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o BepositTHoCTHOE TemaTu4yeckoe mogenpoBaHue
9 Llenn, npunoxeHns, noCTaHOBKA 3ajayn
@ Makcummnsaumsi Ha egUHUYHBIX CUMIIEKCax
9 ApAVTVBHAA perynsipusauus TeEMaTUYECKUX Mogeneli

© Perynapusatopsl n MogansHoCTH
@ PLSA, LDA, doHOBbIe TeMbl 1 fekoppennpoBaHue
@ MynbTumoganbHele TeMaTu4eckne Mogenu
© Knaccudpnkaums n perpeccusi Ha TekcTax

© Mogenuposanue B3anmocsszeii 8 Tekcrax
o CeAsn mexgy cnosamm
o CBsizu Mexay AOKyMeHTaMm
o CeaAsn mexay Temamu



BeposiTHocTHOe TemaTu4deckoe mMoaenupoBaHue Llenu, npuno>keHus, noctaHoeka 3aja4u
Makcnmunsaums Ha egUHNHHBIX cUMAAeKcax
AppnTuBHas perynsipusauns TeMaTUHecKUX Mopenei

TemaTtnyeckoe mogenupoBaHue: K0 YEM BCE 3TU TEKCTbI?»

[aHo: Konnekums TeKCTOBbIX JOKYMEHTOB
® ng, — uacrota cnos (tepmos) w € W B gokymente d € D

@ |T| — ckonbKko Tem xOTUM onpesennTb B Konnekunn D

Haiitu: TtemaTunyeckyto A3bIKOBYIO MOZLEb

o p(wld) = ETP w | & t) p(tld) = - Putbia

teT
o p(w|t) = ¢yt — U3 Kaknx CNOB W COCTOMT Kaxgasi Tema t € T

o p(t|d) = 0y — 13 KaKNX TEM t COCTOMT KaXAbIli JOKYMEHT d

KpuTepuii: npasgonogobue npeackasaHus CloB W B gOKyMeHTax d
C AONONHNTENBHBIMUN KpuTepusimu-perynsipusatopamun R;(P, O):

Zzndwlnz¢wt9td+z7—l ‘>r£aex

deD wed teT

Hofmann T. Probabilistic Latent Semantic Indexing. ACM SIGIR, 1999.
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BeposiTHocTHOe TemaTu4deckoe mMoaenupoBaHue Llenu, npuno>keHus, noctaHoeka 3aja4u
Makcnmunsaums Ha egUHNHHBIX cUMAAeKcax
AppnTuBHas perynsipusauns TeMaTUHecKUX Mopenei

KpuTtepuii makcumyma npaBgonogobus

Mpaeponopobue — nnotHocTb pacnpepenenus Boibopku (dj, w;)?_;:

Hp(dfv Wi) = H H p(d, W)ndw
i=1

deD wed
Makcumunsauyusa norapucgpma npasgonogobus
E E ngw In p(w|d) pét) — max
deD wed const
5KBNUBANEHTHA MaKCMMMU3aLnu pyHKLNOHANA
L(,0) E E Ngw In E Owitbead — max
deD wed teT
NpU OrpaHNYEHUSX HEOTPULATENBHOCTYA 1 HOPMUPOBKM CTON6LOB
(takne matpuubl ©, © Ha3bIBAIOTCS CTOXaCTUHECKNMM)
wt = 0; Z dwt = 1, Ot = 0; Z Otg = 1.
wew teT
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BeposiTHocTHOe TemaTu4deckoe mMoaenupoBaHue Llenu, npuno>keHus, noctaHoeka 3aja4u
Makcnmunsaums Ha egUHNHHBIX cUMAAeKcax
AppnTuBHas perynsipusauns TeMaTUHecKUX Mopenei

Tpu nitepnperaymnn 3agaqym TeMaTU4eCKoro MogenMpoBaHus

1. Markaa knactepusauuns JOKYMEHTOB MO KiacTepaM-TEMaM
2. HuskopaHroBoe CTOXaCTU4Y4ECKOE MAaTpUYHOEe pa3sioXKeHue:
d D t T

p(wld) p(wlt)

(R (dwe) t

(tld)
© ?Hrd)

Q
<
X

w w

3. ABTOKOAMNPOBLLNK AOKYMEHTOB B TEMATNYECKUE aMbeanHri:

— KOGUPOBWNK  fo: %W — Oy p(t]d)
— [EKOOUPOBLUMK gg¢: Oy — Py Od
p(w|d) p(w|d)
3a7,a4a PEKOHCTPYKLMAN: () (b 6)
nd
Naw ;
2 ng KL% || (w. 6a)) — min
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BeposiTHocTHOe TemaTu4deckoe mMoaenupoBaHue Llenu, npuno>keHus, noctaHoeka 3aja4u

Makcnmunsaums Ha egUHNHHBIX cUMAAeKcax
AppnTuBHas perynsipusauns TeMaTUHecKUX Mopenei

3agayu, HEKOPPEKTHO NMOCTaBAeHHble Mo Agamapy

3apava KOPPEKTHO NMOCTaBAEHa
no Azamapy, ecnu eé pelueHue

@ CyLLecTByerT,

@ eQUHCTBEHHO,
2Kak Canomon Apamap

@ yCTOluNBO. (1865-1963)

Hawa 3aga4a MaTpu4HOro pa3noeHUs HEKOPPEKTHO MOCTAaBAEHa:
ecin ®,© — pewenne, To cTtoxactudeckune ¢, ©' — Toxe pelenns

o ¥’ = (0S)(571O), rankS = |T|
o L(9,0) = L(P,0) — nuHeiiHo He3aBUCUMbIE peLLEHNS

o L(¢',0) > L(P,0) — ¢ — npubnumxénnble peieHus

Perynapusauua — goonpegenevune pewwenuns, kputepun R;(P, O)
Ckanapusauns — cnoXeHne HECKONbKUX KPUTEPUEB C BECAMU
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BeposiTHocTHOe TemaTu4deckoe mMoaenupoBaHue Llenu, npuno>keHus, noctaHoeka 3aja4u
Makcnmunsaums Ha egUHNHHBIX cUMAAeKcax
AppnTuBHas perynsipusauns TeMaTUHecKUX Mopenei

Lle}'II/I n He-uesanm teMmatTmn4eckoro mogennmposaHunsa

Uenn:

@ BbIsiBNATE TEMaTUYECKYO KIACTEPHYIO CTPYKTYPY TEKCTOBOI
KOJINEKLUN, CKONBKO B Hell TeM 1 O YEM OHU

@ lMonyyaTb MHTEprpeTUpyemMble TEMATUHECKNE BEKTOPHbIE
npeacrasnenus (ambegunrn) cnos p(t|w), p(t|d, w),
pokymenToB p(t|d), dpparmentos p(t|s), obvekTo p(t|x)

@ Pewatb 3agaun noucka, kaTeropmsauyuu, cermeHTauuu,
CyMMapu3aunm ¢ NOMOLLbIO TEMaTUYECKUX SMbeanHros

He-uenu:
@ Vrapgpisatb cnoBa no koHTekcTy (TM cnabbl kak mMoaenu s3bika)
o [loHMMaTh CMbICT TeKCTa

@ [eHepnpoBaTb CBSA3HbIA TEKCT
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BeposiTHocTHOe TemaTu4deckoe mMoaenupoBaHue

Llenu, npuno>keHus, noctaHoeka 3aja4u
Makcnmunsaums Ha egUHNHHBIX cUMAAeKcax
AppnTuBHas perynsipusauns TeMaTUHecKUX Mopenei

HeKOTOpre NMPpUI0OXKEeHNA TeMaTn4eckoro mogenmposaHumnsa

paasep,oqﬂblﬁ noOnCK B NONCK TeMaTN4eCKnx

BbISIBNEHNE U OTC/IEXNBAHNE
3NEKTPOHHBIX BubnnoTekax coobuiecTB B couceTax

LLeno4eK HOBOCTENA
s
i;.? oF

(O
MYNbTUMOAANbHBIN NMONCK aHann3 6aHKOBCKMX NONCK MaTTEPHOB B 3ajadax
TEKCTOB 1 M306parkeHNii TPaAH3aKLUMOHHBIX AAHHbIX 6uonHdopmaTuKin

Fﬁu_'ﬂlﬁ

Iﬂl
.0
naal
e
v

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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BeposiTHocTHoe TemaTu4yeckoe mofenupoBaHue Llenun, npuno>keHus, noctaHoBKka 3aja4u
Makcumunsaums Ha egMHNYHBIX CUMMANeKcax
AppvnTuBHas perynsipusaunsi TeMaTUHecKUX Mopaenei

33“3‘43 MaKCnmMusauyumu d)yHKuMM Ha egUHUNYHbIX CuMMNJeKcax

Mycte Q = (wj)jes — HabOp HOPMUPOBAHHBIX HEOTPULLATENbHBIX
BEKTOPOB wj = (wjj)jel; Pa3NNYHbIX pasmepHocTei |;:

|| 1] ALY

Q=

3apaya makcummusaunm dyHkumn () Ha eANHUYHBIX CUMMNEKCaX:

f(Q ;

(Q) — max;
Zw,’j:l, Jj e J;
iEIj

wi>0, i€l jed.
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BeposiTHocTHoe TemaTu4yeckoe mofenupoBaHue Llenu, npuno>keHns, noctaHoBKka 3agaqu
Makcumunsaums Ha egMHNYHBIX CUMMANeKcax
AppavTusHas perynsapusauns TemaTu4eckux mopeneii

Heobxoaumblie ycnoBus skCcTpemymMma M MeTof NPOCThIX MTepauuii

0 (x:) max(x;, 0)
nepauns HOPMUPOBKM BEKTOpa: p; = norm(x;) = —=——————
pauwsi Hopmup pa: pj = norm(x)) = 5=~ )
Nemma. Myctb () HenpepbisHo auddeperunpyema no €.
Ecnn w; — BekTop nokanbHoro skctpemyma 3agaqn f(£2) — max

w 3i wya%fl_j > 0, TO w;j yAOBNETBOPAET CUCTEME yPaBHEHNI

of
Wi =norm| wjj— 1.
4 i€l; Y 3w,J

@ YucneHHoe pelueHMe CMCTEMbI — METOAOM NPOCTbIX UTEpALMii
@ BekTopel w; = 0 oTbpackiBalOTCA Kak BbIPOXKAEHHbIE PeLIEHUs
@ lTepauum noxoXun Ha rpafgUeHTHYO ONTUMU3ALUIO:

of
wij = wjj + n—8w~’
ij

HO YYMTLIBAOT OrpaHM4YeHus n He TpebytoT nogbopa wara 7
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Llenun, npuno>keHus, noctaHoBKka 3aja4u
Makcumunsaums Ha egMHNYHBIX CUMMANeKcax
AppvnTuBHas perynsipusaunsi TeMaTUHecKUX Mopaenei

BeposiTHocTHOe TemaTu4deckoe mMoaenupoBaHue

HanomuHaHusa. Ycnosua 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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BeposiTHocTHoe TemaTu4yeckoe mofenupoBaHue Llenun, npuno>keHus, noctaHoBKka 3aja4u
Makcumunsaums Ha egMHNYHBIX CUMMANeKcax
AppvnTuBHas perynsipusaunsi TeMaTUHecKUX Mopaenei

p.OKa3aTe}'IbCTBO JieMMbl O MaKCUMMN3auUunnn Ha CUMMJIEKCax

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

L@ ) =A@+ DA (Twy—1) = ¥ 5wy

jed i€l Jjediel;
VYcnosua Kapywa—KyHa—Takkepa ans sekTopa wj:
OFQ) _ . _

Owijj

wij,  pijwiy =0, g = 0.
YMHOXUM 0be 4acTu NepBoro paBeHCTBa Ha wijj:

Bf(Q
Ajj = wijj 85) ) = WijA;.

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

6f(§2)

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

Torpa wij)" = ( U)+' \j = Z( ij)+ = Wwjj = nOII_’m(A,-j)_ .
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BeposiTHocTHoe TemaTu4yeckoe mofenupoBaHue Llenu, npuno>keHns, noctaHoBKka 3agaqu
Makcnmunsaums Ha egUHNHHBIX cUMAAeKcax
AppnTusHas perynsapusauns TemaTu4eckux mopgenei

ARTM: apautuBHaa perynspmusaums TeMaTuydeckux mogenei

Makcumusauyus norapudgpma npasgononobus ¢ perynsapnusaTopom:

anwlnz¢wt9td+R(¢re) - rgaex, R(dD,@) - ZT,‘R,‘(Q),G)

d,w teT
EM-anroputm: mMeTon npocToil utepauum AN CUCTEMbI ypaBHEHWT
E-war:  ( praw = p(t]d, w) = nto€r7r_n ((bwtetd)

_ OR _
M-war: ¢Wt — norm(”wt + §/)Wt ) t>7 Nwt = § : Ndw Ptdw
weW wi deD

OR
Org = norm(ntd + 9tdw>, Bl = 2, WalPrcivy
teT td wed

Bopouyos K. B. ApAnTMBHaA perynsapusauns TeMaTUYecknx Mogeneii Konnekunii
TekcToBbIX fokymeHToB. [Joknaasl PAH, 2014.
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BeposiTHocTHoe TemaTu4yeckoe mofenupoBaHue Llenun, npuno>keHus, noctaHoBKka 3aja4u
Makcnmunsaums Ha egUHNHHBIX cUMAAeKcax
AppnTusHas perynsapusauns TemaTu4eckux mopgenei

Hoka3atenbcTBo (N0 N1EMME 0 MaKCMMMU3AL MM HA CUMIIEKCAX)

Mpumenum nemmy Kk log-npaesgonopobuto ¢ perynapmsaTtopom:

f(®, Z”dw'nz¢wt9td+R(¢ @)%rgaé(
d,w teT
of OR
¢Wt = norm <¢Wt 6¢wt> = IJVOErVn\‘/] wat Ndw W|d) ¢Wt a(bwt) =

deD

OR
Naw Ptdw + ¢M

(

(2 i
(
(

0. — P of \
td—nt%r_’m tdaetd = norm
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BeposiTHocTHoe TemaTu4yeckoe mofenupoBaHue Llenu, npuno>keHns, noctaHoBKka 3agaqu
Makcnmunsaums Ha egUHNHHBIX cUMAAeKcax
AppnTusHas perynsapusauns TemaTu4eckux mopgenei

YcnoBusa BbIPOXAEHHOCTN Moaenun anda teMm n JOKYMeHTOB

Pewenne MoxeT BbITb BbIPOXAEHHBIM ANS HEKOTOPLIX TEM
(ctonbuos maTtpuy P) n gokymenTos (cTonbuos matpuusl ©).

Tema t BbipoxgeHa, ecan pnas Bcex Tepmos w € W

Nwt + ¢Wt% g 0.

Ecnn tema t Boipoxaena, 1o p(w|t) = ¢y = 0; 370 03Hauvaer,
4TO TEMa UCKNIOHAETCs U3 Mogenu (npoucxogut oTbop Tem).

LokymeHT d BbipoxaeH, ecnn pns Bcex TeM t € T

OR
Ned + Ora . < 0.

Ecnn pokymenT d BoipoxgaeH, 1o p(t|d) = ;4 = 0; 370 03Hauaer,
4YTO MOZAEJIb HE B COCTOAHNN ONNCATb AaHHblﬁ AOKYMEHT.
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PLSA, LDA, cdoHoBble TeMbl 1 feKoppenupoBaHue
Perynsipnsatopbl n mopansHocTmn MynbeTumopansHble TemaTu4eckme mogenn
Knacendukauus n perpeccus Ha TekcTax

PLSA n LDA — agBe camble n3BeCTHble TemMaTu4deckue mogenu

PLSA: probabilistic latent semantic analysis [Hofmann, 1999]
(BEPOATHOCTHBIN NAaTEHTHbINA CEMAaHTUHECKNiA aHann3):

R(®,0) = 0.
M-war — 4aCTOTHbIE OLEHKU YCNOBHbIX BEPOSATHOCTENA:
Owr = norm (nwt), Oig = not['m(ntd).
LDA: latent Dirichlet allocation (natenTHoe pasmewerue dupuxne):

R(®,0) =3 BuIndue + 3 e In ey

tw dt

M-war — 4acTOTHbIE OueHKM C nonpaekamun [, > 0, a; > 0:

Ot = novsm(nwt + 33,,,,), Oig = notrm(ntd + ozt).

Hofmann T. Probabilistic latent semantic indexing. SIGIR 1999.
Blei D., Ng A., Jordan M. Latent Dirichlet Allocation. NIPS-2001. JMLR 2003.
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PLSA, LDA, cdoHoBble TeMbl 1 feKoppenupoBaHue
Perynsipnsatopbl n mopansHocTmn MynbeTumopansHble TemaTu4eckme mogenn
Knacendukauus n perpeccus Ha TekcTax

BaiiecoBckast u knaccu4veckas perynspusauus

BaiiecoBckuii BbiBoA, anoctepuopHoro pacnpegenerusi p(2|.X)
(rpomo3akuii, NpubAnXEHHbLIA) pagyu To4edHol oueHkn

Posterior(Q2|X,v) o< p(X|Q2) Prior(Q]7)
Q:=arg max Posterior(Q2|X, )

Makcumusauus anoctepuopHoii BepositHoctu (MAP)
DaéT ToueuHyto oueHky 2 Hanpsamyto, be3 BeiBoga Posterior:

Q:=arg mé)x(ln p(X|Q) + In Prior(Q|7))

MHorokpuTepuansHasa agauTtusHas perynsapu3auyusa (ARTM)
obobuiaet MAP Ha ntobble perynsipusaTtopbl U nx KombuHauuu:

Q:=arg me(In p(X|Q) + ;T,'R,'(Q))
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PLSA, LDA, cdoHoBble TeMbl 1 feKoppenupoBaHue
Perynsipnsatopbl n mopansHocTmn MynbeTumopansHble TemaTu4eckme mogenn
Knacendukauus n perpeccus Ha TekcTax

PacnpepeneHue Oupuxne

Mnotesa. Bektop-ctonbusl ¢r = (pur) n 0y = (01q)
nopoxgatotcst pacnpegenenusmu Qupnxne, o € RITI, g e RIVI:

DII’((ﬁJ,@) H ﬁl(Blgzv) H(bﬁw 17 ¢Wt > 0; /80 = §5W7 /BW > 0;

r( 0) -1
D 9 aa’t 9 . — .
II’( d|a) H r( ) H ) td > 0; (&%) ;O‘ta ay > 0;

t

Mpumep. Pacnpenenenue Dir(A|a) npu |T| =3, 0,a € R3

ar=ay=a3=0.1 ap=ay=az=1 ar=ay=a3=10

K. B. BopoHuos (k.v.vorontsov@phystech.edu) MMMO: TemaTu4eckoe moaenupoBaHue 18 /43



n PLSA, LDA, cdoHoBble TeMbl 1 feKoppenupoBaHue
Perynsipnsatopbl n mopansHocTmn MynbeTumopansHble TemaTu4eckme mogenn
Knaccudukauns n perpeccus Ha Tekctax

Mpumep. Bbibopkn n3 Tpéx 10-mepHbix BekTOpoB & ~ Dir(f|a)

Ny — 0.01 Ep = 0.1 iy — 1 Oy — 10 Ay = 100

TMT .T.r.hm fara mieon RTaiRin  iralATeaTE mTAINEY

M .LITT.T.T Rl Tana latalald  FIeTaTalataITalat]

j;,r,.,... TT -..H,..,{ rvT..-I[r, TTTrT!T TT TTTTT!

aranal

2345678910 12345678910

K. B. BopoHuos (k.v.vorontsov@phystech.edu) MMMO: TemaTu4eckoe moaenupoBaHue 19 /43



PLSA, LDA, cdoHoBble TeMbl 1 feKoppenupoBaHue
Perynsipnsatopbl n mopansHocTmn MynbeTumopansHble TemaTu4eckme mogenn
Knacendukauus n perpeccus Ha TekcTax

Makcumunsauusa anoctepuopHoi BepoaTHocTu gns moaenu LDA

CosmecTHOe npaBaonogobue gaHHbIX 1 MoAenu:
| Ndw 1 /1 1 /
n H H p(w,d|®,©) H Dir(4+|3) H Dir(f4]c) — r&eg(
deD wed teT deD
Perynsipusatop — norapudm anpuopHoro pacnpeaeneHus:
R(®,0)=> (Bw—1)In¢ue + > (e — 1)Inbeq
t,w d,t

M-war — crnakeHHble W pPa3peXKeHHbIe YaCTOTHbIE OLEHKN:
Owr = norm(nwt + Bw — 1), Oig = norm(ntd + o — 1).
w t

npu By, > 1, ay > 1 — crnaxusaHue,
npm 0 < B, <1, 0 < ay <1 — cnaboe paspexusaHue,
npu By =1, a;=1 anpuopHoe pacnpeaeneHue pasHomepHo, PLSA.
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PLSA, LDA, cdoHoBble TeMbl 1 feKoppenupoBaHue
Perynsipnsatopbl n mopansHocTmn MynbeTumopansHble TemaTu4eckme mogenn
Knacendukauus n perpeccus Ha TekcTax

0O6o6uieHne LDA: perynapu3atop Cria>kuBaHUsS U pa3pexxuBaHus

Obwynii Bug perynsapusatopa CriakKMBaHUsI N Pa3peXXuBaHus:

R(¢7@) = ﬁoz Z Bwt In dur + g Z Zatd In ;g — max,

teT weW deD teT
roe Bo > 0, ag > 0 — koacpbdpmumeHTsl perynspusaunm,
Buwt, Ctg — NapameTpbl, 3a4aBaeMbl€ MOJb30BATENEM:
® Bt >0, ayg >0 — crnaxnesatrue
@ Bur <0, ayg <0 — paspexusaHue

B03MOXHble NPUMEHEHUS CFNAaXKNBAHNS 1 Pa3PEXKNBAHNA:
® 3a4aTb POHOBLIE TEMbI C 0DLLEN NEKCUKONA A3bIKa
@ 33jaTb LWYMOBYIO TEMY AN HETEMATUYHbLIX TEPMOB
@ 334aTb NCEBAO-AOKYMEHT C K/KOYEBbIMU TEPMaMN TEMbI

@ CKOppeKTUpPOBaTb COCTAB TEPMOB U JOKYMEHTOB TEMBI
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PLSA, LDA, cdoHoBble TeMbl 1 feKoppenupoBaHue
Perynsipnsatopbl n mopansHocTmn MynbeTumopansHble TemaTu4eckme mogenn
Knacendukauus n perpeccus Ha TekcTax

PasgeneHue tem Ha npegmMmeTtHbie n POHOBbLIE

[MpegmeTHble Tembl S copepaT TEPMUHbBI NpeaMeTHOR obnacTu,
p(wlt), p(t|d), t € S — paspexeHHble, CYLLECTBEHHO pa3nunyHbIe
®oHosbie Tembl B copepxaT cnosa obuyeii nekcuku,

p(wlt), p(t|d), t € B — cywieCTBEHHO OTANYHbIE OT Hyns

¢W><T @TXD

K. B. BopoHuos (k.v.vorontsov@phystech.edu) MMMO: TemaTu4eckoe moaenupoBaHue

22 /43



PLSA, LDA, cdoHoBble TeMbl 1 feKoppenupoBaHue
Perynsipnsatopbl n mopansHocTmn MynbeTumopansHble TemaTu4eckme mogenn
Knacendukauus n perpeccus Ha TekcTax

PerynspusaTtop gekoppenupoBaHusi Tem

LUenb: ycunute pasnn4yHOCTb TEM; BbIAENUTb B KaXAOW TeMe
JIEKCNYECKOE AApO, OTaMYatoLLee €€ OT APYrux Tem;
BbIBECTUN CNOBa ODLLEli IEKCMKMN U3 NPEAMETHbLIX TeEM B (DOHOBBLIE.

MuHuMn3upyem KoBapuaLuu Mexgy BekTop-cTonbuamu ¢:

R(®) = —%Z Z Z PwtPws — Max.

teT seT\t weW

Moactaensiem B popmynbl M-wara, nonydyaem ewg ogquH BapuaHT
pa3peXxnBaHUsi — KOHTPACTMPOBaHNE CTPOK mMaTpuubl P
(Manble BEPOSITHOCTN ¢y B CTPOKE CTAHOBATCA €LLE MEHbLUE):

Pt = nomtm (nwt — TOwt Z ¢ws>-

seT\t

Tan Y., Ou Z. Topic-weak-correlated latent Dirichlet allocation. 2010
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PLSA, LDA, doHoBble TeMbl 1 aekoppenupoBaHue
Perynspusatopbl n mogansHocTn MynbTuMopansHble TemaTu4eckne moaenmn
Knacecndukauus n perpeccus Ha TekcTax

MyJ'IbTI/I MOAaJ/ibHad TemMmaTun4yeckasd moaesb

Tema moxeTt nopoXAaTb TEPMbl PA3/INYHbIX MOﬂaﬂbHOCTEﬁ:
p(cnoeo|t), p(n-rpammalt),

Topics of documents
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n B PLSA, LDA, doHoBble TeMbl 1 aekoppenupoBaHue
Perynsipnsatopbl n mopansHocTmn MynbeTumopansHble TemaTu4eckne mogenn
Knaccudukauns n perpeccus Ha TekcTax

MynbTumogansHas ARTM

W™ — cnoBapb TokeHOB m-ii MogansHocTu, m € M
Makcumusauyusi cymmsl log npasgononobuii ¢ perynsipusauueii:

D D nawIn Y duibey + R(®,0) — max

meM deD weWwm teT
EM-anroputm: mMeTogh npoCcToii uTepaumy Aasi CUCTEMbI YPABHEHUIA
E-war: Ptdw = nt%rgﬁ (¢wt9td)

R
M-war: Gwt = norm (nwt + Pwt 96 ), Nt = Tm(w) Ndw Ptdw
wewm wt deD

oR
tg = norm (ntd + 9td37>, Neg =) Tm(w) Ndw Ptdw
teT &l s

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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Perynspusatopsl n mogansHocTtun

PLSA, LDA, cdoHoBble TeMbl 1 feKoppenupoBaHue

MynbeTumogansHble TemaTu4eckue mMogenu

Knacecndukauus n perpeccus Ha TekcTax

MoganbHoOCTb ODUrpamm ynydiuaetT MHTEPNPETUPYEMOCTb TeM

Konnekuus 850 craTeii koHdeperuuii MMPO, NOW Ha pycckom

pacnosHaBaHune obpa3oe B buonHdopmaTuke

TEOPNA BbIHUCANTEN bHOU CNOXHOCTN

unigrams bigrams unigrams bigrams

06BbeKT 3aja4a pacnosHaBaHuUs 3afaya pasfensite MHOXeCTBa
3agaya MHO>XeCTBO MOTNBOB MHOXXECTBO KOHEYHOE MHOXXeCTBO
MHO>XXeCTBO cmcTemMa Macok NOAMHOXECTBO YCNOBME 3ajaqn

MOTNB BTOPUYHAsA CTPYKTypa ycnosune 3ajaya O NOKpbITUN
paspeLnmocTb CcTpyKkTypa 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
cmcrtema KPUTEPUIA pa3peimmMocTun |obnii MHOXECTBO TOYEK
CTPYKTYpa MH(OPMATNBHOCTL MOTIBA | MPOCTPAHCTBO  CJIyHaii 3apaqu

3Ha4eHne nepBnYHas CTPyKTypa cxema obwunii cnyyaii
perynsipHoCTb TYNUKOBOE MHOXECTBO KOMUTET 3apgayva MASC

C.CreHun. MynbTurpammHble agAnTUBHO Perynsipu3oBaHHble TemaTuyeckne mogenn. 2015.
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PLSA, LDA, doHoBble TeMbl 1 aekoppenupoBaHue
Perynsipnsatopbl n mopansHocTmn MynbeTumopansHble TemaTu4eckne mogenn
Knacecndukauus n perpeccus Ha TekcTax

MHorosi3bl4HbIe Moaesin napansesibHbiX KOﬂﬂeKLl,l/Iﬁ

English corpus Italian corpus

Information retrieval Information retrieval

From Wikipedia, the free encyclopedia 0 Wikipedia, Fenciclopeds lisera

This artcie

department, sce &

|Information retriev
dgeuments,for o

tion retreval i general. For the fitionai govermment Linformation retrieval (R) (itt. ecupero i i) & Minsierre delle

the area of Sty concerned with searching for
igeuments, and f about documents,

IR & un/campa) iplinare: che nasce dallincrdxio di e rse
v, Varchitettura infgrmabiya a losafia (ved 1a voc@ \
tamerto umanosulomatiane, o < o
e o S S
o ughd to roduce what fomieaccessy o pubdikagont. Wil et ot |
oy yeskies ang pubic Iraries
| provid aeess o ook s o anorfocuments Web
| the most s n,,y
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/// \ \ \\ \\\ \\\\ \
/{m;l Topic2  Toples  Topicd Topic1  Topic2  Topics Topm\ SR \f

/

docement 022 daa 017 bro 009 dntio1s e | enen 0
et 01 0008 i fone 0.1 | Webh 0.8

ko,

lbrary 005

ord 007

[ns noCcTpoeHUst MHOrOA3bIYHBIX TEM JOCTAaTOYHO MMETb MapHble
OOKYMEHTbI, be3 BbipaBHMBaHUA, 6e3 ABYA3bIYHLIX CaoBapei!

1. Vuli¢, W. De Smet, J. Tang, M.-F. Moens. Probabilistic topic modeling in
multilingual settings: an overview of its methodology and applications. 2015
tsov@phystech.edu) MMO:
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PLSA, LDA, cdoHoBble TeMbl 1 feKoppenupoBaHue
Perynsipnsatopbl n mopansHocTmn MynbeTumopansHble TemaTu4eckne mogenn
Knacecndukauus n perpeccus Ha TekcTax

Mpumep. MHoroasbiuHaa Mmogens Bukunegun

216 175 pyccko-aHrAMACKMX nap cTaTeil. A3blku — MOLANbHOCTU.
Mepebie 10 cnos n ux sepositHoctn p(w(t) B %:

Tema Ne68 Tema Ne79
research 4.56 | nucTuTyT 6.03 || goals  4.48 | mary 6.02
technology  3.14 | ynusepcuter  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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Perynsipnsatopbl n mopansHocTmn MynbeTumopansHble TemaTu4eckne mogenn
Knacecndukauus n perpeccus Ha TekcTax

Mpumep. MHoroasbiuHaa Mmogens Bukunegun

216 175 pyccko-aHrAMACKMX nap cTaTeil. A3blku — MOLANbHOCTU.
Mepebie 10 cnos n ux sepositHoctn 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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PLSA, LDA, cdoHoBble TeMbl 1 feKoppenupoBaHue
Perynsipnsatopbl n mopansHocTmn MynbeTumopansHble TemaTu4eckme mogenn
Knaccudukauns n perpeccus Ha Tekcrax

TemaTtuueckaa mogens multi-label kateropusauyun

Obyuatowme paHHble: C — MHOXECTBO KNaccoB (KaTeropuii);
Cy € C — knaccel, K KOTOpbIM d OTHOCUTCS;
C(’j C C — knacchbl, K KOTOpbIM d HE OTHOCUTCS.

p(cld) = > ¢ty — nuneiinas Mopenb knaccudmkaumm
teT

Mpaeaonoaobne BEPOATHOCTHOW Moaenn BUHapHBLIX faHHbIX:

R(®,0)=171 Z Z In Z Pctlid +

deDceCy teT

+7'Z Z In<1 —Z¢Ct9td) — max

deD ceC teT

Mpu C,, = &, nge = [c€ Cy4] 370 npaBgonopobue mogansHoctn C.

Rubin T. N., Chambers A., Smyth P., Steyvers M. Statistical topic models for
multi-label document classification. 2012.
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PLSA, LDA, cdoHoBble TeMbl 1 feKoppenupoBaHue
Perynsipnsatopbl n mopansHocTmn MynbeTumopansHble TemaTu4eckme mogenn
Knaccudukauns n perpeccus Ha Tekcrax

PerynsapusaTtop gns 3agay perpeccun

y4 € R ans Bcex fokymeHToB d — obydatouime gaHHble.

E(y|ld) = 3 vif;qy — nuneiinas mogens perpeccum, v € RITI
teT

Perynsipusatop — cpegHeksagpatudnas ownbka (MHK):
2
R(©,v)=—71 Z (yd — Z thtd> — max
deD teT

MoacTasnsiem, nonyyaem copmynsl M-wara:

Org = norm (ntd + 7Vilig (Yd - Z Vt9td>>;

teT

v=(007)1oy.

Sokolov E., Bogolubsky L. Topic Models Regularization and Initialization for
Regression Problems // CIKM-2015 Workshop on Topic Models. ACM.
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PLSA, LDA, cdoHoBble TeMbl 1 feKoppenupoBaHue
Perynsipnsatopbl n mopansHocTmn MynbeTumopansHble TemaTu4eckme mogenn
Knaccudukauns n perpeccus Ha Tekcrax

Mpumepbl 3agay perpeccun Ha TekCTax

MovieReview [Pang, Lee, 2005]
d — TekcT 0T3bIBa Ha (bUNbM
yq — pelitunr counbma (1..5), noctaBneHHbIi aBTOPOM OT3bIBa

Salary (kaggle.com: Adzuna Job Salary Prediction)
d — onucaHune BakaHcuu, npegnaraemoit pabortogatenem
Y4 — ropoBas 3apniara

Yelp (kaggle.com: Yelp Recruiting Competition)
d — oT3bIB (Ha pecTopaH, OTenb, CEPBUC 1 T.M.)
Y4 — 4mncno ronocos «usefuly, kotopsie nony4nt oT3biB

MporHo3upoBaHue CKaykoB LieH Ha (PMHAHCOBbIX pPbIHKAX
d — TekcT HoBOCTM
Yd — U3MeHeHue ueHbl B nocnegytowne 10-60 munyT

B. Pang, L. Lee. Seeing stars: Exploiting class relationships for sentiment
categorization with respect to rating scales // ACL, 2005.
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Cesizn mexpay cnosamu
Cesizn mexxay AoKyMeHTamu
Mopenuposatune Bsanmocesiseii B TekcTax Ceasu mexay Temamu

Mogenn cetu cnoe WTM, WNTM pgnsa KOpOTKUX TEKCTOB

Npes: mopenmpoBaTh He JOKYMEHTbI, a CBA3M MEXAY CI0OBaMN.

d, — nceBpoO-AOKYMEHT, 0ObeANHEHNE BCEX KOHTEKCTOB C/IOBA U
(koHTekcT — KopoTkoe cooblienmne / npeanoxexne / okHo +h cnos)
Nuw — YUCIO BXOXKAEHWA CNOBAa W B NCEBAO-AOKYMEHT d,.

TemaTnyeckas mogenb KOHTEKCTOB, pasnoxeHune W x W-matpuybi:
p(wldy) =Y p(wlt)p(tlds) =Y dutbe
teT teT

Makcumunsaumns norapudpma npasgonogobus:

Z Nyw |ogz ¢M9tu - rgaex

u,weW teT

Berlin Chen. Word Topic Models for spoken document retrieval and transcription.
ACM Trans., 2009.
Yuan Zuo, Jichang Zhao, Ke Xu. Word Network Topic Model: a simple but general
solution for short and imbalanced texts. 2014.
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Cesizn mexpay cnosamu
Cesizn mexxay AoKyMeHTamu
Mopenuposatune Bsanmocesiseii B TekcTax Ceasu mexay Temamu

WN-ARTM Ha 3aga4ax cemMaHTU4YeCcKOW aHanorum cioB

[Ba noaxofa K CUHTE3Y BEKTOPHbIX NPEACTAaBAEHMNIA CNOB:
o WN-ARTM: unHTepnpeTupyemble paspekeHHbleé KOMMOHEHTbI

@ word2vec: nHTepnpeTMpyeMbie BEKTOPHbIE OMepauum

Onepayus Pesynstat WN-ARTM | PesynbTtaT word2vec
. . ueen, princess, queen, princess,
king — bo irl 9 . .
& y+e lord, prince regnant, kings
. . madrid, barcelona, madrid, barcelona,
moscow — russia + spain . .
aires, buenos valladolid, malaga
. . rupee, birbhum, rupee, rupiah,
india — russia + ruble
+ pradesh, madhaya devalued, debased
computers, software, computers, software,
cars — car + computer servers, hardware,
implementations microcomputers

A.Potapenko, A.Popov, K.Vorontsov. Interpretable probabilistic embeddings: bridging
the gap between topic models and neural networks. AINL-6, 2017.
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Ceasun mexxkay cnosamn
CBsAsn mMexxay AOKyMeHTamu
Mopenuposatune Bsanmocesiseii B TekcTax Ceasu mexay Temamu

Perynspusatop © gnsa ydéra cesizeii Mexay AOKYMeHTaMu

Llenb: yny4ywnTb Tembl, NCNOMB3YS CCbUIKMA AN LUTUPOBAHUS
(ecnu BOKYMEHTbI CCbINAKOTCA APYr Ha Apyra, TO ux Tembl 6au3sku):

Nge — 4MCNo ccblnok ns d Ha c.

MoBbiwaem cxoncTBO (CKaNsipHble NPON3BEAEHUS) TEMATUHECKMX
BEKTOPHbIX MPEACTaBAEHNA CBSA3aHHbIX JOKYMEHTOB Oy, O:

R©)=r Z Nye Zﬁtdﬁtc — max.

d,ceD teT

nOﬂ,CTaBﬂﬂeM, nony4yaem e|.u,e OAWNH BapWaHT Criaa>XnBaHUA:

Org = no{m (ntd + 701y Z ndcetC) .
ceD

Laura Dietz, Steffen Bickel, Tobias Scheffer. Unsupervised prediction of citation
influences. ICML-2007.
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Ceasun mexxkay cnosamn

CBsAsn mMexxay AOKyMeHTamu
Mopenuposatune Bsanmocesiseii B TekcTax Ceasu mexay Temamu

MO,EI,e}'II/I, y4uTthbiBarouwime ynTtnpoBaHnuda nNanm runepccobiysiku

@ VUET CCBIIOK YTOYHSAET TEMATUYECKYIO MOAENb

@ TemaTuueckas MOLENb BbIABAAET BAUATENbHbIE CCbhINTKN

Green et al.

Hofmann
Probabilistic
Latent Semantic

Indexing

Jordan et al.
An Introduction
1o Variational

Methods for
Graphical

Modelling heterogencity
with and without
the Dirichlet

Collins et al.

Roweis

Ghahramani et
1

A Comparison Buntine et al Hofimann Duygulu et al. Bacza-yates a
AGeneralization s Blei et al
: EM Algorithms | | of Language Multi-faceted Object Recognition etal Propagation
of Principal ol . Latent Dirichlet
for PCA and Modeling and Learning for as Machine Translation: | | Modern Information Algorithms for
Component Analysis e e Allocation s
o g SPCA Probabilistic | [ Web Taxonomies Learning a Retrieva Variational

esian Leaming

Buntine

Brochu et al.
Name That Song!
A Probabilistic

Approach to

Variational
Extensions to
EM and Multinomial

Laura Dietz, Steffen Bickel, Tobias Scheffer. Unsupervised prediction of citation
influences. ICML-2007.
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Cesizn mexay AoKyN
Mogenuposanue B3anmocBssiseli B TekcTax Cesizn mexay Temamm

Vepapxnyeckne rematnyeckue mogenu

© CTpyKTypa mepapxun: AepeBo / MHOrofonbHbI rpad
@ HampaBneHne: CHU3y BBepx / CBepxy BHU3 / OLHOBPEMEHHO

® HapaljMBaHMe: MOBEPLINHHOE / MoC/oliHoe

e®e
o [
Learning in prob'a@ic g?phical models
\ | ]

Machine lear|

Unsup Iea 3*
v(umx rning /
Mac
@ Learni radigms Learm@e:tmgs
ne.nforg@t learning

Supel.l@!&mmg
Machine Iea@g}lgorlthms

sm.‘eaﬁ

Dynamic programmlng f@ a(ov decision processes
o0
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Ceasun mexxkay cnosamn
CBesAsu mexxay AOKyMeHTamu
Mopenuposatune Bsanmocesiseii B TekcTax Cesasu mexay Temamu

MocnoiiHoe NocTpoeHue TeMaTMYECKOW nepapxuu

LWar 1. Crpoum mogensb ¢ HeBOAbLIMM YUCAOM TEM.

LLar k. MycTe Mogenb ¢ MHOXXECTBOM TeM T y>xe NOCTpOeHa.
Crtpoum mHoxecTBO foqepHux tem S (subtopics), |S| > [ T].

POAI/ITe.ﬂbCKVIe TEMbI ﬂpI/I6J1I/I)KaIOTC$I CMECAMU OO0HEPHUX TEM!

antlnp(w|t antanp wls)p(s|t) — rgali(

teT teT seS

rae p(s|t) = vst, W = (Yst)sxT — MaTpuya cesseil.
Poantensckass PP ~ OV, orcroga perynsapusatop matpuubl O:
R(d)7 w) =T Z Z Nwt In Z ¢WS¢S£‘ — max.
teT weW seS

Poontenbckue Tembl t — nCeBAO-AOKYMEHThI C 4aCTOTaMU C/IOB Ny;.
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Cesizn mexpay crosamu
CBesAsu mexxay AOKyMeHTamu
Mopenuposatune Bsanmocesiseii B TekcTax Cesasu mexay Temamu

MocTpoeHue BTOpPOro ypoBHs uepapxum C nogremMamu S

B konnekumto gobaensitorest | T| nceBLoOAOKYMEHTOB pPOAUTENLCKIX
TeM C 4acToTaMu TEPMOB Ny = TNPye, t € T

D T
o D
poaonTenbCKUN (])1
n = X
ypOBEHb dw T
w w
D T/ S
D T
JoYepHuni . ,
n =
YypOBEHb o Mo |~ s © hd
w w

MaTpuua cesiseii Tem ¢ nogTemamn W = (p(s|t)) obpasyercs
B cTtonbuax mMaTpuubl ©, COOTBETCTBYIOLLMX NCEBAOAOKYMEHTAM.

Chirkova N.A., Vorontsov K.V. Additive regularization for hierarchical multimodal topic
modeling. JMLDA, 2016.
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Ceasu m y cnosamu

Cesizn me
Cesasn mexpay Temamu

Y OOKyMeHTamu
Mopenuposatune Bsanmocesiseii B TekcTax

CTM: moaenb KOppenupoBaHHbIX TeM
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David Blei, John Lafferty. A Correlated Topic Model of SCIENCE, 2007
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Ceasun mexxkay cnosamn
Cesizn mexxay AoKyMeHTamu
Mopenuposatune Bsanmocesiseii B TekcTax Cesasu mexay Temamu

MHoromepHoe nor-HopmMasbHoe pacnpegesieHue

MoTtusayuns. Tembl MOTyT KOPPENUPOBATh: «CTATbM MO apXeonoruu
yalle CBSA3aHbl C UCTOPUEN N reoNornei, 4em C reHeTuKol ».

Llenu: oueHnTs Koppenaunm, BbISBUTL MEXANCLUNANHAPHbIE CBSA3M,
ynydqwnTs pacnpegenenus p(t|d) c yuérom atux cesizeii.

MnoTesa. Bekrop-cronbusi 4 nopoxaatorcst | T |-mepHbim
NOT-HOPMaJsibHbIM PacrpesesieHneM C KOBapPUALMOHHON MaTpuueit S:

p(ndlp, S) = exp(—3(na — 11)"S H(na — 1)),

PN
(2m)z[S|z
rae 1d = (Med)te T — BEKTOPbI JOKYMEHTOB, 7ty = In B4y,
[, S — napameTpbl rayCCOBCKOrO pacrnpefesneHus,

exp(ned)

Zs exP(Usd) .

David Blei, John Lafferty. A Correlated Topic Model of SCIENCE, 2007.
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(0:q) = SoftMax(n;y) =




Ceasun mexxkay cnosamn
Cesizn mexxay AoKyMeHTamu
Mopenuposatune Bsanmocesiseii B TekcTax Cesasu mexay Temamu

Perynsipusatop mogenu koppenupoBaHHbix Tem CTM

Makcumusauus npaesgonopobus Beibopku BEKTOPOB 7y = (1tqg):

Z In p(na|p, S) — max.

deD
Perynsipusatop ¢ napamerpamu p, S:

_ 71 o Tc—1 .
R(©)=—5 D (na—p)"S " (na — ) = max.
deD

®opmynbl M-wara (S, p 06HOBAAIOTCS B KOHLE KaXXAOii nTepaumn):

Otg = norm <ntd — 7Y St(Infsy — Ms)>;

seT
w 1 > In6
= d;
Dl deb
1
S = D] > (In0g — p)(Infg — )"

deD
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Pesome

o TemaTuueckoe MogenMpoBaHne — MArkas knacrepusauus,
aBTOKOAMPOBLLMK, CTOXaCTUYECKOE MaTPUHHOE pa3/ioOKeHUE,
HO BECbMa NOCPEACTBEHHAS A3bIKOBAs MOAENb

o CrangaptHbie metoasl — PLSA n LDA
HecrangapTHbie — orpoMHoe pa3Hoobpasume perynsipnsaTopos

@ ApAnTuBHAA perynspusaums — MHOrOKpUTEPUAsbHAS
ONTUMMN3aLUNA N BO3MOXHOCTb KOMBUHNPOBaHMSA Mogenei

@ baiiecosckoe obyyenne PTM — «u3 nywku no sopobbsim»

(]

B ARTM Te xe mofenn BbIBOAATCA HAMHOMO Mpolle —
C MOMOLLbIO IEMMbl O MaKCUMM3aLMM Ha CUMIIEKCAX

@ DTa neMmMa npumeHuma faneko 3a npegenamu PTM

Jordan Boyd-Graber. Applications of Topic Models. 2017.
Rob Churchill, Lisa Singh. The Evolution of Topic Modeling. 2022.

K.B.BopoHuyos. BeposiTHOCTHOE TemaTu4eckoe mogenuposaHue: Teopus ARTM
n npoekT BigARTM. 2017-2023.
http://www.machinelearning.ru/wiki/images/d/d5/Voron17survey-artm.pdf
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