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1 BsepgeHue

Temarnyeckoe MoJie/IMpOBaHUE — OJIHO U3 COBPEMEHHBIX HallPpaBJIeHUNl 06pabomKy
ecmecmeennozo asvika (natural language processing, NLP), akrusuo passuBaromieecs
¢ Kouna 90-x rosoB. Temarudeckasi MOJe/Ib KOJUIEKIUMA TEKCTOBBIX JIOKYMEHTOB OIIpe-
Jlesiser, K KAKUM TeMaM OTHOCHTCS KarKJblil JJOKYMEHT, U KaK#e CJI0Ba 00Pa3yIoT KazK/IyTo
temy. TemaTudeckoe MOJETHPOBAHUE HE IPETEH/yeT Ha HOJHOIECHHOE NOHUMAHUE ecme-
cmeennozo aszvka (natural language understanding, NLU), oxnako BblsiBjieHHE TeMATHKI
MO?KHO CHHUTATb OHpe,Z[e.)’['éHHbIM HIaroM B 9TOM HallpaBJICHUMU.

Bepoammuocmmuas memamuueckas modeav (probabilistic topic model, PTM) omucsi-
BAaET KaXK/yI0 TEeMy JUCKPETHBIM PACHpPeIe/IeHUeM BEPOSTHOCTEH CJIOB, & KazKJIblil JTOKY-
MEHT — JUCKPETHBIM pacipe/iesieHrneM BepositHocTeil Tem. Temarudaeckast MOJIE/Ib mpe-
obpazyer 110001 TeKcT B BeKTOp BepositHOcTeil TeM. [[oxoxKyro 3ajiady pemaiT Mojejun
sexmophoir npedcmasaenuts caos (word embedding) [89, 74|, upemoxkenuii [107, 164]
1 10KyMeHTOB [40]. Oco6eHHOCTh BEPOATHOCTHBIX TEMATHYECKUX BEKTOPHBIX IIPe/ICTABIe-
HHUIl TEeKCTa B TOM, 9TO OHH HHTEPIpPETHpyeMble U pa3perKeHHbIe.

Temarmdeckoe MOeIHPOBAHUE IIOXOXKE TaKXKe Ha KAGCTEPUIAUU) JOKYMEHMOE
(document clustering). Oraudre B TOM, 94TO OPH KJIACTEPU3ANUE JOKYMEHT IEJTUKOM OT-
HOCHTCS K OJHOMY KJACTepy, TOIJIa KaK TeMaTHIecKas MOJEIb OCYIIECTBIAET MAZKYH
kaacmepusayuto (soft clustering), pasesisist JOKyMeHT MezK Ly HECKOJIBKUMHU KJIACTeDAMU-
TEeMaMMH. TeMaTI/ILIeCKI/Ie MOZJEJIN HA3bIBAIOT TaK?K€ MOJC/JIAMH MATKOM 6I/I—KﬂaCTepI/I3aHI/II/I,
IIOCKOJIbKY CJIOBA TaKKe KJIACTEPU3YIOTCd II0 TeMaM. DTO MO3BOJIIET OOXOIUTH Hpod.ie-
Mbl CHHOHHUMHUHU U MoJuceMun cJ10B. CHHOHUMBI, yIIOTpeO/isieMble B CXOXKUX KOHTEKCTaX,
IPYNOUPYIOTCS B OJHUX M TeX Ke TeMaxX. MHOro3HadHble CJIOBA U OMOHHMBI, HA00OOPOT,
paCHpe,H,e.HHIOT cBOnu BepOHTHOCTI/I 110 HECKOJIbBKHUM CEMAHTHYECCKU HE CBA3aHHBIM TEMaM.
HaHpI/IMep, 3HadYeHue CJi0Ba «H,ZLpO» MOZKEeT 6bITb IIOHATO U3 TOFO, KaKad TeMa JOMHHH-
pyer B ero KOHTEeKCTe — MaTeMaTHuKa, (pu3uka, OHOJIOrus WK BOEHHAS] HCTOPHUSI.

Muorue npu/ioKeHusi TEKCTOBON aHAJUTUKHU HUCIHOJIb3YIOT TeMaTHYeCKHEe BEKTODHbIE
HpEeJ/ICTAB/ICHUSI TEKCTa: BbISIBJIEHWE TPEHJIOB B HOBOCTHBIX IIOTOKaX, MMATEHTHBIX Oa-
3aX, apXuBaxX HaydHbIX ybsumkanuii [174, 139|, MHOrOs3bIYHBI HHDOPMAIMOHHBIH MO-
ucK (149, 148|, nomck TeMaTn4ecKux cOOBIMIECTB B CONMUATIBHBIX cerax [176, 141, 113, 30],
KiaccuduKals U KaTeropusaius JOKyMeHToB [124, 177|, TemMarndeckasi cerMeHTaIust
rekcros [160, 121], cymmapusaiust TekcroB |78], Teruposanue BeO-crpanui [68], obxa-
pyzenue TekcroBoro crnama |11]. CyluecTByoT U He-T€KCTOBbIE IPUJIOKEHUS TeMaTHYe-
CKOT'O MOJICJIMPOBAHUSI B aHa/IM3e M300parkKeHuii u Bueonorokos |57, 77, 50, 140|, B pe-
KOMeH/IaTeIbHbIX cucreMax (168, 155, 72, 171, 170|, B momyasnuonnoii remeruke [116],
B GuomHdOpMATHKe JJIS aHATN3a HYKJIEOTHIHLIX [69] M aMUHOKHCJIOTHBIX MOC/IeI0Ba-
resibHOCTel [129, 67]. dpyrue npuiozxKeHusi TeMATHYCCKUX MOJE/Iel YIOMUHAIOTCH B 00-
3opax |41, 25, 32, 120].

[TocTpoenne TeMaTHIeCKON MO/IE/TH IO KOJIJIEKITHN JOKYMEHTOB SIBJIS€TCSI HEKOPPEKTHO
HOCTABJIEHHOW ONTUMU3AIMOHHON 3a/laueil, KOTopas MOXKeT UMeTb OeCKOHeYHOe MHOZKe-
crBo pemtennii. Corstacao teopun peryisipusanun A. H. Tuxonosa 12|, permenne takoit
331291 BO3MOYXKHO JIOOLPEJIEIUTD U CJIe/IaTh yCTOWYUBbIM. /IjIs 9TOI0 K ONTUMU3AIMOHHO-
MYy KPHUTEPHUIO JI0OABISCTCA PE2YAAPUAMOP — JTOTMOJHUTETbHBIIT KPUTEPU, YINTHIBAIO-
muit cuenuduyeckue ocOOeHHOCTU MPUKJIAIHOM 38191 1M 3HAHUS [IPEJIMETHO 001aCTH.
B c/10:KHBIX TPUJIOKEHUAX JIONOJHUTE/IbHBIX KPUTEPUEB MOXKET ObITh HECKOJIHKO.



Addumusnas peeyaspusayus memamuueckur modeset (additive regularization of
topic models, ARTM) — 910 MHOrOKpUTEpHAJIBbHBIN MO/X0/], B KOTOPOM MO/JE/Ib OLHTHMH-
3UpYyeTCsl MO B3BeleHHOl cymMe kputepues |3, 146]. ARTM no3BoJisieT CTPOUTH MOJIEIN
¢ TpeOyeMbIMH CBOMCTBAMHU, [MEPEHOCH PEryJIgpH3aTOpbl U3 OJHUX MOJIe/el B JIPYTrue WIH
o0beuHssl Peryaspu3aTOpPbl OT pa3JudHbIX Mojeseil. /g obydenus J0ObIX Mojeieil u
UX KOMOMHAIMI MCIOJIb3YETCS OJUH M TOT K€ aJI'OPUTM, K KOTOPOMY PeryJ/isipu3aTopbl
HOJIKJIIOYAIOTCs Kak Mojysiu [144, 51, 65]. Mojy/ibHast TeXHOIOTUs peain3oBaHa B 6ub/11o-
TeKe TeMaTUIeCKOro MOJe/JNPOBaHUsS C OTKPBITBIM KOooM BigARTM, http://bigartm.org
[144, 51]. Tloguepkuém, aro ARTM He siBjsierTcst emié OfHOil MOJIETbIO WK METOIOM — 3TO
OOl OIXO/ K IOCTPOCHUIO ¥ KOMOMHUPOBAHUIO TEMATHIECKHX MO/IEIEH.

ﬂOMHHprIOH.LHM IIOJAX0J0M K TE€MaTUYECKOMY MOAECJIMPOBAHUIO B HaCTOALICe BpeM:d
siBJisieTcs OaiiecoBckoe oOydenue. B ormume or ARTM, B HEM HET eCTECTBEHHOIO pa3-
JeJICHHS MOJieJIeil Ha YHUBEPCAJBbHBINA aJIrOPUTM U OTTOPraeMble OT Hero MOJYJIH-PeryJis-
puzaTopbl. [ KazxK10# MOJIE/H MPUXOJUTCA 3aHOBO IIPOBOIUTH MAaTeMaTHIECKHIT BBIBOJ,
U [IPOrpaMMHYIO peanu3anuio. V3-3a c/10KHOCTH MaTeMaTHYecKOro alllapaTa B CTATbIX
HaCTO OIIYCKalOTCA BazKHbI€ JIJId IIOHUMaHUA JIleTaJiu. I/IHOF,H‘EL AaBTOPbI OI'PaAHUYUBAIOTCA
VIPOIIEHHBIM OIMKCAHMEM MOJEIM B BHJE HOPOZKJIAIOIIEro Iporecca (generative story)
win rpadudeckoii Horanuu (plate notation), ojHAKO HOC/IEYIONHI IEPEXOJL K AJITOPUTMY
U €ro peasu3allii OCTAaéTCd HEOHO3HAYHBIM U HEOUYEeBUIHBIM. DTH Dapbepbl IPEIsSITCTBY-
0T IIIPOKOMY PACIPOCTPAHEHUIO TeMATUICCKOIO MOJIETUPOBAHU: B HHIYCTPUU aHAIN3A
TEKCTOB peJIKO MO2KHO BCTPETUTDb IIPUMEPbl UCIIOJIb30BaHUA TEMATUICCKUX MO,Z[e.)'[eI';I CJIOZK-
uee Mopasibao ycrapesureit LDA (Latent Dirichlet Allocation) [29].

OcHoBHast 1€/1b JAHHOTO 0030pa — IOKA3aTh Pa3HOOOpa3ue TeMaTHIeCKUX MOJIeJIel,
COCPE/IOTOUYUBIINKCH HA BazKHEHIIIeM dTale MOJIe/IMpOoBaHud — (popMaIn3aiui MOCTAHOBKH
3a1a4u. TemaTudeckoe Mo/ ie/iupoBanue 06,1a/1aeT O'POMHBIM 3aI1aCOM I'MOKOCTH, ITO3BOJIs-
ouM 00pabaThIBaTh CJA0KHO CTPYKTYPUPOBAHHBIE JaHHBIE W IPUMEHSITH TeMaTUIeCKuil
aHaJ M3 COBMECTHO C JPYIUMH METOJAMU aHaJ/Iu3a TEKCTOB. Bropas mejab — mokasarh,
4TO peryjdpudanud ABJideTCd He MEHee BbIPpAa3UuTe/IbHbIM CpeACTBOM MOAE/JIMPOBaHUA, Y€M
baitecoBckoe obOydenune. Ha 3ToM g3bIKe BO3MOXKHO HE TOJBKO CTPOUTb M KOMOMHHUPOBATD
TeMaTUIeCKue MOJEN, HO TaKzKe 00biICHATh UX HAMHOTO JIOCTYIIHEee U Kopode, 0e3 «3ame-
TaHUs 10JT KOBEP» CJIOKHOIT MaTeMaTuku. COMOCTaABUMBIIl 110 OXBATY U OOCTOATEIbHOCTH
0030p DaliecoBCKUX MojieJieil 3aHs/1 Obl HECKOJIBKO COT€H CTPAHMIIL.

Paszjenbr 2-4 gapisitorest 0a3oBbiMmu. B pasjesie 6 msjiaraiorcss OCHOBbI 0ailecoBCKOTO
o0ydeHus; OH He o0g3aTesieH Jjisd MOHUMAaHUs OCTAJIbHOIO MaTepuaJsia 0030pa, HO MOZKET
OBITH II0JIE3€H MPH YTEHHH HAYYHOI JIMTEpPaTypbl MO TeMaTHYECKOMY MOJETUPOBAHUIO.
B paszjienax 7-14 B TepMHHAX pery/ispu3aliiil OIMUCHIBAIOTCI Pa3/IMIHbIE BHIbI TeMaTHde-
CKHUX MOJIeJsIeit. DTU pas3/ie/ibl IPAKTUIECKH HE CBS3aHbI JAPYT C JIPYTOM, UX MOYXKHO YUTATDH
B IPOU3BOJIbHOM IIOPAAKE HUJIA UCIIOJIb30BATh KaK IIyTeBOAUTE/Ib 110 CCbLJIKAM Ha JIMTePa-
Typy. B pazjese 9 upeuiaraercs HoBoe u HaumboJiee HMIMPOKOE 0DOOIIEHNE TeMATUIECKUX
MoJiesiei /it 0OpabOTKU TPaH3aKIMOHHBIX JAHHBIX HPOU3BOJbHON mpupoanl. Pa3men 13
HOCBSMIEH TEMATUICCKUM MOJIEISAM JIUCTPUOYTUBHON CEMAHTHUKH, YCIEITHO KOHKYPHPYIO-
LIUM C BEKTOPHBIMU IIPeJICTaB/IeHusiMU CJIOB ceMeiicTBa word2vec. B pasjese 14 npejyiara-
€eTCsl HOBbBII THUII peryJjdpusanuu, HO3BO.)'[$IIOHLI/II71 Y4uTbiBaTh IIOPAJ0K CJIOB B JOKYMEHTAX
B 00X0/1 'MIIOTE3bI «MeIIKa CJI0B». Pazjiesn 15 onuchiBaeT KpUTepuu OIEHKH KadecTBa Te-
MaTHIeCcKHX Mogeseil. Pa3men 17 comepKUT HadaabHbBIE CBeleHUs 0 bnbamnoTeke BigARTM.
B pazzese 18 obcyzk/taeTcs IpuMeHEHHe TeMaTHIeCKOTO MOJIETUPOBAHU /I pa3Be10-
HOTO MHGOPMAIMOHHOTO ToucKa. B pasyene 19 — kparkoe 3aK/iioueHue.



2 OcHoBbI TeMmaTn4eckoro MoAaesimnpoBaHUA

B srom pasjesie Mbl BBEJIEM OCHOBHbIE HOHATHS U IIOCTABUM 33/1a4y TE€MaTUYECKOI'O
MOJIC/TUPOBAHMS KaK 3a/1a9y HPUOIUKEHHOTO HU3KOPAHI'OBOTO CTOXACTHIECKOI'O MaTpHU-
HOTO pasyoxkenusd. C nmomomibio popMysabl Baiieca 1 9acTOTHBIX OIMEHOK YCJIOBHBIX Bepo-
SITHOCTEH Mbl 110JIyYUM UTEPAIMOHHbIN 11polecc, HasbiBaeMblit EM-ajiropurmom. Tlouemy
OH JIefiCTBUTEJIbHO PellaeT 1OCTaB/JIeHHYIO 3a/ilady, Y3HAeM B CJle/lyIOleM pasjelle.

MpepBaputenbHas obpaboTka TekcTa. llepesn mocTpoeHmeM TeMaTHIECKHX MOJEsei
TEKCT eCTeCTBEHHOI'O S3bIKa OOBIYHO MO/IBEPIaeTcs CepHH MpeoOpPa30BAHMIL.

Jlemmamusayus — 3T0 NpUBe/IeHNEe KayKIOTO CJIOBA B JOKYMEHTe K ero HOPMAaJIbHOM
dopme. B pycckom g3bIKe HOpMATbHBIMA (DOPMAMU CIUTAIOTCS: IS CYTIEeCTBUTETbHBIX —
UMEHUTE/IbHBIN 1aJ1e2K, €JIMHCTBEHHOE YUCJI0; JIJIsl IIPUJIAraTe/ IbHbIX — MMEHUTe/IbHbII 11a-
Je2K, €JIMHCTBeHHOe 4YUCJ/I0, MYXKCKOU pOJL; JJId IJIAroJIoB, LIPUYACTU, Jeelpudacruit —
1aroa B WHGUAATHBE. XOPOIIUMH JeMMATU3ATOPAMU JJIS PYCCKOTO S3bIKA CUHTAIOTCS
nocjaeHIe BepCHH mystem U pymorphy.

Cmemmure — 3TO OTOpacChIBaHWe OKOHYAHWII W JPYIUX H3MeHAeMBIX 4YacTeil CJIOB.
OH TOAXOMUT I AHTTIUICKOTO S3bIKA, JJIs PYCCKOTO MPeANOYTUTeTbHA JeMMATH3AINS.

Ydanenue cmon-ca06. DTO YacTble CJI0BA, BCTpPEYAOIIHecs B TeKCcTaxX JiIo0oil TeMa-
tuku. OHu OECHOJIE3HBI JIjIsI TEMATHIECKOTO MOJIE/JUPOBAHUSA U MOI'YT ObITh OTOPOIIEHBI.
K num orHocdTes 1pejjioru, CO3bl, YUC/JAUTE/IbHbIE, MECTOMMEHUs, HEKOTOPbIE [JIAro-
JIbI, IpUJIaraTeabHble U Hapednsd. Yuciao TakKuX cJI0B OOBIYHO BapbHpYyeTCd B IMpejerax
HECKOJIbKUX coTeH. VX oTOpachiBaHHe MOYTH He BIUSIET HA OOBEM CJIOBAps, HO MOYKET
IPUBOIUTDL K 3aMETHOMY COKDAIIEHHUIO IJINHBI TEKCTOB.

Yoanenue pedkur cao6 M CTPOK, HE SIBJISIFONIUXCS CIOBAME €CTECTBEHHOIO sA3bIKa (Ha-
IIPUMED, COAEPKAIMX HUAPHI UM CHENCUMBOJIBL), IIOMOIA€T BO MHOI'O pa3 COKDAIATh
00bEM cJlOBaps, CHUXKAs 3aTPaTbl BPEMEHHM U HAMSITH Ha 1OCTpoeHue Mojesieit. Pejkue
CJI0Ba, KaK MPAaBUJIO, HE BIULIOT HA TeMATHKY KOJIJIEKITIH.

Buoiwdenenue karouesoir ¢hpas — XapaKTepHBIX CJIOBOCOYETAHUN W TEPMUHOB IIPeIMeT-
HOIl obsacTu. VX mcmoJsib30BaHUE BMECTO OT/EJbHBIX CJIOB WU HAPAIY ¢ HUMHU YJIydIIa-
er MHTEepPIPeTHPYeMOCTb TeM. [[JIsi WX BbIJeJeHHs MOYKHO HCIIOJb30BaTh Te3aypychl (9]
HJIE METO/Ibl aBTOMATHYECKOr0 BblJeIeHHsT TepMuHOB (automatic term extraction, ATE),
He Tpebyrolue npuBiedenus skcuepros [47, 79, 126].

Pacnosnasanue umenosarnux cyupocmetd; (named entities recognition, NER). Do na-
3BaHNSA O0OBEKTOB PeaJbHOI0 MEPA, OTHOCIIINXCSA K ONPeIeTEHHBIM KATerOpUsaM: Iepco-
HbI, OPTaHU3AIUU, T€OTOKAINH, COOBITH, JAThI, U T. /I. J[719 pacno3HaBaHUsI NMEHOBAHHBIX
CYIITHOCTEl UCMOIB3YIOTCS PA3JIHIHbIe MeTObI MAIIHHHOrO obydenus |98, 70, 104].

[Iycts D — MHOXKeCTBO (KOJITIEKITHs) TEKCTOBBIX JOKYMEeHTOB, W — MHOZKeCTBO (CJ10-
Bapb) BCEX YHOTPEO/sieMBbIX B HUX TePMOB. Tepmamu MOLYT ObITH CJIOBA, HOPMAJbHbIE
(bopmbI €J10B, cI0BOCOUYETAHMS WJIM TEPMHUHBI, B 3ABUCUMOCTH OT TOTO, KAKHE BU/IbI IIPEJI-
BapuUTEIbHOI 00pabOTKN TEKCTOB ObLTN BIOIHEHbI. Kazk ipiit qokymenT d € D mupejcras-

Jiger coDoit 110C/1e/10BaTeIbHOCTD 1g TePMOB W1, . . . , Wy, U3 caoBaps W.

MvnoTtesa o cyuwecTBoBaHnu tem. Kaxkaoe BXoxKaeHue TepMa w B JOKYMEHT d CBS3aHO
C HEKOTOpOii TeMOil ¢ M3 3aJaHHOr0 KOHedYHoro MHOxKecrsa 1. Kosureknms IT0KyMeHTOB
upejcrapjager cobOH I110C/1e10BaTe/IbHOCTh TPoeK (), = {(wi, d;, t;) } i=1,... ,n}. Tep-
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MBI W; ¥ JOKYMEHTbI d; ABJISIOTCA HAOJIIOAAEMbIMHU ITEPEMEHHBIMHU, TEMBbI t; HE U3BECTHbI
U SIBJIAIOTCSH AGMENMHbMU (CKPBITBIME) MePEMEHHBIMHE.

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

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

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

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

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

JloroBopuMcst B JlaJIbHERIIIEM 3allUChIBATH BCE BEPOSITHOCTH B HPOCTPAHCTBE (2, ec/iu
HEe OrOBOPEHO MHOro. MHOrHe BBIKIAAKH OYAyT CIHpPaBEIJIMBBI B OOOMX IIPOCTPAHCTBAX.
IIpocrpancrso 2, umeer GopMaIbHOE OrPAHMYICHAE — OHO CTPOUTCA IO (PUKCHPOBAHHOMN
KOJLUIeKIuU. ECam B KOIEKIUIO J00aBISIOTCI HOBBIE JOKYMEHTBLI, TO IPOCTPAHCTBO (2,
I/I3MeHﬂeTCﬂ, TOrJa KaK HpOCTpaHCTBO Q OCTaéTCﬂ HEU3MEHHDbIM.

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

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

BepositTHocTHass TemaTudeckass mogenb nopoxpgeHusi Tekcta. CornacHo ¢dopmy-
JIe HOJTHOH BepOATHOCTH M THIIOTe3e YCJOBHOH HE3aBHCHMOCTH, PACIpeIe/eHHe TepPMOB
B JoKyMeHTe p(w |d) onuchiBaercs 6eposmHoCmHot CMeCh0 PACIPEIeJIeHI TePMOB B Te-
Max @ = p(w]t) ¢ Becamu Oy = p(t|d):
plwld) = p(wlt.d)p(t|d) = Y pw|t) pt|d) = Y uibha. 2)
teT teT teT

BepogiTHOCTHAsST MOJIETh (2) OMUCHIBAET MPOIECC MOPOKICHUST KOJIJIEKIUH 110 H3BeCT-
HbIM pacupejenenusm p(w |t) u p(t|d). Dror nupouece nokazan B ajiropurme 1 u Ha puc. 1.
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AgropurMm 1. BeposiTHOCTHBI 1POIECC MOPOK/IEHUS KOJIJIEKIIUK JIOKYMEHTOB.

Bxoga: pacupenenenus p(w|t), p(t|d); nauHB TOKYMEHTOB Ng;

Bbixoa: Beibopka nmap (d;,w;), i =1,...,n;
11:=0;
2 ona Bcex d € D
3 anascex j=1,...,ng

1:=14+1; d; :=d,
BBIOpATH Coydaiinyo Temy t; u3 pacupejaesnenus p(t|d;);
BbIOpATH CJydaiiHblii TepM w; u3 pacupejgenenus p(w|t;);

(<IN B

w0y 2 QEEREO00000000000000
I~

HDD \

pwlt): o023 BHK 0.014 6asuc 0.018 pacnosHasatme
0.016 rexom 0.009 cnexTp 0.013 cxopcTeo
0.009 Hykneotua 0.006 opToroHanHblit 0.011 nattepH

Wi, ey Wpyt /
Pa3paboTaH CneKTpasibHO-aHaIMTUYECKMIA NOAXO/ K BbIIBNIEHNIO Pa3MbITbiX NPOTAXEHHBIX TOBTOPOB

B FEHOMHbIX MOEfieA0BaTeNbHOCTAX. MeTos OCHOBaH Ha pa3HOMacLITabHOM OLIEHMBaHUM CXOACTBA
HYKNEOTUAHbIX MOCIEA0BaTENLHOCTEN B MPOCTPaHCTBE KO3(MMOULIMEHTOB PasnoxXeHUs (hbparMeHTos
KpuBbIX GC- 1 GA-COAEPKaHWS MO KNAacCUYECKUM OPTOroHabHbLIM 6a3ucaM. HaliaeHb! ycnosus
OnTUManbHO annpokcuMaLmMm, obecneynBatoLLe aBTOMaTUYECKOe pacno3HaBaHWe NnoBTOpoB
pas/siMyHbIX BUAOB (MPSIMbIX U MHBEPTUPOBAHHBLIX, @ TaKKe TaHAEMHbIX) Ha CNEKTPasbHOM MaTpuLue
cXoAcTBa. MeTos 0ANHAKOBO XOPOLO paboTaeT Ha pasHbIX MacwTabax AaHHbIX. OH No3Bonser
BbISIBIATb CEAbl CErMEHTHbIX AYMIMKALMWIA U MeracaTesiIuTHbIE YYacTKU B FEHOME, palioHbl CUHTEHWUM
MpU CpaBHEHUW Napbl reHOMOB. Ero MOXHO MCMoNb30BaTh 415 AETaSbHOTO U3yUYeHUs (PparMeHToB
XPOMOCOM (MOMCKa PasMbITbIX YUYACTKOB C YMEPEHHOM ANMHOMN MOBTOPSIOWErOCs NaTTepHa).

Puc. 1: IIpomuecc nopoxKaeHus TEKCTOBON KOJIJIEKIMU BEPOATHOCTHON TEMATUIECKON MOJENbIO (2): B KaxK-
JIOi mo3uIuu i JOKyMeHTa d; CHadaja nopoxkaaercs rema t; ~ p(t|d;), sarem Tepm w; ~ p(w|t;).

3apadva TemMaTUYHeCcKOro MOAENNPOBAHUS — 910 OOpaTHAsE 3a/ia4a: 10 33 JaHHOI KOJI-
jekiuu D rpefyercst Haifitn napaMerpbl @, 1 0y, NP KOTOPBIX TEMATHIECKAs MOJIEb (2)
XOPOUIO IPUOJIMZKAET HACTOTHBIE OLCHKH YCJIOBHBIX BeposTHoCTel p(w |d) = 7.
Pacupenenenne Buga p(t|x) Oymem HaszbiBaTh memamukol odobekTa x. MOXKHO TOBO-
puTh 0 TeMartuke Jokymenta p(t|d), repma p(t|w), repma B gokymente p(t|d, w).
[1e1b10 TEMATHIECKOTO MO/ICTHPOBAHIS SB/ISCTCS BBISBICHIE TEMATHICCKOI KaacTep-
HOM CTPYKTYPbI TEKCTOBON KOJLIEKIIUH, OIIPE/IeJIeHUE TEMATHKH JOKYMEHTOB U CBSI3aHHBIX
C HUMH OOBEKTOB, OLMCAHME CEMAHTUKU KAXK/IOi TeMbl ¢ CJI0BAME €CTECTBEHHOIO $I3bIKA

C IOMOIIBIO pactpejeienuii p(w |t).

Hu3kopaHrosoe maTpu4yHoe pasnoxeHue. Pasencrso (2) MOXKHO Hepenucarb B Mat-
pUYvIHOM BHUJIEC. B JIEBOII yacTu pPaB€HCTBa HaXOAUTCA U3BECTHadA MaTpUlla 4aCTOT TEPMOB
B JIOKyMeHTax F = (ﬁ(w | d))WX - [IpaBasg qacTh npejcTap/sger coboil MPOU3BeIeHIe IBYX
HEU3BECTHBIX MATPULL — MAMPutbe Mepmos mem D = (Qui)wxr 1 MAMPUyLL mem 00ky-
menmos © = (0iq) 1w p. O6brano uncio rem |T'| muaoro mensbiie |D| u |[W /|, nosromy 3aaua
TeMaTU4IeCKOI'0 MO/eJIMPOBaHUA CBOAUTCA K IHOUCKY HpI/I6ﬂI/I)KéHHOFO MATPpUYIHOT'O Pa3J10-
xkenust F' =~ ®O, paur koroporo ue upesbimaer |T].

Bee Tpu marpunp F, ®,© gprdiorcda cmoracmuueckumu, TO CTh UMEIOT HeOTPHIA-
TeJIbHBIC HOPMHPOBAHHLIC CTOJIONLL fq, ¥, 04, IPeACTABIMIONIE JUCKPETHBIE PacIpeee-
nus. [Ipoussegenne PO HA3BIBACTCH CMOTACTMUMECKUM MATMPULHBIM PA3AOHCEHUCM.



YacTtoTHble OLeHKN YCNOBHbIX BepoaTHocTel. B npocrpancrse (), BepoaTHOCTH, BBI-

n )
pazKalommuecst yepes nepeMeHnbie d U w, COBIAAAIT ¢ 9acTOTaMU COOTBETCTBYIONINX Ha-
OJII0TaeMBIX COOBITHUH:

N Ng on N
Ngw — TUCJIO BXOXKJICHHUII TepMa w B JOKYMEHT d;
Ng =Y, Ndw — MJIIHA JOKYMEHTA d B TepMax;
Ny =Y g Ndw — YHCJI0 BXOXK/ICHUI TepMa W BO BCE JOKYMEHTbl KOJLJIeKIK;

n=> 4> ., Ndy — JJIIHA KOJUIEKIIIH B T€PMaX.

BepogTHocTr, cBA3aHHBIE CO CKPBITOM IepeMeHHOil ¢, ToKe OmpeaeasoTcsd KaK 9aCTOTHI:

Ty TNt Mg Nidw
t) = — t) = — t|d) = — t|d = : 4
pt)=—  plwli) o p(t]d) ' p(t|d,w) m—— (4)

Nigw — YUCIO TPOEK, B KOTOPBIX TepM W JOKyMeHTa d CBA3aH C TeMoil t;
Td = Y, Mdw — GUCIO TPOEK, B KOTOPBLIX T€PM JOKYMEHTa d CBS3aH ¢ TeMOI ¢
Mgt = Y g Mdw — GUCIIO TPOEK, B KOTOPLIX TEPM W CBSA3AH C TEMOH ¢;

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

B ormaume or (3), 9TH YaCTOTHBIE OIEHKU HE MOTYT OBITh BHIYUC/IEHBI HEIIOCPEICTBEHHO
10 MCXOMHBIM JAHHBIM, TAK KAK TEMBI {; HEU3BECTHDI.

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

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

Cptwld)  plol0p(tld) ol
P W)= 20T = pwld) S pudder )

Takum 06pa3om, 1OJIy4aeM CUCTeMY HEJIMHEHHbIX YyPAaBHEHUN OTHOCUTE/ILHO IapaMeT-
POB MOJENH Py, B3 M BCHOMOTATEIbHBIX HEPEMEHHDBIX Diguws Mty Mid, Tt

(Pwt‘gtd
Praw = <=—5 6
! ZS Sowsesd ( )
Ny
deD weWw
n
Ora = n—td§ Nyg = Z Ndw Ptdw - (8)
d wed

J1st €€ perrenust y100HO IPUMEHSITH METO/, IPOCTBIX UTEPALHIL: CHAYAIA BBIOMPAIOTCS
HaYaJIbHble IPHOIHKEHHS MAPAMETPOB Oy U Og, MO HUM BBIYUCIIAIOTCS BCIOMOTATE Ib-
HBIE IIEPEMEHHBIE Dty , KOTOPBIE O3BOJISIOT HANTH CleIyolnee IPUO/IHKeHIe IapaMeTPOB
Oyt 1 Oy Boraucsenus no gopmynam (6)—(8) mpogoszKaloTes B MUKJIE 10 CXOAUMOCTH.
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Agaropurm 2. Pannounanbusiit EM-anropurm st remarndeckoii mosenn (2).

Bxoga: kosutekrust D, qucsio tem |T'|, Hadanbuble npubiauzkenus marpur ¢ u ©);
Bbixoa: mapamerpsr mogenn ¢ u O;
NOBTOPSATb
OOHYJIMTD Mty Nyg, Ny it Bcex d € D, we W, t €T
anascexde D, wed
Nidw = Ndw PutBid / > Pwrbrq nas Beex t € T,
YBEJIUIUTD My, Mg, Ny HA Nyqy, A7 BeexX t € T

oA~ W N

(=]

Ouwt = Nyt /My 1151 Beex w € W, t € T,
7 Oq := nyq/ng nius Bcex d € D, t € T}
noka ® u O ue coiiyrcs;

(v ]

DTOT UTEPAIUOHHBIN IIPONECC SB/IIETCH YacTHBIM caydaem EM-ajaropurva, npeana-
3HAYEHHOI'O JIJIsl HOCTPOEHUs] BEPOSITHOCTHBIX MOJIEJIeH CO CKPBITHIMU IlepeMeHHbIMU [43].
BblunciieHne yCJIOBHBIX PACHpPeIeeHuil CKPBITHIX mepeMenHbiX (6) HasbiBaercs: E-marom
(expectation), Beraucsrenue mapamMerpos mogean (7)—(8) — M-marom (maximization).

Jlanee mbl BoiBegeM EM-aaropurm u3 obiieil onTUMU3AIMOHHON [TOCTAHOBKH 32 1AM,
Ceiiyac Mbl IPHUILIA K HEMY 3JIEMEHTAPHBIM ILyTEM, KOTOPBIH JaéT MPOCTOe HHTYUTUBHOE
IIOHUMaHue CyTu EM—aﬂFOpI/ITMa, HO OCTaBJIdeT 6e3 OTBETOB BazKHbl€ BOIIPOCHI: CXOJUTCHA
JIL AJITOPUTM K PElIeHUI0 CUCTEMbl yPABHEHUU, €/IMHCTBEHHO JIM ITO pPelleHue, u 1oYemMmy
9Ta CUCTEMA OIMCHIBAET TEMATUIECKYIO MO/Ie/Ib, HpubinzKaoiyo p(w|d).

PayvoHanbHbii EM-anroputm. Boruunciienne nepeMeHHBIX N, Ny, 7; Ha M-1mare Tpe-
OyeT OJHOKPATHOrO IIPOXOJa KOJLIEKIMH B IUKJE IO BCeM TepMaM w € d Bcex JIOKyMeH-
ToB d € D. BHYTpH 3TOro nNuKJjaa 3HAYECHUE Dy, BBITUCISIETCA TOJBKO OuH pa3. IlosaTomy
E-mar MmoxkHO BecTpouTh BHYTph M-1mara 6e3 AOMOJHATEIbHBIX BbIYHC/IUTEIbHBIX 3aTPaT
u 0e3 XpaHeHHus TPEXMEPHON MATPHUIBI Pigy. DTOT BapuaHT peasmsanun EM-agaropurma
OyZeM Ha3bIBaTb PayuOHAAbHbLM; OH IOKA3aH B aJropuTMe 2.

3 ApantmnBHas perynsipnsayung

B srom pasjiesie Mbl BBe1€M 00111l (hopMa/Iu3M A JIUTUBHON perysisipu3aiii, KOTOpbIit
HO3BOJISIET HAJIE/ISTh TeMaTUYeCKUe MOJIE/IU Pa3HOOOPA3HbIMU I10JIE3HBIMU CBOMCTBAMM.
Yro 910 3a cBOiiCTBA U KaK OHU (POPMAJIM3YIOTCS € IIOMOIIBIO Pery/spu3anuu, 0yjemM pas-
bupaTbCd B CJIEIYIONINX pa3iesaX. 37ech Mbl BbIBeIeM pery/asgpu3oBanubiii EM-aaropury,
npuMenns ycjaoBusg Kapyma-Kyna—Takkepa K oNTUMU3aIMOHHOI 3a/1a4e ¢ OrpaHNIeHN-
saMu. Hanry oCHOBHYIO MaTeMaTu4ecKylo TeXHUKY copMmysimpyeM B BUJIE JIEMMbl O MaK-
CUMU3AIUU TJIAAKON (DYHKIMKM HA eUHUIHBIX cuMILIeKcaX. C moMOIbIo 9TOi JIeMMbL BCE
nocseayfomue EM-110106HbIe aaropur™Mbl OyyT BBIBOAUTHCS B APy CTPOYEK (MM 9y Th
GOJIbIIe — [0 YUCJTY MATPUI] B MOJIEH).

MpuHUMN MakcMMyma NpasaonoaobMsA KCIOJIb3YeTrcs B MATeMaTHIeCKON CTaTHCTHKE
AJId OHCHUBAaHUYA HEU3BECTHBLIX ITapaMeTpPOB BE€POATHOCTHbIX MO,H,e.HeI;'I 110 Ha6ﬂ}0ﬂaeMbIM
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sgaabiM. COrVIaCHO TOMY IIPHUHITUILY, BHIOMPAIOTCS TaKWe 3HAYEHUS [TAPAMETPOB, IPU KO-
TOPBIX HaDJ/II0/[aeMas BbIOOpKa, HauboJiee 1paB/010/100Ha.

Dynruyus npasdonodobus ONpeie/deTcsd KaK 3aBUCUMOCTb BEPOITHOCTH HabJII01aeMoit
BeIGOpKU X = (d;, w;)_; or mapamerpos Mogesnu P, ©. B cuiy rumoress 0 He3aBUCHMOCTH
9/IeMEeHTOB BLIOOPKH OHA PaBHA IIPOU3BEICHUIO BEPOSITHOCTEHl TEPMOB B JIOKYMEHTaX:

p(X; D, @) = || p(d;,w;) = p(w]|d)"* p(d)"* — max.
Z];Jl: Cg)l]v;{l —— .0

const

[IpoJiorapudmuposas npasonoiodue, nepeitjiéM 0T HPOU3BEIeHUs K CyMMe U 0TOPO-
CUM cJjlaraeMble, He 3aBHUCHIUEe OT napameTrpoB Mojesn. [lojiyuum 3ajiady MakCuMu3aium
log-tipaB/10110/1061s IpU OTPAHUYCHUAX HEOTPUIATETHHOCTH U HOPMUPOBKH:

SN nawlnd euibia — max; 9)

deD wed teT
Z Ouwt = 1; @y = 05 Zetd =1; Org = 0. (10)
weWw teT

Perynapusauusa. 3ajada Ha3bIBaeTCst KOppexmmo nocmasaennotl no Ajamapy, ecjiu eé
peleHue CymecTByer, eJJMHCTBEHHO U YCTORIUBO.

3aa4a CTOXaCTHIECKOTO MATPHIHOIO PA3/IOKEHNUS AB/ISIeTCS HEKOPPEKTHO IIOCTABJIeH-
HOIi, TAK KaK MHO>KECTBO €€ pellleHnii B 001eM ciaydae beckonedno. Ecin @O — pemrenne,
To ($S)(S71O) Takxke ABjgercsd pelleHHeM JI BeeX HeBBIPOXKICHHBIX MaTpuIl S, Ipu
yeaosuu, uro Marpunsl ®S n ST1O — croxacruueckue.

CymectByer o61uil M10/1X0/1 K PEHIEHUI0 HEKOPPEKTHO MOCTABJIEHHBIX O0OpATHBIX 3a/1a4,
Ha3biBaeMblil peeyaspusayuet; [12]. Korga onrumusanmonnas 3ajada HeJ00Npe/leeHa,
K OCHOBHOMY KPUTEPHUIO J00ABJISIOT JIOMOJHATEIbHBII KPUTEPHil — peryaspu3aTop, yUu-
TBHIBAIOIIUI crenuuKy pemaeMoil 3a/1a9d 1 3HAHUA HMpeaMeTHO#l obmactu. B mpakrude-
CKMX 33J/la4aX aBTOMATHYECKON 00pabOTKU TEKCTOB JIONOJHUTEIbHBIX KPUTEPUEB U OIPa-
HUYEHUIT Ha PelleHre MOXKeT ObITb MHOIO.

Addumusnas peeyaspusayus memamuueckur modeset (ARTM) [3| ocHoBana na Max-
CHMU3AIUN JIMHeHHOI KOMOMHANuM Jiorapudma OpaBIONOA00HT U Pe2yAapudamopos
R;(®,0) ¢ HeorpunaTe bHbIME Kodfiunuenmamy pezysapusauuu T, = 1,... k:

k
> nawln) Quiba+ R(®,0) —» max;  R(®,0) =) 7R(P,0); (11)
’ i=1

deD wed teT

IIPU OIPAHMYEHUSIX HEOTpUIATebHOCTH 1 HOpMupoBku (10).
[IpeobpazoBanne BeKTOpa KpUTEPUEB B OJUH CKAJIAPHBIN KpUTEPUil — 3TO OJuH U3 Da-
30BBIX IPUEMOB B MHOTOKPUTEPHUAJIBHON ONTUMU3AINU, HA3BIBAEMBIN CKAAAPUIAGUUET.

Heobxoanmble ycnoBusi makcumyma. KiiaccuueckuM HHCTPYMEHTOM PeLIeHUs 3a-
Jda4 OUTUMU3aIUU C O'PAHUYCHUAMU PDABEHCTBAMHU U HEPAaBEHCTBaMU ABJIAIOTCA YCAOBUA
Kapywa—Kyna—Taxxkepa. PaccMoTpuM 3a1ady MaTeMaTHIECKOTO MTPOrPaMMHUPOBAHUSI

f(z) — max;
gi(x) <0, i=1,...,m;
hj(.l’)zo, jzl,,k
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Teopema 3.1. Ilycrs ¢yukumnn f(x), ¢i/(z), hj(x) meupepsiBHO pucdepenupyensr
B TouKe x. Ecim x — Toduka JIOKaJIbHOrO MAKCHMyMa U 331444 yAOBJIETBOPSET yCJAOBHIM

PEryJIsIpHOCTH, TO CYIIECTBYIOT 3HAYCHHS [, i = 1,...,m, A;, j = 1,..., k, HaspiBaembre
mroocumensmu Jazpanoica, Takue, 4To:
(0. m k
—— =0, Lz, ) = f(z) = 22 mgi(x) = 20 Aihy(2);
ox i=1 j=1
< gi(z) < 0; hj(x) =0; (mcxogmusre orpanmaeHn:) (12)

w; = 0; (gBOficTBeHHBIC OrPAHHICHHST)

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

YemoBus peryasgpHOCTH MOTYT (hOPMYJIHPOBAThCA Mo-pasHomy. B 3amadax ¢ inHedHbI-
MU OTDAHUYEHUSIMH OHU BBIIIOJTHEHBI BCET/IA.

Bagaqa (11), (10) oTHOCHTCS K KJIACCY HEBBITYKJIBIX 33/[a9 MATeMATHIECKOIO HPOrPaM-
mupoBanus. s Heé BO3MOKHO HAUTH JIUIIH JIOKAJBHBIH 9KCTPEMYM, KA4€CTBO KOTOPOT'O
Oysier 3aBUCeTb OT HaYaLHOTO npub/mkenusi. Opnako 3amerum, uro B ARTM Bapbupo-
BaHUe caMOil MOCTAHOBKH 3a/a9d IIYTEM I0I00pa PeryIsapu3aTopoB T;R; MOXKeT BJIUATH
Ha pellleHne CHJIbHee, 9eM CIOCO0 MHUIHATU3AINN.

Bsesiém oreparop norm, KoTopblil 1peoOpasyeT IPOU3BOJIbHbBINA 3a/laHHbI BEKTOD
(%;)icr B BEKTOP BEPOATHOCTEN (P;)ics JUCKPETHOIO PACHDPE/IE/IEHUs 11y TEM OOHYJIEHUS OT-
pUIATE/IBHBIX JIEMEHTOB ¥ HOPMUPOBKHU:

p; = norm(x;) = (2:)+ , I Beex i € 1,

2 = S,
kel
rae (x)4 = max{0, z} — omepamus mosoKuUTEIbHOI cpe3ku. Ecan x; < 0 prs Beex i € 1,
TO PE3yJILTATOM OllePATOPA NOTM 10 OIPE/IEJEHUIO SIBJIETCs HYJIEBOIl BEKTOP.

JlemMma 3.2 (0o makcuMusanuu Ha cuMiniekcax). I[lycrs pyukmms Q(S2) HenpepbiB-
Ho jupepennnpyema 1o nHabopy seKTopos 2 = (wj)jcs, w; = (Wij)ier,, BoobIIE roBOps,
pasamIabIx pasmepHocredi |1;|. Torga BEKTOPBI w; JIOKAJIBHOIO SKCTDEMYMa 38JaTH

Q) — max;
Zwij = 1, ] c J7
i€l

wijEO, iEIj,jEJ;

npu ycrosun (3i € 1) wij% > 0 yZ[0BJI€TBODSIIOT Y PABHEHHSIM
ij
0 :
w;j = norm (wij—Q), i€l (13)
i€l Wij

apu yciaosun (Vi € 1) wij_aan‘ <0u(Fiel) wij_aan‘ < 0 — ypaBHEHUSIM
1] )
oQ
w;j = norm | —wj; =~ v € I;

npu ycaosun (Vi € 1) wij% =0 — oZHOPOTHBIM ypaBHEHHIM wij% =0,i¢€ 1.
1] )

13



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

g(Q) :Q(Q)_Z)\j Z(A}ij—l —i-zz,uijwij,

jed i€l jed i€l

rae MHOXKUTEJIN )\j COOTBETCTBYIOT OI'DAHUYECHUAM HOPMHUDOBKHU, Mij — OI'PaHUYCHUAM
HeoTpurarTeapbHocTH. Januiiem yciaous Kapyma—Kyna—Takkepa (12), npupaBHsIB HYJIO
MPOU3BO/IHBIE JTarpaHzKHaHA IO ITapaMeTpaM MOJIEH:

0L oQ

_— = — )\z -+ Hij = O, HijWij = 0. (14)

8&]2']' 8wij

IIpeamonoxum, 910 w;j > 0. Torma p;; = 0. YmuoxkuB 06e gactn pasencrsa (14) ma

Wij, MOJIyIUM ypPaBHEHHE

oQ \
Wij5—— = WijAj-

8wij

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

BosMoxkubl Tpu ciiydas.

1. Ilycrs cymecrsyer unnexc k € I; taxoit, uro Ag; > 0. Torma A; > 0. Ecin A;; <0,
TO ypaBHEHHE HE€ MOzKeT 6bITb BbIIIOJIHEHO, W IIOJIYY€HHOE€ IIPpOTUBOpEYHEe O3HadaeT, 1TO
cAeTaHHOe BHa4Yase INpeIIoJiozKenne w;; > 0 He BepHO, ciaeqoBaTeqbHO, w;j = 0. O0b-
eIUHSAA ypaBHeHHe w;;\; = A;; ¢ HyJeBbIM pemrenneM w;; =0 mpu A;; < 0, momaydum
wijAj = (Aij)+. CyMMEpY# JIEBYIO U IPABYIO YACTU ITOTO YPABHEHHSI 110 {, BBIPA3UM JBOIi-
CTBEHHYIO EPEMEeHHYIO: \j = Y . Ij(Aij)Jr. [Moacrasistst nosydennoe 3uadenue \; B Gop-
Myny wi; = 5 (Aij)+, momydum uckomoe ypasuenue (13).

J

2. Ecim A;; <0 gy Beex ¢ € I; m xora Obl OJHO U3 TUX HEPABEHCTB CTPOroe,
To A; < 0, I aHAJOrHIHBIM 00pa30M MBI IIOJIydaeM BTOPOe HCKOMOE ypaBHEHHe.

3. Ecm A;; = 0 gna Bce>a< i € I, T0 A\j =0, 1 BEKTOp w;; OIIpejiesideTcs U3 CHCTeMbI
OJTHOPOJTHBIX YPAaBHEHU I wijaTQ» = 0 mpu yCJI0BHAX HEOTPHUIATETHHOCTH U HOPMHPOBKH.

)

JlemMa JloKa3aHA.

B remaruyueckom Mojie/impoBaHUK Mbl HUKOIJIA He Oy/1eM paccMaTpuBaTh BTOPOil U Tpe-
TUil cirydail JieMMbl 3.2, cauTasi uX BbIPOKjieHHbIMU. Eciin B popmysie ochoshozo pewe-
nus (13) HOPMUPOBOUYHBIIT 3HAMEHATENIb OKAZKETCsl PABHBIM HYJIIO, TO COOTBETCTBYIONIHI
BEKTOD w; Oy/leM IoJ1araTh HyJIeBbIM I HCKJII09aTh ero U3 MOJIE/IH, COKpalllad Pa3sMepHOCTDb
IPOCTPAHCTBA [TAPAMETPOB.

Jlnsg penieHusi cucTeMbl YpaBHEHHil yJI00HO HMCIIOJIB30BAaTh METOJI IIPOCTOH UTEepaIliu.
Crauasia BbIOMpaeTCs HadaslbHOe IPUO/IHZKEeHNe Jjld BCeX BEKTOPOB Wj, 3aTeM HX 3Hade-
HUsI MHOI'OKDATHO 0OHOBIIsiiorcst 1m0 dopmysie (13). Ouepéanocrb U HepHOAMIHOCTH 00-
HOBJIEHUH MOT'YT BJIHATH Ha CXOJMMOCTD IIPOIECCa U KOHEYHBIN pe3y/IbraT. 3aMeTHM, 9TO
OOHOBJICHHUS IIOXOKH Ha I'DaJIMEHTHBIR MeTOoJ| MAKCUMH3AIUN W;j = W;; + n%, KOTODBDI,
O/IHaKO, HE€ Yy4YUTbIBaeT OFpaHI/I‘{eHI/Iﬁ HEeOTpUuuaTe/JIbHOCTU U HOPMUPOBKHU. B Haliem CJIy-
4ae He BO3HUKaeT 1podJjieMa BbIOOpaA IPpaIMeHTHOrO Iara 1.

B cremyromeit Teopeme siemma 3.2 npuMeHgeTcsa K HaDOPY BEKTOP-CTOJIOIOB JABYX MaT-
pur 2 = (®, ©). B najabHeiiniem sta JleMMa IPUTOJUTCS HAM U B G0JIee CIOKHBIX CJTydasiX,
KOT/1a, MaTpuil Oy/ier 60JibIne JABYX.
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Teopema 3.3. Ilycrs ¢pyukius R(P, ©) neupepbisuo jpugpgepennupyema. Toryga rouka
(®, ©) srokaubroro sxcrpemyma 3ajaqdn (11) ¢ orpanmgennsivu (10) yqosaersopsier cucre-
Me ypaBHEHHIl CO BCIIOMOTaTeJIbHBIMH MEPEMEHHBIME Dy, = P(t|d, w), eciim w3 pemmenmst
HCKJTIOYHATH HYJIEBbIe CTOJI0MBI MaTpui; P, O:

Ptdw = H%T%ﬂ (@wt@d)% (15)
OR
Pwt = I}U()Erl/rllfl (nwt + Qut 8g0wt) ; Nt = dGZD NdwPtdws (16)
OR
Org = Org— |; = wMtdw - 17
d nl%r%n (ntd + Oiq B th) ; Nid wzed NdwPtd ( )

okazareabcTBO. Bocnoab3dyeMces geMMoii 3.2 0 MAKCUMU3AIIN HA € THHAIHBIX CAM-
ILIEKCAX, BBIJETHB BCIIOMOTATE/IbHBIE [IEPEMEHHBIE Digy, OUpeetéanbe B (15):

OR OR
Pwt = IIOI'III (Sowt Z ndw ) + @wtm) IlOI"IIl (Z NdwPtdw + Puwt a(p t) ;

deD deD
o wt 8R o 8R
Ora = norm <9td wgew ndwp( ) + Qtd%) = norm (WEEd NdwPtdw + Ord 89td)

Teopema JjiokazaHa.

YcnoBus BbIpOXAEHHOCTU. Paccmorpum yciioBusi, 1npu Koropbix dopmysibl M-inara
(16)—(17) moryT naBarb BBIPOZKIEHHBIE HyseBble cToJ0Ib B Marpunax ¢ u O.
Tema t HazbIBaeTCS 6LIPOHCICHHOTU, €CIN

OR
890101‘/

Nt + Pt < 0 jug Beex w € W.

BoIpoK IeHHOCTD SBJI€TCS CJAEJCTBHEM CUJIBHOTO pa3peKUBAIOIIEro BO3ICHCTBHS pe-
ryagpusaropa R. Obnynenue crosbdia Marpuipl ¢ o3HaYaeT, 4TO peryisapu3aTopy BBITOI-
HO HCKJIIOYUTD JIAHHYIO TeMy u3 Mojean. CoKpallleHue 9icjia TeM MOXKeT ObITh KeJIaTe Ib-
HbIM 11000YHBIM 3P DEKTOM peryJisipu3aliuu.

JlokymeHT d Ha3BIBACTCS BbPOAHCIEHHLM, ECIIH

Mg + Org—— OR <0 gna Beex t e T.
0y

BBIpOoKIeHHOCTD JIOKyMEHTa MOKeT O3HAadaTh, YTO MO/JE/Ib HE B COCTOSHUU €r0 OlH-
caTh, HAIPUMED, eCJIU OH CJIMIIKOM KOPOTKHU TN He COOTBETCTBYET TeMATHKe KOJIIEKITIH.
Obnysenne crosbina MaTpuipl © O3HAYAET, YTO PEry/asapu3aTopy BLIIOJHO UCKJIIOYUTDH
JIAHHBIH JTOKYMEHT W3 KOJIJIEKITIH.

Ha npakTuke BBIDOXKJIEHHOCTb BO3HUKAeT PeJIKO. Kcim OHa HexkeslaresbHA, TO €€
HeTpYyHO u3bexkarh. [Ipu nocrenennom ymenbiienuu kKoddduiiperra pery/isipusaiun Ha-
CTyIIAeT MOMEHT, KOIJIa yCJIOBUE BBIPOXKJIEHHOCTHU [E€PECTAET BBIIOJIHATBHCS XOTS ObI JIJIst
OJIHOTO TepMa B TeMe (WM XOTs Obl JiJIsl OJHON TeMbl B JOKYMEHTE), W HYJIEeBOH CTOJI0er
B MaTpUIle PelleHns MePeXOJUT B HEHYJIeBOil, YAOBIETBOPSIONINN YCIOBUIM OCHOBHOTO
pemtennst (13) B JleMMe 0 MAKCUMU3AIUN HA CUMILIEKCAX.
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Mopenb BEpOSITHOCTHOrO /1IATEHTHOIO CeMaHTUYeckoro aHanusa (probabilistic
latent semantic analysis, PLSA) ucropuvecku siBisiercst nepBoil BepOSITHOCTHON TeMa-
truaeckoit Mojiebio. Ona Gblia mpemioxena Tomacom Xodwmanaom B 1999 roxy [56].
B ARTM ona coorBercTByer HysneBomy peryisipusaropy, R(®,0) = 0. B stom ciyuae
cucrema (15)—(17) coBuamaer ¢ cucremoit (6)—(8), KOTOPYIO MbI HOJYUIHIH PAHee U3 e~
MeHTapHbIX coobpazkenuit. /lobasiienue peryssipusainuu He Meusier popmysty E-miara.

B momenun PLSA ne moxkeT ObITb BBIPOXKJICHHBIX TEM HJIH JTOKYMEHTOB, IIOCKOJIBKY
BbIDO2K/ICHHOCTDb CBfA3aHa C OTPULATE/IbHOCTBIO IIPOU3BO/HLIX DEryJidpu3aTopa.

Perynsapu3soBaHHbiii EM-anroputm ssijisiercst ipumMeHeHueM MeToJla IIPOCThIX UTepa-
uuit i pemenust cucremst (15)—(17). Cradasia BoIOHPAIOTCS HAYAJIbHBIE IPUOJIMZKEHUST
Ouwt, Ord, 3aT€M B IUKIIE 10 cxoguMocTi depeyiores F-wae (15) u M-waez (16)—(17). Pa-
MOHAIBHBII BaApHAHT peryaspu3oBaHHOr0 EM-anropurma CTpOUTCS aHAJIOTHYIHO aJIro-
puT™My 2, TOIbKO Imaru 6 u 7 3amensiorcs dopmynamu M-mara (16)—(17).

NsBectno, yro EM-ajiropurm 6e3 pery/isipusanuu CXO[AUTCs B CJIaDOM CMbIC/Ie: Ha KazK-
J0if mrepaluu npapaonoaobue ypeaumduBaercs [43]. Auasorudubie ycioBus caaboil ¢xo-
muvoctr g ARTM noayuenst V. A. pxunbiv®.

Peamuzanuu EM-anaropurMa MOTyT pa3indaTbCd 9acTOTOW OOHOBJIEHHS IapaMeTpPOB
MOJIETH Py U Oiq IO TIEPEMEHHBIM TNy U Nyg. 1acTble OOHOBJIEHHUS IOBBIMIAIOT CKOPOCTh
CXOJIUMOCTH, HO [OYTH He BJIHSIIOT HA 3HAYEHHEe MPaBJONOA00us B KOHIE urepanuii [5|.

OnnaiivoBbiii EM-anropntm cunraerca Hambosiee OBICTPBIM U XOPOIIO PaCIapasIIe -
Baercs |55, 22|. OcHoBHaAst ero ujest COCTOUT B TOM, 9TO Ha OOJIBIION KOJLIEKIMU MaTPH-
na ¢ moxker coiftuch u mepectarb MEHSTHCS 33100 0 OKOHYAHHS HEPBOil MTeparuu.
B rakux ciaydagx oJHOTO MpOXOJa IO KOJIJIEKIUU JOCTATOYHO JIJIs IIOCTPOEHUST MOJIE/IH.
[TosTOMy OHJIaliHOBBIE AJITOPUTMBI CIIOCOOHBI 0OpAdATHIBATH MOTOKOBBLIE JTAHHBIE.

Heranun napaJuieibHoit peasmsaiun odduiaitnoBoro u ounjaitnoporo EM-ajiaropurma
B 6ubsnorexe BigARTM onucaunsl B paszese 17, emé mogpobnee — B crarbe [51].

O cTpaTerunsx perynspusauun. 3ajada TeMATHIECKOIO MOJIEJTHPOBAHUS MO CYTH AB-
JIIeTCsl MHOTOKpHUTepHaIbHOMi. TeMbl JI0/IZKHBI y/I0BJIETBOPITH MHOIUM TPEOOBAHUAM O/I-
HOBPEMEHHO: HHTEPIPETUPYEMOCTH, PA3JIMIHOCTH, Pa3pe:KeHHOCTH u T.Ji. Kpome Ttoro,
TeMaTUIeCKash MOJIe/]b OOBIYHO HCIOJIb3YeTCsd He caMa 10 cebe, a KaK BCIHOMOIaTe IbHbII
HHCTPYMEHT JIJIsd PEHIeHUs] PA3JIMIHBbIX 3339 TeKCTOBOM aHAJINTHKU — HHMOOPMAIMOHHO-
ro MOKMCKA, BU3YaJM3aIUU, KATerOpU3allui, CerMEeHTAIu, cyMMapu3anuu u T. 7. Kaxkias
3a/1a4a IpebaBisgeT cBou TpeboBanus K mogenn. B ARTM Bce TpeboBanus dpopmanzy-
I0TCd B BHUJIe KPUTEPUEB pery/spusanuu [; u 6amancupyiorcs ¢ MOMOMIbI0 KoddduiueH-
TOB T;. Koadpdunuenrol 7; HpUXOJUTCs 1M0A0MPATh B KaxK/JI0H 3a/ia4e IKCIEePUMEHTAIbHO,
9TOOBI HAWTH KOMIIPOMHCC MEXK/y BCeMHU KpuTepusiMu. bosiee Toro, jijist u3MepeHus Ka-
YecTBa MOJEIN OOBIYHO UCIHOJIb3YIOTCSI He CaMU Peryjidapu3aropbl R;, a KaKue-To JIpyrue
MeMPUKY Kawecmea. Peryasapu3aTopbl JTOMKHBI OBITH TVIAJAKUMHI (DYHKIHAMEA, YIOOHBIME
Jig Beraucsaenuii Ha M-mrare. MeTpuku KadecTBa JIOJKHBI UMeTh YIOOHBIE J/Isi HHTEp-
HpeTaIu YUCI0BbIe 3HadeHnd. K cokaieHuio, 31u TpebOBaHus 9aCTO BXOAST B IIPOTUBO-

Mpxun U. A. CxouMOCTh YUCIEHHBIX METOJIOB BEPOATHOCTHOTO TEMATHYECKOTO MOjie/IupoBanus. Ma-
rucrepckas auccepranus, MOTU, 2016.
http://wwuw.MachineLearning.ru/wiki/images/0/05/Irkhin2016msc.pdf
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peune. Hampumep, obmienpunsaTbie METPUKN KadecTBa WH(MOPMAIMOHHOIO TIOUCKA, [TOYTH
HUKOI/IQ HE SIBJIAIOTCS TJIAJKUMU (DyHKIUSIMU.

Ha npakTuke mpob/iema BoiOOpa KO3(hDUIUEHTOB peryisapu3aliiy IepepacraeT B OoJee
OOIILYIO IIPOOJEMY YNpPaGACHUA KAYECMEOM MOJETH MIyTEM H3MeHeHusT KOdhMOUIUEeHToB T;
B X0sie urepanuii. OJHA peryagpu3aTopbl MOTYT JeJ1aTh HOJATOTOBHTENbHYIO PAOOTY s
Jipyrux. Hekoropbie pery/isipu3aTopbl PEKOMEH/IyeTCs BKJIIOYaTh JIUIIb 1I0CJEe TOI'O, KaK
EM-ajiropurm Havas cxojurbes. Jpyrue Jjiydiie OTK/IOYATh 1OCJE TOI'O, KAK OHHM Bbl-
HOJIHIJIA CBOIO pabotry. Hekoropble perynspus3aTropbl MOTYT HEHTpPAIU30BaTh APYT APY-
ra, u TOIJIa UX HPUXOAUTCI MPUMEHATH moodepéano. OOpa3HO roBops, Peryaspu3aToOpPhI
KaK JIEKApCTBa JJI MOJETN, — B MaJbIX /I03aX JiedaT, B OOJTbIINX CMEPTETbHO OIMACHBI,
B COYETAHUAX MOTYT JlaBaTh Heoxkupauubie dpderror. Cucremaruzamnus 3rux 3hPeKTon
CTAHOBUTCS IIPeIMETOM dMiupudeckux ucciepoanuit 8 ARTM.

Cmpamezueti pe2ysapu3auuy HA3BIBAIOTCs IIPaBUIa n3MeHeHus: KOd(pduiumenTos pe-
ryagpusanuu 7; B xome urTepanmit EM-amropurtva. 9T mpaBmia MOTYT HCIOJIb30BaTh
TeKyTIre 3HaUYeHNsd MeTPUK KadeCcTBa U MapaMeTPOB MOJEJH.

OTHocuTenbHble Ko3chdurymneHTsl perynsapusaunn. Kosdduimenrsl perysispusaium,
TITATETHHO MO00pAHHbBIE JJIS OJHONM KOJJIEKITUH, MOTYT ILTOXO IMOAXOIUTH JJIS JAPYTOil.
OHu MOryT 3aBHCETH OT pa3Mepa KOJJIEKITNN, MOITHOCTH CJI0Baps, CpeIHeil TJINHBI JOKY-
MeHTOB. Ecm KOTeKnus MOMOTHIeTCs, TO CO BpeMeHeM MOZKeT MOTPeOOBAThCSA UX ITepe-
HacTpoiika. [Ipobiiema pernraercs ¢ HOMONIBIO HODMUPOBKY M BBEJIEHUST 0OMHOCUMENDHHLT
K0ahPpuyuUeHmos pe2ysapu3ayu, BhIPAXKAIONIUX CTEHeHb BO3JEHCTBUS Pery/isipu3aTopa
Ha TeMaTH41eCKYIO MO/eJIb. OTHOCI/ITe.HbeIe KOS(I)(I)I/ILLI/IGHTBI MEHbIIIE 3aBUCAT OT KOJIJIEK-
AN, U JIJIs HIX MOTYT OBITH YCTAHOBJIEHBI YHUBEPCAJIbHBIE PEKOMEHIyeMble 3HAYEeHUs.
Pacemorpum dbopmyny M-mrara (16) co B3BemeHHON CyMMO# perysisipu3aTopoB R;:

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

Z
Tit = SDwt ) ry = g Tit-

wGW

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

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

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

N n n
T =T %'—t + (1 =%)—),

it T

17



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

Anasnornano pacemorpum dbopmysy M-mara (17) co B3BeneHHO cyMMOil peryssipusa-
TopoB R;. Beném cymmapnoe sosdeticmeue q;q perynspusaropa R; Ha 10KyMeHT d U ero
cymmaproe 6ozdeticmeue ¢; Ha KOJIEKIUIO:

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

teT

[IpencraBum Ko3bpummeHT peryaspusanun 7; B BHJIE

Ti =T (%E + (1 — %’)ﬁ),
did q;
IJe T; — omHocumenvrul Koaphuyuenm pezyrapudayuu, v; — cmenensb undusudyaiusda-
yuy BoO3JeiicTBus peryisipusaropa R; na jokymentsl. [Ipu v; = 1 koaddunuenrsr makcu-
MaJIbHO PA3JIMYAI0TCH 110 JJOKYMEeHTaM, BbIpABHUBAs OTHOCUTE/IbHbIE BO3/IEHCTBUS PeryJis-
pusaropa Ha J0KyMeHTHI. [Ipu v; = 0 ko3 dunuenTs He pa3zaudaroTcd H0 JOKYMeHTaM.

4 BeposiTHOCTHas perynspunsayna n mogenb LDA

Mogens narentaoro pasmertenus /lupuxiie (latent Dirichlet allocation) LDA [29] —
caMasi 4acTo ylIOMHHaeMas B TeMaTudecKom Mmojejmposanuu. Qakruvecku, cBoeit pabdbo-
toit 2003 roma ssux Biit, Duapio bla u Maiiks /lzkopman mocraBuim TeMaTudeckoe
MOJIe/TUPOBAHKE Ha PeJIbChbl DailecOBCKOro 0OyUeHUs.

B mannom pasaene Mbl BBeaEM Moaeab LDA, paccemorpum eé cBoiicTBa, 00bICHUM eé
C HO3UIHIT & TUTUBHO Peryaspu3aliuu 1 Ja/iuM eii 6o/1ee MpocToe aJbTepHATHBHOE 000C-
HOBaHUe, He TPeOyIolee BBeJeHUs allpUOPHbIX paciipejesennit Jupuxie. Mol ybepumcst,
gro ARTM nossossier peasmsoBarb LDA kak dacTHblii ciydail, He npuberas K Oaiecos-
CKOMY BbIBOJLY. BailiecoBckoe oOydeHre Mbl pacCMOTPUM I1032Ke, B pasjiee 6.

MpuHUMN MakcMMyma anocTepuopHOl BeposATHOCTM. Jlo cuxX mop MBI Hpeamosara-
JIM, 4TO JIAHHbIE HOPOXKJIAIOTCA BEPOSITHOCTHON MoJje/ibio ¢ napamerpamu (@, 0), koro-
pble He U3BECTHBL U He Cjydaiinbl. Telepb Hpejino0zKiuM, YT0 HapaMeTpPbl CaMy sBJISIOT-
Cs CJIydaflHBIMU MEPEMEHHBIMU U HOJAYMHSIOTCS anpuophomy pacnpedeaenuto p(P, O; )
C HECJIYYIalHBIM 6EKMOPOM 2unepnapamempos . B 3ToM ciydae MaKCUMH3AIU COBMECT-
HOro mpasjononodus msanubix X = (d;, w;)’; u momenu (P, 0) OpUBOAUT K MPUHIIUILY
MAKCUMYMA anocmepuopholi eéepoamuocmu (maximum a posteriori probability, MAP):

n

p(X,2,0;7) = p(X|®,0) p(®,0;7) = p(®,0;7) [ [ p(di, wi|,0) — max.

¢7®7
i=1 7

[Tocae sorapudmupoBanus nosydaem Mojudukanuio 3a1adu (9), B KOTopoii Jorapudm
AIIPUOPHOIO pacCIpeie/IeHus CTAHOBUTCS PEryJispu3aTOPOM:

Zzndw hlZSOwt@td +Inp(®,0;7) — max. (18)
deD wed teT R(q;’@) =
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02 02 02
.3[.,.,99-]'., . .j[._!{ITTTYT!o j‘._TTTTTTTTTT
Dir(p;0.1) Dir(p;1) Dir(¢; 100)
(paBHOMEpHOE)

Puc. 2: Tlpumep TpéX HEOTPHUIATEILHBIX HOPMUPOBAHHBIX BEKTOPOB ¢ pasmepHocru |W| = 10, mopox-
JEHHBIX COOTBETCTBEHHO TPEMS CHMMETPUYHBIMU pacnpeaenenuamu Jupuxie ¢ mapamerpamu 0.1, 1, 100.

Bo MHOrux ciydasx BO3MOXKeH U oOpaTHbiii mepexos. Peryaspuzarop R(P,©), usna-
JaJIbHO HE HMEIONIHil BEPOITHOCTHONW HMHTEPIIPEeTAIni, MOKHO IpPeodpa30BaTh B alpHOp-
HOe pacCIpejieleHne IyTéM SCIOHeHIupoBanust 1 HopMupoBku: p(P, ©) o exp(R(P, 0)).
HOpMHpOBO‘{HbIﬁ MHO2KHTEJIb HE 3aBUCUT OT llapaMeTpPOB MOJEJIN, II09TOMY AJId MaKCUMU-
3a1Uu aloCTepuopHOil BepostHocTH 110 (P, ©) oH He Baxken. OHAKO €C/IU PEIIATh 33y
ONTHMHU3AIUN THIIEPIAPAMeTPOB Y, TO ero yzKe MPUIETCS YIUThIBATh.

Mopenb natentHoro pasmewierHus Jupuxne (latent Dirichlet allocation) 6bura mpe/-
nozkeHa B [29] qist pemtenust npo6iiembl mepeodydenus B Mojesnu PLSA. TIpo6iema 3akitio-
qasach B TOM, 9T0 Mojeab PLSA mpejckassiBaia BeposTHOCTH TepMOB p(w | d) HAa HOBBIX
JIOKyMEHTaX 3aMEeTHO XyzKe, 4eM Ha obydatomieil Kouieknuu. OObIYHO 1epeodyYeHne CBsi-
3aHO C U30BITOYHON Pa3MEPHOCTHIO IIPOCTPAHCTBA IIAPAMETPOB, II09TOMY Ha MaTpuilbl O, O
cJie/lyeT HaKJ/IaJblBaTh JIONOJIHATEbHbIE Orpanndenus. B [29] Obi0o BBEJEHO 1peinosio-
JKeHHe, 9TO CTOJIOIBI STUX MATPHUI] ABJIAIOTCA CJYIANHBIME BEKTOPAMH U IOPOZKTAIOTCS
pacrpeaerenuamu Jupnxie ¢ runepnapaverpamu o € RT u 8 € RV coorsercrsenno:

: o -

Dlr(ed;a):ﬁ : etdt 17 oy > 0, O‘(]:;O‘tv Org > 0, ;etdzh
t

. r _

Dll"(%;ﬁ)zﬂﬂsogi L Be>0, Bo=3Buw Put >0, 3w =1

[TT(Bw) %

rie ['(2) — ramma-ynkuust. [lapamerpsl pacupesesienusi [upuxiie cBs3anbl ¢ MaTeMa-
THIECKUM OXKHIAHHEM IIOPOZKIAEMbIX CJIydaiiHbIX BEKTOPOB: Ef;y = 3—(’;, Epuwt = %

Ucnonb3oBanue pacupesesiennit upuxjie onpaBiano mo Tpém mpuanHaM.

Bo-niepsbix, pacupejenenus /lupuxse ciiocoOHbI HOPOXKIATh KaK pPa3peKeHHble, Tak
U IJIOTHBIE BEKTOPDI JJUCKPETHBIX paclpejeeHuil, puc. 2. Eciu BeKTop mapaMeTpoB COCTO-
AT W3 PAaBHBIX 3HA4YEHUil (3,, TO pacupesenenne /upuxje HA3BIBACTCA CUMMEMPULHBLM.
[Ipu 5, =1 cumMmerpudHoe pacupenenenne /lupuxie cOBIaIaeT ¢ PaBHOMEPHBIM Pac-
npeje/ieHneM Ha €JUHUIHOM CUMILIeKce. dem menbine (3, Tem Ojimzke K HYJIIO yCJIOBHBIE
BEPOSITHOCTU 0y = p(w|f) B OPOXKIAEMbIX BEKTOPAX Py

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

p(w|t,) ~ Dir

Puc. 3: Pacupenesnenue Dir(p|a) nopoxaaer BeKTopbl TeMm ¢; = p(w|t), KOTOpbIe MOPOKIAIOT MYJIbTH-
HOMMaJIbHBIE pacupezenenus p(w|t, d) Ha eUMHUIHOM CUMILIEKCE B IPOCTpaHCTBE pa3meprocru |W| = 3.

AHaJIOrMUHO, TUIIOTE3a O pa3pekeHHOCTU pactpeenenuii O, = p(t|d) dbopmanusyer
€CTECTBEHHOE IPE/IIIO/I0KEHNE, YTO KazK/Iblil JOKYMEHT OTHOCUTCHA K HEDOJbIIOMY HYUCILY
reM. TpyjiHO 1pejcraBuTh cede JIOKYMEHT, B KOTOPOM 3aTParuBaloTcs BCe TeMbl OOJIbIIOMN
TEKCTOBON KOJUTEKITHH (& eC/TH 9TO SHIUKIIONEe/IUsI, TO B KA4eCTBe JOKYMEHTOB CTOUT B3sTh
OT/IeJIbHBIE €6 CTATHH).

Bo-BTOpBIX, ABYXYPOBHEBAsA MOJIE/Ib IIOPOZK ICHUs JAHHBIX (DOPMAIU3YET IPEIIOI0HKE-
HHE O CyIECTBOBAHUN TeMATHIECKUX KJIACTEPHBIX CTPYKTYP B TEKCTOBOM Kosuteknuu. Pac-
npeenenne Jlupuxie MOPOKIAET BEKTOPBI JUCKPETHBIX pachpeaesenuii ¢, = p(w|t),
KOTOpbIe CTAHOBATCA IEHTPAMH TeMAaTUIeCKUX KJaacTepoB. Kazkaplil Takoil IEHTD MOpOzK-
JIAeT TeMATHYeCKUe YaCTU JIOKYMEHTOB — BEKTOPbI JIMCKPETHBIX pactpeesenuit p(w |, d),
KOTOPBIE IJIOTHO I'PYHIIMPYIOTCS BOKPYI' CBOEIO HEHTPa, puc. 3.

B-tperbux, pacupeenenne [Iupuxiie aBisiercsa CONPSAKEHHBIM K MYJIbTHHOMUAILHOMY
pacupeeaeHnio. 1o Ype3BblYaiiHo y100H0 it 6alleCOBCKUX METOI0B, KOTOPhIE PACCMaT-
PUBAIOTCH B CJeAyIomeM pasjese. VIMeHHO MareMarnydeckoe y00CTBO HpelonpeIe/Iuio
HOILYJIAPHOCTH pacupe/esienus Jupux/ie B TeMaTu4ecKoM MO/EeJMPOBAHUN.

Cornacuo (18), mogeaun LDA cooTBeTCTBYeT pery/isipu3aTop, ¢ TOYHOCTHIO 0 KOHCTAH-
ThI paBHBIA cymMMe JjiorapudMOB aupuOPHBIX pacupeaesennii Jupuxie:

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

teT deD
= Z Z (Bw — 1) In oy + Z Z(at — 1) In6yy. (19)
teT weW deD teT

[Ipumenenue ypasuenuii (16)—(17) k sTomy peryiasipusaropy gaér dbopmynbr M-nrara:
pur =m0t (nye + By = 1); - g = norm (g + oy — 1),

IIpu B, =1, oy = 1 anpuopHoe pacupeenenne lupuxie coBIagaer ¢ paBHOMEPHBIM
pacipejie/ieHiHeM Ha CUMILTeKce, popMy/ibl M-1mara mepexodar B HeCMeIEHHbIe YaCTOTHBIE
OIIEHKH YCJIOBHBIX BepositHOcTeit, a Mojesnb LDA nepexoaur B PLSA [52].

IIpu B, > 1, a; > 1 peryasgpu3arop HMeeT CIJIAXKUBAOIIN P KT, 3aCTaB/IsIs Pac-
npejesienns ¢; u 0y TpubINKATHCS K 33 IaHHBIM PACIpPeIeTeHIIAM [ U ( COOTBETCTBEHHO.

IIpu 0 < By, <1, 0 < oy < 1 perysisipuzarop umeer paspezkupaiomniuii 3¢ dexT u cro-
cobeH OOHY/IATH MaJible BepogTHOCTU. OIHAKO TpeOOBaHKUe CTPOTOil MOJI0KUTETLHOCTH I1a-
paMerpoB 3, U i B pacupeaeneHusax /lupux/e orpaHnInBaeT BO3MOKHOCTH YIIPABICHUS
paspezxkeHHOCThI0 MaTpuil ©, O B mogesn LDA.
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0.04 A 0.020 0.020
0.03 1 0.015 1 0.015 1

0.02 4 0.010 1 0.010 §

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

Puc. 4: Jueeprennusa Kynbbaka—J/leitbnepa KL(P||Q) saBisiercs HECHMMETPUIHON MEPOH BIOXKEHHOCTH
pacnpenenenuss P = (p;)_; B pacupenenernue Q = (¢;)"_,. Broxkernnocts P B () IpUOIU3UTEIHHO OJNHA-
KOBA HA JIEBOM U CpeJHeM rpaduKax, BJOKEHHOCTh () B P — Ha jJieBOM ¥ mpaBoM rpaduKax.

Auseprenuymns Kynobbaka—Jleibnepa (KL-dusepeeryus, OTHOCUTEIbHASI SHTPOIIHS) Jia-
Jee OyaeT OJHHM U3 BasKHEHIINX MHCTPYMEHTOB KOHCTPYHPOBAHHUS PEryJIsSpH3aTOPOB.
10 HecuMMeTpHUHAd (DYHKIHUA PACCTOSHHA MEXKIy JUCKPETHBIMHU PAaCIpeIeeHusIME
P=(p)i,u@=(qg),, c coBuajgaomumu Hocuressivu, {i: p; > 0} = {i: ¢; > 0}:

L(P[Q) = KLi(pilla:) szln H(P,Q)— H(P),

e H(P)=—>.p;Inp; — snumponus pacupenerenus P, H(P,Q)=—>.pilng —
Kpocc-anmponus pacupegenennit P u (). Obo3nadenune KL; He sB/sieTcst 0OIMENPUHATHIM,
HO OHO yJI00HO, KOIJIa Ha/I0 II0KA3aTh, 110 KAKOMY HHJIEKCY IIPOU3BOIUTCI CyMMUPOBAHHUE.

KL-suBeprennusi HeoTpunare/ibHa U paBHA HYJIIO TOTJA M TOJbKO TOIJA, KOIJA Pac-
npeje/ieHusi COBIAJIAIOT, P; = ¢;.

Eciim KL(P||Q) < KL(Q||P), ro pacupejesienne P cujibHee BI0KeHO B ), yem @) B P,
cm. puc. 4. Takum obpazom, KL gBiisiercss Mepoil BJIOXKEHHOCTH JIBYX PaCIpe/Ie/IeHUIA.

Eciin P — smuupuueckoe pacupejeserue, a Q(a) — mapaMerpudeckasi MOJIeib, TO MU~
aumusamusd KL-juBeprediyun 9K BUBaJIeHTHA, MUHUMU3AIMHA KPOCC-9HTPOIUNA U MAKCHMHE-
3aIUl [IPaBI0IOI00MI:

KL(P||Q(a sz b

—>m1n = E pilng;(a) - max.
[e%
i=1

Bajaua MAKCUMU3AIUK PABIONOA00Us JIjIsl TEMATHIECKOrO MoeupoBanus (9) 9K-
BUBAJIEHTHA MUHUMU3AIUA B3BelIeHHON cyMMbl KL-/tuBepreHnumii MezK /1y SMIEPUICKUMA
pacipenenenusayu p(w|d) = 74 1 mogenbabivu p(w | d), no Beem tokymentam d u3 D:

Nng .
E ng KLw(—w H E gpw,ﬁtd> — min,

ng P,0
deD teT

IJle BeCOM JOKYMeHTa d siBJIsSleTCs ero JjimHa ng. Eciam Beca ng yoOparb, TO BCe JTOKYMEH-
THI OY/JyT UCKYCCTBEHHO IPHUBE/IEHBI K OAUHAKOBOI jjuHe. Takasg momuduranus QyHK-
[IIOHAJIA KAYeCTBa MOXKeT ObITh II0JIe3HA IIPH MOJIEJTHMPOBAHUN KOJLIEKIIHI, COMepKAIIIX
JIOKYMEHTBI OJIMHAKOBO# BarKHOCTHU, HO CYIIECTBEHHO PA3HOMN JIJIMHBI.
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He-6aiiecosckas nutepnpetaunsa mogenu LDA. Peryisipusarop (19) MoxkHO 9KBUBa-
JIBHTHBIM 00pa3oM 3arnucarb depe3 KL-juBepreuiyu:

R(CI),@) = |W| ZKLw(ﬁ H Sowt) - 6OZKLUJ(%_Z H prt) +

teT teT
+ \T|ZKLt(|T1‘ | 6ua) — aOZKLt(g—é | 6:4)-
deD deD

Orcroma ciemyer, 9ro Mogeab LDA oka3biBaeT CriaKMBaoIIe U PaspezKuBaiONne
BO3eiicTBus Ha MaTpuibl P, ©. Bee crosbub marpunpt P 10/12KHBL ObITH OJIM3KH K OJHOMY
U TOMY K€ PacIpe/ie/IeHUIO %7 IpUIEM ImapaMeTp [y CTAaHOBUTCHA KOI(DDUIMEHTOM pery-
Jngpusanui. AHAJOIHYHO, BCe CTOIONBI MATPUIIBI © JTO0KHBI OBITH OJIM3KHU K pacipe/eie-
HUTO 3—3, U 3TUM TpeboBaHUEM yIIpaB/sgeT KO3 UIMeHT peryasdpusanuu «g. Kpome srux
CIVIaZKMBAIONIUX BO3/IEUCTBUI UMEIOTCs cjlabble HeylIpaBJisieMble Pa3pezKuBaIoIe BO3/1eii-
CTBUs: CTOJIONBI 00EUX MATPHIL JOJIKHBI ObITh JAJeKU OT PABHOMEPHOI'O PACIIPE/IeJIeHUS.
JlaJjibiiie Bcero oT paBHOMEPHOI'O paclpe/iesieHusl HaXOIATCsS BbIPOXK/IEHHbIE paciipe/ielie-
HU$, B KOTOPBIX €JMHUYHAsS BePOITHOCTH CKOHIIEHTPHPOBAHA B €IUHCTBEHHOM >JIEMEHTE.
[TosToMy paspeKuBaHMe MIPUBOIUT K OOHYJIEHIIO MaJIbIX BeposTHOCTel B Marpunax ®, 0.

5 Teopua EM-anropntma

B srom pasjesie mbl norpysumcs B reopuio EM-ajiropurma. Pacecmorpum 6oJiee oO1uit
KJIACCHYIeCKHil criocob ero BBIBO/IA, KOTOPLINA IO3BOJISIET 00O0CHOBATH CXOAUMOCTD. 3a0/IHO
0boraTuM ero BO3MOKHOCTBIO aTATUBHON peryasgpu3anun. Marepuas 3Toro pasiena Io-
HaTOOUTCS TOTBKO B CJIEAYIOIIEM pa3sjelie, emé bosiee TeopeTndeckoM. Ecau HeTepmuTcs
[OCKOPEe y3HATh O HPAKTHYECKHX ACIIEKTAaX TeMaTHIECKOTrO MOJIEJIMPOBAHKA, TO 00a pa3-
JeJia MOXKHO IEeJIUKOM ITPOIYCTHATD.

O6wwnin EM-anroputm c perynsipusauymein. Knaccudeckuii EM-anropurm [43] mpes-
Ha3HAYeH /I MOCTPOEHUs MIMPOKOTO KJIacCca BEPOSATHOCTHBIX MOPOZKIAIONIUX MOeIeit
CO CKPBITBIMH HEpeMeHHbIME. TeMaTudeckoe MOJeJIMPOBAHUE JIJIsi HEI'O — JIUIIb YaCTHBII
caydait. Cxomumocrs EM-anropurma yao0HO J0Ka3bIBaTh Jid OOIIEro cjiydast, 100aBUB
BO3MOYKHOCTD peryisipusanuu. [losromy nepeiiiem k 0oJiee 001umM 0003HAMEHUSIM:

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

Z = (t;)_, — ckpumole nepemenmbie;

Q = ($,0) — napamerpbl HOpozKaoiieil BeposrHocTHON Mojesu p(X, Z ).

Bajaua 3aK/I09aeTCs B TOM, 9T00BI 110 BbIOOpke X Haiitum mapaMerpbl mojenn §2,
P KOTOPBIX JOCTUTAETCS MAKCUMYM MAP2UHGAU306GHH020 Npasdonodobus (marginal
likelihood)? ¢ perymapusaropom R(Q):

Inp(X|Q) + R(Q) = anp(X, Z|+ R — max. (20)
Z
Dra 33124 Hey100HA TeM, 9TO CyMMUPOBAHKE 1101 JIOrapuMOM IIPOU3BOUTCS 1O BCe-

BO3MOYKHBIM 3HAQUYEHUsIM CKPbITHIX IEPEMEHHbIX Z. B ciiydae TeMarudeckoro MOJE/Inpo-
BAHUsI 9TO MHOYKECTBO BCEX N-MEPHBIX BEKTOPOB TeM, ero MOIIHOCTh pasHa |T'|™.

2Marginal likelihood ma pycckmii HHOTJa HePeBOIUTCA KaK HpeebHOe MK HeIOTHOe IPaBI0IoI00mIe.
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Teopema 5.1. FEcun pynknmonas (20) gocrarodno rrajkmii, 1o Todka ) ero JoKaJabHO-
o MaKCUMYMa YJIOBJIETBOPSIET CUCTEMEe YPaBHEHHUI, pellieHue KOTOPOH MeTOJ0OM HPOCThIX
AaTepanuii CBOAUTCI K YEPEJOBAHHIO JIBYX IIAIOB:

E-mar: q(Z) =p(Z|X,Q); (21)
M-mar: Zq(Z) Inp(X,Z|Q)+ R(Q) — max . (22)

JokazaTeabcTBo. 3anunemM HeoOX0IUMbIE YCIOBUS JOKAILHOIO SKCTPEMYMa, /IS 3a-
Jadn MaKCUMU3aIuu riaakoro ¢gyuknunonaaa (20):

1 op(X, Z|Q2 Q
ZP( 2| )+8R():O.
p(X|9Q) o0 o0
U3 dopmyiibl yesosuoii BepositHoctu cieayer p(X [) = i E)Z(\?g; Bocnosbsyemest
STHM TOXKJIECTBOM, BHOCS p(x—lm) 110/1 3HAK CYMMHDOBAHUSI:
X Z|Q aQ o
OR(Q)

=0.

Zp (Z]X,Q) lnp(X Z19) + —5

HO.T[yLIeHHoe YpaBHEHHUE HABJIACTCA HeO6XO,ZLI/IMbIM ycjoBueM JIOKaJIbHOI'O 9KCTpeMyMa
sajgaun M-mrara (22), eciau dbukcupoBarsb pacipegesenue p(Z | X, ) Tak, 41066 OHO HE 3a-
BrCcesio oT mapamMerpa ). VIMeHHO 9T0 u jocTuraercst Boraucaennem ¢(Z) va E-mare (21)
¥ 1ocJieyomedi ero noJcranoBkoii B (22). Takum 06pa3oM, Mbl HOLyYUIIM CHCTEMY YDaB-
HEHUil, SKBUBAJICHTHYIO HEOOXOAMMBIM YCJIOBHsIM MakcumyMma dyHnknuonasaa (20).

Teopema JjiokazaHa.

CaencrBue 5.2. Ecin 3ajzada onruvusainun (20) mmeer orpanmyenust ¢;(2) <0,
h;(2) =0, to cucrema ypasmenmii (21)—(22) ocraércs B cmire, mpn 3TOM 3a/Jada OITH-
muzanun (22) uMeer Te ke OrpaHHICHHS.

st joKa3are/ibeTBa HEOOXOUMbIe YCJI0BUS JIOKAJBHOIO IKCTPEMYyMa 3aMEHHAIOTCS
yeaosusimu Kapyma—Kyna—Takkepa, B 0cTajibHOM BbIKJIAJKNA aHAJIOTUIHBI.

Teopema 5.3. B urepanmonnom nporecce (21)—(22) 3navenne pyHKnnOHAIA HE YMEHb-
HIAETCST HA KAZKJ[OM IIAre.

okazarenbcTBo. Begém mpousBosibHOe pactpeseienne ¢(Z). Bocmosb3yemcs

YCJIOBHEM HOPMHDPOBKH » , ¢(Z) = 1 u roxaecrsom p(X |Q) = ZE)Z(\? 3;

p(X, Z|Q)
Inp(X|Q) = Zq ) Inp(X Q) = Z (Z)In————=
5 p(Z] X, Q)
Jobasum u oraumeM Y, ¢(Z)Ing(Z2):
p(X, Z|Q) q4(Z)
Inp(X|Q) = qZ)In ————= + ) In ———. 23
L(9) KL((2) [p(Z] X,0)) >0
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Bropoe ciiaraemoe B 310l cymme siBisiercd KL-juBeprennuein MexkLy JAByMsi pacipe-
JIQJIEHUSIMHU, KOTOPasl BCerjia Heorpuuaresbia. [loaromy nepsoe ciaaraemoe, 0003HaYE€HHOE
aepe3 L(q,Q), aBiasercsa HuzKHeil oneHKoil orapudma mpasgomnomodus Inp(X |Q).

st MmakcuMusanuu pery/sipuzoBaHuoro log-npasononobdust In p(X |Q) + R(2) no
OyleM MaKCHMH3UPOBATH €r0 HUZKHIOI OILCHKY MOOYEPEIHO TO 110 ¢, TO 10 §2:

E-mar:  L(q, Q) + R(2) — max;
q
M-mar:  L(q, ) + R(Q}) — max.

Makcnvusauus L(g, Q) no ¢ sksusaienrna munnvusannu KL(g(Z) H p(Z]X,Q))
10 ¢, HOCKOJIbKY uX cymma (23) He 3aBucur or ¢. Munumym KL-nuBeprenium pasen
uyaio u jocruraercs upu ¢(Z) = p(Z|X,Q), aro cosuamaer ¢ dbopmysnoit E-mara (21).
Obuynenne KL-nmuBeprennuu B (23) o3nadaer, uro L(g, () gBiagercd mocruraeMoii HUK-
Heit onenkoii st In p(X |Q)), a 3amaga Mmakcumusanuu Ha M-mmare coBnajaer ¢ (22).

Taxkum o6pazom, EM-anroputm (21)—(22) gBasgercs 9acTHBIM CJIy4aeM UTePAuOHHOIO
nporecca 6JI09HO-OKOOpAMHATHOI onTumuzanuu dynkimuonana L(qg, Q)+ R(Q)), na kax-
JIOM IIIare KOTOPOro 3HadeHue GyHKIMOHAIA MOZKET TOIBKO yBEJTHIUTHC.

Teopema nokazana.

EM-ajiropur™m He rapaHTHpyeT HU JIOCTUKEHUs MAaKCUMyMa C 3aJIaHHOI TOYHOCTBIO,
HU [100a/ibHOil cxoauMocTu. ONTUMHU3AIMOHHAA 3a/a49a SIBJIAeTCd B ODIIEeM CJIydae MHO-
rodKcrpeMasibHoil. Ha mpakTuke 3T0 0O3HAYaeT, ITO KA4eCTBO PEIIeHHs MOXKET 3aBHCETD
0T BbIOOpA HAYAIBLHOI'O HPHOJIHKEHN.

O6bwmnin EM-anroputma c perynsipusauvei anst TeMaTU4eCKOro Moae/iIMpoBaHus.
[Tpumenum EM-asnropurm (21)—(22) K 3ajade TeMaTHIECKOrO MOJIEJUPOBAHUS, BEPHYB-
HIUCh K UCXOAHBIM Obo3HadenusM: X = (d;, wy)y, Z = (t;),, Q@ = (P, 0).

Caenyromas JaeMMa IMOKa3bIBAET, YTO B CJIydae TeMATHICCKOrO MOJCJUPOBAHUS CYyMMA,
110 BCEBO3MOXKHBIM Z B 3aade M-1ara (22) cymecrBeHHO yIPOIIAETCS.

Jlemma 5.4. Touka (P, O) J0KaJIbHOIO MAKCHMyMa PEryJIsipu30BaHHOIO l0g-1paBiono-
J106ust B 3a,5a4e TeMarniaeckoro mojgesanposanust (11) yiaosiersopsier cucreme ypaBHeHHid,
pelreHne KOTOPOil MeTo[OM MPOCTBIX HTepAaIui CBOJUTCI K 9ePEeIOBAHHIO JABYX IAIOB:

E-mar: p(t|d,w) = ntorTm(gothtd), st Beex d € D, we W, teT; (24)
€

M-mar: Z Z anwp(ﬂd,w) 1n(g0wt9td) + R($,0) — Ig%x. (25)

deD weW teT

Joka3zareabCTBO. 3anuiieMm cHadaja Gopmyay E-mrara. Bocmosib3oBaBimcs ycJio-
BIEM He3aBHCHMOCTH 3JIEMEHTOB BBIOODKH U IpuMeHuB dhopmyny Baiieca (5), pasiokum
q(Z) B npousBejieHue YCIOBHBIX BEPOATHOCTEH TEM MO BCEM MO3HIHAM i

n

q(2) =p(Z|X,Q) = Hp(ti|di>wz’) = Hnotfm(@witietidi)-

=1 =1
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[ToxcraBum B 0611yI0 bopmyiay M-mara (22) pacupenesnennst p(X, Z |Q) u q(Z):

Z q(Z)Inp(X,Z|Q)+ R(QY) — max;

ZeTrm

Z antﬂdk,wk 1an (diywi t; | Q) + R(Q) — max .

el tneT k=1

Bripazum sorapudm mpousseeHus yepe3 cyMMy JIorapudMOB U [IEPEeCTaBUM MECTaMu
3HAKU CyMMHPOBAHUS:

ZZ ZHPtk\dk,wk)lnp(dz,wz,t Q) + R(Q) — max.

i=1 t1eT theT k=1

BamMerum, 4To cpejyu n cyMm 10 t; € T HerpuBUaJbHA BCEra TOJIbKO OJHa — Ta, JJid
KOTOPOIi t; = t),. Bee ocraabHble CyMMBI PacXoAylOTCa Ha 00pa3oBaHUe MOJHBIX BEpOsT-
nocreit . p(ty|dy, wy) = 1. Takum obpasom, dynkua B 1eBOf TacTH yuportaeTcs:

i=1 teT

3aMeHIM CYMMHPOBAHUE IO HO3UIMAM T€PMOB ¢ CYMMHUPOBAHHEM IO JOKYyMeHTaM d,
3aTeM 10 TepMaM W B KazKJIOM JIOKYMEHTE, YUUTBbIBas KaXKJbIil TEPM Ng, pa3. 3arem
BocmoJb3yemes npejcrapiennem p(d, w,t|Q) = p(w|t, @) p(t|d,O) p(d) = @uwibrapa, o1-
OpocuB B HEM MHOXKHTEJIb Pg, HE 3aBUCHIIUI OT UCKOMbBIX 11aPAMETPOB MO/IEJIN:

Z Z Z nawp(t|d, w) In(@uibia) + R(P,0) — max.

0
deD weW teT

JlemMa JloKa3aHA.

Bagada (25) sBisieTcss MAKCUME3AIUeH PEryIsipi30BAHHOTO MPaBIONOA00usT it Be-
positHOCTHON MOgemu p(w,t|d), KOTOpas HACTPAMBAETCS MO SMIUPUIECKUM HaCTOTAM
Nidw = NawP(t|d, w). D10 1osIe3HASE TPOMEKYTOUHAS (POPMA OCTAHOBKU 344U TeMaTH-
YECKOr0 MOJEJUPOBAHMS IPH M3BECTHBIX PACIPEIEJICHUAX CKPBITHIX II€PEMEHHbIX.

[Tokazkem, ato or Heé serko nepeiitn Kk EM-aaropurmy st ARTM (15)-(17). Boc-
IIOJIB3YeMCsl IMPEKHUMU OOO3HAUCHUSAMH Ny U3 (7) u nyg u3 (8). Torma kpurepwmii (25)
PaCKJIaJIBIBAETCS B CYMMY JIBYX CJIAraeMbIX H PEry/IspU3aTopa; IePBOe 3aBHCUT TOJLKO
or ®, Bropoe — TOJILKO 0T O:

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

w,t d,t

[Ipumensiss K JIAaHHOMY KPUTEPUIO JIeMMY 3.2 O MaKCUMU3AIUMU HA €JMHUYHbIX CHUM-
wIeKcax, HeMmeieHno nosaydaeM dbopmysasl M-mara qrsa ARTM (16)—(17). B coBokymmo-
CTH TaKoil €IIoco® BLIBOJA JIMHHEE, HO €ro IMPEMMYIIECTBO B TOM, YTO IOMYTHO YAAETCs
obocHoBaTh cxojuMocTh EM-ajropurma.
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6 baiiecoBckoe obyyeHune moagenun LDA

[lenabto GaiiecoBckoro obydenusi (Bayesian learning) sBisiercst mosiydeHue OIEHOK
IJIOTHOCTU PACIPeJieJIeHs] JIJI HapaMeTPOB BEPOSTHOCTHOW MO BMECTO OObIYHBIX
TOYEUYHbIX OIEHOK. [Ipu3HaeMcs cpa3y — B TeMaTUudeCKOM MOJIEJIMPOBAHUY ITO HE HYZKHO.
B amasuse maHHBIX eCcTh Macca MPAKTUIECKHUX 33/1a9 U CUTYyaIuil, KOI/Ia alloCTePHOPHBIE
OIEHKN MJIOTHOCTH *KU3HEHHO HeoOXxoauMbl. Ho TOJIBKO He B TeMaTH4ecKOM MOJEeTHpPO-
BaHWHU, [JIe MEJbI0 dBsgercd noiaydenune marpurn, ¢ u ©. Her HUKAKUX 3HAYUMBIX HCCIIE-
JIOBAHUI, B KOTOPbIX aHAJIU3UPOBAJIUCH Obl allOCTEPUOPHbBIE PACIIPE/Ie/IeHHs] TapaMeTPOB
B OT/IeJIBHBIX siueiikax 3tux marpul,. [loydus amocrepuopHbie pacupejie/ieHnsi, uX BCeria
TYT Ke 1peodbpa3yIoT B OObIUHbIE TOYEUHbIE OIEHKHU.

Ocraércs qunib rajarhb, nodeMy 06ailecoBCKOe 00ydeHne OKa3aJoCh JOMHHUPYIONUM
HOJXOMOM B TeMaTHYeCKOM MOjeanpoBanuu. Bo3Moxkuo, GaiiecoBckue MeTOJbl ObLTH
Ha BO3paCTAlONIeM TpeHje <«KpuBoil ['apTHepa» B TOT MOMEHT, KOT/Jla IOSBUIACH MO-
nenb PLSA Tomaca Xodmanna. Bo3dmokno, ckasaJjicsi HelipepekaeMblil HayIHbI aBTOPH-
et aBTopoB Moen LDA. Bo3aMoKHO, B TEMATHIECKOM MO/IE/JIUPOBAHUN IPOU3OIIET IIEpe-
CKOK 4epe3 cra/iuio pa3surusi. B perpeccuonnom anaJjiuse, 00paboTke CUrHAJIOB U U300pa-
JKeHWl TOCTAHOBKH ONTUMU3AINOHHBIX 337124 YCJIOKHSIACH MOCTEIEHHO ITyTEM BBeI€HUS
PeryJIspU3aTOPOB, OCTABASACHh MPH 9TOM B PaMKaX TOYEYHOIO OleHuBaHusd. Bojee ToHKHIe
BUJIbl aHaJ/u3a 10TpedoBa/n 60Jibiie nHMOPMAIME O MOJEJUPYEMbIX BeJMYUHAX U LApa-
MeTpax MoJieJiel, 4TO HPUBEJIO K HEPEXO/y OT TOYEUYHBIX OLEHOK K OIEHKaM aloCTepu-
OPHbBIX pacipejie/ieHuil u or 0ObIYHON pery/isipusanuu K OaitecoBckoit. Temaruueckoe Mo-
JIeIIpOBaHKe OKa3aJlaCh OTHOCHTE/JILHO HOBOM 3ajadueil B TOT MOMEHT, Korja OaiiecoBckoe
oOydeHHe MepeyKNBajo MUK MonyaspHocTH. [loaToMy pa3BuTre momwio mo myTu, Ka3aBIile-
Mycsd HamboJee MePCIeKTUBHBIM HAa TOT MOMEHT JjId aHaJIu3a JAHHBIX B IeJoM. boraTbie
BO3MOZKHOCTH OOBIYHO¥, He OailecOBCKOM, peryJisipu3aluu Tak U He Obljin OOHAPYKEHbI
B poMexkyTKe mMexty nosiiaenuem PLSA (1999 rox) u LDA (2003 rox). D10 ynymienue
KaK pa3 u Ipu3BaH ycTpaHuThb moaxon ARTM.

Hecmorps Ha BhICKa3aHHBIE BBIIIE COOOpazKeHus, OailecoOBCKOe oOyUeHne Kpaiine BazK-
HO JIJI TeMaTHIeCKOr0 MOJEJHPOBAHNS XOTs ObI IIOTOMY, 9TO OOJTBITMHCTBO ITyOTHKATIIIT
HAIICAHO Ha 9TOM MaTeMaTHW4YecKOM sI3bIKe. B JTaHHOM paszene paccMaTpUBAIOTCA IBE
OCHOBHBIE TexHUKH Jj1si Mojiesin LDA — Bapuanuonubiii altecOBCKUiT BHIBOJL U COMILTHPO-
Banue ['ub6ca. Ob6e onn npuBogaT K EM-110100HBIM ajropurMaM, HESHAYUTEJIHHO OTJIH-
JAIONMUMCs OT 3HAKOMOII HaMm Bepcuu. B konme obcyxmatorca ormmansa ARTM or Gaiie-
COBCKOTO ITO/IXOIA.

I'pomo3ikas TexamKa 6aiteCOBCKOr0O BBIBOJA, ONMCAHHAS B TAHHOM pa3felie, JaJjee Uc-
H0JIB30BaThCs He Oy/eT. BaiiecoBcKue TeMaTmaecKue MOJIENH, KaK MPAaBUJIO, YIAETCS Tepe-
¢dopmy/upoBaTh B TEpMHUHAX PEry/isipu3aliud HAMHOTO sicHee u upoiie. [Ipumepos Takux
«J1e0alieCHHU3UPOBAHHBIX» MOJIeJIeil OyjieT MHOI'O B CJIEJIYIONIUX pa3/ie/iax.

Konuenuus baiiecoBckoro obyuqenus. Ilycrs X — nabiromaeMast BIOOpPKa JTAHHBIX,
p(X | Q) — BepogrHOCTHAST MOJIE/b TAHHBIX ¢ HapaMerpamu $2, p(€2|vy) — anpuoproe pac-
npedesenue B MPOCTPAHCTBE IIAPaMeTPOB MOJC/IH, HMelolee IHiepnapaMerpsl . Torma
anocmepuoproe pacnpedeaenue napaMerpos, coraacto gopmyle Baiteca, umeer Bu

p(€, X [v)

PRI =S

oc p(€2, X |7) o< p(X[Q) p(2]7),
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rje CUMBOJI X O3HAQYaeT «PABHO ¢ TOYHOCTBIO JO HOPMUPOBKU».

Eciin nam Hy2KHa JIMIIb OIIEHKA MaKCUMYMa, IPaB/I0110/1001s JIJIsI AIIOCTEPUOPHOIO Pac-
npejiesieHns, TO JIOCTATOYHO BOCIOJIB30BATHCS IMPUHIHUIIOM MAKCUMYMO GNOCMePUuopHot
8EPOANMHOCTIU, KOTOPBIH OBLT pacCMOTPEH B IpebLayIneM pasjene. Torna 3aada cBOIUT-
cd K MaKCHMU3AIUHA Jorapudma mpaBIono00us ¢ BepOITHOCTHBIM PeryIsapu3aTOpOM:

Inp(X|Q)+1Inp(Q]y) — max.

AnbTepHATUBHBIN Iy Th, HA3BIBAEMBIil 0aUecO8CKUM 8bl6000M, 3AKTIOUAETCI B TOM, ITO-
OBl BBIYHCJIUTE anocTepruopHoe pacipesenerue p(§| X, ) B sBHOM Bu/Ie. DTO HOJIEE CIOK-
Has 3a/ada, HOCKOJIbKY BMECTO TOYEYHON OLEHKH mapamerpa () CTpOUTCsS ero pacipeie-
jenne. Teopernyeckn Takoil moaxox gaér 60/bine HHGOPMALUA O apaMeTpax MOJIEJIH,
HO3BOJISIET CTPOUTH JIJI HUX JIOBEPUTE/IbHBIE U HHTePBaJIbHbIe OleHKH. OIHAKO B IIPAKTHU-
Ke TeMaTHIeCKOr0 MOJIETNPOBAHU 3TH BO3MOXKHOCTH TaK U He HAILIH IIHPOKOrO IIPHMe-
HEeHHs, U [0JIydaeMble allOCTePUOPHBIE pacIpeeeHnsa OObBIIHO Cpa3y IIepeBOISTCA B TO-
YeUHbIe OIEHKH MAaTEeMATHIECKOrO OKHTAHMUS.

Hecmorpst Ha m30BITOYHYIO CJI02KHOCTH M CBSI3aHHBIE C 9THM OrpaHUYeHns, DaiiecOBCKOe
o0ydeHne JOMUHUPYET B JIMTEPATYPE 10 TeMATHICCKOMY MOJEIUpOBaHui0. Mbl paccmoT-
puM JiBa HauboJIee MOIMYISPHBIX IOIX0/a: BAPUAIMOHHBINA OaiieCOBCKUIT BBIBOJ, (variational
Bayes, VB) [138] u commmuposanne ['u66ca (Gibbs sampling, GS) [134]. s npocToTst
orpaHmIuMcsa Moaenbio LDA m yBmwmamm, uro oba moaxoga mpuBoadarT K EM-1momo0HBIM
AJITOPUTMAM, HE3HAYUTEIHLHO OTIMIAIOIMIMMCA OT TOI0, KOTOPBI MbI Y7K€ BBIBO/IMJIL.

CgoiictBa pacnpegenedunsa Qupuxne. B oboux nmoaxogax Oyger CyHECTBEHHO HCIIOJIb-
30BaThCs paciipejieienne Jupuxiie, 103ToMy HPUBEIEM B CIIPABOYHOM IOPSIJIKE HEKOTOPHIE
ero CBoiicTBa:

e EO, = [0, Dir(f|a) db = o= no%"m(at) — MaremMaTH4yecKoe oxKujanue Oy
o 0, = C‘fg—:} = notrm(at — 1) — moua;
e DY, = % — JIICHepPCHs;

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

F/
Huramma-dyuknus () = % OueHb 1OXOKa Ha jorapudm.
U3BecrHa npocrasi, HO BeCbMa, TOYHAS ALPOKCUMAIM KCIO- 35 ]
30 ]
HeHTHI quraMMa-pyHknun (Ha rpad ke UX IHHIN IPAKTAIECKH ;|
HePA3THIUMbI ): 20
10 3
x? 0< 05 §
> S¥4 < 1; 0]
E(x) = exp(Y(z)) =~ { 2’
T — %’ 1 < xT. 0 05101520 25303540

BapuauunoHHbiii baecoBcknii BbiBoA,. llaest 51010 10iXx04a B TOM, 4TOObl HCKATH COB-
MECTHOE allOCTePUOPHOE PACLpe/le/IeHIe Jijld HapaMeTPOB MOJIEIM M CKPbIThIX IepeMeH-
ubix p(Z, ®, 0| X, «, f). HemocpeacTBeHHOE BBIYUCIEHUE JAHHOIO DPACIPEIEJEHHUs MPO-
Gaemarnano. 1103TOMy HAXOZAT ero IpubIMKeHHe B BUJE PA3JI0KeHHs Ha MHOMKHTEIH,
UCHOJIB3YS OCHOGHYI0 MEOPEMY GaAPUALUOHH020 baliecO6CK020 6b16004.
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Teopema 6.1. Ilycrs 3ajaH0 pasbuenne MHOXKeCTBA 11lepeMeHHbIx Y Ha 010ku Yj, j € J.
Torsa pemenue sazaun KL(q(Y) || p(Y]X,7)) — min B ceMelicTBe (DaKTOPH30BAHHDBIX

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

Ing;(Y;) = Eqy Inp(X, Y'[7) 4 const, j € J, (26)

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

JlokazaresibcTBO MOXKHO Hajitu, Haupumep, B |23].

st pemenusi cucrembt (26) MOKHO HCHOJIB30BATh METOJ, IPOCTON UTEPAIUH.

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

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

jeJ i=1 teT deD

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

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

Yrobbl 3amucarh cucTeMy ypaBHenuii (26), pacouimem JorapudM pacrpeeeHust
p(X,Z, 9,0 |, 3), nepesojs ciaraeMbie, He 3aBUCSIIEE OT HEPEMEHHbIX t;, @y, 04, B const:

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

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

1=1 teT deD

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

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

PaccmorpuM ypasuenne (26) OTHOCHTETBHO ¢ (py):

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

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

-~

WV
Nwt

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

w

Paccmorpum ypasuenne (26) orHocuTeabHo ¢q(64):

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

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

Nid

=In Dll"(ed ‘ O~éd)

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

t

Haxkownern, paccmorpum ypasaenue (26) orHocureabHo ¢;(t;):

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

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

Ing;(t) = w(nwit + ﬁw) - @D(Zw(”wt + 5111)) +
+ ¢ (g, + ar) — (X, (nua, + a)) + const.

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

( et ) Bl + ) ) (27)
E(Zw(nwt + 610)) E(Zt(ntdi + at)) ’

¢i(t) = norm

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

1 1
(nwit + Buw; — 5 M, T 0 — 5)

1 1
nt+ﬁo—§ ndi+ao—§

N[

q(t) = norm

Bamerum, aro popmy.ia st g;(t) moxoxa na E-mar (15) 8 EM-anropurme st mosesin
LDA: p(t|d;,w;) = normy(¢y,:0i4,). Bosee Toro, akKyMyJIupOBAHUE CUETUUKOB My U Mg
B TOYHOCTH coBIagaet ¢ popmyramu M-mara (16)—(17), ecom momarars ¢;(t) = p(t|d;, w;):

n n

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

i=1 i=1

29



Takum obpasom, pemrenue cucreMbl (26) METOJAOM MPOCTBIX HTEPALUH HPUBOJAUT K
EM-10106HO0MYy ajiropurmy. 9T0 HEMHOTO YUBUTEIHHO, HOCKOJIBKY MbI HE UCIOJIB30BAJIN
EM-anroputym, n make He peliajn 3a/1a9y MaKCHMU3AIUAN TPABIOMOI00US.

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

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

HE SBJMIOTCA 3HAQYUMBIM JJIg TeMaTudecKoir Mmogenu. Takwme ornmumsa B EM-1momo0HBIX
aJrOpUTMaX TEMATHIECKOIO MOJETHPOBAHEST MOXKHO CYHTATh HecylecTBeHHbIMA [20).

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

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

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

dyw,t teT deD
Ngwt , Bw—1 Ndwt o —1
x H H Pt Pt H H 04" 0y
teT dw deD w,t
nwt+ﬁw_1 ntd“rat_l
o [[1Tewi ™ 1111
teT w deD t
x H Dir(e: | 8) H Dir(04|da);  But = M+ Buw,  Gta = mya+ou, (28)
teT deD

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

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

Teopema 6.2. I[Ipormecc cOMITEPOBAHAS OJHOMEDHBIX CJIVIAHHBIX BEJTHIHH

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

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

Jloka3aTebcTBO MOXKHO HaiiTu, Hanpumep, B [23].
YT00BI BOCIIOJIB30BATHCSL TON TEOpeMoii, moaokuM v = («, ) 1 HaiiéM pacmpeese-
uue p(X, Z|a, 3). [TockojibKy OHO He JI0JIZKHO 3aBucerb oT napamerpos (®,0), no Hum

30



HpUAETCs B3sATh MHTErpas. [loJplHTerpaibHoe pacupe/ejenne Mbl yzxke BbiBesn B (28),
HO JIMIIIb C TOYHOCTBIO JIO HOPMUPOBOYHBIX MHOKUTe/Ieil. Teliepb oHM HAM 1HOHAI00ATCH,
no3ToMy pas3bepéMcs ¢ HIMU aKKypaTHee:

MXZMﬁ%i//MXZ@@W@ﬁMﬂMM9=

/ / H wnwt Oud Hpgd [ I Dir(e:|8) [ Dir(ba| @)ddde =

teT deD
Bw ot — « &
Z Hw tdpy de T t 0 Hetd 'do, =
teT < __ _—_ deD t
x Dlr(apt | Be) x D1r(9d |é&q)

Z ﬁw H r ﬁwt tat Ht (atd)
U zmmgdnt JT(S, du) 29)

Pacupenenenne p(X, Z\; |a, 8) ormudaercs or noiydennoro sbire p(X, Z |, ) aunib
TEeM, YTO OHO CTPOHUTCs MO BBIGOPKe Ge3 i-ro anementa (d;, w;,t;):

o (2w Bw) T1, Fﬁwt tO‘t [T, (64 — 610)
PIX, Zf e f) Enrm}@:% gdnt YO0 (G — 8L))

rne 0%, = [w=w;|[t=t;], 0., = [t=t;][d=d;]. Temepn, cormacuo dbopmyse u3 reopemsr 6.2,
IIO/IC/TIM IIOJTyYeHHBIE PACIPEICTCHAS OJHO Ha APYroe, ITO0BI MOy IUTh OJTHOMEPHOE Pac-
peIeJIeHne JIJIs COMILITMPOBaHust TeMbl t;. [Ipu jejieHun B qucjmTe/ie 1 3HaMeHaTe/1e Co-
KPATsITCsl BCE MHOXKHUTE/M KPOME TeX, KOTOPbIE 3aBUCAT OT djiementa (d;, w;, t;):

_ X, Z]|a,B) _

p(tz|X? Z\iaa>5) - p(X, Z\Z|Oé,5) -

_ F(nwztz_‘_ﬁw@) F(Zw(nwh_l_ﬁw)_l) F(ntidi+ati) F(Zt(ntdi+at)_1)
F(nwiti+6wi_1) F(Zw(nWti+/8w)) F(ntidi+ati _1) F(Zt(ntdi_l_at)).

I'(z)

B s1oMm BbIpazkeHHH BOCIOJIb3YeMCsI CBOMCTBOM raMma-(yHKITUN o) — L~ 1:

p(t] X, 2y, 0, 6) = norm

( Nt + Bwi -1 . Ntd, + ay — 1 )
YoMt + Buw) =1 32 (g, + ) — 1

[To cyru 310 OneHKa ycJaoBHOI BeposTHOCTH P(t|d;, w;) = normy(¢y,0iq,) Ha E-mare
EM-anropurma g mogean LDA. Takum obpasom, MBI cHOBa mosydaeM EM-1momo0HbLiT
AJI'OPUTM, XOTd 3a/a9a MaKCUMU3AlUU HpaB,H‘OHO,H,O6I/IH JazKe He CTaBUJIaCb. KaK " B CJ1y-
Yae C BapualluOHHbIMUA 6aﬁeCOBCKHM BbIBO/IOM, aJI'OPUTM OTJ/IMYaeTCd HECYIeCTBECHHbIMU
IolpaBKaMi K 4aCTOTHBIM OEHKaM YCJIOBHBIX BepOHTHOCTeﬁ. F.J'[aBHOG ero orjiniue B TOM,
qaro g Kaxaoro (d;, w;), ¢ = 1,...,n, OIPOUCXOJUT CIMILTUPOBAHIE TOJBKO OJHON Te-
MBI t;, KOTOpas M Y4acTBYeT B aKKYMYJIUPOBAHUU CUETUUKOB Ny U Mgt

n n

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

i=1 i=1
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A nproputMm 3. Cosmmimpoanue ['uboca.

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

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

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

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

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

©

DakrTuyecku, Ha M-mare cyMMEUpYIOTCS He camu pacupenpenenus p(t|d;, w;), a ux sM-
nupudeckne oneHku p;(t) = [t=t;] mo comminpoBanbiv TeMam t;. CyMMa TaKHX ONEHOK
CXOJIUTCS K CyMMe UCXOJHBIX DACIPE/eIeHNH, CONIACHO 3aKOHY OOJIBIINX YHCElI.

[To okoH4YaHUU UTepaIuii HCKOMbIE [APAMETPBI MOJIEJH MOYKHO OIEHUTDH Yepe3 MaTe-
MaTHYeCKOe OXKUJIAHHE alloOCTePUOPHBIX pacupesaesrenuii Jupuxie u3 (28):

pur = n0mm (nue+By); b = norm (nutay).

B asropurme 3 nokasana ujesi peasusanun, nupepioxkennas B [134]. Kaxgas urepa-
s k B IpOIecce COMILIMPOBAHUS COOTBETCTBYET OJHOMY IPOXOay Kosutekiuu. Korma
JUISL TIO3HUIMK § COMILIAPYETCS TeMa, t;, BCEM IIPeIbLAY M HO3UIUAM 1, ..., 47— 1 yKe npu-
CBOEHBI TE€MBI Ha JIAHHOI HTepalui, a BCe MOCeLyIOIIne MO3UIun i + 1, ..., n COXpaHIIOT
rembl ¢ npeipiaynieii (k — 1)-it urepanun — B To4HOCTH Kak TOro Tpedyer reopema 6.2.
CoMILImpoBaHHAsl TeMa 3allOMUHAELTCH B EPEMEHHON t;, 1 Ha Ccjie/ytomeil ureparyu, Ko-
[J1a 9Ta TeMa U3MEHHTCS, CIETIUKH My U Nyg OYIYT YMEHBIIEHBI HA eJIUHUILY JJIs CTapoil
TEeMBbI, 1 YBEJIMYEHBbl HA €IMHUILY JIJIs HOBOIA.

CxoacrBo EM-mogobubix aiaropurmoB PLSA, MAP, VB, GS u emé HeckoJbKHX HX
BapuaHTOB ObLIO 3aMedeno B [20]. B pabore [5| commaupoBanue paccMaTpuBaIOCh KakK OT-
JIeJIbHAS 9BPUCTHKA, KOTOPYI0 MOXKHO HMCIOJIb30BaTh B Jir000oM EM-1momo6HOM asropurme
TEMATUIECKOI0 MOJIe/InpoBanus, HadnHas ¢ PLSA. DkcrepuMeHThl MOKA3aJ/M, 9TO CIM-
[JIMPOBAHUE HECYIIECTBEHHO BJIMAET HA CXOJUMOCTH WM JPYrue cBoWcTBa Mojeau. Kak 3B-
PUCTHKA, OHO MOXKET CBODOJHO COYETAThCS C JIFOOBIME PEryJisipu3aTOPaMH.

Ontumunsayusa runepnapametpos B mogenu LDA. Bo muorux paborax, Hadumnas
¢ |134], ucnosb3yiorcs cuMMeTprUYHbIE AIPUOPHbIE pacipe/iesenus upuxie ¢ napamer-
pamu oy = 50/|T|, B, = 0.01. Bosee Toukue uccrenosanus [151] mokaszanu, 910 JIy€iie
ONTUMH3UPOBATH BEKTOP & = (1, ..., Q) B HECHMMETPHYHOM pacupejererun Dir(fy | «)
¥ 1oa06uparTh 4uc/i0Boii napaverp 3, < 1 B cummerpuanom pacupeenerun Dir(py; | 5).
g ontuMusanuu BekTopa « B [151] mpemiaraercd MakKCHMU3UPOBATH IIPABIOIO0-
oue mopen P(X, Z|«, ) upu dbukcupoBaunbix Z u 5. OrbpaceiBast B (29) MHOXKUTEIH,
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® &0
p(x) p(xly) p(x1, 22]y) p(xly1, v2)

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

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

HE 3aBucdimue OoT «, I1oJilydaeM OIITUMU3AIUOHHYIO 3ada41y:

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

B auccepranuu [150] cpaBHEBAIOCH Goslee TeCATKA YUCIEHHBIX METOIOB €€ DElleHHs .
[IpuBeséM uIb caMblii TPOCTOI U3 HUX — METOo[| HermoABuKHON Touku [96]. B HéM Bek-
TOp v = () TMEPECYUTHIBAECTCS 110 PEKYPPEHTHOH hbopmyre

Yoa (g + ar) — (o)
Yo t(ng + ag) — (o)’

Q1= O

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

DkcuepumentTs! B [151] mokazasu, 9T0 OUTHMH3ANNA BEKTOPA (¢ IOBBIIIAET IIPABIONO-
nobue Moziesn i CKOpocTh cxompumoctu EM-anropurma. B ciaydae cunbHO# Hecbararncupo-
sanrocmu mem (KOTJa B KOJUIEKITUU OJHUX TeM DOJIbIIe, YeM JIPYTUX, B Pa3bl WIH JTazKe
Ha TOPS/IKH ) ONTUMU3AIIA BEKTOPA (v IPUBOIUT K 00JI€e eCTECTBEHHOMY HEPABHOMEPHOMY
pacipe/ieIeHHI0 KOJUIEKIIUK 110 TeMaM.

pacdunyeckas Hotauusa. Bepograocrabie Temarndeckue Mogean PLSA u LDA as-
JI0TCA JaCTHBIME ciydasgMu TpadoBbix Mojeneit. B epagosoti sepoammocmmot mode-
su (probabilistic graphical model, PGM) 3aBucuMocTu MexKy CJOydailHBIMU BeJHYAHA-
MU 1peJICTaB/IdioTcd B Buje rpada. Bepumnbl rpada coorBeTCTBYIOT CJIydallHbIM Iie-
peMeHHbIM, PEOpa — HEHOCPEJICTBEHHBIM BEPOSTHOCTHBIM B3aMMOCBSI3SIM MEXK/ly HUMHU.
Ha puc. 5 mokazaHbl mpuMepbl 3aBHCUMOCTeNl MeXKIy CAyJallHbIMU mepeMeHHbIMU. Ha-
OJrr0/1aeMble TTepeMeHHble N300pazkKaroTcsd 3aKpalleHHbIM KpPYKKOM. BbIOOpKa mepemeH-
HBIX, TeHePUPYEMBIX OJHUM pacIpe/iefieHneM, n300pazKaeTcs MPsAMOYTOIbHUKOM, puc. 6.
Taxue nzobpazkenust OyjieM Ha3biBarTh epadiuueckoti nomayued (plate notation).

AsbrepHaTUBHON TEKCTYabHOM (POPMOIL MPE/ICTABICHIS BEPOSITHOCTHOW MOJIE/IH SIB-
JSeTCA 2enepamushas ucmopus (generative story), B KOTOPOI OHMHCHIBAETCS ATTOPHTM
HOpOXKIeHnsd TaHHbIX. Ha puc. 7 mokazansl oba mpecTaBieHns, rpaduaeckoe U TeKCTY-
aJibHOe, Jist TemaTudeckux mogeseit PLSA u LDA.
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Mogenas PLSA:

Kaxk /bl d € D 1OpoK/1aeT CKPBITHIE TEMBbI:

i p(tld), i =1, @+CO—@

. d t w

KaxKJad TeMa t; TOPOXKIAeT CIOBO: Nd

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

Q ) )

O TIOPOZKIaeT BEKTOPHI JOKYMEHTOB: / /

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

@y ~ Dir(p|3), t €T}

najee kak B PLSA. 9—‘>©/

¢ Tl

Puc. 7: l'eneparuBHas ucropus u rpadudeckas Horauus g mozesneir PLSA u LDA.

BON ®®
)
‘\“r Y, o
Go— @) S|
| ) T ~
\\ﬁ—k Kl @N: D

3

Parse trees

@ grouped into M

documents
\‘?Ao OR ?

°© M

™o

Puc. 8: [Ipumepst rpadudeckux HOTAIMI U3 TyOIUKANNN IO TEMATHIECKOMY MOIEINPOBAHUIO.

[Toabopka rpadudeckux HoTalUi HA pUc. 8 UILIIOCTPpUpPyeET OOJIBIIOE CTPYKTYPHOE Pas3-
HOOOpa31e BEPOATHOCTHBIX TEMATUIECKUX MO/Iejieit. XOTs HAVISIIHOCTD SIBJISIETCS HEOCIIO-
PUMBIM HPEUMYIIECTBOM, HEJOCTATKOB Yy IrpadudecKoil HoTaluu ropasio OoJibiie. [1as-
HBIl — HEIOJTHOTA W HEeOJHO3HAYHOCTH MHTeplperanuu. HekoTopble aceKkThl MOJIETHPO-
BaHUs HE MOT'YT OBITh OTOOpaKeHbI OOIICIIPUHATHIME CpeJICTBaMu Ipadudeckoil HOTaIUH,
U aBTOPBI BbIHY K/ IeHbl n300perarh coOcTBeHHbie. B pe3yiibrare Mojie/ib MOZKeT BOCCTaHAB-
JINBATHCSI 110 KAPTUHKE HEOJIHO3HAYHO. ['eHepaTuBHAS UCTOPUSI JIMIIEHA STOTO HEJOCTATKA
u J1aéT 60J1e€ TOYHOE onucanue Mojes u. I'padudeckas HOTAIMs U T'eHepaTHBHAs HCTOPHS
MOTI'YT OBITHb HOJIE3HBI JIsi MOHUMAaHUs OOINell ujer U KOHCTPYKIuu Mojenn. OHaKO UX
HE JIOCTATOYHO, YTOOBI OJHO3HAYHO BOCIPOU3BECTH IEPEXOJ] OT MOJEJH K aJrOPUTMY eé
obyuenusi. K coxkajieHuIo, BO MHOTHX IyOJIMKAIUSIX aBTOPbI OMYCKAIOT 3TOT MEPEXO/L JIJIst
KPATKOCTU U3JI0KEHHUsI, YTO OTHIOAb HE JIODABJISIET SICHOCTU TAKUM PabOTaM.

CpaBHevune ARTM un bGaitecoBckoro noaxoaa. K memocrarkam 06ailecoOBCKOIO BbIBO-
Jla, MOZKHO OTHECTH TEeXHUYECKYIO CI0XKHOCTH J00aB/Je€HUT U KOMOMHUPOBaHUA TpeOOBa-
HUIl K MOJIeJIM B BHJE ONTUMHU3AIMOHHLIX KpuTepueB. B HEM HeT yJI0OHBIX MEXaHHU3MOB
peryJisipusaiuu, OCKOJIbKY HeT, COOCTBEHHO, 1 3a1aun onrumusaiuu 10 (P, 0). Yrobsl
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Y4EeCTb JIONOJHUTE/IbHYIO MH(MOPMAIUIO, IPUXOIUTCH MEHATH allPUOPHbIE PACIIPE/Ie/IeHM s
WM BCIO CTPYKTYpy Moje/iu. Eciu ainpuopHbie pacipejie/ieHusl He sBJISI0TCS Paciipe/ie-
nenusavu Jlupuxiie, BbIBO/I CTAHOBUTCS 3aMETHO CJIOXKHEe.

Pacmpejenenne /lupuxiie oka3biBaeTcs «Ha 0COOOM IOJIOXKEHUH» B 0aileCOBCKOM IOJI-
XoJJe. OHO HE mMeeT y6e,ZLI/ITeIIbeIX JIMHI'BUCTUYECKUX O6OCHOBaHI/Ifl, TeM HE MeHee, B JIU-
Teparype OOJIBIIMHCTBO MOJIE/IeHl CTPOSITCS C €r0 UCIOJIb30BAHUEM. JTO O0bICHSIETCS ero
MaTeMaTHYEeCKNM y,ZLO6CTBOM, a UMEHHO, CBOMCTBOM COHpH)KéHHOCTI/I C MYJIbTUHOMUAJIb-
HeIM pacupegenenneM. B ARTM Her HUKaKHX OCHOBAHHUI IPeIIIOYUTATL PACIPE/IeTeHIe
Jlupuxjie IpyruM peryisgpu3aTopaM.

[TocTanoBKa ONTHMU3AIMOHHONR 331a49M BHIA (18) TAa€T BO3MOYKHOCTb HHTEPIPETHU-
poBaTh AlPUOPHOE paclpe/ie/ieHne KaK BEPOSTHOCTHBIN pery/sipusarop, OTJIEJIUTh ero
OT KOHKPETHOH MOJIe/JIM W HCIOJBH30BaTh B JAPYTUX MOJAEIIX. AJTUTUBHOCTD PEry/isipu-
3aTOPOB IIPUBOJIUT K MOJLY/JbHOW TEXHOJOTHH TEMAaTHYECKOI'O MOJEIUPOBAHUS, KOTOpas
peasm3oBaHa B mpoekTe BigARTM |7, 144|. Ilpu pemteHun npuKIaIHbIX 33129 KOMOHHAPO-
BaHUE I'OTOBbLIX PEryJjidpu3aTopoOB I103BOJIAECT CTPOUTH MOLEJIN C 3a/aHHbBIMHA CBOMCTBaMU
663 JAOIIOJIHUTEJ/IbHBIX MaTeMaTUY€CKUX BbIKJIQJOK W IIPOI'PaMMUPOBaHUA. CO3,H‘aHI/Ie Ta-
KOl TeXHOJIOTHH B paMKax 0aileCOBCKOT'O IOJIXO/Ia €JIBa JIH BO3MOKHO.

B nanbreiiimem mMbl OyjieM pacCMaTpUBaTh BCe TeMaTHYECKHEe MOJIC/IM B TEPMUHAX pe-
IyJISPU3AIUU, J[aZKe eCJId B UCXO/HbIX paboTax OHM CTPOUJIUCH DAlleCOBCKUMU METOIaMH.
Pedopmasiuzanust OaiiecoBcKux mojiesieil depes pery/sipu3aliuio, Kak IpaBu/Io, HE IIPe/i-
craBJ/isieT 0co0oro Tpyjia, 0oJiee TOro, HIPUBOJAUT K PA/IMKAJIBHOMY YIPOIIEHUIO U3/I02KEHU S
0e3 CyIIeCTBEeHHBIX M3MEHEHHil B KOHEYHBIX aJropurMmax. Mbl He OyaeM HCIOJIb30BATh
rpaduieckyo HoTamuio, mockoabky B ARTM gaxke ciioxkubie Momenn (hopMan3y0TCs
HACTOJILKO MPOCTO, YTO IMOTPEOHOCTU B rpadUIecKuX Mpe/ICTaBJICHUIX He BO3HUKAET.

7 Crna>kmBaHue u pa3pexuBaHune

Orka3 or anpuopHbiX pacupeienenuit Jlupuxie mos3Bojsier 0600mmuTs Mogeab LDA:
CHATH OPPAHUYEHUS HA 3HAKH runeprapaMerpos B (19) u cBobo/Hee 06pAIATHCSI CO CITa-
JKUBAHUEM U pa3pe:KUBAHUEM JJIsl Yy dIIeHHs HHTePIPETUPYEMOCTH TEM.

T'unomesa paspestcennocmu: Kaxkias TeMa, XapaKTepH3yeTcss HeOOJIbIIUM YUCI0M Tep-
MOB; Ka)K,Z[bIIL/'I JOKYMEHT OTHOCHUTCA K He60ﬂleOMy HYUCJIy TEeM. 3Ha‘{I/ITe.HbHaH HaCThb Be-
posiTHOCTEH Y, U B3y PABHBI HYJIIO.

Pa3pezKeHHOCTD MpeICTaB/IgAeTCsd eCTEeCTBEHHBIM HEOOXOIMMBIM YCJIOBHEM HUHTEPIIPETH-
PyeMOCTH TeMaTH4IecKoit Mojen. Kpome Toro, padpe:keHHble CTPYKTYPBI JTAHHBIX U aJII0-
PUTMOB IIO3BOJIAIOT 3aMETHO COKPalllaTh BpeMd BBIYUCJIEHUN U pacxod InaMATh KakK B IIPpO-
[Eecce MOCTPOEHUsT MOJIEJHM, TAK U IPU JaJIbHEHRIIeM €€ UCIOJIb30BAHIM.

Muorue moneITKH paspe:kuBanus momenn LDA mpuBoamim K 9pe3MepHO CI0KHBIM
KoHCTpyKiusaM [128, 46, 154, 71, 36| u3-3a BHYTpeHHEr0 IPOTHBOPEYUs MeKJy paspe-
JKEHHOCTBIO U IOJIOKHMTE/ILHOCTHIO HapamMeTpoB B pacupejesnenun dupuxiie. [Ipobiiema
PelaeTcsi HeOKUJIAHHO IIPOCTO, ecJi B peryisipuzarope (19) mosBosmTh runeprapamer-
paMm oy, 3, IpUHUMATH OTpUNATe/IbHbIe 3Hadenus . 110 Bceit BugumocTu, Biepsbie oHa ObLIA
npeJIozKeHa B auHaMuaeckoii Mogeau PLSA misg o6paborku Bugeonorokos [140], rie mo-
KyMEHTaMHU {BJISLIACH KOPOTKUE BUAO(PArMeHThl, TepMaMi — HPU3HAKU Ha H300pazKe-
HUSIX, TeMaMi — IOsIBJIEHHE OILPEIEJEHHOIO 00bEKTa B TEYEHUE OIPEIeJIEHHOIO BPEMEHH
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(HampuMep, poe3 | aBroMobuIist depes mepekpéctok). CHIIbHO pa3perkeHHble PACIpe/ie-
JieHnd HOTpe6OBaJII/ICb AJid OIIMCaHusA TeM C KOPOTKUM «BPpE€MEHEM 2KU3HH>.

0O06006weHne LDA. Makcumusaius alocTepruopHoii BepositHoct B Mojien LDA npuso-
qur K peryssipusaropy (19). O606iuM ero 1o gByM Halpas/aeHusiM. Bo-11epBbix, cHEMEeM
OrpaHUYeHHs] HEOTPHUIATETLHOCTH € IMapaMeTpoB [, U ;. BO-BTOPBIX, MO3BOIUM 3a/1a-
BaTb 9TU MapaMeTpbl WHIUBUIYAJIBHO /s KaxKaoil sdueiiku marpun, ¢ u O. [loayaum
0600WERHDBLT PE2YNAPUIAMOP C2AANCUBGHUA U PA3PEHCUBAHUA:

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

teT weW deD teT

[ToxcraBus sTot peryaspusarop B (16)—(17), noxyuum dopmysasr M-mara:

Put = qv%rvry(nwt + But); (30)
0,q = n;)erTm(ntd + atd). (31)

[TosoxkureibHOe 3Ha4eHnE HapaMerpa [y Wi (yg COOTBETCTBYET CIVIAYKUBAHUIO, OT-
puInaTe/bHOe — Pa3perKHBAHUIO.

[Ipu Takom 0GOBIIEHNE HEKOPPEKTHO (J1a U HEeT HeOOXOAMMOCTH) TOBOPHTH 00 Alpu-
opubix pacupejesnenusax upuxse. OO0OHMIEHHBINR PEry/IsipU3ATOP UMEET CAMOI0CTATOIHOE
obocHoBanue u uaTepuperanuu. [Ipu 370M OH OCTaB/IIET MAKCUMAILHYIO CBODOLY BHIOOPA,
KaKHe s9eiiKu MaTpHll Pa3pe:KuBaTh, KAKUE CIIaXKUBaTh, U HACKOJIBKO CHJIHHO.

YHactuyHoe oby4eHue. B nponecce co3panusi, MCIO/Ib30BAHUS WM OLEHUBAHUA TEMa-
THIECKOH MOJIETH SKCIEPTHI, MOJb30BATETH WX ACECCOPBI MOIYT OTMEYaTh B TeMaX pe-
JIEBAaHTHBIE WJIM HepeJeBaHTHBIE TePMbI U JIOKYMEHTBI. Pa3MedeHHbIe JaHHDBIE TO3BOJIAIOT
(uKCcHpoBaTh HHTEPIPETANUHA TE€M M MOBBLIIMIAIOT YCTONIMBOCTH MOjean. Pa3merka Mo-
JKeT 3aTParuBaTh JIMIIb 4aCTh JJOKYMEHTOB M TE€M, [IO3TOMY €€ MCIIOJIb30BAHHE OTHOCHTCS
K 33/[a9aM wacmuunozo obyuenus (semi-supervised learning).

[IycTb s kaxkaoit Tembl ¢ € T' 3aaHbl YeThIPe MOIMHOXKECTBA:

W — «Geblii CIIHCOK» PeJIeBAHTHBIX TepPMOB;

W, — «4€pHBIil CIINCOK» HEPEeJIeBAHTHBIX TEPMOB;
D;" — «6enplit COMCOK» PEIeBAHTHBIX TOKYMEHTOB;
D; — «49€pHbIil CIUCOK» HEePEeJIeBAHTHBIX JIOKYMEHTOB.

Yacmuurnoe obyuenue no peaesarmHoCu SIBISeTCs YaCTHBIM CJIydaeM perysspusa-
TOpa CIVIA2KUBAHUS U Pa3pezKuBaHUs 1IPU

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

rie S+ 1 oy — KOdDMUIUEHTH PeryIapu3aliii.

MpeametHbie n poHoBbIE TeMbl. YTOOLI MOJIEIb ObLIA HHTEPIIPETUPYEMOI, KazK/1as1 Te-
Ma JO0JIZKHA HMETb CeMAHMuUYeckoe A0po — MHOKECTBO TEPMOB, XapaKTepU3yIOIIHX OIIpe-
JIGJIEBHHYIO IIPEAMETHYI0 00/1aCTh U PEAKO yHoTped/sseMbiX B Apyrux remax. s sroro
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Puc. 9: Crpykrypa paspexennoctu marpuil ¢ u © ¢ npeavernbiMu 1 POHOBBIMU TEMAMU.

mMarpuiibl  u © JOJKHBI UMETh CTPYKTYPY Pa3pe:KeHHOCTH, aHAJIOIMIHYIO HOKA3aHHON
Ha puc. 9. MHOXKecTBO TeMm pa3duBaercs Ha JBa HOAMHOXKecTBa, 1= S U B.

Ipedmemmnvie memo, t € S comepzkarT TePMUHBI HPEAMETHbIX obJacreil. VIx pacupee-
Jenust p(w | t) paspezKeHpl 1 CYIIECTBEHHO PA3JIMYHbI (JIeKoppesanpoBanbl). Pacipeenenus
p(d|t) TakKe pa3perKeHbl, TAK KaK KazKjas HpPeJIMeTHasl TeMa MPUCYTCTBYeT B OTHOCH-
TeJIbHO HeDOJIBIION 10/1e JJOKYMEHTOB.

@onosvie memo, t € B comepKaT CJI0Ba 0Ol JIEKCHKH, KOTOPBIX HE JOJIZKHO OBITH
B 1peMerHbix Temax. VIx pacupemesenust p(w|t) u p(d|t) criiazkenbl, Tak Kak 9TU CJIOBA
LPUCYTCTBYIOT B OOJIBIIUHCTBE JIOKYMEHTOB. TeMaTuieckyio Mojeib ¢ (POHOBBIMU TEMAMU
MOZKHO PacCMaTpuBaTh Kak 00001eHe pobacTHbix Mozesei |34, 115], B KoTopbix HCHOIb-
30BaJIOCh TOJIBKO OJTHO (DOHOBOE paCIIpe/IeIeH e,

CdrokycunpoBaHHbIii TeMaTUyecknii Nonck. Yacruunoe o0ydeHue TeM MOKHO PacCMaT-
puBaTh Kak Pa3HOBUIHOCTH TEMATHIeCKOro nH(pOPMAIMOHHOIO MOUCKa. B KadecTBe 3a-
Ipoca 33Ja6TCA ceMarmuyeckoe A0po OJHONR WU HECKOJIbKUX TeM. DTO MOXKET ObITh JIIOo-
Goit dparmenT Tekcra, «Oesblii cnucok» TepMoB (seed words) wiam z-memku — TEMBI,
IPUNUCAHHBIE OTIEJbHBIM cioBaM win ¢dbparmentam B nokymentax [17]. Temaruueckast
HOUCKOBAs CUCTEMA JIOJIZKHA, HE TOJIBKO HANTH M PAHZKHUPOBATH PEJIEBAHTHBIE JIOKYMEHTHI,
HO U Pa3JI0KUTh MOUCKOBYIO BBIJIAYY MO TeMaM. B THNUYHBIX MPUIOKEHUSIX PEJIeBAHT-
HBIfl KOHTEHT COCTaBJIZeT HUYTOKHO MaJyIo JIOJIO0 KOJIeKuu. TemM He MeHee, HMEHHO
9TOT KOHTEHT JIOJIZKEeH OBITH TIIATe/bHO cucTeMaTu3upoBal. OOpa3Ho ropops, Tpedyercs
«kaccuuupoBaTh UroJKH B cTore ceHay [30]. Tembl craHoBsaTCS 37M€MeHTOM TIpadu-
qeckoro uaTepdeiica mop30BaTe s, HHCTPYMEHTOM HABUTAIUU U IIOHUMAHUS TEKCTOBOI
koJiiekin. OTCio/[a BaXKHOCTH TPEOOBAHKS HHTEPIPETUPYEMOCTH KAZK IO TEMBbI.

Hacruanoe obydeHne HCIOJAB30BAJIOCH Jisi HOMCKA W KJacrepusaluu HoBocTeil [61],
[IOKMCKA B CONUAIbHBIX Me/iia HH(MOPMAIUH, CBI3aHHON ¢ DOJIe3HAMHI, CHMITOMAaMU U Me-
tomamu jederust [108, 109], ¢ mpectynroCThIO M 9KCTpeMu3MoM (82, 127], ¢ HaAnHOHAIBHO-
CTAME B MeKHAIMOHATbHBIMA oTHOmeHusME 30, 66, 106].

B mozgesn ATAM (ailment topic aspects model) B KauecTBe CrirazkuBaoIero pacipe-
JIeJIeHUsT By, UCHOJIb30BAIACH OOJIbIIAs KOJIEKIMs MeuiuHcKux crareii [109).

B mozensax SSLDA (semi-supervised LDA) u ISLDA (interval semi-supervised LDA)
JIUIsl TIOUCKA, 9THO-PEJIEBAHTHBIX TEM B MOCTAX CONUAJIBHBIX CeTeil MCIO0JIb30BAJIOCh Cr/Ia-
JKHBaHUE [0 CJIOBAPIO U3 HECKOIbKUX coreH 3THOHUMOB [30]. B momenmn SSLDA s kax-
JIOIl 9THO-pEIeBAHTHONW TeMbl 3aJIaéTCs CBOW CJIOBApb STHOHUMOB, CBA3aHHBIX C OJTHUM
onpeenéuaabiM 3THOCOM. B Mosiesin ISLDA muO)kecTBO TEeM pa3dbuBaercs Ha MWHTEPBAJIBI,

37



U JIJI BCEX TeM KarK/IOI'0o HHTepBaJia 3a/1aéTcs 0011uil cjioBapb 3THOHUMOB. [Ipenmyiinectso
TUX MOJieJIeil B TOM, 4TO MHTEpIpeTalus KazK/0il TeMbl u3BecrHa 3apanee. Hejgocrarku
B TOM, YTO TPY/HO IIP€/Iyra/IbIBATh YUCI0 TeM /I KazK/JI0i STHUIHOCTH U CTPOUTH IMOJIU-
STHUIHBIE TEMbI /s BBIABICHUS MEZKITHUIECKUX KOH(MIMKTOB. AJTbTepHATUBHBIN MOXO/T
3aKJIFO9AEeTCd B TOM, YTOOBI 33/1aTh YHCJI0 ITHO-PEJTEBAHTHBIX TeM U IPUMEHUTb K HIM 00-
miee CIVIayKUBaHUE 110 CJI0BApI0 STHOHUMOB. Temarudeckass MOJIe/Ib caMa OIIPEJIeJINT, KaK
pazjenth ux 1mo yrananocrsm (18, 19]. Hemocrarok sroro mojxoma B ToM, 410 HHTED-
HPEeTUPYEMOCTb HallIeHHBIX TeM IPUXOIUTCS MPOBEPITh BPYUHYIO.

HdekoppennpoBanune. Temarnueckas MOAEIL He JOMKHA COACPKATDL LyOJHPYIONIMXCS
WM IIOXOKUX TeM. YeM pasiaumaHee TeMbl, TeM nHpOpPMAaTUBHee MOJeNb. /g noBbIennsa
Pa3IMYHOCTH TeM OyJeM MHHUMU3UPOBATL CyMMY IIOHAPHBLIX CKAJISAPHBIX HPOU3BEICHUI
(Pt 0s) = D PutPws Mexay crosmbuamu Marpuinst ®. [loryaum perymspusarop:

R((I)) = —% Z Z Z (Pwt()pws-

teT seT\t weW

®opmysa M-mara, coracho (16), umeer Buj

Pur =m0l <nwt — TPuwt Z wws). (32)
seT\t

DTOT peryaspu3arop KOHTPACTHPYeT CTpoKu MaTpuibl . B KaxK10ii cTpoKe, He3aBH-
CHMO OT OCTAJIbHBIX, BEPOSITHOCTH (0,,; HaOOIee 3HAIUMBIX T€M TepMa W yBeIUINBAIOTCS,
BEPOATHOCTH OCTaJIbHBIX TEM YMCEHbUIAIOTCA U MOI'yT 06pamaTbC${ B HYJIb. PaBpe}KI/IBa—
HUe — 9T0 comyTerByionuii 3¢ dexr nexoppennposanus. B [136] Obu1 3ameden emé oun
oJIe3HbIH 3D deKT: c/ioBa 00IIell JeKCHKH I'PYIIUPYIOTCI B OTJ/IEIbHBIE TeMbl. DKCIIePH-
MEHTBHI ¢ KOMOMHHPOBAHUEM PEry/IsIpU3aTOPOB CrIaKUBAHNA, PA3PeKUBAHUS U JIEKOppe-
muposanust B ARTM moarsepzkiator s1o Habawoaenue [6, 146, 145].

JexoppesnupoBanue Buepsbie 0bL10 npemioxkeno B Mojgean TWC-LDA (topic-weak-
correlated LDA) B pamkax GaitecoBckoro nojaxoga [136]. CoorBercrByiomiee anpuopHoe
pacipejieieHe He SABJISeTCs CONPSKEHHBIM K MYJbTHHOMHAJIBLHOMY, IOTOMY Oaiiecos-
CKHil BBIBOJI CTAJIKHBaeTCA ¢ TexamaeckuMu Tpyaaoctamu. B ARTM pacuéraas dpopmysra
M-mara (32) BBLIBOAUTCS B OJHY CTPOKY.

KomOuHupoBaHue perynsipn3aTtopoB criaxkKuBaHus (POHOBBIX TEM, pPa3perKuBaHMA
HpeJMEeTHBIX TeM B Marpuile © u jJekoppesupoBaHus cToJionos marpunbl P ucrnosb3osa-
JIOCh BO MHOPHX paboTax Jjisl yIydIleHns HHTepapeTupyeMoctu tem |6, 145, 146, 147, 14].
[TomobpaB KO3 DUIUEHTHI Peryaspu3aiiui, MOXKHO OJHOBPEMEHHO 3HAYUTEIbHO Y/Iyd-
IIATH pa3pezKeHHOCTh, KOHTPACTHOCTh, YNCTOTY U KOT€PEHTHOCTb TeM MPU He3HATUTEeTh-
HOI 1oTepe MpaBIoo00us MO/ [146]. Boliin Beipaboranbl OCHOBHBIE PEKOMEH/IAIIAH:
JIEKOppe/InpOBaHue U CIVIazKUBAaHUE BKJIOYATH cpasy, paspexkuBanue — mociue 10-20 ure-
panuii, Korja odpasyercs: TeH/JIeHIUs K CXOJAMMOCTH apaMeTpoB MO/IE/IN.

Ta ke KOMOWHAIMA PEryJIIpU3aTOPOB CYIIECTBEHHO Y/IydYINaja KadeCTBO TeMaTHde-
CKOTO pa3BeJovHOro moucka B [14, 167, 59|, XoTs HUKaKHe KPUTEPHU KAYeCTBA ITOUCKA
HEeloCpe/JCTBEHHO HE OIITUMHU3UPOBAJIUCD.
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Puc. 10: OGbranas TeMaTnaeckas MOZJETb ONPEIENSIET PACIPEIESEHIEe TeM B KaxK10M nokymente p(t|d) u
pacupejieJienue TepMoB B Kaxk 10l Teme p(w |t). MynbTuMogaibHas MOJE/Ib PACIPOCTPAHSIET CEMAHTUKY
TEM HA, 3JIEMEHTBI BCEX OCTAJBHBIX MOJAJBLHOCTEH, B TOM 9HCJI€ HETEKCTOBLIE.

8 MopgenupoBaHue MyabTUMOAANbHbIX AAaHHbIX

Myavmumodarvhas memamuueckas MoOeAb ONUCHIBAET JOKYMEHTBI, COJAEPAKAIIME Me-
TaJaHHbIC HAPS/Ly ¢ OCHOBHBIM TEKCTOM. MeTajaHHble OMOraoT 60J1ee TOYHO OUPee/IaTh
TeMaTHKY JOKYMEHTOB, M, HA00OPOT, TeMATUIECKAs MOJIE]b MOKET HCIIOJb30BATbCA JJId
BBLISBJICHUSA CEMAHTUKHM METAJAHHBIX WM IPEICKA3aHUA HPOILYICHHBIX METAaAHHBIX.

Kazkaplii TvI MeTaJaHHBIX 00pa3yeT OTACALHYIO M00eAbHOCTG CO CBOUM CJIOBAPEM.
CI10Ba €CTeCTBEHHOIO 3bIKa, CI0BocoueTanus [153, 162|, rern |68], nmenoBaHHbIE CyIIHO-
cru [100] — 910 upuMepbl TEKCTOBBIX MOJAJLHOCTEH. B My/bIUs3bIYHBIX TEMATHYECKUX
MOJIE/ISIX TIAPAJLIEIbHBIX TEKCTOB MOJAJBHOCTSMU sIBJSIIOTCs si3biku [148]. Tyist anasin-
34 KOPOTKHUX TEKCTOB C OIeYATKAMHU HCIIOJIb3YIOT MOJAJBLHOCTD OYKBEHHBIX N-IPAMM, ITO
I03BOJIFET YJIyqlIaTh KadecTBo uHbOpManuoHHoro moucka [58]. [Ipumepamu HETEKCTOBBIX
MoJaIbHOCTei siBstiiores (puc. 10): aBropsl [123], MomenTsr Bpemenu [139, 174, 140|, kiac-
Cbl, KaHpbl wiu Kareropuu [124, 177|, nurupyemblie nim nurupyomnme JOKyMeHTbl [44]
wi aBTopbl [64], 10/b30BaTEM JIEKTPOHHBIX OUO/JIMOTEK, CONMAJNLHBIX CeTell uau pe-
KOMeH/IaTeIbHbIX cucreM |72, 131, 155, 170, 171|, rpadudeckue s1eMeHTH H306parKe-
uuit |28, 57, 77|, peknamuble 00bsaBIeHus Ha BeO-cTpanunax [112].

MynbtumoganbHass ARTM. Bce nepeduciennbie BbIIIE CIydad, HECMOTPs Ha pa3HO-
obpasue nHTeprperamnuii, onuceiBaiorca B ARTM eauabiM bopMaIn3MoM MOTATLHOCTEIA.
Kazkiplit JIOKyMeHT paccMaTpuBaeTCs KakK YHUBEPCAJbHbIM KOHTEWHeD, COJ/lepKalluil Tep-
Mbl Pa3J/IMYHbIX MOﬂaJ’[bHOCTeﬁ, BKJIIO9a4d O6bI‘{HbIe CJIOBA.

[Tycre M — muoxKecTBO MOjasibHOCTEl. Kaziast M0OJaibHOCTh UMEET CBOI CJIOBapb
tepmoB W,,,, m € M. DTu MHOXKeCTBa MMOIAPHO He mepecekatoTcs. VX oobeunenue 6yaem
oboznavars depe3 W. Moganbraocrs Tepma w € W Gymem obo3HadaTh depes m(w).

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

p(wl|d) = pr|t (t|d) = ngwﬂtd, weW,, debD. (33)

teT teT

Kaxk10it MOJAILHOCTH 1M COOTBETCTBYET CTOXacTHYecKasd Marpuna P, = (gowt)W T
m

CoBokynHocTh mMaTpun P,,, ecjim ux 3ammcarb B crosoer, oopasdyer W xT-marpuiy O.
Pacupeiesienne TeM B KazKJIOM JIOKYMEHTE SIBJISIETCsSI OOIIMM JIJIsi BCEX MOJIAJIbHOCTEH.
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MyJibTuMO/Ia/IbHAST MOJE/Ib CTPOUTCS IIyTEM MAKCUMU3AIKUKU B3BEIIEHHON CYyMMBbI JIO-
rapudMOB 1paBJIO000Us MOJ/IAJIbHOCTEH U pery/isipu3aTropoB. Beca 7, 1no3poJisoT cba-
JIAHCUPOBATh MOJIAJIBHOCTU 1O MX BaXKHOCTH U C YUETOM MX YACTOTHOCTHU B JJOKYMEHTAX:

Z Tin Z Z N lnz Vwibia + R(P,0) — Ig%x; (34)

meM deD weW,, teT
Z Ouwt = 15 @yt = 05 Zetd =1; Org = 0. (35)
weWn, teT

Teopema 8.1. Ilycrs ¢pyukuus R(®, ©) venpepoiBao qupepennupyema. Touka (P, O)
JIOKaJILHOI'O dKcTpemyMa 3ajiaqdn (34)—(35) yzosierBopsier cucreMe ypaBHEeHHIT €O BCIIO-
MOraTeJbHbIMH IePEMEHHBIMH Dy, = P(t|d, w), ecjim u3 pelreHns HCKJIIIATD HYJIeBbIe
crosoner marpur P, O:

Praw = 10T (PurBa); (36)
OR
wt — w wth > wt — m(w w w) 37
Put gg%"vrfnl nt+g0ta(pwt TNyt dGZDT()ndptd ( )
’ 6,28 Y% (38)
=norm|( n — Nid = TonMdwPidw -
td et td td 90, ; td P dwPtd

Jlokazare/ibCTBO aHAJOIUYHO TeopeMe 3.3, KOTOpas sBJISeTCs YaCTHbIM CJIy4aeM Teo-
pembl 8.1 g caydast ool Mogaabuoctu, |M| =1, 7, = 1. [lepexoq or oxHOil MOIAIb-
HOCTHU K IIPOU3BOJIBHOMY YHCJY MOJAJIbHOCTEN CBOAUTCI K TPEM IOMpPABKAM:

1) mcXozHBIE JJAHHBIE 74y, JOMHOXKAIOTCS HA BECA MOJATBLHOCTEIL Ty (y);

2) marpuna ¢ pasbubaercs ua 6;10ku Py, KOTOPbIE HOPMHUPYIOTCS I0-OT/IEJIBHOCTH;

3) ecum TemMa BBIPOXK/IEHA /I MOJAJIBHOCTH 1, TO COOTBETCTBYIONMI cTo/0er 00Hy-
Jisiercst TOJIbKO B bJioke @, a He BO Bceit marpuie P.

B npoekte BigARTM peasin3oBaHa BO3MOKHOCTb KOMOMHUPOBATH JIF000€ YHCJIO MOJIAJIb-
HOCTel ¢ JIIoObIME peryisipu3aropamu [18].

MynbTuasbldHble mogenu. Myjibrus3bluHble TEKCTOBbIE KOJIJIEKIIUU UCIIOJIb3YIOTCS JI/1st
KPOCC-I3BIYHOTO HHGMOPMAIIMOHHOTO TOUCKA, KOTJA 0 3aIIPOCY Ha OJHOM S3bIKe TpebyeT-
cd HAlTH ceMaHTHYeCcKN OJIM3KHe JOKYMEHTHI Ha IPYToM d3bike. [[71g cBI3bIBaHUS S3BIKOB
UCIOJIB3YIOTCH apaJljie/ibHble TeKCThl WK JIBYs3bluHble cjioBapu. llepBbie My/ibTus3biu-
HbIE TEMATHYECKHEe MOJE/IH OSIBIJIUCH II0YTH OJHOBpeMeHHO [42, 94, 105| u upecrasiisiiu
co00I1 MyJIBTUMOJIAJIbHYIO MOJI€J/Ib, B KOTOPOI MOJIAJIbHOCTIMU SBJISIOTCH SA3bIKU, U KarK-
Jlasg CBA3Ka MapaslIeIbHBIX TEKCTOB OObeIuHsSeTCcsd B OJUH JOKyMeHT. (OKa3aJgoch, 9TO
CBA3BIBAHUS JJOKYMEHTOB JIOCTATOYHO JIJISI CHHXPOHHU3AIUU TeM B JBYX d3bIKaX U KPOCC-
SI3BITHOTO Toucka. llompITKE H6oee TOYHOrO M TPYAOEMKOTO BBIDABHUBAHUS IO MPETIO-
JKEHHUSIM UJIM [0 CJI0BaM MPAKTUYECKH HE yJIydHIaloT KadecrBO noucka. OOCTosTesibHbIi
0030p MyJIBTUSA3BIYHBIX TEMATHIECKUX MOJe/Iell MoKHO Hafitu B [148)].

Ha puc. 11 nokazanbl Hekoropbie u3 400 rem, nocrpoennbix 1o 216 175 napam pycckux
i aHrniickux crareit Buxkuneanu [144]. st cBs3bIBaHUS A3BIKOB HCIIOJIB30BATUCH TOJTBKO
MOJIAJIbHOCTH, BBIDABHUBAHUS U CJIOBAPH HE UCIIOJIb30BaIHCh. Aceccop ornenuma 396 Tem
n3 400 KaK XOpOIIO MHTEPIPEeTUpPyEMbIE.
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Tema Ne68 Tema Ne79
research 4.56 | nHCTUTYT 6.03 || goals 4.48 | maTy 6.02
technology 3.14 | ynusepcuter  3.35 || league 3.99 | urpok 5.56
engineering  2.63 | nporpamma 3.17 || club 3.76 | cbopHas 451
institute 2.37 | y4ebHbiii 2.75 || season 3.49 | ok 3.25
science 1.97 | TexHnyecknin  2.70 || scored 2.72 | npoTus 3.20
program 1.60 | TexHonorus 2.30 || cup 2.57 | kny6 3.14
education 1.44 | nayuHblii 1.76 || goal 2.48 | dpyTbonucr 2.67
campus 1.43 | nuccnegosanne 1.67 || apps 1.74 | ron 2.65
management 1.38 | Hayka 1.64 || debut 1.69 | 3abuBaTb 2.53
programs 1.36 | obpa3sosaHune  1.47 || match 1.67 | komaHga 2.14
Tema Ne88 Tema Ne251
opera 7.36 | onepa 7.82 || windows  8.00 | windows 6.05
conductor 1.69 | onepHblii 3.13 || microsoft 4.03 | microsoft 3.76
orchestra 1.14 | pupunxep 2.82 || server 2.93 | sepcus 1.86
wagner 0.97 | nesey 1.65 || software  1.38 | npunoxetne 1.86
soprano 0.78 | neBnua 1.51 || user 1.03 | cepsep 1.63
performance 0.78 | Teatp 1.14 || security 0.92 | server 1.54
mozart 0.74 | napTus 1.05 || mitchell 0.82 | nporpammubiii  1.08
sang 0.70 | conpaHo 0.97 || oracle 0.82 | nonb3oBatens 1.04
singing 0.69 | BarHep 0.90 || enterprise 0.78 | obecne4yeHne 1.02
operas 0.68 | opkecTp 0.82 || users 0.78 | cuctema 0.96

Puc. 11: IIpumepsr Tem u3 ABysA3bIYHON TemaTudeckoit momenn Bukunemmm. [loxaszansr nmepsbie 10 ciioB
KazKJI0# TeMbl U uX BeposaTHOCTH p(w|t) B MPONEHTAX.

JI1s1 MCIOJIb30BaHusl JBYI3bIMHOIO CJI0BAPst B [8] GbLI LPE/JI0KEH PEeryJisipus3aTop cria-
xkuauug. On HopMaIU3yer 1PeIIo/I0KEeHNe, YTO eCJIM CJI0BO U B A3bIKe k fBJIAETCs le-
PEBOJIOM CJIOBa w U3 s3blKa ¢, TO ux pacupenenenns teM p(t|u) u p(t|w) moaKHBI OBITH
om3ku B cMmbicsie KL-auBeprenmun:

R(®) = Z Znut In .

w,u teT

Corsacao dopmysie M-mara, BepoSTHOCTH CJIOBa B TeMe yBEJIHIUBACTCS, €CJIH OHO
uMeeT IepeBOJIbl, IMeIOIe BhICOKYI0 BEPOSITHOCTDb B JIAHHON TeMme:

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

DTOT PEryJsspu3arop He yYUTHIBAJ, YTO IEPEBOJ CJA0BA MOXKET 3aBHCETb OT TEMBI,
W 4TO CpeJd IEepeBOJOB CJOBa MOTYT HAXOJMTLCA INEPeBOABI €ro OMOHHMOB. llosromy
B TOil ke paboTe ObLT HpeIOXKeH BTOPOIl peryIapu3aTop, KOTOPLIi BBOIUI B MOJIENb
HOBbBIE MAPAMETPBI Ty = P(U|w,t) — BEPOSITHOCTH TOTO, YTO CJIOBO U SIBJISIETCS Iepe-
BOJIOM ciioBa w B Teme L. IIpejnosaraercs, uro Tema ¢, Kak pacnpenesenue plu|t) = 2t

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

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

@opwmysia M-mara renepb y4uTbiBa€T BEPOATHOCTU HMEPEBOJOB Tyqi. Kpome Toro, J1o-
OaBiisieTcsl peKyppenTHas (popmyJia Jijis OHEHUBAHUS ITUX BEPOSTHOCTEN:

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

Tuwt — NOTIM (qutnut) .
ueWk
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Tembl, B kKOTOPBIX p(«sum>»|«cymmay, t) > 0.9

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

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

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

Puc. 12: IIpumepsl TeM, B KOTOPBIX CJIOBO «CyMMay UMEET Pa3HbIE IIEePEBO/IbI.

CBs3bIBaHue MapaJlieIbHBIX TEKCTOB CHJIbHEE YJIYUIIaeT KadeCcTBO IOUCKa, deM 00a
crocoba yuéra cioBapeii [8]. Bropoit crocobd semuoro syumte mepsoro. Kpome toro, o
1103BOJISIET BLIOUPATH BAPUAHTHI IEPEBOJIA B 3aBUCUMOCTH OT KOHTEKCTA, YTO MOXKeT ObITh
HOJIE3HO JIJIs CTATUCTUYECKOIO MAlIMHHOT'O liepeBojia, puc. 12.

MopanbHOCTK KaTeropuii n aBTopoBs. /[loiycTtuM, 4T0O pacupe/ie/ieHus: TeM B JIOKYMEeH-
tax p(t|d) nopoxKIAI0TCst OHOM U3 MOJAJIBLHOCTEl, HALIPUMED, ABTOPAMU, PyOPUKAMU WU
KareropusMu. ByjeM cuuTaTh, 9T0 ¢ KazK/IbIM TEPMOM W B KazKJIOM JOKYMEHTe d CBA3aHa
He TOJILKO TeMa t € T, HO U KaTeropus ¢ M3 3aJaHHOro MHOxKecTBa Kareropuii C. Pac-
IMIPUM BEPOATHOCTHOE HPOCTPAHCTBO j10 MHOKecTBa D X W x T x C'. Ilycrb u3BECTHO
noamuozkectBo Kareropuit Cy C C) K KOTOPBIM MOXKET OTHOCUTHCS JTOKYMEHT d.

PaceMoTpum MyJIBTUMOAIBHYIO TEMATHIECKYIO MOJIe/b (33), B KOTOPO#l pactpe/ieie-
HUE BEPOSITHOCTH TeM JIOKYMEHTOB ;g = p(t|d) omuchBaeTCs CMEChIO paCIpeiesleHuii Tem
Kareropuii 1. = p(t|c) u kareropuii 10KyMeHTOB T.q = p(c|d):

pwld) = "pw|t) > pltleplcld) =Y Gutbiema. (39)

teT ceCy teT ceCy

1O TaKzKe 3aa9a CTOXaCTHICCKOr0 MATPHIHOIO PA3JI0KEHH, TOJILKO Ternepb Tpedy-
ercd Haiitu Tpu Marpunpi: ¢ — marpuna repmoB tem, U = (U )rxc — Mampuua mem
kamezoputi, Il = (Teq)oxp — Mampuua kamez2oputi 00KYMeHMO6.

Mozenb 0cHOBaHA Ha JBYX THIOTE3aX YCJIOBHON HE3aBHCHUMOCTH:

p(t|c,d) = p(t]|c) — remaruka joKyMeHTa d 3aBUCUT HE OT CAMOIO JIOKYMEHTa, & TOJIb-
KO OT TOro, KakKuM KaTeropudm OH IIPpUHAIJIC2KUT]

p(w|t, c,d) = p(w|t) — pacrnpesesieHne T€pMOB MOJHOCTHIO OLMPEIEISIETC TeMATHKOM
JOKYMEHTa M He 3aBHCHT OT CaMOTr0O JIOKYMEHTa U ero KaTerOpHii.

Kpowme roro, upejmnoiaraercs, 4ro m.q = p(c|d) = 0 mis Beex ¢ ¢ Cy.
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Baada MAKCUMU3AMUKE PEryJIspu30BaAHHOIO IIPABIOIOL00USI:

Z Z Ngw 1N Z Z OuwtWieTeq + R(P, U, IT) — gﬁ%”ﬁ? (40)

deD wed teT ceCy
Z Puwt = 1) Pwt 2 O; Zwtc = ]-7 wtc 2 07 Z Ted = 1) Ted 2 0. (41)
wew teT ceCy

Teopema 8.2. Ilycrb pyuknus R(®, V, 11) venpepeiBao guddepennupyema. Touka jio-
kasbaOro skcrpemyma (P, W, 1) zazaun (40), (41) yaosaerBopsier cucreme ypaBHeHHIT co
BCIIOMOIaTeJIbHBIMH IIEPEMEHHBIMHU Dyeqn, = P(t, | d, w), ecjin u3 pereHust HCKJIIOYUTH Hy-
Jespre croyiomsr marpur ©, U, I1:

Dicdw = NOTM  ( Qo VieTeq);
cdw (t,c)ETXCd( w clle )a
OR
Owt = nNorm| Nyt + Q= | ; Nyt = E E NdwPtedw;
weW &pwt
deD ceCy
OR
djtc = l'ltOEl"%n Nge + wtc% ’ Nte = E E NdwPtedw;
te deD wed
OR
Teq = NOTIM | Neqg + Teg=—— |5 Ned = E E NdwPtedw -
ceCy 87Tcd
wed teT

Jloka3aTeibCTBO ONMUPAELTCS HA JIEMMY 3.2 0 MAKCUMUBAIMUKA HA €JIUHUYHBIX CHUMILIEK-
cax M MPOBOJUTCI AHAJOTMYHO JOKA3ATE/BCTBY TEOPEMBI 3.3.

Moiesib TPEXMATPUYHOIO PA3/I0KeHUsT HADOJIee U3BECTHA KAK a8Mop-memMamuseckas
modeav ATM (author-topic model), B KoTOpOii TOPOXK JATOMIEHT MOJATBHOCTHIO SBJISTIOTCSE
aBTOpPbI JI0OKyMeHTOB |123]. B memamuueckoti modeau mezuposarus dokymenmos TWTM
(tag weighted topic model) mopozK rarormmeit MOJATBHOCTDIO SBJSIOTCS TErH JOKyMeHTa [75].
AHasorndHas MOJIEJIb UCIIOJIB30BAIACH JJisi 00pAGOTKH BH/IEOMOTOKOB B [57]: mokymeHTHI d
COOTBETCTBOBAJIM MOC/IEI0BATEIHHBIM 1-CEKYH/IHBIM BU/ICOKJIUIAM, TEPMbL W — JIEMEH-
TapPHBIM BU3YAJbHBIM COOBITHSIM, TE€MbI { — HPOCTBHIM JIEHCTBUSAM, COCTOSIIIIUM U3 COYe-
TaHUs COOBITUH, KaTeropuu ¢ — 00JIee CJOKHBIM MMOBEICHUSIM, COCTOSIIUM U3 COYETAHUS
JleficTBuil, IpuvIéM CTaBUIACH 33/1a9a BBIJICTUTDH B KaXKJOM KJIUIE OJHO OCHOBHOE MOBe/Ie-
HIeE.

Mogenb (39) MOXKHO YIPOCTUTH U CBECTH CHOBA K JIBYXMATPUIHOMY DA3JIOKEHUIO, eC-
JIX OTOXKJIECTBUTH TeMbl ¢ Kareropusamu, C' = T', u B34Tb e quandnyio Mmarpuny V. /lannas
MO/IesTb u3BecTHa B sinreparype Kak Flat-LDA [124] u Labeled-LDA [119]. Eé BoipasuTen-
Hbie Bo3MoOxkHOCTH Oesaee, yem y PLSA u LDA, rak kak 3naduresibHas J0JIsI 9JIEMEHTOB
marpuipl II = © dbukcupoBanbl U paBHBL HYJIIO.

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

TemnopanbHblie mogenn. Bpewms co3jianus JOKYMEHTOB BazKHO IIPU aHAJIN3€ HOBOCTHBIX
HHOTOKOB, HAY4YHbIX IyOJIMKAIUA, HATEHTHBIX 0a3, JaHHBIX COIUAJIbHbIX cereil. Temarnue-
CK¥e MOJIeJT, YINThIBAIOIINE BPeMsl, HA3bIBAIOTCI Memnopaivhoimt. OHI MO3BOJIAIOT BbI-
JIeNIITh COOBITHITHBIE U IEPMAHEHTHBIE TeMbI, TeTeKTHPOBATH HOBBIE TeMbI, IPOCTEKIBATD
pa3BUTHE TEM BO BPEMEHU, BbIJEJATH TPEH/bI.
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[Iyctb I — KOHE4YHOEe MHOXKECTBO MHTEPBAJIOB BPEMEHU, U KaxK/Iblil JOKYMEHT OTHO-
CUTCAd K OJHOMY HJIM HECKOJIbKUM HMHTEpBaJlaM, DZ — HOJAMHO2KEeCTBO JJOKYMEHTOB, OTHO-
CAMUXCsT K UHTepBAJTy i. ByJeMm moJjararh, 9ro TeMbl Kak pacupejesenus p(w |t) ne me-
HSIOTCS BO BpeMeHH. Tpebyercss HAlTH pacipe/iejieHne Kax 10l TeMbl Bo Bpemenu p(i|t).

TpI/IBI/IaJ[beIﬁ IIOJAX0/1 3aKJIIOYaeTCd B TOM, LITO6bI IIOCTPOUTDH TEeMAaTUYCCKYIO MO/I€/Ib
Ge3 yuéra BpeMeHH, 3aTeM HAfTH paclpe/e/eHne TeM B KaxKJIoM uHTepBase p(t|i) Kak
cpennee 0,y 1o Becem moKyMeHTaM d € D; M MepeHOPMHUPOBATL YCJOBHBIE BEPOATHOCTH:
p(i|t) = p(t\i)%. HeoctaTok JaHHOTO MMOJXOAA B TOM, 9TO HHMDOPMAINUS O BpEeMeHH
HUKaK HE UCHOJIb3YeTCd IIPpUu O6y‘{eHI/II/I MOZJEJIN 1 HE BJIUAECT HA (bOpMI/IpOBaHI/Ie TEM.

B ARTM »sta npob/tema pelmaercs BBeaeHHeM MOgaabHOCTH Bpemenn . lckomoe pac-
npenenenne p(i|t) = p; nomydaercsa B crosone Marpuibl $. JonoHATEIBHBIE OrPAHIYe-
HHUA Ha 1IOBEAEHHUE TeM BO BPEMEHHW MO2KHO BBO/IMTH C IIOMOLIbIO peEry/idpu3saluu.

B oxHoii u3 mepBBIX TeMmmopasbHbIX TemaTwdeckux Mogeneit TOT (topics over
time) [161] kazxkqas TemMa MOJETHPOBATIACH HAPAMETPUIECKIM [3-DACIPEIeTIeHIHEM BO BPe-
MEHHU. DTO CeMeHCTBO MOHOTOHHBIX M YHUMO/IAJbHBIX HEHPEPBIBHBIX (DYHKIUN, C TOMO-
IO KOTOPOI'O MOYKHO OIHUCHIBATH Y3KHe MUKU COObITUIHBIX T€M U OrpaHUYEHHbI HaOOP
TpeHa0B. TeMbl, HMerone CIOPaJuIecKue BCILIECKH, JaHHAS MOJE]b OMUCHIBACT ILIOXO.

HeHapaMeTpI/I‘{eCKI/Ie TeMIIOpaJibHbl€ MOJ/EJIN CHOCO6HBI OIIUCbIBATH IIPOU3BOJIbHbBIC U3-
MEHEHUud TEeM BO BPEMECHU. PaCCMOTpI/IM JABa €CTEeCTBCHHbIX IIPEIIOJIOZKEHUA U (bOpMaJ_[I/I—
3yeM UX C IOMOMIIBIO Pery/Isapu3alii.

Bo-nepBbix, 1peJiiio/I02KuM, 4TO MHOI'UE T€Mbl SBJIAIOTCH COObITUIHBIMU U UMEIOT OT-
HOCHTE/ILHO HeDOJIbIIOe «BPeMsl KU3HUY», I0ITOMY B KasKJOM MHTEPBaJIe BPEMEHU 7 LpPU-
cyTcrByIOT He Bce Tembl. [lorpebyem paspexkenHocru pacupeseseruii p(t|i) ¢ moMomupio
KPOCC-3HTPOLUITHOIO Pery/spu3aTopa;

Ry(® wm ©) = -1 » Y Inp(t]i).

i€l teT

Bo-BropbiX, 1peioiokuM, 9ro pacupejeienus p(i|t) kak pyHKIUE BPEMEHH MEHs-
I0TCS He CJUIIKOM OBICTPO U BBEJEM DEry/ISpU3aTOpP CIUIazKUBAHUSL:

Ry(® wm ©) = =7 > Y~ [p(i|t) — p(i—1]1)].

i€l tel

Oba peryJisipu3aTopa MOXKHO 3anucarh u Kak Gyskiuio or ¢, u kak pynknuo or O.
B ciyuae peryisapusaropa Ry(®) dopmysna M-mara nveer s’

Vit = ngerlm(mt + Topi sign(@i—1s — Pit) + Toir sigN (i1 — Pit)), (42)
rjie pyHkius sign Bosppainaer +1 Jijis 1M0JI02KUTeJIbHOrO aprymenTa u —1 Jijisg oTpuiia-

TeJIbHOIO. Pery/isipusarop CriiazkuBaer 3Ha4eHus B KaxKI0i TOUKe BpeMeHHOro psijia p(i |t)
10 OTHOIIEHHIO K COCEJHUM TOYKAM CJIeBa U CIIpaBa.

3 Ilo#ikos H. B. AanTupHas peryaapH3anus BepOATHOCTHBIX TeMATHIeCKHX Mojeseil. Bakamappekas
mucceprarmsg, BMK MI'Y, 2015.
http://www.MachineLearning.ru/wiki/images/9/9f/2015_417 _DoykovNV.pdf

44



9 MopagennpoBaHne TpaH3aKUNOHHbIX AaHHbIX

OObIYHBIE TEMATUYIECKUE MOJIE/IA TEKCTOBBIX KOJIIEKIIHH OIMMCHIBAIOT BXOXK/ICHHS CJIOB
B JIOKYMEHTBI. MyIbTHMO/Ia/IbHbIE MOJIE/IN OIIUCHIBAIOT JIOKYMEHTBI, B KOTOPBIX COJIepzKaT-
Csl TEPMbI PA3JIMIHBIX MOJIAJIBLHOCTEI: CJI0Ba, TEr'W, aBTOPbI, U T. 1. BO Bcex 3Tux ciydasx
MO/I€/Ib ONUCBHIBAET MAPHbIE B3aUMOJIEHCTBHUS MEXKIy JIOKYMeHTaMu u Tepmamvu. B Oosiee
CJIOZKHBIX MPUTOKEHUSIX MCXO/HbIE JAaHHBIE MOIYT OMHCBHIBATH TPAH3AKIUH (OTHOIIEHNS,
B3aUMOCBSI3U, B3AUMOJIEHCTBUS) MKy TpeMs U 0ojiee 00bEKTAMU PA3IUIHBIX MO/Ab-
Hocreii. Hanpumep, B ceTn MHTepHET-peKJIaMbl «II0JIb30BaTe/b U KJIUKHYJ 00bsaB/IeHne b
HA CTPAHUIE S»; B CONUAJBHOW CETU <I0JIb30BATE/b U HAMUCAJ CJAOBO W HA CTPAHUIE
oJtora d»; B ceTH MPO/IAXkK «HMOKyHATe b b KyIu/ y HPOJABIA S TOBAP §»; B HACCAXKUPCKUX
ABUAIIEPEBO3KAX «KJIMEHT U BBLIETEJ U3 adPOHOPTa T B adPOLOPT Y CAMOJIETOM aBHAKOM-
HAHUKX (»; B PEKOMEHJIATEIbHOI CHCTeMe <«KJHEHT U ONeHWT (BuibM f B CHTYaTHBHOM
KOHTeKcTe s». Emé oanoit MoIaIbHOCTHIO MOXKET ObITh JaTa U BpeMs TPaH3aKIIUU.

Bo Bcex nmpuBeaéHHBIX NpHUMepax B3aUMOJIeiicTBHE OOBbEKTOB HE CBOJUTCH K MAPHBIM
B3auMOJIeicTBUAM. B JIpyrux ciydasgx CJIOKHBI€ B3aUMOJIEHCTBHSA BCE K€ PacIaaroTcs
Ha napbsl. Hanpumep, B cucreMe peKOMeH Iallnii My3bIKI TPAH3aKIHUA «TPEK 7" HCIIOJTHUTE-
JIsl @ HAXOJUTCH B ajib0OMe d, BBIIIEANIEM B TOJY Y» OIUCHIBAETCS, Ka3a/10Ch Obl, 9eTBED-
KOil 00bekTOB (T, a, d,y). OHaKO OHa paclaJaeTcst Ha napHbie B3aumocsuasu (d, ), (d, a),
(d,y), KOTOpbIe MOIYT OBITH OMUCAHBI OOBIYHON MYJIBTHMOJAIBHON MOIEIBIO.

Jlist TeMaTuaecKoOro MOJeJTMPOBAHUS TPAH3AKIIMOHHBIX JAHHBIX yJI00OHO HOHSITHE T'H-
neprpada. ['uneprpad odbobiaer nonsrue rpada u orjimyaercs or Hero TeM, 4To pédbpamu
B HEM MOryT OBITh HE TOJILKO Iapbl BEPIINH, HO M IIOJMHOXKECTBa U3 TPEX U OoJiee Bep-
mud. Bepruabl runeprpada cooTBeTCTBYIOT TepMaM pa3IndHbIX MOJAJIbHOCTEl, pédpa —
TpaH3aKIUIM. 3a/a49a 3aKI09aeTCI B TOM, YTOOBI 110 HA0/110/1aeMOil BLIOOpKE TpaH3aKIIHii
BOCCTAHOBUTH HEU3BECTHbIE TeMaTUveckue pacupejenenus sepiiun p(t|v). [peanonara-
eTCsl, 9TO BEPOSTHOCTH TPAH3AKIUU TEM BbIIIE, 4eM DOJIee CXOXKU TEMATUKHU €€ BEepIIuH.

B npoexte BigARTM peasmn3oBaHa ollMCaHHas HUKe runeprpadosast reMarndecKkas Mo-
JIe/Ib TPAH3AKIIMOHHBIX JAHHBIX.

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

Kaxgag Bepmmuaa v € V' umeer modasvrocms m = p(v) W3 KOHEIHOTO MHOXKECTBA,
moabHOCTelr M. MHOXKeCTBO BCeX BepINHH pa30HBAETCS Ha HEMepPeCeKaIOIUecsd II0/I-
MHOKECTBa 110 MOJAJTbHOCTSIM:

V= |_|Vm, Vi ={v € V: p(v) = m}.

meM

Hanpumep, B OOBIYHBIX TEMATHYECKUX MOJIEIAX €CTh TOJBKO JIBE MOAAJIBHOCTH: JOKY-
MeHnTol Vi = D u TepMmbl Vo = W KaxKiasg TpaH3aKIHs IPeJICTaBIsIeTCs pedpPoM U3 JIBYX
BepinuH € = (d, w) u ONUCHIBAET BXOXK/IeHHe TepMa w B JOKyMeHT d. IIpu sTom runeprpad
SIBJIZETCS JIBYIOJIBHBIM TpacdoMm.

B 6ostee c10:KHBIX IPHIOKEHAIX TPAH3aKIUA MOI'YT HMETh pa3jandHbie Tuibl. Hampn-
Mep, B CeTH MHTePHEeT-PeKIaMbl, KpOMe JaHHBIX THIA (U, b, §) 0 KIHKAX IMOJb30BaTe el U
110 00'bABICHUSIM b Ha CTPAHUIAX S, MOI'YT UMEThCS JAHHBIE O MOCEIIEHUAX CTPAHMIIL I0JIb-
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M — MHO2KECTBO MOJAJIbHOCTEI:
oo A

K — MHOXKECTBO THUIIOB pELEp:

0 Bp 00 Oa Sa

T — MHO2KECTBO T€M:
00000

Puc. 13: [Ipumep rumeprpada ¢ BepIImHAMEA TPEX MOJAJIBHOCTEH, pEOpaMU-TPAH3AKIIUAMHA MIATH TUTIOB
U IATHIO TEMaMHU.

30BaTesIsIME (U, S), O COJEPKAHUU TePMOB W B TeKcTaX 00bsiBjienuii (b, w), crpanui (s, w)
¥ 3aI1POCOB 10JIb30BaTeieil (u, w).

[Iycrb 3a1aH0 MHOXKeCTBO TUIOB TpaH3akmuii K. Tpanszakyuonnoie dannoie Tuma k —
510 BbIGOpKa F), HesaBucuMblx Habmonenuit (e,t) € 2¥ x T, nopoxkjaemas pacupe/iesie-
aueM py(e, t), ceouM st Kaxkoro tuna k € K. Kaxaoe pebpo e € Ej BXOAUT B BBIGOPKY
Nke Pa3, U € KazKJbIM BXOXK/IeHHeM pebpa CBsi3aHa CBOs JiaTeHTHas Tema t € T

Ha puc. 13 nokazan nupumep runeprpada ¢ BepiuimHamu Tpéx MoJlaJibHoCTel, pédbpaMu-
TPAH3AKIUIMU IIATH THIIOB M HSTHIO TEMaMU.

Bynem monarats, 9T0 B KaxK10i TpaH3aKuu e € F nMeeTcs ogHa BbIIeJeHHAs BePIIT-
Ha d, HA3bIBaEMasl Konmelnepom, u 0603HaYATh pebpo depe3 e = (d, x), Tje & — MHOXKe-
CTBO BCEX OCTAJIbHBIX BEPIIHH pedpa e, 33 HCKJII0OUYeHneM BepIInHbI-KOHTeiiHepa d. AHaI0-
I'UYHO JIOKYMEHTY, ¢ KOHTelHepoM CBsi3aHO pacupejeserue reM p(t|d). MuoxecTtBo Beex
BEPIIUH-KOHTeHHEPOB 0003HaYuM depes .

asee mpeanosiokuM, 9to HE pacipejenenus teM p(t|d) B koureitnepe d, Hu pacmpe-
JleJieHns BepInnH B TeMax p(v|t) He 3aBucar ot tuna pebpa k. Kaszamoch Obl, HA IPAKTHKE
9TO IPeJIIIoI0KeHIe MOYKEeT He BLIIOJIHATHCA. Hampumep, pacnpe/eneHuns CJI0B B TeKCTaX
BeO-CTPAHUII, B MOJIb30BATE/ILCKIX 3alPOCaX U B PEKJAMHBIX OaHHEPAX MOIYT 3HAYUMO
pa3nyuarbes Jid OfHON u TOi ke TeMbl. OJHAKO TO OrpaHUYEHHE HETPYIHO 0DOUTH,
eCJIM IOCTPOUTh MOJIEJIb C TPEMsi PA3HBIMU MOJAJIBLHOCTSME CJIOB JIJI 9THX TPEX THIIOB
TpaH3akKIuii. Bosee Toro, MexaHH3M peryJspH3aii M03BOJIAET CBI3aTh YTH pPacipeeie-
HUS U CJIeJIATh UX ITOXOKHMI.

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

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

veT

IIpu caeTaHHbIX JOMYIIEHISX MPOIECC MOPOoK aeHus pebpa (d, x) € Ej cocTOUT u3 1ByX
maroB. CHavajia nopoxaercst reMa t u3 pacupegenenust p(t|d). Barem 1mopoxjaercs
MHOZKeCTBO BepiuH 2 C V| npuuéM Kazk/ast BepIIMHa U € & MOJAJBHOCTH 11 HOPOK 1AeT-
Csl HE3ABUCUMO OT JIPYTUX BEPIIMH U3 CBOEro pacupejesenus p(v|t) HaJl MHOKECTBOM V.

Temarnueckass MOJIEJIb BHIPAZKACT BEPOSTHOCTH MOsBIeHUs pébep rumeprpada depes
YCJIOBHBIE DACIPE/IeJCHHs, CBI3aHHBIC C HX BEPIIHHAMI:

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

[TapamerpaMu 3TOH MOJeIN SBJIAIOTCS YCJIOBHBIE BEPOATHOCTH BEDPIIMH B TeMaX
Yot = p(v|t), HOpMUPOBAHHBIE 110 KAXKI0# MOJAJBHOCTH U € V,,,, 1 YCJIOBHBIE BEDOSTHOCTH
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TeM B KoHTeiiHepax 0y = p(t|d). B Marpudnbix 0003HAYEHUSAX MApAMETPAMU SIBIISIFOTCS
marpuipst $,,, m € M u ©, Kak u B ciiydae MyJbTHMOJAJILHO TeMaTnaeckoii Mosesn (34).

['uneprpadoBas MoJenb ABJIAETCS IMHPOKUM ODOOIEHHEM OOBIYHBIX TeMATHIECKHX
mozeneii. B wactnocrn, ona coorsercrByer momenn PLSA B ciydae, Korga MogaJbHO-
ctu jBe — JoKymMeHTBl Vi = D u tepmbl Vo = W, Ttunm pébep TOJBKO OMUH — AP
(d,w) € D x W, B KOTOPbIX JOKYMEHTbI d BCErJa siBJSIOTCH KOHTeHHEPAMHU.

MineprpadoBbii EM-anroputm. [l oneHuBaHusl HApaMeTPOB MOJEJH HPUMEHUM
HPUHIUII MaKCUMyMa IpaBjionoodusi. ByjaemM MakcumuzupoBaTh CyMmy JorapudMoB
1PaBIo10/100us 110 BCceM Tunam pébep k ¢ Becamu Ty, u pery/sgpusaropom R(P, O):

S Y mae Y O[] ou + R(®,0) = Tmax; (43)

keK dxeEy, teT vET
Z‘Pvtzla Yot = 0; Z@dzl, O = 0.
VEVm teT

Teopema 9.1. Ilycre ¢yuknus R(P,©) wmempepsiBao auggepenmnupyema. Touka Jio-
kagpHOro Makcumyma (P, 0) zazaum (43) ygopiaerBopsier cucreMe ypaBHEHHIl OTHOCH-
TeJIbHO MAPAMETPOB MOJAEIH Py, Oig M BCHOMOraTe/IbHbIX IIEPEMEHHBIX Dy = p(t|d, ),
€CJIM U3 DeIeHHsl HCKJIIOYUThH HyJIeBble cToa01p Marpul @, O:

Ptdz = n?el"Tm (9td H @vt) . (44)

veET

OR
Pot = no%r/m (nvt + SOme&—); Nyt = Z Z [U € l’] TiNkdzPtda; (45)
vEYm Pt keK decEy,
OR
O = norTm (ntd + Og— 20 ) Ngg = Z Z TN kdxPtda - (46)
td keK dzcEy

okazareabcTBo. Bociosibayemcst jseMMoii 3.2 0 MAKCUMU3AIUN HA €IMHUIHBIX CUM-
IUIEKCAX, BBIJEIHB BCIIOMOTATE/bHBIE [IEPEMEHHBIE Dig,, Onpenesénnbe B (44):

Pot = l;l)g%n/gl ((pvt Z Tk Z nkdm H Put T Put ;jt) =

keK dx€eE}
OoR
= nvg"/fnn(z > Tenkaalv € @lpras + Pur 8%)
keK docEy,
0;q = norm |( 64 Z T Z nkdm H Ot + Ora=— Of
teT | d 09td
keK red
OoR
= n?erTm (Z Z TkMkdzDide + Otd 89“[)
keK zed

Teopema nmokazana.

Koadcddurymerrol BavsaHna. Ha npakruke BO3SMOXKHbBI CHTYAIUU, KOLJIA OIPEIEIEHHbIE
THIIBI TPAH3aKIH MIPAIOT BCIIOMOTATEIbHYIO POJib, U HE JIOJKHBI BJIUATL JTHOO Ha Te-
MaTHKy KOHTeiiHepoB, Jinbo Ha pacupejiejieHus TepMoB B Temax. Halpumep, TeKCTOBbBIiT
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KOMMeHTapI/IfI B TOpFOBOﬁ TPpaH3aKIUWU HE JO0JIZKEH BJIMATH Ha TEMATUKY IIPO/aBla U I10-
KyllaTeJid, HO IIPU 9TOM BazKHO 110JIy4aTb pacClpe/ie/leHrud CJI0B KOMMEHTapUueB B TeMaX.
B MympTHA3BIIHON MOAETN TOJIBKO MO/IAJIBHOCTD TJIABHOTO S3bIKA JIOJZKHA BAUATH HA Te-
MaTHKy MYJIbTHUSI3BIYHOTO JOKyMeHTa. My3bIKaabHble TPEKN JOJKHBI BJIUSITH Ha TEMBI,
€CJIM OHU HAXOJIUTCH B ILIEH-JIICTaX IIOJIb30BaTeseil, HO He B aabOOMaxX HCIOJTHUTEEI.

Jst pernenust Takux 3a4a4d B dopmyisl M-nrara (45)—(46) BBonsres koadduyuenmo
BAUANUA Ok, OF, IPUHAMAIOIIME 3HAUYCHUST U3 orpe3ka [0, 1]:

Nyt = Z Z [U € JI] Tk Okp(v) VkdaPtdz

kEK dzcEy

Ngg = g g TEO kN EkdxPtdx -

keK dxeEy,

10 MogennpoBaHne 3aBUCNMOCTEN

Temarnueckast Mojesib opMUpyer BeKTOpHOe onucanue jokymenta p(t|d), koropoe
MOZKeT 6bITb UCIIOJIb30BAHO [JId IIPEeACKa3aTe/JIbHOI'O MOJC/JIMPOBaHUA, B YaCTHOCTHU, HJId
penienus 3ajiad Kjaccuduxkanuun u perpeccuun. Kilaccuduxaius peasusyercs 0CoOOEHHO
IIPOCTO, €CJU KJIACCHI CYUTATh MOJAJbLHOCTBHIO. Perpeccus Ha TEKCTaxX MOKA3LIBACT IIPH-
Mep MHTEPECHOTO MpHuéMa, KOTJa JOMOJHUTEIbHbIE MapaMeTpbl MOjieu (B JTAHHOM CJIy-
qae KodhOUIUEHTH! JIMHETHON MOJI/IH PErPeCCht) IEPECUUTHIBAIOTCS HTEPAIMOHHO IT0CIIe
KazK/I0T0 1poxo/ia Kojuiekiuu. Odenb noxoxkuit npuém ucrnosbsyercs u B mogen CTM,
KOTOpad BblABJIACT IIOIIaPHbIC B3aUMOCBA3U ME2KJ/ly TeMaMU.

Knaccudpmkauyms. Temamuueckasn modeav kaaccupurayuu Dependency LDA [124] sB-
asiercst BaifecoBckuM anasiorom mogenn (33) ¢ mogaabHoctssmu repmo Wou kitaccos C.
Nmeercst oby4aroniasi BBIOOPKa JIOKYMEHTOB d, JiJIsl KazKJ/IOI0 U3 KOTOPBIX U3BECTHO MO/I-
MHO)KecTBO KiaaccoB Cy C C. Tpebyerca kiraccudunupoBaTb HOBbIE JOKYMEHTBI C HEU3-
BecTHBbIM Cy. [Ijist 9TOr0 6y/1eM UCHOIB30BATD AUHETHYIO BEPOATNHOCTIHYIO MOOJEAD KAUC-
cupurayuu, B KOTOPOR O00BEKTAMHU SABJIAIOTCS JIOKYMEHTDHI d, IPU3HAKH COOTBETCTBYIOT
TeMaM t W mpuHUMAIOT 3Hadenust Oy = p(t|d):

pleld) = @ebia.

teT

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

Kosaddunuenrs: nuneitnoit Mmogenu ¢, = p(c|t) u moporu -y, obydarorcs mo BIGOPKe
AOKYMEHTOB C U3BECTHbBIMU Cd. HpI/I3HaKOBoe OlIMCaHKUEe HOBOI'O JJOKYMeEHTa ed BbIYUCJIA-
ercd reMarTun4ecKoi MO/EJIBIO TOJIBKO IIO €r'o TepMaM.

DkcmepumenTsl B [124] mokasanm, 9TO TeMaTHYeCKHe MOJEIU MPEBOCXOAAT OObIU-
HBbIE METOJbl MHOIOKJIACCOBOII Kiaaccudukanum Ha OOJBIINX TEKCTOBBIX KOJLICKIUIX
¢ GOJIBIIUM TIHCIOM HeCOAIaHCHPOBAHHBIX, EePECEKAIOIIUXCA, B3ANMO3aBUCUMBIX KJIACCOB.
B [143] e ke BbIBO/BI Ha TEX K€ KOJJIEKIUSX ObLIIM BOCIPOU3BEIEHBI JIJIsl MYJIbTHMO/ A b-
Hoit ARTM. Hecbanrancuposannocmsd 03HAIAET, 9TO KJIACCHI MOI'YT COJEPrKATh KAK MaJIoe,
TaK U OY€Hb DOJIBIIOE YUC/I0 JOKYMEHTOB. B ciiyuae nepecexaouurcs KaaccoB JOKYMEHT
MOZKET OTHOCHTBCA KaK K OJHOMY KJacCy, TAaK U K OOJIBIIOMY YHCIY KJIACCOB. Baaumosa-
GUCUMDBLE KJIACCHL UMEIOT 00IIIe TePMBI ¥ TEMBbI, IO3TOMY IIPU KJIACCH(MHUKAIIHA TOKYMEHTA,
MOI'YT BCTYIIaThb B KOHKYPEHIUIO.
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Peeyaapusayus no ompuyamesvholM NPUMEPGM UCHOIB3YET JAHHBIE O TOM, YTO JI0-
KyMmeHT d u3 obydaionieit BBIGOPKH He NPHHAJJIEKUT mojMHOKecTBY Kiaccos C C C.
Jy1s1 3TOTO C/Tydas 3amluIneM IIpaBIonoa00ne BepOSITHOCTHON Mo/ie i OMHAPHBIX JTaHHBIX:

L(®,0) Z Z lnz Oerba + TZ Z ln(l — Z goctﬁtd> — max.

deD ceCy teT deD ceC, teT

[TepBoe ciaraemoe ectb log-nipaBiononobue MOJAJIbHOCTH KJIaccoB (33), ecuu 1OJI0-
KUTb Nng. = [c€Cy|. Bropoe ciaraemMoe MOKHO pacCMAaTPHBATH KAK DPETYJISIPU3ATOD OT-
PHUIATEHHBIX PAMEPOB, MOCTPOEHHBIN 110 JAHHBIM O He-IPHHA/JIE?KHOCTH JTOKYMEHTOB
kJiaccam. Koaddunuent peryisipusainuu 7 MOXKHO 110JIaraTh PABHBIM €JIUHUIIE.

Yacmomnas peeyaapuszayus (label regularization) xopomo 3apekomenjoBasa cebs
B 3ajla4ax ¢ HecOagaHcupoBaHHbIME Kiaccamu [83, 124]|. ITorpebyem, 4Tobbl oneHKa 6e3-
YCJIOBHOTO paCIpe/ieieHusl KJIACCOB 10 KOJIJIeKuHH p(c) =Y, pup(t) Oblra OiE3KA K Ha-
GumioziaeMBIM acToTaM KJ1accoB p(c) = L|D,|, rne D, ={d € D: c € Cy} — MHO)KeCcTBO
JIOKYMEHTOB, OTHOCAIIUXCS K KJaccy ¢. Bplpa3um jaHHOe TpeOOBAHUE € HOMOIIBIO CIIa-
JKHBAIOIIETO PEryJsipu3aTopa KPOCC-9HTPOINH, KOTOPBII MOXKHO HHTEPIPETUPOBATH U KaK
MAaKCUMU3AIUIO PABJIOIOI00UsT MOJIEJIH KJIACCOB P(C):

) = TZ |D.| annt%t — max,

ceC teT

e ng =y, N — 9UCI0 TepMOB MozpaibHocTH C, OTHOCAIIUXCH K TeMe t BO BCeil KOJI-
neknuu. [loacrasisgs stor peryaspusarop B (16), momyanm dopmyssr M-mmara:

Nt Pet
e = norm | 1 + 7| Dol =———— ). (47)
ew Z NsPes

YacrorHas pery/sipu3aliyst HCII0/Ib30BaJiach B TeMarudeckoil mojgesn Prior-LDA, koropas
Oblia npejyioxkena B [124] kak yiaygmenue mogesn Flat-LDA.

Perpeccusa. 3agaqn npejicka3anusi YUCJI0BON BeJIMIrHbl KAK (DYHKIIMH OT TEKCTa BO3HIU-
KAIOT BO MHOI'MX HPUJIOKEHUSX JIEKTPOHHON KOMMEPIUH: IIPE/ICKA3aHNe PeTHHTA TOBa-
pa, duabMa WM KHUTH MO TEKCTY OT3bIBA; MpelcKa3aHue YHCJa KJIUKOB MO TEKCTY pe-
KJIAMHOTO OObSIBJIEHNS; MIPe/ICKa3aHne 3apIIaThl 0 ONUCAHUIO BAaKAHCUU; MpeICKa3aHue
0JIe3HOCTH (Ymcia JANKOB) OT3bIBA Ha OTeJb, PECTOpaH, cepBuc. [Iis BOCCTAHOBIIEHHUSI
4UCJI0BbIX (DYHKIUI 110 KOHEUYHOU oOyualtoiieil BbIGOpKe nap «00beKT—O0TBET» UCIOJIb3Y-
I0TCsl PErPECCUOHHbBIE MOJIE/IU, O/IHAKO BCE OHU HIPUHUMAIOT HA BXO/€ BEKTOPHbIE OIIUCAHUS
00bexkToB. Temarmueckas MoJeTb MO3BOJIAET 3aMEHUTh TEKCT MTOKYMeHTa d ero BeKTOp-
HbIM TpejcTaBierneM 6y, C npyroit cToponbl, KpUTepUil ONTHMHU3AINUEA PErPecCHOHHON
MO/JTIEJTI MOZKHO UCIOJIb30BATh B KQUECTBe PEryasdpu3aTopa, YToObl HAUTH TeMbl, HanOoJree
nHGOPMATUBHBIE ¢ TOYKH 3DEHHs] TOYHOCTH HpejcKa3anuii |87, 133].

[Iycrb ajist Kaxk10ro JoKyMeHTa d obydatomieit Bbioopku D 3a1aHO 1e/1eBoe 3HAYCHUE
ya € R. Pacemorpum aunetinyro modeasv pezpeccuu, KOTOpas IpeIcKa3biBaeT MaTeMaTu-
YeCcKOe OKHJIaHWe IEeTeBOil BEJTMIIMHbI:

E(y|d) = thetd,

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

R(©,v) = —7 Z(yd - Z Utetd)2-

deD teT

[Toscraisist sror peryasipusarop B (17) u npupaBHEBAs HYJIIO €10 HPOU3BOIHYIO 110 U,
nosryauM Gopmyasl M-mara:

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

seT

v = (067 'ay.

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

B |133] nokazano, 4ro Ka4ecTBO PErpecCcHu MOZXKeT 3aBHCETh OT HHUIUAJN3AIIMNA TeMa-
THUYECKON MOJIeJIM, U [PeJIJIOKEHO HECKOJIbKO MeTO/I0B MHUIMAJIUBAIUY.

Ha mpakTuke 0O6bIYHO HCIOIB3YyeTCS 00Jiee TPOCTO MOAXO/: CHAYAIa CTPOATCI TeMa-
THYECKHEe MPU3HAKOBBIE OIMHCAHUS JOKYMEHTOB ¢ mMoMOIbio Mogeaun LDA, 3atem K srum
HpU3HAKAM MOIYT JIODABJISATHCS €llé KaKhue-TO YUC/IOBble IPU3HAKU TEKCTOB, M, HAKOHEII,
o011ee IPU3HAKOBOE OIMCAHUE UCIOJIb3YeTCs JIJIsl PellleHusl perpeccuonHoi 3a1aun. Heno-
CTATOK TOr0 HOJX0/a B TOM, 4T0 MOzeab LDA nudero me 3maer o perpeccuu. Peryjis-
pusamusg ARTM mo3Bosiger moodepesHo yaydiarb TO TeMATHIeCKYI0 MOJETb C yIETOM
perpeccuy, TO PerpecCUuOHHYI0 MOJIETb C YIETOM TeMaTHIeCKUX MpU3HAKoB. B pesynbrare
JIBe MOJIeJH MPUCTOCADIUBAIOTCA APYT K APYTy. TemMbl MOBOpaYMBAIOTCA TAKHM 0OPa30M,
4TOObI ObITh MAKCUMAJILHO 110/IE3HBIMU B KQYECTBE IIPU3HAKOB PerpecCuOHHOM Mojiesiu. [lo-
HaBJieHMe JIONOJIHUTE/IbHBIX HETeMAaTUIeCKUX IPU3HAKOB B PEIPECCUOHHYIO MO/JIe/Ib B 3TOM
cIydae TaKyKe He COCTAaBJIAeT TPYJA.

Koppensuuu tem. Modeaw koppeauposarnvx mem CTM (correlated topic model) npe-
Ha3HA4YeHa JIsl BbIsiBJIeHUsT CBsA3eil Mex 1y remamu [24]. Hanpumep, crarbs 1o reosoruu
DoJiee BEPOSITHO CBSI3aHA C apXeosorueil, 4eM ¢ reHeTHKOil. 3HaHue O TOM, KAKHe TeMbl da-
Il COBMECTHO BCTPEYAIOTCA B JOKYMEHTaX KOJIIEKIIHH, [T0O3BOJIIeT TOTHEe MOJIETHPOBATH
TEMaTHKY OTIEIbHBIX JOKYMEHTOB B MYJIbTHIUCIUILITMHAPHLIX KOJLIEKIHAIX.

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

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

Nsznavanbno mogesns CTM Oblia paspaborana B paMKax 0aiieCOBCKOTO MOIAX0/a, T
BO3HUKAJIM JIOMOJTHUTE/IbHbIE TEeXHHUYECKHe TPYAHOCTH H3-33a TOrO, YTO JIOT-HOPMAJIbHOE
pacipejieleHle He sBJISeTCs CONPSKEHHBIM K MyJIbTHHOMHa bHOMY. B pamkax ARTM
niaes CTM dopmanusyercs u peajin3yercs HAMHOI'O IIPOIIIE.
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Oupesiesium pery/isspu3aTop Kak Jorapudm npasiomnonodust Jor-HopMajibHOR Mojie/1n
JijIs BBIOOPKU BEKTOPOB JIOKYMEHTOB 7)4:

RO, pu, %) = TZ Inp(ng|p, ) = —% Z(ln Og — p)™= " (In 04 — p1) + const — max .

deD deD O
Corutacho (17), dopmysa M-mara st 0,y npuauMaer Bu/y
-1
Ora = norm (ntd - T 2; Yis (hl Osa — “8)>’ (48)
se

rie E,;l — 3JIeMEHTBI 0OPATHOI KOBapuaIlmoHHO# MaTpuIpl. [lapaMerpsr X, 1 HOpMaIbHO-
ro paciupeje/ieHus OOHOBJISIOTCA IIOCJe KaxKI0I'0 IPOX0/1a KOJIJIEKIUH, JUOO0 IOCIe KarK-
JIOrO aKeTa JIOKYMeHTOB B oHJiaiinoBom EM-ajropurme:

1
= — In Oy,
1 T
Ezﬁz(lned—u)(lnﬁd—u) )
Pl ies

Takum oOpa3om, TpyLoéMKas onepalys oOpalleHusT KOBAPUAIMOHHONR MATPHUIBI BBIIIOJI-
HsETCsl OTHOCUTEIBHO pesiko. B [24] ucnosbzoBanacs LASSO-perpeccust, 4robbl moJ1y9arh
pPa3pekeHHY0 KOBAPUAIMOHHYIO MATPHILY.

11 Mogenn c nepeMeHHbIM HUCJIOM TeM

B temarmyeckoM MOJIeTMPOBAHUE JIO CUX IIOP OCTAETCSA OTKPBITBIM BOIIPOC, CYIIECTBY-
er JIH B PeaJibHbIX TEKCTOBBIX KOJUIEKIUSX «UCTHUHHOE» MJIM «ONTUMAJIbHOE» YHUCJIO TEM.
C 0aHOiT CTOPOHBI, PA3YMHO MPEJII0/IaraTh, 4TO CYIMECTBYET KOHEYHOE YUCI0 TEM, O KOTO-
pbix muiry T Joau. C Apyroif CTOpOHbI, B KayKI0H TeMe HMeeTCs KOHETHOE YUC/I0 aCIeKTOB,
U B KaK/IOM TE€KCTe aBTOPLI 3aTPAruBaiOT JINIIb YaCTh U3 HUX. JacTo BCTpeYaIONnInecs Co-
JeTaHnd aCIeKTOB MOKHO paccMaTpHBATh JIKHOO KaK IIOATEeMBbI, MO0 KaK MPOsBIeHHIE 00-
meit TeMbl. BHYTpr TeMbl MOXKET He CYIIeCTBOBATh YETKOIl KJIaCTepHOU CTPYKTYPBI, U HA
KaKOe YUCJIO [TOJITeM UJIM ACIIeKTOB Pa3dbuTh TeMy — 3TO BOIIPOC HAIIErO IPOU3BoJIa. Tembl
MOXKHO JIpobuTh Ha JiFoboe duc/io 6ojiee MesKux mojreM. Hem 0OoJibliie KOJLJIEKIUs, TeM
boJiee MeJIKHe CeMAaHTUYEeCKHe PA3IHIUs MKy TeMaMH BO3MOXKHO YI0BUThL. OJIHAKO Jia-
JKe IIPU IPUMeHeHN!, Ka3a/I0Ch Obl, CTPOrUX, CTATUCTUIECKUX KPUTEPUEB JIJIsI BbISIBJICHUS
3HAYMMBIX PA3/JIMIUil MKy TeMaMU, BOSHHKAET IIPOU3BOJI IIPH BHIOOPE YPOBHS 3HAYUMO-
cti. Bo1OOp 9TOr0 1moporoBoro 3HavueHusi TakK»Ke siB/IseTCs SBPUCTUKON, U OT HEIro 3aBUCUT
UTOrOBOE YUCJIO TeM. Bce u3BecTHbIE METO/Ibl, IIPETEH/IYIONe Ha 00bEeKTUBHOCTb Olpe-
JIeJIeHUsT 9UC/Ia TeM, TaK WJIM WHAYe COJeprKaT BHYyTpHU ceds mapamMerp, 0T KOTOPOI'O 3TO
caMoOe€ YHCJIO TeM 3aBHCHT.

ODTH CcOOOpaKEeHUsT HPUBOJAAT K MJIEe, YTO BMECTO IOUCKA ONTHMAJIBLHOIO YHC/IA TEM
(KOTOPOr0 MOZKET HPOCTO HE CYIIECTBOBATH), UMEET CMbICJ CTPOUTH HEPAPXUYECKHE Te-
MaTHYeCKHe MOJE/H, B KOTOPBIX TeMBbI IIOCJI€/I0BATE/ILHO JIPOOATC Ha MOJITEMBI, & YPOBEHD
JEeTATBHOCTH (MU 2PaHYAUPOSAIHHOCTNU) TEMATHIECKOTO IPEICTABICHNS BIOUPACTCS UC-
X0/Isl U3 1noTpedbHocTeill NPpUKJ/Ia/HON 3a/a49H.
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DHTponuiiHoe pa3pexuBaHue Ans oTbopa Tem upejoxkeno B [145| s ypanenns
HE3HAYUMbBIX TE€M U3 TeMaTudeckoir mojesn. Mjes 3akiirodaercs B pa3spekUBaHUHM Pac-
npeesnenns p(t), KOTOpoe BbIpazKaeTcsi depe3 mapaMeTpbl Oy

1
R(©) = —TTLZ 7] Inp(t), p(t) = Zp(d)etd-
teT d
[TogcraBum sror peryisipusarop B dopmysny M-mara (17):
n p(d)
O1a = norm (i — 7172 200,
td nl%rjlﬂn Ntd T|T\ p(t) td
Bamenum 6,y B mpaBoil YacTH paBeHCTBA HECMEIIEHHOI OMEHKOil Z—j:
0 norm <n <1 n )) (49)
= -7 .
T e | T

DTOT Peryasspu3aTop pa3pe:KuBaeT MeJTUKOM CTPOKH MaTpuilsl O. Eciiu 3nauenue caér-
9UKa N; B 3HAMEHATeNe TOCTATOIHO MAJI0, TO BCe SJIeMeHTHI {-if CTPOKH OKa3bIBAIOTCS PaB-
HBIMU HYJIIO, ¥ T€Ma ¢ TOJIHOCTBIO UCKJIIoUaeTcs u3 mojeaun. [Ipu ucio/ib3oBanuu JaHHOTO
peryJisipuzaropa CHadaJ/ia yCTaHaBJIUBACTCs 3aBe0MO u30bITouHOe uncao rem |T']. B xoze
uTeparuii 9ucja0 HyJIeBBIX CTPOK MATPHIIBI O MOCTENeHHOe YBEJININBACTCS.

Ot16op Tem B ARTM namuoro npoine HemapaMerpuieckux 0aiiecoOBCKUX Mojesieit —
uepapxudeckoro npornecca Jupuxiie (hierarchical Dirichlet process, HDP) [137| nim npo-
necca Kutaiickoro pecropana (Chinese restaurant process, CRP) [27].

B o6oux nogaxomax, ARTM u HDP, umeercs yupasisiionuii mapamerp, Boibupast Ko-
TOPBI, MOKHO MOJIyYaTh MOJETH ¢ YHCIOM TeM, pa3indaruMces Ha nopsaku (B ARTM
510 Ko3bdunuent peryspusanuu 7, B HDP — kosddurmenr konnenrpamuu 7).

B [147] 6blin ipoBeieHbl SKCIEPUMEHTBI HA [MOJIYCHUHTeTHIECKUX JIAHHBIX, [1PEICTaB-
JSIONHUX c0OO0i cMech IBYX pacipeenennii p(w |d) — peaabHON KOJUIEKIHH, JIJIs KOTOPOi
YUCJI0 TeM HEH3BEeCTHO, M CHHTEeTHYECKON KOJIEKINHN C 33JaHHBIM ducaoM TeM. CuHTe-
THYECKasl KOJJIEKIUS CTPOWJIACH IIyTéM nepemMHokenus mMarpun, PO, mojiydeHHbIX B pe-
3yJIbTATE TEMATHIECKOrO MOJEJIUPOBAHUS TOW Ke peasibHo Kojutekiuu. OKa3aaoch, 910
HDP u ARTM crocobubl ompe/ie/isiTh HCTUHHOE YHCJIO TeM HA CHHTETHYECKUX W [TOJIyCUH-
rerndeckux JaHHEBIX. ARTM omnpenenser ero rounee u ycroitaumsee. OmHaKO dem OJImzKe
HNOJIYyCHHTeTUYeCKHe JaHHbIEe K PEAJbHBIM, TEM MeHee UETKO PA3IUINM IHAla30H 3Hade-
HUil rumepuapaMeTpoB T WA 7, HA KOTOPOM BOCCTAHABJIMBAETCS MPABUIHLHOE YHCJIO TEM.
Ha peaJ/ibHbIX JJAHHBIX OH HEPA3JIMYUM BOBCE, HPUYEM Jijist 000uX 110,1X0/10B. Takum obpa-
30M, PO 00a MOJIX0/Aa HEJIb3sl CKa3aTh, YTO OHU OHPEEL/ISIOT ONTHMA/JIBHOE THCJIO TEM.

ITo ckopoctu Bbruncienuit BigARTM ¢ peryisgpuszaropoMm orbopa Tem okasaJjcs B 100
pa3 ObicTpee cBODO/HO JIOCTYITHON peaJsin3aiuun HDP.

B xoze sxcrepumventos [147| Takzke BBISCHUIOCH, 9TO PEry/IspU3aTop 0TO0pa TeM HMe-
eT 10JIe3HbII conyTcTBYOmuil 3pdexT: on yjajiser u3 Moje/au jiy0/upyonue, pacien-
JIEHHBIE U JIMHEITHO 3aBUCUMBIE TEMBbI.

Nepapxu4deckoe TemaTudeckoe mogennposaHue. llepapxudeckue TeMaTUIeCKHe MO-
JIeJIM PeKYPCHUBHO JEJIAT TeMbl Ha IOJTEMbl. TeMarwdyecKue mepapxuu CayzKaT s I0-
CTPOEHHsI PyOPUKATOPOB, CUCTEMATU3AIUK OOJIbIIUX O00BEMOB TEKCTOBOW MHMOPMAIKH,
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MH(OPMAIMOHHOIO IIOMCKA U HABUTALIMH 110 OOJIBLIIMM MYJIbTHIMCHUIIMHAPHBIM KOJLIEK-
M. 3ajada aBTOMATUIEeCKON pyOpUKAIMM TEKCTOB CJI02KHA CBOCH HEOJHO3HAYHOCTHIO
1 CyObeKTHBHOCTBIO. Pa3imunsa BO MHEHHSX SKCIIEPTOB OTHOCUTENILHO pyOpHKamum I10-
KymentoB MoryT mocrurarb 40% [1]. Hecmorps Ha obuime paboTr Mo HepapXUvecKuM Te-
MaTHIecKuM MojesasM [26, 76, 93, 173, 117, 156, 157, 158, 159|, onrumusamus pa3mepa
U CTPYKTYPbl HEPAPXUU OCTAETCs OTKPBLITOH mpo0/1eMoii; 6osiee TOro, OLECHUBAHME Kade-
CTBa Mepapxuii — TakzKe OTKpbITas 1pobsema [173].

Crparerun IIOCTpOCHUS TeMATHICCKUX HePAPXUil BEChbMa Pa3HOOOPA3HLL: HUCXOIIINE
(MuBU3UMHbIE) U BOCXOJsIIIHE (ArTIOMEPATHBHBIE), MPEJICTABISIONINE HEPAPXUIO JEPEBOM
WM MHOTOJOJBHBEIM IpadoM, HapamusBaiomue rpad mo ypoOBHAM WM 10 BEePIIXHAM, OC-
HOBAHHBIC HA KJACTEPU3alUM JOKYMEHTOB MM TepMOB. Heb3s Ha3Barb KakKyo-TO U3
CTpaTeruii mpeJllOYTUTEJNbHON; y KaxK/I0i eCTh CBOU JJOCTOMHCTBA U HEJIOCTATKU.

BeposiTHOCTHas Mogenb MeXXypoBHeBbIX cBs3eil. B [37| upeoxkena nucxosmas
crparerusi Ha ocHoBe ARTM. Mepapxust npejcrapiisiercs MHOIOI0/IbHBIM rpadom ¢ (puk-
CUPOBAHHBIM YHCJIOM YPOBHEH U 33/[JaHHBIM YUCJIOM TE€M HA KazKJIOM YPOBHE, BO3PACTAIO-
MM TI0 YPOBHAM CBepXy BHH3. KarK7pril ypoBeHDb IpeacTaBiisgeT co00il OOBITHYO <«ILJIOC-
KYI0» TeMaTUIeCKYI0 MOJeNb, MO3TOMY BpeMs MOCTPOEHUs MOJETH OCTAETCd JTUHEITHBIM
110 00'bEMY KOJLJIEKIIHH.

st mMomempoBaHusi CBs3ell MeXK/y YPOBHSIMH B MOJIE/Ib BBOJSTCS HaPaMETPbI
gy = p(8|t) — yciioBHBIE BEPOSTHOCTH HOJATEM S B TeMax t. B MyJibruuciuiIMHApHBIX
KOJIJIEKITUS TTOATEMBI MOTYT UMETh II0 HECKOJIBbKO POIUTENTHCKIX TeM.

Ha Bepxmem ypoBHe mepapXum CTPOUTCH OOBIYHAS ILTIOCKAS TEMATHYECKAsT MOJIENb.
[Tycts Mozesnb -ro ypoBHst ¢ MHO2KeCTBOM TeM 1’ yrKe 1mocTpoeHa, u TpedyeTcss HoCTPOUTD
MO/IeJib ypoBHs {41 ¢ MHOXKecTBOM Jl09epHUX TeM S (subtopics) u 66ibmmM 4ucaom Tem,
|S| > |T'|. [Torpebyem, 4T00bI POAUTENILCKUE TEMbI T XOPOIIO HPUOJIMZKAJIUCH BEPOSITHOCT-
HBIMHU CMeCSIMU JOYEePHUX TeM S:

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

ses

Z (pwsq/}st) — Il’liIl,
seS o, ¥
e ¥ = (Vg)sxr — Mampuua cesseli, KOTOpas CTaHOBUTCsI JIONOJHUTE/IbHOI MarTpuiieil
HapPaMeTPOB JJIsi TEMATHIECKON MOJIE/H JI0YEePHEr0 YPOBHS.

DT0 33a9a MATPHIHOTO PA3IOKEHH IS MATPUIILI POJAUTETLCKOro yposHd ®f = U,
OOBIYHO MATPUYHBIE PA3JIOKEHHS UCIOJIb3YIOTCs, YTOOBI IIPUOJIM3UTD MATPHILY BBICOKOI'O
panra npoussejienueM MarTpuil 6osiee HU3KOro panra. OJIHAKO B JJAHHOM CJIydae, Ha000poT,
marpuna ®f muskoro panra |T'| nupubmizkaerca npoussegenuem Marpun, W, B Koropom
marpuia P Jlo/KHA UMeTh HOJIHbIH paHr | S|, 4Tobbl J0UepHsis MOJIE/Ib OIUChIBAJIA KOJI-
JIEKIIUIO TOYHEE, YeM POJUTeTbCKad. Peryaspu3aTop CBA3BIBAET TeMAaTHYECKHE MOJIETN
cocesanx yposmeit { u f+ 1 Tax, 9TOOB POJUTENLCKHE TeMbI () aIpPOKCHMHIPOBAJICH
JINHEWHBIMU KOMOMHAIUAMHE JIOUYEPHUX TeM g ¢ KOIDDUITHEHTAMEI Vg :

R((I)’ \II) =T Z Z Tyt In Z prswst' (50)
teT weW ses

Bagaua makcumuzanun R(P, ¥) ¢ TOYHOCTBIO 10 00O3HAYEHHUIl COBIAJAET ¢ OCHOB-
HOU 3a/aueii TeMaTH4eckoro Mmojgenupoanus (9), ecau CYUTATH POJUTENbCKHE TeMbl t
nce6d0dOKYMEHMAMY C FACTOTAMEH TEPMOB TNy = TNyPye. DTO O3HAYAET, YTO BMECTO
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JiobaBJieHust cjaaraeMoro B ¢gopmysibl M-1ara JIaHHBI Peryjspu3aTop MOXKHO Peajin30-
BaTh ewé npoie. [locrpous pojure/ibcKuil ypoBeHb, Ha/10 JI00aBUTh B KOJJIEKIUIO POBHO
|T| nceBIOIOKYMEHTOB, 33/1aB UM B KAYECTBE YaCTOT TEPMOB 3HAUCHUST TN, Marpura W
IOJIYYUTCS B CTOJIONAX MATPUIBI O, COOTBETCTBYIOMIUX HCEBIOAOKYyMeHTaM [37].
JlaHHBINI TOAX0, K MOJETHPOBAHUIO NepapXuil peaan3oBaH B bubmmoreke BigARTM.

Pa3pexxunsaHne me)xypoBHeBbIx CBs3ei (hopMaIu3yeT eCTeCTBEHHOE MPeII0I0KCHHe,
4TO KazKJad TeMa J0YepHero ypoBHd s € S uMeer HeDOJbLIOE YHMCJIO CBA3CH ¢ TeMaMu
poauTe/ibekoro yposus t € T. B wacrnocru, eciu Bce pacupesesierusi p(t|s) BoIpozx ie-
HBI, TO €CTh KazKJas TeMa S MMeeT TOJLKO OJHY POAUTENLCKYIO TeMy f, TO BCS HepapXHs
npuobperaeT BUJ AepeBa. I[pUMEHIM KpOCC-3HTPONMAHBIIA peryaapi3aTop I Pa3peKi-
BaHusl pacupejesenuii p(t|s), BeIpasus ux depes 1y 1m0 dopmyse Baiieca:

djst t
R(¥ _—TZZ 1npt|5 ZZI 5 wznz

seS tET tET seS

[Tockosbky Marpuia W siBisercs dacTbio Marpuibl O, K Heit npumennma dopmy.ia (17),
u3 KOTopoit ciejayer dopmysa M-miara i MOJe/In J0YePHEr0 YPOBHSI:

Vot = nge:%n(nst + T(p(t\ s) — %)) (51)

L

Corutacio 910ii dhopmy.ie, ycioBhbie BepogrTHocT p(t|s), MeHbinue Tk

CTaQHOBATCS €Ile
MEHbIIe, U [PH JIOCTATOYHO O0JIbIIOM T 0bHyssiforest [37).

3 _ nst Nst

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

OCTaBAJIUCh PACIPEIEJEHUIME, TO €CTh YTO0BI Y K&)K,ZLOI/I [OJITEMBI § OCTABAJIACH XOTS Obl

OJIHA POJUTEIbCKasg Tema. Ha jgodepHeM ypoBHe S He JOJZKHO 00pa30BaThCs HHU OJHOIL

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

12 MopgennpoBaHue cBsi3e MeXxay AOKYMeHTamMu

CymiecrByer mMacca 3a/1a49, B KOTOPBIX JIOKYMEHTBI CIPYIHITNPOBAHBI HJIM CBSI3aHbI MEXK-
Jly co0Oif, NpuYéM HaJIMYUe B3aMMOCBSI3U TOBOPUT O TOM, YTO JIOKYMEHTBI UMEIOT CXO-
XKyio Tematuky. [Ipupoja cBszeit MoxkeT ObITH PA3/JUIHON: CCHLIKH, TUHIEPCCHLIKU, [IUTH-
poBaHUe, COBMECTHOe YIIOMUHAHHe, KOMMEHTHDOBAHUE, OOIIUEe aBTOPBI, OOIIHe HCTOIHU-
KW, OJM3KHe TeoJOKaluu, u Tak jgasee. [Ipenmonoykenne o cXomcTBe TEMATHKH B Mapax
JIOKYMEHTOB JIETKO (hOpPMaJIM3yercsi C MOMOIIBIO pery/spusaropa Marpuibl ©. 1o Mo-
JKeT CO3/laBaTh TEXHUYECKUE TPYJAHOCTU Lpu 00paborke OoJibIIUX KoJuleKiuil. B rakux
CJIydasiX CChLJIKHA MOYKHO HEPEBOJIUTH B MOJAJbHOCTD U MEPEXO/IUTH K peryispusaropy P.

Ccbinku n yntuposaHume. [lpeamnosioxkum, 910 ecjiu MexK/1y JOKYMEHTaMu ¢ U d MMEeeTCst
CBsI3b, TO OHU UMeIOT cxoxkue remaTuku p(t|c) u p(t|d). Popmanusyem 3T0 MpeIoI0Ke-
HUE C IOMOIIBIO PEryJIpU3aTopa;

=T Z Ure Z O1abse,

teT
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IJIE Nge — BEC CBA3M MEXK/ly JIOKYMEHTaMH, HalpUMep, YHCJI0 CChIOK u3 d Ha c. B [44]
npejjoxkena moxoxkas mozeab LDA-JS, B koropoit BMecTo MakcuMu3amuu KOBAapHUAIUU
MIHIME3UpYeTcs auseprennus llencena-lllennona Mexxay pacupeenenuamu Oy u 0,.
®opmyaa M-mara jis 6,4, cormacuo (17), umeer Buj

0ia = norm <ntd + T0ha Y ndcﬁtc)

ceD

D10 emé oHa PAa3HOBUIHOCTH CriakuBaHus. BeposrtaocTn 0,y B X0/e HTepanuii mpu-
OJIMZKAIOTCA K BEPOSITHOCTAM ;. TOKYMEHTOB, CBSI3aHHBIX C d.

Perysisipuzarop marpunpbt © cranoButcs Hed(DMEKTUBHBIM IPU MAKETHON 0OpaboTke
OOJIBIINX KOJUIEKIH, KOTJIA JIOKYMEHTBI ¢, Ha KOTOPbIE CChLIAETCS JIAHHBIN JOKYyMEeHT d,
HAX0JIATCs B JIpyrux nakerax. [Ipobsiema perniaercs: BBeJleHueM MOJIAJILHOCTU JJOKYMEHTOB,
H& KOTOpbIE €CTh CCBLIKH U3 JPYTUX JIOKYMEHTOB. DTOT CIIOCOD MOPOXKIAeT HOBYIO IIPO-
OJIeMy: ecJil MOITHOCTD 3TO# MOJIAJIbHOCTH OKAaXKeTCsl paBHOI YHC/IY JOKYMEHTOB, TO MaT-
puna ¢ MoxKeT He IOMECTHTbCH B OIIEPATHBHYIO HaMATh. MOXKHO COKPATUTh 3Ty MOJAIb-
HOCTb, OCTaBUB TOJIbKO HanbOoJ/1ee BJIUATE/IbHbIE JJOKYMEHTbI ¢, YUCJIO CChLJIOK Ha, KOTOPbIE
Ne = Y4 Nde IPEBBIIIACT BEIOPAHHBLH HOPOL.

JlanHast ujes MpUILIA W3 MOJEJNN BIHSHUA HaydIHbIX myOaukanuii LDA-post [44].
B meit uconp3ytored aBe momasabpHOCTH: caoBa Wi u mutupyemble nokymeHTo Wo C D.
Mogenb BoisgB/IseT HanboJee BIUATE/IbHbIE JJOKYMEHThI BHYTpH KazKjaoi TeMbl. Hemyiie-
Bble 3JIEMEHTbl B CTPOKe ¢ Marpuiibl Po 1OKa3bIBAIOT, HA KAKWE TEMbl IOBJIUSJI JIOKY-
MenT ¢ € Wy, Takzke Mojiesib 1103BOJIIET pa3/indaTlh, KaKhe U3 CChLIOK CYHIECTBEHHO I10-
BJIMSLTH HA HAYYHYIO CTATHIO, & KAKHe ABJISIIOTCA BTOPOCTEIIEHHBIMU, YHCTO (DOPMAJIbHBIMHE
W «JAHBIO BEeXKJIUBOCTU». CUUTaeTcsd, 9TO JOKYMEHT ¢ IOBJIUA] Ha JOKYMEHT d, ec/iu
d cchlaeTcd Ha ¢ U OHH MMEIOT 3HAYUTE/TbHYIO JIOJII0 O0IIeil TeMaTUKHU.

lNeonokauun. UMudopmaiys o reorpaduydeckoM IOJIOKEHUU YACTO HCIHOJIb3YETCs IIPU
aHa/M3e JAHHBIX CONMUaJIbHBIX cereil. ['eorpaduueckas npuBsska jjokymeHTa d Wjid ero
aBTOpa 3a1a6rcst Jubo 2eomezamu (HA3BAHUAME CTPAHBI, DEIHOHA, HACEJEHHOTO IYHKTA),
b0 zeosokayuet, — mapoii reorpadudeckux kKoopauHar fg = (x4,y4). B mepBom city-
Jae BBOJUTCS MOJATBHOCTH T€OTErOB, BO BTOPOM CJIydae UCIOJIb3YeTCd PEeryIsapH3aTop.
ARTM mno3Bosisier coBMenarsh B Mojiesn 00a Tuma reorpaduieckux JaHHbIX.

Hesibio MOJIe/IMPOBaHMS MOXKeT ObITh BbIJIEJIEHUE PEruOHaJIbHBbIX TeM, Olpe/le/ieHue
«apeaja OOMTaHUS» KaxKIOH TeMbl, IOUCK MOXOKUX TeM B NApyrux permonax. Hampu-
Mep, B KadecTBe OJHOI u3 miutocTpanuii B [172] onpeaesstorcs pernoHbl MOy JISIPHOCTH
HAIMOHAJIBHOM KyXHH 1O mocraMm moJb3oBaresneil Flickr. [Ipyras wutocrparus u3 [88]
HOKA3bIBALT, 9TO TeMaTUIeCKas MOJe/b, yauThiBatomas, u3 kakoro mrara CITA mpuiwio
coobllenue, TOUHee HPOC/IeKUBaeT 1y Th yparana «Karpunas.

Ksaspatnanblii peryasipuzarop MarTpuibsl O, mpemioxenusiii B [172|, dopmanusyer
IpeIoa0ZKeHNe, 9TO JOKYMEHTHI CO CXOKUMU TeOJOKAUIMA UMEIOT CXOKYI0 TeMATUKY:

R(©) = —% Z Weg Z(‘gtd - Htc)27

(c,d) teT

IJIE Weq — BEC MApbI JOKYMEHTOB (¢, d), BeIpazKkaromuii 6,1130¢Th reosokauii. Hampumep,
Weqg = exp(—r2,), tie 12 = (v. — 24)® + (Yo — Yq)? — KBaJApAT EBKJINI0BA PACCTOSHUS.

95



DTOT peryjapu3arop Tpedyer npu 00paboTKe KazKI0ro J0KyMeHTa d JI0CTyIa K BEKTO-
pam 0. Apyrux JOKyMEHTOB, 9TO 3aTPYyAHSAET MaKeTHYI0 00pabOTKy OOIbIINX KOJIICKIIUA.
AbrepHATUBHBINA CII0CO0 CIrIasKUBAHUS OCHOBAH HA PEryJIapH3alud MaTpuinl P.

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

Kgajiparuunblit pery/isipuzarop Marpuiibl @ 110 MOJAJIbHOCTH 1e0TeroB hopMajiusyer
IPEJIIOJI0KEeHHe, 9TO reorpadguieckn OJU3KUe Ie0Tern UMEIOT CXOKYI0 TeMATHKY:

R(®) = —5 Z Wgyg Z <§0gt %)27

g g'eG teT

IJIe Wy, — BeC IMapbl reoTeros (g, ¢'), Beipazkatommuii ux reorpadudeckyo 6an3octs. Huke
MBI PacCMOTPHUM 0000IIEeHNEe STOTO pPery/aspu3aropa Ha 0ojee MIMPOKUl KIacc 3ajad.

Mpadbl 1 coumnanbHblie cetn. B [88| npeiokena Gosee obias TeMarndeckas MOJIENb
NetPLSA, yuursiBaomas Ipon3BoJibHbIe IpadoBbie (CeTeBble) CTPYKTYPhl HA MHOZKECTBe
nokymenToB. [Tycrs 3aman rpad (V, E) ¢ MHOKecTBOM Bepiiu# V' 1 MHOKecTBOM pébep E.
Kazk1oit ero Bepiuae v € V' cooTBEeTCTBYET IMOAMHOXKeCTBO JoKymenToB D, C D. Hanpun-
Mep, B pojin D, MOXKeT BbICTYIIATh OTJIEJIbHBIN JIOKYMEHT, BCE CTaTbl OJIHOIO aBTOpa v,
BCE HOCTHI U3 OJHOrO reorpapuueckoro permoHa v, u T. JI.

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

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

deD, dED

B monenn NetPLSA ucnosib3yercss KBaipaTHIHBII pPeryispu3aTop:

R(©) =~ TN wa > (p(t]o) = pltu)?,

(u v)EE teT

e Beca Wy, pédep rpada (u,v) 3aJal0TCst eCTeCTBEHHBIM 00Pa30M, KOIJIA B 3a/a4€ eCTh
COOTBETCTBYIONIAs JIONoJIHUTEe/IbHAs undopmaius. Hatpumep, eciiu D, — Bce crarbu aB-
TOpa v, TO B KadecTBe Beca pebpa W, €CTeCTBEHHO B3ATb YHCJIO CTAaTell, HAIMCAHHBIX
aBTOpaMu u W v B coaBTopcTBe. Ecim 1mojodHOl mHMOpManum HeT, TO BeC I0JaraeTcs
PABHBIM €IMHHUIIE.

DTOT peryjapu3arop Tpedyer npu 00paboTKe KazKI0ro J0KyMeHTa d J10CTyIa K BEKTO-
paMm 0, Apyrux JOKYMEHTOB, UTO 3aTpy/aHgeT 3h(HEKTUBHYIO MAKETHYI0 00pabOTKy 0O0/Ib-
X KOJITEKIU. AJTbTepHATHBHBIA IIyTh COCTOUT B TOM, YTOOBI MHOYKECTBO BEPIIHH I'Da-
da V 06bgaBUTH MOJAIBHOCTBIO U IEePeiiTh K peryisdapu3anud MaTpuibl P.

B kaxapiit qokyment d € D, nobaBum TepM v MoAajbHOCTH V. BbIpasum remaTuky
BepuiuHbl v yepe3 napamerpol ¢ no dopmyse Baiteca: p(t|v) = (v|t)£((z = gpvt“gt‘, rue

;= Zv Ny — dacTora TeMbl ¢ B MojajbHocTu V', Beruncisiemass EM-ajaropurmom.

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

R( :__ Z wuvz (&0)—11]_ |910)u:|>2 (52)

(u v)eE teT
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Bo mMHOrux npujiozKeHusix BaxKHbl HALIPABJIEHHOCTU CBsA3€il, KOTOPbIE KBaJIpaTHYHbII
peryssipu3arop He yuurbiBaer. Hanpumep, cBs3b (U, V) MOXKET 03HAYATh CCHLIKY M3 J10-
KyMeHTa u Ha JoKymeHT v. B mogmenu iTopicModel [135] mpemmosaraercs, aro eciu
(u,v) € E, 10 Temarnka p(t|u) mupe tematuku p(t|v). IlosToMy MEHEMEH3HPYETCS CyM-
ma useprennuit KL(p(t|v) || p(t|u)), npmaém ycnosusie pacupeaenenns p(t|v) MozxKHO
BBIPA3UTh Kak depe3 O, tak u depe3 d:

R(6 wm &) = g 3w Y p(t]o) mp(t|u).

(u,v)EE teT

Kak noxasa/im 9KCHepUMEeHTHI?, pery/iapusanud Marpuibl @ IpUBOIUT IPAKTHICCKH
K TeM Ke pesysbraram, 910 u perysspusanus O s mogeneit NetPLSA u iTopicModels.

13 MogennpoBaHne co4eTaemMmoCcTu C/0B

['unoresa «MeliKa CJI0OB» SBJISETCH OJIHUM U3 CAMbIX KPUTUKYEMbIX IOCTYJIATOB Te-
MATH9IeCKOT0 MojeupoBanus. OHa HOJHOCTHIO UrHOpUPYeT (hyHaMeHTaIbHOE CBOHCTBO
couemaemocmu ca06 (word co-occurrence) B ecTecTBeHHOM si3bike. CoueTaeMOCTh ObIBaeT
JIBYX BUJIOB: KOHMAKMHAA T OUCTNAHIMHAA.

g onucaHus KOHTAKTHOW COYeTaeMOCTH U3 TEeKCTA BBIJEISIOTCS BCEBO3MOZKHBIE
N-2PamMMb, — TOCJIECI0BATEILHOCTH U3 N MOAPS uaymux cjg1oB. Cpegu n-rpaMm mpeji-
CTABJIIOT UHTEPEC KOJIJIOKAIUU U cJI0BOcoYeTanus. Koarokayus — 910 n-rpamma, BCTpe-
4JaIOMIAsICs B KOPILYCe ropa3/10 dale, 4eM MOZKHO ObLI0 Obl 0KU/IaTh IIPU YUCTO CJIYIaiiHOM
COeJIMHEHNN JTAHHBIX cJI0B. Crosocouemanue — 3TO N-TpaMMa, CJI0Ba KOTOPOU CBI3aHBI
[0 CMBICTY W TPAaMMaTHYECKH, U 0D03HAYAIOT eIHOe MOHATHE. B TeMaTnuecKmx Mome sax
TEeMATUKy TaKUX N-IPaMM JIydllle OlPeje/isdTh, He pa3/ie/isds UX Ha OT/ieJIbHbIE CJI0BA.

JlucranTHas coYeTaeMOCTb O3HAYAET 4ACTOE IOSBJIEHUE CJIOB B OJIHMX M T€X YKe KOH-
TeKCTaxX, HAllpUMep, B OJIHOM LPEJJIOZKEHUHM UJIM B COCEJIHUX IPEJJIOZKEHUsIX, HO He 00si-
3aTeJIbHO BILUIOTHYIO JAPYT K JIPYTY.

Mmuorue nccienoBanusi HanpaBJieHbl Ha CO3/JaHIE TeMaTHIeCKUX Mo/iesieil, yIuThiBa-
IONIIX MOPSI0K cI0B. V3 HUX Hanbosee BaXKHBIMH MPECTABIAIOTCS TPU HAIIPABJIEHUS.

[IepBoe HalpaB/ieHUE CBA3aHO C BblJle/IeHUEM HHMOPMATUBHBIX N-IPaMM — KOJIJIO-
Kalliii, CJI0OBOCOYETAaHUIl, TEPMUHOB, UMEHOBAHHBIX cyliHocTeil. Tembl, OCTpOEHHbIE Ha
n-rpaMMax, HAMHOIO JIydllle HHTePIPETUPYIOTCs, YeM IIOCTPOCHHbIE Ha, yHUrpaMMax (0T-
JeJbHBIX cI0Bax). [IpobremMa B TOM, 9TO YHCIIO BCEX N-TpaMM KaTacTpoduuecKu OhICTPO
pacTér ¢ pocToM 00bEMa KOJIIEKIIH.

Bropoe nanpas/ienue cBS3aHO ¢ OCHOBHOW runore3oit ducmpubymueroti cemanmuky:
CMBICJI CJIOBA OIIPEJIe/ISIeTCs TeM, B OKPYKEHUU KAaKUX CJIOB OHO vallle BCero ynorpedJis-
ercst. [osiBienue nporpammpl word2vec [89] crumysmpoBao pasBUTHE 6EKMOPHLLT Nped-
cmasaenudi caoe (word embedding). Ouu HaXOAAT Maccy HpuMeHeHHi Garogaps TOMY,
YTO CeMAHTHIeCKH OJU3KUM CJIOBAM COOTBETCTBYIOT OJIM3KHE BEKTOpHI. TemaTwdeckue
MO/JTIeJTN TaK:Ke CIOCOOHBI CTPOUTH BEKTOPHBIE MpEJCTABIEHHS CJIOB, 00JIATAONTNE STHM
CBOMCTBOM, B TO K€ BpeMsl COXpaHss CBONCTBA MHTEPUPETUPYEMOCTU U PA3PEKEHHOCTH.

4Bynaros B.T. Ucnonb3opanne rpadoBoil CTPYKTYPEL B TEMATHIECKOM MOJEINPOBAHHE. Marucrep-
ckaga auccepranus, MOTHU, 2016.
http://www.MachineLearning.ru/wiki/images/4/4d/Bulatov-2016-ms.pdf
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Tperbe HalpaB/ieHHE CBA3aHO C MEMAMUYECKOT Ce2Menmayuet W TUIIOTe30#, 49TO
TEKCT Ha eCTeCTBEHHOM $3bIKEe COCTOUT U3 II0CJIE/[0BATE/ILHOCTH MOHOTEMATHYHbBIX CO0D-
menuii. B 9acTHOCTH, KaxK/10€e Mpe/jIozKeHne Jalle BCero OTHOCUTCA TOJIBKO K OJTHOI TeMe.
Ba/aun cerMeHTallid pacCMaTPUBAIOTCS B pasese 14.

Mopenn KOHTaKTHOW co4veTaemocTu. llcmonb3oBaHme n-rpamMM, KOJUTOKAIUN HIIH
CJIOBOCOYETAHUH 3aMETHO YJIy4lIAeT MHTEPIPETUPYEMOCTb TEeM, YTO JIEeMOHCTPUDPYET-
Cd IPpaKTU4Y€CKU B Ka)K,H‘OI.;I Hy6.HI/IKa]_H/H/I IO N-'paMMHbIM TEeMaTUYC€CKUM MOIEJIAM,
cM. Haupumep |62].

[TepBas Gurpammvuas temarmdeckas Mozaeab BTM (bigram topic model) [153] mpen-
craBJisiia co0Oil IO CYyTH MYJIbTUMOJAIBHYIO MOJEb, B KOTOPOH KazKJIOMY CJIOBY U COOT-
BETCTBOBAJIA OT/IEJIbHAS MOJIAJIBHOCTD O c1oBapém W, C T, cocraB/ieHHbIM U3 BCEX CJIOB,
BCTPEUAIOIIMXCsI HEIIOCPEICTBEHHO 110C/Ie CJ10Ba v. 3auminem log-upasionomobue s1oii Mo-
JleJIM B BUJIE PEryJisipU3aTopa;

R®0)=> "> "> nawlnd_ ¢!bu,

deD ved weW, teT

rae @b, = p(w|v,t) — ycaoBHAs BEPOSTHOCTH CJIOB W HOCJE CJIOBA U B TeMe t; Mgy, —
JacToTa OUrpaMMbl «vw» B JIoKyMeHTe d. ItaBHbIil HeoctaTrok Mozaen BTM B Tom, dTo
OHA YYHUTBIBAET TOJLKO OurpamMmbl. Bropas mpoG/ieMa B TOM, 9TO YHCJIO BCeX OUTpaMM
OBICTPO YBEJIUUUBACTCA C POCTOM KOJIJIEKIIMH, W UCIO0/Ib30BaTh Mojeb BTM na GoJbinx
KOJLJIEKIUSIX 3aTPY/HUTEIBHO.

Mogeas TNG (topical n-grams) [162| ycrpamsier 91 He1ocTaTKu. YCJIOBHOE PAcCpe-
JIeJIeHIe CJIOB OMUCHIBAETCS BEPOSITHOCTHON CMeChIO P(w|v, 1) = i@l + (1 —Epwt) Prot, TIE
Eowt — TEepeMeHHasl, paBHas BEpPOATHOCTUH TOTO, UTO Iapa CJI0B «Vw» SBJIAETCAd OUrpam-
Moii B Teme t. B pabore C. C. Crenuna® moka3aHo, 4To IpU HEKOTOPBLIX He 0C000 JKECTKIX
HpeIIo/I0KeHusIX log-1rpaBionoodue 3Toit MO/IE/ M ONEHUBACTCS CHU3Y B3BEHIEHHON CyM-
moit log-tipaBomo106uit MmogabHOCTEH yHUrpaMm u durpamm B Mozein ARTM. JIpyrumu
caoBamu, myabrumoaaabiasgs ARTM MoxkeT ObITh HCHOIB30BAHA, JIJIsT TOMCKA, TPUOJINZKEH-
Horo permrenus B mojenn TNG.

B Toit ke pabore ObLIN IPOBEIEHBI SKCIIEPUMEHTHI ¢ OUIPAMMHON MYJIBTUMOIATHLHOMN
moziesiblo ARTM na mebosbmioii (Menee 1000 OKYMEHTOB) KOJUIEKIIMH PYCCKOSI3BIYHBIX
crareit HayuHoit koudepennun MMPO (Maremarndeckue MeTO/bl pACIO3HABAHUsS 0Opa-
308B). Corocrap/ieHue TeM yHUI'DAMMHON 1 GUrpaMMHOI MoJieIeil MoKa3a/10, 4T0 10 TeMaM
OUTpaMMHOI MOJIETH OIPOIIEHHBIE MOCTOAHHBbIE YIACTHUKHA KOHMEPEHIIUE MOIJIH OIpe/ie-
JINTH HAYYHYIO I'PYIIILY U JIJaKe aBTOPOB CTaTell, TOrIa KaK [0 TeMaM YHUTPAMMHONW MO T’
c/iesiaTh TO ObLIO POOJIEMATUYHO, CM. puUcC. 14.

B ARTM n-rpamMHasi MO/J€JIb €CTECTBEHHBIM 00pa30M OLPEILIIeTCsS KAK MYJIBTHMO-
JlaJibHAsSI, B KOTOPO# JIIsi KAayKJIOTO N BBIJAEJSETCS OT/e/IbHAast MOJAAJIbHOCTh. s mpesi-
BapUTEJLHOI'O COKpAIEHUs CJIOBapeil n-rpaMM IOJXOJUT METOJI, IOUCKA KOJLIOKAIHii
TopMine [47]. On suHeitno Macirabupyercss Ha GoJblne KOJUIEKIUE U MO3BOJIsieT (op-
MHPOBATh CJ0Bapb, B KOTOPOM KazKJasd n-rpaMMa 00J1aj1aeT TpeMs CBOHCTBaMHU:

(a) uMeeT BBICOKYIO 9aCTOTY B KOJLIEKIIUN;

°C. C. Crenun. MyabTUrpaMMHbIE aJIIMTHBHO PETY/IAPU30BAHHBIE TeMaTUYeCKue Mojieau. Marucrep-
ckaga auccepranusa, PUBT MOTU, 2015.
http://www.MachineLearning.ru/wiki/images/4/4a/Stenin2015MasterThesis.pdf
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pacno3HaBaHue obpasos B bGuonHgopmaTmuke TEOPUsi BbIYNCANTENBHOW CNOXKHOCTM
unigrams bigrams unigrams bigrams
obbekT 3aja4a pacnosHaBaHusi 3agaqa pasgensitb MHOXECTBA
3agaya MHOXECTBO MOTNBOB MHOXECTBO KOHEYHOE MHOXKECTBO
MHO>X€eCTBO cmcTemMa mMacok MOAMHOXECTBO  YC/OBME 3aAa4yn
MOTMNB BTOPMYHAS CTPYKTYypa ycnosue 3a4a4a O MOKPLITUN
paspewmnmMocTb cTpykTypa beska Knacc NOKPbLITNE MHOXKECTBA
Bbibopka pacrosHaBaHie BTOPUYHON | peLueHue CUJIBbHBIA CMbICT
Macka cocTosAHne obbekTa KOHEYHBbIN paspensrowmnin KOoMmnTeT
pacno3HaBaHue obyuatowasi Bbibopka 4mcno MUHNManNbHbI adpdUHHbIA
NHOPMATNBHOCTL  OLEHKa MHOPMATUBHOCTU | adddprHHBIIA adprHHBIA KOMUTET
COCTOsiHNE MHOXECTBO 0bbekTOB cnyyaii acpbuHHbIA pasgenstownii
3aKOHOMEPHOCTb paspeLnMoCTb 3agaqn NoKpbITNE obuiee nonoxexmne
cucrtema KpuTepuii paspewnmMmocTu obwynii MHOXXECTBO TOYeEK
CTPYKTypa NH(OPMATMBHOCTL MOTMBA | MPOCTPAHCTBO cnyyaii 3agaqn
3Ha4eHne nepsun4Has CTPYKTypa cxema obwuii caydaii
perynsipHoCTb TYMNMKOBOE MHOXECTBO KOMunTET 3agayqa MASC

Puc. 14: IIpumepst TeM yHUIPDAMMHON MOJIEJIM U COOTBETCTBYIOLIMX UM TeM OUIDaMMHO# Mozesu (110 KO-
Jekuuu crareil nay4unoit koudepenuuu MMPO — «Maremarudeckue MeTozpl pacio3HaBanus 06pa3os» ).

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

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

Mero/pl, npeioKenHbie B nocaeayonmx paborax, SegPhrase [79] u AutoPhrase [126],
JIEMOHCTDHDYIOIIHE eI JIy9IIne Pe3yIbTaThL.

Mopgenb 6utepmoB. Kopomkumu merxcmamu (short text) Ha3BIBAIOT JOKYMEHTBI, -
Ha KOTOPBIX He JOCTaTOYHa JIJId HaJEzKHOTO ollpeje/ieHus UX TeMaTHKH. [Ipumepamu Ko-
POTKHMX TEKCTOB SIBJISIOTCH cOO0IeHus TBuTTEepa, 3aroJJOBKU HOBOCTHBIX COODIIEHU, pe-
KJIaMHbI€ 06'])HB.HGHI/IH, PEIVIMKHK B /IMaJIO'aX, OTAE/IbHbIC IIPpEAJIO2KCHUA, U T. /. WsBecTHBI
IIPOCTBIE ITOIXOIBI K IPobeMe, HO OHH He BCerJa IPUMEHHMbI: 00beJNHATH COOOIIEHH 110
KAKOMY-JH0O0 MPH3HAKY (ABTODPY, BPEMEHH, PETHOHY H T.JI.); CINTATh KazKJI0€e COODIIeHUe
OT/IEJIBHBIM JIOKYMEHTOM, pa3pexkuBas p(t|d) BIIOTH 10 €IMHCTBEHHO TeMBbI; JOMOTHATD
KOJUIEKIIMIO JUIMHHBIME TeKcTaMu (Haupumep, crarbsaivu Bukuneaun). Oqaum u3 Haubo-
Jiee yCIIelIHblX W YHHBEPCaJIbHbIX IIOAXO/A0B K HpO6ﬂeMe KOPOTKHX TEKCTOB CYHUTaeTCA
memamuueckas modeav bumepmos (biterm topic model, BTM) [166].

bumepmom HasbiBaeTcd Napa CJI0B, BCTPEYAIONIUXCA PAJOM — B OJHOM KOPOTKOM CO-
OOIIeHUN WU B OJHOM IIPeJJIOKeHHU HId B OKHe £/ cioB. B oriamdme oT OurpaMMsl,
MEZK/JIy JIByMs CJIOBaMU OMTEPMa, MOI'YT HAaXOJUThCs Jipyrue cjoba. KoHkperusanus 1o-
HATHUS <«PSAJIOM» 3aBHCUT OT IIOCTAaHOBKHU 3aJa4M U OCODeHHOCTell KosuleKnuu. Bbicokas
qaCTOTA 6I/ITepMa B TEKCTOBOM KOJIJICKIIUHN YABJIACTCA HPOABJICHUEM ,Z[I/ICTELHTHOI';I coderae-
MOCTHU JTAHHOW Iapbl CJIOB.

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

postHOCTEHl P = (Py)wxw, TIE Puy = NOrmM (N, ).
(u,v)eW?

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

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

re @ = p(w|t) u m = p(t) — mapamerpsl TeMATHIECKONH MOJETH. DTO TPEXMATPUIHOE
pazioxenue P = ®IIPT, e Il = diag(my, ..., mr) — jauaronaibHas Mmarpuna. Mosjeib
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OMTEPMOB HE OLPEIE/ISIeT TEMATUKY JOKYMEHTOB © U H0ITOMY HE MOJABEPKEHA BJIUSIHUIO
3pdpeKToB, BbI3BAHHBIX KOPOTKUMH TEKCTaAMH.

ARTM mno3BoJiser 00beMHATL MOJAEAbL OUTEPMOB ¢ OOBIYHON TEMATHIECKONR MOJIEIIBIO,
9T00BI BCE-TaKH MOIYyIuTh Marpuiy O. /g sroro Bo3bMméM log-mpaBiomoobue Moen
OUTEPMOB B KadecTBe pery/spusaropa ¢ KoddduiuenTom 7:

R((I), H) =T Z Ny In Z PutPot Tt -
u,v t

[Ipumenenne ypasuenuit (16)—(17) k sromy peryisipusaropy gaér dbopmynbt M-nrara:

Pur = norm (nwt +7 Y nuwpmw); (53)
uceW
Diww = ntoerTm(ntsOthOut)- (54)

Otu HOpMyJIbl HHTEPIPETUPYIOTCA Kak gobaBiienue ncesdo-dokymenmos. Kaxkmpomy
ciaoBy u € W craBuTCs B COOTBETCTBUE ICEBHO-I0KYMEHT d,, OObeIUHAIOMMI BCE KOH-
TEKCThI CJIOBA U, TO €CTh 9TO MENIOK CJIOB, BCTPETHBIIMXCSA PAJIOM CO CJOBOM U 1O BCeit
KOJLIEKIUU. IUC/I0 BXOXKICHUIT CI0Ba W B IICEBAO-IOKYMEHT d, PABHO TT,. Bcmomo-
raTesibHble TepeMeHHbIe Py, = P(t|u, w) coorBercTByioT dopmyae E-mara nis ncesjo-
JOKyMeHTa, d,,, eCJIl JT0OIPEAEJUTh ero TEMAaTUKYy Kak 0;, = notrm(ntgout). Hpyrumu cJio-

BaMM, B MOJIE€JIH OUTEPMOB CTOJIOIBI MATPUIIBI O, COOTBETCTBYIOIIUE CEBA0-T0KYMEHTAM,
00pa3yloTcd MyTéM IepeHOPMUPOBKU cTpoK MaTpuiipl ¢ mo dpopmyste bBaiieca.

VBennuuBasg KodMMUIEMEHT 7, MOKHO JIOOUTbCA TOro, 4rodbl Marpuiia ¢ dhopmupo-
BaJIach IIPAKTHIECKH TOJBKO 1o burepmaMm. B Takom ciaydae momenb ARTM mepexoant
B MO/IE/Ib OUTEPMOB, KOTOpPas CTPOUTCS 1O KOJJIEKIHH ICEBI0-I0KYMEHTOB, 0€3 HCIO0JIb-
30BaHUA UMCXO/HbIX JOKYMEHTOB.

Mogenb cetn cnoB. Ujes MOae/upoBaTh HEe JOKYMEHTBI, & CBS3U MeKJy CJIOBAMH,
OblJIa I0JIOYKEHA B OCHOBY TeMAaTHYECKHX MOojeseil JUCTAHTHON HapHO cOYeTaeMOCTH
ciaoB WTM (word topic model) [35] 1 WNTM (word network topic model) [178|. JIio-
bobITHO, 4TO GoJIee paHHsis myb/aukanus |35] ocrasach He3aMedeHHOI (BUAMMO, KaK He-
baiiecoBckast), u craTha [178| maxke me cepimaerca ua meé. Mogearu WTM u WNTM cBo-
narcs K npuverernio PLSA u LDA cooTBeTcTBEHHO K KOJLIEKIIUN IICEBI0-TOKYMEHTOB d,,:

p(w|d,) pr\t (t|dy) Z%tem

teT teT

Banumem log-ipasmononobue moaenu p(w|d,) B Bige peryaspusaropa:

R(®,0)=7 Y nuwln > oub,

u,weW tel

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

OCHOBHOE OTJIMYHME STUX MOJeJell OT MOAeTH OMUTEpPMOB B TOM, 4YTO 37€Ch B sB-
HOM BHJIE CTPOMTCS Marpuia © Jyuisd 1CeBJ0-KOJLIEKIUH, TOIJIa KaK B MOJEJIHM Ourep-
moB © = diag(my, ..., )PT u KOJUUECTBO IApaMeTpPoOB BjBOe MeHbiie. Kak nokasa/iu
skciiepuMeHTbl, Mojiejib WNTM HeMHOro 1npeBocxojuT Moje/ib OUTEPMOB U CYILIECTBEH-
HO [IPEBOCXOJUT OOBIYHbIE TeMaTHIecKue Moje/u [178| Ha KOUTeKIUAX KOPOTKUX TeKCTOB.
Ha kosutekusix JJIMHHBIX TOKYMEHTOB TeMaTHIeCKHe MOJE/TN TapHOil COYeTaeMOCTH CJIOB
HE JIAI0T 3HAYMMBbIX HPEUMYIIECTB HePe/] OObIYHBIMU TEMATUIECKUMU MOJIE/ISIMH.
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KorepeHTHocTb. Tema nasbiBaercs kozepenmnol (cornacoBannoii), ecin nanbosee ua-
CTble T€PMbl JAHHOIl TEMbl YaCTO BCTPEYAIOTCS PsIOM B JIOKyMeHTaxX Kosuiekiuu [102].
CoveraeMoCTb TEPMOB MOZKeT ONEHUBATHCS 110 caMoil Koyuteknuu D [95], wiu mo ¢Topos-
Heil KoJuteknuu, Hampumep, no Bukunemuu [99]. CpesiHsisi KOPepeHTHOCTh T€M CYUTACTCS
XOPOIIeil Mepoil HHTePIPEeTHPYEMOCTH TeMaTudeckoii Mojgenu [103].

[Tycrb 3azanbl onenku coderaemoctu Ch, = p(w|v) g nap repmos (w,v) € W2,
O6b14n0 C)p)py OLEHUBAIOT KAK JOJIIO0 JOKYMEHTOB, COAEPKAIMX TEPM U, B KOTOPbIX TEPM W
BCTpedvaeTcsl He Jlajiee yeM depe3 10 coB oT v.

Samummem dopmyity noanoil BepograHocTH p(w |t) = Y ClYyypyt 1 3aMEHHM B Hell yCI0B-
HYIO BEPOSTHOCTD {0, IAaCTOTHOI omeHKoii: p(w |t) =Y Cyy "L, BeeaéM peryaspusarop,
TpeOYIONMiA, 4TOObI HAPAMETPBI (0y; TEMATHYECKONR MO/IEJU ObLIN COrJIACOBAHbBI C OLCHKA-

mu p(w |t) B cMbICsie KPOCC-9HTPOIIUHI:

R@) =73 n, 3 plw| ) o

teT weWw

®opmysa M-mara, coracho (16), npuHuMaeT Buj

Pur = noLm (nwt + T Z C’wvnvt>. (55)

veW\w

D10 cryrakKuBaroImii peryaspu3arop. OH yBeJHYUBAET BEPOATHOCTH T€PMA B Te€MeE, eCJIH
TEPMBI, C KOTOPBIMU OH 9aCTO COYETAETCS, OTHOCATCA K JaHHOW Teme. TOYHO Takas zKe
dbopmyna noryunmitace B (95| ais mogean LDA u anroputma coamimmpoBanust ['ub6ca,
HO ¢ DoJiee CJI0KHBIM 000CHOBaHUEM 4depe3 0000HEHHYI0 ypHOBYIO cxemy [loiist, u ¢ Dojiee
CJI0ZKHOM 3BPUCTHIECKON OHEHKOH Clyy .

B pa6ore |99] npemiozxen Jpyroit peryisipu3arop KOrepeHTHOCTH:

R@®) =7 ) Cupupu

teT u,veW

B KOTOPOM OIleHKa HapHOii cogeraemoctu TepMoB Cy,, = Ny, [PMI(u, v) > O] ompeie/igeT-
CsL 9epe3 nomoueunyto s3aumnyto ungpopmayuto (pointwise mutual information)

| D[ Nuw

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

(56)
rjie Ny, — YHCJIO JJOKYMEHTOB, B KOTOPBIX TE€PMbI U,V XOTsS ObI OJUH Pa3 BCTPEYAIOTCS
psiiom (He nmasee, dem depe3 10 cioB), N, — YHCIO JOKYMEHTOB, B KOTODBIX TE€PM U
BCTpeYaeTcs XoTs Obl OJUH pa3.

Takum obpazom, eJiuHbBI 110/1X0/1 K OITUMHU3AIMN KOI'ePEHTHOCTH 1I0Ka, He BhIpaboTaH.
[IpeararaeMble KpuTepuHu IOXOXKH HA MOJIEJH OUTEPMOB U ceTH cjaoB. Bece onm dopma-
JIL3YIOT OOIIYIO MJICI0, YTO €CJAU CJIOBA YacCTO COBMECTHO BCTPEUYAIOTCS, TO OHH HMEIOT
CXOXKYIO TeMaTHUKYy.

Mopenn BeKTOpHbIX NPeACTaB/IEHU CNOB CTaBAT B COOTBETCTBHE KaKIOMY CJIOBY W
BEKTOD V,,, pukcupoBauuoit pazmepuoct. OCHOBHOE TPeOOBaHUE K STOMY OTOOPAKEHUIO —
4TOOBI OJIM3KHM I10 CMBIC/JIY CJIOBAM COOTBETCTBOBaJIM OJiM3KHe BeKTOpbl. CoriacHo duc-
mpubymuenot zunomese (distributional hypothesis) cmbica ciioBa onpezessiercs: pacmpe-
JIeJICHUEM CJIOB, B OKPY?KeHHH KOTOPBIX OHO Berpedaercs [54]|. CioBa, BerTpevarorumecs
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B CXO2KHX KOHTEKCTaX, UMEIOT CXO02KYIO CEeMaHTUKY Hu, COOTBETCTBEHHO, JOJI2KHbl HUMETb
osmskue BekTopbl. s bopmasusanuu sroro npuniuna B 89, 90| npemiaraercs HeCKoOIb-
KO BEPOSTHOCTHBIX MOJIeJIeil, BCe OHU pean30BaHbl B iporpamme word2vec. B qactHocTH,
MoJiesib skip-gram mnpejcKa3biBaeT MOABICHUE CJI0BA W B KOHTEKCTE CJIOBA U, TO €CTh IPH
YCJIOBHH, YTO CJIOBO U HAXOJUTCH PSIIOM:

exp (Vi V)
>0 XD (Vy, V)

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

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

st 0OyueHust MOIe/ M pemaeTcs 3a/1a49a Makcumu3anuu log-npas 10101001, Kak mnpa-
BUJIO, I'PAAMEHTHBIMU METOIAMU:

Z Nuw I p(w|u) — max.
u,weW {vw}

ITocTanoBka 3ama4un oYeHb TOX0XKa Ha TeMarndeckue Moaean BTM u WNTM. Monenan
ceMeiicTBa word2vec u JApyrue MOJE/JU BEKTOPHBIX IIPEACTABJICHUNA CJI0B TaKzKe ABJIAI0T-
Csl MATPUYHBIME pa3sioxkenusmu |74, 111, 80]. I'taBHOe oT/invme 3aKIF0YAETCSI B TOM, YTO
B 9TUX BEKTOPHBIX IIPEJICTABICHUSIX KOOPAUHATHI He HHTEPIPETUPYEMBbI, He HOPMUPOBAHBI
U He pa3perkeHbl, TOIJ[a KaK B TeMATHYECKUX MOJIEJISIX CJIOBAM COOTBETCTBYIOT Pa3pezKeH-
HblE JIUCKpeTHbIe pacupe/eienus TeM p(t|w). C apyroii cropoHbl, TeMaTuIecKue Mo/e/1u
U3HAYAJIbHO HE IHpejHa3HAYAJIUCh /IS OlPe/eJIeHUs CEMAHTUYEeCKON OJIM30CTU CJI0B, 110-
9TOMY JeJal0T OHH 3TO ILIOXO.

B [114] mpesioxken cmocobd MOCTPOCHUST MEMAMUNECKUL 6EKMOPHOLL NPeICasAerull
caos (probabilistic word embedding, PWE) 1o mceBao-KoIeKIun JOKyMeHTOB, aHAIO-
ruaabiii Mmogenaym BTM u WNTM. B s3amagax cemaHTHYeCKOit OJIM30CTH CJIOB OHH KOH-
KypUPYIOT C MOJIe/isiMi WOord2vec U CYIIECTBEHHO ITPEBOCXO/ST OObIYHbIE TeMATUYECKHE
Moziesid. [Ipu 9rom Temarndyeckne BEKTOPHbIE HPE/ICTABICHUS SIBISIOTCS UHTEPIIPETHPY-
eMBIMH U pa3pezKeHHbIMU. VICIo/ib3ys KpOCC-9HTPOIUMHBIE PeryIsapu3aTopbl, pa3pezKeH-
HOCTb BEKTOpOB yaaérca nosoauTh 10 93% 6Ges morepu kauecrsa. Ha puc. 15 mokasanbl
HPUMEPDHI PelieHns 3a/[a9u acCOIUAIUl CJIOB C IIOMOIIIO MOJIE/IeH, ITOCTPOEHHBIX 110 aH-
[JIOSI3bI9HON Bukmnie .

KosmmuecrBennbie onenku mnokasbiBaior, ¥ro PWE pemraer 3aja4u acconupanuu CJaoB
HAMHOT'0 JIy4Iie 00bI9HOiT TemaTndeckoit mojean LDA, HO He ¢ToJIb YCHENTHO KOHKY PHPYeT
C JIVYIIUM MOJIeJIIM ceMeiicTBa word2vec, KaK B 33/a4aX CeMaHTHIECKOil OJIM30CTH.

B 3agaue cemanTuueckoit 6sin3octu 1oKyMeHToB PWE yBepenHo onepekaioT BeKTOp-
ayto mozesnb DBOW [40], cienuasibro pa3paboTaHHYIO [JIsl TOUCKA CEMAHTHIECKU OJIu3-
KHX JOKYMEHTOB.

Kpome toro, ARTM mno3Bosisier 0000muTh TeMaTudIeCKue MOJIE/IH JUCTPUOYTUBHON
CeMAHTUKHU JIJIsi MyJIBTUMOJa/IbHbIX KoJutekiuii [114]. Vcnoab3yst qaunble o naphoii co-
YeTaeMOCTH TEPMOB PA3JIMYHBIX MOJIAJILHOCTEH, BO3MOXKHO CTPOUTH MHTEPIPETUPYEMbIE
TeMaTU4IeCKne BeKTOPHBIE IPEeJICTaBIeHU /I BceX MojabHocTell. B To ke Bpems, npu-
BJICUEHHE JIOMOJTHUTETbHON MHMOPMAIMU O JIPYTUX MOJAJIbHOCTAX IOBBIIMIAET KA4eCTBO
pelenus 3a/ia4u OJIM30CTH CJIOB.
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Accouynauyns Pe3synerat ARTM Pesynbrar word2vec
king — boy + girl queen, princess, lord, prince queen, princess, regnant, kings
moscow — russia + spain madrid, barcelona, aires, buenos madrid, barcelona, valladolid, malaga
india — russia + ruble rupee, birbhum, pradesh, madhaya rupee, rupiah, devalued, debased
better — good + bad really, something, thing, nothing worse, easier, prettier, funnier
cars — car + computer computers, software, servers, implementations | computers, software, hardware, microcomputers

Puc. 15: Ilpumepsbl peiienus 3aja4d accoumauuii cjioB s mozeseii ARTM u word2vec. IlpuBogsrcs
qeThipe Hanbosee OJU3KHIE aCCOITNAIINMI.

14 MopennpoBaHue CBA3HOIro TekCcTa

['mnoTes3a «MeIIKa CJIOB» W IMPEINOJ0XKEHHE O CTATUCTUIECKON HEe3aBHCHMOCTH COCE/I-
HHUX CJIOB HPHUBOJLAT K CJAUIIKOM YaCTOW XaOTUYHON CMeHe TeMaTHKW MEXKJy COCEJIHUMU
ciaoBamu. Eciim npociieintb, K KAaKMM TeMaM OTHOCSTCs I10C/Ie/[0BATE/IbHbIE CJIOBA B TEK-
cTe, TO TeMaThu4decKas MOJIe/Ib B IEJIOM TOKAXKeTCsd He HACTOJIBKO XOPOIIO UHTEPIIPETUPY-
eMOil, KaK paHKHPOBAaHHBIE CIHUCKH HauboJiee JaCTOTHBIX CJIOB B TeMaX.

Temarudeckue Mojieji CerMeHTAIMd OCHOBaHbI Ha 0OoJiee PeajMCTUYHBIX T'HUIIOTEe3aX
0 CBSIBHOCTH TeKcTa. Kaxkjioe npejiozKenue, Kak MpaBuio, OTHOCUTCS K OJHON—IBYM Te-
Mam. Cremyroriee MpejIoKeHHe, KaK I[IPABUJIO, MPOJ0JIZKAET TEMATHKY IPeJIblIyIIero.
CmeHa TeMbl PeJKO IPOMCXOIUT MEXKJIY IPEeIOKEHUAME, 9acTO MeXKLy ad3allaMu, elré
Jare — MeK/Iy CeKIMUIMH JoKyMeHTa. Kaxkmoe mpeioykenne MOKHO CINTATD «MEITKOM
CJIOBY WJIM «MEIIKOM TepMOB». JIOKyMEHT MOYXKHO CUUTATH «MEIIKOM IPE/IJI0KEHUIT».

Tematunueckas mogenb npegnoxxeHuin. Jlomycrum, 910 KazxKblii JOKyMeHT d pa3dout
HA MHOYKECTBO CEIMEHTOB Sg. DTO MOI'YT ObITh HpeJIOKeHusi, ad3aIbl Ui hpasv, — CUH-
TaKCUIECKH KOPPEKTHbIE YacTU mpe/ioxKenuit. OO03HAYNM 4depe3 ng JJIHHY CerMeHTa S,
Yepe3 Mg, — UUCTIO0 BXOXKICHHUN CJI0OBA W B CEIMEHT S.

[IpeamosioxKum, 910 BCE CJIOBA CEIMEHTa, OTHOCITCS K O/IHOf TeMe u 3anuiieM (hbyHKIHIO
BEPOSITHOCTU CerMeHTa S € Sy 4epe3 napaMeTpbl TeMATHIECKON MOJECTH Oy, Big:

p(sld) = p(t]d) [T ptwlt) =" 6 [ e

tel wWES teT wWES

Bynem cuntarh KazKplil JOKYMEHT «MEIIKOM CeIMEHTOB». Torja (pyHKIUs BEpOATHO-
cTi BoIOOpKM Oy/ieT paBHa 1pou3BejeHni0 PyHKIUH BepodgTHOCTH cerMeHToB. [loctaBum
3a/la4y MaKCUMU3aluu cyMMbl log-1ipaBio1o100us u peryJisipusaropa R:

Z Z In Z 014 H ons + R(P,0) — max, (57)

deD seSy teT weSs

upu 00bruHbIX orpanndenusx (10). B wacrnom ciydae, Korja Kazkjplii CEIMEHT COCTOUT
TOJIBKO U3 OJHOTO CJIOBA, JaHHad 3a1ada mepexoaut B (11). Bamernm rakzxke, 4To 3a71a4a
(57) siBsIeTCsl YACTHBIM CJIydaeM MOCTPOEHHs TeMaTHYecKoil Mogesu rumneprpada (43),
B KOTOPOM BEPIIMHbBI SIBJISIOTCS CJIOBAMU, a peOpa — LPE/JIOZKEHUSIMHU.

Teopema 14.1. Ilycrp ¢yukmus R(P,©) wempepsiBHO muchgepenmupyeva. Touka
(®, ©) sokampHOrO KCTPeMyMa 3agaqn (57), (10) yoBaerBopser cucreme ypaBHEeHHIT €O
BCIIOMOIaTe/JIbHBIMH IIEPEMEHHBIMU Pygs = P(t|d, 8), ec/in u3 peireHust HCKII0YUTD HyJIEBbIE
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crosibner marpui P, O:

Puas = norm (01 TT &ii);

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

AnasorndueiM 006pa30M 3ajada CTABUTCS JIJIs MOJeau mpejyioxkennii senLDA [21] u
JUTst MoJiesin KOpoTkux coobmenunit Twitter-LDA [175]. B oboux ciaydasgx perysspusa-
TOPOM SBJILIOTCA alpHOpHbIe pacupenenenns dupuxie. B momenn Twitter-LDA B posn
JIOKYMEHTOB BBICTYHAIOT aBTOPbI, B POJIU CEIMEHTOB — COOOIIEHHST JIAHHOTO aBTOPA.

Nineprpad)oBbie Mogenn cBA3HOro Tekcrta. Kak yke 0TMEYaI0Ch BbIIIE, TeMaTHYe-
ckast Mogzesib runeprpada (43) MoxkeT ObITh HEIOCPECTBEHHO HPUMEHEHA JIJIst HOCTPOe-
HUs TeMaTU4decKoir Mojesn npejioxkennit. Ha camowm nee, pedbpom rumneprpada MoKHO
OIMCATh HE TOJILKO IIPeJIoyKeHue, HO U JII0O0e MOJMHOKECTBO TEePMOB, CBI3AHHBIX JIPYT
C JIPYTOM IIO CMBICJIY U HMOPOK/IAEMBIX OJHOi 00OIIeil TeMOii.

Ecim rtekcr npejsapute/ibHO 00pabOTaH CUHMAKCUYECKUM NAPCEPOM, TO B Kade-
crBe pébep MOXKHO GpaTh BETKH MJIH HOJIEPEBbsi CHHTAKCUIECKOTO JepeBa (cunmazmot),
B YAaCTHOCTHU, UMEHHBLE 2PYNNb, — TPAMMATUICCKH KOPPEKTHBIE CJIOBOCOYETAHUS, B KO-
TOPBIX TJIABHBIM CJIOBOM SIBJISI€TCS CYIIECTBUTE/IbHOE. CHHTAKCHYECKHE CBSI3U IIO3BOJISIIOT
YCTAHABIUBATD CEMAHMUYECKUE POAU CAO6 U BBLICIITH (Pakmob, B BUJE TPOEK «OODBEKT,
CY6'beKT, ,ZLeI';ICTBI/Ie», KOTOpbI€ MO2KHO CHUTATL TeMaTU1€eCKU OJHOPOAHbIMHU U OIIMCbIBATDL
pébpamu rutieprpada.

MozKHO UCIIO/IB30BATH BHEITHUE JIMHTBUCTHYECKUE PECYPCHI — MEe3aypyco, W OHIMO-
sozuu, Takue KaKk WordNet, PyTe3, Buku-CiioBaps u apyrue. OHE TO3BOJISIOT HaXO/JIUTD
apbl TEPMHUHOB, C BBICOKON BEPOSITHOCTBHIO CBA3aHHBIE TeMaTHUYECKH, JTUOO BOOOIIE 000-
3HAYAIONINE B TEKCTE OJUH U TOT YK€ O0BEKT. DTO MOTYT ObITH MAPBl CUHOHUMOS, AP
eunonum—2uneporum (dacraoe—odIIee), napbl Meponum—roaonum (dacrb-iesnoe). Tepmu-
HbI, CBsI3aHHbIE TE3ayPYCHBIMU OTHOIIEHUSIMH, MOKHO 00'be/IuHsdAThH pedbpom runeprpada,
KOIJIa OHU HAXOJATCS B OJTHOM IPE/JIOKCHUH WU B COCEHUX IMPE/JIOKEHHUSX.

['uneprpadoBasg Mojesib He HAK/IaJIbIBaeT HUKAKHUX OIDAHHMYCHHUIl HA MHOTI'OKpPATHOE
BXOK/IEHHE OJTHOT'O M TOT'O Ke CJIOBa B pa3Hble pébpa runeprpada. 1o 1aéT BO3MOKHOCTD
Y4uTblBaTh Pa3HbIC THIIbI CcBs3el MeXK/AY CJIOBaMH, OIIMCbIBad HUX PA3JIMYHbIMHU THUIIaMU
pédep B runeprpade. Hamnpumep, M0KHO B eauHOl rutieprpadoBoil Mo/e/id yIUThIBATH
OJIHOBPEMEHHO IIpe/IJI0KeHHs, (paKThl, CHHTAKCHYECKHE U Te3aypPyCHbIE CBS3H.

Tematuyeckas mogenb cermeHtaunm. Temepnb paccMorpum 0osee CJIOKHBIA CIIydai,
KOIJa TEKCT COCTOMUT U3 IpeIJOKeHWii, u Tpedyerca o0bLeIMHAThL UX B 0o0Jiee KPYIHbBIE
TeMATHIECKHE CErMEHTDI, TPAHUIIBI KOTOPBIX 3apaHee He OIIPEIe/ICHDL.

Memod TopicTiling [121| ocuoBan Ha mnocr-obpaborke pacupespesnenuii p(t|d,w;),
1 =1,...,n, moJy9aeMbIX KaKO#-1u00 TeMaTuIeckoit Mosiesibio, Hanpumep, LDA. Oupee-
JIIM TeMaTHKY IIpe/jIoZKeHHs S KaK cpejmioln TeMaTuky p(t|d, w) Beex ero cios®. Ilocun-

6Tounee, B [121] npeTaranocs 1 Kax/I0ro CJ0Ba BHIOMpaTh Haubosee BeposTHyIo Temy. Oba Bapu-
aHTa UMEIOT MpaBo Ha, cylnecTBoBanue. Kakoit u3 HUX JIydine, MOKa HE HCCIET0BAHO.
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TaeM KOCUHYCHYIO OJIM30CTh TEMATUKU JIJIs1 BCEX LIap COCe/IHUX Mpeiiokenunit. Hem riyOxke
JIOKAJIbHBITT MUHUMYM OJIM30CTH, TEM BBIIIE YBEPEHHOCTDb, YTO MEXK/1y JaHHOI 1apoil mpe/i-
JIOZKeHH# npoxoauT rpanuia cermenToB. Merto TopicTiling ucmonib3yer Hadbop IBPUCTHK
JIUIS TIOJI00pa YUCa MIPeJIOKEHUil ¢/ieBa U CIpaBa OT JIOKAJIbHOIO MUHUMYMa OJIM30CTH,
OIIpeJIe/IeHHST YUCIAa CEITMEHTOB, IMOAO0pa YHCIa TeM U YHCJIa UTepalldii, HT'HOPHPOBAHUSI
CTOI-CJIOB, (DOHOBBIX T€M M KOPOTKHUX IPeIoKeHnil. AKKypaTHast HACTPOHKa mapaMeTpoB
9TUX IBPUCTHK MO3BOJISIET JIOCTHYb BBICOKOTO KadecTBa cermenTanuu |121].

TopicTiling He gBsgeTcsa MOJHONEHHOII TeMaTHIECKOl MOJIE/IBLIO CEerMEHTAIUN TeKCTa,
HHOCKOJIbKY 1IOCT-00pabOTKa HUKAK He BJIMSEeT Ha caMu TeMbl. dT0ObI HAlTH TeMbl, HaubO-
Jiee BBII'OJIHBIE JIJIsi CeIMEHTAIMu, TPedyercs CleluaJ/ibHbIil perysipusarop.

Perynapusatop E-wara. Hekoropsie TpeboBanust K TeMaTndecKoit Mmojiesin yjao0Hee Bbi-
pazKarb HE Yepe3 HapamMerpbl MOJENU P,y U Oy, & uepes pacupeienenus P, = p(t|d, w),
KOTOpPBIe BBIYUCIAIOTCA Ha E-mare. Hampumep, 310 MoryT ObITH TpeOOBAHHS CXOJACTBA Te-
MATHKH TEPMOB BHYTPHU IIPE/IOKEHUI W MKy COCeTHUMH Ipemokeranayu. OHI m03-
BOJIAIOT Y4YHUTbIBATb HOPAAO0OK CJIOB B JJOKYMEHTaX B O6XO,ZL TUIIOTE3bl <«MeENIKa CJIOB».
B obuiem ciydae ux yJgo0HO BbipaxKarb ¢ mnomouibio peryisipusaropa R(IL, @, 0), rue
IT = (praw)TxDxw — TPEXMEPHAsl MATPUIA BCHOMOIATE/IbHBIX II€PEMEHHbIX.

Bynewm mpenmonarars, 9ro R gBIgeTcs J0CTATOYHO IVIAAKONH (DYHKIHMEH mepeMeHHBIX
Didws Pwt 1 Big. Kpome Toro, ciesiaem ecrecTBeHHOE JIOIYINEHHUE, UTO €CJAU CJI0BA W HET
B JIOKyMeHTe d, TO (DyHKIUs R He 3aBUCAT OT HEPEMEHHON Py

Cornacho ypasaenuio (15), marpuna I1 asiserca dynknueit or & u ©. [Tosromy K pe-
rynapusaropy R(®,0) = R(II(®,0), ®, 0©) npumennma Teopema 3.3. Oqmako cucremy
ypaBHEHHIT YI00HO 3aIHCHIBATH Yepe3 YaCTHbIE IIPOM3BOJHBIE peryisapusaropa R, a ne R.

Paccvorpum 33129y MaKCHMU3AINN PErYISPH30BAHHOIO log-IIpaBomo100must

Z Z Ngw 1N Z Owitbia + RI1($,0),$,0) — max, (58)

¢7
deD wed teT

U OPPAHUYEHUSAX HEOTPUIATETbHOCTH U HOpMupoBKH (10).

Teopema 14.2. [lycrs pyukius R(11, &, ©) neupepbiBHO qupdepernupyema u He 3aBu-
CHT OT HePEMEHHBIX Dy, IpH W ¢ d. Torma rouka (P, ©) JOKATBHOrO IKCTpEMyMa 331290
(58), (10) yzmoBierBopsier cucreMe ypaBHeHHI €O BCIOMOTaTeIbHBIMH TEPEMEHHBIMH Digy,
H Pidw, €CJH H3 PEIICHHs HCKIIOYHTH HyJeBble cToonsl Marpun O, O:

Ptdw = H%T%ﬂ (@wt@td)% (59)
- 1 OR
Ptdw = Ptdw (1 + — <8ptdw ;pzdw D e )) (60)
OR
Pyt = NOIM < Z ndwptdw + Puwt 75— ) (61)
weWw 8S0wt
deD
OR
614 = norm ( wzed NawPiaw + i th) (62)

Jloka3zarejibcTBO TeopeMbl y00HO pa3duTh HA TPHU JIEMMHBI.
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Jlemma 14.3.  Jlist pyukimn p,g, (P, 0) = % u fobpix t,z € T
+ Pwt

8pzdw apzdw ptdw(l - ptdw)> = Z;
w—_ed = Ptdw z=t — Pzdw ) =
ot 8301015 ' 89td ' ([ ] ) —PtdwPzdw> t % <.

HoxkazarenscrBo. Bocnosbsyemest popmynamu (15) jist HEPEMEHHDBIX Py

Opzaw d Pwz0zd _ [2=1]0:a >, Pwubud — Orapuw:0za
mm - P 0P (Zu queud) o (Zu Sowueud>2 B
= Ptawl2=1t] = PtawDzdw = Praw([2 =1t] = Pzdw);
g, OP=tv OPzdw _ 9, 0 < Puwz0zq ) _ 9., [2=tQwt Y, Puwubud — PutPw:0:d _
0Pt 0ta \ >y Puulud (>, Pwubud)?

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

JlemMa, JI0Ka3aHa.
Beeném Bcmomorarenbayio ¢gpyHKIHoO () 0T mepeMenubix 11, &, O:

OR(IL, @, 0) Yy OR(IL, ®,0)
zdw ™ o

w (11, $, O
Qtd ( ) aptdw apzdw

zeT

Jlemma 14.4. Ilycrs ¢pynxnus R(I1, @, ©) ne sapucut or nepemMeHHbIX Pigy, 1pu w ¢ d.
Torya yacrubie npoussoiuble pyukiun R(P, O) Boiparkarorcest 4epes Quaw:

OR
830101&

OR
th + Z Dedw Qtdw-

P D Dt aetd o

SOwt Domn + Z Draw Qtdw; Ora

deD

HokazareabcTBo. Bociosibzyemest popmyiioit jiuddepennmpoBanus CJI02KHOM DyHK-

apzdw’ apzd’w aR
U U TEM, YTO =0mpu w #w'; ——=0upud#d; =0 upu w & d:
Oy 0014 Optaw
OR  OR IR Op.aus OR Opagu
&Pwt &Pwt (z,dw") apzdw’ a()Owt &Pwt ; ZEZT pzdw &Pwt ( )
OR OR . OR OPraw
. 64
90,4 aetd ZZ Opzarw 00 59td % Z Opzaw 004 (64)
B cuny nemmbr 14.3 cupaBesinBO TOXKIECTBO
8R apzdw 8R 8pzdw
w =0 =
Put Z apzdw a()Owt td Z apzdw a‘gtd
OR OR
= w =t — D2dw) = w zdw = w w -
Z pzdwptd ] Dzd ) Dtd < (9 i ZP d zdw) Didw Qi

zeT

[ToacranoBka 1mo/y4eHHOro Bbipakenus B (63) u (64) 3aBepiraer JOKA3aTebCTBO.
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Jlemma 14.5. Pemrenne ®,0 3azaun (58) yiaoBierBopsier cieiyromieii cucreMe ypaBHe-
HHIf OTHOCHTE/IbHO HEPEMEHHDBIX Oy, Byg B BCIIOMOraTeJIbHBIX IT€PEMEHHBIX Dygy,

Prw = 10T (PurBa); (65)
OR
Pur = O ( > Nawpiaw + Y QuawDiaw + wwt%) ; (66)
deD deD
8 = norm < Z NwPtdw + Z QrtdwDrdw + etda—R) : (67)
T\ ed wed 01

DTa JeMMa SIBJISETCS HeMOCPEICTBEHHBIM CIeJACTBHEM TeopeMbl 3.3 i jeMMbl 14.4.
OcCTa/10Cch TOJIBKO 3aMETUTh, YTO BbIJIEJIEHUE BCIIOMOIATEIHHON HEPEMEHHON Py, CO-

riacHo (60) mosBosisier nepenucarb ypasuenusi (66)—(67) B rpedyemom Buje (61)—(62).
Teopema nokazana.

Takum obpazom, B EM-ajropurme 11 KazK/10ro J0OKyMeHTa d CHAYaIa BBITHCISIOTCS
BCIIOMOT'aTe/IbHBIE TIEPEMEHHBIE Pygy,, 32TEM OHU IPE0OPA3YIOTCSA B HOBbIE IEPEMEHHBIE Dygy
KOTODbIe MOACTaB/IsATCH B hopmysst M-mara (16)—(17) BMecTo pigy,. Takoit criocob Bbi-
qucJieHuit OyjieM Ha3biBaTh pe2yaapusayuet E-waza wim nocm-obpabomrot F-waza.

3aMeTuM, 9TO IMepeMeHHBIE Dyg,, MOT'YT IIPUHUMATH OTPHUIATEIbHbIE 3HAYCHU, IOITOMY
B 00IlIeM cJiydae OHH He 00pa3yloT BEepOSTHOCTHBIX pacipejesnenuii. Tem He menee, jijisd
HUX BBIIOJIHEHO YCJIOBHE HOPMHPOBKH Y, Praw = 1.

Pa3pexuBanune pacnpegenennii p(t|d,w). [Horpebyem, 4robbl KazK/blii TEPM B JIOKY-
MEHTE OTHOCHJICH K HeDOJIbHIOMY duciy TeM. Jljisg 31oro OyjuemM pa3peuBarh Pacipe/ie-
nerust p(t|d, w), makcumusupyst ux KL-TuBepreHIun ¢ paBHOMEPHBIM DaCIPeIeTeHIeM:

KL(|—C1” | p(t|d, w)) — max.

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

R(IT) = —é Zanw Zlnptdw — max.

deD wed teT

[TojcraBuM 1IPOU3BOIHYIO
OR(II) T Ngw

apzdw |T| Pzdw
B (opmymy (60):
~ _ 1
Ptdw = Ptdw — T(m - ptdw)-
Takum 00pa3om, ecjin Jjisi HEKOTOPOH TeMbI Pigy < ﬁ, TO HA CJEAYIONER urepanun
BEPOSITHOCTD Pigy JJISl JIAHHOIO TepMa, w cTaHeT emnié Menbline. Temaruka Tepma Oy/er
IIOCTEIIEHHO KOHIEHTPHUPOBATLCA B He6OJIleOM qucJe TeM.

Emgé onpa maTepnperanyua 3TOro peryIapu3aropa CaedyeT U3 BO3MOKHOCTH 3aIHCATh
peryiagpusanuio E-mrara s5KBuBaeHTHbBIM 06pa3oM depe3 dopmyasl M-mara (66)—(67):

1 Tt
wt = NOrmM | Ny — TNy | — — — | |;
Put weW ! |T‘ Ny
1 Nia
0y = norm| ny — gl — — — | |.
teT |T‘ Ng



Ecin neperyispusosanibie qacTOTHbIE OIEHKH YCJIOBHBIX BepostHOCTell p(t|w) = 74t n
p(t]d) = Z—j CTAHOBATCA MEHBIIIE BEPOATHOCTH PABHOMEPHOI'O PACIIPE/ICTCHA ﬁ, TO IIPO-
HCXOJIUT PAa3pe:KUBaHUE PACIPENETCeHUN 0, U Opg; ¢ HTEpANUIMU UX 3HAYECHHS YMEHbIIA-
I0TCS U MOI'YT 00palliaThCs B HyJIb. TakKuMm 00pa3oM, IIPOUCXO/UT COIVIACOBAHHOE Pa3PerKu-

Banue marpuit  u O, nox yupassienuem oHOr0 001e10 KO3 hUunuenTa peryisipu3aium 7.

Pa3pexusatowmii perynapusatop E-wara gna cermedtaynn. llpumenum peryJisi-
puU3anunio E—mara AJid TTOCTPOCHU A TeMaTU4YeCKOn MoO/Ae/In CeIrMEeHTUPOBAHHOI'O TEKCTA.
CeFMeHTaMI/I MOTyT 6bITb a63al_[b1, npeajiozkennsd uJjinm CUHTaKCUYCeCKH CBA3aHHbIEC YaCTU
peIoYKeHni, Hali/leHHbIe ¢ MOMOIIBI0 CHHTAKCHIeCKOTo aHagan3aTopa. Obo3HauInM depes
Sq MHOZKECTBO CETMEHTOB, Ha KOTOpbIe pa30UT JOKYMEHT d, 4epe3 ng — JJIUHY CerMeHTa S,
9epes Ny, — YHUCI0 BXOXK/IEHUIl TepMa W B CETMEHT S.

OrnpejeiumM TeMATUKY CeIrMeHTa § € Sy KaK CPeJIHIOI TeMATUKY BCEX ero TePMOB:

1
Pras = p(t]ds) = > plt|d,w) p(w]s) = — > nwpra.
wes s wes

Yr1o0bl KazK/Jiblil CEIMEHT OTHOCHJICS K HEDOJIBIIOMY 4YHCJY TeM, OyjeM MUHUMU3UPOBATDH
KPOCC-9HTPOIHIO MezK/y pactpesenenusyvu p(t|d,s) 1 paBHOMEPHBIM DACIIpE/eeHIeM,
9YTO MPUBEIET HAC K PA3pPeKUBAIOIIEMY peryiasgpu3aropy E-mara:

RO = =733 > ) noubiav. (68)
deD seSy teT wES
Omnyckast pyTHHHbBIE BBIKJIQJIKH, PUBEAEM De3y/ibrar nojacranoBku (68) B (60):

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

n, n
dw s€S, S DPtds 2T DPzds

Xots popMy/Ia BBIVISIAT TPOMO3IKOM, 3(DDEKT NpuMeHeHUsI Peryiapu3aTopa HOHATD
He TpyAHO. Ecan BepoaTHOCTD Pigs TEMBI B CEIMEHTe OKaryKeTCd MeHbIe HEKOTOPOTO TO-
pora, TO BEPOATHOCTH Pigy, OYJIYT YMEHBIIATHCS JIjI BCEX TEPMOB W JAHHOI'O CErMEeHTA.
B urore remarnka KarkJ0ro cerMeHTa CKOHIIEHTPUPYETCs B HEOOJIbIIIOM YHUCJIe TEM.

B pesyisibrare paspexkuBaHusi TeMaTHKA COCEJIHUX CEI'MEHTOB MOYKET OKa3aTbCs 0J113-
KOil, I UX MOXKHO OyJeT OObeJMHUTH B OJUH TeMmMaTudeckKuii cermenT. Hazosém Temy ¢
¢ MakcuMaJbHBIM 3HadenueM p(t|d, s) domunupyrowets memoti cermenta s JOKyMeHTa d.
Ecim TemMa JOMUHHpYET B COCEJIHHX CerMEHTaX, TO OHa OyJAeT JOMHUHHPYIOIIECH U B UX
obbeuHennu. Ecim o0be IuHUTD 10C/Ie/[0BaTe/IbHbIE CEIMEHThI C OJIMHAKOBOW JIOMUHUPY-
omeil remoit B ojiuH OoJiee KPYIHBIN CEIMEHT, TO JIAHHAs TEeMa TaKKe OCTaHeTCHd B HEM
JIOMHHUPYIOIIEH. DTO MPOCTast arjiOMEPATUBHAS CTPATEIUs] TEMATHICCKOW CerMeHTAIlMH.
B ormane ot TopicTiling, y Heé HeT 9BpUCTUYECKUX IapaMeTpPoOB, KOTOPbIE HAJI0 HACTpa-
UBaTh, U OHA IIOYTH HE YBEJMIUBAET BpeMs IOCT-00paboTku E-1mara.

15 Kpurtepnmn kadectBa temaTuydecknx moaesen

Kpurepun KadecrBa TeMATHYCCKUX MOJAEICH NPHHATO [eJUThL Ha BHYTPEHHHE
(intrinsic) u BHemHue (extrinsic). Buympernue Kpumepuy, XapaKTepu3yT KaIecTBO MO-
JIeJIM 110 MCXOJHOM TeKCTOBON KOJUIeKIUU. Bhewmue Kpumepuu OLEeHUBAIOT II0JIE3HOCTD
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MOJIEJIM C TOYKHM 3PEHUs HPHUJIOKEHHMSI W KOHEYHBIX IOJib3oBaresieir. VHorma st 91oro
HPUXOJUTCsE COOMPATH JIONOJIHUTE/IbHBIE JaHHbIE, HAlIPUMED, OLEHKH acecCOPOB.

Ha mpakTmke K TeMaTHYeCKHM MOJIEIAM IIPEIbIBISIOTCS pa3/JndHble HAOOPHI Tpe-
OoBaHuil, a JJIsi HOCTPOEHUS MOJIE/IN HPUMEHSIETCS MHOI'OKPUTEPUAJIbHASA ONTHMU3AIMS.
[Tosromy u KagecTBO MOJE/IN JIOJIZKHO OLEHUBATHCS 110 MHOI'UM KPUTEPHUSIM.

B ARTM wu30bITOUHAS pery/aspu3aiius MOXKeT IPUBOIUTD K aerpaganun Momenn. O6-
pa3HO TI'OBOPsi, PEry/sipu3aropbl, Kak JeKapcTBa ik MOJEIN, TPeOyIoT 1mojadopa Tepa-
IIEBTHYECKON 1036l BO3/eiicTBus (Kodbduimenta peryispusanum), a B ciydae epejo-
3UPOBKU MOI'YT HPUBOJUTH B BbIPOXK/IEHUIO Mojejn. Jljisi oOHapyKeHusl KarxK/I0ro THIIA
BBIPOXK/JIEHHOCTU HYKHBI CBOM KPUTEPHH KavecTBa.

B npoexkre BigARTM nojjiep:kuBaercsd OMOIMOTEKA CTAaH/IAPTHBIX METPUK KadecTBa
U 1PEJLyCMOTPEHbl MEXaHU3MbI JI00aB/IEHUS HOBBIX 110JIb30BATE/IbCKUX METPUK.

BHewHue kputepuu BecbMa pazHOOOPA3HBI U 3aBHCAT OT KOHEYHOI perraeMoil 3a/1a4u.
[IpakTuyecku B KaxKJA0# myOJUKAIUU MO TeMATHIeCKOMY MOJIETNPOBAHUIO UCHOJIB3YeTCs
KAKOMi-Tn00 BHENIHUIT KpUTepHil: KauecTBO KJIACCH(bUKAINE JOKYMeHTOB [124], TounOCTS
u 110JHOTa MHMpOpMaonHoro noucka [169, 16, 8, 14|, unc/io HafileHHBIX XOPOIIO HHTED-
nuperupyembix Tem [19], kadecrBo cermenrauu rekcros [121]. B [38] npegraraercst mero-
JIUKA JTMArHOCTUKH TeMAaTUIeCKUX MOjeseil, OCHOBaHHAs HA COIOCTABJIEHUH Hall/IeHHBIX
TeM CO CHelnuaJIbHBIMA HaOOpaMH B3aMMOCBI3AHHBIX CJIOB, HA3BIBAEMBIMU KOHUENIMAMU.

Mepnnekcusa. HambGosee pacnpocTpaHéHHBIM BHYTPEHHUM KPHTEPHEM SBJIACTCA 7nep-
naexcus (perplexity), ucrnosib3yemast Jyisi ONEHUBAHUST BEPOSITHOCTHBIX MOJIEJIEH sI3bIKa
B KOMHbIOTepHOI?'I JINMHI'BUCTUKE. STO Mepa HeCOOTBEeTCTBUA HJIN «y,ZLI/IB.HéHHOCTI/I» MOJAeJIn
p(w|d) repmam w, KoTopble BeTpedarorces B JoKyMmenTax d. Oua omnpejensercs depes log-
npasonoaobue (9), mubo depes log-npasgomnomnodue (34) KazKI0# MOIATLHOCTH M

1
Pn(D;p) = exp _EZ > nawlnp(wld) ), (69)
deD weWwm
TIAe Ny = >, Y, Ngy — JUIAHA KOJUIEKIHA [0 M- MOJATBHOCTH. eM MeHbIe Imep-
deD weWm™

IJIEKCUSL, TE€M JIyqIle MOJEJb P IPEJICKa3bIBAeT MOSBJIEHUE TEPMOB W B JIOKyMeHTax d.

[Tepmiekcusa mMeeT CAeAyONyl0 HHTepHpeTanuio. Ecam TepMbl w IIOPOXKIAIOTCH
13 paBHOMEPHOrO pacupe/einenus p(w) = 1/V ua cioBape momnocru V', 10 nepiuiekcust
SI3bIKOBOM MOziesin P(W) HA TAKOM TEKCTe CXOMUTCA K V' ¢ pocroM ero JyimHbl. HeMm cujibHee
pacupe/esienue p(w) OTJIMYACTCST OT PABHOMEPHOIO, TeM MeHbIIe lepiLieKcus. B ciyuae
YCJIOBHBIX BeposgTHOCTel p(w |d) MHTepIpeTaiss HEMHOIO Jpyras: eCoH KazKIblil JOKY-
MEHT TeHepupyeTcs u3 V' pPABHOBEDOSTHBIX TEePMOB (BO3MOMKHO, PA3JIHIHBIX B PA3HbBIX
JOKYMEHTaX ), TO MepILIeKCUs CXOAUuTcst K V.

HemocrarkoM nepIuieKcun SBaseTca HeOUeBUIHOCTD €€ YNCICHHBIX 3HAYeHUI, a TaKKe
eé 3aBHCHMOCTb HE TOJILKO OT KAadeCTBa MOJAEIN, HO U OT Pa3MEPHLIX XapaKTePHCTHUK
KOJLJIEKIINY — JIJIMHBI JOKYMEHTOB, MOIIHOCTH CJI0Baps, PA3pPesKeHHOCTH BEPOSTHOCTHOTO
pacupejenenust TepMoB. B 4acTHOCTH, ¢ IOMONIBIO NEPILIEKCUU HEKOPPEKTHO CPABHUBATH
TEMATUIECKHE MOJEJU OJHON M TOMN 2Ke KOJLUIEKIMHU, IIOCTPOCHHBIE HA PA3HBIX CJIOBAPAX.

Ob6o3uaunm 4depe3 pp(w |d) MoeIb, TOCTPOSHHYIO MO 00YYAIONIell KOJIEKINH JTOKY-
menroB D. Ilepuiekcus obyuatonieii Bbibopku &2, (D;pp) gBisiercs OUTUMUCTUIHO CMe-
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MEHHOI (3aHUZKEHHOM) XapaKTePUCTHKON KadecTBa Mojesan us-3a sddexra mnepeodyde-
Hust. O00OOIIAONIY IO CIIOCOOHOCTDh TEMATHIECKUX MOJE/ICH MPUHITO ONEHUBATH NEPNACK-
cueti konmpoaorotl ewbopru (hold-out perplexity) 2, (D’; pp). O6bIYHO KOLIEKITHIO Pa3-
JIEJISIOT HA 00YYAONIYI0 U KOHTPOJIBHYIO CIyvaiiHbiM 00pasoM B mpomopruu 9 : 1 [29).

B panHux skcnepumerTax ObLIO MOKa3aHo, 9To LDA cymecrBenno mpeBocxomut PLSA
110 EPILIEKCUH, OTKY/1a ObLI ¢jiestan BbiBoj, 410 LDA mMenbiie nepeodydaercs [29]. [Tosxe
OBLJIO TOKA3aHO, 9TO Ha OOJIbIINX KoJuIeKiusX mnepiiekcus mogeaeit PLSA u LDA orin-
qaeTcs He3HauuTeabHo [86, 165, 81].

Ha camom jieste npupojia «mmepeodbydenusy O0JIbIe CBsg3aHa ¢ 0COOEHHOCTSIMHU MTEPILIeK-
CHH, YeM C Ka9eCTBOM caMux Mojeseil. [lepiiekcuss 9yBcTBUTEIbHA K MAJIBIM 3HAYEHHIM
IPEJICKA3aHHOI BEPOSITHOCTU TEPMOB, 110CKOJIbKY p(w |d) crour nogx jorapudmom. Criia-
xuBanue B LDA 3aBbliaer omeHKH BEpOATHOCTEH peakux TepmoB, modromy LDA nmeer
MEHBIIYI0 KOHTPOJIbHYIO mepiuiekcuio. MoempoBanue BepOITHOCTH PEJIKUX CJIOB BaZKHO
JUUTS CTATHCTUYIECKOTO MAIIMHHOIO MEPEBO/IA U APYTHUX MPUIOKEHN KOMIBIOTEPHOI JIIHT-
BHUCTHKH, OTKY/Ja HEePILIEKCUs W HPHUILIa B TeMaTrumdeckoe mojeaupoBanne. OTHAKO JI/Ist
HOHUMAHUS TEeMATUYECKON KJIACTEPHON CTPYKTYPbI TEKCTOBOW KOJIJIEKIUU U BbISIBJICHUSI
TEMATUKU OTJIEJIbHBIX JIOKYMEHTOB PEJIKHE TEePMbl KaK Pa3 HAMMEHEE BAKHbI.

B [4, 115] 6blt1 11pe/10zKe bl pobacmmbie memamuveckue MoOeU, OIUCHIBAIOIIIE PeJi-
KHe TePMBI CIIeIUAJTbHBIM «(DOHOBBIM» pacipejesienneM. KOHTpobHAs MEPILIEKCHS PO-
bactapix BapuanToB PLSA n LDA okazaJiach CymecTBeHHO MeHbIIeil i IpaKTHIeCKN O/T1-
HAKOBOM.

B |5] 6bL710 OKa3aHO, 4TO HA JOCTATOMHO 6OJIbIINX KoJLIeKusx (n > 10%) obyuaromas
U KOHTPOJIbHAS MEPILJIEKCHS OJMHAKOBO PAHZKHUPYIOT CPABHUBAEMbIE MOJIE/IN, TO €CTh [PU-
BOJIAT K OJIHHAKOBBIM KAade€CTBEHHBIM BBIBOJAM. Takum 0Opa3oMm, /i CpaBHEHHS MOIeeil
HEeT 0c000ii HEOOXOMMMOCTH BBIMHC/IATH KOHTPOJIBHYIO IEePILTEKCHIO.

[Ipu BBIYMC/IEHNN MEPILIEKCHH MOYKeT BO3HHKHYTH HpOoOJeMa HYJIEeBOi BepOATHOCTH
p(w|d) = 0. Tepm w B jJokymMeHTe d BCTpeYaercs, TeM He MEHee, MOJE/Ib [PeICKA3bIBAET
JIUIsL HETO HYJIEBYIO BEPOSITHOCTH. B 9aCcTHOCTH, IPU BBIYUC/IEHUH KOHTPOJBHON HEPILIeK-
CHUM B JIOKyMEHTE MOYKET BCTPETHTHCS HOBBII T€pM, KOTOPBIi HU Pa3y HE BCTPETUJICS
npu oOydennn. B Takux caydasx B MEPILIEKCHH BO3HHKAET OECKOHEYHO OOJIBIIOE Cjiara-
emoe (—In0 = +o00). [Ipocreiitiee perrerne 310l TPOOJIEMBI 3aKIHOYALTCI B TOM, ITOObI
HPOUTHOPUPOBATH BCE TAKUE TEPMbI U MMOCYUTATH MX JIOIIO0 B KOJLUIEKIIUU KAK €I OJIHY
Mepy KadecTBa Mojesan. JIpyroe pemenune — cieiys |5, caurars Bce Takue TepMbl HeTe-
MaTHICCKMMH U OHUCHIBATH X BEPOATHOCTH 9acTOTHOM onenkoit p(w |d) = %= [Toxoxwit
Pe3yIbTAT IMOJTYIUTCS IIPH HCIIOIb30BAHIE TeMATHIECKOH MOJeTN ¢ HeoOydaeMoil (hoHO-
Boit Temoii p(w|b) = "». Taxag Mozenb HEKOIA He OyIeT JaBaTh HyJIEBYIO BEPOATHOCTD
TepMa, eCJid, KOHeIHO, BEPOITHOCTH (DOHOBOI TeMBI B JOKYMEHTE HE paBHA HYJIIO.

NHTepnpeTupyemMocTb TeMaTHYeCKOl MOJEIN dBJSeTCS ILTOXO (DOPMATU3YEMBIM Tpe-
oopanueM. CojepzKaTe/IbHO OHO O3HAYAET, YTO II0 CIHCKAM HambOJiee YACTOTHBIX CJIOB U
JIOKYMEHTOB T€Mbl IKCIIEPT MOYKET IOHHATh, O 4éM dTa TeMa, U JaTh eil aJleKBaTHOe Ha-
spanue |33]. [Ipumepnr X0opoImo WHTEPHPETHPYEMBIX TeM IOKa3aHbl Ha puc. 11 u puc. 14.
CBOICTBO HHTEPIPETUPYEMOCTH BazKHO B HH(MOPMAIMOHHO-TIOMCKOBBIX CHCTEMAX, HCIIO/Ib-
3YIONUX aBTOMATHYECKH Haii/leHHbIe TeMbl KaK MHCTPYMEHT BU3YaJIU3AIMH PE3y/JIbTaToOB
[IOKMCKa, HAIpUMEP JIJId BBIBOJIA MOSCHEHUWI WJIM CHUIIETOB, JIMOO KaK MHCTPYMEHT pPyO-
pUKAIUKM WM HABUI'AIUK 110 TEKCTOBON KOJIIEKIIUH.
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BoJIbIHIMHCTBO CyIIECTBYIONIMX METOJ0B OLEHUBAHUSA MHTEPIPETUPYEMOCTH OCHOBAHO
Ha [IPUBJIEYEHUH KCIeproB-aceccopos. B [101] skciepram mpeiarajsoch HEIocpeacTBeH-
HO OIEHHBATHL IOJIE3HOCTH TeM IO TPEXOa/LIbHON IIKaje, pacCMaTpUBas CIHMCKH CJIOB,
pamKupoBaHHbIe 10 yobBanuo p(w|t). B memode unwmpysud [33] aus Kazx a0 TeMbI cO-
craB/isercd Cnucok u3 10 BepXHHUX CJIOB CIHCKA, B KOTOPbIi MCKYCCTBEHHO BHEJIPAETCS
OJIHO cirydaiiHoe cj10Bo. Tema CuMTaeTcs MHTEPUPETUPYEMOil, ec/m 10JaBIdionee 60JIb-
HIMHCTBO SKCIEPTOB NPABU/IBHO YKA3bIBAIOT JIMIIHEE CJI0BO.

B mpuKJIaIHBIX COIMUOJOrnIecKuX ucciaenoBanusx [30, 66, 106| mus sxcnepraOro ome-
HUBaHUS T€MbI UCIOJIb3YIOTCSA HE TOJbKO CHUCKH BEPXHUX CJIOB, HO U CIHUCKH JOKYMEHTOB,
paHKupoBaHHbIE 10 yObiBaHuO p(d|t). D1a MeTomauKa 6osee TPYI0EMKA, TIOCKOIBKY IKC-
epT NpovYMThiBaeT A0KyMeHTbl. Ho ona Gosiee HaJéKHa B TeX CJydadx, KOIJa HPUKJIAI-
HOH HEJIBI0 TEMATHYECKOIO MOJEJMPOBAHUS SIB/ISETCA HOUCK TEM OIPEIeJEHHON HallpaB-
JieHHOCTH (Hanpumep, 00CYKIeHUH MEKITHUUECKUX OTHOIIEHMH B COIMAJIbHBIX CETsX),
3aTeM KAvYeCTBEHHOE MOHNMAHNe CEeMAHTUKH KazKOii TeMbl (B YaCTHOCTH, KAKHE STHUY-
HOCTH U KaKue Mpo0JieMbl 3aTparuBaer KazKjias TeMa), i HAKOHeIl KOJMYeCTBeHHOe OIeHH-
BaHue 06'béMa JaHHOIT TeMbl (1€, KOIJla i KaK 4acTo BO3HUKAET JaHHbIl Juckypce) |18, 19).

KorepeHTHOCTb. DKCIepTHbIE MOAX0AbI HEOOXOMMMbI Ha, CTAUMU UCCACJOBAHUN, HO OHU
3aTPYAHAIOT aBTOMATHIEeCKOe TIOCTPOEHNe XOPOIIuX TeMaTHIecKnX Mojesneil. B cepun pa-
6ot [101, 102, 103, 95| 6bLI0 MOKA3AHO, YTO CPEJU KPUTEPHEB KAYECTBA, BBIUMCIISEMBIX
110 KOJLIEKIIUH ABTOMATHYECKH, COMVIACOBAHHOCTD WK Kozepenmuocmo (coherence) stydrie
BCEI'0 KOPPEJMPYET C IKCHEPTHLIMHU OINEHKAMU UHTEPIPETUPYEMOCTH.

Tema nasbiBaercst Kozepenmnol (COIACOBAHHOM), €c/au TepMbl, HaubOJIee YacTble
B JIAHHOW TeMe, HEeCTy49aifHO 9aCcTO COBMECTHO BCTPEYAIOTCHA PAJIOM B JIOKYMEHTaX KOJI-
aeknuu (102, 103]. HucrenHoit Mepoii KOTepeHTHOCTH TeMbI ¢ SBISETCA NOMOYEHHAA 63a-
umnas ungopmayus (56), Beraucasemas mo k Haubosiee BEPOATHBIM CJIOBAM TEMBbI:

k

G = gy 2 2 PMIGw ), (70)

i=1 j=i

rfie w; — =il TepM B MOPsJIKe YOBIBAHUSL Py, TUCTO K OOBIMHO mMOTaraercs paBHbM 10.

KorepeHTHOCTD MOJIE/IH OLPE/IENAeTCs KaK CPeIHssA KOTePEHTHOCTD 6 10 BCEM TeMaM.
KorepeHTHOCTH MOKET OIEHHBATHCS [0 CTOPOHHEIl Ko/UIeKIuy (Hampumep, mo Buknme-
qun) 99|, 160 1o TOM ke KOJUIEKIUH, 110 KOTOPOil crpontest Moge/s |95].

Pa3pe>xeHHOCTb 1 nekcunyeckmne sgpa tem. PaspekeHHOCTh MOJIeJIM U3MEPSIeTCs J10-
JIeil HyJieBbIX 3/1eMeHTOB B Marpumnax ® u ©. B Mome/nsax, pa3aeagromnx MEOKeCTBO TeM 1’
Ha IpejMeTHbIe S U (POHOBBIE B, pa3peKeHHOCTh ONEHHBAETCA TOJBKO IO cTosomaM P
U CTPOKaM @, COOTBETCTBYIOIIUM IIpEeIMETHBIM TEeMaM.

Henocrarok Takoro ompejeienust pa3pezKeHHocTd B ero meycroitansoctu. Ha mpak-
tuke Marpunpl ¢ u O moryr comepkarh OOJIBHIYIO JIOII0 3HAYEHUIT, OJU3KUX K HYJIIO.
Vx obuynenue mpakKTUYECKH He MOBJIUAET Ha MOJEIb, HO PE3KO IMOBBICHT Pa3pPeKEeHHOCTb.

B [66] npegiaraercst cauTaTh cyu,ecmeeHoLMy JTHIIb T€ YCJIOBHBIE BEPOSITHOCTH, 3HA-
YeHUsI KOTOPBIX BBIIIE, YeM Y PABHOMEDHOTO PACIIPe/Ie/IeHUs:

Wt:{erW}QOWt>|—V%/‘},
Td:{tET}Qtd>ﬁ}.
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B skcriepumentax na 300 Thicsidax 1mocToB conmaJsibHON cetn npu 120 Temax paspezKeH-
nocts ¢ npesbicuina 96%, paspexennocrs © — 88%. Ilpu 3TOM 4MCIO €I0B, BOLIEINIMX
X0Ts OBl B 0JIHO U3 MHO2KecTB W}, oKa3ajioch paBHBIM 8 ThICAYaM IpH cjaoBape 154 Toics-
qu c0B. Takum 0Opa3oM, HeIOCTATKOM JIAHHOIO MTO/IX0/1a MOZKHO CIUTATh UTHOPHUPOBAHKE
OOJIBIIIMHCTBA CJIOB.

B [145] upemiaraercst onpeessrb aekcuseckoe A0po membs KAK MHOZKECTBO CJIOB, KO-
TOpbIe ¢ 6OJIBIION BEPOATHOCTBIO YIOTPEOJIAIOTCS B TeMe ¢ | PeJIKO YIIOTPeOISI0TCS B JIPY-
rux remax: Wy = {w € W | p(t|w) > 0.25}, re p(t|w) = Put o

Heszasucumo or Toro, kakum 06pa30oM OIIPee/IsseTcs JIEKCUIECKOe sIPO, BBEJIEM TPHU
1OKa3aTelisl, XapaKTepu3yIoluX Pa3spekeHHOCTh MaTpuilbl P:

pur, = > p(w|t) — wucmoma memov, (uem Bbilie, TEM JIy4IIe);

weWy
_ _1 o .
cony = > p(t|w) — kowmpacmuocms memor (dem BblIe, TEM JIydIle);
weWy
. W
ker; = |Wy| — pasmep adpa (opueHTUPOBOUHBII ONTHMYM %)

[Tokazare/iu pazmepa sjipa, YUCTOTHl U KOHTPACTHOCTHU JIJI MOJIEJIN B LEJIOM OIIpejie-
JISIOTCS KaK CPEJHKE 10 BeeM mpeaMerHbiM TeMaM t € S. KOCBEHHO OHU SIBJISTIOTCST TaKKe
U Mepoil MHTEePIPETUPYEMOCTU MOJEJN, MOCKOJIBKY WHTEePIpPEeTHPyeEMbIE TeMbl JI0JI2KHbI
00/1a1aTh He CJIMIIKOM MaJIEHHbKUM, HO M HE CJHUIIKOM OOJIBIIAM JIEKCHIECKUM SJIPOM.

Oonsa doHoBoit nekcuku. Ilycrs B C T — noaMHOKeCTBO (DOHOBBIX TEM, B KOTOPBIX
cobpana obmeynorpedbuTebHas Jekcuka. OupeaeanM doaro ornosol aekcuku st BCei
KOJIIEKITUH ¥ /TSI OTJEIbHOIO JOKyMeHTa d:

B =55 S (il d.w);

deD wed teB

%d = nidz anwp(t|d> ’LU)

wed teB

o dponosoit ekcukn mpuHuMaeT 3uadenus or 0 10 1. Eciaum ona 6sm3ka K 0, To Mo-
JieJib He CIIOCOOHA BbIJIEJISATH CJIOBA OOIIEH JIEKCHMKHU, €CJiu »Ke OHa OJim3Ka K 1, TO 3TO
CBUJIETE/IbCTBYET O BbIPOXKJieHuu Mojiesin. B npodeccnonalibHbIX TeKcTax J10J1s (pOHOBOIM
JIEKCHKHU MOzKeT cocTaBiaThb oT 30% 10 90%. BosmozkHa cuTyanus, Korua cpegee mo KoJ-
JIEKIUIHU 3HaYeHne A YKIaIbIBAeTCd B 9TH OPUEHTHPOBOYHBIE HOPMBI, OJTHAKO B BHIXOJIUT
3a UX I[PeJIeJIbl JIJI 3HAYUTE/TbHOM JO/IH JJOKYMEHTOB., DTO MOXKET IOC/TYKUTb CUTHAJIOM
K O4YHUCTKEe KOJIJICKIHK MNJIM BHECEHHIO I/ICHpaBJ'[eHI/Iﬁ B MOZIEJIb.

Takue kpurepnn, KaKk pa3pe:KeHHOCTb, pa3Mep gapa WiId 101 (POHOBOM JIEKCUKH MO-
I'YT UCIOJ/Ib30BATHCA JI/Isi KOHTPOJIA U30BITOYHOTO PAa3peKUBAHU MOJICJIH.

PaznuyHoctb Tem. Biejém dynkuuio paccrosinusi mexiy remamu p(t,t') kak pacipe-
jeserusivu p(w | t) u p(w|t'). Hanpumep, 310 Mozker ObiTh paccrosiuue XeJlJIMHrepa, KoCu-
HYCHOE pacCTosiHue Win paccroguue 2KKakkapa MezK/ly JIeKCHYeCKUMHE sIPAMU JIBYX TEM.
Onpenennm 115 KazkI0i TeMbl ¢ paccrodnue 10 OimzKaiimeil K Heil Tembl '

Z, = min p(t,t).
! t,rggplgtp(,)
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JINA TOAHU JIM2Kalieit reMbl t MaJl TO TEMbI n JIN T r
Ec accrosinue Jio 0 aiimreit Te Ky MaJlo, TO Te t mt nyb 10
JIpyTra, U, BO3MOYXKHO, CJIe/lyeT HPEeJIPUHATD YCUIUs, YTO0bl OO'be/IMHUTH 3TU TEMBbI.
ECJII/I aCCTOAHNA '@t BE€JIMKHU /IJId BCEX TEeM, TO 93TO O3HA4Ya€T, 9YTO BCE TE€MBbI IIOIIapPHO
) ?
CYIIECTBEHHO Pa3/InYHbl. TaKyi0 MOJe/Ib Oy/eM HA3bIBATH TOPOUWLO 0EKOPPEAUPOBAHHOT.

16 Kputepnn ycsoBHOW HE3AaBUCMMOCTN

['urioresa ycj0BHOI HE3aBUCUMOCTH SIBJISIETCsI DA30BBIM HPEJIIIOJI0ZKEHUEM BEPOSITHOCT-
HOI'O TeMaTHU4Y€CKOI'0 MOAE/JIMPOBaHUA. HpI/I IIOCTPOEHUHN BEPOATHOCTHDIX MO,ZLeJIefI II0 M-
HUPUYECKUM JAHHBIM 0a30BbIe JOIYIIEHUS IIPUHSITO MPOBEPITH IOCTIEe TOTO, KaK MOJE/b
nocTpoeHa. Hampumep, aHaan3 perpeccCHOHHBIX OCTATKOB COJEPZKHUT B CBOEM apceHaJse
JIECATKI TEeCTOB JI7Is IPOBEPKH CTATHCTUIECKUX TUIOTE3 O CBOMNCTBAX OCTATKOB — HE3aBH-
CUMOCTH, HEKOPPEJMPOBAHHOCTHU, PABEHCTBA MaTeMaTUIeCKOrO OKUJIaHUS HYJIIO, MayCcco-
BOCTH, IIOCTOAHCTBaA AUCIIEpCUU, U T. /. CTaTI/ICTI/I‘{eCKI/Iﬁ aHaJIU3 BEPOATHOCTHbLIX TeMaTHh-
YeCKUX MOJIeJieil He HaCTOJIbKO XOPOIIo pa3padoTaH, XOTs eCTh OT/ie/IbHble pabOThl B 3TOM
nanpasyienun [152, 91, 48]. B nannOoM paszesie Mbl BBEJIEM CeMeiiCTBO CpeIHeB3BEIIeHHBIX
CTATUCTHUK, TO3BOJSIONNAX U3MEPATH CEMAHTHIECKYI0 OTHOPOJHOCTb W 3arpsA3HEHHOCTH
TeMbl, COIJIACOBAHHOCTH JOKYMEHTa ¢ TeMOil uju Tepma ¢ TeMoil. Heoxxujpanno obuapy-
JKUTCH, 4TO LEPIJICKCUA TOXKEe LPUHALJICZKUT ITOMY CeMelCTBY CTaTUCTUK.

f'MnoTe3a yc/0BHOW HE3aBMCUMOCTMW JIOIYCKAET TPU IKBUBAJIEHTHBIX IIPEJICTAB/ICHUS:

p(w,d|t) = p(w|t) p(d|t); (71)
p(w|d,t) = p(w]t); (72)
p(dw,t) = p(d|t). (73)

Ha mnpakTuke Bce 3TH paclpejefeHds Hen3BecTHBI. llocsie mocTpoeHmst Mojesin
(n ma KaxkgoM mrare EM-aiaropuTma) JOCTYNHBI JIHINL OINEHKH STHX DPACIPE/IeTCHHIL.
B kaz/I0M U3 TPEX PABEHCTB PACHPEEICHIE B IPABOIl 4aCTH OIEHUBACTCS 110 OOJIbIIEMY
00bEMyY JIAHHBIX, YeM pacupejesienne B jieBoii yactu. [losromy B Kadecrse HyseBoii ru-
noresbl Oy/ieM OpATh PE/IIOJIOKEHIE, YTO IMIIMPUIECKOE PACHPE/IEICHHE B JIEBOIl 4acTu
IOPOZKIACTCs (COTTIACYeTCs ¢) BePOSTHOCTHON MOJEJIBIO U3 IPAaBOiil 9acTu.

Hecmorpsi Ha dopMasibHYI0 9KBHBAJEHTHOCTb, Tpu upejicrasienus (71), (72), (73)
IPUBOJAT K PA3/JIHYHBIM KOHCTPYKIUSIM CTATUCTUIECKUX TECTOB C PA3HBIMH BO3MOZKHO-
craMu npuMeHeHus. PaccMoTpuM uX mozppobHee.

1. Pagencrso (71) rpancdopmupyercsi B HyJIeBYIO MHIIOTE3Y O TOM, 9TO JIJIs 3a/aHHO
TeMbI ¢ COBMECTHOE paclipe/ie/ieHie TePMOB B JOKYMEHTAaX IIOPOK/1aeTcs (DaKTOPH30BaH-
HBIM DACIIpe/ie/IeHueM:

Hy:  plw,d]t) ~ plw|t) p(d]t). (74)

JI1s1t IpOBEPKY IAHHOMN IMIIOTE3bl MOKHO HCIIOJIH30BATH CTATUCTUKY B3aUMHOI nH(Op-
MaIlUH, IpeIozKeHHyio B [91]:

p(w, d|t)

Sy = KL(p(w,d|t) || (e 0p(d) = 303 b, d|t) a2 oS,

deD wed
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st nojiydenusi yJ00HO# BbIYUC/IUTE/IHHOM (bopMynbl BOCITIOJIb3YeMCsI Olpe/ieIeHueM
yeaosuoit Bepositnocri: p(w, d|t) = p(t|d, w) plw | d)2EL p(t p(d|t) = p(t|d)%, dbopmyaioit
E-mara (15) u gactorHOi OlEHKON ycaoBHON BeposrHOCTH P(w,d|t) = #e Tloacrapum
II0JIyYeHHbIe BbIPAsKeHUs B Sy

pw.dlt) _plldw)pwld)  paw o Pld)
p(w]0)p(d[?) p(w\t) t1d) ~ Puiba plwld)
Q)
)

ntdw | ﬁ(w | d)
S, = Z Z wld) = avg (ntdw, In pi(w | d))’ (75)

deD wed dw

( ) Dier VT — el
rae avg(yi, i) = LS CPeJJHeB3BEINIeHHOe SHAMEHHUI L5 ¢ BeCaMu i, i )

(2

CCE[‘aTI/ICTI/IKa S; paBHa CpeJIHEB3BEIICHHOMY 3HaYeHHIO Jorapudmuieckoil ynknun
norepsb £(w,d) = In z&z}z; 110 BCEM TepMaM W BCEX JOKYMEHTOB d, B3ATBIM C BECAMU Tydy-

Oyuxmusa ((w,d) nomoxurensua, korma p(w|d) < p(w|d). Ilorepst Tem Bbime, dem
XYy2Ke TeMaTHu4eCKasd MO/JICJ/Ib IPEACKa3bIBaCT BEPOATHOCTD IIOABJIEHUA TEPMa B JJOKYMEHTE

p(w|d) o cpasHenuio ¢ rpuBHa/IbHOIl YacToTHOI ouenkoi p(w |d) = .

Crarucruka S; gBjsieTcsa Mepoil ceMaHTHYECKOH HEeOJHOPOAHOCTH TeMbl t. Eciin B MO-
JIEJII 0KA3aJI0Ch CJMIIKOM MHOI'O CEMAHTHYECKH HEOIHOPOIHBIX TEM, TO IEJeco00pasHo
IIOCTPOUTH JIPYTYIO MOJIEJb, YBEJTHUUB YUCA0 TeM. TeMbl ¢ aHOMAJIbHO GOJIBIIUME 3HAYE-
HUSMEU Sy MOTYT B JlaJIbHEHIIIeM PACHIEIIAThCS Ha 00JIee MeJIKHe TeMbl B HePAPXUICCKUX
TeMaTUYICCKUX MOIEJ/JIAX.

2. PagenctBo (72) rpancdopMupyercs B HyJ€BYIO TUIIOTE3Y O TOM, YTO SMIUPUIECKOE
pacipe/ie/ieHie TepMOB TeMbI ¢ B JIOKyMeHTe d HOPOXKIAETCs OOIIHUM /It BCeX JIOKYMEHTOB

pacliipejieJieHueM TEPMOB:

Ho:  plwld,t) ~ p(w]t). (76)

Jlist mpoBepKu JAHHOI MMIOTE3bl OTHOCUTEIHLHO (PUKCHPOBAHHOTO JOKYMeHTA d BBe-
JIEM crarucTuky Ha ocHoBe KL-jiuBeprennuu u, OlycKas aHAJOIMYHbIE BbIKJIAJIKH, 3allk-
meM eé depes cpe/lHeB3BenieHHoe JiorapudMuieckoit (pyHKIuu 1morepb:

S = KL(p(w]d,t) || p(w]t)) = avg (ntdw, lnM). (77)
wed p(w|d)

Craructuka Syg ABJIs€TCs MEPOl HECOIVIACOBAHHOCTHU JOKYMeHTa d ¢ TeMoii t.

Yewm OoJibliie 3HadeHHE Sy, TEM CHJIbHEEe JTOKYMEHT d OTKJIOHSETCS OT CeMaHTHYe-
CKH OJHOPOIHOIO KJjacrepa Tembl t. CraTucTura Syy MOKET MPUMEHATHCI s 0TOOpa
peIeBaHTHBIX JOKYMEHTOB IIPU CYMMAapHU3allly WA BU3YAJU3AIUNA TEMbI, y/IaJIeHUs HeTe-
MaTHU3UPYEMBIX HJIH <«IPSI3HBIX» JOKYMEHTOB, BBIOOpa YHCJ/Ia HTEPAIUil M0 JOKYMEHTY,
BbIJIEJICHUS JIOKYMEHTOB /i (DOPMUPOBAHUS HAYAJIbHBIX TPUOJINZKEHUN HOBBIX TEM.

3. Pasencrio (73) tpancdopmupyercs B HyJeBYIO IHIOTE3Y O TOM, YTO IMIIHPHIECKOE
pacupe/iejieHue TepMa w 1o JIOKYMeHTaM B Teme ¢ OpPOkK/1aeTcst OOIIUM JIJIsi BCEX TEPMOB
pacipejieiIeHHeM TeMbI 110 JOKYMEeHTaM:

Hy:  pld]w,t) ~ p(d]t). (78)

JIns mpoBepKH JAHHOW TMIIOTEe3bl OTHOCUTE/JIHHO (PHUKCHPOBAHHOI'O TEpMa W BBEJIEM
craructuky Ha ocHoBe KL-ampeprenmuun. CHOBa oIycKasi BBIKJIAJJIKHU, 3alUIIEM e€ depes
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cpe/iHeB3BelleHHOe JIorapudMuuecKoil (PyHKIUU 1OTEPD:

Swt = KL(p(d|w, ) H p(d|t)) = avg ntdw,lnM : (79)
deD p(w|d)

Cratucruka Sy, sABJISETCA MEPOil HECOIVIACOBAHHOCTH T€PMa W € TeMOii t.
AHOMAJIBHO BBICOKHE 3HAYEHUSA S,y TOBOPST O TOM, 9TO TEPM OTHOCUTCS K ODIIEYIIO-
TpebuTesibHOI Jiekcuke. [ls BhijiesieHnst TakuxX TepPMOB B (DOHOBBIE TEMbI MOXKHO YCUJIUTH
PEeryJIsipu3aTOpbl JIEKOPPEJNPOBaHus U criazkupanus [146|. AnomasibHO HuU3KHE 3HAdYe-
HUS Sy TOBOPAT O TOM, YTO TePM W SABJSETCS O0sI3aTEIbHBIM B TeMe W BXOJIUT B eé
ceMaHTHYecKoe sapo. TeMbl, cofepzkariue OOJIBIIOE YHCJIO TAaKHX TEPMOB, MOTYT OBITh
0Opa30BaHbl MAGJOHHBIME (bpa3aMu, 9aCTO IIOBTOPSIONMMUCS B TEKCTaX KoJuteknuu [91].

J1j1st IpOBEPKH CTATUCTHIECKOIT TUIIOTE3bl 00 YCJIOBHOI HE3aBUCHMOCTH 3HAYCHUE CTa-
TUCTUKH S, 1Peodpasyercst B JIOCTUIAeMblii ypoBeHb 3Hauumoctu p-value = F'(S,), rue
F — dbyuknus pacupejesieHust CrarucTuku Sy, MOJIYyYeHHAs B YCJIOBUSIX UCTUHHOCTU HYyJIe-
BOIT runoresbl. Eciin jgocturaeMblit ypoBeHb 3HAYUMOCTH OJIM30K K €/IMHUIE, TO JeJIaeTCst
BBIBOJ[, UTO JIaHHBIE POTHBOpeYAT HyJeBoll rumorese. Oynkuus pacupenenenns F(.S,)
CTPOUTCS MO CHHTETHYECKOHl KOJLIEKIHH, FeHepUPYEeMON HyTéM COIMILTHPOBAHUS TEPMOB
w ~ p(w|d) remarudeckoit Mmojesbo [13].

O606uwéHHbIe cpeaHeB3BelleHHble cTaTuCTuku. O606IUM BBEIEHHbIC BBIIIE CTATH-
cruku Sy, Sig, Sy Ha cirydail mpousBosibHON dyHKIuE morepsb £(d, w):

Sy = avg (ntdw, ((d, w)) — HEOJHOPOJHOCTH TEMBbI t B KOJLJICKIM;

d,w

Siqg = avg (ntdw, /(d, w)) — HEeCOIJIACOBAHHOCTH JIOKYMEHTa d ¢ TeMoii t;
wed

Swt = avg (ntdw, /(d, w)) — HeCOIIACOBAHHOCTL TepMa w C TeMoii t.
deD

[Ipu smorapudmvudeckoii dynknuu moreps £(d, w) = ﬁ 8’;"33 00001IEHHBIE CTATUCTUKA

St, Sta, Swt mepexondar B (75), (77), (79) cooTBeTCTBEHHO.

B obmem ciyuae or dhyHKIUK m0TEPh MOTpedyeM, YTOOBI OHA HE 3aBHCea OT TeMbI U
aro0bl 3HaYeHue {(d, w) GBLIO TeM BBIIIE, YeM Xy2Ke TeMATHIeCKas MOJe b IPeJICKA3bIBAeT
IIOdBJICHHUE TepMa W B JOKYMEHTE d

Jlajiee paccMOTPUM HECKOJILKO YAaCTHBIX CJIydaeB 9TOH 00Iell KOHCTPYKIUY.

Mepbl HecornacoBaHHOCTHU, TOMIEPAHTHbIE K NOBTOPSAEMOCTU CNoB. ['uroresa ycjios-
HOM HE3aBUCUMOCTU SIBJISETCH I/I36bITO‘{HO CUJIbHBIM IIPEAIIOJIOZKECHUEM. HeKOTOpre A3bI-
KOBBIE SIBJIGHHS MOTYT (pOpMaJIbHO €€ HapyllaTb, HE MPHUBOJA K CEMaHTUIECKOW HEOJI-
Hopozauoctu. Hampumep, siBiienune nosmopaemocmu ca06 (word burstiness) — eciu ¢JioBo
BCTPETUJIOCH B TEKCTE OJUH a3, TO OHO ¢ GOJIBINOIT BEPOSATHOCTBIO BCTpeTHTC ermé [45, 73).
Tema MoxkeT cojiepzKaTb MHOI'O CHMHOHUMOB, U3 KOTOPBIX KazK/blil aBTop ylorpedJiser
JIMIIb HEKOTOPbIC. TeMa MOZKeT O6J’[aﬂaTb HECKOJIbKUMHU aCHEKTaMU, Ka}K,H,bII.?'I CO CcBOen
ﬂeKCI/IKOfI, O/lHAKO B TEKCTe MOzKeT HIATH pPeYb TOJIbKO O 4YaCTU aCIIeKTOB. BCJ’[G,ZLCTBI/IG
9TUX ABJIEHUNl B JOKYMEHTe MOYKeT BCTPETUThCSI HAMHOTO MeHBIIIe CJI0B TeMBbl, IIPU 3TOM
HEKOTOpbIe U3 HHUX OYIyT BCTpeYaThCd HAMHOIO Yallle, YeM MOYKHO OBLIO ObI OKHJIATD
B yCJIOBUAX CTPOI'OI'O BBIIIOJIHEHUA I'MIIOTE3bL yCJ’IOBHOﬁ HE3aBUCUMOCTH.
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Craructuu Sy, Stq, Sw¢ HETPYIHO CJEJIATH TOJEPAHTHBIMHU K ITIOBTOPSIEMOCTH CJIOB, €C-
JIM 3aMEHHTb 9aCTOTHI CJIOB B JOKyMEHTAX OMHADHBIMU UHIUKATOPAMU: Ny = Mgy = 1].
JL1s1 3TOTO JOCTATOYHO BMECTO BECOB Nigyy = NdwPidw B3ATH BECA Dy

S = e (s (A ©)); S = 08 (s €A 0);  Sur = v (s £ds ).
d,w wed deD

Yro0b! (DYHKIHIO MIOTEPh TAKZKe CAeIaTh TOJEPAHTHON K IOBTOPSIEMOCTH, Oy/1eM CpaB-
HUBATH MOJEJIbHYIO BepodrHocTb p(w|d) ¢ acrorHoil onenkoit p(w|d) = *&, B KoTopoit
CYBTUNK Mgy, 3AMEHEH euHUIeil uin, JJist OGIHOCTH, TapaMeTpoM « (yMeHbIIeHne o Jie-
JIaeT CTATHCTHKE eIé 6oJiee TOJTePAHTHBIME K HADYIIICHUSIM HYJIEBON MHIIOTE3bI):

((d,w) = [p(w|d) < nﬁd}

Tenepb cratucturu Sy, Sy, Sy IPUHAMAIOT 3HAUeHUs U3 oTpe3ka [0, 1] 1 BeIpazKaioT
JIOJTI0 TEPMOB TeMBI ¢, J7Id KOTOPBIX MOJIeIb MPeICKA3bIBAT CJIHMIIKOM MAJIyIO BEpOIT-
HOCTb. DBJjiarojapst cro/ib yHUBEpPCaIbHON UHTEPIIPETAlMl CTATUCTUKU ¢ OuHAPHON (DyHK-
nueil moTepb MOXKHO HCIOJIB30BATD JIjIsi CDABHEHUSI TEM B MOJIE/ISIX C PA3IUIHBIM YHC/IOM
TeM, C PA3JIUIHBIMU CJOBAPSIMHE U JaKe MOCTPOEHHBIX MO PA3TMIHBIM KOJIEKIIHIM.

Mepnnekcnsa Tembl. 3amerum, 910 jgorapudM MEPIIEKCHA TEMATHICCKON MOJIEN MOXK-
HO 3allucaTh vYepe3 CpeHeB3BenieHnyo GyHukiuo norepb £(d, w) = In m, HPUYEM KaK
JUIS BCell KOJLIEKIINU, TaK U JJI OTAeJbHOIO JOKYMEHTA:

In &P = ?ng (ntdw, In p(w|d)) = EZng(ndwa In m);

_ 1 _ 1
In #; = avg (ntdw, In Sld d)) = avg (ndw, In @D d)).
w,t wed
[To amajorun omnpenennM depes 0OOOIEHHDBIE CPEIHEB3BEIIEHHbBIE JTOTapHMM nepn.aek-
cuu memor t KaK 10 BCeil KOJUIEKIMH, TaK U 110 OTAEJIbHOMY JIOKYMEHTY:
I P, =5, = avg(imaw, In ;ry5);
, W
In Z;y = Siq = avg (ntdw, In ——— )
p(wl )
wed
Bunauvenue uepiiekcun Fpg He OLPENEICHO, €CIU Mg, = 0 i Bcex w € d, TO ecTb
eCJIM TeMa, IOJIHOCTHIO OTCYTCTBYET B JOKYMEHTE.

Auesepreruns Kpeccu-Pupga. Ilpu dbysxmum noreps /(d,w) = )\(Al-f—l)((ﬁg;dg) —1)
0000IIEHHBIE CpelHeB3BeIIeHHble CTATHCTUKH IIepexoldaT B aupeprennuio Kpeccn—Puma.
D10 napamMerpuuecKoe CeMeiCTBO CTaTHCTHK UCIOJIb3YeTCd JJId IPOBEPKU TUIIOTE3 O CO-
IJIACHH SMITUPUYECKOTO PACHpPEJEIeHHs] ¢ 3a/laHHbIM JUCKPETHBIM pacipejesenuem [39).
[Ipu KOHKpeTHBIX 3HaYeHusIX napaMerpa A auseprennus Kpeccu—Puna nepexogut (¢ Tod-
HOCTBIO JI0 MHOXKHTENs]) B CTATUCTUKY Xu-KBajapar [lupcona (A = 1), auBepreHmmio

Kynp6aka—/leitbnepa (A — 0), craructuky ®@pumana—TbOKI WK paccTogHue XeJInHre-

a (A= —%), MOJIM(PUIIMPOBAHHYIO CTATUCTUKY JIOrapudMa OTHOIIEHUS PAB/IOI0I00UI
(A = —1), MoauduIuPOBAHHYIO CTATUCTUKY XH-KBaJApar HeiiMmaHna win B3BelIeHHOE €B-
KJIJI0BO paccrosinue (A = —2). Bee 911 crarncruku sBIIslioTcsi HECUMMETPHYHBIME (DY HK-

MUSIMHA [Tapbl JUCKPETHBIX pacCIpeje/eHnil, 3a HCKIYeHHeM pPACCTOSHHA XeJIHHIepa.
[IpermytecTBO MapamMeTpUIECKOrO ceMeiicTBa B TOM, YTO CBOOOI0H BBIOOpa MmapamMeTpa A
MO2KHO PacCliOpAJUTBCA JId OUTUMU3AlUU KaKOFO—ﬂI/I6O BHEIIHEI'0 KpuTepud KavdecTBa.
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17 [MpoekTt BigARTM

BigARTM — 310 Oub/mOTEKA C OTKPBITHIM KOJOM, OocHOBaHHas Ha Teopuu ARTM.
OHa uMeer pacimupsieMblii BCTPOECHHbBIH HAOOP PEry/isipu3aTopoB U METPUK KavdecTBa, pea-
JIN3yeT OHJIAfiHOBLIN U oddraiitHOBBI MHOTOIIOTOYHBIH akeTHbI EM-anropurm, obecre-
YUBAIOIINI BBICOKYIO 3 HEKTHBHOCTHL 00paOOTKU OOJBIINX KOJIJIEKIHI Ha OJHOM KOMITBIO-
Tepe. bubimoreka gapjsgercsa KpocciiaTrgOpMeHHO: cCOOPKY U MCIIOJTHEHUE MOYKHO IIPOU3-
Bozuth 1o Windows 7/8/10, Mac OS u pasiuaubivu guctpubyrusamu Linux. ITomuep-
JKHUBAIOTCS IporpaMMubie nurepdeiics nox Python 2.7.% /3% C++, a rakxke 3amyck B Buje
ucroageMoro buaapuoro daiina. exonusrit kog BigARTM manucan Ha C++11. [logmeprku-
BaeTCsl HECKOJIBKO IOIMYJISPHBIX (POPMATOB TEKCTOBBIX JIAHHLIX. VcuepbIBaONIy 0 HHGOP-
MaIfIo 10 OMOINOTeKe MOKHO HAiTH B JTOKYMeHTAIluu Ha caiiTe http://bigartm.org.

Huxke upejcrasien MuHMMaJIbHbI KO B Python, Bbinosnsionuii 3arpysky u npeod-
pa30BaHKe JIAHHBIX BO BHYTDEHHHI (DOpMaT IakeroB JOKYyMeHTOB (6amued), CO3/IaHue
1 o0ydeHHne MOJIEIU, BbIYUCICHIE U BBIBOJ, MEPILICKCUH.

1 # Import all necessary tools and data

> from sklearn.feature_extraction.text import CountVectorizer

3 from sklearn.datasets import fetch_20newsgroups

4+ from numpy import array

5 import artm

¢ # Extract data using sklearn and numpy

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

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

10 # Create batches and dictionary

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

12 n_wd=n_wd,

13 vocabulary=vocabulary)

14« # Learn simple PLSA model

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

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

17 dictionary=bv.dictionary))
1z model.fit_offline(bv, num_collection_passes=20)

19 # Print perplexity values by iterations

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

MoprotoBka AaHHbIX. YHUBEPCAJIbHBIM O0bEKTOM, IPUHUMAEMbIM Ha BXOJ BCEMH Olie-
panusgvu BigARTM, siBisieTcs BekTOpu3arop artm.BatchVectorizer. B upumepe Bbiie
(maru 10-13) on ObLI CO3/1aH 110 MATPHIE «MEIIKA CJI0By» N_wd U CJI0BAPs, 33/JAf0IEro Co-
OTBETCTBHE MeXKIY CTPOKAMU MAaTPHUIIBI M CJIOBAMU KOJUIEKIHH. B 3TOM cirydae makeThl co-
37Iaf0TCS B OMEPATUBHON NAMATH U MOJHOCTBIO YIAJAIOTCI U3 Heé O 3aBepIIeHnHn PadOTHI
OuOIMOTEKH. DTOT CIHOCOO XPAHEHHUsI JAHHBIX ITOAXOMAMT TOJBKO JIJIsi HEOOJIBIINX KOJLIEK-
Ui, [EeJIMKOM [OMEIAIONIMXCH B HaMATH. BO BceX OCTa/IbHBIX CJIydasX HCIOJIb3YIOTCS
dopMaThl JIAHHBIX, HPEJIOJIArafolMe YTeHNe UCXO/IHbIX JIOKYMEHTOB C JIMCKA M 3alUCh
UTOrOBBIX IIAKeTOB Ha Juck. Hambosee momynaspen ¢gpopmar rekcroBbix daiiios Vowpal
Wabbit, B koTopom Kazkast CTpOKa COOTBETCTBYET OJHOMY JOKYMEHTY M HMeeT B

doc_ title token 1:value 1 token 2:value 2
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ﬂaHHbeI (I)OpMaT IIO3BOJIdeT HpeAcCTaB/IATb JOKYMEHTbl KaK «MEIIKOM CJIOB», TaK U
nocJjie10BaTe/IbHbIM TEKCTOM, a TaKzKe 3allMCbIBaTb B JJOKYMEHTbI T€PMbl PA3JIMYHbIX MO-
naabHocreii. [lpumep co3manus BekTopu3aTopa 110 ganubiM B dpopmare Vowpal Wabbit:

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

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

[Tapcunr GOJBINOI KOJUTEKIINE — OTHOCHTEIBHO JITUTeIbHBI mpotece (JazKe HeCMOTPsI
Ha t0o, 4r0 BigARTM yMeeT BbIIOJIHATDL €r0 B MHOIOIIOTOYHOM pe>K1/1Me), O9TOMY Y/I00HO
COXPAHHUTDH ITAKETbl HA JUCK U UCIOJIb30BATh UX MHOINOKparTHO. [Ipumep cosjanust BeKTo-
pusaropa, 3arpyzKaroiero 1akerol ¢ JUCKa:

1 bv = artm.BatchVectorizer(data_path=’my_collection_batches’,
2 data_format=’batches’)

Cnosapu BigARTM mnpejHa3Ha4YeHbl /I XPAaHEHHS JAHHBIX O CJIOBaX U HCIIOJIb3Y-
I0TCsl B HEKOTOPBIX peryjgpu3aropax M MeTpukax KadecrBa. (CJoBapio COOTBETCTBYET
00beKkT artm.Dictionary, KOTOpPBII MOXKHO JHOO cHOPMHPOBATH ABTOMATHYECKH BO
BpeMsi pa30MeHusl KOJUIEKIMK Ha nakerbl (3aj7aB B artm.BatchVectorizer mapamerp
gather_dictionary, no ymosdanuio pasublii True), jaub0 CO3/1aTh BPYUYHYIO HA OCHOBE
cBoux JaHHBIX. OODBEKT cJa0Bapsd MOXKHO COXPAHUTH B OMHAPHBIN HJIM TEKCTOBBIH aii,
3aTeM 3arpyzKaThb ero u3 3roro Qaiiia:

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

2 data_format=’vowpal_wabbit’,

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

s # Load dictionary back during next BigARTM launch:

¢ dictionary = artm.Dictionary()

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

[oroBbiit ciioBapb MOXKHO U3MeHsITh. [ljisi 9TOro JOCTATOYHO COXPAHUTH €0 Ha JIUCK
B TEKCTOBOM BHJIE, 3aTeM MOAU(MHUIUPOBATH MOJTYICHHBIH (hailyl 1 3arpy3uTh €ro 0OpPaTHO:

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

3 # Then, load it back

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

CiioBapb, COXpaHEHHBIH B TEKCTOBOM (ailiie, COCTOUT U3 CTPOK CJIELYIONIEro BUJA:
token class_id value tf df

rae token — cTpokoBoe TpejcraBieHune cioBa, class id — mogambHOCTD, tf — abcosmor-
Hasg 9acTOTa CI0Ba B KoJuieknuu, df — 4uc/io 10KyMeHTOB KOJLIEKIUH, B KOTOPBIX CJIOBO
BCTPETUI0CH X0Ts Obl pa3. ITose value 110 ymMor9anuio 3an0/1us1ercss HOpMUPOBAHHBIM 3Ha-
YEeHUEeM tf, HO MOzZKeT 6bITb N3MEHEHO (3Ta BO3MO2KHOCTDH HCIIOJIB3YETCA KaK MEXaHU3M
nepejiadn JAHHBIX B HEKOTOPBIX DEryJsIPU3aTOpax W MeTPHKAX KAuecTBA).

CuroBapu MOKHO (pHJIBTPOBATH BCTPOECHHBIME CpeJCTBaMu 10 3HadenuaM tf u df, na-
HpUMeD, MOXKHO OTOPACHIBATL CJMIIKOM YaCThle MJIM CJAUIIKOM PEAKHE CI0Ba. Y Ka3aHHe
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cJIoOBapsd B KOHCTpyKTOpe artm.ARTM wjim B metone artm.ARTM.initialize 3ajaér mo-
psiIoK ¢TpoK B marpunax ® u (n,;) COIIACHO HOPSAJKY CJIOB B CJIOBape. DTO BaXKHO,
HAIIpUMeD, JJI MOJAJbHOCTA METOK BPEMEHU.

Perynspnsatopbl moryTr BozjeiictBoBarh Ha Marpunbl P, O wmwin (ptdw). Perymsa-
puzaropbl ¢ MoryT BO3J/EHCTBOBATH HA OTJE/IbHbIe MoOJa/abHoCcTH. Hajimuune napamer-
pa class_id ykasbiBaeT, 4TO Ppery/spusarop padoraer ¢ OJHON MOJAJBLHOCTBHIO, I10-
ymosrdannio ¢ @default_class. Hasimuume napamerpa class_ids ykasbiBaer, 4To pery-
JIApU3aTOp paboTaeT cO CIUCKOM MOJAJIbHOCTEil, Mmo-ymMoJdanuio co Bcemu. Ilodurn Bce
HapaMeTpbl BCEX Pery/spu3aTOpOB MOXKHO MEHSTh MEK/Iy UTepaIlusaMi 00yIeHH.

SmoothSparsePhiRegularizer — pe2yaapusdamop C2AGHCUCAHUA—PASPEHCUBAHUL MA-
puyo, ®, peammzoBan o dopmyiie (30) ¢ HeGOIBIIIM 0600IIEHEEM:

Put = qvoervrip(nwt + 78w f ().

Ecim B oupenesenun KL-juBeprennuu 3amenurs jiorapudm Inz wa dyskinuo A(x),
to f(x) = xN(x). Ilo ymomuanuto f(xr) =1, uro u coorsercreyer Jiorapudpmy. B 6ub-
JIMOTeKe MOXKHO 3ajaBarh f(x) Kak cremennyio dbynknuio. Bekrop () 3arpyxkaercsa u3
cJIoBaps U 3aa6TCda 3HAYEHUIMHU 0.1 value Kazkoro ciosa. /st KazK10ii TeMbl ¢ MOZKET
OBITH 33/1aH CBOI Takoil BeKTOp. TaKuM CII0cOO0M MOXKHO 3a/1aBaTh «0eJible» U «IEPHBIE»
CIIMCKM CJIOB /IS YACTUIHOIO 00Y4eHus.

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

SmoothSparseThetaRegularizer — pe2ysapu3amop CaAaHCUSGHUA—DPA3PEANCUCAHUA
mampuyse O, peanuzoBan o gopmyie (31), ¢ anagornaHbIM 0600IEHIEM:

O = n?er%n (ntd + Taiatdf(‘gtd))-

Oyukius f Urpaer Ty ke pPoJib, 9TO U B PEryJIsIpU3aTope CrilazKuBaHusI—pa3pe:kuBaHust P.
Maccus MHOXKHUTEJIEH (y; TTO3BOJISIET YIIPABJISATH BO3/IEfiCTBUEM Pery/isipu3aTopa Ha KazKJ10i
i-il BHyTpeHHel urepaiuu 00paboTKu JOKyMeHTa. BekTop ujm marpuna (yg) 103B0JIseT
YIIPABIATH BO3JAEHCTBHEM PeryIgapu3aTopa Ha 3JeMeHThl MaTpHIbl O.

DecorrelatorPhiRegularizer — pezyasapu3amop 0eKkoppesuposarus mem 6 Mampu-
ue P, peammzoBan cormacHo (32). O moab3oBaresns Tpebyercss ykasaTh Kodbhuiment
peryagapu3alniuid T U CIACOK MOJAJBLHOCTEl, HA KOTOPBbIe HY2KHO BO3JICiCTBOBATD.

TopicSelectionThetaRegularizer — pezyasapuszamop ombopa mem 6 mampuye O,
peasnuzoBan 10 dbopmyste (49). EAuHCTBEHHOE OTJIHYNe 3aKTI0IAeTCsI B HATHIHHA MACCHBA,
MHOXKHTeJIE (v, KaK B PEryasipu3aTope CriIakKuBaHusI—pa3peKuBaHug O.

SmoothTimeInTopicsPhiRegularizer — pe2yaapu3amop C2AGHCUBAHUA MeM NO MO-
danvrocmu epemenu 6 mampuye P, peamuzoBan o dopmyse (42). st KOpPEKTHON pa-
O0TBI peryjsapu3aropa TpedyeTcsd yKa3aTb HMs MOJAJbHOCTH BPEMEHHU H PACIOJIOKHTD
TepMbl BpEMeHH B cjioBape u B Marpuiie ® B XpOHOJIOIMYECKOM TOPSIJIKE.

79



NetPlsaPhiRegularizer — pezyaspuzamop NetPLSA dasn modasvrocmu sepuun epa-
da 6 mampuue P, onpenensiercs no popmysie (52). B mokymenTax jg0/KHbL ObITH 3apaHee
3aIMCaHbl TepMbl BepH rpada v. B mapaMerpax peryirgpusaropa 3a1ai0TcCsa IMEHA Bep-
IINH v, uX Beca (MouHOCTH MHOKECTB |D,|) 1 Beca pédbep rpada wy,.

ImproveCoherencePhiRegularizer — pezyaapusamop Ko2epeHmuocmu, Peaan30BaH
no dopmyne (55) u B KadecTBe mapamerpa Tpebyer CI0Bapb MAPHOH COYETAeMOCTH
ciioB Cy, (cOBpaTh ero MOKHO ¢ MOMOIIBI0 BCTPOEHHOTO TMApCepa).

BitermsPhiRegularizer — pezyaapuszamop O6umepmos, peaau3oBaH 1O Gopmy-
aam (53)—(54) u B KauecTBe mapaMeTpa TaK:Ke TPeOyeT CI0BAPb YaCTOT OUTEPMOB 7,
(3aa4a ero cOOPKHU JIOZKHUTCSA HA 110JH30BATEJI).

LabelRegularizationPhiRegularizer — wacmommnwi pezyassapusamop mampuio,
Jtst Kiracendukanuu ¢ HecOaJaHCHPOBaHHBIME KJaccamu. PeasuzoBan o dopmyde (47).
B kauecrBe mapamerpa rpedyer cjoBapb KJacCOB CO 3HAYEHUsIMEU UX MOUHOCTeH |D,|.

HierarchySparsingThetaRegularizer — pezayaapusamop uepapruieckoz20 paspescu-
saHus ©, HCHOIB3YeTCH JIJIsi PA3PEKUBAHUS MATPHILBI CBA3EH MEXK/1y POAUTEIHCKUME Te-
MaMU U UX JIOYEPHUMHE IIOJTEeMaMi B HEPAPXUIECKUX MOJe/IsX, coracHo dbopmyse (51).

TopicSegmentationPtdwRegularizer — pezyasapuszamop FE-waza dan pazpesrcusanus
ceemenmos 6 Mampuyas (P ), oupeaeasemblii o dpopmysie (68).

SmoothPtdwRegularizer — peeyasusamop E-waea das cenasrcusarus mampuy, (Praw )
110 JIOKaJIbHOMY KOHTeKcTy. [Ipubiunzkaer temarndeckKuil npoduiib Kax 010 BXOXK/ICHUS
TepMa K yCpejHeHHOMY npoduiio ero coceeit (1o okxy GUKCHPOBAHHON HIUPUHBI).

Perysisipuzaropbl MOryT BKJIIOYATHCS, OTKJIOYATHCA I MOJAU(PUIIMPOBATHCS B JIIOO0M
MOMeHT MezKy BbizoBaMu fit_offline mim fit_online, 4TO HO3BOJIAET, B COBOKYIIHO-
CTH C KOHTDPOJIEM MeTPHK KadecTBa, I'MOKO IMepecTpamBaTh CTPATErHI0 PeryIsapH3aliin
B COOTBETCTBUHU C TEKYIIUM COCTOsiHHeM Mojesn. [Ipumep:

1 reg = artm.DecorrelatorPhiRegularizer(name=’decor’, tau=le+b)
> model.regularizer.add(reg)
3 model.scores.SparsityPhiScore(name=’sparse’)

s model.fit_offline(batch_vectorizer=bv, num_collection_passes=10)
¢ print model.score_tracker(’sparse’).last_value

¢ # Printing result: 0.15 - too small. Let’s increase tau
o model.regularizer[’decor’].tau = 3e+5
10 model.fit_offline(batch_vectorizer=bv, num_collection_passes=15)

MeTpukn kadectBa jio0aB/idioTCd 4depes 1oJisi scores oObekra ARTM. B sror moment
y MHOTHX METPHK MOYKHO 3a/1aBaTh MapaMeTpbl. BoIYuC/IeHHbIE 3HAYECHUST METPUK H3BJIE-
KATCs depe3 IMoJisd score_tracker.

PerplexityScore — nepnaercus, Boranciasiemas 1o gopmyde (69). Tius eé koppekr-
HO¥ PabOThl HYKEH CJI0BaPb, COJ/IEPKallMii HOPMUPOBAHHbBIE YACTOTHI CJIOB B KOJLJIEKIIMH
(ne MomudunupoBanube 3HaveHus value st Kazkaoro ciosa). OHI UCHOTB3YIOTCSA B Ka-
decTBe AMNPOKCHMAIMH HYJIEBBIX 3HadeHuii p(w|d) u MO3BOJISAIOT KOPPEKTHO OINEHUBATH
MOJIEJIN Ha OJIHOM CJIOBApe, HO C PA3HOI CTelNeHbI0 PA3PEeKEeHHOCTH.
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[Ipumep nopk/09eHnst neprieKcun Jjist MoJasibHocru @default_class (crangapraas
MOJAJIBHOCTD CJIOB):

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

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

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

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

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

[Toste value cojepkuT BCIO KCTOPHUIO 3HAYEHUIT METPUKH 110 OOHOBJIEHUSIM MaTpullbl .
Y moboro moJig 1000 MEeTPUKH HMeeTcCsd BapHaHT ¢ HpedHuKcoM last_, KOTOpBIA BO3-
BpalllaeT 3HadeHNe MEeTPUKU Ha MOMEHT IOCJeHell CHHXPOHH3AIH. DTO MOYKeT ObITh
[IOJIE3HO JJI IIOJIYYeHUd MAaCCUBHBIX MeTpuk Tuna TopTokensScore.

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

TopTokensScore — mon-cao8a 6 memax, CIUCOK U3 3aJaHHOI'0 4YHUCJa CJIOB C Hau-
0oJIbIIEll BEPOATHOCTHIO 110 Kaxkja0# Teme. Ecim B mapamerpax 3T10il METPUKH yKa3aTh
CJI0BAPbh MAPHOI COYETAEMOCTH CJIOB, TO OyIeT BBIYHUCJIEHA KOIepEeHTHOCTh coher; 1o cuuc-
KaM TOII-CJIOB B TeMax, cortacHo dopmyiie (70).

TopicKernelScore — Adposvie xapakmepucmukry mem: IACTOTA PUr,, KOHTPACTHOCTH
cong, pa3Mep sdjipa ker; oneHuBaOIIEe pa3IuIHOCTD M, KOCBEHHO, HHTEPIPETUPYEMOCTH
KazKJIOH TeMbl t, ¢M. ¢Tp. 72. AHAJOrMYHO TOI-CJI0BAM, yKa3aHUe CJI0Baps MapHOil code-
TAEeMOCTH 3aIYCKAeT MOJACYET KOIePEHTHOCTH, HO TeNePhb YIKe IO gJpaM TeM.

BackgroundTokensRatioScore — dosa honosvix o6, OeHUBAET OO CJIOB, J1JId KO-
ropbix KL-muBeprenius MexK/ 1y pacipeaenenuamu p(t) u p(w|t) Bblie 3aJaHHOTO MOPOTA.

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

ItemsProcessedScore — wucao 06pabomannoir dOKYMERMOS, TEXHNIeCKasd METPUKA,
IOKA3bIBAMOIIAs [0 UTEPANUAM KOJUIECTBO JIOKYMEHTOB (C MOBTOpaME), 00pabOTAHHBIX
EM-ajiropurMoM ¢ MOMEHTA BKJIIOYEHUS METPUKH.

PeakMemoryUsage — nukogoe nompebienue namamu, TeXHuIecKas MeTPHKa (J10CTyII-
Hast T01bKO B C++ unTepdeiice), npegocrapsioniasg uHbOPMAIHIO O MAKCUMAILHOM II0-
TpebJIeHIH OTIePATUBHON MaMATH 32 BpeMd KazK/I0il HTeparui aaropuTMa.

[Tosib30BaTe/ib MOXKET He TOJILKO CO3/[aBaTh COOCTBEHHbIE METPUKHU, HO U BbIYUC/ISTH
UX HAIPSIMYIO, C/I€/IaB BBIIPY3KY mapameTpoB mojenun ¢ u O.

Bbirpy3ska napametrpos mogenu. B ciiejyromniemM Koje 110Ka3aHo, KaK MOy IYUTh MaTpPU-
iy ® (rounee, nepsbie 10 rem JedoaTHONR MOIAIBLHOCTH):

1 model.get_phi(topic_names=model.topic_names[: 10],
2 class_ids=[’@default_class’],
3 model_name=model.model_pwt)
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Ykazanue napamerpa model_name=model.model_nwt 103BoJisieT aHAJOIUYHBIM ODpa-
30M IIOJIYYUTH 3HAUYEHUA Ty BMECTO Dyt

C marpuneit © MoxKHO paboTarhb 1mo-pasHomy. Bo-mepBbix, €6 MOKHO BOOOIIE HE Xpa-
HUATDH, €CJIU OHA He HyKHa. BO-BTOPBIX, MOKHO XPaHUTHL €€ B KIIIe, 3a/JaB Iepesl Hada-
JioM o0ydenus mapamerp cache_theta=True. B Tperbux, MOXKHO BKJIIOUYAUTH XpaHeHne O
B ®-110/106H0#1 MmaTpure, 3a1aB napamerp theta_name. 910 jacT CBOOOIHBINH JOCTYI K MAT-
pulle HA YTeHue U 3aluch B JII0O0I MoMeHT. B iepBom ciiydae BbIDY3UTh MaTPUILy HEBO3-
MOKHO, B OCTAJIbHbIX IIPUMEHUM CJIC/IYyIOIAN KOJI;

1 # case 2

> model.get_theta()

3 # case 3

1 model.get_phi(model_name=model.theta_name)

Bce onucannble BbIlle BBI3OBLI BO3BpAIaloT 00beKThl pandas.DataFrame.

[Tommmo onmcannOro mHTepdeiica BBITPY3KH MATDPHI, €CTh BO3MOXKHOCTH HOJTYIHTH
yKazaTelb Ha MATPUIy H HAIPAMYIO MOAU(MHUINPOBATH MAMSATh, UCIOIB3YEMYIO dIPOM
OubJINOTEKH, YTO CYNMIECTBEHHO YMEHbBIIaeT PACXO MAMATH U BPeMs BBITHCJIEHUII.

MHuoronoTo4uHbl NnakeTHblii EM-anroputm. bubsmmoreka BigARTM nossouisier obpaba-
THIBATH KOJUIEKIIMK JOKYMEHTOB, HE MOMEIIAONINECs] B OHePATUBHYIO maMsTh. [ljist 9Toro
Kosuneknus ) ¢ momombio BatchVectorizer pasbuBaerca Ha nmakerol Dy, b=1,..., B,
KasK/JbIil U3 KOTOPBIX XpaHUTCA B oTaeabHOM daitie. [lakeTsr oOpabarsiBatoTcs mo ode-
peau. Kaxkplit maker 3arpyzkaercs B maMsiTh, OOHOBJsieT MaTpuily ® u BbIrpyKaeTCs.
OOBIYHO HUCIOJIB3YIOTCS MAKEThl PA3MEPOM OT COTEH KHIOOAT /10 JECITKOB Meradaiir.
Kosddunuenrsr perysispusanu 33/1al0TCS B MOMEHT CO3/IaHUs MOJIEJ/IH, HO IIOTOM MOLYT
OBITH B JTI000IT MOMEHT U3MEHeHbI, B TOM 4ucjie B Xoae EM-ureparnmii.

®ynknus ProcessBatches obpabarsiBaer 3a omumn pa3 MHO)KecTBO maketoB {D},
cm. Asropurwm 4. [t Kazk10ro 10KyMeHTa d KaxK0ro u3 nakeToB D, MPOU3BOIATCS HTe-
panuu BeKTOpa Oy co BerpoerubiM E-trarom npu pukcuposanunoit marpune ®. Ha nocsre -
Hell urepanuu J0KyMEHTa OOHOBJISIIOTCS CYETUYUKU Ty TEKYHIETrO ITaKeTa.

B Oub/inoreke peajin30BaHO HECKOJIBKO CTpaTeruil arperupoBaHus CUYETIUKOB, [1OJIY-
YEHHBIX OT PA3HBIX MAKETOB, B HTOTOBBIX CUETUUKAX Myp-

Odpratinoswds anzopumm FitOffline coBeprmaer MHOro mpPOXOA0B IO KOJIEKIIHM.
Ha kaxkmoMm mpoxo/ie CaéTInKm 1, GopMupyroTCs npu (pukcupoBaHHO MaTpure ¢ u cym-
MUDPYIOTCS 10 BceM mokyMeHTaMm. OOHOBIeHNe P ¢ yIéTOM BCeX peryiasapu3aTopoOB HPOU3-
BOJIMUTCSl B KOHIIE KazKJIOI'0 MPOX0/1a KOJIJIEKIUU B OIHONOTOYHOM pezkume. OddiaitHoBbIit
pPe:KMM OPUEHTUPOBAH Ha 0OPADOTKY OTHOCHUTEIbHO HEOOJIbIINX KOJLIEKIIHI.

Onnatinoswti anzopumm FitOnline 6br1 npegoxen s mogenu LDA B [55], mosxe
st mogenn PLSA B [22|. Ou peanmsoBan B 6ubmoTekax MammmaHOro obydenns Vowpal
Wabbit, Gensim u apyrux, m cumraerca Haubosee 3h(MEKTUBHBIM METOJIOM O0Yy4YeHUS
TeMaTHIecKnX Mojesneii. Ero ocHOBHas mies 3aK/I0OYaeTCd B CHEIUAJBHONU OpraHm3arun
HOC/IeJIOBATE/IbHOCTH Bbrauc/enuit mo popmynam E-mmara u M-mrara. Ona He 3arparusaer
MeXaHu3Mbl peryssgpusainyuu u oguaakoBo npumennma Kk PLSA, LDA u ARTM. Ownuraitno-
BBl aJIrOPUTM JIEIaeT OJIUH IIPOXO/I 110 KOJLJIEKIUU, OOHOB/Isist MaTpuily P 1mocjie Kazkibx
7) MaKeTOB: Ha mare 21 CIETIYUKH 7N, HAKOIJIEHHBIE TIO 7) TMOCJEeTHUM MMaKeTaM, CyMMU-
PYIOTCA CO CUETUUKAMH 7l,,¢, HAKOIICHHBIMH 11O BCEM IIaKeTaM, C BECAMHU Kgecay U Kapply-
Ha mare 22 marpunia @ nepecuurbiBaercs 10 OOHOBJIEHHBIM CYETUYMKAM C y4ETOM pery-
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AgroputMm 4. Odduaiinosslit u onsaiinobeiiit EM-agropury aius ARTM.

1 cbyHkums (7,,;) := ProcessBatches (muoxkectBo makeros { Dy}, marpuna P);
2 Ny ;=0 g Becex w € W, t €T,

3 0N BCcex nakeros D, BCcex JIOKyMeHTOB d € Dy

4 MHUNHMAIA3UPOBATE Oy 1= ﬁ Juist Beex t € T

(S}

NOBTOPSATb
Didw = norm(apwﬁtd) st Becex w € d, t € T
teT

=]

o OR )
7 O := ntoerTm( > NawPrdw + 9td89_td) Juist Beex t € T
wed

noka 6, ve coitgércs;
9 Nt = Nt + NawPtdw A1 Beex w € d, t € T

10 dpyHkuuma FitOffline (kostekuuss D = {Dy: b € B});

11 WHHUIUAJTU3UPOBATD (O, Jjid Bcex w € W, t € T

12 MOBTOPSATH

13 (nwt) :== 3.1, ProcessBatches(Dj, ®);

14 Dt 1= Izu%rvr[p(nwt + @wt%) st Becex w € W, t e T,

15 noka ¢ me coiigércs;

16 dpyHkumsa FitOnline (kosnexmusa D = {Dy: b € B}, mapaMerpsl kgecay; Kappiy: 1);
17 MUHUIUAJU3UPOBATD (O JiJisd Bcex w € W, t € T}

18 Ny := 0 jiy1st Bcex w € W, t € T,

wanai:=1,...,|B/n|

20 (Twt) := ProcessBatches({Dyi—1)+1, - .-, Dyi}, ®);

21 Nt := KaecayMwt + KappryTwe 114 Beex w € W, t € T
22 Pt 1= norm(nwt + @wtaa—R) st Becex w € W, t e T,
weW Puwt

JNsapu3aTopoB. OHIANHOBLIN aIrOPUTM OPUEHTUPOBAH HA 00PAOOTKY OOJIBIINX KOJLICKITHIT
UM TIOTOKOB JAHHBIX.

Becobble K0apPunuenTsl Kgecay U Kapply HO3BOJLIOT YIPAB/IATL TEMIOM 3a0blBaHUs
HIpeIblIyIIX MaKeToB. VIMeeTcs BO3MOKHOCTD 33/1aTh T KOI(MMUIUEHTHI 10 (hOpMyIaM,
PEKOMEHJIOBAHHBIM B [55]: Kaecay = 1 — pi, Kappry = pi, Tae p; = (70 + @) ~", 3Hadenue 7
3ajiatorcs B juanasone ot 64 o 1024, suavenus k — or 0.5 jgo 0.7.

Kounrpouib yeosuit cxogumoctn EM-ajiropurma Bozjiaraercs Ha mnojib3osareis. [Ipo-
1Ie BCEro 3a/iaBarlb YMUCJIO UTepaluil 10 KOJJIEKIIUU U 110 KaK/JI0MY JOKYMEHTY.

B omnjaitnoBom ajiropurme pazbuenue KOJIJIEKIUU Ha [IAKETbl U LOPsI0K 00pabOTKu
[IAKeTOB MOI'YT BJIMSATH Ha pe3y/brar, B owimdue or oddJiaiinoBoro ajaropurma. Irodbt
YMEHBIIUTD 3TO BJAUSHUE, KOJJICKIIHIO Pa30UBAIOT HA HAKETHI COyYailHBIM 0Opa3oM.

B ownJiaitnoBoMm asiropurme, Kak 1 B 0dIaiiHOBOM, BHEIIHUI HUKJI 110 [TaKeTaM Bbl-
HOJTHAETCS TapaJjiebHO B HECKOIBKO MOTOKOB. [Ipu 3TOM 00paboTKa ciaeyromeil mopun
[IAKeTOB He HAYMHAEeTCsd, II0KA He 3aBepIiieHo oOHoByeHue marpuilbl ¢ Ha marax 21-22.
B pesysibrare Bbrauc/mMTEIbHBIE PECYPCHI HCHO/IB3YIOTCH HEdMdMEKTUBHO. DTa, npobiema
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perraercst demepmMuHUpoO8aHHbIM ACUHTPOHHBLM OHAGTHOBVIM GAZOPUMMOM, B KOTOPOM
IPUMEHSIIOTCA OOHOBJICHUS! ¢ 3anas/piBanueM [51].

B BigARTM odduraitnoBeiii asropurm 3amyckaercss ¢ynknueit ARTM.fit_offline,
onsiaiinoBblit — dyukiueit ARTM.fit_online. /lyisi BKJIIOYEHUS JIeT€PMUHUPOBAHHOIO
ACHHXPOHHOTO aJrOpUTMa MOoCcIeHell HaJ 0 mepeaTh mapaMeTrp async=True.

[TocTpoenHyI0 TEMATHIECKYIO MO/IEb MOXKHO HCIIOTB30BATh JIJI TEMATU3AINN OT/Ie/Tb-
HBIX JOKYMEHTOB Ipu (puKcupoBaHHoi Marpuie $. 9ta BO3MOKHOCTD peaandyercs (PyHK-
mueii ARTM. transform, KoTopas IPOIyCKaeT JOKyMeHThl depe3 ProcessBatches.

18 Pa3Beao4Hbli NHPOPMALNOHHbI NONCK

BazkHBIM IpHI0KEHNEM TEeMAaTHIECKOI'0 MOJSTUPOBAHUS ABIICTCS UHPOPMAUUOHHBLE
nouck (information retrieval) [169, 16]. CoBpemMeHHbIe HOMCKOBBIE CHCTEMbI LIPE/IHAZHAUE-
HbI, [JIABHBIM 00PA30M, JIjIsi HOMCKA KOHKPETHBIX OTBETOB HA KOPOTKHUE TEKCTOBBIE 3aIPO-
col. /Ipyrue mouckoBbie MOTPEOHOCTH BO3HUKAIOT Y II0JIb30BaTe eil, KOTOPBIM HEOOXO0 MO
pa3obparbCsa B HOBOIl IpeaMeTHOIl 00JIacTH WM IIOMNOJHUTHL CBOi Oarazk 3manumii. [losn-
30BaTeIb MOYKET He BJIaJeThb TePMHUHOJIOTHEl, CJ1ad0 MOHUMATL CTPYKTYPY IpPeIMeTHO
00J1acTH, HE UMETh TOYHBIX (POPMYJIMPOBOK 3AIPOCA U HE MOJPA3YMEBATH €/IMHCTBEHHBIH
HpaBU/IbHBIA OTBeT. B Takux ciydasix HyzKeH HOUCK HE MO KJIIOYEBBIM CJI0OBAM, a MO CMbIC-
JIy. 3aIpocoM MOXKeT OBITh JJIMHHBIN (pparMeHT TeKCTa, JIOKYMEHT WU MOAO0PKa JIOKY-
MeHTOB. Pe3ybraToM moucka jJgo/zKHa ObITh YI00HO CHCTeMATU3UpOBaHHAS HH(MOPMAIIHSI,
«JIOPOZKHas KapTay MpPeJIMeTHO# 00/1acTH.

Jlnsg 3THX ciaydaeB MOJAXOMUT MapaJUIMa pa3eedoumnozo UHPOPMAUUOHH020 NOUCKa
(exploratory search) [84, 163]. Ero mesbio siBisiercs moJydeHne OTBETOB Ha CJIOZKHbIE BO-
HPOCHI: «KaKHe TeMbl IPE/ICTABICHBI B TEKCTE 3aIPOCa», «9TO YUTATH B IEPBYIO O0YePe/ib
[0 9TUM TeMaM», «9TO HAXOJUTCS HA CTBIKE TUX TEM CO CMEXKHBIMHU O0JIACTIAMEY, «Ka-
KOBa TeMaTHYeCcKas CTPYKTypa JaHHOil peJIMeTHOil 00/1acTHy, «KaK OHA Pa3BUBAJIACH BO
BpEMEHHN», «KAaKOBBI IIOCIEIHAE JTOCTUKEHUSI», «IJIe HAXO/IATCA OCHOBHBIE IEHTPHI KOMIIE-
TEHTHOCTHU», «KTO ABJISIETCS KCIEPTOM II0 JAHHOI Teme» u T. /. [lonb3oBaresib 0ObIMHOI
HOUCKOBOH CHCTEMbl BBIHYZK/IEH UTEPATHUBHO 1epedOpPMy/InpOBATH CBOM KOPOTKHUE 3aIPO-
Chl, PACIIUPsis 30HY MOUCKA [0 MePe YCBOEHUsI TEPMHUHOJIOTUU MPEIMETHOI objacTu, re-
PUOJIMYECKH [IEPECMATPUBAA U CUCTEMATH3UPYs Pe3y/IbTaThl IOUCKA. DTO TpebyeT 3aTpar
BpeMeHH U BBICOKOI KBajudukanuu. [Ipu oTcyTcTBUN HHCTPYMEHTA I HOJIYYeHud «00-
el KapTHHBI» OCTaéTCs COMHEHHE, YTO KAKNEe-TO BazKHbIe ACIEKThI U3yYaeMOoil PO IeMbI
TaK U He OblLin Haifjienbl. Eciim 00pa3Ho HpeJcTaBuTh UTEPATUBHBIN HOMCK Kak OJIyzKjia-
HUe 110 JAOUPUHTY 3HAHUN, TO Pa3BEJIOYHBIII HOUCK — ITO CPEJACTBO ABTOMATHUIECKOTO
HOCTPOEHUST KAPThI JIJIs JIOOOH YacTu 9TOro JabupuHTa.

TemaTtuyeckunii nouck. llomHOTEKCTOBBIE MOMCKOBBIE CHCTEMBI OCHOBAHBI Ha HMHBEDPTH-
POBAHHBIX MHJIEKCAX, B KOTOPBIX JIJIsI KayK/IOTO CJI0OBA XPAHUTCS CHUCOK COJIEPZKAIUX ero
nokymentos [10]. ITouckoBast cucrema uieT JOKYMEHTBI, COJepZKAIIie Bee CI0Ba 3aIpoca,
[OTOMY II0 JIMHHOMY 3allpOCy, CKOpee BCero, Hu4ero He OyaeT HaiiaeHo.

Cucrema TeMaTHYECKOIO PA3BEIOYHOTO IOUCKA CHAYAJA CTPOUT TEMATHIECKYIO MO-
JieJIb 3aIlpoca M OIpejie/igeT KOPOTKHI CIIMCOK TeM 3alpoca. 3areM Jjis HOMCKa JOKY-
MEHTOB CXOKell TeMaTUKU MPUMEHSIOTCS Te »Ke MeXaHU3Mbl WHJIEKCUPOBAHUS U IIOUC-
Ka, TOJIbKO B POJIX CJIOB BBICTYHAIOT TeMbl. [[OCKOJIbKY YHC/IO TeM Ha HECKOJIbKO I10-
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PSIZIKOB MEHbIIIe 00bEMa CJIOBapsi, TEMATHYECKHH HMOMCK Tpedyer HaAMHOI'O MEHbIIe I1a-
MSATH 10 CPABHEHHMIO C IIOJJHOTEKCTOBBIM IOMCKOM M MOXKET OBbITh Pean30BaH Ha BECh-
Ma CKPOMHO# TexHHKe. TeXxHo0ruu nH(GOPMAIMOHHOTO MOKCKA HA OCHOBE TeMaTHYECKO-
ro MOJICTUPOBAHKS B HACTOINEE BpeMsl HAXOJATCS B CTaJIMHM HCCJIEJIOBAHUNi U pas3pado-
Tok [134, 24, 110, 31, 15, 155].

B nureparype 1o pa3Beio4HOMY IIOUCKY TeMaTHIECKOe MOJICTHPOBAHIE CTAIU UCIIOb-
30BaTh OTHOCHTEJILHO HejaBHO [125, 53, 122, 142], a MHOrHe 0630pbl 0 HEM BOODIIE HE YIIO-
munHator [49, 118, 132, 63, 85, 60|. B crarbe [142| BazkHbIMEH HPEHMMYIIECTBAMU TeMATHYe-
CKHUX MOJIeJiell Ha3bIBaIOTCs I'MOKOCTh, BO3MOXKHOCTU BH3YaJIM3alluid 1 HaBuranuu. B To xe
BpeMs, B KadeCcTBe HEJOCTATKOB OTMEYAIOTCS IMPOOJIEMbl C HHTEPIPETHPYEMOCTBIO TEM,
TPYJAHOCTU C MojupuKaIueii TeMaTuIecKoi MOJEIN MPH MOCTYIJIEHUA HOBBIX JIOKYMEH-
TOB U BBICOKasl BBIYUCAUTEIbHAS CJIOKHOCTb. DTH HPOOJIEMbI OTHOCATCA K YCTaPEBITAM
METOJAM U YCIIEIIHO PEIIeHbl B IMOCIEIHUE NOJbl: JECIATKH HOBBIX MOJe/Ieil pa3paboTaHbl
JIJIS YIIY9IIeHHs HHTEPIPETUPYEMOCTH; OHIAHOBBIE aJITOPUTMbI CIIOCOOHBI 00pabaThIBATH
GOJIbIIIe KOJUTEKITUU M MOTOKH JOKYMEHTOB 3a JinHeiiHoe Bpemst [92, 22, 143]. C apyroi
CTOPOHBI, B paboTax M0 TeMaTHYECKOMY MOJEINPOBAHUIO PAa3BEIOYHBIN MOUCK YaCTO Ha-
3bIBAIOT OJHUM U3 BaKHEHIINX HPUJIOKEHHIT, & ONEHKN Ka4eCTBA MOMCKA UCIHOIB3YIOT JIJIst
Basanuu Mogesteii 169, 16]. Oxuako 9ru nccsieoBanust MOKa He HPUBEJU K CO3IAHHIO
O0NIEJIOCTYIIHBIX CUCTEM Pa3BEJIOYHOIO OUCKA. BCE 310 roBopuT 0 pazobiéHHoCTn HaY Y-
HBIX COODIIECTB, pa3padaThIBAIONINX STH /IBA HAIIpaB/eHusd. TeHaeHnus K ux cOMUzKeHUuIO
HAMETUJIACDH JIMIIb B IOCJIE/THIE TOJbI.

TemaTudeckass MOJEIb sl Pa3BeJOYHOrO IMOMCKA JIOJZKHA YAOBIETBOPATH MHOI'UM
TpeboBaHuIM OAHOBpeMeHHO. OHAa JIOJIZKHA COCTOSIThH M3 XOPOIIO HHTEPIPETUPYEMBIX TEM,
HOCKOJIBKY TE€Mbl MHTEHCHBHO HCHOJIB3YIOTCS B II0JIb30BATEILCKOM uHTEpdEiice s Ha-
BUTAIUU 110 KOJIJIEKIIUU ¥ BU3YaJIM3AIUKA PE3y/IbTaToB noucka. OHa J0/zKHA OBITH paspe-
JKEHHO{1, 9TOOBI KazK/IbIil JOKYMEHT COCTOSI/T U3 HEOOJIBIIIOr0 YHC/Ia TeM — 3TO HeOOX0 MO
Jts 3 hEeKTUBHOrO XpaHeHUs HHBEPTHPOBAHHOTO HHAeKca. OHa J10/IZKHA OBITH HepapXu-
YeCcKOil, 9TOOBI I0/Ib30BATE/Ib MOT IIOJIYUUTH IIPeJICTaBIeHIEe O TeMATUIEeCKOH CTPYKTYpe
npeaMeTHol obsracTu Ha JI000M ypoBHe Jetajn3anun. OHa J0/2KHA aBTOMATHIECKH OTIPe-
JIEJIATH 9UCJI0 TEM HA KarKJIO0M YPOBHE HEPAPXUHM M ABTOMATHYECKH CO3/aBaTh U HMEHO-
BaTh HOBBbIe TeMbl. OHAa JI0JI?KHA ObITH MYJBTUIPAMMHOM’, TaK KaK BbIJEJICHHE KJIIOUYEBBIX
¢dpa3 1 TEpMUHOB CYIIECTBEHHO Y/Iy4IIaeT HHTEPIPETHPYEMOCTb TeMbl. OHa J0/12KHA OBITD
MYJIbTHSA3BIYHON B TeX MPHIOKEHUSX, Iyl TpedyeTcss KPOCC-SI3bIYHbII MOUCK, HAIIPUMEp,
Ipu aHaju3e HaTeHTHBIX 0a3. OHa JI0/KHA ObITh MYJIBTUMOIAJIBLHON, 9TO0BI yINTHIBATDH
MeTaJaHHbIe JOKYMEHTOB, BKJIIOYas aBTOPOB M IuTupoBanme. OHa J0/2KHA OBITH TEM-
HOPAJILHOM, 9TOOBI BBISIBJIATH AMHAMHUKY pas3Burus TeMm. OHa J0/2KHA ObITh CErMEHTH-
pyioreii, 9ToObl He TOJBKO HAXOJHWTb pPEeJeBAHTHBIE JTOKYMEHTBI, HO U YKa3bIBaTb B HUX
KOHKpeTHbIe cerMeHThl. OHa JI0/IzKHA OBITh 00y4YaeMoil 110 OIeHKaM acecCOpOB HJIU JIOraM
1oJib30BaTe/Ieil, 9TOOBl MOCTOSIHHO YJIydIIaTh KAadecTBO moucka. Hakowen, peasu3arust
JIOJI2KHA OBbITH OHJIAHHOBOI, lapaJlIe/IbHON U pacipe/ieieHHoi, 4To0bl 3 deKkTuBHO 00pa-
barbiBaTh DOJIBIINE KOJLIIEKIIUA TEKCTOB. TakKuM 00pa30M, MHOI'ME BO3MOXKHOCTH JI0JIZKHBI
OBITH OOBEUHEHDI JIJIsi CO3/IaHUs CEPBUCOB PA3BEIOTHOIO ITOUCKA.

KadecTtBo pa3sBego4Horo noucka. Mogeabr ARTM s pa3BemgodHoro momcka Oblia,
npeniokena B [14] u yayumena B [167, 59|. [list u3Mepennss KavuecrBa pa3Be0vHOIO Te-
MATHYIECKOTO IOUCKA MCIOIb30BAJIACH KPUTEPUH TOYHOCTH W IMOJJHOTHI Ha OCHOBE OIEHOK
aceccopos. st onenuBanus Obljla cocTaBjieHa BbIOOPKa 3aIIPOCOB — 3aJIaHU pa3Be/104-
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HOI'O noucka. Kazkipiit 3a1poc npejcran)isi codoit TekcT 06'bEMOM OKOJIO O HOM CTPaHUIIbI
dopmara A4, onuchIBaOIMMi TeMAaTUKY MOMCKa. Kaxkgoe 3aaHue cHava/1a BhIIIOJIHAIOCH
HE3aBUCUMO HECKOJBbKHMHU aCeccopaMu, 3aTeM CHCTeMOW TeMaTHYecKOro IOWCKa, 3aTeM
e€ pe3yJbTaT CHOBa OIeHHBAJCA aceccopamu. J[aHHas MeTOIWKa IMO3BOJISET, €IIMHOZKIbI
c/IesIaB pa3MeTKy pe3y/IbTaTOB IMOMCKa, MHOTOKPATHO ONMEHUBATH KA9eCTBO PA3JIUIHBIX Te-
MaTHYECKHX MOJE/IEH U MEXaHH3MOB MOUCKA. DKCIEPUMEHThI HAa KOJLIEKIUAX 175 Thicad
crareil pyCCKOA3bIMHOIO KOJLJIEKTUBHOI'O Osiora habrahabr.ru u 760 Tbhicsiu crareil aHrio-
sI3BIYHOrO OJ10ra techcrunch.com mokas3ajd, 9TO TeMATHYECKHH IOMCK HAXOIUT OOJIbIIe
peleBAaHTHBIX JOKYMEHTOB, Ue€M aCeccOpPbI, COKpalllad Cpe/iHee BpeMs IMOHUCKa C IOJIyda-
ca JI0 CeKyH/ibl. KoMOMHUpOBaHUE PEry/ispu3aTOpPOB JIEKOPPEIUPOBAHUA, Pa3PeKUBAHUS
U CIVIAXKUBaHKUS BMECTE C MOJAJbHOCTSIMU N-I'PAMM, aBTOPOB U KaTeropuil 3HAUUMO YJ1y4-
HIaeT KadyecTBo IIOUCKA U 1H03BoJideT JlocTudb Tounoctu Bbiie 80% u nosnors soie 90%.

Busyanusauunsa. Cucremarusanus pe3yJbTaToOB TEMATHIECKOTO MOUCKA HEBO3MOXKHA 0e3
MHTEPAKTHBHOIO rpaduveckoro npejacrasienus. B ob63ope [2] onmcwiBaiores u cpaBHu-
Batorcd 16 cpejcTB BU3yaJM3allud TeMaTHYeCcKUX Moje/ieil Ha OCHOBe BeO-unrepdeicos.
Em@ 60/1bie neit MOKHO HOUEPIHYTh 13 HHTEPAKTUBHOIO 0030pa’, KOTOPbIil HACUNTHIBA-
eT 6os1ee 400 cpeACcTB BU3yaJn3anun TeKCTOB. HecMoTpsa Ha Takoe HOraTcTBO TEXHUIECKIX
pellreHnii, OCHOBHBIX H/Ieil BU3yAJIH3aIN TeMaTHIeCKIX Mojieeil He TaK MHOTO: 9TO JTu0O
JIByMepHOe 0TOOpaKeHue CeMaHTU4YeCKOi O/im30cTH TeM B Bujie rpada mjim <«JI0POXKHON
KapThl», MO0 TeMaTUIeCKasl nepapxusi, Jud0 JUHAMUKA PA3BUTHSI TEM BO BPEMEHH, JIN0O
rpacdoBast CTPYKTypa B3aUMOCBsI3ell MEK/ly TeMaMu, JJOKYMEHTaAMHU, aBTOPAMU W/ UHbI-
MU MOJAJTBHOCTSIMH, JTUOO CerMEHTHAs CTPYKTYpa OTJAETbHBIX JTOKYMEHTOB.

['padpuueckast Busyasusaius OOJIbIIUX JIAHHBIX IPAKTUYECKU DECIIo/Ie3Ha B CTATHIHOM
UCIIO/IHEHUHU, HO MOZKET OKA3aThCd MOIIHBIM KOTHUTHBHBIM CPEJCTBOM B C/Iy9ae HHTEPAK-
THBHOI peajin3anuu. D10 ObLIO moHATO Oosiee 20 jer Hazam u chopmyanpoBano benom
[[TreitnepMaHOM B BHIE MAHMPbL BU3YAALHO20 NOUCKE UHPOPMAUUL: «CHATATA KPYTHBI
ILTaH, 3aTeM MacIabupoBanue u GUILTPAIUS, JeTaad Mo TpeboBanuio»® [130).

['pacbuueckoe orobparkeHue pesy/ibraToB TEMATUUYECKOIO MOJIEJTMPOBAHUS U PA3Be104-
HOI'O HOKMCKA COIIACYeTcs ¢ KoHmenuei daavnezo wmenus (distant reading), npeoxen-
HOIi corrosiorom Jureparypbl @panko Moperru [97]. On nporuBomocTasisier 10T C1ocos
M3y4eHus] TEKCTOB HaleMy oObraHOMY urenuio (close reading). HeBo3aMoOxKHO mpouuTaTh
MUJITHOHBI KHHAT WJIA CTaTeil, HO BIIOJTHE BO3MOYKHO HPUMEHUTH CTATHCTHYECKHE MeTObI
U rpaduyueckyo BU3yaau3alyio, 4To0bl HOHATHh B OOIIUX YepTrax, O 4€M BCsd ITa JuTepa-
Typa, U HAYYIUThCS ObICTPEe OTBICKMBATH HyzKHOE. «/lajibHee dreHne — 3TO cuerua/ibHast
dopma mpencraBieHns 3HAHWI, B KOTOPOWl MEHbBINE 3JIeMEHTOB, rpybee CMBICT HX B3au-
MOCB#3€il, 0CTaIOTCA JIUIIDL (POPMBI, OTHOLICHUS, CTPYKTYPBI, MOJCIH»".

s oubsmorekn BigARTM B HacTosIIee BpeMsl Pa3BUBAETCS MHCTPYMEHT BU3YaJIn3a-
nuu ¢ seb-unrepdeiicom ViSARTM!?, nopuepxusaromuit Bazkueiinme ¢popMbl IpeICTaB-
JIeHHsI TeMaTHIecKux mojeneii. iHrepecnoit Bo3moxkHOCTBHIO ViSARTM gBisercsa mocTpo-
eHre cnexkmpa mem — PAHKUPOBAHHOTO CIIMCKA TeM, B KOTOPOM CeMAaHTUYECKH OJU3KHUe

"http://textvis.lnu.se — MHTEPAKTUBHLII 0630p CPEJICTB BU3YaIU3AIUNA TEKCTOB.

8Visual Information Seeking Mantra: «Overview first, zoom and filter, details on demand» [130].

9« Distant reading is not an obstacle but a specific form of knowledge: fewer elements, hence a sharper
sense of their overall interconnection. Shapes, relations, structures. Forms. Models.» [97].

O @enopaxa [1. C. TexHOMOrNS HHTePAKTUBHON BU3yaIN3alAI TeMAaTHIeCKHX Mojeseil. BakasaBpckas
muccepranust, MO®TU, 2017 (www.MachineLearning.ru/wiki/images/d/d8/Fedoriakal7bsc.pdf).
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TeMbl HAXOJIATCs psiJioM. ['pyniiupoBanue TemM 1o CMbIC/LY IIOMOTAeT 0JIb30BATE/IIM ObICT-
pee HAXO/JUTh TeMbl, AKIEHTUPYs BHUMAaHUE HA PA3JIMIUAX MEXK/y OJIM3KMUMU T€MaMU.

19 3aksyeHune

TemarTuueckoe MOJIe/IUPOBAHUE $IBJISETCS OJHUM M3 MUHCTPYMEHTOB CTATUCTUYECKOI'O
aHaJ/IM3a TEKCTOB. 3a MOJITOPA JIECATUIETUS] NHTEHCUBHDBIX HCC/ICI0BAHUN CO3/aHbl COTHH
reMaTudecKux Mozeseir. OCHOBHbIE MX BUJIbI BKJIIOYEHBI B JIAHHBIH 0030D.

Hecmorpsa Ha ycrmexu treMaTudecKux Mo/jie/ieil, 0 KOTOPBIX COOOMIAIOT HAydHbIe IIy0/11-
KaIliH, Ha IIPAKTUKE HCII0JIb3YeTCs B OCHOBHOM yCTapeBIIasg MOJE/b JATEHTHOIO pa3Melre-
uust Tupuxie (LDA). Boubioe paznoobpasue Mojesieil, CJI0KHOCTh UX MaTeMATHIECKOTIO
OIIMCAHUS HA si3blKe 0aiileCOBCKOIO 00yuUeHMsl, HECOBMECTUMOCTD peaJiu3aluii co3aior oa-
pbepbl JIJIs PAKTUYECKOI'O pUMeHeHus 0oJjiee MUPOKOro CIIEKTPa MO/IEJIE.

Teopust addumuenoti peeyaspusayuu memamuueckur modeaetc (ARTM) u mpoekr
C OTKPBITBIM KOJIOM BigARTM Hamesensl Ha mpeojosienne 3Tux 6apbepoB. B ARTM rema-
TUYECKad MO/ICJIb OUPENEJATCd IIPOCTONH BEPOATHOCTHON IOPOZKAAIOMEil MOJAe b0, Olu-
ChIBAIONIEN CTPYKTYPY HPOCTPAHCTBA HAPAMETPOB, U «MEIIKOM PEry/isipu3aTOpOBy, 3a/ia-
IOIIUX JIONOJIHUTE/IbHbIe TpeboBanus. Peryjisipu3aropbl aIUTUBHBI, B3aUMO3aMeHseMbl
U JIETKO OTTOPraloTcs OT Mojesieil. VX MOKHO KOMOMHHPOBATH HPAKTUYECKUA B JIIOOBIX
coYeTaHusX, 9TO IPUBOJUT K MOJYJIbHOI TexXHoJoruu MojerupoBanusd. Co3manue Mo/ie-
JIL ¢ TpeOYeMBIMH CBOIICTBaAMHU I10]] KOHKPETHOE MPHIOKEeHHe He TpedbyeT HU TPYI0EMKUX
MaTeMaTHUYeCKMX BbIKJIAJ/JI0K, HU CO3/IaHUs AJIIOPUTMUYECKU CJIOZKHOI'O KOJIA.

B baitecoBckom 0OyueHuu JIONOJIHUTE/IbHbIE TPeOOBAHUS BCTPAUBAIOTCH B CTPYKTY-
Py HOPOXKJIAIONIeil MOJIe/H, CUJIbHO YCJIOXKHss BBIBOJ, M HE OCTABJIAA BO3MOXKHOCTEH JIjIsd
MOJIyJIbHOI peasin3aruu. bBaiiecoBckuii BBIBOJ JIjIsd OOJIBIIMHCTBA MOJeseil, OMUCAHHBIX
B JIAHHOM 0030pe, TpeOyeT HEeCKOJbKHX CTPAHMI BBIKIAJIOK. ZI3BIK K/IacCHuecKoil pery-
JISIPU3AINU OKA3bIBAETCsl HE MEHEe BbIPA3UTeIbHBIM, HO HAMHOTO 0oJjiee npoctbiM. ARTM
COKpaIaeT BbIBO/I OYKBAJIbHO JI0 HECKOJIbKUX CTPOK. EJIMHCTBEHHOE, YTO MbI 1IPU TOM Te-
psieM — BO3MOZKHOCTb OIIEHUTb He TOJIbKO 3HAYeHUsl HapaMeTPOB MOJIeJIU, HO U UX paclpe-
JieJieHns. B mpakTuke TeMaTHIecKOro MOJIE/IMPOBAHUSA 3Ta BO3MOKHOCTb HUKOIJIA TOJTKOM
HE HCII0JIb3YeTCsd, TaK YTO IIOTeps He BeJIMKA.

JlomunupoBanue 6aileCOBCKOIo 10/1X0/Ia B TEMATUYECKOM MO/JIE/IMPOBAHUU U PA300IIEH-
HOCTb aKa/JI[eMUYECKOI'0 ¥ MHJLYCTPUAJIBHOIO COOOIIECTBA LPUBOJIUT K PACIPOCTPAHEHUIO
HEKOTOPbIX 3a0J1yK/IEHU, JIOCTOMHBIX YIIOMUHAHUS U KPUTUKHU.

e «Temarmueckoe moaennpoBanne — 310 B ocHoBHOM LDA». Het, ecTb coTHE MOeI€id,
PeIaoIX pa3sHooOpa3Hble 33/1a9H, ¢ KOTOPBIMHE ILJIOXO cipaisgercsa LDA.

o «TemaTmyeckoe MO/l TIPOBAHEE TOIXOIUT TOJIBKO /I aHAJII3a TeKCTOB». Her, ecTh
MOJIEJIH JIJI aHAJIN3a N300parKeHuil, Bu/ieo, rpadoB, CUHTHAIOB, TPaH3aKIUI.

o «Temaruyeckoe Mojie/IMpOBaHKe — TO pasjies DaiiecoBckoro oby4uenusi». Her, 601b-
IIUHCTBO Mojeseit ropasao mnpoie crposites B ARTM 6e3 6aitecoBCKOro BbIBO/IA.

o «Temarnueckne MoZeJIn IIPeACKa3blBalOT YaCTOThI CJIOB B JOKYMEHTAX». cDOpMa.]'IbHO
Jda, HO UX I1eJIb B JIPYI'OM — BbI4BJICHUE KﬂaCTepHOfI CTPYKTYPblI KOJIJIEKIIUU.

e «TeMbl 9acTO OKa3bIBAIOTC IyOTUPYIONMME WM ILIOXO HHTEPIIPETHPYEMBIMU».
910 Tak B LDA. ITpoGsiema permraercsi ¢ mOMOIIBIO JIPYTUX PEry/isipu3aTopoB.
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o «Temaruyeckue MOjie/Ii OCHOBaHbI HA I'MIIOTE3€ MellKa ¢J10B». MHorue, HO He Bce.
Temaruueckue Moje/IM N-rpamMM, OUTEPMOB, IIPeJJIOKEHUN, CerMeHTAIUU, PeryJisi-
pu3aTophl E-11ara mo3BOJIAIOT YINTHIBATDH MOPSIOK CJIOB B JIOKyMEHTaX.

o «Temaruueckue BeKTODbl He OTParKalOT CMbICJ CJIOB, Kak word2vec». 910 Tax
B OOBIYHBIX MOAEJIAX, KOTOPbIC CTPOATCHA 110 4aCTOTaM CJIOB B JJOKYMEHTaX. Ho moxk-
HO CTPOHTH TeMaTHIeCKHe MOJEeNIH II0 YacTOTaM IIapHBIX COYeTaHHU CJI0B, KaK
u word2vec. Temarnueckue BeKTOpBI B MoJeaax GurepmoB (BitermTM) wiu cetu
ciaoB (WNTM) He T0OJIBKO OLPEAENSIOT CeMAHTHYECKYIO OJIM30CTh CJIOB, HO U 0bJIa-
JAI0T CBOWCTBAMH MHTEPIPETUPYEMOCTH U PA3PEZKEHHOCTH.

o «Temarmueckas momenb LDA mepeoGydaercs ropas3mo menbire, dem PLSA». Her,
X Ka4ecTBO MMPUMEPHO OJIMHAKOBO, OCOOEHHO Ha, 0OJibuxX Kojutekmusax. LDA ocro-
pOKHEE OIEHUBAECT BEPOSITHOCTU PEJIKUX CJIOB, KOTOPbIE MPAKTUYECKU HE BAaYKHBI
JijIsi oOpaszoBaHus TeM, X0Td (POPMaJIbHO ITO YJIydIIaeT paB/ioinofodue MoJIeJIn.

o «Temarmueckass mozgesnb LDA umeer mamuoro menbine napamerpon, dem PLSA».
Her, marpunpt ® u © onenuBaiorcss B 00enx MOJE/IIX, OCKOJIbKY OHM HYZKHBI JIJIsT
npuaokennii. Ha camom gese B LDA Gosbire mapaMerpoB, 100aBISOTCI 5 U (.

Hekoropsie npobsembr moka ocraforcs orkpbeitbivu B ARTM. Kak mogbupars k03¢h-
punmenThl perysgpusanui aJalTHBHO U MOJHOCTHIO aBTOMATUYECKH B XOJ€ UTePAIuii’
Kak pemmuth mpobiemy HecOaJaHCHPOBAHHOCTH TeM, KOTJIa KPYITHbIE TeMbI Pa3essioT-
cd ¥ 00pa3yioT TeMbI-TyOIUKAThI, a MeJIKHe 00beUHIIOTCA 1 00Pa3yloT MYCOPHbBIE T€MbI !
Kaxk yckoputb cxoaumocts peryispusoBannoro EM-aiaropurva? Kak obecrieaurs mocTpo-
eHHe MOJTHOIO HADOPA XOPOIIO UHTEPIPETUPYEMbIX TeM?

B mamnbIil 0630p He BOILIM HEKOTODbIE BaKHbIe THIIBI MOJeJeil, HAlpUMep, /I aHa-
Jin3a n300pazkeHuil ¥ BUIEONOTOKOB, AaHHOTUPOBAHUS N300PaKEHUiT, PEKOMEH, 1aTeIbHBIX
CHCTEeM, CYMMapHU3allud TEKCTOB, aHAJIM3a TOHAJHHOCTH W BbISIBJICHUS] MHEHUIl, MCIIO/Ib-
30BaHUs W MMOCTPOEHUs OHTOJIOTHI, OOHAPYZKEHUS HOBBIX TEM W MPOCTeKUBAHUSI HOBOCT-
HBIX CIOZKeTOB. Takyke He ObITN 3aTPOHYTHI BOMPOCHI MHUIHAIN3ANANA ¥ aBTOMATIHIECKOTO
nMeHoBaHusd TeM. He Hama oTpazkeHus B 0030pe HOBasI TeH IEHITUs CO3aHUS TUOPUTHBIX
MOJIeJIel Ha OCHOBE TeMaTu4eCKOr0 MO/IeJIMPOBAHUA U HEHPOHHBIX CeTei.

O0630p HanUCaH IO MaTepuaJiaM Clenkypca «BepogTHOCTHOE TeMaTHIeCKOe MOJIeTUPO-
Banue» 1, koropwrit aprop unraer na paxyavrere BMK Mockosckoro Locynapersennoro
Yuusepcurera um. M. B. JlomonocoBa u na kadejpe unre/ieKryaibubix cucreM MocKOB-
ckoro ®@usnko-Texandeckoro Vuacturyra. Ob6HOBIgEMas JIEKTPOHHAS BePCUS TOCTYITHA
na caiite MachineLearning.ru'?.

Pabotra Buinosinena npu ounaHcoBoii nmoaepzkke Poccuiickoro dpomnia dpyniamenTanb-
HBIX uccaeqoBanuii (mpoekTsl 17-07-01536, 20-07-00936) u npasuresnbcTBa Poccuiickoit

Deneparun (coramenune 05.Y09.21.0018).

Uhttp://www.MachineLearning.ru/wiki?title=BTM.
2http://www.MachineLearning.ru/wiki/images/d/d5/Voronl7survey-artm.pdf.
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