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1 BBepeHue

Tematmdeckoe MoIeTUPOBAHTE — OHO U3 COBPEMEHHBIX HAMPABICHUN cmamucmuie-
ckoli obpabomxku ecmecmeennozo azwka (statistical natural language processing, SNLP),
aKTUBHO pa3BuBalorieecs ¢ Kourna 90-x rogos. TemaTndeckas MOJIETb BBIABISIET TEMATHKY
KOJIJIEKITUH TEKCTOBBIX JOKYMEHTOB, ONMPE/Iesis, K KAKUM TeMaM OTHOCHTCS KayKJIbIi 10~
KyMEHT, U KaKue cJI0Ba Uan (hpasbl 00pa3yioT Kazk iy TeMy. B xoporieit Mojaen Kaxiast
TeMa, SIBJISIETCS CeMAaHTUIECKN OTHOPOIHOM, TO eCTh HEeCET B cebe ONMpeIeIEHHBIH «aToOMap-
HBIIT CMBICT». TeMaTu4deckoe MOJIETUPOBAHNE He TPETEHIYeT HA TMOJTHOIEHHOE NOHUMAHUE
ecmecmeennozo asvikae (natural language understanding, NLU), ofHAKO BBISIB/IEHHE Te-
MATHKU MOYKHO CIUTATH OMPEICTEHHBIM TArOM B 3TOM HAIPABJICHUN.

Beposmuocmmuas memamuueckas modeas (probabilistic topic model, PTM) omucsi-
BAET KazKIyl0 TeMY JUCKPETHBIM paCIpeIe]eHneM BepOATHOCTe CI0B, a KayK/Iblii JOKYy-
MEHT — JMCKPETHBIM paclpejie/leHueM BepodaTHocTell TeM. TekeT Ipou3BOJILHOM JIJIMHBI,
OT OTIEJBHOTO CJI0Ba 0 Habopa JOKYMEHTOB, MOXKeT ObITH IpeoOpa3oBaH B TeMaTHYe-
CKOe BEKTOPHOE IIPeJICTaBJIeHHIe, U3 KOTOPOr0 MOYKHO Y3HATh, KaKas JIOJId KarKJ10il U3 Tem
(ATOMAPHBIX CMBICJIOB) COIEPIKUTCS B JAHHOM TeKcTe. [ToX0XKYIO 33/1auy PelIarT MOJeTH
sexmoproir npedemasaerud caos (word embedding) [79, 65|, omHAKO B HEX KOODAMHATHI
BEKTOPOB He MMEIOT CMLICJI0BOIl HHTepIpeTallu.

Temarnmdeckoe MOAETHPOBAHUE IOXOXKE TaKxKe Ha KAGCMEPU3AUU0 JoKYMEHMOos
(document clustering). Orauume B TOM, 9TO NpH KJIACTEPU3ANAE JOKYMEHT IEJTUKOM OT-
HOCHTCSI K OJHOMY KJIACTepy, TOI/A KaK TeMaTHIecKash MOIETh OCYIIEeCTBISET MA2KYI0
kaacmepusayuto (soft clustering), pasessist JOKyMEHT MezK Ly HECKOJIBKUMH KJIACTEPAMU-
TeMaMHA. TeMaTI/ILIeCKI/Ie MO/I€JIN HA3BIBAIOT TaK?K€ MOIC/IAMHU MATKOM 6I/I—KJIaCTepI/I3a]_[I/II/I,
IOCKOJIbKY CJIOBA TaKKe KJIACTEPU3YIOTCS IO TeMaM. DTO MO3BOJSIET OOXOAUTH Hpob.ie-
MBI CHHOHUMHUHU U ToJuceMun c1oB. CHHOHUMBI, YIIOTpeOaseMble B CXOKUX KOHTEKCTaX,
I'PYNIUPYIOTCS B OJIHUX W TeX ke Temax. MHorosmadnbie cjI0Ba U OMOHUMbBI, HA00OPOT,
paCHpeﬂeﬂfHOT cBON BepOHTHOCTI/I 110 HECKOJIBKUM CEMAaHTHUYECKUN HE CBA3aHHBIM TEMaM.
HaHpHMep, 3HaYeHue CJI0Ba «Hﬂpo» MOZKeT 6bITb IIOHATO U3 TOFO, KaKad TeMa JOMHHH-
pyeT B ero KOHTEeKCTe — MaTeMaTHhKa, (pu3nka, OHOJTOrUs WK BOSHHAS HCTOPHUSI.

MHorne npuIOKeHHsl TeKCTOBOH AHAJIMTUKH HCHOJIL3YIOT TeMATHYCCKHE BEKTOPHBIC
NpeJCTABICHASA TEKCTa: BHIABICHHE TPEHIOB B HOBOCTHBIX MOTOKAX, IATCHTHBIX 0a-
3aX, apXUBaX HaydHbIX MybOsaukanuii [157, 125], MHOrOS3bIYHBIN HUHODOPMAIMOHHBIH MO-
uck [136, 135|, monck TeMaTnveckux COOBIIECTB B CONMUATBHBIX cerax [159, 127, 100, 27],
kiaccuduKalmsa U Kareropusaus JokyMenToB [110, 160|, TeMarndeckas cerMeHTaIust
tekcToB [144], Termposanme BeG-crpanun [60|, obmapyxkenme Tercrosoro cmama [10].
CymecTByIOT M He-TeKCTOBBIE TPUJIOKEHUSA TeMATHYECKOTO MOIEJNPOBAHUA B aHAIN3e
u3o6pazkennit u Bujeonorokos [50, 68, 43, 126|, B pekoMengaTeabHbIX cucremax [151,
139, 64, 154, 153|, B monyasunonnoii remernke [103], B GuoundopMaTuke st aHAIA3A
HYKJICOTHTHBIX [61] 1 aMHHOKHCIOTHBIX mocaegoBarenbrocTeit [115, 59|. dpyrue npmio-
JKeHUsT TeMaTHIeCKUX Mojiesieii ynoMuHaoorest B o63opax [36, 22|.

[TocTpoenne TeMaTHIECKON MOJIETH IO KOJIEKITHN JOKYMEHTOB SIBJSIETCSI HEKOPPEKTHO
[IOCTABJICHHOI ONTUMHU3AIMOHHON 3a/1aueil, KOTopas MOXKeT HMeTh OECKOHETHOe MHOZKe-
crBo perrennii. Cormacuo Teopun peryiasipusamun A. H. Tuxonosa [11], perenne Takoii 3a-
JIaY¥ BO3MOYKHO JIOOIPEJICJIUTh U CJEIATh YCTOWIUBBIM, I00aBUB K OCHOBHOMY KPUTEPHIO
pe2YAAPU3AMOP — JOMOTHUTETBHBIN KPUTEPUii, YINTHIBAIOIMNI KaKue-1u00 crenudude-
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cKue O0COOEHHOCTH MPHKJIAJIHON 33Ja4ud WM 3HAHUS HpeIMeTHOH o0JacTu. B CI0XKHBIX
HPUJIOKEHUAX JIOMOTHATETBHBIX KPUTEPHEB MOXKET ObITh HECKOJIbKO.

Addumusnas pezyaspusayus memamuueckur modesed (additive regularization of
topic models, ARTM) — 3170 MHOTOKpHTEPHAIBHBI MOAXO0/, B KOTOPOM MOJE/Ih OMTHMH-
3uUpyeTcst Mo B3BerneHHOW cymme kputepues [3, 131]. ARTM no3Bosisier ¢cTpouTh Mojesn
¢ TpeOYyeMbIMH CBOMCTBAMHU, MEPEHOCH PEryJIgpH3aTOpPbl U3 OJHUX MOje/el B JApyrue WiIn
0o0beUHssI Peryasipu3aTOpPhl OT pa3IUYIHbIX Mozeseit. /I1a oOydeHus m00ObIX Moaeneil u
UX KOMOWHAIWI MCIOJIB3yeTcss OJWH W TOT ke 0000mmeénubit EM-agroputM, K KoTopomy
MOYKHO MOJKJII0YATh PEryJisipu3aropbl Kak momysn [129, 44, 57|. Unest MmomyabHOCTH pe-
aJM30BaHa B OMOIMOTEKe TeMaTHYeCKOro MOJEJTWPOBAHUS ¢ OTKPBITHIM KOJoM BigARTM
(http://bigartm.org). ARTM He gBigercst emé OIHO MOJENBIO WM METOIOM — 39TO
OOt TOAXO K TMOCTPOCHUIO ¥ KOMOMHUPOBAHUIO TEMATHIECKHX MOIEIeN.

JIOMUHUDYIONIAM TOIXOAOM K TeMAaTHYEeCKOMY MOJEJTHPOBAHUIO B HACTOSIIEE BpPEMS
siBJIsteTcst DaiiecoBckoe oOyuenne. B oramuame or ARTM, B HEM HET eCTECTBEHHOIO pas3-
JieJIeHUsT MoJiesiell Ha YHUBEPCAJIbHBIN aJrOPUTM U OTTOPraeMble OT Hero MOJLYJIH-Pery.isi-
puzaTopsl. [ KaxKa0# MOJETH NPUXOIUTCA 3aHOBO ITPOBOJUTH MAaTeMaTUUYECKHIT BBIBOJ,
U IPOrPaMMHYIO peann3anuio. I3-3a c10KHOCTH MaTeMaTHIecKOro allapaTa B CTATbSIX
JaCTO OIYCKAIOTCS BaykKHBIE JJIsI MOHUMAHUS JeTaju. VHOrma aBTOPHI OrpaHUYUBAIOTCS
VIPOIIEHHBIM OMUCAHUEM MOJIEJIH B BH/IE OPOK IAIOIIEro mporecca (generative story) mim
rpaduyaeckoit mrockoit Hotanuu (plate notation), oHAKO MOCIEMYIONIHI TTEPEXO/] K aJIro-
PUTMY U ero peaju3allii OCTaéTCs HEOJHO3HAUHBIM U HEOUEBUIHBIM. DTH Dapbephl Ipe-
HISITCTBYIOT IMIHPOKOMY PACIPOCTPAHEHUI0 TEMATHIECKOTO MOJETUPOBAHU: B UH/IYCTPUH
aHaJN3a TEKCTOB PEJIKO MOXKHO BCTPETUTh IIPUMEPHI HCIIOJIH30BAHUS TEMATHIECKHX MO-
neseit ciaoxkuee Mopasasao yerapesireit LDA (Latent Dirichlet Allocation) [26].

OcHoBHast 1eIb JAHHOTO 0030pa — MOKA3aTh Pa3HOOOpa3ne TeMaTHIeCKUX MOJIeIel,
COCPEJIOTOYUBINKCH HA MEPBOM U BayKHEWIEeM dTare MOJeIUpOBaHus — (opMaIu3alunm
OCTAHOBKH 33Ja49i. TeMaTudeckKoe MOJEeTHPOBAHHE 00/1a1aeT OI'POMHBIM 3allacoM THO-
KOCTH, ITO3BOJISIONINM 00pabaThIBaTh CJIOKHO CTPYKTYPHUPOBAHHBIE JTaHHBIE W MPUMEHSTh
TeMaTUIeCKUil aHAJIN3 COBMECTHO C JPYIMMHU METO/IaMU aHAJInu3a TeKCTOB. Bropas ey —
MOKa3aTh, YTO PEryJsipU3allus siBJISETCSd He MeHee BBhIPa3UTe/JIbHBIM CPEJCTBOM MO/~
poBaHus, YeM 0aiieCOBCKOe 0DYYeHUe; U YTO Ha ITOM si3bIKe BO3MOXKHO HE TOJILKO CTPOUTD
1 KOMOMHHPOBATH TeMaTHUECKHE MOJETN, HO TaKKe OOBICHITH UX HAMHOIO JOCTYITHEe
1 KOpoUe, JaKe He CKpbIBag MaTeMAaTHIeCKUX BBIKIaI0K. COMOCTAaBUMBIi 10 OXBATY U 00-
CTOSITeJILHOCTH 0030p HaiiecOBCKUX Mojeseit 3aHsil Obl COTHU CTPAHMUIL.

Paznennr 24 apisiiores 6a3oBbiMu. B paszienax 5-13 B repMuHax perysisipu3aliiiy Omu-
CBHIBAIOTCST PA3JINIHBIE BUJIBI TEMATHIECKAX MOJEJIeil. DTH Pa3/iesbl IPAKTUIECKH He CBsi-
3aHBI JPYT C APYTOM, UX MOYKHO YUTATHh B IPOU3BOJILHOM MOPSIIKE WIH HCIOIb30BAaTh KaK
yTeBOIUTE/b IO CChLIKAM Ha JIUTepaTypy. B pazmene 7 mpeaimaraerca HOBoe U Hambosee
IMIAPOKOe 0000INEeHNe TeMATHIeCKUX Mojeaeil 11 o0pabOTKKH TPaH3aKIIMOHHBIX TAHHBIX
POU3BOJILHON pupo/ibl. Pazmes 12 mocBAMEH TeMaTHIeCKUM MOJIEISIM TUCTPUOY THBHOI
CEeMAHTHUKH, YCIENTHO KOHKYPHUPYIONNM ¢ BEKTOPHBIMHU MPEJCTABIEHUSIMA CJIOB CeMeiicTBa
word2vec. B pazaene 13 mpenaraercsa HOBBIi THIT peryIapU3allii, TO3BOJIAIONINI Y IUThHI-
BaTh MOPAJIOK CJIOB B JOKYMEHTaX B 00XOJI THIIOTE3bl «MeIlKa CJI0B». Paznen 14 mocBsimén
OIIEHMBAHUIO KavuecTBa TeMaTH4UecKux mojeneit. Pazmen 15 comepKuT HadaabHBIE CBee-
HUS 00 mcnoJb3oBannn Onbsmorekn BigARTM. B pasznene 16 obcy:kmaercss mpuMeHeHMe
TEeMaTUIECKOr0 MOJIEJTUPOBAHUS JIJIsI PA3BEI0THOr0 WHMOPMAIMOHHOTO 1oucka. B pase-
Jge 17 — kpaTkoe 3aKJII0YeHue.



2 OcHoBblI TeMmaTn4eckoro MogenimpoBaHuA

B sTom pazzesie OyyT BBe/IeHBI OCHOBHBIE TIOHSITUSI U MMOCTAHOBKA 3a/Ia9M TeMaTHIe-
CKOTr'0 MOJIe/InpoBaHus. By/er nmokas3aHn mpocToil IBpUCTUYECKUIT CITOCOD €€ pereHus.

MpeaBaputenbHas obpaborka Tekcrta. Ilepes mocrpoeHmeM TeMATHYECKHX MOJesel
TEKCT eCTECTBEHHOT'O A3BIKA OOBIYHO IOJBEPTaeTCs CepHH IMPeodPa30BaHUil.

Jlemmamusayus — 3TO TPUBEIEHNE KAayKIOTO CJIOBA B JOKYMEHTE K €r0 HOPMAJIHHOM
dopme. B pycckom g3bIKe HOPMATbHBIMI (hOPMAME CUUTAIOTCA: J/IsI CYIIECTBUTETbHBIX —
IMEHHUTEIbHBIN TaIe2K, e JHHCTBeHHOE YHCI0; M IIPUIaraTeIbHbIX — HMMEHUTE/TbHbIH 1Ta-
JIeZK, €IMHCTBEHHOE YHCI0, MYKCKON POJI; J/Is IJIAroJIOB, MPUYACTUM, JeenpudacTuii —
r1arosl B WHGUHATHBE. XOPOIUMH JTEMMATH3ATOPAME IS PYCCKOTO SI3bIKA, CAUTAIOTCS
HOCJIe/IHIEe BePCUU mystem u pymorphy.

Cmemmune — 3TO OTOpachIBaHHe OKOHYAHWII M JPYTUX H3MEHsSIeMBbIX YacTeil CJIOB.
OH TOAXOMUT /It AHTIUICKOTO SI3BIKA, JJIsT PYCCKOTO MPEAMOYTHTE/THHA TEMMATH3AINS.

Ydanenue cmon-ca06. DTO YaCTble CI0BA, BCTPEYAOIIHECcs B TeKCTaxX J000il TeMa-
tukd. OHI OeCIOIe3HbI /I TeMATHIeCKOr0 MOJAETUPOBAHUS U MOTYT OBITH OTOPOIIEHBI.
K HuM OTHOCATCST TIpeyIOTH, COM3bI, YNCAUTEIbHBIE, MECTOMMEHHUs, HEKOTOPhIE IJIaro-
JIbI, TIPUJIaraTe/bHble U Hapedus. UuCI0 TaKuX CJI0B OOBIYHO BapbUPYETCs B Mpeesax
HECKOJIBKUX coTeH. VX orOpachbiBaHHe MOYTH He BJIHSET HAa O0ODBEM CJIOBapsi, HO MOZKET
HPUBOJIUTH K 3aMETHOMY COKPAIIEHHUIO JIUHBI HEKOTOPBIX TEKCTOB.

Yoanenue pedkuz cao6 W CTPOK, HE SIBISIFOIIUXCS CIIOBAMH €CTECTBEHHOTO s3bIKa (Ha-
IpUMep, cojiepKamux Mudpbl WK CHEICAMBOJIbI), TIOMOraeT BO MHOIO pa3 COKPAIIATh
00bEM cJIOBapsl, CHHKad 3aTpaThl BpEMEHH W MAMITH Ha IOCTpoeHue Mojeneii. Penkue
CJI0Ba, KaK MPAaBUIO, HEe BJIUSIOT Ha TEMATHUKY KOJLIEKIUH.

Buideserue karouesvix ¢hpas — cIoBocoUeTaHUIT, XapaKTePHBIX /I IIPeIMETHOI 00.1a-
ctu. VX mcrmonb3oBaHue BMECTO OTIENBHBIX CIOB MM HAPSAAY C HUMH YIyUIIaeT HHTEep-
IIPETUPYEMOCTD TeM. JIJist UX BBIJeTeHHs] MOYKHO HCTIOIB30BAThH Te3ayPyChl [8] mwiu MeTobt
ABTOMATHYECKOTO BbIJeIeHNsT TepMUHOB (automatic term extraction, ATE), ne tpebyo-
e TpuBJIedeHns skcnepros [41, 69, 112].

Pacnosnasanue umenosarnur cyuyrocmed; (named entities recognition, NER). 9o na-
3BaHUs 00BEKTOB PeaTbHOI0 MUPA, OTHOCSIINXCS K OMPEIETEHHBIM KATErOPUsIM: TTePCO-
HbI, OPIraHU3AINHN, T€0TOKAINH, COOBITHSI, TATHI, U T. JI. JIJIsT pacmo3HaBaHusT MMEHOBAHHBIX
CYIITHOCTE HCMOJIB3YIOTCsT PA3JINIHble MEeTObI MAITHHHOTO 0Oydenus |86, 62, 92].

[Iycts D — MHOXKeCTBO (KOJITEKITHsI) TEKCTOBBIX JOKYMEHTOB, W — MHOXKeCTBO (CJ10-
Baph) BCEX YHOTPEOIsIeMBIX B HUX TePMOB. Tepmamu MOTYT OBITH CJIOBA, HOPMAJbHbIE
bopmbr ¢/10B, CIOBOCOYETAHUST UM TEPMUHBI, B 3aBUCHMOCTH OT TOTO, KAKHe BUJIBI MTPe/I-
BapuUTEILHON 00PabOTKU TEKCTOB ObLIN BBITIOIHEHBI. KaxKaprit jokymenT d € D npejcras-
7eT coboii MOCIeT0BATETBHOCTD Ng TEPMOB W1, . . ., Wy, U3 caoBapd W.

MmnoTte3a o cyuiecTtBoBaHun TeM. Kaxkaoe BXOXKIeHHE TepMa w B JOKYMEHT d CBSI3aHO
¢ HEKOTOPO#l TeMoil t W3 3aJaHHOT0 KOHEYHOro MHOKecTBa 1. Komneknusa JOKyMeHTOB
peJIcTaBiIsieT coboii MOoC/IeI0BaTeIbHOCTh TPOoeK (2, = {(wi, d;, t;) } i=1,... ,n}. Tep-
Mbl W; W JOKYMEHTHI d; SIBJISIIOTCS HAOJIIOAAeMbIMU TePEMEHHBIMU, TeMbI t; HE W3BECTHBI
U ABJISTIOTCS AQGMEHMHbLMU (CKPBITHIMA) MEPEMEHHBIMH.
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MmnoTte3za «mewka cnoBy. [lopsaok TepMOB B JOKYMEHTaX He BarKeH /s BHISIBJEHUS
TeMaTUKH, TO eCTh TeMATUKY JOKYMEHTa MOYKHO Y3HATH JIazKe MOcje TPOU3BOTBLHOI mepe-
CTAHOBKM TEPMOB, XOTsI JIJIsT YeJI0BEKA TAKOH TEKCT MOTEPSET CMBICI. DTO TIPEIIOJI0KEHIE
Ha3bIBAIOT IHIIOTE30i «Merka cioBy (bag of words). [Topsiiok JOKyMeHTOB B KOJLIEKIHH
TaKyKe He MMeeT 3Ha4YeHHs] — JTO MPeII0J0KEeHHe HA3bIBAIOT I'MIIOTe30# «MeIKa JI0KY-
MEHTOB». ['MIIOTe3a «MeIIKa CJOB» MO3BOJSIET IMepeiTH K KOMIIAKTHOMY HpPEeICTABICHUIO
JIOKYMEHTa KaK MYAbMUMHOHCECTNEG — TTOAMHOXKecTBa TepMoB d C W, B KOTOpOM KazK-
JIBIIE TepM W € d TTOBTOPEH Mgy, pas.

f'MnoTe3a 0 BepOSATHOCTHOM MOpPOXXAeHUN AaHHbiX. Muoxkectso 2 = D X W x T gaB-
JIAETCA KOHEUHBIM 6EPOATMHOCTIIHOLM NPOCTPAHCTGEOM ¢ HEN3BECTHON (hyHKIHUeHd BeposaT-
woctu p(d, w,t). Komiekius TOKYMEHTOB siBJIsieTcsi BBIGOPKO Tpoek (d;, wy, t;), MOPOK-
JAEMBIX CJIyYaifHO M He3aBHCHMO JIPYT OT Apyra u3 pacupemnenenns p(d,w,t). 1o mpes-
HOJIOYKCHUE ABJIACTCA BEPOATHOCTHBIM YTOYHCHUEM THIMOTE3bI «MENIKA CJI0BY.

Baarogapst nmpeanoioKenuio 0 He3aBUCUMOCTH, PEaJn30BaBIIYIOCA BBIOOPKY (2, d/e-
MEHTOB 13 {2 MOKHO PaCCMATPHUBATEL KAK HOBOE BEPOATHOCTHOE IPOCTPAHCTEO C 11 PABHOBE-
POSATHBIME 3JIeMEHTAPHBIMA HCXOJaMH. B mpocTpancrse (), IerKo HAXOIUTh BEPOATHOCTH
Pa3JINYHBIX COOBITHI, IPUYEM OHH COBIAJAIOT ¢ YACTOTHBIMU OLEHKAMH BEpOATHOCTEIl
Tex ke coOwThii B mpocTpancTse ). B wactnocrn, B npocTpancTse (2, BeIpaKeHHe

By w,t) = — 3 [ds = d) [u; = w] [t = 1

i=1

PaBHO BEPOSITHOCTH TOTO, 9TO TEPM W JOKYMEHTa d CBsI3aH C TeMOil ¢, a B mpocTpancTie )
OHO PaBHO BLIOOPOYHON YACTOTHOI ONEHKE BEPOSTHOCTU TOTO YK€ COOBITHUSI.
JloroBopuMcst B Ja/IbHEHTIIEM 3alUCHIBATH BCE BEPOSTHOCTH B IIPOCTPAHCTBE (), ecn
HE OrOBOPEHO MHOro. B Oo/IbIIMHCTBE CIydaeB BBIKJIAJIKUA OYIyT CIPaBEIJIMBBI B 060UX
npoctpancTBax. [IpocrpancTso (2, umeer hopmaabHOE OrpaHUYeHUE — OHO CTPOUTCS TIO
durcupoBannoii Koytekuu. Eciu B KOJLTEKITUIO T00ABISIOTCSI HOBBIE JIOKYMEHTHI, TO TTPO-
CTPAHCTBO (), U3MEHSIeTCsI, TOTJA KaK MPOCTPAHCTBO ) MOYKET MOJIaraThCsl HEM3MEHHBIM.

MmnoTte3a ycnosHoii He3aBucumocTu. llogpiaenne TepMoB B JOKyMeHTe d 1O Teme t
3aBHCUT OT TE€MbI, HO HE 3aBUCHT OT JOKYMEHTa d, U OMUCBIBAETCS OOIIUM I BCEX JIO-
KyMEHTOB pacipeenerneM p(w |t):

p(wld,t) = p(wlt). (1)
BepositTHocTHass TemaTudeckass mogenb nopoxpgeHusi Tekcta. Cormacuo dopmy-
Jie TIOJHOW BEPOATHOCTW W TUNOTE3€e YCJAOBHOW HE3aBUCHUMOCTH, PaclpeesieHhe TePMOB

B 0KyMeHTe p(w | d) OMUChIBAETCST 8EPOAMHOCMHOT CMECHIO PACTIDEIeJIeHHI TEPMOB B Te-
Max @, = p(w|t) ¢ Becavu Oy = p(t|d):

plw|d) = " plw|t,d)p(t|d) =Y plw|t) p(t|d) = Cuibia. (2)

teT teT teT

BepositHocTHasT MOJIe/Th (2) OMUCHIBAET MPOIECC MOPOKICHUST KOJJIEKIMH 110 N3BeCT-
HBIM pactpesenernam p(w |t) u p(t|d). Dror mporece mokazau B axroputMe 1 u Ha puc. 1.
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AaroputMm 1. BepogaTHOCTHBI MPOIECC MOPOXKACHUS KOIEKIUHE JTOKYMEHTOB.

Bxona: pacnpenenennst p(w|t), p(t|d); AnnHB TOKyMEHTOB Ng4;

Bbixoa: Beibopka map (d;, w;), i =1,...,n;
11:=0;
2 pna secex d € D
3 anascex j=1,...,ng

1:=14+1; d; :=d,
BHIOpATH Caydaiinyo Temy t; u3 pacnpeaesnenust p(t|d;);
BBIOPATH CYyUaliHBIN TepMm w; u3 pacupeaenenus p(w |t;);

[=2 B0 S

re — EEEERO00000000000000

H D O \
pwlt): [o023 DHK 0.014 6asnc 0.018 pacnoaHasaHve

0.016 reHom 0.009 cnextp 0.013 cxoacTeo
0.009 Hykneotup 0.006 opToroHabHlit 0.011 natTepH

Wi, e, Wiy /

Pa3paboTaH cnekTpasibHo-aHaNUTUYECKUI NOAXOA K BbISIBIEHUIO PAa3MbITbIX MPOTAXKEHHBIX TOBTOPOB
B FEHOMHbIX MocfiefoBaTelbHOCTAX. MeToA OCHOBaH Ha pa3HoMaclwTabHOM OLeHMBaHUM CXOACTBa
HYK/TEOTUAHBIX MOCNef0BaTENIbHOCTEN B NPOCTPAHCTBE KO MDULNEHTOB pasnoXeHns dparMeHToB
KkpuBbIX GC- n GA-cofepxaHusa Nno KacCuyeckuM OpToroHanbHbIM 6a3ncam. HaiaeHbl ycnosus
OonTMMasbHOWM annpokcMMaumm, obecneyvBatoLne aBToMaTMyeckoe pacno3HaBaHMe NoBTOPOB
pasfnnyHbIX BUAOB (MPSIMbIX M MHBEPTUPOBAHHbIX, @ TakXe TaHAEMHbIX) Ha CNeKTpasbHON MaTpuue
cxoacTea. MeTo 0AMHAKOBO Xopowo paboTaeT Ha pasHbix MacwTabax AaHHbIX. OH no3sonser
BbISIBNATL CNeAbl CErMEHTHbIX AYNANKaUMn U MeracaTenITHblE y4acTKn B reHoMe, palioHbl CUHTEHUN
npu CpaBHEHWW Napbl reHOMOB. Ero MOXHO MCNonb30BaTh ANS AE€TaNbHOro U3y4yeHUs parMeHToB
XPOMOCOM (MOMCKa pa3MbITbIX y4acTKOB C YMEPEHHOW AIMHON NOBTOPSIOWErocs natrepHa).

Puc. 1: IIpomecc mOpoKIeHUsT TEKCTOBON KOJIJIEKIMU BEPOATHOCTHON TEMATHIECKON MOIENbIo (2): B KakK-
JIOH no3uiyu i JOKyMeHTa d; CHadasa nopoxkiaaercs rema t; ~ p(t|d;), 3arem Tepm w; ~ p(w|t;).

3apaya TemMaTM4eckoro MOAesIMpoBaHusl — 3To obpaTHas 3aJa4a: M0 3aJaHHOi KOJI-
gekiun D TpeGyercst HaliTn napaMerpbl Q. 1 0y, P KOTOPBIX TEMATHIECKAst MOJIEb (2)
XOPOTIO MPUB/INKAET YACTOTHBIE ONEHKH YCJIOBHBIX BepositHocTel p(w |d) = "ﬁ”.
Pacnpenenenne Buga p(t|x) Oymem HasbiBaTh memamukot oobekta x. MOXKHO TOBO-
puTh 0 TeMartuke Jgokymenta p(t|d), repma p(t|w), repma B gokymente p(t|d,w).
[e/1b10 TEMATHIECKOTO MOJAESTUPOBAHNS ABISETCS ONpeIeIeHIe TEMATUKI JTOKYMEHTOB
¥ CBSI3aHHBIX ¢ HUMH 00beKTOB. TakzKe TpeOyeTcst HaXOAUTh PACIPeIeTeHHsT @,y = p(w | 1),

O CBhIBAIOIINE CEMaHTUKY K&)K,Z[Oﬁ TeMbI { CJIOBaAMHU €CTECTBEHHOT'O SI3bIKA.

Hu3kopaHroBsoe maTpu4yHoe pasnoxeHue. PapercTso (2) MOXKHO Hepenucatb B MaT-
pUYIHOM BHUJIE. B JIeBOII JacTu PaB€HCTBa HaXOAUTCA HU3BECTHadA MaTpUlla 9aCTOT TEPMOB
B JIOKyMeHTax F' = (p(w | d))WX D [IpaBag gacThb mpeacTaBIgeT coO0it TPOU3BeIeHNe IBYX
HEM3BECTHBIX MATPUIL — Mamputyve mepmos mem P = (@) wxr 1 Mampuyv, mem 0oKy-
mernmos © = (04) 7« p. O6brano uncso tem |T'| muoro menbie |D| u |W|, nosromy 3amada
TEMaTUIECKOT'O MO/JIE/JINPOBaHUA CBOAUTCA K IMOUCKY HpI/I6.HI/I}KéHHOFO MATPUYIHOTO Pa3J10-
xkenus F' =~ ®O, paur koroporo e npesbimaer |T|.

Bce tpu marpunst F, ®, O gapisrorcs cmoxacmuveckumu, TO €CTh UMEIOT HeOTPUIa-
TeJIbHbIe HOPMUPOBAHHBIE CTOJIONBI fg, 0, 04, TPEICTABISIONINE TUCKPETHBIE PACIpeieie-
Hus. [Ipouzsenenne PO OymeM HA3BIBATH CMOLACNUNECKUM MAMPULHBLM DA3AOHCEHUEM.



HactoTHble oueHKN YyCNOBHbIX BeposiTHOCTel. B mpocTpancrse (2, BEpOATHOCTH, BBI-
pazkaroIuecs depe3 mepeMeHHble d U w, COBNAIAI0T ¢ YaCTOTAMI COOTBETCTBYIOIIUX Ha-
OJII01aeMbBIX COOBITHIA:

Ndw Ngq Ny N
p(d, ’LU) = 77 p(d) = Z7 p(’w) = 77 p(’w|d) = n—dv (3)
Ngw — YHUCJIO0 BXOXKJIEHUiT TepMa w B JIOKYMEHT d;
ng = Zw Ngw — JJIMHA TOKYMEHTa d B TepMax;
Ny =Y 4 Ndw — THCTO BXOXKICHHI TepMa w BO BCE JOKYMEHTBI KOJLIeKIH;

n=> 4> ., Ndwy — JJIMHA KOJUIEKIINN B TE€PMaX.

BepositHOCTH, CBS3aHHBIE CO CKPBITOW NMEPEMEHHON ¢, TOXKe ONPEeEeIIOTCd KaK 9acTOThI:

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

Nidw — YUCJIO TPOEK, B KOTOPBLIX TepM W JOKYMeHTa d CBA3aH ¢ TeMOil ¢
Ntd = Y, tdw — THCIO TPOEK, B KOTOPBIX TePM TOKyMeHTa d CB3aH C TeMoil ¢;
Nt = Y g Mdw — TUCTO TPOEK, B KOTOPLIX TEPM W CBI3AH C TEMOI ¢;

=24 Mdw — TUCIO TPOEK, CBS3AHHBIX C TEMOii t.

B ormame or (3), 9TH 9aCTOTHBIE OIEHKU HEe MOTYT OBITH BHIYUC/IEHBI HETOCPEJICTBEHHO
IO UCXOAHBIM JaHHBIM, TaK KaK TEeMbI tz HEN3BECTHHI.

Cormacno 3aKOHY OOJBIINX YUCET, IPH 7 — OO YACTOTHLIE OLEHKH, OIPEeIe/TdeMble
dbopmynamu (3)—(4), cTpeMsTCs K COOTBETCTBYIONIUM BEPOSITHOCTSIM B TIPOCTPAHCTBE ).

EM-anropntm. 3amernM, 4ro Bce ONEHKH (4) BBIPAKAIOTCI U€PE3 Nygyy = NawP(t|d, w).
Buas ycsioBHBIe pactpesenenust p(t|d,w), MOXKHO OIEHUTH MCKOMBIE MAPAMETDBI TeMa-
THYECKOH MOJeTn @,y = p(w|t) u Oy = p(t|d). V1, naoGopor, 3Has mapamMerpbl MOJIEJH,
MOKHO BBIDA3UTh yCJIOBHBIE BepositHoCTH p(t|d, w) no dopmyse Baiieca:

Cpltwld)  plOptld)  pubh
Pl w) = 20D = pwld) Y. ol

Takum obpa3oM, MoaydaeM CUCTeMY HeJTUHEHHBIX YpaBHEHUH OTHOCUTETHLHO IMapaMeT-
POB MOJENH Py, O3 N1 BCIOMOTATETBHBIX TEPEMEHHBIX Didws Nty Nid:

(pwtetd
Ptdw = ; 5
! ZS (Pwsesd ( )
Nt
Pwt = < Nwt = NdwPtdw (6)
Zw’nw/t deZD
n
Oa = ——a Mg = E NdwPtdw - (7)

)
Zt/ Nyd wed
Jlng eé pemenns ya06HO OPEMEHSATH METOJ IIPOCTHIX UTePAIMii: CHAYAIA BEIOMPAIOTCS
Ha4YaJIbHbBIE HpI/I6JII/I>KeHI/I${ HapaMeTpOB Sowt nu th, II0 HUM BBIYHUCJIAIOTCA BCIIOMOT'aTeJIb-
HBIE TIEPEMEHHBIE Dig,y, KOTOPBIE HO3BOJISIOT HAWTHU CJleyloliee NpubInzKeHne mapaMeTpoB
Ouwt 1 By, Beruncnenust o dopmyaam (5)—(7) mpogoszKamoTest B MUKJIE 0 CXOAUMOCTH.
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Aaropurm 2. Pannonanbusiit EM-anroputy st reMaruveckoii momenn (2).

Bxona: kosteknust D, anciao rem |T|, Hadaapubie npubanzxkenusi marpur, ¢ u ©;
Bbixoa: napamerpsr mogen ¢ u O;

1 NOBTOPSITb

2 OOHYJIUTD Ny, Nyg, Ny AN Bcex d € D, we W, t e T,

3 anascexde D, wed
4

5

Nidw = ndwgpwtetd / ZT (pwferd AJIST BCEX te T;
YBEJIUYIUTD Nty Nig, N HA Nygy, s Beex t € T

6 Ouwt = Nyt /My 1151 Beex w € W, t € T,
7 Oq := nyg/ng nnascex d € D, t €T,
8 noka ¢ u O me coiimyres;

DTOT MTEPAIMOHHBIA MPONECC SABIAETCA YaCTHBIM caydaeM EM-aaropurMa, mpeaHa-
3HAYEHHOTO JIJIsl OCTPOEHUST BEPOSITHOCTHBIX MOJIENIel CO CKPBITHIME TepeMeHHbIME [38].
Brorauciienne yeJIoBHBIX pacipeieieHnii CKPBITHIX mepeMenHbix (5) HasbiBaercsi E-mmarom
(expectation), Beraucsrenne mapamerpos mogean (6)—(7) — M-marom (maximization).

Jlamee Mbl BIBegeM EM-aaropurm u3 obIIeil onTUMI3AIMOHHON TOCTAHOBKH 33 IatM.
Ceiiyac MBI IPHUILIA K HEMY 3JI€MEHTAPHLIM IIyTEM, KOTOPBIHA JaéT MPOCTOe HHTYUTUBHOE
IMOHUMaHue CyTu EM—aJ[FOpI/ITMa, HO OCTaBJIAET 663 OTBETOB BazKHbI€ BOIIPOCHI: CXOJUTCHA
JIM AJITOPUTM K PENIeHUI0 CHCTEMbl yPaBHEHU, eJIMHCTBEHHO JIM 3TO PEeIIeHne, U modemy
9Ta CHCTEMa ONMCHIBALT TEMATHYECKYIO MOJIeb, npudanzKaonyo p(w |d).

PayvoHanbHbii EM-anroputm. Boraunciienne nepeMenHbIX Ny, Ny, Ny Ha M-111are Tpe-
OyeT OTHOKPATHOIO IPOX0Ja KOJIEKIWH B IUKJE 0 BCeM TepMaM w € d BceX JOKYMeH-
ToB d € D. BHYTpH 3TOTr0 NMUKIa KaxKJaasd MEePEMEHHAS Pig, BBIUYHCIAETCI TOJIBKO OJIUH
pa3. [Tosromy E-mrar BcrpanBaercs BuyTph M-1rara 6e3 J0MOJTHATEIBHBIX BbIYNCIATE/ b
HBIX 3aTpar W 0e3 XpaHeHHsT TPEXMEPHON MaTPHIIBI Pigy,. DTOT BapUAHT peaTru3alliu
EM-asiropur™ma Oy/1emM Ha3bIBaTh PaUuUuoOHaAbHbLM; OH TIOKA3aH B ajaropurme 2.

3 ApauntuBHasa perynsipusaynsg TemMmaTunyeckux moge-
nemn

B srom paszzese BBojuTes 001mit popMasin3M ONTHUMUBAIUE U PEry/IsipU3aIuu, KOTO-
phIit Jajiee OYJIET UCHOIb30BATHCS JIJIs OMUCAHUS BCEX TeMaTHYECKUX MOJIEJIeH.

MpuHUUN MakcMMyMa NpaBAONOAODMA HCIOJIB3YeTCss B MAaTeMaTHIeCKON CTaTHCTHKE
JITST OIeHUBAHUS HEM3BECTHLIX ITApPaMeTPOB BEPOATHOCTHBIX MOJeNeil Mo HabJII0IaeMbIM
maHaeM. COrTacHO 3TOMY IIPHHIIUILY, BEHIOMPAIOTCS TaKHie 3HAYEHHS IapaMeTpPOB, IPU KO-
TOPBIX HAOJI0IaeMas BRIOOpKa HAmOOJIee MpaBI0IoI00HA.

Dynryus npasdonodobus ONPEIETASTCS KaK 3aBUCHAMOCTH BEPOSITHOCTH BBIOOPKHU
OT mapaMeTpOB MOJIEN. brarogaps mpeanomo:KeHnio 0 He3aBUCHMOCTH HAOTIOIeHMii, OHa
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paBHa TPOU3BEIEHUIO BEPOSITHOCTEH TEPMOB B JTOKYMEHTaX:

n

p((di,wi)i=y; ®,0) = [[ p(diywi) = [] [[ p(w|d)"® p(d)"* — max.
. N—— .0
=1 deD wed const
[TposorapudpMupoBas npapaonoaodue, mepeiiaéM OT TPOU3BEIeHN K CYMMe B OTOPO-
CHUM cCJiaraeMble, HE 3aBHUCAIINUE OT IIapaMeTpOB MOJEJIH. Hoﬂqu/IM 33249y MaKCUMHU3alluN

log-tipaB10m01001s TPU OTPAHUYEHUAX HEOTPUIATETHHOCTH U HOPMUPOBKH:

S nawlnd puiba — max; (8)

deD wed teT
Z Pwt = 1; Pwt = 0; Zetd =1 Orq = 0. (9)
weWw teT

Perynapusauyua. 3amaua Ha3bIBaeTCsS Koppexkmmo nocmasaennot mo Amxamapy, ecan eé
pelreHne CyImecTByer, eMHCTBEHHO U YCTONINBO.

3aa4a CTOXaCTUIECKOTO MATPUIHOTO PA3/IOKEHUST SIBJISIETCS] HEKOPPEKTHO TIOCTABJIEH-
HOIT, TaK KaK MHOYKECTBO €€ pelrennii B 001eM ciaydae beckonedno. Ecim $O — pemrenne,
to (®S)(S71O) Takke aABIAETCS peleHHEM JjI BCeX HEBBIPOXKICHHBIX MaTpull S, mpu
yeaoBun, uro Marpunsl S n ST1O — croxacTudeckue.

CymiecTByer 00TIHIA TOIXOM K PEIIEHUI0 HEKOPPEKTHO TIOCTABIEHHBIX OOPATHBIX 33144,
Ha3biBaeMblii pezyaapusayuet; [11]. Korma ontnvusannonnas 3ajada HeJI0ONpe/eeHa,
K OCHOBHOMY KPUTEPHUIO J00ABJISIOT JIOMOJHATEIHHBIII KPUTEPHil — PeryJsipu3aTop, yUu-
THIBAIONIN crienuduKy pernraeMoil 3aja4u U 3HaHus npeaMeTHoi obactu. B mpakTnye-
CKUX 3aJ1a9aX aBTOMATHUYECKO 0OpabOTKN TEKCTOB JOMOTHUTETLHBIX KPUTEPUEB U Or'pa-
HUYEHWl Ha peleHne MOXKeT OBIThH MHOTO.

Addumusnas pezysapusayus memamuueckur modeset (ARTM) [3| ocHoBana Ha Mak-
CUMU3AIMN JNHEHHO KoMOuHamuu JjorapudMa TpaBIONog00usT W Pe2ysapu3amopos
R;(®,0) ¢ HeorpunaTe bHBIME K0dfpuyuenmamy peysapusauuy 7, i = 1,... k:

k
DD nawln ) Quiba+ R(®,0) & max;  R(®,0) =) 7R(P,0); (10)
’ i=1

deD wed teT

PN OTPAHUYEHUAX HEOTPUIATEJIbHOCTH W HOPMUPOBKHA

d om0} eu=0; D 6 €{0,1}; b >0. (11)

weWw teT

Yea0BHsST HODMHPOBKH € aJIbTePHATHBHOMN paBoiil gacthio (11) ocaabisiior yeaosust (9),
JIONyCKas NOABJICHNE HYJeBBbIX CTOJIONOB B MaTpunax pemenns ® u ©.

[TpeobpaszoBanie BEKTOpa KPUTEPHEB B OJWH CKAISPHBII KPUTEPHUil — 3T0 OIUH n3 Oa-
30BBIX PHEMOB B MHOTOKPHTEPUATBHON ONTHMU3AINH, HASBIBAEMBIN CKaAAAPU3AUUET.

Heobxogumbie ycnosusi makcumyma. 3agada (10), (9) oTHOCHTCS K KIACCY HEBBI-
OYKJIBIX 33729 MaTeMaTHIeCKOTO IMporpaMMHupoBaHus. /g Heé BO3MOXKHO HANTH JIUIIbL
JIOKAJIbHBIN IKCTpEeMYyM, Ka4veCTBO KOTOPOIo 3aBHCUT OT Ha4YaJIbHOT'O HpI/I6JII/I)KeHI/IH.
Ha mpakTuke nouck 6oJiee 1iiybOKOro SKCTpeMyMa, He CTOJIb BayKeH, KaK aJieKBaTHas (pop-
MAJTH3AIMS TOIMOJTHATETbHBIX KPUTEPUEB U MOUCK KOMIIPOMUCCA MEXKIY HUMH.
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Beeném omeparop norm, KOTOpBIA HIpeoGpasyeT IIPOM3BOJLHBIA 33JaHHBIA BEKTOD
(%;)icr B BEKTOpP BEPOATHOCTEH (P;)ic; JUCKPETHOTO PACIPEIETEHUS TyTEM OOHYIEHUS OT-
punaTe/JIbHbIX 9JIEMEHTOB U HOPMHUPOBKMH:

pi = norm(x;) = @)+ , Juist Beex i € I,

A SEN

jel

rie (z); = max{0,x} — onepanus nonoxuTeabHOM cpesku. Ecin x; < 0 gis Beex i € I,
TO pe3yJbTaTOM OIIePATOPa NOrMm IO OIPEeIeTeHNI0 SIBIISeTCs HyJIeBOH BEKTOD.

Teopema 1. Ilycrs ¢pyraknus R(P,0) menpepwisro angdepennupyema. Torma touka
(®, ©) srokamprOro 9KcTpemyma 3amaqn (10), (11) yaosmerBopsier crcreme ypaBHeHHIH cO
BCIIOMOTATETBHBIMH MEPEMEHHBIMH Py, = P(t|d, w):

Praw = 0010 (Pu161a); (12)
OR
Pwt riv%rvrvn (nwt + Qut &,Dw) ; Nt dEZ;) TdwPtdw (13)
OR
Oig = norm (ntd + Opg— 20 ) Nig = Z NdwPtdw- (14)
td
wed

[Joka3zaTenbctBo. 3anumem neodxoaumelie yeaosus Kapymra-Kyna-Takkepa JokaabHO-
ro skcrpemyma 3agaan (10), (9):

0 OR

anw tdd + b =X — Awt; Awt =05 Ay = 05 (15)
w OR

Z N d td + 90 ta — tea;  fea = 05 peaBra = 0; (16)
2w d) 96

rjie MHOXKUTe/ M Jlarpanxka My, [ig COOTBETCTBYIOT OIPDAHUYEHUSIM HOPMUPOBKH, MHOYXKU-
TN Ay, [btg — OTPAHMYCHUSM HEOTPUIATETHHOCTH.

YMHOKEM 00e dacTu paBeHcTBa (15) Ha (¢, 00e wacTu pasencrBa (16) Ha O, u
BBIJIE/TUM BCIIOMOTATETbHBIE IEPEMEHHDBIE Digy, Mt U Mg

w 9 OR OR
OuwtAt = Z dw (p : td + Qw7 = Nt + Puwt 57—

deD vt a()Dwt a()Dwt
<Pwt9td OR OR
0 w 0, g—— + 0
tdlbd = wezw ng ‘f‘ td aetd td 50~ 0

Ecmm Ay < 0, T0 ¢y = 0 ama Becex w € W. B srom ciaydae Tema ¢ HCKJTIOYAETCS
M3 MOJIEJIH, YTO JOMYCKAETCS OCAabIeHHbIM YeaoBrHeM HopMupoBku (11).

Ecau Ay > 0, To inb0 00e 9acTu paBeHCTBA MOJIOKHUTETBHBI, JTHOO 0,y = 0. O0beauanM
9TH JBa CJaydasi B OJHY (OPMYJIy:

OR
w/\ = w wty 17
PuwtAt <n t+ @ tatpwt)+ (17)
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Ecmu pg < 0, To 6y = 0 moa Bcex t € T. B aTom ciaydae JOKYMEHT d MCKJTIOYAETCS
M3 MOJIEJIH, YTO JOMYCKAETCA OCAabIeHHBIM YeaIoBrHeM HopMupoBku (11).

Ecmu pg > 0, To 60 0y = 0, 160 0He 9acTu paBeHCTBA MOJIOKHUTETbHB. O0be TMHIM
9TU JIBa CJydasi B OJHY (DOPMYyJIy:

OR

Orajta = <ntd + etdaTtd>+. (18)

CymmupyeM JIeBYIO U IpaByio YacTu pasencTsa (17) mo w, pasencrsa (18) mo t:

Ap = Z (nwt + @wta—R)Jr% (19)

weWw puwr
OR
Hd ;ET <ntd + Otq 39td)+ (20)

[Moacrasmastst Ay w3 (19) B (17), moxyuanwm (13).

[Moacrasnstst f1g w3 (20) B (18), momyunm (14).

Teopema nokazana.

Bynem naspiBaTh MOmesb 8upostcdernioti no meme t, ecan p, = 0 mist Becex w € W, u
supootcdenroti no dokymenmy d, ecan O,y = 0 aas Becex t € T'. BRIpo:KIeHHOCTh BOBHUKAET
B CJIyUasIX, KOT/Ia peryasapu3arop X oka3biBaeT upe3MepHOe pa3perkuBaloIiee BO3IeiCTBIE
Ha TTapaMeTphl MOJed. BBIPOXK/IeHHbIe TeMBbl U JOKYMEHTHI TPUXOIUTCS HCKJII0YAThL U3
mostesin. Ha mpakTuke BBIPOYK/IEHHOCTH BO3HUKAET JOBOJIBHO peko. CokpaleHune 9uc/ia
TeM MOYKeT ObITh KeJIaTeIbHBIM MOO0YHBIM (P eKTOM peryssipusaiuu. BeIpok 1eHHOCTD
JIOKYMEHTa MOZKeT O3Ha4aTh, YTO MOJETb He B COCTOSIHUU €ro OMUCATh, HAPUMED, eCIn
OH CJIMIIIKOM KOPOTKHiI MM HE COOTBETCTBYET TeMATUKe KOJLICKIIHU.

Mopgenb BEpOSITHOCTHOrO NAaTEHTHOrO CeMaHTu4eckoro aHanu3sa (probabilistic
latent semantic analysis, PLSA) — 310 mepBasi BEpOSITHOCTHAsI TeMaTHYeCKasi MOJe/Ih,
npenoxkennast Tomacom Xodbmvanuaom B 1999 roxny [49]. B ARTM ona coorsercTByer HyJe-
BoMy peryasipuzaropy, R(®,©) = 0. B arom ciayuae cucrema (12)—(14) coBnagaer ¢ cucre-
Moii (5)—(7), KOTOPYIO MBI IOy IHIN DAHEe U3 JIeMeHTAPHBIX coobpazkenuii. Beruncienue
E-mara no dhopmyse Baiieca (5) ocraéres npu so6oit peryasipusanuu. B momenn PLSA
He MOYKeT OBITH BBIPDOXKIEHHBIX TeM HJIH JOKYMEHTOB.

Perynsapu3soBaHHbiii EM-anroputm sgjisiercst npuMeHeHuEM MeTOJla ITPOCTHIX HTepa-
nuit st pemenust cucremsr (12)—(14). Cradana BHIOHPAIOTCS HAYAJIBHBIE TPHOJIIZKEHUST
Ouwt, 01d, 3aTEM B IUKIIE 10 cXoauMocTH depenytorcs F-wae (12) m M-wae (13)-(14). Pa-
[IOHATLHBI BapHaHT peryaspu3oBanHoro EM-aaropurva CTpOMTCS aHAJTOTHYHO AJro-
puT™y 2, TOIbKO Tmarn 6 u 7 3amenstiorcs dopmynamu M-mrara (13)—(14).

N3BectHo, uTo EM-airopurm 6e3 peryaspu3aniun CXOIUTCS B CIa00M CMBICTe: Ha KazK-
J0if mrepalun npapaonoaobue ypeamdubaercst [38]. Awasorudubie ycioBust caaboii ¢xo-

muvoctn ayasg ARTM nomyuenst U, A. Upxuabiv®.

Wpxun U. A. CxoamMoCTh 9UCTEHHBIX METOI0B BEPOATHOCTHOTO TEMATHIECKOTO Mojie/upoBanust. Ma-
rucrepckasi nuccepramus, MOTU, 2016.
http://www.Machinelearning.ru/wiki/images/0/05/Irkhin2016msc.pdf
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Peamuzanmun EM-anaropurtMa MOTYyT pa3indaTbCsd YacTOTOW OOHOBJIEHHS HMapaMeTpOB
MOJIEIH Py B 0y IO TEPEMEHHBIM Ny U Nyg. 1acTble OOHOBIEHUS MOBBIIAIOT CKOPOCTh
CXOIMMOCTH, HO MOYTH He BJIMSIIOT HA 3HAYEeHHe MPaBIoNnogo0us B KOHIE urepanuii [5|.

B emozacmuveckom EM-anzopumme [5] st KazKa0r0 TepMa w; CeMIUTUPYETCs] TOJTBKO
onHa Tema t; ~ p(t|d, w;), 3arem na M-mare Bmecto p(t|d, w;) MoacTaBISETCS BBIPOXK IEH-
Hoe pacupesenenne p(t|d, w;) = [t = t;]. Dra ugest IKcIIyaTHPYETCSA TAKKE B GaiieCOBCKOM
00y “IeHnH TeMATHICCKUX MOje/eil Ha ocHOBe cemiupoBanust ['ub6ca [120).

EM-10100HbBIe ATTOPUTMbBI TEMATHIECKOTO MOJIETNPOBAHEsI CpaBHUBAIOTCS B [18].

OnnaiinoBbiii EM-anropntm cunraercsa Hambosiee OBICTPBIM U XOPOIIO PACIapaIIe -
Baercs [48, 20]. OcHoBHast ero ujest COCTOUT B TOM, 9TO Ha OOJIBITON KOJLIEKIUH MAaTPH-
ma ® MoxkeT COTHCH M TmepecTarh MEHSThCS 33100 10 OKOHYAHWS MepPBOil WTepaluu.
B takux ciaydasix 0JHOTO MPOXO/a MO KOJIIEKIUU TOCTATOYHO JIJIsT TIOCTPOEHUST MOJIEIH.
[TosToMy OHJTaliHOBBIE AJTOPUTMBI CIIOCOOHBI 0OPAOATHIBATH MOTOKOBBLIE TAHHBIE.

Jerann napasienbHoit peasmsanuu oddiaitnoBoro n onjaitnoporo EM-aaropurvma
B O6ubsnorexe BigARTM onuncaunst B paszese 15, emé mogpodbuee — B crarbe [44].

O cTpaTerusix perynspusauun. 3ajaada TeMATHIECKONO MOJEJTHPOBAHUS MO CYTH SB-
JII€TCSI MHOTOKpHUTepHaabHOMi. TeMbl JTOMKHBI YI0BIETBOPSITH MHOIUM TPEOOBAHUAM O/I-
HOBPEMEHHO: HHTEPIPETUPYEMOCTH, PAa3JHIHOCTH, Pa3pe:KeHHOCTH u T.;1. Kpome Toro,
TeMaTHIecKast MOJIe/]b OOBIYHO MCIOJIB3YeTCs He caMa 1o cebe, a KaK BCIOMOTaTeIbHbBII
HHCTPYMEHT IS PEIeHus Pa3JIHIHBIX 33439 TeKCTOBOW aHAINTHKN — HWHMOOPMAIMOHHO-
ro MOMCKA, BU3YAJIU3AINN, KATErOPU3aIud, CeFMEHTAINN, CyMMapu3anun 1 T. 1. Kazkas
3aJ1a4a IpeIbaBiasgeT cBou TpeboBanus K momenn. B ARTM Bce TpeboBanus popmaansy-
I0TCS B BUJE KPUTEPUEB Peryaspu3anuu [; u 6amaHcupyoTcs ¢ MOMOIIbI0 KoM dUIneH-
TOB 7;. KosdunmeHThl 7; IPUXOJIUTCs MOAOMPATH B KayKJI0i 3a/1atde SKCIePpUMeHTaIbHO,
9TOOBI HAWTH KOMIIPOMHCC MEKIy BCeMHU KpuTepusiMu. bosee Toro, ijs n3MepeHus: Ka-
YeCTBa MOJEIN OOBIYHO MCIOJIB3YIOTCS He CaMU Peryasipu3aropbl R;, a Kakne-To ApyTrue
MeMPUKY Kawecmea. Peryagapu3aTopbl T0MKHBI OBITH TIAIAKUMI (DYHKIHAMEA, YIAOOHBIME
Jig BeraucaeHuit Ha M-mrare. MeTpukn KadecTBa JIOKHBI UMeTh YIOOHBIE ST HHTEp-
peTanni IUCA0Bbie 3HadeHns. K corkaleHuio, 3Tu TpebOBaHNs 9aCTO BXOAST B IIPOTUBO-
peune. Hampumep, obmenpuusaTbie METPUKN KadecTBAa WH(MOPMAIIMOHHOTO ITOUCKA, TOUTH
HUKOTJA He SIBJISTIOTCS TJIAAKAME (DYHKIIASIMU.

Ha npakrtuke mpobiema BeibOpa KO3 DUIUEHTOB peryadapu3alund Iepepacraer B 00-
Jiee OOILYIO POOJIEMY YNpPasAeHUA KGYECMEOM MOJIETN, TOCKOJIbKY HUYTO HE 3alperaer
U3MeHATh KOI(MGUIUEHTH T; B Xo1e nrepannii. OIHE peryJIsspu3aTopbl MOI'YT JeJ1aTh MO/I-
TOTOBUTEJIBHYIO PADOTY I/ Apyrux. HekoTopsle peryaspu3aTopbl peKOMEHIyeTCsa BKJIO-
4aTh, Korjga EM-anropurm yke HadaI CXOAUThCA. Ipyrue jtydine oTKII0YaTh MOCIe TOro,
KaK OHHU BBIIOJIHIIN CBOIO paboTy. HekoTopble perynspu3aTopbl MOTYT HeHTpaIn30BaTh
JIPYT ApyTra, W TOTJIA WX HPUXOANTCS HPUMEHSATH MO0YepEIHO. Peryaspu3aTopsl, KakK siabl
JUIST MOJEJN, — B MaJIbIX J03aX OHHU JedaT, B OOJBINHX OHH CMEePTEIbHO OMACHBI, B CO-
YeTaHWu JPyr C APYrOM OHH MOTLYT JaBaTh HeokuaaHHbe 3hderTol. CucremMaru3anns
1 HCIOIb30BaHme 3TUX 3(P(EKTOB CTAHOBUTCA mpeaMeroMm uccienoBannsg B ARTM.

Cmpamezueti peeysapusayuy, Ha3biBaeTcss (GYHKIHUS KOIDDUIMEHTOB pPeryaspu3a-
MU T; OT HOMepa uTepanui. B gacTHOCTH, OHA MOXKET UCIOJIH30BATh TEKYIIHe 3HATEHHS
HapaMeTpoB MOJIEJIM U METPUK KadecTBa.
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OTHocuTenbHble Ko3cduuneHTol perynspusaumun. Emé oxna mpobiaema 3aK/aoda-
eTcs B TOM, UTO KO DUIMEHTH peryaspu3alui, TIAaTeJIbHO MOA00paHHbIe JIIsS OXHOM
KOJLJIEKIINH, CKOpee BCEero, OYIyT ILI0XO paborarh Ha Apyroil. OHW MOryT 3aBHCETH OT
pa3mMepa KOJJIEKINH, MOIIHOCTH CJI0Bapsi, CpeaHeil JINHBI JOKYMEHTOB. Ecanm KoJuTek-
AT TIOTIOJTHSIETCST, TO CO BPEMEHEM MOYKeT TOTpedOBaThCs uX mepeHacTpoiika. [Ipobrema
perraeTcss BBeJIeHHeM HOPMHUPOBOUHBIX KONDMHUIUEHTOB U 0OMHOCUMEALHBLT K0IPPUUUEH-
MO8 PE2YAAPU3AUUL, BHIPAZKAIOIINX CTEIeHb BO3ICHCTBUS PEryasapu3aTopa Ha TeMaTHIe-
CKyt0 MOjiesib. OTHOCHTETbHBIE KOI(DMUIIMEHTHI MEHbBIIe 3aBUCIT OT KOJIEKIWH, U JIJIsT
HUX MOTYT OBITh YCTaHOBJIEHBI YHUBEPCAJIbHBIE PEKOMEHIyeMble 3HAUEHMUSI.
Pacemorpum dbopmyny M-mrara (13) co B3BenieHHO#N CyMMOii peryssipu3atopos R;:

k
OR;
Pwt = IL)OEI"%l (nwt + Zzl TiPwt awwt) .

Beeném cymmaproe sozdeticmsue r;; peryngpusaropa R; Ha TeMy t U €ro cymmapHoe
soadeticmeue 1; Ha BCE TEMBI:

OR;
Tit:Z’SOwt% ) 7"1':27“#,-
teT

Bpenenne HOPMUPOBKH T; = 7;; MO3BOJIAET HHTEPIPETHPOBATH KOIDPUIMEHT 7; KaK
ommocumenrvroe sosdeficmeue peryagpuzaropa R; Ha TeMaTndeckyio mMoaenb. OH MOKa-
3bIBa€T, BO CKOJIBKO pa3 BJIUAHUE PEryjJadpu3aTopa Ha MOAEJIb CUJIbHEE BJAUAHUA NCXOAHBIX
nannbix. [Ipu 7; — 0 peryaspusarop R; orkaiodaercs. [Ipu 7; — oo nepepery/sipusaus
MOZKET TPUBOIUTH K BBIPOKICHUIO MOJIETH.

Bpenenne 1pyroit HOpMHPOBKH 7; = 7;7'* IO3BOJIAET HHTEPIPETUPOBATL KOdGDDHIIH-
eHT 7; KAK omHocumeavhoe so3delicmsue peryiagpusaropa R; Ha oTaenbuyio Temy t. Te-
nepb abCOMIOTHBIN KO3(MAMUIMEHT PeryJasipu3aniun 7; CTAHOBUTCS 3aBUCSIINM OT TEMBbI,
OJHAKO ero OTHOCHUTEJIbHBIC BOS,Z[eﬁCTBHH Ha BCe TeMbl OJNHAKOBDI.

B obmiem ciiydae e m3BeCcTHO, Kakas W3 JBYX HOPMHUPOBOK Jjyduiie. st obiHoCTH
BBeJIEM BBIMYKIYI0 KOMOMHAIUIO JIBYX HOPMHUPOBOK:

Ti =T (%& + (1 - ’Yi)ﬁ)a
Tit T

rjie 7; — omuocumenvhoili Koahhuuyuenm pe2ysapudayus; IapaMeTp 7y; Ha30BEM cmene-
Hb10 UHIUBUIYAAU3GUUY BO3EHCTBUS peryagpu3aTropa R; Ha Tembl. [lpu v; = 1 ko3 du-
[UEHTHl T; MAKCHMAJIHbHO PA3IUIAI0OTCs 110 TeMaM, BHIDABHUBAsI OTHOCUTEIbHBIE BO3/IEii-
cTtBus peryisipuszaropa R; va tembl. [Ipu v; = 0 koaddunuentsr 7; He pasjuvaioTcs Mo
temaM. I[TapameTp ~; mpegiaraercsa mogOupaTh KCIEPUMEHTATBHBIM IIYTEM.

Ananornuno pacemorpum dhopmyiny M-mara (14) co B3BemeHHONH cyMMOil peryisipu3a-
TopoB R;. BBeném cymmapnoe sosdeticmeue q;q perynsgpuszaropa R; Ha TOKYMeHT d U ero
cymmaproe sosdeticmeue ¢; Ha KOJIEKITHIO:

Gia =Y etd% L G=)

teT deD

[IpenctaBum KO3 DUIEHT peryaspu3alun 7; B BHJIE

- n n
T =T (%fd + (1 — %’)—)a

qid qi
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TJe T; — 0OmHocumenvhbvil Koadhuyuenm peayaapudanyuu, v; — cmenens undusudyaisuda-
yuu BO3eiicTBUA peryasgpusaropa R; Ha mokymentsl. [1pu v; = 1 koacddunuentsr makcu-
MaJIbHO PA3JIMYAIOTCS 110 JJOKYMEHTaM, BhIDABHUBAsSI OTHOCUTE/ILHBIE BO3/IEHCTBUS PeryJis-
puzaropa Ha JOKyMeHThI. [Ipu v; = 0 ko3 dpuimenTs He pasjmvaloTcs Mo JOKYMEHTaM.

4 BaiiecoBckasa perynsipusauns n mogeno LDA

Baiiecosckas perynsapusauma. /o cux mop MBI IpeINoaaraii, 9To JaHHBIE IOPOKIa-
I0TCSl BEPOSITHOCTHOM MOJIe/TBIO ¢ Tapamerpamu (@, ©), KOTopbie He H3BECTHBI U He CJTyvaii-
Hbl. B 0aiiecOBCKOM TOIXO0/e IPeIoaaraeTcs, 9To mapamMerpbl TakKyKe CAydailHbl W T0/I-
YUHSIIOTCS HEKOTOPOMY anpuophomy pacupenerernto p(®,0;v) ¢ Hecaydaiinbiv 2unep-
napamempom 7. B 3TOM ciydae MaKCUMH3AIMs COBMECTHOTO IPaBIONOAOOMA JAHHBIX
¥ MOJIE/IN IPUBOJUT K MPUHITAILY MAKCUMYMA anocmepuoproti eepoammocmu (maximum
a posteriori probability, MAP):

n

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

@7@7
i=1 K

[Tocae sorapudmupoBanus nosydaem Moaudukanuio 3a1aan (8), B KOTopoii Jorapudm
AIPUOPHOTO paclpee/leHus SIBIIeTCsS Peryaspu3aTopoM:

Zzndw lnzﬁpwtetd —|—h’1p(q),@7’y) — glgx (21)
deD wed teT R(q;,@) =

B 6aiiecOBCKOM MOAXO0JE TPUMEHSIETCSl TaKzKe MPUHIUI MAKCHUMHU3AINN HEMOJHOTO
IPABJIONOI00KSI, B KOTOPOM TI0 cydaifubiM napaMerpaMm (®, ©) mpous3BOIUTCS WHTErpH-
pOBaHUE W ONTHMHU3UPYIOTCA TUIepIapaMerpbl v. CunuTaercd, 4To 3TOT HPHEM CHUZKAET
pPa3sMepHOCTh 3aJa9i U PUCK Iepeodydennd. [leficTBUTELHO, Pa3sMepHOCTh BEKTOpa 7,
KaK IPaBUJIO, MHOTO MeHbIIe pa3mepos marpun, ®,© m He 3aBHCAT OT 00BEMA KOJIEK-
nun. OHAKO IS PEIeHns MPUKIAIHBIX 331249 BCE PABHO HYXKHBI MIMEHHO 9TH MATPHIHL.
@opMyJIbI I HUX BBIBOAATCS TPOMO3IKMMH TPUOIMAKEHHBIMA METOJAMM, HO B HTOTE
masio ortnaaores or MAP-ornenox [18].

B 6aiiecOBCKOM MOIXO/Ie ONEHUBAIOTCS He caMu mapaMeTpbl P, O, a uX anocTepuopHoe
pacnpenenerne p(®, O | D;~y). s 3a1a9 TeMaTnIecKoro MoeIHPOBAHUsT B STOM HET 0CO-
boit meobxoammoctn. Ha mpaxTuke MOJYyYeHHOE PACHPEIEJICHNE UCTIOMB3YETCA UCK/TIOYH-
TEJILHO JITST TOTO, YTOOBI BEPHYTHCA K TOYEUHBIM OINEHKAM MATEeMATHICCKOTO OKUTAHUS.
Hu anocrepropHble pacupeieaenns, Hi HHTepBaIbHbIE OIICHKH, HA JazKe aJlbTepHATUBHBIE
TOYEUHBIE ONEHKH MEJIMAHBLI UM MOJBI B MPHIOKEHUSIX HE UCIOIb3YIOTCS.

Texuuku MpubIMKEHHOrO 0afiecOBCKOro BhIBOAA (BapuaIlMOHHBIH BHIBOI [124], cam-
mmpoBanne ['mb6ca [120], pacrmpocrpanenne oKugaHWs) He TMO3BOJSAIOT JIETKO KOMOH-
HUPOBATH MOJEIH U JOOABIATH PETyISPU3ATOPHI, HE UMEIONME BEPOATHOCTHONW HHTED-
nperanun. nsg KazKa0ii HOBOI MOJEIN MPUXOJUTCS 3aHOBO BBHIIOJIHATH MATEMATHICCKIE
BBIKJIAJKHA U MPOIPAMMHYIO PEATH3aIuio. B OPUKIAIHBIX IPOEKTaX CPOKH, CTOUMOCTD
1 PUCKH TAKUX Pa3pabOTOK CTAHOBATCS HEMPEOJOJUMBIM OapbepoM. I10o3TOMy Ha HMpax-
THKE TOJIB3YIOTCS MPOCTOi yerapestneit mogenpio LDA | a baitecoBckoe TemMaTnaeckoe Mo-
JIeTAPOBAHNE PEJIKO BBIXOJUT 33 PAMKH aKaJIeMUYeCKUX uccaegoBanuii. Tem He Menee,
B JIATEPATYPE 110 TeMATHIECKOMY MOJIETUPOBAHMIO 0aiileCOBCKUIL IOIX0, JOMUHUPYET.
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Muorokpurepua bHbIil He-OaitecoBekmii moaxom ARTM — 310 monbITKa H3MEHHTDb CH-
Tyanuio. baiiecoBckue TeMaTHndecKne MoOJeTn B OOJIBIINHCTBE CaydaeB yaaéTcs mnepedop-
MYJIHPOBATh B TEDMUHAX PEryJisipU3alii, 3aMicaB MOCTaHOBKY 3a1aun B Buje (21). C sro-
0 MOMEHTa PeryJsipu3aTop OTAEIsIeTCS OT MOJIEJIN W MOYKeT ObITh NCIT0JIH30BaH B JIPYTHUX
MOJEJIAX. 9TO MpuBOAUT K MO,Z[y.HbHOfI TEXHOJIOTUN TeMaTHYeCKOIr'o MOJEJIUNPOBaHUA, KO-
TOopad peajM30BaHa U pa3BUBaeTcd B MpoekTe BigARTM.

Mopenb nateHTHoro pasmewieHusa Oupuxne. [Issun Basit, Duapro bl uw Maiix
Hzxopnan npemaoxunn mogenb LDA (latent Dirichlet allocation) [26] agist pemmenust mpo-
6embl mepeobyuenns B PLSA, koropas mpeckasbiBaia BepOSTHOCTH TepMoB p(w|d)
HA HOBBIX JIOKYMEHTaX 3aMeTHO XyzKe, 4eM Ha oOydatomeil KoJutekmnuu. [lo3zke Bbisc-
HIJIOCH, UTO HA OOJIBIIUX KOJIIEKIIUAX 00€ MOJE/N MOUTH He MepeodydaroTcs, a X IpaB-
JIOTOI00KST OTINYAIOTCsT He3HaduTeabHo |76, 148, 71|. Pazin4ust mposiBASIOTCS TOJIBKO
Ha HU3KOYACTOTHBIX TEPMaX, KOTOPbIe HE BAaYKHBI J/Isi 0Opa3oBaHust TeM. B pobacTHBIX
Bapuanrax PLSA u LDA Takue TepMbl HTHOPHPYIOTCS, ITO PE3KO CHHKAELT KaK mepeody-
deHue, Tak W pasjauune B mpasonoaobun mozeseii [102]. Cam Bompoc o mepeobydeHun
[IOCTaBJIeH He BIOJHE KOPPEKTHO. Bo-NepBBIX, TeMAaTHIECKHEe MOJETN CTPOSTCS He Pajiu
peCKa3aHus TEPMOB B JIOKYMEHTAX, a JJIsl BHISIBJIEHUST KJIACTEPHOW CTPYKTYPhI KOJLJIEK-
nuu. Bo-BTOPBIX, BeJndnHa TepeodydeHus 3aBUCHT HE TOJBKO OT CaMOil MOJeIu, HO U
OT TOTO, KAK MBI JIOTOBOPUMCST M3MEPSTh e€ KadecTBO. [j1s m3Mepenusi OOBITHO HCIIOJIb-
3yeTcsd MepILIeKCHsI, KOTOpas CHIbHO mTpadyeT 3aHIKeHHbIE BEPOSTHOCTH HU3KOYACTOT-
HBIX TepMOB. Bo3moxkuo, npeBocxonactBo LDA max PLSA He cToab cymecTBeHHO, KAK 9TO
OpUHATO cuuTaTh. lem He menee, LDA e daxro siBiasieTcst camoii uCmobp3yeMoit Tema-
TUYECKOU MOJEJIBIO.

Momens LDA ocHoBaHa Ha MPeIIOIOKEHUH, 9TO CTOJIONGI 0y W (; SIBISIOTCS CJIydaii-
HBIMU BEKTOPaMHU, KOTOPbIe MOPOXKIAIOTCS pacipeeieHusimu upuxie ¢ mapamerpaMu
a € RTlu g € RVl coorsercrsenno:

. '« o
Dir(04; ) = ﬁ 1;[ vd 17 oap >0, apg= ;Oét, O > 0, ;Qtd =1
t
L'(Bo)

Dlr((ptv ﬁ) H 9051;—1’ ﬁw > Oa 50 - Zﬁwa (Pwt > 0, Z (Pwt - 17

T IIT(Bw)

rie ['(z) — rammva-dyuakuus. [Tapamerpst pacnpejesienus JIupuxiie CBsS3aHbl ¢ MaTeMa-
THIECKUM OXKHJIAHHEM IMOPOZKIAEMbBIX CIyUYaiiHBIX BEKTOPOB: Ef;y = g—;, Epuwt = %—’g

Pacnpenenenns Iupuxie CooCOOHBI MOPOXKIATH KAK PA3PeKeHHBIE, TAK W ILIOTHBLIC
BEKTOPBI JUCKPETHLIX pacupenenecnuii, puc.2. Yem menbme [, Tem Oosee paspezkeHa,
COOTBETCTBYIOIMAS W KOMIIOHEHTA O,y B MOPOKIAEMbIX BEKTOpax ;. Ecam BeKTOp mna-
paMeTpoB COCTOMT W3 PaBHBIX 3HaYeHUil [3,, To pacupenenenue Iupuxie Ha3bIBaeTca
cummempuunvim. Ilpu 5, = 1 cuMmMerpuanoe pacnpenenenue upuxie cOBIAIAET C PAB-
HOMEDHBIM pACIpPeIeeHIeM Ha eIUHIIHOM CHMILICKCE.

Temaruueckass MOIEIb IMOPOXKICHHS MTAHHBIX SBJIAETCS JIBYXYypPOBHEBOIL: CHadasa
13 pacupeienenus JIupuxie mMopoKIaloTcsa BeKTOP-CTOMOIBI (0;, KOTOPBIE 33JaI0T TeMBI.
3areM W3 MOJIYYEeHHBIX pactpefeneHuit p(w|t) = @, MOPOKIAIOTCS TEPMbI, 006pa3yo-
pe TeMaTHIecKne 9acTu JoKyMeHToB p(w |t, d). Takum o6pa3oM, IBYXypOBHEBAS MOJIE/h
OIHUCHIBAET KJIACTEPHBIE CTPYKTYPBI B TEKCTOBBIX KOJLICKIUAX. BeKTOPHI pacrpeeaeHuii

17



02 02 02
.3[.,..!!-]'.. 1 .3‘;.,|JI'HTT1!. .3‘;.,TTTTTTTTTT
Dir(p;0.1) Dir(p;1) Dir(¢; 100)
(paBHOMEpHOE)

Puc. 2: [Ipumep TPéX HEOTPHUIATETLHBIX HOPMUPOBAHHBIX BEKTOPOB ¢; € R0, mopoxadHHBIX cooTBeT-
CTBEHHO TPeMs CUMMETPUYIHBIMU pacupeaenenusvu Jupuxie ¢ mapamerpamu 0.1, 1, 100

p(w |t) mHTEPIIPETHPYIOTCST KAK MEHTPHI KJIacTepoB, a pactupenenenus p(w|t, d) sBiastorcs
TOYKAMHU ITUX KJIACTEPOB.

Boijiee ybepurebubIX JUHTBHCTHYECKUX OOOCHOBaHWil pactpejenenue Iupuxje He
nMeeT. Ero mmpokoe pacrnpocTpaHeHne B TeMaTHIECKOM MOJETUPOBAHUU OODbSICHSIETCS
CKOpee ero 4ucTo MaTeMaTHIeCKHM YI00CTBOM s OaitecoBckoro obydenus. Pacupeene-
Hue /lupuxie sBasSeTcs CONPSKEHHBIM K MYJbTHHOMUAIBHOMY PACIIpEeIeIeHHI0, 9TO CY-
IECTBEHHO yTpornaeT 6aifecoBCKuil BEIBOI. Bitaromgapst 3ToMy CBOICTBY OHO OKa3bIBAETCSI
«Ha 0CODOM TOJIOKeHUN» B 6aifeCOBCKOM TeMaTHIeCKOM MOIEJIMPOBAHNUN, U OOJIBITHHCTBO
MOJIeiell CTPOSITCS C MCIOJIb30BaHueM pacipeaenennii /lupuxiie.

Cormacuo (21), mogeaun LDA coOTBETCTBYeT peryasipu3aTop, ¢ TOYHOCTHIO 0 KOHCTAH-
THI paBHBIiT JlorapudMy ampuopHOro pacupeaenenus lupuxe:

R(®,0) = lnH Dir(¢y; 8 H Dir(64; ) 4 const =

teT deD
=> ) Bu—Dlnpu+ Y > (o —1)Inby. (22)
teT weW deD teT

[Tpumenenne ypasuenwuit (13)—(14) k sromy peryasipusaropy gaér dbopmymnbr M-nrara:
vt = notm (g + By~ 1) O = -1).
Pt = 1ot (ny + B — 1) a = norm (nya + oy — 1)

IIpu B, =1, ay = 1 anpuopuoe pacipeenenne lupux/ie coBmagaeT ¢ paBHOMEPHBIM
pacrpejeenrneM Ha cuMIniekce, popMysibl M-1mara mepexo/isiT B HeCMeIEHHbIe YaCTOTHBIE
OIEHKH YCJIOBHBIX BeposiTHocTedl, a Mojgesnb LDA mepexomur B PLSA [45].

[Ipu 5, > 1, a; > 1 peryngpusaTop UMeeT criaxKupatormunii 3pdekT: o geraer 601b-
e BEePOSATHOCTH €Ié OOJIbINe, TPU ITOM MaJble BePOATHOCTH 3a CYET HOPMHUPOBKH CTa-
HOBSATCS MEHBIITe, OJHAKO HUKOTIA He JTOCTUTAIOT HYJId.

IMpu 0 < B, <1, 0 < oy < 1 perysnsipuzaTop umeer paspekupatomiuii 3¢ dexT u cro-
cobeH OOHYJ/ISITH MaJjible BEPOSITHOCTH.

Auseprenuus Kynbbaka—Jleiibnepa (KL-dusepeenyus, OTHOCHTEIHHASI SHTPOITHS) Jia-
Jiee OyZeT OJHUM W3 BaKHEHITNX WHCTPYMEHTOB KOHCTPYHPOBAHUS PEry/isipu3aTOpPOB.
910 HecuMMeTpUUHAST (DYHKIUS PACCTOSIHUSI MEYXKIY JIUCKPETHBIMH PaCIpee/IeHusIMI
P=(p),u@=(q;)",, c coBmamaomumu Hocuresvu, {i: p; > 0} = {i: ¢; > 0}:

L(P||Q) = KL;i(p:|l¢:) szln H(P,Q)— H(P),
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0.04 4 0.020 - 0.020
0.03 1 0.015 1 0.015 4

0.02 1 0.010 1 0.010 1

] Q ] _
0.01 0.005 0.005 7
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. 3: Oueeprenmust Kynanbaka—Jleitbnepa KL(P||Q) siBisiercst HECHMMETPUIHON MepOil BIOXKEHHOCTH
pacupenenenuss P = (p;)_; B pacupenenernue Q = (¢;)1,. Brnoxkernnocrs P B () IpUOIU3UTEIHHO ONHA-
KOBa Ha JIEBOM U CpeJHeM rpadukax, BIOKEHHOCTh () B P — Ha JIeBOM U IMPaBOM IrpadpuKax.

e H(P)=—>.p;Inp; — aumponus pacupenerenns P, H(P,Q)=—> . pilng —
Kkpocc-aumponus pacupenenenniit P u (). Obo3nauenne KL; He sBIsieTcst 00IMENPUHATHIM,
HO OHO YJ00HO, KOT/JIa HAJIO MOKA3aTh, 0 KAKOMY WHJIEKCY MPOU3BOJUTCS CYMMHUPOBAHUE.

KL-nuBeprennusi HeoTpuIiaTebHa U paBHA HY/TIO TOTJAA W TOJBKO TOIJ/A, KOTJA Pac-
peIeJIeHnsT COBIAIAIOT, P; = (.

Ecmn KL(P||Q) < KL(Q||P), To pacnpenenenne P cuibHee BI0XKeHO B (), yem ) B P,
cm. puc. 3. Takum obpazom, KL gpisiercsi Mepoil BJIOYKEHHOCTH JBYX PaCIPE/IC/ICHUI.

Ecau P — smnupudeckoe pacrpejenenne, a (Q(a) — mapaMerpudeckasi MOJe/ b, TO M-
anmmsanusa KL-auBepreHnun 9KBUBATEHTHA MUHUMHU3AIMHA KPOCC-SHTPOIUNA U MAKCHMHE-
3aIN [IPABIOMOI00M:

KL(P[Q(a sz -

—)mln — g piIng; (o) — max.
[e%
i=1
Makcumusaryst MpaBIonoa06us (8) SKBUBATEHTHA MUHUMHU3AIUN B3BEIIEHHON CYMMBI
- % 2 — Ndw -
KL-uBepreniuii MezK /1y SMIUPUICCKUMHI pactpeenenusivu p(w |d) = 1 MOJIC/TBHEI
vu p(w|d), mo Becem mokymentam d uz D:

n w
an KLw( d H Z wthtd) — rggl
deD

rJie BeCOM JOKYMeHTa d siBJseTcs ero JauHa ng. Ecium Beca ng yopaTh, TO Bce JTOKYMEH-
Tl OYIyT UCKYCCTBEHHO NPHUBEIEHBI K OAUHAKOBOI mauHe. Takasg momupurarus HyHK-
[IAOHAA KAYeCTBA MOXKeT OBITH IOJIe3HA MPH MOIEJTMPOBAHUN KOJLIEKIIHI, COIePKAIIIX
JIOKYMEHTHI OJIMHAKOBO# BarKHOCTHU, HO CYIIECTBEHHO PA3HON JIJINHBI.

He-BepositHocTHasi untepnperauus mogenu LDA. Perynsgpuszarop (22) MOXKHO 9K-
BUBAJICHTHBIM 00pa3oMm 3anucarh depe3 KL-juBeprenmnun:

R(@’@) = |W| ZKLU}(# H (Pwt) - BOZKLw(%g H (Pwt) +

teT te’T
+ (T KL (o || ) — a0 > KL (2 || 61a).
deD deD

Orcrona ciaemyer, aro momeab LDA oka3biBaeT CriakKMBaoIIie W PasperKuBarone
BO3eiicTBus Ha MaTpuiibl P, ©. Bee cronbib maTpunbt Y 10/1KHBL OBITH OJTU3KI K OTHOMY
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U TOMY K€ pacIpejieIeHui0 g—”g, IpUIEM MmapamMeTp [y CTaHOBUTCS KOIDMUITHEHTOM pery-

JSIpU3anun. AHATOTHYHO, BCE CTOJIOIBI MATPHUILI © TOMKHBI OBITH OJTM3KK K pacipeeie-
HUTO g—;, U 3TUM TpeboBaHUEeM yIpaB/seT KoM dUuImeHT peryasipusanun «g. Kpome srux
CTIAZKMBAIOIINAX BO3/IEHCTBUIT MMEIOTCs CIa0ble HEYPaB/IsieMble Pa3PeKUBAOIINe BO3/Iii-
CTBUSI: CTOJIONBI 00ENX MATPHUIL JOJIZKHBI ObITH JTAJeKH OT PABHOMEPHOTO PACIPE/IEIeHHSI.
JlapIme Bcero oT paBHOMEPHOTO PACIIpeie/IeHIsT HAXOIATCs BBIPOXKIEHHBIE PacIpe/ieie-
HUsI, B KOTOPBIX €IMHUYHASA BEPOITHOCTH CKOHIIEHTPUPOBAHA B €IUHCTBEHHOM 3JIEMEHTe.

[TosTomy paspekuBaHWe MPUBOINT K OOHYJIEHUIO MaJIBIX BEPOSTHOCTEH B MaTpunax ®, 0.

5 WHTepnpeTtnpyemocTtb TeM

Orka3 or anpuopHbIX pacupenenennii JIupuxie mo3sosster 0606mmTh Momeanb LDA:
CHATH OTPAHUYEHUST HA 3HAKH PHIEPIapaMeTpoB B (22) u cBOOOHEe 0OPAIIATHCS CO CTIIa-
JKUBAHUEM U Pa3pe:KUBAHUEM sl YIyUIIeHHs HHTePIPETHPYEMOCTH TEM.

T'unomesa paspesicennocmu SIBJISIETCS OJHUM U3 €CTECTBEHHBIX HEOOXOIUMBIX YCJIOBU
unreprpernpyemoctu. [Ipeamnosaraercs, 9o Kaxk/asi TeMa XapaKTepu3yeTcst HeDOJIhITAM
YUCJIOM TEPMOB, M KayKJblif JOKYMEHT OTHOCHTCSI K HEDOJIBIIIOMY YHCIy TeM. B Ttakom
cIydae Cpeu BePOSITHOCTEH ¢, U Oyg JOJIZKHO OBITH MHOTO HYJIEBBIX 3HAYCHUI.

MHorokpaTHble IOILITKA pa3peKuBanusg Mogean LDA npuBoanan K 4pe3sMepHo CI0K-
HbIM KOoHCTpyKumsim [114, 40, 138, 63, 32| u3-3a BHyTpeHHEro MpOTHBOPEUHsT MeZXK/Iy Tpe-
OOBaHUSIMU PA3PEKEHHOCTH W OIPAHMYEHUSIMH CTPOTOil MOJIOKUTEIHHOCTH TapaMeTpPOB
B pacupeaesenun dupuxie. [Ipobiiema permaercss HEOKHWIAHHO MPOCTO, €CJIU OCTaBUTh
KPOCC-9HTPONMUAHBIH peryagpu3atop (22) u pa3pelnTh MUIeprnapaMerpam o, (3, TpUHHE-
MaTh JITOObIe 3HAYEHHUsI, BKJIOYad OoTpunarenbHbie. [lo Bceit BHIUMOCTH, BIIepBbIe OHA
ObLIA TpeIozKeHa B JuHAMuUecKoit Mogenn PLSA mua o6paborku Buaeonotokos [126],
rjie JIOKYMeHTaMHU sIBJISIJINCh KOPOTKHUE BuieodparMeHThl, TepMaMi — IMPU3HAKN Ha N300-
pakKeHusIX, TeMaMi — TMOsIBJIEHHe ONPE/IeJIEHHOTO 00beKTa B TeUeHne OIPeIeIEHHOTO Bpe-
MEeHH, HampuMmep, npoess aBroMobmidg. CHIbHO pa3perKeHHbIe pacipeaeaeHus moTpedo-
BAJIUCDH /I OIUCAHMS TeM C KPATKUM <«BpPeMeHeM KHU3HU».

CrnaxuBaHue n paspexusaHue. [lo anasoruu c (22) BBegéM 0000IIEHHBIN PeryJisipu-
3aTOp CrlaKUBaHUA U Pa3peKUBaHUA:

R(®,0) = Z Z Bt In oy + Z Z Qg In Oyq.

telT weW deD teT
[ToxcraBus sror peryasipuzarop B (13)—(14), noxyunm dopmysasr M-mara:
Put qv%rvlrvn(nwt + But); (23)
Orq = n;)ErTm (ntd + atd). (24)

[TomoxuTebHOE 3HAUEHHE TTapaMeTpa (g WA [,y COOTBETCTBYET CIIAKUBAHUIO, OT-
pHUIIaTEIHHOE — Pa3peKHBAHUIO.

YacTtunyHoe oby4eHue. B nponecce co3manus, HCIOIL30BAHUA WM OLCHUBAHUA TEMa-
THYIECKON MOJEIN IKCIEPTHI, MOIb30BATE/NN WIN aCECCOPbl MOTYT OTMeYaTh B TeMax pe-
JIeBaHTHBIE WM HepeJTeBaHTHBIE TePMBI U JTOKYMEHTBI. Pa3MedeHHbIe JAaHHBIE ITO3BOJIAIOT
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Puc. 4: Crpykrypa paspexkennoctu Marpull ¢ u © ¢ npeaMerHbiMu 1 POHOBBIMU TEMAMU.

(bukcupoBaTh MHTEpIpETAIMM TeM U IOBBIIIAIT yCTOWYMBOCTH Mojesn. Pa3merka Mo-
JKeT 3aTParuBarh JHIIb YaCTh JOKYMEHTOB M TeM, IO3TOMY €€ HCIIOJIb30BAaHNe OTHOCUTCS
K 33JaU9aM uacmuurozo obyuenus (semi-supervised learning).

[Tycteb mist kaxkaoit Temer ¢ € T 3aaHbl YeThIPe OJIMHOKECTBA!

W,m — «Geplit CIECOK» PeJIeBAaHTHBIX TEPMOB;

W, — «4€pHBIil CIUCOK» HEPeJIeBAHTHBIX TEPMOB;
D;” — «Gemnlit CIECOK» pe/leBAHTHBIX JOKYMEHTOB;
D; — «4€pHBIil CIICOK» HepeIeBAHTHBIX JTOKYMEHTOB.

Yacmuurnoe obyvuenue no peaesaHmHoCy SIBIASETCS YaCTHBIM CJIyYaeM Peryaspusa-
TOpa CIJIA?KUBAHUs U Pa3pezKUBAHUS TTPU

But = Bylw € Wtﬂ — B-[we W,
g = ay[d € Df] —a_[d € D/},

rie B+ n oy — KOIDMUIMUEHTH PeryIsipu3aliiim.

MpeametHbie n poHoBbIE TeMbl. YTOOLI MOIETL OBLIA HHTEPIIPETUPYEMOI, KayK1as Te-
Ma JIOJIZKHA UMETh CeMAHMu1eckoe A0p0 — MHOXKECTBO TEPMOB, XapaKTEPU3YIOIIHX OIMpe-
JIEJIEHHYIO TIPEIMETHYIO 00JIaCTh U PEJIKO yHoTpedJisieMbiX B Apyrux temax. s sroro
maTpuipl @ 1 © MOKHBI UMETH CTPYKTYPY Pa3PerKeHHOCTH, aHAJOTHIHYIO TTOKA3aHHON
Ha puc. 4. MuOXkecTBO Tem pas3bmBaeTcss Ha JBa MoAMHOXKecTBa, 1 = S U B.

Ipedmemmnvie memor t € S comepzKaT TEPMUHBI TPeIMEeTHBIX obsacteii. VIx pacmpeme-
nerust p(w | t) paspezKeHbl U CYIMECTBEHHO PA3INIHBI (IEKOPPEINpPOBaHbl). Pactipeienens
p(d|t) TakKe pa3perKeHbl, TaK Kak KayKjas HpPeJMeTHasl TeMa MPUCYTCTBYeT B OTHOCH-
TEJILHO HEDOJIBINON J0/1e IOKYMEHTOB.

Donosvie memov, t € B comepzKar cjaoBa 0oOIIEil JIEKCHUKH, KOTOPHIX HE JIOJKHO ObITh
B IpeJMEeTHBIX TeMax. VIx pacnpegesnenus p(w|t) u p(d|t) craazkensl, Tak Kak 3TH CIOBA
PUCYTCTBYIOT B OOJBITHHCTBE JTOKYMEHTOB. TeMaTn4aeckyto Mojeb ¢ (hOHOBBIMU TEMAaMU
MOYKHO paccMaTpuBaTh Kak 00001menHe pobactabix Mozesneii |30, 102], B KoTopbIx HCHOIb-
30BaJI0Ch TOJBKO OJHO (DOHOBOE pacipejesieHue.

CdokycupoBaHHbIii TemaTu4deckuii nonck. JYactuanoe oOyvIeHne TeM MOKHO PACCMAaT-
pHUBATh KaK Pa3sHOBHIHOCTL TeMATHYECKOr0 MH(MOPMAIMOHHOIO MOUCKa. B KadecTse 3a-
Ipoca 3aJaéTCa cemManmuueckoe A0po OIHON WIH HECKOJIbKHUX TeM. DTO MOXKET OBITh JIH0-
boit dparmenT Tekcra, «Oesblii cnimcok» TepMoB (seed words) WM z-memku — TEMBI,
NPUMUCAHHBIE OTIENbHBIM cioBaM nin (dbparventam B pokymentax [15]. Temarwueckast
IOMCKOBAsI CHCTeMa JOJKHA He TOJLKO HAWTH U PAH:KHPOBAThL PEIEBAHTHBIC JOKYMEHTEI,
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HO W PAa3JIOKUTh MOMCKOBYIO BBIJIAYY MO TeMaM. B THUOUYHBIX MPUIOXKEHUSIX DETeBAHT-
HBIfI KOHTEHT COCTABJISEeT HUYTOXKHO MAJIYIO JTOTIO KOIeKIuu. Tem He MeHee, UMEHHO
9TOT KOHTEHT J0JIZKeH ObITh TIHIATEIbHO cucTemMaru3npoBan. OOpa3HO TOBOPs, TpedyeTcs
«kJaccuuIIpoBaTh UrOJKH B cTore ceHay [27|. Tembr craHoBsTcst 37emeHTOM rpadu-
qeckoro waTepdeiica 1moab30BaTe s, HHCTPYMEHTOM HABUTAIMH W TIOHUMAHUS TEKCTOBOI
KosueKIuu. OTCio/la BaXKHOCTh TPEOOBAHUS WHTEPIPETUPYEMOCTH KAaXKIONH TeMBbI.

Yacruunoe obydueHHe HCIOIL30BAIOCH JJisl TIOMCKA U KJacTepu3anuu HoBocTei [53],
MOWCKA B CONMUAIBHBIX MeJ/iia WH(MOPMAIUK, CBA3aHHON ¢ DOJIE3HSIMHU, CHMITOMAaMA U Me-
tomamu jedennst [95, 96|, ¢ npecrynmHocThIO U 9KcTpemu3MoM 72, 113], ¢ HanmoHAIBHO-
CTSIMU U MeXKHAIMOHAJIBHBIME OTHOIIeHuSIME (27, 58, 94].

B mozgenun ATAM (ailment topic aspects model) B kKauecTBe CIIIa’KUBAOIIETO PACIIPe-
JeJIHUsT [3,,; UCIOJIb30BATACH OOJIbINAs KOJIIEKIUs MeTUIMHCKAX cTaTeil [96].

B mozenax SSLDA (semi-supervised LDA) u ISLDA (interval semi-supervised LDA)
JIJIST TIOMCKA, 3THO-PEJIEBAHTHBIX TEM B IOCTAaX COIHUAJIBHBIX CeTell MCIOJIb30BaI0Ch Cryla-
JKHBaHKe TI0 CJOBAPIO U3 HECKOJIBKHUX coTeH STHOHNMOB [27]. B momemn SSLDA st kaxk-
JIOff THO-PEIeBAHTHONW TeMbI 3a/1aéTCs CBOU CI0BAPh STHOHUMOB, CBI3AaHHBIX C OJHUM
onpeaenéHasIM 3THOCOM. B Momenn ISLDA mMHOXKeCcTBO TeM pa3dUBaeTcs Ha HHTEPBAJILI,
U JIJI BCEX TeM KazKJIOro HHTepBaJIa 3aaéTcs o0IIuil cioBapb STHOHUMOB. [IpenmytecTBo
TUX Mojeseil B TOM, 9TO MHTEPIpeTaIus KazKJI0il TeMbl n3BecTHa 3apanee. HegocraTku
B TOM, YTO TPY/JHO IMPEYTraJIbIBATh YUCI0 TeM JIJIs KazKJI0# STHUYHOCTH U CTPOUTDH IMOJIU-
STHUYHBIE TEMBI I/IsI BBIABICHUS MEXKITHUIECKUX KOH(MDIUKTOB. ATbTepHATUBHBIN MOIXO.T
3aKJIIOYAETCSI B TOM, YTOOBI 33/IaTh YUCI0 ITHO-PEJTEBAHTHBIX TeM U MIPUMEHUTb K HUM 00-
mee CUTaYKUBaHUE 10 CJI0BAPIO STHOHUMOB. TemaTudeckas MOJETb caMa OIPeIEUT, KaK
pazgeanth ux mo sranaHocTsiM |16, 17]. HemocraTok 3Toro moaxoma B TOM, 9TO HHTED-
HPETUPYEMOCTH HAMJIEHHBIX TEeM TPUXOIUTCS MPOBEPITH BPYUHYIO.

DekoppenuposaHue. Temaruueckass Moje/db He JOJKHA COJAEPKATh JAyOJUPYIIONIMXCS
WK MOXOKUX TeM. JeM pasjimdHee TeMbl, TeM nH(pOpMaTUBHee MOJIe/b. /I IMOBLIIeHUs
Pa3IMIHOCTH TeM OyJeM MHHHMHU3APOBATL CYMMY MOHAPHBIX CKAJSAPHBIX IPOU3BEIeHMIl
(P1, Ps) = D0 PutPws MeKIY cTOaOmaME MaTpuibl $. [lomyunm perynapusaTop:

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

teT seT\t weW

®opmyna M-mara, cormacuo (13), umeer Buj

Pt = r}ﬂ()ervrvn(nwt — TQuwt Z wws)- (25)
seT\t

DTOT peryaspu3arop KOHTpacTupyer cTpoku marpuilsl ¢. B kaxk10it cTpoke, He3aBU-
CHUMO OT OCTAJIbHBIX, BEPOATHOCTH Dyt HaI/I60.Hee SHAYUMBIX TeM TepMa W YBEJINYINUBAIOTCA,
BEPOATHOCTHU OCTaJIbHBIX TEM YMCEHBHIAIOTCA U MOI'yT O6pamaTbCH B HYJIb. PaBpe)KI/IBa—
HUEe — 9TO COmyTCTBYIONHiA 3dhdexT nekoppennpobanns. B [122] 6bl1 3aMeven emé oaun
moJie3HbIH 3 deKT: c1oBa 00IIeil JeKCUKH I'PYIIUPYIOTCSI B OT/IETbHBIE TeMbI. DKCIePH-
MEHTBHI ¢ KOMOMHHPOBAHUEM PEryIsaphH3aTOPOB CLIaKUBAHNSA, PA3pEKUBAHUS U JIEKOppe-
mauposanusi B ARTM moareepzkator sro nHabiawogenne [6, 133, 132].

HexoppennpoBanne Brepsbie Obl10 npemaoxkeno B Mogean TWC-LDA (topic-weak-
correlated LDA) B pamkax 6Gaiiecockoro moaxoma [122]. CooTBercrByiolnee ampuopHoe
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pacipejie/ieHie He SBJSIeTCS CONPAXKEHHBIM K MYJIbTHHOMHAJIHLHOMY, MOITOMY OaiiecoB-
CKHil BBIBOJI CTAJIKUBAETCA ¢ TexHudecKuMu Tpyanoctamu. B ARTM pacuérnbie (hopmyst
BBIBOJSITCSI B OJHY CTPOKY.

KombunHupoBaHue perynsapu3atopoB criaazkubBaHusg (POHOBBIX TEM, pa3perKUBAHUSI
IpeIMEeTHBIX TeM B MaTpurie O W JeKOppeJUpOBAHUSA CTOIOIOB MATPUIL P MCHOIB30-
BAJIOCh y7Ke BO MHOI'MX paboTax Jijisl yaydiieHns WHTepnperupyemoctu tem |6, 132, 133,
134, 12]. TTomobpas kKoabGUIHEHTHI PeryIsipU3aIiii, MOKHO OJHOBPEMEHHO 3HAYUTETHHO
VJIYUIIUTH PAa3PeKeHHOCTh, KOHTPACTHOCTh, YUCTOTY U KOI'€PEHTHOCTh TeM IPU He3HAYH-
TeJIbHOIT moTepe npaBaonoaoous Moaeau [133]. Beuin BIpaboTaHbl OCHOBHBIE PEKOMEH A~
[UN: JeKOppeInpoBaHne U CTJIaKUBaHAe BKIIOYATH Cpa3y, pa3pexkuBanne — nociae 1020
uTepanuii, Korjaa oopasyercs TeHJIEHIUsS K CXOJUMOCTH ITapaMeTPOB MOJIEIN.

Ta ke KOMOWHAIWS PEryJIIpU3aTOPOB ObLIa UCIOJIH30BAHA JJIsI TEMATHIECKOTO Pa3-
BeI0IHOrO noncka B [12]. Oka3anoch, 9T0 OHA CYIIECTBEHHO YJIydIiaeT Ka4ecTBO ITOUCKA,
XOTsl HUKaKWe KPUTEPUH KAdeCTBA MOUCKA HEMOCPEJICTBEHHO He ONMTUMU3UPOBAJIHCH.

6 MopenupoBaHue MyabTUMOAANbHbIX AAHHbIX

Myavmumodarvhas memamuseckas Moodess OIUCHIBACT TOKYMEHTHI, COAEPZKAIINE Me-
TaJaHHbIC HAPSLY ¢ OCHOBHBIM TeKCTOM. MeTatanHble MOMOraoT 60/1ee TOIHO ONPEIe/IaTh
TEMATUKY JOKYMEHTOB, W, HA00OPOT, TEMATHYECKAsT MOJIEIH MOKET MCHOJIb30BATHC JIJIst
BBISBJICHUS CEMAHTUKKM METAJAHHBIX WM TPEACKA3aHUS MPOIYHICHHBIX METaIaHHBIX.

Kazkapiit Tunm MeTagaHHBIX 00pa3yeT OTAEIbHYIO MO0AAbHOCMb CO CBOUM CIOBApPEM.
CrioBa ecTecTBeHHOTO sI3bIKa, cioBocoderanns [137, 146, reru [60], umeHoBaHHbIe CyTII-
HOCTH [88] — 3TO mpUMEpPHI TEKCTOBBIX MOJAJBHOCTEl. B MyJbTHSI3BIUHBIX TEMATHUECKUX
MOJIEJISIX MAPAJLIETBHBIX TEKCTOB MOJATBLHOCTIME SIBJISIOTCS a3bIKu [135]. [Iist anasu-
38 KOPOTKUX TEKCTOB C ONEYaTKAMU HCIIOJIB3YIOT MOJAJBHOCTH OYKBEHHBIX N-IPAMM, ITO
T03BOJISET YJIyqIaTh KadecTBo nHbopMmanuonuoro moucka [51]. [Ipumepamn HeTeKCTOBBIX
MoJasIbHOCTEI siBystioTest (puc. 5): asropsr [109], Momentsr Bpemenu [125, 157, 126], k1ac-
cbl, KaHpbl wian Kareropun [110, 160], murupyemble win murupyroomme JOKyMeHTH [39]
WK aBTOpbI [56], MOIB30BATEN FMEKTPOHHBIX OUOJIMOTEK, COIMUANBHBIX CEeTel WIN pe-
KOMeHJaTebHbIX cucrem [64, 117, 139, 153, 154|, rpadudeckne s1emeHTH H306parKe-
uuit |25, 50, 68|, pekaamubie 00bsiBIeHNsT Ha BeO-cTpanuax [99)].

Bce nepeunciennbie ciaydam, HECMOTPS Ha pa3HooOpasue WHTEPHPETAIuii, ONUChIBa-
foTcst eauabiM (popmasim3zmom MomaabaocTeit B ARTM. Kaxkapiit qokyMeHT paccMarpu-
BaeTCd KaK YHABEPCAJIbHBII KOHTEHHep, colepzKallliii TOKeHbI PAa3JIMYHbIX MOJAJIBHOCTE,
BKJII0Yas OOBIYHBIE CJIOBA.

[Iycts M — mmOXKecTBO MopaabHOCTell. KaxKaas MoIaaIbHOCTh UMEET CBOM CJIOBaphb
tokeHoB W,,,, m € M. 9Tu MHOXKeCTBa IMONAPHO He mepecekatoTcs. VIx oobeaunenne 6yaem
obozmadars depe3 W. Moganbuocts Tokena w € W Gyzem obosmadars depe3 m(w).

Temarnyeckas MoJIeIb MOTAJILHOCTH 1 AHAJOTHYHA MOIEJIN (2):

p(w|d) = pr|t (t|d) = Z(pwt&td, weW, deb. (26)

teT teT
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Puc. 5: O6branas reMaTndeckas MOJIENb OMPEIENsieT PACTPE/IeIeHNe TeM B KasKI0oM JokyMeHTe p(t|d) u
pacipe/ieieHle TepMOB B KaxK1oil Teme p(w |t). MyabTuMojaibHast MOJIE/Ib PACIPOCTPAHSAET CEMAHTHKY
TeM Ha 3JeMEHTBI BCEX OCTATHHBIX MOJATLHOCTEH, B TOM UHCIIe HETeKCTOBBIE.

Kax 1oit MoiaIbHOCTH ™M COOTBETCTBYET CTOXacTu4deckas marpuna P, = (gpwt) S
Cosokynrocts Mmarpun P,,, ecsim ux 3amucares B crogbern, obpasyer W xT-varpumy .
Pacnpenenenne TeM B KazKJI0M JOKYMEHTE SBISIETCA OOITUM JJIS BCEX MOJTATBHOCTEI.

MynpTuMomaTbHasg MO/IEb CTPOUTCSA MYyTEM MAKCHMU3AIUU B3BEIIEHHON CYMMBI JIO-
rapndMoB MpaBIONOA00NST MOTAIBHOCTEN W Peryasipu3aTopoB. Beca 7, mo3BoJsdoT cha-
JIAHCUPOBATH MOJAJIBLHOCTH M0 MX BAYKHOCTH U C YIETOM MX YaCTOTHOCTU B JIOKYMEHTAX:

Z T Z Z N lnz Owtbia + R(P,0) — rg%x; (27)

meM  deD weW,, teT
Z Puwt € {Oa 1}§ Puwt = 0; Zetd € {Oa 1}§ Oq = 0. (28)
wEWm teT

Teopema 2. Ilycre ¢pyukmus R(P,O) menpepoiBro mucdepenmupyema. Toura (P, O)
JIOKAJIBHOTO dKCTpeMyMa 3ajgaqn (27)—(28) yaosmerBopsier cucteMe ypaBHEHHI €O BCIIO-
MOTaTeTbHBIMA MTEPEMEHHBIMH Digy, = P(t|d, w):

Praw = 10T (PurBa); (29)
OR
wt — w wta | wt — m(w wPtdw 30
Pwt lrulg%ri(n ¢+ @ tﬁwwt) Lz dGZDT (w)NdwDtd (30)
0a = norm | ngg + 0 on n Z Z n (31)
— : — Tm w w
td poat td td 90,y ; td P dwPtd

Teopema 1 gBjisiercsi YaCTHBIM CJIy49aeM TeOPeMbl 2 B Cjydae, KOrja MOJAJILHOCTH
TOBKO OfHa, |M| =1 u 7, = 1. Takum 06pazom, mepexo OT OJHONH MOJATHLHOCTH K TPO-
U3BOJTBHOMY YHCJIY MOTAJBHOCTEll CBOMUTCS K JIBYM HOIIPABKAM:

1) marpuna ® pasbusaercsa ua 6;10ku P,,, KOTOPble HOPMHUPYIOTCS TO-OTAEIbHOCTH,;

2) HCXOJHBIE JAHHBIE Ngy, JTOMHOKAIOTCH HA BECA MOJATBHOCTEH Ty (y)-

B mpoekTe BigARTM peann3oBaHa BO3MOKHOCTh KOMOMHUPOBATH JIFOO0€ IMCJIO MOJIATh-
HOCTEl ¢ JIIoObIMU peryisipu3aropamu |16].

MynbTuasbidHbie Mogenn. MyabTusi3bIIHbIE TEKCTOBBIE KOJLJIEKIINH UCITOIB3YIOTCS st
KPOCC-I3bIYHOTO HHMOPMAIIMOHHOTO MTOUCKA, KOIJIA 110 3aIpOCy Ha OJHOM s3bIKe TpedyeT-
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Tema Ne68 Tema Ne79
research 4.56 | nHCTUTYT 6.03 || goals 4.48 | maty 6.02
technology 3.14 | ynueepcuter  3.35 || league 3.99 | urpok 5.56
engineering  2.63 | nporpamma 3.17 || club 3.76 | cbopHas 451
institute 2.37 | y4ebHbIii 2.75 || season 3.49 | bk 3.25
science 1.97 | TexHunyecknii  2.70 || scored 2.72 | npotue 3.20
program 1.60 | TexHonorus 2.30 || cup 2.57 | kny6 3.14
education 1.44 | nay4HbIli 1.76 || goal 2.48 | dpytbonunct 2.67
campus 1.43 | nuccnepgosanne 1.67 || apps 1.74 | ron 2.65
management 1.38 | Hayka 1.64 || debut 1.69 | 3abueaTb 2.53
programs 1.36 | obpaszosaHne 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 | gnpunxep 2.82 || server 2.93 | Bepcus 1.86
wagner 0.97 | nesey 1.65 || software  1.38 | npunoxeHue 1.86
soprano 0.78 | neBmua 1.51 || user 1.03 | cepeep 1.63
performance 0.78 | TeaTp 1.14 || security 0.92 | server 1.54
mozart 0.74 | napTusa 1.05 || mitchell 0.82 | nporpammHblii  1.08
sang 0.70 | conpaHo 0.97 || oracle 0.82 | nonb3oBaTtens 1.04
singing 0.69 | Barnep 0.90 || enterprise 0.78 | obecneyenne  1.02
operas 0.68 | opkecTp 0.82 || users 0.78 | cucrema 0.96

Puc. 6: [Ipumepsr Tem u3 ABysa3br9HON Temarwdeckoir mojenu Bukumneauu. [lokazansr nepsoe 10 cios
KaskJIOi TEMBbI M UX BEPOSTHOCTH p(w|t) B MPOIEHTAX.

Cs HAWiTU CEMaHTUYECKHN 6I[I/13KI/IG JOKYMEHTBI Ha JIPYIOM A3bIKe. ,ZLT[H CBA3bIBaHNA A3BIKOB
HUCHOJIB3YIOTCA TapaJijieJIbHbIE€ TEeKCTbhl UJIW ABYA3bIYHBIE CJIOBAaPH. HepBbIe MYJIbTUA3BIY-
Hble TeMaTHIeCKUe MOJIETH MOSBUINCH TIOUTH OJHOBpeMeHHO [37, 83, 93| u npeacrasisin
co00it MYTBTHMOJATBHYIO MOJIETh, B KOTOPOil MOJTAJTBHOCTIMUI SIBJISIOTCS SI3BIKH, U KarK-
Jlasg CBA3KA MapaslIeTbHBIX TEKCTOB OObeIWHSAEeTCI B OJHUH JOKYMeHT. (OKa3aJoch, 4TO
CBA3bIBaHUA JOKYMEHTOB JOCTATOYHO IAJId CUMHXPOHHU3AIUU TEM B ABYX 4A3bIKaX U KPOCC-
A3BIYHOI'O ITOHNCKAa. HOHbITKI/I 60.)'[66 TOYHOIO " pr,Z[OéMKOFO BbIpaBHUBaHUA I10 TIPeEaJIo-
KeHUAM HJIN 1O CJI0OBaM MPAKTHUYECKU He YJIYYHIalOT KaveCTBO ITOUCKA. O6CTOHT6J’IBHBII71
0030p MY/JIbTUA3BIYHBIX TEMATHICCKUX MOJeseii MOKHO Hajith B [135].

Ha puc. 6 nmokazanb HekoTopble n3 400 TeM, mocTpoeHHBIX 1O 216 175 mapam pycckux
u aHrniickux crareit Bukunemnn [129]. [Iist cBsi3bIBaHUST SI3BIKOB HCITOJIB30BAINCH TOJIHKO
MO/IaThHOCTH, BBIPABHUBAHUS W CJAOBApU HE UCIOJIb30BaINCh. Aceccop omenma 396 Tem
n3 400 KaK XOpOITO WHTEPIPeTUpyeMbIe.

JI1st MCTIOIL30BAHNUS JIBYSI3BIYHOTO CJIOBAPS B [7] OBLT Ipe/ioxkeH peryisipu3aTop Cria-
)kuBanusg. O dopmasu3yer mpeanoaokenne, 9TO eCJIU CJI0BO U B SI3bIKe k dBJISeTCS Te-
PEBOJIOM CJIOBa w U3 g3bIKa ¢, TO ux pacupenenenus teM p(t|u) u p(t|w) moaKHBI OGHITH
oam3kn B cmbiciie KL-auBeprenmun:

R(®) = Z Z Mt IN Pyt

w,u teT

Coryracuo dopmysie M-mmara, BepOSTHOCTh C/IOBA B TeMe YBEJIUIHBAETCS, €CJIU OHO
nMeeT TIepeBOJIbl, IMeIOIe BBICOKYI0 BEPOSITHOCTD B JIAHHON Teme:

Pyt = NOTM (nwt + 7 g nut>.
weWw?
u
DTOT pPeryjsipu3aTop He YUUTHIBAJ, UTO TEPEBOJ CJA0BA MOYKET 3aBHCETh OT TEMBI,

M 9TO CPeaM TePeBOJOB CJI0BA MOIYT HAXOAMUThCS IePeBOJAbl ero oMoHUMOB. [loaTomy
B TOii Ke paboTe OBLT MpeJToXKeH BTOPOil peryigapu3aTop, KOTOPBIH BBOJWI B MOJIEb
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Tembl, B kOTOpbIX p(«sum>»|«cymmas, t) > 0.9

Tema Neb6 Tema Nel2 Tema Ne20
MHOXeCTBO set MaTemaTmka triangle BEKTOP vector
NPOCTPaHCTBO | space TPeyronbHNK square KOOpAMHaTa coordinate
rpynna point Teopema number NPOCTPaHCTBO field
TOYKa left TOYKa point npeobpasosaHue | tensor
3neMeHT limit mMaTemaTu4yeckunii | theorem 6a3nc transform
byHKL NS symmetry || yron angle TEH30p basis
npegen function KoopaunHaTa mathematics || cuna space
oTobparkeHne | open 3KOHOMUKA real BEKTOPHbI force
CMMETPUA property 4ucno theory TO4YKa rotation
OTKPbITbINA topology KBagpart geometry cncrema thermometer

Tembl, B KoTOpbIX p(«totaly |«cymmay, t) > 0.9

Tema Neb Tema Nel9 Tema Ne22
opbura space nporpamMMHblii software nrpa game
annapart nasum Bepcus version BUAEOCUTHAN character
KocMmmyecknii | orbit pabora news Nrpok video
3emns instrument || komnaHus company bunem player
noBepxHOCTb | earth AHOHUMHBII work ronoBoJIOMKA series
COJTHEYHBIN surface npumevaHmne note cepusi puzzle
cTaHuns solar TepMUHATOP release Ka4ecTBO movie
3anyck system XKypHan support LwaxmaTsl jason
cncrema landing peii terminator A>KeliCcoH world
aTMocdepa camera nepcoHax anonymous bykBa chess

Puc. 7: [Ipumepnbr TeM, B KOTOPHIX CJOBO «CYMMas MMEET PA3HbBIE MEePEBOIBI.

HOBBIE MAPAMETPBI Ty = P(U|w,t) — BEPOSITHOCTH TOTO, YTO CJIOBO U SIBJISIETCS Iepe-
BOJIOM cJI0Ba w B TeMme t. [Tpeamonaraercs, aro Tema t, Kak pacnpejesnenne p(u|t) = fut
HaJI CJIOBAMH A3bIKa K, JOJTKHA OBITH 61M3Ka B cMbIce KL-1uBeprenyun K BeposaTHOCTHOI

MOJIE/TH TOIf 7Ke TeMBI p(u|t) = ), TuywtPuwt, TOCTPOSHHOM 10 IEPEBOAAM CJIOB U3 S3bIKA {:

R(®,II) =7 Z Znut hlZﬂ'uwt(pwt — max.

ueWk teT weW?*

@opwmyna M-mrara Tenepb yYUTHIBAET BEPOATHOCTU MEPEBOIOB Tyq. KpoMe Toro, 10-
baBJisieTcsl peKyppenTHasi (popmyJia JIjist ONEHUBAHUS ITHX BEPOSITHOCTEI:

weWw?

Pyt = NOrm <nwt + 7 E qut”ut) ;
u

Tuwt — 1NOTIN (qutnut) .
ueWk

Cs3biBanme NapajiebHBIX TEKCTOB CUJIbHEe YIydIllaeT KadeCTBO MOWCKA, deM 00a
criocoba y4éra cioBapeii |7|. Bropoit crocob wemuoro syunre nepsoro. Kpome toro, on
IIO3BOJIdET BbI6I/IpaTb BapHUaHTHI IEpPpEeBOJa B 3aBUCUMOCTHU OT KOHTEKCTa, 9TO MOZKeT 6bITb
MOJIE3HO JIJIsI CTATHCTUIECKOTO MANTHHHOTO HePeBojia, Puc. 7.

MopanbHOCTK KaTeropuii n aBTopoB. /JlomycTuMm, 4TO pacupeaeneHus TeM B JJOKYMeH-
tax p(t|d) mopoxaaroTest OHOMN 3 MOJATBHOCTEIH, HATIPUMED, ABTOPAMHU, PYOPUKAME W
KaTeropusaMu. ByaeM cauTarh, 9TO ¢ KazKIbIM TEPMOM W B KarKJIOM JOKYMeHTe d CBsS3aHa
He TOJIbKO Tema t € T', HO m KaTeropusi ¢ U3 3aJaHHOrO MHOXKecTBa kKareropuit C'. Pac-
MTUPUM BEPOSITHOCTHOE MPOCTPaHCTBO j10 MHOXKecTBa D X W x T x C. Tlycts u3BecTHO
noaMHoKecTBo Kateropuit Cy C C) K KOTOPBIM MOXKET OTHOCUTBCA JTOKYMEHT d.
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PaceMoTpnM MyTbTHMOAAIBHYIO TeMATHIECKYIO0 MOeTb (26), B KOTOpOii pacnpeee-
HHEe BEPOSITHOCTU TeM JOKYMeHTOB Orq = p(t|d) omuchiBaeTCS CMECHIO PACHpeIeIeHI TeM
kareropuii Uy, = p(t|c) u kareropuit JOKyMeHTOB T.q = p(c|d):

p(w|d) = Zp w|t) Zp(ﬂ(?) (cld) = Zzwwﬂﬂtﬂcd (32)

teT ceCy teT ceCy

D70 TakKe 3a/a9a CTOXACTHIECKOTO MATPHYHOIO PA3JIOKEHNs, TOJIBKO Terepb Tpedy-
ercst Haiitu Tpu mMarpuis: ¢ — marpuia TepMoB TeM, U = (Vi )rxc — Mampuya mem
kamezoputl, I1 = (Teq)oxp — Mampuya kamezopuil JOKYMeHmos.

Mo/esib OCHOBAHA HA JIBYX TUMOTE3aX YCJOBHON HE3aBUCHMOCTH:

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

p(w|t,c,d) = p(w|t) — pacupejenerue TepMOB MOJHOCTHIO OMPEIEISIETCI TEMATHKOM
JOKYMEHTA M He 3aBHCHT OT CAMOTO JOKYMEHTA H ero KaTerOpHii.

Kpowme Toro, npeanonaraercs, 9to m.q = p(c|d) = 0 ps Beex ¢ ¢ Cy.

3ajada MAKCHMU3AIMN PEryYIsPU30BAHHOIO TIPABIOIIO00HSI:

Ngw 1N GuwtWieTeq + R(P, U, 1) — max; (33)
DD mawlny Y

(oA H
deD wed teT ceCy
Z@wte{ovl}a (pwt>07 Z¢tce{071}a ¢ta>0, Zﬂ-cde{ovl}a 7Tcd>0- (34)
weW teT ceCy

Teopema 3. Ilycrs ¢pymknus R(P, U, 11) mempepsiBro mupdepenmupyema. Touka so-
kaapHOTO 9KcTpemyMa (®, W, I1) samaqn (33), (34) yaosaerBopsier cucreMe ypaBHEHHI CO
BCIIOMOTATETbHBIMHA MEPEMEHHBIMH Pyeqyy, = P(t, ¢|d, w):

tedw — norm tWtcTed ) 5
Produ (t,c)ETXCd((pw Vrerea):
OR
Puwt = norm Nt + Cwt=—— 1|; Nt = E E NdwPtedw>
ew o p
€D ceCy
OR
wtc = HOI'HI Ny + wtc Nte = E E NdwPtedw
87vbtc
deD wed
OR
Teq = NOTM | Neg + Ted= | ; Ned = g E NdwPtedw -
ceCy a Ted
wed teT

Jlannast MOJe/Th, OCHOBaHHAS HA TPEXMATPUIHOM PA3/I0KEHUHU, HAMOOJIee W3BECTHA
Kak asmop-memamuseckas modeas ATM (author-topic model), B Koropoit mopozx patorieit
MOJIATTBHOCTBIO ABJISIOTCS aBTOPBI ToKyMeHTOB [109]. B memamuueckot modeau mezaupo-
sanusa doxymenmos TWTM (tag weighted topic model) mopox garomieii MOIATBHOCTHIO
SIBJISTIOTCST Teru JIOKyMeHTa [66]. AHasjorndHasi MOJEIh MCIIOJIb30BAIACh JJisi 06paboTKI
BH1eonoTOKOB B [50]. IokyMeHTHI d COOTBETCTBOBAJIN MOC/IEI0BATENBHBIM 1-CEKYHIHBIM
BU/ICOKJTMITAM, TEPMBI W — 3JEeMEHTAPHLIM BU3YATHHBLIM COOBITUIM, T€MBI ¢ — MPOCTBIM
JIeHCTBUSAM, COCTOSTINM U3 COUYETAHUS COOBITHUIl, KATETOpUU ¢ — 0OJIee CJIOXKHBIM MOBeIe-
HUSM, COCTOSIIIM U3 COUeTaHUS JIeUCTBU, TPUIEM CTABUIACH 33/]1a9a BBIIEJIUTDH B KarK-
JIOM KJIWITIe OJTHO OCHOBHOE MOBEJIeHHE.

Mogmenb (32) MOKHO YIPOCTUTH U CBECTH CHOBA K JIBYXMATPUIHOMY DA3JIOKEHUIO, eC-
JIX OTOXKJIECTBUTH TeMbl ¢ Kareropuavu, C' = T, u B34Tb equHndHy0 MaTpuiyy V. lanHas
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MOJIesTh u3BecTHa B inreparype Kak Flat-LDA [110] u Labeled-LDA [106]. Eé BoipasuTes-
HbIe BO3MOKHOCTH Oemmee, ueM y PLSA u LDA, tak Kak 3HaYNTe/NbHAS OIS 3JTeMEeHTOB
matpuipl [I = © GukcupoBanbl U paBHBI HYJIIO.

TpéxmaTprudanble pa3ioyKeHHs MMOKa He peaan3oBaHbl B Onbiamoreke BigARTM.

TemnopanbHblie mogenn. Bpemsa co3manns JOKYMEHTOB BayKHO IIPU aHAIN3€ HOBOCTHBIX
MOTOKOB, HAYYHBIX MyOJIMKAINil, MATEHTHBIX 0a3, JAHHBIX COMUAJILHBIX cereil. TemaTnue-
CK¥e MOJIEJIN, YIUTHIBAIOIINE BPEMsl, HA3BIBAIOTCS MeMNopasvhoimu. OHI MO3BOJISAIOT BbI-
JIeJIATH COOBITUIHBIE U TEPMAaHEHTHBIE TEMbI, JIETEKTUPOBATH HOBbIE TEMbI, IPOCIEKNBATH
pa3BUTHE TeM BO BPEMEHHU, BBIJAEIATH TPEH/IbI.

[Tycrs I — KOHEYHOE MHOYXKECTBO MHTEPBAJOB BPEMEHH, U KarKIbIi JOKYMEHT OTHO-
CHUTCH K OJHOMY WJIM HECKOJLKUM HHTepBajgaM, D; — MOJIMHOKECTBO JOKYMEHTOB, OTHO-
CAMUXCsT K WHTepBAJLY i. Byjem mojararh, 9ro TeMbl Kak pacnpejeserns p(w |t) ve me-
HSIOTCST BO BpeMeHH. Tpebyercst HAllTH pacrpe/iejieHne Kax 10l TeMbl Bo Bpemenu p(i|t).

TpHBI/I&JIbeIf/i MMOAXO0J 3aKJ/II0OIaeTCdAd B TOM, LITO6BI IMOCTPOUTH TEMAaTUYICCKYIO MO/IEJ/Ib
0e3 yuéra BpeMeHH, 3aTeM HAWTH paclpeesieHne TeM B KayKJIoM WHTepBase p(t|i) Kak
cpegnee Oy 1m0 BeeM JoKyMeHTaM d € D; W MepeHOPMUPOBATH YCJIOBHBIE BEPOSITHOCTH:
p(i|t) = p(t]i)22 . HemocraTok IAHHOrO MOXOZA B TOM, UTO HHMOPMAIM O BPEeMEHH

p(t)
HUKaK He MCIOJIb3YeTCs PU 00YIeHUN MOJIEJIM W He BJIHseT Ha (POPMUPOBAHHUE TEM.

B ARTM »ta npobJtema perraercst BBeeHnemM Mogaabuoctn spemenn I. Vckomoe pac-
npenesnenne p(i|t) = @; nomydaercs B crosnbe marpuisl O. JlomorHuresbube orpanne-
HIST Ha TTOBEJEHNe TeM BO BPEMEHH MOKHO BBOJUTH C MOMOINBIO PEry/IspPU3aIIH.

B omHoii u3 mepBBIX TeMmmopasbHBIX Temaruueckux Mogeneit TOT (topics over
time) [145] kaxaas TemMa MOJETMPOBATIACH HAPAMETPUICCKUM [3-PACIIPEIETIEHIEM BO BPe-
MEHHU. JTO CeMeHCTBO MOHOTOHHBIX W YHUMO/IAJTbHBIX HEMPEPBIBHBIX (DYHKIUH, C MTOMO-
IO KOTOPOT'O MOYKHO OIMUCHIBATH Y3KHE MUKW COOBITUIHHBIX T€M M OrpaHUYeHHbIH HabOP
TpeHg0B. TeMbl, HMeIoNue CIOPaIuIecKue BCILIECKH, JaHHAS MOJE/Ib OMUCHIBACT ILTOXO.

Hemapamerpudeckue TeMmopa/ibHbIE MOJETH CIIOCOOHBI OMMMCHIBATH TPOU3BOTBHBIE W3-
MEeHeHHd TeM BO BpeMeHH. PaccMoTpuM /iBa eCTECTBEHHBIX IIPEIIONOXKeHHsT U (hpopManu-
3yeM WX C TTOMOTIHIO PETy/IspU3aIiu.

Bo-niepBbix, Mpemno/iozKuM, 9T0 MHOTUE TeMbl SBJISIOTCA COOBITHIHBIMU M UMEIOT OT-
HOCHTEJIbHO HEDOJIBIIOE «BPEeMsl KU3HU», IO9TOMY B KarKJOM MHTEpPBaJIe BPEMEHU { PH-
CYTCTBYIOT He Bce TeMbl. [loTpebyem paspe:keHnocTn pacmpeaenenuii p(t|i) ¢ mOMOMBIO
KPOCC-3HTPONUITHOTO Peryaspu3aTopa;

Ry(® wm ©) = —7 ZZInp(ﬂi).

i€l tel

Bo-BTOpBIX, MpeAnoaoKuM, 9To pacipeenenns p(i|t) kak GyHKIHH BpeMeHH MeHsi-
IOTCSl HE CJIMIITKOM OBICTPO M BBEAEM PEryJIsAPU3aTOP CIUIasKUBAHUS:

Ry(® nmm ©) = _TQZZ p(i|t) — p(i—1]1)|.

i€l teT
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Oba peryngpu3aTopa MOXKHO 3anucaTh U Kak (pyHKmuio or ¢, n Kak pyHknuo ot O.
B cayuae peryngpuzatopa Ry(®) dbopmyna M-mara nveer Bui?

Vit = n?gﬂ(nit + Toi Sign(i—1,4 — Pit) + T2 SigN(Pir1s — Qi) (35)

rjie pyHKIus sign Bo3ppaimaeT +1 s MOoJI0KUTETHLHOrO apryMenTa u —1 Jjis OTpuiia-
TeJILHOTO. Peryisipu3arop criaKnBaer 3HAYeHUsT B KazK/0ii TOUKe BpeMeHHOTo psina p(i|t)
MO OTHOIIEHNIO K COCEJTHUM TOYKaM CJIeBa, U CITPaBa.

7 MopenupoBaHue TpaH3aKLNOHHbIX AAaHHbIX

OObI9HBIE TEMATHYECKHE MOJIEJIM TeKCTOBBIX KOJIIEKIIHiT OMMCHIBAIOT BXOXKIEHUS CJIOB
B JOKYMEHTBbI. MyJIbTHUMOJAIbHBIE MOJENTH OIUCBIBAIOT JOKYMEHTHI, B KOTOPBIX COJIEp-
JKaTCS TOKEHBI PA3/JUIYHBIX MOJAJIbHOCTEl: CJI0Ba, OUTPAMMBI, TEr'H, KaTeTOPUH, aBTOPHI,
OJTb30BATENHU, U T. 1. BO Bcex 3TUX Caydagx MOJETb ONUCHIBACT MapHbIe B3aUMOIeICTBHS
MEXKy JTOKYMEHTaMHU W TOKeHaMu. B 6ojiee CJIOKHBIX MPUIOKEHUSIX MCXOJIHBIE JTAHHBIE
MOTYT ONHUCHIBATH TPAH3AKIMN (OTHOIIEHHsI, B3AMMOCBSI3U, B3aUMOJIEHCTBHsI) HE TOJIHKO
MeKIy mapamMu 00beKTOB Pa3JINIHBIX MOIAJIHLHOCTElH, HO U MexK 1y Tpoiikamu. Hampuwmep,
B CETH MHTEPHET-PEKIaMbl «II0Jb30BATeThb U KIUKHY 00baBIeHne b Ha cTpaHuIe d»; B Co-
[UATBHON CeTH «IIOJIb30BATEb U HAIKCAJ CJIOBO W HA CTpaHUIEe 0J10ra d»; B CETH MPOIAZK
«MOKyTaTe b b Kymu/ y MpojaBia S TOBAp ¢»; B PEKOMEHIATEeTHLHOI CUCTeMe «KJIUEHT 1
oneHn1 (pubM f B CHTYaTHBHOM KOHTEKCTE S».

B stux nmpumepax B3ammoeiicTBue TPEX OOBEKTOB HE CBOAUTCS K MAPHBIM B3aWMO-
neiictBugM. B cucteMe peKoMeHIAINI MY3bIKA TPAH3aKIUAA «TPEK 7 MCIOJTHUTES a4 Ha-
XOJUTCS B aabOOMe d, BBIIIEIEM B TOY 4» OIMCHIBAETCH, Ka3aJ0Ch ObI, YeTBEPKOil 00b-
ekToB (1, a,d,y). OnHAKO OHA pacmaIaeTcs Ha mapHble B3anmocBsasu (d,r), (d,a), (d,y),
KOTOPBIE MOTYT OBITH ONMUCAHBI OOBITHONW MYJIBTUMOIAIHHON MOJIEJIBIO.

JI1s1 TeMaTHIecKOTO MOJETUPOBAHUST TPAH3AKIIMOHHBIX JAHHBIX yI00OHO TOHSTHE TH-
neprpada. 'uneprpad obobmiaeT nonsaTue rpada 1 OTINIAECTCI OT HErO TeM, 9T0 pedpaMu
B HEM MOTYT OBITH He TOJIBKO IMaphbl BEPIINH, HO U MOJMHOYKECTBA U3 TPEX U 00Jiee BEPIINH.
Kazkmass TpaH3aKIUs COOTBETCTBYET HEKOTOpOMY peOpy rumeprpada. 3amada 3akmoda-
ercss B TOM, 4TOOBI 110 HabJIIOaeMOil BHIOOPKE TpaH3aKIUil BOCCTAHOBUTH HEU3BECTHHIE
TEeMaTHKN BepIiH v — pacnpenenenus p(t|v). [Ipeamonaaraercs, 970 BEPOSITHOCTH TPaH-
3aKIUK TE€M BBITIE, YeM 00JIee CXOKHW TeMATHKN 00Pa3yIoIinX €€ BepInH.

B mpoekre BigARTM peanunzoBana onucanHas HUKe THieprpadoBas TeMaTHIeCKas
MOJIe/Tb TPAH3AKITMOHHBIX JTAHHBIX.

Tematuyeckne mogenu Ha runeprpadax. [unepzpad T' = (V, E) onpenensercs MHO-
»KeCcTBOM BepInuH V' u MHOKecTBOM pébep E. Kaxkoe pebpo e € E gaBiseTcs moaMHOZKe-
crBoMm BepinH, e C V. ['uneprpad Ha3bIBAECTCS 0PUEHMUPOBAHHDBLM, €CJAN B KaXKJIOM €ro
pebpe 3aj1aH MOPSIIOK BEPIIHH.

Kaxgas seprmmua v € V' umeer modasvrocms m = p(v) w3 KOHETHOIO MHOXKeCTBa,
MomaabHOCTelr M. MHOXKeCTBO BCeX BEepIIHH pa30HBAETCA Ha HEMepPeCeKaIoIMnecs IIOI-

2 Toitkos H. B. AjanTuBHasg peryiapu3anis BEPOATHOCTHBIX TeMaTHYeCKUX Mojeneil. BakanaBpckas
muccepramus, BMK MI'Y, 2015.
http://www.Machinelearning.ru/wiki/images/9/9f/2015_417_DoykovNV.pdf
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M — MHOXKeCTBO MOJAJILHOCTEIH:
oo A

K — MHOXKeCTBO THUIIOB pédEp:

0.5 0p 90 Op Ba

T' — MHOXKECTBO TE€M:
00 00O

Puc. 8: Ilpumep rumeprpada c BeprmmHaM TPEX MOJAIBHOCTEH, PEOPAMU-TPAHIAKIUAMU ISTH TUIIOB
U TSTHIO TEMAMU.

MHO>KeCTBa II0 MOJAJIbHOCTAM:

V= || Vi, Vu={veV:uw)=m}

meM
Tunom (usu cuznamypoti) mpansaryuu e = (Vq, . .., U,) HA3BIBAETCS TOCTIEIOBATE -
HOCTB MOZAJIbHOCTEIl BepinH k(e) = (mq,...,my), mj = p(v;), j=1,..., h. Maoxecrso

BCeX THUITOB HAOJIIOAAaeMbIX TpaH3aKIuii obo3Haunm 1depe3 K. Bribopka TpaH3akimii pas3-
OWBaeTCs Ha HelepeceKalonnecs: MOJAMHOKECTBA, 10 THTIAM:

E=|]|E., Ei={e€E:n(e)=k}

keK

Hampumep, B OOBITHBIX TEMATHIECKUX MOJIEISIX BBOIATCS TOJBKO JIBE MOJATBHOCTH:
jgokymenTwl Vi = D u repmbl Vo = W, e IMHCTBEHHBIM TUIIOM TPAH3AKIIAH STBJISIETCS BXOZK-
JIeHne TepMa, W B JIOKYMEHT d; KayKJas TPAH3AKIWs TIPEICTABISIETCS PeOPOM U3 JIBYX
BepiuH e = (d, w); OPHeHTHPOBAHHBI rpad SIBIAETCS TBYIOJTbHBIM.

Ha puc. 8 nokazan npumep runeprpada ¢ BepiumHaMu Tpéx MojaJbHocTell, pédbpamu-
TPAH3AKIUSIMA TSITH TUTIOB U MATHIO TEMaMHU.

Kaxmomy tumy pédbep k COOTBETCTBYET JIUCKPETHOE BEPOSTHOCTHOE IPOCTPAHCTBO
Qp =V, X+ xVy, xT ¢ dbyukuneit Bepositnoctu py: ) — [0, 1]. TIpeamonaraercs,
aTO MPAH3AKUUOHHBIE danHble — 3TO obbeanHenne || BHIOGOPOK HE3aBUCHMBIX HAOJIIO-
nennit (e, t) € (U, Kaxaas U3 KOTOPBIX TMOPOXKIAETCS CBOUM pacmpeienenneM pyle,t),
k € K. Kaxmoe pedbpo runeprpada e € Ej BXOIUT B BLIDOPKY N, pa3, U ¢ KaXKJIBIM BXOXK-
JeHneM pebpa CBsi3aHa CBOsI JlaTeHTHast Tema t € T

Bynem monarath, 9T0 /1 KayK10T0 TUA péGep k mepBas MOTATBHOCTD 1M SIBJISIETCS
Kowmetinepom, U 00603HaUaTH depe3 (d,z) € Ej mpousBoiabHOe pebpo Tumna k, tae r —
MHOYKECTBO BCEX OCTAJbHBIX BepIUH pebpa, 3a uckiaodennem d. Obo3Haunm depe3 D
MHOKECTBO BCEX BEPIITHH-KOHTEITHepOB B rumneprpade.

CresraeM J1Ba OCHOBHBIX JIOIYIIEHWSI, HA KOTOPBIX OyIeT OCHOBAHA BEPOSTHOCTHAST MO-
JIe]Ib TTOPOKIEHNST TPAH3AKIINOHHBIX JAHHBIX.

Bo-mepBbIx, MpeamnoIoKuM, 9T0 pacipeieenne TeM B BepIInHe-KOHTeliHepe d He 3a-
BucHT OT Tuma pedpa: pi(t|d) = p(t|d) prst Bcex k € K. D10 006001€eHIE OOBITHOTO ISt
MYJIBTHMO/IAIHBHBIX TEMATHIECKUX MOJe/ell PenoI0KeH s, ITO PACIpeIe/IeHue TeM
B JIOKYMEHTE SIBJISIETCST OOIIUM JIJIsT BCEX MO/IAThHOCTEIA.

B 10 ke Bpewmsi, pachpejiesieHus BepIINH B TeMax pPg(v|t) He HpeanosararTcs O/u-
HAKOBBIMH JIJIsT Bcex TUNOB pébep k. Hampumep, pacrpejesienusi CJI0B, UCHOJIb3yEeMbIX
B TEKCTaX BeO-CTPAHMUII, B MOJTH30BATETHCKUX 3aIIPOCaX U B PEKJTAMHBIX OaHHEpPAX, MOTYT
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3HAYMMO PA3INYIAThCA I OTHONW M TOi »Ke TeMbl. /lomoHUTE/IbHOE TpeboBaHne, YTOOLI
9TU pacipeeaeHus ObLIH MOXOXKH, MOYKET OBITh YUTEHO C IMOMOIIBIO Peryasphu3aTopa.
Bo-BTOpBIX, BBEIEM TUIIOTE3y YCJIOBHOI HE3aBHCHMOCTH BepIuH B pébpax (d, x):

pe(e|t) = [T oulolD).

vex

[Ipn crenaHHBIX JOMYIIEHUSAX HPOIECC TMOPOXK/IeHHsT KazxkIoro pebpa (d,z) € Ej co-
crout u3 aByx maron. CHadasa mopoxKaaercs Tema t w3 pacnpenenenns p(t|d). 3arem
IOPOZKTAETCST MHOZKECTBO BEPIIUH & = {Vs, ..., U}, KAZKIast U; U3 CBOETO PACIIPEICTeHHSI
pr(v;|t) Ham MomambHOCTBIO Vi, OIPEegeMoil THIOM TPaH3aKINA k.

Temaruueckas MOJE/Ib BbIpaskaeT BepOATHOCTH IMOABJIEHUs pédep runeprpada depes
pacIpesenenns, CBI3aHHbIe ¢ X BEePITHHAME:

pi(d, 2) = pe(d)pi(w|d) = pu(d) D p(t]d) [ [ pr(0]t) = pi(d) D 61a ] | erot-

teT vET teT VET

[TapameTpaMu 3TOIf MOJENN SBIAIOTCA YCJIOBHBIE BEPOATHOCTH BEpIIMH B TeMaX
Ykt = pr(v|t), HOpMUpPOBaHHBIE MO KAXKIOH MOTATHLHOCTH v € V,, U YCJIOBHBIE BEPOST-
HOCTH TeM B KoHTeilinepax Oy = p(t|d). BepositnocTu py(d) Jerko OneHMBAIOTCS 1O Ha-
OJIIOZAeMBIM JJAHHBIM M He 3aBHCAT OT IIapaMeTPOB MOJIC/IN.

Takum 06pa3oM, runeprpadgoBad TeMATHIECKAA MO ONpeIeasdeTCs:

1) opmentuposanubiM runeprpadom I' = (V) E),

)
2) MHOXKECTBOM MOJATbHOCTEH M,
3) pasbueHreM MHOYKECTBA BEPIMHH MO0 MOJAJBHOCTSM L2 V — M,
4) MHOXKeCTBOM THUIIOB pébep K,
5) pa3bueHmeM MHOXKeCTBa pébep 1o tumam k: F — K|
6) cremenbio h 1 HAGOPOM MOIATBLHOCTEN My, . . ., My, JAJIsT KazKJI0T0 THia pebep k € K,
7) MHO)KecTBOM Tem T,
8) BEpPOSITHOCTHBIM MPOCTPAHCTBOM (), C pacipejieieHueM Dy Jiist Kaxkaoro k € K,

9) mapameTrpamm MOJIETH Yky = Pi(v|t) 1 Oig = p(t|d).

[Muneprpadosast Moje/Ib ONMKUCHIBAET MUPOKUIT KJIACC TeMaTudecKux Mojeseit. B qact-
HOCTH, OHA cooTBeTcTBYeT Mozaenu PLSA B ciaydae, Korma MOmMaIbHOCTH JBE — JOKYMEH-
et Vi = D u tepmbt Vo = W, tun pébep Topko oxus — mapsl (d,w) € D x W.

Jlas onTuMu3anuM napamMeTpoB MOJETH MPUMEHUM MPUHIUI MAKCHMyMa TPaBIoOIo-
JIOOMST JIJIsT KazKJI0ro Tuna peéoep k u O6yjaeM MakKCUMHU3UPOBATH B3BEIIEHHYIO CYMMY JIOTa-
pudMoB mpaBIONoIOOUs ¢ BecaMu Ty, U peryasipuzaropom R(P, O):

D7 D maeln Y O] [one + R(P,0) - max; (36)

keK dx€Ey, teT vET
Z Lot S {07 1}a Lot > 07 Zetd S {07 1}a Qtd > 0.
'UeVm teT

OrpaHuvueHng-paBeHCTBA IPEIYCMATPUBAIOT BO3MOXKHOCTH OOHY/TEHUS PACIIPE/Ie/IeHHil.
Ecim gy = 0 putst Becex v € V,,,, TO Tema ¢ He ydacTByeT B HOpOxKIeHnu pédep Tua k ¢ Bep-
muHaMu MogaabaocT m. Ecim 0,y = 0 myist Beex t € T', TO cYUTAETCS, 9TO TeMaTHIECKAsT
MOJIeJIb He B COCTOSIHHU OIIMCATHL COAEPKUMOE KOHTelHepa, d.
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Teopema 4. Ilycrs ¢pyarmus R(P, ©) menpepsisro mucpepenmupyema. Touka Tokaab-
soro Mmakcumyma (®,0) 3azaun (36) yaoBiaeTBopsier cHCTeMe ypaBHEHHE OTHOCHTETBHO
napaMerpoB MOJETH gy, Oig W BCIOMOTATEIHHBIX MEPEMEHHBIX Priar = Pr(t|d, x):

Ptdz = 1O (Qtd H @km) : (37)

vET
OR
Prot = NOTI (nm + @kvt—); kot = Y [V € 2] kMo Prtdas (38)
vEVm Oprar dee By,
OR
O = HOI"%H (ntd + Oig—— 20 ) Nig = Z Z TkNdzPktdx - (39)
td kEK dueEy,

HoxkazareabcTBo. Bocnosb3yemcsa yenopusamu Kapymra-Kyna-Takkepa. 3amumem
JIarpaHKUAH ONTHMH3ANNOHHOMN 3aa4n (36):

Z(9,0) ZZTk Z ndzlnzetdn@kvt‘f‘}%(q}v@)_

keK dzeFEy teT vET

3D IO IEVELIED 35 D) 9 SRS

keK meM teT VEVim ke K meM vEVy, teT
- E Md( E Ora — 1> - E E tdBra-
deD teT deD teT

[IpupaBHsSIeM HYJTIO MPOW3BOIHLIE JarpaHKHaHa MO TMapaMeTpaM MOJIeu:

0L Oa]lucory Put  OR
= Z [v € 2] TEN gy

+ —A v)t A vt — Oa
3901m dee B, pk(x\d) a@kvt hulo)t Ryt
v z Pkt oR
a =D D pee]d) | ag, HaT a0
td keK deeE, td

YMHOXKHUM JIEBYIO U TPABYIO 9aCTH IIEPBOTO PABEHCTBA HA, )y, BTOPOTO — Ha Oiy:

eth ca Putk OR
E T —= vty = A v v ;
Z [v € z] Tina (] d) + ¥k Do kp(v)t Phot

dJ?EEk
Prtde=Pk (t|d,)
thH ca Pkot OR
z# 0 0, ..
Z Z TENg |d) tdaetd = KqUtd
kEKdﬂ?eEk %/_/

Prtdz=px (t] d.x)
3anuiem 3TH ypaBHEHUs] KOPOUe Yepe3 MepeMeHHbIe Ny, U3 (38) u ngy u3 (39):
Ohot Mep(v)t = Mot + @kvt%? (40)
Orapta = neg + Qtd%i- (41)

Ecmu Mg < 0, TO TeMa ¢ BBIDOXKIEHA: )y = O 11T Beex v € V.
Ecau Agpe > 0, To 1160 06e wactu paserctBa (40) MOTOKHUTETBHBI, JHOO Qryp = 0.
O0beaunsist 06a ciaydast B 0aHy (POPMYILY, TOJIYIUM

(pkvt)\ku(v)t = (nkvt + (pkvt%)_’_' (42)
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Ecmu pg < 0, To KouTeiinep d Boipoxjien: 0,y = 0 ansa Bcex t € T
Ecmu g > 0, To 6o obe yactu pasencrsa (41) momoxkurenbusl, au6o 6 = 0. O6b-
euHsist 00a caydas B OAHY (DOPMYyJIy, MOy IuM

Oratta = (nua + etdaag—il)+~ (43)

[Tpocymmupyem pasencrsa (42) mo v € V,,,, pasencrsa (43) mo t € T, npuMeHUM ycJio-
BUd HOPDMUDOBKU U BbIPpa3UM ﬂBOﬁCTBeHHbIe InepeMeHHbIe:

OR \ .
Abmt = E (nkvt + @kvt%)_p

vEVm

Hd = Z(ntd + etd%)Jr-

teT

[MomcraBuB gy 1 fig B (42) u (43), moayuum (38) u (39). Teopema mokasana.

8 MopenupoBaHune 3aBncnmMmocTen

Knaccudmkayms. Temamuueckas modeasv xaaccugurayuu Dependency LDA [110] stB-
astercst HaifecoBckuM anasorom mozenn (26) ¢ mogaabHocTsimu repmoB Wou kiaccos C.
Nwmeercst obydaroriasi BEIOOPKa JTOKYMEHTOB d, JIJIsT KazK/I0r0 U3 KOTOPBIX W3BECTHO MMO/I-
MHOKecTBO KJstaccoB Cy C C. Tpebyerca kmaccupunupoBaTh HOBBIE JOKYMEHTHI C HEU3-
BecTHBIM Cy. [Iyis1 9TOr0 O6y/1eM UCTOTB30BATh AUHETHYI BEPOATNMHOCIHYI MOOJEADL KAAC-
cupurayuu, B KOTOPO 00BEKTAMHU SABJIAIOTCS JTOKYMEHTHI d, TPU3HAKH COOTBETCTBYIOT
TeMaM ¢ ¥ NPHHEMAIOT 3HadeHust Oy = p(t|d):

pleld) = peba.

teT

HokymenT d oTHOCHTCST K KJaccy ¢, ecan p(c|d) = ..

Koaddunuents: uneitnoit Mmogenu ¢, = p(c|t) u noporu 7y, o6ydarorcst mo BEIGOPKE
nokyMeHTOB ¢ u3BecTHbIMU C,. IlpusHakoBoe ommcanme HOBOTO JOKYMEHTa ; BBIUMUC/IA-
eTcs TeMaTUIeCKOW MOJIE/IBIO TOJIHKO TI0 €r0 TepMaM.

Okcnepumentsl B [110] mokasasm, 910 TeMaTHYECKHEe MOJEIN TPEBOCXOAAT OObIY-
HbIE METOJbl MHOT'OKJIACCOBOI KJIacCU(pUKAIUUA HA OOJIBIINX TEKCTOBBIX KOJLIEKIIHSX
¢ 6OJBIIUM YUCTIOM HecOATaHCUPOBAHHBIX, TEPECEKAIONINXCA, B3AaNMO3aBUCUMBIX K/J1ACCOB.
B [130] e ke BBIBO/IBI Ha TeX YK€ KOJIEKIUAX OBLIH BOCIPOU3BEIEHBI JIJIsi MYIBTHMOATb-
uoit ARTM. Hecbararncuposarrocms 03HATAET, 9TO KJIACCHI MOTYT COIEPKATH KaK MAJIOe,
TaK W OYeHb DOJILIIOE YUCJIO JOKYMEHTOB. B ciydae nepecekaroujuxrca KiaaccoB JJOKYMEHT
MOZKET OTHOCUTHCS KaK K OJIHOMY KJIACCy, TaK U K OOJIBIIOMY YHCIY KJaccoB. Baaumosa-
BUCUMDBLE KTACCHI UMEIOT ODOIIHe TePMbI U TEMBI, II09TOMY HIPHU KJIacCH(MUKAIINN JTOKYMEHTa
MOT'YT BCTYIIaTh B KOHKYPEHIIHIO.

Pezynapusayus no ompuyamesvHovLm npumepam UCIONb3YeT JTaHHBIE O TOM, UYTO J0-
KyMeHT d n3 obydarouieit BBIGODKM He NPHHAJJIEKUT moAMHOXKecTBY Kiaccos C) C C.
JList 3TOTO Cilydas 3aIluIieM MpaBoNnogo0ne BePOSITHOCTHON MO M OMHAPHBIX JIAHHBIX:

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

deD ceCy teT deD ceC teT
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[TepBoe ciaaraemoe ecTh log-mpaBaonogobue MOJATbHOCTH KIaccoB (26), ecau moJo-
KUTh ng. = [c€Cy|. Bropoe ciaraemMoe MOXKHO pacCMATPUBATH KAK DPETYJISIPU3ATOD OT-
punaTe/JIbHBIX TTPUMEPOB, HOCTpOQHHbIﬁ MO0 JaHHBIM O HEe-TIPUHAAJIC2KHOCTH JOKYMEHTOB
kjaccam. KoaddunmenT peryasipusanuu 7 MOXKHO T0JIaraTh PABHBIM €INHUIIE.

Qacmommnas pezyasapusayus (label regularization) xopormo 3apekomenjoBana cebs
B 3ajauax ¢ HecOamancupoBanubiMu Kiaaccamu [73, 110]. TTorpebyem, u4Tobel ornerka 6e3-
YCJIOBHOTO DaCIpe/eIenis KIacCoB M0 Kouteknnn p(c) = » ., ¢up(t) Oblia 6im3Ka K Ha-
OJIIOIA@MBIM 9aCTOTaM KJIACCOB P(c) = |17|‘Dc|’ rie D.={d € D: c € Cy} — MHOKeCTBO
JIOKYMEHTOB, OTHOCSIIUXCS K KJIaccy c. BuipasuMm jaHHOe TpeboBaHue ¢ MOMOIIbIO Cria-
JKHBAIOIIET0 PEryIgpU3aTOpa KPOCC-3HTPOIMH, KOTOPBI MOXKHO HHTEPIPETHPOBATEL U KaK
MAKCHMU3AIUIO MPABIOIOI00US MOIETH KJIACCOB P(C):

R(®) =1 Z |D,| In Z NiPer — Max,

ceC teT

e ny =y, M — TUCT0 TOKeHOB MopanbHoCTH C, OTHOCAIINXCS K TeMe ¢ BO BCeil KOJ-
neknuu. [loacrasigs 5Tor peryaspusarop B (13), momyunm dbopmysisr M-mmara:

n C
et = nOLIM| Ny + T|DC|L ) (44)

> s MsPes

YacToTHas peryIsgapu3alis NCI0Ib30BaIach B TeMaTn4aecKoii mogesu Prior-LDA, koTopas
obLta npeioxkena B [110] kak yayunenwe mozgesnn Flat-LDA.

Perpeccusa. 3amaun npejcka3anug UUCIOBON BETUUNHBI KaK (DYHKIIUU OT TEKCTa BO3HU-
KalOT BO MHOIUX TPUIOKEHUSAX SJIEKTPOHHON KOMMEPIMH: TpeACKa3aHe PeiTHHTa TOBa-
pa, ¢dugbMa WM KHUTH 10 TEKCTY OT3bIBA; MPEJICKA3AHNEe UHC/a KJIUKOB M0 TEKCTY pe-
KJIAMHOTO OO'bsIBJICHUST; TIPEJCKA3aHIe 3apILIaThl 10 ONUCAHWIO BAKAHCHH;, ITPECKa3AHIe
0JIE3HOCTH (Yucia JANKOB) OT3bIBA HA OTENb, PECTOpaH, cepBUc. [l BOCCTAHOBIICHMUSI
YUCTOBBIX (DYHKIHI M0 KOHEUHOH oOydatomieil BEHIOOPKe map «00beKT—OTBET» HCIOIb3Y-
IOTCST PErPeCCHOHHBIE MOJIETH, OHAKO BCE OHU MPUHUMAIOT HA BXO/I€ BEKTOPHBIE OTTUCAHUSI
00bexkToB. Temarudeckast MOJe/Ib MO3BOJISIET 3aMEHUTh TEKCT JOKyMeHTa d ero BeKTOpP-
HBIM TpejcTaBienueM ;. C apyroil cTOpoHBI, KPUTEPUit ONTUMUBAINE PErpPecCHOHHOM
MOJIe/TH MOZKHO HMCIIOJIb30BATh B KAUECTBE PEry/aspu3aTopa, YTOObI HAUTH TeMbl, HarboIee
nHMOPMATUBHBIE ¢ TOUKH 3DEHHUs TOYHOCTH mpejcKazanuii |77, 119].

[Tycts mast Kaxka0ro JoKyMeHTa d oOyd4aromieir BHIOOpPKN [ 3aaHO IejIeBoe 3HAYeHNe
ya € R. Pacemorpum aunetinyo modeav pezpeccui, KOTOpast MpeCcKa3biBaeT MaTeMaTh-
YecKoe OyKHJIAHUe IEeIeBOil BeTUIHHBI:

E(y | d) = Z vtetda

teT

rie v € RT — sekrop koaddumuentos. [IpuMennM MeTON HANMEHLIINX KBAJIPATOB I
00ydeHusI BEKTOpa v MO BBIOOPKE JTOKYMEHTOB:

R(O,v) = -7 Z(yd — Z vtetd)2.

deD teT
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[Toacraiss 3ror peryaspusarop B (14) u IpupaBHUBAS HYJIIO €10 TPOU3BOIHYIO IO U,
nosryaum (opmysael M-mara:

Oia = no%"m (ntd + TU04q <yd - Z Usesd> ) ;

seT

v=(007)"'ey.

Bamernm, aTo dhopMysIa s BEKTOPA U SBJISIETCS CTAHJIAPTHBIM PereHneM 3a/1a9i Hau-
MEHBIUX KBaJIpaToB Mpu (bUKCUPOBAHHON MaTpuie O. BekTop v MOXKHO OOHOBIATH IO
OKOHYAHUU KazKJIOTO MPOXO/Ia KOJIEKITUH, JIUOO0 Mocae 00pabOTKH KazK/IOTO MaKeTa JOKY-
MeHTOB B oHJaitHoBoM EM-airopurme.

B [119] moka3aHo, 9T0 KA4eCTBO PErPecCHi MOZXKeT 3aBHCETh OT WHUIIHAJIN3AIINN TeMa-
TUYIECKON MOJEN, W MPeToKeHO HECKOJTbKO METOM0B MHUINAIN3AINAH.

Koppensiunu tem. Modeaw koppeauposarnux mem CTM (correlated topic model) mpe-
Ha3HAYEeHA JIJI BhISIBJICHUs CBsA3eil Mexkay Temamu [21]. Hampumep, craTbs mo reogorun
DoJIee BEPOSITHO CBSI3aHA C apXe0JIorneil, 4eM ¢ TeHeTHKOIl. SHAHWe O TOM, KAKHe TeMbl Ja-
II[e COBMECTHO BCTPEYAIOTCS B JOKYMEHTAX KOJIJIEKIIHH, TO3BOJISIET TOYHEE MOJIETUPOBATH
TeMaTUKY OTJIETbHBIX JOKYMEHTOB B MYJIbTHIUCIUILTHHAPHBIX KOJLIEKIIHIX.

Jlng onucanus Koppeasdiyii y100HO UCIOIb30BATH MHOTOMEPHOE HOPMAJIHHOE PacIIpe-
nenenne. OHO He TOJXOIUT I OMUCAHWS HEOTPHUIATE]bHBIX HOPMUPOBAHHBIX BEKTOP-
CTOJIOIOB 0, HO HEIJIOXO OMMCHIBAET BEKTOPHI UX JorapudmoB 1,y = In 6,4. [TosTomy B MO-
JieJTb BBOIMTCST MHOTOMEPHOE JIor-HOpMasibHoe pactpesenenne (logistic normal) ¢ asymst
napamMeTpaMu: BEKTOPOM MaTeMATHIECKOTO OYKUIAHWS [, M KOBAPUAIMOHHO MaTpuIiei >.:

pOnal i, 2) = (20) 3 E] 72 exp(—L(na — )" (0 — ).

Nznaganpno mogens CTM Obl1a pazpaboTana B pamMkax 0aiieCOBCKOTO MOIXO/a, T/
BO3HUKAJIHM JIOMOJTHUTETbHbIE TeXHUYECKHe TPYJAHOCTH U3-33 TOTO, YTO JIOT-HOPMAJBHOE
pacrpejie/leHre He sIBJISIETCsI CONPSIKEHHBIM K MyJabTuHOMua bHOMY. B pamkax ARTM
uness CTM dopmanusyercss u peajn3yercss HAMHOTO TIPOIIIE.

Onpegenum peryisipu3aTop Kak jgorapudm mTpaBIono100ust JJOr-HOPMAJILHOW MOJIe/ N
JIJTST BHIOOPKU BEKTOPOB JIOKYMEHTOB 1)

_ _ _z . Ty —1 .
RO, 1, %) =) np(nalp,T) = =5 > (s — p)"S7" (Infg — p) + const — max.
deD deD
Cornacuo (14), dopmyna M-mara jis 0,y IpUHAMAET BU/
Orq = norm (ntd - T ZT E,;l (ln Osq — us)), (45)
s€

e X5, — s/1eMeHThI 06pPATHOH KOBAPHAIMOHHOI MaTpHIs. IlapamMerpsr Y, ji HOPMAJTLHO-
ro pacrpe/ie/ienusi OOHOBJISIIOTCS TOCIe KazKJI0T0 MPOX0/Ia KOJLIEKIINH, JIMOO TOC/Ie KaxK-
JIOTO TIaKeTa JIOKYMeHTOB B oHjaiinoBom EM-aiaropurwme:

1
= — In 04;
H |D|deZD n0q
1
Y= ﬁZ(lned—,u)(lned—,u)
deD
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Takum obpa3oM, TpymoéMKas omepalust oOpalleHnss KOBAPHAIMOHHON MaTpPUIBI BBIIOJI-
HETCS OTHOCUTETBHO peko. B [21] ucnonb3oBanacs LASSO-perpeccust, 4T00bI MOy IaTh
paspeKeHHYI0 KOBAPUAIMOHHYIO MAaTPHILY.

9 OnpepeneHne 4nucna Tem

Pezyaapuzamop ombopa mem npenioxked B [132] njis yaaneHus: He3HAYNMBIX TeM U3
TeMaTuIecKoit Mojenn. OH OCHOBAH Ha Hee KPOCC-9HTPOIMUMRHOIO pa3peKuBaHUSA pacipe-
nesennst p(t), KOTOpOe JIErKO BBIPAYKAETCsI Yepe3 mapaMeTpbl TeMaTHIeCKOH MO/IeIH:

1
R(O)=-n) e e = > p(d)bua.
teT d
[ToxcraBum stoT peryiasipusarop B dopmyry M-mmara (14):
_ ~_n p(d) )
Oy = né)er%n (ntd T T p() Oa ).

BamennM 6y B MpaBoil 9aCTH PaBEeHCTBA HECMEIIEHHON OIEHKOI Z—Z”:

O = n?erTm (ntd<1 — T#)) (46)

DTOT PEryasapu3aTop pa3pexKuBaeT MeJTUKOM CTPOKH MaTpuilsl ©. Ecin 3navenne caér-
9UKa N; B 3HAMEHATEJIe JIOCTATOIHO MAJIO, TO BCE HJIEMEHTHI {-if CTPOKY OKA3bIBAIOTCS PaB-
HBIMU HYJIIO, ¥ TeMa ¢ TIOJIHOCTHIO UCKJIIOUaeTCs u3 Mojaean. [Ipu ucmoib30BaHmy JaHHOTO
peryasipu3aTopa CHauaIa yCTAaHABIUBACTCS 3aBeI0MO U36bTouHOe uncyio Tem |T|. B xome
UTePAINii YUCTIO HYJEBBIX CTPOK MATPHUILI O MOCTEeNEeHHOe YBeTHIHBACTCS.

Ot6op Tem B ARTM mHamHOro mpoime HemapaMeTpHIecKuX 0aiieCOBCKUX Momeneil —
nepapxudaeckoro mpornecca Jupuxie (hierarchical Dirichlet process, HDP) [123| nin npo-
necca knraiickoro pecropana (Chinese restaurant process, CRP) [24].

B ob6oux noaxomax, ARTM u HDP, numeercss ynpasisitonuii mapamerp, BoiOUpast KO-
TOPBIii, MOYKHO MOJIYYaTh MOJETH ¢ YHCJIOM TeM, pa3IndaiormumMces Ha nopsaku (B ARTM
s10 Kodbdunuent peryaspuzanuu 7, B HDP — koaddurment KoHmeaTpaum 7).

B [134] 6b1in ipoBeieHbl SKCIEPUMEHTHI Ha, MOJIYCHHTeTHIECKUX JTAHHBIX, PeICTaB-
JSIONX c0O0i cMech IBYX pactpeenennii p(w |d) — peaabHON KOJUIEKIUH, JIJIsi KOTOPOi
YUCI0 TeM HEM3BECTHO, W CHHTETHYECKON KOJIIEKIUU C 33JaHHBIM 9ucjaoMm Tem. CuHTe-
THYecKas KOJJIEKIHS CTPOWJIACH IMYTEM mepeMHOKeHusd MaTpur, PO, moJyueHHBIX B pe-
3yAbTATe TEMATHIECKOTO MOJETUPOBAHUS TOM Ke peatbHoil Kosutekiuu. OKa3aaoch, 9TO
HDP u ARTM crocobubr ompeie/isiTh HCTHHHOE YHCJIO TeM HA CHHTETHIECKUX W MOJIyCHH-
rerndeckux JaHubX. [Ipu srom ARTM omnpegensier ero 6o/1ee ToaHo n yeroianpo. O 1HaKO
geM OJIMZKe MOJIYCHHTEeTHYeCKUe JIaHHbIe K PeaJIbHBIM, TeM MeHee UETKO Pa3/JIuduM JIha-
a30H 3HAYEHUN TUIepIapaMeTpoB T WIH 7y, HA KOTOPOM BOCCTAHABIHBAETCS MPABUIBHOE
qrcio TeM. Ha peaqbHBIX JaHHBIX OH HEPA3TUIUM BOBCE, IPHIEM JIJIsT 0OOUX TOIXOIOB.
Takum o6pa3oM, Mpo 00a MOIXOA HeNlb3s CKa3aTh, YTO OHU OIPEIETIAI0T ONTHMAIBHOE
9UCI0 TeM. B peasibHBIX TEKCTOBBIX KOJJIEKIHUSIX HUKAKOTO «HCTHHHOTO YUCJIA T€M» IPO-
CTO He cymiecTByeT. Yem 60JIbIe KOJLIEKINns, TeM OoJiee MeJIKne CeMaHTHIeCKHe Pa3/Inaust
B TeMaX BO3MOYKHO YJIOBUTD.
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DT coobpazKeHus MOATBEPKIAIOTCI OMBITOM MOCTPOEHUS MePAPXUIECKUX TEeMATHIe-
ckux Mojesneit. TeMbl MOXKHO IpoOUTH Ha HoJiee MeJTKHUe MOATeMbl BILIOTH JI0 MOPOTa CTa-
THCTUYECKONW 3HAYUMOCTU. BBIOOP 3TOr0 mopora TakKe sIBISIETCS IBPUCTUKON, ¥ OT HEro
3aBUCUT UTOTOBOE YUCJIO TEM.

B xoze sxcnepumMenToB [134| Takzke BHIICHUIOCH, UTO PETYISPU3ATOP 0TOOPA TEM HMe-
eT MOJIe3HBIN COMyTCTBYIONMi 3deKrT: oH yaaasdeT u3 Momeau AyOJTUPYONIe, PACIIe-
JIEHHDbIE U JUHEIHO 33aBUCHMBbIE TEMBI.

ITo ckopoctn BhIumcaenuit BigARTM ¢ peryasipuzatopoMm otbopa Tem okazascs B 100
pa3 ObIcTpee cBOOOIHO JOCTYIHON peanu3amnun HDP.

10 TllocTpoeHue TeMmaTUHeCKUx nepapxuii

Uepapxudeckne TeMaTH9IecKne MOJEIH PEKYPCUBHO [T TeMbl Ha MOATeMbI. Tema-
THYEeCKUe NePaApPXUH CIYZKAT JJIsT TOCTPOEHUsT PyOPUKATOPOB, CUCTEMATH3AINN OOJIBIITHAX
00BbEMOB TeKCTOBOI nH(MOpMaIny, HHOOPMAIKOHHOTO MOUCKA W HABUTAIIUU 10 OOJILITAM
MYJTBTHIMCIUILTAHAPHBIM KOJLTEKIUAM. 3a/Java aBTOMATHYeCKOH PYOPHUKAIMN TEKCTOB
CJI0YKHA, CBOEIl HEOIHO3ZHAYHOCTHIO B CYObEKTUBHOCTHIO. Pa3inams BO MHEHHSAX SKCIEPTOB
OTHOCHTEIHHO pyOpuKanuu J0KyMeHToB MoryT gocrurath 40% [1]. Hecmorpst Ha obuine
paboT 10 HepapXuIecKuM TeMaTHdeckum Mojessiv |23, 67, 82, 156, 104, 140, 141, 142, 143],
ONTUMU3AIIS Pa3Mepa U CTPYKTYPhI HEPAPXUU OCTAETCsT OTKPHITOI TPOdIeMoit; 6osiee To-
ro, OIEHUBAHNE KAYeCTBa HepapXuii — TakyKe OTKpbiTasi mpobsema [156].

Crparernn MOCTPOEHWST TEMATHIECKUX HePAPXUl BEChMa PA3HOOOPA3HBI: HUCXOISIIIE
(muBU3MMHbIE) W BOCXOAsIIHE (ArJIOMEepPATHBHBIE), MPEJACTABISIONNE HePAPXUIO EPEBOM
UM MHOTOJIOJIBHBIM rpadoM, HapamuBaIiue rpad mo ypoBHIM WM [0 BEPITHHAM, OC-
HOBAaHHBIE HA KJIACTEPU3AIMH JOKYMEHTOB WJu TepMoB. Henrb3s Ha3BaTh KaKyo-TO W3
CTpaTerunit MpeamnouTHTENbHON; ¥ KaXKI0i eCTh CBOM JOCTOMHCTBA M HEJIOCTATKH.

B [33] mpeoxkena nucxomsmas crparernst Ha ocaobe ARTM. Mepapxust npeacras-
JISIETCST MHOTO/TOJTBHBIM rpadoM ¢ (DPUKCUPOBAHHBIM YHCJIOM YPOBHEH U 33 JaHHBIM 9HC/IOM
TeM Ha KaykKJOM YPOBHE, BO3PACTAIONIAM IO YPOBHIM CBepXy BHH3. KarKblii ypoBeHb
HPEJCTABIAET COOOH OOBIUHYIO «ILTOCKYIO» TeMaTHIECKYI0 MOJIeIb, TIO9TOMY BpeMs I0-
CTPOEHUS MOJIE/TH OCTAETCA JIMHEHHBIM 0 00BHEMY KOJIIEKITHH.

Jlas mMomenupoBaHUWsl CBsI3eil MeKIy YPOBHSIMH B MOJEJb BBOJSTCS MapaMeTPhI
st = p(s|t) — ycoOBHBIE BEPOSTHOCTH MOATEM B TeMaX. B MyJbTHINCIMIUIMHAPHBIX KOJI-
JIEKIIHAS MOJATEMBI MOTYT UMeTh IO HECKOJBKO POIUTETHCKUX TEM.

Perynsipuzatop mexxyposHeBbix cBsideii. Ha BepxHeM ypOBHE HEpapXUH CTPOUTCSI
OOBITHAS JIOCKAST TEMATHIeCKasT MOe b, [[ycTh Moe/ b (-T0 ypoBHST ¢ MHOKeCTBOM TeM 1’
yKe [0oCTpoeHa, u TpeGyercs MoCTPOUTh MoJedb YpoBHs £+ 1 ¢ MHOXKECTBOM JI0UepHUX
tem S (subtopics) u 66sbimEM gnciom Tem, |S| > |T'|. Ilorpebyem, 9To0BI poanTEIbCKTE
TEMBI ¢ XOPOIIO MPUOIHKAIICH BEPOSTHOCTHBIMA CMECSIMHA JOUEPHAX TeM S:

> KLy (p(w 1)

— 1min
‘ s%;g (pwswst) o0 )

seS

3 plw|)p(s|) = i KL (%

rae U = (Yg)sxr — Mampuya ceésaseli, KOTopasi CTAHOBHTCS JOTOJHUTEILHON MaTpuIeil
IapaMeTpoB IS TeMAaTHIeCKOH MOJIEIN JTOYepHero ypPOBHSL.
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D70 3a1aa MATPHIHOTO PA3IOKEHH 1S MATPUIILI POIUTETLCKOr0o ypoBHd O = U,
OOBIYHO MATPUUHBIE PA3JIOKEHUS UCIOIb3YIOTCS, YTOOBI MPUOTH3UTh MATPHILY BBICOKOTO
paHra mpou3BeieHneM MaTpuil 60s1ee HU3KOro panra. OHAKO B JAHHOM CJIydae, HA000POT,
varpuna O muskoro panra |T'| mpubmmkaerca npousseaenuem matpun, W, B kKoTOpOM
marpuia ¢ qoKHA UMeTh TOMHBI paHr |S|, 4To0bI 104YepHsis MOJeb OMUCHIBATA KOJI-
JIEKIIMIO TOYHEEe, UYeM POJUTETbCKad. Peryasapu3aTop CBA3BIBAET TeMATHIECKHE MOIETN
cocemaux yposHeit ¢ u £+ 1 Tak, 9TOOBI POJUTETHLCKHE TeMbl ¢! allPOKCHMHIPOBAIUCH
JINHEWHBIMU KOMOMHAIUSIMHE JIOYEPHUX TEM Qg C KOIDPUITMEHTAMUT Vg

R((I)7 \I]) =T Z Z Nt In Z prswst- (47)

teT weW ses

Bagada makcummszanun R(P, ¥) ¢ TounOCTBIO 10 00O3HAYEHUIT COBMAJAET ¢ OCHOB-
HOM 3aaueli TeMATHYECKOTO MOJeJUpOoBaHus (8), €C/ou CUUTATH POJUTENHLCKHE TeMbl ¢
nce6d0doOKYMeHMaMYU C JACTOTAMH TEPMOB TNyt = TNiPyt. DTO O3HAYAET, YTO BMECTO
JobaBaeHus ciaraeMoro B opmyabl M-mmara JaHHBIH peryisapu3aTop MOXKHO peaTn30-
BaTh emé mpoiie. [loctpous poauTe/ibcknit ypoBeHb, HAJI0 J00aBUTH B KOJLIEKIIMIO POBHO
|T| nceBIOIOKYMEHTOB, 3a/aB UM B KAYECTBE YaCTOT TEPMOB 3HAYEHHUST TN, Marpuna W
IOJIYYATCS B CTOJIONAX MATPHUILI O, COOTBETCTBYIOIIUX MCEBIOJOKYMeHTaM [33].

B 6ubmmoTexe BigARTM 3TOT MOIXOM peaan30BaH B BUE OTAEIbHOTO Kjaacca hARTM.

Perynsapusatop pa3speXxusaHusi Me>XXypoBHeBbIX CBA3eli (popMaau3yeT ecTeCTBeHHOe
IPEITOI0KEHNE, 9TO KaK1as TeMa J0YePHEro ypoBHs s € S uMeeT HeGOIbIIoe 9UC/I0 CBSI-
3eif ¢ TeMaMu pouTesbcKOro yposHst t € T'. B wactHocTH, ecain Bee pacnpesesnenust p(t|s)
BLIPOZKJIEHBI, TO €CTh KazKJasd TeMa S UMeeT TOJBLKO OJHY POAUTEILCKYIO TeMy f, TO BCd
nepapxus Opuobperaer BU AepeBa. [IpIMeHIM KpOoCC-3HTPONUIHBIA peryaspu3aTop I
paspekuBaHus paciupeaenenuii p(t|s), Bbipa3us ux depes 1y mo dhopmyre Baiteca:

wst t
R _‘Tzzmmpt's \T|Zzl SRTRTR

seS teT teT seS

[Tockosbky Marpuia W siBasgercs 9acThio Marpunbl O, K Heil mpuvennma dopmyta (14),
u3 KOoTopoit cieayer dopmysiaa M-mara i MOIe/IN H09epPHEro YPOBHS:

st = norm (nst + T(p(t\ s) — %)) : (48)

Cormacuo 310ii dhopmyse, ycaoBHBIE BepoaTHOCTH p(t]|s), MeHbImHe ‘L CTAHOBATCS eIé

ik
MEHbIIIe, W TPH JTOCTATOYHO GOJIBITOM T OOHYIAIOTCS [33].

11 MopenunpoBaHue cBsizen MeXxay AOKYyMeHTamMu

Ccbinkn n umtupoBaHue. lHorma mMmeercst JOMOJHUTEIbHAs WH(MOPMAIUS O CBSI3SAX
MEKJY JIOKYMEHTAMH U MPeI0JaraeTcsd, YTO CBA3aHAbIe JOKYMEHTHI UMEIOT CXOXKYIO Te-
MaTuKy. CBs3b MOXKeT O3HAYaTh, UYTO JIBA JOKYMEHTa OTHOCSITCS K OJHONW pyOpuKe, COB-
MECTHO YIOMUHAIOTCS WU CCHLIAIOTCA APYT Ha Apyra. PopMaan3yeM 3TO MPeanoToKeHne
C TIOMOTIIHIO PEryasdpu3aTopa:

=T Z Ure Z O1abse,

teT
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TJIe Nge — BEC CBSI3U MEXKJIy JOKYMEHTAMHU, HAPUMED, YHCJI0 CChLIOK u3 d Ha c¢. B [39]
npeaIoXkeHa moxoxkasa momenb LDA-JS, B KoTopoii BMECTO MaKCHMH3AIMH KOBAPHAIII
MUHIME3HpyeTcst auBeprennns Vencena-Illennona Mexkay pacrpenenennsvu Oy u 6,.
®opwmyaa M-mara mist 644, cormacuo (14), nmeer Bus

Ora = H%"Tm (ntd + 704 Z ndcetc> .

ceD

910 emg oaHa Pa3HOBUIHOCTH CriazKuBaHus. BeposTHocTn 0y B X01€ UTeparuii mpu-
OJIMKAIOTCSA K BEPOSITHOCTSM ;. JTOKYMEHTOB, CBSI3aHHBIX C d.

Perynapuszarop marpunpl © cranoButcs HedhdEKTUBHBIM MpH MAKeTHOH 0OpaboTKe
OOJIBINMUX KOJLIEKINi, KOT/Ia JOKYMEHTHI ¢, Ha KOTOPbIE CCHLIAeTCA JAHHBIA JTOKYMEHT d,
HAXOIATCA B IPYruX makerax. [Ipobiema peraercs BBeeHIEM MOJATLHOCTH JOKYMEHTOB,
Ha KOTOPBIE €CTh CCHIIKH U3 JAPYIUX JOKYMEHTOB. DTOT CIOCOD MOPOKIAET HOBYIO MPO-
OJ1eMy: eCcJIM MOIITHOCTh 3TON MOJAJILHOCTH OKAYKeTCsl pABHOI YHMC/Iy JOKYMEHTOB, TO MaT-
puna ¢ MoyKeT He MOMECTUTHCS B ONEPATHBHYIO MaMsITh. MOKHO COKPATUTH 3Ty MOIAIh-
HOCTb, OCTABHB TOJILKO HambOJIee BAUATETbHBIE JOKYMEHTHI ¢, UUCJI0 CCBLIOK Ha KOTOPBIE
Ne = )4 Nde TPEBHIMIACT BEIOPAHHBIH TOPOL.

Januast njest mpuiuia w3 MOJeJNN BIMsiHUS HaydHbIX myoaukanuii LDA-post [39)].
B Heit ucnosip3ytorcs jaBe moaanabHoCcTH: cjioBa Wi n murtupyembie gokymenTsl Wy C D.
Mogenb BoisiBIsieT HanbOJIee BIAUSTENIbHBIE JOKYMEHTH BHYTPH KaykKaoi TeMbl. Heryiie-
BbIe 3JIEMEHTHI B CTpOKe ¢ MaTpuibl Py MOKA3BIBAIOT, HA KaKWe TEMbI IOBJHUSI JIOKY-
MeHT ¢ € Wy, TakzKe Moje/Tb MO3BOJISIET pa3andaTh, KaAKHe U3 CChLIOK CYIIECTBEHHO II0-
BJIMSIJIN HA HAYYHYIO CTATHIO, & KAKHUE SBJISIIOTCS BTOPOCTENIEHHBIMHU, 9HCTO (DOPMAJIHHBIME
W «JaHBIO BEeXKJIMBOCTH». CUNTAETCsI, 9TO JOKYMEHT ¢ TOBINSI Ha TOKYMEHT d, eC/Iu
d cchlIaeTcst Ha ¢ 1 OHU UMeEIOT 3HAYUTEeIbHYIO JIOJII0 O0IIeil TeMaTuKM.

Meonokauyun. Nudopmanus o reorpadudeckKoM MOJOKEHUH YACTO HCIOIb3YETCS IIPH
aHa/IM3e JAHHBIX COIHUAJBHBIX ceTeil. ['eorpadudieckas mpuBg3ka JOKyMeHTa d WA €ro
aBTopa 3a1aércst b0 2eomezamu (HA3BAHUSME CTPAHBI, DEIMOHA, HACEJEHHOTO MYHKTA),
b0 2eonokayuet, — mapoii reorpadudeckux koopamHar lg = (x4,y4). B mepBom ciry-
Yae BBOJMUTCS MOJAJIHLHOCTH I'€0TEroB, BO BTOPOM CJIyUae HCIOJIb3YeTCsl Peryssipu3arop.
ARTM mnossosser coBMemarh B Mojaean oba Tuna reorpaduyecKux JaHHBIX.

[Henbio MomeTMPOBaHUS MOXKET OBITh BBIJEIECHHE PErHOHAJIbHBIX TeM, OIpeeaeHne
«apeaJjia OOWTAHMs» KarKJI0H TeMbl, MOWCK IOXOXKHUX TeM B JAPyrux permoHax. Hampwm-
Mep, B KadecTBe OJHOI n3 miutocTpanuii B [155] onpeaesasiorest pernoHbl MOy JIsipHOCTH
HAIMOHAJLHOM KyXHH 1O mocraMm moJb3oBarereiil Flickr. pyras wutocrparmust u3 [78]
OKA3BIBALT, UTO TeMAaTHIeCKas MOJe/b, yInThIBatomast, n3 kakoro mrarta CIITA mpumwo
cooDIIeHne, TOUHee MPOCIeKUBaeT MyTh yparana «Karpunas.

Kpagparnanslii peryasipuzarop Marpuibl O, npemioxenusiii B [155], dopmannsyer
MPEeJIIOIOKEeHWEe, 9TO JOKYMEHTHI CO CXOKUMHU IeOJIOKAIUSIMA UMEIOT CXOXKYI0 TeMATHKY:

R(©) = —% Z Weg Z(etd - etc)Qa

(cd)  teT

IJle Weq — BeC mapbl JOKYMeHTOB (¢, d), Bhipazkatomuii 6Ju30cTh reosokanuii. Hampumep,
Weqg = exp(—7r2,), tie 12, = (v, — 24)® + (Yo — y4)? — KBaApAT eBKJINI0BA PACCTOSHUS.
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DTOT peryagapu3aTop TpedyeT npu 00padboTKe KaxKI0T0 JOKYMEHTa d JTOCTyIa K BEKTO-
paMm . Ipyrux JOKYMEHTOB, U4TO 3aTPYAHAET MaKeTHYI0 00paboTKy OOTBIINX KOJIIEKITHA.
AbrepHaTUBHBIH CTOCOD CryIaKWBaHUsI OCHOBAH Ha, Pery/sipu3anun Marpuiibl .

[Tycts G — mMozmaibHOCTH reoTeroB, g = p(g|t). Temarnka reorera ¢ BbIpazKaeTcs
o dhopmyse Baiteca: p(t]|g) = wth—;, e n, — YacToTa reoTera ¢ B MCXOAHBIX TAHHBIX,
ng=>y o Mgt — TACTOTA TeMBI B MOJAJIBHOCTH Te0TeroB, soiuucisemas EM-anrropurvowm.

KBagparuunsiii peryispu3arop MaTpuibl ® mo MOJaIbHOCTH Te0TeroB hopMaIn3yeT
IPe/ITOIOKEeHHe, ITO TreorpaduIeckn OJIM3KHe TeOTern UMEIOT CXOKYI0 TeMATHKY:

R(®) = -5 Z Wgg' Z <<Pgt %)2’

g g'eG teT

IJIe Wy, — BEC Mapbl reoTeros (g, ¢'), Beipazkarommuit nx reorpadundeckyio 6an3octs. Hike
MBI PacCCMOTPUM ODOOIIEHHE 3TOTO peryasipu3aropa Ha 0oJiee MMUPOKHiT KIacce 3a/1ad.

Mpadbl 1 coumanbHbie cetn. B [78| mpeaiokena Gosee 0bIas TeMaTuIeCKas MOJIENb
NetPLSA, yuursiBaormasi 1pon3BoJibHble rpadoBbie (ceTeBbie) CTPYKTYPhl HA MHOZKECTBe
nokymenToB. [Tycrs 3aman rpad (V, E) ¢ MHOKecTBOM Bepiin V' i MHOKecTBOM pébep E.
Kaz 10it ero Bepimmae v € V' cooTBeTCTBYET MOAMHOXKECTBO JoKyMenToB D, C D. Hanpun-
Mep, B poau D, MOXKeT BBICTYIATh OTAEJbHBI JTOKYMEHT, BCe CTATbU OJHOTO aBTOpa v,
BCE TOCTHI U3 OJTHOTO reorpaduuecKoro peruoHa v, u T. 1.

Temarnka Kaxk10if BepIuHbl v € V' BBIpaykaeTcs depe3 mapaMerpbl Mojaean O:

p(t|v) = plt|d) p(d|v) = Zetd

deD, dED

B momenn NetPLSA ucnosip3yercst KBapaTUIHBII Perysipu3aTop:

R(©) =~ N wa > (p(t]o) = ptu)?,

(u v)EE terT

TIe Beca Wy, péoep rpada (u,v) 3aJal0TCsS eCTECTBEHHBIM 00pa30M, KOI/Ia B 3a7a49e eCTh
COOTBETCTBYIOIIAA JOIOTHUTETbHAA nHdopmanusa. Hanpumep, eciu D, — Bce cTaTbl aB-
TOpa v, TO B Ka4ecTBe Beca pedpa wW,, €CTECTBEHHO B3STh YUCJIO CTaTel, HAMUCAHHBIX
aBTOpaMU U W U B coaBTOpCcTBe. Kcym momobHO mHpOpMANUE HET, TO BEC MOJIaraeTcs
PABHBIM €INHHUTIE.

DTOT peryagapu3aTop TpedyeT npu 00padboTKe KaxKI0To JOKYMEeHTa d JTOCTyIa K BEKTO-
pam 0, Apyrux JOKYMEHTOB, 9TO 3aTpy/AHseT 3PHEKTUBHYIO MAKETHYI0 00pabOTKY 0O0/Ib-
MMUX KOJLIEKINA. AJIbTepHATHBHBIA MyTh COCTOUT B TOM, YTOOBI MHOYKECTBO BEPIIUH TPa-
da V 06baBUTH MOJATBLHOCTHIO U TEPeiiTu K pery/isipusanuu MaTpuiibl P.

B kaxk bt jokyment d € D, go6aBuM TOKeH v MogaJbHOCTH V. BBhIpa3zuM TeMaTuky

BepIIHHLL v Yepe3 mapamerpbl @ mo dopmyne Baiteca: p(t|v) = (v|t)p((z) = Pt oy TAC

;= Zv Ny — YACTOTa TeMbI ¢ B MOZAJIBLHOCTH V, BhIunciageMasa EM-anropurmomM.
Perynspuzarop NetPLSA coxpansier npekuuit Buj1, HO cTaHOBUTCS (hyHKIHEH oT D:

rw =5 5 S ) g

(u v)EE teT
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Bo MHOrHX NIpHIOKEHUAX BAyKHBI HAIPABICHHOCTH CBA3€H, KOTOPbIe KBAIPATHUHBIN
peryasgpu3aTop He yuauTbiBaeT. Hampumep, ¢Bs3b (4, v) MOXKET 03HAYATDH CCBLIKY W3 JIO-
KymeHTa u Ha JokymeHT v. B momenm iTopicModel [121] npeammomaraercsi, ato ecin
(u,v) € E, 1o remaruka p(t|u) mmpe Temaruku p(t|v). [losromy MUHEMUBHPYETCS CyM-
ma ueeprenmuit KL(p(¢|v) || p(t|u)), npuuém yenosrsie pacnpenenennst p(t|v) mMoxHO
BLIDA3UTh KakK depe3 O, tak u yepes P:

-
R(© nmr @) = = D> wu Y p(tlv)Inp(t|u).
(u,v)EE terT
Kax moxazajm 9KCIepUMEeHTBI®, PeryIapusanus MaTpuibl ® IpUBOIAT HPaKTHIECKH
K TeM ke pesysbraram, 9To u peryiaspusanus O aas mogeneit NetPLSA u iTopicModels.

12 MoagennpoBaHne coBCTpe4aemMoCcTun CJ/I0B

['mmore3a «Memka CJI0B» SBJISETCSI OJHUM U3 CAMBIX KPUTHKYEMBIX MOCTY/JIATOB Te-
MAaTHYIeCKOTO MoaeaupoBanusd. [losTomy MHOrHE Hccae0BaHNs HATTPABIEHBI HA CO3TAHUE
DoJiee aJIeKBATHBIX MOJE/eil, YIUTHIBAIONINX MOPSAI0K cja0B. I3 Hux Hambo/iee BayKHBIMU
npeacTaB/Jadi0OTCA TPU HallpaBJI€HUD.

[TepBoe HampaBieHHWe CBS3aHO C BBIAETCHHEM KOAA0KAUUT — CTATUCTUYECKU YCTOI-
YUBBIX N-2pamm (TOCTEIOBATETHLHOCTEN TOAPSA UIAYIIUX 7 CJIOB). TeMbl, MOCTPOCHHBIE
Ha M-rpaMMax, HAMHOTO JIy4Ille WHTEPIPETAPYIOTCS, 9YeM MOCTPOEHHble Ha YHUTPAMMaX
(ormenpbHBIX caoBax). [Ipobiaema B TOM, 9TO 9YHCIO n-2pamm KatacTpodudeckn OBICTPO
pacTér ¢ pocToM 00bEMA KOJIIEKIIHH.

Bropoe mampapjienue CBsi3aHO C aHAIN30M COBMECTHOI BCTpedaeMocTu cjoB. [loss-
JIeHWe porpaMMbl word2vec 79| cTuMyInpoBaio pa3BuTHE GEKMOPHHIT NPedcmasierudl
cao6 (word embedding). Orn HaxoAAT Maccy HpUMeHeHHit Grarogapsi TOMY, 9TO CeMaH-
THYECKN OJTU3KUM CJIOBAM COOTBETCTBYIOT OJIM3KHE BEKTOPHI. TeMaTudeckne MOJIETH TaK-
JKe CIOCOOHBI CTPOUTD BEKTOPHLIE MPEJICTABICHUS CIOB, 0OJATAIONINE TUM CBOMCTBOM,
7 B TO K€ BpeMsl COXPAHSIONe CBONCTBA MHTEPIPETHPYEMOCTH W Pa3PEe’KeHHOCTH.

TpeTbe HaAmpaBeHUE CBI3aHO C MemMamuyueckol cezmenmayuet, W TUTOTE30H, 9TO
TEKCT Ha eCTECTBEHHOM S3BIKE COCTOUT W3 MOCJIEJI0BATETBHOCTH MOHOTEMATHIHBIX COO0-
menuii. B vacTHOCTH, KaxK10€e mpeIozKeHne Jale BCero OTHOCUTCS TOTBKO K OJTHO# Teme.
3aaun cerMeHTalnn pacCMaTPUBAOTCS B paszese 13.

Konnokauyuu. Ilcmonb3oBanne CJIOBOCOYETAHHIT 3aMETHO YIyUIIaeT HHTEPIPETHPYe-
MOCTH TE€M, UTO JEMOHCTPHPYETCS MPAKTHICCKH B KAyKJION MyOJUKAIUE TI0 N-TPAMMHBIM
TEMATHIECKUM MOJIEJISIM, CM. Harnpumep [54].

[TepBas Gurpammvuas temarndeckasg Mozgenb BTM (bigram topic model) [137] mpen-
cTaBJisiia coBOil IO CYyTH MYJIBTUMOIAIBHYIO MOJETb, B KOTOPOH KazKJIOMY CJIOBY U COOT-
BETCTBOBAJIA OTIEIbHAS MOJATBHOCTD O coBapéMm W, C T, cocTaBIeHHBIM U3 BCEX CJIOB,
BCTPEYAONIMXCsI HETIOCPEICTBEHHO TIOC/Ie CJI0Ba v. 3arminem log-npasaonomobue 31oii Mo-

3Bynaros B.T. Ucnonb3oBanue rpadoBoil CIPYKTYPbl B TeMaTHYECKOM MOJIe/IMpOBaHuu. Marucrep-
ckas nuccepranus, MOTU, 2016.
http://www.Machinelearning.ru/wiki/images/4/4d/Bulatov-2016-ms.pdf
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pacno3sHaBaHue obpa3os B 6uonHdgopmaTmke TEOPUS BbIHNCANTENBHOW CAOXKHOCTM
unigrams bigrams unigrams bigrams
0b6beKT 3aja4a pacnosHaBaHuUs 3ajaya pasfensiTb MHOXECTBA
3agaya MHO>XXeCTBO MOTVBOB MHO>X€eCTBO KOHEYHOE MHOXECTBO
MHO>XeCTBO cmcTemMa Macok NOAMHOXECTBO  YCNOBME 3aAaun
MOTNB BTOPVYHAsI CTPYKTYpa ycnosmne 3afa4a O MOKpPbLITN
paspeLmmMocTb CTpyKTypa benka Knacc NOKPbITNE MHOXECTBA
BbIbOpKa pacnosHaBaHme BTOPUYHOW | pelueHne CUNBbHBIA CMbICT
Macka cocTosiHne obbekTa KOHEeYHblIi paspensiownii KomnuTeT
pacno3HaBaHme obyuatowas BbIbopka 4ncno MUHUManNbHbI acpdUHHBIA
NHOPMATUBHOCTL  OuUEeHKa MHAOPMATUBHOCTM | adppuHHbIN acpdpuHHbI KOMUTET
COCTOAAHNE MHO>XXeCTBO 06beKkTOB cny4aii adbprHHBIA pasgensiownii
3aKOHOMEPHOCTb paspewnmMocTs 3agaqn noKpbITNE obliee nonoxxeHmne
cucrema KpUTepuii paspeLnmocTm obwynii MHOXECTBO TOYeK
CTpyKTYypa NH(OPMATNBHOCTL MOTIBA | MPOCTPAHCTBO cny4yaii 3agaqn
3Ha4eHne nepBnYHas CTPyKTypa cxema obwuii cnyyai
perynspHocTb TYNNKOBOE MHOXECTBO KOMUTET 3agada MASC

Puc. 9: TIpuMepbl TeM yHUIDAMMHO MOJEIN U COOTBETCTBYIOIIUX UM TeM OUrPAMMHON Mozeaun (Mo KO-
JekIuu crareil nayunoit koudepenruu MMPO).

JIeTTd B BUJIE Peryisapu3aTopa:

R®0)=>"3" > npuln > @%b,

deD ved weW, teT

rae @b, = p(w|v,t) — ycaoBHAsE BEPOSTHOCTH CJIOB W IMOCJE CJIOBA U B TeMe b Mgy, —
JacToTa OUrpaMMBbl «vw» B JOKyMeHTe d. I'taBHBII HegocTtaTok Moaean BTM B Tom, uTo
OHA YYHUTBHIBAET TOJBKO OMrpamMMmbl. Bropas mpobeMa B TOM, UTO YHCIO BCeX OUTpaMM
OBICTPO YBEIUUUBACTCA C POCTOM KOJIJIEKIWH, U UCIOIH30BaTh Moaeab BTM Ha 6obImnx
KOJIIEKIUSTX 3aTPYIHUTETHHO.

Mogens TNG (topical n-grams) [146| ycrpamsier 3T HemocTaTKu. YCJIOBHOE Pacipe-
JIeJTeHHe CJIOB OMMUCHIBACTCST BEPOATHOCTHOM cMechio p(w|v, 1) = &l + (1 —Eput) Puwt, TIE
Eowt — TEpeMeHHasI, paBHas BEPOSITHOCTH TOTO, UTO Iapa CI0B «Vw» SBIAeTCI OUrpaM-
Moit B TeMe t. B padore C. C. Ctennaa’ mokasano, 9T0 IpH HEKOTOPHIX He 0000 JKECTKIX
PeIIo/I0KeHUIX log-rpaBronoodue 3Toit MOIE/N ONEHNBAETCS CHU3Y B3BEIIEHHON CyM-
moii log-tipaBaonomobuit MmogabHOCTEH yHUTpaMM u durpamm B Mozen ARTM. JIpyruvu
caoBamu, myabrumogaabiasgs ARTM MoxkeT ObITH UCTIOIB30BAHA, JIJIT TTOMCKA, TPUOINKEH-
Horo permrenus B mojgenn TNG.

B Toit ke pabore ObLIH TPOBEIEHBI SKCIEPUMEHTHI ¢ OUIPAMMHON MYTHTUMOIATBHOMN
mozesbio ARTM na mebosbmioii (Menee 1000 JTOKYMEHTOB) KOJJIEKIHH PYCCKOSI3BITHBIX
crareil HayuHoii koudepenun MMPO (MarTemarwyaeckue MeTOIbI pACMO3HABAHUS 0Opa-
30B). Corocrap/ieHre TeM YHUIDAMMHON 1 GUTPaMMHOI MoJieseil MoKa3aso, 9To Mo TeMaM
OUTpaMMHO MOJETN ONPOIIeHHBIE MOCTOAHHBIE YIACTHUKHA KOH(MEPEHIINT MOTJIH OIpe/Ie-
JINTH HAYUHYIO IPYIIIY U JarKe aBTOPOB CTaTell, TOrIa KaK 1Mo TeMaM YHUTPaAMMHONR MOIEeTN
¢/iesiaTh 3TO OBLIO MPOOJEMATHYHO, CM. puc. 9.

B ARTM n-rpamMHast MOJI€/Ib €CTECTBEHHBIM 00pa30M OIPEILIIeTCS KaK MYJIBTHMO-
JaJbHAsI, B KOTOPOil /It KayKI0TO N BBIJAEISETCs OT/Ae/NbHAasT MOJAJIBHOCTh. st mpes-
BApPUTETHLHOIO COKPAIEHUsI CJAOBapeil n-rpaMM MOJXOJUT METOJ, MOUCKA KOJIOKAIHii
TopMine [41]. Ou suHeitHO MacmTabupyeTcss Ha GOJIbIIHE KOJUTEKIUE U MO3BOJIsieT (hop-
MHPOBATh CJIOBaph, B KOTOPOM KaxKJad n-rpaMMa 00J1aaeT TpeMsl CBOHCTBaMMU:

4C. C. Crennn. MymbTHTpaMMHBIE 3 TATHBHO PEryISpH30BAHHBIE TeMaTHIecKue Moaenu. Marucrep-
ckas muccepranusi, DUBT M®TH, 2015.
http://www.Machinelearning.ru/wiki/images/4/4a/Stenin2015MasterThesis.pdf
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(a) UMeeT BBICOKYIO YACTOTY B KOJLIEKIIUH;

(6) cocTouT W3 CJIOB, HECIYIAHHO YaCTO 0OPA3YIOIINX N-TPAMMY;

(B) me comepxkurest B (n+1)-rpammax, obsagaomnux coiicrsamu (a) u (6).

Meropr, npeioxKeHHbIe B ocaeayonmx paborax, SegPhrase [69] m AutoPhrase [112],
JIEMOHCTPHUDYIOIIME NIE JIyUIIne Pe3yJIbTaThI.

Butepmbl. Kopomxumu mexcmamu (short text) Ha3BIBAIOT JOKYMEHTBI, JJIMHA KOTO-
PBIX He JOCTATOYHA JJIs HAJEXKHOTO OIpeseseHNs UX TeMaTuku. [IpuMepamn KopoTkmx
TeKCTOB SIBJISIOTCS cO00IeHNsT TBUTTEpa, 3aroJJOBKI HOBOCTHBIX COOOIIEHNH, peKJIaMHbIe
O0bABJIEHNS, PENJINKH B 3aIUCSAX IUAJOTOB KOHTAaKT-IeHTpa, U T. 1. lI3BecTHBI mpocThIe
IOAXOMBI K IIpo0JIeMe, HO OHU He BCerJa MPHMEHHMBI: 00beIUHATh COOOIIeHns IO KaKo-
My-u60 MPHU3HAKY (ABTOPY, BPEMEHH, DETHOHY U T.JI.); CUNTATh KayKJI0€ COOOIIeHNe OT-
JeTBHBIM JTOKYMEHTOM, pa3peknBas p(t|d) BOIOTH A0 €UHCTBEHHOI TEMBI; TOMOJHATD
KOJUIEKIIMIO JUIMHHBIME TeKCTaMu (Hanpumep, crarbsaivu Buknneaun). Ogaum n3 Hanbo-
Jlee YCIENIHBIX U YHUBEPCAJBHBIX MOJXOJ0B K MPOOeMe KOPOTKHX TEKCTOB CYUTAETCS
memamuueckas modeav bumepmos (biterm topic model, BTM) [149].

Bumepmom HazbIBaeTCs mapa CI0B, BCTPEYAIONINXCH PSAIOM — B OJHOM KOPOTKOM CO-
OOIIeHNN WU B OJHOM IPeIJIOKeHNU HIU B OKHe £/ cioB. B ornmume oT GmrpaMMsl,
MeXKIy JBYyMs CJIOBaMHU OHTepMa MOTYT HaXOIUThCS Ipyrue ciaosa. KoHKpernm3amus mo-
HATHS «PSIOM» 3aBHCUT OT IOCTAHOBKH 3aJa9l W OCOOEHHOCTE KOJITeKITHH.

Mogens BTM onmceiBaeT BEpOSTHOCTH COBMECTHOTO MOsBJIeHUst cioB (u,v). Wexom-
HBIMU JTAHHBIMA SBJISIOTCS 9aCTOTHI N, OUTEPMOB (U, V) B KOJUIEKIHH, W MATPUIA Be-

positHOCTell P = (Duy ) wxwy TIE Dup = norm (1,).
(u,v)EW?2

[Tpumem rumoresy ycaoroit wezaBucumoctu p(u,v|t) = p(u|t) p(v|t), To ecth momy-
CTUM, 9TO CJIOBAa OMTEPMOB MOPOKIAIOTCS HE3ABUCHUMO JPYT OT JAPYTra U3 OJHON U TOM xKe
tembl. Torza, o dbopMyse moTHONH BepOSTHOCTH,

plu,0) = p(ult) p(v]t) p(t) = Cupun,

teT teT

re @yt = p(w|t) u m = p(t) — mapameTrpsl TEMATHIECKOH MOJEIH. DTO TPEXMATPUIHOE
paznoxkenne P = OIIOT, rue II = diag(my,...,mp) — amaronasbHas marpuna. Moaean
OUTEPMOB He ONpPEIEIsIeT TEMATUKY JOKYMEHTOB © U MO3TOMY He MOABEPKEHA BIUSHUIO
3 dherToB, BhIBBAHHBIX KOPOTKUMH TEKCTaAMH.

ARTM no3BoJister 00beIUHATH MOJEIH OUTEPMOB ¢ OOBITHON TEMATHIECKONH MOJIEIIBIO,
9T00bI BCE-Taku mOayanTh Marpuity O. /s sroro Bo3pméMm log-ipaBionomobue mMoiean
OMTEPMOB B KauecTBe peryaspusaropa ¢ KoddduiueHTom 7:

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

[Tpumenenue ypasuenuit (13)—(14) k sTromy peryasgpusatopy gaér dbopmynst M-mrara:

Pur = norm (nwt +7 ) nuwpmw); (50)
ueW
Piuw = ntoerTm(nt@wt(Put)- (51)
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Otn GOpMYIbl HHTEPIPETUPYIOTCA Kak JgobaBienue ncesdo-dokymenmos. Kaxkmomy
cioBy u € W cTaBUTCS B COOTBETCTBUE ICEBIO-TOKYMEHT d,, OObLEIUHAIONNI BCe KOH-
TEKCTHI CJI0BA U, TO €CTh 3TO MENIOK CJI0B, BCTPETUBIIHAXCSA PSIIOM CO CJOBOM U TI0 BCEit
KOJLIEKIIWHU. UMCJI0 BXOXKIEHWI CJI0OBAa W B ICEBIO-A0KYMEHT d, PaBHO T7N,,. Bcrmomo-
raTesibHble TTePeMeHHbIe Py, = P(t|u, w) coorBercTByior dopmyiae E-mara nis nceso-
JIOKYMeHTa, d,,, eCJIH JOOIpee/IuThL ero TeMATHKY Kak Oy, = no%"m(ntgput). Jpyrumu cito-

BaMM, B MOJIeJI OUTEPMOB CTOJIOIBI MATPHUIIBI ©, COOTBETCTBYIOIINE TCEBI0-T0KYMEHTaM,
00pa3yroTcs MyTéM epeHOPMHUPOBKHU CTPpoK MaTpuibl ® mo dpopmyse Baiieca.

VeemnunBas K03pdOUIUEHT T, MOKHO J00UTHCsS TOTO, uT0Obl Marpuna ¢ dopmupo-
BaJIach IMPAKTHIECKH TOJBKO 1Mo buTepmaMm. B takom ciaydae momenb ARTM mepexomut
B MOJI€/Ib OUTEPMOB, KOTOPas CTPOUTCS MO KOJIJIEKIHH ICeBI0-T0KYMEHTOB, 0€3 UCIO0/Thb-
30BaHMST UCXOIHBIX JOKYMEHTOB.

Cetb cnoB. lges MogempoBaTh He JOKYMEHTHI, & CBA3M MEZKLY CTOBAMH, OBLTA HOJTOKE-
Ha B OCHOBY TeMaTH4decKuxX Mojesteii coerpedaemoctu cioB WTM (word topic model) [31]
1 WNTM (word network topic model) [161]. JTroGombITHO, 9TO GOsIee paHHSIsT My OJIHKAIHST
mozenn WTM ocranach He3aMedeHHOIT (BHANMO, KaK He-0allecoBCKas), U BO BTOPOi CTa-
The Jaxke Her ccbliky Ha Heé. Momenmm WTM u WNTM cBoggarca Kk npumenennio PLSA
n LDA cooTBeTCTBEHHO K KOJIIEKIUHU IICEBI0-I0KYMEHTOB d,,:

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

teT teT

Banurmmem log-ipapaononobue monenu p(w|d,) B BUge peryaspusaropa:

R(@’ @) =T Z Ny In Z (pwtetuy

u,weW teT

/1€ Ny — COBCTPEYAEMOCTH CJIOB U, W (KCTATH, Nyy = Moy )-

OcHOBHOE OTIHYHE STUX MOJEIel OT MOAEeAd OUTEePMOB B TOM, UTO 31€Ch B $B-
HOM BHJE CTPOUTCI MATPHUIA O I MCEeBI0-KOJLIEKIINH, TOTIa KaK B MOJIEJTH OUTEePMOB
© = diag(my, ..., m)PT 1 KOMUIECTBO MTAPAMETPOB BIBOe MeHbIe. Kak moka3aim sxcnepu-
MEHTHI Ha KOJLIEKINAX KOPOTKUX TeKCTOB, Moje/ib WNTM HeMHOr0 1mMpeBocXouT MOJIe/b
OUTEPMOB M CYIIECTBEHHO MPEBOCXOAUT OOBIYHBIE Temarndeckne mogean [161]. Ha kou-
JIEKIIUSIX JIJIMHHBIX JIOKYMEHTOB TeMaTHUYeCKhe MOJIEIN COBCTPEYaeMOCTH CJOB He JIAf0T
3HAYUMBIX IIPEUMYIIECTB Mepe/i OOBIIHBIMU TeMATHIECKUMHI MOJIETISIMU.

KorepeHtHocTb. Tema HasbiBaercst kozepenmuoli (CONIACOBAHHOIL), ecu HanbOsIee da-
CThIe TEPMbI JAHHOI TeMbl YACTO BCTPEYAIOTCS PsIOM B JIOKyMeHTaxX Koutekuuu [90).
CoBCTpeuaeMoCTh TEPMOB MOYKET OIEHUBATBCA 10 camoii Koutekiuu D [84], wiu mo cro-
pOHHeil KoJLIeKIuu, Hanpumep, mo Bukunemnn [87]. CpeHsisi KOPepeHTHOCTh TeM CYHTa-
eTcsi XOpOoITTeli Mepoii HHTePIPeTHPYeMOCTH TeMaTHdecKoil Mogesn [91].

[Iycrs 3amaner omeHkn coBmecTHOl BeTpedaemoctn C,, = p(w|v) mag map TepMoB
(w,v) € W2, O6pran0 C,)y, ONEHUBAIOT KAK JOJIIO JOKYMEHTOB, COJEPKAIIUX TEPM ¥, B KO-
TOPBIX TEPM W BCTpedaeTcs He jajee deMm depe3 10 coB oT v.

Samumem (opmyity nosroit BepostHOCTH p(Ww |t) = Y Clyypyr 1 3aMEHNM B HEll yCI0B-

HYIO BEPOSTHOCTD (0, TACTOTHOIL OmenKoil: p(w|t) = Y Cyy ‘2. Beeném perynapusarop,
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TPeOYIONIHii, YTOOBI TAPAMETPBI 0,y TEMATHIECKOIT MOJIETH GBLIH COTIACOBAHBI C OTEHKA~
vu p(w |t) B CMBICIE KPOCC-IHTPOITHHT:

R(®) = TZnt Z p(w | t) In oy

teT weWw

®opmyna M-mara, cormacuo (13), npuHUMaeT BUJL

pur = o0l (nwt +7 Z vanvt>- (52)
veW\w

1o cryraxkuparoruii perysipu3atop. OH yBeJMdnBaeT BEPOSATHOCTH TEPMA B TE€MeE, eCJIn
TEPMBI, ¢ KOTOPBIMH OH 9aCTO COBMECTHO BCTPEYAETCS, OTHOCATCA K JaHHOi Teme. TouHo
Takast ke dopmyaa noayunnach B (84| mag mogenun LDA u aaroputMma COMILTHPOBAHUS
['u66ca, HO ¢ OoJsiee CJIOKHBIM ODOCHOBAHHEM Uepe3 0DODIEHHYI0 YpHOBYIO cxemy Iloiis,
u ¢ OoJiee CA0XKHON IBPUCTUIECKON OMEeHKOH C'yyy.

B paGore [87| mpeioxken Apyroil peryisipu3aTop KOrepeHTHOCTH:

R®) =7> ) Cupusu,

teT u,veW

B KOTOPOM OIleHKa coBMecTHOH BeTpedaeMocTu (', = Ny, [PMI(u, v) > 0] OIpeIesaeTCs
qepes nomoueunyto 63aumnyto ungopmayuto (pointwise mutual information)

| D[ Nu

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

(53)
rjie Ny, — YHCJI0 JOKYMEHTOB, B KOTOPBIX TE€PMBI U,V XOTsS ObI OJUH Pa3 BCTPEYAIOTCS
psiiom (He nanee, wem depe3 10 cioB), N, — UHCIO JOKYMEHTOB, B KOTODBIX TEPM U
BCTpeYaeTCss XOTs ObI OAUH pa3.

Takuwm obpazom, eMHBI MOX0/1 K ONTHUMHU3AIMN KOTePEHTHOCTH TI0Ka, He BhIpaboTaH.
[Tpeataraevbie KpuTepun MOXOXKH HA MOJIEJIM OMTEPMOB U ceTu cjaoB. Bee onu (opma-
JIN3YIOT OOIIYI0 MJIEI0, 9TO €CJM CJI0Ba YacTO COBMECTHO BCTPEYAIOTCS, TO OHU HMEIOT
CXOXKYIO TeMaTHUKY.

Mopenun BeKTOpHbIX NPeACcTaB/IeHU CNOB CTaBAT B COOTBETCTBHE KarKIOMY CJIOBY W
BEKTOD V,, (PUKCHPOBAHHOI pa3zmepHOcTH. OCHOBHOE TpeOOBaHKE K 3TOMY OTOOPaKEeHUIO —
YTOOBI OJIM3KHM IO CMBICTY CJIOBAM COOTBETCTBOBaJIM OJIM3KHEe BeKTOphI. CormacHo duc-
mpubymuenot zunomese (distributional hypothesis) cmbica ciioBa onpezessiercs: pacrpe-
JIeJIEHHeM CJIOB, B OKPY’KeHHH KOTODBIX OHO BeTpedaercs [47]. CioBa, BeTpedarormecs
B CXOXKUX KOHTEKCTaX, UMEIOT CXO2KYIO CEeMaHTUKY U, COOTBETCTBEHHO, JOJI2KHbI HUMETbH
6u3kue BekTopbl. g dopmanuzanun sroro npuniuna B [79, 80| npeamaraercs HECKOIb-
KO BEPOSITHOCTHBIX MOJIEJIeil, Bce OHI peaJn30BaHbl B mporpaMMe word2vec. B wactroctH,
Moenb skip-gram mpeacKa3blBaeT MOSBIeHHEe CI0Ba W B KOHTEKCTE CJIOBA U, TO €CTh IPH
VCJIOBHH, YTO CJIOBO U HAXOINUTCS PSIIOM:

exp (Vw, Vu)
D0 XDV, V)

plw|u) = Soitel\v/I[/ax (Vg V) = Iivoervg/n(exp (Vi ) =
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Accoumnayus Pe3synbratr ARTM Pe3ynbrar 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. 10: Ilpumepsl perienus 3aja4d accormanuii cmos mias Mozeneir ARTM u word2vec. Ilpusogsarcsa
qeThipe Hanbosee OJU3KHIE ACCOITHAINMT.

e Vi, Vu) = )4 VwtVur — CKAJIAPHOE MPOM3BeeHNe BeKTOPOB. B oTin4ne or remarnde-
CKHUX MOjesieif, HOpMUPOBKA BePOSTHOCTE ITPOU3BOIUTCA HEJTUHEHHBIM Tpeodpa3oBaHueM
SoftMax, a caMu BEeKTOpPHBIE IIPeICTaBIEHUs CJI0B HE HOPMHPYIOTCSI.

st obydenus MoJie/in peraercs 3ajada MakcuMu3anuu log-npasionoioomst, Kak mpa-
BWJIO, TPAJIMEHTHBIMIA METOIAMMU:

Z Nyw I p(w|u) — max.
u,weW {vw}

ITocTanoBKa 3a/1aun o4YeHb IoX0xKa Ha TeMaTndeckue Moaean BTM u WNTM. Monenn
ceMeiicTBa word2vec u JIpyrue MOJeJUd BEKTOPHBIX MPEACTABJIEHUNA CJI0B TaKzKe SBJISIOT-
csl MATPUIHBIMEU passioxkennsivmu [65, 98, 70|. TiaBroe orTmvme 3aKI09aeTCsT B TOM, 9TO
B 9TUX BEKTOPHBIX MTPEJICTABICHUAX KOOPANHATH HE HHTEPIPETUPYEMBI, He HOPMUAPOBAHBI
1 He pa3pekeHbl, TOrIa KaK B TEMATHICCKUX MOJEISIX CIOBAM COOTBETCTBYIOT Pa3peKeH-
Hble IUCKPeTHBbIE pactupeenenus teM p(t|w). C apyroii cTOpOHbI, TEMATHYECKHIE MOJIEN
N3HAYAIBHO He IpeIHA3HAYAINCh IS ONpeIe/IeHisT CeMaHTHIeCKOil OJTM30CTH CJIOB, I0-
9TOMY JIeJIaI0T OHH TO ILJIOXO.

B [101] mpeioxken crmocob MOCTPOCHUST MEMAMUNECKUT 6EKMOPHULEL NPeICasAerul
caos (probabilistic word embedding, PWE) 1o miceBao-kosiekiun J0KyMeHTOB, aHAIO-
ruunblii Mmogensm BTM u WNTM. B 3amauax cemMaHTHYeCKO# OJIU30CTH CJIOB OHU KOH-
KYPUPYIOT ¢ MOJEIsIME word2vec U CYIIECTBEHHO IIPEBOCXOJAT OOBIUYHBIE TeMaTHUUEeCKHe
Mojiesin. [Ipu 9TOM TemaTnyeckne BEKTOPHBIE MPEJICTABICHUS SIBIASIOTCS UHTEPHPETHPY-
eMBIMU W pa3peykeHHbIMU. VICIo/Ib3yst KpOCC-9HTPONUTHBIE PEryIspu3aTophl, pa3pesKeH-
HOCTH BEKTOPOB yaaércsa noBoauTh 10 93% 6e3 morepu kauecrsa. Ha puc. 10 mokasamb
HpUMePBHl PellleHus 3aa9l aCCOIUAIM CJIOB ¢ MOMOIIBIO MOJeell, MOCTPOSeHHBIX 0 aH-
[JI0SI3bI9HON Bukunme .

KonunuecTBeHHbIe OlleHKH TOKa3biBaioT, uTo PWE pemraer 3amadym acconualiui CJIOB
HAMHOTO JIydIie 00bIaHO# TeMaTudeckoit mogen LDA, Ho He cTO/Ib yCenno KOHKypupyer
C JIyUIUM MOJesiM ceMmeiicTBa word2vec, Kak B 3aja4dax CeMaHTHIeCKOil OJIM30CTH.

B samaue cemantuueckoit 6smm3octu mokymenToB PWE yBeperHo oreperkaioT BEKTOP-
uyto mozaens DBOW [35], cienuaibao pa3paboTaHHYIO sl TTOUCKA CEMAHTHYIECKU OJIH3-
KIX JOKYMEHTOB.

Kpome Toro, APTM mo3Bossier 0000IMUTL TeMATHIECKHe MOMENTH TUCTPUOYTHBHON
CEMaHTUKH JIJISI MYJbTAMOJIAJbHBIX KOJIJIEKIIUIA [101]. Wcnosb3yst 1aHHbIe O COBCTpeYa-
€MOCTH TOKEHOB PAa3JNYHBIX MOJAJbLHOCTEH, BO3MOXKHO CTPOWUTH WHTEPIIPETAPYEMBbIe Te-
MaTU4YeCKue BEKTOPHbIE IMpeACTaBJIeHUd IJId BCEX MO,Z[&JIBHOCTeﬁ. B TO K€ BpeMd, IIpu-
BJIeUEHHe JOMOJTHUTETbHON MH(MOPMAIUT O JPYIUX MOJAJHHOCTAX IOBBIIIAET KAUeCTBO
perreHus 3aa9u OJTU30CTH CJIOB.
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13 TemaTunyeckasi cermeHTauunst TEKCTOB

['urtoresa «mernika CJIOB» W MPEIINOJIOKEHNE O CTATUCTHIECKOW HEe3aBUCHMOCTH COCE/I-
HUX CJIOB TPUBOJAT K CJWIITKOM YaCTOW XaOTHIHON CMeHe TeMaTHWKW MEXKJy COCEeTHUMU
caoBaMu. Ecau mpociaenuTh, K KAaKUM TeMaM OTHOCITCA IOCJeI0BaTeIbHbIE CJI0Ba B TEK-
CTe, TO TeMaTHYIecKas MOJIENb B IeJIOM TTOKaXKeTCs He HACTOJBKO XOPOIIO WHTEPIPETUPY-
eMOil, KaK paHKHPOBAHHBIE CIUCKH HAKOOJee YaCTOTHBIX CJIOB B TeMaX.

Temarudeckue Moje/i CerMeHTAIMd OCHOBAaHbI Ha 0o0Jiee PEAJTUCTHUIHBIX THUIIOTE3aX
0 cBsI3HOM TekcTe. Karkioe npejjiozKenne, Kak MpaBujIo, OTHOCUTCS K OJHOW—IBYM TeMaM.
Crenyroliee mpeToKeHne, Kak IPaBUIO, MPOJ0IKAET TeMATUKY Tpeabayinero. Cvena
TeMBbI Jallle MPOUCXOIUT MEXK Iy ab3amaMu, e Jalie MexK Iy CeKIuIMu ToKyMeHnTa. Kazk-
J0e MpeII0XKeHne MOYKHO CUNTATh «MEIIKOM CJOB» HJIH «MEIIKOM TEePMOBY.

TemaTuyeckass mogenb npeasioXxXeHui. JlomycTum, 9To KaxKablit TOKYMEHT d pa3OuT
HA MHOKECTBO CEI'MEHTOB Sy. DTO MOTYT OBITH NpEeIJTIOKeHHsT, ab3aIbl WIH (hpasv, — CUH-
TaKCHIECKH KOPPEKTHBIE YaCcTH mpeioxkernit. Obo3HaunM depes n, JINHY CEerMeHTa, S,
9epes Ny, — YUCI0 BXOYK/IEHUIl CJI0BA W B CETMEHT S.

[Ipeamo1oKum, 9T0O BCe CI0BA CEIMEHTa OTHOCATCS K OJHOI TeMe 1 3anuiieM yHKIHIO
BEDPOSITHOCTU CerMeHTa s € Sy 4epe3 mapaMeTpPhl TeMATHIECKOH MOJETH Oy, Oig:

p(s|d) = Zpﬂd pr|t”sw—20tdn<p”sw.

teT wES teT wES
Bynewm cunrtarh KaxKaplii JOKYMEHT «MeITKOM CerMeHTOB». Torna hyHKIMS BePOSITHO-
cTu BBIOOPKH OyJ/ieT paBHA NMPOU3BEJIEHUIO (DYHKIUI BeposTHOCTH cermMeHTOB. [locTtaBum
3a/[a9y MaKCUMHU3aIUU CyMMbI log-mipaBiononodus u peryJisipuzaropa [

S ) bu ][ e+ R(®,0) — max, (54)
deD seSqy  teT wEs ’
npu 00bIUHBIX orpanndenusix (11). B wacrHom ciaydae, Korjga KasKjblii CEPMEHT COCTOUT
TOJIHKO M3 OJHOTO CJIOBA, JaHHAs 3ajaada mepexoaut B (10).
Bamernm, uto (54) ABIETCS YACTHBIM cirydaeM rumeprpadoBoii Mojgenn (36), B KoTo-
poii pébpa rumeprpada cOOTBETCTBYIOT IPE/IOKEHUSIM, B KaK/10€ pedPO COCTOUT U3 BCEX
CJIOB JAHHOTO MPEJIJIOKEHUS.

Teopema 5. I[lycrs ¢pyukmmus R(P,O) menpepsisro anggepernnnpyema. Touka (P, O)
JIoKaibHOro sKcTpemyma 3agaqan (54), (11) yaosmerBopsier cucreme ypaBHeHHIT cO BCIO-
MoraTeJbHBIMA MePEeMEeHHBIMH Pygs = p(t|d, s):

Dids = norm(Qtd 11 SOnsw)

wEeES
OR
Puwt = nor{g/n (nwt + Pt B ) Nt = Z Z [w € 5] Pras;
Pt deD ses,
OR
O = norm| n ) Ngg = N
td s ( td + tdaetd) td sgzsdptd

AnanornuueIM 00pa30M 3ajiada CTABUTCS JIIs Mojenu npejioxennii senLDA [19] u
JUIst MoJiesin KopoTkux coobiennit Twitter-LDA [158]. B oboux ciaydasx peryssipusa-
TOPOM SIBJISIFOTCSI anpuopHbie pacnpegenenus: {upuxie. B mogenn Twitter-LDA B posan
JIOKYMEHTOB BBICTYMAIOT ABTOPBI, B POJIU CEIMEHTOB — BCe COOOIIEHUS JAHHOTO aBTOPA.
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TemaTtuyeckass mogenb cermedHtayunn. Temepb paccMorpuMm 6osiee CIOXKHBIN Caydaii,
KOIJIa TEKCT COCTOUT U3 HpPeTOXKeHWit, u TpeOyercs OObeIUHUTh UX B OOJee KPYITHBIE
TeMaTUYeCKAe CerMEeHTBI, TPAHUIIBI KOTOPHIX 3apaHee He Olpee/IeHbl.

Memod TopicTiling [107] ocuoBan Ha mocr-o6paborke pacupegenenunii p(t|d, w;),
1 =1,...,n, MOJIy9aeMbIX KaKO#-Tn00 TeMaTHIeCKOi MoIesbio, Hanpumep, LDA. Onpeme-
JIMM TEMATHKY TIPEJJIOKEHNst § Kak cpeHion Tematnky p(t|d, w) Beex ero cios’. [Tocun-
TaeM KOCHHYCHYIO OJIMT30CTh TEMATHKH I BCeX IMap COCeTHUX MpeaoKennii. Yem rmyozxke
JTOKATBHBI MUHAMYM OJIM30CTH, TEM BBIIIE YBEPEHHOCTD, UTO MEK/Iy JTaHHOI Mapoil mpe-
JIOKeHUi nmpoxoauT rpanuia cermenToB. Merona TopicTiling ucmonb3yer HabOp IBPUCTHK
JUTST TTOI0OPA 9HC/Ia TIPE/JIOZKEHUI CIeBa W CIPaBa OT JIOKAJIHLHOTO MUHUMYMa OJIM30CTH,
OTIpEJIeJIeHNST IHUC/Ia CETMEHTOB, TMOA00pa YUC/Ia TeM W 9YHCJIa WTePalnii, ITHOPUPOBAHUSI
CTOII-CJTOB, (DOHOBBIX TeM U KOPOTKHUX MPEeIT0KeHmil. AKKypaTHas HAaCTPOiiKa IapaMeTpoB
3TUX IBPUCTHK MO3BOJISIET JIOCTHYDL BBICOKOTO KauecTBa cermenTanuu [107].

TopicTiling He gBasgeTCS MOJTHONEHHOI TeMaTHIECKO MOJIE/TbI0 CEeIMEHTAINN TeKCTa,
IOCKOJIbKY TOCT-00pabOTKa HUKAK He BJIHSET Ha caMi TeMbl. UTOObI HAUTH TeMbl, HAHOO-
Jiee BBITOJIHBIE /I CeIMEHTAINN, TpeOyeTcda CIeNuaaIbHBII Peryaspu3aTop.

Perynsapusatop E-wara. Hekoropsie TpebOBaHMS K TeMATHIECKON MOJETN YA0OHEe BbI-
pazKaTh Yepe3 paCHpesenenns Py, = p(t|d, w), a e aepes p,; u 0y Hampumep, Tpebo-
BaHHUA CXOJACTBa TEMAaTUKW TEPMOB BHYTPpH Hpe,ZLJIO)KeHI/Iﬁ nJjanm MexK/J1y COCeJHUMMU IPpeaJIo-
KEHUAMN. OHI/I MO3BOJIAIOT YYUTHIBATH MOPAJOK CJIOB BHYTPpU JOKYMEHTOB B O6XOIL TUIIO-
Te3bl «MeITKa CJIOB». B 0bImeM ciryvae oHE BBIparKaloTcs B Buje peryaspusaropa R(I1),
rie 11 = (praw)Tx Dxw — TPEXMEpHasi MATPUIIA BCIOMOTATETHHBIX TEPEMEHHBIX.

Bynem npeanonarars, uto R aBIsgeTcs J0CTATOYHO IVIAIKOM (dYHKIHEH Bcex mepeMeH-
HBIX Pigw. KpOMe TOTO, clieslaeM BIIOJIHE eCTeCTBEHHOE JOIMYINEeHHe, UTO eCJIM CJI0Ba W HeT
B JIoKyMeHTe d, To MyHKIHs [ He 3aBUCUT OT MePEMEHHON Pigy -

Cornacuo ypasuenuio (12), marpuna I1 asisercsa dyuknueit or @ u ©. [Tosromy K pe-
ryaspuzaropy R(II(®,©)) B monHoit mepe npumenuma teopema 1. Ilpu stom cucremy
ypaBHeHWiT y100Hee 3aMucaTh Yepe3 JacTHhIe MPOU3BOIHBIE PETryISPU3aTOPa MO BCIIOMO-
raTeJibHbIM mepeMeHHbiM 1.

PaccvoTpum 3a1a1y MakCUMHU3AIUH PErY/IsipU30BAHHOTO log-TIpaBaonoao0ust ¢ 1By MsT
peryasipu3aTopaMu, OJUH U3 KOTOPHIX 3aBucut ot II:

Y nawlnd | ubia+ RIN®, 0)) + R(2,0) — max, (55)

3,0
deD wed teT

PU OrPAHWYEHUSIX HEOTPUIATETHLHOCTH U HOpMUPOBKH (11).

Teopema 6. Ilycrs ¢pyaknun R(II(P,0)) n R (P, ©) wenpeprisrO auddepenupyempl
u ¢pyukmus R(I1) He 3aBHCHT OT MePEMEHHBIX Pigy, B CIyTae ng, = 0. Torma rouka (P, O)
JIOKaJIBHOTO dKcTpemyMa 3agaqn (55), (11) yaoBrerBopser cucreme ypaBHEHH €O BCIO-

STounee, B [107] mpearansoch a1 KazI0ro caoBa BeOMpaTh Hambomee epoaTHyto Temy. Oba Bapu-
aHTa UMEIOT MPaBo Ha cyiecTBoBanue. Kakoit u3 HuX Jydine, OKa He HCCIETOBAHO.
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MOTaTebHBIMA MEePEMEHHBIMH Pygy, = P(t|d, w) T Pygu:

Ptaw = H?el"Tm (Sf?wtetd); (56)
Praw = Prduw (1 + i (%SZ) - ;pzdw %];g) )) ; (57)
Pur = norm ( deZD NdwDrdw + Put ;jt) : (58)
Oa = H?el"Tm ( wzed NwDtdw + Ot géz) . (59)

JlokazaTeTbcTBO TEOpeMbl YA00OHO OPOPMHUTDH B BUJIE CJAEAYIONIHX TPEX JIEMM.

Jlemma 1. st pyukmnm pyg, (P, 0) = % u jiroboro z € T

apzdw apzdw ptdw(l - ptdw) L=z
wt =0 d—Qa,  — Ptdw =t| — Pzdw ) = ’ ’
ot OPuwst 00,4 o ([ =1 ) —PtdwPzdw t# 2.

HokazarenbcTBo. Bocnosb3yemest opmynamu (12) /1 epeMeHHBIX Py

Dt apzalw = a ( Spwzezd ) = Quwt [Z t]etdz (pwu ud — etdgpwzezd _

agpwt ! 8()Owt Zu Sowueud (Zu Pwu ud>2
= Ptdw [Z:t] — PtdwPzdw = ptdw([z:t] - pzdw);
0 apzdw -0 a (pwzezd Sy [Z:t]gpwt Zu Sowueud - Spwt(pwzezd .
td Y ) td 90 0 — Utd 0 2 -
Ptd td Zu Puwulud (Zu Puwu ud)

= Ptdw [Z:t] — PtdwPzdw = ptdw([Z:t] - pzdw)'

Jlemma mokasaHa.
Beeaém (byHKIHIO OT BCIIOMOraTeIbHBIX mepeMeHHbIX I1:

OR() S OR(IT)

ap tdw ap zdw

Qraw (1) =

zeT

JIemma 2. [lycrs R(II) He 3aBucHT OT mepeMeHHBIX Pygy, TpH W ¢ d. Torma Bce wacTHbIe
npomzsognbie peryisipuzaropa R(I1) Beipazkarorcest wepe3 Qi :

) = Z ptdetdw(H)
wed

HoxkazareabcTBo. Bocrionb3yemcest hopmyiioit quddepennupoBanms CJI0KHOM (DyHK-
apzdv apzdv R(H)

OR(IT
Z Ptdw Qtdw Ora By

deD

U U TeM, 9TO =0npu w #v; —— =0 npu t # z; =0 npu w & d:
Oput P 7 0044 7 ODtdw P 7
8R H apzdv H apzdw
Pw = Pw ) 60
e ! % 8pzdv a()Dwt dEZD ; apzdw agpwt ( )
aR apzdv H apzdw
0 =0 0 . 61
i aet e % apzdv aetd % ; apzdw i aetd ( )
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B cuny nmemwmbl 1 cipaBei/ImBO TOXK/IECTBO

H 8p >dw H apzalw
Pw ‘9 =
Z ap z ! Z ap zdw i a‘gtd

dw &Pwt
oR OR(I1 OR(II
- Z ) ( )ptdw ([Z t] pzdw) = Ptdw ( 9 ( ) _Z pzdw#) = ptdetdw (H)
2T Pzdw 'Pdw 2T Pzdw

[ToncranoBka moyIeHHOTO Bhipazkenus B (60) u (61) 3aBepimaer T0Ka3aTEIbCTBO.

Jlemma 3. Pemrenne ;0 3agaun (55) yaosierBopsier cieiyroiieii cucreMe ypaBHEHHH
OTHOCHTE/IBHO MEPEMEHHBIX Oy, 0iq H BCIIOMOTraTeIbHBIX TTEPEMEHHBIX Digy,

Praw = 008 (Purbra); (62)
OR' '\
Puwt = norm ( Z NwPtdw + Z QtawPrdw + Puwt &Pwt) (63)
deD deD
7 = norm Zn —|—ZQ +6 OF (64)
td 2 dwPtdw 2 tdwPtdw td 3, 90,y

DTa JIeMMa SIBJISEeTCS HEeIOCPeJICTBeHHBIM CIeJCTBUEM TeOpeMbl 1 U JIeMMBI 2.

OcTaJioch TOJIBKO 3aMEeTUTh, 9TO BbIJEJIEHIe BCIIOMOTATEIHHOW MePeMEeHHON Dy, CO-
rnacHo (57) mo3Bossier nepenucarh ypasuenusi (63) u (64) B Tpebyemom Bue (58)—(59).

Teopema nokazana.

Takum obpazom, B EM-anropurMe 1ig KazK/I0ro J0KYMeHTa d CHAYAIA BBITHCISIOTCS
BCIIOMOTATE/IbHBIE TIEPEMEHHBIE Dy gy, , 32TEM OHU IPE0OPA3YIOTCS B HOBBIE IEPEMEHHBIE Dydy
KOTOpbIe TMOACTABAAIOTC B hopmysnbl M-mara (13)—(14) BMeCTO pigy,. Taxoii croco BbI-
qucJIeHnit Oy/ieM Ha3biBaTh pe2yaapusavyuet F-waza nim nocm-obpabomrots F-waza.

3amernM, 9TO MepeMeHHbBIE Pig,, MOTYT HIPUHUMATH OTPHUIATE/IHHBIE 3HATEHUST, TOITOMY
B 00IeM cJiydae OHH He 00pa3yioT BEepOSITHOCTHBIX pachpejenenuii. Tem He meHee, Jisd
HUX BBITIOJTHEHO YCJIOBHE HOPMUPOBKH Zt Dtaw = 1.

Pa3spexxuBaHue pacnpepenenuii p(t|d,w). Tlorpebyem, 9To6B KazKablii TepM B JOKY-
MEHTE OTHOCHJICS K HeGOJIBIIOMY ducjy TeM. [[jist 9Toro OyaeM pa3peKuBarTh pacipejie-
nerust p(t|d, w), makcumusupyst ux KL-TuBepreHIun ¢ paBHOMEPHBIM PACIPEICTCHIEM:

KL(%‘ | p(t|d, w)) — max.

CyMMupyst IO BCeM TepMaM BCeX TOKYMEHTOB, MOJIYIUM PEeryasipu3aTop:
= T E g Ndw g In pigy — max.
| | deD wed teT

[TogcTaBuUM MTPOU3BOTHYIO

OR(Il) 7 ngy

apzdw - |T| Pzdw

B dopmyay (57):
ptdw = Ptdw — T(ﬁ - ptdw)'
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Taknum 06pa3oM, ecn I/t HeKOTOPOH TeMBI Py, < ﬁ, TO Ha CJIEAYIONIEil NTepaIumn
BEPOSITHOCTD Dty JUISI TAHHOTO TEpMa w CTaHeT emé Menbime. Temarnka tepma OyaeT
IIOCTENIEHHO KOHIIEHTPUPOBATHCS B HEGOJIBIIOM YHCIIE TEM.

Emg onma naTepHpeTalis T0r0 Peryispu3aTopa CIeLyeT U3 BO3MOKHOCTH 3alliCaTh
perynsipusanuio E-mmara sxBuBasenTHBIM 00pa3oMm depe3 dbopmysst M-mrara (63)(64):

1 Thwt aR/
Gt =norm | Ny — Ty | 7 — — | F Qurs— |;
weWw |T| Ny 0 wt
1 Ttd aR/
Oy = norm| nyg — ™| — — — | + Opy——
teT |T| Ng 89td

Ecnm meperynsapu3oBaHHble IacTOTHBIE ONEHKH YCIOBHBIX BepoaTHOCTeil p(t|w) = "t n
w

p(t]|d) = Z—tj CTAHOBSITCSI MEHBIIIE BEPOSITHOCTH PABHOMEPHOTO PACIIPE/IeIeHU ST %T‘, TO TPO-
MCXOJUT Pa3peskKUBAHNE PACTIPEACICHUN Q¢ U Oyq; C UTEPAIUAMI UX 3HAYCHUS YMEHbIIA-
I0TCS U MOT'YT 00paIaThcs B Hy/Ib. Takum 00pa3oM, MPOUCXOJAUT COTTACOBAHHOE PA3PerKH-

Banue Matpurl ¢ u ©, o ynpasieHueM OHOTO 001Iero Ko3MUInEeHTa Peryaspu3aiim 7.

Pa3pexuBatrowuin perynapusatop E-wara gna cermentayuu. Baxneiitnmas ocoben-
HOCTBH peryJisipuzaropa E-mara 3ak/aiodaercs B TOM, YTO OH IMO3BOJSIET YYUTHIBATH CO-
CeJCTBO CJIOB BHYTPHU OJOKYMEHTa B O6XO,IL TUIoTe3bl <«MeEIIIKa CJIOB». HpI/IMeHI/IM pery-
JIAPU3aIUIO E-mara JJId IIOCTPOEHNA TeMaTU4deCKoi MOJe/In CerMEeHTHUPOBAHHOT'O TEKCTa.
OnpenemM TeMaTHKY CerMeHTa s € S; KaK CpeIHIOI TeMAaTHKY BCEeX ero TepMOB:

1
Ptds = p(t|da 3) = Zp(ﬂd,il)) p(w|8) = 7’L_ Znswptdw'

wes s wes

Y1o0BI KazK/IpIit CETMEHT OTHOCHJICS K HeDOJILIIOMY YHCJIY TeM, OyaeM MUHUMHU3HPOBATD
KPOCC-9HTPOIMIO MeXKJy pacupeenenusyvu p(t|d,s) u paBHOMEPHBIM DPACIIPE/IeTeHIeM,
YTO MPUBEJET HAC K paspezKuBalioniemMy peryiaspusaropy E-mrara:

RID==7>_ 3 > I} noupaw. (65)
deD seSy teT wWES
Omyckast pyTHHHBIe BBIKJIAQJIKH, MPUBEIEM pe3y/brar nojacranoBku (65) B (57):

~ o 1 T Nsw 1 Pzdw
Ptdw = Ptdw I E " — —
dw seS, s DPtds 2T DPzds

Xots popmyJ/ia BBIVISIAT TPOMO3IKOM, 3(DMEKT NpUMeHeHUs Pery/isipu3aTopa NOHATh
He TpyAHO. Ecam BeposiTHOCTH Pigs TEMBI B CEIMEHTE OKayKeTCsl MeHbIe HEKOTOPOTO T0-
pora, TO BEPOATHOCTH Pigy, OYAYT YMEHBIIATHCS JIIS BCEX TEPMOB W JAHHOTO CErMeHTA.
B uTore Temaruka KazKI0ro cerMeHTa CKOHIEHTPUPYETCA B HEOOJBIIOM UUCJIE TEM.

B pesyibpraTe paspekuBaHus TeMaTHKA COCEJIHUX CEIMEHTOB MOYKET OKa3aThCs OJIM3-
KO, U MX MOYKHO Oyaer oObeJIWHNUTh B OAWH TeMmaTudeckuii cerment. HazoBém Temy t
¢ MakcuMaJbHBIM 3Hadennem p(t|d, s) domunupyrouweds memoti cermenta s JOKymeHTa d.
Ecnu Ttema mOMHHHpYET B COCETHHX CerMeHTaX, TO OHa OyAeT JTOMUHHPYIOIIEeH W B UX
oobeauHeHnu. Ecimn o0be IUHUTE MOCTIeI0BaTe/IbHBIE CEIMEHTBI ¢ OJJMHAKOBOW JTOMUHUDPY-
fomeil TeMoit B oimH 60J1ee KPYIHBIA CeIMEHT, TO JaHHAas TeMa TaKyKe OCTaHeTCsS B HEM
JIOMHHUPYIOIIE. DTO MPOCTast ariOMePaTHBHAS CTPATErUs] TEMATHIECKOW CerMeHTAIlMH.
B ortmamne ot TopicTiling, y Heé HeT 3BpUCTHYECKHUX TTApAMETPOB, KOTOPbIE HAJI0 HACTPa-
UBaTh, U OHA MOYTH He YBEJTHINBAET BpeMs HMOCT-00paboTKu E-1mara.
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14 Kputepnun kadectBa TeMaTuUdeCKnx moaesei

KpI/ITepI/II/I KadeCTBa TeMaTUu4YeCKUX MO,Z[eJIeﬁ MpuHATO J€JUTh Ha BHYTPEHHHE
(intrinsic) u BHemHue (extrinsic). Buympennue Kpumepuy, XapakTepu3yoT KadecTBO MO-
JIeIM 110 UCXOTHON TeKCTOBOH KOJLIEKINU. Buewnue xpumeput ONeHHBAIOT HOJIe3HOCTh
MOJEIN C TOYKH 3peHHs IPUJIOKEHHS U KOHEYHBIX MOJb3oBaTeneil. Horma ama sToro
IPUXOIUTCA COOMPATH JOIOJHATEIbHBIE TAHHLIC, HAIIPUMED, OHEHKH aceCCOPOB.

BHewHne kputepnn xpaiine pa3sHOOOPA3HBI U 3aBUCIT OT PEIIaeMOil MPUKJIAIHON 33/ a-
. [[pakTudeckn B KaxKJI0i MyOJTUKAIIIN 110 TEMATHIECKOMY MOJIETUPOBAHUIO UCTIOJIb3Y-
ercsi KaKOi-11Mb0 BHEITHWI KpuTepnii: KadecTBo Kiaaccudukanun gokymenTos [110], Tou-
HOCTh M MOJIHOTA WHMOPMAIMOHHOTO TioncKa [152, 14, 7, 12|, yucsio HaiiiegHHBIX XOPOTITO
MHTEpIpeTHpyeMbIX TeM [17], kKauecTBO cermentanuu TekcroB [107]. B [34] mperaraercs
MeTOJUKa JTUATHOCTUKY MOoJieseil, OCHOBaHHAs Ha COMOCTABIEHUN HallIEHHBIX T€M C 3apa-
Hee M3BECTHBIMU KOHIIENITaMH.

Mepnnekcusi. HaubGosee pacnpocTpaHéHHBIM BHYTPEHHUM KPHTEPHEM SBJSIETCA nep-
naexcus (perplexity), ucnonb3yemast st ONEHUBAHUS MOJIE/Ieil S3bIKA B KOMIIBIOTEPHOI
JIMHTBUCTHKE. DTO Mepa HeCOOTBETCTBHUS N «YAUBIEHHOCTH» Mojesnn p(w |d) TokeHam w,
HAOTI0TaeMbIM B JIOKyMeHTax d kojutekiuun D. Ona omnpejessiercs depe3 log-mrpaBmaomno-
no6ue (8), mubo yepes log-npasonogobue (27) KaxkK 10 MOJATBHOCTH M:

perp,,(D; p) = eXp(—nLZ > naw lnp(’wld)), (66)

™ deD weWwm™

TIe Ny = >, Y, Ngy — JUIAHA KOJUIEKIUK 1O M- MOJATLHOCTH. HeM MeHbIe Tep-
dED weEW™
IJICKCHA, TeM JIydIle MOJeIb p IpeJCKa3biBaeT MOsBJICHAe TOKEHOB W B JOKYMEHTax d.

[Tepmmekcust mMeeT CJIEAYIONYIO HHTepHIpeTanuio. ECan TepMbl w IOPOXKIAIOTC
W3 paBHOMepHOro pachpejenenusi p(w) = 1/V Ha cioBape mormaocTH V|, TO mnepruiek-
cust Mozesin p(w) HAa TaKOM TeKCTe CXOAUTCS K V' ¢ poCcTOM ero JIHbBL. deMm cuiibHee
pacrpesesnerne p(w) OTIMYALTCS OT PABHOMEDHOTO, T€M MeHbIIe TepIieKcust. B ciydae
YCJIOBHBIX BepogTHOCTeH p(w|d) WHTepmpeTamusi HEMHOTO IPYrasi: eCJU KarKIblil TOKY-
MEHT TeHepupyeTcs u3 V' pPABHOBEPOSITHBIX TEPMOB (BO3MOMKHO, PA3JIUYHBIX B PA3HBIX
JOKYMEHTaX ), TO MepIUIeKCUsT CXOAUTCst K V.

Henocrarkom meprijiekcun siBIsIeTCs HEOUEBUIHOCTD €€ YNC/IEHHBIX 3HAYEHWI, 8 TAKKe
e€ 3aBHCUMOCTD HE TOJBKO OT Ka4ecTBA MOJIE/IN, HO W OT Psijia MOCTOPOHHUX (haKTOPOB —
JUTHHBI JTOKYMEHTOB, MOIITHOCTH U Pa3peKeHHOCTH CI0Baps. B 9acTHOCTH, ¢ HOMOIIBLIO
HEePILIEKCHN HEKOPPEKTHO CPABHUBATH TEMATHIECKHE MOJIEN OIHOI U TOH Ke KOJITeKITIH,
MOCTPOEHHBIE HA PA3HBIX CJIOBAPIX.

Ob6o3Haunm [epe3 pp(w|d) Moaeh, TTOCTPOEHHYIO O 00yYAIOINell KOJIIEKINH JTOKY-
menroB D. Tlepmiekcusi obydwaroreii BoiGopku perp,,(D;pp) ABISETCS ONTHMHCTHIHO
CMEIIEHHON (3aHUKEeHHOI) XapaKTepUCTUKON KadecTBa Mojesn u3-3a 3hderra mepeody-
yeHnst. OBOOIIAIONIYIO CIIOCOOHOCTh TEMATHIECKUX MOJe/eil IPUHITO OIEHUBATD Nepn.ack-
cuett konwmpoavrot ewbopku (hold-out perplexity) perp,,(D’; pp). OOBIYHO KOJIEKIHIO
pa3eIaoT Ha 00y YAy 0 1 KOHTPOJBHYIO CJayvaiiHbiM o6pa3oM B mponoprmn 9 : 1 [26].

Hemocrarkom KOHTPOJIBHBI TEPILIEKCHT STBJISIETCS BHICOKAST TYBCTBUTEIHLHOCTH K PEJI-
KAM U HOBBIM CJIOBaM, KOTOpbIE HPAKTHIECKH OECIIONEe3HBI I TeMATHYeCKHX MOJe-
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nmeii. B paHHHX 3KcmepuMeHTax ObLIO MOoKaszaHo, uro LDA cymecTBeHHO HTpeBOCXOIHUT
PLSA 1o neprmiekcun, oTKy1a ObLI ¢eal BeiBoj, uTo LDA MenbIe nepeobyuaercs [26].
B [4, 102, 5| 6bl1 mpejiozKeHbl pobacmmvie MeMamuieckue mModet, OTTHCHIBAIOIIHE PeJi-
KHUe CJI0OBa ClienuaabHbiM «(POHOBBIM» pactpejenenueM. [leprekcusi podacTHbIX BapuaH-
toB PLSA un LDA oka3zajach CyIecTBeHHO MeHbINeil 1 MPAKTUIeCKH OJMHAKOBOIA.

KorepeHTHOCTb. VHTEpnpeTupyeMoCcTh TeMaTHIeCKON MOJEN SBJISeTCs MJI0X0 (hopMa-
nu3yeMbiM TpeboBauueMm. CoeprKaTeIbHO OHO O3HAYAET, 9TO 10 CIHUCKAM HamboJee da-
CTOTHBIX CJIOB W JIOKYMEHTOB TeMBbI JKCIIePT MOKeT MOHATH, O UM dTa TeMa, U JIaTh eit
aziekBaTHOe HasBaHue [29]. CBOHCTBO MHTEPHPETHPYEMOCTH BasKHO B HHMDOPMAIMOHHO-
IMONCKOBBIX CHCTEMaX OJid CUCTEMATU3AIUN U BU3YaAJIU3AIUN PE3YJIbTaTOB TEMaTUIECKOTI'O
IMONCKa WUJIN KaTeropudanuun JOKYMEHTOB.

BO.HbI_HI/IHCTBO CYIIECTBYIOIIUX METO/0B OIEHUBaHUA MHTEPHIPETUPYEMOCTU OCHOBAHO
Ha [PUBJIEYEHUN SKCIePTOB-aceccopoB. B [89] skcmepram mpeiaranioch HEMoCpeICTBEHHO
OIEHUBATD TOJE3HOCTh TeM MO TPEXOAIBHOM 1Kate. B Meroie unTpy3uii [29] misa kaxk-
JIO HaliJIeHHOW TeMbl cocTaB/sieTcss ciucok u3 10 HanboJiee 4aCTOTHBIX CJIOB, B KOTOPBIi
BHEJIPSIeTCsl OJIHO cJiydaitnoe cjoBo. Tema cumraercs MHTEPHPETHUPYEMOM, €Cu TOIaB-
JIsTioTTiee  OOJIBITUHCTBO JKCIEPTOB MPABUIBHO YKA3BIBAIOT JIMIHEE CJIO0BO. DKCIEPTHHIE
OJIXOJIbI HEOOXOIUMBI Ha CTAIUU MCCJIEeIOBAHUNi, HO OHHU 3aTPYIHSIOT aBTOMATHIECKOEe
IIOCTPOEHNEe TeMaTHIeCKuX Mojerneil. B cepuu pator [89, 90, 90, 84| mokazamo, uto cpe-
JIM BEJTUYNH, BBIYUCIAEMBIX IO KOJJIEKIIMH aBTOMATHYECKHU, JYUIIe BCETO KOpPpEeJTupyeT
C 9KCIIEPTHBIMHU OIEHKAMHU WHTePIPETHPYEMOCTH Kozepenmmocms (coherence).

Tema HasbIBaercst Kozepenmuol (COrIACOBAHHOI), eCou TepMbl, HauboJee FacThbie
B JAHHOI TeMe, HeCTYIaiHO YaCTO COBMECTHO BCTPETAIOTCS Ps/IOM B IOKYMEHTaX KOJLTeK-
nun [90, 91]. HucaeHHoi Mepoil KOPePEHTHOCTH TeMBI { SIBJISETCS TOTOYeYHAs B3aUMHAs
undopmaius (53), Berauciasemas 1mo k Hanbosee BEPOATHBIM CJIOBAM TEMBbI:

k-1 k

coher; = ﬁ Z Z PMI(w;, w;), (67)

i=1 j=1

rjie w; — i-ii TepM B TOPsiJIKE YOBIBAHUS (D, YUCJIO Kk OOBIYHO TIOJIaraercss paBubiM 10.

KorepenTHOCTh MOIEIN OMPeEIe/IsieTCsT Kak CPeHsIsl KOTePeHTHOCTh coher; Bcex Tem.
KorepeHTHOCTh MOXKeT OIEeHMBATHCS MO CTOPOHHEl KoJUteKIun (Hampumep, 1mo Bukuiie-
mun) [87], 6O 1O TOM YKe KOJUIEKIUH, TI0 KOTOPOIi CTPOUTCS MOeb [84].

Pa3pe>xeHHOCTb 1 pa3nn4HOCTb TeM. Pa3pekeHHOCTh MOJIE/IN U3MepsieTcs JoJeil Hy-
JIeBBIX 37eMeHTOB B Marpurax ¢ m ©. B mozmenax, pasgensdionux MHOXKECTBO TeM T’ Ha
npeaMeTHbie S U (DOHOBBIE 3, Pa3peKeHHOCTH OIEHUBAETCS TOJBKO MO YACTIM MATPHIIL
®, O, COOTBETCTBYIONNM MPEIMETHBIM TEMaM.

B [132] BBOASITCS KOCBEHHBIE MePHI WHTEPIPETHPYEMOCTH TeM, He TPeOYIOIe MpH-
BJIeUeHusT aceccopoB. [Ipesnoaraercs, 9To HHTEPHpPETHPYEMasi TeMa, JIOJIZKHA COJIePZKATh
AeKcuveckoe A0po0 — MHOZKECTBO CJIOB, KOTOPBIE C DOJIBINOH BEPOSITHOCTHIO YIIOTPEOIAIOT-
cd B JIAHHON TeMe U PeJIKO YIOTPeOIdioTed B APYTuX TeMax. B TakoM ciydae marpuiisr P
1 O JTOMKHBI 00JIAATh CTPYKTYPOil pa3peKeHHOCTH, aHAJOTUIHOl puc. 4.

slapo Wy = {w € W | p(t|w) > 0.25} Tembi ¢ onpesensieTcst Kak MHOKECTBO TEPMOB,
KOTOPBIE UMEIOT BBICOKYIO YCIOBHYIO BeposiTHOCTH p(t|w) = Pty A JAHHO TeMBI.
3areM O APy ONMpeeNsdeTcs TPU MOKa3aTe/ sl NHTePIPETUPYEMOCTH TeMbl t:
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pur, = > p(w|t) — wucmoma memwv, (€M BBIIIE, TeM JIydIIe);
weWy

cony = Wltl EZ p(t|w) — Kowmpacmmocmv memov, (9eM BBIIIE, TEM JIY9IIE);

w t

_ . W]
ker;, = |W;| — pasmep adpa (OpreHTHPOBOUHBIN OMTHMYM W)

[TokazaTenu paszMepa gapa, YUCTOTHI U KOHTPACTHOCTHU IS MOJETN B IEJIOM OTpe/Ie-
JIIOTCA KaK CpeJHHe 10 BCeM MpeJIMeTHBIM TeMam t € S.
Loasn poroeuix ca06 BO Beeil KOJLIEKIMN TpUHUMaeT 3HadeHust ot 0 1o 1:

BackRatio = % Z Z Z Nawp(t|d, w).

deD wed teB

Ecnu eé 3nauenne 6;iu3ko K 0, TO MOJI€/Ib He CIIOCOOHA BBIAETATH CJIOBA OOINEH JTeKCHKH,
ecJIU Ke OHO OJIM3KO K 1, TO 3TO CBHAETEIbCTBYET O BBIPOKICHUN TEMATHIECKON MOIE/TH.

Takue kpurepuu, Kak pas3Mep siapa Uan 107t (POHOBBIX CJIOB, MOT'YT HMCIIOJIH30BATHCS
JIIST KOHTPOJIS aJIeKBATHOCTH MOJAEIN. Upe3MepHasd peryasdpu3anusd MOKeT MPUBOIUTH
K JIETPAJIAIIN TeM U BBIPOXKICHUIO MOJIETN /I CJUIIKOM OOJIBIION T0JH JOKYMEHTOB.
OB6pa3HO TOBOPSI, PETYASPU3ATOPHI B MAJIBIX J03aX SBIAIOTCS JIEKAPCTBAMH, HO B CIydae
nepeI03MPOBKU MOTYT IPeBpaIarhes B sij1. [[03TOMy HYKHBI KDUTEPUHU, Y1yBCTBUTETHHBI
K Ppa3/IMIYHbBIM THIIaM BBIPDOXKICHHUA MOIEJIN.

Ha mpakTuke K TeMaTHIECKUM MOJEISIM MPEIbABISIOTCI COUeTaHUA Pa3HOOOPA3HBIX
Tpe6OBaHI/II'71, JJId TMIOCTPOEHUA MOJAC/IN MTPUMEHAETCA MHOTOKPpUTEPpHUaJIbHAA OIMITUMU3AI A,
IMO9TOMY M Ka4de€CTBO MOJEJIN JOJI2KHO OLHEHHUBATHCA IO MHOTUM KPUTEPUAM.

B mpoekre BigARTM mnojjep:kuBaercd OMOTMOTeKa CTAHIAPTHBIX METPHK KadecTBa
N MEeXaHU3MbI ,ZLO6Z:LB.H€HI/IH HOBBIX ITOJIB30BATEJIBCKHUX METPUK.

15 [MpoekT BigARTM

BigARTM — 310 OuOGIHOTEKA C OTKPBITBIM KOJOM, ocHoBaHHasg Ha Teopun ARTM.
Ona mMmeeT pacimpsieMblit BCTPOCHHBIN HAOOD peryisipu3aTopoB U METPHUK KadecTBa, pea-
Jiu3yeT oHJIaitHOBbIN U odduraiinoBbIil MHOTONOTOYHBIH TakeTHbI EM-ajiropurm, obecrie-
YUBAIOIINI BHICOKYIO 3P DEKTUBHOCTH 00PAOOTKU OOJIBINTUX KOJIJIEKIHI Ha OJJHOM KOMITHIO-
tepe. bubyimoreka siBjsiercss KpocciaaTgOpMeHHOi: COOPKY U MCIIOJTHEHUE MOYKHO MTPOU3-
soguth nox Windows 7/8/10, Mac OS u pasmuunbivu auctpuGyrusamu Linux. TTommep-
JKHUBAIOTCS porpaMMubie naTepdeiicst mox Python 2.7.% /3% C++ a takke 3amyck B Buje
ucroTageMoro ouaapuoro daitta. Mexomnsrit kox BigARTM nanmcan Ha C++11. [logmeprku-
BAETCsl HECKOJIHKO MOIYJISPHBIX (POPMATOB TEKCTOBBIX JaHHBIX. VcaepnbiBaorntyo nadop-
MaIlMIo 10 OMOINOTeKe MOYKHO HAailTH B JTOKYMeHTAIlMN Ha caiiTe http://bigartm.org.

Huke npejcraBied MUHUMAIBbHBIH KO B Python, BeIMOMHSIIONHIIT 3arpy3Ky U mpeod-
pa3oBaHWe JAHHBIX BO BHYTPeHHWI (DOpMAT IMakeToB JIOKYMEHTOB (6amuel), cO3IaHWe
u ODydYeHue MOJIEIN, BIYUCICHUE W BBIBOJ MEPILICKCUH.

# 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
s import artm
¢ # Extract data using sklearn and numpy
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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)

10 # Print perplexity values by iterations

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

MoprotoBka AaHHbIX. YHUBEPCAJIbHBIM O0BEKTOM, MPUHUMAEMbIM Ha BXOJ BCEMH OIIle-
panmsivu BigARTM, siBaseTcst BeKTopm3aTop artm.BatchVectorizer. B mpmwmepe BbIme
(maru 10-13) oH GBI CO3/IAH TI0 MATPHIIE «MeIIKa CJI0B» n_wd U CJOBAPS, 33IAI0IIET0 CO-
OTBETCTBHE MEK/Iy CTPOKAMH MATPHUIIBI U CTOBAMHU KOJLIEKIUU. B 3ToM cIydae makeTsl co-
371AI0TCSI B ONEPATHBHOI MAMSITH U MOJTHOCTBIO YAAJSIIOTCS U3 HEeé 10 3aBEePIIeHUN PADOTHI
OuOIMOTEKH. DTOT CIOCOD XpaHEHWUs JAHHBIX MOAXOJAUT TOJHKO JJIsT HEOOJIBIINX KOJLIEK-
Ui, TMEeJINKOM TOMEIAIONINXCS B MaMsTH. BO BceX OCTaIbHBIX CIyYasiX HMCIOJIb3YIOTCS
dopMaThl JTaHHBIX, HTpeImoaraolle IYTeHne UCXOJHBIX JTOKYMEHTOB C JIMCKA U 3aIuCh
UTOrOBBIX IIAKeTOB Ha muck. Hambosee momynspen ¢gpopmar TekcToBbix daitnos Vowpal
Wabbit, B koTopoM KazKjas CTpOKa COOTBETCTBYET OJHOMY JIOKYMEHTY M UMEET BHJL

doc_title token 1:value 1 token 2:value 2

’HaHHbIﬁ CbOpMaT MMO3BOJIdET NMpeACTaBJIATH JOKYMEHTbHI KaK <«MEITIKOM CJIOB», TaK U
nmocjae10BaTeJIbHBIM TEKCTOM, a TaK2>Ke 3allUChIBaTh B JOKYMEHTbHI TOKEHbI Pa3JIMYHBIX MO-
naabHocreii. [Ipumep co3manus BekTopHu3aTopa 1o JaHHbM B dpopmare Vowpal Wabbit:

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

o

w

31ech data_path — myTh K dailny ¢ mokymentamu, nmapamMeTrp target_folder yka-
3BIBaeT HA HECYIIECTBYIONMYIO TUPEKTOPHUIO I COXPAHEHU IOTOBBIX NAKETOB.

IIapCHHF60ﬂbHHﬁiKOﬂﬂeKHHHA*OTHOCHTeﬂbHOJUHHEﬂbeHiHpOHﬁCC(ﬂ&H«}HeCMOTpH
Ha TO, 4TO0 BigARTM yMeeT BBIIOJHSATH €r0 B MHOTOIOTOYHOM DEYKUME), OITOMY YI00HO
COXPAHWUTDh MAKeTHl Ha JUCK W MCHOJIH30BATh UX MHOTOKpaTHO. [IpuMep coznanms BekTo-
pHU3aTOpa, 3arpyzKaloIero maKeThl ¢ JIUCKA:

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

CnoBapu BigARTM mupeaHa3HaduYeHbl I XPAaHEHHS JAHHBIX O CJIOBaX U HCIOJIB3Y-
IOTCSI B HEKOTOPBIX PEeryasipu3aropax u MeTpukax kadectBa. (CJI0Bapi COOTBETCTBYET
0o0beKkT artm.Dictionary, KOTOPBII MOXKHO JHOO cHOPMHPOBATH ABTOMATHYECKH BO
BpeMsl pas3OHMeHns KOJLIEKIIMH Ha TMakeThl (3a1aB B artm.BatchVectorizer mapamerp
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gather_dictionary, mo ymosdanuio paBublii True), 00 CO3JATh BPYUYHYIO HA OCHOBE
cBouxX JaHHBIX. OOBEKT ca0Bapsd MOXKHO COXPAHUTh B OMHAPHBIN MM TEKCTOBBI aiin,
3aTeM 3arpyrkaTh ero u3 3Toro (aiiia:

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

2 data_format=’vowpal_wabbit’,

3 target_folder=’"my_collection_batches’)
 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?)

[oToBBIit cTOBaph MOXKHO M3MeHATh. J[71s1 3TOr0 JOCTATOYHO COXPAHUTH €ro Ha JUCK
B TEKCTOBOM BHJIE, 3aTeM MOJAN(MUIUPOBATH MOJIYUYEHHBIH (hailyl 1 3arpy3uTh €ro 00paTHO:

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

3 # Then, load it back
 dictionary.load_text(’my_collection_batches/dictionary.txt?’)

CroBapb, COXpaHEHHBIN B TEKCTOBOM (aiiie, COCTOUT U3 CTPOK CJIEAYIONIEro BHIA:
token class_id value tf df

rie token — cTpokoBoe mpejcTaBIeHne cioBa, class id — momanbHOCTB, tf — abcomoTHas
JaCcTOTa, BCTPEUAEMOCTH CJIOBA B KOJLeKnuu, df — 4uciio J0KyMEeHTOB KOJLIEKIUHU, B KO-
TOPBIX CJI0BO BCTPETHJIOCH X0Ts Obl pa3. [Tose value 110 yMOT9aHnIO 3aI10/IHIETCA HOPMHE-
POBAaHHBIM 3HaueHHeM tf, HO MOXKeT OBITH W3MEHEHO (3Ta BO3MOYKHOCTH HCIIOIb3YeTCs KAk
MEXaHWU3M Tepeadn JAHHBIX B HEKOTOPBIX PEryJsipU3aTopax W MeTPHKAX KauecTBa).

CioBapu MOKHO (HIBTPOBATH BCTPOCHHBIME CpeAcTBaMu 10 3HadenuaM tf u df, na-
IpHUMep, MOXKHO OTOPACHLIBATEL CJIMIIKOM YACThIE MM CIUIIKOM DPEIKHE CI0Ba. YKa3aHHe
cJIoOBapsd B KOHCTpyKTOpe artm.ARTM wiam B metone artm.ARTM.initialize 3amaér mo-
psiok cTpoK B Marpunax ® u (1n,;) COMIacHO MOPSAKY CIOB B cIOBape. DTO BayKHO,
HAIPUMeEp, JJIs MOAAJIbHOCTH METOK BPEMEHMU.

Perynsipuzatopbl MoryT Bo3jeiicTBoBaTh Ha MaTpunbl ®, © win (ptdw). Perymsa-
puzaTopbl ¢ MOryT BO3/EHCTBOBATH HA OTJEIbHBIE MOJaabHOCTH. Hajaumume napamer-
pa class_id ykaswiBaeT, 4TO Peryaspu3aTop pabdoTaer ¢ OIHON MOJAJHLHOCTHIO, IO-
ymosrdanuio ¢ @default_class. Haymuuwe mapamerpa class_ids ykasbiBaer, 4TO pery-
JIIpU3aTOpP paboTaeT CcoO CHUCKOM MOJAJBHOCTEi, Mo-yModaHuio co Bcemu. Iloutn Bce
mapaMeTphbl BCEX Perysphu3aTOPOB MOKHO MEHSTh MKy UTepaIUusIMi O0yIeHH.

SmoothSparsePhiRegularizer — pe2yAapudamop C2AGHCUBAHUA—PA3PEHCUBAHUSL MAM-
puyw, ¢, peasmmzoBan o dopmyie (23) ¢ HeGOIBITIM 0000IIEHIEM:

Pt = rqluoerlg/n(nwt + 7B f (Pur))-

Ecaun B ompenenenun KL-muBeprennuu 3amenutsb jorapudm Inz wa dbysrmmo A(x),
to f(x) = zN(x). Ilo ymomuanuio f(x) =1, aro u coorBercrByer jorapubmy. B 6ub-
JIMOTeKe MOXKHO 3ajaBarh f(x) Kak cremennyio dynknuio. Bekrop (f,) 3arpyxkaercs u3
coBaps U 3aJa€TCsl 3HAYEeHUsIMU 1o value Kazkmoro cioBa. JIjist KaxK10ii TeMbl ¢ MOXKET
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OBITDH 3aJ1aH CBOM TaKoil BeKTOP. TakuM crocoboM MOXKHO 337aBaTh «Oe/ible» U «I6pHBIE»
CIUCKHU CJIOB /ISl YACTHIHOTO OOYIeHHSI.

SpecifiedSparsePhiRegularizer — pez2yaapusamop paspescennocmu P, peannso-
BaH 10 TOil ke dopMmysie, HO T[3,, SBISETCS KOHCTAHTON W MOAOUPAETCS TAKUM 00pa3oM,
4TOOBI JIOJIsT HYJEBBIX 3JeMEeHTOB B Marpuile ¢ okazajgach He HHKe 3aJaHHOTO MOPOTA.
[Tpu srom dbyuknug f we ucmosablyercsd, o ectb f(z) = 1.

SmoothSparseThetaRegularizer — pe2ysapu3amop C2AaHCUSGHUA—DA3PEANCUCAHUA
mampuyse O, peannzosan o dGopmyie (24), ¢ aHAJOrHIHBIM 0000IIEHHEM:

Oa = norm (ntd + Tauq f (etd))-

OyHKIU f UTpaeT Ty Ke POJib, YTO H B PEryIsSpu3aTope CriaKuBaHUsI—pa3pe:kuBaHus P.
MaccuB MHOXKUTEJIEH (y; TTO3BOJISIET YIIPABJISTH BO3AefiCTBIEM Pery/isipu3aTopa Ha KarK 10l
i-it BHyTpeHHeill urepaiun 0O6paboTKN JOKyMeHTa. BekTop mian Marpuna (yg) MO3BOJISIET
VIPABIATh BO3JEHCTBHEM PEryJIgpu3aTopa Ha 3JeMEHTHl MAaTPHUILI O.

DecorrelatorPhiRegularizer — pezyaapusamop dekoppesuposarus mem 6 Mampu-
ye P, peammzoBan cormacHo (25). Ot moab3oBaress Tpebyercst ykaszarTh Kodbbuipent
peryJsipu3alu T U CIIUCOK MOJIAJIbHOCTElH, Ha KOTOpble HYKHO BO3/IefiCTBOBATh.

TopicSelectionThetaRegularizer — pezyaapuszamop ombopa mem 6 mampuye O,
peanmzoBan 1o dbopmysie (46). EQuHCTBEHHOE OT/IHYNe 3aKTI0IATCs B HATUIUUA MACCHBA,
MHOYKHUTEJIEH (v;, KAK B PEryasspu3aTope CriiaKuBaHUs—pa3pe:kuBanus O.

SmoothTimeInTopicsPhiRegularizer — pe2ysapu3amop C2AGHCUBAHUAL MeM NO MO-
danvrocmu epemeny 6 mampuye P, peamuzoBan 1o dopmyie (35). st KOpPEKTHOH pa-
OOTHI peryiasapu3aTopa TpedyeTcsd yKa3aThb HMsl MOJAJHLHOCTH BPEMEHH H PACIOIOKHTD
TOKEHBI BpeMeHHU B cJIoBape W B MaTpuie ¢ B XpOHOJTOTHIECKOM TOPSIIKE.

NetPlsaPhiRegularizer — pezyaapuzamop NetPLSA dasa modasvrocmu sepuiun epa-
da 6 mampuue @, onpenensercs mo dpopmye (49). B mokyMeHTaX J0JKHBI OBITH 3apaHee
3alUCaHbl TOKeHLI BepiinH rpada v. B mapamerpax peryasgpusaTopa 3aJal0TCsd HMeHa
BEPINUH v, UX Beca (MOUHOCTH MHOXKeCTB |D,|) u Beca pébep rpada w,,.

ImproveCoherencePhiRegularizer — pe2yaapusamop Ko2epernmmrocmu, Peaan30BaH
o dopmyre (52) u B KauecTBe mapamerpa TpeGyeT CI0Bapb COBCTpedaeMoCTH CJIOB Clyy,
(cobpaTh ero MOXKHO C TIOMOIIBIO BCTPOEHHOTO MapCepa).

BitermsPhiRegularizer — peeyaapusamop 6umepmos, peaqn3oBaH 10 HOPMY-
aam (50)—(51) u B KadecTBe mapamMeTpa TaKKe TPeOyeT CJIOBAPb YACTOT OHTEPMOB Ty,
(3aa9a ero cOOPKU JIOKHUTCS HA TOJB30BATES).

LabelRegularizationPhiRegularizer — wacmommnwil peeyaapusamop mampuiyo, O
JUtst Kiaccndukanum ¢ HecbaJaHCHPOBaHHBIME Kaaccamu. PeamnsoBan o dopmyiie (44).
B kadecTBe mapamerpa Tpebyer coBapb KJIACCOB €O 3HAYEHUSIMH WX MOITHOCTER |D.|.

HierarchySparsingThetaRegularizer — pe2ysapusamop uepapruueckoz20 paspescu-
saru.A ©, NCIOTB3YeTCd T pa3pe:KUBAHUS MATPHUIIBI CBA3EH MKy POIUTETHCKAMU Te-
MaMHU U UX JIOYEPHUMHE TIOJTeMAMU B HePAPXUIECKUX MOJEIAX, cormacHo dhopmye (48).

TopicSegmentationPtdwRegularizer — pezyasapuszamop FE-waza dra pazpesrcusanus
ceemenmos 6 Mampuyar (P, ), Opeaeasemslii o dopmye (65).
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SmoothPtdwRegularizer — pezyaausamop E-waza das cenasrcusarun mampuyy (Pray )
0 JTOKAJIBbHOMY KOHTeKCTy. lIpubmmxaer Temarndeckuil mIpoduiIb KazKI0T0 BXOXK/ICHHAI
TepMa K ycpejHeHHOMY TpoduIo ero coceeit (o okHy GUKCHPOBAHHON MIUPUHBI).

PerynsipuzaTopbl MOTYT BKJIIOYATHCS, OTKIIOYATHCSA I MOJIU(DUITTPOBATHCS B JTI000
MOMeHT MexKy BbizoBaMu fit_offline wim fit_online, 9TO MO3BOJIAET, B COBOKYITHO-
CTH C KOHTPOJIEM METPHUK KadecTBa, I'MOKO IMepecTpauBaTh CTPATETHIO PeryJsispu3aliiu
B COOTBETCTBUHU C TEKYIUM COCTOsiHHeM Mosenn. [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)
6 print model.score_tracker(’sparse’).last_value

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

MeTpukn kadectBa 100aBIAIOTCA 4depe3 Mo scores obbekra ARTM. B stor momenT
Yy MHOTHX METPHK MOXKHO 33/aBaTh MapaMeTpbl. BelUuncIeHHbIe 3HAYEeHUsS MeTPUK H3BJe-
KalOTCs Uepe3 IMoJsd score_tracker.

PerplexityScore — nepnaekcus, Boranciagemas 1o dpopmyie (66). Ins eé Koppekr-
HOI PabOThl HYYKEH CJ0BaPh, COJIEPKAINNI HOPMUPOBAHHBIE YACTOTHI CJIOB B KOJLICKIIHH
(He MomudunmpoBanHbie 3HadeHnst value auist Kazkaoro cioa). OHI HCHOTB3YIOTCS B Ka-
YecTBe ANMPOKCHMAINN HYJIEBBIX 3HaueHuil p(w|d) w MO3BOJISIIOT KOPPEKTHO ONEHUBATH
MOJIESTA Ha OJTHOM CJI0OBape, HO C pa3HOil CTEeMeHbI0 Pa3perKeHHOCTH.

[Tpumep MOAKIIOYEHHsI MEPILIEKCUH J7ist MoJaibHocTu @default_class (crangapTHast
MOJIATTBHOCTH CJIOB):

# m = artm.ARTM(...)
> m.scores.add(artm.PerplexityScore (name=’perp’,
3 class_ids=[’@default_class’],
1 dictionary=dictionary))

BHavYeHHs] MEPIUIEKCHI MOYKHO BBIBECTH CIeAyIommM obpazom (BMecto value MoxKHO
BBIBECTH, HATIPUMED, YUCTUTEIb U 3HAMEHATE b MePIUIeKCHH M0 KaxKI0# MOIAIbHOCTH):

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

[Toste value comepKuT BCIO HCTOPHIO 3HAYEHUI METPUKHU [0 OOHOBJICHUAM MaTpHUIbl .
Y moboro mosig 000i MEeTPUKH HMeeTcd BapHaHT ¢ npedHKcoM last_, KOTOpBIA BO3-
BpalllaeT 3HAUYECHHEe METPUKH Ha MOMEHT IOCTeIHeil CUHXPOHU3AIMH. JTO MOXKET OBITh
IIOJIC3HO /T4 IOJIyYCeHUA MACCUBHBIX MeTpuK Tuira TopTokensScore.

SparsityPhiScore/SparsityThetaScore — paspesicerrnocmu mampuy © u O. Orne-
HHUBAIOTCA ,Z[OJIefI JIEMEHTOB MaTPHUILbl, MEHBIINX 3aJaHHOT'O ITOJIB30BaTe/JIeM IMOpOora.

TopTokensScore — mon-cao8a 6 memax, CIUCOK W3 3aJaHHOTO YHUCJIA CJIOB C HaW-
OOJIbIIIell BEPOSITHOCTBIO IO KaxkKjaoi Teme. Eciu B mapamMerpax 3TOil METPHKH yKa3aTb
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CJIOBapPbh, COJEPIKAINN JTaHHBIE O MOMAPHONH BCTPEYAEMOCTH CJIOB, TO OYJIET BBIYUCICHA
KOTePEHTHOCTH coher; Mo CIHCKaM TOM-CJIOB B TeMax, cornacuo ¢dhopmyse (67).

TopicKernelScore — Adposuie xapakmepucmukry mem: IUCTOTA Pur,, KOHTPACTHOCTH
cong, pa3Mep siapa ker; oleHMBaOINe Pa3INnIHOCTh W, KOCBEHHO, WHTEPIPETHPYEMOCTH
KasKJI0# TeMbI ¢, CM. ¢Tp. 54. AHAJIOIMYIHO TOI-CJA0BAM, YKa3aHUE CJIOBAps COBCTPEYIaeMO-
cTeil 3amycKaeT MOJACYET KOTEPEHTHOCTH, HO Teleph yiKe IO sdpaM TeM.

BackgroundTokensRatioScore — dosa horosvix cr06, OEHUBAET OO CJIOB, I KO-
ropbix KL-nuBepreniust Mex 1y pacupeaenenuamu p(t) u p(w|t) Bbilie 3aJaHHOTO TOPOTA.

TopicMassPhiScore — wacmomu, mem ny u pacupeaenenus p(t) = % JJ1d BCEX TeM T,
BBIYHCISIEMBIE 110 MATPHIE (T4t ).

ItemsProcessedScore — wucao 06pabomannvls JoKyMeHmMos, TEXHUIECKAsT METPUKA,
TOKa3bIBAMOIIAsT [0 UTEPANNSM KOJUYECTBO JIOKYMEHTOB (C MOBTOpaMH), 00pabOTaHHBIX
EM-anropurMoM ¢ MOMEHTa BKJIIOUEHUS METPUKH.

PeakMemoryUsage — nukogoe nompebienue namamu, TeXHuIecKas MeTPUKa (J0CTYII-
Hast TobK0 B C++ unrepdeiice), npegocrapisionias uHMOPMAIUIO O MAKCUMATLHOM TI0-
TpebJIeHNN ONePATUBHON MaMSITH 33 BpeMs KayKJI0W WTepalun aJropuTMa.

[Tosb30BaTe/ b MOXKET HE TOJIHLKO CO3/aBaTh COOCTBEHHBIE METPUKHU, HO U BBIYUC/ISTH
X HAIPSIMYIO, C/IeJIaB BBIIPY3KY mapameTpoB mozjenn ¢ u O.

Bbirpy3ska napametpoB mogenu. B ciemyrormiem Koje moka3aHo, KaK MOJYyIATh MaTPU-
iy ¢ (rounee, nepsoie 10 Trem 1edoaTHONR MOTATBLHOCTH):

1 model.get_phi(topic_names=model.topic_names[: 10],
2 class_ids=[’0@default_class’],
model_name=model.model_pwt)

w

Vkazanue napaMmerpa model_name=model.model_nwt mo3BoOJIsSIeT aHAJOTUYHBIM OOpa-
30M IIOJIYYUTH 3HAUYEHUA My BMECTO Pyt

C marpuneit © MoxkHO paboTarh Mmo-pasHomy. Bo-mepBoix, eé MOKHO BOOOIIE HE Xpa-
HUTH, €CJIM OHA He HyKHA. BO-BTOPBHIX, MOKHO XPAaHUTH €€ B K3IIe, 3aJaB Iepej Hava-
JIoM oOy4uenus mapamerp cache_theta=True. B Tperbux, MOKHO BKJIIOUNTH XpaHeHHe O
B $-mmo00HOIt MaTpuIle, 3a1aB napaMerp theta_name. 9To JacT CBOOOIHBIN JOCTYII K MAT-
puIle Ha YTeHHe U 3aIuCh B JTI000l MOMEHT. B mepBoM ciiydae BHITPY3UTh MATPHUILy HEBO3-
MOKHO, B OCTAJIbHBIX MPUMEHUM CJICIYIOMANR KO

1 # case 2

> model.get_theta()

3 # case 3
 model.get_phi(model_name=model.theta_name)

Bce onucannbie Bbillie BHI30BBI BO3BpAINAOT 00beKThl pandas .DataFrame.

OMHUMO OIIMCaHHOI'O HUHTE eﬁca BBIT" 3K MaTpu €CTh BO3MOXKHOCTH IIOJIVIUTH
I y I, y
yKa3aTrejb Ha MATPUIy U HANPAMYIO MOIU(DHUIMPOBATH MaMSATh, UCIOJIB3YEMYIO SIPOM
6I/I6JII/IOT6KI/I, qgTo CyIlLeCTBeHHO yMeHleaeT pacxo;x IIaMAgATH " BpeMH BbI‘{HCJIeHI/IfI.
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MHoronoTto4Hbii naketTHbln EM-anroputm. Bubtamoreka BigARTM mo3Bosser obpada-
THIBATH KOJUIEKIIUH JTOKYMEHTOB, HE MOMENIAIONIIeCs B ONePATHBHYIO MaMaTh. /1 3Toro
koJuteknust D ¢ nomombio BatchVectorizer pasbuBaercs na nakersl Dy, b=1,... B,
KazKJIpIl U3 KOTOPBIX XpaHUTCcs B oT/ebHoM (haitie. [TlakeTsr obpabaThiBaloTcst MO Ove-
pernu. Kaxkaprit maker 3arpy:kaercst B MaMsiTh, OOHOBJIsieT MATPUIy P U BBITDYKAETCS.
OOBIYHO UCHOTB3YIOTCS TTAKETHl Pa3MepoM OT COTeH KHJIODAWT [0 JeCATKOB MerabaiiT.
Koadbdunuents! peryagpusanun 331a0TCI B MOMEHT CO3/IaHUS MOJIEH, HO TIOTOM MOTYT
OBITH B JITOOOI MOMEHT U3MEHEHbI, B TOM 4ducje B xojue EM-ureparmii.

Dyuknus ProcessBatches ofGpabarsiBaer 3a omuH pa3 MHOXKecTBO makeToB {Dp},
cm. Anropurwm 3. [ns Kaxk10ro T0KyMeHTa d KayKI0ro u3 makeToB D, MPOU3BOIITCS HTe-
panuu BeKTOpa f; co BecTpoerHbiM E-ttarom npu hukcuposanuoit marpune ®. Ha mocsre-
Heil uTepanuu J0KyMEHTa OOHOBJISIIOTCS CIYETIUKU T,y TEKYIIEro IMaKeTa.

B 6ubsmmoreke peain30BaHO HECKOJIBKO CTPATErdil arperupoBaHusi CYETUYUKOB, MOJIY-
YEeHHBIX OT Pa3HBIX IMMAaKETOB, B UTOTI'OBBIX CUETUYNKAX Nt -

Odpratinosnt anrzopumm FitOffline coBeprmaer MHOroO HPOXOZOB IO KOJIEKIIHM.
Ha kak10M 1poxo/ie CUETIYUKH Ny POPMUPYIOTCST TP (puKcHpoBaHHO# MaTpuie ¢ u cym-
MHUDYIOTCsS 110 BceM jgokyMenTaM. QOHoBIeHNE P ¢ yIETOM BCEX PETyISIPU3ATOPOB MPOU3-
BOJHUTCSI B KOHIIE KazK/IOr0 MMPOXO0/1a KOJIEKIIUU B OJHOMOTOUYHOM pexkume. OddaaiiHOBBIH
peKUM OPUEHTHPOBAH Ha 0OPADOTKY OTHOCHUTETHHO HEOOTBIINX KOJLIEKITHI.

Onsatinoswti anrzopumm FitOnline 6ot mpeoxken st mogenn LDA B [48|, mosxe
st mogenn PLSA B [20]. Ou peasm3oBan B 6ubamoTekax MammmHHOrO obydenns Vowpal
Wabbit, Gensim u apyrux, m cumrtaerca Haubosee 3h(EKTHBHBIM METOIOM 00YyUIeHUS
TeMaTnaeckux mozeseii. Ero ocHoBHas miest 3aK/II09AETCA B CHEIUAJIBHON OpraHu3aun
OC/IeIOBATEIHHOCTH Bhraucenuii mo popmynam E-mrara u M-mrara. Ona He 3arparuBaer
MeXaHU3Mbl peryasgpusanuu n ogunaakoBo npumennma kK PLSA, LDA u ARTM. Onnaitxo-
BBIl A7ITOPUTM JIeJIaeT OJUH MPOXO]I MO KOJLIEKITNU, OOHOBJIAI MaTpuily P mocsae KazKIbIx
7) TaKeTOB: Ha mare 21 CUETUYUKH 7N, HAKOIJIEHHBIE TIO 7) MOCJeTHUM MaKeTaM, CYMMU-
PYIOTCA CO CUETIUKAMH 7l,,¢, HAKOIVICHHBIME IO BCEM TIaKeTaM, € BECAMHU Kgecay ¥ Kapply-
Ha mare 22 marpuiia ¢ nepecyursiBaeTcss 10 OOHOBJIEHHBIM CYETUYMKAM C YIETOM pery-
Jnsipu3aTopoB. OHIANHOBBII aaIrOPUTM OPUEHTHPOBAH HAa 0OPAOOTKY OOJIBIINX KOJLIEKIIHIT
WU TIOTOKOB JTAHHBIX.

Becosble K09 PuuueHTsl Kgecay U Kapp1y MO3BOJISIOT YHPAB/IAThL TEMIIOM 3a0bIBAHUS
HpeIbIAYIINX MakeToB. IMeeTcst BO3MOXKHOCTD 33,/1aTh 3TH KO3MOUIUEHTHI 110 (DOpMYyIaM,
PEKOMEHIOBAHHBIM B [48]: Kaecay = 1 — pis Kappry = pi, Ta€ p; = (70 + @)~ ", 3HadenHme T)
3aJIal0Tcd B auama3one oT 64 mo 1024, snavenusg x — ot 0.5 g0 0.7.

KonTpons ycnosuii cxogumoctn EM-anropurma Bo3maraercsa Ha mosb3oBaTend. [Ipo-
e BCEro 3a/IaBaTh UUCI0 UTEPAIHil O KOJJIEKIINT U 10 KayKJIOMY JOKYMEHTY.

B omnaitnoBom ajiroputme pazbuenue KOJIJIEKIIMU Ha ITAKEThl U TOPsJIOK 00pabOTKU
NaKeTOB MOTYT BJIMATH Ha pPe3yIabTaT, B ommmume oT oddiraitnoBoro aaropurma. UToOsr
YMEHBIATH 3TO BIUIHUE, KOJUIEKIUIO PA30UBAIOT HA MAKETHI CAYYAHBIM 00Pa30M.

B ommaiinoBom asropurMe, Kak u B 0@ IaiHOBOM, BHEIIHANA MUK IO MAKETAM BbI-
HOJTHSIETCST TTAPAJIIeIbHO B HECKOJIBLKO TIOTOKOB. [Ipn 3TOM 06paboTka cieayionieit mopnun
[IAKeTOB He HAUMHAETCs, IIOKA He 3aBepIieHo oOHoBgeHme marpuilbl ¢ ma marax 21-22.
B pesysibrare BhIYUCTHTEIBHBIE PECYPCHI HCIOIB3YIOTCA HeAMdEKTHBHO. DTa, mpobeMa
perraercst demepmMuHUPOSaHHbIM ACUHTPOHHBIM OHAGTHOBLLM GA20PUMMOM, B KOTOPOM
IIPUMEHSIOTCS OOHOBJIEHUS ¢ 3ama3jbiBanueM [44].
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Anropurm 3. Oddnaiinoswiii n omnaiinoserit EM-anxropurm ais ARTM

1 cpyHKLNA (71,:) := ProcessBatches (muozxkecrBo makeros { Dy}, marpuia D);
2 Ny =0 gt Becex w € W, t €T
3 0N Bcex maketos [y, BCeX JOKyMeHTOB d € D,
4 HHUIAATA3APOBATE Oy 1= ﬁ s Beex t € T
5 NnoBTOPSITb
6 Didw = norTm(cpwté’td) s Beex w € d, t €T
te
7 Opg := noerm( > NawPrdw + Qtdaae—il) ansg Beex t € T
wed
noka 6, me coiiaércs;
Nawt = Nt + NawPtdw I Beex w € d, t € T

10 cbyHkuums FitOffline (komnexiua D = {D,: b € B});
11 MHUIHAJU3UPOBATD (O Jisd Bcex w € W, t € T

12 NOBTOPSITb

13 (nwt) == 3., ProcessBatches(Dj, ®);

— OR .
14 Dwt = I%Uogrvrvn(nwt + @wtm) st Beex w € W, t €T,

15 noka P me coitnéres;

16 cpyHkums FitOnline (komnexims D = {Dy,: b € B}, mapamMeTpsl Kgecay; Kappiy, 1)
17 WHUIHATI3UPOBATD (O, I Bcex w € W, t € T}

18 Ny := 0 gt Bcex w € W, t € T

1w anai:=1,...,|B/n]

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

21 Nt = KaecayMuwt + KappryTwe A1 Becex w € W, t € T
22 Pwt = norm(nwt + @wtaa—R) st Beex w € W, t €T,
weW Pwt

B BigARTM oddrnaitnoBsiit anroputm 3amyckaercs dynkmueit ARTM.fit_offline,
onnmaiHoOBBIE — dyHKIueii ARTM.fit_online. /lig BK/IIOUEHHS JIeTePMUHHPOBAHHOIO
ACHHXPOHHOI'0O aJrOPUTMAa MOCICOHEel HamIO0 mepenarh napaMerp async=True.

[TocTpoennyio TeMaTHIECKYIO MOJIETh MOYKHO UCTOTb30BATD JIISI TEMATU3AIINN OT/IEe/Th-
HBIX JIOKYMEHTOB 1pu (PUKCUPOBAHHON MaTpuie @. DTa BO3MOKHOCTDH peayn3yercs pyHK-
mueit ARTM. transform, KoTopas IpoIycKaer JOKyMeHTHl depe3 ProcessBatches.

Mepapxuyeckasa TemaTnyeckas mogesnb peann3oBana B BigARTM oTaebHBIM KIaCCOM
hARTM. YpoBuu uepapxuu cozjatorcs pynknueit add_level, jijisi KazKJ0ro YPOBHS 3a/1a-
érca gnciao Tem num_topics. Oyuknusa add_level BozspamaeT 06beKT ARTM, ¢ KOTOPBIM
MOKHO paboTaTh KaK C OOBIYHON <«ILTIOCKOI» MOIE/IbI0, B YaCTHOCTH, J00aBILAThL K Heil
peryssipusatopsl. [Ipumep co3ganust 1By XypPOBHEBOI MOJIeIN:

1 hier = artm.hARTM()
> levelO = hier.add_level(num_topics=5)
3 levell = hier.add_level(num_topics=25, parent_level_weight=1)
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Oyukius hier.fit_offline obydaeT TeMaTHIECKYIO HEPAPXUIO MO 33 aHHON KOJLIEK-
UK, UCTIOJIB3Ys peryaspu3arop (47) I CBI3bIBAHUSA KAaZKIOTO YPOBHS HEPAPXUU C POJTH-
resbeckuM. Marpunbst @ u © Becex ypoBHEi MOTYT OBITH MOJIYYEHBI ¢ TOMOIIBIO (DyHKIHIT
hier.get_phi m hier.get_theta.

16 Pa3Beao4Hbli MHPOPMALMOHHbI NONCK

BaxkabIM puIoKeHeM TeMATHIECKOTO MOIETHPOBAHUS ABIACTCA UHPBOPMAUUOHHBLT
nouck (information retrieval) [152, 14]. CoBpemMeHHBIE TOMCKOBBIE CHCTEMbI MPEIHA3HATE-
HBI, TJIABHBIM 00PA30M, JJIsT MOMCKA KOHKPETHBIX OTBETOB HA KOPOTKHWE TEKCTOBBIE 3aIPO-
col. /Ipyrue mouckoBbie TOTPEOHOCTH BOSHUKAIOT Y TMOIB30BATE e, KOTOPBIM HEOOXOIIMO
pazobparbcsa B HOBOIl mMpeaMeTHON 00JIacTH WIN IOMNOJHUTHL CBOi Oarazk 3manmii. [lon-
30BaTeTh MOYKET He BJIaJIeTh TEPMUHOJIOTHE, ¢1a00 MOHUMATH CTPYKTYPY IIPEIMEeTHON
obJ1acTH, HEe METh TOYHBIX (DOPMYJIUPOBOK 3AMPOCA U HE MOAPA3YMEBATH €/INHCTBEHHBIIH
NPaBUILHBIN OTBeT. B Taknx cirydastx HyKeH MOUCK He MO KJIIOYEBBIM CJIOBAM, a MO CMbBIC-
JIy. 3aImpocoM MOKeT OBITh JJIMHHBIN (parMeHT TeKCTa, JOKYMEHT WU MOAOOPKa JIOKY-
MEHTOB. Pe3yibTaToM MOncKa T0/IKHA OBITH Y00HO CHCTeMATH3NPOBAHHAS HHMOPMAIIHSI,
«TOPOKHAS KapTay MPeaMEeTHO 001acTH.

Jlast 9TuX ciiydaeB MOAXOMAUT MapaJurMa paseedounoz20 UH@OPMAUUOHH020 NOUCKA
(exploratory search) |74, 147]. Ero nesbio siBjisieTcst ojiydenne OTBETOB Ha CJIOXKHbBIE BO-
MPOCHI: «KaKWe TeMbl MPEJICTABIEHBI B TEKCTE 3aMPOCay, «ITO YUTATH B MEPBYIO O0UePeib
0 9TUM TeMaM», «ITO HAXOAUTCS HA CTHIKE ITHX TeM CO CMEXKHBIMU OOJACTIME», «Ka-
KOBA TeMATHYIECKAsd CTPYKTypa JAHHON MpeaMeTHON 0071acTy, «Kak OHAa PAa3BUBAIACH BO
BPEMEHU», «KAKOBBI TOCIEIHIE TOCTHKEHUSI», «TJIe HAXOISITCA OCHOBHBIE IMEHTPBI KOMIIe-
TEHTHOCTU», «KTO SIBJISIETCS YKCIIEPTOM MO JAHHON Temes u T. 1. [loab3oBaTess 00BITHOI
MOWCKOBOH CHCTEMBI BBIHYK/IEH HTEPATHBHO MepedOpMyInpoBaTh CBOM KOPOTKHE 3aIPo-
CBI, PACIIUPsIS 30HY MOUCKA TI0 Mepe YCBOEHUsI TEPMUHOJIOIUH TIPEIMeTHONH 001acTH, Te-
PHOIMYECKH TePeCMATPUBAS U CHCTEMATH3IUPYS PE3YIbTATHI MOUCKA. ITO TpedyeT 3aTpaT
BpEMEHH U BBICOKOiT KBamudukanuu. [Ipu oTCyTCTBUN WHCTPYMEHTA /I OTYIeHUsT «00-
et KAPTUHBI» OCTAETCST COMHEHUE, 9TO KAKNe-TO BayKHbIE ACTIEKTHI N3y IaeMOil pobIeMbl
TaK U He Oblin Haiijenbl. Ecim oOpa3Ho npejacTaBuTh UTEPATUBHBIN MOMCK Kak OJIyZK ia-
HUe M0 JJAOMPUHTY 3HAHUI, TO Pa3BEIOYHBIN MOUCK — 3TO CPEICTBO ABTOMATHIECKOTO
MOCTPOEHUS KAPTHI JJIs JTI000H IacTh ITOTO JTabUpUHTA.

TeMaTI/I‘-leCKI/Iﬁ MnOoOUCK. HOHHOTGKCTOBBIG ITOUCKOBBIE CHUCTE€Mbl OCHOBAaHBbI Ha WMHBEPTH-
POBAHHBIX HMHIEKCAX, B KOTOPBHIX /T KayK/IOTO CJIOBA XPAHUTCS CIUCOK COJIEPXKAIIAX ero
nokymerToB [9]. TlouckoBast cucrema UIMET JTOKYMEHTHI, COIEpPZKAIIIe BCe CJIOBA 3aIpoca,
MOTOMY TI0 JIJIMHHOMY 3allpOCy, CKOpee BCero, Hu4ero He oOy/aer HaiijeHo.

Cucrema TeMaTHIeCKOrO PA3BEIOYHOTO TOUCKA CHAYAJA CTPOUT TEMATHIECKYIO MO-
JIeIb 3aMPOCca U OTPeJIe/IsIeT KOPOTKHIA CITMCOK TeM 3aMpoca. 3aTeM JIJIs TOUCKA, JIOKYMeH-
TOB CXOXKeil TeMaTHKN MTPUMEHSIOTCS Te YKe MeXaHU3Mbl NHAEKCUPOBAHUS U MMOUCKA, TOTb-
KO B POJIM CJIOB BBICTYHAIOT TeMbI. [[0CKOBKY YMCI0 TeM Ha HECKOJIBLKO MOPTKOB MEHBITIE
00bEéMa cI0Baps, TEMATHIECKU MONCK TpeOyeT HAMHOIO MEHbIIe MaMATH 0 CPABHEHUIO
C IMOJIHOTEKCTOBBIM ITOMCKOM N MOXKET 6bITb peajin30BaH Ha BeCbMa CKpOMHOﬁ TEXHUKE.
TeXHO.HOFI/II/I I/IH(l)OpMaI_[I/IOHHOFO IMOUCKa Ha OCHOBE TEMATUYE€CKOI'O MOJEJIMPOBaHUA B Ha-
crosIee BpeMsl HaXOIATCS B CTIUN UCCIe0BaHuil u paspaborok [120, 21, 97, 28, 13, 139).
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B nmurepatype mo pa3BeodHOMY IMOUCKY TeMATHIECKOE MOJIETHPOBAHIE CTATN UCIOIb-
30BaTh OTHOCUTEILHO HemaBHo (111, 46, 108, 128], a MHOTHE 0630PBI O HEM BOOOIIE HE YIIO-
vuHaror (42, 105, 118, 55, 75, 52|. B nexasnreii crarbe [128| BaxKHBIME TPENMYIIECTBAME
TeMaTHIeCKUX MoJiesieil Ha3hIBAIOTCS T'MOKOCTh, BO3MOYKHOCTH BU3YAJIM3AIUN W HABUTA-
nun. B 1o ke Bpemsi, B Ka4ecTBe HEIOCTATKOB OTMEYAITCS TPODJIeMbl ¢ HHTEPIPeTUpye-
MOCTBIO TeM, TPYAHOCTH ¢ MOAMMPUKAIIIEH TeMaTHIeCKOH MOIE/N TPU TOCTYILIEHIU HOBBIX
JIOKYMEHTOB M BBICOKASI BBIUUCIUTETbHAS CJI0KHOCTH. DTU MPOOJIeMbl OTHOCATCA K yCTa-
PEBIIUM MeTOJaM M YCIEINTHO PeNieHbl B MOCJeIHUE TOJbl: AECATKH HOBBIX MOIEei pas3-
paboTaHbl s yIYYIIIeHusT HHTEPIPETHPYEMOCTH; OHJIAHOBBIE aJITOPUTMbI CITIOCOOHBI 00-
pabaThiBaTh GOJIBIIIE KOJJIEKIHH U MOTOKK JOKYMEHTOB 3a JmHeiitrnoe Bpems (81, 20, 130).
C apyroit cTOpoHBI, B padoTaxX MO TEMATHIECKOMY MOIEJTUPOBAHUIO PA3BEIOTHBI MOMCK
YaCTO HA3BIBAIOT OJHUM U3 BayKHEHIINX MPUIOKEHHIT, & OIMEHKN KAYeCTBA TMOMCKA UCIIOTh-
3ytoT Jist Bamuganun Mogeseit [152, 14]. Oguako 9T uccaeI0BaHus MOKA He MPHUBEIN
K CO3JaHUIO ODIIEeJOCTYIHBIX CHUCTEM pa3BeJIOUHOrO MOoucKka. Bcé 310 roBOopuT 0 paszod-
MIEHHOCTU HAYYHBIX COODIIECTB, pa3padaThIBAIONINX 3TH JBa HampaBjaeHus. TeHIeHIns
K UX COTMKEHUI0 HAMETHIACh JIUIIh B MOCTIETHUE TObI.

TemaTudeckass MOJETb s Pa3BeJIOYHOrO MOUCKA JIOMKHA YIOBIETBOPITH MHOTUM
TpeboBaHUAM OTHOBpeMeHHO. OHA JOJIKHA COCTOIThH M3 XOPOIIO HHTEPIPETUPYEMBIX TeM,
MMOCKOJIBKY TeMbl WHTEHCUBHO HCIOJIB3YIOTCS B I0JIL30BATEIbCKOM WHTepdeiice s Ha-
BHUTAIMH 110 KOJUIEKIINU W BU3yaJIN3aIii Pe3yabTaroB moncka. OHa J0JKHa OBITH pa3pe-
JKEHHOM, 9TO0BI KazKAbIil JIOKYMEHT COCTOsIJI 13 HeOOJIBIIIOTO YHUC/Ia TeM — 3TO HEOOXOIUMO
1 3 heKTUBHOTO XpaHeHHsT HHBEPTHPOBAHHOTO WHAeKca. OHa J0/IKHA OBITH HepapXu-
YecKoit, 9TOOBI MOIb30BATE/Ib MOT TOJYUUTH MPeICTaBIeHIe 0 TeMATHIeCKOi CTPYKTYpe
npeaMeTHO 001acTh Ha JTI0O00M ypoBHE getajan3anun. OHa T0JKHA aBTOMATHIECKH OIpe-
JIeJISITh 9UCJA0 TeM Ha KaykKJIOM yPOBHE MepapXuu W aBTOMATHYECKHU CO3/aBaTh U UMEHO-
BaTh HOBBbIe TeMbl. OHa J0JKHA ObITh MYJHTUTPAMMHOMN, TaK KaK BBIJEJIEHNE KIIUEBBIX
¢dpa3 1 TEpMUHOB CYIIECTBEHHO YIyUIIaeT HHTEPIPETHPYEMOCTb TeMbl. OHa J012KHA OBIThH
MYJIBTHSA3BIYHON B TeX MPHUIOKEHUSX, IJle TpeOyeTcss KPOCC-SI3bITHBII MOUCK, HAIIPUMEp,
IpU aHAJIU3e MATeHTHBIX 6a3. OHa J0MKHA OBITH MYJTBTUMOJIATBHON, YTOOBI YINTHIBATDH
MeTaJaHHble JOKYMEHTOB, BK/IIOUas aBTOPOB U nmuTupoBanne. OHa J01KHA OBITH TEMIIO-
pPaJILHOI, YTOOBI BBIABIATH ANHAMUKY pa3BuThus TeM. OHa J0/IKHA ObITh CErMEHTHPYIO-
1meit, 9To0bI HaXOUTh HE TOJBKO peleBAHTHbIE JTOKYMEHTBI, HO U YKa3bIBaTh KOHKPETHBIE
TeMaTUIeCKnue CerMeHThl BHYTPHU J0KyMeHTOB. OHa J0:KHA OBITH 00ydYaeMoil MO OIeH-
KaM aceccopoB HJIH JIOTAM MOJIb30BaTe e, 9TOObI MOCTOSAHHO YIYYIIATh KAUeCTBO MOUCKA.
Hakowner, peasnzanust 10/12KHa, OBITH OHJIARHOBOIT, MapaJjiieIbHON U PACIPe/Ie/IEHHO, YTO-
o6l 3pdexkTuBHO 0O6padATHIBATH OOJIBIINE KOJJIEKIIUU TEKCTOB. TakuM oOpa3zom, MHOTHE
13 PaCCMOTPEHHBIX B JAHHOM 0030pe Mojeseil J0IKHBI ObITh 00beINHEHbI B KOMITO3UIIHIO
JIJIS CO3MaHUA MOTHOMDYHKIMOHATILHOIO CEPBHUCA PA3BEIOTHOIO MMOUCKA.

KayecTtBo pa3Bego4Horo noucka. Mogenr ARTM ais pa3Bemodnoro momcka Oblia,
nperoxkena B [12] u yayuamena B [150]. s m3Mepenust kadecTBa pa3BeJOUHOTO TeMa-
THYECKOTO TONCKA HMCHOJB30BAJINCH KPUTEPUU TOYHOCTH W MOJHOTHI HA OCHOBE OIEHOK
aceccopoB. g oneHnBaHug ObLIa cOCTaBJIeHA BBIOOPKa 3aIPOCOB — 3aJIaHU pa3Be10d-
HOTO MOMCKa. KaxKaplil 3ampoc MpeacTaBIs cOO0i TEKCT 0ObEMOM OKOJIO OXHOI cTpa-
Uil popmara A4, ONMUCHBAIOIINIT TeMAaTUKY Toncka. Kazxkioe 3a/anne CHAYaIa, BHITIO/I-
HSJIOCh HE3aBUCUMO HECKOJIBKHMHU acecCoOpaMm, 3aTeM CHCTEMON TeMaTHIeCKOTO MOWCKa,
3aTeM peeBAaHTHOCTD HallIEHHBIX CUCTEMOM JTOKYMEHTOB CHOBA OIEHNBAIACH ACECCOPAMU.
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Jlannas MeTOMKAa MO3BOJISET, eTMHOXKIBI CAeTaB pa3MeTKy pe3yabTaToB MOUCKA, MHOTO-
KPaTHO OIEHUBATH KAYECTBO PA3INIHBIX TEeMAaTHIECKUX MOJe/Teil 1 MeXaHH3MOB MOUCKA.
DKCHEPUMEHTHI HA KOJLIEKIHSAX 175 ThICSY cTaTell pyCCKOSI3bITHOIO KOJLIEKTHBHOTO HJI0Ta
habrahabr.ru u 760 ThicsTd cTaTei aHTIOA3BIYHOTO OJ10Ta techcrunch. com mokasaJu, 9To
TeMaTUIECKUl MOUCK HAXOJIUT OOJIbIIE PEJTEBAHTHBIX JIOKYMEHTOB, YeM aCecCOpbl, COKpa-
mas cpeHee BpeMs MOUCKa C MOydaca 10 CeKyHIb. KoMOMHIpOBaHIe Peryaspu3aTopoB
JIEKOpPETUPOBAHUS, PA3PEKUBAHUSA U CIVIAYKUBAHUS BMECTE C MOJATLHOCTIME 71-TPAMM,
aBTOPOB M KATerOpwili 3HAYMMO Y/IydNTaeT Ka9eCcTBO MONCKA U MO3BOJISET JOCTUYh TOYHO-
ctu Boime 80% n nmoanors! Beime 90%.

Busyanusauma. Cucremarusanus pe3yIbTaTOB TEMATHIECKOTO MOMCKA HEBO3MOXKHA 0e3
MHTEPAKTHBHOIO rpaduveckoro npejacrabienus. B o63ope [2] onmchiBaiores u cpaBHu-
BaioTcs 16 cpejcTB BU3ya/M3allud TeMaTHIeCKUX MOje/ieil Ha OCHOBe BeO-uHTepdeiicoB.
Emé Gosbire uaeif MOYKHO MOYePIHYTh W3 HHTePAKTHBHOTO 0630pa’, KOTOPEIiT Ha MOMEHT
HAIMUCAHWS JAHHOI cTaThy HACUYUTHIBAT 380 cpecTB BU3yaaum3anuu TekcToB. HecMoTps
Ha TaKoe DOTATCTBO TEXHUYECKUX PEIIeHUil, OCHOBHBIX UJeil BU3yaTU3alui TeMAaTHIeCKIX
Mojiesielt He TaK MHOTO: 3TO JIHOO ABYMEpPHOE OTOOpayKeHne CeMaHTUIECKOH OJTM30CTH TeM
B BuJie Tpada WM «JIOPOKHON KapThly, JUOO TeMaTu4decKas uepapxus, JUO0 JTUHAMUKA
pa3BUTHUsI TeM BO BpeMmeHwu, OO rpadoBasi CTPYKTypa B3aMMOCBs3eil MeKy TeMaMHu,
JIOKYMEHTaMU, aBTOPAMU WU UHBIMU MOJATBHOCTIMHE, JTUOO CerMEHTHAs CTPYKTypa OT-
JIETBHBIX JOKYMEHTOB.

[I'padudeckas Buzyaansarus OOTBITIX JAHHBIX TPAKTHIECKA HECTIOIe3HA B CTATHTHOM
UCTIOJTHEHUHT, HO MOZKET OKA3aThCI MONTHBIM KOTHUTHBHBIM CPEJICTBOM B CIydae HHTePaK-
TUBHOI peann3anuu. 710 ObLI0 MOHATO Oomee 20 jeT Hazam u chopmyaupoBano Benom
[[TaeitepManoM B BUIE MAHMPYL BU3YAALHO20 NOUCKE UHPOPMAUUL: «CHATATIA KPYTHBII
J1aH, 3aTeM Macluabuposanne u pUILTpaIUs, JeTajiu 1mo Tpebosanuio»’ [116].

Orobparkenne Pe3ybTaTOB TEMATHIECKOTO MOJETUPOBAHUSI W PA3BEIOTHOIO MOWCKA
COOTBETCTBYeT KOHIeNuu jgajabHero drenns (distant reading) commosiora Jjmreparypbr
®panko Mopertu [85]. On mporuBonocTaB/aser 3ToT Cnocod W3ydeHHs! TEKCTOB HAIEMY
oberaroMy utenuio (close reading). HeBO3MOXKHO IPOYUTATH MUJITHOHBI KHUT UJIN CTaTel,
HO BIIOJTHE BO3MOYKHO MPUMEHUTH CTATUCTUYECKUE METOJbI M IpaddUIecKyio BH3yaTn3a-
U0, 9TOOBI TIOHSTH B ODIUX YepTax, O YéM BCS ITa JUTEPATypa, U HAYIUTHCS ObICTpee
OTBICKUBATH HYKHOE. «/[arvHnee umenue — 9To crenuaibHas (popMa mpejcTaBIeHns 3Ha-
HUil, B KOTOPOil MEHBINe IJEeMEHTOB, IPydee CMBICT WX B3aMMOCBsS3€il, OCTAIOTCS JIUITh
(bOPMBI, OTHOIIEHUHA, CTPYKTYPBI, MOJCIN»®.

s onbsmorekn BigARTM B HacTosIIee BpeMsl Pa3BUBAETCS WHCTPYMEHT BU3YaJn3a-
mun ¢ Be6-uaTepdeiicom VisSARTM?, momaep:kupatonuii BazkHeiimme GOpMBI TpeICcTaB-
JIeHUs TeMaTHIecKuXx moeneii. aTepecHoii Bo3moxkuocTHI0 ViSARTM gBisercs mocTpo-
eHre cnexmpa mem — PAHKUPOBAHHOTO CITHCKA TeM, B KOTOPOM CeMAaHTUYECKH OJTU3KUe

Shttp://textvis.lnu.se — HHTEPAKTUBHBIH 0030D CPECTB BU3YAJM3AINE TEKCTOB.

"Visual Information Seeking Mantra: «Overview first, zoom and filter, details on demand» [116].

8 « 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.» [85].

Y®enopaxa . C. Texmomornsa HHTepaKTHBHON BU3YATH3AINN TeMATHIeCKIX Mofeneii. Bakamappekas
muccepramus, MOTU, 2017.
http://www.Machinelearning.ru/wiki/images/d/d8/Fedoriakal7bsc.pdf
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TEeMBbI HAXOJATCA PAITOM. prnHI/IpOBaHI/Ie TeM II0 CMBICJTY IIOMOT'a€T IIOJIb30BaTEIAM OBICT-
pee HaXOAuTh TEeMBbI, o6pamaﬂ BHHMaHHE Ha Pa3/JIUYUAd MEXKIY OJU3KUMHU TEeMaMHU.

17 3aknrwyeHune

TemaTudeckoe MOJEIMPOBAHUE SBJISCTCS OJIHUM W3 UHCTPYMEHTOB CTATHCTUYIECKON 00-
pabOTKM eCTeCTBEHHOTO SI3BIKA. 3a MOJITOPA JAECSTUIeTHST WHTEHCHUBHBIX HCCJIeTOBAHMUIT
CO3/IaHbI COTHH TeMaTH4YecKuX Mozeseil. HekoTopble U3 HUX BOILIN B JAHHBII 0030p.

Hecvorpst Ha ycniexu 6aiiecCOBCKUX TeMAaTHYeCKUX MOJIeJieil, JIeMOHCTPUPYeMbIe B 9KC-
HepuMeHTaxX, Ha MPaKTHKe IMPUMEHSeTCs B OCHOBHOM YCTapeBIIasl MOJETb JATEHTHOIO
pasmerenus Jupuxye (LDA). Boabinoe paznoobpasue Mojiesieii, CI0KHOCTb UX MaTeMa-
THYECKOT'O OIMUCAHUS, OTCYTCTBUE yJIOOHOTO MHCTPYMEHTA JIJIsi UX CPABHEHUs] U KOMOWHU-
poBaHUs — BCE TO CO3/IaBAJI0 DAPHEPHI JIJIsT MPAKTUICCKUX TTPUTOKEHHUIA.

Teopust addumuenoti pezyaapusayuyu memamuueckur modeaetc (ARTM) u mpoekr
C OTKPBITBIM KoOJ0M BigARTM paspaboTaHbI [JisI MPEOIOeHNsT MMEHHO 3THX Oaphepos.
B ARTM nrobas remarudeckast MOIEIb 3a1a€TCsI CTPYKTYPHO OCHOBOI B BU/Ie HU3KOPaH-
FOBOTO MATPHIHOTO PA3I0KEHUS U «MENIKOM PeryJIgapu3aTopoBs». Peryasapu3aTopsl JTerko
OTTOpraeMbl OT Mojeseil, UX MOXKHO KOMOMHHPOBATH MPAKTHIECKH B JIFOOBIX COUETAHHUAX,
cobupast MOJe T ¢ TpeOYEeMbIMH CBOMCTBAMU TIOJ JTIOOBIe TPUIOKEHUA, 0e3 TPYIOEMKHX
MaTeMaTHYeCKUX BBIK/IAJI0K U 0€3 HAIMCAHWS HOBOT'O KOJIA.

BounbmmacTBO MOIeTe#, OMCAHHBIX B JAHHOM 0030pe, TpeOOBAIN MHOTHX CTPAHUIL BbI-
KJIQJ0K B UX UCXOJIHOM M3JIOYKEHUH Ha S3bIKe 0alleCOBCKOI perysipu3anun. 13K KI1accu-
YeCKO peryjisipu3allii OKa3aJ/ics He MeHee BhIPA3UTeTbHBIM, HO HAMHOTO 00J1e€ TPOCTHIM.
ARTM cokparmaer myTh 0T hoOpMaTH3AIUN MOIEIN K aJTOPUTMY €€ 00ydeHusi OyKBaIb-
HO JI0 HECKOJbKHUX CTPOK. EIMHCTBEHHOE, YTO MBI IIPH 3TOM TepseM — 3TO BO3MOKHOCTD
OIIEHUTDb He TOJTHKO 3HAUEHU IMapaMeTpOB MOJIEIN, HO U X pacupeaenenus. Ha nmpakTuke
9Ta BO3MOYKHOCTb HUKOT/IA, TOJIKOM HE UCIOJIb3YeTCs, TaK 4TO MOTEPs He BEJIUKA.

ARTM mnpiTaercs pa3pymiaTb HEKOTOPBIE CTEPEOTHIIBI O TEMATHIECKOM MOIEeTHPOBa-
HuU, OJIyKJAIONINe 10 ThIOTOpHA/JIAM HAYaJIbHOTO YPOBHS W WHOTJA ITPOOUPAIOIIIMCS
B BBOJIHbIE MOTHBAIMOHHBIE PA3/IE/Ibl CEPhE3HBIX HAYYHBIX ITYOINKAIMIL:

e «Temarnueckoe MoaenupoBanne — 310 B ocHoBHOM LDA». Het, ecTb coTHE MOoIe1€id,
permaInX pasHooOpa3Hble 3a1a91, ¢ KOTOPBIME ILI0X0 crpasisercs LDA.

o «Temarmueckoe MojeIupoBaHHe — 3TO pazjen baiiecoBckoro obydeHus». JlaHHbIit
0030p TMOKa3bIBAET, YTO BCE TEMAaTUYECKOE MOJICIMPOBAHUE MOXKHO U3JI0KUTH 0e3
OaitecoBCKOIoO MoJIX0/1a, NPUUEM ropas/io MPOIIIE.

o «lI3yvenne TeMaTHIECKOTO MOIETHPOBAHUS HAA0 HAYHHATH C ILIOCKOH HOTAIIWM,
pacupeenenus upuxiie m OaifecoBckoro BwIBOga». Boobiie Hu4Yero wu3 3>TOro
He Hy2KHO. /[0cTaTOYHO MOHATH, YTO TAKOE MATPUIHOE PAa3/I0KEHUE.

o «Temarmueckoe MOIETNPOBAHEE OCHOBAHO HA TUIOTE3€ MEIIKA CJIOB». BOJBITHHCTBO
Mojiesieit — jta. Ho ecth TemaTudeckue Mojeim OurpaMmM, OUTEPMOB, MIPeJIIOKEeHNII,
cermenTanyuu. Hakowner, peryssipuzanusi E-mrara. Bece onn jenaor 4to-To nHTEpec-
HO€e B 0OXOJ| TUITOTE3BI MeITKa CJIOB.
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o «Temaruueckoe MoJeTupOBaHIEe TPOUTPHIBAET KOHKYpeHuio ¢ word2vec». Her, ec-
au ctpouth Mojenun outepmoB wim WNTM Ha Marpuiie coBCTpedaeMOCTH CJIOB,
aHaJormaHo word2vec. 3aTo TeMaTHIYECKHe BEKTOPHBIE TPEICTABICHNS CJIOB MOKHO
ClleJIaTh UHTEPHPETUPYEMbIMU, PA3PE’KEeHHbIMU, UePAPXUICCKAMMU.

o «Temarmueckas momenb LDA mepeoGydaercs ropa3mo menbine, uem PLSA». Her,
OHU NMPUMEPHO OJIMHAKOBBI, OCOOEHHO Ha OOJIBIUX KOJIJIEKIIUSIX.

o «Temarmueckass momenb LDA mmeer HaMHOroO MeHbIme mapameTpoB, demM PLSA».
Hert, sTo )xynbundecrso. Matpunbl ¢ 1 © NpuxoauTcs ONMEHUBATH B 00X MOJIETIX,
TaK KaK OHU HYKHBI JIst npuaokennii. Ha camom nesne 8 LDA Gosbite mapameTpos,
gem B PLSA, Tak kak mosBisiorces eme 5 u .

Hekoropsie mpobieMbl moka octatorcss oTKpoeITeiMu B ARTM. Kak yckopuTh cxoau-
MocTh peryasipu3oBannoro EM-aiaropurva? Kak nmogdoupars xk03hOUIumenTs peryisipu-
3alUy AJANTUBHO W MOJTHOCTHIO aBTOMATHYEeCKH B Xoje urepanuii! Kak obecrednTs 1mo-
CTPOEHUe TOJIHOTO HADOPa XOPOIIO HWHTEPIPETUPYEMBIX TeM?!

B mannbBIif 0030p HE BOILIN HEKOTOpPBIE BazKHBIE TUIBI MOeseil, HallpuMep, g aHa-
JIN3a W300pazKeHnit 1 BUIEOIMOTOKOB, aHHOTHPOBAHUS M300PazKeHnii, peKOMEHIATeTHHBIX
CUCTEM, CYMMapH3alliid TEKCTOB, aHa/In3a TOHAJbHOCTH M BBLISBJICHUS MHEHUl, UCIOJIb-
30BaHUS M IMOCTPOEHUsI OHTOJIOTHI, OOHAPYKEHUSI HOBBIX T€M U MPOCIEKUBAHUS HOBOCT-
HBIX CI0KeTOB. TakyKe He OBLIH 3aTPOHYTHI BOIIPOCHI HHUITHATH3ANNE U ABTOMATHYIECKOTO
nMeHoBaHusg TeM. He Hamia orpazkenns B 0630pe HOBag TEHJIEHITHS CO3IaHUs THOPH THBIX
MOJIeJIel HA OCHOBE TEeMATUYECKOTO MOJAETUPOBAHNAS M HEMPOHHBIX CETEN.

O0630p HaIECAH O MaTepuajgaM CIenKypca «BepodaTHocTHOe TeMaTHIecKoe MOJIe/H-
posanue» ', KoToperit aBTop unTaet Ha dgaxynprere BMK Mockosckoro [ocyrapeTseHno-
ro Yuupepcurera um. M. B. JIomonocoBa. O0HOBIsIeMast 3JIeKTPOHHAST BEPCHST JOCTYITHA
na caiite MachineLearning.ru'’.

Pabotra BeimostHena npu buHaHCOBOI MogaepKKe Poccuiickoro dponaa pyHmaMeHTa Ib-
HBIX mccaemnoBanmii, mpoekT 17-07-01536, 16-37-00498.
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