
Âåðîÿòíîñòíûå òåìàòè÷åñêèå ìîäåëè

Ëåêöèÿ 8. Ìóëüòèìîäàëüíûå ARTM

Ê.Â. Âîðîíöîâ

vokov�fore
sys.ru

Ýòîò êóðñ äîñòóïåí íà ñòðàíèöå âèêè-ðåñóðñà

http://www.Ma
hineLearning.ru/wiki

¾Âåðîÿòíîñòíûå òåìàòè÷åñêèå ìîäåëè (êóðñ ëåêöèé, Ê.Â.Âîðîíöîâ)¿

ÂÌÊ Ì�Ó • âåñíà 2017



Ñîäåðæàíèå

1

Ìóëüòèÿçû÷íûå òåìàòè÷åñêèå ìîäåëè

Ïàðàëëåëüíûå è ñðàâíèìûå òåêñòû

Äâóÿçû÷íûå ñëîâàðè

Êðîññ-ÿçû÷íûé ïîèñê

2

Èåðàðõè÷åñêèå òåìàòè÷åñêèå ìîäåëè

Íèñõîäÿùàÿ ïîñëîéíàÿ ñòðàòåãèÿ

Îöåíèâàíèå êà÷åñòâà òåìàòè÷åñêèõ èåðàðõèé

Âèçóàëèçàöèÿ èåðàðõèè

3

Òð¼õìàòðè÷íûå è ãèïåðãðà�îâûå òåìàòè÷åñêèå ìîäåëè

Òð¼õ-ìàòðè÷íûå ìîäåëè

Òåìàòè÷åñêàÿ ìîäåëü òðàíçàêöèîííûõ äàííûõ

EM-àëãîðèòì äëÿ ãèïåðãðà�îâîé ARTM



Ìóëüòèÿçû÷íûå òåìàòè÷åñêèå ìîäåëè

Èåðàðõè÷åñêèå òåìàòè÷åñêèå ìîäåëè

Òð¼õìàòðè÷íûå è ãèïåðãðà�îâûå òåìàòè÷åñêèå ìîäåëè

Ïàðàëëåëüíûå è ñðàâíèìûå òåêñòû

Äâóÿçû÷íûå ñëîâàðè

Êðîññ-ÿçû÷íûé ïîèñê

Íàïîìèíàíèå. Ìóëüòèìîäàëüíàÿ ARTM

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

W = W 1 ⊔ · · · ⊔WM
� îáúåäèí¼ííûé ñëîâàðü âñåõ ìîäàëüíîñòåé

Ìàêñèìèçàöèÿ ñóììû log ïðàâäîïîäîáèé ñ ðåãóëÿðèçàöèåé:

∑

m∈M

τm
∑

d∈D

∑

w∈Wm

ndw ln
∑

t

φwtθtd + R(Φ,Θ) → max
Φ,Θ

EM-àëãîðèòì: ìåòîä ïðîñòîé èòåðàöèè äëÿ ñèñòåìû óðàâíåíèé
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ptdw = norm
t∈T

(

φwtθtd
)

φwt = norm
w∈Wm

(

∑

d∈D

τm(w)ndwptdw + φwt
∂R
∂φwt

)

θtd = norm
t∈T

(

∑

w∈d

τm(w)ndwptdw + θtd
∂R
∂θtd

)
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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 appli
ations. 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

resear
h 4.56 èíñòèòóò 6.03 goals 4.48 ìàò÷ 6.02

te
hnology 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

s
ien
e 1.97 òåõíè÷åñêèé 2.70 s
ored 2.72 ïðîòèâ 3.20

program 1.60 òåõíîëîãèÿ 2.30 
up 2.57 êëóá 3.14

edu
ation 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 mat
h 1.67 êîìàíäà 2.14

Àñåññîð îöåíèë 396 òåì èç 400 êàê õîðîøî èíòåðïðåòèðóåìûå.

Vorontsov, Frei, Apishev, Romov, Suvorova. BigARTM: Open Sour
e Library

for Regularized Multimodal Topi
 Modeling of Large Colle
tions. 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


ondu
tor 1.69 îïåðíûé 3.13 mi
rosoft 4.03 mi
rosoft 3.76

or
hestra 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

performan
e 0.78 òåàòð 1.14 se
urity 0.92 server 1.54

mozart 0.74 ïàðòèÿ 1.05 mit
hell 0.82 ïðîãðàììíûé 1.08

sang 0.70 ñîïðàíî 0.97 ora
le 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 Sour
e Library

for Regularized Multimodal Topi
 Modeling of Large Colle
tions. 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 Di
tionary)

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.

Ê.Â. Âîðîíöîâ (vokov�fore
sys.ru) Âåðîÿòíîñòíûå òåìàòè÷åñêèå ìîäåëè 7 / 35



Ìóëüòèÿçû÷íûå òåìàòè÷åñêèå ìîäåëè

Èåðàðõè÷åñêèå òåìàòè÷åñêèå ìîäåëè

Òð¼õìàòðè÷íûå è ãèïåðãðà�îâûå òåìàòè÷åñêèå ìîäåëè

Ïàðàëëåëüíûå è ñðàâíèìûå òåêñòû

Äâóÿçû÷íûå ñëîâàðè

Êðîññ-ÿçû÷íûé ïîèñê

Ìàòðèöà âåðîÿòíîñòåé ïåðåâîäîâ. Ìîäåëü ML-TDP

�èïîòåçà. Ïåðåâîäû ñëîâ çàâèñÿò îò òåì: πkℓuwt = 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)

πkℓuwtφwt .

Ìîäåëü ML-TDP (MultiLingual Translation Di
tionary Probability)

R(Φ,Π) = τ
∑

ℓ,k∈L

∑

u∈W k

∑

t∈T

nut ln
∑

w∈Πℓ(u)

πkℓuwtφwt → 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 Di
tionary):

φwt = norm
w∈W ℓ

(

nwt + τ
∑

k∈L\ℓ

∑

u∈Πk (w)

nut

)

ML-TDP (MultiLingual Translation Di
tionary Probability):

φwt = norm
w∈W ℓ

(

nwt + τ
∑

k∈L\ℓ

∑

u∈Πk(w)

πℓkwutnut

)

πkℓuwt = norm
u∈W k

(

πℓkwutnut
)

Ñìûñë ðåãóëÿðèçàöèè:

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

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

ìíîæåñòâî set ìàòåìàòèêà triangle âåêòîð ve
tor

ïðîñòðàíñòâî spa
e 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 fun
tion êîîðäèíàòà mathemati
s ñèëà spa
e

îòîáðàæåíèå open ýêîíîìèêà real âåêòîðíûé for
e

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 spa
e ïðîãðàììíûé software èãðà game

àïïàðàò nasum âåðñèÿ version âèäåîñèãíàë 
hara
ter

êîñìè÷åñêèé orbit ðàáîòà news èãðîê video

çåìëÿ instrument êîìïàíèÿ 
ompany �èëüì player

ïîâåðõíîñòü earth àíîíèìíûé work ãîëîâîëîìêà series

ñîëíå÷íûé surfa
e 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

Ê. Â. Âîðîíöîâ (vokov�fore
sys.ru) Âåðîÿòíîñòíûå òåìàòè÷åñêèå ìîäåëè 10 / 35



Ìóëüòèÿçû÷íûå òåìàòè÷åñêèå ìîäåëè

Èåðàðõè÷åñêèå òåìàòè÷åñêèå ìîäåëè

Òð¼õìàòðè÷íûå è ãèïåðãðà�îâûå òåìàòè÷åñêèå ìîäåëè

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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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
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14

q,%

Average position

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

Èåðàðõè÷åñêèå òåìàòè÷åñêèå ìîäåëè

Òð¼õìàòðè÷íûå è ãèïåðãðà�îâûå òåìàòè÷åñêèå ìîäåëè

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

Èåðàðõè÷åñêèå òåìàòè÷åñêèå ìîäåëè

Òð¼õìàòðè÷íûå è ãèïåðãðà�îâûå òåìàòè÷åñêèå ìîäåëè

Íèñõîäÿùàÿ ïîñëîéíàÿ ñòðàòåãèÿ

Îöåíèâàíèå êà÷åñòâà òåìàòè÷åñêèõ èåðàðõèé

Âèçóàëèçàöèÿ èåðàðõèè

Ïðèìåð òåìàòè÷åñêîé èåðàðõèè

Georgeta Bordea. Domain adaptive extra
tion of topi
al hierar
hies for

Expertise Mining. 2013.
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Èåðàðõè÷åñêèå òåìàòè÷åñêèå ìîäåëè

Òð¼õìàòðè÷íûå è ãèïåðãðà�îâûå òåìàòè÷åñêèå ìîäåëè

Íèñõîäÿùàÿ ïîñëîéíàÿ ñòðàòåãèÿ

Îöåíèâàíèå êà÷åñòâà òåìàòè÷åñêèõ èåðàðõèé

Âèçóàëèçàöèÿ èåðàðõèè

Èåðàðõè÷åñêèå òåìàòè÷åñêèå ìîäåëè

ñòðóêòóðà èåðàðõèè: äåðåâî / ìíîãîäîëüíûé ãðà�

íàïðàâëåíèå: ñíèçó ââåðõ / ñâåðõó âíèç / îäíîâðåìåííî

íàðàùèâàíèå: ïîâåðøèííîå / ïîñëîéíîå

Îòêðûòûå ïðîáëåìû:

�Despite re
ent a
tivity in the �eld of HPTMs, determining the

hierar
hi
al model that best �ts a given data set, in terms of

the stru
ture and size of the learned hierar
hy, still remains

a 
hallenging task and an open issue.�

�The evaluation of hierar
hi
al PTMs is also an open issue.�

Zavitsanos E., Paliouras G., Vouros G. A. Non-Parametri
 Estimation of Topi


Hierar
hies from Texts with Hierar
hi
al Diri
hlet Pro
esses. 2011.

Ê.Â. Âîðîíöîâ (vokov�fore
sys.ru) Âåðîÿòíîñòíûå òåìàòè÷åñêèå ìîäåëè 15 / 35



Ìóëüòèÿçû÷íûå òåìàòè÷åñêèå ìîäåëè

Èåðàðõè÷åñêèå òåìàòè÷åñêèå ìîäåëè

Òð¼õìàòðè÷íûå è ãèïåðãðà�îâûå òåìàòè÷åñêèå ìîäåëè

Íèñõîäÿùàÿ ïîñëîéíàÿ ñòðàòåãèÿ

Îöåíèâàíèå êà÷åñòâà òåìàòè÷åñêèõ èåðàðõèé

Âèçóàëèçàöèÿ èåðàðõèè

�åãóëÿðèçàòîð Φ: ðîäèòåëüñêèå òåìû êàê ïñåâäî-äîêóìåíòû

Øàã 1. Ñòðîèì ìîäåëü ñ íåáîëüøèì ÷èñëîì òåì.

Øàã k. Ïóñòü ìîäåëü ñ ìíîæåñòâîì òåì T óæå ïîñòðîåíà.

Ñòðîèì ìíîæåñòâî äî÷åðíèõ òåì S (subtopi
s), |S | > |T |.

�îäèòåëüñêèå òåìû ïðèáëèæàþòñÿ ñìåñÿìè äî÷åðíèõ òåì:

∑

t∈T

nt KLw

(

p(w |t)
∥

∥

∥

∑

s∈S

p(w |s)p(s|t)
)

→ min
Φ,Ψ̃

,

ãäå p(s|t) = ψ̃st , Ψ̃ = (ψ̃st)S×T � ìàòðèöà ñâÿçåé, .

�îäèòåëüñêàÿ Φp ≈ ΦΨ̃, îòñþäà ðåãóëÿðèçàòîð ìàòðèöû Φ:

R(Φ, Ψ̃) = τ
∑

t∈T

∑

w∈W

nwt ln
∑

s∈S

φws ψ̃st → max .

�îäèòåëüñêèå òåìû t � ¾äîêóìåíòû¿ ñ ÷àñòîòàìè ñëîâ nwt .
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Èåðàðõè÷åñêèå òåìàòè÷åñêèå ìîäåëè

Òð¼õìàòðè÷íûå è ãèïåðãðà�îâûå òåìàòè÷åñêèå ìîäåëè

Íèñõîäÿùàÿ ïîñëîéíàÿ ñòðàòåãèÿ

Îöåíèâàíèå êà÷åñòâà òåìàòè÷åñêèõ èåðàðõèé

Âèçóàëèçàöèÿ èåðàðõèè

�åãóëÿðèçàòîð Θ: ðîäèòåëüñêèå òåìû êàê ìîäàëüíîñòü

Øàã 1. Ñòðîèì ìîäåëü ñ íåáîëüøèì ÷èñëîì òåì.

Øàã k. Ïóñòü ìîäåëü ñ ìíîæåñòâîì òåì T óæå ïîñòðîåíà.

Ñòðîèì ìíîæåñòâî äî÷åðíèõ òåì S (subtopi
s), |S | > |T |.

�îäèòåëüñêèå òåìû ïðèáëèæàþòñÿ ñìåñÿìè äî÷åðíèõ òåì:

∑

d∈D

nd KLt

(

p(t|d)
∥

∥

∥

∑

s∈S

p(t|s)p(s|d)
)

→ min
Θ,Ψ

,

ãäå ψts = p(t|s), Ψ = (ψts )T×S � ìàòðèöà ñâÿçåé.

�îäèòåëüñêàÿ Θp ≈ ΨΘ, îòñþäà ðåãóëÿðèçàòîð ìàòðèöû Θ:

R(Θ,Ψ) = τ
∑

d∈D

∑

t∈T

ntd ln
∑

s∈S

ψtsθsd → max .

�îäèòåëüñêèå òåìû t � ìîäàëüíîñòü ñ ÷àñòîòàìè òîêåíîâ ntd .
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Èåðàðõè÷åñêèå òåìàòè÷åñêèå ìîäåëè

Òð¼õìàòðè÷íûå è ãèïåðãðà�îâûå òåìàòè÷åñêèå ìîäåëè

Íèñõîäÿùàÿ ïîñëîéíàÿ ñòðàòåãèÿ

Îöåíèâàíèå êà÷åñòâà òåìàòè÷åñêèõ èåðàðõèé

Âèçóàëèçàöèÿ èåðàðõèè

Ýêñïåðèìåíò íà êîëëåêöèè ÌÌ�Î-ÈÎÈ

Ñðåäíåå ðàññòîÿíèå Õåëëèíãåðà ρ(Φp,ΦΨ̃) è ρ(Θp ,ΨΘ) äëÿ
ðåãóëÿðèçàòîðîâ Φ è Θ ïðè ïåðåõîäå ìåæäó óðîâíÿìè 1 → 2:

�àçðåæèâàíèå Φ ñ 1-é èòåðàöèè �àçðåæèâàíèå Φ ñ 10-é èòåðàöèè

Âûâîä. �åãóëÿðèçàòîð Θ ïëîõî ïðèáëèæàåò Φp
.

Chirkova N. A., Vorontsov K. V. Additive regularization for hierar
hi
al

multimodal topi
 modeling // JMLDA, 2016.
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Èåðàðõè÷åñêèå òåìàòè÷åñêèå ìîäåëè

Òð¼õìàòðè÷íûå è ãèïåðãðà�îâûå òåìàòè÷åñêèå ìîäåëè

Íèñõîäÿùàÿ ïîñëîéíàÿ ñòðàòåãèÿ

Îöåíèâàíèå êà÷åñòâà òåìàòè÷åñêèõ èåðàðõèé

Âèçóàëèçàöèÿ èåðàðõèè

Ýêñïåðèìåíò íà êîëëåêöèè ÌÌ�Î-ÈÎÈ

Ñðåäíåå ðàññòîÿíèå Õåëëèíãåðà ρ(Φp,ΦΨ̃) è ρ(Θp ,ΨΘ) äëÿ
ðåãóëÿðèçàòîðîâ Φ è Θ ïðè ïåðåõîäå ìåæäó óðîâíÿìè 2 → 3:

�àçðåæèâàíèå Φ ñ 1-é èòåðàöèè �àçðåæèâàíèå Φ ñ 10-é èòåðàöèè

Âûâîä. �åãóëÿðèçàòîð Θ ïëîõî ïðèáëèæàåò Φp
.

Chirkova N. A., Vorontsov K. V. Additive regularization for hierar
hi
al

multimodal topi
 modeling // JMLDA, 2016.
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Èåðàðõè÷åñêèå òåìàòè÷åñêèå ìîäåëè

Òð¼õìàòðè÷íûå è ãèïåðãðà�îâûå òåìàòè÷åñêèå ìîäåëè

Íèñõîäÿùàÿ ïîñëîéíàÿ ñòðàòåãèÿ

Îöåíèâàíèå êà÷åñòâà òåìàòè÷åñêèõ èåðàðõèé

Âèçóàëèçàöèÿ èåðàðõèè

Âûâîäû

�åãóëÿðèçàòîð Φ ïðèáëèæàåò Φp ≈ ΦΨ̃ è Θp ≈ ΨΘ.

�åãóëÿðèçàòîð Θ ïðèáëèæàåò òîëüêî Θp ≈ ΨΘ.

Ìàêñèìàëüíîå ðàçðåæèâàíèå ψts ∈ {0, 1} äà¼ò

èåðàðõèþ�äåðåâî.

Íåëüçÿ äîïóñêàòü âûðîæäåíèÿ ψts = p(t|s) ≡ 0.

Äàëüíåéøèå çàäà÷è:

Ñîãëàñîâàííàÿ ðåãóëÿðèçàöèÿ: ψ̃stp(t) = ψtsp(s)

τ1
∑

t,w

nwt ln
∑

s

φwsψts
ns
nt

+ τ2
∑

d,t

ntd ln
∑

s

ψtsθsd → max
Φ,Ψ,Θ

Íàðàùèâàíèå óðîâíÿ äëÿ çàäàííîãî ïîäìíîæåñòâà T ′ ⊆ T

Êðèòåðèé íåîäíîðîäíîñòè òåìû äëÿ âêëþ÷åíèÿ å¼ â T ′

Èåðàðõèè ñ òåìàìè ðàçëè÷íîé ãëóáèíû
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Èåðàðõè÷åñêèå òåìàòè÷åñêèå ìîäåëè

Òð¼õìàòðè÷íûå è ãèïåðãðà�îâûå òåìàòè÷åñêèå ìîäåëè

Íèñõîäÿùàÿ ïîñëîéíàÿ ñòðàòåãèÿ

Îöåíèâàíèå êà÷åñòâà òåìàòè÷åñêèõ èåðàðõèé

Âèçóàëèçàöèÿ èåðàðõèè

Èåðàðõèè ñ òåìàìè ðàçëè÷íîé ãëóáèíû

Íà êàæäîì óðîâíå ðàñùåïëÿþòñÿ íå âñå òåìû

(äîïóñêàåòñÿ âûðîæäåííîñòü: p(s|t) ≡ 0 äëÿ íåêîòîðûõ t)

�àñùåïëÿåìàÿ òåìà ìîæåò èìåòü äî÷åðíþþ �îíîâóþ,

â êîòîðîé ñîáèðàåòñÿ îáùàÿ ëåêñèêà ðîäèòåëüñêîé òåìû

Ïðè ìàêñèìàëüíîì ðàçðåæèâàíèè p(t|s) ∈ {0, 1}
èåðàðõèÿ ÿâëÿåòñÿ äåðåâîì (êîðåíü íå ïîêàçàí)
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Òð¼õìàòðè÷íûå è ãèïåðãðà�îâûå òåìàòè÷åñêèå ìîäåëè

Íèñõîäÿùàÿ ïîñëîéíàÿ ñòðàòåãèÿ

Îöåíèâàíèå êà÷åñòâà òåìàòè÷åñêèõ èåðàðõèé

Âèçóàëèçàöèÿ èåðàðõèè

Èåðàðõèè ñ òåìàìè ðàçëè÷íîé ãëóáèíû

Íà êàæäîì óðîâíå ðàñùåïëÿþòñÿ íå âñå òåìû

(äîïóñêàåòñÿ âûðîæäåííîñòü: p(s|t) ≡ 0 äëÿ íåêîòîðûõ t)

�àñùåïëÿåìàÿ òåìà ìîæåò èìåòü äî÷åðíþþ �îíîâóþ,

â êîòîðîé ñîáèðàåòñÿ îáùàÿ ëåêñèêà ðîäèòåëüñêîé òåìû

Ïðè óìåðåííîì ðàçðåæèâàíèè p(t|s) ó âåðøèíû ìîæåò

áûòü íåñêîëüêî ðîäèòåëåé (êîðåíü íå ïîêàçàí)
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Îöåíèâàíèå êà÷åñòâà òåìàòè÷åñêèõ èåðàðõèé

Âèçóàëèçàöèÿ èåðàðõèè

Èåðàðõèè ñ òåìàìè ðàçëè÷íîé ãëóáèíû

Ñëåä äîêóìåíòà â òåìàòè÷åñêîé èåðàðõèè îïðåäåëÿåò

ñòåïåíü åãî ñïåöèàëèçàöèè, íàçíà÷åíèå, àóäèòîðèþ

óçêî ñïåöèàëèçèðîâàííûé,

äëÿ ïðî�åññèîíàëîâ

ìåæäèñöèïëèíàðíîå èññëåäîâàíèå,

äëÿ ïðî�åññèîíàëîâ

îáçîðíûé,

äëÿ îçíàêîìëåíèÿ ñ ïðåäìåòíîé îáëàñòüþ

ïîïóëÿðíûé èëè ýíöèêëîïåäè÷åíñêèé,

äëÿ ðàñøèðåíèÿ êðóãîçîðà
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Òð¼õìàòðè÷íûå è ãèïåðãðà�îâûå òåìàòè÷åñêèå ìîäåëè

Íèñõîäÿùàÿ ïîñëîéíàÿ ñòðàòåãèÿ

Îöåíèâàíèå êà÷åñòâà òåìàòè÷åñêèõ èåðàðõèé

Âèçóàëèçàöèÿ èåðàðõèè

Ñïîñîáû îöåíèâàíèÿ êà÷åñòâà òåìàòè÷åñêèõ èåðàðõèé

Ïåðïëåêñèÿ èëè ïðàâäîïîäîáèå: ïðèâîäèò ëè ïîñòåïåííîå

äðîáëåíèå òåì ê áîëåå òî÷íîìó ðàçëîæåíèþ

Óñòîé÷èâîñòü: ïîëó÷àþòñÿ ëè ñõîæèå èåðàðõèè ïðè

ðàçëè÷íûõ íà÷àëüíûõ óñëîâèÿõ

Ïîëåçíîñòü: ñêîëüêî øàãîâ äåëàåò ïîëüçîâàòåëü, ÷òîáû

íàéòè äîêóìåíò ïî èåðàðõèè

Ìåòîä èíòðóçèé: ïðàâèëüíî ëè àñåññîðû îïðåäåëÿþò

÷óæóþ òåìó, âíåäð¼ííóþ â ñïèñîê äî÷åðíèõ òåì

Ñðàâíåíèå ñ ¾çîëîòûì ñòàíäàðòîì¿: íàñêîëüêî èåðàðõèÿ

ïîõîæà íà èìåþùóþñÿ êàòåãîðèçàöèþ äîêóìåíòîâ
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Íèñõîäÿùàÿ ïîñëîéíàÿ ñòðàòåãèÿ

Îöåíèâàíèå êà÷åñòâà òåìàòè÷åñêèõ èåðàðõèé

Âèçóàëèçàöèÿ èåðàðõèè

Âèçóàëèçàöèÿ äðåâîâèäíûõ èåðàðõèé

Georgeta Bordea. Domain adaptive extra
tion of topi
al hierar
hies for

Expertise Mining. 2013.
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Íèñõîäÿùàÿ ïîñëîéíàÿ ñòðàòåãèÿ
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Âèçóàëèçàöèÿ èåðàðõèè

Âèçóàëèçàöèÿ äðåâîâèäíûõ èåðàðõèé â ïðîåêòå FoamTree

https://
arrotsear
h.
om/foamtree-overview
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Íèñõîäÿùàÿ ïîñëîéíàÿ ñòðàòåãèÿ

Îöåíèâàíèå êà÷åñòâà òåìàòè÷åñêèõ èåðàðõèé

Âèçóàëèçàöèÿ èåðàðõèè

Âèçóàëèçàöèÿ äðåâîâèäíûõ èåðàðõèé

Smith A., Hawes T., Myers M.. Hi�erar
hie: intera
tive visualization for

hierar
hi
al topi
 models. Workshop on Intera
tive Language Learning,

Visualization, and Interfa
es, ACL, 2014.

Ê.Â. Âîðîíöîâ (vokov�fore
sys.ru) Âåðîÿòíîñòíûå òåìàòè÷åñêèå ìîäåëè 27 / 35



Ìóëüòèÿçû÷íûå òåìàòè÷åñêèå ìîäåëè
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Òð¼õìàòðè÷íûå è ãèïåðãðà�îâûå òåìàòè÷åñêèå ìîäåëè

Òð¼õ-ìàòðè÷íûå ìîäåëè

Òåìàòè÷åñêàÿ ìîäåëü òðàíçàêöèîííûõ äàííûõ

EM-àëãîðèòì äëÿ ãèïåðãðà�îâîé ARTM

Ïîðîæäàþùàÿ ìîäàëüíîñòü

Îñíîâíûå ïðåäïîëîæåíèÿ:

C � ïîðîæäàþùàÿ ìîäàëüíîñòü (êàòåãîðèè, àâòîðû, . . . )

D ×W × T × C � äèñêðåòíîå âåðîÿòíîñòíîå ïðîñòðàíñòâî

êîëëåêöèÿ � i.i.d. âûáîðêà (di ,wi , ti , ci )
n
i=1 ∼ p(d ,w , t, c)

di ,wi � íàáëþäàåìûå, òåìû ti � ñêðûòûå

äâà ïðåäïîëîæåíèÿ îá óñëîâíîé íåçàâèñèìîñòè:

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

Âåðîÿòíîñòíàÿ ìîäåëü ïîðîæäåíèÿ äîêóìåíòà d :

p(w |d) =
∑

t∈T

p(w |t)
∑

c∈C

p(t|c) p(c |d) =
∑

t∈T

φwt
∑

c∈C

ψtcπcd

φwt ≡ p(w |t) � ðàñïðåäåëåíèå òåðìèíîâ â òåìàõ

ψtc ≡ p(t|c) � ðàñïðåäåëåíèå òåì â êàòåãîðèÿõ

πcd ≡ p(c |d) � ðàñïðåäåëåíèå êàòåãîðèé â äîêóìåíòàõ
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Òð¼õ-ìàòðè÷íûå ìîäåëè

Òåìàòè÷åñêàÿ ìîäåëü òðàíçàêöèîííûõ äàííûõ

EM-àëãîðèòì äëÿ ãèïåðãðà�îâîé ARTM

ARTM äëÿ òð¼õ-ìàòðè÷íûõ ðàçëîæåíèé ΦΨΠ

Ìàêñèìèçàöèÿ log ïðàâäîïîäîáèÿ ñ ðåãóëÿðèçàòîðîì R :

∑

d∈D

∑

w∈d

ndw ln
∑

t∈T

∑

c∈C

φwtψtcπcd + R(Φ,Ψ,Π) → max
Φ,Ψ,Π

;

EM-àëãîðèòì: ìåòîä ïðîñòîé èòåðàöèè äëÿ ñèñòåìû óðàâíåíèé

E-øàã:

M-øàã:















































ptcdw ≡ p(t, c |d ,w) = norm
(t,c)∈T×C

(

φwtψtcπcd
)

;

φwt = norm
w∈Wm

(

nwt + φwt
∂R
∂φwt

)

; nwt =
∑

d,c

ndwptcdw

ψtc = norm
t∈T

(

ntc + ψtc
∂R
∂ψtc

)

; ntc =
∑

d,w

ndwptcdw

πcd = norm
c∈C

(

ncd + πcd
∂R
∂πcd

)

; ncd =
∑

w ,t

ndwptcdw
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EM-àëãîðèòì äëÿ ãèïåðãðà�îâîé ARTM

Àâòîð-òåìàòè÷åñêàÿ ìîäåëü (Author-topi
 model)

Cd ⊂ C � ìíîæåñòâî ïîðîæäàþùèõ êàòåãîðèé äîêóìåíòà d

Åñëè πcd = 1
|Cd |

[

c ∈ Cd

]

, âêëàäû àâòîðîâ ðàâíû,

òî ìàòðèöà Π �èêñèðîâàíà, ÅÌ-àëãîðèòì íà Π îòäûõàåò :)

Åñëè πcd = 0, c /∈ Cd , âêëàäû àâòîðîâ îïðåäåëÿåò ìîäåëü,

�èêñèðîâàíà ñòðóêòóðà ðàçðåæåííîñòè ìàòðèöû Π,
ÅÌ-àëãîðèòì îïðåäåëÿåò òîëüêî íåíóëåâûå ýëåìåíòû.

Åñëè ìíîæåñòâî Cd çàäàíî íåòî÷íî èëè ÷àñòè÷íî:

R(Π) =
∑

d∈D

∑

c∈Cd

lnπcd → max

Åñëè ìíîæåñòâà Cd íåèçâåñòíû, íî Π ðàçðåæåíà:

R(Π) = −
∑

d∈D

∑

c∈C

lnπcd → max

M.Rosen-Zvi, T. Gri�ths, M. Steyvers, P. Smyth. The author-topi
 model for

authors and do
uments. 2004.
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EM-àëãîðèòì äëÿ ãèïåðãðà�îâîé ARTM

Òðàíçàêöèîííûå äàííûå

Âûáîðêà ìîæåò ñîäåðæàòü íå òîëüêî ïàðû (d ,w), íî òàêæå

òðîéêè, . . . , n-êè ýëåìåíòîâ ðàçíûõ ìîäàëüíîñòåé.

Ïðèìåðû:

Äàííûå ñîöèàëüíîé ñåòè:

(d , u,w) � â áëîãå d ïîëüçîâàòåëü u çàïèñàë ñëîâî w

Äàííûå ñåòè èíòåðíåò-ðåêëàìû:

(u, d , b) � ïîëüçîâàòåëü u êëèêíóë ðåêëàìíîå

îáúÿâëåíèå b íà âåá-ñòðàíèöå d

Äàííûå ðåêîìåíäàòåëüíîé ñèñòåìû:

(u, f , s) � ïîëüçîâàòåëü u îöåíèë �èëüì f

â ñèòóàòèâíîì êîíòåêñòå s

Õîòèì îáúÿñíèòü íàáëþäàåìóþ âûáîðêó ð¼áåð ãèïåðãðà�à

ëàòåíòíûìè òåìàòè÷åñêèìè ïðî�èëÿìè åãî âåðøèí.
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EM-àëãîðèòì äëÿ ãèïåðãðà�îâîé ARTM

Òåìàòè÷åñêàÿ ìîäåëü ãèïåðãðà�à: îïðåäåëåíèÿ è îáîçíà÷åíèÿ

Γ = 〈V ,E 〉 � îðèåíòèðîâàííûé ãèïåðãðà�.

V = V 1 ⊔ · · · ⊔ VM
� ðàçáèåíèå âåðøèí ïî ìîäàëüíîñòÿì

M � ìíîæåñòâî ìîäàëüíîñòåé:

K � ìíîæåñòâî òèïîâ ð¼áåð:

T � ìíîæåñòâî òåì:

X k
� íàáëþäàåìàÿ âûáîðêà òðàíçàêöèé � ð¼áåð òèïà k

ðåáðî (d , x): âåðøèíà-êîíòåéíåð d ∈ V è âåðøèíû x ⊂ V ,

ndx � ÷èñëî âõîæäåíèé ðåáðà (d , x) â âûáîðêó X k

pk(d , x) � íåèçâåñòíîå ðàñïðåäåëåíèå íà ð¼áðàõ òèïà k
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Òåìàòè÷åñêàÿ ìîäåëü òðàíçàêöèîííûõ äàííûõ

EM-àëãîðèòì äëÿ ãèïåðãðà�îâîé ARTM

Òåìàòè÷åñêàÿ ìîäåëü ãèïåðãðà�à

Âåðîÿòíîñòíàÿ òåìàòè÷åñêàÿ ìîäåëü ð¼áåð òèïà k :

pk(x |d) =
∑

t∈T

θtd
∏

v∈x

φkvt ,

θtd = p(t|d) � òåìàòèêà êîíòåéíåðà íå çàâèñèò îò òèïà ðåáðà k

φkvt = pk(v |t) � äëÿ ìîäàëüíîñòè v â òåìå t íà ð¼áðàõ òèïà k

Çàäà÷à ìàêñèìèçàöèè log ïðàâäîïîäîáèÿ:

∑

k∈K

τk
∑

(d,x)∈X k

ndx ln
∑

t∈T

θtd
∏

v∈x

φkvt → max
Φ,Θ

,

φkvt > 0,
∑

v∈Vm

φkvt = 1; θtd > 0,
∑

t∈T

θtd = 1;

ãäå τk > 0 � âåñà òèïîâ ð¼áåð.
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EM-àëãîðèòì äëÿ ãèïåðãðà�îâîé ARTM

Çàäà÷à ìàêñèìèçàöèè ðåãóëÿðèçîâàííîãî ïðàâäîïîäîáèÿ:

∑

k∈K

τk
∑

(d,x)∈X k

ndx ln
∑

t∈T

θtd
∏

v∈x

φkvt + R(Φ,Θ) → max
Φ,Θ

.

EM-àëãîðèòì: ìåòîä ïðîñòîé èòåðàöèè äëÿ ñèñòåìû óðàâíåíèé

ñî âñïîìîãàòåëüíûìè ïåðåìåííûìè pktdx = pk(t|d , x):

E-øàã:

M-øàã:



































pktdx = norm
t∈T

(

θtd
∏

v∈x
φkvt

)

φkvt = norm
v∈Vm

(

∑

(d,x)

[

v ∈x
]

τkndxpktdx + φkvt
∂R
∂φkvt

)

θtd = norm
t∈T

(

∑

k∈K

∑

(d,x)

τkndxpktdx + θtd
∂R
∂θtd

)
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Ìîäàëüíîñòè � ìîùíîå îáîáùåíèå ARTM äëÿ ó÷¼òà

ðàçíîðîäíûõ èñõîäíûõ äàííûõ

Èåðàðõè÷åñêèå ïîñëîéíûå ìîäåëè ðåàëèçóþòñÿ ñ ïîìîùüþ

ìîäàëüíîñòåé èëè ïñåâäî-äîêóìåíòîâ

Ñëåäóþùèé øàã îáîáùåíèÿ ARTM � ãèïåðãðà�îâûå

òåìàòè÷åñêèå ìîäåëè äëÿ òðàíçàêöèîííûõ äàííûõ

Òð¼õ-ìàòðè÷íûå è ãèïåðãðà�îâûå ìîäåëè

ïîêà íå ðåàëèçîâàíû â BigARTM
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