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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-
CKOTO aHaJIM3a TEKCTOB, aKTHBHO pa3BHBaroImieecsa ¢ Koumna 90-x romos. BepoamuocmHas
memamuueckas modeav (probabilistic topic model) BbisiBisSIeT TeMaTHKY KOJIEKIUH J10-
KYMEHTOB, IIPEeJICTaBJISIS KaxK/YI0 TeMY JIMCKPETHBIM paciipe/ieJleHrneM BepOSTHOCTel Tep-
MHUHOB, & KarKIblil TOKYMEHT — JUCKPETHBIM pacIpeie/leHHeM BepOATHOCTE TeM.

Temarmaeckoe MOIETHPOBAHHE MMOXOXKE HA KJIACTEPH3AIUIO JTOKYMeHTOB. OTimume
B TOM, UTO IIPH KJIACTEPU3ANUN JOKYMEHT IIEJTUKOM OTHOCHUTCSA K OJHOMY KJIACTepy, TOrIa
KaK TeMaTHdecKasl MOJEJIb OCYIIECTBISET «MSATKY KJacrepusanuio» (soft clustering),
OTHOCA JOKYMEHT K HECKOJIbKUM KJjacTepaM-TeMaM C HEKOTOPBIMH BEPOATHOCTAMU.
TemaTmaeckne MOIE/N HA3BIBAIOT TAKZKE MOIEISIMH MATKOI OH-KIaCTepPU3AIUT, ITIOCKOIhb-
Ky KayKJIblii TEPMHUH TaKzKe PACIpeIeTsaercs M0 HECKOJTbKAM TeMaM.

[Tocnennee cBOICTBO MO3BOJISAET OOXOAUTH MPOOJIEMBI CHHOHUMUH U IIOJTHCEMUHN CJIOB.
CI/IHOHI/IMbI, B3anMO3aMeHdeMbIe B CXOKNUX KOHTEKCTaX, 'PYHIIMPYIOTCA B OJHUX U TeX 2KE
Temax. MHOTO3HAYHBIE CJIOBA W OMOHHMbBI, HA00OPOT, PACIIPEIe/sIIOT CBOU BEPOSITHOCTH
IO HECKOJIBKUM CEMaHTHUYECKN HE CBA3aHHBIM T€MaM. HaHpHMep, 3Ha4YeHue CJI0Ba «AJpo»
MOKEeT OBITh HMOHATO U3 TOrO, KaKasg TeMa JOMHHHPYET B KOHTEKCTe TaHHOI'O CIOBA —
MaTeMaTHKa, (pu3nKa, OHOJIOrUs WX BOSHHAS HCTOPHUSI.

B pojm TepMHUHOB MOI'YT BBICTYIIaTh KaK OTAEJIbHBbIE CJIOBaA, TaK U CJIOBOCOYETAHUAI.
Tema 06pa3yercss CeMaHTHIECKU CBSI3AHHBIMU, YACTO COBMECTHO BCTPEUYAOIIIMUCS TEPMHU-



Hamu. Takoe omnpejie/ieHne «TeMbI» JIOMYCKAeT TOYHYIO MaTeMAaTHIeCKY0 (DOPMATH3AIINIO,
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 [152, 121|, MmuOTrOSI3BIYHOrO HHMOpManUOHHOrO noucka [131, 130], moucka remarude-
CKHX COODINECTB B CONMATBHBIX cersx [154, 123, 97, 27|, kiaaccudukanum u KaTeropu3aiumn
nokymenTos [106, 155], remarudeckoii cermenTannu rekcros [139], anannsa nzobparkenuii
W BUJIEOTIOTOKOB [49, 66, 42, 122|, TermpoBanust BeG-crpanuir [58|, oOHAPYKEHUST TEKCTOBO-
ro criama [10|, B pekomengaTebHbIX cucreMax [146, 134, 62, 149, 148|, B 6uonrdopmaTu-
Ke JIJIS aHAJIN3a HYKJIEOTHIHBIX [59] 1 aMHHOKUCIOTHBIX ToCIenoBareapaocTeii [111, 57|,
B 33/a4ax MOMYJIAIHOHHOI reHeruku [99]. MuoOrue 1pyrue pasHOBUIHOCTH U MPHIOZKEHHS
TEMATHIECKUX MOJeseil ymoMuHATCs B 00630pax [35, 22|.

[TocTpoenne TeMaTHIECKOH MOIE/N MO KOJIIEKITUN JIOKYMEHTOB SIBJISIETCST HEKOPPEKTHO
[OCTABJICHHOI ONTUMHU3AIMOHHON 3a/1aueil, KOToOpas MOXKeT HMeTh OECKOHETHOe MHOZKe-
crBo perrennii. Cornacuo Teopuu peryiasgpusamun A. H. Tuxonosa [11], pemerue Takoii 3a-
JTa9H BO3MOYKHO JIOONPEIETUTh U CAeIaTh YCTOWUUBBIM, T0OABUB K OCHOBHOMY KPHUTEPHUIO
Pe2YAAPU3AMOP — JIONOJHUTE/IHLHBI KPUTEPHil, YAUTHIBAIONINNI KaKne-anoo crerndnyae-
CK¥e OCODEHHOCTH MPWKJIAIHONW 339 WM 3HAHWS MpeaMeTHO# obsactu. B cmokHBIX
IPUTOKEHUIX JTOMOTHUTETbHBIX KPUTEPHEB MOKET ObITH HECKOTBKO.

Addumusnas pezyaspusayus memamuueckur modeseti (additive regularization of
topic models, ARTM) — 3T0 MHOTOKpHUTEPUAJIbHBIN MOIXOJ, B KOTOPOM ONTHMHU3UPY-
ercst B3BeIIeHHAst cyMMa Kpurtepues |3, 126]. BoabmmMHCTBO M3BECTHBIX TEMATHIECKIX
Mojtesieit ub0 W3HAYATBLHO (DOPMYIUPYIOTCS B TEPMUHAX PEryIspU3aIuu, Jud0 JI0myc-
kafoT Takyoo nepedopmyaunporky. ARTM mo3Bossier oTaensTh peryasipu3aTopbl OT O/I-
HUX MOJesiell U UCHOJIB30BaTh B JAPYTHUX. DTO MPUBOIUT K MOYIBHOI TEXHOJIOTUU MOJIE-
nupoBanug. CobpaB OHOTHOTEKY YAaCTO MCIOJIb3YEMBIX PEryJIgapH3aTOpOB, MOXKHO 3aTeM
nX KOMOMHUPOBATH, 9TOOBI CTPOUTH TEMATHYECKHE MOJE/NH C TPeOyeMbIMU CBOCTBAMHU.
Onrumusanus JIOOBIX MOJeIeil 1 UX KOMOMHAINI MPON3BOINTCS OJIHUM U TeM ke 0000-
méuasiM EM-anropurmom. DTu ujgen peaan30BaHbl B OUOJIHOTEKE C OTKPBITHIM KOJIOM
BigARTM, mocTymHoii mo ajapecy http://bigartm.org.

ARTM He gaBisgercsa emé oJIHONR TeMATHIECKONR MOJIEIbIO WM eI OJHUM YHCJICHHBIM
METO/IOM. DTO OOIIHiT MOIX0/ K MOCTPOCHUI0 U KOMOWHUPOBAHUIO MOJIEJIeil.

B simreparype 1m0 TeMaTHYeCcKOMY MOEJIMPOBAHUIO B HACTOSIIEE BPEMsl JJOMUHUPYIOT
MeTO/bl HaitecoBCcKOro odydenus. V3-3a C/I0KHOCTH MaTeMaTHYECKOIO amliapara B CTa-
ThIX YaCTO OMYCKAIOTCS BaKHBIE JJI MOHUMAHUS JeTaau. IHoraa aBTOpbl OrpaHMIHBA-
I0TCS YIPOIIEHHBIME OMUCAHUAME MOJIeeil B BUIE MCEBIOKO/Ia MOPOKTAIONIETO MPOTIec-
ca (generative story) wiu rpaduueckoro cxeMaTHIHOTO TpeacTasaenus (plate notation).
[Tepexom OT yHpOIIEHHOTO OMUCAHUST MOJIEIN K aJTOPUTMY U ero MpOrpaMMHON peasin3a-
MU HEOHO3HAYEH, HEOUEBU/IEH W OCTAETCS «Marueil [/ist MOCBSIMIEHHBIX», 9TO OTHIOIb HE
CIIOCOOCTBYET TOMYJISIPU3AINNNA U PA3BUTHUIO TEMATHIECKOTO MOJETHPOBAHUSI.

[Heb TaHHOTO TEOPEeTHYeCcKOro 0030pa — MOKa3aTh pa3Hoobpasme 3a7ad U MOIXOI0B
TEMATHIECKOTO MOJIETHPOBAaHUs. AKIIEHT Je/1aeTcs Ha MePBOM U 0Y€Hb BayKHOM ITAIe MO-
JIJIMPOBAHMS — KaK OT MCXOIHBIX TPEOOBAHUI U TTPEOIOKEeHUH nepeiitu K (popMaibHO
nocranoBke 3agaun. B ARTM sto nemaercss B repmunax peryasipusanuu. [lepexon ot pe-
IyJISpU3aTopa K aJroputMy u ero mporpavmvuoit peasmsamun B ARTM npoct n yaudn-



upoBaH. Halre BCero 3To «0JHa CTPOKA BBIKJIATOKY, YTO KATETOPUYIECKH HE TaK B CIyUae
baitecoBckoro BoIBojIa. COMOCTABUMBII IO OXBATY W OOCTOATETLHOCTH 0030p DaiiecOBCKUX
TeMaTUIeCKUX MOJIeJieil 3aHs1 Obl COTHU CTPAHMUIIL.

B pasznenax 2 u 3 BBoasiTCS OCHOBHBIE IOHSATUsA. B pa3aenax 4-11 B rTepMuHax peryJisi-
pHU3aINN OMUCHIBAIOTCS PA3HOBUIHOCTU TEMATUIECKUX MOJIeIeil. DTH pa3iebl MpaKTHIe-
CKU He CBS3aHBI JAPYT C IPYTOM, UX MOXKHO YATATH B ITPOU3BOTHHOM TOPSIKE WA HCIOThb-
30BaTh KaK MyTeBOIUTENH [0 CCHLIKAM Ha JUTepaTypy. Pazaen 12 mocBgamén oneHnBaHuio
KadecTBa. B pazzene 13 obcykaaercs mpuMeHeHNe TeMaTHIeCKOTO MOJETMPOBAHUS JIJIst
pa3BeI09HOr0 MHAMOPMAIMOHHOTO ToNcKa. B pa3aene 14 — KpaTkoe 3aKIIOUEHME.

2 OcHOBBI TEMATHYECKOI'O MOJeJINMPOBaHMNA

[Tycts D — MHOXKeCTBO (KOJIEKIHsI) TEKCTOBBIX JOKYMeHTOB, W — MHOXKeCTBO (c10Baph)
BCEX yHOTPED/ISIeMBIX B HUX TEPMUHOB. TepMuHAME MOTYT OBIThH KaK OT/I€/IbHBIE CJI0BA, TAK
u ciaoBocoveTanns. Kaxkapriit 1oKymeHT d € D npejcrapiisieT co00i MOC/Ie/10BaTeIHLHOCTH

Ng TEPMUHOB W1, . . . , Wy, U3 caoBapa W.

d
I'ummore3za o cymiecrBoBanuu TeMm. [Ipenmomaraercsd, 9To KaxKjaoe BXOXKIEHUE Tep-
MHHA W B JOKYMEHT d CBS3aHO C HEKOTOpPOil TeMoil { M3 3aJaHHOTO KOHEYHOI'O0 MHO-
xxectBa 1. KoJstekmus JTOKYMEHTOB IpeACTaBIgeT COOOi IOCTeI0BATETHHOCTh TPOEK
(wi, d;, t;), i=1,...,n. TepmuHbl w; U JOKYMEHTHI d; SBISIOTCS HAOJIIOIAEMBIME TIepe-
MEHHBIMHU, TeMbI {; He U3BECTHBI W SBJSIOTCS AGMEHMHbLMU (CKPBITHIMHI) MePeMeHHBIMH.

I'mmore3za «memka cioB». [lpejamnosiaraercst, 4To MOPSIIOK TEPMHHOB B JIOKYMEHTaxX
He BaKeH JJId BbIFBJICHUA TeMaTUKH, TO €CTh TeMaTUKy AOKYMEHTa MOXKHO Y3HATh [JazKe
1oc/Ie MIPOM3BOJILHON IepPeCTAHOBKH TEPMUHOB, XOTS /IS YeIOBeKa TAaKOW TEKCT IOTe-
pAeT CMBICT. DTO MPEMOTIOKEHHe HA3BIBAIOT TUIOTe30il «MemKa cioBy» (bag of words).
[TopsaaoK JOKYMEHTOB B KOJIJIEKITNH TaKzKe He NMeeT 3HAUeHHsd; ITO HPEeIII0JI0KeHIe Ha-
3bIBAIOT THHOTE301 «MEITKa JOKYMEHTOB». I'mmoresa «Merka CJIOB» MO3BOJISICT HepeﬁTI/I
K KOMIIAKTHOMY HDPEJCTABJIEHUIO JIOKYMEHTa KaK MYAbMUMHOICECMEG — MOJMHOXKECTBA
d C W, B KOTOpOM KazKJbIil 371eMeHT w € d MOBTOPEH Mg, pa3.

BepoaTHOocTHBIE Tuniore3bl. [Ipeanonaraercs, 4ro Koneanoe MuoxkectBo D X W x T
SABJIIETCH  6EPOAMHOCTHOLM NPOCTMPAHCMEOM € HEH3BeCTHOH (YHKIHMeH BepOSTHOCTH
p(d,w,t). [Ipeanoraraercsa, aro BbIOOpKa Tpoek (d;, w;,t;) MOPOXKIEHA U3 pacrpejene-
uust p(d, w,t) caydaifHO U HE3ABUCUMO. DTO BEPOATHOCTHOE YTOTHEHHE TMIOTE3bl « METTKa
CJIOBY», W3 KOTOPOTO, B YACTHOCTH, CJIE/LYET, 4TO BCE 7. TPOEK B BHIOOPKE PABHOBEPOSITHHI.

T'umoresa ycJa0BHOI He3aBUCHMOCTH. IIpeanosaraercs, 9To MOSBICHHE CJIOB B JI0-
KyMeHTe d oo teMe t 3aBUCUT OT TE€Mbl, HO HE€ 3aBHCUT OT JOKYMEHTa d, N OIMUCHIBAETCA
OBIIMM JIJIsT BCeX OKYMEHTOB pacrpefenenuem p(w|t):

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



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;);

BepositHOoCcTHas nopokaaromas Mogesab. CoracHo GhopMysie MOJHON BepOsiTHOCTH
¥ THIIOTe3€ YCIOBHON HE3aBHCUMOCTH, PACIIPEIe/IeHIe TEPMUHOB B TOKyMeHTe p(w | d) omnu-
CBIBAETCS 6EPOATNHOCTHOT CMECHI0 DACTIPEIETICHIN TEPMUHOB B TeMaxX ¢, = p(w |t) ¢ Be-
camu Oy = p(t|d):

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

teT teT teT

BepogiTHOCTHAST MOJIETH (2) OMUCHIBAET MPOIECC MOPOKICHUST KOJIIEKIUH 110 H3BeCT-
HeiM pacupenesenusiv p(w |t) u p(t|d), em. aaropurm 1 u puc. 1.

[TocTpoenne TemMaTHIecKol MoOmeaM — 3TO obpaTHas 3aJa4a: 110 33JaHHONH KOJLIEK-
muu D Tpebyercs HAllTH mapaMeTPbl MOJETN Y, U O, XOPOIIO TPHUOINKAONEH TacTOT-
HBIe OLICHKH YCJIOBHBIX BepoaTHOCTell p(w|d) = 7.

Pacnpenenenne Buga p(t|x) Gymem HasbiBaTh memamukold obbekta x. Hampuwmep,
MO’KHO TOBOPHTH O TeMarnke HokymenTa p(t|d), remaruke TepmuHa p(t|w), Temarnke

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

HuskopanroBoe marpu4dHoe pazisoxeHue. OO6baHo unciao tem |T'| MHOro MeHb-
me |D| u |W|, u 3a1a4a CBOAUTCA K MOUCKY MPUOTUKEHHOTO MPeICTABICHUS 3aIAHHON
MATPHUIBI 9aCTOT TEPMHUHOB B JOKyMeHTaX P = (]5(w|0l))wX , B BHJE TPOU3BEICHI
P = ®O 1ByX HEH3BECTHLIX MATPHUI[ MEHBIIEr0 pas3Mepa — Mampuybl MePMUH0s MeMm
O = (Qut)wxr 1 mMampuyv, mem dokymenmos O = (0i)7«p. Bee tpu marpunsr P, , ©
ABJIAIOTCA CMOTACTUMECKUMU, TO €CTh UMEIOT HEOTPUIATEILHBIE HOPMUAPOBAHHBIC CTOJIO-
B Py, Py, 04, TIPEICTABIISIIONINE TUCKPETHBIE PACIPEIe/IeHNUS.

I[MTpuHIMn MakcuMyMa MPaBIOMOA00MS  WCIIOJb3YETCs B MATEMATHIECKON CTATHCTH-
Ke JJId OEeHUBAaHUA IMapaMeTPOB BEPOATHOCTHBIX MO,Z[eI[efI 110 Ha6ﬂ}0,£[aeMbIM JaHHDBIM.
CoriacHO 3TOMY IPHHITUAIY, BHIONPAIOTCS TaKue 3HaAUeHUs MapaMeTpoB, IPU KOTOPHIX Ha-
orroTaeMasi BBIOOpKaA HamnboJsiee MpaBaonoao0Ha. Pynkuus npacdonodobus OmpeaeaseTcs
KaK 3aBUCUMOCTH BEPOSITHOCTH BBIOOPKM OT IMapaMeTpoB Mojesu. Bjarogapst mnpejro-
JIOZKEHUIO O He3aBUCUMOCTH HAOJIIOJEHWIT, OHA PaBHA MPOU3BEIEHUIO BEPOSITHOCTEI CJIOB
B JOKYMEHTaX:

p((di,wi)?zl;q),@) = gp(di,wz H Hp w‘d "dw ( )ndw — rg%x

deD wed Const
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reldy — 6L HOO0 0000000000000

—

\\
pWIt): 0023 gk 0.014 6asuc 0.018 pacnoaHasariie

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/e0BaTeNbHOCTSAX. MeToA OCHOBaH Ha| pa3HOMacCWTabHOM OLEHWBAHWUW CXOACTBA
HYK/TIEOTUAHBIX NOC/EA0BATENbHOCTEN B NPOCTPAHCTBE KO3MHOULMEHTOB pasnoXeHus (pparMeHTOB
KpuBbIX GC- 1 GA-cofiepXxaHusi No KNacCUYECKUM OPTOroHasbHbIM 6a3ucam. HalaeHsl ycnosus
onTVMMasnbHOM annpokcMmaLumm, obecneymsaioline aBTOMaTMYECKOE pacno3HaBaHWe NoBTOpPoOB
pasnnyHbIX BUAOB (NPSIMbIX U UHBEPTUPOBAHHBIX, @ TAKXKe TaHAEMHbIX) Ha CNeKTpanbHOW MaTpuLe
CXOACTBa. MeToA 0AMHAKOBO XOPOLLO paboTaeT Ha pa3Hbix MaclTabax AaHHbIX. OH No3BonseT
BbISIBNSATb CNEeAbl CErMEHTHbIX AYNNKALMUIA U MeracaTeSIMTHblE y4acTKU B FreHOME, palioHbl CUHTEHUN
Npu CpaBHEHWM Napbl reHOMOB. Ero MOXHO MCMO/b30BaTb ANS AETaNIbHOro M3yyeHus pparMeHToB
XPOMOCOM (MOMCKa Pa3MbITbIX YHaCTKOB C YMEPEHHOM AJIMHOIN NOBTOPSIOLLErOCs NaTTepHa).

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

[IposorapudmMupoBaB IpaBaOIOI00Ke, EPEilIEM OT TPOU3BEACHUI K CYMMe H OTOPO-
CHM CJIaraeMble, He 3aBHCAINIE OT MapaMeTpoB Moaean. [lomydnm 3amady MaKCHMI3AIIHT
norapudma npasrononobus (log-likelihood)

Z Z Ny 1N Z Owibra — Ig%x (3)

deD wed teT

[PU OrPAHUYEHUSIX HEOTPHUIATEILHOCTH W HOPMUPOBKHU BCEX CTOJIOIOB 0y, 04

Z Ywt = 15 pur = 0; Zetd =1; 04 =0. (4)

weWw teT

DTO OCHOBHAS 33Ja4a BEPOAMHOCTMIHOZ0 AGMEHMHO20 CEMAHMUYECKO20 AHANU3A
(probabilistic latent semantic analysis, PLSA) [48]. g eé pemieHuss muCmoib3yercs
EM-ajropur™m, KOTOpPBI# MPUBOJIUTCS HUKE It OoJiee 00Ieit mocTaHOBKH.

ITpeaBapuresnbHas o6paboTka Tekcra. llepes mocTpoenueM TeMaTndeckKux Mojeseit
TEKCT eCTECTBEHHOT'O $I3bIKa OOBIYHO TOJIBEPTraeTCs Cepuu MpeodPa3oBaHuil.

Jlemmamusayus — 3TO MPUBeJIeHNE KayKIOTO CJIOBA B JOKYMEHTe K ero HOPMAaJIbHON
dopme. B pycckom g3b1Ke HOpMATbHBIMEA (DOPMAMU CIUTAIOTCS: IS CYTIEeCTBUTETHHBIX —
UMEHUTETbHBIN MaJeK, € ITMHCTBEHHOe YNCTI0; /IS MPUIAraTeTbHbIX — UMEHUTEIbHBIH Ta-
JIe’K, eJIMHCTBEHHOe YUCTI0, MYKCKO# DOJ; I/ TJIarojioB, MPUYACTHil, AeenpudacTuii —
JIaroJi B MHGMUHATHBE. XOPOITUMHE JIEMMATH3ATOPAMU JIJIsi PYCCKOTO SI3BIKA CUHTAIOTCS
nocJjaeHIe BePCHH mystem u pymorphy.

Cmemmune — 3TO OTOpACHIBAHWE OKOHYAHWII W JPYTUX H3MEHSEeMBIX 4YacTeil CJIOB.
OH MOAXOMUT /I AHTTUHCKOTO S3BIKA, /IS PYCCKOTO MPEANOYTUTETbHA TeMMATH3AINS.

Cmon-cao6a — 3TO YacThle CJIOBA, BCTPEYAIONINEeCcs B TEKCTax JI000i TeMaTHKH.
Onn Gecrose3Hs! JjIsi TEMATHIECKOT0 MOJIETMPOBAHNS U MOTYT OBITH 0TOpOITenbl. K HuMm
OTHOCSITCS TIPEJJIOTH, COIO3bI, YUC/TUTETbHBIEC, MECTOUMEHHSI, HEKOTOPbIE TJIAr0JIbI, PHJIa-
rare/ibHbIe U Hapedus. Yuc/I0 TaKuX CJI0B OOBIYHO BapbUPYETCs B Ipejie/laX HECKOJIbKHUX
coren. Ix orbpachiBanme MOYTH He BJIUIET HA OOBEM CIOBAps, HO MOYKET MPUBOIUTD
K 3aMETHOMY COKPAIIEHUIO JITMHBI HEKOTOPBIX TEKCTOB.



Pedkue caosa TakzKe peKOMEHIyeTCsl OTOPAChIBATh, IOCKOIBKY OHH HE MOTYT IIOBJIUSITH
Ha TeMaTuKy Kojuaekiuun. OTOpachiBaHHe PeJIKUX CJIO0B, a TaKKe CTPOK, He SIBJIAIOIIIXCS
CJIOBAMH €CTECTBEHHOIO $I3bIKa (HAIPUMEp, YHCesT), MOMOTaeT BO MHOIO pa3 COKpAaIlaTh
00bEM cJIOBapsi, CHUKasT 3aTPaThl BPEMEHHU W TaMsITH Ha MOCTPOEHNEe MOIe/Ie.

Karouesvie ¢pasv, — 3TO CI0BOCOUETAHWS, XapaKTePHBIE I MPEIMETHOI 00/1acTH.
Vx mcmonab3oBaHUe BMECTO OTJIEJTbHBIX CJI0B WIW HApSIy ¢ HAMHI YIydIIaeT WHTepIpe-
TUPYeMOCTh TeM. I uX BBIJETeHHsI MOXKHO HCIOJB30BATH Te3aypychl [8] mim merosst
ABTOMATHYECKOTO BbIJeIeHNsT TepMUHOB (automatic term extraction, ATE), ne tpebyto-
e puBIedenns skcnepros [40, 67, 108].

Hmenosarnvie cywmocmu — 3T0 Ha3BaHUs 00BHEKTOB PEAJHHOIO MHPA, OTHOCHAIIHAX-
cd K OIpeJeTéHHBIM KAaTerOpusiM: MepPCOHBI, OPTaHU3AINT, T€OJTOKAIUN, COOBITUS, JTAThHI,
u T. 1. [I7g pacmo3sHaBaHus UMEHOBAHHBIX cylHOCTel (named entities recognition, NER)
HCIIOJIb3YIOTCS PA3JIMIHBIE METOIBI MAITUHHOTO o0yueHnus (83, 60, 89).

3 Peryngapusanusa

3ajada CTOXaCTHIECKOTO MATPUYHOTO PA3JIOKEHUs BJIAeTCS HEKOPPEKTHO MOCTABJIEH-
HOIT, TaK KaK MHOYKECTBO €€ pelreHunii B 001eM ciaydae beckonedno. Ecim $O — pemrenne,
to (®S)(S71O) Takke aABIAETCS peleHHEM JJI BCeX HEBBIPOXKICHHBIX MaTpull S, mpu
yesosnu, uro Marpunsl S n ST'O — croxacTmyeckue.

CymiecTByer 00TIHIA TOIXOM K PEIIEHUI0 HEKOPPEKTHO TTOCTABIEHHBIX OOPATHBIX 33144,
Ha3biBaeMblii pezyaapusayuet; [11]. Korma ontmvusanmonnas 3ajada HeJI0ONpe/eIeHa,
K OCHOBHOMY KPUTEPHUIO J00ABJISIOT JIOMOJHATEIHHBIII KPUTEPHil — PeryJsipu3aTop, yUu-
THIBAIONIH crienuduKy pernraeMoil 3ajja4u U 3HaHus npeaMeTHoi obactu. B mpakTnye-
CKUX 3a/1a9aX aBTOMATHIECKOH 00pabOTKU TEKCTOB JOMOTHUTEILHBIX KPUTEPUEB U Or'pa-
HUYEHWil Ha peleHne MOXKeT OBITH MHOTO.

MHorokpurepuajbtas onrumMmsanud. Addumusnas pe2ysapusauus memamure-
ckuz modeaetc (ARTM) [3] ocHoBaHa Ha MaKCHMHU3AINH JTHHEHHONH KOMOWHAIUH JIOTa-
pudMa MpaBIOIORO0HsT 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-
o6pa3oBaHne BEKTOPA KPUTEPHEB B OJIMH CKAJAPHBI KPUTEPUil — ITO MPHUEM, IIHPOKO
MCTIO/IB3YEMbIii B MHOTOKPHTEPHAJILHON ONTUMU3AINN W HA3BIBAEMbIH CKAAAPUIAULEL.

Bazmaqa (5), (4) OTHOCHTCST K KJIACCY HEBBITYKJIBIX 3a/a9 MATEMATHIECKOTO MPOrpaM-
mupoBanusi. [Iis Heé BO3MOKHO HANTH JIMIIb JIOKAJBHBIH SKCTPEMYM, KAIeCTBO KOTOPOTO
3aBACHT OT HAYAJLHOrO NpubnzKenns. Ha mpakTuke IMOUCK TI0GATBHOTO SKCTPEMyMa,
HEe CTOJIb BazkeH, KakK ajieKBaTHas (hOpMaM3anus JOMOTHATETHHBIX KPUTEPHEB U MOUCK
KOMITPOMUCCA MEZK/LY STUMH KPUTEPHSIMA.

Heobxomumbie ycioBus MakCuMyMa. BBejéM omepaTop norm, KOTOpbIii mpeotpasy-
eT MPOU3BOJILHBI 3aJaHHbI BEKTOD (Z;);c; B BEKTOD BepOATHOCTE( (P;)icr TUCKPETHOTO



pacipeaeaeHuda HYTéM O6HYJIeHI/IH OTpHUIIATEJTBbHBIX 3JIEMEHTOB U HOPMHPOBKH:

max10, z; ,
pi = n?erlm(xz) = Zﬁ{’&lx}j}’ st Beex i € 1.
jel

Ecm x; < 0 nidg Beex ¢ € I, TO pe3yabTaTOM NOrm ABJIAETCS HYJIeBOl BEKTOP.

Teopema 1. Ilycrs ¢pyukmus R(P,O) menpepsisro anggepernnnpyema. Touka (P, O)
JIOKaJIBHOTO 3KcTpeMyMa 3ajaqn (5), (4) yaoBiaerBopser cucreme ypaBHEHHI O BCIIOMO-
raTeIbHBIMH MePEMEHHBIMH Pygy, IS BCEX HEBBIDOYKICHHBIX TeM t U JJOKYMEHTOB d:

P = 10T (Pt (6)
OR
Puwt = I%UOEI.VIVH (nwt + @wt%) y Nyt = dEED NdwPtdw (7)
OR
O = Org—— ; = w Xtdw - 8
id n?erTm (ntd + O 9 etd), Nd wEEd NdwPtd ( )

JIoKa3aTesbecTBO 3TOM TeopeMbl MOKHO HaiiTh B [125]. OHo ciremyer n3 HEOGXOMMMBIX
yeaosuit Kapyma—Kyna—Takkepa J1st JTOKaJIbHOrO dKcTpeMyMa 3amadn (5), (4).
Cucrema ypasuennii (6)—(8) umeer 37eMEHTAPHYIO BEPOATHOCTHYIO HHTEPIPETAIUIO.
[Tepemennasi p;q,, BbIpakaeT TEMATUKY CJ0BAa 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 prsesd teT
Ce10BaTeIbHoO, NgyPidw €CTh OIEHKA YHCJIa YHOTpeOJeHnil TepMHUHA W B JOKyMeHTe d
o teme t. Torma ng; OlNEHWBAET YUCIO TEPMHUHOB TeMbl t B HOKYMEHTE d, Ny — YUCIO
yrnorpebaeHuii TepMuHa w Mo TeMe ¢ Bo Beeit kosutekiuu. [Ipu R = 0 dopmyiasr (7)—(8)
EPeXOJAT B 1aCTOTHBIE OLEHKH YCJIOBHBIX BEPOATHOCTEIl 0y = T4t U byg = 714
yC.HOBI/IH BBIPDOZKJEHHOCTH, YIIOMAHYTHIE B TeOpeMe, BOBHUKAIOT B TeX PeAKHNX Ha IIPpaK-
THKe CJIydadx, KOrJga peryaapu3arop R oKa3blBaeT 4pe3MepHOe pasperKuBaloliee Bo3ieii-
cTBHe Ha mapamMeTpbl Mogean. POpMaJbHO OHU ONPENeIAIOTCs CICAYIONIM 00Pa3oM:

MOJEIb TeMBI t 8bPOHCOCHA, ECITH Ny + cpwt% < 0 mng Bcex TepMuHoB w € W
w

MOJIeNIb JOKYMeHTa d 8bipostcdena, ecaim Ny + th% <0 pgnasecextemt €T

BuipokieHHBIE TeMBI U JTOKYMEHTBI HCKJIIOYAOTC u3 Mojenn. CokpaleHne 9Tucia
TeM MOKeT OBITh KeJTaTeTbHBIM MOOOUHBIM 3(hHEKTOM peryaspu3anui. BeIpoK 1eHHOCTD
JIOKYMEHTa MOYKEeT 03HAa4YaTh, YTO MOIE/Ih He B COCTOSHHM €r0 ONHUCATh, HAIPUMED, eCIn
OH CJIMIITKOM KOPOTKHWI MJIM HE COOTBETCTBYET TeMAaTHKe KOJIICKIINH.

EM-anropurm. [lns pemienust cucrembr (6)—(8) ya00HO HPUMEHSITH MeTOJ, MPOCTHIX
nrepanunii. Cnagasa BHIOMPAIOTCS HAYAJIbHBIE TPUOINKEHUSA TAPAMETPOB (1, By, 3aTEM
B IIUKJIE YepeLyIOTCS 1B IIara 10 CXOAUMOCTH. BBIUHCIeHTE IePEMEHHDIX Pygy, 0 (PopMy-
ne (6) nassiBaerca E-wazom (expectation). OneHuBaHue TAPAMETPOB Py, Brg IO HOPMY-
nam (7) u (8) massiBaercss M-wazom (maximization). DTOT HTEPATMOHHBII MPOIECC SBJIS-
ercst 9acTHBIM caydaeM EM-anropurma [37]. VI3BecTHO, 9TO OH CXOAUTCS B CIAOOM CMBIC-
Jie: Ha KayKJIo# nTepaiun npapaomnogooue yseandnbaercs. Pasnopuarnoctu EM-asropurma
JUIST TEMATHIECKOTO MOJIEINPOBAHUS paccMaTpuBaioTcs B [18, 5.
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Onnatinosoitic EM-anzopumm cuantaercs Hambosee OBICTPBIM U XOPOIIIO paclapasiie/n-
Baercs [47, 20]. OcHoBHAS €10 Wjest B TOM, 9TO Ha OOJIBIINX KOJLIEKIUsIX MaTpura P cxo-
JIATCST TIOCJIe 0OPabOTKN OTHOCHTEIBHO HEDOJIBINON M0JIM JOKYMEHTOB. B Takmx ciydasax
OJIHOT'O TIPOXOJA MO KOJIEKIIUNA JOCTATOYHO JJIsI TOCTPOeHUst Mogen. [loaroMmy oHIaiiHO-
BhIiT EM-aropuT™ XopoImo moaxXoauT /It aHAJIN3a MIOTOKOBBIX JTAHHBIX.

B onnaitnoBoM aaropuTMe Bes KOJLIEKIUs pa30uBaeTcd Ha MAKeThl JOKYMEHTOB. KaxK-
JIBIiE TTakeT obpabaThiBaeTca MpH puKcupoBanuoit MaTpure . J[1g KaxK10ro 10KyMeHTa d
13 MaKeTa UTePanoOHHO TOBTOPSIOTC E-mmar, yacts M-1mara /11 BRIYHCIeHUsT BEKTOPa, 0y
1 HAKAIINBAIOTCSA CUETIUKU N,y. Marpuia ® 0OHOBISIETCS MO0 HAKOIIEHHBIM CUETINKAM
110 OKOHYAHUM 00PabOTKM TMaKeTa MJIM HECKOJIHKHUX TTaKeTOB.

B omnaitHoBoM anropuTMe MOXKHO XpaHHTb Marpuily ® B omepaTHBHON TaMsTH,
a Marpuiy © BooOIIe He XpaHUTb. TeMaTHIecKyi MOJeIb JOKYMEHTa MOXKHO IIOJIY-
JaTh «HA JETy» M Cpa3y HCIOJb30BaTh. JleTa n mapaJie bHOil peaan3anui OHJIAHOBOTO
EM-anropurva B 6ubamnoreke BigARTM onmcanst B [43].

Peamuzamua BigARTM. B 6ubsmoreke peanuszoBanbl 06a Bapuanta EM-agmropurma,
o draitHoBBI ¥ OHJIAHOBHINA. B 000MxX BapmaHTax MOYXKHO J00ABJISTH JII0OOE YHCJIO pe-
ryasipu3atopos. [TomiepkuBaercs HAOOP CTAHIAPTHBIX PEryJIIPU3aTOPOB U UMEIOTCS Me-
XaHU3MBI CO3JIAHNUS HOBBIX PETyIIpH3aTOPOB Mob3oBaTeneM. Koaddumuentsr peryrsapu-
3allUd 33IAI0TCA B MOMEHT CO3JaHHUSI MOJEIN, HO MOTOM MOTYT OBITH B JIIOOOW# MOMEHT
n3MeHeHbl, jaxke B xoae EM-urteparnii.

BaiiecoBckas peryngapusanusg. J[o cuX mop MBI Mpeanoaaraan, 9TO JaHHbIEe TOPOK-
JAIOTCST BEPOSITHOCTHOM MOJIe b0 ¢ mapamerpamu (P, ©), KoTopble He U3BECTHBI U HE CJIy-
yaiitapl. B 0aiiecoBCKOM TOJXO/e IMpeJIoaraeTcs, 4TO MapaMeTpbl TaKKe CJIydaiiHbI
¥ TOJYUHSIIOTCST HEKOTOPOMY anpuophomy pactpeienenuto p(P®, ©; ) ¢ HecaydaiitHbIM 2u-
nepnapamempom . B 3ToM ciyuae MaKCUMU3ANUSA COBMECTHOTO TTPABIOMOI00US TAHHBIX
¥ MOJIETH TIPUBOJUT K MPUHIAIY MAKCUMYMA anocmepuophol eepoamuocmuy (maximum
a posteriori probability, MAP):

n

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

@7@7
i=1 7

[Tocae jmorapudmMupoBanus nogydaem Moaudukanuio 3a1adn (3), B KOTOpoii Jorapudm
AIMPUOPHOTO PACIIPE/IETICHUST SABJISIETCS PEryIaPU3aTOPOM:

Zzndw lnzﬁpwtetd —|—h’1p(q),@7’y) — glgx (9)
deD wed teT R(@V,@) el

B 6aﬁeCOBCKOM IMoJAxXo[Je IMpUuMeHdeTCdA TaKzKe MPUHOUII MaKCUMHU3alluh HEIMOJIHOTO
IPABIONOA00KsI, B KOTOPOM 110 caydaifubiM napaverpam (P, ©) mpous3BoauTCsi HHTErpH-
pOBaHMe W ONTUMU3UPYIOTCSA THIepnapaMerpsl y. CUHTAeTCsl, 9TO STOT HPUEM CHUYKAET
Pa3MepHOCTD 3aJIa4i U PUCK Tepeobydenus. JleicTBUTELHO, pA3MEPHOCTH BEKTODa 7,
KAK MPaBUJIO, MHOTO MeHbIe pa3MepoB marpuil O, © u He 3aBUCHAT OT 0OBEMA KOJIEK-
JERGRY OﬂHaKO JJId pelieHnud NMPpUuKJIaJHbIX 3ada4 BCE PaBHO HY2KHbBI UMEHHO 3THU MaTpPHUIIbHI.
@OpMyJIbI AJIgd HUX BBIBOOATCA T'POMO3AKUMHA HpI/I6JII/I)KéHHbIMI/I MeTOJaMHu, HO B UTOIC
masio ortnaaorces or MAP-ornenox [18].



B baitecoBckoM moixo/ie OleHuBaOTCA He caMu mapaMeTpsl P, ©, a ux anocrepuopHoe
pacrpegenerne p(®, O | D;~y). Iis 3a1a9 TeMATHIECKOTO MOJICTUPOBAHUS B STOM HET 0CO-
ooro cwmbicia. Ha mpakTuke mMOJIydeHHOE PaCIpeie/leHne MCIOIb3yeTCsl UCKIIOIUTETHHO
AJIgd TOTO, LITO6I)I BEPpHYTHCA K TOYCYHBIM OHEHKaAM MaTEeMaTHYIEeCKOIO0 OXKHJaHUWA. ﬂpyFI/Ie
OIIEHKHU UCHOJIb3YIOTCH KpaliHe PeaKo, JazKe TOUYeUHble OIEeHKU MeJUaHbl WA MOJbI.

Texunkn mpubIHKEHHOrO 0AECOBCKOrO BBIBOJA (BapuanuoHHBI BBIBOA [120], coMm-
mwinpoBanne ['ub6ea [116], pacmpocrpanenne O:KuJAHHS) HE TO3BOJSAIOT JIETKO KOMOH-
HUPOBATH MOJEJIN U JIOOABJISATH PEryaspu3aTopbl, HE HMEIOIINe BePOSTHOCTHON HHTEp-
nperanuu. [Ijs1 KaykK 0¥ HOBOIT MOJIe/IM TPUXOJIUTCS 3aHOBO BHITTOJIHATH MaTeMaTHIeCKHe
BBIKJIaJKN W IIPOTPAMMHYIO pPe€aJIn3alnlo. B MMPUKJIQJHBIX MITPOEKTaX CPOKH, CTOUMOCTH
U PHCKH TaKUX Pa3paboTOK CTAHOBATCS HEIPeoJoTUMBbIM ODapbepoM. IlosTomy Ha mpak-
THKE MOJL3YIOTCSA MPOCTOil yerapeimeit momenbio LDA, a baiiecoBckoe TeMaTHIECKOe MO-
JIeTIPOBaHKe PEJIKO BBIXOIUT 3a pAMKH aKaJIeMHYeCKHX HcciaenoBanmii. Tem He MeHee,
B JINTEPATYPE MO TEMATHIECKOMY MO/IETUPOBAHUIO DAECOBCKUI MOIXO0JT TOMUHUPYET.

Muorokpurepuabubrit He-OaitecoBckmii moaxoms ARTM — 310 monbiTka n3MeHUTH CH-
Tyanuio. baiiecoBckue TeMaTHndIecKne MOJeT B OOJIBIIMHCTBE CAydaeB yaasTcs mepedop-
MYJIUPOBATH B TEPMIUHAX PErYJIsIPU3AIIN, 3AMUCAB MOCTAHOBKY 3a1a4n B Bue (9). C sroro
MOMEHTa Peryasapu3aTop OTALTISIeTCS OT MOJETN W MOYKET OBITh MCIOJb30BaH B APYTHX
MOJEJIAX. 9TO IMpuBOAUT K MO,Z[y.HbHOfI TEXHOJIOTUN TeMaTHYeCKOI'o MOJEJIUPOBaHUA, KO-
TOpad peaJu30BaHa U Pa3BABAeTCA B poekTe BigARTM.

Huseprennua Kynnbaka—Jleitbaepa (KL-dusepeenyus, OTHOCHTEIHHAST SHTPOITHS )
Jlajiee OyJeT OJHUM M3 BayKHEUINNX MWHCTPYMEHTOB KOHCTPYHPOBAHUS PEry/isipU3aTOPOB.
910 HecUMMeTpUYHAS (DYHKIUS PACCTOSIHUSI MEYKJIY JIUCKPETHBIMEU PaCIpee/IeHusIMI
P=(p), u@=(q;)",, c coBmamatomumu Hocuresvu, {i: p; > 0} = {i: ¢; > 0}:

L(P||Q) = KLi(p:]l¢:) szln H(P,Q)— H(P),

rne H(P) = —) ,pilnp; — snwmponua pacupenenenmns P, H(P,Q) = =) .p;Ing; —
Kkpocc-anmponus pactpegenenuit P u Q.

KL-muBeprennusi HeOTpuIiaTebHa U paBHA HY/TIO TOTJAA W TOJBKO TOIJA, KOTJIA Pac-
peJIe/IeHNsT COBIATAIOT, P; = (.

Ecmn KL(P||Q) < KL(Q||P), o pacupenenenne P cuibHee BI0XKeHO B (), yem ) B P,
cm. puc. 2. Takum obpazom, KL gBiisiercsi Mepoil BJIOYKEHHOCTH JBYX PaCIpE/IC/ICHUIA.

Ecaun P — smmupudeckoe pacmpesenenne, a (Q(«) — mapaMeTpudeckast MOJIeIb, TO M-
anmmsanusa KL-1uBepreHnun SKBUBATEHTHA MUHUMHU3AIMHA KPOCC-9HTPOIUNA U MAKCHMHU-
3aIiu MPaBI0NOI00MsI:

KL(P||Q(a sz In -

—>m1n = E piIng;(a) — max.
(0%
=1

Makcumusarst TpaBaono06ust (3) SKBUBAJEHTHA MUHUMHU3AINN B3BEITEHHON CyMMBI

. A — N4 —

KL-uBeprenimii MezK /1y SMIUPUICCKUMHI pactpeenenusivu p(w | d) = 1 MOJIC/TBHEI
vu p(w|d), mo Becem mokymentam d uz D:

n w
an KLw( d H Z @wtetd) — %lléfl
deD



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
KL(P||Q) = 0.44 KL(P||Q) = 0.44 KL(P|Q) = 2.97
KL(Q||P) = 2.97 KL(Q||P) = 0.44 KL(Q|| P) = 2.97

Puc. 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.

rJie BeCOM JIOKYMeHTa d siBJIsSieTcsl ero JjuHa ng. Ecim Beca ng yoparb, TO Bce JIOKYMEH-
THhI OY/JyT UCKYCCTBEHHO NPUBEJIECHBI K OAMHAKOBON jjune. Takas momudurams QyHk-
MIOHATA KAYeCTBA MOXKeT ObITH MOJIe3HA TIPU MOJETUPOBAHUN KOJIEKIIHil, COMePIKAITUX
JIOKYMEHTBI OJITMHAKOBON BaKHOCTU, HO CYIIECTBEHHO PA3HON JTHHBI.

Mogeas PLSA — 3710 nepBas BepOATHOCTHAS TeMaTHYECKast MOJIE/b, TPeII0KeHHAs
Tomacom Xodmaruom B 1999 roay [48]. B ARTM ona cOOTBETCTBYET YaCTHOMY CJIyYalo,
KOT/Ia peryasipu3atop orcyrcrsyet, R(P,0) = 0.

JlarenTHoe pasmemieHue Jdupuxie. [3sux Bisit, Duapro bla u Maitka /Txopmgan
nperoxuin mogesas LDA (latent Dirichlet allocation) [26] mast penrennst mpobiemMsr re-
peobyuenns B PLSA, koropas npejickasbBaa BeposaTHOCTH 0B p(w | d) HA HOBBIX JOKY-
MEHTaX 3aMeTHO XyzKe, 4eM Ha oOydaroreit Koneknun. [[o3:ke BBISICHIIOCH, 9TO HA O0Tb-
ITIX KOJLTEKITUSIX 06€ MOJIe TN MOYTH He MepeodyIaroTCsd, a UX MPaBIOTOI00UST OTITHIAIOTCS
He3HaunTeabHo |73, 143, 69]. Pasaudaust nposiBISIFOTCS TOJIBKO Ha HU3KOYACTOTHBIX Tep-
MUHAX, KOTOPbIe He BayKHBI JJIsi oOpa3oBanust TeM. B pobactubix Bapumantax PLSA u LDA
TaKhe TePMHUHBI HTHOPUPYIOTCS, UTO PE3KO CHUKAET KaK MepeodydeHne, Tak U PasjIndue
B mpasaonogooun momenei [98]. Cam Bonpoc o mepeobyvIeHun MOCTaBIeH He BIIOJHE KOp-
pekTHO. Bo-mepBBIX, TeMaTH4uecKue MOJETN CTPOIATCS He paju MpejcKa3aHus CJIOB B J0-
KYMEHTaX, & JIJIs1 BBISBJICHUS JJATEHTHON KJIACTEPHON CTPYKTYPhI KOJLIEKIINU. BO-BTOPHIX,
nepeo0ydeHne 3aBUCUT HE CTOJBKO OT CaMOW MOJE/N, CKOJIBKO OT TOTO, KaK MbI JJOTOBO-
puMcd u3MepaTh eé KauecTBo. [ m3aMepeHns oOBIYHO UCIOIB3YETCS TePILTIeKCHS, KOTO-
pas CHIBHO MTpadyeT 3aHNKEeHHbIE BePOITHOCTH HI3KOYACTOTHBIX TepMHUHOB. Tem He Me-
ree, LDA 10 cux mop cunmtaerca momeabio Nel B TeMaTHIeCKOM MOIETHPOBAHUU, a MPO
PLSA BcomuHaroT BCé peske.

Mogens LDA ocHoBaHa Ha MPeIIOI0KEHUH, 9TO CTOJIONGI 0y W (; SIBISIOTCS CJIydaii-
HBIMU BEKTOPaMHU, KOTOPbIe MOPOXKIAIOTCS pacipeeieHusimu upuxie ¢ mapamerpaMu
a € RTu g € RW! coorBercremnno:

: I'(« o
Dir(0y; o) = ﬁ t o2t ap >0, apg= zt:ozt, Oiq > 0, zt:@td =1
¢
. NG5! _
Dlr(@ﬁﬁ) = % H‘pgﬁf} 17 Bw > 07 BO = Zﬁwa Pwt > 07 Z‘Pwt = 1;
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02 02 02
.3[.,..!!-]'.. 1 .3‘;.,|JI'HTT1!. .3‘;.,TTTTTTTTTT
Dir(p;0.1) Dir(p;1) Dir(¢; 100)
(paBHOMEpHOE)

Puc. 3: [Ipumep TPéX HEOTPHUIATEILHBIX HOPMUPOBAHHBIX BEKTOPOB ¢; € R, mopoxadHHBIX cooTBer-
CTBEHHO TPeMs CUMMETPUYIHBIMU pacupeaenenusvu Jupuxie ¢ mapamerpamu 0.1, 1, 100

rae ['(z) — ramva-byrkuums. [Tapamerpst pacnpegesnennst [Iupuxiie ¢Bsi3aHbl ¢ MaTeMa-
THYIECKUM OXKHIAHUEM IMOPOZKIAEMBIX CIyYaiiHBIX BEKTOPOB: Ef;y = g‘—é, Epuw: = %O

Pacnpenenenus /lupuxiie cnocoOHBI MOPOXK/IATH KaK pPa3peyKeHHbIe, TAK U IMJIOTHBIE
BEKTOPBI JUCKPETHBIX pacupejenenunit, puc.3. Yem menbime [3,, TeM Oosee pa3perkeHa
COOTBETCTBYIONIAS W KOMIIOHEHTA (Q,; B MOPOKIAEMBIX BEKTOpaxX ;. Ecam BeKTOp ma-
paMeTpoB COCTOUT W3 PaBHBIX 3HaUeHuit [, TO pacnpejenenne Iupuxje Ha3BIBAETCS
cummempuyroim. Lpu 5, = 1 cumverpuaroe pacupesesienne /lupuxiie coBIagaeT ¢ pas-
HOMEPHBIM pachpe/ie/ieHueM Ha eIMHUIHOM CHUMILTEKCe.

Tematudeckass MOJETb TOPOXKJEHUS JTAHHBIX SBJIAETCS JIBYXYPOBHEBOI: CHaJaJIa
u3 pacupejaenenus Jlupuxiie MOpoXKIAIOTCI BEKTOP-CTOJIOIBI O, KOTOPBIE 33AI0T TEMBI.
3areM U3 MOJIyYeHHBIX pacipeeaeHnii p(w |t) = @,y MOPOKIAIOTCS CJIOBA, KOTOPhIe 00pa-
3YIOT MOHOTEMATHIHBIE 9aCTU JOKYMEHTOB d, OMUCHIBAEMbIe SMIUPUIECKIME PACIpe e ie-
ausivn p(w |, d). Takum 06pa3om, IBYXypOBHEBasT MOJE/h TOPOK/IEHHST TEKCTa CIIOCOOHA
OMMUCHLIBATH KJIACTEPHBIE CTPYKTYPHI B TEKCTOBBIX KOJLIEKIUAX. BEKTOPHI pacnpeaeaeHmii
p(w |t) MHTEPIPETUPYIOTCS KAK IEHTPOUJIBI KJIACTEPOB, a pacupenenenns p(w |t, d) sasis-
IOTCST TOUYKAMK ITHX KJIACTEPOB.

Boijiee ybepurebubIX JUHTBHCTHYECKUX ODOCHOBaHWil pactpejenenue Iupuxje ne
nmeer. Ero mmpokoe pacmnpocTpaHeHHe B TEMATHIECKOM MOIEJTUPOBAHUU O0bSICHSIETCS
CKOpee MaTeMaTHIeCKUM YI00CTBOM U MOMYJIAPHOCTHIO DaiiecoBCKOro odbyuenus. Pacmpe-
nenenne /lupuxiie SBISETCS COMPIKEHHBIM K MYJTbTHHOMUATHLHOMY DACIPEIETeHUIO, YTO
CYIIECTBEHHO YIPOIIAaeT DaiteCOBCKUIT BRIBO. Brarogapst 3ToMy CBONCTBY OHO OKA3bIBAET-
csl «Ha, 0COOOM TIOJIOYKEHUU» B DAileCOBCKOM TEeMAaTUYeCKOM MOJIC/IMPOBAHUM, W OOJIHITUH-
CTBO MOJIeJIell CTPOSITCs C WCIOJIh30BaHueM pachpesenennii [lupuxie.

Cornacuo (9), mogenn LDA cOOTBETCTBYeT PEryjisipu3aTop, ¢ TOYHOCTHIO 10 KOHCTAH-
THI PaBHBI JIorapudMy anpuopHOro pacupejenenus Jlupuxie:

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

teT deD
_ZZ w—1) ln‘PwﬂLZZ a; — 1) Inbyy. (10)
teT weWw deD teT

[Tpumenenue ypasuennii (7)—(8) K aromy peryiasgpuzatopy aaér dopmysb M-mara:
Put = qv%rvlrvn(nwt +Buw—1); b= n?ErTm(ntd +a;—1).

[Ipu B, =1, oy = 1 anpuopHoe pacupegesnenne Iupuxiie coBIagaer ¢ paBHOMEPHBIM
pacupe/eieHueM Ha cuMmILiekce, popmysabl M-1mara mepexoasT B HeCMeIEHHbIe YacTOTHBIE
OIEHKH YCJIOBHBIX BepogTHOCTell, a Mojgenb LDA mepexomur B PLSA [44).
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[Ipu 5, > 1, a; > 1 peryngpu3aTop UMeeT criaxKupatormnii 3pdekT: o geraer 601b-
IITIe BePOSATHOCTH €eIé OOJIbIINe, TPU ITOM MaJble BePOATHOCTH 3a CYET HOPMHUPOBKH CTa-
HOBSITCSI MEHBIITe, OJHAKO HUKOIJIA He JTOCTUTAIOT HYJIS.

IMpu 0 < B, <1, 0 < oy < 1 perysnsipu3aTop umeer paspekuparomiuii 3¢ dexT u cro-
cobeH OOHYJ/ISITH MaJjible BEPOSITHOCTH.

He-BepostHocTHaa muTepuperarusi momenu LDA. Perymspusarop (10) moxkHO
9KBUBAJEHTHBIM 00pa3oM 3amucaTth depe3 KL-auBeprenmnun:

R((I)v@) = |W| ZKLw(ﬁ H (pwt) - BOZKLw(%_Z H Spwt) +

teT teT
+ |T|ZKLt(|—%‘ | 6:a) —aOZKLt(g—é | 6:a).-
deD deD

Orcroga cienyer, aro Momenb LDA oka3biBaeT CriIa;kKHBaloIiue U Pa3perKHBAOIIIe
BO3eiicTBUs Ha MaTpuibl P, ©. Bee crosnbib maTpunbt  10/1KHBL OBITH OJIU3KH K OTHOMY
1 TOMY 7K€ PacIpe/Ie/IeHII0 %—z, npuaém mapamerp [y CTaHOBUTCS KOIMDMUITMEHTOM Pery-
JSIpU3anun. AHATOTHYHO, BCE CTOJIOIBI MATPHUILI © TOMKHBI OBITH OJIM3KK K pacipeeie-
HUIO g—;, 1 3TUM TpeboBaHUEM yIIpaBisgeT KodMUIHEHT peryasapu3anun «y. Kpome stux
CTUTAyKABAOIINX BO3IEHCTBUN UMEIOTCS cIabble HeyIpaB/igeMble pa3peKnBaloline Bo3/Ieii-
CTBUSL: CTOJIONBI 00EUX MATPHUIL JOJKHBI ObITh JAJEKH OT PABHOMEPHOTO PACIpeIe/IeHHS.
JlasbIe Bcero oT paBHOMEPHOTO PACIPeIe/IeHIsT HAXOIATCS BBIPOXKIEHHBIE Pacipe/eie-
HUsI, B KOTOPBIX €IMHUYHASA BEPOITHOCTH CKOHIIEHTPUPOBAHA B €IUHCTBEHHOM 3JIEMEHTe.

[TosToMy paspekuBaHKe TPUBOIUT K OOHYJIEHHUIO MAJIBIX BeposITHOCTeH B MaTpunax ¢, ©.

4 HHTepupeTupyeMoCcTh TEM

OTKa3 oT anIpHOPHBIX pacupeenennii /lupuxie mo3possger 0600muThL Moaeab LDA: cHITD
OrpaHUYeHus HA 3HAKW runeprnapamerpoB B (10) u cBoGojgHee 0OpAIIATHCS CO CTIAKUBa-
HUAEM W pa3pekuBaHUueM I YIYUIIIeHNs THTEPIPEeTHPYEMOCTH TeMaTHIeCKUX MO/IeTeil.

T'unomesa paspesicennocmu SIBJISIETCS OJHUM U3 €CTECTBEHHBIX HEOOXOIUMBIX YCJIOBUI
unreprperupyemoctu. [Ipejmosiaraercs, 94To KazxKaas TeMa XapaKTepu3yeTcss HeOObITUM
YUCJIOM TEPMHUHOB, U KazKIbIil JOKYMEHT OTHOCHTCS K HEOOJBIIOMY YHCIy TeM. B Takom
caydae 3HAYUTEbHAS YACTh BEPOSATHOCTEH (0 U Oy TOKHBI OBITH PABHBI HYJTIO.

MHorokpaTHble IONLITKA pa3peKuBanusg Mogean LDA npuBoanan K 4pe3sMepHo CI0K-
HbIM KoHCTpyKumsim [110, 39, 133, 61, 32| u3-3a BHyTpeHHEro MPOTHBOPEUHST MeZK/Iy Tpe-
OOBaHUSIME PA3PE’KEHHOCTH U OI'PAHUMYEHUSIMU CTPOrOil MOJIOKUTEJTHHOCTH TapaMeTpoOB
B pacupeaesienun dupuxie. [Ipobiiema permaercss HEOKWIAHHO MPOCTO, €CJIU OCTaBUTh
KPOCC-9HTPONUitHbI peryagpusatop (10) u paspemurs rumeprnapaMerpam o, 3, TpUHE-
MaTh JI00bIe 3HAYEHH, BK/IIOUYas oTpunarenbasie. [lo Beeit BuanMocTn, BepBbie OHA ObI-
JIa pejiiozKeHa B anHaMudeckoii mofean PLSA st obpaborku Buaeonorokos [122], rie
JIOKYMEHTaMHW SIBJISIINCh KOPOTKHE BUIe0(MParMeHThl, TEPMUHAMUA — MPHU3HAKU HA, W300-
pParKeHHsIX, TEeMaMU — TOsIBJICHHUE OIPeIeIEHHOrO 00beKTa B TeYeHUe ONpPeIeIEHHOTO Bpe-
MEeHH, HampuMmep, mnpoessa aBromMobmig. CHIbHO pa3perkKeHHbIe pacipeaeaeHus MoTpedo-
BAJIMCH JIJIS ONMMUCAHUS T€M C KPATKUM «BPEMEHeM YKHU3HU».

12



Puc. 4: Crpykrypa paspexkennoctu Marpull ¢ u © ¢ npeaMerHbiMu 1 POHOBBIMU TEMAMU.

CrinaxkuBanue u paspexkusanue. [lo anasornu ¢ (10) BBeaém 0600mIEHHBIIT peryis-
PU3ATOD CIVIAXKUBAHHS U PA3PEKHBAHMUS:

R(®,0) = Z Z Bt In @yt + Z Z Qg In Oyy.

teT weW deD teT

[ToxcraBus stot peryasipuzarop B (7)—(8), momyunm dopmysisr M-mmara:
Put = r}ﬂ()ervrvn(nwt + But); b= ngerTm(ntd + ).

[Too)kuTeIbHOE 3HAYEHNE TAPAMETPa (g WU [,; COOTBETCTBYET CIUIAYKUBAHUIO, OT-
punareabHOe — pa3peKNBAHUIO.

YactugHoe obyduenme. B npomnecce co3manus, HCIONTb30BAHNS WM ONEHUBAHHUSA Te-
MaTHYeCKOil MOJEe/IM SKCIIEPTHI, M0JIb30BATEIN WM ACECCOPbl MOI'YT OTMedYaTh B TeMax
peJieBaHTHBIE HJIN HEPeJleBaHTHBbIE TEDMUHBI U JIOKyMeHThl. Pa3meueHnble JaHHBIE 1103BO-
NS0T (DUKCHPOBATH MHTEPIPETAIIMA TeM U MOBBIIIAIT YCTORINBOCTH MOJean. Pasmerka
MOZKeT 3aTparuBaTh JINIIb YaCTh JOKYMEHTOB U TeM, IIOITOMY €€ HCIOJIb30BAaHHe OTHO-
CUTCS K 3aJavaM wacmuynozo obyuenus (semi-supervised learning).

[Tycre mis kaxkaoit Temer ¢ € T 3aaHbl YeThIPe OJIMHOKECTBA!

W — «GeJblit CUCOK» pe/leBAaHTHBIX TEePMUHOB;

W, — «4€pHBIil CTUCOK» HEPeJIeBAaHTHBIX TEPMHHOB;
D;” — «Gemnlit CIICOK» PeleBAHTHBIX JOKYMEHTOB;
D; — «4aépHblil CIICOK» HEPeJEeBAHTHBIX JOKYMEHTOB.

Yacmuurnoe obyuenue no peaesaHmHoCy SIBISETCS YaCTHBIM CJIyYaeM Peryaspu3a-
TOpa CIJIAYKWUBAHWS W Pa3perKNBAHUA TIPHU

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

rje Oy 1 oy — KO3 DUIUEHTHI Peryspu3alii.

IIpeamerHblie u pOHOBBIE TE€MBI. UTOOBI MO/E/b ObLIa WHTEPIPETHPYEMOil, KarKaast
TeMa JOKHA UMETh cemanmuyeckoe A0po — MHOYKECTBO CJIOB, XapaKTepPHU3YIOIIHX OIpe-
JIEJIEHHYIO TTPeIMEeTHYI0 00JaCTh U PeaKO yHOTped/IsgeMbIX B Apyrux Temax. J[as sToro
MaTpurpl ® u © J0TKHBI UMETh CTPYKTYPY Pa3pe:keHHOCTH, aHAJOTHIHYIO IMOKA3aHHOM
Ha puc. 4. MHOXKecTBO TeM pa3duBaeTcst Ha JABa MoaMHOKecTBa, 1 = S U B.
IIpedmemmnvie memw, t € S comepzKaT TePMUHBI PEeAMETHBIX obacreil. 1Ix pacmpee-
nerust p(w | t) paspezKeHsl U CYIMECTBEHHO PA3INYHBI (IeKOPPEINpPOBanbl). Pactpe/ienens
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p(d|t) TakKe pasperKeHbl, TAK KaK KayKjas MpPeJIMeTHAas TeMa MPUCYTCTBYET B OTHOCH-
TETLHO HEOOJIBINON T0/1e TOKYMEHTOB.

Donosvie memov, t € B comepzKar cjoBa oOIIEil JIEKCHUKH, KOTOPHIX HE JIOJKHO ObITh
B npeaMeTHBIX TeMax. VIx pacnpenesnennst p(w|t) u p(d|t) criaaxensl, Tak Kak 3TH CJI0Ba
HPUCYTCTBYIOT B OOJIBITUHCTBE IOKYMEHTOB. TeMaTudecKyto MO/Ie/Ib ¢ (POHOBBIMU TEMAMHU
MOYKHO PACCMATPHUBATL Kak 0600IeHne podbacTHbix Mozeseit [30, 98], B KOTOPBIX HCHOJIb-
30BaJIOCH TOJBKO OJHO (DOHOBOE pacrpese/ieHue.

CdokycupoBaHHBIII TeMaTHYeCKuii mouckK. Yactuanoe obydeHHe TeM MOYKHO pac-
CMATPUBATh KaK PAa3HOBHIHOCTH TEMATHIECKOr0 MH(MOPMAIMOHHOIO MOUCKa. B KadecTBe
3aMpOoCca, 33a8TCS CeMaHmMUu eckoe A0p0 OTHON U HECKOJIBKUX TeM. DTO MOKET ObIThH JIF0-
boit dpparmenT Tekcra, «Gesblii cincok» TepMuHOB (seed words) WM z-memku — TEMBI,
NPUNHCAHHBIE OTIENbHBIM cioBaM nin (dbparventam B pokymentax [15]. Temarwaeckast
MOMCKOBasl CUCTeMa JOJIZKHA He TOJIbKO HANTH U paHKHUPOBATh PEIeBAHTHBIE JTOKYMEHTHI,
HO U PA3JIOKUTh IMOMCKOBYIO BBIJAYy IO TeMaM. B TUOHYHBIX HTPUIOKEHHSX pPe/IeBaHT-
HBIl KOHTEHT COCTaBJIIeT HUYTOXKHO MAaJIyIO JIOJIO KOJJIeKIuu. Tem He MeHee, MMEHHO
9TOT KOHTEHT J0JIZKeH ObIThH TIHIATEIbHO cucTemMaru3npoBan. OOpa3HO TOBOPs, TpedyeTcs
«kJaccuuIIpoBaTh UIOJKH B cTore ceHay [27|. Tembr craHoBsTcst amemeHToM rpadu-
qeckKoro mHTepdeiica Mmoab30BaTe/ s, THCTPYMEHTOM HABUTAIMH W IIOHUMAHHUSI TEKCTOBOI
Kosuteknuu. OTcioa BaykKHOCTh TPEOOBAHUSA MHTEPIPETUPYEMOCTH KarKI0il TeMBI.

Hacrnanoe obydeHne HCIOIB30BAIOCH JJisi TIOMCKA W KJacTepusanun HoBocTeil [52],
MOWCKA B CONMUAIBHBIX Me/ira WH(MOPMAIUK, CBA3aHHON ¢ DOJIE3HSIMEU, CHMITOMaMUA U Me-
Tomamu jedennst [92, 93|, ¢ npecrynuocThio U skcTpemusmoM [70, 109], ¢ HanmoHAIBEHO-
CTIME W MeKHAIMOHATbHBIME OTHOMIeHusME [27, 56, 91].

B mozenun ATAM (ailment topic aspects model) B kKauecTBe CIIasKUBAOIIETO PACIIPe-
JeJIeHUsT [3,,; UCIOIb30BATACH OOJIbIIAs KOJIIEKIUs MeTUIMHCKIX cTaTeil [93].

B wmomensix SSLDA  (semi-supervised LDA) u ISLDA (interval semi-supervised
LDA) st momcka STHOPeJeBAHTHBIX TeM HCIOJIh30BAJOCHh CIUIa’KHBaHUE MO CIOBAPIO
M3 HECKOJBKUX COTeH STHOHUMOB [27]|. B momenn SSLDA i KazK10it THOpeIeBAHTHOI
TeMBbI 3aJ1a8TCs CBOW CJIOBAph STHOHHUMOB, CBA3aHHBIX C OJHUM OIPEIETEHHBIM STHOCOM.
B momenn ISLDA mHOXKecTBO TeM pa30dHBaeTcs Ha MWHTEPBAJLI, H /IS BCEX TeM KayKIOTO
uHTEepBaja 3a/aéTcsd o0IIuil cjioBaph 3THOHUMOB. [IpermmyinecTBO TUX Mojie/iell B TOM,
YTO MHTEpPIpeTanus KaxKJ0i TeMbl u3BecTHa 3apanee. Hejgoctarku B TOM, 9TO TPYIHO
HpeayrajblBaTh YUCA0 TeM I KarKJI0W STHUYHOCTH M CTPOUTH MOJUITHUYHBIE TEMbI
JITST BBISIBIEHHS MEXKITHHYECKUX KOHMIMKTOB. AJTBTePHATHBHBIN MOIXOM 3aKTI0YAETCS
B TOM, YTOOBI 33JIaTh UUCIO STHO-TEM U IPUMEHUTH 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 sT0oro moaxoma B TOM, 9TO HHTEPIIPETHPYEMOCTh HAHIEHHBIX
TeM MPUXOJIUTCS TPOBEPSATH BPYUHYIO.

JekoppenupoBanue. Temarudeckas MOJEIb HE JIOJZKHA COIEPKATH Iy OJIHPY IOIIIXCST
IJTH TIOXOKUX TeM. YeMm pazamanee TeMbl, TeM nHGOPMATUBHEE MOJIe/b. /[1s1 MOBBITIIEHNsT
PA3TUIHOCTH TeM Oy/IeM MUHUMU3UPOBATH CYMMY TOMAPHBIX CKAISPHBIX MPOU3BEICHUI
(P1, Ps) = D0 PutPws MeKIY cTOaOmAME MaTpuibl $. [lomyunm perynapusarop:

R(@) - _% Z Z Z PuwtPuws-

teT seT\t weW
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®opmyna M-mara, cormacuo (7), umeer Buj

Pyt = NOrm (nwt — TPuwt E (pws) .
weWw
seT\t

DTOT peryasapu3aTop KOHTPACTHPYeT cTpoKu MaTpurel . B Kaxm0ii cTpoke, He3aBU-
CHMO OT OCTAJIbHBIX, BEPOATHOCTH (,,; HAWOO/I€e 3HAYUMBIX TE€M TEPMWHA, W yBE/JINYNBa-
IOTCSI, BEPOSITHOCTH OCTAJIBHBIX TeM YMEHBIAIOTCS W MOTYT 00paIlarhcs B HyJb. Paspe-
JKHBaHWe — 370 comyTcTByonmii addekr nekoppeauposanus. B [118] 61 3ameven emié
OJINH TOJIe3HBIH 3 deKT: coBa 00IIeil TeKCUKN IPYIIUPYIOTCI B OTAEIbHBIE TeMbI. JKC-
HePUMEHTHl ¢ KOMOMHUPOBAHUEM PEryIspU3aTOPOB CIUIAYKUBAHU, PA3PEKUBAHUI U e~
koppesmpoBanus B ARTM noxreepxknator 1o Habmogenune |6, 128, 127].

HexoppennpoBanne Brepsbie Obl10 npemaoxkeno B Mogean TWC-LDA (topic-weak-
correlated LDA) B pamkax GaitecoBckoro mogxosa [118]|. CoorercrBytomiee anpuopHoe
pacrpejieleHne He SBJISeTCs CONPIKEHHBIM K MYJbTHHOMHATBLHOMY, TOITOMY Oaiiecos-
CKHil BBIBOJI CTAJIKUBAETCA ¢ TexHudecKuMu Tpyanoctamu. B ARTM pacuérnbie (¢hopmyst
BBIBOJISATCS B OJTHY CTPOKY.

KoMmOuHamug peryagpu3aTopoB CLIa:KuBaHUsS (DOHOBBIX T€M, pa3peKUBAHUA TPE]I-
METHBIX TeM B MaTpuile © u JeKOppeaupoBaHus CTOJIOINOB MATpUIbl ¢ MCIOIB30BATACD
yKe BO MHOTHX paboTax Jijisl yJIydiieHnsi mHTeprnperupyemocru tem |6, 127, 128, 129, 12].
[TomobpaB ko3 dUIMEHTH peryasipu3aiii, MOXKHO OJIHOBPEMEHHO 3HAYUTEIHHO Y/IydU-
MMATH Pa3pe’KeHHOCTh, KOHTPACTHOCTh, YNCTOTY W KOT€PEHTHOCTh TeM NPU HEe3HATNTEeTh-
HOli moTepe mpapaononoous moieau [128]. Belin BeIpaGoTaHbl OCHOBHBIE DEKOMEH IAIHN:
JIEKOpPpe/TNpOBaHUe U CTVIaKNBAaHUe BKIOYATH cpaly, pa3dpexnBanne — mocyiae 1020 ure-
paruii, Korja o0pa3yeTcs TeHIEHIUS K CXOJIUMOCTH MapaMeTpOB MOIETH.

Ta ke KOMOWHAIMS PEryJIIpU3aTOPOB ObLIa UCHOJJIH30BAHA JJIsI TEMATHUIECKOTO Pa3-
BeI0IHOrO noncka B [12]. Oka3anoch, 9T0 OHA CYIIECTBEHHO YJIydIiaeT Ka4ecTBO ITONCKA,
XOTS HUKaKNe KPUTEPUH KadecTBa MOUCKA HETOCPEICTBEHHO He ONTHMU3HPOBAINCH.

5 OmpeneieHne 49mcjaa TEM

Pezyaspuzamop ombopa mem npepyoxen B [127| njs yaaaeHusi He3HATUMBIX TeM U3 Te-
marndeckoit Mojgean. OH OCHOBaH Ha MJlee KPOCC-3HTPOIMIHOIO pa3pe:KUBaHUs pacipe-
nenenns p(t), KOTOPOE JIEFKO BBIPAZKAETCS I€Pe3 MAPAMETPBI TEeMATHIECKON MOJIE/H:

RO)=m Y oplt),  pl(t) = pld)bs

[ToxcraBum 5TOT peryiaspusarop B dhopmyry M-mrara (8):

n p(d) td)_

Org = n?erTm (ntd — TW @)

BamennM 6;; B mpaBoil YacTH paBeHCTBA HECMEIIEHHON OIeHKO ’;—ij:

n
b1 7))
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DTOT Peryasapu3aTop pa3pezkKuBaeT NeJTUKOM CTPOKHU MaTpuiibl ©. Ecin 3Havenne caéT-
YHKa 7y B 3HAMEHATe/e JOCTATOYHO MAJIO, TO BCE DJIEMEHTHI t-if CTPOKH OKA3BhIBAIOTCS PaB-
HBIMU HYJIIO, 1 TEMA t TTOJITHOCTHIO NCKJIIOYAELTCS 13 MO/JICJIN. HpI/I HUCIIOJIB30BaHUN JAHHOI'O
pery/sipu3aTopa CHada/ia yCTaHABINBALTCS 3aBeoMo n36biTounoe dncsio tem |T|. B xome
I/ITepa]_[I/Iﬁ YHUCJIO HYJIEBBIX CTPOK MaTpPHUILbI @ IMoCTelmeHHoe YBEJININBaCTCA.

Ot6op Tem B ARTM mHamHOro mpoime HemapaMeTpuiecKuX 0aiieCOBCKUX Momeneil —
uepapxuuaeckoro nporecca Tupuxiie (hierarchical Dirichlet process, HDP) [119]| wiu npo-
necca knraiickoro pecropana (Chinese restaurant process, CRP) [24].

B ob6oux nogaxomax, ARTM u HDP, umeercss ynpasisitonuii mapamerp, BoiOUpast KO-
TOPBIi, MOJKHO MOJIy9aTh MOJEIH ¢ YHCIOM TeM, pasandatoimumcs Ha nopsaku (B ARTM
910 Kodddurment peryagpusamun 7, B HDP — runepmapamerp ). ITosromy mpo oba
O/IX0/IA HeJTb3sl CKa3aTh, UTO OHHU ONPEIEIII0T ONTUMATBHOE TUCIO TEM.

B [129] 6bin poBeieHbl SKCIEePUMEHTHl Ha MOJTYCHHTeTHYECKUX JIAHHBIX, PEICTAB-
JSIONX c0O0i cMech IBYX pactpeenennii p(w |d) — peaabHON KOJIEKIUH, JIJIsi KOTOPOi
UCTUHHOE YHCJIO TeM HEU3BECTHO, U CUHTETUYIECKON KOJIJICKIIUM C 3aJaHHBIM 9YUCJIOM TEM.
Oxkazasiock, uro HDP 1 ARTM cmnocobHbBI onpeaensaTh HCTHHHOE YHUCI0 TeM Ha CHHTeTH-
YeCKHX U MOJTyCHHTeTHdecKuX maHubiX. [Ipm stom ARTM ompenensier ero 6osee TOIHO
u ycroitunBo. OaHaKo YeM OJIM:Ke MOJYCHUHTeTHYeCKrue JAaHHbIe K peaJbHBIM, TeM MeHee
IETKO pa3jinduM MOMEHT, KOrJa MOJeJ/Ib JOCTUTraeT UCTUHHOT'O YUCJIa TEeM. Ha peaJIbHBIX
JIAHHBIX OH HEPA3JIUINM BOBCE, IPUIEM 111 000X MOAX010B. OTCI01a MOKHO CIe/IaTh Bbi-
BOJI, YTO B PEAJbHBIX TEKCTOBBIX KOJIIEKIHSIX HUKAKOTO «UCTHUHHOIO YHCJIA TeM» MPOCTO
He cymecTByeT. Uem OoJbIle KOJIEKIUs, TeM 0ojiee MeJIKne CeMaHTHYeCKHe pPa3/Tudusd
B TeMaX BO3MOXKHO YJIOBUTH. DTH COOOPArKEHHS IMOJATBEPKIAIOTCA OIMBITOM MOCTPOEHHS
nepapxuiaecKux TeMATHIECKUX MOjIeseit 1 pyopukaTopoB. Tembl MOXKHO APOOUTH HA OoJtee
MeJIKUe IMoATeMbl BIIJIOTH J0 ITOpOora CTATUCTUYECKOI 3HAYMMOCTH. BbI60p 9TOTO IOopora
TaK>Ke ABJIAETCA 3BpI/ICTI/IKOI71, 1 OT HETrO 3aBUCUT UTOTOBOE YUCJIO TEM.

B xoze skcnepuMenTos [129] TakzKe BHIICHUIOCH, UTO PETYISPH3ATOP 0TOOPA TEM HMe-
eT TOJIe3HbII comyTcTBYONui 3(pdeKT: OH yaaasIeT U3 MOJAETN JAyOIUpYIONne, paciie-
JIEHHDbIE U JUHEHHO 33aBUCHMBbIE TE€MBI.

ITo ckopoctn BhIuMcaenuit BigARTM ¢ peryaspuszaropoMm orbopa Tem okazascs B 100
pa3 ObicTpee cBOOOIHO J0CTYITHON peanu3amuun HDP.

6 MoagaapHOCTH

Myavmumodanvhas memamuseckas modeatb ONUCHIBAET JOKYMEHTBI, COJEPIKAIe MeTa-
JAHHBIE HAPALY C OCHOBHBIM TeKCTOM. MeTagaHHbie MOMOTaloT 60JIee TOTHO ONPEeAeIaTh
TeMaTHKY JOKYMEHTOB, H, HA0OOPOT, TeMATHIECKAS MOJENb MOXKET HCIIONb30BATHCS s
BBIABICHAS CEMAHTHKA METAJAHHBIX WIN IPEeJCKA3aHus MPOMYIIEHHBIX MeTa aHHbIX.
Kazkapiit Tunm MeTagaHHBIX 00pa3yeT OTAEIbHYIO MOJAAbHOCTMb CO CBOUM CIOBApPEM.
CiioBa ecTecTBeHHOTO sI3bIKa, cyoBocoderannst [132, 141, rern [58], nmenoBanubie cymi-
HOCTH [85] — 9TO mpUMephl TEeKCTOBBIX MojajgbHOCTel. [ aHaam3a KOPOTKUX TEKCTOB
C OIleYaTKAMHU UCIOJL3YIOT MOJAJIBHOCTE OYKBEHHBIX N-IPAMM, UTO IIO3BOJISIET YIYUIIATH
KauecTBo uHpopMannonnoro moucka [50|. TIpuMepaMu HETEKCTOBBIX MOJAJBHOCTEll SIB-
asiiorest (puc. 5): aBropel [105], MomenThr Bpemenn [121, 152, 122, kiracchl, KaHpbl WIn
kareropun [106, 155], nutupyembie win nurupyonie oKymenTol 38| win aBropsr [55],
OJIH30BATEIN 3JIEKTPOHHBIX OUOIMOTEK, COMUATIBHBIX CeTell MM PEKOMEHIATEILHBIX CH-
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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 3JeMEHTBI BCEX OCTATHHBIX MOJATLHOCTEH, B TOM UHCIIe HETeKCTOBBIE.

crem [62, 113, 134, 148, 149], rpaduueckue smements u3obpazkenuit |25, 49, 66|, pexaam-
Hble 0ObsIBIIEHNs Ha BeG-cTpanuax [96].

Bce nepeuanciiennbie ciaydan, HECMOTPsI Ha pa3HOOOpa3we WHTEPIPeTaInii, OmuchiBa-
foTcst eauHabIM (popmasim3zmom MomaabaocTeil B ARTM. Kaxkapiit qokymMeHT paccMarpu-
BaeTCd KaK YHABEPCAJbHBII KOHTeHep, coleprKalluil TOKeHbl Pa3/IMYHbIX MOJAJIBLHOCTE,
BKJTIOYAs OOBIYHBIE CJTOBA.

[Iycts M — wmmOXKecTBO MopaabHOCTell. KaxKaas MoIaaIbHOCTh UMEET CBO CJIOBaphb
tokeroB W,,,, m € M. 91tu MHOKeCTBa TIOMAPHO He nepecekatorcs. VIx obbeannenune Oyaem
obozmadars depe3 W. Moganbuocts Tokena w € W Gyzem obosmadars depe3 m(w).

Temarndeckast MOJEJIb MOJAJIBHOCTH 1M aHAJIOTHIHA MoJe I (2):

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

teT teT

Kazkmoit MoIaIbHOCTH M COOTBETCTBYET CTOXacTu4deckad marpuna @, = ((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.

MymabruMomaabaast MOIE/Ib CTPOUTCS MYyTEM MAKCHMU3AIUN B3BEMIEHHON CyMMBI JIO-
rapudMOB MPaBIONOI00UI MOJAIBHOCTEH U peryaspu3aTopoB. Beca 7, mo3BoigioT coa-
JIAHCHUPOBATH 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. I[lycrs ¢pyukmmus R(P,0) menpepsisro anggepernnnpyema. Touka (P, O)
JIOKaJIbHOTO 3KcTpemyMa 3agaqn (12)—(13) yzosiaerBopsier cucreme ypaBHeHHI cO BCIo-
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MOraTeJTbHBIMH IMePEMEHHBIMH Pig,, IS BCEX HEBBHIPOXKJIEHHBIX TeM t H JOKYMEHTOB d.:

Praw = 0010 (Pu161a); (14)
OR
wt — w wt | wt — m(w wPtdw 15
Pt gga/rg Nt + @ tatpwt Nt deZDT()nd DPtd (15)
7 norm | ngg + 6 OR n Z Z NP (16)
— ; == TmMdw w
td orL td 1 Utd 90,5 td 2 2 dwPtd

Teopema 1 gBjisiercss YaCTHBIM CJIy49aeM TeOPeMbl 2 B Cjydae, KOrja MOJAJILHOCTH
TOIBKO OfHa, |M| =1 u 7, = 1. Takum 06pazom, mepexo OT OJHONH MOJATHLHOCTH K TPO-
U3BOJILHOMY YHCJIY MOJAJIBLHOCTE CBOJMTCS K JIBYM HOIIPABKAM:

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

2) HCXO/HBIE JAHHBIE Ngy, JTOMHOKAIOTCH HA BECA MOJATBHOCTEH Ty (y)-

B mpoekTe BigARTM peann3oBaHa BO3MOKHOCTbH KOMOMHIPOBATD JTI000€ THCIO0 MOTATb-
HOCTEl ¢ JIIoObIMU peryisipu3aropamu [16].

MOﬂaJIBHOCTB A3bIKOB. MYJIBTI/IHCSBI‘{HBIG TEKCTOBbIC KOJIJIEKIIUWU UCIIOJIB3YIOTCA JIJIA
KPOCC-3BIYHOT0 HH(MDOPMAIMOHHOTO TTONCKA, KOTJA 10 3aIPOCY HA OJHOM dI3BbIKe TpedyeT-
¢ HAITH ceMaHTHYeCKu OJIM3KIe JOKYMEHTBI Ha JIPYIOM A3bIKe. ZLJIH CBA3bIBaHNA A3BIKOB
HCIIOJIB3YIOTCA TapaJsiie/bHble TeKCThl UIH ABYdA3bIUHBIe c0Bapu. llepBble My/lIbTHA3BIY-
Hble TeMaTHIeCKUe MOJIETH MOSBUINCH TTOUTH ofHOBpeMerHo [36, 80, 90| u npeacrasisin
€000t MYJIbTUMOJAJIBHYIO MO/IE/Ib, B KOTOPOil MOZAJILHOCTAMU ABJIAIOTCS A3BIKH, U KarK-
Jasd CBA3Ka HapaJlJIeJIbHBIX TEKCTOB O6’be,Z[I/IH${eTC${ B OJUH JOKYMEHT. OKaBa.HOCb, q9TO
CBA3bIBaHUA JOKYMEHTOB JOCTATOYHO IAJId CUMHXPOHHU3AIUU TEM B ABYX 4A3bIKaX U KPOCC-
SI3BITHOTO TOHNCKa. [lombITKH Goslee TOYHOrO U TPYJOEMKOTO BBIDABHHBAHHSA IO IPEIJIO-
JKeHUSIM WU IO CJI0BaAM IPAKTHYeCKH He YIydIIaloT KadecTBO Hmoucka. OOCTOATeThHBII
0030p MY/JIbTUA3BIYHBIX TEMATHICCKHX MOJeseii MOKHO Hajith B [130].

Jst memosib30BaHust ABYSI3bIMHOTO CJIOBAPs B 7] GBI Ipe1iozkKeH peryisipu3aTop cria-
xuBanust. O dhopMau3yeT NnpejrnooKeHne, YTO eCJu CJI0BO U B sI3bIKe K sIBJISIETCS Iie-
PEBOJIOM CJIOBA W W3 sI3biKa ¢, TO TeMaTHKH TuX ca0B p(t|u) u p(t|w) KOMKHBL OBITH
ou3ku B cMmbicie KL-auBeprenmun:

R(®) = Z Znut In .

w,u  teT

Cornacuo dopmyne M-mara, BepoSTHOCTH CJIOBa B TeMe YBEJIUIHBAECTCS, €CJIH OHO
nMeeT TIepeBOIbl, IMeIOIe BBICOKYI0 BEPOSITHOCTD B JIAHHON Teme:

et = o (a7 Yo ).
we @

DTOT Peryjsipu3aTop He YUUTHIBAJI, UTO TEPEBOJ CJA0BAa MOYKET 3aBHCETh OT TEMBI,
U 9TO Cpead IEpPeBOJOB CI0BA MOTYT HAXOAUTLCS IEPEBOABI €ro OMOHHMOB. IIo3Tomy
B TOi 2Ke paboTe OLLT IMpeaIoKeH BTOPOH Peryaspu3aTop, KOTOPBIA BBOIUI B MOIETH
HOBBI® TAPAMETPHI Ty = P(u|w,t) — BEPOATHOCTH TOTO, YTO CJIOBO U SIBISETCS Tepe-

BOJIOM cJI0Ba w B TeMe t. [Tpeamonaraercs, aro Tema t, Kak pacnpejesnenne p(u|t) = ft
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HaJ[ CIOBAMH A3bIKa K, TOMKHA OBITH 61M3Ka B cMbIcae KL-1uBeprenun K BepoaTHOCTHOM
MOJIE/TH TOIf 7Ke TeMBI p(u|t) = D, TuywtPuwt, TOCTPOSHHOM 10 IEPEBOAAM CJIOB U3 S3bIKA £:

R(®,II) =7 Z Znut anﬂ'uwt(pwt — Ig%x

ueWk teT weW?*

@opwmya M-mara Tenepb yYUTHIBAET BEPOATHOCTU MEPEBOIOB Tyq. KpoOMe TOro, 10-
OaByIsieTcsa peKyppeHTHasg popMy/ia JIjIs ONEeHUBAHUSA STHX BEPOSITHOCTEI:

Puwt = no% <nwt + 7 E qut”ut) ;
we w

Tuwt = NOTM (qutnut)-
ueWwk
SKCHepI/IMeHTbI IMOoKa3aJihn, 9YTO CBA3bIBaHHE ITapaJiJIeJIbHBIX TEKCTOB CUJIbHEE YJIy4Illa-
eT KadecTBO IOWCKa, 4eM oba crocoba yuéra cioBapeit. Bropoit crocob HemHOro Jyd-
me mepBoro. Kpome Toro, oH mo3BoJigeT BHIOMpATh BAPHAHTHI MIePEBOJA B 3aBUCUMOCTH
OT KOHTEKCTa, YTO MOYKET OBITH IOJIE3HO /I CTATUCTHIECKOIO MAIIMHHOTO IepeBo/Ia.

MopanpHOCTH KaTeropmit m aBTopoB. /JlomycTuMm, 9TO pacmpeeneHns TeM B JI0KY-
menTax p(t|d) MOpoKIAIOTCS OHON M3 MOJATHHOCTEH, HAPUMED, ABTOPAMHE, PYOPUKAMH
uan Kareropusimu. Byaem camrarh, 9TO ¢ KayKJIBIM TEPMUHOM W B KaXKJIOM JOKyMeHTe d
CBsi3aHA He TOJILKO Tema t € T, HO U KaTeropusi ¢ u3 3aJaHHOT0 MHO)KecTBa Kareropuit C'.
Pacmupum BepositHocTHOE TipocTpancTBO 10 MHOXKecTBa D X W X T' x C. Tlycrh n3BectHO
noaMHOoKecTBO KaTteropuit Cy C C) K KOTOPBIM MOXKET OTHOCUTBCA JTOKYMEHT d.

PaccMoTpuM MyTBTUMOJATBHYIO TEMATHIECKYIO MOJedhb (11), B KOTOpO#i pacmpeiere-
HIE BEPOSITHOCTH TeM JIOKYMEHTOB Oy = p(t|d) onmmchiBaeTcsi CMeCho pacipeiesieHuii Tem
Kareropuii Uy, = p(t|c) u kareropuit JOKyMeHTOB T.q = p(c|d):

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

teT ceCy teT ceCy

D70 TakKe 3a/1a9a CTOXACTHIECKOTO MATPUYHOIO PA3JIOKEHNs, TOJIBKO Terepb Tpedy-
ercst HaiiTH Tpu Marpuip: ¢ — Marpuna TepMuHOB TeM, ¥ = (. )rxc — Mampuya mem
kamezoputl, I1 = (Teq)oxp — Mampuya kamezopuil JOKYMeHmMos.

Mogmesnb ocHOBaHa Ha JBYX THUIIOTE3aX YCJIOBHOI HE3aBUCHMOCTH:

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

p(w|t,c,d) = p(w|t) — 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 ps Beex ¢ ¢ Cy.

3ajada MAKCHMU3AIMN PEryJIsiPU30BAHHOIO TPABIOIOI00HSI:

DD nawlny D puitheme + R(®, W,T) — max; (18)

deD wed teT ceCy
Z Puwt = 17 Pwt = Oa Zwtc = 17 wtc = 07 Z Ted = 17 Ted 2 0. (19)
weEW teT ceCy
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Teopema 3. Ilycte ¢yukmus R(P,V,1I) wmempepsiBaO muchpepenmmpyema. Touka
(®, U, II) sokamprOrO KCTpeMyMa 3amadn (18), (19) yaosmerBopsier cucreme ypaBHEHHIH
CO BCITOMOTATEIbHBIMH TEPEMEHHBIMH Dicqry = P(T, ¢|d, w):

Ptedw = 1O WieTed;
e (t,c)eTxCy PutPteTied;
OR
Pt = norm | Nyt + Put=— |; Nyt = E E NdwPtedw
weW &pwt
deD ceCy
OR
wtc = norm/| 7 + wtc— ; Nte = E E NwPtedw;
teT 87vbtc
deD wed
OR
Teq = NOTM | Neg + Ted=— | ; Ned = E E NdwPtedw -
ceCy or cd
wed teT

Jlannas MoJeTb, OCHOBaAHHAS HA TPEXMATPUIHOM DPA3TOKEHUU, HAMOOJee W3BECTHA
Kak asmop-memamuseckas modeas ATM (author-topic model), B Koropoit mopozx patorieit
MOJIATIHHOCTBIO SIBJISIOTCsT aBTOPHI ToKyMeHTOB [105]. B memamuueckot modeau mezupo-
sanusa doxymenmos TWTM (tag weighted topic model) mopox garomieii MOIaTBHOCTHIO
SIBJISTIOTCST Tern JIOKyMeHTa [64]. AHasorndHasi MOJEIh MCIOJIb30BAIACh JJisi 06paboTKI
BI1eOTIOTOKOB B [49]. JToKyMeHTHI d COOTBETCTBOBAJIU MOCTEOBATENBLHBIM 1-CEKYH THBIM
BU/ICOKJTMITAM, TEPMHUHBI W — 3JEMEHTAPHBIM BU3YAJIHHBIM COOBITUSIM, TeMbl { — TPO-
CTBIM JefICTBUSIM, COCTOSIINM W3 COYETaHUsT COOBITHil, KaTeropun ¢ — 0Oo0jee CIOKHBIM
MOBEJIEHUSIM, COCTOSITIIUM W3 COYETaHUsI JEHCTBUIl, TPUIEM CTABUIACH 3312492 BBIJIEIUTD
B KasKJIOM KJIUIIE OJHO OCHOBHOE MOBEJIeHNE.

Mogesib (17) MOXKHO YIPOCTUTH U CBECTH CHOBA K JIBYXMATPUIHOMY DPA3JIOKEHUIO, eC-
JIX OTOXKJIECTBUTH TeMbl ¢ KaTeropuamu, C' = T', u B34Tb equHuIHyI0 Marpuny V. Jannas
MoJIesTb u3BecTHa B sinreparype Kak Flat-LDA [106] u Labeled-LDA [102]. Eé Boipasures-
Hble Bo3MOxkHOCTH Oesuee, vem y PLSA u LDA, tak kak 3HaunTe/ibHAsT J0JIsT 9JIEMEHTOB
matpuipl [I = © dukcupoBanbl U paBHBI HYJTIO.

TpéxmaTpuunble pa3moKeHns MOKa He peaJn30BaHbl B bubmoTexe BigARTM.

TemmopaJsibHbIe MOAEN. BpeMst cO3/JaHus JIOKYMEHTOB BayKHO [P aHAJIM3e HOBOCT-
HBIX MOTOKOB, HAYIHBIX MyOJUKAIWA, MATEHTHBIX 0a3, JAHHBIX COMMAIbHBIX cereii. Tema-
THYECKHe MOJIE/IN, YIUTBIBAIONINE BPEMsl, HA3BIBAIOTCS MeMnopasbHuimu. OHU MO3BOISIIOT
BBIJIEJISITH COOBITHHHBIE U IEDMAHEHTHBIE TEMbI, JIETEKTHPOBATHL HOBBIE TEMBI, TIPOC/IEKH-
BaTh Pa3BUTHE TEM BO BPEMEHU, BbIJIEJISATH TPEH/IbI.

[Tycrb I — KOHEYHOE MHOXKECTBO MHTEPBAJIOB BPEMEHU, U KaZK/bIH JOKYMEHT OTHO-
CUTCS K OJIHOMY HJIM HECKOJbKHM WHTepBajaM, [); — MOIMHOKECTBO JOKYMEHTOB, OTHO-
CSNIXCA K MHTEPBATY 4. ByaeMm momarath, 9TO TeMbl Kak pacmpesenenus p(w |t) He me-
HSIOTCST BO BpeMeHH. Tpebyercst HallTH pacrpe/iejieHne Ka 10l TeMbl Bo Bpemenu p(i|t).

TpuBHa/IbHBII T10X0]] 3aK/I0UYAETCI B TOM, 4TOOBI OCTPOUTH TEMATHYECKYIO MOJE/Ib
Ge3 yuéra BpeMeHH, 3aTeM HAfTH pacrpejejeHne TeM B KaxKJIoM uHTepBase p(t|i) kak
cpegnee Oy 1m0 BeceM JOKyMeHTaM d € D; W MepeHOPMUPOBATH YCJIOBHBIE BEPOSITHOCTH:
p(i|t) = p(t|i)%. HemoctaTok maHHOrO mMOJAXOMA B TOM, 9TO HHMOPMANUS O BPEMEHH
HUKAK HE HCIOJIH3YeTCS MPH O0YYEHUN MO W He BJauseT Ha (DOPMHUPOBAHHE TEM.

B ARTM »ta npobJtema perraercst BBeieHnemM Mopaabaoctn spemenn I. Vckomoe pac-
npenesnenne p(i|t) = @, nomydaercs B crosnbne mMarpuisl O. JomorHuresbube orpannte-
HES Ha MOBEJEHHE TeM BO BPEMEHH MOYKHO BBOJIUTH C TMOMOIIBIO PEryISpU3AIHH.
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B oxmHoii u3 mepBBIX TeMmmopasbHBIX TemaTuueckux Mogeneit TOT (topics over
time) [140] kaxkaas TemMa MOJETMPOBATIACH HAPAMETPUICCKUM [3-PACIIPEIETIEHIEM BO BPe-
MEHHU. JTO CeMeHCTBO MOHOTOHHBIX M YHUMO/IAJTHHBIX HEMPEPBIBHBIX (DYHKIUH, C MTOMO-
IO KOTOPOTO MOYKHO OIMUCHIBATH Y3KHeE MUKW COOBITUIHHBIX T€M M OrpaHUYeHHbINH HabOP
TPpEeHI0B. TeMbI, UMenme CrnopajndecKkue BCIIJIECKH, JaHHad MO/EJ/Ib OIMUCHhIBAECT IIJIOXO.

Hemapamerpudeckue TeMIOpaJIbHBIE MOIEIN CIOCOOHBI OIMMCHLIBATH IPOU3BOILHLIC H3-
MEHEHHd TeM BO BPeMeHH. PacCMOTpHM JBa eCTeCTBEHHBIX IPEINOI0KeHHd U (hOpMAIH-
3yeM X C TOMOIILIO Pery/Ispu3alim.

Bo-niepBbix, mpemno/iozKuM, 9T0 MHOTHE TeMbI SBJISIOTCA COOBITHIHBIMU W UMEIOT OT-
HOCHTEJIbHO HEDOJIBIIIOE «BPeMsl KU3HU», IO9TOMY B KarKJOM HWHTEpPBaJie BPEMEHU { PH-
CYTCTBYIOT He Bce TeMbl. [loTpebyem paspe:keHHocTn pacmpeaenenuii p(t|i) ¢ mOMOMIBHIO
KPOCC-3HTPONUITHOTO peryaspu3aTopa;

Ry(® nmm ©) = —7y ZZlnp(ﬂi).

i€l teT

Bo-BTOpBIX, MpeANoIoKuM, 9To pactpejenenus p(i|t) kak GyHKIHH BpeMeHH MeHsi-
IOTCSl HE CJIMIIKOM OBICTPO M BBEAEM PEryJIspU3aTOpP CIrUIasKNBAHUS:

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

i€l teT

Oba peryngpu3aTopa MOXKHO 3amucaTh U Kak (pyHkmuio ot ¢, n Kak pyHknuo ot O.
B cayuae peryagpusatopa Ry(®) dbopmyra M-mrara nvmeer But

Qit = ngel"}n(nit + Toir Sign(@i—1 — it) + Toir sigN(Pit1 — Pir))

rie byHKIUS sign Bo3Bpamaer +1 i MOJTOKATETBHOTO apryMeHTa n —1 st OTpHIa-
TeJILHOTO. Peryisipu3arop criaKnBaer 3HAYEHUsT B KazK/0ii ToUKe BpeMeHHOro psiia p(i|t)
110 OTHOIIEHHIO K COCEJHUM TOYKAM CJIeBa U CIIpaBa.

7 3aBUCHUMOCTU

Kaaccudukanusa. Temamuueckas modeav kaaccugurayuu Dependency LDA [106] siB-
astercst GaifecoBeckuMm anasorom mogesn (11) ¢ momanbrocTsimu repmuroB W n kiraccos C.
Nmeercst obydatotasi BBIOOPKa, JIOKYMEHTOB d, JIjIs KazKJIOT0 W3 KOTOPBIX U3BECTHO TO/I-
MHOKecTBO KJstaccoB Cy C C. Tpebyerca kmaccupunupoBaTh HOBbIE JOKYMEHTHI C HEU3-
BecTHBIM Cly. JI71s 3TOr0 OyIeM HCIOIb30BATH AUHETHYI0 BEPOATNHOCTHYIO MOOEAD KAAC-
cuurayuu, B KOTOpOik 0ObEKTAMHU SBISIOTCS JOKYMEHTHI d, MPU3HAKH COOTBETCTBYIOT
TeMaM ¢ ¥ NPHHUMAIOT 3HadeHust Oy = p(t|d):

Cy = {c €C ) pleld) =Y @ubia > %}.
teT

Kosaddunpnenrsr muneitnoit Mmogenn ¢, = p(c|t) n moporn v, obydarorcst Mo BHIGOPKe
JoKyMeHTOB ¢ m3BecTHbIME Cy. [Ipm3HakoBoe ommcamue HOBOTO JOKYMEHTa j BBHIYHCIS-
eTCsd TeMATHIECKOH MOJEIBIO TOJTBKO 110 €10 TePMIHAM.

'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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Dkcnepumentsl B [106] mokasamm, 9TO TeMAaTHYECKHE MOJEIU TPEBOCXOAAT OObIU-
HbIe METOJbl MHOI'OKJIACCOBOM KIacCU(MUKAIUKA Ha OOJBIINX TEKCTOBBIX KOJLIEKITHSIX
¢ OOJIBIITM YIHCJIOM HECOAJTAHCHPOBAHHBIX, TIEPECEKAIOIINXCS, B3aNMO3aBUCHMBIX KJIACCOB.
B [125] Te ke BbIBOMBI Ha TeX K€ KOJJIEKIUSIX OBLIIH BOCITPOU3BEIEHBI JJIsi MYJIbTHMO/Ab-
roit ARTM. Hecbararncuposarnrocms 03HATAET, 9TO KJIACCHI MOTYT COJEPyKaTh KaK MaJioe,
TaK M OYeHb OOJIBIITOE YUCTO JOKYMEHTOB. B ciydae nepecekaroujuxca KIaccoB JOKYMEHT
MOZKeT OTHOCUTBCSA KaK K OJTHOMY KJIACCY, TaK B K OOJBIIOMY YUCTY KIacCOB. B3aumosasu-
CuMbLe KIACCH IMEIOT ODIIIe TEPMUHBI U TEMBI, TI09TOMY MPH KJIACCU(PUKAINN TOKYMEHTa
MOT'YT BCTYIIaTh B KOHKYPEHIIHIO.

B HekoTophix 3aauax kipaccudukanum nmeercss nHOpMaInsg 0 TOM, 9YTO J0KYMEHT d
13 00ydaloneil BLIOOPKH He TPHHATEKUT MOAMHOXKecTBY KiaccoB C) C C. lns sroro
caydasd 3alliilIeM IIPaBIoNoa00ne BepOATHOCTHON MOe/ I OMHAPHBIX JTaHHBIX:

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

deD ceCy teT deD ceC, teT

[Teproe ciaraemoe papHsiercst log-TipaBaono06uo0 MogaabHOCTH Kiaaccos (11), ecan
OJIOKUTE Nge. = [cE€ Cy]. Bropoe ciaraemoe MOKHO paccMaTpUBATh KaK PEryJsipH3aTop
HEe-IPpUHAIJICZKHOCTU JOKYMEHTOB KJIaCCaM.

Perpeccusa. 3amaunm npeicka3anus 9UC/I0BOM BEJIUINHBI KaK (DYHKITMH OT TEKCTa BO3-
HUKAIOT BO MHOTUX MPUIOKEHUIX JIEKTPOHHONU KOMMEDPITUN: Mpe/IcCKa3aHne PeiTuHra To-
Bapa, (puIbMa WM KHUTH TI0 TEKCTY OT3BIBA; MPeICKa3aHe YUCIa KIUKOB MO TEKCTY pe-
KJIAMHOTO OObSIBIEHUS; IPe/ICKa3aHue 3apIIaThl M0 ONUCAHUIO BAKAHCUU; MPEICKA3AHIe
nosie3HoCTH (Yncia JAfKoB) OT3bIBa Ha OTeJb, pecTopaH, cepsuc. st BoccTaHOBIEHMSI
YUCJIOBBIX (DYHKIUI 110 KOHEYHOU 0Oydalomieil BEIOOpKe nap «00beKT-OTBET» UCIOJIb3Y-
I0TCSl PErPECCUOHHBIE MOJIE/IN, OJIHAKO BCE OHU MPUHUMAIOT Ha BXOJE BEKTOPHBIE OTTUCAHUS
00bekToB. Temarmdeckas MOJETb TMO3BOISIET 3aMEHUTh TEeKCT JTOKYMeHTa d ero BeKTOp-
HBIM TpejcTaBaenueM ;. C Apyroii cTOpOHBI, KPUTEPUl ONTUMUBAIME PETrPeCcCHOHHOM
MOJIEJI MOZKHO HMCIIOJIHb30BATh B KQYECTBE PEry/isipu3aropa, YTodbl HAlTH TeMbl, Hanbojiee
nHGOPMATHBHBIE ¢ TOYKH 3DEHHsT TOYHOCTH NpejcKazanuii |74, 115].

[Tycts mast Kaxka0ro JoKyMeHTa d obyuaromieir BHIOOpKN [ 3aaHO IejIeBoe 3HAYeHNe
ya € R. Pacemorpum aunetinyo modeav pezpeccuu, KOTOpas MpeICcKa3bIBaeT MaTeMaTu-
JecKoe OKHJ/IaHUe TeeBOil BeJTUIIHbI:

E(y | d) = Z vtetda
teT

rie v € RT — sekrop kosaddumuentos. [IpuMennM MeTO HANMEHLIINX KBAJIPAaTOB I
0o0ydeHusI BEKTOpa v MO BHIOOPKE JTOKYMEHTOB:

R(O,v) = —7 Z(yd — Z vtetd)2.
deD teT

[Toxcraisist TOT peryasipusarop B (8) u MpupaBHUBasi HYJIIO €ro MPOU3BOIHYIO 110 U,
nosryauM (opmyas M-mara:

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

seT

v = (007)"'oy.

22



BamMernM, 4To (hbopMysia I BEKTOPa ¥ ABISIETCS CTAHIAPTHBIM pelleHreM 3a/1add HaH-
MEHBIINX KBaIpaToB IpHu (bUKCHpoBaHHOI MaTpuie ©. BekTop v MO:KHO OOHOBISATH IO
OKOHYAHWU KayKJ0TO ITPOX0/1a KOJLIEKINN, JIKHOO 1mocjie 00pabOTKH KarK/I0r0 MmaKeTa JI0KY-
MEeHTOB B omjiaitnoBoM EM-anropurme.

B [115] moka3aHo, 9TO KavecTBO BOCCTAHOBJEHWs] DErPECCHH Ha TEKCTaX MOXKeT Cy-
IECTBEHHO 3aBUCETh OT WHHUIHAJTH3ANNA TEeMATHIEeCKOU MOJIETH, TaM Ke IHPeTOKEeHO
HECKOJIBKO CTpaTernii MHUIUATH3AIHN.

Koppeasimuu tem. Modeav koppeauposannvz mem CTM (correlated topic model)
npeHA3HAYEHA JIJIsl BBISBJIEHUS cBs3eil Mexxay Temamu [21]. Hampumep, craths mo reo-
Joruu OoJiee BEPOATHO CBA3aHA C apXeoJorueil, ueM ¢ reHeTHKOil. 3HaHHe O TOM, KaKue
TeMBI Jalle COBMECTHO BCTPEYAIOTCS B JOKYMEHTAaX KOJLIEKIUHU, MO3BOJISIET TOYHEE MOIe-
JIMPOBaTh TEeMaTUKY OTACJbHBIX JOKYMEHTOB B MYJbTUAUCIUIIINHAPHBIX KOJIJIEKIOUAX.
Jlst onmcanust KOppessiuii y100HO UCIIOIb30BATH MHOTOMEPHOE HOPMAJIHLHOE PacIIpe-
nenenne. OHO He MOJXOAMUT /I OIMHCAHUSA HEOTPUIATETHHBIX HOPMUPOBAHHBIX BEKTOD-
CTOJIONOB 04, HO HEILJIOXO OMUCHIBAET BEKTOPHI UX J0rapudmoB 1y = In 6;4. [TosTomy B MO-
JieJTb BBOJIMTCST MHOTOMEPHOE JIor-HOpMasibHoe pactpenenenne (logistic normal) ¢ asymst
napaMeTpaMu: BEKTOPOM MaTeMaTUIeCKOT0 OYKUJIAHUS (L 1 KOBAPUAIIMOHHON MaTpHIIEH Y

exp(—3(na — )™= (na — 1)) '

72 - n 1
p(na|p, X) B

Nsznaganpno momens CTM Obliia paspaborana B pamMkax 0aiieCOBCKOTO MOAX01a, T
BO3HUKAJIHM JOMOJHUTETbHBIE TeXHUYECKHe TPYAHOCTH H3-33a TOrO, UTO JIOT-HOPMAJIbHOE
pacipejieleHne He sBJISeTCS CONPSKEHHBIM K MyabTHHOMHaabHOMY. B pamkax ARTM
uness CTM dopmanusyercss u peajn3yercss HAMHOTO TTPOIIIE.

Onpegenum peryisipu3aTop Kak jgorapudm mTpaBIono100ust JJOr-HOPMAJILHOW MOJIe/ N
JIJIsT BBIOOPKU BEKTOPOB JIOKYMEHTOB 7)4:

_ _ T Ty —1
RO, %) =7 p(nalp, %) = =5 3 (06— )27 (Infg — p) + const — max.
deD deD
Cormnacuo (8), dopmyna M-mara jis ;g IpuHAMAET BU
Orq = norm (ntd - T ZT ¥t (ln Osq — us)), (20)
s€

rie E,;l — 3JIEeMEHTBI 0OPATHO KOBAPHAIMOHHON MaTpuIlel. [TapaMerps X, 1 HOpMAJTBHO-
ro pacrpeje/ieHusi OOHOBJISTIOTCS TIOCJIe KayKJI0T0 MTPOX0/1a KOJIJIEKIUN, 00 MOCIe KarK-
JIOTO TIaKeTa JIOKYMeHTOB B oHjaiinoBom EM-aiaropurwme:

1
= — In 6
1
Y= 62(ln9d — ) (In by — p)".
| |deD

Takum oOpa3om, TpymLoéMKas omnepalys oOpalleHrsT KOBAPUAIMOHHONR MATPHUIIBI BHIMOJI-
HSIeTCsT OTHOCUTEIHHO peko. B [21] ncnopsoBanack LASSO-perpeccust, 9To0bI Moy 9aTh
Pa3peKeHHy0 KOBAPUAIMOHHYIO MATPHILY.
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8 CBga3u MexXJay JOKyMEHTaMu

Cchliku m muTupoBaHme. llHorma nmeercs: HOMOJHUTEIbHAS WHAOPMAINS O CBSI3STX
MeXKy JOKYMEHTaAMU U IPEeIo/IaraeTcs, 9TO CBI3aHHbIe JIOKYMEHThl IMEIOT CXOXKYIO Te-
MaTuKy. CBs3b MOXKET O3HAYaTh, U4TO JIBA JOKYMEHTa OTHOCSITCS K OJHONW pyOpuKe, COB-
MECTHO YIOMHUHAIOTCS WK CCBLIAIOTCI APYT Ha Apyra. PopMaanzyeM 3TO IIPe o I0KeHIe
C TIOMOIIBIO PeryIsapu3aTopa;

RO) =T Z Ndc Z O1abse,
d,c

teT

IJIe Nge — BeC CBI3M MEXKJy JOKYMEHTaMH, HalpUMep, YHCJI0 CChlIoK u3 d Ha c. B [38]
npeaIoXKeHa moxoxkasa momenb LDA-JS, B KoTopoii BMECTO MaKCHMH3AIUH KOBAPHAIII
MHHEME3HpyeTcs auseprennns llencena-Illennona Mexxay pacmpenenenusyu 0y u 6,.
®opwmyna M-mara mist 6,4, cormacuo (8), nvmeer BuI

Ora = norm (ntd + 76 Z ndc‘gtc> .

ceD

9T0 eImIé oJHa Pa3HOBUIHOCTEL CLUIaKuBaHus. Beposgrnoctu 6, B Xo1e uTepanuii mpu-
OJIMKAIOTCA K BEPOSITHOCTIM ;. TOKYMEHTOB, CBI3aHHBIX C d.

Perynsipusarop marpunbsr © cranoButTcs Hed(DMEKTUBHBIM TPU MAKETHONH 00paboTke
OOJIBINMKMX KOJLIEKIMi, KOT1a JOKYMEHTHI ¢, Ha KOTOPbIE CCHLIAETCS JTAHHBIA JTOKYMEHT d,
HAXOIATCA B IPYTUX makerax. [Ipobiema peraercs BBeeHIEM MOJATHLHOCTH JOKYMEHTOB,
HA KOTOpbIE €CTh CCBLIKHA U3 JAPYTUX JOKYMEHTOB. DTOT CIIOCOD MOPOXKIAET HOBYIO IPO-
OJIeMY: ecJTU MOIITHOCTD 3TO# MOJTAJIBHOCTH OKAYKeTCsl paBHON YHC/TY JOKYMEHTOB, TO MaT-
puna ¢ MoxKeT He MOMECTUTHCS B ONEPATHBHYIO MaMsTh. MOKHO COKPATUTH 3Ty MOIAIh-
HOCTh, OCTABUB TOJILKO HanboJIee BIMSTEIbHBIE TOKYMEHTHI €, YNCJIO CCHLJIOK Ha KOTOPHIE
Ne = Y4 Mde TPEBBIIIAET BEIOPAHHBI TOPOT.

JlanHast wjes TPHILIA W3 MOJETN BIMSHUA HaydIHbIX myoaukanuit LDA-post [38].
B meit ucnonp3yiorca aBe MomanbHOCTH: c1oBa Wi m mutupyemble mokyMeHTH Wy C D.
Mogenb BoisiBIsieT HanbOJIee BIAUSTENIbHBIE JOKYMEHTH BHYTPH KaykKaoi TeMbl. Heryiie-
BbIE€ 3JIEMEHTHI B CTPOKe ¢ MaTpuibl Py MOKA3HIBAIOT, HA KaKWe TEMBbI TMOBJIUSI JIOKY-
MeHT ¢ € Ws. Tak:ke Moje/ib M03BOJISIET Pa3/indaTh, KAKHE W3 CChLJIOK CYIIECTBEHHO T10-
BJIMSLTH HA HAYYHYIO CTATHIO, & KAKHe ABISIIOTCA BTOPOCTEIIEHHBIMHU, YHCTO (DOPMATHHBIMHE
W «JAaHBIO BEeXKJIHBOCTH». CUUTAaeTCsA, 9TO JOKYMEHT ¢ TMOBIUAI Ha JOKYMEHT d, ec/iu
d cchlmaeTcd Ha ¢ 1 OHH UMEIOT 3HAYUTETbHYIO OO O0INeil TeMaTUKH.

leosokamuu. IMudopmanusa o reorpaduuecKoOM MOJOKEHIN UCIOIbL3YeTC IPU aHATN3e
JIAHHBIX colmaJfbHbIX cereil. [eorpadudeckass npuBsizka JTOKyMeHTa d WKW €ro aBTopa
3a/1aéTcs OO MOJAJIBHOCTSIMU 2€0me206 (Ha3BAaHUSIMU CTPAHBI, PErHOHA, HACEJEHHOTO
yHKTA), 100 2e0n0kayuet] — napoit reorpadudecknx Koopauuatr Uy = (x4, yq). B mepsom
clIydae MOMKHO HCIIOJIB30BATDL OOBIYHYIO MYJBTHMOIAIBLHYIO MOJE/Ib, BO BTOPOM CJIydae
HYZKeH JIOIOTHUTENbHBINA peryagpuszarop. ARTM mossossger coBMermarh B Mojean 00a
THIIA reorpaduIecKuX JTaHHbBIX.

HeJIBIO MOAEJINPOBaHUA MOXKET 6bITb BblJeJIEHHE PEeruoHaJIbHBIX TeM, OIIpe/e/IeHue
«apeaJia OOWTaHMST» KazKJOW TEMbI, MOUCK IOXOXKHX TeM B Jpyrux peruonax. Harpwu-
Mep, B KadecTBe OjHOI u3 mimoctpanuii B [150] onpeaensioTes pernoHbl MOy ISIPHOCTH
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HAIMOHAJIBHOM KyXHH 1O moctaMm moJb3oBareneil Flickr. Ipyras wutocrparmust us [75]
OKA3BIBALT, UTO TeMAaTHIeCKas MOJeNb, yINThIBatomast, n3 kakoro mrarta CIIA mpumwto
coobIenue, TOUHee MPOCIeKUBAET My Th yparana «Karpunas.

Kpagparuansiii peryasipuzarop mMarpuinbsl O, npemioxenusiii B [150], dopmannsyer
MPEJIITOI0KEHNE, YTO JOKYMEHTBI CO CXOKMMU T'eOJIOKAIUSIMI UMEIOT CXOXKYI0 TEMAaTHKY:

R( = — = Z Wed Z etd etc )

c,d) teT

IJIe Weg — BC mapbl JOKYMEHTOB (¢, d), Bhipazkatomuii 6Ju30cTh reosokanuii. Hampumep,
Weqg = exp(—72,), tae r2; = (v. — 24)® + (Yo — Ya)? — KBaApAT EBKJINI0BA PACCTOSHUI.

DTOT peryaspusarop TpedyeT npu 06paboTKe KarxKI0ro J0KYyMeHTa d T0CTyIa K BEKTO-
paMm . Apyrux JOKYMEHTOB, UTO 3aTPYAHAET MaKeTHYI0 00paboTKy OOTBIINX KOJIIEKITHA.
AJIbTepHATUBHBIA CIIOCOD CIUIasKUBAHUS TEeMATHKH reorpadrdecKu OJU3KHX COODIIeHMI
OCHOBAH HA PEryagapu3anui MaTpuisl P.

[Tycts G — mMozmaibHOCTH reoTeroB, g = p(g|t). Temarnka reorera g BbIpazKaeTcs
o dopmyse Baiieca: p(t|g) = <pgt:—;, e Ny — YacTOTA Ie0Tera ¢ B MCXOIHBIX TAHHBIX,
ng=>y 4 Mgt — JACTOTA TEMBI ¢ B MOJAIBHOCTH reoTeros, Beidncsemas EM-arroparvom.

Keaaparuanstit perysisipu3atop MaTpuilbl @ mo MogaIbHOCTH Te0TeroB (hopMaIn3yer
peIIo/I0KeHne, 9To reorpaduieckn OJIU3KNe TeOTern UMET CXOKYI0 TeMaTHKY:

R(®) = —= Z Wgg' Z <¢gt %)2’

g g'eG teT 9

IJle W,y — BeC Mapbl TeoTeros (g, ¢'), BeIpazKkaloluii ux reorpaduieckyio 6au3octs. Huxke
MBI PAaCCMOTPUM ODOOIIEHHE 3TOTO peryasipu3aropa Ha 0oJiee MMUPOKHiT KIacce 3a/1ad.

I'padsr u conmanbubie cetu. B [75] npeioxkena Gosee 001as TeMaTHIECKAsT MOJETh
NetPLSA, yuursiBaorasi 1pon3BoJibHble rpadoBbie (ceTeBbie) CTPYKTYPhl HA MHOKECTBe
nokymenToB. [Tycrs 3anan rpad (V, E) ¢ MHOKecTBOM Bepiin V' i MHOKecTBOM pébep E.
Kaz 1oit ero Bepimae v € V' cooTBeTCTBYET MOAMHOXKECTBO JoKyMenToB D, C D. Hanpun-
Mep, B poau D, MOXKeT BBICTYNATh OTAEJbHBII JTOKYMEHT, BCe CTATbU OJHOTO aBTOpa v,
BCE TOCTHI U3 OJTHOTO reorpaduuecKoro peruoHa v, u T. 1.

Temarnka Kaxka0if BepIuHbl v € V' BBIpaykaeTcs depe3 mapaMerpbl Mojaean O:

plt]e) = 3 pt1d)pld]) = 51 3 b
deD, deD
B momenn NetPLSA ucnosip3yercst KBaApaTHIHBII Perysipu3aTop:

R(©) ) Z wuvz (tlv) — (t|u))2,

(u,v)EE teT

TIe Beca Wy, péoep rpada (u,v) 33Jal0TCsS eCTECTBEHHBIM 00pa30M, KOI/Ia B 3a7a9e eCTh
COOTBETCTBYIOIAS JTOMOJHATENbHas wHdopManus. Hanpumep, ecin D, — Bce cTaThbu aB-
TOpa v, TO B Ka4ecTBe Beca pedpa wW,, €CTECTBEHHO B3STh UYUCJIO CTaTel, HAMUCAHHBIX
aBTOpaMu 1 W ¥ B coaBTOpcTBe. Ecam momobHO wHMOpMaIun HET, TO BEC IMOJaraeTcs
PABHBIM €IHHUIIE.
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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-
MMUX KOJLIEKINiA. AJIbTepHATHBHBIA MyTh COCTOUT B TOM, YTOOBI MHOYKECTBO BEPIIUH TPa-
da V 06baBUTH MOJATBLHOCTHIO U TMEPeiiTu K pery/isipusanuu MaTpuiibl P.

B kaxaprit jokyment d € D, mobaBum TOKeH v MojgaJbHOCTH V. Bhipasum remaruky
BepIIHHLL v Yepe3 mapamerpbl @ mo dopmyne Baiteca: p(t|v) = (v|t)§((z = Qutpe]s THE
ng = Zv Ny — YACTOTa TeMBI ¢ B MOZAJIBLHOCTH V, BeIuncageMasda EM-anropurmomM.

Perynapusarop NetPLSA coxpanser mpe:kKHuil BUI, HO CTAaHOBUTCS (byHKIHE oT P:

=5 3 w5 )

(u v)EE te’T

Bo MHOrHX NIpHIOKEHUAX BAyKHBI HAIPABICHHOCTH CBA3eH, KOTOPbIe KBaIPATHUHBIN
peryasgpu3aTop He yuutbiBaeT. Hampumep, ¢Bs3b (u,v) MOXKET 03HAYATDH CCBLIKY W3 JIO-
KymeHTa u Ha JokymeHT v. B mogmenm iTopicModel [117] npeammomaraercsi, ato ecian
(u,v) € E, 1o remaruka p(t|u) mmpe Temaruku p(t|v). [losromy MUHEMUHPYETCST CyM-
ma nuseprenuuit KL(p(¢|v) || p(t|u)), npuaém p(t|v) MoxHO BhIpasnTh Kak depes O, tak
u depe3 P:

R(© wnmu ) Z wuvat\'U Inp(t|u).

(u v)eEE terT

Kax mokazajm 9KCIePUMEHTBIZ, PeryIapu3anus MaTpuibl ® IpUBOIUT HPaKTHIECKH
K TeM »Ke pe3ysabTaraM, u4To u peryiagapusanus O mas mogeneir NetPLSA u iTopicModels.

9 Uepapxum Tem

HNepapxuyeckue TeMaTuuecKne MOJIEIM PEKYPCUBHO JEIST TeMbl HA MOJATeMbl. TemaTude-
CKHUE UePAPXUM CJIYZKAT JJIs IOCTPOEHUsI pPyOPUKATOPOB, CUCTEMATU3AIUN OOJIBITUX 00bHE-
MOB TEKCTOBOIT nHpopManun, nHGOPMAIMOHHOTO TTONCKA, U HABUTAIWH 110 OOJIBIITAM MYJTh-
THAACIAILTAHAPHBIM KOJLTEKITHAM. 3a1a9a aBTOMATHIECKOH pYyOPUKAIME TEKCTOB CJI0KHA
cBOeil HeOTHO3HAMHOCTBIO U CYObeKTUBHOCTHIO. Pa3muansa Bo MHEHUSIX SKCIIEPTOB OTHOCH-
TeJIbHO pyOpUKaIun 1okyMeHTOB MoryT gocturarh 40% [1]. Hecmorpst Ha obusme paGot
110 MepapXuaeckuM TeMaTuIecKuM MomessiM [23, 65, 79, 151, 100, 135, 136, 137, 138], on-
TUMU3AIMS Pa3Mepa U CTPYKTYPbl HEPAPXUH OCTAETCsS OTKPBITON 1TPo0/IeMoit; OoJiee TOTO,
OIEHUBAHNE KAYECTBA MEPAPXUHl — Tak:Ke OTKpbITas mpobiaema [151].

CrpaTerun mOCTPOEHUS TeMATHUIECKUX HepapXmil BechMa pa3HOOOPAa3HbI: HUCXOSIIIE
(muBU3MMHEbIE) W BOCXOAsIIHE (ArJIOMEpPATHBHBIE), MPEJACTABISIONINE HePAPXUIO JEPEBOM
UM MHOTOJIOJIBHBIM rpadoM, HapamuBaonye rpad mo ypoBHIM UJIKA 110 BepITHHAM, OC-
HOBAaHHBIE HA KJIACTEPU3AINHU JIOKYMEHTOB WU TepMUHOB. Heslb3s HAa3BaTh KaKyIO-TO W3
CTpaTerunit MpeanouTHTENbHON; ¥ KaxKI0i eCTh CBOM JJOCTOMHCTBA M HEJIOCTATKH.

B [33] npemoxkena uucxopsimas crparerus Ha ociose ARTM. Vepapxust mpeicraBis-
eTCsI MHOTOIOJBHBIM I'paoM € YBEJIUUHBAIOIIIMCS IHCJIOM TeM Ha KaxKJI0M ypoBHe. Mo-
JieJIb CTPOUTCS 110 YPOBHSIM CBEPXY BHU3. UHUCJI0 YPOBHEH M YHCJIO TeM KayKJIOro yPOBHS

2Bukrop Bynaros. cnosnb3oBanue rpadoBoil CTPYKTYpbl B TEMATHYECKOM MOJETHpOBaHMU. Maru-
crepckas muccepranusi, PUBT M®TU, 2016.
http://www.Machinelearning.ru/wiki/images/4/4d/Bulatov-2016-ms.pdf
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3a7aéTca BpyuHylo. KaxKaplii ypoBeHb IpecTaBageT co6oil OOBIUHYI0 «ILTOCKYIO» TeMa-
THYCCKYI0 MOJE/b, TO3TOMY BpeMs MOCTPOCHHA MOJCTH OCTAETCS JHHEHHBIM 110 00LEMY
KOJLJICKIIUU.

Tl MOJEJUPOBAHUS CBA3ell MeyKJly YPOBHAMHU B MOJEIb BBOJATCA MaPAMETPLI
s = p(s|t) — ycIOBHBIE BEPOSITHOCTH TIOJTEM B TeMax. B ciydae MyJbTHANCIUIIIHHAD-
HBIX KOJIIEKIIMI ITOITeMaM pa3pemaercsa UMeTh [0 HeCKOIbLKO poauTeabeknx TeM. ARTM
I03BOJIET YIIPABIATL PA3PEKEHHOCTBIO 3TOI0 PACIPe/IeJeHNs ¢ HOMOIIBIO JOIOTHATE -
HOT'O KPOCC-3HTPOIIMIHOrO peryaspuszaropa. MoKHO yCHIMBAThL Pa3pekKeHHOCTh pacipe-
nenennii p(t]s) = Y5t 1t BIJIOTD /10 BBIPOZKIEHHOCTH, TOT/Ia KayK/1ast 1ojirema Oy/1eT uMern
POBHO OJIHY POJUTEILCKYIO TeMy, a BCsS uepapxus OyjleT UMeTh BHJL JepeBa.

Peryngapuszarop moarem. Ha BepxHeMm ypoBHE mepapXuu CTPOUTCS OObIYHAS TLJIOCKAST
TeMaTnaeckast Mojesb. [lycTh Mose/b -ro YPOBHST ¢ MHOYXKeCTBOM TeM 1’ yIKe MOCTpPOeHa,
1 Tpebyercsi MOCTPOUTH MOJIETb YPOBHS {41 ¢ MHOKecTBOM JouepHux TeM S (subtopics)
u 66abmuM ucaoM TeM, |S| > |T|. TlorpeGyem, 9TOOBI POJUTENIHCKHE TEMBI ¢ XOPOIIO
NpUOINZKAINCH BEPOSTHOCTHBIME CMECSIMU JIOYEPHUX TEM S:

> KL (p(w]0) || S plwls)pls]0) = > KL (5 | 5 purtin) = mip

teT seS )

tie ¥ = (Vg)sxr — Mampuya ceaseli, KOTOpask CTAHOBUTCSI JOTOJHUTETHHOI MaTpuieil
HapaMeTpoB JJIsI TeMAaTHIECKOl MOJIe/H T0UepHero YpOBH.

1o 331893 MaTPIIHOTO pasaokenus ® = dW qia marpunsr Y poauTeHCKOrO YpoB-
Hs1. OOBIYHO MBI UCIOJIb3YeM HU3KOPAHTOBBIE PA3JIOKEHWsl, MPHUO/INKasi MATPUILY BHICO-
KOr'0 paHra HpOU3BeJeHNEeM MaTpHIL OoJiee HU3KOro panra. OTHAKO B JAHHOM CIydae BCE
HA00OPOT: Mpemoaaraercs, 9o Mmarpunsl ¢ n U numeroT moaHbil panr |.S|, 3aBegoMo mpe-
poimatommii rank ®° = |T|. Cpean MATPHYHBIX Pa3ToyKeHmit 0bg3aTebH0 IMEIOTCa TOY-
HBIE PEeIeHnst, HO OHM HaM He ToaxoasT. Marpuine ® BBITOIHO UMETH TOTHBIH PAHT, YTOOHI
OIMCHIBATH KOJLUIEKIUIO TOUHee, deM 310 jenaer Marpuua ®f. Tpebosanne, 4Tobb OHA 3a-
OHO mpubIzKaTa MaTpuiny $f, BBOTUTCA Uepes peryaspu3arTop:

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

teT weW ses

Bagada makcumuzaiun R(P, ¥) ¢ ToqHOCTHIO 10 0603HAYeHN COBIAIAET ¢ OCHOBHOI
3a/1aueil TeMaTHIecKoro MoJAeHpoBaHus (3), eC/u CINTaTh POAUTENbCKUE TeMbI t nNce6do-
JOKYMEHMAMY C FACTOTAMHE CTIOB TNyt = TNt Pyt. DTO O3HATAET, YTO BMECTO T00ABTEHUS
caaraemMoro B (hopmysibl M-11ara JaHHBIH peryIgapu3aTop MOXKHO PEam30BaTh eIlé mpoIre.
[TocTpouB poanTeIHCKHI YPOBEHD, HAIO T00ABUTH B KOJLIEKIMIO POBHO |T'| TCeBIOIOKY-
MEHTOB, 3a/JaB UM B Ka4eCTBE YaCTOT TEPMHUHOB 3HAYCHUA TTlqy¢. ManI/IHa \I/ IMOJIYyIUTCA
B CTOJIONAX MATPUILI O, COOTBETCTBYIONINX TICEBIOI0KYMEHTAM.

B 6ubmmoTexe BigARTM 3TOT MOIXOM peaan30BaH B BUIE OTAEIBHOTO Kaacca hARTM.

10 CoBcTpedaeMoCTh CJIOB

I'mmoresa «Menika CaoB» ABJISIETCS OJHUM H3 CaMbIX KPUTHKYEMBIX ITOCTYJ/JIaTOB TeMa-
THUYECKOT'0 MOJE/JIUPOBaHHUA. HOSTOMy MHOTHE HCCIeJ0BaHNUA HallpaBJIEHbI Ha CO3JaHHe
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OoJee aJIeKBATHBIX MOJIeNIel, YIUThIBAIOMNX MOPSI0K CJI0B. 113 HUX Hambosee BayKHBIMH
MpEe/ICTABIAIOTCS TPU HANpPAaBIECHU.

[TepBoe HampaB/ieHHe CBS3aHO C BBIJIEICHUEM KOAAOKAUUT — CTATUCTHIECKH YCTOM-
GUBBIX N-2pamm (TTOCTEIOBATETHHOCTEN TMOAPS] WAYIIHX 7 CJOB). TeMbl, MOCTPOEHHBIE
Ha N-IrpaMMax, HAMHOIO JIy4Ille UHTEPHPETUPYIOTCA, YeM IMOCTPOCHHbIE Ha YHUTPAMMaX
(ormenbHBIX coBax). IIpoGaeMa B TOM, YTO YHCJIO N-2pamM KAaTacTpoduuecKu GBICTPO
pacTér ¢ pocToM 00bEMA KOJIIEKIIH.

Bropoe namnpasjienue cBSI3aHO C aHAJM30M COBMECTHOH BCTpedaeMocTu c¢JioB. [losis-
JIeHWe porpaMMbl word2vec 76| cTuMynnpoBaio pa3BuTHE GEKMOPHHIT NPedcmasierudl
cao6 (word embedding). OHu HaxoAAT Maccy HpUMeHeHHi OJarogapsi CBOicTBY ducmpu-
bymueHocmu — CeMaHTHIeCKH OJM3KUM CJI0BAM COOTBETCTBYIOT OJIM3KHE BEKTOPHI. Te-
MaTHYeCKHe MOJETN CIOCOOHBI CTPOUTH BEKTOPHBIE IIPEJICTABIEHUS CJI0B, 00J1aIAfOIIHe
CBOICTBAMHU HHTEPIPETUPYEMOCTH, PA3PEKEHHOCTH W JUCTPUOYTUBHOCTH.

Tpernbe nampaBjieHue CBI3aHO C MEMAMUYECKOT CeeMeHmayuet W THIIOTe30i, 4YTo
TEKCT Ha €CTECTBEHHOM A3bIKE COCTOUT M3 ITOCJICI0BATCIHBHOCTH MOHOTEMATHUYIHBIX COO6—
mennii. B qacTHOCTH, KazK10€e MpeToKeHne Jalie BCero OTHOCUTCS TOTBKO K OJTHOI Teme.
Bagaun cerMeHTaIlul pacCMaTpUBalOTCa B pasaene 11.

Koasokamumu. llcnosib3oBanue CI0BOCOUETAHUIT 3aMETHO Y/IydIIaeT HHTEPIpeTHpye-
MOCTb Te€M, UTO JeMOHCTPUPYETCS MPAKTUIECKH B KAKION MyOJUKAIUN TI0 N-TPAMMHBIM
TEeMATHIeCKUM MOJe M, oM. HarpuMep [53]. [Tepsast GurpaMmuast TeMarnveckas MOJIe/b
BTM (bigram topic model) [132] npeacrasisiia coboit O CyTH MYyJIBTUMOIAIBHYIO MO-
JIe7Tb, B KOTOPOi KarKJIOMY CJIOBY ¥ COOTBETCTBOBAJA OTAETbHAS MOJAJBHOCTH CO CJIO-
Bapém W, C W, cocTaB/leHHBIM U3 BCEX CJIOB, BCTPEYAIOMIUXCSA HEMOCPEICTBEHHO IOCTIe
ciaoBa v. 3anunieM log-mpaBaonomo0me SToil MOIE/H B BUIE PErYIsIpU3aTOpPa;:

R®0)=>"3" > npuln > @%b,

deD ved weW, teT

rae @b, = p(w|v,t) — ycaoBHAsE BEPOSTHOCTH CJIOB W MOCJE CJIOBA U B TeMe b Mgy, —
qacToTa OUrpaMMbl «vw» B JlokyMenTte d. [raBubiit neocrarok mozgean BTM B Tom, dTo
OHA YYHMTBHIBAET TOJILKO Ourpammbl. Bropasi mpob/ieMa B TOM, 4TO YHCJIO BCeX OUTpaMM
OBICTPO YBEIUUUBACTCA C POCTOM KOJIJIEKIWH, U UCIOTH30BaTh Moaeab BTM Ha Gobimmx
KOJIJTEKIIHSX 3aTPYTHUTETHHO.

Mogens TNG (topical n-grams) [141] ycrpamsier 9T HemocTaTKH. YCIOBHOE Pacipe-
JieJIeHHe CJIOB OMMCHIBAETCST BEPOSITHOCTHON CMeChIo P(w|v, 1) = &yl + (1 —Epwt) Pty TIE
&owt — TIEPEMeHHasl, paBHAS BEPOSTHOCTH TOTO, UTO Mapa CJAOB «VW» SBJISIETCS OUrpam-
Moit B Teme t. [Ipn HEKOTOPBIX HE 0CO0O KECTKHUX MpeaNnoao:KeHudax log-mpapaomnomgodbue
9TOI MOJIEIN OIEHUBAETCS CHU3Y B3BeIIeHHON cyMMoii log-mipaBmonomoduiit MomaabHOCTe
yaurpamm u ourpamm B mogesn ARTM. /Ipyrumu ciroBamu, myasrumomanbaas ARTM
MOKeT ObITh MCIOIB30BAHA JIJIsT MOUCKA TPUOJIUZAKEHHOTO pernenns B Mogenn TNG.

B ARTM n-rpamMHast MOJI€/Ib €CTECTBEHHBIM 00pa30M OMPEILIIeTCsS KaK MYJIBTHMO-
JanabHag, B KOTOPO I KarKJIO0TO M BBIJAEISIETCA OTAeJbHAasd MOIAJTBHOCTL. Jlid mpe-
BapUTETHLHOIO COKPAIEHUs CJAOBapeil n-rpaMM IMOJXOJUT METOJ, MOUCKA KOJIOKAIHii
TopMine [40]. Ou suHeitHO MacmTabupyeTcss Ha GOJIbIIHE KOJUTEKIUE U MO3BOJIsieT (hop-
MHPOBATh CJIOBaph, B KOTOPOM KayK/Jas n-rpaMma obJiajaer Tpems cBoificTBaMu: (a) ume-
erT BBICOKYIO 9acTOTy B KOJUIeKIuu; (6) COCTOMT W3 CJOB, HecJaydaifHO 4dacTo obpasy-
IOMUX N-rpaMmy; (B) He COJEPXKUTCS HU B Kakoii (n+1)-rpamme, obragatorieil cBoii-
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creamu (a) u (6). B mocaemyromux paborax ObLIH MpemaozKeHbl MerToabl SegPhrase [67]
u AutoPhrase [108|, reMoHcTpupYyIONHE €IIE JTIyUIine Pe3yTbTaThI.

Burepmsbl.  Kopomkumu mekcmamu (short text) HA3BIBAIOT JTOKYMEHTHI, JJIHHA KOTO-
PBIX He JOCTATOYHA IS HAJEKHOTO OIpeeTeHNs X TeMaTHKH. lIpumvepamMum KOpOTKHX
TEKCTOB ABJIAIOTCS cOOOIeHns TBUTTepa, 3ar0I0BKH HOBOCTHBIX COOOIIEHNIT, PeKIaMHBIe
0O'bsIBJIEHNUS, PEIJINKN B 3aIHCAX JMAJOrOB KOHTAKT-IEHTPA, W T. 1. VI3BecTHBI mpocThIe
IOAXOMBI K IIpo0JIeMe, HO OHU He BCerJa HPHMEHHMBI: 00beIUHATh COOOIIeHNs IO KaKo-
My-7u60 MPHU3HAKY (ABTOPY, BPEMEHH, DETHOHY U T.JI.); CUNTATh KayKJI0€ COOOIIeHNe OT-
JeTBHBIM JTOKYMEHTOM, pa3pekuBas p(t|d) BOIOTH A0 €UHCTBEHHOI TEMBI; TOMOJHATD
KOJIEKIIUIO JIMHHBIMI TeKcTamu (Hampumep, crarbsavmu Bukuneaun). Oxnum u3 Hanbo-
Jlee YCIENTHBIX M YHUBEPCAJIbHBIX MOAXOAO0B K HPOOIeMe KODOTKHX TEeKCTOB CYHTAETCS
memamumeckas modeav bumepmos (biterm topic model, BTM) [144].

Bumepmom Ha3pIBaeTCs Mapa CJIOB, BCTPEYAIONINXCS PSIOM — B OJHOM KOPOTKOM CO-
OOIIEeHNN WU B OJHOM IPeIJIOKeHNU HIN B OKHe £/ cioB. B ornmume oT GmrpaMMsl,
MeKJIy ABYMsI CJIOBaMU OMTepMa MOTYT HaXOAMThCSA Apyrue cjoBa. KoHKpermsanus mo-
HATUS <«PSIOM» 3ABUCHT OT IMOCTAHOBKH 33JIa9H M OCOOEHHOCTEil KOJIIEKIINH.

Mogens BTM onunchiBaer BepOSITHOCTH COBMECTHOTO MOsiBJIeHUsT cJIoB (u,v). Mexomn-
HBIMU JTAHHBIMA SBJISIOTCS 9aCTOTHI 7, OUTEPMOB (U, V) B KOJUIEKIHNH, W MATPUIA Be-

posatHOCTell P = (Pyy)wxw, TIE Puy = NOTmM (N, ).
(u,v)EW?2

[Tpumem rumoresy ycaoroit wezaBucumoctu p(u,v|t) = p(u|t) p(v|t), To ecth momy-
CTHM, UTO CJIOBA GUTEPMOB MOPOZKIAIOTCS HE3ABUCUMO JPYT OT APYTra U3 OJHON U TOii JKe
tembl. Torya, o dbopMyse moTHONH BepOSTHOCTH,

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

teT teT

re @yt = p(w|t) u m = p(t) — mapameTpsl TEMATHIECKONH MOJEIH. DTO TPEXMATPUIHOE
paznoxenne P = ®IIPT rme Il = diag(my,...,mr) — auaronambHasg Marpuna. Momesrb
OMTEPMOB He OIpeJesseT TeMATUKY JOKYMEHTOB © U M03TOMY He MOABepKeHa BIUSHUIO
3 dherToB, BhIBBAHHBIX KOPOTKUMH TEKCTaAMH.

ARTM mno3BoJister 00beIUHATH MOJEIH OUTEPMOB ¢ OOBITHON TEMATHICCKONH MOJIEJIBIO,
YTOOBI BCE-TAKHM MOJIYUYHTH MaTpuily ©. Jlig storo Bo3dbMéM log-ipaBaonogodbue Moe/
OMTEPMOB B KauecTBe peryaspusaropa ¢ KoddduiueHTom 7:

R(®,II) =7 Z Ny 1N Z Out Pt T
u,v t

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

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

= norm(n .
Pruw T ( t‘Pwt‘put)
Otn HOPMYJIbl HHTEPIPETUPYIOTCA Kak gobaBienue ncesdo-dokymenmos. Kaxkmpomy

cioBy u € W cTaBUTCS B COOTBETCTBUE ICEBIO-TOKYMEHT d,, OObLEIUHAIONNI BCe KOH-
TEKCTBI CJI0BA U, TO €CTh 9TO MEIIOK CJI0B, BCTPETUBIINXCSA PSIIOM CO CJIOBOM U II0 BCeil
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KOJTeKIIH. UUCI0 BXOXK/IEHHI CJI0BA W B ICEBIO-TOKYMEHT d,, PABHO T7,. Bcmomo-

raTesbHble TePEMEHHbIE Piy, = P(t|u, w) coorBercTByiOT hopmyae E-mara nis ncesjo-

JOKYMeHTa d,,, eC/Ii JOONPEIENTh ero TeMAaTuKy Kak Oy, = norm(n;py). JApyravu cio-
t

BaMM, B MOJIEJIH OUTEPMOB CTOJIOIBI MATPUIIBI O, COOTBETCTBYIOIINE TCEBI0-T0KYMEHTaM,
00pa3yTca MyTéM IepeHOPMUPOBKH cTpokK MaTpuiel @ mo dopmyste Baiieca.

VBennunbag KodhMUIEMEHT 7, MOYKHO JTOOUTHCA TOro, 4rodbsl Marpuia ¢ dopmupo-
BaJIach IMPAKTHIECKH TOJBKO 1Mo buTepmaM. B takom ciaydae momenb ARTM mepexomut
B MOJEIb OUTEPMOB, KOTOPasi CTPOUTCS MO KOJIJIEKIIMH TCEBI0-I0KYMEHTOB, 0€3 MCIOIh-
30BaHUA MCXOJHBIX JOKYMEHTOB.

Cetb cjyoB. Ujest MmojempoBaTh He JIOKYMEHTBI, a CBS3W MEXKJy CJI0BaMu, ObLIa Io-
JIOKeHA B OCHOBY TeMaTHYeCKuX Mojeneil coBecrpedaemoctun cioB WTM (word topic
model) [31] @ WNTM (word network topic model) [156]. JloGomnbiTHO, uTO GOJIEe paH-
uss myoaukamust Mojgenn WTM ocranach HesamedeHHON (BUIUMO, Kak He-GaifecoBckast),
1 BO BTOPO#i ctaThe gaxke HeT cchliaku Ha Heé. Mogesm WTM u WNTM cogsitest K mpu-
venennto PLSA u LDA cooTBeTCTBEHHO K KOJLIEKIUH MCEBI0-I0KYMEHTOB d,:

p(w|d,) pr|t (t|d,) Zcpwtetu

teT teT

Bamurmem log-ipasmononobue mogean p(w|d,) B BUIe peryasipusaropa:

R(@’ @) =T Z Ny In Z (pwtetuy

u,weW teT

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

OcHOBHOE OTIMYME STUX MOJeaeil OT MOAEeJIW OUTEPMOB B TOM, YTO 3/1€Chb B SIB-
HOM BHJE CTPOUTCI MATPHUIA O I MCEeBI0-KOJLIEKIINH, TOTIa KaK B MOJIEJTH OUTEePMOB
© = diag(my, ..., m)PT 1 KOMUIECTBO MTAPAMETPOB BIBOe MeHbIe. Kak moka3aim skcnepu-
MEHTBI Ha KOJIJIEKIIUAX KOPOTKUX TeKcToB, Moaeab WNTM HeMHOro IpeBOCXOIUT MOJIEb
OUTEPMOB M CYIIECTBEHHO MPEBOCXOAUT OOBITHBIE TeMarndeckne mogenn [156]. Ha ko
JIEKIIUSIX JIJIMHHBIX JIOKYMEHTOB TeMaTHUYeCKne MOJIEIN COBCTPEYaeMOCTH CJIOB He JIAf0T
3HAYUMBIX IIPEUMYIIECTB Mepe/i OOBIIHBIMU TeMATHIECKUMHI MOJIETISIMU.

Korepeatanocts. Tema Ha3biBaeTCs Kozepenmmoli (CONIACOBAHHOI), ecin HanboIee a-
CThIe TEPMUHBI JAHHOI TEMbI YaCTO BCTPEYAIOTCS PAJOM B JOKYMEHTaX Kojuaekuun [87.
CoBCTpeuaeMoCTh TEPMIHOB MOYKET ONEHUBATHLCS 110 caMoii Kosuteknuu D [81], wiu mo cro-
pOHHeil KoJuIeKIuu, Hanpumep, mo Bukunemnn [84]. CpeHsisi KOPepeHTHOCTH TeM CYHTa-
eTcsi XOpOoITIeli Mepoii HHTePIPeTHPYEeMOCTH TeMaTHIecKoil Mojesn [88].

[TycThb 3aJaHbI OEHKH cOBMeCTHOl BeTpedaemoct Cy,, = p(w |v) 11 nap TepMUHOB
(w,v) € W2 O6pruno C,, ONEHHBAIOT KAK MO0 JOKYMEHTOB, COJEPZKAININX TEPMHUH v,
B KOTOPBIX TEPMHUH W BCTpedaeTcsd He gasee deM depe3 10 ¢oB oT v.

Samummem (opmyity nosnoit BepostHOCTH p(Ww |t) = Y Clyypyr 1 3aMEHNM B HEll yCI0B-
HYIO BEPOSITHOCTB (yy MacTOTHOM ouenxoit: p(w|t) = -, Cyy’2t. Beengém peryispusarop,
TpeOyIoNMii, 9TOOBI TAPAMETPHI (0,; TeMATUIECKONW MOIEIN ObLIM COTIACOBAHBI C OICHKA-
mu p(w |t) B CMBICIE KPOCC-IHTPOIHH:

):Tznt Zﬁ(wlt)lncpwt.

teT weWw
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®opmyna M-mara, cormacho (7), IpUHEMAET BUJL

Puwt = n()EI'%l (nwt + 7 E va”vt) .
w
veW\w

9TO0 criazKuBaoNmilt peryasgpu3arop. OH YBeIUUNBAET BEPOITHOCTH TEPMUHA B T€Me, eC-
JIN TEPMUHBI, C KOTOPBIMH OH YaCTO COBMECTHO BCTPEUYAETCS, OTHOCATCI K JAHHOH Tewme.
Touno Takas ke dhopmysia noayduiach B [81] pyis mogesn LDA u ajsroputMma caMILIAPO-
Banust ['mbOca, HO ¢ GoJiee CIOKHBIM O0DOCHOBAHUEM Yepe3 0DOOIIEHHYIO YPHOBYIO CXeMy
[Toiist, u ¢ Bostee CA0KHON IBPUCTUIECKON OMEHKONH (.

B paGore [84] mpeioxken Apyroil peryisipu3aTop KOrepeHTHOCTH:

R(@) =T Z In Z Cuvcput(pvta

tel  uweW

B KOTOPOM OIEHKa COBMecTHOI BerpedaeMoctn Cl, = Ny, [PMI(u, v) > 0] ONpee/IAeTC
qepes nomoueunyto 63aumnyto ungopmayuto (pointwise mutual information)

D|Nyy
1 PN

PMI(u,v) = NN

(21)
rae Ny, — 9HCI0 TOKYMEHTOB, B KOTOPBIX TePMHUHBI U, U XOTd ObI OJMH Pa3 BCTPETAIOTCS
psiiom (He masee, dem vepe3 10 cioB), N, — 9HCIO JOKYMEHTOB, B KOTOPHIX TEPMHH U
BCTpeYaeTCd XOTA 6bI OJIUH pa3.

Takum obpazom, B JjuTeparype MOKa OTCYTCTBYET €IWHBIN ITOJX0J] K ONTHMU3AIUN
KOTepPEeHTHOCTH. IpeamaraeMble KpUTEPHH IOXOKH Ha MOJETH OHTEPMOB W CETH CJIOB.
Bee onm bopMaImu3yoT 00IIYI0 HIEK0, 9TO eCIH CIOBA 9aCTO COBMECTHO BCTPEYAIOTCS, TO
OHU UMEIOT CXOXKYIO TeMaTHKY.

Mogenu BEeKTOPHBIX HNPEACTABJIEHUNA CJIOB CTABAT B COOTBETCTBHE KayKJIOMY CJIO-
BY W BEKTOP V,, UKCHPOBaHHOIT pazmepHocTr. OCHOBHOE TpeboOBaHME K 3TOMY 0TOOparKe-
HUIO — 9TOOBI OJIU3KUM IO CMBICJIY CJIOBaM COOTBETCTBOBAJIN Ojim3kne BeKTOPhI. Corac-
HO ducmpubymusnoti zunomese (distributional hypothesis) cmbica cioBa onpeensiercs
pacIpeieleHueM CJIOB, B OKPYKEHUH KOTOPBIX OHO BeTpevaercs [46]. Ciosa, Berpedaro-
IIecs B CXOKHX KOHTEKCTaX, MMEIOT CXOXKYI0 CEeMAHTHKY M, COOTBETCTBEHHO, MOJIZKHBI
nmverh Gau3kne BekTopbl. s dbopmanmsanum sroro npuanuna B |76, 77| npegiaraer-
CsT HECKOJILKO BEPOSITHOCTHBIX MOJIe/Iell, U BCe OHU Pean30BaHbl B mMporpaMve word2vec.
B gactrOCTH, MOE/TH Skip-gram mpeicka3bBaeT MOsIBJIEHNE CJIOBA W B KOHTEKCTE CJIOBA U,
TO €CTh IIPH YCJIOBHH, UTO CJIOBO U HAXOIUTCS PSIIOM:

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

re (Vy, Vy) = Y, VwtVur — CKAJISIPHOE HPOM3BEIeHIe BEKTOPOB. B omimune or Temarmde-
CKHUX MOJeseii, HOpMHPOBKa BEPOSITHOCTEH TPOM3BOIUTCS HEJTMHEHHBIM IIPeodpa30BaHueM
SoftMax, a caMu BEeKTOpHBIE IIPeJICTaBIEHUs CJI0B HE HOPMHPYIOTCSI.

JLnst obydeHns MOIE/TA pelaeTcd 3aa4ua MaKCUMHI3aIun log-npaBaomnono0us, Kak mpa-
BIJIO, TPAJIMEHTHBIME METOTAMHU:

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

Z Nyw I p(w|u) — max.
u,weW {vw}
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ITocTanoBKa 3a/1aun o4YeHb I0oX0xKa Ha TeMaTndeckue Moaean BTM u WNTM. Monenn
cemeiictBa word2vec u Apyrue MOJEIN BEKTOPHBIX MPEICTABICHUI CJIOB TaKKe SBJIAIOT-
csl MATPUIHBIMU passioxkenusivMu [63, 95, 68|. TraBroe orTmvme 3aK/I09aeTCST B TOM, 9TO
B 9TUX BEKTOPHBIX MTPEJICTABIECHUAX KOOPANHATH HE HHTEPIPETUPYEMBI, He HOPMUAPOBAHBI
1 HE Pa3pEeKeHbl, TOTJA KaK B TEMATHIECKUX MOJEJISAX CIOBAM COOTBETCTBYIOT Pa3perKeH-
Hble IUCKPeTHBbIE pactupeenenus em p(t|w). C apyroii cTOpOHbI, TEMATHYECKHE MOJIEN
N3HAYAIBHO He IpeIHA3HAYAINCH IS ONpeIe/eHisT CeMaHTHIeCcKoil OJTM30CTH CJI0B, I0-
TOMY JI€JAl0T OHU 3TO MJI0XO.

B pa6ote A.C.Ilonosa® mpeyoxken cnocod HOCTPOCHUS MEMAMUNECKUT 6EKMOPHOLT
npedcmasaenuti cA06 1O TICeBI0-KOIEKINNA JOKYMEHTOB, aHaJOrndHbIil Mogeasym BTM
n WNTM. B zamagax cemMaHTU9ecKoil OJM30CTU CIOB OHU KOHKYPHUPYIOT C MOJETSIMU
word2vec u CyIecTBeHHO MPEBOCXOAAT OOBITHBIE TeMaTudeckue Moaenu. [Ipu srom Tema-
THYECKHe BEKTOPHBIE TMPEeJICTABICHUS SIBISIOTCSI HHTEPIPETUPYEMBIMI U PA3PEZKEHHBIMH.
Ucmonb3yst KpOCC-9HTPOTHITHBIE PETYIIPU3ATOPHI, PA3PEKEHHOCTh BEKTOPOB YIAETCs 10~
BoauThH 110 93% 06e3 morepu KadecTsa.

Kpome Toro, APTM mo3Bossier 0000IMUTL TeMATHIECKHe MOMENTH TUCTPUOYTHUBHON
CEMAHTUKH JI/IsT MYJIbTUMOMAJIBHBIX KOJIEKInid. Vcrmonb3ys maHHbIe O COBCTPEYAaeMOCTH
TOKEHOB PAa3/JHIHBIX MOJAIbHOCTEH, BO3MOKHO CTPOUTH MHTEPIpPETHpYeMble TeMaThHde-
CKUe BEKTOPHbBIE MPEACTaBJIeHnd OJjid BCEX MO,ZLa.HbHOCTef/'I. B TO 2Ke BpeM¢ IpUuBJIEeYeHUE
,Z[OHOJIHI/ITGJIBHOﬁ I/IHCI)OpMaJ_H/II/I O Apyrux MO/JaJIbHOCTAX IOBbLINIACT KaYeCTBO DPeEIIeHUA
3a1a4n OJIM30CTH CJIOB.

11 TemaTudeckasd cerMeHTAIINS

['unoTes3a «MellIKa CJI0By» U IIPEIIOJI0XKEHHE O CTATHCTHYECKOH HEe3aBUCHMOCTHU COCETHUX
CJIOB IPUBOJAT K CJHIIKOM YaCTOH XaOTUUHON CMEHEe TeMATHUKHU MeKJy COCEJHUMHU CJIO-
Bamu. Ecim npociienTh, K KAKUM TeMaM OTHOCSTCS TOCJeI0BaTe/IbHbIe CJI0Ba B TEKCTE,
TO TeMaTudecKasd MOJEJb B IeJIOM MOKAaXKeTCHd He HACTOJIHKO XOPOIITO WHTEPIPEeTUPYEMOii,
KaK PaHKHPOBAHHBIE COUCKH HaubOJIee YaCTOTHBIX CJI0B B TeMaX.

TemaTuueckne MoIe/H CerMEHTAIMA OCHOBAHLI Ha 0o0Jiee PeATUCTHYHBIX THIOTE3aX
0 cBsI3HOM TekcTe. Kaxkaoe mpeamoKeHne OTHOCUTCA K OIHOM Teme, HHOIA K HeOOIbIIO-
My uauciay tem. Clenymoinee MpeaioyKeHHe J9acTo MPOAOJIKAET TEMATHKY MPEIblIYIIEro.
CmeHa TeMbl Jalle TPOUCXOANT MeyKIAy ad3amaMu, emé Jalle MexKIy CEeKIUSIMNI JOKYMeH-
ta. Kaxkaoe mpesjioykeHne MOXKHO CINTATH «MEITKOM TEPMUHOBY.

Temarudyeckas Moaeab mpeajoXKeuunii. JlonycTum, 910 KaxK bl JOKYMEHT d pa3ouT
HA MHOKECTBO CEI'MEHTOB Sy. DTO MOTYT OBITH Mpe/IIOKeHHsT, ab3aIbl WIH (hpasv, — CUH-
TaKCHYIECKH KOPPEKTHBIE YaCTH mpeioxkernit. Obo3HaunM depes n, IINHY CEerMeHTa, S,
Yepes3 Mg, — TUCIO0 BXOXKJIEHWIT TEPMHUHA W B CEIMEHT S.

[IpeamoioKuM, 9T0 BCe CI0BA CEIMEHTa OTHOCATCS K OJHOI TeMe 1 3anutineM ¢yHKIHIO
BEDPOSITHOCTU CerMeHTa s € Sy 4epe3 mapaMeTpbl TeMATHIECKOH MOJETH Oy, Oig:

p(sld) =Y p(t|d) [[ plwlty =" 6] el

teT wes teT wes

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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Bynem cuutaTth KaxKaplii JOKYMEHT «MEIIKOM CeIrMEHTOB». Torja (pyHKIUsS BEPOIATHO-
CTH BBIOOpPKM Oy/eT paBHA NMpOU3BeIeHUI0 (DYHKIUH BEpPOITHOCTH cerMeHTOB. [locTtaBum
3a/[a9y MaKCUMU3aIUU CyMMbI log-mipaBomnono0us u peryJisipuzaropa [

D> ) b ][ e+ R(®,0) - max, (22)
deD seSy teT weS 2.8

npu OOBIMHBIX Orpanmdennsax (4). B gacTHOM ciydae, KOraa KasKIblii CEPMEHT COCTOHT
TOJILKO W3 OJIHOTO CJIOBA, JaHHAs 3aja4a nepexoaut B (5).

Teopema 4. Ilycre ¢pyukmus R(P, O) menpepoiBro mucdepenmupyema. Toura (P, O)

JIOKAJIBHOT'O 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

AHnasornaHast 3a/1a9a CTaBUJIACH JJTs MOJIeJIH KOpOTKuX coobrennii Twitter-LDA [153],
TOJIBKO B POJIM JOKYMEHTOB BBICTYIIaJIM aBTOPBI, B POJIN CETMEHTOB — BCE COO6H.[€HI/IH JTaH-
HOT'O aBTOPA.

Temarudeckass Mozesnb npejoxennii senLDA [19] umeer Gosiee BayKHOE CTPYKTYp-
HOe OTJIMYHe: BMECTO MATPHUIBI mapametrpos 0y = p(t|d) B senLDA ucnomn3yercst BeKTOp
napametpoB m; = p(t). Tem cambiM UTHOpPHUpYeTCsT pa3ieieHne MHOXKECTBA BCEX MPEJIIo-
JKeHni KOJIJICKIIUU 11O JOKYMEeHTaM, 9TO HO3BOJIAET YMEHLIIIUTH YHUCJ/IO ITapaMeTpOB MO-
nenu. Ecan B senLDA Hy»kHO y3HATH TeMATHKY JOKYMEHTa, TO €€ HETPY/IHO BBITHC/IUTH,
YCPEIHUB TeMATUKy BCEX ero MpeToKeHnH.

TemaTuyeckast MOA€eJIb CETMEHTAUU. Leneph paccMOTPUM DOJIee CIOKHBIN CIydaii,
KOIJIa TEKCT COCTOMUT U3 HpPeJTOXKeHUit, U TpeOyercs OObeIUHUTh UX B 00Jee KPYITHBIE
TeMaTUIeCKne CerMeHTHI, FPAHUIIbI KOTOPHIX 3apaHee He OIpeeeHbl.

Memod TopicTiling [103] ocroBan Ha mocr-o6paborke pacupenenennii p(t|d, w;),
1=1,...,n, TOJyIaeMbIX KaKOW-Tn00 TeMaTudeckoit mozennio, Hanpumep, LDA. Ompe-
JeJIAM TeMATHKY HPEIJIOKeHUs] s KaK CpeaHioio teMatnky p(t|d,w) Bcex ero cjioB w.
[TocunTaemM KOCHHYCHYIO OJTU30CTH TEMATUKH /IS BCEX Map COCETHUX MpeaaoxkeHuit. Yem
IyO2Ke JIOKAJTbHBI MUHEMYM OJTM30CTH, T€M BBHIIE YBEPEHHOCTh, IYTO MEXK Iy JaHHOM Ia-
poit mpeoxKennit mpoxoauT rpanuna cermenToB. Meronx TopicTiling ucnonb3yer HAbOP
9BPUCTUK JIJIs TOA00PA UUCTA TPEIJIOKEHUI CIeBa U CIIpaBa OT JIOKAJIHLHOTO MUHUMYMA
OJIM30CTH, ONpeeIeHNsT YNCAa CeIMEHTOB, TOA00pa THC/Ia TeM W 9HCJIa UTepaluii, nrHO-
PUPOBAHHUS CTOI-CJIOB, (DOHOBBIX T€M M KOPOTKHX IIPeIIOKeHnid. AKKypaTHas HACTPOiiKa
IIapaMeTpPOB STUX BPUCTUK MO3BOJISET JOCTUYH BBHICOKOrO KadecTBa cermentarun [103].

TopicTiling He gBasgeTCS MOJTHOINEHHOI TeMaTHIECKO MOJIE/TbI0 CerMEHTAIUN TeKCTa,
MIOCKOJIbKY TIOCT-00pabOTKa HUKAK He BJIMSET Ha caMé TeMbl. TOObI HAWTH TeMbl, HANOO-
Jiee BBITOJIHBIE JIJIsI CEIMEeHTAInN, TPeOYeTCsT CIeUaIbHBI Pery/Isipu3arop.
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Perynsapuzarop E-miara. Hekotopsle TpeboBaHHS K TeMaTHIECKOH MOJeNTH yI00Hee
BBIPAYKATH U€Pe3 PACIIPEICTCHUST Pray, = P(t]d, w), a He depes ., u Oy Hampumep, Tpebo-
BaHUs CXOACTBA TEMATHKU TEPMUHOB BHYTPH NMPEIJIOKEHUIT WM COCEIHUX TPEII0KEeHUT
BHYTPH JOKyMeHTa. TakuM ¢rocoboM MOYKHO YUATHIBATH MOPSIIOK CJI0B BHYTPH JOKYMEH-
TOB B 00XOJ] TUTIOTE3bI «MEIKa, CJI0BY.

Pacemorpum perynspuzatop R(I1) kak GbyHKIHIO 0T TPEXMEPHOI MATPHUIIHI BCIIOMOTA~
TeJNbHBIX epeMeHHBIX [T = (P )Tx pxw - Cornacuo ypasuenuto (6), marpuna I1 sBisercs
dyuxipeii or  u O. [osromy Kk peryaspuzaropy R(II(P,0)) npumennva teopema 1.

Paccmorpum 33189y MaAKCUMU3AIUU PEryIsIPA30BAHHOTO 10g-TpaBIononodus ¢ aByMs
peryJsipu3aTopaMu, OJMH U3 KOTOPHIX 3aBUCHT OT I1:

Y nawlnd uibia+ RII®, 0)) + R(2,0) — max, (23)

0
deD wed teT

IPU OrPAHUYEHUSAX HEOTPUIATETHHOCTH U HOPMUPOBKH (4).

Teopema 5. Ilycrs ¢pyaknun R(II(P,0)) u R (P, ©) menpeprisraO mMuchpepenimpyembl
u ¢pyukmus R(I1) He 3aBHCHT OT MePEMEHHBIX Digy, B CIyTae ng, = 0. Torma rouka (P, O)
JTOKAJIBHOTO 9KCTpeMyMa 3ajaqn (23), (4) yaoBaerBopsier cucreMe ypaBHEHHI cO BCITOMO-
raTeJIbHBIMH HEPEMEeHHBIMH Py, = P(t|d, w) 1 Pyaw:

Prdw = 1OTIO (Puwtbra); (24)
Praw = Prduw (1 + i (%SZ) - ;pzdw%)) ; (25)
Pur = norm ( deZD NawPraw + Pt ;Zt) : (26)

Oia = norm ( wzed NwDtdw + Otd géj;) (27)

Takuwm odbpazom, B EM-airopurme j1j1s1 Kayk10ro JOKyMeHTa d CHAYAJIa BHITUCISIIOTCS
BCIIOMOTATE/IbHBIE TIEPEMEHHBIE Dy gy, , 32TEM OHU IPE0OPA3YIOTCSA B HOBBIE IEPEMEHHBIE Dydy
KOTODbIE MOJICTABISIOTCS B 00bIdHbie hopMysnbl M-mara (7)—(8) BMECTO piay,. Takoit cmo-
cob BBIYHCTEHUN OyaeM Ha3bIBATh pezyaapusauuet E-waza.

[TepemenHubie Pyg, MOTYT HPUHUMATH OTPHUIATE/IbHBbIE 3HAYEHWS, MOITOMY B OOIIEM
clydae OHEM He 00pa3yioT BEPOSITHOCTHBIX pachpejesnennii. Tem He MeHee, yCJIOBHe HOD-
MUPOBKH TSI HUX BBITIOJTHEHO BCEIIA.

PaspexxuBaromuii perynspusarop E-miara gima cermenramuu. [Ipumenum pery-
ngpuzanuio E-mara ajs mocTpoeHns TeMaTHIecKOil MOJIeH CerMeHTUPOBAHHOTO TEKCTa.
Onpenennm TeMATUKY CerMeHTa § € Sy KaK CPeJTHIOI0 TeMATUKY BCEX ero TePMUHOB:

Ptds = t‘d S ZP t‘d w (w|3 Znswptdw

wes wes

YT06BI KazKIBIil CEMMEHT OTHOCHIICA K HEGOIBIIOMY YHCTY TeM, OylIeM MEHAMU3HPOBATDH
KPOCC-9HTPOIHIO MexKy pactpesenenusivu p(t|d, s) u paBHOMEPHBIM DACIIpe/eIeHIeM,
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YTO MPUBEIET HAC K PA3PEKUBAIONIEMY peryasgpu3aTopy E-mara:

R(H) =T Z Z Z In Z N swPtdw- (28)

deD seSy teT wES
Omyckast pyTHHHBIe BBIKJIAQJIKH, MPUBEIEM Pe3y/IbTar mojacTaHoBKu (28) B (25):

~ T Nsw 1 Pzdw
Ptdw = Ptdw 1— ( — — )) .
! ! ( Ndw Z Uz Dtds Z Dzds

SESY z€T

Xots popmy/ia BBIVISLIAT TPOMO3IKOM, 3(DMEKT NpUMeHeHUs Pery/isipu3aTopa NOHATh
He TPyIHO. Eciu BeposSTHOCTD Pigs TEMBI B CEIMEHTE OKAYKeTCd MeHbIIe HEKOTOPOTO II0-
pora, TO BEPOSITHOCTH Pig,, OYAYT YMEHBIIATHCA /TSI BCEX TEPMHHOB w JAHHOTO CEIMEHTA.
B uTore Temarumka KazKI0ro cerMeHTa CKOHIEHTPUPYETCA B HEOOJBIIOM UUCJIE TEM.

B pesyibraTe paspekuBaHus TeMaTHKa COCEIHUX CEIMEHTOB MOYKET OKa3aThCs OJIM3-
KO, 1 WX MOYKHO Oyaer oObeJIWHNUTh B OAWH TeMmarudeckuii cerment. Hazopém temy ¢
¢ MakcuMaJbHBIM 3Hadenuem p(t|d, s) domunupyrouets memoti cermenta s JOKymMeHTa d.
Eciu Ttema mOMHHHpYET B COCETHHX CerMeHTaX, TO OHa OyAeT JTOMUHHPYIOIIeH W B UX
oobeauHeHnu. Ecimn o0be IuHUTH MOCTIeI0BaTe/IbHbIE CEIMEHTRI ¢ OJJMHAKOBOW JTOMUHUDPY-
foleit TeMoit B oJnH OoJiee KPYIHBIN CEIMEHT, TO JlaHHAs TeMa TaKyKe OCTaHeTCsd B HEM
JIOMUHUPYIOIIEH. DTO MpOCTasi arJioMepaTuBHASI CTPATETHsT TEMATHIECKOIl CerMeHTaInn.
B ortmamne ot TopicTiling, y Heé HeT 3BpUCTHYECKUX TTApAMETPOB, KOTOPbIE HAJI0 HACTPa-
UBaTh, U OHA MOYTH He YBEJTHINBAET BpeMs HMOCT-00paboTKu E-1mara.

12 Kpurepun KadecTrBa

KomuecTBeHHOE OICHHBAHNE TeMATHUECKUX MOJeIeil aBIdeTcs HeTpUBHAILHON mpob.ie-
Moil. B ormmume or 3a1ad KaaccupUKAIMA WM PErPecCHH 37eCh HeT YETKOrO MOHSATHS
«OMMOKW» WK «IoTepn». Kpurepnn KauecTsa KIaCTepH3AIMK TUIA CPETHUX BHYTPUKJIA-
CTEPHBIX HUJIN MEXKKJIaCTEPHBIX paCCTOﬂHI/Iﬁ IIJIOXO IMOAXOAAT OJIAd OLECHUBAHUA «MSITKOM »
COBMECTHOM K/IACTEPU3AIUU JOKYMEHTOB U TEPMUHOB.

KpI/ITepI/II/I KadeCTBa TeMaTUu4YeCKUX MO,Z[eJIeﬁ MpUHATO J€JUTh Ha BHYTPEHHHE
(intrinsic) u BHemmuue (extrinsic). Buympennue kpumepuy, XapaKTepU3yIOT KAIeCTBO MO-
JIeJTH TI0 MCXOHOI TeKCTOBOH KOJUIeKINU. Brewmue kpumeput ONEeHHBAIOT IOJE3HOCTD
MOZeJIn C TOYKHU 3PpEHUA MPUJJIO2KEHHUA W KOHETHBIX I0JIb30BaTeJIeld. MHOFﬂa IJId 9TOr0
MPUXOUTCST COOMPATH JAOMOJHUTEIbHBIE JaHHbIe, HAIIPUMED, OIEHKN acecCOPOB.

Bremmrame Kkputepuu KpaiiHe pa3HoOOpa3Hbl U 3aBUCAT OT perraeMoil MpuKJIaJHON 3a-
nadn. [IpakTudeckn B KaxK o0 myOJIMKAIUN 110 TEMATHIECKOMY MOJIE/IMPOBAHUIO UCITOJIb-
3yercst Kakoii-mbo BHeNHuii Kpurepuii: KadecrBo Kiaaccudbukanuu gokymenTos [106],
TOYHOCTH U TOJHOTA WHMDOPMAIMOHHOTO moucka (147, 14, 7, 12|, uucio HaliJeHHBIX XO-
poITIo WHTepIpeTupyeMbix TeM [17], kauecTBo cermentarun tekctoB [103]. B [34] mpemta-
raeTcs MeTOJIMKa JUATHOCTHKYU MOJie/ieil, OCHOBAHHAsl HA COTOCTABJICHUH HANJIEHHBIX TeM
C 3apaHee U3BECTHBIMU KOHIICTITAMMU.
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ITepmiekcus. HauGosee pacupoCTpaHEHHBIM BHYTPEHHUM KPUTEPHEM SBILAETCS Nep-
naexcus (perplexity), ucnonb3yemast st ONEHUBAHUS MOJIE/Ieil A3bIKA B KOMIIBIOTEPHOI
JIMHTBUCTHKE. DTO Mepa HeCOOTBETCTBHUS WU «YAUBIEHHOCTH» Mojesnn 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-npasaonogobue (12) oTaeabHO
JUIS KAzKI0# MOJATbHOCTH:

1
perplexity,, (D; p) = exp (—n— > nawhnp(w d)), (29)

™ deD wewm™

TIE Ny = >, Y, Ny — JJIAHA KOJJIEKIHA 10 M-t MOJATbHOCTH.
deD wewm
Yem MeHbIIE BeIMYMHA NePILICKCAU, TeM JIyUIIe MOACIb P IMPEICKA3BIBACT NOABICHIEC

TOKEHOB W B JIOKyMeHTaX d KoJuiekmuu D.

[Teprmekcust mMeeT CJIEIYIONIYI0 WHTepHpeTanuio. Ecam TepMUHBI w TMOPOXKIAIOTCS
13 paBHOMepHOTO pactpeenenns p(w) = 1/V wa croBape momuocTH V|, TO MepILIeKCHs
Moziesin p(w) Ha TAKOM TEKCTe CXOMUTCS K V' ¢ POCTOM ero JuinHbl. HeM cuiibHee pacrpe/ie-
aerve p(w) OTaMYaeTCsT OT PABHOMEPHOIO, TeM MeHbIIe MepIUIeKCcHst. B ciiydae yCIoBHBIX
BeposiTHOCTel p(w | d) MHTEpIpeTaIysi HEMHOTO JIPYTast: eCJIN KazK bl TOKYMEHT IeHepH-
pyercs u3 V' paBHOBEPOSITHBIX TEPMUHOB (BO3MOXKHO, PA3TMYHBIX B PA3HBIX JIOKYMEHTAX ),
TO TepILTeKCHS CXOIUTCS K V.

HenmocraTtkoMm mepriiekcun BaseTCs HEOUEBHIHOCTD €€ YNCTeHHBIX 3HAYeHUI, a TaKKe
e€ 3aBHCUMOCTD HE TOJBKO OT Ka4ecTBA MOJIE/IN, HO W OT Psijia MOCTOPOHHUX (haKTOPOB —
JUIMHBI JTOKYMEHTOB, MOITHOCTH W Pa3pPEKeHHOCTH CJI0Bapsi. B 9wacTHOCTH, ¢ MOMOIIHIO
HePIIEKCHN HEKOPPEKTHO CPABHUBATH TEMATHIECKIE MOJIEN OTHOM U TOil 2Ke KOJLTeKITIH,
MOCTPOEHHBIE HA PA3HBIX CJIOBAPIX.

O603maunM uepe3 pp(w |d) MOJeTh, TOCTPOSHHYO MO 00YYAIONIeH KOJLIEKINH JTOKY-
mentoB D. [Mepriekcnst obyqatorieii BbIbopku P, (D; pp) siBIsieTcsi ONTUMUCTHIHO CMe-
MEHHOIT (3aHMZKEHHON) XapaKTepPUCTHKON KadecTBa Momean n3-3a shdexra mepeobyde-
aust. OOODIIAONIYIO CIIOCOOHOCTh TEMATHYECKUX MOJIEIEHl MPUHSITO OINEHUBATH NEPNACK-
cueti konmpoavrot ewbopru (hold-out perplexity) 22, (D’; pp). OGBIYHO KOLIEKIHIO Pa3-
JIEJISIOT HA 00YYAOIIYI0 U KOHTPOJIBHYIO CIyYaiiHbiM 00pasoM B mpomopuuu 9 : 1 [26].

HemocrarkoMm KOHTPOJIBHBI TEPILIEKCHT STBJISIETCS BHICOKAST IYBCTBUTEIHLHOCTD K PEJI-
KAM W HOBBIM CJIOBAM, KOTOPbIe MPAKTHIECKH OECIOJIE3HBI /IS TeMATHIeCKUX MOIeIeil.
B pannux skcmepumenTtax 06110 mokaszano, ¥to LDA cymecrsenno npesocxoaut PLSA mo
IEPILIEKCHH, OTKY/Ia ObLI ¢iesial BeiBojl, uTo LDA MenbIne nepeodyuaercs [26]. B [4, 98, 5]
OBLTN TIPEJJIOKEHBI  PobacmHbie memamuyeckue Modeau, ONMUCHIBAIONINE PeIKNe CJIOBA
crenuaabHbBIM «(hoHOBBIMY pactpesenenuneM. [lepriekcust pobactubix BapuantoB PLSA
n LDA oxka3zajach CyIecTBEHHO MeHbBINeil 1 MPAKTUIECKH OJMHAKOBOIA.

KorepeaTHocTs. IluTeprnpernpyeMocTh TeMaTUIeCKONl MOJE/NH sIBJISETCS IJI0X0 (op-
Masm3yembiM TpeboBannem. Cozepkare/lbHO OHO O3HAYAET, YTO MO CIHCKaM HamboJiee
JaCTOTHBIX CJIOB W JOKYMEHTOB TeMbBI JKCIEPT MOXKET MOHATH, O UéM 3Ta TeMma, U J1aTh
eit ajiekBarHoe Ha3Banue [29]. CBOWCTBO HHTEPIPETUPYEMOCTH BAYKHO B HH(MDOPMAIMOHHO-
MOUCKOBBIX CHCTEMAX IS CUCTEMATH3AINN W BU3YAIU3AINNA Pe3yTbTaTOB TEMATHIECKOTO
MONCKA MW KaTeropu3allui JIOKYMEHTOB.

BosibmuHCTBO CyIIEeCTBYIONUX METOJ/OB OIEHUBAHUS WHTEPIPETUPYEMOCTH OCHOBAHO
Ha [PUBJIEYEHUN KCIePTOB-aceccopoB. B [86] sxcmepram mpeiaranoch HEMoCpeICTBEHHO
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OIEHUBATD TOJE3HOCTh TeM MO TPEXOAIBHOl 1Kaxe. B Meroie unTpy3uii [29] misa kaxk-
JIOit HaliIeHHOH TeMBbl COCTaB/sIeTC CIUCOK n3 10 Hamboiee YACTOTHBIX CJIOB, B KOTOPBIi
BHEJIPsieTCsl OJIHO CJydvaiiHoe cjI0BO. Tema cumWTaeTcss MHTEPHPEeTUPYEMOil, ec/ii IMoaaB-
JIsiforriee  OOJIBIMMHCTBO KCIEPTOB MPABUIBHO YKA3BIBAIOT JIUIMTHEE CJIOBO. JKCIEPTHBHIE
MO/IXO/ bl HEOOXOJIMMBI Ha CTANN WCCIEJI0BaHUI, HO OHW 3aTPYAHSAIOT aBTOMATHYECKOE
IIOCTPOEHHEe TeMaTHYeCKuX Mojeneil. B cepuu pabor [86, 87, 87, 81| mokazano, 4to cpe-
JIN BEJTUYNH, BBIYUCIAEMBIX IO KOJJIEKIIMH aBTOMATHYECKHU, JYUIe BCETO KOpPpeJTupyeT
C 9KCIIEPTHBIMHU OIEHKAMHU HHTEPIPETHPYEMOCTH Kozepenmmocmy (coherence).

Tema HazbiBaeTCs Kozepermuoli (CONTACOBAHHOM), eCiM TePMUHBI, HanboJee JacThbie
B ,ZLaHHOIL/'I TeMe, HeCﬂyqaﬁHO TaCTO COBMECTHO BCTPEYIAIOTCA PAJOM B JOKYMEHTaX KOJIJIEK-
nun [87, 88]. HucieHHON Mepoil KOPePEHTHOCTH TeMBI { SIBJISIETCS TOTOYeYHAs B3aUMHAs
undopmaius (21), Berauciasemas 1mo k Hanbosee BEPOATHBIM CJIOBAM TEMBbI:

k-1 k

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

i=1 j=i

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

KorepenTHOCTH MOAEIN ONpEAeIsteTcs KaK CPeaHss KOTepPeHTHOCThL TeMm. Korepent-
HOCTh MOJKeT OIEHWBATHCS 110 CTOPOHHEH KoJutekiun (Hanpumep, no Buknmemaun) [84],
GO TO TOft YKe KOJUIEKIUH, 0 KOTOPO# ¢TpouTcest Mojienb [81].

Pa3pexkeHHOCTh W Pa3IMYHOCTh Te€M. Pa3pesKeHHOCTh MOJAEIN U3MEPSAETCs IT0JIei
HYJIEBBIX 71eMeHTOB B Marpuiax ¢ u ©. B Mojensx, pa3aensomnx MHOKeCTBO TeM T’ Ha
npeamerabie S U (hOHOBBIE B, Pa3speKeHHOCTh ONEHUBAETCS TOJBKO MO YACTSIM MATPHIL
®, O, COOTBETCTBYIOIINM HPEAMETHBIM TEMaM.

B [127] BBOASITCS KOCBEHHBIE MePHI WHTEPIPETHPYEMOCTH TeM, He TPeOYIoIe MpH-
BJIEUEHU aceccopos. IIpeanonaraercs, 9To nHTEpHpeTHpyemMast TeMa, JI0JZKHA, COAePKAThH
AEKCUMECKOE A0PO — MHOKECTBO CJIOB, KOTOPBIE ¢ OOJIBINOi BEPOSITHOCTBIO YIIOTPEOISIOT-
Csl B TAHHON TeMe U PeJKO YIOTpehISIOTCs B IPYTUX TeMaxX. B Takom ciydae mMaTpuiib P
1 O J0/KHBI 00/1aaTh CTPYKTYPOil Pa3peKeHHOCTH, aHAJIOTMYHONR puc. 4.

Snpo W, = {w eWw ’ p(t|w) > 0.25} TEeMBI { ONPEILIACTC KaK MHOMKECTBO TEPMH-
HOB, KOTOPbIe HMEIOT BBICOKYIO YCJIOBHYIO BeposTHOCTH p(t|w) = Puwtyt AJISL JIAHHOM TeMBI.
3areM 10 sIpy ONPEeIsieTcss TPU MOKA3aTe I HHTePIPETHPYEMOCTH TeMBbl t:

pur, = > p(w|t) — wucmoma memwv, (deM BBIIe, TEM JIY9IIE);
weWy
cony = Wltl > p(t|w) — Kowmpacmuocmo memov, (9eM BBIIIE, TEM JIYUIIE);
weWy
ker; = |W;| — pasmep adpa (OpreHTHPOBOUHBIN OMTHMYM ‘%')

[Tokazarenu pazmepa sijipa, YUCTOTHl U KOHTPACTHOCTHU JIJII MOJEIN B IEJIOM OIpejie-
JIIOTCA KaK CpeJIHHe 10 BCeM MpeJIMeTHBIM TeMaMm t € S.
Zonsa ¢porosoir caoe BO Beelt KOJLIEKITUN

1
B o= —
ackRatio - Z Z Z Nawp(t|d, w)
deD wed teB

npuanMaer 3uaderHnst or 0 go 1. 3Havenust, Oauskue K (0, TOBOPAT O TOM, 9TO MOJIEIb
HE CIOCOOHA OTIE/SITH CJI0BA ODIIEil JIEKCHKH OT CHEeIUaJbHONR TePMUHOJIOTHH. SHAYEHUST,
O/3KHe K 1, CBUAETEHCTBYIOT O BBIPOXKICHUN TEMATHIECKON MOJIeTH.
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Takue Kputepun, Kak pa3Mep gapa WA 107 (DOHOBBIX CJOB, MOTYT HCIIOJIH30BATh-
¢ LI KOHTPOJIS aJeKBATHOCTH MOJIeTH. Upe3aMepHas peryIapu3aliusd MOKeT TPUBOIUTH
K JerpaJalvun TeM HJIA BbIDO2KIEHUIO MOJeJ/In OJid CJAUIITKOM 6OJIBH_IOI'71 JO0JIN JOKYMEHTOB.
O0pa3HO TOBOPSI, PETrYISIPU3ATOPHI B MAJBIX 032X SIBJISIOTCS JIEKAPCTBAME, HO B CJIyUae
nepeIo3MPOBKU MOT'YT TpeBpaliaThcs B sij. MHOTHe KpuTepuu, BKJIIOYasi MEPILIEKCHIO,
c71a00 IYBCTBUTENbHBI K HEKOTOPBIM THUIIAM BBIPOXKIEHHSI, HAIIPAMEp, KOIJIa B HMpeaMeT-
HBIX T€MaX OCTAETCS CJIUIIKOM MaJiO CJIOB.

Ha MMpaKTHUKE K TeMaTUIeCKUM MO/JEJ/JIAM NPEAbABIAIOTCA COUYETaHU A pa3H006pa3HbIX
TpeboBaHUil. 33241 TEMATHIECKOTO MOJETUPOBAHUSI 10 CYTH SBJISIOTCS MHOTOKPUTEPU-
AJIBHBIMHA, ITO3TOMY U Ka4eCTBO MOJEJIN JOJI2KHO OIEHUBATHCA IO MHOTUM KPUTEPUAM.

B mpoekre BigARTM mnojjep:kuBaercd OMOTMOTeKa CTaHIAPTHBIX METPHK KadecTBa
1 MeXaHU3MBbI J100aBIEHHS HOBBIX MOJIb30BATE/IHCKAX METPHK.

13 Pas3Begounbrii mH(pOPMAaIIMOHHBIN TTONCK

BakHbIM npuioKeHneM TeMAaTHIECKOTO MOJIETUPOBAHUS ABISIETCI UH@OPMAUUOHHBLT NO0-
uck (information retrieval) [147, 14]. CoBpeMeHHbIE MOMCKOBBIE CHCTEMBI MpeIHA3HAYE-
HbBI, TJIABHBIM 00PA30M, JJIs TIOMCKA KOHKPETHBIX OTBETOB Ha KOPOTKHE TEKCTOBBIE 3AIPO-
col. [Ipyrue nmouckoBbie TOTPEOHOCTH BO3HUKAIOT y TT0IH30BAaTE e, KOTOPHIM HEOOXOIMMO
paz3obparhCs B HOBOil MpeaMeTHON 00JIacTH WJIM TONOJHUTH CBOi Oaraxk 3uanmii. [Tosn-
30BaTe;lb MOYKeT He BJIAJeTh TePMUHOJOTHUeil, ciabo MOHUMATH CTPYKTYPY MpPeIMeTHO
00JacTH, HEe UMETh TOYHBIX (hOPMYJIUPOBOK 3AIPOCa U He MOPA3yMeBATh €/INHCTBEHHBIH
IpaBUJIbHBII OTBeT. B TakuX ciydasix HyKeH HOUCK He M0 KJIIOYEBBIM CJI0BAM, & MO CMbIC-
Jy. 3a1mpocomM MoXKeT ObITh JJINHHBINE (bparMenT TeKcTa, JOKYMEHT WU MOA00pKa JTOKY-
MeHTOB. Pe3yibraToM moucka J0/1zKHa ObITh YI00HO CHCTeMATU3UPOBaHHAs NH(MOPMAIIHSI,
«JTOPOYKHAS KapTay MpeIMeTHOH 061acTh.

Jlag 3TuxX ciydaeB MOAXOMAUT MapaJurMa paseedounoz20 uH@OPMAyUuOHH020 NOUCKA
(exploratory search) 71, 142]. Ero mesbio gB/IsieTcs mOJIydYeHne OTBETOB Ha CJIOXKHbIE BO-
IIPOCHI: «KaKHe TeMBI MPEJICTABICHBI B TEKCTE 3alIPOCay, «ITO YUTATH B MEPBYIO OYePe/Ih
[0 ITHUM TeMaM», «ITO HAXOJIUTCS HA CTHIKE TUX TEM CO CMEKHBIMHU ODJACTIAMEY, «Ka-
KOBa TeMaTu4decKas CTPYKTYpa JaHHON MpeJIMeTHON! 00JacThy, «KaK OHA Pa3BUBAIACH BO
BPEMEHN», «KAKOBBI TOCTIETHIE TOCTHKEHU », «TJIe HAXOATCS OCHOBHBIE TIEHTPBI KOMITE-
TEHTHOCTU», «KTO SBJISIETCSI IKCIEPTOM MO JAHHON Teme» u T. 1. [lomb3oBaTess oOBIYHOI
IIOMCKOBON CHCTEMBI BBIHYKEH UTEPATUBHO 1mepedOpMyInpOBaTh CBOM KOPOTKHE 3AIPO-
ChI, PACHIUPsIsi 30HY MOUCKA 110 MepPe YCBOEHUsI TEPMUHOJIOTUH TIPEJIMETHONH 00/1acTH, 1e-
PHOIMYECKH TIePeCMaTPUBast U CHCTEMATH3UDYs PE3Y/IbTaThl MOUCKa. JTO TPedyeT 3aTpar
BpeMeHN ¥ BLICOKON KBastudukanuu. [Ipn oTcyTcTBUN HHCTPpYMEHTA I MOJTyYeHus «00-
et KAPTUHBIY OCTAETCS COMHEHNE, YTO KaKNe-TO BayKHbIE ACIEKTH N3yIaeMOii MpohIeMbl
Tak U He Oblin Haiijenbl. Ecim oOpa3Ho npejacTaBuTh UTEPATUBHBIN TMOMCK Kak OJIyZK ia-
HUe 10 JIAOMPUHTY 3HAHU, TO Pa3BEIOYHBIN MOUCK — 3TO CPEJICTBO ABTOMATHYECKOIO
MMOCTPOEHUST KAPThI JIJIs JIFOOOH 9acTh TOro JTabupUHTA.

Temarndyeckuii pazBenodubrii mouck. OObidHbIe (IIOJHOTEKCTOBBIE) TTOUCKOBBIE CH-
CTEeMBI OCHOBAHBLI Ha MHBEPTUPOBAHHBIX MHIECKCAX, B KOTOPBIX IJII KaxKJOT'O CJI0BA Xpa-
HUTCSI CIECOK CofiepzKaImux ero gokymenTos [9]. TlouckoBast cucTeMa UIIET JTOKYMEHTHI,
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coJlepzKalme Bce CI0Ba 3alpoca, MOITOMY MO JTHHHOMY 3aIIpoCy, CKOpee BCEro, HUIero
He Oy/ieT HaiiIeHo.

Cucrema TeMaTHIeCKOTO PA3BEIOYHOTO TOUCKA CHAYAJA CTPOUT TEMATHIECKYIO MO-
JIe]Ib 3aMPOCca U OTPeJIe/IsIeT KOPOTKHIA CITMCOK TeM 3aMpoca. 3aTeM JIJIs TOUCKA, IOKYMeH-
TOB CXOKeil TeMaTUKU MPUMEHSIOTCS Te YK€ MeXaHU3Mbl UHIEKCUPOBAHUS U MTOUCKA, TOJIb-
KO B POJIM CJIOB BBICTYHAIOT TeMbI. [[0CKOBKY YHMCI0 TeM Ha HECKOJIBLKO TMTOPSTKOB MEHBITIE
00bEéMa cI0Baps, TEMATHIECKU MOUCK TpeOyeT HAMHOIO MEHbIIe MaMATH IO CPABHEHUIO
C MOJIHOTEKCTOBBIM MOUCKOM U MOYKET OBITh peaiM30BaH Ha BeChbMa CKPOMHON TeXHUKeE.
Texnosiornn nHGOPMAIMOHHOTO MOUCKA HA OCHOBE TEMATUYECKOI0 MOJIC/IMPOBAHUS B Ha-
crosiiee BpeMsl HaXOIATCS B CTaIHN MCCIeI0BaHmil n pa3paborok [116, 21, 94, 28, 13, 134].

B nutepatype 1mo pa3Be0IHOMY TOUCKY TeMATHIECKOe MOJIETHPOBAHNE CTATHA HCIIOTb-
30BaTh OTHOCUTENIbHO HemaBHo (107, 45, 104, 124], a MHOTHE 0630PBI O HEM BOOOIIE HE YIIO-
vunaror [41, 101, 114, 54, 72, 51|. B uemaBueii crarbe [124| BaxKHBIME TPEUMYIIECTBAME
TeMaTUIeCKUX MOJie/ieil Ha3bIBAIOTCS I'MOKOCTH, BO3MOXKHOCTH BU3ya/U3allid U HaBUTa-
muu. B 1o ke BpeMsi, B KauecTBe HEJOCTATKOB OTMEYAIOTCs MPOD/IeMbl ¢ WHTEPIPETUpye-
MOCTBIO TeM, TPYAHOCTH ¢ MOAMMpUKAIIIEH TeMaTHIeCKOH MOIE/TN PU TOCTYILIEHIN HOBBIX
JIOKYMEHTOB M BBICOKASI BBIUUCIUTETbHAS CJI0KHOCTb. DTU MPOOJIeMbl OTHOCATCA K yCTa-
PEBIIUM MeTOJaM M YCIEITHO pPelleHbl B TMOCTeTHIe TOBI: TeCATKH HOBBIX MOJETel pas-
paboTaHbl JJIsl YydIIeHUsT WHTEPIPETHPYEMOCTH; OHJIAHHOBBIE aJITOPUTMbI CIIOCOOHBI 00-
pabaThiBaTh GOJIBINIE KOJJIEKIHH U MOTOKK JOKYMEHTOB 3a JinHeiiHnoe Bpems |78, 20, 125].
C apyroit cTOpoHBI, B pabOTaxX MO TEMATHIECKOMY MOIEJTUPOBAHUIO PA3BEIOTHBI MOMCK
JaCTO HA3BIBAIOT OJHAM N3 BayKHEUTITHX TPUIOKEHUI, & OMEHKN Ka9ecTBa TMONCKA HCIOTb-
3ytoT Jist Bamuganun Mogeseit [147, 14]. Oguako 9T uccjae0BaHus MOKA He MPHUBEN
K CO3JAaHUIO ODIIEeJOCTYIHBIX CHUCTEM pa3BeJIOTHOr0 MOoucka. Bcé 310 roBopuT 0 pas3od-
MIEHHOCTU HAYYHBIX COODIIECTB, pa3pabaThIBAIONINX 3TU JBa HanpaBjaeHus. TeHIeHIns
K WX COJIMYKEHUIO HAMETH/IACh JIUITH B MOCJIETHUE TOJbI.

Takne nmpmiaoKeHWs, KaK pa3BeJOYHBIN MONUCK, CTUMYIUPYIOT Pa3BUTHE MHOTOKPHU-
TepuaIbHOTO TEeMaTHIECKOTO MOJIeTUPOBaHuA. TemMaTndecKas MOJENb I pa3BeI0THO-
ro MOWCKa B Hjeajie JOJKHA ObITh HHTEPHPETUPYEMOil, pa3peKeHHO, MyJILTUTPAMMHOM,
MYJAbTUMO/IAJAbHON, MyJIbTUA3BIYHON, HePAPXUICCKON, TUHAMUYECKOHN, cerMenTupyronei,
o0y4aeMoil 1o OIEeHKaM acecCOpPOB WJIM JIOTaM IOoJib30Baresieil. Takzke oHa JOJIZKHA aBTO-
MaTHYIECKHA OMpEeIeTATh YUCI0 TeM Ha KayKJI0M YPOBHE HepApXUU W aBTOMATHIECKH CO-
3/1aBaTh 1 IMEHOBATH HOBBIE TeMbl. HakoHeI, oHa J0/12KHA OBITh OHTARHOBOI, TapaJiie/b-
HOII u pactpeieeHHoit, 9To6b 3(hdeKTUBHO 00pabaThiBATh DOJIBIITNE KOJJIEKIIUN TEKCTOB.
Takum obpa3zoM, MHOTHE U3 PACCMOTPEHHBIX B JAHHOM 0030pe MoJie/iell JIOJKHBI OBbITh
CKOMOMHUPOBAHBI JIJIsi CO3/IaHUs TOJTHO(DYHKIMOHAJIHLHOTO PA3BEJOTHOTO MOUCKA.

KauectBo pa3zBemounoro moucka. Mogear ARTM g pasBegodnoro moncka ObLia
npenokena B [12] u yiayurnena B [145]. ias n3mepenunsi kadecTBa pa3Be0dHOTO TeMa-
THIECKOrO TIOMCKA HCIOML30BATUCH KPUTEPUH TOUYHOCTH M IIOJHOTHI HA OCHOBE OIEHOK
aceccopoB. 11 oneHuBaHus ObLTa COCTaBIEHA BHIOOPKA 3aIIPOCOB — 3aJaHUl pPa3Be10u-
Horo nmomcka. Kaxkaprii 3anmpoc npeacrapisaa coboit TeKCT 00béEMOM OKOJIO OIHOM cTpa-
aunbl popmara A4, onmchiBaIOmMii TeMaTHKY TOMCKa. KazKmoe 3a1anue cHava1a BhITOJI-
HSJIOCH HE3aBMCUMO HECKOJILKUMM aCeCCOPAMM, 3aTeM CHCTeMOI TeMaTHIeCKOro IMOMCKa,
3aTeM peIeBaHTHOCTD HAiiIeHHBIX CHCTEMOI TOKYMEHTOB CHOBA OIEHUBAIACD ACECCOPAMU.
JlaHHAas METOIMKA IO3BOJIET, eIUHOXKIBI CAEIaB PA3METKy pPe3yJIbTaToOB MOUCKA, MHOIO-
KPATHO OIEHMBATL KAYECTBO PA3IMYHBIX TEMATHYECKUX MOJETeH M aJrOPUTMOB MOMCKA.

39



DKCIEepUMEHTHI Ha KOJIEKIUIX 175 ThIcad cTaTeil PyCCKOS3bITHOTO KOJLIEKTUBHOTO OJ10Ta
habrahabr.ru u 760 Thica4 cTaTeil aHIJIOSA3BITHOTO OJ10Ta techcrunch. com moka3asu, YTo
TeMaTHIeCKU# MMOUCK HAXOAUT DOJIBIIE PEIEBAHTHBIX JIOKYMEHTOB, €M aCecCOPh, COKPa-
masi cpe/iHee BpeMs MOUCKA C MoJIyvdaca J0 CeKyH/Ibl. KoMOMHUpOBaHME Pery/sipu3aTopoB
JEeKOppe/IMPOBAaHNUS, PA3PEeKUBAHUS U CIJIAKUBAHUS BMeCTe C MOJAJbHOCTIMU 7-T'PAMM,
aBTOPOB W KATeropuii 3HAYUMO YJAyUIIaeT Ka9eCTBO MOUCKA W MO3BOJIIET JTOCTHYDb TOYHO-
cru Borme 80% u noanors Beimze 90%.

Busyanuzanusa. Cucremarnzanus pe3yIbTaTOB TEMATHYECKOTO IMOUCKA HEBO3MOXKHA
6e3 HHTePAKTUBHOTO TpadUUIecKOro npejcrasienus. B o63ope [2] onucsBaloTCsa 1 cpaBH-
BaioTcs 16 cpejcTB BU3yaM3allud TeMaTHYeCKUX MOje/eil Ha OCHOBe BeO-uHTepdeiicoB.
Emé Gosbire uaeif MOyKHO MOYePIHyTh U3 HHTePAKTUBHOTO 0630pa’, KOTOPEIil Ha MOMEHT
HAITMCAHUs JAHHOW cTaThbu HAacUYUThIBAJ 380 cpejicTB BU3yaJM3aluu TeKcToB. HecmoTps
HAa TaKoe DOTATCTBO TEXHUIECKUX PEIIeHUil, OCHOBHBIX Uil BU3yaTU3alui TeMaTHIeCKIX
Mojiesiell He TaK MHOTO: 3TO JIH0OO ABYMEpPHOE OTOOpayKeHne CeMaHTUIECKOH OJTM30CTH TeM
B BuJie Tpada WM «JIOPOKHON KapThly, JUOO TeMaTu4decKas uepapxus, JHUO0 JTUHAMUKA
pasBUTHS TeM BO BpeMeHH, Jinbo rpadoBasi CTPYKTypa B3aUMOCBs3€il MeXKy TeMaMu,
JIOKYMEHTaMU, aBTOPAMU WJIM WHBIMU MOJIAJbHOCTSIMH, JIUOO CErMEHTHasi CTPYKTYpa OT-
JIETBHBIX JOKYMEHTOB.

CraTuynble BU3yaIU3alUNd MPAKTUYECKH OECIIOe3HBl MpH rpadUdecKoil BU3yaIH3a-
un OOJIBIMAX JAHHBIX. DTO OBLI0 OHATO OoJee 20 JeT Hasam u chopmyanpoBaHo berom
[[THeitmepManoM B BHIE MAGHMPYL BU3YAALHO20 NOUCKE UHPOPMAUUL: «CHATATA KPYTHBII
1J1aH, 3aTeM Macluiabuposanne u (GUILTPAIUs, JeTaju 1o Tpebosanuio»’ [112].

OrobparkeHue pe3yJbTaTOB TEMATHIECKOTO MOJETUPOBAHUS W PA3BEIOTHOIO MOUCKA
COOTBETCTBYET KOHIenuu jgaabiero urenns (distant reading) commosora ureparypbi
®panko Mopertu [82]. OH mpoOTHBOMOCTABIZET FTOT CIOCOO M3YUEHHs] TEKCTOB HAIIEMY
oberaroMy urennio (close reading). HeBo3aMoKHO mpovYuTaTh COTHH MUJLUIHOHOB KHUT WJIN
crareil, HO BIOJIHE BO3MOYKHO NMPUMEHUTH CTATUCTUYECKHE METOJIbl U TpadUvIecKyio BU-
3yaIM3aIuio, 9TOObl MOHATH B OOIIMX YepTax, O YéM BCd ITA JUTEpATypa, U HAYIUTHCS
OBICTpee OTBICKUBATH HYXKHOE. «/laavhee umenue — 3TO crenuaabHasg hopMa MpeICcTaB-
JIeHUs 3HAHUI, B KOTOPOl MEHbIIIe 3TeMEHTOB, rpybee UX B3aUMOCBI3U, OCTAIOTCS JIUIIH
hOpPMBI, OUepTaHUs, CTPYKTYPbI, MOIETN» .

g 6ubsmorekn BigARTM B HacTosIIIee BpeMs Pa3BUBAETCS COOCTBEHHBIIT MHCTPYMEHT
BU3yamM3anny Ha ocHoBe BeG-mATepdeiica ViSARTM, nmomnep:kuBarommii BarKHeHTTne
(bopMBI IIpeIcTaBIeHNs TeMaTHIeCKHX Mojeseiil. lurepecHoit BodamoxkuocThio ViSARTM
SIBJIETCS TIOCTPOEHUE CNeKmpa mem — ONTHMAJIbHOE PAHXKUPOBAHUE CIIUCKA TeM, IPH KO-
TOPOM CEeMAHTHIECKN OJIM3KNE TEeMbI OKa3bIBAIOTCS B CIIUCKE PSAOM. DTO MOMOTAET TO/Ib-
30BaTe/IsIM OBICTPEE HAXOJUTH TEMbl ¥ IPYINIHPOBATH UX MO CMBICITY.

‘http://textvis.lnu.se — HHTEPAKTHBHLIN 0630D CPEICTB BU3YAIU3AIME TEKCTOB.

®Visual Information Seeking Mantra: «Overview first, zoom and filter, details on demand» [112].

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 [82].

" Mmurpuit @enopsxa. TexHOMIOr I HHTEPAKTHBHON BH3YaIH3AIMNE TEMATHIECKIX Moieell. Bakaiasp-
ckas muccepranus, DYIIM MOTHU, 2017.
http://www.Machinelearning.ru/wiki/images/d/d8/Fedoriakal7bsc.pdf
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14 3akJjroyeHue

Jlanubiit 0030p HAITMCAH 110 MaTepuaJjaM crenkypca «BeposTHocTHOE TemMaTnieckoe Mojie-
JAMpOBaHme» S, KOTOpHIil aBTop umTaeT Ha daxyisrere BMK Mockosckoro Tocymapersen-
Horo Yuusepcuteta uM. M. B. Jlomonocosa. O6HOBIsIEMas 37I€eKTPOHHAS BEPCUS JTOCTYITHA
na caiite MachineLearning.ru?,

YTo He BOILIO B 3TOT 0030p, HO MOXKET OKA3aThCd B OJIMKANIINX OOHOBIEHUAX: JTOKa-
3aTEJIbCTBA MISATH TEOPEM; CTPATEruu MoAd0pa KOI(PMOUIMEHTOB Pery isipu3alun; MeTOIbI
CyMMapu3alui U aBTOMATHIECKOTO MMEHOBAHUS TeM; MPUMEPhl TPUMEHEHWUsT TeMaThuIe-
CKUX MOJesIeil T aBTOMATHYEeCKOTO BBIJEIeHUS TePMUHOB, OOHAPYKEHWS HOBBIX TeM
1 OTCJIEYKUBAHUS CIOYKETOB, AaHATN3a TOHATLHOCTHU U BBISIBICHUS MHEHWIT, aHATIN3A 3aMuCeil
pPa3roBOPOB KOHTAKT-TIEHTPA, aHAIN3a OAHKOBCKUX TPAH3AKITMOHHBIX JTAHHBIX, arDeralin

U KaTeropudalngyuu HayIHOT'O KOHTEHTA.
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