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BapuayunoHHblii baliecoBckuii BbiBog Mopens LDA u ceolicTea pacnpepgenenuns Oupuxne
BapuaynoHHeiii 6aliecosckuii Beisog ana mogenn LDA
VB EM-anroputm gns mogenun LDA

HanomuHaHune. 33&3‘48 TeEMaAaTN4eCKoro mogenmposaHunsa

ﬂaHO: KONNEKUnNsa TEKCTOBbIX NOKYMEHTOB

® Ny, — 4acTOTbl TEPMOB B AoKymeHTax, p(w|d) = n::

Haiitu: napametpbl Tematuyeckoin mogenu p(w|d) = > duibid
teT

® ¢yt =p(w|t) — BEPOSITHOCTN TEPMOB W B KaXAoli Teme t

@ 0;y=p(t|d) — BeposTHOCTM TeM t B KaXXAOM fOKymeHTe d
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BapuayunoHHblii baliecoBckuii BbiBog Mopens LDA u ceolicTea pacnpepgenenuns Oupuxne
BapuaynoHHeiii 6aliecosckuii Beisog ana mogenn LDA

VB EM-anroputm gns mogenun LDA

HanomuHaHue. TemaTtuudeckasa mogens LDA

Pacnpegenexus Qupuxne ¢ runepnapamerpamun o € R7, g € RW:

p(®, O, B) = tHT Dir(¢¢|5) dl;ID Dir(04|c)

Dlr(¢t|ﬁ) H ﬁf;i/) lm_/[qbﬁw 1’ ¢Wt > Ov BO = %/BW) Bt > 0,

F
Dir(04|a) = (ao) Hﬁf‘cjfl, Og >0, ag=> at, ar>0;
H Mae) :

Mpumep. Pacnpenenenue Dir(¢|3) npu |W| =10, ¢, € R1:

, Bu=01 o | LT "1 Bw = 100
' _ (paBHOMepHOE)
T. !v-T L] ;.:,vherva. ;;,TTTTTTTTTT
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BapuayunoHHblii baliecoBckuii BbiBog Mopens LDA u ceolicTea pacnpepgenenuns Oupuxne
BapuaynoHHeiii 6aliecosckuii Beisog ana mogenn LDA
VB EM-anroputm gns mogenun LDA

CeoiicTBa pacnpegeneHusa Oupuxne

@ MaTtemaTun4yeckoe oxxuganue:

E0; = [ 0:Dir(0]a) df = 5t = norm(at)

o Moga: 0; = %_ = notrm(ozt -1)

ozo
. _ o(ao—on)
o [ucnepcusa: DO, = 2(aotl)

@ MaTemaTuuyeckoe oxuganue norapudma:

Elnd; = [ In6,Dir(f|cr) d6 = () — (o),
roe ¥(x) = rr/((;)) — auramma-yHKLUS.

MpocTas, HO O4YeHb TOYHas annpoKCMMaLNs 35
3KCMOHEHTbI OT AUraMma-pyHKLUNN: o
X2 0<x<1 y
E(x)=exp((x)=¢2", o

X 5 1 < 0
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BapuayunoHHblii baliecoBckuii BbiBog Mopens LDA u ceolicTea pacnpepgenenuns Oupuxne
BapuaynoHHeiii 6aliecosckuii Beisog ana mogenn LDA
VB EM-anroputm gns mogenun LDA

HanomuHaHue. Obuine o6o3HauveHusa n obuwmin EM-anroputm

X = (d;, wi)[_; — ncxopHble faHHble, Habtofaembie nepemMeHHbIe
Z= ()", — CKprTbIe nepemMeHHble
Q= (o, @) — napametpsl nopoxaatoweii mogenun p(X|Q)

= (8, &) — runepnapametpbl anpuopHoro pacnpegenenusi p(2|y)

3ap,aqa: 3Has X, HaiiTu anoctepuopHoe pacnpegenenne p(2|X, )

Makcumunsauyua HenonHoro npasgononodus:

Inp(X|Q) = | X,Z|2
n p(X[Q) "ZZ:P( ,Z|§2) — max

EM-anroputm gns peweHns aHHOI 3a4a4n MakCUMU3aLUN:
E-war: KL(g(Z) || p(Z|X,Q)) — min
q

M-war: Zz:q(Z)Inp(X,Z|Q) — max
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BapuayunoHHblii baliecoBckuii BbiBog Mopens LDA n ceolicTea pacnpepgenenuns Oupuxne
BapuaynoHHeiii 6aliecosckunii Beisog ana mogenun LDA
VB EM-anroputm gns mogenun LDA

[Be ocHoBHble ngen Variational Bayesian inference

Npesa 1.
Panble Q = (P, ©) bbinn HecnyvaiiHbiMu NapameTpamu.
Teneps cronbusl ©,© nopoxpatorcs pacnpegenenusimn dupuxne:

p(®,©la, 8) = [ Dir(6:/8) [ Dir(6ala),
t d

Q = («, ) — napameTpbl BeposiTHOCTHOI Moaenn Bmecto (P, O),
(Z,®,0) — ckpbITble nepeMeHHble BMECTO Z.

Npesa 2.
Ecan q(Z) = p(Z|X, Q) He Bbiuncaumo, 1o nwem q(Z) B Buge
cdakTopusaumm no rpynnam nepemenHsix Z;, j € J:

9(2)=1T4(2)

jeJ
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BapuayunoHHblii baliecoBckuii BbiBog Mopens LDA n ceolicTea pacnpepgenenuns Oupuxne
BapuaynoHHeiii 6aliecosckunii Beisog ana mogenun LDA
VB EM-anroputm gns mogenun LDA

OcHoBHaa TeopeMma BapuaLMOHHOro HanecoBCKOro BbIBOAA

Teopema. Pewenve sagaun KL(q(Z) || p(Z|X,Q)) — ming
B CemeiicTBe (haKTOpU30BaHHbIX pacnpegenenunii q(Z) = Hj qi(Z;)
YOOBNETBOPSAET CUCTEME ypaBHEHNIA

Ing;(Zj) = Eq\j In p(X, Z|2) + const,

rae Eqj — maToxunaanne no scem nepemenHeiM kpome Zj,
const — HOPMUPOBOYHbI MHOXMTENb pPacnpefeneHus g;.

-

[na pelieHuns 3Toil CUCTEMbI UCMONB3YIOT METOZL NPOCTOW MTEpaLUN.

Naes pokasatenbcrea: pacnuceisaem KL(:||-) n cBogum 3apady K

S ai(2) Y- T ai2)np(X, ZI9) qu )Ingi(Z)) — min
Zj

Z\Z; i#j

Eq\j Inp(X,Z|Q)
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BapuayunoHHblii baliecoBckuii BbiBog Mopens LDA n ceolicTea pacnpepgenenuns Oupuxne
BapuaynoHHeiii 6aliecosckunii Beisog ana mogenun LDA
VB EM-anroputm gns mogenun LDA

JdokazaTtenbCcTBO

1. B onTumun3aunoHHoi 3agayve MOXHO nepekugbiaTe X 4epes yC/OBHYIO HepTy:
z q(Z)In 2258 — max z q(Z)In 2555 — z 9(Z)In p(X|2) — max

2. Bynem mMmuHumnsmnposaTs KL—p,MBepreHu,mo noo4epéaHo no scem Z;.
Mpumenum dakTopusaymnto n esiHecem cnaraemoe ¢ gj(Z;) snepéa:

;qj(z) > [Tai(Z)Inp(X, Z|19) = 32 qi(Z) 32 [1ai(Z) X2 Inau(Zk) — max

Z\Z; i#j Z; Z\Z; i#j ked

Eq\jInp(X,Z|Q) In g;(Z;) + const

3. Mo4emy BTOPYIO hurypHyto ckobky MoxHO 3ameHuTb Ha In gj(Z;):

> Hq:(Z)Zlnqk(Zk) > I14i(Z)Ingi(Z)

Z\Z; i#j Z\Z; i#j

He 3aBMCUT OT @ 1

4. Beepém r(Z;) o exp(Eq; In p(X, Z|Q2)), Torpa KL(qJ(ZJ)Hr(ZJ)) — min

5. TouHoe peweHune gaHHoii 3agaqu qj(Z;) = r(Z;), cneposatensHo, @
Inq;(Z;) = Eq\jIn p(X, Z|2) 4 const. -
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BapuayunoHHblii baliecoBckuii BbiBog Mopens LDA n ceolicTea pacnpepgenenuns Oupuxne
BapuaynoHHeiii 6aliecosckunii Beisog ana mogenun LDA
VB EM-anroputm gns mogenun LDA

CHoBa mMaKCMMWU3aLMsa HeMNoJsIHOro npasgononodus

Tenepb (Z,$,©) — 370 CKpbITbIE NEpPEMEHHbIE,
Q = («a, ) — 3T0 napameTpbl BEPOSITHOCTHON MoOZenn.

3apada MakcMMuU3aumMyM HEMNosHOro npasgonoaobus:
p(X|a. B) :Z/ / p(X,Z.®,0)a, B)dddO — max
7 JoJo a.f
EM-anroputm gnsa pewenns faHHOW 3afjadvnm UMEET BUA:
E-war: KL(g(Z,9.0) || p(Z,®,0|X,a,8)) — mqin

M-war: Z//q(z,cb,e)|np(x,z,¢,eya,ﬁ)d¢d@ - max
7 JoJe a,

Tenepb BCé npoucxogut Ha E-ware (ananor ctapeix E u M waros)
Hoebiii M-war 4yacto onyckatoT, doukcupys «, 8 6e3 ontTumusaumnm
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BapuayunoHHblii baliecoBckuii BbiBog Mopens LDA n ceolicTea pacnpepgenenuns Oupuxne
BapuaynoHHeiii 6aliecosckunii Beisog ana mogenun LDA
VB EM-anroputm gns mogenun LDA

BapuaunoHHaa annpokcumauus gna tematudeckoi mogenu LDA

Nwem q(Z,d,O) B cemeiicTBe hakTOpnN30BaHHBIX pacnpenesneHnii
(ecnu nepemeHHble HE3aBMCUMBI, peLueHme ByneTr TOYHbIM):

(Z¢@)—quz¢@)—nqlf)nqt¢t qu‘gd

jeJ teT deD
J=A{1,...,n} U T LD — nHaeKcbl BCEX CKPbITbIX NEPEMEHHbIX.

|

OcHoBHasa Teopema BapuauMoHHOro HGaliecoBCKOro BbIBOAA

Pewenne 3agaun E-wara ynosnetsopsieT cucreme ypaBHEHMiA
In q; = Eq\j In P(X, Z’ CD, @|a, B) -+ const,

rae Eg\j — MaToXupaHme no Bcem nepemeHHbIM Kpome J-if,
const — HOPMUPOBOYHbI MHOXMTENb pacnpefeneHns g;.

[nsi pelenunsi 3Toli cuCTEMbI MCNONL3YOT METOA NPOCTON MTEpaLUn.
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BapuayunoHHblii baliecoBckuii BbiBog Mopens LDA n ceolicTea pacnpepgenenuns Oupuxne
BapuaynoHHeiii 6aliecosckunii Beisog ana mogenun LDA
VB EM-anroputm gns mogenun LDA

PacnuceiBaem norapucdm p(X,Z,d,0|q, 5)

anIMEHﬂFI OCHOBHYHO TEOpeEMYy, NEPEBOANM HE3aBUCALLNE
OT CKPbITbIX NEPEMEHHBIX MHOXWUTENN B const:

Inp(X,Z,®,0|a, 8) = Inp(X, Z|®,0)p(®|3)p(O]a) =

=In [] p(di, wi, ti|®,0) + In [] Dir(¢¢|5) +In [ Dir(04]cr) =
i=1 teT deD

n
=> Inowt,0ta + > (Bw—1)Inpue + > (at—1)In by + const.
i=1 t,w d,t

Tenepb Hapo bpaTh MaToxuaaHus Egy; OT 3TOW BenUHMHbI
no scem pacnpegenenusm g:(d:), qq4(0q4), qi(ti), kpome j-ro.

3ameuvaHue, CUALHO YNPOLLAOLLEE BbIKNAAKMN:
ecnu cnaraemoe S He 3aBUCUT OT j-ii nepemenHoid, To B4, S = const.
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BapuayunoHHblii baliecoBckuii BbiBog Mopens LDA n ceolicTea pacnpepgenenuns Oupuxne
BapuaynoHHeiii 6aliecosckunii Beisog ana mogenun LDA
VB EM-anroputm gns mogenun LDA

Pacnpepenenus ckpbiTbix nepemenHbix g:(d:), qq4(04), qi(ti)

Pacnpegenenune ckpbiToii nepementoii ¢ € RY':

Ing:(¢¢) = Z Eqe)[ti=tlIndwe, + > (Bw—1)In dpus + const =

weWw
= Y Wi=wlgi() N bwe + 3 (B —1)In e + const =
i=1lweW wew
= T (S wi=wla(t) +8y — 1) Inue + const =
weW =1
—_——

= In Dir(¢¢|5:).

70 pacnpegenevne upnxne c napamerpamun SBue = Nye + Bw,

Nyt — OLIEHKA 4YuCna reHepauuli TepmMa w U3 Tembl t.

Mpu 6onblMX N, OHO CKOHLEHTPUPOBAHO B TOYKE Py = norm(Sy:).
w
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BapuayunoHHblii baliecoBckuii BbiBog Mopens LDA n ceolicTea pacnpepgenenuns Oupuxne
BapuaynoHHeiii 6aliecosckunii Beisog ana mogenun LDA
VB EM-anroputm gns mogenun LDA

Pacnpepenenus ckpbiTbix nepemenHbix g:(d:), qq4(04), qi(ti)

Pacnpegenetune ckpbiToii nepemerHoit 8y € R7:

In qd(ed) = Z Eq,—(t,-)[di:d] In Htidi + Z (Oct—l) Inf:y + const =
i=1 teT

= Z [di=d] > qi(t)InOg + > (ar—1)In by + const =

i=1 teT teT
=2 <Z[di:d]CIi(t) +oar — 1) In6:y + const =
teT Ni=1
ﬁf_/
Ntd
= In Dir(04|éq).

D70 pacnpegenerue Oupuxne ¢ napametrpamu Gy = Nig + Qit,
Nty — OLEHKA 4YKUCNa TEPMOB TEMbI t B JOKyMeHTe d.
Mpn 6onbLINX Nsy OHO CKOHLEHTPUPOBAHO B TOYKE Oy = notrm(dtd).
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Mopens LDA n ceolicTea pacnpepgenenuns Oupuxne
BapuaynoHHeiii 6aliecosckunii Beisog ana mogenun LDA
VB EM-anroputm gns mogenun LDA

BapuayunoHHblii baliecoBckuii BbiBog

Pacnpepenenus ckpbiTbix nepemenHbix g:(d:), qq4(04), qi(ti)

Pacnpenenenune ckpbiToii nepemeHHoii t; € T:

In qi(t) = Eq\i(In ¢W,'t,' +In Htidi) + const =
= Eg(¢0) In wit + Egy(o,) InOt;a + const =

Bocnonb3yemcst TeM, 4To Gi(¢¢) n gq(04) yxxe HalipeHsr:

= w(nWit + 6Wf) - (Zw(nwt + ﬁw))
+ th(neg, + a¢) — V(3 (nea; + o)) + const

N[—=

Bocnonbsyemcs npubnmxernem exp(i(x)) ~

nw,-t‘i‘ﬁw,—% Ntd; +04t—%
gi(t) = norm .

€T \ 3, (we +Bw) — 5 3 (N, + ) — 2

Moxoxe Ha obbiunyto popmyny E-wara p(t|d;, w;) = nor7r_n(¢wl.t9tdi)
te
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BapuayunoHHblii baliecoBckuii BbiBog Mopens LDA n ceolicTea pacnpepgenenuns Oupuxne
BapuaynoHHeiii 6aliecosckuii Beisog ana mogenn LDA
VB EM-anroputm gns mogenun LDA

Cobupaem BCE BoeaunHO

B uTepaumonHoM npoLiecce yepefytoTcs ABa Liara:
1) pacnpepenetune tepmos (d;, w;) no temam, E(x) = exp(¢(x)):

gi(t) = norm E(n‘”ft + 6Wf) ‘ E(ntd, + at)
i €T \ E(XC,(nwt + Bu))  E(XC (e, + ar))

2) aKKyMy/JMPOBAHUE CHETYUKOB Nyt U Niy:

gt = ; [wi =w] gi() e = g"l[d,:d] ai(t)

ToyeyHble OUEHKN NapaMeTpPOB N0 MATOXXNAOAHUIO Nan MOAeE:

Edue = nom(nuctBu) By = norm(mg-+ac)
Bue = norm (nuet 1) Bug = norm(meg e 1)
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BapuayunoHHblii baliecoBckuii BbiBog Mopens LDA n ceolicTea pacnpepgenenuns Oupuxne
BapuaynoHHeiii 6aliecosckuii Beisog ana mogenn LDA
VB EM-anroputm gns mogenun LDA

MpomexXyTo4HbIi utor

@ l13-3a chakTOpM3auMu BapraLmMOHHbIl BaiieCOBCKUIA BbIBOA
0aéT Auwb NpnbANXKEHHOE pPELLUEHNE, TEM HE MEHEe,

dopmynbl gnss MAP u VB ouenb noxoxu [Asuncion]:
— NpU Ny, Neg > 1 pasnnynsa HeowyTUMBI,
— NP Ny, Neg S 1 Tema t He3Ha4uMa gas w uan d.

MoxHo pgobasuts M-war gns ontumunsauyun «, 5 [Wallach].
Hekyna pobaensito perynspusatopsl R(P, O).
Hy>xHbl matpuupsl ,©, a He pacnpegenernsi p(P, ©]X).

Haunnaer cmyuwiaTe pasHoobpasme OLEHOK... Kakas aydiie?

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.

Hanna Wallach, David Mimno, Andrew McCallum. Rethinking LDA:
why priors matter. Neural Information Processing Systems, 2009.
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B BbIBO/ OcHoBHas Teopema o camnnuposaHuu [n6bca
CamnnuposaHue mbbca CamnnuposaHue [nbbca gna mogenn LDA
GS EM-anroputm gns mogenu LDA

OcHoBHble ugen Gibbs Sampling

Q = («, 8) — napameTpbl BEPOSITHOCTHOI MOAENMN.
MoouepénHoe BbinonHeHue faeyx waros (aHanor EM-anroputma):

E-war: Z ~ p(Z|X,Q)
M-war: (¢,0) ~ p(P,0|X,Z,Q)

OcHoBHas Teopema 0 cxogumMmocTu camnaupoBaHus nbbca

Mpouecc camnampoBaHus OQHOMEPHbLIX CyHaliHbIX BEINHUH

(k+1) _ p(X,Z|Q)
4D (41X, 2;,Q) = B2
16209 = ok zi)
rae k — Homep utepauyun, Z\; = (t£k+1), e t,.(lerl), t,.(i)l, A t,(,k)

CXOAMTCS K MHOromepHomy pacnpegenedunto Z ~ p(Z|X, Q)
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OcHoeHas Teopema o camnnuposaHuu n66ca
CamnnuposaHue mbbca CamnnuposaHue [nbbca ana mogenn LDA
GS EM-anroputm gns mogenu LDA

PacnpepgeneHue Odupuxne — conps>kéHHoe K MY/I1bTUHOMUANBHOMY

p(®,O|a, ) — anpuopHoe pacnpegenenune Jupuxne
p(P,0|X, Z,«, B) — anoctepuopHoe pacnpegenesune Toxe [Jupnxne

BriBog anoctepuopHoro pacnpegenerust ¢, © npu nssectHoix X, Z:
p(®,0|X,Z,a,8) x p(®,0, X, Z|a, B) x p(X, Z|®,0)p(®, O|a, 3)
X H (PwtOra) " H Dir(¢¢(5) H Dir(f4|a)

d,w,t teT deD
* I eterot T
teT d,w deD w,t
o [T [T o™ T T ooy
teT w deD t
o [ Dir(¢¢lBe) [ Dir(0alda), But = nwetBu, Ged = nea+au.
teT deD

K. B. BopoHuos (vokov@forecsys.ru) BeposiTHOCTHbIe TemaTu4eckue mMopenu 19 /40



OcHoeHas Teopema o camnnuposaHuu n66ca
CamnnuposaHue mbbca CamnnuposaHue [nbbca ana mogenn LDA
GS EM-anroputm gns mogenu LDA

Pacnpepenenue p(X, Z|a, B) pna cxembl camnnupoBaHus mbbeca

MNogbiHTerpanbHOE pacnpeaeneHne Mbl TOJAbKO HTO BbIBEN,
HO Tenepb Dygem akkypaTHee C HOPMUPOBOYHBLIMU MHOXUTENSIMN:

p(X.Zlop) = | / p(X, Z|®,0)p(®, Bla, §)dddO =

//Hsb””" ”“’Hp [ 1 pir(¢:18) [ Dir(0ale)ddd® =

teT deD
_ H Z /BW) /H¢Bwt_1d¢t H d taf /Heatd 1d9d —
I1, (B8 Ht
teT dED %/_/
o< D|r(¢t\6t) oc Dir(0g|éq)

= (X Aw) TL T(Pue) tO‘t Ht [(ed)
_tel_[TH F(Bw) T Z /Bwt dl;{) a Ht (Ztatd)
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OcHoeHas Teopema o camnnuposaHuu n66ca
CamnnuposaHue mbbca CamnnuposaHue [nbbca ana mogenn LDA
GS EM-anroputm gns mogenu LDA

Pacnpepenenue p(X, Z\ila, 5) pna cxembl camnnmposaHusa M'mbbca

Tak, Mbl TO/IbKO 4TO NOAYYMAN pacnpenesneHune

p(X, Zla, B) =

(> ﬁ"" H rﬁ""t) taf [ (Gea)
teHTH (X, But) C,EHD & Ht ae) [(X, Gea)

Pacnpegenenne p(X, Z\j|a, 3) oTanyaetcs oT Hero nuwb Tem, 4To
OHO MOCTPOeHO Nno Bbibopke b6e3 ogHOIR i-ii Toukm (d;, w;, t;):

p(X,; Z\ila, B) =

Z IBW H I—/Bwt tat HtF(atd 5Itd)
feHTH F(Bw) T, (Bt — C,HD < Ht £) T(X (G —0Ly))

roe o w=w][t=t], ¢, =[t=t][d=d]

wt —
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OcHoeHas Teopema o camnnuposaHuu n66ca
CamnnuposaHue mbbca CamnnuposaHue [nbbca ana mogenn LDA
GS EM-anroputm gns mogenu LDA

Eweé 4yTh-4yTh... OCTANOCh TONLKO MNOAENUTb OAHO HA Apyroe

Ons comnauposanus nbbca HYy>KHO OfHOMEpPHOE pacnpegeneHue

X, Z|a,
p(t,"X,Z\hO%ﬁ) = pp(()(jz—\}‘oé:ﬁﬁ)) -

B uncnutene n 3HameHaTene COKpPaTATCA BCE MHOXUTENN KpOME i-x:

— r(nWiti+IBWi) F(Zw(nwtﬁrﬁw)*l) r(ntidi+ati) F(Zt(ntdﬂLat)*l)
r(nWiti+18Wi *1) r(zw(nwt,‘+ﬁW)) r(nfidi+at/71) F(Zt(”tdﬂroét))

Bocnonbayemcsa ceoiicTBOM ramMmma-cyHkumm LG RV
y y T(x—1) :

p(t|X, 2\j, @, B) = norm

nW/t+ﬁW171 nfd,'+at71
teT

> (wt +Bu) =1 3 (neg + ) — 1
Moxoxe Ha obbiunyto popmyny E-wara p(t|d;, w;) = nor7r_n(¢wl.t9tdi)
te
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OcHoeHas Teopema o camnnuposaHuu n66ca
CamnnuposaHue mbbca CamnnuposaHue [nbbca gna mogenn LDA
GS EM-anroputm gns mogenu LDA

Cobupaem BCE BoeaunHO

BbIAeﬂeHbl OTINYNA OT BapUaAUNOHHOIO anaropntMma

1) pans kaxgoro (di,w;), i =1,...,n, camnnupoBaHue Tembl t;:

< nW,'t+5W,' —1 . ntd;+at_1 >
Yow(twe +Bw) =1 > (neg, + ) — 1

2) aKKyMy/JMPOBAHUE CHETUNKOB Nyt U Niy:

N = é[w,-zw][t,-:t] ney = __il[d,-:d][t,-:t]

ti ~ pi(t) = nt%r7rp

MapameTpbl ¢, © cOMNAMPYIOTCA UAN OLEHNBAIOTCA TOYEYHO:
(Pwt)w ~ Dir(¢| (nwt+/8W)W) (Ota)t ~ Dir(@ | (ntd+at)t)
Edwt = w w B0 =
Put QV%rw(n t+Bw) td ng;n(nwrat)

Bue = norm (nwet6u—1) g = norm(meg e 1)
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OcHoeHas Teopema o camnnuposaHuu n66ca
CamnnuposaHue mbbca CamnnuposaHue [nbbca gna mogenn LDA
GS EM-anroputm gns mogenu LDA

Anroputm camnnupoBaHusa Mmbbca

Bxoa: konnekuust D, uyucno tem |T|, napametpsl «, [3;
Bobixop: pacnpegeneruns ¢ n O;

Nut, Nedys N, Ng =0 pnascexd e D, we W, te T,

ansa Bcex utepauunii k :=1,.. ., kmax

Ans BCex aokymeHToB d €D n TepmMoB w=wq, ..., W,, €d
ecnn k 2 2 T0 ti=tgy; —-Nut; --Nidi --N¢; --Ng;

Nwt+Bw . Neg+oe

et o nd+a0) ona ecex t € T;

t|d, w) =
p(t|d, w) = norm(

COMNAIMPOBaTh OAHY Temy t u3 pacnpegenenus p(t|d, w);
tdw = t; ++Nwt; ++neg; ++ng; ++ng;

Gwt = Nye/ne pnsiscex w € W, t € T,
Org = Ng/ng pnsaecex d € D, t€ T;

Griffiths T., Steyvers M. Finding scientific topics. 2004.
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OcHoeHas Teopema o camnnuposaHuu n66ca
CamnnuposaHue mbbca CamnnuposaHue [nbbca gna mogenn LDA
GS EM-anroputm gns mogenu LDA

MpomexXyTo4HbIi utor

@ [loxoxuii anroputm noayuntcs B ARTM, ecnun Ha E-ware
Bmecto p(t|d, w) bpats p(t|d, w) = [t=t;], t; ~ p(t|d,w).
o Popmynsl ans MAP, VB u GS ovenb noxoxu [Asuncion]:
— NPUN Ny, Neg > 1 pasanums HeoLyTUMBI,
— NpU Ny, Neg S 1 Tema t He3HaYMMa gns w uan d.
@ HeobxopnmocTb 3apaHnst anpuopHbIX pacnpeaeneHuii:
— conpspkéHHbIE — TONIbKO pacnpegenennst Qupuxne,
— HE CONPsDKEHHbIE — CUJIBHO YC/IOXKHSIIOT 3aaqy.
@ VB n GS He nmetoT yaobHbIX MEXaHU3MOB perynsipusauum, T.K.
HeT, cobcTeenHo, u 3agaqn ontumusayun no (P, ©)

@ [pobnema HeycTORHMBOCTM Jaxke HE CTAaBUTCS.

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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OnTumusauyma runepnapamerpos 8 LDA
padunyeckas HoTaumsa
3amedaHus o baliecosckom nopxope CpasHeHue baiiecosckoro nogxoga n ARTM

Mpobnema BbiGOpa runepnapameTpoB o u

CrangaptHas pekomeHgaums [2004]: o = 50/|T|, B = 0.01.
BbiBogpbl no pesynbtatam bonee ToHkoro uccneposatus [2009]:

o p(t|d) ~ Dir(6; ), ontumusuposats o = (aq,...,aT).

o p(wlt) ~ Dir(¢; ), B3aTb cuMMmeTpuyHoe 51 = -+ - = 1 < 1.

|

npasgonogobue  —680000 /o
NpyY HECUMMETPUYHOM

=720000 — |~ npu CUMMETPUYHOM ¢

-760000

—T—T T T 1 4ucno camnnos M
0 1000 3000 5000

H.Wallach, D.Mimno, A.McCallum. Rethinking LDA: why priors matter. NIPS, 2009.

K. B. BopoHuos (vokov@forecsys.ru) BeposiTHOCTHbIe TemaTu4eckue mMopenu 26 /40



OnTumusauyma runepnapamerpos 8 LDA
padunyeckas HoTaumsa
3amedaHus o baliecosckom nopxope CpasHeHue baiiecosckoro nogxoga n ARTM

OnTtumMusayusa runepnapamerpa o

ObocHosaHHoCTb (evidence) mogenn Ha konnekuuu D:

M) M(neg + o)
D = —
‘Oé) dl;{) r nd +a0) Hr r(at) moz?x

Metog HenoasmxHolt Toukn [Minka, 2003] — utepaunoHHsiii
MpOLECC, BCTPAMBAEMbIi MEXAY MPOXOAAMMN MO BCE KOIEKLNN:

> g V(ned + ) — P(ar)
> g ¥(ng + o) — Y(ao)’

rae ¢(z) = (In I_(z))/ =["(z)/I(z) — anramma-cyHkLMS.

A 1= ¢

Thomas Minka. Estimating a Dirichlet distribution. 2003.

Hanna Wallach. Structured Topic Models for Language. PhD thesis,
University of Cambridge, 2008.
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OnTumusauyma runepnapamerpos 8 LDA
padunyeckas HoTaumsa
3amedaHus o baliecosckom nopxope CpasHeHue baiiecosckoro nogxoga n ARTM

lMpenmyuiecTBo onTuMuU3ayuun runepnapamMmeTpa o

@ [Npaegonopobue CyLLeCTBEHHO BbILE.
@ CxopumocTs bbicTpee.
® MeHbluasi 4yBCTBUTENBHOCTL K n3bbiTodHOMy | T|.

o Bonee ecrecteenHas HecbanaHCMPOBAaHHOCTL TEM.

AS prior SS prior

e - -

© % % % © %

o 7 o 7

© | © _|

o o

. <

o o

N o

o 7 o 7

o o

(ST c =

50 topics 75 topics 100 topics 50 topics 75 topics 100 topics
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OnTumusauyma runepnapamerpos 8 LDA
Fpadunyeckas HoTaumsa
3amedaHus o baliecosckom nopxope CpasHeHue baiiecosckoro nogxoga n ARTM

Ipadpnyueckas HoTauma «plate notation»

INpacbuueckoe npeacTaBneHmne YCAOBHBIX 3aBUCUMOCTEN

® 0 &Oe @

p(x) p(x|y) p(x1, x2|y) p(x|y1,y2)

INpacbuueckoe npeacraeneHmne BbIGOPKY Wl, ey W,

nopoxxgaemoii pacnpegeneruem 53, = p(w
i i
w

w1 w2 w3 Wi
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OnTumusauyma runepnapamerpos 8 LDA
Fpadunyeckas HoTaumsa
3amedaHus o baliecosckom nopxope CpasHeHue baiiecosckoro nogxoga n ARTM

Ipadpnyueckas Hotauusa ana mogenen PLSA n LDA

Mopens PLSA:

Kaxgblii d € D nopoxpaeT ckpbITble TEMbI:

ti~p(tld), i=1,...,nq; O—(—0O

Ka)kgas Tema t; nopoXKAaeT CNOBO:
w; ~ p(W|t,'), i=1,...,n4.

ng
DI

Mogens LDA:

Q TOPOXKAAET BEKTOPbI AOKYMEHTOB: O O O—».
0

4 ~ Dir(d|a), d € D; a t/ w

nd
[ nopoxaaeT BeKTOpbl TEM: ID|
¢¢ ~ Dir(¢[B), te T; @
panee kak B PLSA. 3 éITI
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OnTumusayma runepnapamerpos 8 LDA
Fpadunyeckas HoTaumsa
3amedaHus o baliecosckom nopxope CpasHeHue baiiecosckoro nogxoga n ARTM

Ipachuyeckaa HoTauua: npeacTaBneHne CTPYKTYpbl Mogenu

Bonbwoe cTpykTypHoe pa3zHoobpasne TeMaTnyeckux Momenei:

—~
A
O ) (o)
\3‘/ N, -/
K i1
(o) ()
N N &) “
) ) )
! 2 N, &/ &) K N

¢
®
©
©
©

@\ ‘;l:ﬁ o 0o
Y Parse trees s T 1, N TN N
|
i

@D>> ™ Qs ) groupedintoM
documents Ow Aw O
o DR'O LHot® _
o T o} N, s, Yo g, g
<R : / (Iak s Th Bin

¥
«
) © M B

David Blei. Probabilistic topic models // Communications of the ACM, 2012.
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OnTumusauyma runepnapamerpos 8 LDA
Fpadunyeckas HoTaumsa
3amedaHus o baliecosckom nopxope CpasHeHue baiiecosckoro nogxoga n ARTM

O6cyxaeHue «Stop using Plate Notation»

EpuHCTBEHHOE LOCTOMHCTBO U Ky4a HELOCTATKOB!
@ + XOpoLIo 3anoMuHatoWKiics HarnaaHblli obpas mogenn
@ — MHOXECTBEHHOCTb BapuaHTOB OTObpa)keHMs ofHOW mMogenn
@ — HenoJIHOTa M HeO4HO3HAYHOCTb MHTepnpeTaunn
@ — He siCeH nepexof, OT KapTUHKN K MOZEAN 1 aaroputmy
@ — BO MHOIMX CTaTbsAX 3TOT MEPEXOH CKPbIT UM CKOMKaH
@ — NANO3MS NOHATHOCTM U NpakTuyeckas becnonesHocTb

OJJ.VIH N3 KOMMEHTapUeB:

Every now and then the topic comes up as to why algorithms and procedures
are explained in obtuse forms across the entirety of the paper it is described in,
usually we just conclude that it would look too simple if it were explained any
other way.

Rob Zinkov. Stop using Plate Notation. 2013-07-28.
http://zinkov.com/posts/2013-07-28-stop-using-plates
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OnTumusauyma runepnapamerpos 8 LDA
Fpadunyeckas HoTaumsa
3amedaHus o baliecosckom nopxope CpasHeHue baiiecosckoro nogxoga n ARTM

fA3bik NceBaoOKOAa nopoxkaatoulero npouecca (generative story)

Mpumep: seposaTHOCTHaA nopoxaatowas mogens PLSA

Bxoa: p(w(t) ansi Bcex t € T, p(t|d) ans Bcex d € D;
Bbixoa: konnekynsi JOKYMEHTOB;

ansa Bcex jokymenTo d € D
ANS Bcex nosuuuii cnoB i = 1,...,ny B jokymeHTe d
BbibpaTh Temy t; u3 p(t|d);
BbibpaTh cnoso w; u3 p(wlt;);

@ -+ Nerko NOHMMaTb MOAEeb, ONMCAHNE HELBYCMbICAEHHO
@ — He siCeH nepexof OT MOAENN K ajaropnuTmy

@ — BO MHOMMX CTaTbsAX 3TOT Nepexoq CKpbIT NN CKOMKaH
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OnTumusauyma runepnapamerpos 8 LDA
Fpadunyeckas HoTaumsa
3amedaHus o baliecosckom nopxope CpasHeHue baiiecosckoro nogxoga n ARTM

A3blk 33434 onTUMU3aAUMU: MOAEsNb — KPUTEepuii — anroputm

1. BeposiTHOCTHasti MOAEeNb NOPOXKAEHUS OAHHbIX:
p(wld) = 3 p(wlt)p(t|d) = 3 duwiba
teT teT

2. MocTaHoska 3agaqu ontummusauun (ARTM):

Z Ngw In Z Ouwtbiqd + R(d),@) — max
d,w teT ®,0

3. AnropnTMm pelueHusi — NTEPALUMOHHBIA MPoLEecc:

E- : = norm 0
war Ptdw ot (¢Wt td)

oR
- : = norm § Ndw Ptdw + —)
M-war Owt we W (deD dw Ptd ¢Ma¢wt

0 :norm( n +6 ﬁ)
td pad Ed dw Ptdw td 59,5
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OnTumusauyma runepnapamerpos 8 LDA
Fpadunyeckas HoTaumsa
3amedaHus o baliecosckom nopxope CpasHeHue baiiecosckoro nogxoga n ARTM

MaTtemaTnyeckunii 93blk ONTUMN3ALMOHHBIX 3a4a4

OAvH HEQOCTAaTOK U Ky4Ya AOCTOUHCTE:
@ — MJIOXO MOHSATEH CMEeLManncTam rymMaHuTapHbIX npodeccuii
@ | ACHOCTb M OfHO3HAYHOCTb 3aNNCKh MOZENN
@ -+ ACHOCTb KPUTEPUS ONTUMAJbHOCTM
@ -+ SICHOCTb BapnaHTOB BbibOpa MeTOLOB ONTUMMN3ALMM
@ -+ nepexof OT MOZENMN K ajropuTMy — 3TO Teopema
@ -+ BO3MOXHOCTb KOMOUHUPOBAHUSI MOAeneii
]

+ yHudbnumposanHas mogynsHas peanusauus (BigARTM)
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OnTumusauyma runepnapamerpos 8 LDA
padunyeckas HoTaumsa
3amedaHus o baliecosckom nopxope CpasHeHue baiiecosckoro nogxoga n ARTM

BaiiecoBckoe ob0yyeHue — gomuHupyrowuii nogxog 8 TM

Mogens LDA npemonpegenuna ganbHeiiliee paseutue
TEMaTUYECKMX Mofeneii Ha ocHoBe 6ailieCOBCKOro BblBOAA:

Posterior(®, ©|data) oc Prior(®, ©) P(data|P, ©)
Prior n Posterior 8 mogenn LDA — pacnpegenenuns Qupuxne.

MpobGnemsi:
® Ham HyxHbl nuwb 3HadeHus ©, O, a He nx pacnpegeneHus
@ Prior Inpuxne nmeet cnabbie nuHrencruyeckmne obocHoBaHMs
@ 3ajayva CUIBHO YC/IOXKHSIETCS OAS1 HECONMPSXXEHHbIX Prior
o bailecoBcknii BbIBOL YHMKANEH ONS KaXKAOW MOZenn
°

TexHuueckn TpygHo 0606wWaTL N KOMBUHMPOBATL MOLENN

Blei D., Ng A., Jordan M. Latent Dirichlet Allocation. JMLR, 2003.
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OnTumusauyma runepnapamerpos 8 LDA
padunyeckas HoTaumsa
3amedaHus o baliecosckom nopxope CpasHeHue baiiecosckoro nogxoga n ARTM

Anxnmus 6aiiecoBCKOro BbiBOfa B TEMaTU4YECKOM MOAeMpoBaHUm

BeposiTHocTHas mogens nopoxaeHus AaHHbIx obbegnHaeT
B €4MHOM OMMUCAHWUN CTPYKTYPY NPOCTPAHCTBA NapamMeTpos,
anpriopHble pacnpefeneHns n LONOJHUTENbHbIE 3HAHUS O 3ajauqe.

anpuopHble
CTPYKTYpa HEeBEPOATHOCTHbIE
PYKTYP pacnpegenexus P
npocTpaHcTea npeAnonoKeHns
napameTpos 1 orpaHuyeHus

Hidden
Space
+
Regularizers

TR e

Bayesian inference
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OnTumusauyma runepnapamerpos 8 LDA
padunyeckas HoTaumsa
3amedaHus o baliecosckom nopxope CpasHeHue baiiecosckoro nogxoga n ARTM

ARTM — HoBas anxmmMus Ha OCHOBE KJIAaCCUYEeCKOU perynsipusayun

MNpocTas nopoxgarowas Mogenb ONUCLIBAET CTPYKTYPY NPOCTPAHCTBA.
Perynsipusatopbl cymmMupytoTcs ¢ Becamu, B nt0bbIX codeTaHumsx,
N KaXKablli ONUCLIBAET TOMILKO OAHO LOMNOJHUTENLHOE TpeboBaHue.

Hekomno3unyna — knaccuyeckuii cnocob ynpouieHus 3apaqn |

Hidden
Space

Regularizers

B

u
1
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LNOHH B BbIBOJ, OnTumusauyma runepnapamerpos 8 LDA
padunyeckas HoTaumsa
3amedaHus o baliecosckom nopxope CpasHeHue baiiecosckoro nogxoga n ARTM

ARTM: moaynbHbIi NOAX0A[ K CUHTe3y Tpebyembix mopeneii

Ons noctpoeHunsi komnosnTHeix mopeneii B BigARTM He Hy>xHbI
HU MaTeMaTu4ecKne BbIKMaJKW, H MPOrpaMMUPOBAHNE KC HYNsA>».

3Tanbl MoAennMpoBaHua Bayesian TM ARTM
AHanus TpeboBaHuin AHanus TpeboBaHUin
BeposATHOCTHaA nopoaatowan CraHgapTHble Ceou
dopmanuzayusn:
MOZenlb AaHHbIX Kputepum KpUtepum
BaliecoBCcKUit BbIBOA A/1A O6wuin perynapusoBaHHbIN
Anzopummusayus: OaHHOW MoposKaatoLLen EM-anroputm ans ntobbix
mopgenu (VI, GS, EP) mogaenen
NccnepoBaTtenbckuii Kog MpoMbILWAEHHbIN KOA,
Peanuszayus: i
(Matlab, Python, R) BigARTM (C++, Python API)
UccnepoBatenibckue METPUKM, CTraHpapTHble Csom
OyeHusaHue: - . i HELE
uccnefoBaTenbCckUi Koa METPUKU METPUKMU
BHeapeHune BHenpeHue

-- HeCMaHOapmMu3syemsle 3marsl, YyHUKAA6HAA pa3pabomka 0411 Kanool 3a0a4u

- cmaHOapmuzyeMb/e amarnol
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Pesome

@ Makcumunsayus anoctepuopHoli sepositHocTu (MAP) paér
Toueunble ouyerkn (P, O) n nonHocTbio coBmecTuma ¢ ARTM.

o bariecosckuii Beisog ouenunsaet p(P, ©|X) smecrto (¢, 0).
D70 n30OLITOYHOE YCNIOXKHEHNE 3a4auqN.

o lltepaumonHblii npouecc B baiiecosckux metogax VB n GS
He cunbHO oTau4daetcs ot EM-anroputma gna MAP.

@ BaiiecoBcknii BbIBOS YHUKANEH ONA KaXKAoW Mogenu.
HeT obuwero anroputma. HeT MmogynbHoli peanusauunn.

@ Het ontumusauuoHHoii noctaHoekn 3agaqn gas (P, O).
BwmecTo perynsaprsaTtopos — anpuopHble pacnpeaeneHus.

@ Pacnpegenenune Dir ynpoujaeT baliecockunii BbiBog,
HO HE UMeeT ybeaunTenbHbIX JUHFBUCTUYECKMX 0BOCHOBAHMIA.

@ [pyrvne pacnpepeneHns He ABASIOTCS CONPSOKEHHbIMU
MYJIbTUHOMUNAJIBHOMY, YTO YCIOXKHSIET baiiecoBCKINiA BbIBOL,.
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