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BapuayvonHeiii baliecosckuii BoiBOA

Camnnmnpe

SameqaHus o 6ai

HanomunHaxune. 3a,qaqa TeMaTn4deckoro mogenupoBaHus

BaiiecoBcknii BbIBOA B TEMaTUH€CKOM MOAENVpOBaHNM
BapuauyvoHHbiii 6aliecosckuii Beisog ana mogenn LDA

VB EM-anroputm gns mogenu LDA

D'aHO: KONNEKUNA TEKCTOBLIX [OKYMEHTOB

@ Ny, — 4acTOTbl TEPMOB B JOKymeHTax, p(w|d) =
Haiitu: napametpsl Tematudeckoin mogenn p(w|d) = > dwibid

@ ¢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:

w
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BapuaymonHbili baliecosckuii BoiBog BaiiecoBcknii BbIBOA B TEMaTUH€CKOM MOAENVpOBaHNM
Camnnuposanue Nn66ca BapuauyvoHHbiii 6aliecosckuii Beisog ana mogenn LDA

3ameqaHus o ballecoBckom nogxope VB EM-anroputm gns mogenu LDA

HanomuHaHue. TemaTtunyeckas mogens LDA

Pacnpeaenenus Oupuxne ¢ runepnapamerpamu o € R7, g€ RW:

p(®,0|8,a) = [] Dir(¢¢|8) I Dir(0q|c)
teT deD
(Bo)

Dir(¢e]8) = =l TT162 ™, dwe >0 Bo=3 Bu, Bt > O;

a lV_V[ F(Bw) w

. (o) 1
Dir(# = ——_J[0%", 0 >0; = , ar > 0;
II’( d|a) H F(at) 1:[ td td ao ;at Qat
¢
Mpumep. Pacnpegenenne Dir(¢|3) npu |W| =10, ¢, 3 € R1:
"l =01 P 1Bu =L " Bu =100
:]L jL (paBHomepHoe) :u-
04 04 04
02 02 02
gg,.."-T.. | .jo,vh"MTTﬁw. RS RRARAE
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BapuaymonHbili baliecosckuii BoiBog BaiiecoBcknii BbIBOA B TEMaTUH€CKOM MOAENVpOBaHNM
Camnnmpe el BapuauyvoHHbiii 6aliecosckuii Beisog ana mogenn LDA

3. X S Batiec

3ameu4aHus o baillecoBckom nogxope VB EM-anroputm gns mogenu LDA

HekoTopble cBoiicTBa pacnpegeneHua Oupuxne

O Matoxuganue: EO; = [ 0,Dir(f|a) df = & = nog'm(at)
. h, — =1
Q@ Mopa: 0, = Ji—F = nogm(at -1)

at(ao—at)
a%(ao—i-l)

© [Oucnepcusa: DO, =

O Matoxuganne In: EIn6; = [ In0:Dir(0]a) df = ¢(ae) — ¢(avp)

_ I'x) 4,0 4

rae ¥(x) = 16 OUraMmMa-cpyHKL . N

3,0 1

MpocTas, HO OYeHb TOYHAA annpOKCUMALUS 2

3KCAOHEHTBI OT AnraMmma-cyHKUNK: 15 1

1,0

X2 0 < 05 4

> X X 1 E

E(x) = exp(¥(x)) = ¢ 27 ’

X — 5’ 1 < X 0 0510152025303540
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BapuaymonHbili baliecosckuii BoiBog BaiiecoBcknii BbIBOA B TEMaTUH€CKOM MOAENVpOBaHNM
CamnnuposaHnue IMné BapuauyvoHHbiii 6aliecosckuii Beisog ana mogenn LDA

B ua S BatecoReKo

3ame4aHus o ballecosckom nop; VB EM-anroputm gns mogenu LDA

Moaxoabl K OUEHMBAHUIO NapaMeTpPOB BEPOATHOCTHbLIX Mogesneii

X = (d;, w;)[_, — nabniogaemble, Z = (t;)"_; — cKkpbiTble
Q = ($,0) — napametpsbl, v = (3,) — runepnapamerpsi
Makcumusauus perynsipu3oBaHHOro npasponogobus:

Inp(X|Q)+ R(Q) =1In> p(X,Z|Q2)+ R(Q2) — max
Z

Makcnmumsaumsa anocTepmopHOiA BEPOSATHOCTU:

In p(Q|X,~) + const =In>_ p(X, Z|Q2) + Inp(Q2]y) — max
Z

BapuauuoHHbiii baiecoBCKuii BbIBOA:
BoiBecTn p(Z, Q2| X, ) x p(X, Z|2,v) p(2]v)
Camnauposaxue 'nb6ca:
sbisecT p(Z|X,7y) u camnamposaTs u3 Hero Z
soiect p(Q|X, Z,7y) o p(X, Z|Q2,7) p(2]7)
Bepevwac e TadaTwias e WaRane 6/38



BapuaymonHbili baliecosckuii BoiBog BaiiecoBcknii BbIBOA B TEMaTUH€CKOM MOAENNpOBaHNMN
Camnnuposanue Nn66ca BapuauyvoHHbliii 6aliecosckuii Beisog ana mogenn LDA

3ameqaHus o ballecoBckom nogxope VB EM-anroputm gns mogenu LDA

OcHoBHaa uges Variational Bayesian inference

X = (d;, W,) — UCxoAHble AaHHble, HabIOQaeMbie€ NTEPEMEHHBIE
Z = (t;)r CKprTbIe nepemMeHHble
(®|8) = H Dir(¢¢|8) — anpnopHoe pacnpegenerue Ha O
teT
p(©la) = ][ Dir(64|cr) — anpuoproe pacnpegenerne Ha ©
deD

3apaua: naiitn anoctepuopHoe pacnpegenenue p(Z, ®, 0|X, 3, a).

OcHoBHas naes: HaiiTn ero npubamxeHne B BULE NPOU3BEAEHUS
n+ |T|+ |D| pacnpegenetnii no 6a1okam nepemenHbix tj, ¢¢, O4:

q(Zaq)a@ qu tl H Qt(¢t H qd 0d

teT deD

Obosnaune (Z,9,0) =Y, (8,a) =, nepeiigém Kk obueii 3agaqe
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BapuaymonHbili baliecosckuii BoiBog BaiiecoBcknii BbIBOA B TEMaTUH€CKOM MOAENNpOBaHNMN
Camnnuposanue Nn66ca BapuauyvoHHbliii 6aliecosckuii Beisog ana mogenn LDA
3ameqaHus o ballecoBckom nogxope VB EM-anroputm gns mogenu LDA

OcHoBHaa Teopema BapuaLMOHHOro DaMecoBCKOro BbIBOAA

Teopema. Pewenve sapasu KL(q(Y) || p(Y[X,7)) — ming
B cemeiicTe hakTOpn30BaHHbIX pacnpegeneruii q(Y) = HJ- q;(Y))
no nepemeHHbIM Y, j € J, yAOBNETBOPSET CUCTEME YPaBHEHWIA

Ing;(Y;) = Eq\j Inp(X, Y|v) 4 const,

rae Eg\j — maToxupaHne no ecem nepemenHsim kpome Y,

const — In HOPMNPOBOYHOrO MHOXNTENA pacnpefeneHis q;.

[nsa peweHust 3To CUCTEMBI UCMONB3YIOT METOZ, NPOCTOW UTepaLuu.

Npes pokasatenbcrea: pacnucsisaem KL(-||-) n ceogum 3agady k
2 q;i(Yj Z H qi(Y)) Inp(X, Y|y) Z qi(Yj)Ingj(Y;) — mqin
Yj Y\Y; i#j

Eq\jln p(val’Y)
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BapuaymonHbili baliecosckuii BoiBog BaiiecoBcknii BbIBOA B TEMaTUH€CKOM MOAENNpOBaHNMN
Camnnuposanue Nn66ca BapuauyvoHHbliii 6aliecosckuii Beisog ana mogenn LDA
3ameqaHus o ballecoBckom nogxope VB EM-anroputm gns mogenu LDA

JokasatenbcTBO

1. B onTuMu3aumoHHOl 3aaade MOXHO nepeknabieath X 4epes yCIOBHYIO YepTy:
> a(Y)in® P — max & Y q(Y) In 2500 =22 a(Y)Inp(X[7) — max
q Y q

2. Byaem muHumusnposate KL-agneeprenumio noovepénHo no scem Y.
Mpumennm dakTopusayuto n BeiHecem cnaraemoe ¢ gj( Y;) Bnepéa:

Zy_)qj(YJ) > [ ai(Y)Inp(X, Y[y) — > ai(Y5) Z [Tai(Y: )Zlnqk(Yk)%max

Y\Y; i#j Y; Yj i) ked

Eq\jInp(X,Y1]v) In q;(Y}) + const

3. Mouemy BTOPYIO hurypHyto ckobky MoxxHo 3ameHnTb Ha In gj(Y)):

> [Tai(Y) 2 nau(Yi) + 22 T ai(Yi) Ing;(Y;)

Y\, i i Y\Y; i)

He 3aBMCKT OT qj 1

4. Beeaém r(Y;) o< exp(Eq\;In p(X, Y|v)), Torpa KL(qj(Y)H (v5) — m|n
5. To4Hoe pewenne gautoit 3agaqn qj(Y;) = r(Y;), cnegosatensHo,

Ing;(Y;) = Eq\jInp(X, Y]v) + const. -
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BapuaymonHbili baliecosckuii BoiBog BaiiecoBcknii BbIBOA B TEMaTUH€CKOM MOAENNpOBaHNMN
Camnnuposanue Nn66ca BapuauyvoHHbliii 6aliecosckuii Beisog ana mogenn LDA

3ameqaHus o ballecoBckom nogxope VB EM-anroputm gns mogenu LDA

OcHoBHasa Teopema gns 4acTHoro cny4vasa mogenun LDA

O6ozHauum Y = (Z,9,0), v=(B,a), J={1,....,n} U TUD:
Ing; = Eq\jInp(X, Z,®,0|8, a) + const

Ham npeacront 6pate maToxupannsa Eq ; no scem (kpome ogHoro)
pacnpepenennam Gi(¢t), qa(0a), gi(ti) ot

Inp(X,Z,®,0|8,a) =Inp(X,Z|P,0)p(P|5)p(Ola) =

=In [] p(di, wi, ti|®,©) + In [T Dir(¢¢|B) +In [] Dir(0g|er) =
i=1 teT deD
=> Inow,t,0td + > (Bw—1)Inpur + > (ct—1)Inbq + const.
i=1 t,w dt

3amMeyvaHue, CUILHO YNPOLLAOLLEE BbIKAALKM:
ecnu cnaraemoe S He 3aBACUT OT j-ii nepemenHoii, To Eq;S = const.
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BapuaumonHbili baliecosckuii Bb BaiiecoBcknii BbIBOA B TEMaTUH€CKOM MOAENNpOBaHNMN
Camnnuposanue I BapuauyvoHHbliii 6aliecosckuii Beisog ana mogenn LDA

2 : R

3ame4aHusi o bailecoBckom Moax VB EM-anroputm gns mogenu LDA

Pacnpepenenuns ansa 610ka nepeMeHHbIxX g:(¢;)

VpagHeHne gns pacnpegeneHusi nepementoii ¢ € RW:

Inge(d¢) = Z Eqen[ti=tlIn dw,t; + > (Bw—1)In by + const =

weWw
3 Y Wi=w]qi()) N dwe + 3 (Bw—1) In e + const —
i=1lweWw wew
= 5 (S w=wlai(®) +5u ~ 1) In e + const =
weWw
_,_/

Nwt

= In Dir(¢¢|5:).

270 pacnpeaenerune Jupuxne ¢ napametrpamu By = Nyt + Bw.

Nt — OLLEHKA YMCNa FeHepauuii Tepma w n3 TeMmbl t.

Mpu 6onbLIMX Nyr OHO CKOHLEHTPUPOBAHO B TOYKE Py = norm(SByt).
w
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BapuayuonHbili baiiecosckuii B BaiiecoBcknii BbIBOA B TEMaTUH€CKOM MOAENNpOBaHNMN
Camnnuposanue n66ca BapuauyvoHHbliii 6aliecosckuii Beisog ana mogenn LDA
3ameqaHus o ballecoBckom nogxope VB EM-anroputm gns mogenu LDA

Pacnpepenenns ansa 610ka nepemeHHbIx gq(6q4)

VpagHeHne gns pacnpegenequs nepementoii 6y € R7:

In qd(‘gd) = Z Eq (t) [d d] In Ht,d + Z (at—l) Inf:y + const =

teT
= Z [di=d] > qi(t)InOwy + > (ar—1)In by + const =
teT teT
=2 (Z[d dlqi(t) +ar — 1) In6;y + const =
teT
Ntd
= In Dir(04|éq).

D70 pacnpegenenue Jupuxne ¢ napametTpamun Gipyg = Nig + Qit,

Nid — OLEHKA YKUCNa TEPMOB TEMbI t B AOKYMEHTE d.

Mpn GonbWMX Nyy OHO CKOHLEHTPUPOBAHO B TOYKe Uiy = norm(Giyy).
t
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BapuayvonHbliii baliecosckuii Bb

BaiiecoBcknii BbIBOA B TEMaTUH€CKOM MOAENNpOBaHNMN
Camnnuposanue I

BapuauyvoHHbliii 6aliecosckuii Beisog ana mogenn LDA
VB EM-anroputm gns mogenu LDA

Pacnpepenenns ana 610ka nepemeHHbIx g;i(t;)

3ameqaHus o baliecoBCkoM noAx

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

VYpaBHeHNE gnsl pacnpefenerHns nepemenHoli t; € T:
Ing;(t) = Eq\,-(ln Gw;t; +In Gt,.d,.) + const =

= Eg.(¢0) IN Pwit + Eqy0,) InOt,a + const =
Bocnonb3yemcs Tem, 470 qi(dr) n qq(0y) yxe HailigeHsbi:

=P (Mwe + Bu) — (X (Mwe + Bw)) +

+ w(ntd,- + at) - ’(/)(Zt(ntd; + ozt)) + const

Bocnonsayemcs npubamkeruem exp(1(x)) ~ x — 3
nw,t+ﬂW,-—% . ntd,-"’_at_%

2w (we + Buw) = % > i(nea + ) — 3

2

alt) = nrp

Moxoxe Ha obbiuHyto hopmyny E-wara p(t|d;, w;) = nor_’m(ngW,thdi)
te

13/38



BapuaymonHbili baliecosckuii BoiBog BaiiecoBcknii BbIBOA B TEMaTUH€CKOM MOAENNpOBaHNMN
Camnnuposanue I BapuauyvoHHbiii 6aliecosckuii Beisog ana mogenn LDA

2 : R

3ameu4aHus o baillecoBckom nogxope VB EM-anroputm gns mogenu LDA

Cobupaem Bcé BoeanHO

B nTepaumonHom npouecce YepegytoTcs ABa wara:
1) pacnpegenenue tepmos (dj, w;) no Temam, E(x) = exp(¥(x)):
q(t) — norm E(”W,'t + /BW,‘) . E(ntd,' + at)
l teT E(Zw(”wt +5W)) E(Zt(”td; ""O‘t))

2) aKKyMy/JIMPOBAHME CHETYNKOB Nyt U Nyy:

Mt = ; [wi=w] gi(t) Mg = é[d,-:dl ai(t)

ToyeuHble OUEHKN NapaMeTpPoOB NO MATOXUAAHNKO NN MOLE!:

Eduwe = UV%rVrp(nthrﬁw) Efw = ngp(mﬁm)
Pwt = norm (e +fu —1) Org = norm (neg+a;—1)
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BapuaymonHbili baliecosckuii BoiBog BaiiecoBcknii BbIBOA B TEMaTUH€CKOM MOAENNpOBaHNMN
Camnnuposanue Nn66ca BapuauyvoHHbiii 6aliecosckuii Beisog ana mogenn LDA
3ameqaHus o ballecoBckom nogxope VB EM-anroputm gns mogenu LDA

MpomeXXyTo4HbIiA nTor

@ l13-3a chakTopnzaumu BapmaumoHHblii baiiecoBCKMiA BbIBOA,
0aéT NuWb NPUBANXKEHHOE PELLEHNE, TEM HE MEHee,

dopmynsl gnst MAP u VB ouenb noxoxu [Asuncion]:
— NPU Nyt, Ngg > 1 paznmymsa HeowyTUMBI,
— npu Ny, Neg < 1 Tema t He3HaYuMa gns w uan d.

MoxHo gobasuts M-war ans ontumusauun 3, [Wallach].
Hekyna pobaensite perynspusatopel R(P, O).
Hy>xHbl maTpuubl @, O, a ve pacnpeaenenus p(P, ©|X).

Hauunnaet cmywaTth pasHoobpasne oueHOK... Kakas ydwe?

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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BapuayuvonHbiii 6aliecosckunii BoiBOA OcHoBHas Teopema o camnnuposaHum [n66ca

Camnnuposanue Mnbbca Camnnuposanue Mn66ca ana mogenn LDA
3ameqaHus o ballecoBckom nogxope GS EM-anroputm gns mogenn LDA

Camnnuposanune 'mbbca (Gibbs Sampling)

OcHoBHast nges:
@ Z ~ p(Z|X,~) — camnnmpoBaTb CKpbITbie NEPEMEHHBIE

e p(®,0|X, Z,~v) — HaiiTu anocTepnopHoe pacnpeaenerune
napameTpos mogenu npu ussecthoix X, Z n v = (8, a)

OcHoBHasi TeopemMma 0 CXO0AMMOCTU camnaupoBaHusa 'nbbca

[NMpouecc camnAMpoBaHUS OQHOMEPHbIX C/IyHaliHbIX BEINYUH

(k+1) _ p(X,Z]y)
t. Y ti sz i — v 7 -\
i P AnT) = e )

rae k — Homep uTepayun, Z\; = (t{kﬂ) ...,t,.(f]q), £(K) .,t,(,k)),

)

el
CXOQUTCA K MHOromepHoMmy pacnpegenennto Z ~ p(Z|X, )
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BapuaymoHnHbiii baliecoBckuii BbiBog OcHoBHas Teopema o camnnuposaHum [n66ca
Camnnuposanue Mnbbca Camnnuposanue Mnb6ca gna mogenn LDA
3ameqaHus o ballecoBckom nogxope GS EM-anroputm gns mogenn LDA

PacnpegeneHue Jupuxne — conpsi>kéHHOE K MY/1bTUHOMUANIbHOMY

p(P,©|5, o) — anpuopHoe pacnpegeneque Jupuxne
p(®,0|X, Z, 5,a) — anoctepnopHoe pacnpeaenedune Toxe Jupnxne

Beigog anoctepuopHoro pacnpegenevus ¢, © npu nzsecthbix X, Z:
p(®,0[X,Z,5,a) x p(¢,0, X, Z|B,a) o p(X, Z|®,0)p(P, 0|5, )
o [] (duwtbea)™ [ ] Dir(¢¢|8) [ ] Dir(6alcr)

d,w,t teT deD
o H H¢"dwt w—1 H Hgndwt Ott—l
teT d,w deD w,t
Wi ,Bw 1 nd+at_
< [TITewe ™™ 11110
teT w deD t
X H Dir(th’Bt) H Dir(64|dq), But = Nt +Bw, Grd = Neg+a.
teT deD
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BapuaymoHnHbiii baliecoBckuii BbiBog OcHoBHas Teopema o camnnuposaHum [n66ca
Camnnuposanue Mnbbca Camnnuposanue Mnb6ca gna mogenn LDA
3ameqaHus o ballecoBckom nogxope GS EM-anroputm gns mogenn LDA

Pacnpepenenune p(X, Z|3,a) pna cxembl camnaupoBanus 'mbbea

MNoabiHTerpanbHoe pacnpefeneHne Mbl TOJNbKO HYTO BbIBEU,
HO Tenepb Bysem akkypaTHee C HOPMUPOBOYHLIMU MHOXUTENSMN:

p(X.ZI30) = [ [ p(x.Z10,0)p(®,0]5. a)dbde -

//H¢”W* ““’Hp [ Dir(¢:8) [ ] Dir(0aler)ddde =

teT deD
_ H Er /BW) /H¢ﬁwt_1d¢t H d taf /Hgatd lded —
teT H ( H/—/ deD Ht Hd
o D|r(¢t|ﬁt) & Dlr(ed‘&d)

_ (3w Buw) I, T(Burt) e at) [T, M(Ga)
_EH r(ﬁw Z ﬁwt dl;ID d Ht r(af (Ztatd)
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BapuayuvonHbiii 6aliecosckunii BoiBOA OcHoBHas Teopema o camnnuposaHun [n66ca
Camnnuposanue Mnbbca Camnnuposanue Mnb6ca gna mogenn LDA
3ameqaHus o ballecoBckom nogxope GS EM-anroputm gns mogenn LDA

Pacnpepenenune p(X, Z

i|8, ) ans cxembl camnauposaHus 'nbbca

NTak, Mbl TOIbKO 4TO NOAYHMAN pacnpefesieHmne

p(X,Z|8,a) =

Z BW ]._[ rﬁwt tOét Ht (atd)
tGHTH F(Bw) T, But) ED a Ht )T, @rd)

Pacnpenenenue p(X, Z\;|3, ) oTamuaercs oT Hero nuwe Tem, 4To
OHO MOCTPOEHO Nno Bbibopke be3 ogHom i-ii Toukm (d;, w;, t;):

p(X, Z\i|B, o) =
F(>ow Bw) 1., T( Bwt t at) ]._[t r(dtd_ééd)
E_ H M(Bw) F(Z ﬁwt };[D d Ht (aut) F(Zt(dtd_éid))

rpe 0, = w=w][t=t], ¢, =[t=t][d=d]]
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BapuaymoHnHbiii baliecoBckuii BbiBog OcHoBHas Teopema o camnnuposaHum [n66ca
Camnnuposanue Mnbbca Camnnuposanue Mnb6ca gna mogenn LDA
3ameqaHus o ballecoBckom nogxope GS EM-anroputm gns mogenn LDA

Eweé 4yTb-4yTb... OCTANIOCh NOAENUTbL OAHO HA Apyroe

Ona comnnuposanus [mbbca HYXHO ofHOMEpPHOE pacnpegeneHune

X, Z|8,
p(t;\X,Z\,,g,a):W:

B uncauTtene n 3namenaTene COKPaTATCA BCE MHOXKUTENAN KPOME I-X:

_ 0wt 4 Bw) T (Mt + B ) = 1) T(na + ) T (e, +at) —1)
r(nWiti—i_ﬂWi_]') r(zw(nWti+/8W)) r(nt;d;+at;_1) r(zt(”td,-"i‘at))

Bocnonbsyemcs ceoiicteBom ramma-dyHKLum F(rx(i)l) =x—-1
Nyt + Bw. — 1 Mg, +ap — 1
p(t| X, 24,8, « —norm( : : . :
( ‘ \i ) teT Zw(nwt + BW) -1 Zt(ntd,. + ozt) -1

Moxoxe Ha obbibHyto hopmyny E-wara p(t|d;, w;) = nor7rp(¢wit9td[)
te
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<nii BbIBOA OcHoBHas Teopema o camnnuposaHum [n66ca
Camnnuposanue Mn66ca ana mogenn LDA
3ameqaHus o ballecoBckom nogxope GS EM-anroputm gns mogenn LDA

Cobupaem Bcé BoeanHO

Boigenenbl oTAMYMS OT BapMaLMOHHOIO anropuTma
1) gns kaxgoro (di,w;), i =1,...,n, camMnAMpoBaHme Temsl t;:

< nW,'t_’_BW;*l . ntd,'+at71 )
Dow(we + Bw) =1 32, (N, + ) — 1

ti ~ pi(t) = norm

2) aKKyMy/JIMpOBaHNE CHETYNKOB Nyt U Nyy:

n

Mt = ; (wi=w][t: =] = Yolor=dllti =]

ToueuHble OUEHKN NapaMeTPOB NO MaTOXUAAHNKO AN MOoLE!:

Eduwe = UV%rVrp(nWHrﬁw) EOrg = ngp(mﬁm)
Pwt = UV%VV”‘)(nwt‘f‘ﬁw—l) Org = nt%rp(ntd—i—ozt—l)
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(Ml BbIBOA, OcHoBHas Teopema o camnnuposaHun [n66ca
aHne MM66ca Camnnuposanue Mn66ca ana mogenn LDA
3ameqaHus o ballecoBckom nogxope GS EM-anroputm gns mogenn LDA

Anroputm camnnupoBaHus nbbea

Bxoa: konnekuyus D, uyuncno tem | T|, napametpsl «, f3;
Boixopg: pacnpegenetus ¢ n O;

Nty Ned, Ne, Ng =0 gnascex de D, we W, te€T;

ans Bcex ntepaunii k :=1,..., Kmax

ansa Bcex i =1,...,n B3Tb fokyMmeHT d := d;, TepMm w = w;
ecnn k 2210 ti=tj; --Nyt; --Neg; —-Ng; --Ng;

nwt+Bw | Negta

et o nd+a0) anaecex te T,

p(t|d, w) = nt%r;n(

COMNIMpoBaTh Temy t us pacnpegenenus p(t|d, w);
ti =1t +t+nwe; t+neg; 0y +tng;

qﬁ;vt ‘= nye/n: pnsscex w € W, te T,
Org = Ng/ng pnaecex d € D, t € T,

Griffiths T., Steyvers M. Finding scientific topics. 2004.
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BapuayuvonHbiii 6aliecosckunii BoiBOA OcHoBHas Teopema o camnnuposaHum [n66ca
Camnnuposanue Mnbbca Camnnuposanue Mn66ca ana mogenn LDA
3ameqaHus o ballecoBckom nogxope GS EM-anroputm gns mogenn LDA

MpomeXXyTo4HbIiA nTor

@ [loxoxuii anroputm noaydntcsa 8 ARTM, ecam Ha E-ware
Bmecto p(t|d, w) bpate p(t|d, w) = [t=ti], ti ~ p(t|d,w).
o Popwmynsl anst MAP, VB un GS ovenb noxoxn [Asuncion]:
— NPU Nyt, Ngg > 1 paznmymsa HeowyTUMBI,
— npu Ny, Neg S 1 Tema t He3Haduma gns w uam d.

@ HeobxoanmocTb 3afaHuns anpuopHbIX pacnpeaeneHmii:
— conpsixéHHble — TONbKO pacnpegenenus dupuxne,
— He COMPpSI’KEHHble — CUJIbHO YCAOXKHAIOT 3a4aqy.

@ VB n GS He nmeroT yaobHbIX MEXaHU3MOB peryasipusannm, T.K.
HeT, cobcTBeHHO, 1 3agaqn ontummusauun no (P, ©)

@ [Npobnema HeycTOMYMBOCTN Jaxe 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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Camnnup e Mn66ca Ssbikn onucanus

Ontumusaymsa runepnapamerpos 8 LDA

BEPOSAITHOCTHBLIX MoJenein

3amedaHus o baliecoBckoM Mopxon CpasHeHue baiiecosckoro nogxoaa n ARTM

Mpobnema BbibOpa runepnapameTpoB a u

CranpaprtHas pekomeHgauus [2004]: oy = 50/
Boisogsl no pesynbtatam 6onee TOHkOro nccne
@ p(t|d) ~ Dir(6; o), onTumunsnposatb o =
o p(wlt) ~ Dir(¢; ), B3aTb CUMMETPUHHOE

T, B, =0.01.
posatus [2009]:

(al,...,ar).
fr=-=pr <1

npasgonogobue  —680000 e
Npn Hecum

BTSSR R,
RIS

~720000 npu cuMmMe

%

—-760000 —|

METPUYHOM ¢

TPUYHOM «

yucno camnaos M

0 1000 3000 5000

H.Wallach, D.Mimno, A.McCallum. Rethinking LDA: why priors matter. NIPS, 2009.
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BapuaymoHnHbiii baliecoBckuii BbiBog Ontumusaymsa runepnapamerpos 8 LDA
Camnnuposanune Mnb6ca Slsbikn onucaHMs BEPOSATHOCTHLIX Mogeneii
3amedaHus o baiiecoBckom nogxoge CpasHeHue baiiecosckoro nogxoaa n ARTM

OnTtummnsauyms runepnapamerpa o

ObocHosaHHOCTb (evidence) Mmogenn Ha konnekuum D:

P(Dle) = H F(nd —i—ao)

deD eT

MeToa HenoasmkHol Touku [Minka, 2003] — uTepaynoHHbIii
npoLecc, BCTpanBaeMblli MEXy NpoxofaMu No BCeli KONNeKLun:

2g (g + ar) — Y(a)
> g ¥(ng + o) — Y¥(ao)’

rae ¢¥(z) = (In F(z))/ =T"(z)/T(z) — puramma-dyHkyms.

At . — ¢

Thomas Minka. Estimating a Dirichlet distribution. 2003.

Hanna Wallach. Structured Topic Models for Language. PhD thesis,
University of Cambridge, 2008.
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BapuayvonHbiii baliec nii BbIBOA Ontumusaymsa runepnapamerpos 8 LDA
E osaHue I Slsbikn onucaHMs BEPOSATHOCTHLIX Mogeneii
3amedaHus o baiiecoBckom nogxoge CpasHeHue baiiecosckoro nogxoaa n ARTM

MpenmyuiecTBO oNTMMU3auUM runepnapamMeTpa o

@ [lpasaonogobune CyLeCTBEHHO BbILUE.
@ CxogumocTb bbicTpee.
@ MeHbluas 4yBCTBUTENBHOCTL K U3bbITO4HOMY | T|.

@ bonee ectecTeeHHas HecbanaHCMpPOBAHHOCTL TEM.
AS prior SS prior

e - e -

© % % % © %
o 7 o 7

© | © _|

o o

g DU

o 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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Ontumunsauymsa runepnapamerpos 8 LDA
oBa ca $13bik1 ONMCaHNA BEPOSITHOCTHBLIX MoAenei
3amedaHus o baliecoBckoM Mopxon CpasHeHue baiiecosckoro nogxoaa n ARTM

A3bik rpadmnueckux HoTauuii «plate notation»

Ipacbuueckoe npeacTaBneHne YCNOBHBIX 3aBUCUMOCTE

® &0 %o e

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

'padbnueckoe npegcraeneHune BuIBOpKM Wy, . . ., Wy,

nopoxgaemoii pacnpegenetuem 3, = p(w)
i i
w

k

wp w2 W3 Wk
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BapuayuvonHbiii Kuli B Ontumunsauymsa runepnapamerpos 8 LDA
Camnnupos e Mn6 $13bik1 ONMCaHNA BEPOSITHOCTHBLIX MoAenei
3amedaHus o baiiecoBckom nogxoge CpasHeHue baiiecosckoro nogxoaa n ARTM

pacdpnyueckas Hotauusa ana mogenen PLSA n LDA

Mogens PLSA:

Kaxkgblii d € D nopoxxaaeT CKpbITble TEMbI:

l’in(t|d), i=1,...,ng; O_

Kakgas teMa t; NOpOXXAAEeT CAOBO:
w; ~ p(W|t,'), i=1,...,nq4.

l

|DI

Mopaens LDA:

Qv NOPOXXJAET BEKTOPbI AOKYMEHTOB: Q O

04 ~ Dir(f|«), d € D; a 0 t v
[ NOPOXAAET BEKTOPLI TEM: 1D
¢ ~ Dir(¢|B), te€ T; Qf

Aanee kak B PLSA. 3 é IT|
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BapuayuvonHbiii i Ontumunsauymsa runepnapamerpos 8 LDA
Camnnn r $13bik1 ONMCaHNA BEPOSITHOCTHBLIX MoAenei
3amedaHus o baiiecoBckom nogxoge CpasHeHue baiiecosckoro nogxoaa n ARTM

Ipacdhnyueckue HoTauMy TeMaTU4eCcKUX mMogesen

Bonbwoe cTpykTypHoe pa3zHoobpasue TeMaTu4eCKux Mogenei:

o 3
= u
N
D
o
Y
Parse trees Ny N
grouped into M
documents yw
o’g L K
M T B
) o )
B Vs Vs se41

ABTOpam MpuXOANTCS N306peTaTh HOBbIE YCIOBHbIE 0BO3HAYEHNS
Ans oTobpaxeHus cneundunyecknx ocobeHHocTeli cBoux Moaenei

David Blei. Probabilistic topic models // Communications of the ACM, 2012.
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BapuayvonHbiii 6 BCKMUI BbIBOA, Ontumunsauymsa runepnapamerpos 8 LDA
Camnnuposanue Nn66ca Sl3bIkM onNMcaHnsA BEPOATHOCTHBLIX MoAenen
3amedaHus o baiiecoBckom nogxoge CpasHeHue baiiecosckoro nogxoaa n ARTM

O6cyxpaeHue «Stop using Plate Notation»

EouHcTBEHHOE LOCTOMHCTBO U Ky4a HELOCTAaTKOB!
@ + XOopowo 3anoMuHaroWMiics HarnagHbli obpas Moaenu

@ — MHOXECTBEHHOCTb BApuUaHTOB OTO6pa)KeHVI$| O,EI,HOM Moaenn

HENOJIHOTA N HEOAHO3HAYHOCTb MHTEpPNPETALnNn

(]
(] HE O4EBNAEH NEPEXO OT KAPTUHKM K MOAENAN N aNrOpnTmMy
]

— BO MHOTMX CTATbAX 2TOT Nepexon CKpPbIT MK CKOMKaH

O,El.VIH N3 SMOUNOHANbHbBIX KOMMEHTApPUNEB:

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

K. B. BopoHuos (vokov@forecsys.ru) BeposiTHOCTHBIE TemaTu4eckue Mopenu 30/38



BapuaymoHnHbiii baliecoBckuii BbiBog Ontumunsauymsa runepnapamerpos 8 LDA
Camnnuposanue Nn66ca Sl3bIkM onNMcaHnsA BEPOATHOCTHBLIX MoAenen
3amedaHus o baiiecoBckom nogxoge CpasHeHue baiiecosckoro nogxoaa n ARTM

f3bIk NceBgoOKoaa nopoxaatowiero npouecca (generative story)

Mpumep: BeposiTHOCTHas nopoxgatowast mogens LDA

Bxog: rnnepnapametpsl o, 3;

Bbixoa: konnekuns gokymenTos (di, wi)?_;;

04 ~ Dir(6|cr) — nopoxpenue sektopos gokymentos d € D;

¢¢ ~ Dir(¢|8) — nopoxgerue sekTopos Tem t € T;

Ans BCcex fokymeHToe d € D

ans Bcex nosuuwnii cnoe i =1,...,ny B gokymente d

BbibpaTh Temy t; us p(t|d) = 0g4;
Bbibpath cnoso w; us p(w|t;) = ¢y

@ | NEerko NoHMMaTb MoAesb, onncaHue HEABYCMbICNEHHO
@ — HE O4YEBULAEH Nepexon OT MOLENN K alropuTtmy

@ — BO MHOIMMX CTaTbsAX 3TOT NeEpexoq CKpbIT AN CKOMKaH
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Ontumunsauymsa runepnapamerpos 8 LDA
oBa ca $13bik1 ONMCaHNA BEPOSITHOCTHBLIX MoAenei
3amedaHus o baliecoBckoM Mopxon CpasHeHue baiiecosckoro nogxoaa n ARTM

SA3bik apauTUBHONM perynsipusauyuu (NOYTKU LWIYTKA)

Mewok perynapn3atopoB Nnoj, KaXKAyr NpukKAagHylo 3agady

Boisienenus STHOPENEBAHTHOINO ANCKYpCa B COUMAJIbHBIX CETAX!

PLSA interpretable n-gram seed words
#(flm) -~ () +~(822) +~([{) -

TemaTu4eCKnii NONCK HAYYHbIX U HAYHHO-MOMYASIPHBIX CTaTeil:

#(J0) ~~ () « o(52) =) = mo

Buisienenne u npocnexxmeaHmne cobbITUl B HOBOCTHOM MOTOKE:

z(@a) +R< >+R<ﬁﬂf<> +R<f;:® > — max
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BapuayvoHHbiii balie 7 Ontumunsauymsa runepnapamerpos 8 LDA
Camnnug ca $13bik1 ONMCaHNA BEPOSITHOCTHBLIX MoAenei
3amedaHus o baliecoBckoM Mopxon CpasHeHue baiiecosckoro nogxoaa n ARTM

A3bIk aaAUTUBHOW perynsipnsauuu: naanuTpa peryaspu3aTtopoB

CprKTypr MaTpPUYHbIX pa3J'IO)KeHI/Iﬁ B BEPOATHOCTHbLIX MOAENAX:
PLSA

+|/e] 0o Oeo 5o PRo el 35

Perynsipnsatopbl — AONoAHNTEIbHbIE KPUTEPMIM N OrPAHUYEHUSI:

sparse background  decorrelated interpretable multimodal  multilanguage  pseudo docs ~ seed words

= [anDNEECHD| |miHs

biterm sentence sentiment dialog n-gram syntax
oo — =]
e — — mooo
e = e oOoom
= == = oDom
hierarchy hierarchy hierarchy graph hypergraph  word network relational

A 0 Gy Sy R R

temporal segmentation n of topics regression supervised geospatial

A W7 N R S g

T T a
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BapuayuvonHbiii coBCKUi Bbi Ontumunsauymsa runepnapamerpos 8 LDA
Camnnuposanue I Slsbikn onucaHMs BEPOSATHOCTHLIX Mogeneii
3amedaHus o baiiecoBckom nogxoge CpasHeHue baiiecoBckoro nogxoga n ARTM

O6wwmii B3rnag Ha GaiiecoBckoe oby4veHue, MAP n ARTM

BaiiecoBckuii BbiBOA, anoctepuopHoro pacnpegenerus p(Q]X)
(0bbI4HO NPNBAMXKEHHDBIA) pagn NONYHEHUS TOYEYHOI oueHKkm €2

Posterior(2|X,~y) o p(X|Q) Prior(2|v)
Q:=arg max Posterior(Q2|.X, )

Makcumusauus anoctepuopHoii BepositHoctu (MAP)
DA8T ToueuHyto oueHky Q Hanpsimyto, be3 BoiBoga Posterior:

Q:=arg mgx(ln p(X|Q) + In Prior(Q]7))

MHorokputepuanbHas aganTusHasa perynspusauus (ARTM)
obobuaetr MAP Ha nitobbie perynsipusatopbl 1 Ux kOMbuHaLuw:

Q:=arg méx(ln p(X|Q) + ;T;R,‘(Q))
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BapuayuvonHbiii
Comnnn

3amedaHus o baiiecoBckom nogxoge

Ontumunsauymsa runepnapamerpos 8 LDA
Slsbikn onucaHMs BEPOSATHOCTHLIX Mogeneii
CpasHeHue baiiecoBckoro nogxoga n ARTM

Anxumusa GaiiecoBCKOro BbiBOga B TEMAaTUYECKOM MOAEIUpPOBaHUM

BeposTHOCTHAs MOZENb MOPOXAEHNS AaHHbIX 0bbenuHseT
B €4VMHOM OMWCAHWUN CTPYKTYpY NPOCTPAHCTBa NapamMeTpoB,
anpuopHble pacnpeaeseHns, AONOJHUTENbHbIE 3HAHUSA O 3ajade.

anpuopHble
CTPYKTYpa HeBepOATHOCTHbIE
PYKTYP pacnpegenexus P
npocTpaHcTea npeanonoKeHns
napamertpos 1 orpaHuyeHus

Hidden
Space
+

Regularizers

a0k

Bayesian inference
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Ontumunsauymsa runepnapamerpos 8 LDA
oBa ca Slsbikn onucaHMs BEPOSATHOCTHLIX Mogeneii
3amedaHus o baliecoBckoM Mopxon CpasHeHue baiiecoBckoro nogxoga n ARTM

ARTM — anxumunsa Ha OCHOBe K1AaCCUYECKON perynspusauuu

CTpyKTypa NpoCcTpaHCTBa — Habop €4UHUYHBIX CUMIIEKCOB.
Perynsipusatopbl cymmunpytoTes ¢ Becamu, B Nt0bbIx coveTaHmsx,
W KaXKAbllii ONUCHIBAET TOJILKO O4HO LOMOJHUTENLHOE TpebosaHue.

Jekomno3uyua — knaccuyecknii cnocob ynpouieHus 3apaqn |

Hidden
/ Space

B

0
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BapuayuvonHbiii 6aliecosckunii BoiBOA
Camnnuposanue Nn66ca

3amedaHus o baiiecoBckom nogxoge

Ontumunsauymsa runepnapamerpos 8 LDA
Slsbikn onucaHMs BEPOSATHOCTHLIX Mogeneii
CpasHeHue baiiecoBckoro nogxoga n ARTM

ARTM: moaynbHbIi NoAxoa K CUHTe3y Tpebyembix mopenei

Ans noctpoerusi komnosnTHeix moaeneii 8 BigARTM He Hy>HbI

HN MAaTEMAaTUHECKUE BblKAAAKW, HU NMPOrpaMMnUpPOBaHNE KC HynAA».

3ranbl mojgennposaHua

dopmanuzayus:

Anzopummusayus:

Peanuszayus:

OyeHusaHue:

Bayesian TM

ARTM

AHanus TpeboBaHuU

AHanus TpeboBaHun

BeposTHOCTHas nopoxaatoLias
MOAE/b AaHHbIX

CtaHOapTHble
KpUtepum

Csoun
Kputepum

BaliecoBCcKuit BbIBOA AR
LaHHOW noposKaatoLLen
mopgenu (VI, GS, EP)
WccnepoBatenbeckuii Kog,
(Matlab, Python, R)

O6wwmit perynsapnsoBaHHbIN

EM-anroputm ana nobbix
mopgenen

[pomblILWNeHHbIN Kog,

BigARTM (C++, Python API)

UccnepoBaTenbckue MeTpuKHM, CraHpapTHble Csoun
nccnefoBaTenbCckui Koa METPUKMN METPUKHM
BHenpeHune BHenpeHue

-- HecmaHoOapmusyemsle 3marsl, YHUKAAbHAA pa3pabomka 017 Karool 3a0a4u

- cmaHdapmusyeMble amairol
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Pesome

@ Makcumusauus anoctepropHoii sepositHocT (MAP) pnaér
Toueunble ouerkn (P, ) u nonHocTbio coemecTuma ¢ ARTM

@ baiiecosckuii BbiBog oueHnsaet p(P, ©|X) emecto (P, O)

@ tepaumonnblii npouecc B baliecosckux metogax VB n GS
ana LDA He cunbHo otnnyaetca ot EM-anroputma B MAP

Mpobnembl baliecoBCkOro 0byYeHUst TeMaTUHECKUX Mogeneii:
@ Ham HyxHbl nwb 3HadeHus ©, O, a He nx pacnpegenerus
Prior Oupuxne nmeet cnabble nMHrenctTuyeckmne obocHoBaHus
3apjaya CUIBHO YCIIOXKHSIETCA AN HECOMPSKEHHBIX Prior

°
°

@ baiiecoBckuii BbIBOA YHUKANEH ONA KAXKAOW MOZEN

@ HeT Hu obuwiero anroputma, HU MOAYNBHOR peannsaunmn
°

TexHunyeckn TpyaHo obobwate n KOMbUHMpPOBaTL MOAENN
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