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JlatenTHoe pasmewenne dupuxne
COBCKMI1 BbIBEOA B TEMaTV

HanomunHaHune. 3a,qaqa TeMaTn4deckoro mogenuposaHus

I MofAenMpoBaHun
iecoBCKOM nopaxone

Mogens PLSA
Mopgens LDA

Makcumunsaums anoctepuopHoli BepositHoct ans LDA

D'aHO: KONNEKUNA TEKCTOBLIX [OKYMEHTOB

® Ngy — 4aCTOTbl TEPMOB B JOKyMmeHTax, p(w|d) =

HaiiTu: napametpsl Tematudeckoint mogenn p(w|d) = > duwibig
teT

@ ¢t =p(w|t) — BEpOSTHOCTM TEPMOB W B KaXKaoii Teme t

@ O:g=p(t|d) — BeposiTHOCTU TeM t B Ka>KAOM AOKymeHTe d

370 3afja4a CTOXaCTMYECKOrO MaTPUYHOIO PasiOXKEHU:
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Mogens PLSA
Mopgens LDA

JlatenTHoe pasmewenne dupuxne
BaiiecoBcknii BbIBOA B TEMaTUH€CKOM MOAENVNpPOBaHAMN

BameqaHus o ballecoBckom nopxope

Hanomunanue. PLSA (Probabilistic Latent Semantic Analysis)

Makcumunsaums anoctepuopHoli BepositHoct ans LDA

KpuTtepuii — makcumymM norapudsmMupoBaHHOrO npaegonogobus:

n Inz 0:,y — max
S ngw Pwtbtd AP

deD weW teT

EM-anroputm: mMeToh npocToii uTepaumn Sasi CUCTEMbI YPaBHEH W

E-war: Ptdw = nNorm (qﬁwtﬁtd)
teT
M-wwar: Pwt = norm( > ”detdw)
weW N deD
Ora = nOFm( > ”dwptdw>
teT wed
rae norm(x;) = max{x:0} 5T — Onepauysi HOPMUPOBKN BEKTOPa
teT ZseTmaX{X& }

Hofmann T. Probabilistic latent semantic indexing. SIGIR 1999.
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JlatenTHoe pasmewenne dupuxne Mogens PLSA
BaiiecoBckuii BoiBOA B TeMaTMHeCKOM MOAenvMpoBaHAN Mopgens LDA
3amevaHus o ballecoBckom nogxope Makcumunsaums anoctepuopHoli BepositHoct ans LDA

Hepoctatkn PLSA (1 HeobxoamMocCTb ero perynsipusauum)

Bonblias pasmMepHOCTb NPOCTPaHCTBA NapaMeTpos
B cnyyae kopoTkux TekctoB ng < dim 6y = |T|
13-3a s70r0 (sIKOOBI) CunbHOE nepeobyyerme

EM (sikobbl) He no3BossieT MOAENMPOBaTbL HOBbIE JOKYMEHTbI

00000

Het ynpaenenus paspexenHoctoio ® n ©, T.k.

(8 Havane ¢yt =0) & (B buHane ¢, = 0),

(B Havane 0y =0) < (B dunane 0,y = 0)

O HeeanHCTBEHHOCTL N HEYCTOWYMBOCTL PELUEHUS:

ecnn PO — pewenne, To (PS)(S71O) — Toxe pewenne

@ Tembl He BCErga MHTEPNpPETMPYEMBI
O Her Bbigenenus HetemaTnyeckux (PoHOBbIX) ClOB

© He sicHo, Kak yunTbIBaTH JOMONHNTENLHYIO MHOPMALMIO

Blei D., Ng A., Jordan M. Latent Dirichlet Allocation. NIPS-2001. JMLR 2003.
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JlatenTHoe pasmewenne dupuxne Mopgens PLSA
Baiiecosckuii BoiBOA B TemaTm: ofennpoBaHmn Mogens LDA
3amedaHus o baiieco oM nogxope Makcumunsaums anoctepuopHoli BepositHoct ans LDA

Fmnotesa o6 anpuopHbIX pacnpegeneHusax Oupuxne

Mnotesa: Bektop-ctonbubl ¢t = (dwt)wew W 09 = (0td)teT
nopoxgatotes pacnpeaenennsmn Qupnxne, a € RITI, g e RIVI:

T050) 111, hue >0 Bo=3 Bus B >0

Dir(¢¢]8) = m |

Dir(04]cr) = Hf_( )) ]_[90“_ , 0 >0, ap= Zt:ozt, ar > 0;

Mpumep:
Dir(0]«),
T =3,

0,a € R3

a;=ay =a3=0.1 ap=as=ag3=1 ap=ay=a3=10
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JlatenTHoe pasmewenne dupuxne Mopgens PLSA
CKuli BbIBOJ B TemaTu: OM MopennposaHun Mogens LDA
& COBCKOM Mnopxope Makcumunsaums anoctepuopHoli BepositHoct ans LDA

Mpumep. Boibopkn n3 Tpéx 10-mepHbix BekTOopoB 6 ~ Dir(0|«)
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JlatenTHoe pasmewenne dupuxne Mopgens PLSA
BaiiecoBckuii BoiBOA B TeMaTMHeCKOM MOAenvMpoBaHAN Mogens LDA

3amevaHus o ballecoBckom nogxope Makcumunsaums anoctepuopHoli BepositHoct ans LDA

BepOSITHOCTHaSI Mofenb NOpPoXaeHns TeKCTta

TemaTnueckas mogens LDA (Latent Dirichlet Allocation):

p(w|d) =" dubed, ¢ ~ Dir(¢l8), 04 ~ Dir(d]c).

teT

Mpouecc nopoxaernst gokymentoB d = {wy ... w,,} konnekuynu D:

Bxopa: BekTopbl runepnapameTpos 3, «;
Bbixoa: konnekunsi 4OKyMEHTOB;

BbIbpaTh BekTOp ¢ U3 Dir(¢|F) ans kaxaoii Temsbl t € T;
BbibpaTh BekTOp Oy M3 Dir(f|a) pns kaxgoro gokymenta d € D;
Ang BCex fokymeHToe d € D
AN BCeX no3vuuii TepmoB | = 1,..., ngy B gokymenTte d
BbibpaTh Temy t; u3 p(t|d) = Or4;
Bbibpath Tepm w; n3 p(w(ti) = dur;
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JlatenTHoe pasmewenne dupuxne Mopgens PLSA
BaiiecoBckuii BoiBOA B TeMaTMHeCKOM MOAenvMpoBaHAN Mogens LDA
3amevaHus o ballecoBckom nogxope Makcumunsaums anoctepuopHoli BepositHoct ans LDA

Mouemy umeHHo pacnpegeneHue Oupuxne?

@ OHO CMOCOBHO MOPOXAATb PA3PEXKEHHBIE BEKTOPBI;
@ MMeeT napameTpbl, YNpaBastoLMe CTENEHbIO Pa3pPeXXEHHOCTH;
@ OMNCbIBAET KIACTEPHbIE CTPYKTYPbl Ha cumniekce (CM. puc.);

@ SB/ISAETCA COMPSKEHHBIM C MYALTUHOMUAJBHBIM PACNpefeNeHNEM,
4TO CUALHO ynpowiaeT baliecoeckuii BoiBog (B Cnea. nekuun).

Pacnpegenetnne Dir(¢|a) nopoxgaer ektopbl Tem ¢ = p(wl|t),
KOTOpble MOPOXAAOT MyNbTUHOMUANBHBIE pacnpeaenerus p(wlt, d).

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

Bwty,d) ~ p(w] ) p(w]t,) ~ Dir
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JlatenTHoe pasmewenne dupuxne Mopgens PLSA
BaiiecoBckuii BoiBOA B TeMaTMHeCKOM MOAenvMpoBaHAN Mopgens LDA
3amevaHus o ballecoBckom nogxope Makcumunsaums anoctepropHoli BepositHoctu ansa LDA

®opmyna baileca gna anocTepMopHOro pacnpegeneHus

Beeném bonee obume obosHavenns X, Q,

X = (d;, wi)[_; — ncxoaHble AaHHble, Habogaembie nepemMeHHbie
Q = ($,0) — napametpsl nopoxaatoweii mogenn p(X|Q2)
~v = (B, a) — runepnapametpsl anpuopHoro pacnpegenenus p(2|)

3apaya: sHasa X, Haiitu napametpsl Q mogenn p(X|Q).

®opmyna baiieca gaér anocrepnoproe pacnpegenenue p(Q2| X, ),
rae CUMBON X 03Ha4YaeT «PaBHO C TOYHOCTBIO 10 HOPMUPOBKUY :

p(82, X|v)
p(X[v)

Oanee ecTtb gBa nyTu:

p(QX,7) = o p(§2, X|) o< p(X[82) p(S27)

o Makcumusayuns npasgonogobus: Q = arg maxq In p(Q|X, )

@ baiiecosckuii BbiBog: BbluncheHne pacnpegenenus p(2|X, )
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JlatenTHoe pasmewenne dupuxne Mopgens PLSA
BaiiecoBckuii BoiBOA B TeMaTMHeCKOM MOAenvMpoBaHAN Mogens LDA
3amevaHus o ballecoBckom nogxope Makcumunsaums anoctepropHoli BepositHoctu ansa LDA

MakcumMun3auums anocTepuopHoi BepoaTHOCTU gas mogenu LDA

Makcumusauyus coBMecTHOro npaBAonofobMs JAHHBIX U MOAENM,
Ha3biBaeTcs Takxe Maximum a Posteriori (MAP) estimation:

In p(X|Q) p(Qf7) = In [ ] p(di, wi|®,©) p(®|5) p(Ol) =

i=1

=In [] ] p(d, wi®,©)™ [ ] Dir(¢:|3) [ ] Dir(0qlc) — max

deD wed teT deD

D70 334a4a MaKCUMN3ALUMN PErYNSPU30BAHHOIO Iog-npas,u,ono,u,o6|/|;|:
Bw—1
anwlnngmethrzm(/) —|—Z|n9 L, max,

npu OrpaHNYEHNAX HEOTPNLATENBHOCTN N HOPMUPOBKN

Gwe =0, > dur =1; Oig > 0; > Oyg=1.

wew teT
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JlatenTHoe pasmewenne dupuxne Mopgens PLSA
BaiiecoBckuii BoiBOA B TeMaTMHeCKOM MOAenvMpoBaHAN Mogens LDA

3amevaHus o ballecoBckom nogxope Makcumunsaums anoctepropHoli BepositHoctu ansa LDA

Perynsapu3sosaHHubii EM-anroputm gna mogenu LDA B ARTM

MakcnMunsaumnst anoCTepuopHOli BEPOATHOCTU SKBUBAJIEHTHA
perynsipusatopy norapugpma anpropHoro pacnpeaeneHus:

anwln2¢wtetd+z ~1)Indue+ > (ar=1)In iy — max

d,t

/

-~

In npaBgonopobus perynsipuzatop R(®,0)=Inp($,0|a,3)

EM-anroputm: MeTon npocToii utepaumn Sasi CUCTEMbI YPaBHEH W

= g = no 0
E-war Ptdw nter7m (¢wt td)
M-war: ) Owt = norm( > WP A B — 1)
we deD
O+ = no ( n — 1)
) = WO WZG:d dwPtdw + Q¢
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JlatenTHoe pasmewenne dupuxne Mopgens PLSA
BaiiecoBckuii BoiBOA B TeMaTMHeCKOM MOAenvMpoBaHAN Mopgens LDA
3amevaHus o ballecoBckom nogxope Makcumunsaums anoctepropHoli BepositHoctu ansa LDA

BuiBogbl no mogenu LDA

LDA He pewaeT npobnemMy HEeMHCTEEHHOCTIN Pa3/IoKEHUs,
MMEeeT HEeeCTECTBEHHblE orpaHudeHus S, > 0, a; > 0

HE COKpALLaeT, a JaXKe YBENNYNBAET HNCNO NapaMeTpoB,

HE nmeeT ybeanTeNbHbIX TNHIBUCTUYECKNX ODOCHOBAHMI,
MpoLLe BBOAUTL PETYNSPU3ATOP CrIaXKMBaHUS /paspeKnBaHus,

LDA — camblii NpMMUTUEBHBIA cnocob peryaspusauuu,

B TO >Xe BpeMms, pacnpegenenne Oupuxne nrpaer ocobyto posnb
B DailiecOBCKMX METOAAX TEMATUYECKOTO MOAENMPOBAHUS

Mudsbl npo LDA:
@ CyLLeCTBEHHO MeHblue nepeobydaercsi, 4yem PLSA
@ MMEeT MEeHbLUE NapaMeTpPoB Mo cpaBHeHuto ¢ PLSA
@ CTPOUT pa3pexeHHble TEMAaTUHECKNE MOAENN

@ LDA == temaTu4deckoe mogenmposaHne

K. B. Bopohuog (k.v.vorontsov@phystech.edu) BeposiTHOCTHble TemaTu4eckue Mopenu 14 /49



JlaTtenTHoe pasmewenne Oupuxne BaiiecoBcknii BbIBOA B TEMaTUH€CKOM MOAENVpOBaHNM
BaiiecoBckuii BbiBOg B TeMaTMH4e€CKOM MOAEenvMpoBaHAN BapuauyvoHHbiii 6aliecosckuii Beisog ana mogenn LDA
3amevaHus o ballecoBckom nogxope Camnnuposatnue Mn66ca ana mogenn LDA

Moaxoabl K oUEeHMBAHUIO NAapaMeTpPOB BEPOATHOCTHLIX Mogenei

X = (d;, w;)[_; — nabniogaemble, Z = (t;)_; — cKpbiTble
Q = ($,0) — napametpbl, v = (f3,) — runepnapamerpsi
Makcumusauus perynsipu3oBaHHOro npasponogobus:

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

Makcnmumsaumsa anocTepuopHOiA BEPOATHOCTU:

In p(Q[X, ) + const = In>_ p(X, Z|Q2) + In p(Q2]y) — max
V4

BapuauuoHHbiii baiecoBCKuiA BbIBOA:
seisecTn p(Z, Q|X,v) o< p(X, Z[$2,v) p(2]7)
Camnauposanue 'nb6ca:

sbisecTn p(Z|X,~y) u camnanposaTs u3 Hero Z
soiectu p(Q|X, Z,7y) o p(X, Z|Q2,7) p(2]7)
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BaiiecoBckuii BbiBOg B TeMaTMHeCKOM MOAENVpoBaHUN

Baiiecosckuin BbIBOA B TEMaTN4eCKOM MOAENMpoBa BapuauyvoHHbiii 6aliecosckuii Beisog ana mogenn LDA

3amevaHus o ballecoBckom nogxope Camnnuposatnue Mn66ca ana mogenn LDA

HekoTopble cBoiicTBa pacnpegenedHua Oupuxne

O Matoxuganue: EO; = [ 0,Dir(0|a) do = 5t = notlrrm(ozt)
P, — =1 _
@ Mopa: 0, = =+ = notrm(ozt -1)

: _ ar(ao—o)
O [Awncnepcuns: DO; = m

Q Maroxuganne In: EInd; = [ In0;Dir(0]a) df = ¢(ae) — ()

_ 'y 40

roe ¥(x) = o anramma-cyHKU . e ]

3,0

[pocTasi, HO OYeHb TOYHAsl AaNNpPOKCMMaLLUS 22

9KCMOHEHTBI OT SUraMMa-yHKLNN: 5]

1,0 3

X2 0 < 05 9

5 X X ]- E

E(x) =exp((x) ={ 2" | ’

X — 55 1 g X 0 051015202530354,0
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JlateHTHoe pasmewenne Jupuxne BaliecoBckmnii BbIBOJ B TEMaTU4eCKOM MOAENMPOBaHNN
BaiiecoBckuii BbiBOg B TeMaTMH4e€CKOM MOAEenvMpoBaHAN BapuauyvoHHbiii 6aliecosckuii Beisog ana mogenn LDA
3amevaHus o ballecoBckom nogxope Camnnuposatnue Mn66ca ana mogenn LDA

PacnpegeneHve Jupuxne — cOnpsi>k€HHOE K MY/1bTUHOMUANIbHOMY

Teopema. MNycTb BekTop 0 = (0;):cT renepupyetcs us Dir(6]a),
Bbibopka Y = (y1,...,Yn) 2/IEMEHTOB MHOXECTBA | reHepupyercs
n3 MynabTuHOMManbHoro (AnckpetHoro) pacnpeaenennsi p(y|6).
Torpa anoctepuopHoe pacnpegenedue p(0|Y, a) — Toxe Oupuxne.

[okasatenbcTBo.

Beegém ny = > [y; = t] — cuétunk 3Hauenus t B Boibopke Y.
i=1
P, Y|a)

p(0lY,a) = ———-= x p(6, Y|a) x p(Y|0)p(0|c

(01 .0) = Esh o pl6. ¥ia) o< p(Y10)p(610)
x (1 6,,)Dir(Bla) o< ( IT 02) (I 627) = T o2+

i=1 teT teT teT

x Dir(0]a), rae ar = ny + ;. -
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JlateHTHoe pasmewenne Jupuxne BaliecoBckmnii BbIBOJ B TEMaTU4eCKOM MOAENNPOBaHNN
BaiiecoBckuii BbiBOg B TeMaTMH4e€CKOM MOAEenvMpoBaHAN BapuauyvoHHbliii 6aliecosckuii Beisog ana mogenn LDA
3amevaHus o ballecoBckom nogxope Camnnuposatnue Mn66ca ana mogenn LDA

OcHoBHas naea Variational Bayesian inference

di, wi)l_; — vCxoaHble AaHHble, Habslofaembie nepemMeHHbIe
tj)7_; — CKpbITbIE NEpemMeHHbie

X =(

Z =

|8) = [] Dir(¢+|3) — anpuopHoe pacnpeaenetune na ¢
teT

(¢
p(©|a) = [] Dir(f4|a) — anpuopHoe pacnpepenexne Ha ©
deD

3apava: HaiiTu anoctepuopHoe pacnpegenenune p(Z, ®, 0|X, 3, ).

OcHoBHas npges: HaliTn ero npubankeHne B BUAE NPON3BEAEHNS
n+|T|+ |D| pacnpeaenetuii no 61okam nepemeHHbix tj, dr, O4:

q(qu)v@ Hq/ tl Hqt d)t qu ed

teT deD

ObozHaune (Z,9,0) =Y, (8,a) =+, nepeiigém K obuieii 3agaqe
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JlatenTHoe pasmewenne Oupuxne BaiiecoBcknii BbIBOA B TEMaTUH€CKOM MOAENNpOBaHNMN
BaiiecoBckuii BbiBOg B TeMaTMH4e€CKOM MOAEenvMpoBaHAN BapuauyvoHHbliii 6aliecosckuii Beisog ana mogenn LDA

3amevaHus o ballecoBckom nogxope Camnnuposatnue Mn66ca ana mogenn LDA

OcHoBHas Teopema BapuvayuMoHHOro 6aiecoBCKOro BbIBOAA

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

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

J!
const — In HOPMNPOBOYHOrO MHOXNTENA pacnpefeneHns q;.

rae Eg\j — maToXupaHne no Bcem nepemeHHbIM kpome Y

Y;)

V

[nsa peweHust 3Toi CUCTEMBI UCMONB3YIOT METOZ, NPOCTOW UTEpaLuu.

Npes pokasatenbcrsa: pacnucsizaem KL(:||-) n cBognm 3agayy K

> a() Y [T a(Y)Inp(X, Y]v) qu )Ingi(Y;) — min
Yj

Y\Y) i#j
Eq\j In p(val’Y)
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JlateHTHoe pasmewenne Jupuxne BaiiecoBcknii BbIBOA B TEMaTUH€CKOM MOAENNpOBaHNMN
BaiiecoBckuii BbiBOg B TeMaTMH4e€CKOM MOAEenvMpoBaHAN BapuauyvoHHbliii 6aliecosckuii Beisog ana mogenn LDA
3amevaHus o ballecoBckom nogxope Camnnuposatnue Mn66ca ana mogenn LDA

JokazatenbcTBO

1. B onTMMN3aunOHHOW 3afja4e MOXHO nepeknAbiBaTh X Yepes YyCNOBHYIO HepTy:
> a(Y)in 2 P = max & 3 q(Y)In 2500 =2 a(Y)Inp(X[7) — max
q Y q

2. Byaem muHumunsmposate KL-aneeprenumio nooyepénHo no scem Y.
Mpumenum dakTopusayuto n BeiHecem cnaraemoe ¢ gj(Y;) Bnepéa:

;qj(yj) > [Tai(Y)Inp(X, YY) = > ai(Y5) >0 [Tai(V; )Zank(Yk)%maX

Y\Y; i#j Y; Y\Y; i#j ked

Eg\jInp(X,Y|v) In q;(Y;) + const

3. MNMo4emy BTOpPYIO hurypHyto ckobky mMoxHo 3amennTsb Ha In gj(Y)):

> [Tai(Y) > na(Yi)+ > T aqi(Yi)Ingi(Y))

Y\Y; ij k#j Y\Y; i

He 3aBUCUT OT qj 1

4. Beeném r(Y;) o< exp(Eq\;In p(X, Y|v)), Toraa KL(qJ(YJ)Hr(YJ)) — min
5. TouHoe pewwenne gantoit 3agaqn gj(Y;) = r(Y}), cnegosatensHo, i

In g;(Y;) = Eq\y In p(X, Y|7v) + const.
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JlateHTHoe pasmewenne Jupuxne BaiiecoBcknii BbIBOA B TEMaTUH€CKOM MOAENNpOBaHNMN
BaiiecoBckuii BbiBOg B TeMaTMH4e€CKOM MOAEenvMpoBaHAN BapuauyvoHHbliii 6aliecosckuii Beisog ana mogenn LDA

3amevaHus o ballecoBckom nogxope Camnnuposatnue Mn66ca ana mogenn LDA

OcHoBHasa Teopema gnsi 4yacTHoro cay4vasa mogenun LDA

ObosHaunm Y = (Z,9,0), v=(8,a), J={1,...,n} U TUD:
Ingj = Eq\jInp(X,Z,®,0|3,a) + const

Ham npeacront 6pate maToxupanuns Eg\ ; no scem (kpome ogHoro)

pacnpegenennsim q:(o¢), qq4(04), qi(t;) oT

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

=In [] p(di, w;, t;|®,©) + In [] Dir(¢¢|B8) + In ] Dir(04a) =
i=1 teT deD
=> Indw,,0td + D (Bw—1)Indur + > (¢ —1)Inbg + const.
i=1 t,w dt

3amMeyvaHune, CUILHO YNPOLLAOLLEE BbIKAALKM:
ecnu cnaraemoe S He 3aBUCUT OT j-ii nepemenHoii, To Eq;S = const.

K. B. Bopohuog (k.v.vorontsov@phystech.edu) BeposiTHOCTHbIE TemMaTu4eckmne Mopenu

21/49



JlateHTHoe pasmewenne Jupuxne BaiiecoBcknii BbIBOA B TEMaTUH€CKOM MOAENNpOBaHNMN
BaiiecoBckuii BbiBOg B TeMaTMH4e€CKOM MOAEenvMpoBaHAN BapuauyvoHHbliii 6aliecosckuii Beisog ana mogenn LDA
3amevaHus o ballecoBckom nogxope Camnnuposatnue Mn66ca ana mogenn LDA

Pacnpepenenus ansa 610ka nepeMeHHbix g:(¢;)

VpagHeHne gns pacnpegeneHusi nepementoii ¢ € RW:

In qf(¢f) = Z Eq (t)[tl—t] In ¢W,t, + Z ( 1) In ¢Wt + const =

weWw
= Z > wi=w]qi(t) Indwe + > (Bw—1)In due + const =
i=1 wew wew
= Z <Z[Wl W]ql( )+6w - 1) In ¢t + const =
weW ti=1
*,_/

Nwt

=In Di"(d%‘gt)-

I70 pacnpegenenune Jupuxne ¢ napamerpamu Byt = Nyt + B,

Nyt — OLEHKA 4YNCna reHepaunii Tepma w u3 Tembl t.

Mpu 6onbLIMX Ny OHO CKOHLEHTPUPOBAHO B TOYKE Oyt = norm(Lyt).
w
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JlateHTHoe pasmewenne Jupuxne BaiiecoBcknii BbIBOA B TEMaTUH€CKOM MOAENNpOBaHNMN
BaiiecoBckuii BbiBOg B TeMaTMH4e€CKOM MOAEenvMpoBaHAN BapuauyvoHHbliii 6aliecosckuii Beisog ana mogenn LDA
3amevaHus o ballecoBckom nogxope Camnnuposatnue Mn66ca ana mogenn LDA

Pacnpepenenns ansa 610ka nepemeHHbIx gq(6y4)

VpagHeHne gns pacnpegenequs nepementoii 6y € R7:

In qd(ﬁd) = Z Eq,-(t,-)[di:d] In Ht,-d,- + Z (Ozt—].) InO:y + const =
i=1 teT
=Y [di=d] > qi(t)InOg + > (at—1)In Oy + const =
i=1 teT teT

= (Z[di:d]qi(t) +oa; — 1) Inf:q + const =
teT Ni=1

Ntd

= In Dir(04|dq).

IT0 pacnpegenenue Jupuxne ¢ napametTpamun Gizg = Nig + Qit,

Nid — OLEHKA YKUCNa TEPMOB TEMbI t B AOKYMEHTE d.

Mpn GonbLWMX Nyy OHO CKOHLEHTPUPOBAHO B TOYKe Org = norm(Giy).
t
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BaiiecoBcknii BbIBOA B TEMaTUH€CKOM MOAENNpOBaHNMN
BapuauyvoHHbliii 6aliecosckuii Beisog ana mogenn LDA
Camnnuposatnue Mn66ca ana mogenn LDA

JlatenTHoe pasmewenne dupuxne
BaiiecoBckuii BbiBOg B TeMaTMH4e€CKOM MOAEenvMpoBaHAN

BameqaHus o ballecoBckom nopxope

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

VpaBHeHne Anst pacnpeneneHns nepemMeHHol t; € T:

Ingi(t) = Eqi(In ¢, 4+ InOy,q,) + const =
= eq(¢t) Inpu,t + E%(Gd) In 64 + const =

BOCNoJib3yemcst TeM, 4TO G¢(d¢) u qq(04) yrxe HalipeHbr:
- d}(nW;t + /BW,') - ¢(Zw(nWt + ﬁW)) +
+ U (neg + ae) = (X (neg, + ) + const
Bocnonsayemcs npubamkeruem exp(t(x)) ~ x — 3
Nyt + 1 N, + ¢ — 5
qi(t) = norm wit + B — 3 ) td T Xt T 3 .
€T \ X (nwt + Bw) — 5 Yo(neg, + ) — 5

Moxoxe Ha 0bbluHyto hbopmyny E-wara p(t|d;, w;) = norp(¢wit9tdi)
te
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JlateHTHoe pasmewenne Jupuxne BaiiecoBcknii BbIBOA B TEMaTUH€CKOM MOAENNpOBaHNMN
BaiiecoBckuii BbiBOg B TeMaTMH4e€CKOM MOAEenvMpoBaHAN BapuauyvoHHbliii 6aliecosckuii Beisog ana mogenn LDA
3amevaHus o ballecoBckom nogxope Camnnuposatnue Mn66ca ana mogenn LDA

Cobupaem BCE BoegnHO

K. B. Bopohuog (k.v.vorontsov@phystech.edu) BeposiTHOCTHbIE TemMaTu4eckmne Mopenu

B nTepaumonHom npouecce YepegytoTcs ABa wara:
1) pacnpeaenenue Tepmos (d;, w;) no Temam, E(x) = exp(¥(x)):
E(nW,'t +/8W,') E(ntd,' +Oét)
gi(t) = norm :
€T \ E(C (e +Buw))  E(X (neg, + o))

2) aKKyMy/JMpOBaHNE CHETHUKOB Nyt U Niy:

Nt = Z[W, w] qi(t) Nig = Z[d d] qi(t)

=1

ToueyHble OUEHKN NapaMeTPOB NO MAaTOXUAAHNKO AN MOLE!:

Edwe = Dv%rvn‘)(nwt+5w) B0 = nt%rfTT‘(ntd+04t)
Pwe = norm (e + B —1) Org = norm (g + e —1)
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JlateHTHoe pasmewenne Jupuxne BaiiecoBcknii BbIBOA B TEMaTUH€CKOM MOAENNpOBaHNMN
BaiiecoBckuii BbiBOg B TeMaTMH4e€CKOM MOAEenvMpoBaHAN BapuauyvoHHbliii 6aliecosckuii Beisog ana mogenn LDA
3amevaHus o ballecoBckom nogxope Camnnuposatnue Mn66ca ana mogenn LDA

MpomexxyTo4HbliA nTor

@ l13-3a dhakTOpM3auMM BapmauMOHHbI HalieCOBCKMNIA BbIBOZ
0aéT AuWwb NpUbNNXKEHHOE PELLIEHUE, TEM HE MEHEE,

dopmynsl gnsi MAP n VB oueHb noxoxu [Asuncion]:
— npwu Nye, Nig > 1 pasandnsa HeowyTUMBbI,
— npu Ny, Nig S 1 Tema t He3HaUMMa ans w uam d.

MoxHo gobasute M-war gns ontumusauuu 3, [Wallach].
Hekyna pobaenste perynspusatopsl R(P, O).
HyxHbl maTpuysl @, O, a He pacnpegenenuns p(P, O|X).

HauynHaeT cmywaTs pasHoobpasme oueHOK... kakasi ny4qwe?

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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JlatenTHoe pasmewenne Jupuxne BaiiecoBcknii BbIBOA B TEMaTUH€CKOM MOAENNpOBaHNMN
BaiiecoBckuii BbiBOg B TeMaTMH4e€CKOM MOAEenvMpoBaHAN BapuauyvoHHbiii 6aliecosckuii Beisog ana mogenn LDA
3amevaHus o ballecoBckom nogxope Camnnuposanue Mnbbca ana mogenn LDA

Camnnuposanune 'mbbeca (Gibbs Sampling)

OcHoBHast nges:
@ Z ~ p(Z|X,~) — camMnanpoBaTh CKpbITbIE NEPEMEHHbIE

e p(P,0|X, Z,~v) — HaiiTn anocTepnopHoe pacnpegeneHue
napameTpos mogenu npu ussectHoix X, Z n v = (S, a)

OcHoBHasi TeopemMma 0 CXO0AMMOCTU caMnaupoBaHusa 'nbbca

[Npouecc camnAMpoBaHUsi OQHOMEPHbIX C/IyHaliHbIX BEINYUH

(k+1) _ p(X,Z|v)
t,' ~ p(t; sz i) — v T -\
X 201 = Xz

rae k — Homep uTepayun, Z\; = (t{kﬂ), ol t,.(ffl), t,.(jf)l, e t,(,k)),

CXOQUTCA K MHOromepHoMmy pacnpegenennto Z ~ p(Z|X, )

V.
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JlateHTHoe pasmewenne Jupuxne BaiiecoBcknii BbIBOA B TEMaTUH€CKOM MOAENNpOBaHNMN
BaiiecoBckuii BbiBOg B TeMaTMH4e€CKOM MOAEenvMpoBaHAN BapuauyvoHHbiii 6aliecosckuii Beisog ana mogenn LDA
3amevaHus o ballecoBckom nogxope Camnnuposanue Mnbbca ana mogenn LDA

PacnpegeneHve Jupuxne — cOnpsi>k€HHOE K MY/1bTUHOMUANIbHOMY

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

Beieog anoctepuopHoro pacnpeaenenus ©, © npu nssectHbix X, Z:
p(®,01X. Z, B,a) x p(P,0, X, Z|B,a) o p(X, Z|®,©)p(®, O3, a)
o [T (¢webea)™ ] Dir(¢:|8) ] Dir(6ale)

d,w,t teT deb
<TITT el T T oo
teT d,w deD w,t
+B,—1 +oar—
x H H¢nwt Bw H Hentd @t , Nyt = Z Ndgwty, Nid = Z Ndwt
teT w deD t ‘ ’
o [ Dir(éele) [] Dir(6alda), Fue = Mue+Bu. Gra = nea-+ae
teT deb
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JlateHTHoe pasmewenne Jupuxne BaliecoBckmnii BbIBOJ B TEMaTU4eCKOM MOAENNPOBaHNN
BaiiecoBckuii BbiBOg B TeMaTMH4e€CKOM MOAEenvMpoBaHAN BapuauyvoHHbiii 6aliecosckuii Beisog ana mogenn LDA

3amevaHus o ballecoBckom nogxope Camnnuposanue Mnbbca ana mogenn LDA

Pacnpepenenue p(X, Z|3,a) pns cxembl camnauposaHus 'mbbca

nO,ﬂ,bIHTeraJ'IbHOE pacnpeneneHne Mbl TONbKO 4TO BbIBENN,

HO Tenepb Byaem akkypaTHee C HOPMUPOBOYHLIMU MHOXUTENSMN:

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

//qu”m et";,de [] Dir(¢¢18) [] Dir(bala)dede =

teT deD

teT H F(Bw) deD

Z /BW) /H¢Bwt—ld¢t H d 1—[ tat /gefjd_lded _
Hd S—

o< D|r(¢t|ﬁt) o Dir(04|64)

(>_w Bw) I1,, rﬁwt ¢ ) [T T(éa)
teHTH ) (5, ) LLPF AT
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JlateHTHoe pasmewenne Jupuxne BaiiecoBcknii BbIBOA B TEMaTUH€CKOM MOAENNpOBaHNMN
BaiiecoBckuii BbiBOg B TeMaTMH4e€CKOM MOAEenvMpoBaHAN BapuauyvoHHbiii 6aliecosckuii Beisog ana mogenn LDA
3amevaHus o ballecoBckom nogxope Camnnuposanue Mnbbca ana mogenn LDA

Pacnpepenenue p(X, Z,;

B,a) pna cxembl camnanposaHus 'mboca

K. B. Bopohuog (k.v.vorontsov@phystech.edu) BeposiTHOCTHbIE TemMaTu4eckmne Mopenu

NTak, Mbl TOIbKO 4TO MOAYHUAN pacnpefeseHune

p(X,Z|8,a) =

Z Bw) H rﬂwt taf Ht M(Gitd)
tEHTH F(Bw) T3, But) dll a Ht )T(X, Gea)

Pacnpepenenne p(X, 2|3, a) oTnnyaetca oT Hero nvwb Tem, 4To
OHO MOCTPOEHO MO Bbibopke be3 ogHoil i-ii Toukm (d;, w;, t;):

(>w ﬂw) I1,, T (Bt — tat ) T1: M@ —0iy)
E’H r BW (Z (/Bwt J;[D d Ht F(Zt(&td_(sid))

roe o/ w=wlt=t], 6, =[t=t][d=d]]

wt —
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JlateHTHoe pasmewenne Jupuxne BaiiecoBcknii BbIBOA B TEMaTUH€CKOM MOAENNpOBaHNMN
BaiiecoBckuii BbiBOg B TeMaTMH4e€CKOM MOAEenvMpoBaHAN BapuauyvoHHbiii 6aliecosckuii Beisog ana mogenn LDA
3amevaHus o ballecoBckom nogxope Camnnuposanue Mnbbca ana mogenn LDA

Eweé 4yyTb-4yThb... OCTAsIOCh NOAENUTL OAHO Ha Apyroe

Ona comnnuposanus [mbbca HYXHO ofHOMEpHOe pacnpegeneHune

g5 PXZI50)
PR 20500 = X 22 1Br0)

B yncnuTene n 3nameHaTene COKPATATCA BCE MHOXKUTENN KPpOME J-X:

_ T(wit +Bw) T2 (Mt +Bw) = 1) T(nedy +00) T (3 (e, +0re) —1)
r(”w;t;+/3W;_1) F(ZW(”wtﬂrﬂw)) r(ntidi+ati_1) r(zt(”tdi+at))

r(x)

Bocnonb3yemcs ceoiicTBOM ramma-yHkumn Mx=1) — X~ 1:

< nW,'t+ﬁW,‘_1 . ntd,‘+at_1 >
Yow(we +Bw) =1 32 (Neg, + ) — 1

Moxoxe Ha obblunyto hopmyny E-wara p(t|d;, w;) = norrTn(g[)W,tQtd,.)
te

t|1X, Z,; =
p(tIX, 2, B, @) norm
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JNatentH ewerne Jupn BaiiecoBcknii BbIBOA B TEMaTUH€CKOM MOAENNpOBaHNMN
Baiiecosckuii BbiBOg B TemaTu4de M Mopenuposa BapuauyvoHHbiii 6aliecosckuii Beisog ana mogenn LDA
3amevaHus o ballecoBckom nogxope Camnnuposanue Mnbbca ana mogenn LDA

Cobupaem BCE BoegnHO

K. B. Bopohuog (k.v.vorontsov@phystech.edu) BeposiTHOCTHbIE TemMaTu4eckmne Mopenu

Bbl,qeﬂeHbl OTANYNA OT BapUaLNOHHOIO aaropuTma

1) pns kaxgoro (dj, w;), i =1,...,n, camnanposatue Temsl t;:

< nW,'t_'_BW,'_l . ntdi+at_1 >
ow(we +Bw) =1 D (g, + ) — 1

ti ~ pi(t) = norm

2) aKKyMynnpoBaHNE CHETUNKOB Nyt U Niy:
n n
Nyt = Z[W,':W][t,':t] Neg = Z[d,':d][t,':t]
i=1 i=1

ToyeuHble OUEHKN NapaMeTpPoOB N0 MATOXUAAHNIKO AN MOLE!:

Eduwe = gv%rvn‘)(nwﬁﬁw) Efiy = nt%rp(ntd+at)
ngt = Dvcgvn"/\(nwt‘Fﬁw—l) Ora = nt°€r7m(ntd+at—1)
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JlaTtenTHoe pasmewienne Jupn BaiiecoBcknii BbIBOA B TEMaTUH€CKOM MOAENNpOBaHNMN
BaiiecoBckuii BbiBOg B TeMaTMH4e€CKOM MOAEenvMpoBaHAN BapuauyvoHHbiii 6aliecosckuii Beisog ana mogenn LDA
3amevaHus o ballecoBckom nogxope Camnnuposanue Mnbbca ana mogenn LDA

Anroputm camnnupoBaHusi Fnbbea

Ha kaxaom npoxoge akKyMynupyroTCs CHETUUKN Nyr, Nig
B KOHUE NO HUM BBIYUCASOTCH HECMELLEHHbBIE OUEHKN Py, Oiy

Bxoga: konnekyus D, uyucno tem |T|, napametpsl «, [3;

Beixoga: pacnpegenetus ¢ u ©;

Nty Ned, Ne, Ng =0 pnaecex d e D, we W, te T;

ans Bcex k :=1,..., knax NPOXOA NO KONJEKLUU:

ansa Bcex i = 1,...,n B3ATb AOKYMeHT d := d;, Tepm w = w;
ecnu k=22 T0 t:=t; --Nwt, —-Nid; --N¢, --Ng;

Nwt+PBw . Nygtoar

et o nd+a0) ana ecex t € T,

p(t|d,w) = nto€r7r_n(

camMnAnpoBaTh Temy t u3 pacnpegenenus p(t|d, w);
ti =1, *+nye;, ++nyg; ++ng; ++ng;

qﬁ;,t ‘= nwt/n: pnsi sBcex w € W, t € T;
Org '= Neg/ng pnaecex d € D, t€ T,

Griffiths T., Steyvers M. Finding scientific topics. 2004.
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JlateHTHoe pasmewenne Jupuxne BaiiecoBcknii BbIBOA B TEMaTUH€CKOM MOAENNpOBaHNMN
BaliecoBcknii BbIBOA B TeMaTUH€CKOM MOAENVNpOBaHAMN BapuaumnonHbili baliecosckuii Boisog ans mogenn LDA
3amevaHus o ballecoBckom nogxope Camnnuposanue Mnbbca ana mogenn LDA

MpomexxyTo4HbliA nTor

o [loxoxunii anroputm nony4dntca 8 ARTM, ecan Ha E-ware
BmecTo p(t|d,w) bpate p(t|d,w) = [t=t;], ti ~ p(t|d,w).
o Popwmynbl gns MAP, VB n GS ouenb noxoxu [Asuncion]:
— NpU Nyt, Ngg >> 1 pasnnyus HeowyTUMBbI,
— npu Ny, Nig S 1 Tema t He3HaUMMa ans w uam d.

@ HeobxoanmocTb 3agaHust anpropHbIX pacnpeaeneHuii:
— CONpsiXéHHble — TONbLKO pacnpeaeneHus dupuxne,
— He CONPsKEHHbIE — CUBHO YCIOKHAIOT 3agaudy.

@ VB un GS He nmeroT yaobHbIXx MEXaHU3MOB peryasipusannm, T.K.
HeT, cobcTeeHHO, 1 3agaqn onTumusaumn no (P, ©)

@ [Mpobnema HEYCTONYMBOCTN JAXKE 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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l THoe p ewenve dupn Ontumusaymsa runepnapamerpos 8 LDA
BaiiecoBcknii BoiBOA B TemaTu4e Mopfenunposa S13bIKM onMcaHns BEPOSITHOCTHBLIX Mopesei
3amedaHus o 6 COBCKOM nogxoge CpasHeHue baiiecosckoro nogxoaa n ARTM

Mpobnema BoibOOpa runepnapameTpos a u S

CrangapTHas pekomengauus [2004]: oy = 50/|T

, Bw =0.01.
BuiBogbl no pesynstatam bonee ToHkoro nccaegosanus [2009]:

e p(t|d) ~ Dir(0; ), ontumusupoeats o = (aq,...,aT).

e p(w|t) ~ Dir(¢; B), B3aTb cummeTpuutoe B = -+ = 1 <K 1.

npasgonogobue  -680000 L
NpU HECUMMETPUYHOM (v

o
7 npun CUMMETPUHHOM ¢

-720000

-760000 —

—T— T T T 71 4ucho ¢smnaos M
0 1000 3000 5000

H.Wallach, D.Mimno, A.McCallum. Rethinking LDA: why priors matter. NIPS, 2009.
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JlatenTHoe pasmewenne dupuxne Ontumusaymsa runepnapamerpos 8 LDA
BaiiecoBcknii BbIBOA B TEMaTUH€CKOM MOAENVNpPOBaHAMN S13bIKM onMcaHns BEPOSITHOCTHBLIX Mopesei
3amedaHus o baiiecoBckom nogxoge CpasHeHue baiiecosckoro nogxoaa n ARTM

Ontumunsayns runepnapamerpa o

ObocHosaHHOCTL (evidence) Mmogenn Ha konnekuum D:

ao) r(ntd +O[t)
P(D|o — max
(Dle) dl;{) M(ng + o) l_IT

Metog HenoasmxHoii Touku [Minka, 2003] — nTepayunoHHbiii
npoLecc, BCTpaneBaeMblli MEXy NpoxofaMu No BCeli KONNeKLun:

2 og V(g + ar) — P(ar)
> g ¥(nd + ao) —(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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J Aupnxne Ontumusaymsa runepnapamerpos 8 LDA
SCKUA BbIBOA B T vi vpoBaHuM Slsbikn onucaHMs BEPOSATHOCTHLIX Mogeneii
3amedaHus o baiiecoBckom nogxoge CpasHeHue baiiecosckoro nogxoaa n ARTM

MpenmylLiecTBo oNnTMMU3auuu runepnapamMeTpa o

@ [lpaBnonopobue CyLeCTBEHHO BbilLE.
@ CxoanmocTb bbicTpee.
@ MeHbluas 4yBCTBUTENBHOCTL K U3bbITOMHOMY | T .

o EOnee €CTeCTBEHHAasA HEC6aJ'IaHCVIpOBaHHOCTb TEM.
AS prior SS prior

e - e -

© % % % © %
o 7 o 7

© | © _|

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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J e Oupn Ontumunsauymsa runepnapamerpos 8 LDA
cKUii BbiBOA B E ofenunposa $13bik1 ONMCaHNA BEPOSITHOCTHBLIX MoAenei
3amedaHus o baiiecoBckom nogxoge CpasHeHue baiiecosckoro nogxoaa n ARTM

SA3bik rpadnyeckux Hotauuii «plate notation»

INpacbuueckoe npeacTaBneHne YCNOBHBIX 3aBUCUMOCTE

® 0 @9e Yo

p(x) p(x|y) p(xi, x|y) p(x|y1, y2)

I'pacbuueckoe npeacrasneHmne BuIOOPKU Wy, . . ., W,

nopoxaaemoii pacnpeaenernem 3, = p(w)
i i
w

k

wp w2 w3 Wi
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e Ontumunsauymsa runepnapamerpos 8 LDA
CKUIi BbIBO o $13bik1 ONMCaHNA BEPOSITHOCTHBLIX MoAenei
CpasHeHue baiiecosckoro nogxoaa n ARTM

pacdhnyueckas HoTtauusa ana mogenen PLSA n LDA

Mogens PLSA:

Kaxgblli d € D nopoxxaeT CKpbITble TEMbI:

t~p(tld), i=1,...,0q; @—(_—@

d t w o,
Ka)kgas TeMa t; NOpPOXKOAeT CAOBO: dIDI
W ~ p(W|t,'), i=1,...,nq.
Mogens LDA:
Q TOPOXKAAET BEKTOPbI JOKYMEHTOB:
. )

04 ~ Dir(0|a), d € D; O N

« 7] t w
3 NOpOXAaeT BEKTOPbl TEM: nTDI
¢ ~ Dir(¢|B), te T,
ganee kak B PLSA. G

B ¢ IT|
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J e Ontumunsauymsa runepnapamerpos 8 LDA
CKMii BbIBOA B ATV M Mc o $13bik1 ONMCaHNA BEPOSITHOCTHBLIX MoAenei
3amedaHus o baiiecoBckom nogxoge CpasHeHue baiiecosckoro nogxoaa n ARTM

padhnyeckue HoTauuyM TeMaTUYECKUX Mogesen

Bonbwoe cTpykTypHoe pa3zHoobpasue TeMaTu4eCKux Mogenei:

=
oF )
% A
- u
o8
OO 1@
N
D
o o o
0 ho ho
Parse trees N Ne Nl | e N
grouped into M
documents ow Hw A
' '
O'Q‘ ( 2K
M B B T e
B o, &)
-1 St St+1

[ns oTobpaxeHus cneumpnyeckux 0CobeHHOCTER HEKOTOPBIX
Mogeneid npuxoguTcst n3obpetaTb HOBblE YCI0BHbIE 0603HAYEHUS

David Blei. Probabilistic topic models // Communications of the ACM, 2012.
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JlatenTHoe pasmewenne dupuxne Ontumunsauymsa runepnapamerpos 8 LDA
BaiiecoBcknii BbIBOA B TEMaTUH€CKOM MOAENVNpPOBaHAMN $13bik1 ONMCaHNA BEPOSITHOCTHBLIX MoAenei
3amedaHus o baiiecoBckom nogxoge CpasHeHue baiiecosckoro nogxoaa n ARTM

Ob6cyxpenne «Stop using Plate Notation»

EouHcTBEHHOE LOCTOMHCTBO UM Ky4a HELOCTAaTKOB!
@ + XOpoLWo 3anoMuHatoWuiicss HarnaaHblii obpas mogenu
@ — MHOXECTBEHHOCTb BapuaHTOB OTOBpaXkeHus ogHoli Mogenn

— HENOJIHOTAa N HEOAHO3HAYHOCTb UHTEPNpPETaLnn

(*]
o HE O4YEBUAEH NEepeXon OT KAPTUHKW K MOAENN N aATOPUTMY
(*]

— BO MHOIuMX CTaTbAX 3TOT Nepexod CKpPbIT Nan CKOMKaH

O,El.VIH N3 SMOUMNOHANbHbBIX KOMMEHTAapPUNEB:

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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JlatenTHoe pasmewenne dupuxne Ontumusaymsa runepnapamerpos 8 LDA
BaiiecoBcknii BbIBOA B TEMaTUH€CKOM MOAENVNpPOBaHAMN S13bIkM onMcaHWs BEpPOSITHOCTHLIX Mopeneii
3amedaHus o baiiecoBckom nogxoge CpasHeHue baiiecosckoro nogxoaa n ARTM

f3bIk NceBgoKoga nopoxaatowiero npouecca (generative story)

Mpumep: BeposiTHOCTHas nopoxgatowas mogens LDA

Bxog: rnnepnapametpsl «, 3;

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

04 ~ Dir(0]cr) — nopoxpaerne sextopos gokymentos d € D;

¢t ~ Dir(¢|B) — nopoxpgenue sektopos Tem t € T;

ans Bcex gokymentoB d € D

Ana Bcex nosuuuii cios i = 1,...,ny B nokymente d

BbibpaTh Temy t; u3 p(t|d) = 04;
Bbibpath cnoso w; us p(w(t;) = ¢y;

@ |+ Nerko noHMMaTb mMoAesb, onncaHue HEABYCMbICNEHHO
@ — HE O4YEBNAEH nNepexon OT MO4EeNN K airopntmy

@ — BO MHOIMX CTAaTbsAX 3TOT NEPEXOA CKPbLIT UN CKOMKaH
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Ontumunsauymsa runepnapamerpos 8 LDA
envposa $13bik1 ONMCaHNA BEPOSITHOCTHBLIX MoAenei
CpasHeHue baiiecosckoro nogxoaa n ARTM

CKMI BblBOA B E

3ameqaHus o COBCKOM Mnoaxopae

SA3bik apAnTUBHON perynsipusauyun (NOYTKU LWYTKA)

Mewok perynsapn3aTtopoB noj, KaXKAyr NpuKAagHylo 3agady

BuisieneHus 3THOPENEBAHTHOIO AMNCKYpCa B COLMAJNIbHBIX CETAX!

PLSA interpretable n-gram seed words
#(lm) -~ () e ~(8z2) +~([{0) -

TemaTu4ecknii NONCK HayYHbIX U HAYHHO-MOMY/SIPHbLIX CTATENA:

z(ED) +R() +R<j'_;$£> +R<m> — max

Buisienenne u npocnexxmeaHmne cobbITUI B HOBOCTHOM MOTOKE:

multimodal interpretable temporal sentiment
=
A ]+ R +R /% +R( = — max
= ——an
LS
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JlaTteHTHoe reweHne dupuxne Ontumunsauymsa runepnapamerpos 8 LDA
BaiiecoBcknii BoiBOA B TemaTu4e I MogenupoBsaHn $13bik1 ONMCaHNA BEPOSITHOCTHBLIX MoAenei
3amedaHus o baiiecoBckom nogxoge CpasHeHue baiiecosckoro nogxoaa n ARTM

A3blk aaAUTUBHOW perynspusauuu: naanuTpa peryaspu3aTtopoB

CprKTypr MaTpPUYHbIX pa3no>KeHv|‘|/|’ B BEPOATHOCTHbLIX MOAENAX:
PLSA

L+ 0o Oeo 8o PBo of 3

PeryﬂﬂleBaTOpbl — AONOAHUTEJNIbHbIE KPUTEPUN N OTPAaHNYEHNA!

sparse background decorrelated interpretable multimodal multilanguage  pseudo docs seed words

sentence biterm sennment dialog n-gram syntax

= = :61 mooo

=" f— oOoom

——m

= = = ooom

hierarchy hierarchy hierarchy graph hypergraph word network relational

dynamic temporal segmentation n of topics regression supervised geospatial

e
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Na wenne dupuxne Ontumunsauymsa runepnapamerpos 8 LDA
COBCKM1 BbIBOA B TeMa I MoJenMpoBaHnumn Slsbikn onucaHMs BEPOSATHOCTHLIX Mogeneii
3amedaHus o baiiecoBckom nogxoge CpasHeHue baiiecoBckoro nogxoga n ARTM

O6wwmii B3rnag Ha baiiecoBckoe oby4veHune, MAP n ARTM

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

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

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

Q :=arg méax(ln p(X|Q2) + In Prior(Q]7))

MHorokputepuansHas aganTusHasa perynspusauus (ARTM)
obobuaetr MAP Ha niobbie perynspusatopbl 1 Ux KOMbUHaLuw:

Q:=arg méx(ln p(X|Q) + ; TiRi(2))
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J Oupn Ontumunsauymsa runepnapamerpos 8 LDA
CKUii BbIBOA B VY vpoBaHuM Slsbikn onucaHMs BEPOSATHOCTHLIX Mogeneii
3amedaHus o baiiecoBckom nogxoge CpasHeHue baiiecoBckoro nogxoga n ARTM

Anxnmusa GaiiecoBCKOro BbiBOga B TEMAaTUYECKOM MOAENUPOBaHUM

BeposTHOCTHAas MOZens MopoXAeHNs AaHHbIX 0bbenuHseT
B €4VMHOM OMWCAHWUN CTPYKTYpY NPOCTPAHCTBa NapamMeTpoB,
anpuopHble pacnpeaeseHns, AONOJHUTENbHbIE 3HAHUSA O 3ajade.

anpuopHble
CTPYKTYpa HeBepOATHOCTHbIE
PYKTYP pacnpegenexus P
npocTpaHcTea npeanonoKeHns
napameTpos M orpaHnyeHus

Hidden
Space
+

Regularizers

a8onsh

Bayesian inference
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Ontumunsauymsa runepnapamerpos 8 LDA
Viof e poBa Slsbikn onucaHMs BEPOSATHOCTHLIX Mogeneii
3amedaHus o COBCKOM nogxoge CpasHeHue baiiecoBckoro nogxoga n ARTM

CKMI BblBOA B E

ARTM — anxumunsa Ha OCHOBe K1AaCCUYECKONW perynsipusauuu

CTpyKTypa NpoCTpaHCTBa — Habop €4UHUYHBIX CUMIIEKCOB.
Perynsipusatopbl cymmunpytotes ¢ Becamu, B Nt0bbIx coveTaHmsx,
N KaXkAblli ONUCHIBAET TOJILKO O4HO LOMOJHUTENLHOE TpebosaHue.

Jexkomno3zuyua — knaccuyecknii cnocob ynpouieHus 3apa4v |

Hidden
/ Space

Regularizers

B

i
b
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JlatenTHoe pasmewenne Oupuxne
BaiiecoBckmnii BbIBO B TEMaTU4eCKOM MOAENMPOBaHMNN

3amedaHus o baiiecoBckom nogxoge

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

ARTM: moaynbHbIi NOAX0H K CUHTE3y Tpebyembix mMogenei

Ans noctpoerusi komnosnTHeix moaeneii 8 BigARTM He Hy>xHbI
HU MaTeMaTM4eCKne BbIKNAAKU, HW NMPOrpaMMUPOBAHME KC HYNS».

dTanbl moAenupoBaHUa

dopmanuzayus:

Anezopummusayus:

Peanuzayusa:

OueHusaHue:

Bayesian TM

ARTM

AHanus TpebosaHui

AHanus TpeboBaHui

BepoATHOCTHas mogenb
NOPOXKAEHNA AAHHbIX

CraHgapTHble Csou

KpuTepum KpUtepum

BaliecoBckui BbIBOA ANA
AaHHOW NopoXaatoLLe mogenm
(VI, GS, EP)

EAVHBIN perynapusoBaHHbIN
EM-anroputm ans ntobbix
mopaenen n Ux KoMnosnuuin

MccnepoBaTtenbckuid Kog,
(Matlab, Python, R)

MpombilwneHHbIM Kog BigARTM
(C++, Python API)

MCCI‘Ie,ELOBaTeﬂbCKVIe METPUKMU,
Mccnep,osa'renbcmﬁ Ko

CraHpapTHble

CBOU METPUKMK
METPUKHU

BHegpeHune

BHepgpeHune

-- HecmaHOapmu3yemble 3Marbl, YHUKAAbHAA paspabomka 0414 Kaxcdol 3a0a4u

- cmaHdapmu;yeMble amarnsl
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Pesome

Makcumunsayms anoctepuopHoii sepositHoctu (MAP) paér
ToueuHble ouerkn (P, ©) n nonHocTbo coBmecTuma ¢ ARTM

Baiiecosckuii Bbisog ouexnsaer p(P, ©|X) smecto (P, O)

ITepaunonHsiii npouecc B baliecoeckux metogax VB u GS
ana LDA He cunbHo oTnnyaetcs ot EM-anroputma 8 MAP

[Mapagokc TeMaTu4eckoro MOAEnNpPOBaHUs:
baiiecoBCKMii BbIBOA 1 rpacpnyecKkne MOLEIN — 3TO JINLLHEE
YCNOXHeHUe, HO coobuyecTBo 20 feT 3TOro He 3aMeyvaeT

MpobGnembl baliecoBckoro obydeHns TeMaTUYECKUX MOLENENi:

Ham HyxHbI nwb 3HaveHns P, O, a He ux pacnpepeneHus
Prior dupuxne numeer cnabble nuHrencrtnyeckne obocHoBaHms
3ajaya CUSIbHO YCIIOXKHSIETCS A5t HECOMPsKEHHbIX Prior
BaliecoBckuii BbIBOA YHUKANEH ANA KaXK[oW Mogenu

HeT Hn obuiero anroputma, HU MOZYILHOI peanusauuu

TexHuyeckn TpygHo 0606wWwaTh 1 KOMBUHMPOBaATL MOLENN
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