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O 4ém 3ToT KYpC

BeposiTHocTHOe TemaTnuyeckoe mogenuposatue (BTM)

anra. Probabilistic Topic Modeling (PTM)

— obnacTb MccneaoBaHnii B aBTOMaTUYECKOR 06paboTke TEKCTOB
(Natural Language Processing, NLP)

Kypc o Tom, Kak

BbISIBAATL TEMAaTUYECKYIO CTPYKTYPY TEKCTOBbIX KOSUIEKLNT
NCKaTb TEKCTbI MO CMbICAY, @ HE MO K/IOYEBbIM C/IOBaM

NpUMeHsTb pa3HoobpasHbie meTogbl NLP cosmectHo ¢ PTM

CTaBUTb 3a4a4X aHaJIN3a TEKCTOB B TEpPMUHAX ONTUMU3al N

MpepekBusnThl (kakne 3HaHus nNoTpebytoTcs)
@ Teopusi BEPOSTHOCTN (B OCHOBHOM HAa KOHEYHbBIX MHOXECTBAX)
@ MawuHHoe obyyeHune (6a30BbIE MOHATUS U METOZONOTUS)
@ nuHeliHas anrebpa, MeTogbl onTuMMU3aunn (camble asbl)

@ sasbik Python



CopepxxaHue

o 3apava TemaTMyeckoro moaennpoBaHus
@ [loHATne TeMbl B aBTOMaTUYECKOM aHa/IN3e TEKCTOB
@ BeposiTHOCTHas TeMaTnyeckas Mogenb
@ [locTaHoBKa ONTUMMN3ALMOHHONR 3a4a4n

e ApanTuBHAsS perynsipMsayns TeMaTudeckux mogenei
@ Jlemma 0 MakCMMM3aUWMn Ha €ANHNYHBIX CUMMIAEKCAX
@ Makcumusauusi perynsapmsoBaHHoro npaegonogobus
o PLSA, LDA n mynbTuMOAanbHbIE TEMaTUYECKME MOLENN

© Bubnmorteka BigARTM
@ PaunonanbHbiti EM-anropntm
@ bubnnoTeka TemaTuyeckoro mogennposarus BigARTM
@ 3agaHus



3apa4a TeMaTU4€CKOro MOAeNMpoBaHus MoHATre TeMbl B aBTOMaTNHECKOM aHasiM3e TEKCTOB
AppnTusHas perynsipusayusi TeMaTUHeCKUX Mopenei BeposiTHocTHas TemaTu4eckasi mofesnb
Bubnunoreka BigARTM MNocTtaHoBKka onTMMM3aLMOHHON 3agaqn

Y10 Takoe «Tema» B KONnekunn TeKCToBbIX JJ‘OKyMEHTOB?

@ TemMa — CneumanbHasi TEpPMUHONOMUSA NpeamMeTHOl obnactu
@ Tema — Habop 4aCTO COBMECTHO BCTPEYatOLNXC TEPMUHOB

@ TEMa — CEMAHTUN4YECKN OJJ,HOPO,EI,HbIﬁ K/NaCTEP TEKCTOB

TemaTuyeckass MOZENb BLIABASET NAaTEHTHbIE TEMbI
no Habntogaembim pacnpegeneruam cnos p(w|d) B JOKyMeHTax.
Vimes konnekunto TEKCTOBLIX OKYMEHTOB, XOTUM Y3HaThb:

@ 13 KaKnX TEM COCTONT KOJUIEKLUS,
p(t) — BEPOSTHOCTL TeMbI t B KOMEKLAN;

@ 13 KaKNX TEM COCTOUT KaXKAblii JOKYMEHT,
p(t|d) — BeposiTHOCTb Tembl t B JOKyMeHTe d;

@ 113 KaKuX CJ0B WAWN TEPMUHOB COCTOMT KaXKAAs Tema,
p(w|t) — BEpoOSTHOCTL TepMuHa W B TeMe t.

K. B. BopoHuos (vokov@forecsys.ru) BeposiTHOCTHbIE TemaTuHeckne mMoaenu 4/42



3apaqa TeMaTMHeCKOro MoaenvpoBaHus
ApauTtusHas perynsipmsauuns TeMaTMHeCcKUX mogenen

Bubnunoreka BigARTM

Mpumep 1. MynbTnasbiyHaa mogens Bukunegunn

MoHsATrne Tembl B aBTOMaTMHECKOM aHasIM3e TEKCTOB
BeposiTHocTHas TemaTndeckas mopensb
MocTtaHoBka onTUMU3ayMOHHON 3agaqm

216 175 pyccko-aHrnuiACKUX nap craTeil. SA3blku — MOJANBHOCTM.
Mepsbie 10 cnos n nx vactotsl p(w|t) B %:

Tema Ne68 Tema Ne79
research 4.56 | uHCcTUTYT 6.03 || goals  4.48 | maTu 6.02
technology ~ 3.14 | yHusepcuter  3.35 || league 3.99 | nrpok 5.56
engineering  2.63 | nporpamma 3.17 || club 3.76 | cbopHas 451
institute 2.37 | y4ebHbIn 2.75 || season 3.49 | dk 3.25
science 1.97 | texHuyeckunii  2.70 || scored 2.72 | npotus 3.20
program 1.60 | TexHonorns 2.30 || cup 2.57 | knyb 3.14
education 1.44 | Hay4HbIii 1.76 || goal 2.48 | dpytbonuct 2.67
campus 1.43 | nccneposanne 1.67 || apps 1.74 | ron 2.65
management 1.38 | Hayka 1.64 || debut 1.69 | 3abusate  2.53
programs 1.36 | obpaszosanue 1.47 || match 1.67 | komaHga 2.14

Aceccop oueHun 396 Tem 13 400 kak XOpOLLO MHTEPNpPETUPYEMBbIE.

Vorontsov, Frei, Apishev, Romov, Suvorova. BigARTM: Open Source Library for
Regularized Multimodal Topic Modeling of Large Collections. AIST-2015.
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3apaqa TeMaTMHeCKOro MoaenvpoBaHus
ApauTtusHas perynsipmsauuns TeMaTMHeCcKUX mogenen

Bubnunoreka BigARTM

MoHsATrne Tembl B aBTOMaTMHECKOM aHasIM3e TEKCTOB
BeposiTHocTHas TemaTndeckas mopensb
MocTtaHoBka onTUMU3ayMOHHON 3agaqm

Mpumep 1. MynbTnasbiyHaa mogens Bukunegunn

216 175 pyccko-aHrnuiACKUX nap craTeil. SA3blku — MOJANBHOCTM.

Mepsbie 10 cnos n nx vactotsl p(w|t) B %:

Tema Ne88 Tema Ne251
opera 7.36 | onepa 7.82 || windows  8.00 | windows 6.05
conductor 1.69 | onephbiin - 3.13 || microsoft 4.03 | microsoft 3.76
orchestra 1.14 | pupuxep 2.82 || server 2.93 | Bepcus 1.86
wagner 0.97 | neBey, 1.65 || software ~ 1.38 | npunoxerne  1.86
soprano 0.78 | neBnuya 1.51 || user 1.03 | cepsep 1.63
performance 0.78 | Teatp 1.14 || security 0.92 | server 1.54
mozart 0.74 | naptusa 1.05 || mitchell ~ 0.82 | nporpammubiia  1.08
sang 0.70 | conpato 0.97 || oracle 0.82 | nonb3osaTens 1.04
singing 0.69 | Barnep 0.90 || enterprise 0.78 | obecneuenne  1.02
operas 0.68 | opkectp  0.82 || users 0.78 | cuctema 0.96

Aceccop oueHun 396 Tem 13 400 kak XOpOLLO MHTEPNpPETUPYEMBbIE.

Vorontsov, Frei, Apishev, Romov, Suvorova. BigARTM: Open Source Library for

Regularized Multimodal Topic Modeling of Large Collections. AIST-2015.
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3apaqa TeMaTMHeCKOro MoaenvpoBaHus
ApauTtusHas perynsipmsauuns TeMaTMHeCcKUX mogenen

Bubnunoreka BigARTM

MoHsATrne Tembl B aBTOMaTMHECKOM aHasIM3e TEKCTOB
BeposiTHocTHas TemaTndeckas mopensb
MocTtaHoBka onTUMU3ayMOHHON 3agaqm

Mpumep 2. BurpammHas mopens Hay4HbIX KOHbepeHuuii

Konnekuyus 1000 cratein koHdpeperuynii MMPO, NOW wa pycckom

pacnosHaBaHne obpa3os B 6uonHdbopmaTkKe

TEOPUA BbIHNCANTEN bHOU CNOXXHOCTNU

YHUFPaMMbl burpaMmbl YHUrPaMMbl burpammbl

obbekT 3aja4a pacnosHaBaHus 3aga4a pazpensiTe MHOXECTBA
3agava MHO>XECTBO MOTNBOB MHOXECTBO KOHEYHOE MHOXKECTBO
MHOXECTBO cMcTeMa Macok MOAMHOXECTBO YCNOBUE 3a4a4n

MOTMNB BTOPMYHAS CTPYKTYypa ycnosue 3a4a4a O MOKPLITNN
paspewnmMocTb CTpykTypa benka Knacc NOKPbITNE MHOXECTBA
Bbibopka pacnosHaBaHue BTOPNYHOI | pelueHue CUIbHBITE CMBIC

Macka cocTosHne obbekTa KOHEYHbIN pasgensiownii KOMMTET
pacnosHaBaHmne obyqatowas eeibopka 4ncno MUHUMAanbHbIN adbbUHHbIG
MH(OPMATNBHOCTL OLIEHKA MHAOPMATNBHOCTY | achbdUMHHBbIT adpuHHbBIA KOMUTET
COCTOsIHNE MHOXECTBO OOBEKTOB cny4aii acbbuHHbIA pasgenstownii
3aKOHOMEPHOCTb  Pa3peLuMMOCTb 3agaqn nokpbITHE obuyee nosoxkeHune
cncrema KpUTEpPNiA paspewmmoctun | obuynii MHOXECTBO TOYeK
CTpyKTYypa MHGOPMATMBHOCTL MOTUBA | MPOCTPAHCTBO  CJIyHaii 3agaqm

3Ha4eHune nepBn4YHan CTPYKTypa cxemMa obwnii cnyyaii
PeryasipHoCTb TYMNKOBOE MHOXECTBO KOMUTET 3agava MASC

Cepreii Crennn. MynbTurpaMMHble aganTMBHO Perynsipu3oBaHHble TEMaTUYeckmne
mopenn // Marnctepckas pucceptaumsi, MOTW, 2015.
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3apaqa TeMaTMHeCKOro MoaenvpoBaHus MoHsATrne Tembl B aBTOMaTMHECKOM aHasIM3e TEKCTOB

AppunTtusHas perynsipusaumnsi TemaTm KX BeposiTHocTHas TemaTndeckas mopensb

Bubnnoreka V MocTaHoBKka oNnTUMMU3aLMOHHOR 3afa4m

HEKOTopre npunnoXXeHna TemaTnydeckoro moaenmpoeaHmns

pa3Be,ﬂ,0‘-|Hbll7l nonck B NONCK TEMATN4YECKOro BbISIBJIEHNE N OTCNEXNBAHNE

3NEKTPOHHbIX 6ubnnoTekax KOHTEHTa B COLCETAX Lenoyek HOBOCTEl

2008 2004 2005 2006 2007 2008 2009 2010

MyﬂbTVIMO,qaﬂbelﬁ nonck aHanm3 6aHKOBCKUX ynpaBA€HNEM ANanorom B
TEKCTOB U I/I306pa)KEHI/II7I TPAH3aKUMNOHHbIX AaHHbIX Pa3rOBOPHOM NHTENNEKTE
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3apgada TeMaTU4eCKoOro MoaennpoBaHnst MoHsiTve TeMbl B aBTOMaTN4YECKOM aHasn3e TEKCTOB
AppnTusHas perynsipusaumnsi TeMaTU4ecKnX M BeposiTHocTHas TemaTu4eckasi mofesnb
Bubnuoreka B TNV MocTaHoBKka oNnTUMMU3aLMOHHOR 3afa4m

TemaTunyeckoe mogenupoBaHue U CMeXHble 061acTU nccaego0BaHMA

Ounamuka yutuposanus, no gaHubiM Google Scholar:
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2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
—&— Matrix Factorization ~ —&— NNMF (Nonnegative Matrix Factorization) ~—— Topic Model
—— PLSA (Probabilistic Latent Semantic Analysis) ~—— LDA (Latent Dirichlet Allocation) Text Categorization

Text Classification Word Embedding —— word2vec —— LSTM (long short-term memory)
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3apa4a TeMaTU4€CKOro MOAeNMpoBaHus MoHATre TeMbl B aBTOMaTNHECKOM aHasM3e TEKCTOB
AppnTusHas perynsipusayusi TeMaTUHeCKUX Mopenei BeposiTHocTHas TemaTu4eckasi mofesnb
Bubnunoreka BigARTM MNocTtaHoBKka onTMMM3aLMOHHON 3agaqn

Myctb

W — koHe4Hoe MHOXeCTBO TepMOB (CNOB, TEPMMHOB)

D — koHe4YHOE MHOXECTBO TEKCTOBbIX LOKYMEHTOB

T — KOHEYHOE MHOXECTBO TEM

nopsiBok cnos B gokymeHTe He BaxeH (bag of words)

NOPSIAOK AOKYMEHTOB B KOJIJIEKLMMN HE BaXKeH

KaXKAblii TEpM W B JOKYMeHTe d CBSi3aH C HEKOTOPOV TEMOWA t
Dx W x T — pnckpeTHOe BEPOSITHOCTHOE MPOCTPaHCTBO
kosunekumnst — 370 i.i.d. Bbibopka (dj, wj, t;)"_; ~ p(d, w, t)

di, w; — Habnogaemble, TeMbl t; — CKpbITbIE
@ runotvesa ycnoBHoili Hesasucumoctu: p(wld, t) = p(w|t)
Tematuqeckasi Mogesb, NO hOPMysIe MOJHONW BEPOSTHOCTH:

p(wld) = p(w | & t) p(t|d)

teT
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3apa4a TeMaTU4€CKOro MOAeNMpoBaHus MoHATre TeMbl B aBTOMaTNHECKOM aHasM3e TEKCTOB
AppnTusHas perynsipusayusi TeMaTUHeCKUX Mopenei BeposTHocTHas TemaTu4eckas mogenb
Bubnunoreka BigARTM MNocTtaHoBKka onTMMM3aLMOHHON 3agaqn

Mpsmasa 3apgaya: nopoxaeHue konnekuuu no p(wlt) u p(t|d)

BeposiTHOCTHast TeMaTudeckasi MOAeNb KOJNEKLUN AOKYMeHTOB D
OMNCLIBAET NMOSIBJIEHNE TEPMOB W B AOKyMeHTax d Temamn t:

p(wld) = t%)TP(WIt) p(t|d)

by,
reity —— & EEEOO0000000000000
I~
Oo \
pWIt): 0023 ax 0,014 6aanc 0.018 pacnosHasatiie
0016 resom 0.009 crexTp 0013 cxogers0

0.009 HykneoTua 0.006 opTOroHanbHeIi 0.011 natteph

Wi, ey Wiyt /

PaspaboTaH cnekTpanbHO-aHaIMTUHECKUIA MOAXOA K BhISIBNEHWIO PA3MbITbIX NPOTSXKEHHbBIX T0BTOPOB
B FEHOMHbIX NOcneAoBaTeNbHOCTAX. MeToA OCHOBAaH H. paSHOMaCUJTa6HOM OuUEeHMBaHMKM CXoacTBa
HYK/1I€OTUAHbBIX NOCNeA0BaTeNbHOCTEN B MPOCTPAHCTBE KO3MMOULMEHTOB pa3foxeHns hparMeHToB
KpuBbIX GC- 1 GA-coaepXaHUs Mo KNacCMYeckuM OpTOroHasbHbIM 6a3ncam. HalaeHbl ycnosus
onTUMankHoM annpokcumaLnm, obecneynsalolle aBToMaTUYECKOe pacno3HaBaHe NoBTopoB
PaznnyHbIX BUAOB (MPSMbIX U MHBEPTUPOBAHHBLIX, @ TakXe TaHAEMHbIX) Ha CneKkTpasbHO MaTpuLe
cxoacTsa. MeToA 0ANHAKOBO XOPOLWO paboTaeT Ha pasHbiX MaclwTabax AaHHbIX. OH no3sonser
BbISIBNATH Cle/lbl CETMEHTHBIX AYMNKaLWiA U MeracaTe//IMTHbIE Y4acTKU B TEHOME, PaiioHbl CUHTEHNN
npu CpaBHEHUW Napbl FrEHOMOB. Ero MOXHO MCnonb3oBaTb AN AeTaNbHOro nsyyeHuns q)paI'MEHTOB
XPOMOCOM (MoMCKa pasMbITblX YHACTKOB C YMEPEHHOI ANNHOW NOBTOPSIOLErocst naTrepHa).
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3apa4a TeMaTU4€CKOro MOAeNMpoBaHus MoHATre TeMbl B aBTOMaTNHECKOM aHasM3e TEKCTOB
AppnTusHas perynsipusayusi TeMaTUHeCKUX Mopenei BeposiTHocTHas TemaTu4eckasi mofesnb
Bubnunoreka BigARTM MNocTtaHoBKka onTMMM3aLMOHHON 3agaqn

Mpsmasa 3apgaya: nopoxaeHue konnekuuu no p(wlt) u p(t|d)

BeposiTHOCTHast TeMaTudeckasi MOAeNb KOJNEKLUN AOKYMeHTOB D
OMNCLIBAET NMOSIBJIEHNE TEPMOB W B AOKyMeHTax d Temamn t:

p(w|d) = t%ITp(W!t) p(t|d)

Bxop: pacnpegenerune p(w|t) ans kaxgon Temsl t € T;
pacnpegenexne p(t|d) ans kaxgoro gokymenta d € D;
Bbixoa: konnekuns AOKYMEHTOB;

ansa scex d € D
ansa Bcex nosvunii i =1,...,ny B gokymeHTe d
creqepupoBaTh Temy t; us p(t|d);
creqepupoBaTb Tepm w; u3 p(w|t;);
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3apaqa TeMaTMHeCKOro MoaenvpoBaHus
ApanTtusHas perynsapusauunsi TEMaTUHECKUX 7

Bubnunoreka Big

MoHsaTrve Tembl B aBTOMaTMH€CKOM aHa/IM3e TEKCTOB

BeposiTHocTHas TemaTndeckas mopenb
MocTtaHoBka onTUMU3ayMOHHON 3agaqm

O6paTHas 3apaya: BocctaHoBnenue p(w(t) u p(t|d) no konnekyum

D'aHO: KONNEKUNA TEKCTOBLIX [OKYMEHTOB

@ Ny, — 4acTOTbl TEPMOB B JOKymeHTax, p(w|d) =
Haiitu: napametpsl Tematudeckoin mogenn p(w|d) = > dwibid

@ ¢ur=p(w|t) — BepoSTHOCTI TepMOB W B KaXaoll Teme t

@ 0:g=p(t|d) — BeposiTHOCTM TeM t B KaXXAOM AOKYMeHTe d

3T0 3afja4a CTOXaCTMYECKOrO MaTPUYHOIO PasioXKEHUs:

w

K. B. BopoHuos (vokov@forecsys.ru) BeposiTHOCTHbIE TemMaTu4eckmne Mopenu
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p(wlt)
(dwe)

p(tld)
(0a)
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3apgada TemaTu4eckoro Mo,qenwposanﬁ MoHsiTve TeMbl B aBTOMaTN4YECKOM aHasn3e TEKCTOB
AppnTtusHas perynsipusaumnsi TemaTu4 y BeposiTHocTHas TemaTu4eckasi mofesnb
Bubnunoreka BigARTN MocTaHoBKa oNTUMMU3aLMOHHOR 3afa4m

Cuctema 0003Ha4eHWii 419 YACTOT — CHETYUKOB YMCNa TEPMOB

Henabniogaemble 4acToThbl, 3aBUCSLLNE OT t:
n
Nawe = »_[di=d][w;=w] [tj=t] — wacToTa (d, w, t) B KONNEKLUN

Nwt = 4 Ndwt — HacToTa TepMa w B Teme t
Nig = ., Ndwt — 4aCTOTa TePMOB TeMbl t B JOKyMeHTe d

ng = Zd,w Ngwt — H4aCTOTa TEPMOB TeMbl t B KONAEKL MY

Habniopgaembie yacToThbl, He 3aBuUCALWUE OT t:
Ndgw = Y, Ndwt — HaCTOTa TepMa w B AOKyMeHTe d
Ny = )4 Ndw — HaCTOTa TepPMa W B KOJEKLUN

ng =)y, Ndw — &ANHA JOKYMeHTa d

n= Zd’w Ngw — AJNHA KOJMEKLNM
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3apa4a TeMaTU4€CKOro MOAeNMpoBaHus MoHATre TeMbl B aBTOMaTNHECKOM aHasM3e TEKCTOB
AppnTusHas perynsipusayusi TeMaTUHECKMX MO, 7 BeposTHocTHas TemaTu4eckas mogenb
Bubnuoreka Bi MNMocTtaHoBka onTMMM3aLMOHHON 3agaqn

DnemMeHTapHoe pelueHne obpaTHOW 3agayn

Beipasum p(t|d, w) qepes due, O:g no dopmyne Baiieca:
p(w,tld) _ p(w|t)p(tld) _ Putbed

p(tld, w) = - -
7 p(W‘d) p(W|d) Zs stsesd
YHacTOTHbIE OLEHKN YCIOBHbIX BEPOSITHOCTEN @y = ”n—vf Oig = %j,
p(tld,w) = ':7‘;":; NPUBOAAT K CUCTEME YPaBHEHWNIE ANSA Py U Oy
( PwtOrd

Ngwt = Ndw—=——"—, deD, weW, teT
" Wzs¢wsgsd

Ndwt

¢Wf: Zd -

, weW,teT
Zd,wnth

n
gtd:M7 deD, teT
Zt,wnde

YucnenHoe peweHne — METOLOM MPOCTbIX UTEpaLnii
N s1o pabotaet? Mouemy? Kakyto 3agady pesaet 3ta cucrema’?
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3apava TemaTumHeckoro Mo,qenvlpoBaHvlﬁ MoHsaTrve Tembl B aBTOMaTMH€CKOM aHa/IM3e TEKCTOB
ApauTuBHas perynsipmsaumns TEMaTUHECKUX MO BeposiTHocTHas TemaTndeckas mopensb
Bubnuoreka BigARTN MocTtaHoBka onTUMMU3ayMOHHON 3agaqm

MpuHunn makcumyma npasgononodus

Mpaeponopobue — nnoTHOCTL pacnpepenenust Bbibopku (dj, w;)?_;:

Hp(dia Wi) = H H p(da W)ndw
i=1

deD wed
Makcumunsauyus norapudpma npasgononobdus
E g Naw In p(w|d) pét) — max
deD wed const
OKBUBAJIEHTHA MaKCMMKN3aLINN beHKLI.VIOHaJ'Ia

Z Z Ngw In Z Owitbig — max

deD wed teT
npu OrpaHNHYEHNAX HEOTPNLATENBHOCTN N HOPMUPOBKN

duwt =0, > b =1, Oig >0; > Oig=1.
wew teT
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N4eckoro MofenuposaHus Jlemma o MakcMMMsaLuMM Ha €AMHMHHBIX CUMMAJEKCax
A,q,qumBHaﬁ perynsipusaLns TeMaTUHeCcKUX Mogeneii Makcumunsauvs perynsipusosaHHoro npasgonogobus
Bubnunoreka BigARTM PLSA, LDA v mynbTumMopanbHble TeMaTUHecKue MOAenn

3a,qaqa MaKCnmMmun3layumun beHKLI.I/II/I Ha €eUHNYHbIX CUMMAEeKCax

Mycte Q = (wj)jes — Habop HOPMUPOBAHHBIX HEOTPULLATENbHBIX
BeKTOPOB Wj = (wjj)icl;, Pa3nnyHbIX pasmepHocTeii |/;:

1] i

Q=

3apava makcumuzauyum yHkuumn () Ha eaNHUYHBIX CMMMIEKCaXx:

f(Q) — max;
Zw;j =1, jeJ,
icl;

wi=0, i€l jed.
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M4eCKOro MofenunpoBsaHus Jlemma o MakcMMMsaLuMM Ha €AMHMHHBIX CUMMAJEKCax
ApanTusHas perynsipusauusi TeMaTUHeCKUX Mopenei Makcumunsauvs perynsipusosaHHoro npasgonogobus
Bubnunoreka BigARTM PLSA, LDA v mynbTumMopanbHble TeMaTUHecKue MOAenn

Jlemma o MaKCMMmn3lauyumn beHKuMI/I Ha e AVNHUYHbIX CUMMJIEKCaX

Onepa o o eKTopa norm(x;) max{x;, 0}

n NS HOPMUPOBKU BEKTOpA: pj = xX)= ——— 2

patl PP pa: pi = nozmi > max{x,0}
kel

Nemma. Myctb f(2) nenpepbiero puddeperunpyema no 2.
Toraa BeKTOpLI Wj I0KAALHOTO 3KCTpemyMa 3agaqn f(2) — max
YAOB/ETBOPSIIOT CUCTEME yPaBHEH NI

0 .
wjj = norm | wj—— |,  ecan 3i: w,-ja— >0

i€l; wij Wijj
of )
wjj = norm| —wjj~—— |, WHade, ecan Ji: wjj—— <0
icl; Owij Owjj
of
wijim— =0, nHave
Owjj
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M4eCKOro MofenunpoBsaHus Jlemma o MakcMMMsaLuMM Ha €AMHMHHBIX CUMMAJEKCax
ApanTusHas perynsipusauusi TeMaTUHeCKUX Mopenei Makcumunsauvs perynsipusosaHHoro npasgonogobus
Bubnunoreka BigARTM PLSA, LDA v mynbTumMopanbHble TeMaTUHecKue MOAenn

3ameuaHusa k Jlemme o MaKCMMun3aunnm Ha egNHUYHbIX CUMIJIEKCaX

@ JleMMa npuMeHUMa s NOCTPOEHUS LIMPOKOro Kiacca mogeneii,
napaMeTpamMiy KOTOPbIX ABAAKOTCA AUCKPETHbIE pacnpeneneHuns
BEPOSITHOCTU (HOPMUPOBAHHbLIE HEOTPULATENbHBIE BEKTOPbI)

@ YuncneHHoe pelleHne CUCTEMbI — METOLOM MPOCTbIX MTepauunii

CywiecTBoBaHNE CTaLMOHAPHON ToYkM ) rapaHTUPOBaHO

@ [lepBbili U3 TPEX CAy4aeB ABMASETCS OCHOBHbIM:

wjj 1= norm (w of >
b= T 90

i€l; wijj

@ B ocTanbHbIX cnyyasx HOpMUpyROWNi 3HAMEHATENL HYNEBOIA;
Takne BEKTOpbl bysem ymansTe M3 MOZENMN KaK BbIPOXKAEHHBIE

@ llTepauumn noxoxxu Ha rpafUeHTHYIO ONTUMU3ALUIO, HO
YYUTBLIBAKOT OrpaHuyenusi u He TpebytoT nogbopa wara 7:

of
wij 7= Wi T 5
)
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N4eckoro MofenuposaHus Jlemma o MakcMMMsaLuMM Ha €AMHMHHBIX CUMMAJEKCax
A,q,qumBHaﬁ perynsipusaLns TeMaTUHeCcKUX Mogeneii Makcumunsauvs perynsipusosaHHoro npasgonogobus
Bubnunoreka BigARTM PLSA, LDA v mynbTumMopanbHble TeMaTUHecKue MOAenn

HanomuHaHusa. Ycnosua Kapywa—KyHa—Takkepa

3aAa4a MaTEMaTUHECKOTO NPOrpaMMUPOBAHNS:
f(x) — min;
X

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

HEO6XO,£I|I/IMbIe ycnoBus. Ecan x — To4yka nokanbHoOro MWHWMYMa,

TO CYLIeCTBYIOT MHOXUTENM L, | =1,....m, X;, j=1,... k:

0L
gi(x) < 0; hj(x) =0; (ncxopHble orpannyetns)

wi = 0; (aBOWCTBEHHbIE OrpaHNYeHNs )

L 1igi(x) = 0; (ycnosue fonosHsitoLell HeXECTKOCTH)

K. B. BopoHuos (vokov@forecsys.ru) BeposiTHOCTHbIE TemMaTu4eckmne Mopenu
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Jlemma o MakcMMMsaLuMM Ha €AMHMHHBIX CUMMAJEKCax
Makcumunsauvs perynsipusosaHHoro npasgonogobus
Bubnunoreka BigARTM PLSA, LDA v mynbTumMopanbHble TeMaTUHecKue MOAenn

3apgava TeMaTN4eCKOro MOAEeNnpoBaHns
ApauTtusHas perynsipmsauuns TeMaTMHeCcKUX mogenen

HokasatensctBo Jlemmbl

3anuwem ycnosusi Kapywa—Kyna—Takkepa ans w;j = (wjj: i € [j):

of

By = N Mg piwig = 0.

Mpepnonaras wjj > 0, yMHOXUM 0be 4acTu paBeHCTBa Ha wjj:
Aj = w;j% = WwjjAj.
Bo3moxHb! Tpu cayvas:
©Q Ecmm \; >0, 10 nnbo Aj; > 0, ambo wjj = 0. Torpa
wiAj = (Aj)+; A = 2(Aj)+ = wij = norm(Ay).
i !
@ Ecnm \j <0 wm (3i) Aj <0, 1o (Vi) Aj < 0. Torpa
wij = —(=Ag)+i A = = 2 (Ay)+ = wy = norm(—Ay).
1

© lHave )\j = 0 n w; HaxopuTCA U3 ypaBHEHWI w,-j% =0. .
u
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AppunTtusHas perynsipu

Jlemma o makcuMmusaunm Ha €eAUHMHYHBIX CUMMAEKCaX
Makcumusaums perynspusosaHHoro npasgonogobus

Bubnunoreka BigARTM PLSA, LDA v mynbTumMopanbHble TeMaTUHecKue MOAenn

3agauu, HEKOPPEKTHO NOCTaBNeHHble No Agamapy

3afaya KOppPeKTHO NOCTaB/EeHa,
ecnn eé pelueHune

@ cylllecTBYerT,

@ eQNHCTBEHHO,
Kak Canomon Apamap
(1865-1963)

Hawa 3agaya MaTpM4HOro pasnoXeHns HEKOPPEKTHO MOCTAB/EHa:
ecin ®,© — pewenne, To cToxactudeckue ', ©' — Toxe pelwenns

e ¢'O = (¢S)(S71O@), rankS =|T]|
o L(¢',©)=L($,0)
o L(9,0) < L(P,0) + & — npubnnxéHHsie pelieruns

@ yCTOoli4mnBO.

Perynsipusayns — ctaHfapTHblii Npuém LOONpPEnEeseHmns pPeLleHmst
C MOMOLLBIO LOMOJHUTENbHBIX KPUTEPUEB.
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N4eckoro MofenuposaHus Jlemma o MakcMmMM3saLMM Ha eAMHMHHBIX CUMMJEKCax
A,q,qumBHaﬁ perynsipusaLns TeMaTUHeCcKUX Mogeneii Makcumunsauus perynsipusosaHHoro npasgonogobus
Bubnunoreka BigARTM PLSA, LDA v mynbTumMopanbHble TeMaTUHecKue MOAenn

ARTM: apgutuBHasa perynsapusayns TeMaTuyecknux mogenen

Makcumusauust norapudma npasgonogobusi ¢ peryisipusaTopom:

> e In D ubeg + R(P,0) — max; R(®,0) =D 7iRi(®,0)

d,w teT
EM-anroputm: meToa npocToii nTepauun Ans CUCTEMbI ypPaBHEHN
E-war: [ praw = p(t]d, w) = nt%r7r_n (d)Wthd)

OR
M-wwar: Pwt = norm(nwt + Pt g5 t), Mwt = Y NdwPrdw
wew o deD

IR
0tg = norm ( Ntd + 9td37>, Nid = Y NdwPrdw
teT el wed

Boporyos K. B. ApanTuBHas perynsapusauns TeMaTudeckux mogeneii konnekuunii
TEKCTOBbIX AokymeHTOB. Joknagbel PAH, 2014.
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3agada TeMaTM4eCKOro MoAennpoBaHns Jlemma o MakcMmMMsaLMM Ha eAUHMHHBIX CUMMAJEKCax
ApanTusHas perynsipusauusi TeMaTUHeCKUX Mopenei Makcumunsauus perynsipusosaHHoro npasgonogobus
Bubnunoreka BigARTM PLSA, LDA v mynbTumMopanbHble TeMaTUHecKue MOAenn

Joka3atenscTBO (N0 1EMME 0 MAaKCUMM3auUMU HA CUMNJIEKCAX)

Mpumennm nemmy k log-npasgonogobuto ¢ perynspusaTopom:
) = dZ N In tz;qbwtetd + R(®,0) — max
W €

Oudbchbepenumpysi, BoIAENMM BCIOMOraTeNbHYIO nepelvleHHyro Ptdw:

Owt = norm <¢Wt of > = norm (¢wt Z Ndw + Owt oR > —

0Pt ( \d) 0wt
deD
OR
= norm (Z Ndw Prdw + ¢wt)?
wew 4D 8¢wt
of OR
Ora = norm <9td 39td> = nt%rrT'n <9t Wez‘;v Naw (W] ) + 9td39td) =
OR
= norm Ndw Ptdw + Otd —— )
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M4eCKOro MofenunpoBsaHus Jlemma o MakcMmMM3saLMM Ha eAMHMHHBIX CUMMJEKCax
ApanTusHas perynsipusauusi TeMaTUHeCKUX Mopenei Makcumunsauus perynsipusosaHHoro npasgonogobus
Bubnunoreka BigARTM PLSA, LDA v mynbTumMopanbHble TeMaTUHecKue MOAenn

YcnoBusa BbIPOXOEHHOCTU Mopgenn anda tTeMm n OKYMEHTOB

Pewenune moxeT BbITb BLIPOXAEHHBIM A8 HEKOTOPLIX TEM
(ctonbuoe maTtpuy P) n gokymenTos (cTonbuos matpuusbl O).

Tema t BbipoXKgeHa, ecnn ansi Bcex Tepmos w € W

Nt + (bwt% <0.

Ecnn Tema t BoipoxgeHa, To p(w|t) = dur = 0; 370 03HauaerT,
4TO TEMa NCKAtOHaeTcs u3 mogenn (npoucxoaut oTbop Tem).

LokymeHnT d Bbipoxgen, ecnn gnsi Bcex tem t € T

OR
Ntd + etdaTtd <0.

Ecnn pokymenT d BoipoxgeH, 1o p(t|d) = 0:g = 0; 370 03Hauaer,
4YTO MOAENIb HE B COCTOAHNN ONNCATb ,D,aHHbIr/i AOKYMEHT.
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M4eCKOro MofenunpoBsaHus Jlemma o MakcMmMM3saLMM Ha eAMHMHHBIX CUMMJEKCax
ApanTusHas perynsipusauusi TeMaTUHeCKUX Mopenei Makcumunsauvs perynsipusosaHHoro npasgonogobus
Bubnunoreka BigARTM PLSA, LDA v mynbTumopanbHble TeMaTU4ecKue Mogenu

MO,D,eﬂb BEPOATHOCTHOrNO J1aTEHTHONr0 CEMaHTN4YeCKOro aHanmn3a

PLSA — Probabilistic Latent Semantic Analysis:
@ R(P,0) =0 — HeT HUKaKoIli perynsipusavni.
Monyuaem To camoe «asnemeHTapHoe peluenne obpaTHoi 3agavuny.

EM-anroputm: mMeTOh npocToii uTepaumn Sasi CUCTEMbI YPaBHEH W
E-war: Ptaw = p(t|d, w) = nt%r_frn (¢wt9td)

M-war: ) ¢wt = norm( > ndwptdw)
weW \gep

Otg = nOFm( > ndwptdw)
teT wed

Hofmann T. Probabilistic latent semantic indexing. SIGIR 1999.

K. B. BopoHuos (vokov@forecsys.ru) BeposiTHOCTHbIE TemMaTu4eckne Mopenu

26 /42



M4eCKOro MofenunpoBsaHus Jlemma o MakcMmMM3saLMM Ha eAMHMHHBIX CUMMJEKCax
A,q,qumBHaﬁ perynsipusaLns TeMaTUHeCcKUX Mogeneii Makcumunsauvs perynsipusosaHHoro npasgonogobus
Bubnunoreka BigARTM PLSA, LDA v mynbTumopanbHble TeMaTU4ecKue Mogenu

Mopenb nateHTHOro pasmeweHusa Odupuxne

LDA — latent Dirichlet allocation:
@ pacnpegeneHus ¢ 6anM3KM K 334aHHOMY pacnpegeneHuio 3;
@ pacnpegeneHns 64 6anskn K 3agaHHOMY pacnpeaeneHunto .

Norapudm npaegonoaobus npocToli BEPOATHOCTHON MOAENn:
R(®,0) =>>"BuwIndue + D> arInby.
t w d t
M-war — criaxxeHHble 4aCTOTHbIE OLEHKM C napameTpamu [,
Gwe = norm(nye + fu ), Org = norm(ng + o).

Mpu B, < 0 unn oy < 0 — paspexusaHue BMECTO CrIaX>XUBaHUS.

Mpunuyém 3peco pacnpegenenne dupuxne? — B Cnegytowmx AeKyusx...

Blei D., Ng A., Jordan M. Latent Dirichlet allocation. 2003.
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rM4€CKOro MOAEVpoBaHNs Jlemma o MakcMmMMsaLMM Ha eAUHMHHBIX CUMMAJEKCax
ApanTusHas perynsipusauusi TeMaTUHeCKUX Mopenei Makcumunsauvs perynsipusosaHHoro npasgonogobus
B T PLSA, LDA v mynbTumopanbHble TeMaTU4ecKue Mogenu

Bubnuoreka I

My.ﬂbTI/I MOAaJsibHaad TeMaTun4deckaa mofesib

Tema MOXeT NOPOXAaTh TEPMbI PA3ANYHBIX MOLANbHOCTENN:
p(cnoeo|t), p(n-rpammalt),
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My.ﬂbTI/I MOAaJsibHaad TeMaTun4deckaa mofesib

ApauTtusHas perynsipmsauuns TeMaTMHeCcKUX mogenen

oTe BigAF

Jlemma o MakcMmMMsaLMM Ha eAUHMHHBIX CUMMAJEKCax
Makcumunsauvs perynsipusosaHHoro npasgonogobus
PLSA, LDA v mynbTumopanbHble TeMaTU4ecKue Mogenu

Tema moxeT nopoXpaaTb TEPMbI PA3JINYHbBIX MO,qaﬂbHOCTeﬁZ

p(cnoso|t), p(n-rpammalt), p(asTop|t), p(spems|t), p(uctounuk|t),

Metadata:

Authors
Data Time
Conference
Organization
URL

etc.

Text documents
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w~303c000 |

Topics of documents
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doc2:
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rM4€CKOro MOAEVpoBaHNs Jlemma o MakcMmMMsaLMM Ha eAUHMHHBIX CUMMAJEKCax
ApanTusHas perynsipusauusi TeMaTUHeCKUX Mopenei Makcumunsauvs perynsipusosaHHoro npasgonogobus
B T PLSA, LDA v mynbTumopanbHble TeMaTU4ecKue Mogenu

Bubnunoreka

My.ﬂbTI/I MOAaJsibHaad TeMaTun4deckaa mofesib

Tema MOXeT NOPOXAaTh TEPMbI PA3ANYHBIX MOLANbHOCTENN:
p(cnoeo|t), p(n-rpammalt), p(asTtop|t), p(spems|t), p(uctounuk|t),
p(0bbekT|t),

Metadata: — Topics of documents
Text documents —

Authors 5
Data Time Y x doct: [ | N
Conference c doc2:
Organization o
URL A doc3:
etc. "“ doc4

S
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T

o

p

I

c
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3apada TemaT
AppnTtusHas perynsipusauunsi TeMaTu4ecknx mogenein

My.ﬂbTI/I MOAaJsibHaad TeMaTun4deckaa mofesib

Bubnunoreka I

0 Mopenunpo

Jlemma o MakcMmMMsaLMM Ha eAUHMHHBIX CUMMAJEKCax
Makcumunsauvs perynsipusosaHHoro npasgonogobus
PLSA, LDA v mynbTumopanbHble TeMaTU4ecKue Mogenu

Tema moxeT nopoXpaaTb TEPMbI PA3JINYHbBIX MO,qaﬂbHOCTeﬁZ

p(cnoeo|t), p(n-rpammalt), p(asTtop|t), p(spems|t), p(uctounuk|t),

p(obbekT|t), p(ccbinkalt),

Metadata:

Authors
Data Time
Conference
Organization
URL

etc.

Text documents

AY

Topic
Modeling

Images  Links

w~303c000 |

Topics of documents

doct: [ ] [N (N
doc2:
doc3:

T wo—-vOH |
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i 5 Jlemma o makcuMmusaunm Ha €eAUHMHYHBIX CUMMAEKCaX

3agaqa TemMaTu ro mogenn

ApanTusHas perynsipusauusi TeMaTUHeCKUX Mopenei Makcumunsauvs perynsipusosaHHoro npasgonogobus
BubnnoTteka ™ PLSA, LDA v mynbTumopanbHble TeMaTU4ecKue Mogenu

My.ﬂbTI/I MOAaJsibHaad TeMaTun4deckaa mofesib

Tema moxeT nopoXpaaTb TEPMbI PA3JINYHbBIX MO,qaﬂbHOCTeﬁZ

p(cnoeo|t), p(n-rpammalt), p(asTtop|t), p(spems|t), p(uctounuk|t),

p(obbekT|t), p(cebikalt), p(banHep|t),

Metadata: —

Authors
Data Time
Conference
Organization
URL

etc.

Text documents

AY

Topic
Modeling

Ads Images  Links

. o~3®3co00 |

Topics of documents

doct: [ |

doc2: NN IN
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3apnaqa Ter :
AAAVITVIBHaﬁ perynsipusaunsa TeMaTn4eckmnx MOFI,EJ'IQI‘/'I

My.ﬂbTI/I MOAaJsibHaad TeMaTun4deckaa mofesib

o mogenn

Bubnuoreka

Jlemma o MakcMmMMsaLMM Ha eAUHMHHBIX CUMMAJEKCax
Makcumunsauvs perynsipusosaHHoro npasgonogobus
PLSA, LDA v mynbTumopanbHble TeMaTU4ecKue Mogenu

Tema moxeT nopoXpaaTb TEPMbI PA3JINYHbBIX MO,qaﬂbHOCTeﬁZ

p(cnoeo|t), p(n-rpammalt), p(asTtop|t), p(spems|t), p(uctounuk|t),

p(obbekT|t), p(ccoikalt), p(bannep|t), p(nonb3osatens|t)

Metadata:

Authors
Data Time
Conference
Organization

Text documents
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3apaqa TemaTn ro mogenu 5 Jlemma o MakcMmMMsaLMM Ha eAUHMHHBIX CUMMAJEKCax
ApanTusHas perynsipusauusi TeMaTUHeCKUX Mopenei Makcumunsauvs perynsipusosaHHoro npasgonogobus
BubnnoTteka ™ PLSA, LDA v mynbTumopanbHble TeMaTU4ecKue Mogenu

My.ﬂbTI/I MOAaJsibHaad TeMaTun4deckaa mofesib

Tema MOXeT NOPOXAaTh TEPMbI PA3ANYHBIX MOLANbHOCTENN:
p(cnoeo|t), p(n-rpammalt), p(asTtop|t), p(spems|t), p(uctounuk|t),
p(obbekT|t), p(ccoikalt), p(bannep|t), p(nonb3osaTtens|t)

Metadata: — Topics of documents
Authors Text documents

Data Time hY doct: [ | [N
Conference doc: [N I I ] I

Organization

doc3: [HE [
docd: (I [ J N I (1

. o~3®3co00 |

Topic
Modeling

Ads Images  Links
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M4eCKOro MofenunpoBsaHus Jlemma o MakcMmMM3saLMM Ha eAMHMHHBIX CUMMJEKCax
A,q,qumBHaﬁ perynsipusaLns TeMaTUHeCcKUX Mogeneii Makcumunsauvs perynsipusosaHHoro npasgonogobus
Bubnunoreka BigARTM PLSA, LDA v mynbTumopanbHble TeMaTU4ecKue Mogenu

MynbTumogansHas ARTM

W, — cnoBapb TepMoB m-ii MogansHocT, m € M
Makcumuszauunst cymmel log-npasgonogobuii ¢ perynsipusauueii:

Z T’"Z Z ”dwlnz¢wt9td+R(¢ Q) — rgax

meM deD weW,, teT

EM-anropntm: meTog npocToii utepauun 4isi CUCTEMbI YpPaBHEH M

E-war:  ( praw = norm (pwtbea)

- . = norm n
M-wwar: Pwt = wen <d§D7—m(w dwPtdw + ¢wta¢ t)

Otg = norm( Z Tm(w) Ndw Ptdw + 0td 00 d)
teT \,ed

K.Vorontsov, O.Frei, M.Apishev et al. Non-Bayesian additive regularization for
multimodal topic modeling of large collections. CIKM TM workshop, 2015.
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g nuposaHus Pauuonanshein EM-anroputm
ApputusHas perys aynA TeMaTU4eCcKUX Mopenen Bubnnorteka TemaTtmyeckoro mogenmposanus BigARTM
Bubnnoreka BigARTM 3apgaHus

PauvoHaneHbiii EM-anroputm

Npea: E-war BcTpamBaetcs BHyTpb M-wiara,
4TODbI HE XpaHWUTb TPEXMEPHBLIA MacCUB 3HAYEHWNT Ngyt.

Bxop: konnekunsi D, yncno tem | T|, 4ucno nrepaunii imax;
Beixoa: matpuusl Tepmoe Tem © n tem gokymenTtos ;

nHULMann3auna Gy, 0ig pns scex de D, weW,,, me M, te T,
ana Bcex utepaunii i =1,..., inax
Nyt, Neg -= 0 ANs BCeEX de D, weW,,, meM, teT,
ana scex gokymentos d € D n Bcex Tepmos wE d
Ntdw *= Trm(w)Ndw nt%rp (¢Wt9td) ona ecex te T,

Nwt += Ntdw; Nid += Nigw ANA BCEX tE T

@wt = norm (nwt + gbwtaa—R) ans scex weW,,, meM, te T,
WeWm ¢wt

Org 1= norp (ntd + th%:) anaseex deD, teT;
B te
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Pauuonanshein EM-anroputm

Apautushas p

3apaHusa

OnnaiivoBelit EM-anroputm (peanusosan 8 BigARTM)

Bubnnorteka TemaTtmyeckoro mogenmposanus BigARTM

Bxoa: konnekuyus D, 4ucno tem |T|, napameTpbl jmax, V;
Bbixog: maTpuusl TepMoB Tem © n Tem gokymeHToB O;

WHULWANN3NPOBATL Ny = 0; nf,vt :=0; ¢t := random;
ans Bcex gokymentoB d € D

NHWLMaNn3npoBaTb Oy 1= ik

ans Bcex j = 1,..., jmax (MTE€PaLUM NO AOKYMEHTY)

Ntdw = Tm(w)Ndw nt%rp (gf)wtﬂtd) 4NA BCcex w € d;

— OR \.
Org := nt%r7m <Zw Ntaw + Ord 39:d) )

it = Moy + Nigy ANS BCEX W E d

ecsin nopa obHoBuTL MaTpuuy © TO
Nwt 7= YNt + Myys My = 0;
Gt 1= norm (nwt + ¢Wtaa—R);
wew, but

m

n
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g nuposaHus Pauuonanshein EM-anroputm
AppunTtusHas perys X mogenein Bubnnorteka TemaTtmyeckoro mogenmposanus BigARTM
Bubnnoreka BigARTM 3apgaHus

CpasHeHue o naiiHOBOro U OHAAWHOBOrO aArOpMTMOB

Oddnaiin EM-anroputm:
© MHOrokpaTHOE UTepUPOBaHUE MO KOJIEKLIAN
© OnHOKpaTHLINA NPOXOA MO SOKYMEHTY
© xpanenune matpuubl ©
© obHoeneHne ® B KOHLE KaXKAOro NPOXoAa Mo KOMMEKL NN

© npumensieTcst npn obpaboTke HEBONBLUNX KONAEKL M

Ounaiin EM-anroputm:

OLHOKPATHbIA MPOXod N0 KOJIEKL MK

MHOFOKpPaTHOE UTEPUPOBAHUE NO Ka>XAOMY OOKYMEHTY
HET HeobxOo4MMOCTU XpaHUTb MaTpuly ©

obHoeneHne ® uyepes 3aKaHHOE HNCNO NAKETOR

00000

MPUMEHSIETCS NPU NOTOKOBOI 0bpaboTke BonblMx KoANEKL i
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a TeMaTU4eCKOro Mope/npoBaHus Pauvonanshbiii EM-anroputm
Apautushas p Apusaynsi TEMaTUHECKUX Mopeneii Bubnnorteka TemaTtmyeckoro mogenmposanus BigARTM
Bubnnoreka BigARTM 3apgaHus

BigARTM: bubnnoTteka TeMaTMHECKOro MogeaupoBaHus

KntoueBble BO3MOXHOCTH:
@ bosbline gaHHble: KONNEKLNS HE XPAHUTCA B NaMATY
@ OwnnaiinoBblii napannenbHblii MynsTUMoAanbHelii ARTM

@ BcrpoeHHas bubnunoTeka perynsapusaTopos n Mep KadecTsa

CoobuiecTBo:
@ OTkpbiThiii koA https://github.com/bigartm
(discussion group, issue tracker, pull requests)

@ [okymenTauus http://bigartm.org J%%%

JlnueHsnsa v cpeaa paspaboTku:
o CeobopgHas kommepueckas nuuensus (BSD 3-Clause)
e Kpocc-nnatdpopmennocts: Windows, Linux, MacOS (32/64 bit)
@ UnTepdeiicer APIl: command-line, C++, and Python
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E npoBaHus Pauuvonanshein EM-anroputm
Appuntusnas peryns 5 He jopeneii Bubnnorteka TemaTtmyeckoro mogenmposanus BigARTM
Bubnnoreka BigARTM 3apgaHus

LLlecTb knto4veBbix mexaHusmoB BigARTM

Q V perynsipusauus modalities
Q Vv moganbHOCTH

hierarchy

Ji o

© vepapxus Tem
© coueTaemoCTb TEPMOB
© BHYTPMTEKCTOBbIE CBA3N

@ runeprpadosble gaHHblE

(nanee B kypce oHu byayT
n3y4aTbcs noapobHo)

intra-text
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3apada TeMaTU4ECKOro MOAeNMpoBaHmns
ApauTtusHas perynsipmsauuns TeMaTMHeCcKUX mogenen

Bubnnoreka BigARTM

Pauuvonanshein EM-anroputm
Bubnnorteka TemaTtmyeckoro mogenmposanus BigARTM
3apaHusa

KauectBo u ckopocTb: BigARTM vs Gensim n Vowpal Wabbit

3.7M crareii Bukuneguu, 100K cnos: |Bpems min (nepnneKcm)‘

npoy. | |T| Gensim Vowpal BigARTM BigARTM
Wabbit aCUHXPOH

1 | 50 | 142m (4945) | 50m (5413) | 42m (5117) | 25m (5131)
1 | 100 | 287m (3969) | 91m (4592) | 52m (4093) | 32m (4133)
1 200 | 637m (3241) | 154m (3960) | 83m (3347) | 53m (3362)
2 | 50 | 89m (5056) 22m (5092) | 13m (5160)
2 | 100 | 143m (4012) 29m (4107) | 19m (4144)
2 | 200 | 325m (3207) 47m (3347) 28m (3380)
4 50 88m (5311) 12m (5216) m (5353)
4 | 100 | 104m (4338) 16m (4233) 10m (4357)
4 | 200 | 315m (3583) 26m (3520) 16m (3634)
8 50 88m (6344) 8m (5648) m (6220)
8 | 100 | 107m (5380) 10m (4660) | 6m (5119)
8 200 | 288m (4263) 15m (3929) 10m (4309)

D.Kochedykov, M.Apishev, L.Golitsyn, K.Vorontsov.
Fast and Modular Regularized Topic Modelling. FRUCT ISMW, 2017.
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Pauuvonanshein EM-anroputm
Bubnnorteka TemaTtmyeckoro mogenmposanus BigARTM

Bubnuorteka ‘BigARTM 3apaHuna

AppunTtusHas perys 5 aTun4ec nenen

TeopeTuyeckoe gomaiuHee 3agaHue

[Ba ynpa>kHeHUsi Ha NPUHUMN MaKCMMyMa npasgonogodus:
@ YHurpammHuas mogens gokymentos: p(w|d) = Ean
Havitn napametpbl mogenu gy .
@ VYuurpammHuas mogens koanekuyuun: p(w|d) = &£, pns scex d
HaiiTn napameTtpbl mogenu &,,.

TBopuyeckoe 3agaHue:

o [peanoxnTb MOLENb, KOTOPasi ONpPEENsieT Ponu CIOB
B TEKCTaX W PasfensieT ux Ha TpW rpynnbi:
— cnoBa obweii nekcunkmn (o)
— TeMaTM4eCKMe CNoBa
— cneuyundmyHble C0Ba JoKyMeHTa (Luym)

Moackaska 1: perynsipn3aTopbl CrnaxusaHusi POHOBBIX U LUYMOBBIX TEM.
Mopckaska 2: MOXKHO MCNONBb30BaTb AOKYMEHTHYIO HacTOTY CJIOB.
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g nuposaHus Pauuvonanshein EM-anroputm
AppunTtusHas perys X mogenein Bubnnorteka TemaTtmyeckoro mogenmposanus BigARTM
Bubnnoreka BigARTM 3apaHuna

Kakumu GyayT npakTuyeckue 3agaHus no Kypcy

3apgaya-MUHUMYM: HayuuTbcs pelwatb 3agadu NLP v ctpouTs
Tematnyeckme mogenu B BigARTM

@ VcraHasnueaTte BigARTM n 3anyckats npumepsi

HenaTb npeasaputencHyto obpaboTky TekcToB
Ncnonb3osaTh «wecTb MexaHusaMmor» BigARTM

OnTuMKU3MpoBaTL MOAENb, NOAOVpPast PerynsapnsaTopsbl

°

°

@ OueHrBaTbL Ka4eCTBO MOZEAN U yNyHLaTh eé
@ BusyannsupoBaTb pe3ynbTaTbl MOLENMPOBAHUS
°

Ncnonbsosats BTM B 3agadax TEKCTOBONW aHaanTUKK
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4a TeMaTM4eCcKOro MofennpoBaHus Pauvonanshbiii EM-anroputm
ApauTtusHas perynsipmsauuns TeMaTMHeCcKUX mogenen Bubnnorteka TemaTtmyeckoro mogenmposanus BigARTM
Bubnnoreka BigARTM 3apaHuna

MpobGnembl ana uccnegoBaHns

3agayvya-MaKCMMYM: MPOABUHYTLCS B PELUEHUMN OLHOM
N3 aKTyasbHbIX OTKpPbITbIX Npobnem BTM

©Q [lpobnema HecbanaHCMPOBAHHOCTM TEM: CAMLLKOM KPYMHble
TeMbl ApobATCA, CANLLIKOM MeNKkne obbeanHSAOTCS

Q [lpobnema AMHAMNYECKOrO CO3[aHMSI HOBbIX TEM B TEKCTOBbIX
notokax (first story detection)

© [llpobnema aBTOMATUYECKOrO ONpeaeneHns ponei cnos
1 pasAeneHns nx Ha TEMaTUYECKYIO 1 OBLLYIO NEKCUKY

Q [lpobnema aBTOMaTMYECKOrO MMEHOBAHWUA U CyMMapu3aLum
TeM (NyCTb KaXKAasi TeMa CamMa pacCKasbiBaeT o cebe)

© [padhuyeckas Busyanusaums «kapt 3Haumii» (D3.js)

STK 3aa4M JONKHbI PELIATLCA Ha NHODbIX AaHHBIX <3 KOPOBKU»,
T.e. be3 akCnepuMeHTOB NO Nogbopy runepnapaMmeTpoe.
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4a TeMaTU4eCKOoro MogenvMposaHus Pauuvonanshein EM-anroputm

ApauTtusHas perynsipmsauuns TeMaTMHeCcKUX mogenen Bubnnorteka TemaTtmyeckoro mogenmposanus BigARTM

Bubnnoreka BigARTM 3apaHuna

OecsaTtb oTKpbITbIX NP06JiEM TEMAaTUYECKOro MOAENMPOBaHNA

6000000O0CO0CO

oTm

MapaHTuMpoBaHmMe KayecTBa (MHTEPNPETUPYEMOCTM) BCEX TEM
HapéxHoe pasgeneHne NeKCMKN Ha TEMATUYECKYIO 1 0bLyto
MogenupoBaHne TeMaTUKN CBSI3HOFO TEKCTA

HdnHamunyeckoe co3gaHne HOBbIX TEM B TEKCTOBbIX MOTOKAX
ObecneueHne yCTORYNBOCTY TEMATUYECKUX MOAENEI
OnTnMunsaums runepnapameTpoB B NOTOKOBOM pPeXUMe
bepexxHoe cnusiHne Mogeneil HECKONbLKMX KOAeKL Wi
ABTOMaTN4ECKOE NMEHOBaHUNE N pedbepupoBaHne TeM
CoszpaHue 6onbLIMX NpeaobyHeHHbIX TEMATUYECKUX MOAeNei

MpumeHeHne runeprpacoBbIX TEMAaTUYECKUX MOAEEN]

3a4a4n OOJIXKHbI PEWATLCA Ha nobeix AAHHbIX U3 KOpO6KVI>),

T.e. be3 akcnepMmeHToB No noabopy runepnapaMeTpos.
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3apgava TeMaTN4eCKOro MOAEeNnpoBaHns Pauuvonanshein EM-anroputm
ApauTtusHas perynsipmsauuns TeMaTMHeCcKUX mogenen Bubnnorteka TemaTtmyeckoro mogenmposanus BigARTM
Bubnnoreka BigARTM 3apaHuna

OaTtaceTbl gng 3agaHunii No cneukypcy

Hayunble cTaTtbu: arXiv, PubMed, Semantic Scholar

HoeocTtHoli noTok (20 MCTOYHMKOB Ha PYCCKOM Si3bIKE)

[JaHHble KaapOBbIX areHTCTB: pe3toMe + BaKaHCUw
HayuHo-nonynsipubie ctatou: MoctHayka, dnemenTol, Xabp,...
Bukunneans

AkTbl apbutpaxHbix cygos PO

Hantbie coumanshbix ceteii: Twitter, VK, LJ,...

TechCrunch (anrnuiickuii)

OTkpbiTble gataceTsl (anraniickuii): 20 newsgroups, NIPS, KOS
Tpansakyuu knuentos Sberbank DSD 2016

http://bigartm.org
http://drive.google.com/drive/folders/1PPnw6aZOJAJoLRYuwdGm437RssV-XQx0
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4 Pauuvonanshein EM-anroputm
ApputusHas perys unsi TemMaTuh4eck v nei Bubnnorteka TemaTtmyeckoro mogenmposanus BigARTM
Bubnuoreka 3apgaHus

Heckonbko cnos o npeasaputensHoi 06paboTke TekcTa

Ypaanenue 4ncen, He-CNoB 1 «Npoyeli rpssu»
VYcrpatenue neperocos (koraa Tekct 6bin B pdf)
Wcnpasnenne onevaTok (N5 N0Ab30BAaTENBCKUX AAHHbIX)
Jlemmatusauuns (ans pycckoro sisbika)

CremMuHT (815 aHMANIACKOTO s13bIKa)

VnaneHne cTon-cnos (€cnu He CTPOUTb POHOBLIE TEMbI)
YaaneHue CNULWKOM PefKNX CJOB

AeTomaTtuyeckoe BbigeneHne Tepmutos (ATE)

Bbigenenne nmenosantbix cywrocteii (NER)

Paspeluenne kopedeperunm (cuHoHnmum, aHaopsb)

N3eneyeHne 06bekTOB 1 hakTOB 13 TeKCTOB B AHAekce. Jlekuyus gna Manoro LLIAa,
2013. https://habr.com/ru/company/yandex/blog/205198

https://nlpub.ru/06paborka_rekcra
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Pesome

@ TemaTudyeckas moaens — 3TO:

— MsirKasl KNacTepu3saLmns JOKYMEHTOB NO KAaCcTEPAM-TEMaM

— CTOXaCTNYECKOE MAaTPUYHOE Pa3J/IOKEHNE

— BEPOSITHOCTHOE BEKTOPHOE NMpPEeACTaB/IEHNE TEKCTOB U C/IOB
@ 3afaya HEKOPPEKTHO MOCTaB/IEHA, €€ pPeLLleHNEe He eAUHCTBEHHO
@ ARTM no3BosisieT HaknagbiBaTb MHOrO OrPaHUYEHUA HA MOAENb

@ Jlemma 0 MakCMMMU3aUMM HA EAUHUNYHBIX CUMIJIEKCAX NO3BOSET
BbIBOAUTL EM-anroputm ans wupokoro knacca mogneneii

@ Payuonanbhblii EM-anroputm nmeet cnoxtocts O(n|T|)

@ Ownnaiinoeblii EM-anroputm cnocobex TemaTusuposaTh
BoNbLUYIO KONEKLMIO TEKCTOB 33 OAHY UTEPALMNIO

@ BigARTM — adbdbekTneHast OTKpbITast peann3sauus
@ Yto pganbuie:
— npuayMmblBaeM peryasipusatopsl, obobwaem mogenn

— NpPUMEHSIEM NS PelleHns NpakTUYeCKMX 3amay
— N3MepseM 1 ONTUMU3NPYEM Ka4eCTBO MogAesel
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