX U AMHHHBIX DCC, cCOOTBETCTBEHHO ITpH OOJIBIINX U Ma-
JIBIX 7Y, TIO3BOJISIET ONPEIEIUTD, COAEPZKUT JIH TEKCT BKPAIJIEHUS TeMATHIECKH PAZHOPO/I-
HBIX (DpArMEHTOB, W IJe OHU HAXOIATCS.

PacemorpuMm deynanpasaennole memamuveckue 6exmopot, Ijd Mapbl TEPMOB W; U W;j:

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

i J
Puc. 24: TemaTnka J1€BOTO M MPABOTO KOHTEKCTA B MO3WUINUAX ¢ U j.

TeMaTHKy KOPOTKOI'O CErMEHTa [i . ..J] MOXKHO OIE€HHTb, YCDPeIHssl MPaBblii KOHTEKCT
ero HavaJja ¢ M JIeBbIii KOHTEKCT ero KoHIa J:

ptli...j) = 5(p(t]) + B(t] 7))

Temarudeckast OJJHOPOJHOCTD CEIMEHTA [i...J] ONEHMBAETCS TeM, HACKOJIBKO CXOXKU
pacupenenenns p(t|i) u p(t|7).

AHanorusi co cBEpToYHON HelpoceTeBoW Moaenbto A3blka. CBéprouHas HeilpoceTh
GCNN (Gated Convolutional Network) [64] TpancdopmupyeT BXOAHYIO MOCJIEI0BATEb-
HOCTBb BeKTOPOB (3MOeuuros) X = (x1,...,,) T€pMOB (w1, . .., W,) B BBIXOJHYIO MOCJIE-
JoBarebHoCTh BekTopoB H = (hy, ..., h,). Kaxubiii BekTop h; cobupaer undopmaimio
o kourekcre C; = {...,2;, ...} COOTBETCTBYIOIIEIO BXOJHOIO BEKTODA X;:

h; = (Z Wuasu> ®0< > Vu:vu> =a; @ o(b;),

UEC'L ue(]i

rjae @ — MOvJIeMEeHTHOEe (aJaMapoBo) MPOU3BEeHHEe JBYX BEKTOPOB; W, V,, — MaTpuIlbl
obyuaeMbIX HapamerpoB mojenn; o(b) = — curMoujiHas (pyHKIus, npuMeHsgeMast
K BEKTOpaM b; MO3JIEMEHTHO;

_1
14e—b

a; = Y, W,z, — nuHeiinasi cBEPTKA BEKTOPOB KOHTEKCTA,;
ueC;

b; = Z V,x, — 1uHeliHas cBEpTKa-PUIBTP.
ueC;

CpasuuMm Tpancdopmaimio BekTopoB B Mojean GCNN c siokasmm3oBannbiM E-mmarom:

p(t|Ciwi) = nOTm(@witeti) = norm( > auigpgu@wit).
teT €T\ et

3/1ech TaKKe HCXOJHBIH GECKOHTEKCTHBIN BEKTOD TepMa (.1 t € T') Tpancdopmupy-
ercst B KOHTEKCTHBIH BekTOp p(t|C), w;) myTém yepenenus: BeKTOpos p(t|u) = ¢}, U3 ero
KoHTeKCTa, u € C;. YepeaHseMble BEKTOPBI MOKOMIIOHEHTHO (aaMapOB0O) YMHOKAIOTCS Ha
BEKTOD TePMA (D¢ ), KOTOPBLI T€M CaMbIM UI'PAET POJIb PUILTPA, HPOILYCKAIOIIEIO TOJbKO
CEMAHTHICCKN CXOKHE ¢ HAM BEKTODBI. [IpM 9TOM HeT HeOOXOAMMOCTH B UCHOJIb30BAHUN
CATMOMIHOM (DYHKIMHU, TaK KaK TeMaTHYeCKUe BeKTOPHI HEOTPUIATEILHEL.

B 10 ke Bpems, JIOKaM30BaHHBIH E-I1ar uMeer HECKOJIBKO CYIIECTBEHHBIX OTJIMYMI
ot mojenn GCNN, riiaBHbBIM 00pa3oM, B CTOPOHY YIIPOIIEHHUS.

101



Bo-nepBrIx, 376ch HET 00ydaeMbIX mpeobpasoBannit W, V,, BXOZHBIX BEKTOPOB B JIPY-
roe BEKTOPHOE IPOCTPAHCTBO (BO3MOXKHO, JPYroil pa3mepHocTH). Bmecro marpuanoit
cBépTku W, NCNOIB3YIOTCA CKAJIAPHBIE KOIDDUIUEHTD (vy;.

Bo-BTOPBIX, BEKTOD ((p4,1) HUCIOJIB3YeTCs Kak bUAbTD cam 1o cebe, 6e3 CBEPTKH ¢ KOH-
TEKCTOM, KaK 9TO IIPOUCXOJIUT IPU BHIYUCJICHUU BEKTOPa b;.

B-Tperbux, oneparop norm mpoenupyer UTOTOBBIIl BEKTOD HA €IUHUIHBINA CHMILIEKC,
YTOOBI TOJIYYUTh BEKTOP JUCKPETHOI'O Paclipejie/ieHns Ha MHOZKecTBe TeM. Temaruieckue
3M6G,ZLI/IHFI/I7 B oTJInyue OT HerIpOCGTeBbIX7 ABJIAIOTCA HEOTpUIATEJIbHBIMHU, HOPMHUPOBaH-
HBIMH, W, KaK CJEJCTBUE, PA3PEKEHHBIMU U MHTEPIPETAPYEMBIMHA.

AHanoruns ¢ Mmogenbto BHUMaHUA. Mojeib BHUMaHUA ABJISETCS «CTPOUTEIHhHBIM 0J10-
KOM» COBDEMEHHBIX HelipoceTeBbix Mojeseii si3bika [31, 67, 109]. Ona tpancdopmupyer

BXOJIHYTO TOCJIEIOBATENLHOCTE BeKTOPOB X = (1, ...,x,) TepMOB (wy,. .., Ww,) B BHIXOJ-
HYIO MOCTIEOBATETHHOCTD BeKTOpoB H = (hy, ..., h,). Kaxasiit BekTop h; cobupaer uH-
dopManyIo 0 KOHTEKCTE COOTBETCTBYIOIIEr0 BXOIHOTO BEKTOPA, T;:
h; = E (V) = E (V) Soft€1\C/IaX<Qmi, Kux,), (79)
pare
ueC; ueC; '

e (v, HA3BIBAETCS KOIPPuuueHmom eHumanus, BeKTop Qx; — 3anpocom (query), BeK-
top Kz, — karouom (key), Bekrop Vi, — snauenuem (value), marpunst Q, K,V apistirorcest
00yYaeMBbIMU TTapaMeTPaMy MOJIEJIH.

Takum 06pa3zom, B MOJE/IM BHUMAHUST TPOUCXOAUT Tpanchopmarus OECKOHTEKCTHOTO
BXOJIHOTO BEKTOPA-3aIIPOCa TepMa w; B KOHTEKCTHBHIH BBIXOMHONH BEKTOD ITOTO YKE Tep-
Ma MyTEéM yCpeTHeHWs BEKTOPOB-3HAYEHWI M3 KOHTEKCTa, HAMDOJIee CXOXKUX 10 KTy
C BEKTOPOM-3ampocoM. HeMHOTO Apyras TepMAHOJIOTUS, HO CYTh BO MHOT'OM AHAJOTHYHA
mostenmn GCNN u sokanuzoBanaoMy E-mary.

JlokanmmzoBanublit E-mmar uMeer HECKOTBKO CYNIECTBEHHBIX OTIUYHUI OT MOJE/N BHU-
MaHHsI, TAKYKe B CTOPOHY ympoiienns, Kak n B ciaydae ¢ GONN.

Bo-neperix, 3mech HeT 0b6yuaembix npeodbpaszoanunii (), K,V BXOTHBIX BEKTOPOB B BEK-
TOPHBIE IPOCTPAHCTBA, BO3SMOXKHO, APYTroil pazmepHocTH. KoaddunuenTs a,,; ONeHnBAIOT
CKOpee MO3UIMOHHYIO, YeM CEMAHTUIECKYIO OJU30CTh BEKTOPOB KJIOYA W 3aIpPOCca.

Bo-BTopbix, 11s pUIBTpAINE BEeKTOPOB-3HAYEHWH U3 KOHTEKCTA CJIYKUT MPOCTas Ole-
panusi TOKOOPJAMHATHOTO YMHOZKEHUSI BEKTOPA-3HAYEHUsI Ha, BEKTOP-3AIIPOC, KOTOPBIH HT-
paer posb puabrpa, Oyaydn HEOTPUNATETBHBIM U, KAK IIPABUJIO, PA3PEZKEHHBIM.

B-tperhux, omepaTtop norm mpoenupyeT WTOTOBLI BEKTOP HA €INHUIHBIN CHMILIEKC.

QopMysia BHUMaHHA OTHCHIBAET TPEXCIOWHYI0 HEUPOHHYIO ceTbh. 1'pancdopme-
pom Ha3bIBaeTcd TIyOOKas HelfipoceTeBas apXUTEKTYpa, KOTOpPas BHIMOJIHAET HECKOJIBKO
TAKUX 1IPeobpa3oBaHuil APyl 3a JPYroM — KOTJA I10CIeg0BaTe/bHOCTh (h;) ¢ BbIXOJA
IpeJbl Iy TIeii MO BHUMAHUS TTOJAETCs B KadecTBe MOCIeI0BATeIbHOCTH (X;) Ha BXOJ
nocJjieIyonieit Mojiesin BHuManus. Kaxapiit 0710k Tpancdopmepa, TOMUMO MO BHU-
MaHWS, CO/IEPYKUT, KaK MPABUJIO, eIé JTBa MOJHOCBI3HBIX CJIOS W JIBA CJIOs HOPMUPOBKH,
AUTOTO CEMb CJIOEB C OIPOMHBIM KOJTUIECTBOM 00yJaeMbIX apameTpoB. B ogHOM w3 mep-
BbIX TPAHCHOPMEPOB JIjisi MAIIMHHOIO [EPEBO/IA UCHOJIB30BAIOCH MECTh MO/APSI MLy IUX
6J10KOB, BMecTe 0Opa3yomux riiybokyio HefipoHuyto cetb n3 42 caoés [31]. Bosee Toro,
9UCJI0 MOJIe/Ieil BHUMAHUST MOXKET HAPAIUBATHCS He TOJBbKO B TJIyOWHY, HO B ITUPUHY,
KOI/Ia HECKOJIBKO MapasIebHBIX «TOJOB BHUMAHUS» OOYYAIOTCA BBIIEJATH PA3JIAIHBIE
ACMEeKTHl CMBICJIOB U3 KOHTEKCTHBIX JaHHBIX.

102



Agropurm 5. EM-anropurm ¢ oKaan3oBaHHBEIM E-1mrarom.

Bxoa: kosneknus, aucsio rem |T|, mapamerpot K, L, 8, ;, Vi
Bobixog: marpuiia ®, BeKTOpHI TEPMOB JOKYMEHTOB Py;;

1 WHHIHATH3AIMS (0, = normy(rand); n, ;= 1 qasg seex w € W, t € T}

2 Ansa Bcex ureparuit kK = 1,..., K (1poxomoB 1o Beeii KOJLIeKIn)

3 MHUIMAATABANKAST: Ny := 0; Ny :=0; 1y :=0; anst Bcex w € W, t € T

4 Ans Bcex Ao0KyMeHToB d € D

5 Pri := normy (@, ny) s Beex t €T, i =1,...,ng;

6 ans scex [ =1,..., L (ananor L 6JOKOB BHUMAHHUS)

7 O =7, pti + (1—7;) Oric1 psiBeex t €T, i=1,...,n4, 7, = 1;
8 O = vipui + (1=7;) bpipr mnsaBeex t €T, i =ng,...,1, 5, =1
9 | Pri = normy ((B6y; + (1—8)64)pei/ne) ansseex t € T, i =1,... ng;
10 Mgt = Moyt + Pri; T =Ny + Dy A1 Beex t €1, 1=1,...,ng;

11 ecnu nopa obHOBUTH MaTpuily ¢ To

12 Nt := Nt + Nt Nt = 0 gt Beex t €T, w € W

13 Ot = norm(nwt + gpwtaa—R> nagseex t €T, we W,

L weW Puwt

14 ng = 1y aag Beex t € T

EM-anropntm c nokanusoBaHHbiM E-warom. [lo anagoruu ¢ TpancdopmepoM, mo-
JIy9eHHbIe KOHTEKCTHBIEe BeKTOPBI p(t|C;, w;) MOKHO MOBTOPHO TOJABATH HA BXOJ JIOKA-
J3oBanHoro E-mara Bmecto 6ecKOHTEKCTHBIX BeKTOpoB p(t|w;). B Tpancdopmepe 310
HPUBEJIO Obl K HAPAIIUBAHUIO APXUTEKTYPbI CETH €I CEMbIO CJIOSIMU ¢ 00y4aeMbIMHU TIapa-
merpamu. OHAKO B HaIedl (Ipee/bHO YIIPOIIEHHOT) TeMaTHIeCKOH MOJIENTH JIOKAThHBIX
KOHTEKCTOB HUKAKUX 00y4aeMbIX IapaMeTpoB TpancdopMaIys He IMeeT. DTO IIPOCTO eI
OJHA UTepalyd 110 JOKYMEHTY, CM. AJIropuTm

Ha Bxome anmropurMa 3a0aéTca IMCI0 UTEpANuUil MO Beeil Koumekmuu K U 9ucIo ure-
panuii 1o kaxaomy gokymenty L. [Tepen mepBbiM mpoxogoM goKyMeHnTa (1mar b)) B Mac-
CHB Dy; 3alMCHIBAIOTCS GECKOHTEKCTHBIE BEKTOPHI TEPMOB, py; = p(t|w;). Onu obpabarhi-
BatoTcst 110 dopMysanM JoKauzoBannoro E-urara (waru [7HI). B xonue npoxona (war [J))
B 9TOM K€ MACCHBe OKa3bIBAIOTCS KOHTEKCTHBIE BEKTOPBI TepMOB py; = p(t|Cy, w;), KoTo-
pble Ha CJAeJYIONeM IUKJIe 0 | 00pabaTbiBalOTCId BMECTO OECKOHTEKCTHBIX.

O6uoBaenust Mmarpuipl ¢ (maru HPOU3BOJATCI 110 Mepe HAKOILICHUS J0CTa-
TOYHOTO 00'bEMA CTATHCTHKU B CUETUUKAX N,y — HE CJAHUITKOM PEJIKO, HO M HE CJUITKOM
4acTO, B 3aBUCUMOCTH OT Pa3MEPOB KOJJICKIINH.
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BbiBogbl no rnase 15

o Jluneitnas TemaTu3anus JOKYMEHTOB IIPEOI0IEBAET OIPAHNIEHUS THITOTE3bI «MEITI-
Ka CJI0B». B sKkcmepuMenTax 3ta Mojie/b npes3ornuia mojaean PLSA u LDA no ckopo-
CTHU, YCTOHIMBOCTH, PA3PEKEHHOCTH, PA3TUIHOCTH U KOTE€PEHTHOCTH TeM, JIaXKe MPU
OTCYTCTBUH Peryasgpu3aTopoB. OmpeaeéHHO, 3TO 3adBKa Ha POJIb HOBOTO CTAHIAPTA
Jie-(bakTo B TeMATHYECKOM MOJIE/TUPOBAHNM.

o Jlokanmn3oBaHHDIH E—IH&F, KaK IIpeJeJIbHO prOIlIéHHbIﬁ aHaJIOT MOJEJIM BHUMaHUAI,
Tpe6yeT SKCHepI/IMeHTaﬂbHOﬁ IIPOBEPKU U ,ZL&.HI)HGP’IHII/IX I/ICCJIG,ILOBaHI/IfI 10 HO,H60py
mapaMeTpoB L; ﬁ; Yir Vi

e OcTaéTcs OTKPBITHIM BOIIPOC O TEJIeCO0OPA3ZHOCTH JaIbHeRelh THOPHIN3AINHT JIOKa-
JIM30BAHHBIX TEMATUIECKUX MOJeJielt B CTOPOHY HelpoceTeBbIX MOJe/Iel BHUMAHUSI.

e Ocraércsd OTKPBITHIM BOIPOC, HACKOJIHLKO O0DOCHOBAHBI TPaHC(OPMAIMKA KOHTEKCT-
HBIX BeKTOPOB p(t|Ci, w;), 1 KaK MEHsIeTCsl TIPH 9TOM MOCTAHOBKA MCXOIHON OITH-
MU3AIUMOHHON 3a1aun. HacTudHblil OTBeT Ha HEero Aaércs B riaase (Lol
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16 Mogenn cermeHTaunu u perynapmu3sauyuna E-wara

lM'umoreza «Merka CJIOBY U MPEJIITOI0XKEHNE O CTATUCTUYECKONH HE3aBUCUMOCTH COCE/I-
HHUX CJIOB MOI'YT HPUBOJUTH K YaCTOW XAaOTUYHON CMeHe TeMaTUKHU MeKJy COCeTHUMU
cIoBaMu. B pesyibTraTe coueTaHue TeM BHYTPH IPeJIOKEHTS MOXKET OKa3aThCd HEHHTEP-
HpeTHPYEMBIM, JTHOO JIOKAJIbHAS WHTEPHPeTAIdsd TeMbl 110 KOHTEKCTY MOXKET pPa30MTUCD
¢ eé 1I00aJIbHOM MHTEpIIpeTAllnel 110 PAHXKUPOBAHHOMY CIUCKY YaCTBIX CJIOB.

B nmamnoii rimaBe paccMaTpUBalOTCH TEMATHYECKUE MOJEIN, YUUTHIBAIOIINE DoJjiee pea-
JINCTHIHBIE TTPENOTOKEHNS] O TEMATHIECKON CTPYKTYpe CBA3HOTO TEKCTa, ITPONUCXOAATIINE
M3 TEOPUHU JUCKYPCa U KOMMYHUKATHBHON JuHrBUCTHKY [4], HAmpuMep:

® KaKkJl0e IIPeJJIoKeHne, KaK HPaBUJIO, HECET cooblieHue O B3auMOJEHCTBUU JBYX
areHToB, 1 MOTOMY OTHOCUTCA K OJTHOH WJIM JIBYyM Te€MaM;

e CJIeJIyIolee NIPeJIoZKeHne, KaK ITPABUIO, MPOJIOJIKAET TEMATUKY TPe bl IyIIero;

® CMeHa TeMATUKU Jallle IIPOUCXOUT MEXKTy ad3aiamMu, 94eM MeK /1y [Pe/I0KeHUsIMHU,
eré valle — MeXKY CEKIMUAMHI JTOKYMEHTA.

Hauném ¢ TemarmdecKux Mojeseil, OCHOBAHHBIX HA IHIIOTE3e, YTO KaXKI0e MPe/Io-
JKEHHe SIBJISETCS «MEITKOM TePMOB», TOPOXKIAEMBIX 06mieli Temoii. JJoKyMeHT mpu 9ToM
CUUTAETCS «MEIIKOM MPEeJJIOKeHHTy. 3aTeM BBEJIEM MEXaHW3M pery/spusanun E-mmara,
KOTJa OrPAHMYeHHs HAK/IAALIBAIOTCS HA MOCAECI0BATEILHOCTD BeKTOPOB p(t|d, w;).

TemaTtunyeckas mogenb npeanoxeHuin. Jlonycrum, 910 KazxKablii JOKyMeHT d pa3dout
HA MHOYKECTBO CEIMEHTOB Sy. DTO MOTYT OBITH HpeI0KeHns, ad3aIbl Win (hpasv, — CUH-
TaKCUIeCKN KOPPEKTHBIE YacTh npepioxkennit. O603HaumM depes n, JIJIUHY CerMeHTa S,
9epe3 Mg, — UUCTO0 BXOXKJIEHUH CJI0BA W B CEIMEHT S.

[IpeamonoKum, 9To Bee CJI0BA CEIMEHTa OTHOCATCS K OJHOM TeMe 1 3anuiineM hyHKIHIo
BEPOSITHOCTU CETMEHTa S € Sy 4epe3 mapaMeTpPbl TeMaTHIeCKON MOJETH Oy, Oiq:

plsld) = Yot d) [Tl = X T i

teT wES teT WES

Bynem cauTarh KazKIblil JOKYMEHT «MEITKOM CEIrMEHTOB». Torma (PyHKIUSA BePOATHO-
cTH BBIOOPKH OyJ/ieT paBHA NPOU3BeJIeHUIO (DYHKIUI BEPOSTHOCTH cermMeHToB. [locTtaBum
3a/1a9y MAaKCUMHU3AIUHA CyMMBI log-ipaBononobus u peryiaspusaropa R:

> > bu]] e + R(®,0) - mas, (80)

deD seSy teT wWES

IpH OOBIYHBIX orpanudenusx ((14)).

B wacTHOM ciiydae, KOT/Ia KazKIbIil CETMEHT COCTOUT TOJIBKO U3 OJIHOTO CJOBA, JaHHA
MOJIEJ/Ib HEPEXOJUT B OOBIYHYIO TEMAaTUYeCKYyI0 MOJIE/b . C apyroit cTOPOHBI, OHA sIB-
JISIETCS 9aCTHBIM CJIydaeM runeprpadoil rTeMaTu4eckoit Moge 1} B KOTOPO# BepUINHbI
COOTBETCTBYIOT CJIOBaM, a pédbpa — MPeIIOKeHHsIM.

Crenyromas TeopeMa He HYXKITaeTcd B JOKAa3aTeIbCTBE, TAK KaK ABJISeTCd YIPOIIEH-
HbiM BapranToM Teopemsl [10.1] o runeprpadosoit Mogesn.
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Teopema 16.1. Ilycto ¢ymarmus R(P,0) wmempepsisao mugpgepenmupyema. Toura
(®, ©) JroKaIBHOIO IKCTPEMYyMAa 33/ [a9H , VJIOBJIETBOPSIET CHCTEME YVPABHEHHUIH CO
BCIIOMOTATeTHHBIMA MEPEMEHHBIMH Pygs = p(t|d, s), ecoim u3 perennst HCKJIIOYATH HYJIEBbIe
crostbrer Marpuai; P, O:

Prds = nOTIN (etd 11 @Z@w)E

wWES
OoR
wt — wt wt | wt — S S5
Pur = O | Ty + ¢ Do Nt C;;[w S| Pra
s€S5q
OoR
0,y = norm|( n Ori— |; Neg = o
td ort ( td + tdaetd)a td ;pm
sESy

Ananorn4HbIM 00pa30M 3ajia4a CTABUTCS I Mojenu mnpejoxkenuit senLDA [35] u
JUIst MoJiesin KopoTkux coobmennii Twitter-LDA [227]. B ofoux ciayuasx peryisipusa-
TOPOM SIBJISIIOTCSL anpuopHbie pacupejeienus Jlupuxie. B mojgenn Twitter-LDA B posin
JIOKYMEHTOB BBICTYNAIOT aBTOPBI, B POJIH CEIMEHTOB — COOOIIEHHUS JIAHHOTO aBTOPA.

Mineprpacosbie mogenu cBsizHoro tekcta. Temaruveckas mozesnb runeprpada (H2)
13 TJIaBbI @ HEIMoCpeACTBEHHO TpUMEHUMa JJId IMTOCTPOCHUA TEMATUICCKUX MOﬂeﬂeﬁ CBA3-
HOro Tekcra. Pebpom rumeprpada MOKHO OIHCATH KaK IPeJIOzKeHe, TaK U J0o0e I0I-
MHOKECTBO TEPMOB, He 00513aTeIbHO HAYIIUX MOAPSI, CBA3AHHBIX APYT € IPYTOM II0 CMBIC-
JIy ¥ TIOPOXKIAEMBIX OIHOU 0OITeil TeMOii.

Ecan Tekct mnpenBapuTesibHO 00pabOTaH CUHMAKCUYECKUM NAPCEPOM, TO B Kade-
cTBe pébep MOXKHO GpaTh BETKH WJIH MOJIEPeBbsl CHHTAKCHIECKOTO JiepeBa (cunmazmo),
B JACTHOCTH, UMEHHbIE 2PYNNb, — IPAMMATHIECKE KOPPEKTHBIE CJIOBOCOYETAHHUsI, B KOTO-
PbIX TVIaBHBIM CJIOBOM 4BJIAE€TCA CyIHEeCTBHUTEJ/IbHOEC.

CHHTAKCHYEeCKHEe CBI3U IO3BOJISIOT YCTAHABIUBATD CEMAHIMUNECKUE PO CAOE8 U BbI-
IeJIaTh akmor B BHIIE TPOEK «O0ODbEKT, CyObeKT, JeficTBHe», KOTOPhle MOXKHO CUHUTATH
TeMATHYEeCKH OTHOPOIHBIME M TaKyKe OIMUCBHIBATH pébpamu rumeprpada.

MoKHO MCIIOIH30BATH BHEITHUE JIMHTBUCTUIECKHUE PECYPCHI — MEe3aypycul W OHMO-
nozuu, Takne kak WordNet, Buku-Cioaps, PyTes u apyrue [14]. Onun mo3sossior Haxo-
JIATH Tapbl TEDMHUHOB, C BBICOKOH BEPOSITHOCTHIO CBA3aHHBIE TEMATHYECKH, JINOO BOOOIIE
0003HAYAIONINE B TEKCTE OJUH U TOT K€ 00bEKT. DTO MOI'YT OBITH APl CUHOHUMOG, TTAPHI
2UNOHUM—2UuneporuM (dacTHOE—00IIee), TAPhl MEPOHUM—LOAOHUM (FaCThTIeTI0€).

TepMuHbI, CBI3aHHBIE Te3aYPYCHBIME OTHOIIEHUSIMH, MOXKHO OOBbeIUHSITH peOpPOM I'i-
neprpada, Koraa OHA HAXOIATCS B OJHOM IPEIJIOKEHUN WK B COCEIHNUX IIPEIIOKEHUIX,
obpasyst jekcuueckyo nenouky (lexical chain).

I'umeprpadoBasg Mozes b He HAKJIAJAbIBAeT HHKAKHX OIPAHHYEHHH HA MHOIMOKDPATHOE
BXOKJICHHE OJHOT'O ¥ TOT'O Ke CJIOBA B pa3Hbie pédpa runeprpada. 1o JaéT BO3MOKHOCTD
YUUTbIBaTL Pa3Hble TUIIbI cBsd3el MezKAYy CJIOBaMM, OIIMCbiBad UX PA3JIMYHBIMUA TUIIAMKA
pédep B runeprpade. Hanpumep, MOKHO B e inHOIN rumeprpadoBoil MOJIe/I YIUTHIBATH
O/IHOBPEMEHHO TIPeJIIOKEeHUs, (paKThl, CHHTAKCUIECKNE U T€3ayPyCHBIE CBI3HU.

TemaTtunyeckasa cermeHTauma. Paccmorpum Gojiee CII0XKHBINH C/Iydaii, KOT/Ia TEKCT CO-
CTOUT U3 HpeJJIOKeHHit, 1 TpedyeTcsd oObeIMHUTH UX B 00Jiee KPYIIHbIE TeMATUICCKU O]l
HOPOJIHBIE CEIMEHTHI, IPAHUIIBI KOTOPLIX 3apaHee He 3aJIal0TCH.
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Memod TopicTiling [166] ocuoBan na moct-o6paborke pactpegesnenuit p(t|d, w;),
1=1,...,n4, TOIy9aEMbIX KaKOH-IM00 TEMATHIECKONH MOe/1bI0, B dacTHOCTH, LDA. Te-
MaTHKa mnpe/yiokenns p(t|s) onpeneaseTcs myTéM yCpeIHeHNs TeMaTHIeCKIX BEKTOPOB
p(t|d, w) Beex ero cod| Barem jis Kazk/I0M APl COCEHUX MPEIOKEHUH (Sk, Sp1) BbI-
GUCIISIeTCs] KOCHHYCHAsI OIM30CTh MeK Iy TeMaTudeckuMu Bekropamu p(t|sy) u p(t|ski1)-
YeM ryGzKe JIOKATIbHBI MEHAMYM OJIM30CTH, TEM BBIIIE YBEPEHHOCTD, YTO MEXKIY JTaHHOI
napoil npeaaoKeHnil TPOXOAUT I'PAHUILA, CEIMEHTOB.

Meron TopicTiling ucnonb3yer HaAbOpP IBPUCTHUK /g 1MOA00OPA HYHUCJA HPEIJIOKEHUT
cjieBa M CHpaBa OT JIOKAJLHOTO MUHHMYMa OJIM3OCTH, ONPEIEJeHUs] YUCTa CEerMEHTOB,
noJ00pa YucJa TeM W YHUCJIa UTePalfii, ATHOPUPOBAHUS CTON-CJI0B, (POHOBBIX TEM U KO-
POTKUX TNpeioKeHuil. AKKyparHas HACTPOKa mapaMeTpoB THX IBPHUCTHUK MO3BOJIAET
JOCTUYh BBICOKOTO KadecTBa cermentaiuu [166].

TopicTiling He sgBAsSETCS MOJTHONEHHON TeMATHYECKONR MOJETbI0O CEITMEHTAINE TEKCTa,
MOCKOJIbKY TOCT-00pabOTKa HUKAK HE BJIMAET Ha caMU TeMbl. TOObI HAlTH TeMbl, HanbO-
Jiee BBITOJIHBIE JIJIsi CerMEHTAInN, TPeOyeTcsl ClelnaabHbIi Peryasipu3aTop.

Perynsipusatop E-wara. [lo cux mop s hopMain3anuu J0MOJTHATEIbHBIX TpeOoBaHIi
K TeMaTHYIECKON MOIEIN MbI KOHCTPYHPOBAIN KPUTEPUH PErYASPU3ANNN KaK PYHKIHHA OT
napamMeTpoB Y.y 1 iy, HYT0OBI yIUTHIBATH TOPSIIOK CJIOB BHYTPH JOKYMEHTOB, rOpPa3io
y00Hee HAKJIAIBIBATH OPPAHUYEHUS HA DACIpPeIeNeHus Py, = P(t|d, w), BEIYHCAsIEMbIE
Ha E-mmare g mocienoBaTebHBIX CJIOB Wy, . . . , Wy, JOKYMeHTa d.

I[Tycrsb perynsipusarop R(II, @, ©) apasercs dbyukiuit He Toabk0 Marpuil $ u ©, HO 1
TPEXMEPHO# MATPHIIBI BCIIOMOTATENBHBIX mepeMeHHbIX I = (Praw )rx Dxw -

Bynem mpennonararsk, 9To R gBIdeTCA TOCTATOYHO TIAIKON (PyHKIHEH BceX CBOUX
LHEPEMEHHBIX Pidw, Put U Brg. Kpome Toro, ciaesaem ecrecTBeHHOE JONYIIEHUE, YTO €CJIH
CJIOBA W HET B JIOKyMeHTe d, To pyHKIug R He 3aBUCUT OT MEPEMEHHON Py -

CorytacHO ypaBHEHUIO , matpurna Il ssaserca dyukmueit or  u ©. Tlosromy k pe-
rynsipusaropy R(®,0) = R(II(®, 0), ®,O) npumennma Teopema Onnako cucremy
ypaBHEHHH yI06HO 3aIICHBATH Yepe3 YacTHbIE IPOU3BO/IHbIE peryispusaropa R, a e R,
9T00BI He JudPepeHIuPOBATh KAXKIABIH pa3 CJA0XKHYIO CYHNEPIO3UIni0 OYHKIUA.

PaccmorpuM 3a1ady MakcuMU3aImy Jorapudma mpaBIonoo0us ¢ peryaspu3aTopoM
R(®,0) upu 00bIYHBIX OrPAHUYEHHSIX HEOTPHIATEIBHOCTH 1 HOpMupPOBKH ((14]):

DY nawn > puba+ RIIP,0),8,0) — max (81)

,©
deD wed teT

Teopema 16.2. Ilycrb pyukuust R(I1, &, O) meupeppiBro qudepeniupyema u He 3aBu-
CHT OT HEPEMEHHBIX Digyy, 1P W ¢ d. Torma Touka (P, ©) J0KaIBHOTO SKCTPEMYMA 331490
(81), (14) yroBaerBOpsier cucreme ypapmenmii co BCIOMOTATEIBHBIME TEPEMEHHBIMHA Dty

"Tounee, B [166] npe1aranocs 71 KaxK10r0 CI0Ba BRIGHPATh HanboJIee BEPOATHYIO TEMY, 3aTeM yCPe/I-
HATh TEMATHKY IO BceM cioBaM mpenoxkenus. Oba BapuanTa UMEIOT TPABO Ha CylnecTBoBaHue. Kakoii
13 HUX JIydilie, B JAHHOI paboTe He MCCIIeI0BaIOCh.
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A Didu, €CAH H3 PEIeHHS HCKJIIOIATH HyJIeBble cToI0bI MaTpuil ©, O:

Dtdw = H%rjm(¢wt9td)§ (82)
1 OR
D w — w 14+ — zdw ) 83
Dtd Pid ( T ( ODrm Zzp d Zdw)) ( )
R
Gwt = HOI‘IH ( Z ndwptdw + @wta ) (84)
deD Puwt
R
Qtd = norm ( Z ndwptdw + etd a@td) (85)
wed
HdokazarenbcrBo. Haiijigém dacTHble IpoU3BO/HbIe (DYHKIMA P,gy, (P, O) = %
st siobsIx t, 2z € T
© apzdw = 0 ( Sowzezd ) _
0wt 890wt v a(pwt Zu (pwueud
[Z:ﬂ etd Z <)Owueud - Qtdgowzezd
= Py S = Dtdw|? =1t — PtawDzdw; 86
Pwt (Z D ud)2 td [ ] td d ( )
apzdw 0 Spwzezd o
Oia——— = O =
6§0td 89td Zu cpwueud
[Z:t] Puwt Z Sowueud - @wt@wzezd
td (3 Punbua)? Praw| | = Ptawpza (87)

3aMeTHM, YTO Pe3y/IbTUPYIONIHe BhIPaKeHUs u COBIIAIAIOT.

Buraromapa Tpém ¢BoiicTBAM HE3aBUCHMOCTHU MEPEMEHHBIX Pidy

1) oT 4yKuX JOKYMEHTOB, 0P,/ 00iq = 0 pu d # d';

2) OT YYIKHUX CJIOB, OP,aur /0P = 0 ipu w # w';

3) or uyxux cjioB, OR/Opig, = 0 npu w & d;
auddepeHupoBanne CyIepIO3UIH R(CD, 0) = R(II(P,0), P, 0) no napamerpaM @,
0;q HECKOJIBKO YIPOIIAETCS:

OR OR OR  Opsauw OR Opagu
= " 4 — 88
890wt 890wt zdw apzdw’ 890wt 8Spwt c;zGZT pzdw 8Spwt ( )
OR OR Op.aw OR Op.dw
—_. &9
(%td 39td ZZ Op2arw 08q 39td %Z OP2dw 0044 ( )

Bocnoab3osapiucn n , MOJIYYUM JBa TOXKIECTBA:

aR apzdw
Put Z 8pzdw a(;Dwt OR

OR Opaw [~ 2 O Peaw([2=1] = Pzaw) = PrawQraw,
T apzdw aetd

rJle BBeJIEHA BCIOMOTATeIbHASA mepeMeHHas (g, =

Z Pedwr — apzdw

8
Ptdw 2T
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[ToacTaBUM MONYYEHHOE BBIDAKEHHE PigyyQiary B TPABYIO IacTh (88)), TOMHOKEHHYIO
HA Py, U B IPaBY0 9acTh (89)), TOMHOKEHHYIO HA Oy 3aTeM MOACTABUM YaCTHbIE IIPOU3-
BOsiHBIE peryasipusaropa R(P,©) B cucremy ypaBHeHHil U3 T€OpEMBI

= norm 0:q);
DPtdw s (‘Pwt td)a

OR
wt — wPtdw wPtdw w 90
Pwt Iiuoerwlgl( g NdwPtdw + E QtdwPrdw + ¢ taﬁﬂwt) ( )
deD deD
0:q = norm g NdwPtdw + E QtdwDtdw + Ora=— ok (91)
T\ ed wed 09a

BenomorarenbHas nepeMerHast Py, 13 (83) nmossossier nepenncars ypasuenust (90)-

B tpebyemom suze ([84)—(87)).

Teopema nmokazana.

Taxum obpaszom, B EM-anropurMe i KazkKI0ro J0KyMeHTa d cHAYaIa BBITUCISIOTCS
BCIIOMOTATE/IbHBIE IEPEMEHHBIE Dy gy, 3ATEM OHU IIPE0OPA3YIOTCSI B HOBBIE TEPEMEHHBIE Py,
KOTOPHBIE MTOJACTABASIOTCS B (popmysibl M-1mmara — BMECTO Py 1aKOH C1IOCOD BBI-
qucJIeHnit OyaeM Ha3whBaTh peayaapusavuett E-waza niam nocm-obpabomrot F-uaza.

3aMeTuM, 9TO IIePEMEHHBIE Digyy, MOTYT IIPUHAMATD OTPHUIATEIbHBIE 3HATCHHS, TOITOMY
B 00IIeM cJiydae OHH He 00pa3yloT BepPOSTHOCTHBIX pacupeneneHuit. Tem He memnee, Jis
HUX BePHA HOPDMUPOBKA » _, Prdw = 1.

PaspexuBanue pacnpepenenuii p(t|d,w). Tlorpebyem, 9T0OB KazKablii TepM B JOKY-
MeHTe OTHOCUJICS K HeOOJIBIIOMY YHCIy TeM. g 9Toro 6yaeM paspeKuBaTh PacIpe/ie-
nerust p(t|d, w), makcumusupys ux KL-TuBepreHIun ¢ pABHOMEPHBIM PaCpe/leIeHIeM:

KL (2

il H p(t|d,w)) — max.

CyMMHupyd 110 BCEM Te€PMaM BCEX JOKYMEHTOB, IOJIYy9IHM PeryJdpu3arop:
R(IT) = E Z Ndw Z In psgy — max.
dED wed teT

[TogcraBuM MPOM3BOAHY IO
OR(H) B T MNdw

apzdw |T| Pzdw
B hopmyIy :
ﬁtdw = Ptdw — T(ﬁ - ptdw)-

Takum obpazom, ecian P, < ‘%' JJIsl HEKOTOPBIX { W w, TO HA CJHEAYIOIell hrepa-
KA Pyg, CTAHET eImé MeHbile. TemaTnka Tepma Oy/IeT MOCTEIeHHO KOHIIEHTPHPOBATHCS
B HEOOJIBIIIOM YHCJIE TEM.

Emé omra nHTepIpeTanus TOTO PeryJadpu3aTopa cJleayeT U3 BO3MOKHOCTH 3alACaTh
peryasgpusanuio E-mara sKkBuBaJIeHTHBIM 00pa3oM depe3 dpopMyabl M-mara —:

1 Nt
wt = norm| Ny — TNy | — — — | );
Pur = TV ! IT|  ny
1 Ntd
0 = norm| nyg — ™| — — — | ).
teT |T| ng
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Ecu neperynspusoBalHble 4aCTOTHBIE OLEHKHU YCIOBHBIX BEPOATHOCTEl ﬁ(t|w) =t g
w

p(t]d) = "td CTAHOBSTCS MEHbBIIIE BEPOSITHOCTH PABHOMEPHOTO PACIIPEIeIEeHHST |T| TO TIPO-
HCXOUT paSPQ)KI/IBaHI/Ie pacupeieeHnit Q,; 1 0iq; ¢ HTEPANUAMA UX 3HAUYCHHUS YMEHbIIa-
I0TCS ¥ MOI'YT 00pamaThbcd B HyJb. TakKuM 00pa3oM, IIPOUCXOIAT COIVIACOBAHHOE pa3pe-

kuBanue marput, @ 1 © nox yupassienuem 00mero koddduinenra peryasipu3anum 7.

PaspexuBatowumin perynspusatop E-wara pgnsa cermeHTauuu ObLT TOpeaIo:KeH
B [182]. Cermenramu MoryT 6biTh ab3alibl, Npe/IOKEeHHsT UIN CHHTAKCHYECKN CBSI3AHHBIE
JaCTH TPEJIOKEHNH, HAeHABIe ¢ TOMOIIBI0 CHHTAKCHYECKOro aHaau3aropa. O0o3Ha-
9uM Yepe3 Sy MHOKECTBO CETMEHTOB, Ha KOTOpbIe pa3buT JOKyMeHT d, depe3 ng — JJIAHY
CerMeHTa S, 9€Pe3 Mgy — HHUCIIO BXO)K,ILGHI/HL/'I TepMa W B CeIMEHT S.

OnpenemM TeMaTHKyY CerMeHTa § € Sy KaK CPeIHIOI0 TeMAaTHKY BCEX ero TepMOB:

Ptds =P t’d S Zpt’dw ('LU|S Znswptdw
wes wes

Yr00bI KazKJIblil CEIMEHT OTHOCHJICS K HEDOJIBIIIOMY YHCIy TeM, OyjieM MUHUMU3UPOBATD
KPOCC-5HTPOINIO MexK/y pactpe/enenusymu p(t|d,s) n paBHOMEPHBIM paclpe/iesieHneM,
9YTO MPHUBEJET HAC K PA3peKUBAIOIIEMY peryiagpu3aropy E-mara:

R(H> =T Z Z Z In Z N swPtdw - (92)

deD seS, teT wWES
Omnyckasi BbIKJIQJKH, puBeaéM pesyabrar nojgcranosku (92)) B (83):

~ T Nsw 1 Pzdw
Ptdw = Ptdw 1— ( - )) .
! ! ( Ndw Z ng DPtds Z Pzds

SESy zeT

Xors GhopMysia BBITVISIUT TPOMO3IKOI, 3(DDEKT NpUMEHEHNs PeryjIsipu3aropa NOHATh
He TPYAHO. Ecam BepoITHOCTD Pigs TEMBI B CeTMeHTe OKarKeTcd MeHbIle HEKOTOPOTO T0-
pora, TO BEPOATHOCTHU Pigy, OYAYT YMEHBIIATHCS JIJIS BCEX TEPMOB W JAHHOIO CErMEHTA.
B uTore remaTuKa KayKJIOro CErMEHTa CKOHIEHTPUPYeTcs: B HeGobioM uucyie tem [182).

B pesyibrare paspekuBaHus TeMaTUKa COCEJIHUX CEIMEHTOB MOYKET OKa3aTbCs OJin3-
KO, U MX MOXKHO Oyjaer oObeMHUTh B OJWH TeMmMaTu4deckKuii cerment. Hazopém Temy t
¢ MaKCUMAaJIbHBIM 3HadeHueM p(t|d, s) domunupyrowets memoti cermenTa s TOKyMeHTa d.
Ecim Tema moMuHHpYyeT B COCEJIHHX CerMEHTaX, TO OHa OyIeT IOMHHHDPYIOIEHl m B UX
obbenuHennu. Ecin o0be THHUTD OCIeI0BaATEIbHbIE CEIMEHTDI ¢ OJMHAKOBOU JTOMUHUPY-
foteit TeMoil B ojiuH OoJiee KPYITHBII CEI'MEHT, TO JIAHHAs TeMa TaK:Ke OCTaHeTCs B HEM
JIOMUHHUPYIOIIEH. DTO MPOCTasi arJIOMePATUBHAsT CTPATErdsl TEMATHIEeCKON CerMeHTaIlNN.
B orsimaue ot TopicTiling, y Heé HeT IBPUCTUYECKUX TTAPAMETPOB, KOTOPbIE HAJIO0 HACTPa-
UBaTh, U OHA IIOYTH HE YBEJUIUBAET BpeMs HOCT-00paboTku E-1mara.

Moct-06pabotka E-wara — 3710 perynsipmsaumusa. C OOMOIIBIO PEryasspH3aTOpa
E-mara mMoxkHO opMain3oBarh TpeOOBAHMA PA3PEXKEHHOCTH TEMATUKH IIPEIJIOKEHMI
WJIK CXOJCTBa TEMATUKHN TEPMOB BHYTPU KazKA01'0 IIPpEAJIO2KEHU A, ME2K/Y COCCIHUMU I1PE /I~
JIOXKEHUSMU, MEKTy TPETOKEHNIMI OAHON CeKITNH JIOKyMeHTa, U APYyTHe.

JleficTBUTEIHLHO JIN /1151 9TOTO HyKeH peryssipu3arop? He mporre 661710 OBl BBITIOIHATH
He0OXOAMMbIe IPeo0pPa30BaHUs HEMOCPEICTBEHHO HaJl II0CJIEI0BATEIbHOCTLIO TeMATHIe-
CKUX BeKTOpoB p(t|d,wy),...,p(t|d, w,,), HATpUMEp, KaK MOKA3AHO Ha pI/IC..
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123 ... g

IT|
| cexknumoHMpoBaHHE M pa3pexKUBaHUE |

| cruakuBamue w KOHTPACTHUPOBAHHUE |

Puc. 25: 9Bpucruyeckas nocr-o6paboTKa MATPUITBL (p(t |d, wi))TXnd na E-mmare. CHagana JOKyMeHT CeK-
IMOHUPYETCA [0 LPEIOKEHUSIM, B KAXKJ/JIOM LPE/JI0KEHUU ONPEJIEIAETCA OCHOBHAs MIPEJIMETHAS TEMA.
3areM cocemHue TPEJIOKEHUS C OJWHAKOBOW OCHOBHON TeMOW OOBEIMHAIOTCA B CETMEHTBI S, JJIsT KO-
TOPBIX ONpeeNsioTcsa pacupenenenus p(t|d,s). PoHOBbIE TeMbI (JBE HUKHUE, KPACHDIE) HE y4aCTBYIOT
B IOCT-00pabOTKe.

Taxoro posa nocr-obpaborka E-miara gsiisiercss 3BpucTukoit u Tpedyer 060CHOBAHUIA.
Mozxket 1 6BITH, 9TO JII00O0iT AJTOPUTM MOCT-00PAOOTKH SKBUBAJICHTEH HEKOTOPOMY pery-
asgpusaropy? [laee MBI JaguM OTBETHI Ha 3TH BOIPOCHI.

Cornacuo dopmyie (83)), mpousBonbHOMY Tajgkomy peryaspuzaropy R(I1, @, 0) on-
HO3HAYHO COOTBETCTBYET MPEOOPABOBAHUE Digy — Diduw-

Bepuo u obparHoe: npeodpa3oBaB Py — Pidw € MOMOIIBIO HEKOTOPOTO 3BPUCTHIECKO-
ro aJropuT™Ma, MOXKHO yKa3arh peryiaspusarop R(II), KoTopblii TPHBOAUT K TAKOMY Ke
pe3yJIbTaTy.

Teopema 16.3. FEcan Ha k-ii urepannun EM-amroparva miast kaxaoro (d,w): ng, > 0
B ¢opmyax M-mara Bvmecto Bektopa (pF, )ier mojgcraputh apyroii BektTop (Pry)eer,
Y/IOBJIETBODSIONIAI YCIOBHIO HOPMHPOBKH Y, Py = 1, TO 9TO 9KBHBAJIEHTHO HpHMEHE-
HHIO PEryIsSpH3aTopa ClIAKHABAHHAI-Pa3Pe;KUBAHIS

RID =Y naw Y (P — Phaw) I Praw. (93)

deD wed teT

Hoxka3zarenbcrBo. 3anuriem (83]) kak cucremy audepeHimaibHbIX ypaBHEHUH OT-
HOCHTEALHO (DYHKIMKE R W BHIICAUM B KayKIOM YPABHEHUH TIEPEMEHHBIC Ty,

OR OR N
pfdw k Zp];dw— = nd’LU(pfdw - pfdw)’ teT.

— Pidw
aptdw 2T apzdw
——
Ttdw Tzdw

st kazkaoro (d, w) Takoro, 94to ng, > 0, 310 cucrema |T'| TuHERHBIX ypaBHEHHH OTHOCH-
resibHO |T'| 1IepEMEeHHBIX Tygy, t € T. CyMMma Bcex ypaBHEHUT paBHA HYJIIO, CJIEJI0BATE/IBHO,
CHCTEMa ABJIIeTCA HEI00IPeICAEHHON H IMeeT GeCKOHeYHOe MHOXKeCTBO pemenuii. ITepe-
MATIIEM 3TY CUCTEMY B CJIeIYIONEeM BUJIE:

~f k k
LTidw = ndw(ptdw - ptdw) + Ptaw Z T zdw teT.
zeT
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BeKTOp Tigw = Naw(Pryy — Pry), t € T ABIAETCS HEMOMBUZKHON TOUKOHW W DeIeHH-
eM 3TOil CHCTEeMbI, IIOCKOJIbKY JUlS HEro » . n T.qy = 0. B3as 310 pemenne (mam soboe
apyroe), noayunm cucremy anddepeHuaIbHbIX YPABHEHUIT B YaCTHBIX MPOU3BOIHBIX
oraocuresnpuo dbynknun R(I1):

8R . Ttdw
aptdw Ptdw

. deD, wed teT.

DTa cuCcTeMa TMOJHOCTHIO AEKOMIIO3HPYETCS TI0 TIEPEMEHHBIM Dy, € pelreHneM Tpu 3a-
JaHHbIX d, w,t geasgorcs dyaknun suga R(I1) = x4, Inpiaw + C, tie C He 3aBucHT OT
MEPEMEHHON Py, CrienoBaTesbHo, obmmee perrenne R(I1) mpeacraBumMo B BuIe CyMMbBI

R(IT) = Z Z Z Tidw N Prauw,

deD wed teT

B KOTOPYIO MOYKHO IOACTaBHUTL IIPOU3BOJIBHOE PEIICHHE Ttqy, JIMHEHHO CUCTEMBI, B TOM
YUcIe U HAlJIEHHYIO BBIIIE HEIIOJIBHKHYIO TOUKY.
Teopema mokazana.

BbiBogbl no rnase 16

Mzl paccMOTpen IIATb MeXaHU3MOB TEeMaTHU4YE€CKOI'O MOJCJHUPOBaHUA CBA3HOI'O TEKCTa.
PaHmeyeM X, HadnuHad C HauboJiee CUJIbHBIX, YIUTBIBAIONIUX ITOPAI0K CJIOB IIOJIHOCTBIO,
3akaH4duBag OoJIee Cﬂa6bIMI/I, YYUTbIBalOIIUMHU €10 4aCTUY1HO UJIN B MEHbIIER CTelleHu.

o Jlunetinasa memamusayua ¢ aokasonvm E-wazom u3 roasel [15] Bmecto TemaTukn
gokymenTa p(t|d) BBIYHCISETCS TeMATHKA JIOKAILHOIO KOHTEKCTa P(t|1) B Kazk10if
HOBUIINH 4, 3aTeM CTPOSITCSI KOHTEKCTHBIE TeMaTndecKue BeKTophl p(t|d, w;).

o [locm-o6pabomka E-waza. Temaruaeckue BekTopsl p(t|d, w;) cHavasa BbIYUCISIOT-
Cs1 HE3aBUCUMO JUIsl KAZK/J0T0 CJIOBA W;, 33TeM X H0CJIe10BaTeIbHOCTD [OABEPraeTcst
9BPUCTUYECKUM TTPEOOPA30OBAHUAM, YTO SKBUBAJECHTHO pery/sgpu3anun E-mara.

o [unepepagposas memamuueckas modeso. CoderaHus TEPMOB, IIPEAIOJIOKUATETHHO
HOPOZKIaeMble OJHON obreii Temoii (mpeyoxkenus, dbpasbl, bakThl, U T..), 00b-
eMHAIOTCA B péOpa rumeprpada. Koseknus ocTaéres «MEmIKOM COUeTaHMA».

o Temamuueckas modeas cemu caoe (mau Gurepmos) u3 riassi |14] [To kazxk oMy cioBy
dopmupyercs u J00aBIIETCd B KOJJIEKIUIO MCEBI0JOKYMEHT, COCTABICHHBIN Ty TEM
0o0be/IMHEeHNS BCeX JIOKATbHBIX KOHTEKCTOB JIAHHOTO CJI0BA KAK «MEIIKOB CJIOBY.

o Temamuueckas Mooess N-2PamM U3 TIABHI Caoapu n-rpaMM CTPOSATCS Ha, dTalle
pe106paboTKU KOJIIEKIIUE U UCIOJIB3YIOTCA KaK MojajabHocTH. KoJsutekius ocra-
€Tcsl «MEIIKOM YHHI'PAMM H N-TPaMM». YJIVUIIAeTCsd HHTEPIPETUPYEMOCTh TEM.
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17 Kputepnmn kadectBa TeMaTUdeCKNX Moaesel

Kpurepun xkadgecTBa TeMaTUIeCKUX MOJIeIel TeIaTcs Ha JBa THUIIA.

Brympennue xpumepuy (intrinsic) OneHUBAIOT MOJEJb M0 HCXOTHON KOJIJIEKITHH.

Brewmnue xpumepuu (extrinsic) ONEHHBAIOT MOJE3HOCTh MOJIETH IS PEelleHus MpH-
KJIAJHOM 3aJa9d 10 JOIOJHUTEIbHBIM JAHHBIM, HAIPAMED, [I0JIb30BATEIbCKUM JIefCTBU-
sIM MJIM OIEHKAM aceccOpoB.

Ha mpakTuke K TeMaTHIeCKUM MOIEJISAM HPEIbABIAIOTCI PA3INIHBIE COUeTAHUS Tpe-
boBaHuil, a /sl HOCTPOEHUST MOJIE/H PUMEHAETCST MHOTOKPUTEPUAJIbHAS ONTHMU3AILHS.
[TosTomy BIIOJIHE €CTECTBEHHO W KAYeCTBO MOJIEJIU OIEHUBATH 110 MHOTHM KDPHTEPHSIM.

B npoekte BigARTM mojiep:kuBaercs OHOIMOTEKAa CTAHTAPTHBIX METPHUK KadecTBa
1 TPEJIyCMOTPEHBI MEXaHU3MBbI JI00aBJIEHHUSI HOBBIX MOJb30BATETHCKUX METPUK.

BHewHue kputepuun BecbMa pazHOOOPA3HBI U 3aBHCAT OT KOHEYHON pelraeMoi 3a1a4u.
[IpakTnueckn B KaxKJa0# MyOJUKAINN MO TEMATHIECKOMY MOIETUPOBAHUIO HCIIOTB3YeTCs
KaKoOii-inb0 BHENHUiT Kpurepuii: KadecTBo Kiaccudukanuu gokymenTos [169)], rounocts
u nosaoTa wHopmarnuonHoro noucka [220] 25 10, 2], wucro HaiimeHHBIX XOPOIIO HHTEP-
nperupyembix Tem [28|, kagectBo cermentanun rekcron [166]. B [58] mpegraraercst mero-
JIMKa JTMATHOCTUKHA TEeMAaTHYeCKHX MOJleJiell, OCHOBaHHAad Ha CONOCTABJICHUM HaliJeHHBIX
TeM CO CHeIUaJbHBIMI HAOOPaAMU B3aMMOCBSA3AHHBIX CJIOB, HA3BIBAEMBIMU KOHUENIMAMU.

MNMepnnekcna. Hawubosiee u3BECTHBIM BHYTPEHHUM KPUTEPHEM $BISACTCH NEPNAECKCUA
(perplexity), ucrosb3yemas st OIEHUBAHUS BEPOSITHOCTHBIX MOJIEJIEH sI3bIKa B KOMITbIO-
TePHOIl JTMHIBUCTHKE. DTO Mepa HECOOTBETCTBUS WM <«YJAUBIEHHOCTH» Mojean p(w]|d)
TepMaM w, KOTOpble BCcTpedaloTcess B JoKyMmenTax d. OHa omnpeaeldercd depe3 log-npas-
J10110/1001€e TePMOB , B 0011IeM cJiy4ae — JUIsE KazKJ10# Mojajibnoctu m € M:

1
Perp,,(Dip) = exp( ——> | > nawInp(w|d) ), (94)

™ deD wewm

TAE Ny = D yep D wewm Ndw — ATHHA KOJLIEKIMH 10 m-# MozaabnocT. YeM MeHbIe
nepiiekcust (1 gem GoJIbIIe IPABAONOA001e), TeM JIydIie MOAEAb P IPEJICKA3BIBALT TOSIB-
JIEHUE TePMOB W B JOKyMeHTax d.

[Mepriekcust umeer CaeAyONy0 HHTEpHpeTanuio. Ecam TepMbl W IOPOZXKIAIOTCS
13 paBHOMepHOro pacupenenenns p(w|d) = 1/V na ciaosape moraocT V) TO mepruiek-
cus A3bIKOBOM Mojgiesn p(w |d) Ha TaKOM TeKCTe CXOAUTCs K V' ¢ pocToM ero bl Hem
cusibHee pacnpefenenne p(w|d) oTaMYaeTcss OT pABHOMEPHOTO, TEM MEHBIIE TTePILIeKCHSI.

HemocTaTkoM IEpILIEKCHH 9BJISeTCsS HEOYeBUIHOCTD €€ YNCJIOBBIX 3HAYCHUIL, a TaKzKe
eé 3aBHCHMOCTD OT Pa3MEpPHBIX XapAKTEePHUCTHK KOJICKIUU — JJIMHBI JOKYMEHTOB, MOII-
HOCTH CJIOBAPH, PA3PE:KEHHOCTH BEPOATHOCTHOTO PACHPEIeTICHUs TePMOB. B 4acTHOCTH,
C HOMOIIBIO NMEPIJIEKCMH HEKOPPEKTHO CPABHUBATD TEMATHYECKHE MOJIEJN OMHON M TOM
7K€ KOJIJICKIIMH, MOCTPOEHHBIE HA PA3HbIX CJOBAPIX.

O6oznaunm wepe3 pp(w|d) momenb, moctpoennyo 1o Koteknuu D. Ilepniexcus
obyuarowets subopru Perp,, (D;pp) aBIsieTcsl ONTHMUCTHYHO CMEINEHHON (3aHMKEeHHOTH)
OIIEHKOI KadecTBa Mojie/d 13-3a 3pdekTa nepeodbyverus. ODOOIIAIONIYIO CIIOCOOHOCTD Te-
MATHYECKUX MOJIeJIell MPUHSATO ONEHUBATH nepnaekcuet konmpoavrot ewbopru (hold-out

113



perplexity) Perp,.(D’; pp). O6bIYHO KOJLIEKIHIO PA3AEISIOT HA 00YYAOIIYI0 U KOHTPOJIb-
HYTO caydaiineiM o0pasom B npomnopuuu |D| : |D'| =9 : 1 [45].

B pannux skcnepumentax LDA npesocxoamia PLSA no xonTposibHON nepiuiekcuu
[45], orkyna menancs BeiBog, uro LDA menbine nepeobydaercs. [103ke BBISICHIIOCH, 9TO
Ha GOJIBIMUX KOJUIEKINSAX WX MepIUIeKCHst oTandaercs: Hesnaduresabro [126) 217, 120].

Ha camom mesie 310 KazKyieecs nepeobyuerue, CBSI3aHHOE CKOPee ¢ OCOOCHHOCTAMHU
HEePIJIEKCUU, 9eM ¢ KadecTBOM caMmuX Mojfeseii. [lepniekcns qyBcTBUTebHA K MAaJbIM
3HAYEHUSM MPEJCKA3AHHON BEPOSTHOCTH TEPMOB, TOCKOIBKY p(w|d) cTout moa sorapud-
moM. Criaxkupauue B LDA 3aBbIlaeT ONMEHKH BEPOSITHOCTEH PEJIKUX TEPMOB, MOITOMY
LDA umeer MeHBITYI0 KOHTPOJBHYIO nepiiekcuio. MogempoBanne BePOSTHOCTH PEIKUX
CJIOB BaZKHO JIJIsl CTATUCTUYIECKOTO MAITMHHOTO MEPEBOIA U JPYTUX MPIIOKEHNNH KOMITHIO-
TEPHOI JMHTBUCTUKU, OTKY/A MEPIIEKCUS W MPUILIA B TEMATHIECKOe MOJETNPOBAHNE.
OnHAKO 11 MOHUMAaHUS TeMATUIECKOH CTPYKTYPHI TEKCTOBOU KOJLIEKIIHHA U OTJAETbHBIX
JIOKYMEHTOB peJIKie TepMbI KaK pa3 HauMeHee BayKHBI.

Pobacmuvie memamuveckue modeat, OMACHIBAIOT PEJIKAE TEPMBI CHEITTNAIbHBIM «(DOHO-
BeIM» pactpeesterueM [0, [160]. Konrposbhas nepmiekcuss pobacTHbix BapuanTos PLSA
n LDA oxkazajach He TOJIBKO HUKE, HO U PAa3/IUdajiach HE3HATUTETHHO.

B [7] 6b1710 nokazano, 4To Ha J0CTaTOMHO 60JbIIIX KoLIeKuax (n > 10°%) obyuaromas
1 KOHTPOJIbHAS TEePILIEKCHST OMMHAKOBO PAHKHUPYIOT CPABHUBAEMBIE MOJIEIN, TO CTh MPU-
BOJIAT K OJINHAKOBBIM KA9e€CTBEHHBIM BBIBOJAM. TakuMm 00pa3oMm, /iTst CpaBHEHUST MO el
HET HeOOXOTMMOCTH Pa3/IedaTh KOJIIEKINIO U BBIYUCIATH KOHTPOJIBHYIO MePILIEKCHIO.

Ecau npu Bbrauciaennn nepiuiekcun p(w|d) = 0, HO TepM w B J0KYyMeHTe d IPUCYT-
CTBYeT, TO B CyMMe MogBJgeTcs caaraemoe — In(0 = +00. MoKHO TpOUTrHOPHPOBATH BCe
Takue TepMbl WIN MOCYUTATH UX JIOTI0 B KOJJIEKIIMH KaK eIlé OJIHy Mepy KadecTBa MOJe-
. MOKHO CYMTATh BCe TaKie TepMbl HeTeMaTHdecKuMu [7] u 3aMeHsiTh nX BEPOSITHOCTH
9aCTOTHOM omeHKofi donosoro pacnpeienenns p(w|d) = ™. Taxag Mogenh HAKOTAa He
Oy/ieT 1aBaTh HYJEBYIO BEPOSITHOCTb.

NMHTepnpeTnpyeMocTb TeMbl gBIsSETCs MJI0X0 dopMaan3yeMbiM TpeboBannem. Comep-
JKaTeJIbHO OHO O3HAYAET, YTO IO HambOJIee YaCTOTHLIM CJIOBAM U JIOKYMEHTAM TEeMbl JKC-
epT MOXKeT MOHATH, O YEM ITa TeMa, COCTABUTH eé OmucaHue, naTh eii Haszpanue [51].
[IprMepbl XOPOIIIo HHTEPIPETUPYEMBIX TeM MOKa3aHbl Ha puc. (13| u puc. 21}

NuaTepnpeTnpyeMocTh BayKHA B TeX TPUIOKEHUAX, IAe TeMaTHIecKasd MOJAETb CIyKHAT
IMOCpEeAHUKOM ME2KAY 1OJIb30BaTe/JleM U 60ﬂleI/IM TEKCTOBbIM MaCCHUBOM, MHCTPYMCHTOM
dasvrezo wmenus [16], nadopmanmoHHOrO MOKCKA, Pa3BeOYHOIO AHAIN3A TAHHBIX.

NureprnperupyemMocTb T€Mbl HIPUHIIUIUAJILHO BazKHA, KOIJa T€Ma CTAHOBUTCH (PYHK-
IMOHAJBHBIM 3JIEMEHTOM B ITI0JIb30BATEIbCKOM HHTEp(deiice — MyHKTOM B pybpukaTope,
CCBLIKOI Ha MOAOOPKY JAOKYMEHTOB, (PUIBTPOM I MOUCKA WM PEKOMEHIAIUN, CHUIIIIE-
TOM B CIIACKe Pe3yJIbTAaTOB MOUCKA, BCILIBIBAIONIEH MOACKA3KOM, W T. [I.

BoabmuHCTBO CYMECTBYIONIUX METOJIOB OIeHNBAHUS WHTEPIPETHPYEMOCTH OCHOBAHO
Ha TPUBJIEYEHUH IKCIepToB-aceccopos. B [144] skcnepram mpe/raraioch HEMOCPeICTBEH-
HO OIIEHUBATH IOJIE3HOCTh Te€M 10 TPEXOAJIbHON IIKaJe, PAacCMAaTpPUBAas CIUCKU CJIOB,
paHzKHpoBaHHBIE 10 yobiBauuio p(w|t). B memode unmpysui |51 aynst ka0t Tembr co-
cTaBageTcd cnucoK m3 10 BEpXHUX CJIOB CHUCKA, B KOTOPHIM MCKYCCTBEHHO BHEIPAETCS
OJIHO cJIydaiinoe cjioBo. Tema cuuTaeTcs MHTEPIPETHPYEMOil, ecyiu MojaBsioniee 60Ib-
MMTAHCTBO IKCIIEPTOB MMPABUJILHO YKA3bIBAIOT JUITHEE CJIOBO.
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B npukaaguex conumoaorndeckux uccaepopanusx |46 104 [149] anst sxcneprroro ore-
HUBAHUS TEMbl UCIOJIL3YIOTCS HE TOJBKO CHUCKM BEPXHUX CJIOB, HO U CIIUCKHU JIOKYMEHTOB
(mocToB conmanbHO ceTn), paHKUpPOBaHHble 10 yOobiBauuio p(d|t). Dra Meromuka Gomee
TPYJI0EMKa, IIOCKOTIBKY 9KCIEPT BLIHYZK/ICH IPOYUTHIBATL JTOKyMeHTH. Ho oma Gosee na-
JEKHA B TEX CJIYYasiX, KOT/IA TPUKJIATHOMN METbI0 TEMATHICCKOIO MOJICJTHPOBAHNUS ABJISICT-
Cs TIOUCK TeM OTPEJICTEHHON HAIIPABICHHOCTH (HATPHMED, 0OCYKICHUIT MEXKITHHIECKUX
OTHOIIEHUH B COIMAJIBHBIX CETHX), 3aT€M KAYeCTBEHHOE HOHUMAHUE CEMAHTUKH KAXKI0f
TeMbl (B 9aCTHOCTH, KAKHE ITHUIHOCTH M KAKHE IPOOIEMbI 3aTPAIMBAELT KAXK/Asd TeMa),
¥ HAKOHEI[ KOJMYECTBEHHOE OIleHMBaHue 00bEéMa JAHHOI TeMbl (re, KOrjga W Kak 9acTo
BO3HUKAeT JaHHbIil auckypce) |27, 28].

KorepeHTHOCTb TeMbl. VHTepIpeTHPYEMOCTH TeM XOTeI0Ch OBl OTEHUBATH ABTOMATIIE-
cku, 6e3 yaactus skcuepToB. B cepuu pabor /1. Heiomana [144) [145] [146] cpeau noxytopa
JIECATKOB KPUTEpHeB ObLI HAl/IEH TOJBKO O/IMH, CUJILHO KOPPEJIUPYIONHil ¢ IKCIEPTHBIMHA
OIEHKAMU MHTEPIPETHPYEMOCTH — 3TO KpuTepuii kozepermuocmu (coherence).

Tema HaspBaercsa KozepenmHol (COIJIACOBAHHOI), €M TepMbl, HamboJee dYacTbie
B JAHHOW TeMe, HeCJydaifHO 9acTo BCTPEYAITCS BMeCTe B JTOKYMeHTaX KoJutekiuu [145]
146]. KorepeHTHOCTH TeMBI ¢ BBIYUCISETCA KAK CPETHSIS NOMOYEYHAA 63GUMHAA UHPOD-
MAUUSA o k HamboJIee YACTHIM TepMaM TeMbl (4eM BBIIIe e€ 3HAUCHUE, TeM JIYUIIe):

k-1 k
Coh, = ﬁ > ) PMI(w;, wy), (95)

i=1 j=i+1

rie w; — i-it TepM B mopsiaike yobIBaHus ©y; PMI(u,v) = In P,, /P, P,; P, — 1071s1 10Ky~
MEHTOB, B KOTOPBIX T€PMBI U, U XOTs Obl pa3 BCTPETHIUCH BMecTe (B OJHOM IPEIJIOKEeHIN
WK HA paccTosiaun He Gosee 10 cyioB); P, — 10Jisl IOKYMEHTOB, B KOTOPBIX T€PM U BCTPE-
THJICSA XOTd OBl pas.

Yucsio k obb1ano Beibupaior ot 10 g0 20, TaK KaK CIMTACTCHA, ITO ITOTO JTOCTATOTHO
JIJIST ONEHUBAHUS MHTEPHPETHPYEMOCTH TEMBI SKCIIEPTOM.

Oynknug PMI MoxkeT oreHuBaThCs Kak 110 MCX0HOM Kosutekiwu [130], Tak u mo cro-
poHHeil, HanpuMep, o Bukunemuu [142].

Koeepenmmnocmsv modesu onpenesnsiercss kak cpemaass Coh; mo Bcem Temam t € T

[Tocsie pador Hblomana nepiuiekcusi 1 KOIepeHTHOCTb HAJI0JII0 CTaJd «CTaHIapTOM
Jie-bakTo» IS OIIeHUBAHMS TeMaTUIeCKUX MOJIeIeil.

[Tozzxe 6bL10 3aMedeno, uTo 10-20 caMbIX YaCTOTHBIX CJIOB, B3ATBIX IO BCEM Te€MaM,
3aHUMAIOT B COBOKYIIHOCTH He Gosee 1-2% o1 00béMa TeKeTa, U3 HUX HapPbl ¢ JOCTATOYHO
oosbmM N, obpasyrorca emé pexke. Takum obpaszom, 6omee 99% TexCTOBOro KOHTEHTA,
uraopupyercst popmysioii korepeatroctu [23]. Bosee Toro, skcrepTHbie OIEHKH HHTEP-
HPETUPYEMOCTH, 110 KOTOPBIM KaJMOpoBaJics BHIOOP KPUTEPHs KOT'€PEHTHOCTH, CTPAIAIOT
OT TOTO XK€ HEeJOCTATKa. JTO, B YACTHOCTHU, O3HAYAET, UTO, B3SB IIPOU3BOJIHLHBIN ab3alf
TEKCTa, MbI ¢ BBICOKOI BEPOSITHOCTHIO CMOXKEM OIPEJIEJIUTh €ro IJIABHYIO TeMy, HO 3T0 Oy-
JYT COBEPIIEHHO HE Te CJIOBA, II0 KOTOPBIM JAaHHYIO TeMy WHTEPIPETHUPYIOT 3KCHEPTHI U
IO KOTOPbBIM OHEHUBaACTCA KOT'€PEHTHOCTD. I/IHbIMI/I CJIOBaMH, FﬂO6aﬂbHaH nHrepupeTrannd
TEeMBI 110 €€ BEpXHUM CJIOBAM U €€ JIOKaJIbHAs HHTEPIIpeTaIlnd 110 (pparMeHTy TeKCTa MOTYT
0Ka3aTbhCsl PacCOTIACOBAHHBIMU, ¥ KOI'€PEHTHOCTH 9TOTO HE YUUTHIBAET.
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TekcToBasi KOrepeHTHOCTb TeMbl. YUToOBI pemuTh TpPoOIeMy PACCOTTIACOBAHHOCTH U
pa3pe:KeHHOCTH, 0000IUM IMOHATHE KOrepeHTHOCTH. BBeaéM mnmapaMeTpu30BaHHOE CeMeii-
CTBO KOTE€PEHTHOCTEH KaK CPeTHeB3BEIIEHHYIO JUCMAHMHYI0 CO%EMAEMOCTb AP TEPMOB:

2w il 0) c(u, v)
Zu,v rt(“’ U) ’

rae c(u,v) — GYHKIUS couemaemocmy Tapbl TEpMOB (U, v) B TeKCTaX, 7 (u, v) — DyHKIHs
PeAesaHMHOCMY naphl TepMoB (u, v) Teme t.

Bri6op c(u,v) = PMI(u,v) i 74(u,v) = [@ut, ot > t0PxPuwt] TPUBOIAT K KOTEPEHTHO-
cru HploMaHa Kak 4acTHOMY cjy4daro. PaspeKeHHOCTb BO3SHHKAET U3-3a TOTO, YTO PeJe-
BAHTHOCTH PaBHA HYJIIO [ MOJABJISIONIEr0 OOJIBIIMHCTBA AP TEPMOB. DTO MOXKHO HC-
IIPABUTD, €CJIU ONPENETIUTh €& HHAUe, HO 00S3aTeIHbHO KaK BO3PACTAIONLYIO (DYHKIHUIO OT
Qut 1 Py Hanpumep, B3a1b 1(U, V) = \/PurPor wimnt 1(U, V) = [QupPor > €]. Mozxno skc-
IEPUMEHTHPOBATH TakzKe ¢ BhIbopoM dyHKImn coderaemoctu: c(u,v) = (PMI(u,v) — J)4
wia c(u,v) = (Pyy, — PyP,)/\/Puy, 1 T. 1.

Jlist BBIUKCIeHnsT KorepeHTHOCTH HbloMaHa Mbl repebupaeM mapbl CaMbIX 4aCTOTHBIX
TEPMOB TeMbl ¢ U obpammaeMcs K GbyHKIuu c(u, v) = Ny, 3HAU€HHsI KOTOPOIl 3apaHee Mo-
CUUTAHBI 110 TEKCTAM U COXpaHeHbl. Ecin hyHKIUS PeJIeBAHTHOCTH HE Pa3pezkeHa, TO BO3-
HUKAIOT BBLIYHC/IUTE/ILHbIE TPYJHOCTH ¢ CyMMHUDOBaHUeM 110 BeeM mapam (u,v) € W2,

Texcmosas kozepernmmuocms memo, 23] ocHOBaHA Ha JPYTrOM MOpsiKe BBIYHUCIEHUIN.
MBI Jes1aeM OJUH JUHEHHBIH TPOXO/I 110 BCeM TepMaM B KOJLIEKIUH, U = W1, . . . , Wy, U JIJIs
KazkJ0ro TepMa 1 npoberaeM 1o ero JOKaJaIbHOMY KoHTeKcTy, v € C,. JIng KaxK ol Takoif
apbl TePMOB (U, V) U KaXKJION TeMbl T AKKYMYJIUPYEM J[BE CYMMbl, YUCJAUTE/Ib U 3HAMEHA-
Tesib, A Borancaenns Cohy. Temepsb paspekeHHOCTH pesieBaHTHOCTEI 74 (U, V) He BAUSET
Ha BBIYUCIUTENLHYIO 3] derTuBHoCTh. Bojiee Toro, npu pacuére KOrepeHTHOCTH BHYT-
pu EM-ajiropurMa BO3HHKAET HOBas BO3MOXKHOCTH — OIIEHMBATh PEJIE€BAHTHOCTH T€PMOB
TeMe ¢ y98TOM HX JIOKAJIBHOTO KOHTEKCTa, Harmpumep, 7 (u, v) = /p(t|d, u) p(t|d,v).

[TpegnoskeHHas MapaMeTPH3aIUd KOTePEHTHOCTH OCTABIAET OTKPBITHIM BOIPOC IS
JIAJIGHERIIero ucCae0Banust: KaK no00parb (GyHKIMT COUETAEMOCTH U DEJIEBAHTHOCTH,
ITO0BI TIOJIYUUTH €IMIE JIy9Nnil KPUTEPHil 11 aBTOMATHICCKOTO ONEHUBAHUSA HHTEPIIPE-
TUPYEMOCTH TEM.

COht -

PaspexxeHHOCTb U cemaHTnyeckue sapa TeMm. Pa3pekeHHOCTb MOJEN U3MepseTcs
JtoJ1eit HyJieBbIX djieMeHToB B marpunax ® u ©. B mogesnsx, pasme/isiionux MHOXKECTBO
tem T’ Ha mpenmeTHbie S u (GOHOBBIE B, pa3peKeHHOCTh OMEHWBAETCS TOJIBKO MO CTOJI0-
nam ¢ u crpokam O, COOTBETCTBYIONUM TTPEIMETHBIM TEMaM.

HenmoctaTok Takoro ompejeneHus pa3peKeHHOCTH B ero HeycroitunBocTu. Ha mpak-
Tuke MaTpunbl & uw © MOryT comepkaTh OOJBIIYIO OO 3HAYEHUH, OJU3KUX K HYIIIO.
Nx obuy/ieHue NIpaKTUYECKU HE HOBJIUAET HA MOJE/b, HO PE3KO IOBbICUT PA3PEKEHHOCTbD.

B [104] npennaraerca canTtarh CYulecmeeHHvLMU JTHIIL T€ YCJIOBHBIE BEDOSTHOCTH,
3HAYEHUS KOTOPBIX BBIIIE, YeM Y PABHOMEDHOI'O pacIpe e IeHus:

Wt:{wew|¢wt>ﬁ}§
Ty={teT|0u> m}

B skcnepumentax Ha 300 ThICAYaX MOCTOB cOMUAIBHON ceTn mpu 120 Temax pa3pezKeH-
nocts ® npeswicuta 96%, paspexxennocrs © — 88%. Ilpu 3TOM 4MCI0 CJI0B, BONIEIIINX
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XOTd OBl B OJIHO U3 MHOXKecTB W, 0OKa3aJoch paBHLIM 8 THICAYAM IPH ciaoBape 154 ToI-
caun CJ10B. Takoil 1moaxo/ 1O3BO/ISeT COKPATHTDL CJOBAPh [0 MUHUMAJILHOIO HAOOpa Te-
MATHYECKH PEJIEBAHTHLIX CJIOB. Ecjm Tpebyercs yupaB/iIsaTh Pa3perKeHHOCTHIO MO, TO
HPUJAETCA BBOIUTH YCJAOBHS Oy > 0o, Oiq > 0y 1 mombupars MOpOTH (g, B.

B [196] npeaiaraercst onpesensaTh cemanmuueckoe A0po memv, KaK MHOXKECTBO CJIOB,
KOTOpBIE C OOJIBIION BEPOATHOCTHIO YIOTPEDJALAIOTCS B TeMe t U PEIKO YIIOTPEeOISIOTCs
B apyrux remax: W; = {w € W | p(t|w) > 0.25}, tae p(t|w) = Putpt. Tlopor 0.25 Gl
noa06pan sMuupudecknm myTém npu ancie TeM |T'| = 100. s aipyrux gaHHbIX 0 IPyrOro
9HUCIa TE€M, €0, BO3MOYKHO, IPUAETCI MoA0MPaTh 3aHOBO.

HesaBucumo or Toro, Kakum oOpa3oM OIPEIe/dercd CeMaHTHUYECKOe dpO, BBEJIEM
HECKOJIBKO II0Ka3aTesell, XapaKTepu3yIoIluX pa3peKeHHOCTh TeMbl ¢ € T Kak cToJdia
MaTpuiibl P:

- W1y.
Ker, = |Wy| — pasmep adpa (onTumym HEMHOTO BbIIIE |—T‘),
Pur, = > p(wl|t) — wucmoma (dem BBITIe, TEM JiydIie);
weWy

Con; = |Ml/t| > p(t|w) — kowmpacmmuocms (dem Bbilile, TeM JIydIie);

weWy
. t ..
logLift, = |Wl/t| > log p&”ﬂl)) — nodsém (UeM BBIIIE, TEM JIydIIe).

weW,

Jlng Mojiesin B IEJIOM 3THU IOKA3aTeH ONPEeJIeIdIoTCS MyTEM YCpeTHeHUs II0 BCeM
npeaMeTHBIM TemaM ¢t € S. KocBeHHO OHU ABJISIOTCS TaKyKe W Mepoil MHTepPHpeTHpyeMo-
CTH MOJIEJIH, ITOCKOJIbKY HHTEPIPETUpPYEMbIe TeMbI JOJKHBI OBITH pa3pekeHbl, 00J1aaast
HE CJUIIKOM MAJIEHBKUM, HO M HE CJIMIIKOM OOJIBIITUM CEMAHTHICCKUM SJIPOM.

Jlorapudmuaeckuit Kpurepuii 9ucToThl (M01bEM) Tembl logLift mokaseBaer, Ha CKOJIb-
KO TOPSIJIKOB YaCcTOTa TEPMOB W3 CEMAHTHYECKOTO SIAPA TEMbI MPEBBINIAET UX OOBIYHYIO
qactory B Kojutekimu p(w). Ou 6bu1 npearoxken B [186] a1 cOpTUPOBKE TepMOB Hpu
BU3YATM3AIUA TEeMbI B T0Jb30BaTeILCKOM HHTepdeiice. B [74] 6but0 npemiokeHo yepei-
b loglift mo £ = 30 kioueBbIM cji0BaM B Kazk 10 Teme. Bouio nokaszano, 4ro cpeauuit
logLift cBsa3am ¢ moseit mHGOPMATHBHBIX CJI0B B TeMaX, H 9TO OH 3HAYNMO KOPPEIUPYET
C 9KCTIIEPTHBIMU OIEHKAMH KAYeCTBa TeM.

Oonsa doHoBoit nekcuku. Ilycres B C T — noaMHOKeCTBO (HOHOBBIX TEM, B KOTOPBIX
cobpana obmeynoTpeduTebHasa Jekcuka. OupegennM doato orosoll aekcuru st Beei
KOJITIEKITUA ¥ I OTAEIbHOIO J0KyMeHTa d:

Bgr = %Zzzndwl)(ﬂde%

deD wed teB

Bgr, = nid Z anwp(t | d, w)'

wed teB

Honst ponoBO# Jekcuku npuHuMaeT 3nadenus or 0 1o 1. Ecau ona 6simska k 0, To Mo-
Jeb He CIIocOOHA BBIIENSTH CJIOBA OOINEeill JIEKCHKH, eCJad »Ke OHa OJIM3Ka K 1, To 3To
CBHJIETEJILCTBYET O BBIPOXKJICHUU MOJEIU. B crenuajm3upoBaHHbIX TEKCTAX y3KUX HPe/I-
MeTHBLIX o0JsracTeii no/1s hOHOBOI JIeKCHKH MOKeT cocTasaarh or 30% xo 90%.

Bosmorkua curyanus, Korjga cpejiaee Mo KOJLIEKINT 3Hadenne Bgr ykianpiBaercsa B 9Tu
OPUEHTUPOBOYHBIE HOPMBI, OJIHAKO Bgr, BBIXOIUT 3a WX IpPeJiesIbl /11 3HAYATEIbHOHN 110-
JIX JIOKYMEHTOB. DTO MOYKET TOBOPUTH KaK O HAJUIUH AHOMAJBLHBIX WU «MYCOPHBIX»
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JIOKYMEHTOB B KOJLIEKIIHH, TaK U O HEJOCTATKAX MOIEJTNPOBAHUs. AHAIN3 aHOMAJIBHBIX
JIOKYMEHTOB MOZKeT ITPUBECTH K IIOHUMAaHUIO ITUX HEJO0CTATKOB C MOC/eayoleil Moaudu-
Kalnell MOJIe I, PeryJaapu3aTopoOB WIW KPUTEPUEB KavIeCTBA.

Takume KpuTepuu, KaK pa3speKeHHOCTH, Pa3Mep sipa WK 10719 (POHOBOM JIEKCUKHU MO-
I'YT UCHOJIb30BATLC JJIsi KOHTPOJIS H30BITOYHOTO PA3PEKUBAHUS MOJIC/IH.

PaznuuHoctb Tem. Beeuém dyukiuo paccrosuust Mexiy reMamu p(t, §) KaK BEKTOP-
croabramu p(w|t) u p(w|s) marpusr ©. Oupegesnm Jjst KazK 10l TeMbl ¢ PACCTOSTHUE 10
OvzKaiitmeil K Heil TeMbl S:

Dist; = min p(t, s).
= i ol )

Eciu paccrosinue Disty 10 Onmekaiimeit rembr § 6/1M3KO K HYJIIO, TO TE€MBL ¢ 1 § MOXKHO
cunTaTh JAybsmKaTamMu. Bo3aMoXKHO, 3TH TeMbl CJ1e/I0BaJIO Obl 00beIUHUTD.

Ecym paccrosuus Dist; Beiuku 1719 Bcex TeM, TO 3TO 03HAYAET, YTO BCE TEMbI MOTAPHO
CYIIIECTBEHHO PA3JIUIHBI, TO €CTh MOJIETb TOPOWO OEKOPPEAUPOSAHA.

Paccrosans MexkIy TeMaMu KaK CTOJOIAMA MaTpulibl ¢ MOKHO ompelensaTh Mo-pas3-
HOMY. OOBITHO UCTOIB3YETCS OTHO U3 CJIEIYIONTNX:

zw Spws Spwt

o Ps) 2 (3o )
p(t,s) = <% > (VPws — VPur )2> Y2 paccrosmme Xemmmrepa; (97)
p(t,s)=1—|W,nWs|: |[W,UW,| — paccrosuue 2Kakkapa; (98)

p(t,s) =1— ( — KOCHHYCHOE PaCCTOsIHHE; (96)

rae W, u W, — ceMaHTHYecKHe glIpa TeM.

BbiBoabl no rnase 17

e 3ajlava TeMaTUIeCKOro MOJIEJTMPOBAHUS HEKOPPEKTHO IocTaBieHa. /s peryasapu-
sanun pemterns B ARTM ucnosb3yercs MHOrOKpHTepHaibHas onTuMu3anus. CooT-
BETCTBEHHO, W KAa9eCTBO MOJIETH JIOTKHO U3MEPATHCId MHOTUMU KPUTEPHUSIMU.

e B npHK/IaJIHBIX UCCACTOBAHUAX OOBIYHO OIPAHUYUBAIOTCS U3MEPEHUEM IePILICKCHT
U KOrepeHTHOCTH. K cozKajeHuIo, TOro He JOCTaTOIHO, HO TaKas MPAKTHKa BeChbMa
pacipocrpaHeHa.

e B nanHOI TViaBe ONUCAHBl KPUTEPHUU /I aHAJIN3a PA3JUYHBIX aCIIeKTOB KadecTBa
KaK OTJEJbHBIX TeM, TaK W MOJEeIN B 1eJJoM. MBI orpaHnauInch Jullb BHYTPEHHU-
MM KPUTEPUSIMU; BHEITHUX KPUTEPUEB IOpa3a0 OOJbIe, HO OHU CICIU(PUIHBL JIj1d
NIPAKJIAIHBIX 337124.

e Ocraércst OTKPBITHIM BOIPOC O 10A00pe (PyHKIHUI COIeTaeMOCTH U PEJIeBAHTHOCTH
B [IapaMETPU30BAHHOM CeMefcTBe KOTePEeHTHOCTEH MyTEM KaJnOPOBKU HAa MAKCUMYyM
KOPPEeJAIUA ¢ IKCIEPTHBIMA OIeHKAMW WHTEPIPETUPYEMOCTH TEM.

e B miase MBI PaCCMOTPHUM CEeMefCTBO KPUTEPHUEB IJIS TeCTUPOBAHUA THIIOTE3bI
YCJIOBHOI HE3aBUCUMOCTH — OJTHOTO W3 KJIIOYEBBIX HONYINEHUN BEPOATHOCTHOTO Te-
MAaTHYCCKOI'0 MOJECTUPOBAHUA.
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18 Kputepun ycioBHOW HE3aBUCUMOCTU

I'mmoTes3a yCJ0BHOMH HEe3aBUCHMOCTH ABJISETCH 0A30BBIM MPEJIIONI0KEeHIEeM BePOSTHOCT-
HOT'O TeMaTHYeCcKOTo MoJeupoBanud. [Ipy mocTpoeHHn BepoOATHOCTHBIX Mojiesieli 10 M-
NUPHYECKAM JAHHLIM 6a30Bble JONYINeHHd MPHHATO NPOBEPATh HOCAe TOro, KakK MOJe/Ib
nocrpoena. Halpumep, aHajiu3 perpecCMOHHbIX OCTATKOB COJAEP:KMT B CBOSM apceHaJie
JIECSTKI TECTOB /IS MPOBEPKH CTATHCTHYECKIX THIIOTE3 O CBOHCTBAX OCTATKOB — HE3aBH-
CUMOCTH, HEKOPPEJIMPOBAHHOCTH, HOPMAJILHOCTH, HYJEBOTO MaTeMaTIIeCKOTO 0K IaHT,
IIOCTOAHCTBA Jucnepcrd, U T. 1. CTaTHCTUYecKuil aHAIN3 BepPOATHOCTHLIX TEMATHICCKHX
MoJleJieli He HACTOJILKO XOPOIIO pa3paboTaH, XOTd M3BECTHBI OTJIeJbHble paboThl B 9TOM
nanpasyienun [203, [132] 20, [74].

B 1aHHOl IyiaBe MBI BBEIEM CeMefiCTBO CpeIHeB3BeIIeHHBIX CTATHCTHK, TO3BOISIONINX
M3MepATH COTTIACOBAHHOCTE JOKYMEHTOB, TepMOB U TeM. Heoxknganno o0Hapy KUTCs, 9TO
IePILIEKCHs TOKe IPUHAIC;KUT 9TOMY CeMelCTBY U JOIycKaeT HHTepecHble 0O00IeHu.

Kputepun cornacusi ansa guckpeTHbiX pacnpegenernuid. Ilposeputh, 4T0 3Mnupu-
qeckue jannsle p(w|d) = 74 He nporuBOpevaT TeMaTHUecKoil Moxean p(w|d), MoxHO
¢ TOMOIIBI0 KpuTepues coracuu (goodness-of-fit test) juist IMCKpeTHBIX pacipe/ieeHuil.
Kiaccuueckum cunraerca kpurepuit Heiimana—IIupcona, no mam 0oJiee mHTEpeCceH Kpu-
repuii Kpeccu—Puna [61]. On BBoAMT napameTpu3oBaHHOE CEMeCTBO CTATUCTUK, HA3BI-
BaeMbIX dugepeenyueti Kpeccu—Puda, BKIIIOUalONee CTATUCTUKY Xu-KBajapar [lupcona u
nuBeprennuio Kynpbaka—/leiibepa kak qacTHbIe caydan, a TaKyKe paccrosane EBkua,
XesuMHrepa 1 MHOT'HE JIPYTUe CHOCOOBI M3MEPEHUsT PACCTOSHII MEK/1Y JIMCKPETHLIMH Pac-
upegeaernaMu. [Ipn HEKOTOPBIX JIONyIeHnsax pacnpejenenne cratuctukn Kpeccn—Puia
ACHMIITOTHIECKH CTPEMHTCS K pacipejieeHno xu-kpaapar [61].

PaccMoTpuM HYJIEBYIO THIIOTE3Y O TOM, 9TO JTOKYMEHT d KaK IMITHPUIECKOE PaCIpeie-
nenue p(w|d) = " mopoxaaerca Monennto p(w|d) = 37, puibra:

Hy: plwld) ~p(wld). (99)

Jl1s1 mpoBepKHU JAHHOI THIIOTE3BI OIpPeIe UM CTAaTUCTUKY Sy depe3 KL-auBepreHimo
MeZKIY IMIIMPUIECKUM U MOJIeJIbHBIM Paclipe/e/leHASIMA:

Sy = KL(p(w|d) || pw|d)) :Z"ﬂlnM _

ey Nd p(w|d)
p(w|d) ﬁ(w|d))
= avg | ngw, In ——= | = avg | ng, In ———= |, (100)
wed p(w | d) w,t p(w ‘ d)
e avg(yi, ;) = % — CpeJIHeB3BeIIeHHOe 3HAUCHUIT T; C BecaMu ;.

Crarucrnka Sy €CTh CpelHeB3BeNeHHoe 3HaYeHne JorapundMuaeckoil pyHKIUuT moTeph
l(w,d) =In ﬁEZIZ; 110 BceM TepMam w JgokyMenTa d. [Toteps ¢(w, d) nosoxKurebHa, KOTaa
p(w|d) < p(w|d). Ilorepst Tem BbIITe, 4eM XyzKe MOJIEIb IPEICKA3bIBACT MOSBJICHIE TepMa
B foKyMenTe p(w | d) 0 CPaBHEHHIO ¢ TPHBHAJIBHON 1aCTOTHOM onenkoit p(w|d) = 4.

Yem Oosblie Sy, TeM XyzKe TeMaTHuIeCKas MOJAE/Ib OIMUChIBAET JOKYMEHT d.

K coxanenuto, acumnroruka Sy ~ Y2 He BepHa JId CHABHO paspekenubix p(w|d),
a HMITUPHIECKOe ONEHNBAHNE PACIPEIEIeHNsI CTATHCTUKY CAUITKOM pecypcoéMko [20]. Tem
He MeHee, CDaBHEHUE CPeIHEB3BEIIeHHBIX CTATUCTHK OKA3BIBAETCS OJIE3HOM TeXHUKOM /11t

aHaJIN3a Pa3/IMYHBIX aCIIECKTOB KadYeCTBa TeMaTHIEeCKOR MOJIEJIN.
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MMnoTe3a ycnoBHOW HE3aBUCMMOCTU JIOMYCKAET TPU SKBUBAJEHTHBIX CIIOCODA 3AMUCH:

p(w,d|t) = p(w|t) p(d|t); (101)
p(w|d,t) = p(w]t); (102)
p(d|w,t) = p(d[t). (103)

Ha mnpakTuke BCe 3TH DACHPEIEICHUS HEU3BECTHBI. [lOC/ae HOCTPOCHUS MOJE/IH
(n Ha Kaxgom mare EM-aaropuTma) JOCTYIHBI JIMNIb ONEHKH ITUX PACIDEIE/eHHI.
B KaxK/10M U3 TPEX PABEHCTB PACHpeJeJeHHe B IPABOil YacTH ONEHUBACTCS 1O GOJIBIIEMY
00bEMY JIAHHBIX, YeM paclpejeieHde B jieBoil actu. [losroMy B KauecTBe HyJI€BOU TH-
nore3bl GyneM GpaTh MPeIoa0KeHe, YTO SMIUPUUECKOe PACIpe/IeIeHAe B JIEBOIl 4acTu
IOPOKIAETCs (CONIacyeTcst ¢) BePOSATHOCTHON MOJIEJIBIO U3 MPABOil 4acTu.

HecmoTpst Ha bOpMaIbHY IO S5KBUBAJIEHTHOCTH, Tpu npejacrasierns (101)), (102), (103))
IPUBOJAT K TPEM DA3JIMYHBIM KOHCTPYKIHUSIM CTATUCTHYECKHX TECTOB € PA3HBIMH BO3-
MOZKHOCTSIMH TIPUMEHEHUsI.

Paccmorpum ux nojpobuee.

1. Pasenctso (101 TpancdbopMupyercs B HYJI€BYIO THIOTE3Y O TOM, UTO JIJIs 33JaHHOMN
TeMBI ¢ COBMECTHOE paclpele/eHIe TePMOB B JOKYMEHTaX IIOPOKIAeTC (DaKTOPH30BAH-
HBIM PaCIpPeIeTCHACM:

Hy: plw,d[t) ~ p(w[t) p(d]t). (104)

J1/1st IpOBEPKH JAHHO MMIOTE3BI MOYKHO HCIOJIB30BATh CTATHCTHKY KL-uBeprennny,
upeioxkennyio s [132]:

et p(w,d|t)
Sy =KL(p(w,d[t) || plw|t)p(d|t)) =Y > p(w,d|t)In D TP

deD wed

Mg nomydennsa yaoOHON BBIYHCIUTEIBHON (DOPMYIBI BOCIOJIb3yeMC onpegeﬂeHHeM
yeaioBHOI BepositHocTr: p(w, d|t) = p(t|d, w) ﬁ(w|d)%, p(d|t) = (t|d) ) popmymoit
E-mara M YACTOTHOH OIEHKOI ycla0BHON BepositHocTH P(w,d|t) = ”;jt“ lloncraBum
BCe 3TH BLIPAKEHUA B Sy

Pl dlt) _ pltdow) plwld) _ puaw o Blwld),
pwlDp@) ~ p[Op(t[d)  Puiba p(wld)

ntdw p(w|d p(w | d
S, = ZZ :d% = avg<ntdw,ln ;?Ew—;d;) (105)

deD wed dw

Crarucruka S;, aHAJOTUIHO Sy, OIpeIeasIeTcs KaK CpeJIHeB3BeIlIeHHOe 3HAYEHHe JIO-
rapudMudecKoil GYHKIHH ITOTEPh € BECAMH 1y, -

Crarucruka S; gBIsIeTCST MEPOH CeMAaHTUICCKONH HEOIHOPOIHOCTH TEMBI T.

Yewm bosibiiie Sy, TeM Xyke Tema. Ecjm B MO N CAUIITKOM MHOTO CEMaHTUIeCKH HEOI-
HODOJIHBIX T€M, TO TaKyI0 MOJEJb CJe/lyeT MepecTPOrTh, yBeudus qucyao tem |T'|, mu6o
PACIICNHTD TEeMbI ¢ HAUOOJIBIINMHU S; HA MOATEMBl B HePAPXUIECKOH MOJIEIH.
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2. Pamenctso ((102)) TpancdopMupyercst B HyJIeBYIO THIIOTE3Y O TOM, 9TO SMITHPHIECKOE
pacupeeseHne TepMOB TeMbI B TOKyMeHTe d IOPOXKAAeTC OOIIUM /I BCEX JOKYMEHTOB
PaCIpeICTICHAEM TEPMOB:

Ho:  plwld,t) ~p(w]t). (106)

g mpoBepKu JAaHHOI TMIOTEe3bl OTHOCHTETHHO (PUKCUPOBAHHOTO TOKYMEHTa d BBe-
JIéM cTaTucTuKy Ha ocHOoBe KL-muBeprennuu m, omycKast aHAJIOTHYHBIE BBIKIAIKH, 3AIH-
meM eé depes cpe/lHeB3BeleHHoe jorapudMuieckoil (pyHkiuum morepb:

S =KL(p(w|d, t) || p(w]t)) = avg| niw, In M) (107)
wed p<w ’ d)

Crarucruka Sy u3MepsieT HeCOrJIAaCOBAHHOCTh JTOKYMeHTa d ¢ TeMoii t.

Yem Oosibliie 3HAaYEHUE Sy, TEM XyzKe TeMa OmpeeeHa B JOKyMeHTe. AHOMAaILHO
BBICOKTE 3HAYEHUs S;y MOTYT FOBOPUTH O HEIOCTATOTHOM UHCJIe UTEePANUil JJIsi JTAHHOTO
JIOKYMEHTA WJIH O HAJUYUU B HEM HOBLIX HEM3BECTHBIX TeM. AHOMAJILHO HU3KHE 3HAUE-
HUST Sy MOTYT CJIYKHTH KpuTepueM orbopa JOKYMEHTOB, HanboJiee peeBaAHTHBIX JAHHON
TeMe IPU CYMMAPU3AIUKA WIN BU3YATU3AINUN TEMBI.

3. Pasencrso (103) TpancdopMupyercs B HYJIEBYIO THIIOTE3Y O TOM, 4TO SIMITHPHIECKOE
pacmpeeenne TepMa w M0 JOKYMEHTaM B TeMe ¢ 3aBHCHT TOJBKO OT TeMBbI:

Hy:  pld|w,t) ~ p(d]1). (108)

Jlist IpOBEPKU JAHHONH THIOTE3bI OTHOCUTEIBHO TEPMa W BBEIEM CTATHCTUKY Ha OC-
HoBe KL-muBeprennuu. CHOBa OIycKas BBIKJAJIKHU, 3alUIIEM €€ 4epe3 CpeIHeB3BEIIeHHOe
JiorapupMuIecKOil (PYHKIIHH IMOTEPD:

Swt = KL(p(d|w,t) || p(d|t)) = avg (ntdw, In M) (109)
deD p(w|d)

CraTtucruka S,,; u3MepsieT HECONIACOBAaHHOCTH TepMa W ¢ TeMOii t.

AHoMAaIbHO BBICOKHE 3HAYEHHS S,y MOT'YT TOBOPUTH O TOM, YTO T€PM OTHOCHTCHA K 00-
ey IoTpeOuTeIbHON JekcuKe. /11 BblaeIeHus TaKUX TePMOB B (POHOBBIE TEMbI MOYKHO
YCHJIUTD PEryJIsipH3aTOPbI JIeKOppesupoBanus u criaaxkupauust [197).

AHOMAIBHO HU3KWE 3HAYEHUS S,y TOBOPSAT O TOM, ITO TEPM W BXOUT B CEMAHTHIECKOE
SJIpO TeMbl. TeMbl, cojiepzKaliye 60JIbIN0e YUCJI0 TAKUX TEPMOB, MOT'YT ObITH 00Pa30BaHBI
mabJIOHHBIME (hpasaMu, 9acTO HOBTOPSIIONIUMECH B TekcTax Kosutekiwu [132].

CpepHeB3BelleHHble CTAaTUCTUKM HecornacoBaHHoOCcTU. OO00IKUM BBeIEHHBIE BBIIIIE
CTATUCTURA Sg, Sy, Sta, Swe HA CAyUail Tpous3BoIbHON byHKINN TOTEPD £(d, W):

Sy = avg (ntdw, 0(d, w)) ~— HEOJHOPOLHOCTH JOKYMEHTa, d;
w,t

Sy = avg (ntdw, ) — HEOJHOPOJHOCTh TeMbI ¢ B KOJLIEKIINH;
Sig = avg (ntdw, ,w)) — HECOIVIACOBAaHHOCTD JIOKYMEHTa d ¢ TeMOu t;
wed
Swt = avg (ntdw, ) — HECOIVIACOBAHHOCTDH TEPMa W C TEMOU .

deD
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[Tpu morapudmudeckoit byuknun noreps £(d, w) = In f) Eﬂj; 000OIIEHHDBIE CTATHCTUKH

Sds Sty Sta, Swt mepexomar B (100]), (105), (107), (L09) coorsercTBeHHO.

B obmmem ciayuae nmorpedyem, 4ro0Obl OyHKIHMS IOTEPh HE 3aBHCEA OT TeMbl U YTODbI
suadenue (d, w) 60 TeM BOJIBITE, YeM XyKe MOJIEJb TIPEeICKa3bIBAeT MOsSBIEHNe TeEPMa W
B JIOKyMeHTe d.

PacemorpuM HeKOTOpBIE YacTHBIE CIydar ODOOIIEHHOIO CeMeUCTBA CTATUCTUK Sy.

Mepnnekcus Tembl. 3amMeTuM, 9TO JOrapudM MePIIeKCHH TeMaTHIeCKOH MOIEIN MOZK-
HO 3alHCATH Yepe3 CpemHeB3Belnennyo GyHKImo noreps {(d, w) = In m, MpUIEM KakK
JJI BCell KOJLIEKIIMH, TaK U JIJd OTAEJbHOIO JOKYMEHTA!

— —1 = ; ;
In Perp = Céltzgt (ntdwa In p(w|d)) = egfujg (ndw? In p(w\d))’

In Perp,; = atzftg(ntdw, In m) = i‘é%(”dwv In p(w\d))'

DTO0 MO3BOJIAET PACIPOCTPAHUTD IMOHATHE TEPIIEKCHN Ha OTAeTbHBIE TEMBI, UTO paHee
HUKOTJIA He JIeJaJ0Ch, TPUIEM NEPNAEKCUs mems, T orpeieiseTcd KaKk /I Bcell KOIIeK-
AN, TaK W JJ9 OTJAEJHHOTO JOKYMEHTA!

InPerp, =5; = EZVg(ntdwa In p_(w1|d))5

_ _ 1
In Perp,; = Siq = avg(ntdw, In —d).
p(w|d)
wed
3HavyeHme nepiiekcun Perp,, He ompejieeHO, €CTH Nygy = 0 7718 BceX w € d, TO eCcTh
ecJIM TeMa, TIOJIHOCTBIO OTCYTCTBYET B JIOKYMEHTE.

Mepbl HecornacoBaHHOCTU, TOJIepaHTHbIE K MOBTOPSAEMOCTHU CNnoB. ['umoresa ycjios-
HOM HE3aBUCUMOCTHU {ABJISIETCS I/136bITOLIHO CUJIbHBIM AOIIYINECHUEM. OHa MOZKET HapyllaTb-
C4A HEKOTOPBIMH A3BIKOBBIMHU ABJEHUAMMU, JazKe€ KOIJa T€Mbl CEMaHTHYECKH OAHODPOIHLBI.
Bo-nepBoix, 310 sgBIeHHe nosmopaemocmu caoe (word burstiness): ecau cJ0BO BCTPeTH-
JIOCh B TEKCTE OJIUH pa3, TO OHO ¢ GOJIBIIOH BEPOITHOCTHIO BeTperutes emé [69) 112
B may4uHo-TeXHUYECKUX TEKCTaX 3TO CBA3AHO ¢ TPeOOBAHHMSIMHU €IUHCTBA TEPMUHOJIOTHH.
]3O—BTOprX7 CTuJIeBbIC OCO6€HHOCTI/I TEKCTOB: aBTOPblI MOI'YT UMETb pa3JIMYHbIC JICKCHUYC-
CKHue IpearnodYTeHusd, yHOTp€6JIHTb HEe BCE€ CHMHOHHMMBI, UJIX YIIOMHHAaTh HE BCE aCHEKTbI
TEMBI. B pe3yjabTaTe JOKYMEHT MOXKeT COAepPzKaTh HaMHOT'O MEHbIIIe CJ0B TeMbI, IIPU 3TOM
HEKOTOpBbIE U3 HUX Oy/IyT BCTPeYaThCsd HAMHOTO Yallle, YeM MOXKHO OBLIO Obl OXKHJIATH MPH
CTPOTOM BBITIOJTHEHUHU TUITOTE3BI YCJIOBHOM HE3aBUCUMOCTH.

YT00bI caeaaTh CTATUCTUKHA S, TOJEPAHTHBIME K MOBTOPSIEMOCTH CJIOB, 3aMEHUM Ya-
CTOTHI CJIOB B JIOKYMEHTAX Mg, OMHAPHBIMU UHIUKATOPAMU gy = [ndw = 1]:

S* = avg (bdwptdwa E(dv U)))

Yr0o0bI (YHKIUIO TOTEPH TAKKE CIEIATh TOJEPAHTHON K MOBTOPIEMOCTH, OyJIeM CpaB-
HUBATh MOJIETIBHYIO BeposTHOCTH p(w |d) ¢ dacToTHOl oreHkoil p(w|d) = bﬁl—;ﬂ, Tt 0BT
HOCTH YMHOYKE€HHOH Ha 1mapamerp « (YMeHbIIEHHE v JeJaeT CTATHCTUKY elé 6oJiee ToJie-
DAHTHBIME K HADYIICHUSIM HYJIE€BOH IHIIOTE3BI):

U(d,w) = [pw|d) < ab;f—;“}.
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Teneps crarucTuku S, TPUHAMAIOT 3HAYEHUS W3 0Tpe3Ka [0, 1] ¥ BBIpazKaoT JT0JII0 Tep-
MOB T€MbI t, JJisd KOTOPBIX MOJIE/Ib HPE/ICKA3BIBACT CJAUIIKOM MAJIYIO BEPOSTHOCTD. Diia-
roJlaps CTOJIb YHUBEPCAJILHO HHTEPIPETAIINN CTATUCTUKHU ¢ OMHAPHOI (pyHKIHEHd noTephb
MOKHO HCIOJIb30BaTh JJId CPABHCHUA TEM B MOAECIAX € PA3JUIHBIM YHUCJIOM TEeM, C Pa3-
JIMYHBIMH CJIOBAPAMH M JazKe MOCTPOCHHBIX MO PA3JIMIHBIM KOJLJICKITHAM.

Ouseprenuns Kpeccu—Puaa. [Ipu dynknun norepnb

1 plw|d)\*

o+ W pwla)) !

Ud,w) =

0DOOIIEHHBIE CpeTHEeB3BellleHHble CTATHCTHKY ITepexodr B quBeprennuio Kpeccn-Puma.
ITO HapaMeTpHYecKoe CeMefiCTBO CTATHCTUK HCIOJIBb3YETCs B KadecTBe 0OODIIEHHs CTa-
TUCTUKH XU-KBaJpaT [lupcoHa s npoBepKY I'MIIOTE3bl O COIVIACHH SMIIMPUYECKOTO pac-
Ipe/IeeHns ¢ 3aJaHHbIM TUCKPETHBIM pacupe/eserneM [61].

Ilpu KOHKpeTHBIX 3HAUYeHWAX IapaMeTpa A auBeprenius Kpeccu-Pniga nepexomut
(€ TOYHOCTBIO JI0 MHOXKHUTES) B CTATHCTHKY XU-KBaJpar [Tupcona (A = 1), nuBeprennuto
Kymnbbaka—JTeitGnepa (A — 0), paccrosune Xemnrepa (A = —1), MoaundunupoBanuyio
CTATUCTUKY JorapudMa OTHOIEeHUS TPaBIonoa00ouii (A — —1), MoguduInpoBaHHy 0 cTa-
TUCTUKY XU-KBapar HeiiMaHa nin B3BellleHHOe eBKJINI0BO paccrosiaue (A = —2). Bee stu
CTATHCTHKY SBJISIOTCS HECHMMETPHUIHBIMHU (32 HCKITIOUCHHEM PACCTOSHUS XeJUTHHTepa)
(byHKIMAME maphl JUCKPETHBIX PacIpe/Ie/IeHHi.

[TpenmyinecTBo TakKoil nmapamMerpusaluy B TOM, 4TO cB0000#l BbOOpa mapamerpa A
MOKHO PaCIIOPSIUTBCH JIJIs ONTHMU3AIHH KAKOro-In00 BHEIIHEI'o KPUTepus KadecTBa.

lMpoBepka cTaTucTnHecknx runoTes Ha OCHOBE ceMmeiicTBa OOOOIIEHHBIX CpeJIHEeB3BE-
IMIEHHBIX CTATUCTUK S,. 3HAYEHHWE CTATUCTUKUA MOZXKET OBITH MpeoOpa30oBaHO B JOCTHTA-
eMblil ypoBeHb 3HauuMocTu p-value = F'(S,), rme F' — byHKIMs pacipeieeHns CTaTh-
CTUKH Sy, TOJIy9IeHHAS B YCJIOBUAX UCTUHHOCTH HYJIeBOW rumoressl. Ecan F(S,) 6au3K0
K eJIMHUIE, TO JeJaeTcs BBIBOJ, UTO JIaHHbIE MPOTHBOPEeYAT HYJIeBOi rumnorese. OyHKITHIO
pacupejesierust F/(S,) TPyAHO BBIBECTH aHAJUTHYECKHU B CJIy4asX PA3PEKEHHBIX JIUCKPeT-
HBIX PaCIpe/ie/ieHuil 1 KOPOTKUX JOKYMEHTOB, HO OHA MOYKET OBITH MOCTPOEHA 110 CHHTE-
THUYECKO¥ KOJLIEKINH, TeHePHPYeMOil ¢ MOMOIIbI0 TeMaTuaeckoii mogesn [20].
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BbiBogbl no rnase 18

Cucremarnyueckuit IoAxX0d K OLHCHHUBaAHUIO adCKBAaTHOCTH HOCTpOGHHOﬁ TeMaTH4Ie-
CKOT MOZeJIn 3aKJIY9aeTCA B ITPOBEPKE OCHOBHOTO BEPOATHOCTHOT'O AONMYINEHUA —
THUIIOTE3bI YCIIOBHOIL/'I He3aBUCHUMOCTH.

JL1s mocTpoeHns COOTBETCTBYIONIEr0 CTATUCTUIECKOTO TECTa BBOJATCA 0DOOIIEHHBIE
CpeJIHEB3BEIIeHHbIe CTATUCTHKHA Si, Siq, Swi-

Omnn 1MO3BOJILIOT ONEHUTH, HACKOJBKO ILIOXa TeMa ¢ B IEJOM JJIs MOJEIN, B KOH-
KPETHOM JIOKYMeHTe d, JI/Isi KOHKPETHOTO TepMa w.

PaH)KI/IpOBaHI/Ie TeM, JOKYMEHTOB, TEPMOB 110 3HAYCHHUAM ITUX CTATUCTHUK ITO3BOJIAET
BBISB/IATH KaK HAWIy4INue, TaK U HAUXYJIIIHE TeMbl, JOKYMEHTHI, TepMbl. Pe3y/ib-
TaTOM MOZKET OBITH JIydlllee IMOHUMAHHE MOJE/H WU NPHHATHE JYJIIHX DPEnIeHui
0 eé MoancuKanum.

Koncrpykiusa stux cratuctuk ejgumnoodbpasna. Menss B Heit Beca u (HYHKIUIO TO-
Tepb, MOXKHO JIeJIATH UX TOJEPAHTHBIMU K OIIPEIeTEHHBIM OTKJIOHEHUSM MOJETH OT
TUTIOTE3Bl YCJIOBHONW HE3aBHCHMOCTH.
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19 OcobeHHocTu peanusaunn EM-anropntma

EM-anropuT™ B TeMaTHIecKOM MOJETUPOBAHUN — 3TO METO IMPOCTHIX UTePAIuil 1715
pelieHud CUCTEMbl yPABHCHUN BUIA — B ciiydae OObIYHON JIByXMATPUYHONH MO-
Jed Wan f JJIST MYJTBTUMOJTAJILHON MO WJIH f Js1 TuneprpadoBoit
Mojenu. Peamm3amuy uTepanuoHHOIO MPOTEcca MOTYT OTJINYATHCSI HMOPAIKOM BBIYUC/TE-
Huit 1o opmynam E-mrara u M-mrara. B pannonansaom Bapuante (Ajaropurm CTp.
KazK7as uTeparus BBIOJHAETCS 3a OJIMH MPOXOJ 10 BCeM TepMaM BceX TOKYMEHTOB, B pe-
3yJibTaTe KOTOPOTro (POPMUPYIOTCS CUETUUKHU Ny, Nyg U OOHOBJISIIOTCS ITapaMeTpPbl MOJIE/IN
Yut, Oiq- B mamHOl Ty1aBE 00CYKIAIOTCA TPUEMBI YTy UIIEHUST CXOIUMOCTH M OCOOEHHOCTH
OPraHU3aIMU 3TOI0 UTEPANMOHHOTO TPOIECCa st OOJIBITTNX TEKCTOBBIX KOJIIEKIIHIA.

MakeTHbIV anropnTm mo3posisieT obpadaThbiBaTh KOJIEKIINN JOKYMEHTOB, HE TTOMEIIai0-
Iuyecs B olepaTuBHYIo naMaTh. Kostekus D paszdbuBaercd Ha nakersl Dy, b=1,..., B,
KazKJIbI U3 KOTOPBIX XpaHUTcd B orjaeabHoM daitie. [lakeTsl obpabaTbiBaloTCd 10 Ove-
peau. Kazkaplii makeT 3arpyzkaercd B MaMsTh, OOHOBJsgeT Marpuily ® um BBIIpy:KaeTcs,
0CcBODOXK1asi TAMSITD JijIsi 00pabOTKHU CJIe/IYIOIIEIro MmaKera.

®ynknus ProcessBatches ofpabarwiBaer 3a omuma pa3 mHOKecTBO naketoB {Dp},
cm. Asropuw 6] [Tinst kaxkioro gokymenTa d Kayk10ro u3 nakeros Dy, IPOU3BOIATCS HTe-
panun BekTopa 0y co BcrpoenHbIM E-mmarom npu ¢pukcuposannoit marpuiie . Ha mocie-
Hell uTepalnun JOKYMEHTa OOHOBJISIOTCS CUETUUKH 7,y TEKYIIEro IMaKeTa.

OddraitnoBbIit 1 OHIATHOBBIM AJITOPUTM — ITO J[BE PA3HBIE CTPATEIHH ATPErHPOBAHUS
CUETINKOB Ny, MTOJYIAEMBIX OT PA3HBIX MAKETOB.

Odvdnaiivosbii anroputm  FitOffline cosepmaer mMuoro mpoxomzos mo Kosieknuu.
Ha xazk/1oM poxo/ie CIETUUKH N,y POPMEUPYIOTCH TTPU (PUKCHPOBAHHOM MaTpure ¢ u cywm-
MUPYIOTCsI 110 BeceM fokyMenTam. Obuonserne @ ¢ yaéroMm Bcex peryiasipu3aTopoB Mpon3-
BOJIUTCA B KOHIIE KazKJI0ro mpoxoja Koutekiuu. OddraitHoBslil pexkuM OpUeHTHPOBAH HA
00paboTKy OTHOCHTEILHO HEOOBITNX KOJLICKIU.

Ownnaiinosbiii anroputm FitOnline 6bu1 mpegoxken ast mogean LDA B [86], moszxke
st mogen PLSA B [36]. On peanusoBan B 6ubamorekax MaImuHHOrO 00ydenusi Vowpal
Wabbit, Gensim, BigARTM n npyrux, um cunrtaercs Hambosee 3pdexkTuBHBIM. Ero ocHOB-
Has UIest 3aK/II09aeTCa B CIEeUaJbHOl OpraHu3aluu MOCaeI0BaATeIbHOCTH BhIUNC/IeHNH
o ¢popmysam E-trara u M-mara. Ora He 3aTparuBaeT MeXaHU3Mbl PETYISIPU3AINNAN U O/~
HakoBo nmpuMennMa K PLSA, LDA u ARTM. OnnaiiHOBBI# aJropuT™ JesiaeT OJuH TPOXO.T
0 KOJLIEKITUU, OOHOBJIsAS MAaTpHILy P mocsie KaxKaplx h makeToB: Ha mare 21| caéTauku n,,;,
HaKOILJICHHBIE 110 h ImocJieAHUM IIaK€TaM, CYMMUDYIOTCA CO CqéT‘II/IKaMI/I Nyt, HAKOILJICH-
HBIMH 110 BCEM IIPeJIbLAYIIUM HAKeTaM, C BeCAMU Kgecay B Kappry. Ha mmiare Marpuna P
MEePECUYUTHIBACTCS IO OOHOBIEHHBIM CIETINKAM C YIETOM perysisapu3atopon. OHIaiHOBBII
AJITCOPUTM OPHEHTHPOBAH Ha 00paboTKy OOJBINNX KOJIEKIHH MM MOTOKOB JTaHHBIX.

BecoBple KOIDDUIMHEHTBI Kgecay U Kappiy IO3BOJIAIOT YHPABIATh TeMIOM 3abbiBa-
HUS PEJbLIyIUX 1nakeToB. llepemennasi n,, HakKalJIMBaeT CYMMY 3HAUEHHH N.; HPHU
Kdecay = Kappry = 1, cpeanee apudumernaeckoe npn kgecay = 1 — T, Kapply = T, IKCIOHEHIH-
aJIbHOE CKOJIB3IIee CPEeHEee MPU Kgecay + Kappiy = 1. st amropurva Online LDA s [86]
IPEeJITArajioch OpaTh Kaecay = 1 — pi, Kappry = pi, TA€ p; = (7o + )", 3HaUeHHE T) 33/~
I0TCs B auamna3one ot 64 go 1024, 3aagvenus x — ot 0.5 go 0.7.
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Anropurm 6. Oddnaitnoserit n onnaitnopsrit EM-anaropurm mas ARTM.

1 pyHKUNA (71,) := ProcessBatches (muokecTBo makeros { Dy}, marpuna P);
2 Ny =0 g Bcex w e W, te T,

3 Ons Bcex nakeros Dy, BceX JOKyMeHTOB d € Dy

4 HHUIAJIU3UPOBATE Oy 1= |—}| s Beex t € T

ot

NOBTOPATH
Mtdw = N NOTI (gpwtetd) st Bcex w € d, t € T}

=

7 0,4 := norm n 0 Jasg Bcex t € T
td *= NOTL (%d tdw T tddg ) bil

noka 6y He coitgércs,
Napt = Nt + Mg A1 Becex w € d, t € T

10 cbyHkuus FitOffline (komnexius D = {D;: b € B});

11 MHUIUATU3APOBATD O, JJsd Bcex w € W, t € T

12 NOBTOPSITb

13 (Nwt) = S0, ProcessBatches(Db7 D),

14| Py 1= DOMN (e + gowt L) st meex w e W, t € T;

15 noka ® ne coiinérey;

16 pyHkuus FitOnline (komnexmua D = {Dy: b € B}, napaMeTpsl Kgecay; Kappiy, 1);
17 MHUIUAJIU3UPOBATD Oy 1 Bcex w € W, t € T

18 Ny := 0 gt Bcex w € W, t € T

1w anai:=1,...,B/h

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

21 Nt = KaecayMwt + KappryTwe 11 Beex w € W, t € T

22 DOt = norvr[p (nwt + Ot 8‘; ) g Beex w e W, teT;

we

Ha mpakTuke BMECTO KOHTPOJIS YCJIOBHil CXOJAMMOCTH Ha IIare |8 u mare JacTo
3a/1aI0T (PUKCUPOBAHHOE YHCJIO UTEPAIUil 1T0 KOJIEKIIUA U MO KayKJIOMY JIOKYMEHTY.

B omnaitnoBom ajiroputme pazdbueHue KOJJIEKIIMHA Ha ITAKEThl U TOPsJIOK 00pabOTKU
HAaKeTOB MOT'YT BJAHATH HA pe3yabTaT, B omume oT oddaaitHoBoro aaropurma. 1To0sl
YMEHBIUTH ITO BAUSHUE, KOJUIEKIHIO pa30UBaIOT Ha MAaKeThl CIYIailHBIM 0Opa30oM.

MapannenbHbii anroputm. OOpaboTKa MAKETOB MOXKET BBIIOJIHSITHCA MapaieTbHO
B HECKOJIBKO IIOTOKOB KaK B OHJIAfHOBOM aJIlOpUTMe, KaK U B 0dIaiiHOBOM.

B cunxpornrom aszopumme obpaboTKa CAeAYIONIEH MOPIUHE MAKeTOB He HAUMHAETCH,
IOKa He 3aBepineHo obHossenue Marpuisl $ ma mrarax DTH 33CPIKKU IPUBOIAT
K HeahMDEKTUBHO 3arpy3Ke BbIYUCIUTEIHLHBIX PECYPCOB.

[Ipobema peraercsa B acuHTpoOHHOM OHAGTHOBOM GA20PUMME C TIOMOIIBIO OOHOBJIE-
uuii ¢ 3anazapBanneM [78]. Tloka omun mporecc 3ausaT GopMHPOBAHHEM HOBOTO MTPHUO/IH-
KeHus MaTpuiibl $, ocTajbHbIE ITPOIECCH MPOIOJIZKAIOT HCIIOJB30BAaTh €€ Mpe/IblAyIee
npubJIKeHne 1 00pabOTKH TaKeTOB U OOHOBJIEHUS CUETIUKOB Thy;.

Ha puc. [26| npuBeaennbl pe3yabraTbl CpaBHEHHS CHHXPOHHOI'O U ACHHXPOHHOI'O HapaJi-
JIeTBHOT'O OHJIAMHOBOTO aJIrOPUTMa U3 OMOInoTeKH BigARTM ¢ MOy IAPHBIME Pean3allns-
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ancno | |T| Gensim Vowpal BigARTM BigARTM
npow,. Wabbit (cuHxpon) | (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) 29m (4107) | 19m (4144)
2 | 200 | 325m (3297) 47m (3347) | 28m (3380)
4 50 83m (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. 26: CpaBHeHHe BpeMEHH MOCTPOEHHUS TEMATHYECKOH MOJenu (B MUHYTAX) U [EPIUIEKCHN B 3aBUCH-
MOCTH OT YHCJIA POTECCOPOB ¥ ducia TeM s budbamorek Gensim, Vowpal Wabbit, BigARTM B sxcnepu-
MEHTaxX Ha KoJuleKnuu u3 3.7 MULIHoHOB crareil Bukunenuu co ciosapém 100 teicsd cios [103]. Vowpal
Wabbit He momep:kuBaj pacmapaJyieIMBaHie HA MOMEHT IIPOBEICHUS SKCIEPUMEHTOB.

v mozesin LDA [103]. BigARTM 3ameTHO 3¢ deKTHBHee HCIOIB3yeT paciapaJiienBaHue.
ACHHXPOHHBIA aJrOpUTM IPUMEPHO B IIOJTOpa pa3a ObicTpee cHHXpoHHOrOo. Ha BOCHMEI
nporeccopax aciEXpoHHbI BigARTM moutu B 30 pa3 OpicTpee Gensim.

B o630pe [3] omucansr 11 cmoco6os nosbiimenns: 3bhEKTHBHOCTH TAPALIETBHBIX aJl-
FOPUTMOB TEMATUYECKOr0 MojiesinpoBanusd u 14 6ubIn0oTeK, B KOTOPbIX OHU Pean30BaHbI
B pa3/JIMYHBIX COYE€TaHUAX.

Opyrue cpyHkunmn noteps u E-war 6e3 Hopmuposku. M3MenuM 10CTaHOBKY OITUMU-
sanuonHol 3anaun (15)), 3amenus norapudm B Gyrxnun noreps — Inp(w|d) va npoms-
BOJIBHYIO TVIQJIKYI0 HeyObiBatotyo dyuknuto /(p). Teneppb 11 OleHUBaHUA TAPDAMETPOB
TeMaTHIecKoi Momesn ¢ m © MO KOJIEKIUH JOKYMeHTOB [ OyaeM MaKCHMU3HPOBATH
CyMMy (-TIpaBIONOm00MIA IO BCeM TEPMHHAM BCEX TOKYMEHTOB, T0OABUB PETyISAPH3aTOP:

Zzndw (Z @thtd> + R(®,0) — max. (110)
deD wed teT

Teopema 19.1. Pemenne ®, 0 3agaqun (110 npu orpannaenusix HeoTrpunaTesbHOCTH U
HOPMHPOBKH VJIOBJIETBOPSIET CHCTEME YPABHEHHH €O BCIOMOTaTeTbHBIMH TT€PEeMEHHBIMH
Praw = p(t|d, w), ecim u3 penrennsr HCKIIOYATE HyJI€eBble cTog01BI MaTpuI] P, ©:

Praw = Putbial (p(w]d)); (111)
OR
ur =01 (> NauPraw + Puiy (112)
deD Put
OR
Ora = norin ( wzed NdwPtdw + etdaTtd> : (113)

JloKa3aTeabCTBO CeIyeT U3 JeMMBbl 0 MAKCUMHU3AIUA HA €ITMHIYHBIX CHMILJICKCAX.
[Tonyuennas cucreMa ypaBHEHH OTJIHYAETCS OT OOBITHOM TOJBKO (popMmysioii E-mara.
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[Tpu £(p) = Inp, m ToaBKO B 9TOM Ccaaydae, E-mar mepexoaut B hopmyny Baiteca, a 3a-
nada (110 skBuBaeHTHA MAKCUMU3AIME TPABAONOAO0MsI, TO €CTh MUHUMU3AIUHN B3Be-
mennoit cymmbl KL-uBeprennuii ¢ Becamu ng MEXKy SMIUPHIECKUMU PACTPE/ICTCHIAMA

p(w|d) = & w mopensubivu pacupenenenusyu p(w |d) = (pu, 0a).

IIpu {(p) = p* 3a1a9a SKBUBATEHTHA MUHMMHA3AIMHI B3BEIIEHHON CYyMMBI JTUBEpreHIui
Kpecen—Puga (cp. [123)).

[Tpu ¢(p) = p 3aja4a HEPEXOJAUT B MAKCHUMUBAIMIO B3BEIICHHOW CyMMbI CKAJISPHBIX
MIPON3BEACHUIA:

> na(pw|d), (¢w,ba)) + R(®,0) — max.

deD

[Tocnemuuii cayuait narepecern Tem, 4ro u3 opmyiabl [-mara yxoauT 3HaMeHATe b
C HOPMHPOBOYHBIM MHOKHTEIEM: Dy = Puibrq- Bysiem Ha3bIBATH 310 6vicmpuim E-wiazom.
OH MOXKeT JaBaTh 3aMeTHOe ycKoperre EM-anroputMa, moCKOIbKY HOPMAPOBOYHBIE MHO-
JKUTEJIH TPEOYIOT BBIYUCICHUST CKAJISIPHBIX TIPOU3BEICHUH (0, O4)-

ITo pesynbratam skcrnepuMenToB B [29] 6buta mpeioxkena KOMOMHHUPOBAHHAST CTPa-
Terusi, KOrJa MepBas MOJOBUHA UTEPAIHil MCIOIb3yeT ObICTPHIH E-1mar, mpu 3ToM MO-
JIeJTb CTAHOBUTCS pa3perKeHHoit Osiarogapst peryasipudannn. OuHAIBHAS JOBOIKA MOJIEH
IPOUCXO/IUT YK€ M0 MAKCUMYyMYy IMPaBIOMOA00NS, HO Telleph CKAJApPHBIE TPOU3BEIeHUS
(P, B4) MOTYT BBIUHCIATHCS HAMHOTO ObICTpee BJ1arofaps paspexkKeHHOCTH pPacIlpe/esie-
HUH Q¢ U Bg. DTOT BAapHAHT aATOPUTMA, JAET BHIUTPBIII B CKOPOCTH Bhruncenuii 10 30%
npu Gosbiiom uucye rem (500 u Goee).

BbiBogbl no rnase 19

e B ryraBe onmcanbl BapuaHThl 1 ocobeHHOCTH peasu3arun EM-anaropurma B 6ubino-
TeKe TeMaTH4ecKoro Momenunposanud BigARTM.

e [lakeTHbIil a/ITOPUTM MO3BOJILAET 0OpPAOATHIBATH OOJIBITHE JAHHBIC TTOPIUAME, HE 3a-
rpyzKasi TEeKCTOBYIO KOJLIEKIUIO TEJTMKOM B ONMEPATUBHYIO TaMATh.

e [lapauieibHbBIi aJArOpUTM 1I03BOJIsieT 00pabaTHIBATH HECKOJIBKO IMAKETOB OJIHOBPE-
MeHHO, COKpailiasi obiee BpeMsa 00pabOTKH.

e OHJIAMiHOBBIN AJrOPUTM cuuTaeTcss Haubosee 3PEPEKTUBHBIM CIIOCOOOM OpraHu3a-
nuu BbhlaucaeHuii. Yacroie obnoBsenusg MaTpuilbl ¢ MO3BOJLIOT TEMaTHU3UPOBATD
OOJIBIIYIO KOJIJIEKITUIO 33 OJUH JIMHEHHBINH MTPOXOJL IO BCEM JOKYMEHTAM.

e DoicTpoiii E-11ar 6e3 HOpMUPOBKH 1103BOJISIET YCKOPUTD LIEPBble UTE€PAIUU aJIrOPUT-
Ma, KOT/Ia BBICOKasl TOYHOCTH €Ilé He Hy KHa.

e B ciegyromeii riiaBe Jal0TCsA HAYaIbHbBIE CBEICHUS 110 MPAKTHYECKOMY IPUMEHEHHIO
o6nbmorexku BigARTM.
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20 bBwubnuoTteka BigARTM

BigARTM — 3T0 OMOIMOTEKA € OTKPBITHIM KOJOM, ocHoBaHHasd Ha Teopunm ARTM.
Ona nMeeT pacuimpsieMblii BCTPOGHHBIN HAOOP PeryJisipu3aTopoB U METPUK KavecTBa, pe-
ajmn3yeT oHJIaiiHOBbIN U 0 dIaiiHOBBIT MHOrOMOTOUHBIH MakeTHBIH EM-aaropurm, obec-
HEYUBAIONIHIH BBICOKYIO 3 (PEeKTUBHOCTH 0OPAOOTKU OOJIBIINX KOJJIEKIUNA HA OJHOM KOM-
nbloTepe.

Bubnmmoreka saBiasercs KpocciaaTdOoOpMeHHOMH: cOOPKY U UCIOJIHEHHEe MOXKHO ITPOU3BO-
aurb nox Windows 7/8/10, Mac OS u pazauaubivu aucrpubyrusamu Linux. omaepxn-
BAIOTCS mporpamMMHubie wHTepdeiicsr o Python 2.7.%/3.*% C++, a takke 3amyck B Buje
ncrnoaHsgeMoro 6uaapHoro daitna. Mexognwrit koa BigARTM manmcan va C++11. [lommep-
JKUBAETCS HECKOJIBKO MONYJIAPHBIX (hOPMATOB TEKCTOBBIX JTAHHBIX.

WcuaepubiBaloniyio nHdOpMaImio 1m0 OHOJIHOTEKe MOYKHO HAWTH B JOKYMEHTAIIMH HA
cafire http://bigartm.org.

Huxke npezacrapien MEHEMaJIbHBIA KO B Python, Beimonusionuii 3arpysky u npeob-
pa3oBaHWe JAHHBIX BO BHYTpPeHHHH (DOPMAT TTaKeToOB JOKYMEHTOB (6amuell), co3maHue
1 00ydeHHe MOJIE/IH, BBIYUCIACHUE U BBIBOJ, IEPILJICKCHH.

# Import all necessary tools and data
> from sklearn.feature_extraction.text import CountVectorizer
3 from sklearn.datasets import fetch_20newsgroups
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
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’,
1 dictionary=bv.dictionary))
1z model.fit_offline(bv, num_collection_passes=20)
# Print perplexity values by iterations
20 print(model.score_tracker[’perp’].value)

[e

MogrotoBka gaHHbix. Bekropusarop artm.BatchVectorizer gasiisiercs yHuBepcasib-
HBIM O0'beKTOM, IPHHUMAEMBIM Ha BXOJ BceMH omneparuaMn BigARTM. B mpumepe Boimie
(maru 10-13) om OBLI CO3/1AH 1O MATPHIE «MEIITKa CJI0By n_wd U CJI0BapS, 33/aI0IIEro Co-
OTBETCTBUE MEKIY CTPOKAMHU MAaTPHUIIBI U CJIOBAMU KOJLIEKIHH. B 3TOM cirydae makeThl co-
371aI0TCA B ONMEPATUBHOMN MAMSATU U MOJTHOCTHIO YIAJAIOTCA U3 Heé 1o 3aBepIIeHn PadOTHI
OMOIMOTEKH. DTOT CIHOCOD XPaHEHHUs JAHHBIX MOAXOMUT TOJBKO /i HEOOJIBIINX KOJLIEK-
Ui, MEeJMKOM IMOMEIAIONINXCHd B NaMyaTH. BO BCeX OCTAJIbHBIX CJAYyYasX HCIOJIb3YIOTCH
dopMaThl JIAHHBIX, TPEINOJIATAIONINe YTeHNe UCXOJIHBIX JIOKYMEHTOB C JIMCKA W 3aIuCh
UTOrOBBIX IIAaKeTOB Ha Juck. Hambonee momynaspen dpopmar TekcroBbix daitios Vowpal
Wabbit, B koTopom Kazkast CTpOKa COOTBETCTBYeT OJHOMY JOKYMEHTY ¥ UMeeT B
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doc_title token 1:value 1 token 2:value 2 ...

Janubiit popMar mo3BOJISIET TPEICTABIATH TOKYMEHTHI KAK «MEIKOM CJIO0B», TaK W
[OCJIE/IOBATEJIbHBIM TEKCTOM, 8 TaKKe 3alUChIBATH B JIOKYMEHTHI TEPMbI PA3JTUIHBIX MO-
nasbHocTeii. [Ipumep co3manus BekTOopu3aTopa 1no ganabiM B popmare Vowpal Wabbit:

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

w

3ech data_path — nyTh K daitay ¢ jgokymentamu, nmapamerp target_folder yka-
3BIBaCT HA HECYIICCTBYIOMYIO AUPEKTOPUIO JJId COXPAHCHNA I'OTOBBIX IAKETOB.

[Tapcunr 6oIBIIOM KOIEKIUE — OTHOCHTEIBHO JTUTEIbHBIH Ipotiece (1azke HeCMOTPsI
Ha TO, 9T0 BigARTM yMeeT BBIIOJHSTH €r0 B MHOTOIOTOYHOM DEZKHME), HOITOMY YI00HO
COXpPaHUTDb IIaKeTbl Ha AUCK U UCIIOJb30BaTh UX MHOI'OKPATHO. HpI/IMep CO34aHnA BEKTO-
PH3aTOpa, 3arpyzKaromero makeThl ¢ JUCKA:

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

CnoBapn BigARTM mupeanasHadedbl /s XPAHEHUS JAHHBIX O CJIOBaX W HCHOJIb3Y-
I0TCAd B HEKOTOPBIX peryjspu3aropax W MeTpuKaxX KadecrBa. CJIOBapi0 COOTBETCTBYET
o0bekT artm.Dictionary, KoTOpwifl MOXKHO JHOO CcHOPMUPOBATH ABTOMATUYECKH BO
BpeMsi pa3OueHns KOJLIEKIMHM Ha TakeThl (3a7aB B artm.BatchVectorizer mapamerp
gather_dictionary, o ymosdanuio papbiii True), aub0 cO31aTh BPYUYHYIO HA OCHOBE
cBonx JaHHBIX. OOBEKT Ca0BAPSA MOYKHO COXPAHHTH B OMHAPHBIN MM TEKCTOBBIA (aii,
3aTeM 3arpyzKarhb ero u3 3Toro 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?)

loToBwrit ciioBaph MOYKHO M3MEHSITh. [IjIst 3TOTO JOCTATOYHO COXPAHWTH €r0 Ha JUCK
B TEKCTOBOM BHJIE, 3aT€M MOJIUPHUIUPOBATH MOJYYEHHBIN (hallyl 1 3arpy3UuTh €ro 0OPaTHO:

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

3 # Then, load it back
 dictionary.load_text(’my_collection_batches/dictionary.txt’)

CroBapb, COXpaHEHHBII B TEKCTOBOM dajijie, COCTOUT U3 CTPOK CJIEAYIOIEro BUIA:
token class id value tf df

rje token — crpokoBoe npejcrasienue ciosa, class id — mogaibHOCTb, tf — abcosror-
Hasg 4aCTOTa CJ0BA B KoJueKiuu, df — 9ucio J0KyMeHTOB KOJJIEKIMU, B KOTOPBIX CJIOBO
BCTPETHJIOCH X0T OBl pas. [Tose value mo yMo9anuio 3amoiHsieTcss HOPMHPOBAHHBIM 3Ha-
derueM tf, HO MOKeT OBITh M3MEHEHO (3Ta BO3MOXKHOCTBH HCIIOJIB3YeTCsl KAK MEeXaHU3M
nepeiadn JAHHBIX B HEKOTOPBIX PEryJIsiPU3aTOpax U MeTPHKAX KauecTBa).
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CioBapu MOKHO (PUIBTPOBATH BCTPOCHHBIME CpeJAcTBaMu 10 3Hadenusam tf u df, na-
HpUMep, MOXKHO OTOpPaChIBATH CJMIIIKOM YaCThle MJIM CJUIIKOM PEeJIKHe CJI0BA.

Vkazanue ciaoBaps B KOHCTpyKTOpe artm. ARTM wian B MmeTose artm. ARTM.initialize
3a/126T HOPSIOK CTPOK B MaTpunax $ u (1n,,) CONIACHO OPSAKY CJIOB B CJIOBApPE. DTO BazK-
HO, HATIPUMEP, A9 MOJAJBbHOCTH METOK BPEMEHH.

Perynsipuzatopbl MoryT Bo3ieiictBoBarh Ha MaTpunbl ®, © wunn (ptdw). Perynsa-
pusatopsl & MOTYT BO3AeficTBOBATHL Ha OT/eNbHBIE MOJaJbHOCTH. Hanmuume mapamert-
pa class_id ykasbiBaer, 4TO Pery/jsdpu3arop padoraer ¢ OJHOH MOJAJbHOCTHIO, I10-
ymordanmnio ¢ @default_class. Hanuume mapamerpa class_ids ykasbiBaer, 4TO pery-
JIIPU3ATOP PadOTaeT CO CIHUCKOM MOJAJLHOCTEH, TMO-yMOJTYaHuio co BeceMu. [loutu Bce
HapaMeTphbl BCEeX PEryaspu3aToOpPOB MOXKHO MEHSTH MEK/Iy UTEepAIUAMH O0YIeHHsI.

SmoothSparsePhiRegularizer — pe2yaapusamop c2aaicu6aHuA-pa3PEHCUCAHUA MAITL-
puyw @, peasmzosan 110 dbopmyiie (25) ¢ mHebosbnM 0600MIEHHEM:

Put = %%rlg/n(nwt + 7Buw f(Put))-

Ecau B onpenesnennn KL-muBeprennun 3amenntsb jorapudm Inz na dysrmmio A(x),
to f(z) = xN(x). [lo ymomgannto f(x) =1, aro u coorBercrByer Jorapudmy. B 6ub-
JMOTeKe MOXKHO 3aj1aBarh f(x) Kak cremennyio dyHkuuo. Bekrop (f,) 3arpyxkaercsa u3
CJIOBapd M 3a0a6TCs 3HAYEHUSIMH 11015 value Kazkaoro cioBa. [ljist Kazkaol TeMbl ¢ MOXKeT
OBITH 3aJaH CBOI TaKO# BeKTOP. TaKuM CIOCOO0M MOXKHO 3a1aBaTh «Oe/ble» U «UIEPHBIE
CIIUCKK CJIOB JIJIS 9ACTUIHOTO 00y YeHUs.

SpecifiedSparsePhiRegularizer — pesyaapuzamop paspesicusarus P, peaan3oBan
10 TO 2Ke hopMmyJie, HO T3, ABJSIETCS KOHCTAHTON U oA0UpaeTcss TAKUM 00Pa30M, YTOOBI
JIOJIsl HYJIEBBIX 9JIEMEHTOB B Marpuile ¢ okazajgach He HH2Ke 3aJaHHOTO mopora. [Ipu sTom
dbyukuust f He ucnosbdyercs, To ecrs f(r) = 1.

SmoothSparseThetaRegularizer — pe2yaapudamop CeAGHCUBGHUA-DA3PEAHCUCAHUA
mampuys, O, peanuszosan o dbopmyie (26), ¢ anagormaHbM 0600IIeHIEM:

Ora = HI%TYEH (ntd + ToziOétdf(etd))-

Oyukius [ urpaer Ty ¥Ke poJib, YTO U B PETYJIAPH3ATOPE CIVIAKUBAHUSI-Pa3pesKuBanus O.
MaccuB MuOXkKHUTEJIEH (v TIO3BOJISIET YIIPABJIATH BO3IeficTBAEM Pery/idpu3aropa Ha Kaxk 10t
i-it BHyTpeHHel urepaiun 00paboTKH JOKyMeHTa. BeKTop min Marpuna ((vg) MO3BOJSET
VIPABIATH BO3IEHCTBHEM PEryIsapu3aTopa Ha 3JIeMEHThl MaTpUIb O.

DecorrelatorPhiRegularizer — pezyasapusamop JeKoppeauposaHUs MmeM 6 MaAmpu-
ye O, peammzosan cormacuo (37). Or momb3oBaTens Tpebyercs ykazaTh KodbdunmeHt
peryagpu3aliuu 7T ¥ COUCOK MOJAJBHOCTE, HA KOTOPbhle HYKHO BO3/1eiiCTBOBATH.

TopicSelectionThetaRegularizer — pezyaapuszamop ombopa mem 6 mampuye O,
peanuzosan 1o dopmyse (64). Exuncrsentoe ommune 3aKII09aeTCS B HAJIHIHA MAaCCHBa
MHOXKHUTEJICH (v;, KAK B PEry/aspu3aTope CrIaKuBaHUsI-paspeKuBanus O.

SmoothTimeInTopicsPhiRegularizer — pe2ysapu3amop C2AGHCUBAHUA MeM N0 MO-
danvrocmu epemenu 6 mampuue O, peaanzoBan mo popmye . it KOppeKTHOM pa-
O60TBl peryasgpuszaropa Tpebyercsd yKa3aTh UMs MOJAJHHOCTH BPEMEHH M PACIOJIOXKHTD
TepMbl BpEMEHHU B cJIoBape u B MaTpuile ¢ B XPOHOJIOTHTIECKOM MOPSIKE.
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NetPlsaPhiRegularizer — pezyasapuszamop mampuyve © das modasvrocmu eepuiun
epadgha u3 mozenn NetPLSA. JlokymerTbl JOJIZKHBI CO/IEPXKATH TEPMBI BEPIIUH TPa-
da v. B mapamerpax peryaspuzaropa 3aJaf0Tcsi MMeHa BepIuH v, ux Beca |D,| n Beca
pédep rpada wy,.

ImproveCoherencePhiRegularizer — pezyaapuszamop Kozepenmmnocmu, peaJn30BaH
o dopmyre (70) m B KadecTBe mapamerpa TpebyeT €JIOBaph MAPHON COYCTACMOCTH
ciioB Cyy (cOBpaTh €ro MOXKHO ¢ HOMOIIBIO BCTPOEHHOTO T1apeepa).

BitermsPhiRegularizer — peeyaapusamop bumepmos, peann3oBaH 10 GHOpMY-
nam (67)—(68) u B katecrBe mapamerpa TpebyeT CJI0BAPL YACTOT GHTEPMOB Ny, (3a1a4a
ero cOOPKH JIOZKUTCS HA MOJTH30BATEJIS ).

LabelRegularizationPhiRegularizer — pezyaapuszamop b6ararca kAaccoe s MaT-
punbl ¢ n1g 3amau KaaccuUKAIMU ¢ HecOATAHCHPOBAHHBIMU KJaccaMu. Peaam3oBan
1o dopmy.Jie . B kadecrBe mapamerpa Tpebyer cjioBapb KJIACCOB CO 3HAYECHUSIMU
ux Mommuocredt |D,|.

HierarchySparsingThetaRegularizer — pe2yiapusdamop Uepaprutecko2o paspescu-
sanusA O, HCHOJB3YeTC I Pa3pe:KUBAHUS MATPHUIBI CBA3EH MEXKy POJIUTETHCKUMUI Te-
MaMHU U UX JIOYEPHUMH IOJATEMAMHU B HEPAPXUYECKHX MOJIEJSIX, COrIacHo dopmyJie .

TopicSegmentationPtdwRegularizer — pezyaapuzamop E-waza dra pazpescusanus
ceeMENMO8 8 MAMPUUGT (Piaw ), OLIpeesieMblii 110 (opmyaie (92)).

SmoothPtdwRegularizer — pezyasausamop FE-waea das cerancusanus mampuyy (Pidw )
0 JIOKAJIbHOMY KOHTeKcTy. lIpubian:kaer temMarndecknii npoduib KayKI0I0 BXOXKIEHHS
TepMa K yCPeJHEeHHOMY TpOMUIo ero coceeil (o okHy GUKCHPOBAHHON TIUPUHDI).

PeryagpusaTopsl MOTYT BKJIIOUATHCS, OTKJIIOYATHCA U MOAUMDUITPOBATHCS B TIO00H
MOMEHT MezkAy BbizoBamu fit_offline mim fit_online, 4TO MO3BOJIAET, B COBOKYIIHO-
CTH C KOHTPOJIEM METPHUK KadyecTBa, I'MOKO MEpecTpauBaTh CTPATEIHIO PEryJisapU3alliu
B COOTBETCTBHH C TEKYIIHUM COCTOAHUEM MOJEJIN. HpHMep:

1 reg = artm.DecorrelatorPhiRegularizer (name=’decor’, tau=le+5)
> model.regularizer.add(reg)
3 model.scores.SparsityPhiScore (name=’sparse’)

s model.fit_offline(batch_vectorizer=bv, num_collection_passes=10)
6 print model.score_tracker(’sparse’).last_value

. # Printing result: 0.15 - too small. Let’s increase tau
model .regularizer[’decor’].tau = 3e+b
model.fit_offline(batch_vectorizer=bv, num_collection_passes=15)

MHoronoTtouHbii nakeTHbli EM-anroputm. Bubimoreka BigARTM nosBossteT obpabda-
THIBATH KOJLIEKIUU JOKYMEHTOB, He IOMEIIAIoNuecs B ONepaTUBHYIO TaMATh. [ 9100
koJuiekust D ¢ nomormpio BatchVectorizer pasbusaercs na nakerst Dy, b=1,... B,
KaK/IbIl U3 KOTOPBIX XPAHUTCs B OTALAbHOM (haite. OOBIYIHO UCIOIB3YIOTCS TTAKeThI Pa3-
MepPOM OT COTeH KMJIODAWT 10 JecaTKOB MerabaiT. KosdduimeHTsl peryisapus3ainn 3a,1a-
I0TCAd B MOMEHT CO3JIQHUS MOJIE/IA, HO IIOTOM MOIYT OBITb B JIIOOOH MOMEHT H3MEHEHDI,
B TOM 4ucJe B xone EM-urepanmii.
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[TakeTsr o6pabarbiBaiorcsa dynkuueit ProcessBatches Anropurma [6] Odbdnaiinossrit
anropurm FitOffline zanyckaercs Boizoom ¢dynknun ARTM.fit_offline, omsaiinoBbIit
FitOnline — ¢ynkmun ARTM.fit_online. JIng BKJIIOUEHHS] ACHHXPOHHOI'O AJTOPHT-
Ma mocsegHeit HaJo0 IepenaTh mapamerp async=True. KoHTposab yciaoBuil cXoIuMOCTH
EM-anropurMma Bo3jaraeTcs Ha IIoJb3oBaTends. Ilpolie Bcero 3amaBaTh YHCIO HTepaIuii
0 KOJLIEKIIUN U 1O KaXKIOMY JIOKYMEHTY.

HOCTpOQHHyIO TeMaTUYIEeCKYIO MOAEJIb MOXKHO MCITIOJIB30BaTh AJId TeMaTUu3alluu OTAE/Ib-
HBIX JOKYMEHTOB Ipu (hpUKCHpOBaHHONE MaTpuIiie $. 91a BO3MOXKHOCTH peaau3yercs (PyHK-
mueii ARTM. transform, KoTopas IPOIYCKAaeT JTOKYMeHTHI dyepe3 ProcessBatches.

MeTpukn kadecTBa jobaBagrOTCH 4depe3 1moJig scores odobekra ARTM. B sror momenT
y MHOI'HX METPHK MOXKHO 33/1aBaTh IapaMerpbl. Belduc/ieHHbIe 3HAUEHNsS] METPUK H3BJIe-
KaIoTCs depe3 1MoJIs score_tracker.

PerplexityScore — nepn.aekcus, BeIIucasgeMas no hopMyste . g eé KoppekT-
HOM PaboThl HYKEH CJ0BAPbh, COACPKAINMMA HOPMUPOBAHHBIE YACTOTHI CJIOB B KOJLICKIINH
(ne moudunupoBannbie 3Ha4eHust value jyist Kaxkaoro ciosa). OHU UCHOJIB3YIOTCS B Ka-
94ecTBe AMNIPOKCUMAIMN HYJeBbIX 3HavYeHuil p(w|d) 1 HO3BOJSIOT KOPPEKTHO ONEHUBATH
MOJIEJIM Ha OJHOM CJ0Bape, HO C PA3HON CTENEHBIO PA3PEKEHHOCTH.

[Tpumep MOAKIIOYEHEs! EPILIEKCUH s MoJaabHocTH @default_class (crangaprHast
MOJAJIBHOCTD CJIOB):

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

> m.scores.add(artm.PerplexityScore(name=’perp’,
class_ids=[’@default_class’],
dictionary=dictionary))

3HavyeHusT MePIVIEKCHH MOXKHO BBIBECTH CJeIyonuM obpasom (Bmecto value MOXKHO
BBIBECTH, HATIPHMED, YUCIUTEh H 3HAMEHATEJb MePIJIEKCHI 10 KazKA0# MOJATbHOCTH):

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

[Toste value cogepkuT BCIO UCTOPUIO 3HAYEHUI METPUKHU 110 OOHOBJIEHUSIM MaTPHUIbl .
Y sro6oro mosist J1000i METPUKH MMeeTcs BapuaHT ¢ npedukcoMm last_, KOTOPBIH BO3-
BpalllaeT 3HaueHHe METPUKH Ha MOMEHT IOCJeHeil CHHXPOHW3AIUU. DTO MOYKeT ObITh
[IOJIE3HO JJI NOJIYYeHUs MaCCUBHBIX MeTpuK Tula TopTokensScore.

SparsityPhiScore/SparsityThetaScore — paspesrcennocmo mampuy © v O. Orme-
HUBAIOTCH JI0JIeil 97IeMEeHTOB MATPUIIBl, MEHBITHX 33JIAHHOTO II0JIh30BaTEIeM OPOTa.

TopTokensScore — mon-ca08a 6 memax, CIUCOK U3 33JaHHOI'O 4YHCJa CJIOB ¢ Hau-
OOJIbINIEH BEPOSITHOCTBHIO IO KaxKJIoi Teme. Ecau B mapamerpax 3TOH MeTPHUKH yKa3aThb
CJI0BAPh MAPHOM COYETAEMOCTH CJI0B, TO OyJAeT BhIYHC/IeHA KorepeHTHocTh Cohy mo crmc-
KaM TOII-CJIOB B TeMax, coriacio dpopmysie (95)).

TopicKernelScore — s0posuie Tapaxmepucmuky mem: 9uctora Pury, KOHTPACTHOCTH
Cony, pasmep siapa Ker; omeHuBaromme pa3andHOCTh W, KOCBEHHO, HHTEPIPETHPYEMOCTD
KaXKJI0il TeMbI t, CM. CTP. AHaJIOTIYHO TOII-CJIOBaM, YKa3aHUe CJI0Bapsl MapHOi code-
TaeMOCTH 3aIIyCKaeT IMOACIYET KOrePeHTHOCTH, HO Telephb YKe IO SAPaM TEM.

BackgroundTokensRatioScore — doas dornoswz croe, 1isg KOTOpbIX KL-auBeprennus
Mek1y pactpegersenuamu p(t) u p(t|w) Beimre 3amannoro mopora delta_threshold.
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TopicMassPhiScore — wacmomu, mem n; u pacupeaenenus p(t) = % J14d BCEX TeM T,
BBIUUC/ISIEMbIE 10 MATPUIE (704 )-

ItemsProcessedScore — wucao 06pabomanHvlr 00KYMEHMOS, TEXHUIECKasT MeTPUKA,
MMOKA3bIBAKOIIAs [0 UTEPAINSM KOJUYECTBO JOKYMEHTOB (C TOBTOpaMH), 00pabOTaHHBIX
¢ MOMEHTa BKJIIOUEHUS METPUKH.

PeakMemoryUsage — nuxogoe nompebieHue namamu, TeXHUIecKasi MeTPUKa (10CTyII-
Hast TobKO B C++ uHTepdeiice), npegocrapisionias nHMGOPMAIHID O MAKCUMATBHOM TI0-
Tpeb/IeHNH ONEePATUBHON MaMsTH 32 BpeMs Kaxk/I0il nTepanuu ajropurMa.

[Tonb3oBaTe b MOXKET HE TOJLKO CO3/[aBaTh COOCTBEHHBIE METPUKHU, HO U BBIYUC/IATD
X HAPSAMYIO, CJIeJIaB BBITPY3KY mapamMeTpoB mozenn ¢ u O.

Buirpy3ska napametpos mogenu. B ciemyiorem Koje MOKa3aHO, KAK MOy IYUTh MaTpPU-
iy & (rounee, nepsrie 10 Tem 1edOATHONR MOTATBLHOCTH):

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

Ykazanne napaMmerpa model_name=model.model_nwt m03BoOJIsIET aHAJOIHYHBIM 0Opa-
30M 1IOJIYYUTDb 3HAUYEHUH Ty BMECTO Dyt

C marpuneit © MoxkHO paboTaTh mo-paszHomy. Bo-mepBrix, € MOXKHO BOODIIE HE Xpa-
HUTH, €CJIM OHA He HYKHA. BO-BTOPBHIX, MOYKHO XPAaHUTHL €€ B K3IIe, 3aJaB Mepej Hava-
JIoM oby4denus mnapamerp cache_theta=True. B TpeTbux, MOKHO BKJIIOUUTH XpaHeHue O
B $-1o100H0i1 MaTpuIle, 3a1aB HapaMerp theta_name. 910 gacT ¢BOOOIHBIN JOCTYII K MAT-
pHulle Ha YTeHue U 3aIuch B JII0O0H MOMEHT. B mepBoM ciydae BHITPY3UTH MATPHUILY HEBO3-
MOKHO, B OCTAJIbHBIX MPUMEHUM CJICIYIONANA KO/

L # case 2

> model.get_theta()

3 # case 3

+ model.get_phi(model_name=model.theta_name)

Bce onucannble BHI30BBI Bo3BpaIaioT o0beKThl pandas .DataFrame.

[Tomumo onucannoro marepdeiica BHIPPY3KH MATPHUIl, €CTh BO3MOXKHOCTDH IOJIYYUTH
yKa3aTe/b Ha MATPHUIy U HAIPAMYIO MOAUMDHUIMPOBATHL MaMATh, UCHOJL3YEMYIO SIPOM
OnOJINOTEKH, YTO CYIIECTBEHHO YMEHBIIaeT PAcXO] HaMATH U BpeMs BBIYHCICHUH.

BoiBoabl no rnase 20

e JlaH®l HAYATBHBIE CBEJIEHUS 110 TPAKTUIECKOMY ITPUMeHeHnIo 6O moTekn BigARTM,
BKJII0Ya4d UCIOJb30BAHNE BCTPOECHHBIX PETrYAIPU3ATOPOB U METPUK KAdeCTBA.

e BoJjee noapobuyo nHMOpMAIUIO U IpUMepbl Koja Ha s3bike Python moxkno maitu
B JIOKyMeHTaIluy Ha cafiTe http://bigartm.org.

134



21 TemaTumyeckuii NOUCK N gpyrue npuao>KeHus

BakHbIM TpHIOKEHHEM TEMATHIECKOTO MOJETUPOBAHUS SABIATCI UHPOPMAUUOHH LT
nouck (information retrieval) [220)], 25]. CoBpemenubie MOHCKOBBIE CHCTEMBI MPEIHA3HA-
YeHBI, TJIABHBIM 00Pa30M, /i TMOUCKA KOHKDETHBIX OTBETOB HA KOPOTKNE TEKCTOBLIE
3arnpocel. CoBceM Jpyrue MOMCKOBBIE MOTPEOHOCTH BO3HUKAIOT y HOJIb3OBaTe e, KoTo-
PBIM HEOOXOJIMMO pa300paThcs B HOBO MpeiMeTHON 06,1aCTH WU MOTOJTHUTH CBOI Darazk
3HaHwmii. [losp30BaTeTH MOYXKET He BJIa/IeTh TEPMUHOIOTHEN, C1a00 MOHUMATH CTPYKTYDY
npeaMeTHON 00JIacTH, He UMeTh TOYHBIX (POPMYJHPOBOK 3aIpoca W He MOJpa3yMeBaTh
e TMHCTBEHHBII MPABUIbHBINA OTBeT. B TakuxX caydasx HyzKeH TOUCK He MO KJIIOYeBBIM CJI0-
BaM, a M0 CMBICTY. 3AIPOCOM MOZKET ObITh JTMHHBI (DpArMeHT TEKCTa, JOKYMEHT WJIu
moAbopKa JTOKyMeHTOB. Pe3yabrarom momcka MOKeT ObITh OObIYHAs ITOMCKOBasi BhIAA4a,
B BH/Ie CITICKA JIOKYMEHTOB WK DOJiee CTPYKTYPUPOBAHHOE IIPE/ICTABIECHUE C Pa3/ieIeHueM
o TeMaM WM rpaduieckas BU3YATU3AIUsd — «JOPOXKHAS KapTay MpeIMeTHOH 00IacTH,
CTATUYeCKasd WU WHTEePAKTUBHAS.

g 3Tux ciaydaeB MOAXOIUT MapaJnurMa pa3eedouro20 UHMOPMAUUOHHO20 NOUCKG
(exploratory search) [123], 216]. Ero neibio siBjisiercsi moJtyvdeHre OTBETOB HA CJOXKHBIE
BOIIPOCHI: «KAKUE TEMBbI [IPEJCTABACHBI B TEKCTE 3aIPOCA», «9TO YUTATH B IEPBYIO OUe-
peib M0 STUM TeMaM», «9TO HAXOIUTCS Ha CTHIKE STUX TeM CO CMEKHBIMU 00aCTIMUY,
«KaKOBa TeMaTU4IecKas CTPYKTYpa JAHHON MpeaMeTHONl 00/IacTHy, «KaK OHA Pa3BUBAIACH
BO BpEMEHU», «KAKOBBI MOCTIEHIE TOCTHZKEHUS », «T/Ie HaXOAATCS OCHOBHBIE TIEHTPBI KOM-
HETEHTHOCTU», «KTO SIBJISETCS IKCIEPTOM MO JTaHHON Temes u T. 1. [losp3oBaTenb oObId-
HOU TTOUCKOBO# CUCTEMBI BHIHYKJEH UTEPATUBHO MepedopMyInPOBATH CBOM KOPOTKHUE 3a-
HPOCHI, PACHIUDsd 30HY TOUCKA MO MEpe yCBOCHHS TEPMUHOJOIUU IIPEIMETHONR 0bIacTH,
IEPUOJMYECKN MEePEeCMATPUBasi U CHCTEMATH3HPYS pe3y/abrarhl noucka [I51]. Dro Tpeby-
eT 3aTpaT BPeMeHH M BBICOKOI KBaimdukanuu. Pa3Be0IHbIi TOUCK peaTn3yeTcs C Io-
MOTIBIO BU3YAJIBHBIX TEKCTO-rpaduvdecKnx mpecTaBIeHnil «0o0meil KapTUHBI», TAIONUX
MOJIB30BATETIO OOJIbINE YBEPEHHOCTH, YTO BCE BayKHEHTIINe aCTIeKThI N3ydaeMOil POOIeMBbI
HalIeHbl 1 OTOOpazKenbl. e oOpasHo UpeJIcTaBUTh UTEPATUBHBIN OUCK Kak OJIyzKjia-
HUE 110 JJADUPUHTY 3HAHUHN ¢ (POHAPUKOM, TO Pa3BEIOYHbBINH MOUCK — 3TO aBTOMATHIECKOE
IOCTPOEHHe KapThl /I JIFOOOH JacTH 3TOr0 JIADMPHUHTA.

TemaTtunyeckuin nouck. IlosHOTEKCTOBBIE TOMCKOBBIE CUCTEMBI OCHOBAHLI HA WHBEPTU-
POBAHHBIX WHJEKCAX, B KOTOPBIX JJIsI KAYKJI0T0 CJ0BA XPAHUTCS CIIUCOK COJMEPIKAIIIX er0
nokymenTon [15]. TTonckoBast cucTema MIET JTOKYMEHTHI, COJepZKalIie Bee CI0Ba 3a1poca,
HO9TOMY TI0 JITHHHOMY 3aIIpOCy, CKOpee BCero, Hu4ero He OyeT HaiiIeHo.

Cucrema TeMaTHIeCKOTO PA3BEIOTHOrO MOMCKA CHAYAIA CTPOUT TEMATHIECKHI BEKTOD
p(t|q) 3ampoca ¢. 3arem Jjisi TOUCKA JTOKYMEHTOB CXOKeii TeMaTuky ([OMCKA JOKYMEHTOB
110 JiokyMenTy, document-by-document search) MOryT nIpuMeHSITBCS Te YKe MEXaHHU3MbI HH-
JIEKCUPOBAHUS, TOJIHKO B POJIH CJIOB BBICTYNAIOT TeMbI. [[0CKOTBKY YHCIO TeM HA HECKOIb-
KO MOP$/IKOB MEHbIe 00bEMa CJI0BAPs, TeMATHIECKHUIl MOUCK TPeOyeT HAMHOTO MEHBIITE
HAMATH IO CPABHEHUIO C MOJTHOTEKCTOBBIM IMOUCKOM M MOXKET OBITh peajn30BaH Ha 0oJiee
CKPOMHOW TEXHUKE.

Texuopornn wHOOPMATMOHHOTO HNOWCKA HA OCHOBE TEMATHIECKOTO MOJIEJTUPOBAHUS
JI0JITOe BpeMsl HAXOAWINCh B craanu nccaegopannii [184) B39, 154 47, 22 206], Ho Tak u
He BBIIILJIA HA YPOBEHb IMIHPOKOT'0 KOMMepPUYeCKOro MpruMeHeHus. B auTeparype mo pas3se-
JOYHOMY TIOUCKY Ha TeMaTHIecKoe MojieupoBanue uHora cepuiatores [171 8T 167, 193],
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OJIHAKO MHOTHE 0630pbl 0 HEM BooOIe He yrnomunator [76, 163 181, 08| 124, 94]. C apyroit
CTOPOHBI, B paboTax 10 TeMaTUYCCKOMY MOJEIUPOBAHUIO PA3BEJIOYHbINA MOUCK YAaCTO Ha-
3bIBAIOT OOHUM M3 BasKHEMIINX HpI/IJ’IO}KeHI/IIU/I, a OIEHKU KaveCTBa IMMOUCKa UCIIOJIb3YIOT IJIdAd
Basuaanuu reMarndeckux mozeseit [220, 25]. 91o rooput Kak 0 pasobMIEHHOCTH HCCITIe-
JIOBATEIHLCKUAX COODIIECTB, TAK U O TOM, YTO TeMAaTHIECKOe MOJIEJTHPOBAHHE TTOKA HAXOJIUT
JINIITH HUIIEeBbIe TPUMEHEeHHsT B HH(MOPMAIMOHHOM TIOUCKE.

B crarbe [193] BazkHBIME TpeMMyIIECTBAMH TEMATHIECKUX MOJENel sl TIOUCKa Ha-
3BIBAIOTCS THOKOCTD, BO3MOYKHOCTH BU3YAJIH3AIMKA U HaBUTAIMU. B KadecTBe HeIOCTATKOB
orMedaloTcd 1pobJieMbl ¢ UHTEPIPETUPYEMOCTBIO Te€M, TPYJAHOCTH ¢ Mojauduraiueii re-
MaTHYECKOIT MoOZeJIn Mpu IMOCTYIIJICHUHW HOBBIX JOKYMEHTOB M BbBICOKAA BbIYUCJIUTEJIbHAA
CA0XKHOCTH. OTHAKO 3T TPOOJEMBI OTHOCITCS K YCTAPEBITHM METOaM U OBLIN YCHEITHO
peIIeHbl B MOCJeAYIONIHe TO/Ibl: JeCATKA HOBBIX Mojeseil pa3paboTaHbl s YJIyYIleHHsT
UHTEPIPETHPYEMOCTH; OHJIAMHOBBIE AJTOPUTMBI CIIOCOOHBI 00pabaThiBaTh OOJBIINE KOJI-
JIEKIIMHU ¥ IOTOKU JOKYMEHTOB 3a JuHeiinoe spems [133) [36, 194].

OueHuBaHmne kKayecTBa Tematmnyeckoro novcka. Mogeas ARTM aig TeMarndeckoro
pa3BeoIHOro moucka Oblta npejioxkena B [21] u ynyurrena B cepun pator [90, 9] 92].
J11s1 u3MepeHust KauecTBa MOUCKA HCIIOJIB30BAIICH KPUTEPUH TOYHOCTU U IMOJTHOTHI Ha OC-
HOBE OILIEHOK aCeCCOPOB.

Brria coctapiaena Beibopka m3 100 3ampocoB — TBOPYECKHX 3aJaHHI Pa3BeIOYHOIO
noucka. Kaxkjplit 3anpoc npejcrapjisyi co00#l TekcT 00bEMOM OKOJIO OJIHON CTPaHHIbI
dopmara A4, onuchIBAONNI TEMATHKY MOUCKA. Karkaoe 3aaHne CHAYa 18 BBIIOJIHIIOCH
HE3aBUCUMO HECKOJIbKUMH aCeCCOPAMH, 3aT€M CUCTEMOW TEeMaTHYEeCKOTO IOUCKA, 3aTeM
e pe3ysbTaT CHOBa OIEHUBAJICA aceccopaMu. JlaHHas MeTOIUKa MO3BOJISET, €IUHOXKIbI
clie/IaB Pa3MEeTKy Pe3y/JabTaTOB ITOHCKA, MHOTOKPATHO OINEHHUBATL KAUECTBO PASJTHMIHBIX
TEMAaTHYICCKUX MOﬂeﬂeﬁ 1 MEeXaHU3MOB ITIOUCKa.

DKCIIEPUMEHTBI 110 TOA00PY TeMATHIECKON# MOJIETH I Pa3BeJI0YHOIO MOUCKA ITPOBO-
JUINCH HA JBYX KOJUIEKINAX: 175 THICAY cTaTell PYCCKOS3BIYHOTO KOJLIEKTHBHOTO 0JI0Ta
habr.ru u 760 Thicsau crareii aHrI0sA3bI9HOTO OJsiora techcrunch.com. Bwiio nmoxkazano,
YTO TEeMaTUYeCKHUil TTOMCK HAXOIUT OOJIbINTEe PEJIEBAHTHBIX JOKYMEHTOB, Y€M aCeCcCOPbI, KO-
Topbie 3aTpaduBatoT 30 4= 20 MUHYT Ha BBHIIIOJHEHHE KaKI0TO TOUCKOBOTO 3aaHUS.

Kombunuposanue peeysapuzamopos 1eKOPPEJIUPOBAHNS, PA3PEKUBAHUS U CIUIAZKIBA-
HUS BMECTe C MOJAJbHOCTIMHU M-I'PaMM, aBTOPOB U KATErOpuil 3HAYUMO YJIYYUIIaeT TOY-
HOCTb ¥ IOJTHOTY IOHCKa (pI/IC., KOTOPBIE JocTUraloT 85% IpH THiaTeJbHOM I10A60pe
aucya tem |T'| (puc. , u Buime 90% npu HCHOIBL30BAHAN HEPAPXUYECKONR TeMaTHIeCKOi
MOJIEJIH € TIO0OPOM YHCJIA TeM Ha BCEX YPOBHSIX Mepapxuu (pHC. .

Cmpamezus pezyaspusayuu crpourcs B Tpu dtana [90]. [Tepseiit s1an u3 8 urepanuit
BKJIIOYAET TOJIbKO JIEKOppeJIMPOBaHue, 4TO0ObI C/Ie/IaTh TeMbl KaK MOXKHO 00Jiee pa3/IiudHbl-
mu. Bropoit atan u3 8 urepanuii paspe:kuBaer CTOJAOIBI MATPUIB O, YTOOBI IO TeMaTu-
qecknM BekTopam p(t|d) 4éTKO OnpeneNnanch peJeBaHTHBIE TeMbl JTOKYMeHTOB. Tperuit
STAll U3 8 UTepaIuil CriIakKuBaeT cToJA0IBI MAaTPUIlLl P, 9TOOLI IPEeIOTBPATHTH BHIPOZK,Ie-
aue pacnpegesennit p(w|t). Ha xaxmgom u3 Tpéx sTanoB koxpHUIHEHT peryaspu3animn
(T, a, f COOTBETCTBEHHO) TOJAOMPAETCS 110 CETKE U3 4eThIpEX 3nadenuil. KadecrBo mojie-
JIM KOHTPOJIMPYETCs [0 KPUTEPUSAM TepIiekcnt u paspexxennocru, puc.[30, Okazamnocs,
9TO TaKas CTPaTernsd, HalleJeHHAs Ha YaydllleHne HHTePIpPeTuPYyeMOCTH TeM, caMa coDoit
YJIYUIIaeT U Ka4ecTBO TeMATHUYECKOI'0 MTOUCKA, XOTs HUKAKHe KPUTEePUU KAa4ecTBa MOUCKA
HEIOCPEJICTBEHHO He ONTUMH3UPYIOTCS.
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(a) xauecTBO moucka 1o kKojureknuu Habr.ru (6) xauecTBO moucka 1o Kosteknud TechCrunch.com

Puc. 27: Tounocts (Precision@k) n monrora (Recall@k) mo mepBbIM & MO3WIUAM BBIZAYH MPH MTOMCKE
[0 JUIMHHBIM 3anpocaM. JIOKyMEeHThl PAHKHPOBAJINCH 110 KOCHHYCHON Mepe CXOZCTBA TEMATHYECKUX BEK-
topoB. Uepapxudeckas momenb hARTM omnepeskaer mo TOYHOCTH W MOJHOTE TIOCKY0 Moxens ARTM,
[P 9TOM 00€ MOJEIIH PEryIsipU30BaHHbIE U MYJIbTHMOAAIbHbIE. Moe/n paHKupoBaHusl, OCHOBAHHBIE HA
cxozacrse BekTopos c1os (TF-IDF, BM25) uiiu neiipoceresbix smbequnros (word2vec), ABIAIOTCHA CHIbHDI-
MW KOHKYPEHTaMH, HEMHOTO OTeperkast JIIo/ieil (assessors) 1o MoJIHOTE, HO OTCTaBast OT HUX MO TOYHOCTH.
Knaccnaeckne remarnyaeckne Mogenn PLSA u LDA we Boimep:kuBator KoHKyperiwn [91].

Habr.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 0725 0752 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 0682 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 0773 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 0763 0.793 0812 0.868 0.855
RQ15 0.850 0.824 0.895 0.891 0.871 0.773 0.835 0782 0.807 0.855 0.890 0.882
R©@20 0.873  0.857 0.905 0.925 0.892 0.771 0.867 0792 0.823 0.862 0.919 0.903

Puc. 28: ITonGop ontumanbHOro duciaa TeM mo KpurepusM tognocru (PQ@k) u nonuorsr (RQE) nmoncka
st <«autockoity mogenun ARTM ¢ peryasipuzaropamu (JeKoppesupoBaHue u criaxkupanue marpuipl D,
paspexkuBaHue MATPUIBI ©) U MOJATLHOCTAMHU (N-TPAMMBI, ABTOPbI, KATErOopun) Ha Kojuekusax Habr.ru
u TechCrunch.com. JIyist cpaBHeHWsI TOKA3aHbI OIEHKN KavecTBa MONCKA, BHITIOIHEHHOTO aceccopamu [91].

[TpuMeHeHHe HepapXudecKuX TeMarnaeckux Mojeneil B [91] mossomio yayammurs To4-
HOCTH ¥ IIOJHOTY emié Ha 5-8% IpH OJHOBPEMEHHOM YBEJIMYEHUH ONTHMAJLHOIO YHCIIA
rem |T'| B HECKOABKO pa3, cM. puc.[29] Dror pesy/brar MOKHO HHTEPUPETUPOBATD CJlELy-
oM 006pa30M: MOCTENeHHoe Apod/IeHne TeM Ha MOATeMbI cocobcTBYeT Hojiee akKKypaT-
HOMY Pa3peKMBAaHNI0 TeMATHYECKUX BEKTOPOB JOKyMeHTOB p(t|d). Tembl, KOTOPBIX TOY-
HO HET B JAHHOM JOKYMEHTE, MOJYYaloT HYJEBYIO BEPOATHOCTH YK€ Ha MEPBOM-BTOPOM
YPOBHE mepapxuu. 1103ToMy MeJIKO I'paHyIHpOBaHHBIE MOATEMbI HUXKHETO YPOBHH, KOTO-
pble MOIIH ObI OBITH CTATUCTHYCCKH HEeHAMEKHBIMI, HACACLYIOT HYJIEBbIE BEPOATHOCTH OT
CBOMX POJMTENbCKUX TeM. Kak pe3y/abrar, HOMCKOBas BblJada OYUINACTCA OT HEPEeJeBAHT-
HBIX «MYCOPHBIX» JOKYMEHTOB, YTO W O3HAYAET YBEJIMYCHUE MMEHHO TOYHOCTH IIOMCKA.
[TotHOTA MOMCKA TaKKe HEMHOI'O YJIYUIIAETCH, BO3MOXKHO, O/1aroaps yBeJInIeHnIo pas-
MEpPHOCTH TeMaTHYECKUX BEKTOPOB. MOMKHO CKa3aThb M TaK, YTO HePAPXUUECKHe TeMaTH-
JecKue IpeICTaBIeHns JOKYMEHTOB JYUIle COOTBETCTBYET IeI0BEUeCKOM JTOTHKE MOMCKA:
KOT/1a, MBI HIeM MH(MOPMAIHMIO, Mbl CPa3y OTCEKAEM TO, 4TO HAM TOYHO HE MOJXO/IUT.

Abssimmnonnbre sxcnepuMenTsl B [91] mokasasu, 9To Bee peryssipu3aToOphl M MOIAb-
HOCTH BayKHBI: BBIKJIFOUEHHE KazKJI0T0 M3 HUX M3 MOJEIH IPUBOIUT K IIAJIEHII0 TOYHOCTH
¥ IOJIHOTHI [IOUCKA.
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Habr.ru
|| 20 25 30
|T>| 150 200 250 275 300 400 450

P@5 0.621 0.742 0.839 0.850 0.865 0.869 0.869 0.803 0.769 0.701 0.670
P@10 0.645 0.749 0.850 0.861 0.879 0.911 0.895 0.809 0.796 0.719 0.689
P@15 0.635 0.751 0.848 0.869 0.873 0.893 0.887 0.807 0.781 0.721 0.701
P©20 0.630 0.745 0.841 0.855 0.864 0.874 0.875 0.800 0.775 0.709 0.675

R@5 0.628 0.773 0.843 0.865 0.881 0.881 0.868 0.849 0.839 0.715 0.691
R@10 0.652 0.782 0.855 0.871 0.902 0.918 0.877 0.871 0.845 0.745 0.699
R®@15 0.671 0.801 0.870 0.889 0.929 0.939 0.901 0.883 0.861 0.781 0.722
R©@20 0.680 0.819 0.886 0.892 0.955 0.955 0.907 0.901 0.872 0.801 0.729

|T5] 750 800 1200 1300 1300 1400 1500 1500 1600 3000 3500

P@5 0.625 0.743 0.840 0.852 0.869 0.872 0.870 0.805 0.771 0.705 0.672
P@10 0.648 0.754 0.851 0.867 0.882 0.915 0.901 0.811 0.799 0.722 0.694
P@15 0.632 0.752 0.850 0.872 0.878 0.895 0.889 0.809 0.785 0.729 0.703
P@20 0.629 0.745 0.845 0.861 0.871 0.877 0.882 0.803 0.778 0.710 0.681

R@5 0.632 0.780 0.845 0.869 0.883 0.889 0.872 0.851 0.841 0.721 0.695
R®@10 0.654 0.792 0.859 0.873 0.905 0.922 0.881 0.873 0.850 0.749 0.703
R@15 0.675 0.805 0.874 0.892 0.932 0.942 0.905 0.889 0.863 0.787 0.725
R®©20 0.684 0.824 0.889 0.901 0.958 0.961 0.912 0.904 0.878 0.805 0.734

TechCrunch.com
|T1 | 80 100 120
| T 300 350 500 550 600 700 750

P@5 0.651 0.701 0.749 0.789 0.883 0.889 0.889 0.785 0.721 0.701 0.675
P@10 0.675 0.709 0.771 0.821 0.891 0.918 0.902 0.803 0.738 0.718 0.691
P@15 0.687 0.712 0.773 0.827 0.899 0.919 0.905 0.817 0.741 0.721 0.701
P©20 0.683 0.707 0.759 0.815 0.885 0.888 0.895 0.805 0.732 0.716 0.679

R@5 0.749 0.791 0.801 0.854 0.868 0.875 0.861 0.849 0.829 0.731 0.701
R@10 0.765 0.809 0.823 0.873 0.890 0.904 0.875 0.867 0.835 0.745 0.708
R@15 0.771 0.820 0.841 0.882 0.909 0.921 0.895 0.890 0.848 0.769 0.717
R@20 0.778 0.825 0.851 0.887 0.928 0.942 0.929 0.901 0.869 0.785 0.728

| T3] 1500 1700 2500 2600 2600 2800 3000 3000 3200 4500 4700

P@5 0.655 0.707 0.751 0.792 0.887 0.893 0.890 0.789 0.722 0.703 0.678
P@10 0.678 0.712 0.773 0.823 0.895 0.922 0.905 0.805 0.741 0.722 0.692
P@15 0.692 0.715 0.775 0.831 0.902 0.921 0.907 0.821 0.743 0.725 0.703
P@20 0.687 0.709 0.761 0.819 0.889 0.885 0.898 0.809 0.736 0.719 0.683

R@5 0.751 0.795 0.802 0.856 0.871 0.877 0.863 0.852 0.831 0.738 0.705
R@10 0.767 0.812 0.825 0.875 0.892 0.908 0.879 0.871 0.842 0.751 0.711
R@15 0.772 0.824 0.841 0.887 0.912 0.927 0.901 0.893 0.854 0.772 0.721
R©20 0.783 0.830 0.854 0.892 0.931 0.949 0.935 0.905 0.871 0.790 0.732

Puc. 29: TTonfop onTrMaibHOTNO Yncjaa TeM mo Kpurepusm touHoctd (PQE) u nomHoTsr (RQE) B 1BYX-
YPOBHEBOiI U TPéXypoBHEBOil uepapxudeckoil mogenun ARTM ¢ perynspusaropaMn u MOZATBHOCTSMU.
Hna xazkaoro yposus ¢ nonobpano csoé ontumanpuoe ducao reM |Ty|. Tpéxyposresas Moaennb pocruraer
JIYUIIIero KavuecTBa MOMCKA, TPU 9TOM 3HAYWTENHHO YBEINUNBASTCS ONTHMANBHOE YNCIIO TeM Ha HUYKHEM
yposue [91].

TemaTuyeckve mMogenn B COLMO-TYMaHUTAPHbLIX uUccaegoBaHusx. V3BecTHo MHO-
JKeCTBO IPUKJIAJIHBIX 33/a9 M CIEHAPHUEB NPUMEHEHUs] TeMaTUIeCKOro MOETPOBAHUS
B 1M pOBBIX TyMaHUTAPHBIX HecrenoBanngax (digital humanities), dburonorun, Kyabrypo-
JIOTHH, COIUOJIOrnH, TosuTosnorun, ncropuu [48), 215, 07].

Yamre Bcero mccieioBaHe HAYNHAETCA C BOIPOCA «KaK MOHSAThH, O YEM BCE DTHU TEK-
CTBI, HE YUTasd UX» WM «KaK BBIJIECJUTD U3 HUX TY 9aCTh, KOTOpas IPEJCTABILeT HHTEPecC
JIIsT DoJIee IIPUCTAJIBHOIO U3ydeHus». IIpu 3ToM uccaegoBaTeim MOTyT He 3HATH 3apaHee,
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Puc. 30: Tpu stana oOyuenusi TemMaTuaecKoii momenn, mo 8 ureparnuit. Ha xaxkaoM 3stame BKIIOYAETCH
HOBbII PEryJiapu3arop, u [l Hero nojbupaerca koadduuuent perynsapusanuu (7, @, [ COOTBETCTBEHHO)
o cerke u3 4 3nadennii. [loka3aHbl 3aBUCKMOCTH KPUTEPHUEB IEPILIEKCUU, PAa3pekeHHOCTH O u paspe-
skerHoctn & or Homepa nrepanun [90].

KakKue MMEHHO TeMbl MJH aCHEKTbl OKazKyTCd HMHTEPECHBIMH W IIPpHUBEAYT K HOBBIM 3Ha-
HUAM MJIN HETPUBHAJIbHBIM BBIBOJAaM. HO CyYTH, 9TO TaKzKe PAaSHOBUIHOCTH Pa3B€AOYHOI'O
nHGOPMAIMOHHOTO IIOUCKA.

Tunuyanslii cieHapuii 3aKII09aeTCs B TOM, YTOOBI 33aTh MOUCKOBYIO TEMATHKY C IO-
MOIIIBIO CJIOBAPSI KJAKOUEBBIX CJIOB MM IMOAOOPKHA TEKCTOB. DTY 3aJa4y MbI yKe paccMar-
pUBaJIH, KOIJa TOBOPUIIH 1IPO chorycuposanmul memamuneckutd nouck, crp.p3f

Cpelu HalJIEHHBIX TeM MOIYT OKa3aThCsl KaK Xopome (HHTepHpeTHpyeMble), Tak
U MYCOPHBIE, a CPeIN XOPOIIMX — KaK peJeBaHTHBIE, TaK W HepeaeBaHTHBIE. [lomyuns
TEMaTHIECKYIO MOJIEJTb, MOJb30BaTeb MOYKET Pa3MeTHThL TeMbl Ha TH TPU THUIIA, U 3a-
TeM TP TOBTOPHOM IMOCTPOEHUM MOJEIN TMOoTpedoBaTh, 4TOOBI pe/IeBAHTHBIE TEMbI CO-
XPaHWJINCh, & HA MECTe MYCOPHBIX, 110 BO3MOYKHOCTH, BO3HUKJIM HOBBIE XOPOIIHE TEMBI.
[Ipu sTOM nMaHHBIE MPEIBIIYIIe MOJENN W TOJH30BATEIbCKOR Pa3MeTKH HCIIOJIb3YIOTCS
JIIT KOHCTPYUPOBAHUS PETYISIPU3ATOPOB CIVIAYKUBAHUS U JIeKOPPEJTUPOBAHUSI.

BroiesinB nHTEpPECYIOINE TEMBI, TIOJIb30BaTEb MOKET TIOCTPOUTD CJIE YOIy 0 MOJIEb,
B KOTOPOI HONBITATHCA PA3/ICIUTh ITH TeMbl Ha 0OJIbIlIee KOJHIECTBO MEJKO IPaHy/IHPO-
BAaHHBIX IOJITEM.

Muorue uccjae10BaHnd, IpOBOJUMbBIEC Ha JaHHBIX COIIHAJIbHBIX CeTGIU/I7 HOBOCTHBIX IIOTO-
KOB, CTapbIX T'a3€THbBIX U 2KYPHAJIbHBIX HO,ZL60pOK, HCTOPUYIECKHUX apPpXMWBOB CBA3aHbI C BbI-
ABJIEHUEM U aHaJIU30M JUHAMUKHU IIPOIECCOB BO BpEMEHH. MCCHQ,ZLOB&TGJIGIL/'I MOI'yT HHTepe-
COBaTb IICIIOYKHU CO6I)ITHﬁ, IIOodABJIEHUE HOBBIX aCIIEeKTOB, USMCEHEHUA B YHOTp€6JIeHI/H/I CJIOB,
CBA3aHHbl€ C KYJIbTYPHBIMHU BJIUAHUAMA U CABUT'aMMH.

[IpuBeéM HECKOTBKO MPUMEPOB TAKUX MCCJICIOBAHMUIA.

B [137] uzyuanack monHas KoJieKius myOoauKanuii 24 Hay IHBIX KyPHAJIOB M0 (hUIo-
JIOTMH ¥ apXxeosioru 3a mnoJropa crojerus (1850-2006 rr.), mocrynnas depe3 nudpoByio
6a3y manubix JStor. [Ipocae:kupaiach AMHAMAKA H3MEHEHHI B TEMATHKE W TEPMHUHOJIOTHH.
JStor mpemocraBiisier TeKCTHI B hOpMaTe «MEIKOB CJIOBY WM3-3a JINIEH3NOHHBIX OTPAHU-
YeHWil; B 9TUX yCJIOBUAX UMEHHO TeMaTHIecKOe MOJIeTMPOBaHE OKA3aJ0Ch aJeKBATHBIM
UHCTPYMEHTOM aHaJn3a.
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B [80] usyuanachy nayunas mepuoguka B 06JIaCTH JTUTEPATYPbI, OXBATHIBAOIIast Goee
21 teicsaun crareit 3a nmepuoj 1889-2013 rr. Ocoboe BHUMAaHUE YIE/IAJIOCH U3MEHEHUSM
TeM U 3HAYEHUl CJIOB BHYTPU KarKJOH TE€Mbl, B 4aCTHOCTHU, TPAHCHOPMAIUN OTHOIICHUS
K TeMe HaCHUJIus.

B [125] usyuanace koneknus razet u nepuouku Ouriistauu 3a nepuos, 18541917 rr.
Lenbio OBLIO BBLIESIEHHE TEM O IEePKBH, PEJIUTHH U OOPA3OBAHUU /ISl IOHMMAHUS TeMa-
THYECKUX TPEHI0B MOJAEPHUBAINN U CEKYIIpU3alui (PUHCKOTO 00IINecTBa.

B |[172] uzyuanacs komnexnus soicrymienunii 8 Cosoese OOH no Adrauucramy 3a me-
puoa 2001-2017 rr. Pemranach 3aja4a BbISBACHUS JUHAMHKH OTHOIIEHUS PA3HBIX CTPAH
K mpobsiemam Aranucrana.

B [72] u3y4anacs konneknus 7,6 Toicsad nopocrubix crareii B CMU [Takucrana 3a nepu-
o1 2010-2021 rr. Pemastach 3a/1a4a BHIABIEHUS TeM, CBI3aHHBIX ¢ U3MeHEHNSAMHU KJIMMaTa,
BBISIBJIEHHBIE TeMBl BPYYHYIO TPYMIUPOBAJIUCH 1O HAYYHBIM, COMUATBHBIM W TMOJUTHYIE-
CKHUM acIlleKTaM KJIMMaTH4YeCKOMN IIOBECTKHU, UCCJIEJ0BAJIaCh JUHAMHUKa TeéM BO BPEMEHMU.

B [84] uzyuanacs kosmreknua AYLIEN COVID-19, comepxamast 1,5 MuH. HOBOCTEd
o naugemun 3a mnepuon 11.2019-07.2020 u3 440 uncrounmko CMMU. Pemanach 3amaua
BBISBJICHHS T€M, BBI3BIBAIOIINX MOJAPH3ANUIO OOMICCTBEHHOI0 MHEHH, CBA3AHHYIO C IO-
JATHICCKUMHA IIPUCTPACTUSMHA MU NAPTHAHOCTHIO.

Hecmotpst Ha GOJIBIIOE KOJMYECTBO PA3HOOOPA3HBIX MPUMEHEHWH B IMUMPOBBIX T'y-
MaHHUTApPHbIX HCCJIECJOBAHUAX, TE€MaTUYCCKHE MOAC/IM KPHUTHUKYIOTCA 3a HECOOTBETCTBUE
CTATUCTUYECKON W JIMHI'BHCTHYECKON KOHICIINHUNU «TE€MbI», ITO HNOPOXKIACT PALA IMUCTE-
MoJtornaeckux upobsem [I73]. Vreepxaaercs, 9T0 TeMATHYECKOE MOAETUPOBAHHIE B €0
HBIHEIITHEM COCTOSIHHU He OTBeYaeT TPeOOBAHUSAM METOJ0JOTHYCCKON MHTErPAIUH ¢ PU-
SHAHHBIMH METOJAMHU AHAJIM3a M HE MOMKET HCIOJIb30BATHCS KAK CAMOCTOSTEIBHBINA Me-
TOJ WCCaeToBaHus. «TeMaTnueckast MOJIETb HCXOJUT U3 OTHOCHTENTBHO HEPeATHCTHIHBIX
HPE/ITON0KEHN, UMeeT HeJIeTePMUHUPOBAHHBINA PE3Y/ILTAT, HE MOKET ObITh 3PDHEKTUBHO
POBEPEHA B CPABHEHUHU C PA3yMHBIM YHCJOM KOHKYPUDYIOIIMX MOjeJieli, He TPUBI3a-
Ha K 9eTKO OIPEJIeICHHOMY JHHIBUCTHIeCKOMY uuTepdeiicy. Hampumep, crarucruaeckue
TeMbl (tOpicS) HE COOTBETCTBYIOT COjiep:KaTeTbHbIM TeMaM (themes) B KoHTeHT-aHaM3e.
13-3a 9TUX 0COBGEHHOCTEI MHTEPIPETAIHST MOJIETH OKA3BIBACTCS MOIBEPKEHHOM arodeHnn
("IeJIOBeLIeCKaH CKJIOHHOCTBb BOCIIpUHHUMATb CﬂyqaﬁHBIe Ha60pbl AJICMCHTOB KaK 3Ha4YNUMbIC
HaTTeprI) U NpeaB3dATOCTU IMMOATBEPXKACHUA (qeﬂOBequKaH CKJIOHHOCTHb HOpeaAInnoYuTaTb
ATTePHBI, COOTBETCTBYIOIINE AIPHOPHBIM IpeayOekaeHnsaM). B 10 BpeMs Kak dacTHd-
Hast MPOBEPKA CTATUCTHICCKON MOJICIN BO3MOXKHA, €€ KOHIIETya bHast IPOBepKa Tpedyer
ITHPOKOTO B3aMMOJICHCTBUS € JPYTUMH METOJAMH U YeJOBEYCCKHUMHU ONEHKAMM, a TaK-
7K€ BbldCHCHHA TOI'O, KOppeJupyeT Jin JIEKCHYeCKad COYeTaeMOCTb C KOHHIEHTYaJIbHbIMU
remamu» [173].

BHOJ’IHG OolpaBdaHHaA KPUTUKa BO MHOI'OM CBd3aHa C TeéM, 9YTO B TeéMaTHYeCKOM MO-
JIGJTIPOBAHUY TIPEIIPUHIMAIOCH HEJOCTATOYHO YCUIUM Jiig (popMaIu3aiu JTUHIBUCTH-
JecKMX 3HaHUil u TpeboBaHuil. B psie uccienopaHuii TeMaTudeckoe MOIEIUPOBAHUE HC-
IOJIb3YETCs KaK BCIOMOTATEIbHBI HHCTPYMeHT KouTenT-anaau3a |60 82, 24, 34] [33], mpu
9TOM HCIIOJIb3YETCS MOPaJIbHO yeTapenmias Moae b LDA, a 3agauan MoanduKkammn MOIe 1
oo, HOTpe6HOCTI/I JIMHT'BUCTHUYCCKOT'O aHaJIN3a JdazKEe HE CTaBATCA.

Pazsutne temaruueckoro mozgeanpoBanus 10 2016 roga OblI0 HATPABIEHO B 3HAYN-
TeJIbHOI CTENeHH Ha pelleHue BHYTPEHHHX MAaTeMaTHIeCKHX MPo0JeM 0ailecoOBCKOro BbI-
Bosia [59]. JdanbHeiinee pa3puTre HANPABAUIOCH B CTOPOHY MHTETPAIIUY ¢ HEHPOCETEBBHIMU
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MOJIE/ISIMU I3bIKA M CHOBA COCPEIOTOYUJIOCH HA MIPEOIOJEHUH TPYAHOCTEH TeXHUIECKOTO
xapakTepa [226].

Pemenune KoHIENTyaJbHBIX IPOOJIEM TEMATHIECKOIO MOJIEJIUPOBaHUSA TpedyeT Try0o-
KON MEXKJIUCIUIIIMHAPHOU SKCIIEPTHA3bI, TOTA KAK IMMOBEPXHOCTHBIN «TEXHOKPATHICCKHUNA »
OJIXOJ K (D POBLIM I'yMAHUTAPHBIM HCCICI0BAHUAM 00pedén Ha Heyaauy. Teopus ARTM
SIBJISIETCS] ONPEJEJEHHBIM IIarOM B 9TOM HAIPAB/IEHUU, HO HE TOTOBBIM PEIIeHHEM BCEX
npobJieM, a bosiee THOKOI MaTeMaTHYeCKOH OCHOBOI, CIOCOOHOW CHUMATH CYIIECTBOBAB-
mue panee ODapbepbl U MOJICKA3bIBATH HAIPABJICHUS PA3BUTH.

TpeboBaHna kK TemaTudecknm mogensim. Ananus myOgauKanuii 1 COOCTBEHHBIX PH-
KJIQJJHBIX I/ICCIIG,ZI‘OBaHI/HL/’I MMOKa3bIBa€T, YTO Ha IPaKTHUKE K TeMaTU4IeCKOM MOJeJJIn BCerJda
HpeIbABIISETCS COBOKYIHOCTD Tpebopanmii. TemMaTnueckas MOJEb JIj1 PA3BeI0THOrO 110~
HCKa WK COOUO-T'YMaHHUTaPHBIX I/ICCIIe,HOBaHI/IIu/I JOJIZKHa OBITD OJJHOBpPEMEHHO:

® TOPOWO UHMEPNPEMUPYEMOT, B TeX CAydadx, KOT/Ia TeMbl UCHOJb3YIOTCI B MTOJIb-
30BaTeIbCKOM HHTep(deiice /s MoJyaBTOMATHIECKOIO TOUCKA M (PUIBTPAINN JIaH-
HBIX, YTOUHEHWS KPUTEPUEB TTOUCKA, HABATAIINN MO KOJIJIEKITUA W BU3YAJIU3AIUN Pe-
3yJIbTATOB IIOUCKA;

® paspestcertoti, ITOObI KaXKAbIH JIOKYMEHT COCTOST 13 HEOOIBIIOI0 YUCIa TEM — 3TO
VIPOIIAET aHAJUTUKY U HOBBIIIAET 3(PPEKTUBHOCTD MOUCKA,;

® uepapruMeckoti, 9TOOB MOJTH30BATE b MOT MOJYYHUTH MPEJICTABICHUE O TeMaThde-
CKOH CTPYKTYpe IIpeJMeTHON 06J1acTh Ha JII0OOM YPOBHE JIeTAIU3aIul; KPOME TOTO,
repapxudeckoe JejieHne TeM Ha MOATEeMbl MO3BOJgeT YBEeJWYNTh Pa3MEePHOCTH Te-
MaTHYeCKUX BEKTOPOB JIJIST TIOBBITIIEHNS KadecTBa TOMCKA;

® CIIOCOOHON aBTOMATHYECKH ONpedesAms “ucio mem Ha KazKJIOM YPOBHE HepapxXxuu,
ABTOMATHYCCKH €030a84Mb HOGHLE MeMbl, T ABTOMATHIECKH UMEHOBAMb MEMbL PE-
JIEBAHTHBIMU 3aTr0JIOBKAMU;

® MYALMULPAMMHOT, TAK KAK BbIJEJIEHNEe KII0UeBbIX (ppa3 U TEPMUHOB CYIIECTBEHHO
yaydiliaeT UHTEPHPETUDPYEMOCTD TEM;

® MYAbMUAZBYHOUT B T€X TPUJIOKEHUAX, T/1¢ TPeOyeTcd KPOCC-s3bIKOBOM MU MYJIHTH-
S3BIKOBO TIOWCK, HANpWMep, TIPU TOWCKe TATEeHTOB HA OJHOM SA3BIKEe O TMATEHTY
Ha JPYTOM 43BIKE;

® MYALMUMOIAALHOT, 9TOOBI YIUTHIBATH METaJAHHbIE JTOKYMEHTOB: aBTOPOB, UCTOY-
HUKH, CCBLIKU, KATETOPUH, TeTU, U JIp.;

® MemnopasvHot, 9TOObI BbISB/IATH JUHAMUKY Pa3BUTUA TeM, OOHAPYKUBATh HOBbIE
TeMbl ¥ OBICTPO PACTYIIHE TeMATUYCCKUE TPEHJIbI;

o ceamernmupyrouset, 9TOOBI He TOTBKO HAXONTh PeJeBAHTHBIE TOKYMEHTHI, HO U yKa-
3bIBATh B HUX CEI'MEHTHI, HanOoJsee pejleBaHTHBIE TEMATHKe 3aIlpOCca;

e 00yuaemoti 10 TIOJB30BATEIbCKON pa3MeTKe, YTOObI JIeTaJIM3UPOBATD TeMaTHIeCKU it
aHaJIN3 KOJIJIEKITUHA UJW TTePCOHAJIN3UPOBATEH aJTOPUTMBI IIOUCKA W PAHKUPOBAHWS;
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® OHAGTIHOBOT, NAParIEAbHOT B pacnpedesérnoti ¢ TOUYKH 3peHus IporpaMMHOI pea-
Jmm3arnuu, 9Tobbl 3 deKTHBHO 00padaTbiBaTh DOJIBIITTE KOJJIEKIUA TEKCTOB.

Bazxxueiimum TpeboBaHneM K MHCTPYMEHTAPHUIO TEMATHIECKOI'O0 MOJIETUPOBAHUSA OKa-
3bIBAETCS €r0 CIIOCOOHOCTH CTPOUTH MOJIE/IN, codeTalolniue B cebe JIFoObie U3 Mepedrc/IeH-
HBIX BO3MOKHOCTell. IHcTpyMeHTapuil j0/12KeH ObITh «JIET0-KOHCTPYKTOPOMY, B KOTOPOM
MOJIEJIN € 3aJaHHBIM CBOMCTBAMH COOMPAIOTCS W3 3apaHee 3arOTOBJIEHHBIX MOJIYJIEi.

Teopust aJIUTUBHON peryasipusaiiun TeMaTudeckux mogeneii (ARTM) naér snosne
HPAKTHIHBIHI OTBET HA BOIPOC «UTO €CTh MOIYJIb». DTO PEryJasapU3aTOp, KOTOPBIH JIETKO
BcTpauBaeTcsa B EM-anroputy u HageaseT MOAeIb ONpPeIeaéHHBIM CBORCTBOM.

Momyabablit oax0A TOAAepKIBaeTcs Onbanorexoit BigARTM. HekoTopoit TpyiHOCTBIO
MOKa 0CTaéTCs 1moAO0p K03 MUIMEHTOB Peryaspu3alu U IPYTIUX TUieprnapaMerpoB, 9To
TpebyeT HOHUMAHUs TEOPHUH, & TaK:Ke HABLIKOB IIPOrPAMMHPOBAHUS U IIPOBEJICHUS BbIYUNC-
JIATEJIbHBIX 3KcnepuMenToB B Python. Co3zganue yno6Ho# /11 KOHEYHOIO 1OJIH30BATES
CpeJIbl TeMaTHIecKoro MojenupoBanus Ha ocHoBe Teopun ARTM u 6ubimmorexkn BigARTM
BEJIETCS B HACTOSIIEe BpeMsl.

Busyanusauna reMaruveckoro MoJeJIMPOBaHUS U 1IOMCKA HEBO3MOXKHA 0e3 MHTepak-
TUBHOrO rpaduveckoro mpejcrasienusd. B o63ope [2]| ommcwiBaroTcs u cpaBHHBAIOT-
ca 16 cpeicTB BU3yaaU3alUU TEeMaTHYECKUX MOJe/ieil Ha OCHOBe BeO-uHTepdeicoB.
Emé Gosble mieit MOXKHO TMOYEPHHYTh U3 MHTEPAKTHBHOTO 0030pal’ KOTODBIH Hacdm-
ThiBaeT OoJiee 440 cpelcTB BU3yaJH3alUd TEKCTOB, HEe OI'PAHHMYUBASICH TEMATHICCKHMHU
MOJIEISIMU.

Hecmorps na Takoe 60raTcTBO TEXHUYECKUX PEIIEHU, OCHOBHBIX WJIEil BU3ya/IU3aIun
TEeMaTU4YeCKUX MOoJjesiell He Tak MHOTO: 3T0 Jinho ABYyMepHOe 0TOOpakeHne CceMaHTHIeCKOt
Om30CcTH TEM B BHje I'pada WX KapThl, JU00 TeMaTudecKas HepapxXus, Ju00 JuHAMUIKA,
pPasBUTHS TeM BO BpeMmeHH, Jinbo rpadoBas CTPYKTypa B3aHMMOCBA3eil MexK1y HOHATHU-
sIMH, TeMaMH, JOKYMEHTaMHU, aBTOPAMHU WU WHBIMU MOJAJIBHOCTSIMH, JTUOO CerMeHTHAas
TeMAaTHYeCKas CTPYKTYDa OTJeJbHbIX JOKYMeHTOB [2].

I'padpuueckas Busyanuszanusa OOJBIMTUX JAHHBIX MPAKTUIECKN OECIHOJe3Ha B CTATHU-
HOM WCIIOJTHEHUHU, HO MOYKET OKa3aThCsd MOIIHBIM KOTHUTUBHBIM CPEJICTBOM B CJIydae WH-
TepaKTUBHOI peasn3anuu. | [puHIIMI HHTEPAKTUBHOIO BU3YaJIbHOI'O HOMCKA HHMOPMAITT
u3BecTeH Kak manmpa [lnetidepmara: «cHada a KpyIHBIN IJIaH, 3aTeM MacIIaOUPOBaHHe
u dbuabrpanys, Jertaan 1o rpebosannioy [178].

I'pacduueckoe orobparkenne pe3yabTaToB TEMATHICCKOTO MOJACTUPOBAHUS U Pa3BeI04-
HOTO TIONCKA COTJIacyercs ¢ KoHmeniueil daavrezo umenus (distant reading), mpeaiozken-
HOl conmostorom surepatypsl @parko Moperru [16]. On nporuBomocTapsier 3T0oT CIIO-
cob M3yuYeHUs TEKCTOB HAIEMY MPUBBLIYHOMY npucmasvhomy wmenuto (close reading).
HeBo3MOXKHO 1IpOUMTATh MUJIJIMOHBI KHUI WJIK CTATEH, HO BIIOJIHE BO3MOYKHO IIPUMEHUTD
CTATUCTUIECKUE METO/bI U IpapuyuecKyio BU3ya n3aIuio, 4To0bl HOHATH B OOIIUX Yeprax,
0 4éM BC# 3Ta JIUTEPATYPa, YBUIAETH HETPUBHAIbHBIC OOIIHE 3aKOHOMEPHOCTH U HAY YUTHCS
ObICTpee OTBLICKUBATDH HYzKHOe. «/lanbHee dTeHHe — 3TO crenuaibHas opMa IpecTaB-
JIEHHs 3HAHUH, B KOTOPO# MeHBIIIEe 3J1eMEHTOB, I'pybee CMBICJ UX B3aUMOCBA3€l, OCTAIOTCS
T (DOPMBI, OTHOIIEHUSI, CTPYKTYPBI, Mojeny [139).

8http://textvis.lnu.se — HETEPAKTUBHLIH 0030p CPECTB BU3YATH3AINN TEKCTOB.
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BoiBoabl no rnase 21

e [Ipusioxkenns B 00JiIacTH Pa3BeOYHONO WHMOPMAIMOHHOIO TMOUCKA W CONHMO-TyMa-
HUTAPHBIX MCCJAEIOBAHUIT MPeIbsIBISIOT HETPUBHAJIbHBIE KOMOWHAIINN TpeboBaHMit
K TeMATHICCKUM MOJIEJISIM.

e B teopun ARTM u 6ubmoreke BigARTM mupokuit knacc TpeboBanuii BO3MOXKHO
dopmanu30BaTh U KOMOMHUPOBATH € IIOMOIIBIO PEryJISpU3ATOPOB, MOJATHLHOCTEH
u runeprpadoBbIX Mojeei.

e Hecmorpst Ha jgBa gecsaTuiieTns nccjegoBaHnit B 00JIaCTH TEMAaTHIECKOTO MOJIe/ -
poBaHus, MHOTHE HpodJeMbl (DOPMAJIM3ANUNA JHUHIBUCTUICCKHUX U T'YMAHHUTAPHBIX
3HAHUH JI0 CUX TIOP He peIleHbl.

e OTKpbITBIE TPOOJIEMBI TEMATUIECKOTI'O MOJEIUPOBaHud OOCYIUM B Cjeayiorieit, 3a-
KJIIOUYUTEJILHON, TJIaBe.
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22 3akJjiryeHue

3ameHa Teopetudeckoro dyHgameHTa. BeposTHOCTHOE TeMaTHYecKoe MOJETHPOBa-
HUE SBJIIETCHS OTHOCUTEIBHO MOJIOIBIM HAIIPABICHUE UCCJIE/IOBAHNN HA CTHIKE MAIIUHHOI'O
o0ydeHHsT 1 aBTOMATHIECKONH 0OpabOTKN TEKCTOB. 3a YeTBEPTHh BEKA YCITEIa CJIOKHTHCS
Hay4YHas TPAJUIUSI — PACCMATPUBATHL ITY 00JIACTH KaK YaCTh WM KaK TPUJIoXKenue daii-
eCOBCKOTO 00ydeHHd. B 3Tolf KHUTe HMpeInpHHATa MONBITKA TPEO0JeTh ITY TPAJIHIINIO,
IpeI0YKUB HAMHOTO OoJiee TTPOCTO, HO He MeHee BBIPA3UTEJbHBIH (hOPMATU3M MHOTO-
KPUTEPUAJILHON He-0alieCOBCKOM peryJsisipu3aliyu.

CoTHH aIrOPUTMOB TEMATHYECKOTO MOJETUPOBAHUS, OMUCAHHBIX B THICAYAX TMYOJIHKA-
uii, MOTYyT ObITH TIepePOPMYIUPOBAHBI U BHIBE/IEHBI B OHO JI€HICTBIE W3 JIEMMbBI O MAKCHU-
MUBANAN TJIAAKOH (DYHKIME HA € THHUIHBIX CHMILIEKCAX. BepOsSTHOCTHOE TeMaTHIeCKOe
MO/JICTUPOBAHUE MOYKHO TeIllePb HA3BIBATDH «Teopueil oHoi JeMMbly. OO bACHITD, CTPOUTD
1 KOMOMHUPOBATh TeMaTHYeCKHe MOJETH CTaI0 Ha TMOPSIOK IPOIIe.

[ToueMy 3Ta BO3MOXKHOCTD He Oblia 3amedeHa cpasy?! Benab 6aiiecoBCcKuUil BBIBOJI, TPY-
JOEMKUH ¥ YHUKAJBHBIN I KayKI0M MO, IPUHOCUT UCCJIe0BATeIIM MHOTO TEXHHU-
JecKuX HeyI00CTB.

Mmuorue objracT aHa/IM3a JAHHBIX U MAITAHHOIO 00y YeHHUsI, BKJII0Yas 00pabOTKY H300-
pazkeHuil u CUIHAJIOB, PA3BUBAJIKMCH 1O CJIeAyIomeMy TunoBoMy crenapuio. Cuadaga dhop-
MaJIU3aIHsg MOJIEIN U ONTUMHU3AINUOHHON 3aa4u; 3aTeM ODOTaIlleHNe TOCTAHOBKY 33 1a9n
JIOTIOJTHUTEIHHBIMA CTPYKTYPAMU U KPUTEPUSAME, B TOM YHUCJIE ¢ MOMOIIBI0 PeryIspu3a-
IIUU; ¥ TOJBKO B MOCJIETHIOI0 OUepe b IepeXo K 0aileCOBCKON peryIdapu3anii. TOT Iepe-
X0/, Hy2KeH TOrJia, KOIJa BO3HUKAET MpaKTHIecKas MNOTPEOHOCTh ONeHWBAHUS He TOJBKO
CaMUX TAapaMeTpPOB MOJIEJIW, HO M WX allOCTePHOPHBIX pachpeneaennit. Hampumep, nmns
[OJIyYeHUs] HHTE€PBAJIbHBIX OIEHOK, MPOBEPKU CTATUCTUICCKUX THIIOTE3, COMILTHPOBAHUS
Mojte/1eil, ONEeHNBAHNS UX YCTONIMBOCTU W MPOYHUX BUJIOB BEPOSITHOCTHOTO AHAJIM3A.

B caydae temMaTmueckoro MomeJMPOBAaHUSA TUIIOBOH crieHapuii Obl1 HapyimeH. Coob-
IIECTBO TePeNnIo K MeTogaM 0aiieCOBCKOTO OOy4YeHus MUHYS 3Tall Pa3BUTUS B PaMKax
KJIACCUYIECKOH peryjsdpu3anuu. ITo TeM Oojiee NapaJoKCAJTbHO, YTO B TPAKTUKE T€MAaTH-
YECKOTO MOJIeJTUPOBAHUS AllOCTEPUOPHBIE PACIIPE/IeIeHUs UCIOTB3YIOTCA UCKITIOIATETHHO
paJy MOJIYUYEeHUs] TOUYCYHBIX ONMEHOK MAaKCHUMATBLHOTO MpaBaononodud. Her Hukakmx 3Ha-
YUMBIX TOTPEOHOCTEll, BHIHYZK/IAIONUX UCIOJIH30BAThH 0alilecOBCKOe 00y4YeHue.

Teopus aguurusnoii peryaspusaiuu (ARTM) ecTb nombiTKa BOCIOJHATE STOT POGE.
Bo3MoxkHO, MONBITKA 3a1103/1a/1a4, MOCKOJIbKY (DOKYC HHTEpeca HAyYHOI'0 COODIIECTBA ykKe
HNePEKJIIOYIICA Ha T/IyOOKHUe HefpoceTeBble MOJIEIN A3bIKa, MOJICJI BHUMAHUS U apXUTEK-
Typel Tpancdopmepos [59]. Temarnueckoe MoeTUPOBAHEE TeePh GOJIBINE COCPETOTOTE-
HO Ha WHTETrPAaInU ¢ HEefPOHHBIMH CETIMHU B MOUCKAX BO3MOXKHOCTEH 118 «00beINHEeHUs
JIy9Ilero or JByxX MupoBy [226].

Oba Buma Mojeseil, HefipoceTeBble U TeMAaTHYeCKHe, TeHEePUPYIOT BEKTOPHBIE Mpe-
CTaBJIEHUS CJIOB U TEKCTOB.

Ob6a Tsaroreror k romorenmsauu [150], ucmnonbp3oBaHU0 €JIUHOTO BEKTOPHOTO TIPO-
CTPAHCTBA JIJIsi OMUCAHUS PA3HOPOIHBIX O0bEKTOB MO JAHHBIM 00 X B3aMMOIEHCTBUSIX.
B miasax [9) u [I0] 510 GbLI0 MOKa3aHO HA MYJIBTHMOJAJBHBIX U TUIEPrPAdOBBIX TeMaTHIe-
CKUX MOJIEJIAX.

Oba renepupyioT Kak r00abHbIe SMOETMHTY, TaAK U JIOKAJIhHBIE JIJIsT KaYKI0TO CJI0BA
B ero KoHTekcTe. B ruraBax (15| u (16| ObLIM mOKa3aHBI MOAXOABI K TEMATHIECKOMY MOJIE/H-
POBAHUIO MOCIEOBATEIHHOTO TEKCTA.
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HeitpoceTeBble Moae M HAMHOTO CJIOXKHee, WX SMOeIMHTH BOUPAIOT B cebsS HAMHOTO
6oJibilie HMOPMAIIMHT O CBA3AX MEXKJIY CJIOBaAMHU, MPUYEM Mbl JaXKe He TOHUMAaeM, KaKue
UMEHHO CB4A3HM U KaK UMEHHO YYHUTBIBAIOTCA.

TemaTudeckue MojIe/IM HAMHOT'O IPOIIE, WX IMOCMHIN YIATHIBAIOT TOJIHKO JICKCHIe-
CKYIO COYETaeMOCTh CJIOB, 3aTO COXPAHSIOT MHTEPHpPeTHPyeMocTh. CBOHCTBO IIOKOOPIH-
HATHONH HHTEPIPETUPYEMOCTH SBJISETCA TPAMBIM CJIeJCTBHEM TOTO, YTO TeMaTu4decKue
3M6€,ZLI/IHFI/I ABJIAIOTCA JUCKPETHBIMU BEPOATHOCTHBIMUA Daclpede/ieHudMu, TO eCThb HEOT-
punaTeJIbHbBIMKA HOPMHUPOBAHHBIMU BEKTOPaMU.

Orka3z ot 6aifecOBCKOr0 BHIBOIA TEMATHIECKIX MOJIEIel YIIPOIaeT uX BO3SMOYKHYIO HH-
Terpaluio ¢ HeHPOCeTeBBIMU MO/ IAME. JI1000i BeKTOPHBIH IapaMeTp HeHPOHHON ceTw,
ecJii Ha HEero HaJOXKHTL OTPAHUYECHHS HEOTPUIATEJTHHOCTH U HOPMHPOBKHU, MOYKHO 00OY-
YaTb € IIOMOHIbIO MYJIBTUINVIMKATUBHOI'O I'DaAUMEHTHOIO iara € HpOeKLLI/IGﬁ Ha e,ZLI/IHI/I“IHbHU/I
CHUMIIJIEKC, COTJIACHO «OCHOBHOM JiemMes. [Ipu 3TOM i1l BRIYMCJIEHUS] CAMOIO TI'PaJUeH-
Ta MOKHO MO-TIPEKHEMY HCII0/Ib30BaTh 0OpaTHOE paciupocTpanenue omudku. Peanu3zanus
sToit uaen B cucremax PyTorch win TensorFlow mo3sout npuMeHdTh UX JijId 00YUeHHS
[IPOU3BOJIBHBIX TEMATUYECKUX MOJEJAeH ¢ aJIINTUBHON peryidpusaiueii.

Mudbl 0 TemaTudeckom mogenvpoBaHuun. JoMuHUpOBaHHE GARECOBCKOTO MOIXOIA,
Pa300IIEHHOCTD AKAJIEMUYECKOT'0 ¥ UH/LYCTPHAILHOTO COODIIECTBA NPUBEIN K HEKOTOPBIM
3a0/1yKJICHUAM O TEeMATHYECKOM MOJCJTUPOBAHUHN, JOCTOMHBIM YIIOMUHAHUSA U KPUTUKH.

e «Temarnueckoe MmogempoBanne — 310 B ocioBEOM LDA ». Het, ecTh coTaHE MO €,
peIaImx pa3Hoodpas3ubie 3a1a4n, ¢ KoropeiMu LDA cunpasisercs xyxke.

e «TemaTnueckoe MOJEJTMPOBAHUE TTOIXOIUT TOJIBKO JIJIS aHAJIN3a TEKCTOB». HeT, ecTh
MOJEIN s aHaan3a n300parkeHuil, Buaeo, rpadoB, CUTHAJIOB, TPAH3aKIINH.

o «TemaTudeckoe Moie/IMpOBaHe — ITO pasjes baiiecoBckoro odydenusi». Het, 60716b-
IMUHCTBO MoJe el ropasao npoire crpoarca B ARTM Ge3 GaiiecoBCKOro BBIBOIA.

e «Temarnyeckue MOJEIN CJIYYKAT JJIsI IPEACKA3aHNSA TaCTOTHI CJIOB B JOKYMEHTaX».
PopMaJIbHO Jia, HO UX IeJIb B BBISIBIEHUHN KJIACTEPHON CTPYKTYPHI KOJJIEKITHH.

e «Tembl 4WacTo OKazbIBAIOTCH AYOMUPYIONIMMHU WM ILJIOXO WHTEPIPETHPYEMbBIMHE».
910 tak B LDA. Ilpobiema permaercst ¢ HOMOIIBIO APYTHUX PEryIapH3aTOPOB.

o «Temaruydeckue Mojie/i OCHOBAHbBI HA I'UIIOTE3€ MeIIKa CJA0B». MHOrme, HO He BCe.
TemaTudeckue MoJed n-rpaMM, OUTEPMOB, TPEIJIOKEHUH, CerMEHTAINH, PeryJis-
pusanus 1 JoKaJIu3alus E-1mara yauTeIBalOT TOPs/I0K CJIOB B JOKYMEHTaX.

o «TemarTudeckne BEKTOPHI HE TAK XOPOIIO OTPAYKAIOT CMBICJIbI CJIOB, KaK word2vecy.
OHU 7efaf0T 3TO He XyIKe, eCJI CTPOUTh TEMATHIECKYIO MOJEIb [0 9acTOTaM Tap-
HBIX COYeTaHUil CJIOB, KaK 3TO U JejaeTcd B word2vec.

e «Temarnueckas mogenb LDA mepeobyuaercsa ropasmo menbine, wem PLSA» [45)].
Her, mx kadecTBO TpPUMEpPHO OJMHAKOBO, OCOOEHHO Ha OOJIBITAX KOJLIEKITHSX.
LDA ocropozkHee OleHHBaeT BEPOSATHOCTH PeIKuX cJI0B. POpMAIbHO ITO YIIYUIIAET
IPaBJIONOI00KEe, OJHAKO 9TH CJIOBA HPAKTUYCCKH HE BAKHBI JIJIA OITUCAHUS TEM.
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o «Temarnueckas momenb LDA mMmeeT HaMHOrO MeHbINe mapaMmerpoB, dem PLSA».
Her, marpunsr @ u © onenuBaiorcst B 00enX MOJE/ISIX, TTOCKOIbKY OHU HYYKHBI JIJIsT
npunoxkennii. Ha camom gee 8 LDA Gosbiire mapameTpos, 1o0aBasgioTes £ 1 .

o «/3yuenne TeMaTHYECKOrO0 MOJIEJMPOBAHUSA HAYMHAETCH C BEPOSTHOCTHLIX rpadu-
YeCcKUX Mojiesieii u 6ailecoBCKOro BuIBOIay. Tenepsb Het. [Ipore HauynnaTh ¢ OCHOBHO
JIEMMBI O MAaKCHMU3AINN HA €ITHHHYHBIX CHMILTIEKCAX.

OTkpbiTbie npobnembl. He nperennya Ha mosHOT KaKeM BOCeMb IpobJieM, KOTO-
) )

pbie IpeacTaBIAIOTCA HaunboJiee AKTyaJIbHBIMH HallpaBJICHUAMHA I/ICCJIe,ZLOBaHI/IIL/i B TeMaTHu-

YEeCKOM MOAEJIMPOBaHUH.

o [upanmuu Kavecmsa mem OAs HeCOUAGHCUPOBAHHLLT Koasekuutd. Moaeab MoxKeT
BBIJABATDH ILJIOXO HHTEPIpETHPYeMble, AVOJIUPYIONIne WX MYCOPHBIE TeMBI, €CJIn
B MCXO/IHOM KOJUIEKITUU TeMbl PA3JIMYal0TCs 110 00bEMY B cCOTHHU pa3. MakcuMusaiums
HpaB,ZLOHO,I[O6I/IH nmMeeT TCHACHIINIO BbIpaBHUBATH TEMBI 110 O6”béMy, a He TIO CeMaHTHu-
4ecKOi OJIHOPOTHOCTH. B pesy/ibrare KpyIHble TEMbI IPOOATCA HA TeMbI-1yO/IUKATHI,
a MeJIKHe 00beIuHAIOTCA U 00pa3yloT MycopHbie TeMbl. [Ipobiema mecbamancupo-
BAHHOCTH IIPEJICTABISIETCS OCHOBHOM MPUYMHON IJI0XOI MHTEPIHPETHPYEMOCTH TEM.
Omxpomasn npobaema: CKOHCTPYHPOBATH ONTHMHU3ANUOHHBIA KPUTEPHl TaK, 9TO-
6bI MOIEJIb CaMa OIlIpeaesidiia, KaKue TeMbl ABJIAI0TCA KPYIIHBIMU, KaKWe MCEJIKHUMHA
B HecOaTaHCUPOBAHHOM KOJLIEKIINH.

e Obecnevenue yemotiuusocmu memamuveckur modesed. IIpn MHOTOKPATHBIX 3aITyC-
KaxX MOJIEJTUPOBAHUSA C PA3HBIMH PErY/IAPU3ATOPAMH, U3 PA3HBIX CJIYIalHBIX HAYAIb-
HBIX HTPHOJIMKEHUI HJIM ¢ UCIOJIB30BAHUHE CTOXACTHYECKOro E-mmara, MOryT moJy-
YaThCA MOJIETN ¢ pa3andHbiMu Habopamu TeM. [locTpoerue morHOro Habopa HHTEpP-
HPETUPYEMbIX TEM MOXKET MOTPeOOBATDH JIECATKOB U JIazKe COTEH 3allyCKOB.
Omxpuimas npobaema: TOCTPOEHHE MOJTHOTO HADOPA XOPOIINO HHTEPIPETHPYEMbBIX
TEeM 3a OJIUH 3aIyCcK. BO3MOXKHO JI 9TO C HOMOINBIO PETyJIsipU3AIUH !

o Moderuposanue Memamury NOCACO0SAMEALHOR0 MEKCMA ¢ YIETOM MOPAIKA CJIOB.
Mogenn, oCHOBaHHBIC Ha THIOTE3e <«MEIIKa CJIOB», CJAUIIKOM XAOTHYHO OTHOCAT
6JIM3KO CTOAIINE CJIOBA K pasHbIM TemaM. [loHsTue Tembl (topic), OCHOBAHHOE Ha
CTATUCTHKE COYCTACMOCTH CJIOB, ILIOXO COTIACYETCH ¢ IPU3HAHHBIMYA B JTUHTBUCTUKE
KOHIenusMu TeMbl (theme).

Omxpoimas npobaema: CO3TAHUE TEMATUYCCKHX MOl BHUMAHHSA, BO3MOXKHO,
Ha OCHOBe JIOKaJu30BaHHOro E-mrara. Meromonormdeckas HHTerpanys ¢ JHHTBH-
CTUYECKAMH METOJAMH aHAJIN3a TEKCTA.

e Passeumue netipocemesur memamuueckuxr modeaeti (neural topic model, NTM).
Texnoornueckass HECOBMECTHMOCTb TEMATHIECKHX H HEHPOCETeBBIX BEKTOPHBIX
LPEJICTABJIEHUI CJIOB HPUBOJAUT K KOHKYPEHIMH 3THX KOHIENIWH, CAUIIKOM I'PO-
MO3JIKHAM PEITeHUAM WU CJIUIIKOM MOBEPXHOCTHOW HWHTEIPAIIHH.

Omxpvimas npobiema: TayOOKass HHTETPAINS MEXaHU3MOB 00y YeHUST TEMATHIECKUX
1 HeHpoCceTeBBIX MOJe/eil S3bIKa C MOMOIIBI0 MYJIBTUILIMKATABHBIX I'DAIHEHTHBIX
Mmaros (OCHOBHOI JIEeMMbI 0 MAKCUMU3AINH HA € TUHAYHBIX CHMILIEKCAX).
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e Asmomamusavus nodbopa 2unepnapamempos. I1pu UCIOIB30BAHUN HECKOJIBKHUX Pe-
IyJIIPU3aTOPOB M MOJIAJLHOCTE UX BecoBble KOIPDUIUEHTHI 0OBIYHO 1OI0UPAIOTCSH
BPYYHYIO, IyTEM MHOTOKPATHOIO MEPECTPOEHUs] MOJETH 1O BCeM JaHHbIM. [Ipume-
HEHUe NeHeTHICeCKHX AJITOPUTMOB U JAPYTUX W3BeCcTHLIX TexHukK AutoML mposogut
K TPOMO3/IKHM W BBIUYHCIUTETHHO TPYJIOEMKUM AJTOPUTMAM.

Omxpuimas npobaema: peaansanus OBICTPOI aTATTUBHON MHOTOKPHUTEPUATBLHOMN OT-
TUMU3AIUU THIEPHAPAMETPOB B PEKUME MAKETHONH 00pabOTKU KOJLIEKIIUH.

o Asmomamuneckoe UMEHOBAHUE U U3AOHCEHUE MeM. BOTBITUHCTBO TPUIOKEHHH Te-
MaTHIECKOTO MOJETUPOBAHNUS CBI3aHO C BU3YAJLHBIM MPEICTABICHUEM TE€M MOJIb30-
Bareno. Kaxkaas Tema J0JIZKHA yMeTh pacckaszarh o cebe. OaHAKO B JUTEpaType
3a7a9a CyMMapHu3aIul TeM JI0 CUX TOp He CTaBUJIACh.

Omxpoimasn npobaema: TeHEPUPOBATD I JIFOOOH TeMbl He TOJHKO KPATKOe HAa3Ba-
HHEe U pejeBaHTHbIe (bpasbl, HO H KPATKOE CBA3HOE U3JIOXKEHHE 3aJaHHOr0 00béMa.

o J[unamuueckoe coszdanue coObmuliHbl mem B TEKCTOBHIX MoTokax. Hecmorpst Ha

obuire MCCae0BaHui 10 TEMIIOPAJIbHBIM TeMAaTHICCKUM MOJICJIAM, IOKa He CyIIe-
CTBYeT YHHUBEPCAJIBHON MOJEIH, MOAXOIAIIEH M1 JIOOBIX TEKCTOBBIX KOJLIEKITUi
C JMHAMMKOIL.
Omxpoman npobaema: aBTOMATHIECKOE W CBOEBPEMEHHOE IeTEeKTHPOBAHNE HOBOI
TEMATHYECKON JIEKCUKHN, IPACYTCTBUA HOBOU TEMBI B JIOKYMEHTE, MOMEHTOB ITOABJIC-
HHS HOBBIX T€M U 3aBepIIeHHs CTapbiX. PelreHune 3Tux 3a1a4 J0I:KHO O0OXOTUTHCS
0e3 TPYJ0EMKOr0 SKCIEePUMEHTAJILHOTO T0I00pa THIIePIapaMeTpoB.

e Bepeoicroe 0bsedunenue memamuyeckur modeset TPy MOTTOJTHEHUN KOJLIEKITUT 3Ha-
YUTETBHBIM 00bEMOM TEKCTOBBIX JAHHBIX C HEM3BECTHBIM YHUCJIOM HOBBIX TEM, JINOO
npu O0bEeINHEHUN KOJIEKIUN ¢ TOTOBBIME TEMAaTHIECKUMHU MOJIEISIMH.

Omkpumas npobaema: BbLIeICHIE OOIUX U COXPAHEHUE YHUKAJIBHBIX T€M 1P 00b-
€IMHEHUN HECKOJbKUX TEMATHYECKUX MOje/eil, BO3MOXKHO, B yCJIOBUIX HecOaIaH-
CUPOBAHHOCTH TEM 110 UX 00bEMaM.

B 3Ty KHUTY He BOILIN HEKOTOPBIE BayKHbIE THUIIBI MOjiesieil, HalpuMep, /19 aHaJIn3a
n300parkKeHuil U BUIEONOTOKOB, aHHOTHPOBAHUA U300parKeHu#, CyMMapH3allud TEKCTOB,
aHAJIN3a TOHAJBHOCTH W BBIABJIEHUS MHEHUI, NCIOJIb30BAHNA U TMOCTPOEHUS OHTOJOTHIA,
O6Hapy)KeHI/IH HOBBIX T€M U IIPOCJC2KUBaHUA HOBOCTHBIX CIOZKETOB. He 6bLHI/I 3aTPOHYTDBI
METOAbl aBTOMAaTHYE€CKOT'O MMEHOBaHNA TEM. He HalllJla OTpazKeHud B 0630pe HOBad TE€H-
JICHITUS CO3/IaHUA TUOPHIHBIX MOJeseil Ha OCHOBE TeMAaTHYeCKOT'O MOJICTUPOBAHNSA U Heli-
POHHBIX CETEH.
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