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CopepxxaHue

© Knaccuyeckue mogenu PLSA, LDA
@ Mogens PLSA
@ Mopens LDA
@ Makcumusauus anocTepuopHoii sepositHocTu ana LDA

Q Teopusa EM-anroputma
© Makcumym MapruHaansnpoBaHHOro npasgonoaodbus
@ Obwwuii EM-anropntm 1 ero cxoanmMocTb
@ Buisog dopmyn ARTM us obwero EM-anroputma

© S«cnepumentel ¢ mopensimu PLSA, LDA
@ lNpobnema HeyCTORUMBOCTN (HA CUHTETUYECKNX AAHHbIX)
@ [pobnema HeycTo4MBOCTN (Ha peanbHbIX JAHHBIX)
@ [pobnema nepeobydeHusi n pobactHslie Mogenu



Knaccnyeckne mopgenu PLSA, LDA
Teopua EM-anroputma

DkcnepumenTsl ¢ mogensimn PLSA, LDA

HanomuHaHune. 3ap,aqa TeMaTn4eCKoro mogenmpoBsaHusa

Mopens PLSA
Mopgens LDA

Makcumunsaums anocrepuopHoii BepositHoctu ansa LDA

ﬂaHO: KONNEKUnNsa TEKCTOBbIX NOKYMEHTOB

@ nNg, — 4acTOTbl TepMOB B gokymeHTax, p(w|d) =
Hatitu: napametpbl Tematuyeckoii mogenn p(w|d) = > durbid

9 ¢yt =p(w|t) — BeposiTHOCTM TepMOB W B KaXxkhoii Teme t

@ 0ig=p(t|d) — BeposTHOCTM TeM t B KaXKAOM AOKyMeHTe d

J70 3af4a4a CTOXAaCTUHYECKOro MaTpPU4HOIr0O Pas3ioOKEHUA:

w
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Knaccnyeckne mopgenu PLSA, LDA Mopens PLSA
Teopua EM-anroputma Mogens LDA

SkcnepumenTsbl ¢ mogenamu PLSA, LDA Makcumunsaums anocrepuopHoii BepositHoctu ansa LDA

Hanomunanue. PLSA (Probabilistic Latent Semantic Analysis)

Kputepuii — makcumym norapudMmnpoBaHHOro npaegonogobus:

Z Z ndwlnz¢wt9td - @?@X

deD weW teT

EM-anroputm: meTog npocToii ntepaunn gjsi CUCTEMbI YPaBHEHMIA
E-war: Ptdw = nt%rp (d)wtetd)

M-wiar: dwt = norm< Z ”detdw)

weW deD
Org = norm( > ndwptdw)
teT wed

max{x¢,0}
roe norm(x;) =
tGT( ) 2

= — onepauusi HOPMUPOBKM BEKTOPA
o7 max{xs,0} pay, pmup P

Hofmann T. Probabilistic latent semantic indexing. SIGIR 1999.
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Knaccnyeckne mopgenu PLSA, LDA Mopens PLSA
Teopua EM-anroputma Mogens LDA
SkcnepumenTsbl ¢ mogenamu PLSA, LDA Makcumunsaums anocrepuopHoii BepositHoctu ansa LDA

Hegoctatkun PLSA (1 HeobxoaumocTb ero perynspusauuu)

© bBonblias pazmepHOCTb NPOCTPaHCTBA NapaMeTpoB

© kobbl n3-3a 3Toro cunsHoe nepeobyderune

© kobbl HEBO3ZMOXXHOCTL MOAENNPOBAHUS HOBBLIX JOKYMEHTOB
@ Hert ynpaenenus paspexeHHoctsio ® n O, T.k.

(B Hauane ¢yt =0) < (B duHane ¢y = 0),

(8 Havane 0;y = 0) < (B dunane O,y = 0)
HeeqmHCTBEHHOCTL 1 HEYCTORUYNBOCTL PELLEHUS:

ecnin O — pewenne, To (PS)(S1O) — Toxe pelenne

Tembl He BCerga UHTEPNPETUPYEMBI

Her Bbigenenus Hetematuyeckux (dpoHOBBIX) CnoB

0006 O

He sicHo, Kak y4uTbiBaTE JOMNOAHMTENLHYIO UHPOPMALMIO

Blei D., Ng A., Jordan M. Latent Dirichlet Allocation. JMLR, 2003.
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Knaccnyeckne mopgenu PLSA, LDA Mopens PLSA
Teopua EM-anroputma Mogens LDA
SkcnepumenTsbl ¢ mogenamu PLSA, LDA Makcumunsaums anocrepuopHoii BepositHoctu ansa LDA

mnote3a 006 anpuopHbIX pacnpegeneHusax Qupuxne

Mnotesa: Bektop-ctonbubl ¢t = (dwt)wew U 0g = (01d)teT
nopoxgatotcst pacnpegenenusmu Qupnxne, o € RITI, g e RIVI:

Dlr(¢t|ﬁ) H ﬁf;zv) Hd)ﬂw_la dwt >0; Bo= ;ﬂWa Bw > 0;

M« _
Dlr(9d|a) H(r(O)t) H bt 1a Otg >0; ap= ;O‘ta ay > 0;
Mpumep:
Dir(8|«),
|T| =3,
0,0 € R3

o =ay =az =10
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Knaccnyeckne mopgenu PLSA, LDA Mopens PLSA
Teopua EM-anroputma Mogens LDA
SkcnepumenTsbl ¢ mogenamu PLSA, LDA Makcumunsaums anocrepuopHoii BepositHoctu ansa LDA

Mpumep. Bbibopkn n3 Tpéx 10-mepHbix BekTOpoB & ~ Dir(0|a)
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Knaccnyeckne mopgenu PLSA, LDA Mopens PLSA
Teopua EM-anroputma Mogens LDA
SkcnepumenTsbl ¢ mogenamu PLSA, LDA Makcumunsaums anocrepuopHoii BepositHoctu ansa LDA

BepOSITHOCTHaﬂ Mofesib NoOpoXXaeHUsa TekKCTa

Tematuueckas mogens LDA (Latent Dirichlet Allocation):

p(w|d) = bubea, ¢~ Dir(g[B), 64 ~ Dir(0]a).

teT

Mpouecc nopoxaenusi aokymenTtoB d = {wy ... w,,} konnekuyuu D:

Bxop: sBekTopbl runepnapaMeTpoB 3, ;
Bbixoa: konnekunsi JOKyMEHTOB;

BbibpaTh BekTOp ¢ M3 Dir(¢|5) ans kaxpoii Tembl t € T;
BbibpaTh BekTOp Oy M3 Dir(f|a)) pns kaxgoro pokymenta d € D;
Ana BCex pokymeHToB d € D
ONsl BCex no3uuumii TepmoB i = 1,...,ng B fokymente d
BbibpaTh Temy t; n3 p(t|d) = O4;
L BbIbpaTL Tepm w; u3 p(w(t;) = Puy,;

K. B. BopoHuos (vokov@forecsys.ru) BeposiTHOCTHbIE TemaTu4eckmne Mopenu 8/33



Knaccnyeckne mopgenu PLSA, LDA Mopens PLSA
Teopua EM-anroputma Mogens LDA
SkcnepumenTsbl ¢ mogenamu PLSA, LDA Makcumunsaums anocrepuopHoii BepositHoctu ansa LDA

Mouemy umeHHo pacnpegeneHue Oupuxne?

@ OHO CrOCOBHO MOPOXAATH PAa3PEXKEHHBIE BEKTOPbI;
@ MeeT napamMeTpbl, YNPaBAsOLME CTENEHBIO PA3PEXKEHHOCTH;
@ ONUCLIBAET KNACTEPHbIE CTPYKTYpbl Ha cuMmaekce (cMm. puc.);

@ SBNAETCS CONPSXKEHHBIM C MYNbTUHOMUANbHBIM PacnpeaeneHneM,
4TO CUNbHO ynpowaeT baliecosckuii BbiBOA (B Cned. nekuun).

Pacnpegenenne Dir(¢|a) nopoxgaer sektopsl Tem ¢y = p(w|t),
KOTOPbIE MOPOXAAIT MyNbTUHOMMANbHbIE pacnpegenerus p(w|t, d).

b‘(wltud)'“p(wltl p(w|t;) ~ Dir

p(wlt,d) ~p(w|t,) / p(w|t,) ~ Dir
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Knaccnyeckne mopgenu PLSA, LDA Mopens PLSA
Teopua EM-anroputma Mogens LDA
SkcnepumenTsbl ¢ mogenamu PLSA, LDA Makcumunsauns anocrepuopHoii BepositHoctu ansa LDA

®opmyna Baiieca gna anocTepMopHOro pacnpegeneHus

Beeném bonee obuyue obosHauenus X, €, y:

X = (d;, wi)[_; — ncxopHble faHHble, Habtofaembie nepemMeHHbIe
Q = (¢,0) — napametpsl nopoxaatowein mogenn p(X|Q)
v = (8, &) — runepnapametpsl anpuopHoro pacnpegenenns p(2|y)

3apaua: 3Has X, mogenupys p(X|Q), Haiitu Q.

®opmyna baiieca gaér anocrepuoproe pacnpesenenne p(Q2|X,7),
rAe CUMBON OX O3HayYaeT «PaBHO C TOYHOCTHIO 10 HOPMUPOBKIN»

p(2, X|v)
p(X[v)

Oanee ectb gBa nyTu:

p(Q21X,7) o p(Q, X|y) ocp(X|) p(2y)

© Makcumuzayms npasgonogobus: Q = arg maxq In p(Q2|X,7)
o baiiecosckuii BbiBog: Bbldncnenne pacnpegenerus p(Q[X,~)
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Mopens PLSA
Mopgens LDA

Makcumunsauns anocrepuopHoii BepositHoctu ansa LDA

Knaccnyeckne mopgenu PLSA, LDA
Teopua EM-anroputma

SkcnepumenTsbl ¢ mogenamu PLSA, LDA
Makcumunsayusa anoctepuopHoi BepoaTHocTu gnsa moaenu LDA

Makcumusayusi CoBMECTHOrO NpaBAoNoA0bMUs [AHHBIX U MOAENMN,
Ha3biBaeTcs Takxke Maximum a Posteriori (MAP) estimation:

In p(X[$2) p(2]7) = |an di, wi|®,©) p(¢[5) p(Ola) =

=In H H p(d, w|®,©)"w H Dir(¢¢|5) H Dir(0q4|ct) — max
deD wed teT deD
DT0 3aja4a MaKCUMU3aLMUN PErYNsiPU30BAHHOTO |og—npa3,u,ono,u,o6m9|:

anwangﬁthw—i—Zln(ﬁBW 1+Z|n0 —>max

MPW OFpaHNYEHUSX HEOTPULATENBHOCTN N HOPMUPOBKH

Gwe =20, D> dur =1, O1g >0; > 0y =1

weW teT
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Knaccnyeckne mopgenu PLSA, LDA Mopens PLSA
Teopua EM-anroputma Mogens LDA
SkcnepumenTsbl ¢ mogenamu PLSA, LDA Makcumunsauns anocrepuopHoii BepositHoctu ansa LDA

PerynspusosaHHubii EM-anroputm gna mogenu LDA B ARTM

Makcummnsauusi anoCcTepuopHOii BEpOSITHOCTY SKBUBAJIEHTHA
perynsipusaTtopy fnorapudma anpuopHOro pacnpeaeneHus:

dZ e I th ¢Wt9td+t2(ﬁw—1) 0 G+ D (@ =1) nfeg — max

d,t

In npasgonopobus perynsipuzatop R(®,0)=Inp(®,0|c,3)
EM-anroputm: meTog npoCcToin MTepauun 4jis CUCTEMBI YPaBHEH M

ES g = norm 0
war Ptdw o (¢wt td)

Mowar: - { e = rorry (5 e 800)

O, = norm( n o —1)
e = norm WZG:d e Prciv/ T+ Ot
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Knaccnyeckne mopgenun PLSA, LDA Makeumym MapruHanusmpoBsaHHoOro npaeaonopobus
Teopusa EM-anroputma O6wuii EM-anroputm un ero cxogumocts
SkcnepumenTsbl ¢ mogenamu PLSA, LDA Bbisog dopmyn ARTM us obwero EM-anroputma

O6uiasn BepOATHOCTHAsA MOfAesb CO CKPbITbIMU NMepeMeHHbIMU

Beprémca k obwum obosHayeHusm X, Q, v, pobaeus Z:

X = (dj, w;)!_; — ncxogHble faHHble, Habitogaembie nepemeHHbie
= (t;)7_, — CKpbITbIE MepemMeHHbIe

Q = (¢,0) — napametpsl nopoxaatowein mogenn p(X|Q)

v = (8, a) — runepnapametpsl anpuoproro pacnpegenenus p(Q2|y)

3apaua: 3Hasa X, mogenupys p(X, Z|Q2), Haiitn Q.
AnocTepuopHoe pacnpeseneHue:

p(QX,7) o p(X|Q) p(Qly) = ;P(XJ\Q)p(Q!V)

MpuHuMN MakCcMMyma anocTepuopHOl BEpPOSiTHOCTMU:
In p(X|Q2) + Inp(Q2|y) — max
—— Q
R(Q)
R(£2) MOXeT n He NMeTb BEPOSITHOCTHOW WHTEPNpPETALMN.
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Knaccnueckne mopenu PLSA, LDA Makeumym MapruHanusmpoBsaHHoOro npaeaonopobus

Teopusa EM-anroputma O6wuii EM-anroputm un ero cxogumocts
SkcnepumenTsbl ¢ mogenamu PLSA, LDA Bbisog dopmyn ARTM us obwero EM-anroputma

O6wwmii EM-anroputm gnsa 3agaqu Co CKpbITbIMUA NepeMeHHbIM U

Teopema. Touka 2 NOKaNLHOro MakCUMyMma PEryasipu3oBaHHOro
mapruxanuzosanHoro npasgonogobus (Marginal log-Likelihood)

I X, Z|Q) + R(Q2) — RML
&8 + K@)~ mex (RML)
YAOBNETBOPSET CUCTEME YPaBHEHUIA, PELLEHNE KOTOPOA METOAOM

NPOCTLIX NTEpaLMii CBOAUTCA K YEpPEeAOBaHMIO ABYX LUArOB:
E-war: g(Z£) = p(Z|X,Q);

M- : Z)1 X, Z|Q R(Q2) — .

war: > q(Z)Inp(X, ZI) + R(Q) — max

z

370 0bwunii Bug EM-anroputma, ncnonbsyemsili He TOMLKO
B TEMATUYECKOM MOZLENMNPOBAHMNN.

A.P.Dempster, N.M.Laird, D.B.Rubin. Maximum likelihood from incomplete data via
the EM algorithm. 1977.
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MakcuMyM mapruHanusuposaHHOro npasgonogobus
O6wuii EM-anroputm un ero cxogumocts
Bbisog dopmyn ARTM us obwero EM-anroputma

Knaccuueckne mogenn PLSA, LDA
Teopusa EM-anroputma

SkcnepumenTsbl ¢ mogenamu PLSA, LDA

[JokazaTenbCTBO TEOPEMBI

Heobxoaumble ycnoBusi 10KanbLHOro 3KCTpEMyMa:

o (WS 2 @) = sy 2 2P O

z

Mo dopmyne ycnosroilt BepositHoct p(X|Q) = gE)Z(PZ(lQ) noACTaBAsIEM:

(Z1X.9) 0p(X.Z1Q) | OR) _

p
Z p(X,ZIQ) 49 0Q
) IOR(Q)
Zp Z|X,9) annp(X Z|Q) + —5= =0
q(Z)

D70 HeobxopMMbIe YCIOBUS JIOKANBLHOMO 3KCTpemyma 3agaqn M-wara.
Boigenenue ypasrennii E-wara g(Z) = p(Z|X, Q) otHocutensHo
JOMOJHNTENbHBIX NepemenHbix g(Z) npusogut k EM-anroputmy.
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Knaccnyeckne mopgenun PLSA, LDA Makeumym mMapruHanusmpoBsaHHoOro npaeaononobus
Teopusa EM-anroputma O6wuii EM-anroputm un ero cxogumocts
SkcnepumenTsbl ¢ mogenamu PLSA, LDA Bbisog dopmyn ARTM wus obwero EM-anroputma

Ewé 6onee o6wumii EM-anroputm n ero cxogumocTtb

Teopema. 3HayeHne MapruHanaM3oBaHHOro npasgonogobus

I X,Z|Q2)+ R(Q) — RML
PG ZIRHR) = mex (RML)
He yObIBaeT Ha KaXKAOM Liare NTepaLroHHOro NPOLECCca

E-war: KL(g(Z) || p(Z]X,9Q)) — mqin;

M-war: Zq(Z)Inp(X,Z]Q)—i—R(Q) — max.
V4

q(Z) = p(Z|X,Q) senserca TouHbIM pewernem 3agaqm E-wara.

Munumuzauns KL Ha E-wiare ncnonssyetcs B Tex caydasy,
korga p(Z|X, ) He ypaéTcs BbINMCANTDL B SIBHOM BUAE.

CxopumocTts B cnabom cmbicne: rnobanbHblli max He rapaHTUPYETCs.
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Knaccnyeckne mopgenun PLSA, LDA Makeumym mMapruHanusmpoBsaHHoOro npaeaononobus
Teopusa EM-anroputma O6wuii EM-anroputm un ero cxogumocts

SkcnepumenTsbl ¢ mogenamu PLSA, LDA Bbisog dopmyn ARTM wus obwero EM-anroputma

[JokazaTenbCTBO TEOPEMBI

K. B. BopoHuos (vokov@forecsys.ru) BeposiTHOCTHBIE TemMaTu4eckme Mopenu

Mo dopmyne ycnoshoii sBepositHocT p(X|Q) ZE;(IX )
[Ons nponssonsHoro pacnpegenequs q(Z)

- B p(X,ZI1Q2)
Inp(XI2) = 3 a(2)in p(XI) = 3 a(2)n TFor =

V4

Z
X, Z|Q
:;q(Z)ln% + ;q(z)lnﬁ—;%

o (@ fezixm)zo

Makcumusmnpyem JocTmxumyto HuxHIow oueHky RML o no g, To no Q:

E-war:" L(q,Q) +E€QX—+ max < KL(q(Z) || p(Z|X,Q)) — min
q q
M-war: L(q, Q) + R(Q) — max < >2q(Z2)Inp(X, Z|Q) + R(Q) — max
Z

Ha Ka>XJOM Luare 3Ha4deHune (byHKLlIAOHaﬂa MOX>XET TOJIbKO BO3PACTaThb.
]
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Knaccnueckne mopenu PLSA, LDA Makeumym mMapruHanusmpoBsaHHoOro npaeaononobus
Teopusa EM-anroputma O6wuii EM-anroputm un ero cxogumocts
SkcnepumenTsbl ¢ mogenamu PLSA, LDA Bbisog dopmyn ARTM wus obwero EM-anroputma

Perynsapu3soBaHHbii EM-anroputm gna tematmnyeckoi mogenu

Hanomunanune: X = (dj, wi)i_;, Z = (t);, Q= (9,0).

JNemma. Touka (P, ©) nokansHoro makcumyma RML
(perynsipnsoBaHHoro mapruHanusosatHoro log-npasgononobusi)

N> p(X,ZIQ) +R(Q) = ngwIn > durbia + R(®,O)
V4

d,w t

YAOBNETBOPSET CUCTEME YPAaBHEHUIA, PELLEHNE KOTOPOA METOAOM
MPOCTbIX UTepaLuii CBOANTCA K YepeloBaHNIO ABYX LUArOB:

E-war: p(tld,w) = norm (pwebta), V(dED,wed,teT)
te

M-wwar: dztndwp(ﬂd, w) In(puwebia) + R(S,0) — max
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Knaccnyeckne mopgenun PLSA, LDA Makeumym mMapruHanusmpoBsaHHoOro npaeaononobus
Teopusa EM-anroputma O6wuii EM-anroputm un ero cxogumocts
SkcnepumenTsbl ¢ mogenamu PLSA, LDA Bbisog dopmyn ARTM wus obwero EM-anroputma

[JokasaTtenbCcTBO NeMmbl

E-war: B cuny He3aBNCMMOCTMN SN1IEMEHTOB BbIGOPKM
q(Z) = p(Z1X, Q) HP t,|d,,W,)—Hnorm Pw;t 0, ,)

M-war: noactasum g(Z) un p(X,Z|Q) B o6u.|,y|o dbopmyny M-wara:
Z q(Z)Inp(X,Z|Q) + R(Q) — max

zZeTn

IIREEDD H p(tk|dk,Wk)JZ'Inp(d,,W,,t,|Q)+R( ) — max

theT t,e€T k=1

Z Sy H p(tk|dk, wi) In p(d;,w;,t;|Q) + R(Q) — max
i=lteT tyeT k=1

p(tld;, w;) In p(d;,w;, t|Q?) + R(Q2) — max

mM ﬂ.M’

e
Z Z nawp(t|d, w) In(webea) + R(P,©) — max
deD teT *.0
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Knaccnyeckne mopgenun PLSA, LDA Makeumym mMapruHanusmpoBsaHHoOro npaeaononobus
Teopusa EM-anroputma O6wuii EM-anroputm un ero cxogumocts
SkcnepumenTsbl ¢ mogenamu PLSA, LDA Bbisog dopmyn ARTM wus obwero EM-anroputma

BeiBog, cbopmyn M-wara ARTM, Tenepb u3 obuiero EM-anroputma

OnTtumusauymorHasa 3agada M-wara:

F(9,0)= > nawp(tld, w) In($u:b:q) + R(®,0) — max

d,w,t

anIMeHI/IM NeEMMY O MaKCUMU3aUNN Ha €0UHNYHBIX CMMNAEKCAxX:

Pwt = norm (d)wt of > = norm( > Nawp(t|d, w) +¢wta—R>

OPwe weW \gebD OPwe
of OR
O1g = norm <0td (%?td> = nt%r;n (Ed nawp(t|d, w) +0.4 80td>
nig

Takum obpasom, cHosa nonyunnu dopmyasi ARTM
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Knaccnyeckne mopgenun PLSA, LDA Makeumym mMapruHanusmpoBsaHHoOro npaeaononobus
Teopusa EM-anroputma O6wuii EM-anroputm un ero cxogumocts
SkcnepumenTsbl ¢ mogenamu PLSA, LDA Bbisog dopmyn ARTM wus obwero EM-anroputma

Pesiome no teopuu

Mogenb natedtHoro pasmeuweHus Oupuxne LDA

@ LDA npouwe BBoguTb 4epes KL-gueeprenyuto,
KaK perynsipu3aTop CriaxkuBaHusi/pa3pexnsaHus,

@ TOrga 3a04HO CHUMAKOTCA orpaHudeHunst B, > 0, a; > 0

@ Pacnpepenerune Qupuxne nrpaet ocobyto ponb
B 6aﬁeCOBCKVIX METOAaX TEMATUYHECKOro MO4ENNPOBAHUA

@ ARTM — 710 bonee npoctas ansTepHaTuBa balleCOBCKMM
MEeTOo4aM, HO B CTAaTbAX NO TEMATUYHECKOMY MOAENNPOBAHNIO
OHU npeobnafatoT, NO3TOMY B HUX HAAO YMETb pa3bupaTbes

@ Mol paccmoTpum baiiecoBckue MeToAbl B CleaytoLeil nekuum

O6wwmii BapuaHt EM-anroputma
@ cHabxéH Bo3mMoXHOCTbIO perynsipusauumn R(£2)

@ unmeeT obocHoBaHMe cnaboil cxoauMocTu
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Knaccnueckne mopenu PLSA, LDA Mpobnema HeycToliuMBOCTN (HAa CUHTETUHECKNX AAHHbBIX)
Teopua EM-anroputma Mpobnema HeycTolumsocTn (Ha peanbHbIX faHHbIX)
SkcnepumenTsbl ¢ mogenamu PLSA, LDA Mpobnema nepeobyqeHunsi n pobactHeie mogenu

CnocobHbl nn PLSA n LDA BOCCTaHOBUTb UCTUHHbIE TEMbI?

MaTtpuubl g u ©g nopoxaatorcs pacnpegenenvem dupuxne.
CuHTeTnuyeckas konnekums nopoxagaercs matpuuamun ®g n Og.
Pasmepsi: |D| =500, |W|= 1000, |T| =30, ng € [100,600].

Llenb — cpaBHUTbL BoCCTaHOBAEHHble pacnpegenerus p(il))
C UCXOLHBIMUN CUHTETUYECKUMU pacnpegenequsimu po(ilf)
no CpeaHeMy PacCTOSIHMIO XenauHrepa:

(o po) = 3 22(@ T~ Vool

j=1

Kak ana camux matpuy © u ©, Tak 1 ANA UX NPOU3BEAEHNS:
Do = H(®, ®p);
Do = H(©,0y);
Do = H(®O, doOp).
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Mpobnema HeycToliunBOCTM (Ha CUHTETUHECKNX AaHHbIX)
eopus EM-anroputma Mpobnema HeycTolumsocTn (Ha peanbHbIX faHHbIX)
DkcnepumenTsl ¢ mopensimn PLSA, LDA Mpobnema nepeobyqeHns n pobacTHble Mogenn

Pa3pexxeHHOCTb BEKTOpPOB, NOpoXaaembix pacrnpegeneHuem Dir

3aBUCUMOCTb Pa3pPeXEHHOCTU (LONU NOYTN HYNEBBIX SJEMEHTOB)
pacnpegeneHuii 02 ~ Dir(a) u ¢? ~ Dir(B3) ot napameTpos o u f3
cnmmeTpuyHoro pacnpegenenns dupuxne:

1

0.8

0.6

0.4

0.2
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Knacent re mogenu PLSA, LDA Mpobnema HeycToliuMBOCTN (HAa CUHTETUHECKNX AAHHbBIX)
Teopua EM-anroputma Mpobnema HeycTolumsocTn (Ha peanbHbIX faHHbIX)
SkcnepumenTsbl ¢ mogenamu PLSA, LDA Mpobnema nepeobyqeHunsi n pobactHeie mogenu

HeycToiiunBocTb BOoCCTaHOBNAEeHUA MaTpuy ® u ©

3aBMCUMOCTb TOYHOCTU BOCCTaHOBNEHUS maTpuy P, © u PO
OT pa3pexeHHocTu MaTpuubl ®g npu dukcuposanHom o = 0.01

PLSA LDA

= m
Mﬂt P )N

: ‘ 025 o e JRITEY
0425 oo i i IMM‘NW«M T A W
02 TN T VT AR OpR SRR ik ‘i“f“l‘!lv | N‘M\‘U ety | !
0.15 — 0.15 il ”‘\ 1 il
|
0.1 ol
%% 01 02 03 04 0_15 06 07 08 09 1 00%~01 02 03 04 05 06 07 08 09 1
o r=non B, = 0,01

Butanuii Mnywavenkos. YCTOWYMBOCTb MAaTPUYHbIX Pa3/IOXKEHWNA B 3ajadax
TemaTtu4eckoro mogenuposaHusi. Marncrepckas gucceptauuns, MP®TU, 2013,
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Knaccnueckne mopenu PLSA, LDA Mpobnema HeycToliuMBOCTN (HAa CUHTETUHECKNX AAHHbBIX)
Teopua EM-anroputma Mpobnema HeycTolumsocTn (Ha peanbHbIX faHHbIX)
SkcnepumenTsbl ¢ mogenamu PLSA, LDA Mpobnema nepeobyqeHunsi n pobactHeie mogenu

HeycToiiunBocTb BOoCCTaHOBNAEeHUA MaTpuy ® u ©

3aBNCMMOCTb TOYHOCTU BOCCTaHOBAeHUs maTpuy ¢, © n O
OT pa3pexeHHOCTM MaTpuusl O npu cukcuposanHom S = 0.1

PLSA LDA

D0 it e s

0.7rl__D

0.61

MW
0 M ' WMWMM%«WWWM%
0.5 'm
| MW

0.3

0.2

0 02 04 06 08 1 12 14 16 18 2 0 02 04 06 08 1 12 14 16 18 2
o, B= o, =01

Butanuii Mnywavenkos. YCTOWYMBOCTb MAaTPUYHbIX Pa3/IOXKEHWNA B 3ajadax
TemaTtu4eckoro mogenuposaHusi. Marncrepckas gucceptauuns, MP®TU, 2013,
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Knaccnyeckne mopgenun PLSA, LDA Mpobnema HeycToiiunBocTU (Ha CUHTETUYECKUX AaHHbIX)
Teopua EM-anroputma Mpobnema HeycTolumsocTn (Ha peanbHbIX faHHbIX)
SkcnepumenTsbl ¢ mogenamu PLSA, LDA Mpobnema nepeobyqeHunsi n pobactHbie mogenu

BTopoii akcnepumeHT — Ha peasibHbIX AaHHbIX

Mocter XKK: |[D|=300K, |W|=154K, n=35M, |T|=120.
LDA: cummeTpudHoe pacnpegenenue Oupuxne, 5 = 0.1, o = 0.5.
Llenb akcnepumeHTa — OLEHUTL Pa3fIMYHOCTh TEM, NOJyYaeMbIX
B Heckonbkux 3anyckax anroputma LDA Gibbs Sampling.

Mpobnema «npokNATUA PasMepHOCTMY :
OJIMHHBIE XBOCTbl MELLAtOT CPaBHUBATh PaCrpeaeseHus.

Honsi cywecteeHHbix cnos B Temax (word ratio):

WR = %% > Y [ > |W|] (8 skcnepumente ~ 3.5%)
weWteT

Honsi cywectBeHHbIx Tem B gokymeHTax (document ratio):

DR = ﬁ_ > > [ > \TI] (8 akcnepumenTe ~ 11.5%)
deDteT

Koltcov S., Koltsova O., Nikolenko S. Latent Dirichlet Allocation: Stability and
applications to studies of user-generated content. ACM WebSci, 2014.
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Knaccnyeckne mopgenun PLSA, LDA Mpobnema HeycToiiunBocTU (Ha CUHTETUYECKUX AaHHbIX)
Teopua EM-anroputma Mpobnema HeycTolumsocTn (Ha peanbHbIX faHHbIX)
SkcnepumenTsbl ¢ mogenamu PLSA, LDA Mpobnema nepeobyqeHunsi n pobactHbie mogenu

MeTtoaunka akcnepumeHTa

OcTaBneHbl COBa W, UMEIOLUNE Py > |—V1V| xoTs bbl B OAHON Teme
Cokpawenue cnosaps (vocabulary reduction): 154 K — 8 K.

Oueeprenuuns Kynwbaka—/Sleiibnepa mexay temamu t n s:

KL(t,s)= > p(w\t)lnM

2 p(wls)

Hopmuposannas KL-6ausocts nap Tem t u s:

NKLS(t,s) = (1 - M)

rp’asg KL(t',s")

Mpu NKLS(t,s) >0.9 & Temax cosnagatot 30-50 TonosbIx CNos,
N 3KCNEPTbI-COUNONONM NPU3HAKOT TAaKNE TEMbl O4NHAKOBbIMN.

Koltcov S., Koltsova O., Nikolenko S. Latent Dirichlet Allocation: Stability and
applications to studies of user-generated content. ACM WebSci, 2014.
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K

nenun PLSA, LDA Mpobnema HeycToiiunBocTU (Ha CUHTETUYECKUX AaHHbIX)
Teopua EM-anroputma Mpobnema HeycTolumsocTn (Ha peanbHbIX faHHbIX)
SkcnepumenTsbl ¢ mogenamu PLSA, LDA Mpobnema nepeobyqeHunsi n pobactHbie mogenu

HeycTtoiiuusocts LDA B pa3Hbix 3amyckax

Pe3ynbTaT 3kcnepumeHTa: HopmuposaHHas KL-6nusocts NKLS
MeXay TEMON t n bavKaiileid K Heli S B 4pyroM 3anycke.

NKLS(t,s) !
SR
0.9 P
.-.\I
0.8 L
A\ K
-
0.7 . t
® » S o S

Q
N Ng

1. Menee 50% Tem BOCMPOM3BOASTCA OT 3anycKa K 3amycky.
2. Nnoxo BOCNPON3BOASATCA KaK MYCOPHbIE TEMBbI, TaK 1 XOpoLuue

Koltcov S., Koltsova O., Nikolenko S. Latent Dirichlet Allocation: Stability and
applications to studies of user-generated content. ACM WebSci, 2014.
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Kn. ropenn PLSA, LDA Mpobnema HeycToiiunBocTU (Ha CUHTETUYECKUX AaHHbIX)
Teopua EM-anroputma Mpobnema HeycTolumsocTn (Ha peanbHbIX faHHbIX)
SkcnepumenTsbl ¢ mogenamu PLSA, LDA Mpobnema nepeobyqeHunsi n pobactHbie mogenu

BbiBogbl N3 aKCNepumMeHTOB

@ MaTtpuubl ®, © ycToii4MBO BOCCTAHABANBAKOTCA TOJbKO
npu cunbHoll paspexxerHoctn Pg, ©g (bonee 90% Hyneid)

@ [lpoussegerne PO BoccTaHaBMBaETCA YCTONRYNBO,
HE3aBMCUMO OT Pa3pexXeHHOCTN ucxogHbeix ®g, g

@ B pasHbix 3anyckax co cnyyaiiHoil mHuumanusauymneli nan
COMMNANPOBaHNEM CTPOSITCA CYLIECTBEHHO Pa3jinyHble TEMbI

@ PLSA He nepeobyuaetcs, a nuib xy>xe MOLENUPYeT masble
BEPOSITHOCTU PEAKUX CNOB, KOTOPbIE HE WHTEPECHbI.

@ Pacnpegenenne dupuxne — canwkom cnabwiii perynsipusatop

Vorontsov K. V., Potapenko A. A. Additive Regularization of Topic Models. Machine
Learning. Springer, 2015.

Koltcov S., Koltsova O., Nikolenko S. Latent Dirichlet Allocation: Stability and
applications to studies of user-generated content. ACM WebSci, 2014.
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Kn. ropenn PLSA, LDA Mpobnema HeycToiiunBocTU (Ha CUHTETUYECKUX AaHHbIX)
Teopua EM-anroputma Mpobnema HeycTolumsocTn (Ha peanbHbIX faHHbIX)
SkcnepumenTsbl ¢ mogenamu PLSA, LDA Mpobnema nepeobyqeHunsi n pobactHbie mogenu

PobactHas TemaTtunyeckas mogesb

MnoTesa: kaxgoe cnoso B fokymenTe (d, w) siBnsieTcs
— nnbo TemMaTnyecKnM, CBA3aHHbIM C KaKoli-TO Temoli t,
— nunbo cneynduyHbBIM ANSt AAHHOTO AOKYMeHTa (Lym),
— nubo obweynoTpebuTensHbim (oH).

Mopenb BEPOSITHOCTHOI CMeCn TeMaTUYeCKOl, LLYMOBOIA
n ponosoii komnoneHt SWB (Special Words with Background):

p(w|d) = ytgw + emw + (1 — v —¢€) Z dwitOtq
teT
Tdw = Pu(w|d) — wymosas komnoneHTa, y — napamerp;
Tw = Pgp(W) — poHOBasi koMNoOHEHTa, € — napameTp.

Chemudugunta C., Smyth P., Steyvers M. Modeling general and specific aspects of
documents with a probabilistic topic model. NIPS, 2006

lMotaneHko A. A., BopoHyoe K. B. Mogudukauynn EM-anroputma gns
BEPOSITHOCTHOrO TemaTuyeckoro mogenuposanus. JMLDA, 2013
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Knaccuueckne mogenun PLSA, LDA

Teopua EM-anroputma
SkcnepumenTsbl ¢ mogenamu PLSA, LDA

dkcnepumMeHTbl ¢ pobacTtHbiMu PLSA n LDA

Mpobnema HeycToliunBoCTN (Ha CUHTETUHECKNX AaHHbBIX)
Mpobnema HeycTolumsocTn (Ha peanbHbIX faHHbIX)
Mpobnema nepeobyqeHunsi n pobactHbie mogenu

nepniekcus nepniekcus
4200 3200
4000 3000
3800 2800
3600
3400 2600
3200 2400
3000 2200
2800
2600 2000
2400 1800
2200 1600
2000

1800 1400

1600 1200

1400 1000

1200

1000 &0

800 600

0246 8101214 16 18 20 22 24 26 28 30 32 34 36 38 40 024 6 8101214 16 18 20 22 24 26 28 30 32 34 36 38 40

- P - PD = S o SD - P - PD - S o SD
-~ PR o PDR -= SR s SDR - PR o PDR -= SR s SDR

Konnekuns RuDis

Konnekunsi NIPS

O6osHauennsi: P — PLSA, D - LDA (a; =0.5, 8, =0.01)
S — camnnupoBsanue Tembl 3 p(t|d, w) gns kaxgoro d, w
R - pobactHoctb (wym v = 0.3, ¢on € = 0.01)

A.Potapenko, K.Vorontsov. Robust PLSA performs better than LDA. ECIR-2013.
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Knaccnyeckne mopgenun PLSA, LDA Mpobnema HeycToiiunBocTU (Ha CUHTETUYECKUX AaHHbIX)
Teopua EM-anroputma Mpobnema HeycTolumsocTn (Ha peanbHbIX faHHbIX)
SkcnepumenTsbl ¢ mogenamu PLSA, LDA Mpobnema nepeobyqeHunsi n pobactHbie mogenu

BriBogbl

MepeobyyeHne NposiBNSETCS TOMBKO HAa PEAKUX CAOBaxX
LDA TouHee MomenupyeT BepOATHOCTU pefKux COB
Ho oHu kak pa3s HauMeHee MHTEpECHbI AN ONUCAHUS TEM

PobactHeie PLSA n LDA noutu oanHakoBsl no nepniekcum
1 NoYTK He nepeobyuyaroTcs

PobactHbiii PLSA nyuqwe, 4em obbiunbiii LDA [1]
PLSA un LDA nouTtu oguHakoBbl Ha B0AbLINX KOANEKLUAX [2,3,4]

00 0600060

I'IepnneKcmsi — HE BNOJIHE afE€KBaTHAaA MEpa Ka4deCTBa

1. Potapenko A. A., Vorontsov K. V. Robust PLSA performs better than LDA. 2013
2. Tomonari Masada, Senya Kiyasu, Sueharu Miyahara. Comparing LDA with PLSI as
a dimensionality reduction method in document clustering. 2008

3. Yue Lu, Qiaozhu Mei, ChengXiang Zhai. Investigating task performance of
probabilistic topic models: an empirical study of PLSA and LDA. 2011

4. Yonghui Wu, Yuxin Ding, Xiaolong Wang, Jun Xu. A comparative study of topic
models for topic clustering of Chinese web news. 2010
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Pesome

Mudpbl npo LDA:
@ LDA cyuiecTseHHO MeHblue nepeobyyaetcsi, yem PLSA
@ LDA crtpout pa3pexxeHHble TEMaTUYECKNE MOZEN
@ LDA umeer meHblue napameTpoB no cpasHeHuto ¢ PLSA
@ LDA == tematunyeckoe mogennposaHue
Ha camom pgene,
LDA n PLSA noutun He oTanyaoTca Ha BoAbWINX AaHHbIX
LDA He MaKCMMUN3UPYET pa3pe>XeHHOCTb MOAeneii

°
°
@ LDA umeet bonblie napameTpoe no cpasHeHuto ¢ PLSA
@ LDA — nuwb camasi npoctas perynsapusoBaHHasi MOAENb
°

LDA He nmeeT ybeanTenbHbIX TMHIBUCTUHECKNX OBOCHOBaHNIA

Asuncion A., Welling M., Smyth P., Teh Y. W. On smoothing and inference for topic
models. Int'l Conf. on Uncertainty in Artificial Intelligence, 2009.
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