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BepositTHocTHble TemaTudeckue mogenu (BTM): o 4ém atoT Kypc

Probabilistic Topic Modeling (PTM) — obnactb aBTOMaTM4eCKOiA
obpabotku Tekctor (Natural Language Processing, NLP)
Kypc o Tom, kak

@ BLISIBASITL TEMATUKY JOKYMEHTOB B TEKCTOBbLIX KOJIEKLNSIX
NCKaTb TEKCTbI MO CMbICTY, @ HE MO KJIKOYEBLIM COBAM
CTPOUTH U YNpPOLLATh NPUKIaSHbIE MATEMATUYECKNE TEOPUN

CO34aBaTb TEXHONOTNN TEKCTOBOW aHAANTUKUN

NCnoNb30BaThb UX B COUNO-TYMAHNTAPHbIX NCCEA0OBAHNAX

MpepekBu3nTbl (Kakne 3HaHUA noTpebyroTcs)
@ TEOPNsA BEPOATHOCTN (B OCHOBHOM Ha KOHE€4YHbIX MHO)KeCTBaX)
@ MawnHHoe obyuyermne (6a3oBble NOHATUS 1 METOZONOTIA)
@ nuHeliHas anrebpa, meTogbl onTuMmU3aumn (Camble asbl)

@ s3bik Python



CopepxxaHue

0 3apgaya TemMaTu4eckoro MogennpoBaHus
@ [locTaHoBka 3agauu
(] 33‘-IEM HY>XHbl TEMATN4YE€CKNE MOoaeNN
@ [locTaHoBKa ONTUMN3aLMOHHONR 334341

© Matematuyeckas Teopuss ARTM
@ MaTemaTnyeckne OCHOBBbI
o Makcumusauusi perynsapumusosaHHoro npaegonogobus
o TemaTuudeckue mogenun PLSA n LDA

© NMpakTuka TemaTuyeckoro mogenuposanus
@ bubnnoreka BigARTM
@ [lpakTuka TEMaTUYECKOrO MOAENMPOBAHNS
@ 3agaHusi no Kypcy



3apa4a TeMaTU4€CKOro MOAeNMpoBaHus MocTaHoBka sagatqn
MaTtematuyeckas teopus ARTM 3a4em Hy>XHbl TemMaTu4eckne Mopenu
MpakTuka TemaTu4eckoro MogennposaHus MocTaHoBka onTUMM3aLMOHHON 3aAaqm

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 MocTaHoBka sagatqn
MaTtematuyeckas teopus ARTM 3a4em Hy>XHbl TemMaTu4eckne Mopenu
MpakTuka TemaTu4eckoro MogennposaHus MocTaHoBka onTUMM3aLMOHHON 3aAaqm

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) = tEZTP(WIt) p(t|d)

ty, e b
peeidy ———= o] 0000000000000
L

\\

pWIt): [0023 g 0.014 6aawc 0,018 pacnosHasatite
0.016 resom 0.009 cnextp 0.013 cxoncao

0009 HykneoTug 0.006 oproroHansHbii 0,011 narrepn

Wi, ooy Wiyt /

Pa3paboTaH CneKTpanbHO-aHANUTMUYECKNH NOAXOA K BISIBNEHUIO Pa3MbIThIX NMPOTAXEHHBIX TOBTOPOB
B reHOMHbIX NocrieaoBaTebHOCTAX. MeToa 0CHOBaH Haj pa3HoMacluTabHOM OLeHMBaHUM CXOACTBA
HYKNEOTUAHbIX NOCNeA0BaTeNbHOCTEl B NPOCTPaHCTBE KO3(MULIMEHTOB pa3noxeHns dparMeHTos
KpuBbIX GC- 1 GA-coaepXaHus No Kjaccuyeckum opToroHanbHbIM 6asucaM. HalaeHsl ycnoeus
ONTUManbHoOM annpokcuMaLmMm, obecneymnBaioLie aBToMaTMYeCckoe pacro3HaBaHue NosTopos
Pa3fIMyHbIX BUAOB (MPSIMBIX U MHBEPTUPOBAHHbIX, @ Takxe TaHAEMHbIX) Ha CNeKTpabHOW MaTpuLe
cxoacTBa. MeToA 0AMHAKOBO XOpOoWOo paboTaeT Ha pasHbix MacwTabax AaHHbIX. OH no3BonseT
BbISIBNATb Cle/lbl CErMEHTHbIX AYNNAMKaLUMiA 1 MeracaTeNIMTHbIE Y4acTK1 B reHOME, paiioHbl CUHTEHUN
npu CpaBHEHUM Napbl FreHoMOB. EFro MOXHO MCMONb30BaTh NS AeTaNbHOr0 U3yyeHns dhparMeHToB
XPOMOCOM (MOMCKa Pa3MbITbIX YHaCTKOB C YMEPEHHOI ANIMHON NOBTOPSIOLLErocs naTTepHa).
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3apa4a TeMaTU4€CKOro MOAeNMpoBaHus MocTaHoBka sagatqn
MaTtematuyeckas teopus ARTM 3a4em Hy>XHbl TemMaTu4eckne Mopenu
MpakTuka TemaTu4eckoro MogennposaHus MocTaHoBka onTUMM3aLMOHHON 3aAaqm

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
O BCexX nosuuuii i B gokymente d
creqepupoBaTh Temy t; us p(t|d);
creqepupoBaTb Tepm w; u3 p(w|t;);
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3apa4a TeMaTU4€CKOro MOAeNMpoBaHus MocTaHoBka sagatqn
\ a TH)[)['H Ar ™ 3aueM Hy>XHbl TemMaTU4eckne Mopenu
MocTaHoBka onTUMM3aLMOHHON 3aAaqm

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

D'aHO: KONNEKUNA TEKCTOBLIX [OKYMEHTOB

® Ngy — 4acTOThl TepMOB B AokymenTax, p(w|d) = &«

Haiitu: napametpsl Tematudeckoin mogenn p(w|d) = > dwibid
teT

@ ¢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:
d D t T

p(wld) p(wlt)

(dwe)
w p(tld)
(%)

(0a)

Q
<
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w w
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3a,qa'-la TeMaTU4eckoro Mo,qenvlpoBaHvlﬁ MoctaHoska 3apa4n
a a 3a4em Hy>XHbl TemMaTu4eckne Mopenu
MocTtaHoBka onTUMU3ayMOHHON 3agaqm

Cucrema 0603HaL|eHv||7| AN 4acTOT — CYETYMKOB 4YuCia 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 MocTaHoBka sagatqn
MaTtematuyeckas teopus ARTM 3a4em Hy>XHbl TemMaTu4eckne Mopenu
MpakTuka TemaTu4eckoro MogennposaHus MocTaHoBka onTUMM3aLMOHHON 3aAaqm

YactoTHble OUEHKWN YCNOBHbIX BEpOSITHOCTEI7I

Nmeem nu mbl chopmanbHOe NpaBo 3anuUChbiBaTh TaKUE PABEHCTBA:

Ndw
e p(wld) = oy pacnpegesnieHne TEPMOB B JOKyMeHTe d,

p(t|d) = n—: — WCKOMOE PacCnpejesieHne TeM B LOKYMeHTE d,

Nwt
e p(w|t) = —= — uckomoe pacnpeneneHne TEpMOB B TeMe t.

ne

A, HO TONBKO B OrPaHUYEHHOW BEPOATHOCTHOW MOAENMN TEKCTa,
npn npegnonoxenunn, 4to (d;, wj, tj)7_; — nocnegosaTenbHOCTH
3MEMEHTAPHBIX CODLITUI C PaBHBIMU BEPOATHOCTAMM %

d.
Mpn obwem npegnonoxennn (d;, w;, t;) ~ PS p(d, w, t) a3To nuws
npubAnXEHHBIE HaCTOTHBIE OLEHKMN YCOBHbIX BEPOSATHOCTEN
(i.i.d. — independent identically distributed)
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3apa4a TeMaTU4€CKOro MOAeNMpoBaHus MocTaHoBka sagatqn
MaTtematuyeckas teopus ARTM 3a4em Hy>XHbl TemMaTu4eckne Mopenu
MpakTuka TemaTu4eckoro MogennposaHus MocTaHoBka onTUMM3aLMOHHON 3aAaqm

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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3apa4a TeMaTU4€CKOro MOAeNMpoBaHus MocTaHoBka sagatqn
MaTtematuyeckas teopus ARTM 3auemM Hy>XHbl TemMaTU4ecKne Mopenu
MpakTuka TemaTu4eckoro MogennposaHus MocTaHoBka onTUMM3aLMOHHON 3aAaqm

Mpumep 1. MynbTnasbiyHaa mogens Bukunegunn

216 175 pyccko-aHrniAickMx nap crtaTeid.
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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3apa4a TeMaTU4€CKOro MOAeNMpoBaHus MocTaHoBka sagatqn
MaTtematuyeckas teopus ARTM 3auemM Hy>XHbl TemMaTU4ecKne Mopenu
MpakTuka TemaTu4eckoro MogennposaHus MocTaHoBka onTUMM3aLMOHHON 3aAaqm

Mpumep 1. MynbTnasbiyHaa mogens Bukunegunn

216 175 pyccko-aHrniAickMx nap crtaTeid.
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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3apa4a TeMaTU4€CKOro MOAeNMpoBaHus
MaTtematuyeckas teopus ARTM

MpakTuka TemaTuHeckoro MopenvposaHus

MoctaHoska sapa4n
3auemM Hy>XHbl TemMaTU4ecKne Mopenu
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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3apa4a TeMaTU4€CKOro MOAeNMpoBaHus MocTaHoBka sagatqn
MaTtematuyeckas teopus ARTM 3auemM Hy>XHbl TemMaTU4ecKne Mopenu
MpakTuka TemaTu4eckoro MogennposaHus MocTaHoBka onTUMM3aLMOHHON 3aAaqm

CBOIICTBO MHTEPNPETUPYEMOCTU TEMATUYECKUX Moaeneii

TemaTunueckaa mogens opMuUpyeT TEMAaTUYECKNE BEKTOPLI:

n
e p(t|d) = ni: = 0y BNA KAK[OTO JOKyMeHTa d

Nwt N
° p(tlw) = —— = dur— AR KK[OTO TEPMA W
w w
n
e p(tld,w) = % AN KaXKAO0ro JIOKaNbHOro koHTekcTa (d, w)
w

NHTepnpeTnpyeMocTb TeMaTU4eCKMX BEKTOPOB:
@ KaxAas TemMa t ONUCLIBAETCS CEMAHTUHECKAM SAPOM —
HaCTOTHbLIM C/IOBApEM CJIOB {WZ p(w|t) > vp(w)}
@ u cnocobHa «pacckazaTe 0 cebe» cnosamu unu chpasamu
@ ntoboii 0bbekT x ¢ BekTOpoM p(t|x) ONMCHIBAETCS HaCTOTHbIM

CNnoBapém cnos {WZ p(w|x) = > p(w|t)p(t|x) > 'yp(w)}
teT
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3apa4a TeMaTU4€CKOro MOAeNMpoBaHus MocTaHoBka sagatqn
MaTtematuyeckas teopus ARTM 3auemM Hy>XHbl TemMaTU4ecKne Mopenu
MpakTuka TemaTu4eckoro MogennposaHus MocTaHoBka onTUMM3aLMOHHON 3aAaqm

LlEHI/I n He-uennm temaTunydeckoro moaenmpoeaHus

Uenu:
@ BbISICHATD TEMATUHECKYIO KIACTEPHYIO CTPYKTYPY TEKCTOBOIA
KOIEKLMI, CKOJIbKO B HER TEM M O 4€M OHN
@ [lony4aTb MHTEPNpPETMPYEMbIE TEMATIYECKIE BEKTOPHbIE
npeacTasnequs (3mbeanHrn) foKymMeHTOB, bparMeHToB, CNOB
p(t|d), p(t|w), p(t|d, w) n netekcToBbIX 0bBEKTOB P(t|X)

@ Pewatb 3aga4m noncka, kaTeropusaunn, cermeHTaLuu,
CyMMapu3aunun C NOMOLLBIO TEMATUYECKNX dMbeanHroB

He-uenu:
@ Vragpieatb cnegyrowme cnosa (TM cnabbl kak mogenn si3bika)
@ [eHepupoBaTb CBSA3HbLIN TEKCT

@ [loHnmaTbL cMbICh TeKCTa
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3apava TemaTU4eckoro MopenuposaHus MocTaHoBka sagatqn
MaTtemaTuyeckas p s TNV 3auemM Hy>XHbl TemMaTU4ecKne Mopenu
MpakTuka TemaTu4eckoro Mo oBaHUS MocTaHoBka onTUMM3aLMOHHON 3aAaqm

HEKOTopre npunnoXXeHna TemaTnydeckoro moaenmpoeaHmns

pasBefoYHbI MONCK B NONCK TEMaTNHYECKOrO BbISIBJIEHNE N OTCAEXMNBAHNE
3NEKTPOHHbIX 6ubnnoTekax KOHTEHTa B COLCETAX Lenoyek HOBOCTEl

2008 2004 2005 2005 2007

200 2010

MyﬂbTVIMO,qaﬂbelﬁ nonck aHanm3 6aHKOBCKUX ynpaBA€HNEM ANanorom B
TEKCTOB U I/I306pa)KEHI/II7I TPAH3aKUMNOHHbIX AaHHbIX Pa3rOBOPHOM NHTENNEKTE

K. B. Bopohuos (vokov@forecsys BeposiTHOCTHbIE TemMaTu4eckmne Mopenu
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MoctaHoska sapa4n
3auemM Hy>XHbl TemMaTU4ecKne Mopenu
MocTtaHoBka onTUMU3ayMOHHON 3agaqm

3apa4a TeMaTU4€CKOro MOAeNMpoBaHus
MaTt

MaTn4e

MKa TEMaTU4eCKOro MojenMpoBaHns

3BOJ1IOLI‘I/I9I TemMaTnydeckoro moaesimpoBaHmna U CMeXXHbIX obnacrei

2011: Muliple 2016: Lietal. 2019: Dieng et al. 2021: Guietal.
2000: Nigamet.al  sampling to 2015: Quan et al. introd introduce Embedded  use evaluation
use the Dirichlet improve model papers start 2013: Mikolov. propose aggregating GPUDMM, anew  TopicModel, placing  metrics as the
1990: 151 is distribution in a accuracy, number focusing on et. alintroduce i reward in
introduced by generative modelto  of topics no longer  analysis of Word2Vec
Deerwester et. Al [23]  produce DMM [57]  required 74] social media ‘embeddings [50] topics in SATM [62]. embeddings [42].  space [25]. learning (28],
1999:Hofmann  2002: Blef et al. 2006: The first  2010: Online. 2013: Yan etal. 2014:GSDMMis  2016:Moody  2017:Bicalhoetal. 2019: Supervised 2020: Thompson
replaces the SVD create LDA, the. temporal topic  LDA [4] and introduce Biterm introduced [84], proposes propose DRE, a Neural Models ~ and Mimno
in LSl witha first topic model (8] models, HOP [83] are Topic Model to modemizingthe  Ida2vec,a framework for beginto design a topic
generative model DTM™ [7] and createdtocope  createtopicsbased  approach direct mixture  expandingshort i model that uses
to create pLSI [30] TOT[86l,are withlargerdata  onbigramsinstead  proposed by oflDAand  textsusingword  reinforcement  BERT for word
published of unigrams [88). Nigam et al. [57]. Word2vec [51).  embeddings [6]. learning ‘embeddings [76].

OuvHamuka uutuposaHus:

Topic Modeling n cmexxHbie
obnactn uccnegosaHuii
(no aannbim Google Scholar)

30000
28000
26000
24000
200
2000
18000
16000
14000
12000
10000

8000
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0

196 198 200 an2 | 2004 | 206 2008 | 2010 2012 204 2016 2008 a0 | a2

o~ Matrix —=— NNVF Matrix — Topic Model

— PLSA (Probabilstic Latent Semantic Analysis) —— LDA (Latent Dirichlet Allocation) Text Categorization
Text Classification Word Embedding — word2vec — LSTM (long short-term memory)

Rob Churchill, Lisa Singh. The Evolution of Topic Modeling. November, 2022.

K. B. BopoHuos (vokov@forecsys.ru) BeposiTHOCTHbIe TemMaTu4eckmne Mopenu

17 /38



3apa4a TeMaTU4€CKOro MOAeNMpoBaHus MocTaHoBka sagatqn
MaTtematuyeckas teopus ARTM 3a4em Hy>XHbl TemMaTu4eckne Mopenu
MpakTuka TemaTu4eckoro MogennposaHus MocTaHoBka onTUMM3aLMOHHOI 3aAaqm

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

L(®,0) Z Z Ngw In Z Owibid — 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 MaTemaTu4eckmne ocHoBbl
MaTeMaTVHecKaﬁ Teopuss ARTM Makcumunsaums perynspusosaHHoro npasgonogobus
MpakTuka TemaTuHeckoro MopenvposaHus Tematudeckne mogenn PLSA n LDA

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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Tel M4eCKOro MofenunpoBsaHus MaTtemaTnyeckne ocHoBbl
MaTtematuyeckas teopus ARTM Makcumunsaums perynspusosaHHoro npasgonogobus
MpakTuka TemaTuHeckoro MopenvposaHus Tematudeckne mogenn PLSA n LDA

Heobxoaumble ycnoBus akCcTpemyma M MeTof NPOCThIX UTepauuii

max(x;, 0)
Onepauus HOpMUPOBKM BekTOpa: p; = norm(x;) = =———————
icl >k max(xk, 0)
Nemma. Mycte () HenpepbiBHO Auddepenunpyema no €.
Ecnn w; — sekTop nokansHoro skctpemyma 3agaqn f(2) — max
v 3i w,-j% > 0, TO wj yAOBNETBOPAET CUCTEME ypaBHEHNI
U

wjj = norm (w-- 8f>
fj = o 501"

i€l Wij

@ YucneHHoe pelieHne CUCTEMbI — METOLOM MPOCTbIX MTepauunii
@ BekTopel w; = 0 0TbpackiBalOTCA Kak BbIPOXK/EHHbIE PeLLeHns
@ llTepaummn noxoxu Ha rpafneHTHYIO ONTUMU3ALNIO:

of
wij = wjj + "7&0--’
ij

HO YYNTLIBAIOT OrpaHNyYeHus u He TpebytoT nogbopa wara 7
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N4eckoro MofenuposaHus MaTemaTu4eckmne ocHoBbl
MaTtematuyeckas teopus ARTM Makcumunsaums perynspusosaHHoro npasgonogobus
MpakTuka TemaTuHeckoro MopenvposaHus Tematudeckne mogenn PLSA n LDA

HanomuHaHusa. Ycnosua Kapywa—KyHa—Takkepa

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

3apada MaTeMaTUYECKOrO NMPOrpaMMUpPOBaHUS:

f(x) — min;

X

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

hi(x) =0, j=1,... k.
Heobxogumbie ycnosusi. Ecnm x — Touka n0KanbHOrO MUHUMYMA,
TO CYLIeCTBYIOT MHOXUTENM L, | =1,....m, X;, j=1,... k:
0L
Ox

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

0. L) = F()+ 55 i) + 32 i)

=

wi = 0; (aBOWCTBEHHbIE OrpaHNYeHNs )

L 1igi(x) = 0; (ycnosue fonosHsitoLell HeXECTKOCTH)
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aYa TEMaTN4ECKOro MofenMpoBaHmns MaTemaTu4eckmne ocHoBbl
MaTtematuyeckas teopus ARTM Makcumunsaums perynspusosaHHoro npasgonogobus
MpakTuka TemaTuHeckoro MopenvposaHus Tematudeckne mogenn PLSA n LDA

ﬂ,OKa3aTeJ1bCTBO JIEMMbI O MaKCUMMU3aLunUn Ha cunMmmniaekcax

3agava: () — max; Ywi=1, w;=0, icl, jel
icl;
Dyukunsa Jlarpanxa:
L) =f(Q+ AJ-(Z wij — 1) =20 D Hijwij.
jes "~ Niel; jeJi€l;
Vcnosua Kapywa—KyHa—Takkepa ans BekTopa wj:

of
&(uu) Aj = pijs - pigwig =0, pg = 0.

YMHOXMM 0be YacTu NepBoro paBeHCTBa Ha wijj:

Q) _ .
Ajj = wijj A = WijA;.

CornacHo ycnosuto nemmbl 3it Ajj > 0. 3Hauut, A > 0.

af(Q)

Ecan < 0 ans HekoToporo i, To uj; >0 = w;j = 0.

Toraa cuij)" = (Aj)+i A =2 (Ag)+ = wy = norm(Ay).

1
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3apada TeMaTU4ECKOro MOAeNMpoBaHmns MaTtemaTnyeckne ocHoBbl

MaTtematuyeckas teopus ARTM Makcumunsaums perynspusosaHHoro npasgonogobus

MpakTuka TemaTuHeckoro MopenvposaHus Tematudeckne mogenn PLSA n LDA

Teopema 0 CXOAUMOCTU UTEpPaLMOHHOrO npouecca

wit = norm (w-t-af(ﬂt)>

u iel \7 Owf;

Teopema. MNyctb f(2) — orpanuyeHHasi CBepxy, HEMPEPBLIBHO
anddbeperumpyemas dbyHkums, n Bce Qf, HaunmHas c HekoTopoOi
utepauuu t° obnagatoT ceoiicTBamu:

oVjeJ Viel wi=0— w;j-“ =0 (coxpatetne Hyneii)

© >0 VjeJ Viel w;¢(0,e) (otaenumocTs oT Hyns)

@ 30>0 VjeJ Jiel w,-tjag(w%t) >0  (HEeBbIPOXAEHHOCTb)

Torga f(QFL) > F(Qf) u |wfj+1 - w5| — 0 npu t — oo.

Upxun U. A., Boponyos K. B. CxogumocTb anroputma agauTUBHON Peryssipusaung

TemaTuyecknx mopeneii // Tpyabl NuctuTyta matematunkn n mexavunkn YpO PAH. 2020.

K. B. BopoHuos (vokov@forecsys.ru) BeposiTHOCTHbIE TemMaTu4eckne Mopenu
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y MaTemaTuyeckmne ocHoBbl
MaTuyeckasi Teopusi ARTM Makcumusaums perynspusosaHHoro npasgonogobus
MpakTuka TemaTuHeckoro MopenvposaHus Tematudyeckne mogenn PLSA n LDA

3agauu, HEKOPPEKTHO NOCTaBNeHHble No Agamapy

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

3afiava KOPPEKTHO OCTaBAEHA
no Azamapy, ecnum eé pelueHue

@ CyllecTBYeT,

@ eQNHCTBEHHO,
Mak Canomon Apamap
(1865-1963)

3afa4a MaTPUYHOrO Pa3/IOXKEHUS HEKOPPEKTHO MOCTAB/EHA:

ecin ®,© — pewenne, To cToxactudeckue ®’, ©' — Toxe pelwerns
e ¥'O = (¢S)(S71O), rankS =|T]|
o [(¢,0) ~ L(,0)

@ YyCTON4NMBO.

Perynapuvsauunsa nan ctabunusauns —
JoonpegeneHne pewerus fobasneHuem A H.TuxoHos
BTOPOro ONTUMU3ALUOHHOrO KPUTEPUSI. (1906-1993)
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Tel M4eCKOro MofenunpoBsaHus MaTtemaTnyeckne ocHoBbl
MaTtematuyeckas teopus ARTM Makcumusaums perynspusosaHHoro npasgonogobus
MpakTuka TemaTuHeckoro MopenvposaHus Tematudeckne mogenn PLSA n LDA

ARTM: apgutuBHasa perynsapusayns TeMaTuyecknux mogenen

Makcumusauust norapudma npasgonogobusi ¢ peryisipusaTopom:

> e In D ubeg + R(P,0) — max;  R(®,0) = > TiRi(®,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
weWw it deD

OR
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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3apada TeMaTMHECKOro MOAEeNMpoBaHus MaTemaTuyeckmne ocHoBbl
MaTtematuyeckas teopus ARTM Makcumusaums perynspusosaHHoro npasgonogobus
MpakTuka TemaTuHeckoro MopenvposaHus Tematudeckne mogenn PLSA n LDA

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 <¢m 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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Tel M4eCKOro MofenunpoBsaHus MaTtemaTnyeckne ocHoBbl
MaTtematuyeckas teopus ARTM Makcumusaums perynspusosaHHoro npasgonogobus
MpakTuka TemaTuHeckoro MopenvposaHus Tematudeckne mogenn PLSA n LDA

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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3apaqa TeMaTNHeCKOro MofenMpoBaHust MaTtemaTnyeckne ocHoBbl
MaTtematuyeckas teopus ARTM Makcumunsaums perynspusosaHHoro npasgonogobus
MpakTuka TemaTuHeckoro MopenvposaHus Tematudeckne mogenn PLSA n LDA

MO,D,eﬂb BEPOATHOCTHOrNO J1aTEHTHONr0 CEMaHTN4YeCKOro aHanmn3a

PLSA — Probabilistic Latent Semantic Analysis [XodmatH, 1999]:

@ 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: Praw = p(t|d, w) = nt%r_frn (¢wt9td)

M-war: ) ¢wt = norw( > ndwptdw)

weW NgeD
Ota = nOFm( > ndwptdw)
teT wed

Hofmann T. Probabilistic latent semantic indexing. SIGIR 1999.
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Tel M4eCKOro MofenunpoBsaHus MaTtemaTnyeckne ocHoBbl
MaTtematuyeckas teopus ARTM Makcumunsaums perynspusosaHHoro npasgonogobus
MpakTuka TemaTuHeckoro MopenvposaHus Tematudeckne mogenn PLSA n LDA

Mopenb nateHTHOro pasmeweHusa Odupuxne

LDA — Latent Dirichlet Allocation [Basii, bln, OxopgaH, 2001]:
@ pacnpegeneHns ¢ bansku K 3agaHHoOMy pacnpegaeneHnto [3;
@ pacnpegeneruns 6y 6AN3KN K 3a4aHHOMY PaCnpefeseHnto .

JNorapudm npaegonoaobus npocToli BEPOSATHOCTHON MOZAENN:

R(®,0)=>" > Bulngwe+ > > arinby.

teT weW deD teT

M-wwar — crsiaxeHHble 4aCTOTHbIE OLEHKN C MapameTpamun [3,,,
Gwe = norm(ne + fu ),  Org = norm(ng + o).
Mpu B, < 0 uan oy < 0 — paspexusaHue BMECTO CrIaX>XUBaHUS.

Mpuyém TyT pacnpegenenne Jupuxne? — B Cnegytolwmx Jekyusx...

Blei D., Ng A., Jordan M. Latent Dirichlet Allocation. NIPS-2001. JMLR 2003.
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3apada TeMaTU4ECKOro MOAeNMpoBaHmns Bubnunorteka BigARTM
emaTudeckas teopus ARTM MpakTuka TemaTuyeckoro MopenuposaHus
MpakTuka TemaTu4eckoro MoaennposaHust 3agaHus no Kypcy

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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0 MopenvpoBaHus Bubnunorteka BigARTM
a Teopuss ARTM MpakTuka TemaTuyeckoro MopenuposaHus
3agaHus no Kypcy

peryasipm3auns

© 0

MOAaNbHOCTN: SA3bIKY,
BPEMS, aBTOPbI, NCTOYHUKM, .
KaTeropuu, Teru, CyLHocTy, ‘ 25BN j@x
CCbIAIKM, NONB30BaTENN U T.4. O} ‘

hierarchy

nepapxusi Tem
COYEeTAaeEMOCTb TEPMOB

BHYTPUTEKCTOBbLIE CBA3N

intra-text

©000O0

runeprpacpoBble AaHHbIE

(nanee B kypce oHu byayT
n3y4atbcs noapobHo)
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KOro MopennposaHust Bubnnoreka BigARTM
vaTudeckas Teopuss ARTM MpakTuka TemaTuyeckoro mMopenuposaHus
MpakTuka TemaTu4eckoro MoaennposaHust 3agaHus no Kypcy

STansbl nccnenoBaHuda npu peweHnn nNpakTndeCckux 3aaad

Vcravoeka BigARTM, 3anyck npumepos

MonyyeHne kKonnekunmn, nepesod B yaobHblii hopmaT
MpensapuTensHas obpaboTka TekcToB

Peanusaums 6asosoii mogenn (obbryHo PLSA)

anIKﬂa,EI,HOG NCMNOAb30BaHNE TEMATUYECKOIA Mogenn

°
°
°
°
°
@ M3mepeHne kayecTsa TeMaTUYeCKOl Mogenu
@ [lobaBneHune faHHbIX, perynspu3aTopos, MOZaNbHOCTEl

@ OnTumusaums KoaphbLNEHTOB peryisipusauun

@ OnTumMusauns BecosB / OUEHKA MONESHOCTU MOAANLHOCTENR
@ OnTumusaums yncna Tem

°

NHTepnpeTtauusi n Busyannsaums tem
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3apada TeMaTU4ECKOro MOAeNMpoBaHmns Bubnunoteka BigARTM
MaTtematuyeckas teopus ARTM MpakTuka TemaTuyeckoro MopenuposaHus
MpakTuka TemaTu4eckoro MoaennposaHust 3apaHus no kypcy

Kakumu GyayT npakTuyeckue 3agaHus no Kypcy

3agavya-MUHUMYM: Hay4uTbCs pewats 3agaydun NLP
C NCMONb30BaHNEM TeMaTU4eckoro mogennpoearus 8 BigARTM

3apaya-mMakCMMyM: COTBOPUTL HEYTO ODLLECTBEHHO MOJIE3HOE

BUAbLI AESATENLHOCTH OLEHKa
TEOpEeTUYECKNE 3aaHNs > Xi
peLleHne NpUKIaAHON 3a4a4n 10X
0630p no NeuralTM 12X

peannsauus ARTM gns pyTorch | 16X
yyacTtue B npoekte TemaTtusatop | 20X
paboTa Hap oTKpbITOli npobnemoii | 20X

roe X — oueHka 3a Bug geaTtensHocTn no 5-bannbHoi wkane.

Wrorosas ouenka: max (5, [score/20])
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3apada TeMaTU4ECKOro MOAeNMpoBaHmns Bubnunoteka BigARTM
MaTtematuyeckas teopus ARTM MpakTuka TemaTuyeckoro MopenuposaHus
MpakTuka TemaTu4eckoro MoaennposaHust 3apaHus no kypcy

HekoTopble gataceTbl N4 3ajaHUi NO CNELKYPCY

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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KOro MopennposaHust Bubnnoreka BigARTM
vaTudeckas Teopuss ARTM MpakTuka TemaTuyeckoro MopenuposaHus
MpakTuka TemaTu4eckoro MoaennposaHust 3apaHus no kypcy

MeTtogbl npegBapuTensHoii 06paboTkn 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)

YaaneHue CAMLWKOM Peaknx CoB (eCnn «MELIOK COBY )
VaaneHne cTon-cnos (e€cnu He CTPOUTb (POHOBLIE TEMbI)
AeTomaTtuyeckoe BbigeneHne Tepmutos (ATE)

Bbigenenne nmenosantbix cywrocteii (NER)

Cokpawenue cnosaps (Vocabulary Reduction)

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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KOro MopennposaHust Bubnnoreka BigARTM
vaTudeckas Teopuss ARTM MpakTuka TemaTuyeckoro MopenuposaHus
MpakTuka TemaTu4eckoro MoaennposaHust 3apaHus no kypcy

OTkpbITbie NpobAEMblI TEMAaTUYECKOr0 MOZENNPOBAH NS

©Q [ons uHtepnpetupyembix Tem banska k 100%
Mpobnema HecbanaHCMpOBaHHOCTU TEM

EguHas mogenb gns KOPOTKMX U OJANHHBIX TEKCTOB
KoppekTHoe obHapy>eHune HOBbIX TEM B NakKeTax
ObecneueHne NOAHOTHI U YCTORYNBOCTU MHOXKECTBA TEM
AsTomMaTunyecknii nogbop runepnapamerpos, AutoML
OnTvMunzaums runeprnapameTpoB B NOTOKOBOM PEXUME
NImeHoBaHMe n aHHOTUpPOBaHME TEM

Bepextoe cnnaHne mogeneil HECKONBKNX KOJIEKL AT
MpumeHeHne runeprpacpoBbIX TEMAaTUYECKUX MOAEEN

Cospanmne TemaTnyecknx mMoaeneli BHUMaHUS

66600000000

Crmbrno3 TemMaTUHeCKNX MOZENER C HEMPOHHLIMU CETSMN
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MopenvposaHus Bubnunoteka BigARTM
a Teopuss ARTM MpakTuka TemaTuyeckoro MopenuposaHus
MpakTuka TemaTu4eckoro MoaennposaHust 3apaHus no kypcy

TeopeTuyeckoe 3agaHue Nel

[OBa ynpakHeHus1 Ha NpUHLUUN MakKCMMyMa npasgonogobus:

@ YHurpammHuas mogens gokymentos: p(w|d) = Ean
Havitn napametpbl mogenu gy .

@ VYuurpammHuas mogens koanekuyuun: p(w|d) = &£, pns scex d
HaiiTn napameTtpbl mogenu &,,.

Mopckaska: npumennTs ycnosns KKT.

Tpetbe ynpaxHeHue B npoposixeHue — Gonee TBopyeckoe:

o [peanoxnTe MoaeNb, ONPEAENSIOLLYIO POJIN CNIOB B TEKCTAX:
— TeMaTMYeCKMe CNoBa
— cneyunduyHble CI0BA JOKyMeHTa (Luym)
— cnoea obweii nekcrnku (o)

Mopckaska 1: uckaTb pacnpepenenue poneir cnos p(riw), r € {T,w,d}.
Moackaska 2: MoxHO pa3spexusatb p(r|w) ans »EcTkoro onpeaeneHust poneii.
Mopckaska 3: MOXKHO MCNONB30BATL AOKYMEHTHYIO 4aCTOTY CJIOB.
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4a TEMaTU4YeCKOro MoAenMpoBaHus Bubnnoreka BigARTM
MaTtematuyeckas teopus ARTM MpakTuka TemaTuyeckoro MopenuposaHus
MpakTuka TemaTu4eckoro MoaennposaHust 3apaHus no kypcy

Pesome

@ OcHoBHasa nemma o MaKCMMN3aUunn Ha €ONHN4YHBIX CUMNONEKCAX

@ BeposiTHocTHas TemaTuyeckas mogens (PTM) — ato:
— MsArKasi K1acTepu3aymnst AOKYMEHTOB MO KA3aCcTepaM-TEMaM
— CTOXaCTUYECKOE MATPUHHOE Pa3sIoKeHNe
— BEPOSITHOCTHOE BEKTOPHOE MPEACTaB/EHNE TEKCTOB 1 CJIOB

3aja4a HEKOPPEKTHO NOCTaBEHA, €€ PELLEHWNE HE EAMHCTBEHHO
ARTM — gnsa noctpoerunsa mogeneii ¢ 3agaHHbIMI CBOWCTBaMM

BigARTM — otkpbiTas peanusayus http://bigartm.org

Y1o masibwe B 3TOM Kypce:

— M3y4YaeM MHOrO pasHbix Mogesieli U perynsipusaTtopos
— NPUMEHSIEM A1 pPeLleHns NPakTU4eCcKnX 3a4au

— co3gaém « TemaTnsatop» A5 HE-NPOrpaMMUCTOB

— C034aéM anbTepHaTUBHYIO peannsauuio B py Torch
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