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BepositHocTHble TemaTudeckune mogenu (BTM): o 4ém atoT Kypc

Probabilistic Topic Modeling (PTM) — obnacts aBTOMaTn4eckoii
obpabotku Tekctos (Natural Language Processing, NLP)
Kypc o Tom, kak
@ BbISBASATb TEMATMKY JOKYMEHTOB B TEKCTOBbIX KOIEKLNSAX
@ CTPOMTb U YNpoLWaTh NPUKNAAHbIE MaTEMaTUYECKUE TEOPUN
@ NCKaTb TEKCTbI MO TEMATUKE, a HE MO KAOYEBbLIM CI0BaM
°

CO34aBaTb TEXHONOIMNN TEKCTOBOW aHAANTUKN ansa
— MNOWCKa N CUCTEMATN3AUNN HAYYHbIX TEKCTOB
— COUMNO-TYMAHUNTAPHbIX mccnep,osaHmﬁ

MpepekBn3nTbl (Kakne 3HaHUsA noTpebyroTcs)
@ Teopust BEPOSTHOCTU (B OCHOBHOM Ha KOHEYHbIX MHOXECTBAX)
@ mawwuHHoe obyyerne (6a3oBble NOHATUS U METO[ONOTUS)
@ nuHelinas anrebpa, metoabl onTuMmusaunnu (camble asbl)

@ a3bik Python



CopepxxaHue

0 3apgaya TemaTM4eckoro MogennpoBaHus
@ [locTtaHoBka 3agaqn
o 3aHeM HY>XHbl TEMaTN4e€CKNEe MoaeNN
@ [locTaHOBKa ONTMMM3aLMOHHOI 3aga4n

© Marematuyeckas Teopus ARTM
@ MaTemaTuyeckne OCHOBBI
@ Makcnmmnsauusi perynspusoBaHHOro npasgonogobus
@ TemaTuyeckue mogenn PLSA n LDA

© NpaxTuka TemaTnyeckoro mogenuposaHus
@ Bbubnunoteka BigARTM
@ [IpakTnka TemMaTN4eckoro MogeMpoBaHNs
® 3apjaHus no Kypcy



3apaya TeMaTUHeECKOro MopenMpoBsaHus MocTaHoBka 3apgaqn
MaTtematuyeckas teopus ARTM 3a4em Hy>XHbl TemaTu4eckne mopenu
MpakTuka TemaTu4eckoro MopenposaHus MocTaHoBka onTUMMsaUMOHHON 3agaqn

Myctb

W — koHe4Hoe MHOXeCTBO TepmOB (CNOB, TEPMUHOB)

D — KOHEeYHOE MHOXECTBO TEKCTOBbIX JOKYMEHTOB

T — koHeuHoe MHOXeCTBO Tem (topics)

KaXKablli TepM W B JOKYMeHTe d CBSI3aH C HEKOTOPOU TEMOiA t

°
°
°
°
@ nopsiAok CnoB B AOKyMeHTe He BaxkeH (bag of words)
@ NopsiioK JOKYMEHTOB B Koanekuun He Baxked (bag of docs)
@ D x W x T — pnckpeTHoe BEpOSITHOCTHOE MPOCTPaHCTBO
@ Konnekumsi — 370 i.i.d. Beibopka (dj, w;, t;)7_; ~ p(d,w,t)
@ d;, w; — Habnwogaemble, TeMbl t; — CKpbITblE

@ runortesa ycnosHoii nezasucumoctu: p(wld, t) = p(w|t)

Tematuyeckasi Mogens, no PoOpMysie NOMHOW BEPOATHOCTM:

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

teT
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Mpsamasn 3apgava: nopoxaeHue konnekuun no p(wlt) n p(t|d)

BeposiTHOCTHasi TeMaTuyeckasi MOAeNb KOMEKLMN AOKYMEHTOB D
OMUCbIBAET NOSIBIEHME TEPMOB W MO TemaM t B AOKYMEHTax d:

p(wld) = >_, p(w|t) p(t|d)
O00000000000000

\\

i, ety
p(tld) ————

pWIt): | 0023 pk 0.014 Gauc 0.018 pacnosasanue
0.016 reHom 0.009 crexTp 0.013 cxopcTeo
0.009 Hykneotun 0.006 opTOroHanbHbIA 0.011 nattepH

Wi /

PaspaboTaH CneKTpasibHO-aHaIMTUHECKUI MOAXOA K BbISIBAIEHWIO PasMbITbIX MPOTSHKEHHBIX [IOBTOPOB
B FEHOMHbIX MOEefiej0BaTeNbHOCTSIX. METOA OCHOBaH Ha pa3HOMaclTabHOM OLEHUMBAHUM CXOACTBA
HYKJIEOTUAHBIX MOC/IEA0BATENBHOCTEN B MPOCTPAHCTBE KO3(dOULIMEHTOB PasioxeHnsi pparMeHToB
KpuBbIX GC- U GA-CoAepXaH1s Mo KNacCUYeckuM OpToroHasbHbIM 6asuncam. HailaeHb! ycnosus
onTMMasnbHOW annpoKcMMauum, obecneumsarlLme asToMaTMYeCKoe pacno3HasaH1e nosTopos
pasnnyHbIX BUAOB (MPSIMbIX W MHBEPTUPOBAHHbIX, @ TakKe TaHAEMHbIX) Ha CNeKTpasibHOM MaTpuLe
cxoacTBa. MeToz 04MHaKoBO XOPOLWO paboTaeT Ha pasHbix MaclwTabax AaHHbIX. OH No3BonsieT
BbISIBIATb C/le/lbl CErMEHTHbIX AYNIMKaLWi U MeracaTeIMTHblE y4YacTK1 B FeHOME, palioHbl CUHTEHWUK
npW CpaBHEHWUW Napbl FreHOMOB. Ero MOXHO MCMOb30BaTh /15 I€TaNlbHOro U3y4YeHnst (pparMeHToB
XPOMOCOM (Moncka pa3MbIThiX y4aCTKOB C YMEPEHHOM A/IMHON MOBTOPSIOLWErocs naTrepHa).
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Mpsamasn 3apgava: nopoxaeHue konnekuun no p(wlt) n p(t|d)

BeposiTHOCTHasi TeMaTuyeckasi MOAeNb KOMEKLUN AOKYMeHTOB D
OMUCbIBAET NOSIBIEHME TEPMOB W MO TemaM t B AOKYMEHTax d:

p(wld) =>_, p(w|t) p(t|d)

Bxop: pacnpegenexune p(w|t) ans kaxgoi Temsl t € T;
pacnpenenevune p(t|d) ans kaxgoro gokymenta d € D;
Bbixop: konnekums [OKYMEHTOB;

ansa scex d € D
AN BCeX no3uuunii i B sokymenTe d
creHepupoBatb Temy t; u3 p(t|d);
creHepnpoBatb Tepm w; 3 p(wlt;);

Hofmann T. Probabilistic latent semantic indexing. SIGIR 1999.
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3apaya TeMaTUHeECKOro MopenMpoBsaHus
MaTtematuyeckas teopus ARTM

MpakTuka TemaTnyeckoro MogennposaHus

MNocTaHoBKa 3apaqn
3a4emM Hy>KHbl TeMaTUHeckne Mogenun
MocTtaHoBka onTuMuUsaLMoHHON 3agaqn

O6paTHas 3agada: BoccTaHoBneHue p(w(t) u p(t|d) no konnekuun

ﬂaHo: KONNEKUnNsa TEKCTOBbIX NOKYMEHTOB

@ Ny, — 4acTOTbl TEPMOB B JOKyMeHTax, p(w|d)

Haiitu: napametpsl Tematudeckoit mogenn p(w|d) = >, dutbid
@ ¢yt =p(w|t) — BeposiTHOCTN TEPMOB W B KaXKAoii Teme t
@ 0;y=p(t|d) — BeposTHOCTU TeM t B KaXXAOM AOKYyMeHTe d

J70 3afa4a CTOXaCTUHYECKOro MaTpMU4YHOro pPasioKEHUA:

w

d

D

p(w|d)

()

Q

w

t

T

p(wlt)
(Pwt)
)

p(t|d)
(0ea)

Hofmann T. Probabilistic latent semantic indexing. SIGIR 1999.
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Cuctema 0003Ha4eHUi AN 4aCTOT — CHETHUKOB 4YMCAa TEPMOB

Henabnogaembie 4acToThl, 3aBucawme ot t:
n

Nawe = _[di=d][w;=w] [tj=t] — wacToTa (d, w, t) B KONNEKLMN
i=1

Nwt = 4 Ndwt — HacToTa TepMa w B Teme t
Nig =Y, Ndwt — HaCTOTa TEPMOB TeMbl t B JOKymeHTe d

ng = Zdw Ngwt — 4aCTOTa TEPMOB TeMbl t B KOMNEKL MM

Habnwopgaembie 4yacToTbl, He 3aBucawme ot t:
Ndgw = Y, Ndwt — HaCTOTa TepmMa w B JOKyMeHTe d
Ny = ), Ndw — YacTOTa TepMa W B KOJIEKLMUN

ng =)y, Ndw — BAVHA JOKyMeHTa d

n= Zd,w Ngyw — AAVNHA KOANEKLUN
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3apaya TeMaTUHeECKOro MopenMpoBsaHus MocTaHoBka 3apgaqn
MaTtematuyeckas teopus ARTM 3a4em Hy>XHbl TemaTu4eckne mopenu

MpakTuka TemaTu4eckoro MogenMposaHus

MocTtaHoBka onTuMuUsaLMoHHON 3agaqn

HacToTHbIE OLEHKMN YCNOBHbIX BEPOATHOCTEN

Nmeem nu mbl chopmanbHoe NpaBo 3anuChbiBaTh Takue paBEHCTBA:

o p(wld) = nL:/ — pacnpegenesue TepMoB B gokymeHTe d

p(t|d) = n—d — WNCKOMOE pacnpefesieHne Tem B AOKyMeHTe d

Nwt
o p(wlt) = n—W — NCKOMOE pacnpefeneHne TepMOB B Teme t
t

[IA, HO TONBKO B OFPaHUYEHHO BEPOSITHOCTHONM MOAENN TEKCTa,
npn npegnonoxenun, 4to (d;, w;, tj)7_; — dpukcunposaHHas
NOCNEf0BATENbHOCTb 3NEMEHTapHbIX CODLITUIA C BEPOATHOCTAMM %

i.i.d.
Mpu obwem npeanonoxennu (dj, w;, t;) '~ p(d,w, t) 3To anws
npunbANKEHHBIE HaCTOTHBIE OLEHKM YCIOBHbIX BEPOSTHOCTEN
(i.i.d. — independent identically distributed)
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3apaya TeMaTUHeECKOro MopenMpoBsaHus
MaTtematuyeckas teopus ARTM

MpakTuka TemaTu4eckoro MogenMposaHus

MNocTaHoBKa 3apaqn
3a4emM Hy>KHbl TeMaTUHeckne Mogenun
MocTtaHoBka onTuMuUsaLMoHHON 3agaqn

dnemeHTapHoe pelleHue obpaTHOW 3agayu

Beipasum p(t|d, w) qepe3 ¢ue, Oig Mo opmyne Baiieca:

p(tld, w) = P tld) _ pwItp(tld) __ duibio
’ p(wld) p(w|d) S Guwsbsd
YacTOTHbIE OLEHKN YCNIOBHbIX BEPOATHOCTEN (P = ”n_M;f 01y = ';_r:'
p(tld, w) = 724 npusoasT K cncTeme ypasHennii Anst Gue 1 Org:
¢Wf9fd
Ngwt = Ngw—=—-—">—> dED, weW, teT
wt WZS ¢W595d ,
n
¢Wt=M, weW, teT
Zd7w Ndwt
thzm, dED,tET
\ Zt7W Ndwt

YucneHHoe pelieHne — METOAOM MPOCTbIX UTEpPaLnii
Mouemy 310 paboTaet? Kakoli kpuTepuii onTumusnpyerca?
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3apaya TeMaTUHeECKOro MopenMpoBsaHus MocTaHoBka 3apaqn
MaTtematuyeckas teopus ARTM 3ayem Hy>KHbl TeMaTUHeckne Moaenn
MpakTuka TemaTu4eckoro MopenposaHus MocTaHoBka onTUMM3aUMOHHON 3agaqn

Mpumep 1. MynbTuAsbi4yHaa mogens Bukunegun

216 175 pyccko-aHrAMACKMX nap CTaTeid.
Mepebie 10 cno n ux yacrotsl p(w|t) B %:

Tema Ne68 Tema Ne79
research 4.56 | nucTuTyT 6.03 || goals  4.48 | mary 6.02
technology  3.14 | yHusepcuter  3.35 || league 3.99 | urpok 5.56
engineering  2.63 | nporpamma 3.17 || club 3.76 | cbophras 451
institute 2.37 | y4ebHbiin 2.75 || season 3.49 | dk 3.25
science 1.97 | TexHnyeckunii  2.70 || scored 2.72 | npoTus 3.20
program 1.60 | TexHonorus 2.30 || cup 2.57 | knyb 3.14
education 1.44 | Hay4HBbIii 1.76 || goal 2.48 | dytbonuct 2.67
campus 1.43 | nccneposanue 1.67 || apps 1.74 | ron 2.65
management 1.38 | Hayka 1.64 || debut 1.69 | 3abusatb  2.53
programs 1.36 | obpasosaHue 1.47 || match 1.67 | komaHga 2.14

Aceccop oueHun 396 Tem n3 400 kak XOpOLLO UHTEPNPETUPYEMbIE.

Vorontsov, Frei, Apishev, Romov, Suvorova. BigARTM: Open Source Library for
Regularized Multimodal Topic Modeling of Large Collections. AIST-2015.
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Mpumep 1. MynbTuAsbi4yHaa mogens Bukunegun

216 175 pyccko-aHrAMACKMX nap CTaTeid.
Mepebie 10 cno n ux yacrotsl p(w|t) B %:

Tema Ne88 Tema Ne251
opera 7.36 | onepa 7.82 || windows  8.00 | windows 6.05
conductor 1.69 | onephbiii  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 | npunoxernne  1.86
soprano 0.78 | neBnua 1.51 || user 1.03 | cepsep 1.63
performance 0.78 | TeaTp 1.14 || security 0.92 | server 1.54
mozart 0.74 | naptus 1.05 || mitchell ~ 0.82 | nporpammubii  1.08
sang 0.70 | conpavo  0.97 || oracle 0.82 | nonb3oeatens 1.04
singing 0.69 | BarHep 0.90 || enterprise 0.78 | obecnevernne  1.02
operas 0.68 | opkectp  0.82 || users 0.78 | cncrema 0.96

Aceccop oueHun 396 Tem n3 400 kak XOpOLLO UHTEPNPETUPYEMbIE.

Vorontsov, Frei, Apishev, Romov, Suvorova. BigARTM: Open Source Library for
Regularized Multimodal Topic Modeling of Large Collections. AIST-2015.
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3apaya TeMaTUHeECKOro MopenMpoBsaHus MocTaHoBka 3apaqn
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MpakTuka TemaTu4eckoro MopenposaHus MocTaHoBka onTUMM3aUMOHHON 3agaqn

Mpumep 2. BurpammHas mopens Hay4HbIX KOHbepeHuuii

Konnekuus 1000 crateli koHdpeperuymnii MMPO, MOW Ha pycckom

pacnosHaBaHune obpa3oe B buonHdopmaTuke TEOPUSi BbIYUCANTENBHOW CNOXKHOCTM
YHUrpaMmbl 6urpammel YHUFpaMMbl 6urpammel
06BbeKT 3aja4a pacnosHaBaHuUs 3afaya pa3aensiTb MHOXECTBA
3agaya MHO>XeCTBO MOTNBOB MHOXXECTBO KOHEYHOE MHOXXeCTBO
MHOXECTBO CcncTeMa Macok NOAMHOXECTBO YCNOBME 3ajaqn
MOTNB BTOPUYHAsA CTPYKTypa ycnosune 3ajaya O NOKpbITUN
paspeLnmocTb CTpyKTypa benka Knacc NOKPbITNE MHOXECTBA
BbIbOpka pacnosHaBaHue BTOPUYHOI | pelueHne CUNbHBIA CMbICA
Macka cocTosiHne obbekTa KOHEeYHblIi paspensowmnii KomuTeT
pacnosHaBaHume obyuatowas BbIbopka 4ncno MUHUManbHbI addOUHHBIIG
NHPOPMATUBHOCTL OLEHKA NHGOPMATUBHOCTY |adpbrHHbIN acbdbuHHBbI KOMUTET
coCcTosAHNE MHO>XXeCTBO 00BeKTOB cny4aii adbpuHHbIG pasgenstownii
33KOHOMEPHOCTb  Pa3peLunMoCcTb 3a4aqmn nokpbITne obuiee nonoxexme
cnerema KPUTEPUIA pa3peimmMocTun |obnii MHOXECTBO TOYEK
CTPYKTYpa MH(OPMATNBHOCTL MOTIBA | MPOCTPAHCTBO  CJIyHaii 3apaqu
3Ha4eHne nepBnYHas CTPyKTypa cxema obwunii cnyyaii
perynsipHoCTb TYNUKOBOE MHOXECTBO KOMUTET 3apgayva MASC

Ceprevi CteHuH. MynbTurpaMMHbIe aganTUBHO PEFYASIPU30OBAHHBLIE TEMATUHECKNE
mogenn // Maructepckas aucceprauus, M®THN, 2015.
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3apaya TeMaTUHeECKOro MopenMpoBsaHus MocTaHoBka 3apaqn
MaTtematuyeckas teopus ARTM 3ayem Hy>KHbl TeMaTUHeckne Moaenn
MocTaHoBka onTUMM3aUMOHHON 3agaqn

MpakTuka TemaTu4eckoro MogenMposaHus

CBOIICTBO MHTEPNPETUPYEMOCTU TEMATUYECKUX MOoaeneii

TemaTvmeCKasl MOﬂeﬂb LaéT TeMaTUYECKUNE BEKTOPbI:

o p(t|d) = Yy = 0y ANA KAX[Oro aokymenTa d

_ Dwt  Dwe Ny ne
p(tlw) = = —— = ¢ur— QANA KAXOOro Tepma w
Ny ng Ny ny
Ndwt
o p(t|d,w) = —— pns Kaxgoro joKanbLHOro koHTekcra (d, w)
Ndw

NHTepnpeTnpyemocTb TEMaTUHECKNX BEKTOPOB:
@ KaxAas Tema t ONUCHIBAETCS CEMAHTUYECKUM SIAPOM —
4aCTOTHbLIM C/IOBapém C/I0B {WZ p(w(t) > p(w)}
@ TemMa MOXeT «pacckasaTtb o cebe» cnosamu unu pasamn
@ ntoboii 0bbekT x ¢ BekTOpom p(t|x) ONMCHIBAETCS 4aCTOTHbIM
cnosapém cios {WZ p(wlx) = 3 p(w|t)p(t|x) > P(W)}
teT
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Lle}H/I n He-ueam teMmatTmn4eckoro mogesimposaHuns

Uenu:

@ BbisiBnaTh KNacTepHy0 TEMATUHECKYHO CTPYKTYPY TEKCTOBOI
KOJINEKLUN, CKONBKO B Hell TeM 1 O YEM OHU

@ lNonyyaTb UHTEPNpETUPYyEMbIE TEMATUHECKNE BEKTOPHBbIE
npeacrasnenus (ambegunrn) cnos p(t|w), p(t|d, w),
pokymenToB p(t|d), dpparmentos p(t|s), obvekTo p(t|x)

@ PewaTb 33aga4n nomcka, KaTeropmusauum, cermeHTauuu,
CyMMapu3aunm ¢ NOMOLLbIO TEMaTUYECKUX SMbeanHros

He-uenu:
@ VrageiBaTh cnosa no koHtekcTy (TM cnabel kak Mogenn si3bika)
@ [loHumaTbL cMmbICH TekCTa

9 [eHepupoBaTb CBA3HbLIN TEKCT
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HeKOTopre NpUNOXXeHna TeMmaTn4eckoro moaesimpoeaHuns

pa3BeAoOYHbIiA MOUCK B NONCK TEMaTN4ecKnx BbISIBJIEHNE N OTCNEXNBAHMNE
LLeno4eK HOBOCTENA

2003 2004 2005 2005 2007

3NEKTPOHHBIX BubnnoTekax

MyanI/IMOp,aanblﬁ nounck aHann3 6aHKOBCKMX NMONCK NAaTTEPHOB B 3aga4ax

TEKCTOB 1 M306parkeHNii TPaAH3aKLUMOHHBIX AAHHbIX 6uonHdopmaTuKin

J.Boyd-Graber, Yuening Hu, D.Mimno. Applications of Topic Models. 2017.

H.Jelodar et al. Latent Dirichlet allocation (LDA) and topic modeling: models,

applications, a survey. 2019.
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MpuHyun makcumyma npasgonogobus

Mpaeponogobue — nnoTHoCTL pacnpepenenus Boibopku (dj, w;)?_;:

Hp(di’ Wi) = H H p(d, W)ndw
i=1

deD wed
Makcumusauusi norapucdma npasgonogobus
E E Naw In p(w|d) pbet) — max
deD wed const
SKBMBAJEHTHA MaKCMMM3aLnn dyHKLMOHaNa

L(®,0) Z Z Ny In Z GuwiOrg — max

deD wed teT
MPW OFpaHNYEHUSX HEOTPULATENBHOCTN N HOPMUPOBKH

bwt =0, > o =1, Otg >0; > Oy =1
wew teT
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ny MopenuposaHus MaTtemaTu4yeckmne ocHoBbl
Martematuyeckas teopus ARTM Makcumusauns perynsapusosaHHoro npasgonogobus
MpakTuka TemaTu4eckoro MogenMposaHus TemaTtudeckune mogenn PLSA n LDA

33,[',3‘48 MaKCnMulauumu d)yHKLI,I/II/I Ha eUHUNYHbIX CUuMMNJeKcax

Mycte Q = (wj)jes — HabOp HOPMUPOBAHHBIX HEOTPULLATENbHBIX
BEKTOPOB wj = (wjj)ic/, Pa3NU4HbIX pasmepHocTeii |/j]:

|| 1] ALY

Q=

3apaya makcummusaunm dyHkumn () Ha eANHUYHBIX CUMMNEKCaX:

f(Q ;

(Q) — max;
Zw,’j:l, Jj e J;
iEIj

wj>0, iel, jed.
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ny ro mMopenuposaHus MaTtemaTu4yeckmne ocHoBbl
Martematuyeckas teopus ARTM Makcumusauns perynsapusosaHHoro npasgonogobus
MpakTuka TemaTu4eckoro MogenMposaHus TemaTtudeckune mogenn PLSA n LDA

Heobxoaumble ycnoBus aKCTpemyMma U MeTof NPOCThIX UTepaLuii

max(x;, 0)
>, max(xk, 0)

Nemma. Myctb () HenpepbisHo auddeperunpyema no €.
Ecnn w; — BekTop nokanbHoro skcTpemyma 3agaqn f(£2) — max
n it wj 88 > 0, TO w;j yAOBNETBOPAET CUCTEME yPaBHEHNI

of
Wi =norm| wjj— 1.
4 i€l; & &uu

@ YucneHHoe pelueHMe CUCTEMbI — METOAOM MPOCThIX UTepaLuii
@ BekTopbl w; = 0 oTbpackiBatOTCA KaK BbIPOX/EHHbIE PELLIEHNS
@ VTepayum noxoxu Ha rpafiueHTHYIO ONTUMU3ALUIO:

of
wij = wjj + n—aw )
i

Onepaumsi HOpMUPOBKK BEKTOpPA: pi = norlm(x,)
ic

HO YYMTLIBAOT OrpaHM4YeHus n He TpebytoT nogbopa wara 7
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ajjlada TeMaTM4ecKoro MOAeNnupoBaHusa MaTtemaTu4yeckmne ocHoBbl
Makcumunsauns perynsipusosaHHoro npasgonopobus
TemaTtunqeckue mogenu PLSA n LDA

Martematuyeckas teopus ARTM

MpakTuka TemaTu4eckoro MogenMposaHus

HanomuHaHusa. Ycnosusa Kapywa—KyHa—Takkepa

3ajaya MaTeMaTU4ECKOro NporpaMMMPOBaHUS:
f(x) — min;
X
gi(x)<0, i=1,...,m
hi(x) =0, j=1,... k

Heobxogumele ycnosus. Ecnu x — Touka nokanbHOro MuHuMyma,
TO CYLLECTBYIOT MHOXUTENN i, i =1,....m, X;,j=1 ... k:

A m k
- =0, L0 A) = F(x) + 3 pigi(x) + 20 Ajhi(x);
Ox i=1 j=1

gi(x) <0; hj(x) =0; (ucxogHble orpaHnyenns)

wi = 0; (BBOWCTBEHHBIE OrpaHMYeHNs)

wigi(x) = 0; (ycnoene BOMNONHSIOLLEH HEXXECTKOCTM)
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aya TeMaTU4Yeckoro MopenvupoBaHUs MaTtemaTu4yeckmne ocHoBbl
Martematuyeckas teopus ARTM Makcumusauns perynsapusosaHHoro npasgonogobus
MpakTuka TemaTu4eckoro MogenMposaHus Tematnyeckne mopgenu PLSA n LDA

,D.OKa3aTEJ1bCTBO JleMMbl O MaKCUMMN3aunnm Ha CUMIMJIEKCax

3apava: f(Q2) — max; Ywij=1 w;j=0 iel, jel
iEIj
PyHkums Jlarpavxa:

L@ ) =A@+ DA (Twi—1) = ¥ 5 ugwy.
jed icl; jediel;
Venoeus Kapywa—Kyna—Takkepa ans sBekTopa wj:

of (2
a‘E’u) Aj — i, piwii =0, pjj = 0.

YMHOXMM 0be YacTu Nepeoro paBeHCTBa Ha wijj:

AMF(Q) _ .
Ajj = wij=g—~ D = WijA;.

CornacHo ycnosuto nemmbl 3i: Ajj > 0. 3HauuT, A;j > 0.

8f( )

Ecnn < 0 ans HekoToporo /i, To uj; >0 = w; =0.

Torpa Wij)" = ( U)+' \j = Z( ij)+ = Wwjj = nOll_’m(A,-j)_ .
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3apaqa TemaTM4eCKOro MOAENMpoBaHus MaTtemaTu4yeckmne ocHoBbl
Martematuyeckas teopus ARTM Makcumusauns perynsapusosaHHoro npasgonogobus
MpakTuka TemaTu4eckoro MogenMposaHus TemaTtudeckune mogenn PLSA n LDA

Teopema 0 CXO4UMMOCTU UTEPaALMOHHOrO npouecca

t
w-t-Jrl = norm <w af(Q )>

u iel; i 8w

Teopema. MNyctb f(2) — orpaHuyeHHasi cBepxy, HEMpepbIBHO
anddepenumpyemas dbyHkums, n sce f, HaunHas c HeKOTOpOI
utepauuu t° obnagatoT ceoiicTeamu:

oVje Viel wi=0-wit=0 (coxpanetne Hyneii
@3>0 VjeJ Viel wi¢(0,e) (oTAenumocts oT Hyns
Qt

035>0 VjeJ Jiel w;;agg

@ IA>0 F(QY) — F(QF) = AH(Q!)  (moHoToHHbIN pocT
Torga ‘w}f’l - w,5| — 0 npn t — oo.

) > >0 (HeBbIPOXAEHHOCTb

i)
)
)
)

Upxun Y. A., BopoHyoB K. B. CxognMoCTb anropuTma agauTUBHON perynspusaumm
TemaTu4yecknx mogeneii. Tpyabl lHctntyta matematukn n mexannkn YpO PAH. 2020.
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3apaqa TemaTM4eCKOro MOAENMpoBaHus MaTtemaTu4yeckmne ocHoBbl
Martematuyeckas teopus ARTM Makcumusauns perynsapusosaHHoro npasgonogobus
MpakTuka TemaTu4eckoro MogenMposaHus TemaTtudeckune mogenn PLSA n LDA

OTtkpbiTas npobnema: HeygobHoe 4eTBEPTOE yCNOBUE

K. B. BopoHuos (k.v.vorontsov@phystech.edu) BeposiTHOCTHBIE TemMaTu4eckme Mopenu

Onpepenenne. H(Q') ectb nuneliHoe npubamxeHne npupaLieHns
cbyHkunn f B okpecTHOCTN ToukM F:

F(QMY) — £(QF) = H(QY) + o(AQ")
Nemma. Keagpatudroe npegcrasnerue dpyrnkuun H(Q):

ZZ oF(Q)  FQY
8wu awkj wuwkj

JEJ i,kel;

Cneposatensho, H(Q') > 0.
F(QHL) — £(QF) =~ H(Q) — cornacHo onpegaeneHuio;
F(QI) — F(QY) = AH(QY), HaumHas ¢ HekoTopoil Tepauun t

npn HekoTopoM A > 0 — xoTenock Bbl MONY4YNTL 3TO Kak pesynbTar,
a He BBOAMUTb Kak npeanonoxeHue. [lokasaTb 3TO NOKa HE yAanoch.

A.M.Ostrowski. Solution of equations and systems of equations. New York, 1966.
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aTuy mMopenuf HuA MartemaTu4yeckmne ocHoBbI
Martematuyeckas teopus ARTM Makcumunsaums perynsapusosaHHoro npasgonogobus

MpakTuka TemaTu4eckoro MogenMposaHus Tematnyeckne mopenn PLSA n LDA

3agayn, HEKOPPEKTHO NMOCTaBAEHHbIEe Mo Agamapy

K. B. BopoHuos (k.v.vorontsov@phystech.edu) BeposiTHOCTHBIE TemMaTu4eckme Mopenu

3afava KOPPEKTHO NOCTABAEHA
no Agamapy, ecnn eé pelieHne ’;’,
@ cywecTsyer,
@ eANHCTBEHHO,
Kak Canomon Agamap
(1865-1963)
3afaya MaTPUYHOrO Pa3NOXKEHUS HEKOPPEKTHO MOCTaB/IEHaA:
ecin ®,© — pewenne, To cTtoxactudeckune ¢, ©' — Toxe pelenns

o PO = ($5)(5710), rankS = |T|
o L(¢,0) ~ L(d,0)

@ YCTOWYMBO.

Perynapusauusa nan ctabunmnsauns —
poonpegenenmne pewerns gobasneHnem A H Tuxonos
BTOPOro ONTUMU3ALMOHHOrO KPUTEPUSI. (1906-1993)
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3apaqa TemaTM4eCKOro MOAENMpoBaHus MartemaTu4yeckmne ocHoBbI
Martematuyeckas teopus ARTM Makcumunsaums perynsapusosaHHoro npasgonogobus
MpakTuka TemaTu4eckoro MogenMposaHus Tematudeckne mogenn PLSA n LDA

ARTM: apgutuBHasa perynspmusauns TeMaTuydeckux mogenen

Makcumusauyus norapudgpma npasgononobus ¢ perynsapnusaTopom:

D nawn D duebea + R(®.0) = max; R($.0) = 7Ri(®.0)

d,w teT
EM-anroputm: meTos npocToii nTepauum ans CUCTEMbl ypaBHEH NI
E-war:  ( praw = p(t]d, w) = nto€r7r_n (¢Wt9td)

oOR
M-war: Pt = norm(nwt + ¢wta¢ >, Mwe — D0 Doy Prew
weWw " deD

OR
0tg = norm < Nig + thw>, Mid = D NdwPtdw
teT i) wed

Bopouyos K. B. ApAnTMBHaA perynsapusauns TeMaTUYecknx Mogeneii Konnekunii
TekcToBbIX fokymeHToB. [Joknaasl PAH, 2014.
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3apaqa TemaTM4eCKOro MOAENMpoBaHus MartemaTu4yeckmne ocHoBbI
Martematuyeckas teopus ARTM Makcumunsaums perynsapusosaHHoro npasgonogobus
MpakTuka TemaTu4eckoro MogenMposaHus Tematnyeckne mopenn PLSA n LDA

Hoka3zaTtenbcTBo (N0 N1EMME 0 MaKCMMKU3AL MM HA CUMIMIEKCAX)

an/IMeHI/IM nemmy k log-npaegonogobuto ¢ perynsipusatopom:

Z Ny In Z Puwtbig + R(P,0) — max

0
teT

OudbcbepeHumpys, BEIAENMM BCMOMOraTENbHYHO nepemeHHyro Ptdw:

Ot = norm <q§wt of ) = norm <¢wt Z Ndw + Ot oR > =

a¢wt b ( ’d) 8¢Wf
OR
= norm (Z Ndw Ptdw + Pwt );
weWw deD 8¢M
of \ Dut OR )~
0,4 = norm <0td 89td> = horm (9“’ WEZW fldw p(w|d) O 39td) a
OR
= norm Ndw Prdw + 0
teT <er% dwPrd i 30td> [ ]
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ny MopenuposaHus MartemaTu4yeckmne ocHoBbI
Martematuyeckas teopus ARTM Makcumunsaums perynsapusosaHHoro npasgonogobus
MpakTuka TemaTu4eckoro MogenMposaHus Tematudeckne mogenn PLSA n LDA

YcnoBusa BbIPOXAEHHOCTN Moaenun Aanda teM  JOKYMEHTOB

Pewenne MoxeT BbITb BbIPOXAEHHBIM ANS HEKOTOPLIX TEM
(ctonbuos matpuy P) n gokymenTos (cTonbuos matpuusl O)

Tema t BoipoxgeHa, ecnu gnsi Bcex tepmos w € W

Nyt + ¢Wt% <0

Ecnn tema t Boipoxaena, 1o p(w|t) = ¢y = 0; 370 03Hauvaer,
4TO TeMa UCKNKOHaeTcs U3 mogenu (npoucxogut otbop TEm)

LokymeHT d BbipoxaeH, ecnn pns Bcex TeM t € T

JR
Ned + Ota 7. < 0.

Ecnn pokymenT d BoipoxgaeH, 1o p(t|d) = ;4 = 0; 370 03Hauaer,
4YTO MOZAEJIb HE B COCTOAHNN ONNCATb ,D.aHHblﬁ AOKYMEHT
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ny MoaennpoBaHus MaTemaTun4yeckne ocHoBbl

Martematuyeckas teopus ARTM Makcumusauns perynsapusosaHHoro npasgonogobus

MpakTuka TemaTu4eckoro MogenMposaHus TemaTtudeckne mogenn PLSA n LDA

Mop,enb BEpPOATHOCTHOrNO /1aTEHTHOro CeMaHTNU4eCKoro aHanamn3a

PLSA — Probabilistic Latent Semantic Analysis [XodmaHH, 1999]:
@ R(®,0) =0 — Her HMKaKoii perynsipu3anun
Monyuyaem TO camoe «3neMeHTapHoOe pelueHne obpaTHOl 3aaaqny

EM-anroputm: MeTog npocToli utepauumu gasi CUCTEMbI YPaBHEH M
E-war: Ptdw = ntoer7m (¢wt9td)

M-war: ) ¢ue = norm( > ndetdw)
weW \gep

Otg = nOfm< > ndetdw)
teT wed

Hofmann T. Probabilistic latent semantic indexing. SIGIR 1999.
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3apaqa TemaTM4eCKOro MOAENMpoBaHus MartemaTu4yeckmne ocHoBbI
Martematuyeckas teopus ARTM Makcumusauns perynsapusosaHHoro npasgonogobus
MpakTuka TemaTu4eckoro MogenMposaHus TemaTtudeckne mogenn PLSA n LDA

Mogenb nateHTHOro pasmeweHus OQupuxne

LDA — Latent Dirichlet Allocation [Bnaii, blu, OxopgaH, 2001]:
O R(®,0)=> "> Bulngue+ Y > arlnby
teT weW deD teT

pacnpegeneHnst ¢ 6bamskm K 3afaHHoMy pacnpegeneduto 3
pacnpegeneHust g 6anM3ku K 3afaHHOMY pacnpefeneHmno o

EM-anroputm: meTog npocToii utepaunn gjsi CUCTEMbI YPaBHEH WA
E-war: Ptdw = n'%r7m (¢wt‘9td)

M-war: Pwt = norm( o WPy 4 5W>
weW deD

Org = norm( > NgwPtdw + Oét)
teT wed

Blei D., Ng A., Jordan M. Latent Dirichlet Allocation. NIPS-2001. JMLR 2003.
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3apaya TeMaTU4ECKOro MoAennupoBaHuns Bubnuoteka BigARTM
MaTtematuyeckas teopus ARTM MpakTuka TemaTuyeckoro MogennposaHus
MpakTuka TemaTnyeckoro MogennposaHus 3apaHus no Kypcy

BigARTM: bubnnoTteka TeMaTU4ECKOro MOAEIMPOBaHMUS

Knio4yeBble BO3MOXHOCTU:
@ Bosblumne gaHHbIe: KONAEKLMS HE XPAHUTCS B NaMsTu
@ OHnaiiHoBbIii NapannenbHblii MynsTumogansHelii ARTM

@ BcrpoeHHas bubnunoTeka perynsipusaTopoB U Mep KadecTBa

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

o [lokymenTaums http://bigartm.org chl?q%.

JlnueHsnsa v cpeana paspaborku:
o CeobogHas kommepueckast suuensus (BSD 3-Clause)
@ Kpocc-nnatdopmenrocts: Windows, Linux, MacOS (32/64 bit)
@ UnuTepdpeiicel APIl: command-line, C++, and Python
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ny MopAenMpoBaHmnsa Bubnuoteka BigARTM
MaTtematuyeckas teopus ARTM MpakTuka TemaTnyeckoro MogennposaHus
MpakTuka TemaTnyeckoro MogennposaHus 3apaHus no Kypcy

STanbl nccnegoBaHna nNpu pewieHninn npakTny4ecKkunx 3agad

@ VYcraHoBka n HacTpoiika nHctpymentapus (BigARTM)
MoHuMaHMe 3a8aumn, «Hero Xo4eT 3aKa3yuK»

MonyueHne konnekumm, nepeeos B yaobHsIA dhopmaT
MpensapuTensHas obpabotka (TokeHM3aLns1) TEKCTOB
Peanusayms 6asosoii mogenn (obbiuHo PLSA)
N3amepenne kauectea TemaTuyeckoii mogenn

[obasneHne gaHHbIX, PErynspn3aTopos, MOAANbHOCTENR
OnTumusaumns koadbuuneHTOB perynsapusaymm
OnTumunsauus BecoB / OLeHKa NONE3HOCTU MOZANLHOCTENR
OnTumnsaums yncna Tem

NHTepnperauusi n Busyanusauyus tem

¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢

FIpMKnap,Hoe NCnoNb30BaHNe TeMaTUNYECKOIA MoZenn
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ny MopAenMpoBaHmnsa Bubnuoteka BigARTM
MaTtematuyeckas teopus ARTM MpakTuka TemaTnyeckoro MogennposaHus
MpakTuka TemaTnyeckoro MogennposaHus 3apaHus no Kypcy

MeTtogbl npegBapuTensHoii 00paboTku TekcTa

VYpanenue 4ncen, He-CNoB 1 «npoyeli rpssun»
VcTtpanenue nepenocos (koraa TekcT 6bin B pdf)
Wcnpaenexne oneqatok (4151 NONb30BATENLCKMX AAHHBIX)
JNlemmatuszauns (gns pycckoro sisbika)

CremmuHr (815 aHMANIACKOTO s13bIKA)

VaaneHne CNUWKOM peaKnx cnos (€Cam « MELOK CNOBY )
VpaneHne cTon-cnos (ecnum He CTponUTb POHOBBIE TEMbI)
AsTomatuyeckoe Bbigeneqne tepmutos (ATE)

Boigenenne nmeHosantbix cywHocteii (NER)

¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢

CokpaweHue cnosaps (Vocabulary Reduction)

N3BneyeHne o6bekToB 1 hakTOB N3 TeKCTOB B AHAekce. Jlekuns gna Manoro LLIAa,
2013. https://habr.com/ru/company/yandex/blog/205198

https://nlpub.ru/06paboTka_TekcTa
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Pesome

@ OcHoBHas nemma o MaKCUMU3aUN Ha €OUHUYHBIX CMMNOAEKCax

@ BeposTHocTHas Tematuyeckas mogens (PTM) — ato:

¢ & ¢ ¢

— MATKaA Knactepnsaunma JOKYMEHTOB MO KAACTEPaAaM-TEMaM
— CTOXaCTU4YECKOE MATPUYHHOE PaA3J/IOXKEHUNE
— BEPOATHOCTHbIE 3M6ep|I/IHFI/I TEKCTOB N CNOB

3apava HEKOPPEKTHO MOCTaBJIeHa, €€ PELLEHNE HE eAUHCTBEHHO
ARTM — ons nocTpoeHust Mmogeneii ¢ 3agaHHbIMUN CBOCTBAMU
BigARTM — otkpbiTasi peanusauus http://bigartm.org

YTo panblue B 3TOM Kypce:

— N3y4aeM MHOrO Pa3HbIX MOAENENA W perynsipn3aTopos
— NMpUMeHseM INs pelleHns NpakTU4eckux 3agad

— y4acCTBYeM B MPUKIALHbIX NPOEKTaX

— C03[2aéM anbTepHaTMBHYO peannsaumio B py Torch



3apaHusa no kypcy

3agadya-MUHUMYM: HayuYuTbCa pewats 3agadu NLP
C NCrosib30BaHMeM TemaTu4deckoro mogenuposarusi 8 BigARTM

3anaqa—MaKcmmyM: coenaTtb NOJIe3HOE MUWHU-NccnegoBaHme

BUAbI AEATENLHOCTN OLEHKa
TeopeTu4eckne 3ajaHus > Xi
peLueHne NpUKNaHOW 3ada4n 5X
0630p no NeuralTM 5X
uHterpauuss ARTM B pyTorch 5X
y4acTune B OAHOM W3 NPOEKTOB 10X
paboTa Hag oTkpbiTol npobnemoii | 10X

roe X — oueHka 3a Bug geatensHoctn no 5-bannbHoii wkane.

Wrorosas ouenka: min(5, [score/10]) no 5-6annbHoii wkane.



Teopetunyeckoe 3agaHue K nekuunu 2

VnpaXKHEHUS HA MPUHLUM MaKCUMyMa npasgonogobus:

1. VHurpammuas mogens gokymentos: p(w|d) = &4y,
Haiitn napametpbl mogenun gy .

2. YHurpammHas mogenb konnekuuu: p(w|d) = &, ans scex d
Haiitn napametpbl mogenu &,,.

Moackaska: npumennTs ycnoeus KKT unn ocHosHyto nemmy.

3. (bonee TBOpHECKOe 3ajaHue)

Mpegnoxute Mogesb, ONPeENsItoLLYIO PO COB B TEKCTaX:
— TemMaTunyeckume CJIOBa

— cneynduynble cnoBa JokymeHTa (Lym)

— csioBa obuueii nekcukm (pon)

Mopackaska 1: uckatb pacnpepenevune poneii cnos p(rlw), r € {1, w, d}.

Moackaska 2: MOXHO paspexusaTb p(r|w) Ans XECTKOro onpeaeneHust poneii.
Moackaska 3: MOXHO MCMONBL30BATb AOKYMEHTHYHO 4acTOTy CIIOB.



Mpumepbl gaTaceToB A/l NPAKTMYECKUX 3a[aHUI N0 Kypcy

OTkpbiTbie gaTtacetsl (anrnuiickuii): 20 newsgroups, NIPS, KOS
Hayunble cTaTbu: elibrary, Semantic Scholar, arXiv, PubMed
HayuHo-nonynsapHelie cratou: MoctHayka, dnemenTsl, Xabp,...
TechCrunch (anrnuiickuii)

Hauuble coynanbhbix ceteii: VK, Twitter, Telegram,...
Bukunegns

HoBocTtHoii notok (20 nCTOYHNKOB Ha PyCCKOM sA3bIKe)

[laHHble KafpOBLIX areHTCTB: pe3toMe + BakaHCUK

Tpanzakuyun knuentos Sberbank DSD 2016

AKTbl apbuTtpaxHbix cygos PP

¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢

http://bigartm.org
http://drive.google.com/drive/folders/1PPnw6aZOJAJoLRYuwdGm437RssV-XQx0



MpoekTbl

]

«Macrepckas 3HaHWii» st HAYHHOrO NOMCKa

NnoNbL30BaTeNb CTPOUT TEMaTMYeckne noabopkn craTei,
nonckogasi Boigada cpopmupyetcs mogensto SciRus.
3a/a4a: NOKa3aTb MONL30BATENO TEMATUKY nNogbopKu
NOHafobNTCs aBTOMATUYECKOE BbILENEHNE TEPMUHOB,
BbIAENEHNE TEMATUYECKUX ppa3 U3 JOKYMEHTOB,
aBTOMAaTUYECKOE MMEHOBAHWE I CYMMapn3auns Tem
KOHEUHAS Le/ib: YCKOPUTL NMOHUMaHWE npegMeTHol obnactu

«TemaTusaTop» A5 COLMO-TYMAHUTAPHbLIX UCCAEA0BAHMIA

NnoNbL30BaTeNb 3a4a6T rpybelii hunbTp TEKCTOBOrO NOTOKA
3ajayva: «KaaccuduumpoBaTb UroJKKU B CTOre CEHa,
pa3Aenune TeMbl Ha MHOPMATUBHBIE U MYCOpPHbIE,
BbILE/INB aCMeKThbl 1 TOHAJIbHOCTY B KaXKAOlW Teme
KOHeuHasa uenb: q&q aHannTuka npobnemHon cpegpl



OTkpbITbie NpobeMbl TEMaTUYECKOrO MOZENVPOBAHMUS

Mpobnema HecbanaHCUPOBAHHOCTM TEM B KOJAEKL AN
Obecneyenne 100%-ii nHTEpNpeTUpYyEMOCTN TEM
TemaTuyeckne MOAENM BHUMAHUS NOCAELOBATENLHOMO TEKCTA
ObHapy>eHune HOBbIX TEM UMW TPEHAOB B MOTOKE TEKCTOB
ABTOMAaTNYECKOE MUMEHOBAHNE 1 AHHOTUPOBAHUE TEM

O630p NoOAXO[O0B B HENMPOCETEBLIX TEMATUYECKMX MOAENSX
ObecneuyeHne NOAHOTHI 1 YCTORYNBOCTU MHOXKECTBA TEM
AsTomaTuyecknii nogbop runepnapamerpos, AutoML
OnTuMu3saums runepnapaMeTpos B NOTOKOBOM PeXume
Mpobnema HecbanaHCUPOBAHHOCTM TEKCTOB MO AJAUHE

BepexHoe cansHne mogenein HECKObKUX KOJIIEKL NI
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Imneprpadpoebie TemaTtnyeckne mogenu B RecSys
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