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Íàïîìèíàíèå. Ìóëüòèìîäàëüíàÿ ARTM: ïîñòàíîâêà çàäà÷è

Äàíî: Wm
� ñëîâàðü òîêåíîâ m-é ìîäàëüíîñòè, m ∈ M,

D � êîëëåêöèÿ òåêñòîâûõ äîêóìåíòîâ d ⊂ W =
⊔

m Wm
,

ndw � ñêîëüêî ðàç òîêåí w âñòðåòèëñÿ â äîêóìåíòå d .

Íàéòè: ìîäåëü p(w |d) =
∑

t∈T

φwtθtd ñ ïàðàìåòðàìè Φm

Wm
×T

è Θ
T×D

:

φwt=p(w |t) � âåðîÿòíîñòè òîêåíà w â êàæäîé òåìå t,

θtd =p(t|d) � âåðîÿòíîñòè òåì t â êàæäîì äîêóìåíòå d .

Êðèòåðèé ìàêñèìóìà ðåãóëÿðèçîâàííîãî ïðàâäîïîäîáèÿ:

∑

m∈M

τm
∑

d∈D

∑

w∈Wm

ndw ln
∑

t∈T

φwtθtd + R(Φ,Θ) → max
φ,θ

;

φwt > 0;
∑

w∈Wm

φwt = 1; θtd > 0;
∑

t∈T

θtd = 1.

Vorontsov K.V., FreiO.I., ApishevM.A., RomovP.A., SuvorovaM.A., YaninaA.O.

Non-Bayesian Additive Regularization for Multimodal Topi Modeling of Large

Colletions // CIKM. Workshop on Topi Models, 2015.

Âîðîíöîâ Ê.Â. Âåðîÿòíîñòíîå òåìàòè÷åñêîå ìîäåëèðîâàíèå: îáçîð ìîäåëåé.

2017. http://www.MahineLearning.ru/wiki/images/d/d5/Voron17survey-artm.pdf



Íàïîìèíàíèå. Ìóëüòèìîäàëüíàÿ ARTM: ÅÌ-àëãîðèòì

Ìàêñèìèçàöèÿ log ïðàâäîïîäîáèÿ ñ ðåãóëÿðèçàòîðîì R :

∑

d∈D

∑

w∈d

ñdw ln
∑

t∈T

φwtθtd + R(Φ,Θ) → max
φ,θ

;

ãäå ñdw = τm(w)ndw , m(w) � ìîäàëüíîñòü òîêåíà w .

EM-àëãîðèòì: ìåòîä ïðîñòîé èòåðàöèè äëÿ ñèñòåìû óðàâíåíèé

E-øàã:

M-øàã:



























ptdw ≡ p(t|d ,w) = norm
t∈T

(

φwtθtd
)

;

φwt = norm
w∈Wm

(

nwt + φwt
∂R
∂φwt

)

, nwt =
∑

d∈D

ñdwptdw ;

θtd = norm
t∈T

(

ntd + θtd
∂R
∂θtd

)

, ntd =
∑

w∈d

ñdwptdw ;

ãäå norm
t∈T

(xt) =
max{xt ,0}∑

s∈T

max{xs ,0}
� îïåðàöèÿ íîðìèðîâêè âåêòîðà.



Íàïîìèíàíèå. Îíëàéíîâûé ÅÌ-àëãîðèòì äëÿ ARTM

Êîëëåêöèÿ D ðàçáèâàåòñÿ íà ïàêåòû Db, b = 1, . . . ,B , êîòîðûå
ìîãóò îáðàáàòûâàòüñÿ ïàðàëëåëüíî è/èëè ðàñïðåäåë¼ííî.

Âõîä: êîëëåêöèÿ äîêóìåíòîâ D,

ïàðàìåòðû δ ≡ deay_weight, α ≡ apply_weight;

Âûõîä: ìàòðèöà Φ;

èíèöèàëèçèðîâàòü φwt äëÿ âñåõ w ∈W , t∈T ;

nwt := 0, ñwt := 0 äëÿ âñåõ w ∈W , t∈T ;

äëÿ âñåõ ïàêåòîâ Db, b = 1, . . . ,B
(ñwt) := (ñwt) + ProcessBatch(Db,Φ);
åñëè ïîðà îáíîâèòü ìàòðèöó Φ òî

nwt := δnwt + αñwt äëÿ âñåõ w ∈W , t∈T ;

φwt := norm
w∈Wm

(

nwt + φwt
∂R
∂φwt

)

äëÿ âñåõ m∈M, w ∈Wm
, t∈T ;

ñwt := 0 äëÿ âñåõ w ∈W , t∈T ;



Íàïîìèíàíèå. Îíëàéíîâûé ÅÌ-àëãîðèòì äëÿ ARTM

Ôóíêöèÿ ProessBath îáðàáàòûâàåò ïàêåò äîêóìåíòîâ Db,

íå ìåíÿÿ ìàòðèöó Φ, è âûäà¼ò ñ÷¼ò÷èêè òîêåíîâ â òåìàõ ñwt .

Âõîä: ïàêåò äîêóìåíòîâ Db, ìàòðèöà Φ = (φwt);
Âûõîä: ìàòðèöà ñ÷¼ò÷èêîâ (ñwt)W×T ;

ñwt := 0 äëÿ âñåõ w ∈W , t∈T ;

äëÿ âñåõ d ∈ Db

èíèöèàëèçèðîâàòü θtd := 1
|T | äëÿ âñåõ t∈T ;

ïîâòîðÿòü

ptdw := norm
t∈T

(

φwtθtd
)

äëÿ âñåõ w ∈d , t∈T ;

ïîñò-îáðàáîòêà ìàòðèöû (ptdw )T×nd ïðè íåîáõîäèìîñòè;

θtd := norm
t∈T

(

∑

w∈d

τm(w)ndwptdw + θtd
∂R
∂θtd

)

äëÿ âñåõ t∈T ;

ïîêà θd íå ñîéä¼òñÿ;

ñwt := ñwt + τm(w)ndwptdw äëÿ âñåõ w ∈W , t∈T ;
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Ïàðàëëåëüíûå è ñðàâíèìûå êîðïóñà òåêñòîâ

Parallel � òî÷íûé ïåðåâîä (ñ âûðàâíèâàíèåì ïðåäëîæåíèé),

ïðèìåð: EuroParl, ïðîòîêîëû åâðîïàðëàìåíòà, 21 ÿçûê.

Comparable � íå ïåðåâîä, à ïåðåñêàç íà äðóãîì ÿçûêå,

ïðèìåð: Âèêèïåäèÿ.

W ℓ
� ñëîâàðü ÿçûêà ℓ èç ìíîæåñòâà ÿçûêîâ L.

Ìîäåëü ML-P (MultiLingual Parallel)

êàæäûé ÿçûê � îòäåëüíàÿ ìîäàëüíîñòü

θtd = p(t|d) îáùåå äëÿ âñåõ ñâÿçíûõ äîêóìåíòîâ d =
⊔

ℓ∈L

d ℓ

Äîïîëíèòåëüíûå äàííûå � äâóÿçû÷íûå ñëîâàðè:

Πk(w) ⊂ W k
� âñå ïåðåâîäû ñëîâà w ∈ W ℓ

â ÿçûêå k

I. Vuli�, W.De Smet, J. Tang, M.-F.Moens. Probabilisti topi modeling in

multilingual settings: an overview of its methodology and appliations. 2015
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Ïðèìåð òåì. Ìóëüòèÿçû÷íàÿ ìîäåëü Âèêèïåäèè

216 175 ðóññêî-àíãëèéñêèõ ïàð ñòàòåé. ßçûêè � ìîäàëüíîñòè.

Ïåðâûå 10 ñëîâ è èõ âåðîÿòíîñòè p(w |t) â %:

Òåìà �68 Òåìà �79

researh 4.56 èíñòèòóò 6.03 goals 4.48 ìàò÷ 6.02

tehnology 3.14 óíèâåðñèòåò 3.35 league 3.99 èãðîê 5.56

engineering 2.63 ïðîãðàììà 3.17 lub 3.76 ñáîðíàÿ 4.51

institute 2.37 ó÷åáíûé 2.75 season 3.49 �ê 3.25

siene 1.97 òåõíè÷åñêèé 2.70 sored 2.72 ïðîòèâ 3.20

program 1.60 òåõíîëîãèÿ 2.30 up 2.57 êëóá 3.14

eduation 1.44 íàó÷íûé 1.76 goal 2.48 �óòáîëèñò 2.67

ampus 1.43 èññëåäîâàíèå 1.67 apps 1.74 ãîë 2.65

management 1.38 íàóêà 1.64 debut 1.69 çàáèâàòü 2.53

programs 1.36 îáðàçîâàíèå 1.47 math 1.67 êîìàíäà 2.14

Àñåññîð îöåíèë 396 òåì èç 400 êàê õîðîøî èíòåðïðåòèðóåìûå.

Vorontsov, Frei, Apishev, Romov, Suvorova. BigARTM: Open Soure Library

for Regularized Multimodal Topi Modeling of Large Colletions. AIST-2015.
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Ïðèìåð òåì. Ìóëüòèÿçû÷íàÿ ìîäåëü Âèêèïåäèè

216 175 ðóññêî-àíãëèéñêèõ ïàð ñòàòåé. ßçûêè � ìîäàëüíîñòè.

Ïåðâûå 10 ñëîâ è èõ âåðîÿòíîñòè p(w |t) â %:

Òåìà �88 Òåìà �251

opera 7.36 îïåðà 7.82 windows 8.00 windows 6.05

ondutor 1.69 îïåðíûé 3.13 mirosoft 4.03 mirosoft 3.76

orhestra 1.14 äèðèæåð 2.82 server 2.93 âåðñèÿ 1.86

wagner 0.97 ïåâåö 1.65 software 1.38 ïðèëîæåíèå 1.86

soprano 0.78 ïåâèöà 1.51 user 1.03 ñåðâåð 1.63

performane 0.78 òåàòð 1.14 seurity 0.92 server 1.54

mozart 0.74 ïàðòèÿ 1.05 mithell 0.82 ïðîãðàììíûé 1.08

sang 0.70 ñîïðàíî 0.97 orale 0.82 ïîëüçîâàòåëü 1.04

singing 0.69 âàãíåð 0.90 enterprise 0.78 îáåñïå÷åíèå 1.02

operas 0.68 îðêåñòð 0.82 users 0.78 ñèñòåìà 0.96

Àñåññîð îöåíèë 396 òåì èç 400 êàê õîðîøî èíòåðïðåòèðóåìûå.

Vorontsov, Frei, Apishev, Romov, Suvorova. BigARTM: Open Soure Library

for Regularized Multimodal Topi Modeling of Large Colletions. AIST-2015.
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�åãóëÿðèçàöèÿ ïî äâóÿçû÷íûì ñëîâàðÿì. Ìîäåëü ML-TD

�èïîòåçà. Åñëè u ∈ Πk(w), òî òåìàòèêà ñëîâ w è u áëèçêà:

KL
(

p̂(t|u)
∥

∥ p(t|w)
)

→ min,

ãäå p̂(t|u) = nut
nu
, p(t|w) = p(w |t) p(t)

p(w) = φwt
nt
nw
.

Ìîäåëü ML-TD (MultiLingual Translation Ditionary)

R(Φ) = τ
∑

ℓ,k∈L

∑

w∈W ℓ

∑

u∈Πk(w)

∑

t∈T

nut lnφwt → max
Φ

.

Íåäîñòàòêè. Ìîäåëü ML-TD íå ó÷èòûâàåò äâà îáñòîÿòåëüñòâà:

òåìàòèêó îìîíèìîâ ñáëèæàòü íå íóæíî,

ñëîâî ìîæåò èìåòü ðàçíûå ïåðåâîäû â ðàçíûõ òåìàõ.

Äóäàðåíêî Ì. À. �åãóëÿðèçàöèÿ ìíîãîÿçû÷íûõ òåìàòè÷åñêèõ ìîäåëåé //

Âû÷èñëèòåëüíûå ìåòîäû è ïðîãðàììèðîâàíèå. 2015. Ò. 16. Ñ. 26�36.
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Ìàòðèöà âåðîÿòíîñòåé ïåðåâîäîâ. Ìîäåëü ML-TDP

�èïîòåçà. Ïåðåâîäû ñëîâ çàâèñÿò îò òåì: πkℓ
uwt = p(u|w , t),

òåìû ñîãëàñóþòñÿ â ðàçíûõ ÿçûêàõ ÷åðåç ïåðåâîäû ñëîâ:

KL
(

p̂(u|t)
∥

∥ p(u|t)
)

→ min;

p̂(u|t) = nut
nt

� ÷àñòîòíàÿ îöåíêà ïî ìîäàëüíîñòè (ÿçûêó) k ,

p(u|t) � ìîäåëü òåìû t â ÿçûêå k ïî ÿçûêó ℓ:

p(u|t) =
∑

w∈Πℓ(u)

p(u|w , t)p(w |t) =
∑

w∈Πℓ(u)

πkℓ
uwtφwt .

Ìîäåëü ML-TDP (MultiLingual Translation Ditionary Probability)

R(Φ,Π) = τ
∑

ℓ,k∈L

∑

u∈W k

∑

t∈T

nut ln
∑

w∈Πℓ(u)

πkℓ
uwtφwt → max

Φ,Π
.

Äóäàðåíêî Ì. À. �åãóëÿðèçàöèÿ ìíîãîÿçû÷íûõ òåìàòè÷åñêèõ ìîäåëåé //

Âû÷èñëèòåëüíûå ìåòîäû è ïðîãðàììèðîâàíèå. 2015. Ò. 16. Ñ. 26�36.
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Ôîðìóëû Ì-øàãà äëÿ ìîäåëåé ML-TD è ML-TDP

ML-TD (MultiLingual Translation Ditionary):

φwt = norm
w∈W ℓ

(

nwt + τ
∑

k∈L\ℓ

∑

u∈Πk (w)

nut

)

ML-TDP (MultiLingual Translation Ditionary Probability):

φwt = norm
w∈W ℓ

(

nwt + τ
∑

k∈L\ℓ

∑

u∈Πk(w)

πℓk
wutnut

)

πkℓ
uwt = norm

u∈W k

(

πℓk
wutnut

)

Ñìûñë ðåãóëÿðèçàöèè:

óñëîâíûå âåðîÿòíîñòè φwt = p(w |t) ñîãëàñóþòñÿ
ñ èõ ÷àñòîòíûìè îöåíêàìè ïî ñëîâàì äðóãèõ ÿçûêîâ
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Òåìàòè÷åñêèå ïåðåâîäû ñëîâ πkℓ
uwt = p(u|w , t)

Òåìû, â êîòîðûõ p(¾sum¿|¾ñóììà¿, t) > 0.9
Òåìà �6 Òåìà �12 Òåìà �20

ìíîæåñòâî set ìàòåìàòèêà triangle âåêòîð vetor

ïðîñòðàíñòâî spae òðåóãîëüíèê square êîîðäèíàòà oordinate

ãðóïïà point òåîðåìà number ïðîñòðàíñòâî �eld

òî÷êà left òî÷êà point ïðåîáðàçîâàíèå tensor

ýëåìåíò limit ìàòåìàòè÷åñêèé theorem áàçèñ transform

�óíêöèÿ symmetry óãîë angle òåíçîð basis

ïðåäåë funtion êîîðäèíàòà mathematis ñèëà spae

îòîáðàæåíèå open ýêîíîìèêà real âåêòîðíûé fore

ñèììåòðèÿ property ÷èñëî theory òî÷êà rotation

îòêðûòûé topology êâàäðàò geometry ñèñòåìà thermometer

Òåìû, â êîòîðûõ p(¾total¿|¾ñóììà¿, t) > 0.9
Òåìà �5 Òåìà �19 Òåìà �22

îðáèòà spae ïðîãðàììíûé software èãðà game

àïïàðàò nasum âåðñèÿ version âèäåîñèãíàë harater

êîñìè÷åñêèé orbit ðàáîòà news èãðîê video

çåìëÿ instrument êîìïàíèÿ ompany �èëüì player

ïîâåðõíîñòü earth àíîíèìíûé work ãîëîâîëîìêà series

ñîëíå÷íûé surfae ïðèìå÷àíèå note ñåðèÿ puzzle

ñòàíöèÿ solar òåðìèíàòîð release êà÷åñòâî movie

çàïóñê system æóðíàë support øàõìàòû jason

ñèñòåìà landing ðåé terminator äæåéñîí world

àòìîñ�åðà amera ïåðñîíàæ anonymous áóêâà hess
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Ìóëüòèÿçû÷íûå òåìàòè÷åñêèå ìîäåëè

Çàâèñèìîñòè, êîððåëÿöèè, ñâÿçè

Ñîöèàëüíûå ñåòè

Ïàðàëëåëüíûå è ñðàâíèìûå òåêñòû

Äâóÿçû÷íûå ñëîâàðè

Êðîññ-ÿçû÷íûé ïîèñê

Êðîññ-ÿçû÷íûé ïîèñê: èùåì äîêóìåíò ïî åãî ïåðåâîäó

Wiki: |D| = 586, êàòåãîðèÿ ¾Ìàòåìàòèêà¿, |T | = 100,
|W ðóñ| = 19305, |W eng| = 23413, ïåðåâîäîâ 82 642 ïàð.

Êà÷åñòâî ïîèñêà � ñðåäíÿÿ ïîçèöèÿ ïåðåâîäà â âûäà÷å:

5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90

1,0

1,5

2,0

2,5

3,0

3,5

4,0

4,5

5,0

5,5

6,0

6,5

7,0

7,5

8,0

8,5

Iteration

Average position

ML-P ML-TD ML-TDP ML-TD-P ML-TDP-P
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Ìóëüòèÿçû÷íûå òåìàòè÷åñêèå ìîäåëè

Çàâèñèìîñòè, êîððåëÿöèè, ñâÿçè

Ñîöèàëüíûå ñåòè

Ïàðàëëåëüíûå è ñðàâíèìûå òåêñòû

Äâóÿçû÷íûå ñëîâàðè

Êðîññ-ÿçû÷íûé ïîèñê

Êðîññ-ÿçû÷íûé ïîèñê: èùåì äîêóìåíò ïî åãî ïåðåâîäó

Wiki: |D| = 586, êàòåãîðèÿ ¾Ìàòåìàòèêà¿, |T | = 25, 50, 100,
|W ðóñ| = 19305, |W eng| = 23413, ïåðåâîäîâ 82 642 ïàð.

Çàâèñèìîñòü ñðåäíåé ïîçèöèè ïåðåâîäà â âûäà÷å

îò ÷èñëà òåì |T | è äîëè q ïàðàëëåëüíûõ òåêñòîâ â êîëëåêöèè:

0 10 20 30 40 50 60 70 80 90 100

0

2

4

6

8

10

12

14

q,%

Average position

|T| = 25   |T| = 50   |T| = 100   
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Ìóëüòèÿçû÷íûå òåìàòè÷åñêèå ìîäåëè

Çàâèñèìîñòè, êîððåëÿöèè, ñâÿçè

Ñîöèàëüíûå ñåòè

Ïàðàëëåëüíûå è ñðàâíèìûå òåêñòû

Äâóÿçû÷íûå ñëîâàðè

Êðîññ-ÿçû÷íûé ïîèñê

�åçþìå ïî ìóëüòèÿçû÷íûì ìîäåëÿì

�ëàâíîå ÷óäî: äëÿ ïîñòðîåíèÿ ìóëüòèÿçû÷íûõ òåì

äîñòàòî÷íî èìåòü ñðàâíèìûå êîðïóñà.

Ñðàâíèìàÿ êîëëåêöèÿ ÿâëÿåòñÿ áîëåå ñèëüíûì èñòî÷íèêîì

ìíîãîÿçû÷íîé èí�îðìàöèè, ÷åì ñëîâàðü ïåðåâîäîâ (!)

Ìîäåëü ñ âåðîÿòíîñòÿìè ïåðåâîäîâ � ñàìàÿ ñèëüíàÿ

Íå îáÿçàòåëüíî, ÷òîáû âñå äîêóìåíòû èìåëè ïàðàëëåëüíûå

�ëàâíîå ïðèìåíåíèå � ïî çàïðîñó íà îäíîì ÿçûêå èùåì:

� òåêñòû íà äðóãîì ÿçûêå � êðîññ-ÿçû÷íûé ïîèñê,

� òåêñòû íà âñåõ ÿçûêàõ � ìóëüòè-ÿçû÷íûé ïîèñê.

Ïðèìåíåíèå â ñòàòèñòè÷åñêîì ìàøèííîì ïåðåâîäå:

âûáîð âàðèàíòà ïåðåâîäà ñîãëàñíî òåìàòèêå äîêóìåíòà.
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Ìóëüòèÿçû÷íûå òåìàòè÷åñêèå ìîäåëè

Çàâèñèìîñòè, êîððåëÿöèè, ñâÿçè

Ñîöèàëüíûå ñåòè

Êëàññè�èêàöèÿ è ðåãðåññèÿ

Ìîäåëü CTM (Correlated Topi Model)

�èïåðññûëêè, öèòèðîâàíèå, âëèÿíèå

Òåìàòè÷åñêàÿ ìîäåëü êëàññè�èêàöèè (êàòåãîðèçàöèè)

Îáó÷àþùèå äàííûå: C � ìíîæåñòâî êëàññîâ (êàòåãîðèé);

Cd ⊆ C � êëàññû, ê êîòîðûì d îòíîñèòñÿ;

C ′
d ⊆ C � êëàññû, ê êîòîðûì d íå îòíîñèòñÿ.

p(c |d) =
∑

t∈T

φctθtd � ëèíåéíàÿ ìîäåëü êëàññè�èêàöèè

Ïðàâäîïîäîáèå âåðîÿòíîñòíîé ìîäåëè áèíàðíûõ äàííûõ:

R(Φ,Θ) = τ
∑

d∈D

∑

c∈Cd

ln
∑

t∈T

φctθtd +

+ τ
∑

d∈D

∑

c∈C ′

d

ln
(

1−
∑

t∈T

φctθtd

)

→ max

Ïðè C ′
d = ∅, ndc = [c∈Cd ] ýòî ïðàâäîïîäîáèå ìîäàëüíîñòè C .

Rubin T. N., Chambers A., Smyth P., Steyvers M. Statistial topi models for

multi-label doument lassi�ation // Mahine Learning, 2012, no. 88 (1�2).
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Ìóëüòèÿçû÷íûå òåìàòè÷åñêèå ìîäåëè

Çàâèñèìîñòè, êîððåëÿöèè, ñâÿçè

Ñîöèàëüíûå ñåòè

Êëàññè�èêàöèÿ è ðåãðåññèÿ

Ìîäåëü CTM (Correlated Topi Model)

�èïåðññûëêè, öèòèðîâàíèå, âëèÿíèå

Ýêñïåðèìåíò. Êàòåãîðèçàöèÿ êîëëåêöèè EUR-Lex

EUR-Lex: |D| = 19800 äîêóìåíòîâ � çàêîíû Åâðîñîþçà

Äâå ìîäàëüíîñòè: W 1
ñëîâà (21K), W 2

êàòåãîðèè (3 250)

Êàòåãîðèè íåñáàëàíñèðîâàííûå è ïåðåñåêàþùèåñÿ:

ñëåâà: # êàòåãîðèé ñ çàäàííûì # äîêóìåíòîâ â êàòåãîðèè

ñïðàâà: # äîêóìåíòîâ ñ çàäàííûì # êàòåãîðèé

Rubin T. N., Chambers A., Smyth P., Steyvers M. Statistial topi models for

multi-label doument lassi�ation // Mahine Learning, 2012, no. 88 (1�2).
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Ìóëüòèÿçû÷íûå òåìàòè÷åñêèå ìîäåëè

Çàâèñèìîñòè, êîððåëÿöèè, ñâÿçè

Ñîöèàëüíûå ñåòè

Êëàññè�èêàöèÿ è ðåãðåññèÿ

Ìîäåëü CTM (Correlated Topi Model)

�èïåðññûëêè, öèòèðîâàíèå, âëèÿíèå

Ýêñïåðèìåíò. Êàòåãîðèçàöèÿ êîëëåêöèè EUR-Lex

�åãóëÿðèçàòîðû:

�àâíîìåðíîå ñãëàæèâàíèå Θ

�àâíîìåðíîå ñãëàæèâàíèå ìàòðèöû ñëîâà�òåìû Φ1

Label regularization äëÿ ìàòðèöû êàòåãîðèè�òåìû Φ2
:

R(Φ2) = τ
∑

c∈W 2

p̂c ln p(c) → max,

ãäå p(c) =
∑

t∈T

φctp(t) � ðàñïðåäåëåíèå íà êàòåãîðèÿõ c ,

p(t) = nt
n
� ðàñïðåäåëåíèå íà òåìàõ,

p̂c � äîëÿ äîêóìåíòîâ êàòåãîðèè c â îáó÷àþùåé âûáîðêå.

Mann G. S., MCallum A. Simple, robust, salable semi-supervised learning via

expetation regularization // ICML 2007, Pp. 593�600.
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Ìóëüòèÿçû÷íûå òåìàòè÷åñêèå ìîäåëè

Çàâèñèìîñòè, êîððåëÿöèè, ñâÿçè

Ñîöèàëüíûå ñåòè

Êëàññè�èêàöèÿ è ðåãðåññèÿ

Ìîäåëü CTM (Correlated Topi Model)

�èïåðññûëêè, öèòèðîâàíèå, âëèÿíèå

Ýêñïåðèìåíò. Êàòåãîðèçàöèÿ êîëëåêöèè EUR-Lex

DLDA (Dependeny LDA) [Rubin 2012℄ � ñðåäè áàéåñîâñêèõ

ìîäåëåé áëèæàéøèé àíàëîã ARTM äëÿ êëàññè�èêàöèè

Êðèòåðèè êà÷åñòâà [Rubin 2012℄:

AUC-PR (%, ⇑) � Area under preision-reall urve

AUC (%, ⇑) � Area under ROC urve

OneErr (%, ⇓) � One error (most ranked label is not relevant)

IsErr (%, ⇓) � Is error (no perfet lassi�ation)

�åçóëüòàòû ñðàâíåíèÿ:

AUC-PR⇑ AUC⇑ OneErr⇓ IsErr⇓

BigARTM 52.9 98.0 27.1 94.2

DLDA [Rubin 2012℄ 49.2 98.2 32.0 97.2

SVM 43.5 97.5 31.6 98.1
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Ìóëüòèÿçû÷íûå òåìàòè÷åñêèå ìîäåëè

Çàâèñèìîñòè, êîððåëÿöèè, ñâÿçè

Ñîöèàëüíûå ñåòè

Êëàññè�èêàöèÿ è ðåãðåññèÿ

Ìîäåëü CTM (Correlated Topi Model)

�èïåðññûëêè, öèòèðîâàíèå, âëèÿíèå

Òåìàòè÷åñêàÿ ìîäåëü ðåãðåññèè

Îáó÷àþùèå äàííûå: yd ∈ R äëÿ âñåõ äîêóìåíòîâ d ∈ D.

E (y |d) =
∑

t∈T

vtθtd � ëèíåéíàÿ ìîäåëü ðåãðåññèè, v ∈ R
|T |

.

�åãóëÿðèçàòîð � ñðåäíåêâàäðàòè÷íàÿ îøèáêà (ÌÍÊ):

R(Θ, v) = −τ
∑

d∈D

(

yd −
∑

t∈T

vtθtd

)2
→ max

Ïîäñòàâëÿåì, ïîëó÷àåì �îðìóëû Ì-øàãà:

θtd = norm
t

(

ntd + τvtθtd

(

yd −
∑

s∈T

vsθsd

))

;

v = (ΘΘT )−1Θy .

Sokolov E., Bogolubsky L. Topi Models Regularization and Initialization for

Regression Problems // CIKM-2015 Workshop on Topi Models. ACM, pp. 21�27.

Ê.Â. Âîðîíöîâ (vokov�foresys.ru) Âåðîÿòíîñòíûå òåìàòè÷åñêèå ìîäåëè 21 / 36



Ìóëüòèÿçû÷íûå òåìàòè÷åñêèå ìîäåëè

Çàâèñèìîñòè, êîððåëÿöèè, ñâÿçè

Ñîöèàëüíûå ñåòè

Êëàññè�èêàöèÿ è ðåãðåññèÿ

Ìîäåëü CTM (Correlated Topi Model)

�èïåðññûëêè, öèòèðîâàíèå, âëèÿíèå

Ïðèìåðû çàäà÷ ðåãðåññèè íà òåêñòàõ

MovieReview [Pang, Lee, 2005℄

d � òåêñò îòçûâà íà �èëüì

yd � ðåéòèíã �èëüìà (1..5), ïîñòàâëåííûé àâòîðîì îòçûâà

Salary (kaggle.om: Adzuna Job Salary Predition)

d � îïèñàíèå âàêàíñèè, ïðåäëàãàåìîé ðàáîòîäàòåëåì

yd � ãîäîâàÿ çàðïëàòà

Yelp (kaggle.om: Yelp Reruiting Competition)

d � îòçûâ (íà ðåñòîðàí, îòåëü, ñåðâèñ è ò.ï.)

yd � ÷èñëî ãîëîñîâ ¾useful¿, êîòîðûå ïîëó÷èò îòçûâ

Ïðîãíîçèðîâàíèå ñêà÷êîâ öåí íà �èíàíñîâûõ ðûíêàõ

d � òåêñò íîâîñòè

yd � èçìåíåíèå öåíû â ïîñëåäóþùèå 10�60 ìèíóò

B. Pang, L. Lee. Seeing stars: Exploiting lass relationships for sentiment

ategorization with respet to rating sales // ACL, 2005.
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Ìóëüòèÿçû÷íûå òåìàòè÷åñêèå ìîäåëè

Çàâèñèìîñòè, êîððåëÿöèè, ñâÿçè

Ñîöèàëüíûå ñåòè

Êëàññè�èêàöèÿ è ðåãðåññèÿ

Ìîäåëü CTM (Correlated Topi Model)

�èïåðññûëêè, öèòèðîâàíèå, âëèÿíèå

CTM: ìîäåëü êîððåëèðîâàííûõ òåì

David Blei, John La�erty. A Correlated Topi Model of SCIENCE //

Annals of Applied Statistis, 2007. Vol. 1, Pp. 17-35.
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Ìóëüòèÿçû÷íûå òåìàòè÷åñêèå ìîäåëè

Çàâèñèìîñòè, êîððåëÿöèè, ñâÿçè

Ñîöèàëüíûå ñåòè

Êëàññè�èêàöèÿ è ðåãðåññèÿ

Ìîäåëü CTM (Correlated Topi Model)

�èïåðññûëêè, öèòèðîâàíèå, âëèÿíèå

Ìíîãîìåðíîå ëîã-íîðìàëüíîå ðàñïðåäåëåíèå

Ìîòèâàöèÿ. Òåìû ìîãóò êîððåëèðîâàòü: ¾ñòàòüè ïî àðõåîëîãèè

÷àùå ñâÿçàíû ñ èñòîðèåé è ãåîëîãèåé, ÷åì ñ ãåíåòèêîé¿.

�èïîòåçà. Âåêòîð-ñòîëáöû θd ïîðîæäàþòñÿ |T |-ìåðíûì
ëîã-íîðìàëüíûì ðàñïðåäåëåíèåì ñ êîâàðèàöèîííîé ìàòðèöåé S :

p(ηd |µ,S) =
1

(2π)
n
2 |S |

1
2

exp
(

−1
2(ηd − µ)òS−1(ηd − µ)

)

,

ãäå ηd = (ηtd )t∈T , ηtd = ln θtd + Cd � âåêòîðû äîêóìåíòîâ,

îïðåäåë¼ííûå ñ òî÷íîñòüþ äî êîíñòàíòû Cd , íå çàâèñÿùåé îò t,

µ, S � ïàðàìåòðû ãàóññîâñêîãî ðàñïðåäåëåíèÿ.
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Ìóëüòèÿçû÷íûå òåìàòè÷åñêèå ìîäåëè

Çàâèñèìîñòè, êîððåëÿöèè, ñâÿçè

Ñîöèàëüíûå ñåòè

Êëàññè�èêàöèÿ è ðåãðåññèÿ

Ìîäåëü CTM (Correlated Topi Model)

�èïåðññûëêè, öèòèðîâàíèå, âëèÿíèå

�åãóëÿðèçàòîð ìîäåëè êîððåëèðîâàííûõ òåì CTM

Ìàêñèìèçàöèÿ ïðàâäîïîäîáèÿ âûáîðêè âåêòîðîâ ηd = (ηtd ):
∑

d∈D

ln p(ηd |µ,S) → max .

�åãóëÿðèçàòîð ñ ïàðàìåòðàìè µ, S :

R(Θ) = −
τ

2

∑

d∈D

(ηd − µ)òS−1(ηd − µ) → max .

Ôîðìóëû M-øàãà (S , µ ìîæíî îáíîâëÿòü íàìíîãî ðåæå, ÷åì Θ):

θtd = norm
t∈T

(

ntd − τ
∑

s∈T

S−1
ts

(

ln θsd − µs

)

)

;

µ =
1

|D|

∑

d∈D

ln θd ;

S =
1

|D|

∑

d∈D

(

ln θd − µ)
(

ln θd − µ)ò.
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Ìóëüòèÿçû÷íûå òåìàòè÷åñêèå ìîäåëè

Çàâèñèìîñòè, êîððåëÿöèè, ñâÿçè

Ñîöèàëüíûå ñåòè

Êëàññè�èêàöèÿ è ðåãðåññèÿ

Ìîäåëü CTM (Correlated Topi Model)

�èïåðññûëêè, öèòèðîâàíèå, âëèÿíèå

Ìîäåëè, ó÷èòûâàþùèå öèòèðîâàíèÿ èëè ãèïåðññûëêè

Ó÷¼ò ññûëîê óòî÷íÿåò òåìàòè÷åñêóþ ìîäåëü

Òåìàòè÷åñêàÿ ìîäåëü âûÿâëÿåò âëèÿòåëüíûå ññûëêè

Laura Dietz, Ste�en Bikel, Tobias She�er. Unsupervised predition of itation

in�uenes // ICML-2007, Pp. 233�240.
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Ìóëüòèÿçû÷íûå òåìàòè÷åñêèå ìîäåëè

Çàâèñèìîñòè, êîððåëÿöèè, ñâÿçè

Ñîöèàëüíûå ñåòè

Êëàññè�èêàöèÿ è ðåãðåññèÿ

Ìîäåëü CTM (Correlated Topi Model)

�èïåðññûëêè, öèòèðîâàíèå, âëèÿíèå

�åãóëÿðèçàòîð Θ äëÿ ó÷¼òà ñâÿçåé ìåæäó äîêóìåíòàìè

Öåëü: óëó÷øèòü òåìû, èñïîëüçóÿ ññûëêè èëè öèòèðîâàíèÿ

(åñëè äîêóìåíòû ññûëàþòñÿ äðóã íà äðóãà, òî èõ òåìû áëèçêè):

ndc � ÷èñëî ññûëîê èç d íà c .

Ìàêñèìèçèðóåì êîâàðèàöèè ñâÿçàííûõ äîêóìåíòîâ θd , θc :

R(Θ) = τ
∑

d,c∈D

ndc cov(θd , θc) → max .

Ïîäñòàâëÿåì, ïîëó÷àåì åù¼ îäèí âàðèàíò ñãëàæèâàíèÿ:

θtd = norm
t

(

ntd + τθtd
∑

c∈D

ndcθtc

)

.

Laura Dietz, Ste�en Bikel, Tobias She�er. Unsupervised predition of itation

in�uenes // ICML 2007. � Pp. 233�240.
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Ìóëüòèÿçû÷íûå òåìàòè÷åñêèå ìîäåëè

Çàâèñèìîñòè, êîððåëÿöèè, ñâÿçè

Ñîöèàëüíûå ñåòè

Êëàññè�èêàöèÿ è ðåãðåññèÿ

Ìîäåëü CTM (Correlated Topi Model)

�èïåðññûëêè, öèòèðîâàíèå, âëèÿíèå

Ñâÿçè êàê ìîäàëüíîñòü. �åãóëÿðèçàòîð Φ

Ïðîáëåìà ó÷¼òà ñâÿçåé â îíëàéíîâîì EM-àëãîðèòìå:

ñâÿçàííûå äîêóìåíòû ìîãóò îêàçàòüñÿ â ðàçíûõ ïàêåòàõ.

Äîêóìåíòû ñîäåðæàò ñëîâà w ∈ W 1
è ññûëêè c ∈ W 2 ⊆ D

W 2
� ìîäàëüíîñòü äîêóìåíòîâ, íà êîòîðûå åñòü ññûëêè

�åãóëÿðèçàòîð � log-ïðàâäîïîäîáèå ìîäàëüíîñòè W 2
:

R(Φ2,Θ) = τ
∑

d∈D

∑

c∈W 2

ndc ln
∑

t∈T

φctθtd → max .

Äðóãîé âàðèàíò � ñóììà êîâàðèàöèîííûõ ðåãóëÿðèçàòîðîâ:

R(Φ2,Θ) = τ
∑

d,c

ndc
∑

t∈T

φctθtd → max .
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Ìóëüòèÿçû÷íûå òåìàòè÷åñêèå ìîäåëè

Çàâèñèìîñòè, êîððåëÿöèè, ñâÿçè

Ñîöèàëüíûå ñåòè

Òåìàòè÷åñêèå ñîîáùåñòâà

Íàïðàâëåííûå ñâÿçè

Ñîöèàëüíûå ðîëè ïîëüçîâàòåëåé

Çàäà÷à âûÿâëåíèÿ òåìàòè÷åñêèõ ñîîáùåñòâ

�ðà� 〈V ,E 〉, âåðøèíû v � ïîäìíîæåñòâà Dv ⊂ D, íàïðèìåð:

Dv � îòäåëüíûé äîêóìåíò v ≡ d

Dv � âñå ñòàòüè îäíîãî àâòîðà v

Dv � âñå ïîñòû èç îäíîãî ãåîãðà�è÷åñêîãî ðåãèîíà v

Òåìàòèêà âåðøèíû:

p(t|v) =
∑

d∈Dv

p(t|d)p(d |v) =
1

|Dv |

∑

d∈Dv

θtd

�åãóëÿðèçàòîð NetPLSA, ïðè çàäàííûõ âåñàõ wuv ð¼áåð (u, v):

R(Θ) = −
τ

2

∑

(u,v)∈E

wuv

∑

t∈T

(

p(t|v)− p(t|u)
)2

→ max
Θ

Qiaozhu Mei, Deng Cai, Duo Zhang, ChengXiang Zhai. Topi Modeling with

Network Regularization // WWW-2008, Pp. 101�110.
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Ìóëüòèÿçû÷íûå òåìàòè÷åñêèå ìîäåëè

Çàâèñèìîñòè, êîððåëÿöèè, ñâÿçè

Ñîöèàëüíûå ñåòè

Òåìàòè÷åñêèå ñîîáùåñòâà

Íàïðàâëåííûå ñâÿçè

Ñîöèàëüíûå ðîëè ïîëüçîâàòåëåé

Ïðèìåðû òåìàòè÷åñêèõ ñîîáùåñòâ

Dv � âñå ñòàòüè àâòîðà v íà ÷åòûð¼õ êîí�åðåíöèÿõ:

Dv � âñå ïîñòû ïðî óðàãàí Êàòðèíà èç øòàòà v :
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Ìóëüòèÿçû÷íûå òåìàòè÷åñêèå ìîäåëè

Çàâèñèìîñòè, êîððåëÿöèè, ñâÿçè

Ñîöèàëüíûå ñåòè

Òåìàòè÷åñêèå ñîîáùåñòâà

Íàïðàâëåííûå ñâÿçè

Ñîöèàëüíûå ðîëè ïîëüçîâàòåëåé

Îò NetPLSA ê ìîäàëüíîñòè âåðøèí ãðà�à

Ïðîáëåìà ðåãóëÿðèçàòîðà Θ â îíëàéíîâîì EM-àëãîðèòìå:

ñâÿçàííûå äîêóìåíòû ìîãóò ïîïàñòü â ðàçíûå ïàêåòû.

W 2 = V � ìîäàëüíîñòü âåðøèí ãðà�à 〈V ,E 〉.
Â êàæäûé äîêóìåíò d ∈ Dv äîáàâëÿåòñÿ òîêåí v .

Òåìàòèêà âåðøèíû:

p(t|v) = p(v |t)
p(t)

p(v)
= φvt

nt

nv

�åãóëÿðèçàòîð NetPLSA, ïðè çàäàííûõ âåñàõ wuv ð¼áåð (u, v):

R(Φ2) = −
τ

2

∑

(u,v)∈E

wuv

∑

t∈T

n2t

(φvt

nv
−

φut

nu

)2
→ max

Φ

Âèêòîð Áóëàòîâ. Èñïîëüçîâàíèå ãðà�îâîé ñòðóêòóðû â òåìàòè÷åñêîì

ìîäåëèðîâàíèè // Ìàãèñòåðñêàÿ äèññåðòàöèÿ, ÔÈÂÒ ÌÔÒÈ, 2016.
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Ìóëüòèÿçû÷íûå òåìàòè÷åñêèå ìîäåëè

Çàâèñèìîñòè, êîððåëÿöèè, ñâÿçè

Ñîöèàëüíûå ñåòè

Òåìàòè÷åñêèå ñîîáùåñòâà

Íàïðàâëåííûå ñâÿçè

Ñîöèàëüíûå ðîëè ïîëüçîâàòåëåé

Íàïðàâëåííûå ñâÿçè

Ïðîáëåìà: êâàäðàòè÷íûé ðåãóëÿðèçàòîð NetPLSA èãíîðèðóåò

íàïðàâëåííîñòü ñâÿçåé u → v .

Ïðåäïîëîæåíèå: íàïðàâëåíèå ñâÿçè u → v îçíà÷àåò, ÷òî

ðàñïðåäåëåíèå p(t|v) ¾ïîä÷èíÿåòñÿ¿ ðàñïðåäåëåíèþ p(t|u).

Ìîäåëü iTopiModel. Â îòëè÷èå îò NetPLSA, ìèíèìèçèðóåòñÿ

íå êâàäðàòè÷íûé êðèòåðèé, à äèâåðãåíöèÿ KL
(

p(t|v)
∥

∥ p(t|u)
)

:

R(Θ èëè Φ2) =
τ

2

∑

(u,v)∈E

wuv

∑

t∈T

p(t|v) ln p(t|u) → max,

ïðè÷¼ì p(t|v) ìîæíî âûðàçèòü è ÷åðåç Θ, è ÷åðåç Φ2
.

Yizhou Sun, Jiawei Han, Jing Gao, Yintao Yu. iTopiModel: Information

Network-Integrated Topi Modeling // 2009.

Ê.Â. Âîðîíöîâ (vokov�foresys.ru) Âåðîÿòíîñòíûå òåìàòè÷åñêèå ìîäåëè 32 / 36



Ìóëüòèÿçû÷íûå òåìàòè÷åñêèå ìîäåëè

Çàâèñèìîñòè, êîððåëÿöèè, ñâÿçè

Ñîöèàëüíûå ñåòè

Òåìàòè÷åñêèå ñîîáùåñòâà

Íàïðàâëåííûå ñâÿçè

Ñîöèàëüíûå ðîëè ïîëüçîâàòåëåé

Ñîçäàòåëü èëè ðàñïðîñòðàíèòåëü êîíòåíòà?

Äîêóìåíò a ∈ D � âñå òâèòû, ñîçäàííûå ïîëüçîâàòåëåì a

Äîêóìåíò b ∈ D � âñå ðåòâèòû ïîëüçîâàòåëÿ b

na � ÷èñëî ñîîáùåíèé ïîëüçîâàòåëÿ a

rb � ÷èñëî ðåòâèòîâ ïîëüçîâàòåëÿ b

rab � ñêîëüêî ðàç b ñäåëàë ðåòâèò ñîîáùåíèÿ ïîëüçîâàòåëÿ a

θta = p(t|a) � òåìàòèêà a â ðîëè ñîçäàòåëÿ êîíòåíòà

θ′tb = p′(t|b) � òåìàòèêà b â ðîëè ðàñïðîñòðàíèòåëÿ êîíòåíòà

Ïðåäïîëîæåíèÿ:

åñëè b ðåòâèòèò a, òî òåìàòèêè θta è θ′tb áëèçêè

åñëè c ðåòâèòèò a è b, òî òåìàòèêè θta è θtb áëèçêè

åñëè a è b ðåòâèòÿò c , òî òåìàòèêè θ′ta è θ′tb áëèçêè

Wayne Xin Zhao, Jinpeng Wang, Yulan He, Jian-Yun Nie, Xiaoming Li.

Originator or Propagator? Inorporating Soial Role Theory into Topi Models

for Twitter Content Analysis // CIKM 2013.
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Ìóëüòèÿçû÷íûå òåìàòè÷åñêèå ìîäåëè

Çàâèñèìîñòè, êîððåëÿöèè, ñâÿçè

Ñîöèàëüíûå ñåòè

Òåìàòè÷åñêèå ñîîáùåñòâà

Íàïðàâëåííûå ñâÿçè

Ñîöèàëüíûå ðîëè ïîëüçîâàòåëåé

Ñîçäàòåëü èëè ðàñïðîñòðàíèòåëü êîíòåíòà?

Ìåðû áëèçîñòè ïàð ïîëüçîâàòåëåé a è b:

sim1(a, b) =
rab

na+rb−rab
� êàê íåïîñðåäñòâåííî âçàèìîäåéñòâóþùèõ

sim2(a, b) =
∑

c rac rbc
(∑

c r
2
ac

)

1/2
(∑

c r
2
bc

)

1/2
� êàê ñîçäàòåëåé êîíòåíòà

sim3(a, b) =
∑

c rca rcb
(∑

c r
2
ca

)

1/2
(∑

c r
2
cb

)

1/2
� êàê ðàñïðîñòðàíèòåëåé êîíòåíòà

�åãóëÿðèçàòîðû:

R1(Θ) = τ1
∑

(a,b)

sim1(a, b)
∑

t∈T

(

θta − θ′tb
)2

→ max;

R2(Θ) = τ2
∑

(a,b)

sim2(a, b)
∑

t∈T

(

θta − θtb
)2

→ max;

R3(Θ) = τ3
∑

(a,b)

sim3(a, b)
∑

t∈T

(

θ′ta − θ′tb
)2

→ max;

Wayne Xin Zhao, Jinpeng Wang, Yulan He, Jian-Yun Nie, Xiaoming Li.

Originator or Propagator? Inorporating Soial Role Theory into Topi Models

for Twitter Content Analysis // CIKM 2013.
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Ìóëüòèÿçû÷íûå òåìàòè÷åñêèå ìîäåëè

Çàâèñèìîñòè, êîððåëÿöèè, ñâÿçè

Ñîöèàëüíûå ñåòè

Òåìàòè÷åñêèå ñîîáùåñòâà

Íàïðàâëåííûå ñâÿçè

Ñîöèàëüíûå ðîëè ïîëüçîâàòåëåé

Ïåðåõîä ê ìîäàëüíîñòÿì ñîçäàòåëåé è ðàñïðîñòðàíèòåëåé

Ïðîáëåìà ðåãóëÿðèçàòîðà Θ â îíëàéíîâîì EM-àëãîðèòìå:

ñâÿçàííûå ïîëüçîâàòåëè ìîãóò ïîïàñòü â ðàçíûå ïàêåòû.

Äîêóìåíò d ∈ D � îòäåëüíûé òâèò, ñîäåðæàùèé:

ad ∈ A � îäèí òîêåí ìîäàëüíîñòè ΦA
ñîçäàòåëÿ,

b ∈ Bd ⊂ B � òîêåíû ìîäàëüíîñòè ΦB
ðàñïðîñòðàíèòåëåé,

A ≡ B � ìíîæåñòâî âñåõ ïîëüçîâàòåëåé ñîöèàëüíîé ñåòè.

�åãóëÿðèçàòîðû íàä p(t|a) = φA
at

na
nt

è p(t|b) = φB
bt

nb
nt
:

R1(Φ) = τ1
∑

(a,b)

sim1(a, b)
∑

t∈T

(

φA
at

na
nt

− φB
bt

nb
nt

)2
→ max;

R2(Φ) = τ2
∑

(a,b)

sim2(a, b)
∑

t∈T

(

φA
at

na
nt

− φA
bt

nb
nt

)2
→ max;

R3(Φ) = τ3
∑

(a,b)

sim3(a, b)
∑

t∈T

(

φB
at

na
nt

− φB
bt

nb
nt

)2
→ max;
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�åãóëÿðèçàòîðû ïîçâîëÿþò íàöåëèòü òåìàòè÷åñêóþ ìîäåëü

íà êëàññè�èêàöèþ, ðåãðåññèþ, âûÿâëåíèå ñâÿçåé

�àçíîîáðàçíûå òèïû ñóùíîñòåé, âñòðå÷àþùèåñÿ

â äîêóìåíòàõ, óäîáíî ïðåäñòàâëÿòü ìîäàëüíîñòÿìè

�åãóëÿðèçàòîðû Θ, íå óäîáíûå â îíëàéíîâîì àëãîðèòìå,

ìîæíî ïðåâðàùàòü â ðåãóëÿðèçàòîðû Φ

�àçíîîáðàçíûå òåìàòè÷åñêèå ìîäåëè óäîáíî ñòðîèòü,

êîìáèíèðóÿ ðåãóëÿðèçàòîðû è ìîäàëüíîñòè
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