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AwunoTarusa

Temarudeckoe MojieMpoBaHue — 3TO 00JIACTH CTATHCTUYECKOrO aHaJIN3a TeK-
CTOB, aKTWUBHO pa3BUBaIOMIascd mocaennne 15 jeT. BepoarHocTHasg Temarmdeckas
MOJIE/Ib BBIABJIACT TEMATUKY KOJLJIEKIINN TEKCTOBBIX JOKYMEHTOB, IIPDEACTABIAA KazK-
JIYI0 TeMY YaCTOTHBIM CJIOBAPEM TEPMUHOB. 3a/1a9a TEeMATUIECKOTO MOIETUPOBAHUS
CBOJUTCA K MAaTPUYIHOMY PA3JIOZKEHUIO N NUMEET 66CKOH€‘IHO€ MHO>KECTBO peH.[eHHfI.
It moompeesieHnsl pereHns BBOAATCA JOTOTHUTETbHBIE KPUTEPUN — PEeryIapH-
3aTopbl. JlaHHbIfi 0030p OMUCHIBAET B TEPMUHAX PEry/JIAPU3ANAN OCHOBHBIE THUITHI
TEMATUIeCKUX MOJeseil: MyJIbTUMOTATbHBIE, MYTbTUI3BITHbIe, MEPAPXUIECKHEe, TEM-
mopaJsibHBIE, CErMEHTUPYIOIINE, JUCTPUOYTUBHBIE, IpadoBbie. A IIUTHBHAS PETYIIs-
pusarust remarndeckux mogeseit (ARTM) mo3Bosisier KOMOMHHPOBATH PEry/Isipr3a-
TOPBI 1 CTPOUTH TEMaTHYIECKNE MOJC/JIN C 3aJJaHHBIMNT CBOIICTBAMH. Mo;:[yanaﬂ TexX-
HOJIOTWS MOJETUPOBAHUS W MAPAJLICJIbHbIN OHMalHOBBI EM-aaropur™ mos0KeHb
B OCHOBY OMOJIMOTEKN TEMATUYIECKOTO MOJETNPOBAHMS C OTKPBITBIM KOToM BigARTM.

1 Bseaenne

TemaTmaeckoe MOIETHPOBAHHE — 3TO OJHO U3 COBPEMEHHBIX HAIMPABICHUI CTATHCTHYE-
CKOI'0 aHaJIM3a TeKCTOB, aKTHBHO pa3BHBaoIeecs ¢ KoHma 90-x roaoB. Bepoammocmmas
memamuueckas modeav (probabilistic topic model) BbisiBisSIeT TeMaTHKY KOJIEKIUH J10-
KYMEHTOB, IPpeACTaBJIAd KaKAYI0O TeMYy JUCKPETHBIM paClpeae/ieHneM Ha MHO?KECTBeE Tep-
MHUHOB, & KaKIblil TOKYMEHT — JUCKPETHBIM paclpeeeHneM Ha MHOXKECTBE TeM.

TemaTudeckoe MOJETHPOBAHHE IOXOXKE Ha KJIACTEPU3AIUIO JOKYMeHTOB. OTimdne
B TOM, UTO IIPH KJIACTEPU3ANUNA JOKYMEHT IIEJTHKOM OTHOCHUTCSA K OJHOMY KJIACTepy, TOIa
KaK TeMaThu4deCKad MOJeJ/Ib OCYIIECTBJIACT «MATKYIO KJIaCTEPpHU3alluio», OTHOCA JOKYMEHT
K HECKOJIbKUM KJjlaCTepaM-TeMaM C HEKOTOPBIMU BEPOATHOCTAMU. TeMaTI/I‘{eCKI/Ie MOIe-
JII HA3BIBAIOT TaKyKe MOIETIMHI MATKOH OM-K/IacTepH3allii, IOCKOIbKY KasyKIbIii TepMUH
TaKzKe PACIpeesaercs M0 HECKOJTbKAM TeMaM.

[Tocnennee cBOICTBO MO3BOJISAET OOXOAUTH MPOOJIEMBI CHHOHUMUH U IIOJTUCEMUHU CJIOB.
CI/IHOHI/IMbI, B3anMO3aMeHdeMbIe B CXOKNUX KOHTEKCTaX, 'PYHIIMPYIOTCA B OJHUX U TeX 2KE
remax. MHOro3HaYHBIE CJIOBA ¥ OMOHUMBI, HA00OPOT, PACHPEIELISIOT CBOM BEPOSITHOCTH
IO HECKOJIBKUM CEMAHTUYECKU HE CBA3aHHBIM T€MaM. HaHpHMep, 3Ha4YeHue CJI0Ba «AJpo»
MOKEeT OBITh HMOHATO W3 TOrO, KaKasg TeMa JOMHHHPYET B KOHTEKCTe TaHHOI'O CI0OBA —
MaTeMaTHKa, (pu3nKa, OHOJIOrUs WX BOEHHAS HCTOPHUSI.

B poJjmn TepMHUHOB MOI'YT BBICTYIIaTh KaK OTAEJIbHBbIE CJIOBaA, TaK U CJIOBOCOYETAHUI.
Tema obpaszyercst ceMaHTHIECKH CBSI3AHHBIMHU, 9aCTO COBMECTHO BCTPEUAIOITUMHUCS TEPMU-



Hamu. Takoe ompesesieHne «TeMbl» JIOMYCKAaeT TOYHYIO MAaTeMaTHIecKyo (hopMaTn3aImo,
HO MOXKET OTJIMYATHCS OT MPUHATHIX B JUHTBUCTUKE W JIUTEPATYPOBEICHUN.

Cxxaroe omnmcanmne JTOKYMEHTa B BHJIE BEKTOPA BEPOSTHOCTEH TeM COMEPYKUT BarkHeii-
myl0 WHMOPMAIUIO O CeMAHTHKE JOKYMEHTA W MOYKET WCIOJIb30BATHCS [IJIsT PEITeHust
MHOTHX 33/1a9 TEKCTOBOW AHAJUTHKH. |eMaTUIeCKHe MOJEN MPUMEHSIIOTCS JIJIsl BbISIB-
JIEHUs TPEHJOB B HOBOCTHBIX MOTOKAX, MATEHTHLIX 6a3aX, apXWBaxX HAYJIHBIX MyOJIHKA-
nuit [149, 118|, MHOTOAI3BIYHOrO HHAMOPMATMOHHOTO ToucKa [128, 127|, moucka remarude-
CKHX COOBIIECTB B CONMATBHBIX cersx [151, 120, 94, 27|, kiaaccudukanum u KaTeropu3aiumn
nokymenTos [103, 152|, remarudeckoii cermenTannu rekcros [136], ananinsa nzobparkenuii
W BUIeONIOTOKOB [49, 65, 42, 119], TermpoBanust Beb-crpanuir [58|, oOHAPYKEHUST TEKCTOBO-
ro ciiama [10|, B pekomengaTenbubix cucremax [143, 131, 61, 146, 145|, B 6uonrdopmaTu-
Ke JIJIS aHAJIN3a HYKJIEOTHIHBIX [59] 1 aMHHOKUCIOTHBIX TocIenoBareaprocteii 108, 57|,
B 33/aUaX MOMYJIAIHOHHOI reHeTuku [96]. MHOrHe 1pyrue pa3HOBUIHOCTH U MPHUIOZKEHHS
TEMATHIECKUX MOJeseil ymoMuHATCs B 00630pax [35, 22|.

[TocTpoenne TemMaTwdeckoit MOJEIN MO KOJIIEKIUU JTOKYMEHTOB CBOJUTCS K OINTHMHU-
3aIMOHHON 3a/a4ue TMOUCKA MPHOTNKEHHOTO CTOXACTUIECKOTO MATPUIHOTO PA3TOZKEHUS.
B obmiem cydae ona mmMeeT G€CKOHEUHOE MHOYKECTBO PEIeHuil, TO eCTh SIBJISeTCS HeKOD-
pektHO nocrasiaentoi. Cornacuo reopun perynsgpusanun A. H. Tuxonosa [11], pemenue
HEO0O0TPEIEIEHHON 3a/1a9W MOYKHO CJIeJIaTh YCTONYIUBBIM, J00AaBUB K OCHOBHOMY KpPHUTe-
PUIO Pe2yAApuU3amMop — JONOJHUTE/IHLHBIN KPUTEPUil, YINTHIBAIOIINI KaKue-JIub0 creru-
duueckne 0cOOEHHOCTH MPHUKJIAIHON 3381290 WK 3HAHUS IpeaIMeTHOl obmactu. B croxk-
HBIX TPUIOKEHUSX JOMOTHUTETbHBIX KPUTEPUEB MOZXKET OBITh HECKOJIBKO.

Addumusnas pezyaspusayus memamuueckur modeseti (additive regularization of
topic models, ARTM) — 3T0 MHOrOKpHTEpHAJIbHBI MOIXOA, B KOTOPOM ONTHMHU3UDY-
ercst B3BeIIeHHAst cyMMa Kpurepues |3, 123]|. BoabIIMHCTBO M3BECTHBIX TEMATHIECKIX
Moztesieit ub0 W3HAYATBLHO (DOPMYJIUPYIOTCS B TEPMUHAX PEryIspU3aIuu, Jud0 JI0Mmyc-
KaoT Takyoo nepedopmynupoBky. ARTM mo3Bosser oTaeaaTh peryasipu3aTopbl OT OJ-
HUX MOJesiell U UCHOJIB30BaTh B JAPYTHUX. DTO MPUBOIUT K MOYIBHOI TEXHOJIOTUU MOJIE-
aupoBanns. CobpaB OMOJIMOTEKY YaCTO MCHOJIB3YEMBIX PEryJIsipH3aTOpPOB, MOKHO 3aTeM
nX KOMOMHUPOBATH, 9TOOBI CTPOUTH TEMATHUECKHE MOJE/NH C TPeOyeMbIMU CBOCTBAMHU.
Onrumusanus JIOOBIX MOJeIeil 1 UX KOMOMHAINI MPON3BOINTCS OJIHUM U TeM ke 0000-
méuasiM EM-aaropurMoM. DTH uaen peaan30BaHbl B OUOJIHOTEKe ¢ OTKPBITHIM KOJIOM
BigARTM, mocTymHOii mo ajapecy http://bigartm.org.

ARTM mne gapisercs eé oJHONH TeMaTHYeCKOi MOJEIbIO WM eIl OJHUM YHCICHHBIM
METO/IOM. DTO OOIIHiT MOIX0/ K MOCTPOCHUI0 U KOMOWHUPOBAHUIO MOJIEJIeil.

B simreparype 1m0 TeMaTHIeCKOMY MOEJIMPOBAHUIO B HACTOSIIEE BPEMsl JJOMUHUPYIOT
MeTOJIBI OaitecoBCKOro obyuenus. 113-3a CIOKHOCTH MaTeMATHYECKOTO almapara B CTa-
ThIX YaCTO OMYCKAIOTCS BaKHbIE JJI MOHUMAHUS JeTaau. IHoraa aBTOpbl OrpaHMINBA-
I0TCS YIPOIIEHHBIME OMUCAHUAME MOJIeeil B BUIE MCEBIOKO/Ia MOPOKTAIONIETO MPOTIec-
ca (generative story) mian rpaduaeckoro cxemaTHaHOroO Tpeacrabiaenus (plate notation).
[Tepexom OT yIpOIIEHHOTO OMUCAHUST MOJEIN K aJTOPUTMY U ero MpOrpaMMHON peasin3a-
IIIU HEeOTHO3HAYEH, HEOUEBUIEH U OCTACTCI «Marueil /s MOCBAMIEHHBIX», 9YTO OTHIOIb He
CIIOCOOCTBYET TOMYJISPU3AINNNA U PA3BUTHIO TEMATHIECKOTO MOJIETHPOBAHUS.

[Heab TaHHOTO TEOPEeTHYeCcKOro 0030pa — MOKa3aTh pa3Hoobpasme 3a7ad U MOIXOI0B
TEMATHIECKOTO MOJETUPOBAHUsI. AKIIEHT /Ie/1aeTCsI HA TIEPBOM W OY€Hb BayKHOM HTAIE MO-
JIJIMPOBAHMS — KaK OT MCXOIHBIX TPEOOBAHUI U TTPEOIOKEeHUH nepeiitu K (popMaibHO
nocranoBke 3agaun. B ARTM sto nemaercss B repmunax peryasipusanuu. [lepexon ot pe-



IyJIIpu3aTopa K aJrOpuTMy U ero mporpammuoil peasmsamuu B ARTM mpoct u yaudu-
upoBaH. Halre BCero 3To «0JHa CTPOKA BBIKJIATOKY, YTO KATETOPUYIECKH HE TaK B CIyUYae
baitecoBckoro BbiBOIa. COMOCTABUMBIIT 110 OXBATY W OOCTOSITEILHOCTH 0030p DailecOBCKUX
TeMaTUIeCKUX MOJieJiell 3aHs1 Obl COTHU CTPAHMUII.

B pasznenax 2 u 3 BBoasiTCS OCHOBHBIE IOHSATUsA. B pa3aenax 4-11 B repMuHax peryJisi-
pPU3AINN OMUCHIBAIOTCS PA3HOBU/IHOCTH TeMATUIECKUX MOJeeil. DTh pa3iesibl MpaKTude-
CKM He CBS3aHBI JAPYT C IPYTOM, UX MOXKHO YATATH B ITPOU3BOTHHOM TOPSIKE WA HCIOThb-
30BaTh KaK IyTEBOJUTE/b O CChIIKAM Ha JuTeparypy. Pazaen 12 mocBsIén oneHnBaHuio
KadecTBa. B pazzene 13 obcykaaercs mpuMeHeHNe TeMAaTHIeCKOTO MOJETMPOBAHUS JIJIst
pa3BeI09HOr0 MHAMOPMAIMOHHOTO ToNcKa. B pa3aene 14 — KpaTkoe 3aKIIOUEHTE.

2 OcHOBBI TEMATHYECKOI'O MOJEeJINPOBaAHNA

[Tycts D — MHOXKeCTBO (KOJIEKIHsI) TEKCTOBBIX JOKYMEHTOB, W — MHOXKeCTBO (c10Baph)
BCEX YIOTPeO/IsIeMbIX B HUX TePMUHOB. TepMuHAME MOTYT OBITH KaK OT/Ie/IbHBIE CJIOBA, TAK
u ciaoBocodeTanns. Kaxaprii ToKyMeHT d € D mpecTaBiasgeT coOOit MOCIea0BaTeTbHOCTD

ng TEPMHHOB W1, . . ., Wy, U3 caoBapd W.

BepogTHocTHOEe mpocTpaHcTBO. IIpemmonaraercs, 4To KaxKJoe BXOXKIEHHE TEPMH-
HA W B JOKYMEHT d CBSI3aHO C HEKOTOPOil TeMoii ¢ U3 3aJaHHOr0 KOHEYHOI'O MHOXKecTBa 1.
KOJIJIeKI_[I/IH JOKYMEHTOB paCCMaTPUBACTCA KaK cnyqaﬁHaH N HE3aBUCUMaAA BbI60pKa TPpOeK
(wj, d;, t;), 1 =1,...,n, u3 qucKperHoro pacnpeieienus: p(w,d,t) Ha KOHEYHOM BEPOSIT-
HocTHOM TpocTpancTBe W X D X T'. TepMunsl w; U JOKYMEHTHI d; IBIAIOTCA HaOTIOTa€-
MBIMH TIEPEMEHHBIME, TEMBI {; ABISIOTCS AGMEHMHbLMU (CKPBITHIMA) MEPEMEHHBIMH.

l'umoreza «memika cjoB». Ilpenmonaraercd, 4To HOPAJOK TEPMHHOB B JOKYMEHTaX
He BaKeH JIJI BBISBJICHUS TeMATHKH, TO €CThb TeMATHKY JOKYMeHTa MOXKHO y3HATDh JazKe
oC7Ie IPOU3BOJIBHOI ePeCTAHOBKH TEPMHUHOB, XOTH JI YeJT0BEKa TAKOU TEKCT MOTepseT
CMBIC/I. DTO HPEIHOJOKEHIe HA3BIBAIOT THIOTE30i «Mettka cioBy (bag of words). ITops-
JA0K JOKYMEHTOB B KOJIJIEKIITUN TaK>Ke HE UMeEeT 3HaYCHUA; 3TO IPEAINOJI02KEHNE Ha3bIBalOT
TUTOTe30i «MeIllKa JOKYMEHTOB». ['HIOTe3a «MeIIKa CI0B» IO3BOJAET IepeiiTh K KOM-
IMAKTHOMY HPEeJICTABICHAIO JOKYMEHTA KaK MYAbMUMHONHCECMEa, TO €CTh MOIMHOKECTBA
d C W, B KoTOpoe KaxKIblif 3JIeMeHT w € d BXOIUT Mg, Pa3.

IIpeaBapurenbHas o6paborka Tekcra. llepea mocTpoenneM TeMaTHIECKAX MOJIeIei
TEKCT €CTECTBEHHOT'O SI3BbIKa OOBIYHO MOIBEPraeTcsa CepHu MpeodpPA30OBAHMUIA.

Jlemmamusayus — 370 NpUBEIEHNE KaryKIO0TO CJI0BA B JOKYMEHTE K €ro HOPMAaJIbHOI
dopwme. B pycckom si3pike HOpMAIbHBIME (DOPMAMU CIUTAIOTCS: IS CYIIECTBUTEIHLHBIX —
HMEeHUTeIbLHBIN 11a1e2K, e IMNHCTBEHHOe YHCI0; I/ MPIIarareJIbHbIX — UMeHUTeIbHBIN ma-
JIeZK, €IMHCTBEHHOE YHCI0, MYKCKON POJI; J/Is TJIAroJIOB, MPUYACTUM, JeenpudacTuii —
[J1aroyT B HHGUHATHBE. XOPOIIUMHE JIEMMATH3ATOPAME IS PYCCKOTO SI3BIKA CUHTAIOTCS
HoCJIe/IHNEe BePCUU mystem u pymorphy.

Cmemmune — 3TO OTOpACHIBAHWE OKOHYAHWII W JPYTUX H3MEHSEeMbBIX 4dacTeil CJIOB.
OH TOAXOIUT I AHTJIUHCKOTO SI3BIKA, 7SI PYCCKOTO MPeAIOuYTUTe/IbHA JeMMaTH3aIUsI.

Cmon-cao6a — 3TO YacTble CI0Ba, BCTPEUYAOIINECS B TEKCTaX J000H TeMaTUKH.
OHu 6ecrose3Hsl 171 TeMATHIeCKOT0 MOJAETUPOBAHNAA U MOTYT OBITH OTOpomIeHbl. K HuM



OTHOCATCS TIPEJIJIOTH, COIO3bI, YHCIUTETbHBIe, MECTOUMEHUS, HEKOTOPbIe IIaroJibl, TPUIa-
raTeabHbIe U Hapedusd. Yuca0 TAKUX CJI0B OOBIYHO BAPbUPYETCS B MPEIeTaX HECKOTbKUX
corer. IIx orOpacbiBaHue NMOYTH HE BJUSET Ha OOBEM CIOBAPs, HO MOYKET MPUBOJIUTD
K 3aMETHOMY COKDPAIIEHUIO JJTHHBI HEKOTOPBHIX TEKCTOR.

Peodxue caosa Takke peKOMEHIyeTCsT OTOPAChIBATh, TOCKOJIBKY OHU HE MOTYT TIOBJIHATH
Ha TeMaTUuKy KoJaekiuu. OrbpachiBaHue pPeKUX CI0B, a TAKZKe CTPOK, HE SBJISIONTIXCS
CJIOBAME €CTECTBEHHOTO $I3BIKA (HAIPUMEp, YHCeJT), HOMOTaeT BO MHOIO Pa3 COKPAIIATh
00bEM cIoBapsi, CHUZKas 3aTPAThl BDEMEHH U MaMSITH HA [OCTPOEHUE MOJIe/Ieil.

Kmouesnvie pasv. — 310 CIOBOCOUETAHNUS, SIBJISIIONIMECST TEPMUHAME MPEAMETHON 06J1a-
cru. [I7ist X BBIJETEHHsT MOYKHO HCIIOJIB30BATh Te3aypychl i ourosornu [8]. B mocrennee
BPeMS# TOSIBIIACEH YCIENTHBIE MEeTOIbl ABTOMATHYECKOTO BBIIEICHHsI TEPMUHOB (automatic
term extraction), KOTopble He TPeOYIOT MPHUBJIEUEHUS KCIEPTOB U MOTYT 0OpabATHIBATE
bosbInme KosuteKun Tekcros [40, 66).

Hmenosannvie cyuynocmu (named entities) — 910 Ha3BaHUS OOBEKTOB, OTHOCSIIUXCST
K 3apaHee ONPEIeJTCHHBIM KATErOPHUsM, HAIPUMED, ePCOHBI, OPraHU3aIiH, Te0JOKAINH,
coOBITHS, (DU3NIECKUEe BEJTHIUHBI, U T. 1. [[719 KayK/10if KaTeropuu CyIHOCTe Mo/ IepKiu-
BaeTCd OT/EJbLHBINH CTOBAPD.

I'umoresa ycJjioBHOII HE3aBUCUMOCTH. lIpeanosaraercs, 9To MoABJICHUE CJIOB B J10-
KyMeHTe d 110 TeMe [ 3aBHCAT OT TeMblI, HO HE 3aBHCHT OT JOKYMEHTa d, ¥ OIMCLIBACTCS
OBIIUM [T BCeX JOKYMEHTOB pacmpesenerneM p(w |t):

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

BepositTHOCTHAas MOPOXKAAMOIIAs MOZENb Bbipaxkaer BepogrHocTH p(w |d) mosiBie-
HUsI TEDMHUHOB W B JOKyMeHTax d 4uepe3 pacrpeleseHus ¢,; = p(w|t) u 0,4 = p(t|d).
Corytacto hopMysie TOJIHO BEePOSITHOCTH M THIIOTe3e YCJIOBHON HE3aBHCHMOCTH,

p(wld) =" plw|t,d)p(t|d) => p(w|t) p(t|d) = Puibra- (2)
teT teT teT
BeposTHOCTHAST MO/ (2) OMUCHIBAET TPOIECC MOPOXKIEHHs KOJIeKIun D 1o u3-
BeCTHBIM pactpegenenuaMm p(w |t) u p(t|d), em. anropurm 1 u puc. 1.
ToBopsiT TakzKe, 9T0 pacnpeaesnenne TepMuHOB p(w | d) B OKyMeHTe d SIBJISIETCST 6€PO-
AMHOCMIHOT CMECHI0 DACTIPeIesIeHuii TepMIHOB B TeMax p(w |t) ¢ BecaMu Oyy.
[TocTpoenne TeMaTHYECKONH MOJEJN — 3TO ODpaTHas 3aJada: 10 3aJaHHON KOJIIEK-
nuu D TpebyeTcs HAWTH MapaMeTpbl MOJETH Py U Org, TPUOINZKAIONIEH TaCTOTHBIE OTEH-
KI YCJOBHBIX BEPOSTHOCTEH TEPMHHOB B TOKyMeHTax p(w|d) = 7.
Pacnpenenenne Buga p(t|x) Gymem HasbiBaTh memamukol obbekta x. Hampuwmep,
MOYKHO TOBOPUTH O TeMaruke HokymenTa p(t|d), remaruke Tepmuna p(t|w), Temaruke

TepMuHA B JoKyMenTe p(t|d, w).

HuskopanroBoe marpu4dHoe pazisoxkeHue. OO6baHo unciao tem |T'| MHOrO MeHb-
me |D| u |W|, u 3a1a4a CBOAUTCS K MOUCKY MPUOTUKEHHOTO MPECTABICHHs 3aAHHON
MATPHUIBI 9aCTOT TEPMHUHOB B JOKyMeHTaX P = (]3(w|0l))wX , B BHJE TPOU3BETCHI
P = ®O 1ByX HEM3BECTHLIX MATPHUI[ MEHBIIET0 pas3Mepa — Mampuybl MePMUH0s Mem
O = (Qut)wxr 1 mMampuyv, mem dokymenmos O = (0i)7«p. Bee tpu marpunsr P, , ©
ABJIAIOTCA CMOTACTUNECKUMU, TO €CTh UMEIOT HEOTPUIATEILHBIE HOPMUAPOBAHHBIC CTOJIO-
Bl Py, P, 04, TPEACTABISIONNE TUCKPETHBIE PACIPEIETCHNS.
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AaroputMm 1. BeposgTHocTHasT MOIe/Ib TOPOXKICHUS KOJIIEKIIMH TOKYMEHTOB.

Bxona: pacnpenenennst p(w|t), p(t|d);
Bbixoa: Beibopka map (d;, w;), i =1,...,n;
1 gnascexde D

2 3a7aTh JJIMHY Ny JOKYMeHTa, d;

3 anascexi=1,...,ny4

4 d; := d,

5 BHIOpATH CirydaiiHyto Temy t; u3 pacnpejaesnennst p(t|d;);

6 BBIOPATH CYYAlHBIN TepMuH w; U3 pacupeaenenus p(w |t;);

pe1d) —— fla IO 0000000000000

—

\\
H D 0 \
pwlt): o023 OHK 0.014 6asuc 0.018 pacnos+asatve

0.016 reHom 0.009 cnektp 0.013 cxoncTeo
0.009 HykneoTug, 0.006 opToroHanbHbIi 0.011 natTepH

W1, ey Wnyt /

Paapa60TaH CI'IeKTpaﬂbHO-aHaﬂVITI/IHeCKVIVI noAxoA4 K BbisiBIEHUIO PAa3MbITbIX MPOTAXXEHHbI NOBTOPOB
B F€HOMHBbIX MOC/e0BaTeNIbHOCTSAX. MeToA OCHOBaH Ha| pa3HOMacLWTabHOM OLEHWBAHWUW CXOACTBA
HYK/TEOTUAHBIX NOC/EA0BATENbHOCTEN B NPOCTPAHCTBE KO3MHOULMEHTOB pasnoXeHus (pparMeHTOB
KpuBbIX GC- 1 GA-cofiepxaHusi No KNacCUYECKMM OPTOroHasbHbIM 6a3ucam. HalaeHsl ycnosus
onTMMasnbHOM annpokcMmaLmm, obecneymsaioline aBTOMaTMYECKOEe pacno3HaBaHWe NoBTOpPoOB
pasnnyHbIX BUAOB (NPSIMbIX U UHBEPTUPOBAHHBIX, @ TAKXKe TAHAEMHbIX) Ha CNeKTpanbHOW MaTpuLe
CX0ACTBa. MeToz 0AMHAKOBO XOPOLLO paboTaeT Ha pa3Hbix MacluTabax AaHHbIX. OH No3BonseT
BbISIBNSATb CNEeAbl CErMEHTHbIX AYNINKALMUA U MeracaTeSIMTHbIE y4aCTKU B FreHOME, palioHbl CUHTEHUN
Nnpu CpaBHEHWM Napbl reHOMOB. Ero MOXHO MCMO/b30BaTb ANS AETaNIbHOro M3yyeHus pparMeHToB
XPOMOCOM (MOMUCKA Pa3MbITbIX YHaCTKOB C YMEPEHHOM AJIMHON NOBTOPSIOLWErOCs NaTTepHa).

Puc. 1: IIpomecc MOpoKIeHUsT TEKCTOBON KOJIJIEKIMU BEPOATHOCTHON TEMATHIECKON MOIENbIo (2): B KaxK-
JIOI TIO3WIMN ¢ JOKYMeHTa d; CHadaja Topoxkaaercs rema t; ~ p(t|d;), 3arem Tepmus w; ~ p(w|t;).

IMTpusanmun makcuMyma IIPaBAOMOAO0OUS IMHUPOKO HUCIOJIH3YETCS B MaTEMATHIECKOI
CTATHCTHKE JIJIsl OIEHUBAHIS HEM3BECTHHIX MapPaMeTPOB BEPOSTHOCTHBIX Moeteii. Corac-
HO 3TOMY MPUHITUITY, BEIONPAIOTCS TaKUe 3HAYeHHS TTapaMeTPOB, TPU KOTOPBIX MOSBICHUE
Ha0/II01aeMoil BRIOOpKH HamboJIee BeposITHO. biraromaps mpeanoao:KeHnio 0 He3aBUCHMO-
ctu HADJII0/IeHniT, (DYHKIUS BEPOSITHOCTH BHIOOPKH paBHA MPOU3BEICHUIO (DYHKIINI Bepo-
SITHOCTHU CJIOB B JJOKYMEHTAX:

n
. — — Nw Nw
p(D;@,0) = [ [ p(di,wi) = T [[ plw!d)"* p(d)" — max.
. N—— $,0
i=1 deD wed const
[Iponorapudmupyem mpapaomnogodue, 9To0Obl HePeiiTH OT NPOU3BEIeHU K CyMMe, 1 OT-
OpocuM KOHCTAHTHBIE CIaraeMble, He 3aBHCSIIIe OT TapaMeTpoB Mojienu. [Tosyunm 3amaqy
mMakcumm3anun jorapudmva mpasaononobust (log-likelihood) npu orpannvenusix Heorpu-
ATEeIbHOCTH W HOPMHUPOBKH CTOJIONOB MaTpui ® u O:

Z Z New 1N Z Putbra — rg%xs (3)

deD wed teT
Z Pwt = I; Puwt = 0; Zetd =1 Orq = 0. (4)
weWw teT



DTO OCHOBHAsI 3a7a4a  GEPOAMHOCTIHOZO AGMENMHOZ0 CEMAHMUYECKO20 AHANU3G
(probabilistic latent semantic analysis, PLSA) [48|. na eé pemieHust muCmob3yercs
EM-ajropur™m, KOTOpBIii MBI BbIBE/IeM jiajiee B Dojiee O0IIeil MOCTaAaHOBKeE.

3 Peryngapusamnusa

3ajada CTOXaCTHIECKOTO MATPUYHOTO PA3JIOKEHUs BJISeTCS HEKOPPEKTHO MOCTABJIEH-
HOIT, TaK KaK MHOYKECTBO €€ pelrennii B 001eM ciaydae beckonedno. Ecim ®O — pemrenne,
to (®S)(S71O) Takke aABIAETCS pelleHHEM JJIs BCeX HEBBIPOXKICHHBIX MaTpull S, mpu
yeaosun, 9to Matpunsl @S n S™1O — croxacTmueckue.

CymectByer 00TIHIA OIXOM K PEIIEHUI0 HEKOPPEKTHO TIOCTABIEHHBIX OOPATHBIX 33144,
Ha3biBaeMblii pezyaapusayuet; [11]. Korma ontmvusanmonnas 3ajada HeJI0OMpe/eIeHa,
K OCHOBHOMY KPUTEPHUIO J00ABJISIIOT JIOMOJHUTEIHHBIIT KPUTEPHil — PeryJsipu3aTop, y4u-
THIBAIONIH crienuduKy pernraeMoil 3ajja4u U 3HaHus npeaMeTHoi obactu. B mpakTnye-
CKUX 3a/1a9aX aBTOMATHIECKOI 00pabOTKU TEKCTOB JOMOJTHUTEILHBIX KPUTEPUEB U Or'pa-
HUYEHWl Ha peleHne MOXKeT OBITbH MHOTO.

MuorokpurepuajbHasg onTuMu3anus. Adoumuehas pezysapu3ayus memamue-
ckuz modeaetc (ARTM) [3] ocHoBaHa Ha MaKCHMHU3AINH JTHHEHHONH KOMOWHAIMN JIOTa-
pudMa MpaBIOIOR00Hs U HECKOIBKUX pezyaapuszamopos R;(®,0), i=1,... k:

k
Z Z N IN Z Owtbia + R(P,0) — max; R(®,0) = Z 7, R;(®,0); (5)
’ i=1

deD wed teT

npu orpannvenusx (4), rue 7, — HeoTpUNATEIbHBIE Kodppuyuermo, pezysapusayuu. [Ipe-
00pa30BaHMe BEKTOPA KPUTEPUEB B OJIMH CKAJSIPHBI KPUTEPUH — 3TO MPUEM, MIUPOKO
MCTIO/IB3YEMbIii B MHOTOKPHUTEPHAJILHON ONTHMU3AINN W HA3BIBAEMbIH CKAAAPUIAULEL.

Bamaqa (5), (4) OTHOCHTCST K KJIACCY HEBBITYKJIBIX 3a/a9 MATEMATHIECKOTO MPOrpaM-
MupoBaHus. [{s Heé BO3MOKHO HANTH JIHIIH JIOKATBHBINR IKCTPEMYM, KAUECTBO KOTOPOTO
3aBUCHT OT HAYAJLHOrO NpubnzKenns. Ha mpakTuke IMOUCK TI0GATBHOTO SKCTPEMyMa,
HEe CTOJIb BazkeH, KakK ajieKBaTHas (hOpMaM3anus JOMOTHATETHHBIX KPUTEPHEB U MOUCK
KOMITPOMUCCA MEZK/LY STUMH KPUTEPHSIMA.

Heobxoammpblie ycaoBud MakcuMyMa. Bsejém oniepaTop norm, KOTOPHI peodpasy-
eT MPOU3BOJILHBII 3aJaHHbI BEKTOD (Z;);c; B BEKTOD BepOATHOCTE( (P;);cr TUCKPETHOTO
pacrpejiesieHust MyTéM OOHYJIEHUS OTPHUIATETbHBIX 3JIEMEHTOB U HOPMHUPOBKU:

maxi{0, z; .
pi = n?erlm(xz) = Zﬁ{’o,i}, st Beex ¢ € 1.
jeI

Ecimm x; < 0 mis Becex ¢ € I, TO pe3yabTaToOM NOrM SBJISETCST HYJIEBOIT BEKTOP.

Teopema 1. Ilycrs ¢pyukmmus R(P,O) menpepsisro anggepennnpyema. Touka (P, O)
JIOKaJIBHOTO 3KcTpeMyMa 3ajaqn (5), (4) yaoBiaerBopser cucreme ypaBHEHHI O BCIIOMO-



raTeJIbHbIMH MEePEMEHHBIMH Pig,, /IS BCEX HEBBIPOXKIEHHBIX TeM t U JOKYMEHTOB d.:

Praw = 0010 (Pu161a); (6)
OR
wt — w wtoa | wt — w ws 7
Pwt I%UOEI"JVH Nyt + ¢ ta(pwt Nt dEZDnd Dtd (7)
OR
Org = Ori— |; = wPtdw - 8
id n?erTm Ngq + Orq 90, ) Nd wZEdnd Ptd ( )

JlokazarenbeTBo 9T0i TeopeMbl MOKHO HadiTi B [122]. Ono ciremyer n3 HeOOGXOIMMBIX
yeaosuit Kapyma—Kyna—Takkepa J1st JTOKaJIbHOTO dKcTpeMyMa 3amadn (5), (4).

Cucrema ypasuennii (6)—(8) umeer 371eMeHTAPHYIO BEPOATHOCTHYIO HHTEPIPETAIUIO.
[Tepemennasi p;q,, BbIpakaeT TEMATUKY CJI0BAa w B jlokyMente d no ¢dopmysie Baiieca:

p(w, l | d) p(w ‘ t)p(t | d) prtetd
p(t|d,w) = = = = norm(cpwtetd) = Ptdw-

p(w | d) p(w | d) Zs (pws‘gsd teT
CrenoBaTeTbHO, NgywPidw €CTH OIEHKa YNCIA YIOTpeOJIeHuit TepMuHA w B JOKYMeHTe d
no teme t. Torma ng OINEHWBAET YHWCJIO TEPMHHOB TeMbI t B JOKYMEHTE d, N, — YUCIIO
yrnorpebaeHnii TepMuHa w Mo TeMe t Bo Beeit kKosutekiun. [Tpu R = 0 dopmyast (7)—(8)
IepexodaT B YACTOTHBIE OIEHKHU YCJIOBHBIX BEPOSITHOCTEH (0, = "n—“f u by = Z—Z”

Ye10BHST BHIPOZK IEHHOCTH, YIOMSHYTHIE B TEOpEMe, BOSHHKAIOT B TeX PEJIKHX Ha MpaK-

THKE CJIyJasdgx, KOIJIa Peryasapu3aTop R oKa3bpIBaeT Upe3MepHOe pas3perKuBaloliee Bo3Ieii-
cTBHe Ha napamMerpbl Mogean. PopMaaTbHO OHU ONMPEIEISIOTCS CJIEAYIOMNIM 00Pa30M.

Mogenb Tembl t 6wbipostcdena, ecam Ny, + @wt% < 0 gst Bcex TepmuboB w € W.
w

Mogenb mokyMeHTa d 8upostcoera, eCal Ny + Otdge—i <0 gng Bcex rem t € T

BripoxkieHHbIe TEeMBI U JOKYMEHTHI UCKIIOYAloTCd w3 Mojean. CoKpalleHue 9ucia
TeM MOYKeT ObITh KeJIaTeJIbHBIM MOO0YHBIM 3(pdeKTOM pery/sipusaiuu. BrIpok 1eHHOCTD
JIOKYMEHTa MOYKET 03Ha4aTh, YTO MOJE/b He B COCTOSIHUU €r0 OIHUCATh, HAIPUMED, eCJIn
OH CJIMIIIKOM KOPOTKHiI WM HE COOTBETCTBYET TeMATUKe KOJLICKIIHU.

EM-anropurm. [lns pemienust cucrembr (6)—(8) ya00HO HPUMEHSITH MeTOJ, MPOCTHIX
nrepanuii. CHavama BRIOUPAIOTCA HAYAJIbHBIE MPUOTUKEHUS MapaMeTPOB ., Oiq, 3aTeM
B IUKJIE YePeIyIOTCs JIBA IIara 10 CXOAUMOCTH. BbIauciaenue mepeMeHHbIX Dy, 0 (hOpMY-
ne (6) nazsiBaerca E-wazom (expectation). OneHuBaHme TapaMeTpoB Py, Oig 10 HopMy-
aam (7) u (8) HaswiBaercst M-wazom (maximization). DTOT UTEPAIMOHHBINA TPOIECC SIBIISI-
ercst 9acTHBIM caydaeM EM-anropurma [37]. VI3BecTHO, 9TO OH CXOAUTCS B CIAOOM CMBIC-
JIe: Ha KazK 10l uTepanuu mpasaonoaooue ysennanpaercd. Paznosuanocru EM-aaropurva
JUIST TEMATHIECKOTO MOJIEINPOBAHUsS paccMaTpuBaioTcs B [18, 5.

Onaatinoswti EM-anszopumm cautaercsa Hanbosee OBICTPBIM U XOPOIIIO PACIAPAIIe -
Baercst [47, 20]. OcHoBHast ero miest B TOM, 9TO Ha OOJIBIINX KOJUIEKIUAX Marpuia ¢ cxo-
JIUTCS TI0C/Ie 0OpabOTKU OTHOCHTEIHHO HEDOJIBINON 0/ JOKYMEHTOB. B Takux ciydasix
OJTHOTO MPOXOJa MO KOJIEKIIMH JOCTATOYHO JIs mocTpoerus Mmoaenn. [lostomy ommaitmo-
BbIit EM-anroputM XOpormio MOAXOUT /ISl AHATN3a TTOTOKOBBIX JTAHHBIX.

B omnaitHoBOM aqropuT™M Bed KOJIEKIMS pa3dUBaeTcs Ha MaKeThl JTOKYyMeHTOB. Kak-
JIBIIT TTakeT obpadarbiBaeTcs 1mpu pukcupoBannoit marpuie P. J[jis KaxK10ro 10KyMenTa d
13 MMaKeTa UTePAIMOHHO MMOBTOPSIOTCs E-trmar, wacts M-1mara /1/1st BEIYUCIEHUST BEKTOPaA 0y



¥ HAKAILTUBAIOTCS CIETUUKE Ny Marpuia ® 0GHOBISETCS M0 HAKOIIEHHBIM CUETIHKAM
110 OKOHYAHIH 0OPAbOTKH MAKETa MM HECKOJIbKHUX ITAKETOB.

B onnaiinoBOoM ajropuTMe HeT HEOOXOIMMOCTH XPAHUTH MATPHUILy O, MOCKOJBKY JIFO-
00l JIOKyMEHT MPOCMATPUBAETCS TOJHKO OJUH pa3, TeMATUYECKYIO MOJEIb JOKYMEHTa
MOZKHO TOJIy4YaTh «HA JIETy» W cpa3y MCHojb30BaTh. [Ipu srom marpuiyy ® moxkno xpa-
HUTDH [EJTUKOM B OMEPAaTUBHOl maMsaru. [lerann mapasieabHoil pealn3anuy OHIAHOBOTO
EM-asnropurva B 6ubanorexe BigARTM pasobpanbt B [43)].

Peanuzamug BigARTM. B 6ubnmnoreke peann3zoBanbl 0d6a Bapuanta EM-anropurva,
o drailHOBLII 1 OHIAKHOBEINA. B 000ouxX BapraHTax MOXKHO JT00ABJIATH 000 YHUCIO pe-
ryasipu3atopos. [TomiepkuBaercs HAOOP CTAHIAPTHBIX PEryJIIPU3aTOPOB U UMEIOTCS Me-
XaHU3MbI CO3/IaHUsI HOBBIX PEryJIsipPH3aTOPOB ToJib3oBaTeeM. KoadduiumenTs peryspu-
3alin 33aI0TCId B MOMEHT CO3JaHus MOJEJIM, HO TTOTOM MOTYT OBITH B J00Of MOMEHT
U3MeHeHBI, Jaxke B xoae EM-ureparnmii.

BaiiecoBckasa peryngapusanusg. J[o cux mop Mbl peanoarain, 9To JaHHbIe TOPOK-
JTAIOTCST BEPOSATHOCTHOI MO/enbio ¢ mapaMerpavu (P, ©), KoTopble He H3BECTHBI U HE CJTY-
vaitael. B 0aifecoBcKOM TOIX0e IMpearnoaraeTcs, 4TO MapaMeTpPbl TaKiKe CIydaiiHbI
¥ TOJYUHSIIOTCST HEKOTOPOMY anpuophomy pactpeienenuto p(P®, ©; ) ¢ HecaydaitHbIM 2u-
nepnapamempom . B 3Tom ciydae MaKCUMU3AIMs COBMECTHOTO TTPABOOI00US JTAHHBIX
¥ MOJIeJIH TIPUBOIUT K HPUHIUITY MAKCUMYMA GnOCMepuophot eepoamuocmy (maximum
a posteriori probability, MAP):

p(D, ®,6;7) =p(D|2,0)p(®,0:7) = p(®,0;7) [ [ p(di, wi|©,0) — max.
i=1 o
[Tocae jmorapudmMupoBanus nosydaem Moaudukanuio 3a1adn (3), B KOTopoii Jorapudm
AIMPUOPHOTO PACIIPEICTICHUST ABJISIETCS PEryIapPU3aTOPOM:

D> nawn Y puilba + Inp(@,0;7) — max. 9)

$,0,y
deD wed teT R(@,@)

B 6aﬁeCOBCKOM MMoJAXo[Je IMpUMeHdeTCA TaKzKe MPUHOUII MaKCUMHU3alluh HEIMOJIHOTO
IPABJIONOA00KSI, B KOTOPOM TI0 cydaifubiM napaMerpaMm (®, ©) mpous3BOIUTCS WHTETrpH-
pOBaHUE W ONTHMHU3UPYIOTCA TUIepIapaMerpbl v. CunTaercd, 4To 3TOT HPHEM CHUZKAET
pa3sMepHOCTh 3aJa49d U PUCK Hepeodydenusd. [eiicTBUTEILHO, Pa3MepHOCTh BEKTOpa 7,
KaK MpaBUjIO, MHOIO MeHbIIe pasmepoB Marpui, ®, © u He 3aBUCHT OT 00bEMa KOJLIEK-
JERGRY OﬂHaKO B IIPUJIOKEHU AX BCE PaBHO IPUXOAUTCA OIEHUBATH MMEHHO 9TH MaTpPHUIBI.
@opMyJIbl /I HAX BBIBOAATCS TPOMO3IKUMH IPUOTHAKEHHBIMA METOJAMH, HO B HTOTe
masio ortndaores or MAP-ornenox [18].

B baiiecoBckoM MOaX0/1e OIEHUBAIOTCS He caMu mapaMerpsl P, ©, a ux anocrepruopHoe
pacnpenenenne p(®, O | D;~y). s 3a1a9 TeMaTnIecKoro MoJeIHPOBAHUsT B STOM HET 0CO-
Goro cmpicaa. Ha mpakTuke MoaydeHHOe pachpeIeseHne UCIOAL3YeTCa HCKIIOIHTEIHHO
JIIE TOTO, YTOOBI BEPHYTHCA K TOYEUHBIM OICHKAM MATeMATHICCKOro OyKuaanud. Ipyrue
OIEHKH HCIOJIB3YIOTCA KpailHe PeIKO, JaKe TOUCIHbIE ONEHKH MeIAAHBI WK MOJIDI.

Texunkn mpubIHKEHHOrO 0AECOBCKOrO BBIBOJA (BapuanuoHHBI BeIBOA [117], com-
mmpoBanne ['mb6ca [113], pacmpocrpanenne oKugaHus) He IMO3BOJSAIOT JIETKO KOMOWH-
HUPOBATH MOJEIN U JIOOABJISATH PEryaspu3aTopbl, HE UMEIOIINe BePOSTHOCTHON HHTEp-
nperanun. nsg KazKa0ii HOBOI MOIEIN MPUXOJUTCS 3aHOBO BBIIOJIHATH MATEMATHICCKIE



BBIKJIQJIKM U MPOrPAMMHYIO pean3aluio. B TpHKIaIHbIX MPOEKTaX CPOKH, CTOMMOCTD
0 PHCKH TaKHX Pa3paboTOK CTAHOBATCS HEIPeoJoTUMBbIM ODapbepoM. IlosTomy Ha mpak-
THKE TMOJIB3YIOTCS MPOCTOi yerapestneit mogenpio LDA | a baitecoBckoe TemaTndeckoe Mo-
JIeJITMPOBaHKe PEeJIKO BBIXOJAUT 33 PaMKH aKaJIeMUYecKuxX wucciaegoBanmii. Tem He meHee,
B JINTEpPAType 10 TEMATHIECKOMY MOJIETMPOBAHUIO H6aileCOBCKUT T10/IX0/] JOMUHUDYET.

MuorokpurepuaabHbIil He-OaiecoBekmii moaxom ARTM — 310 monbITKa M3MEHHTDb CH-
Tyanuio. baiiecoBckue TeMaTHndecKne MOJAeT B OOJIBIIMHCTBE CaydaeB yaaéTcs mnepedop-
MYJIHPOBATh B TEDMIUHAX PErYJIsIPU3AIIIHN, 3alicaB MOCTAHOBKY 3aa4u B Bue (9). C sroro
MOMEHTa Peryasipu3aTop OT/IesieTCsi OT MOJEJW W MOYKeT ObITh MCIIOJIb30BaH B JIPYTHUX
MOJEJIAX. 9TO IIpuBOAUT K MO,Z[yIIbHOf/'I TEXHOJIOTUN TeMaTHYeCKOI'o MOJEJIUPOBaHUA, KO-
TOopad peaju30BaHa U pa3BUBaeTcd B MpoekTe BigARTM.

Huseprennua Kynnbaka—Jleitbaepa (KL-dusepeenyus, OTHOCHTETIHHAST SHTPOITHS )
najee OyIeT OMHUM U3 BarKHEHIINX WHCTPYMEHTOB KOHCTPYHPOBAHHS PEryJIspU3aTOpPOB.
9T0 HecUMMeTpH4HAs (DYHKIHUS PACCTOSHUS MEXKIY JUCKPETHBIMH pacIpeaeTeHusSIMI
P=(p)i, u@=(qg),, c coBnagaomumu Hocuressivu, {i: p; > 0} = {i: ¢; > 0}:

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

rne H(p) = — > . piInp, — awmponua pacupenenenust P, H(p,q) = — Y . p;Ing; — xpoce-
smmponus pacnpenenaennii P u Q).

KL-1uBeprennusa HeoTpUIATeNbHA W paBHA HYJIO TOTAA U TOJILKO TOTJA, KOTJA Pac-
IpeJe/eHld COBIATAIOT, P; = ;.

Ecin KL(P||Q) < KL(Q||P), To pactpenenenune P cunbHee BIOXKeHO B ), ueM ) B P,
cM. puc. 2. Takum obpazom, KL gaBigerca Mepoit BIOXKEHHOCTH ABYX PaCIpe/Ie/TeHMIA.

Ecsm P — smnupuueckoe pacnpesenenue, a Q(«) — mapamMerpudeckast MojIeib, TO Mu-
HUMU3AIUA KL—,Z[I/IBepFeH]_H/II/I 9KBHUBaJIECHTHA MUHUMU3AIUN KPOCC-9HTPOIIUHU U MaKCUMU-
3aIN [IPABIOMOI00M:

KL(P[|Q(a sz -

—)mln — E piIng;(o) — max.
[e%
i=1

Maxkcnmu3salyst mpaBaono00us (3) SKBUBATEHTHA MUHUMU3AIUN B3BEMICHHOH CYyMMBI
KL-uBeprenmuii Mezk/1y SMIMPHIECKAMH pactpeenenuamu p(w |d) = 744 1 MotebHbI-
vu p(w|d), mo Becem mokymentam d uz D:

n w
an KLw( . H Z wthtd) — rggl
deD

rJie BecOM JOKYMeHTa d siBJseTcs ero JauHa ng. Ecim Beca ng yopaTb, TO Bce JTOKYMEH-
Tl OYIyT UCKYCCTBEHHO NPHUBEIEHBI K OAUHAKOBOI mauHe. Takasg momudurarus QyHK-
[MOHAJIA KAavdeCTBa MOKeT ObITh MOJIe3HA NMPU MOJAEJMPOBAHUN KOJLIEKIIHI, COMePyKAIINX
JOKYMEHTHI OJIMHAKOBO# BarKHOCTHU, HO CYIIECTBEHHO PA3HON JIJINHBI.

Mogens PLSA — 3710 nepBast BepOATHOCTHASI TeMaTHYECKast MOJIE/b, TPeII0KeHHAs
Tomacom Xodmanurom B 1999 roay [48]. B ARTM ona coorBeTcTBYeT 4acTHOMY CJIydaro,
KOT/Ia peryasipu3atop orcyrcrByet, R(P,0) = 0.

9



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 4
0 50 100 150 200 0 50 100 150 200 0 50 100 150 200
L(P||Q) = 0.44 KL(P||Q) = 0.44 KL(P|Q) = 2.97
L(Q||P) = 2.97 KL(Q||P) = 0.44 KL(Q|| P) = 2.97

Puc. 2: Oueeprenmust Kynnbaka—Jleit6nepa 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.

JlarenTHoe pasmemienue lupuxie. [I»sun Bmit, Duapo bla u Maiikn />kKopaan
nperoxun Momeab LDA (latent Dirichlet allocation) [26] maga pemrenns mpoGieMsr e~
peobyuenust B PLSA, koropast npejckaspiBasia BeposiTHOCTH ¢JI0B p(w | d) Ha HOBBIX JTOKY-
MEeHTaX 3aMeTHO XyKe, 4eM Ha o0ydJaronieil Kosutekiun. [1o3ke BhISICHUIOCH, YTO Ha, 00JIh-
MMAX KOJLIEKIUSTX 00€e MOJIeJIN TIOYTH He 1TepeodyIaroTCsl, a UX MPaBI0no00nst OTANIA0TCS
HesHaunTeabHo |72, 140, 68]. Pasnuuns mposiBISIFOTCS TOJTBKO HA HU3KOYACTOTHBIX Tep-
MHUHAX, KOTOpbIe He BayKHBI /I o0pa3oBanus TeM. B pobactubix Bapuantax PLSA u LDA
TaKWe TePMUHBI UTHOPUPYIOTCSI, 9TO PE3KO CHUYKAeT KaK rmepeoOydeHue, Tak U pa3/jindane
B npasaononobun mozeseit [95]. Cam Bonpoc o mepeobyveHnn MOCTaBIeH He BIIOJHe KOp-
pekTHO. Bo-1mepBhix, TeMaTHYeCKne MOJIEN CTPOSITCA He Pajn MpeacKa3aHus CJIOB B JI0-
KyMEeHTaX, a J7Is BHIABIEHUs JTJATEHTHONH KJIACTEePHO CTPYKTYPHI KOJLIeKIHH. Bo-BTOPHIX,
nepeoOydeHne 3aBUCUT HE CTOJBKO OT CaMOil MOJETN, CKOJBKO OT TOTO, KAK MbI JOTOBO-
puMcs U3MepsTh eé KaduecTBo. [ m3mMepeHnst 0OBITHO HCIOIb3YeTCs MePILIeKCHsI, KOTO-
past CuIbHO mTpadyeT 3aHNKEeHHbIe BEPOATHOCTH HU3KOYACTOTHBIX TEPMHUHOB. Tem He Me-
Hee, LDA 10 cux mop cumrtaercsa mozaenbo Nel B TeMaTHIeCKOM MOIEINPOBAHUU, & PO
PLSA BcmommuaioT BCé pexe.

Momens LDA ocHOBaHa Ha MPEIIIOIOKEHUN, UTO CTOJONBI Uy U ; ABIAIOTCS CIydaii-
HBIMH BEKTOPaMH, KOTOPbIE TMOPOXKIAIOTCA pacupeaenenuavu Jlupuxie ¢ mapaMerpaMu
a € RTlu g € RWI coorBercraemnno:

r
Dlr(edv ) H;OEO)) ‘90% 17 Qy > Oa Qp = ;ata etd > Oa ;Qtd - 17

_()
[IT(Bw) "

w

Dlr((ptvﬁ) H Bw_la ﬁw > Oa 50 = Zﬁwv (Pwt > 0, Z@wt = 1

rie ['(z) — ramva-dynknus. [lapamerpsr pacnpenenenus: upuxie cBS3aHBI ¢ MaTeMa-
THYECKUM OXKHJTAHHEM IMOPOZKIAEMbBIX CIyUYaiHBIX BEKTOPOB: Ef;y = g—é, Epuwt = %O
Pacnpenenenunss dupuxie crmocoOHBI MOPOXKIATH KaK pas3perkKeHHble, TaK W IJIOTHHIE
BEKTOPHI JUCKPETHBIX pactpejesnennit, puc.3. Yem menbime [, Tem 0ojee pa3perkeHa
COOTBETCTBYIOMASA W KOMIIOHEHTA P, B TMOPOXKIAEMBIX BEKTOpax ;. Kcim BeKTOp ma-
paMeTpOB COCTOUT W3 PaBHBIX 3Ha4YeHUil [3,, TO pacupeienenne /Iupuxie Ha3bIBACTCS
cummempuurvim. Ipn 5, = 1 cumMerpuaroe pacipenenenne /lupuxie cOBIaIaeT ¢ paB-

HOMEPDHBIM pacCIlipeJe/JIeHueM Ha € IUHUYIHOM CUMILJIEKCE.
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02 02 02
.3_.3,..!!-1.. i g_,],?[]?'Tr'T- .3‘;.,TTTTTTTTTT
1 ~ Dir(p;0.1) w2 ~ Dir(p; 1) 2 ~ Dir(p;100)
(paBHOMEpHOE)

Puc. 3: [Ipumep TPéX HEOTPHUIATEILHBIX HOPMUPOBAHHBIX BEKTOPOB ¢; € R, mopoxa8HHBIX cooTBeT-
CTBEHHO TPeMs CUMMETPUYHBIMEU pacupernenenusvu Jupuxite ¢ mapamerpamu 0.1, 1, 100.

TeMaTI/ILIeCKaH MOJEJIb TOPOKACHUA JaHHBIX ABJIAETCA ,Z[ByxypOBHeBOﬁZ CHa4vaJla
u3 pacmpeseneus Jlupuxie mopoXKIATCA BEKTOP-CTOIOIBI 0y, KOTOPBIE 3aaI0T TEMBI.
3arem u3 MOy IeHHBIX pacrupeaenenuii p(w |t) = ., TOPOKIAIOTCS CI0BA, KOTOPBIE 00pa-
3yI0T MOHOTEMATHYHBIE YaCTH JIOKYMEHTOB d, OITUCHIBAEMbIE SMITUPUICCKUMHE PACIIpe/Ie/ie-
ausivn p(w |, d). Takum 06pa3om, IBYXypOBHEBasT MOJIEh IOPOK/IEHHST TEKCTa CIIOCOOHA,
ONMUCHIBATH KJIaCTE€pHBIE€ CTPYKTYPbI B TEKCTOBBLIX KOJIJICKIIUAX. BeKTOpr Yy UHTEPIIPpE-
THPYIOTCS KAK MEHTPOUIbI KJIACTEPOB, a MOHOTEMATHIHbIE YACTH JOKYMeHTOB p(w |t, d)
SIBJISIIOTCS TOYKAMH TUX KJIACTEPOB.

Boijiee ybepurebubix JUHrBHCTHYECKUX ODOCHOBaHWil pactpejenenue Iupuxje He
uMeer. Ero mmpokoe pacrnpocTpaHeHne B TEMaTHYECKOM MOJIETUPOBAHUU O0bICHSIETCS
CKOpee MaTeMaTUIeCKUM YJI00CTBOM U MOMYJISPHOCTHIO DaiiecoBCKOro odyuenusi. Pacmpe-
nenenne Jlupuxiie siBISI€TCS COMPSIKEHHBIM K MYJTbTHHOMUATBHOMY DPACIPEIETeHII0, UTO
CYIIECTBEHHO yIpPOIaeT OaiiecOBCKMiT BHIBOA. Biaromgaps 3ToMy cBOMCTBY OHO OKa3bIBAET-
cs «HA 0cOOOM IMOJIOXKEHUN» B DAeCOBCKOM TeMATHIECKOM MOIEJTHPOBAHUM, U OOJIBIITHH-
CTBO MOJIeJIeill CTPOSITCs C UCIOJIh30BaHNeM pactpesenrennii [Tupuxie.

Coracuo (9), mogesm LDA coorBeTcTByeT peryisipu3arop, paBHbIii (¢ TOYHOCTBIO 10
KOHCTAHTHI) JorapudMy amprHOPHOTo pacipeenenus lupuxie:

R(®,0) = lnH Dir(¢y; ) H Dir(f4; o) + const =

teT deD
= Z Z(ﬁw - 1) ln(pwt"‘ZZ(Oét — 1) h’letd. (10)
teT weWw deD teT

[Tpumenenwe ypasuenuii (7)—(8) k aromy peryssipuzatopy aaér dopmyssr M-mara:
vt = notm (g + By~ 1) O = -1).
Put rqluoervrvn(n ¢+ Bw— 1) 14 = norm (neg + o — 1)

ITpu B, =1, o, = 1 anpuopHoe pacupejenerue upuxie cOBIAIAET ¢ PABHOMEPHBIM
pacipe/ieieHneM Ha CUMILTEKce, (popMy bl M-1mara mepexosiT B HeCMEIEHHBIe YaCTOTHBIE
OIEHKH YCJIOBHBIX BeposiTHOcTedl, a Mojgesnb LDA mepexomur B PLSA [44].

[Ipu B, > 1, o > 1 peryasipuzarop uMeer criaazkuBawmunit 3 dexT: ox gemaer 60/b-
IIe BEPOSTHOCTH emé OOJIbIe, IPH 3TOM MAaJsble BEPOSITHOCTH 33 CIET HOPMUPOBKHU CTa-
HOBATCSI MEHBIIe, OJJHAKO HUKOT/IA He JOCTUTAIOT HYJIS.

[Ipu 0 < B, < 1, 0 <y < 1 peryrgpusaTrop uMeeT paspexkuBaronuii ahdexT u cuo-
cobeH OOHYJ/ISITH MaJjible BEPOSITHOCTH.
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He-BeposTHocTHaa uuTepnperanusi momenau LDA. Peryrsapusarop (10) MoxkHO
9KBHBAJIEHTHBIM 00pa30oM 3amucaTth depe3 KL-auBeprenmun:

R(@’@) = |W| ZKLw(ﬁ H (Pwt) - BOZKLw(%_Z H (Pwt) +

teT te’T
+ (T KL (o7 || ) — a0 > KL (2 || 61a).
deD deD

Orcroga crenyer, aro Momenb LDA oka3biBaeT CriIazkKHBaloIIue U Pa3perKHBAOIIIe
BO3eiicTBUs Ha MaTpuibl P, ©. Bee crosnbib maTpunbt  10/1KHBL OBITH OJIU3KH K OTHOMY
1 TOMY K€ paciipe/e/IeHuI0 %—1;, npuaém mapamerp [y CTaHOBUTCS KOIMDMUITMEHTOM Pery-
Jsipu3anun. AHAJOTUYIHO, BCE CTOJIONB MATPUIHI O JIOIKHBI OBITH OJIM3KH K pacipeiesie-
HUTO g—;, 1 3TUM TpeboBaHUEM yIIpaBisgeT KoM UIHEHT peryasapu3anun «y. Kpome stux
CTUTayKUBAOIINX BO3IEHCTBUN UMEIOTCS cIadble HeyIpaBigeMble pa3peKuBaloline Bo3Ieii-
CTBUS: CTOJIOIBI 00EUX MATPHIL J0JKHBI ObITh JAJeKH OT PABHOMEPHOI'O PAaCIpPeIeIeHnsd.
Jlasbiite Bcero oT paBHOMEPHOTO paciipe/iesieHusi HaXOIATCsS BhIPOYXKIEHHBIE paciipe/ielie-
HUS, B KOTOPHIX eJNHUYIHAST BEPOSITHOCTH CKOHIIEHTPUPOBAHA B €IMHCTBEHHOM 3JIEMEHTE.

[TosToMy paspekuBaHHe TPUBOIUT K OOHYJIEHHUIO MAJIBIX BepOITHOCTeH B MaTpunax ¢, ©.

4 HVHTepupeTupyeMocTh TEM

OTKa3 oT anIpHOPHBIX pacupeaenennii /lupuxiie mo3possger 0600muThL Moaeab LDA: cHITD
OrpaHWYeHus HA 3HAKHW runeprnapamerpos B (10) u cBoGojgHee 06pAIIATHCS CO CTIIAKUBa-
HUAEeM W pa3pekuBaHUueM I YIYUIIIeHNs THTEePIPEeTUPYEMOCTH TeMaTHIeCKUX MO/IesTeil.

T'unomesa paspesicennocmu SIBJISIETCS OJHUM U3 €CTECTBEHHBIX HEOOXOIUMBIX YCJIOBUI
unreprperupyemoctu. [Ipejmosiaraercs, 9To KazxKaas TeMa XapaKTepu3yeTcss HeOOIbITUM
YUCJIOM TEPMUHOB, W KayK/blii JOKYMEHT OTHOCUTCS K HEDOJIBITOMY YHUCIy TeM. B rakom
caydae 3HAYUTETbHAS YACTh BEPOATHOCTEH (0 U Oy TOTKHBI OBITH PABHBI HYJTIO.

MHorokpaTHble IONLITKA pa3peKuBanusg Mogenn LDA npuBoaman K 4pe3sMepHo CI0K-
HbIM KoHCTpyKumsMm [107, 39, 130, 60, 32| u3-3a BHyTpeHHEro MPOTHBOPEYNSsT MeZK/Iy Tpe-
OOBaHUSIME PA3PE’KEHHOCTH U OI'PAHMYEHUSIMU CTPOrOil MOJIOKUTEJTHHOCTH TapaMeTpOB
B pacupeaesenun dupuxie. [Ipobiiema permaercss HEOKHWIAHHO MPOCTO, €CJU OCTaBUTh
KPOCC-9HTPONUitHbIH peryagpu3atop (10) u paspemurs rumeprnapaMerpam o, (3, TpUHE-
MaTh JI00bIe 3HAUEHH, BKIIOUYas oTpunarenbasie. [lo Beeit BuanMocTn, BepBbie OHA ObI-
JIa pejiiozKeHa B auHaMudeckoii mofean PLSA st obpaborku Buaeonorokos [119], re
JIOKYMEHTaMHW SIBJISIINCh KOPOTKHE BUIe0MParMeHThl, TEPMUHAMUA — MPHU3HAKU HA, W300-
pParKeHHsIX, TEeMaMU — TOsIBJICHHUE OIPeIeIEHHOrO 00beKTa B TeYeHUe OMPEeIeTIEHHOTO Bpe-
MEeHH, HampuMmep, mnpoess aBromMobmidg. CHIbHO pa3perKeHHbIe pacipeaeaeHus moTpedo-
BAJIMCH JIJIS ONMUCAHUS T€M C KPATKUM <«BPEMEHeM YKU3HU».

CraakuBaHmne u paspexkupanue. [lo anasiornu ¢ (10) BBegéM 06OOIEHHBI peryIis-
pPHU3ATOP CrIAKUBAHUSA U PA3PEKINBAHMS:

R(®,0) = Z Z Bt In o + Z Z Qg In Oyq.

teT weW deD teT

[Tpumenenue ypasuennii (7)—(8) kK aromy peryiaspuzatopy aaér dopmysib M-mara:

P =101 (R + Bur);  bra = morm (nug + )
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Puc. 4: Crpykrypa paspexkennoctu Marpull ¢ u © ¢ npeaMerHbiMu 1 POHOBBIMU TEMAMU.

[Too)kuTeIbHOE 3HAYEHHE TAPAMETPA (g WU [3,; COOTBETCTBYET CIVIA’KUBAHUIO, OT-
punatreabHOe — pa3pezKNBaHUIO.

YacruuHnoe obydeHme. B mnporecce co3mannsi, MCIOAIb30BAHNS WM OINEHWBAHUS Te-
MATHYIECKOIl MOIETH SKCIEPTHI, MOJIb30BATEN WX ACeCCOPBI MOTYT OTMEYATh B TeMax
pesleBaHTHBIE UIN HepeJIeBaHTHbIE TEPMHUHBI U JTOKYMEHTHI. Pa3MedeHHbIE TaHHBIE TO3BO-
NS0T (DPUKCHPOBATH MHTEPIIPETAIMH TeM M MOBBLIIIAIT YCTOWINBOCTH Moaean. Pa3merka
MOZKET 3aTparvBaThb JIMIb YaCTh JOKYMEHTOB W TEM, IMO3ITOMY e€ HCII0JIb30BaHUE OTHO-
CUTCS K 3aJa9aM wacmuunozo obyuenus (semi-supervised learning).

[IycTb s Kaxkaoit Tembl ¢ € T 3aJaHBl YeThIPe MOIMHOYKECTBA:

W — «Gemblit CIICOK» Pe/IeBAHTHLIX TePMIHOB;

W, — «4€pHBIil cIUCOK» HepeleBAaHTHBIX TePMHUHOB;
D;" — «Genplit cIMCOK» PEIeBAHTHBIX TOKYMEHTOB;
D, — «4€pHBI COIUCOK» HEPeJeBAHTHBIX JOKYMEHTOB.

Yacmuunoe obyueHue no pesesaHmMHOCMYU ABISETCS YaCTHBIM CJIyYaeM pPerysspu3a-
TOpa CIVIaKUBAHUS U Pa3PeKUBAHAA MTPU

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

rie B+ n oy — KOIDMUIMUEHTH Pery Isipu3aliii.

IIpeamerHbie u pOHOBBIE TEMBI. UTOOBI MO/E/b ObLIa WHTEPIPETHPYEMOil, KarKaast
TeMa, JIOJIZKHA UMETh CeMaHMuUueckoe 40p0 — MHOXKECTBO CJIOB, XapaKTepHU3yIOIIHX OIpe-
JEMEHHYIO MPEeIMETHYI0 00JAacTh U PeIKo yHoTpeOaseMbIX B Ipyrux Temax. Las sroro
MaTpuipl ® 1 © MOMKHBI HMETh CTPYKTYPY Pa3perKeHHOCTH, aHAJOIHYIHYIO IIOKA3aHHO
Ha puc. 4. MHOXKecTBO TeM pa3dbuBaeTcs Ha JBa moaMHOxKecTBa, 1= S U B.

IIpedmemmnvie memwr, t € S comepzKaT TePMUHBI PEeAMETHBIX obacreil. 1Ix pacmpee-
nerust p(w | t) paspeKeHbl W CYIIECTBEHHO PA3JINIHBI (IeKOppeJnpoBansbl). Pacpeenenst
p(d|t) Takke pasperkeHbl, TAK KaK KayKjas IMPeJIMeTHAas TeMa MPUCYTCTBYET B OTHOCH-
TeJLHO HeOOJIBIION H0/1e JOKYMEHTOB.

@onosvie memw, t € B comepKaT CI0Ba OOl JIEKCHKH, KOTOPBIX HE TOJXKHO OBITH
B npeaMeTHBIX TeMax. VIx pacnpenesnennst p(w|t) u p(d|t) criaaxensl, Tak Kak 3TH CJI0Ba
HPUCYTCTBYIOT B OOJIBIMTUHCTBE IOKYMEHTOB. TeMaTudecKyto MO/Ie/Ib ¢ (POHOBBIMU TEMAMHU
MOYKHO PAacCMaTpHuBaTh Kak 06obiienne pobacTabix Mozesei |30, 95], B KOTOPBIX HCHOJIb-
30BAJIOCh TOJBKO OJHO (DOHOBOE paCIpeIeTeHIHe.
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CdokycupoBaHHBIII TeMaTHYeCKuii mMONCK. YacTuanoe obydeHHe TeM MOYKHO pac-
CMATPUBATh KaK Pa3HOBHIHOCTH TEMATHIECKOr0 MH(MOPMAIMOHHOIO MOUCKa. B KadecTBe
3aMpPOCca, 33Ja8TCS CeMarHmu eckoe A0p0 OTHON W HECKOJIBKUX TeM. DTO MOZKET ObIThH JIF0-
boit dpparmenT Tekcra, «Gesblii cnincok» TepMuHOB (seed words) WM z-memku — TEMBI,
NPUMHCAHHBIE OTIENbHBIM cioBaM nin (dbparventam B pokymentax [15]. Temarwaeckast
MOMCKOBasl CUCTeMa JTOJIZKHA He TOJbKO HANTH U paHKUPOBATh PEIeBAHTHBIE JTOKYMEHTHI,
HO U PA3JIOKUTh MOMCKOBYIO BBIJAYy IO TeMaM. B TUNHYHBIX HTPUIOKEHHSX pPe/IeBaHT-
HBIl KOHTEHT COCTaBJIIeT HUYTOXKHO MAaJIyIO JIOJIO KOJJIEKIuu. Tem He MeHee, MMEHHO
9TOT KOHTEHT J0JIZKeH ObITh TIHIATEIbHO cucTemMaru3npoBan. OOpa3HO TOBOPs, TpedyeTcs
«kJaccuuIIpoBaTh UrOJKH B cTore ceHay [27|. Tembr craHoBsTcst 37emeHTOM rpadu-
qeckKoro mHTepdeiica Mmoab30BaTe/ s, THCTPYMEHTOM HABUTAIMH W IIOHUMAHHUSA TEKCTOBOI
Kosuteknuu. OTcioa BaykKHOCTH TPEOOBAHUSA MHTEPIPETUPYEMOCTH KarKI0il TeMBI.

Yacruunoe obydueHHe HCTIOIL30BAIOCH JJisl TIOMCKA U KJIACTepU3aIluu HOoBoCTel [52],
MOWCKA B CONMUAIBHBIX MeJ/iia WH(MOPMAIUK, CBA3aHHON ¢ DOJIE3HSIMHU, CHMITOMAaMA U Me-
romamu sedenns [89, 90|, ¢ npecrynmHocThi0 U 9KkcTpemuzMoM [69, 106], ¢ HannoHAIBLHO-
CTIME W MeKHAIMOHATbHBIME OTHOMIeHuSME [27, 56, 88].

B mozenun ATAM (ailment topic aspects model) B kKauecTBe CIIazKUBAOIIET0 PACIIPe-
JeJIeHUsT [3,,; UCIOJIb30BATACH OOJIbIIAs KOJIIEKIUs MeuinHcKuX crareit [90].

B wmomensix SSLDA  (semi-supervised LDA) u ISLDA (interval semi-supervised
LDA) st momcka STHOPeJIeBAHTHBIX TeM HCIOJIh30BAJOCHh CIUIa’KMBaHUe MO CIOBAPIO
M3 HECKOJBKHUX COTeH STHOHUMOB [27]|. B momenn SSLDA i KazK10it THOpeJIeBAHTHOI
TeMBbI 3aJ1a8TCs CBOW CJIOBAph STHOHHUMOB, CBA3aHHBIX C OJHUM OIPEIETEHHBIM STHOCOM.
B momenn ISLDA mHOXKecTBO TeM pa30dHBaeTcs Ha MWHTEPBAJLI, H /IS BCEX TeM KayKI0TO
uHTEepBaJa 3a/aéTcsd o0IIuil cjioBaph 3THOHUMOB. [IpermmyinecTBO TUX Mojie/ieil B TOM,
YTO MHTEpPIpeTanus KaxKJ0iW TeMbl u3BecTHa 3apanee. Hejgocrarku B TOM, 4TO TPYIHO
peayrajblBaTh YUCA0 TeM I KarKJI0W STHUYHOCTH M CTPOUTH MOJUITHUYHBIE TEMbI
JIJTST BBISIBJIEHHS MEXKITHHYECKUX KOHMJIMKTOB. AJTBTePHATHBHBIN MOIXOM 3aKII0YAETCS
B TOM, YTOOBI 33JIaTh UUCIO STHO-TEM U IMPUMEHUTH K HUM O0INee CrIaykKuBaHUe MO CJI0-
BapIO 3THOHUMOB. TeMarudeckass MOJIE/Ib CaMa OIPEJIE/IUT, KaK Pa3/Ie/IuTh UX 110 ITHUY-
Hoctsm |16, 17]. Hemocrarok sT0r0 moaxoma B TOM, 9TO HHTEPIIPETHPYEMOCTh HaHIEHHBIX
TeM MPUXOJIUTCS TPOBEPSATH BPYUIHYIO.

JekoppenupoBanue. Temarudeckas MOJEIb HE JIOJZKHA COIEPKATH Iy OJIHPY IOIIIXCST
WK MOXOKUX TeM. JeM pasjimdHee TeMbl, TeM nH(pOpMaTUBHee MOJIe/b. [IJIsd IMOBbLIIEeHUs
Pa3IMIHOCTH TeM OyJeM MHHHMHU3APOBATL CYMMY MOHAPHBIX CKAISAPHBIX IPOU3BEIeHMIl
(P1, Ps) = D0 PutPws MeKIY cTOIOmAME MaTpuibl P. [lomydnm perynapusaTop:

-
IS S S
teT seT\t weW
®opmyna M-mara, cormacho (7), umeer Buj
Puwt = I%v()el"%l (nwt — TQuwt Z (Pws) .
seT\t

DTOT Peryaspu3aTop KOHTPACTUPYET cTpoku MaTpuibl ®. B KaxKmoit cTpoke, He3aBU-
CUMO OT OCTAJIbHBIX, BEPOATHOCTU Dyt HaH6OJIee SHQYUMBIX T€M TE€pMHWHa W yBeEJIUYUBA-
I0TCsA, BEPOATHOCTH OCTaJIbHBIX TE€M YMEHBLIIAITCA U MOT'yT O6pa].[[aTbCH B HYJIb. Pa3pe—
JKHUBaHUe — 3TO COmyTCTBYIOmmit a3hdekt nekoppenuposanus. B [115] 6611 3ameven emré
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OJINH TOJIe3HBI 3 deKT: cioBa 00IIeil TeKCUKN IPYIIUPYIOTCSI B OTAEIbHBIE TeMbI. JKC-
HEePUMEHTHl ¢ KOMOMHHPOBAHHEM Peryaspu3aToOpOB CIVIaXKUBAHUs, PA3pe:KUBAHUS U JIe-
koppesmpoBanust B ARTM noxreepxknator 1o Habmogenune (6, 125, 124].

HexoppennpoBanne Brepsbie Obl10 npemaoxkeno B Mogean TWC-LDA (topic-weak-
correlated LDA) B pamkax GaitecoBckoro moaxoma [115]. CoorBercrBytomiee anpuopHoe
pacipejie/ieHie He SBJSIeTCS CONPAXKEHHBIM K MYJIbTHHOMHAJIHLHOMY, MOITOMY OaiiecoB-
CKHil BBIBOJI CTAJIKUBAETCA ¢ TexHudecKuMu Tpyanoctamu. B ARTM pacuérnbie (hopmyst
BBIBOJISITCSI B OJTHY CTPOKY.

KomOuHammsa peryagpu3aTopoB CIyIazkKuBaHUs (DOHOBBIX TE€M, Pa3PEKUBAHUS TTPE/I-
METHBIX TeM B MaTpuile © m AeKOppeIupoBaHus CTOJIOINOB MATpUIbl ¢ HCIOIB30BATACD
y2Ke BO MHOTHX PaboTax JijIs yIydllieHusl HHTeppeTupyeMoctu tem |6, 124, 125, 126, 12].
[TomobpaB ko3 dUIMEHTH peryasipu3aiii, MOXKHO OJHOBPEMEHHO 3HAYUTEIHHO Y/IyU-
IUTH PA3PEeKEHHOCTH, KOHTPACTHOCTh, YACTOTY W KOT€PEHTHOCTH TeM IPU He3HAYUTE Ib-
HOIi moTepe mpapaononodust Mogeau [125]. Bt BeipaboTaHbl OCHOBHBIE DEKOMEH IAIHN:
JIEKOpPpe/TNpOBaHNe U CTUIa’KNBAaHUe BKIOYATH cpaly, pa3dpexnBanne — mocye 1020 ure-
paruii, Korjga o0pa3yeTcs TeHIEHIUS K CXOJAUMOCTH MapaMeTpOB MOIEH.

Ta xe KOMOWHAIMS PEryJIIpU3aTOPOB ObLIa UCHOJIH30BAHA JJIsI TEMATHIECKOTO Pa3-
BeJ0IHOrO noucka B [12]. Oka3anoch, 9To0 OHA CYIIECTBEHHO YJIydIiaeT KauecTBO ITOUCKA,
XOTsl HUKaKWe KPUTEPUH KAdeCTBA TMOUCKA HEMOCPEJICTBEHHO He ONMTUMU3UPOBAJIHCH.

5 OmpeneieHne 4mcjaa TEM

Pezyaspuzamop ombopa mem npejyioxen B [124] nis yaaneHust He3HATUMBIX TeM U3 Te-
MaTndeckoit Mogenn. OH OCHOBaH Ha Hee KPOCC-SHTPOIMUIHOIO pa3speKUBaHUs pacipe-
nesennst p(t), KOTOpOe JIErKO BBIPAYKAETCsI Yepe3 mapaMeTphl TeMaTHIeCKOH MO/eIH:

1
RO)=7n)_ e, e = > p(d)bua.
teT d
[ToxcraBum 5TOT peryiaspusarop B dhopmyry M-mrara (8):
_ ~_n p(d)
Org = n?erTm (ntd T T p() th).

[TogcTaBuM B MpaByio YacTh PaBEHCTBA BMECTO 6,y HECMEIIEHHON OIEHKY Z—Z”:

n
b =voem (a1 = 7))

DTOT PeryJisipu3aTop paspeKuBaeT HeJUKOM cTPoKu MaTpuilsl O. Ecin 3uavenune cuér-
qHMKa N; B 3HAMEHATE e JIOCTATOYHO MaJIO, TO BCE 3JIEMEHTHI {-if CTPOKH OKA3bIBAIOTCST PAB-
HBIMHI HYJII0, H TeMa ¢ MOJHOCTHIO UCKII0YaeTCs W3 Mojesu. [Ipn ucmoib3oBaHun JAHHOTO
peryaspu3aTopa CHaua/Ia yCTAaHABIUBACTCS 3aBeI0MO U36bTouHOe uncyio Tem |T|. B xome
UTEepPANUil YUCTIO0 HYJEBBIX CTPOK MATPHILI © MOCTENEHHOE YBETNINBAETC.

Ot6op Tem B ARTM mamHOro mpoine HemapaMerpuieckux 0aiiecOBCKUX Mojesieil —
nepapxudaeckoro nporecca Tnpuxie (Hierarchical Dirichlet Process, HDP) [116] niau mpo-
necca kutaiickoro pecropana (Chinese Restaurant Process, CRP) [24].
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B oboux nmogxomax, ARTM u HDP, numeercs ynpapiastonuii mapaMerp, BoIOHpas KO-
TOPBIii, MOYKHO MOJIYYaTh MOJETH ¢ YHCJIOM TeM, pa3IndaioruMces Ha nopsaku (B ARTM
510 Koabburment peryasipusamun 7, B HDP — runepmapamerp ). ITosromy mnpo oba
M0/IXO/IA HEJIb3sl CKa3aTh, YTO OHU ONPEJIE/ISAIOT ONTUMAIBHOE YUCIO TEM.

B [126] 6b1in ipoBeieHbl SKCIePUMEHThI Ha, MOJIYCHHTeTHIECKUX JTAHHBIX, PeICTaB-
JFI0MmuX coboit cMech IBYX pacipeenennii p(w|d) — peanbHON KOLIEKIHH, TSI KOTOPOit
HUCTUHHOE YUCJI0 TeM HEeM3BECTHO, U CHHTETHYIECKON KOJIIEKIIUU C 3aJaHHBIM YHUCJIOM TEM.
Oxkazasiock, aro HDP u ARTM crocobubl onpeeisiTh NCTUHHOE 9UCI0 TeM Ha, CHHTEeTH-
YeCKUX W moJycuHTeTndeckux jaHubiX. [Ipm stom ARTM omnpenensier ero 6osee Touno
u ycroitanBo. OgHako deM OJIMKe MOJYCHHTETHYeCKNe JAHHBIE K PeajbHbIM, TeM MeHee
YETKO Pa3/JuIuM MOMEHT, KOIJIa MOJeTb JOCTUTaeT UCTUHHOrO dmcaa TeM. Ha peanbHBIX
JIAHHBIX OH HEPA3IUIUM BOBCE, IPUIEM /T 000UX MOAX010B. OTCI0/1a MOXKHO CJIe/IaTh BbI-
BOJI, YTO B PEAJbHBIX TEKCTOBBIX KOJIIEKIHSIX HUKAKOTO «UCTHUHHOIO YHCJA TeM» MPOCTO
He cymiecTByeT. Hem 0oJibIlle KOJIEKIIWS, TeM 0oJjiee MeJKHe CeMaHTUYeCKHe Pa3/In<dust
B T€MaX BO3MOYKHO YJOBUTH. JTH COOOPAKEHUs TMOATBEPKIAIOTCS OIBITOM MOCTPOEHUST
HepapXuuecKux TeMaTHUYeCKHX Mojeseil u pyOpuKaTopoB. TeMbl MOXKHO APOOUTH Ha 0O-
Jlee MeJIKHe TOJATeMbl BILIOTH JI0 MOPOra CTaTHCTHYECKOi 3HaduMoctu. OJHAKO W 3TOT
OPOT SIBJIIETCS IMPOM3BOTHLHO HA3HAYAEMBIM MAapaMeTpoM, OT KOTOPOro OYIeT 3aBUCETh
UTOTOBOE YUCJIO TEM.

B xoze sxcrepuvenToB [126| Takzke BBISCHUIIOCH, 9TO PETy/IsSpH3aTOp 0TO0pA TeM HMe-
eT TOJIe3HbIH comyTCcTBYONU 3(pdeKT: OH yaaasdeT U3 MOJAETN JAyOIUpYIONIne, paciiel-
JIEHHBIE U JIMHEHHO 3aBUCHMBbIE TEMBI.

ITo ckopoctn Beramcaennit BigARTM ¢ perymgpu3zaTropom oTbopa Tem okaszaucs B 100
pa3 ObicTpee cBOOOIHO J0CTYITHON peanu3amuun HDP.

6 MoagaabHOCTH

Myavmumodarvhas memamuueckas modeas ONACHIBACT TOKYMEHTHI, COAePKAIINe MeTa-
JAHHBIE HAPALY ¢ OCHOBHBIM TeKCTOM. MeralaHHble MOMOraroT 6ojee TOYHO ONpeaeaaTh
TeMaTHKy IOKYMEHTOB, M, HA00OPOT, TeMATHICCKas MOIEIb MOKET HCIOJb30BATHCSA I
BBLISIBJICHUA CEMAHTUKH METAJAHHLIX WM IPEICKA3AHUS MPOIYIICHHBIX METAIAHHBIX.

Kazkaplii T MeTamaHHBIX 00pa3yeT OTACALHYIO M00AAbHOCTG CO CBOUM CJIOBAPEM.
CrioBa ecTeCcTBeHHOTO sI3bIKa, cioBocoderanns [129, 138|, reru [58|, umeHoBaHHbIe CyTII-
HocTH [83] — 9TO MpPUMEPBI TEKCTOBBIX MOAAIbHOCTEH. [[jist aHam3a KOPOTKUX TEKCTOB
C OIeYaTKaMM UCIOJIL3YIOT MOJAJIBHOCTL OYKBEHHBIX T-IPAMM, UTO ITO3BOJSIET YIyUIaTh
kauecTBo nHopMamuonnoro noncka [50]. [Ipumepamu HETEKCTOBBIX MOJAJIBHOCTEH B
nsiiores (puc. 5): aBropsl [102], MomenTsl Bpemenu [118, 149, 119|, kiracchl, KaHpbl WK
kareropun [103, 152, nutupyembie win nuTupyonme g0KyMenTsl [38| win aBropsr [55],
OJIB30BATEIN JICKTPOHHBIX OMOJNOTEK, CONMAIBHBIX CeTell WM PEKOMEeHIATCIHHBIX CH-
crem [61, 110, 131, 145, 146|, rpaduaeckue ssementsr n3obpazkenuit |25, 49, 65|, pekaam-
Hble 00bsIBIIeHNsT Ha BeG-cTpanniax [93].

Bce nepeunciennbe caydan, HECMOTPs Ha Pa3HOOOPA3He HHTEPIIPETAINIL, OMUCHIBAIOT-
¢ B paMKax eamHoro ¢dpopmannsma myabrumonaabHoctn B ARTM. Kazkapiii mokyment
paccMaTrpuBaeTCd KaK yHUBEPCAJIbHBbIA KOHTEHHeD, COAepzKalluii TOKeHbl PA3JIUYHbIX MO-
JIAILHOCTEI, BKIIOYast OOBIYHBIC CIOBA.
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Puc. 5: O6branas reMaTndeckas MOJIENb OMPEIENsieT PACTPE/IeIeHNe TeM B KasKI0oM JokyMeHTe p(t|d) u
pacipe/ieieHle TEPMUHOB B KazK 10 Teme p(w |t). MyabTuMojaibHas MOJETb PACHPOCTPAHSAET CEMAHTHKY

TeM Ha 3JIEMEHTbI BCEX OCTaJIbHBIX MO,ZLaJ[bHOCTefI, B TOM 4YHCJI€ HETEKCTOBbIE.

[Iycts M — mmOXKecTBO MopaabHOCTell. KaxKaas MoIaIbHOCTh UMEET CBOM CJIOBaph
tokeHoB W,,,, m € M. DTu MHOXKeCTBa MONAPHO He mepecekatoTcs. VIx oobeaunenne 6yaem
obozmadars depe3 W. Moganbuocts Tokena w € W Gyzem obosmadars depe3 m(w).

Temarndeckast MOJIEJIb MOJAJIBHOCTH M HAYEM He OTJIHYaeTcss OT Mojesn (2):

p(w|d) = pr|t (t|d) = ngwtﬁtd, weW,, deDb. (11)

terT teT

Kazkmoit MOZaTbHOCTH COOTBETCTBYET CTOXacTUdeckas Mmarpuna P, = ((pwt) W X T
Cosokynrocts Marpun P,,, ecsim ux 3amucares B crogbern, obpasyer W xT-marpumy .
Pacnpenenenne teM B KazKI0M JOKYMEHTE SIBJISIETCS OOIUM JIJIST BCEX MOJAJIBHOCTEIA.

MynbTuMomanbHag MOJETb CTPOUTCS IMYTEM MaKCHUMH3AIUNA B3BEIIEHHOW CYMMBI JIO-
rapudMOB MPaBIONOI00Us MOJAIBHOCTEH U peryaspu3aTopoB. Beca 7, mo3BoagioT coa-
JIAHCUPOBATH MOJAJTBHOCTH IO MX BayKHOCTH U C YIETOM HX YaCTOTHOCTU B JIOKYMEHTaX:

Z Tmz Z N lnz(pwtetd—i—R(@ 9) — Ig%x (12)

meM deD weW,, teT
Z Ywt =1;  puwr 2 0; Zetd =1; 6,4=0. (13)
wWEWm, teT

Teopema 2. Ilycrs ¢pyukmmus R(P,O) menpepsisro anggepernnnpyema. Touka (P, O)
JIOKaJIbHOTO 3KcTpemyMa 3agaqn (12)—(13) yzosiaerBopsier cucreme ypaBHeHHIT cO BCIO-
MOraTeJIbHBIMHA ITIePEMEHHBIMH Digy, /LTSI BCEX HEBBIPOXKJIEHHBIX TeM t i JOKYMEHTOB d:

Praw = 0010 (Pu161a); (14)
OR
wt — w wta | wt — m(w wPtdw 15
Pwt Bga/rg Nt + @ t590wt Lz deZDT()nd DPtd (15)
OR
Ora = norm Ntg + Ora=—; Nyg = Z Z TmMdw Ptdw - (16)
er 80td meM weWm™

Teopema 1 sgBIsSIETCS YACTHBIM CJIYYaeM TeOpeMbl 2 B CJydae, KOIJla MOJAJIHHOCTH
TOIBKO oA, |M| =1 u 7, = 1. Takum 06pazom, mepexo OT OJHONH MOJATHLHOCTH K TPO-
U3BOJILHOMY YHCIY MOJATLHOCTEH CBOAMUTCA K JBYM HOIPABKAM:
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1) marpuna ® pasbusaercs ua 6;10ku P,,, KOTOPble HOPMHUPYIOTCS TO-OTAEIbHOCTH,;

2) HCXO/HBIE JAHHBIE Mg, JOMHOKAIOTCSI HA BECA MOJATHLHOCTEN Tm(w)-

B mpoekTe BigARTM peann3oBaHa BO3MOKHOCTH KOMOMHUPOBATH JIFO00€ IMCJIO MOJIATh-
HOCTEl ¢ JIIoObIME peryisipu3aropamu [16].

MOﬂaJIBHOCTB A3BIKOB. M}UIBTPIHCSBI‘IHBIQ TEKCTOBbIC KOJIJIEKIIUWU UCIIOJIB3YIOTCA JIJIA
KPOCC-I3bITHOTO WHGMOPMAIMOHHOTO TIOUCKA, KOT/IA TI0 3aIIPOCY Ha OTHOM sI3bIKe TpedyeT-
Cs HAWiTH CEMaHTUYEeCKHN 6JII/13KI/IG JOKYMEHTBI Ha JIPYIOM A3bIKe. ZLJIH CBA3bIBAHUA A3BIKOB
HCIIOTB3YIOTCS MapaJiiebHble TeKCThl WK JIBYA3bIUYHBIE CloBapu. IlepBble MyIbTUSA3BIU-
Hble TeMaTHIeCKUe MOJIETH MOSBUINCH TIOUTH OJHOBpeMeHHO [36, 79, 87| u npencrasisin
€000t MYJIBTUMOJAJIBHYIO MO/IE/Ib, B KOTOPOil MOZAJILHOCTAMU ABJIAIOTCS SA3BIKU, U KarK-
Jasd CBA3Ka HapaJlJIeJIbHBIX TEKCTOB O6’be,Z[I/IHHeTCH B OJUH JOKYMEHT. OKa3aﬂOCb, qTO0
CBA3bIBaHUA JOKYMEHTOB JOCTATOYHO JAJId CUMHXPOHHU3AIUU TEM B ABYX 4A3bIKaX W KPOCC-
SI3BIYHOTO TonCcKa. [lombITKH 60Jiee TOYHOIO U TPYJOEMKOIO BBHIPABHUBAHMS IO MPE/IJIO-
JKeHUSIM WM 110 CJIOBAM IIPAKTUYECKH He YIYUIIAT KadecTBO mMoucka. OOCToATe TbHbBIH
0630p MYJIBTUAZBITHBIX TEMATHIECKUX MOJeIell MoKHO Hafitu B [127].

Jst memosib30BaHust ABYSI3bITHOTO CJIOBAPS B 7] GBI Ipe1/iozkKeH perysipu3aTop cria-
kuBanusi. O (opmam3yer MpeanoIoKeHne, 9TO eC/Id CJI0BO U B SI3bIKe k sIBJISIETCS TIe-
PEBOJIOM CJIOBA W W3 sI3blKa ¢, TO TeMaThKu TUX ca0B p(t|u) u p(t|w) KOMKHBL OHITH
ou3kn B cmbicie KL-auBeprenmun:

R(®) = Z Znut In .

w,u teT

Coryracao dopmysie M-mmara, BepOSITHOCTH C/IOBA B TeMe YBEJTHIHUBAETCS, €CJIU OHO
nMeeT TIepeBOJIbl, MMEIOIHe BhICOKYIO BEPOSITHOCTh B JIAHHON Teme:

e = o (s + 7 Y.
we w

DTOT PeryIsapu3aTop He yIUTHIBAJI, UTO TEPEBOJ CI0BA MOYKET 3aBUCETh OT TEeMBbl,
I 4YTO CPeId IIEPEBOJIOB CIOBA MOTYT HAXOAUTLCS MEPEeBOABI €ero OMOHHMOB. Ilosromy
B TOil ke paboTe OBLI MpeIoXkKeH BTOPOIl peryasapu3aTop, KOTOPHIA BBOAMWI B MOIEIb
HOBBI® TAPAMETPHI Ty = P(u|w,t) — BEPOATHOCTH TOTO, YTO CJIOBO U SIBISETCS Tepe-
BOJIOM cJI0Ba w B TeMme t. [Tpeamonaraercs, aro Tema t, Kak pacnpejenenne p(u|t) = ft
HAJI CJIOBAMU sI3bIKa k, T0JIZKHA OBITH OJ1n3Ka B cMbicie KL-uBepreninm K BeposiTHOCTHOI

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

R(®,II) =7 Z Znut anﬂ'uwt(pwt — max.

ueWk teT weW?*

@opmyna M-mrara Tenepb YYUTHIBAET BEPOATHOCTH TEPEBOJIOB Ty IKpOMe TOTO, J10-
OaByIsieTcsa peKyppeHTHag popMy/ia JIjIs ONEeHUBAHUSA STHX BEPOSITHOCTEI:

Puwt = no%} <nwt +7 E qutnut>;
we “

Tyt = NOTM (qutnut).
ueWk
DKCIEepUMEHTHI MTOKA3aJIH, YTO CBA3bIBAHHUE MapaJLIeIbHBIX TeKCTOB CHIbHee YIydIa-
eT KadecTBO IOWCKa, 4eM oba crocoba yuéra cioBapeit. Bropoit crocod HemHOro Jyd-
me repBoro. Kpome Toro, oH 1mo3BoJisieT BLIOMpPATH BapPUAHTHI MMEPEBOJIa B 3aBUCUMOCTH
OT KOHTEKCTa, UYTO MOYKET OBITH IOJIE3HO JIJII CTATUCTHIECKOIO MAIIMHHOTO IepeBoIa.
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MopanpHOCTH KaTeropmit m aBTOpoB. /JlomycTuM, 9TO pacmpeeneHns TeM B JIOKY-
merTax p(t|d) MOpOKIAIOTCS OHON M3 MOJATHHOCTEH, HAPUMED, ABTOPAMHE, PYOPUKAMU
uan Kareropusimu. Byaem canrarh, 9TO ¢ KayKJIBIM TEPMUHOM W B KaXKJIOM JOKyMeHTe d
CBsi3aHA He TOJILKO Tema t € T, HO W KaTeropusi ¢ U3 3aaHHOT0 MHOKecTBa Kareropuit C'.
Pacmupum BepositHOocTHOE TipocTpancTBO 10 MHOXKecTBa D X W X T' X C. Tlycth u3BectHO
noaMHoKecTBO Kateropuit Cy C C) K KOTOPBIM MOXKET OTHOCUTBCA JTOKYMEHT d.

PaccMoTpuM MyTBTUMOJATBHYI0 TEMATHIECKYIO MOJedhb (11), B KOTOPO#i pacmpeiee-
HUE BEPOSITHOCTH TeM JIOKYMEHTOB Oy = p(t|d) onmmchiBaeTcsi CMeChO pacipeiesieHuii Tem
Kareropuii Uy, = p(t|c) u kareropuit JOKyMeHTOB 7.4 = p(c|d):

p(w|d) = pr|t Zpﬂc (c|]d) = ZZ‘Pwﬂﬁthcd (17)

teT ceCy teT ceCy

D70 TaKXKe 3a/a9a CTOXACTHIECKOrO MATPHIHOTO PA3JIOXKEHHs, TOJBKO Ternepb Tpedy-
ercst HaiiTu Tpu MaTpuip: ¢ — Marpuna TepMuHOB TeM, ¥ = (. )rxc — Mampuya mem
kamezoputl, I1 = (Teq)oxp — Mampuya kamezopuil JOKYMeHmos.

Mozenb OCHOBaHA Ha JIBYX TUNOTE3aX yCJOBHONH HE3aBUCHMOCTH:

p(t|c,d) = p(t]|c) — Temarnka goKyMeHTa d 3aBUCHT HE OT CAMOTO JOKYMEHTa, & TOJIb-
KO OT TOTO, KAKHM KATErOpUAM OH IPHHAJJIEKUT;

p(w|t,c,d) = p(w|t) — pacnpegesenne TEPMUHOB TTOJHOCTBIO ONPEIEIAETCS TeMATH-
KOil JIOKYMEHTa W He 3aBHCHT OT CAMOTO JOKYMEHTa M ero KaTeropuii.

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

Bajaua MaKCUMU3AIUE PETYIsPU30BAHHOTO MPABIOIOI00USI:

Z Z N lnz Z OuwtWieTeq + R(O, VU, 1T) — éﬂg}ﬁ (18)

deD wed teT ceCy
Z Puwt = 1, Pwt > O, Z¢tc - 1a 77Z)tc > 07 Z Ted = ]-7 Ted > 0. (]-9)
weW teT ceCy

Teopema 3. Ilycre ¢Gyukmus R(P, VY, I1) menpepsiBro anddepennupyema. Touka
(®, W, IT) srokanbrOrO sxcTpemyma sagaqn (18), (19) yaoiaersopsier cucreme ypaBHeHMIT
CO BCITOMOTATeJIbHBIMH T€PEMEHHBIMH Dicqyy = P(T, ¢|d, w):

Ptedw = | TIOTTI WteTeds;
cdw (t,0)ETXCy Pw c’teds
OR
Pt = norm | Nyt + Pt = |; Nt = g E NdwPtedw;
weW &pwt
deD ceCy
OR
wtc = HOI'HI Nge + wtc 877[) ; Nie = E E NdwPtedw;
te deD wed
OR
Teq = NOTM | Neg + Teg=— | ; Ned = E E NdwPtedw -
ceCy 3 Ted
wed teT

Jlannast MoJeTb, OCHOBAHHAS HA TPEXMATPUIHOM pPA3TOKEHUH, HauboJee M3BECTHA
Kak asmop-memamuseckas modeas Author-Topic Model (ATM), B KOTOpPO# MOpOZKIa-
forIeii MOJAJIBLHOCTRIO SIBISAIOTCS aBTOPBI JOKyMeHToB [102]. B memamuueckots modeau
mezuposanus dokymenmos Tag Weighted Topic Model (TWTM) nopoxkpatorneir Mo-
JATBHOCTBIO ABJISAIOTCS Tern JoKyMeHTa [63]. AHajmornuHas MOIe b UCHOTB30BAIACH JIJIS
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06paboTku BuIeonoTokoB B [49]. B posn 10KYMEHTOB d BBICTYHAJHU MOCJEI0BATEIbHBIE
1-cekyHHBIE BUJICOKJIUIBI, TEPMUHBI W COOTBETCTBOBAJIU 3JTEMEHTAPHBIM BHU3YaJTbHBIM
COOBITHSIM, T€MBI t — MPOCTBIM JEHCTBUSIM, COCTOSIIIIUM W3 COYETAHWS COOBITHIl, KaTe-
ropun ¢ — 00Jiee CJA0KHBIM MOBEJIEHUsIM, COCTOSIIAM W3 COYETAHWS JIEHCTBUil, TPUIEM
CTaBUJIACH 3a/1a9a BBIJIEJNUTH B KayK/IOM KJIWIIE OJHO OCHOBHOE MOBEJIEHHE.

Mogesib (17) MOXKHO YIPOCTUTH U CBECTH CHOBA K JIBYXMATPUIHOMY DA3JIOKEHUIO, eC-
JIX OTOXKJIECTBUTH TeMbl ¢ KaTeropuamu, C' = T', u B34Tb equHuunyio Mmarpuny V. Jannas
MoJesb n3BecTHa B ureparype kak Flat-LDA [103] u Labeled-LDA [99]. Eé Boipasuren-
Hble Bo3MOKHOCTH Oesuee, vem y PLSA u LDA, tak kak 3HadnTe/ibHAsT J0JIsT 9JIEMEHTOB
matpuipl [I = © GukcupoBanbl U paBHBI HYJIIO.

TpéxmaTpuunble pa3moKeHns MOKA He peaJn30BaHbl B bubmmoTexe BigARTM.

TemmopaiabHble MOAEU. Bpems co3manns J0KyMEHTOB BayKHO IIPU aHAJIM3€ HOBOCT-
HBIX [OTOKOB, HAYYHBIX IIyOJUKAIMA, MATEHTHLIX 0a3, JAHHBIX COIMAIBHBIX cereil. Tema-
THYECKHE MOJE/IN, YIATBIBAIOIIAE BPEMs, HA3BIBAIOTCS mMemnopaivibimi. OHI MO3BOILIOT
BbIICJIATH CO6BITHﬁHbIe " IepMaHEeHTHBbI€ TeMbI, JEeTEeKTHPOBATH HOBbI€ TE€MbI, ITPOCJICZKHN-
BaTh pa3BUTHE TeM BO BpeMeHU, BbIACJIATH TPEHIAbI.

[Iycts I — KOHEYHOE MHOYKECTBO MHTEPBAJIOB BPEMEHU, W KaXKJbIil JOKYMEHT OTHO-
CUTCS K OJHOMY HJIM HECKOJLKHM HHTepBagaM, [); — IOAMHOKECTBO JOKYMEHTOB, OTHO-
CAMUXCs] K WHTePBAIY i. ByJeMm mojarath, 4ro TeMbl Kak pachpejesnenus p(w |t) ne me-
HSIOTCST BO BpeMeHH. Tpebyercst HallTH pacrpe/iejieHne Kaxk 10l TeMbl Bo Bpemenu p(i|t).

TpHBI/I&JIbeIﬁ MMOAXO0/J 3aKJ/II0IaeTCdAd B TOM, LITO6BI IMOCTPOUTH TEMATUYIECKYIO MO/IE/Ib
Ge3 yuéra BpeMeHH, 3aTeM HAfiTW pacrpejejeHne TeM B KaxKJIoM uHTepBase p(t|i) kak
cpegree Oy 1m0 BeeM JoKyMeHTaM d € D; W MepeHOPMUPOBATH YCJIOBHBIE BEPOSITHOCTH:
p(i|t) = p(t|i)%. HemoctaTok maHHOrO MOJAXOMA B TOM, 9TO HHMOPMANUS O BPEMEHH
HUKAK HE HCIOJIL3YeTCS IpH O0YYEHHH MOIEIH U He BausgeT Ha (POPMHDPOBAHHIE TEM.

B ARTM »ta npobJtema perraercst BBeieHnemM Mogaabaoctn spemenn I. Vckomoe pac-
npenesnenne p(i|t) = @, nomydaercs B crosnbe marpuisl O. JomorHuresbube orpanne-
HEA Ha HOBEJCHUE TeM BO BPEMEHH MOXKHO BBOIUTEH C IHOMOIIBIO PEry/IsSpU3aIlim.

B ommoii w3 mepBeIX TemmopasibHbX Temarudeckux wmogeneir TOT (Topics over
Time) [137]| kax1ast TeMa MOJEIUPOBAIACH HAPAMETPUICCKUM [-PACIIpPeieIeHueM BO Bpe-
MEHHU. JTO CeMeHCTBO MOHOTOHHBIX W YHUMO/IAJTbHBIX HEMPEPBIBHBIX (DYHKIUH, C MTOMO-
IO KOTOPOT'O MOYKHO OMUCHIBATH Y3KHeE MUKW COOBITUIHHBIX T€M UM OrpaHUYeHHbINH HabOP
TPpEeHI0B. TeMbI, UMenme CrnopajndecKkue BCIIJIECKH, JaHHad MO/JEJ/Ib OIMMUCHhIBAECT IIJIOXO.

Hemapamerpudeckue TeMIOpaJbHBIE MOIEIN CIOCOOHBI OIIMCHLIBATH IPOU3BOILHLIC H3-
MEHEHHd TeM BO BpPeMeHH. PacCMOTpHM JBa eCTeCTBEHHBIX IPEINOI0KeHHa U (hOpMAaIH-
3yeM UX C HOMOIIBIO PEry/Ispu3aIyiH.

Bo-niepBbix, Mpemno/iozKuM, 9T0 MHOTUE TeMbl SBJISIOTCA COOBITHIHBIMU M UMEIOT OT-
HOCHTEJIbHO HEDOJIBIIOE «BPeMsl KU3HU», IO9TOMY B KarKJOM HMHTEpPBaJie BPEMEHU { PH-
CYTCTBYIOT He Bce TeMbl. [loTpebyem paspe:keHHocTn pacmpeaenenuii p(t|i) ¢ moMOMBIO
KPOCC-3HTPOIUITHOTO peryaspu3aTopa;

Ry(® wmm ©) = —7y ZZInp(ﬂi).

i€l teT
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Bo-BTOpBIX, MpeanonokuM, ITo pacupeaenenus p(i|t) kKak HYHKINE BpEMEHH MeHs-
I0TCS HE CJTUIIKOM OBICTPO M BBEJIEM PEryJIdpH3aTOp CIUIAsKUBAHUS:

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

i€l tel

Oba peryngpu3aTopa MOKHO 3anucaTh U Kak (pyHKmuio or ¢, n Kak hyHknuo ot O.
B cayuae peryagpusatopa Ry(®) dbopmyra M-mrara nmeer But

Pit = ngel"}n(nit + Toir Sign(Pi—14 — it) + Toir SigN(Pit1 — Pir))

rjie pyHKIus sign Bo3ppaimaeT +1 s MoJI0KUTEIHLHOrO apryMenTa u —1 Jjis oTpuiia-
TeJILHOTO. Peryisipu3arop criaKnBaer 3HAYeHUsT B KazK/0ii ToUKe BpeMeHHOro psina p(i|t)
II0 OTHOIIEHUIO K COCETHUM TOYKAM CJIEBa U CIPaBa.

7 3aBUCHUMOCTU

Kmaccudukanusa. Temamuueckas modeaw kaaccugurayuu Dependency LDA [103] siB-
ngercs GaitecoBeckuM anasorom mogenn (11) ¢ mopansaocTsmu repmutaos W u kinaccos C.
Nmeercs obydarorias BHIOOPKA JTOKYMEHTOB d, IJIsT KayKJIOr0 U3 KOTOPBIX M3BECTHO IOJI-
muOkecTBO KjaaccoB Cy C C. Tpebyercs kiaccuduiupoBaTh HOBbIE JOKYMEHTHI C HEH3-
BectHbIM Cy. JIj1s1 3TOTO Oy/IeM UCIOIb30BATh AUHETHYIO BEPOAMHOCTHYIO MOOEAL KAGC-
cuukayuu, B KOTOPOit 00bEKTaMU SIBISIIOTCS JOKYMEHTHI d, MPU3HAKN COOTBETCTBYIOT
TeMaM t U MpUHUMAIOT 3HadeHust Oy = p(t|d):

Ca= {c eC ) pleld) = @b > %}.

teT

Kosaddunnenrsr muneitnoit Mmogenn ¢, = p(c|t) n moporn v, oby4arorcst Mo BHIGOPKe
nokymenToB ¢ m3BecTHbiMU Cy. [Ipu3HakoBoe ommcanme HOBOrO JOKYMeHTA (j BHIYUCIIS-
eTCs TeMaTUIeCKO MOJIEe/IBI0 TOJIBKO IO €ro TePMUHAM.

Dkcnepumentsl B [103] mokasamm, 9TO TeMaTHYECKHE MOJEIU TPEBOCXOAAT OObIU-
HbIe METOJbl MHOI'OKJIACCOBOH KIacCU(MUKAIUKA Ha OOJBIINX TEKCTOBBIX KOJLIEKITHSIX
¢ OOJIBIITMM YIHCJIOM HECOAJTAHCHPOBAHHBIX, TIEPECEKAIOIINXCS, B3aNMO3aBUCUMBIX KJIACCOB.
B [122] Te ke BbIBOABI Ha TeX K€ KOJJIEKIUSX OBLIIH BOCITPOU3BEIEHBI JJIsi MYJIBTHMO/Ab-
noit ARTM. Hecbararncuposarnrocms 03HATAET, 9TO KJIACCH MOTYT COJEPyKaTh KaK MaJioe,
TaK 1 OYeHb OOJIBIIOE YUCTO JOKYMEHTOB. B ciydae nepecekaroujuxca KaaccoB JOKYMEHT
MOZKET OTHOCUTBCS KaK K OJTHOMY KJIACCY, TaK B K OOJIBIIOMY YUCTY KIacCoB. Baaumosasu-
CUMDBLE KITACCHI IMEIOT ODIINe TEPMUHBI U TEMBI, TIO9TOMY MPH KJIACCH(MUKAINH JJOKYMEHTA,
MOT'YT BCTYIIaTh B KOHKYPEHIIHIO.

B HekoTophix 3aauax kipaccudukanum nMmeercss nHOpMaInsg 0 TOM, 9YTO J0KYMEHT d
13 o0ydaloneil BLIOOPKH He TPHHATEKUT MOAMHOXKecTBY Kiaccos C) C C. lns sroro
caydasd 3alliilIeM IIPaBIONoa001ne BepOATHOCTHON MOIe/ I OMHAPHBIX JTaHHBIX:

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

deD ceCy teT deD ceC, teT

'Huxura [Toitkos. AganTuHas pery/ispu3alusa BePOATHOCTHBIX TeMATHUeCKHX Mmojesneif. Baxkamasp-
ckas muccepranus, BMK MI'V, 2015.
http://www.Machinelearning.ru/wiki/images/9/9f/2015_417 _DoykovNV.pdf
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[TepBoe ciaraeMoe paBHsieTCsl l0g-TIPaBIONOA06HI0 MOJATBLHOCTH KiaaccoB (11), ecn
OJIOKUTE Ny = [c € Cy]. Bropoe ciaraemoe MOXKHO PACCMATPUBATH KAK PEry/ISPH3ATOP
He-ITPUHAIIEXKHOCTH JIOKYMEHTOB KJIacCaM.

Perpeccusa. 3anaunm npejcka3aHus IUCI0BOI BeJMINHBI KaK (DYHKIIUUA OT TEKCTa BO3-
HUKAIOT BO MHOTHX IMPUIOKEHUIX JEKTPOHHOI KOMMEPIIMHU: Tpe/ICKa3aHne peiiTuHra To-
Bapa, puabMa WM KHATH 110 TEKCTY OT3bhIBA; MPeAcKa3aHne YuCIa KJIUKOB M0 TEKCTY pe-
KJIAMHOTO OO'bSIB/IEHHS; TIPeACKa3aHe 3apILIaThl 0 OMUCAHUIO BAaKAHCHH, IpeICKa3aHHe
0JIE3HOCTH (Yuc/ia JARKOB) OT3bIBA HA OTENb, PECTOpaH, cepBuc. s BOCCTAHOBICHMUSI
YUCTOBBIX (DYHKIHI 110 KOHEUHOH oOydatomieil BEHIOOpKe map «00beKT—OTBET» HCIOIb3Y-
IOTCSI PEI'PECCHOHHBIE MOJIEJIN, OJTHAKO BCE OHU MPUHUMAIOT HA BXO/€ BEKTOPHbBIE OIMMCAHUS
00bexkToB. Temarudeckast MOJe/Ib MMO3BOJISIET 3aMEHUTh TEKCT JOKyMeHTa d ero BeKTOp-
HBIM TpejcTaBienueM ;. C Apyroil cTOpoHBI, KPUTEPUt ONTUMUBAINE PErpPecCHOHHOM
MOJIE/TH MOZKHO HMCIIOJIb30BATh B KAUECTBE PEry/aspu3aTopa, YTOObI HAUTH TeMbl, HarboIee
nHMOPMATUBHBIE ¢ TOUKH 3DEHUs TOYHOCTH MpejcKazanuii |73, 112].

[Tycts mas Kaxka0ro JoKyMeHTa d obyd4aromieir BHIOOpPKN [ 3aaHO IejIeBoe 3HAYeHNe
ya € R. Pacemorpum aunetinyo modeav pezpeccui, KOTOpast MPeICcKa3biBaeT MaTeMaTh-
q9eCKOe OKUJIAHWe MMeJIeBOI BeJINYNHBI:

E(y | d) = Z vtetda

teT

rie v € RT — BexkTop ko3ddunmenton. [IpmMernM MeTon HANMeHBIINX KBaJIpaToB J/Is
o0y4eHusi BEKTOpa v MO BBIOOPKE JIOKYMEHTOR:

R(©,v) = —71 Z(yd — Z vtetd)Q.

deD teT

[Moxacrasass B (8) u muddepennupys R 110 BekTOpy v, moayunm dhopmysibt M-mrara:

0ia = no%"m (ntd + TU04q <yd - Z Usesd> ) ;

seT

v = (007 'ay.

BamMeruM, 4To (hbopMysIa I BEKTOPa ¥ ABISIETCS CTAHIAPTHBIM pellleHreM 3a/Iadd HaH-
MEHBIINX KBaIpaToB IpHu (bUKCHpOBaHHOI MaTpuie ©. BekTop v MO:KHO OOHOBISATDH IO
OKOHYAHHUHU KaKJI0TO IIPOXOIa KOJIEKIUH, JTHOO0 mocae 00paboTKH KazKJI0ro makera, JJOKY-
MEeHTOB B omjiaitnoBoMm EM-anropurme.

B [112] moka3aHo, 9TO Ka4ecTBO BOCCTAHOBJEHHs] DErPECCHH Ha TEKCTaX MOXKeT Cy-
MMEeCTBEHHO 3aBUCETHh OT WHUIUAJIU3AINNNA TeMaTHIeCKOW MOJeTN, TaM ¥Ke MpeT0XKeHO
HECKOJTBKO CTpaTeruii MHUTHATI3AIIH.

Koppeasimuu tem. Modeav koppeauposarnuz mem (Correlated Topic Model, CTM)
npeHA3HAYEHA JIJIsl BBISBJIEHUs CBs3eil Mexxay Temamu [21]. Hampumep, craths mo reo-
Joruu OoJiee BEPOATHO CBA3aHA C apXeoJorheil, ueM ¢ reHeTHKOil. 3HaHHe O TOM, KaKhe
TeMBI Jalle COBMECTHO BCTPEYAIOTCS B JOKYMEHTAaX KOJLIEKIUHU, MO3BOJISIET TOYHEE MOIe-
JINPOBATh TEMATHKY OTAEIbHBIX JOKYMEHTOB B MYJIbTHIUCIUILINHAPHBIX KOJIJIEKIIHIX.
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Jlng onucanus Koppeasdiyii yI00HO UCIOIb30BATH MHOTOMEPHOE HOPMAJIHHOE PacIIpe-
nernenne. OHO He TOJXOIUT Il OMHUCAHWS HEOTPHUIATE]bHBIX HOPMUPOBAHHBIX BEKTOP-
CTOJIOIOB 0, HO HEIJIOXO OMHMCHIBAET BEKTOPHI UX JorapudmoB 1,y = In 6,4. [TosTomy B MO-
JieJTb BBOIUTCST MHOTOMEPHOE JIor-HOpMasibHoe pactpeenenne (logistic normal) ¢ asymst
napaMeTpaMu: BEKTOPOM MAaTeMaTUIeCKOT0 OYKUJIAHUS (L U KOBAPUAIIMOHHON MaTpHIIEH i

) = S0 =™ 0 — )
p(alp %) TEOSE

Nznaganpno mogens CTM Obl1a pazpaboTana B pamMKax 0aiieCOBCKOTO IMOIXO/a, T
BO3HUKAJIHM JOMOJHUATETbHBIE TeXHHUYECKHe TPYAHOCTH H3-3a TOrO, UTO JIOT-HOPMAJIbHOE
pacipejieieHne He sBJISeTCS CONPSKEHHBIM K MyabTHHOMHa bHOMY. B pamkax ARTM
uness CTM dopmanusyercst u peajn3yercs HAMHOTO TTPOIIIE.

Onpenenum peryisipu3aTop Kak jorapudM mpaBaono100ust JOr-HOPMAJILHOW MOJIe/
JIJTST BHIOOPKU BEKTOPOB JIOKYMEHTOB 1)

R(©) = TZ Inp(nalp, ) = —% Z(ln 0q — 11)™2 " (Infg — p) + const — max .

deD deD O 2
Cornacuo (8), dopmyna M-mara mis 0,y npuHIMaeT B
_ -1
Oiq = n?erTm (ntd - T ZT Y (ln Osq — us)>, (20)
se€

rie X' — seMeHTH 06paTHOI KOBAPHAIMOHHON MaTpuisl. [lapamMerpsl ¥, (t HOpMA/Ib-
HOIO pacipee/eHnss OOHOBISIOTCA IO OKOHYAHUU KayKIOTO MPOXOaa KOJIIEKIUH, JTH0O
nocje o0paboOTKM KayKI0ro rmakera J0KYMEHTOB B oHJaiiHoBoM EM-ajiropurme:

1
= — In 6
PR
1
E:HZ(med—u)(med—u)T.
| |deD

Takum obpa3oM, TpymoéMKas omepalust oOpalleHnss KOBAPHAIMOHHON MaTpPUIBI BBIIOJI-
HSIeTCsT OTHOCUTEIHHO peko. B [21] ncnonpsoBanack LASSO-perpeccust, 9To0bI MoJIy9aTh
paspeKeHHYI0 KOBAPUAIMOHHYIO MATPHILY.

8 CBga3u MexXJay JOKyMeEHTaMu

Cchliku m muTupoBaHme. lHorma nmeercs: HOMOJHUTEIbHAS WHAOPMAINS O CBS3STX
MeXK/y JOKYMEHTaMU U IPEJI0/IaraeTcs, 9To CBsI3aHHbIE JIOKYMEHThl IMEIOT CXOXKYIO Te-
MaTuky. CBsi3b MOXKET O3HAYaTh, 9TO JBa JOKYMEHTa OTHOCSTCS K OJHOW PyOpHKe, COB-
MECTHO YIOMHUHAIOTCS WK CCBLIAIOTCS APYT Ha Apyra. PopMaanzyeM 3TO IPe o I0KeHIe
C TIOMOIIBIO Peryasapu3aTopa;

R(©) =7 Z N Z Otabre,
d,c

teT
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7€ Nge — BEC CBSI3U MEXKJIy JOKYMEHTAMHU, HAPUMED, YHCJI0 CChLIOK u3 d Ha c. B [38]
npeaIoXkeHa moxoxkasa momenb LDA-JS, B KoTopoii BMECTO MaKCHMH3AIMH KOBAPHAIII
MUHUMU3UPYETCS JIUBEPreHIUs Mencena-ITTennona MexXIy pacupenenenusvu 0y u 6.
®opwmyna M-mara gt 6,4, cormacuo (8), nvmeer Bu

Oa = norm (ntd + 76 Z ndc‘gtc> .

ceD

D10 emié oJHa Pa3HOBUIHOCTDL CrilaxKuBaHus. BeposTHocTn 0y B X01€e uTeparuii mpu-
OJTMKAIOTCA K BEPOSITHOCTIM ;. TOKYMEHTOB, CBI3aHHBIX C d.

Peryngpuszarop marpunpl © cranoButcs HedhdEKTUBHBIM MpH MAKeTHOH 0OpaboTKe
OOJIBINMKMX KOJLIEKIMi, KOT1a JOKYMEHTHI ¢, Ha KOTOPbIE CCHLIAETCS JTAHHBIA JTOKYMEHT d,
HAXOIATCA B IPYrux makerax. [Ipobiema permaercs BBeIeHneM MOJAJIHLHOCTH JOKYMEHTOB,
Ha KOTOPBIE CCHLIAIOTCS JPYTHe JTOKYMEHTBI. DTOT CIIOCOD MOPOXKIAET HOBYIO MPODJIEMY:
eCJTU Ha KaXKbIil JOKYMEHT €CTh CCHLIKH, TO MOITHOCTD 3TOW MOJATBHOCTH OKAYKeTCs PaB-
HOIl IHCIy JOKYMEHTOB, B MaTpuna ® MoxKeT He MOMECTHTbCS B OIMEPATUBHYIO IMAMATh.
Mo>KHO COKpaATHTh 3Ty MOJAJIHLHOCTH, OCTABUB TOJIHLKO HanboJee BIUSTEIbHBIE TOKYMEH-
THI €, IUCJIO CCBHUIOK HA KOTOPBIE N = Y Mg, IPEBBIIIAET BEIOPAHHBII TOPOT.

Januast njest mpunuia w3 MOJeJNN BIMsiHUS HaydHbIX myoaukanuii LDA-post [38].
B meit ncnonp3yiorea aBe MomanbHOCTH: c1oBa Wi m mutupyemble mokyMeHTH Wy C D.
Mogenb BeIgBIgeT HAbOOEE BIUATENIbHbIE JOKYMEHTH BHYTpH Kazkaoi TeMbl. Henyie-
BbIe 3JIEMEHTHI B CTpOKe ¢ MaTpuibl Py MOKA3BIBAIOT, HA KaKWe TEMbI IOBJHUSI JIOKY-
meHT ¢ € Wy, Takzke MOmesb MO3BOJSIET pa3aindarh, KAKHe U3 CChLIOK CYIIECTBEHHO I0-
BJIMSIJIN HA HAYYHYIO CTATHIO, & KAKHUE SBJISIIOTCS BTOPOCTENIEHHBIMHU, 9HCTO (DOPMAJIHHBIME
W «JAaHBIO BEeXKJIUBOCTH». CUNTAaETCA, 9TO JOKYMEHT ¢ TMOBIUAI Ha JOKYMEHT d, ec/iu
d cchlmaeTcd Ha ¢ U OHH UMEIOT 3HAYUTETbHYIO JOJI0 O0INeil TeMaTUKH.

l'eonmokarmuun. UMudopmarms o reorpaduaeckom MOJI0KEHUU UCITOIb3YeTCsS TTPU aHAJIN3e
JIAHHBIX CONUAJIBHBIX cereil. ['eorpaduyeckast mpuBsi3Ka JOKyMeHTa d WM €ro aBToOpa
3a/1aéTca OO MOJATBHOCTIAMHI 2€0mMe206 (HA3BAHUSIMU CTPAHBI, PETHOHA, HACETEHHOTO
IIYHKTA), 00 2eonokayuel — napoit reorpadudeckux KoopauHar by = (x4, yq). B mepsom
caydae MOYKHO MCIIOJIB30BaTh OOBIYHYIO MYJIBTHMOJAIBHYIO MOJETb, BO BTOPOM CJIydae
HYZKeH JOTOJHUTEIbHBINH peryasipu3atop. ARTM mossosister coBMmermarh B Momenn 06a
THIIA reorpaduIecKuX JTaHHbBIX.

[Hesibio MO/IEIMPOBAHKUST MOYKET OBITh BBIJIEJICHUE PErHOHAJbHBIX TeM, OIpejeeHue
«apeaJyia OOMTaHHSI» KaxKIOW TeMbl, MOUCK IMOXOXKHUX TeM B JApyrux pernoHax. Hampwu-
Mep, B KadecTBe OJHOI u3 mimocTpanuii B [147] onpeaensioTcs pernoHbl MOy ISIPHOCTH
HAIMOHAJLHOM KyXHH 1O moctaMm moJb3oBareseiil Flickr. pyras wutocrparmust u3 [74]
MOKA3bIBALT, 9TO TEMATHIECKAs MOJIeJb, yIuThiBatomast, n3 kakoro mrarta CIITA mpurmio
cooblienue, TOUHee MPOC/IeKUBAET My Th yparana «Karpunas.

Ksajpatnunbiii perynsipuzarop MarTpuibsl O, mpemioxenusiii B [147|, dopmanusyer
HIPEIOI0KEHNEe, YTO JOKYMEHTBI CO CXOKMMHU T'eOJOKAIUAMHI HMEIOT CXOKYI0 TeMATHKY:

R(@) = _% Z Wed Z(etd - etc)Qa
(c,d)

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-
pam 6. Ipyrux JOKYMEHTOB, 9TO 3aTpyAHsSIeT 3hMEKTHBHYIO MAKEeTHYI0 00pabOTKY 0O0Jhb-
IUX KOJLIEKIINi. AJIbTepHATHBHBINA CITOCO0 CTIayKUBAaHUS TEMATUKU reorpadudecku 01m3-
KUX COODIEHUIT OCHOBAH Ha peryispusanuu Marpuibl P.

[Tycts G — mozmabHOCTH reoreroB, g = p(g|t). Temarnka reorera ¢ BbIparzKaeTcs
o dhopmyse Baiteca: p(t]|g) = wth—;, e n, — YacToTa reoTera ¢ B MCXOAHBIX TAHHBIX,
ng = Z g gt — IACTOTA TeMbI t B MOJAJIbHOCTH T€0TeroB, BeraucaseMast EM-aaropurmom.

KpaapaTuuuslii peryispu3aTop MaTpuilbl @ mo MOTATbHOCTH Te0TeroB (popMaaIn3yer
IpeIoI0KeHne, 9To reorpaduIecKn OJU3KHe TeOTerH HMEIOT CXOXKYI0 TeMaTHKY:

R( = -3 Z Wgg! Z <<Pgt %)2’

ggGG g

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

I'padsr u conmanbubie cetu. B [74] npeioxkena Gosee 001as TeMaTHIECKAsT MOJIETh
NetPLSA, yuursiBaommas pon3BoJIbHbIe TpadoBbie (CeTeBbIe) CTPYKTYPhl HA MHOYKECTBE
nokymenToB. [Tycrs 3anan rpad (V, E) ¢ MHOKecTBOM Bepiin V' i MHOKecTBOM pébep E.
Kaz 10it ero Bepimmae v € V' cooTBeTCTBYET MOAMHOXKECTBO JoKyMmenToB D, C D. Hanpu-
Mep, B poau D, MOXKeT BBICTYNATh OTAEJbHBII JTOKYMEHT, BCe CTATbU OJHOTO aBTOpa v,
BCE TOCTBHI U3 OJTHOTO reorpaduuecKoro peruoHa v, u T. 1.

Tematuka KaxKa0it BepIImHBL v € V' BbIpazKaeTcd depe3 mapaMeTpbl Mojean O:

p(t]v) = 3 pltld) p(dv) = Zem

deD, dED

Mogens NetPLSA ocHoBana Ha NpUMeHEHUH KBAaJIPATHIHOTO PEryJsipu3aTopa

R(O©) =3 Z wuvz (t|v) — (t|u))2,

(u,v)EE teT

TIe Beca Wy, péoep rpada (u,v) 33Jal0TCs eCTECTBEHHBIM 00pa30M, KOI/Ia B 3a7a9e eCTh
COOTBETCTBYIOIIAA JOIOTHUTEIbHAA nHdopmanusa. Hanpumep, eciu D, — Bce cTaTbl aB-
TOpa v, TO B KadecTBe Beca pedpa W, €CTeCTBEHHO B3ATb YHCJIO CTAaTeil, HAIMCAHHBIX
aBTOpaMu U W ¥ B coaBTOpcTBe. Ecam momobHO wHMOpMaIun HET, TO BEC IMOJaraeTcs
pPABHBIM €INHMUIIE.

DTOT peryaspusarop TpedyeT npu 00padboTKe KarKI0ro J0KYyMeHTa d T0CTyIa K BEKTO-
pam 6. Ipyrux JOKYMEHTOB, 9TO 3aTpyAHsSeT 3hMEKTHBHYIO MAKEeTHYI0 00pabOTKY 0O0Jhb-
IIX KOJUTEKIUA. AJTbTepHATHBHBIA IyTh COCTOUT B TOM, YTOOBI MHOXKECTBO BEPIIHH I'Pa-
da V 06baBUTH MOJATBLHOCTHIO U TEPeiiTH K pery/isipusanuu MaTpuiibl P.

B kaxaprit jokyment d € D, mobaBum TOKeH v MojgaJbHOCTH V. Bhipasum remaruky
BepmmHbL v Yepe3 napamerpb ® no dopmyse Baiieca: p(t|v) = (’U|t)§((z = Qutpys THC
ng = Zv Ny — YacToTa TeMbl ¢ B MojaabHocTH V, Beruncisgemast EM-aaropurmom.

Perynapusarop NetPLSA coxpanser nmpe:kKHHii BUI, HO CTAHOBUTCH (byHKIME oT P:

=g 3 e (5 )

(u v)EE teT
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Bo MHOrEX mpHIOKeHHSX BayKHA HANPABICHHOCTH CBSI3M, KOTOPYIO KBaJIPATHIHBII
peryasgpu3aTop He yunteiBaeT. Hampuwmep, c¢Bsa3b (u,v) MOXKeT 03HAYATDH CCBLIKY H3 J0-
Kymenta u Ha jgokymeHT v. Mozgennr iTopicModel [114] ocnoBana Ha mpesmooxKeHwH,
aro ecan (u,v) € E, To remaruka p(t|u) mupe remaruku p(t|v). ITosromy nperaraer-
cst Murnvmsnposath cymmy KL-guseprenunit KL(p(t|v) || p(t|w)), npuaém p(t|v) moxuo
BBIPA3NTh KaK depe3 O, Tak u gepe3 P:

R(O© wm @) = g 3w Y plt]v) np(t]u).

(u,v)EE terT

Kax mokaszajm 3KCIHepUMEHTBI, peryasapu3aiid MaTpuibl @ IpHBOIUT NPaKTUIeCKH
K TeM »Ke pe3ysabTaraM, 4To u peryiagapusanus O mas mogeneir NetPLSA u iTopicModels.

9 Uepapxum Tem

Hepapxudyeckue TeMaTHIeCKIe MOJIEH PEKYPCUBHO JEIIT TeMbl HA MOATeMbI. TemaTute-
CKHUE UePAPXUM CJIYZKAT JJIsl IOCTPOEHUsT pyOPUKATOPOB, CUCTEMATU3AIUN OOJIBITUX 00bHE-
MOB TEKCTOBO# nHMOpMaIu, THGHOPMAIMOHHOTO TOUCKA U HABUTAIMH 110 OOJIHIITUM MY.JIh-
THAMCIUATIMHAPHBIM KOJLIEKIIUAM. 33/1a9a aBTOMATHIECKON PyOPUKAIINN TEKCTOB CJIOXKHA,
cBOeil HeOTHO3HAMHOCTBIO U CYObeKTUBHOCTHIO. Pa3muansa Bo MHEHUSIX SKCIIEPTOB OTHOCH-
TeJILHO PYOpPUKAIMA JTOKYMeHTOB MoryT gocturath 40% [1]. Hecmorpst wa obusme pabot
10 MePapXUIeCKIM TeMaTHIecKuM Mogessiv |23, 64, 78, 148, 97, 132, 133, 134, 135], on-
TUMU3AIMS pa3Mepa U CTPYKTYPbl HEPAPXUH OCTAETCsS OTKPBITON 1TPo0/IeMoit; HoJiee TOTO,
OIeHMBAHMEe KAYeCTBA MePApXUil — TakyKe OTKpbhITas mpobiaema [148|.

Crparerun mOCTPOEHUS TeMATHIECKUX HepapXmil BecbhMa pa3HOOOPA3HbI: HUCXOSIIHE
(MUBU3UMHBIE) W BOCXOJSIIHE (ATTTOMEPATHBHBIE), MPEJICTABISIONINE HEPAPXUIO JEPEBOM
WA MHOTOJIONBHBIM IpadoM, HapaluBarome rpad Mo YpoBHSIM WK 110 BepIIHHAM, OC-
HOBAaHHBIE HA KJIACTEPU3AINHU JIOKYMEHTOB WU TepMUHOB. Heslb3s HAa3BaTh KaKyiO-TO W3
CTpaTernii MPeJNOYTATENbHON; Y KaKI0iH eCTh CBOW JJOCTOMHCTBA W HEJOCTATKU.

B [33| npeioxkena npocrast TuHERHO Macirabupyemas crparterust B pamkax ARTM.
Wepapxus mpeacTaBisgeTcd MHOTOJOIBHBIM IpadOM € yBEJIUIHBAIOIIAMCS THCIOM TeM
Ha KazkKJIOM ypoBHe. Mojiesib CTPOUTCS 110 YPOBHAM CBEpXY BHH3. YMCJIO YPOBHEH W IUCTIO
TeM KaKJIOr0 YPOBHS 3aJaéTcs Bpy4Hyio. KaxKplit ypoBeHb 1mpejcTaBisgeT coboit 00bId-
HYIO <ILJIOCKYIO» TE€MaTHYEeCKYIO MOJIE/Ib, MIO9TOMY BpeMsl IMOCTPOEHUs] MOJIEIN OCTAETCS
JIMHEWHBIM 10 00bEMY KOJLIEKIIUH.

JLns MomeTMpoBaHus OTHOIIEHUN MeXKaIy TeMaMd U IMOJATeMaMHU B MOJETb BBOJIATCS
napameTpsl g = p(s|t) — yCJIOBHBIE BEPOSTHOCTH TMOJATEM B TeMax. B ciydae MyabTH-
JIMCIIUTIIMHAPHBIX KOJIIEKIINI MTOITeMaM Pa3peniaeTcs MMeTh 110 HECKOJIbKO POIUTETHCKUX
tem. ARTM mno3BoJister ynpaB/isiTh pa3spe:keHHOCTHIO ITOrO PACIPe/IE/IeHUs ¢ TTOMOIIHIO
JIONOJTHATE/ILHOTO KPOCC-9HTPONUNRHOIO pery/spusaropa. MoxKHO yCH/IUBATh pa3sperKeH-
HOCTDb pactpesestennit p(t|s) = Yst,t BIUIOTH JI0 BEIDOZKACHHOCTH, TOLIA KayK1asl IO TeMa
OyZeT UMeTh POBHO OJHY POJTUTETBLCKYIO TEMY, & BCI HepapXusd OYIeT UMeTh BHJ JIepeBa.

’BuxTop Bymaros. Ncnoan3osanne TpadoBOil CTPYKTYPEI B TEMATHYECKOM MOJEIUPOBAHUH. Maru-
crepckas gucceprarusi, ®UUBT MOTU, 2016.
http://www.Machinelearning.ru/wiki/images/4/4d/Bulatov-2016-ms.pdf
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Perynapusarop moareMm. Ha BepxHeMm ypoBHe HepapXui CTPOUTCS OOBIMHAS MTOCKAT
TeMaTHdecKas MoAemb. IlycTs Momennb ¢-ro ypoBHS ¢ MHOXKeCTBOM TeM ' yKe HOCTpOeHa,
i Tpebyercsi MOCTPOUTH MOJIEh YPOBHs {41 ¢ MHOXKecTBOM JouepHux Tem S (subtopics)
u 66abmmM wmcsaom teM, |S| > |T|. Tlorpebyem, 9T00BI pOAUTEILCKHE TEMBI ¢ XODPOIIO
IPUOJINKAIACH BEPOSTHOCTHBIMU CMECSIMU JIOYEPHUX TEM S:

Znt KLw( (w]t) H pr\s) s\t) Znt KL, (nwt

teT

Z @wswst) — rqr>171\1r11,
tie ¥ = (Vg)sxr — Mampuya ceaseli, KOTOpask CTAHOBUTCSI JOTMOJHUTETHHOI MaTpuieit
HapaMeTpoB ST TeMAaTHIECKOl MOJIe/H JT0UepHero YpOBH.

1o 331893 MaTPIIHOTO pasiaokenus O = ®W qia marpunsr ¢ poauTeIHCKOrO YpOoB-
Hs1. OOBIYHO MBI UCIOJIb3YeM HU3KOPAHTOBBIE PA3JIOKEHWsl, TMPHUO/INKasi MATPUILY BHICO-
KOI'0 paHra HpOU3BeJeHNeM MaTpHIl boee HU3KOro paura. OIHAKO B JAHHOM CIydae BCE
HA00OPOT: Mpemoaaraercs, 9o Marpunsl ¢ u U umeroT moaHbil panr |.S|, 3aBegoMo mpe-
poimatommii rank ®° = |T|. Cpean MATPHYHBIX Pa3ioyKeHHit 0bg3aTebH0 IMEIOTCa TOY-
HbIE PeleHnst, HO OHM HaM He moaxoasaT. Marpuie ® BHINOIHO UMETh MOJIHBINA PAHT, 9TOOBI
OIMCHIBATH KOJLUIEKIUIO TOUHee, deM 310 jenaer Marpuua ®f. Tpebosanne, 4Tobb OHA 3a-
oHO mpubmzKaaa Marpuiy ®f, BBoaUTCS Uepes peryaspusaTop:

R((I)a \I]) = TZ Z Uz lnzgpwswst-

teT weW ses

Bamaua makcuvuzanun R(P, ¥) ¢ TourocThio 10 0603HAYEHUIT COBIAIAET C OCHOBHOM
3a/1aveil TeMaTHYeCKOro MO TUPOBAHUS (3), €CTH CUUTATH POJUTENTbCKUE TeMBI ¢ nce6do-
JOKYMEHMAMY C TACTOTAMHE CJIOB TNy = TNy Pype. DTO O3HATALT, YTO BMECTO T00ABJIEHUS
caaraeMoro B (popmysibl M-11ara, JaHHbIi peryasipu3aTop MOYKHO Peaan30BaTh eIlé mpoiile.
[TocTpoOMB POAUTENHCKHUN YPOBEHD, HAO JT0OABUTH B KOJLIEKIUIO POBHO |T'| TCEBIOIOKY-
MEHTOB, 3a/IaB UM B Ka4eCTBe YaCTOT TEPMUHOB 3HAUEHUS TN,;. Marpuma ¥V mogxyduTcs
B CTOJIOIAX MATPHUIBI O, COOTBETCTBYIOIINX IICEBI0IOKYMEHTAM.

B 6ubanorexe BigARTM 3TOT MOJAXO0/ pean30BaH B BUJE OTAeNbHOrO Kiacca hARTM.

10 CoBcTpedaeMOoCTh CJIOB

['umoTe3a «Memika CJIO0B» SIBJISIETCS OJHUM U3 CAMBIX KPUTHKYEMBIX IOCTYJIATOB TeMa-
THYeCKOro MojeaupoBanus. [losToMy MHOTHE HCC/Ie0BaHUsI HAMPABIEHBI HA CO3IAHNE
boJiee aJIeKBATHBIX MOJE/eil, YIUTHIBAIONINX MOPSAI0K cja0B. I3 Hux Hambo/iee BayKHBIMU
npeacTaB/Jadi0OTCA TPpU HallpaBJI€HUD.

[TepBoe HampaBjeHHEe CBSI3aHO C BBIJEJEHHEM CTATHCTHYECKH YCTOWYHUBBIX CJIOBOCO-
JeTaHuit — Koanokayul. TeMbl, cocTogdmme u3 CJIOBOCOYETAHUN, HAMHOTO JIydIle WHTep-
PETHPYIOTCsT, YeM TeMbl, TIOCTPOCHHBIX Ha YHUIDaMMaX (OTAeIbHBIX cJoBax). [Ipobiaema
B TOM, 9TO YHUCJIO N-2pamM (MOCIeT0BATETLHOCTE l OAPS/T UILYIHX 1 CJIOB) KaTacTpodu-
qecK#n OBICTPO PACTET C POCTOM 00bEMa KOJIJIEKIUN.

Bropoe mampaBiieHne CBS3aHO C aHAJIM30M COBMECTHOI BCTpedaeMocTH cJoB. [loss-
JIeHue MporpaMMbl word2vec [75] cTUMYIHPOBAIO PA3BUTHE GEKMOPHBIL NPEICasAeHull
caos (word embedding). OHu HAXOAAT Maccy HpUMeHeHH OGJarogapst CBOCTBY ducmpu-
bymueHocmu — CeMaHTHYeCKH OJIM3KUM CJI0BAM COOTBETCTBYIOT OJIM3KHE BEKTOPHI. Te-
MATHYECKHe MOJEJIM CIOCOOHBI CTPOWTH BEKTOPHBIE TPeJICTaBJIEeHUs CJIOB, 00JIaaf0Nmne
CBOUCTBAMU HHTEPIPETHPYEMOCTH, PA3PEKEHHOCTH U JUCTPUOYTUBHOCTH.
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Tperbe HampaBiIeHUe CBA3aHO C MeMamuyveckol cezmenmayuet, M THIOTe30i, UTO
TEKCT Ha eCTECTBEHHOM S3BIKE COCTOUT W3 MOCJIEI0BATETHHOCTH MOHOTEMATHIHBIX COO0-
mennii. B wacTHOCTH, Kask10€ MpeIoyKeHne Jalie BCero OTHOCUTCS TOJIBKO K OJHOI Teme.
3aaun cerMeHTalnn paccMaTpuBaOTCs B pa3aere 11.

Konsokamumu. llcnosib3oBanue CI0BOCOUETAHUIT 3aMETHO Y/IydIIaeT HHTEPIpeTHpye-
MOCTb Te€M, UTO JeMOHCTPUPYETCS MPAKTUIECKH B KAKION MYOJUKAIUN TI0 N-TPAMMHBIM
TEeMATHIeCKUM MOJe M, cM. HarpuMep [53]. [Teppast GurpaMmuast TeMarnveckas MOJIe/b
BTM (bigram topic model) [129] npeacrasisiia coboit O CyTH MyJIBTUMOIAIBHYIO MO-
JIe7b, B KOTOPOi KarKJIOMY CJIOBY ¥ COOTBETCTBOBAJA OTAETbHAS MOJAJBHOCTH CO CJIO-
Bapém W, C W, cocTaBleHHBIM U3 BCEX CJIOB, BCTPEYAIONIUXCSI HEMOCPEICTBEHHO OCTIe
ciaoBa v. 3anunieM log-mpaBaonomodme SToil MOIE/M B BUIE PErYIsIpU3aToOpa;:

R®,0) =Y > > nawhn ) @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'taBHBI HepocTtaTok Momen BTM B Tom, uTo
OHa YYHUTBIBAET TOJBLKO OMrpamMMbl. Bropas mpobseMa B TOM, UTO YHCIO BCeX OUTpaMM
OBICTPO YBEJIMINUBAETCS C POCTOM KOJLIEKIIWH, U MCIOJIh30BaTh Mojeab BTM nHa Goabrux
KOJIIEKITUSTX 3aTPYIHUTETHHO.

Mogeas TNG (topical n-grams) [138| ycrpamsier 311 HemocTaTku. YCJIOBHOE Pacipe-
JIeJTeHHe CJIOB OMMUCBHIBACTCST 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. [Ipu HEKOTOPBIX HE 0CO00 YKECTKUX MPENOJIOKeHusX log-mrpaBaomnomobne
9TOIl MOJIE/IN OIEHUBAETCS CHU3Y B3BEIIeHHON cyMMoii log-nipaBionomoduit MomaabHOCTe
yaurpamm u ourpamm B mogesn ARTM. /Ipyrumu cioBamu, myasrumomanbaas ARTM
MOZKeT OBITh HCIIOJIB30BaHAa JJIsI MOMCKA IMPUOIMKEHHOrO pemtenns B mojenn TNG.

B ARTM n-rpamMMHast MOJETb €CTECTBEHHBIM 00Pa30M OIIPEIeTSIeTCs KaK MYJTbBTHMO-
JanabHadg, B KOTOPOH I KarKJIO0TO M BBIJEISETCA OTAeNbHAasd MOIAJTBHOCTL. Jlyid mpe-
BAPUTEILHOTO COKPAIEHUsST CJAOBApEil Nn-rpamMM TOIXOJUT METOJ, MOWCKA KOJIIOKAIHIT
TopMine [40]. On smHeitno Macrrrabupyercst Ha GOJbIIHEe KOJUIEKIIME U M03BOJIsieT (op-
MHPOBATH CJIOBAPh, B KOTOPOM KazK/Jas n-rpaMma obJialaeT TpeMs cBoiicTBaMu: (a) ume-
eT BBICOKYIO YaCTOTY B KOJLIEKIUHU; (6) COCTOMT W3 CJIOB, HECAYYAiiHO YacTo 0Opasyro-
MUX N-rpamMMmy; (B) He COIEP:KUTCS HU B Kakoii (n+1)-rpamme, obnagatomeil cBolicTBaMu
(a) m (6). B crenyromux paborax TOWH Ke HAYUHOI TMTKOJIBI OBLIN MPEIIOKEHBI METO/bI
SegPhrase [66] u AutoPhrase [105], remoHcTpupyIotye emmg Jaydime pe3yabTarhl.

Burepmbr.  Kopomkumu mexemamu (short text) HASBIBAIOT JTOKYMEHTHI, JINHA KOTO-
PHIX HE JOCTATOYHA I HAJEKHOIO ONPEJNEJeHHsl UX TeMATHKH. [IpumMepaMu KOPOTKHX
TEKCTOB SABJIAIOTCH CO00Imenns: TBUTTEPA, 3ar0JJ0BKH HOBOCTHBIX COOOIIEHUH, PEKIAMHBIE
00'bSIB/IEHNS, DEIUIMKH B 3aIUCAX UAJOrOB KOHTAKT-IIEHTPA, W T. . VI3BECTHBI MPOCTHIE
MOJIXO/BI K MpObsieMe, HO OHU He BCEerja MPUMEHHMbI: 00beIUHATH COOOMIEHHsI 0 KAKO-
My-JIH00 TIPU3HAKY (ABTOPY, BPEMEHNU, PETHOHY W T.JI.); CUATATH KayKJI0e COODIIeHne OT-
JeTbHBIM JIOKYMEHTOM, pa3pe:kubag p(t|d) BILIOTH 10 eJIMHCTBEHHOIT TeMBbl; JOMOJJIHSTD
KOJIJIEKIIMIO JJIMHHBIMU TeKcTamu (Hanpumep, crarbsavu Bukunemun). Ogaum u3 Hanbo-
Jlee YCIENHbIX M YHUBEPCAJBHBIX IIOJX0J0B K MPOOJeMe KOPOTKUX TEKCTOB CUUTAETCS
memamuueckas modeav bumepmos (biterm topic model, BTM) [141].
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Bumepmom HA3BIBAETCS TMApa CJI0B, BCTPEUAIONIHXCS PSIIOM — B OJHOM KOPOTKOM CO-
OOIIEHUN WK B OJHOM IPEJIOKEHUN WM B OKHe t+h coB. B omimdme or GErpamMMel,
MKy IBYMsI CJIOBaAMU OMTEpPMa MOIYT HAXOJUThCS Apyrue cioBa. KoHKpeTusarms 1mo-
HSTHST «PSIZIOM» 3aBHCHT OT MOCTAHOBKH 33249l W OCOOEHHOCTEN KOJIJIEKIINH.

Temarudeckast MOJe/ b GUTEPMOB OINHCHIBAET BEPOSITHOCTH COBMECTHOTO MOSIBICHHUST
nap ca0B (u,v). VICXOMHBIMI JAHHBIMA SIBJISIIOTCST 9aCTOTHL 7., OUTEPMOB (u, V) BO BCeil

KOJLTIEKITUH, WM YK€ MATPHUIA BePOITHOCTEHl P = (Dyy)wxw, TJI€ Pyy = NOrm (N, ).
(u,v)eW?

[Tpumem rumoresy ycaoBroit wezaBucumoctu p(u,v|t) = p(u|t) p(v|t), To ecth momy-
CTHM, UTO CJIOBA GUTEPMOB MOPOZKJIAIOTCS HE3ABUCUMO JPYT OT APYTra U3 OJHON U TOii e
tembl. Torma u3 GopMysIbl HOTHON BEPOATHOCTH CJIELyeT MpPe/ICTABICHHE

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

teT teT

re @ur = p(w|t) u m = p(t) — mapamerpsl TEMATHIECKONH MOJEIH. DTO TPEXMATPUIHOE
paznoxenne P = ®IIPT rne Il = diag(my,...,mr) — auaronambHasg Marpuna. Momenb
OMTEPMOB He OIpeJesseT TeMATUKY JOKYMEHTOB © U M03TOMY He MOABepKeHa BIUSHUIO
3 dperToB, BHIBBAHHBIX KOPOTKUMH TEKCTAMH.

ARTM mno3BoJisier 00beIUHATH MOJEIH OUTEPMOB ¢ OOBITHON TEMATHIECKONH MOJIEJIBIO,
9T00BI BCE-Taku moayanTh Marpuity O. /s sroro Bo3bméMm log-ipaBionomobue mMoiean
OMTEPMOB B KauecTBe peryaspusaropa ¢ KoddduiueHTom 7:

R(®,II) =7 Z Ny 1N Z Out Pt T
u,v t

[Tpumenenue ypasuenuii (7)—(8) kK aromy peryiasgpuzatopy aaér dopmysib M-mara:

Pt = noerlg/n (nwt +7 E nuwptuw);
w
ueWw

Pruw = ntoerTm(ntcpwttput)-

Otn HOpPMYIbl HHTEPIPETUPYIOTCA Kak gobaBienue ncesdo-dokymenmos. Kaxkmomy
caoBy u € W craBUTCS B COOTBETCTBHUE IICEBIO-T0KYMEHT d,, OObeIMHSIONINI BCe KOH-
TEeKCTBI CJIOBA 1, TO €CTh 9TO MEIIOK CJIOB, BCTPETUBIINXCI PSIIOM CO CIOBOM 1 IO BCei
KOJUTeKIA. YHCa0 BXOXKIAGHUH CI0BA W B MCEBIO-IOKYMEHT d, PABHO TTl,,. BcmoMo-
raTesibHble TePEMEHHbIE Piy, = P(t|u, w) coorBercTByioT hopmyae E-mara nis ncesjo-
JIOKyMeHTa, d,,, eCJIi JOOTPEJETUTH ero TEMATUKY Kak Oy, = notrm(ntgout). Hpyrumu cjio-

BaMU, B MOJIE/IN OUTEPMOB CTOJIOIBI MATPHUILI O, COOTBETCTBYOIINE TICEBIO0-T0KYMEHTAM,
00pa3yoTca MyTéM IepeHOPMUPOBKH cTpok Marpuiel ® mo dopmysre Baiieca.

VBenununuBag KodMMUIMEHT 7, MOYKHO JTOOUTHCA TOro, 4Todbsl Marpuia ¢ dopmupo-
BaJIaCh MPAKTUIECKH TOJBKO 1m0 butepmam. B takom ciaydae momenb ARTM mepexomnt
B MOJIeJIb OUTEPMOB, KOTOPasi CTPOUTCS 1O KOJIJIEKITHH TICEB0-T0KYMEHTOB, 0e3 HCIIOJIhb-
30BaHUsT MCXOIHBIX JOKYMEHTOB.

Cetb cqoB. Uaesa momenmpoBaTh He JOKYMEHTBI, a CBS3H MEXKIY CJI0BaMHU, ObLIA IO-
JIOKeHAa B OCHOBY TeMaTH9ecKux Mmojeseil coBcrpedaemoctn cioB WTM (word topic
model) [31] @ WNTM (word network topic model) [153]. Jlo6omsiTHO, uTo Gosee pam-
Hss myoaukamust Mojgenn WTM ocranach HesamedeHHON (BUIUMO, Kak He-GaifecoBckast),
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1 BO BTOpOIi cTaThe gaxke HeT cculiKu Ha Heé. Momemn WTM u WNTM cBoagrcda kK npu-
merernio PLSA u LDA cooTBeTCTBEeHHO K KOJUIEKIMH MCEBI0-TOKYMEHTOB d,:

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

teT teT

Banurmem log-ipapaononobue mogenu p(w|d,) B BUge peryaspusaropa:

R®,0)=7 Y nuwln ) oub,

u,weW teT

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

OcHOBHOE OTIMYME STUX MOJeaeil OT MOAEeJIW OUTEPMOB B TOM, YTO 3/1€Ch B sIB-
HOM BHJE CTPOUTCS MaTpuia O 1 TMCeBI0-KOLIEKINN, TOTIa KaK B MOJIEJIH OMTEePMOB
© = diag(my, ..., m)PT 1 KOMUIECTBO MTAPAMETPOB BIBOe MeHbIie. Kak moka3aim skcnepu-
MEHTHI Ha KOJIJIEKIIUIX KOPOTKUX TeKcToB, Moaeab WNTM HeMHOro IpeBOCXOIUT MOJIEb
OHTEPMOB W CYIIECTBEHHO MPEBOCXOAUT OOBIYHBIE TemMarndeckne mogean [153]. Ha kou-
JIEKIIUSIX JIJIMHHBIX JIOKYMEHTOB TeMaTHUYeCKhe MOJIEIN COBCTPEYaeMOCTH CJIOB He JIAf0T
3HAYUMbBIX ITPEUMYIIECTB Tepe/l OOBITHBIMU TeMATHIECKUMUA MOJIEISIMH.

Korepenruocts. Tewma naswbiBaercst kozepenmmoli (COrIacoBaHHOi), ecin Hanboee a-
CThIe TEPMUHBI JAHHOI TEMbl 4acTO BCTPEYAIOTCS PSAOM B JOKYyMEHTaxX Kojuiekiuu [85].
CoBCTpeuaeMoCTh TEPMIHOB MOYKET ONEHUBATHLCS 110 caMoii Kosuteknuu D [80], wiu mo cro-
pOHHell KoJLIeKIuu, HanpuMep, mo Bukuneanu [82]. CpeiHss KOPepeHTHOCTh TeM CYHTa-
ercsi XOpOoIel Mepoii HHTePIPeTUPYEeMOCTH TeMaTHIecKoi Mozenu [86].

[Tycts 3a1aubl onenkn coBMecTHOl Berpedaemoct Cy,, = p(w |v) mis nap TepMuHOB
(w,v) € W2, O6wrano O, OINEHMBAIOT KaK JOJI0 JIOKYMEHTOB, COIEPYKAIINX TePMUH U,
B KOTOPBLIX TEPMUH W BCTpedaeTcd He jgajee dyeM depes 10 caoB oT v.

Bamumrem dopmy:ty monuoit BepoaTHocTH p(w |t) = Y CiyyPypr 1 3aMEHEM B Hell yCI0B-
HYI0 BEPOATHOCTD (,; 9ACTOTHOI omeHKoii: p(w |t) = Y Cyy ‘. BBenéum perynspusarop,
TpeOyoNMii, 9TOOBI TaAPAMETPHI (0,; TeMATUICCKONH MOIEIN ObLIM COTIACOBAHBI C OICHKA-
mu p(w|t) B CMBICTE KPOCC-IHTPOIUH:

D) :TZnt Zﬁ(w|t)lncpwt.

teT weWw

®opwmysa M-mara, cormacho (7), mpuHEMaeT BHUJL

pwt = NOIM (nwt +7 ) vanvt>-
w

veEW\w

D10 criaaxKuBapImuii peryasipu3arop. OH yBeTMINBaeT BEPOSATHOCTH TEPMHUHA B TEME, eC-
JIn TepMUHBI, C KOTOPBIMU OH YaCTO COBMECTHO BCTpPpe€YaeTCd, OTHOCATCA K ,Z[aHHOfI TEMeE.
Touno Takas ke dhopmysna noayuauiach B [80] myst mogesn LDA u ajsroputma caMILIAPO-
BaHug ['mub6ca, HO ¢ Hojee CI0:KHBIM OOOCHOBaHHEM depe3 OOOOIEHHYIO YPHOBYIO CXEMY
[Toiist, m ¢ Bosiee CAOKHON IBPUCTUIECKON OMEHKONH (.

B paGore [82] npemiozxkeH Apyroil peryisipu3aTop KOrepeHTHOCTH:

@) =T Z In Z Cuvcput(pvta

teT u,veW
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B KOTOPOM OIleHKa coBMecTHOH BeTpedaeMocTu (', = Ny, [PMI(u, v) > 0] OIpeIeseTCs
qepes nomoueunyto e3aumnyto ungopmayuto (pointwise mutual information)

|D|N,,
In 1w
N, N,

rae N, — 9HCI0 JOKYMEHTOB, B KOTOPBIX TEPMHHBI U, U XOTS ObI OJUH pa3 BCTPEUAIOTCS
psiioMm (He masee, gem depe3 10 ciaoB), N, — YHCIO JOKYMEHTOB, B KOTOPBIX TEPMUH U
BCTpEYaeTCs XOTs ObI OJUH pas.

Takum obpazom, B JjuTeparype MOKa OTCYTCTBYET €IWHBIN ITOJX0J] K ONTHMU3AIUN
korepeHTHocTH. [Ipejiaraembie KpuTepuu MOXOXKHM HA MOJIEJIM OUTEPMOB U CETH CJIOB.
Bce onn dopmannsyoT obILyio ujier, 9TO ecju CJA0Ba 9acTO COBMECTHO BCTPEYAIOTCS, TO
OHH UMEIOT CXOKYIO TeMATHUKY.

PMI(u,v) = (21)

Mogenu BEeKTOPHBIX HNPEACTABJIEHUN CJIOB CTaBAT B COOTBETCTBHE KayKJIOMY CJIO-
BY W BEKTOP V,, (bUKCcHpoBaHHOI pazMepHocTH. OCHOBHOE TpeOOBaHHE K 3TOMY OTOOpazKe-
HIIO — YTOOBI OJTU3KUM IO CMBICJIY CJIOBAM COOTBETCTBOBaJM O/n3Kue BeKTOphl. Cormac-
HO ducmpubymusnoti zunomese (distributional hypothesis) cmbica cioBa onpeensiercs
pacrpeieleHneM CJIOB, B OKPYKEHHH KOTOPHIX OHO BeTpedaercst [46]. Ciosa, Berpedaro-
nmecd B CXOXKUX KOHTEKCTaX, MMEIOT CXOXKYI0 CeMaHTHKY M, COOTBETCTBEHHO, JOJI2KHbI
nmverh Gau3kne BekTopbl. g dbopmanmsanum sroro npuanuna B |75, 76| npegraraer-
Cs1 HECKOJIbKO BEPOSITHOCTHBIX MOJENIeii, I BCe OHM Peaan30BaHbl B IporpaMme word2vec.
B gactHOCTH, MOIETH SKip-gram mpecKa3pBaeT MOSIBICHHE CI0OBA W B KOHTEKCTe CJIOBA U,
TO eCTh IpU YyCJIOBUHU, YTO CJIOBO U HAXOAUTCA PAIOM:

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

re (Vy, Vy) = ), VwtVur — CKAJISIPHOE HPOM3BEIeHIe BEKTOPOB. B omimune or Temarmde-
CKUX MOjIesieil, HOpMUPOBKA BEPOSATHOCTEN MTPOU3BOJIUTCS HEJTUHEHHBIM TPeoOpa30BaHueM
SoftMax, a camu BeKTOpHBIE TIPeICTABIEHUSI CJIOB HE HOPMUPYIOTCSI.

JLnst obydeHns MOIe/IN pelaeTcd 3aa4ua MaKCUMHu3aIun log-npaBaomnono0us, Kak mpa-
BIJIO, TPAIMEHTHBIME METOTAMHU:

p(w|u) = Soitel\v/I[/ax (Vg V) = Iivoervg/n(exp (Vi V) =

Z Nyw I p(w|u) — max.
u,weW <

ITocTamoBka 3a1a49n 0YeHb TOX0XKa Ha TeMaTndeckue Moaean BTM u WNTM. Monean
cemeiicTBa word2vec u JIpyrue MOJEIN BEKTOPHBIX MPEJICTABJICHUI CJIOB TAK¥XKe SBJISIOT-
Csl MATPUIHBIMHU pasjioxkenusivu [62, 92, 67|. TaBroe orTmvme 3aKI09a€TCST B TOM, 9TO
B 9TUX BEKTOPHBLIX ITPE/ICTABICHUSIX KOOPINHATEHI He HHTEPIIPETHPYEMbI, He HOPMHPOBAHBI
U HE PA3pEeKeHbl, TOTJA KaK B TEMATHIECKUX MOJEIIX COBAM COOTBETCTBYIOT Pa3perKeH-
Hble IHCKpeTHbIe pactpeeaenus: TeM p(t|w). C apyroi ¢TOPOHbI, TeMATHYECKHE MOJIEIN
U3HAYAIBHO HE MpeJHA3HAYAJINCH JIJIS ONPeJIe/IeHIsT CeMaHTUIeCKO# OJIM30CTH CJIOB, T0-
TOMY JeJal0T OHHM 3TO IJIOXO.

B pa6ote A.C.Ilonosa® npemyioxen cocod HOCTPOCHUS MEMAMUNECKUT 6EKMOPHBLL
npedcmasaenutdl cA06 TO TICEBIO-KOIEKIINE JOKYMEHTOB, aHaaorndubiii mogenam BTM

3Aprém Ilonos. Perynspusamus TeMaTnuecKux Mojesieit 171 BeKTOPHBIX HpejcTasiennii ¢ios. Baka-
maBpckas guccepramus, BMK MI'Y, 2017.
http://www.Machinelearning.ru/wiki/images/4/45/2017PopovBsc.pdf
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n WNTM. B zamagax cemMaHTH4YecKoil OJU30CTU CIOB OHU KOHKYPHUPYIOT C MOJETSIMU
word2vec u CyIecTBeHHO MPEBOCXOAAT OOBITHBIE TeMaTudeckue Moaenu. [Ipu srom Tema-
THYeCKNe BEKTOPHBIE MPEJICTABICHAS ABJAIOTCA NHTEPIPETUPYEMBIMU W Pa3perKeHHBIMU.
Ucmonb3yst KpOCC-9HTPOTHITHBIE PETYISIPU3ATOPHI, PA3PEKEHHOCTh BEKTOPOB YIAETCs 10~
BoauThH 10 93% 06e3 morepu KauecTsa.

Kpome Toro, APTM mo3Bossier 0000IMUTL TeMAaTHIECKHe MOMENTH TUCTPUOYTHBHON
CeMAHTUKH J/IsT MYJbTUMOMAJbHBIX KOJIEKInid. Vcrmonb3ys gaHHbIe O COBCTPEYAaeMOCTH
TOKEHOB PAa3JIMYHBIX MOJAJBHOCTEN, BO3MOXKHO CTPOUTH WHTEPIPETHPYEMble TeMaTHhde-
CKUe BEKTOPHbBIE IPEACTaBJIeHud OJid BCEX MO,ZLa.HbHOCTef/'I. B TO 2Ke BpeM¢ IpuBJICYEeHUE
,Z[OHOJIHI/ITGJIBHOﬁ I/IHCI)OpMaJ_[I/II/I O Apyrux MO/JIaJIbHOCTAX IMOBbINIACT KaYe€CTBO DPeEIIeHUA
3a1a4n OJIM30CTH CJIOB.

11 Temaruyeckada cermMeHTAIIIA

['urioresa «merka CJa0B» W MPENOJI0KEHNEe O CTATUCTUYECKON He3aBUCHUMOCTH COCEIHUX
CJIOB TIPUBOJAT K CJAUNIKOM YaCTONH XAaOTHUIHOM CMeHe TeMAaTHKH MeYKIy COCeJHUMU CJIO-
Bamu. Ecau mpocienuTh, K KAKUM TeMaM OTHOCITCA IOCJIed0BATEIbHBIE CJIOBA B TEKCTE,
TO TeMaTUIecKasd MOJEJb B IeJIOM MOKaYKeTCd He HACTOJIHKO XOPOIIO WHTEPIPETUPYEMOii,
KaK pPaHKHPOBAaHHBIE CIUCKHW HanbOJIee YaCTOTHBIX CJI0B B TEMaX.

Temarudeckne Moje/i CerMeHTAIMM OCHOBAaHbI Ha 0o0Jiee PEAJTUCTHUIHBIX THUIIOTE3aX
0 cBsI3HOM TekcTe. Kaxkaoe mpeamoKeHne OTHOCUTCA K OIHOM Teme, HHOIA K HeOOIbIIO-
My aucay tem. Creayioinee MpeaioKeHHe JacTo MPOIOIKAET TEMATHKY MPeIblIyIIero.
CwmeHa TeMbl 9allle TPOUCXOANT MeyKIAy ad3alaMiu, emé Jalne MexKIy CEeKIUSIMUI JOKYMeH-
ta. Kaxkaoe mpesjioykeHne MOXKHO CINTATH «MEITKOM TEPMUHOBY.

Temaruuyeckasa Moaeab mpeajoxKeuuii. lomyctum, 910 KazK bl JOKyMeHT d pa3ouT
HA MHOYKECTBO CETMEHTOB Sy. TO MOTYT OBITh MpeI0KeHusi, ad3aIbl W (hpasv, — CUH-
TAKCUIECKW KOPPEKTHBIE YacTu mnpetoxkenuit. Obo3HaImMM depe3 n, JJINHY CErMEeHTa S,
9epes Ny, — YHUCI0 BXOXKIEHUN TePMUHA W B CETMEHT S.

[IpeamoioKum, 9TO BCe CJIOBA CETMEHTa OTHOCATCS K OJTHO# TeMe U 3anuiieM (hbyHKITHIO
BEPOSITHOCTH CerMeHTa S € Sy 4epe3 mapaMeTpbl TeMATHIECKON MOJETH Oy, Oig:

p(s|d) = p(t|d) [[ plwlt)™ = 6 ]] el
teT wES teT wEeES

Bynem cumTaTh KaxKaplii JOKYMEHT «MEIIKOM CeIrMEHTOB». Toryia (pyHKIUSI BEPOIATHO-
CTH BBIOOpPKH Oy/ieT paBHA MpPOU3BeIeHUIO (DYHKIUH BEpPOITHOCTH cermMeHTOB. [locTtaBum
3a/[a9y MaKCUMHU3aIUU CyMMbI log-mipaBiomnonodus u peryJisipusaropa [

D> ) bu]]eir + R(®,0) - mas, (22)

deD seSy teT wESs

npu OOBIMHBIX Orpanmdennsax (4). B gacTHOM ciydae, KOrga KasKIblii CEPMEHT COCTOHT
TOJILKO W3 OJIHOTO CJIOBA, JaHHAs 3aja4a nepexoaut B (5).
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Teopema 4. Ilycre ¢yukmus R(P, O) menpepoiBro mucdepenmupyema. Toura (P, O)
JIOKAJILHOTO 9KcTpeMyMma 3ajadn (22), (4) yzoBaeTBopsier cucreMe ypaBHEeHHI ¢O BCIIOMO-
raTeJbHbIMH MEPEMEHHBIMHI Pygs = p(t|d, s):

Dtds = ntOel"Tm(etd 11 @Zf{fw)é

wes
OR
=normi| n — | Nt = weE S

Pt 10T\ ot + Quwt Do ; wt Z Z[ | Pras

deD seSy
OR
0,y = norm| n O g— |; Nyg =
td orl td T Otd 90, )’ td ; Ptds

s€5q

Ananornunas 3a/a4a CTABUJIACH JJIs MOJIEJTH KOPOTKUX coobmenuit Twitter-LDA [150],
TOJIBKO B POJIM JOKYMEHTOB BBICTYIIAJIN aBTOPBI, B POJIN CETMEHTOB — BCE COO6H.[€HI/IH JTaH-
HOT'O aBTOPA.

Temarudeckass Mojesnb npejnoxennii senLDA [19] umeer Gosiee BazKHOE CTPYKTYp-
HOe OTJIMYHe: BMECTO MATPHUIBI mapametrpos 0y = p(t|d) B senLDA ucnonn3yercst BeKTOp
napametpoB m; = p(t). Tem camMbiM UTHOpHpYeTCsT pa3ieieHne MHOXKECTBA BCEX MPEJIo-
JKeHni KOJIJICKIIUU 11O JOKYMEeHTaM, 9YTO HO3BOJIAET YMEHLIIIUTH YHUCJ/IO ITapaMeTpOB MO-
nenu. Ecan B senLDA Hy»kHO y3HATH TEMATHKY JOKYMEHTA, TO €€ HETPY/IHO BBITHC/IATH,
YCPEeJHUB TEMATHKY BCeX ero npejjioyKeHuid.

TemaTruuyeckasa Mo/1eJIb cerMeHTanuu. lenepb paccMoTpuM 6oJiee CJI0KHBIN CIydaii,
KOI/Ia, TE€KCT COCTOWT W3 TPeJIOXKeHuil, n Tpebyercs oObeTUHUTh UX B OOJee KPYMHbIE
TeMaTUIecKne CerMeHTHI, TPAHUILI KOTOPBIX 3apaHee He OIpPeJIeeHbI.

Memod TopicTiling [100] — 3ro mocT-06paboTka pacupenenennii p(t|d, w;), i =1,...,n,
MOJTYIaeMBIX KaKOH-TH00 TeMaTudeckoir Mozenbio, Hampumep, LDA. Oupenenum tema-
TUKY MpPEJJIOKeHNsT § Kak cpenHio Temartuky p(t|d,w) Bcex ero ciaoB w. Ilocuntaem
KOCUHYCHYIO OJTM30CTh TEeMAaTUKHU JJIS BCEX Map COCeTHUX TpetoxKennit. Yem rimybxke J1o-
KAJbHBIE MUHUMYM OJIM30CTH, T€M BBINIE YBEPEHHOCTL, YTO MeXK/Iy JAHHOIl mapoii mpe/I-
JIOZKeHU# nmpoxoauT rpanuia cermenToB. Merona TopicTiling ucmonb3yer HabOp IBPUCTHK
JIIST TIOJI00pA YUC/Ia MIPEJIJIOYKEHUit ¢/ieBa U CIpaBa OT JIOKAJIbHOIO MUHUMYMa OJIN30CTH,
OIIpeJIe/IeHUsT YUC/Ia CEIMEHTOB, MOAO0pa YHUC/Ia TeM U YHUC/Ia UTepallnii, NT'HOPUPOBAHUS
CTOTI-CJTOB, (DOHOBBIX TeM W KOPOTKUX MPEJIOKeHwiT. AKKypaTHast HaCTPOiika mapamMeTpon
9TUX IBPUCTHUK MO3BOJISET JTOCTUYb BBICOKOIO KavecTBa cermentanuu [100].

TopicTiling He gBasgeTCS MOJTHOIEHHON TeMaTHIECKO MOJIE/TbI0 CEerMEHTAINN TeKCTa,
MOCKOJIbKY TIOCT-00pabOTKa HUKAK He BJIMSET Ha caMé TeMbl. dTOObI HAWTH TeMbl, HAnOO-
Jiee BBITOJIHBIE JIJII CeIMEHTAINU, TpeOyeTcs: ClenuaIbHbII Peryaspu3aTop.

Perynapuszarop E-mrara. Hekoropble TpeboBanus K TeMaTHYeCKONH MoOje/n yjao0Hee
BBIDAYKATh Yepe3 PACIIPEIEJCHUS Dgy, = P(t|d, w), a He depes ., u 0yy. Hanpumep, Tpebo-
BaHUS CXOACTBA TEMATHKU TEPMUHOB BHYTPH NMPEIJIOKEHUIT UM COCEIHUX TPEII0KEeHUIT
BHYTPHU JOKyMeHTa. TakuM coco60oM MOYKHO YUATHIBATH MOPSIOK CJIOB BHYTPH JIOKYMEH-
TOB B 0OXOJI TUTIOTE3bI «MEIIKa, CJIOBY.

Pacemorpum peryasipusarop R(I1) kak dbyHKIMIO 0T TPEXMEPHOIT MATPHIIBI BCIIOMOTa-
TesbHBIX 1epeMeHHbIX 1 = (pyaw )< pxw . Cormacuo ypasuenuto (6), marpuna I1 sisisiercst
dyuxipeit or  u O. [Mosromy Kk peryaspuzaropy R(II(P,0)) npumennva teopema 1.
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Paccmorpum 3amady MakCHMU3AIUT PEryIsSpru30BAaHHOrO log-ipaBaonoaoous ¢ IByMs
peryiapu3aTopaMu, OJWH U3 KOTOPBIX 3aBucut ot II:

Z Z N IN Z Outbig + RII(P,0)) + R(®,0) — max, (23)

0
deD wed teT

IPU OIPAHUYEHUSAX HEOTPUIATETHHOCTH U HOPMUPOBKH (4).

Teopema 5. Ilycrs ¢pyaknun R(II(P,0)) n R (P, ©) wenpepwisrO gudepenupyempl
u pynkmst R(I1) He 3aBucHT OT MEpeMeHHBIX Py B Caydae ng, = 0. Toraa rouka (P, O)
JIOKaJILHOTO 9KcTpeMyMma 3ajadn (23), (4) yzaoBiaerBopsier cucreme ypaBHeHHI cO BCIIOMO-
raTeJlbHBIMA MEePEMEHHBIMH Digy, = P(t|d, w) I Pray:

Praw = 0010 (Pu161a); (24)
5 1 (OR(II) OR(IT)
w — w 1 - - zdw ; 25
Ptd Ptd ( + i~ ( Opum ZGZTP d Dot (25)
OR'
Puwt = HOI"IH ( Z ndwptdw + (pwta ) ; (26)
JeD Pwt
OR’
0,y = wDtdw + 0 27
td nOl"m(wZEdnd Dtdw + td@Qtd) (27)

Takum obpazom, B EM-anropurMe 1ig KazkKI0ro J0KYMeHTa d CHAYAIA BBITHCISIOTCS
BCIIOMOTATE/IHLHBIE TIEPEMEHHBIE Dy gy, 3ATEM OHU TIPE0OPA3YIOTCS B HOBBIE TIEPEMEHHBIE Py,
KOTODBIE MOJCTABIAIOTCS B 00bIaHbIe hopmy sl M-mmara (7)—(8) BMeCTO pigy. Takoii cro-
cob BBIYHUCIEHHT OyIeM Ha3bIBATH pe2yaapusayuet E-waza.

HoBble iepemeHHbIe Pyg,, HE 00pa3YIOT BEPOATHOCTHBIX pacIpeeaeHnil, Korna uxX 3Ha-
YeHUsl OTPUIATENbHBI. TeM He MeHee, YCJI0BHe HOPMUPOBKH /I HUX BBIIIOTHEHO.

PazpexkuBaromuii peryngpu3arop E-mrara aasg cermenramum. [Ipumenum pery-
ngpusanuio E-mara 17 mocTpoeHnsT TeMaTHIeCKOi MO/ CeFMEHTUPOBAHHOTO TEKCTA.
Ornpene M TeMATHKY CerMeHTa § € Sy KaK CPeJHIOI0 TeMATUKY BCEX ero TePMHUHOB:

Ptds =D t|d3 ZPHdw w|8 Znswptdw

8

wes wes

YT00bI KazKJIblii CErMEHT OTHOCHJICS K HEDOJIBIIIOMY YHCJIy TeM, OyjaeM MUHUMU3UPOBATDH
KPOCC-9HTPOIHIO MexKy pactpesenenusivu p(t|d, s) u paBHOMEPHBIM DACIIpe/eIeHIeM,
4YTO MPUBEIET HAC K PA3PEKUBAIOIIEMY peryiaspuzaropy E-mara:

)=—T Z Z Z lnz NswPtdw- (28)

deD seSy teT wWES
Omyckast pyTHHHBIe BBIKJIAJIKH, MPUBEIEM Pe3y/IbTar mojactaHoBku (28) B (25):

ptdw :ptdw(]- - i Z ,r:::} (L _szdw))

w s€S, DPtds 2T DPzds
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Xots ¢popMyIa BEIIISIAT TPOMO3IKOM, 3(hdEeKT MpuMeHeHUsI PeryIgapu3aTopa HOHATh
He TpyAHO. Ecam BepoITHOCTD pigs TEMBI B CETMEHTe OKayKeTcs MeHbBITe HEKOTOPOTO T0-
pora, TO BEPOATHOCTH Pigy, OYAYT YMEHBINATHCS JIJISI BCEX TEPMUHOB W JaHHOIO CeIMEHTA.
B urore Tremarnka KaykJa0ro cerMeHTa CKOHIIEHTPUPYETCS B HEOOJIBIIIOM YHCJIe TEM.

B pesyibrare paspekuBaHus TeMaTHKa COCEJIHUX CEIMEHTOB MOYKET OKa3aThCs OJIM3-
KOil, @ UX MOXKHO OyJIeT oObeJIWHUTH B OAUH TeMaTudecKuii cermeHT. HazoBém Temy t
¢ MakCUMAaJbHBIM 3Hadenuem p(t|d, s) domunupyrowed memoti cermenta s JOKyMeHTa d.
Ecan tema joMuHHpYyeT B COCEJIHUX CerMeHTaxX, TO OHa Oy/eT JOMUHUPYIOIEit U B UX
obbeauHennn. Kcian oObeAnHUTH TIOCIe0BaTeIbHbIe CeIMEeHThI C OJIMHAKOBOW JIOMHUHUDY-
foleit TeMoit B oJnH 0oJiee KPYIHBIN CEIMEHT, TO JlaHHAs TeMa TaKyKe OCTaHeTCsd B HEM
JIOMHUHHUPYIOIIEi. DTO MpOCTast arioMepaTUBHAA CTPATErUs TeMATHIECKOW CerMeHTAIIHH.
B ormmane ot TopicTiling, y Heé HeT 9BpUCTHYECKHUX TapaMeTPOB, KOTOPBIE HAJJI0 HACTpa-
UBaTh, U OHA IOYTH HE YBEJTHINBAET BpeMs HMOCT-00paboTKu E-1mara.

12 Kpurepun KadecTrBa

KonngecTBeHHOE ONEHMBAHME TEMATHYCCKUX MOJENeil aBIgeTCs HeTpUBHAILHON Ipobie-
Moit. B omtmume ot 3aja4 KjaaccuUKAIMU WU PErpecCuu 3/eCh HEeT YETKOrO MOHSTHS
<<OH_H/I6KI/I>> WUJIN «IIOTEePpU». KpI/ITepI/II/I KadeCTBa KJIaCTepUu3alu TUlla CpeJHUX BHYTPUKJIA-
CTEPHBIX HUJIN MEXKKJIaCTEPHBIX paCCTOHHI/Iﬁ IIJIOXO IMOAXOAAT OJIAd OLECHUBAHUA «MSITKOM »
COBMECTHOM KJIACTePH3ANUN JTOKYMEHTOB U TEPMUHOB.

Kpurepun KadecTBa TEeMATHYECKAX MOJeaeil NPUHATO [IeINTh HA BHYTPEHHHE
(intrinsic) u BHemrHue (extrinsic). Buympennue Kpumepuy, XapakTepu3yoT KaqecTBO MO-
JIJIM 110 MCXOAHON TEKCTOBOW KOJLIEKINU. BHewnue Kpumeput ONeHUBAIOT MOJIe3HOCTH
MOZeJIN C TOYKU 3PpEHUA MPUJJIO2KEHHA W KOHETHBIX I0JIb30BaTeJIeld. MHOFﬂa IJId 9TOTr0
IPUXOIUTCA COOMPATH JOIOJHATEIbHBIE TAHHLIC, HAIIPUMED, OIEHKH aceCCOPOB.

Bremmrame Kkputepuu KpaiiHe pa3HooOpa3Hbl U 3aBUCAT OT perraeMoil MpuKJIaJHON 3a-
nmaun. [IpakTuaecku B KaK/10# MyOIUKAINN IO TEMATHIECKOMY MOIETUPOBAHUIO UCTIOb-
3yeTcs Kakoii-mubo BHENHWii Kpurepuil: KavuecrBo Kiaaccudukanuu JoKyMeHToB [103],
TOYHOCTH W MOJHOTA WHpOPMaIMOHHOTro moncka (144, 14, 7, 12|, uncio HaiiIeHHBIX XO-
porrio uHTepHpeTupyeMbix Tem 17|, kagectso cermentanun Tekcton [100]. B [34] nmpera-
raeTcs MEeTOJIMKa JUATHOCTHKYU MOJie/ieil, OCHOBAHHAs HA COTOCTABJICHUH HANJIEHHBIX TEM
C 3apaHee U3BECTHBIMU KOHIETITAMU.

ITepunexkcus. Hawubosiee pacnpocTpaHéHHBIM BHYTPEHHUM KPUTEPHUEM SIBJISIETCS Mep-
naexcus (perplexity), ucnonb3yemast st OIEHUBAHUS MOJIe/Ieil A3bIKA B KOMIIBIOTEPHOI
JIMHTBUCTUKE. DTO Mepa HECOOTBETCTBUS WU «YAUBIEHHOCTH» Mojenn p(w | d) TokeHaM w,
HAOTI0TaeMbIM B JoKyMeHTax d koutekiun D. Ona onpesensiercs: depe3 log-mrpaBiomnoio-
oue (3), a B cirydae MyJIBTUMOIATBHON Moen — depes log-nipasaonogobue (12) oTaeabHO
JJIST KaxKJI0U MOJAJIbHOCTH:

. 1
perplexity,,(D;p) = exp - Z Z Naw mp(w|d) |, (29)
deD weWm™

THE Ny = >, Y, Ny — JJIAHA KOJJIEKIHA 10 M-t MOJATbHOCTH.
deD wewm
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YeMm MeHbIIE BeTHUNHA MEPILTIEKCUN, TeM JIYUIIe MOJETb P IPeICKa3biBaeT MOABICHIE
TOKEHOB w B JOKyMeHTax d KoJmeknun D.

[Teprtekcust mMeeT CJIeAYIONIYI0 WHTepHperannio. Ecanm TepMUHB W TMOPOXKIAI0TCS
13 paBHOMepHOro pacnpesenenus: p(w) = 1/V Ha cioBape momaocTH V', TO mepIuieKcust
Mozt p(w) Ha TAKOM TEKCTe CXOIUTCS K V' ¢ POCTOM ero JutnHbl. HeM cuiibHee pacrpe/ie-
nenne p(w) OTINIAETCS OT PABHOMEPHOTO, TeM MeHBIITe MepIuieKcus. B ciaydae yeJOBHBIX
BeposiTHOCTEl p(w | d) WHTEpIpeTanyst HEMHOTO IPYTasi: eCaN KazKIblil JOKYMEHT reHepu-
pyercst u3 V' paBHOBEPOSITHBIX TEPMUHOB (BO3MOXKHO, PA3IMIHBIX B PA3HBIX JTOKYMEHTAX ),
TO TEPILIEKCUsT CXOAUTCs K V.

HemocrarkoMm meprijiekcun siBIsIeTCst HEOUEBUIHOCTD €€ YNC/IEHHBIX 3HAYEHWI, 8 TAKKe
e€ 3aBUCUMOCTh He TOJBKO OT KadecTBa MOJIE/IH, HO U OT PsiJa MOCTOPOHHUX (haKTOPOB —
JTHHBL JIOKYMEHTOB, MOIIHOCTH U Pa3peKeHHOCTH CJI0Bapd. B WacTHOCTH, ¢ MOMOIIBIO
HEePILTIEKCHU HEKOPPEKTHO CPaBHUBATH TEMATHIECKHE MOJIE/TN OJTHONU U TOM yKe KOJIIEeKITNH,
MOCTPOEHHBIE HA PA3HBIX CJIOBAPSIX.

Ob6o3naunm 1epe3 pp(w|d) Moeh, TTOCTPOEHHYIO MO 00yYAIOINIell KOJIEKINH TOKY-
mentoB D. lepmiekcus obyuatoreit Boibopru &y, (D; pp) ABISIETCS ONTUMUCTHIHO CMe-
MEHHOI (3aHMZKEHHOMN) XapaKTepUCTHKONW KavecTBa Mojenn u3-3a ahdexra mepeobyue-
Hust. OOOOIIAONIYIO CIIOCOOHOCTDh TeMATHYECKUX MOJEIeil IMPUHITO OIEHUBATDH NePn.ack-
cuet konmpoavrotl ewbopru (hold-out perplexity) 22, (D’; pp). OBbIYHO KOLIEKIHIO Pa3-
JeJISTIOT Ha 00YYAIoIIyI0 W KOHTPOJIBHYIO CIyvaiiHbiM 00pasoM B mporopmun 9 : 1 [26].

HemocTtaTtkoMm KOHTPOJIBHBII MEPILTIEKCUN ABISI€TCS BBICOKAs 9YBCTBHTEILHOCTD K PE/I-
KHM ¥ HOBBIM CJIOBaM, KOTOpPbIe MPAKTUIECKH OECIOJE3HBI /I TeMATHIECKUX MOJIe/Iei.
B pamnnux skcmepuMenTax ObLTO moKaszano, 9To LDA cymecrBenno npesocxomur PLSA mo
MePILIEKCHHI, OTKY/1a ObLI ¢esiat BbBo, uro LDA menbire nepeodbydaercs [26]. B [4, 95, 5]
OBLIN TIPEJJIOKEHBI  POOACHBIE MEMAMUYECKUE MOOJEAU, ONMUCHIBAIOIINE PEIKHEe CJIOBA
crenuaabHbBIM «(hoHOBBIMY pactpesenenuneM. [lepriekcusi pobactabix BapuantoB PLSA
n LDA oxka3zaiach CyIecTBEHHO MeHbBINeil 1 MPaKTUIECKH OJIMHAKOBOIA.

KorepenTHocTs. llHTepnpeTnpyeMocTh TeMaTUIECKONH MOJIENTH SIBJISIETCS ILIOX0 (hop-
Maan3yeMbiM TpeboBanneM. CojepzKaTeTbHO OHO O3HAYAET, UYTO IO CIIHUCKaM Hambosee
JACTOTHBIX CJOB W JOKYMEHTOB TeMbI SKCIEPT MOZKEeT MOHATH, O YéM 3Ta TeMa, U JaTh
eit ajekBarHoe HazBanue [29]. CBOWCTBO HHTEPIPETHPYEMOCTH BayKHO B HH(MDOPMAIMOHHO-
MOMCKOBBIX CUCTEMaX /IS CHCTEMATU3AINN W BU3yaJU3alAN Pe3YIbTaTOB TEMATHIECKOTO
MONCKA MW KaTeropu3allui JIOKYMEHTOB.

BorbmuHCTBO CyMIEeCTBYIONMIX METOIOB ONEHUBAHUS WHTEPIPETUPYEMOCTH OCHOBAHO
Ha [PUBJIEYEHUN SKCIePTOB-aceccopoB. B [84] skcmepram mperaranioch HEmoCpeaCcTBEHHO
OIEHUBATH TOJE3HOCTh TeM M0 TPEXOAILHOM TTKaxe. B Merome nuTpy3uii [29] mis kaxk-
JIO HaliJIeHHOW TeMbl cocTaB/sieTcss ciucok u3 10 HanboJiee 4aCTOTHBIX CJIOB, B KOTOPBIi
BHEJIPSIeTCS OJIHO cJiydaitnoe cjoBo. Tema cumraercs MHTEPHPETHUPYEMOM, €Cu TOIaB-
Jigroree OOJBIMIMHCTBO KCIEPTOB MPABUIBHO YKA3BIBAIOT JIUIIHEE CJIOBO. DKCIEPTHHIE
OJIXOJIbI HEOOXOAUMBI Ha CTAIUU MCCJIeIOBAHUNi, HO OHHU 3aTPYIHSIOT aBTOMATHIECKOEe
IOCTPOEHNe TeMaTHIecKuX Mojeseil. B cepun pabor [84, 85, 85, 80| mokazaHo, 4To cpe-
JI BeJIUYWH, BBIYUC/ISEMBIX MO KOJJIEKIINN aBTOMATHYECKHU, JIyUIe BCErOo KOppeJIupyeT
C 9KCIIEPTHBIMHU OIEHKAMHU WHTEPIPETHPYEMOCTH Kozepenmmocmy (coherence).

Tema Ha3BIBAETCS Kozepermuoll (COMITACOBAHHON), €CJIM TePMUHBI, HAUGOJee TaCThIe
B JAHHOI TeMe, HeCTYIaiHO YaCTO COBMECTHO BCTPEYAIOTCS Ps/IOM B IOKYMEHTaX KOJTeK-
nun [85, 86]. HucaeHHON MepOil KOPePEHTHOCTH TeMBI { SIBJISIETCS TOTOYeYHAs B3aUMHAs
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undopmaius (21), Berauciasemas 1mo k Hanbosee BEPOATHBIM CJIOBAM TEMBbI:

k-1 k

PMI(t) = ) > PMI(w;, w;),

i=1 j=i

rae w; — i-it TepMUH B HOPSKE YOBIBAHUA (D¢, TUCTIO k OOBIYHO MoJaraercsa paBHbIM 10.

KorepenTHOCTh MOAEIN ONpEAEIsdeTcs KaK CPeaHss KOTepPeHTHOCThL TeMm. Korepent-
HOCTh MOKeT OIEHWBATHCS 110 CTOPOHHEH KoJuteKkiun (Hanpumep, no Buknmnemaun) [82],
GO 10 TOii YKe KOJUIEKIHH, M0 KOTOPOi cTpouTest Mozesb [80).

Pa3pexxeHHOCTh U pa3JIUYHOCTH TEM. Pa3peKeHHOCTh MOJE/JN U3MEPSeTCs 0-
neit S u S HYJIEBBIX 31eMeHTOB B MaTpunax ¢ u ©. B momengax, pa3aeasoniux MHO-
kecTBO TeM 1" Ha mpeaMernbie S u (OHOBBIE B, pa3pe:KeHHOCTHh ONEHUBAETCS TOJBHKO
no JactaM MaTpuri ¢, O, cOOTBETCTBYIONIUM MPEIMETHBIM TeMaM.

B [124] BBOASITCSI KOCBEHHBIE MePHI WHTEPIPETHPYEMOCTH TeM, He TPeOYIoIe MpH-
BJIEUEHUST aceccopoB. [Ipemnonaraercs, 9o WHTEPIPETHPYEMast TeMa, TOJKHA COIePKAThH
AeKcuveckoe A0po — MHOZKECTBO CJIOB, KOTOPBIE C DOBINOH BEPOSITHOCTHIO YIIOTPEOIAIOT-
cd B JIAHHON TeMe U PeJIKO YIOTPeOIdioTced B APYTuX TeMax. B TakoM ciydae marpuiisr P
1 O JTOMKHBI 00JIAJATh CTPYKTYPOil pa3pekKeHHOCTH, aHAJOTUIHOl puc. 4.

Snpo W, = {w eWw ’ p(t|w) > 0.25} TEeMBI { ONPEIeIACTC KAaK MHOMKECTBO TEPMH-
HOB, KOTOPbIe HMEIOT BBICOKYIO YCJIOBHYIO BeposITHOCTH p(t|w) = Putyt AJIS JJAHHOM TeMBI.
3arem 10 SAPY ONMPee/IsIeTCs TPHU MOKa3aTe/si HHTEPIPETUPYEMOCTH TeMbI t:

pur, = > p(w|t) — wucmoma memwv, (€M BBIIIE, TEM JIydIIle);
weWy
cony = Wltl > p(t|w) — Kowmpacmuocmo memov, (9eM BBIIIE, TEM JIYUIILE);
weWy
ker; = |W;| — pasmep adpa (OpHEeHTHPOBOUHBIN OMTHMYM ‘%l)

[Tokazarenu pa3mepa sijipa, YUCTOTHl U KOHTPACTHOCTHU JIJII MOJEIN B IEJIOM OIpejie-
JIIIOTCA KaK CpeJHHe 10 BCeM MpeJIMeTHBIM TeMam t € S.
Zoasa ¢porosoir caoe BO Beelt KOJLIEKITUN

BackRatio = % Z Z Z Nawp(t]d, w)

deD wed teB

npuanMaer 3HadeHnst or 0 go 1. 3navenust, 6auskue K (0, TOBOPAT O TOM, 9TO MOJIEIb
HE CIOCOOHA OTIE/ISITH CJI0BA ODIIEil JIEKCHKH OT CHEeIUaJbHONR TePMUHOJIOTHH. SHAYEHUST,
Osim3Kue K 1, CBUJIETE/ILCTBYIOT O BBIPOXKJIEHUU TEMATHIECKON MOJIEIIH.

Takue Kputepun, Kak pasmep sapa WIH J07s (GOHOBBIX CJIOB, MOTYT HCHOJIH30BATH-
cd 771 KOHTPOJS aJleKBATHOCTH MOJenn. dpe3MepHas peryaspu3alis MOXKeT MPUBOIUTD
K BBIPOXKIeHUI0 Mojean. OOpa3HO TOBOPsI, PEryasipu3aTOpPbl B MAJIBIX 033X SIBJISIIOTCS
JIEKapCTBaMM, HO B CJIydae Nepeo3UPOBKH MOTYT MpeBpallaThcsd B . MHOrme xpure-
puu, BKJIOYas MEPIJIEKCHIO, CJ1a00 YYyBCTBUTE/JIHHBI K HEKOTOPBHIM THUIIAM BBIPOZKJICHMUSI,
HAITPUMep, KOTJAa B MPEIMETHBIX TeMaX OCTAETCs CIUIIKOM MAJIO CJIOB.

Ha mpakTuke K TeMATHIeCKUM MOJETISM TIPETbIBISIOTCSI COUTAHUS PA3HOOOPA3HBIX
TpeboBaHUil. 3a]aUN TEMATHIECKOTO MOJETUPOBAHUS IO CYTH SABJISIOTCA MHOTOKDPUTEDU-
AJIbHBIMH, TTO9TOMY U Ka4eCTBO MOJIE/IH JIOJIZKHO OINEHUBATHCI MO MHOTUM KPHUTEPUSIM.

B mnpoekte BigARTM mnojaep:kuBaercss OHOIMOTEKAa CTAHIAPTHBIX METPUK KadecTBa
1 MeXaHU3MbI J00ABJIEHUS HOBBIX MOJIH30BATEILCKUX METPUK.
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13 Pa3Begounbrii mH(pOPMAIMOHHBII ITONCK

OJHIM 13 BaXKHBIX IPUIOKEHHIT TEMATHYECKOTO MOJIEIUPOBAHUST SIBISIETCS UHPBOPMALU-
onnvili nouck (information retrieval) [144, 14]. CoBpemenmbIe TONCKOBBIE CHCTEMBI IPEJI-
HA3HAYEHbI, [JIABHBIM 00pPA30M, JIs MOMCKA KOHKPETHBIX OTBETOB HAa KOPOTKHE TEKCTO-
Bble 3anpochl. COBEPIIEHHO JPYrue MOUCKOBBIE MOTPEGHOCTH BO3HUKAIOT Y MOJIb30BATE-
J1efi, KOTOPBIM HEOOXOMUMO Pa300paThCst B HOBOI MpEIMETHONH 00JACTH WU MOTNOJTHUTH
cBoit Daraxk 3uanuit. [losib30BaTes b MOXKeT He BIAJAETh TEPMUHOJIOTHEH, CJIaD0 MMOHUMATH
CTPYKTYPY IPeJIMETHON 00/1aCTH, HE MMETh TOYHBIX (DOPMYJIMPOBOK 3aIllpOca W HE TO/I-
pa3yMeBaTh €JMHCTBEHHBIl MPABUIbHBIA OTBET. B Takux cayuasgx Hy:KeH MOMCK He IO
KJIFOYEBBIM CJIOBAM, a IO CMBICTY. 3alPOCOM MOYKET ObITh JUTHHHBINA (DparMeHT TeKCTa,
JOKYMEHT WJIH MOA00PKA JOKYMEHTOB. Pe3yibrarom moncka J0KHA ObITh YI00HO CHCTe-
MaTHU3UpOBaHHas WHGOPMaIUs, «JI0POKHAs KapTay NPeIMeTHOH 06/1acTH.

Jljist 5TUX CJIy9aeB HOJAXOAUT HAPAJUIMA Pasdeedownozo UHPOPMAUUOHH020 NOUCKG
(exploratory search) [70, 139]. Ero nesbio siBiisiercst mosiydenne OTBETOB Ha CJIOXKHbBIE BO-
IPOCHI: «KAKKe TeMbI IIPEJICTABICHBl B TEKCTE 3alPOCay, «ITO YATATh B HEPBYIO OUEDPE/b
110 9TUM TeMaM», «UTO HAXOJUTCS HA CTHIKE 3TUX TE€M CO CMEKHBIMH OOJACTIAMU», <Ka-
KOBa TeMaTH4YecKasi CTPyKTypPa JaHHON 1peJAMeTHOI 00J1acTi, «KaK OHAa Pa3BUBAJIACH BO
BpEMEHN», «KAKOBBI ITOCJI€JHUE JOCTUZKEHUA», «T € HaXOJATCA OCHOBHbIC HEHTPBI KOMIIE-
TEHTHOCTU», «KTO SBJISIETCS KCIIEPTOM TI0 JAaHHOI Teme» u T. /. [lojib3oBaresib 00ObIaHOi
IIOMCKOBOM CHCTEMBI BBIHYZKJIEH UT€PATHBHO T1epedOpMYIUPOBATE CBOM KOPOTKHE 3aIIPO-
CBI, PACIIUPsIs 30HY TOUCKA MO Mepe YCBOEHWs] TePMUHOJIOTHA MPEIMETHO 0061acTH, TIe-
PUOINYECKY MePecMaTPUBasi U CUCTEMATU3UPYs Pe3yJIbTATHI TIONCKA. JTO TPeOYeT 3aTpar
BpeMeHU U BBICOKOI KBajndukanuu. [Ipu orcyTcTBUN MHCTPYMEHTA IS TOJIYUYEeHUs «00-
meit KapTUHBIY OCTAETCs COMHEHUE, YTO KAKNEe-TO BaXKHbIE ACIIEKThI N3yYaeMOoil Tpob/IeMbl
Tak 1 He ObLaM Hafigensl. Ecau o6pasHo mpejcTaBuTh UTEPATUBHBI MOUCK KAK OJIyK1a-
HUe [0 JAOUPUHTY 3HAHUIL, TO PA3BENOYHBIH MOMCK — TO CPEJCTBO ABTOMATHYECKOTO
IIOCTPOEHNUST KAPTHI JIJIsA JIFOGOii 4acTH 9TOr0 JTaOUPUHTA.

Temarnueckuii pa3Bego4nblii mouck. OObuHbIE (MIOJHOTEKCTOBBIE) MOUCKOBBIE CH-
CTeMbl OCHOBaHBbI Ha MHBEPTHUPOBAHHBIX HMHAEKCAaX, B KOTOPBIX OJId KazKJI0T'0 CJIOBa Xpa-
HUTCS CHUCOK COJEP2KAIIUX ero JOKYMEHTOB [9] [TouckoBasi cucrema MIIET JTOKYMEHTHI,
coJiepKalliue BCe CJIOBA, 3alpoca, MOITOMY IO JJIMHHOMY 3alpoCy, CKOpee BCero, HUYero
He Oy/eT HaiiIeHo.

CucreMa TeMaTHYECKOT'O Pa3BeJOYHOrO IMOUCKA CHAYAJa CTPOUT TEMATHUECKYIO MO-
JIeIb 3aMpPOCca U OTPeJIe/IsIeT KOPOTKHIA CITMCOK TeM 3aMpoca. 3aTeM JIJIs TOUCKA, JTOKYMeH-
TOB CXOKell TeMaTuKu MMPUMEHAIOTCA TE K€ MEXaHU3Mbl UHACKCUPDOBaHUA U ITOUCKA, TOJIb-
KO B PpOJIX CJIOB BBICTYIIAIOT TE€MBI. HOCKOJIbe YUCJIO TEM Ha HECKOJIBKO IMOPAJAKOB MEHBIIIE
00bEéMa cI0Baps, TEMATUIECKUl MONCK TpeOyeT HAMHOI'O MEHbIIe MaMATH 0 CPABHEHUIO
C MOJTHOTEKCTOBBIM MOUCKOM U MOXKET OBITh peajm30BaH HAa BeCbMa CKPOMHON TeXHUKeE.
Texuomornn nHAGOPMAIMOHHOTO MOKCKA HA OCHOBE TEMATHYIECKOIO MOJIEJTUPOBAHUSA B Ha-
crosiIee BpeMsl HaXOIATCs B CTaIHN MCCIe0BaHmil u pa3paborok [113, 21,91, 28, 13, 131].

B nureparype 1o pa3Beio4HOMY MOUCKY TEeMaTUIeCKOe MOJIETMPOBAHIE CTAIU UCITOJb-
30BaTh OTHOCUTENLHO HemaBHo (104, 45, 101, 121], a MHOTHE 0630PBI O HEM BOOGIIE HE YIIO-
vunaror [41, 98, 111, 54, 71, 51|. B uemasueii crarbe [121] BasKHBIMI MPENMYTIIECTBAMHI Te-
MaTHYeCKHX MOjeseil Ha3bIBalOTCAd M'MOKOCTh, BOBMOXKHOCTH BU3YAIU3AINN U HABUTAIIUH.
B 10 ke Bpemsi, B KauecTBe HEIOCTATKOB OTMEYAIOTCS MPOOJIEMbI C HHTEPIPETHPYEMO-
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CTBIO TeM, TPYAHOCTH ¢ MoAupuKaueii TeMaTnIecKoil MOJIEIN IPU MOCTYILIEHUH HOBBIX
JIOKYMEHTOB M BBICOKASI BBIUUCIUTETbHAS CJI0KHOCTb. DTU MPOOJIeMbl OTHOCATCA K yCTa-
PEBITUM MeTOJlaM W YCHENTHO pelleHbl B TOCJeHNe TOJbI: JeCATKH HOBBIX MOeseil pas3-
paboTaHbl JJIsl YydIIeHUsT WHTEPIPETUPYEMOCTH; OHJIAHHOBBIE aJITOPUTMbI CIIOCOOHBI 00-
pabaThiBaTh GOJIBINIE KOJJIEKIHH U MOTOKK JOKYMEHTOB 3a JinHeiitHnoe Bpems |77, 20, 122].
C apyroit cTOpoHBI, B padOTaxX MO TEMATHIECKOMY MOIEJTUPOBAHUIO PA3BEIOTHBI TMOMCK
JaCTO HA3BIBAIOT OJHUM N3 BayKHEUTITHX TPUIOKEHUI, & OMEHKN Ka9ecTBa MONCKA HCIOTb-
3ytor it Baauganun Mogesteit [144, 14|. Oguako 91w wccjaeoBaHus MOKAa He MPHUBEN
K CO3JaHUIO ODIIEeJOCTYIHBIX CUCTEM pa3BeJIOTHOr0 MOoucka. Bcé 310 roBopuT 0 pas3od-
HMIEHHOCTU HAYYHBIX COODIIECTB, pa3padaThIBAIONINX 3TU JBa HanpaBjaeHus. TeHIeHIns
K UX COTMKEHUI0 HAMETHIACh JIUIIb B MOCTETHUE TOIbI.

Takne nmpumaoKeHWs, KaK pa3BeIOYHBIN MONUCK, CTUMYIUPYIOT Pa3BUTHE MHOTOKPHU-
TepruaIbHOTO TEeMaTHIeCKOTO MOJIeTUpPOBaHuA. TeMaTudecKas MOJENb I Pa3BeI0THO-
ro MOWCKa B Hjeajie JOJKHA ObITh HHTEPIPETUPYEMOil, pa3peKeHHO, MYJILTUTPAMMHOM,
MYJAbTUMO/IAJAbHON, MyJIbTUA3BIYHON, HePAPXUICCKONH, JUHAMUYECKOHN, cerMenTupyronei,
oOydaeMoii o OIeHKaM aceccopoB WM JIoraM IoJb3oBareneii. Tak:ke oHa TO2KHA aBTO-
MaTHYIeCKHA OMpEeIeTATh YUCJI0 TeM Ha KayKJI0M YPOBHE HepApXUU W aBTOMATHIECKH CO-
3/1aBaTh U IMEHOBATH HOBBIE TeMbl. HakoHeI, oHa J0/12KHA OBITh OHTARHOBOI, apaJlie/b-
HOII 1 pactpeieeHHoit, 9To6b 3(hdeKTUBHO 00pabaThiBATh DOJIBIITNE KOJJIEKIIUN TEKCTOB.
Takum obpa3zoM, MHOrHE U3 PACCMOTPEHHBIX B JAHHOM 0030pe MoJie/iell JIOJKHBI OBbITh
CKOMOMHUPOBAHBI /IS CO3IaHUs TOTHODYHKIITMOHAJIHLHOTO PA3BEIOTHOIO IMTOUCKA.

KauectBo paszBemounoro moucka. Mogear ARTM mys paspegodnoro moncka ObLia
npeniokena B (12| u yiayumena B [142]. Ing usMepenns KadecTBa pa3BeJOYHOTO TeMa-
THYECKOT'O TOUCKA HUCIOJIH30BAJTUCH KPUTEPUU TOYHOCTH U IMOJHOTHI HAa OCHOBE OIEHOK
aceccopoB. g oneHnBaHug ObLIa cOCTaBJIeHa BBIOOPKA 3aIPOCOB — 3aJIaHUi pa3Be10d-
HOTO ToucKa. KarkJiplii 3a1mpoc npejicTaBiisii co0Oi TeKCT 00bEMOM OKOJIO OJIHON CTpa-
Uil popmara A4, ONMUCHBAIOIINIT TeMaTUKY Toncka. Kazxkoe 3a/janne CHAYaIa, BHIIO/I-
HSLTOCh HE3aBHCHUMO HECKOJTBKHMHU acecCOpaMH, 3aTeM CHCTeMON TeMaTHIeCKOTO IOUCKA,
3aTeM peeBAHTHOCTD HAallIEHHBIX CHCTEMON TOKYMEHTOB CHOBA OIEHUBAIACH ACECCOPAMH.
JlaHHasg MeTOIMKA IO3BOJISIET, eIMHOXK/IbI C/Ie/1aB Pa3MeTKy Pe3yIbTaToOB MOUCKA, MHOTO-
KPaTHO OIEHMBATH KAYECTBO PA3/JINYHBIX TEMATUUECKUX MOJEe/eil U aJropuTMOB ITOUCKA.
DKCHEPUMEHTHI HA KOJLIEKIHAX 175 ThICSY cTaTelt pyCCKOSI3bITHOTO KOJLIEKTHBHOTO HJI0Ta
habrahabr.ru u 760 Thicstd cTaTei aHTIOA3BIYHOTO OJ10Ta techcrunch. com mokasaJu, 94To
TeMaTUIECKUil MOMCK HAXOIUT OOJIbIIE PETeBAHTHBIX JTOKYMEHTOB, YeM acecCOpbI, COKpa-
mas cpeHee BpeMs MOUCKa ¢ MOIydaca 10 CeKyHIb. KoMOMHIpOBaHIe Peryaspu3aTopoB
JIEKOPPEJINPOBAHUS, Pa3PEKUBAHUS U CIJIA?KUBAHUST BMECTE C MOJAJBHOCTIMU N-TPaMM,
aBTOPOB M KATEropuil 3HAYUMO Y/Iy4IIaeT Ka9eCTBO MOUCKA U MO3BOJSET JOCTUYb TOYHO-
ctu Boime 80% u nmoanors Beime 90%.

Busyanuzanusa. Cucremarn3anusi pe3yabTaTOB TEeMATHIECKOTO MOUCKA, HEBO3MOXKHA
6e3 HHTePAKTUBHOTO TpadUIecKOro npejcrasienus. B o630pe [2] onucsBaloTCsa 11 cCpaBH-
BaloTCd 16 CpeacTB BU3YAJIH3AINA TeMATHIECKHX MOjeseil Ha OCHOBe BeO-uHTepdeicoB.
Emé GombIre maeil MOyKHO MOYepIHYTh U3 HHTePAKTHBHOTO 0630pa’t, KOTOPEIl Ha MOMEHT
HAITMCAHUS JAHHOW cTaThbu HAacUYUThIBAJ 380 CpejiCTB BU3yaJ/M3aluu TeKcToB. HecmoTps

“http://textvis.lnu.se — WHTEPAKTUBHLII 0030p CPEICTB BU3YAIM3AINE TEKCTOB.
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HAa TaKoe DOTATCTBO TEXHUIECKUX PEIIeHUil, OCHOBHBIX UJeil BU3yaTU3aluu TeMATHIeCKIX
Mojiesielt He TaK MHOTO: 3TO JIU0OO ABYMEpPHOE OTOOpayKeHne CeMaHTUIECKOH OJTM30CTH TeM
B BuJie Tpada WM «JIOPOKHON KapThly, JUOO TeMaTU4decKas uepapxus, JUO0 JTUHAMUKA
pa3BUTHUSI TeM BO BpeMmeHwu, OO rpadoBasi CTPYKTypa B3aMMOCBs3eil MeKIy TeMaMH,
JIOKYMEHTaMHU, aBTOPAMU UM WHBIMU MOJIAJBHOCTSIME, JTUOO CErMEHTHAsI CTPYKTypa OT-
JIETBHBIX JOKYMEHTOB.

CraTudnble BU3yaTU3AlUUd MPAKTUYECKH OECIIOe3HBI MpH IpadUdecKoil BU3yaIH3a-
un OOJIBIMAX JAHHBIX. DTO OBLI0 OHATO OoJee 20 eT Hasam u chopMmyanpoBaHo berom
[[THeitepManoM B BHIE MAHMPYL BU3YAALHO20 NOUCKE UHPOPMAUUU: «CHATATIA KPYTHBII
1J1aH, 3aTeM Maciuiabuposanne u pUILTpaIUs, JeTajiu 1mo Tpebosanuio»’ [109].

OrobparkeHue pe3yJbTaTOB TEMATHIECKOTO MOJETUPOBAHUS W PA3BEIOTHOIO MOMCKA
COOTBETCTBYET KOHIenuu jgaabiero urenns (distant reading) commosora jureparypbi
®panko Mopertu [81]. Ou mpoTHBOMOCTABIZET FTOT CHOCOO M3YUEHHsS] TEKCTOB HAIIEMY
oberaroMy urennio (close reading). HeBo3aMoKHO NpovYuTaTh COTHH MUJLIHOHOB KHUT WJIN
cTareil, HO BIIOJITHE BO3MOYKHO MPUMEHHUTH CTATHCTHIECKHE METOJBl U IPaUIECKYI0 BU-
3yaIu3aIuio, 9TOObl MOHATH B OOIIUX YepTax, O YéM BCd ITA JUTEpATypa, U HAYIUTHCS
OBICTpee OTBICKUBATH HYXKHOE. «/laavhee umenue — 3TO crenuaabHasg hopMa MpeIcTaB-
JIeHUs 3HAHUI, B KOTOPOl MEHbIIIe 3TeMEHTOB, rpybee UX B3aUMOCBSI3U, OCTAIOTCS JIUIIH
bOpPMBI, OUepTaHUs, CTPYKTYPbI, MOIEIN» .

s 6ubsmorekn BigARTM B HacToOsIIIee BpeMs Pa3BUBAETCS COOCTBEHHBIIT MHCTPYMEHT
BU3YAJM3aIME Ha ocHOBe BeG-maTepdeiica VisSARTM, mommep:KuBatonmii BazKHeiimme
bopMBI IIpeIcTaBIeHNs TeMaTHIeCKHX Mojeseii. urepecHoit BodamoxkuocThio ViSARTM
SIBJIETCS TIOCTPOEHUE CNEeKmpa mem — ONTHMAJIbHOE PAHXKUPOBAHUE CIIUCKA TeM, IPH KO-
TOPOM CEeMAHTHIECKN OJIM3KNE TEeMbI OKa3bIBAIOTCS B CIIUCKE PSAOM. DTO MOMOTAET TO/Ib-
30BaTe/IsIM OBICTPEE HAXOAUTH TeMbl U T'PYNIHAPOBATH UX 11O CMBICTY.

14 3akJjroyeHue

Jlanubiit 0030p HAITMCAH 110 MaTepuaJjaM crienkypca « BeposTHocTHOE TemMaTnieckoe Mojie-
JAMpOBaHme» S, KOTOpHIil aBTop umTaeT Ha daxyisrere BMK Mockosckoro Tocymapersen-
Horo YHusepcutreta uM. M. B. Jlomonocosa. O6HOBIsSIeMas 37IeKTPOHHAS BEPCUsT JAHHOTO
TeKcTa HaxoJuTcd Ha caiite MachineLearning.ru?,

YTo He BOILIO B 3TOT 0030p, HO MOXKET OKA3aTLCS B OJIMKANIINX OOHOBIEHUAX: JTOKa-
3aTeJIbCTBA MIATH TEOPEM; CTPATEruu MoA00pa KOI(PMUIMEHTOB PEry isipu3aIun; MeTOIbI
CyMMapU3alui U aBTOMATUIECKOTO MMEHOBAHUS TeM; MPUMePhl MTPUMEHEHUsT TeMaThuIe-
CKUX Mojeseil Jijisi aBTOMAaTHYeCKOrO BBIJEJICHUS TEPMUHOB, OOHAPYKEHHS HOBBIX TeM
U OTCJIEYKUBAHUS CIOYKETOB, AHATN3a TOHATLHOCTH U BBISIBICHUS MHEHWIT, aHATIN3a 3aMuceil
pPa3roBOPOB KOHTAKT-TIEHTPA, aHAIN3a OAHKOBCKUX TPAH3AKITMOHHBIX JTAHHBIX, arDeTrali

U KaTeropudalgyun HayIHOT'O KOHTEHTA.

®Visual Information Seeking Mantra: «Overview first, zoom and filter, details on demand» [109].

6 « 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. Modelss [81].

" Mmurpuit @enopsxa. TexHOMIOr I HHTEPAKTHBHON BH3YaIH3AIME TEMATHIECKIX Moiesell. Bakaiasp-
ckas muccepranus, DYIIM MOTHU, 2017.
http://www.Machinelearning.ru/wiki/images/d/d8/Fedoriakal7bsc.pdf

8http://www.MachineLearning.ru/wiki?title=BTM.

nttp://www.MachineLearning.ru.
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