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CopepxxaHue

© Knaccuueckne mopgenn PLSA, LDA
@ Mogens PLSA
o Mopens LDA
o Makcumunsauusi anocTeprnopHoii BepositHocTu anst LDA

e Teopusa EM-anroputma
© MakcMmym MapruHainM3npoBaHHOro npaefonogobus
@ Obwwii EM-anropntm n ero cxoanmMocTb
@ Brisog dhopmyn ARTM un3 obwero EM-anroputma

e 3kcnepumeHTbl ¢ mogenamu PLSA, LDA
@ [pobnema HeycToHMBOCTN (HA CUHTETUYECKMX AAHHbIX)
@ [Mpobnema HeycTOR4MBOCTM (Ha peanbHbIX JAHHBIX)
@ [lpobnema nepeobyuenus n pobacTHbie mogenn



Knaccuyeckmne mogenn PLSA, LDA Mogens PLSA
Teopusa EM- puTMma Mogens LDA
SkcnepumeHTbl ¢ mogensammu P , LDA Makcumunsaums anoctepuopHoli BepositHoct ans LDA

HanomunHaxune. 3a,qaqa TeMaTn4deckoro mogenupoBaHus

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:
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Knaccuyeckmne mogenn PLSA, LDA Mogens PLSA
Teopus EM-anroputma Mogens LDA

SkcnepumenTbl ¢ mogenammu PLSA, LDA Makcumunsaums anoctepuopHoli BepositHoct ans LDA

Hanomunanue. PLSA (Probabilistic Latent Semantic Analysis)

3apaya makcumusauyuu norapudma npasgonogobus:

n Inz 0:y — max
Z dw ¢Wt td ®.6
d,w t

EM-anropntm: meTog npocToii ntepaunn Siasi CUCTEMbI yPaBHEH WA
E-war:  (prgw = norm (pwbta)

M-war: dwt = norm( > ndetdw)

weW deD
Ota = nOfm( > ndwptdw)
teT wed
rae norm(x;) = % — onepauys HOPMUPOBKW BEKTOPA.
teT seT ’
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Knaccuyeckmne mogenn PLSA, LDA Mogens PLSA
Teopus EM-anroputma Mogens LDA
SkcnepumenTbl ¢ mogenammu PLSA, LDA Makcumunsaums anoctepuopHoli BepositHoct ans LDA

Hegoctatkn PLSA (1 HeobxoamMoCTb ero perynsipusauum)

Bonblias pasmepHOCTb NPOCTpaHCTBa NapameTpoB
Akobbl n3-3a 3TOro cnabHoe nepeobyyeHne

Skobbl HEBO3MOXKHOCTD MOAENNPOBAHNA HOBbIX AOKYMEHTOB

0000

HeT ynpaenenus paspexenHoctoio ® n ©, 1.k.

(8 Havane ¢, = 0) < (B cbnHane ¢y = 0),

(B Havane 0;y = 0) < (B puHane Oy = 0)
HeeAnHCTBEHHOCTL N HEYCTOWUUBOCTL PELLEHUS:

ecin PO — pewenne, To ($PS)(S71O) — Toxe pewenne

Tembl HE BCerga MHTEpNpeTUpyeMbl

HeT Bbigenenus HetemaTuyeckunx (pOHOBbIX) Cl0B

©006 O©0

He ACHO, KaK y4UNTbIBaTb JONOAHUTENBHYHO I/IHCbOpMaU,I/II-O

Blei D., Ng A., Jordan M. Latent Dirichlet Allocation. JMLR, 2003.
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Knaccuyeckmne mogenn PLSA, LDA Mopgens PLSA
Teopusa EM-anrop nTma Mogens LDA
DKCNepPUMEHTBI € MO avmu PL. Makcumunsaums anoctepuopHoli BepositHoct ans LDA

FnoTte3sa 06 anpuopHbIX pacnpeaeneHusax Qupuxnae

Mnotesa: Bektop-ctonbubl ¢t = (dwt)wew W 0g = (01d)teT
nopoxgatotes pacnpeaenennsmn Qupnxne, a € RITI, g e RIVI:

Dlr(¢t|ﬁ) H ﬁ(B;i/) lv_vld)ﬁw—l, ¢Wt > 01 /80 = ;ﬁwa /BW > 0,

: r( ) -1
Dir(6 Gat 0 : => :
Ir( d|0[) H r( ) H ) td > Or (&%) - A, O > 0,

t

Mpumep:

Dir(0|cv),
IT| =3,
9,a € R3

a;=ay =a3=0.1 ap=as=ag3=1 ap=ay=a3=10
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Knaccuyeckmne mogenn PLSA, LDA Mopgens PLSA
Teopus EM-anroputma Mogens LDA
SkcnepumenTbl ¢ mogenammu PLSA, LDA Makecnmunsaums anoctepuopHoii BepositHocTm ans LDA

Pacnpegenenue Dir(6y|a) npu oy = 100, 10 Tem, 15 goKymeHTOB
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Knaccuyeckmne mogenn PLSA, LDA Mopgens PLSA
Teopusa EM- puTMma Mogens LDA
SkcnepumeHTbl ¢ mogensammu P § Makecnmunsaums anoctepuopHoii BepositHocTm ans LDA

Pacnpepenenue Dir(64|a) npu a; = 10, 10 Tem, 15 goKyMeHTOB
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Knaccuyeckmne mogenn PLSA, LDA Mopgens PLSA
Teopusa EM roputma Mogens LDA
SKCnepuMeHTbI € MoAensAMM S Makecnmunsaums anoctepuopHoii BepositHocTm ans LDA

Pacnpepenenune Dir(64|a) npun o = 1, 10 Tem, 15 goKymeHTOB
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Knaccuyeckmne mogenn PLSA, LDA Mopgens PLSA
Teopus EM opuTMa Mogens LDA
SKCnepuMeHTbI € MoAensAMM , LDA Makcumunsaums anoctepuopHoli BepositHoct ans LDA

Pacnpegenenue Dir(6y|a) npn o = 0.1, 10 Tem, 15 goKymeHTOB
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Knaccuyeckmne mogenn PLSA, LDA Mopgens PLSA
Teopus EM-anroputma Mogens LDA
SkcnepumenTbl ¢ mogenammu PLSA, LDA Makecnmunsaums anoctepuopHoii BepositHocTm ans LDA

Pacnpepenenue Dir(64|a) npu a; = 0.01, 10 Tem, 15 aokymeHTOB
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Knaccuyeckmne mogenn PLSA, LDA Mopgens PLSA
Teopus EM-anroputma Mogens LDA
SkcnepumenTbl ¢ mogenammu PLSA, LDA Makcumunsaums anoctepuopHoli BepositHoct ans LDA

BepOSITHOCTHaSI MoJenb NoOpoXaeHnsd TeKCTa

TemaTnueckas mogens LDA (Latent Dirichlet Allocation):

p(wld) =" buebid, ¢ ~ Dir(¢lB), 04 ~ Dir(f]a).

teT

Mpouecc nopoxaerns gokymentos d = {wi ... w,,} konnekuyuu D:

Bxopa: BekTopbl runepnapameTpos 3, «;
Bbixoa: konnekunsi JOKyMEHTOE;

BbibpaTh BekTOp ¢ n3 Dir(¢|5) pns kaxpoii Tembl t € T;
BbibpaTh BekTOp Oy M3 Dir(f|a) pns kaxgoro pokymenTa d € D;
Ons BCex fokymeHToe d € D
AnsA BCcex nosuuuii tepmos i = 1,..., ny B fokymente d
BbibpaTh Temy t; us p(t|d) = Or4;
Bbibpath Tepm w; n3 p(w(ti) = pur;
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Knaccuyeckmne mogenn PLSA, LDA Mopgens PLSA
Teopus EM-anroputma Mogens LDA
SkcnepumenTbl ¢ mogenammu PLSA, LDA Makcumunsaums anoctepuopHoli BepositHoct ans LDA

Mouemy umeHHo pacnpeaeneHue OQupuxne?

OHO CMOCOOHO MOPOXAATb Pa3PEXEHHbIE BEKTOPLI;
MMeeT NapaMeTpbl, YNPaBASIOLNE CTENEHBID PAa3PEXKEHHOCTH;

OMUCBIBAET KNACTEPHBIE CTPYKTYPbI HAa cumniekce (cm. puc.);

ABNAETCA CONPSAXKEHHBIM C MYJAbTUHOMUANLHBIM PacnpeeneHunem,
4TO CUAbHO ynpowaeT baliecoeckuii BbiBog (B Cnea. nekyun).

Pacnpegenenne Dir(¢|a) nopoxgaer sektopsl Tem ¢y = p(w|t),
KOTOPbIE MOPOXAAIOT MyNbTUHOMUANbHbIE pacnpeaenenus p(w|t, d).

plwlt,d)~p(wlt) /] p(w|t,) ~ Dir

plwlt,d)~p(w|t,) p(wlt,) ~ Dir
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Knaccuyeckmne mogenn PLSA, LDA Mopgens PLSA
Teopus EM-anroputma Mogens LDA
SkcnepumenTbl ¢ mogenammu PLSA, LDA Makcumunsaums anoctepropHoli BepositHoctu ansa LDA

®opmyna Baiieca gna anocTepMopHOro pacnpepeneHus

Beeném bonee obuime obosHadeHus:

X = (d;, wj)[_; — ncxopHble faHHble, Habstogaembie nepemeHHbie
Q = (¢,0) — napametpsl nopoxgatowein mogenn p(X|Q)
v = (B8, ) — runepnapameTpsl anpuopHoro pacnpegenenuns p(|7y)

3apaua: no X Halitu €.

®opmyna baiieca gaér anocrepuoproe pacnpesenenue p(Q2|X,7),
rAe CUMBOJMl (X O3HAYaeT «PAaBHO C TOYHOCTbLIO A0 HOPMUPOBKUY :

p(£2, X|v)
p(X|7)

Oanee ectb gBa nytu:

p(Q2X,7) = o< p(, X|y) o< p(X|Q2) p(2]7)

e Makcumusayus npasgonogobusi: Q = argmaxq In p(Q|X,7)
@ Baiiecosckuii BbiBOA: BblducneHne pacnpegenenusi p(Q|X, )
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Knaccuyeckmne mogenn PLSA, LDA Mopgens PLSA
Teopus EN roputma Mogens LDA
SkcnepumenTbl ¢ mogenammu PLSA, LDA Makcumunsaums anoctepropHoli BepositHoctu ansa LDA

MakcumMusauums anocTepuopHoi BepoaTHoCcTU gnsa moaenu LDA

Makcumusauyusi CoBMecTHOro npaBAonoZ0bMs JAHHBIX U MOAENM,
Ha3biBaeTcs Takxke Maximum a Posteriori (MAP) estimation:

Inp(X|2) p(2)1) _|and,,W,|¢ 0) p(®]8) p(O]a) =

=1In H H p(d, w|®, ©)"dw H Dir(¢¢|3) H Dir(04|) — max

deD wed teT deD

370 33afja4a MaKCMMU3aLMU PErYNSAPU30BAaHHOMO |og—npas,u,onop,o6|/|9|:
/gw
anWInZgbthtd—i—Zln(b ZInQ —>mag<

npu OrpaHUYEHNAX HEOTPNLATENBHOCTN N HOPMUPOBKN

Gwe 20, D> dur =1, 019 2 0; > Oy =1

weW teT
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Knaccuyeckmne mogenn PLSA, LDA Mopgens PLSA
Teopus EM-anroputma Mogens LDA
SkcnepumenTbl ¢ mogenammu PLSA, LDA Makcumunsaums anoctepropHoli BepositHoctu ansa LDA

Perynapu3soBaHHubii EM-anroputm gna mogenu LDA B ARTM

MakcnMunsaunst anoCTepuopHoli BEPOATHOCTU SKBUBAJIEHTHA
perynsipusatopy norapugpma anpropHoro pacnpeaeneHus:

Z"dwlnz¢wt9td+z w—1)In ¢wt+z ar—1)Inbyy — mag

d,t

In npasponopobus perynspusatop R(®,0)=Inp(P,0]|a,B)

EM-anroputm: MeTon npocToii utepaumn Sasi CUCTEMbI YPaBHEH W

E-war:  (pidw = polin (Pwtbed)
M-war: Gwt = nOfm( % MedwPecw 1 Bw — 1)
weW debD
O,y = norm( n — 1)
td = norn er:d dwPtdw + Q¢
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Knaccuyeckne mogenn PLSA, LDA Makcumym mapruHanusmposaHHoro npasgonogobus
Teopus EM-anroputma O6wuii EM-anroputm n ero cxogumoctsb
SkcnepumenTbl ¢ mogenammu PLSA, LDA Bbisog dopmyn ARTM uzs obwero EM-anroputma

O6uwas BepoATHOCTHAsA MOgesib CO CKPbIThIMUA MepeMeHHbIMU

BepHémca kK Hawmm obwmm obosHaveHusMm:

X = (d;, wi)[_; — ncxoaHble AaHHble, Habsiogaemble nepemMeHHbie
Z = (tj)?_; — CcKpbITbie NepemeHHbie

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

v = (B8, &) — runepnapameTpsl anpuopHoro pacnpegenenns p(2|7y)
3apaua: no X Halitu €.

AnoctepnopHoe pacrnpeseneHue:

p(QX,7) o p(X[Q) p(Qly) = ;P(X7Z|Q)P(Q|V)

MpuHUMN MakcMMyMa anoCTEpPUOPHOI BEPOATHOCTMU:
In p(X|Q2) + In p(Q2]y) — max
—— Q
R(Q)
R(£2) MOXeT n He NMeTb BEPOSITHOCTHOI MHTEPNpeTaLmu.
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Knaccuyeckne mogenn PLSA, LDA Makcumym mapruHanusmposaHHoro npasgonogobus

Teopus EM-anroputma O6wuii EM-anroputm n ero cxogumoctsb
SkcnepumenTbl ¢ mogenammu PLSA, LDA Bbisog dopmyn ARTM uzs obwero EM-anroputma

O6wwmii EM-anroputm ans 3afaqun CO CKPbIThIMU MepeMeHHbIMU

Teopema. Touka 2 NOKaALHOrO MakCUMyMa Peryisipu3oBaHHOMO
mapruHanusosaHHoro npasgonogobus (Marginal log-Likelihood)

InzZ:p(X,Z|Q) +R(Q) — max (RML)
YO,OBJIETBOPSAET CUCTEME YPAaBHEHWUI, PELLEHNE KOTOPO METOAOM

MPOCTbIX UTEpaLMii CBOAUTCS K HEPefOBAHMIO ABYX LUArOB:
E-war: q(2) = p(Z|X,Q);

M-war: zz:q(Z)lnp(X,Z\Q)—i-R(Q) — max.

270 0bwnii Bug EM-anropntma, ncnonb3yemblii He TOILKO
B TEMaTMYECKOM MOZENVNPOBAHUN.

A.P.Dempster, N.M.Laird, D.B.Rubin. Maximum likelihood from incomplete data via
the EM algorithm. 1977.
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Knaccuyeckme mogenu PLSA, LDA Makcumym mapruHanusmposaHHoro npasgonogobus
O6wuii EM-anroputm n ero cxogumoctsb

Teopus EM-anroputma
Bbisog dopmyn ARTM uzs obwero EM-anroputma

DkcnepumenThl ¢ mogensamu PLSA, LDA

[JdokazatenbCTBO TEOPEMbI

Heobxogumbie ycioBusi 1OKaNLHONO SKCTPEMYMA:

1 5y Ip(X.Z|2) , OR@) _,

0
a0 ('”ZP(X Z|Q)+R(Q)) ~ X B} 20
Mo dopmyne ycnoeron sepositHocTu p(X|Q) = Zglf‘gg NOACTaB/IsIEM:
ZpZ\XQ (X,Z\Q)+8R(Q)_O
(X,Z|Q) o0 O
0 OR(Q)
(Z|X,Q I X, Z|Q) + =
5 p2PX.) g mp(x.Zi) + “0Y o
a(Z)

D70 HeobXxoAMMbIe YCNIOBUS IOKANLHOIO 3KCTpeMyMa 3agaqm M-wara,

ecnn g(Z) paccmMaTpuBaTh KakK KOHCTaHTY, a He Kak dyHKuumio oT €.
|
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Knaccuyeckne mogenn PLSA, LDA Makcumym maprunanusuposaHHoro npasgonogobus
Teopus EM-anroputma O6wuii EM-anroputm un ero cxogumoctsb
SkcnepumenTbl ¢ mogenammu PLSA, LDA Bbisog dopmyn ARTM uzs obwero EM-anroputma

Ewé bonee o6wuin EM-anroputm n ero cxogmmocTtb

Teopema. 3HauyeHne MapruHanM3oBaHHOro Npasgonogobus

I X,ZIQ)+ R(Q) — RML
320X, ZI9)+R@) — mex (RML)
He ybbIBaeT Ha KaXKAOM Luare NTEPaLMOHHOro NpoLecca

E-war: KL(g(Z) H p(Z|X,Q)) — mqin;

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

q(Z) = p(Z|X, ) siBnsieTcst To4HbIM pelueHnem 3agaym E-wara.

Mwunummusauus KL Ha E-ware ncnonbsyercs B Tex cay4asy,
korpa p(Z|X, ) He ynaércs BBINMCANTD B SIBHOM BUAE.

CxopumocTts 8 cnabom cMbicie: rnobafbHbIA Max He rapaHTUpyeTcs.
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Knaccuyeckne mogenn PLSA, LDA Makcumym maprunanusuposaHHoro npasgonogobus
Teopus EM-anroputma O6wuii EM-anroputm un ero cxogumoctsb
SkcnepumenTbl ¢ mogenammu PLSA, LDA Bbisog dopmyn ARTM uzs obwero EM-anroputma

[JdokazatenbCTBO TEOPEMbI

Mo dopmyne ycnosronn sepositHocTu p(X|QQ) = (71X,
[Ons nponssonsHoro pacnpegenenuns g(Z)

In p(X|Q2) = Z d2)np(XI2) = 3 q(2)1n X521 _

: p(Z1X, Q)
p(X Z|Q) q(Z)
P20 N g(2)n D)
=2 A2 =g+ D i 7y
L(9,) KL(a(2)||p(z1X.2)) >0

Makcumuzupyem goctmxumyto HukHIO ouenky RML 1o no g, to no :
E-war: L(q,Q) + RQ) — max < KL(q(Z) || p(Z|X,Q)) — min
q q
M-war: L(q,Q)+ R(Q) — max < >q(Z)Inp(X, Z|Q) + R(Q2) — max
Z

Ha Ka>X[1OM LlUare 3Ha4deHune (byHKLI,I/IOHaﬂa MOXXET TOJIbKO BO3pPaACTaTh.
]
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Knaccuyeckne mogenn PLSA, LDA Makcumym maprunanusuposaHHoro npasgonogobus
Teopus EM-anroputma O6wuii EM-anroputm n ero cxogumoctsb
SkcnepumenTbl ¢ mogenammu PLSA, LDA Bbisog dopmyn ARTM uz obuwero EM-anroputma

Perynapu3soBaHHubii EM-anroputm gna tematunyeckoin mogenu

Hanomuuanue: X = (di, w;)7_;, Z = (t))"_;, Q= (®,0).

Nemma. Touka (¥, ©) nokansbHoro makcumyma RML
(perynsipusoBaHHoro maprutanusosarHoro log-npasgonogobus)

|an(X,Z|Q) + R(Q) = Z Ngw In Z¢Wf0td =+ R((D,@)
Z t

d,w

YOOBNETBOPAET CUCTEME YPAaBHEHUNA, PELLUEHNE KOTOPOA METoAOM
MPOCThIX UTEpaumnii CBOAUTCA K YEPENOBaHWIO ABYX LLATOB:

E-war: p(t|d,w) = norm (pwtbid), V(dED,wed, teT)
te

M-war: > ngwp(tld, w) In(duebeg) + R(®,0) — max

d,w,t

K. B. BopoHuos (vokov@forecsys.ru) BepoaTHOCTHbIe TemaTuHeckne mMoaenu 22 /37



Knaccuyeckme mogenu PLSA, LDA Makcumym maprunanusuposaHHoro npasgonogobus
Teopus EM-anroputma O6wuii EM-anroputm n ero cxogumoctsb
SkcnepumenTbl ¢ mogenammu PLSA, LDA Bbisog dopmyn ARTM uz obuwero EM-anroputma

Joka3saTtenbCTBO ieMMbl

E-war: B Cnny HE3aBUCMMOCTIN SN1EMEHTOB Bbl60pKI/I
n
q(Z) Z|X Q H P t |dI7 WI 1_[1 r}.“,oer'lm (¢Witi0tidi)
1=

M-war: nogcrasum q(Z) un p(X7 Z|Q2) B obuyyto dopmyny M-wara:

> a(2)Inp(X, ZIQ) + R(Q) — max

ST ST T plteldie, we) 2 Inp(di,wi,t1Q) + R(2) — max
HeT el k=1 i=1 Q

> > I p(teldi, wi) In p(di,wi t:]2) + R(2) — max

i=1te€T t,eT k=1

> 2 p(tldi, wi)In p(di,w;,t[Q) + R(Q) — max

i=1teT
> Y Y nawp(tld, w)In(¢uibia) + R(P,©) — max
deDweW teT ®.0
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Knaccuyeckne mogenn PLSA, LDA Makcumym maprunanusuposaHHoro npasgonogobus
Teopus EM-anroputma O6wuii EM-anroputm n ero cxogumoctsb
SkcnepumenTbl ¢ mogenammu PLSA, LDA Bbisog dopmyn ARTM uz obuwero EM-anroputma

Buisog, cbopmyn M-wara ARTM, Ttenepb u3 obuiero EM-anropurma

OnTumuzaynonHas 3agada M-wara:

(o = In(dy R(®,
(#,0) ;W:tndwp(tyd, w) In(buifia) + R(®,0) — max

I_IpI/IMeHI/IM NEMMY O MaKCUMU3aUNN Ha €QUHUYHBIX CUMMNAEKCaxX:

Pwt = norm (gbwt 8th> = norw( > Nawp(t|d, w) +dwe—— OR >

we deD 8wat
of OR
0y = norm <0td80 d) = nt%r_,r_n( > nawp(tld, w) +0td89 )
t wed
Ntd

Takum obpasom, cHosa noayuunu dopmynsl ARTM
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Knaccn mopenn PLSA, LDA Makcumym maprunanusuposaHHoro npasgonogobus
Teopus EM-anroputma O6wuii EM-anroputm n ero cxogumoctsb
SkcnepumenTbl ¢ mogenammu PLSA, LDA Bbisog dopmyn ARTM uz obuwero EM-anroputma

Pesiome no teopuu

Mopenb nateHTHOro pasmewieHna Qupuxne LDA

@ LDA npowe BeoauTb 4epe3 KL-aueeprenuyuto,
KaK perynsipusaTop CriakuBaHus/paspexxnsaHus

@ 3a04HO cHuMaKTCs orpaHudenuns S, > 0, a; >0

@ Pacnpegenenune dupuxne urpaet ocobyto ponb
B ballecoBCKMX METOAaxX TEMAaTUYECKOro MOAE/MPOBaHUS

@ ARTM — 370 bBonee npocras anbrepHaTnea baiiecoBckum
MEeTOLAaM, HO B CTaTbsX MO TEMAaTUYECKOMY MOZAENNPOBAHMIO
OoHM npeobnagatoT, NO3TOMY B HUX Hago ymeTb pasbupatbes

@ Mui paccmoTpum BaliecoBckue MeToabl B CleayIOLWER nekuyum

O6wumii Bapuant EM-anroputma
@ TakKXXe CHaDXEH BO3MOXHOCTLIO perynsipusauum

@ nmeeT obocHoBaHme cnaboii cxogumocTu
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Knaccuyeckne mogenn PLSA, LDA Mpo6nema HeycToliunBocTH (Ha CMHTETUYECKNX AaHHbIX)
Teopus EM-anroputma Mpo6nema HeycToliunsocTn (Ha peanbHbIX AaHHbIX)
SkcnepumenTbl ¢ mogenamu PLSA, LDA Mpo6nema nepeobyqeHus n pobactHbie mogenn

CnocobHbl nn PLSA n LDA BOCCTaHOBUTb UCTUHHbIE TEMbI?

MaTpuubl ®g n ©¢ nopoxgatotcs pacnpegenennem Jupuxne.
CuHTeTndeckast konnekumsi nopoxgaetcs matpuuamu $g u .

Pasmepsi: |[D| =500, |W|=1000, |T|= 30, ng € [100,600].

Llens — cpaBHuTb BOCCTaHOBAEHHbIE pacnpegenenus p(il))
C VCXOAHBIMN CUHTETUYECKUMU pacnpegeneHusimu po(ilf)
No CPpeAHeMy pacCTOsIHUIO XeNunHrepa:

H(p.po) = 3~ 1| 5 D (VD) = vVinlil1)

j=1 i=1

Kak Ans camux matpuy ® n ©, Tak U AN UX NPON3BEAEHNS:
Do = H(®, q);
Do = H(©,0y);
Do = H(®O, do0y).
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K

Mpo6nema HeycToliunBocTH (Ha CMHTETUYECKNX AaHHbIX)
VI-anroputma Mpo6nema HeycToliunsocTn (Ha peanbHbIX AaHHbIX)
DkcnepumenTbl ¢ mogenamu PLSA, LDA Mpo6nema nepeobyqeHnns n pobacTHble mogenn

Pa3pexxeHHOCTb BEKTOPOB, Nopoxaaembix pacrnpegenednem Dir

3aBUCUMOCTb Pa3PEXXEHHOCTU (L[OJIM NOYTH HY/IEBBLIX JNEMEHTOB)
pacnpeaeneruii 09 ~ Dir(a) n ¢? ~ Dir(3) ot napametpoe a n 3
cMMMeETpuYHOro pacnpegenennsi Jupuxne:

1

0.8

0.6

0.4

0.2
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mogenu PLSA, LDA Mpo6nema HeycToliunBocTH (Ha CMHTETUYECKNX AaHHbIX)
opusi EM-anroputma Mpo6nema HeycToliunsocTn (Ha peanbHbIX AaHHbIX)
DkcnepumenTbl ¢ mogenamu PLSA, LDA Mpo6nema nepeobyqeHnns n pobacTHble mogenn

HeycToiiunBocTe BoccTaHoBNeHUa matpuy ® u ©

3aBMCUMOCTbL TOHHOCTU BOCCTaHOBAeHUst maTpuy P, © u PO
OT paspexeHHocTn maTpuusl Pg npu dpukcuporanHom o = 0.01

PLSA LDA

05 —D

045 :EZB , ~ tw
0.3-5 LA ua",mw mr

0.3

H |
02 uﬂwd i W‘ | *

0.15 4
0.1 . B 4

00% 01 02 03 04 05 06 07 08 09 1
B, a=0.0

o 01 02 03 04 05 06 07 08 09 1
B, 0,01

Butanunii [nywavenkos. YCTORHYNBOCTL MAaTPUYHbIX PAa3NoXKeHWNii B 3aga4ax
TemaTn4eckoro mogenupoeanuna. Marnctepckas gucceptayna, MOTU, 2013.
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Mpo6nema HeycToliunBocTH (Ha CMHTETUYECKNX AaHHbIX)
Mpo6nema HeycToliunsocTn (Ha peanbHbIX AaHHbIX)
SkcnepumenTbl ¢ mogenamu PLSA, LDA Mpo6nema nepeobyqeHus n pobactHbie mogenn

HeycToiiunBocTe BoccTaHoBNeHUa matpuy ® u ©

3aBMCUMOCTbL TOHHOCTU BOCCTaHOBAeHUst maTpuy P, © u PO
OT paspexeHHocTn mMaTpuusl ©g npu dpukcnposatHom S = 0.1

PLSA LDA
8 —5
07l 0 WWMMW
A _Dq, ‘{VWW
0.6f _De W wwmwM"\mewmmwwww

o 02 04 06 08 1 12 14 16 18 2 0 02 04 06 08 1 12 14 16 18 2
a,B=0.1 a,B=0.1

Butanunii [nywavenkos. YCTORHYNBOCTL MAaTPUYHbIX PAa3NoXKeHWNii B 3aga4ax
TemaTn4eckoro mogenupoeanuna. Marnctepckas gucceptayna, MOTU, 2013.

K. B. BopoHuos (vokov@forecsys.ru) BepoaTHOCTHbIe TemaTuHeckue Moaenu 29 /37



Knaccuyeckne mogenn PLSA, LDA Mpo6nema HeycToliunBocTh (Ha CMHTETUYECKNX AAHHbBIX)
Teopus EM-anroputma Mpo6nema HeycToliunsocTn (Ha peanbHbIX AaHHbIX)
SkcnepumenTbl ¢ mogenamu PLSA, LDA Mpo6nema nepeobyqeHus n pobactHbie mogenn

BTopoii akcnepMmMeHT — Ha peasibHbiX AaHHbIX

Moctel XKXK: |D|=300K, |[W|=154K, n=35M, |T|=120.
LDA: cummerpuunoe pacnpegenenne Oupuxne, = 0.1, a = 0.5.
Llenb akcnepumeHTa — OLEHUTL Pa3/INYHOCTL TEM, MOJYyHaEMbIX
B Heckosbkux 3anyckax anroputma LDA Gibbs Sampling.

Mpobnema «nNpokaATUS pa3MepHOCTIY
LJIMHHBIE XBOCTbI MELUIatOT CPaBHUBATbL pacnpeneneHus.

Honsi cywecteeHHbIx cnoe B Temax (word ratio):

WR = WT > Y [fue > |W‘] (B akcnepnmenTe ~ 3.5%)
weWteT

Honsi cywecteeHHbIx Tem B gokymenTax (document ratio):

DR = ﬁ? > > [l > IT\] (8 akcnepumenTe ~ 11.5%)
deD teT

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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Knaccuyeckne mogenn PLSA, LDA Mpo6nema HeycToliunBocTh (Ha CMHTETUYECKNX AAHHbBIX)
Teopus EM-anroputma Mpo6nema HeycToliunsocTn (Ha peanbHbIX AaHHbIX)
SkcnepumenTbl ¢ mogenamu PLSA, LDA Mpo6nema nepeobyqeHus n pobactHbie mogenn

MeTtogunka akcnepumeHTa

OcTtagneHbl CI0Ba W, UMEIOLLNE Pyp > ﬁ x0Ts Bbl B OAHON Teme
CokpaweHue cnosaps (vocabulary reduction): 154 K — 8 K.

Hueeprenuyus Kynsbaka—Jleiibnepa mexay Temamu t u s:

KL(t,s) = Z p(W|t)|nM

2 p(wls)

HopmuposanHas KL-6ausocTts nap Tem t u s:

NKLS(t, s) = (1 _ KL(”))

rp:'a;( KL(t,s")

Mpn NKLS(t,s) > 0.9 B temax cosnagatot 30-50 Tonosbix cnos,
N SKCMEPTLI-COLMOOTU MPU3HAIOT TaKNE TEMbl OANHAKOBLIMU.

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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Mpo6nema HeycToliunBocTh (Ha CMHTETUYECKNX AAHHbBIX)
a Mpo6nema HeycToliunsocTn (Ha peanbHbIX AaHHbIX)
SkcnepumenTbl ¢ mogenamu PLSA, LDA Mpo6nema nepeobyqeHus n pobactHbie mogenn

HeycTtoiiunsocts LDA B pa3Hbix 3anyckax

Pe3ynsTaT 3kcnepumerTa: HopmupoeanHass KL-6anzocts NKLS
Mexay Temoli t n bavkaliliel K HEA S B APYrom 3anycke.

NKLS(t,s) !
0.9

0.8

0.7

|
Q)Q N “QQ %Q \/QQ \%Q
1. Menee 50% Tem BOCMpPOM3BOASITCA OT 3anycka K 3anycky.
2. [1noxo BOCNpOU3BOASATCA KaK MYCOPHble TE€MbI, TaK U 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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Knaccuyeckne mogenn PLSA, LDA Mpo6nema HeycToliunBocTh (Ha CMHTETUYECKNX AAHHbBIX)
Teopus EM-anroputma Mpo6nema HeycToliunsocTn (Ha peanbHbIX AaHHbIX)
SkcnepumenTbl ¢ mogenamu PLSA, LDA Mpo6nema nepeobyqeHus n pobactHbie mogenn

BbiBoAbl N3 3KCNepMMeHTOB

@ MaTtpuubl @, © ycToliunBo BOCCTAHABAMBAKOTCS TOBKO
npu cunbHoli paspexenHocTn Pg, O (bonee 90% Hyneii)

o [lpousesenerne ®O BoccTaHaBAMBaETCA YCTOWHMBO,
HE3aBUCMMO OT Pa3pPEXXEHHOCTU ucxoaHbix g, Op

@ B pasHbix 3anyckax co cnyyaiiHoi nHuumanusagueli nnu
COMNANPOBAaHNEM CTPOATCA CYLLECTBEHHO Pa3JIN4HHbIE TEMbI

@ PLSA He nepeobyuaetcs, a nwwb xy>Ke MOLENNPYET Mabie
BEPOSITHOCTU PEAKUX C/OB, KOTOPbIE HE UHTEPECHbI.

@ Pacnpegenerune Qupuxne — cauwkom cnabolii 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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Knacen mogenu PLSA, LDA Mpo6nema HeycToliunBocTh (Ha CMHTETUYECKNX AAHHbBIX)
Teopus EM-anroputma Mpo6nema HeycToliunsocTn (Ha peanbHbIX AaHHbIX)
SkcnepumenTbl ¢ mogenamu PLSA, LDA Mpo6nema nepeobyqeHus n pobactHbie mogenn

PobactHas Tematuuyeckas mogensb

MnoTesa: kaxgoe cioBo B gokymenTe (d, w) siBAsieTCs
— nnbo TeMaTM4eCcKnM, CBA3aHHbIM C KakOW-TO TEMOW t,
— nnbo cneundnyHbIM AN JAHHOrO AOKYMeHTa (Lym),
— nnbo obweynoTpebnTensHbimM (poH).

Mogenb cMecu TeMaTWYECKON, LYMOBONA N (DOHOBOI KOMMOHEHT
SWB (Special Words with Background):

p(w|d) = yrgw +emp + (1 —v—¢) Z Owtbd
teT
Tdw = Pu(w|d) — wymosas komnoneHTa,  — napametp;
Tw = Pgp(W) — poHOBasi kOMNOHEHTa, € — napameTp.

Chemudugunta C., Smyth P., Steyvers M. Modeling general and specific aspects of
documents with a probabilistic topic model. NIPS, 2006.
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Knaccuyeckmne mogenn PLSA, LDA
eopuss EM-anroputma

SkcnepumenTbl ¢ mogenamu PLSA, LDA

Mpo6nema HeycToliumBOCTN (Ha CUHTETUHECKMX JaHHBIX)
Mpo6nema HeycToiiumBocTn (Ha peanbHbIX AaHHBIX)

Mpo6nema nepeobyqeHus n pobactHbie mogenn

dkcnepumeHTbl ¢ pobactHeimu PLSA n LDA

nepniekcus nepniekcus
4200 3200 1
4000 ] 3000
3800 2800
3600 ]
3400 2600
3200 2400
3000 2200
2800 ]
2600 2000 4
2400 1800
2200 ] 1600
2000 ]
Ta0 ] 1400
1600 1200
1400 ] 1000
1200 800
1000 1
800 600
02 4 6 81012 14 16 18 20 22 24 26 28 30 32 34 36 38 40 02 4 6 8101214 16 18 20 22 24 26 28 30 32 34 36 38 40
- P o PD -= S o SD - P o PD -= S o SD
e PR o PDR -= SR o SDR e PR o PDR -= SR o SDR

Konnekuyusi RuDis

Konnekums NIPS

Ob6ozHaqenns: P —PLSA, D -LDA (a; =05, 8, =0.01)
S — camnmposanne Temsl 3 p(t|d, w) ans kaxgoro d, w
R — pobactHocts (wym v = 0.3, con € = 0.01)

A.Potapenko, K.Vorontsov. Robust PLSA performs better than LDA. ECIR-2013.
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Knacen mogenu PLSA, LDA Mpo6nema HeycToliunBocTh (Ha CMHTETUYECKNX AAHHbBIX)
Teopus EM-anroputma Mpo6nema HeycToliunsocTn (Ha peanbHbIX AaHHbIX)
SkcnepumenTbl ¢ mogenamu PLSA, LDA Mpo6nema nepeobyqeHus n pobactHbie mogenn

BbiBogbl

Mepeobyyenne nposiBNAETCA TONMBKO HA PeAKMX CNOBaX
LDA to4Hee mogennpyer BepOSTHOCTU pPeaknx CJoB

Ho oHu Kak pa3 He MHTepecHbl ANA TeMaTU4eCckoi mogenu!
PobactHele PLSA n LDA noyTu oanHakoBbl no nepnaekcun
PobacTtrbie PLSA u LDA noutu He nepeobydatoTcst

PobacTHbiii PLSA nydwe, qem obbiunbiii LDA

©0000O0CO0

I'IepnneKcvm — H€ BNOJIHE aA€KBaTHAA MeE€pa Ka4deCTBa

Potapenko A. A., Vorontsov K. V. Robust PLSA performs better than LDA //
European Conference on Information Retrieval ECIR-2013.

Boporuyos K.B., TToranenko A.A. Mogundukaunn EM-anroputma gns BeposSsTHOCTHOIO
TemaTuyeckoro mogenuposatus [/ JMLDA, 2013.
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Knaccuyeckne mogenn PLSA, LDA Mpo6nema HeycToliunBocTh (Ha CMHTETUYECKNX AAHHbBIX)
Teopus EM-anroputma Mpo6nema HeycToliunsocTn (Ha peanbHbIX AaHHbIX)
SkcnepumenTbl ¢ mogenamu PLSA, LDA Mpo6nema nepeobyqeHus n pobactHbie mogenn

O6uwee pestome. Muds npo LDA

o LDA cyuwecTBeHHo MeHblue nepeobydaetcsi, yem PLSA
@ LDA cTponT paspexeHHble TEMATNHYECKNE MOLEN
@ LDA vmeer meHblie napameTpoB no cpasHernuto ¢ PLSA
@ LDA == temaTu4yeckoe mMogenvnposaHue

Ha camom pgene,
@ LDA n PLSA nouTtun He oTnnyatoTcst Ha 60AbLINX AaHHbBIX
@ LDA He MakCMMU3MPYET pa3pexeHHOCTb MoAesel
@ LDA nmeet bonblwe napameTpos no cpaeHeHuto ¢ PLSA
@ LDA — nnwb camas npoctas bazosasi Moaenb
°

LDA He umeeT ybeamTenbHbIX JUHIBUCTUYECKUX 0DOCHOBaH WA

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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