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BapuayuoHHblii baliecoBckuii BbiBoA

3ameqaHus o 6a

HanomuHaHune. 3ap,aqa TeMaTn4eCKoro mogenmpoBsaHusa

BaliecoBckunii BbIBOA B TEMaTUHECKOM MOAENMPOBaHUM
BapuaynoHHeiii 6aliecosckuii Beisog ana mogenn LDA

VB EM-anroputm gns mogenun LDA

ﬂaHo: KONNEKUnNsa TEKCTOBbIX NOKYMEHTOB

@ Ny, — 4acTOTbl TEPMOB B JOKyMeHTax, p(w|d) =
Haiitu: napametpel Tematuueckoin mogenu p(w|d) = > duibid

@ ¢yt =p(w|t) — BEPOSTHOCTU TEPMOB W B KaXAOIi Teme t

@ 0i9=p(t|d) — BeposTHOCTM TeM t B KaXKAOM AOKyMeHTe d

J70 3af4a4a CTOXaCTUHECKOro MaTpU4YHOro pPasioKEHUA:
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BapuayuoHHblii baliecoBckuii BbiBoA BaiiecoBckunii BbIBOA B TEMaTUHECKOM MoAenupoBaHumn
H r BapuaynoHHeiii 6aliecosckuii Beisog ana mogenn LDA
VB EM-anroputm gns mogenun LDA

HanomuHaHue. Pacnpegenerine OQupuxne B mogenu LDA

Mnotesa: Bektop-ctonbubl ¢t = (dwt)wew U 0g = (01d)teT
nopoxpatotcs pacnpegenerusmu dupuxne, o € RITI g e RIWI:

r(Oéo)
H Mae)

H¢5W‘1, but >0 Bo =3 Buw, Bu>0;

Dir(4]cx) = HGC”_ y O >0, ag=> ar, ar >0;
t

Mpumep:
Dir(8|«),
IT| =3,

0,a € R3

a;=o =a3 =0.1 ap =y =az=1 ap=ay=a3=10
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BapuayuoHHblii baliecoBckuii BbiBoA BaiiecoBckunii BbIBOA B TEMaTUHECKOM MoAenupoBaHumn
CamnnuposaHue nbbca BapuaynoHHeiii 6aliecosckuii Beisog ana mogenn LDA
3ameqaHus o balilecosckom nogxoge VB EM-anroputm gns mogenun LDA

Mpumep. Bbibopkn n3 Tpéx 10-mepHbix BekTOpoB & ~ Dir(0|a)
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BapuayuoHHblii baliecoBckuii BbiBoA BaiiecoBckunii BbIBOA B TEMaTUHECKOM MoAenupoBaHumn
CamnnuposaHue nbbca BapuaynoHHeiii 6aliecosckuii Beisog ana mogenn LDA
3ameqaHus o balilecosckom nogxoge VB EM-anroputm gns mogenun LDA

HekoTopble cBoiicTBa pacnpegeneHus Oupuxne

O Maroxupanne: E0; = [ 0,Dir(0|a) df = 5 = not[m(at)
O Moga: 0, = g‘ot:% = notrm(ozt -1)

at(ag—oan)
04(2)(040—1—1)

O Maroxugatne In: Eln6; = [ In6,Dir(0|c) d6 = () — (o)

© [Oucnepcua: DO, =

_ M'x) 40 §

roe ¥(x) = 16 anramma-yHKL S, 25

30 §

[MpocTasi, HO O4eHb TOYHAA annpoKCcMMaL s 22

3KCMOHEHTBI OT Auramma-yHKLMN: 5 ]

1,0

2 05 3

X 0<x«l1 o

N E

E(x) =exp(¥(x)) = ¢ 27 | ’

X — 5’ 1 < X 0 0510152025303540
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BapuayuoHHblii baliecoBckuii BbiBoA BaiiecoBckunii BbIBOA B TEMaTUHECKOM MoAenupoBaHumn
CamnnuposaHue nbbca BapuaynoHHeiii 6aliecosckuii Beisog ana mogenn LDA
3ameqaHus o balilecosckom nogxoge VB EM-anroputm gns mogenun LDA

Moaxoabl K OLEHMBAHUIO NapaMeTpPOB BEPOATHOCTHbLIX Mogenei

X = (d;, w;)!_; — nabnogaemble, Z = (t;)7_; — cKpbITble
Q = (¢,0) — napametpsl, v = (f,) — runepnapametpebi
Makcumusauusa perynsipusoBaHHOro npasgonogobus:

In p(X|Q2) + R(Q2) = InZZ:p(X,Z|Q) + R(Q) — max

Makcumnsauus anocTepnopHolii BEpOATHOCTN:

In p(2|X,7) + const =In>_ p(X, Z|Q2) + Inp(Q2]y) — max
Z

BapuaunoHHbiii baiecoBCKuii BbIBOA:
Boisectu p(Z,Q|X,y) < p(X, Z|2,~) p(2|7)
CamnauposaHue 'mbbea:
sbisect p(Z|X,~y) n camnanposats u3 Hero Z
soiectu p(Q|X, Z, ) o< p(X, Z|Q2, ) p(2]7)
BapenrHacradia TedaTutacris Wanana 7/39



BapuayuoHHblii baliecoBckuii BbiBoA BaiiecoBckunii BbIBOA B TEMaTUYECKOM MOAENnupoBaHumn
CamnnuposaHue nbbca BapuaynoHHbiii 6aliecosckuii Beisog ana mogenn LDA
3ameqaHus o balilecosckom nogxoge VB EM-anroputm gns mogenun LDA

OcHoBHasa upges Variational Bayesian inference

X = (d;, wi)[_; — ncxopHble faHHble, Habtofaembie nepemMeHHbIe
Z = (t))7_; — CKpbITble nepemeHHbie

p(®|3) = [] Dir(¢+|3) — anpuopHoe pacnpegenetune Ha ¢
teT

p(©|a) = ][ Dir(f4|c) — anpuopHoe pacnpegeneqne Ha ©
deD

3apaua: Halitn anoctepnopHoe pacnpegenenne p(Z, P, 0|X, 3, a).

OcHoBHas npges: HaiiTn ero NpubaMXKeEHNE B BUAE NPOU3BEAEHNS
n+|T|+ |D| pacnpepenenuii no 6nokam nepemeHHbx tj, ¢¢, O4:

(Zd)@)_Hq, t) [T ae(@e) [] ga(6a)

teT deD

ObozHaune (Z,9,0) =Y, (8,a) =, nepeiigém Kk oblyeii 3agaqe
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BapuayuoHHblii baliecoBckuii BbiBoA BaiiecoBckunii BbIBOA B TEMaTUYECKOM MOAENnupoBaHumn
CamnnuposaHue nbbca BapuaynoHHbiii 6aliecosckuii Beisog ana mogenn LDA
3ameqaHus o balilecosckom nogxoge VB EM-anroputm gns mogenun LDA

OcHoBHaa Teopema BapuaLMOHHOro 6aMecoBCKOro BbIBOAA

Teopema. Pewenve sagaun KL(q(Y) || p(Y|X,7)) = ming
B cemeiicTse d.)aKTopVIBOBaHHbIX pacnpe,u,eneHmm q(Y) =11 q;(Y))
no nepemeHHbIM Yj, j € J, yaosneTsopsieT cuctemMe ypasHeHuii

Ing;(Y;) = Eq\jInp(X, Y|y) + const,

rae Eq\; — maTtoxunaanne no scem nepemenHeiM kpome Y,
const — In HOPMUPOBOYHOrO MHOXUTENS pacnpefeneHns q;.

v

[na pelieHuns 3Toil CUCTEMbI UCMONB3YIOT METOZL NPOCTOW MTEpaLUN.

Naes pokasatensbcrea: pacnucsisaem KL(:||-) n cBogum 3apady k

> a() Y- TTavinp(X, Y1) qu Jngi(¥j) —+ min
\/j

Y\Yj i#j

Eq\j In p(val'Y)
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BapuayuoHHblii baliecoBckuii BbiBoA BaiiecoBckunii BbIBOA B TEMaTUYECKOM MOAENnupoBaHumn
CamnnuposaHue nbbca BapuaynoHHbiii 6aliecosckuii Beisog ana mogenn LDA
3ameqaHus o balilecosckom nogxoge VB EM-anroputm gns mogenun LDA

JdokazaTtenbCcTBO

1. B onTumun3aunoHHoi 3agayve MOXHO nepekugbiaTe X 4epes yC/OBHYIO HepTy:

32 q(Y)In 83552 — max < Y a(Y)In Bt =32 q(Y) In p(X|y) — max

2. Bynem mMmuHumnsmnposaTs KL—p,MBepreHumo noo4epéaHo no scem Y.
Mpumenum dakTopusayuto n BoiHecem cnaraemoe ¢ gj( Y;) snepéa;

;qj(yj) > [Tai(Yi)Inp(X, YY) — > ai(Y)) Z [T ai(Y; )Zlnqk(yk)%max

Y\Yji# M Y; i#j keJ

Eq\jInp(X,Y|7) In q;(Y}) + const

3. Mo4emy BTOpPYIO hurypHyto ckobky mMoxHo 3amenuts Ha In g;( Y)):

> [Tai(Y)) > na(Yi) + 22 T ai(Yi) Ing;i(Y;)

Y\Y; i Py, Y\Y; i

He 3aBMCKT OT qj 1

4. Beepém r(Y;j) o< exp(Eq\;In p(X, Y|v)). Torma KL(g;( Y] Hr(Y — min
5. TouHoe pewwenne ganHoit 3agaqn q;(Y;) = r(Y;), cnegosatensHo, 9

Ing;(Y;) = Eq\jInp(X, Y|v) + const.
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BapuayuoHHblii baliecoBckuii BbiBoA BaiiecoBckunii BbIBOA B TEMaTUYECKOM MOAENnupoBaHumn
CamnnuposaHue nbbca BapuaynoHHbiii 6aliecosckuii Beisog ana mogenn LDA

3ameqaHus o balilecosckom nogxoge VB EM-anroputm gns mogenun LDA

OcHoBHasa Teopema ans 4acTtHoro cay4dasa mogenu LDA

O6osHauum Y = (Z,9,0), v=(B,a), J={1,...,n} U TUD:
Ing; = Eq\jInp(X, Z, 4,08, a) + const

Ham npeactout 6paTh MaToXugaHus Eq\j no scem (Kpome OfHOrO)
pacnpepenennsm G¢(d), qa(0a). qi(ti) ot

Inp(X.Z,®.0]8,a) = Inp(X, Z|®,0)p(®]8)p(Ola) =

—in T p(di, wi, £],©) + In ] Dir(é¢8) + In [] Dir(ala) =
i=1 teT deD

=Y Indwt;0td + D (Bw—1)Inpyt + > (ar—1) In Og + const.
i=1 t,w d,t

3ameyaHue, CUIBHO YNPOLLAOLWEE BbIKNAAKM:
ecnm cnaraemoe S He 3aBUCHT OT j-ii nepemenHoii, To Eq, S = const.
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BapuayuoHHblii baliecoBckuii BbiBoA BaiiecoBckunii BbIBOA B TEMaTUYECKOM MOAENnupoBaHumn
CamnnuposaHue nbbca BapuaynoHHbiii 6aliecosckuii Beisog ana mogenn LDA
3ameqaHus o balilecosckom nogxoge VB EM-anroputm gns mogenun LDA

Pacnpepenenua gnsa 6n1oka nepemeHHbIx g:(¢;)

VpaBHeHue gasi pacnpepeneHusi nepementoii ¢ € RW:

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

weW
= Z Z [Wl W]ql(t)ln Dwt + Z ( 1)|n dwt + const =
i=lweW wew
= > (i[wi:w]qi(t)ﬂLﬁW*l) In ¢ + const =
weW =1
—_———

= In Dir(¢¢|5:).

70 pacnpegenevne upnxne c napamerpamun SBue = Nye + Bw,

Nw: — OLEHKA 4YMCna reHepauuii TepMa w U3 Tembl t.

Mpu 6onblMX N, OHO CKOHLEHTPUPOBAHO B TOYKE Py = norm(Sy:).
w
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BapuayuoHHblii baliecoBckuii BbiBoA BaiiecoBckunii BbIBOA B TEMaTUYECKOM MOAENnupoBaHumn
CamnnuposaHue nbbca BapuaynoHHbiii 6aliecosckuii Beisog ana mogenn LDA
3ameqaHus o balilecosckom nogxoge VB EM-anroputm gns mogenun LDA

Pacnpepenenus ana 6n1oka nepemeHHbIx gq(6q)

VpaBHeHue gasi pacnpegeneHusi nepemenHoni Oy € R7:

In qd(ed) = Z Eq,—(t,-)[di:d] In etidi + Z (Oét—l) Inf:y + const =

i=1 teT

= > [di=d] > qi(t)Inb + >_ (ar—1)In0fy + const =
i=1 teT teT

= > (Z[d,-:d]q,-(t) +ap — 1) In Oy + const =
teT Ni=1

—_———
Ned
= 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(&td).
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BapuayuoHHblii baliecoBckuii BbiBoA
CamnnuposaHue nbbca

SameqaHus o balecosckom nogxoae

VB EM-anroputm gns mogenun LDA
Pacnpepenenus ana 6noka nepemeHHbIx g;i(t;)

BaliecoBckunii BbIBOA B TeMaTUHECKOM MOAENMPOBaHUM
BapuaynoHHbiii 6aliecosckuii Beisog ana mogenn LDA

VYpaBHEHUWE Ana pacnpefeneHns nepemeHHoin t; € T:
Ing;(t) = Eq\,-(ln Gwt; +In ‘9t,-d,-) + const =
= Eg(¢0) In wit + Egy(o,) InOt;a + const =
Bocnosnb3yemcsi TeMm, 4T0 Gr(¢r) n qq(04) yxxe HalipeHs::

= w(nw,-t + BW,-) - ¢(Zw(nwt + BW)) +

+ P (neg, + ar) — (X (nea, + ) + const

Bocnonbsyemcs npubamkennem exp(t(x)) ~ x — 3

1 1
Nyt + Pw; — 5 Nig; + Q¢ — 5
q,-(t) — horm w;t 5W, 2 td; t 2

teT \ >, (nwe + Buw) — % > i(neg + ) — %

Moxoxe Ha obbi4Hyto popmyny E-wara p(t|d;, w;) = nor7r_n(¢wl.t9td,.)
te
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BapuayuoHHblii baliecoBckuii BbiBoA BaiiecoBckunii BbIBOA B TEMaTUYECKOM MOAENnupoBaHumn
CamnnuposaHue nbbca BapuaynoHHeiii 6aliecosckunii Beisog ana mogenn LDA
3ameqaHus o balilecosckom nogxoge VB EM-anroputm gns mogenun LDA

Cobupaem BCE BoeguHO

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

gi(t) = norm E(n""ft + BWI-) ‘ E(ntd,- + at)
i tel \ E(X,(mwe +Bw))  E(XZ (e, + o))

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)
e = nom (mue+ S 1) Oy = norm (g b0 —1)
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BapuayuoHHblii baliecoBckuii BbiBoA BaiiecoBckunii BbIBOA B TEMaTUYECKOM MOAENnupoBaHumn
CamnnuposaHue nbbca BapuaynoHHeiii 6aliecosckunii Beisog ana mogenn LDA
3ameqaHus o balilecosckom nogxoge VB EM-anroputm gns mogenun LDA

MpomexxyTo4HbIi uTor

@ 13-3a cbakTOpU3aLMM BapraLMOHHbIA balieCOBCKMIA BbIBOA,
0aéT Auwb NpnbANXKEHHOE pPELLUEHNE, TEM HE MEHEe,

@ dopmynbl gna MAP n VB ouenb noxoxun [Asuncion]:
— NpU Ny, Neg > 1 pasnnynsa HeowyTUMBI,
— NP Ny, Neg S 1 Tema t He3Ha4uMa gas w uan d.

@ MoxHo gobasute M-war gns ontumusaunu 5, [Wallach].
@ Hekyna pobaensite perynspusatopsl R(P, O).
@ HyxHbl matpuusl .0, a He pacnpegenernsi p(P, O] X).

@ HauuHaeT cmywjaTh pasHoobpasne OueHOK... Kakasi nydie?

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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BapuaymoHHbili baiiecosckuii BbiBog OcHoBHas Teopema o camnnuposaHuu [n6bca
CamnnuposaHue [nbbca CamnnuposaHue [nbbca gna mogenn LDA
3ameqaHus o balilecosckom nogxope GS EM-anroputm gns mopgenu LDA

Camnnuposanue 'mb6ca (Gibbs Sampling)

OcHoBHas nges:
@ Z ~ p(Z|X,7) — camMnnmpoBaTb CKPbITbIE NEPEMEHHbIE

o p($,0|X, Z,v) — HaliTn anocTepnopHoe pacnpegeneHune
napametpoB mogenu npu ussectoix X, Z n v = (4, a)

OcHoBHas Teopema 0 cxogumMmocTu camnaupoBaHus nbbca

[Npouecc camnanpoBaHusi OAHOMEPHBIX CYYaliHbIX BEAUYUH

k+1 p(X, Z]y
t,-( LR p(ti| X, 2\j,7) = p((Xiz\’-h))’
9 1

k+1 k+1 k k
rae k — Homep uTepaumnm, Z\; = (t{ * ),...,tl.(_Jlr ), tl.(+)1,...,t,(, )),

CXOAUTCS K MHOromepHoMmy pacnpegeneduto Z ~ p(Z|X, )
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BapuauuoHHbili baliecoBckuii BbiBoA, OcHoBHas Teopema o camnnuposaHuu n6bca
CamnnuposaHue [nbbca Camnnuposanue [nbbca gna mogenn LDA

kel b <

3amedaHus o baliecoBckom nopxope GS EM-anroputm gns mopgenu LDA

PacnpepgeneHue Odupuxne — conps>kéHHoe K My/l1bTUHOMUANIbHOMY

p(®, 0|5, a) — anpuopHoe pacnpegenenune upuxne
p(P,0|X, Z,3,a) — anoctepuopHoe pacnpegenesune Toxe [Jupnxne

BriBog anoctepuopHoro pacnpegenerust ¢, © npu nssectHoix X, Z:
p(®.0O[X,Z,58,a) x p(®,0, X, Z|B,a) x p(X, Z|®,0)p(®, 08, a)
x H (PwtOea) ™ H Dir(¢¢(5) H Dir(f4|a)

d,w,t teT deD

T[Tl oteote [ T
teT d,w deD w,t

X H H¢Cytt P H Henm_at , Mwt = Z Ngwt, Nid = Z Ngwt
teT w deD t d w

o [ Dir(¢elBe) [ | Dir(0aldia), But = nwe+Bu, dirg = nea+aue
teT deD
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BapuaymoHHsiii 62 sCKUii BbIBOA, OcHosHas Teopema o camnnuposaHuu [n66ca
CamnnuposaHue n66ca Camnnuposanue [nbbca gna mogenn LDA

kel b <

3amedaHus o baliecoBckom nopxope GS EM-anroputm gns mopgenu LDA

Pacnpepenenue p(X, Z|3,a) pna cxembl camnnupoBaHus 'mbbeca

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

p(X.ZIp0) = | / p(X, Z|®,0)p(®, 6|, a)dddO =

//HW"" HZQde [ pir(é:l8) [ Dir(bala)dode =

teT deD

Z /BW) Bui—1 tat Gg—1
[[owt do [16%  doy =
tGTH rﬁw/ fgdnt / °

& D"(‘btwt‘) & D'V(Gd‘ad)

(X Aw) TL T(Pue) tat Ht [(ed)
tel_[TH F(Bw) T Z /Bwt dl;!) a Ht (Ztatd)
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BapuaynoHHbil sCKUii BbIBOA, OcHoBHas Teopema o camnnuposaHuu n6bca
CamnnuposaHue [nbbca Camnnuposanue [nbbca gna mogenn LDA

kel b <

3amedaHus o baliecoBckom nopxope GS EM-anroputm gns mopgenu LDA

Pacnpepenenue p(X, Z

i|8, @) ansa cxembl camnauposaHusa Mmbbca

Tak, Mbl TO/IbKO 4TO NOAYYMAN pacnpenesneHune

p(X, Z|B, ) =

Z Bw) H rﬂwt) tat Ht M(G4d)
tel_[TH F(Bw) (32, Burt) dl;[D & Ht (ve) T(X, Giear)

Pacnpegenenne p(X, Z,;|3, a) oTnuuaercs ot Hero nuwe Tem, 4To
OHO MOCTPOEHO Mo Bbibopke be3 ogHoi i-ii Toukm (d;, w;, t;):

(X Z\i‘57a) =

(. Bw) L, T(Buwe— tat ) 1, T(Gea—01y)
E’H r 'BW Z IBWt };[D d Ht F(Zt(dtd_éid))

[W:W,'][t: t,'], 6{“d = [t:ti][d:di]

roe o/

wt —
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BapuauuoHHbili baliecoBckuii BbiBoA, OcHoBHas Teopema o camnnuposaHuu n6bca
CamnnuposaHue [nbbca Camnnuposanue [nbbca gna mogenn LDA

kel b <

3amedaHus o baliecoBckom nopxope GS EM-anroputm gns mopgenu LDA

Eweé 4yyTh-4yThb... OCTANOCh NOAENUTbL OAHO HA Apyroe

Ons comnauposanus nbbca HYy>KHO OfHOMEpPHOE pacnpegeneHue

X, Z

B yncantene n 3HamenaTene COKPATATCA BCE MHOXUTENN KpOoMe I-X:

_ C(nwit;+Bw) T2, (it +Bw) = 1) T(nga,+ae, ) T(O 1 (Med, + ) —1)
r(nwiti+/8W; _1) F(ZW(”thFﬁw)) r(ntidi+ati_1) r(zt(ntdi+af))

r(x)

Bocnonb3ayemcs ceoiicTBom ramma-cpyHKLUM oDy =X — 1:
Nyt + Bw; — 1 Nig, + oy — 1
p(t| X, Z4\;, B, :norm< : : . :
(0620000 =0\ & (e ) 1 (g + ) — 1

Moxoxe Ha obbi4Hyto popmyny E-wara p(t|d;, w;) = nor7m(¢wit9tdi)
te
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LIMOHH 7 A OcHoBHas Teopema o camnnuposaHuu n6bca
CamnnuposaHue [n6bc: Camnnuposanue [nbbca gna mogenn LDA
- =
3amedaHus o baliecoBckom nopxope GS EM-anroputm gns mogenu LDA

Cobupaem BCE BoeguHO

BeigeneHsl oTAnuna 0T BapUALMOHHOrO anropuTMa
1) pns kaxgoro (dj,w;), i =1,...,n, comnanposaHme Tembl t;:

< nW,'t+BW,'71 . nfd,'+at71 >
Dow(mue +B8w) =1 3 (neg, + o) — 1

ti ~ pi(t) = norm

2) aKKyMy/JMPOBAHUE CHETYUKOB Nyy¢ U Niy:

n

e = ;1 (wi=w][ti=1] g = Lldi=dllti =]

To4eyHble OLEHKMN MapaMeTPOB MO MaTOXWUAAHUIO UAN MOZeE:

Edwt = UV%FW(”wt+ﬁw) B0 = nt%r_;p(ntdqtat)
Pwt = normm (e+ i —1) Org = norm (neg+ae —1)
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LIMOHH 7 BbiBOA OcHosHas Teopema o camnnuposaHuu [n66ca
CamnnuposaHue [nbbca Camnnuposanue [nbbca gna mogenn LDA
3ameqaHus o balilecosckom nogxope GS EM-anroputm gns mogenu LDA

Anroputm camnnupoBaHusa mbbca

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

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

ansa Bcex utepaumnii k :=1,..., Kkmax
ansa Bcex i = 1,...,n B3aTb AOKYMeHT d := d;, Tepm w = w;
ecnm k > 2710 t:i=t; --Nys, --Nid;, --N¢, --Ng;

Nwt+Bw . Neg+oe

p(t|d, W) = nt%rp( ne+Bo  ng+ao

) ona ecex t € T;

camnampoBaTh Temy t u3 pacnpegenenus p(t|d, w);
tii= 1t ++nys; t+0g; 0 +n0g;

¢:,,t ‘= nwt/n: pnascex w € W, t € T;
Org = Ng/ng pnsaecex d € D, t€ T;

Griffiths T., Steyvers M. Finding scientific topics. 2004.

K. B. BopoHuos (k.vorontsov@iai.msu.ru) BeposiTHOCTHbIE TemaTu4eckmne Mopenu 23 /39



BapuaynoHHbii (Mii BBIBOA, OcHoBHas Teopema o camnnuposaHuu n6bca
CamnnuposaHue [nbbca Camnnuposanue [nbbca gna mogenn LDA

kel b < <

3amedaHus o baliecoBckom nopxope GS EM-anroputm gns mogenu LDA

MpomexxyTo4HbIi uTor

9 [loxoxnii anroputm nonyuutca 8 ARTM, ecnn Ha E-ware
Bmecto p(t|d, w) bpats p(t|d, w) = [t=t;], t; ~ p(t|d,w).
@ ®opmynsl ansi MAP, VB n GS ouenb noxoxn [Asuncion]:
— NPUN Ny, Neg > 1 pasanums HeoLyTUMBI,
— NpU Ny, Neg S 1 Tema t He3HaYMMa gns w uan d.
@ HeobxopnmocTb 3apaHunsa anpnopHbix pacnpeaeneHuii:
— conpspkéHHbIE — TONIbKO pacnpegenennst Qupuxne,
— HE CONPsDKEHHbIE — CUJIBHO YC/IOXKHSIIOT 3aaqy.
@ VB u GS He nmetoT yaobHbIX MEXaHN3MOB perynsipusauum, T.K.
HeT, cobcTeenHo, u 3agaqn ontumusayun no (P, ©)

@ [Ipobnema HeycTORYMBOCTM [aXke He CTaBUTCS.

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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BapuauunoHHbiin COBCKUI BbIBOA OnTtumusayma runepnapamerpos 8 LDA
CamnnuposaHune Mnb6ca S13b1KM ONMCaHNA BEPOSITHOCTHBIX Mogenei
3amedaHus o baliecoBckom nopxope CpasHeHue baiiecosckoro nogxoga n ARTM

Mpobnema BbiGOpa runepnapameTpoB a u

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

o p(t|d) ~ Dir(0; ), ontummsmposats « = (v, ..., aT).

@ p(w(t) ~ Dir(¢; ), B3aTb cummeTpuutoe 1 = --- = 1 < 1.

npasgonogobue  -680000
METPUYHOM

~720000 TPUHHOM (v

—-760000 —|

—T T T T 7T 4ucno camnios M
0 1000 3000 5000

H.Wallach, D.Mimno, A.McCallum. Rethinking LDA: why priors matter. NIPS, 2009.
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BapuauunoHHbiin COBCKUI BbIBOA OnTtumusayma runepnapamerpos 8 LDA
CamnnuposaHune Mnb6ca S13b1KM ONMCaHNA BEPOSITHOCTHBIX Mogenei
3amedaHus o baliecoBckom nopxope CpasHeHue baiiecosckoro nogxoga n ARTM

OnTtumMusauyua runepnapamMerpa o

ObocHosaHHoCTb (evidence) mogenn Ha konnekuuu D:

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

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

2d ¥(ed + o) — Y(an)
> 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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BapuaynoHHsiii eCOBCKUI BbIBOA, OnTtumusayma runepnapamerpos 8 LDA
Cs nposaHue n66ca SAsbikn onucaHWs BEPOATHOCTHBLIX Mopenel
3amedaHus o baliecoBckom nopxope CpasHeHue baiiecosckoro nogxoga n ARTM

MpenmyuwiecTBo onTuMusayum runepnapamMmeTpa «

o [lpasgonofobue CyweCTBEHHO BbILLE.
@ CxogumocTs beICTpee.
@ MeHbluasi 4yBCTBUTENBHOCTbL K n3bbITo4HOMY | T|.

o 50J166 €CTeCTBEHHas H6C6aJ18HCI/IPOBaHHOCTb TEM.
AS prior SS prior

e - -

© % % % © %
o 7 o 7

© | © _|

o o

. <

o 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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LNOHH n >0 OnTumusayma runepnapamerpos 8 LDA
CamnnuposaHue [nbbc: SAsbikn onucaHWs BEPOATHOCTHBLIX Mopenel
3amedaHus o baliecoBckom nopxope CpasHeHue baiiecosckoro nogxoga n ARTM

A3bik rpadmueckux Hotauuin «plate notation»

INpacbuueckoe npeacTaBneHmne YCAOBHBIX 3aBUCUMOCTEN

® 0 &Oe @

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

Npacbuueckoe npeacrasneHune BuIOOPKN Wy, .. ., W,

nopoxxaaemoii pacnpegeneruem 3, = p(w)
i i
w

k

w1 w2 w3 Wi
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LNOHH 7 ), OnTumusayma runepnapamerpos 8 LDA
Camnnuposa ¢ S13b1KM ONMCaHNA BEPOSITHOCTHBIX Mogenei
3amedaHus o baiiecosckom nogxop CpasHeHue baiiecosckoro nogxoga n ARTM

padpnueckas Hotauusa ana mogenen PLSA n LDA

Mopens PLSA:

KaXablii d € D nopoxpaeT CKpbITble TEMbI:
ti~ p(tld), i=1,...,n4;

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

Mopgens LDA:

S 4

ng

DI

Q TOPOXKAAET BEKTOPbI AOKYMEHTOB: O
Oy ~ Dir(¢9|a), de D; @

[ NMOpoOXAaeT BEKTOPbI TEM:

()
N
0

ng

D

¢ ~ Dir(¢|B), te T, @

nanee kak B8 PLSA. 3

¢ IT|
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OnTumusayma runepnapamerpos 8 LDA
Camnnuposatue 16 S13b1KM ONMCaHNA BEPOSITHOCTHBIX Mogenei
3amedaHus o baliecoBckom nopxope CpasHeHue baiiecosckoro nogxoga n ARTM

padpnueckue HoTaLMNM TeMaTUYECKUX MOgesnel

Bonbwoe cTpykTypHoe pa3zHoobpasne TeMaTnyeckux Momenei:

@ ®
oG-
OZTORE
] N
D
o o o
0 o 0
¥ Parse trees s T NN LN
@ grouped into M
documents " r Sy ou ‘;) w r/ »
P @ e | L
\2 °° 5 M ,lf/7’17| ‘11, "/“Aim
B st-1 s st

Ons oTobpaxeHus cneuymndnyecknx 0CobEHHOCTENR HEKOTOPbLIX
mMogeneli NpuxoanTcs U30bpeTaTs HOBbIE YCIOBHbIE 06O3HAYEHUS

David Blei. Probabilistic topic models // Communications of the ACM, 2012.

K. B. BopoHuos (k.vorontsov@iai.msu.ru) BeposiTHOCTHbIE TemaTu4eckmne Mopenu 30/39




BapuauunonH 7 o OnTumusayma runepnapamerpos 8 LDA
S13b1KM ONMCaHNA BEPOSITHOCTHBIX Mogenei
3amedaHus o baliecoBckom nopxope CpasHeHue baiiecosckoro nogxoga n ARTM

O6cyxpaeHue «Stop using Plate Notation»

EpuHCTBEHHOE LOCTOMHCTBO U Ky4a HELOCTATKOB!
@ -+ XOpOoLO 3aNoOMMUHAOWMIACA HarnsaaHbIA obpa3s moaenn
@ — MHOXECTBEHHOCTb BapuaHTOB O0Tobpa)keHns oaHOW Momenu
@ — HenoJIHOTa 1 HEOAHO3HAYHOCTb MHTEPMNpeTauum
@ — He O4YeBUAEH Mepexoq OT KapPTUHKMU K MOZEN N ajiropuTMy
)

— BO MHOInMX CTaTbAX 3TOT nNepexon CKPbIT NN CKOMKAaH

OAVIH N3 SMOUMNOHANBbHbLIX 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
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BapuayunoHHbiii COBCKMiA BbIBOA, OnTumusayma runepnapamerpos 8 LDA
CamnnuposaHune Mnb6ca S13b1KM ONMCaHNA BEPOSITHOCTHBIX Mogenei
3amedaHus o baliecoBckom nopxope CpasHeHue baiiecosckoro nogxoga n ARTM

fA3bIk NceBaoOKOAA Nopoxkaatouero npouecca (generative story)

Mpumep: BeposiTHOCTHas nopoxaatowas mogens LDA

Bxop: runepnapametpsl «, 3;

Boixop: konnekunsi gokymentos (dj, wi)i_y;

04 ~ Dir(6|cr) — nopoxxaerne sektopos gokymeHtos d € D;

¢¢ ~ Dir(¢|B) — nopoxpaeHne sekTopos Tem t € T;

Ans Bcex jokymeHTo d € D

ANs Bcex nosuumia cios i = 1,...,ny B gokymenTe d

BbibpaTh Temy t; n3 p(t|d) = Oy;
BbibpaTh cnoso w; u3 p(wlt;)) = ¢x;

@ + JIerko NOHMMaTb MOAENb, ONUcaHue HEOABYCMbIC/IEHHO
@ — He O4eBUAEH nepexon OT MOoAEeNn K anropntmy

@ — BO MHOIMX CTaTbsAX 3TOT nepexoh CKPbIT NN CKOMKaH
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LNOHH KA BofA OnTumusayma runepnapamerpos 8 LDA
CamnnuposaHune Mnb6ca S13b1KM ONMCaHNA BEPOSITHOCTHBIX Mogenei
3amedaHus o baliecoBckom nopxope CpasHeHue baiiecosckoro nogxoga n ARTM

A3bik apauTUBHONM perynsipusauyum (MOYTU LIYTKA)

Mewwok perynsapnsatopoB noj KaXkAayr NpUKIagHYyH 3ajady

Buisenenus 3THOPENEBAHTHOrO AUCKYpCa B COLMANbHbIX CETAX!

PLSA interpretable n-gram seed words
#(lm) ~~ () - ~(82) +~([{0) -

TeMaTuyeckunii NONCK Hay4YHbIX U HAYHHO-MOMYAAPHLIX CTaTel:

3(5@) +R<) +R<i§.§]§> +R<J<>¥> — max

Bbissnenne n npocnexxneaHume cobbITNii B HOBOCTHOM MOTOKE:

“(H) (=) +r{fe) (&) - me
LS
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OnTumusayma runepnapamerpos 8 LDA
S13b1KM ONMCaHNA BEPOSITHOCTHBIX Mogenei
3amedaHus o baliecoBckom nopxope CpasHeHue baiiecosckoro nogxoga n ARTM

A3blk agaUTUBHON perynspvMsauun: NnaanTpa peryaspusaTtopoB

CprKTypr MaTpPU4YHbIX paB.ﬂO)KeHVIﬁ B BEPOATHOCTHbIX MOAENAX:
PLSA

+[e] 0o Oeo B0 PBo of 5

Perynﬂpm3aTopb| — AONONHUTENbHbIE KPUTEPUN N OFPAHNYEHNA:

sparse background decorrelated interpretable multimodal multilanguage  pseudo docs seed words

sentence biterm sentiment qda dialog n-gram syntax

= —— ——cn - mooo

— = == - oOoom

= =) =) — — ODmom

hierarchy hierarchy hierarchy graph hypergraph word network relational

dynamic temporal segmentation n of topics regression supervised geospatial

+/0
VN °

/\/\ — . £
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BapuayuoHHsbiii 6. CKUIA BbIBOA, OnTumusayma runepnapamerpos 8 LDA
CamnnuposaHune Mnb6ca S13b1KM ONMCaHNA BEPOSITHOCTHBIX Mogenei
3amedaHus o baliecoBckom nopxope CpasHeHue baiiecosckoro nogxoga n ARTM

O6wwmii B3rnag Ha GaiiecoBckoe oby4deHune, MAP n ARTM

BatiecoBckuii BbiBOA, anoctepuopHoro pacnpegenerusi p(2|.X)
(0bbI4HO NPUBAVKEHHBIN) pagn NONYYEHUS TOYEYHOU oueHKM 2

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

Makcumusauus anoctepuopHoii BepositHoctu (MAP)
DaéT ToueuHyto oueHky 2 Hanpsamyto, b6e3 sbiBoga Posterior:

Q:=arg mélx(ln p(X|Q) + In Prior(2|7))

MHorokpuTepuansHasa agautusHas perynspusauyusa (ARTM)
obobuiaetr MAP Ha ntobble perynsipusaTtopbl U nx KombuHauuu:

Q:=arg mé)x(ln p(X|Q) + ;T,'R,'(Q))
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BapuauunoHHbiin A B >0 OnTumusayma runepnapamerpos 8 LDA
CamnnuposaHune Mnb6ca S13b1KM ONMCaHNA BEPOSITHOCTHBIX Mogenei
3amedaHus o baliecoBckom nopxope CpasHeHue baiiecosckoro nogxoga n ARTM

Anxumusa GaiiecoBCKOro BbiBOfa B TEMaTUYECKOM MOAEeMpoBaHUM

BeposiTHocTHas mogens nopoxaeHus AaHHbIx obbegnHaeT
B €4MHOM OMMUCAHWUN CTPYKTYPY NPOCTPAHCTBA NapamMeTpos,
anpuiopHble pacnpefeneHunsi, LONOJHUTENbHbIE 3HAHUSA O 3ajade.

anpuopHble

CTPYKTYpa HEBEPOATHOCTHbIE
PYKTYP pacnpegenexus P

npocTpaHcTea npeAnonoKeHns

napameTpos 1 orpaHuyeHus

Hidden
Space
+

Regularizers

N,
P AAAN,

Bayesian inference
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LNOHH 7 ), OnTumusayma runepnapamerpos 8 LDA
Camnnuposa ¢ S13b1KM ONMCaHNA BEPOSITHOCTHBIX Mogenei
3amedaHus o baiiecosckom nogxop CpasHeHue baiiecosckoro nogxoga n ARTM

ARTM — anxumunsa Ha OCHOBe K/1aCCUYECKOW perynspusauyuu

CTpykTypa NpocTpaHCTBa — Habop €AUHUYHBLIX CUMMNIEKCOB.
Perynsipusatopbl cymmupytoTcs ¢ Becamu, B nt0bbIx codeTaHumsx,
1 KaXKablli ONUCLIBAET TOMLKO OAHO LOMNONHUTENLHOE TpeboBaHue.

Hekomnozunyna — knaccuyeckuii cnocob ynpouieHus 3apa4m |

Hidden
Space

B

v
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BapuauyunoHHbi eCOBCKUI BbIBOA OnTtumusayma runepnapamerpos 8 LDA
CamnnuposaHune Mnb6ca S13b1KM ONMCaHNA BEPOSITHOCTHBIX Mogenei
3amedaHus o baliecoBckom nopxope CpasHeHue baiiecosckoro nogxoga n ARTM

ARTM: moaynbHbIi NOAX0A K CUHTE3Yy Tpebyembix mMogenei

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

3Tanbl moaennposaHua Bayesian TM ARTM
AHanus TpeboBaHuit AHanuns TpeboBaHui
Popmanusayua: BepoATHOCTHaA mogens CraHpapTHble Csou
NOPOXAEHNA JaHHbIX KpuTepumn KpUTepum
Aneopummusayus: BaliecoBckuit BbiBOA, A5 EAVHbIN perynapusoBaHHbIN
LaHHOW noposKaatowen mogenu EM-anroputm ans nobbix
(VI, GS, EP) mogaenen n Ux Komnosnuuin
Peanusayus: UccnepoBaTtensckuim Kog, MpombilwneHHbIM Kog BigARTM
(Matlab, Python, R) (C++, Python API)
OuyeHusaHue: WccnepoBatenbckue MueTpVIKI/I, CTraHgapTHble [
nccnenoBaTeNbCKkUi Kog, METPUKMU
BHeapeHue BHepgpeHne

-- HecmaHOapmu3yemble 3Marbl, yHUKAAbHAA paspabomka 0414 Kaxdol 3a0a4u

- cmaHdapmu3yeMble amarnsol
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Pesome

@ Makcumusauyms anoctepuopHoii BepostHoctn (MAP) paér
Toueunble ouyeHkn (P, O) n nonHocTbio coBmecTuma ¢ ARTM

o baiiecosckuii BbiBog oueHnsaet p(P, ©|X) smecto (¢, 0)

@ llTepaymnonHblii npouecc B baliecosckux metogax VB un GS
ana LDA He cunbHo oTnnyaetcs ot EM-anropntma 8 MAP

Mpobnemsbl baliecoBckoro oby4eHunsi TEMaTUHECKMX MOAENEIA:
@ Ham HyxHbl nuwb 3Hadvenuss ®, O, a He ux pacnpegeneHus
Prior Oupuxne nmeet cnabble nMHrencTnyeckne obocHosaHus
3afaya CUIBHO YCIIOKHSIETCS Os1 HECOMPSKEHHbIX Prior

)

)

@ bBaliecoBcknii BbIBOA yHUKANEH AJ1S1 KAaXKZOW Mogenn

@ Het Hu obuwiero anropnTMa, HU MOAYNLHONA peanusayuun
)

TexHuueckn TpygHo 0606wWaTL N KOMBUHMPOBATL MOLENN
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